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Om,1T1,1, nponeµ;ennue c µ,poJKiKaMH-caxapoMHIJ;CTaMH, uecyru;IIMII My

TaJ.\HK> leu2-1, II0Kamwm [1], 'ITO BpCM.Sl. Bbl.Sl.BJICHII.Sl. ·peBepTaHTOB no 

t>Toii MyTarvm l.HtBIICHT' B OCHOBHOM, OT. µ,nyx xapaKTCpIICTIIK: JiaTeH~ 

THoro nepII0)i;a. ll BpCMCHH P,CJICHH.Sl. KJICT0K. Ilocrreµ,uee CllllbllO, oaBHClIT 

oT xo11Kypcwr11ocuoco6uocTH penepTaHTa. H onpeµ,emieT cpoK Bblll.BJie

mH1 KOJI0HHH B ycJIOBH.Sl.X OHbITa ua ceJICKTRBHOH cpeµ;e. 

Moµ,e.rrnpona.1me "ycrronuoro npeMeHH µ,crre11HJI" (YB,ll.) KJICTOK (nuno-

11aroru;ero npeWI: renepau;m1 R rra.TeHTJibIH nepaoµ;) rroKanaJio, 'ITO pe-' 

BCpTaHTI,I pacnpeµ;erreJibI ITO OTOH BCllll'IIIHC He crryqaiiHo, a COCTaBJUIIOT 

rpynnLI, panJIH'laIOUJ;HCC.ll Mopcporroraeii KOllOHRH. B IJ;CJIOM fIICTorpaMMbl 

no YB)], oTpa.:iKaIOT xapTJrny cyrrpeccmr rroxyca [2]. 
I~em,10 HacTo.llu.1,eii: pa60T1,1 .llnrr.aeTC.ll cpanne1me TaKon: xapaKTepn

CTIIKH AJI.ll pamn,TX TIIIIOB cynpeCCRH, panHbIX JIOKycon lI ycllOBlIH xym.~ 

TllBHpOBaHH.Sl.. 

MaTepliaJibl II MCTOP,bl 

illTaMM ranrroap,HI,JX p;po2K2Ke:ii Saccharomyces cerevisiae HA3-24 A 
(a. leu2-1 lys1-1) nm1y<Ie11 OT A.Jl.qenypuoro, OIIJIII. IllTaMM P-:-192 
(a. ade2-192) ~ro6eouo npe,n.ocTanneu npo<f>. Il.A.3axapoBbIM, IleTeproq>. 

Ecrrn MyTa.11,nn leu2-1. :e:· lysl-1 - nonsense, To MyTaIJ,lI.ll ade2-192 n
irneTc.a, no Bceii BHp;IIMOCTH, missense MyTaIJ,neii [3]. AmlJUlOIIp_OBalllI 

peBepTa.11•n1 K upo·roTpo<J>nocTB, no neii:11,auy H no aµ,emrny. Ona noo

mIKaKYr mi69 oa c'!e_T MyTaIJ,BH n reuax leu2 B ade2 (nnyTpnre1111aa 

cynpecc1rn), mi:60 n reuax-cynpeccopax (MeJKreHHaa cynpecc1l!l). 

CpeAhl n.cno~1,oonarrn no1rn1,1e _ II MHHHMaJI~Hbie [4]. B onbITax co 

mTa.MMOM HA3-24 A K MBHIIMarr1,11oii cpeµ;e B paoHI,JX om,ITax Ji06a

BJUIJIH neiin;IIH B KOHIJ,CHTpaI~mrx 3, 30 HJIH 30_0 Mr/n, a TaK:lKe JIH0HH B 

KOHD;CHTpan;IllI 30 Mr/rr. Cpeµ,a 6eo rreiin;Hua 61,ma cerreKTlIBHOH. B Ollbl

Tax co IIITaMMOM P-192 K MllHlIMalll,HOH cpep,e p,o6aBJl.!llllI 1, 10 HlIII 

100 Mr /n a,a,ennna. Cpeµ,a 6eo aµ,emrna 6w1a cerreKTRBnoii. 

Kym,THBHpOBaHHC. ,IJ,pmK)KH Bbipan~IIBaJIII na IllITaTClII,HbIX cpe

p;ax na MIIKponopncTbIX .Hp,ep111,1x,<pIIJibTpax [5]. Ilocrre IIHKy6an;m1 na 

HCX0)illI,TX cpe,a,ax onpe11errmrn: 'IHCJI0 KlICT0K . _B K0lIOHIIH _ ll nepeJI0CHlIII 

nMec·re c cpIIm,'.rpa.MR na cerreKTRBny10 cpep,y. lhIKy6a1~1I.H 1ia cerreK'ru

nHoii cpep,e npoµ,orr:lKarracb µ,o rrorruoro npeKpan.1,enHJI ITO.llBlleHR.H xorro

HIIH penepTaUTOB, o6hI'IHO µ,o 14-21 cyToK. Bo npeW!: mrny6aIJ,IIII na ce

lICKTHBHoii cpe)ie BI,I.Sl.Bll.lIIOiu;RCC.Sl. KOllOHllll penepTaJITOB ("e)ilIUH'IIIhlC" 
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n "MHO)KeCTll(mHh1e"[6], AOCTnra10rn;ne 6 * 105 Kn/Kon) cJKenmrnno pcrn

cTpn:pomum, a oaTeM )1JI.ll PaJJAeJJCHIDl Ha BHYTPIII'CHHhTC 11 MC}KfCHlll,le 

cyrrpeccophl rrpoBO):\IIJJII <peHOTIIJJR'JeCKHR aHaJIHO. 

,Il;114>cJ>epe~11a~Hll penepTaHTOB. AuaJino JJCBCP'-l'a.ll'rOB no JIO

Kycy leu2-l npoBOAHnn ITO noTpe6ttocTn B MeTa6onwrax. JJ:irn 1noro 11x 

nepeuocmm ua cne11y10u~ne cpe111,1: 1) MHHHMaJihH.YIO cperf..Y c JIHBHHOM 

6eo rren:a;nua; 2) Mnun- Mam,nyro cpeAY c rreihvmoM 6eo Jrnmrna; :i) Mmm

MaJI1,ny10 cpeny 6co JICHIJ,HHa n imuntta. BnyTpnrcHHhIMH ( L) C'IIITa.Jm 

peBCpTaHTbI, pacryuvm TOllhl<O Ha. ucpBoii. cpene, a Me✓Kre111n,1M11 (S) 
cynpeccopHhJMH J>CBCpTa.ll'ra.Mn - ua. HCCX Tpex cpcwtx .. KJTOHl,J, IIC pa.c

TJII.J;HC Ha cpciw 6co JICHIJ,HHa, no AaJihHeiimcro y'lcTa ncKJJK>'Ia.JIII. 

AHa.JillO peBcpTa.HTOB HO JIOKJC,Y adc2-192 upononnnn ITO TIOTJ)e6110-

CTH B anennne n: no oKpacKe KoJJounii peBepTaHTOB na noimoii: cpeAc c 

aBTmmnaTOM [6]. IIonarann, 'ITO xonounu 1myTpn:reun1,1x penepTauToB 

lIMCIOT 6cnyro OKpacKy H KpyTTllC(\ 'ICM na C'lCT Mcmrcmroii cynpcccIIHj 

KOJIOHHII B 0TOM cny'lae 61,m11 ponoBJ,Ie. Ha nrraMMc ,Il;K-769(a adc2-
192 lys2-5), nony'lennoM A.B.JJ:mmm,JM (MocKna) u H.A.KonToBoii (JJ:y611a), 

c 'I'OH )KC MyTa~neii ade2- l 92, 6I,um np0Bep;en1,1 <peuo1·mm'lecKHH n re
ueTil'IeCKIIH anaJIHB Ha TIIJlllia7'JIC,KHOCTI, K nepaoii (L) II BTOfJOH (S) 
rpyrrrraM cynpeccopm,IX pencpClIH IIOKyca ade2-192. ,Ucneuuc no OKpaCKC 

na nomwii cpeAe KOJIOHUH peBepTan·1·on ua BHYTpnreHHLit! n MmKl'eHIIhtc 

nowraep)\HITOCI, reHeTH'IeCKHM CKJ)HHHHJ'OM Ha 98% [7]. 
CTaTHCTIIKa. ,ajrn Ka)Kp;OM rpymn,I n OJII,I'J'aX co ll!Ta.MMOM HA3-

24 A 11crronwona.Jrn B cpep;HeM no 20 •iarneK IlcTpn, n KaJKp;on HrJ K0To

p1,1x Of,IJ!O 110 220 KO)lOllllll (uoccn UlTaMJJOM). Peoym,TaTLl y<wTa BOOHH

Kr!IOIIU1X JlCBC[JTo.lfTOB IIOf)MHflOBaJIH Ha 2(1 'lalI!CK fleTfHij B'l'H )1aHHhle H 

nynrno/\HTC!I IIH)KP. R um,iTax co nnaMMOM P-192 ·nm1 parrn1,rx naprra11-

To11 HCIIOlll,nOfl;lJrn OT :m .n;o 100 •1aiUCK IlcTplf lill51 nciny'fCHll51 nplIMCpHo 

100 li1T,VK KOJ!Ollliii peBcpTaUTOB B Ka)K/,OM BapnaHTC. 

Mo1~ennponanne 

Moi~en11pona.1me npoBonmm 110 Me'l'Of\Y MoHTc-Kapno, oimcanne naJIO 

H [2]. Ycimmrn OIIT,ITOB, ITOJIO}l(CHHhIX B OCHOBY MOHCJIHponamrn, OIII1CaHI,1 
B [1,8). 

MoneJI11po11aJ1,u BeJIII'IHHy YB.I.I:, xapaKTcpnoymuzym na.TeHTHhiii ne

p1rn1, If npeMn f\CileHHJI K][C'I'OK penepTa.HTOB OT MOMeJJTa peBCJ)CHH no 
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pcrncTpat\HJI KoJiomiu JH:11ep·1·auTa. ThcTorpaMMhI OTOH BeJIH'lllHhI .l!BJI.ll

K>TC51 cy11ep1101HH~Hcii I'IICTOl'!lctMM rpynu Mop<t>oJIOl'll'ICCKll H]1CHTll'IHbIX 

pCIIC[l'l'all'ron, IHI/VIMO, CXOAHl,l:'( no npollCXO)KACHIIIO [2]. 

PcnyJ1hTa:r1,1 

Om,n1,1,np0Bene1rnh1P co IIJTaMMOM HA.3-24 A(a leu2-1 lysl-1) no 

CJIOIITaHHOMY pc11cpTUf)OI1a11mo K IIJ)OTOTpocf,HOCTlf no neii~nny Ha cpe

nax :\, :JO n 300 Ml'/JI JJCfJI\IUJa ITOKaDaJJH OTCJTCTBIIC □aBHCJIMOCTII 'Ja

C'IO J'J,l MYT1t:pona11u.1L OT CJ)C)\1,1 KYJibTUIHIJJOllaHII.11 II npeµ;eJiaX HeAOBLI

HllJJelmll HH 6oraTblX C[W)\cl.X [ 1,2]. 
l{acrOTl,l pe11epTIIJJOIHUllfll, onpe}\CJICII IH,IC B OIITHMaJIJ,IJhIX ycIIOBll.!IX 

om,rra (norapminm'lecxa11 <flana' poc:ra Kym,Typ1,1, cpcna 1-ym,TnnnpoBa

JUUI - 3 Mr/n ncii.rvrna), npcncTamiem,1 II -ra6JI.l. 

Ta6n.1. l.facToThl rno11Ta1111oro· pc11cpTupo11amui noKyca le112-l 

Tun peBeprnii l.Jucno KJWTOK l{acTOTa 

B KOITOHIIII pCBCpTnponaHHll 

"JIOKYCHh!C" 

L 3,:i * 105 6,:1*10-7 

"cy11 peccop11 hie" 

s 3,3*1Qf• 1,5*10-7 
--·-----

lncTorpaMMhI pencpTaHTOB no reny leu2 n no rc11a~1-cyrrpeccopaM no 
HX YCJJOBHOMY BpeMCIIH f\CJICllll.11 naIOTC.ll ua pm:.1. 

Ta6n.2. lfacTOTbI cno11T,U1Horo penepn1ponamrn JIOKyca ade2-192 

TUii pcBepcnn cpena. 'IHCJJO KJICTOK 'IaCTOT<I. 

C".i(Mr/n) B KOJJOllllH pcnepTnponane.11 

"noKyCHblc" 10 8,2*105 6,6 * 10- 10 

L 0 1,9 * 106 5,6 * 10-.s 

"cy II peccopnhie" 10 8,2* 105 9,4 * 10-9 

s o· 1, !h JOH 5,8 * JO-R 
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IIcrrom,ooBamie MOAeJmpoBamrn AIDI yToqnemrn peoym,TaToB 011pe1w

rreHRll qacTOT peBepTHpOBaJIH.H, IIOJIJ'lCHHbIX B OIIbITaX no HOJ'lCHlUO 

CIIOHTaHHoro peBepTHpOBaJIH.lI MyTaHTa ITO JIOKycy adc2-192 [8], Aa.Jlll 

BCJIHqHHLI, oaBHC.lIIIJ;He OT cpe)J.LI KJJILTHBHpOBamrn (Ta6rr.2). 
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I'HCTorpa.MMU CilOJITa.JlffUX pesepTaUTOB ruTa.MMa. P-192(a ade2-192) B 

ycnosaax '-YHLTBBHposa.na.a. 11a cpeAe CaJ=lO Mr/rr, 11ora.pa(f>1'i.B'lecxa.a. (f>aoa. pocTa. (A,B); 

1111. cp~e 6eo a.AeUHHa. (B,r). I'HcTorpa.MMU pesepTBposanu reHa ade2 (A,B); reHOB

cynpeccopoii (B,r). 

HanoMHHM, 'ITO y mTa.MMa P-192 xopomo BbipaLKeH ocTaToqJ11,1ii 

()OCT Ha cerreKTHBHOH cpeAe, 'lTO IlOOBOJI.lICT perncTpHpOBaTb peBepcbI, 

BOOHHKaJOrn;He npu paoMno2Kemrn KfleTOK na. cpe11.e 6eo aAemrna. 

ThcTorpaMMbI peBepTaHTOB rro reny ade2 H no reHaM-cyrrpeccopaM 
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nrra I\BYX cpe1, KYJihTlIBIIpoaaumi: (CCLd=O; Ca,1=10 Mr/rr) rrpn:Be)J.eHI,I na 
pnc.2. 

06cyLK):\CHBe 

PeBepT1rpoBam1e npm10Keii c MyTan;Heii leu2-1. KaK yno1,rnarroc1, 

BI.Illle, see pesepTa.HThI 6bUIH PaGACJICHI,I na )).Be rpynrrhl: "noxycHbie" 

H ,, cynpeccopHble". 011eBnn110, K rrepBbIM MOLKHO OTHCCTH, B OCHO

BIIOM, penepTaJITbl na C'lCT BHyTpHreHHOH cyrrpeCCHH, a KO BTOpbIM -

Me2Kre11noii, yqn:TLIBa.lI, 'ITO o6e MyTan;n:n: leu2-1 II lysl-1 - nonsense. 

KaK yKa□bIBaJlOCb n [2], rHCTOrpaMMbl ITO .ycJIOBHOMY BpCMCHH µ;eJICHRll 

(YB.IO lIBJI.lllOTCII cyrrepIIoom~He:ii rpyrrrr penepTauToB, xapaKTepnoyro

m,uxrn CXOHHhIMH JiaTCHTllbIMH rrepnoµ;aMH ll npeMeHal\-lll re11epan;nH KJie

TOK. TaM 2KC 61,uro IlOKaoatto; t{TO 0TH xapaKTepIICTIIKII qeTKO CB.lIOaHhl 

c Mop<ficmorue:ii KOJIOH1IH penep'I'aHTOB. 0TO IIOOBOJI.HeT npe)J.IlOJIO)KllTb, 

'l'I'O noµ;o6nble rnerorpaMMbI OTpa)I{aIO'I', c TO'IHOC'l'bIO P.O Bbl.HBJICHH.ll 

pepepTaHTOB, cneKTp cynpeCCHH Hee oqicpeKTHlHIOCTh )J.JI.ll Ka2Kµ;oro JIO

Kyca (mr6o reuon-cyrrpeccopoB n: n:x oqic{>eKTHBHOCTI,). 

Amwrnonpy.ll r»cTorpaMMY (pHc.1,A), rrm1y'Iettny10 µ;1rn nnyTpnreu

no.ii cyrrpecc1rn, BHP,IIM, 'ITO npeo6Jia11.aeT cpeHO'l'IIn c 6om,mo:ii oa.11.ep

JKKoii 11.erremrn. Taxn:e penepTaHThI cocTaBJI.lIIOT 6orr1,myro 11.orrro B BaJIO

BOM MyTareueoe. Kax rroxaoarr aHarrIDJ, rrpoBe)J.eHHhIH B 12], 0Ta 2Ke qacTb 

peBepTaJITOB .lIBJI.lICTC.lI nan6onee HeCTa6nJibHOH, B cpaBHCHIIH c TeMH, 

'ITO ,te,Ka•r B o6na.C'rH YB,IJ, OT 2 11.0 10 qacon. 

ThcTorpaMMa (pHc.1,B), 0Tpa2Ka101n;a.ll Me2Krenuy10 cyrrpecc1110 Tor.o 

,KC JIOKyca, llOKaDbIBaeT IlpllMCpno 0/J.HHaKOBYIO qacTOTY MYTHponaHH.lI 

paoHhlX renon-cynpeccopoB. Ilo nceii BII/J.IIMOCTH, OTO reHhI, cynpec

cop1,1 'rPHK [9], T.K. TecT na 0qiq>eKTBBHOCTb pocTa na cpeµ;ax leu-, 
lys+ n: leu+, lys- rroKaoan, qTo 6orree 90% penep'l'aHTOB pacTy'r c pa

nnoii: CKOpOCTLIO paoMHO,KCURll na o6eux cpe11.ax. 

KaK YKaDI,IBaJIOCI, B [2], paomPIHil B na6ope peBepTaHTOB II 'IaCTOTaX 

penepT11poBaHIDI npn KY1ILTHBHpOBaHHH Ha cpe11.ax C 3, 30 II 300 Mr/JI 

neiin;n:ua ue ua6rrroµ;arroc1, ( Ta6n.1 ). 

PeBepn1ponaun:e APOLK2Keii c MyTan;nen: ade2-192. KaK npeArrorrara

eTC.lI, 0To MyTan;IUI missense 13]. 1iTo KacaeTCJI peBepTHpoBaHH.ll B reue 

ade2 (puc.2), TO qacTOTI,I BOOHHKHOBeHIDI JIOKJCHI,IX peBepTaHTOB pao

rrnqIII,I Ha cpe11.e c a11.eHHHOM (A) n 6eo a11.eumra (B). Oun paorrn:'IaIOTC.lI 
6orree, qeM B 100 p1µ3 ( Ta6JI.2 ). Taxoe IIOBbIIIICHHe qacTOTI,l MJTHpOBa

HH.lI reua ade2 B ycnoBH.lIX0 rono)J.aHH.lI no a11.eHn:11y o6'.Hcu.aeTC.lI 1 cxopee 

Bcero, oaBn:cHMOCThIO MyTn:poBanll.lI reua OT ero c{>ynxn;nouarr1,11on: aKTJI- · 

BHOCTH [10]. llo-oa oqeu1, HHOKOH 'IacTOTI,I peBepTHpOBaHH.lI (6.6*10-10) 
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Ha cpeµ;e C aµ;eHIIHOM ll MaJIOH CTaTnc·rIIKll Tpyµ;no qi.ena'l'b BI,lBO/J. 0 TOM, 
cooTBeTCTBYIOT JIII JIOKYCbI peBepcn.ii rena ade2 na cpe/),ax c 1i.06aBKoii 
ai:i.ettmia 11 6ea aµ;ett11na. . 

KapTHHbI MC2Kl'CIIHOii cynpcccm1 0T01'0 JlOKyca HPC/J.CTaBJieHbl na pnc.2 
p;n.!1 yCJioB11ii Kym,THBIIponann.11 c ai:i.emmoM (B) H 6eo ane1mtta (r). O•te
BH/V!O, 'ITO B p;a.HUOM crryqa.e MCH.HCTC.ll He TOITbKO qacToTa. penepnipOim
HIDI. ( Ta6n.2), no n na6op MyTnpy10u1,nxrenon-cyrrpeccopoB. llpn rono
/J.aHIIll no a11.ennuy ua6J110/J,aCTC.ll. 11.nc6anauc nynon uyKncoTH/J.OB [11].IlpH 
OTOM nponCXOIJ.llT TIOBI,IllICHlle BaJIOBOl'O MyTareneoa, oaTpar1rna10IIJ,cro 
MHorne rcHhI [12,13]. 8To YHCJ1llqem1e '!aCTOTbl MYTHpoaa11m1 KacaeTCJI, 
o'IeBnp;no, n renon-cynpcccopon (p:nc.2,r). ~+ro xopomo cornacyeTc11 c 
BbIBO)laMn, q:i;enamU,lMH a [8]. · 

B o6onx nccnep;onaHm,1x cnyqa.ax MbI 11a6mo1i.aeM ll MO/\CJmpyeM ne 
npJIMbTe MyTan;nn, a KapT:nny n11yTpnre1111oii 11 Me2Kren11oii cyrrpeccnIJ. 
0µ,naxo Mbl MO:>KeM 1i;enaTI, HCKOTOpl,Te BI,JBO/J;bl O lIOKycax cynpecc:nn n' 

nx oc{)cpeKTHBHOCTll B oamICHMOCTll OT J'CJJOTHila ll' YCJTOBJill KYJibTJIBJI
poBamrn. 0TCYTCTBne paom1qnn n xapTHHax cynpeccnn reHa leu2 na 
cpeµ;a.x c· coµ;ep2KauneM neiin;nna 3, 30 n 300 Mr/11 [1,2], uecMoTp.lI ua. 
oanncnMoCTb OKcrrpeccnn reHa lcu2 OT coµ;ep)Kamrn · neii:n;1ma n cpe).J.e 
[14], a TaKMe panJIH'IJIH B Me:lKrennon cynpeccnn noKyca. Jeu2-l B Tex :lKe 
ycrromrnx oacTaBJUJ.eT 1J.YMa'r1, o MexannoMax, BllH.lIIOIIJ.HX ua MyTareneo 
y 0TOI'O IIITaMMa µ;pmK2KCH B nccne11.onaHHblX yrnoBIDIX. 8Toli npaq11noii 
Morna 6bl 61,1Tb MyTaI~JI.lI nonsense, Merna.101.u.an TpancKpnnn;nn rena. B 
cnrrn.e rm,a ade2 MyTarurn missensc nmrneT Ton1,1w. ua. KOHC'IHhIH npo
AYKT reua. B OTOM CJJy'lae MbI ·ua6JIIOAa.eM nonbu11e1rne qacTOThl MYTJI
pona.111rn rena a,dc2 B 100 pan np11 I'OllO/J,aHHH no a.neuu11y, B TO npeM.11 
KaK 0611~uii ypoBeHJ, MyTareueoa ITO/J,H.lllICl:I lIBlllh R ,f) pan. 
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