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BBE.IIEIDiE 

B Bonpocax :m~oBaHHoro KOHll:31:tpYJOOll'[Mil[ Ka.ny-qeu:wn.m rqTareueaa 

y ~OEEel K uacT~eMY BpeMeHll: ycTaHOBKHOCD npe~cTaBneHKe, 'ITO :m~

~oBaHBHe MYT8nHII B03Hll:K8DT B pe?fjPTaTe OWK60K, npOKCXO~ BO 

BpeM.R: penapanHK TIOBpe~eHHOI .IJliK • ,Uo CKX nop BO BC9X KayqeHHHX 

CJJY1UIHX BTO llOJIOJit9Hll:9 KaK 6y~o ll0~9pllt,11;8JIOCD. C'!KT89TCSI, 'ITO JIKIIII, 

0~ K3 Tpex nyTe! penapanHK, K3B9CTH~ ~ ~ODell, npmiKM89T yqac

TK9 B npouecce B03HKKHOB9HKSI MYT8~it ,z . 
Penapa~oHHaSI npeyo.rr.a KH,eyi:tHpOBBHHHX MYTB~ll ~onycKaeT, 'ITO MYT8-

nHK MOryT B03~TD B JID60i!: qaae KJI9TO'IHOrO ~. 'ITO K OTM9'18JIOCD 

B ~e pa6oT • O;u;aaxo B nocJie;u;aKe ro;zn,~ noSIBKJIKCD ny6JIKKa~. B 

KOTOpHX OllXC8HH C~aK 38BKCKMOCTK 'IKCJia KH~OB8HHHX MYTSHTOB OT 

.a.wUi"'it:~~·.t:.DCI /ur.m.Atsiini. .a ;uir~, uu:a:Cusuirl.A\.i.l1 .iits\.ri..;,tt.UdlJil1JU:EICiDMQiiv.i'ii A MVruOii~:J 

penJIKKanHK 3 , a T8KIE9 OTCYTCTBK9 y ~ODell KH,ey!tHpOB8HHOrO MYTBreHe-

38 npK 6JIOK:I:tpOBBHKK pe~ ,IlliK B TeMnepaTypO!JYBCTBKTeJII>HOM IIITaMMe 

Saccharomyces cerevisiae 4 . 3TK pa60TH YKa3HBBDT HS npK'18CTHOCTD 

penJIKKanHK K npoueccaM o6paaoBaHKSI RH,eyi:tHpOBBHHHX MYTB~lt. 

HMenDtHeCSI ua cero.u;HSilll!llltl ~HD .rr.aHBHe, no~eHHHe npK KayqeHKK 

CBSI3K MYT8r9H938 C penJIKKa~ell, H9~0CT8TO'IHH ~ TOrO, 'IT06H npe~CTa

BKTD nOJIHYJO KBPTKHY npoueccoB, npoKcxo~ B KJieTKax npK KH,IJyR:Itlm 

MYTB~ll KOHll:31:tpYJX!tHMK K3Jiy'I9H:wn.m. Cyi!lecTBGHHOe BnKSJHKe Ha CY'Pi>6Y 

nepBK'IHHX l'IB,eyltHpOBBHHHX TIOBp~eHKll ~3HB89T pa6oTa penapa~OHHHX 

CKCTeM, 069Cll9'1KBBDDtHX KX JIW<BK,IJ,8~ 5 • Il03TOMY IIPJII K3yqeHKK CBSI3JII 

:m~oBBHHoro MYTareueaa JII penJIKKanHK KOJIJII'IeCTBeHHHll yqeT MYTa~ll. 

B03HKK8DIItHX Ha p83HHX CT8~ KJI9TO~oro ~. '18CTO ,IJ,8B8JI ,IJ,8HHH9, 

KOTOpHe Tpy;u;ao l'IBTepnpeTKpOBaTD 76 '7 . 
B H8CTO~ell pa6oTe npe~CT8Bn9HH pe3yJil>T8TH K3yq9HKSI CBSI3K rBMMa

KH,ey!tHpOB8HHOrO MYTareueaa K penJIKKa~ y ~azxell Saccharomyces cere
visiae no o6pa30B8Hll:D MYTSHTOB B pa3HHX qaaax pocTa KYJII>TypH K pa3HHX 

qaaax KJI9TO'IH~ro lUIKJia. B pa60T9 ~ll;M9H9~8, HOB8SI M9TO)I;I!lta ItQJIJIIIl9CTB9H-

HOrO yqeTa MYTSHTOB, OnKC8HH8SI B / K / 9/. 
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MATEPHAJI H METO,IIlOOI 

B pa6oTe HCnOXLSOBB~ ranno~e ~OEmH Saccharomyces cerevisiae 
mTaMM NAJ-24 (a leu2-1 lys1-1 RAD) / 9/. B KSqecTBe yYT8HTOB H8dmD~~ 
peBepcH no reHY leu2. 

CycneHSHD ~OEEeit MeTo~oM yno~oqeHHoro noceBa (220 ,o~oHH~ Ha 

qaiiiKY) pacceBB~ Ha arapHSOBBHHYJD nHTaTe.m.Hym cpe;uy M
3 

/IO c ~o6aB
KSMH ~e:l!:u;lma H D3HH8 (30 MKI'/MJI), noxpHTYJO JiaB08HOBHMH H,ItepHHMH i!EJn,
Tp8MH. KODq9QTBO ItJI9TOR B l'.IH0Icy"JIJ!T8X H3M9HJtJIH B 3aBHOm.IOCTH OT 38,IJ'.aqH 

OnHTOB OT I03 ~0 I05 • · 

HHoey~OBBHHHe ItJI9TRH B TeqeHHe OnHTOB RYJil>TliBHpOBBD npH 30°C. 

B Tp96Y9M09 BpeMH H9CROJil>RO ~9CHTROB RO~OH~ pecycneB~OBBD B B0~9 
~ Onp9~9~9HHH o6mero RODqQQTBB ItJI9TOR B O~Oft R~OBHH nyT9M MHKpo

CROUHpOBBHHH cyoneHSHH B KSM9p9 TopgeBa H qHQ~O 3HSH90nOC06BHX Kn9TOR 

ITO RQDqecTBY BHPOOmHX RO~OHHfi npH nOC9B9 OOOT,9TOTBymmero paSB9~HHH 

cycneBSHH B8 6oraTym arapHSOBBHHYJD ope;uy II no . B TO Jlt9 BPeMH Heo6xo

~oe ~ ,IJ'.aJil>HeAmeft CT8THOTHqecROft o6pa60TRH R~9CTBO RO~OHHft BM9C

T9 o ~TpaMH nepeHoc~ Ha ce~eRTBBHYD ope;uy M3 o ~o6aBKSMH DsHHa 

~ yqeTa p9B9pCOB no reHy leu2. Ha 09~9RTHBHO~ Ope~ 9Jit9~9BHO npo

H3BO,lJJVIJ! pel'HCTpa~ p9B9poOB, n~O.II B qiopMe 6eJIHX ROJIOHHit 

BTOpll:~Oro p0CT8. ~9Hey RQDq9QTB8 p9B9pOOB B~~9BT nepeBoca npOH3-

BO,ll;IIJlll no HX qHQ~ B "nepBOit B0~9" BlmBJI9HHH 9 ,• 
06~eHH9 Kn9TOR npOH3BO)l;I!!.7Jl{ B8 raw.ra-ycT8BOBR9 "CBeT" npH MOUI

HOCTH ~OSH P-35 I'p/MHH. KneTRH O~D KSR B cycneBSHH, H3 ROTOpo:ft 

OBH nOTOM pa0C9Ba~OL H8 qamRH, T8R H npaMO B qamxax. Pa~ B pe

sy,m,T8T8X npK BTHX ~yx onooo6ax o~qeBHH Be Ba6mo~~oo:r:.. 

CKHxpoBKsa~ KneTOR npoKSBO,ll;IIJlll no MeTO.DY ~.IIMOOBa K CRoynoa/II[ 

Ilpo~OXIBT9Jll>HOOTL Kn9TO~oro ~ y Kn9TOR mTSMMa BAJ-24 OOCT8BXH9T 

(2,0±o,2) .q, 06~9HH9 B G1~se Kn9TO~OrO ~ npOKSBO,ll;IIJlll qepes 

30 MIDI noMe BHC9Ba OHHXpOBKSK'pOBBHHHX Kn9TOR B8 qannm, a B G2 - 0~0-

T.II 30 MHH 0 MOM9HT8 nOSIMeHHH noqeR y 50% RJI9TOR ( 09pe;D;I'IH8 $ _,qesH) 
2[ 

Ooo6eHBOOTH ~YI'HX npKeMoB, Kcno.m.soBSBBHX B pa6oTe, rrpHBe~BH 

B SROU9pKM9BT8Jil>HOft qaoTH. 

llaoToTa lofY'l'KPOBSHJII.II pacc'DlTHBBJ[acL no OTaB,ItapTHoit AIIJI WRTY~OH

Boro T9CT8 if>opMy~9 R • 1/n•lnN/N0 , r~ n - qHC~O RJI9TOR B O~Oft R~o

BHH, N - qHMO It~OHKI, KCnOXLSOBSHHHX ~ Oit9Blm ROJIKqecTBa MY'f8BTOB 

B Icy"Jll>'l'yp9, N 0 - qHQ~O It~OHHft 693 yYT8BTOB KS BH6opD N • 

BKCIIIilPHMEHTAJffilWI TIAC'Th H OfCYl!IJO(Eiil1E 

PaDIOJYBOTBITeaLBOOTL Rn9TQR 

~9BH9 RX9TOR rrpOK3BO,lJJVIJ! B G1- K ~-«asax KX8TO~Oro ~. 
8 T8De B napKO,l{ SRCnOH9HitKSJil>HOrO pOCTS Iey'Jil>TypH. Kpll:BHe, OnHOimSD-
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mK9 38BHOKMOOTL BI:DDIB8HHH Kn9TOR mTaMMa NAJ-24 OT ~03H, rrpe~CT8M9HH 

H8 pKc.I. K!!eTRH, H8XO;D;fiiitii9C.II B MOM9BT o6~9HHH B G2~se Kn9TO~OrO 
Il,l!ltli8, 06Jia,IJ'.aiDT 60XLme~ p8;DJi'[Op93KCT9HTBOOTLID ITO cpaBH9HHD 0 Kn9TKSMH 

B G 1~se. :3TO 060TO.IIT9Jll>CTBO B p8;DJi'[06K~O~ OB.IISHB81DT 0 K3M9H9HK9M 

s(lxileRTHBHOOTH penapaxnm B KneTo~OM ~e I 31. HsMeHSieTcSI D rrpK 

3TOM YOT0!1nmOOTL It yYTareHHOMY ~ei!OTBHD raY~a-.nyqeft, MH ~ HmKe. 

PKo .I. BHDBSeMocTL RJieTox mTaM

Ma NAJ-24 OT ~OSH npK 

~eftoTBKK raMMS-KSJiyqaHHH 

B SROnOH9~.1Il>HO:ft qese 

poeTS (I), B G1 (2) K 

G2 (3) qesax RJieTo~oro 

~-

1
r!o o.5 1.0 1,5 ll03o1 •• r p 

II! 
.ci10' 

I 
~ 
m 

10' 

06pasOBaue H:HmnmOBE!HB!lX mwa-KSJIV'IiepeM neBepcoB 

B pasUHX ffiasax pocTa XlneTyng 

CYTO~ Iey'Jil>'fYPY Kn9TOR BHC9BBD Ha nHT8T9Jil>HYJl cpe;uy c n ~ 

I·I05 RJieTox B lt8Jt,li;OM JJBo:a:yJIJtte. Ky.m.TliBHpoBBHKe RJI9TOR npo~o.ua~oc:r:. 
25 OYTOit. 0~9BH9 RJI9TOR rrpOKSBO,lJJVIJ! B ~039 35 I'p. lJaCTL RJI9TOR 

O~D cpasy noc~e BHC9BB, qac'fL - qepes 5, I0, I5 K 20 OYTOR ey,m,

TKBK'pOBSHHH. K~90TBO yYT8HTOB Olt9HHBBD B BH60pKSX K3 880 It~OHHft. 
Pesy.m.TaTH npe~cTa~eHH Ha pirc.2. 

Katt M9,Dy9T K3 n~eHHHX pesyJILT8TOB, I'aMM8-KH.liYIJ,KpOBBHHH9 peBep

OH o6pa3y!DTC.II DmL TOr~, ROr~ o6~9HHH9 Kn9TRK KM91DT B03M03DOCTL 

paSMHOJJtaTLCSI. EcD x~oHKK ToTqao nocJie o6~eHIDJ nepeHecTH Ha ce~ex

TBBHYJl cpe;uy, H9 ~B HM BH pasy no~emtTLC.II, TO I'aMMB-BB.liYIJ.KPOBBHHHX 

peBepCOB H9 06H8pym1B89TC.II. B OTCYTCTBH9 ~9JI9HHH Kn9TOR B CT8ItHOH8p

HOi qese poeTS (I0-25 OYTRK Iey'Jll>TKBK'p0B8HHH) raMMa-o6~9BH9 T8Itllt9 H9 

BH3Im8~0 o6pa 30BBHHH KH.DYIJ.KPOBBHHHX p9B9p90B. 

HH,JJ,YitHpoBSHBHe peBepcH 6wm saperHcorp:r.rpoBSHH TOJIDRO B ~yx c~

qaJIX - upK nocTpal!;Z81lHOHHOM KHiey'6K'pOB8HKK RJI9TOR, o6~9HHHX cpasy 

noc~e BHC9BB K HS 5-e CYTRH RY.1Il>TJ!BHPOBBHIDI, ROr,IJ'.a RJI9TKH em§ DaD 
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B03MOXHOCTL p83MHOEaTLCJI. llp:a:qeM, B CRHY orpaa:a:qeHHoro pOCT8, KH9TKH, 

06JIY'I9HH!l9 Ha 5-e CYTKH KY.JI'bTHBHPOB8HM, .zr,aJm ropas;n;o M9HLW9 HH.u..YinlPQ

BSHHHX peBepCOB, qeM 06JIY'I9HH!l9 Cp83Y ITOC~e Bll09B8, XOTJI rro,nsepraBWHX-

0.11 o6~qeHEID xneToK 6~o ropas.no 6o.JI'bme. 
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PHc.2. ~c~o EKSHecrroco6HHX xneTOK 

B o.n;aoil: Ko~omm (A) :a: ~c~o 

KO~OHHil: C peBepC8MH no reHy 

leu2 B B!l6op&aX HS N=880 (E) 

B KY.II'bType xneTox mTaMMa 

NAJ-24 6es 06JIY'I8HHH (o) H 

rroc~e o6~qaHHH xneTOK B .no

<~~:~ ;:)ij L J:1 lOJ:Ii:I<I.Y JlOlOJltl .l:ll:tCeBt~ 

HX H8 ImT8T9.1I'bHYJO cpe.ny (e) , 
qepes 5 (A), IO (•), I5 (x) 

H 20 (c) CYTOK KY.JI'bTHBHPQ

BSBml. 

lJ 15 20 25 CyTKH 

TaRHM o6pasOM, :a:s rro.nyqeHHHX .zr.aHHHX c~e;oyeT, ~o o6pasoBSime 

raMMa-BH~OBaHHHX peBepCOB 38BHCHT OT KOJmqecTBS ~~e:HHil: KH9TOK 

HCXO,IJ;BOro WT8YM8 rroc~e 06JIY'I8HM. B OTCYTCTBH8 ;n;e~eHlrll: KH8TOK B rrep:a:

O;rJ; oT o6Jlyqe~~m~ .no nepeaoca HX Ha CM8KTHBHYJO cpe;oy raMMa-Jm.u..YiniPOBBH

HHX peBepcoB no reHy leu2 He o6pasyeTCH. lloc~e.n;alrll: BHBo.n cor~cyeTcH 

C pe5yJll>T8T8MH pa60Til / 4/, r.ne rrp:a: 6JrOK1i!.pOB8HHH KH8TQq}lOrO ~~8Bml 
Y~o6JiyqelDI8 H9 BH31lB8~0 o6pa30BSHml Jm~OBSHHHX MYTSHTOB. 
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SaBHCHMOCTp 06pa3QBBHB8 f9MM8-BBHVQIPOB8HHUX peBepcoB 

OT ~C~ TIOCTpamiBII!IOHBJ#X liSJI9HJf!: RJI9TOK 

CHaqa~ paccMoTpliiM pesyJll>TBT!l oTI!lToB no o6paaoBSa:mo HHP..YiniPOBBH

HHX peBepcOB ITOC~8 OMyqeHHH KH9TOK B 3ltCllOH9~8Jll>HOf!: ~39 pOCT8. 

06JryqeHHe 3ltCllOH9~Jll>BO paCTymef!: KYJ!l>TYP!l rrpOH3BO~ B Teqe:HHe 

0,2; 0,5; I; 2; 3; 5; I6; 32 :a: 64 MHH (?-2000 rp). lloc~e o6Jryqeim:H 

KH9Tltlt CO~:plESJIIICL H8 ITHT8T9Jll>HOf!: cpa~ B T8pMOCT8T8. lfupe3 KaJIQUl8 

;rJ;B8 l~BC8 rrpOHSBO~ Onpe~8HH8 ltOJiilq8CTB8 3H3H8CITOC06HHX KH9TOK B 

o.n;aol x~omm :a: nepeuoc qacTH K~oa:a:f!: o6JIY'IeHHHX xneTOK Ha ce~eKTHB

HYll Cpe;oy. I\oJmqecTBO I'8MMa-BH1J.YIU!POB8HHHX peBepcOB orrpe,IteJIHJm H3 

o6~aro KOJIIIq8CTB8 peBepCOB B OMyq9HHHX rrpo6ax 38 mlqeTOM CnOHT8HHHX. 

Bo Bcex orrHTax 6HHH n~eas &aqecTBeHHo o~axo:eue pe3y.JI'bT8TH. ~ 

OJr1'Wi ,JtOSB B 35 Tp (BHUBaeMOCTl> (55±IO)%) p83YJIDT!I.TH rrpe,ltCT8BJI:9-

HH Ba p:a:c.3. 

P:a:c .3. 06pa30BSBHe peBepcoB no 

reuy leu2 noc~e 06JIYqeHM 

I'8MM8-JJYIUIMJI[ B ,lt039 35 Tp 
(t=O) Icy'Jll>'fYPH Kn8TOK 

WT8MM8 NAJ-24, HSXO~ei

CJI B 3RCnOB9~Jll>BOI wa-
38 "POCT8. 

A - ~ano ZH3Becnoco6HHX 

xneTOK B o.n;aol x~omm 

6e3 o6~qeHHH (o) H noane 

o6Jlyqe~~m~ (•). 

B - ~ano x~oB:a:f!: c peBep

cmm no reuy leu2 B BH6op

&ax HS N =660 B Heo6JryqeH

BHX ( 0) H o6JlyqeHHHX ( • ) 

lt~OHHHX H q:a:ano K~OHH! 

0 1'81818-HH.D;YIUqlOBSBBJD.m 

peBepcaD ( ") • 

B - BBltOIIJie:HHe lt~OB:a:f!: c 

Jm~OBam,IHMH peBepc8MH 

noane o6JlyqeBHH. 
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llo.ryqeBBBe ;rJ;8BHH8 CBH,lt9T9Jll>CTBYJl'l' 0 TOM, ~0 rrpo~eCC o6pa30B8Hml 

JUI.ltYIUIPOB8:&miX I'8YM8-B~EIJI9M yY'1'8B'l'OB He .IIBJIII9TCJI O,IJ;BOMOM9BTHilM, 

OH HSdJmp,aeTCJI B TeqelDie I2-I5 liBCOB nOC'I'pa.Itl'flmi!OBHOro J!HKY6l!pOB8Bml 

B OJITJIIIB.IIl'oBiiX Ali!i pOCT8 KJI9'l'Olt HCXO,IJ;BOrO IIITBMMa YC~OBHHX. Hlt B O,IJ;BOM 

OIIH'l'9 D~OB8BlDJX yYT8BTOB He 06HBPYJIOIBB.TIOCL cpasy nOCJI9 o6JlyqeH:a:H, 
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qTo cor~acyeTCH C peay~TaTaMH, no~eHHHMK paaee, ROr~ B OTCYTCTBRe 
penRRKBnKH B nepRO~ OT odnyqeHRH ~0 TI9pBoro nOCTpa~a~OHHOrO ~e~eHKff 
RH~OBaHHHe MYTaiiTH He o6pa30BHBa.miCb. 

06~eHRe Cl'IHXpOHR3llpOBaHHHX MeTOK B G1-R G2-i!Jaaax MeTo~oro 
IJ,RKJia rrpoHsBo~ B TeqeHHe I, 4, I6 :H 64 MHH (35-2000 I'p). IIoc.lle 
06~eHKff MeTER ey.JThTRBllpOBa.Jm Ha ImTaTe~HO:Il: Cpe~e B Tep..tOCTaTe. 
IlepeHOC KO~OH:H:Il: Ha ce~eKTRSHYD ope~ ~ ~eHKff peBepCOB rrpOH3BO~
Jm qepes xaz.m,re .ztsa qaca. II~eHHHe pesy~TaTH, KBK H B c~ae o6~e
HRH 9KCnOHe~~HO pacTyme:ll: RY~Typ!i, OKa3a.miCb xaqecTBeBHO O~aKO
BHMH ~ BC9X ~03 06~9HIDI, HO 3aBJIICJ'Ili(HMH OT COCTOHHRH ey~TypH. ,Uaa
HH9 no HaR0~9H:HID K~OHR:Il: C raMMa-RH~OBaHHHMR peBepcaMR ~ ~qag 
~03H B 35 I'p rrpe~cTa~eHH Ha pHC.4. 

MHH 

1•1 I 

100 

~ 

10 20 1.•ac 

Plilc.4. HaK0~9HR9 K~OHD C 
raMMa-RH;IJYIJ.RpOBaHHHMl'I pe
Bepca~ no reay leu2 B 
BH6opxax R3 N =660 KO~OHl!:ll: 

MeTOK mTaMMa NAJ-24 

noc~e o6.7IYqeHIDI RX B ~ose 
35 I'p B G1 (.&) R G

2 
(•)

qasax ueToqaoro ~. 
Ilpl'I o6MqeHRJ! B G 1 n-

2,I•I05 ; BHEKBSeMOCTb 45! 
IQ%. B G2 - n- 5,5·I04 ; 
BHEHBB9MOCT:&(74±IO)%. 

ITpH o~eHRR M9TOK B G1-4ase MeToqaoro ~ 06p830BaHRe HB~
~OBaHHHX peBepcoB Ha6.7ID~~OCb B TeqeHl'.!9 rrepBHX 6 qacoB TIOCTpa~a~
OHHOrO RBKy6l'IpOB8Bl'IH; B G2 - OCHOBHOe KO.liHqeCTBO KH~OB8HHHX MYTBH
TOB o6pasoBHBa~on:& Ha IO-I5 qacH KHKY6llpOBBHRH. HesHSqJ!Te~Hoe KO.liH
qecTBo MYTBBTOB ~0 aToro o6~CBHeTCH, no-~OMY, OTCYTCTBH8M a6CO.llmT
BO~ CID'IXPOHBOCTR Ky~TypH. C yqeTOM ~BHHX, no.nyqeHBHX rrpH o6.7IY'I8BHH 
M9TOK B G1~z G2~aax, CTaHOBHTCS nOBHTHHM TSKOe pacTgayToe BO BPeMe-
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J 

J 

H:H HaK0~9HRe l'IH~OBaHHHX MYTaHTOB rrpR o6~9Hll:R 9RCnOHe~a~HO 
p8CTYJil8:1l: KY~TypH (p:Hc.3B), nOCKO.llbKY B RY~Type O,Il;HOBpeMeHHO HaXO,D;IIT
CH MeTKH B p83BHX i!Jasax M8TO~oro 1J,RKJia. 

3a~epmxa Haqa~ 06p830BaHKff KH~OB8HHHX MYTaHTOB rrpl'I o6.nyqeHl'Il'.! 
M9TOR B G2-i!Ja3e ~0 IO-ro 'ISCa TIOCTp8,JJ;Jii8~0HHOrO RHey6llpOBaHKff, no
aameMY MHeH:HID, BH3B8Ha 38~puo}l IIOJIS 'UlBml!X IIOBpelK,II;eHKff MeT OK Ha G2-

M CTa~ MeTOqHOrO ~. 3a~epmKB ~e~eHKff MeTOK IIOC.ll9 o6.nyqeHKff 
aa6JIID~eTcs Beer~. H MBKM~Ha oaa KaK pas rrpz o~eHHB MeToK B 
G2-qa3e MeToqaoro ~ 14 • 

ITo KO.Jm'leCTBY l'IH~OB8HHHX MYTaHTOB noc~e ~T9~Horo II9pl'IO~ 
l'IX o6pa30BaHIDI 6H.Jm p8C'Il'.!TaHH 'laCTOTH MYTllpOBBHKff OT ~03H rrpl'I O~e
Hl'Il'I MeTOK B G1 , G2 -<IJasax MeToqaoro ~a l! B IIepl'IO~ 3KCIIOHe~~Ho
ro pacTa KY~TYPH· B zcc~e~oBaHHOM ,JJ;Jii8nasoue ~o3 oT 7 ~o 2000 I'p aa-
6JIID~.7ICH ~ei!Bd xapaKTep 3aBHCl'IMOCTl'I q8CTOTH MYTllpOBaHKff OT ~03H 
rBMMa-JIIS.liY'IeHKff. 'tJaCTOTH 06pa30BaHKff l'IH.DYIJ.1tPOB8HHHX peBepcoB He SaBl'.!
CRnl'I OT ~3l'.!~OrH'I9CKOrO COCTORHRH MeTOK R orrpe~e.7IH.m!Cb .7IBmb ~030:1!: 

o6.7IyqeHRH ( PlllC. 5) • 

PJiiC .5. 3aBl!Cl'IMOCTb q8CTOTH 
o6pa3oBBBBJI lllH~
poBaBHHX peBepcoB IIO 
reuy leu2 OT ~03H 
raMMa-lll3.7IY'IeHRH rrpz 
o6.nyqeHRH MeTOK 
mTaMMa NAJ-24 , uaxo
,D;IIllll!Xcs B G1- <•), 
G2 (•)-i!Ja3BX M8TO'I
Horo ~ H 3KCIIO
He~~HO:Il: qase 
poeTs (e). 

1if / 
P-35rp;""" 

10' 'Vi o.-

C yqeTOM 3Tl!X pesy~TaTOB, C.lle~eT O~H9Tl!To, qTO,IIO-Bl'I~OMY, Te 
penapa~oaHHe rrpo~eccH, KoTopae o6yc.llo~IDT 60.7Ibmoe paS.mi'Il'Ie;¥ ~
CTBl!Te~aocTJI MSTOK B p83HHX lPa3aX M9TO'IHOro IJ,RKJia (pzc.I lll I 3 ) , 
He HrpaiDT cymecTBeaao:ll: po.Jm B MYTBreHHOM IIYTH perrapallJilll. Penapa~oHHHe 
JKe rrp0~9CCH, Herrocpe~CTBeHHO yqaCTBfiD~9 B o6pasoBaHRH l'IH.IlYIJ.1tPOBaHHHX 
MYTBHTOB, l'.!MeiDT O.u;HHaKOBYID aqxpeRTJIIBHOCTb B G1 R B G2 B OTBomeHRH o6pa-
30BaH:rui raMMa-JIIH;IJYIJ.RpOBaHBHX peBepCOB. YqJ!THB8S BilBO~ 06 OTCYTCTBl'Il'I 
HH~OBBHHHX MYTBHTOB B rrepl'.!O~ OT 06.7Iyq9BRH ~0 rrepBoro DOCTp8,JJ;Jii8~-
0HHOrO ~.lleHRH, C.ll9~9T rrpR3HaT:&, 'ITO 3Ta ~KTHBHOCTb p8BHa HY.liiD B 

7 



G1-!IJase KJI9TOtmOrO IUIKJI8, a CJI9,II;OBBT9JII>BO, l!! B G2 • IIOBTOMY My-TareBBY! 

nyTb pena~, 8CJil!! OH B006~e C~9CTByeT ~ ~BBOrO mTaMMB, OCTaeT

CR OTH9CTl!! K CTa.n;HH penJil!!KB~ ~. K BTOMY BOnpocy MH ce~c l!! nepeft

.n;eM. 

06I!BSOB8BJ49 !Bli'lllml0B8HHHX I'BMM8-l!!3.l!.fi9HlJ9M MYT8BTQl! 

B IIB8HilX cDaSBX MeTOtmoro IllPS.J!a 
PaRae MH nOK83BJil!!, qTo o6paSOBBBl!!9 cnOBTaBBHX peBepCOB no resy 

leu2 npOHCXO,II;l!!T BO BpeMJI peMl!!K8~ ~; B G1 -qJase KJI9TOtmOro nmtJI8 
OTCYTCTBY9T HaKOnJI9Bl!!9 nepBHIUiHX CnOB'I.'aBBHX nOBpez.11;8BJ!!I B ~. Bepo

RTH99 BCero B czny OTCYTCTBJ!!R l!!X B006~e; BC9 C06~, CBR38HBH9 CO 

cnaHT8BBHM MYTl!!POBBHHeM, paSH!'pHBaJ)TCR B S-qJase ! 5 • 
EcJm B CJIYqae CIIOHTSBBOro My-T8r9B9Sa CYIQ9CTBOB8HH9 npeyYTmntOBBHX 

noBpeJQJ;eBl!!l .IJliK H8XO.n;HTCR no,n; COMB9Bl!!9M, · TO B ~e HHPJ'Itii!POB8BHOro 

- np9yY'l'Sll,l![OBBH9 nOBpez.11;9BHR, KOH91Ui0 &a, BM'eJlTCJI B KJI9TK9. Kor~ B 

BTOM' ~e npoHCXO.n;HT l!!X peaJIBS8ll,l![R B yYT8QD(? II& Y3S npHiliJIIri K sa~ 

qamm, T{TO lflopotpOB8Bl!!9 raYMa-HH;u;yiUirpOBBHBHX yYT8BTOB npOHCXO,II;l!!T, no

BH.ltiDICBIY', BO BpeMII s -qJasH KJieTotmoro Jl.l![KJI8. OIJHTH c CHBXpOHHSHpOBBBBH

MH U9TK8Mil nO,II,TB9P.ItHJil!! BTOT BHBO,II;. Ha pl!!C .6 npl!!Be~BH pe3yJII>T8TH ODH

TOB no Onpe,It9JI9Inm <flasH U9TOtmOrO ll,l![KJI8, B KOTopOI npOHCXO,II;l!!T BOSBHK

HOB9HH9 raNMa-D~B8HBHX yYTaHTOB. 

Pl!!c .6. .IlaBBHe no onpe,n;eJieHm 

<flaSH RJieTOtmOro ~, 

B KOTopOI npOHCXO.n;KT 

B09HliKROB9BH9 I'BMII8-

HH;u;yiUirpOB8HBHX MJ'l'8H

TOB. A - ql![CJIQ It1[9TOK 

B 0~01 KOJIOHHl!! CBBXpO

HHSHpOB8BBOI KYJIDTYPH 
U9TOR mT8MM8 NAJ-24, 
E - ROJIHqecTBO KOJIOBHI 

C p9B9pc8MH B Heo6.nyqeH

HOI (o) H o6.nyqeHBHX (t) 
l(y'J!Dorypax cpasy noCJie 

o6.nyqeBHR H qepes 30 MBH 

nOC'I.'pB.n;KatniOBBOrP HHK.Y-
6l!pOB8BHR B BH60pKSX 

H3 N = I!OO. 

,-1 
I 

1-t---tj 
I 

10't ~t----tj 
8 -- -t I 6 -~ A 

M1 

:=6-+-F--+-~----+--J/ 
250 1 ~ r-+ +-i 
21XH I TH t-1 Hrf . 
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0 2 3 5 l:<ac 

ClmxpOBH3:KpOB8BBH9 lt1[9TKJI BHC9B8Jil!! lof9TO,II;OM' ynOpll.ltOqeHROro nOC9B8 

B8 ll8liD B IIOJI81118JIB B Tepii'OCT8T. 1Jepe3 K8~ 30 IODI HHK.Y6BpOB8Hltlt 
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H8CKOJibKO qameK C KOJIOHRHMH ~omzeft o6~aJil!! B ,II;038 35 Tp. IIOJIOBHHY 

:1!3 3TliX KOJIOHRH Cpasy IIOCJI9 06~9HM rrepeHOCHJil!! Ha C8JI8KTHBHyi0 cpe,ny 

~ BHBBJI8HHR peBepCOB IIO reHy leu2, ~yryiO IIOJIOBRay nepeHOCHJil!! Ha 

C9JI9KTRBHyiO cpe,ny 'lepes 30 MRH IIOCTpa.n;1<18IU'IOHHOrO H3&y6kipOB8HM B T9p

MOCT8T9. 

naHHH9, IIOJIY'l8HHH9 B 3TliX OIIHT8X, 0~03H8"1HO YKB3HB8IDT, 'ITO B03-

HRKHOB9HR9 I'BMM8-HH.DYJ1.HPOBBHHHX M]'r8HTOB npOHCXO,II;l'JT B S-{flase KJI8TO'lli0-

ro URKJIB, H8S8BRCHMO OT TOro, KOr~ KJI9TKH 6HJil!! OCJIY'l9HH. ITOCTp8.n;~t~8nH

OHH09 HHKJ6HpOB8HR9 npHBO~O K o6pa30BaHIDO llR~~OBBHHHX peBepCOB 

TOJibKO, 9CJil!! B T9'l9HH9 STOrO Bp9M9HR B KYJibType HM8Jia M9CTO penJIHKB

IJ,IDi ~. ,Uo R IIOCJI9 p9IIJIHK8IJ;I!R MYT8HTH He o6pa30BUB8JIHCb. 

Ha pnc.? rrpRB8,II;9HH ~HHH8 0 CO,II;9~HRH HH~~)OBBHHHX MJT8HTOB B 

06JIY'l8HHOR cpasy ITOCJle IIOC9B8 (B G1-{flase) CllRxpOH1!3!IpOB8HHOii KYJibTyp9 

KJI9TOK mTaMMa lUJ-24 B T9'l9HR9 KJI9TO'lHHX IJ;I!KJIOB IIIlpBHX 'l9THpeX reHe

pai.I,lilil IIOCJI8 06JIY'l8HM. 

Pac.?. 06pa30B8HH9 peBepCOB ITO 

reny leu2 B KJieTKSX mTaM

Ma NAJ-24 B Te'leBl!!e nep

BHX qeTupex reHepauan 

IIOCJI9 06JIYq8HBR B ,n;ose 

35 rp. 
A - '!RCJIO EH3H9CTIOC06HHX 

KJISTOK B O~OH KOJIOHRR B 

He06~eHHOil {o) H 06JIY

'l9HHOil: (e) xy,m,Typax. 

E - KOJil!['l8CTBO KOJIOHHii c 

peBepcaMH B BH60pK8X :1!3 

N = 880. 
B - npJ!POCT 'lRCJia KOJIOHHti 

C HH,IJyll,l![pOBBHHHMH peBepca

MH sa rrpoMel!!YTKR BpeMeBl!!. 

r --~-
10° 
8 

6 

M ~o~Hn 
(At) 

9 

40 

20 

0 ~> t-- =t . ',!___ 1/{//,J_ 

0 

/+ 

A 

5 

B 
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KaK yxe rOBOplUIOClJ BHIIle, o6pa SOBBHHe l'IH;DYD.HPOBSHHI:lX peBepCOB npit 
OO~eHHH B G1~39 He orpaHit~BaeTCH nepBO~ nOCTpa~a~OHHOft pennit
Ka~ei!:, a H80JIIO;Ita·3TCH B Te'!eHHe 6 '!8COB nOCTpa~a~OHHOrO l'!HKY0itpOBB
Hl'UI I!L7Iit B Te'!eHite nepBHX TpaX reaepa~ o~eHHHX KJieToK. B ;naHHoM 
CJIY'I99 (pitC. '7B) Mll itMeeM "TOHKYHJ CTpYKTYPY" TiitKa, npe;D;CTSBJieHHoro pa
Hee aa pitc.4, rrpit o6JIY'IeHHH KJieToK B G1~se it nepeaoce o~eHHYX 
KJieToK aa ceJieKTitBHYJl cpe;oy qepes KaJK;D;He ;n;:sa qaca. Kax Bit;n;HO sa pitC. 7, 
OOpaSOBaHHe itH;DYD.HPOB8HHI:lX yYTaHTOB He HBJIHeTCH MOHOTOHHHM B Te'IeHHe 
6-'!aCOBOro l'IHKYOitpOBBHitH, 'ITO MOJKHO OWIO OH OJltliUT,aTlJ itS-Sa ~cnepcitit 
sa;n;ep:IKKit ;D;eJieHitH y TIOJIY'IitBlllitX noBpeJK;D;eHl'UI KJieTOK, a rrpitBH3aHO K TP9M 
TIOCJie;D;OBBTeJIJJHHM cpasaM penJIEXa~ ~. 

00pa30BBHR9 l'IH;DYD.HPOBaHHI:lX peBepCOB BO BTOpO~ K TpeTJJe~ nocJie 00-
JiyqeHl'UI cpasax peiLJIJ.Uta~, Ha Ham BSrJIH;D;, HBJIH9TCH CJI9;D;CTBit9M BOSMOJlt
HOCTit COxpaHeHRII B KJieTKaX npeM]Ta~OHHYX noBp9Jlt;D;9Hitft CaS pa8JIK3a~ 
HX B yYTa~ B Te'!eHHe HeCKOJilJKitX ;D;eJieHitft. Ilpit STOM He itCKJIIO'I9HO, 'ITO 
npeMYTa~OHHHe noBpeJ~t;D;eHRH MOryT H8CJie;D;QBaTJJCH ;D;O'!epHHMH KJieTKaMR. 

OcoOeHHOCTg MexaHISMOB cnOHT8HHOro R raMMB-H§DYQHPOB8HBOro 
mareH93a Y m>agel 

KaK MH ycTaHOBitJIK, CnOHTaHHHe it l'IH;DYil.l'lPOB8HHH9 M]TaHTH 06p83YJ)TCH 
B s-qese KJieTo'!Horo ~. O;u;aaxo aTo e~e He osaa~JaeT, 'ITO o6a npo
~ecca itM91lT O~aROBH9 M9X8Hit3MH, Ilpe;D;CT8BJI9HHH9 H8 pRC.8 ,IT,8HHH9 TIOS
BOJIHIIT TIOJI8rBTJJ, 'ITO M9X8HH3MH CnOHT8HHOrO it itH;DYil.l'lPOBBBBOro yYTare
H93a Y ~ozzei!: p83JIK'!allTCH. 

iJ I + ' I l 
4 ~ 

m'{ I 

Pitc.8. lJaCTOTH CTIOBT8HBOro (o) Jl 

rBMMB-itH;DYD.HPOBBHB oro ( •) 
P9B9pTitpOB8Bl'UI KJ18TOR 
mTaMMa NAJ-24 ua cpe,u,ax 
0 p8SHHII CO;D;9pz8Blt8Y JI91-
IJ,itBa npH 06Jiyq9Bitit KJ19TOR 
B ;n;ose 35 I'p. 
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B pa60T9 /IS/ OllitC8H8 38BitCitMOCTlJ '!aCTOTH CTIOHTaBBoro p9B9pTitpOBB
HRH reBa leu2 OT CO;D;9plltBHRH B Cpa;D;e JI9IIJ,itB8. Ilpit YM9HDm9Hitit CO;D;9pliBHl'UI 
JieiiJ,itBa '!9CTOT8 CnOHT8HBOro p9B9pTitpOB8HRH reBa leu2 p93RO B03paCT89T. 
B CJIY'I99 o~aROBYX M9XaHHSYOB CnOHTaBBoro it itH;DYil.l'lPOBBHHOrO yYTareHe-
38 MH BnpaBe npit YMeHDmeBitit co;n;epzaHRH B cpe;n;e JieiiJ,itBa ~TJJ asaJio
I'it'IHOI saBitCitMOCTit it )tJIJl 'IBCTOTH itH;DYD.HPOBBHHoro peBepTHpo:saHRH. O;u;aa
xo qacToTa raMMB-l'IH;DYD.HPOBBHHoro MYTitpOBBBRH reua leu2 nocJie oo~e
HRH B ;D;OSe 35 I'p,paCC~TaHHSH C YIJ9TOM 88BKCitMOCTK o6paSOB8HitH ~
pOBBHHHX p9B9pCOB OT ~CJI8 TIOCJI9~ nOCJI9 06~eHl'UI raHapallitl it BH
'!9TOM CTIOHT8BBHX p9B9pCOB, OKa38JI8ClJ 0~8ROBOI it H9 88BitC~el OT CO
;D;9PJ!t8HRH B cpe;n;a Jie!IJ,itBa. 

!3AKJIKJ!iEirnE 

IlpitM9H9HHe HOBOI M9TO;n;KKH KOJIK'I90TB9HHOro yqeTa MYT8HTOB, OCHOBBH
HOI sa itCnOJIJJao:sasHH H;D;epHHX ~TPOB it saaHHH KitHeTitRR BWIBJieHM MY
TaHTOB H8 09JI9KTitBHHX cpe,u,ax, nOSBOJIRHO Ha rrpitMepe peBepCOB no reHy 
leu2 noRa san, 'ITO o6paao:saHHe raMM8-itH;DYil.l'lPOBBHBHX MYTaHTOB sa HBJIH
eTCH O;n;HOMOMeHTHHM, a p8CTHHYTO BO BpeMeHit. CpoRl'I o6pa30B8HRH yYT8HTOB 
saBitCHT oT Toro, B KaKol cpaae KJieTo'!Horo ~a OHJIK o~eHH KJieTo. 
Ilpit O~eBitit B 9RCTIOHe~JIJJHOI cpase pOCT8 ~OpMHpOB8HH9 yYT8HTOB 
p8CTHI'itB8eTCH ;D;O I5 '!aCOB, B G1 - ;D;O 6 '!aCOB, B G2 OCHOBH09 KOJIK'!e
CTBO itH;DYil.l'lPOBBHHHX yYT8HTOB o6pasyeTCH MQE;D;Y I2 it I5 '!aCBMH nOCTp8-
~8llitOHHOro l'!HKY0itpOB8Hl'UI 00~9HHI:lX KJ19TOR • .1::1 OTCYTCTB1!9 p9IIJllilt8Tiitit 
~ 06p8SOB8Hl'UI raMM8-l'IH;DYD.HPOB8HHI:lX yYT8HTOB He I!pOitCXO~T. 

PenapaqHOHHHe npo~eccH, o6ycJIOBJiitB8mmHe BoapacTaHHe pa~opesitcTeH
THocTit KJ19TOR B G2-<P:ise KJ19TO'IHOrO qHKJ18 no Cp8BH9Hml C G

1
, He BJIWDJT 

H8 '!aCTOTY 00p830B8HRH rBMM8-itH;DYD.HPOBBHHHX peB9pUOB, KOTOp8H B OOOHX 
CJiyqaHX OWIB 0~8KOBOI npit BC9X ;D;OS8X B ~8TI830H~ OT 35 ;D;O 2000 I'p. 
B YKaSaHHOM ;D;Ranasoue ;u;os aa6JilO,u,aJicH JIRHeiHHI xap3KTep saBRcitMOCTit 
qacTOTH MYTitpOB8HitH OT ;D;OSH. 

B OTIHTaX C Cl!lliXpOHBOi!: KYJIJJTYPOI KJI9TOK TIOKaSaHo, 'ITO raMMa-l'IH;oy
Il,lipOB8HHH9 p9B9pcH 00p8SYJ)TCH BO Bp9Mfi nOCTpa~a~OHHHX paiLJIJ.UtaqHI. 
B G1 it G2 o6paso:saHRH MYTaHTOB sa npoitcxo~T. 
Pa~ X8p8KT9p ~8BHCHMOCTit '!aCTOT B03HRKHOB9HRH CTIOHT8HBHX R 

raMM8-itH;DYD.HPOB8HHI:lX yYT8HTOB OT CO;D;9PJ!t8HitH B cpa;n;e JI91llitH8 0Bit;D;9T9JIJJ
CTBY9T 0 C~9CTBOB8Bitit pa8JIK'!itl B M9XaHHSM8X CTIOHT8HBOrO it itH;DYD.HP9-
B8HBOrO yYTareuasa y ~OEEel. 

ABTopH 6JI8ro,u,apHT np~. B.H.Koporo~a it ll.~lcit sa IIJIO;D;OTBopHHa 
o6c~eHRH n~eHBHX pesyJIDTaTOB it itHTepec K pa6oTe. 
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~enypHOH A.H., MHxoBa-UeHoBa H., BpyH~KOBa X. Pl9-88-340 
3aKOHOMepHOCTH o6pa30BaHHH raMMa-HHAY~HpOBaHHb~ 
MyTaHTOB y Saccharomyces cerevisiae 

Ha npHMepe o6pa3oBaHHH peBepcoB no reHy leu2 y APO~eH 
Saccharomyces cerevisiae noKa3aHo, qTO npo~ecc B03HHKHo
BeHHH MYTaHTOB nocne raMMa-o6nyqeHHH npHBH3aH K ~a3aM 
nocTpaAHa~HOHHOH pennHKa~HH UHK. B OTCYTCTBHe pennHKa~HH 
UHK MyTaHTbi He o6pa30BbiBanHCb. CpoKH peanH3a~HH npeMy
Ta~HOHH~ ITOBpe~eHHH B MyTa~HH 3aBHCHT OT TOro, B KaKOH 
~a3e KneToqHoro ~HKna HaXOAHnHCb KneTKH ITPH o6nyqeHHH. 

Pa6oTa BbiiTOnHeHa B Jia6opaTOpHH HAePHb~ npo6neM mum. 

npenpiUIT 06J.e.JXHHeiUIOro IUICTHTJT& Jl,llepllhllt HccneAOBIUIHii. ,lly6aa 1988 

ITepeBOA aBTopoB 

Chepurnoy A.I., Michova-Tsenova N., Pl9-88-340 
Bruntskova H. 

Regularities in the Formation of Gamma-Induced 
Mutants of Saccharomyces Cerevisiae 

The formation of reversions of the leu2 gene in Saccha
romyces cerevisiae as an example indicates that the pro
cess of mutant formation after gamma-irradiation occures 
during of the postirradiation replication phases. When 
DNA replication is absent the mutants are not formed. 
The realizing periods of premutation lesions to mutations 
depend in what of cell cycle phase the cells were under 
irradiation. 

The iuvestigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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