


BBEAEHME 

M ~ B ~ C T H O ,  UTO ueHTpanbHy!O POnb B MeXaHM3Me paAUa~HOHH0-HH-  

A y u u p o e a H H o r o  ~ y ~ a r e ~ e s a  y n p o K a p u o T  u r p a e T  SOS-cuc~e~a.  Bupa- 
MeHHe S O S - O T B ~ T ~  Y KneTOK E . C O l i  f lpOf lBnf leTCf l ,  B WCTHOCTH, 

B UHAYKUUU npo@ara h, KOTOPafl HaXOAUTCfl n 0 A  TeHeTMUeCKUM KOHT' 

p o n e M  retioe, y u a c - r e y l o q u x  T a m e  u B BblpaHteHnu A P Y ~ H X  SOS,-OYHK- 
uufi. 

OAHHM u 3  BaMHuX MoMeHToB B p a c u u @ p o B K e  ~ e x a ~ u 3 ~ a  SOS - o ~ s e ~ a  
RBnReTCR BOflpOC 0 SOS-cbIr~ane. Y C T ~ H O B ~ ~ H O ,  UTO HMH MOrYT RE- 

nRTbCR HeKOTOpble TMnbI ~ O B ~ ~ M A ~ H U ~  AHK. B CBfl3H C 3TUM npeACTaB-  

AReTCR BaHtHblM U3YUUTb BnHflYUe PaflHOflPOTeKTOPOB pQ3J lU~ i l b lX  KnaC-  

COB, M O A H ~ U ~ H P Y I O ~ H X  B~IXOA T a K u x  p o ~ p e H t ~ e ~ u f i ,  H a  SOS-HYAYK~UIO 
KneTOK. C YUeTOM 3 T O r O  @aKTOpa HaMU 6uno I lpeAI lpUHf lTO MCCneAO- 

B a H u e  M o A u @ u q n p y o q e r o  BnnRHuR p a g u o n p o T e K T o p o B  r n u u e p w H a  u uu- 
cTeaMuHa H a  UHAYK~HKI npo@ara h y K n e T o K  E .col i . 

MATEPMAJl W METOAbl 

B pa60~e  u c n o n b s o ~ a n n  c n e n y l o u u e  uTaMMu 6 a K ~ e p ~ f i  Escher ich ia  
. c o l i :  H f r ~ ( h )  ( t h i ) ,  ~ 3 4 7 8 ( h )  ( p r s l A l ,  B1, t h y ) ,  C ( s t r ) .  U~TBMM 

C MC~Onb3OBaJ lU  KaK H H A U K ~ T O P H ~ J ~ ~ ,  TO e C T b  ' ~ Y B c T B H T ~ J ~ ~ H ~ I ~ ~  K @a- 
r y  h. 

K Y ~ ~ T Y P Y  KJleTOK / J l ~ 3 0 r e ~ H u f i  U U H A U K ~ T O P H ~ ~ ~ ~  W T ~ M M M /  U H K Y ~ U '  

p o B a n U  B 10 M n  MRCO-neHTOHHOr0 6 y n b o ~ a  / ~ ~ ~ ~ U ~ B O A C T B ~  W H C T H T Y T ~  
3 n u ~ e ~ u o n o r u 1 h  u ~u~po6uonornu uMeHu H.0.ra~aneu AMH CCCP/ B T e -  

u e H u e  17 u npu T e M n e p a T y p e  37OC AO c ~ a ~ u o ~ a p ~ o f i  @asu p o c T a  

/2-4.10' KneToK/MJl/. 3 a T e ~  KneTKU UHAHKaTOPHOrO WTaMMa Pas- 
B o A u n u  2 pass 0 , O l M  P a c T B o p o M  MgS04, a cycne~swto n u 3 o r e ~ ~ o r o  

m a m a  u e H T p u @ y r u p o e a n u  B T e q e H u e  15 MUH /8000g/ u P e c Y c n e H A n -  

POBaJlU B 1-2 M n  0,01 PdCTBOpa MgSO4. 

B o n u T a x  no onpeAeneHHm U H A Y K ~ H U  npooara h B uenflx OUUCTKH 

KYflbTYPbl OT C B O ~ O A H O ~ O  oars, ~ o ~ o p b l f i  B C e r A a  npHCYTCTBYeT B pa- 
CTBOpe 0 , l  M n  ~ n e ~ 0 ' 4 H o f i  C y C n e H 3 u u  @uJ lbTpoBanU U e p e 3  CTepHnbHMe 

flaBCaHOBble f lAepHble @uJlbTpbI C AUaMeTpoM flop 0,5 MKM / ~ W H ~ B O A C T -  

B a  fla60pa~opuu RAepHblX p e a ~ ~ u f i  0 6 l a e ~ ~ H e H H 0 r 0  UHCTHTYTa flAepHblX 

nccne~oea~uk / .  flpu  TOM @ u n b ~ p u  n o M e u a n u  H a  c n e u w a n b H y m  noAnom-  

K y ,  BnUTblBalOuym B c e 6 ~  n p o x 0 ~ R u y 1 0  r (epe3  nOpM BOAy, HU3KOMOne- 



KYnRpHbIe COenUHeHUR U 6 a K ~ e p U o O a r U .  A ~ H H M ~  MeTOA f lO3BOllReT 

CHH3HTb YpOBeHb @OHOBO~ KOHueHTPauUU 6 0 n b ~ e ,  UeM H a  ABa  no RA- 
/ P/  Ka:  c / 2 , 2 + 0 , 6 / * 1 0 5  ~o / 1 , 8 + 0 , 7 / * 1 6 3  @arosux q a c T u u  H a  M n  . 

O U n b ~ p b I  C OCTaBUUMUCR KneTKaMH f lOMeqanU B 2 MJl 0 ,O lM  PaCT- 

B o p a  MgS04 c ~ 0 6 a e n e ~ H e t . 1  unu 6 e 3  ~ 0 6 a e n e ~ w n  p a ~ U O n p O T e K T O P o B  

AO o n p e ~ e n e ~ ~ o h  K o H u e H T p a u u u  - r n n u e p u H a  - l M ,  UucTeaMuHa - 
0,02M. n p U  TaKUX KOHueHTPauHRX yKa3aHHUe paAUOnpOTeKTOpb1 o6na- 
AalOT M ~ K c H M ~ J ~ ~ H o ~  3 ~ w K ~ U B H O C T b n / 2 , 3 / . n ~ ~ ~ e ~ ~ ~ p ~  BBOaUnM .+ 

3 a  30 MHH AO o 6 n y q e ~ u ~ .  0 6 n y q e ~ n e  flpOBOAUnU Ha  nOBepXHoCTH n a B -  

CaHoBbtx R A e p H u x  Q u n b T p o e ,  p a c n o n o m e H H u x  Ha  C n e u u a n b H u x  n o A n o m -  

KaX H 3  MRCOfleflTOHHOrO arapa /MIA ,  f lpOU3BOACTBa M H C T H T Y T ~  3nu- 
A e M u o n o r n n  H M W K ~ O ~ H O ~ O ~ H U  u ~ . H . O . l a ~ a n e w  AMH C C C P /  n p u r o T o e -  

neHHblX B @OpMe L(HJlHHApOB AHaMeTpOM 12 MM, B M C O T Q ~  2-3 MM, 

B qatuKax ne~pu .  n e p e ~  a T u M  H a  n o a e p x H o c T b  @ u n b T p o e  H a H o c w n u  

M U K ~ O ~ ~ H ~ ~ ~ T K O ~  CyCfleH3HKl KneTOK o 6 a e ~ o ~  0,01 Mn. 

n0cne o 6 n y q e ~ u ~  KneTKH CMUBanU C flOBepXHOCTM @HnbTpoB BCTPR- 

x u s a H n e M  B 2 M n  0 , O l M  P a c T e o p a  MgSO4, p a a ~ o ~ w n u  AO HymHoh KOH- 

u e H T p a u n u  u pacceeanu Ha  q a w K u  l l e ~ p u ,  coAepmaque 15-20 M n  MnA 
c A 0 6 a B n e ~ H e M  3 ~ n / n  OAHoMonRpHoro  p a c T B o p a  MgS04. 3 a ~ e t . 1  uaw- 
KH U H K Y ~ H ~ O B ~ ~ H  B T e q e H u e  2 q npu T e M n e p a T y p e  370C. 3 ~ o r o  spe- 
MeHH AOCTaTOqHO AqR TOrO,  q T ~ 6 b l  KJleTKH, B KOTOPUX HaqaJ laCb MH- 

A Y K ~ H R  npoQara, 6b lnn n w s n p o e a ~ ~  H npou3cywen B ~ ~ X O A  @ara/ '  1. ~ O C -  

ne more q a w K n  sanueanu 3 M n  sepxuero arapa / 1 0  r n e n T o H a ,  1 r 
Apommeeoro a K c T p a u T a ,  8 r NaC I , 7 r arapa B 1 n H20 c ~ 0 6 a e n e -  
HneM 3 wn/n 1M P a c T B o p a  MgS04 nocne a e ~ o ~ n a e w p o ~ a ~ u n /  npu TeM- 

f l e p a T y p e  420C BMeCTe C 0 , l  M n  KYnbTYPM HHAUKaTOPHOTO lUTaMMa 

H ~ 0 6 a e n e ~ n e t . 1  2 ~ r / ~ n  c T p e n T w u u u u a .  AHTU~UOTUK,  y 6 u a a ~  nuao- 
r e H H U e  WJleTKU, f l p e n O T B p a u a e T  BO3HUKHOBetiUe HeraTUBHUX K O ~ O H M ~  

B c n e n c T p u e  c n o ~ ~ a H ~ o t 7  H H A Y K ~ Y U  npo@ara $ T e q e t i u e  nocne~yoqeh 
2 0 - q a c o p o k  H H K Y ~ ~ U H U  qatueK npu 37OC. 

~ ~ C T O T ~  HHAYKuHH OnpeAenRnU K a K  OTHOUeHUe BURBJleHHblX Hers- 

THBHUX K O J ~ O H H ~ ~  n p U  THTpOBaHHH UH@~KL(HOHHUX UeHTpOB K KOnH4eCT-  

BY O ~ P ~ ~ Y D ~ H X C R  K O ~ O H W ~  KneTOK H e 0 6 n y q e ~ H o h  KYJlbTYPU. 

B U M H B ~ ~ M O C T ~  KneTOK U ee MOAW@UKauMD PaAUO~POTeKTOpaMU O n p e -  

AenRnH CTBHABPTHUM MeTOAOM M ~ K ~ O K O ~ ~ O H M ~ .  

0 6 n y ~ e ~ H e  npOBOAHnU H a  y-YCTaHOBKe C UCTO'4HUKOM 13'C5 /MOW' 

HOCTb A 0 3 U  - 23 ~ P / M H H / .  O f l b l ~ b l  n0BTOpRnU 3-5 p a 3 .  Kpueue BMmM- 

BaHUR a n n p o K c H M n p o B a n n  @ Y H K ~ U ~ ~  S = ~ X ~ ( - D / D , ) ,  r A e  S - BblMU- 

B a e M o c T b ,  D - ~ o s a ,  Do - c p e A H e n e T a n b H a R  ~ o a a .  

PHC. 1 .  B ~ D K W B ~ ~ M O C T ~  KneTOK 

E . c o l i  H f rH(h)  npn Y-o6nyseana: 
1 - c r n a q e p a s o M ;  2 - c q n c T e a -  

MUHOM; 3 - 6 e 3  IIPOTeKTOPOB. 

no ocn a6cqacc - ~ o s a  o6nyse- 
HUH, rp ;  no OCH OpAHHaT - BbDKU- 

BaeMOCTb, %. 

L. ' 3 
0 1  

I Hble IlepBUUHbIe Y-cahTbl  " Y ~ H ~ D T C R "  

0 100 200 300 COO 500 KneTOllHblMM 3HAOHYKnea3aMU. KO' 

aow,rp 
T O P ~ R  n e p e e o n R T  ux B OP AHK. 
no4 BnMRHMeM 3 K 3 0 H y K n e a 3  3 T U  OP 

MOrYT " n e p e p a ~ ~ a ~ b "  B npOTRMeHHble OAHOHUTeBble 6pewu AHK. C T a -  

KuMu ~ P ~ L L I R M M  X O ~ O W O  CBR3blBaeTCR R e d - 6 e n o ~ ,  K O T O P ~ I ~  HaPR Y 
154 C L ~ x A - ~ ~ ~ K o M  M r p a e T  KnQUeBYD p 0 n b  B S O S - O T B ~ T ~  KneTOK . 

6 p e 3 y n b ~ a ~ e  CBR3MeaHUR RecA-6en~a C OAHOHMTeBblMM Y4aCTKaMM 

AHK UnU nonMHyKneoTMAaMbl @ O P M M ~ Y ~ T C R  ~ K T M B H ~ I ~  n p O T e a 3 ~ b l h  K0Mnr 

n e K c ,  K O T O P ~ I ~  B ~ ~ ~ ~ C Y T C T B M M  AT@ unu AT@ S / ~ A ~ H O ~ M H - ~ - T M O T P U -  

n u . r u u e c K o r o  uMKna p a s e u ~ u n  npooara. l l p o ~ e o n u 3 y  n o A e e p r a e T c n  

TaKme u LexA-6eno~, K a ~ o p b l h  RB- 

n n e T c R  p e n p e c c o p o M  A n q  pRAa APY- 
TUX TeHOB, YUaCTBYlOqMX B S O S - O T B ~ -  
T e  KneTOK. 

T ~ K M M  o 6 p a 3 o ~ ,  npu o6nyue~uu 
M H A Y K ~ M R  npo@ara h npoucxonu~ B pe- 
a y n b ~ a ~ e  p a c q e n n e H u n  A-penpeccopa 
RecA-6en~o~,  K O T O P ~ I ~  MOmeT aKTM- 

BMpOBaTbCR OAHOHMTeBblMM Y4aCTKa-  

MU M ~ P ~ W R M H  B AHK. 

m Pnc.2. BbDKPi~aeMocTb KneTOK E . c o l i  

P3478(h )  npa y - 0 6 n y s e a w n :  1 - 
a01 - c r n a q e p n ~ o M ;  2,3 - C qHCTeaMHHOM 

6 /cBe~$Ible ~kiMB0$Ibl/ P i  6 e 3  n p O T e K T 0 -  

+ 9 , 3  p o B  / T ~ M H ~ I ~  ~nMBo$Ib l / .  no OCH a6c- 

0 50 100 150 200 
qncc - ~ o s a  06nysean~, rp ;  no OCH 

OpAnHaT - BbDKUBaeMOCTb, z. 
Aola. Tp 



1 I 

ria PUC. 1 U 2 npeACTaBneHbl  KpHBble BblKMBaHMR WTaMMOB H f r H  ( A )  

H ~ 3 4 7 8 ( h )  COOTBeTCTBeHHO n p U  o 6 n y q e ~ u u  B HOpManbHblX YCnOBMRX 

H B nPHCYTCTBUH P a ~ u o n p o T e K T o p o B  - r n u y e p u H a  u qucTeaMuHa.  

3 ~ a q e ~ u ~  @ a ~ r o p a  M ~ M ~ H ~ H M R  ~ 0 3 ~  /@MA = Do-l/Dop-l,  rae Dop-' - 
paAUOqyBCTBblTenbHOCTb KneTOK n p U  o6nyue~uu B nPMCYTCTBUM P a -  

~ U O n p O T e K T O p a ,  a Do4 - n p U  o 6 n y 4 e ~ u u  6 e 3  ~ ~ ~ U O ~ ~ O T ~ K T O ~ O B /  

npHBeAeHbl  B ~a6nuue.  B 0 3 ~ 0 K ~ b l e  MeXaHM3Mbl 3 a ~ U T H O r O  ~ e k  CTBMR 

UCnOnb3OBaHHblX paAHOnpOTeKTOpOB paCCMOTpeHbl HaMM p a H e e I 8  Pg1. 

T a d n u y a  
3 ~ a u e ~ u ~  Qkiq npu ~ o n n a u q u p y m q e ~  snumun 
paJJliOIIpOTeKTOpOB H a  BbDKUBaeMOCTb KneTOK E . c o ~ ~  

H f r H  (A) P3478 (A) 

okiq ow 

Ha PUC.3 M 4 npeACTaBneHb l  AO3OBble 3aBUCMMOCTM qaCTOTbl MH' 

W K U M U  npo@ara A AnR KneTOK WTaMMOB H ~ ~ H ( A )  U P3478(A)  npu y-  
o 6 n y q e ~ u u  B n p u c y T c T B u u  rnuqepuna, U u c T e a u u H a  u B o T c y T c T e u e  

PaAUO~pOTeKTOPOB.  BHAHO, 'AT0 3aBMCWOCTb qaCTOTbl HHf lYK~MM np0- 
@ r a  AnR KneTOK 0 6 0 ~ ~  UlTaMMOB npu o 6 n y q e ~ u u  B OTCyTCTBHe p a A U 0 -  

I lpOTeKTOpOB I l peACTaBnReT co6oG KpUBYO C MBKCHMYMOM. T ~ K ~ R  @Op- 

Ma K P H B O ~ ,  no-BMAHMOMY, RBnReTCR pe3YnbTaTOM H3MeHeHUR np0- 
~ e a 3 ~ 0 k  BKTUBHOCTM R e c A d e n ~ a  B K n e T K e  npu BO3PaCTaHUU A03bl  

0 6 n y q e ~ u ~ /  101. 

Y ~ o ~ A - M ~ T ~ H T ~  MaKCHMYM ~ 0 3 0 ~ 0 h  3aBUCMMOCTH HHAYKuMM npwa- 
r a  A o c T u r a e r c R  npu ~ o a e ,  B 5 p a 3  ~ e ~ b w e k ,  qeM y K n e T o K  A u K o r o  

T u n a .  B ~ P O R T H O ,  3 T 0  06ycnoene~o TeM, q T 0  y ~ o ~ A - M ~ T ~ H T ~  OCTaeT-  

CR MHOrO noepemae~uk, KOTOpble YAanROTCR TOnbKO B I l pOueCCe 

r e c A - ~ e x A - 3 a ~ u c u ~ o ~  penapaquu. A KaK U ~ B ~ C T H O ,  TaKaR penapauun 
COnpOBOKAaeTCR 0 6 p a 3 0 s a ~ u e ~  6OnblU0r0 qUCna  OAHOHMTeBblX y 4 a C T -  

AHK, KOTOpble RBnROTCR CHrHanOM AnR 3 a n y C K a  SOS-CU- 
CTeMbl 

I I I I .  
0 200 400 600 0 50 

I 
100 150 

5 0 3 0 .  rp mora. rp 
PHC .3. ~ ~ B H C ~ M O C T ~  saCTOTb1 HH- PHC. 4. 3 a B k i c ~ M o c ~ b  saCTOTb1 HH- 

ny~quu npoaara h OT no3b1  Y-06- A y K q u u  npoaara h OT ao3b1 y-06- 
n v e H M H  y KJIeTOK E . c o l i  H f r H ( A ) : n v e ~ u ~  y KJIeTOK E . c o l i  
I - B I lpUCYTCTBUU r n H q e p H H a ;  P3478(A): 1 - B l l p H C y T C T B l o I  

2 - El OTCYTCTBUe paJJHOIIpOTeK- M M q e p M H a ;  2 - B OTCyTCTBHe pa- 
TOPOR; 3 - B IlPUCYTCTBWW UEi- AUOllPOTeKTOPOB; 3 - B l lPUCyTCT-  

cTeaMuHa.  no ocu a6cqwcc - no- suu q u c T e a M u H a .  no ocu a6cqncc 
sa o 6 n y s e ~ u ~ ,  rp ;  no ocu op- - aosa 0 6 n y s e ~ u ~ ,  rp; no ocu 
a H H a T  - s a C T O T a  PiWyKUHH np0- OpaHHaT - '4aCTOTa H q y K q u I I  np0- 
Qara, %. Qara, %. 

~ P H  0 6 n y 4 e ~ u u  KneTOK B nPHCyTCT.BHH r n U U e p U H a  @ o p ~ a  KpHBblX 

n O 4 T u  H e  MeHReTCR, HO nPOHCXOAHT H ~ K O T O P M ~  CflBHr MaKCHMYMa 

B C T O ~ ~ H Y  60nbwux  ao3. P a ~ e e  H a m  6uno n o K a 3 a H o 1 8 1 ,  w o  n p o T e K -  

T O P H M ~   KT r n U u e P U H a  MOKHO 0 6 l a R ~ ~ U ~ b  CHMKeHHeM BblXOAa OP 
AHK , ~ 0 c c ~ a H a ~ n u ~ a e ~ b l x  PO 1A ~ ~ B U C U M O  k penapal(b4ek. ~ O ~ T O M Y  kIOXH0 

n p e A n o n a r a T b ,   TO nu60 T a K u e  n o e p e m a e H u R  T a m e  BHOCRT ~ e K o T o p ~ h  

e K n a A  B @ o p ~ u p o B a H u e  SOS-cur~ana,  nu60 r n u u e p u H  c n o c o 6 c ~ a y e ~  
He3Ha4UTenbHOMy YMeHbWeHHO I lOBpeKfleHUk, yAanReMblX B I lpOueCCe 

recA-1 exA-aa~ucu~oh penapauuu. 
K ~ K  BHAHO 13 PUC.3 H 4, UHCTeaMHH CYqeCTBeHHO nOAaEnReT MH- 

AYKuUO n P o @ a r a  h y O ~ U X  UTaMMOB. H ~ B ~ C T H O ,  4TO MeXaHM3M A ~ ~ c T -  
BUR 3 T O r 0  PaAblOnPOTeKTOPa OTnU4eH OT MeXaHH3Ma ~ ~ ~ C T B H R  r n H U e -  

pUHalg' .  ~ ~ U U T H M ~  3@*KT 4UCTeaMUHa, no-BUPUMOMY, OCYqeCTBnReT-  

CR I l y T e M  YrHeTeHHR aKTHBHOCTH & ~ ~ C T B H R  3HAOHYKnea3,  nPOH3BOflR' 

qux U H ~ H B H O  nepeuwux y -cak~oe .  3 ~ o  n p o u c x o R u T  nu60 B p e a y n b -  

e 3 a  U M O A ~ ~ ~ C T B U R  uonenyn nporeuropa c J H A O H Y K ~ ~ ~ ~ ~ M U ~ ~ ~ / .  npmoe 
B ~ ~ H M O ~ ~ ~ C T B M ~  qHCTeaMUHa C @ep~eHTaMbI MOKeT 6 ~ ~ b  O ~ Y C ~ O B ~ ~ H O  




