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BBEnEH~ 

SOS-OTBeT KneTOK npOKapHOT npH ne~CTBHH llHK-noBPeXn~x 

areHTOB npenCTaBlIR8T coooa CJlO:ll:Hblf1 MHOr03TanHbll'l npouecc H 

npORBJlReTCR 8 H3MeHeI-MH pnna BaEHbIX CBOI'ICTB KJleTOK: YBeJlH4el-M1-1 

penapaTYiBHOrO C1-1HTe3a llHK, noBblmeHH1-1 MYTa6HJ1hHOCTH. 

1-1HrH61-1POBaJ-n1H KneT04HOro neJ1eHJ1fl. HHllYKUH1-1 rtpoear-a H HeKOTopblX 

npyrHx [1J. 

npenJ10:ll:eHHbI~ KHJ1J1apneTOM 1-1 coaBTopaMH [2J Kom14ec TBeHHblf1 

MeTOn BblflBJ1eHl1R SOS-peaKI.nm KJleTOK npl1 ne~CTB1-1H llHK- nOBpexnalOlIl1-1X 

areHTOB - SOS- xpOMOTeCT npHBJleKaeT caoeA npor:TOTO~ H BblCOKOI'I 
~ .. 

4Y8CTBHTeJ1bHOCThlO. OH OCHOBaH Ha OnHOBP8MeHHOM K0J10pHMeTpH4eCKOM 

aHanJ.13e B cperie YPOBHel'l S-ranaKT03Hn8.3bl H meJl04HOA <f>OC<f>aTa3bl. y 

KJleTOK ESCHer iCHia c01 j (UITaMM PG. 37). CKOHCTPYJ.1POSaHHbIX nyTêM 

CJlHfl~AR onePOHOB su1 A (Sfi A)::1acZ, SOS-oTBeT KOHTPOJlHpyeTcR 

HMeHHO 3T1-1M cnoco60M. npH 1-13Mepe1-MH 3#eKTHBHOCTH MYTareHHOro 

BJlHRHJ1R Pa3HbIX llHK-TpOnHbIX areHTOB MeTonOM SOS - XpOMOTeCTa 

npenCTasJlfleTCfI Ba3:HbIM HMeTb HH<f>OPMaUHIO 06 OC06eHHOCTRX KJ.1HeT1-1KJ.1 

HHnYUHpOBaHHoro Cl1HTe3a B- r-anarcroaanaau . }i3Y4eHJ1e KJ.1HeTJ.1I-Gi SOS-

OTBeTa KlIeTOK, HHllYUHpOBaHHoro 3-o6ny4el-MeM. H RB1-1JlOCb uelIblO 

HacToflIllel'l paõo-rst . 

METQllHKA 

mTaMM. Bo acex 3KcnepHMeHTaX 6bl1I l1CnOJlb30BaH 6aKTepl1aJ1bHbI~ 

mTaMM E.c01 i p~ 37. reHOTHn KOTOPOro Of1HCaH B pa60Te [2J. 

OnpeneJ1eHJ1e BblJ[HBaeMOCTH KlIeTOK. BblJ[HBaeMOCTb onpénelIRlM no 

CTaHnapTHoA MeTOJJ.HKe. nOnC4HTblBaR KOlM4eCTBO KlIeTOK, 06p8.3Y1<llm1x 
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MaKPOKOllOHHl1. Ull'A SKCnepl1MSHTa 6pa..Tn1 l1l1do H04HY10 lC;YllbTYPY (nJrA 

Onpene1l8Hl1'A panH04Y8CT811Tel1bHOCTl1 KlleTOK). l1l160 Kl1eTI~ nncne 2

-racoaor-o noncanraaa-om (nll'A onpenSlleHl1'A cI>OPMbl KPl1BOl'l 8bI3318a.Hl1'A). 

06ny4eHHe nPOBOnHl1l1 8 M9 - 6y~epe • KlleTlGf 8b1Cel1B8.l111 Ha nom-Ibm 

mtTaTel1bHbIl'l arap (np0113BOnCTBO VIHCT101TYTa M101KPOóHOllonrn 

101M. H.~. raMane101 M3 CCCP). 

OnpenelleHHe 8 - raJ}aKTOS101na3bl. H04HY1O KYllbTYPY , pa3BeneHHY1O 8 

20 pas CBeEel'l LA-cpenol'l (L-cpena c n06aalleHHeM 20 MKr/Mll 

aMnHUHllHHa), 101HKY61o1pOBanH 2 4 np101 37°C c aSP101p1o1BaHHeM, nOClle 
7 

4oro cycneH3101~ paSBOnHl1H no KOHUeHTpaUH101 10 KlleTOK/Mll, 

pa3JW18anH no npo6101pKaM H 06ny4anH Pa3HbIM101 n03aM101 (J -101s.nY4eHH'A. 

OCSl1Y4eHHble oepaaust KlleTOK asp101POBa..Tn1 np101 37° C B Te4eHHe Pa3HbIX 

npOMeXYTKOB BPeMeHH, nP?6bl OT6101PanH nllfl onH08peMeHHoro H3MepeHHfl 

aKT118HOCTl1 8- r-anarcroaanaau H mell04HOl'l cI>Oc~aTa3bl. Ullfl l1SMepeHHfl 

8 ... r-anarcroaanaas: rtpoõst KlleTOK llHS101P08al1l1 8 Zi - 6Ycf>epe i O MHHY'[' np101 

KOMHaTHOl'l 1'eMnepaTYpe, n06aBll'Al1l1 OPToHHTPOcf>eHl111 8-0 ranaKTOS101n 

(OH~r) np0113BOnCT8a SIGMA (CmA), OCTaBllfll1l1 40 MHH np101 KOMHaTHol'l 

TeMnepaType H oc-raxaarraaarra peaKUH~ n06aalleHHeM 1M Na2C 0 3 · 
U8eTHY1O peaKUHro 1013Mep'AllH np101 420 HM Ha CneKTPOcI>OToMeTpe SPECOL 

(Zie I 55, rnp )., corioc-r-aarraa c KOHTpOllbHbIM 06Pa3UOM, KOTOPblM 

CJ1YXl111a nP06a Klle1'OK no o6ny4eHHfl H no 101HKY61o1P08a.rn1'A. np06y 

XPa.HHllH Ha llbnY. 

OnpenelleHHe mell04HOl'l cI>OccI>aTa3bl. OT06PaHHYlO rtpooy Kl1eTOK 

llHSl1pOBanH B" T-CSYcf>epe 10 MHH np101 KOMHaTHOl'l TOMnepaTYpe, 

n06aallR1IH napaH101Tpocl>eH1o1llcl>occI>aT (nHnn) nP0101SBonCT8a 5 I GMA H 

OCTasllfll1l1 Ha 40 MYlH. PeaKUYllO oc-raxaerraaana n06asneHHeM 1M HCl 

H 40pe3 5 MHH n06a~J1'AJIYl 1M-pacTBop TpYlCa nllfl BOCCTaHOBlleHHfl 

OKpaCKYl. peaKUH~ 101SMep'AlU1 np101 420 HM Ha cneKTPOcI>OTOMeTpe. 

OnpenelleHHe 6ellKa. EellOK onpenell'AlU1 MeTonOM JIOYP101 [3] • 

Bbl4101ClleHl1e cl>8.KTopa 101HnYKUID1. 060SHa4YlM 3KCT101HKUH1o1 nll'A 8- rana

KT03Ylna3bl npYl noae O, 9 ( O), B KOHTpOlle 9 (O) ,Yl nllfl cI>OccI>aTa3bl p ( O) , 

8 KOHTpOlle p ( O). Torna cl>8.KTOP YlHnYKUID1 (I F) onpenell'AeTC'A KaK 

lF=g(O)/g(O)wp(O)/p(O). 

nP0101SBOnHafl sa8101CHMOCTl1 I F( O) nllfl HYlle80l'l noasi Ha3bIBaeTC'A 50S I P. 

OnpenelleHl1e napaMeTp08 paanstx ypaBHeHYll'l ~BeneHo MeTOnOM 

M~HHMH3aUHl1 CYMMbl KBanpaTOB OTlUlOHeHHl'l TeopeT1014eCKHX H sKcne

PHMeHTaTIbHbIX BelU14101H. 
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PE3YJlbTATbl Y1 06CY:lI:D.EHvtE· 

i. Kp1018a'A poe-t-a lUleTOK E. co 1 i PG. 37 

vtHTaKTHbl8 KlleTKH pa 37 8blPatUHBanH B L - c pene. BpeM'A reHepaUHYl 

(To) KlIeTOK PG. 37 8 .rr.aHHhIX YCll08101'AX COCTaBll'AllO 46 M101H (P101C. i). 

POCT KYllbTYPbl 101SY4anH 8 101HTepBalle 0- 180 MYlH np101 37° C 8 

YCll08Yl'AX aspaUHl1. Ha p101c.1 BYlnHO, 41'0 KpH8a'A pOCTa npenCTaBl1'Ae1' 

c06ol'l sKCnOHeHTY 
8° "t 

N No Ec) (1) 

rne N H N° -KOl1Yl4eCT8a KlleTOK 80 BpeM'A t H O COOTB8TCTR8HHO, 8° = 

=ln(2/To). Ha OCHOBe nony110rapl1c1>M1014ecKoro rpa~101Ka onpen811YlllH 8°, 

KOTopoe COCTaSll'AeT 0.0152 M101H-'" 

2. Kp1018a'A Bbllt101BaHYl'A Kl18TOK E. co 1 í P8.. 37 

KPHB~ 8bl'Jlt101SaHYl'A onp8nell'Al1vt OTn811hHO llJlft H04HOÇt KYllbTYPbJ H 

cycn8H3YlYl noClle nOllPaIUYlBaHYlft np101 a3pHPOBaH1011o1 8 Te4eHHe 2 4. D.l1ft 

H04HOÇt KYllbTYPbl KpH8aft 8bf:JI:1018aHYlfl HOCHT SKcnOH8HltYlanhHblVl xapaKTep 

np101 ll03ax llO 630 rp. PanH04YSCT811Tel1bHOCTb Kl1eTOK (00-')' 

onpenel1fleMa'A no HaK110HY KP101BOÇt BblJR:YlBaHYl'A 8 nony110rap\-lq,MH48CKOM 

MacrnTa6e (pYlc.2), COCTaBll'A8T 0.0087 rp-' ('i.8 . Do = i 15 rp). nl1fl 

K118TOK c nOllPatlll1BaH101eM KPl1Baft HbIJiC.HBaHYlTl Cl1rMOHnHa H 

xapaKTepl1syeTCTl SKCTpanOllTlUHOHHblM YYlCJlOM (n), paBHbIM 3. O npl1 STOM 

HaKllOH KP101BOl'l Bbl:Jl[Yl8aHHTl, xapaKT8P1013Y~m1o1Çt panH04Y8CTB101Tel1bHOCTh, 

He MeHfleTCfl. TaK101M 06paSOM, 8bIJlt101Ba8MOCTb Kl1eTdK (5) noc ne 

06ny4eHYlfl nosoÇt O MOEHO orrncaTb cl>YHKU\o1el'l 
-D/Do n

5 : i - (1-e ) . (2) 

3.POCT KlleTOI<: nOCl1e 06ny4eHHfl 

\..fl1Cllo Jn'lSH8CnOc06HbIX lUleTOK nocrre 06ny4eHH'A onpenel1'AllH B 

pasHble c pOKJll KYllbT\-I8101po8aHYl'A 8 asp101p08aH!;{bIX yc1l08101TlX Ha OC HO

BaHYl101 101X cnOC06HOCTYl K lCOllOHHeoCSpaSOBaHH~. \..f101CllO K118TOK np101 noae . ~ 

O 80 8peM'A t HOPMYlP08allH Ha 4101CllO Kl1eTOK np101 0.=0 rp, t =0 M101H. 

nah"Hble no nRT101 SKCn8Pl1MeHTaM npenCTa811eHbl B Ta6l1Hue r . VI3 

rpaep114eCKOro npenCTaslleHH'A naHHbIX (P101C. 1-3) 8101nHO, 41'0 SanePZKH 

POCTa Kl1eTOK 8 101CCl1enOBaHHOM llYlanaSOH8 nos He Ha6~nanOCb. 

OnHaKO HaK110H KP1018blX POCTa YMeHblllaeTC'A c Y8elU14eHHeM noasr oorrv

4eHH'A (pJ.1c. 3). 31'0 'A811eHHe Mo:aeT 6bITh CB'ASaHO c n08bIlUeHHeM 

scI>cf>eKT1018HoCT1o1 npouecca penapaUH\-I H o6ny4êHHblX Kl1eTKaX np101 
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P~c.1. 3aB~C~MOCTb Kon»4eCTBa 

lUleTOK B Ic;y'nbType (N) OT SpeMet-Gi 

HHI<:yóalM'I1 t . Pa3Hble KP'l18ble 

COOTBeTCTBY1O'T' Pa3Hl>IM nOSaM 

OÓJ1Y4~HH~: w:o rp. +:35 rp. 

A:70 rp, .:140 pP, v:280 rp. 

P'I1c.2. KP'l1Bafl Bb.-'HBaHH~ 

fUleTOK pa, 37 np~ O6J1y4et-GiH 

H04HOPl KY1lbTYPbl (a) ~ nocne 

nOnp8.lI('l1Bat-Gi~ (6) . S -
BbI:KHBaeMOCTb. D nosa 

06I1Y4et-Gi~• Fp . 

P~c.3. ~aB~C~~OCTb K0J1'l14ecTBa 

fUleTOK B KYnbTYPe.HoPM'I1POBaHHOrO 

Ha nepBOHa4aJ1bHOe K0J1'l14ecTBO 

(np~ t=O M~H) N/No, OT BpeMet-Gi 

HHKY6amrn (t). B nonvrror-a-

P~cIlM~l..lecKoM MacmTa6e. llosbl 

0611Y4et-GiR - KaK Ha P'I1c.t. 

;.. 

a3pamrn. KOTopoe KOMneHc~pyeT 3anePKKY pOCTa KneTOK np'l1 ManblX 

noaax , 3aB'I1c~MqCTb BelWl4HHbl 8 = 1/To OT noasr o6JTY4et-rn~ np'l1BeneHa 

Ha P'l1c.4. '11 eê MOXHO OnHCaTb cIlYHKUHe~ 

8 = 8 0 we x p ( - 0 . OO 2 3 wD ) , (3) 

rne 80 =0.0152 M'I1H- 1 '11 8 - HaKnOH KP'l1BOA poCTa np'l1 nose D. 

EclWI nonCTas'l1Tb SHa4et-rnR 8 '11 S B ypaSHet-rne (1) BMeCTO No. TO 

nOJTY4HM SHa4eH'l1R N(D. t) nnR Pa3HbIX nos A pa...~Hble HHTepBa.J1b1 

BpeMet-rn: 
-D/Do n -0.0023KD 

S(D.t)=(1-(1-e ) Kexp(80.e ). (4 ) 

nnR BblDIenp'l1BeneHHbIX napaue-rpon Mbl nOJTY4'111W1 naHHble, xoPOmo 

COOTBeTCTBYlOlU'I1e 3KCnep'l1MeHTa1lbHbIM pesynbTa'l'aM. 

4 . C'I1HTes men04HO~ <I>OccIlaTa3bl B 'I1HTaKTHblX KJ1eTKaX P6. 37 

Ha P'l1C. 5 npenCTaBneHbl 3Kcnep~Mel-ITaJlbHble naHHble no aKT'I1SHOCT~ 

<IlO~cIlaTa3bl B cycneH3'11'11 KJ1eTOK PG.. 37 s npouecce '11HKY6aUHH np'l1 

37° C H a3paUH~. 1-1s P'l1cYHKa B'I1nHO, 4TO aKT'I1BHOCTb m . <IlOccIlaTa3bl 

(p) peSKO aoaoac-rae-r c speMeHeM, '11HKY6aUH'I1 KneTOK. 3To 

BospaC:Tal-G'le MoxeT 6blTb ortac a-io ypaSHel;i'l1eM 

p( 1) =Po K [exp( 80 .1) - 1] , (5) 

rne Po =0.068 . 3TO ypasHeH'I1e OTPa:s:aeT npenCTaBneH'He o nOCTORH

HO>'l KOHCT'I1TYT'I1BHOI'l CKOPOCT'I1 C'I1l-ITesa UI. <I>OccIlaTa3bl B lUleTKax. 1-1s 

p~c. 5 B'I1nHO. 4TO 3KCnep'l1MeHTa1lbHble T04~ XOPOIUO CO rvracviorc R 

KP'l1BOI'l, nOJTY4eHHOl'l Ha OCHOBaH'l1'l1 ypaBHeH'l1R (5). B03paCTaH'I1e 

K0J1'l14ecTBa 6enKa '11 UI. ~ccIlaTasbl 'I1nêT CTporo napaJInenbHO. 

5 . AKT~BHOCTb tn . <I>OccIlaTa3bl B 06JTY4êHHblX KJ1eTKaX 

OOJTY4eHHble 3KcnepHMel-ITaJlbHble naHHble no aKT'I1BHOCT'I1 m . ~ccIlaTa

Sbl nocne iJ - ol'SJTY'-IeH'HR paSHbIMH nOSaMH B pa3HOe SpeMR HHKYl'SaUH'I1 B 

yr.nOB'I1RX a3pau'l1'11 npYl 37° C npenCTaBneHhI Ha P'l1C .6. B8J1H4'11Ha 

p ( D , t ) -Ip ( O , t ) nnR MaJ1bIX n03 06JTY4eH'l1R B HeKOTl1PbIX c 'f'-mRx 

BblXOnHT aa npelleJ1b1 pHCYHKa '11 n03TOMY He npYlBeneHa. Xopomo B'I1nHO, 

4TO 3Ta BeJ1HLH1Ha 3Ha4HTeJTbHO YMeHblUaeTCR c nOSOI'! 06J1Y48H'HR '11 B 

ncouecce 'I1HKY6'11posaHHR KneTOK 'I1MeeT TeHneHIl'I11<l K naneHHlO. 

CBR3b poe-t-a KneTOK Yl aK'r'l1BHOCT'I1 111. q,or.cIlaTasbl Mo:.:eT 6blTb 

XOpolUO OnHCaHa c nOMOUlbl<l ypaBHeH'I1R 
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, 1 
P~c.4. 3aB~C~MOCTb napaMeTpa13 [MUH- ] 

B:1/To, oTPaxa~mero HaKllOH 

Q025 KP~13bIX ~3 p~c ..3 • OT noast 

061TY4e~R.0,020 ~.~ 
Q015 

-~.-----Q010 

0,005 

0,000 

o	 70 140 210 280
 

D[rp]
 

P (o,t) 

Q8 160
 

0,6
 120 
P~c.5. 3aB~C~MOCTb 3KCT~HKUHH

80Q4 
n11R m. epocepaTa3bJ pCO. t)	 - lleBaR 

0,2 4 O uncana C.) ~lJH K011H4ecTBa 6ellKa 

o npaaan uncarra Cv) OT epeMe~ 

O 45 90 135 180 ~HKY6arwm ~HTareT'HbIX K11eTOK 

t[MUH) pa 37. 

O 

P(D,t ) 

P(o.t! 

Q8 

0,6 
P~C .6. 3aB~C~MOCTb BelJHt..rnHbI 

0,4 p CO• t ) / p CO. t) OT noasr 06llY'-leHl1f1 

nm=r Pa3HbIX 3Ha4eHm"l t : .:30 M~H.0,2 
t:>.:60 M~H. o: 120 MHH. AHaJtorJ1t·IHaR 

O 
Be11Mt..rnHa nm=r 6emea: .: 120 M~H •O 70 140 210	 280 

D[rp] 1(: 180 M~H. 
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S/BoMCexpCB.t)-1)+C1-S)Mt 
9CO,t) : (6)

---I/ã::(~~p(B:~t)=t)------' 

rne B: BC O) OnpenelIf'leTCR	 yp .. (3) l-f S - yp. (2), Bo:O .0152 4ac - t • 

nepeoe CllaraeMoe B ypaBH~~~ (6) Onpenellf'leT aKT~BHOCTb m. 

epocepaTa3bl HenoepexnêHHbIX KlIeTóK KlIeTO4HOJ.'l cycneH3J.fl1 nOClle 

061TY4e~R. a BTopoe ClIaraeMoe aKT~BHOCTb B nOBpeznêHHbIX 

KlIeTKax TOJ.'l ze cycneH3~~. TaKoe ypaBHeHHe B03MOZHO, eC11M 

nortvc-r-a-r-e , 4TO CKOPOCTb C~HTe3a ur . epocepaTa3bl B KlleTKax 

nOCTORHHa. Kp~Bble , n011Y4eHHble no ypaBHeHH~ C6) r nOBOlIbHO xoponro 

COOTeeTCTBYlQT 3Kcnep~MeHTaJtbHbIM naHHbIM. no 3TOJ.'l np~t..rnHe np~HRTb 

npenCTaBlIeHHe o nOCTORHHOJ.'l CKOPOr.T~ C~HTe3a m, epocepaTa3bl B 

K11eTKaX npennO~T~TelIbHee, 4eM allbTepHaT~eHoe - o KOHCT~TYT~BHOM 

YPOBHe 3Toro epepMeHTa. 

6.. C~HTe3 B ..r-anarcroaanaau e ~HTaKTHblX KlIeTKax pa. 37 

Ha p~c. 7 npenCTa811eHbI ~"H<:cnepl-fMeHTa.nbHhle itaHHhle no aKT~8HOCT~ 

B-ra.JlaKT()3~.ua3bl e cycneH3~~ KlIeTOK R npouecce ~HKY6aL11'1~ np~ 370 C 

~ np~ a3p~pOBaHM~. YRe11H4eHHe aKT~8HOCT~' B-ra.n~KT03~na3bl co 

RpeMeHeM ~HKY6al[H~ npO~CXO,m.1T aHa.nor·~4HO YBelJH~el-MlO ur , epocepaTa

asi, n03TOMY Mo:aeT 6blTb orrac ai-ro ypasHeHHeM (5). COOTBeTCTB~e 

TeopeT~4eCKOf'l KP~BOA c 3Kcnep~MeHTOM 03Ha4aeT. 4TO npo~cxo~T 

CnOHTaHHaR ~HnYKUHR SOS-Cl-fCTeMbl, KOTopaR naêT nOCTOf'lHHbIJ.'l BK11aJl B 

06urnA ypOBeHb e-raJtaKT03~na3bl. 3TO Ba:aHoe 06CTORTelIbCTBO 6yneT 

paCCMOTpeH~ HHze. 

7. 3aa~C~MOCTb aKT~BHOCT~ e-raJtaKT03~na3bl OT noast 06lIY4eHHR ~ 

epeMeHH. ~HKY6~~ 

n011Y4eHHble 3Kcnep~MeHT8.11bHble naHHble no aKT~BHOCT~ 

B - rallaKT03~na3bl 9 CO, t) e KlIeTKax. 0611Y4êHHbIX Pa3HbIM~ .u03aM~ O ~ 

,~HKY6~pOBaHHhIX B Te4eHHe pa3HOrO epeMeHH t B YClIOB~RX a:3paUH~. 

npenCTaBJleHbI Ha p~c. 8. \013 3KC nep~MeHTa.nbHbIX naHHbIX B~nHO • 4TO 

aKT~eHOCTb B-ra.naKT03~na3bI c YB811H4eHHeM noau 06llY'--1eHHR 

eoapac-rae-r ~ np~MepHO np~ noae t 00 rp ebIXO~T i-ra nna'ro . 

_ n011Y4eHHble naHHble MOryr ~MeTb aJtbTePHaT~BHYlO ~HTepnpeTaUH~: 

11M60 3epepeKT~BHOCTb ~HnYKUH~ SOS-C~CTeMbl B03paCTaeT. 11H60 pacTêT 

4~ClIO K11eTOK. B KOTOPblX ~HnYUHpoBa.naCb SOS-C~CTeMa. 04eB~nHO. 

4TO, nOCKOlIbKY BeCbMa TPynHO npoAeCT~ aHanH3 3epepeKT~BHOCT~ 

~H.Il.YKm·m" SOS-C~CTeMbl e OTnelIbHOVl KlIeTKe, XOTR nepBoe nOrJYUleHHe 

e03MozHO. B HaUn1X naJTbHeVlllWIX pacr.y::':neHJ.1f1X MbI 6yneM paCCMaTP~BaTb 

a'ropoe nOllYllleHHe ~ nOKaxeM. 4TO 3Kcnep~MeHTa.nbHble naHHhle xopouio 

O~CbleaJOTCR c ncuounsto n011Y4eHHoro ypaeHeHJ.1f'l. 
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PHc.7. 3aBHCHMOCTb SKCTHHK.UHHg(O,t I 
nnfl B - ranaKT03Hna3bl g(O.t) OT 

Q2~	 , BpeMeHH HHKY6allHH HHTaKTHbIX 

lUleTOK pa 37 . 

0,16 

J 
o 

o 45 90 135 180 
t[MUH) 

PHC .8 • 3aBHCHMOCTb Be.ffi"l4HHbl 

g(D.t)/g(O,t) OT ,n03b1 06J1Y4eHHfl 

70 140 210 280 nJIfl Pa3HbIX 3Ha4el-nfi'1 t . • =30 MI-lH. 

D[rpl à=60 MHH. 0=120 MHH. "=180 MHH. 

IF 

40
 

30
 PHc.9. 3aBMCHMOCTb <f>aKTopa 

HHJlYKwrn ( IF> OT noast (O)20 
06l1Y'-{et-Gifl H BpeMeHH	 HHKY6allHH 

10 
0=30 MHH, à=60 MHH. 0= 120 MHH. 

"= 180 MHH ( npenCTaBneHbI naHHble.O 
o	 70 140 21 O 28O HOPMHpoBaHHble Ha <f>Oc<f>aTa3Y H Ha (1~ 

D[rp) 6enOK) • 
~'i 

,.~t 
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TIYCTb asrxon nOBpeSnel-WIlfI. HH.nYUYlPY!OUlHX 50S - CHCTeMY, 6y.n;eT o(D • 

Torna BepoflTHoCTb Toro. 4TO B KneTKe HeT I-WI OnHoro nOBpeJltneHHfl,
li\, 

6yneT exp( -o(D) H nona lcneTOK c nOBP8:J1:nel-WIflMH COCTaBnfleT 

1 -exp( -o(D). 3aBHCHMOCTb aKTHBHOCTH B-raJIaKT03Hna3b1 OT noau H 

BpeMeHH g(D.t) yseJIH4HBaeTCfl c n0301f1 nponOPllHOHanbHO 1-exp( -o(D) 

H npH onpenenêHHOIfI noae BbIXOnJ1T Ha nnaro , 

PenapaUYlOHHbl1fl ncouacc B lUleTKe HOCHT CJ1Y4a1r"1HbI9r xapaJCTep. 

TIOSTOMY cnenYeT OSHnaTb. 4TO 4Hcno KneTOK,CHHTe3HPYKOniX 6-raJIaK

T03Hna3Y. 6yneT YMeHbmaTbCfl no :3KCnOHeHTe: exp( -~ • t) • CYMMapHbJff 

asrxon <l>ePMeHTa 3a BpeMfl HHKY6amm 6yneT nponOPllHOHaJIeH 

1-exp(-~t) (HHTerpany H3 exp(-~t) ). TaKHM 06Pa30M, 3aBHCHMOCTb 

g(D. t) npHo6peTaeT cne.nYJ(lll1Hlr"l BHn: 
-o(.D -~.t 

g(D,t) = a"(1-e )"(1-e), (7) 

rne o( - auxon nOBpesneHHlr"l. 3anyCK8.IOlIU1X 50S, H ~ - BepoflTHOCTb HX 

penapaUHH B enJ1HHUY BpeMeHH. 

TeopeTH4ecKafl 3aBHCHMOCTb coerianae-r c T04KaMH. nOlIY'-'eHHbIMH B 

SKcnepHMeHTe. npH 'cnenYJ(lUU1X 3Ha4eHJllflX napaMeTpoB a= 1.783.10 ,0(= 

0.013 rp-l H ~ = 0.0050 MHH- 1 • 

HaOCHOBaHHH H3nO:Jl:eHHOrO MO:JI:HO onpeneJIHTb n03Y, npH KOTOPO~ B 

CpenHeM Ha lUleTKY B03HHKaeT onao nOBpesneHHe, HHnYUl::fpYKXnee 505

CHCTeMY B lUIeTKS. 3Ta noaa COCTaB.rmST Do = 77 rp. TIo nO.TlY4eHHbIM 

SKCnSpll1MeHTanbHbIM naHHbIM BblK1l104eHHe SOS-cHcTeMbl npoHCXOWiT B 

cpenHeM crwc-ra 200 MHH. 

8.0npenenSHHe <f>aKTopa HHnYKUYlH 

KHnnapneTOM [1] 6blno nOKa3aHO, 4TO cnoco6HOCTb Pa3HbIX areHTOB 

HHnYUHpoBaTb SOS-cHCTeMY Or~ne1lfl8TCfl OTHOCHTsnbHOIfI BeJIH4HHOA 

(g(D.t).p(O.t)/g(O,t).p(D,t» npH t=2 4aca. 3Ta BSJIH41o!Ha 

flBJIflsTCfl MepolfI HH.ItYKUIDi SOS-cHcTeMbl Y E. co t r , li Sê Ha3BanH 

<f>aKTopoM HH.nYKI.tIDi (I F). H3 nony4eHHblx :3KC nepHMSHTaJlbHbIX naHHbIX 

6blJIH paCC4MTaHbl 3Ha4eHHfl I F npH Pa3HbIX D H t., OHH npenCTaBneHbI 

Ha pHC. 9 • 3Ha4eHHfl I F TaJ<:lI:e MOSHO no11Y4lI1Tb Ha OCHOBaHHH 

ypasHeHKA (6) H (7). CM. PHc.9, rne npHBeneHbI TaJ<:lI:e 

TeopeTH4ecKHe KPHBble. COBnaneHHe TeopeTH4ecKHX H SKcnepHMeH

TaJIbHbIX BeJIH4HH I F Ha6.rnonaeTcfl npH CpenHHX H ,BblCOKHX noaax 

o61IY'-'eHHfl npH Pa3HbIX 3Ha4eHHflX t , B TO se BpeMfl SKcnepHMeH

TaJIbHafl BeJIH4MHa I F npH M8.11bIX 3Ha4eHHfl~ D H t OTJIH4aeTCfl OT 

TeopeTH4ec KOIfI H Sê HaIUlOH HecK01lbKO MeHbwe. 

CnenYeT o6paTHTb BHHMaHHe Ha TO, 4TO aKTHBHOCTb Ka.noro H3 
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q,ePMeHTOA - <t>OC<t>aTa3bl Yl 8 - ranaKT03Ylna.:Ibl - A 3KCnepYlMeHTe 

<t>J1YKTYl-1PyeT B 6011bmeIilCTeneHYl, 4eM AeJn141r1Ha IF, nOJ1Y4eHHaR B 

AYlne YlX COOTHOmeHYlR. OHYl npenCTaAllRroT co601i1 CTaTYlCTYl4eCKYl 

He3asYlCYlMble BeJlYlLillHbI. 

9 . HH.Il.YUYl6ellbHOCTb 50S- C \11 C TeMbl (SOS I P) 

I1H.Il.YUYl6eJIbHocTb SOS - CYlCTeMbl MOXeT 6blTb OXapaKTepYl30BaHa 

Hal<:llOHOM KPYlBOIiI LF(O) nllR Pa3HbIX t . Ha pYlcYHJ(e 10 npencTaslleHbI 

3Ha4eHYlR SOS I P, nOJ1Y4eHHble 3KCnepYlMeHTanbHO, a Tal<2e i-ta OCHOBe 

ypaBHeHYl~ (6) Yl (7). npYl cpasHeHYlH 3TYlX BeJn14YlH o6pamaeT Ha ce6R 

BHYlMaHYle TOT <t>aKT, 4TO 48M 60JIbUJe BpeMR YlHKY6aUYlYl KlleTOK (t~ 

=120-180 MYlH) , TeM JlY4me COOTAeTCTBYle. OnHaKO npYl ManOM BpeMeHYl 

YlHKY6attYl\ll Ha6monaeTcR paCXoxneHYle. MOXHO npennOllO:JJ:\llTh, LjTO 3TO 

paCXOXneHYle CAR3aHO c TeM, 4TO n03bl 06JlY4eHYlR 35 Yl 70 rp 

r.TYlMYJlYlPYlO'T' r.\IIHTe3 <t>oc<t>aTa3bl Yl <"SellKa. B Pa3BYlTbIX npenCTaAlleHYlflX 

3TO 06CTORT811bCTRO TPYJl:HO Y4eCTb. 

06CYVJ.EHl1E H auaona 
Ha OCHOBal-WlYl nOJlY4eHHblX naHHbIX MOXHO npl1f1TYl I<: auaonv o TOM, 

4TO POCT 1<:1leTOK PG. 37 B LA- cpene HOCYlT 3I<:CnOHeHI.lYla.JlbHbrlil xapaicr-ep 

c BpeMeHeM ynBOeHYlR To=46 MYlH. ~YBcTBYlTellbHOcTb 3TYlX 1<:1leTOK K~

OCSJlYLleHYlIO H8 3aBYlC\IIT OT nOnOllHYlTellbHOro \IIX nonpamHSaHYlR B csexelil 

cpene Yl cocTaAllReT seJn14HHY 0 0 = 1 15 rp. nOClle nOnOllHYlTellbHOro 

nOnpaJllYlBaHYlR Ha KPYlBOIiI BblXYlBa.HYlR nORBllfleTCR nlle40 c 

31<:CTpanOllRI..WIOHHblM 4YlCllOM, pasHbIM 3 . 

• 113 HaJllHX 3I<:Cnep\IIMeHTa.JlbHbIX naHHbIX Clle.Il.YeT, 4TO C YlHTe3 xax 

cPüc<t>aTa3bl, TaK \11 comer-o CSellKa Yl e 06JlY4êHHblX Yl A YlHTaKTHbIX 

KlleTKax npOYlCXOnYlT npYl6Jn13YlTeJIbHO c nocToRHHoliI CKOPOCTblO Yl. 

cllenOBaTellbHO, MOXHO nOnycT\llTb, 4TO \11 X K0Jn14ecTBa npYlMepHO 

KOPpellYlPYlO'T' c 4YlCllOM 1<:1leTOK. ~TO xacao-rca 8 - r-anaicroaanaast , TO 

aKTYlBHOCTb 3Toro 4>8PMeHTa B 06JlY4êHHblX Yl YlHTaKTHbIX KlleTKax pe3KO 

pa3Jn14aeTC'M. B 06JlY4êHHhlX KlleTKax aKTYlBHOCTb 8-ranaKT03Ylna3bl 

pe3KO pacTêT c n0301i1 06JlY4eHYlR. B TO BpeMR xax B YlHTaKTHbIX 

KlleTKax aKTl'IBHOCTb B - r-artarcroaanaau Tal<2e npoRBllfleTCR Ha 

He3Ha4YlTellbHOM ypoBHe Yl 3TOT yposeHb pacTêT CO BpeMeHeM 

YlHKYCSYlPOBaHYlR cycneH3YlYl. nOCllenHee 06CTORTellbCTBO CBYlneTellb

cTByeT B nOllb3Y npennOllQXeHYlfl O CJlY4a1i1HOM 3anycKe SOS-CYlCTeMbl, 

BepoRTHOCTb KOToporo B enHHYlUY BpeMeH\ll YlMeeT nor. TORHHYIO 

BeJn14YlHY, ec rra paCCLillTblBaTb i-ta orn-ty KlleTKY. 

'\ AKTYlBHOCTb B - r-aaatcroannaan pe3KO S03paCTaeT np\ll 06JlY4eHYll1 

KlleTOK Yl 3a8YlCYlT OT noasi 06JlY4eHYlR Yl, CllenOBaTeJIbHO, 3aBYlCYlT OT 
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4HCJla nOBpeX,neHJ191 B KJleTKe, BbIXO,n KOTOPbIX COCTaBJlfteT 0.013 rp 

Ha KJleTKY. TalG1M 06pa30M, npH 2r-061JY4eHHH 06pa3Yl<lTCft 

noBpeSneHHA, AS~ecA cy6cTpaTOM MA 3~CKa SOS-·CHCTeMbI. 

nOCJle penapaUHH 3THX nOBpexneHH91 SOS-CHCTeMa BbIKJ1lO4aeTCA. 

llpouecc	 penapa.IlHYI HOCHT C1JY4a9\Hbr9l XapaKTep • CpenHee BpeMft 

BbIKJ1lO'-IeHJ1A COCTaBJlftJlO B HaJIlHX 3KcnepHMeHTaX npHMepHO 200 MHH. 

Be.rn1'-1l11Ha	 <l>aKTopa HHnyKUl1H CJlO:ll:HbIM 06pasOM 3aBHCHT OT noau H 

OT SP8MeHH: HHKY6aUHH ( PHC . 1 1 ) : c YBeJlH'-IeHHeM BP8MeHH: r 
HHKY6HPOBaHHA OHa YMeHbWaeTCft, BMecTe c TeM npH MaJIblX noaax 3TO 

YMeHbweHHe HOCHT 60Jlee pe3KM91 xapaKTep. 

Cl1eny-eT 06paTHTb BHHMaHHe Ha TOT <l>aKT, '-ITO npH MaIlOM BpeMeHH: 

HHKY6HPOBaHHA BeJlH'-IlIIHa I F 6ol1ee BblPaxeHa . MO:ll:HO npennOJlOm-fTb, 

'-ITO TaKoe OTKJlOHeHHe npH MaIlOM speMeHH HHKY6aUl1H npOHCXonHT B 

P83YnbTaTe Toro 06CTOATenbCTBa, '-!TO aKTHBHOCTb <1>0C<l>aTa3bl 3aBHCHT 

T01lbKO OT KOHUeHTpaI-tHH KJleTOK, B TO BpeMf'l KaK aKTHBHOCTb 

B-ranaKT03Hna3bl 3aSHCHT B OCHOBHOM OT 4Hcna nOBpexneHH91 nHK 

KJleTOK. 

npH nallbHe91lliHM HHKY6HpOBaHHH KOHLleHTpaUl1A lUIeTOK ,B03paCTaeT, 

YBe.rn1'-1l11SaeTCA H aKTHBHOCTb <l>oc<I>aTa3bl, B TO ze BpeMfl '-IHCllO 

nOBpeKneHH91 B KIleTKax COXpaHAeTCA npe:ll:HHM HIlH YMeHbwaeTCA B 

pe3YI1bTaTe penapaUHH. CJlenOBaTenbHO, BenH4HHa IF 3asHcHT nHWb OT 

BP8MeHH HHKY6HpOBaHHA. 3TO 06CTOATenbCTBO oco6eHHO cneny-eT HMeTb 

8 BHny- npH H3Y4eHHH B03ne91CTBHA Ha KJleTKH MYTareHHblX AemecTB, 

KOTOPble OKa3bIS8JOT HHrH6HPYl<JUlBe BJlHflHHe Ha pOCT KIleTOK. 

AHanOrH'-IHaft KapTHHa 06HapYKHBaeTCft H rtpH paCCMOTpeHHH Be.rn1'-1HH 

OTHOllleHHA 9(0) /9(0), KOTopf,le HCnonb3Yl<lTcA FlPH Bbl'-lHCl1eHHH IF .
• 
9(0) 3aBHcHT TonbKO OT KO~leHTPau»H KJleTOK, B TO BpeMA KRK 9(D) 

3aBHCHT 8 OCHOBHOM OT '-I~cna nOBpesneHHA. n03TOMY HOpMHpOBKa 

9( O) / g( O) HaM npenCraánfleTCA He BnOJlHe rlPHeMlleMo9! npH CSolIblliJ.1X 

BpeMeHax J.1HKY6HpoBaHHf'l KJTeTOf<:, 3 Ha4HTeJlbHO npe8bllDaJOlIIHX To . 

KOPP8ICTHee 6blll0 6bl npQH3B0ID1Tb HOPMHPOBKY Ha BeJlH'-IJ.1HY 

G=9(to) .t/to, rne to<To . B HaurnX ycnoBHAX To =46 MHH, H HaM 

npenCTaBnfteTCfl ueneco06pa3HbIM HCnOnb30BaTb to =30MJ.1H . TRJ<:11M 

06P830M, npH HHKY6J.1POBRHHJ.1 KJleTOK B Te'-leHHe 2-x '-I G COCTaBllfteT 

0.026, a B Te'-leHHe 3-x '-I 0.040. TaKafl HOpMHpOBf<:a nnfl 3

'-IaCOBOro HHKY6J.1pOBRHJ.1fl YAelIJ.1l-mBaeT 3Ha'-leHHe .IF B 4 paaa , '-ITO B 

lJY4llleA CTeneHH oTpaxaeT HHnyf<:W11O 505- CHCTeMbI. 
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OrueBeQKan M.M. H AP· 
HccneAoBaHHe HHAYKQHH SOS-oTBeTa 
y Escherichia Coli npu ~-o6nyGeHHH 
MeTOAOM XpOMOTeCTa 

PI9-87-814 

H3yGeHa KHHeTHKa SOS-oTBeTa KneToK E.coli, HHAYQHpo
BaHHoro ~-o6nyGeHHeM, MeToAOM SOS-xpoMoTecTa. llonyGeH~ 

AaHHbJe no aKTHBHOCTH f3-ranaKT03HAa3~ H 111en0GHOH 4Joc4JaTa3bJ 
B pa3HbJe CPOKH HHKy6aQHH KneTOK PQ 37 npH pa3HbJX A03ax 
~-o6nyqeHHH, .[(enaeTCH BbiBOA 0 TOM, GTO B~GHcneHHe IIJaKTopa 
HHAYKQHH no MeTOAY KunnapAeTa HBnHeTCH He BnonHe npueM
neMbJM AnH OQeHKH SOS-HHAYKQHH • 

Pa6oTa B~nonHeHa B fla6opaTopHH nAepHb~ npo6neM OHHH. 

Coo6WettHe 06 .. e.tUOieHHOPO IOICTifTYTB IIJlepiiW:I. HCcne.tr.OBBHHit lly611a 1987 

Ogievetskaja M.M. et al. PI9-87-814 
The Investigation of SOS-Response of 
Escherichia Coli after ~-Irradiation 
by Means of Chromotest 

- The kinetics of SOS-response has been investigated in 
~-irradiated E.coli cells by means of SOS-chromotest. The 
data on enzymatic activities of ~-galactosidase and alka
lin& phosphatase after incubating the tester strain PQ 37 
for various time intervals have been obtained for diffe
rent doses of ~-radiation. The conclusion has been drawn 
that the induction factor determined according to the me
thod of Quillardet is not always good quantity for the 
estimation of SOS-response. 

of 
The investigation has been performed at the Laboratory 
Nuclear Problems, JINR. 
Communication of the Joint Inatitute for Nuclear Re~h. Dubna 1987 


