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HaaecTHO, 4TO npoReneHHR KHcnopOAHoro 3~eKTa /K3/ y paaH~x 
WTaMMOB E•coli npH y-o6ny4eHHH B YCflOBHRX BflHRHHR XHMH4eCKHX 
paAHOMOAH~HKaTOpOB - CeHCH6HflH3aTOPOB H npoTeKTOpoe, HOCRT CflO*
H~~ H HeOAH03Ha4H~~ xapaKTep. 0AHHM H3 HaH6onee TPYAH~X B HH
TepnpeTaUHH npORBfleHH~ MOAH~HUHPY~ero BflHRHHR KHCflOPOAa RBflReT
CR ~eHoMeH 11o6paTHoro11 K3, Ha6ni0Aa~H~CR npH y -o6ny4eHHH HeKo
Top~x WTaMMOB E•coli B npHCYTCTBHH uenoro PRAa XHMH4eCKHX areH
TOB. PaccMOTPHM a paMKax paaaHaaeM~x npeACTaaneHH~ oco6eHHOCTH 
peanH3aUHH K3 y paaH~X wTaMMOB E•coli npH B03Ae~CTBHH aHOKCH4ec
KHX paAHOCeHCH6HflH3aTOpOB H paAHOnpoTeKTOpOB. 

1 . KHCnOPO~H~~ 3~EKT H AHOKCH4ECKHE CEHCH6HnH3ATOP~ 

a/1, 21 noKa3aHo, 4TO npH y-o6ny4eHHH uvr JC-,rec A- uvr A-
MyTaHTOB B npHCYTCTBHH HHTPOKCHflbHWX paAHOCeHCH6HflH3aTOPOB -
2,2,6,6-TeTpaMeTHn-4-nHnepHAOH-N-OKCHna /TAH/, 2,2,6,6-TeTpaMe
THn-4-nHnepHAOHHn-N-OKCHfla /THnH/ H nceBAOnenneTepHH-N-OKCHna 
/HnnH/ HflH B cpeAe, COAeP*a~e~ noB~WeHH~e KOHUeHTPaUHH NaCl, 
~~~~~-~~e=~~ lt~5~::;:::.,:~ 11 ~~. r'U\:o\:.MUtt:in,.,.. ~lUI ~t::MUMt:H H paMKaX Ha

We~ MOAeflH. 
HaaecTHo, 4To areHT~ THna HnnH He3~eKTHBH~ npH o6ny4eHHH 

KfleTOK B npHCYTCTBHH KHCflOPOAa, H HX CeHCH6HflH3Hpy~ee BflHRHHe 
OTMe4aeTCR TOflbKO B aHOKCH4eCKHX YCflOBHRX. ~aHHOe o6CTORTeflbCT
BO MO*eT CBHAeTenbCTBOBaTb 0 TOM, 4TO MOfleKynw HnnH Hecnoco6H~ 
KOHKYPHPOBaTb C KHCflOPOAOM B npouecce ~HKCaUHH nepBH4H~X noa
pe*AeHH~ ~HK. B aHoKCH4eCKHX *e ycnoBHRX HnnH, no-BHAHMOMy, 
ycnewHo KOHKYPHPYeT c 3HAoreHHWMH SH-coeAHHeHHRMH,noswwaR eepo
RTHOCTb ~HKCaUHH nepBH4HO HHAYUHpyeMWX noepe*AeHH~ ~HK.~eHCTBH
TeflbHO, KOHCTaHT~ CKOPOCTeH peaKUH~ paAHKaflOB MHWeHH, o6pa3yi0-
~HXCR B pe3yflbTaTe B3aHMOAeHCTBHR C OH,c HHTPOKCHflbHWMH COeAH
HeHHRMH, ne*aT a npeAenax oT -0,1 AO 0,7 H-1 Hc-1 131. B To *e 
epeMR BeflH4HHa KOHCTaHTW peaKUHH AnR MOfleKyn KHCflOPOAa COCTaa
flReT -4 H-1 Hc-1 • ~R SH-cOeAHHeHH~ KOHCTaHTW CKOPOCTeH peaK
UHH TaK *e, KaK H AflR HHTPOKCHflbHWX COeAHHeHHH, HMeiOT BeflH4HHW 
OAHoro nOPRAKa: 0,15-0,4 H-1 Hc-1 /3/. KonH4e~Tao nepBH4HWX 
nospe*AeHH~, CTaBWHX o6~eKTOM B3aHMOAeHCTBHR C Hnnfl, MO*eT 
6~Tb OTHOCHTeflbHO He60flbWHM, HO OHH MOryT OKa3aTbCR HepenapHpye
MWMH CHCTeMO~ penapaUHH I H II H BO~TH B Knacc Qpir /pHC.l/. 
TaKaR T04Ka 3peHHR HaXOAHTCR B COOTBeTCTBHH C AaHHWMH, nony4eH
HWMH a / 4/, rAe OTMe4eHo ceHcH6HnH3HPY~ee anHRHHe TAH npH y
o6ny4eHHH rec A--MyTaHTa, HO OTCyTCTBHe TaKOBOrO AflR KneTOK 
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PHc.l. CxeMa HHAYK~H H penap~HH nepBHqHhlX noBpeEAeHHH 
AHK y E·coli B ycnOBHHX BnHHHHfl PaAHOMOAHWHKaTOpOB. na
paMeTp Qf OTpaEaeT cKopocTb peaK~HH M' c WHKCHpyro~M 
areHTOM B ycnOBHHX aHOKCHH 161. 

pol A--MyTaHTa. TaKoe pa3nH4He s ceHcH6HnH3HPY~~eM AeHCTBHH 
TAH AnA rec A-- H pol A -MyTaHTOB snonHe o6aACHHMO s paMKax pa3-
sHsaeM~X npeACTasneHHH. nocKonbKy ceHcH6HnH3HPY~~ee AeHcTBH~ 
3THX areHTOB csR3~saeTCA c ~HAYK4HeH 6onbwero KonH4eCTBa OP}r, 

......... ,,... 
TaKOe B03pat:ldHMt:: tsbiJ\UI-o\d urj- ""'UJIII\nv 11~Y1DV~Yilg n iiV~~i.,;.i~;;~~:~ 

4YBCTBHTenbHOCTH s aHOKCH4ecKHX ycnosHAX rec A--MyTaHTa, nHweH
Horo penapa4HH III, H peanH3a4HH 11o6paTHoro11 K3, 4TO HMeeT 1';\ec
TO 8 3KCnepHMeHTe I 4,51 HapRAY c 3THM 803pacTaHHe B~X~Aa optr 
AOnmHo Mano snHATb Ha 4YBCTBHTenbHOCTb KneTOK c pol A -MyTa-
4HeH, nocKonbKY 6onbWHH s~XOA OPtr s npHcyTCTBHH ceHcH6HnH3aTo-· 
poe Hecy~ecTBeH s cyMMapHOM s~XOAe OP1 • AeHCTBHTenbHO, MOAH$H
Ka4HA 4yBCTBHTenbHOCTH pol A--MyTaHTa npH o6ny4eHHH s 3THX 
ycnOBHRX He3Ha4i1TenbHa 7l, 41, 

Hcnonb3YA 3KcnepHMeHTanbH~e pe3ynbTaT~,nony4eHH~e s III, npo
seAeM KOnH4eCTBeHHY~ 04eHKY B~XOAa Qptr • HaH6onee HH$OpMaTHB
H~MH 8 3TOH CBA3H MOryT 6~Tb AaHH~e, nony4eHH~e Ha pol A-
MyTaHTaX, AnR KOTOp~X 3Ha4eHHR D0 npH o6ny4eHHH KneTOK 8 yc
nOBHRX KHCnOPOAa, a30Ta H a30Ta COBMeCTHO C HnnH COOTBeTCTBeH
HO COCTaBnR~T 12 rp, 55 rp H 35 rp III. nocKOnbKY senH4HH~ D0 
s 3TOM cny4ae HenocpeACTBeHHO CBR3aH~ c s~XOAOM OP1 , MomeM s~-
4HCnHTb s~xoA OP1 a npHcYTCTBHH HnnH (N~~lN ): 
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TaK KaK rec A--MyTaHT ceHcH6HnH3HpyeTcR a aHOKCH4eCKHX ycnosHRX 
HnnH 111 , Hcnonb3YR napaMeTp~ paA~04YBCTBHTenbHocTH AaHHoro 
wTaMMa, MomeM B~4H~nHTb s~XOA OPir s ycnosHRX snHRHHR AaHHoro 
ceHCH6HnH3aTopa (N6~I)NPPN: 

NNPPN (Nir )NPPN 
OPI - OPI 

---,----- + (Ni:}pJ ~NPPN =(Dol )r 
Qr 

0,25- (N~Pl) NPPN 
___ __...::...:_~----+ (N

0
ir )NPPN_ (D-1) = O,l 

10 PI - 0 r 

(Nir )NPPN O 083 r -1 -1 
OP 1 = • P ' r'eHOM , 

/2/ 

Ha OCHOBaHHH onpeAeneHH~X B~We napaMeTpOB 8~4HCnHM 4yBCTBH
TenbHOCTb KneToK AHKoro THna, uvr A--MYTaHTa H rec A- uvr A-
MyTaHTa s aHoKCH4ecKHX ycnoBHRx a npHcyTcTBHH HnnH. KaK BHAHo 
H3 Ta6nH4bl, Ha6n~AaeTcR snonHe YAOBneTsopHTenbHOe cornacHe Mem
AY 3KcnepHMeHTanbH~MH H TeopeTH4eCKHMH AaHH~MH. 

3a~HTHOe AeHCTBHe KHCnOPOAa npH o6ny4eHHH HeKOTOp~X 4YBCTBH
TenbH~X MyTaHTOB 8 ycnOBHRX BnHRHHR aHOKCH4eCKHX CeHCH6HnH3a
TOpOB MOmeT HMeTb pa3nH4HY~ HHTepnpeTa4H~. PaCCMOTpHM 8 paMKaX 
HaweH MOAenH TpH B03MOmH~X sapHaHTa MeXaHH3Ma ycHnHBa~~ero 
AeHCTBHR aHOKCH4eCKHX paAHOceHCH6HnH3aTopos. 

R~n~~HT 1. flnnyrT~M. uTn R nn~rvTrTR~~ vK~~~HH~x rnpn~HP-

HH~ npoHCXOAHT B03pacT~HHe B~XOAa OPfr • npH paCCMOTpeH~H AaH
HOH CHTya4HH sepHeMCR K npoBeAeHHOMY B~We aHanH3Y cny4aes 1 H 2. 
AnR cny4aA 1 M~ AOnycKanH nonH~H 6noK penapa4HH II. npH 3TOM 
Ha6n~AaeTcR OAH03Ha4HaA CBR3b MemAY s~XOAOM OP1 s KHCnopOAH~x 

H aHOKCH4eCKHX ycnOBHAX H P~AH04YBCTBHTenbHOCTb~ KneTOK. noc
KOnbKY ysenH4eHHe B~XOAa OPir Hecy~ecTBeHHO ·nos~waeT cyMMapH~H 
BblXOA OP1, TO aHOKCH4eCKHe ceHcH6HnH3aTop~ AOnmH~ cna6o MOAH
$H4HposaTb H paAH04YBCTBHTenbHOCTb H senH4HHY K3 y pol A--My
TaHTOB,4TO H HMeeT MeCT0 1 KaK yKa3~BanOCb B~We,B 3KCnepHMeHTel1,4( 
AnA cny4aA 2 6~no CAenaHo AOny~eHHe o noAasneHHH penapa4HH III. 
B 3TOM cny4a~ AnA KneToK neTanbH~MH co6~THAMH RsnR~TCA npeHMy
~ecTseHHO Qptr, B~XOA KOTOp~x, KaK M~ npeAnOnaranH, ysenH4HBaeT
CA B npHCYTCTBHH HHTPOKCHnbH~X areHTOB. CneAOBaTenbHO, AnR 
KneToK c 6noKoM penapa4HH III (rec A--MyTaHT) MomeM omHAaTb pe3-
Koro B03pacTaHHA ~yBCTBHTenbHOCTH nOA BnHRHHeM 3THX areHTOB 
4TO H OTMe4aeTcR s 3KcnepHMeHTe I 1•4•57 AnR npeACTasneHHA a' 6o
nee HarnAAHOM BHAe pa3nH4HH 8 4YBCTBHTenbHOCTH pa3H~X WTaMMOB 
E·coli Ha o6ny4eHHe s npHCYTCTBHH aHoKCH4eCKHX ceHcH6HnH3aTopos 
BBeAeM K03$$H4HeHT a: 

D NPPNfD 1 oNPPN 
Do KJNPPN_1 
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Puc.2. 3aBHCHMOCTb napaMeTpa a 
OT BenH'l:HHbl x= (N1 r )NPPN /N1 r 

OPI OPI 
Ana pa3HbiX mTaMMOB E•coli. 
HucnagaiD~M KpHBbJM COOTBeTCT
ByeT nesaa OCb OPAHHaT, B03-
pacTaiD~M - npaBaa, no OCH 
a6c~ucc: senH'l:HHa napaMeTpa x, 
no OCH OPAHHaT: BenH'l:HHa na
paMeTpa 10 . a • 

8 .., 
0.6 .. 14 
~ 2 

2 3 
!JapaMeTp x' 

-8 

~~ 
-2 ~ 

0 
4 

Puc.3. 3aBHCHMOCTb napaMeTpa a 
OT senH'l:HHM x'=NNPPN;NN 

OPI OPI 
AnH pa3HbJX mTaMMoB E·coli. 
HucnagaiD~M KpHBbJM COOTBeTCTByeT 
nesaa OCb OPAHHaT, B03paCTaiD
~M - npasaa. no OCH a6C~HCC: 
senH'l:HHa napaMeTpa x' , no ocu 
OPAHHaT: BenH'l:HHa napaMeTpa 
10 • a. 

Ha p~c.2 npe~cTasneHa 3as~c~MOCTb napaMeTpa a OT sen~4~H~ 
x = (Nb~~NPPNjN~~I AnR pa3H~X wTaMMOB E·coli: KaK MOmHO B~AeTb, 

1r NPPN 
peaK~~R pa3H~x T~nos KneTOK Ha ysen~4eH~e (NoPl pa3n~4Ha. 
0 ............... - ....... ,., .. ...., - .,. .................................. ,, ................ ,_,...,::,...,w. ~~·'"""''' III~IIIAn "''L.J"'\IIol'3l--IIAI":t ..,_._,,....._.....,I ~0 I Pl ..... - ..., ,.,.,.._. t""""'"" .... ...,,., ..... -, ...... t -- __ ....,_ro J o •-• •---.• •~•- -· ,_ •-• o;••• 

a c 8 AO 6 AnR pol A--MyTaHTa ~ 6onee pe3Koe naAeH~e c 5 AO 0 
AnR rec A--MyTaHTa. AanbHeHwee so3pacTaH~e (Nbp

1
)NPPN np~BOA~T 

K He6onbWOMY ~3MeHeH~~ napaMeTpa a Y pol A--MyTaHTa, B TO me 
speMR,AnR rec A--MyTaHTa Ha6n~Aa~TCR OTP~~aTenbH~e 3Ha4eH~R 
3Toro napaMeTpa, 4TO cooTseTcTsyeT 11o6paTHOMy11 K3. AnR KneToK 
A~Koro T~na OTMe4aeTCR npoMemyT04HaR C~Tya~~R.MemAY ~ol A-
~ rec A--MyTaHTaM~ ~ np~ B~COK~X 3Ha4eH~RX (Nopi)NPP (X> 4) 
B03MOmH~ cny4a~ B03H~KHOBeH~R 11o6paTHoro11 K3. AnR KneTOK c My
Ta~~eH s reHe uvr A Ha6n~AaeTcR cosnaAeH~e 3as~c~MOCT~ a(x) 
c rec A--MyTaHTOM, CB~AeTenbcTBY~~ee o so3pacTaH~~ o6aeMa pena
pa~~~ II no cpasHeH~~ c KneTKaM~ A~Koro T~na. AsoHHOH rec A
uvr A--MyTaHT B~RBnReT 11o6paTH~H 11 K3 so seeM A~ana3oHe 3Ha4e
H~H napaMeTpa x. 

Bap~aHT II. AonycT~M, 4To s np~cyTcTs~~ aHoKC~4ecKoro ceH
c~6~n~3aTopa npo~cxoA~T ysen~4eH~e s~xoAa OPi, AnR paccMoTpeH
H~x cny4aes 11 111 ~ 11211 cneAyeT om~AaTb pe3Koro ~3MeHeH~R 4yscTs~
TenbHOCT~ KneTOK. B Ha~6onbWeH CTeneH~ 3TO AOnmHO 6~Tb B~pameHO 
AnR pol A--MyTaHTa, s Ha~MeHbweH - AnR rec A--MyTaHTa, Ha p~c.3 
npeACTasneHa 3aB~C~MOCTb napaMeTpa a AnR pa3H~x MyTaHTOB 
E•coli OT x' ~ N~~1N /N~PI' np~ ysen~4eH~~ B~XOAa OPI B ABa 
pa3a 4YBCTB~TenbHOCTb pol A--MyTaHTa, B~4~CneHHaR Ha OCHOBaH~~: 

5 



s 
p 

/3/ 

803pacTaeT TaK*e 8 2 pa3a, a KneTK~ c MYTau~e~ rec A- no8~Wa~T 
4Y8CT8~TenbHOCTb n~wb 8 1,3 pa3a. Pa3n~4~e 8 npeAnonaraeM~x Me
xaH~3Max Ae~CT8~R aHoKc~4ecK~x ceHc~6~n~3aTopoe, oTpa*eHHoe Ha 
p~c.2 ~ 3, pe3Ko 8~Pa*eHo ~ AOnycKaeT 3Kcnep~MeHTanbHY~ npo8ep
Ky. 

Bap~aHT III. AonycT~M, 4TO aHOKC~4eCK~e ceHc~6~n~3aTop~ 
CH~*a~T 3~~eKT~8HOCTb penapau~~ II. nocKonbKY pol A--MyTaHTH~e 
KneTK~ ~Me~T reHeT~4eCK~~ 6noK penapau~~ II, 4Y8CT8~TenbHOCTb 
~X 8 3TOM cny4ae He AOn*Ha MeHRTbCR /p~c.4/. 6aKTep~~ C MyTa
U~e~ 8 rec A--reHe 6YAYT 8~R8nRTb 6onbwy~ 4Y8CT8~TenbHOCTb, 
~ np~ nonHOM 6noKe penapau~~ II AOn*eH 803H~KaTb 11o6paTH~~~~ 
K3. KneTK~ A~Koro T~na AOn*H~ CTaH08~TbCR TaK*e 6onee paA~0-
4Y8CTB~TenbHbiM~, Ho 803H~KH08eH~R 11 o6paTHoro11 K3 AnR H~x He o*~
AaeTcR. A8o~Ho~ rec A- uvr A--MyTaHT 8~R8nReT 11o6paTH~~~~ K3 
803pacTa~e~ 8en~4~H~. Bap~aHT III AnR rec A- uvr A--MyTaHT08 
OTn~4aeTCR OT 8ap~aHTa I 6onee pe3KO 8~Pa*eHHO~ 3a8~C~MOCTb~ 
11o6paTHoro11 K3 8 np~CYTCT8~~ aHOKC~4eCK~x ceHc~6~n~3aTopo8, 4TO 
TaK*e AOnycKaeT 3Kcnep~MeHTanbHY~ npo8epKy. nocKonbKY ceHc~6~
n~3~py~ee 8n~RH~e areHT08 T~na HnnH 8 8ap~aHTe I ocy~ecT8nReTCR 

Ha ypo8He nepe~4H~x ~~3~Ko-x~M~4eCK~x peaKU~~. a 8 8ap~aHTe III
Ha ypo8He ~epMeHTaT~8H~x peaKu~~. 3Kcnep~MeHTanbHaR npo8epKa 

-- -··-·····----·""· ---·····- ---•'"""""''""'""..,.' rn U.., r"\O':=IIML.ULIV 
dJib I t:::IJMCII VII:' MDI" DV..3M\.,I/nnV'-" I""""' H'"'" '"'''.._. ""'"""'' ,...,_..,...,....,'- -·· '/ ... 3. -r· ·- --· 
8peMeHH~x MacwTa6ax 3T~x peaKu~~. CYAR no AaHH~M 1

• '
4 

, ceHc~-
6~n~3~PY~~ee Ae~CT8~e 3T~X areHT08 npo~CXOA~T Ha YP08He ~~3~Ko
X~M~4eCK~X peaKU~H /8ap~aHT I/. 

KaK M~ Y*e yKa3~8an~, np~ y-o6ny4eH~~ KneToK rec A- 8 np~
cyTCT8~~ no8~WeHH~x KOHUeHTpau~~ NaCl K3 He 8~R8nReTcR, a AnR 
uvr A--MyTaHTa Ha6n~AaeTcR 11o6paTHbiH 11 K3/ 2/. B~R8neHHbiH ~eHoMeH, 
no-8~A~MOMY, MO*eT pean~308aTbCR no MeXaH~3MaM, paCCMOTpeHHbiM 
np~ aHan~3e 8ap~aHT08 I ~n~ III. 
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Puc.4. 3aaHCHMOCTb napaMeTpa a 

., QNPPN -1 
OT BeJIH'lHHbl X = ----- AJlfl 

Q-1 
pa3HMX mTaMMoB E•coli. HucnaAaro
~M KpHBb~ COOTBeTCTByeT neBaH 
OCb OPAHHaT, B03paCT~~M -
npaBaH, flo OCH a6CUHCC: BenH'lHHa 
napaMeTpa x'' ,no OCH OPAHHaT: 
BenH'lHHa napaMeTpa 10 • a • 

1 
.I 

,J 

2. KHCflOPOAH~~ 3~~EKT H XHMH4ECKHE PAAHOnPOTEKTOP~ 

H38ecTHo, 4TO MHor~e-paA~onpoTeKTopbl, 8 TOM 4~cne ~ cynb~r~A
p~nbH~e, 3a~~~a~T KneTK~ OT ~HaKT~8~py~~ero Ae~CT8~R y-ny4e~ 

np~ o6ny4eH~~ KaK 8 K~cnOPOAH~X, TaK ~ 8 aHOKC~4eCK~X ycno8~RX, 
BMecTe C TeM MO*HO 8~AeTb, 4TO 8 PRAe cny4ae8 np~ o6ny4eH~~ 
KneTOK 8 aHOKC~4ecK~x y~78~RX 3a~~THoe AeHCT8~e paA~onpoTeKTo
po8 HecKonbKO cH~*aeTcR . PaccMoTp~M 3T~ AaHH~e 8 paMKax 
pa38~8aeMbiX npeACTa8neH~H. 

KaK noKa3aHo 8/7 ~ y E•coli 8 ycno8~Rx 8n~RH~R PRAa paA~o
npoTeKTOP08 /aM~HOT~On08 ~ ~HAOn~nanK~naM~H08/ Ha6n~AaeTCR 
TopMo*eH~e aKT~8HOCT~ 3HAO- ~ 3K3oHyKnea3. Ecn~ 6~ MexaH~3M 
Ae~cT8~R paA~onpoTeKTopo8 3aKn~4ancR 8 noAa8neH~~ ~epMeHT08, 
y4aCT8Y~~~x 8 ~HU~3~~ nep8~4H~x y-caHTo8 ~ 3K3oHyKnea3HOH Aer
PaAau~~ AHK/ 7/, 4TO 8 pe3ynbTaTe np~BOA~T K cH~*eH~~ 8biXOAa OP1 
~ no8pe*AeH~H, np~BOAR~~X K neTanbHOMY 3~eKTY - 3H3~MaT~4eCK~X 

A8YH~Te8biX pa3p~808 AHK /3AP/, TO 8en~4~Ha K3 no 8~we~3no*eH
HbiM npeACTa8neH~RM 8 np~CYTCT8~~ paA~OnpOTeKTOp08 AOn*Ha 6~ 
3Ha4~TenbHO yMeHbwaTbcR. H Ae~cT8~TenbHo, np~ o6ny4eH~~ KneToK 
B aHOKC~4eCK~X ycn08~RX 8 np~CY.TrT8~~ paA~OnpoTeKTOp08 8~Pa*eH
HOCTb K3 HeCKOnbKO yMeHbwaeTCR 16 • nony4eHH~e AaHH~e MO*HO 
o6DRCH~Tb cH~*eH~eM o6DeMa penapau~~ III np~ TOPMO*eH~~ aKT~8-
HocT~ ~epMeHT08, y4aCT8Y~~X 8 ~HU~3~~ ~ 3KCU~3~~ no8pe*AeHH~X 

y4acTK08 AHK 8 npouecce 3KCU~3~0HHOH penapau~~. AaHHoe o6cToR
TenbCT8o AOn*HO np~80A~Tb K 803pacTaH~~ ~apaMeTpa Q ~ 6onee 

- --·····- ··------··-•• .... ••••"" nolr n IAU~LITIADtAn\/U'\IIIPtr.A 
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AeHCT8~~ y-o6ny4eH~R Ha KneTK~. Ha ocHo8aHHH napaMeTpo8 MOAen~ 
MO*eM onpeAenHTb 3aa~c~MOCTb K3 oT 8en~4~Hbl ~aKTopa yMeHbWeH~R 
A03~ /~YA/ paA~onpoTeKTOpa. Ha p~c.5 npeACTa8neHa TaKaR 3a8Hc~
MOCTb AnR KneTOK A~Koro T~na, rAe MO*HO 3aMeT~Tb, 4TO np~ 8~co
K~X 3Ha4eH~RX ~YA 8 KHCnOPOAH~X ycno8~RX K3 8blpa*eH cna6o, TO 
ecTb ~MeeT 3Ha4eHHR, ne*a~~e HH*e KPH80H K3 (~YA). npH8eAeHHaR 
3a8~CHMOCTb COOT8eTCT8yeT TOMY HAeanbHOMY cny4a~, KOrAa 3a~HT

H~H 3~eKT peanH3yeTCR TOnbKO 3a C4eT 803pacTaH~R OODeMa pena
pau~~ II /y8en~4eH~R napaMeTpa Q/, nocKonbKY 8 peanbHO~ CHTya
u~~ y KneTOK A~Koro T~na 8 npHCYTCT8~H paA~OnpoTeKTOp08 npOHC
XOAHT ~3MeHeH~e 6anaHca MexaH~3MOB penapau~H II ~ III /yMeHb
weHHe o6DeMa penapau~H III~ 8o3pacTaH~e o6DeMa penapaUHH II/, 
AOnycT~M~e 3Ha4eH~R K3 y KneToK AHKoro T~na, o6ny4eHHbiX a npH
cyTcT8~H paA~onpoTeKTopo8, Aon*H~ ne*aTb H~*e 3aBHCHMOCT~ K3 
/~YA/. 

HapRAY c npH8eAeHHbiM~ Bblwe AaHH~M~ o6 yMeHbweHH~ K3 a np~
cyTCT8H~ paAHOnpoTeKTOP08, ~Me~TCR yKa3aH~R Ha TO, 4TO B PRAe 
cny4ae8 8blpa*eHHOCTb K3 8 np~cyTCTB~H paA~onpoTeKTopoe He MeHR
eTCR /B,

91. npe*Ae 4eM np~cTyn~Tb K paccMoTpeH~~ AaHHoro OOCTOR
TenbCTBa, paCCMOTpHM 3aB~C~MOCTb 8enH4~Hbl ~YA paA~onpoTeKTOp08 
np~ o6ny4eH~~ KneTOK B K~cnopOAHbiX ycno8HRX /~YAOJ OT een~4~Hbl 
~YA, BbiRBnReMoH AnR aHoKC~4ecK~x KneToK /~YAN/. EcnH npeAnono-
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Puc.S. 3aBHCHMOCTh K3 oT BenH
tJHHbi ~y~ pa,z:u~onpoTeKTopa /noHc
HeHHH B TeKCTe/.3KCnepHMeHTanb
llble TO'IKH COOTBeTCTBYIOT /14,15/. 
no OCH a6c~cc: BenHtJHHa ~y~ 
pa,z:u~onpoTeKTOpa, no OCH OPAH
HaT: BenHtJHHa K3. 

PHc.6. 3aBHCHMOCTh BenHtJHHhl 
~y~ N pa,z:u~onpoTeKTOpa OT BenHtJH
Hhl ~y~O npH pa311biX 3HatJeHHf!X 
napaMeTpa q. Tio OCH a6C~HCC: 
BenHtJHHa ~y~O, no OCH OPAH
HaT: BenHtJHHa ~y~N. 

*~Tb, 4TO paA~OnpoTeKTOp~ Bfl~R~T TOflbKO Ha 6anaHC MeXaH~3MOB 
penapa~~~ II ~ III, To AOfl*H~ yeen~4~BaTbCR 3Ha4eH~R ~YAN 
np~4eM een~4~H~ ~YAN AOfl*H~ ~MeTb MeHbW~e 3Ha4eH~R, 4eM ~YAO, 
4To, KaK npae~no, ~ Ha6n~AaeTcR a 3Kcnep~MeHTe, KaK yKaa~eanocb 
~LIIIIC nnu:=.VI"\ \.IIIIATLIO~et IITI"\ rJ r•u'tno ,..r"l\.111"'\.t:'lr.n ti\Vn0 - tf\VnN 
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CMOTp~M B03MO*H~e o6DRCHeH~R nony4eHH~x AaHH~x. HaeecTHo, 4To 
cynb~r~AP~nbH~e PaA~onpoTeKTop~ RanR~TcR ee~ecTeaM~ 6n~aK~M~ 

v • 

no ceoe~ np~POAe K 3HAoreHH~M SH-coeA~HeH~RM. Mo*HO nonaraTb, 
4TO B aHOKC~4eCK~X YCflOB~RX nOB~WeH~e KOH~eHTpa~~~ 3T~X ee
~eCTB 6yAeT cnoco6cTeoeaTb 6onee 3~eKT~BHOH penapa~~~ M• no 
cxeMe, npeAcTaeneHHOH Ha p~c.1. 

k'. [ SH '] 
0603Ha4~M q = 1 + 8 ,rAe k~ - CKOpOCTb peaK~~~ 3K30-

kr + ks 

reHH~x SH-coeA~HeH~H c M·, LSH'] - KOH~eHTpa~~R a Kn~TKe 3K3o
reHH~X SH-coeA~HeH~H. 04eB~AHo, 4To c eoapacTaH~eM KOH~eHTpa
~~~ TaK~X COeA~HeH~H B KneTKe, AOfl*HO B03pacTaTb ~ q, KOTOpOe 
npeACTaBnReT co6oH AOfl~ BOCCTaHoeneHH~X M• 3K30reHH~M~ SH
COeA~HeH~RM~. C B03pacTaH~eM q /p~c.6/ yeen~4~BaeTCR $YAN np~ 
nOCTORHH~X 3Ha4eH~RX ~YAO, noCKOflbKY paccMaTp~eaeM~H MexaH~3M 
pean~ayeTcR TonbKO a ycnoe~Rx aHoKc~~. OA~HaKoeaR e~pa*eHHOCTb 
K3 B np~CYTCTB~~ ~n~ B OTCYTCTB~e paA~onpoTeKTOpOB OTMe4aeMaR 
PRAOM aBTOPOB /S,9/, TaK~M o6pa30M, MO*eT 6~Tb o61>R~HeHa 3~
~eKT~BHOH penapa~~eH M· 3K3oreHH~M~ SH-coeA~HeH~RM~ Ha ypoeHe 
nepB~4H~X ~~3~KO-X~M~4eCK~X npo~eCCOB. B CBR3~ C 3T~M, B paM
KaX paccMaTp~eaeMOH MOAen~ MO*HO AOnyCT~Tb r~nOTeT~4eCKy~ 
C~Tya~H~, KOrAa paA~OnpoTeKTOp OKa3~BaeT 3a~~THOe Bfl~RH~e npH 

o6ny4eH~~ KfleTOK B aHOKC~4eCKHX YCflOB~RX ~ He 3a~H~aeT B KHCno
pOAH~X. 04eB~AHO, 4TO AaHHaR C~Tya~~R B03MO*Ha TOflbKO npH ycno
BHH, 4TO paA~OnpoTeKTOP peanHayeT CBOe 3a~HTHOe AeHCTB~e fl~Wb Ha 
ypoeHe nepeH4H~x ~H3~Ko-xHMH4eCKHx npo~eccoe penapa~HH, He aaTpa
rHeaR ~epMeHTaT~BH~x c~cTeM penapa~HH KneTK~. CXOAHaR, HO npoT~
eonono*HaR no HanpaeneHHOCTH C~Tya~HR Ha6n~AaeTCR npH MOAH~HKa
~~~ paAH04YBCTB~TeflbHOCTH KfleTOK aHOKC~4eCK~MH CeHC~6HnH3aTopaM~, 
KOrAa AeHCTBHe CeHCH6HflH3~py~ero areHTa peanH3yeTCR HMeHHO Ha 
ypoBHe ~H3HKO-XHM~4eCKHX npo~eCCOB. np~ o6ny4eHH~ aHOKCH4eCK~X 

KfleTOK B npHCYTCTBHH TaKHX rHnOTeTH4eCK~X paAHOnpoTeKTOP9B 
MaKCHManbH~e 3Ha4eHHR ~YA AOfl*H~ onpeAenRTbCR e~XOAOM OPfr H co
cTaenRTb eenH4HHY -1,8-1,9 AflR KneTOK A~Koro THna np~ 3Ha4eHHH 
Do = 100 rp. 

BoapacTaHHe o61>eMa penapa~HH Ha ypoeHe ~H3~Ko-x~MH4ecKHX npo
~eccoe a aHOKC~4ecK~X ycnoeHRX npH eeeAeHHH 3K3oreHH~x SH-coeAH
HeHHH B KfleTKY B AOCTaT04HO B~COKHX KOH~eHTpa~~RX AOfl*HO no 
pa3HOMY npoRBflRTbCR y paan~4H~x penapa~HOHH~x MYTaHToe. Ha pHc.7 
npeACTaeneHa 3aBHC~MOCTb COOTHOWeHHR een~4HH K3 B npHCYTCTBHH 
/K3/p ~ B OTCYTCTBHe paA~OnpoTeKTopa OT eenH4HH~ q, OTpa*a~eH 
KOH~eHTpa~~~ paA~onpoTeKTopa a KneTKe, AflR rec A--, rec A- rec A-
~ pol A--MyTaHTOB. KaK MO*Ho BHAeTb, a OTflH4~e OT rec A--MYTaHTa, 
rAe cooTHowe~~e K3P/K3 MeHReTcR HeaHa4~TenbHo, y KneToK pol A-
MyTaHTa o*~AaeTCR pe3KOe eoapacTaHHe eenH4HH~ K3P a ycnoeHRX 
aHOKC~H. 
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PHc.7. 3aBHCHMOCTh OTHOCHTenhHOH 
BenHtJHHhl K3 B npHCYTCTBHH H B OT
CyTCTBHe PaAHOnpoTeKTOpa OT na
paMeTpa q Anf! pa31IbiX WTaMMOB 
E.coli. no OCH a6c~cc: BenHtJH
Ha /K3/p I K3-, no ocH OPAHHaT: 
BenHtJHHa napaMeTpa q. 

3. KHCflOPOAH~A 3~EKT ~ MO~HOCTb A03~ y-06flY4EHHH 

B aaKn~4eHHe paccMOTp~M HeKoTop~e oco6eHHOCTH npoReneHHR K3 
y 6aKTep~H E•coli npH o6ny4eH~~ c paaHOH M~HOCTb~ A03~. KaK H3-
eecTHo, BeflH4HHa K3 y KfleTOK AHKOro T~na He 3aB~C~T OT M~HOCTH 
A03~ y-06ny4eH~R a w~poKoM AHanaaoHe M~HocTeH AOa/5/. 0AHaKo 
AflR HeKoTop~x 4YBCTB~TenbH~x wTaMMOB E•coli npH o6ny4eHHH a aHoK
CH4ecKHX ycnOB~RX C B03pacTaH~eM M~HOCTH A03~ Ha6n~AaeTCR 
yMeHbWeH~e K3 H Aa*e TpaHc~opMa~~R ero a 11o6paTH~H 11 K3 /9/. 3To 
B~3BaHO H3MeHeH~eM paA~04YBCTBHTeflbHOCT~ KfleTOK flHWb npH o6ny-
4eHH~ a aHOKC~4ecK~x ycnoe~Rx. B K~cnopOAH~x *e ycnoeHRX 4YBCTBH-
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TenbHOCTb KneTOK C 803pacTaHHeM MO~HOCTH A03~ o6ny4eHHR He Me
HReTCR. HapRAY c 3THM 6~no OTMe4eHo, 4TO ecnH 8 aHOKCH4eCKHe 
KneTKH HenocpeACT8eHHO 8 MOMeHT HMnynbCHOrO o6ny4eHHR HnH me 
cnyCTR HeKOTOpoe 8peMR 880AHTCR KHCnOpOA, Ha6n~AaeTCR 3~~eKT 

M~HOCTH A03~. EcnH me KHCnOPOA 880AHTCR 3a -4 MKC AO o6ny4eHHR 
HnH e~e paHbWe, 3~~eKT M~HOCTH A03bl HC4eaaeT. AaHHoe o6cToR
TenbCT80 06DRCHReTCR TeM, 4TO 8 yKa3aHHbiH 8peMeHHOH HHTep8an 
KHCnOPOA AH~~YHAHpyeT K MoneKynaM-MHWeHRM KneTKH, H o6ny4eHHe 
npOHCXOAHT yme 8 KHCnOPOAH~X ycn08HRX. npH8eAeHH~e 8~We AaHH~e 
0 803paCTaHHH 4Y8CT8HTenbHOCTH aHOKCH4eCKHX KneTOK C y8enH4e
HHeM M~HOCTH A03~ y-o6ny4eHHR MOmHO 06DRCHHTb TeM, 4TO KHCno
POA aKTH8HO 83aHMOAeHcT8yeT c paAHKanaMH cpeAbl, o6paay~HMHCR 
npH o6ny4eHHH. KaK H38eCTHO, C8000AHble paAHKan~ 6~cTpo HC4eaa
~T, peKOM6HHHpyR Me*AY COOOH HnH 83aHMOAeHCT8YR C HaXOAR~HMCR 
no6nH30CTH cy6cTpaToM. B OKCH4eCKHX ycno8HRX TaKHM cy6cTpaToM 
MomeT R8nRTbCR KHCnOPOA, aKTH8HO pearHPY~~HH C yKa3aHH~MH pa
AHKanaMH. B ycn08HRX aHOKCHH 8 OTCyTCT8He KOHKypeHUHH C KHCno
POAOM paAHKan~ MOryT 83aHMOAeHCT808aTb C MOneKynaMH-MHWeHRMH, 
npH80AR K 803HHKH08eHH~ 6onbwero KOnH4eCT8a no8pemAeHHH, HemenH 
8 KHcnopOAH~x ycno8HRX. TaKHM o6paaoM, npH o6ny4eHHH KneTOK 
8 OKCH4eCKHX ycn08HRX KHCnOPOA 11ycne8aeT 11 3~~eKTH8HO pearHpo-
8aTb C 06paay~~HMHCR paAHKanaMH cpeA~ H paAHKanaMH MOneKyn
MHWeHeH, TaK 4TO M~HOCTb A03~ 8 6onbWOM HHTep8ane He OKa3~8aeT 
8nHRHHR Ha 8~XOA nep8H4H~x no8pemAeHHH AHK H Ha 8~mH8aeMOCTb. 

B ycn08HRX me aHOKCHH MOneKyn~ KHCnOPOAa He npH80ART K ~HKCaUHH 
KHCnOPOA03a8HCHM~X n080emaeHH~ llHK. HO OnH080eMPHHO HP R~nnnHR~T 
KOHKYPHPY~Y~ ponb, He pearHpyR c paAHKanaMH cpeA~· B c8eTe 
8~weHanomeHHoro uenecoo6paaHo OTMeTHTb cneAY~~ee o6cTORTenbcT-
80. 

KaK yme yKa3~8anocb, 8~XOA OP AHK, onpeAenReM~H c Hcnonbao-
8aHHeM TeXHHKH HMnynbCHOrO o6n~4eHHR H C8epX6biCTpOrO nH3HCa 
KneTOK, COCTa8nReT -1o-11 crp- AanbTOH-1• CTonb 6onbWOH 8~XOA 
nep8H4HO HHAYUHPYeM~x OP He803MOmHo o6DRCHHTb TonbKO npRM~M 
83aHMOAeHCT8HeM Hany4eHHR c MoneKynoH AHK, HMe~~eH AHaMeTp 
- 2 HM. B 3TOM cny4ae Heo6XOAHMo AOnycTHTb, 4To 8 npouecce 
HHAYKUHH nep8H4H~x OP Hrpa~T ponb H C8060AH~e paAHKan~, o6pa
ay~HecR 8 HenocpeACT8eHHO~ 6nH30CTH K MoneKyne AHK. B npeA
nonomeHHH, 4TO yKaaaHH~H 8~XOA OP peanHayeTCR H npH o6ny4eHHH 
KneTOK c MeHbWHMH M~HOCTRMH AD3, o 4eM C8HAeTenbCT8y~T AaH-
H~e 110"121, HeOOXOAHMO AOnyCTHTb ~YHKUHOHHp08aHHe 8 KneTKe Boc
CTaH08HTenbH~X npouecco8, ocy~ecT8nR~Hx penapauH~ no8pemAeHHH, 
803MOmHo, 8~38aHH~X npeHMy~eCT8eHHO C8000AH~MH paAHKanaMH. npH 
TaKOM AOny~eHHH MomHo 6~no 6~ OODRCHHTb paanH4HR 8 8~XOAaX OP 
8 aHOKCH4eCKHX H KHCnOpOAH~X ycn08HRX, nony4eHH~X nyTeM C8epx-
6~CTpOrO nHaHca H o6~4H~M cnoco6oM, ecnH y4eCTb, 4TO penapauHR I 
80CCTaHa8nH8aeT no8pe*AeHHR, OTnH4H~e no C80eH npHpOAe OT no8-
pe*AeHHH, 80CCTaHa8nH8aeM~x penapauHeH II. TaKaR T04Ka apeHHR 
C08naAaeT C 8~80AaMH, CAenaHH~MH 8/l3/ 0 pa3nH4HOM xapaKTepe 
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KOHUe8~X rpynn OP AHK, penapHpyeM~x nH6o c y4aCTHeM nHWb AHK
nHraa~, nH6o e~e H c y4aCTHeM AHK-nonHMepaa~ I. 

TaKHM o6pa30M, M~ paCCMOTpenH 80npOC~, C8R3aHH~e C pOnb~ pe
napaUHH AHK 8 peanHaaUHH K3 y 6aKTepHH E•coli npH y-o6ny4eHHH 
8 ycno8HRX 8nHRHHR paAHOMOAH~HUHPY~HX areHT08. B paMKax npeAno
meHHOH MOAenH c y4eTOM HMe~HXCR 3KcnepHMeHTanbH~x AaHH~X o aa
KOHOMepHOCTRX HHAYKUHH H penapaUHH OCH08H~X THn08 no8pemAeHHH 
AHK YAaeTcR HenpoTH8ope4H80 o6DRCHHTb cnomH~H H HeOAH03Ha4H~H 
xapaKTep npOR8neHHR K3 8 npHCYTCT8HH paAHOCeHcH6HnHaaTopo8 
H paAHOnpOTeKTOp08 y pa3H~X WTaMM08 E•coli. Ha OCH08e nOAXOA08, 
pa38HT~x 8 AaHHOH MOAenH, npeAcTa8nReTCR 803MOmH~M paccMoTpeTb 
Aanee aa8HCHMOCTb K3 oT Ka4eCT8a H3ny4eHHR. 
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