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1. BBEAEHHE 

6onee Tpex AeC~THneTHH H3BeCTHO, 4TO KHCflOPOA ~BnReTC~ HaH-
6onee 3~eKTHBH~M areHTOM, MOAH$H~Hpy~~HM pa3flH4H~e peaK~HH Kne
TOK Ha o6ny4eHHe. XoT~ OTAenbH~e yKa3aHH~ Ha paAHoce~cH6HnH3H

py~ee AeHCTBHe KHCflOPOAa no~BHflHCb Y*e B 10-20 rOA~ 11• 21 , OA
HaKO WHpOKOe H CHCTeMaTH4eCKOe H3y4eHHe 11 KHCflOPOAHOr:) 3~eKTa 11 

/K3/ Ha4anocb nocne Toro, KaK ToAeH H PHA e 1947 roAY noKa3anH, 
4TO B~XOA XPOMOCOMH~X nonOMOK B KneTKaX Vicia faba npH peHTreHo
o6ny4eHHH B 3 pa3a B~We B aTMOC$epe KHCflOPOAa, 4eM B aTMOC$epe 
a3oTa 181 

0AHOH H3 rnaeH~x 4epT K3 ~en~eTc~ ero yHHeepcanbH~CTb, npo
~en~~a~c~ B TOM, 4TO BnH~HHe KHCflOPOAa 06HaPY*HBaeTC~ y BCeX 
opraHH3MOB H Ha BCeX THnax peaK~HH KneTOK:B~*HBaeMOCTH, HHAyK
~HH XpOMOCOMH~X H reHH~X MyTa~HH, B03HHKHOBeHHH OAHOHHTeB~X H 
ABYXHHTeB~X pa3p~BOB /OP H API AHK H T.A. no3AHee B~RCHHflOCb, 
4TO YCHflHBa~ee AeHCTBHe KHCflOPOAa Ha B~XOA perHCTpHpyeMbiX pe
aK~HH 3aBHCHT OT ero KOH~eHTpa~HH B cpeAe, H 3Ta 3aBHCHMOCTb 
OnHC~BaeTC~ KPHBOH HaC~~eHH~ C B~XOAOM Ha nnaTO npH KOH~eHTpa

~HH KHcnopoAa -20%. BcKope 6~nH yTo4HeH~ e~e ABa ea*H~x o6cTo
~Tenbcrea e $eHoMeHonorHH K3: ero 3aBHCHMOCTb oT nHHeHHOH nepe
Aa4H 3HeprHH (L) H3fly4eHHH H He06XOAHMOCTb npHCyTCTBH~ KHCnopo
Aa B cpeAe Afl~ peanH3a~HH K3 HenocpeACTBeHHO B MOMeHT o6ny4eHH~. 
npH 3TOM 6~n0 OTMe4eHO, 4TO B Cfly4ae o6ny4eHH~ 6HOnOrH4eCKHX 
MaKpoMoneKyn in vitro, An~ npo~eneHH~ K3 Heo6xoAHMO npHcyTCTBHe 
B CPeAe SH-coeAHHeHHH. 

Cpa3y nocne OTKP~TH~ K3 6~nH npeAnPHH~T~ non~TKH o6D~CHeHH~ 
ero npHPOA~, KOTOp~e BHa4ane CBOAHflHCb K o6CY*AeHH~ ponH pa3flH4-
H~X npOAYKTOB paAHOflH3a BOA~, o6pa3y~HXC~ B KHCflOPOAH~X H aHOK
CH4eCKHX YCflOBH~X, B HHaKTHBHpy~~eM AeHCTBHH H3flY4eHHH Ha KneT
KY I 4·61. 0AHaKO 6~no B~~CHeHO, 4TO BpeM~ *H3HH BOAH~X paAHi<anoe 
HaMHoro MeHbWe epeMeHH, KOrAa nocne HMnynbcHoro o6ny4eHH~ Kne
TOK eBeAeHHe KHcno,poAa B~3~eaeT K3 111• Y11 paAHKanbHOH rHnoTe3~ 11 

no~BHflHCb HOB~e TPYAHOCTH B CB~3H C o6Hapy*eHHeM K3 B 3KCnepH
MeHTaX C B~CyWeHH~MH KPHCTannH4eCKHMH 6enKaMH, CeMeHaMH pacTeHHH 
H 6aKTepHanbHbiMH cnopaMH 181 • He HaXOAHn TaK*e o6D~CHeHH~ e~~e
n~eM~H e P~Ae cny4aee 3~eKT 11 KHcnopoAHoro nocneAeHCTBH~ 11 • E~e 
6onee 3aTPYAHHflH HHTepnpeTa~H~ K3 3KCnepHMeHT~ C MyTaHTaMH, HMe
~~HMH Ae$eKT e MexaHH3Me penapa~HH AHK. KaK oKa3anocb, y MHorHx 
penapa~HOHH~x MY!aHTOB K3 3Ha4HTenbHO MeHbWHH, 4eM y KneToK AH
Koro THna, Y pol -MyTaHTOB, Hao6opoT, - 6onbWHH, a e P~Ae cny4aee 
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y HeKoTopblx MyTaHTOB BbiRB11ReTcR Aa>Ke 110TPHLtaTe11bHbiH 11 K3, TO ecTb 
1-iMeeT MeCTO paAI-103aiqi-1THOe AeHCTBI-ie Klo1C110POAa /9,10/. 

nonbiTKI-1 BbiRCHio1Tb nPI-1POAY K3 c y4eToM ecex nepe41-1c11eHHbiX o6cTo
RTe11bCTB 6b1111o1 npeAnPI-1HRTbl MHOrlo1Mio1 aBTOpaMI-1 /8, 11 " 14/ , OAHaKO AO 
nOC11eAHero BpeMeHI-1 OTCYTCTByeT KOH~.ten~.ti-1R, KOTopaR no3B011R11a 6bl 
C eAI-1HbiX n03HLtHH HenpOTHBOpe41o1BO o6DRCH1o1Tb MHOroo6pa31o1e ~aKTOB, 
Kaca~HXCR K3. B noc11eAHee epeMR cTaHOBio1TCR see 6o11ee o4eBI-1AHbiM, 
4TO 6e3 y4eTa oco6eHHOCTei1 opraHio13al.tl-11-1 reHeTio14ecKoro annapaTa 
lKio1BbiX K11eTOK, 3aKOHOMepHOCTeH pea11H3aLtHH npo~.tecca penapa~.tHI-1 

noepe>KJ:~eHI-iH AHK Heeo3MO>KHa HenpoTHeope4HBaR HHTepnpeTaLtHR K3. 
KaK I-13BecTHo, Ha116o11ee no11HO l-13y4eHa CTPYKTypHo-~yHKLtHOHa11bHaR 
opraHio13aLti-1R reHOMa Y K11eTOK npoKapl-iOT - 6aKTep!-1H E.coli, y KOTO
pbiX Bb1Ae11eH PRA l-13oreHHbiX 4YBCTB!-1Te11bHbiX 1o1 cyneppe31-1CTeHTHbiX " 
MyTaHTOB. K ToMy >Ke Ha E.coli no11y4eH 6o11bwoi1 ~aKTI-14eCKI-1H MaTe
pl-1a11, Kaca~l-iHCR ~eHOMeHo11orHI-1 K3 np~-1 Ael:icTBI-11-1 l-1311y4eHI-1H c pa3-
Hoi1 L. 3TI-1 o6cToRTe11bCTea no3B011R~T npoeecTI-1 TeopeTio14eCKI-1H aHa-
111-13 oco6eHHOCTei1 npoRB11eHI-1R K3 y pa3Hblx WTaMMOB E.coli np~-1 Ael:i
CTBI-11-1 l-1311y4eHI-1H, pa3111-14a~I-1XCR no L, Ha OCHOBe nOAXOAOB, pa3pa-
6oTaHHbiX HaMI-1 paHee 11 6· 19l, npoBeAeHI-ie TaKOrO aHa111-13a 1-1 RBI-1110Cb 
~.te11b~ HaCTOR!qeH pa60Tbl. npe>KAe 4eM npi-1CTYni-1Tb K I-13110>KeHI-1~ no11y-
4eHHbiX HaMI-1 pe3y11bTaTOB, paCCMOTpl-iM OCHOBHble 3aKOHOMepHOCTI-1 npo
RB11eHI-1R K3 np~-1 AeHCTBI-11-1 Ha E.coli pa3HbiX Bl-iAOB l-1311y4eHI-1H 1-1 rl-1no
Te3bl, o6DRCHR~~q1-1e MexaHI-13M K3. 

2. OCHOBHME 3AKOHOMEPHOCTH nPORBnEHHR K3 Y 6AKTEPH~ 
nPH AE~CTBHH H3nY4EHH~ C PA3HO~ L 

no K3, BbiRB11ReMOMY Ha BCex ypoBHRX 6~-i0110rlo14eCKOH opraHI-13aLtl-11-1, 
1-iMeeTCR o6w~-ipHaR 111-iTepaTypa, 1-1 B Hawy 3aAa4y He BXOAI-iT ee aHa11!-13. 
HcxoAR 1-13 ~.te11ei1 HacToR~qei1 pa6oTbl, paccMOTPI-iM HeKoTopble, Ha1-16o11ee 
BalKHble B CBeTe pa381-18aeMbiX npeACTa811eHI-1H MOMeHTbl, KaCa~l-ieCR 

npoR811eHI-1H K3 y 6aKTepl-1i1 np~-1 Aei1cT81-11-1 l-1311y4eHI-1H, pa3111-14a~I-1XCR 
no L. 

KaK y>Ke OTMe4a110Cb, CeHCI-161-1111-131-ipy~ee AeHCTBI-ie KHC110POAa Ha-
611~AaeTCR TOrAa, KOrAa OH npl-iCYTCTByeT 8 K11eTKaX HenocpeACT8eHHO 
8 MOMeHT 1-1x o611y4eH!-1R. B onbiTax c !-1cno11b308aHI-1eM TeXHI-iKI-1 I-1Mny11bc
Horo o611y4eH!-1R 6bl110 YCTaH0811eHO, 4TO YCI-1111-18a~ee 8111-iRHI-ie KI-1C110-
pOAa pea111-13yeTCR 8 Te4eH!-1e -1-4 MC 17•201 • B8eAeHI-1e KI-1C110POAa B 
6o11ee no3AHI-1e CPOKI-1 He npH80AHT K noRB11eHio1~ K3. C11eAyeT, OAHaKo, 
OTMeT!-1Tb, 4TO 8 PRAe C11y4ae8 npl-1 0611y4eHI-11-1 MaKpOM011eKy11 in vitro 
8biR811ReTCR 3~eKT 11 KI-1C110POAHOrO nOC11eAeHCT81-1R 1211, 

3aBI-1CHMOCTb Be11H41-1Hbl K3 OT cpeAHeH KOHLteHTpa~.tl-11-1 KHC110POAa 8 
cpeAe 6bl11a aHa11HTH4eCKI-1 on1-1caHa 9/221 8 81-iAe c11eAy~ero ypaeHe
HI-iR: 

(m • P + K) I (P + K) , /1/ 

2 

rAe r - 8e111-141-1Ha K3, P - nap~.tl-1a11WHoe Aa811eHI-1e KI-1C110POAa, m H K
KOHCTaHTbl. np~-1 6011bWI-1X 3Ha4eHI-1RX p r=m, 1-1m R811ReTCR MaKCHMa11b-

m+1 
HbiM 3Ha4eH!-1eM K3. B c11y4ae >Ke P = K r = - 2- 1-1 npeACTa811ReT co6oi1 

8e111-141-1HY nap~.tl-1a11bHOrO Aa811eHI-1R KI-1C110POAa, npl-1 KOTOPOM Ha611~Aa
eTCR 11no11081-1HHbiH 11 K3. 3Ha4eHI-1R napaMeTpa K MoryT c~ecT8eHHO 
sapbi-1p08aTb, 1-1 eCTb OCHOBaHio1R no11araTb, 4TO 8e111-141-1Ha 3TI-1X sapH
a~.ti-1H Koppe111-1pyeT c coAep>KaHI-ieM 3HAoreHHbiX SH-coeAI-1HeHI-1H e K11eTKe -
- 6o11bWI-1M 3Ha4eHHRM K cooT8eTCT8YIOT 6o11bw1-1e KOH~.teHTpa~.t"'"' SH -co
eA1-1HeHI-1H /23,241. KaK y>Ke yKa3bl8a110Cb, 8e111-141-1Ha m 3aBI-1CI-1T OT MHo
rl-ix ~aKTOP08 ~l-131-14ecKoi1 1-1 6~-i0110rl-14ecKoi1 nPI-iPOAbl. Xopowo I-13BecTHa 
3a81-1CI-1MOCTb K3 oT L l-1311y4eHI-1H. Ha pa3111-14HbiX wTaMMax 6aKTepl-1i1 

/25·27 I 6b1110 noKaaaHo, 4To 8e111-14!-1Ha K3 c 803pacTaHI-1eM L yMeHbwaeTcR 
B PRAe c11y4aee A11R HeKoTopblx 4Y8CTBI-1Te11bHblx MyTaHTo8 sblpa>KeHHOCTb 
K3 MeHReTCR "' npl-1 I-13MeHeHI-11-1 MOiqHOCTI-1 A03bl y -o611y4eHI-1R. np!-14eM 
803pacTaHio1e MOiqHOCTI-1 A03bl He npi-180AI-1T K I-13MeHeHI-110 4Y8CT81-1Te11b
HOCTI-1 K11eTOK 8 KI-1C110POAHbiX YC11081-1RX, HO npl-1 o611y4eHI-11-1 8 YC110BI-1-
RX aHOKCI-11-1 1-1x 4YBCTBI-1Te11bHOCTb 803pacTaeT"' K3 cHI-i>KaeTCR 1281 • 

TeMnepaTypa, np~-1 KOTopoi1 npoi-13BOAI-1TCR o611y4eHI-1e K11eTOK, TaK>Ke 
s111-1ReT Ha se111-141-1HY K3, Hanpi-1Mep, K3, pasHbiH 3,6 8 c11y4ae y-o~11~~1 
4eHI-1R E. coli B np~-1 4S0 C, CHI-i>KaeTCR AO 1 ,6 npl-1 TeMnepaType 19 C • 

Bb1Ae11eH!-1e 4Y8CTBI-1Te11bHbiX MyTaHT08 6aKTepl-1i1, 1-1Me10~q1-1x Ae~eKTbl 
8 c1-1cTeMe penapa~.ti-1H AHK, CAe11a11o 803MO>KHbiM l-13y~eHHe 8111-iRHHR 61-1-
0110rH4eCKI-1X ~aKTopoe Ha K3. Y>Ke yKa3b1Ba110Cb, 4TO Be11!-141-1Ha K3 8 
3Ha41-1Te11bHOH CTeneHI-1 3a81-1CI-1T OT penapa~.tl-iOHHOrO reHOTI-ina K11eTKI-1. 
lJ'..,.,, .... ~"""''" ... "" ,.... .... ,.. ... ,., 11 ,. 1 ,... ,.,... ......... ,,,..., "' •• ,..v-.ooo• ... ~•l"\ ...,.,....,. ....... ..,,,,., .. n&.Jlf \,I..OUL-

~;~T, ·;;~~~~~y,.KJ·;·· ~~-~p~-~;~~~1-1~ ~-;;~~~~-p~l~~~;;~~l-1 ~~~6~~~~= 
eTCR ero 8oapacTaHI-1e 191 

C11eAyeT 3aMeTI-1Tb, 4TO npoR811eH!-1R K3 y K11eToK A1-1Koro Tl-ina "' pe
napa~.tl-iOHHbiX MYTaHTOB MOryT 8 3Ha41-1Te11bHOH CTeneHI-1 8apb~-ip08aTb B 

v 6 /29/ 3aBI-1CI-1MOCTI-1 OT cpeAbl, 8 KOTOPOI-1 npOI-1CXOAI-1T 0 11y4eHI-1e K11eTOK • 
Hanp1-1Mep, o611y4eHI-1e E.coli 8 ~I-131-10110rl-14ecKoM pacTeope, 8 OT111-141-1e 
OT 6y~epHoro, npH80AI-1T K CHI-i>KeHI-1~ Be111-141-1H K3 Y K11eTOK Al-iKOrO Tl-1-
na "' uvr-MyTaHT08, e TO >Ke epeMR A11R rec- 1-1 lex--MyTaHT08 B11HR
HI-1R cpeAbl Ha K3 He OTMe4aeTCR. Y uvr-MyTaHTa npl-1 0611y4eHI-11-1 8 ~I-1-
31-10I10rl-14eCKOM pacTeope Ha611~AaeTcR 11o6paTHbiH 11 K3 - aa~ql-iTHQe Aei1-

CT81-1e KI-1CI10POAa. 
H38eCTHO, 4TO y-o611y4eHI-1e Bb13bl8aeT e AHK KileTOK WI-1POKI-1H cneKTP 

nep81-14Hb1X noepe>KJ:~eHHH. 3Ha41-1Tei1bHOe 41-1C110 1-iX penapl-ipyeTCR Ha ~I-1-
31-1KO-XI-1M!-14eCKOM ypoeHe, OAHaKO onpeAe11eHHOe KOI11-14eCT80 TaKHX no-
8pe>KJ:~eHI-1H MOAI-1~1-il.tl-iPYeTCR KI-1CI10POAOM, 4TO Ae11aeT He803MOlKHbiM 1-iX 
80CCTaHOB11eHI-1e Ha ~I-131-1KO-XI-1MI-14eCKOH CTaAI-11-1 pa3BI-1TI-1R Ily4e8oro no
spe>KAeHHR 1211 • CneAyeT aaMeTI-iTb, 4TO cneKTP nep81-14HbiX co6b1TI-1H 
a6cop6~.t"'"' 3Heprl-11-1 1-13Ily4eH!-1H "' Ha4a11bHOe K0111-14eCT80 no8pe>KAeHI-1H 8 
MHWeHH He 3a81-1CRT OT npi-1CYTCT81-1R KI-1C110POAa. nocKOilbKY nepBI-14Hble 
no8pe>KAeHHR AHK TpaHc~opMI-iPYIOTCR 8 Aa11bHei1weM e OP 1-1 AP, KOTOpble 
HrpaiOT K11104e8yl0 P011b 8 IleTa11bHOM AeHCT81-11-1 l-1311y4eHI-1H Ha K11eTKy, 
HCKI11041-1Te11bHO 8alKHbiM B paCWI-i~POBKe MeXaHI-13Ma K3 R811ReTCR !-13y4eHI-1e 
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3aKOHOMepHocTeH ~HAYK~~~ OP ~ AP AHK np~ o6ny4eH~~ KneToK a aHoK
c~4eCK~x ~ K~cnopOAH~X ycnoe~Rx. B CBR3~ c 3T~M paccMOTP~M KpaTKO 
OCHOBH~e 3aKOHOMepHOCT~ npORBneH~R K3 Ha MOneKynRpHOM YPOBHe. 

B 1301 c np~MeHeH~eM TexH~K~ ~MnynbcHoro o6ny4eH~R ~ ceepx-
6~cTporo n~a~ca KneTOK 6~no ycTaHoaneHo, 4TO B~XOA OP a np~cyT
CTBH~ KHCflOPOAa ~ B aHOKC~4eCK~X ycnOBHRX OTfl~4aeTCR B 4 paaa H 
He 3aB~C~T OT TeMnepaTypH~X ycnOBHH o6ny4eH~R /B AHana30He 0°C-
370C/ ~ aKTHBHOCT~ reHa pol. 5~no OTMe4eHO, 4TO penapa~HR ~HAY
~~pyeM~X B K~CflOPOAH~X ycnoB~RX QP npo~CXOA~T BeCbMa 6~cTpo, 3Ha-
4~TeflbHaR ~X 4aCTb BOCCTaHaBn~aaeTCR yme B Te4eHHe nepBOH M~HYT~ 
nocne o6ny4eH~R. B aHOKC~4eCKHX me ycnoBHRX penapa~HR ~AeT Hec
KOflbKO MeAneHHee. B 3T~x on~Tax 6~no noKaaaHo, 4To eenH4HHa K no 
KP~Tep~~ o6paaoeaH~R OP cocTaanReT 0,5·10-6 Monb n-1, a no Kp~
TepH~ B~m~BaH~R KneTOK- 8·10-6MOflb n-1• Ha OCHOBaH~H nony4eHH~X 
AaHH~x CAenaH B~BOA o6 oTcyTCTB~~ KoppenR~HH Me*AY aen~4HHOH K3, 
e~XOAOM OP "" e~m~eaeMOCTb~. B 1311 np~ HccneAOBaHHH enHRH~R KHc
nopoAa Ha BbiXOA OP AHK y 6aKTep~H 6blno B~RcHeHo, 4TO a K~cnopoA
HbiX ycnoeHRX HenocpeACTBeHHO nocne o6ny4eH~R B~XOA OP cocTaenR
eT 1,5.10-12 crp-1.AaflbTOH-1 KaK AflR KneTOK ~IAKOro THna, TaK lA 
AflR pol--MyTaHTa. np~ o6lly4eH~IA !Ke B aHOKC~4eCKIAX YC110B~RX 3TH 
BbiXOA~ IAMe111A 3Ha4eH~R, COOTBeTCTBeHHO paBH~e 2,6 •1 o-13 crp"':Aanb
TOH-11-1 4,7·10-13 crp~~a11bTOH-1 . Be11~4~Ha K3 A11R K11eTOK AHKOro 
THna no KPIATepH~ lAX B~mHBaH~R COCTaBH11a 3. CnyCTR 15 MIAH. nocT
paA~a~~OHHOH IAHKy6a~~IA B~XOA OP y K11eTOK, 0611y4eHH~X B KIACfiOPOA
H~x4 1-1 ~~~KCH4=fK~x yc11o~~Rx, 4co8oTB~ffTBeH~? yMeHbWIA~IR ACO 
1 • ·1 0 crp • Aa11bTOH lA •• 10 • crp Aa11bTOH . y4eTOM 
no11y4eHH~X peaynbTaTOB CAenaH B~BOA 0 TOM, 4TO y K11eTOK AHKOrO 
THna 1-1 y pol--MyTaHTa MexaH~3MOM ceepx6~cTpoH penapa~HH /1/ eoc
CTaHaenHeaeTCR -25% noepemAeHHH B KIACflOPOAH~X YC110BIARX H -75% np~-1 
o6ny4eHIAIA B YC110BIARX aHOKCHI-1. 611aroAaPR ~YHK~HOHHpOBaHH~ MeXaHIASMa 
6~cTpoH penapa~HH /II/ y KneToK A~AKoro THna K011H4ecTeo OP yMeHb
waeTcR e~e npHMepHo a 10 paa, OAHaKo y pol--MyTaHTa, Ae~eKTHoro 
no penapa~HH /II/, 3Toro He npoHCXOAHT. P.o11y4eHH~e peaynbTaT~ He 
noaeo11~11~ aeTopaM 1311 CBR3aTb aaKoHoMepHoCTH pea111-13a~HH K3 Ha Mo-
11eKynRpHOM YPOBHe lA Ha YPOBHe·a~mHBaHHR K11eTOK. 

TaKHM o6paaoM, paccMoTpeHH~e MaTepHan~ no K3, BbiRBnReMoMy npH 
06Jiy4eHHH 6aKTep!AH E.coli H311y4eHHRMH pa3Horo Ka4eCTBa, CBHAeTe11b
CTByiOT o 11MHoro11HKOCTH 11 ero npoRB11eHHH. AaHHoe o6cTORTe11bCTeo aa
TPYAHReT OAH03Ha4HY~ litHTepnpeTa~H~ MexaHH3MOB pea111-13a~HH 3Toro 
yH~Aeepca11bHoro paAH06Ho11orH4ecKoro ~eHoMeHa. PaccMoTpHM Aa11ee 
OCHOBH~e rHnOTe3~, KaCa~~HeCR MeXaHiit3MOB K3. 

3.COBPEMEHHWE nPEACTABflEHH~ 0 MEXAHH3ME K3 
nPH AE~CTBHH H3flY4EHH~ PA3HOrO KA4ECTBA 

KaK yme yKa3~Ba11DCb, MexaHH3M K3 e Ha4a11e 50-x roAOB nbiTanHCb 
06DRCHiitTb y4aCTiiteM KIAC110POAa B peaK~IitRX paAiit0111it3a BOA~, npeAno-
11araR, 4TO B pe3y11bTaTe 3TiitX peaK~IitH o6pa3yeTCR B~COKOpeaKTI-'tBHbiH 

paAHKa11 Ho2
14' 61 0AHaKo TaKoe o6DRCHeH~Ae K3 He B~Aep!Ka11o 3Kcne

PHMeHTa11bHOH npoaepKIA lA BCKOpe 6~110 OTBeprHyTo 17•321 B3aMeH 
11 paAHOfliA3HOH 11 KOH~en~lit~ 6~no BbiCKa3aHO npeAn0110!KeHHe 0 B03MO!K
HOM ~H31AKO-XHMH4eCKOM B3aHMOAeHCTBHIA KIACflOPOAa C paAHa~IAOHHO
HaMeHeHH~MI-1 6Honor~A4eCKIA aamH~MH·MaKpOMOneKynaMH, RBflR~~IAMHCR 

I 12/ B II II 
4yaCTBIATe11bH~Miit MHWeHRMH K11eTOK . TaKOM aKTHBIAPOBaHHOM 
COCTORHHH o611y4eHH~e MaKpOMOneKyn~ MOryT cy~eCTBOBaTb, no MHe
HI-1~ aBTOPOB, B Te4eHHe HeCKOflbKHX MH1111HCeKYHA,H A11R peaJ1H3a~HIA 

K3 np~CyTCTBHe KIACflOPOAa He06XOAHMO HenocpeACTBeHHO B MOMeHT 
o611y4eHHR. 3aBHCIAMOCTb paAH04YBCTBiitTe11bHOCTH K11eTOK OT KOH~eH
Tpa~HI-1 KHCflOPOAa B cpeAe 6~na aHanHTH4eCKH OnHCaHa aBTOpaMH AaH
HOH KOH~en~HH 9 BHAe ypaeHeHHR /1/. B TO me epeMR 6~111-1 npeAnpH-

6 " TH'/12, 24/ HRTbl nonbiTKIA TeopeTH4eCKOrO 0 OCHOBaHHR 3TOH 3aBHCIAMOC • 
PaccMoTpiAM 6o11ee nDAP06Ho paae~AeaeM~e npeACTaeneHHR. 

B 1241 npeAn011araeTCR, 4TO e 4YBCTBHTenbHOH MHWeHH n~AHeHHO c 
A030H o6ny4eHI-1R (D) B03HHKaiOT nepe~A4H~e noapemAeHHR R · a KOJl~A-
4ecTee A.Q, KOTOpble cnOHTaHHO C eepORTHOCTb~ kr HillA B peaynbTa
Te AeHCTBI-'tR KI-1CflOPOAa np~-1 KOH~eHTpa~l-11-1 [0 2) C BepORTHOCTb~ 
k [0 ] $HKCHPYIOTCR B JleTa11bH~e noepe*AeHHR Rf· npi-1 3TOM AOnycKa
eT~R~ 4TO nepe~A4H~e noepe*AeH~AR R' aa C4eT np~ACYTCTBI-1R SH-coeAH
HeHH~, RB11R~HXCR XOPOWIAMIA 311eKTPOHHbiMH AOHOpaMH, MOryT BOCCTaHo
BIATbCR C eepORTHOCTb~ k = k 0 • (SH) npl-1 KOH~eHTpa~HH TaKHX COeAI-1-
HeHHH, paeHoH (SH]. H e~111-1 fsH] ""(02] HaMHoro e~we K011H4ecTea 
R. ([ R . n' TO yMeHbWeHHe BO epeMeHH t 41ACJla R. B K11eTKe 6yAeT 
onHcbleaTbCR npo~eccoM nepeoro nopRAKa: 

/2/ 

noc11e OKOH4aHHR ~H31AKO-XIAMH4eCKOH CTaAHI-1 11y4eBoro nopameHI-'tR KO
JlH4eCTBO noepemAeHHH [Rf] 6yAeT: 

rAe (Rf] 1-1 (R 8 ] - COOTBeTCTBeHHO 41-1C110 JleTa11bH~X lA 
H~x noepe*AeHHH. Ao11R ~1-'tKCI-'tpoeaHH~x noepemAeHHH Rf 
K11eTOK B nplitCYTCTBiitlit KlitC110POAa 6yAeT pasHa: 

a B yCJlOBI-'tRX aHOKCiitlit: 

R' = 
r kr + k s 

Be11~4HHa K3 e 3TOM c11y4ae 6yAeT e~pamaTbCR 4epea 
/4/ lit /5/: 

/3/ 

BOCCTaHOB11eH
nplit o611y4eHHH 

/4/ 

/51 

OTHOWeHiitR 
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r = 
l(kr+ k 8) • [0 211/kr + (kr+ k8 )/k 0 

[02] + (kr+ ks)/ko 

KaK MOmHO B~AeTb, /6/ HMeeT B~A ypaeHeH~~ /1/. 

/6/ 

PaCCMOTP~M Aanee HepaBHOBeCH~H cny4aH, KOrAa KOHUeHTpau~~ 
K~CnOPOAa B KneTKe MeH~eTC~, ~ [0 2) t eCTb ~YHKU~~ epeMeH~. B Ta
KOM cny4ae np~ ycnoe~~ MrHoBeHHoro o6ny4eH~~ KneToK Heo6xoA~Mo 
pew~Tb cneAYIOUiee A~~~epeHu~anbHoe ypaeHeH~e ([ R • ] o =A· D)·: 

d[R'],=-kr·[R'] ·dt-k [R'] dt-k .[O] .[R'] ·dt. 
t 8 t 0 2t t 

Aanee ~MeeM: 
t 

- J I k r + k 1 + k 0 • [0 2], I dt • 
0 

171 

!8! 

Ha OCHOBaH~~ /6/ YAaeTC~ nony4~Tb xopowee COOTBeTCTB~e MemAY 
een~4~HOH K3 ~ COAepmaH~eM SH-coeA~HeH~H e KneTKax. AHanor~4Ha~ 
Koppen~u~~ Me*Ay een~4~HOH K3 ~ coAepmaH~eM SH-coeA~HeH~H e cpeAe 
OTMe4aeTc~ ~ np~ o6ny4eH~~ 6~onor~4ecK~x MaKpoMoneKyn in vitro. 
BMeCTe C TeM, B paMKaX ~3nomeHH~X npeACTaeneH~H He y4~T~BaeTC~ 
eamHa~. ponb ~epMeHTaT~BHOH penapau~~ noepemAeH~H e KneTKe, TaK
me Y4aCTBYIOUieH B pean~3aU~~ K3. non~TK~ B03nom~Tb 3TY ponb Ha 
3HAOreHH~e SH-coeA~HeH~~ KneTK~ 1121 npoT~eope4aT AaHH~M o TecHoH 
Koppen~u~~ MemAY een~4~HOH [SH], nocTo~HHOH K ~ een~4~HaM~ e~
XOAOB nepB~4H~X OP. 

6onee coeepweHHa~ cxeMa pean~3aU~~ K3 np~ y-o6ny4eH~~ KneToK, 
rAe Y4~T~eaeTc~ ponb ~epMeHTaT~BHOH penapau~~. 6~na ripeAnomeHa 
Il.X.3HAYCOM /14/, cornacHo KoTopoH nocne peaKU~~ R' + SH ... RH' 
AOnmHa e111e npo~30HT~ ~epMeHTaT~BHa~ penapau~~ RH'.np~ TaKOM noA
XOAe HaXOA~T o6a~cHeH~e ~aKT~ yMeHbWeH~~ ~n~ ~c4e3HoeeHH~ K3 y 
penapau~oHH~x MyTaHTOB ~ e To me epeM~ oTpameHa ponb SH -coeA~He
H~H B pean~3aU~~ K3. BMecTe c TeM, npeAnonomeH~e o TOM 4TO peaK
u~~ R • + 0 2 -+ RO 2 np~BOA~T KneTKY K r~6en~, npoT~eope4~T TOMY 
06CTO~TenbCTBY, 4TO B~XOA neTanbH~X noepe*AeH~H y E.coli Ha Hec
KOnbKO nop~AKOB MeHbW~H, 4eM e~xoA noepemAeH~H T~na R0 2 • An~ ycTpa
HeH~~ 3Toro HeCOOTBeTCTB~~ B AaHHOM cny4ae He06XOA~MO npeAnono
m~Tb OAHoepeMeHHo penapau~10 R02 ~ RH'. TorAa penapau~~ RH'AonmHa 
6~na 6~ npo~CXOA~Tb 3KCTpeManbHO 6~CTPO ~n~ He conpOBO*AaTbC~ 
~HAYKU~eH OP 181•381• K TOMY me, Y4~T~Ba~ yMeHbWeH~e K3 y 4YBCT
B~TenbH~x MyTaHTOB /rec-, lex-/, y H~x cneAOBano 6~ om~AaTb Hapy
weH~~ penapau~~ I , OAHaKo y AaHH~x MyTaHTOB HapyweH MeAneHH~H 
T~n penapau~~ 121,841. KpoMe Toro, np~ TaKoM nOAXOAe He~cHo, 
KaK~M o6pa3oM ~HTepnpeT~poeaTb 6onbw~e 3Ha4eH~~ K3 no cpaeHeH~IO 
C KneTKaM~ A~Koro T~na y pol--MyTaHTOB. 

C uenbiO npeoAoneH~~ yKa3aHH~x npoT~sope4~H, a TaKme c y4eTOM 
oTn~4~H B AeHCTB~~ ynbTpa~~oneToeoro /Y~/ ~ y-~3ny4eH~~ Ha KneT-

6 
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KY, e 1241 6~na npeAnomeHa r~noTe3a ''ABOHHOH M~WeH~'', B npeAnono
meH~~. 4TO 4YBCTBHTenbHOH M~WeHbiO B KneTKe ~Bn~eTC~ He TOnbKO 
MOneKyna AHK, HO ~ MeM6paHa KneTK~, a ~MeHHO - MecTa CB~3eH AHK 
C MeM6paHOH. ABTOP~ r~noTe3~ nonaraiOT, 4TO K~cnopOA OKa3~BaeT 
yc~n~ea10111ee en~~H~e np~ ny4eBoM noepe*AeH~~ MeM6paH KneToK ~ 3a
lll~lllal0lllee np~ noepemAeH~~ AHK. OcHoeaH~eM An~ TaK~x npeAnonomeH~H 
nocnym~n~ AaHH~e 0 noAaBneH~~ C~HTe3a AHK B MeM6paHH~X KOMnneK
cax, B~AeneHH~x ~3 KneToK np~ o6ny4eH~~ in vitro /351. CornacHo 
nony4eHH~M AaHH~M, MaKC~ManbHOe nOAaBneH~e C~HTe3a AHK Ha6fliOAa
eTC~ 4epe3 40 M~H. nocne y-o6ny4eHH~, e TO me epeM~ np~ AeHCTB~~ 
Y~-paA~au~~ 6noK c~HTe3a AHK B03H~KaeT HenocpeACTBeHHO nocne 
o6ny4eH~~. np~ 3TOM OTMe4eHO, 4TO B ~ccneAOBaHHOM A~ana30He A03 
o6ny4eH~H r-ny4~ ~Hr~6~pyiOT c~HTe3 AHK Ha 95%, a Y~-o6ny4eH~e -
Ha 50%. Ha OCHOBaH~~ 3TOrO 6~n CAenaH B~BOA 0 CYUieCTBOBaH~~ B 
KneTKe ABYX 4YBCTB~TenbH~X M~WeHeH, OAHa ~3 KOTOP~X He ~Bn~eTC~ 
AHK ~ 4YBCTB~TenbHa K ~oH~3~PYIOlii~M ~3ny4eH~~M. CneAyeT 3aMeT~Tb, 
4TO KOppen~U~~ MemAY nOAaBneH~eM C~HTe3a ~ CH~meH~eM B~m~BaH~~ 

o6ny4eHH~x KneToK He Ha6n10AaeTc~. Hanp~Mep, np~ A03ax y-o6ny4e
H~~. CH~ma10111~X e~m~eaeMOCTb KneToK E.coli 8 8 _ 1 Ha 37%, noAaBne
H~~ C~HTe3a AHK npaKT~4eCK~ He OTMe4aeTC~. TaK~M o6pa30M, AaH
H~e 0 pa3n~4~~X B ~Hr~6~PYIOUieM Bn~~H~~ C~HTe3a AHK Y~ ~ y-o6ny-
4eH~~ He ~Bn~IOTC~ y6eA~TenbH~M apryMeHTOM B nonb3Y CYUieCTBOBa
H~~ e KneTKe ABYX 4YBCTB~TenbH~x M~weHeH. B paeHoH cTeneH~ ~x 
MOmHO 06b~CH~Tb pa3n~4H~M xapaKTepoM ~HAYU~pyeM~X noepemAeH~H 
AHK np~ Y~- ~ y-o6ny4eH~~ ~ pa3HOH K~HeT~KOH ~x penapau~~. K To-
~·.:,· ;:::: ~~:.~::::::~=:: ~:;:~::::::;::: .. "':~=;::.::' ·-:"":"":: :::-: ::::;:::: :~~::: =~~: :;:::~.:: ~~~ ~ ~~~
MeM6paHH~x KOMnneKcax np~ o6ny4eH~~ in vitro He yKa3~eaeT Ha 
pewaiOUIYIO ponb B 3TOM npouecce noepemAeH~H MeM6paH 1861. npeAno
nomeH~e me 0 3alii~THOM AeHCTB~~ K~CnOPOAa Ha AHK KneTOK np~ y-o6ny-
4eH~~ npoT~Bope4~T AaHH~M o B~XoAe OP ~ ~p AHK e ycnoe~~x aHOKC~H, 
KOrAa OTMe4aeTC~ 3Ha4~TenbHO MeHbW~H /npHMepHO B 3 pa3a/ HX e~
XOA /37/ • 

H3nomeHH~e e~we npeACTaeneHH~ o MexaHH3Me K3 6~n~ pa3BHT~ An~ 
3neKTpoMarH~TH~X B~AOB H3ny4eHHH, ~MeiOUIHX Man~e eenH4~H~ L. An~ 
o6a~cHeHH~ ~eHoMeHa yMeHbWeHH~ K3 c pocToM L e pa3Hoe epeM~ 6~no 
npeAnomeHo HecKonbKO rHnoTe3. PaccMOTPHM Ha~6onee ~3BeCTH~e ~3 
HHX. 

nepBOHa4anbHO, B COOTBeTCTBHH C npeACTaBneH~~MH TeOpH~ KOCBeH
HOrO AeHCTBH~ ~3ny4eHHH, yMeHbWeH~e K3 c pocToML o6a~CH~n~ e~
coKOH nnOTHOCTbiO npOAYKTOB paAHOn~3a BOA~, o6pa3YIOUI~XC~ B TpeKaX 
T~men~x 4aCTHU, KOTop~e e pe3ynbTaTe pa3nomeH~~ np~BOA~T K o6pa-
3oeaHHIO KHCnOPOAa B cpeAe. no3TOMY npeABap~TenbHOe YAaneHHe KHC
nopOAa• OKa3~BaeTC~ He3~eKT~BH~M, nOCKOnbKY noepemAeHH~ KaK B 
KHCnOPOAH~X, TaK H B aHOKCH4eCK~X ycnOBH~X ~Bn~IOTC~ MaKC~ManbH~-

/22/ A MH . nbTepHaT~BHoe o6a~cHeH~e CHHmeHHIO K3 c yeen~4eHHeM L 
3aKnl04anocb B TOM, 4TO B TpeKaX nnOTHOHOHH3HPYIOUIHX 4aCTHU ~MeeT 
MeCTO HeXBaTKa KHCnOPOAa. TaK KaK npH HOpManbH~X ycnOBH~X B BOAe 
B 06aeMe C nHHeHH~M pa3MepoM -20 HM HMeeTC~ B cpeAHeM OAHa MOne-
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KyJla K1.1CJ10POAa, a paCCTOfiHI-1€ M€>KAY l'lOH!-13ai,4HfiMH B TpeKaX TfllK€JlbiX 
4aCTHi,4 HaMHOro M€HbWe 3TOH B€Jli-14HH~,TO KHCJ10POA03aBHCI-1M~e noepe>K

A€HI-1fl He MOryT MOAH~Hi,41-1POBaTbCfl KHCJlOPOAOM KaK B OKCI-1r€H1.1pOBaH

H~X,TaK 1-1 B aHOKCI-14€CKHX YCJ10BI.1fiX.HapfiAY C yKa3aHH~MI-1 npeACTaene
HI-1fiMH 6~no B~ABI-1HyTo APYroe o6DfiCHeHHe yMeHbW€HH~ K3 c eoapacTa

HHeM L.B 141 6~J10 OTM€4€H0,4TO nOCKOJlbKY npH npOXO>KA€HI-11-1 Tfi>K€Jl~X 
4aCTHi,4 4€p€3 MI-1W€HH KJ1€TOK B03HHKaeT OAHOBpeMeHHO 60J1bWOe KOn!-1-

4€CTBO i-10HH3ai,4H~,TO H B aHOKCH4€CKHX 1-1 KHCJlOPOAH~X YCJlOBHfiX 3TI.1 

C06~THfl B~3~Ba~T MaKC!-1MaJlbHO B03MO>KH~e nOBP€lKA€HHfl,npHBOAfl KJleTKI-1 
K r1-16€J11<-1. no3AHee 3TH npeACTaBJ1€HI-1fl 6~J1H pa3BHT~ B rHnOTe3y 
II ~ II /22/ B3aHMOAeHCTBYIOUlHX paAHKanoe • Cor nacHo AaHHo~ rHnoTeae, np~; 

06J1Y4€HI-11-1 B6Jl!-13H KJ1€T04HbiX MHW€He~ o6pa3y~TCfl HJlH 110A1-1H04Hbl€ 11
, 

HJ11.1 11MHO>KeCTBeHH~e" paAHKan~. KoJ11-14eCTBO nocneAHI-1X yeeJ11-14~t~Ba

eTcfl c B03pacTaHHeM L. npeAnonaraeTCfl, 4TO 11MHO>KeCTB€HH~e paA!-1-

KaJ1~11 np~-1 KOOnepaTHBHOM B3ai-1MOAe~CTBHH C KJleT04H~MH MI-1W€HfiMI-1 np~t~

BOAfiT K o6pa30BaHI-1~ JleTaJlbHbiX noepe>KA€HH~, TOrAa KaK 110AI-1H04Hbl€ 

paA1-1KaJlbl 11 06pa3y~T Jl€TaJlbH~e noep€>KAeHI-1fl TOJlbKO np~-1 B3aHMOAef1-
CTBHH C KHCJlOPOAOM.B CBeTe yKa3aHH~X npeAnOJ10lK€HHH HaXOAHT o6D

fiCHeHHe, Bo-nepe~X, B03pacTaHHe 4YBCTBHTeJlbHOCTH KJleTOK C poe
TOM L /nocKOJlbKY yeeJ11-141-1BaeTcfl 41-1CJ10 11 MHO>KeCTBeHH~x co6~TI-1~" 

e~a~ea~~1.1x neTaJlbH~~ 3~~eKT/ 1-1, eo-eTop~x, yMeHbWeHI-1e K3 /Ta~ 
KaK B~XOA 110AHH04H~X co6~TH~ 11 , MOAH~HI..IHpyeM~X KHCJlOPOAOM, yM€Hb

waeTCfl/. 0AHaKO AaHHafl rHnoTe3a He B~A€P>KaJla 3KCnep1-1M€HTaJlbHOf:i 

npoeepKI.-1, noCKOJlbKY B03HHK PfiA npOTI-1BOp€4HH, KaCaiOUlHXCfl H3M€He

HHfl 4YBCTBI-1TeJlbHOCTI.1 KJleToK K 1-13Jly4eHHfiM c pa3HOH L 1-1 per!-1cTpH

pyeM~MH np~.-1 3TOM eeJ1M41.1HaMH K3. 

AeHCTBHTeJlbHo, ecnH npeAnOJ10>KI-1Tb, 4TO 4YBCTB!-1TeJlbHOCTb KJleToK 

A onpeAeJlfleTcfl eknaAOM e neTaJlbH~~ 3~eKT 110AHH04H~x" A 8 1-1 11MHo

>KeCTBeHH~X C06~TH~ 11 Ad H HaKJlOH KPHBO~ B~lKHBaHHfl OnHC~BaeTCfl 

KaK A = f·A 
8 

+ (1 - f) ·Ad , rAe r eCTb ~paKI..IHfl 110AHH04H~X co6~TH~", 
TO e TaKOM cny4ae Ad > A 8 1.1 f(L 2) < f(L 1), ecnH L 2> L 1• 06o3Ha-

4HM COOTHOWeHHfl HaKJlOHOB KpHB~X B~lKHBaHHfl AJlfl H3Jly4eHH~ C L=L 1 ~ 

L = L 2 KaK R =A2/ A 1 H npeAnono>KI-1M, 4TO KOJ1H4ecTeo neTaJlbH~x no

epe>KAeHH~ OT OAHH04H~X aKTOB nepeAa4H 3HeprHH, yMeHbWaeTCfl B aHOK
CH4eCKHX ycnoel-1fiX em pa3. B TaKoM cny4ae AJlfl H3JlY4eHH~ c L 1 1-1 

L 2 / i = 1 , 2/ AJlfl KHCJlOPOAH~x ycnoe~-1~ !-1MeeM: 

A i = t 1 A 8 + (1 - t 1 ) A d , /9/ 

a AJlfl ycnoe~-1~ aHOKCHI-1: 

/10/ 

rAe m 1 - MaKCHMaJlbHOe 3Ha4eHHe K3 Ailfl H3Jly4eHH~ c L 1 H L 2 • B~-

4HCJ1flfl fl.A Ailfl KHCilOPOAH~X (fl.A 0 ) H aHOKCH4eCKHX (fl.AN) YCilOBH~, no
Ily4aeM: 

M o = A 2 - A 1 = (t 1 - f e) • (A d -A a), /11 I 

8 

nocKOJlbKY m> 1 1-1 f 1 > f2 , 

MN > M o 
HJlH: 

a Ad > A 8 , nony4aeM, 4TO 

A 1 · (R/m 2 - 1/m 1) > A 1 • (R - 1) • 

nepenHW€M Aanee /14/ B H3BeCTHOe HepaeeHCTBO: 

/12/ 

/13/ 

Ae/A 1 = R < (1- _1_)/(1 - _1_). /15/ 
m 1 m2 

/15/ 6biJ10 nOABeprHyTO 06CTOfiTeJlbHO~ 3KcnepHM€HTaJlbHO~ npoeepKe 

H B~fiCHHJlOCb, 4TO B noAaBJlfl~~eM 60J1bWHHCTBe CJ1y4aeB OHO He e~

nOJlHfleTCfl, a 1-1MeeTcfl o6paTHoe HepaeeHcTeo. HH~MH cnoeaMH, rHno

Te3a 11 B3a!-1MOAe~CTBy~~HX paAHKaJlOB 11 OKa3aJlaCb HeCOCTOfiT€11bHO~. 
C y4eToM 3THX o6cTOfiTeJlbCTB, AJlfl o6DfiCHeHHfl 3aBHCHMOCTI-1 K3 

OT L 6b1Jla npeAJlO>KeHa rHnOT€3a "o6pa30BaHHfl KHCJlOPOAa B TpeKe 
II /13/ B 

4aCTI-11..1~ • ee OCHOBe Jl€>KHT npeAnOJlO>KeHHe 0 TOM, 4TO B Tpe-

Kax 4aCTHi,4 C B~COKOH L o6pa3yeTCfl 3Ha4HT€JlbHOe KOJ1H4eCTBO KHCJlO

POAa, KOTOPbl~, B3aHMOAe~CTBYfl C R •, nepeBOAHT HX B JleTaJlbHble 

noepe>KAeHHfl. npoeepKa rHnOTe3~ 6~Jla B~nOJlHeHa C 1.1CnOJ1b30BaHHeM 

ABYX nOAXOAOB. Bo-nepB~X, Ol..leHHTb KOHI..IeHTpai..IH~ KHCJlOPOAa B Tpe
Ke (0~ MO>KHO Ha OCHOBe ypaBHeHHfl /1/. B TaKOM CJ1y4ae noCTOfiHHafl 
K e /1/ H3MeHHTCfl Ha 

K'=K+[0 2 ] /16/ 

H nOCTOfiHHafl m i-13MeHI.1TCfl Ha 

/17/ 

Bo-eTop~x, TaKy~ npoeepKy MO>KHO npoeecTI.-1 nyTeM 3I1HM!-1Hai,41-1H nepe

MeHHO~ (02] B /16/, /17/. 3TO MO>KHO B~nOJ1HI.1Tb np~-1 HaJ1H4HH JlHHe~
HOJ:1 3aBHCI-1MOCTH 1/m H 1/m' e npeAnonomeHHH, 4TO K H K' nocTOfiH

H~ npH H3MeHeHHH m H m' : 

1/m ' = (K' - K) IK ' + K/(K' • m) • /18/ 

Ol..leHKH eeni.14HH~ [0 2] c HcnoJlb30BaHHeM yKa3aHH~x noAXOAOB 6~J1H 
B~nOJlHeH~ B/32/ H COnOCTaBheH~ C npfiM~MH H3MepeHHfiMH KOHI..IeHTpa

I..IHH KHCilOPOAa B TpeKaX 4aCTI-1i,4. no AaHHbiM 137~ B~XOA KHCilOPOAa B 

TpeKe Q COCTaBilfleT Q = 0,03 MOJleKyn~/100 38 AJlfl 4aCTHI..I C B~Co
KOHL. ,Anfll-1311y4eHHH c L= 100 K3B/MKM G= 0,008 MOJleKyn~/100 3B. 

Pac4eT~ BeJ1H4HH (0
2

) HenocpeACTBeHHO nOCJle npOXO>KAeHHfl HOHH3Hpy

~~HX 4aCTHI.4 e cpeAe e~nonHeH~ c noMO~b~ cneAY~~ero ypaeHeHHfl: 

[Mit], /19/ 
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eHT AJ.otltllt!Y31o1H Klo1C110POAa B BOAe, t - speMfl, C, -·L , K3B/MKM lo1 0 -
B~XOA M011eKy11 Klo1C110POAa Ha 100 38. 

B peay11bTaTe nposeAeHH~x J.otCC11eAOBaHJ.otH 6~110 s~ftcHeHo, 4TO KoH
~eHTpa~J.otfl Klo1C110POAa e TpeKax a-4acTJ.ot~ c 3HeprJ.oteH H6 M3B 1o1 AJ.ota
MeTPOM TpeKi r 0 ., 40 HM COCTaBJlfleT 2 MKM/11 ,(0= 0,008 MOJleKy-
11~/100 3B), T. e. npJ.otMepHo TaKy~ *e se11J.ot41o1HY, KOTopafl 6~na nony-
4eHa lo13 paAJ.ot061o10110rlo14eCKio1X 3KCneplo1MeHTOB Ha OCHOBe ypasHeHJ.otfl /16/. 
BpeMfl, aa KOTopoe KJ.otC110POA AJ.otltlltlYHAJ.otPYeT Ha paccTofiHJ.ote -40 HM, 
COCTaB11ReT -10-7 C. 3TO BpeMfl 3Ha4J.otTe11bHO MeHbWee, 4eM speMft ltlJ.otK/-

~ 10-8 11 
ca~1o11o1 nepslo14H~x noepe*AeHJ.otJ.ot e ycnoBJ.otflx aHoKCJ.otJ.ot, pasHoe c 

PaccMoTpJ.otM 6onee nOAP06Ho KJ.otHeTJ.otKy o6paaosaHJ.otR KJ.otcnoPOAa s 
TpeKe.~IlR aHOKCio14eCKio1X YC110Bio1H,KOrAa (0 2] = 0, Ha OCHOBaHJ.otlo1 /2/ 
nony4aeM: 

/20/ 

nocK011bKY nepBio14H~e nospe*AeHJ.otR B aHOKCJ.ot4eCKio1X YC110Bio1fiX ltlJ.otKCJ.otpy
~TCfl aa 10-8 c 120,89 ,40/, se11J.ot4J.otHY k

8
+ kr MO*Ho o~eHJ.otTb pae-

HoH 108 c-1• 04eBJ.otAHO, 4To npo~ecc ltlJ.otKca~J.otJ.ot nepsJ.ot4H~x noepe*Ae
HJ.otH RB11ReTCR 6o11ee MeA11eHH~M no cpasHeHJ.ot~ C KJ.otHeTJ.otKOH o6paaosa
Hio1R lo1 AJ.otltllt!Y31o11o1 Klo1C110POAa B TpeKe. npoBeAeM Aanee O~eHKy napaMeT
pa ko lo13 ypaBHeHJ.otR /2/. nocK011bKY sepORTHOCTb B3alo1MOAeHCTBio1R Klo1C110-
POAa c nepsJ.ot4H~MJ.ot noepe*AeHJ.otRMJ.ot npJ.otMepHo pasHa eepoRTHOCTJ.ot TaKo
ro eaaJ.otMOAeHcTBJ.otR c SH-coeAJ.otHeHJ.otRMJ.ot np1o1 [02 ] = K /no110BJ.otHHOM 
KJ.otc110POAHOM 31tlltleKTe/, To k 0.[ 0 2] = 10 8 c - 1 np1o1 [ 0 21 = K = 
2 MKM/t /82, 41, 421, 1o1 B 3TOM C11y4ae k 0 = 500 MKM"'1 C - 1• Ha OCHo
BaHJ.otlo1 Be1llo141o1H 3Tio1X napaMeTpOB npoBeAeM paC4eT A0111o1 nepBio14H~X no
BPe*AeHJ.otH, KOTOp~e ltlJ.otKCJ.otpy~TCfl Klo1C110POAOM, B03Hio1Ka~lo1M B TpeKe. 
Pac4eT nposeAeM A11R L = 50 K3B/MKM, KOrAa Y*e Ha6n~AaeTcR 3Ha-
4J.otTe11bHoe yMeHbWeHJ.ote K3 /e 2 paaa 1o1 6onee 124• 281, npJ.otHJ.otMaR 
'0= o 005 124,281 , ko= 500 MKM-1 c-1 AM 8 "' D= 2·10 9 HM 2 c-1 e 
COOTB~TCTBio11o1 c 1881 BBJ.otAY Toro, 4TO B aHOKCio14eCKio1X YC110Bio1RX 4e
pe3 1 MC nocne o611y4eHJ.otR nepBJ.ot4H~e noepe*AeHJ.otR ltlJ.otKCJ.otPY~TCfl Heaa
BJ.otCJ.otM~M OT Klo1C110POAa nyTeM, orpaHio141o1M paC4eT Ha epeMR AOto=0,01 C 
"' npeAn0110*Io1M,4TO e Te4eHJ.ote scero 3Toro epeMeHJ.ot e MJ.otWeHJ.ot cy~ecTey
eT HeKOTOpoe K0111o14eCTBO (R' ]o noepe*AeHJ.otH, nOA11e*a~lo1X ltlJ.otKCa~lo11o1. 
B TaKoM c11y4ae A011R ltlJ.otKCJ.otpoeaHH~x noepe*AeHJ.otH np1o1 L = 50 K3B/MKM 
6yAeT: 

_£_R_t1_ < ito k ·a. L 
{R'] 0 - o 0 80·rr·(r~ +4·D· t) 

k 0 '0 • L 4·D·to -s 
dt= ·ln(l+-).;,10«1. 

240·rr· D r2 0 

H3 3TOrO COOTHOWeHJ.otfl RCHO, 4TO AJ.otltlltlY31o1fl Klo1C110POAa lo13 TpeKa npo
lo130HAeT HaMHoro paHbwe, 4eM oH cMo*eT npopearJ.otposaTb c nepsJ.ot4-
H~MJ.ot paAJ.ota~lo10HH~Mio1 nospe*AeHio1RMio1. ~R TOro, 4To6~ Klo1C110POA, o6-
pa3y~lo1HCfl B TpeKe, OKa3a11 cy~eCTBeHHOe BllMRHJ.ote Ha pea111o13a~1o1~ 

neTa11bH~x noepe*AeHJ.otH, onpeAeilR~~J.otX eoapacTaHJ.ote aaeJ.otCJ.otMOCTJ.ot o;1(L)e aHOKCio14eCKio1X YC110Bio1fiX, Be111o141o1Ha lo1HTerpa11a /21/ AOil*Ha 
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6b1Tb 6011bWe eAio1Hio1~~. ~fl n011y4eHio1R He06XOAio1MOrO COOTBeTCTBJ.otfl 
aBTOp~, OTCTaJ.otea~J.ote KOH~en~J.ot~ 11 Kio1C110POAa B TpeKe11 , B~HY*AeH~ 

npoJ.ot3BOilbHO J.ot3MeHfiTb 3Ha4eHJ.otR napaMeTpoe '0, k 0 1o1 D Ka*Aoro Ha 
nopfiAOK 1481 • TaKJ.otM nyTeM ocy~ecTB11fteTcft noArOHKa TeopeTJ.ot4eCKJ.otX 
AaHH~X Ailfl no11y4eHJ.otfl COOTBeTCT91o1fl C 3KCnepJ.otMeHTaJlbHOH aaBJ.otCJ.ot
MOCTb~ D0~L) e aHoKCJ.ot4ecKJ.otx ycnos1o1Rx. 0AHaKo o4eBJ.otAHo, 4To Ta
KoH nOAXOA He J.otMeeT nOA co6oH 6J.otO!lllo131o14eCKio1X OCHOBaHJ.otH. K TOMY 
*e apryMeHT~ o coenaAeHJ.otJ.ot TeopeTJ.ot4eCKJ.otX KPJ.otB~x c 3KcnepJ.otMeHTanb
H~MH Hey6eAJ.otTe11bH~, nocK011bKY np1o1 L = 100 K3B/MKM asTopaMJ.ot· He 
Y41o1T~sa~Tcfl lt!IlYKTya~"'"' 3HeprJ.otJ.ot no 4YBCTBJ.otTe11bH~M Mlo1Kpoo6DeMaM 
K11eTOK. 

Ha OCHOBaHJ.otlo1 /18/ MO*HO npoeeplo1Tb cnpaBeA111o1BOCTb rJ.otnOTe3~ 
11 Kio1CilOPOAa s TpeKe" 1o1 A11R 6~cTp~x HeHTPOHOB. Cor nacHo 124/ no-, ' CTOfiHHafl K/K = 0, 77 cooTseTcTeyeT 1/m ' = 0, 77 ·11m + 0, 23. OA-
HaKo OKa3~BaeTCfl, 4TO 3Tio1 AaHH~e C TOH *e T04HOCTb~ MO*HO annpoK
Cio1Mio1pOBaTb 1o1 APYrJ.otM ypasHeHJ.oteM, HanpJ.otMep, 1/in' = 1, 1·1/m + 0,1, 
KOTopoe npoTJ.otsope4J.otT rJ.otnoTeae. To ecTb AaHH~e, nony4eHH~e s /241, 
CBJ.otAeTe11bCTBY~T 111o1Wb o6 o6~eH TeHAeH~J.otJ.ot YMeHbWeHJ.otR eenJ.ot4J.otH~ K3 
np1o1 o6ny4eHJ.otlo1 K11eTOK HeHTPOHaMJ.ot lo1 npJ.ot6111o131o1Te11bHO 111o1HeHHOH 3aBJ.ot
Cio1MOCTb~ Me*AY eenJ.ot41o1HOH K3 np1o1 HeHTPOHHOM 1o1 y-o6ny4eHJ.otlo1. Apry
MeHT~ rJ.otnOTe3~ 11 Kio1C110POAa B TpeKe11 CTaHOBfiTCfl e~e 6011ee COMHJ.ot
Te11bH~Mio1, ecn1o1 y4eCTb, 4To A11fl KneToK AJ.otKoro TJ.otna 1o1 penapa~J.ot

OHHoro MyTaHTa, lo1CnOilb30BaHH~X B AaHH~X 3KCnepJ.otMeHTax 1 11eTa11b
H~Mio1 co6~Tio1f1Mio1 fiBilfi~TCfl pa3H~e TJ.otn~ nospe*AeHJ.otH ~HK 11 rJ•19, 84/. 

TaKJ.otM o6pa30M, M~ paCCMOTpe111o1 OCHOBH~e 3aKOHOMepHOCTio1 peanJ.ot-
3a~lo11o1 K3, npose111o1 KpaTKJ.otH aHa11J.ot3 rJ.otnoTea, o6DftCHfi~~J.otx MexaHJ.ot3M 
ero B03HJ.otKHOBeHJ.otfl np1o1 AeHCTBJ.otJ.ot Ha K11eTKJ.ot lo1311y4eHJ.otH c paaHOH L. 
Ha OCHOBaHJ.otlo1 scero lo13110*eHHOrO MO*HO nplo1HTio1 K 3aK11~4eHJ.ot~ 0 TOM, 
4TO K HaCTOR~eMy speMeHJ.ot OTCyTCTByeT KOH~en~J.otfl, HenpOTio1BOpe41o1BO 
06DfiCHfl~~afl MHOroo6pa3J.ote npORB11eHio1H 3TOrO YHio1BepcaJ1bHOrO paAJ.ot0-
6H0110rlo14eCKOrO ltleHOMeHa. 
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PyKonHCb nocTynHna B H3AaTenbCKHH OTAen 
29 ceHT~6p~ 1983 roAa 

Kosy6eK C., KpacaaHH E.A. 19-83-685 
Ponb penapauHH AHK a peanHsauHH KHcnopOAHoro ~eKTa y 6aKTepHi1 
Escherichia coli npH AeHCTaHH H3nY4eHHH c pa3HOH nHHeHHOH nepeAa4eH 
3HeprHH /TeopeTH4eCKHH aHanH3/. 0CHOaHWe 3aKOHOMepHOCTH npoAaneHHA 
KHCnOPOAHOrO 3~8KTa 

PaCCMaTpHBa~TCA OCHOBHWe SaKOHOMepHOCTH peanH3auHH KHCnQPOAHOrO 3~eK
Ta /K3/ npH AeHCTBHH Ha KneTKH HOHHSHpy~HX H3nY4BHHH pa3HOrO Ka4eCTaa: sa· 
aHCHMOCT~ K3 OT napuHan~HOrO Aa&neHHA KHCnOPOAa a cpeAe, OT ~H3H4eCKHX xapaK 
TepHCTHK H3ny4eHHA 1 ycnoBHH KynbTHBHpoaaHHA KneTOK H penapauHOHHOrO reHOTHna. 
npoaeAeH KpHTH4eCKHH aHanH3 rHnOTe3, o6DACHAOWHX MeXaHH3M K3 ~ ero 3aBHCH
MOCTb OT nHHBHHOH nepeAa4H 3HeprHH /L/ H3ny4BHHH. noKa3aHO, 4TO HH rHnOTe3a 
11 B3aHMOABHCTBYIOIIIHX PBAHKanoa", HH am,TepHaTHaHaA rHnOTe3a 11KHCnOPOAa a Tpe
Ke11 HB a COTOAHHH HenpOTHBOpe4HBO o6DACHHTb rnaBHWB 3aKOHOMepHOCTH npoAane
HHA K3 H, B nepa~ 04epeAb, ero 3aaHCHMOCTb OT L. Ha OCHOaBHHH HMeQWHXCA 
3KCnepHMeHTanbHWX AaHHWX npoaeAeHa OueHKa BWXOAOB KHCnOPOA03aaHCHMWX noape*
AeHHH B KneTKaX. noKB38HO, 4TO aepORTHOCTb ~HKCauHH paAHauHOHHWX noape*AeHHH 
AHK KHCnOPOAOM, o6pa3YIOIIIHMCA a TpeKe 4aCTHuW, KpaHHe Mana H He aHOCHT C~ecT
aeHHOro aKnaAa a MexaHH3M peanH3auHH K3. 

Pa6oTa awnonHeHa a fla6opaTopHH AAepHwx npo6neM OH~H. 

Kozubek s .• Krasavln E.A. 19-83-685 
The Role of DNA Repair In the Realization of Oxygen Effect in Bacteria 
Escherichia Col I Cells Irradiated with Various Types of Radiation. 
Basic Experimental Facts and Regularities. 

Basic regularities Of the oxygen effect realization after irradil• 
ting cells with various particles are considered: the dependence of OER o~ 
the oxygen pressure, the physical characteristics of ionizing radiation, 
the culture conditions, and the repair possibilities of given cell strain. 
A critical look at the hypotheses explaining the mechanism of the oxygen 
effect Is given. It is shown, that neither the hypothesis of "interacting 
radicals" nor the alternative "oxygen in track" hypothesis explain the llliffN 
features of the oxygen effect, in the first place the dependence of OER on 
the linear energy trahifer of the given radiation. On the basis of avai
lable expermental data 1 the estimation of the yield of oxygen - dependent 
injuries flx•a in the track of heavy particle, is given. The induction 
of lnjuriet fixed by the oxygen formed In the track of a heavy particle is 
shown to be Mlgllglble. This process does not greatly contribute to dimini
shing ~f ()IR values with Increasing LET. 

The Investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 
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