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BBEJ].EHME 

B ytiemui O MyTareHe3e CYil-\~CTBYJOT ,I\Be Kpal:tm-ie TOtJ:K;L3pemrn OTHOCl1-
TenbHO CBR311 Melli,11,Y ycnOBl1RMl1 KynbTl1B11pOBaHl1R KneTOK 11 qaCTOTaMl1 MYTl1~ 
poBaHl1R 11X reHOB, CornacHO rrepsol:t 113 Hl1X ycnoBl1R KynbTl1B11p0BaHl1R He 

Bnl1RJOT Ha CITOHTaHHblil MYTareHe3 11 MYTarzyIOHHbll:t crreKTp (soo6p8.lKaeMaR 
r11cTorpaMMa, _Ha KOTOpol:t OTnoJKeHbl qaCTOTbl MYTl1POBaHl1R Bcex reHOB ,I\aH
HOPO opraHl13Ma) eCTb Ben11tJ:11Ha l1HBap11aHTHaH, ·CornaCHO BTopol:t MYTarzyil1_ 
B03Hl1KaJOT B CTporon 3aBl1C11MOCTl1 OT ycnOBl1il KynbTl1B11pOBaHl1R 11 11MeJOT 

a,rr.arrTl1BHblil xapaKTep. 
K.rraCCl1tJ:eCKl1e OITb!Tbl ]r11a 11 ~enb6pyKa / 42/ 11 cyrrpyroB ]e,I\ep6ep/40~ 

a TaKJKe pa6oTa PauaHa / 5o ' BCK~b!BIIIaR MeTO,I\11tJ:eCKJ1e rrorpellIHOCTl1 X11H - •. 

Il!enbBy,I\a 11 era COTPY.I\Hl1KOB 122 , 3/, ,I\OKa3anl1 CYil-\eCTBOBaH11e He8,IJ,aITTl1B
Hb!X MyTarzyru 11 IT03BOn11n11 OTKnOHl1Tb a,rr.arrTaQ110HHYJO KOHQerrrzyrJO MYTarzyIOHHOI'O 
rrpoqecca KaK He cornacyromyJOcR c ~aKTaMJ1. 

Ho rrpe,I\rronoJKeH11e o rronHou He3aB11c11MocT11 MYTareHe3a OT BHeil!H11x yc
nos11n TOlKe rrp11rnno B rrpOTl1BOpeq11e C ~KTaMl1, 0Ka3MOCb, tl:TO ti:aCTOTa B03-

Hl1KHOBeHl1R MYTarzyru c11nbHO 3aBl1Cl1T OT TeMrrepaTypb!, rrp11ti:eM He TOnbKO rro

BblllleH11e, HO 11 ITOHl1lKeH11e TeMITe~aT~bl no cpaBHeHl1!0 C OITTl1ManbHOil rrp11BO,I\11T 
K ITOBblllleHl1!0 MYTa611nbHOCTl1 / 5, 9.~ /. HoBl1K 11 Crzyrnnap,I\ / 47 ,48/B xeMO -

CTaTHb!X KynbTypax 06HapYJK11n11, tl:TO qacToTa MYTarzyrl:t 113MeHReTCR rrp11 113Me
HeHl111 KOHQeHTparzyr11 B cpe,I\e n11M11T11PYJO~ero MeTa6on11Ta. Bhlno TaKJKe rroKa-
3aHo, tl:TO pacrrpe,I\eneHl1e tJ:11Cna MY,TaHTOB B ~yKTyarzyIOHHOM TeCTe He Bcer
,I\a COOTBeTCTByeT OlKl1,I\aeMOMY / 517. 

CYil-\eCTByeT TpeTbR TOtJ:Ka 3peHl1R, cornaCHO KOTOpol:t ycnoBl1R BHernHel:t 
cpe,I\bl CYil-\eCTBeHHO Bnl1RIOT Ha MyTarzyIOHHblil rrpoqecc, HO B03Hl1KaJO~e MyTa
Izyll1 He o6R3aTenbHO a,rr.arrT11BHhI, 

HeKoTopb!e o6~e coo6paJKeH11R B rronh3Y sTou, ~311onor11ti:ecKou, KOH

qerr1.11111 MY,TaQ110HHoro rrpoqecca 6hln11 c~pMYn11poBaHbl 6onee copoKa neT Ha-
3a,rr. / 7,97, XOTR 3KCrrep11MeHTanbHaR pa3pa60TKa ee Hati:anacb 3HatJ:11TenbHO 

IT03ie. B tJ:11Cne rrepBb!X 3,I\eCb, ITOJK~l:t, cne,I\YeT Ha3BaTb OITb!Tbl Bel:ttte5ep-' ' 
ra 28/ 11 Ka~11Ha 11 A,n,enbe5epra 1211, ·rroKa3aBilIJ1e \pe3Koe ysen11ti:eH11e ti:ac

TOT MYT11POBaHl1R 6aKTep11u rrp11 Tl1M11HOBOM ronO,I\aHl111. HatJ:11HaR C ceM11,I\eCR
Tb!X PO,I\OB B PR.I\8 na6opaTop11n Be,J:\YTCR YJKe Cl1CTeMaT11ti:ecK11e 11ccne,I\OBaH11R 
an11RHl1R ,I\l1C6anattca rrynos HyKneoT11,I\oB Ha pa3n11tJ:Hble 611onor11ti:ecK11e rrpo
qeccbl, B TOM tJ:11cne 11 Ha MYTl1POBaH11e pa3Hb1X reHOB 127,381. ~11c6anaHC 



rryJIOB HyKJieOTl1,Il,OB yBeJil1trnBaeT, KaK rrpaBl1JIO, qacToTy MYTl1POBamrn reHOB 
y C8.Mb!X pa3HblX 611o;ror11qecK11x o6oeKTOB. 

HeCKOJibKO JieT HB.38,!\ Mb! 06ttapy1rrnJIH / 4 , 34/' qTo qacToTa B03Hl11<HOB8-

H11.ff peBepcoB y ayKCOTpOipHb!X ITO a,IJ,eH11Hy ,IJ,pOJKJKet\ B03paCTaeT rrp11 y-MeHblfT8-

Hl111 CO,IJ,eP,JKaHl1.ff a,IJ,eH11Ha B cpe,IJ,e. Ha O,Il,HOM 113 UITaMMOB A_DQ)K,;{8H 6bJJIO ycTa

HOBJieHO 
151, qTQ CO,IJ,epJKaH11e a,IJ,eH11Ha B cpe,IJ,e no-pa3HOMy BJJl1HeT Ha B03-

Hl1KHOBeH11e JIOKyCHblX 11 cynpeccopHb!X peaepcoB: np11 y-MeHbllleH1111 KOHl..leHTpa-

1..\1111 a,IJ,eH11Ha OT 100 ,Il,O I Mr/JI qacToTa B03Hl1KHOBeHl1.ff JIOKyCHb!X pe!lepcos 

yBe;r11q11JJacb 6o;ree qeM B 100 pas, a qacToTa B03Hl1KHOBeH11H cynpeccopHbrx 
- Bcero B 4,5 pasa. 

3a11HTepecoaaBI1I11Cb 3T11M11 pe3yJihTaTaM11, MbI rrpoBeJIH cepmo 1,1ccJJe)].osa

H11:tJ Ha HeCKOJibKl1X lliTa.MMax ,IJ,poJKJKett, 11CITOJib30BaB B KaqecTBe Jil1Ml1T11PYIO!I18-

ro ipaKTopa He TOJibKO a,IJ,eHHH, HO 11 JJeHJ..\11H. Hm!l8 Mb! omnueM OCHOBHble pe-

3YJibTaTbl 3THX OITblTOB' a saTeM aepHeMCH K o6Cy)K,D,8Hl1JO Bon po ca O IlJI11HHlll1 

YCJIOBl1H KYJibTl1B11pOBaHl1.ff KJI8TOK Ha qacTOTbl MyT11poaaHl1.ff 11X reHOil. 

0BbEKTbl. M MET0,IJ,IB{M 

Mb! 11CITOJib30BaJil1 B pa6oTe raITJIOl1,IJ,Hble ayKCOTpOqJHble lliTaMMbl Saccharo
myces cerevisiae pI92 (a ade2-192) - 113 rreTeproq>CKOM J111H1111, ITOJIY,JeH 

OT M.A.3axapoBa (raTtrnHa); 769-pI92-I5B-TI4 (a ade2-192 lys5-3)- 113 ne
TeproipcKot\ Jil1Hl111, ITOJiyqeH OT ~.A.rop,IJ,eH11Ha (]eHHHrpa,IJ,); ,IT,K769-I72 (a 

ade2-192 lys5-3) - CKOHCTpyttpoaaH A.B.~eBHHbTh! (MocKaa) nyTeM CKpen111-
BaH11.ff llJTaMMOB rreTeproipCKOH Jil1HHl1 co [IJTaMMai,111, ITOJiyqeHHblMl1 OT P.K.Mop

Tl1Mepa (BepKJI11);NA3-24 (a leu2-1 lys1-1),CKOHCTpyttpOBaH HaM11 ITYTeM 
CKpe!I111BaHl1.ff lllTaMMOB, ITOJIY'4'8HHblX OT P.K.MopTHMepa. 

Cpe,[\bl 11 MeTO,IJ,bl KYJibTl1B11poBaHl1.ff - CTaH,IJ,apTHble 121. 
CxeMa rrpoae,IJ,eHl1.ff OIIblTOB CJie,IJ,YIO!I1a.ff. MeTO,Il,OM ynop.ff,IJ,OqeHHOro rroceaa/II/ 

C IIOM0!11bl0 MeTaJIJI11qecKoro 11HOKYJIHTOpa ,IJ,pOJKJKJ,1 BbICeBaJil1 Ha rroaepxHOCTb ITl1Ta
T8JibHOH cpe,IJ,bl, IIOKpblTOtl IIOpl1CTblM11 JiaBcaHOBblMl1 ipl1JibTpaM11. Ha 0,Il,Hy qamKy 

IleTp11 IIpl1XO,Il,11JIOCb 220 11HOKYJIJOMOB' CO,IJ,8plKa!I111x rrp11MepHO ITO 102 KJieTOK. 

MHoKyJI11pOBaHHble TaK11M o6pa30M KJieTKl1 Bb!p~l1BaJil1 rrp11 so0c. Ilo 11CTeqeHl111 

Heo6xO,IJ,l!MOro BpeMeH11 HeCKOJibKO ,IJ,eC.ffTKOB KOJIOH11tl pecycrreH,IJ,11p0BaJil1 B BO,IJ,e 

,Il,JIR M11KpOCKOII11pOBaH11H B KaMepe ropReaa C 11eJibJO orrpe,IJ,eJieH11R trnCJia KJieTOK 

B 0,Il,HOtl KOJIOHl111. 0CTaJibHble KOJIOH1111 BMeCTe C ip11JibTpaMl1 rrepeHOCl1JI11 Ha ce

JieKT11BHbJe cpe,IJ,bl )],JI.fl yqeTa 11 BbI,IJ,eJieHl1.H peaepcoa, KOTOpble xopomo Bb!RBJI.fl

lOTC.ff Ha TaK11x cpe,IJ,ax B B11,IJ,e KOJIOH11tl BTOp11qHoro pocTa. IlO,IJ,06Ha.ff MeTO,IJ,11-

Ka, C Bb!CeBOM KJieTOK Ha ipMJibTpbl 11 IT8,PeHeC8Hl1eM Ha C8JieKTl1BHYJO cpe,IJ,Y, 
6blJia OIIl1CaHa BopHmTeMHOM c COTp./r51_ 

~11HaM11Ka Bbl.flBJieHl1.fl peaepcoa Ha CeJieKTl1BHb!X cpe,IJ,ax OITl1Cb!BaeTCH, KaK 
rrpaa11JI0, ,Il,ByBepm11HHOH Kp11BOH / 3 ,I2/: rrepBaH BOJIHa rrp11XO,Il,11TC.fl Ha peaep-
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Cbl, B03Hl!Kllll1e ,Il,O rrepeHeCeHl1.ff KyJibTypbl Ha ceJieKT11BHYJO cpe,IJ,Y, a BTOpM 

- rrocJie rrepeHeceHtt.H, BO BpeM.H ocTaT0'4'Horo pocTa, Pas,IJ,eJil1Tb peaepd,1 3Tl1X 

,IJ,Byx rpynrr MOlKHO 11 ,IJ,pyr11M MeTO,IJ,OM.;s;_ ~.fl 3Toro KOJIOHl111, Bb!pOCIIIl1e Ha 

rrop11CTOM 1p11JibTpe, rrepe,IJ, rrepeHeceH11eM Ha ceJieKTl1BHYJO cpe,IJ,Y cJie,IJ,YeT pac

TepeTb CTeKJI.HHHOH IIaJIQqKotl (KaJK,IJ,YIO KOJIOHl1IO OT,IJ,eJibHO). ECJil1 B TaKotl KO

JIOH1111 CO,IJ,epJKaJiaCb M11KpOKOJIOHl1.fl peBepca (COCTO.fIJl1M. 113- ,Il,Byx 11 60Jiee KJie

TOK), TO Ha ipoHe Ma3Ka Bb!pa_cTeT HeCKOJibKO O,Il,HOpO,IJ,Hb!X BTOp11'4'Hb!X KOJIOHl1H, 

TOr,IJ,a KaK peBepc, B03Hl1Kllll1M BO apeM.H OCTaTO'tJ'HOro pocTa (T.e. y,r,.e ITOCJie 

pacT11paHl1.fl KOJIOHl1tt), o6pasyeT e,IJ,11HCTBeHHYJO BTOp11'4'HYJO KOJIOHl1IO. HcrroJib-

3Y.fl o6a MeTO,IJ,a, Mb! MOrJil1 C BblCOKOH Ha,IJ,eJKHOCTblO pas;r11qaTb peaepcb!, o6pa-

30BaBllJl1eCR Ha cpe,IJ,ax C TeM 11Jil1 11Hb!M CO,IJ,epJKaH11eM JIHMl1Tl1PYJO!I1ero MeTa60Jil1-

Ta, 11 peaepCbl, B03Hl1KW11e Ha CeJieKT11.BHOH cpe,IJ,e' TaKl1X MeTaOOJil1TOB B006!11e 

He CO,IJ,epJK~efi. 

Peaepcbl, o6pa3YJO!I111e KOJI_omm Ha ce;reKTl1BHofi cpe,IJ,e, 113o;r11poaa;r11 11 

,IJ,111p1pepeHJ..\11POBaJI11 Ha JioKyCHble 11 cynpeccopHb!e. K rrepaotl rpynrre OTHo·c11;r11 

Te, KOTOpble B03H11KaJil1 3a cqeT MYT~H B 113yqaeMb!X reHax, T.e. B reHax 

ade2-192 11 leu2-1,1m BTopofi rpynrre - peaepcbl, B03Hl1KaIO!I111e 3a cqeT My-

Tal..\11fi B reHax-cynpeccopax, qTo KOHTPOJil1pOBaJIOCb reHeT11qecK11M 11 ipeHOTl1-

n11qecKl1M aHaJil130M / 5 ,B,I27. Cyrrpeccopb!, OTBeTCTBeHHble.3a B03Hl1KH0BeH11e 

peaepcoB BTOpOH rpynrrbl, He 11,IJ,eHTl1ip11l..111POBaJil1. 

BoJiblllyJO orracHOCTb B IIO,IJ,06HOH pa6oTe MoryT rrpe,I1,CTaBl1Tb Ollll16K11, o6y

CJIOBJieHHble r116eJibJO qacT11 KJieToK, He,IJ,OBbl.ffBJieH11eM HeKOTOPblX peaepcoB, 

pa3Jil1trn.f!Ml1 B CKOpOCT.ffX p8.3MHOJKeHl1.fl JIOKyCHblX 11 cynpeccopHblX MyTaHTOB, 

a TaKlKe B03H11KHOBeHl1eM BTOPl1'4'HblX MYT~H, rrp11,Il,aIO!I111X JIOKYCHb!M pea~Ca.M 
ipeHOTl1II cynpeccopHblX! Crrel..\11aJibHble MeTo,IJ,11qecK11e paspa60TKH /8a:,Bo II03-

BOJI11Jil1 HaM rrocy11 IIOJIHOCTblO 11CKJIJOtrnTb 11CTO'tJ'H11Kl1 TaKl!X apTeipaKTOB. B pe-

3YJibTaTe Mb! IIOJiyqMJil1 B03MOJKHOCTb C 60JiblllOH TOqHQCT.bJO onpe,IJ,eJI.ffTb qacTo

Tbl B03Hl1KHOBeHl1.ff JIOKyCHblX 11 cynpeccopHb!X peaepcoB y ayKCOTpOipHb!X ,IJ,pOJK

JKefi B pa3Hble nep110,IJ,bl pocTa KYJibTyp Ha cpe,IJ,ax, co,IJ,epi~x pasHoe KOJil1-

qecTBO JI11Ml1T11pYJO!l111X MeTa60Jil1TOB, a TaKlKe BO BpeM.ff OCTaTOqttOrO pocTa Ha 

ceJieKTl1BHOH cpe,IJ,e. 

PE3YJibTA'lli 

Kp11Bble pocTa ,I\POJKJKetl Ha cpenax c Jil1Ml1T11PY)Ollll:!Ml1 MeTa60JI11TB.M11 

Ha p11c. I nOKB.3aHbl Kp11Bble pocTa ,IJ,pOJKJKBH, ayKCOTpOipHblX no a,IJ,8Hl!Hy 

11 JI8Hl..\11HY, Ha cpe,IJ,ax C p8.3Hb!M CO,IJ,8pJKaHl18M 3Tl1X MeTa60Jil1TOB. 

B c;ryqae_rnTBMMOB, ayKCOTpoipHblX no a,IJ,BHl!HY, cKopocTb pa3MHOJKBHl1.ff 

KJIBTOK a ;rorap11qiM11qecKotl ipa.38 pocTa·rrpaKT11qecK11 tte 3aa11c11T OT era co

,IJ,epJKaHl1.ff B cpe,IJ,e (B 11HT8pBaJie 0~ I ,Il,O 100 Mr/JI)'. qTQ CKB.3b!BaeTC.ff TOJib

KO Ha pasMepax KOJIOH11H B CT~OHapHOH ipa.38 poCTa, T.e. Ha M-KOffi\BHTpa-

1..\1111. AHaJil13 3aBl!Cl1MOCTl1 M-KOHL18HTp~11 3Tl1X !llTa.MMOB OT CO,IJ,8plK8.HH.FI 8,!\8-
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..l2fil. NA3-24 

23450123456 
BP!Hll ~, CYTHi! 

Pi-tc. I. Kp1rnble pocTa 
ayKCOT!)O(PHl:,IX 

ITO a,rr,emmy (p192) ll 
ITO Jiei:tqllHY (NAJ-24) 
,IlJ)OJKJKei:t Ha cpe,I1,ax c 
pasHblM cop;epiitaHlleM 
3THX MeTa60JillTOB •. 
J\,n,eHllH (JI~Bb!H pHCJ'!:IOK): 
I - IOO, 2 - IO H 3 -
I Mr/JI; 4 - cpe,I1,a 6es 
a,rr,eHHHa, OCTaTOtIHb!H 
pocT. ]ei:\qllH (f!!)aBb!H 
pllCJ'!:IOK): I - 300, 
2 - 30 ll 3 - 3 Mr/JI. 

HHHa B cpep;e ITOKasan, qTo ITPH 20 Mr/JI H MeHee a,rr,eHllH RBJIReTCR JillMHTll
PYJOil11lM pOCT qJaKTOIJOM, TOr,Il,a KaK ITPH 6oJiee qeM 20 Mr/JI a,rr,eHllH CO,Il,epJKllT
CR B cpe,I1,e B ll36blTKe H KYJibTypa ITpeKpall1aeT paCTll ll3-3a llCqepITaHllR Ka
KllX-TO p;pyrllx KOMIIOHeHTOB cpe,Il,bl. Bo BpeMR JiorapllqJMllqecKOM 1pa3bl pocTa 
KOJIOHllM yAde--ruTaMMOB 6eJible, ITpll ITepexo,I1,e K CTaqMoHapHott'qiase B CJiy
qae llcqepITaHMR a,rr,eHMHa OHll KpaCHe!OT' a ITPM M36bITKe a,rr,eHMHa OCTaJOTCR 
6emIMll. IlocJie ITepeHeceHllR Ha ceJieKTMBHYJO cpep;y KOJIOHllll 6oICTpo Kpac
He!OT, HesaBWCllMO OT Toro, CKOJib ,Il,OJiro M Ha KaKoi:\ cpe,I1,e OHM ITpe,Il,Bapll
TeJibHO KYJibTMBMpoBaJIMCb. 

B CJiyqae lliTaMMa, ayKCOTpO!pHOro ITO JieHqllHY, CO,I1,epJKaH1l8 JieHqiiHa B 
cpe,I1,e ( B llCIT!:,JTaHHOM MHTepBane) BJillReT K8.K Ha CKOpOCTb pa3MHOJKeHllR KJie
TOK B Jiorapmµ1mqeCKOM 1pa3e pOCTa, TaK ll Ha BeJiwqwHy M-KOHqeHTpaqiil-i. 

qaCTOTa B03HllKHOBeHMR peBepcoB ITO aneHllHY B pa3Hb!X wasax pocTa KYJibTyp 

B Ta6JI. I ITpe,Il,CTaBJieHbl ,Il,aHHble ITO qacTOTaM B03HllKHOB8HllR JIOKyCHblX 
( RL) H cyrrpeccopHbIX ( Rs ) pesepcoB y ,Il,Byx lliTaMMOB ,IlJ)OJKJKeM ,Il,JIR KYJib
TYP 24-30-H qacosoro sospacTa, T.e. Haxo,I1,RI11HXCR B JiorapHqJMHqecKoH ipa.3e 
pocTa. Mb! BH,Il,HM, qTo o6e BeJIHqlfH!:,J He saBHCRT OT CO,Il,epJKaHHR a,rr,eHHHa s 
Cpe,I1,e ll paBHbl COOTB8TCTB8HHO 2,5•10-9 H 2,8•10-8 ,Il,JIR lliTaMMa ,lJ,1{769-172 
M 2,8·10-10 H 5,8·10-9 ,Il,JIR rnTaMMa pI92. · 

Ilpw ITepexO,Il,8- K CTaqHOHapHOH 1pa3e pocTa, T.e. B CJiyqaRX, KOr,Il,a co
,Il,8pJKaHHe peBepcoB.OITp8,I1,8JIRJIH B KYJibTypax, HMe!Oil1HX B03pacT OT 4 ,Il,O 21 
cyToK, KapTHHa H3MeHReTCR. KaK CJiep;yeT M3 Ta6JI. 2, ITPH H36blTKe a,rr,eHMHa 
B cpe~e (IOO M 500 M~/JI) qacToTbl MYTMPOBaHHR reHa ade2 H reHoB-cy ~ 
ITpeccopoB H B GTOM CJiyqae ITPMMepHO TaKHe JKe, KaK MB JiorapH~qeCKOM 
qiase POCTa (CM. Ta6n. I), HO ITPH JIMMHTMPYJOil1HX KOHqeHTpaqiiRX a,rr,eHHHa 
(I, _5 MIO Mr/JI) OHM yBeJIHqttBaJOTCR,_ qTo oco6eHHO flPKO BbipiJ,Ke~o ,Il,JIR JIO-
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Ta6JIH.lli!...1.:. qaCTOTbl ( R ) B0_3HMKHOBeHHR JlOKyCHl:,IX 11 cyrrpeccopHbIX MYTa!-1- . 
TOB y ayKcoTpoipHblX ITO a,I1,e~mHy ,IlJ)OJKJKeH ITpw pasHOM COAepJKaHMH 
a,I1,eH1rna B cpe,I1,e. ]orapmrMHtiecKaR qiasa pocTa. ,[l,aHHble He3aBH-
C llMblX O ITblTO B 

ll1Ta1.1M Co,I1,ep- BospacT. ~CJIO ~CJIO KJieTOK B __ qaCTOTa_MYTllQOBaHHR __ 
JKaHne KYJibTyp KOJIOHHM O,Il,HOM KOJIOHH!1 ]OKlCHble_~_QeCCQJ2Hble_ a,rr,eHHHa 

Mr/JI tiac N n·I06 m. RL•IO-IO m Rs· ro~9 

I 30 20III 0,36±0,or 3 4, I. 61 0,84 
IO 30 19448 0,82±0,09 6 3,8 67 0,42 

C\l 

I IOOlf 30 24937 0,57±0,08. 3 2,I 74 0,52 CJ) 
H 

40 3388 2,3l±o,22 2 2,6 56 0,72 p.. 

40 3509 4,32±0,34 2 I,3 60 0,40 
~----------- ---------------------------------------------------C p e ,II, Hee R 2,7a±0,52 0,58±o,09 

I 24 623 0,72±o,06 2 45 26 5,9 
30 547 0, 73±0, 13 l 25 12 3,0 

5lflf 24 1362 l, II±o,2! 3 20 44 3,0 
C\l 

30 2817 2,92±o,31 15 18 134 1,7 r:--
H 

I roo*lf 24 1250 o,8a±o, I4 3 ·27 32 2,9 a• 
<D 30 1353 3,GI±o,43 4 8,2 78 I,6 r:--
~ 500:lf)f 24 1505 0,7I±o,06 5 47 38 3,6 

30 !918 4,3l±o,33 9 II 140 I,8 
~--------------------------------------------------------- -----c p.e ,II, Hee R 25,2±5,0 2,94±o,50 

)f Pa3Hble sapHaHTbl pasJtwqaJIHCb KOJrnqeCTBOM cpe,Il,bl B qarnKax IleTpH. 
)f)f Pa3Ho!e BapHaHTbl pa3JIHqMHCb CO,I1,epJKaH1l8M B cpe,I1,e JIH3HHa. 

KyCHblX MyTaqwn. 3Ta 3aKOHOM8pHOCTb ITpHCYI11a BCOM TpeM ayKCOTpO!pHl:,lM ITO 
a,rr,eHHHY lliTaMMaM, H8CMOTpR Ha pa3JillqlfR M8JKAY HMMll ITO a6COJIIOTHl:,JM 3Haqe
HHHM qacTOT. 

HaKoHeq, B Ta6JI. 3 ITpHB8,Il,8Hbl qacTOTbl B03HHKHOB8HHR pesepcoB BO 
BpeMR OCTaToqHoro pocTa Ha cpe,Il,e 6e3 a,rr,eHHHa. Btt,Il,HO' ~o qacTOTbl B03-
HHKHOBeHMR KaK JIOKyCHblX, TaK H cyrrpeccOpHbIX peBepc·c)B B 3TOM CJiyqae 
He saBHCRT HH OT co,I1,epJKaHMR a,rr,eHHHa (oT I ,Il,O 500 Mr/JI) ITptt ITpe,I1,Bap1t
TeJibHOM KYJibTHBHpOBaHHH, HH OT ero ITp0,D,OJIJKl1T8JibHOCTM (OT I ,Il,O I3cYT) 
H ,Il,JIR lliTaMMa ,lJ,1{769-172 paBHbl COOTBeTCTBElHHO 3,2• ro-8 H 8,6• I0-8 , a 
,Il,JIR rnTaMMa pI92 - I,7•I0-8 H I,S•I0-8• 3a1.1eTHM, qTo. ~acTOTbl B03HHKHoBe
HHR JIOKyCHblX peBepcoB Ha cpe,I1,e 6e3 a,rr,eHHHa 3Ha~T8JibHO Bblllie, qeM B ~ora~ 
pHqJMHqecKOM ipaae pocTa, a qacTOTbl B03HHKHOBeHHR cyrrpeccopHb!X peBepcoB 
pa3JIHqaJOTCR B M8Hbruei:\ CTeITeHH •. 
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Ta6m1µa 2. 't!aCTOTbl ( R ) B03Hl1KHOB8Hl1ff JIOKYCHb!X 11 cyrrpeccopHblX MyTaH
TOB y ayKCOTPOIJ'Hb!X no 8,Il,8Hl1HY ,l]Jl0lKlKGi1 np11 pa3HOM CO)].epJ!(aHl1l1 
a)].eH11Ha B cpe)].e. Ilepexo)]. K CTfil.\110HapHoi1 q:iase pocTa. ,I:\aHHbTe 
HesaBHCHMb!X OIThlTOB 

illTaMM Co)].ep- BospacT 
JKaH!18 KYJibTyp 

a,n,eHJ-ma 

4HCJIO 4HCJIO KJl8TOK B 
KOJIOHHH O)],HOi1 KOJIOHl1l1 

N n• ro6 

__ 4acToTa MyTl1QOBaH!1R __ _ 
Jio K;Y:CHhle -CyrrpeCCO:QHble --

m RL. IO_g m Rs. ro-8 

C\I 
CJ) 
H 
P-, 

C\I 
r-
H 

I 
(J> 
tD 
r--

Et 

<::I' 

Cf 
rQ 
u.) 
H 

I 
C\l 
Co 
H 

3: 
~ 

Mr/JI cyTKH 

I 4 3094 0,49±o,05 8 5,3 30 I,99 
4 5083 0,57±0,0I IO 3,5 20 0,69 

IO 5525 0,6I±o,03 25 7,4 31 0,92 
16 5083 0,62±0,04 18 5,7 50 I,59 

~-----------------------------------------------------------______________ C_:Q_e_g_H_e_e __________ 5.1.47±0.l.s2 ___ I.1.30±o.l.30 __ 
IO 4 5304 I,B±o,2 IS I,9 42 0,44 

4. 5083 I,6±0,I IS 2,2 33 0,41 
IO 5304 I,6±0,2 21 2,5 55 0,65 
16 5525 I,6±0,I 30 3,4 77 0,88 

t============== C _£= e ~=H= e = e == R === · === 2 .1. 50±0 .1. 33 ==-0 .1. 59±0 .1. Ii:== 
IOO* 4 7072 I,6±0,2 I 0,088 21 0, 19 

5 

7 2360 7,o±o,s 4 .0,24 46 0,2s 
7. 2540 22,1±3,2 5 0,089 - -

13 
13 

C p e)]. Hee R 0,14±0,05 0,23±0,05 

844 
1689 

5,3:!:0,3 
G, 1±0,3 

25 5 7 
. ' 

II2 II,2 
109 2,G 
403 4,5 

~=============C_£=c_g=H=C e===R ======8.1.4G±2.l.79===3.l.54:!:o.l.93=== 
500 13 1085 44,1±4,2 12 0,26 321 0,81 

13 2032 44,3:!:3,2 33 0,37 369 0,45 
~-----------------------------------------------·-----------

c p e)]. He c R . 0,3I±o,06· 0,63±o,I8 
L· 

I** 13 231 I,s±o,I II 27,I 14 3,5 
13 .. 182 3,2±0,2 IO 17,7 12 2,I 
21 3798 0,25±0,03 9 9,5 14 1,5 

~==============C_£=e=g=H=e e===R =====I8.1.I:!:5il====2.1.36±o1 59=== 
IO** 13 ' 404 5,6±o,2 17 7,8 33 1,5 

13 244 17,3:!:3,I 12 2,9 33 0,8 
21 5064 3;6±o,2 50' 2,8 129 0,7 

t--== == -=====c~=e~=H=e e===R ======4.1.45:!:11 6l===I1 0±o.1.2(=== 
IOO ·21 7596 9,0±1,3 5 0,073 . 255 0,38 

* Pa3Hhle BapttaHThl pa3Jil1qaJI!1Cb KOJittqecTBOM cpe)],hl B qamKax IleTptt. ** . . Pa3Hhle BapttaHThl pa3JIHqaJil1Cb C0)],8plKaH!18M B cpe)],e Jll13!1Ha. 
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Ta6JIH~.'t!acTOTa ( R) B03Hl1KHOB8Hl1R JIOKyCHb!X l1 cyrrpeccopHb!X MYTa.H
TOB y ayKCOTpO(pflblX no a,n,eHttHy ,DJlOlKlK8H BO BpeMR OCTaTOqHOro 
pocTa Ha cpe)],e 6es a,n,eHHHa. Ilpe)].Bap~T8JlbHOe Kj'JlbTHBHpOBaHHe 
Ha pa3Hb!X cpe)],ax B TeqeHHe pa3Hb!X HHTepBaJIOB apeMeHH, ,I:\a.HHhle 
He3aBHCl1Mb!X OIThlTOB 

lllTaMM Ilpe)],Bapl1T8JlbHOe 4!1CJIO IlpttpOCT ~CJia _ 't!acTOTa MYTH:QOBa.HHff 
!S;Y:J!bTHB!:IT!OBaHHe KOJIOHH_l1 KJI8TOK B O)],HOH Jlors;ycHhle ~8CCQI2Hhl8 

Co)].ep- Bo3pacT KoJioHtttt · ---- ----- -- ----
lKa.HHe KYJibTyp 

n• ro6 m Ry,· I0-8 m Rs• ro-8 a,n,eHHHa N 
Mr/JI 

I 40 qac !9890 0,33±o, II 46 0,70 89 1,4 
4·CyT 3094 0,32±o,09 · 5 0,51 II l,l 

IO 40 qac 18564 l,l±o,3 241 1,2 390 1,9 
4 CyT 5304 0,9±o,4 !03 2,2 129 2,7 

IOO 40 qac 3388 I,3±o, l 77 1,8 !05 2,4 
C'.I 40 qac 3509 2,2±o,3 84 l,l 67 0,88 CJ) 
H 
P-, 40 qac 243!0 1,l±o,3 178 0,67 556 2,I 

4 CyT 7072 I,2±o,3 215 2,6 100 2,1 
7 CyT 2360 2,0±o,4 144 3,1 - -
7 CyT 2540 +· 133 2, 7 2,0:!D,2 - -

~---------------------------------- 1,65±o,30 1 , 84±o~23-Cpe)].Hee R 

l 24 qac 623 0, 76±o, 12 8 l '7 27 5,8 
30 qac 547 o,0s±o,rr 8 l' 7 24 5,1 

5 24 qac 1362 o,33±o,o8 55 12,5 !08 25,0 
30 qac 2817 l, l±o,2 95. 3,1 217 7 ,3 

C\I 
13 CyT 844 o,oo±o,00 9 1,2 34 4,6 

r:-- 13 CyT !689 2,0±o,3 26 0;78 82 2,5 H 
I IOO 24 qac 1250 0,64±o,II 20 2,5 !04'. 13,6 CJ) 

tD 
2,7±o,3 r:-- 30 qac 1353 45 1,3 141 4,1 Et 500 24 qac 1505 3,s:!:1,2 43 0, 76 202 3,8 

30 qac I9I8 l, l±o,2 127 6,2 338 17,6 
13 CyT !068 l, l±o, l 34 2,9 65 5, 7 

----------------- -----3,15±1,05 8,64±2, 14 ·-Cpe~Hee R 

'Tenepb Mb! MOlK8M ycpe)],HHTb )],8.HHhle, noJiyqeHHhle )],JIR KaJK)],Oro mTaMMa 
npH pasHb!X ycJIOBH.ffX Kj'JlbTHBHpOBaHMR, ,lv!R STOro ome)],l1Hl1M qacTOThl MYTH~ 
poBaHttR, KOTOphle COOTB8TCTBytOT Jll160 HaJIH~ID B cpe)],e a,n,eHHHa (JiorapttqMM
qecKaR q:iasa pocTa l1 CTfil.\110HapHM q:iasa nptt !136hlTK8 a,n,eHttHa, KOJIOHHH 6eJiwe), 
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Jm6o era rrc1:1epITamuo HJIH OTCYTCTBHIO (CTa.L\IWHapHM qia.3a_ pocTa rrprr. JIHMHTe 

ITO a,o,eHHHy H OCTaTOtIHb!H po CT Ha ceJieRTHBHOH cpe,JJ;e' ROJIOHHH RpaCHbJe). 

Cpe,JJ;HHe C QJJW[C)RaMH ,JJ;JIR RruK,II.OH rpyrrIThl ,JJ;aHHbIX, ,JJ;JIR Bcex Tpex rnTaMMOB, 

ITpHBe,JJ;eHhl Ha prrc. 2.: Brr,JJ;HO, tlTO 1:1aCTOTbl B03HHRHOBeHHR JIORYCHblX pesep

COB, COOTBeTCTBYJOIIjl1e qaCTOTa.M MYTHPOBaHHH reHa ade2, IIpH rrcqepITaHHH 

B cpe,JJ;e a,o,eHHHa-Bo3paCTaIOT OT 15 (,JJ;JIR lliTaMMa ,ll,K769-l72) ,ll;O 150 pa3 

(,JJ;JIR lliTaMMa 769-pl92-l5B-!14)' a qacTOTbl B03HHRHOBeHJrn cyrrpeccopHblX 

pesepcos, cooTBeTCTBYJOil111e qacToTaM MyrttposaHHR reHos-cyrrpeccopos, yse

JIHtIHBaroTCR scero B 2,5-4,5 pa3a. 

_p192 
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Tue. 2. tfacTOTbl B03HHRHOBeHHH JIORyCHbIX (. L ) H cyrr-
peccopHbIX ( S) MYTa!_\nti y ,JJ;P01KJK8H pa3HbIX 

lliTaMMOB ITPM HaJIJ1qnn (Hl'IlKHHe 3HaqRH) 11 OTCYTCTBl'IH 
HJIH ncqepITaHnv1 ( sepxHne 31;1aqR11) a,o,enmm B ITl'!TaTeJib
Hotl cpe,JJ;e. lllJiJpl'!Ha ITOJIOC COOTBeTCTByeT cpe,JJ;HHM 3Ha
qeHHRM C Ollil'IORaMH. . 

'ClaCTOTbl B03HHRHOBeHHH pesepcoa ITO JieHI.Jl'IHY ITPM pasHbM co,nepJKaHnn 
B cpe,ne sToro MeTa6oJinTa· 

Ha pv1c. 3 ITpe,D;CTaBJieHbl ,JJ;aHHbJe ITO qaCTOTaM B03Hl'IRHOBeHHR peaepcoB 

pa3HblX THITOB y lliTaMMa NAJ-24 ITpn pa3HOM CO,D;eplKaHHH JI8tll.\11:Ha B cpe,JJ;e 

BO BpeMR JiorapmpMnqecRoti g)B.3bl pocT'a RyJibTypbl, Bl'I,JJ;HO L, qTQ ITpn 113M8H8H1111 

ROH!_\8HTpal.\11:n JieHI.\11:Ha OT 300 ,JJ;O 0,3 Mr/JI qacToTa B03HHRHOB8HHR JIORYCHbIX 

pesepcos ITO ;retll.\11:HY yaeJil'!tIHBaeTcH B cpe,JJ;HeM·oT 9,0•lo-9 ,JJ;O 3,0·l0-7 , 

T.e. 6o;ree qeM B 30 pas, a 1:1aCTOTa B03HHRHOB8HHR cyrrpeccopHblX peaepCOB 

- OT l,3·10-8 ~o 6,3·10-8, T.e. ITPMMepHo B 5 ·pa;, XapaRTepHo, ·qTo ,JJ;aH

Hble ,JJ;JIR cyrrpeccopHhlX peaepcoB, Bbl,ll,8JI8HHhlX Ha C8JI8RTHBHOH cpe,JJ;e 083 Jieti-

1.\11:Ha (Hoc JIM3nHoM) HJil'I 6es nnsnHa (Hoc ;retil.\11:HOM), ITpaRT111:1ecRn coaITa-

8 

l .) 
f 

,ll;fl.lOT, 'ClacTOTa B03Hl1nHOB8Hl1.fl JJOKYCHb!X pesepcoB ITO IT0Tpe6HOCTl1 B Jil1311H8, 

OITpC,ll;CJIRB:llll.RCR B 3Tl1X lK8 OITbJTax, He sasnceJia OT CO,JJ;epJKaHHR Jretlwrna B 

l 
• To_a 

cpe,JJ;e Ii paBHP.JiaCb B cpe,nHeM ,d·l ~. 
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KOHUEHTPAUllll JIEllUIIHA, Mr/11 

P11c. 3. 3aBHCHMOCTb t.1aCTOTbl B03HHKHOB8HHR peaep-
COB pa3Hb!X Tl'IITOB OT CO,JJ;8pJKaHl'JR JJ8HI.\11:Ha B 

cpe,JJ;e, IIlTaMM NAJ-24 , ;rorapmpMnqecRaH qiasa l?OC
Ta, l - JIORYCHble pesepcb! ITO ITOTpe6HOCTH s JJel11.\11:He; 
2 - cyrrpeccopHbie pesepcb1, Bbl,!I,eJJeHHh!e Ha cpe,JJ;e c 
JJH3HHOM, HO 5es netlqv1Ha \ • ), n Ha cpe,JJ;e c ;retin
HOM, HO 6e3 Jil1311Ha ( A ) ; 3 - JJORyCHbJe peaepcb! ITO 
II0Tpe6HOCTl'I B_ JJl1311He. Pa3Hb!Ml1 3HaqRaMn OTMeqeHbl 
pe3yJibTaTbl H83aBHCJ1MblX OITblTOB. 

Ha OCHOBaHnn ITpHBC,JJ;eHHb!X 3RCITepnMeHTaJibHblX ,JJ;aHHhlX MOlKHO rrpHHRTb 

3a ,JJ;OCTOBepHO ycTaHOBJJeHHbltl qJaRT' qTQ CIIOHTaHHaH MyTa6HJibHOCTb cy

~eCTBeHHO 3aBHCHT OT ycJJOBHtl, B ROTOpbIX KJJibTHBHPYJOTCR KJieTKH. 'ClaCTO

Ta CITOHTaHHOro MyrnpoBaHHR rrpl'I 113MeHeHHl'I CO,JJ;epJKaHHR B cpe,JJ;e HeROTOpb!X 

MeTa60JJHTOB MOJKeT 113MeHRThCR B _CTO 11 OOJiee pas, HO H3MeHeHHH 3TH He 

O,JJ;HHaROBbl ,JJ;JIH pa3Hb!X reHOB, Ilo,JJ;OC>Hoe Ha6JIIO,JJ;aJIOCb 11 ITpn ,JJ;HCCiaJJaHce ITY

JJOB HyKJJeOTH,JJ;OB: yaeJintieHne Myra6nJJbHOCTH pa3HbIX reHOB ·B RJI8TR~/ O,JJ;HOtl 
YI TOM JKe ITOITyJJ~H Ob!JIO Bb!p8.JK8HO rro-pa3HOMY KaK y ITpoKapHOT /l7 , TaR 
n y 3yRapnoT /l6 , 23/, 

TeITepb paccMoTpHM BOITpoc O TOM, R8.RHMH ITYTRMH YCJIOBHR KYJibTHBHpo

BaHnR MOryr BJIHRTb Ha qacTOTY MYTHPOB8.HHR p8.3Hb!X reHOB y ,JJ;POlKlK8Bb!X op

raHH3MOB. ,IJ,JIR 3TOro COITOCT8.BHM ITOJiyqeHHb!H Ha.Mn 3RCITeprrMeHTaJJbHb!tl Ma.Te
pna;r C pa3Hb!MH TQqRaMH speHHR, HMeIOIIjl1MHCH B JIHTepaType. 

9 



CnoHTaHHa.R M:yTa611JihHOCTh 11 npop:OJIJ!(l1TeJibHOCTb KJieTOtIHOro I.J11KJia 

Mhl Bl1,ll,eJ!l,l BbJT.lle, tITO, B OTJil1til1e OT a,n;eH11Ha, co,n;epJKaH11e KOToporo B 

cpe,n;e npaKT11tieCKl1. H8 .BJil1.ReT Ha CKOpOCTh pa3MHOJKeHl1.fJ ,lJ;pOJ!'JKel1 C MyTau,11-

eti ade2-192 B Jiora.l,)11(ll\!litJecKoi1 ipa3e pocTa,yMeHhweH11e co,n;epJKaH11.R Jie11u,11-

Ha B cpe,n;e Hl1JK8·H8KOTOporo ypOBHR Cl1JlbHO TOpM03HT pa3MHOJK8Hl1C KJieTOK, 

ayKCOTpOipttblX no 3TOMY M8Ta60Jil1TY (p11c, I), MoJKHO ,ll,ytlaTh; tITO 11M8HHO 

no~TOMY Ha6JIID,ll,a~TC.fJOTM8tI~HHble Bb!Ule pa3Jil1tI11.fJ BO BJil1HHl111 CO,!],epJKaHl1fl B 

cpe,n;e COOTB8TCTByIDiljl1X MeTa6oJil1TOB Ha qacToTy B03Hl1KHOB8Hl1fl peBepcoD 

y ,n;poJKJKeii, ayKcoTpoqiHblX no' a;rr,eH11Hy ( Ta6JI. I) 11 no Jieiiu;11Hy (p11c. 3) • 

Ilonpo6yeM o6oHCHl1Th p83JJibTaTbl Haw11x OITbITOB ,i:J.qnYJI1eH11eM, tITO qac

TOTa CITOHTaHHOro B03Hl1KHOBeHl1fl MyTau,un, np11 pacireTe Ha, KJieTI{Y Ha ,n;e

JI8Ime, T8M 60Jib!lle, tieM npO,!],OJ!lKl1TeJibHee KJieTOtJHbl11 IJ,l1KJI •. .L\etiCTBl1T8Jlb

HO, YB8Jil1tI8Hl18 npO,!],OJIJKl1Te_JihHOCTl1 __ :<JieTOtIHOI'O IJ,11KJia, tITO B 011bITax C Jiei1-

1J,11HOM Ha6JIID,n;aeTCH yiKe B Jiorapl1qJMl1tieCKOti qJB,38 pocTa,,a B OTibITax C a,rr,e

Hl1HOM MOJK8T 6b1Th npHypoqeHO K nepexo,n;y K CTat\110HapHOM qJB,38, conpoBOJK

,IJ,aeTCH pe3K11M YB8Jl11tI8Hl18M 'IJ:aCTOT B03Hl1KHOB8Hl1fl peBepcoB. 3Ta TOtIKa 

3p8Hl1H B03BpaII\aeT Hae K B011pOC8M, 06cy,r,,n,aBllll1MCH 8II\8 B TP,11ij;aTblX ro -

,!],ax /
53

/ 11 C1181J,11aJihHO tt3~aB!lll1MC.fJ HoBl1KOM 11 CU,11JIJiap,n;oM 14 11 H8KOTO

ph1Ml1 ,D;PYI'11Ml1 aBTopaMM / 2 '4, 37/. 0,ll,t!aKO :3T9 ,n;onyuieH11e TIJIOXO corJiacyeT

CH c TeM qiaKTOM, tITO yBeJI11tieH11e MJTa611JihH~'cT11 no~pasHoMy BbrpWKeHo y 

pa3HbIX reHOB (JIOKYCHbIX 11 ,cynpeccopHbIX), a y reHa lys1, He~TpaJihHOro K 

11CnbITaHHb!M Cl1TyalJ,11HM, -3tMieKT B00.0II\e OTCyTCTByeT, Pe3JJibTaTbl Cl181J,11aJib

HO nocTaBJI8HHb!X 011b!TOB 3acTaBJIHIDT OKOH't!aTeJibHO OTBeprHyTh 3TY r11no

Te3y. 

EcJil1 qacToTa B03H~KHOB8Hl1fl XOTH 6bl H8KOTOpblX pesepcoB, Hanp11Mep 

ITO Jl8MIJ,l1HY, ,ll,8MCTB11TeJibHO CBH3aHa C npO,ll,0JllKl1T8JlhHOCTbID KJI8TOtIHOI'O IJ,l1K

Jia, TO pe30HHO ,n;onyCTl1Th, tITO B 11pe,n;c11HT8Tl1tieCKl1M nep110,ll, B KJl8TKax 

npol1CXO,ll,l1T HaKOl1Jl8Hl18 npe,n;MyTalJ,110HHblX 110BpelK,ll,8Hl111, peaJil13yIDiljl1XC.fJ B MY
Tau,1111 'so BpeMH peITJIHKau,1111 ,[\HK, 11Jll1 JKe MyTau,1111 B03Hl1KaIDT B 11pe,!],Cl1HTeT11-

qecK1111 IT8p110,ll, C nocTOHHHOH BO speMeHl1 qaCTOTOTT, 4eM npo)],OJ!lKl1TeJibHee 

o,-qla3~, TeM 60Jib[!J8 Tamix noBpelK,ll,eH11ii (mm r~YTa1J,11ti) )],OJIJKHO HaKaITJll1BaTh

CH B KJI8TKax, 11 TOr,D,a 6e3pa3Jil1tIHO, Ha KaKoti cpe,D,e 6y,D,eT npoxoAl1Th S-qia-
3a: ITpll BbICOKOM. 1,1Jll1 Hl13KOM CO)],eplKaHl111 Jll1Ml1Tl1PJIDII1eI'O M8Ta60JI11Ta. 3Tl1 co-

o6paJK8Hl1R 6bIJil1 npoiiepeHbI cJ1e,ll,yIDlJ111M o6pa3oM. KyJihTYPY ,n;poJKJKeti rnTBMMa 

NAJ-24, c11Hxo0Hl130BB.HHJID ITo.'MeT0~11Ke B11Jih.RMC0Ha 11 CKoITeca /
55

/, 11HKy611-. ' ' ••('' ' 

pODaJil1 Ha cpe,n;e C 3 Mr/JI JI8ti1J,11Ha, 11 'cnycTR pa3Hbl8 11HT8pBaJibl Bp8M8Hl1, B 

'retieH11e o,-qia3bl, ITepeHOCl1Jll1 Ha cpe,n;y c. 30 Mr/JI 3TOro M8Ta60JI11Ta, r,n;e 

l'Jie-rim 6bICTpo BCTynaJI11 B S-qia3y 11 qepe3 2-3 qaca OT,ll,8JIHJil1 notIKl1. ,L\o 11 

ITOCJIC !10tll{OBaH11.R onpe,o;eJIHJil1 06!JleC tll1CJIO co,o;epJKalljl1XCH B KJJibType pe -

BepCOB, PC3JJihTaTbl ITOKa3aHhl Ha· p11C, 4. ·B~,ll,HO, tITO npO,ll,OJIJK11T8JlbHOCTb 

npe,n;sapHTCJibHOti l1HKy6a1J,1111 Ha o6e)],HCHHOl1 cpe,D,e HliKaK He BJil1HeT Ha KO -

10 

1, 

1 

j 

J 

HCtIHblTT pC3JJlbTaT, CJie)],oBaTeJibHO, He ITPO,ll,OJIJK11T8JlhHOCTb KJieTOtrHOI'O ,1J,11K

Jia CB.Ma•no ce6e, a TOJibKO JCJIOBl1H KJJlhTl1B11pOBaHl1fl BO BpeMH peITJil1KalJ,11l1 

,[\HK OITpe,o;eJIH!OT MJTalJ,110HHblM CTaTyC KJieTOK. 
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Pl1c. 5. 3aBl1Cl1MOCTb traCTOThl 
--- B03Hl1KHOBeHl1fl peBep
COB ITO JI8l11J,l1HY OT npo,o;OJIJKl1 -
T8JlbHOCTl1 KJICTOtIHOrO 1J,11KJia 
!1pl1 l1HKy6au,1111 Cl1HxpOHl1311pO
BaHHb!X KJJlhTYP rnTB.MMa NAJ-24 
Ha cpe,D,ax, co,n;epJKalljl1x 3 Mr/JI 
( 0 • ) l1 30 Mr/JI ( A ,0 
l1 ■ j Jiefi1J,11Ha. Pa3HhlMl1 3Hatr
KaMl1 OTMetrCHbl pe3yJihTaThl H8'-
3aBl1Cl1MbIX OIThlTOB, 
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Pl1c. 4 •. ·. 3aBl1Cl1MOCTb til1CJia 
KOJI0Hl111 C peBepca-

. Ml1 ( B pactreTe Ha 2200 KOJIO
H1111, a, l1 til1CJia KJI8TOK B 
O)],HOti KOJIOHl111 (notrKa np1,1-
Hl1MaeTCH 3a·oT)],8JibHyID KJieT
Ky, 6) OT npO)],OJIJKl1T8JlbHOCTl1 
l1HKy6a1J,1111 ayKCOTpOipttblX no 
JI8ti1J,11HY ,IJJ)OJKJiteti Ha pa3HhlX . 
cpe,o;ax. TuMHhJe 3HatrKH .-
3 Mr/JI Jiefi1J,11Ha, cBeTJINe -
30 Mr/JI, CTp8JIKaMl1 ITOKa3a
Hhl CpOKl1 IT8E8H8CeHl1fl·KYJib
TYP C ITepB011_cpe,o;hl yia_BTO-
pyID. . 
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BhlBO,ll,, c,o;e.riaHHb!H Bb!Ule, ITO,ll,TBeplK,ll,aeTCR H ,o;pyr11M, ;He3aBacl1Mh!M, 3Kc

nep11MeHTOM, C1rnxpoH11311poBaHHble KJJibTypbl aToro JKe .mTBMMa_ ,o;pol!OKeii BblpalJ1l1-

BaJil1 Ha cpe,D,ax C pa3Hb!M CO,IJ;8pJKaHH8M Jl8HI.WH8. (3 11 30 Mf'/JI), 11 trepe3 pa3-

Hhl8 cpoKl1 onpe,n;eJIHJil1 06II\ee trn_CJIO ,KJICTOK 11 tll1CJIO peBep_COB K ripoTOTpoqi

HOCT11.Ilpo)],OJIJ!(l1TeJibHOCTb. KJieTOtIHOI'O 1J,11KJI.a He TOJibKO 3aBl1C8Jia OT. co,n;ep

~aHl1fl B cpe,n;e JICMIJ,l1Ha,Ho 11 Bapbttpo~a.rracb OT orn,iTa K orruTy, a TaKJKe 113Me

HHJiacb BO BpeMH pocTa C11HXpOHl13MpOBaHHblX KJJibTyp. 3To TI03BOJ!l1JIO HaM 
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paCCtn'.!TaTb qaCTOTbl B03Hl1KHOBeHl1H peaepcoB Ha pa3HblX cpe,[lax np11 pa3HblX 

npO,J:\OJDIU1TeJibHOCTflX MeTo~oro l.\HMa. PesyJibTaTbl np11Be,J:1eHbl Ha p11c. 5. 
Xopomo Bll.,[\HO, ~o Ha qacTOTy MYTl1POBaHl1H BnttHeT He npO,J:IOJD!tll.TeJibHOCTb 

MeTo~oro l.\HMa, a TOJlbKO CO,J:lep*attll.e B cpe,[le Jll1MHTll.PYJOil1ero MeTa6on11Ta. 

CnoHTattHM-MVTa611nbHOCTb 11 rttnoTesa n11c6anaHca nynos HyKneoT11noa 

06HapY*HB B03pacTaH~e qacTOTbl B03H11KHOBeHl1H peaepcoB no a,n,eHl1HY 

np11 y-MeHbmeHll.ll. CO,J:1ep*aHll.H"a,D,eH11Ha B cpe,[le / 4,34/, Mb! npe,[\nOJIO*l1Jll1, qTo 

3TOT qJeHOMeH MO*HO o6oHCHll.Tb C no31l.ijJ!lll r11n0Te3bl ,[\l1C6anaHca nyJIOB HYK

JieOTMAOB see npocTetlmeM aapttattTe /I7,3I/. oTa r11n0Tesa xopomo cornacy

eTCH It. C TeM qJaKTOM, ~TO MYTa61tJibHOCTb,reHOB onpe,[leJIHeTCH YCJIOBl1HMl1 

KyJlbTll.B11pOBaHll.H TOJlbKO BO speMH penJill.K~l1 )],HK: ,[\el!CTBll.TeJibHO, MO*HO 

O~,[\aTb, qTo qeM Cl1JlbHee BHp~eH ,[\11C6anattc B 3TOT n'ep110,[\ MeTo~oro ' 

l.\HMa, TeM q~e ,[\On*Hbl npottCXO,J:\11Tb Olill16$11 penJI11Kal.\Hl1 It, CJie,[\OBaTeJibHO, 

TeM BbIDJe 6y,J:1eT qacToTa B03Hll.KHOBeHl1H MYTal.\Htl 1271_ Ho pa3Jll1tn1R B 113Me

HeHttroc qaCTOT MYTll.POBaHl1H P,a3HHX reHOB B MeTKax O,[\HOI! 11 TOI! *e KYJib

Typb!, KaK Mb! y;Ke OTMeqan11 151, TaK npocTO o6oRCHl1Tb He y,J:1aeTCH. 

PacCMOTPl1M Tenepb APYrOtl nOAXO,J:\ K o6oHCHeHl1ID ,[\aHHHX, np11Be,J:1eHHHX 

B Ta6n. I-3 11 Ha p11c. 2. 
l13BeCTHO 'qTo npl1 pa6oTe Ha nyTM 6MOCl1HTe3a a,n,e_Hl1Ha y APODetl C My

T~l1HMH ade1 MJIM ade2 B KJieTKax HaKanJittBaeTCH KpacHbltl n11rMeHT (npOAYKT 

noJIMMepM3~11 npe,J:1meCTBeHHl1Ka a,n,eHttHa) It KOJIOHll.11 np1106peTaIDT KpaCHYJO 

OKpacKy. OTO cnpaBe,rµIMBO 11 no OTHOIDeHl1ID K HaIDl1M lliTaMMaM, HeCyn!J1M MYTa

l.\HIDade2-192. Mb! Bl1,J:1eJI11, qTo KOJIOHl111 3Tl1X lliTaMMOB np1106peTaIDT KpaCHb!H 

u;seT Jll160 Ha cpe,J:1e, noJIHOCThID Jll1llieHHOl1 a,rl,8Hl1Ha, Jil160 nocne ero 11cqep

nattl1H B cpe,J:1ax, nepBOHaqanbHO CO,J:1ep*aB!ill1X a,n,eHl1H B Jll1MHTl1PYJO~X KORH

qecTBax.3TO no3BOJIHeT AYMaTb, qTo B OTCYTCTBtte· a,n,eH11Ha CMCTeMa ero 

6110CHHTesa. aKTMBHO ''pa6oTaeT", HO y;Ke I Mr/JI a,n,eH!1Ha oKa3b!BaeTCH ,[\OC

TaTo~o, qTo6bl BbJssaTb ee penpecc11ro. oTa penpecc11H, no-BHAMMOMY, He 

nOJIHM, T.K. ,[\aJibHetlmee yaen11qeH11e KOHIJ;eHTp~l1 a,n,eHMHa B cpe,J:1e n;1aa-
JIHeT B HeCKOJlbKO pas aKTl1BHOCTb reHOB, KOHTpOJil1PYJOlljl1X ero Cl1HTe3 , 30~ 

TaKaH peryJIHI.\HH KOHe~b!M npOAYKTOM CMCTeMbl 6MOCl1HTe3a a,rl,8Hl1Ha, B TOM 

tn'.ICJie l1 reHaADE2,oc~eCTBJIHeTCH Ha ypoBHe.TpaHCKpl1nl.\Hl1 /I/. Mo*HO Ctn'.1-

TaTb no3TOMY, ~o 6b!CTpoe noKpaCHeH11e KOJIOH!111 APODetl C MYTal.\Hell 

ade2-192 Ha cpe,J:1e 6e3 a,n,eHMHa OTp~aeT pe3KYJO l1HTeHCl1qll1K~ID CMCTeMbl 

ero 6!10Cl1HTe3a TaK*e Ha ypoBHe TpattCKpl1nIJ;l1l1, ~o ,[\OJI*HO conpoBOlK,11,aTbCH 
noJIHotl ,I:1epenpecc11e11 reHa ade2. 

B Ham11x onb!Tax, KaK y;Ke OTM·eqanocb, noKpaCHeH11e KOJIOHl111 ayKCOTpo!f,-

HHX no a,rl,8Hl1HY APODell conpOBOlK,11,aeTCH pe3KMM noBhlllieH11eM qacTOTbl B03Hl1K

HOBeH!1H JlOrCHHX MYTal.\!111. OTO no3B0Jll1JIO HaM BNCKMaTb CJieAyiolliee npe,J:1no
JI0*8Hl1e / 5 • ,IJ;onycTMM, qTo ysen11qeH11e BHXO,J:\a cynpeccopHbIX peaepcoB np11 
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YM8Hb}lleHl1l1 B cpe,[le a,n,mmHa -o6ycJIOBJl8HO npHMb!M MYTareHHb!M sqxpeKTOM ,[\l1C-

6aJiaHca nyna sToro HYKJieoT11,J:1a. Tor,[\a 3HaqMTeJ.IbHO 6onee BHp~eHHoeyae

Jittt1eHHC Bb!XO,[\a JIOKYCHHX peaepcos MO*eT 6b!Tb C~H3aHO C l13MeHeH11eM !pyHK

L\HOHaJ!bHOro COCTOHHl1H reHa ade2: np11 ,[\OCTaTO~OM KOJIHqecTBe B cpe,J:1e 

8.Il,8Hl1Ha (I Mr/JI 11 6onee) 3TOT reH Hax0,[\11TCH B penpecc11poBaHHOM COCTOH

HHH H era 11 tzyBCTB11TeJ1bHOCTb 11 K ,J:1Hc6anaHcy mrnKa, a 'np11 11cqepnaH1111 a.D,e

HHHa reH ade2 aKTHDHpyeTCH H ero "qyBCTBl1T8JlbHOCTh11 K ,J:\l1C6aJiaHcy pe3KO 

so3pacTaeT. 

0,[ltJaKO CKO.llb 6bl Hl1 Kasanacb npaB,[\0110,J:I06HOH 3Ta TOqKa spemrn; ee, 

no-Bl1,J:\11MOMY, CJJ8,[\yeT nepeCMOTpeTb B 110Jlb3Y 6oJJee 06I118H · rlfl10T83bl. ,IJ;etl - , 

CTBlfT8JlbHO, B cnyqae JllfMlfTa no Jl8Hl.\HHY BpH,J:\ JIH MO*HO rosopHTb O ,[\l1C6a~ 

JiaHCe rryJIOB HYKJI80Tl1,[\0B ,[\a'Ke no OTHOIU8Hl1ID K ayKCOTpOtpHb!M no Jl8Hl.\HHY 

III'TaMMaM. B TO *e BpeMH saBl1Cl1MOCTb BHXO,[\a JIOKYCHblX 11 .cynpeccopHHX pe

BepcoB K !1pOTOTpoqiHOCTl1 no Jietlu;,my OT CO,J:18p*aHl1R B cpe,I:le 3TOl1 a.Mil.HO-. 

Kll.CJIOTbl (p11c. 3) mmeT TaKC5tl *e xapaKTep' qTo 11 3aB_HCl1MOCTb BHXO,[\a pe

sepCOB no 8.Il,8Hl1HY OT HaJI11q11H B cpe,I:le :'lTOro HyKJieOTH,[\a (pnc. 2). Ytn'.!Tbl

BaR 3TO, MO*HO ,I\YMB.Th, !!TO 11,J:\ll.C6aJiaHCHblH MyTareHe3" HBJIH8TCR qacTHb!M 

cnyqaeM 6onee 06I11ero MexrumsMa BJll1HHl1R !pyHKL\110HaJibHO ro COCTOHHl1R reHOB 

Ha 11X MYTa611JibHOCTb, a reHHaR cnel.\Htpl1~0CTh ,[\11C6aJiaHCHOro MyTareHesa B 

3Haq11TeJihHOl1 Mepe o6ycJIOBJieHa peryJIHTOpHblM sipqieKTOM ,J:\11C6aJiaHca nynoB 

HYKJieOTl1,[\0B Ha qiyHKI.\l10HaJibHOe COCTOHH!1e pa3Hbtx reHOB •. 

I'MnoTe3a BJil1HHl1R cpyHKU,11CHJa.1IhHOro COCTORHHR reHOB Ha ll.X ·My:ra61tJibHOCTb 

He TOJlbKO ,[\JIH reHa ade2, HO 11 )J.JIH reHOB, KOHTpOJil1JlYJOI1111X Cl1HTe3 

Jl8Ml.\!1Ha /I3/' l1X perrpeCCl1H KOHe~blM npOAYKTOM Ha ypoBHe TpaHCKpltlll.\!111 

Ctn'.!TaeTCH TBep,J:10 ycTaHOBJieHHOll. 3aBlfCl1T Jll1 11 KaK qiyHKIJ;l10HanbHOe coc

TOHHlfe reHoB-cyrrpeccopon OT CO,[lep*aHll.H B cpe,[\e Jll1Ml1T11pyio~x MeTa60Jil1-

TOB 11 B006I11e OT MeTa6on11qecKoro CTUTyca KJICTOK, Mb! He 3HaeM. CKa3aH

Horo' O,[\HUKO' ,J:\OCTaToqHo' qTo6b! Bb!CKU3aTb 11pe,J:1ITOJIO*eH11e' qTo MYTU6!1Jib

HOCTb TUKMX reHOB, KUK ade2 it leu2, ITOBb]WUeTCH rrp11 rrepexo,[\e OT perrpec

c11poBaHHOro K ,J:1eperrpecc11pOBfillHOMy COCTOHHl1ID (pttc. 2 }I 3). TfoM 3TO MO

)KeT 6b!Tb ooyCJIOBJieHO? 

Kai, lt3B8CTHO, ,J:1eperrpecc11R reHOB y syKap110T CBR3aHa C cyi11ecTBeH

Hb!Mlf lt3MeHeH11HMl1 11X KOH!pOpMaIJ;l1lt /IO/. "AKTlfBHUH KOH!pOpMUI.\l1H 11 reHa co

xpattHeTCH ll BO BpeMH perrJil1KUI.\Hl1 )],HK 125 ,54/_ ,IJ;epenpeccHpoBaHHb!M reH 

CTUHOBl1TCR_6onee ,J:IOCTyTIHbIM ,J:\JIH ,J:1etlcTB~H;¥asHgIX ~e~MeHTOB, qeM reH, Ha
XO,J:\H~tlcH B penpeccnpoBUHHOM COCTOHHl111 4., 25 , 2 ' 9 , 54/ ; Ha HeM 6onee 

UKTll.BHO l1AYT npou;eccbl !pOTOpeaKTl1BUI.\Hl1 / 3G/ l1 TeMHOBOI! penap~1111 / 43-45/. 
I1MeIDTCH 11 APYrlfe CBe,J:1eHl1H O 60JibIUetl "na611JibHOCTM11 ,J:1epenpecc11poBaHHb!X 

reHOB. TaK, y 6aKTep1111 ,J:1eperrpecc11poBaHHble reHbl Cl1JlbHee ITOBpelK,11,aIDTCH 
Y~-cseTOM, qeM reHbl, HaxO,J:\HI1111eCH B pe11pecc11pOBUHHOM COCTOHHl111 / 35/, a 
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rrpH )],etkTBl-11-! HeKOTOpb!X x11:✓:1-1tteCKIIIX ~lyTareHOB /!8, 32 ,41/ III Y<l-cBeTa/52/ 
ttaCTOTa, B03Hl-!KHOBeHIIIR MyTal..\1-!M )],eperrpecc11poBaHHblX reHdB Bbll~C, tieM pen

pecc1-1poBaHHblX. Y ~ol!OKei-1 P,eperrpeccn!! reHoB corrpoBoJK)],aeTCR no21,mrem1m1 
ttaCTOTbl \ll1TOTl-!'CI8CKOV. peKoM611IH8.I..\l-!I-! / ,: . .0/. l{ COJKa.JICHH!O, B JIHTepaType 

npaKTIIItteCKV. H8T CBe)],eHIIIV. 0 BJIHR!!HIII qiyi-rnu;ttoHa.JibHOf'O coc:roRHHR remt Ha 

ero CITOHTaHHY:'l MyTa6111JibHOCTb. ToJibKO B O)],HOM pa6oTe 1521 rrpvrne)],eHbl 

Ta6JJIIII.J;bl' 1-13 KOTOpbIX MOJKHO pacctIHTaTb, 'CITO CITOHTaHHaR MyTa6HJibHOCTb o,a;

Horo 113 reHOB PHCTll,IJ;I-IHOBOPO onepoHa Salmonella typhimuriwn B )],epen

peccnpoBaHHOM COCTORHl-111 B 0, 7-I,8 pa3a BbPJie, tieM B COCTORHIIH penpec

CIIII. MoJKeT 6b!Tb, C 3TOM TOttKII 3peHHR CJie,IIY.eT paccMaTp,rnaTb II H8)],aBHO 

orry6JIHKOBaHHYJO pa6oTy K8P.HCa C coaBT. /I97, B KOTOpol1 aBTOpb!, ITOBTOpHB 

OITb!Tbl ]yp1-1a II ~eJib6pyKa 1421 B'YCJIOBIIRX HeJieTaJibHOH ceJieKI..\l-!11, o6Hapy

JKIIJII-I, ttTo y Escherichia coli B O)],HOM 113 reHoB JiaKT03Horo orrepoHa My

Tal..\l-!11 B03HHKaIOT H ITOCJJe rrepeHeceHHR KJI8TOK Ha CeJieKTIIBHYJO cpeP,y, 11 IIH

TepnpeTHpOBa.JIII 3TOT pe3yJibTaT KaK C.Yll(8CTBOBaH1-1e a,rr,anTHBHOro MyTareHe-

3a. ITpaB)],a, OTHOCHTeJibHO 3TOH pa60Tbl l!MeIOTCR cepbe3Hble MeTO,IJ;HtteCKl!e 
B03paJK8Hl1ff / 49/. . · 

Bee, CKa3aHHoe BbJ!JI8, I103B0Jlff8T paccMaTpHBaTb filITOTe3y O saBHCIIMOC

TH ttaCTOTbl !,1yT11pOBaHHR reHOB OT IIX <py}IKI..\1-!0HaJibHOf'O COCTORHlrn 1mK ttaCT

Hb!M CJJyttati 6oJiee 061!\ero YTBCpJK)],eHHR O BJIHRHIII-! qiyH_KI.J;IIOl!aJibHOf'O COCTO.fl

HIIR reHeTlltieCKl-!X CTPYKTyp Ha ca•.!b!e paSHble reHeT11tteCKII SHatIHMble .C06b!Tllff, 

COBepwaIOI!\118CR C yttaCTl!eM .[(HK: BOSHIIKHOB8Hl!e reHHblX II xpoMOCOMHb!X MyTa-

1.l;\llH, OC.Yll(eCTBJl8Hlle peITap~11 11 peKoM611Hal..\l-!II, a, BOSMOJKHO, TaKJKe KOHBep

CIIII reHOB, IIX a~ITJillqiHKal..\1-!H II BSaHMO,IJ;8HCTBIIR C M06HJibHb!MII 3JieMeHTaMH. 

dTO )],eJiaeT BITOJIHe rrpaB)],OI10)],06Hbl'l1 )],OIT.Yll(8Hl!e O 60JibIUeH 110)],BepJKeHHOCTH ,ll,8-

peITpecc1-1posaHHb!X reHOB, ITO cpaBH8Hl1IO C penpecc11poBaHHb!Ml1, pasJIH'CIHblM My

TareHHb!M B03)],eHCTBl1.HM 8H)],OreHHOH np11po)],bl, COBOKyrrHOCTb KOTOpb!X 11 C03-

)],aeT MyTal..\1-!0Hl!blH qx:lH, H8.Sb!BaeMblVi II CITOHTaHHblM MyTareHesoM", TOT 1¥1KT, 

'CITO y KJJeTOK ::iyKap110T pa3Jil!ttl1ff B (pyHKl.l;110HaJibHOM COCTORHl111 reHOB 113Me

HRIOT I-IX MyTa611JibHOCTb B ,a;eC.HTKII l1 COTHl1 pas, a y KJJeTOK np0Kap110T -

2cero B H8CKOJ!bl{0 pas' MOJKeT 6b!Tb 061>.HCHeH pa3HOH CTpyKTypHOH opraH11-

sau;11ev. reHeT11ttecKoro annapaTa y 3Tl1X rpyrrrr opraHHSMOB. ITptt 3TOM B sa

TpOHYTbIX reHax )],OJ!lKHbl npOHCX0)],11Th CJ!yttatlm1e pasHOHarrpaBJieHHble MyTa -

u;11a, cpe,a;tt KOTOpb!X YJKe ceJieKI.J;HR MOJKeT Bbl611paTb Te, KOTOpb!e 11MeIOT a,rr,arr

Tl1BHYJO u;eHHOCTb, ITpOCTO B aKTl1BHb!X reHax )],OJIJKHO BOSHl1KaTb 60JJbWee ttl-!C

JJO MyT~tl, tteM B reHax, HaxO)],RI!\HXCR B COCTO.HHl111 perrpecc1-11-1. 

BoJJbIIJ11M ,IJ;OCTOl-!HCTBOM rHITOTeSbl O BJll1.HHl111 qiyHKI..\1-!0HaJibHOf'O COCTORHl-!R 

reHOB Ha I-IX MyTa611JJbHOCTb RBJJ.HeTCR ee )],OCTyrrHOCTb )],JI.ff 3KCITep1-1MeHT8.JlbHOM 

ITposepKtt Ha C8.Mb!X paSHb!X JKl-!Bb!X opraHHSMax, )],OCTaTO'CIHO 113ytteHHb!X B re..: 

H8TlltteCKOM OTHOU1eH1111. Bee 3TO 1-! IT03BOJJ.HeT HaM ITp11HRTb 3TY rHITOTe3y B 

KattecTBe "pa6ottei1'' )],JIR )],aJibHetlW11x 1-1ccJie,a;oBaH11tl B 06JiacT11 CITOHTaHHoro 
1~ 11H,a;yu;11poBaHHoro MyTareHesa. 
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3AKJI!Ot{EH!,!E 

EcJJII 6yP,yI!\lle IICCJJe~oBaHl1.H ITO)],TBep)],ffT cqiopMyJil-lpOBaHHyro Bblllle rHITO-. 

Te3y, 3TO, ITOMl1MO Heo6X0)],11MOCTl1 KOHKpeT11s11poBaTb MOJieKyJJRpHble MeXaHl13-

Mbl BJJII.RHIIR !pyHKI..\1-!0HaJibHOPO COCTOJIBl1R reHOB Ha·11x MyTa611JJbHOCTb, 6y,IJ,eT 

11M8Tb ITO M8HbIUeH Mepe Tpl-! CJ!8)],CTBHR. 

Bo-ITepBblX,• 3TO 6y)],eT 03HaQaTb ecTeCTBeHHOe peweHHe CTaporo Borrpo

ca O BJJl1ffHl11-! BHeUJHl1X ycJJOBl1H Ha MYT~OHHb!H ITpou;ecc: eCJJI-! reHbl MyT11py

IOT TeM qall\e' tICM 11HTeHCl1BHee OHl1 "pa6oTaIOT11 ' TO MyTa~OHHb!M CITe,KTp KJJe

TOK )],OJilK81! OTpaJKaTb qiyHKI..\1-!0HaJibHOe COCTO.HHl1e HX reHeTHtteCKoro anITapaTa 

np11 )],aHHblX BHeWHl-!X ycJIOBl1/lX. EcTeCTBeHHO, ttTO B TaKOM CJiyttae MyTa611JJb

HOCTb KJICTOK CJieP,yeT xapaKTep1130BaTb He O)],Hl1M 8)],1-!HCTBeHHb!M ttl-!CJIOM (Ha

np11Mep, qacTOTOH MyT11pOBaHIIR KaKOf'O-Jil-!60 reHa), a pacrrpe)],eJJeH11eM 3TOM 

B8Jill'Cil!Hbl Ha ITpOCTpaHCTBe peJKIIMOB,_ Tpy,IJ,HOCTl1 HaxoJK)],eHHR TaKoro pacrrpe)],e

Jl8HIIR 6y)],yT ITOJIHOCTbIO oKyrraTbCR ero 3Bp11CTllttHOCTbID, 

Bo-BTOpb!X, 3aBIICl1MOCTb"·MyTa611JihHOCTl1 KJl8TOK OT qiyHKl.l;110HaJibHOf'O co

CTORHllff reHOBOTKpoeT BOSMOJKHOCTl1 )],Jiff 113ytteHl1.H p.H)],a peryJIRTOpHb!X CBR-

3efi HeITocpe)],CTB8HHO Ha lKl1BblX KJJeTKax, 6es 11X ·paspyweH11.H 11 rrperrap1-1po

BaH11.H. PR)], BOITpOCOB MOJJeKyJJRpHOH reHeTl1KH, CB.H3aHHb!X C peryJIRI..\1-!etl aK

Tl1BHOCTI-! pasHb!X reH0B, 0 MOJKHO 6y,IJ,eT l-!3yttaTb Ha JI( 11 Bbl X o6~eKTax, 

HCITOJ!h3YR B KatieCTBe MapKepoB qacTOTbl.MyT11pOBaHl-!ff pa3Hb!X reHOB, IT0)],06-

HO TOMY, KaK 11CITOJJbSyeTCR BCITJJeCK MyTa611JibHOCTl1 B TOttKe peITJJl1R~l1 .[(HK 
)],.TIR KapT11poBaHl1ff xpoMOCOM 6aKTep11t1.. He HCKJIIOtteHo, ttTO HeKOTOpb!e X11Ml1-

qeCKlle MyTareHbl 6yP,yT ycHJil-!BaTb MyT~OHHblH 3qxpeKT !pyHKI..\1-!0HaJibHOf'O coc

TOffHl-!R reHoMa, BbICTyrraR B pOJJl1 CBoeo6pa3Horo M11KpOCKOITa. 

B-TpeTbl1X, OtieBl1)],HO 3HatteH11e orr11caHHOro qieHOMeHa (eCJII-! OH ITOJIYttHT 

CTaTyc sceo6II1HOCT11) )],JI.ff 11sytteH11.R )],llqxpepeHu;HpOBKI-! KJJeTOK H TKaHetl B OH

ToreHe3e 1-1 B 11MMyHHOH c11c~eMe 11, KaK YJKe OTMeQaJII-! repMaH I-! ~BOpK11H 132{ 
)],JIR 061l\eM Teop1111 3BOJIIOI..\l-!11. 

CosepweHHO RCHO, ttTO qieHoMeH 3TOT He 11M88T Hl1KaKoro OTHoweHl1.H Hl1 

K "a,rr,anTl1BHOMY MyTareHesy", Hl1 K HaCJie)],OBaHHIO ITp1106peTaeMb!X CBOMCTB. 

0,IJ,HaKO 11 ITpe)],CTaBJieHl1IO O ITOJIHOM He3aBl1Cl1MOCTI-! MyTareHesa OT YCJJOBHM 

0611TaHl-!ff ITpl-!)],8TCff yc_Tyrrl1Tb MeCTO ITpe)],CTaBJJeHHRM 06 ·oITpe,IJ,eJieHHOM "Ha

ITpaBJJeHHOCTl-!11 MyTal..\1-!0HHOf'O rrpou;ecca, B TOM CMb!CJie, QTO rem,i, 11HTeHCl1B

Hee pa6oTaIOJJ.\11e B P,aHHb!X ycJJOBIIRX cpe,IJ,bl, tt~e MyT11pYJOT I-! TeM CaMb!M 

ITpe)],CTaBJJRIOT co6otl 6oJiee Jia611JibHb!M MaTep!-!aJI )],JIR ecTeCTBeHHoro OT6opa, 

HeJKeJJl1 CTa611JibHble, KOHCepBaTl1BHble, B )],aHHb!X ycJJOBl-!RX He l-!CITOJ!h3yeMble 

reHbl. 

lfaJIOJKeHHYJO Bblllle Cl-!CTeMY rrpe)],CTaBJJeHHM MOJKHO Ha3BaTb 11 qiyHKI.J;l-!OH8.Jib

HOH KOHu;enl..\1-!etl MyTa~OHHOrO rrpou;ecca". 
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