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OEll(A51 XAP AKTEPHCTHKA P AEOTbI 

AKTVaJibHOCTh rrpo6rreMhI 

HatJ.HHru! C rrepBbIX MHHYT CBoero cyrueCTBOBaHH.11 Bee )KllBbie opraHH3Mbl 

IIO,!(BeprruoTC.11 B03.l(eiicTBHIO pa3HblX BH,1(0.B H3JiytJ.eHHll Il II03TOMY HCCJie,!(OBaHHe 

B03,!(eiicTBII.II 3TIIX II3Jiyqe1mii Ha 6IIOJIOrn'l.eCKIIe 061,eKTbl rrpe,!(CTaBJI.lleT 60JihllIOH 

IIHTepec. 

113BeCTHO, 'l.TO qeJIOBeK HaxO,!(.llll{IIHC.11 B cpe.l(HIIX llIIIPOTax Ha ypoBHe Mop.11, 

IIO,!(BepraeTC.11 B03.l(eiicTBIIIO OT,!(eJibHbIX BII,1(0B JIY'l.IICTOH 3HeprnII B CJie.l(yIOIUIIX 

. 2 
KOJIII'l.ecrnax: IIHcppaKpacHoii PMIIaUIIII OKOJIO 0,5-0,7 KaJI ICM .MIIH; BII,!(HMOro CBeTa 

- rrop.11,!(Ka 20000-30000 JIK IIJIII OKOJIO 0,4 KaJI /cM
2
.MIIH; YJibTPa<pIIOJieTOBOll pa.l(IIaUIIII 

- OKOJIO 50-60 MKaJI /cM
2

• MIIH, II HaKOHeU, PMIIOaKTIIBHbIX H3Jiyqemrii B rrpe,uerrax 

100-118 Mpa,1(/ro.u IIJIH 30-60 MKpa,!(/9.. 3aru1na )KIIBhIX opraHH3MOB OT 

IIOBpe:a<µaIOrue.ro ,!(CHCTBII.11 3TIIX H3JIY'l.CHIIH .IIBJI.lleTC.11 0,!(HOH H3 aKTYaJibHbIX II 

qpe3Bblt:J.aiiuo CJIO)KHbIX rrpo6JieM B COBpeMeHHOll 6IIOJIOrIIII II pa,!(II06IIOJIOrIIII, B 

tJ.aCTHOCTII. OueHKa PMIIaUIIOHHOll orracHOCTII KOCMII'l.eCKoro II3JiytJ.eHII.11 

rrpe,!(CTaBJUICT CJIO)KHYIO II MHOrorpaHHYIO 3a,!(at:J.y. Tpy.l(HOCTII ee pellleHml, 

o6ycJIOBJieHhl C 0,!(HOH CTOpOHbl, OTCYTCTBIICM ,!(OCTaTO'l.HO IIOJIHbIX ,!(aHHbIX 0 

CTOXaCTII'l.CCKIIX II HCCTOXaCTII'l.eCKIIX 3cpcpeKTax, o6ycJIOBJICHHbIX OT,!(CJibHbIMII 

BII,!(aMII KOCMII'l.eCKoro II3JiytJ.eHII.II, a C .l(pyroii CTOpOHbl, qpe3BhI'l.aHHO BbICOKIIMH 

MaTepIIaJibHblMII 3aTPaTaMII. '.:ho oco6eHHO . KacaeTCH H3JIY'l.eHHll Bil,!(IIMOro II 

IIHcppaKpaCHOro ,!(IlaIIa30HOB CBeTOBOro crreKTPa (o6JiaCTb OT 0,38 - 10 MKM). 

J11nepaTypHhlX ,uaHHbIX ITO ,!(CHCTBHIO 3TIIX II3JIY'l.eHIIH Ha 6IIOJIOrII'l.eCKIIe 061,eKThl 

MaJIO, OHII He CHCTeMaTII3IIpOBaHbl, BbIII0JIHCHbl Ha pa3JIIl'J.HbIX 6IIOJIOrIItJ.eCKIIX 

061,eKTaX, 'l.TO cyrueCTBCHH0 3aTPY.l(H.lleT IIX aHaJIII3, MCXaHII3MhI IIX B03,!(CHCTBII.II 

HCII0HHTHbl. Me)K,!(y TCM, IIMCHH0 TaKoro xapaKTepa CBC,!(eHIIH HC06XO,!(HMbl ,!(JI.II 

pa3pa6oTKII II o6ecrret:J.eBaHil.11 ,!(OIIYCTHMbIX ypoBHCH B03,!(CHCTBHH pa3JIII'l.HbIX BII,1(0B 

II3JIY'l.CHIIH Ha opraHII3M 'J.CJIOBCKa. KpoMe Toro, aKTYaJibHOCTb II3Y'l.CHH.II 

6IIOJIOrII'l.CCKHX 3cpcpeKTOB, o6ycJIOBJICHHbIX B03,!(CHCTBIICM 3JICKTpoMarHIITHhIX 
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II3JIY1IeHIIH pa3JIII1IHh!X crreKTpaJihHh!X )lIIaIIa30HOB, orrpenem1eTCH II!llpOKIIM KpyroM II 

rrpaKTII'IeCKIIX 3a)lalf B TaKIIX ·.o6nacTHX HayKII KaK o6max pan110611onor11», 

qioT0611onor11», pan11onor11», reHeTIIKa, pan11au110HHM r11r11eua, na1epuax Me)lIIIJIIHa, 

KOCMII'IeCKM 611onor1IH II Jlp. 

Heo6XO)llIMO OTMeTIITh, 'ITO IlOHBJieHIIe OIITII'ICCKIIX KBaHTOBh!X reuepaTopoB 

OTKphIJIO llIIIpOKIIC B03MO)KHOCT? )lJIH rrpOBC)lCHIIH IICCJIC)lOBaHIIH no 6110JIOfII'ICCKOMy 

B03)lCHCTBIIIO llIIIpOKOro CIICKTpa 3JICKTpOMariIIITHh!X H3JIY1ICHIIH. Jia3eph! 

rrpe)lCTaBJIHIOT co6oii: y,uo6Hh!H IIHCTpyMeHT )lJIH ocymecTBJICHIIH OIITII'ICCKOfO 

B03)lCHCTBIIH .Ha )KIIBYIO MaTepIIIO. COBJ)CMCHHhie Jia3epHh!C ycTaHOBKII )la!OT 

B03MO)KH0CTh IIOJIY'IHTh OIITII'ICCKOC II3JIY1ICHIIC HY)KHOro CIICKTpaJihHOro )lIIalla30Ha, 

BapbIIpoBaTh MOIIJHOCThlO H3JIY'ICHHH, qacTOTOH IIOBTopeHHH IIMIIYJihCOB, IIX 

)llIIITCJihHOCThlO, pa3MepoM CC'ICHIIH Jla3CpHoro ny11Ka II T.)l. Jia1epHO~ H3JIY~CHIIC 

MO)KCT IICIIOJlh30BaThCH KaK )lJIH CTIIMYJIIIP';>BaHIIH )KII3HCHHO Ba)l(Hh!X IIPOIJCCCOB B 

KJICTKax II opraHII3Max, TaK II )lJIH IIX IIO)laBJICHIIH. IIocJie)lCTBIIH TaKIIX B03)lCHCTBIIH 

IICCJICJlYIOTCH pa3JIII1IHh!MII MCTO)laMII COBpCMCHHOH 611onor1111 II MC)llIIJIIHhl. Ha1111HM 

C 1965 rona, HalfaJICH 6yKBaJihHO llIKBaJI pa6,oT 110 IICCJIC)lOBaHIIIO )lCHCTBIIH Jla3CpHoro 

111ny11eHIIH Ha pa1n1111Hb1e 611onorn11ecK11e ofr1'.eKThI. B KOHIJC 60-x ronOB B CCCP 

3apOJllIJIOCh II B )laJihHCHllleM IIOJIY'IIIJIO llIIIpo~oe 11p1IMCHCHIIC Jla3Cp0B B MC)llIIJIIHC. 

Ceil:11ac TPYJlHO HaHTII TaKylO o6naCTh MC)llIIJIIHhI, rne HC npIIMCHHJIIICh 6hr Jla3CpHhIC 

ycTaHOBKII. JI~ephl llIIIpOKO IICIIOJlh3YIOTCH TaK)KC B pa3JIII1IHh!X o6nacrnx HayKn II 

TCXHIIKII, II B CBH31I C 3TIIM, 3Ha'IIITCJlhHO YBCJIII'IIIJIOCh KOJIII'IeCTBO ~IO)lCH 

pa60TaIOIIJIIX C Jia3epaMII. B HaCTOHIIJCC BpCMH, IICCJIC)lOBaHIIH 611onor1111ecKoro 

)lCHCTBIIH Jla3CpHhIX II3Jiy11eH1Ill pa3Hh!X )lJIIIH BOJIH rrpe)lCTaBJIHIOT Hay11Hh!H IIHTepec 

He TOJihKO KaK <pYHJlaMCHTaJihHhIC II 11pIIKJia)lHhIC. IICCJIC)lOBaHIIH, HO II KaK <paKTOp 

B03)lCHCTBIIH, Tpe6yromero 06ecrre11eHIIH 6e1onacHOCTII JIIO)lCH pa6oTaIOIIJIIX C 

Jla3epm.m. Ba)KHCllllIHMII o6JiaCTHMII TaKIIX IICCJIC)lOBaHIIll, Ha Halli B3rJIHJl, HBJIHIOTCH 

IICCJIC)lOBaHIIH 110 JICTaJihHOMY, MYTa'.CHHOMY II KaHueporeHHOMY )lCHCTBIIIO Jla3CpHhIX 

H3JIY1ICHIIH. 0 cnoco6HOCTII y~ CBCTa OKa3hIBaTh Ha_ KJICTKII JICTaJihHOe, MyrnreHHOC 11 

KaHIJeporCHHOC . B03)lCHCTBIIC II3BCCTHO )laBHO, qero HCJih3H CKa3aTh 06 H3JIY1ICHIIHX 

BII)llIMOrO II ·11HqipaKpacHoro )lHaIIa30HOB. .l(onroe BpCMH C'IIITaJIOCh, 'ITO 3TII 
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II3JIY1ICHIIH MoryT OKa3aTh JICTaJihHOC II MyTareHHOC B03)lCHCTBIIC Ha 611onor1111eCKIIC 

o6bCKThl TOJihKO 110 MexaHH3MY qJOTO)llIHaMII'ICCKOro 3<pqJCKTa 11pn HaJIII'IIIH 

qJOTOCCHCII6IIJI_H3aTopoB. Pe1yJihTaTh! IICCJIC)lOBaHIIH IIOCJIC)lHIIX JICT, B qaCTHOCTII 

3KCrrepIIMCHTaJihHh!e MaTepIIaJihI 11ony11eHHh!C HaMII, IIOKa3aJIII, 'ITO BIIJJHMhIH CBCT 

pa3Hh!X )lJIIIH BOJIH, a TaK)KC IIHqipaKpaCHOC II3JIY1ICHIIC crrocofoihI OKa3aTh 

611onor1111eCKOe B03)lCHCTBIIC Ha )KIIBhIC · opraHII3Mhl TaK)KC IIYTCM llpHMOro 

qJOTOB036y)l(JlCHIIH, 6e3 11p11cyTCTBHH <pOTOCCHCII6IIJIH3aTOpOB. 

OOJihllIOH IIHTepec 11pencTaBJIHIOT TaK)KC IICCJIC)lOBaHIIH 110 qJOTopannaIJIIOHHh!M 

B03)lCllCTBIIHM. B JIIITepaType )laHHh!X 110 KOM6IIHIIpOBaHHhIM II O)lHOBpCMCHHhIM 

06ny11eHIIHM 611orrorn11eCKIIX o6bCKTOB IIOHH3IIPYIOIIJIIMII II3JIY1ICHIIHMII II 

II3Jly<ICHIIHMII B )lIIalla30HC OIITll'ICCKIIX qacTOT OlfeHh MaJIO. I1cKJII01ICHIIC COCTaBJIHIOT 

IICCJIC)lOBaHIIH C IICIIOJih30BaHIICM llIIIpOKOro CIICKTpa Y<l> H3JIY1ICHIIH. 3To 11po6JieMa 

IIMCCT oco6oe 3Ha1ICHIIC B TCX cny11axx, KOr)la 611onor1111ecKIIH 06bCKT OKa3hIBaeTCH B 

CCTCCTBCHHOM KOMfiIIHIIpOBaHHOM IIOJIC II3JIY1ICHIIH C pa3JIII1IHh!MII qJII3II1ICCKIIMII 

CBOHCTBaMII. 

HaM 11pe)lcTaBJIHCTCH, 'ITO O)lHIIM 113 11yTeil: IIOHIIMaHIIH MexaHII3MOB 

611onor1111ecKoro B03)lCHCTBIIH H3JIY1ICHIIH pa3JIII1IHh!X CIICKTpaJihHhIX o6nacTeii: (B TOM 

'IIICJIC II Jia3CpHhIX II3JIY1ICHIIH) JIBJii:IeTCH IIOIICK 06m11x 3aKOHOMepHOCTCH )lCHCTBIIH 

Bcero CIICKTpa 3JICKTpOMarHIITHhIX II3JIY1ICHllH Ha 6rronornqecKIIC 06bCKThl. 

CollOCTaBJICHIIC 3qJqJCKTOB IIOHII3IIpyiomero II3JiyqeHIIH II CBCTa C pa3JIII1IHOH )lJIIIHOH 

BOJIHhl cymecTBCHHO pacrn11p11'r rpaHII!JhI HallIIIX 11pCJlCTaBJICHIIH O MCXaHII3Max, 

JIC)KaIIJHX B OCHOBC peaKIJIIII KJICTOK Ha B03)lCHCTBHC H3JIY1ICHIIH. .l(n» 3TOro 

HC06XO)lIIM0 11pOBC)lCHIIC CIICTCMaTII'ICCKIIX IICCJIC)lOBaHIIH )lCHCTBIIH IIOHII3IIPYIOIIJIIX 

II OIITII'ICCKIIX ·mny11eHIIH Ha O)lHOM 011peneneHHOM 611onor1111ecKOM o6bCKTC. IIpe)K)le 

Bcero, Heo6XO)llIMO )J,CTaJihHO IICCJie.D,OBaTh B03.D,CHCTBIIe II3JIY1IeHIIH BII)llIMOrO II 

IIHqJpaKpacHoro )J,IIaIIa30HOB Ha 611onom11ecK11e 06beKThI, IIOCKOJihKY' KaK y)Ke 

OTMelfaJIOCh BhlllIC, 0 B03.D,eHCTBIIII II3JIY1feimii: IIMeHHO 3TIIX cneKTpaJihHh!X o6nacTefi 

Ha 611onor1111ecKIIe 06beKThl II3BCCTHO O'ICHh MaJIO. 
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Uem, H Janaqlf HccrrenoBaHHJI 

[(em,IO ]laHHOH pa6on,I JIBJIJIJIOCb BbIJIBJieHHe 06111Hx 3aKOHOMepHOCTeil: 

,n;eil:CTBHJI Ha KJieTKJf 6aKTepHil: HOHH3HpyIOIIIHX H3JiyqeHHH If Jia3epHbIX H3JiyqeHHH 

pa3JIJfqHI,IX crreKrpaJibHbIX o6rracTeil:. IlpH BbIIIOJIHeHJflf pa6oThI 6bmo He06XO]llfMO 

peIIIHTb crre.n;y10111He 3a,n;aq!f; 

JfCCJie]IOBaTb pa.n;H06HOJIOm'J:eCKOe ,n;eil:CTBHe raMMa rryqeil: If aJibq>a-qacTm.( 

Ha KJieTKlf 6aKTepHil: E.coli K-12 pa3HbIX reHOTHIIOB; 

JfCCJie,n;oBaTb 6HOJIOrHqecKoe .n;eil:CTBJfe Jia3epHbIX H3JiyqeHHH Blf]llfMOH (633 

HM, 532 HM), YJibTpaq>HOJieTOBOH (270 HM, 216 HM) H IIHq>paKpacHOH (1220 -

1320 HM) o6rracTeil: Ha KJieTKJf E.coli K-12 pa3Hb1X reHOTHIIOB; 

orrpe.n;eJIHTb 3aBHCHMOCTJf 6HOJIOitiqecKoro .n;eil:CTB.HJI Jia3epHbIX Jf3JiyqeHHH 

pa3JIJfqHI,IX crreKrpaJibHbIX o6rracTeil: Ha KJieTKH E.coli K-12 OT ]lO3bl If 

MOIIIHOCTH ]lO3bl o6rryqeHHJI; 

HJyqlfTI, rrocrre.n;OBan;rr1,Hoe If O]lHOBpeMeHHOe .neil:CTBJfe HOHH3HPYIOIIIHX If 

Jia3epHbIX H3JiyqeHHH Ha KJieTKJf 6aKTepHil: E.coli K-12 pa3HbIX reHOTHIIOB; 

rrpoBepHTb rrpe.n;rrorro)KeHHe O TOM, qTo rrpH 6HOJIOrHqecKOM .n;eil:CTBHH Ha 

6aKTepHH E.coli Blf]llfMOro H3JiyqeHHJI rrepBifqHbIMJf qiornpeuerrTOpaMH 

JIBJIJIIOTCJI KJieToqHI,Ie UHTOXpOMbl, BXO]lJIIIIHe B ]lbIXaTeJibHYIO ClfCTeMy 

3THX KJieTOK. 

COIIOCTaBHTb pe3yJILTaTbl IIO ,n;eil:CTBHIO HOHH3HPYIOIIIHX If Jia3epHblX 

Jf3JiyqeHHH Ha KJieTKH 6aKTepHil: E.coli K-12 pa3HbIX reHOTHIIOB C uerrbIO 

BbllIBJieHHJI 06111Hx 3aKOHOMepHOCTeil: HX .n:eil:CTBHJI 

HayqHaJI HOBH3Ha H rrpaKTHqecKoe 3Haqe1me pa6oTbl 

1. BrrepBbie rrpoBe]leHbl CHCTeMaTH3HpoBaHHbie JfCCJie,n;onaHHJI IIO 

6uorrorJfqecKOMY .n;eil:cTBHIO IIOHH3Hpy10111HX If Jia3epHbIX Jf3JiyqeHHH Ha 

O]lH
0

OM 6HorrorJfqecKOM 061,eKTe. 
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2. BrrepBbie IIOKa3aHO, qTO Jia3epHbie H3JiyqeHIIJI BJf]lHMOH crreKTpaJibHOH 

o6rracrn (532 HM H 633 HM) OKa3bIBaIOT Ha KJieTKJf 6aKTepHil: E.coli K-12 

pa3HbIX reHOTHIIOB rreTaJibHOe If MyrnreHHOe B03,n;eil:CTBJfe. 

3. YcTaHOBJieHo, qrn o6rryqeHHe KJieToK 6aKTepHil: E.coli K-12 rraJepHhIM 

H3JiyqeHHeM C ]lJIHHOH BOJIHbl 633 HM rrpIIBO]llfT K 3a,n;ep)l(Ke rrepBoro rrocrre 

o6rryqeHHJI .n:erreHHJI KJieTOK: BpeMJI :3a,n;ep)KKJf 3aBHCHT OT ]lO3bl o6rryqeHHJI. 

4. BrrepBbie o6Hapy)KeHo, qTO KpHBbie qacTOTbl MYTHpOBaHHJI KJieTOK 

6aKTepHil: (lac+ ➔ lac - MYTaUHH) B crryqa»x HX o6rryqeHHJI BII]lHMh!M ( 5 3 2 H 

633 HM) H Y<l> (270 H 216 HM) H3Jiyqell:HJIMII HMeIOT O]lHHaKOBYIO q>OpMy. 

5. IloKaJaHo, qTo 3q>q>eKTHBHOCTb BOJ,n;eil:cTBIIJI Bcex Hccrre,n;oBaHHhIX BH]lOB 

rra3epH1,1x H3rryqeHHil:. Ha KJieTKH 6aKTep1Iil: E.coli K-12 renernqecKH 

,n;eTepMHHHpoBaHa - 3aBHCHT OT perrapaUIIOHHOrO reHOTHIIa KJieTOK. 

6. BrrepBbie rrpoBe.n;eHbl 3KCIIepHMeHThl IIO rrocrre.n;oBaTeJibHOMY If 

O]lHOBpeMeHHOMY o6rryqeHHIO KJieTOK 6aKTepHil: E.coli K-12 Jia3epHb!M 

H3JiyqeHHeM c ]lJIIIHOH BOJIHbl 633 HM H IIOHH31IPYIOIIIHMH H3JiyqeHHJIMJf, 

IIOKa3bIBaIOIIIHe, qTO pe3yJILTaTbl q>OTOpa,n;HaUHOHHbIX BO3,n;eil:CTBHH 3aBHCJIT 

OT BapHaHTa KOM6nHaUHH, ]lO3bl Ka)K]lOro BH]la H3JiyqeHHJI II speMeHHOro 

JfHTepBarra Me)K]ly 3THMII o6rryqeHHJIMJf. 

7. BrrepBble ycrnHOBJieHo, qTo rrpe,n;BapuTeJihHoe, rrocrret(y10111ee II 

O]lHOBpeMeHHOe C -HOHH3HPYIOIIIHM H3JiyqeHHeM o6JiyqeHIIJI KJieTOK 

6aKTepHil: E.coli K-12 pa3Hb!X reHOTIIIIOB Jia3epHblMJf 1I:rnyqeHHJIMII 

Blf]llfMOro ]IJfaII.a30Ha (633 II 532 HM) CHJf)KaIOT IIOBpe)K]laIOIIICe ,n;eil:CTBIIe 

IIOHH3HPYIOIIIIIX Jf3JiyqeHHH. 

8. BrrepBble IIOKaJaHo, qTo Jia3epHhie H3JiyqeHHJI 6JIII)l(Heil: 

HHq>paKpacHOH o6rracm CBeTa (1220 - 1320 HM) OKa3hIBaIOT Ha 

KJieTKII 6aKTepuil: rreTaJibHOe B03]leil:CTBHe, KOTOpoe MaKCIIMaJibHO 

3q>q>eKTHBHO rrpu ]lJIHHe BOJIHbl H3JiyqeHIIJI 1270 HM (cooTBeTCTBYIOIIIeMy 

rnaBHOMY MaKCHMYMY rrorno111eH1IJI MOJieKyrrJipHoro KHCJIOpOJia). 

3qiqieKTHBHOCTb Jia3epHoro B03]leil:CTBHJI 3aBHCHT OT MOIIIHOCTH ]lO3hl II 

reHOTHIIa KJieTOK. 
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9. BITepBbie BhUIBJieHbl HeKOTOpbie o6rn;IIe 3aKOHOMepHOCTII .neil.CTBIIH 

IIOHII3IIpyrorn;IIX II JiaJepHbIX 113JiyqeHIIll Ha KJieTKII 6aKTepIIil.. 

Pe3yJihTaTbl ITpOBe,neHHbIX IICCJie,n;oBaHIIll BIDKHhl .Z(JIH 06ecITeqeHIIH 

pa.n;IIaUIIOHHOll 6e30ITaCHOCTII mo.n;eil., ITpe,nCTaBJIHIOT 6oJibllIOll HayqHhlll IIHTepec .Z(JIH 

ITOHIIMamrn MexaHII3MOB II 3aKOHOMepHOCTeil. fo:IOJIOrIIqecKoro .n;eil.CTBIIH 

3JieKTpOMarHIITHhIX II3JiyqeH11il. BII,D;IIMoil. II HK o6nacTeil. cITeKTPa. flonyqeHHhie 

pe3yJihTaTbl MOryT 6hITb IICITOJib30BaHbl B JiaJepHOll Me,D;IIUIIHe, pa;(IIaUIIOHHOll 

3arn;IITe,. MIIKpo6110JIOrIIII, B o6JiaCTII KOCM11qecKOll 611onor11 II Me,D;IIUIIHhl, B 

pa3JIIIqHbIX o6JiaCTHX Hapo.n;Horo X03Hll.CTBa. OHII TaK)l(e MoryT 6hITb IICITOJib30BaHbl 

ITPII pa3pa6oTKe BOITpOCOB caHIITapHo-r11rIIeH11qecKoro HOpMIIpOBaHIIH ,ll;JIH JIIIU, 

pa6ornrom11x C JiaJepaMII B ITpo<peCCIIOHaJibHblX ycJIOBIIHX. 

O61,eMJ).a6oTbl 

.11:IIccepTaUIIH COCTOIIT 113 BBe.n;eHIIH, qeTblpex rJiaB II BbIBO,D;OB; 113JIO)l(eHa Ha 

243 CTPaHIIl\aX MaIIIIIHOITIICHOrO TeKCTa, IIJIJIIOCTpIIpyeTCH 29 p11cynKaMII 11 8 

Ta6JIIIUaMII. CITHCOK JIIITepaTypbl co.nep)l(HT 325 HaIIMeHOBaHIIll. 

AITpo6arm» pa60Tbl. 

HaytJHbie pe3yJihTaTbl II BhIBO,D;hl, ccpopMyJI11poBaHHbie B .n11ccepTaUIIIl 

,D;OKJia,ll;hIBaJIIlCh Ha ITepBOll (r . .ll:y6Ha, PoccIIH, 1997) Il BTOpoil. (r . .ll:y6Ha, PoCCilH, 

2001.) Me)l(,n;ynapo,n;HblX KOH<pepeHUilHX « Tipo6JieMbl 6HOXIlMilll, pa.n;IIaUHOHHOll II 

KOCMHqecKoil. 6HonornH», Ha III (Ey,n;aITeIIIT, BeHrpIIH, 1989), VII (CTpe3a, 

11TaJIHH, 1997), VIII (fpaHa.n;a, HcITaHIIH, 1999) II IX-oM (JlIInxaMMep, HopBern», 

200 I) KOHrpeccax EBpoITeil.cKoro o6mecrna ITO <l>orn6HonornH, Ha EBpoITeil.cKoil. 

He.nene EII0Me.n11u11HcKoil. Om11K11 (EBIOS 2000, AMcTep.n;aM, H11.n;epnaH.n;h1), Ha 

Me)l(.Z(ynapo.n;nhIX KOH<pepeHUH»X «JlaJepbI 97» (Hro-Opnean, ClllA), «JiaJepb1 95» 

(qapJICTOH, ClllA), «Jia3epb1 94» (Kro6eK, KaHa.n;a), «JiaJepbI 93» (HeBa.n;a, ClllA), 

«Jia3epbl 90» (EonrapHH), Ha 4-oM CilMIT03IIYMe ITO EIIOXIIMilil (AibeHax, fepMaHHH, 

1988) I_I Ha M.Hornx .npyrnx Me)l(,n;yHapo.n;HhIX KOH<pepeHUIIHX. Pe3yJihTaTbl pa60Thl 

,D;OKJia,D;bIBaJIIlCb TaK)l(e Ha HayqHblX ceMIIHapax O6oe,D;HHeHHOro IlHCTIITyTa ».nepHbIX 

IIccne.n;oBaHHH, Ha e)l(ero,n;HhIX KOH<pepeHUHHX HTIO «JiaJepHM TeXHHKa» 
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EpeBaHCKOro · rocyHHBepCHTeTa, Ha ceMIIHapax Jia6opaTOpIIIl pa;(IIaUIIOHHOll 

6HO(pll3IIKII EpeBaHCKOro <pll3IIqecKoro IlHCTIITyTa. 

Ha 3aIUIITV BhIHOCHTc»: 

Pe3yJihTaTbl 3KCITepHMeHTOB ITO .n;eHCTBilIO IIOHII3IIpyrom11x 113ITy'IeHIIll Ha 

KJieTKil 6aKTepIIH E. coli K-12 pa3HbIX reHOTIIITOB. 

Pe3yJihTaTI,I OITbITOB ITO .n;ettCTBilIO JiaJepHbIX 113JiyqeHHH B11.Z(IlMOro 

,D;IIaITaJOHa (633 HM 11 532 HM) Ha KJieTKil 6aKTepIIH E. coli K-12 pa3HbIX 

reHOTIIITOB. 

Pe3yJihTaThI cpornpa.n;ttaUHOHHbIX B03.Z(eHCTBIIH IIOHil3IIpyrorn;Hx 

113JiyqeHIIll ll JI~epHI,IX 113JIY'IeHHH BII,D;llMOll o6JiaCTil Ha KJieTKll 

6aKTep11il. E. coli K-12 pmHhIX reHOTHITOB. 

3KCITepttMeHTaJihHbie pe3yJihTaTbl ITO .nettCTBilIO JiaJepHbIX Y<l> 

113JIY'IeHHH c .Z(JIIlHaMil BOJIHbl 216 HM 11 270 HM KJieTKII 6aKTepHil. E.coli K-

12. 

Pe3yJihTaThI IIccne,noBaH11il. ITO .n;encTBIIIO nmepm,1x 113JiyqeHHH HK 06nacT11 

(1220-1320 HM) Ha KJieTKII 6aKTep11il. E. coli K-12 pa3HblX reHOTIIITOB. 

CO.11:EP)KAHHE PAEOTbl 

MamepUClJlbl u MemoObl uccJ1eooeaHuii 

I. illTaMMhI. - B pa6oTe HCITOJih30BaHhI cne.nyrorn;He IIITaMMhI 6aKTep11n Escherichia 

coli K-12: .n;HKHH TIIIT AB 1157 (thr-1 leu-6 pro-A2 his-4 arg E3 lac YI gal K2 ara-

14 xyl-5 mtl-1 tsx-33 str A31 sup E37): y - pe3IICTeHTHhiil. MYTaHT BL 1114 (Garn' 

444); pa.n;noqyBcTBIITeJihHhie MYTaHThI AB 2463 (rec A 13 ) n P 3478 (pol A r) a 

TaK)l(e IIITaMM Hfr E.coli K-12 H (Bee IIITaMMhl 113 KOJIJieKUIIII Jil15I<l> PAH). 

2. Cpe11h1 - 11cITOJih30BaJIII cpe.n;hI - MITA (M»co - ITeITTOHHhIH arap ITpOII3BO,ncrna 

11ncTHTYTa MIIKpo6HonornH IIM.TaMane11, r. MocKBa) 11 rono,nHhIH arap (arap - arap -
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10 r/JI). Pa:men;eHHe KJieToqHOH cycrreH3HH rrpOBO.LIHJIH B !pH3HOJIOrJiqecKOM pacrnope 

(0,85 % Na.Cl). 

3. l1cToqHHKH H3JIVqeHHH - L{JI.!! perneHH.!I IlOCTa.BJieHHbIX rrepen: Ha.CT0.!11.l\HM 

HCCJie)];OBa.HHeM 3a_n;aq 6oIJJH HCITOJ!b30Ba.Hbl pa.3Hble THilbl Jia.3epoB, HCTOqHHK a -

qacTHIJ; H peHTreHOBCKM ycTa.HOBKa. 

Jla.3epttoe o6JiyqeHHe - DblJIH HCITOJ!b30Ba.Hbl reJIHH-HeOHOBbie Jia.3epbl HerrpepoIBHOro 

n;ettCTBH.!I Jlf-52-3 n Jlf-75 c MOl.l\HOCT.!IMH H3JiyqeHH.!I 2 MBT tt 4,8 MBT 

COOTBeTCTBeHHO. L(JIHHa BOJ!Hbl H3JiyqeHH.!I 633 HM. l1crroJib30Ba.JJC.!1 Ta.K)Ke Jla.3ep JITH-

501 c .LIJIHHOH BOJIHI,J 1060 HM. L{JI.!! rroJiyqeHH.!I H3Jiyqemrn c .LIJIHHOH BOJ!Hbl 532 HM 

(qacTOTa IlOBTOpeHH.!I HMIIYJibCOB 7 KfIJ;, .LIHa.Merp rryqKa 6 MM) H3Jiy<IeHHe :noro 

Jia.3epa rrpeo6pa.30Bb!Ba.JJOCb C IlOMOl.l\blO HeJIHHettHOro KpHCTa.JJJia Li03_ MOl.l\HOCTI, 

H3JiyqeHH.!I H3Mep.!!JIH C ITOMOl.l\MO rrptt6opa l1M0-2H. 3HeprnIO cqHTa.JJH YMHO)KeHHeM 

cpen;Heu MOl.l\HOCTH Ha BpeM.!I o6Jiyqemrn, ITJIOTHOCTI, :meprnH - n;eJieHHeM :meprHH Ha 

ITJIOl.l\a)];b ceqeHH.!I rryqKa: B KaqecTBe HCTOqHHKa Y<l> H3JiyqeHH.!1 HCITOJ!b30Ba.JJH 

IlHKOCeKyH.LIHblH l1TTpHyM a.JJIOMHHa.T Nd Jia.3ep c .LIBYM.!I ycnJIHTeJI.siMH H 

rrpeo6pa.30Ba.HHeM qacTOTbl B qernepTyIO (A= 270 HM) H Il.!ITYIO rapMOHHKH (A= 216 

HM). l1crroJio3yeMoe Y<l> mJiyqeHHe HMeJio cJien;yIOl.l\He rrapa.Merpoi: :meprtt.si on;Horo 

HMITYJibCa E = 0, 1 - 1 ML{)K, .LIJIHTeJibHOCTb HMITYJibCa t = 15 ITC, qacTOTa IlOBTOpeHH.!1 

IIMITYJibCOB f = 2 ru. ITpII HCCJien;oBa.HHH MyrareHHOro .LICHCTBH.!I Jia.3epHbIX H3JiyqeHHH 

BH.LIHMOro n:narra.30Ha IICITOJ!b30Ba.JJII HerrpepbIBHblH ren11i1-11eOHOBbIH Jia.3ep Jlf-75 

(JloBOB, YKpa.HHa) C n:mrnou BOJ!Hbl A, = 633 HM H KBa.3HHenpepbIBHbIH Jla.3ep JITI1-702 

(r. Capa.TOB, HITO "IToJI.sipoH", _PoccII.si) c .LIJIHHOH BOJIHbI :,.,= 532 HM (.LIJIHTeJibHOCTb 

HMIIYJibCa t =175 HC). B Kaqecrne ijCTOqHHKa l1K H3JIYYeHH.!I HCITOJ!b30Ba.JJH ITfC 

(rrapa.MerpnqecKHH reHepa'rop cBeTa) Ha LiNb03 Ha.Ka.YHBaeMbIH H3JiyqemreM BTopou 

rapMOHIIKH NdYAG Jia.3epa. L(JIHHa BOJIHbI H3JiyqeHH.si A. = 1220 - 1320 HM, 

.LIJIHTeJibHOCTb HMIIYJihCa t = 15 HC, MOl.l\HOCTI, .Ll03bl 24 MBT IIJIH 40 MBT. 06JiyYeHHC 

KJICTOK Jia.3epHbIM II3JiyqeHHeM rrpOBO.LIHJIH B MOHOCJIOe Ha IlOBepXHOCTH "roJIOJ];HOro 

" arapa. Pa.3Mep o6JiyYaeMou KJieroqHou cycrreH3HH (0,07 cM
2
) Bcern:a 61,m MeHoIIIe 

pa.3Mepa ceqeHH.!I Jia.3epHoro rryqKa. 
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a~ 06J1y'le1me - B KaqecTBe IICTOqHHKa a - qacTHIJ; HCITOJ!b30Ba.JJH ITJIOCKHH, 

TOJICTblH a - HCTOqHHK 
239 

Pu. 06JiyqeHHe KJieTOK npOBO.LIHJIH Ha IlOBepXHOCTH 

"roJIO.LIHOro " arapa. PaccTO.!IHHe Me)Kn:y IICToqHHKOM II MOHOCJIOeM KJieTOK 

cocTa.BJI.!IJIO 4,5 MM, :.meprn.si qacTHU - 5, 5 M3B, 3HaqeHIIe JIIT3 - 101 K3BIMKM, 

MOl.l\HOCTb .Ll03bl - 0,35 fp/c. 

PeHmi'eH06CKOe 06J1y'leHue ~ 06JiyqeHHe KJieTOK peHTreHOBCKHMII Jiyqa.MH 

rrpoBO.LIIIJIII C IICITOJib30Ba.HHeM arrrrapa.Ta PYIT-200-20-5 ( He!pHJlbrpOBa.HHOe 

II3JiyqeHIIe, Harrp.si)KeHIIe Ha rpy6Ke - 200 KB, CIIJia TOKa - 14 MA, MOl.l\HOCTb .Ll03bl -

0,58 fp/c). 

4.0rrpeneJieHIIC panttoqyBCTBIITeJibHOCTH - Bupall\IIBa.HHe 6a.KTepIIa.JJbHbIX KYJibTYP 

rrpoBO.LIIIJIII Ha IIOJIHOIJ;eHHOH rrIITa.TeJibHOH cpen;e MITA n:o crauttoHapttou cpa.31,1 

poem. 06JiyqeHHe KJICTOK 6a.KTepIIH rrpOBO.LIHJIOCb rrpH KOMHa.THOH TeMrrepa.Type B 

MOHOCJIOe Ha IlOBepXHOCTII "roJIO,LIHOro " arapa. Pa.3Ben;eHH.!I KJieTOqHOH cycrreH3IIH 

.LIJI.!1 o6JiyqeHH.!I II KOHTpOJI.!I roTOBIIJIII C Ta.KIIM pacqeTOM, qT061,1 B Ka)KJ];OH qarnKe 

Bbipa.CTa.JJO OT 100 .LIO 300 KOJIOHIIH. BbI)KIIBaeMOCTb KJieTOK orrpen;eJI.!IJIII rron;cqeTOM 

Ma.KpOKOJIOHIIH, Bb!pacTa.IOl.l\IIX <iepe3. 2 cyTOK rrpII 3 7 °c. Ka)K)];I,JH OIIbIT IlOBTOp.!!JIC.!I 5-

10 pa.3. CTa.Hn;apTHM OIIIII6Ka orrpen;em!HII.!1 cpen;HHX 3HaqeHHH Bbl)KIIBaeMOCTH KJieTOK 

rrpII ycpen;HeHHII pe3yJioTa.TOB pa.3HbJX OilbITOB, Ka.K rrpa.BHJIO, He rrpeBbIIIIll.Jla 5 %. 

5. KoM6IIHHOOBa.HHoe o6JiyqeHIIe - B 3KcrrepIIMeHTa.X no nocJien;ona.TeJibHOMY 

o6JiyqeHHIO KJieTOK 6a.KTepIIH IIOHII3IIPYIOl.l\IIM H Jia.3epHbJM II3JiyqeHH.!IMII BpeMeHHOH 

IIHTepBa.JJ Me)Kn:y 3TIIMH BIIJ];a.MII o6JiyqeHH.!I He rrpeBblIIIa.JJ 120 C. On;HOBpeMCHHOe 

o6JiyqeHIIe KJieTOK Jia.3epHbIM II a - II3Jiy<IeHII.!IMH ocyll\eCTBJI.!IJIII CJIC.LIYIOl.l\IIM 

o6pa.30M: o6JiyqaeMble npo6b! 6a.KTepIIH ITOMCl.l\a.JJH B Ka.Mepy a - IICTOqHHKa, Kyn;a 

rrpII3MOH Harrpa.BJI.!IJIC.!I Jia.3epHbIH rryqoK. 

6. OrrpeneJieHHe qacTOTbl MVTIIOOBa.HH.!1 - L(JI.si orrpen;eJieHII.!I MYTIIpOBa.HHblX KJICTOK 

HCITOJ!b30Ba.JJH Ta.K Ha.3bIBaeMblll MeTO.LI "6yTep6pon;Horo rroceBa ". 06JiyqeHHble 

o6pa.311;bl 6a.KTepHH CMb!Ba.JJIICb c IlOBepXHOCTII TBepn:oro arapa c IlOMOl.l\blO 

cpmnoJiornqecKoro pacTBOpa II ce.siJIHCb Ha qarnKH ITeTpII 3arroJIHett111,1e 12 MJI 

ceJieKTHBHOH cpen:1,1 MITA (n;JI.si rroJiyqeHII.!I ceJieKTHBHOH cpen;1,1 B cpen:y MITA 

n:o6a.BJI.!IJIII 50 MJI rpII!pCHIIJITerpa.30JIHHXJIOpII.Lla .LIO a.BTOKJia.BIIpOBa.HII.!I n 50 MJI 20 % 
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JiaKT03bl Ha 1 mrrp ceJieKTHBHOH cpe.zu,1 IIOCJie Hee). 3areM 'IaIIIKII Ilepn 33JIIIBaJIBCb 

BTOpbIM CJIOeM· IIHTaTeJibHOH cpe,n:bl B KOJIH'IeCTBe IO MJI npH TeMIIep.nype arapa 42 °c. 
IlapannenhHO ocymecTBJIHJIH noceB KJieTOK Jl:JIH onpe,n:eneHIDI BLDKBBat!MOCill. 

PacTymtte Ha nonHoil: IIHTaTeJibHOil: cpene KJieTKII E.coli BOCCTaH3BllllB3IDT 

. ~ 6eCUBCTHblll TeTJ)a30JIHH no HpKO-KpacHoro ¢opM83aHa IlpH HH3KIIX 3Ha'Iellll.llX pH, 

npn c6pmKnBaHHH JiaKT03hI, 6nonornqecxoe BOCCTaH0BJieHBe TC1J)a30IDDI 

110,n:aBJIHCTCH. B pe3yJibTaTe Ha TaKOH cpene (B IIpHCYTCTBHH JlaKT03bI) KOJIOHBH lac" 

nMeIOT 6enhIH UBeT, a K0JI0HHH lac· - HpKo xpactt1,rn. Cqcr MYTlfpoBaHBbIX KOJIOHHii 

IIpOB0Jl:HJlll c IIOMOII.(blO MH~pocK0IIa MBC-9. J:(rrx no,n:cqcra KOJIOHllH IIO)l 

MHKp0CKOII0M HCII0Jib30BaJIH CIIeUHaJibHO mr0T0BJieHHYIO CeTKJ, pa3J{eJieHIIyIO Ha 287 

KBa,n:paTOB pa3MepoM 5x5 MM. qaCTOTY MYTlfpOBaHHH onpe,n:eJIHJIH KaK COOTIIOIIleHHe 

'IHCJia ~YTHPOBaHHbIX KOJIOHHH (Nm) K 'IHCJIY BbDKHBIIIBX KJieTOK (N). tJncno 

CIIOHTaHHbIX MyTaunii onpe,n:eneHHblX 110 TOH )KC MeTOJ{HKe B KOHipOJibHOii 

(Heo6nyqeHHOH) KYJILType 61,mo B cpe,n:HeM pOBHO 10·
1

• IlpoBO.!(B.lIOCb 5-7 

He3aBHCHMblX 3KcnepttMeHTOB, tt CTaH,n:apTHaH OUIH6Ka JUDI KID1IOl,Oll 

3KCIIepHMCHTaJibHOH TO'IKH He npeBblUiaJia 5 %. 

7. PerncTpaum, BpeMeHn 3!11ICO)KKH nepBoro nenemrn KJieTOK. - J:(rrH pemctpaI{HB 

BpeMeHH 3a,n:ep)KKH neneHHH KOHTJ)0JlbHbie H o6ny'IeHHbie KlleTKB pacceBaml Ha 

JlaBCaHOBbJe x,n:epHI,Ie tl>ttJibTJ)bl (,n:HaMCTJ) nop 0,53 MKM), HaHeceHHble Ha DOBepXHOCTh 

TBep,n:oii IIHTaTCJibHOH cpe,n:hl, tt ·II0MeIUaJIH B repMOCTaT IIpH 37 °c. qepe3 

onpe,n:eJieHHbJe cpOKll KJieTKH CMblBaJIH C DJieH0K H BblceBaJIH Ha TBepJlYIO 

IIHTaTCJlbHYIO cpe,n:y. 0 neneHHll cy,n:HJIH DO YBeJIH'ICHHIO 'IHCJia KOJIOH1Ieo6pa3y101IJ,HX 

KJieTOK. Ka)J(Jl:1,1u 0111,n .noBTOpHJICH 5-10 pa3. CTaH.n:aJ)THaH omtt6Ka, oupe)leneHIDl 

cpe,n:HHX 3Ha'IeHHH KOJIOHHeo6pa3yIOII.(HX KJleT0K npII ycpeJ{HeHHU pe3y.m.nrroB 

0111,ITOB, KaK npaBHJI0, He npeBbIHiaJia 5 %. 

8. CTaTHCTH'IeCKax o6pa6oTKa pe3VJibTaTOB - PeJyJJLTaTbl 3KcnepHMeHroB 

o6pa6aTblBaJIH Ha Bbl'IHCJIHTCJibH0M K0MDJICKCe Hcxpa-1256 C HCIIOJib30B3JUieM 

MeTo,n:a HaHMCHhHlll:X KBa,n:paTOB II t - KpHTepHH CThJO,n:eHTa. 

12 

PE3YJihTAThI HCCJIE.ll:OBAHHH 11 HX O6CY)K,[{EHI1E 

1. IIeiicTBne HOHH3npyrorunx mnyqeHnii c pa3HhIMH JIII3 Ha KJICTKH 6aKTepnii 

Escherichia coil K -12 pmHblX 2e11omunoe. 

KpHBbie BbI)KIIBaHHH KJieTOK 4-x illTaMM0B 6aKTepnii E.coli K-12 npn 

o6nyqeHHll HX peHTreHOBCKHMll JIY'IaMll II a - qacTHUaMH npnBe,n:eHbl Ha pnc. I n 2. 

<l>opMa npe,n:cTaBJICHHbIX KpHBbIX xoporno COBIIa,n:aeT C ¢opMOH KpHBbIX Bbl)KHBaHHH 

KJICTOK 3THX HITaMMOB, 0IIHCaHHblX B JIHTepaType: Han6on1,rneii 'IYBCTBHTeJibHOCTbIO K 

peHTreHoBCKHM nyqaM o6na,n:moT KJieTKH rec A" - n pol A. - MyTaHTOB. B1,1c0Kax 

pa,n:HO'IYBCTBHTeJihHOCTb rec A" - MyTaHTa CBH3aHa C TeM, 'ITO npo,n:yKT reHa rec A 

Heo6xo,n:nM .n:nx perynnpoBaHHH npouecca nerpa.n:aunn B nopennnKaTHBHOH penapaunn 

.ll:HK. Ilpn 110.ziaBJieHnn rec A .tl>YHKUHH tta6n10.I(aeTCH pe3KOe B03pacrnHne .I(erpa.I(aunn 

.ll:HK. O.I(HaKO fihICTJ)aH CllCTeMa penapaunn y 3TOro HITaMMa tl>YHKUHOHHpyeT CTOJib 

)Ke 34>4>eKTHBHO, KaK ll y KJICTOK ",n:nKoro" THIIa. Pa,n:nO'IYBCTBHTeJibHOCTb pol A" -

MYTaHTa o6ycJIOBJieHa HC.I(OCTaTO'IHOCTbIO .ll:HK IIOJIHMepa3bl I, KOTOpoii 

npnHa,n:Jie)KllT Be.I(ymax pOJib B HHUH3HOHHOM penapaunoHHOM nyTH (6bJCTpaH 

penapaunx). 

l13BCCTHO, 'ITO o6nyqeHne HOHH3HpyIOII.(HM ll3JiyqeHHeM KJieTOK, OTHOCHII.(HXCH 

K pa3HblM TaKCOHOMH'ICCKHM rpynnaM, MO)KeT npnBeCTH K BpeMeHHOH 3anep)KKC HX 

nepsoro IIOCTpa,n:naunoHHOfO neneHHH. Pe3yJihTaTbl Harnnx OllblTOB C BbinCp)KHBaHHeM 

KJieTOK 6aKTepnii E.coli K-12 " nnKoro" THIIa Ha IIOBepXHOCTH TBep.I(OH 

IlllTaTCJJbHOH cpe.I(bl npn TeMnepaType 37 °c IIOKa3aJIH, 'ITO llHTaKTllbJe KJICTKH 

nenHTCH npnMepHO qepe3 1,5 qaca IIOCJie nocesa, B TO BpeMH KaK KJICTKH 6aKTepnii 

o6nyqeHHbie a- qacTHQaMH B .I(03e 21 0fp neJIHTCH TOJibKO qepe3 2,5 qaca. 

.ll:ettCTBHe HOHH3Hpyromnx ll3JIY'ICHHH Ha KJieTKll 6aKTepnil: E.coli K-12 

xoporno HlY'ICHO, ll nnx cpaBHCHHH IIOJiyqeHHbIX ,Z(aHHb!X npn HCIIOJib30BaHHll npyrnx 

Bll.I(0B ll3Jiy'IeHHH BCer.I(a MO)KHO HaHTll .I(JIH 3TOro JIHTepaTypHbie HCTO'IHHKH. l1cxonx 

ll3 TaKHX coo6pa)KCHHH, Mb! orpaHH'-IllJIHCb BbIHieIIpHBe,Z(eHHb!Mll 3KCIIepHMCHTaMH 

nel'iCTBHH HOHH3Hpyromnx ll3JiyqeHHH Ha 3TH KJICTKH. 
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AB 1157 (I). P 3478 (2), BL 1114 (3) H AB 2463 (4),0WIJ'leHHLIX 

a - 'laCTHl{3MD. 

Ilo OCH a6cIUicc - ,no:ia o6nyqeHIUI, _rp;no OCH op,romar- BLmUBaeMOCU.. %. 
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2. IIeil:cTBHe ml3epHbIX 1nnr1eHnil: BllJlHMoro nnarra3oHaHa Ha KneTKH 6aKTepnil: 

E.coli K-12 pa3Hb!X reHOTHIIOB. 

.n:illl ll3Y'leHH.!I 6rronorn'!eCKOro B03.[(eHCTBll.!I na3epm:;1x HJny'!eHHH Bll.[(llMOro 

.[(lla1Ia30Ha, HaMll 6hinll Bb16pattbI .[(Be MllHbl BOllHbI - A = 633 HM rr ').. = 532 HM. 

BbI6op Halli nan Ha 3TH .[(llllHbI BOllHbI He cny'laHHO. B KnllHH'leCKOH rrpaKTHKe 

rrony'lrrno rrmpoKoe rrpnMeHeHrre Hll3KOHHTeHcttBHOe HJny'leHrre He-Ne na3epa (A = 

632,8 HM), KOTOpoe, HeCOMHeHH0, .!IBn.!IeTC.11 ycrreIIIHblM B ne'!eHllll p.11,na 3a6oneBaHHH, 

r.ne Tpa.Z(llUllOHHOe Me.[(nKaMeHT03HOe Ji:e'!eHne .!IBn.!IeTC.11 Man03cpcpeKTllBHblM. O,nHaKo, 

cncTeMaTn'!ecKne rrccne,noBaHn.11 (3aBHCllMOCTll OT .[(llllHbI BOllHbI, .[(03bl, 

llHTeHCllBHOCTll) 0 B03.[(eHCTBllll Hll3K0llHTeHCllBHOro Bll.[(llMOro MOHOxpoMaTll'leCKOro 

CBeTa Ha KneT0'IHOM ypoBHe rrpaKTH'leCKll OTCYTCTBYIOT. BTopa.11 .[(llllHa BOllHbI - 532 

HM 6bma BbI6paHa c uenhIO rrpoBepKn ttMeIOIUeroc.11 B nIITepaType rrpe.nrronoJKeHH.11 o 

TOM, 'ITO KneTO'!Hbie UllT0Xp0MbI, BXO.[(.!IIUIIe B .[(bIXaTenhHYIO CllCTeMy 6aKTepIIH 

E.coli, MoryT 6hITb rrepBH'IHbIMll <pOTOpeuerrTopaMII OTBeTCTBeHHbIMll 3a 

6nonorn'!eCKlle 3cp<peKTbI, BbI3BaHHhie HJny'leHneM C MHHOH BOnHhl 633 HM. Ha Harn 

BJrn.11.n, TaKOH BbI6op II03BOn.!IeT nccne,noBaTb 3aKOHOMepHOCTll B03.[(eHCTBll.!I na3epHbIX 

HJny'leHHH Bll.l{llMOH o6naCTII Ha KneTKll 6aKTeprril:, 0.l{HOBpeMeHHO rrony'la.11 

llH<pOpMauIIIO, KOTOpa.11 M0JKeT 6bITb O'!eHb rrone3HOH .nn.11 na3epnoil: Me.[(llUl1HbI. 

Ha pnc.3 IIOK33aim 3aBIICllMOCTb BbllKIIBaeMOCTll KneTOK 4-x IIITaMMOB 

6aKTep11il: E.coli K-12 OT .[(03bl llX o6ny'leHII.!I rennii-HeOHOBbIM na3epOM. KaK cne.[(yeT 

II3 pnc.3, 'IYBCTBIITenhHOCTb KneTOK K na3epH0MY ll3lly'leHIIIO B p.11,ne nccne.[(OBaHHbIX 

IIITaMMOB yMeHbIIIaeTC.11 B cne,nyIOIUeM rrop.11.[(Ke: pa,nllO'IYBCTBIITenbHble MyTaHTbl, 

.[(IIKIIH THII, cyrreppe3llCTeHTHbIH MyTaHT, T.e. 'IYBCTBllTenhHOCTb KneT0K ll3Y'leHHbIX 

HaMll lliTaMMOB E.coli K-12 K pe,nKOIIOHll3HpyIOIUeMy ll3lly'leHllIO II K ll3ny'!eHllIO C 

MllHOH BOnHhl 633 HM OIIIICblBaIOTC.11 CXO.[(HOH ITO HarrpaBneHHOCTII KapTIIHOH. 

Ilpi:i KOllll'!eCTBeHHOM II3y'leHIIll 6nonorn'!eCKOro ,neiiCTBll.11 pa,nnaUlllI o6bI'IHO 

nccne,nyIOT 3aBllCllM0CTb 6nonorn'!eCKOro 3cp<peKTa OT .[(03bl 06ny'leH1I.!I. O.[(HaKO, .[(ll.11 

p.11.[(a peaKUIIH 3cpcpeKT o6ny'leHll.!I 3a.BllCIIT ll OT M0IUHOCTII .[(03bl. 3Ta 3aBllCIIMOCTb 

xapaKTepIIJyeTc.11 B pa,nno6nonornII rroH.11TneM "cpaKTop BpeMeHn "- JJ:n.11 Toro 'IT06b1 

BbI.!ICHIITb nrpaeT nn cyIUeCTBeHHYIO ponb "cpaKTOp BpeMeHII " B ycnoBll.!IX HaIIIIIX 

3KcrrepIIMeHTOB, HaMII 6binll rrpoBe,neHbI 3KcrrepIIMeHTbl ITO II3y'leHIIIO Bllll.!IHII.11 
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MOIUHOCT!l ll3Jiy<IeHml re111Iil:-HeOHOBOfO Jia.3epa Ha BbDKHBaeMOCTb KJieTOK E.coli K-12 

")lllKoro" rnna (npll KOMHaTHOll TeMnepaType 25 °C). Pe1yJihTaTbl 3KCnep!lMeHTOB 

nOKa.3aJill, 'ITO 3cpcpeKT, Bhi3BaHHblll )laHHOll )l030ll, onpenem1eTCH TOJlbKO BeJI!l'IllHOll 

3T0ll )l03bl, lIHTeHClIBHOCTb ll3Jiy'IeHHH He ttrpaeT npaKTll'IeCKll HllKaKOll pOJill. 

bhIJill npoBe)leHbI TaKJKe llCCJie)lOBaHHH no BJIIIHHIIIO ll3JIY'IeHIIH reJillll­

HeOHOBOro Jia.3epa Ha cpoK )leJieHHH KJieTOK 6aKTep1Iil: E.coli K-12. OHtt nOKa.3aJill, 'ITO 

0611yqeHHe KJieTOK Jia3epHbIM ll3JIY'IeHHeM npHBO)llIT K 3a)lepJKKe )leJieHlIH. 

KoHTpOJibHbJe KJieTKll, TaK JKe, KaK II KJieTKll 0611yqeHHbie Jia.3epHbIM ll3JIY'IemreM B 

)l03e 1,3· 10
2 

M,[(JK!cM2, )leJI!lJilICb 'Iepe3 1,5 qaca, a KJieTKll, nO)lBeprttyThie Jia3epHOMY 

B03)lellCTBIIIO B 6oJibll!ell )l03e )leJI!lJilICb TOJibKO 'Iepe3 2,5 'I. 

' 
3nI pe1yJihTaTbl YKa3b!BaIOT Ha cymecTBOBaHHe HeKOTOpb!X o6mllx 

3aKOHOMepHOCTeil: )lellCTBlIH ll0Hll3Hpymmllx ll Jia3epHbIX ll3Jiy'IeHllll Ha KJieTKll 

6aKTepttil:. Ilo3TOMY MOJKHO 6hIJIO npennoJIOJKIITb, 'ITO B cnyqae Jia3epHoro o6Jiy'IeHHH 

KJieTOK r1I6eJib lIX TOJKe CBH3aHa C noBpeJK.L1eH1IHMll MOJieKyJI ,[(HK. ECJill TaKOe 

npenno110JKe1me BepHo, TO Jia3epHoe 0611y'IeH1Ie )lOJIJKHO npllBeCTll TaKJKe K 

o6pa30BaHHIO MYTaUllll B KJieTKax 6aKTepttil:. 

B CBH31l C 3TlIM, HaMll 6hIJill npoBe)leHbI 3KCnepttMeHTbI no llCCJie)lOBaHHIO 

06pa10BaH1IH npHMb!X MYTaUllll B JiaKT03HOM onepoHe (lac+ - lac- MYTaUHll) KJieTOK 

E.coli K-12 ll!TaMMOB Hfr H II P 3478. Pe1yJihTaThl 3THX 3KcnepttMeHTOB npllBe)leHhI 

Ha pttc. 4 II 5. Btt)lHO, 'ITO ll3Jiy'IeH!le c )lJilIHOll BOJIHbl 11,= 633 HM 0Ka3hIBaeT Ha 

KJieTKll 6aKTepttil: He TOJibKO JieTaJibHOe, HO lI MyTareHHOe B03)lellCTBlle. ,[(JI» o6ottx 

WTaMMOB Ha6monaeTCH O)llIHaKcrna» .no cpopMe KpllBM qacTOTbI MYTllpOBaHIIH - npII 

nJIOTHOCTll 3Heprn1I paBHOll 3,2· l 0 4 
M,[(JK/CM

2 
Ha6JIJO)laeTCH MaKCIIMYM 'IaCTOTbl 

MYTIIpoBaHHH, 3aTeM KplIBM II)leT Ha cnan, a npll 6onee Bb!COKIIX )l03ax CIIOBa 

Ha6JIJO.[laeTCH pOCT 'IaCTOTbI MyTttpoBamrn. 

O61,»CHlITb MexaHII3Mbl JieTaJib!IOro II MyTareHHoro B03.[leil:CTBIIH II3JIY'Ie!IHH C 

.[IJIIIHOll BOJI!lbl A = 633 HM O'IeHb TPY.llHO, T.K. ll3BeCTHO, 'ITO Hll 6eJIKll, !Ill 

HYKJieHHOBbie KllCJIOTbl He nornomaIOT B .[laHHOll cneKTpaJibHOll o6naCTll. O'IeBH.[IHO, 

'ITO B03.lleil:cTB!le HOCHT onocpen0Ba1111b1il: xapaKTep. Ilpennonarae-rc», 'ITO 

nepBll'IHhIMH cpoTOpeuenTOpaM!l npll TaKOM B03.[lellCTBllll MoryT HBJIHTbCH 
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KJieTO'IHbie UllTOXpOMbl, BXOMIU!le B .[lb!XaTeJihHYIO ClICTeMy KJieTOK 6aKTepllil: II 

HMeIOmlle MaKCIIMYM nornome111IH B KpacHOll o6naCTll cneKTPa. EcJill Ha CaMOM nene 

nepBH'Illb!Mll cpoTOpeuenTOpaMll B .[laHHOM cnyqae HBJIHIOTCH UllTOXpOMbl, TO 

nono6Hbie 3cpcpeKTbl .[IOJilKHbI Ha6JIIO.[laTbCH npn o6ny'IeHllll KJieTOK 3eJie!lbIM cBeTOM, 

KOTOpblll, KaK ll3BeCTHO, TaKJKe riornomaeTCH UllTOXpOMaMll. 

,[(JIH npoBepKn 3TOfO npennoJIOJKeH.llH HaMll 6bIJill npoBe.[leHbI llCCJie.[IOBaHIIH no 

JieTaJibHOMY II MyrnreHHOMY B03.[leil:CTBIIIO 3eJieHHOro CBeTa C .[IJllIHOll BOJIHbl 11,= 532 

HM Ha Hfr H IIITaMM KJieTOK 6aKTepHil: E.coli. 11ccnenoBanoch B03HllKHOBeHHe Tex JKe 

lac+ ➔ lac- MYTaUHil:. Pe1yJihTaThI 3TIIX 3KcnepHMeHTOB, rrpHBe.[leHHbJe Ha pllc.6, 

noKa3b!BaIOT, 'ITO CBeT c .[IJillHOll BOJIHbI 11,= 532 HM TaKJKe OKa3hIBaeT Ha KJieTKll 

JieTaJibHOe ll MyTareHHOe BO~.[leil:CTBlle. EcJill CpaBHllTb KpllBhie BbIJKllBailllH KJieTOK 

3T0f0 ll!TaMMa IIpll neil:CTBllll Ha HllX KpaCHOfO ll 3eJieHHOf0 CBeTa, TO MOJKHO 

3aMeTHTb, 'ITO 3eJieHHblll CBeT o6nanaeT 6011ee CllJibHbIM JieTaJibHbIM B03.[lettCTBlleM, 

'IeM KpaCHblll. JleTaJibHM .[I03a .[IJIH 50 % Bbl?l(llBaeMOCTll (JI.[(so) rrpn 11,=633 HM 

cocTaBJI»eT 6,4-10
4 

M,[(JK!cM
2

, a .[IJIH ll3JIY'IeHH5! c 11, = 532 HM - 2-10
4 

M,[(JK/cM
2

• 

Heo6XO)lllMO OTMeTllTb, 'ITO XOT51 B IIOCJie)lHeM cnyqae rrpHMeH51JIC5! Jia3ep npyroil: 

MOIUHOCTll, Ha6JIIO.[laeMblll 3cpcpeKT He MOJKeT 6bITb CB513aH C 3TllM o6CTOHTeJibCTBOM. 

B IIOJib3Y TaKOro yrneplK.lleHll51 CBH.[leTeJibCTBYIOT pe3yJibTaTbl Harrmx OIIbITOB no 

3aBllCllMOCTH JieTaJibHOro B03.[lettCTBll51 ll3Jiy'IeHll51 11,=532 HM OT MOIUHOCTll Jia3epa. 

OHll nOKa.3aJill, 'ITO rrpH ll3MeHeHllll MOIUIIOCTll Jia3epa Ha rrop».[IOK - He 11a6JIIO.[laeTC51 

3aBHCIIMOCTb 3cpcpeKTa OT MOIUHOCTll. 

Ilony'IeHHhie pe1yJihTaTbl IIOKa3bIBaIOT, 'ITO KJieTO'IHble UllTOXpOMbl, BXO./lHIUIIe 

B )lbIXaTeJihHYIO CllCTeMy KJieTOK 6aKTepHH, MoryT 5!BJI5!TbC5! nepBH'IHb!Mll 

cpoTOpeuenTOpaMH .[11151 ll3JIY'IeHIIll C .[IJillHaMII BOJIH 11,=633 HM ll 11,=532 HM. 

3.ll>oTopanHaUIIOHHhie B03JlettCTBII51 llOHII31IpVIOWllX ll Jia3epHbIX II3JIV1 lel11Ill Ha 

KJieTKII 6aKTepIIi1 E.coli K-12 

IDOTOpa)lIIaUIIOHHbie llCCJie.[IOBaHII51 rrpe.[ICTaBJIHIOT 6oJihll!Oll mnepec, T.K. 

6JIOJIOfll'IeCKIIe 061,eKTbl MoryT HaxO.[lllTbC5! ITO.LI TaKIIMll B03.[leHCTBll51Mll KaK B 

rrpIIpO./lHbIX YCJIOBll51X, TaK lI B npoII3B0.[ICTBeHHbIX. KpoMe Toro, ll3 Hay'IHOH 
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Pnc.3. KpHBble BbDKHBaHm1 KneTOK 9aKTepuii E.coli K-12 TaMMOB AB 1157 (2), 

P 3478 (4), BL 1114 (I) II AB 2463 (3) o6nyqeHHbIX mnepHbIM mnyqeHHeM c 

)J,JIHHOH BOJIHbl A= 633 HM. 
Ilo OCH a6cuncc - )J,O3a o6nyqeHml, M,[{)I(/cM

2
; no OCH opmrnaT - BbDKHBaeMOCTb, %. 

MomHoCTb na1epHoro n3nyqenmi 2 MBT. 
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Puc. 4. KpIIBble BbDKIIBaHHH n qacTOTbI MyrnpoBaHHH KJieTOK 6aKTepIIii E.coli K-12 

Hfr H npn lfX o6nyqeHHH Jia3epHblM lf3JiyqeHHeM c )J,JIHHOH BOJIHbI 11, = 633 HM. 

Ilo OClf a6CUIICC - )J,O3a o6nyqeHHH, M,[{)I(/cM
2

; no OCHM op,nmiaT - qaCTOTa 

MyrnpoBaHHH {e); - BbDKIIBaeMOCTb (o), %. MomnoCTb Jia3epHoro If3JiyqeHHH 10 MBT. 

18 

10-2 

100 l I 
-e 
Ei 

80 10-3 z. 
,... I 
' ro 

"' 0 

::; 10-4 i ., 
"" ! 40 "' 
:;; 

!; 
ill 10-.5 ~ 

20 
::,< 

. 
0,.5 

6 12 18 

,Uo3a oeinyqeHIBI, x 10~ M,[()l(/CM2 

Puc. 5. KpIIBble BbDKHBaHIIH II qacTOTbI MYTIIpoBaHHH KJieTOK 6aKTepnii E.coli K-12 

P3478 npH llX o6nyqeHIIH Jia3epHbIM ll3JiyqeHIIeM c )J,JIIIHOH BOJIHbI 11, = 633 HM. 

Ilo OClf a6CQIICC - JJ,O3a o6nyqeHIIH, M.[{)I(/cM2 
; ·no OCHM op,nuHaT - qacTOTa 

MYTHPOBaHHH (e); - BbDKHBaeMOCTb (o), %. MomHOCTb Jia3epHoro ll3JiyqeHHH 25 MBT. 
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Puc. 6. KpIIBbie BbDKHBaHIIH II qacTOTbI MyTnpoBaHHH KJieTOK 6aKTepIIii E.coli K-12 

Hfr H npII HX o6nyqeHHH Jia3epHbIM lf3JiyqeHHeM c )J,JIIIHOll BOJIHbl 11, = 532 HM. 
Ilo ocu a6cuucc - ,no3a o6nyqeHHH, M,[{)I(/cM2 

; no ocHM op,nIIHaT - qacTorn 

MyrnpOBaHlfH (e); - BbDKIIBaeMOCTI, (o), %. MomHOCTb Jia3epHoro lf3JiyqeHIIH 25 MBT. 
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mrrpaTyp1,1 II3BeCTHO, 'ITO ITJ)II OITpe.neneHHl,IX YCJIOBHJ:IX o6nyqeHIIH II3JIY'leHIIe C 

.L{JIIIHOH BOJIHl,I 633 HM MO)l(eT 61,1TJ, IICITOJl1,30BaH KaK J)a.L{IIOITJ)OTeKTOJ). 

HaMII 61,mlI ITJ)OBe.L{eHbl IICCJie.L{OBaHIIH ITO ITOCJie.L{OBaTeJIJ,HOMY II 

OLIHOBpeMeHHOMy o6Jiy'leHIIIO KJieTOK 6aKTepIIil: E.coli K-12 J)a3Hi,IX reHOTIIITOB 

IIOHII3IIJJYIOII.lIIMII H3Jiy'leHIIHMII (peHTreHOBCKIIMII JIY'laMII II a - 'laCTIIIIaMII) II 

II3Jiy'leHIIeM rem1il:-HeOHOBOro Jia3epa. ,ll;JIH Toro 'IT061,1 IICCJieL10BaT1, B03MO)l(HOCTJ, 

J)a.L{II03all.(IITHOfO B03LleHCTBIIH Jia3epHoro II3Jiy'leHIIH, ITJ)II KOM6mmpoBaHHl,IX 

o6Jiy'leHIIHX HaMII 6panIICI, Ll03i,I Jia3epHoro II3Jiy'leHIIH, He ITJ)IIBOLIHII.(IIe K JieTaJibHOMy 

3<p<peKTy (pIIC. 3). Ha pIIc.7 II '8 ITJ)IIBeL1eH1,J KJ)IIBJ,Ie Bl,l)l(IIBaHIIH KJieTOK 6aKTepIIil: 

E.coli K-12 ITJ)II Jla3epHOM B03LleHCTBIIII B J)a3Hi,IX 3KCIT03IIIIIIHX LIO II ITOCJie 

peHTreHOBCKOro o6nyqeHIIH. I-b J)IICYHKOB BIILIHO, 'ITO KaK ITJ)eL1BapIITeJIJ,HOe, TaK II 

ITocne.ny10mee o6ny'leHIIe KJieToK JiaJepH1,1M mnyqeHIIeM yMeH1,111aeT IT0Bpe)l(.L{a10mee 

LleHCTBIIe peHTreHOBCKIIX nyqeil: (aHTaroHIICTII'leCKaH peaKIIIIH). B o6oux CJIY'IMX 

KOM61IHIIJ)OBaHHoro o6ny'leHIIH II LIJIH Bcex IIITaMMOB OITTIIMaJil,HM LI03a Jia3epHoil: 

3KCIT031IIIIIII, ITJ)IIBOLIHII.(M K MaKCIIMaJI!,HOMY yMeHbIIIeHIIIO ITOBpe)l(L1aIOmero 3<p<peKTa 

peHTreHOBCKIIX nyqeil: Ha6JIIO.L{aeTCH ITJ)II ITJIOTHOCTII 3HeprIIII 8-10 2 M,ll;)l(/cM2• MO)l(HO 

ITOJiaraT1,, 'ITO II3JIY'leHIIe reJIIIH-HeOHOBOfO Jla3epa aKTIIBIIpyeT peITapaIIIIOHHl,Je 

CIICTeMl,J KJieTKII, II IT03TOMY ITJ)II COBMeCTHOM L1eHCTBIIII peHTreHOBCKoro II Jia3epHoro 

II3Jiy'leHIIH ITOBpe)l(.L{aIOmee L1eHCTB1Ie peHTreHOBCKoro II3Jiy'leHIIH CHII)l(aeTCH. 

Dl,IJIO TaK)l(e myqeHo BJIIIHHIIe KOM6IIHIIJ)OBaHHOro o6nyqeHIIH 

6aKTep1Iil: II3JIY'leHIIeM reJIIIH-HeOHOBOro Jla3epa II a - 'laCTIIIIaMII. 

KJieTOK 

B 3TJIX 

3KCITepIIMeHTax TaK)l(e 6pan11c1, Jia3epH1,1e 3KCIT03IIIIIIII, He ITJ)IIBOLIHII.(IIe K JieTaJil,HOMy 

3<p<peKTy. Ha J)IIC. 9 II 10 ITJ)1IBeL1eHJ,J KJ)IIBJ,Ie Bl,l)l(IIBamrn KJieTOK 6aKTep11il: E.coli K-

12 J)a3Hl,IX reHOTIIITOB, ITOL1Bepr1IIIIXCH Jia3epHOMy B03LleHCTBIIIO B J)a3Hi,JX 

3KCIT03IIIIIIHX .no II ITOCJie !IX o6nyqeHIIH a - qacTIIIIaMII. J.fa J)IICYHKOB BII.L{HO, 'ITO 

Bi,J)l(IIBaeMOCTJ, KJieTOK, ITOL1BeprHyBIIIIIXCH KOM6IIHHJ)OBaHHblM a - 11 Jia3epHOMy 

o6nyqeHIIIO Bl,Jllle, 'leM Bl,l)l(HBaeMOCTJ, KJieTOK, 06nyqe1rn1,1x TOJIJ,KO a - 'lllCTIIIIal\m. B 

o6oux BapHaHTax KOM6HHHJ)OBaHHl,IX 06ny11eHHH H LIJIH Bcex HCCJieLIOBaHHl,JX 

IIITaMMOB, OITTlIMaJIJ,HM .L{03a JI;t3epHOH 3KCIT03ll11Hll, ITJ)IIBOLIHII.(aH K MaJ(CIIMaJI!,HOH 

<pOTOITJ)OTeKIIHII HJIH K <pOTOpeaKTHBaIIHII, KaK u ITJ)H KOM6HHHpoBaHHl,IX Jia3epHOM u 
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peHTreHOBCKOM o6nyqeHHHX COOTBeTCTByeT ITJIOTHOCTII 3HeprHH 8- 10
2 

M,ll;)l(/cM
2

. I-b 

pucyHKOB BIILIHO TaK)l(e, lJTO MOLIH<pHKaIIHH ITOBpe)l(.L{aIOmero L1eHCTBlIH a - qacTHII C 

ITOMOII.(1,IO MaJIJ,IX LI03 Jia3epHoro o6nyqeHHH 3aBIICHT OT reHOTIIITH'leCKHX 

oco6eHHOCTeil: KJieTOK. 

IIpu IIJyqeuuu neTaJibHOro II MyTareHHOro B03L1eil:cTBHH JiaJepH1,1x IIJJiy11eHuil: 

BIILIHMOro L11IaITaJOHa c LIJIHHOH BOJIHl,I 633- HM u 532 HM Ha KJieTKH 6aKTepuil:, HaMII 

61,1nu ITOJiy'leHJ,J . pe3yJibTaTJ,I B ITOJI1,3Y ITpeL1riOJIO)l(eHHH O TOM, lJTO ITepBII'IHl,JMH 

<pOTOpe11eITTOpaMH ITJ)H B03LleHCTBHH ·3THX II3JIY'leHHH Ha KJieTKH 6aKTepuil: MOryT 61,ITJ, 

KJieTOlJHJ,Ie IIHTOXJ)OMl,I. B, TaKOM cny11au, B03MO)l(HO, 'ITO Jia3epHoe u:rny11eHHe C 

LIJIHHOH BOJIHl,I 532 HM TO)l(e CITOC06HO OKa3aTJ, Ha KJieTKII 6aKTepuil: <pOTOITJ)OTeIIIIIO 

H <pOTOpeaKTIIBaIIHIO. Ha pH~- 11 ITJ)HBeL1eHbl KJ)HBble 3aBHCHMOCTH 3<p<peKTIIBHOCTH 

J)a.L{II03all.(HTHOro L1eHCTBHH ITpeL1BapuTen1,Horo H ITOCJieL1y10mero nmepHoro 

o6nyqeHHH (c LIJIHHOH BOJIHl,I 532 HM) Ha KJieTKII 6aKTepIIil:, ITOL1BeprnyT1,1x 

B03LleHCTBIIIO a - 11aCTIIII B LI03e 210 fp. BIILIHO, lJTO KaK ITpeL1BapIITeJibHOe, TaK II 

ITocneL1y10mee nmepHoe 06ny11eHIIe yMeHbIIIaIOT ITOBpe)l(L1a10mee L1eil:cTBIIe a -

lJaCTIIII. B o60IIX BapIIaHTaX 06ny11eHIIH MaKCHMaJIJ,Hl,lll J)a.L{II03all.(IITHl,IH 3<p<peKT 

Ha6JIIOL1aeTCH ITJ)II ITJIOTHOCTII 3Heprnll 3,6 -10
2 

M,ll;)I( !cM
2

• 

Ha pIIc.12 ITJ)IIBeL1eH1,1 i<pIIBh!e Bi,J)l(IIBaHIIH KJieTOK 6aKTepIIH, 06ny11eHHl,IX 

TOJl!,KO a - '!aCTHIIaMH, a TaK)l(e KOM6IlfmpoBaHHO 06ny11eHHi,IX Jia3epHb!M H3Jiyqe1rneM 

II a - qacTIIllaMH. IIony11eHHJ,Je L1aHHbie CBHL1eTen1,crnyIOT O TOM, 'ITO B03L1eil:CTBIIe 

Jia3epHoro II3Jiy11eHIIH C LIJIIIHOH BOJIHl,I 532 HM yMeHbIIIaeT 'IYBCTBHTeJIJ,HOCTi, KJieTOK 

K a - lJaCTIIIIaM, T.e. B 3TOM cny11ae TaK)l(e Ha6JIIOL1aeTCH aHTarOHIICTII'leCKM peaKIIIIH. 

81,111Ie HaMII ITJ)OBOLIIIJIIICi, IICCJieL10BaHIIH ITO BJ,JHCHeHIIIO pe3yJI1,TaTOB 

<pOTpOaL1IIaIIIIOHHl,IX B03LleHCTBIIH Ha Bi,J)l(IIBaeMOCTI, KJieTOK 6aKTepuil:. Dl,IJIO 

HHTepecrio TaK)l(e Bb!HCHIITJ,, KaK BJIIIHIOT qJOTOJ)a.L{IIaIIIIOHHJ,Ie 06ny11eH1IH Ha CJ)OKII 

ITepBoro ITOCTJ)a.L{IIaIIIIOHHOro L1eJieHIIH KJieTOK 6aKTep1Iil:. ,ll;nH 3TOro HaMII 61,1n1I 

ITJ)OBeL1eH1,1 IICCJieLIOBaHIIH ITO KOM61IHIIJ)OBaHHOMY 06ny11eHIIIO KJieTOK 6aKTepuil: 

E.coli IIITaMMa AB 115 7 a - 11acTII11aMII ( B LI03e 210 fp) II nmepHbIM mny11eHIIeM c 

LIJIIIHOH BOJIHl,I 633 HM (B LI03e 8- 10
2 

M,ll;)l(/CM
2
). Pe3yJil,TaTl,I 3TIIX 3KCI1epIIMeHTOB 

ITOKa3aJIII, 'ITO KJieTKII 6aKTep1Iil: ITOL1BeprHyT1,Je nmepHOMY B03LleHCTBIIIO LIO IIJIII 
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Prrc.7. KprrBhle BbDKIIBaHmr KJieToK 6aKrepHii E.coli K-12 rrnaMMOB AB 1157 

(A), BL 1114 (5), AB 2463 (B) H P 3478 (f') IIpH KOM6HHHpoBaHHbIX 06JIY1IeHHbIX 

ml3epHbIM ll3JIY'leHIIeM c anmmii BOJIHbI A= 633 HM H peHTreHOBCKHMH ny'laMH. 

1- peHrreHOBCKHe ny'IH; 2-5 - na:JepHoe o6ny'leHrre B ao1ax 4-102 M~)K/cM2
, 8 -102 

M~)K/cM
2

, 16· 10
2 

M~)K/cM
2

, 32· 10
2 

M~)K/cM2 COOTBeTCTBeHHO + peHTreHOBCKOe 
o6ny'leHHe. 

no OCH a6CI.(HCC - ao1a o6ny'leHmr, rp; ITO OCH opaHHaT - BbI)KHBaeMOCTb, %. 
MoII.(HOCTh na:JepHoro mny'leHm1 2MBT. 
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0,01 I A 

PHc. 8. KpHBble BhI)KHBaHmI KJieTOK 6aKTepHii E.coli K-12 llITaMMOB AB 1157 (A), 
BL 1114 (5), AB 2463 (B) H P 3478 (f') IIpH KOMfoIHHpOBaHHbIX o6nY'JeHHbIX 

peHTreHOBCKHMH ny'laMH H Jia3epHbIM H3JIY'leHrreM C anHHOll BOJIHbI A, = 633 HM. 
1 - peHTreHOBCKHe ny'IH; 2-5 - peHrre.HoBCKOe o6ny'leHHe + na:JepHoe o6ny'leHHe B 

ao1ax 4-10
2 

M~)K/c~, 8 -102 M~)K/cM2
, 16-102 M~)K/cM2

, 32-102 M~)K/cM2 

COOTBeTCTBeHHO. 

no OCH a6CI.(HCC - ao3a o6ny'leHmr, rp; ITO OCH opaHHaT - BbI)KHBaeMOCTh, %. 
MOllIHOCTh na:JepHoro H3ny'leHH.si: 2MBT. 
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PHc.9. KpHBbie BhI)KHBaHH.si: KJieTOK 6aKTepHii E.coli K-12 llITaMMOB AB 1157 (A), 

BL 1114 (5), AB 2463 (B) H • P 3478 (f') ITPH KOM6HHHpoBaHHhIX 06ny1IeHHhIX 

Jia3epHbIM ll3Jiy'leHHeM c MHHOll BOJIHbI A= 633 HM H a-'laCTHI.(aMH. 

1- a- 'laCTHI.\hI; 2-5 - Jia:JepHoe o6nyqeuHe B a01ax 4· 102 M~)K/cM2, 8 . 102 M~)K/cM2, 

16-10
2 

M~)K/cM
2

, 32· 10
2 

M~)K/cM
2 

COOTBeTCTBeHHO + a- o6ny'leHHe. 

no OCH a6CI.(HCC - a01a o6ny'leHH.sI, rp; ITO OCH opaHHaT - BbI)KHBaeMOCTh, %. 
MoII.(HOCTh na:Jepnoro H1ny'leHH.si: 2MBT. 
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PHc. 10. KpHBhie BhI)KHBaHH.si: KJieTOK 6aKrepHii E.coli K-12 llITaMMOB AB 1157 (A), 

BL 1114 (5), AB 2463 (B) H P 3478 (f') rrpH KOM6HHHpoBaHHhIX 06ny1IeHHhlx a-

'laCTHI.\aMH H Jia3epHbIM H3JIY'leHHeM C MHHOH BOJIHbI A,= 633 HM. 

1- a-qacTHI.\hI; 2-5 - a- 06ny1IeHHe + na:JepHoe 06ny1IeHHe B ao1ax 4-102 M~)K/cM2, 

8 ·10
2 

M~)K/cM
2

, 16-10
2 

M~)K/cM
2

, 32-102 M~)K/cM2 COOTBeTCTBeHHO. 
ITo OCH a6CI.(HCC - a01a o6ny'leHH.sI, rp; ITO OCH opaHHaT - BbI)KHBaeMOCTh, %. 
MollIHOCTh na:JepHoro H3Jiy'leHH.sI 2MBT. 
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Pttc. 11. KpttBbie 3aBIICIIM0CTll :icpcpeKTIIBHOCTll pa.utto3aIIIllTHOfO .[leHCTBll.SI 

na3epttoro mny1Iettm1 c Mttttoii BonttbI A= 532 HM Ha KJieTKII 6aKTepnii E.coli K-12 

IIITaMMa AB 1157 ITPll KOM6ttttllpOBaHH0M o6nyqeHllll KJleT0K Jla3epHblM ll3JlY'-!eHIIeM 

II a - qacTm.(aMtt. 
1 - a - qacTttUbI + na3epttoe tt3J1}''-lem1e , 2 - na3epttoe mnyqetttte + a - qacTttUbI, 3 -

a - '-!aCTllUbI B .[I03e 210 rp. 
no OCH a6cuncc - .[I03a o6nyqettml, M.ll:)l(/cM

2
; ITO OCH op.[lttHaT - BbI)l(llBaeMOCTb, %. 
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i:,:i 

,Uo3a, fp 
336 

3 

Pnc.12.· KpttBi.1e BbI)l(ttBattm1 KneT0K 6aKTepnii E.coli K-12 rnTaMMa AB 1157 

ITpll OM6ttttllpOBaHH0M o6ny'-!e!IHH na1epHblM mny'-!eHtteM C .[IJlllHOH BOJlHbl 

A= 532 HM n a - qacTttUaMH. 

1 - a - qacTIIUbl, 2- Jla3epnoe H3JlY4CIIHC + a - qacTIIUbI, 3 - a - qacTIIUbl + na3epttoe 

tt3nyqetttte. 
Ilo OCH a6cuncc - .[I03a 06nyqe11m1, f'p; IIO OCH op.[lttHaT - BbI)l(llBaeMOCTb, %. 
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ITocne 06nyqenm1 nx a - qacTttUaMII, .[lem1Tc.S1 qepe3 2,5 qaca. Pattee naMtt 6bmo 

IT0Ka3aHo, '-ITO llHTaKTHbie KJieTim llCCJle.[I0BaHH0ro IIITaMMa .[leJl.SITC.SI qepe3 1,5 '-laca 

ITocne nx IToceBa, a KneTKII, 06ny1IeHHb1e a - qacTttUaMII B .LI03e 210 rp - qepe3 2,5 

qaca. bbinO TaK)l(e IT0Ka3aHo, '-ITO ITpll o6ny'-leHttll KJleT0K ll3JlY'-!eHtteM C .L(JlllHOH B0JlHbl 

633 H~ B .LIO~ax 3 ,2· 102 
M.ll:)l(/cM

2 
II 6onbrne, ITepBoe .[lenettne KJieT0K 6aKTepnii 

ITp0IICX0.[lllT qepe3 2,5 qaca. 

Cne.[IOBaTeJlbHO, MQ)l(H0 CKa3aTb, '-ITO ITpll .[laHHbIX KOM6ttHllpOBaHHbJX 

o6ny'-leHII.SIX TaK)l(e Ha6mo.[laeTC.SI aHTafOHllCTII'-!eCKaH peaKUll.SI. 

I1Me10mnec.S1 B nttTepaType 3KCITepttMeHTMbHbJe .[laHHbJe ITO 

KOM6IIHllpOBaHHblM !pOTOpa.unauttoHHbJM B03)leHCTBll.SIM ll0Hll3llpyIOmnx mnyqennii II 

na3epHoro CBeTa KacaJOTCH n'a3epttoro B03!leHCTBIIH na KneTKII .LIO nnn nocne nx 

nyqeBoro IT0pa)l(eHII.SI. HttTepecno 6binO Bb!HCHllTb, peaKUllJO KJleT0K Ha 

0.[IH0BpeMeHH0e llX o6ny'-!eHIIe Jla3epHbIM II ll0Hll3IIpy10mttM ll3JlY'-leHII.SIMll, Karna 

na3epnoe B03!lelicTBIIe ITponomr<aeTCH B Te'-!ettIIe Bcero ITepnona o6nyqenIIH KneToK 

II0HII3ttpy10mttM II3Jly'-leHIIeM. HaMII 6bma llCCJle)l0BaHa peaKUll.SI KJleT0K 6aKTepIIH Ha 

0.[IH0BpeMeHH0e o6nyqenIIe Jla3epttb!M II a - H3nyqeHII.SIMll. BpeMeHa 3KCIT03IIUIIH 

Jla3epnoro II a - o6nyqeHIIH BO Bcex cny'-laHX 6binll 0)lIIHaK0BbIMII. OKa3MOCb, '-ITO 

BbJ)l(IIBaeM0CTb KJleT0K, IT0)lBeprrnttXC.SI o6ny'-!eHIIJO Jla3epHblM II a - ll3nyqeHll.SIMII, 

cymecTBeHH0 npeBbIIIIaeT Bj,J)l(IIBaeM0CTb KJleT0K, o6ny'-leHHhlX T0JlbK0 a - '-laCTIIUaMII 

(aHTarOHIICTII'-leCKaH peaKUIIH), II '-ITO yMeHbIIIetttte IT0Bpe)l()laJOmero neiiCTBll.SI a -

'-!aCTIIU 3aBIICIIT OT renoTIIITII'-!eCKllX oco6eHHOCTeH KJleT0K. 

IlpII 0)lH0BpeMeHH0M Jla3eJ)H0M tt a - o6ny'-leHll.SIX KJleT0K 6aKTepIIH 

aHTafOHIICTII'-leCKaH peaKUll.SI na6monanacb KaK ITpII neneTanbHbIX, TaK II ITPH 

neTanbHbIX no3ax na3epnoro 06ny'-letttt.S1. Mb! peIIIIIJlII npoBepIITb, 6yneT JJH 

3aperHCTp11p0BaH, ITO attanormr C 0)lH0BpeMeHHbIM o6ny'-!eHIIeM, pa)lH03a!llllTHblH 

:icpcpeKT neTanbHbIX !l03 na3epnoro H3JJyqetttt.SI B cnyqae nocneny10mero mnepnoro 

o6nyqeHH.SI KJleT0K. 

KpoMe Toro, B 3TllX 0ilbITax Mb! IICIT0Jlb30BMH Jla3epHbJe H3JJY'IClfllll pa3Hb!X 

M0!llH0CTeli c uenbJO nccnenoBaHH.SI " cpaKTopa BpeMenn" 11a JclHlicKTIIBIIOCTb 

MO.L1Hq>IIUHpy10mero .L1eiicTBH.S1 0.[lnoii n Toii )Ke .LI03bI na3epttoro H3J1y<1emrn. 
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IlpoBe.[leHHble lICCJie.[I0BaHIUI ITO 3aBHCHM0CTH BbDKHBaeM0CTH KJieT0K 

6aKTepnil: ITPH IT0CJie.[loBaTeJibH0M a- lI Jia3epH0M o6JiyqeHHH OT .[103bI Jia3epH0ro 

lI3JiyqeHH.ll IT0Ka3aJIH, qTQ ITPH MaJibIX .[I03ax Jia3epHoro o6JiyqeHH.ll (LI03bI He 

JieTaJibHbie LIJl.ll HCCJie.[I0BaHHbIX KJieTOK) Ha6mo.[laeTC.ll aHTaroHHCTHqecKM peaKI.llI.H 

KJieToK Ha o6JiyqeHne. CHmKeHne ITopa)l(aromero .[leil:cTBH.H a - qacTHI.I JimepHbIM 

B03.[leHCTBHeM perHCTPHPYeTC.ll B . mnepBaJie ITJIOTHOCTeii :meprnn LIO - 16-10
3 

M.lJ:)l(/cM2• Ilpn '.}TOM MaKClIMaJibH0e yBeJinqeHHe PaJ:IH0pe3HCTeHTH0CTH KJieT0K He 

3aBHClIT OT M0IUH0CTH Jia3epa H Ha6JIIO.[laeTC.ll ITPH ITJI0TH0CTH :meprnn 8 . 10
2 

M.lJ:)l(/cM2• Ilpn 60JibIIIHX )Ke 3KCIT03lII.IH.l!X Jia3epHoro o6JiyqeHH.ll (ITpH 3KCIT03lII.1H.l!X 

ITPHB0LI.HIUHX K JieTaJibH0MY 3<p<peKTY) IT0pa)l(eHH.H, Bbl3BaHHbie a - qaCTHI.laMH H 

Jia3epHbIM H3JiyqeHneM, cyMMnpyIOTC.ll (a.[ILIHTHBHM peaKUH.H). 3TO perncTpnpyeTC.ll 

ITPH BCex lICIT0Jib30BaHHbIX HaMH M0IUH0CT.HX Jia3epHbIX H3JiyqeHHH. 

4. lleiicrnne JimepHoro Y<l> H3nyqeHn.H Ha KneTKH 6aKTepnii E:coli K-12 

I13BeCTHO, qTQ YJibTPaqinom:TOBblll CBeT o6Jia.[laeT M0IUHbIM neTaJibHbIM H 

MyTareHHblM B03.[leil:cTBHeM Ha 6noJiotnqecKne 061>eKTbI. JlnTepaTypHbIX .[laHHbIX ITO 

B03.[leil:crnnro Y<l> H3JiyqeHnil: Ha KneTKH 6aKTepnil: E.coli K-12 oqeHb MHoro. O.[IHaKo, 

MbI ITocqnTaJIH. Heo6xo.[IHMbIM ITp0B0.[IHTb CB0H IICCJie.[I0BaHII.ll, ITPII Tex )Ke YCJI0Bil.l!X II 

Ha TeX )Ke IIITaMMax 6aKTepI1ii, .[IJl.ll Toro, qTo6bl M0)l(H0 6bmo cpaBHIITb IT0JiyqeHIIe 

.[laHHbie ITPII .[leHCTBIIII II0HI13IlpyromIIx Il3JiyqeHIIH II Bil.[IIIM0ro CBeTa C ,[laHHbIMII 

ITonyqeHHblMII ITPII Y<l> B03.[leHCTBIIII. KpoMe Toro, 60JibIIIIIHCTBO IICCJie.[IOBaHIIH ITO 

IIHLIYI.IIIP0BaHH0MY Y<l> H3nyqeHIIeM MyrnreHe3y ITonyqeHbl ITpII IICIT0Jib30BaHIIII CBeTa 

c 'A. ;?: 240 HM, xorn o6JiaCTb 185-240 HM ITpe.[ICTaBJI.HeT oco6brii IIHTCpec, T. I(. B 3TOH 

o6naCTH pacITonaraIOTCJ:I IT0JI0Cbl ITornomeHIIJ:I 6eJIKOB, a TaK)l(e 0.[IIIH II3 ITIIK0B 

IT0rnomeHHJ:I LJ:HK. Cefiqac ITp0Be.[ICHile TaKIIX 3KCITepIIMeHTOB CTaJI0 B03M0)l(HbIM 

6Jiaro.[lapJ:I pa3BIITIIIO Jia3epHOll TeXHIIKH. 

HaMH 6binlI ITpmie.[leHbI lICCJie.[I0BaHHJ:I ITO neTaJibH0MY II MyrnreHH0MY 

B03.[ICHCTBHIO H3Jiy<IeHHH C LIJIHHaMH B0JIH 216 HM lI 270 HM Ha KJieTKH 6aKTepnii 

E.coli K-12. I1ccne.[IOBaHHJ:I ITp0B0.[IIIJIHCb Ha IIITaMMe Hfr H. LJ:nJ:I BbIJ:IBJieHHJ:I ITp.HMblX 
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lac+➔ lac- MYTallHH ITpnMeH.HJiaCb Ta )Ke MeT0LIHKa, qTo n B CJiyqa.i1x o6JiyqeHHJ:I 

BlI.[llIMbIM CBCT0M . 

Ha pncyHKax 13 n 14 ITpnBe,[leHbl KpHBbie Bbl)l(lIBaHHJ:I II qacT0Tbl MYTilp0BaHHJ:I 

KJieT0K 6aKTepnil: ITPH HX o6nyqeHHH CBCT0M c .[IJIHHaMH B0JIH 270 n 216 HM. 

J13 pncyHK0B Bll.[IH0, qTQ B 06bI1X cJiyqa.i1x o6JiyqeHne 0Ka3bIBaeT Ha KJieTKH 

6aKTepnu KaK JICTaJibH0e, TaK n MyTareHH0e .[leil:cTBne. IloXO)l(He KpHBbie 6bmH 

ITOJiyqeHbI HaMn ITpn o6JiyqeHnn 3THX )KC KneT0K 6aKTepnii cBeT0M c LIJIHHaMn B0nH 

633 HM lI 532HM. TaKM CX0)l(eCTb BH.[IHM0 CBH.[leTeJibCTByeT B IT0Jlb3Y Toro, qTo ITPII 

lIHLIYI.IHp0BaHH0M MyTareHe3e xapaKTep KpHBOH qacT0TbI MYTilp0BaHHJ:I 0ITpe.[leJIJ:IeTCJ:I 

He ITepBnqHblMH <poTOpeueITTOpaMH lI He K0HKpeTHbIMH <pOTOITOBpe)l(.[leHHJ:IMlI 

ITPHB0LIJ:IIUHMH K B03HHKHOBeHHIO Myrnunii, a KaKHMH-T0 o6mnMH .[IJIJ:I Bcex cnyqaeB 

.l!BJICHHJ:IMH. 

XopOIIIO H3BCCTH0, qro Heo6JiyqeHHble KJICTKH 6aKTepnu E. coli CITOC06Hbl 

o6pmoBaTb !plIJiaMeHTbl. qacTora B03HHKH0BCHH.ll cpnnaMCHTOB 3aBHCHT OT ycnoBHll 

KYJibTHBHp0BaHHJ:I KJICT0K. B ycn0Bil.l!X HaIIIHX 3KCITepnMeHT0B (pocT Ha ITOJIHOI.leHHOH 

rnep.[IOH ITHTaTCJibHOH cpe.[le ITPH 3 7 °q qacTOTa o6pa30BaHHJ:I !plIJiaMeHTOB M0)l(eT 

LI0CTHqb 30 %. IlpeL1ITOJiaraeTCJ:I, qTo fil+ reH He 3aTparnBaeT ITpo11eccbI peITapa11nn 

LJ:HK, HO yBeJinqnBaeT qyBCTBHTCJlbH0CTb KJICTOK K pa,[1Ha11nn. 

yqlITbIBM Bee 3T0, MQ)l(H0 ITPCLIIT0JIQ)l(lITb, qTQ KplIBbie qacTOTbl MYTHp0BaHHJ:I 

KJieTOK 6aKTepnil:, IT0JiyqeHHbie HaMH ITpH .[ICHCTBHH BH.[llIM0ro lI Y<l> H3nyqeHHll, 

C0CT0J:IT H3 LIBYX K0MIT0HCHT: K0MIT0HCHTbI pa.[IHOqyBCTBHTCJibHblX !plIJiaMCHTOB 

(o6JiaCTb MaJiblX .[103) lI K0MIT0HCHTbI H0pMaJibHbIX KJICT0K (60JibIIIHe .[103bl 

o6JiyqeHHJ:I). KoJinqeCTBCHHbie xapaKTepncTHKH 3THX KplIBblX ITpHBe.[leHbl B Ta6JIHI.1e 1. 

B TOH )Ke rn6nnue ITPHBe.[leHbl ITapaMeTpbI KpHBbIX, IT0JiyqeHHbIX H3MH .[IJIJ:I Bil.[IIIMOH 

o6nacTH. Bn.riHo, qro Y<l> CBeT o6Jia.[laeT oqeHb BblCOKOH 0TH0CHTeJibH0H 

6nonornqecKoil: 3<p<peKTIIBH~CTbIO. 
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Ta6nuua I 

IlapaMeTpb! KpHBb!X BbDKHBaHHJI u qaCT0Tbl MYTHp0BaHHJI KJICTOK 6aKTepuu E.coli 

K-12 Hf H. 

Dm- .uo3a o6nyqeHHH .UJIH HH.UYKUHH 10-3 
Myrauuii. Jl.ll:so - ,ll03a o6nyqeHHH, 

npHB0,llJIJUaJI K 50 % BbDKHBaeMOCTH. 

A,HM Jl.ll:so, M.ll:)1(/cM" Dm, M.ll:)1(/CM" 

216 3 26,5 

270 1 130 

532 2- 104 32- l0q 

633 6,4· 104 16- 104 

5. fleiic'i'Bue 6nm1rnero HK H3JiyqeHHH Ha KJieTKH 6aKTepuii E.coli K-12 pa3HhIX 

[CHOTHnO_l!. 

KaK y)Ke OTMeqaJIOCb, Jla3CpHoe H3JiyqeHHe mupoKO npHMCHJICTCJI B MC,llllUHHe. 3ro 

KacaeTCJI TaK)KC Jia3epHoro H3JiyqeHHJI 6JIH)KHCH 

nureparype MHOro pa6or no repaneBruqecKoMy 

HHq>paKpacHoii o6nacrn. B 

BJIHJIHHIO HHq>paKpacHoro 

H3JiyqeHHJI Ha pa3JIHqHbie opraHhI H TKaHH. qacro TaK0e B03,lleHCTBHe CBJI3bIBaIOT C 

HarpenaHHeM TKaHH npu o6nyqeHHH. HeKOTOpb!e aBT0pbl C HarpeBaHHeM CBH3b!BaIOT 

TaK)Ke JieTaJibHOe B03,llCHCTBHe HK H3JiyqeHHJI. O.uHaKO CCTb TaK)KC ,llaHHhle, KOTOpbie 

CBH,lleTCJibCTBYIOT O TOM, qro B03MO)I(Hbl TaK)Ke .upyrue MeXaHH3Mh! JICTaJ!bHOro 

B03.[ICHCTBHJI - B qaCTHOCTH o6pa3oBaHue CHHrJICTHOrO MOJICKYJIHpHoro KHCJiopo.ua, 

no.no6HO MeXaHH3MY q>OTO.[IHHaMuqecKoro 3q>q>CJ(Ta. 

IlyTeM H3MepeHHJI JIIOMHHecueHUHH 
1
02 6hrna .llOKa3aHa cnoco6HOCTh 

MOHOMepHb!X MOJieKyJI 6aKTepuoxnopoq>HJIJIOB H 6aKTepuoqieoq>HTHHOB (3TH 

coe.[IHHCHHJI JIBJIHIOTCJI OCHOBHblMH nurMeHTaMH q>OTOCHHTCTHqecKoro annapara 
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Puc. 13. KpttBbie BhJ)KIIBaHHH u qacTOThI MyruponaHHH KJieTOK 6aKTepuii E.coli K-12 
Hfr H npu HX o6nyqeHHH Jla3CpHb!M H3JiyqeHueM c ,llJIHHOH BOJ!Hbl 'A,= 270 HM. 

Ilo OCH a6cuucc - ,ll03a o6nyqeHHH, M.ll:)K/cM
2

; 0 0CJIM op,llHHaT- qaCT0Ta MyTuponaHHJI 

(o); - Bh!)KH,BaeMOCTh (•), %. 
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Puc. 14. KpttBbie BhJ)KHBaimJI u qacrnru MyrnpoBaHHH KJieTOK 6aKTepuii E.coli K-12 
Hfr H npu ux o6nyqeHuu nmepHhIM H3JiyqeHueM c .unuHoii BOJIHhI 'A, = 216 HM. 

Ilo ocu a6cuucc - .uo3a o6nyqeHHH, M.ll:)K/cM
2 

; no ocHM op.uuHaT - qacrorn 

MyrnpoBaHlIJI (o); - Bb!)KHBaeMOCTh (•), %. 

29 



6aKTepHfi: H o6JIMaIDT MaKCHMYMOM nornoru;eHHSI B 6nm1rnefi: MK - o6JiaCTH) 

3cpcpeKTHBHO reHepHpOBaTb 
1
02 npH HX o6Jiy'leHHH 6JimKHHM MK H3Jiy'!eHHeM. 

Mcxo,n:SI H3 Bcero 3Toro, Mbl npe.n:nOJIO)KHJIH, '!TO npHMYIO reHepfil{HIO 

CHHrJieTHoro KHCJiopo.n:a MOJKHO nOJIY'IHTb npH o6Jiy'leHHH 6aKTepHfi: H3Jiy'leHHeM C 

,n:JIHHOH BOJIHbl 1270 HM (r.n:e Ha6JIIO,!J;aeTCSI 0,!J;HH Il3 nHKOB nornoru;eHHSI 

MOJieKyJIHpHoro KHCJIOpo.n:a). 

KpoMe 3TOro, npHo6peTeHHe 6aKTepHHMH pe3HCTeHTHOCTH no OTHOIIIeHHIO K 

aHTH6HOTHKaM CTaHOBHTCSI O,!J;HHM H3 B03paCTaIDIIl;HX npo6JieM COBpeMeHHOH 

Me,!J;HI.{HHbI. B CBH3H C 3THM paCCMaTPHBaIOTCSI B03MOJKHOCTH npHMeHeHHSI pa3JIH'IHbIX 

.n:pyrHX MeTO,!J;OB ,!J;JISI nony'!eHHSI 6aKTepHUH.D:HOro .n:efi:CTBHSI. O,n:HHM H3 TaKHX MeTO,!J;OB 

SIBJIHeTCSI qJOTO,!J;HHaMH'leCKaSI TepanHH. 

IlpoBe,n:eHHbie HaMH HCCJie,!J;OBaHHSI no .n:efi:CTBHIO Ha BbIJKIIBaeMOCTb KJieTOK 

6aKTepIIfi: IIITaMMa AB 1157 pa3HbIX .n:mrn BOJIH Jia3epHoro MK o6Jiy'leHIIH (1, 22 - 1, 

32 MKM) nOKa3aJIH, '!TO CaMOe 3cpcpeKTIIBHOe JieTaJibHOe B03,n:efi:CTBI!e 0Ka3bIBaeT 

H3Jiy'leHHe C ,!J;JIIIHOH BOJIHbl 1,27 MKM. 

Ha pHC. 15 npIIBe,n:eHa 3aBIICHMOCTb JieTaJibHOH ,!J;03bl ,!J;JISI 50 % BbIJKIIBaHIISI 

KJieTOK (JIJJ:so) OT ,!J;JIHHbl BOJIHbl mriepHoro Il3JIY'leHHSI. IloJiy'leHHaSI KpI!BaSI TaKJKe 

CBil,!J;eTeJibCTByeT B nOJib3Y npe.n;nOJIOJKeHI!SI O TOM, '!TO JleTaJibHOe B03,n:efi:CTBHe 

Jia3epHoro H3Jiy'leHHSI CBSI3aHo C o6pa30BaHI!eM CHHrJieTHOro KIICJIOpo.n:a. EC)lll 6bI 

rn6eJib KJieTOK 6hIJia CBSI3aHa C HarpeBaHHeM KJieTOK, TO C yBeJIII'!eHIIeM ,!J;JIHHbl BQJIHbl 

3cpcpeKT HarpeBaHHSI ,!J;OJIJKeH 6blJI 6bITh MeHbIIIe H CJie,n:oBaTeJibHO JieTaJibHbIH 3cpcpeKT 

,!J;OJIJKeH 6blJI 6bITb MeHbIIIe. B TaKOM CJiy'!ae 3Ha'!eHI!e JIJJ:so C yBeJIII'leHHeM .D:JIHHbl 

BOJIHbl ,!J;OJIJKHO 6bmo paCTII. 

,[{anee HaMH 6bmll npoBe,n:eHbl 3KCnepIIMeHTbl no o6Jiy'leHI!IO Tpex IIITaMMOB 

6aKTepHfi: E.coli K-12: AB 1157, AB 2463 H P3478, Jia3epHbIM Il3JiyqeHIIeM c ,n:JIHHOfi: 

BOJIHbl 1270 HM (pIIc.16). B 3TOH cepIII! 3KCnepHMeHTOB HCnOJib30BaJIOCb Jia3epHoe 

Il3JIY'leHIIe C MOIIl;HOCTbIO npI!MepHO B 2 pa3a 6oJibIIIe (40 MBT), '!eM B 

BbIIIIenpHBe,n:eHHbIX 3KCnepHMeHTaX (24 MBT). TaKaSI MOIIl;HOCTb 6blJia Heo6xo.n;HMa 

,n:JISI onpe.n:eJieHHSI 3aBHCHMOCTH JleTaJibHOro B03,n:efi:CTBIISI Jia3epHoro Il3.JIY'leHIISI OT 

ero MOll.{HOCTII·. B Ta6JIIII.{e 2 npHBe,n:eHbl 3Ha'leHIISI JIJJ:so .D:JIH cJiy'laeB 06Jiy'leHI1S! 3THX 

KJieTOK peHTreHOBCKIIMII JIY'laMII II Jia3epHbIM Il3JiyqeHIIeM C ,n:JIHHOH BOJIHbl 1270 HM 
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npH pa:nn.1x MOII{HOCTRX ,!J;03bl. H~y,n:HO 3aMeTIITb, '!TO OTHOCI!TeJibHaSI 

-qyBCTBUTC.lll,HOCTb 3THX IIITaMMOB K peHTreHOBCKIIM JIY'laM CXOJKa IIX OTHOCI!TeJibHOH 

-qyBCl'Blp'C!ILHQCTH K mnepHOMY H3.JIY'leHI1IO u, '!TO nocJie,!J;HSISI 3aBUCIIT OT MOID;HOCTH 

Jl03LI OOJI}"leHlll. 

Ta6.rrnna 2. 

3na'!eHilll ~o npu o6ny'leHHII KJieTOK Jia3epHbIM. U3JIY'leHHeM C ,!J;JIUHOH 

BO!IHLI 

l. = 1270 HM H peHTreHOBCKHMU JIY'laMU. 

IIIraMMLI Jla3epHoe o6Jiy'leHue PenTreHOBCKUe 

rnurn:puii MOII{HOCTb, ~BT · JIA 50, M lJ)K/cM
2 

JIY'IH, n,n: 50, rp 

AB 1157 40 0.3-10; 50 
-. 

24 1.0-10; 50 

AB2463 40 0.15-10; 20 

P 3478 40 0.15-10; 20 
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Pnc. 15. 3aBttCHMOCTb fl.[{50 KrreToK 6aKTepnii E.coli K-12 IIITaMMa AB 1157 OT 
,LIJlllHbl BOJIHbl 06rry,c1eHHH. 

Tio OCH a6cuncc - ,LIJIHHa BOJIHbl mrryqeHHH, MKM; IIO OCH opmrnaT - n.n:so, M,[{:adcM2. 

MomHoCTb mnepHoro mrryqeHH!I 24 MBT. 
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Prrc.16. KpttBbie BbDKHBaHttll KrreTOK 6aKTepnii E.coli K-12 IIITaMMOB AB 1157 (0), 
AB 2463 (□) n P 3478 (~) npn nx o6rryqeHttll MK mrryqeHtteM c .LIJIHHoii BOJIHbI 

A= 1,27 MKM .. 

no OCH a6currcc - ,LI03a o6rryqeHHH, M,[{:adcM2
; IIO OCH Op,LIHHaT - BbDKHBaeMOCTb, %. 

MomHOCTb mnepHoro ll3JiyqeHIIH 40 MBT. 
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BLIBOJ(LI 

I. BnepBLle IlOX333HO, 'IIO 'l}'BCIBIITCllbHOCTh KJieIOK K J133epHOY}' ll3JI}"ICBIIIO 

BH)lIDIOH ofoiacm (532 IW n 633 llll) B pll.lte nccne.noB3HHLIX IIITIWMOB 6aicrepnii 

E.coli K-12 }'Mem.maerc:a: B CllleJtYIOmeM nopAAICe: paJlllO'l}'BCTBHTeJILHLie 

M}"I3HTLl. )lllKHH nm. cyneppe:mcremm.m MfTIIHT, T.e. 'I}'BCIBHTeJILHOCTh KJieIOK 

myqeHIII,IX mwn .IIIT3MllOB E.coli K-12 x pe;ucouoHmnpyroDUIM u JI33epm.w 

ll3JI}"leHJUW OlIHCWBalO"ICll CXO.llllOH no HanpaBJiellllOCTD xapnmoii. KpHBLle 

JUJJKHB3HJI.II IOie-rmr 6axrepnii COCIO:a:T 113 ;(Byx }"laC'IKOB: y..acnra M.ruILIX ){03 H 

yqacnra 6ruu.nmx nm. Ha y-racnre M.anL1X J.1.03 JieraJILHLIH 3C}>cl>eXT .1133ep11oro 

ll3JI}"lemm He o6nap~ Ha }"laC'IKe 6o.llblllBX _n03 c YBeJI1flleHneM. Jl03LI 

o6nyqeHIDI BIJ:lKIIB3a.lOCTh KJieIOK cnmKaeTC:a: (3KCil03BQ,IIOIIHLle J{03LI .llil3epHoro 

OO]l)"leHIDI nop>Wm 104 IM){;rdcu). 

2. 06.JIY'IeHlle u:erox 6axrepnii E.coli K-12 na:repm.m n:wyqeHHeM. c JlllllHOii BO.IIHLI 

633 IW npDBO'AJIT K 3a/ltepzxe nepooro nOCJie o6nyqeHID1 .neJieHIDI XJierox: BpeWI 

~ep,nrn 3aBilCIIT OT J.1.031,1 00.JIY'ICHIDI. Kompo.llbHble . KJienrn, T3X Ee, IraX D 

XJienrn., ofuyqeHBLl.e na:repm.w ll3JI}"leUHeM. B Jt03e l,3-Io2 MjJ;Jidcl. J.{eIDITCX 

'lepe3 1,5 qaca, B ro BpeM.:a: JraK XJienrn., nonsepm.yn,ie .11a:repnoyY 003neiicmmo B 

6o.m.meii .no3e (3,2-Ia2 1.t/J;adc>C", 16-Io2 MjJ;Jiclcl u 32-Io2 MjJ;Jic/c~) nerurrc:a: 

ro.iJILxo qepe3 2,5 'I. 3nrr pe3YH.I»Tcrr npenCTaBIDlcr 6om.rnoii mrrepec B CBX3H c 

re;u, 'IID J{eJJieHne XJieTKH He 3alltCP"lDIB3CTCJI 6onee, qe;u Ha 2,5 'I., a :rnrr cpmc 

coomeu:myer cp.w:e Bp0,1en, neo6xoJ{IIMoii JUDI OC}'II{ecIB1IeHW1 MenrreHHoii 

peuapamm· KllelOK fiaxrepmi D JJI.ar-q>il3LL 3acnyEimaeT BHHM3JIIDI TOT l}>airr, 'TIO 

npn JtaHHJ,.JX .)!t033X .IIa:repHOii 3KCU03BQ,IIH, npHBOJlllIIlHX K ~ep'.ll{Xe neneHIDI 

JOieroK, .:Jiera.in.m,m u uyrareIIHLlii 3C}>tpeXThl o6.ll}"leHIDI ne na6mo)l3JOTC:a:. 

3. IlpoBe.neno cpasueHDe 'laCIU1U M.}'TIIPOB3BIDI KJierox 6aicrepnii E.coli K-12 (lac* 

➔ lac- Myrmnm) u Clll}"IIDIX nx 00.JIY'IeHU:a: Bil.llllMLIM (532 n 633 HM) n Y«I> (270 u 

216 HM) ll3JI}"leHmwn.· Iloxa33Ho, 'IID BO BCeX nccne.noB3HHLIX cnrraioc KpHBLle 

'lacTOThl MYTBpDBaHllll lllleIOT OJUIH31COByro 4>op;uy. B o6nacm M.aJILIX. Jl03 

Hafimo~x IIBX 'laCTOThI. M.}'TIIPOB3HDX, .nanee xpima:a: DJleT Ha cna.n, a npn 
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60JihIIIHX ,!l03aX o6nyqeHHH CHOBa Ha6n10naeTCH pOCT qacTOThl MYTHpOBaHHH. 

TaKM CXO)l(eCTh MO)l(eT CBII,!leTeJihCTBOBaTh B IlOJih3Y Toro, qTo npH 

IlH.!lYIIHpOBaHHOM 3THMH HJJiyqeHHHMII MyTareHe3e xapaKTep KpHBOll qacTOThl 

MYTHpOBaHHH onpenenHeTCH He nepaHqHhIMH <pOTopeuerrTOpaMH Il He 

KOHKpeTHhIMH <pOTOilOBpe~eHHHMH, npHBO,!lHIIIHMH K B03HHKHOBeHHIO MyTaIIHH, a 

KaKilMH-To· o6IIIHMH ~JI Bcex cnyqaeB HBJieHHHMH. Mo)l(HO npennoJIO)l(HTh, qTo 

KpHBhie qaCTOThl MYTHpOBaHHH KJieTOK 6aKTepHil. E.coli, nonyqeHHhie HaMH npH 

neil.CTBHH Ha HHX Bll,!lllMOrO Il Y<l> H3nyqeHHll, COCTOHT Il3 .!lBYX KOMilOHeHT: 

KOMilOHeHThl panttoqyacTBHTeJihHhIX <pllJiaMeHTOB ( o6naCTh MMbIX ,!l03) Il 

KOMilOHeHThl HOpManhHhIX KJieTOK (6onhIIIHe ,!l03hl o6nyqeHHH). 

4. BnepBhle nponeMOHCTPHPOBaHO, qTo 3<p<peKTHBHOCTh neTanhHOro B03,!lellCTBHH 

Jia3epHoro II3JiyqeHHH 6JIH)l(Heii HH<ppaKpaCHOll o6nacm (1220 - 1320 HM) 3aBHCHT 

OT MOIIIHOCTU ,!l03hl Jia3epH_Oro U3JiyqeHUH, reHOTHna KJieTOK Il MaKCUMMhHO 

3<p<peKTIIBHa npH ,!lJIHHe BOJIHbl II3JiyqeHHH 1270 HM. 3Ta ,!lJIIIHa BOJIHhl 

COOTBeTCTByeT O,!lHOMY II3 MaKCHMYMOB nornomeHHH MOJieKynHpHoro KHCJIOpona. 

5. Pe3ynhTaT~I <pOTopanIIaIIHOHHhIX B03,!lellCTBilll KOM6HHHpOBaHHOro o6nyqeHHHH 

KJieTOK 6aKTepHH E.coli K-12 na3epHhIM II3nyqeHHeM c ,!lITHHOll BOITHhl 633 HM u 

IIOHH3HPYIOIIIHMH H3nyqeHHHMH 3aBHCHT OT BapuaHTa KOM6HHaIIHH H ,!l03hl 

Ka~oro BII,!la H3nyqeHHH, BXO,!lHIIIero B HCilOITh30BaHHhie KOM6HHaIIHH 

II3nyqeHHii. IIpII HeneTanhHhIX no3ax npenaapttTenhlioro u nocneny10mero 

na3epHoro o6nyqeHHH Ha6n10naeTCH aHTarOHHCTHqecKM peaKIIHH KneTOK Ha 

<pOTOpanttaIIHOHHOe B03,!leHCTBHe, O,!lHaKO, Benuqmrn MO,!lll<pHKaIIHH 

panttaIIHOHHoro nopa)l(eHHH 

o6nyqeHHH 60JihIIIe, qeM 

KneTOK B · cnyqae nocneny10mero na3epHoro 

B .cnyqae npenBapuTenhHoro o6nyqeHHH. IIpu 

ncnonh30BaHHH neTanhHhIX no3 nocneny10mero naJepHoro o6nyqeHHH nopa)l(emrn 

KneTOK, Bhl3hIBaeMhle HOHII3HPYIOIIIHM H na3epHhIM H3nyqenHHMH cyMMHPYIOTCH, 

T.e. ·ua6n10iweTcH annnTHBHM peaKI(IIH KneToK ua o6nyqenIIe. 

6. BnepBhie IlOKa3aHO, qTo ueneTanhHhie ,!l03hl H3nyqeHHH renIIii-ueOHOBOro na3epa 

OKa3hIBaIOT Ha KneTKII 6aKTepIIH E.coli K-12 panu03aIIIIITHOe BITHHHHe npII IIX 

o6nyqeHIIH penTreHOBCKIIMII nyqaMu u a - qacTIIIIaMII, KaK npII npenaapIITenhHOM, 

TaK II npII nocneny10meM na3epHOM B03,!leil:cTBHH. PanIIo3alI(lITHOe neil.CTBIIe 
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na3epHoro II3nyqenIIH npoHBnHeTCH B onpeneneHHOM, ,!lOBOIThHO Y3KOM HHTepaane 

3KCil03HIIIIOHHhIX ,!l03 C MaKCHMMhHOll 3<p<peKTIIBHOCThIO npII nnOTHOCTII 3Heprnu 

8- 102 
M,[{)l(/cM

2 
He3aBIICIIMO OT reHOTHna KneTOK H MOIIIHOCTH na3epa. 

3<p<peKTHBHOCTh panIIo3aIIIHTHOrO neiicTBHH na3epHOro II3nyqeHHH nnH KneTOK 

Bcex Ii:ccnenoaaHHhlX IIITaMMOB 6aKTepuii npII nocneny10meM naJepnoM 

o6nyqeHun 6onhrne, qeM npII npenBapuTenhliOM. 

7. PanuOJaIIIHTHoe neil.crnIIe II3nyqeHHH renIIfi-ueouoaoro naJepa ua6n10naeTcH 

TaK)l(e B npoaeneHHhIX. anepahre IIccnenoaannHX no onHoapeMeHHOMY o6nyqeumo 

KneTOK 6aKTepuii E.coli K-12 II3nyqenIIeM naJepa II a- qacTnIIaMn. IIpu 

O,!lHOBpeMeHIIOM na3epHOM (633nM) u a - o6nyqeHHII KneTOK 6aKTepnil. 

panIIo3aIIIHTHhIH 3<p<peKT · na3epuoro II3nyqeHIIH Ha6n10naeTCH KaK npu 

HeneTanhHhIX, TaK II npu neTanhHhIX ero ,!l03aX. 

8. MuorIIe II3BeCTHhie panH03aII(IITHhie aemecrna BBO,!lHTCH B opraHH3M TOIThKO nepen 

o6nyqeHIIeM, BaenenIIe npoTeKTOpOB B IlOCTpanuaIIIIOHHhlll nepnon 

He3<p<peKTIIBHO. B cnyqae )Ke na3epHoro o6nyqeHHH 3aIIIIITHhlll 3<p<peKT 

ua6n10naeTcH KaK npII npenBapIITenhHOM, TaK u npu nocneny10meM naJepHoM 

o6nyqeHIIII. KpoMe Toro, 3aIIIIITHhlll 3<p<peKT panIIonpoTeKTopoB 3aBHCHT OT JIII3 

IIOHII3HpyIOIIIHX II3nyqenIIfi: MHOrne npoTeKTOphl 3<p<peKTIIBHO 3aIIIHIIIaIOT KJieTKII 

OT nopa)l(aromero neficTBIIH penTreuoacKIIX nyqefi, no npu a - o6rryqenIIII Tex )Ke 

Kne-roK OKa3hIBaIOTCH He3<p<peKTHBHhIMH. Panno3aIIIHTHhlii 3<p<peKT naJepHoro 

o6nyqenIIH KJieTOK, a OTJIIIqIIe OT XIIMIIqecKIIX npoTeKTOpOB, YHIIBepcilneH: 

Jia3epHM o6pa60TKa 3<p<peKTIIBHa ,!lJIH Bcex uccrrenoaaHHhIX IIITaMMOB 6aKTepuil. 

E.coli K-12, nnH crryqaeB npenaapIITeJihHoro II nocrreny10mero Jia3epuoro 

o6nyqeHHH, npu IICilOITh30BaHHH KaK pe,!lKOIIOHH3HPYIOIIIHX, TaK lI 

IlJIOTHOIIOHH3HPYIOIIIIIX II3rryqeHIIii. Bee 3TII CBOHCTBa HBJIHIOTCH 

npeIIMymecTBaMII npIIMeHeHHH Jia3epHOll o6pa60TKH KJieTOK B I(eITHX norryqeHHH 

panu03aIIllITHOro 3<p<peKTa n9 cpaBHeHHIO C XHMlfqecKHMH npoTeKTOpaMH. KpoMe 

Toro, H3BeCTHO, qTo nonyqenIIe pannonpoTeKTopoB, 3<p<peKTHBHhIX nocrre 

panual(HOHHOrO nopaiKeHHH 6nonornqecKHX o6beKTOB HBJIHeTCH O,!lHOll H3 

aKTYMhHhIX 3anaq pannaIIHOHHOll .3aIIIHThl. 
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9. Pa,nII03am1nnoe JlCHCTBIIe II3JJY'ICHIIJI reJJIIH-HCOHOBOro Jla3epa Ha KJlCTKII 

6aKTepIIH E.coli K-12 pa3HhIX reHOTIIITOB (ITOCJlC IIX o6ny'IeHml penTrCHOBCKIIMII 

ny'IaMII IIJlII a - 'IaCTIIUaMII) Ha6monaeTCJI BO BpCMCHHOM IIHTCpBane JlO 'ICThipex 

qacoB ITOCTpa,nIIaUIIOHHOro BhIJlCP)I<HBaHml KJJCTOK ITPII KOMHaTHOH TeMITepaType, 

Ha ITOBepXHOCTII "roJJO)lHOro" arapa. 3To xapaKTepHO )lJlJI BCCX IICCJlC)lOBaHHhIX 

lIITaMMOB 6aKTepIIH. OnHaKO Heo6XO)lIIMO OTMCTIITh, 'ITO 3<p<pCKTIIBHOCTh 

pa,nII03aIUIITHOrO JlCHCTBIIJI Jla3CpHoro II3JJY'ICHIIJI 3aBIICIIT OT IIHTepnana BpeMCHII 

MC)I(JlY JlBYMJI BII)laMII o6ny'IeHIIH: MaKCIIMaJJhHhIH pa,nII03aIUIITHhIH 3<pqJCKT )lJlJI 

BCCX IICCJlC)lOBaHHhIX lIITaMMOB Ha6JJIO)laJJCJI n TC'ICHIIC ITepBoro qaca 

ITOCTpa,nIIaUIIOHHOro BhIJlCp)I(IIBaHIIJI KJJCTOK, a )laJJhlIIC ITOCTCITCHHO YMCHhIIIaeTCJI. 

10. l1cCJJC)lOBaHIIJI ITO JlCTaJJhHOMy,' MyrnreHHOMY II pa,nII03aIUIITHOMY JlCHCTBIIIO 

Jla3epnoro II3Jly'ICHIIJI. C )lJlIIHOH BOJlHhl 532 HM ITOKa3aJJII, 'ITO 3TO H3JJY'ICHIIC 

CITOC06HO OKa3aTh Ha KJlCTKII 6aKTepIIH E.coli K-12 TaKOe )I(C 6IIOJl0fH'ICCKOe 

B03JlCHCTBIIC, KaK II II3JJY'ICHIIC C )lJlIIHOH BOJlHhl 633 HM. 3TOT <paKT 

CBII)lCTCJlhCTBYCT B ITOJlh3Y cymecrnyromero _ B Hay'IHOH mnepaType 

ITPCJlITOJlO)I(CHIIJI O TOM, 'ITO KJlCTO'IHhIC UIITOXpOMhI, BXOJlJIIUIIC B )lhIXaTCJlhHYIO 

CIICTeMy KJlCTOK 6aKTCpIIH E.coli, MoryT JIBJlJIThCJI ITCpBII'IHhIMII qJOTOpeueITTOpaMII 

ITPII B03)lCHCTBIIII Ha HIIX OITTII'ICCKoro II3JJY'ICHIIJI BII)lIIMOro )lIIaITaJOHa. 

11. l1cITOJlh30BaHHhIH ITPII ITpOBC)lCHIIII IICCJlC)lOBaHIIH ITO)lXOJl ITOIICKa o6mIIx 

3aKOHOMepHOCTCH JlCHCTBIIJI ncero CITCKTPa 3JlCKTPOMarHIITHhIX II3JJY'ICHIIH na 

6IIOJl0rII'ICCKIIe 061,eKThl II COITOCTaBJlCHIIC 3qJ<pCKTOB IIOHII3IIpyromero II3JJY'ICHIIJI 

II CBCTa C pa3JJII'IHOH )lJlIIHOH BOJlHhl IT03B0JlIIJlII cymecTBCHHO paCIIIIIpIITh 

rpaHIIUhl naIIIIIX 3HaHIIH O peaKUIIII KJlCTOK 6aKTepIIH E.coli K-12 Ha B03)lCHCTBIIe 

Jla3CpHhIX . ( OITTII'ICCKIIX) II3JJY'ICHIIH. CymecrnyromIIe panee JlIITepaTypHhIC 

)laHHhIC ITO JlCHCTBIIIO BIIJlIIMOfO II IIH<ppaKpacHoro Jla3epHhIX II3JJY'ICHIIH Ha 

6IIOJJOrII'ICCKIIe 061,eKThl KaCaJJIICh TOJlhKO IIX CTIIMYJJIIpyromero BJJIIJIHIIJI Ha 

pa3JJII'IHhIC MCTa60JJII'ICCKIIe ITpouecchI. 3To, BCpOJITHO, 6hIJJO CBJI3aHO C TCM, 'ITO 

CaMhIMII JlOCTYITHhIMII )lJlJI ITpOBC)lCHIIJI 6IIOJl0fII'ICCKIIX 3KCITCpIIMCHTOB OKa3aJJIICh 

HII3KOIIHTCHCIIBHhIC Jla3ephI, a )lJlJI ITOJJY'ICHIIJI JlCTaJJhHOrO II MyTarennoro 3<p<peKTa 

C IIX ITOMO!UhlO HY)I(Hhl 6hIJJII O'ICHh )lJlIITCJlhHhIC Jla3CpHhIC 3KCIT03IIUIIII. 
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IlPAKTI1qECKI1EPEKOMEH~A~l1l1 

1. IloJJy'IeHHhIC JlaHHhIC ITO JlCTaJJhHOMY II - MyTareHHOMY )lCHCTBIIIO Jla3epHoro 

H3JJY'ICHIIJI C )lJlIIHOH BOJlHhi 633 HM O'ICHh Ba)I(Hhl )lJlJI Jla3CpHOH TepaITIIII. 3n1 

)laHHhIC YKa3hIBaIOT Ha TO, 'ITO ITPII "ITPOBC)lCHIIII TepaITIIII C ITOMOIUhIO 3Toro Jla3epa 

o6JI3aTeJlhHO HC06XOJlIIMO ycTaHOBIITh .II CTPOrD ITPIIJlCP)I(IIBaThCJI ITPCJlITIICaHHOH 

)l03hl o6nytJeHIIJI (c Y'ICTOM IIH)lIIBIIJlYaJJhHOH 'IYBCTBIITCJlhHOCTII ITaUIICHTa), T.K. 

ITOBhIIIICHIIe )l03hl o6ny'IeHIIJI MO)I(CT ITpIIBCCTII K HeraTIIBHhIM ITOCJlC)lCTBIIJIM. 

2. Jla3epttoe II3JJY'ICHIIC C )lJlIIHOH BOJlHhl 216 HM, KOTOpoe o6na,naeT O'ICHh BhICOKIIM 

MyTareHHhIM B03JlCHCTBIICM, MO)I(HO IICITOJlh30BaTh B MIIKpo6IIOJl0fIIII )lJlJI 

CCJlCKUIIII lIITaMMOB 6aKTCpIIH c pa3JJII'IHhIMII reHCTII'ICCKIIMII CBOHCTBaMII, 

Heo6XOJlIIMhIMII B pa3JJII'IHhIX o6nacrnx HayKII II HapOJlHOro X03JIHCTBa. 

3. IlpIIo6peTCHIIe 6aKTepIIJIMII pe3IICTCHTHOCTII ITO OTHOIIICHIIIO K aHTII6IIOTIIKaM y)I(e 

)laBHO CTaJJO cephe3HOH ITp96JJCMOH COBpeMeHHOH MCJlIIUIIHhl. B CBJI3II C 3TIIM 

paccMaTpIIBa!OTCJI B03M0)I(HOCTII ITPIIMCHCHIIJI npyrIIX MCTO)lOB )lJlJI )lOCTII)I(CHIIJI 

6aKTCpIIUIIJlHOrO JlCHCTBIIJI. HnqipaKpacHoe Jla3CpHoe II3JJY'ICHIIC, C )lJlIIHOH BOJlHhl 

1270 HM, ITO)lXO)lIIT JlJlJI ITpIIMCHCHIIJI KaK 6aKTCPIIUIIJlHOe cpeJlCTBO n MCJlIIUIIHe, 

pa3JJII'IHhIX o6nacrnx TCXHIIKII II HapOJlHOro X03JIHCTBa. 3To II3JJY'ICHIIC MO)I(CT 

6hITh IICITOJlh30BaHO B Ka'ICCTBC MCTO)la 3amIIThl OT MIIKpoopraHII3MOB TaK)I(C B 

ycJJOBIIJIX KOCMII'ICCKoro ITOJleTa. l13BCCTHO, 'ITO CBOHCTBO MIIKpo6oB, o6IITaIOIUIIX 

na KOCMII'ICCKIIX aITITapaTax, Bhl3hIBaTh pa3pyIIIaIOmee JlCHCTBIIC, KOTOpoe 

yxynIIIaeT Ka'IeCTBO MaTepIIaJJOB, ITPIIMCHJICMhIX )lJlJI o6eCITC'ICHIIJI 6e30ITaCHOCTII 

KOCMII'ICCKIIX ITOJlCTOB, II )la)I(e ITPIIBO)lIIT K HCIICITpaBHOCTII 6opTOBhIX ITpII60p0B, 

CTaJJO O)lHIIM II3 aKTYaJJhHhIX ITp06JleM KOCI\Ui'ICCKOH 6IIOJl0rIIII. 

4. Jla3epHoe II3JJY'ICHIIC C )lJlIIHOH BOJlHhl 1270 HM MO)I(HO IICITOJlh30BaTh B 

qJOTO)lIIHaMII'ICCKOH TepaITIIII OITYXOJJCH. O'ICBII)lHhlM ITpeIIMymecTBOM 3TOro 

II3JJY'ICHIIJI JIBJJJICTCJI TO, 'ITO ITPII ero IICITOJlh30BaHIIII HCT Heo6XO)lIIMOCTJ-I 

IICITOJlh30BaTh <pOTOCCHCII6IIJJII3aTOphl, 'ITO o6bl'IHO nenaeTCJI ITpII IICITOJlh30BaHIIII 

II3JlY'ICHIIH JlpyrIIX )lJlIIH BOJJH. 

5. l13JJY'ICHIIC reJJIIH-HCOHOBOro Jla3epa MO)I(HO IICITOJlh30BaTh B pa,nIIaUIIOHHOH 

3aIUIITe KaK pa,nII03aIUIITHOe cpencrno, T.K. B Hay'IHOH JlIITepaType ecTh )laHHhIC 0 
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pa,nH03al.I.(HTHOM ,neil:CTBlflf 3TOf0 lf3llytieHmI Ha )KlfBOTHhIX If qenoBeKa, a 

rrpoBe,neHHhJe HaMH ttccne,noBaHmI IIOKa3hIBaIOT ero YHHBepcanhHOCTh. lfanyqeHHe 

C ,nnHHOH BOllHhl 633 HM MO)KHO TaK)Ke HCIIOllh30BaTh B Me,nlfl.{HHCKOH pa.nttonomtt 

,nm, o6pa60TKH {ttlllf npoqrnnaKTHKlf o6pa3oBaHml) 0)1(0f0B KO)Klf rrautteHTOB, 

KOTOphie Hepe,nKO Ha6mo,naIOTC.H rrptt pa,nttoTepaIIHlf. 
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