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HoBbie pekoMOMHAHTHBIE MITaMMBl ApOXxkeu Yarrowia lipolytica
C CYNEPIKCHPECCUEN TIeHa aKOHUTAT-TUApaTasbl AJS MOJYYECHHUS
W30JMUMOHHON KHCJIOTHl M3 pamcoOBOro Macia

[Tpy TUMHUTUPOBAHUHK POCTA a30TOM JPOXOKH Yarrowia lipolytica cHOCOOHBI K BBICOKOMH-
TEHCUBHOMY CHHTe3y (cBepxcuHTe3y) auMoHHOU (JIK) n mzomumonnoit (MJIK) kucnot.
COOTHOLICHHUE CUHTE3UPYEMBIX KHCIIOT 3aBUCUT OT HCIIOJIB3YEMBIX IITaMMOB-TIPOIYLICH-
TOB U OTIPEJIEISIETCSL yPOBHEM 3KCIIPECCHU aKOHUTAT-THApara3bl. Ha ocHOBe mpupoHoro

wramma Y. lipolytica 672 — nponyuenra UJIK ckoHCTpyrpoBaHbI peKOMOMHAHTHBIE Ba-
PpHaHTHI C CyNepIKCIIpecCueld MyIbTUKOITMHHOTO reHa akoHuTat-ruaparassl ACO|. [pu

MOCIICIYIONIEH CEeNeKITHN 0TOOpaH peKoMOMHaHTHBIHN mTamM Y. lipolytica Ne 20,y koTopo-
r'0 OCYIIECTBIISUICS CABHUT OTHOILIGHUS M3ouuTpar—iuurpat B cropony MJIK 1o cooTHomre-
HUs 2,3:1 B OIMYKE OT COOTHONICHHS y IPUPOJHOTO mTamma Y. lipolytica 67, paBHOTO

1,1:1. Tlpu xyneTuBHpOBaHHU B pepMeHTepe 00beMoM 10 1 pekoMOMHAHTHBIN IITaMM

Y. lipolytica Ne 20 cuntesuposan 72,6 v/n MJIK 1 29,0 r/n JIK mpyt COOTHOMEHNUH H30IMT-
par—uurpat 2,5:1, 4T0 MO3BONSET CYUTATH IOTYYCH HbIif peKOMOMHAHTHBIN [ITAMM ITepC-
MIEKTUBHBIM JUTSI HCIIOJIB30BaHKS B CO3/IaHUH ITPOMBIIIIICHHOTO HPOIiecca MOy eH sl H30-
LUTpaTa.

Kurouegvie crosa: npoxoxu Yarrowia lipolytica, n30MMMOHHAsI KUCIIOTa, aKOHUTAT-TUpaTasa, cynepakcnpeccus rea ACO].

W3omMOHHast KUCIIOTA MPU IOCTATOYHBIX Mac-  30BaHUE B KAYECTBE «CTPOUTEIHHBIX OJIOKOBY VIS T1O-
mrabax MPOU3BOJICTBA MOXKET HAWUTH MIMPOKOE MpPU-  JIyYCHHS PsiJia BaXKHBIX COCJAMHEHUN TEXHUYECKOTO,
MEHEHHE KaK PeakTHB B OMOXMMHUYECKUX HCCIEN0Ba- MHIEBOTO U MEJUIIMHCKOTO HA3HAYEHUSI.

HUAX, B TIUIIEBOM MPOU3BOJCTBE (B 9aCTHOCTH, KaK B Hacrosee Bpems MJIK npousBoguTcs TOJb-
MapKep ayTeHTHYHOCTH COKOB), MEAMIIMHE W CEIbC- KO IyTeM XHMHUYECKOTO CHHTE3a. DTO COEINHEHHE CY-
koM xo3stiictBe [1—4]. Hapsiny ¢ TpaAWLIMOHHBIM  IIECTBYET B BHJAE YETHIPEX M30MEPOB M TOJIBKO OJTUH
MPUMEHEHNEM OPTaHWYECKUX KHCIIOT B PA3NUYHBIX W3 HUX — Tpeo-Ds-n301MMOHHAas KUCI0Ta — SIBIISET-
cdepax IpOU3BOACTBA PaCCMATPUBAETCS MX HCIONb- €S MPUPOJHBIM KOMIIOHEHTOM, KOTOPBI MPUCYTCTBY-

JlanteB MBan Anexcanaposuy, @unumonoBa Huna AnexcanaposHa, AnnaspoB Pamunpe KamunbseBuu, Kam3onosa Ceersiana Bia-
nucnaBoBHa, Camoitnenko Bragumup Anexcannposud, Cuneokuit Cepreit I1aBnosuy, MopryHos Urops ['puropseBuy.

Cnucoxk coxpawenuii: BOXKX — BoicokoaddexrirHas xuakoctHast xpomarorpadust; MIK — usomumonnas kuciora; KK — kymesrypanb-
Hast )KUIKOCTh; JIK — mamonHas kucnora; OD-BIXKX — obparienHo-dazosas BOXX; TP — monuMmepasHast 1ierHast peakiys; cpeaa

LB — cpena Jlypua—bepTanu; T.ILH. — ThICSY AP HYKJICOTHIOB.

* ABTOD IS IEPEITUCKH.
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€T B KaXK10M kuBoM KiieTke. [Ipn XuMu4eckomM cUHTe-
3e MJIK nonyyaercs paneMuyeckas CMECh CTEPEOU30-
MEpOB, Pa3/IEIUTh KOTOPhIE XUMIUYECKIMH METOIAMHU
He npejcTapigeTcs Bo3MoxHbIM. MJIK MoxeT Hakar-
JIBATHCS. B OTHOCUTEIBHO OOJBIIMX KOJIMYECTBAX B
JUCTBSAX M CTEOJISIX HEKOTOPBIX PACTEHH, HAIIPUMED,
cemelictBa ToNCTAHKOBEIC (Crassulaceae), miomax
€XEBUKH, YEpHON cMopoauHbl U ap. Ho BeaeneHne
npuponHoit MJIK u3 cokoB pacrenuii mim QpyKToB,
coZiepXKaluX MIUPOKUN CIIEKTP OPTaHMYECKUX KHC-
JIOT U JAPYTUX KOMITOHEHTOB, SIBISETCS CIOXXHBIM U
YpEe3BBIYAHHO JOPOTHM TEXHOJOTUYECKHM IIPOIIEC-
COM. B CBSI3M ¢ ATHM HCKIIIOUYHUTENHHYIO Ba)KHOCTD
npuobperaeT pa3paboTka OMOTEXHOIOTHYECKUX TIPO-
neccoB nosyyenus MIIK.

Bnepssie criocobrOCTh Apoxkeit Y. lipolytica
cuntesupoBars MJIK u3 H-ankaHOB ObL1a OOHApyXKe-
Ha B IBOM PAH B 1966 r.; 3aTem OBl M3y4ueH MeXa-
HU3M OHOCHHTE3a JAHHOW KHCIIOTBI IIPH POCTE JIPOK-
xeil Ha aTanoune [4, 5]. Ho nucrons3oBanne B KauecTBe
CyOCTpaTOB TOKCHYHBIX JIJISI KIIETOK (3TaHOJ) HITH He-
MHUIIEBBIX (H-aJKaHbl) CyOCTPATOB 3aTPyIHSIIO pa3pa-
OOTKY TEXHOJIOTHYECKOTO MPOIIecca 1 HEe TI03BOJISIIO
MOJTy4arh IeNIeBOM MPOMYKT MHUIIEBOTO U MEIUITMHC-
KOTo Ha3HadeHHus. Vcmonp3oBaHWE HOBBIX CyOCTpa-
TOB ¥ HOBBIX IITAMMOB-IIPOIYIICHTOB MOXKET CIIENaTh
nporecc MukpoOHo# npoaykuuu UK 6onee adhdek-
THUBHBIM U TIOJTYYaTh IeJIeBOM IPOAYKT ¢ Oosiee BhICO-
KHM BBIXOZIOM M Ka9€CTBOM.

CpaBHHTEIILHO HEJJABHO HAMH OBLIH MTPEICTaB-
senbl JanHble 0 cuHTe3e MJIK u3 parcoBoro u mnoj-
COJTHEYHOTO Macen (3KOHOMHUYHOTO CHIPbSI, SBIISIOIIE-
rocs OTXOJIOM TPSIMOTO OTXKMMa M HCIOJB3yEeMOTO
0e3 OYMCTKH) U IIIUIEPHH-COIEPKAIIIX OTXOJI0B IIPO-
M3BOJICTBA OMoIM3eIbHOro Toriuea [6—11]. U3BecT-
HO, uTO Iipu obpazosanmu NJIK eii Bcerna comyTcTBy-
et ee momep — JIK; 06a mpoayKTa HaKaIJINBAIOTCS B
cpeze KyIbTHBHPOBAHUA MPHUOIN3UTEIHHO B PAaBHBIX
KOJIMYECTBAX. JTH JaHHBIC ObLIH MOATBEPK/ICHBI U B
paboTax HeMeIKUX yueHbIx [2, 3, 12, 13]. Jlo nmocien-
HEro BpeMEHH He y/1aBajoCh pa3paboTarh HalpaBIIeH-
HBIH niporecc 6nocuuTesa MJIK ¢ MuHUMAaNBHBIM CO-
nepxxanveM JIK. B 0CHOBHOM COOTHOLICHUE CUHTE3H-
PYEMBIX KHCJIOT 3aBHCHT OT OCOOEHHOCTEH MeTabo-
JU3Ma UCIOJIb3YeMBIX ITaMMOB-IIPOAYIICHTOB, MPH-
MEHSEMOr0 MCTOYHHKA yTIEPOAa, a TaKKe MO3UTHB-
HO KOppEUpyeT C YPOBHEM SKCIIPECCHH T'e€HA aKOHH-
TaT-TUAPaTasbl.

Lenpro HacTosield padoThl OBIIIO MONTYyYCHHE
HOBBIX PEKOMOMHAHTHBIX INTaMMOB Apoxoked Y. [i-
polytica c TOBBITIIEHHBIM YnCIIOM Koruid rera ACO 1,
KOJIMPYIOIIET0 aKOHWUTAaT-THApPaTa3dy, W HCIOJIb30Ba-
HUE UX 7S pa3paboTKH Mpolecca HalpaBIeHHOTO
cunre3a NJIK u3 parncoBoro macia.
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O0beKkThI HccaenoBaHus. VcxomHoil KymnbTy-
PO st TOMy4YeHUs] peKOMOMHAHTHBIX IPOJYIICHTOB
WJIK sBrssncs mpupoaHbId TaMM Ipoxokeit Y. lipo-
Iytica 672, MOMy4EeHHBIH U3 KOIJIEKIUH J1a00paTOpHH
a’poOHoro Merabonu3ma Mukpooprannimos UBOM
PAH, criocoOHBIi K CBEpXCUHTE3Y TUMOHHBIX KUCIIOT
IIpH pocTe Ha parcoBoM Macie [9]. B pabGote Taxxe
IIPUMEHSIM IITaMMBI, NOIy4YeHHble U3 Beepoccuiic-
KOW KOJUICKI[UH MTPOMBIIIICHHBIX MUKPOOPTaHU3MOB
(BKIIM) TocHWUreneruka: Y. lipolytica W29
(mwramm mgukoro Ttuma), Y. lipolytica E150 (MAT B,
hisl, leu2-270, wura3-302, xpr2-322) wm mramMm
Escherichia coli DH5o. [F- endAl, hsdRI17(r, m,),

supE44, thi-1, A, recAl, gyr496, relA1].
Cpenpl. [l pocra E. coli ncnionb30Baiy Cpemy
LB: Tpunton — 10 1/11; qpoxokeBo SKCTPaKT — 5 1/11;
NaCl — 5 r/n (HiMedia, Uunus). bakrepuu Bbipaiu-
Baju mpu 37°; eciau HEOOXOAMMO, JT00ABISUIM aMITU-
mwumH (Sigma, CILIA) B konneHTpanuu 100 MKr/mit.
JpoxkeBble IITaMMbl pacTUIM Ha CIEAYIO-
KX cpenax: a) cpexa Punep, r/m: (NH,),SO, — 0,3;
MgSO,-7H,0 — 0,7; Ca(NO;), — 0,4; NaCl — 0,5;
KH,PO, —1,0; K,HPO, — 0,1; pancosoe macino — 10;
nposxxeBoi akcTpakT Difco — 0,5; MuKpoaieMeHThI
no Bypkronsaepy (Sigma); 6) cpena YNB (HiMedia,
Wunus) ¢ nodapnenuem ypamwia (Sigma) (40 MKr/min);
B) cpena YPD: menton — 20 1/, ApOXKIKEBOH IKC-
tpakT — 10 r/11, mroko3a — 10 /i (HiMedia).
Manunyasiuuu ¢ IHK ocyiecTsisiium comac-
Ho [14].
Ouncrky ¢pparmentos JJHK u3 reass nposo-
i ¢ oMol Habopa Gene JET Gel Extraction
Kit (Thermo Scientific, CILIA).
Onurone30KcUpPHOOHYKIEOTHABI CHHTE3UPO-
BajM Ha aBToMarudeckom npudope BIOSSET ASM
800 (Poccust) m ouniamy MeToIoM o0pareHHO-(a3o-
Boit BOXX. B tabn. 1 mpeacraBiieH CIMCOK OJIHTO-
HYKIICOTHJIOB, UCIIOJIb30BaHHBIX B padoTe.
IMonmumepasunyw nennyw peaxkuuio (ITLP)
npoBoawin B ammuiiukarope T100 (BioRad, CILIA)
B 00beMe cmecr 50 MKJI1. Pexxum amruinukamu 0611
crnenyrommii: 94°, 3 mua — 1 mukir; 94°, 20 ¢; 56°,
30 ¢; 72°,3 mua— 24 niukia; 72°, 3 MuH — 1 1IHKIL.
Ilepeuunyro crpykrypy JAHK onpenensuiu ¢
WCIIOJIb30BAHUEM aBTOMATHYECKOTO CEKBEHATOpa
ABI 3500 (Applied Biosystems, CIIIA).
JekTpoopeTHYECKHUI aHAIN3 0eJTKOB OCY-
HIECTRIISIN 1Mo Metoxy Laemmli [15].
KyasTuBupoBanne mukpoopranu3monB. C
nenpio ceneknuu npoxaynenToB MJIK pexomOmHanT-
HbIC IITAMMBl BBIPANIMBAIM IIPU TEMIEpaType
29—30° na xavanke (180—200 ob6/mMuH) B KonOax
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OJIHFOHyKJ'[eOTI/IZII)I, HCIMOJb30BAHHBIC B paﬁoTe

Tabauna 1

Hasanue |CuHTe3UpyeEMbIN
npaﬁBMIga mé)pa:;feyl{:mm Martpuia ayis cuHTe3a [TocnenoBarensHOCTH (5'—>3")
pUCI19-F CGCCCCAGGTGGCACTTTTCGGGGAAATGT
Yacts BekTOpa pUCI9 GCGCGGAACC
pUCI9-R puCId GAGAATCGGCGTTACCTCCTCA CAAAGCCCTT
CAGTGCGGCCGCAGCTTGGCGTAATCATGG
Zeta-up-F GGTTCCGCGCACATTTCCCCGAAAAGTGCCACC
Yarrowia lipolytica | TOGGGCGGCCGCTGTCGGGAACCGCGTTCAGG
Zeta upstream E150 (CLIB122
Zeta-up-R ( ) CATTATACGAACGGTATCGATAAAGTGCTTTGT
GCGTACC
Ura3d4-F GGTACGCACAAAGCACTTTATCGATA CCGTTCG
TATAATGTATGCTATACGAAGTTATCGACAAAG
Yarrowia lipolytica | GCCTGTTTCTCG
Mapxep ura3d |~ y09 (L1BRY)
Ura3d4-R TTATACGAAGT TATGCCCTCCTACGAAGCTCGA
GCTAACG
ACO1-F CGTTAGCTCGAGCTTCGTAGGAGGGCATAACTTC
. livol GTATAATGTATGCTATACGAACGGTAGCTAGCGA
arrowia lipolytica | c ATGGCTCCTGCACTTC
Tendcol W29 (CLIB89)
ACOI1-R GAAAGGATGAGGACCACTAATACTACACCCCT
CAACTTA
Zeta-dn-F TAAGTTGAGGGGTGTAGTATTAGTGGTCCTCATC
Yarrowia lipolytica | CTTTCGAAGGCATGTGTAACA CTCGCTCTGG
Zeta downstream E150 (CLIB122
Zeta-dn-R ( ) CCGCACTGAAGGGCTTTGTGA GGAGGTAACGCC
GATTCTC

TIpumeuanue: TOAIEPKHYTHI HCKYCCTBCHHO BBEICHHBIC CAMThI PECTPUKIIUH.

oobemMoM 750 mi ¢ 50 mit cpeasl Punep. pH cpenpt
IO IEP>KUBAIA HA ypOBHE 3HaYeHMH 4,5—6,0 BHECe-
HHeM cTepuibHOTo pactBopa 10%-roro KOH («Xum-
Men»). Bpems KynTbTHBUPOBaHUS COCTABIISUIO 6 CYT.
KynberuBrupoBanue 0TOOpaHHOTO PEKOMOMHAHT-
Horo mtamma Y. lipolytica Ne 20 nposoaunu B dep-
mentrepe AHKYM-2M (Poccust) oobemom 10 11 (uc-
XOnHbIH 00beM cpeasl 5,0 ). Temmneparypy nozauep-
»kuBanu aBToMmarudecku (29,0+0,1)°, Tak ke, Kak KOH-
HEHTPAIMI0 PACTBOPEHHOTO B Cpele KHCIOpojaa
(20—25% ot HacelmeHUs B TEPHOT pPOCTa H
50—55% B mepuon kucimorooOpazoBanus); pH cpe-
1wl (4,5 B mepuon poctrau 6,0 B mepro KUCIOToOOpa-
30BaHMs) peryaupoBa goOaBiaeHueM 20%-HOTO
pactBopa KOH. Cpena mjist KyJIbTUBHPOBAHHUSI SIBIIS-
J1ach MOAM (PUIIMPOBAHHBIM BapHaHTOM cpeabl Pumep
u umena cnexyromuii cocras: (NH,),SO, — 3,0 r/m;
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MgSO,-7H,O — 1,4 r/i; Ca(NO3), — 0,8 r/m; NaCl

— 0,5 r/n; KH,PO, — 2,0 r/n; K,HPO, — 0,2 r/m;
JBYKPAaTHBIN pacTBOP MUKPONIEMEHTOB 110 BypKrons-
nepy; TuaMun — 1,2 Mxr/n, Fe*" — 1,2 mr/n (Sigma).
ParicoBoe mMacio MCXOTHO BHOCHIIH 10 KOHEYHOH KOH-
nenTpanuu 20 r/71 1 1ajgee 10 TOM jke KOHILICHTPaI[UK
B MOMEHT nosbinieHus pO, na 5—10% B cpaBHeHNM
CO CTaOWJIBHBIM YPOBHEM HACBHIIIEHHUS KHCIOPOIOM
(Takoe MOBBIIICHHE YKa3bIBAJIO HA TIOIHOE MOTpedlie-
Hue cyoctpara). O01iast IpoI0DKUTENBHOCTD KYJIBTH-
BHPOBAHHUS COCTaBINA 6 CYT.

AHaJIU3 NPOAYKTOB KyJIbTHBHpPOBaHUsl. PocT
JPOXOKEH KOHTPOJIMPOBAIIH 110 CyX0i OHoMacce, KOTo-
pyto onpenensiin nocie ¢unprpoBanus KK uepes
MemOpanHbie GunbTpsl (Synpor N 3, UexocnoBakws) ¢
MOCIIETYFOIM BBICYIIIMBAaHHEM (PHIIBTPOB JI0 TIOCTO-
SIHHOW MaccChl.
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Jlnist aHamM3a OpraHuYecKrX KUCIOT UCTIONB30-
Banu Metoag OD-BOXX. C atoit enpo oTOupanu
1 M KK, nenrpudyruposanu 5 mun npu 1500 g, o1-
oupanu 0,5 M1 Ha0CaIOUHOMN KUIAKOCTH U J00aBIIS-
1 0,5 mnt 6%-noit HCIO,, nuist ocaskneHust 6enxos. 3a-
TeM TpoOy IEHTPU(YTHPOBAIH B IPOOUPKAx DITICH-
mopda (5 mua mpu 15000 g) u momseprasm OD-
BOXX. Dmonuio oCymEeCTBISAIN NMPH CIETYIOIINX
YCIIOBUSX: CKOPOCTh | MJ/MHUH; Temmeparypa 35°,
amoeHT — 20 MM docdopnast kucnora. B padore wic-
nonb3oBan BOYKX-xpomarorpad ¢upmer LKB (1Be-
1usl) U KONoHKy (¢upMmel «Ancuko» (Poccust) ¢ oOpa-
meHHoi ¢asoit Inertsil ODS-3 (250x4 mm). Onpene-
JICHWE KHUCJIOT MPOBOAWIM MPHU JIUHE BOJHBEI 210
HM. Opranuyeckue KUCIOTHl MACHTH(QUIMPOBATH C
COOTBETCTBYIOIIMMHU cTaHmapramu («Peaxmum», Poc-
cus, u Sigma, CIIA).

Bce ncnons3oBanubIie B paboTe peakTHUBHI OTe-
YECTBEHHOTO TPOM3BOJICTBA MMETH KBAJTU(HUKAIIHUIO

«OC. U» WM «X. €.

B crarbe mpuBeneHbl pe3ynbTaThl OMBITOB, KO-
TOpBIC IOBTOPSUTH HE MEHEE TPEX-UEThIPEX pa3; B Kax-
JIOM TOYKe TIPOBOJIMIIN JBA-TPHU MapalieIbHBIX H3Me-
pEeHHUSL.

PE3YJIbTATBI U OBCYXKXJIEHUE

IMonyyeHue peKOMOMHAHTHBIX ITAMMOB
C JTOMOJHUTEJIbHBIMH KonusaiMu reia ACOI,
KOJXUPYIOIIEro aKOHUTA3Y

Heneunsi rena URA3 Y. lipolytica 672. IlepBo-
HaydajbHO y mramma Y. lipolytica 672 Oblia 0CyIIeCTB-
neHa npenenus reHa URA3 pasmepom 2868 m.H. (OT
—544 m.H. ot ctapToBoro komoHa ATG mo +1469 n.1.
OT CTOM-KOZi0HAa) coracHO Metoxy [16]. Ilomyuen-
HEBIN mtamMm Y. lipolytica 672 (Aura3) poc Ha MUHH-
MaibHOH cpefie YNB ¢ m1r0k0301 TOJIBKO B CIydae J10-
OapnieHus B Hee ypaiiiwia (40 MKr/min).

BrioveHue 10NM0THUTEIbHBIX KONMIA TeHa
ACO1 B renom mramma Y. lipolytica 672 (Aura3).
s MHOXKECTBEHHOW MHTErpalliy JaHHOTO reHa B Te-
HOM JPOXOKEH Oblla CKOHCTPYUpPOBaHA IUTa3MUJIA
pZ-ACO1 (puc. 1). Ota mna3Muaa BKIIOYAIa 9acTh
craagaptaoro Bekropa pUC19, ren ACO! ¢ HAaTUBHBI-
MH yYacTKaMH IpOMOTOpa W TepMHHATOpa, zetd-
AIIEMEHTBI JUII HETOMOJIOTUYHOW MHTETpalud U Map-
kep URA3 6e3 mpomoropa (ura3d). CeneKTUBHBIM
Mapkep ObLT OTpaHUYCH C JIBYX CTOPOH caTaMH y3Ha-
Bauus (lox66 u lox71) pexombunasel Cre ¢ara Pl
[17]. Bee BrimeykazanHble pparMeHTHI CHHTE3UPOBa-
nu meroaoM ITHP, ucnonb3ys npaiMepsl U MOCIe10-
BarenbHOCTH JIHK, npuBenennbie B Tabm. 1.

INocne ounctku cuHTe3npoBHHBIX [TL[P-dpar-
MEHTOB U3 arapo3HOTO Telisl MPOBOANIHN cOOPKY IIa3-
MUl MertogoM ['mOcona [18] commacHO MPOTOKOITY
npousBoautesst (New England Biolabs, Anrms). Pe-
aKIMOHHYIO CMECh WCIOJIB30BAIM JAajiee IJI TPAHC-
¢opmarmn mramma E. coli XL-1. IlpaBuibHOCTB
cOopkH (pparMeHTOB MOATBEPIKAAIH IIyTEM CEKBEHH-
POBaHUA TOY9EHHOW TIa3MHUIBI (32 HCKIIIOYCHUEM
yuactka riazmunsl pUC19). B pesynsrare 3Toro ana-
JIU3a BBISIBJICHO MOJIHOE CXOACTBO HYKJIEOTHIHOM MO-
cinenoBarenbHOCTH TeHa ACO! W TOMOJIOTUYHOTO
rera u3 Y lipolytica E150.

[lepen TpancdopManmeit APONCKEBOTO IIITAM-
Mma 1wrazmuga pZ-ACO1 6suta o6paboTana SHIOHYK-
nea3oit Notl u HamOONBIIMK W3 COCTABISIONINX €€
(parmMeHTOB ObLT OYMINEH U3 Telnsi. BhIneneHHBIM
(parMeHTOM METOJIOM DJIEKTPOIIOpalK TpaHchop-
mupoBaiu mTamm Y. lipolytica 672 (Aura3), Hecy-
it HatuBHGBIN TeH ACO1, u 3aTeM TpaHcHOPMAaHTHI
C MHOXXeCTBeHHbIMU BcTaBKamm ACO]-comepikarie-
ro (pparMeHTa oTOMpaIM MpHu pocte Ha cpene YNB ¢
rmroko30# (1%) [19].

[IpucyTcTBUE NOMONHUTENBHBIX KONMN I'eHa
ACOI y mrramma Ne 20 (cM. HIKe) OBIIIO TIOKA3aHO €
nomotsro IIP. [T storo xpomocomuyro /IHK BeI-
NN, WCIOJb3Ys MPOMBITHIE KUCIOTON CTEKISH-
Hble mapuku [20], ¥ 4acTh HHTETPUPOBAHHOIO (par-
MEHTa aMIUTA (PUITUPOBAIIH C TIOMOIIBIO TTApPHI Ipaiime-
poB: ACOlconf-F — 5'-GAGACAGTTTCCTCGG-
CACCAGC-3" u ACOlconf-R — 5'-AGGATGAGG-
ACCACTAATACTACACCCCTCAAC-3', xoTtopsle

“omxuranuch”’ Ha ydactke reHa URA3 u rena ACOI

IIpaiimep
ACOlconf-F lox 71

intron

AP

Bexkrop
pUC19

/
zeta  TIpaiimep
ACOlconf-R

Notl

Puc.1. Ctpykrypa miazmunsl pZ-ACO1, ckoHCTpyupo-
BaHHOM /U1 MOBBIIIEHU I SKcTipeccuu reHa ACO 1
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(cm. puc. 1). B pesynbrare ObUT HOJIy4YeH (parMeHT
pasmepom 4,6 T.II.H.; TIPU UCIIOJIG30BAHNH JK€ B KOHT-
ponbHOH peakmmu xpomocomHo# JIHK u3 mramma
npenmectBenanka Y. lipolytica 672 (Aura3), npo-
IyKT HE 00pa3oBbIBaICs (pHC. 2)

JlanHbIe 10 AIIeKTpodope3y reHoMa PeKoMOH-
HaHTHOTO BapmaHTa JApoxkeid Ne 20 mociie TpaHc-
dbopManuy yKa3aHHOW IIa3MHUAOU MPEICTABICHBI
Ha puc. 2.

Cornmacuo nmanHbIM [21], nedexrhbiii URA3-
Mapkep (ura3d4), comepxamuii TOTBKO +8 ILH. OT
craptoBoro konoHa ATG B Ko4yecTBe HE MEHee 3 KO-
MUH, CHOCOOCH KOMIICHCHPOBaTh ayKCOTPO(HOCTD
mramma Y. lipolytica 672 (Aura3) no ypammny. U xo-
Ts B JaHHOH pa®oTe ObLT Mcoib30BaH reH URA3 6e3
HATUBHOW TOCJIEA0BATELHOCTH BBIIIE CTAPTOBOTO
kojoHa (ura3d), TeM He MEHee, ObLIO MOIy4YeHO 00-
nee 50 tpancdopmantos Ha 1 mxr JJHK.

AHaIu3 cNOCOOHOCTH K KHCJI0TO00pa3oBa-
HHUIO Y OJTYy4YEeHHBIX MYTaHTOB. [[JIsl OIIEHKH KHCJIIO-
TOOOpa3yrolIel aKTHBHOCTH PEKOMOMHAHTHBIX ILITAM-
MoB Y. lipolytica npoBonminm KyapTuBHpoBaHue 20
0TOOpaHHBIX BAPHAHTOR B )KHKOM cpene Puaep ¢ pan-
COBBIM MAcCIIOM B yCIIOBHSIX JedunuTa azota. [1o ucre-
geHuu 6 cyTt onpenemsum coxepxanue JIK, NJIK u
psiia Apyrux KUCIOT. JlaHHbIE O HAKOIUICHHH KUCIIOT
Yy MyTaHTOB B CPAaBHEHHH C UCXOIHBIM IITaMMOM Y. [i-
polytica 672 npencrapiieHsl B Tao. 2.

Kak BuaHo 13 Tabm. 2, 11 u3 20 BapuaHToB 00-
JIaJlaJIi CIIOCOOHOCTHIO K 00JIee aKTUBHOMY OHOCHHTE-
3y MJIK B cpaBHeHHMH ¢ TIPHUPOIHBIM mTaMMOM Y. [i-

2

M

Puc. 2. Dnexrpodoperpamma pe3yJapTaToB aHAIN3a HH-
Terpauu gpparMenra, cogepxartero red ACOI: nopoxka M —
Mapkepsl Monekysipaoi Macesl (Thermo Scientific 1 kb, CIIA);
nopoxka / — mramm Ne 20; 1oporkka 2 — KOHTPOJIBHBIHN ITaMM
Y. lipolytica 672 (Aura3)
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polytica 672. HanbosbI1mii CABUT COOTHOLIECHUS IIUT-
par—wusonutpar B cropony MJIK otmedeH y mram-
moB Ne 9, 10, 12, 19 u 20. MakcuMaabHO€E KOJIHYECT-
B0 MJIK n makcumanbhsii Beixog MJIK (Y),) 6b11m o1-
MEUYEHBI Y peKoMOMHaHTHOTO 1mTamma Ne 20,

OTOT mTaMM ObUT HCIIOTB30BaH ISl U3yUCHHS
MPONYKIIMA MM KHUCIIOT B YCIOBHUSX (epMeHTepa.
KynpruprpoBanue rposoamwiu B 10-1uTpoBoM GhepMeH-
Tepe ¢ 00bEMOM Cpe/ibl S5 J1 B cOaIaHCHPOBAHHOW ITH-
TaTeIbHOM Cpe/ie ¢ YBEIMYCHHBIM COICPIKaHHEM Ke-
ne3a, a Takke Mpu JpoOHOM BHECEHUH ParicoBOTO

Tabnuia 2

XapakTepucTHKA KHCJI0T000pa3oBaHus
Y PeKOMOMHAHTHBIX ITaMMOB Y. lipolytica —
npoayuentoB UJIK

CopnepxaHue
Ne papuanTa KHCIIOT, /11 Vuw, % | LIIK/JIK
NJIK JIK
Y. lipolytica 5,10 4,70 37,0 1,10
672
1 1,87 1,70 9,3 1,10
2 2,08 1,56 10,4 1,33
3 1,97 1,67 9,9 1,18
4 2,00 1,18 10,0 1,70
5 1,55 1,15 7,8 1,34
6 2,10 1,59 10,5 1,32
7 1,98 1,14 9,9 1,74
8 1,97 1,70 9,3 1,15
9 11,48 5,75 57,4 2,00
10 11,56 6,37 57,8 1,82
11 4,92 3,04 24,6 1,62
12 11,78 5,97 58,9 1,97
13 12,26 7,02 61,3 1,75
14 9,67 6,19 48,3 1,56
15 13,19 7,39 65,9 1,79
16 12,76 7,44 63,8 1,72
17 12,00 6,72 60,0 1,79
18 9,00 6,00 48,1 1,50
19 11,5 6,40 59,0 1,80
20 15,23 6,42 76,1 2,37
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Puc. 3. lunamuxa 6uocunresa WJIK npu xyasTuBupoBa-
HUU UCXOAHOrO mTtamma Y. lipolytica 672 (a) u mytanta Ne 20 (6):

1 — 6uomacca; 2 — NHj, 3 — WIK; 4 — JIK

Macia 10 koHueHTpauu 20 r/j1, Kak ObLIO OMHUCaHO
panee [9]. B kagecTBe KOHTPOIHHOTO HCITOIH30BAIH
npolece KyIbTHBUPOBAHUS IPUPOHOTO mTamma Y. [i-
polytica 672. Innamuxka cuate3a MIK u JIK y o6omx
IITaMMOB TIPEACTaBIICHa Ha puc. 3.

Kax Bumno 13 puc. 3, cymma MJIK u JIK 6puta
MPAaKTUYECKH OJJMHAKOBOW KaK Yy TIPUPOJHOTO, TAK U Y
MYTaHTHOTO MITaMMa, OIHAKO y PEKOMOMHaHTHOTO
mramma Ne 20 CyIiecTBEHHO H3MEHAJIOCh COOTHOIIIe-
uHue MJIK u JIK. Yixe Ha 2- CyTKH KyJIBTUBUPOBAHUS
COOTHOIIICHUE U30LUTPAT—IUTPAT Y MyTaHTa COCTaB-
nsu10 3:1 (em. puc. 3, 6) (y nmpupogHoro mrtamma Y. fi-
polytica 672 — 1,1:1). Ilpu KyTbTUBHPOBAaHUH IITAM-
Ma Ne 20 B TeueHmne 6 CyT MPOUCXOIUIIO HAKOTIIEHUE
72,6 v/in WJIK u 29,0 r/n JIK. Jlns cpaBHEHUS, B CXO/-
HOU cpeie ¢ mapadHaAMU U TP TEX JKE YCIOBUSIX TPH-
POIHBIN IITaMM Jposkrker cuaTesuposai 60 r/m MJIK
[1], a B cpene ¢ 3TUIOBBIM ciupToM — 66 /71 [5]. B
pabore [2] Habnroganu nponykiuo WMJIK Ha yposHe
93 /11, ogHAKO IMPOIECC B 3TOM ciaydae Obu1 Oojiee
mmtelbHBIM (18 cyT) u conepskanwe JIK 6110 3HAYM-
TeNbHO BbIIIE (82,3 1/11), 4TO 3aTPYAHSIO POLIECC BbI-
JIeTICHHsT KOHEYHOTO Tponykra. B cratee [13] Obu0
OTIMICAHO MOTyYeHUEe peKOMOMHAHTHOTO mTamma Y. [i-
polytica ¢ IOBBITIICHHON YKCTIPECCHEH aKOHUTAT-TH/I-
parasbl, KOTOPBIM Takke HaKarIuBal MPeuMyIIecT-
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BeHHO MJIK (10 70% 0T cyMMBI KHCIIOT), OAHAKO B a0-
COJIFOTHOM BhIpakeHHH npoaykuust MJIK y nanHoro
mramma OblTa HroKe, yeM y Bapuanta Ne 20 B JaHHOM
paborte.

Boree BbICOKMX pe3yNnbTaTOB MO YPOBHIO CHH-
te3a MJIK u OTHOIIEHUIO €€ Co/lepKaHus K CoJepKa-
Huto JIK paHee y1anoch JOCTHYB TOIBKO C TIOMOLIBIO
mytanTa Y. lipolytica YO/HI, koTopblii ObLT MONy4YeH
MpH KOMOMHHUPOBAaHHOM BO3JCHCTBHH YIiIbTpaduoJie-
TOBBIX JIyuel (4 MuH) u N-meTui-N' -HUTpo- N-HUTPO-
soryanuanHa (50 Mxr/min) Ha kietku Y. lipolytica 704.
3TOT MyTaHT XapakTepu30BaJicsi OCIA0JICHHBIM POC-
TOM Ha cpezie ¢ arnieraroM. B 500-nmutpoBoM depmen-
Tepe Ha Cpejie C ParcoBBIM MAcJIOM ITPH UHTHOUPOBa-
Hur 30 MM HTaKOHOBOW KHCJIOTOM JAHHBIA BapHaHT
Hakarueain 88,7 r/n WK u 15,1 r/n JIK (ipu cootHo-
mennn MJIK—JIK, coorBercTBeHHO paBHOM 6:1) [11].

Takum 00pa3oMm, B JaHHOU pabOTe yCTaHOBIICHA
BO3MOXKHOCTH HaripasiieHHoro cunrte3a MJIK w3 parico-
BOTO MacJia ¢ PUMEHEHUEM PEKOMOMHAHTHOTO I TaM-
Ma Y. lipolytica Ne 20 c TOBBIIIEHHOM SKCTIPECCUEH aKo-
HUTAT-TH/IPATa3bl, Y KOTOPOTO COOTHONICHUE MU30IHT-
par—umTpar gocturaio 2,5:1, B To Bpems Kak y ITam-
MOB nukoro Tuma Y. lipolytica 672 0HO COCTaBISLIO
1,1:1. HansHetmas pabota OyneT HaripaBiieHa Ha OIITH-
MH3ALHI0 COCTaBAa IUTATEIbHON Cpelbl U YCIOBHM
KyJIbTHBUPOBAHHUS, YTO TIO3BOJUT CO3MaTh BHICOKOA(-
¢exTuBHBI Mponecc buocunaTe3a NMJIK ¢ ncnonb3oBa-
HUEM [ITaMMa, TIOIY9E€HHOTO B JaHHOH paboTe.

Pa6ota BeInonHeHa npu pUHAHCOBOM MOJIEPK-
Ke rocyaapcersa B yniie MunoOpHayku Poccun (yHu-
KaJbHbI uaeHtupukarop mnpoexkra RFMEFI162514-
X0005) ¢ ucronp30BaHUEM YHAKAIEHON HAYTHOH yC-
tanoBku (YHY) — Hanmonansaoro OnopecypcHoro
neHtpa «Bcepoccuiickas KOIWIEKIMS IPOMBILUICH-
HBIX MUKPOOPTaHU3MOBY (YHUKAIBHBIN HICHTH(HKA-
top poekta RFMEFI59214X0002).
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New Recombinant Strains of Yarrowia
lipolytica Yeast with Overexpression of
Aconitate Hydratase Gene to Obtain Isocit-
ric Acid

The Yarrowia lipolytica yeast are capable of high-intense
synthesis (supersynthesis) of citric and isocitric acids at the nitro-
gen limitation. The ratio of the synthesized acids depends on used
producing strains and levels ofthe expression of a gene for aconi-
tate hydratase. Recombinant variants with the overexpression of
the multicopy ACOI gene for aconitate hydratase were obtained
on the basis of the initial isocitrate-producing Y. lipolytica 672
strain. A recombinant strain of Y. lipolytica 20 in which the isocit-
rate—<citrate ratio is shifted toward the first up to 2.3:1 (with the
ratio 1.1:1 in the parental strain) was selected. The culturing of the
variant 20 in a 10-1 fermenter resulted in the production of 72.6 g/1
of isocitric and 29.0 g/1 of citric acid with their ratio 2.5:1, which
permits to regard the Y. lipolytica 20 strain as a promising produ-
cer for the development of an industrial process for the isocitrate
production.

Key words: ACOI gene overexpression, aconitate hydra-
tase, isocitric acid, Yarrowia lipolytica.
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