


~c4e3aTb np~ B03pacTaH~~ L. AnR npoaepK~ 3Toro npeAnonomeH~R 
~ 6~na a~nonHeHa HaCTOR~aR pa6oTa. 

MATEP!.fAJl H METOAhl 

B pa6oTe ~cnonb30BaH~ ~3oreHH~e wTaMM~ 6aKTep~A E·coli K-12: 
A~K~H T~n- AB 1157 (thr-1 leu-6 pro-A2 his-4 arg E3 lacYI 
gal K2 ara-14 xyl-5 mtl-1 tsx-33 str A31 sup E37), 4yBCTB~Tenb
HbiA MyTaHT Al3 2463 (rec Al3) ~ cyneppe3~cTeHTH~A HyTaHT Gam •-444. 

B~pa~~BaH~e 6aKTep~anbH~x KynbTYP npoBOA~n~ AO CTa~~oHapHoA 
$a3~ /2-3· 109 KneTOK a 1 Mn/ a m~AKOA cpeAe YEP cneAY~~ero co
cTaea: nenToH - 10 r, APOmmeeoA 3KCTpaKT - 5r, NaCl - 10 r, 
A~CT~nn~poaaHHaR BOAa - 1 n. nocne B~pa~~BaH~R KynbTypy OTM~Ban~ 
OT n~TaTenbHoA cpeA~. pecycneHA~poaan~ a 0,15 M pacTaope NaCl 
~ B~Aep~~aan~ B HeM B Te4e~~e ABYX 4aCOB. nocne B~Aepm~BaH~R 
KneTK~ nOABepran~ o6ny4eH~~. 

y -o6ny4eH~e KneTOK npOBOA~n~ Ha yCTaHOBKe C y -~CT04H~KOH 
137Cs np~ ooc. Mo~HOCTb A03bl o6ny4eH~R cocTaenRna 35 lp/M~H. 
B 3Kcnep~MeHTax c a-4aCT~~aM~ ~cnonb30Ban~ nnocK~A a-~cT04H~K 
239 Pu c M~HOCTbiO A03~ 21 lp/M~H. CpeAHee 3Ha4eH~e L a-4aCT~~ 
cocTaanRno - 110 K3B/MKM . 06ny4eH~e o6pa3~oe y -ny4aM~ npoeo
A~n~ KaK a cycneH3~~. TaK ~ Ha noeepxHocT~ ronOAHOro arapa 
/2% arap-arap/ a B~Ae KneT04Horo MOHocnoR. Cnoco6 o6ny4eH~R 
KneTOK He an~Rn Ha paA~04yBCTB~TenbHOCTb K y-o6ny4eH~~. Bon~
Tax c a-4acT~~aM~ o6ny4eH~e KneTOK npoeoA~n~ Ha noeepxHOCT~ 

ronoAHOro arapa np~ 0°C. nocne o6ny4eH~R KneTK~ pacceean~ a 
4aWKax neTp~ c TBePAOA n~TaTenbHOA cpeAOA YEP. noAC4eT MaKpo
KOnOHI1A npoi13BOA11nl1 4epe3 24-48 4. nocne o6ny4eH11R. OnbiT~ npoeo
AI1nl1 a 10-15 noBTOPHOCTRx; nony4eHH~e pe3ynbTaT~ noAeepranl1 
CTaTI1CTI14eCKOA o6pa60TKe MeTOAOM Hai1MeHbWI1X KBaApaTOB. 
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PE3YJlbTATN H 06CY~AEHHE 
Ha p11c, 1 npeACTaeneH~ KPI1B~e B~~I1BaH11R KneTOK A~KOrO Tl1na,4y

BCTBI1TenbHOro 11 cyneppe3~CTeHTHOrO MyTaHTOB B 3a811CI1MOCT~ OT A03~ 
y- 11 a -o6ny4eHI1R . KaK MO>l<HO BI1AeTb, np11 y -o6ny4eHI111 KneTOK 
AI1KOrO T11na 11 rec A--MyTaHTa KPI1B~e B~mi1BaHI1R HOCRT 3KCnOHeH
~11anbHbiA xapaKTep. AnR cyneppe311CTeHTHoro MyTaHTa A030BaR KP11BaR 
11MeeT C11rM011AH~A B11A. np11 a-o6ny4eHI1~ C11rM011AHOCTb KPI1BOA B~mi1-

BaHI1R Gam•-MyTaHTa coxpaHReTcR, OAHaKo HaKnoH 3KcnoHeH~I1anbHoro 
ee y4aCTKa yaeni1411BaeTcR. 

B Ta6n11~e npi1BeAeH~ 3Ha4eHI1R paA1104YBCTBI1TenbHOCTI1 KneToK np11 
y- 11 a-o6ny4eHI111, aeni1411H~ $aKTopoe 113MeHeH~R A03~ /$HA/ AnR 
penapa~I10HH~X MYTaHTOB 11 K03~11~11eHTbl OTHOCI1TenbHOA 6~onor~4ec-
KOA 3~QeKTI1BHOCTI1 /063/ a-4aCTI1~ AnR acex 11Cnonb3oaaHH~x wTaM
MOB. H3 Ta6n11~~ cneAyeT, 4TO Ha~60nbW11e pa3n~411R B paA~04YBCTBI1-
TenbHOCTI1 KneToK Ha6n~Aa~TCR np11 y-o6ny4eH~~. Ben~4HH~ $HA 
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.noaa o6JIY'IeHHH, ro2· rp 
PHc.I. BbmrnsaeMoCTh KneTOK gHKoro THrra /2/, cyrreppe3HCTeHT
Horo MYTaHTa /1/ H rec A--MYTaHTa /3/ rrpH y- /a/ H a~ 
o5ny~eHHH /5/. no ocH a5c~Hcc: goga o5ny~eHHH, fp; no 
OCH OpgHHaT: BbDKHBaeMOCTb, %. 

'b 

0 , 1·~ 

~ 
PHc. 2. 3KcrrepHMeHTanhHbte H pac
~eTHbte BellHttHHbl pagHO~yBCTBH
TellbHOCTH KneTOK gHKOrO THITa 
/2/, rec A--MyTaHTa /1/ H cyrrep
pe3HCTeHTHoro MyTaHTa /3/ B ga
BHCHMOCTH OT L. 3KcrrepHMeHTanb
Hble TO~KH COOTBeTCTBYIOT 3Ha~e
HHHM Do 1 gna KneToK gHKOro 

lAo 

0 , 01 

10 100 1000 

Jlll3, KOB/IIIUI 
THrra (•), rec A--MyTaHTa (x) H 
cyrreppe3HCTeHTHOro MyTaHTa (e) 
rrpH y- H a -o5ny~eHHH. 

e 3TOM cny4ae AflH rec A-- ~ Garnr-MyTaHTOB cooTBeTCTBeHHo cocTae
flHIOT 0,27+0,01 ~ 2,30+0,36. np~ Ae.:iCTB~~ a -4aCT~L\ 4YBCTB~Tenb
HOCTb yKaSaHH~X WTaMMOB E•coli ~3MeHfleTC~ no-pa3HOMy. KaK B~AHO 
~3 Ta6n~L\~, een~4~Ha D; 1 AflH KneTOK A~Koro T~na np~ a -o6ny4e
H~~ cnerKa eo3pacTaeT no cpaeHeH~IO c y-o6ny4eH~eM, AflH KneTOK 
me rec A--MyTaHTa een~4~Ha D; 1 yMeHbwaeTCH. B oTn~4~e oT 3To
ro, 4YBCTB~TeflbHOCTb Garnr-MyTaHTa np~ a-o6ny4eH~~ cy~eCTBeHHO 
eo3pacTaeT no cpaeHeH~to c y -o6ny4eH~eM. Ben~4~Hbt <!>11,[1 np~ a
o6ny4eH~~ AflH rec A-- ~ Garnr-MyTaHTOB cooTBeTcTeeHHO cocTaBnHIOT 
0, 78.:!:_0, 04 ~ 0, 93.:!:_0, 11 , T. e. np~ AeikTB~~ a -4aCT~L\ ~MeeT MeCTO 
H"Ben~pOBaH~e 4YBCTB~TeflbHOCT~ BCeX ~CnOnb30BaHH~X B 3KCnep~
MeHTaX WTaMMOB E·coli. oonee OT4eTn~BO 3TO B~AHO Ha p~c.2, 

4 

~ 

] 

rAe npeACTaeneHa TeopeT~4eCKaH 3aB~C~MOCTb paA~04YBCTB~TeflbHOCT~ 
KneTOK OT L, paCC4~TaHHaH Ha OCHOBe/S-8/, ~ np~BeAeH~ Befl~4~H~ 
D;l, nony4eHH~e e AaHH~x 3Kcnep~MeHTax. Pac4eT 3ae~c~MOCT~ 
Do 1( L) npoeeAeH AflH 4YBCTB~TenbHO.:i o6nacT~ KneTKI-1 (a), paeHo.:i 
0, 5 MKM 2 • l{aK MOlKHO BI-1AeTb 1.13 npeACTaeneHHbiX MaTe p!.1aflOB, C B03-
pacTaH!.1eM L npoi-1CXOA1>1T yeenl-14eH!.1e 4YBCTBI-1TenbHOCTI-1 KneTOK A~Ko
ro T~na 1.1 Garnr-MyTaHTa, a 4YBCTB!.1TenbHOCTb rec A~-MyTaHTa naAa ·· 

eT. 3To np!.1BOA~T K H!.1Benl-1poeaHI-110 3Ha4eH!.1.:1 D0 1 AflH yKa3aHH~x 
wTaMMOB E·coli np~-1 L > 100 K3B/MKM, T.e. AflH rec A--MyTaHTa xa
paKTepHa 3aB!.1CI-1MOCTb D~ 1 (L)1-ro POAa, a KneTKI-1 A1>1Koro Tl-1na 1.1 
cyneppe31>1CTeHTH~.:i MyTaHT B~HBflHIOT 3aBI-1CI-1MOCTb D;l(L) 2-ro POAa. 
MaKCI-1MYM Ha 3TO.:i 3aBI-1CI-1MOCT~ AflH Garnr-MyTaHTa 3Ha4!.1TenbHO 6onee 
Bbrpa>KeH no cpaeHeHI-110 c KneTKaM~ A~Koro Tl-1na, nocKonbKY Garnr -My
TaHT !.1MeeT Cy~eCTBeHHO MeHbWYIO 4YBCTB!.1TeflbHOCTb K y-o6ny4eH!.110. 
TeopeT!.14eCKI-1M 3aB!.1CI-1MOCTHM D;l(L) nonHOCTbiO cooTeeTCTBYIOT ee
fli-141>1H~ D0 1 1>13y4eHH~x wTaMMoe E·coli, nony4eHH~e HaMI-1 AflH ABYX 
3Ha4eH!.1.:1 L - np~-1 y - 1.1 a -o6ny4eHI-1!.1. 

TaK!.1M o6pa3oM, pe3ynbTaT~ 3Kcnep!.1MeHTOB CBI-1AeTenbcTeytOT o 
TOM, 4TO 3Ha4eHI-1H D-;; 1AnR rec A--MyTaHTa np~-1 y- ~ a -o6ny4eH!.1!.1 
np~HaAne>KaT 3aB!.1C~MOCT~ D0 1(L)1-ro POAa. ,[\nR KneToK >Ke A!.1Kor6 
Tl-1na 1.1 Garnr-MyTaHTa nony4eHHbte Befl!.14!.1Hbl D-;; l COOTBeTCTBYIOT 3aei-1-
CI-1MOCT~ D; 1(L) 2-ro POAa. Kp1.1eaR 1-ro POAa, KaK M~ yKa3~eanl-1 
B~We, MO>KeT OAH03Ha4HO 6btTb !.1HTepnpeT!.1pOBaHa B TepM!.1HaX $~3~K~ 
!.10H!.13~pyi0~!.1X !.13fly4eHI-1.:i 1.1 reoMeTpl-11.1 MI.1WeHe.:i KneTOK, nOCKOflbKy 
neTaflbH~MI-1 C06~TI-1RMI-1 Aflfl 4YBCTBI-1TeflbH~X WTaMMOB RBflfiiOTCR npemAe 
ecero OP AH K. CH!.1>KeH!.1e een~4~H D 0 

1 c B03pacTaH!.1eM L y TaK!.1X 
WTaMMOB OTpa~aeT yBefll-14eHI-1e $flYKTyal\!.1.:1 3Heprl-1!.1 4aCTI-1L\ no 4YBCT
B!.1TeflbHbiM M!.1Kpoo6oeMaM KneTOK. MeHbWaR 4YBCTB!.1TenbHOCTb rec A-
MyTaHTa np~-1 a-o6ny4eH!.1!.1 no cpasHeHI-110 c y-o6ny4eH~eM, s~RsneH

HaR B HaW~X 3KCnep!.1MeHTaX, o6yCflOBfli-1BaeTCH yKa3aHH~MI-1 np!.14~HaM!.1. 

Bo3pacTaH!.1e 4YBCTB!.1TenbHOCTI-1 Garnr-MyTaHTa K a-o6ny4eH!.110 on
peAenReTCR PRAOM o6cTORTenbCTB. KaK cneAyeT 1-13 /ll~ e~coKaR pe-

TaonH~a. PagHo~yBCTBHTenbHOCTb KneTOK gHKoro THrra H perrapa-
1\HOHJ!biX MYTaHTOB rrpH y- H a-o5ny~eHHH 

- ·r---- --t r 
1 n ; 1, ro-2 rp-1 j . ~ H .n * i 

lllTaiAIH j . ! 0 E 3 B 
. . . I 

lf-o6~eHHe ~~-o6nyqeHHe !f-o6~qeBHe !~-o~eHzei ! _L I • 

AB II57 I,8~0,04 2,50±0,06 

AB 2463 7,IJ±O,I3 3,20±0,08 

Gam 444 0 , 82j:,O, II 2 , 70z.O , ~z_ 

* ~au = Do 11\YTaHTa 
D0 KJI9TOK .IllllKOI'O THIIa 

I 

0,27j:,O,OI 

2 ,30z.0,36 - -

I I,32j:,D,06 

0,78t0,04 0,45j:_D,02 

0,93+0,11 3,30+0,77 

H oro = ?&t-og-!!,lqe~ 
.D • .t.-o ~eHHe 
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3HCTeHTHOCTb K y-o6ny4eHH~Gam~MyTaHTOB, nony4eHH~X H3 POAH
TenbCKOrO wTaMMa AB 1157, o6ycnosnHsaeTcn rnasH~M o6pa3oM MeHb
WHM B~XOAOM <t>epMeHT-HHAY4HPOBaHHbiX AP AHK, 4TO AOCTHraeTcn 3¢>
<t>eKTHBHOH 6anaHCHPOBKOH ¢epMeHTOB, ocy~ecTsnn~~Hx AerpaAa4H~ 

AHK H npo4ec c~ pecHHTe3a. C B03pacTaHHeM L, KaK noKa3aHo s 11 I , 
B~XOA 3AP CHHmaeTCH, a 4aCTOTa o6pa30BaHHH nAP AHK pe3KO ysenH-
4HBaeTCH. B AHana3oHe L 2: 150-200 K3B/MKM npaKTH4eCKH see AP 
nsnn~TCH nAP AHK. nocKOnbKY penapa4HH nAP AHK y Gam•-MyTaHTa, 
TaK me KaK H Y KneTOK AHKOrO THna, npH A03aX o6ny4eHHH, COOT
BeTCTBY~~HX cpeAHHM neTanbH~M A03aM, no-BHAHMOMY, He npOHCXOAHT/S/, 
TO senH4HHa 0~] npH B~COKHX L 3aBHCHT rnaBH~M o6pa30M OT B~XOAa 
nAP AHK. CneAOBaTenbHO, noB~WeHHe 4YBCTBHTenbHOCTH Gam•-MyTaHTa 
npH a-o6ny4eHHH MOmHO CBH3aTb C B03paCTaHHeM BKnaAa B neTanbH~H 
3¢l¢leKT AP AHK, e~XOA KOTop~x onpeAenneTcn TOnbKO ¢lH3H4eCKHMH 
CBOHCTBaMH H3ny4eHHH H He 3aBHCHT OT BnHHHHH 6HonOrH4eCKHX 
¢laKTopoe. 

TaKHM o6pa3oM, y H3oreHHbiX MyTaHToe E-coli, KOTOPble HMe~T 
nH6o reHeTH4eCKHH Ae¢leKT e CHCTeMe penapa4HH AHK, nH6o, Hao6o
po'T, BOCCTaHOBHTenbHble CHCTeMhl y TaKHX MyTaHTOB pa6oTa~T 6onee 
3¢l<1JeKTHBHO, peaK4HH KneTOK Hay- H a-o6ny4eHHe pa3nH4Ha. 
Y rec A--MyTaHTa npH a-o6ny4eHHH Ha6n~AaeTcn yMeHbWeHHe paAHo-
4YBCTBHTenbHOCTH, Y cyneppe3HCTeHTHOrO MyTaHTa 4YBCTBHTenbHOCTb 
K AeHCTBH~ a-4aCTH4 B03pacTaeT. 3TH ¢aKT~ CBHAeTenbCTBY~T 

o reHeTH4eCKOH AeTepMHHHpoeaHHOCTH xapaKTepa 3aBHCHMOCTH D~l(L) 
y 6aKTepHH E.coli. 

AeTop~ 6naroAaPH~ B.n.KanHHHHY H n.A.HocKHHY 3a n~6e3HO 
npeAOCTaeneHH~e WTaMM~ KynbTyp 6aKTepHA E·coli. 
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