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Jlucepraiiist npucBsSYeHA JOCHIKEHHSIM Y rany3l TeHETUYHOT 1HXKEHEPil APIKIHKIB
Saccharomyces  cerevisiae, COpPSIMOBaHUM Ha TWIABUIIEHHS  €(EKTHUBHOCTI
aJIKOTOJIbHOI (pepMeHTaIlli KCHUITO3H.

[HTeHCHBHE BUKOPHUCTAHHS HA(TOMPOIYKTIB 3yMOBIIIOE€ KOJWUBAHHS IiH Ha IIEH
€HEProHOCi, Ta 3POCTaHHS EKOJIOTITYHUX TMpoOsieM. TomMy OJHMM 3 OCHOBHHX
NpIOPUTETIB  CHOTOJEHHS € po3poO0Ka e(EeKTUBHOI TEXHOJIOTIT OTpPUMaHHS
aTbTEPHATUBHUX JiKepen eHeprii. Ha puHKy OiomanuB came €TaHOJ OTPUMAaHHUNA 3
JITHOIEIOJO3HUX 3aJIMIIKIB CUIBCHKOTO TOCHOJAPCTBA BBAXKAETHCS HAWUOUIBII
MEPCTICKTUBHHM.

Ha croroanimmHiil 1eHp GionanvBHA rajgy3b 0a3yeThCcsi HA BUPOOHUIITBI €TAHOITY
[UIIXOM MepepoOKHu I[yKPOBOi TPOCTUHHU, IyKPOBOTO Oypsika Ta 37aKOBUX (IILIEHHUIIL
Ta KyKypya3u). OnHak, 1ed Tak 3BaHU €TaHOJI MEePIIOro MOKOIIHHS, BUPOOJICHUN 13
KPOXMAJII0 Ta LYKPY, KOHKYPYE 3a JHKEPENO0 OTPUMAHHS 13 XapyOBOIO Ta KOPMOBOIO
IIPOMHUCIIOBICTIO. BIbIl TOro, BUPOLIYBaHHS XapuyOBUX KYJbTYp BiOyBaeThCcs 13
BUKOPUCTAHHSAM TepOiMuaiB, TOCUIIOYA HETaTUBHUA BIUIMB Ha JOBKUIAL
BukopuctanHsi JITHOLIENIONO3HOT OloMacu JUisi BUPOOHUIITBA €TAaHOIY JAPYroro
MOKOJIIHHSL Ma€ CTpaTeriuHe 3HAYEHHSA, OCKUIbKM 1€ HaWOUIbIl MOIIMPEHUN
MOHOBJIIOBAJILHUYN pecypc Ha IUTAHETI, IKUH He Ma€ albTEPHATUBHOTO MPU3HAYCHHS.
Kpim exosoriuHux rnepeBar eTaHojly Ha OCHOBI JIITHOIICNIOJI03H ii mepepoOKa HalacTh
MO>KJIMBICTh 3HU3UTH 0€3pOOITTSI HACEIICHHS Y CUTHChKIM MICIICBOCTI.

Jlo ckitamy riposi3aTiB JITHOIEIIONIO3M BXOSMThH ABAa OCHOBHI IIYKpH: TJIFOKO3a,
AKa 30pO/IKYETHCS B MEPILY yepry, Ta kcuio3a. KoHBepcis i€l IEHTO3U 10 €TaHOIy
HAa CHOTOJHINIHIA JIEHb  3aJUIIAE€THCS  HEJAOCTaTHHO  €(PEKTUBHOIO  Cepen

MIKpoopraHi3miB. [0 Kcuino30-hepMeHTy0UnX APLKIKIB HAJIeXKaTh Scheffersomyces



(Pichia) stipitis, Spathaspora passalidarum, Pachysolen tannophilus, Ogataea
(Hansenula) polymorpha Tta 1H. bBiabIIICTh NOPUPOTHUX IITAMIB  JIPIKIDHKIB
Saccharomyces cerevisiae He 31aTHI HE TUTbKM (EpPMEHTYBATH, ajieé ¥ POCTH HA
cepenoBuIli 3 Kcwio3or. [Ipore mekapchki JIpLKIKI €(PEKTUBHO 30pOIKYIOTH
reKCco3H (BUXiJ €TaHOy HAOIMKAETHCS 10 TEOPETUYHOTO MAaKCUMYMY, III0 CTAHOBHUTD
0,51 r/r TmIOKO3W), Ta XapaKTepU3YIOThCA MIABHILEHOI  CTIHKICTIO /10
eKCTpEeMaJbHUX, POMHUCIOBUX YMOB (pepMeHTaIli1, 30KpemMa 3a OCMOTOJIEPAHTHICTIO,
CTIMKICTIO IO BUCOKMX KOHIICHTpAIlii e€TaHOJy Ta HU3bKUX 3HadeHb pH. 3 meroro
KOHCTPYIOBAaHHS KCHJI030-(DepMEHTYIOUnX APULKIKIB S. cerevisiae Oyno 3a1MCHEHO
pSAI TIXOJIB, MPOTE ICHYIOYI PEKOMOIHAHTHI IITaMH MOTPeOyIOTh J10JaTKOBOTO
BJIOCKOHAJIeHHs. [neHTudikamis HOBUX TeHIB, SKI MOXYTh OYyTH MIIICHIMH Y
PEryisIii aJKorojapbHO1 (epMeHTaIlli KCHIIO3W 3 METOI0 MOJANBINOI iX 1HXKEHepii €
aKTyaJIbHUM 3aBJIaHHSIM.

HemogaBHO BUSIBICHO, B PETYIISLIIO IPOIECY AKOTOIBHOI (pepMeHTAIll] KCUIIO3H
y O. polymorpha 3any4yeHi IEpOKCUCOMHI (P€PMEHTH AUTIAPOKCHAIIETOHCHUHTA3a Ta
TpaHcanpaoiaza. JloTemep poib MEpOKCHCOM v  ¢depMeHTalii KCHIO3U Y
PEKOMOIHAHTHUX KCUJIO030-yTHII3YIOUUX JIPUKIKIB S. cerevisiae He BUBYajacs.
Takox HeMae BIIOMOCTEH PO y4acTh TPAHCKPHUIIIIHHUX (PAKTOPIB y peryJisii
MeTaboJi3My KCWJIO3M y PEKOMOIHAHTHUX IMTaMmiB S. cerevisiae. Y nWcCepTaIliiHIN
poOOTI BCTAHOBJIEHO Ta OXapaKTEPU30BAHO HOBI MEXAHI3MHU PETYJIALIi aIKOTOIbHOI
dbepMeHTallli KCWJIO3W y pPEeKOMOIHAHTHHMX IITaMiB S. cerevisiae. 3a JIONIOMOTOIO
3aCTOCOBAHUX T€HHO-IH)KEHEPHHMX METOJIIB MOJIMIIEHO €(EeKTUBHICTh (epMeHTaIll
i€l IEHTO3H. 3 METOI0 KOHCTPYIOBAaHHS KCHIIO30-YTHIII3YIOUUX JAPIKIKIB Y TCHOM S.
cerevisiae CEN.PK 113-7D 0Oyno BBeI€HO I'e€HH, SIKI KOIYIOTh (D€pMEHTH MOYAaTKOBUX
eTamiB  karabomismy kcwnosu: XYLI; XYL2, wmo xoaywTh (epMeHTH
KCWJIO30pEIyKTa3y Ta KCHUJITOJJEriAporeHasy, a Takoxk XYL3, 1mo Koaye
KCWIyJIOKiHa3y S. stipitis. 13ompoBanuii mram GSO010, 3matHmii g0 depmeHTarii
KCHWJIO3U, OYB BUKOPHCTAHHM Yy HaIIiil poOOTI K BUX1THHIMA.

Jlns Bizyanizaiii nepokcucom S. cerevisiae GSO010 npu ankoronbHIA GpepmeHTarii
BUKOpHUCTaHO 3eneHuit (payopecrientHuit 6110k (GFP) i3 curHanbHOI0 TOCIIIOBHICTIO

noctaBku J10 nepokcucom PTS (peroxisomal targeting signal). 3a momomororo



bayopumeTpuuHOTO Ta (GIYOPECICHTHOTO aHalli3iB IMOKa3aHOo, M0 IMEPOKCHCOMU
noBiie 30epiramucs mig vac (epMeHTallli KCWUI03W HIK Ha TIIOKO3l. 3 METOIo
TOCTIHKEHHST POJIl HE OKPEMUX TMEPOKCHCOMHUX (DEPMEHTIB a MUINX IIUX OpraHel
3MiicHeHo jenenito reHa PEX3, mo Koaye MEpOKCUCOMHUN MeMOpaHHUN O1i10K.
Opepxxanuii MyTaHT pex3/ XapaKTepu3yBaBCS BHPAXEHUM (DEHOTHUIIOM, SIKUN
MOJIATaB Yy TOBHIA BIJICYTHOCTI TIEPOKCHCOM, Ta IHUTOIUIA3MATUYHIN JOKami3arlii
MEPOKCUCOMHUX (PEPMEHTIB, i€ 3roJIoM BiJIOYBAa€ThCs iX 1HAKTUBAIIIS Ta Jerpajallis.
Bnepmie Oyno mnokazaHo, 1o AedIUT MEPOKCUCOM MNPU3BOJIUTH 10 3HMKEHHS
HAKOIWYEHHSI €TaHOJy 3 KCUJIO3U IITaMoM pex3A B 1,5 pa3a mOpiBHSIHO 3 BUXIJTHUM
HITAMOM.

AxTuBH1 ¢opmu kucHio, (ADK) 30kpema mepokcus BOIHIO, YTBOPIOIOTHCS Ta
KaTa0oM3yIOThCA B MITOXOHJZIPIAX Ta mepokcucomax. JlocmimkeHno piseHr ADK B
kimitruHax mramy GS010 mix yac pepMeHTalii TioKo31 Ta KCUII03H, Ta MOKa3aHo 110
KaTaboJi3M KCUIJIO3U CYIPsDKEHUN 3 reHeparieio miaBuiieHoi kimpkocTi ADK. Ilpu
dbepmenTanii came kcuio3u 3adikcoBaHo y 1,7-1,8 paza Bumuii piBenr ADK.
30UTbLIEHHSI BHYTPIIIHBOKIITUHHOTO piBHS ADK Ha KCHIT031 Ta 3HMKEHHS MPOAYKIIIT
€TaHOJy ITaMOM pex3/ NPUBEPHYIU HAIIy yBary J0 NEPOKCUCOMHHX (hEPMEHTIB,
K1 3aJy4eHl Yy JeTOKCH(IKallilo MEepOKCHAY BOJHIO. Brepiie BCTaHOBJIEHO poOJb
nepokcucomMuoi karanmasu Ctal B mporieci ankoronbHOi (epMeHTallii KCHiIo3u Y
pekoMmOiHaHTHOTO ImITamMy S. cerevisiae. Jlenemis reHa CTAI mnpu3Boauia Ji0
OOMEKEHHs NPUPOCTYy OIOMacH Ta 3HIXKEHHS MPOJYyKLIi €TaHoilly B 2 pa3u y
MOPIBHAHHI 3 BUXIJHUM IITaMOM. 3a paXyHOK aKTHBHOCTI IIMTO30JIbHOI 130(opMu
aKTUBHICTh KaTaja3u y mmTaMi cfalA Oyma y 6 pa3iB HIXKYOK TOPIBHSHO 3
pELUIIIEHTHUM  mTamMmoM. Y  pex3A  MyTaHTa [EpPOKCUCOMHA  KaTaja3a
MICJIOKaTI30BaHa 1 He 3/1aTHA JIETOKCU(IKYBaTH BUIHHI paJMKaIM, 30KpeMa 1MepOKCHI
BOJIHIO, TEHEPOBAHMM i yac pepMeHTaIlll KCUIIO3H.

Bcranosneno, mo nocusieHHs excrpecii rena PEX34, o Koaye mepoKCUCOMHUMN
IHTerpaIbHUH MeMOpaHHUI O1I0K, TPUBOAUTH 10 (OPMYBaHHS TIEPOKCHCOM
OUIBIIOr0 po3Mipy Ta miABUILYE B 1,4 pa3za NpoAYKIIIO €TAaHOIY 3 KCUJIO3U 33 YMOB

ankoronbHOi (pepmentamii. Takuii BIMB MoOXe OyTH TOB'SI3aHUNA 3 OUTBII



e()CKTUBHOIO JICTOKCHKAIIIEID TIEPOKCHUY BOJIHIO, OJHAK IHINI MEXaHi3MH, IO
MPUBOJASTH J10 TOJIIMIIEHHS TPOIYKIIIT €TaHOIy 3 KCHJIO3H HE BUKJIIOYEHI.

[Tix yac BUKOHAHHS JaHOI POOOTH HAa OCHOBI KCHII030-()E€PMEHTYIOUOTO IITaMy S.
cerevisiae CKOHCTPYHOBAaHO KOJIEKI[IFO IITaMiB 3 JEJEIi€l0 Ta MOCHICHOIO
excrpeciero HU3KkU TeHiB ADRI, CATS, ASGI, HAP4, SIP4, TUPI ta ZNFI, mo
KOAYIOTh TPAHCKPHWILIMHI  (aKkTopu Ta AOCHIIKEHO iX BIUIUB Ha aJIKOTOJIbHY
dbepMenTaio kewiosu. Tpanckpumniiiinuii daktop Znfl S. cerevisiae HaNEXUTh 10
POJIMHU TPAHCKPUMIIHHUX aKTHBAaTOPIB LMHKOBOIO KJIACTEPY Ta 3B SA3YEThCA 3
MPOMOTOPAMH TE€HIB, MPOAYKTH SKUX OEpyTh y4acThb Yy KIITHHHOMY JUXaHHI,
TJIFOKOHEOTeHe31, IHKJIl TPUKApOOHOBUX KHUCJIOT Ta TJIOKCHJIATHOMY IIyHTI.
Bcranosneno, mo Znfl He BIUMBae Ha ajaKOTOIBHY (DEpMEHTAIlI0 KCUIO3H Y S.
cerevisiae, OCKUIbKH, SIK JIEJICIIS TakK 1 MOCWICHHs ekcnpecii ZNF1 He 3MiHIOBaIN
piBEHb NMPOIYKUIi eTaHoiy npu ¢pepmenTalii uiei nenrosu. Kinbkicuuii [1JIP-anani3 y
pealbHOMY 4aci JEeSKWX TeHIB, M0 KOAYIOTh (PEPMEHTH LHKIY TPUKapOOHOBHUX
KHUCJIOT, TJIOKOHEOreHe3y, NeHT030(ochaTHOro HuUIIXy B yMoBax (depmeHTalli
KCWJIO3M TE€X HE BUSBUB 3HAYHUX BIJIMIHHOCTEH B €KCITpeECii.

Tpanckpuniiinuii (akTop IUHKOBOTO Kiactepy Sip4, skuil € cyOGcTparom
npoteinkiHazu Snfl, B3aemomie 3 CSREs (cell type-specific regulatory elements)
€JIEMEHTaMH 1 € aKTHBATOPOM TEHIB, 10 KOAYIOTh (PEPMEHTH TIIOKOHEOTeHe3y. Jlis
3’CyBaHHSI TOTEHIIIIHOI perynsaTopHoi poii SIP4 y meTabomi3mi KCWIO3H OYJo
CKOHCTPYMOBAaHO IITaMH 3 JEJEI[€I0 Ta IOCHJICHOK EKCIPECi€l0 MbOTO TeHa.
[Ipomyxkiist eraHoy HagekcmpecyrounMm mrtamoMm SIP4 Oyna 3HMKeHA OUTBIT HIX
BJ/IBI4i, TOPIBHSHO 3 OaThbKIBCbKUM, 1 cTaHoBWia 2,8 r1/1. 3a pe3ylbTaTamu
kibkicHoro [1JIP-anani3zy y peanbHOMY 4aci BCTAaHOBJIEHO, IO TTOCUJIEHHS €KCIpecii
reda SIP4, na npotuBary 1o sip4/, 3na4uno (y 3,23 pasa) miBUIIMIO €KCIPECIIO0 TeHa
FBPI (xonye ¢pykro3ol,6-6icocdarazy), 1o ornocepekoBaHO BKa3zye Ha
MIBUIIEHHS AKTHBHOCTI TJIOKOHEOTeHe3y. ToMy i1MOBIpHO, MO 1HTEpMeEiaTh
TIKOMI3Y - ppykT030-6-hocdar ta rminepanpaeria 3-¢pocdar, yTBOPEHi y peakiisx
HeokucHO1 Jyianku [IDII, nepeTBoprolOThCS 10 TOKO3U. OTpuMaHi pe3yiabTaTH
Y3TOIKYIOThCSI 13 3HIDKCHHSIM MPOMYKIli €TAaHOJIy IMPH aJIKOTOJbHIN (epMeHTarii

KCUJIO3U Yy TaMiB sip4/4 ta SIP4.



Adrl, Tak camo sk 1 Cat8, - 116 TpaHCKPHUIIIIIHI PETYJISITOPH, SKi 3a1eXKaTh Bl
Snfl-onmocepenkoBaHoi 1HAYKII Ta 3OIMCHIOIOTH JEPENPECit0o HU3KU TEHIB,
3aJy4yeHUX Y TIIOKOHeoreHe3 Ta [(-okucieHHsS. Adrl € MO3UTUBHUM PEryJisTOpPOM
TPAHCKPUIIIi TEHIB, IO KOIYIOTh IMEPOKCUCOMHI Ounku. BcraHoBneHno, mo sk
Jeneniss Tak 1 nocuijieHa ekcrnpeciss ADRI mpu3BOAWIM 10 3HMXKEHHS TPOIYKIIi
€TaHOJTy 3 KCUJIO3H, 1110 cTaHoBuia 4,3 r/n ansa adrid ta 4,25 v/n qng ADR1, Tomi six
BuxigHui mram GSO010 npoaykyBaB 5,85 r/n eranony. He BusBIEHO CyTTe€BHX
BIIMIHHOCTEH y ekcmpecii OubmocTi anamizoBanux reHiB: ICLI, ACOI, CITI,
FUMI, MDHI, ADHI, PDCI, TALI, TKLI, RKII ta RPEI y mitamy adrl/ nig 4ac
dbepMeHTaIlii KCHUIO3H.

S. cerevisiae Cat8 - 1e aKTUBAaTOP TPAHCKPUIIIII ITUHKOBOTO KJacTepa, SKAW
PEryJII0E EKCIPECito TeHIB, M0 OepyTh yd4acTh B TJIIOKOHEOTCHE31, YTHIIi3alii
€TaHOJIy, Ta JAUAYKCUYHOMY Tepexoji Bia (epmenTanii 1o auxanHs. OnpepkaHuii
MYTaHT cat8/ NeMOHCTPYBaB MiJBUIICHHS MPOIYKIi €TaHOMIy 3 KCuiao3u Ha 9,5%
NOPIBHSAHO 13 OaTbKiBChbkUM 1mITaMoM. Ilocunenns ekcnpecii CATS HanpoTw,
MIPU3BEJIO 10 3HMXKEHHS POAYKIIi eTaHony Ha 7,3% NOpIBHSAHO 3 BUXIJTHUM IITaMOM
GS010.

Tpanckpuniiitnuit paktop Asgl Texx HaJIEKUTh 10 POJIMHU LIMHKOBOTO KIIaCTEPy
Ta € PEryJsITOpOM TEHIB KUIBKOX METaOOMIYHMX IUIAXiB:  [-OKHCIICHHS,
TJIIOKCUJIATHOTO IUKITY, TJIFOKOHEOTE€HE3y, Ta IMIIOPTY JOBTO-JIAHIIOTOBUX JKHUPHUX
KucioT a0 nepokcucoM. Jemeuiss ASGI y mrami GSO010 mpusBena 10 3HUKEHHS
MPOAYKIi eTaHoy 3 Kewio3un y 1,23 paza.

Tupl - 3aranpHMIA pempecop TpaHCKpHUMIIii, yTBoproe komruieke 3 Cyc8, Gepe
y4acTh y CTBOPEHHI PEMPECHBHOI CTPYKTYPH XpPOMAaTHHY uYepe3 B3a€MOMII0 3
ricronamu H3 ta H4. [enemis TUPI y mrami GSO010 crpuunHMIa 3HUKEHHS
HakomM4eHHs1 OioMacu B 4 pa3a y pIIKOMY CEpPEIOBHII 3 KCHJIO30H B aepOOHHX
yMOBax, a mpu (pepMeHTarrii mi€i MeHTO3u MPOAYKIIiS eTaHOIy Oyyia HUXKY0K B 1,58
paza. [Ipoaykiiis eranoy 3 riroko3u Oyia Hik4oro B 1,26 pasa.

VY S. cerevisiae 11eHTU(IKOBAHO TpaHCKpUIILIHMI akTuBatop Hap4, mo Biairpae
KIIOYOBY PpOJb y KOHTPOJI eKchpecii TeHIB MITOXOHJPIaJbHOTO JUXaHHS.

Bceranosneno, mo ren HAP4 3aiydeHuil B peryJsisiliio aJKoroJibHOi (epMeHTalli



kewnozn y mramy GSO010. BusBneno, mo nenemis HAP4 CyTTeBO TOJIMIIYE
MPOYKIIIIO €TaHOy Nnpu (hepMeHTaii kcuino3u. Myrtant npoaykye 10,4 r/n eranomny,
pu 1IboMY BuXiJ etanony csarae 0,414 r/r keuno3u. HaTomicTs mOCHIICHHS eKcpecii
HAP4 nipu3Boauio 10 3HWKEHHS MPOAYKIIT eTaHoiy npu (pepMeHTainii Keuino3u. ¥
HajJiekcpecytrouomy mrami HAP4 BusBieHo 3poctaHHs ekcrpecii rena FBP1 Ginblie
HIXK B 2 pa3u. eneuis HAP4 npusBoauia 10 3HMKeHHs piBHs ekcrpecii renis LITK:
FUMI (y 5 pasziB), MDHI (y 2,5 pa3a), CIT] (y 2,2 pa3a), Ta OJHOrO 13 I'€HIB
rimokcunatHoro uukiny /CLI (y 3,8 paza).

VY pesynbTaTi pobOTH 1IEHTU(IKOBAHO HOBI MIIICHI JUIsl CTBOPEHHS MPOIYIICHTIB
MaJUBHOTO €TAaHOIY Ha OCHOBI KCHJI030-(GEepPMEHTYIOUHMX INTaMiB APDKIKIB S.
cerevisiae. Briepiie TMOKa3aHO 3alydeHHS TEPOKCHUCOM Yy PETYISIII0 MPOIecy
dbepMeHTarii kcwiio3u S. cerevisiae. BusBneno, mo paeneris reHa HAP4 cyTTeBo
MOJIIMNIIY€E TMPOAYKIII0 €TaHOIy Hpu (epmeHTallli KCHIo3u. 3aCTOCOBaHi y poOOTi
TeHHO-1H)KEHEpHI MiAXO0AM MOXYTh OyTH €KCTparojbOBaHI Ha IHII MEPCHEKTHUBHI
JPDKKOBI MPOAYLEHTH TAJIMBHOTO eTaHody. CKOHCTpyHOBaHI IITaMH MOXYTh
CJIyT'YBaTH OCHOBOIO IS MOJANBIINX T€HHO-1HKEHEPHUX MAHIITYJISIH.

Karw4oBi cjaoBa: eraHos, KcCuio3a, JITHOIENIOJI03a, MeETa0oJiuyHa 1HXXEHEis,
OpiKKi, Saccharomyces — cerevisiae, TIEPOKCUCOMH, I1IeHTU(dIKAIlA TEHIB,

TPAHCKPUIIIIiHHI (pakTopH.
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The thesis is devoted to the research in the field of genetic engineering of the
Saccharomyces cerevisiae yeast, aimed at increasing the efficiency of xylose
alcoholic fermentation.

Intensive use of petroleum products causes fluctuations in prices for this energy

source and the growth of environmental problems. Therefore, one of the main



priorities today is to develop efficient technology for alternative energy sources. In
the biofuel market, ethanol derived from lignocellulosic agricultural residues
considered to be the most promising.

Today, the biofuel industry is based on ethanol production by processing sugar
cane and cereals (wheat and corn). However, this so-called first-generation ethanol,
made from starch and sugar, competes with the food and feed industries. Moreover,
food crops are grown using herbicides, increasing the negative impact on the
environment. The use of lignocellulosic biomass for second-generation ethanol
production has strategic importance because it is the most common renewable
resource on the planet, which has no alternative use. Besides the environmental
benefits of lignocellulose-based ethanol, its processing will provide an opportunity to
reduce unemployment in rural areas.

The composition of lignocellulose hydrolysates includes two main sugars: glucose,
which ferments first, and xylose. The conversion of this pentose to ethanol today
remains ineffective among microorganisms. Xylose-fermenting yeasts involve
Scheffersomyces  (Pichia) stipitis, Spathaspora passalidarum, Pachysolen
tannophilus, Ogataea (Hansenula) polymorpha, and other. Natural Saccharomyces
cerevisiae strains are not only able to ferment but also to grow on a medium with
xylose. However, baker's yeast effectively ferments hexoses (ethanol yield
approaches the theoretical maximum of 0,51 g/g) and is characterized by increased
resistance to extreme, industrial fermentation conditions, including osmotolerance,
resistance to high concentrations of ethanol and low pH values. A number of
approaches have been taken to construct xylose-fermentable yeast S. cerevisiae, but
existing recombinant strains need further improvement. Identification of new genes
that may be targets in the regulation of alcoholic fermentation of xylose for further
engineering is an urgent task.

To date, the role of peroxisomes in xylose fermentation in recombinant xylose-
fermenting S. cerevisiae yeast has not been studied. There is also no information on
the influence of transcription factors in the xylose metabolism regulation in
recombinant xylose-utilizing S. cerevisiae strains. In the dissertation work new

mechanisms of regulation of alcoholic fermentation of xylose in recombinant strains



S. cerevisiae are presented. The efficiency of fermentation of this pentose in yeast
producers of ethanol has been improved by means of applied genetic engineering
methods. In order to design xylose-utilizing yeast in the genome of S. cerevisiae
CEN.PK 113-7D were introduced genes encoding enzymes of the initial stages of
xylose conversion: XYLI; XYL2, which encode xylose reductase and xylitol
dehydrogenase, and XYL3, which encodes xylulokinase of S. stipitis. The GS010
strain was used in our work as a source.

Green fluorescent protein (GFP) with PTS (peroxisomal targeting signals)
peroxisome delivery sequence was used to visualize S. cerevisiae GS010
peroxisomes during alcoholic fermentation. Fluorimetric and fluorescence analyzes
showed that peroxisomes persisted longer during xylose fermentation than on
glucose. To study the role not just individual peroxisomal enzymes but whole
organelles, deletion of the PEX3 gene encoding a peroxisomal membrane protein was
performed. The resulting pex34 mutant was characterized by a pronounced
phenotype, which consisted of a complete absence of peroxisomes, and cytoplasmic
localization of peroxisomal enzymes, where their subsequent inactivation and
degradation occur. For the first time it was shown that peroxisome deficiency leads to
a decrease in the accumulation of ethanol from xylose in strain pex34 for 1,5-times as
compared to the original strain.

ROS, ncluding hydrogen peroxide, are formed and catabolized in mitochondria
and peroxisomes. The ROS level in GS010 strain cells during glucose and xylose
fermentation was studied, and it was shown that xylose is more actively involved in
the generation of ROS. Namely, 1,7-1,8 times higher ROS levels were recorded
during the fermentation of xylose. The intracellular increase in ROS levels on xylose
and its decrease during ethanol production by the pex34 strain has drawn our
attention to peroxisomal enzymes that are involved in the detoxification of hydrogen
peroxide. For the first time, the role of peroxisomal catalase in the process of
alcoholic fermentation of xylose in a recombinant strain of S. cerevisiae was
revealed. The CTAI gene deletion led to a limitation of biomass growth and a 2-fold
decrease in ethanol production compared to the original strain. The catalase activity

in the ctalA strain was 6 times lower compared to the recipient strain. In the pex3A



mutant, Ctal is incorrectly localized and unable to detoxify free radicals, in particular
hydrogen peroxide generated during xylose fermentation.

It was found that the overexpression of the PEX34 gene, encoding a peroxisomal
integral membrane protein, leads to the formation of larger peroxisomes and
increases by 1,4-times the ethanol accumulation level from xylose under alcoholic
fermentation conditions. This effect may be associated with more effective
detoxification of hydrogen peroxide, but other mechanisms that lead to improved
ethanol production from xylose are not excluded.

During this work, a collection of strains with deletion and enhanced expression of
ADRI, CATS, ASGI, HAP4, SIP4, TUPI, and ZNF1 genes encoding transcription
factors was constructed based on the xylose-fermenting strain of S. cerevisiae and the
mechanisms of regulation of alcoholic fermentation of xylose in the constructed
strains were investigated. The transcription factor Znfl S. cerevisiae belongs to the
family of transcriptional activators of the zinc cluster and binds to the promoters of
the genes whose products are involved in cellular respiration, gluconeogenesis, the
tricarboxylic acid cycle and the glyoxylate shunt. It was found that Znfl does not
affect the alcoholic fermentation of xylose in S. cerevisiae, since both ZNF'I deletion
and overexpression did not alter ethanol production during fermentation of this
pentose. Real-time quantitative PCR analysis of some genes encoding tricarboxylic
acid cycle enzymes, gluconeogenesis, PPP under conditions of xylose fermentation
also did not reveal significant differences in the expression of target genes.

The transcription factor of the zinc cluster Sip4 is a substrate of the protein kinase
Snfl, and interacts with CSREs elements and is an activator of genes encoding
enzymes of gluconeogenesis. To clarify the regulatory role of SIP4 in xylose
metabolism, strains with deletion and enhanced expression of this gene were
constructed. The production of ethanol by strain SIP4 was reduced more than twice
compared to the parent strain and reached 2,8 g/l. According to the results of
quantitative real-time PCR analysis, it was found that overexpression of the SIP4
gene, in contrast to sip44, significantly increased the expression of FBPI (3,23-fold),
indicating increase in gluconeogenic activity. Therefore, it is probable that the

intermediates of glycolysis - fructose-6-phosphate and glyceraldehyde 3-phosphate,



formed in the reactions of the non-oxidative unit of PPP, are predominantly converted
to glucose. The obtained results are in good agreement with the decrease in ethanol
production during alcoholic fermentation of xylose.

Adrl is a positive regulator of transcription of the genes encoding peroxisomal
proteins. Adrl and Cat8 are transcriptional regulators that depend on Snfl-mediated
induction and derepress a number of genes involved in gluconeogenesis and [3-
oxidation. We found that both deletion and overexpression of ADRI led to a decrease
in ethanol production from xylose, which was 4,3 g/l for adrid and 4,25 g/l for
ADRI1, whereas strain GS010 showed 5,85 g/l of ethanol. No significant differences
were found in the expression of most of the analyzed genes in adriA during xylose
fermentation relative to its parental strain.

S. cerevisiae Cat8 is a Zn-cluster transcriptional activator necessary for
expression of the genes involved in gluconeogenesis, ethanol utilization and diauxic
shift from fermentation to respiration. The obtained cat84 mutant showed an increase
in ethanol production from xylose by 9,5% compared to the parental strain GSO10.
Overexpression of CATS, in contrast, led to a decrease in ethanol production by 7,3%.

The transcription factor Asgl also belongs to the Zn-cluster family and is a
regulator of the genes of several metabolic pathways: B-oxidation, glyoxylate cycle,
gluconeogenesis, and import of long-chain fatty acids to peroxisomes. Deletion of
ASG1 led to a decrease in ethanol production from xylose by 1,23-times.

Transcriptional repressor Tupl forming a complex with Cyc8p, is involved in the
creation of the repressive structure of chromatin through interaction with histones H3
and H4. Deletion of TUPI caused a 4-fold decrease in biomass accumulation in
liquid medium with xylose under aerobic conditions, and ethanol production was
1,58-times lower during the fermentation of this pentose. Ethanol production from
glucose was 1,26-times lower.

In S. cerevisiae transcriptional activator Hap4 was identified, which plays a key
role in controlling mitochondrial respiration gene expression. The involvement of the
HAP4 gene 1n the regulation of alcoholic fermentation of xylose has been established.
Deletion of HAP4 was found to significantly improve ethanol production during

xylose fermentation. The mutant produces 10,4 g/l of ethanol, while the yield of



ethanol reaches 0,414 g/g. Instead, increased expression of HAP4 led to the opposite
effect, namely a decrease in ethanol production during xylose fermentation. In the
HAP4 strain we revealed an increase in FBPI gene expression by more than 2-times.
Deletion of HAP4 led to a decrease in the expression of TCA (tricarboxylic acid
cycle) genes: FUM1 (5-times), MDH1 (2,5-times), CITI (2,2-times), and one of the
genes of the glyoxylate cycle ICLI (3,8-times).

As a result, new targets were identified to construct fuel ethanol producers based
on xylose-fermenting S. cerevisiae yeast strains. The involvement of peroxisomes in
the xylose fermentation process of S. cerevisiae has been shown for the first time.
Deletion of the HAP4 gene was found to significantly improve ethanol production
during xylose fermentation. The genetically engineered approaches used in the work
can be extrapolated to other promising yeast producers of fuel ethanol. The
engineered strains can serve as a basis for further genetic engineering manipulations.
Key words: ethanol, xylose, lignocellulose, metabolic engineering, yeast,

Saccharomyces cerevisiae, peroxisomes, gene identification, transcription factors.
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