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ADAPTATION OF ETHANOL PRODUCING YEAST
TO INCREASED OSMOTIC PRESSURE OF THE MEDIUM

Abstract. The aim of this work is the adaptation of ethanol producing yeast Saccharomyces cerevisiae to
increasing osmotic pressure of the medium to improve cells resistance to high concentrations of ethanol. Adaptation
was performed by successive cultivation in media with increasing NaCl content of 5 to 15%. The growth activity
was evaluated by the optical density of yeast suspensions for 96 hours of culturing. With increasing concentration of
sodium chloride in the medium the number of actively growing variants was reduced, lag phase elongation was
observed. Two variants of the 18 adapted cultures with the highest resistance to increased osmotic pressure of the
medium, characterized by changes in cell permeability, were selected. These variants had a high fermentation
activity when cultured in the wort with 10% (according to the volume) of ethanol in the absence of CO, emission by
initial cultures in these conditions. Thus, alcohol yeast adaptation to elevated concentrations of sodium chloride in
the medium contributes to modify their cell walls and to enhance their stability to the final product of fermentation
ethanol. Using selected variants will allow intensifying the process of bioethanol production and increasing its
economic efficiency by increasing the yield of the final product at the same manufacturing costs.
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AJIATITALIASI DTAHOJI IPOJY LIUPYIOLUX JIPOMKEI
K MOBBILIEHHOMY OCMOTHYECKOMY JIABJIEHUIO CPE/IbI

Annoramus. Lexsro padoTs! OblIa aganTanus CHHPTOBBIX APOXGKEH Saccharomyces cerevisiae K BO3pacTaro-
IIEMY OCMOTHYECKOMY JTABJICHHIO CPEIBI ATl IOBBIIICHHUS YCTOWYHBOCTH KJICTOK K BBICOKAM KOHIICHTPAIIHMAM 3TaHO-
7a. Ajanranms IPOBEACHA IMyTEM IIOCJICIOBATEIbHOTO KYIBTHBHPOBAHMS HA CPENax C MOBBIMIAIOIIAMCS COACPIKa-
aueM NaCl ot 5 1o 15%. OO akTHBHOCTH pOCTa IPOOKEH CYIMIIN IO ONTHYECKOH IIOTHOCTH CYCIICH3HH B TCUCHHC
96 4 kynsTHBHPOBAHUS. C MOBBINICHHEM KOHICHTPALMH XJIOPHAA HATPUSI B CPEAC KOJIMHYECTBO AKTHBHO PACTYINHX
BapHAHTOB CHIDKAJIOCh, OTMEUCHO YuTHHEHHE nar (a3l M3 18 ananTupoBaHHBIX KYJIBTYP OTOOpPAHBI BA BAPHAHTA C
HanOoJee BHICOKUMH MOKA3ATEIIMH YCTOHYHBOCTH K MOBBIICHHOMY OCMOTHYECKOMY JABJICHUEO CPEIbI, XapaKTepH-
3YIOIOHECS W3MCHEHHOW KICTOUYHOH NMPOHHMIACMOCTHIO. [lonmydeHHBIC BapHAHTHI OONANATH BBICOKOH OpOIMIILHOM
AKTHBHOCTBIO MPH KyJIBTHBHPOBAHAUHU HA Cycie ¢ 10% (mo 00bpeMy) 3THIIOBOTO CITUPTA MPH OTCYTCTBHH BBIICICHHSA
CO, HCXOTHBIME KYJIBTY PAMH B 3THX YCIOBHIX. TakuM 00pa3oM, afamnTalys CIUPTOBBIX APOXGKEH K MOBBIICHHBIM
KOHIICHTPALIAM XJIOPHIA HATPHI B CPele CIMOCOOCTBYET MOAM(HKAIMHI WX KICTOUHBIX CTCHOK W IOBBIICHHUIO YC-
TOWYMBOCTH K KOHCUHOMY IPOAYKTY OpOKeHMS 3TaHOIy. YIcTiomb30BaHiE OTOOPAHHBIX BAPHAHTOB IIO3BOJIHT HHTCH-
cHU(pHUIMPOBATH MPOIECC MPOAYKINH OHO3TAHONA M MOBBICUTH €0 SKOHOMHYECCKYIO 3(D()EKTUBHOCTD 3a CUCT IOBBI-
MICHUS BBIXOAA KOHEYHOTO IPOIYKTA IPH ONWHAKOBBIX MPOM3BOICTBEHHBIX 3aTPATaXx.

KimoueBnie cioBa: Apoxokw, OHO3TAHON, OCMOTHYECKOE JABJICHHC, AJANTAIN, TOJCPAHTHOCTh K STAHOIY,
OpOIMIEHAS AKTHBHOCTb.
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IMpoaykimst Gro3TaHO I BRI3BIBACT OIPOMHBIN HHTEPEC B CBSI3U C MOTPSOHOCTHIO B BO30OOHOBISIEMBIX
HMCTOYHHKAX PHCPIHH U COKPALICHUH OTPHIIATSIBHOTO BO3ACHCTBHS BBIXJIOMHBIX FA30B HA OKPYIKAOIIYIO
cpeny. B kauecTBE OCHOBHOTO BO30OHOBIICMOrO OHOTOILIMBA PACCMATPHUBAOT OMOIU3CTh U OHO3TAHOM
[1-3]. Jaxke A0BOIBHO HE3HAYUTENIbHAS AOOABKA HTAHOJA K TOILIMBY, MCHOIb3YEMOMY JUIS ABHTATCICH
BHYTPEHHETO CTOPaHHs, CYIICCTBCHHO SKOHOMHT SHEPTOPECYPCHl M CHHKACT TOKCUYHOCTH BBIXJIOTHBIX
ra3zoB. B Hacrosmee Bpems vike Oonee MONTOBHHBI MHPOBOTO IMPOHM3BOACTBA 3TAHONA HCIONB3YCTCS B
KauecTBe J00aBKU K OCH3MHY W Tonbko 153% g mpou3BoacTBa cnupTHHIX HanuTkoB [4]. Ilpu stom
TOTTUBHBIM OHO3TAHOI UMEET HAMOOIBIINE MOTCHIHAIT [0 CPABHCHHUIO ¢ GHOAM3EICM, TTOCKOIBKY XapaK-
TCPU3YETCS HCUCUCPIIACMBIMU UCTOUHUKAMU TOayueHHUst. MIMu MOTYT OBITh KaK Pa3IHvHOC PACTHUTCIBHOC
CBIPBE, TAK U OTXOBI CEIBCKOTO XO3MHUCTBA U ACPSBOOOPAOATHBAOIICH MPOMBIIIICHHOCTH.

OCHOBHBIM HAMPABICHUEM PA3BUTHS CHHPTOBOU MPOMBINUICHHOCTH SIBJSICTCS MIOUCK MyTEH CHIKE-
HUS IPOU3BOJACTBCHHBIX 3aTPAT ChIPbs U dHEpropecypcos. [Ipu stom oguum u3 Hanbonee >3hGEKTHBHBIX U
HE TPeOVIOMIMX KAMMUTAJIBHBIX 3aTPAT CHOCOOO0B PEIICHUS 3TOH MPOOICMBI BBICTYHACT HCIOIB30BAHUC
TCXHOJIOTUH COPAKUBAHUSI BHICOKOKOHIICHTPUPOBAHHOIO CyC/a. YBEIMUCHUS MPOAYKTHBHOCTH B MPOHU3-
BOJACTBC 3TAHOIA AOCTHTAIOT KAaK IMYTEM YCOBCPIICHCTBOBAHMS TCXHOJOTHH [5-7], Tak M MOBHIICHUCM
3¢ (HEeKTUBHOCTH MUKPOOHOIOTHUCCKOTO mporecca. Cpean TCXHOMOTUICCKUX PEIICHHH 0OIbIIOC BHUMA-
HUEC YACISCTCS B TOCICIHNC TOABI HMMOOMITHU3AIINHN IPOACKEBBIX KJICTOK HA Pa3iudHbIX HOCUTEsx [7-11],
YTO TO3BOJICT UCIOIB30BATh KYIBTYPY HPOAYLICHTA OMO3TAHOA 0 YCTHIPEX-CEMH IIHKJIOB.

Tem HE MEHEE, MEPHOAMYHOCTD MPOIECCA CIIUPTOBOrO OPOSKCHHUS BBI3BIBACT HEOOXOAUMOCTH BO300-
HOBJIICHUS (PePMEHTALIMH NOCNE HAKoIeHUS oKomo 8-10% 3TaHoNa U3-3a €ro BHICOKOW TOKCHYHOCTH SIS
aposiokedt. [loatomMy BaKHEHIITHM aCTICKTOM MHTCHCH(HKAIIMA MUKPOOHOJOTHYCCKON MPOMBIIIJICHHOCTH
SIBIISICTCS TIOBBIIICHHE YCTOMYUBOCTU IITAMMA-TPOAYLICHTA. AKTYaIbHA CCICKIMS MITAMMOB CITUPTOBBIX
JPOOKSH A5t COPaKUBAHUS BBICOKOKOHLICHTPUPOBAHHOTO CYCJIA, YCTOWIUBBIX K TMOBBIMICHHONH KHCIOT-
HOCTH U Temmneparype [12-14], Tonepantaeix k stanony [15-19]. PaccmarpuBactcs Takke BO3MOXKHOCTh
noadopa HOBBIX CYOCTPATOB Uit COPAKUBAHUS W UCIOJIb30BAHUS IPOXOKSH APYrodl TaKCOHOMHYCCKOM
MPUHAJICHKHOCTH, CIIOCOOHBIX K YTHIM3ALNN TEMHUIC/UIFOI03, ICHTO3 U AP. KaK OTACIBHO, TAK U B CME-
IIaHHBIX KyaeTypax [20-23].

B npouecce cnupToBOro mpoM3BOACTBA KICTKH APONOKEH MOABEPTaOTCS BO3ACHCTBUIO THIICPOCMO-
THYCCKOTO U STAHOJIBHOTO cTpecca. [loBrIIeHNEe KOHIICHTPALMH 3TAHOMA, KaK U Modoe Apyroe HeOnaro-
MPUSITHOE BO3ACHCTBHE, BBI3BIBACT PsiA HECMICHU(PUUCCKUX PEAKIUM KICTKH HA pasapaxkeHue. B Havame
MPAKTHYCCKU y BCEX KICTOK MPHU ACUCTBUHU MOBPCIKIAOIIMX ArCHTOB HAOIIONACTCS PE3KOC YBCIUUCHUC
MMPOHHUIACMOCTH KJICTOYHBIX MEMOPAH ISl HOHOB ¢ MOCICAYIOIICH aKTHBALMCH PA3THYHBIX BHYTPUK/IC-
TOYHBIX CHCTEM. 3aTEM B OTBET HA CTPECC 3aITyCKATCS MCXAHU3MBI QANTAIIHH KJICTOK K HOBPEIKICHHUIO,
B YACTHOCTH YMCHBIICHHUS BRIPAKCHHOCTH WIH YCTPAHCHHs AUCOAIaHCa HOHOB M aKTHBALIMU MPOIICCCOB
JHCPrETHUCCKOTO OOCCICUCHHUST MOHHBIX HACOCOB. AanTarus KJICTOK B YCIOBHSAX MOBPSKIACHUS MTPOHUC-
XOJUT HE TOJIbKO HA METAOOMMUICCKOM U (Y HKLIIMOHATEHOM YPOBHX. JITUTECIBHOE, MOBTOPHOS WITH 3HAYH-
TCJAPHOC MOBPEKACHUE BEACT K CYIISCTBCHHBIM CTPYKTYPHBIM MEPESCTPOHKAM B KIICTKS, HMCIOIIUM a,all-
TUBHOC 3HaucHHUE [24-26]. Takag amanramus K ACHCTBHIO OBPEKAAOMHX (HAKTOPOB MPOUCXOIUT MYTEM
CTCPCOTUITHBIX MPUCTIOCOOUTEIBHBIX U3MCHCHHH KJICTKH HIH KICTOYHONH CHCTEMEBI.

Lenpto Hactosmelt paGoTel ObIa aganTanys CHOHPTOBBIX APOXKEH Saccharomyces cerevisiae K
BO3PACTAMIICH KOHICHTPALMH XJIOPUAA HATPUS B CPCJAC AJISL MOBBIIICHHUS YCTOHYMBOCTH KICTOK K BO3-
JCHCTBUIO KOHCUHOTO MPOAYKTA OPOKEHHUS STUIOBOTO CITHPTA.

Martepuajbl 1 MeToabl HccaeaoBaHust, QOObBCKTAMU HUCCICAOBAHUS CAYXKUIN 18 mTamMMoB crup-
TOBBIX APONCKEH Saccharomyces cerevisiae, 1Ba U3 KOTOPBIX SBISIOTCS MPOU3BOACTBCHHBIMH IITAMMAMH,
ucnonezyeMeiMu TOO «Tanrap-Croupry.

CrupToBBIC APOKKH BBHIPAIIMBAHUN HA JKUAKOU cpeac Puaep ¢ MOCTENEHHO MOBBIINAMIICHCS
KOHICHTpalmit xjaopuna Harpust ot 5% 10 15% (npu yBenWUCHUM KOHICHTPALMK XJIOPHUAA HATPHS HA
1%). B xonby co 100 ma cpexsr BHOCHTH 5% wumcToit KyasTypsl apoxokei (10° KOE/wr). Maky6upo-
BanMe npoBoxmnock npu temmeparype 30°C B TeucHHe 72 U B YCIOBHSX TCPHOIMUCCKON KyIBTYPHI.
Hance npousBoauu 3aceB B cpedy ¢ Oosee Boicokoi konueHTpauei NaCl. Cpasy mocne 3acesa U 10
ucteucHun 24, 48, 72 4 orOupamu mpolsl qist onpeacacHus onrudeckoi miotaoctu (OI1) cycnenzum
JpoAGKEH HEe(eTOMETPUISCKUM METOIOM (TIPH AIHHE BOIHBI A = 540 HM u 3encHOM cBeTodmibTpe). st
KOHTPOJIs Opanu cpeay Puaep ¢ Takum e COaep:KaHueM XJI0PHIA HATPHS, YTO U B OIIBITE.
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