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l.BBE~EHHE 

· B pa6oTe. [1] HaMn 6Lmn np~anann3npoBaHhi ,naHHhie nccne,noBaHnii. 

perylliiUHH pa6oTbi SOS-cncTeMhi 6aKTepnH: E. coli-· npn .neH:CTBHH Ha KJieTKH 
. . . / 

Y<l>-nmyqeHIDI. Ha ocuosaHHH 3TOro. HaM~ .6Lma cqx>pMynnposaHa o6o6meH-, 

Hasi MOAeJib perylliiUHH. SOS-:cncTeMhl. OcHOBHbie noJio)KeHIDI 3TOH Mo.nenn 

cneJlyrom~e. Pa6oTa SOS-cnCTeMbi · perynnpyercx nocpe,nCTBOM B3aHMo.neH:CT

BIDI 'npo,nyKTOB feHOB /exA H .recA . . LexA~6eJIOK XBllileTCX penpeccopoM BCeX 

SOS-reiios, B TOM qncne reHOB. lexA H recA. RecA-6enoK B aKTHBHOH KOH-. . ' ' ;" 

cpopMaunn (RecA*) pacmellllileT· LexA-6enoK,_ CHHMasi penpeccnro TPaHCKpnn-
'' . 

unlrSOS-reHoB n, cne.nosaTeJibHO, JanycKasi SOS-oT~eT. RecA*-6enoK XBllileT-
•• ' ~ • ' • ; • > > I : ,' { 

ex npo,nyKTOM peaKUHH RecA~6enKa n SOS-cnrnana. SOS-curnan'?M npn Y<I>-
. . ' ·' . . 

o6nyqeHnn· xBllileTcx . o,nHOHHTeBasi .IJ.HK. KnHeTHKa · HapacraniDI:· BeJinqHHhi 

· SOS-cnrnana onpe~ellileTcx npo,nBH)KeHneM peDJIHKaTHBHOH BHJIKH no Mone-. 
" 

KyJie .IJ.HK, ·co,nep)Kameif nHpHMUAHHOBbie qx>TO.IJ;HMepbi (OCHOBHOH 6HOJIOI'H

qe~KH 3HaqnMhiH Tlln nosp~)K)J;eHIDI npn Y<I>-o6nyqeHn~). PeimncoMa, BCTpe-
.. .. ; . ; . . ' . . '· ·, 

THB .IJ;HMep; · npeKpamaeT CllHTe3 ,noqepHeH HHTH .IJ.HK H seno6HOBllileT CBOIO 

pa6oTy· "HH)Ke no TeqeHHIO", OCTaBJUIX uanpoTHB .IJ;HMepa )"iaCTOK O.IJ;HOHHTe-
• • • : • • ' ' ' • ~ ' : • • ' ~ • . • ' ; > • t. . : • ; 

BOH .IJ.HK - 6peiiib. TaKOH THn peDJII;fKaUHH. 6bm Ha3~ali _ "npepbiBHCT~H" p~n~ 
' \ . ' ' ·.·· . ' . .. : " . l; ,,.J • 1' . 

JIHKauneH:. YMeHbiiieHHe BeJinqHHbl sos:.cnrnana npOHCXO)J;HT 3a cqeT 3a:. 

.: CTpOHKH 6peiiieH .IJ.HK-noJIH~epa30H 1~1, i MOAH~~~HpOBaHHOH RecA * ~6~KOM 
TaK~M , o6p~OM,. qTQ TOqHOCTb . CHHTe3~ .IJ.HK yMeHbiiiaeT~JI: B~~HH~HOseH~e· · . 

. ), ' '· 
MyTaUHH npoHCXO.IJ;HT H3-3a HenpaBHJibHOfO cnapHBaHIDI OCHOBaHHH npH 3a-

, . : . '· . ' ' ,,. '. ·'·· 

CTPOHKe. 6pemn. 
,. ' 

3Ta • Mo,nenb KaqecrseHHO onncbiBaeT· npoueccbi;·perynnpyroiUHe 3aii)'CK . 
. ,, ' ; ; 1 . ·'' .;.. ' ,. . ·.· ... : --· > 

H npeKpameHHe pa6oTbi SOS-:-cncreMbi npn .neH:crsnn Y<l>-H3JlyqeHnx, a TaiOKe 
, . ' ; • •• l '. . •.• ' • ' ' • • ~. . ' - • " 

. co6Lrrnx, :npnso.nxiUHe . K B03HHKHOBeHHIO .· MYTauHH. OnncaHHbiH MeXaHH3M 
•' ··:T' • ·• ' "•' l 

[ 
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MyTareHeJa Mbl npe.[{JIO)I(llJIH B Ka'lCCTBe B03MO)I(HOro CO.[{ep)l(aHIDI lllHpOKO 

o6cy)l(.[{aeMoii B nnTeparype MyTarennoii SOS-penapaunn · [2-9]. 

Onncannoe B Monenn BJanMo.aeiiCTBne KJIIOtreBbiX peryJISITOpHbiX 6eJIKOB 

LexA n RecA uMeeT OT'leTnnBo Bhlpa)l(eHHMii Kn6epiieTn'lecK:nii xapaKTep n 

npe.aCTaBJIS!eT co6oii uem ynpaBJieHIDI c oTpnuaTennnoii o6paTnoii CBSIJhiO. 

TipnHHMaSI BO BHHMaHne 3TO o6cTOS!TeJibS:jBo, B nanuoii pa6oTe c:.aenana no~ 

nhiTKa MaTeMaTH'lecKoii ¢opMannJaunn KaqecTBeiiuoii Mo.aenn SOS

peryJIS!unn nyTeM nanncaniDI cncTeMbl nn¢cpepenunannHbiX · ypaBnennii. 

2. MATEMATJiqECKOE OllHCAHHE MO.!J:EJIH 

KaK YKa3hiBanocn, B ocnoBe pa6oTbi SOS-cncTeMbl ne)I(HT JaKoHoMep-

noe HJMenenne KOJIH'leCTBa RecA-6enKa, LexA-6enKa n .apyrnx SOS-6eJIKOB c 

Te'leHH~~ BpeMeHH C MOMeHTa 06Jiyqeulffi: l13MeHeHHe KOJIH'leCTBa . 6eJIKOB 

RecA n LexA BJaHMHO o6ycnoBJieno: LexA-6enoK (penpeccop) no.aaBJIS!eT 

pa60Ty feHOB . recA li le.xA, orpaHH'lll~aSI CKOpOCT~ CHHTeJa 6eJIKOB RecA H 
': ., ''.· ~* . " ,• . ' . . 

LexA, a RecA -6enoK HHaKTHBnpyeT penpeccop. TaKnM o6pa3oM, 3TH .[{Ba 

6enKa' SIBJISIIOTCSI 3JieMeHTaMll ueim yhpaBJieHrui c OTpnua~eJibHOH o6paT~Oii 

CBSI3bl0. Ecnn paccMaTpnBaTb KOHUeH~pauHn 6enfoB LexA, RecA H RecA • B 

o6~eMe KJieTKH KaK JaBHCHIUHe OT BpeMeHn ~~em! o6nytieHIDI BeJIH'lHHhl, TO, 

. ~CllOJih~YSI CBOHCTBl'i CHCTeM c o6paTHoii CBSI3blo H {)CHOBH~Ie np~u"uunbi; .6n{)

XHMH'lecKoii KHHe~HKll, MO)I(HO .· onnca~b npouecc peryJISIUHH pa60Tbi sos~ 

CHCTeMbl c nOMOiubiO. CliCTeMbl rin¢¢epeHUllaJibHbiX ypaBHeHnii. TeM caMbiM 
I . ; .. · 

Mhi nony'lnM Hn¢onMauniO o .[{HHaMnKe BHyTpnKJieTO'IHhiX npoueccoB, neJKa-
. ' 

mnx B oclioBe cno)Kiioro HBJieHIDI SOS~oTBeTa, · nocKonn'Ky pernenne cncTeMbl 

.llH¢¢ep~HUHaJibHbiX ypaBnel!nii 6y.aeT npe.acTaBJIS!Tb co6oii JaBncnM:ocTn · Ko

JIH'lecTBa Te·x llJI,H HHb!X peryJISITOpHbiX 6eJIKOB OT BpeM~Hll (KUHCTH'leCKHe 

KpHBbie). 
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I 

B nannneiirneM 6y.ayT ncnoni:.JoBaThCSI cnenyroulHe o6oJnaqeniDI: Cu 

CR. CR*• Cp, Cp• - KonuenTpaunn 6enKoB · LexA, RecA, RecA •, Pollll n Pollll, 

Mo.aiupnunpoBannoro RecA • -6enKoM cooTBeTCTBeHHO~ · Pa3MepnocTb · KOHUeH

Tpaunil COCTaBJIS!eT MOJib/JIHTp (M). JlnnHa 6perneH o6~3Ha~aeTCSI. S H H3MepS!

eTCSI qucnoM nyKJieoTH.[{OB (nyKJ1.). BpeMSI c MO~teHTa o6nyqennSI o60Jmiqae'f-. . ' ) 

CSI t H U3MepS!eTCSI B MUHyTaX. (~tHH). 

JJ:ncl1cl1epeuuuanLuoe ypasueuue JVIH LexA-6enKa. Hccne.aoBaune KJie-. . 
TO'lHbiX peryJISITOpHbiX CHCTeM C nOMOIUbiO annapaTa .llH!fl!flepeHUHaJibHbiX 

' '· 

ypaBnennii 6nmo npoBe.aeno E.fy.aBmiOM [10]. On nccnenoBan 8 o6meM Bll.ll.e 

Kone6aTeJibHble 6noxnMn'leCKne npoueccbi B KJieTKe. HcnoJihJOBanite pa3pa-

6oTaHHhiX aBTOpoM nonxonoB MS! ananma ueneii ynpaBJietmSI c . o6pa~noii 

CBS!JbiO Mo)KeT oKaJaTbCSI ~nonoTBOpHb!M MS! onncannSI perynHunn SOS

cncTeMbi. ·lleiicTBHTeJibHO,. ocnoBnoii qepTOii paccMaTpnBaeMoro B niumoii pa-

6oTe peryJISITOpHOro MeXaHliJMa SIBJISICTCSI HaJIU'lU~ OTpHUaTeJibHOii o6pan~Oit 
J • 

CBSIJH B npouecce BJanMoneiicTBHSI 6enKoB LexA, n ,RecA.· HTaK, o60JHa'lnB F 

H · G. !flyHKUHH, onpe.[{eJISIIOlUUe, · COOTBeTCTBCHHO; CKOpOCTb yBeJIH'leHUSI • · H 

yMeHhrnennH KonuqecTBa MoneKyn LexA-6enKa, JannrneM. nn¢<Pepenunannnoe 

ypaBnemte MS! KonuenTpaunn • L~xA-6enKa B o6me~t BH.Ile: 

dCI. = F(C1_)-G(C1 .• Cn,). 
' dt 

\ ,,'. 

(l) 

llpe.[{nOJIOJKHM, 'ITO KHHeTHKa no.aaB.JieHHSI LexA-6eJIKOM CHHTeTU'IeCKOii aK~. 

THBHOCTH SOS-reuon nMeeT .ioT JKe xapaKTep, 'ITO ~~ Knne:rnKa nH~I,t6npoBa

HIDI !flepMeHTOB.· 3TO 3Ha'IUT, 'ITO MOJieKyJibl LexA-6enKa o6paTHMO CBSI3biBa-. ' ' 

IOTCSI C llHK-MaTpHUeii, HJMeHSISI TeM CaMbiM ee CUHTCTH'ICCKYIO UK,TitBHOCTb. 

YpaBneune peaKunn ~~)l(.[{y llHK-MaTpnueii M n penp~~copm.t R TaKoBo: 
' ' ;; . 

~ 
M+R MR. 

~-1 
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flpu paSHOSeCHii, COrJiaCH() KJiaCCHlJeCKOH KliHeTHKe, KOHCTaHTa paSHOSeCl:lli 

3TOH peaKUHH KL pasHa 

K =!s_= [MR] 
r. k_1 [M]·[R] (2) 

I 
Ksa.upaTHbie CK06KH J.D.eCb 03HatJaiOT KOHUeHTpaUHIO. ~ B HarueM cnyqae pe-

, . / . . . " '· . 

npeccopoM liBJilieTCli LexA-6eJIOK, no3TOMY [R]~ cl. ~. llOJIHali KOHUeHTpaUHli 

)lHK-MaTpl:IUbl [M)0 pasHa cyMMe KOHUeHTpa~l:IH cso60.D.HOH If -:CSli3aHHOH C 

penpeccopoM JlHK-MaTpHUbi: 

[M]0 =[M]+[MR]. (3) 

113 cpopMyJI (2) If (3) cne.uyeT, 'ITO KOHUeHTpaUl:lli CS060.D.HOH }lHK-MaTpHUbi 

'[M] pasHa 

[M]= [M]o 
. 1+K C 

I. I .. 
(4) 

flpe.unoJIO:lKHM, 'ITO CKOpOCTh Cl:IHTe3a MOJieKyJI' LexA-6eJIKa nponopiJ.HOHaJih

Ha KOHUeHTpauHH· cso6o.uHoii JlHK-MaTpHUhi . [M] .. Tor.ua JanHrneM,. HcnoJILJYli 
I . . 

ypasHeHHe. (4) u o6oJHatJali''Iepe3 aL nonytJaiOIUyiOcli'nocne yMHO:lKeHHli KOH-

CTaHTY nponopUHOHaJihHOCTl:l: 

a/. 
~-< cl.) = 1 + Kl. cl. 

3KcneimMeHTaJihHO noKaJaHO, 'ITO peaKUl:lli CnOHTaHHOro pacmenneHHli MOJie-
, '. - ·. ; ' ' ; i ~ ' ; . . .. . ... . : • 

KYJI LexA-6enKa HMeeT nepsblii nopli.D.OK no CL [11]. llo3TOMY cKopoCTh 

yMeHbilleHHli KCJJil:ltJeCTSa LexA-6eJIK~ 3a cqf:T cno~TaHHOro pacna.ua no.riaraeM 
' _·: .': -~ ,' 'i ._ ·, . ~ . . . 

nponopuuoHaJILHoii CL. PeaKIJ.Hli: pacmenneHHli RecA -6enKOM MOJieKyn 
.. ! . ,. 

LexA-6enKa l:IMeeT nepSbiH nopli.D.OK no cL: l:l KOIICTaHTa CKOpOCTl:l peaKIJ.l:ll:l 
~ . . . . , . . ' . * . ; ~ . ' . ' , . ~ : .. ' 

nponopUl:IOHaJihHa KOHUeHTpaiJ.l:ll:l RecA [8]. Tor.ua nonytJHM, BSO.lJ.li: KOHCTaH-

TLI nponOpiJ.l:IOHaJibHOCTl:l eL l:l bL: 

G(CI .• cH.) = e/.cl. +bl.cl.cH •. 

/. 4 

/ 

::. 

I 

~ 

0KOH'laTeJibHO . .umpcpepeHI.(l:laJibHOe , ypasHeHl:le .l1.Jlli KOHUeHrpaUl:ll:l. 
' <' ~ , ' • • l ~ ' . . . ~ 

LexA-6enKa npHHHMaeT cne.uyromHii Sl:I.D.: 
,, . ' . 

dC1• a 1. -= 
dt 1+KI.CI. 

b1.C1_Cf1. -eLCL. (5) 

.U:m).JcJ.lepeHuHaJILHLie ypanHeHIDI WIJI Rec~, RecA* n Pollll+RecA~~ 

YsenHtJeHHe KOJIHtJecTsa RecA-6enKa s KJieTKe npoHCXO.D.HT Ja ctJeT CHHTeJa 

em s pH6ocoMaJibHOM: annapaTe, orpaHl:l'lHsaeMoro penpeccHefi LexA-6enKoM 
rr . . r 

reHa recA .. 3TO yseJil:ltJeHl:le Onl:ICbiBaeTCli tJJieHOM, aHaJIOfl:l'lHbiM TaKOMY :liCe 

tJJieHy S ypasHeHl:ll:l (5), O.D.HaKO C .D.pyrofi KOHCTaHTOH CSli:3H penpeccopa C 

JlHK-MaTpHUefi (KR SMeCTO KL) H .D.pyrofi KOHCTaHTOH nponOpUHOHaJibHOCTH 

(aL · sMeCTo aR). YsenutJeHHe. KOJIHtJecTBa RecA npoucxo.uuT TaK:lKe 3a ctJeT 

npespamemu~ aKTHsHofi cpopMbi R~cA *. o6paTHO s HOpManbHYIO cpopMy RecA; 

llpe.unono:lKHM, 'ITO 3Ta peaKUHli:-HMeeT nepsbiH nopMOK no CR*• u o6o3HatJHM 
~ - . - . 

bR*' KOHCTaHTY. nponopiJ.HOHaJibHOCTH.· 

. YMeHbilleHUe KOJIH'IeCTsa· _Rec~-6enKa npoHCXO.D.HT, so-nep_SbiX; scne.u

~ cTsue cnoHTaHHoro pacna.ua MOJieKyn RecA.(npe.unonaraeM nepBbiH nopMOK 

3Tofi peaKuuu no CR c KOHCTaHTOfi nponopuuoHaJILHOCTH eR) · u, so-BTOpLIX, B 
' . * ; 

pe3yJILTaTe ; npespameH~ • .RecA · s :RecA . nocne B3aHM().D.eHCTSHli: c SOS~ 

cHmanoM. llpe.unono:lKHM, 'ITO cK:opoCTL 3Tofi peaKuuu · nponopuuoHaJILHa CR 

l:l .D.JIHHe 6pernefi S, KOTOpali no Haruefi MO.D.eJIH xapaKTepu3yeT Benl:l'lHHY 

SOS-cumana, c KOHCTaHTofi n{1onopiJ.HOHaJILHOCTH bR. 

11cnOJIL3Yli: npuse.u~HHble coo6piDKeHHli: H !niccyinali TaK :liCe, KaK H npu 

BLmo.ue ypaBHeHIDI .l1.Jlli LexA-6enKa (5), HanurueM cne.uy~meb .u~qjq,epeiii:uf~ 
. ~ l 

annuoe · ypaBHeHHe ·.zirrn · RecA: ·· 
. ;· 

dCR a 
dt =1+;C +bR.CR.-bHCHS-e C 

R II ' \j ' R R. 
(6) 

-. . ' ' ' . ' ' - * ~- ' 
Kouueinpauriu 6enKoB RecA u RecA 51BJiliiOTC51 BJaHMHo .uononHu-

- . "' .. ' ., . ' - - .·. ; ,·., . ,. ., - . * 
TeJihHhiMH nepeMeHHbiMH, T.e. npu yserrii'I:eHHlf. CR 3a CtJeT ·noiepu RecA.-
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t5enKOM aKTHnnoii KoncpopMan:mi Cfl• yMeHbUiaeTcH na TY )!(e neJUI'Inny. Ana

JIOIWIHO, yMeHbllleHniO CR npn nJanMo,neiic-f:BIIn c o.nnonnTenoii .llHK 6peUieii 

oTneqaeT yneJIII'IeHIIe CR* na TaKYIO )!(e neJIII'IIIHy . .llo6an1In Tenepb npon:ecc 

* ' ' pacn~a MOJieKyn RecA -6enKa u onucan ero peaKn:IIeii nepnoro nopHJJ.Ka no 

CR* c KOHCTaHTOH nponopn:IIoHaiTbHOCTII eR*• nony'IHM nucpcpepenn:Hanhnoe. 

ypanneniie JJ.JIH RecA *: .,.; 

dCR··· ' 
--=bRCRS-bR.CR• -eR.CR•· 

dt (7) 

KoJIII'IeCTBO MOJieKyn · ronocpepMenTa Pollll II KOJIII'IecTno eJJ.IIHIIU: pe

napan:IIonnoro KOMnJieKca Poliii+RecA *, . nenymero · noJIIIMepHJan:niO 6peUieii, 

n CYMMe OCTaeTCH nOCTOHHHbiM: Cl' + Cr• = C0 • 3TO y'fnep)!(.QeHIIe OCHOnhiBa

eTCH Ha TOM npeJJ.nOJIO)!(eHIIII, 'ITO eCJIII KOMnJieKC PoliiJ+RecA* pacnanaeTCH, 

TO MOJieKyJia Pollll. OCTaeTCH cpyHKI.{IIOHaJibHO •· aKTIInHOH • II fOTOnOH K o6pa3o

naHIIIO HOnoro KOMllJieKca c RecA *. npii 3TOM Cp yneJIII'IIInaeTCH, a Cp. 

yMeHniiiaeTO::H Ha OJJ.HY II TY )!(e neJIII'IIIHy. npeJJ.nOJIO)!(HM, 'ITO CKOpOCTb peaK-

* . ' 
U:IIH o6pa3onanHH KOMnJieKca Poliii+RecA •in OTJJ.eJibHhiX MoneKyn Poliii n 

RecA * nponopn:IIOHaJihHa nponJnenenmo Konn:enTpan:Hii Poliii H RecA ~. c 

KOHCTaHTOii nponOpU:HOHaJibHOCTII bp: 'Torna nony'IIIM CJieJJ.yiOII.{ee Jl1Icpcpe

peHQIIaJibHOe ypanneniie JJ.JIH Poliii+RecA *: 

dCr• .:_b·· c (C -c, .• )-er.c,,., -.-- I' R• 0 
dt . (8) ' 

r,ne e P* eCTb KOHCTaHTa. nponOpl.{IIOHaJibHOCTII J1.!1H peaKI.{IIII JliiCCOI.{Hal.{UH 

KoMiiJieica Poliii+RecA *. 

YpaBHeHHJI ,QJIJI .QJIHHLI 6pemeii. nycTb 'IHCJIO ,QHMepon, o,6pa30Ban

IIIHXCH nocne neiicTnHH HeKOTOpoii Jl03bl Y<D-o6ny'leHHH, panno N. npenno

JIO)!(HM, 'ITO .QIIMepbi pacnpenenenhl no 6aKTepHaJihHOii xpoMocoMe cnyqaiino. 

Ecnii o6oJHa'IIITh L pa3Mep renoMa E.coli n 'IHCJie nap HyKJieOTHJJ.on, :r,o cpen

nee .'IIICJIO JliiMepon Ha eJJ.IIHIIU:Y Jl.JIIIHbl XpOMOCOMbl, MOJJ.eJIHpyeMOH Jl.Jl~HHbiM 

6 

;:. 

o/-. 

oTpe3KOM, panno h = N fL. BepoHTHOCTb dP Toro. _'ITO · paccTOHHne Me)!(.Qy 

,nnyMH nbiOpaHHbiMH ,UHMepaMH Jie)!(HT n IIHTepnane OT fno l+dl, panna npOH3-

neJJ.eHIIIO nepOHTHOCTII He IIMeTb nTOpOH .QIIMep Ha paCCTOHHilll I OT. nepnoro 

(ona panna e-h/ no 3aKOHY nyaccona c nynenbiM 'IHCJIOM ycneUIHbiX COObiTIIH) 

II nepOHTHOCTII IIMeTb nTOpOH ,UIIMep n HHTepnaTJe dl (3Ta nepOHTHOCTb panna 

h·dl): 

dP =he-hi dl. 

no onpeJJ.eJieHIIIO cpeJJ.Heii neJIH'IIIHbl cpeJJ.Hee paCCTOHI:IHe Me)!(.Qy .QHMepa!'>III 

panno 

/, 

JldP 
L=-o-,. . 

jdP 
(9) 

BJHn no qacTHM HHTerpan n 'IIICJIHTeJie cpopMyJibl (9}. nony'IHM 
I . 

jidP = _!_(1- e __ ,._ N e-x). . 
c h . 

(10) 
. ,. 

BbitincJIIIn mnerpan n JHaMenaTene cpopMyJibi (9}. nony'IHM 

·/· 

jdP=I-e-"". (II) 

noJJ.CTaniin Tenepb n~Ipa)KeHIIH ( 10) II (II) n cpopMy~y (9), nOJIY'IIIM 
- I' ~ > 

- I (. · N)·· • 
L =-,; I-eN-i : .. (I2) 

. npiiHHn no nHIIMa'niie,: 'ITO Yel>-HJJIY'IeHHe OObi'IHO IICnOJib3Yef.ioil n 3KCnepH-
; ' ·; . .: ' . ' ~· " ~ 

MeHTe .noJbi (6onee I .ll~M2) npHnOJJ.HT ·K o6pa3onamtiO 6mib~6ro 'IIICJia .nu-

Mepon ;(N>> I), nony'IHM II3 (12) n npeneneN~.oo npH6JIH)!(eHHoe JHa'IeHIIe 

cpenHero pacCTOHHHH Me)!(.Qy JJ.IIMepar.m: 

_ .. , I . L 
L::::h~ N. 

·;-
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TipHMCM B JJ.aJlhHCHIIJHX BhJllHCJICHIUIX npn6JIH)KCHHC paBHOMepHOro pacnpe,ne

JICHIDI .nnMepos no xpoMocoMe c paccT051HHeM Me)K.ny HHMH, paBHhiM I .. 

Comacno npe.niiaraeMoii MOJJ.eiin, 6peum no51BJI51IOTC51 B pe3yiihTaTe 

"npephmncroii" peniinKaunn (pnc.1 ). KaK H3BeCTHo, peniinKaumr KOIIhuesoii 

6aKTepHaJihHOH XpOMOCOMhl JJ.ByHanpaBIIeHHa51 H Ha'IHHaeTC51 C caiiTa oriC, 

pacnOJIO)KCHHOro Ha 83 MHHyTe reJieTH'IeCKOH KapThl. llse peniiHKaTHBHhiC 

m:mKn JJ.BH)KYTC.ll B npoTnsonoJIO)KJihiX fianpaBIIeHH51X npnMepno c o.nnnaKo

BhiMH CKOpOCT51MH H BCTpe'laiOTC51 B 06JiaCTH TepMHHaQHH peniiHKauHH, pac

llOJIO)KeHHOH Ha 31 MIIHyTe [12). TaKHM o6pa30M, o6pa30Banne 6perneii MO)K

HO paCCMOTpeTh TOJihKO Ha OJJ.HOH OOJIOBHHe KOJih[\CBOH XpOMOCOMhl, a 3aTeM 

noiiy'leHHhiH pe3yiihTaT M51 MHHhi 6perneii y.nsonTh. 

Ha o.nuoii noiiOBHHe xpoMOCOMhi pacnoJiaraiOTC51 N/2 ,nnMepos. Tipo-

· uecc pacna.na peniincoMhi na .nnMepe n Mexann3M ee ,nanhneiirneii pemmuna

unn He HCCJICJJ.OBaH. B JJ.CTaii.liX, ll03TOMY B ,naHHOH pa6oTe Mhl npHMCM CJie

JJ.YIOIIIYIO Mo,neJih. l-b-3a pacna.na peniiHCOMhi npouecc peniiiiKaunn npnocTa-
' 

HaBJIHBaeTC51 H B0306HOBJI51CTC51 llOCJie ee penHnunaunn - CIIHTC3HpyeTC51 llHK ' 

.\ 

100'/0' 

PHc. .1. 06paJoBaHHe 6peum - peJyJJbTaT "npepbiBHCToii" permHKauHH, . 

Ha'IHHamweiica Ha 83' H JaKaH'IHBamweiica Ha 31'. BCTpeTHB nH':(ep, o6o

JHa'!aeMbiH JHaKOM x, penJJHCoMa pacn<maeTca H BOJ06HOBJJlleT pa60Ty La 
HyKJJeoTHnos nanbwe no HanpaBJJeHHIO csoero nBHJKeHHa 

8 

I 
f 
1 
( 

! 
\ 
f. 

j 

_t' 

l 
t 1'/, 

"l 
r 

JJ.0'1CpHeii HIITII Ha yqacTKe (MHHOH La) pOJJ.HTCJihCKOH HIITII, KOMniiCMCHTap-
: • , • , ; ' • • • • < .' 

HOH TOH, KOTOpa51 co,nep)KHT JJ.IIMep, II ,nanee npOHCXOJJ.IIT y)Ke C!IHXpOHHa51 

pe,nyniinKauiDI o6enx po,nnTeJihCKIIX HUTCH llHK, llOKa He BCTpCTHTC.ll CJie

JJ.YIOIIIHH .nnMep. Tiociie pennnunaunn peniincoMa pa6oTaeT .no cJie,nyiOmero 

.nnMepa Ha yqacTKe )J..TJHHoii I pOBHO CTOIIhKO )Ke speMeHH, · CKOJihKO Tpe6yeT~ . . ) 

C.ll )J..TI.ll peniinKaunn TaKoro )Ke yqacTKa Henospe)K,neHHoii'llHK. 

HTaK, 'speM51, KoTopoe ueo6xo.nnMo .nillr o6pa3omiuilll: o,nHoii 6pernn 

MHHOH La HyKIIeOTH.nOB (ta), cKJia,nhlsaeTcil ··n3 speMeHn, 3aTpaqnsaeMoro Ha 

penHminauniO pacnasllieiic.ll Ha .nnMepe peniincoMhi (tp), n speMeHn pa6oThi 

penHnunnposasrneiic51 peniinCOMhi .no' cJie,nyiOmero .nnMepa, Ifv F • 06b3mi'IHM 

V F H3MepeHHYIO BO MHOrHX 3KCnepHMCHTaX . CKOpOCTh llOJIIIMepmaunn 'llHK 

roJIO!pepMeHTO~·Pollll. Tor,n~ HCKOMOe HpeMa t(; paBiiO 

' I L 
tc; =-+tl' =--+tl'" 

··v1 .. ·· NvF · 
(14) 

HTaK, Ka)K,nhie ta MHHYT. 'IHCIIo 6pellieii yseJinqnsaeTc.ll Ha e.nnHnuy, 

noKa ·He .nocTnrneT 3Ha'leHIDI N f1. Eciin C'IHTaTh, 'ITO MOMeHT. Ha'lana . peniiH-

KauHH COBna,naeT C MOMCHTOM 06Jiy'leHIDI, TO 'IIICJIO 6perneii, o6pa30BaBillHXC.ll 
' ' . ·' . . .' - ' . ' . . --

K MOMeHTY BpeMeHH t (Na), MO)KHO Bhi'IHCJIHTh ll() CJICJJ.YIOIIIeH cpopMyJie: 

[~] 
Nc;(t) =. · '2:, 8{t- qtd), . (15) 

q=l 

'r.ne S(x) - cpynKiiiDI Xesnca~a, a [x] 03~aqaeT orrepauniO B3.liTIDI ueJIOH ~acm 
' . ·.• ' . . 

oT x. BeJin'lnHy ta onpe,neJI.lleM no cpopMyiie (14). 06pa3oBaHne 6pemeii 3a:-

KOH'IHTC.ll BMCCTe C peniiHKauneif qepe3 BpeM.ll 

N 
(T = 2fc; (16) 

~ ' l ~ • ·. 
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I 

noCJie o6nyqeHIDI .. BeniNHHY ta onpeue.m~eM no cpopMyne (14). llocKOJihKY 

N>>l, cTyne~aryro cpyHKUHIO (15) MO:lKHO annpoKCHMHposaTh JIHHeiiHoii 

cpyliKuueii 

l t{.,t:!>tr' 
NG(t)= ~~G. 

%_,t>tr. 
(17) 

3uecb ta onpeue.m~eM no cpopMyne (11); a tr- no cpopMyne (16). 11TaK, MHHa 

6pemeii ysenuqusaeTCH no 3aKoHy 

SG(t) = 2N G(t)LG. (18) 

PaccMOTPHM TenepL npouecc penapauuu 6pemeii. 06o3Haqm.t Ns q11cno 

6pemeii, Ha . KoTopLix . y:lKe HaqanacL H H.ll.eT penapauiDI. llpeunono:lKHM, qTo 

CKOpOCTb peaKUHH Haqana nOJIHMepH3aUHH O.ll.HOHHTeBOH llHK 6peum npo

nopUHO~aJibHa qucny 6pemeii, Ha KoTop:hiX penapauHH eme He Haqanach, T.e. 

(NG -Ns), H KOHUeHTpaUHH penapaUHOHHOro KOMllJieKca Poliii+RecA* (Cp•). 

Toma nonyqHM cneuyromee .ll.HcpcpepeHUHanLHoe ypaBHeHHe MH Ns: 
~ • . ' I 

. ' 
dNs 
--;}t=asCp,(Nc; -Ns)· (19) 

3uecb a~ eCTb KOHCTaHTa nponopUHOHaJihHOCTH, 'aNi; onpeuenHeTCH 'no cpop-

MyJie '(17) .. llpH t<.ta, KOf.ll.a He 3aBepilleHO cpopMHpOBaime HH O.ll.HOH 6pernlf, 

N s = 0. llanee, . BJIIDIHHe RecA * -6enKa Ha .nel'ITeJihHOCTh nonHMepH3yromeii a

cy6ne.nmmULI ronocpepMeHTa Pollll Mano [7], no3TOMY cKopocTh pa6oThi 

. Pol~II MO~Ho nono:lK~;h. paBHoii VF if .for.na speM~ JacTpoiiKH o.UHoii ·6pern11 

(ts) BbNHCJI9:eTC~. rio <IJopMyJie 

Is = !:_q_ 
Vp .• 

,, 
' 
(20) 

B HHTepBane BpeMeHH t E [0,/c; +f.~], Koma HH O.ll.Ha 6peiiib eme nOJIHOCThiO He 

3aCTPoeHa; nonyquM _nm MHHhi JaCTPOeHHLIX 6perneii (Ss) CJie.nyromyro cpop

Myny: 

10 

,_ 
Ss(l) = 2fv1. Ns(S~ · 

0 
(21) 

B HHTepsane BpeM~lUI I E(/1; .f.t~,w) HMeeM: 

I 

Ss(l) = 2LuN1,(1- Is) +.2 J v1 (t-s)dNs(S). 
1-1 .. 

B3}}B HHTerpan B nocne.nHeH cpopMyJie no lJaCT}}M, nony'IHM OKOHlJaTeJibHO 3a

KOH yMeHbllieHH}} MHHhi BCeX 6perneii: 

I 

Ss(t) = 2 J "rN.~<s)cJS 
1-1.~ . 

(22) 

J1TaK, nOJIHM MHHa 6perneii B MOMeHT BpeMeHll t BhllJHCJI}}eTC}} no cpopMyJie 

S(t) = S1, (/)- Ss(t), · r.ne cpynKUHIO Sa(t) onpeuenl'IeM no ¢op~1yne ' ( 18), a 

cpyHKUHIO · Ss(t) - no cpopMynaM (21) HJIH (22) B 3asucuMocm (n 3HalJeHU}} t. 

CucTeMa ypasueuuii. Mo.nenu. MaTeMani'IecKoe onHcaHue 'c¢opMynu~ 

po'silHHOH B 'npe.ll.hl.ll.YlU~M pa3.nene MO.Il.eJIH BKJIIO'IaeT B ce6}} ypaBHeHU}} (5)

(8), (17), (19) H (21 )-(22). 3TH ypaBHeHH}} ~IO:lKHO 06ne.ll.HHHTh B CJie.ll.yiOlUYIO 

CHCTeMy: 

dCI. a 
--- I 
. dt -I+KC -biCI.C/1, -e C 1. '/. I. I. 

dCR = all +bn,Cn• -bnCnS-enCn 
dt I+ KRCI. 

dCn• =bnCnS-bn,Cn• -eR',CR' .dt . .. . . (23) 

del .. -'-b. c·· (C -c .• )-el .. cl'' -~-I' II' ·o I 
dt 

dNs _ C' (N. _ N. ), n pu t > t,, ---lis ·r• c, ·' 
dt . 

Ns(l) := 0, n pu t :s; lc; 

S(t) = 2N1, (I) L;, .-:- Ss (t) ~ (24) 

II 



2v1 .. J NsCE,)dC,, I <I,; +Is 
Ss(t)= o, . 

{ 

I 

2v~-",!,!"s(s)dC,, 1 ~ 1,; +Is , 

{ 

1/ :1$11 
/lfi 

N,;(l) = ~,I> lr 

_.) 

(25) 

(26) 

me t,; =~+11, a tr = N_t,;. CIIcTeMa ypasneHIIii (23)-(26) IIMeeT cne-· 
NvF 2 

JlYIOIUHe napaMeTphi: au bu eu Ku aR, bR, eR, bR*• KR, eR*• bp, Co. ep•, as, Lc, 

YF· ts, tp. 

Onpe)leJieHue napaMerpoB. MOJleJIH. HeKoTop.hie H3 napaMeTpOB CIICTe

Mhi ypasnenuii (23 )-(26) HMe!OT KOHKpeTHhie qucnoBhie 3Haqenu.si. Onpe)leJIHM 

3TH 3H~qeHH.si, HCXQ_)l.si H3 )lOCTynHhiX 3KCnepiiMeHTaJihHhlX )laHHhlX .. 

BpeM.si nonypacnana.MoJieKyn LexA~6enKa B xo)le peaKUUII cnoHTanno

ro pacncu:<a COCTaRII.sieT 1112 ""60MHH .(8,11). flOCKOJihKY CIJOHTaHHblH pacna)l 

ecTb peaKUH.si nepsoro nop.siJlKa no CL. TO JlJl.si 3Toii peaKuuu MO.IKHO JanucaTh 

cJieJly!OIUee JlHcpcpepeHUUaJihHOe ypasnenue: 

dC1 . 
--· =-e C dt I. I .• 

HcnoJih3Y.si onpe)lenenue BpeMenu nonypacnana · KaK oTpe3Ka BpeM.enu, B Teqe

nue Koioporo pacnanaeTc.si nonosuna MOJieKyJI, u pernenne :noro JlHcpcpepen

UHaJihHOro ypaBHeHH.si, nonyquM cne)ly!OIUee 3H~qenue napaMeTpa eL: 

ln2 
er =-= 1,2 ·10-2 MHH- 1

• 
. !1/2 

BpeM.si nonypacnana RecA-6enKa MO.IKHO ouenuTh, ucnoJih3Y.si yKa3aHH.si 

mi 3Haqu~~hHYIO ero cTa6llJihHOCTh [13]: ! 1~~-cA ""3t,~•A. KpoMe Toro, snonne 

Jiornqno npe)liJOJIO.IKIITh, qTo aKT~BHhlH RecA * -6eJIOK He OTJIIIqaeTC.si no CBOeH 

I2 

cTa6HJihHOCTH OT RecA. Gne)loBaTeJihHO, nonyqaeM cne)ly!OIUHe 3HaqeHH.si na-

4 0 10-3 . -1 paMeTpOB eR II eR*:eH = eH~ = , · MIIH .. 

113BeCTHhl paBHOBeCHhle KOHCTaHThl )lHCCOUIIaUIIII (Kd) · )lJI.si MOJieKyJI 

LexA-6enKa, CB.si3hiBa!Omuxc.s~: ·c JlHK-MaTpuueii · renoB le.xA II · recA: 

KdLexA =2,0·10-
8 M, KdRecA =2,0·10-9 ·M[14]. BenuqiiHa Kd paBHa'KOHUeinpa

UHII penpeccopa, He06XO)lHMOH )lJI.si 50o/o-ro CB.si3hiBaHH.si. JlHK-MaTpiiUhi. 113 
" . .. ' 

cpopMyJihl (4) )lJI.si KOHUeHTpaUUII CB060)lH~H JlHK-MaTpJ!Uhi. CJie~yeT,, ,qyo 

·K1_ =I/ KdLe•~, :·. :· H : Kn = Ij KdRecA •·. CJie)loBaTeJihHO, · KL =5,0~107 M-:, 

"KH = 5,0·108 M"'. 

B neo6nyqi!nnoii KJieTKe E.coli npu nopManhHhiX ycnoiiH.six pocTa co

Jlep.IKHTC.si OKOJIO 1300 Mo.JieKyrr LexA-6eJIKa [8], 7200 MOJieKyJI RecA-6errK:a 

[8] n 20 M:oneK:yn ronocpepM:e:fna Pollll [15]~ flpe)lnonai:-ruJ: o61.eM ki-ieTKH . . . 

paBHhiM 'V=1MKM
3
=10"

15 
n,''nonyqiiM no cpopMyJie ·c=Nj(NA·V), [Jle N-

qucno MoneKyn B KJieTKe, NA ~ 6,0·1023 MOJih-1 ~- qnc~o· A-Boraiipo,·cne)ly!O-
, . ' . 

mne 3HaqeHH.si 'wrn naqanhn'hiX K~Huelupau·u~' OerrKOB Le:XA, RecA ~ Poliii: 

cl~ (0) = 2,2 ·10-6 M, c H (0) = I£ I b-s M::·:<~·; =3,3 ·.1 0~8 M. 
•. : ·.·· ' ' ' .,.cJ ' . ' '. . ::.:,. :>1 ···. 

Jlanee, npn nopMaJihHhiX ycnoBH.siX pocTa KonnqecTBa 6enKOB LexA n RecA B 

KJieTKe OCTa!OTC.si nOCTO.siHHhiMII, n03TOMy, fiOJiara.si B COOTBeTCTBYIOIUHX ypaB

HeHH.siX (23) c[Cj dt = 0 ~ dC H j d_t = 0 ; C n• = 0 u S = 0 , nonyqnM cne)ly!OIUHe 

Bhipa:i:enirn: a/. = eL c/,(0)(1 + K;.c/,(0)), a;;·;, e~CR(O)(l +KRCI. (0)). flO)lCTaBUB 

.' . . . : . -6 
panee onpe)leJieHHhie 3HaqenH.si, npnyqiiM oKonqaTeJihHO ··a 

1
• = 2,9 ·1 0 

s . 
MIMHH, a R = 5,3 ·1 o- MIMHH. 

~; 

. PeaKUH.si pacmenJieHH.si LexA-6enKa RecA * -6eJIKOM nMeeT nepBhiH no-

Jl.si)lOK no CL, a KOHCTaHTa CKOpOCTll 3TOll peaKunn' nponopUHOHaJihHa CR* [8]. 
• , , · , - ~' .r t: . . , . , 

CJI~JloBaTenhno, 3TY peaKUIIIO Mo.IKHo onucaT~ cne)lyromu~· Jin¢¢e,peii~IIaJih-
HhiM ypaBHeHIIeM: 

13 



' d~L =-:-bLCR,C/,' 

.BpeWI nonypacna.na .LexA B :noli peaKUHH coc-raBIDieT 1 MHH. Peumn ::no 

· ypaBHeHHe OTHOCHTeJibHO CL H noJIO)!(HB C R' = C R (0) = 1,2 ·1 o-s M, noJiy'IHM 

. bLCR' = ln2 MHH-t, HJIHb1• = 5,8··10
4 

1/(M·MHH). 

· KaK · y)!(e yKaJLIBaJIOCL, peOJIHKaUIDI .D.HK nocne neikTBIDI na KJieTKH 
..J -

Y«P-n:lltyqenneM .siBIDieTc.si "npepLIBHCToii", T.e. B .D.HK no.siBIDIIOTC.si onnoHHTe-

. Bbte ne<JleKTbl (16). llpH 3TOM cpeJJ:H.si.si )J)lHHa OJJ:HOH 6peiiiH COCTaBIDI

eT La = 900 HyKJI. TaK)!(e 61.ma ouenena neim'IHHa npeMeHH 3a,nep)!(KH pennn-

KaTHBHOH BHJIKH Ha BCTpe'IHOM .I{HM~pe (16). 06pa30BaHHe B Jl.H.K. 270 JJ:HMe-. 

pon npunonHJio K ynenH'IeHHIO na6nronaeMoro npeMeHn ynnoenu.s~ nonyn.s~unu 
' ' \ > ' • ' ' 

. JJ:O 90 MHH no cpaBHeHHIO C 45 MHH.JJ:JI.si Heo6nyqeHHbiX KJieToK: 3TO 03Ha'laeT 
' • • ' ' , ••• ,, ,, j • ,' • - ' ,; ; ; 

3a,nep)!(Ky B cpeJJ:HeM 10 C Ha Ka)!(JJ:O~ JJ:HMepe., B Harneii MOJJ:eJIH 3TOH BeJIH'IH

He COOTBeTCTByeT napaMeTp tp. CJieJJ:OBaTeJibHO, t 1, = 0,17 MHH . 
.. . . 1 •.. , ' ' ' ' ; 

Ha'koneu, H3BecTHLI pa3Mep reHoMa E.i:oli, cocTaBJI.siiOIUHH L = 4,0·10
6 

• . ' . 'l : . • • • . • -

nap HyKJieO~HJJ:OB, H CKOpO~Tb noJIHMepH3aUHH Jl.HK OJI:HOH MOJieKy~Oll fOJIO-

<JlepMeHTa Pollll. V F := 6,0 • 104 
• nap HyKJI.fMI;iH· no <JlopMyJie (20) MO)!(,HO Bbi-

'IHCJIHTb BpeM.si 3aCTpOHKH OJJ:HOH 6pelliH ts: f.~ = 1,5 · 10-2 
MHH. . . 

llapaMeTpbl, bR, bR*• ep•, bp, H as OCTaiOTC.si CB060JJ:Hb!MH H MOryT 6b!Tb 

onpeneneHLI n pe3yJILTaTe cpanneHIDI pac'leTHbiX naHHhiX c 3KcnepHMeHTaJ1b

. Hb!MH pe3yJILTaTaMH. 

3. 3AKJIIOqEHHE 

B pa6oTe [1] naMH 6hma c<PopMynuponana MOJJ:eJIL peryn.s~unu. SOS

CHCTeMLI 6aKT~p~ii E.c~li npn neiicTBH~ Ycv~n3Jiyqen~~. Ha ocnosannu no

Jio)!(eHJiii Monenu H npunuunoB 6uoxnMn~e~KoA KHHeniKn B Aa~HOH pa6oTe 

14 

npe)J)lO)!(eHbl JJ:HcpcpepeHUHaJibHble . ypa~HeHH.si (23) n:rr.si KOHUeHTpaUHll .. 3THX 

6eJIKOB B KaqecTBe nepeMeHHhiX, a B npn6mnKenuu paBHOMepnoro p'acnpe.ue

JieHn.si .unMepoB no xpoMocoMe nony<Jena <J>opMyna nJI.si )J)lHHhi 6perneil (24). 

«PopMyna ·(24) npe.ucTaBJI.sieT co6oii Ko.rmqecTsennoe onncanue KHHe~HKH 
' - . . ) 

SOS-oTBeTa B uenoM, T.K. )J)lHHa 6perneil ecTL Mepa BeJIH'IUHhi SOS-cnrnana 

npn Y«P-o6nyqennn. TaKHM o6pa30M, B Halliel\I pacnop.s~IKenmi lll\leeTC.si OOJI~ 

Ha.si cncTeMa ypasnenuil (23)-(26), HeKOTOpLte. napa11ieTpL1 Koropoii .6hmn 

OUeHeHbl, HCXOM H3 · 3KCnepHMeHTaJibHbiX na.HHbiX. Pernenne nOJly'leHHbiX 

ypaBHeHUH 003BOJIUT npOBeCTH 'KOJIHlJeCTBeHHblli aHaJIH3 OCHOBHhiX CJieJJ:CTBHH 

Mo.uenn, ocymecTBHTL cpasnenne 3KcnepnMeHTaJihHhiX naHHhiX u pe3yJihTaToB 

pactieTa H OUeHHTb HeKOTOpbH~ MaKpOCKOnHlJeCKHe riapaMeTpbi, xapaKTepu-

3YIOIUHe KnHeTHKY 6noxnMH'teci<ux npoueccos SOS-peryJI.s~uim. · 

Omm n3 asTopos (C.B.A.) Bhtpa)l(aeT 6naro.uapnocTb B.n.AKcenosy 3a 

noJie3Hhte o6cy)I(JleHn.si, cnoco6c:rsosasrnue ynyqrneHHIO pa60Thi. 
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AKcenoR C.B., KpacaRIIII E.A., IliiTRim A.A 
MoaeJib SOS-oTReia 6mnep11ii Escherichia c 
npu Yct>-o6JIY'Iemm. 2. YpaRIIellml It 1mpaMe 

npe!lJIO)I(e;Ia ~HITeMaTII'IeCKaSI ~to!leJib S 
npn aeiicTRIIII YJJbTpaqmoJieToRoro IIJJIY'Ienn: 
co6biTIJii pel)'Jilltlllll pa6oThl SOS-cnCTeMhl. 
SOS-CIICTeMbl RecA II LexA xapaKiepJnyeTc: 
CRSI311. C Y'leTOM CROiiCTR CIICTeM C o6paTIIoii 
KlflleTllKII IIOJiy'lella CIICTe~Ja !lllqxpepeiiUII<l' 
6eJJKOR RecA u LexA. .C!leJJana oueuKa 
J).OCTYIIIIbiX :::IKCIIepitMeiiTaJibllbiX !lalllihiX. 

Pa6om Rhmcmnena R OraC!IemmpMiwuit 
'JlORUIIIIii 0115111. 

nepeRO!l aRTOpOR 

Aksenov S.Y., Krasavin E.t\., Litvin A.A. 
Model of SOS. Response of Escherichia Coli 
after UV.Irradiation. 2. Equations and Param 

,- . '. -

The·mathematical model of SOS respon: 
irradiation .which describes the consequence c 

• . J 

the function of SOS system is proposed. A1 
system; RecA and LexA; employs the mecha11 

·account properties of systems with a feedbad 
principles the system of differential equation 
and LexA is proposed. An estimate"ofthe para 
experimental data is m.ade. 

The investigation has been performed 
Radiobiological Research, JIN~. 
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