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KaK H3BecTHo, K HacTo~~eMy epeMeHH npoeeAeH~ o6cTO~TenbH~e 
O[\eHKH e~XDAOB DAHOHHTeBbiX pa3pbiBOB /OP I H ABYHHTeBbiX pa3pbiBOB 
/AP/ AHK y KneToK npo- H 3yKapHOT, Ha ocHoBaHHH 3THX o[\eHOK 
npoBeAeM pac4eT 3aBHCHMOCTH paAHD4YBCTBHTenbHOCTH (D01 ) KneTOK 
OT L, c Hcnonb3DBaHHeM annapaTa MHKPDA03HMeTpHH 11 •21 . 

npeAnonomHM, 4TO D TaK AOCTaT04HO eenHKa, 4TO eepo~THOCTb 
BblmHeaHH~ KneTOK S npH YAenbHOH norno~eHHOH 3HeprHH z a o6DeMe 
HyKneOHAa 6aKTepHanbHOH KneTKH BblpamaeTCR 3KCnoHeH[\HanbHOH 
<I>YHK[\Hei1: 

S(z) = e -a.z , I 1 I 

q3 
rAe a= N · +N - An~ AHKoro H cyneppe3HcTeHTHoro 

op 2 P s + q 3 rmp 

wTaMMOB E.coli, a= N0P · _!g_ + Nrmp - AnR 4YBCTBHTenbHbiX My-
2 p2+ q2 

TaHToe; a onpeAen~eTc~ penapa[\HOHH~M reHOTHnoM KneTKH (R), e~

XOAOM OP 1 H AP, KOTOpble, e ceo~ 04epeAb, 3aBHCRT .oT L H E. B o6-
~eM BHAe MOmHo 3anHCaTb a= a(R, L, E). CornacHo /1/, eepoATHOCTb 
...,HdK 1 Vl~d4V1V1 t\Jtc • f'v• G ~~~~. ;;u;M;:,-:::.::~~~! ::::~~:-~~~~ .: ~ ~~'U:-~t:'"IA,n.P wnPTk"IA 

MOmHO Bblpa3HTb KaK: 

G(R, L, E, z) = 1- e-a(R,L,E)•z. /2/ 

~CnOnb3Y~ H3BeCTHy~ $OpMyny 12~ Dol MOmHO Bblpa3HTb cneAY~~HM 
o6pa3oM: 

-1 1 
D 0 (R, L, E) = - • I a (R, L, E, z) . f 1 (z). dz' 

ZF 
/3/ 

rAe f 1 (z) - nnoTHOCTb pacnpeAeneHH~ YAenbHOH 3HeprHH z e o6DeMe 
HyKneDHAa KneTKH, 

B npeAnonomeHHH q = 194 u
0
n /E 3•42 < 1 121 MOmHo Hcnonb3DBaTb 

cneAY~~Y~ annpoKc~Mal\~~ An~ pac4eTa /3/: 

-1 a 
D

0 
= 1.1· ___::;...__ +(1-~.~).a.cf>(q,w), 

F(x 
1
) 

rAe 1L = 1-0,05. E-0, 22 .m...1. 
q ' 

/4/ 

F( x 1 ) =..! · x1 I 11- - 2- · [1- e-x~ (1 + x 1)]1 , 
3 x2 

/51 

1 

c,b(q,w)=1- I 
wi-1 "" 

1=2 (i-1)· i I 

1 1-1 -q 
[ln(q)] 1 
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L 
x 1 = 24· a·J.L· 11 , 

ao 
L 

w = 16·a·(1-J.L)· -. 
an 
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M3B/HyKilOH. 
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TaK~M o6paaoM, AilR 

K38/MKM, a3 - MKM 2,a- crp-1 ~ E

-1 
onpeAeneH~R Do (L) pac4eTHWM~ napaMeTpa-

M~ B npeAilaraeMOH MOAeil~ RBilR~TCR: 

napaMeTpw ~3IlY4eH~R- {L,E); 
6~onor~4ecK~e napaMeTPbl - R(p2 , q 2, p3 , q ~) ~ paaMep HyKneo~-
Aa E. coli, ~MeiOlii~H een~4HHY a8 =0, 3 MKM 131 ; 
eepoRTHOCTb o6paaoeaHHR OP 1 Ha OAHY HOHH3a4H~- w. 
Ha p1-1c.1 npeAcTaeneHw 3KcnepHMeHTailbHWe AaHHWe 1-1 peayilbTaTw 

pac4eTOB aaeHcHMOCTH D01 (L), BblnonHeHHWe no /4/ AilR E.coli 
AHKOrO THna, 4yBCTBHTeJlbHWX 1-1 cyneppe3HCTeHTHOrO MyTaHTOB. 
Pac4eTw npoBeAeHw AilR HOHOB a AHanaaoHe 3Hepr~A 4-10 M3B/HYKilOH. 
KaK MOmHO BHAeTb, KJleTKaM C pa3HOH cnoco6HOCTb~ K penapa41-1~ 
noepe>KAeHHH ,liHK CBOACTBeHeH pa3Ili-14HbiH xapaKTep 3aBHCHMOCTH 
D0 (L). Kp1-1ean D01 (L) AilR KneToK AHKoro THna HMeeT He6onbwoill 

MaKCHMYM a o6nacTH L = L t "' 50 K3B/MKM, np~4eM xapaKTep 3TOH 
Kp~eoill onpeAenReTcR eeJlH4HHOH D01 np~-1 AeHcTBHH H3Ily4eHHH c MailoM 
L 1-1 MO>KeT onHcbiBaTbCR KpHBbiMH o01 (L) 1-ro poAa 6ea MaKCHMyMa 
1-1 [fo1(L) 2-ro POAa C MaKCHMYMOM. 

Y>Ke yKa3biBanocb paHee, 4To 4YBCTBHTeilbHOCTb K y -o6ny4eHH~ 
KJleTOK E.c~i AHKOrO THna MO>KeT B 3Ha4HTeilbHOH CTeneHH BapbHpO
BaTb B 3aBHCHMOCTH OT yCilOBHCi, BilHR~l!IHX Ha 6aJlaHC penapa4HOHHbiX 
~epMeHTOB KJleTKI-1, KOTOpWH B KOHe4HOM C4eTe onpeAeilReT BeJli-141-!HY 
N op , OAH03Ha4HO cBR3aHHY~ c BbiXOAOM 3,liP. BbiXOA 3,liP np~-1 y-
06Jly4eHHI-1 B CJly4ae CABHra penapa4HOHHOrO 6anaHCa B CTOPOHY no
AaBileH~R HYKileaaHoA aKT~BHOCT~ CHH>KaeTcR. YMeHbWeHHe YAeilbHoro 
BKilaAa 3,liP B 06l!IHH BWXOA ,liP npHBOAHT K nOBWWeHH~ paAHOpe3~CTeHT
HOCTH KileToK. Hao6opoT, noBbiWeHHe HyKneaaHoA aKTHBHOCTH no cpae
HeHH~ C nOilHMepa3HOH conpOBO>KAaeTCR B03pacTaHHeM paA~04YBCTBH
TeJlbHOCTH KileToK. Bap1-1a4HH 4YBCTBHTeilbHOCT~ E.coli K-12 OAHoro 
1-1 Toro >Ke wTaMMa np~ y-o6ny4eHHH, CYAR no AaHHbiM pa3HWX aeTo
poe 1~81, 04eBHAHO, OTpa>Ka~T eapHa6eJlbHOCTb yCilOBHH 3KCnep~MeHTa 
B Ka>KAOM KOHKpeTHOM CJly4ae. C B03pacTaHHeM L 3TH eapHal.ll-11-1 paAH0-
4YBCTBHTeilbHOCTI-1 yMeHbWaiOTCR, nOCKOilbKY CHH>KaeTCR POilb 3,liP 
B HHaKTHB~PY~l!leM AeHCTBI-11-1 1-1 B03pacTaeT AOiln n,liP ,liHK. 

,llnR cyneppe3HCTeHTHOro MyTaHTa, KOTOpOMY, nO-BHA~MOMy, ceoA
CTBeHHa 6onee AHHaMH4HaR 3KcnpeCCHR recA -reHa, KOA~PY~l!lero 

CHHTe3 11X11 -6eJ1Ka, cnoco6Horo onepaTHBHO CBR3biBaTb KOH4bl OP 
1-1 orpaH~4HBaTb Ae~cTeHe 3K3oHyKneaa, BbiXOA 3,liP np~-1 y -o6ny4eH~H -
HaHMeHbWHA 1-13 ecex paccMoTpeHHbiX wTaMMOB E.coli. 3To o6cTORTeilbCT
eo HaXOAHT OTpa>KeHHe B HI-13KOH 4YBCTBHTeJlbHOC~H AaHHWX KJleTOK 
K y-o6Jly4eHH~ /pHC. 1, KPHBan 3/. 0AHaKO B03pacTaHHe BWXOAa n,liP 
c yeenH4eHHeM L conpoeo>KAaeTcH pe3K~M noewweHHeM 4YBCTB~TeilbHOc-
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PHc. I . 3KcnepHMeHTaJibHbJe H pac-
'leTHbJe BeJIH'IHHbl pa,ZJ;HO'IyBCTBH
TeJibHOCTH E.coli K-12 ,o;HKoro 
THna /2/, penapa~HOHHbJX rec 
MyTaHTOB /J/, cyneppe3HCTeHTHO
ro MyTaHTa /3/ B 3aBHCHMOCTH 
oT (L). Pac'!eT 3aBHCHMOCTH D01(L) 
BbiDOJIHeH no /3/ ,ZJ;JIH qacTH~ 
c 3HeprHeH 4-10 M3B/HYKJIOH. 
llpepbiBHCTOcTb KPHBbiX D~~L) 
o6ycJioBnena pa3HbiM xapaKTepoM 
PPll3 B TpeKe qacTH~ c o,o;HHaKo

BOH L , no pa3JIH'IHOH E • 3KcnepHMeHTaJibHbJe TO'IKH cooTBeTCTBYJOT: 
1-•- /8/ , fl- 0-/12/, C - /9/ , x-d- /10/, flo OCH a6C~HCC! Jlfi3, 

K3B/MKM; no OCH op,ZJ;HHaT: pa,o;HO'IYBCTBHTeJibHOCTb, rp-1 • 

T~ cyneppea~cTeHTHoro MyTaHTa K ~3Ily4eH~RM c B~COKHM L AO 
MaKCHMailbHWX 3Ha4eHHH, npH6JlH3HTeilbHO COOTBeTCTBYIOliiHX H AHKOMY 
THny. HHeenHpoaaHHe 4yBcTBHTeilbHOCTH 3THX wTaMMOB npH Lt~ 
"'50 K38/MKM CBHAeTeilbCTByeT 0 pewa10111eH pOilH n,liP B HHaKTHBHPY~l!leM 
AeillcTBHH TR>Kenwx 4aCTHLI Ha yKa3aHH~e THnbl KileToK E.coli. 

MyTaLIHOHHbiH 6noK penapa4HH OP npHBOAHT K peaKOMY ao3pacTaHH~ 
4YBCTBHTeJlbHOCTH KileTOK B CI1Y4ae Y -ofiilY4eHHR H ee MOHOTOHHOMY 
naAeHHIO c POCTOM L /pHC. 1 • KPHBaR 1 I. TaKaR 3aBHCHMOCTb n:t (J ,)_ 
ceoAcTBeHHaR rec -MyTaHTaM, npeAcTaenReT co6oA THnH4Hy~ KPHBY~ 
D01(L) 1-ro POAa. HHcnaAaiOIIIHA xapaKTep 3TOA KPHeoA c yeenH4eHHeM 
L o6DRCHReTcR eo3pacTaHHeM ~I1YKTYa4HH nornOllleHHOH 3HeprHH z no 

4yBCTBHTeJ1bHbiM MHKPOo6DeMaM KJ1eTOK /H36~T04HOMY B~AeneHHIO 3Hep-
rHH B OAHHX KJ1eTKaX H OTCYTCTBHIO TaKOBoro B APYrHx/, nOCKOilbKY 
JleTaJ1bHbiMH AI1R rec -MyTaHTOB RBilRIOTCR He TOI1bKO ~P, HO npeHMy
l!leCTBeHHO OP ~HK 141• 

KpHBaR D";}(L) 2-ro POAa. Ha6I110AaiOIIIaRCR AI1R cyneppe3HCTeHTHOrO 
MyTaHTa, onpeAeJ1ReTCR, C OAHOH CTOPOHbl, cnoco6HOCTbiO penapa4HOH
HOH CHCTeMbl KJ1eTKH CHH>KaTb BbiXOA 3~P npH MaJ1biX 3Ha4eHHRX L, 
c APYrOH - B03pacTaHHeM BbiXOAa n~P ~HK npH yeeJ1H4eHHH L. B o6nac
TH L > L t OTMe4aeTCR naAeHHe 4YBCTBHTei1bHOCTH ecex wTaMMOB, 
o6yCJ10BI1eHHOe HepaBHOMepHOCTbiO pacnpeAeneHHR 3HeprHH no 4YBCTBH
TeJ1bHbiM MHKpoo6DeMaM KneToK, TaKHM o6pa3oM, AI1R H3oreHHbiX c AH
KHM THnOM WTaMMOB E.oQU, HMeiOIIIHX pa3J1H4Hb1H penapa4HOHHbiH reHOTHn, 

-1 
YAaeTcR Ha6niOAaTb ace H3eecTHble ~opMbl 3aBHCHMOCTH Do (L). 06pa-
l!laeT Ha ce6R BHHMaHHe o6naCTb neperH6a KPHBbiX D01 (L) AilR pa3Hb1X 
WTaMMOB, Y 4YBCTBHTeJ1bHOrO MyTaHTa 3TOT neperH6 OTMe4aeTCR B o6-
J1aCTH MeHbWHX 3Ha4eHHH B OTI1H4He OT KJ1eTOK AHKOrO THna H cynep
pe3HCTeHTHOrO MYTaHTa, 6onee OT4eTI1HBO 3TO BHAHO Ha pHc,2, rAe 
npeACTaBI1eHa 3aBHCHMOCTb nonepe4HOrO Ce4eHHR HHaKTHBa4HH a

1 
KneToK OT L • KaK MO>KHO BHAeTb, BbiXOA Ha nnaTo KPHBOH u (L)

0 

in 
AI1R 4YBCTBHTei1bHoro MYTaHTa npoHcXOAHT npH MeHbWHX 3Ha4eHHRX 
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PHc.2. 3aBHCHMOCTb rrorrepe~Horo 
ce~eHHH HHaKTHBaiJ;HH KJleTOK 

~HKOro THITa 121 H rec -MyTaHTOB 
I I I OT L. 3KcrrepHMeHTaJibHbJe 
TO~KH COOTBeTCTBYIDT 0603Ha~eHHHM 
Ha PHc,l. Pac~eT rrpoae~eH ~H 
HOHOB C 3HeprHeH 4-10 M3BIHyK
JlOH. BepxHHe rryHKTHpHwe JIHHHH 
KPHBb~ I H 2 COOTBeTCTBymT ~ac

THIJ;aM c 3HeprHefi 10 M3BIHYKJIOH. 
no OCH a6Cn;HCC! nn3, K3BIMKM; 
rro ocH op~HHaT: rrorrepe~Hoe ce
~eHHe HHaKTHBaiJ;HH, MKM 2 

L /-10 K38/MKM/, B OTflH4He OT KfleTOK AHKOro THna, Aflfl KOTOP~X 
3Ta eenH4HHa cocTaenReT 50 K3B/MKM. AaHHOe oficToRTenbCTBO o6yc
noeneHo, KaK noKa3aHo a 171 , cnoco6HocTb~ KneTOK AHKoro THna 
KaK fibl 11 CH11MaTb penapai.IHOHHOH CHCTeMOH onpeAeneHHOe KOflH4eCTBO 
3HeprHH 11

, Bb1AenReMoi1 B TpeKe 4aCTHI.Ibl, 3THM MO>KHO Ofi"bRCHHTb 
6onbWHe 3Ha4eHHR ain npH OAHHaKoBbiX L AflR 4yBCTBHTenbHblx MYTaH
TOB no cpaBHeHH~ C KneTKaMH AHKOrO THna Ha flHHe~HOM y4aCTKe 3a
BHCHMOCTH a in (L). 

H3 MaTepHanoe, npeACTaBneHHbiX Ha pHc.1 H 2, MO>KHO BHAeTb BflHn
HHe PPn3 e TpeKe 4aCTHLI Ha senH4HHy 0~1 H a1n • 0Ho npORBnReTcR 
HeCKOflbKO cnafiee B o6naCTH MaflbiX L H HrPaeT CVWeCTBeHHY~ DOflb 
npH BbiCOKHX 3Ha4eHHRX L. npH aHaflH3e BflHRHHR PPn3 Ha xapaKTep 
KPHBbiX 0 01 (L) H a in (L) o6pa114a~T Ha cefiR BHHMaHHe ABa OfiCTOR
TenbCTBa. nepeoe KacaeTCR TOrO, 4TO ~$eKTHBHOCTb npOTOHOB no 
cpaBHeHH~ C HOHaMH reflHR npH OAHHaKOBbiX L OKa3biBaeTCR fionee Bbi
COKOH Aflfl KneTOK AHKOrO THna H cyneppe3HCTeHTHOrO MyTaHTa, BTo
poe >Ke CBR3aHO C fiOflbWO~ sapHafienbHOCTb~ 4YBCTBHTeflbHOCTH rec -
MyTaHTa a o6nacTH L>L t K Ae~cTBH~ H3ny4eHH~ c OAHHaKOBbiMH L, 
Ho pa3nH4a~IJ4HMHCR no E. Ponb PPn3 e 6HonorH4eCKoi1 3~eKTHBHOCTH 
pa3Hb1X Tl1nOB 113fly4eHI1~ MO>KeT Ofi"bRCHRTbCR pa3HO~ Befli1411HO~ BbiXOAa 
OP 11 AP AHK np11 OA11HaKOBbiX L 11 paani14Hb1X E, 4TO CBR3aHo c paa
Hb1MI1 paAI1YCaMI1 o6naCTI1 8 -3neKTPOHOB TpeKa. npl1 L < L t 4aCTI11.1bl 
c MeHbWe~ E np11 pasHbiX L 6onee 3$$eKTI1BHbl, nocKOflbKY 11HAY-
1.111PY~T fionbwee KOfll14eCTBO nAP. 4aCTI11.1bl >Ke C fiOflbWI1M11 seni14HHaMI1 
E nPI1MepHo 50% ceoe~ 3Heprl111 nepeAa~T ee~qecTBY nocpeACTBOM 8 -
3neKTPOHOB, KOTOpble MOryT HH~YI.IHPOBaTb nAP C Mano~ eepORTHOCTb~. 
TaK KaK np11 L < Lt $nyKTYa1.111H z 1-1rpa~T MeHbWY~ ponb, 4eM npH 
L>L • eapbHPOBaHHe Befli14HH BbiXOAa nAP npH OAHHa~OBbiX L 11 pa3Hb1X 
E ohHo3Ha4HO OTpa>KaeTcR Ha sapHai.IHRX 0 01 np11 Tex me ycnosHRX. 

B cny4ae 4YBCTBI1TenbHOro rec -MyTaHTa,s MexaHH3Me HHaKTHBai.IHH 
KOToporo 11rpa~T ponb He TOflbKO AP AHK, HO npe>KAe ecero OP, 

D-1 sapbl1posaHHR senH411Hbl 0 np11 OAHHaKOBbiX 3Ha4eHHRX L npoToHoe 
H HOHOB renHR He OTMe4aeTCR, 
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PHc.3. Bb~O~ perHcTpHpyeMb~ 

.UP IMC + 3,llP + IT,llP I I I ' 2 I H IT,llP 
131 y E.coli ~HKoro THrra e 
aaBHCHMOCTH oT L Herrocpe~cTBeH

HO rrocne o6ny~eHHH Ill H ~epea 
3 ~aca ITOCTpa~HaiJ;HOHHOH HHKy-

6an;HH 121, 3KcrrepHMeHTaJlbHble 
TO~KH COOTBeTCTBYffiT! 0 - /9/, 

• - 141 , Iii - 1131 • Ilo OCH 
a6cn;Hcc: nn3, K3BIMKI>I; ITO OCH 

Op~HHaT! KOJlH~eCTBO ,llP, -
cfp - 1 ~aJibTOH -1 

~ 
...... 
I~ 
0100 

BpeMR I1HKyl!a41111 [~ac] 

PHc. 4. 3aeHCHMOCTh aenH~HHbi 
D A.P OT epeMeHH rrocTpa~Hau;HoH
Hon HHKY6au;HH KJleTOK rrpH ~ei:fcT
BHH pa3Hb~ BH~OB H3Jly~eHHH 
I Y -ny~eii, rrpoToHoe, HOHOB 
KHCJiopo~a H aproHal. 3KcrrepH
MeHTaJibHbie TO~KH COOTBeTCTBYffiT: 
0 - / 4/. no OCH a6CIJ;HCC: apeMH 

ITOCTpa~HaiJ;HOHHOH HHKY6an;HH 
KJleTOK, ~aCblj ITO OCH Op~HHaT: 
~03a H3Jly~eHHH, rrpH KOTOpOH B 
cpe~HeM Ha reHOM perHCTpHpyeT

CH OIIHH IJP. fp, 

' npl1 L > L t HMe~T MeCTO 6onbwHe $nyKTYal.ll111 z. 0HI1 TeM 6onbwe' 
4eM 6onbwe seni1411Ha L 11 MeHbWe E. Ysenl14eHI1e E np11 paBHbiX L 
npi1BOAI1T K 6onee paBHOMepHOMY pacnpeAefleHI1~ 3Heprl111 no 4YBCTBI1-
TeflbHbiM MI1Kp006"beMaM KfleTOK, 4TO conpOBO>KAaeTCR B03pacTaHI1eM 
o01 • Ha116onee OT4eTni1BO 3TO npoRBnReTcR a cny4ae rec -MyTaHTOB. 

npl1 aHafll13e 3aBI1CHMOCTH Di)1 (L) 2-ro POAa' xapaKTepHO~ Aflfl 
cyneppe311CTeHTHoro MyTaHTa,a np11 onoeAeneHH~X ycnos11RX 11 AflR 
KfleTOK AI1KOrO T11na, OTMe4aflOCb, 4TO $OpMa 3TOH Kp11BOH 3aB11CI1T 
OT senH4HH~ N0pH cnoco6HOCTH KneTOK penapHposaTb MC, 113 KOTOpblx 
c onoeAeneHHOH sepoRTHOCTb~ o6pa3y~TCR 3AP. B cny4ae, KOrAa 
eepoRTHOCTb q 3 senHKa H npoHCXOAHT ~HKCai.IHR HC a BHAe 3AP, 3asi1-
CI1MOCTb 0 01 (L) MO>KeT on11c~saTbCR KPI1BOH 1-ro poAa. Hao6opoT, -1 
np11 Manoi1 sepoRTHOCTH o6paaosaHI1R 3AP H3 t~C KPI1BaR Do (L) 6yAeT 
fiBflRTbCR KP11BOi1 2-ro POAa. Ha p11c.3 npeACTaeneHbl pe3yflbTaTbl pac-
4eTa aasi1C11MOCTI1 BbiXOAa t~C 11 AP OT L a pa3Hoe epeMR nocne o6ny-
4eHI1R KneToK AHKoro Tl1na. KaK MO>KHO B11AeTb, np11 Aei1cTBI111 113ny-
4eHI1H c L < 1 00 K3B/MKM npo11CXOA11T !1HTeHCI1BHafl penapa1.111R MC, 
OAHaKo o6"beM ee yMeHbWaeTcfl c so3pacTaHI1eM L, nocKOflbKY np11 
L>100 K3B/MKM noAaBnfi~U4ee 6onbWI1HCTBO AP RBflfleTCR nAP, He pe
napHpyeMbiMH KneTKOH. YMeHbWeHI1e o6"beMa penapa1.11111 MC B11AHO 113 
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PHc.S. Bb~OA OP2 H nP UHK 
y KneToK AHKoro THna, pac

C't!HTaHHhiH no /IS/, /I6/ 

npH AeHCTBHH paSHb~ BHAOB 
HSnyqeHHH B SaBHCHMOCTH OT 

BpeMeHH nocTpaAHa~OHHOH HH

Ky6a~HH. no OCH a6C~HCC! 
BpeMfl HHKy6a~HH, 't!aCbJ; no 

ocH OPAHHaT: B~OA OP 2 
H nP, fp-l• reHOM - 1 • 

PVIC. 4, rAe OTpa}l(eHa 3aBVICVIMOCTb 0 !:IP OT BpeMeHVI nocT paAVIa[4VIOH
HOa::i VIHKy6a[4VIVI KlleTOK AVIKOrO TVIna npVI Aea::iCTBVIVI y - llY4ea::i VI pac4eT

Hble AaHHble AllR npoToHoe VI TR>KellbiX VIOHOB. BellVI4VIHa Dp- eoapacTaeT 
B HaVI60llbWea::i CTeneHVI npVI y-06Jly4eHVIVI VI npaKTVI4eCK~ He MeHReTCR 

AllR VIOHOB KVIcnopoAa VI aproHa. YKasaHHoe o6cTORTellbCTBO MO>KeT 

CBVIAeTeJlbCTBOBaTb 0 npeo6JlaAa~~ea::i POllVI nAP AHK B VIHaKTVIBVIPY~~eM 
Aea::icTBVIVI vt3lly4eHVIa::i c 6ollbWVIMVI sellV14HHaMVI L. 

AnR MyTaHTa,VIMe~~ero HOPMallbH~a::i penapa[4HOHH~a::i reHOTVIn, HO 

TepM04YBCTBVITellbHoro no HHVI[4VIa4HVI aeTopenllVIKa1.4VIVI AHK, 6~JlVI 

pacc4vtTaHw s~xOAW OP2 VI AP AHK 4epes 1-3 4aca nocne o6ny4eHVIR 

KlleTOK y -ny4aMVI VI TR>KellWMVI VIOHaMH /pVIc. 5/. Ha116onee VIHTeHcHe

HY~ penapa4V1~ noepe>KAeHVIa::i npVI noCTPaAVIa[4VIOHHOH HHKy6a4VIVI KlleTOK 
B HPnP~ML1rrtARI-u .. •v ~''-=-~'='~~~~~ :~8;::::c C7i·i~l .... lo c L.JIY"fdt y-u6ny4eHH.A, 

a c noewweHHeM L Ha6Jl~AaeTcR yMeHbWeHVIe o6beMa penapa[4HH, 

o6yCllOBJleHHOe CHvt>KeHVIeM BWXOAa B 3TOM CllY4ae BOCCTaHaBJlVIBaeMWX 

OP2 . Ha ocHose npVIBeAeHHoa::i KVIHeTVIKH penapa[4VIVI noepe)!(J:IeHVI~ AHK 
MO>KHO 04eHV1Tb VI3MeHeHVIe BellH4VIHb10Ql B 3aBVICVIMOCTH OT epeMeHVI 

nocTpaAVIa4HOHHOH HHKy6a4VIVI KJleTOK npvt AeHCTBHH VI3Jly4eHHH C pas

HOH L /pV1c.6/. KaK MO>KHO BVIAeTb, HaVI60llbWY~ eapVIa6enbHOCTb 

paAVI04YBCTBHTeJlbHOCTVI KlleTOK npVI noMe~eHVIVI B nepMVICCVIBHWe ycno
BHR cnyCTR pa3HOe BpeMR nOClle 06Jly4eHHR MO>KHO OlKVIAaTb B CJly4ae 

Y -o6Jly4eHVIR,VI OTCYTCTBVIe TaKOBOH - npVI AeHCTBVIH TR>KellwX VIOHOB. 

nocKOllbKY xapaKTep KPVIBOH 0 01 (L) e 3Ha4VITellbHoa:1 Mepe onpe

AenReTcR B~XOAOM OP2 , HeKoTop~e Vl3 HVIX, pacnono>KeHH~e Ha KOMnne

MeHTapHwx HVITRX AHK, MoryT nepeKpweaTbCR c o6pasoeaHVIeM AP, 

B~3~BaR neTallbH~H 3$$eKT, TO, B03AeHCTBYR Ha npo4eccw, 

npVIBOAR~VIe K o6pa30BaHVI~ 0~, no-BHAVIMOMy, MO>KHO MOAVI$H4HPOBaTb 
xapaKTep saBVICVIMOCTVI D(i (L). PaHee Mw oTMe4allH, 4TO eepoRTHOCTb 

nepeKpbiTVIR 6pewea:1 onpeAellReTcR 6anaHCOM aKTVIBHOCTH AeCTPYKTI1e

HWX VI peci1HTe311PY~~VIX $epMeHTOB, B 14 •81 noKasaHo, 4TO HeKoTopwe 

paAHOn poTeKTOPbl I 411c TeaMI1H, MeTOKCI1TpHnTaMHH/ noAa emmT 

aKTHBHOCTb AeCTPYKTI1BHWx $epMeHTOB, TOPM03R 11H4113HOHHWH 11 3Kc-
4113HOHHbl~ 3Tanw penapa1.41111. B 3TOM cny4ae noewweHI1e BW>KHBaeMOCTI1 

KlleTOK B YCllOBI1RX AeHCTBI1R paA110npoTeKTOpOB MO>KHO CBR3aTb C 
yMeHbWeHI1eM ewxoAa OP 2 , onpeAenReMoro eepoRTHOCTb~ q 2 , 11, B Ko-
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PHc.7. TpaHc~opMa~Hfl saBHcH

MOCTH D01 (L) I -ro POAa I I I 
B KPHBYIO D(j1 (L) 2-ro POAa /2 I 
npH yMeHbWeHHH BepoflTHOCTH 

q 2 /MOAenHpyiO~eH CHTya~HIO 

AeHCTBHH paAHOnpOTeKTOpa/. 
no OCH a6c~HCC! nn3, KSB/MKM; 

no OCH OPAHHaT! paAHO't!YBCTBH

TenbHOCTb, fp -
1 , 

He4HOM C4eTe, CHI1>KeHI1eM BWXOAa 3AP. Ha OCHOBe V13llO>KeHHbiX npeA

cTaeneHHH o MexaHH3Me sa~I1THoro AeVICTBI1R paAHOnpoTeKTopoe 

y E.coli npoeeAeM pac4eT saBI1CVIMOCTI1 0~1 (L) AflR KlleTOK AI-1Koro 

THna B 06W4HWX YCJ10BI1RX 11 B npHCYTCTBI-111 paA110npoTeKTOpa. AflR 

3TOrO 11CnOJlb3yeM napaMeTpW paA1104YBCTBI1Tel1bHOCTI1 6aKTeplo1H 
E.coli np11 y -o6J1y4eHio1H, onpeAeJ1eHHWe B 19•1°/. f{aK MOM<HO BHAeTb 

/pl1c.7/, saBHCI1MOCTb D01 (L) Al1R KJ1eToK, o6ny4eHHWX B o6w4HWX 

yCJ10B11RX, Oni1CWBaeTCR Kpi1BOH 1-ro POAa. npl1 yMeHbWeHI-111 eepORT
HOCTI1 q 2 B TPH pasa /11M11THpy~eH CI1Tya411~ AeHCTBHR paAHOnpo

TeKTOpa/ Ha6l1~AaeTCR TpaHC~OpMa[411R Kpi1BOH 001 (L) 1-ro POAa B 

KPHBY~ 2-ro POAa. 
Ha6n~Aa~~eecR e 3KcnepvtMeHTe yMeHbWeHio1e sa~I1THOro AeHCTBI1R 

paA110npoTeKTOpa np11 B03pacTaHI111 L 1111 MO>KHO CBR3aTb C yBeJ11o14e

Hio1eM BWXOAa B 3TOM CJ1y4ae nAP, He MDA11$111.411PYeMOrO BBeAeHI1eM 
paAHOnpoTeKTOpa. C y4eTOM 3TOrO xapaKTepHWe oco6eHHOCTI1 Kpi1BOH 

D ~1 (L) 2-ro poAa c MaKCI1MyMoM y E.coli MO>KHO J11-1WHHH pas 11HTep

npeTI-1POBaTb KaK OTpa>KeHHe CTeneHI1 6anaHCI1POBKI1 $epMeHTOB pena

pa41111, onpeAel1R~eH eepORTHOCTb o6pa30BaHI1R 3AP np11 y -o6ny-

4eHio111. 

3AK11104EHHE 

B 3aKl1~4eHHe cyMMHpyeM 113l10>KeHHwe ewwe npeAcTaeneHI1R o saKo
HOMepHOCTRX 11HAYK[41111 lo1 penapa[41111 OCHOBHWX Tl1nOB JleTallbHWX nos-
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pemAeH~H AHK, onpeAenRD~~x pa3n~4~R e 6~onor~4eCKOH 3~~eKT~e
HOCT~ ~OH~3~PYD~~X ~3ny4eH~H pa3HOro Ka4eCTBa np~ AeHCTB~~ Ha 
6aKTep~~ E.coli. 

y -o6ny4eH~e ~HAY4~pyeT e AHK KneTOK w~poK~H cneKTP nepe~4-
H~x noepemAeH~H. OP ~ AP AHK RBnR~TCR ocHOBH~M~ neTanbH~M~ co-
6biT~RM~ AnR KneTK~. HaPRAY c ~cT~HH~MH OP, cocTaenR~~~M~ He-
6onbWYD AOnD e cyMMapHOM e~xoAe OP, np~ Y-o6ny4eH~~ ~HAY4~PY~T
CR ~ 3H3~MaT~4eCK~e OP pa3Horo T~na e pe3ynbTaTe KOHKYP~PY~~x 
B3a~MOOTHOWeH~H pec~HTe3~PYD~~X ~ AeCTpyKT~BH~X penapa4~0HH~X 

~epMeHToe. 6onbwaR 4aCTb nepe~4H~x noepemAeH~H AHK, TpaHc~opM~
PY~~~xcR e OP, eoccTaHaen~eaeTcR nocpeACTBOM MexaH~3MOB pena
pa4~~ I, II ~ III. 0AHaKo ecneACTe~e Taro, 4TO penapal\~OHH~e 
~epMeHTbl e KneTKe AeHCTBY~T 11HeKOOPA~H~poeaHH011 ~ aKT~BHOCTb 
non~Mepa3 OTCTaeT OT 3K30HyKnea3HOH aKT~BHOCT~,~3 Hepenap~poeaH
H~X OP B03H~Ka~T 6pew~ - o6w~pH~e y4aCTK~ AeCTPYK4~~ AHK,KoTop~e 
e cny4ae pacnonomeH~R Ha KOMnneMeHTapH~x H~TRX MoryT o6pa3oe~
eaTb oco6~e MeTacTa6~nbH~e cocTORH~R. Bo3H~KHoeeH~e MC MOmHo 
CBR3aTb C ~YHK4~eH recA -reHa, KOA~PY~~ero C~HTe3 "X"-6enKa 
~ orpaH~4~Ba~~ero AeHCTB~e 3K30HyKnea3~ V. 4acTb MC penap~pyeTcR 
KneTKOH, APYr~e me TpaHC~OPM~py~TCR B ,liP. 3T~ 3H3~MaT~4eCK~e 
,liP, e oTn~4~e oT npRM~x, RBnR~TCR npeo6naAa~~~MH e cyMMapHoM 
BbiXOAe ,liP np~ y -o6ny4eH~~, 

BbiXOA 3AP reHeT~4ecK~ AeTepM~H~poeaH ~ onpeAenReTcR 6anaHCOM 
HYKnea3HOH ~ non~Mepa3HOH aKT~BHOCT~ penapa4~0HH~X ~epMeHTOB, 

B cny4ae CAB~ra penapa4~0HHoro 6anaHca e cTopoHy yrHeTeH~R 
IIOIOJI' ........ _,._,,,....,~ ... ,,..,.,., ........... -...... OJI'-OJI' ,.....,. ........................ oo...-.- ........ ~~ -··- ....................... _..,.,...,,..,., .......... ..... 
I OJ ... ~ .............. 0...,0'1 ........ I 0'1 .... 0 .......... 0 ... ' .............. I ..... 0'11" .......... I 1"1 ........ 0..., J -J ll .......... t"' .... ~O'I .... 0 ....... I 0 0 1 ..... 0 ..... 

MyTaHTa ~n~ np~ AeHCTB~~ HeKOTop~X paA~OnpoTeKTOpoe, B~XOA 3.£1P 
yMeHbwaeTcR. npHMble AP o6pa3y~TCR e pe3ynbTaTe noepemAeH~R ~oH~-
3~PY~~~M~ 4aCT~4aM~ KOMnneMeHTapHbiX y4acTKOB AHK. B~XOA ~x no 
cpaeHeH~~ c 3AP np~ y -o6ny4eH~~ Hecy~ecTeeHeH. 

Pean~3a4~R OAHOrO AP /3AP ~n~ nAP I B reHOMe E. coli A~Koro 
T~na ~n~ cyneppe3~CTeHTHOrO MyTaHTa np~BOA~T K neTanbHOMY 3~
~eKTy • .l\nR 4YBCTB~TenbH~X MyTaHTOB neTanbH~M~ RBnR~TCR He 
TOnbKO AP, HO npe~My~eCTBeHHO ~ OP AHK. nocKOnbKY B~XOA 3AP 
onpeAenReTCR 6anaHCOM aKT~BHOCT~ penapa4~0HH~X ~epMeHTOB B 
KneTKe, TO CAB~r ero B TY ~n~ ~HY~ CTOpOHY OTpamaeTCfl Ha ~3Me

HeH~~ 4YBCTB~TenbHOCT~ K y-o6ny4eH~~ A~Koro ~ cyneppe3~CTeHT

HOro WTaMMOB E.coli, HO He 4YBCTB~TenbHbiX MyTaHTOB. 
C yeen~4eH~eM L B~XOA n,liP pe3KO B03pacTaeT, ~ OH~ CTaHOBRTCR 

npeo6naAa~~~M~ B CYMMapHOM B~XOAe 3,liP ~ n,liP, a KOn~4eCTBO 3,liP 
yMeHbWaeTcR nponop4~oHanbHO yMeHbWeH~~ e~XOAa OP.np~ L, cooTseT
CTBY~~~x MaKc~MYMY 3aB~C~MOCT~ NAp(L) ~ 6onbw~x, npaKT~4eCK~ see 
AP RBnR~TCR nAP. nocKOnbKY BbiXOA 3AP c soapacTaH~eM L CH~maeTCR' 
yMeHbWaeTCR ~ sap~a6enbHOCTb 4yBCTB~TenbHOCT~ KneTOK K ACHCTB~~ 
nnOTHO ~OH~3~py~~~X ~3ny4eH~H B ycnoB~RX, ~3MeHR~~~X COCTORH~C 
~x penapa4~0HHoro 6anaHca. 3To o3Ha4aeT, 4TO KneTK~, 4YBCTB~Tenb
HocTb KOTOP~X K y-o6ny4eH~~ CH~meHa nyTeM C03AaH~R ycnoB~H, 
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YMeHbWaD~~X B~XOA 3,liP, BHOBb CTaHOBRTCR 6onee 4YBCTB~TenbH~M~ 
K AeHCTB~~ ~3ny4eH~H c eo3pacTa~~~M~ 3Ha4eH~RM~ L. TaKaR Kap
T~Ha xapaKTepHa AnR cyneppe3~CTeHTHOrO MyTaHTa,~Me~~ero H~3K~H 
B~XOA 3,liP, co CBOHCTBeHHOH eMy 3aB~C~MOCTb~ Do1 (L) 2-ro POAa. 
TpaHc~opMa4~~ 3ae~c~MocT~ D01 (L)l-ro POAa s Kp~sy~ 2-ro poAa 
MOmHO OTMeT~Tb ~ AnR KneTOK A~Koro T~na B ycnOB~RX en~RH~R 
paA~OnpoTeKTOpa, CH~ma~ero B~XOA 3,liP. 

Penapa4~0HH~e 4YBCTB~TenbH~e MyTaHT~,AnR KOTop~x neTanbH~M~ 
noepemAeH~RM~ RBnR~TCR He TOnbKO ,liP, HO npemAe scero ~ OP 
AHK, s~RBnR~T 3ae~c~MOCTb Do1 (L) TOnbKo 1-ro poAa. XapaKTep 
TaKOH 3aB~C~MOCT~ OAH03Ha4HO ~HTepnpeT~pyeTCR B TepM~HaX ~~3~K~ 
~OH~3~py~~~X ~3ny4eH~H ~ reoMeTp~~ M~WeHeH. 

AHan~3 A~HaM~K~ ~HAYK4~~ ~ penapa4~~ per~cTp~pyeM~x AP AHK 
y KneTOK A~KOrO T~na OT sen~4~H~ L, paCC4~TaHH~H Ha OCHOBe 
npeAnomeHHOH MOAen~, CB~AeTenbCTByeT 0 3Ha4~TenbHOH eap~a6enb
HOCT~ ~X BbiXOAa B nOCTPaA~a4~0HH~H nep~OA np~ y -o6ny4eH~~ 
~ 06 OTCYTCTB~~ TaKOBOH np~ AeHCTB~~ 4aCT~4 c BbiCOKOH L. TaKaR 
nceeAopenapa4~R AP AHK np~ y-o6ny4eH~~. Ha6n~AaeMaR s 3Kcne
P~MeHTe, MOmeT paccMaTp~BaTbCR B paMKaX ~3nomeHH~X npeACTaBne
H~H KaK OTpameH~e npo4ecca penapa4~~ MC, per~cTp~pyeM~x KaK 
AP, Ho He penapa4~~ ~cT~HH~x AP /nAP ~n~ MC, ~~Kc~posaHHbiX 
s 3AP/. 3To 03Ha4aeT, 4TO np~ noe~weH~~ L cneAYCT om~AaTb ~ 
nocTORHCTBa sen~4~Hbl D AP s nocTpaA~a4~0HHbiH nep~oA, OAH03Ha4HO 
B~TeKa~~ero ~3 npeAnomeHHbiX MOAenbHbiX npeAcTasneH~H. 

TaK~M o6pa3oM, ysen~4eH~e 6~onor~4ecKo~ 3~$eKT~BHOCT~ ~3ny4e
H~i1 c B03pacTa~~~M~ 3Ha4eH~flM~ L np~ AeHCTB~~ Ha E.coli o6ycnos
n~saeTCR oco6eHHOCTRM~ M~KpopacnpeAeneH~R norno~eHHOH 3Hepr~~ 

TRmen~X 3apRmeHH~X 4aCT~I..I, ~HAY4~PY~~~X K.a4eCTBeHHO ~H~e neTa
nbH~e nospemAeH~R e reHeT~4eCKOM annapaTe KneTOK - npRMble AP AHK, 
~ penapa6enbHOCTb~ 3T~x nospemAeH~H. BbiXOA 3H3~MaT~4ecK~X AP AHK, 
~HAY4~pyeM~X npe~My~eCTBeHHO np~ y-o6ny4eH~~, MOmeT 6~Tb 
yMeHbWeH nocpeACTBOM 6anaHC~POBK~ penapai..I~OHH~X ~epMeHTOB, 4TO 
OTpamaeTCR Ha CH~meH~~ 4YBCTB~TenbHOCT~ KneTOK K y-ny4aM. B~XOA 

me n,liP onpeAenReTCR TOnbKO ~~3~4eCK~M~ oco6eHHOCTRM~ ~3ny4eH~H, 
He 3aB~C~T OT penapai..I~OHHOrO reHOT~na, a noTOMY 4YBCTB~TenbHOCTb 
E.coli K AeHCTB~~ 4acT~4 c 6onbW~M~ L nocTORHHa ~ MOA~~~Ka4~R 

ee HeB03MOmHa. 3TH 06CTORTenbCT8a n03BOnR~T np~HTH K 3aKn~4eHH~ 
0 TOM, 4TO xapaKTep KPHBOH D01 (L) 2-ro POAa, CBOHCTBeHH~H A~KOMY 
T~ny E.coli H cyneppe3HCTeHTHOMy MyTaHTY, a TaKme eenH4HHa MaK
C~MyMa 3TO~ KP~BOH onpeAenR~TCR CTeneHb~ 4YBCTB~TCnbHOCT~ KneTOK 
K y -o6ny4eH~~. 

AeTop~ 4pe3B~4aHHO np~3HaTenbH~ np~eccopy B.H.KoporoA~HY, 

n.H.flo6a4eBCKOMY ~ K.f.AM~pTaesy 3a o6cymAeH~e PYKOnHC~ ~ 4eHH~e 
3aMe4aHHR. 
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H3A8TenbCKHA OTAen 06~eAHHeHHOrO HHCTHTYT8 HAePHbiX HCCneAOB8HHA 



TEMA'IWIECKHE KATErOPHH nYBJJHKAI.IHA 
OB~E~HHOrO HHCTHTYTA ~PHYX 

HCCJIE.Z.OBAHHA 

HHJleKC TeM8TIIJ(a 

1. 3KcnepHMeHTanbHa~ ~3HKa BWCOKHX 3HeprHH 

2. TeopeTH~ecKa~ ~3HKa awcoKHx 3HeprHH 

3. 3KCnepHMeHTanbHa~ HeHTpoHHa~ ~3HKa 

4. TeopeTH~ecKa~ ~3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. RAepHa~ cneKTpocKonH~ H paAHOXHMH~ 

7. ~3HKa T~*enWX HOHOB 

8. KDHoreHHKa 

9. YcKOPHTenH 

10. AaTOMaTH3a~H~ o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHWX 

11. Bw~HcnHTenbHa~ MaTeMaTHKa H TexHHKa 

12. XHMH~ 

13. TexHHKa ~3H~ecKoro 3KcnepHMeHTa 

14. HccneAo&aHH~ TBePAWX Ten H *HAKOCTeH 
~AepHWMH MeTOAaMM 

15. 3KcnepHMeHTanbHa~ ~3HKa ~AePHWX peaK~HH 
npH HH3KHX 3HeprH~X 

16. ~03HMeTPH~ H ~3HKa sa~TW 

17. TeopH~ KOHAeHCHpOBaHHOrO COCTO~HH~ 

18. McnonbsoaaHHe pesynbTaToa H MeTOAOB 
.YHAaMeHTanbHWX ~3H~eCKHX HCCneAOBaHHH 
8 CM~HWX o6nacT~X HayKH H TeXHHKH 

19. 6H~H3HKa 

.. 
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Kosy6eK c., KpacaBHH E.A. 19-82-884 
BHOnOrHqecKaH 3~eKTHBHOCTb HOHH3HpyiD~X H3nyqeHHll pa3HOrO 
KaqeCTBa H perrapa~Hfl nHK /TeopeTHqecKHll aHanHs/. nellCTBHe 
HsnyqeHHI1 Ha 6aKTepHH E.coli. qyBCTBHTenbHOCTb KneTOK 

rrpH AeHCTBHH HsnyqeHHH c pasHoil TIIT3 

-1) PaccMaTpHBaeTCH saBHCHMOCTb paAHoqyBCTBHTenbHOCTH (D 0 
oT TIIT3 (L) HsoreHHbiX c AHKHM THITOM mTaMMOB E.coli , pasnHqaw
~xcH ITO qyBCTBHTenbHOCTH K y -oonyqeHHID. lloKa3aHO, qTo 3aBH
CHMOCTbD01 (L) orrpeAenHeTCH He TOnbKO ~H3HqeCKHMH CBOHCTBaMH 
H3nyqeHHH, HO H CITOCOOHOCTbiD KneTOK perrapHpOBaTb OrrpeAeneHHbie 
THIThl ITOBpe~eHHH nHK. BospacTaHHe 6HonorHqeCKOH 3~eKTHBHOCTH 
qaCTH~ C pOCTOM L, rronyqeHHOe Ha OCHOBe paspaooTaHHOH MOAenH, 
CBH3biBaeTCH C ManOH BepOHTHOCTbiD o6pa30BaHHJI 3H3HMaTHqeCKHX 
ABYHHTeBbiX paspb!BOB /nP I nHK rrpH y -o6nyqeHHH H yBenHqeHHeM 
BbiXOAa ITPHMbiX nP ITPH AeHCTBHH qacTH~ c Bb!COKOH L. PaccMaTpHBa
eTCJI ponb 6anaHca aKTHBHOCTH perrapa~HOHHbiX clJepMeHTOB y E.coli 
B I!JopMHpoBaHHH xapaKTepa KPHBoil D(i1 (L). 

Pa6oTa BbillOnHeHa B naoopaTOPHH HAepHbJX rrpo6n~M QHBH. oAnA 
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Kozubek S., Krasavin E.A. 19-82-884 
Biological Effectiveness of Ionizing Radiations of Different 
Quality and the Repair of DNA Damage (theoretical analysis). 
The Effect of Ionizing Radiation on Bacteria Escherichia Coli 
Cell sensitivity to Ionizing Radiations of Different LETs 

The dependence of the radiosensitivity D01 on LET for iso
genic mutants of E.coli with different sensitivity to y -ra
diation is determined. The shape of D0

1 (LET) function is 
formed both by physical characteristics of radiation and by 
the ability of cells to repair some types of DNA damage. The 
increase of radiosensitivity with increasing LET resulting 
from our model is connected with low probability of enzymatic 
DSB production after Y -irradiation and on the other hand with 
the enhancement of direct DSB production after high-LET irra
diation. The influence of the balance of repair enzymes on 
the s~ape of D01 (LET) function is discussed. 

The investigation has been performed at the Laboratory of 
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