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KaK HsaecTHO, ~epMeHT~ penapa~HH y E.coli, ocy~ecTanR~~He 
AeCTPYK~H~ H peCHHTe3 noapemAeHH~x y4aCTKoB AHK, HaXOARTCR 
a KOHKYPHPY~~Hx asaHMOOTHoweHHRx/I/. XapaKTep 3THX B3aHMOOTHo
weHHI1 MomHo noHRTb Ha ocHoae TeopHH ''penapa~HOHHoro 6anaHca", 
paspa6oTaHHol1 C.E.6pecnepoMI 21. CornacHo pa3BHT~M npeACTaaneHMRM, 
AerpaAa~MR AHK RBnReTCR Heo6xOAMM~M 3TanoM penapa~MM, npeAwecT
ay~~MM pecMHTesy HapyweHHOH cTpyKTYP~ AHK. KoHKYPMPY~~Me B3aMMo
OTHOWeHMR pa3H~X THnOB $epMeHTOB penapa~MH C03Aa~T B03MOmHOCTb 
M3MeHeHMR "penapa~MOHHoro 6anaHca" nM6o nyTeM noa~weHMR aKTMs
HOCTH AeCTpyKTMBH~X $epMeHTOB - HyKnea3, nM60 3TO M3MeHeHMe 
conpRmeHo c aospacTaHMeM AeRTenbHOCTM nonMMepas, ocy~ecTBnR~~Mx 
npo~ecc~ pecMHTesa. CABMr "penapa~MOHHOro 6anaHca" a TY MnM 
MHY~ CTOPOHY OTpamaeTCR Ha aenH4HHe 4YBCTBMTenbHOCTH KneTOK 
K y-o6ny4eHM~. HanpMMep, noAaaneHMe aKTMBHOCTM 3HAo- M 3K3o
HyKneas paAMOnpoTeKTopaMM C03AaeT ycnoBHR AnR 6onee 3$$eKTMBHol1 
pa60T~ nonMMepa3 M npHBOAMT K noB~WeHM~ paAMOpe3HCTeHTHOCTM 
KneTOK / 3/. 113 o6~MX coo6pameHMH MOmHO CAenaTb BbiBOA, 4TO CABMr 
"penapa~MOHHoro 6anaHca" y E.coli, no-BMAMMOMY, oTpamaeTcR KaK 
Ha 06~eM 06beMe BOCCTaHOBHTenbH~X npo~eCCOB B KneTKe, TaK H Ha 
3$$eKTMBHOCTM pa60Tbl pa3HbiX TMnOB penapa~MM - 6biCTPOH M MeAneH-
un~ ~IArTDu~v onrrT~unanDUIAa ~rTL nrunc~u~a nnn~r~TL uTn nnu 

nOAaBneHMM MeAneHHoro (III), 3aBHCMMOro OT pOCTOBOH cpeAbl TMna 
penapa~MM, npoMCXOAMT onpeAeneHHoe "nepeKn~4eHMe" 6blcTporo (II) 
TMna penapa~MM a 6onee HanpRmeHHbiH pemMM pa6oTbl, HanpaaneHHbiH 
Ha KOMneHca~M~ B03HMKa~ero Ae$eKTa. HanpMMep, y rec--MyTaHTa, 
nMweHHoro penapa~MM III, 6~cTpoe aoccTaHoaneHMe npH y-o6ny4e
HMM OCy~eCTBnReTCR He B MeHbWeM 06beMe no cpaBHeHM~ C KneTKaMM 
AMKOrO TMna, a Aame B HeCKOnbKO 6onbWeM/ 4/. 

Ha OCHOBe pa3BMTbiX HaMM MOAenbHbiX npeACTaBneHMH/S-lO/pac
CMOTPMM ponb 6anaHca CMCTeM penapa~MM AHK a paAM04YBCTBMTenb
HocTH KneTOK E.coli B ycnOBMRX, MOAM$M~Mpy~~HX 3$$eKTMBHOCTb 
pa60Tbl BOCCTaHOBHTenbHbiX CMCTeM. 

1 • PAA~IOCEHCI1611Jli13AL.ti1.R KJlETOK 
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8/6/ rnaBHble 3Tanbl MHAYK~HM M penapa~MM OCHOBHbiX TMnOB no
BpemAeHMH AHK a KHcnopOAHbiX M aHOKCM4eCKMX ycnoaMRX M~ pac
CMoTpenM B BMAe CXeMbl, OnHCbiBaeMOH 3KCnepHMeHTanbHO onpeAenRe
MbiMM napaMeTpaMM. 113 3TOH CXeMbl BMAHO, 4TO npM M3MeHeHHH napa
MeTpOB q 1 , q 2, q 3 M p1 , p2 M p3 - aepORTHOCTeH MHAYK~MM M pena
pa~MM a eAMHM~Y epeMeHM pa3Hb1X TMnoa noapemAeHMH AHK /npH no-
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CTOfiHCTae ablxo,qoa npf!MbiX ,qayxHHTeablx pa3pblaoa/nAP/ AHK H o,qHo
HHTeBbiX pa3pb1BOB, He BOCCTaHaBnHBaeMbiX penapa~He~ II Ill He MO,qH
<IJH~HpyeMbiX KHcnopo,qoM /OPir I I, o,qHHaKOBbl~ Bblxo,q neTanbHbiX ,qnfl 
E,coli ,(IHKOrO THna CofibiTH~ MOmeT ,(\OCTHraTbCfl pa3HbiMH nyTf!MH. 
Bo3pacTaH~~te aepof!THocTe~ q, oTpama~~~~~x npo~eccbl, CBfl3aHHble 
C ,qef!TenbHOCTb~ 3H,qo- Ill 3K30HyKnea3, B paMKaX MO,qenH MOmeT 
6b1Tb <IJOpManbHO KOMneHCHPOBaHO yaenH4eHHeM ,qo HeKOTOpOrO 3Ha4e
HHfl napaMeTpOB p, OTpama~~~~~X nonHMepa3Hy~ aKTHBHOCTb KneTOK. 
Hao6opoT, yMeHbWeH~~te napaMeTpoa q MomeT KOMneHc~~tpoaaTbCfl yMeHb
weH~~teM napaMeTpoa p, 

H3BeCTHO, 4TO Me,qneHHbl~ THn penapa~HH B OTnH4He OT 6biCTporo 
3aBHCHT OT cpe,qbl pOCTa KneTOK/l/, no3TOMy B ycnOBHfiX 6e,qHO~ 
cpe,qbl o6oeM penapa~~~~~~~ III MomeT yMeHbWaTbCfl. Penapa~Hfl II, He 
3aBHCfl~afl OT pOCTOBO~ cpe,qbl, nO-BH,(\HMOMY, MOmeT B HeKOTOpO~ 
CTeneHH KOMneHCHpoaaTb 3TO CHHmeHHe 6e3 H3MeHeHHfl pa,qH04YBCTBH
TenbHOCTH (0~ 1 ) KneTOK. npoae,qeM MO,qenbHbl~ aHanH3 YKa3aHHO~ 
CHTYa4HH B paMKaX pa3BHBaeMbiX npe,qcTaaneHH~. 

B COOTBeTCTBHH c/6/ pa,qH04YBCTBHTenbHOCTb KneTOK ,(\HKOrO THna 
OnHCbiBaeTCfl cne,qy~~~~~M ypaaHeHHeM: 

o-I 
0 

r 

N OPI Nir 
~+ OPl N r Nir 

OPl OPl =--+--+ Npnp. s Q. s s If-', 

/1/ 

r,qe N~Pl- Bblxo,q o,qHOHHTeablx pa3pblaoa /OP/ nepaoro THna, aoc
CTaHaBn~~taaeMbiX penapa~~~~e~ II; N~Pl- BbiXo,q OP, He aoccTaHaa
.n~eaeMbnc !"~"~!"=-·~ .... ~·A T T; !'! 1i ---r - ~~~-~':"~ ~~~~~~~~ ~=:,'~~ !~~;~=:...:~ ~:: ::::~:...~

aoa !API AHK; Q H S - K03~H~HeHTbl, oTpama~~~~~e 3<l><!>eKTHBHOCTb 
pa6oTbl penapa~~~~~ II Ill III/ 0 npe,qnonomHM, 4TO B pe3ynbTaTe H3-
MeHeHH~ ycnoaH~ cpe,qbl pacTa npo~~t3owno YMeHbWeH~~te o6oeMa penapa
~~~~~~~ III, T.e. napaMeTp S np~~to6pen MeHbWHe 3Ha4eHHfl 3a c4eT 
CHHmeHHfl Bepof!THOCTH p , np~~t ycnOBHH, 4TO o-l = const, aepOf!T-

3 0 
HOCTb q2 ,qonmHa YMeHbWaTbCfl. npH ManbiX H3MeHeHHfiX aenH4HHbl 
D,;-1 

B HeKOTOpO~ o6naCTH 3Ha4eHH~ p3 H q 2 MomeM npe,qnonomHTb 
q 2 - p3 • nocKonbKY Q- p2 I q2 H S- p3 I q 3 , To Q . S = const, 111 o6-
~~~~~ 06oeM penapa~HH noapem,qeHH~ He MeHf!eTCfl. 4yBCTBHTenbHOCTb 
KneToK K o6ny4eHH~, KaK 3To cne,qyeT H3 /1/, onpe,qenf!eTCfl Bbl-

. 1 
xo,qoM OPl , OPi' H nAP 0 npH yaenH4eHHH N OPl BH,(\HO, 4TO o-;; -
- Npp,, Q. S,T. e. pa,q~~to4yacTaHTenbHO<;:Tb 6y,qeT ocTaaaTbCfl nocTORH
HoH. Tlp~~t B03pacTaHHH me Bblxo,qa OPir /HanpHMep, e npHCYTCTBHH 
aHoKCH4ecKoro ceHc~~t6~~tnH3aTopa/ _D; 1 6y,qeT yaenH4HBaTbCR no 
Mepe YMeHbWeHHR s. Bo3pacTaHHe BbiXO,qa nAP AHK /4TO HMeeT MeCTO 
npH ,qe~CTBHH H3ny4eHH~ C BbiCOKO~ nHHe~HO~ nepe,qa4e~ 3HeprHH (L)I 
,qenaeT Hecy~eCTBeHHbiMH H3MeHeHHR napaMeTpOB Q H 8 B aenH4H
He o-I 

0 0 

Ha PHc. 1 npe,qcTaaneHa 3aBHCHMOCTb Q oT S npH ycnoBHfiX 
Q. 8= const ,qnf! ,qayx cny4aee. Kp~~taaf! 1 ~ cooTBeTcTayeT Ha4anbHbiM 
3Ha4eHHfiM Q = 3,5; 8 = 2,0; KpHBaR 3~- 3Ha4eHHfiM Q = 1; 
8 = 20. no Mepe YMeHbW€HHfl 8 /npH no,qaaneHHH Me,qneHHO~ pena-
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PHc.l. MogH~HKa~HH pagHO'iyBcT
BHTenbHOCTH KneTOK gHKOro THITa 
rrpH YMeHbWeHHH 06~eMa MegneHHOH 
perrapa~HH H KOMITeHcaTOpHOM B03-
pacTaHHH o6~eMa 6biCTpon perra
pa~HH. KpHBbie I H 3 cooTBeTcT
BYIDT ITOCTOHHHWM 3Ha'ieHHHM pagHo-
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qyBCTBHTenbHOCTH KneTOK, paBHbiM 1 : ,_. t4 
100 H 30 ip. KpHBbie 1~ H 3~ - 0 1 1 

ycnoBHIO Q. S = const, IlpH 6onbWHX 0 10 20 

BenH'lHHax napaMeTpa S KpHBbie s 
I H I~, 3 H 3~ oTp~aiOT ogHHaKOBYID pagHO'iYBCTBHTenbHOCTb rrpH 
ycnOBHH Q. 8 = ConSt, C yMeHbWeHHeM 8 pa3nH'iHH B pagHO'iyBCTBH
T€nbHOCTH, OTp~awwen ogHHaKOBbiD o6~eM perrapa~H, YB€nH'iHBaiOTCH. 
B ycnOBHHX aHOKCHH /KpHBaH 2/ OTMeqaeTCH pe3KOe B03paCTaHHe 
pagHO'iYBCTBHT€nbHOCTH npH He6onbWOM yMeHbWeHHH 06~eMa MegneH
HOH perrapa~HH. Bo3pacTaHHe o6~eMa 6wcTpon perrapa~HH He MO~eT 
KOMrreHcHpoBaTb cH~eHHH perrapa~HH III. YBenH'ieHHe o6~eMa perra
pa~H II BO Be ex cnyqaHx npHBogHT K cH~eHHIO K3. A - Q • S = const; 
B - YMeHbmeHHe o6~eMa MegneHHOH perrapa~H; C - yMeHbmeHHe o6~e
Ma 6biCTpOH perrapa~HH, Ilo OCH a6C~HCC: BenH'iHHa rrapaMeTpa 8, ITO 
ocH opgHHaT: BenH'iHHa rrapaMeTpa Q /cneBa/, BenH'iHHa K3 /crrpaBa/. 

pa~~~~~~~ - HanpaaneHHe A/ 6y,qeT eo3pacTaTb aenH4HHa Q, KaK yKa3bl-
"'""""''"'L nLIIIIO 11\lnrTI''HATOnLUI""\,..'TL VnOTI""\U' nntA Mt""\n::lCMOUtAlA nOM::iln::IIIIIAIA 
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III He 6y,qeT H3MeHRTbCR a HeKoTopoM ,q~~tana3oHe 3Ha4eHH~ Q H S. 
3TO XOPOWO MOmHO BH,qeTb npH cpaBHeHHH KPHBbiX 1~; 1 H 3~; 3, no
CKOnbKY KpHBble 1 Ill 3 OnHCbiBa~T 3aBHCHMOCTH, COOTBeTCTBy~He 
0,(\HHaKOBbiM aenH4HHaM o-l /npH yMeHbWeHHH napaMeTpa S aenH4H
Ha Q B03pacTaeT TaK, ::To D;1 OCTaeTCR noCTORHHO~/. KpHBaR 2 
COOTBeTCTByeT noCTORHHO~ eenH4HHe D~l npH o6ny4eHHH KneTOK 
e aHOKCH4ecKHX ycnoe~~tRx. KaK MOmHo e~~t,qeTb, xapaKTep 3aBHCHMOCTH, 
OnHCbiBaeMO~ ,qaHHOH KPHBO~, pe3KO OTnH4aeTCfl OT 3aBHCHMOCTH, OnH
CbiBaeMO~ Kp~~teo~ I~. 3To pa3nH4He o6ycnoeneHo eo3pacTaH~~teM 
8 aHOKCH4eCKHX ycnOBHRX BKna,qa Qpr 8 neTanbHbl~ 3<1J<IJeKT. no,qaa
neHHe Me,qneHHO~ penapa~HH He MOmeT 6b1Tb KOMneHCHPOBaHO 8 ,qaHHOM 
cny4ae B03pacTaH~~teM o6oeMa penapa~~~~~~~ II, n9cKonbKY 6blcTpb1~ THn 
eoccTaHoaneHHR He cnoco6eH penap~~tpoeaTb OP} • YMeHbWeH~~te o6oe
Ma penapa~~~~~~~ III /HanpasneH~~te B Ha p~~tc. 1 I np~~teo,qHT K OTKnoHe
HH~ OT KPHBbiX 1 Ill 2, 4TO OTpamaeT B03paCTaHHe pa,qH04YBCTBHTenb
HOCTH KneTOK. CTpenKo~ C noKa3aHO yMeHbWeHHe o6oeMa fibiCTPO~ 
penapa~HH, KOTOpoe TaKme npHBO,(\HT K 803pacTaHH~ pa,qH04YBCTBH
TenbHOCTH. 

nocKOnbKY napaMeTp Q O,(\H03Ha4HO CBfl3aH C BenH4HHO~ KHCno
po,qHOrO 3<1><1>eKTa /K3/, H3MeHeHHe napaMeTpos Q 111 S /e Hanpae
neHHH A , B H C I 6y,qeT HMeTb pa3nH4Hoe enHRHHe Ha een~~t4HHY 
K3. B cny4ae A Ha6n~,qaeTcR HeKoTopoe yMeHbWeHHe K3, e cny4ae B· 

,3 



laoapacTaHHe napaMeTpa q 3 I aenH4HHa K3 He MeHReTcR, H a cny-
4ae C lyMeHbWeHHe napaMeTpa p 2 I K3 aoapacTaeT. no xapaKTepy 
H3MeHeHHR aenH4HH K3 MO~Ho CYAHTb o6 oco6eHHOCTRX anHRHHR ~aK
Topoa cpeA~ Ha penapa4HOHH~e npo4ecc~ 6~cTporo H MeAneHHoro TH
noa. 

PaccMOTPHM Aanee 6onee nOAP06Ho aonpoc o anHRHHH MeAneHHoro 
THna penapa4HH Ha 4YBCTBHTenbHOCTb KneToK K y -o6ny4eHH~. Cy
~ecTay~T ABa aapHaHTa yMeHbWeHHR o6beMa penapa4HH III: aapH
aHT 1 COOTBeTCTByeT cny4a~, KOrAa yMeHbWaeTCR aepoRTHOCTb p3 
6e3 H3MeHeHHR BepORTHOCTH q 3 ; BapHaHT 2 COOTBeTCTByeT cny4a~ 
B03pacTaHHR aepoRTHOCTH q 3 . Q6a BapHaHTa MOryT 6~Tb peanH30Ba
H~ Y KneTOK AHKOrO THna, pol A-- H uvr--MyTaHTOB, HO He y rec-
MyTaHTa, HMe~~ero Ae~eKT B CHCTeMe MeAneHHOro BOCCTaHoaneHHR. 
KaK H3BeCTHO, HHrH6HTOpOM MeAneHHOrO BOCCTaHOBneHHR RBnReTCR 
2,4-AHHHTpo~eHOn/ 11 /, C nOMO~b~ 3TOrO areHTa MOmHO npoaepHTb, 
KaKOH H3 yKaaaHH~x aapHaHToa peanHayeTcR a KneTKe. CornacHo / 11 1 
AHHHTpo~eHon IAH~I B 1,5 paaa yaenH4HBaeT 4YBCTBHTenbHOCTb 
K y-o6ny4eHH~ KneTOK AHKOrO THna, pol A-- H uvr--MyTaHTOB, HO 
He BnHReT Ha 4YBCTBHTenbHOCTb rec--MyTaHTa. nocKOnbKY AH~ He 
noa~waeT 4YBCTBHTenbHOCTH rec--MyTaHTa H OAHOBpeMeHHO CeHCH6H
nH3HpyeT pol A--MyTaHT c TaKoH me aenH4HHOH ~aKTopa H3MeHeHHR 
A03~ I~MAI, 4TO H KneTKH AHKOrO THna, MO~HO CAenaTb B~BOA 0 TOM, 
4TO AH~ noAaBnReT penapa4H~ III. PeanH3a4H~ aapHaHTa 1 HnH 8a
PHaHTa 2 8 ycno8HRX 8nHRHHR AH~ MO~Ho npo8epHTb no xapaKTepy 
KHHeTHKH penapa4HH MeTaCTa6HnbH~X COCTORHHH IMCI MeTOAOM 3naCT0-
8HCK03HMeTpHH/12~Ha PHC.2 npeacTa8neHa 3a8HCHMOCTb A03~ v-o6-
ny4eHHR, npH KOTopoH 8 cpeAHeM Ha reHoM perHcTpHpyeTcR OAHH AP 
(DAr), OT BpeMeHH nocTpaAHa4HOHHOH HHKy6a4HH KneTOK npH o6ny-
4eHHH 8 o6~4H~x ycno8HRX IKPH8aR 1/ 12/ I H 8 npHCYTCT8HH AH~ 
IKPH8~e 2,31. 3a8HCHMOCTb, onHc~8aeMaR KPH80H 2, cooT8eTcT8yeT 
aapHaHTY 2, a KPHBaR 3 - eapHaHTy 1. MomHo aaMeTHTb, 4TO 8~XOA 
Ha nnaTO KPH8~X 1 H 2 npOHCXOAHT npHMepHO B TOT me nepHOA nocT
paAHa4HOHHOH HHKy6a4HH KneTOK. B TO ~e epeMR KPHBaR 3 B~XOAHT 
Ha nnaTO B 6onee n03AHH~ nepHOA. 3To CBR3aHO C TeM, 4TO npH 
YMeHbWeHHH ~epORTHOCTH p 3 l8apHaHT 11 yMeHbWaeTCR CKOPOCTb 
3nHMHHa4HH MC. B cny4ae 2 3Ta cKopocTb ocTaeTcR TaKOH ~e, KaK 
H 8 oTcyTcTeHe AH$. 
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PHc. 2. 3aBHCHMOCTb BeJIHtJ:HHbi D,ap 
OT BpeMeHH noCTpagHa~HOHHOH HH
Ky6a~ KneTOK npH o6nytJ:eHHH 
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B o6bJtJ:HbiX ycnoBHHX I I I H B npH
cyTCTBHH ~$ 12,31. llOHCHeHHH 
B TeKCTe, llo OCH a6c~HCC: BpeMH 
nOCTpagH:a~HOHHOH HHKy6a~HH, tJ:; 
no ocH OPAH:HaT: BeJIHtJ:HHa D,ap•rp. 

2. 3~MTHOE AE~CTBME PAAMOnPOTEKTOPOB 
M 6AJ1AHC C~1CTEM PEnAPAUMM 

siB/ npH paCCMOTpeHHH MeXaHH3Ma aa~HTHoro AeHCTBHR aMHHOTHO
no8 y E, CO 1 i npH y -o6ny4eHHH Mbl OTMe4anH, 4TO HX BnHRHHe He 
MOmeT peanH30BaTbCR TOnbKO Ha YP08He nepBH4HbiX ~H3HKO-XHMH4e
CK~X peaK4HH. B nonb3Y TaKara B~BOAa CBHAeTenbcTayeT PRA o6cToR
TenbCTB. Bo-nepa~x, HaaecTHo, 4To aa~HTHoe AeHcTaHe aMHHOTHonoa 
reHeTH4eCKH AeTepMHHHpoaaHo, yKaaaHHble areHTbl aa~H~a~T TOnbKO 
KneTKH AHKOrO THna, HO npaKTH4eCKH He OKa3~Ba~T anHRHHR Ha Bbl
mHaaeMOCTb 4YBCTBHTenbH~x MyTaHTOB/l/, Bo-aTopblx, paAH03a~HT
Hoe AeHCTBHe 3THX npenapaTOB B OAHHaKOBOH CTeneHH npORBnReTCR 
KaK npH o6ny4eHHH KneTOK B KHCnOpOAH~X ycnOBHRX, TaK H B ycno
BHRX aHOKCHH, XOTR B KHCnOPOAH~X ycnOBHRX HX 3a~HTHOe BnHRHHe 
AOnmHO 6~ 6~Tb MeHee B~pameHH~M, nOCKOnbKY KOHCTaHT~ CKOpOCTeH 
peaK4HH aMHHOTHOnOB C paAHKanaMH MOneKyn-MHWeHeH cy~eCTBeHHO 
HHme, 4eM y MoneKyn KHCnopOAa. B-TpeTbHX, TPYAHO CBR3aTb 3a~HT
HOe AeHCTBHe paAHOnpoTeKTOpOB C pa3BHTHeM BHYTPHKneT04HOH rH
nOKCHH, nOCKOnbKY H3BeCTHO, 4TO 3a~HTHbiH 3~eKT IHeCKOnbKO 
MeHee B~pameHH~HI Ha6n~AaeTCR H npH BBeAeHHH npoTeKTOPOB Heno
cpeACTBeHHO nocne o6ny4eHHR/ 11. K TOMY me, ecnH npHHRTb rHnoK
CH4eCKHH MeXaHH3M Ae~CTBHR paAHOnpoTeKTOPOB,TO cneAyeT omHAaTb 
H a~pameHHoro aa~HTHoro anHRHHR aMHHOTHonoa Ha KneTKH pol A-
MyTaHTa, nocKonbKY aenH4HHa K3 y AaHHoro WTaMMa 6onbwe, 4eM 
Y KneTOK AHKOro THna. PaAH03a~HTHOe AeHCTBHe aMHHOTHOnOB Ha - ~ 
Y~UtsHt llt1Jt:JY1"'1HbiJ\ \,I.H1~VIt\U-J\.VIMVI"1C::I. ... "n""' J..ICCI"-41'1¥1, "a" VCIJIV 11vno~o••v 

alB/, MOmeT B onpeAeneHHOH CTeneHH peanH30BaTbCR nHWb npH o6ny-
4eHHH KneTOK B aHOKCH4eCKHX ycnOBHRX. 

Y KneTOK AHKOro THna 3a~HTHOe AeHCTBHe, peanH3yeMoe Ha ypoa
He ~epMeHTaTHBHOH penapa4HH B aHOKCH4eCKHX ycnoBHRX, AOnmHO 
yMeHbWaTbCR /B/. nocTORHH~e 3Ha4eHHR ~aKTOPOB yMeHbWeHHR A03bl 
I¢YAI paAHOnpOTeKTOPOB, He3aBHCHMble OT KOH4eHTPa4HH KHCnOPOAa 
B cpeAe, CBHAeTenbCTBy~T 0 11nepeKn~4eHHH 11 MeXaHH3Ma HX 3a~HT
HOrO BnHRHHR B aHOKCH4eCKHX ycnOBHRX Ha $H3HKO-XHMH4eCKHH ypo
BeHb. 0AHHaKOBble aenH4HHbl $YA npoTeKTOPOB npH H3MeHeHHH nap-
4HanbHOrO AaBneHHR KHCnopOAa 6YAYT coxpaHRTbCR, ecnH 6yAeT Bbl
nonHRTbCR ycnoaHe: 

NN Nir 
OP1- OPl m 1 .a.(b-1)-(a·b-1) 
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rAe N~p 1 - a~XOA OP 1 a ycnoaHRX aHOKCHH, a H b - K03~~H4HeHT~, 
OTpama~He B03pacTaHHe 06beMOB penapal.lHH COOTBeTCTBeHHO Ha 
~H3HKO-XHMH4eCKOM ypoeHe H Ha ypoaHe penapa4HH II, m 1 -cooT
HoweHHe $HKCHpoaaHH~X noapemAeHHH B KHCnOPOAHbiX H aHOKCH4eCKHX 
ycnOBHRX OT OAHH04H~X aKTOB nepeAa4H 3HeprHH, npHBOAR~HX K o6-
pa30BaHH~ OP1 . AnR KneTpK AHKoro THna npH N ~P 1 = 

= 0,156 rp-1 reHOM-1, N~Pl = 0,038 rp-1 reHOM-1, Q= 3,5 
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v. m1 
HO: 

5 nony4aeM neey~ 4aCTb ypaeHeHHfl /2/ - 1 H, cneAoBaTenb-

3 
a=--- /3/ 

5-2b 
/3/ flBnfleTCfl HeofiXOAHM~M ycnOBHeM coxpaHeHHfl nOCTO~HCTBa 3¢$eK
THBHOCTH 3a~HTHOrO AeHCTBH~ paAHOnpoTeKTOpa,KOTOpoe He 3aBHCHT 
oT HanH4H~ KHcnopoAa e cpeAe. 

Y rec-- H pol A--MyTaHTOB, HMe~HX Ae~eKT~ COOTBeTCTBeHHO 
B MeAneHHOH -H 6~CTPOH CHCTeMaX penapa~HH, 3a~HTa Ha ypOBHe 
~epMeHTaTHBHOrO BOCCTaHOBneHHfl peanH30BaTbCfl He MOmeT, 4TO 
H Ha6n~AaeTc~ B 3KcnepHMeHTe /1/. 

PaHee M~ paccMoTpenH B03MOmHOCTb yeenH4eHH~ o6beMa 6~cTpoH 
penapa~HH npH noAaeneHHH penapa~HH III y KneToK e ycnoeH~x 6eA
HOH pocTOBOH cpeA~· Bo3HHKaeT eonpoc - MOmHo nH yeenH4HTb o6beM 
penapa~HH II KaKHMH·-nH6o areHTaMH npH Hecy~ecTBeHHOM H3MeHeHHH 
ofibeMa penapa~HH III. npH BBeAeHHH paAHOnpoTeKTOPOB TaKa~ CHTya
~H~ MO*eT peanH30BaTbCfl 3a C4eT ceneKTHBHOrO noAaBneHH~ 3HAO-
H 3K30HyKnea3HO~ aKTHBHOCTH KneTOK /yMeHbweHHe eepo~THOCTH q 2 I 
npH_Hecy~ecTBeHHOM yMeHbWeHHH eepo~THOCTH p 3• BnH~HHe paAHo
npoTeKTopa Ha KneTKH AHKOrO THna no yKa3aHHOMY MeXaHH3MY OTpa~e
HO Ha pHC. 3. 3AeCb npeACTaBneHa 3aBHCHMOCTb eenH4HH~ Q- 1 /xa
paKTepH3y~eH ofibeM 6biCTPOH penapa~HH/ OT 3Ha4eHHH napaMeTpa 
S-1 /xapaKTepHsy~ero o6beM MeAneHHOH penapa~HH/. B yKaaaHH~x 
KOOPAHHaTaX KneTKH AHKOrO THna H 4YBCTBHTenbH~e MyTaHT~ C napa-
~- ..... ---···• n ... n .............. n. .. ,... .. n•uuu.••• .... .,,lno U""'' nruna~UlAIA ':::ll.t.rrncnLAMt:lU-.- ...... ,... ......... •• ...,, _.,.,...-n_.. ... ,_ .... _ ..... .--··~- ··- -- ---

TanbH~X AaHH~X, 3aHHMa~T nono~eHHe, OTpa~eHHOe Ha pHCYHKe: KneT
KH AHKOrO THna pacnono~eH~ Ha nnOCKOCTH, a 4YBCTBHTenbH~e My
TaHT~ - Ha OCflX KOOPAHHaT /Ha OCH a6c~HCC pacnono~eH pol A-
MyTaHT, Ha ocH OPAHHaT- rec--MyTaHT/. BenH4HHa Q.S xapaKTepH
syeT o6~HH ofibeM penapa~HH KneTKH. KaK MOmHO BHAeTb, Anfl Kne
TOK AHKOro THna /cTpenKa a/ B npHCYTCTBHH paAHOnpoTeKTOpa yeenH-
4HBaeTC~ napaMeTp Q npH Hec~eCTBeHHOM H3MeHeHHH napaMeTpa 8, 
4TO npHBOAHT K B03pacTaHH~ paAHOpe3HCTeHTHOCTH KneTKH /eenH4H
Ha Q. S yeenH4HBaeTcfl/. Y rec-- H pol A--MyTaHTOB e npHcyTcT
BHH aMHHOTHOnOB B03pacTaHHfl BenH4HH~ Q.S npOHCXOAHTb He MomeT, 
noCKOnbKY Y rec--MyTaHTa 3TO B03pacTaHHe He MO*eT AOCTHraTbC~ 
yMeHbweHHeM 8, a e cny4ae pol A--MyTaHTa He MomeT yeenH4HBaTb
c~ Q = 1, T.e. Ha AaHHOH AHarpaMMe sa~HTHOe BnHflHHe paAHOnpo
TeKTOpOB AOnmHO B~pamaTbCfl H3MeHeHHeM o6eHX KOOPAHHaT, a no
CKOnbKY Y rec-- H pol A--MyTaHTOB TaKOe H3MeHeHHe npOHCXOAHTb 
He MOmeT, TO, cneAOBaTenbHO, He AOn*HO Ha6n~AaTbCfl H 3a~HTHOrO 
BnH~HHR paAHOnpoTeKTOpOB,MexaHH3M AeHCTBH~ KOTOp~X peanHayeTCR 
Ha ypoBHe ~epMeHTaTHBHOH penapa~HH. 

Ha pHc.3 oTpameHo TaKme enHRHHe ~H~ /cTpenKa b I Ha KneTKH 
AHKOrO THna H 4YBCTBHTenbH~e MyTaHT~. KaK BHAHO, ceHCH6HnH3Hpy~
~ee AeHCTBHe AH~ MOAeT peanHaoeaTbC~ nyTeM yMeHbWeHHR napaMeT
pa 8, 4TO MomeT npOHCXOAHTb y KneTOK AHKOrO THna H pol A--MyTaH-
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PHc.3. MoAH$HKaQHH p~oqyBCTBH
TenbHOCTH KneTOK AHKOrO THna (wt) 
pol A-- H rec- -MYTaHTOB npH Hs
MeHeHHH napaMeTpOB Q H 8 B pe
synbTaTe B03AeHCTBHH cynb$rHA
pHnbHOro PaAHOnpoTeKTopa /a/, 

10\1 
~rec-

I 5 
a 

0 

\h 
b fol-c 

,lUfcll (b) H MeKCaMHHa (C). flo OCH 
a6CQHcc: Ben~HHa napaMeTPa S-1; 
no OCH OpAHHaT: BenHqHHa napa
MeTpa Q-1. 

0 10 20 

s - 1 

Ta /cMe~eHHe no OCH a6C~HCC/. TaKoro CMe~eHHR He MOmeT 6b1Tb 
y rec--MyTaHTa, pacnonomeHHoro Ha ocH OPAHHaT. 

AHanorH4Hoe ~H~, Ho npoTHBonono~Hoe no HanpaeneHH~ H3MeHeHHe 
napaMeTpOB 8 H Q Y pa3H~X WTaMMOB E.coli OTMe4aeTC~ B ycnOBH
flX BnHflHHfl MeKCaMHHa, KOTOP~H 3a~H~aeT TOnbKO KneTKH AHKOrO 
THna H pol A--MyTaHTa, HO He OKa3~BaeT 3a~HTHOro AeHCTBH~ Ha 
rec--MyTaHT/ 3 • 14~ npH COnOCTaBneHHH paAH03a~HTH~X 3$$eKTOB aMHHO
THOnOB H MeKCaMHHa MOmHO 3aMeTHTb OAHO BamHoe o6CTOflTenbCTBO. 
Ecn1-1 npHH~Tb, 4TO aMHHOTHon~ aa~H~a~T KneTKH E.coli, enHflfl Ha 
Bepo~THOCTb q2 , TO OHH He AOnmH~ OKa3~BaTb 3a~HTHOrO AeHCTBHfl 
Ha KneTKH pol A--MyTaHTa. B oTnH4He oT 3Toro, MeKcaMHH AOnmeH 
sa~H~aTb KneTKH pol A--MyTaHTa, nocKonbKY ero enHflHHe, KaK Mom-
..................... ____ , __ ,,,, ..... _________ -----------· ··-··------·- -~--~~--- ---
• '""' o ,...,..., ,.,.., - o - ' --J """'j_.._. I~· Ill- I ..... II I 1\J ..... .., ..... ,.... ..... I ~\JI'"I J 1•1-11 UloU ..... Ili'"ITI IOJ!iO,....,VTI I rl\J'-' I 1"1 

q3 • AeHCTBHTenbHo, CYA~ no AaHH~M 13• 141, eenH4HHa ~11A Anfl pol A-
MYTaHTa B npHCYTCTBHH ~HCTeaMHHa COCTaBnfleT 0,95, a B npHCyT
CTBHH MeKCaMHHa- 1,7, KaK H AnR KneTOK AHKOrO THna. PaAH04yB
CTBHTenbHOCTb rec--MyTaHTa B npHCYTCTBHH MeKCaMHHa He MeHfleTCfl. 

PaHee M~ yKaa~eanH, 4TO e aHOKCH4ecKHX ycnoBHflX eosMomHo 
"nepeKn~4eHHe11 MeXaHH3Ma paAH03a~HTHOrO BnH~HHfl npoTeKTOPOB Ha 
~H3HKO-xHMH4eCKHH ypoeeHb. B TaKoM cny4ae AOnmeH yMeHbWaTbC~ 
B~XOA OPi, 4TO 6yAeT npHBOAHTb K CHHmeHH~ 4YBCTBHTenbHOCTH 
pol A--MyTaHTa, HO He rec--MyTaHTa. B ce~3H c 3THM MOmHo omH
AaTb, 4TO y pol A--MyTaHTa, e oTnH4He OT rec--MyTaHTa,e aHoKcH-
4eCKHX ycnoeHRx AOnmHo npoflBnflTbCfl paAH03a~HTHoe enHflHHe aMHHo
THonbH~x paAHOnpoTeKTOpOB, OTCYTCTBy~ee npH o6ny4eHHH KneTOK 
B KHCnopOAH~X ycnOBHflX. 

TaKHM o6pasoM, M~ paccMoTpenH enHflHHe 6anaHca cHcTeM penapa
~HH Ha paAH04YBCTBHTenbHOCTb KneTOK E.coli npH y-o6ny4eHHH. 
PaccMOTPHM Aanee oco6eHHOCTH 3Toro enH~HHR npH AeHcTBHH Ha KneT
KH H3ny4eHHH c B~COKOH L. npH AeHCTBHH H3ny4eHHH c npoMemyTo4-
H~H /20 < L < 100 K3B/MKM/ 3Ha4eHH~MH L Ha E.coli xapaKTep 
6anaHca CHCTeM penapa~HH He H3MeH~eTc~, OAHaKo ero ponb e paAHo-
4YBCTBHTenbHocTH KneTOK yMeHbWaeTCR. 3TO CBfl3aHO C B03pacTaHHeM 
B~XOAa nAP npH yeenH4eHH L. KaK BHAHO 1-13 /1/' eoapacTaHHe N p 
npHBOAHT K TOMy, 4To nepe~e ABa cnaraeM~X ypaeHeHHfl nepecTa~~ 
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cy~eCT8eHHo 8n~HTb Ha D~1 • CneAo8aTenbHO, y KneToK A~Koro T~na 
np~ 6onbw~x 3Ha4eH~RX L MOA~<I>~~~pyeMOCTb ~x PaA~04Y8CT8~Tenb

HOCT~ MOmeT 6~Tb C8R3aHa C MOA~Ql~~~pyeMOCTb~ 8~XOAa nap aHK. 
KaK noKa3aHO 8 191, naP R8nR~TCR no8pemAeH~RM~, penap~po8aTb KO
TOp~e KneTK~ E.coli He MOryT, ~ ~X MOA~Ql~Ka~~R 803MOmHa n~Wb 
Ha Ql~3~Ko-x~M~4eCKOM ypo8He. B K~cnopoAH~x ycno8~Rx no np~4~HaM, 
paccMOTpeHH~M HaM~ paHee/9/, MOA~Ql~Ka~~~ 8~XOAa nap Ha Ql~3~Ko
X~M~4eCKOM ypo8He om~AaTb Henb3R. BcneACT8~e 3Toro MOA~<I>~~~pye
MOCTb paA~04Y8CT8~TenbHOCT~ KneTOK E.coli np~ Ae~CT8~~ ~3ny4e
H~~ c 8~coKo~ L npaKT~4eCK~ oTcyTCT8yeT. B aHoKc~4ecK~X ~e 
ycno8~RX MOA~Ql~Ka~~R 8biXOAa nap, KaK M~ paHee YKa3~8an~ 191, no-
8~A~MOMy, 803MOmHa. 

np~ npoMe~yT04H~X 3Ha4eH~RX L cy~eCT8eHH~~ 8KnaA 8 paA~0-
4Y8CT8~TenbHOCTb pol A-- ~ rec--MyTaHT08, KaK MO~HO 8~AeTb, 
8HOCRT nep8~e A8a cnaraeM~X ypa8HeH~R /1/. nocKonbKY c 8oapacTa
H~eM L Y8en~4~8aeTCR 8~XOA op~r ~ yMeHbwaeTCR 8~XOA OP), TO 
YAenbH~~ 8KnaA 8 paA~04Y8CT8~TenbHOCTb KneTOK nep8oro cnarae
Moro ypa8HeH~R /1/ 6yAeT yMeHbWaTbCR no cpa8HeH~~ CO 8TOp~M 
cnaraeM~M. TaK KaK pol A-- ~ rec--MyTaHT~ oTn~4a~TcR napaMeTpa
M~ Q ~ S, To cneAyeT O>'<~AaTb, 4TO np~ 8oapacTaH~~ N ~PI 
c y8en~4eH~eM L KneTK~ pol A--MyTaHTa 6YAYT R8nRTbCR MeHee 
paA~04Y8CT8~TenbH~M~ 8 o6nacT~ npoMe~yT04H~X 3Ha4eH~~ L. aeAcT-
8~TenbHO, AnR rec--MyTaHTa no.ny4aeM o;1 =NoPI /Q+N~PI , AnH. 
pol A--MyTaHTa o:;1 =(N 0p 1 + N 0p 1)/S. 

PaccMOTp~M Aanee ponb 6anaHca c~cTeM penapa4~~ y paaH~x wTaM-
- - . ..... ... - - ' 

MUt:S .I:!..CUJ.J. IIIJVl ~t::VH .. ItH'IVI YI~JIY"1~nnn, ..,ao;~~Jit'1""10IU"'\r1A'-n IIU -• c ...., .... a 

n~3a4~~ K3. Ha p~c.4 npeAcTa8neHa A~arpaMMa, oTpa~a~aH C8R3b 
Me~AY 8en~4~HaM~ K3 np~ AeAcT8~~ 4aCT~4 c 8~coKoA L ~ np~ 

y-o6ny4eH~~ 8 ycno8~RX 8n~RH~R aHOKC~4ecK~x ceHc~6~n~aaTopo8 
~ "aHoKC~4ecK~X 11 ~ "penapa4~0HH~x paA~OnpoTeKTopo8 11 • Pac4eT 
npo8eAeH AnR 4aCT~~ c L =26 K3B/MKM ~ 3Hepr~e~ 4 ~ 14 M3B/HyKn. 
KaK MO~Ho 8~AeTb, ~MeeTCR o6~aR TeHAeH4~R 8oapacTaH~R K3L 
c y8en~4eH~eM K3y Anfl 8cex paccMoTpeHH~x WTaMM08 E.coli ~ yc
no8~~ ~x o6ny4eH~R. B np~cyTCT8~~ aHOKC~4eCK~X ceHc~6~n~aaTopo8 
Ha6n~AaeTcR cH~~eH~e 8en~4~H K3 AnR 8Cex wTaMM08 E.coli 8 OA~
HaKo8o~ CTeneH~ KaK AnR ~any4eH~~ c 8~CoKo~ L, TaK ~ AnR y
~any4eH~R. np~ 88eAeH~~ 11aHOKC~4eCKOrO paA~OnpoTeKTopa 11 OTMe-
4aeTCR y8en~4eH~e K3 y 8cex paccMoTpeHH~x wTaMMo8, np~4eM Ha~-

6onbwee aa~~THoe 8n~RH~e oTMe4aeTcR y pol A--MyTaHTa np~ y
o6ny4eH~~. anR 11 penapa4~0HHOrO paA~OnpOTeKTopa 11 XapaKTepHO 8n~R
H~e Ha 6anaHC~p08Ky MeXaH~3M08 6~cTpOH ~ MeAneHHOH penapa4~~. 
4TO HaXOA~T oTpameH~e 8 yMeHbWeH~~ K3 y KneToK A~Koro T~na, 
rna8H~M o6paaoM, np~ y-o6ny4eH~~ ~ oTcyTCT8~~ TaKo8oro y rec-
~ pol A--MyTaHT08. CMe~eH~e nono~eH~R paaH~x WTaMM08 E.coli 
8 AaHH~X KOOPA~HaTaX 8 Hanpa8neH~~ 1 Ha p~c.4 OTpa~aeT cneAy~
~~e 803MO~H~e MOA~<I>~Ka~~~: 8n~RH~e paA~onpoTeKTopa, MexaH~3M 

AeHCT8~R KOTOpOrO pean~ayeTCR Ha yp08He Q>epMeHTaT~8HOH penapa
~~~; 803pacTaH~e YAenbHoro 8KnaAa 6biCTpo~ penapa4~~ 8 o6~~A 
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PHc.4. BnHHHHe aHOKCH~eCKHX ceH- K3L 
CH6HnH3aTOpOB, 11 aHOKCH~eCKHX11 

H "penapai.zy~OHHbiX 11 p~HonpoTeK- 2 
TOpos Ha BenH~HHY K3, BhlHBnHe-
Moro y KneTOK AHKoro THna (w), 
uvr-(w), rec-(r), rec-uvr-(ru), 
pol A-(p) H Gamr(g) MYTaHTOB 
npH gelicTBHH ~acTHIJ; c L = 

'p 

2 

= 26 K3B/MKM H npH y -o6ny~e
HHH, CTpenKa I oTp~aeT: snHHHHe 
"penapau;HOHHoro P~HonpoTeKTopa!'; 

0~~~~~~--~-4--~_J 
0 2 3 4 5 6 7 K3r 

nosbnrreHHe o6'beMa 6bJC Tpoli penapai.zy!H; yMeHbmeHHe ygenbHoro BKnaga 
6hlCTpOH penapau;HH B yCnOBHHX aHOKCHH B 06~H 06'beM penapai.zy!H. 
CTpenKa 2 oTp~aeT nogasneHHe MegneHHOH penapau;HH. CTpenKa 3 
OTpaJKaeT nogasneHHe 6b!CTpOH penapai.zy!H HnH BnHHHHe 11 aHOKCH~eCKo

ro p~HonpoTeKTopa". no OCH a6cu;Hcc: senH~HHa K3 npH y -o6ny~e
HHH; no OCH opgHHaT: senH~HHa K3 npH gelicTBHH ~acTHu; c L = 
= 26 K3B/MKM. 

o6beM penapa4~~ KneTK~; CH~meH~e 3Q>Q>eKT~8HOCT~ 6~cTpoA penapa-
4HH 8 aHOKC~4eCKHX ycno8~Rx. CMe~eH~e 8 Hanpa8neH~~ 2 cooT8eT
CT8yeT C~Tya4~~ noAa8neH~R MeAneHHOH penapa4~~ np~ OAH08peMeH
HOM yc~neH~H 6~cTpo~ penapa~H~ /Han~4~e MyTa~HH 8 rec -reHe/. 
CMe~eH~e 8 Hanpa8neH~~ 3 COOT8eTCT8yeT nOAa8neH~~ 6~cTpoA pe-
n::.n~'''"'A lAMIA DniA~UI"In 11-.u,...ur-t.tltOrV-~- n-.nt<~-.-.P"'I.-..,."''..,._'""-.11 

-.-----,. ··- -----·· ·- --·-··-·· ----·-·- .--,-,··--- .... -·-·,·- ........ 
TaK~M o6paaoM, 8 AaHHOM coo6~eHH~ M~ paccMoTpenH 8n~RH~e 

6anaHCa CHCTeM penapa4~~ Ha paA~04Y8CT8HTenbHOCTb KneTOK E.coli 
np~ AeHCT8~H H3ny4eHHA c pa3H~M~ Q>~3H4eCK~M~ xapaKTep~cT~KaMH. 
B 3aKn~4eHHe AaHHoro 4HKna pa6oT cyMM~pyeM Haw~ npeACTa8neH~R 
0 ponH penapa~~H aHK 8 peanH3a4~~ K~CnOPOAHOro 3Q><I>eKTa y 6aK
TepHA E.coli np~ AeACT8~H ~any4eH~~ c paaHoA L 8 ycno8~RX 
8nHRHHR paA~OMOAHQl~KaTOP08. 

3AKJll04EHI1E 

11oH~3Hpy~~e H3ny4eHHR ~HAY4~PY~T 8 aHK KneTOK WHPOK~A cneKTp 
nep8H4H~X no8pemAeHHA. B~XOA ~x np~ y-o6ny4eHH~ 8 aHOKC~4eCK~X 
ycno8~Rx 8 4 paaa MeHbwe no cpa8HeHH~ c o6ny4eH~eM 8 KHcnopoA
H~x ycno8~RX. 4aCTb 3T~X no8peJKAeHHA MOJKeT MOAHQl~~HP08aTbCR 
KHCnOPOAOM ~ 80CCTaHa8n~8aTbCR Ha Ql~3HKO-X~M~4eCKOM yp08He, n~-
6o Ha YP08He Q>epMeHTaT~8HOH penapa~~H. apyraR 4aCTb ~HAY~HpyeM~X 
no8peJKAeHHA- OP1~ He MOAHQlH4HpyeTcR KHCnOPOAOM.H He 80CCTaHa8-
nH8aeTCR fi~CTP~M THnOM penapa4H~; HX 80CCTaH08neH~e 803MOJKHO 
nHWb Ha YP08He MeAneHHoA penapa4~H. 0cH08HY~ AOn~ 8 cyMMapHOM 
8~XOAe OP1 , o6paay~HXCR H3 nep8H4H~x y-ca~To8 .• cocTa8nR~T 
OP{, 8occTaHa8nH8aeM~e penapa4HeA II. B~XOA OPjr 8 KHcnopoA-
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H~x ycno8HRX cocTa8nReT nHWb 1/20 4aCTb oT o6~ero 8~XOAa OP1• 

nocne 3a8epweHHR penapa4HH II y KneTOK AHKoro THna H rec--My
TaHTa 3TO COOTHOWeHHe COCTa8nReT COOT8eTCT8eHHO 1/6 H 1/3. 
B ycno8HRX aHOKCHH AnR KneToK AHKoro THna, rec-- H pol A--My
TaHT08 OTHoweHHe 8~XOA08 OP~r H OP1 yMeHbwaeTcR cooT8eTcT-
8eHHO AO 1/2 H 1/4. 

Y rec--MyTaHTa 6~cTpoe 80CCTaHo8neHHe ycTpaHReT OP1 KaK 
8 KHCnOPOAH~X, TaK H 8 aHOKCH4eCKHX ycn08HRX, OCTa8nRR He 80C
CTaH08neHHbiMH nHWb OP\r. nocKOnbKY OTHOWeHHe N ~p{N OPl y AaH
Horo WTaMMa pa8HO ~1,K3 y rec--MyTaHTa, Ae~eKTHoro no penapa-
4HH III, pesKo noHHmeH. Y pol A--MyTaHTa, HMe~~ero Ae~eKT 8 pe
napa4HH II, 8ei1H4HHa K3 no 8biXOAY OP1 H 3AP OAHHaKo8a, nocKonb
KY penapa4HR III 80CCTaHa8nH8aeT ~ pa8HOH cTeneHH OP{ H OP~. 
CneA08aTenbHO, K3, pa8Hbll1 4 no KPHTepH~ o6paso8aHHR OP1 , cooT-
8eTcT8yeT 8enH4HHe K3 no 8~mH8aeMocTH KneToK. 

Y KneToK AHKoro THna 8enH4HHa K3 onpeAenReTcR 8 dcHo8HOM 
CTeneHb~ 6anaHCHP08KH MeXaHH3M08 penapa4HH II H III. npH no
Aa8neHHH penapa4HH III 8enH4HHa K3 yMeHbWaeTcR. KneTKH uvr--My
TaHTa, HMe~He npHMepHO OAHHaK08~ C ~neTKaMH AHKOrO THna 4y8-
CT8HTenbHOCTb K y-o6ny4eHH~ 8 npHCYTCT8HH KHCnOPOAa, 8 ycn08HRX 
aHOKCHH 6onee 4Y8CT8HTenbHbl, 4eM KneTKH AHKOrO THna. CHHmeHHe 
K3 y uvr--MyTaHT08 MOmHo o6DRCHHTb, c OAHOH cTopoH~, 803pacT?
HHeM o6DeMa penapa4HH II, 4TO AenaeT 6onee 3Ha4HM~M 8KnaA op;r 
e neTanbHbiH 3~~eKT, c APYro11 - ee noAaeneHHeM 8 aHOKCH4eCKHX 
ycnOBHRX, nocneAHee o6CTORTenbCTBO AOnmHO npH80AHTb K yeenH4e-
u ... ll'\ nliV-"""\ no 1<1~ ''"" ... ......, __ .,.....,,,,....""' .... _....,,,., ''" no •• " ,,,....,,,.,.,~,,.....,., _,,.,....,..,.. -
·····- --·~~-,-,- -·z ··- ··-----·-··--............ _. ... -·1"''- ........................ _. ............ , 
K eospacTaHH~ BbiXOAa neTanbH~x 3AP AHK. YMeHbWeHHe K3 y uvr-
MyTaHTOB MOmHO CBR3aTb C e~e OAHHM o6cTORTenbCTBOM. KaK noKa-
3aHO e /7 I, npH y -o6ny4eHHH KneToK e cpeAe B03HHKaeT 4epeHKoe
cKoe Hsny4eHHe, HHAY4HPY~~ee cne4H~H4ecKHe AnR ynbTpa~HoneTo
eoro o6ny4eHHR noepemAeHHR - THMHHOBble ~OTOAHMepbl. Y uvr--My
TaHTa, He cnoco6Horo K penapa4HH yKa3aHHbiX noepemAeHHH, YAenb
HbiH BKnaA HX e cyMMapHbiH BbiXOA noepemAeHHH AHK npH o6ny4eHHH 
B KHCnopOAHbiX ycnOBHRX OTHOCHTenbHO Man. 0AHaKO npH o6ny4eHHH 
B ycnOBHRX aHOKCHH, KOrAa BbiXOA nepBH4HbiX y-caHTOB CHYimaeTCR 
6onee 4eM e 4 pasa, HX 8KnaA sHa4HTenbHO eospacTaeT, nocKonbKY 
BbiXOA ~OTOAYIMepoB He MOAYI$H4HPYeTCR KHCnOPOAOM. B 3TOH CBR3H 
THMHHOBble AHMepbl HMe~T BCe CBOHCTBa 0Pr , 8nHR~HX Ha 8enH4H
HY K3. 

K3 npH y-o6ny4eHHH KneToK 8 npHcyTcTBHH aHOKCYI4eCKHX ceHcH-
6HnYI3aTopo8 yMeHbWaeTCR, a y HeKOTOpbiX 4YBCTBHTenbHbiX MyTaHT08 
BbiRBnReTcR 1 ~6paTHbiH11 K3. YMeHbWeHHe K3 e npHcyTCTBHH ceHcH6HnH-
3aTopoe MOmHo CBR3aTb c eospacTaHYieM BbiXOAa OPfr e pesynbTaTe 
esaHMOAeHcTBYIR 3THX areHTOB c nepBH4HbiMH noapemAeHYIRMH AHK Ha 
ypoeHe ~H3HKo-xHMH4ecKHX peaK4HH. 

B npHcyTCTBHH paAHOnpoTeKTopoe eenH4YIHa· K3 np~-1 y-o6ny4eHHH 
n~-160 cna6o yMeHbwaeTcR, nH6o ocTaeTcR nocToRHHOH. YMeHbWeHHe 
paAH03~HTHOro BnHRHHR npoTeKTOpOB B aHOKCH4eCKHX ycnoBHRX MOmeT 
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C8HAeTenbCT808aTb 0 peanH3a4HH MeXaHH3Ma ero AeHCT8HR Ha YPOBHe 
~epMeHTaTH8H~x npo4ecco8 penapa41-1H noepemAeHHH AHK. 3To C8Rsa
HO C TeM, 4TO npH TOpMomeHHH aKTHBHOCTH 3HAO- H 3K30HyKnea3 
YMeHbWaeTCR 06DeM MeAneHHOH penapa4HH H OAH08peMeHHO 803pacTaeT 
o6DeM penapa4HH II, 4TO npHBOAHT K 6onee OT4eTnHBOMY npoRaneHYI~ 
OP~r 8 YIHaKTH8Hpy~~eM Ael1c T8YIH y -o6ny4eHHR Ha KneTKH. 8 Tex 
cny4aRX, KOrAa 3~~eKTH8HOCTb AeHCT8HR paAHOnpoTeKTOpa He 3aBH
CHT OT npYICYTCT8HR KHCnOPOAa, MOmHO nonaraTb, 4TO 8 aHOKCH4e
CKHX ycnOBHRX npOHCXOAHT 11 nepeKn~4eHHe 11 MeXaHH3Ma ero 3a~HTHOrO 
8nHRHHR Ha ~H3HKO-XHMH4eCKHH ypoeeHb. B C8R3H c 3TYIM y pol A-
MyTaHTa MOmHO OmHAaTb nOR8neHHR 3a~HTHOrO BnHRHHR aMHHOTHOnOB 
npH o6ny4eHHH KneTOK 8 aHOKCH4eCKHX ycn08HRX. 

npH AeHCTBHH Ha E.coli H3ny4eHHH c 803pacTa~HMH L 8enH4H
Ha K3 naAaeT. 3a8HCHMOCTb K3 oT L Henb3R o6DRCHYITb c no3H4HH 
rHnOTe3 11 KHCnopOAa B TpeKe 11 H 11 B3aHMOAeHCT8Y~HX paAY!KanOB11 , 

He Y4HTb1Ba~HX oco6eHHOCTH HHAYK4HH H penapa4Y1H no8pemAeHHH 
AHK H3ny4eHHRMH c pasHol1 L. C 803pacTaHHeM L y8enYI4H8aeTcR 
8biXOA noepemAeHHH, He MOAH~~4HpyeMbiX KHCnOpOAOM H He 80CCTaHa8-
nHBaeMbiX penapa41-1el1 II - OPjr. a TaKme pesKo eospacTaeT 8biXOA 
nAP AHK. B AHanasoHe L< 200 K3B/MKM OTMe4aeTCR nocTORHHOe co
OTHOWeHHe 8b1XOA08 nAP 8 KYICnopOAHbiX H aHOKCH4eCKHX ycnOBHRX, 
paaHoe 2. npH AanbHeHWeM B03pacTaHHH L BenH4HHa 3TOrO COOTHo
WeHHR yMeHbWaeTCR. 

B AHanasoHe Manblx 3Ha4eHHH L Ha6niOAaiOTCR 6onbWHe pasnH4HR 
e eenH4HHe K3 y pa3HbiX wTaMM08 E.coli: pol A--MyTaHTY C80HcT
BeHHa HaHoonbWaR 8enH4HHa KJ, HaHMeHbWaR - rec A-- H uvr--My
TaHTaM. C 803pacTaHHeM L y 8cex wTaMMOB E.coli eenH4HHa K3 
yMeHbWaeTcR. HaH6onee pesKoe CHYimeHY!e K3 OTMe4aeTCR y pol A-
MyTaHTa. 3a8HCHMOCTb D~ 1 (L) AnR rec-- H pol A--MyTaHToe 
8 aHOKCH4eCKHX ycn08HRX OnHCb18aeTCR HHCnaAa~~eH KpHBOH 6e3 
MaKCHMyMa. KneTKaM AHKOrO THna, uvr-- H cyneppe3HCTeHTHOMy 
MYTaHTaM C80HCT8eHHa 3a8HCHMOCTb D~ 1 (L) c MaKCHMYMOM, 'npYI4eM 
MaKCHMYM 8 aHOKCH4eCKHX ycnOBHRX 6onee pe3KO BblpameH no cpae
HeHH~ c KneTKaMH, o6ny4aeMbiMH e KHcnopoAe. AnR aHOKCH4eCKHX 
KneTOK no cpaaHeHH~ C HOpManbHO OKCHreHHP08aHHbiMH MaKCYIMYM 3a
BHCHMOCTH D;;-1 (L) npHXOAYITCR Ha o6naCTb 6onbWHX 3Ha4eHHH L. 3TO 
o6ycnoBnH8aeTCR MeHbWHM 8b1XOAOM 8 aHOKCH4eCKHX ycn08HRX 3AP 
1-1 nAP AHK. 

BenY14HHa 11 nono8YIHHoro11 K3 AnR 4YBCT8HTenbHbiX MYTaHTOB He 
3aBHCHT OT L H HMeeT TaKHe me 3Ha4eHYIR, KaK H npH y -o6ny4e
HHH. Y KneTOK AYIKOro TYina AnR 4aCTYI4 C 8biCOKOH L OmHAaeTCR 
ee eospacTaHYie 8 1,75 pasa. HeoAH03Ha4HOCTb 8enH~HHbl LO]y, 
o6ycnoenYI8aeTcR pasnH4HeM 8 xapaKTepe no8pemAeHYIH AHK, npH80AR
~Hx K neTanbHOMY 3~~eKTy: y 4YBCT8HTenbHbiX MyTaHTOB TaKYIMH no
BpemAeHHRMH RBnR~TCR npeHMy~ecTBeHHO OP AHK, a y KneToK AHKoro 
THna - AP AHK. 

3a8HCYIMOCTb K3 (L) 8 ycno8HRX enHRHHR paAYIOnpoTeKTopo8 AnR 
pasHbiX wTaMM08 E.coli onHCbl8aeTCR HHcnaAa~HMH KPYIBbiMYI. B o6-
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nacTH Man~x 3Ha4eHHH L HaH6onbWHH K3 B npHcyTcTBHH paAHonpo
TeKTopa omHAaeTCR AnR KneToK pol A--MyTaHTa, HaHMeHbWHH - AnR 
rec-- H uvr--MyTaHTOB. C yeenH4eHHeM L AnR ecex paccMoTpeHHbiX 
wTaMMOB E.coli K3 CHHmaeTCR AO' 1. B npHcyTcTBHH aHOKCH4ecKoro 
ceHCH6HnH3aTopa y KneToK AHKoro THna H pol A--MyTaHTa K3 c eo-
3pacTaHHeM L yMeHbWaeTCR AO 1. HaH6onee pe3Koe naAeHHe 3aBHCH
MOCTH K3(L) oTMe4aeTcR AnR KneToK pol A- - MyTaHTa, nocKonbKY 
aHOKCH4eCKHe CeHCH6HnK3aTOp~ cna60 BnHR~T Ha ero 4YBCTBHTenb
HOCTb npH AeHCTBHH H3ny4eHHH C ManoH L. Y uvr--MyTaHTOB "o6-
paTH~H11 K3, peanH3yeM~H e npHCYTCTBHH ceHcH6HnH3aTopoe e o6nacTH 
HH3KHX 3Ha4eHHH L, TpaHC$0PMHpyeTCR B cna6o BblpameHHbiH nonomH 
TenbH~H K3, TaK KaK c POCTOM L yeenH4HBaeTCR B~XOA nAP AHK, 
He MOAH~H4HpyeM~X CeHCH6HnH3aTOpOM, a TaKme B03pacTa~T $nyKTya-
4HH 3HeprHH 4aCTH4 no 4YBCTBHTenbH~M MHKp006beMaM KneTOK. 
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Koay6eK C., KpacaaHH E.A. 19-83-884 
Pon~ penapa~HH 4HK B peanH38~HH KHCnopQAHorO ~eKTa 
Y ~aKTepHA Escherichia coli nPH AeACTBHH H3ny4eHHA 
C paaHOA nHHeAHOA neP8Aa4eA 3HeprHH /TeopeTH4eCKHH aHanHa/. 
6anaHC CHCTeM penapa~HH H P4AH04YBCTBHT8n~HOCT~ 

PaccMaTpHaaeTCA pon~ ~anaHca CHCTeM penapa~HH AHK y ~aKTepHA E.coll 
B HHaKTHBHP~eM A8ACTBHH H3ny4eHHH C pa3HOH nHHeAHOH neP8Aa4eH 3HeprHH (L). 
npoaeAeH aHanH3 anHAHHA MQA~~HP~HX ~KTOpoB Ha 6anaHC CHCTeM 6WCTPOH 
(II) H M8An8HHoH (III) penapa~HH. noKaSaHO, 4TO MPH y-~ny4eHHH KneTOK 
8 KHCnOPQAHWX ycnoBHAX yMeH~•eHHe penapa~HH III B OMP8AeneHHWX npeAenax 
MO*eT 6wT~ KOMneHCHpoaaHo aospacTaHHeM ~~eMa penapa~HH II npH nocToAHHwx 
3Ha4eHHAX paAH04YBCTBHTen~HOCTH (D~ 1 ) KneToK. B ycnoaHAX aHOKCHH orpaHH4e
HHe o6~ penapa~HH III npHBOAHT K pesKoMy aospacTaHHO o;1• 06cY*AaoTcA 
B03HO*HW8 BapHaHTW BnHAHHA PaAHonpoTeKTOPOB Ha 6anaHC ~WCTpOH H MeAneHHOH 
penapa~HH B KHCnoPQAHWX H aHOKCH4eCKHX ycnOBHAX. noKa3aHo, 4TO npH B03pa
CTaHHH L pon~ 6anaHca penapa~HH II H III a paAH04yacTaHTenbHOCTH KneToK 
YMeHbWaeTCA, nOCKOnbKY pe3KO 803pacTaeT BWXOA npAMWX ABYXHHTeBWX pa3pWBOB 
AHK. 

Pa6oTa awnonHeHa a fla6opaTOPHH AAepHwx npo6neM OHRH. 
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Kozubek S., Krasavln E.A. 19-83-884 
The Role of DNA Repair In the Realisation of Oxygen Effect 
in Bacteria Escherichia Col I Irradiated with Various Types 
of Radiation. 
The Balance of Repair Systems and the Sensitivity to Radiation 

The role of the balance of E.col I repair systems in the sensitivity 
to ionizing radiation of different LETs Is considered. The Influence of 
modifying factors on the balance between fast (II) and slow (III) repair 
systems is analysed. It Is shown that in the case of y-lrradlatlon of 
aerobic cells the decreased power of repair III In some I lmits can be 
compensated by Increased power of repair II so that the sensitivity 
remains constant. In anaerobic conditions decreasing power of repair III 
leads Inevitably to markedly Increased sensitivity. Different mechanisms 
of the action of radloprotectors on the repair balance in aerobic or ana
erobic state are discussed. The role of repair balance in the radiosensiti
vity of irradiated wild type cells is shown to become unimportant for high 
LET radiation owing to the presence of markedly increased ratio of direct 
double-strand breaks. 

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