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~3BeCTHO, 4TO ~OH~3~py~~~e ~3ny4eHH~ ~HAY~HPY~T B KneTKaX 
WHPOKHH cneKTP nepBH4HbiX nospemAeHHH ~HK. HaH6onee 3Ha4HM~MH, 
Hrpa~~HMH pewa~y~ ponb B neTanbHOM AeHCTB~H ~3ny4eH~H, ~Bn~~T
C~ OAHOHHTes~e ~ ABYHHTes~e paap~B~ /OP H ~P/ ~HK. 8 HaCTO~~ee 
speM~ o6~enpH3HaHo, 4TO OP B03HHKa~T He TonbKO scneACTBHe paa
p~sa rnaBHOH ~enH saneHTHOCT~, HO H a npo~ecce penapa~~~ neps~4-
H~x y-caATos, KOTop~e MoryT TpaHc$opMHposaTbC~ a OP. Y E.coli 
AerpaAa~H~ ~HK KaK Heo6XOA~MbiH 3Tan penapa~HH HaXOAHTC~ B co
CTO~HHH onpe~eneHHoro 6anaHca c npo~eccaMH pecHHTeaa nospemAeH
HbiX y4aCTKOB II. noA BnH~HHeM 3K30HyKneaa B ~HK KneTOK MoryT 
B03HHKaTb npOT~meHHble OAHOHHTeB~e 6peWH, KOTOp~e B Cny4ae pac
nonomeHH~ Ha KOMnneMeHTapHbiX HHT~x cnoco6H~ nepeKpbiBaTbC~ c o6-
paaosaH~eM 3H3~MaTH4eCK~X ~p /3~P/. npH $HKCa~~H OAHOro 3~P 
~n~ np~Moro ~p /n~P/ a reHeTH4eCKOM annapaTe E.coli HacTynaeT 
neTanbH~A 3$$eKT/ 21. Penepa~H~ ~p y E.coli He npoHCXOA~T/ 3/. 

Ha ocHose cospeMeHHbiX npeACTasneHH~ o aaKoHoMepHocT~x HHAYK
~HH H penapa~HH nepBH4HbiX nospemAeHHA ~HK y E. coli npH y-o6ny-
4eH~~ npeACTasn~eTc~ soaMomHbiM nposeAeH~e TeopeTH4eCKoro aHanH-

- (D-1) -3a 3aKOHOMepHOCTeH H3MeHeH~~ 4YBCTB~TenbHOCTH O KneTOK K AeH-
CTBH~ H3ny4eHHH pa3Horo Ka4eCTBa, BbiRCHeHHe ponH penapa~H~ ~HK 
a 6Honor~4eCKOH 3~~eKTHBHOCTH ~any4eHHH c pa3HOH nHHeAHoA nepe
Aa4eA 3Hepr~~ (L). 

1. OomA~ CXEMA MO~EnM. 
METACTAo~nbHOE COCTO~HME 

Ha OCHOBe COBpeMeHH~X npeACTaBneH~H 0 3aKOHOMepHOCT~X ~HAYK
~HH ~ penapa~~~ nepsH4HbiX nospemAeH~A ~HK y E.c.oli npH y-o6ny-
4eH~H rnasH~e 3Tan~ MoneKyn~pH~X co6~THA, nema~~x a ocHose ny4e
soA HHaKTHBa~HH KneTOK, MOmHO npeACTaBHTb B BHAe cneAy~eA cxe
Mbl /eM. PHCYHOK/. npH o6ny4eHH~ A030H DB ~HK KneTOK c 4aCTOTOH 
(N II,I:(P ) HHAY~~PY~TC~ n~p ~ c 4aCTOTOA (N y)- nepBH4H~e y -caHTbl, 
TpaHc$opMHPY~~Hec~ a OP. Ma o6~eA cyMM~ nepsH4HbiX y -caAToB MomHo 
B~AenHTb AOn~ nospemAeHHH, BOCCTaHasnHsaeM~X penapa~~eA l (N.Y ), 
H AOn~ CaHTOB, He BOCCTaHaBnHBaeMbiX 3THM THnOM penapa~HH (N ~r ). 

CxeMa HH~YK~HH H perrapa~HH 
OCHOBHb~ THITOB rroBp~~eHHH AHK 
Y E.coli rrpH ~eHCTBHH HOHH3H
pyro~x H3ny~eHHH. 
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N r w • N ir w y -caHT~, B OTnH4He OT y -caHTOB, RBnR~TCR noepe~AeHHRMH, 
HMe~HMH nHra3ocne~H~H4eCKHe KOH~~. H MOryT, KaK yKa3~Banocb, 
eoccTaHaenHeaTbCR OAHHM ~epMeHTOM - AHK-nHra3oi1.0AHaKo H3eecT
Ho, 4TO C nHra30H aKTHBHO KOHKYPHPY~T HyKnea3~/ 24• 25/, nepeBOAR
~He 3TH nepBH4H~e noepe~AeHHR e OP, eoccTaHOBHTb KoTop~e pena
pa~HR I He Mo~eT. 06o3Ha4HM eepoRTHOCTH HHAYK~HH 11 penapa~HH 
e eAHHH~Y epeMeHH pa3nH4H~x noepe*AeHHH AHK cooTeeTcTeeHHO qi; 
q 2 ; Q3 11 PI ; P2 ; P3. nycTb P1 - eepORTHOCTb BOCCTaHOBneHHR 
Ny -cai1Toe. HepenapHpoeaHHaR 4acTb N; -cai1Toe, RBHBWaRcR.06beK
TOM aTaKH HYKnea3~ C eepORTHOCTb~ QI o6pa3yeT BMeCTe C N u

cai1TaMH OP nepeoro THna /OP1 /, RBnR~~HecR MoneKynRpH~M cy~cT
paToM penapa~HH II. N~p 1 TaKHX pa3p~eoe Mo~eT c eepoRTHOCTb~ p 2 
BOCCTaHOBHTbCR KneTKOH, a C eepoRTHOCTb~ q 2 o6pa3qBaTb BMeCTe 
c HepenapHpyeMoii 3THM THnOM penapa~HH ~paK~Heii N ';p 1 OP eTopo
ro THna /0~ /, KOTOp~e ecneACTBHe 3K30HyKnea3HOH AerpaAa~HH o6-
pa3y~T 6pewH B HHTRX AHK. npH pacnono~eHHH ABYX y-cai:ITOB Ha 
KOMnneMeHTapH~X HHTRX nocne 3K30HyKnea3HOH paC4HCTKH B MOneKyne 
AHK, no-eHAHMOMy, eo3MO~Ho o6pa3oBaHHe oco6~x ''norpaHH4H~x'' 
COCTORHHH, KOTOp~e MO~HO Ha3BaTb KaK MeTaCTa6HnbH~e. MeTaCTa-
6HnbH~e COCTORHHR /MC/ MoryT B03HHKHYTb, KOrAa Me~y ABYMR 
npOTHBOnOnO~H~MH 6peWRMH HeT nepeKp~THR, a HMeeTCR HeKOTOpoe 
KonH4eCTBo Henoepe~AeHH~x HyKneoTHAOB. MC c eepoRTHOCTb~ Pa 
HnH penapHpy~TCR KneTKOH, KaK ABa He3aBHCHM~x OP2 • HnH c eepORT
HOCTb~ q3 nepeKp~ea~TCR, TpaHc~opMHPYRCb e AP. PeanH3a~HR OAHoro 
AP /npRMoro HnH 3H3HMaTH4ecKoro, B03HHKa~ero H3 MC/ e reHoMe 
E.coli AHKoro THna HnH cyneppe3HcTeHTHoro MyTaHTa RBnReTcR ne
TanbH~M co6~THeM AnR KneTKH. 

Mo~Ho npeAnono~HTb, 4To MC o6pa3Y~TCR e AHK KneToK e pe3ynb
TaTe Cy~eCTBOBaHHR MeXaHH3Ma, orpaHH4HBa~~ero noCTPaAHa~HOHHy~ 

AerpaAa~H~ AHK H npenRTCTey~ero nepeKp~TH~ ABYX, HAY~HX HaBcT
pe4y APYr APYry, y4aCTKOB pac4HCTKH. 3Ty ponb Mo~eT e~nonHRTb 
nPOAYKT reHa rec A - 6enoK "X" - HHrH6HTOP AerpaAa~HH ~HK, HH
AYK~HR KOTOporo HaXOAHTCR nOA CnO*H~M reHH~M KOHTponeM 4/. 6e
nOK "X" orpaHH4HBaeT AeHCTBHe CaMOH MO~HOH 3K30HyKnea3~ KneTKH -
nPOAYKTa reHoB rec B 11 rec C 3K30HYKnea3~ V. CornacHo/ 5/, HHAyK
TopoM CHHTe3a 6enKa''X'~perynHpyeMoro reHaMH rec A, tif, lex A, 
rec C, RBnR~TCR nPOAYKT~ 3K30HyKnea3Hoi1 AerpaAa~HH AHK. 3ToT 
6enoK o6naAaeT cnoco6HocTb~ Y3HaeaHHR HapyweHHOH cTpyKTYP~ AHK 
H B npHCYTCTBHH HOHOB MarHHR CBR3~BaeT KOH~~ OP, npenRTCTBYR 
AanbHeHweii AerpaAa~HH AHK. 

npeAnono*eHHe 0 HanH4HH MexaHH3Ma, orpaHH4HBa~~ero nocTpaAHa
~HOHHy~ AerpaAa~H~ AHK y KneToK c HOPManbH~M penapa~HOHH~M reHo
THnoM, KoTop~ii npeAOTBpa~an 6~ o6pa3oeaHHe neTanbH~x AP, corna
cyeTcR c AaHH~MH o 3aBHCHMOCTH KonH4ecTea AerpaAHPOBaHHOH AHK 
OT A03~ o6ny4eHHR. Ecn11 npeAnono*HTb 4TO cy~ecTeyeT HeKaR cpeA
HRR AnHHa 3K30HyKnea3HOH paC4HCTKH/Gt KOTopaR peanH30Banacb 6~ 
He3aBHCHMO OT TOro, HMeeTCR nH BCTpe4H~H y4aCTOK AerpaAa~HH HnH 
~e Henoepe*AeHHaR HHTb AHK, To c eo3pacTaHHeM A03~ o6ny4eHHR 
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KOnH4ecTeo AerpaAHpoeaHHoii AHK AOn~Ho eo3pacTaTb. 0AHaKo KPHBaR 
3aBHCHMOCTH AerpaAa~HH AHK y 6aKTepHH oT A03~ y-o6ny4eHHR HMe
eT OT4eTnHBOe nnaTo/7/, CBHAeTenbCTBy~ee 0 TOM, 4TO npH 60nbWHX 
A03ax o6ny4eHHR KOnH4ecTeo AerpaAHpoeaHHoii AHK He yeenH4HeaeTCR. 
8 3TOM cny4ae MO*HO CAenaTb BbiBOA 0 TOM, 4TO 3KC~lo13HOHHaR pac-
4HCTKa HAeT Ha HeKOTOpoe CpeAHee MaKCHManbHOe paCCTORHHe ~ 
npH OTCyTCTBHH APYrHX y -cai:ITOB Ha AaHHOM y4aCTKe l'o • npH HanH-
41111 BCTpe4HOrO y4aCTKa AerpaAa~HH Ha KOMnneMeHTapHOH HHTH, ecnH 
6enoK "X" ycneeaeT CBR3aTb KaKoi1- n1160 OAHH KOHe~ 113 ABYX CMe~HbiX 
OP2 . B03MO~HO o6pa3oeaHHe MC. npH 6onbWHX A03aX o6ny4eHHR BbiXOA 
OP2 (N<>p ) paeeH BbiXOAY MC (NMc) . no-BHAHMOMy, MC nocne nH3Hca Kne
ToK e c~ny rHAPOAHHaMH4eCKHX Harpy3oK Ha MoneKyny AHK /B/ BbiRBnR
~TCR KaK AP/3/, OAHaKO in situ penapl1py~TCR KaK OP. nceBAopena
pa~HR AP y E.coli, OTMe4aeMaR e 3KcnepHMeHTe/ 3 .2~ eo3MO*Ho, oT
pa~aeT 3TH npo~eCCbl. Mo*HO npeAnono~HTb, 4TO e cny4ae, ecnH He 
npOHCXOA11T CBR3~BaHHR CMe*H~X KOH~OB OP 6enKoM"X",MC MO~eT 
TpaHc~opMHpoeaTbCR e AP 11 Bbi3BaTb neTanbHbiH 3~eKT. 

2. KHHETH4ECKHE YPABHEHHH MOAEnH 

ir 
BBeAeM cneAY~~He o6o3Ha4eH11R: ny 11 ny : COOTBeTCTBeHHO KOnH-

4eCTBO penapHpyeM~X 11 Hepena~HpyeM~X y-caHTOB B MOMeHT BpeMe
HHt ,n =n'+nir ;n;PI 11 n':p -·COOTBeTCTBeHHOKOnH4eCTBOpe-y y y I 

,.,..,,....,,.,....,,n,,IIV till IJnnnr""'..,niAn\/O.,.tLrV ()0.., 
. ..... ,... .. ,...., -· ·-··· .. ··-r--··--r-··r-J -· ·-··· ..... J. n 

op] 
r'll '''"'t..tOU'T' nnOt.AOUIA 
- . ·-· ·-· -r- -· ·-

= n. + nir 
op I op I ; nopz - KOnH4eCTBo OP 2 e MOMeHT epeMeHH t; nMC-

KOnH4eCTBo MC e MOMeHT epeMeHI1 t. 
AnR 6onbW11X AD~ o6ny4eHHR, KOrAa ~r,=nop 2 ,cHcTeMy A11~~epeH

~HanbH~x ypaeHeHHH 

r i r 
dn Y = - ( q I + p I) n ydt - q 1 n y dt 

dn opt -( q2 + p2) n~P ~t - q2n~~ ft 

dn .. q2 n dt - ( q 
3
+ p

3
) nMCdt , 

MC 0 P1 

/1/ 

121 

/3/ 

onHc~ea~~Hx KHHeTHKY HHAYK~HH 11 penapa~1111 noepe~AeHHH AHK Mexa
HH3MaMH penapa~1111 I , II H III 11 oTnH4aiO~HXCR APYr oT APyra no 
CKOpOCTH npoTeKaHHR npHMepHO Ha nopRAOK, MO~HO nocneAOBaTenbHO 
peWHTb, 

Konl14eCTBO 0~ Ha eA11H11~Y norno~eHHOH A03~ H3ny4eH11R nocne 
OKOH4aHHR penapa~HI1 I 6yAeT: 

N =N' qi +Nir 
op I y q 1 + pI y /4/ 

3 



Kon~4eCTBO OP2 nocne 3aaepweH~R penapa~~~ II paaHo: 

N zNr ~+Nir 
op2 OP1q +P op1 

2 2 

/51 

On~weM uonee noApo6Ho npo~ecc penapa~~~ OP1 ~ ~HAYK~~~ MC. 
PewaR /2/ /noyne 3aaepweH~R penapa~~~ I /, np~ ycnoa~~ nop (0) 

r IT l 
=N =N +N , nony414M: opl opl opl 

r -(p+qlt -qt 
noplt)=Nople 2 2 + Nop1e . !6! 

PeweH~eM /3/ np~ Ha4anbHOM ycnoaH~ nMc'"O 6yAeT: 

r 
q 2N op 1 -(p 2+ q2l t -(p 3+q3l t 

n__ = e - e + 
MC p + q -p -q 

3 3 2 2 
. i r 

q2Nopl -q2t 
+ e 

p 3 +q3-q2 

-(p3+q3lt 
e 

171 

KaK cneAyeT ~3 /7/, KOJl~4eCTBo MC B xoAe penapa~~~ III yMeHb
waeTcR a pe3yJlbTaTe aoccTaHoaneH~R OP2 • MC, TpaHc~opM~poaaHH~e 

B AP, COCTaBJlR~T KJlacc 3AP, KOTOp~e BMeCTe c nAP /xapaKTep~CT~Ka 
npRMoro AP 6yAeT AaHa H~~e/ RBnR~TCR ocHOBH~M~ neTaJlbH~M~ co6~
T~RM~ DJlR KJleTOK D~Koro T~na ~ cyneppe3~CTeHTHOro MyTaHTa. npeA
nOJl0~14M, 4TO K Ha4any AeneH~R KJleTK~ nMc=O. AnR AP MO~Ho 3an~caTb: 

dn AP = q 3 nMC dt !8! 

14 Aanee: 

nAP = q 3 I nM edt+ Co , /9/ 

rAe C0 - nocToRHHaR 14HTerpl4poaaHI4R, onpeAenReMaR 143 nepaoHa4anb
Horo ycnoBI4R nAP (0) = NIIAP . 11HTerpi4pyR 17 I, nony4aeM: 

nAP 

+ 

4 

r 

q zNop 1 J 
p 3+ q3-p2- q2 

ir 

( e -(pz+ q2lt )t 
-(p3+q3 )dt+ 

e 

q2 Nop 1 -qzt -(p3+q3lt 
I ( e - e ) dt + C0 

P3+q3-q2 

/10/ 

• 

q Nir 
nAp ,. _2_op 1q3 

-(pz+ q2lt 
[~-----

1- e -(p3+q3l t 

P3 + q3-p2-q 2 P2+ q 2 

ir -q t 

+ q2 Nop1q3{ 1-e 2 

p3 + q3-q2 q2 

'P3+q3 1+ 

( lt - p3+q3 
1-e ~--] + NIIAP . 
P3+ q 3 

/11/ 

npl4 YCJlOB1414, 4TO npo~eCCbl 14HAYK~1414 ~ penapa~~14 nospe~AeH14i1 

AHK npoi4CXOART AOCTaT04HO 6~cTpo (t~~ ), nony4aeM AJlR KoHe4Horo 
s~xoAa AP: 

r q2q3 Nir q3 N 
n .. N + -- + IIAP · 
llp op 1 (P2+ q2)(p3 + q3) oplp3+q3 

/12/ 

nocKOJlbKY B~XOA OP2 CBR3aH c B~XOAOM OP1 ypasHeHI4eM /5/, no
Jly4aeM: 

q 3 
n iiP"' Nop2 --- + N !lAP 

p 3+ q3 
/13/ 

rAe nepsoe cnaraeMoe ecTb KOJll44ecTso 3AP 14 BTopoe - KOJl~4eCTBo 

naP. 

3. 06PA30BAHI1E MC B 3AB11CI1MOCTI1 OT A03bl 06nY4EH~UI 

npe~Ae, 4eM np~cTyni4Tb K onpeAeneHI4~ napaMeTpos npeAnaraeMoi:i 
MOAenl4, B~414CJl14M sepoRTHOCTb o6pa3oBaHI4R MC s 3aBI4C14MOCTI4 oT A0-
3~ o6ny4eHI4R. 

AonycTI4M, 4TO 3K30HyKnea3HaR AerpaAa~I4R AHK nP.014CXOA14T Ha 
paCCTORHI414, BKJl~4a~~eM eo HYKJleOT14AOB. B TOM CJly4ae, eCJl14 nep
B144H~e nospe~AeH14R, npi4BOAR~14e K o6pa3oBaH14~ 0~. ne~aT Ha KoMnne
MeHTapH~x y4aCTKaX AHK Ha paCCTORHI414, MeHbWeM, 4eM eo HYKJleOTI4-
AOB, B03MO~Ho o6pa3oBaH14e MC. Konl44eCTBO o6pa3y~~I4XCR MC MO~Ho 
paCC414TaTb 143 napaMeTpoB Nopz• eo 14 143 o6~ero 414CJla nap HyKneo-

T14AOB M, BXOAR~14X 8 reHoM E.coli. npl4 cpeAHeM KOJl144eCTBe OPz 

Ha reHOM(Nop D) sepORTHOCTb TOro, 4TO KOHKpeTH~i:\ HYKJleOT14A He 
2 -~~ 

~MeeT nospe~AeHI4R, ecTb e 2M 
JlaX 2 ~ HYKJleOT14AOB OT nepBI44HOrO 
HI4KHoseHI4~ OP2 . Ha KOMnneMeHTapHoi:i 
nori44H~i:i y-cai:IT, 6yAeT: 

BepoRTHOCTb Toro, 4TO B npeAe-
y-cai:\Ta, npi4BOAR~ero K so3-

HI4TI4 He 803HI4KHeT BTOpOC\ aHa-
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( 
_ N op 2D') 2fo 
e~· • e 

Nop ilfo 

M 

H eepORTHOCTb B03HHKHoeeHHR TaKoro co6~THR pasHa 

N22D~ 
1-e M 

a Ha BeCb reHOM: 

N0 P
2
D(l-e 

Nop2Dfo 

M ). 

Aosa, npH KoTopo~ o6pasyeTcR e cpe.QHeM Ha reHoM O.QHO MC, onpe
.QenReTcR KaK: 

~ 
_ N

0
pJDf.' 

lsN D-e • 
op 2 /14/ 

4. onPEAEflEHHE nAPAMETPOB MOAEflH AflR KflETOK AHKOrO THnA 

rnrn:::~r..or/ 9 • 10 - 121 MOlllf'M noHHRTb. 4TO BbiXO.Q OP1 AJlR E.coli co

CTaBnReT 1,7·10- 12 ~rp-J .QaJlbToH- 1 "'e~xo.Q OPz 6y.QeT paeH~M 
1o- 13 crp- 1 .QaJlbToH- 11 13 · 141. Y4HTbiBaR, 4To cKopocTb penapa4HH I 
H II >>III 17 I H I 11 I MO>KHO 3Ha4HTellbHO ynpoc THT b: 

q2 r -(p3+q3lt ir -(p3+q3lt -(p3+q3lt 
n Mc(t) • --N 0 P e + N0 P e ,. N0 P e 

P 2+q 2 I 2 2 

aHanorH4Ho: 

+ lt -(p 3 q3 
1-e 

n (t) • q3Nop2 p3 + q3 Ap + Nnr1p . 

1151 

/16/ 

KHHeTHKY HHAYKI.IHH H penapa4HH OP2 • o6pasy~~Hx MC H H3MepReM~X 
KaK AP, MO>t<HO onHcaTb cne.Qy~~HM o6pa3oM: 

H3 q 3 -(p3+q3lt -<ptq3lt 

n"P,. N0 P 2-(1- e ) + N0 P e + N " 
" P 3+ q 3 2 n,..p 

1171 

r.Qe n~~ • nMc+ nAP - H3MepReMbl~ B~XOA AP. 

6 

• 

] 

\ 
I 

npH Nop 2- 0' 047 rp -1/12-14/ 
1,8 4-1 H q 3= 0,255 4-1, 

HMeeM OnTHMaJlbH~e 3Ha4eHHR p 3 = 
KOTOp~e o6ecne4HBa~T HaHJ1Y4wee co-

OTBeTCTBHe 3KCnepHMeHTaJlbH~X .QaHHbiX C paC4eTH~MH no BbiXO.QY B 
cpe.QHeM Ha reHoM O.QHoro AP B saBHCHMOCTH OT epeMeHH nocTpa.QHa
LIHOHHO~ HHKyfiai.IHH KJleTOK/~. Pac4eT C.QeJlaH B npe.QnOJlO>KeHHH, 4TO 
KOJ1H4eCTBO MC = OP2 • 3To ycnoeHe MOIKeT e~nonHRTbCR 111111 npH Bbl
coKo~ .Q03e Ofi1ly4eHHR, HJlH IKe B CJ1y4ae .QOCTaT04HO 60JlbWO~ BeJ1H-
4HHbl fo. npH onpe.QeJleHHH B~XOAOB AP y E. coli H TO H .Qpyroe o6-
CTORTeJlbCTBa 11Me~T MeCTO B YCJlOBi'IRX 3KCnepi'!MeHTa / 2,9,10,13/. 

Konl't4eCTBO MC H 3AP npH n~6o~ D nony4HM, YMHo>KaR CYMMY 

Nop 2 Df0 

n3Ap + n Me Ha (1- e 
M )D .en: 

-(p3+q311 q3 -<P3+ qalt 
[nMc(t)+n3AP(t)]8D-N D[e +(1-e (1-e )]x 

op2 P3+q3 

NopzDfo 

M 

1181 

x (1-e )D • 

nocne saeepweHHR penapai.IHH III KOllH4eCTBO neTaJlbH~X noepe>t<.Qe
HH~, npHXOAR~HXCR Ha reHoM npH .Qose D, sanHweTcR B BH.Qe: 

Nop 2 D fo 

q3 
H.[ n ( t )]8 D + Nnnp D. N D -- (1- e 

:lAp oo ,_.. op2 P3+q3 

M 
)+ /191 

+ N D. 
nnp 

(-H) RBJlReTCR noKa3aTeJleM 3KCnOHeHT~ KPHBO~ B~>KHBaHHR KJleTOK 
e saBHCHMOCTH OT D y-ny4eH. BenH4HHa n11e4a Ha KPHBOH e~>t<HBaHHR 

E.coli AHKOrO THna/6/ COOTBeTCTByeT 3Ha4eHH~ fo 5•10 5 HyKJleOTH
.QOB. Ha OCHOBe 3TOrO 3Ha4eHHR fo MOIKeM Ol.leHHTb BeJ1H4HHY Ha4aJlb
Horo HaKllOHa saBHCHMOCTH .Qerpa.Qai.IHH AHK OT D, KOTopaR cocTaenReT 
0,26% rp~l. BenH4HHa Ha4aJlbHoro HaKJlOHa 3TOH 3aBHCHMOCTH, nony-
4eHHaR B 3KCnepHMeHTe, paBHa 0,2% rp-l/7,1W, 

5. OnPEAEflEHHE nAPAMETPOB MOAEfl" 
AflR 4YBCTBHTEflbH~X MYTAHTOB 

HseecTHo, 4To PRA MyTai.IHOHH~x .Qe~eKTOB penapai.IHH AHK y KJleToK 
BJle4eT sa C060~ noB~WeHHe HX 4YBCTBHTeJlbHOCTH K HOHI't3Hpy~HM i't3-
Jly4eHI'tRM/6,l6,n/, HapyweHHe HopMaJlbHO~ penapa411H AHK npi'IBOAHT 
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K cH~meH~~ cnoco6HocT~ KneToK penap~poaaTb OP. Pa6oTaM~/ 2 • 3 • 6 / 
nOKa3aHO, 4TO y 4yBCTB~TenbHbiX MyTaHTOB K neTanbHOMy 3¢$eKTY 
np~BOART He TOnbKO aP, HO ~ QP, penapa~~R KOTOP~X HapyweHa. 
OnpeAen~M napaMeTp~, ~cnonbayeM~e a paccMaTp~aaeMo~ MOAen~, AnR 
HeKOTOp~X rec-MyTaHTOB. 

rec A-MyTaHT. 6noK rec A-reHa, KOA~PY~111ero c~HTea 6enKa "X", 
np~BOA~T K pe3KOMy B03pacTa7~~ 4YBCTB~TenbHOCT~ KneTOK K Ae~cT
B~~ y-ny4e~ I Do= 11 rp 12 /. HaaeCTHO, 4TO rec A-reH y4acT
ayeT B KOHTpon~poaaH~~ MHOr~x ~HAY~~6enbHb~ $YHK~~~/lB< B TOM 
4~Cne npOAYKT 3TOrO reHa B AOpenn~KaT~BHO~ penapa~~~ He06XOA~M 
AnR peryn~poaaH~R npo~ecca AerpaAa~~~ aHK / 4,Sl • np~ noAaaneH~~ 
rec A-$yHK~~~ Ha6n~AaeTcR peaKoe aoapacTaH~e paaMepoa AerpaAa
~~~ aHK /17 < 

B~coKy~ 4YBCTB~TenbHOCTb rec A-MyTaHTa MomHo o6bRCH~Tb TeM, 
4TO np~ yMeHbWeH~~ eepORTHOCT~ p 3 ~HaKT~ea~~R KneTOK npo~cxoA~T 
OT Hepenap~poaaHH~x OP2 . 0AHaKo Heo6XOA~Mo np~ 3TOM AOnycT~Tb, 
4TO penapa~~R I ~ II ocyll.leCTBnReTCR AOCTaT04HO 3¢$eKT~aHo, eoc
cTaHaen~eaR 3Ha4~TenbHY~ 4aCTb y-ca~TOB. ae~CTB~TenbHO, CBepx-
6~CTpaR C~CTeMa penapa~~~ y rec-MyTaHTOB $yHK~~OH~pyeT CTOnb me 
3$$eKT~BHO, KaK ~ y KneTOK A~Koro T~na, ycTpaHRR AO 90-95% OP11?1 
Ha ocHoaaH~~ een~4~Hbl Do= 11 rp AnR rec A-MyTaHTa MomeM np~HRTb 
eem14~HY BbiXOAa OP 2 KaK Nop 2'"' 0' 1 rp -I. 

rec ABC-MyTaHT, Y Aa~Horo MyTaHTa oTcyTcTeyeT 3K30HyKneaaa 
v/ 161. XapaKTepHo~ oco6eHHocTb~ rec ABC-MyTaHTa RanReTcR H~3KaR 
nArn.=.M:liiiAQ n~JI nntA ~t..lrnwru'A n.::aniA()U\/RrTRLATPnl-. .... ()rTIA I n... 
;,;·12=·1·S~rpf2/ /.· B TO me Bp~M~ D;p COCTaBnReT -100 urp ~He Me
HReTCR B 3aB~C~MOCT~ OT epeMeH~ nocTpaA~a~~OHHO~ ~HKyfia~~~ Kne
TOK/2,3/. TaK me, KaK ~ a cny4ae c rec A-MyTaHTOM, AnR rec ABC
wTaMMa Ha OCHOBaH~~ 3Ha4eH~R D0 '"'12 rp MomeM np~HRTb aen~4~HY 
N0 p2 0,1 rp- 1. nocKonbKY y KneTOK AaHHOrO WTaMMa OTCYTCTByeT 
rec BC-aae~c~MaR 3K30HyKneaaa V, a 3TOM cny4ae MOmHo om~AaTb 
MeHbwero paaMepa 6pewe~, o6paay~ll.I~XCR a peaynbTaTe AerpaAa~~~ 
aHK. Y4~TbiBaR, 4TO DAP "'100 rp, MOmeM, nonb3YRCb /14/, paCC4~
TaTb aen~4~HY fo , KOTOpaR AnR AaHHOrO MyTaKTa COCTaBnReT 
2·10 4 HyKneoT~AOB. 

6. OnPEaEnEHHE nAPAMETPOB MOaEnH 
anR CYnEPPE3HCTEHTHOrO MYTAHTA 

anR cyneppe3~CTeHTHOro MyTaHTa Gam-444, no-B~A~MOMy, xapaK
TepHa ny4waR, no cpaeHeH~~ c A~K~M T~noM, 6anaHc~poeKa npo~ec
coa 3K30HyKnea3HO~ AerpaAa~~~ aHK ~ ~HAYK~~~ "X" -6enKa, orpa
H~4~Ba~ll.lero Ae~cTe~e HyKneon~T~4ecK~x $epMeHTOB. Ben~4~Ha Do 
AnR 3Toro WTaMMa cocTaBnReT 720 rp' a D itP .. 150 rp HenocpeACT
aeHHO nocne o6ny4eH~R ~ 800 rp 4epea 3 4aca nocTpaA~a~~OHHo~ ~H
Ky6a~~~/201. 
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noa~WeHHY~ pe3~CTeHTHOCTb KneTOK 3TOrO WTaMMa MOmHO 06bRC
H~Tb 6onee 3$$eKT~aHo~ pa6oTo~ penapa~~~ III /MeHbW~M 3Ha4eH~eM 
napaMeTpa q3 /, a pe3ynbTaTe 4ero yMeHbwaeTCR e~xoA 3aP. Y4~T~
aaR 3TO 06CTORTenbCTBO, a TaKme TO, 4TO aen~4~Hy N0 p2 MomeM 
np~HRTb TaKa~ me, KaK ~ AnR KneTOK A~Koro T~na Nop2• 0,047 rp-! 
~MeeM 3Ha4eH~e q3 • 0,05. Ha OCHOBaH~~ aen~4~H~ nne4a KP~BO~ 
B~mli1BaH~R cyneppe3~CTeHTH~X KneTot! 21/ MOmeM Bbi4~Cn~Tb fo , KOTO
paR COCTaBnReT - 2· 10 S HyKneOT~AOB. 

TaK~M o6pa3oM, pewaR c~cTeMy A~$$epeH~~anbHbiX ypaaHeH~~. on~
c~ea~~x K~HeT~KY ~HAYK~~Ii1 ~ penapa~~~ noepemAeH~~ aHK, M~ on
peAenl!1n~, Ha OCHOBe ~Me~ll.I~XCR 3KCnep~MeHTanbH~X AaHH~X, napaMeT
p~, Heo6xoA~M~e AnR pac4eTa 4YBCTB~TenbHOCT~ KneTOK E.coli a cny-
4ae y-o6ny4eH~R. np~ aHan~3e 3aKOHOMepHOCTe~ ~3MeHeH~R 4YBCTB~

TenbHOCT~ pa3Hb1X WTaMMOB E.coli OT aen~4~Hbl L He06XOA~MO ~MeTb 
~H$OpMa~~~ 0 B~XOAe OP ~ aP aHK np~ Ae~CTB~~ Ha KneTK~ ~3ny4eH~~ 
c eoapacTa~~M~ 3Ha4eH~RM~ L . 
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Kosy6eK c., KpacasHH E.A. 19-82-882 
BHonorHqecKaH 3~eKTHBHOCTb HOHH3HP~X H3nyqeHHH 
pasHoro KaqecTBa H penapa~HH AHK /TeopeTHqecKHH aHanHs/. 
AeHCTBHe HsnyqeHHH Ha 6aKTepHH Escherichia Coli. 
MoAenb HHaKTHBa~HH 6aKTepHH 

PaccMaTpHsaeTCH saBHCHMOCTb paAHoqyscTBHTenbHOCTH 6aKTe
PHH Escherichia coli /AHKOro THna, cyneppesHCTeHTHoro H rec
MyTaHTOB/ OT nHHeHHOH nepeAaqH 3HeprHH HsnyqeHHH, Ha OCHOBaHHH 
aHanH3a oco6eHHOCTeH HHAYK~HH H penapa~HH Y E.coli OCHOBHb~ 
THnoB nyqeBWx nosp~eHHH ARK - OAHOHHTeBhlX H ABYHHTeBb~ pas
PhlBOB llOCTpOeHa He~OpManbHaH MOAenb HHaKTHBa~HH KneTOK 0 pa3nH
qruo~XCH no qyscTBHTenbHOCTH. BBOAHTCH noHHTHe "MeTacTa6HnbHoe 
COCTOHHHe" /MC/, xapaKTepH3~ee OC06bJil: THll llOBpeJKgeHHH,CBH3aH
HbJil: C o6pa30BaHHeM OAHOHHTeBhlX npOTH~eH~ 6pemeH AeCTpyK~HH 
B KOMnneMeHTap~ HHTHX ARK. 06c~aJOTCH B03MO~Hbie MexaHH3Mhl, 
OTBeTCTBeHHble sa ~OpMHpOBaHHe MC, IlpeACTaBneHbi KHHeTHqecKHe 
ypaBHeHHH MOAenH, onpe~eneHhl napaMeTphl AnH qyscTBHTenb~ 
H cyneppe3HCTeHTHOrO MyTaHTOB, 

npenpHHT 06~eAHHeHHOro HHCTHTyTa RAePH~X HccneAOBaHHH. AY6Ha 1982 

Kozubek S., Krasavin E.A. 19-82-882 
Biological Effectiveness of Ionizing Radiations of Different 
Quality and the Repair of DNA Damage (Theoretical Analysis). 
The Effect of Ionizing Radiations on Bacteria Escherichia Coli 

The dependence of the radiosensitivity of bacteria (wild 
types, superresistant and rec-mutants) on linear energy trans
fer (LET) is considered. Nonformal model of the inactivation of 
different bacterial mutants has been constructed on the basis 
of available experimental data. The concept of "metastabile 
sites" (MS) has been introduced. MS are special DNA lessions 
arising from great nucleolytic gaps on both strands of DNA.Dif
ferent mechanisms responsible for MS formation are considered, 
Kinetic equations of the model are solved and the parameters 
are determined for both sensitive and resistant mutants. 

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