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MyTareHHOe Ael1CTBHe HOH~3HPY~~HX H3ny4eHHl1 Ha 6aKTepHanb
HFle KneTKH B CHnbHOl1 CTeneHH saBHCHT OT aKTHBHOCTH reHOB rec A 
H lex A, npOAYKTbl KOTOpblX KOHTpOnHpy~T HHAY'-IH6enbHY~ SOS-:-,ena
pa4H~ /1,2/, no3TOMY npH BW.RCHeHHH MeXaHH3MOB MyTa~eHHOro AeAcT
BH.R HOHH3Hpy~~HX H3ny4eHHA C pa3HblMH c))H3H4eCKl-1MH xapaKTepHCTH
KaMH Ba)l{HO 3HaTb oco6eHHOCTH npO.RBneHH.R SOS-peaK4~:A KneTOK npH 
AeACTBHH H3ny4eHHA, pa3nH4a~~HXC.R no eenH4HHe nHHeAHoA nepeAa-
4H 3HeprHH 1nn3 HnH L/ B WHpOKOM AHanasoHe. HseecTHO, 4TO C 
B03pacTaHHeM nn:3- B ,llHK KneTOK yeenH4HBaeTC.R BblXOA noepe)l{AeHHA, 
He penapHpyeMblX nH60 TPYAHO penapHpyeMblX KneTKaMH ' 3•41 . K HHM, 
B 4aCTHOCTH, OTHOC.RTC.R np.RMWe ABYHHTeewe paspwew /n,llP/ ,llHK H 
noepe)l{AeHH.R, He BOCCTaHaBnHeaeMble B npo4ecce 3KC'-IH3HOHHOA pol A-

-saBHCHMOA penapa4HH H 6wcTpoA penapa41-1H OAHOHHTeBWX paspweoe 
/OP/ ,llHK. nocneAHHe, no-eHAHMOMy, eoccTaHaenHea~Tc.R npeHMy~ecT
BeHHO c y4acr1-1eM rec A - lex A-saBHCHMOl1 penapa4HH, ocy~ecTBn.Re
MOA AnHHHblMH c)lparMeHTaMH /3, 4 /. Ecni-1 TaKHe noepe)l{AeHH.R y4acTey
~T B c))OpMHPOBaHHH CHrHana, sanycKa~~ero SOS-peaK'-IH~, TO C poc
TOM nn3 MO)l{HO b)l{HAaTb ycHneHH.R CTeneHH HHAYK'-IHH SOS-cHCTeMW. 
C APYroA cTopoHw, ecni-1 SOS-cHrHanoM cny)l{aT TOnbKO npOAYKTW Ae
rpaAal.\HH ,llHK 151 ' TO C yeenH4eHHeM nn3 3cpc)leKrnBHOCTb SOS-OTBeTa 
AOn)l{Ha CH~)l{aTbC.R, nOCKOnbKY 4aCTOTa o6pasoeaHH.R npoT.R)l{eHHWX 
6pewe11 B ,llHK o6ny4eHHblX KneTOK B 3TOM cny4ae MeHbWe' 4eM npH 
y-o6ny4eHHH 13• 41 • ,lln.R npoeepKH 3T1-1x npeAnono)l{eHi-111 H 6b1na npeA
npHH.RTa HaCTO.R~a.R pa6oTa. 

3KcnepHMeHTanbHWM nOAXOAOM K H3y4eHH~ 1-1HAYK'-11-1H SOS-cHCTeMW 
KneTOK npH Ae11CTBHH H3ny4eHHl1 C pa3HOl1 nn3 B HaCTO.R~e11 pa6oTe 
.RBHnOCb Hcnonb30BaHHe HOBoro 3c)lc)leKTl-1BHOro MeTOAa HCCneAOBaHH.R 
SOS-CHCTeMw - SOS-xpOMOTeCTa 161 . Cera nOMO~b~ no aKTHBHOCTH 
,B-ranaKT03HAa3bl' Bblpa6aTblBaeMOl1 lac Z-noKyCOM' BCTpOeHHblM B reH 
sul A H HaXOA.R~HMC.R nOA HeraTHBHblM KOHTponeM npOAYKTa reHa lex A' 
MO)l{HQ CYAHTb 06 HHTeHCHBHOCTH SOS-OTBeTa, 
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WTaMM 6b111 CKOHCTpy1-1poBaH CTaH,qapTHblMl-1 MeTo,qaMl-1 reHH011 l-1H>KeHe

p1-11-1 nyTeM c111-1.AHl-1R y4acTKOB sul A : : lac Z 191• B KJleTKax PQ 37 lac Z 
JlOKyC Haxo,q1-1TCR no,q KOHTp011eM sulA- npOMOTOpa. TaK1-1M o6pa30M, 

Cl-1HTe3 ~-ra11aKT031-1,qa3bl, KO,q1-1pyeMbll1 lac z-110KycoM, 3as1-1c1-1T OT 

SOS-1-1H,qyK41-11-1, np1-1 KOT0p011 CHl-1MaeTC.A lex A-penpeccop c npOMOTOpa 

sul A, Y KJleTOK ,qaHHOro WTaMMa 1-1MeeTC.A ,qe11e41-1.A no HOpMaJlbHOMy 

lacz-110Kycy. noM1-1Mo 3Toro OH 1-1MeeT ,qe¢eKT no uvr A -sas1-1c1-1Mo11 

seTBl-1 3Kc41-1s1-10HH011 penapa41-11-1 1-1 Cl-1HTe3y minono111-1caxap1-1,qa (rfa) • 

Cpeol!l. K11eTK1-1 Bb1pa1J.11-1ea111-1 s L-cpe,qe 1101 c ,qo6as11eH1-1eM aMn1-1-

41-111111-1Ha B KOH4eHTpa41-11-1 20 Mr/MJl. Z-6y¢ep rOTOBl-1111-1 no MeTO,q1-1Ke 

M1-11111epa 191 1-1 T-6y¢ep no MeTo,q1-1Ke K1-11111ap,qeTa ·/6/. PacTBOpb1 OHcl>r 

1-1 nHnn B KOH4eHTpa41-11-1 4 Mr/Mn Ka>K,qbl11 roTOBl-1111-1 COOTBeTCTBeHHO 
Ha OCHOBe ¢oc¢aTHOro 1-1 T-6y¢epa. 

Memoou1<a nocma1toe1<u 3'KcnepUMe1tma. Hs saMopo>KeHHOH cyc

neHs1-11-1 KJleTOK CTaBl-1111-1 H04HY~ KYJlbTYPY B L-cpe,qe C aMnl-141-111111-1-
HOM ILA-cpe,qa/. nocne passe,qeH1-1R 1:20 KYilbTypy.s Te4eH1-1e 2 4 

15 Ml-1H no,qpalJ.j1-1Ba111-1 B TepMOCTaT1-1pyeMOl1 BOA.AH011 6aHe Ha we11Kepe 

np1-1 TeMnepaType 3 7° C ,qo onT1-14ecK011 n110THOCT1-1 00600 = 0 ,6. 

nocne 0611y4eHl-1.A KJleTKl-1 BHOBb l-1HKy61-1posan1-1 B TepMOCTaT1-1pyeMOl1 

so,q.AHOH 6aHe Ha we11Kepe s Te4eH1-1e 2 4 np1-1 37°C. nocne 3Toro 

nposo,q1-1111-1 111-1s1-1c KneTOK s Te4eH1-1e 10 Ml-1H np1-1 TeMnepaType 30°C 

B T- 1-1111-1 Z.6y¢epe nyTeM ,qo6as11eH1-1R 1 O-npo4eHTHOro pacTsopa 

,qo,qe41-111-cy11b¢aTa HaTpl-1.A, B Jll-131-1pOBaH!-ible o6pa34bl, ,qo6aBJ1RJ11-1 pacT

BOpbl 0Hcl>r 1-1 nHnn B cne,qy~lJ.jeM COOTHOWeHl-11-1! 0,9 MJl Jll-13aTa -

0,2 MJ1 pacTBOpa OHct>r 1-1111-1 nHnn. 4epe3 30-40 Ml-1H peaK41-1~ B T-6y

¢epe ocTaHas111-1sa111-1 nyTeM ,qo6as11eH1-1.A O ,4 Mn 2N Hee 1-1 llepes 5 Ml-1H 

,qo6as11R111-1 0 ,4 Mll 2M Tris • PeaK41-1~ s z-6y¢epe ocTaHas111-1sa111-1 ,qo-· 

6asneH1-1eM O ,65 M11 IM pacTsopa Na 2co3 • HsMepeH1-1e pesy11bTaTOB 

peaK41-11-1 nposo,q1-1n1-1 Ha cneKTPOcl>OTOMeTpe "Specol II" /npo1-1sso,qcT

so ¢1-1pMb1 Carl-Zeis, r,aP / np1-1 AJ1"1He BOJlHbl 420 HM. B Ka4eCTBe 

CTaH,qapTa 1-1cnOJ1b30Ba111-1 o6pa34b1 C Heo611y4eHHblMl-1 KJleTKaMl-1, o6pa-

6oTaHHblMl-1 no 1-1,qeHTl-14H011 MeTo,q1-1Ke, 1-1 6e3 2-4aCOBOl1 l-1HKy6a41-11-1 

nepe,q Jll-131-1COM. KOHTpOJlbHble KJleTKl-1 He 0611y4a.111-1, HO no,qsepran1-1 2-

4aCOB011 l-1HKy6a41-11-1 nepe,q Jll-131-1COM' KaK 1-1 0611y4eHHb1e o6pa34bl. 

HcmottHU'KU U3.llYtteHUU u meXHU'Ka 06.llytteHUJl. T1-1nb1 l-13Jly,-

4eHl-111, 1-1cnOJ1b30BaHHble B 3Kcnep1-1MeHTax, 1-1 1-1X ¢1-131-14eCK1-1e xapaK

Tepl-1CTl-1 Kl-1 npe,qcTasneHbl B Ta6n1-14e. HcT04Hl-1 KOM Y-1-1sny4eHl-1R .As

Jl.AJ11-1Cb YCTaHOBKl-1 C GOQo 1-1 137 Cs 1-1 MOIJ.IHOCTb~ ,q03bl 06Jly4eHl-1.A, 

COOTBeTCTBeHHO paBH011 3 1-1 35 rp/Ml-1H. 06ny4eH1-1e nposo,q1-1n1-1 Jll-160 

s cycneHs1-11-1; n1-160 Ha nosepxHOCTl-1 arapa. B 3Kcnep1-1MeHTax c TR

>Kenb1M1-1 l-10HaM1-1 o6ny4eH1-1e npOBOAl-1Jll-1 TOJlbKO Ha nosepXHOCTl-1 M.Aco

nenTOHHOro arapa /npOl-13BOACTBO HHCTl-1TyTa Ml-1Kpo61-1onor1-11-1 l-1M. 

H.c1>.raMane1-1 M3 CCCP/. ,llnR 3Toro 0,01 Mil cycneHs1-11-1, co,qep>Ka1J.1e11 

1,5-2·107 KneTOK, HaHoc1-1111-1 Ha nosepxHOCTb arapa, no,qcyw1-1sa111-1 

1-1 no,qsepran1-1 o6ny4eH1-1~ T.A>KeJlblMl-1 l-10HaM1-1. 06ny4eH1-1e YCKOpeHHblMl-1 
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Ta6nm~a 
IPH3Jf'!eCKHe xapaKTepHCTHKH HCnOnb30BaHHbIX nyqKOB 

BH,LI H3JlyqeHmI L, K3B/MKM E, M3B/HyKn. 

y-nyqH 0,3 
4 He 22 8,0 
2 

40 3,9 

60 2,2 
9 117 6,5, 4Be 

200 3,2 
12c 210 7,5 6 

330 4,0 

MHOrosap.A,qHblMl-1 1-10HaM1-1 nposo,q1-1n1-1 Ha ycKop1-1Tene Y-200 fla6opayo
p1-11-1 .A,qepHblX peaK41-111 OmJH Ha cne41-1aJ1bH011 ycTaHOBKe C KOMnJleKCO 

3JleKTpOHH0"'¢1-131-14eCK011 annapaTypbl 18
: • MOIJ.IHOCTb A03bl o6ny4eHl-1R 

COCTaBJlRJla 20 rp/M1-1H. Bo speMR no,qrOTOBKl-1 1-1 B Te4eH1-1e 06ny4e

Hl-1.A TeMnepaTypy 06pa340B no,q,qep>K1-1BaJ11-1 Ha ypOBHe OKOJlO o0 c. no, 

ne 0611y4eH1-1.A KJ1eTK1-1 CMb1Ban1-1 c nosepxHocT1-1 arapa s 1 Mn cpe,qb1. 

Onpeoe.lle1tue e111xueae.Mocmu 1<.1zemo1< nposo,q1-1n1-1 MeTo,qoM Mai 

poKOJlOHl-111 nyTeM Bblcesa Ha 4aWKl-1 neTpl-1 C MRconenTOHHblM arapOM 

nocne COOTBeTCTBY~lllero pc;l3Be,qeHl-1.A o6ny4eHHblX 06pas40B B M9-6y· 

ct>epe. HHKy6a41-1~ 4aweK ocy1J.1eCTBJ1RJ11-1 np1-1 TeMnepaType 37°c s Te-

4eH1-1e 24 4. 

06pa6om'Ka pe3yfl'bmamoe. AKrnBHOCTb {3-ranaKT031-1,qasb1 (f3) 
HOpM1-1posan1-1 Ha aKTl-1BHOCTb ct>occt>aTa3bl ( p) , KOTOpaR OTpa>KaeT co

CTORHl-1e 6e11Kosoro Cl-1HTesa B KJleTKax, nocKOJlbKY wTaMM pQ37 .AB

JlReTCR KOHCTl-1TYTl-1BHblM no Cl-1HTe3y ct>occf)aTa3bl. COOTHOWeH1-1e R=~/p 
AJlR A03bl o6ny4eH1-1R D ( R0 ) HOpM1-1posan1-1 Ha 3Ha4eH1-1e R O AJlR Heo6-

ny4eHHblX KJleTO,K. CoOTHOWeH1-1e Ro/ Ro Ha3blBa_eTC.A ct>aKTOPOM l-1H,qyK-

41-11-1 (IF) 161• Ha4a11bHbll1 y4acTOK Kpl-18011 IF(D) RBJlAeTCA 111-1He11HbltJ 

1-1 era HaKJlOH Ha3b1Ba~T SOSIP (SOS - induction potency) • .llnR 06-

pa60TK1-1 pe3yJlbTaTOB 1-1cnOJ1b30Ban1-1 CTaH,qapTHble MeTO,Qbl CTaT1-1CT1-1-

4eCKoro aHaJ11-13a. Pac4eT cl>J1YKTya41-111 3Hepr1-11-1 TR>KeJlblX 1-10HOB no 

4yBCTB1-1TeJ1bHblM Ml-1Kpoo6beMaM KJleTOK nposo,q1-1n1-1 Ha 3BM. 3as1-1c1-1-
MOCTb IF OT cne41-1cl>1-14eCK011 3Heprn1-1 z, nornolJ.jeHHOl1 KJleTKOH, 

CB.A3aHa C l-13MepAeMOl1 3as1-1c1-1MOCTb~ IF(D) cl>OpMyJ1011 

IF(D) = f IF(z). f(z,.D),dz, /1/ 

r,qe IF( D) - l-13Mep.AeMaR sas1-1c1-1MOCT b, f( Z, 0) - nJlOTHOCTb sepo
.ATHOCTl-1 sb1,qeneH1-1R cne41-1c1J1-14ecK011 3Hepr1-11-1 z np1-1 ,qose D 
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Ta6nm~a 

<PH3Ht.IeCKHe xapaKTepHCTHKH HCI10ITb30BaHHblX nyt.IKOB 

BH,J:\ H3Jlyt.IeHH.!I L, K3B/MKM E, MsB/HyKn. 

y-nyt.IH 0,3 
4 He 22 8,0 2 

40 3,9 
60 2,2 

9 
4

Be 117 6,5. 
200 3,2 

12c 210 7,5 6 
330 4,0 

MHOro3apRAHWMM MOHaMM npOBOAMnM Ha YCKOpMTene Y-200 na6opayo
PMM RAePHWX peaK4v1A OHRH Ha cne4v1anbHOA ycTaHOBKe c KoMnneKCOM 
3neKTPOHHO~¢v13M4eCKOA annapaTypw 18 '. Mo~HOCTb AO3W o6ny4eHMR 
COCTaBnRna 20 rp/MMH, Bo epeMR noArOTOBKM MB Te4eHMe o6ny4e
HMR TeMnepaTypy 06pa340B nOAAepmMBanM Ha YPOBHe OKono oOc. noc
ne o6ny4eHMR KneTKM CMblBanv1 C noeepXHOCTM arapa B 1 Mn cpeAbl. 

Onpeoe.11eHue e1Jtxueae.Mocmu 1<.11emo1< nposo1-1MnM MeTOADM MaK
poKonoHMA nyTeM ewceea Ha 4awKv1 neTpM c MRconenTOHHWM arapoM 
nocne COOTBeTCTBYIO~ero pi;!3Bef.1eHMR o6ny4eHHblX 06pa340B B M9-6y
¢epe. HHKy6a4v110 4aweK ocy~ecTBnRnM npM TeMnepaType 37°c B Te-
4eHMe 24 4. 

06pa6om1<a pe3y.flbmamoe. AKTMBHOCTb {:3-ranaKT03Mf.1a3bl ({3) 
HOpMMpOeanM Ha aKTMBHOCTb ¢oc¢aTa3bl ( p) , KOTopaR OTpamaeT co
CTORHMe 6enKOBoro CMHTe3a B KneTKax, nocKOnbKy WTaMM PQ37 RB

nReTCR KOHCTMTYTMBHWM no CMHTe3y ¢oc¢aTa3w. CoOTHOWeHv1e R=f:3~ 
AnR f.1O3bl o6ny4eHMR D ( Ro) HOpMMpoeanM Ha 3Ha4eHMe RO AflR Heo6-
ny4eHHblX KneTO.K. COOTHOWeHMe Ro /Ro Ha3b1BaeTCR ¢aKTOpOM MHAYK-
41,11,1 ( IF) 161 Ha4anbHblA y4acTOK Kpv1eoA IF( D) RBnReTcR nv1HeAHblM, 
Mero HaKnOH Ha3weaioT SOSIP (SOS - induction potency). nnR 06-
pa60TKv1 pe3ynbTaTOB v1cnonbsoeanM cTaH1-1apTHb1e MeTOAbl cTaTv1cTv1-
4ecKoro aHanv13a. Pac4eT ¢nyKTya4v1A 3Heprv1v1 TRmenblX MOHOB no 

4YBCTBMTenbHblM MMKpoo6beMaM KneTOK npOBO/.1Mflv1 Ha 3BM. 3aeMcv1-
MOCTb IF OT cne4v1¢1,14ecKoA 3Heprnv1 z, norno~eHHOA KneTKOA, 
CBR3aHa c M3MepReMoA saev1cv1MocTb10 IF{D) ¢opMynoA 

IF(D) = J IF(z), f(z.D),dz, /1/ 

r1-1e IF( D) - M3MepReMaR 3aev1cv1MOCTb, f( Z, 0) - nnOTHOCTb eepo
RTHOCTl-1 BblAeneHMR cne4v1¢M4ecKoA 3Heprv1v1 Z npv1 AO3e D 
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3KCnEPHMEHTAnbHAR 4ACTb H 06CYmAEHHE 

AnR Bcex TMnOB Mcnonb30BaHHWX B 3KCnepMMeHTaX M3ny4eHMA B 
M3y4eHHOM AManasoHe A03 Ha6nDAaeTCR B03pacTaD~aR saBMCMMOCTb 
f:3( D) C BbJXOAOM Ha nnaTO M HMCnaAaD~aR 3aBMCMMOCTb p( D) npM-
Mepw TaKoro POAa KpMBWX AnR y-M3ny4eHMR, MOHOB renMR (L = 
~ 60 K3B/MKM) M MOHO~ yrnepOAa (L = 330 K38/MKM) npMBeAeHW Ha 
pMC, 1. AosoBwe saBMCMMOCTM ¢aKTOpa MHAYK4MM npM ACACTBMM Mc
nonb30BaHHbJX M3ny4eHMA Ha KneTKM noKa3aHbl Ha PMC, 2, BMAHO, 

1,0[ I 4TO C yBenM4eHMeM nn3 saBMCM-
a MOCTb IF(D) CTaHOBMTCR 6onee 

aa KpyToA M npM L ?. 50 K3B/MKM 

"' 

O,,lfF.---------------1 

"' 

O,l'f'" __ _,_ __ ,.__~.__--~--..__. 
0 so 100 150 zoo 250 

D/rp/ 

Puc. 2. 3aBUCUMOCTb qiaKTopa HH
p;yKu;uu oT p;o3hJ IF(D): L\ - uoHbl 
reJIUH, 20 K3B/MKM, 40 K3B/MKM 

Ha6nDAaeTCR yMeHbWeHMe· ee HaK
noHa. 3aBMCMMOCTb S0SIP(L) npM
BeAeHa Ha PMC, 3. 3KcnepMMeH
TanbHWe T04KM, o603Ha4eHHWe pas
HblMM CMMBonaMM, OTpa)KaDT pa3Hble 
ycnOBMR o6ny4eHMR KneTOK: ,B cyc
neH3MM ( 0) M Ha noBepXHOCTM 
arapa ( •) • Ha npeACTaBneHHblX 

Puc. I. 3aBHCHMOCTI, 3KCTHHKu;HH 
(E) OT ,!J;03bl (D) ,!J;JIH f:3-ranaKTo-
3H,LJ;a3bl (i·) u qiocqiaTa3bl (•): 
a/ y -ny1m; 6/ U0Hbl reJIUH, 
60 K3B/MKM; a/ U0HbJ yrnepop;a, 
330 K3B/MKM. 

30 

" / •" /2~ 
15 ~~ 
t~ ' tA~ ~-8-

;~g-i) 

'if .b/-
5 1//+~ 

u 60 K3B/MKM;. - y-nyqu, o6ny
qeHue Ha arape; 0 - y -nyqu, 
06nyqe1rne :u cycneHsuu; v - uo
HbI 6epUJIJIUH, 117 K3B/MKM; D 
U0Hbl 6epUJIJIUH, 200 K3B/MKM; + -
U0Hbl yrnepop;a, 210 K3B/MKM, X - ► 

0 ;_.....)' ' 

50 100 150 

DtrpJ U0Hbl yrnepop;a, 330 K3B/MKM •• 
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Puc. 3. 3asucuM0CTb S0SIP OT 
J1II3 H3JIY'I('HUH: • - o6Jiy'IeHue 
Ha nosepxuocTu arapa; O - o6n: 
'IeHue B cycneH3UH. 

MaTepManoB cneAyeT, 4TO npM of 
ny4eHMM KneTOK Ha noBepxHOCTM 

0•0 
01 1 10 100 

1/XXJ arapa BenM4MHa sosrp· B 1 ,6 pa, 
L(K3B/MKM)60nbwe, 4eM npM o6ny4eHMM B 

cycneH3MM, C B03pacTaHMeM L 3~ 
4eHMR S0SIP yBenM4MBaDTCR M' AC 

CTMraDT npM L~ 50 K38/MKM MaKCMManbHOA BenM4MHW, paBHOA 0,4. 
3Ta BenM4MHa B 2,5 pasa 6onbwe, 4eM nony4eHHaR npM y-06ny4e
HMM KneTOK Ha noBepXHOCTM arapa. npM AanbHeAweM B03pacTaHMM 
(L> 50 K38/MKM) 3Ha4e~MR S0SIP yMeHbWaDTCR M npM L=300 K38/MK 
COCTaBnRDT BenM4MHY, KOTOpaR MeHbWe Ha6nDAaeMoA npM y~o6ny4e
HMM KneTOK B cycneH3MM, 

TaKMM oqpasoM, nony4eHHble AaHHbJe CBMAeTe!lbCTBYDT O TOM, 4T 
C yBe!lM4eHMeM nn3 AO HeKOT6pwx onpeAe!leHHWX 3Ha4eHMA BenM· 
4MHa S0SIP K!leTOK B03pacTaeT. C y4eTOM 3TOro B03HMKaeT Bonpo 
CBR3aHO IlM AaHHOe B03pacTaHMe C yBenM4eH1-1eM BblXOAa noBpe>KAeHl-1 
y4acTBYD~MX B ¢opM1-1poBaHMM,S0S-cMrHana, MnM )Ke OTpa~aeT APYrM 
npo4eCCbl. TaK, ecn1-1 npeAnOn0)KMTb, 4TO Cl-1HTe3 ¢oc¢aTa3bl npM 
nOCTPaA1-1a4MOHHOA MHKy6a41-1M K!leT0K npoTeKaeT BO Bcex K!leTKax, 
HO pa3MHO)KaeTCR TOnbKO MX Bbl)K!-18aD~aR ¢paK41-1R ( s) , TO 3as1-1c1-1-
MOCTb p(D) 6yAeT 1-'!MeTb HMcnaAaD~l-1A B1-1A c HaKnOHOM, COOTBeTCT 
BYD~MM 4YBCTBl-1TenbHOCTM KneTOK K o6ny4eHl-1D, CneAOBaTenbHO, 1-13' 
MeHeHMe paAM04YBCTBl-1TenbH0CTl-1 KneTOI( M0)KeT BnMRTb Ha BenM4MHY 
S0SIP. Ha MaTepManoB, npeACTasneHHWX Ha p1-1c. 3, BMAHO, 4TO sa· 
BMCMMOCTb S0SIP(L) onMcb1BaeTCR Kp1-1BoA c MaKCMMyMoM. AHanorM4-
HoA Kpl-'IBOA onMCWBaeTCR M aaBMCl-'IM0CTb paAl-104YBCTBMTenbHOCTM 
(°al) 6aKTep1-1A E.coli Kl2 AMKoro T1-1na OT L npM KyI1bT1-1B1-1poBa
HMM KneT0K B npeAPaAMa4MOHHb1A nepMOA B ycnoBMRX 6oraToA p0CTO· 
BOA cpeAbl /11 /, 0AHaKO' 'KaK 3TO BMAHO M3 p1-1c. 4' AnR KneTOK 

0,02 

.;:
'.._Q. -... c::i•o,01 
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PQ 37 , Bblpa~M BaeMblX AO o6ny4e
HMR B L-cpeAe, Ha6nDAaeTCR sa
Bl-'ICMMOCTb D~ 1 (L) HMcnaAaD~ero 
TMna. XapaKTep 3TOA saBMCMMOCT~ 
AaeT OCHOBaH1-1e nonaraTb, 4TO 
BoapacTaH1-1e 3Ha4eHMA S0SIP c ye 
nM4eHMeM L HeB03MO)KH0 o6bRCHMTb 
M3MeHeH1-1eM paAl-104YBCTBMTenbHOCT 

aoo._ __ ~--~--_._ __ .....J 
100 1000 Puc. 4. p ap;uo'IyBCTBUTeJibH0CTb 

o.1 ,o 
L(K3B/MKM} KJieT0K PQ 37 B 3aBUCHM0CTU OT fl 
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Pttc. 3. 3aBHCHMOCTh SOSIP OT 
Jll13 H3JIY'IC'HHH: • - oonytieHtte 
Ha noaepxnocTH arapa; O - oony- , 
l.!8HHe B cycneH3HH. 

ny4eHMM KneTOK Ha nosepXHOCTM 
o,o._

0
-
1 
__ ...._ ___ 

1 
.... 
0
-----'

100
---,oa,..... arapa senM4MHa SOSIP s 1 ,6 pa3a 

L(K3B/MKM)60nbwe, 4eM npM o6ny4eHMM B 
cycneH3MM. C B03pacTaHMeM L 3Ha-
48HMH SOSIP ysenM4MBa~TCH MAO

CTMra~T npM L=s 50 K38/MKM MaKCMManbHOA s'enM4MHbl, paBHOA 0,4. 
3Ta senM4MHa B 2,5 pa3a 6onbwe, 4eM nony4eHHaH npM y-06ny4e
HMM KneTOK Ha nosepXHOCTM arapa. npM AanbHeAweM B03pacTaHMM L 
(L> 50 K3B/MKM) 3Ha4eHMH SOSIP yMeHbwa~TCH M npM L=300 K3B/MKM 
COCTaBnH~T senM4MHY' KOTopaH M8HbWe Ha6n~AaeMoA npM y--06n:,:4e
HMM KneTOK B cycneH3MM. 

TaKMM oqpa30M, nony4eHHble AaHHble CBMAeTenbCTBY~T O TOM, 4TO 
C ysenM4eHMeM nn3 AO HeKOTOPblX onpeAeneHHblX 3Ha4eHMA senM-
4MHa SOSIP KneTOK B03pacTaeT. C y4eToM 3Toro B03HMKaeT sonpoc, 
CBH3aHO nM AaHHOe BoapacTaHMe C ysenM48HMeM BWXOAa nospe~AeHMA, 
y4aCTBy~~MX B ¢opMMpOBaHMM,S0S-cMrHana, MnM me OTpa~aeT APYrMe 
npo4eccw. TaK, ecnM npeAnonomMTb, 4TO CMHTe3 ¢oc¢aTa3w npM 
nocTpaAMa4MOHHOA MHKy6a4MM KneTOK npoTeKaeT BO scex KneTKax, 
HO pa3MHOmaeTCH TOnbKO MX BblmMBa~~aH ¢paK4MH ( s) , TO 3aBMCM
MOCTb p(D) 6yAeT MMeTb HMcnaAa~~MA BMA c HaKnOHOM, COOTBeTCT
sy~~MM 4YBCTBMTenbHOCTM KneTOK K o6ny4eHM~. CneAOBaTenbHO, M3-
MeHeHMe paAM04YBCTBMTenbHOCTM KneTOK MOmeT BnMHTb Ha BenM4MHY 
SOSIP. H3 MaTepManos, npeACTaBneHHblX Ha pMC. 3, BMAHO, 4TO aa
BMCMMOCTb SOSIP(L) onMcwsaeTCH KPMBOA C MaKCMMyMOM. AHanorM4-
HOA KPMBOA onMcwsaeTCH M 3aBMCMMOCTb paAM04YBCTBMTenbHOCTM 
(D01) 6aKTepMA E.coli K12 AMKoro TMna OT L npM KynbTMBMposa
HMM KneTOK s npeApaAMa4MOHHblA nepMOA s ycnoBMHX 6oraToA pocTo
soA CP8Abl /11/, 0AHaKo, ,KaK 3TO BMAHO M3 PMC. 4, AnH KneTOK 

a.oz 

aooL------~-------' 

PQ 37' Bbipa~MBaeMblX AO 06ny4e
HMH B L-cpeAe, Ha6n~AaeTCH 3a
BMCMMOCTb D~ 1 (L) HMcnaAa~~ero 
TMna. XapaKTep 3TOA 3aBMCMMOCTM 
AaeT OCHOBaHMe nonaraTb, 4TO 
B03pacTaHMe 3Ha4eHMA SOSIP c yae
nM4eHMeM L HeB03MOmHO o6bHCHMTb 
M3MeHeHMeM paAM04yBCTBMTenbHOCTM 

PHC, 4. Pa,z::i;HO'IyBCTBHTeJihHOCTh o., ,o ,oo 1000 
L.(K3B/MKM) KJieTOK PQ 37 B 38BHCHMOCTH OT J1Il3. 
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KJleTOK. CneAOBaTeJlbHO, 4qCT"1l.lbl C 60JlbWOA BeJl"14"1HOA L AOJl)l(Hbl 
"1HAYLl"1POBaTb B reHeT"14eCKOM annapaTe KJleTOK !1"160 60JlbWee KOJll,1-
4eCTBO nospe)l{AeH"1A' sanycKa10l4!,1X SOS-c"1CTeMy' !1"160 Bbl3blBaTb 06-
pasosaH1,1e Ka4eCTBeHHO "1HWX nospe)l{AeH1,1A no cpaBHeH"1IO C peAK01,10-
H"13"1PYIOl4"1M"1 "13Jly4eH"1RM"1. 

Apyr1,1M ¢aKTopoM, MoA1,1¢1,141,1py10t4"1M sas1,1c1,1MocTb SOSIP(L), RBJ1R-
10TCR ¢J1YKTya41,11,1 :rneprn1,1 4aCT"11..1 no 4yBCTB"1TeJlbHblM Mi,1Kpoo61>eMaM 
KJleTOK. Hanp1,1Mep, np1,1 AeAcTBl,11,1 Ha KJleTKl,1 YCKOpeHHblX "10HOB yr
JlePOAa Ta 4aCT b KJleTOK, 4epe3 KOTOpble npOWJll,1 TR)l{eJlble 4aCT"1l.lbl, 
nony4aeT A03Y, COCTaBJ1RIOl4ylO HeCKOJlbKO COT rpeA, ApyraR 4aCTb 
OKa3blBaeTCR Heo6ny4eHHOA. CneAOBaTeJlbHO, 3aB"1C"1MOCTb IF(D) Ha
AO OTHeCT"1 K A03e, nony4aeMoA caMoA KJleTKoA, a He K cpeAHeA 
A03e, nony4aeMoA sceA nonyJ1RL1"1eA. 3as1,1c1,1MOCTb IF(D) c AOCTa
T04HOA T04HOCTblO MO)l{HQ on1,1caTb ¢YHK4"1eA 

IF(D) = 1 _ e-a•D /2/ 

rAe a - napaMeTP 1,1 D - A03a o6ny4eH"1R. nonb3YRCb /1/, MO)l{HO 
paCC4"1TaTb TpaHc¢opMa41,110 3aB"1Ci,1MOCTl,1 IF(D) C yBeJl"14~H"1eM L 1,13-
J1y4eH1,1A. Pe3yJlbTaTw pac4eTOB npeACTasneHW ~a p1,1c. 5. 8"1AHO, 

... 

50 100 150 100 150 
D/rp/ 

Pttc. 5. TpaHc¢opMa~Hfl ¢YHK~HH 
1-e - 0 ,0 1' D c yBeJittlJeH11eM Jlll3. 

3aDHCHMOCTb noKa3aHa ,D;Jlfl y-ny
llett /a/,,o;na 60 K3B/MKM /G/ H 
330 K3B/MKM /o/. 

4TO Ha4aJlbHWA HaKJlOH 3TOA 3as1,1-
C"1MOCT"1 naAaeT C so3pacTaH1,1eM 
L. Be!l"14"1Ha "13MeHeH"1R yrna HaK
JlOHa 3aB1,1Cl,1MOCT"1 IF(D} onpeAe-
JlReTCR pa3MepOM 4YBCTB"1TeJlbHOro 

061,eMa /4eM MeHbwe 061,eM, TeM 6onbwe naAeH1,1e HaKnoHa/.AnR 
4YBCTB"1TeJlbHWX 061,eMOB, cpaBH"1MWX C pa3MepoM HYKJle0"1Aa 6aKTe
p1,1aJ1bHblX KJleTOK IA"1aMeTp HYKJle0"1Aa COCTaBJlReT 0 ,5-0 '7 MKM/' 
Ha6J1KlAaeTCR He3Ha41,1TeJ1bHOe YMeHbWeH1,1e HaKJlOHa C B03pacTaH1,1eM 
LAO 3Ha4eH"1A L. 50 K38/MKM, a saTeM ero pe3Koe CH"1)1{eH1,1e np1,1 
AaJlbHeAweM yBeJl"14eH"1"1 L. YKa3aHHOe o6CTORTeJlbCTBO 061>RCHReT 
yMeHbWeH"1e 3Ha4eH1,1A SOSIP np1,1 L 2:, 50 K38/MKM. CneAyeT 3aMen1Tb, 
4TO B A"1ana3oHe 3Ha4eH"1A L < 50 K38/MKM B03pacTaH1,1e BeJl"14"1HW 
SOSIP 6b1Jl0 6bl eli\e 6onee pe3KO Bblpa)l{eHHblM np1,1 YCJlOBl,11,1 OTCYTCT
B"1R ¢J1YKTya41,1A 3Hepr1,11,1 4aCT"11..1 no 4YBCTB"1Te

0

J1bHblM Mi,1Kpoo61>eMaM 
KJleTOK. 

TaK"1M o6pa3oM, Ha OCHOBaHl,11,1 BWWe"13JlO)l{eHHOro MO)l{HO np1,1AT"1 K 
BWBOAY O TOM, 4TO C B03pacTaH"1eM nn3 "13~y4eH"1i:i "1HT~HC"1BHOCTb 
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SOS-oTBeT9 KneTOK ysenH4HBaeTCR, MomHO nonaraTb, 4TO 3TO CBR-
3aHo C HHAYK4HeA B reHeTH4eCKOM annapaTe KneTOK 6onbwero KOnH-
4eCTBa nospemAeH1-1A, He soccTaHasn1-1saeMwx pol A-3as1-1c1-1MoA pena
pa41-1eA,· BOCCTaHoBneHHe KOTOpwx npOHCXOAHT¼nHWb a npo4ecce MeA
neHHOA rec A- lex h-3as1-1c1-1MoA penapa41-11-1. K TaKHM nospemAeHHRM, 
no-BHAHMOMY, MoryT OTHOCHTbCR HeKOTOpble THnbl OAHOHHTeBblX pa3-
PblBOB .QHK co cnomHoA CTPYKTypoA KOH4e~b1X rpynn /12, 13 / , pa3Ho
ro POAa 11co4eTaHHb1e 11 nospem.i\eHHR ,Tpe6ylOIJ.lHe AnR csoero 06pa3osa
HHR ABYX 1-1 6onee aKTOB nepeAa41-1 3Hepr1-11-1 /pa3pb1B rnasHoA 4en1-1 
saneHTHOCTH - nospe)l(AeH1-1e ocHosaHHR, nospemAeH1-1e caxapa - nos-· 
pemAeHHe OCHOBaHHR 1-1 T,A,/, nospemAeHHR, npHBOARIJ.lHe K 06pa30-
BaHHIO 3H3HMaTH4eCKHX ABYHHTeBWX pa3pWBOB .QHK 1-1 T.n. 0AHOHHTe
Bble pa3pb1Bbl .QHK, B03HHKalOIJ.lHe OT OH!..paAHKanos, He RBnRIOTCR 3¢
¢eKTHBHblM HHAYKTOPOM, 3anycKalOIJ.lHM SOS-CHCTeMy. TaK, HanpHMep, 
np1-1 AeAcTBHH Ha KneTK~ nepeK1-1c1-1 BOAOPOAa 1-1n1-1 Y¢A-1-13ny4eHHR 
SOS-OTBeT BblpameH CylJ.leCTBeHHO cna6ee, 4eM npH y-o6ny4eHHH /co6-
CTBeHHble Ha6nt0AeHHR/. 3TO Koppen1-1pyeT C HHTeHCHBHOCTblO 3H3HMa-. 
TH4ecKoA AerpaAa41-11-1 .QHK, KoTopaR np1-1 AeAcTBHH Ha KneTKH nepe
K1-1c1-1 BOAOPOAa npaKTH4eCKH He Ha6nt0AaeTCR 1-1n1-1 cna6o Bb1pa)l(eHa 
npH Y¢A-o6ny4eHHH KneTOK. BMeCTe C TeM nOA06HaR KoppenR41'1R 
CKOpee scero OTpaiKaeT TOnbKO TOT ¢at<T, 4TO AerpaAa4HR .QHK 1-1 
3anycK SOS-cHCTeMbl, no-BHAHMOMY, MoryT RBnRTbCR cneACTBHeM OA
HOA 1-1 TOA me npH41'1Hbl. 06 3TOM, HanpHMep, rosopHT TO o6CTORTenb

·CTBO, 4TO nHpHMHAHHOBble AHMepbl B KneTKax PQ 37' RBnRIOIJ.lHXCR 

uvr A -MyTaHTOM, He npHBOART t< AerpaAa41-11-1 .QHK, HO TeM He MeHee 
3¢¢eKrnBHo HHAY4HPYIOT SOS-oTBeT /14 •' • 

BblBO,Qbl 

1. 3aBHCHMOCTb SOSIP OT. nn3 H3ny4eHHA on1-1cwsaeTCR KpHBOA C 
MaKCHMYMOM. BenH4HHa SOSIP B03pacTaeT C ysenH4eHHeM nn3 AO 
"' 50 K3B/MKM, a 3aTeM cH1-1maeTcR. MaKc1-1ManbHOe 3Ha4eH1-1e SOSIP 
no cpaBHeHHIO C y-1-13ny4eHHeM COCTaBnReT 2,5. 

2. C ysen1-14eH1-1eM nn3 1-13ny4eH1-111 so3pacTaeT TaKme BblXOA nospe
mAeH1-1A, penapa41-1R KOTOPblX OCylJ.leCTBnReTCR rec A-lexA-3aBHCHMOA pe
napa41-1eA. B pe3ynbTaTe 3Toro 3Ha4eH1-1e SOSIP so3pacTaeT. CH1-1me
H1-1e sen1-14HHb1 SOSIP AnR 6onbw1-1x nn3 MomHo o6bRCHHTb Ha ocHose 
¢nYKTya41-1A 3Hepr1-11-1 no 4yBCT,BHTenbHblM MHKpoo6beMaM KneTOK. 

ABTOPbl 6naroAaPHbl M. ro¢HyHry 3a npeAOCTasneH1-1e 6aKTep1-1anbHO

ro WTaMMa PQ 37. 
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Kosy6eK C. HAP· 
l1HAYKU:HH SOS-cHcTeMb1 y KneTOK E.coli 
npH AeHCTBHH YCKOpeHHblX TH)KenbIX HOHOB 

Pl9-87-215 

IlonytieHbI AaHHbie no HHAYKU:HH SOS-cttcTeMb1 E.coli PQ 37 
nocne ~03AeHCTBHH H3nyqeHHHMH pa3HOro KatieCTBa. CTeneHb 
HHAYKU:HH H3MepHeTCH MeTOAOM xpoMOTeCTa. Ha6m0AaeTCH yBe-· 
nHtieHHe ~aKTOpa HHAYKU:HH C yBentttieHtteM nHHeHHOH nepeAatIH 
3HeprHH /llII3/ AO 50 K3B/MKM. nnH llll3 ~50 K3B/MKM cnoco6-
HOCTb ttsnyq~HHH HHAYU:HPOBaTb SOS-cHcTeMY ~eHbrnaeTcH. 

Pa6oTa Bb!IlOnHeHa B lla6opaTOpHH HAepHbIX npo6neM Ql15Il1. 

IlpenpHHT 06'henmteHHOI'O HHCTHTyra HnepHhIX uccnenoBaHlfH. ',l:J;y6ua 1987 

IlepeBOA M.11.IloTanoBa 

Kozubek S. et al. 
Escherichia coli PQ-37 Induction- of SOS
System by Accelerated Heavy Ions 

Pl9-87-215 

Data on induction of the SOS-system of E.coli PQ 37 
by radiation of various quality are obtained. The degree 
of induction is measured by chromotest. The induction 
factor is observed to increase as LET grows to 50 keV/µm. 

· The radiation capability of inducing the SOS-system dec
reases for LET?_ 50 keV /µ m •. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1987 


