
rOCY,IJ;APCTBEHHAfl KOMMCCMH CCCP 

no IlPO,IJ;OBOJihCTBlliO M 3AKYI1KAM 

BCECOI03Hhl11 HAYqHO-MCCJlE,IJ;OBATEJlhCKMH MHCTMTYT 

CEJihCKOX03Hl1CTBEHH011PA,!l;MOJ10rMM 

Ha npasax pyKon111c111 

19-91-472 
6AWA 

Cepre~ rp111ropbes1114 

3AKOHOMEPHOCT~ MYTArEHHOro ~E~CTB~R 

~3fiY~EH~~ C PA3HO~ nn3 HA KfiETK~ 

SALMONELLA TYPHIMURIUM 

B YCfiOB~HX Bfi~HH~H PA~~OMO~~~~KATOPOB 

Cne~111aJ1bHOCTb: 03.00.01 - paA11106111onor111s:i 

AaTope~epaT AHCCepTaUHH Ha COHCK8HHe yqeHOH 

CTeneHH KaHgHgaTa 6HonorHqecKHX HayK 

06HHHCK 1991 



. ,. 
Pa6oTa BHnonHeHa B 06oeJIHHeHHOM HHCTHTyTe snepHHX HCCJieJIOBaHH8, 

Jiy6Ha. 

HayqHH8 pyKOBOJIHTeJib: 

JIOKTOp '6HOJIO,H'IeCKHX · HayK, npocpeccop E. A. KpacaBHH 

OlflHUHanhHHe onnoHeHTH: 

. JIOKTOp _ 6Hono,HqecKHX HayK B. r. neTHH 

KaHJIHJiaT 6HonorHqecKHX HayK C.A.repachKHH 

Benymas opraHH3aUHff - liHCTHTYT UHTOJIO,HH AH CCCP, JieHHHrpan. 

3aIUHTa JIHCcepTaUHH C~C-TO.HT~ff " _ ______ 1'991 rona Ha 

3acenaHHH cneuHan~3HpoaaHHoro coaeTa no panHo6HonorHH A 12ri.s1.01 

npH BcecoK>3HOM ·HayqHo-HccnenoaaTeJibCKOM HHCTHTyTe ceJibCKOX0388-
y • , • • • .. ' 

CTBeHH08 paJIHOJIO,HH fOCKOMHCCHH CCCP no npoJIOBOJibCTBHD H 3aKynK~M 

(MOCKBa, BOJIKOB nepeynoK, JI.4). 

C JIHCcepTauHe8 - MOJKHO 03HaKOMHTbCff B 6_H6JIHOTeKe BceCOD3HO,O 

HayqHO-HCCJieJIOBaTeJibCKO,O HHCTHTyTa cenbCKOX0388CTBeHH08_ paJIHOJIO-

,HH. 0T3HBH Ha aBTOpeqiepaT npOCHM HanpaBJiffT,b. iio anpecy: 249020,-

KanylKCKasi o6n. , r. ·o6HHHCK, BHliliCXP, CneucoBeT. 

A~TopeqiepaT pa3ocnaH 1991 r. ------

YqeHHR ceKpeTapb ·cneuHaJIH3HpOBaHHO,O coaeTa 
~ -· - - - . 

KaHJIHJiaT 6Hono,HqecKHX HayK H.li:CaHJKapoaa 

" 

ii 
J 
fl .,, 
l ,,, 

":;., 

n 
: ' \,l, 
! 
\ 

l_l ', ·, 
i; 

r 
. \;J 

\ 
. ~ 
:'J / 

! 
:I 
~1 • j 

' .1 
\ 
~ 

l 
s 
ii 

> 

\ ·'-<#, 

OnlilAH-XAPAKTEPHCTHKA PABOTY ;". ,\ 

AKTyailbHOCTh npo6JieM!l.' B CB83H C rno6aJib.HHM yxynmeHHeM 3KOJIO,H

qecK08 06CTaHOBKH, B03HHKHOBeHHeM paJIH03KO.ii'o,HqecKHX.aHOM!iJIH~ npo6Jie-,

Ma uanHx JI03 o6nyqeHJrn B HacTosmee apeus npHo6pena' oco6yK>· ocTpoTy. 

0JIHHM • H3 noJIXOJIOB K 'pemeHHKl 3TOH npo6JieMH ffBJiffeTCH ·H3yqeHHe '3aKOHO

MepHdCTeH H _MexaHH3MOB i.iyTareHHoro neficT~mi' H3nyqeHH8, 'pa3.iJHqaK>illH~c'g 

no lflH3HqecKHM xapaKTepHCTHKaM, Ha KJieTKH pa3nHqHoro reimiima •. YcTa~ 

HOBJieHo, qTo cneuH!pHKa My-rareHe3a, HHnyuHpoaaiittoro H3ny<ieHHffMR :c 
pa3JIHqHofi JJHHefiHOH 'nepenaqeR 3HeprnH ( JIIl3) , o6ycJJOBJIHBaeTcsi BJJHHHHe'u 

!paKTOpOB lflH3HqecK08 H 6imnornqecKoR npHp'on1/ ·BaJ1meRmHM 6Honor~qec:irn'il .. · 

!paKTOpOM 8B
1

Jiff!OTCff CHCTeMH penapaUHH noapeineHHH · JIHK,1 '· lflH3Hl!eCicHM -

npOCTpaHCTBeHHOe pacnpe,neJie·HHe 3Hep,HH B' ,eHeTH'IeCKHX. CTp{KTypax KJJ9~

TOK. HaH6onee nonim MexaHH3MH penapaUHH 'JIHK' H HX 'ponb' ·'ii MyTau'~oHHriM . 

npouecce H3y<ieHH y 6aKTepHaJibIIHX .. KJieTOK. C ytJeTOM 3TO,O 'o6CTOSIT8Jib..: 

CTBa 'MOlKHO nonaraTb, 'ITO cneuH!pHKy MyTa,eHHO,O· ne8CTBRSI H3JJyq~-HH8 

mHpOKO,O JIHana30Ha JIIl3 neTaJibHO '. ·uoJKHO ycTaHOBHTb . npeJKJie . Bcer6: B 

HCCJJeJIOBaHm!X Ha KJieTKaX . npoKapHOT.· 0C06HH HHTepec 'B 3:Z.oit'· CB83H 

npeJICTa~JiffDT mTaMM!l C H3BeCTHOH MOJieKynspHoR. rrpHpO;tOR; ,'iia'~ymeiii'a 
CTPYKTYPll reHOB, o6ycJJOBJJHBaK>IUHX MyTaHT~uR' . qieiiioTHn' ' C TfiCT..:w:-ra:k'ii~ 

3RMca). 
,- ~-: \ . 

OJIHHM H3,nOJIXOJIOB K ycTaHOBJJeHHIO MexaHH3MOB',neilCTBHR HOHH3HPYDIUHX 

H3nyqeHHil Ha reHeTHqecKHR annapaT KJJeToK ffBJI.SIIOTcR' HccnenoBaHHff 3aKoHo

uepHOCTefi HHJIYUHpOBaHHO,O panHaUHefi 
0

MyTareHe311 B y CJJO~mnl 
; ' ' . ' . . \. : ;'..,, ·, ,-, '·,"·,,. 

MOJIH!pHUHPYDIUHX !paKTOpOB. IlOKa3aHo, qTO BalKHYK> ponb B qiopMHpoBaHHH reH~ 

,HHX MyTaUHH . y npoKapHOT npH neRCTBHH 
0

HOHH3HPYK>IUHX H3n:yqe11HR • pa3'iioro. 

Ka'IeCTBa H,paK>T "KOMnJieKCHHe noBpeJKJieHHff" JlfiK; BOCCTaHaBJIHBaeuue JIH~b 

B npo~ecce recA-lexA..:3aBHCHMOH penapal{HH ( Ko3y6eK c.' H (!OaBT. ~· 1989). 

BHXOJI TaKHX noapeJKJieHHR c pOCTOM J!Il3 . yBeJIH'IHBaeTCff, . a ~x iioiimii~uHpye-:-: 

MOCTb' pa3JI_HqHHMH XHMHqecKHMH paJIHOMOJIHipHKaTopaMH.' cyis rrn I pe3'yn~TaTaM'·, 

~eTaJibHO,O '_ueil:CTBHff. H3JiyqeHHR Ha KJieTKH, CHHJKaeTCff, ( AMHpnieii' K. f '. 

coaBT •• 'i 985) . C yqeTOM H3JIOJKeHH0.0 npencTaBJiffeTCff ~~lKHHM H3 Y'iHT~ 13°JIHff-
• , '.. )'' '' ' - '. • ,> ,\ ' ·, •. • ! . • ' • ' :. ! ' -• • ., • : ' ' - • ·', I • I •. ( , 

HHe pa3JIHqHHX- paJIHOMOJIH!pHUHPYK>IUHX areHTOB (npoTeKTOpOB' H ceHCH6HJIH3a-
- ,,, . ,, 

TOpOB) Ha .HHJIYKUHK> MyTaUHil y mTaMMOB C pa3JIHqiioil: npHpOJIOH npeMyTaUHOH-

HHX ~~pymeiiHR B. reHa~ npH neficT~HH HoHi'i::rnpyK>IUHX H;.nyqe'HHR: , pa3JIHq~~ 

IOIUHXCff n~ lflH3HqecKHM. XapaKTep~CTHKaM •. OJIHa~O TaKH9° HCCJI~JI~BaHHff JIO 

n~CJieJIHer~ Bp~M~IIH 'npoBeneHH He 6HJI~ • 

l 



lli!lTh.· '.!! 3a.natJH pa60Tll. HCXO.ltll H3 H3JJOlll'.8HHOrO, U8Jlbl0 HaCTOlIUleA 

pa60Tll lI~JllIJJOCb H3ytJeHHe BJIHlIHHlI pa.nHorrpoTe~TOpOB pa3JJ~tJH!lX KJJaCCOB, 

aHOKCHH H aHOKCHtJecKoro ceHCH6HJJH3aTopa Ha HH.!tYKUHIO MyTaUHA y pa3JJHtJ

HllX mTaMMOB Salmonella typhimurium rrpH .neACTBHH HOHH3HPYIOlllHX H3JJytJe

HH~, pa3JJHtJaIOmHXClI rro JIIT9 B WHpOKOM ,nHarra3oHe. JlJJlI peaJJH3aUHH yKa3aH

H08 ueJJH Heo6xo.nHMO 6!lJJO pemHTb CJJe,nyIOmHe OCHOBH!le 3a,naqH: 

-H3YtJHTb 3aKOHOMepHOCTH JJeTaJJbHOfO .neACTBHlI H3JJytJeHH8 C pa3H08 

JIIT9 Ha. KJJeTKH S.. typhimurium B ycJJOBHlIX BJIHlIHHSI pa3JJHtJH!lX pa,nHO

MO.ItH4lHKaTopoB; 

-H3YtJHTb 3aKOHOMepHOCTH MO.ltH4lHUHpy10mero .neHCTBHSI pa.nHorrpoTeKTO

poB Ha tJacToTy o6pa30BaHHSI MyTaUHH y pa3JJHtJH!lX mTaMMOB s.typhimurium 

rrpH. o6JJytJeHHH HOHH3Hpy10mHMH. H3JJytJeHHlIMH, pa3JJHtJaIOmHMHCSI rro JIIT9; 

-HCCJJe,noBaTh BJJHSIHHe aHOKCHH Ha tJaCTOTY o6pa30BaHHSI MyTaUHA_ y 

mTaMMOB C pa3JJHtJH08 MOJJeKy JJSipHoH npHpo.non rrpeMyTaUHOHH!lX IlOB pex.neHHA 
. ' 

ITPH. 'l-'06JJy_qeHHH H ,neHCTBHH YCKopeHH!lX TSilll:8JlllX HOHOB; 

-H3YtJHTb 3aK0HOMepHOCTH Mo.nii4>HUHPYIOl!lero BJJH.HHH.H· aHOKCHtJecKoro 

. ceHCH6HJJH3aTopa Ha . tJaCTOTY o6pa3oBaHHlI MyTaUHA y pa3JJHtJHax . mTaMMOB 

s.typhimurium rrpH ,neHCTBHH H3JJYtJ8HHH C pa3HOH JIIT9. 

HaVtJHalI HOBH3Ha H. npaKTHtJecicaSI UeHHOCTb pa6oT!l. B pe3yJJhTaTe 

npoBe.neHHllX HCCJJe,noBaHHH BrrepB!le rroJJytJeH!l CJJe,nyIOmHe HOB!le 4>aKTll; 

KOTOplle _BllHOC~TCSI Ha 3autHTy: 

-ycTaHOBJJeH.O, '!TO 3aB.HCHMOCTb 34>4>eKTHBHOCTH MyTareHHOro .nen-

. CTBH~ HOHH3HPYIOlllHX H3JJytJeHHH OT BeJJHtJHH!l JIIT9 onpe.neJJlleTClI. xap_aKTepo~ 

npeMyTaUHOHH!lX IlOBpex.neHH!l JIHK; 

-BlllIBJJeHO, '!TO MO.ItH4lHUHPYIOl!lee BJJH.HHHe rJJHuepHHa H UHCTeaMHHa Ha 

pa.nHaUHOHHO-;-HH.ltYUHpOB~HH!lH MyTareHe3 y KJJeTOK s. typhimurium, pa3-, 

.JJHtJHO. fJJHUepHH yMeHhtuaeT MyTareHHOe .neHCTBHe '/f-oH3JJytJeHHH, UHCTeaMHH, 

_SIBJJlleTClI M8;:'1034J!peKTHBHl,IM areHTOM; 

-rroKa3aHo, '!TO C pOCTOM JIIT9 H3JJytJeHHH, 3al!lHTH0e .neACTBHe rJJHUe~ 
' . . .. ' . . ' 

pHHa ,Ha 'll;\CTOTY MYTHpOBaHHlI KJJeTOK CHHl!CaeTC.H; 

-ycTaHOBJJeHO, tJTO MO.ItH4lHUHpy10mee BJJHlIHHe aHOKCHH Ha 'l-HH.ltYUHpo

BaHH!lH_MyTareHe3 KJJeTOK s. typhimurium orrpe.neJJSieTc.H xapaKTepoM rrpeMy-
·, ' ' • ,')' • ; , ' • • -♦ ,. 

TaUHOHH!lX HapymeHHA JIHK. PeBepCHH' o6yCJJOBJJeHH!le_ 3aMeHaMH B T,-A H G-C 

rrapax. OCHOBaHHH, . .HBJJ_lIIOTClI COOTBe~CTB8HHO 3aBHCHM!lMH H He3aBHCHM!lMH OT 

KHCJJopo.na; 

-rroKa3aHO, '!TO aHOKCHtJeCKHH ceHCH6HJJH3aTop TAN, Bll3aBaer pe3Koe 
. . ' 

. rr.OB!lllleHHe tJaCTOT!l MYTHpOBaHH.H KJJ8TOK rrpH' -r-o6JJytJeHHH B yc.rrOBHlIX aHOK-

" C~H- C;eriem, C~HCH6HJJH3aUHH 3a~HCHT OT xapaKTepa HapymeHHH, orrpe.neJJ.H-
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IOlllHX MyTaHTH!lH 4>eHOTHil. C IlOB!lllleHHeM JIIT9 H3JJytJeHHlI ceac~6HJJH3Hpy10mee 

BJIHlIHHe TAN CHHl!CaeTClI. 

MaTepHaJJll, rroJJytJeHH!le rrpH BllITOJJHeHHH .ItHCCepTaUHOIIH01l: pa6c>Ta, 

HM8IOT BalKHOe 3HatJeHHe .ltJllI pa,nH06HOJJOrHH H pa,nHaUHOH~08 reHeTHKH. 0HH 

MoryT 6aTb HCITOJJb30BaH!l rrpH ,naJJbHeamea pa3pa6oTKe BOilpOCOB MeXaHH3Ma 

MyTareHHoro .neAcTBHlI H3JJY'l8HHH pa3HOro KatJeCTBa, rrpoBe.neHHH oueHOK 

reHeTH'l8CK01l: onacHOCTH HOHH3HPYIOW.HX H3JJY'l8HH1l: C pa3JJ~t{ffliMH 4JH3H'leC

KHMH xapaKTepHCTHKaMH. 

06'be~ pa6orn: 

JlHCCepTaUH.H COCTOHT H3 BBe.neHHlI, 4-x rJJaB H BllBO.It0B; H3JI0lll'.eHa H~ 

120 cipaHHUaX MamHH0ilHCH0ro TeKCTa, HJJJJIOCTpHp0BaHa 27. pHCYHKaMII. H 9 

Ta6JJHUaMH. CITHCOK JIHTepa TYPll conepl!CHT 159 HaHMeH0BeHH~, H3 HHX 39 

pa6oT Ha pyccKoM .H3!lKe. 

Arrpo6aUHlI 

MaTepHaJJ!l .nHccepTaUHH .lt0JI0l!CeH!l: Ha 6H04JH3H'i8CKHX ceMHHapax 0HHH 

(Jiy6Ha, 1989, 1990, 1991 l, MelK,nyHapo,nH0M pa6o'leM: coBemaHHH rro 

reHeTH_'leCKOMY .neacT~HIO K0pnycKyJJ.HpH!lX H3JJytJeHH8 ( Jiy6Ha; 4 .-. 6 OKTlI6pSI 

1989) , MexnyHapO,llHOM pa6otJeM COBemaHHH rro HCCJJe,noBaf{HIO . MeXaHH3M0B 

panHaUHOHHO..:HH.!tYUHPOBaHHO'ro MyTareHe3a H perrapauHH JIHK (Jiy6Ha, 12-14 
I 

HIOH.H 1990) , 9-M KoHrpecce rro pa.nHaUHOHH!lM HCCJJe,noBaHHlIM ( T0p0HTO, 

7-12 HIOJJ.H 1991 l , 4-M Pa6otJeM co~emaH~H rro 6HoJJorHtJeCKOMY .neac;BHIO 

T.Hll!:eJJl,IX 3apSilK8HH!lX tJaCTHU . ( JiapMmTa.nT, 23-25 ceHTSI6pSI 1991). , 

JlHCCepTaUHOHHalI pa6oTa arrpo6HpOBaHa Ha 6H04JH3H'leCKOM '.· ceMHHape, 

0_6'be.1tHH8HHoro HHCTHTyTa .H.llepHaX HCCJJe.noBaHHH 08 HIOHlI 1991. r. l H Ha 

ceMHHape BHHH ceJJbCK0X03.HHCTBeHHOH pa.nHOJJ0rHa rocK0MHCCHH CCCP no rrpo

.lt0B0JJbCTBHIO H 3aKyrrKaM (15 ceHT.H6p.H 1991 r.). 

MATEPHAJIY H'METOJU,I HCCJIEJIOBAHHR 

11CT0tJHHKH'.H0HH3HDVIOlliHX H3JJVtJeHHH 

B 3KcrrepHMeHTaX rrpHM8HlI_JJH H0HH3HpyIOmHe H3JJY'l8HH.H :mHp0Koro .nHarra-

30Ha JIIT9 •. BaJJH HCIT0Jlb30BaHll H0H!l .ne0:TepHlI, reJJHlI H yr.iiepo.na, rroJJy'leH-
• I 

Hile Ha H30Xp0HH0M '.nByxMeTpOBOM ycK0PHTeJJe MHOro3apSI,nijllX HOHOB' Y-·200 . i . . 
06'be.1tHH8HHoro HHCTHTyTa .11.nepH!lX HCCJJe.noBaHHH. B Ka'leCTBe "cTaH,llapT-

. · 137 r 
Horo" HCT0tJHHKa rrpHMeH.HJJH -r-H3JJYtJ8HH~ Cs. ~H3H'l8CKH~ xapaKTepHCTHKH, 

H3JJY'l8HHH rrpe.ncTaBJJ8Hll B Ta6JJ.1. 
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' ~H3H~eCKHe:xapaKTepHCTHKH HCil0Jlb30BaH~IIX ,H3JiyqeHH8 Ta6JIHUa 1. 

BH.!l SHeprHH, JIITS, MOIUHOCTb 11CTQqHHK 

H3JiyqeHHH _M3B/HYKJIOH K3B/MKM Jl03ll, rp/c 

"l-H3JiyqeHHe - 0,3 0,4 t37Cs 

2D ?JS 5 3,2 Y-200, 

2D 6,3 8 5,1 

4
He 8,3 20 9,3 

4
He 5,2 38 .s,4 

4
He 4,7 40 6,2 

4' ' 
He 2,8 · 50 7,6 

4
He 1·,S 80 12,9 

12c 7,6 220 1,5 

IllTaMMII 

B. pa6oTe HCilOJlb30BaJIH TeCT IllTaMMU S8MCa Salmonella typhimurium:' 

TA98,.,'.TA10o,' TA102. IllTaMMII 6uJIH rronyqeHII oT E.S8Mca (OT.!leJI 6H<?XHMHH, 

,KaJIH!tJOpHHll:CKHll: YHHBepcHTeT. EepKJI~, ClllA). 

Te.CT IllTaMMII Sll:Mca HMeK>T his- cpeHOTHil. C pa3JIHqHIIMH THilaMH MyTaUHll: 

'B. rHCTH.!lHHOBOM orrepoHe (Maron, Ames, 1983). TaK, IllTaMM TA98 HeCeT 

MyTau~10.hisD3052 B reHe' hisD. STOT mTaMM cKOHCTpyHpoBaH .!lJIH BIIHBJieHHH 

: :MyTareHOB .. '.!le8CTBH9 KOTopux o6ycJIOBJieHO C.!lBHrOM paMKH cqHTIIBaHHH B 

IlOCJie,llOBaTeJibHOCTH, , ~OCTOHIUe8 H3 8' OCHoBaHH8 -Ge.-. MyTaUHH . hisG46 
,1\ 1 , '. ' ' ' ' 

' ~TaMM1:L TA100 rrpe,llHa3HaqeHa .!lJlH BW!BJ19HHH areHTOB, · Bll3llBaIOIUHX ' 3aMeHy 

G-:-_c rrapu OCHOBaHHll:. IllTaMM. TA102 HeceT ochre MyTaUHIO B hisG reHe H 

OTJIHqaeTCH, OT, OCTaJibHIIX lllTaMMOB TeM, qTQ MyTaUHH hisG428 BBe,lleHa B 

. ITJrn3MH.!lY pAQ1, B pe3yJibTaTe qero B KJieTKe HMeeTCH B cpe,llHeM ·30 KOilHll: 

MyTaHTHor.o reHa. '!IlTaMMII TA98 H TA100 HBJIHIOTCH ,llecpeKTHIIMH no ~3KCUH3H,

OHHOll: perrapaUHH. Bee HCilOJlb30BaHHlle lllTaMMII HecyT rrJia3MH.!lY pKH101, 

CO,llepxaiuy10 re HU mucA ' H mucB I . KO.!lHPYIOIUHX CHHTe3 6eJIKOB.. aHaJIOrHqHUX 

6eJIKaM. umuC H umuD KJieTOK E.'coli. · 

Cpel!ll 

KJieTKH s .t:yphimurium · Bllp_amirnaJIH B rrHTaTeJibH08 cpe.!le Oxoid No2. 

BJI~ pecycrreH,llHpOBaHHH~ pa3B8.!l8HHH H o6JiyqeHHH KJI8TOK HCil0Jlb30BaJIH M9 

·6ycpep (19,7 mM NH4Cl, 43,7 mM Na2HP04, 23,2 mM KH2P04, 1 mM MgS04''.o,·1 

mM CaC12, 9 mM NaCl, pH 7,6). TecTHpoBaHHe o6paTHIIX MyTaUH8 ocymecTB

JIHJIDCb ea qalllKax c 11MHHHMaJibHIIM 11 arapOM (15 .r/JI 'arap-arapa, 0,5 Mr/JI 

4 

) 
l. 

} 
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HaTpHll: .JIHMOHOKHCJillll: H 50 MJI/JI .407. rJIIOK03ll). Ha IlOBepXHOCTb 11HHJKHero" 

arapa 3aJIHBaJIH 11 BepxHH8 11 arap (6 r/JI arap-arapa · H 5 r/JI NaCl) c cyc-
1 • ' • • 

rreH3Hell: TeCTHpyeMIIX KJieTOK (Maron, Ames, 1983). 

PailHOMOilHmHKaTOpll 

B KaqecTBe pa,llHOrrpoTeKTOpOB B pa6oTe HCilOJib30BaJIH ,llBa•KJiacca coe-
' '' . 

.!lHHeHHll:: UHCTeaMHH - rrpe.ZICTaBHTeJib KJiacca aMHHOTHOJIOB H rJIHUepHH -

rrpe,llCTaBHTeJib KJiacca MHoroaTOMHIIX _crrHpTOB. UHCTeaMHH c~~MepKaITTO-
. . -i 

3THJiaMHH) rrpDH3BO.!lCTBa C!JHpMII Sigma rrpHMeHHJIH B KOHUeHTpaUHH 2 • 10 M, 

rJIHUepHH (qJHpMa Serwa) - B KOHUeHTpauHH 1. M. B KaqecTBe aHOKCHqecxoro 

ceHCH6HJIH3aTopa HCilOJib30BaJIH HHTpOKCHJlbHllll: CTa6HJibHII8 

(2,2,6,6~TeTpaMeTHJI-4-rrHrrepH,llOH-N-OKCHJI), rronyqeHHII8 

XHMHqecKoll: cflH3HKH AH CCCP r. MOCK Ba. TAN rrpHMeHHJIH B 

10-
3
M, rrpH KOHUeHTpaUHH· KJieT,OK B. cycneH3HH 109 KJI/MJI. 

MeTOilHKa Blll!BJI8HHS!'' peBepcHlt y_ KJI8TOK S. typhimurium 

pa.!lHKaJI TAN 

H3 11HCTHTyTa 

KOHU8HTpaUHH 

KyJibTypy KJI8TOK BllpamHBaJIH B IlHTaTeJibiIOll: cpe,lle Oxoid No2 'rrpH 

37°C H HHT8HCHBHOll: a3paUHH .!lO DJIOTHOCTH (2-3)~t0
9

KJI8TQK/MJI. BJIH 

rrpe,llOTBpa,meHHH IlOTepH DJia31~H.!l B IIHTaTeJibHYIO cpe.!ly no6aBJIHJIH 25 MKr/MJI 

aMDHUHJIHHa H 2MKr/MJI TeTpaUHKJIHHa ( TA102) .. rrocJie Bllpam1rnaHHH KJieTKH 

. ocai1maJIH ueHTpH
1
cpyrHpoBaHHeM H pecycneH.!lHpoBaJIH B M9 6ycpep~ •. rrepe.!l 

o6nyqel!HeM K qacTH o6pa3UOB .!l06aBJIHJIH pa,llHOMO.!lHqJHKaTop H HIIKY6HpOBaJIH 

B TeqeHHH 2_0 MHH npH 37°C. 06Jiyqe11He Ha ;r-ycTaHOBKe npoBO.!lHJIH rrpH 

0°C. BJIH ,llOCTHlK8HHH aHOKCHH cycrreH3HIO KJI8TOK B TeqeHHH 20 MHH 6ap6~-
' ' THpoBaJIH a30TOM. 

. 06JJyqeHH8 YCKOpeHHIIMH HOHaMH DpOBO.!lHJ!H Ha JiaBCal!OBIIX ' !pHJibTJ)!l.X 

(rrpDH3BO.!lCTBa Jia6opaTOpHH SI.!lepHII·x P,eaKUHll: omrn) C ,llHaMeTpOM nap' "o. 5 

MKM. BJIH .!lOCTHlK8HHH aHOKCHH rrpH 06nyqe11HH MHOro3apH.!lHIIMH HOHaMH rrpHMe

HHJIH crreuHaJibHO pa3pa6oTaHHYIO MeTO.!lHKY, Il03BOJIS!IOUIYIO o6nyqaTb KJieTKH, B 

cycrreH3HH. rrocJie 6ap6oTaUHH a30TOM 10 MKJI KJI8TQqHo8 cycneH3HH HaHOCHJIH 

B CT8KJIHHHUe' KaMepu rny6HHOll: 300 MKM, 3aTeM KaMepu HaKpllBaJIH JiaBCaHo

BOll: IlJI8HKOll: TOJIUIHH08 15 MKM H ynJIOTHHJIH rall:Koll: i:: pe3HHOB08 .IlpOKJia,llKOll:. 

Bee _orrepauHH rrpOBO.!lHJIH B 60KCe B aTMoccpepe a30Ta. ITOCJie 06.rryqeHHH 

T8CTHpyeMue KJieiKH CMIIBaJIH M9 ~ycpepoM.· rrapaJIJI8JlbHO npoBO.!lHJIH 3KC~~pH-

MeHTII B H.!leHTHqHUX ycJIOBHHX' Ha "l-YCTaHOBKe. 

CnOHTaHHllll: MVTareHe3 y_ T8CT IllTaMMOB S.typhimurium 

KOJIHqecTBO CilOHTaHHIIX peBepTaHTOB B HalllHX 3KCrrepHM8HTax onpene- · 

JlHeTCH .!lBYMH CJiaraeMIIMH: qHCJIOM CDOHTaHHIIX peBepTaHTOB, Bo'3HHKa10miix'B 

rrpouecce p~-cTa, .~oqHoR KYJihTypu B cycneH3HH (Ns
1

) H ·B rrpouecce pocTa 

KYJihTypu Ha qalllKax IlOCJie o6JiyqeHHH (Nsz). CyMMapttoe . KOJIHqecTBO 

5 



,,' 
cnoHTaHHl,IX pe~epTaHTOB MOlKHO onpe,lleJJHTb npH no.nc'leTe peBepTaHTHl,IX 

KOJJOHH8 Ha ,a~Kax, He no.nBepraBWHXCH ·o6JJy'leHHD. 3Ha'leHHe Ns onpe,lleJJH~-
' . . ' 2 

eTCH MeTO,llOM no,llc'leTa peBepTaHTHUX KOJJOHH8 Ha qawKax nocJJe o6JJy'leHHH 

,ll0308 JJeTaJJbH08, ,llJJH Bcex . HMeD!llHXCH B cycneH3HH peBepTaHTOB. HO He 

Bl,131,lBa~mea rH6eJJH'.llOCTaTO'lHOro ,llJJH ,llaJJbHe8wero pa3MHOlKeHHH 'lHCJJa ayK-

' ~0Tpo~H1,1x xJJeToK. 

Pac'leT Bl,IXO.lla HH.llVUHpOBaHHl,IX peBepTaHTOB 

BeJJH'lHHY Bl,IXO,lla HH.llYUHpOBaHHl,IX HOHH3HPYDlllHM H~JJy'leHHeM peBepTaH

TOB (Nm) onpe.neJJHJJH .no ~opMyJJe: 

.Nm(D) = ~(D) -;- N5i·S(D) -_Ns
2 

, (1) 

r.ne M(D), - o6mee KOJJH'leCTBO peBepTaHTOB Ha 'laWKY, S(D) - Bl,llKHBae

MOCTb '· 'Nsl H Ns;; ~ KOJJH'leCTBO cnOHTaHHl,IX peBepTaHTOB, B03HHKaDlllHX B 

_nnpuecce pocTa HO'lHo8 KYJJbTyp1,1 B cycneH3HH H B-npouecce pocTa Ky°JJbTyp1:,1 

Ha ~am~ax nocJJe o6JJy'leHHH, COOTBeTCTBeHHO. 

MeTO.llU CTaTHCTH'leCKOro aHaJJH3a 

tJacioT'y' MYTHPOBamrn KJJeTOK onpe.neJJHJJH KaK OTHOWeHHe 'lHCJJa 

HH.llYUHpcrnaHH.blX
0 

MyTaHTOB Nm(D)' K' KOJJH'leCTBY BbllKHBWHX KJJeTOK No•S(D). 

IlOJJy~eHHl,le, 
0

pe,3}'JlbTaT1,1 no.nnepraJJH CTaTHCTH'leCK,08 o6pa6oTKe. 3aBHCH...; 

MOCTb Nm/N(D) anpoK~HMHpOBaJJH CTeneHHo8 ~YHKUHe8: 

Nm/N(D) = k·D~ 1 (2) 

r.ne D ,ll03a o6JJy'leHHH. IIapaMeTpbl a:! H k onpe,lleJJHJJH MeTO,llOM MHHHMH-

3aUHH cyMMbl KBa.npaTOB OTKJJOHeHH8 3KCnepHMeHTaJJbHUX H TeopeTH'leCKHX 

-BeJJH'lHH; 

PE3YRbTATH H OBCYIJ{EHHE. 

ReTaJJbHOe ne8cTBHe H3JJV'leHH8 ~ pa3H08 RII9 !ill. KJJeTKH S.typhimurium 

I _Ha P,Hc.1 npe.ncTaBJJeHbl p~3YJJbTaTbl 3KCnepHMeH~OB no ;eT!lJlbH~MY 

. .ne8CTB,HD pa3JJH'lHblX ,THnOB HOHH3HPYDlllHX H3JJyqeHH8. Ha KJJeTKH s. typhimu

;ium TA98 H TA100. '3Ha'leHHH, pa.nHo'lyB~TBHTeJJbHO~T~ y ~TaMMOB , TA98 H 

TA100 IlpH o6JJyqeHHH pa3JJH'lHblMH THnaMH H3JJY'l9HH8 C~Bna,llaDT, nOCKOJJb KY 

HCnOJJb3yeMble WTaMMbl H3oreHHbl. 3aBHCHMOCTb D-
1 
(L). onHCblBae,TCH ~pHB08 C 

' I O ) 

- MaKCHMYMOM (pH·c.2); 3TO CBH3aHo c TeM, 'lTO C pOCTOM. RII9 H3Jiy'leHH8 

_ B~xo.n npH.MblX _ .llBYHHTeBblX p~3pb1BOB ( IIJlP), HBJIHDlllHXCH JieTaJibHblMH n~Bpe:z:-
1 ' ' ' ,· •• -

-.lleHHHMH ,llJIH KJieTOK C O,llH08 xpOMOCOM08, pe3KO B03pacTaeT, Mel[,lly TeM KaK 
. -- -, . ' . ' . ' . 

BblXO,ll 3H3HMaTH'leCKHX .llBYHHTeBUX pa3pb1B0B (9.llP) JlHK CHHJl:aeTCH (KpacaBHH 

E. A. ' 198.9). MaKCHMaJJbHOe 3Ha'leHHe 069. COCTaBHJIO 1 '4±0. 3 npH ~6Jiy'leHHH 

'( 
\ 

6 

l 
l 

!) 

I\ 'I 

) 

J 

. HOHaMH reJJHH (L=50 K3B/MKM). 

t::i 
Cl) 

:i: 
f< 
0 

CJ 100 ,Qo3a,rp. 

r I ~ 

e'f 10 _, 
CJ 
0 
::it 
Cl) 

o:s 
ill 
~ 
:ii 
::. 
~ 

10 _, 

PHC.1. KpHBl,le BbllKHBaHHH KJJeTOK s.typhimurium TA98 (4) H fA100 ( ■) 

npH o6JJy'leHHH pa3JJH'lHblMH THnaMH H3JJy'leHH8: ~-JJy'lH (a), HOHi,! 

.ne8TepHH 5 K3B/MKM (6) H 8 K3B/MKM (Bl, HOHbl reJJHH ,50 K~B(MKM (r)· 

H 80 K3B/MKM (,ll), HOHbl yrJJepoila 220 K3B/MKM (e). Ilo OC_H .a6_CUHCC: 

,ll03a o6JJy'leHHH, rp.; no OCH Op,llHHaT: ~paKUHH BUJKHBWHX KJJeTOK, 

OTH_. e,ll. 

4.----------------, 
~J 

C, 

'a"o x2. 
--~ 

1 

.~+A--f~f.-., •, 

0 I I 

. 10 100 
nm), K3B/MiM 

PHC. 2. 3aBHCHMOCTb pa.nHO'lYBCTBHTeJibHOCTH (D-
1

) - KJJe_~OK s. typhimu-
0 ' . 

rium TA98 H TA100 ~T RII9 H3Jiy'leHH8. rro OCH a6cuHcci RII9,' K3B/MKM; 
. ~ 

no OCH Op,llHHaT: pa,llHO'lYBCTBHTeJJbHOCTb, rp. 
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MyTareHHOe ne:AcTBHe 113ny'ieH11:A.~ pa3HO:A JJTI9 !ill. KJieTKII s.t:yphimurium 

HcnoJib30BaHHe IDTaMMOB 9:AMCa C pa3Jill'IHO:A np11po,no:A HapymeHll:A 

cTpyKTYPH reHOB, 06ycJIOBJIIIBaDm11x MyTaHTHH:A $eHOTlln, OKa3aJIOCb BeCbMa 

3~eKTIIBHHM npll aHaJIH3e 3aKOHOMepHOCTe:A MyTareHHOf'O ,ne:AcTBllll IIOHll311py

Dm11x 113JiyqeHll:A c. pa3HO:A JJTI9. Ha p11c.3 npe,ncTaBJieHH. 3aBIICIIMOCTII 

OTHOCHTeJibHO:A reHeTH'ieCKO:A 3~eKTIIBHOCTII (Or9) ,llJlll IDTaMMOB TA98 11 

TA100 OT. JJTI9 ·113nyqeHll:A. Bll,llHO, '!TO ,llJIH WTaMMa TA98 Ha6JID,llaeTCll Hl!Cna-

li2 
Q) 

' :ii 
"' 0 .. 

i 1 f-. 

·~♦ 

PHC,3. 3aBHCIIMOCTb or9 OT JITI9 

,llJlll KJieTOK s.t:yphimurium TA98 

CAl II TA100 ( ■); no oc11 a6c

u11cc: JJTI~. K3B/MKM; no OCH 

op,n11HaT: or9, 0TH. e.n. 
0 

0 

. ,naDmall 3aBHCIIMOCTb .or9( L), · ,llJlll TA100 - 3aBHCIIMOCTb C. MaKCHMYMOM. 3aBH_

CIIMOCTb or9(L) c MaKCHMYMOM l!BJilleTCll CJie,llCTBHeM Toro, '!TO npeMyTaUHOH

HHM .. noB pel!C,lleH11eM ,llJlll KJieTOK TA100 l!BJil!DTCll KOMnJieKCHlie noB pel!C,lleHHll 

. (_Km .UHK ( Ko3y6eK C. 11 coaBT. , 1989) , BHXO,ll KOTOpHX yBeJIH'IHBaeTCll c 

, IJOCTOM JJTI9. Blil!BJieHO, '!TO TaK11e' noBpel!C,lleH!lll llBJll!DTCll ,TaKl!Ce sos

. IIH.llYUIIPYDIUIIMII. 3TH o6cTOl!TeJibCTBa 061>l!CHl!DT xapaKTep 3aBHCIIMOCTII or9 

OT'JITI9 c noKaJibHHM MaKCIIMYMOM • .UJIH mTaMMa TA9B H11cna,naDm11:A xo.n 3aB11c11-

. _·MoCTII CBl!3aH C TeM, '!TO npeMyTaUIIOHHHMII noBpel!C,lleHHl!MII B 3TOM cnyqae 

,llBJll!DTC.H noBpel!C,lleHII.H OCHOBaHll:A ( TIO) .UHK, BHXO,ll KOTOpHX C . pOCTOM JITI9 

CHHJKaeTC.H. 

'Mon11$HUHpyDruee BJ!lll!Hlle panHonpoTeKTOOOB Ha Bl,llKl!BaeMOCTb fl MyTareHe3 

KJie~OK S.t:yph'imurium!lllli ne:ACTBIIII H3JiyqeHll:A~.Pa3HO:A JIII9 

B pa6oTax p.11,na aBTOpOB 61,1JI~ ycTaHOBJieHo,· ~TO B ycJIOBII.HX BJIII.HHII.H 
. .• ·o 
nepexBaT'IHKOB OH -pa,nHKaJIOB .cymecTBeHHO CHHJKaeTC.H Bl,IXO,ll pa.n11au110HHO-

•. 'HH.llYUHPO,BaHHHX noBpex,neHH:A .UHK (Alper, 1979) , qaCTb KOTOPHX MOJKeT 

.HBJI.HTbC.H. npeMyTaUIIOHHHMII. B CB.11311 C 3THM npe,ncTaBJI.HeTCll BaJKHHM 113Y'IIITb 
' . ", 0 

cneUll$11KY MO.llH$HUIIPYDmero BJIII.HH!lll nepexBaT'IHKa OH -pa,llHKaJIOB - rn11ue-

PHHa Ha MyTareHe3 IDTaMMOB. 9:AMCa npll ,ne:ACTBHII 113JIY'ieHH8 C. pa3HO:A JJTI9. 

Ha pHC.4 npe,ncTaBJieH~ 3aBIICIIMOCTH pa,nllO'IYBCTBIITeJibHOCTH 1130,eHHHX 
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10 100 
nn3,K3BIMKM 

PIIC.4. 3aBHCIIMOCTb pa,n11oqya

CTBHTeJibHOCTII (D-i) KJieTOK 
0 

s. t:yphimurium TA98 11 TA100 OT 

JJTI9 np11 06ny'ieH1111 c rn11uep11HoM 

(A) II B HOpMaJibHHX YCJIOBlll!X (8) 

no OCH a6cu11cc: JITI9, K3B/MKM; 

no OCH op,n11HaT: pa,n11oqyBCTBH-
. -1 
TeJibHOCTb, rp • 

WTaMMOB TA98 11 TA100 OT JITI9 np11 o6Jiy'leHHII c rn11uep11HOM II B HOpMaJibHHX 

ycnoB11.11x. BH.llHO, '!To 3am11THoe ,ne:AcTBHe rn11uep11tta Ha116onee 3ct>¢~KTHBHo 
' /· 

npo.HBJI.HeTC.H np11 o6nyqeHIIII qacTHUaMII c JITI3, He npeBHWaDmHMII 3Ha'!eH}!.H 

20 K3B/MKM •. 9TO MOlKeT 061>.HCH.HTbC.H CHHJKeHHeM '111.CJia O,llHOHHTeBHX pa3pliBOB 

(OP) .UHK 3a C'ieT nepexBaTa OH
0

~pa,n11KaJIOB rn11uep11HOM, KOTOpHe B o6H'IHHX 

ycno~II.HX B npouecce pe'n_apau1111 TpaHC$OpM11pyidTCll B 9.UP llHK, Tipll 60JibIDIIX • 

JITI3 onpe,nemrnmyD pOJib D r116en11 KJieTOK 11rpaDT TI.UP . llHK, no3TOMY 3am11THoe 

,ne:AcTBHe rn11uep11Ha yMeHhwaeTC.H. 

Pe3yJibTaTH 3KCnep11MeHTOB no MyTareHe3y KJieTOK' s. t:yphimurium. npH 

o6Jiy'ieHIIII MH0,03ap.H,llHHMII IIOHaMII CBH,lleTeJibCTBYKlT O TOM, '!TO 3aBHCHMO_CTb 

or9 (L) .nirn WTaMMa TA100 B npHCyTCTBHH r JIHUepHHa onHCHBaeTC.H_ Kp!IBO:A c 

• MaKCHMYMOM, C,llBHHYTO:A B o6JiaCTb MeHbWHX JITI9 'no OTHOWeHHD K KpllBO:A, 

nonyqeHo:A B HOpMaJibHHX_ ycJIOBH.HX ( p11c. 5). no-BH.ll!IMOMY, 3TO CB.H3aHO C 

TeM, '!TO npH o6nyqeHHH c rnHuepHHOM MeH.HeTC.H cneKTP HH.llYUHpOBaHHblX 

noBpelK,lleHH:A .UHK. 

·2 tr . 
Q) 

:ii 
"' 0 

~1 
0 

- 1V1,. ' .. ~ + I • . +-
··, 0 I I 111,0 I I 

10 100 
nn3, K3B/MKM, 

9 

PHC.5. 3aBHCHMOCTb or9 OT JITI3 

H3Jiy'leHH:A np11 06ny'ieH11H KJieToK 

TA100 c. rnHuepHHOM . (A) 11 a 

HOpMaJibHHX YCJIOB!ll!X . (.) • no 

OCH a6cu11cc: JITI3 .. K3B/MKM; no 

OCH op,llHHaT: or9, oT·H. e,n. · 
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PHC.6 •. 3aBHCHMOCTb or3 OT nn3 

·. H3JiyqeHH8 npH o~niqeHHH KJieTOK 

TA9B c rnmxepHHOM. CA l H B 

HOpMaJibHblX YCJIOBHSIX ( • l. no 

OCH a6cuHcc: nn3, .K3B/MKM; no 
\ 

OCH opnHHaT: or3, 0TH. en. 

HaJIHqHe rnHuepHHa B MOMeHT o6nyqeHHll KJieTOK WTaMMa TA98 ¢aKTHqeCKH He 

. BJIHlleT. Ha 3HaqeHHSl or3 npH pa3JI~qHblX nn3 H3JiyqeHH8 ( PHC. 6l. BepOllTHO, 

Monn¢HKaUHll • cneKTpa nepaHqH1,1x nospell!neHHR -.UHK 3a cqeT nepexaaTa __ rnHue-

PHHOM.:OH0 -panHKaJI~B He IlpHBOnHT K H3MeHeHHIO qHcJia no, KOTOpble llBJISlKlTCSl . 

npeMy;~~HOHHblMH ~oapexneHHSlMH nnsi: naHHoro WTaMMa. ·1/ 
' . 

noMHMO rnHuepHHa ~ KaqecTae npencTaBHTeJISJ.npyroro Knacca panHo- _ 

npoTeKTOpOB B HaweR pa6oTe 61,1JI HCllOJib30BaH UHCTeaMHH. B OTJIHqHe OT . 

MH6ro~ TOMHblX ' cnHpTOB. npOSIB.ilSllOIJlHX panHonpoTeKTOpHble CB08CTBa Ha ',.! 
1nep~H~HOM ¢H3HKO-XHMHqecKOM ypoBHe, npH BBeneHHH aMHHOTHOJIOB B KJieTKax_ 

1 
. 

npoHcxonHT, .KaK noKa3aHO MHOrHMH aBTOpaMH, H3MeHeHHe aKTHBHOCTH pllna , 
. I 

j 10 .-4 

a .·, f I ~ 6 I L B ' 

;j{ 10 -l 
I 

I 

¢epMeHTOB. yqacTBYIOlllHX B penapaUHH noapexneHHR .UHK ( Bpe:c~ep 'c. E •• Hoc-

KHH n. A., 1978l. H3MeHeHHe 6aJiaHca Mexny · ¢epMeHTaTHBHblMH CHCTeMaMH 

KJieToK, oTaeqaJOmHx 3a nerpanauH10 H pecHHTe3 .UHK, CHHJtaeT a1,1xon·3H3HMa- · 

THqecKHX- .UP .UHK H TeM CaMblM o6ycJIOBJIHBaeT 3alllHTHOe BJIHllHHe UHCTeaMHHa 
r 

. OT _JieTaJibHOro neRCTBHll HOHH3HPYIOlllHX H3JiyqeHH8. 

KaK BHnHo H3 pHc.7 MOnH¢HUHpy10mee BJIHSlHHe UHCTeaMHHa Ha 7-HHnyuH

poaaHHbl8 MyTareHe3 KJieTOK s. typhimurium ¢aKTHqecKH o-rcyTcTiiyeT •... 3To 

CBll3aHo c ·TeM, qTo ¢epMeHTbl, aKTHBHOCTb K0Top1,1x H3MeHlleTCll- 6naronapll 
. ' . 

BJIHSlHHIO' UHCTeaMHHa, no-BHnm10My HrpaIOT He3HaqHTeJibHYKl pOJib B MyTareH'-

H08 penapaUHH, 3aKpennS110meR onpeneneHHbl8 Knacc noapexneHHR ·· .UHK B 

MyTaUHH. 

BJIHSlHf!e KHCJIOpO.lla Ha pan'HoqyBCTBHTeJibHOCTb 

MyTareHe3 ~ KJieTOK S.typh~murium 

H3BeCTHO, qTo onHHM H3 HaH6onee 31}lqieKTHBHblX panHOMOnH¢HKaTOP?B 

llBJilleTcst KHcnopon. HoHH3HPYK>!11He H3nyqeHHll HHnyuHpy10T ·wHpoKHR cneKTp 
' ' ' ' 

nepaHqHl,IX noapexneHH8, _ KOTOpble B 3aBHCHMOCTH OT Hx: MOnH¢HUHpyeMOCTH 

KHCJioponoM MOlll'.HO pa3nenHTb Ha KHCJiopon3aBHCHMble H KHCJIOponHe3aBHCHMble 

noapexneHHll .UHK (3Rnyc n.x. Kopb!CTOB 10.H., 1984l. 

Ha pHC.8 npencTaBneHbl KpHBble Bbllll'.HBaHHll npH 7-06nyq~HHH B HOpMaJib

HblX ycJIOBHllX H B aHOKCHH. BHnHo, qTo· KHCJioponHbl8 3#eKT 'nJill: Bcex 

HcnoJib30BaHHblX ~TaMMOB s.typhimurium COCTaBJilleT ~2. npeACTaBJieHHble ·Ha 

pHc. 9 ·. 3aBHCHMOCTH qacTOTbl MYTHpoBaHHll OT no31,1 7-06nyqeHHH B · HOpMa.JibHhlX •· 
' ·, J ' ' h1. 10-• z ~ ./! ......... ' Ii 

~ 10 ... ,. 1«· /' ii 
1/ Ii l

1
i 

/ 1~ • • 10 -6 I 
10 -, _/'/ 

'}'' l a B 
., \ 6 . PHC. 8. KpHBhle .Bbllll'.HBaHHll KJie-

.. ~ ~ \ \\ ~\ TOK s. typhimu~.iu"ra\ ~TA98 (al, 

. ~ 1 \"' • a 
6 

\\\•\ TA100 ( 6l H .TA102. ( Bl n. pH · o 10 • , · • I , 
' i ,:.· 7 - o6nyqeHH~ B H0p'.'1aJibHblX 

i i · \\ \ ~- "'" ycnoBHllX Col, f aHOKCHH,U~l ·H 
,•1 '\ I Ii 

10 100 10 100 100 
~oaa, rp; 

. PHC, 7. 3aBHCHMOCTb qacTOTbl MYTHP.OBaHHll KJieTOK s. typhimurium •OT. 

~031,1 7-06nyqeHHS1: TA98 (al, TA100 (6l H TA102 (Bl n~H o~nyqeHHH c 

UHCTeaMHHOM (Al H B HOpMaJibHblX YCJIOBHSIX ( ■l. no OCH a6cuHcc: no3a 

'· o6JiyqeHHll, rp.; no OCH opnHHaT: qacTOTa MyTHpOBaHHll, 0TH. en. 

IO 

G . \· B aHOKCHH'B npHCYTCTBHH TAN 

· ·S 10... •l ., • \ c Al. no_ ocH : a6cm1cc: no3a 
:ii \ D \ . , ~ 1 a · o6nyqeHHlli rp.f no ocH opnH- • 

"', \. HaT: ¢paK_UHll Bflll'.HBlllHX. K;
0

eTOK,' 

0TH. en. : 
I 

10-l)J1tl1Xrt11I l111l11tllll l1\!lt1tl!!I 1, 

0 200 400 0 . 200 400 0 200 400 
,D;oaa, fp. . i 
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PHC.9. 3aBHCHMOCTb qacTOTbl MyTHpoBaHHH KJieTOK S.typhimurium TA98 

(a), TA100 (6). H TA102 (B) OT l{03bl .--o6JiyqeHHH B aHOKCHqecKHX (.A.) 

H B' HOpMaJibHblX YCJIOBHHX ( ■). ITO OCH a6cuHcc:: l{03a o6JiyqeHHH. rp.; 

IIO OCH Op.!tHHaT: qacTOTa MYTHpoaaHHH, 0TH. en. 

YCJIOBHHX H B aHOKCHH CBHl{eTeJibCTBYIOT O TOM, qTo BJIHHHHe aHOKCHH Ha 

o'-HH.!tYUHpoaaHHbl8: MyTareHe3 y TA98. H TA100 ll!TaMMOB OTCYTCTByeT, <llH.ll 
. . , . . I . 

lliTaMMa TA102·COCTaBJIHeT BeJIHqHHY 1,6±0,2. 

KaK OTMeqaJIOCb Blillie, 3aMeHa G-_c rrapu OCHOBaHH8: y lliTaMMa TA100, 

rrpoHCXOl{HT B pe3yJibTaTe o6pa3oBaHHH rrpeMyTaUHOHHO,O IIOBpeJKneHHH THila 

KIT .llHK. B pa6oTe (AMHpTaea K.r. H coaaT., 1985) 6blJIO.IIOKa3aHO, qTo KIT 

.llHK HBJIHIOT.CH KHCJioponHe3aBHCHMblMH IIOB peJKneHHHMH. 9TO o6cTOHTeJibCTBO 

06'bHCHHeT OTCYTCTBHe MO.!tH(!iHUHpyIOmero BJIHHHHH KHCJiopona. _Ha o'-HH.!tYUH

poaaHHbl8: MyTa,eHe3 lliTaM~a TA100. MoJieKyJIHpHo8: OCH~B08: HHCepUHH O.!tHO,O 

HYKJieOTHl{a, IIPHBO.!tHU1e8: K. Cl{BH,y paMKH cqHTb!BaHHH B ,HCTHl{HHOBOM 

orrepoHe y lliTaMMa TA98, HBJI.HeTCH ITO. H3BeCTHO (Teoul, 1987), qTo cpenH · 

rrponyKTOB pa,IIHOJIH3a OCHOBaHH8: cymecTBYIOT KaK KHCJIOponHe3aBHCHMble TaK H 

KHCJIOPO.!t3aBHCHMble rroapeJKneHHH. OTCYTCTBHe KHCJIOponHo,q 3qi(!ieKTa_y lliTaM

Ma TA98 _CBH.!teTeJibCTByeT o TOM, qTo rrpeMyTaUHOHHb!MH C06b!THHMH B naHHOM 

CJiyqae HBJIHIOTCH KHCJioponHe_3aBHCHMble rroapel!ClteHHH OCHOBaHH8:. 

MonH(!IHUHpyIOmee. BJIHHHHe aHOKCHH Ha o'-HH.!tYUHpOBaHHbl8: MyTareHe3 y 
. lliTaMMa. TA102 ( PHC. 9B), IIO-BH.!tHMOMY, CBH3aHO C yqacTHeM B MyTa,eHe3e 

nponyKTOB panHOJIH3a_THMHHa, B03HHKaIOUlHX TOJibKO B npHCYTCTBHH KHCJiopona 
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(Teoul, 1987). HaJIHqHe nono6Hb!X noapelKJ].eHHil, BepOHTHO, npHBO.!tHT K . .. 
3aMeHe- A-T rrapu OCHOBaHHil!. · TeCTHpyeMblX rnTaMMOM TA102. TIOCKOJibKY 

KBanpaTHqHa.H 3aBHCHMOCTb qa_CTOTbl MYTHpoaaHHH. rnTaMMa TA102 CBHl{eTeJib-· 

CTByeT O nayxynapHOM MeXaHH3Me MyTa,eHe3a, MOlKHO IlOJia,aTb, qTQ B03H~K~ 

HOBeHHe MyTaUHH B his-orrepoHe npoHCXO.!tHT B pe3yJibTaTe nayx' noapellt,lleHH8: 

JIHK: Ol{HO noapel!ClteJ:!He qiopMHpyeT npeMyTaUHOHHOe co6L!THe Ca ·'naHHOM 

cJiyqae IlOBpellC.!teHHE! THM~Ha B -TAA,- HOHCeHC KOl{OHe IIITaMMa rA102); npy,~e 

- 3anycKaeT sos - CHCTeMy. IToKa3aHo, qTo sos - HH.!tYUHPYK>UlHe noapelltne-.' 

HHH ~BJIHK>TCH KHCJIOponHe3aBHCHMliMH. TaKHM o6pa3o,M; KHCJIOPO.!tHbl8: 3qi(!ieKT y 

rnTaMMa TA102 CBH3aH c xapaKTepoM MOJieKyJIHPHO,O HapyrneHHH .IIHK; o6ycm~B

JIHBaK>mero MyTaHTHbl8: qieHOTHil. 

ITp~ o6JiyqeH.HH rnTaMMa TA100 HOHaMH ,eJIHH c JIIT9=38 K3B/MKM MO.!tHitiH-' 

UHPYK>lllee ne8:CTBHe aHOKCHH Ha MyTa,eHe3 OTCYTCTByeT (pHC.10). 9TO, no

BH.!tHMO~y. CBH3a~O C TeM, qTo IlpH ne8:CTBHH 3apHlKeHHl1X qacTHU C 60Jibllie~ 

aepOHTHOCTbK> HH.!tYUHPYK>TCH KHCJIOponHe_3aBHCHMble npeMyTaUHOHHlie noapellt,lle..: 

HHH JlHK. 
' 

1 t a I, 6 

ij 'f . 1~ 
L-· "\\ i1/l°. ~ 
~ · □ \ · J /□ i 
i \ \ I J .. ''°. 

\ ' . 
10 _, J , 1 , 

0 100 200 300 100 

·; ,Qo3a, rp. 

PHC.10. 3aBHCHMOCTb BbllKHBa-

. et.iocTH (al··· H qacToTL! MYTHpo-

aaHHH 'c 6) KJieTOK TA100 OT . 

l{03bl o6JiyqeHHH HOHaMH ,eJIHH 

( L = 38 K3B/MKM) • · 06JiyqeHHe 

rrpOBO.!tHJIH B HOpMaJibHblX ycJIO-

BHHX (0), 

aHOKCHH B 

l3 aHOKCHH ( ■) H B,. 

npHc.yTCTBHH. TAN (bl·. 

no OCH a6CUHCC: no~ 8: ·_o6Jiyqe- . 

HHH, fp. IIO OCH opnHHaT: 

(a) qipaKUHH BbllKHBlliHX KJieTOK, 

0TH. en. , ( 6) qaCTOTa My•rnpo

aaHHH, 0TH. en. 

BliHHHHe aHOKcnqecKO,O ceHCH6HJIH3aTOpa TAN .Ii,!. HHnVKUHK> MVTaun8: 

H3nyqeHHHMH ~ pa3H08: JIIT9 

H3BeCTHO, qTo B ycJIOBHHX aHOKCHH pH.It areHTOB XHMHqeCK08: npHponu 

3qi(!leKTll.BHO ceHCH6~JIH3HpyeT KJieTKH K. JieTaJibHOMy ne8:CTBHK> H3Jiy'leHH8:: 

YcTaHOBJieHO, '!TO HHTpOKCHJibHble CTa6HJibHLle panHKaJibl crroco6Hbl o6pa30Bbl7 

BaTb KOBaJieHTHble CBH3H C panHKaJiaMH a30THCTblX OCHOBaHH8:, , '!TO MeHHeT 
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'HCXO.IlHYIO CTPYKTYPY noapelK,lle1ma H npenHTCTByeT penapauHOHHOMY CHHTe3y , 

.UHK (Hohman et al., 1976). C Y'¾eT_OM 3Toro HaMH 6blJIO Bbl,llBHHYTO npenrio

JIOJK:E;HHe, o TOM, 'ITO . npe,llcTaBHTeJib rpynn1,1 N-OKCHJIOB - TAN ( 2, 2, 6, 6-

TeTpaMeTHn-4-nHnepH,llOH~N-OKCHJI) MOXeT cymecTBeHHO MO.llH¢HUHpOBaTb 

MyTaUHOHHbl8 npouecc·. 

Ha pHC.8 npe.llCTaBJiel!bl KpHBble Bbll[HBaHHH HCnOJib30Bal!HblX WTaMMOB npH 

7-06nytieHHH B HOpMaJibHblX ycJIOBHHX, B aHOKCHH H B npHCYTCTBHH aHOKCH-
- . • r 

qecKoro CeHCH6HJIH3aTopa. BH,llHO, 'ITO TAN OKa3blBaeT ua BblXHBaeMOCTb 
, . . 

'KJieTOK_TA98 H TAlOO BblpaxeHHoe ceHCH6HJIH3Hpy10mee ,lle8cTBHe • .llJIH WTaMMa 

TA102 · ceHcH6HJIH3Hpy10mee BJIHl'IHHe MeHbWe, 'BeJIH'IHHa <I>:IU{ paaHa 1, 3±0, 1. 

Pa3JIHtIHal'I CTeneHb ceHCH6HJIH3a'uHH •.. nO-BH,llHMOMY. o6ycJIOBJIHBaeTCH TeM, 

_'ITO KJieTKH WTa1rnoB TA98 H TA100 HBJIHIOTCH neq>eKTl!blMH no uvrB-3aBHCHM08 

3KCUH3HOHH08 penapauHH. 

IloJiytieHHble uaMH pe3yJibTaTbl CBH,lleTeJibCTBYIOT O TOM, 'ITO 7-H11,nyuH

poBaHHbl8 MyTareue3 , y aHOKCH'IeCKHX. KJieTOK s. typhimurium B 3HatIHTeJib!!08. 
. . 

Mepe 3aBHCHT OT npHCYTCTBHH TAN B npouece _o6JiytieHHH ( pHC. 11). MO.llHq>H-

UHpyeMOCTb 7-HH.llYUHpoBauuoro MyTareHe3a y pa3JIH'Il!b1X WTaMMOB 98Mca 

aHOKCHtieCKHM ceucH6HJIH3aTopOM TAN o6nHCl!HeTCH BJIHHHHeM .llByx q>aKTOpOB. 

Bo-riepBblX, 

,z 
......... a z 

TAN B YCJIOBHHX al!OKCHH, B3aHMO,lle8cTBy·H C 

a ;• 
10 -• 

/I. r· -• -I 
,· . I 

I 10 -5 

• 
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I IIU I-
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100 

6 
./ I 

I B 

/ I 
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// Ii/, I • 
• I . 

I II 
.10 -l. -

100 
.Qoaa, rp. 100 

pa,llHaUHOl!l!O-

PHC.11. 3aBHCHMOCTb tiaCTOTbl MYTHpoBaH~l'I KJieTOK S.typhimuri~m TA98 

'(al, TA100 (6) H TA102 (Bl OT ,ll03bl 7-06JiytieHHH B aHOKCHH ( ■) _H B 

. aHOKCHH B npHcyTCTBHH TAN (Al. no OCH a6cuHcC: ,no3a o6JiytieHHH, 

_rp.; no OCH op,nHHaT: tiaCTOTa MYTHpOBaHHH, OTH.e,n. 
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HH.llYUHpOBaHHblMH' pa,nHKaJiaMH .UHK, 06pa3yeT .a,n,llyKTbl C OCHOBaHHHMH\ .llHK; 

npexne Bcero c nHpHMH.llHHaMH (Frank et al., 1985)._ IlpHtieM, 3KCUH3HPHHaH. 

po1A..:3aBHCHMaH penapaUHH .UHK He B cocTOHHHH aocc-raHoBH.Tb .' noapelK.lleHHH 

TaKoro THna, H B 3TOM cnyqae Tpe6yeT_CH HH.llYKUHH Me,nneH~_oa MyTar_eHH08_\ 

penapaUHH. BO-BTOpblX, H3BeCTHO, 'ITO TAN pe3KO yaeJIH'IHBaeT sos·-:, ·oTBeT, · 

aHOKCH'leCKHX KJieTOK E.coli npH 7-06nytieHHH (KOMOBa 0. B. H coaBT.,. 

1990). MO.llHq>HKaUHH. 'panHaUHOHHO-HH.llYUHpoBaHH&X pa,llHKaJIOB nHpHMH,llHHa H 

aKT;1rnaUHH OWH60tIHO'! penapaUHH B IIpHCYTCTBHH TAN, IIO-BH.ziHMOMY,, ,Be,,neT K 

3HatIHTeJibHOMy, yaeJIHtieHHIO MyTareHe3a y wTaMMOB TA98 H TA100.· . 

cymecTBeHHO MeHbWee BJIHHHHe TAN Ha 7-~H.llYUHPOBaHHbl8 MyTareHe3' 

KJieTOK TA102 (<I>H.lll=2,l±0,2) CBH3aHO, no-BH,llHMOMY, _co CB08CTBaMH MHWeHH 

peaepTHPOBaHHH, aenymea K 3aMeHe A-T napbl OCHOBaHH8. H3BeCTHO, , :'ITO 

N-'OKCHJ!bl 3~eKTHllHO B3aHMO,lle8CTB,YIOT C pa,nHKaJiaMH THMHHa, · npHtieM, 

HeKOTOpble noBpexneHHl'I THMHHa, aenymHe K 3aMeHe A-T napbl • OCHOBaHHR 

( rHnponepoKCH,llbl THMHHa H npO.llYKTbl HX nerpa,nauHH), MoryT B03HHKaT~ .'• 

TOJibKO 's npHcyTcT_JiHH KHCJIOP.o,na (Teoule; · 1987). Ytiac-:rne TaKHX noapexne

HH8 _B MyTareHe3e no,nTBepx,naeT ,HaJIHtIHe K9 y wTaMMa TA102. TaKHM o6pa-

30M. He6oJibWOR MO,llH¢HUHPYKlIUH8 

WTaMMa TA102~ · o6ycJIOBJieHHblR 

MOJieKyJIHpHoro HapyweHHH .UHK. 

3¢q>eKT 7-HH.llYUHpoBaHHO,O MyTareHe~a y 

TAN, 'cBH3aH C xapaiTepOM KOHKpeTHO,O' 

CpaBHHBaH MO,llHq>HUHpyKlmee BJIHHHHe TAN Ha MyTareHe3 mTaMMa TA100. 

npH ne:ltCTBHH -7,-JiyqeR_ ~ HO HOB reJIHH. ( pHC. 10) Bbll'IBJleHO ,: 'ITO BeJIH'IHH~'. ' 

<I>H.ll
1 

'npH yaeJIHtI~HHH JIIl9 H3JiytieHHH yMeHbwaeTcH, 'ITO noBH.llHMOMY, CB,H.llS:

Ten'bCTByeT 06 yaeJIHtieHHH BblXO,lla noapex,lleHHR cna6o_ MO,nHq>HUHpyeMblX TAN. 

KaK Mbl yKa3blBaJIH, ,llaHHblMH noapex,neHHHMH MO,yT OblTb KOMnJieKCH&e n~Bpex.:.; 

neHHH .UHK', , K0Top1,1e caMH no ce6e, 6e3 MO.llHq>HKaUHH TAN, ' HBJIHKlTCH .,rrpe-

MyTaUHOHHblMH co6blTHHMH •• 

TaKHM o6pa30M, COBOKynHOCTb nonyqeHHblX HaMH MaTepHaJIOB cJiH,ne~eJib

CTByeT O TOM, 'ITO cneuHq>HKa MyTareHHoro ,lle8CTBHH HOHH3HpyKlmHx H~Jiyqe

HH8. C pa3JIH'IH&MH q>H3HtieCKHMH xapaKTepHCTHKa:MH . Ha KJieT_KH npoKapHOT 

onpe,neJIHeTCH xapaKTepoM npeMyTaUHOHHblX noapex.rieHHR .UHK. 9TO OOCTOH-
' ' . . . - '' 

TeJibCTBO B CBOICl oqepe.llb Haxo,nHT no,llTBepx,neHHe B oco6eHHQCTHX MO,llHq>HUH-
• f \ ' ' ' 

pyKlmero BJIHHHHH areHTOB pa3JIH'IHOR npHpO,nbl. 
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1.
1 

3aBHCHMOCTb 3¢¢eKTHBHOCTH MyTareHHOro Jl8HCTBHH HOHH3HpyDmHx 
H3JJyqeHHH · OT BeJJHqHHU 

IIOBpe:ar.neHHH JlHK, 
JITI9 onpeneJJseTcs xapaKTepoM npeMyTaUHOHHUX 

2. MOJlH¢HUHpyDmee BJJHHHHe rJJHUepHHa H UHCTeaMHHa Ha panHaUHOHHO
HHllYUHpOBaHHUH MyTareHe3 y KJJ8TOK s. typhimurium pa3JJHqHo. . r JIHUepHH 

yMeHbmaeT MyTareHHOe ll8HCTBHe ;-H3JJyqeHHH, UHCTeaMHH HBJJH8TCH MaJJ03~
¢eKTHBHUM areHTOM. 

3. C B03pacTaHHeM JITI~ H3JJyqeHHH 3amHTHOe Jl8HCTBHe rJJHUepHHa Ha 
qacTOTy·MyTHpOBaHHH KJl8TOK CHHl!CaeTCH. 

·4, MOJlH¢HUHpyDmee BJJHHHHe aHOKCHH Ha ;-HHllYUHpOBaHHUH MyTa:reHe3 y 
,,KJJ8TOK s.typhimurium onpeneJJH8TCH xapaKTepoM npeMyTaUHOHHUX HapymeHHH 

·J{HK. 'PeBepcHH, . o6ycJJOBJJeHHUe 3aMeHaMH B . A-T H G-C napax OCHOBailHH, 

HBJIHDTCH COOTB8TCTB8HHO 3aBHCHMUMH H He3aBHCHMUMH OT KHCJJOpona. 

5.- AHOKCHqecK~H CeHCH6HJJH3aTop TAN BU3UBaeT pe3KOe. IIOBUWeHHe qacTO

TU MYTHpoBaHHH KJJeTOK IIpH ;-o6JJyqeHHH B YCJJOBHHX aHOKCHH. CTeIJeHb ceH

CH6HJJH3aUHH 3aBHCHT OT xapaKTepa HapymeHHH, onpeneJJHDmHx MyTaHTHUH• 

¢eHOTHIJ. C IIOBUWeHHeM JIIT9 H3JJyqeHHH ceHcH6HJJ~3HpyDmee BJJHHHHe TAN 
CHHl!CaeTCH. 
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