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H~x no penapa~HH II. B ycnoBH~x me aHOKC HH cooTHoweHHe NgpJ / NopJ 
nocne aaaepweHH~ penapa~HH II An~ Kn e ToK AHKoro THna, rec A-- H 
pol A--MyTaHTOB COOTBeTCTBeHHO COCTaBn~eT 1/2 , 1 H 1/4. B Aanb
He~WeM ace THn~ OP1 y KneTOK AHKoro THna H pol A--MyTaHTa TpaHc
~opMHPY~Tc~ B 0P2 =MC H B KOHe4HOM HTOre nH60 BOCCTaHaBnHBa~TCR 
penapa~He~ III, nH6o ~HKCHPY~Tc~ B BHAe 3AP. 

PaccMOTPHM a paMKax pa3BHBaeM~x npeAcTaaneHH~ ABa Kpa~HHx 

cny4a~. 

Cny4a~ I. AonycTHM, 4TO penapa~H~ II nonHOCTb~ 6noKHpoaaHa. 
TorAa aenH4HHa K3 no B~XOAY OP1 (N8p / N~p 1 ) coxpaHReT TaKHe me 
3Ha4eHH~ H An~ 0~, MC H 3AP, nocKon~KY penapa~HR III soccTaHaa
nHaaeT B OAHHaKoao~ cTeneHH OP1 H OP'[ • BenH4HHa K3 no TecTy a~
mHBaHH~ KneTOK B 3TOM cny4ae AOnmHa COOTBeTCTBOBaTb K3 no KpH
TepH~ o6paaoaaHH~ OP1 • Ae~cTBHTenbHO, paccMoTpeHHaR CHTya~HR B 
nonHo~ Mepe peanHayeTc~ y pol A--MyTaHTa, AnR KoToporo senH4HHa 
K3 COCTaBn~eT 4, TO eCTb 6onbwe, 4eM An~ KneTOK AHKOro THna. 

Cny4a~ II. PaccMOTPHM CHTya~H~, KOrAa B KneTKe 6noKHpoaaHa 
penapa~H~ III H aepo~THOCTb q 2 = 0. 3Aec~ penapa~H~ II ycTpaHR
eT OP~ KaK B KHcnopOAH~x. T~K H B aHOKCH4eCKHX yc~OBH~x, ocTaBnR~ 
He soccTaHoaneHH~MH nHWb OPi'. nocKonbKY B~XOA OPt" He aaBHCHT 
OT ycnOBH~ OKCHreHa~HH, K3 y TaKHX KneTOK He AOnmeH HMeTb MeCTa. 
B onpeAeneHHO~ Mepe onHcaHHa~ CHTya~HR peanHayeTc~ y rec A--My
TaHTa, Ae~eKTHoro no penapa~HH III. Y KneToK AaHHoro THna sepoRT
H T p3 = 0 1 1-1 R ~T H T . q 2 # 0 , TR, K K M mH n naraT , 
HMeeT B ABa pa3a MeHbWHe 3Ha4eHH~ no cpaBHeHHO C KneTKaMH AHKOrO 

.THna. npH 6noKe penapa~HH III, CYA~ no AaHH~M 1 6 • 7 1 , penapa~H~ II 
y rec A--MyTaHTa, KaK yme yKaa~aanocb, ocy~ecTBnReTc~ B 6onbweM 
06beMe, 4eM y KneTOK AHKOrO THna. npH H3MeHeHHH 06beMa 6~CTpO~ 
penapa~HH cneAyeT OmHAaTb MOAH~HKa~HH H paAH04YBCTBHTenbHOCTH 
KneToK H aenH4HH~ K3. To ecTb npH ysenH4eHH~ 3Ha4eHH~ napaMeTpa 
Q, AOnmHO Ha6n~AaTbC~ yMeHbWeHHe 4YBCTBHTenbHOCTH KneTOK K y-o6-
ny4eHH~ H CHH*eHHe aenH4HH~ K3. Ae~cTBHTenbHO, B~weHanomeHHoe 
HaXOAHTC~ a cooTBeTCTBHH c 3KcnepHMeHTanbH~MH AaHH~MH. B / 2,3 / 
OTMe4eHo, 4TO An~ rec A--MyTaHTa, HMe~~ero D0 = 10 rp H aenH4HHY 
K3 = 2, 1, Ha6n~AaeTc~ CHHmeHHe aHa4eHH~ K3 AO 1,75 npH aoapacTa
HHH paAHOpe3HCTeHTHOCTH KneTOK I Do= 12,5 rp/. 

Y 6aKTepH~ E.coli K-12 AHKoro THna a$¢eKTHBHo ~YHK~HOHHPY~T 
H 6~cTpbl~ H MeAneHHbl~ MexaHH3Mbl penapa~HH AHK. noaToMy aenH4HHa 
K3, paBHaR 3 no KPHTepH~ Bbi*HBaHH~ KneToK, 6yAeT onpeAenRTbCR 
B OCHOBHOM CTeneHb~ 6anaHCHPOBKH MeXaHH3MOB penapa~HH II H III. 
CTeneHb c6anaHcHposaHHOCTH yKaaaHH~x MexaHH3MOB oTpamaeTc~ B pe
anbHO~ KHHeTHKe HHAYK~HH H penapa~HH OCHOBHbiX THnOB noapemAeHH~ 
AHK, onpeAeneHHO~ HaMH B paMKax paccMaTpHBaeMo~ MOAenH. Ha ocHo
ae H3nomeHHbiX Bblwe npeACTasneHH~ MomHo npeAnonaraTb, 4TO CABHr 
aToro 6anaHca AOnmeH oTpamaTbC~ Ha aenH4HHe K3 no KPHTepH~ Kne
T04HO~ Bbi*HBaeMoCTH . B cny4ae orpaHH4eHH~ o6beMa penapa~HH III, 
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3aa~C~MO~ OT cpeAbl pacTa IHanpHMep, npH KynbTHBHpOBaHHH KneTOK 
B ycnOBH.RX 6eAHO~ cpeAbll, no-B~AHMOMy,cneAyeT OmHAaTb yMeHbWeHH.R 
aenw4~H~ K3 no npH4HHaM, paccMoTpeHH~M npw aHanw3e cny4a.R II. 
Hao6opoT, npw yaenw4eHww o6beMa penapa~ww III, aoccTaHaanwaa~~eV. 
KaK HeoTpenapwpoaaHHble OP! , TaK w OP\r , MOmHo Ol!<HAaTb An.R KneToK 
AHKoro Twna ao3pacTaHH.R aenw4HH~ K3. 

H3aecTHo, 4TO uvr A-MyTa~w.R y 6aKTepw~ E.coli He anw.ReT Ha 
4YBCTBHTenbHOCTb KneTOK K y-o6ny4eHH~ B KHCnOPOAH~X YC~OBH.RX 
I4YBCTBHTenbHOCTb HX OAHHaKOBa C KneTKaMH AHKOrO THnal. 0AHaKO 
npw o6ny4eHww a ycnoaw.Rx aHoKcww Ha6n~AaeTc.R noa~weHwe 4YBCTaw
TenbHOCTH uvr A--MyTaHTa, 4TO npwBOAHT K cHwmeHw~ aenw4HHbl K3, 
paaHo~ -2. AaHHoe o6cTO.RTenbCTBO MOmHo o6b.RCHHTb TeM, 4TO MyTa
~H.R B uvr A--reHe npHBOAHT K HapyweHW~ c6anaHCHPOBaHHOCTH npo
~eCCOB penapa~ww II w III. TaKa.R T04Ka 3peHH.R cornacyeTC.R c npeA
cTaaneHW.RMH, cor nacHo KOTOPbiM npOAYKT uvr A-reHa .RBn.ReTC.R He 
TOnbKO oTaeTcTBeHHbiM 3a 3nWM~Ha~w~ n~pHMWAHHoa~x AHMepoa a AHK 
KneToK npw ynbTPa~woneToaoM o6ny4eHww, Ho npemAe acero RBn.ReTc.R 
peryn.RTOPHbiM 6enKOM, KOHTponwpyiO~~M pa6oTy cne~W~W4eCKHX 3HAO
HyKnea3 W rnWK03~na3 ,y4aCTBY~~HX B 3KC~H3HOHHO~ penapa~WW /S/, 
B 3TO~ ca.R3W yMeHbWeHwe K3 y uvr A--MyTaHTa MomeT o6b.RCH.RTbC.R 
ao3pacTal;i~eM o6beMa penapa~ww II, 4TO AenaeT 6onee 3Ha4HMbiM 
aKnaA op;r a cyMMapHw~ B~XOA noTeH~wanbH~x neTanbH~x noapemAe
HH~ KneTOK - 0~ . nocKonbK~ eenw4wHa K3 An.R uvr A--MyTaHTa co-
cTaan.ReT 2, a D

0 
100 fp/ •91, nony4aeM 3Ha4eHH.R napaMeTpoa Qu 

H Su An.R AaHHOrO WTaMMa COOTBeTCTBeHHO paaH~MH 10 W 10. 
~~t~0~~~~~~e !?~!!..!..!~ c 0015~~~~~~~~, 0f'5~~t:"~~u:_-.u~up YMP~t-.IIIPI-HAP K~ y 

uvr A--MyTaHTOB B03pacTaHweM o6beMa penapa~ww II, ocHOBbiBaiOTC.R 
Ha npeAnonomeHW~ 0 He3aBWCHMOCT~ KHHeTHKW AaHHOrO TWna penapa
~WW OT ycnOBW~ OKCWreHa~WW KneTOK. 0AHaKO W3BeCTHO, 4TO 3~eKTWa
HOCTb BOCCTaHOBWTenbHbiX npo~eCCOB MOmeT 3aBHCeTb OT CTeneHW OKCW
reHa~WW KneTOK /lO,ll/. B CB.R3W c 3THM yMeHbweHwe K3 y uvr A- -My
TaHTOB MOmHO TaKme 06b.RCHHTb W CHWmeHHeM 06beMa penapa~w~ II 
a aHoKcw~ecKwx ycnoaw.Rx. B 3TOM cny4ae cneAyeT om~AaTb 6onbwero 
a~XOAa 0~ W3 HeaoccTaHoaneHH~x OP1 . TaKa.R c~Tya~~.R, KaK MOmHo 
nonaraTb, peanwayeTc.R y ABO~Horo uvr A- rec A--MyTaHaTa. An.R 
Hero aenw4wHa K3 = 1 w D0 a KwcnopOAH~x w aHOKCW4eCKWX ycnoaw
.RX cocTaan.ReT 10 fp. 06b.RCHWTb oTcyTcTawe K3 y uvr A- rec A--My
TaHTOB aoapacTaH~eM o6beMa penapa~ww II Henb3.R, nocKOnbKY aenw-
4WHa D

0 
OAWHaKoaa KaK npw o6ny4eHww KneToK a KwcnopoAH~x. TaK w 

B aHOKCW4eCKWX ycnoBH.RX. no-BWAWMOMy, Haw6onee npweMneMOe 06b
.RCHeHwe MomeT 3aKn~4aTbC.R a cHwl!<eHww o6beMa pena~a~ww II a aHoK
cw4ecKwx ycnoaw.Rx, 4TO HwaenwpyeT cooTHOWeHwe N OP / N ~P t 4 AO 
1 nocne 3aaepweHw.R penapa~ww II. 

B ca.R3W c wanomeHH~M onpeAenwM napaMeTp~ Qo w QN An.R rec A
uvr A--MyTaHTa I Qo w QNI: 

ru ru 
No _ Nir 
~~~--OP_I_ + N ir = (D-1 yu , 111 

QO OPI o 0 
ru 
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rAe (D-;;1 )ro = (D-;;1 )N 0,1 fp-1 - 4YBCTBHTenbHOCTb KneTOK B 
KwcnopotfHbiX w aHoKcw4ecKwx ycnoew.Rx. Ha ocHoaaHww 11 I, 121 nony-
4aeM Q ru = 10 W Q~u = 2, ~TO CBHAeTenbCTByeT 0 CHWmeHHW B aHOK
CH4eCKWX ycnoaw.Rx o6beMa penapa~ww II y AaHHoro MyTaHTa. 

KaK yKa3~aanocb a~we, oT 3~~eKTWBHOCTH penapa~ww II Y E.coli 
a 3Ha4wTenbHOH CTeneHw aaawcwT aenw4wHa K3. PaccMOTPHM Aanee 6o
nee noAp06Ho eonpoc, Kaca~~w~c.R anw.RHW.R penapa~ww III Ha npo.Re
neHwe K3. H3aecTHo, 4TO c noMO~b~ MexaHH3Ma MeAneHHO~ penapa~ww 
y E.coli BOCCTaHaanwaa~TC.R npoT.RmeHHble OAHOHWTea~e 6peww B MO
neKyne AHK c y4acTweM 3K3oHyKnea3~ V, AHK-nonwMepa3bl III, npo
AYKTa rec A--reHa H P.RAa APYrHX ~epMeHTOB, KOHTponwpyeM~X MHO
rWMH CTPYKTYPH~MW w peryn.RTopHbiMH reHaMw. H3eecTHO TaKme, 4TO 
npw W3MeHeHHW ycnoBH~ OKCWreHa~WH KneTOK MeH.ReTC.R H 3~~eKTwa
HOCTb MeAneHHO~ penapa~WW /1 2/, no AaHHbiM /l 2/, B ycnoBW.RX aHoK
C~W 3~~eKTWBHOCTb penapa~ww III B03pacTaeT B -2 pa3a. no-BWAH
MOMY, 3TO CB.R3aHO C TeM, 4TO npo~ecc 3K30HYK~ea3HO~ AerpaAa~WH 
AHK a aHOKCH4eCKWX ycnoaw.Rx 3aMeAneH no cpaeHeHw~ c HOpManbHO 
OKCHreHHPOBaHH~MH KneTKaMW, 4TO o6ycnoanweaeT B KOHe4HOM WTOre 
MeHbWW~ BbiXOA MC w 3AP. CneAyeT OTMeTWTb, 4TO 3aMeAneHwe 3K3o
HyKnea3HO~ AerpaAa~ww AHK He o6.R3aTenbHO AOnmHo oTpamaTbC.R a 
yMeHbWeHww eepo.RTHOCTW q 2. Bepo.RTHOCTb o6pa3oBaHH.R OP 2 = MC onpe
Aen.ReTc.R TaKl!<e W KOnW4eCTBOM MOneKyn-~epMeHTOB, OCy~eCTBn.R~~HX 
-·~--••••·• ... ,...._...,,,,.,,. ,..,.._,....-."""''''"''"' nUlf 14 l.oiiV ,..,..,nrnhunrTLif\ U' 11\I"!::U::::Iil:l:::lii .. UAII"\II 
Vl"\.WVIIJI'-"1-U<YIIIJI'..I' M'-'' I""'.._.M...,.~•••v 1""'1'"", •• ''"" -··--~-··-- • -·- ·· ol -··---···· ··-

Heo6XOAWMOro cy6cTpaTa npw wHw~wa~ww npo~ecca AerpaAa~ww. H no
CKOnbKY 3TOT npo~ecc .RBn.ReTC.R 3Hepro3aBWCWM~M, 04eBWAHO, 4TO B 
ycnOB~.RX aHOKCWW MOmHO CKOpee Ol!<HAaTb CHWl!<eHH.R WHTeHCWBHOCTW 
npo~ecca AerpaAa~ww AHK, 4eM yMeHbWeHW.R aepo.RTHOCTW 3K30HyKne
a3HO~ aTaKw. 3a~wTHoe Ae~cTawe nocTpaAWaijWOHHO~ aHoKcww, no-aw
AWMOMY, o6ycnoeneHo 6onbWHM BbiXOAOM TaKwx MC, KOTOpble coAepmaT 
6onbWee KOnH4eCTBO KOMnneMeHTapHbiX HenoepemAeHH~X HyKneOTHAOB 
lnpw ycnoeww OAHHaKoao~ e 3TOM cny4ae 3Kcnpeccww lex A-recA re
HOB, OTBeTCTBeHH~X 3a CWHTe3 rec A-6enKal, 4TO o6ycnoanweaeT 
MeHbWY~ eepo.RTHOCTb ~wKca~ww MC e 3AP. B ceeTe ecero cKa3aHHoro 
MOmHO OmHAaTb, 4TO KneTKH AOnmH~ npO.RBn.RTb HawMeHbWY~ 4YBCTBH
TenbHOCTb npw o6ny4eHWH B ycnOBW.RX aHOKCWH W npW KynbTHBWPOBaHHH 
B nocTpaAwa~woHH~~ nepHOA TaKme B aHOKCH4eCKHX ycooew.Rx. Haw6onb
wa.R me 4YBCTBHTenbHOCTb AOnmHa Ha6n~AaTbC.R npH o6ny4eHHW H Kynb
THBHpOBaHWW a ycnoew.Rx HopManbHO~ OKcwreHa~ww. Ae~cTBHTenbHo, 
KaK cneAyeT wa1 121, 4YBCTBWTenbHOCTb 6aKTepw~ E.coli B Haw6onb
wa.R npw o6ny4eHWH W KynbTWBHpOBaHWH B KWCnOpOAH~X ycnoBW.RX. 06ny-
4eHWe me e aTMoc~epe aaoTa w KynbTWawpoaaHwe e o6~4H~x ycnoaw.Rx 
Ha B03AYXe B~.RBn.ReT K3 = 2,6. npw KynbTHBWPOBaHHW KneTOK, o6ny-
4eHH~X Ha B03AYXe, B nocTpaAWa~HOHH~~ nepHOA B ycnOBW.RX aHOKCWW 
TaKme Ha6n~AaeTC.R CHHmeHWe HX paAH04YBCTBWTenbHOCTH, H ~aKTOp 
W3MeHeHW.R A03~ I~HAI B 3TOM cny4ae COCTaBn.ReT -1 ,5. Haw6onbWH~ 
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ue K3 = 3;4 s~~sn~eTc~ npH o6ny4eHHH H KynbTHBHposaHHH KneToK B 
nocTpaAHai.IHOHH~H nepHOA B ycnOBH~X aHOKCHH. 

CneAyeT OTMeTHTb, 4TO aHOKCH4ecKHe ycnoeH~ e nocTpaAHai.IHOHH~H 
nepHOA MoryT enH~Tb He TOnbKo Ha penapai.IH~ III nyTeM 3aMeAneHH~ 
3K3DHYKnea3HOH AerpaAai.IHH AHK,Ho MoryT, no-BHAHMoMy, H3MeH~Tb 
H 6anaHc penapai.IHH II H III, ecnH TaKOB~e ycnoBH~ B03HHKa~T B 
KneTKe AOCTaT04HO 6~cTpO. CneAyeT TaKme HMeTb B BHAY, 4TO o6pa-
30BaHHe npoT~meHH~x 6pewei1 e AHK ecneACTBHe ee AerpaAai.IHH HaH-
6onee HHTeHCHBHO npOHCXOAHT npH o6ny4eHHH KneTOK B KHCnOPOAH~X 
ycnoBH~x, TaK 4TO 3a~H~a~ee AeHCTBHe nocTpaAHai.IHOHHOH aHOKCHH 
B 3TOM cny4ae, no-BHAHMOMy, MHHHManbHO. 6onee 3~eKTHBHOH ~Bn~
eTC~ nOCTpaAHai.IHOHHa~ aHOKCH~ npH o6ny4eHHH KneTOK B aHOKCH4eC
KHX ycnOBH~X. 3AeCb, 04eBHAHO, o6pa30BaHHe npoT~meHH~X 6peweH 
H3Ha4anbHO npOHCXOAHT He CTOnb HHTeHCHBHO, KaK npH o6ny4eHHH 
KneTOK B KHCnOPOAH~X ycnOBH~X. 

TaKHM o6pa3oM, M~ paccMoTpenH eonpocbl, ce~3aHH~e c ponb~ 
penapai.IHH AHK e peanH3ai.IHH K3 y 6aKTepHH E.coli npH y-o6ny4eHHH. 
C y4eTOM HMe~~HXC~ 3KCnepHMeHTanbH~X AaHH~X 0 3aKOHOMepHOCT~X 
HHAYKI.IHH H penapai.IHH ocHOBHbiX THnos noepemAeHHH AHK YAaeTc~ 

HenpoTHBope4HBO o6D~CHHTb pa3nH4H~e cTopoH~ npo~sneHH~ K3 y pa3-
H~x WTaMMOB E.coli. npemAe 4eM nepeHTH K aHanH3Y 3aBHCHMOCTH 
K3 OT nHHeHHOH nepeAa·4H 3HeprHH H3ny4eHHH, He06XOAHMO paccMoT
peTb peanH3ai.IH~ K3 y 6aKTepHH npH y-o6ny4eHHH B ycnoeH~x enH~
HH~ XHMH4eCKHX paAHOMOAH~HKaTOPOB - aHOKCH4eCKHX paAHOCeHCH6H
nH3aTOpOB H paAHOnpoTeKTOPOB. 
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