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BBE,[(EHIIE 

PyKOBO~CTBO npe~Ha3HaqeHO ~nH npoBe~eHHH npaKTHqecKHX 3aHHTHH 

no KYPCY «MoneKYnHpHaH 6uonorn.si:». B KHttre npttBe~eH npttMepHbIH nnaH 

npaKTHqecKHX 3aHHTHH, Qenb KOTOpbIX - 03HaKOMneHHe cry~eHTOB C OCHOBHbl

MH MeTo~aMH BbI~eneHHH H pa60Tbl C HyKneHHOBblMH KHCilOTaMH H 6enKaMH Ha 

6a3e ~po:llOKeBbIX u 6aKTepttanbHbIX KneTOK. Tpa~HQHOHHO ~pm!OKH u 6aKTe

pHH HCnOilb3YJOTCH B 6ttoTeXHOilOrHH ~nH )KcnpeCCHH reHOB reTeponorttqHbIX 

6enKOB. O~HOKneTOqHbJe ~pmIOKH cny)I<aT B Kaqecrne MO~enbHOH CHCTeMbl 

HH3IIIHX 3yKapHOT, H uccne~oBaHHH, npoBO~HMbJe Ha ~pO)IOKax, BHOCHT cyIQe

CTBeHHbIH BKn~ B nOHHMaHHe OCHOBHbIX MoneKyn.si:pHbIX MeXaHH3MOB KneTKH. 

B qacTHOCTH, noqKYIO~ttec.si: . ~pO)IOKH Saccharomyces cerevisiae HBnHIOTCH 

nepBbIM 3yKapHOTHqecKHM opraHH3MOM, ~nH KOTOporo 6blna onpe~eneHa non

HaH HyKneOTH~HaH nocne~oBaTenbHOCTb reHOMa, qTo cy~eCTBeHHO ycKopuno 

onpe~eneHtte q>yHKQHH reHoB. 

3aHHTHH COCTOHT H3 B3aHMOCBH3aHHbIX pa60T. Ha nepBOM 3aHHTHH cry

~eHTbl TPaHCtpOpMttpyIOT 6aKTepttanbHbie KneTKH pa3nttqHbIMH peKoM6ttHaHT

HblMH CTPYKTYPaMH ,[(HK. Ha cne~IQHX 3aHHTHHX, npoBe~.si: aMnntttpttKaQHIO 

nnaJMH~, HapaIQHBaIOT TPaHctpopMttpoBaHHbie KynhTYPbI H BhmeMIOT npena

paTHBHbie Konuqecrna nnaJMH~HOH ,[(HK. 3aTeM 3TOH nnaJMH~HOH ,[(HK 

TPaHctpopMttpyroT KneTKH ~po)IoKeH, B KoTOpbIX peKoM6ttHaHTHbJe CTPYKTYPbI 

nO~BepraIOTCH MyrnreHHOH o6pa60TKe. BbI~eneHHe nnaJMH~HOH ,[(HK H3 Kne

TOK ~pO)IOKeH, pecTPHKTHbIH H 3neKTPotpopeTuqecKHH aHantt3 CTPYKTYPhI 

nnaJMH~HOH ,[(HK 3aBepmaeT 3TOT QHKn. BbI~eneHHIO 6enKoB u ux 3neKTPOtpo

peTuqecK0My aHanH3Y MO)KHO nOCBHTHTb eIQe HeCKOilbKO 3aHHTHH. 

Tipe~IlO)KeHHbJe MeTO~bI T~aTenbHO npoBepeHbl H ycneIIIHO HCnonb3Y

lOTCH B pa3nttqHbIX na6opaTOpHHX. Tiepe~ Ka)K~bIM HOBbIM MeTo~uqecKHM pa:3-

~enoM npHBO~HTCH KpaTKOe BBe~eHHe, no3B0Il.HIO~ee CTy~eHTaM nonyqHTb oc

HOBHI,Je npe~cTaBneHHH O npe~MeTe. 3aTeM ~aeTCH nponttcb caMOH MeTO~HKH. 

OT~enbHO npHBOMTCH peQenTbl pacrnopoB, Heo6xo~HMbIX ~nH )TOH MeTO~HKH. 

B npttnO)KeHHHX ·~aeTCH cnpaBOqHbIH MaTepuan, a TaK)Ke MO)KHO 03HaKOMHTbCH 

c onucaHtteM tt HHCTPYKQHHMH no pa6oTe c HeKOT0pbIMH nptt6opaMH. B K0HQe 

KHHrH npttBe~eH cnoBaph TepMHH0B, KOTOpbIH MO)KeT 6bITb none3eH nptt npo

Be~eHHH npaKTHKYMa H neKQHH. 
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1. IIJIA3MH,Ll;hl 

Jlumepamypa: 
1. Il.(e!IK)'II06 C.H Kllo11upo0a11ue 2e1100. Ho0ocu6upc1c Hay1<.a, 1986. C. 59-108. 
2. Pb1611u11 B.H Oc1100b1 2e11emu11ec1<.oii u11J1Ce11epuu. Mu11c1<.: Bb11U3UIU. IUK., 

1986. C. 71-90. 
3. )f(UM)IJ1i!6 H. <fJ. 06UJafl u MOJ1eK)lJ1Hp11w 2e11emuKa Ho0ocu6upcK: Cu6. Y11U6. UJO-fJO, 

2003. C. 154--161. 

CTa6HJihHO Hacne.r1yeMhie BHexpoMOCOMHhie reHeTnqecKHe 3JieMeHThl -

1Vla3MU0bl HBJIHIOTCH o6hJqHhIM KOMIIOHeHTOM KJieTOK 6aKTepHii H HH3illHX 3Y

KapHOT. B 60JihillHHCTBe cnyqaeB IIJia3MH.[lhl rrpe.r1cmBJIHIOT co6oii cyrrep"Kpy

qeHHhie KOBaJieHTH0-3aMKHYThie KOJihQeBhie MOJieKyJihl ,[IJ-IK ,[IJIHHOH OT 2 ,LIO 

6 000 T.II.H. Enaro.r1apH mKOH crpyKType OHH He IIO,[IBepraIOTCH ,[leHCTBHIO HyK

Jiea3. CyIIJeCTBYIOT TaK)Ke JIHHeiiHhie IIJia3MH.LlhI, Ha KOT0ph1e HyKnea3hI He .r1eii

crnyIOT, IIOTOMY qrn HHTH Ha KOHQax HX ,[IJ-IK 3aIIJHIIJeHhl 6enKaMH JIH6o co

e,[IHHHIOTCH KOBaJieHTHO. KneTKH, B KOTOphie BKJIIOqaIOTCH IIJia3MH,[lhI, rrpno6-

peTaIOT HOBhie rrpH3HaKH, TO eCTh mpaHc,PopMupy10mc5l. 

1.1. Jia1nepHaJibHbie DJla3MH)J,bl 

OcHOBHhIM CBOHCTBOM IIJia3MH,[I HBJIHeTCH crroco6HOCTh K aBTOHOMHOH 

peIIJIHKaQHH. MoneKyJihl ,[IJ-IK rrpno6peTaIOT ee B TOM cnyqae, eCJIH B HHX HMe

eTCH caiiT Haqana peIIJIHKaQHH - ori - n Ha6op reHOB, Heo6XO,[IHMhIX ,[IJIH ee 

ocyIIJeCTBJieHHH. KneroqHhie xpOMOCOMhI BKJIIOqaIOT IIOJIHhlll Ha6op reHOB, KO

.LIHPYIOIIIHX 6eJIKH peIIJIHKaTHBHOro KOMIIJieKca. BHeXpOMOCOMHhie reHeTHqe

CKHe 3JieMeHThl co.r1ep)KaT He 'Bee Heo6XO,[IHMhie reHhI, II03TOMY B HX peIIJIHKa

QHH rrpHHHMalOT yqacTHe H KJieTOqHhie cpepMeHThl. Pa3JIHqaIOT IIJia3MH,[lhl co 

crporHM KOHTPOJieM peIIJIHKaQHH n c ocna6neHHhIM. 

CrporoCTh KOHrpOJIH perrJIHKaQHH IIJia3MH,[I 3aKJIIOqaeTCH B TOM, qTo HX 

.LIYIIJIHKaQHH ocyIIJeCTBJIHeTCH CHHXpOHHO c Y.LIBOeHHeM 6aKTepHaJihHOH xpOMO

COMhl (4 700 T.II.H. y Escherichia coli) H, rro-BH.[IHMOMY, O.[IHHMH H TeMH 'lKe pe

IIJIHKaTHBHhIMH KOMIIJieKcaMH, B KOTOphIX rnaBHYIO ponh HrpaeT ,[IJ-IK

IIOJIHMepa3a III. B 6aKTepttanhHoii KJieTKe HacqnThrnaeTcH OT 1 .r10 3 Korrnii m

KHX IIJia3MH,[I. Hx MHHHMaJihHhlll pa3Mep 20-30 T.II.H., a MaKCHMaJihHhlll Ha 

rropH.LIOK 6onhme. 
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llna3MH.[lhl c ocna6neHHhIM KOHrponeM perrJIHKaQHH BMeCTO )]J-IK

IIOJIHMepa3hl III HCIIOJih3YIQT ,[IJ-IK-rron0Mepa3y I. B Ka)K,l:IOH 6aKTepHanhHOH 

KJieTKe co.r1ep)KHTCH B cpe,l:IHeM 40-50 KOIIHH IIJia3MH,[lhI, B CBH3H C qeM HX Ha-

3hIBal()T eIIJe MYJihTHKOIIHHHhlMH. 0HH, KaK rrpaBHJIO, HeBeJIHKH no pa3Mepy -

He 6onee 15-30 T.II.H. 

Pa3HHQa Me)K.[ly crporHM n ocna6JieHHhIM KOHTponeM perrJIHKaQHH IIJia3-

MH.[I oco6eHHO 3aMeTHa, Kor.r1a KJieTKH rrepeXO,[IHT H3 3KCIIOHeHQHaJihHOH <pa3hl 

poem B cTaQHOHapHyIO. IlpH )TOM IIJia3MH,[lhl co CTpomM KOHrponeM 0 6aKTe

pHaJihHaH xpoMOCOMa rrepecTaIOT peIIJIHQHpOBaThCH, B TO BpeMH KaK IIJia3MH.[lhl 

c ocna6neHHhIM KOHrponeM rrpO,l:IOJI)KalOT .LIYIIJIHKaQHIO, 0 HX Macca B KJieTKe 

MO)KeT ,[IOCTHraTh MaCChl 6aKTepHaJihHOH )]J-IK. AHanornqHaH KapTHHa Ha6nIO

,[laeTCH H B ycJIOBHHX OCTaHOBKH CHHTe3a 6eJIKa. 3To rrpoHCXO,[IHT, K rrpHMepy, 

rrpH .r106aBJieHHH B cpe.r1y xnopaMcpeHHKOJia, rrpeKpaIIJaIOIIJero CHHTe3 6eJIKOB, 

HHHQHHpyIOIIJHX peIIJIHKaQHIO 6aKTepHaJihHOH )]JIK n IIJia3MH,[I co crpomM 

KOHTponeM. llna3MH,[lhl )Ke c ocna6neHHhIM KOHTponeM B TaKHX ycJIOBHHX crro

co6Hhl HHHQHHpoBaTh HOBhie payH.[lhl peIIJIHKaQHH, II03TOMY HX qHCJIO MO)KeT 

,[IOCTHraTh HeCKOJihKHX ThICHq Ha KJieTKy. 

BeKmOpHble cucmeMbl ,[IJIH MOJieKynHpHoro' KJIOHHpOBaHHH o6hJqHo C03-

,[laIOTCH Ha OCHOBe peIIJIHKOHOB IIJia3MH,[I. Xopomo H3BeCTHhie IIJia3MH,[1Hhie 

BeKTOphI (pBR322 H pUC9) Be.r1yr cBoe Haqano oT He6onhmoii IIJia3MH.LlhI 

Co/El, perrJIHQHpyIOIIJeiicH B KJieTKax E. coli He3aBHCHMO OT xpoMOCOMhI H 

cyIIJecrnyIOIIJeii B q0cne 10-20 KOIIHii Ha KJieTKy. llna3MH.[la pBR322 

(4,36 T.II.H.) HMeeT reHhl ycToiiqHBOCTH K aHTH6HOTHKaM aMIIHQHJIJIHHY n TeT

paQHKJIHHy. reH ycrniiq0BocTH K aMrrHQHJIJIHHY (bla) KO,l:IHpyeT ~-naKTaMa3Y, 

KOTOpaH paCIIJeIIJIHeT ~-JiaKTaMHOe KOJihQO aMIIHQHJIJIHHa. AMIIHQHJIJIHH Hapy

maeT 6HOCHHTe3 KJieToqHoii CTeHKH B paCTyIIJHX KJieTKax, IIO,[laBJIHH aKTHB

HOCTh O,[IHOro HJIH HeCKOJihKHX cpepMeHTOB CHHTe3a rreIITH,[IOrJIHKaHa (rreHH

QHJIJIHHCBH3hIBaIOIIJHX 6eJIKOB ), qTo rrpHBO,[IHT K IIO,[laBJieHHIO poem 6aKTepHii 

H 3arrycKy QerroqKH IIOCJie,[IOBaTeJihHhlX 6HOXHMHqecKHX co6hITHH, pe3yJihTa

TOM KOTOphIX HBJIHeTCH OCMOTHqecKHH JIH3HC KJieTKH. MHHHMaJihHaH IIO,[(aB

JIHIOIIJaH KOHQeHrpaQHH (MIIK) .LIJlH E. coli 2 MKrlMJI. TerpaQHKJIHH aapymaeT 

6HOCHHTe3 6enKa, CBH3hIBaHCh C 30S p060COMHOH cy6ne,[IHHHQeii, rrpeIIHTcrnyeT 

CBH3hIBaHHIO q>OpMHJIMeTHOHHH-TPHK CHHTeTa3hl C A-caHTOM pH60COMhl. reH 

ycrniiqHBOCTH K TerpaQHKJIHtty (tet) KO,l:IHpyeT cpepMeHT, KOTOphlll H3MeIDieT 6aK-
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TepIIaJII,H)'IO MeM6paey II npeIDITCTBYeT np0HIIKH0BeHJno aHTII6IIOTIIKa B KJieTKy • 

O6JI~aeT 6aKTepIIOCTa'flllieCKIIM .n.en:CTBIIeM, MilK = 0,5-5 MKr/MJI. 

KrreTKII Escherichia coli HBJIHIOTCH y)].o6HoIMII ofil,eKTaMII reHH0-

IIH)I(eHepHoIX 3KCTiepIIMeHT0B. O.n.HaKO .n.aHHoie KJieTKII He cnoco6Hol rJIIIK03II

JIIIpoBaTI, CIIHTe3IIpyeMoie IIMII 6eJIKII (B TOM qIIcJie II 3yKapIIOTII'IeCKIIe). Ho 

MH0rIIe 3yKapII0TIIqeCKIIe 6eJIKII aKTIIBHbl JIIIIIII, B rJIIIK03IIJIIIp0BaHH0M co

CT0HHIIII. 

~O)I()I(II o6Jia)].aIOT BCeMII npII3HaKaMII 3yKapII0T. B IIX reH0Me HeT one

p0H0B, TPaHCKpIInU:IIIO y HIIX Be.n.yT TPII TIIna PHK-noJIIIMepa3, a MPHK IIMeIOT 

TIInIIqHQ 3yKapII0TII'IeCK0e CTP0eHIIe. OHII C0)].ep)I(aT cneu:IIqmqecKIIe 3yKa

pII0TIIqecKIIe 6eJIKII (rIICTOHbI, aKTIIH, ry6yJIIIH, nenTII)].HI,Ie ropMOHoI) II 3YKa

pII0TIIqecKIIe opraHeJIJII,I (H.n.epHM MeM6paHa, MIIT0X0H)].pIIII, 80S pII60COMI,l, 

3H)].0nJia3MaTIIqecKIIe MeM6paHbI, annapaT roJII,,[()I(II, JIII30COMbI). Ka)I()].M xpo

M0C0Ma .n.po)I()I(ell HeceT no o.n.Holi u:eHTP0Mepe, no )].Be TeJI0Mep1,1 II no He

CK0JioK0 ori-caHTOB IIHIIU:IIaU:IIII penJIIIKaU:IIII. ~Q)I()I(eBbie KJieTKII M0ryT rJIII

K03IIJIIIpoBaTI, CIIHTe3IIpyeMoie IIMII 6eJIKII. 

.z:vrn KJI0HIIp0BaHIIH II 3KcnpeCCIIII 061,1qHo IICn0JII,3YIQT caxap0MIIU:eTbl -

Saccharomyces cerevisiae. OHII HaII6onee xoporno II3yqeHoI c reHeTII'IeCKOH Toq

KII 3peHIIH. y )].pO)I()I(ell JIIIIIII, B 3 pa3a 6oJioIIIe )],HK, qeM y 6aKTepIIH. raIIJIOII)].

HI,Ill Ha6op S. cerevisiae co.n.ep)I(IIT 16 xoporno oxapaKTepII3oBaHHoIX xpoMocoM, 

pa3Mep K0TOpoIX BapoIIpyeT OT 230 )].0 2 352 T.n.H. 0 pacIIIIIcppoBKe noJIHOH no

CJie)].0BaTeJII,H0CTII xpOMOCOMHOH ,n;I-IK )].pO)I()I(ell )].JIIIHOH 12 069 T.n.H. 61,mo co

o6m:etto B anpeJie 1996 r. B BbITI0JIHeHIIII npoeKTa «reHOM )].pO)I()I(ell» npIIHIIMarrII 

yqacTIIe CBbIIIIe 600 yqeHbIX II3 96 na6opampIIH B0CI,MII CTPaH. H.n.eHTII!pIIU:IIpo

BaHbl 6 340 0TKpI,ITI,IX paM0K cqIIToIBaHIIH (OPC) )].JIIIHOH He MeHee 100 K0)].0H0B. 

3-ro no3B0JIHeT 0TH0CIITeJioH0 JierK0 np0B0)].IITI, CKpIIHIIHr KJI0H0B, co.n.ep)I(am:nx 

peKOM6IIHaHTHoie MOJieeyJiol )],HK. 

1.2. ,lI;poaoKeBLie IIJia3MU~hl 

Y )].pO)I()I(ell Il3BeCTHbl TPII BII)].a nJia3MII)]., K0T0poie M0)I(H0 IICn0Jib30BaTI, 

B KaqecTBe BeKTopoB. 3TO 2 µm II 3 µm (.D.JIIIHa C00TBeTCTBeHH0 2 II 3 MKM), a 

TaK)I(e MIIT0X0H)].pIIarroHM (MT) )],HK (.D.JIIIHa 25 MKM). 

2-MKM nJia3MII)].a o6ttapy)I(IIBaeTCH y 60JII,IIIIIHCTBa IIITaMM0B .ll.P0)I()I(eH II 

cpyHKu;IIOHIIpyeT, n0-BII)].IlM0MY, JIIIIIII, )].JIH o6ecneqeHIIH co6crneHHOH penJIII

KaU:IIII. B o6m:eM cnyqae IIITaMMI,I cir0
, JIIIIIIeHHI,Je nJia3MII)].bl, He 0TJIIIqaIOTCH 
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cpeHOTIInIIqeCKII OT IIITaMM0B c nJia3MII)].aMII cir+. O.n.HaKo onpe.n.eJieHHaH xpo

M0C0MHM MyTaU:IIH nib] 3aMe)].JIHeT pa3MH0)I(eHIIe IIITaMM0B cir+ BCJie)].CTBIIe 

aH0MaJibH0r0 yBeJIIIqeHIIH qIICJia KOnIIH nJia3MII)].I,l. 2-MKM TIJia3MII)].a npe.n.

CTaBJIHeT co6on: K0JibU:eByw M0JieKyJiy )],HK (6 318 n.H.), JI0KaJIII3yeTCH B H)].pe 

KJieTKII II C0CTaBJIHeT 0K0JI0 3 % Been )].pO)I()I(eBOH ,n:HK (50-70 KOTIIIH Hara

nJIOII)].HI,Ill reHOM). B npIIpo.n.e 3Ta nJia3MII)].a He IIHTerpIIpyeTCH B .n.p0)I()I(eBoie 

Xp0M0C0MbI. JlafiopaTOpHoie )Ke BapIIaHTbl KJieTOK, C0)].ep)I(aID:IIX Xp0M0C0MbI C 

IIHTerpIIp0BaHHI,lMII B HIIX 2-MKM )],HK, Kpan:He Hecrn6IIJII,HI,I. 3TO 061,HcmreT

CH HeC0BMeCTIIM0CTbIO MexaHII3Ma, peryJIIIpywm:ero qIICJI0 KOnIIH nJia3MII)].HOH 

,n;HK, C MexaHII3M0M y.n.BoeHIIH xpoM0C0M. MoJieKyJia 2-MKM .[(HK co.n.ep)I(IIT 

)].Ba IIHBeprnpoBaHHoIX noBmpa - IRl II IR2 (599 n.H.). B 0)].H0M noBmpe Ha

X0)].IITCH ee ori-cail:T. Ero npIICYTCTBIIe )].0CTaTOqHo )].JIH aBTOHOMHOH penJIIIKa

U:IIII nJia3MII)]., HO B TaK0M cnyqae qIICJI0 KOnIIil: HeBeJIIIK0. BoICOKYIO KOTIIIH

H0CTI, 2-MKM )],HK o6ecneqIIBaIOT nJia3MII)].Hoie reHoI REP 1, REP2 II REP3. 

Me)I()].y IIHBepTIIp0BaHHbIMII noBTOpaMII 2-MKM nJia3MII)].l,I in vivo npo

IICX0)].IIT BHYTPIIM0JieKyJIHpHaH peKOM6IIHaU:IIH, 3aBIICHIIJ:M T0JII,K0 OT TIJia3-

MII)].H0ro 6eJIKa, K0)].IIpyeMoro reH0M FLP. O6JiaCTI, peKoM6IIHaU:IIII )].JIIIHOH 

npII6JIII3IITeJibHO 0K0JI0 60 TI.H. Jie)I(IIT 0K0JI0 Xba/-caiirn. Enaro.n.apH peKoM6II

HaU:IIII 2-MKH )],HK M0)I(eT cym:ecTBoBaTo B )].Byx cpopMax (A II B) B coornorne

HIIII 1 : 1. ManoIH EcoR/-cpparMeHT B-cpopMol (2 242 n.H.) co.n.ep)I(IIT noBTOp 

IRl, ori-cail:T, reH FLP II e)].IIHCTBeHHoie cail:ToI pecTpIIKU:IIII (EcoRI, Hind/11, 

Ball Bell II Clal), npIIMeHHeMoie )].JIH KJI0HIIpoBaHIIH II 3KcnpeccIIII reTepono

rIIqH1,1x reHoB. I1o3TOMY ero IIcnoJio3yiOT B KaqecTBe ocHoBoI npII K0HCTPYIIpo

BaHIIII .D.P0)I()I(eBoIX BeKT0poB. 

,[(JIIIHa 3-MKH .[(HK cocrnBJIHeT oKoJio 9,5 T.n.H. 3rn TIJia3MII)].a co.n.ep)I(IIT 

noJIHyIO K0nIIIO 0)].H0ro xpoM0C0MH0ro n0BT0pa reH0B pPHK. (Bcero B )].p0)I(

)I(eBbIX KJieTKaX ~ 140 KOnIItt TaKIIX n0BT0p0B, C0CT0HIIJ:IIX II3 4 pa3HI,IX reH0B 

pPHK; 0HII JI0KaJIII3YIOTCH Ha xpoMocoMe XII.) KonIIii )Ke nJia3MII.lJ.HOtt )],HK 

Ha KJieTey 61,rnaeT He 6onee 10. B Kaqecrne BeKTopa )].aHHM nJia3MII)].a npIIMe

HHeTcH pe)].K0. 

MIITOXOH)].paJioHM )],HK (MT)],HK) BKJIIOqaeT ~75 T.n.H. qIICJIO M0JieeyJI 

MTL(HK Ha ranJI0II)].H)'IO KJieTKY ~50. Ha Heii KapTIIpoBaH0 HeCK0JII,K0 .n.ecHTK0B 

reH0B (reHI,I pII60COMaJII,HI,lX II TPaHcnopTHbIX PHK, cyfrr,e)].IIHIIU:bl )].I,IXaTeJII,

HI,IX cpepMeHTOB ). OHII pa3)].eJIHIOTCH nporn)I(eHHI,IMII HeK0.lJ.IIPYIOID:IIMII nocJie-
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~OBaTenI,HOCTHMH. HMeeTCH OKOJIO 7 KaHOHnqeCKIIX ori. B KaqecTBe BeKTOpa 

MT)U{K IlOKa He HCilOJib3yeTCH. 

B ~pmIOKeBbIX IlJia3MH~ax ceJieKTHBHbie MapKepbI He o6Hapy)KeHbI, no

:HOMY B KaqeCTBe BeKTOpOB HX CTaJIH npHMeHHTb JIHIIlb IlOCJie BKmoqeHHH B 

HHX onpe~eJieHHbIX xpoMOCOMHbIX reHOB ~pO)K)KeH. Hatt6oJiee IlO~XO~HIIl;HMH 

~JIH TaKHX IIeJieii OKa3aJIHCb reHbl, cpyHKIIHOHaJibHO aKTHBHbie H B KJieTKax E. 

coli, rn ecTb HCnpaBMIOIIl;He COOTBeTCTByrorn;tte 6aKTepHaJibHbie ~eq>eKTbl 

(rn6JI. 1). 
Ta6nnua 1 

- ------· --- - ------~ ....-,1-------,--- ----- -- -----------

feH AHanornYIHbiil: reH <l>epMeHT 

S. cerevisiae E. coli 
ARG4 argH ApruHHHOC)'KUHHaTmiaJa 

H/S3 hisB MMHAaJOrnnuepocpoccpaTAerHAPOTaJa 

LEU2 leuB P-n3orrporrnnManaTAernAporeHaJa 

TRPJ trpAB TpnrrTOcpaHCHHTeTaJa 

TRP5 trpC MHAOJIHJirnnuepocpoccpaTCHHTeTaJa 

URAJ pyrD ,[(nrnApoopoTaTAernAporeHaJa 

URA2 pyrB AcrraprnT-TPaHcKap6aMnnaJa 

URA3 pyrF OpOTHAHH-5'-cpoccpaTAeKap6oKCHJia3a 

GALI ga/K fanaKTOKHHaJa 

B coorneTCTBHH c pa3Hoo6pa3HeM TPe6oBaHHii, KOTOpbie ~HKTYIOTCH He

o6xo~HMOCTbIO ocyrn;ecTBJIHTb ~eJieIIHOHHbie HJIH HHcepIIHOHHbie H3MeHeHHH B 

reHax, a TaK)Ke o6ecneqHBaTb 3KCnpeCCHIO reHOB B KJieTKax ~pO)K)KeH, HMeIOT

CH B HaJIHqHH MHoroqHcJieHHbie BeKTOpbI (pHC. 1 ). DOJibIIIHHCTBO IlJia3MH~, HC

IlOJib3yeMblX B pa6oTe C ~pO)K)KaMH, HanpHMep ~JIH TPaHCq>OpMaIIHH, npe~

CTaBJIHIOT co6oii 'leJIHO'lHble ee1<.mopbl, cnoco6Hble K CaMOCTOHTeJibHOH penJIH

KaIIHH B ~pO)K)KaX tt 6aKTepHHX 6Jiaro~apx npHCYTCTBYIOIIJ,HM B HIIX ori-caiiTaM 

~po)K)KeBbIX H 6aKTepHaJibHbIX IlJia3MH~. 3TO o6'bHCHHeTCH TeM, qTo H3 ~pO)K

)KeBblX KJieTOK TPY~HO BbI~eJIHTb 3HaqHTeJibHOe KOJIHqecTBO BeKTOpHblX MOJie

KYJI. Bb1~eJieHHe BeKTopoB H peKoM6ttHaHTHbIX )U{K H3 ~pO)K)Keii Be~YT 06b1q

HO B ~Ba 3rnna. CHaqaJia H3 TPaHcq>opMttpoBaHHbIX ~pO)K)Kett BbI~eJIHIOT cyM

MapHyro )U{K, 3aTeM c ee noMOIIl;bIO TPaHccpopMttpyroT KJieTKH E. coli H no ce

JieKTHBHbIM npH3HaKaM OT6HpaIOT KJIOHbl C qeJIHOqHbIMH BeKTOpaMH. 

Hatt6oJiee pacnpOCTPaHeHHbie BeKTOpbI ~pO)K)Kett HBJIHIOTCH npOH3BOk 

HblMH H3BeCTHOH IlJia3MH~bl pBR322 H co~ep)KaT OpH~)KHH penJIHKaIIHH (ori), 
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o6ecneqHBaIOrn;Hii BbICOKYIO KOilHHHOCTb IlJia3MH~bl B KJieTKaX KHIIIe'!HOH na

JIOqKH, tt ceJieKTHBHbie MapKepbI ycTOH'IHBOCTH K aHTH6HOTHKaM - reH bla, 

onpe~eJIHIOIIl;HH ycToifqHBOCTb K aMITHIIHJIJIJrny, H HHOr~a reH tet- reH pe3H

CTeHTHOCTH K TeTPaIIHKJIHHy. 

~

.•---=--::-. 

p13 
I o 7kb P,t ' 

Amp' Tlf'B 
~?. 

_L B 

Pst 1-lj'~.p' -T~Jdel 
( '.!'.y,50 URA3 

Nde1i\ ao40bp Sma1 

~ARS1 
•:_~ CEN4 

NaelZ:..c·.::.c.~ 

HAR~!__ R 

~;----:t1H B 

Y_l<p~g_ Tet~ _ S 
6,9kb 

Y""p' fAva 
P,t I~ '•-~RA3 .. ,> 

Ava 

Pnc. 1. PecTpnKTHaJI Kaprn rrnaJMHA YRpl2, YEp13 n YCp50 

B BeKTop TaK)Ke BKJIIOqeHbl IlOCJie~oBaTeJibHOCTH ~pO)K)KeBOH )],HK, KO

TOpbie o6ecneqHBaIOT penJIHKaIIHIO 3THX IlJia3MH~ B ~pO)K)KaX (rn6JI. 2 A). B 

3aBHCHMOCTH OT IIeJIH HCCJie~oBaHHH caiiT HHHIIHaIIHH penJIHKaIIHH ori ~pO)K

)KeH MO)KHO BbI6paTb TaKHM o6pa30M, qTo BeKTOp OKa)KeTCH BbICOKO- HJIH HH3-

KOKOilHHHbIM. BbICOKOKOilHHHbie BeKTOpbI co~ep)KaT IlOCJie~oBaTeJibHOCTH 

2-MKM IlJia3MH~bl. OOJibIIIHHCTBO HCilOJib3yeMbIX B HaCT0HIIJ,ee BpeMH ~pO)K)Ke

BbIX MapKepoB - 3TO 6HOCHHTeTHqecKHe reHbl ~HKOro THITa, KOMITJieMeHTH

pyrorn;He MYTaIIHH Mern6oJIHqecKHX nyTeii. Hatt6oJiee qaCTO B KaqecTBe TaKHX 

ceJieKTHBHbIX MapKepoM HCITOJib3YIOTCH reHbI URA3, H!S3, LEU2, TRP 1 H 

LYS2, KOTOpbie KOMnJieMeHTttpyroT cneIIHq>ttqecKHe MYTaIIHH ayKcoTpoq>HOCTH, 

- coorneTcTBeHHO ura3-52, his3-,1J, leu2-'11, trpl-,11 H lys2-201 (rn6JI. 2 E). 

3TH MyTaIIHH HapyIIIaIOT 6HOXHMHqecKHe ITYTH CHHTe3a COOTBeTCBYIOIIl;HX HYK

neoTH~OB HJIH aMHHOKHCJIOT M BbI6paHbl ~ pa60Tbl rnaBHbIM o6pa30M IlOTOMY, 

qTo y HHX BeCbMa HH3KH qacTOTbI peBepCHH. TaK)Ke qacTO HCilOJib3YIOT MyTaIIHH 

his3-ll,15 M leu2-3,112. )],BoiiHbie rnqKoBbie MYTaIIHH CHH)KaIOT BepoHTHOCTb no

HBJieHHH peBeprnHTOB ~o 10-10
. KpoMe rnro, reHbI ~pO)K)Kett URA3, H/S3, LEU2 M 

TRP J cnoco6Hbl KOMITJieMeHTHpoBaTb cneuncpnqecKHe MyraIIHH ayKCOTPOq>HOCTH 

y E. coli 11 B TaKOM CJiyqae o6ecneqHBaIOT ~OilOJIHHTeJibHbIH MapKep MH ceJieK

IIHH M oroopa B 6aKTepHaJibHblX KJieTKaX. 

reHbI ~po)K)Kett URA3 M LYS2 B Kaqecrne MapKepoB ~AA BeKTopoB ~po)K

)Kett o6na~aIOT ~OilOJIHHTeJibHbIM npeHMyrn;eCTBOM, IlOCK0JibKY npH MX HCil0Jib30-

BaHHH B03M0)KHa KaK Il03HTHBHaH, TaK M HeraTHBHaH ceJieKIIHH, TO eCTb oroop KaK 

KJieT0K, co~ep)KaIIl;HX IlJia3MH~, TaK M KJieT0K, YTPaTHBIIIHX ee. Tio3HTHBHaH ce-
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JieKIJ:IDI OCHOBaHa Ha KOMIIJieMeHTaI.l,IIII ayKCOTJ)OqJHOCTII, orrpe,n:eJUieMOH, COOT

BeTCTBeHHO, MYTaI.1,IDIMII ura3 II lys2, Tor,n:a KaK .D:lliI HeraTIIBHOH ceneKIJ:IIII IIC

IIOJib3)'IOT crreu,II<pIIqeCKIIe IIHrn6IITOpbI - COOTBeTCTBeHHO 5-<pTOpopoTOB)'IO 

KIIcnory (FOA) II a-aMIIHoa,n:IIrrIIHOB)'IO KIICJiory (aAA), KOTOpI>Ie rro,n:aBIDIIOT 

pa3MHO)KeHIIe rrpoTOTJ)OqJHbIX IIITaMMOB, HO He rrpeIDITCTB)'IOT pocry MYTaHTOB -

cooTBeTCTBeHHO ura3 II lys2. reH URA3 IICIIOJII>3YJOT 6onee qacTO. OH KO.D:IIpyeT 

<pepMeHT OpOTII.D:IIH-5
1
-<poc<paT-,n:eKap60KCIIJia3Y, KOTOpbIH Heo6xo,n:IIM .D:lliI 6IIo

CIIHTe3a ypau,IIJia. MyrnHT@ ura3 MO)KHO oroIIpaTI> Ha cpe,n:e, co,n:ep)Karn:eii FOA. 

Ilo-BII.D:IIMOMy, rro.n: ,n:eiiCTBIIeM ,n:eKap60KCIIJia3bl Ura3, IIMeIOII.l,eHC5I y HOpMaJib

HbIX KJieTOK, FOA rrpeBparn:aeTcH B TOKCIIqHI>Itt 5-<pTOpypau,IIJI, II HopMaJII>HI>Ie 

KJieTKII Ha cpe,n:e c FOA rrorn6aroT, a MYTaHTI>I ura3 crroco6HI>I pa3MHO)KaTI>CH. 

3To o6CT05ITeJibCTBO IICIIOJib3)'IOT ,n:IDI II3rHaHIDI II3 KJieTOK IIJia3MII,n: C MapKepoM 

URA3. IlpII pa60Te c TaKIIMII IIJia3MH,n:aMII qarn:e Bcero IICIIOJib3)'IOT X035IHCKIIe 

KJieTKII, MapKIIpOBaHHbie MYTau,IIeii ura3-52. 3ToT aJIJieJib co,n:ep)KIIT IIHcepu,IIIO 

Mo6IIJII>Horo 3JieMeHTa Tyl II He peBeµTIIpyeT. 

HecM01])5I Ha pa3Hoo6pa3IIe IIMeIOrn;IIXC5I qeJIHoqHI,IX BeKTOpOB ,n:JIH pa-

6oThl C ,n:pO)K)KaMII, BeKTOpbI, IICIIOJII>3yeMbie B HaCTOHII.1,ee BpeMH, MO)KHO pa3-

6IITb Ha 3 KJiacca (rn6JI. 2): UHme2pamU61lble BeKTOpbI Yip; aBTOHOMHO peIIJIII

I.1,IIp)'IOII.1,IIeCH MHOroKOIIIIHHI>Ie BeKTopI>1 YRp II YEp (IIx ern:e Ha3I>IBaIOT 3nu

COMHblMU) II aBTOHOMHO peIIJIIII.1,IIpyrorn:IIeCH BeKTOpbI C HII3KOH KOIIIIHHOCTbIO 

(YCp), OHII )Ke KOJibI.1,eBbie MUHUXp0M0C0Mbl. EcTb ern:e O,n:IIH crreU,IIaJIII3IIpo

BaHHblH BII.11: BeKTopoB, IIMeHyeMI>Iii pYAC II IICIIOJII>3yeMI>Iii .n;nH KOHCTJ)yIIpo

BaHIDI UCK)'CCmeeHHblX xpoM0C0M. 

BeKmopbl Yip. HHTerpaTIIBHI>Ie BeKTOpbI Yip (Yeast Integrating plasmid) 

5IBJI5IIOTC5I <paKTIIqecKII 6aKTepIIaJibHbIMII BeKTopaMII, TaK KaK ,n:pO)K)KeBM .[(HK 

B HIIX rrpe,n:cTaBJieHa TOJII,KO o,n:HIIM II3 YKa3aHHbIX B Ta6JI. 2 reHOB. OHII He 

crroco6Hbl perrmII.1,IIpoBaTbC5I B ,n:pO)K)KeBbIX KJieTKax aBTOHOMHO, HO ocyrn:ecTB

JI5IIOT HX TJ)aHC<pOpMaI.l,HIO IIYTeM HHTerpau,nn B xpOMOCOMy qepe3 peKOM6HHa

I.l,HIO .n:po)K)KeBoro reHa C rOMOJIOrJ,JqHblM yqacTKOM H IIYTeM 3aMeHbl xpoMo

COMHOro reHa Ha BeKTOpHbIH C IIOMOlll;blO .D:BOHHOro KpOCCHHroBepa. 

PeKOM6HHaI.l,HOHHM HHTerpaI.1,IDI KOJibI.l,eBOH IIJia3MII.D:HOH .[(HK rrpHB0-

.11:HT K TOMy, qTo KOIIH5I BeKTOpHOH IIOCJie,n:oBaTeJibHOCTH <pJiaHKHpyeTC5I rrpH

MbIM IIOBTOpOM IIOCJie,n:oBaTeJibHOCTH ,n:pO)K)Kett. CaiiT HHTerpaI.1,HII HaMeqaroT, 

pa3pe3M ,n:po)IOKeBOH CerMeHT IIJia3MH.D:bl Yip peCTJ)HKIJ:HOHHOH 3H.D:OHyKJiea-

30H, n TJ)aHc<popMHPYJOT ,n:pO)K)KeBI>Ie KJieTKH JIHHeapII3oBaHHoii IIJia3MH,n:oii. 
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JlnHettHbie KOHI.1,bl peKOM6HHOreHHbl n o6ecrreqnBaIOT Herrocpe,n:CTBeHH)'IO HH

TerpaI.1,HIO IIJia3MH.D:bl B cattT reHoMa, rOMOJIOrnqHI,Ill 3THM KOHI.l,aM. B,n:o6aBOK 

mrneapII3aI.1,H5I rrpn_BO.D:HT K IIOBbIIIIeHHIO 3<p<peKTHBHOCTH TJ)aHc<popMaI.l,HH B 

10-50 pa3. 

Ta6mm:a2 
A. KoMIIOHeHTbl IIJUl3MIIJ{HblX BeKTOpoB ;:i;pol!OKeii 

3JieMeHTbl BeKTOp 

Yip YEp YRp YCp 

feHbl IIJIII cerMeHTbl E. coli 

ori, bla, tet + + + + 
feHbl IIJIII cerMeHTbl ;:i;pol!OKeii 
URA3; H/S3; LEU2; TRP l; LYS2 II rrp. + + + + 
leu2-d 0 + + 0 

2 µm; 2 µm-ori REP 3 0 + 0 0 

ARSJ; ARS2; ARS3 II rrp. 0 0 + + 
CEN3; CEN4; CENJ 1 II rrp. 0 0 0 + 
MapKepbl X03HHCKIIX KJieTOK (;:i;pOJ!OKeii) 

ura3-52; his3-,1J; leu2-,1J; trpl-,1 II rrp. + + + + 
CTafiIIJibHOCTb ++ + ± + 

E. IlpIIpo;:i;a MapKepHbIX MYTal(IIii 

Myra11II» ,[(eJiel(IIH Crroco6HocTb OrrIICaHIIe MOJieKyMpHOH rrpIIp0,!l;bl 
K peBepcIIII 

ura3-52 Hcr HeT BcTaBKa Ty 1 B II0JI0JKeHIIII 121 
his3-LJJ qaCTIIqHaH HeT 187 rr.H. HindJJI-HindJJI (H.OCT. 305-492) 
leu2-LJJ qaCTIIqHaH HeT ,[(eJiel(IIII H.0CT. 0208 II 0319 
trpl-LJJ ,[(a HeT 1,45 T.rr.H. EcoRI-EcoRJ (H.OCT. -102-1352) 
lys2-L1202 qaCTIIqHa» HeT 1,0 T.II.H. Xhol-Hpal (H.OCT. 1813-2864) 

,[(Jrn BeKTopoB Yip 06I>1qHo xapaKTepHa o,n:HoKorrniiHM HHTerpau,ttH. C 

Hll3KO~ qacTOTOH, o,n:HaKO, MO)KeT rrponcxo,n:HTb MHO)KeCTBeHHM HHTerpau,IDI, 

KOTOpM II03B0JI5IeT KOHCTJ)yHpOBaTb CTa6IIJibHble IIITaMMbl co CBepx3KCIIpeccn

eii crreu,nqinqecKnx reHOB. Ilna3MH.D:I>I, HMerorn:1:1e ,n:Ba ,n:p0)K)KeBI>Ix cerMeHTa, 

HarrpnMep LEU] n URA3, rroTeHI.1,HaJII>Ho MOryT HHTerpnpoBaTI>CH B Ka)K.D:I>Itt H3 

3THX reH0MHbIX JI0KYC0B, Tor.n:a KaK BeKT0pbI, co,n:ep)KaII.1,IIe II0BT0p5IIOlll;HeC5I 

IIOCJie,n:oBaTeJibHOCTH .[(HK, HarrpnMep II0BTOp5IIOlll;HeC5I 3JieMeHTbl Ty HJIH 

p,lU-IK, M0ryT HHTerpnpoBaTbC5I B JII06oii m MH0)KeCTBeHHbIX cattTOB B reHOMe. 

liITaMMbI, CK0HCTJ)YHP0BaHHble C HCII0Jib30BaHHeM IIJia3MH.D: Yip, HY)KHO rrpo-
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BepHTb C noMombIO ~ Irnll ~pymMll MeTo~aMn ~Jrn no~rnep:ameHllH caiha 

llHTerpaQllll. 3ppeKmU6HOCmb mpaHcpopMalfUU KJieTOK ~po:>IOKeii TaKllMll 

nml'.3Mll~aMll Hll3Ka (OT 0,1 ~o HeCKOJibKllX ~eCHTKOB KOJIOHllll rpaHCq>OpMaHTOB 

Ha 1 MKr mJK nJia3Mll~bI). O~HaKO ecmI KJieTKll S. cerevisiae rpaHCq>OpMnpo

BaTb nJia3Mll~aMn, co~ep)Ka}QllMll ~ByxQenoqeqHblll pa3pbIB BHYTPll nocne~o

BaTeJibHOCTll, roMOJIOrIIqHoii ~pO)K)KeBOMY reHy, TO nJia3MII~HM rpaHCq>OpMa

QIIH nponcxo~IIT C ropa3~0 6oJibIIIeii 3q>q>eKTIIBHOCTblO. 

CyIQeCTBeHHOll xapaKTepttCTIIKOll rpaHCq>OpMaHTOB B006IQe II, B qaCTHO

CTll, rpaHCq>OpMaHTOB, nonyqeHHbIX npn llCnOJib30BaHIIII IIHTerpaTllBHbIX BeK

TOpOB, HBJIHeTCH MIITOTIIqecKM CTa6IIJibHOCTb, TO eCTb, rpy6o roBOpH, ~OJIH 

KJieTOK B KYJibType, coxpaHHIOIQIIX rpaHCq>OpMnpoBaHHblll q>eHOTIIn. IlITaMMbI, 

TpaHCq>OpMIIpOBaHHbie nJia3Mll~aMII Yip, no cpaBHeHIIIO C rpaHCq>OpMaHTaMll, 

HecyIQHMII ~pyme IlJia3Mll~bI, qpe3BbiqaiiHO CTa6IIJibHbI ~a)Ke B OTCYTCTBlle ce

JieKTIIBHOro ~aBJieHIIH. O~HaKO IIHTerpIIpOBaHHM nJia3MII~a BCe-TaKII MO)KeT 

TepHTbCH C qacTOTOll npn6JIII3IITeJibHO 10-
3 
-10-

4 
6naro~apH roMonomqHoii 

peKOM6IIHaQIIII Me)K~y TaH~eMHbIMII noBTOpaMII mJK; npII 3TOM npOIICXO~IIT 

BhlneTJillBaHIIe BeKTOpHOll nocne~OBaTeJibHOCTII II O~HOH II3 ~ynnIIQllpoBaH

HbIX Konnii, KOTOpbie ee q>JiaHKIIpyroT. 

BeKmopbl YEp. 3nIICOMHbie nnaJMII~Hbie BeKTopbI YEp (Yeast Episomal , 

plasmid) co~ep)KaT cerMeHT 2-MKM nnaJMII~bI, co~ep)KaIQIIii opII~)KIIH pennn

KaQIIll (2 µm ori), II 6naro~apH npIICYTCTBIIIO KOTOporo BeKTOpbI MOrJT aBTO

HOMHO pennIIQIIpoBaTbCH B KJieTKax ~pO)K)Keii. BeKTOpbI YEp MoryT co~ep)KaTb 

KOnIIIO 2-MKM nna3MII~bl QeJIIIKOM, HO B 6oJibllIIIHCTBe cnyqaeB OHII co~ep)KaT 

TOJibKO o6naCTb nJia3MII~bI, B KOTopoii npncyTCTByroT nocne~OBaTeJibHOCTb ori 

II reH REP3. I'eH REP3 HBJIHeTCH QIIC-aKTIIBHbIM, TO eCTb ~OJI)KeH 6bITb Ha Ok 

HOH nnaJMII~e c ori. TipIIcyTCTBIIe reHa REP 3 Ha nJia3Mll~e BMecTe c ori 

Heo6xo~nMo, qrn6hI onocpe~oBaTb ~eiicrnIIe rpaHc-aKTIIBHbIX reHoB REP J n 

REP2. 3TII reHbI KO~IIpyroT npo~yKTbI, KOTOpbie cnoco6crnyroT 

pacnpe~eJieHIIIO Konnii nJia3MII~bI Me)K~y MaTepIIHCKOll II ~oqepHeii KJieTKaMII ' 

npII ~eneHIIII. CoorneTcrneHHo, reHbI REP I II REP2 MoryT caMII n He 

npncyrcrnoBaTb B BeKTope YEp; B KJieTKaX cir+, co~ep)KaIQIIX MHO)KeCTBeHHbie 

KonIIII 3H~oreHHoii 2-MKM nnaJMII~bI, ~eiicTBIIe reHoB REP J II REP2, 

npncyrcTBYIOIQllX Ha 3TIIX KOnIIHX, cnoco6Ho o6ecneqIITb noMep)KaHIIe B 

KJieTKax BeKTopa YEp, co~ep)KaIQero TOJibKO ori II REP3. 
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3qiq>eKTIIBHOCTb rpaHcq>opMaQIIII KJieTOK ~pO)K)Kell nJia3MII~aMII ~aHHO

ro TIIna COCTaBJIHeT (5-20). 103 
rpaHCq>OpMaHTOB Ha 1 MKr nJia3Mll~HOll 

,IU-IK. lfocno KonIIii nnaJMII~bI YEp Ha 1 KJieTey (KonuiiHOCTb) ~JIH KJieTOK cir+ 

KOJie6neTCH B npe~enax OT 10 ~o 40. I1na3MH~bl pacnpe~eJIHIOTCH Me)K~ KJieT

KaMll He nopoBtty, II qffCJIO Konuii Ha KJieTKY B pa3HbIX nonyJIHQIIHX CHJibHO 

BapbnpyeT. Tio 60JibIIIeii qacTU nJia3Mll~bI YEp OTHOCHTeJibHO Hecrn6HJibHbI. 

TeMn llX noTepu, TO eCTb BepOHTHOCTb yTpaTbI nJia3MH~bI Ha O~HY reHepaQHIO, 

cocTaBJIHeT OT O~Horo ~o HeCKOJibKHX npoQeHTOB. TipH pa3MHO)KeHHH B Hece

neKTHBHbIX ycJIOBHHX MHTOTIIqecKM CTa6HJibHOCTb TaKHX nJia3MH~ 06b1qHo He 

npeBbIIIIaeT 40 %, B ceneKTHBHbIX ycnOBllHX OHa nOBbIIIIaeTCH ~o 60-95 %. 

11MeIOTCH HeCKOJibKO CllCTeM, o6ecneqHBaIOmIIx oqeHb BbICOKyro KOnHii

HOCTb nnaJMH~ YEp. O~Ha H3 TaKHX cttcTeM ttcnoJib3yeT MyTaQHIO leu2-d, on

pe~eJIHIOIQYIO qacTnqHyro ~eq>eKTHOCTb KJieTOK no 6HOCHHTe3y neiiQHHa. Ypo

BeHb 3Kcnpeccnn 3Toro annenH, no cpaBHeHHIO c ypoBHeM 3Kcnpeccnn Hop

MaJibHOro aJIJieJIH LEU2+, HH)Ke Ha HeCKOJibKO nopH~KOB. KonniiHOCTb BeKTO

poB YEp-leu2-d cocTaBJIHeT OT 200 ~o 300, H nocne pa3MHO)KeHHH B cpe~e c 

~eq>HQHTOM neiiQHHa 3Ta BbICOKM KOnHHHOCTb coxpaHHeTCH Ha npOTH)KeHHH 

MHOrHX reHepaQIIH y)Ke npH pa3MHO)KeHHH B HeceneKTHBHbIX ycnOBHHX. BeK

TOpbI YE-leu2-d npttMeHHMbI npH 6onbrnttx ofo,eMax KYJibTYP, BbipaIQnBaeMbIX 

Ha IlOJIHOQeHHbIX cpe~ax, Ha KOTOpbIX ceJieKQIIH nJia3MH~ HeB03MO)KHa. qaIQe 

BCero BeKTOpbI YEp HCilOJib3YIOT B Tex cnyqMx, KOr~a Heo6xo~HMa CBepxnpo

~YKQllH KaKoro-ntt6o reHHoro npo~yKrn. 

11cnOJib3yeMbie BeKTOpbI YEp-THITa HBJIHIOTCH qeJIHOqHbIMH IlJia3Mll~aMH, 

cnoco6HbIMII penJIIIQllpOBaTbCH KaK B KJieTKax E. coli, TaK II B ~pO)K)KaX. 3TO 

o6ycJIOBJieHO B nepByro oqepe~b TeM, qTQ Hapa6oTKy m6pH~HbIX mJK II pH~ 

~pymx MaHnnyJIHQIIH qacTO npoIQe ocyIQeCTBJIHTb B 6aKTepHaJibHbIX KJieTKaX. 

3TII qeJIHOqHbie BeKTOpbI n03BOJIHIOT KJIOHIIpOBaTb qy)Kepo~Hbie reHbI B KJieT

Kax E. coli II 3aTeM IICCJie~oBaTb HX 3KcnpeCCHIO B ~pO)K)KeBbIX KJieTKax. 

BeKmopbl YRp. BeKTOpbI mna YRp (Yeast Replicating plasmid) IIMeIOT 

nocne~oBaTeJibHOCTII Haqana pennIIKaQIIll ARS (Autonomously Replicating Se

quence), KOTOpbie JIII6o npOCTO COOTBeTcTByroT npIIpO~HbIM ori penJIHKaQIIll 

XpOMOCOM ~p0)K)Kell, nn6o IIMeIOT C 3TIIMII ori cymecrneHHbie qepTbl CXO~CTBa. 

Hatt6onee qacrn B BeKTopax YCp IICITOJib3YIOTCH 3JieMeHTbI ARS, HaxoMmIIecH 

Y ~pO)K)Keii B Henocpe~crneHHoii 6JIII30CTII oT noKycoB TRP I II ARG4 B xpo

MocoMax IV II VIII, o6o3HaqeHHbie coorneTcTBeHHO ARS 1 II ARS2. Tiocne~o-
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BaTeJibHOCTH 3JieMeHTOB aBTOHOMHOH penJIHKaI.J;HH 3H,n:oreHHOH ,n:po)IOKeBOH 

2-MKM nml3MH,U:bl H H3 KnOHHpOBaHHbIX cerMeHTOB .n:po)K)l(eBOH xpoMOCOMbI 

COCTOHT, no Kpaii:Heii: Mepe, H3 60 n.H., o6oraru;eHbI AT-napaMH H co,n:ep)KaT Ka

HOHHqeCK)'IO nocne,n:oBaTeJibHOCTb AAAC/T AT AAA. 

BKnroqeHHe B nnaJMH.n:y 3JieMeHTOB aBTOHOMHOH penJIHKaI.J;HH BO MHOrHX 

cnyqaxx no3BOJIHeT ,U:OBeCTH 3cp<peKTHBHOCTb TPaHccpopMaI.J;HH nonynxu;HH ccpe

ponnaCTOB ,n:pO)K)Kett .n:o 1 %. O,n:HaKO o6blqHo npH pa3MHO)KeHHH TPaHccpop

MHpoBaHHbIX KneTOK B HeceneKTHBHbIX ycnOBHHX OHH YTPaquBaIOT nnaJMH,U:bI, 

TeMn HX noTepH COCTaBJIHeT 10 % H BbIIIIe. Ilocne 10 reHepau;uii: nJiaJMH,n:a co

xpaHHeTCH Bcero npHMepHO B 5 % KneTOK. IlpH pa3MHO)KeHHH B ceneKTHBHbIX 

ycnoBHHX crn6HJibHOCTb nnaJMH.D:bI YRp12 (ARSl) cocrnBnxeT oKono 30 %. 

Ilo-BH,U:HMOMY, npH KneToqHoM ,n:eneHHH nJiaJMH,U:bl He pacnpe,n:eJIHIOTCH no

pOBHY B ,n:Be ,n:oqepHHe KneTKH. TaKHM o6pa30M, BeKTopbI YRp TPaHccpopMupy

IOT KneTKH ,n:pO)K)Kett C BbICOKOH 3<p<peKTHBHOCTbIO, HanpHMep (0,5-2,0) . 103 

,n:nx YRp7, HO cnHIIIKOM nerno YTPaquBaIOTCH. CoorneTCTBeHHo, ux npHMeHe

HHe B KaqeCTBe BeKTOpOB orpaHuqeHO. 

BeKmopbl YCp. 1ho6bI npeo,n:oneTb 3TO JaTpy,n:HeHue, B nnaJMH,n:y MO)KHO 

BBeCTH cpparMeHTbI .l(HK, co,n:ep)Kam:ue nocne,n:oBaTeJibHOCTH ZfeHmpoMep 

(CEN) ,n:pO)K)KeBbIX xpoMocoM. IlocKoJibKY u;eHTpoMepa o6ecnequBaeT cpmuqe

CKYIO CBH3b xpoMOCOMbI C HHTHMH BepeTeHa BO BpeMH MHT03a, TO TaKHe BeKTo

pbI npOHBJIHIOT CTa6HJibHOCTb npH MHT03e H Meii:03e. 

[(eHTPOMepHbie nnaJMH.D:Hbie BeKTopbI YCp (Yeast Centromere plasmid) 
cnoco6Hbl aBTOHOMHO penJIHI.J;HpOBaTbCH, co,n:ep)KaT aBTOHOMHO penJIHI.J;Hpyro

m:uecx nocne,n:oBaTeJibHOCTH ARS H u;eHTPOMepHbie nocne,n:oBaTeJibHOCTH CEN. 

[(eHTPOMepbI o6ecnequBaIOT npucoe,n:HHeHHe xpoMOCOM K HHTHM MHTOTHqe

CKOro BepeTeHa, qTo Heo6xo,n:HMO ,n:JIH HX TOqHOH cerperau;HH npH ,n:eneHHH 

KJieToK. TaKHM o6pa3oM, nnaJMH.D:bI, co,n:ep)Kam:ue CEN-nocne,n:oBaTeJibHOCTH, 

no.n:,n:ep)KHBaIOTCH B KJieTKax C nOMOII.J;bIO Toro )Ke MexaHH3Ma, KOTOpbIH o6ec

nequBaeT paBHOe pacnpe,n:eneHHe xpoMOCOM. IlpH 3TOM CTa6HJibHOCTb u;eHTPO

Mepoco,n:ep)Kam:eii: nnaJMH.D:bI YCp5O (CEN4 ARSl) B HeceneKTHBHbIX ycnoBH

xx COCTaBJIHeT y)Ke 40-50 %. 

<l>yHKI.J;HH u;eHTPOMepHoii: nocne,n:oBaTeJibHOCTH CEN JaBHCHT oT TPeX 

KOHcepBaTHBHbIX ,n:oMeHoB, o6o3HaqaeMbIX CDEI, CDEII H CDEIII. CDEI 

(14 n.H.) H CDEIII (11 n.H.) cpnaHKHpyroT BHYTPeHHHH cerMeHT u HBJIHIOTCH 

caii:TaMH ,U:JIH CBH3bIBaHHH C u;eHTPOMepHbIMH 6enKaMH. H3BeCTHO HeCKOJibKO 
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u;eHTPOMepHbIX 6enKoB: CENP-A, CENP-B, CENP-C, CENP-D. [(eHTPaJibHbiii: 

,n:oMeH CDEII HBJIHeTcx AT-6oraTbIM yqacTKOM H3 100-120 nap noBrnpxro

m:uxcH eyKneOTH,U:OB, npe,n:ornpam:arom:HM KpOCCHHroBep xpoMOCOM B paii:oHe 

u;eHTPOMepbI. ,nirn TOqHoii: cerperau;HH xpOMOCOM ,n:ocTaToqHo OKOJIO 100 n.H. 

u;eHTPaJibHOrO yqacTKa (Kopa). ,nirH MHTOTuqecKOH CTa6HJIH3aI.J;HH BeKTopoB 

YCp Heo6xo,n:HMbI Bee TPH 3JieMeHTa. Hau6onee ynoTPe6HTeJibHbie H y,n:o6Hbie 

,n:AA MaHHnynHu;Hii: u;eHTPOMepHbie 3JieMeHTbI -CEN3, CEN4 H CENl 1. Ha

npuMep, BeKTOp YCp5O co,n:ep)KHT 3JieMeHTbI CEN4 H ARS 1 ( CM. puc. 1 ). 

Konuii:HOCTb 3THX nnaJMH,n: HH3Ka, o6bJqHO cocrnBnHeT OT 1 .n:o 3. TeMn 

noTepH TaKHX nJiaJMH,n: B HeceneKTHBHbIX ycJIOBHHX COCTaBJIHeT npH6JIH3H

TeJibHO 1 % Ha reHepau;uro. B TeTPa.n:ax, nonyqeHHbIX OT CKpem:uBaHHH TPaHc

cpopMaHTa c YCp H HOpMaJibHOrO IIITaMMa, ,U:OCTaTOqHo qacTO Ha6nro,n:aeTCH 

pacm:enneHHe 2 : 2 no HaJIHqHIOIOTCYTCTBHIO nnaJMH,U:bI. To eCTb noBe,n:eHHeM B 

MHT03e (HH3KaH KOnHHHOCTb) H B Meii:03e (peryAApHaH cerperau;HH) BeKTOpbl 

YCp HMHTHPYIOT xpoMocoMbI ,n:po)K)Kett. 3TH BeKTopbI HaJbIBaIOT em:e KOJibu;e

BbIMH MHHHXpOMOCOMaMH. IlpHeMJieMaH MHTOTHqecKaH CTa6HJibHOCTb H H;H3KaH 

Konuii:HOCTb BeKTopoB YCp ,n:enaIOT npe,n:noqTnTeJibHbIM HX ucnonb30BaHHe B 

Kaqecrne BeKTOpOB ,n:JIH KnOHHpOBaHHH, KOHCTPYHPOBaHHH 6H6JIHOTeK reHOM

HbIX .l(HK, HCCJie,n:oBaHHH cpyHKI.J;HH reHOB. 

Hc,ryccmee1-11-1b1e xpoMocoMbl opo:»C:»Ceu YAC (Yeast Artificial Chromo
some) ,n:nHHoii: 100-1 000 T.n.H. noMHMO ARS H CEN HMeIOT Ha o6oux KOHu;ax 

JIHHettHOH MOJieKYJibl meJlOMepbl, ceneKTHBHbie MapKepbI Ha Ka)K,U:OM nneqe 

(TRP 1 u URA3) H KnOHHpOBaHHbie cpparMeHTbl .l(HK (pHC. 2). 

EcoRJ BcrauKa EcoRJ 

t ~ ■ 
TEL TRPl ARS CEN URA3 TEL 

Pnc. 2. C-rp)'KT)'Jla YAC (0,1-2 MJIH rr.H.) 

OT6HpaH TPaHccpopMaHTbI no MapKepaM TRP 1 H URA3, MO)KHO 6bITb 

YBepeHHbIM, qTo ,n:aHHbIH KnOH HMeeT H neBoe H npaBoe nneqo BeKTopa. Teno

MepbI npH,n:aIOT CTa6HJibHOCTb u peryAApHOCTb nepe,n:aqu BeKTopy. HMeIOTCH 

pecTPHKI.J;HOHHbie caii:TbI, YHHKaJibHbie ,n:nH yqacTKOB YAC H npuro,n:Hbie ,n:nH 

HHcepu;HH .l(HK. Pa3Mepbl KnOHHpOBaHHbIX nocne,n:oBaTeJibHOCTeii: .l(HK BeJIH

KH: 06b1qHo HeCKOJibKO COT TbICHq nap HyKneOTH,U:OB H ,n:a)Ke 6oJibIIIe. 

O~ieinnueHHliIH HHCTHTYT 

~@pHLlX HCCne,u;oBaHHH 

BHBnM.OTEKA ,- . . . . --~-- .. -;:;;.==---- --~ 



2. TPAHC<I>OPMAll;IDI IIJIA3MII,[J:HOH ,[J:HK 

Jlumepamypa: 
1. Jlp03opoeA.A. Tpa11C<jJopMal/URY6aKmepuu. M: Hay1<.a, 1988. C.132-147. 
2. MaHuamuc T., <Ppu'l 3., C:1M6pyK /(:JIC. MoJ1eK}'J1RpHoe KllOHupoeaHue. Memoob1 

zeHemu'lecKou UHJ/CeHepuu. M: Mup, 1984. C. 239-244. 

TpaHc<jJop.MalJWl - JTO nepeHoc reHeTnqecKoro MaTepmurn OT o,n:Horo 

opraHH3Ma K ,n:pyroMy. ITJia3MH,!lHhie BeKTOphl BBOMT B peunrrHeHTHhie KJieTKH 

MeTO.ll,OM reHen1qecKOH rpattccpopMaUHH, TO eCTh nyTeM nepeHoca C IlOMOIUhIO 

H3onnpoBaHHOH ,UHK. BcrpaHBaHHe qy)Kepo,n:Hoi1: ,UHK B KJieTKH B pe3ynhrnTe 

o6pa60TKH HX H30JIHpOBaHHOH ,uHK Ha3hIBaeTCH TaK)Ke mpaHc<jJeKqueu. 

3cpcpeKTHBHOCTh TpaHccpopMaUHH 6aKTepHH 3aBHCHT OT HX cnoco6HOCTH 

nponycKaTh ,uHK qepe3 KJieTOqHyIO CTeHey. EcTeCTBeHHM TpaHccpopMaUHH 

Ha6n10.n:aeTc5! 11-151 HeKOTOphIX BH.D.OB 6aKTepni1:, HanpnMep Bacillus subtilis, 

Diplococcus pneumoniae, Haemophilus injluenzae. O,n:HaKo KJieTKH KHIIIeqHoi1: 

nanolfKH Escherichia coli m,n:poJIH3YJOT JIHHeii:Hyro TpaHccpopMHpyroruyro 

,UHK. IT03TOMY TpaHccpopMaUHH B03M0)KHa T0JihK0 y MyTaHTHhIX IIITaMMOB 

recBC sbcB, y K0T0phIX HapyIIIeHa CHCTeMa ,n:erpa.n:aunn ,uHK. 
EaKTepHanhHhie KJieTKH, yTpaTHBIIIHe CB0IO CTeHKY qacTHqHo ( c<ftepo- . 

l1.llacmbl) HJIH Il0JIHOCThlO (npomol1.llaCmb1), HO coxpaHHBIIIHe UHT0ITJia3MaTHqe

CKYJO MeM6paHy, TaK)Ke M0)KHO HCilOJih30BaTh .ll,JIH rpaHccpopMaUHH. O,n:HaKo y 

rpaM0TPHUaTeJihHhIX 6aKTepHH 3T0T MeTO,n: He nonyqHJI pacnpocTpaHeHHH H3-3a . 

cno)KH0CTH crpoeHHH KJieToqHoi1: cTeHKH. j 

2.1. CTpyKTypa KJieToquou: CTCHKH npo- u JyKapuoT 

EaKTepHanhHaH KJieToqHM CTeHKa HMeeT )KeCTKYIO KJieToqHyro CTeHKY, 

K0TopaH BhIIT0JIHHeT 3aIUHTHYJO ponh - 3TO ee 0CH0BHaH, HO He e,n:HHCTBeHHM 

cpyHKUHH. B COCTaB KJieToqHOH CTeHKH BX0.ll,HT nenTH.ll,hI, JIHITH.ll,hl, yrneBO.ll,hI. 

OHH o6pa3YJOT e,n:HHOo6pa3HYJO CTpyKrypHyro Marpnuy. TaKM Marpnua HMeeT 

cenaryro crpyKTYPY H o6pa30BaHa Il0JIHcaxapH.ll,HhIMH uerrHMH, K0BaJieHTH0 . 

CBH3aHHhIMH C Il0M0IUhIO nonepeqHhIX CIIIHB0K - K0pOTKHX IlOJIHITeITTH.ll,HhIX 

MOCTHKOB. J,fa-3a K0BaneHTH0ro CBH3hIBaHHH nenTH.ll,0B H yrneB0.ll,0B TaKoe Be-
11 

ruecTB0 Ha3hIBaeTCH neITTH.ll,OrJIHKaHOM. KneTOqHM CTeHKa COCT0HT H3 rpex 

qeTK0 pa3JIHqHMhIX CJI0eB: Hapy)KH0ro, JIHil0il0JIHCaxapH,n:Horo CJIOH, K K0TO

poMy npHnHraeT .ll.BYCJI0HHM MeM6paHa (Hap~HM KJieTOqHM MeM6paHa), n , 
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nenTH,n:OrJIHKaHOBOrO CJIOH, TeCH0 CBH3aHH0ro C Hapy:)l<HOM KJieToqHoii: MeM-

6paHOM. UliTOITJia3MaTHqecKM MeM6paHa 0T,n:eneHa OT nenTII.ll,OrJIHKaHOB0r0 

CJIOH nepHITJia3MaTHqecKHM npocrpaHCTBOM. 

Ilonucaxapu,n:HM qacn, o6pa30BaHa IlOBT0pHIOIUHMHCH ,n:ucaxapH.ll,HhIMH 

e,n:HHHUaMH, C0CT0HIUHMH H3 N-aueTHJI-D-rnIOK03aMUHa H N-aueTHJIMypa

MOBOM KHCJI0ThI, coe,n:HHeHHhIX P( 1---4 )-cBH3hIO. Me)K,n:y co6oii: noBTOpHIOIUHe

cH e,n:uHHUhI TaK)Ke coe,n:uHeHhI P( 1---4 )-cBH3HMH. IIenTH,n:Hyro qacTh M0)KH0 

paccMarpHBaTh KaK C0CT0HIUYJO H3 ,n:Byx OCHOBaHuii: 1) TerpanenTu,n:a, co,n:ep

)Kamero D- n L-aMHHOKHCJIOThI n K0BaneHTHO npucoe,n:HHeHH0ro K Kap6oK

CHJihHOll rpynne 60KOBOM uerrH Ka)K.ll,oro 0CTaTKa MypaMOBOM KHCJIOThI, " 

2) neHTarJIHUHH0B0ro <pparMeHTa, npucoe,n:HHHIOIUerocH K K0HUeBOMY OCTaTKY 

anaHuHa TerpanenTH,n:Horo <pparMeHTa coce,n:Heii: napanneJihHoii: nonncaxapu.n:

HOH uenu. 

3yKapuoTuqecKM KJieTKa OKpy)KeHa T0HKHM CJIOeM (0,0075-

0,0095 MKM), COCT0HJUHM H3 JIHITH.ll,OB" 6eJIKOB, TaK Ha3hIBaeMOM IlJia3MaTHqe

CKOll MeM6paHOM HJIH KJieTOqHoii: MeM6paHOll. IlOMHMO rpaHHqHhIX (TO eCTh 

OT.ll,eJieHHe O.ll,HOH KJieTKH OT ,n:pyroii) H 3aIUHTHhIX <pyHKUHH KJieToqHaH MeM-

6paHa urpaeT Ba)KttyIO ponh B perynHUHH rpaHcnoprn Bemecrn Hap~y H 

BHYTPh KJieTKH. B BhIIl0JIHeHHH oqeHh MH0rHX <pyHKUHM MeM6paH yqacTByIOT 

BhICOK0CneuuanH3Hp0BaHHhie MeM6paHHhie 6enKH, Ha3hIBaeMhie 6enKaMH

peuerrTopaMH, ,n:eii:CTBHe KOT0phIX CBO.ll,HTCH K CBH3hlBaHHIO onpe,n:eneHHhIX co

e,n:HHeHHM Ha o,n:Hoii crnpoHe MeM6paHhI. HapH,n:y c KJieToqHoii: MeM6paHoii 3y

KapnoTnqecKHe KJieTKH pacTeHHM HMeIOT 3aIUHTHhIM CJIOM B BH,n:e KJieToqHoii 

CTeHKH, pacnoJIO)KeHHOM CHapy)KH KJieTOqHoii MeM6paHhI. KaK u B npoKapH0-

THqecKHX 6aKTepHHX, CTeHKa BhICIIIHX 3yKapH0THqecKHX KJieT0K o6pa30BaHa 

)KeCTKOll CeTqaTOM crpyKTypoii, CIIIHTOH KOBaneHTHhlMH CBH3HMH H COCTomueii 

B OCH0BH0M H3 IlOJIHCaxapn,n:oB ( «rronuyrneBO.ll,0B» ). 

B 6onhIIIHHCTBe KJieTOK (JyKapHOTHqecKHX n npoKapHOTHqecKHX) Ha

PY)KHM IlOBepXHOCTb KJieT0K (nocne KJieToqHoii MeM6paHbI HJIH KJieToqHOM 

CTeHKH) qacTO 61,rnaeT IlOKpbITa CJIOeM BH3Koro BeIUeCTBa, Ha3bIBaeMoro KJie

ToqHoii o6onoqKoii:. CocrnB KJieTOqHoii o6onoqKH pa3JiuqeH MH pa3HbIX KJie

TOK, o,n:HaKo H3BeCTHO, qTo o6bJqHo OHa COCT0HT H3 CJIO)KHbIX IlOJIHcaxapH.ll,OB B 

coqernHHH c ,n:pymMH KOMITOHeHTaMH, HanpHMep 6eJIKaMH n JIHITH.ll,aMH. KpoMe 

Toro, B IlOBepXHOCTHbIM CJIOH BHe,n:pHIOTCH HeKOT0pbie MeM6paHHbie 6eJIKH. 
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B TO BpeMH KaK npoKapIIOTJiqeCKaH KJieTKa xapaKTepII3yeTCH OTCYTCTBII

eM pa:1Jrnqm,1x CTPYKTYP, CBH3aHHbIX c BttyrpIIKJieToqH1,1MII MeM6paHaMII, npH

MO npOTIIBOnOJIO)KHOe yrnep)K_neHIIe BepHO ,nJIH 3yKapIIOTIIqecKIIX KJieTOK. TII

nIIqHaJI 3yKapIIOTIIqecKaH KJieTKa co,nep)KIIT MPO, OKpy)KeHHOe H,nepHOH MeM-

6paHOH. OHa OTJIIIqaeTCH OT 6oJibillIIHCTBa OCTaJibHbIX MeM6paH TeM, qTo OHa 

,nBOHHaH II pa:1,neneHa Me)KMeM6paHHI,JM npOCTPaHCTBOM. 3Ta MeM6paHa IIMeeT 

MeM6paHHble nopbl, qTo o6ecneqIIBaeT BbIXO,n B QIITOnJiaJMY 60JibillIIX MOJie

KYJI PHK (IImpopMaQIIOHHoii, TPaHcnopTHOii, pII6ocoMHoii), KOTop1,1e cIIHTe3II

PYIOTCH B H,npe. 51.r(po - 3TO MeCTO B KJieTKe, r,ne reHeTIIqecKaH IIH<pOpMaQIIH, 

BO-nepBbIX, xpaHIITCH B BII,ne ,l(HK, BO-BTOpbIX, nepe,naeTCH OCTaJibHOH qaCTII 

KJieTKII (,l(HK-PHK-6eJIKII, npWieM 6IIOCHHTe3 npoIICXO,nIIT B QIITOnJiaJMe), 

B-TPeTbIIX, penJIIIQIIpyeTCH, o6ecneqIIBaH BocnpOII3Be,neHIIe KJieTOK (,l(HK

,l(HK). TaK)Ke B KJieTKe npIICYTCTBYIOT MIITOXOH,npIIII, 3H,nOnJiaJMaTIIqecKaH 

ceTb, annapaT I'OJII,_n)KII, MIIKpOTeJibQa. 

2.2. Tpauc4>opMa~HH 6a1crepuu: Escherichia coli 

Jlumepamypa: 

1. Mandel M, Higa A. Calcium dependens bacteriophage DNA infection// J. Mo/. Biol. V 
53. P. 159-166. 

2. Cosloy S., Oishi M The nature of the transformation process in Escherichia coli 

Kl2// Mo/. Gen. Genet. 1973. V. 124. P. 1-10. 

<l>II3IIOJIOrIIqecKoe COCTOHHIIe KJieTKII, B KOTOpOM OHa cnoco6Ha BKJIIO

qaTI, HaTIIBHYIO HYKJieIIHOBYIO KIICJIOTY II3 0Kp~a101Qeii cpe,n1,1, HaJornaeTCH 

KOMnemeHmHOCmblO. KoMneTeHTHOCTI, B OCHOBHOM CBH3aHa C HaqaJII,HI,JMII 

CTa,nIIHMII npOHIIKHOBeHIIH ,ll;HK B KJieTKy - a,ncop6QIIeii II nornoIQeHIIeM 

,l(HK KJieTKOH. y E. coli ecTeCTBeHHaH KOMneTeHTHOCTI, B006IQe OTCYTCTByeT, 

II nornoIQeHIIe npOIICXO,nIIT nocne o6pa6oTKII KJieTOK. TaKyro KOMneTeHTHOCTI, 

Ha3bIBaIOT IIH,nyQIIpOBaHHOH. DblJIII npe,nnpIIHHTbl IIHTeHCIIBHbie IICCJie,noBa

HIIH, HanpaBJieHHbie Ha nOIICK ycJIOBIIH <l_>opMIIpOBaHIIH IIH.nYQIIpoBaHHOH KOM

neTeHTHOCTII KJieTOK £. coli. B reHHOH IIH)KeHepIIII IIIIIpOKO IICnOJII,3yeTcH 

CaC}i -3aBIICIIMbIH MeTo,n TPaHc<popMaQIIII KJieTOK E. coli, pa:1pa60TaHH01ii 

MaH,neneM n XIIra (1970 r.). 

TpaHc<l_>opMaQIIH E. coli nocpe,ncrnoM nnaJMII,nHoii n 6aKTepIIaJibHoii 

,lJ;HK OTJIIIqaeTCH HeKOTOpbIMII oco6eHHOCTHMII a,ncop6QIIII II nornoIQeHIIH 
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,l1,HK no cpaBHeHIIIO c TPaHc<l_>opMaQIIeii y ,npyrnx 6aKTepIIii II ocyIQecTBIIMa 

TOJlbKO B na6opaTOpHblX ycJIOBIIHX. I1MeIOTCH KOCBeHHbJe ,naHHbie, CBII,neTeJib

crnyroIQIIe o TOM, qrn TPaHc<popMIIPYIOIQM ,l(HK KIImeqHott nanoqKII npoHII

KaeT B KJieTey B ,nByHIITeBOM COCTOHHIIII II B ,naJibHeiimeM He 06pa:1yeT o,nHOHII

TeBblX CTPYKTYP· BII.nIIMO, TPaHc<l_>opMIIPYIOIQaH ,ll;HK npII 3TOM Ha Haqan1,H1,1x 

CTa,nHHX npeTepneBaeT ropa:1,no MeHbillIIe II3MeHeHIIH, qeM y Tex 6aKTepIItt, ,nJIH 

KOTOpbIX TPaHC<pOpMaQIIH HBJIHeTCH ecTeCTBeHHbIM npoQeccoM; OHa noqTII He 

<l_>parMeHrnpyeTCH II He 06pa:1yeT o,nHOHIITeBbIX MOJieKyJI. O,nHaKO BHYTPII 

KJieTKII nocrynIIBillaH B Hee JIIIHeHHaH ,l(HK B 3HaqIITeJibHOH Mepe pa:1pymaeTCH 

AT<l>-3aBIICIIMOH ,ll;HKaJoii. 3TIIM, BII,nIIMO, o6oHCHHeTCH TO o6CTOHTeJibCTBO, 

qrn TPaHC<pOpMaQIIH nocpe,ncTBOM xpoMOCOMHOH ,lJ;HK ycnemHO npoxo,nIIT 

JIIIillb B KJieTKax, JIIImeHHbIX 3Toro <l_>epMeHTa (recBC sbcB). KpoMe Toro, B Ta

KIIX KJieTKax OTCYTCTByeT II aKTIIBHOCTI, 3K30HyKJiea3bl I. TaKoe coqeTaHIIe My

TaQIIH B03BpaIQaeT KJieTKe cnoco6HOCTI, K peKOM6IIHaQIIII. CqIITaeTCH, qTo pe

KOM6IIHaQIIH npII 3TOM II,neT 3a cqeT IIHI,JX MeXaHII3MOB, qeM B KJieTKax IICXO,n

HOro reHOTIIna, - no TaK HaJbIBaeMOMY nYTII recF. Hcnon1,3y10T TaK)Ke ,npy

rott KJiacc MYTaHTOB - recBC sbcA. Y HIIX TaK)Ke OTCYTCTByeT aKTIIBHOCTb 

AT<l>-3aBIICIIMOH ,z:,;HKa:11,1, HO noHBJIHeTCH aKTIIBHOCTI, ,npyroii 3K30HyKJiea3bl 

- 3K30HYKJiea3bI VIII. PeKoM6IIHaQIIH y MYTaHTa recBC sbcA II,neT no 

recE-nYTII. 

B Kaqecrne peQIInIIeHTHI,IX KJieTOK qacTO IICnOJib3YIOT illTaMMbl C600 

(hsdR" hsdM) II HB 101 (hsdR" endA- recA} MYTaQIIH hsdR, 6noKIIPYH KJiernq

Hyro CIICTeMy peCTPIIKQIIII, npe,noxpaHHeT TeM caMbIM KJIOHIIpyeMbJe <l_>parMeH

Tbl OT ,neiicTBIIH pecTPIIKTaJbI EcoK. MYTaQIIII endA- II RecA- npe,nornpaIQaIOT 

pacIQenneHIIe TPaHC<pOpMIIpyroIQeii ,lJ;HK KJieTOqHI,IMII HyKJieaJaMII. 11pIIMeHe

HIIe tonB-MYTaHTOB, y K0Top1,1x II3MeHeHa CTPYKTypa KJieToqHoii cTeHKII, B ,no

nonHeHIIe K MYTaQIIHM recBC sbcAB no3BOJIHeT noBbICIITb qacTOTY 06pa:10Ba

HIIH TPaHC<pOpMaHTOB. 

TIOBblilleHIIe qacTOTI,J o6pa30BaHIIH TPaHC<pOpMaHTOB npOIICXO,nIIT TaK)Ke 

npII o6pa60TKe KJieTOK COJIHMII, HanpIIMep XJIOpIICTbIM KaJibQIIeM. 11pII KaJII,

QIIeBOH MeTO,nIIKe npIIMeHHeTCH KOM6IIHaQIIH TaKIIX B03,neiicTBIIH, KaK BbI,nep

)KIIBaHIIe KJieTOK Ha xono,ne II lIX o6pa60TKa XJIOpIICTbIM KaJibQIIeM. XnopII

CTbIH KaJibQIIH MO)KeT 6oJTI, 3aMeHeH XJIOpIICTblM 6apIIeM II xnopIICTbIM py6II

,nIIeM. HHKY5aQIIH npII 37 °C o6H3aTeJibHa ,nJIH reHeTIIqecKott TPaHc<l_>opMaQIIII. 

21 



I1oHbl KanbUIUI AeiieTBYIOT mUIIb npH 3 7 °C, TO eeTb Ha 3aI<JIIO'IHTeJibHbIX :na

nax o6pa6oTKH I<JieTOK. 

CyiueeTByIOT pa3JIH'IHbie rnnoTe3bl O poJIH XJIOpHeTOro KanbUIUI npH 

npHMeHeHHH KanbuHeBoro enoeo6a nony'leHHH KOMileTeHTHbIX I<JieTOK E. coli. 

I1oHaM KanbUHH npnnnebrnanaeb onpeAeJieHHaH pOJib B HeiirpanmaunH orpH

uaTeJibHbIX 3apHAOB I<JieTO'IHOH IlOBepXHOeTH, 'ITO MO)l(eT enoeo6eTBOBaTb aA

eop6unH mK)l(e orpnuaTeJibH0 3apH)l(eHHblX MaKpOM0Jieeyn ,n;HK. TipeAilOJia

rann, 'ITO XJIOpHeTblH KanbUHH M0)l(eT AeHaTypnpoBaTb KaKne-T0 6eJIKH Ha no

BepXHOeTH I<JieTKH, 'ITO TaK)l(e enoeo6eTByeT aAeop6UHH tt np0HHKHOBeHHIO 

)];HK B KJieTKy, HJIH AeiieTBOBaTb Ha JIHilHAbl KJieTO'IHOH eTeHKH. I1MeIOTeH 

npeAilOJI0)l(eHHH 06 aKTHBaUHH HM qiepMeHTOB-<pOe<pOJIHila3, BJIHHIOIUHX Ha 

npOHHUaeM0eTb, HJIH rnnoTeTn'leeKHX y E. coli qiepMeHTOB, yqaeTByIOJUHX B 

aKTHBHOM rpaHenopTe ,n;HK. Bo BeHKOM enyqae, :na o6pa6oTKa eoKpaiuaeT 

'IHeJI0 )l(H3Heenoeo6HblX I<JieTOK, B03M0)l(HO, IlOBpe)l(AaH HX KJieT0'IHbJe eTeHKH; 

HMeeTeH o6paTHaH 3aBHeHMOeTb Me)l(AY BbJ)l(HBaeM0eTbIO KJieT0K H qaeTOTOH 

reHeTH'leeKOH rpaHeqiopMaUHH nocne KanbUHeBOH o6pa6oTKH. 

3KcnepnMeHTanbHO AOKa3aHo, 'ITO B .npoueeee CaClz-3aBHeHMoii nna3- I 
MHAHOH rpaHe<popMaUHH E. coli KpHTH'leeKyIO ponb nrpaeT eoeTOHHHe JIHnH- j 
A0B MeM6paHbl I<JieT0K. I10Hbl Ca

2
+ M0ryT HHAYUHp0BaTb nepexOA JIHilHA0B ,., 

MeM6paHbI H3 o6bI'IHOH AByxcnoiiHoii B Heo6bI'IHYIO reKearoHanbHYIO KOH<pH

rypaunm. TipH'leM AaHHbIH <pa30Bblll nepeX0A JIHilHA0B npoHeXOAHT BO BpeMH 

TeMnepaTypHoro lllOKa (H3MeHeHHH TeMneparypbl OT O AO 42 °C) o6pa6omH

HbIX CaClz KJieT0K H eonpoBO)l(AaeTeH nornoiueHHeM 3K3oreHHbIX AByxueno

'le'IHbIX MOJieeyn ,n;HK. TipH TeilJI0B0M lll0Ke nornoiueHne mm: IlPOA0JI)l(aeT

eH B Te'leHHe JIHlllb 20 e. Eenn noene 3TOro eMeeb KJieT0K H mm: e Bbie0KOH 

TeMnepazypbl eH0Ba 0XJiaAHTb AO O °C, TO B npouecee HHAYUHpyeMoro <pa30BO

ro nepexoAa JIHilHA0B M0JieKyJibl mm: CH0Ba M0ryT npoHHKaTb B KJieTKH. TipH 

3T0M nepH0A npOHHKHOBeHHH ,n;HK npOA0JI)l(HTeJibHee. BbIBBJieHHbie <pa30Bble 

nepeXOAbl JIHilHA0B npHB0AHT K HapyllleHHIO crpyKzypbl BHelllHeii MeM6paHbl, 

HO npaKTH'leem He 3aTparHBaIOT UHT0ilJla3MaTH'leeKOH MeM6paHbl I<JieTOK. 

CaMH MexaHH3Mbl rpaHe<popMaUHH noepeAeTBOM IlJla3MHAHOH ,n;HK K0Mne

TeHTHblX I<JieT0K E. coli myqantteb Mano. 

KyJibzypa KHllle'IHOH nano'IKH o6JiaAaeT pa3JIH'IHOH cnoeo6HOCTbIO K 

rpaHe<popMaUHH nocne o6pa6oTKH XJIOpHeTbIM KanbUHeM B pa3Hble nepH0Abl 

poem. B CaM0M Ha'lane H K0HUe poem KYJibTYPbl rpaHe<popMaHTOB Il0'ITH He 
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B03HHKaeT. Han60Jiblllee HX 'IHeJIO o6pa3yeTCH, eCJIH 6epyr I<JieTKH B cepeAHHe 

- Haqane norapH<pMH'leeKOH <pa3bl poem. I1HTepeCHO, 'ITO HMeHH0 Ha 3TOT 

nepH0A naAaeT MaKCHManbHOe CHH)l(eHHe 'IHCJia )l(ll3Hecnoeo6HblX I<JieT0K no

cne cooTBeTCTByIOJUHX o6pa60TOK. TorAa )Ke Ha6JIIOAaeTCH HaH60Jiblllee «He

Te'leHne» qiepMeHTOB, paenoJI0)l(eHHblX B nepnnJia3MaTH'leeK0M npoerpaHeTBe 

H3 I<JieT0K BO BHelllHIOIO cpeAY. TaKHM o6pa30M, y E. coli HMeeTCH eTaAHH poe

m, B K0T0pyIO M0)l(eT 6bITb coo6iueHa K0MileTeHTH0CTb npn rpaHeqiopMaUHH, n 

B 3T0T nepH0A I<JieTKH Han6onee «xpynKH». OnTHManbHOe 3Ha'leHne pH AJIH 

rpaHeqiopMaUHH npn KanbuneBOH MeT0AHKe paBH0 7-8. qT06bI IlOJIY'IHTb 

KOMneTeHTHbie I<JieTKH, Bb1paiunBaIOT KYJibTYPY E. coli AO IlJI0TH0eTH 2 · 108 

I<JI!MJI ( OD6so = 0,07). 
KaK cynepeKpyqeHHaH, mK H penaKcnpoBaHHaH IlJla3MHAHaH mm: 

rpaHC<pOpMHpOBana I<JieTKH C npnMepHo OAHHaKOBOH 3<p<peKTHBHOeTbIO. ,n;HK 
6onee KpynHblX IlJia3MHA o6JiaAana XYAllleii cnoco6HoeTbIO K rpaHe<popMaUHH, 

'leM )];HK MeJIKHX IlJia3MHA. OAHOBpeMeHHOe Ao6aBJieHHe K I<JieTKaM JII06oii 

Apyroii )];HK eHH)l(an0 BblXOA rpaHeqiopMaHTOB He3aBHCHM0 OT nponexo)l(Ae

HHH KOHeypnpymiueii ,n;HK H ee pa3MepoB. Eentt AM rpaHeqiopMaUHH 6pann 

MOHOMepHyIO JIHHeiiHyIO )];HK IlJla3MHAbI pBR322, npeABapttTeJibH0 npeBpaiueH

HyIO B JIHHeHHyIO, TO K0JIH'leCTBO rpaHeqiopMaHTOB no epaBHeHHIO C eynepeKpy

'leHHOH <pOpMOH B I<JleTKax IIITaMMa c HeHapYllleHHOH cnoco6HoeTbIO K peKOM6H

HaUHH IlaAanO B 100--1 000 pa3. EeJIH B Ka'leerne peunnneHTOB 6bmtt B3HTbl 

MymHTbI recA, recBC n recF, TO K0JIH'leerno rpaHe<popMaHTOB noepeAeTB0M 

eynepeKpyqeHHOH )];HK oemBan0Cb 6e3 H3MeHeHHH, a 3<p<peKTHBHOeTb rpaHe

<pOpMaUHH noepeAeTBOM JIHHeHHOH )];HK yMeHblllanacb eiue 6oJibllle, 'leM B 

I<JieTKax neXOAH0ro reH0THila (AOilOJIHHTeJibHO B 10-40 pa3 ). BepOHTHO, B 

I<JieTKH KHllle'IHOH rpynnbl 6aKTepnii, emBlllHe K0MileTeHTHbIMH noene o6pa-

6oTKH XJI0pHCTblM KanbUHeM, MO)l(eT npOHHKaTb K0JibUeBaH IlJia3MHAHaH )];HK, 

He npeTepneBaH pa3pb1BOB (B 0TJIH'IHe OT rpaMilOJI0)l(HTeJibHbIX MHKpOopra

HH3MOB ). Ecnn )Ke )];HK nceycrneHHO npeBpaiuantt B JIHHeHHyIO, TO 0Ha C AOe

TaTO'IHOH HH3KOM 'laCTOTOM peunpKyJIHpH30Banaeb B I<JieTKe (KaK y 6aunnJI, 

IlHeBMOK0KK0B H crpenT0K0KKOB ). TipH 3TOM npeBpaiueHHe JIHHeiiHOH qiopMbl B 

KOJlbUeByIO np0HCX0AHJI0 3a C'leT BHYTPHMOJieKyJIHpHoii peKoM6HHaUHH Me)l(

AY npHMblMH IlOBT0paMH. 3TOT npoueee HY)l(AaneH B peKOM6HHaUHOHHblX enc

TeMax I<JieTKH (B qacTH0CTH B HanH'IHH AT<l>-3aBHeHMOM )Ull{a3bl, o6pa30Ba-
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HIIe KOTopoif y KIIIIIeqHoM narroqKII ,n;eTepMHHIIpyeTCSI reHaMII recBC) II 61,rn 

o6nerqeH y ,[(IIMepHbIX qiopM nml3MII,[(. 

KonIIqecTBO )U-IK, KOTopoe a.n;cop6ttpyeTcH Ha o,n;HoM KOMneTeHTHOM 

KJieTKe E. coli II nornoIIIaeTCH em, ToqHo He ycTaHOBJieHo. B o,n;HoM II3 pa6oT 

(Cosloy, Oshi, 1973) npttao,n;HTCH no,n;cqeTbI, cy,n;H no KOTOpbIM Ha o.n;tty KJieTKy 

B nonynHQIIII npHXO,[(IITCSI B cpe,n;HeM 70 M.D;a Heo6paTIIMO CBSI3aHHOM )U-IK. 

Ilocne npOHIIKHOBeHHH )U-IK (HHqJeKQHOHHOM qiaroBOM IIIlH nJia3MII,[(

HOH) B KJieTKy HeT nocne,n;ymIQero BKJIIOqeHIISI :noil: )U-IK B xpOMOCOMy. HMe

IOTCSI KOCBeHHbie ,n;aHHbie, CBH,[(eTeJibCTBYIOIQHe O TOM, qTo TPaHCqlOpMttpym

IQaSI )U-IK npOHHKaeT B KJieTey B .[(BYHIITeBOM COCTOSIHHH. 

B ornHqIIe OT ,n;pyrnx 6aKTepttarrbHbIX BII,[(OB y KIIIIIeqHOH narroqKII on

THMaJlbHaSI aenIIqIIHa qiparMeHTOB TPaHcqiopMIIpymIQeil: )];HK orpaHH:qeHa He 

TOilbKO HII)KHIIMII, HO II BepXHHMH npe.n;enaMII. EonbIIIe BCero TPaHCqlOpMaHTOB 

06pa3yeTCH, ecnII IICnOJib30BaTI, )];HK C MOJieKynHpHbIM BeCOM 10-30 M.D;a. 

HaCblIIIaIOIIIHe KOHQeHTpaQHII )];HK npII TpaHCqJOpMaQHII KHIIIeqHoH na

noqKII HeCKOilbKO BbIIIIe, qeM y 6onbIIIIIHCTBa MIIKpOOpraHII3MOB, - OKOJIO 

10 MKr/Mn. 3aBHCIIMOCTb KOJIHqecTBa TPaHCqJOpMaHTOB OT KOHQeHTPaQIIII )];HK 

npII HeHacblIQaIOIIIHX KOHQeHTPaQHHX 6nII3Ka K · JIHHeifHoil:. Cy,n;H no qacToTe 

noSIBJieHHSI TPaHCqJOpMaHTOB, qIICJIO KOMneTeHTHblX KJieTOK B Kyn1,rype npH 

KaJII,QIIeBOH MeTO,[(IIKe COCTaBJIHeT IlHIIIb He3HaqIITeJibHYIO qacTb nonynHQHII. 

' BbIXO,[( TPaHCqJOpMaHTOB B 6oJiblIIIIHCTBe cnyqaeB COCTaBJIHeT 105-107 

Ha 1 MKr IIHTaKTHOH )];HK 6aKTepIIII. Mo.n;IIqJIIKaQIISIMII OCHOBHOro MeTo,n;a nbI

TaJIHCb yaenHqIITb 3qJqJeKTHBHOCTb TPaHCqJOpMaQHII y pa3HbIX IIITaMMOB 6aKTe

pttil:. Mo)KHO no.n;o6paTb ycnOBHH, B KOTOpbIX IIITaMMbl 6aKTepttil: Bocnpoll3B0,[(H

MO ,n;amT 107-108 
TPaHcqiopMaHTOB Ha 1 MKr HHTaKTHOH )];HK. Cne,n;yeT yqIIT1,1-

BaTb, qTo KOMneTeHTHa, TO eCTb cnoco6Ha nornoIIIaTb IIna3Mll,[(Hym )];HK, TOJibKO 

He6oJiblIIaSI qipaKQHSI KJieTOK (B TPaHcqiopMaQIIII yqacTByeT IlIIIIIb 1 II3 10 000 MO

neeyn )];HK). Ilocne npoHIIKHOBeHHSI a 6aKTepIIIO npoIICXO,[(HT penJIHKaQIIH 

nna3MII,[(HOH )];HK II HaqIIHaeTCSI 3KCnpeCCII51 MapKepoB ycToil:qHBOCTII K neKap

CTBeHHblM npenapaTaM, B pe3yn1,TaTe qero TPaHCqJOpMaHTbl npII06peTaIOT yc

rnil:qIIBOCTb K aHTII6IIOTIIey. 

MexaHII3Mbl npOHIIKHOBeHIISI )];HK CIIJibHO pa3JIIIqaIOTC51 B 3aBHCIIMOCTH 

OT npIIMeHeHIISI TOH HJIII IIHOH II3 MeTO,[(IIK II MaJIO II3yqeHbl. 

TpaHCqlOpMaQIIH nocpe.n;cTBOM nna3MII,[(HOH )];HK MO)KeT ocyIIIeCTBJISITI,

CSI II C noMOIIIbIO MeTo,n;a 3aMopa)KIIBaHII51 / OTTaIIBaHHSI KJieTOK. 3qiqieKTIIB-
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HOCTb TPaHcqiopMaQHII 6blna He HII)Ke, qeM npH ynoTPe6neHHH KaJibQIIeBoro 

MeTO,[(a. MeTO,[(IIKa CBO,[(HTCSI K Henpo,n;OJI)KIITeJibHOMY 3aMopa)KIIBaHIIIO 6aKTe

pIIaJibHblX KJieTOK COBMeCTHO c )U-IK npH -70 °C II nocne.n;ymIIIeMy OTTaHBa

HIIIO rrpII 37 °C. IlornoIQeHIIe )];HK npoHCXO,[(HT oqeHb 6bICTPO. B MOMeHT OT

TaHBaHIIH, MeHee qeM 3a MIIHYTY, o6pa6oTKa )];HKa3oil: OTTaSIBIIIeil: cycneH3HH 

y)Ke He npenHTCTByeT TPaHcqiopMaQHII. Cy,n;H no 6b1CTPOTe nornoIIIeHHH )];HK, 

B cnyqae B03HHKHOBeHHSI KOMneTeHTHOCTII npH 3aMopa)KIIBaHIIII - OTTaHBa

HIIII KJieTOK E. coli )U-IK nornoIQaIOT He npoTonnaCTbI, a HHTaKTHI,Ie KJieTKII, y 

KOTOpbIX II3-3a COOTBeTCTBYffiIQeH o6pa60TKII pe3KO MeHSieTCSI npoHHQaeMOCTb 

,[(IlH MaKpOMOJieKyn. CaM MOJieKynHpHblH MeXaHH3M TaKOro nornoIIIeHHSI Hell3-

BeCTeH. 

EaKTepHII cnoco6Hbl norJIOIIIaTb )];HK a TeqeHIIe KOpOTKOro nepIIo,n;a 

BpeMeHII, HO B pe3yJibTaTe BbI.[(ep)KttBaHIISI C areHTaMII, nOBbIIIIaIOIIIHMH 3qJ

qieKTHBHOCTb TPaHCqJOpMaQIIII, 6oJibIIIHHCTBO 6aKTepttaJibHblX IIITaMMOB npII

o6peTaeT cnoco6HOCTb coxpaHHTb COCTOSIHHe KOMneTeHTHOCTII Ha npoTSI)KeHHH 

1-2 CYT. KoMneTeHTHbie KJieTKH MO)KHO npIIroTOBIITb a 6onbIIIHX KOJIHqecT

Bax, npoaepIITb II xpaHHTb 3aMopo)KeHHbIMH. 

OTMeTHM qiaKTop1,1, MeIIIaIOIIIHe TPaHcqiopMaQHII: 

1) BeIIIeCTBa, CBH3bIBaIOIQHe IIOHbI Mg
2
+ (3.D;TA, QIITPaT HaTPHH) H 

npIIMeHSieMbie ,[(JISI IIHaKTIIBaQHH ,n;e30KCHptt6oHyKnea3, no,n;aBJISIIOT 

nornoIQeHHe )U-IK KOMneTeHTHbIMH KJieTKaMH; 

2) ,n;o.n;eo;IIncyn1,qiaT; 

3) JIH30QIIM, KOTOpbIH MO)KeT caM IlH3IIpOBaTb KOMneTeHTHbie KJieTKH. 

YpoBeHb 3qJqJeKTIIBHOCTII TPaHCqJOpMaQIIII MO)KeT ,[(OCTIIraTb 108 
KOJIO-

HHil:IMKr )U-IK. PearrbHblH pa6oqIIil: ypoBeHb He HII)Ke 5 . 107 
KOJIOHIIil:IMKr 

)];HK. KarrbQIIeBbIH MeTO,n; .n;aeT 3qJqJeKTHBHOCTb TPaHCqJOpMaQIIII 105 
- 108 

KOJIOHIIil:fMKr )];HK. 

B u;enoM MO)KHO KOHCTaTHpOBaTb, qTo noKa c.n;enaHbl nIIIIIb nepBbie IIIarH 

B nOHIIMaHIIII Ca
2
+-IIH.[(yQHpyeMOH KOMneTeHTHOCTII KJieTOK £. coli. TeM He 

MeHee, BCJie,[(CTBIIe CBOeil: npOCTOTbl II Ha,[(e)KHOCTII ,n;aHHbIH MeTO,[( 3aCJIY)KIIJI 

aceo6I11ee npII3HaHIIe II IIcnon1,3yeTcSI npaKTIIqecKII ao acex reHHO

IIH)KeHepHbIX 3KCnepIIMeHTaX Ha KJieTKax E. coli. 
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2.2.1. 1iblcTpb1ii MeToA Tpaucc1JopMa11uu E. coli 

Jlumepamypa: 
1. Inoue H, Nojima H, Okayama H High efficiency transformation of Escherichia 

coli with plasmids// Gene. 1990. V. 96. P. 23-28. 

IlJma.M.M Escherichia coli 

)];mr TJ)aucqiopMaJJHH npttMemmcH lIITaMM Escherichia coli TG 1 c reHo-

THTIOM F' traD36 Lacr Ll(lacZ) M15 proA+B+lsupE Ll(hsdSM-mrcB) (rk· m/ 

McrB) thi-1 Ll(lac-proAB), AaIO:rn;ttii BhICOK)'lO qaCTOT)' TJ)aHcqiopMaIIHH. 

MyrnIItttt: F' - oTcyTcrnyeT 3TIHCOMa F; traD36 - MyTaIIH51 B reHe 

qiaKrnpa nepeAaqH, npeAOTBpaIIIaeT nepeAaqy 3n:llcoMhI F; hsdR

npeAynpe:>KAaeT pecTpllKIIHIO npoHHKaIO:rn;eii B KJieTKY )UIK, 6JIOKHpy51 KJie

ToqHyIO CHCTeMy pecTpHKJJHH, npeAOXpaHmI TeM caMhIM KJIOHHpyeMbie qipar

MeHThI OT AeiicTBH51 peCTJ)HKTa3hI EcoK; lacZ - Hecnoco6HocTh CHHTe3ttpo

BaTh raJiaKT03HAa3Y H HeB03MO:>KHOCTh HCilOJlh30BaHH51 JiaKT03hI B KaqecTBe HC

TQqHHKa yrnepoAa; lacZL1M15 - qacTHqHa51 AeJieIIHH reHa ~-D-ranaKT03HAa3hI, 

Il03BOJI51eT ocyIIIeCTBJI51Th ceJieKIIHIO 6eJihIH/rony6oii AAA peKOM6HHaHTHhIX 

KJIOHOB rrpH BhICeBe Ha X-gal; pro - ITOTJ)e6HocTh B nponttHe; thi -

rroTJ)e6HocTh B THaMttHe; supE - cynpeccop amber-MyTaIIHH. 

BeKmopbz 

pLL12 (2 µm-ori LYS2 LEU2) AJIHHOH 15,2 T.IT.H.; YEp13 (2 µm-ori 

LEU2) AJIHHOH 10,7 T.Il.H.; YRp12 (ARSl TRPJ) AJIHHOH 6,9 T.Il.H.; YCp50 

(ARSl CEN4 URA3) AJIHHOii 8,04 T.rr.H.; YCpL2 (ARSl CEN3 TRPJ LEU2 

CAN] CYH2 URA3) AJIHHOH 13,8 T.Il.H. 

Cpeoa LB (Luria-Bertani): 

1 % TJ)HilTOHa 

0,5 % APO)K:>KeBoro 3KCTJ)aKTa 

1 % NaCl 

)];oBeCTH pH AO 7,5 pacrnopoM 2 M NaOH. 
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Ha 100 MJI: 

1 r TJ)HilTOHa 

0,5 r APO)K)KeBoro 3KCTJ)aKTa 

1 rNaCl 

A,1mu6uomuKu 
AMnulfUJIJIUH (Amp). KoHIIeHTJ)HpOBaHHhIH pacrnop: 25 MrlMJI HaTJ)HeBoii 

COJIH aMTIHJJHJIJIHHa pacrnopHTh B CTepHJihHOH BOAe. XpaHHTh npH 

- 20 ° C. Pa6oqa51 KOHIIeHTJ)aIIH51 25-50 MKrlMJI. 

TempalfUKJZUH (Tet}. KoHIIeHTJ)HpoBaHHhIH pacrnop - 12,5 MrlMJI. TeT

paIIHKJIHH rHAPOXJIOPHA pacrnopHTh B CMeCH 3TaHOJI-BOAa (50 % no 

ofo,eMy). XpaHHTh rrpH - 20 °C. Pa6oqa51 KOHJJeHTJ)aIIH51 12,5- 12,0 

MKrlMJI. MOHhl MarHH51 51BJI51IOTC51 aHTarOHHCTaMH TeTJ)aIIHKJIHHa; AJI51 

ceJieKIIHH 6aKTepttii, ycToiiqHBhIX K TeTJ)aIIHKJIHHy, HCilOJih3YHTe cpe

AY 6e3 coneii MarnHH (HarrpttMep LB). 

1 xTE-6y<ftep, pH 7,4: 

0,01 M Tpttc-HCl, pH 7,4 

0,001 M 3,z::t;TA, pH 8,0 

PacmeopSS: 

50MMMgClz 

100 MMKCl 

10 % II3f'3000 

5%DMSO 

IlpomoKoll: 

1. IIpttroTOBhTe 3 MJI HOqHoii KYJihTYPhI (LB, 3 7 °C). 

2. BHecme 30 MKJI HOqHoii KYJihT)'phI B 3 MJI cpeAhI LB. Bb1paIIIHBaiiTe 

KJieTKH npH 37 °C npH HHTeHCHBHOM nepeMelIIHBaHHH AO KOHIIeH

TJ)aIIHH 5. 10
7 

KJIIMJI. O6biqHO 3TO 3aHHMaeT 1,5-2 qaca. qa:w;e BCe

ro KOHIIeHTJ)aJJHIO KJieTOK onpeAeJI51IOT C IlOMO:W:hIO crreKTJ)OqJOTO

MeTJ)a, OT6ttpa51 npo6bI H H3Mep5151 OilTHqecKyIO IlJIOTHOCTh ( OD) npH 

AJIHHe BOJIHhl 600 HJIH 550 HM. ( OD6oO = 1 COOTBeTcTByeT npHMepHo 

8 · 10
8 

KJieTOKIMn.) TaK KaK rnqHoe cooTHorneHHe_ Me:>KAY onTttqe

cKoii IlJIOTHOCThlO H qHCJIOM 6aKTepttii AJI51 E. coli HeCKOJihKO BapbH

pyeT OT lIITaMMa K lIITaMMY, AJI51 ToqHhIX onpeAeJieHHH :>KeJiaTeJihHO 

IlOCTJ)OHTh KaJIH6poBOqHyIO KpHByIO 3aBHCHMOCTH qHCJia :>KH3Hecrro

co6HhIX 6aKTepttii OT ODsso AJI51 Ka:>KAoii KYJihTYPhI. )];JIH lIITaMMa 
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,· 

TG 1 HY)KHaJI KOHQCHT}JaQmI coorneTcTsyeT K03q>qmQIICHTY 

OD55o = 0,6 ,n;m1 XLl - ODsso = 0,4. 

3. Oca,n;IITC KJICTKII QCHT}JIIq>ymposaHIICM (4 000 06/MIIH., 1 MIIH.). 

4. PecycrreH,n;IIpyihe KJICTKII B 300 MKJI 6ycpepa SST. 

5 . .z:t:o6aBbTe K 100 MKJI KOMTICTCHTHOH eynhzypbl 10 MKJI pacrnopa )U-IK 

(20 MKrlMKJI). B KOHT}JOJihH)'IO npo61Ipey TaKoe )KC KOJIII'ICCTBO TE-

6ycpepa. (TplI pa:m IllIIleTIIpOBaTb.) 

6. Bhl,n;ep)KIITe so Jih,n;y 3-5 MIIH. 

7. IlepeHCCIITC npo6bI s MIIKpOTepMOCTaT (42 °C, 40 c). 

8. IloceiiTe no 50 MKJI eynhzypbI Ha ceneKTIIBHbie qarnKH (LB+ Amp (100 

MKr/MJI)). 

9. I1Hey61IpyttTe cyTKII nplI 37 °C, 3aTeM qarnKH nepeHeCIITe B XOJIO,IJ;llJib

HIIK. TaK KaK CCKpeTIIpyeMaJI yCTOHqlIBblMII T}JaHC!pOpM1IpOBaHHblMII 

KJieTKaMII ~-JiaKTOMa3a pa3pyrnaeT aMTIIIQllJIJIIIH, TO nplI MIITCJibHOM 

1IHey61IpOBaH1III BOKpyr KOJIOHIIH T}JaHC!pOpMaHTOB BbipaCTaIDT qyBCT

BHTCJibHblC caTeJIJIIITHbie KOJIOHIIII. 

10. Ilo,n;cqlITaHTe KOJIIIqecrno BblpOCIIIIIX KOJIOHIIH Ha qarnKe, paccqlI

TaHTe 3!p!pCKTIIBHOCTb T}JaHcq>opMaQIIII (KOJIIIqecrno T}JaHC!pOpMaH

TOB s pacqeTe Ha 1 MKr ,n;o6aBJICHHOll IlJia3MII,D;HOH ,lU-IK). 

11. IlOCT}JOHTe rpaq>IIK 3aBIICIIMOCTII 3!p!pCKTIIBHOCTII T}JaHC!pOpMaQIIII 

OT pa3Mepa IlJia3MII,D;bl, IICilOJib3yeMOH ,n;mI TpaHC!pOpMaQIIII. 

2.3. TpauclJ>opMaQnH ,n;po~eii Saccharomyces cerevisiae 

Jlumepamypa: 
1. Ito H, Fukuda Y., Murata K., Kimura A. Transformation of intact yeast cells 

treated with alkali cations// J. Bacterial. 1983. V. 153. P. 163-168. 

2. Schiestle R.H, Gietz R.D. High efficiency transformation of intact yeast cells us
ing single stranded nucleic acids as a carrier// Current Genet. 1989. V. 16. P. 

339-346. 

3. Gietz R.D., Schiestl R.H Applications of high efficiency lithium acetate transforma

tion of intact yeast cells using single-strand nucleic acids as carrier// Yeast. 1991. 
V. 7.-P. 253-263. 

4. Woods R.A., Gietz R.D. Yeast transformation// P.A. Norton, L.F. Steel (Eds), Gene 
Transfer Methods: Introducing DNA into Living Cells and Organisms. MA: Eaton 
Pub., Natick, 2000. 
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5. 

6. 

7. 

Gietz R.D., Woods RA. Genetic transformation of yeast/I Bio Techniques. 2001. V. 30. P. 

816--831. 
Gietz R.D., Woods R.A. Yeast transformation by the LiAc/SS Carrier DNA/PEG 

method// Methods Mo/. Biol. 2006. V. 313. P. 107-120. 
YomcoH,l(JIC., Ty3,l(J1C., KyplJ/{. Pe1<.oM6uHaHmHb1e,l(HK M: Mup, 1986. 

Ilo,n; TPauccpopMaQIICH IlOHIIMaIDT BBC,D;CHIIC s KJICTKII ,lU-IK, ,n;o6aBJieH

HOH II3BHC, II ee nocne.n;yIDmlie Hacne,n;osaH1Ie II 3Kcnpecc1IID. Ha1I6onee cy111e

CTBCHHbie ,D;OCTH)KCHmI B onpe,n;eJICHIIII MOJieeym1pHblX xapaKTCplICTIIK II B 

KOHT}JOJIHpyeMOH MO,D;II!plIKaQIIII reHOB ,n;pO)K)KCll 0CHOBaHbl Ha IICilOJib30BaHIIII 

qeJIHOqHblX seKTopoB, KOT0pbIC MOryT 6bITb IICilOJib30BaHbl ,D;JIH T}JaHC!pOpMa

QIIII KaK ,n;pO)K)KCll, TaK tt KJICT0K 6aKTCp1IH E. coli. CaMoe KpynHoe npelIMYIIIC

CTBO IICTIOJib30BaHIIH ,n;pO)K)KCll C0CTOIIT B nerK0CTH, C KOTopoii reHbl MO)KH0 

II3BJieKaTb, ,n;eJICTIIp0BaTb, BCTpalIBaTb II MO,D;II!plIQIIpOBaTb KOHT}JOJIIIpyeMbIM 

o6pa30M. 3TII MCT0,IJ;bl IICil0Jib3yIDT coqeTaHIIC TCXHOJIOrlIH peKoM61IHaHTHblX 

)U-IK, T}JaHccpopMaQIIII II npoQe,n;yp KJiacc1IqecKoii reHeTIIKII. 

CymecTByeT T}JII 0CHOBHbIX MCTO,D;a T}JaHcq>opMaQIIII ,n;po)K)Kett: a) Me

TO,D;, IICilOJib3yIDIIIIIll ccpeponJiaCTbI; 6) MCTO,D;, IICilOJib3yIDIQIIH o6pa6oTKY KJie

TOK C0JIHMII JIIITIIH, II B) MCTO,D;, OCHOBaHHblll Ha IICilOJib30BaHIIII 3JICKTponopa

QIIII. 

l13BCCTHO, qTo KJieToqHaJI CTCHKa ,n;pO)K)KCll npenHTCTByeT npOHIIKHOBe

HllID 3K30reHHOll ,lU-Il{ B KJieTey • .z:t:nH BBC,IJ;CHIIH ,lU-Il{ B KJICTKII ,n;pO)K)KCll QCJI

Jil()JI03HyID KJICTQqHyID CTCHKY qacTIIqHo y,n;amIIDT II nonyqaIDT TaK Ha3bIBae

Mbie cpepo11J1aCmbl. CcpeponnaCTbl ,D;JIH T}JaHC!pOpMaQIIII Il0JiyqaIDT B pe3yJibTa

.Te ,n;eiiCTBIIH rn,n;pOJIIIT1IqecK1IX KOMilJICKC0B cpepMeHTOB, B COCTaB KOTOpbIX 

BXO,D;HT 2Jl101<.alla3bl, npomea3bl II ,n;p., qacTIIqHo y,n;aJIHIDIQHX KJieToqHyID CTeH

KY, B nplICYTCTBIIII 0CMOT1IqeCKHX CTa61IJI1I3aTopos, THnliqHblM nplIMepoM K0-

TOpbIX MO)KCT CJIY)KIITb 1 M cop6um. IlplI 3TOM IICTIOJib3yIDT cpepMCHTHblC npe

napaTbl, Bbl,D;CJICHHbie II3 caMbIX pa3JIIIqHbIX IICTOqHIIKOB. HanplIMep, KJieToq

HyID CTeHey pa3pyrnaIDT JI1I60 3KCT}JaKTOM II3 IllIIQCBaplITCJibHbIX opraHOB YJIII

TOK Helix pomatia (KOMMepqecKIIH cpepMeHT 2J1103yna3a), JI1I60 3UMonua3ou, 

cpepMeHTOM 6aKTep1Iii Arthrobacter luteus. Ilocne o6pa60TKII cpepMeHTaMII 

KJieTOqHaJI CTCHKa 3!p!pCKTIIBHO pereHep1IpyeT B 2 %-M arape. 

TpaHccpopM1IpyIDIQyID ,lU-IK ,n;o6aBJIHIDT K ccpeponJiaCTaM II npOBOMT 

cooca)K,D;eHIIe CMec1I pacrnopoM noJIIIMepHoro cnttprn (Hanp1IMep n0JIII3TII

JieHrnttKoneM), co,n;ep)KaIQIIM IIOHbl Ca
2+. Ilonu:JmUJ1e112J1UKOllb (II3r) ,n;enaeT 
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MeM6paHy npoHHI~aeMOH H C03,[\aeT TeM caMbIM B03MO:>KHOCTI, ,[\JUI npOHHKHO

BeHIDI ,z:u--lK B KJieTKH. Bcne.n 3a 3THM KJieTKH pecycneH,nttpyroT B pacrnope 

cop6nTa, CMeillHBaIOT C eme He 3aCTI,IBillHM arapoM H 3aTeM BI,IJIHBaIOT Ha no

BepxHOCTI, qarnKH c ceneKTHBHOH cpe,noii, co,nep:>Kameii cop6ttT, r,ne OHH BOC

CTaHaBJIHBaIOT KJieToqHyIO CTeHKy. 3TO, B o6meM, ,[\OBOJII,HO TPY.noeMKHH npo

TOKOJI, H npn ero ncnOJII,30BaHHH 3cpcpeKTHBHOCTI, TPaHccpopMaU,HH MO:>KeT 

Bapi,npoBaTI, B ,nnanmoHe qeTbipex nop51.D;KOB BeJittqHHbI, B 3aBHCHMOCTH OT 

IllTaMMa. Bee :>Ke ,[\JI51 HeKOTOpbIX IllTaMMOB MO:>KHO nonyqttTI, ,[\OBOJII,HO BbICO

KyIO 3cpcpeKTHBHOCTI, TpaHccpopMaU,HH, ,[\OCTHraIOnzyIO BeJinqHHI,I 10
4 

TPaHC

cpopMaHTOB Ha 1 MKr ,z:u--IK. B HacTo5lmee BpeM51 TPaHccpopMau,nro ccpeponna

CTOB ncnon1,3y10T ,nJI51 TpaHccpopMau,nn ,npo:>K:>KeBbIX KJieTOK Y ACaMH. 

O,nHaKO nJia3MH,[\HyIO TPaHccpopMaU,HIO KJieTOK ,npo:>K:>Keii MO:>KHO ocyme

CTBHTI, H 6e3 y,naneHH51 KJieTOqHoii CTeHKH. ,[(.rr5I 3TOro KJieTKH o6pa6aTbIBaJIH 

nOJlU3mWleH2JlUKOJleM B npncyTCTBHH COJleU JlUmwt, u,e3H51 HJIH KaJII,I.l,H51. KoM

neTeHTHOCTI, KJieTOK ,npo:>K:>Keii HH,nyu,npyeT B OCHOBHOM lIOJIH3THJieHrJIHKOJII,, a 

nepeqncJieHHI,Ie KaTHOHI,I JIHilll, lIOBI,IIllaIOT 3cpcpeKTHBHOCTI, lIJia3MH,[\HOH 

TPaHccpopMaU,HH. EOJII,IllHHCTBO HCCJie,[\OBaTeneii HCnOJII,3yIOT ,[\JI51 TPaHccpop-, 

MaI.l,HH KJieTKH, o6pa6oTaHHI,Ie COJI51MH JIHTH51. Tiocne o6pa60TKH KJieTOK au,eTa-; 
' 

TOM JIHTH51 (LiAc ), KOTOpblll yBeJinqnBaeT npoHHU,aeMOCTI, KJieTOqHoii CTeHKH,l, 

,no6aBJI51IOT ,z:u--IK n KJieTKH cooca:>K.[laIOT TI3r, orneTCTBeHHbIM 3a a,ncop6u,nro)I 

,z:u--IK KJieTOqHI,IMH cTeHKaMH. KneTKH no,nBepraIOT Henpo,noJI:>KHTeJibHOMY Ten-JI 
l 

JIOBOMY IllOKY, OTMbIBaIOT OT TI3r H au,eTaTa JIHTH51 H pacnpe,neJI5llOT no lIO-l 

BepXHOCTH 061,JqHOH ceJieKTHBHOH cpe,nbI. 3cpcpeKTHBHOCTI, TpaHccpopMau,m,i 

MO:>KeT 61,ITI, yBeJinqeHa npn HClIOJII,30BaHHH cneU,HaJII,HO npttroTOBJieHHOH o,n

HOHHTeBOH ,z:u--IK-HOCHTeJI51 H HeKOTOpbIX opraHnqecKHX pacrnopttTeJieii. Ypo

BeHb TPaHccpopMaI.l,HH KOMileTeHTHI,IX KJieTOK ,npo:>K:>Keii HeCKOJII,KO HH:>Ke, qeM 

npn BBe,neHHH nJia3MH,[\ B ccpeponJiaCTbl KJieTOK, HO «COJieBbie» MeTO,[\HKH 

nnmMH,nHoii TPaHccpopMau,nn S. cerevisiae 3HaqnTeJihHO npome no cpaBHeHHIO 

C CHCTeMOH ccpeponnaCTOB. TI03TOMY OHH lIOJiyqirnH IllHpOKOe pacnpOCTPaHe

HHe. TpaHccpopMaU,H51 c noMomi,ro au,ernrn JIHTH51 BnepBbie 61,ma npe,nno:>KeHa B 

1983 r. (Ito et al., 1983), B nocne,nyromne ro,n1,1 B pe3yn1,rnTe Mo,nncpnKau,nii 

61,mo YMeHbilleHO BpeM51 npou,e,nyp1,1 H yBeJinqeHa 3cpcpeKTHBHOCTI, 6onee qeM B 

20 pm (Schiestl, Gietz, 1989). 11cnon1,3yeMa51 MeTO,nnKa npocrn n ,naeT ,no 

2,2 • 107 
TPaHccpopMaHTOBIMKr nnmMH,nHoii ,z:u-IKl109 

KJieTOK n ,no 1,5 o/o 
TPaHccpopMHpOBaHHbIX KJieTOK. 
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Ha6nro,naeTC51 noqTn JIHHeiiHoe yBennqeHne qncna TPaHccpopMaHTOB B 

o6nacTH OT 1 Hr ,no 5 MKr lIJia3MH,[\HOH ,z:u--IK B peaKU,HOHHOH CMeCH. 

XoT51 JIHTHeBM MeTO,[\HKa TPaHccpopMaI.l,HH IllHpOKO HCnOJII,3yeTC51, oqeHI, 

MaJIO H3BeCTHO O MeXaHH3Me TPaHccpopMaI.l,HH. 113BeCTHO, qTo TpaHccpopMaU,H51 

CTHMyJinpyeTC51 areHTaMH, H3MeH51IOmHMH nopHCTOCTI, KJieToqHoii CTeHKH, Ha

npnMep Li+, npoTea3aMH H ~-MepKanT03TaHOJIOM. TIOKa3aHO, qrn H3 HHX HaH-

6onee 3cpcpeKTHBHbIM areHTOM 51BJI5leTC51 LiAc. .[(.rr.!l BI,ICOKOH 3cpcpeKTHBHOCTH 

TPaHccpopMaI.l,HH cymecTBeHHbIM 51BJI5leTC51 npncyTCTBHe B peaKU,HH MOJieKyJI 

0,[\HOHHTeBOH ,z:u--IK-HOCHTeJI51, KOTOpbie, B03MO:>KHO, 3amnma10T lIJia3MH,[\HyIO 

,z:u--IK OT ,neiiCTBH51 ttyKJiea3. Xorn BI,IXO,[\ TPaHccpopMaHTOB nponopu,HOHaJieH 

cpe,nHeMy pa3Mepy cpparMeHTOB ,z:u--IK-HOCHTeJI51, HCnOJII,3yIOT Y3-o6pa6oTKy 

,[\JI51 yMeHbilleHH51 ,[\JIHHI,I ,no ,[\OCTaTOqHoii ,[\JI51 npe,nornpameHH51 o6pa30BaHH51 

reJI51 ,neHarypnpoBaHHI,IM HOCHTeJieM npn 3aMopa:>KHBaHHH ,z:u--IK. 

Ta6mn~a3 

Bmrnmie crroco6a o6pa6oTKH .[(HK-HOCHTeJUI Ha 3q>q>eKTHBHOCTh TpaHCq>OpM~HH 

HocnTeJih y CJI0BHH o6pa60TKH qHCJIO TpaHC!pOpMaHTOB/ YBennqeHne 
MKf IIJ!a.3MH,ll;H0ll ,[(HK 3q>q>eKTHBHOCTH 

rpaHcdiooM~HH 
CrrepMa JI0C0CH - 37 lx 

CrrepMa JI0C0CH YJihTpa.3BYK 739 20x 

CrrepMa JI0C0CH YJihTpa.3BYK, KHIIHqeHne 67 000 1 810x 

TnMyc TeneHKa YJihTpa.3BYK 7 900 213x 

TnMyc TeneHKa YnhTpa.JBYK,KHrrxqeHne 37 000 1 ooox 

B Kaqecrne ,z:u--lK-HOCHTeJI51 HClIOJib3YIOT ,z:u--lK H3 cnepMbl JIOCOC51 HJIH 

THMyca TeJieHKa. KaK BH,[\HO H3 Ta6JI. 3, ,no6aBJieHHe HaTHBHOH ,lJ;HK H3 cnepMbl 

JIOCOC51 ,naeT 20-KpaTHOe yBeJinqeHHe, a H3 THMyca TeJieHKa - 200-KpaTHOe 

yBeJinqeHHe. <l>parMeHTaI.l,H51 YJibTPa3BYKOM MOJieKyJI ,ll;HK-HOCHTeJI51 lIOBI,IIlla

eT 3cpcpeKTHBHOCTI, TPaHccpopMaU,HH. Knn51qeHne H lIOCJie,nymmee 3aMopa:>KH

BaHtte eme 6on1,rne lIOBbIIllaIOT 3cpcpeKTHBHOCTI, TPaHccpopMaU,HH. Heo6pa6o

TaHHa51 Y3 ,lJ;HK H3 cnepMbl JIOCOC51 ,naeT 3cpcpeKTHBHOCTI, TPaHccpopMaU,HH 

4,6 · 10
4 

Ha 1 MKr lIJia3MH,nHoii ,ll;HK. AHantt3 cpparMeHTOB ,lJ;HK B arapo3HOM 

rene lIOKa3aJI, qTo 3cp<peKTHBHOCTI, TPaHccpopMaU,HH ,[\OCTHraeT lIHKa, 5,5 • 104 

Ha 1 MKr nnmMH,nHoii ,ll;HK, ecnn npn yni,TPmByKoBoii o6pa6oTKe nonyqaroT 

cpparMeHTbl B o6naCTH OT 15 ,no 2 T.Il.H., cpe,nH5151 ,[\JIHHa cpparMeHTa OKOJIO 

7 T.n.H. ,[(aJibHeiirnee yMeHbilleHHe pa3Mepa cpparMeHTOB ,lJ;HK ,no 500 Il.H. CHH-
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,., 

CHH)KaeT 3cpcpeKTHBHOCTb 'IJ)aHccpopMaI.J,HH .n:o 1,9 . 10
4 

'IJ)aHccpopMaHTOB Ha MKr 

IIJia.3MH.D:HOH )]J-Il(. 

Ilpou:e.n:ypy 'IpaHccpopMaI.J,HH MO)KHO OIITHMH3HpOBaTb, H3MeHIDI KOJrnqe

CTBO )]J-Il(-HOCHTem1, ,n:JIHTeJibHOCTb TeIIJIOBoro IIIOKa H KOJIHqecTBO 'IJ)aHccpop

MHp)'IOill,ero BeKTopa. B Ta6n. 4 IIOKa.3aHo BJIIDIHHe KOJIH:qecrna HOCHTemI Ha 

qacrnzy 'IpaHccpopMaHTOB. ITHK 3cpcpeKTHBHOCTH 'IpaHccpopMaU:HH Ha6mo,n:aeTC51 

rrpH ,n:o6aBJieHHH 200 MKr OLJ:HOHHTeBbIX Moneeyn )]J-Il(-HOCHTeJISI. 

Ta6mi:11a4 

Bmurnne pa:3JIH'IH0ro K0JIH'leCTBa ,[(HK-HOCHTem1, o6pa60TaHHOro KHIIJI'leHneM, Ha Jq>q>eK

THBH0CTb TPaHCq>OpMa[(HH 

Konnqecrno ,[(HK-HocnTeJIJI qHCJIO TPaHCqJOpMaHTOB/ KpaTHOCTb 
(crrepMa JIOCOCJI), MKr MKr IIJia3MH,IHOii ,[(HK yBeJIH'leHHJI 

0 37 Ix 

10 720 20x 

50 29 700 803x 

100 37 000 1 ooox 

200 42 500 1149x 

500 28 000 757x 

TaKHM o6pa.30M, .OIITHMaJibHaSI peaKU:HOHHaSI CMeCb 

200 MKJI cycrreH3HH KJieT0K (} · } 0° KJieTOK) + 
20 MKJI ,[(HK (5 MKr rrn,[(HK + 100 MKr ,[(HK-HoCnTenJI) 

,ll;o6aBJieHHe II3r K CMeCH KJieTOK, HOCHTeJISI H IIJla.3MHLJ:HOH )]J-Il( a6co

JIIOTHO Heo6xo,n:HMO .D:JISI rrpoxo)KLJ:eHIDI 'IJ)aHccpopMaU:HH. II3r KOHI.J,eH'IJ)HpyeT 

MOJieKYJibl )]J-Il(-HOCHTeJISI H IIJla.3MH.D: Ha IIOBepXHOCTH KJieTKH. IlOKa.3aHO, qTo 

Ba)KeH MOJieKynSipHblH Bee II3r: II3r2000 n II3r3350 HaH6onee 3cpcpeKTHBHbl, 

KpHTHqHa KOHI.J,eH'IpaU:HSI II3r B 'IpaHccpopMaI.J,HOHHOH CMeCH. 

TeIIJIC)BOH IIIOK IIpH 42 °CB TeqeHHe 15-20 MHH. CHJlbHO yBeJIWIIIBaeT 

ypoBeHb 'IpaHccpopMaU:HH ,n:mi: 60JiblIIHHCTBa IIITaMMOB ,n:pO)K)Kett. IloKa.3aHo, 

qrn rrpH 3aBepIIIeHHH Bceii rrpou:e,n:ypbI )KH3Hecrroco6HocTb KJieTOK (plating effi

ciency) COCTaBJISieT 6onee 50 %. 3KcrrepHMeHTbl IIOKa.3aJIH, qTo rrpo,n:OJI)KH

TeJibHOCTb HHKy6aI.J,HH rrpH 42 °C rrepe,n: rroceBOM Ha qaIIIKH c ceneKTHBHOH 

cpe,n:oii BJIHSieT Ha qHCJIO 'IJ)aHccpopMaHTOB. IlpHMeHeHHe TeIIJIOBOro IIIOKa yBe

JIHqHBaeT 3cpcpeKTHBHOCTb 'IpaHCq>OpMaU:HH B 8 pa.3, IIHK Ha6nro,n:aeTC51 npH 

15 MHH. BbI,n:ep)KHBaHHSI (m6n. 5). 
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Ta6nn11a 5 

BJIHJIHHe BpeMeHH HHKy6a[(HH IIpH 42 °C (TeIIJIOBOH JIIOK) 

Ha 3q>q>eKTHBHOCTh TPaHCq>OpMa[(HH 

BpeMJI HHKyfia[(HH rrpn 42 °C, qHCJIO TPaHCqJOpMaHTOB/ KpaTHOCTb yaeJIH'leHJrn 
MHH MKr IIJia3MH,IHoii ,[(HK 
0 12 900 Ix 

5 56 900 4,4x 

10 94 400 7,3x 

15 107 000 8,3x 

20 100 000 7,8x 

Mern.n: nHTHeBoii 'IJ)aHccpopMaU:HH, HJIH LiAc/ss carrier DNA/PEG

MeTo,n:, KaK ero eIIIe Ha.3bIBaIOT, B rrocne,n:Hee BpeMSI 6bIJI MOLJ:Hq>HU,HpOBaH, orr

THMH3HpOBaH H coKparu:eH (Gietz, Woods, 2006). B pe3yJibTaTe CHH)KeHo BpeMSI 

o6pa6oTKH LiAc, y,n:aneH TE-6yq>ep m 'IJ)aHcq>opMaU:HOHHoro pacrnopa (KJieT

KH pecycrreH,n:npyIOT B BO,n:e, a He B TE-6yq>epe ), OIITHMH3HpoBaHa KOHI.J,eH'Ipa

U:IDI KJieTOK tt )]J-Il(-HOCHTeJISI, )]J-Il(-HOCHTeJib He o6pa6aTbIBaIOT Y3, a TOJlbKO 

HarpeBaIOT. 

TpaHccpopMIIP)'IOIIIaSI )]J-Il( MO)KeT coxpaHSITbCSI B ,n:pO)K)KeBblX KJieTKax 

J11I60 IIYTeM IIHTerpaU:HH C xpoMOCOMOH, JIII60 rryTeM aBTOHOMHOH peIIJIHKaU:IIII 

B BH,n:e 3IIHCOMbl. 

Ha1I6onee 3cpq>eKTIIBHa 'IJ)aHcq>opMaU:IDI pacryru:1Ix KYJibTYP, o,n:HaKo MO)K

HO 'IpaHCq>OpMIIpOBaTb CTall,HOHapHbie KYJibTyµbl H 4-He,n:eJibHbie. TpaHCq>OpMa

U:1I51 3aMopo)KeHHbIX KOMileTeHTHbIX KJleTOK rrpOIICXOLJ:IIT C 3q>q>eKTHBHOCTbIO 

0,2-1,0 · 10
5 

'IpaHCq>OpMaHTOBIMKr ,n;HK. 

B HaCTOSIII.J,ee BpeMSI IIIHpOKO IICIIOJlb3yeTC51 TaK)Ke MeTo,n: 'IpaHcq>opMa

I.J,HII pa.3nHqHblX BHLJ:OB KJieTOK, OCHOBaHbIH Ha HH.D:YKU:HH rrpOHHI.J,aeMOCTII KJie

TOK ,n:nSI )]J-Il( no,n: ,n:eiicTBHeM 3JieK'IJ)ttqecKIIX rroneii. Ilpe,n:rronaraeTcSI, qrn 

3JieKTpHqecKIIH IIMIIyJlbC HH.D:YU:IIpyeT o6pa.3oBaHHe rrop B KJieToqHoii MeM6pa

He, qepe3 KOTOpbie IIpOHIIKaIOT B KJieTKII MaKpOMOJieKyJibl. CBe)KeBbipaIIIeHHbie 

KYJibTYPbI .n:po)K)Keii OTMbIBaIOT, cycrreH,n:1Ip)'IOT B pacrnope ocMOTHqecKoro 

rrpoTeKTopa, HarrpHMep cop6ttm, ,n:o6aBJISIIOT )]J-Il(, II cycrreH3HII KJieTOK coo6-

lllaIOT IIMIIyJlbC C IlOMOII.J,bIO rrp1I6opa .D:JISI 3Jle1<.mponopa4uu. 3aTeM KJieTKH pac-

!I rrpe,n:eJISIIOT no IIOBepxHOCTII ceneKTIIBHOH cpe,n:bI. ,ll;nSI IIOBbIIIIeHIDI 3q>q>eKTIIB

HOCTII 3JieKTporropaU,HOHHOH 'IpaHcq>OpMaU:IIII IICilOJlb3YIOT II3r, OLJ:HOHHTeByIO 

.lUIK-HOCIITeJib II KJieTKII, Haxo,n:SIII11Iec51 B II03,n:Heii norap1Iq>M1IqecKoii q>a.3e 

pocrn. HecMO'IJ)SI Ha rrpocrnzy MeTO,n:a, 06opy,n:0BaH1Ie, 'IJ)e6yeMoe ,n:nSI ero 

peanma11n1I, He,n:eIIIeBo. 
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2.3.1. 1iblcTpb1ii MeTOIJ. Tpauc4>opMa11uu S. cerevisiae 

Humepamypa: 
1. Woods R.A., Gietz R.D. Gene Transfer Methods// MA: Eaton Pub., Natick, 2000. 

lllma.MM opo:»C:»Ceu 
B pa6oTe ucnoJih30Barrtt ayKcOTpoq>Hbiii no a,n;eHttHY, TPttnrnq>aHy n 

ypa11ttJiy unaMM ,n;pO)K)Keii S. cerevisiae 3D (MATa ade2 trpl ura3-

160, 188). MyrnIJHll, BJill.HlOIIJlle Ha 6ttoCHHTe3 a,n;eHttHa, TPllilTOq>aHa n 

ypa11nJia, 0603Haqa10TC.H ade, trp H ura. Qttqipa YKa3bIBaeT HH,D;llBH,n;y

arrbHyIO MYTaIJHIO. 

BeKmopbl 
YCp50 (ARSl CEN4 URA3) ,D;JIHHOH 8,04 T.Il.H., YCpL2 (ARSl CEN3 

TRP 1 LEU2 CAN 1 CYH2 URA3) ,D;JIHHOH 13,8 T.Il.H. 

IlumameRbHWl cpeoa YPAD: 
2 % nenrnHa 

1 % ,n;pO)K)KeBoro 3KCTPaKrn 

2 % rJIIOK03bl 

30 Mr/JI a,n;emrna 

.D:oBeCTH pH cpe,n;hI ,n;o 6,0 pacrnopoM NaOH. 

CeJleKmUBHaJl cpeoa YNB-ura: 
0,6 % YNB (Yeast Nitrogen Base «Difeo», USA) 

2 % rJIIOK03bl 

20 Mr/JI TpllilTOq>aHa 

20 Mr/JI a,n;eHttHa 

0,6 % YNB roTOBHTC.H 20x n CTepHJill3yeTC.H q>HJibTPOBaHHeM. 

Pacmeop IM Li-Ac: 
pacrnopme 10,2 r a11ernrn JIHTH.H (C2H3O2Li · 2H20) B 100 MJI BO.D;bI. Tipo

BepbTe pH, KOTOpb1ii ,n;oJI)KeH 6bnb 8,4-8,9. TipoCTepHJ1ll3YiiTe pacrnop 

aBTOKJiaBHpOBaHHeM. TiepeJieiiTe B CTepllJlbHyIO KOJI6y c rrpHTepTOii Kpbllll~ 

KOH ll xpaHHTe rrpH KOMHaTHoii TeMrrepaTYPe. 
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Pacmeop 50 %Il3I' 3500 (wlv): 

pacrnopme 50 r TI3r3500 B Bo,n;e . .D:oBe,n;me Bo,n;oii o6beM ,n;o I 00 MJI, 

npocTepHJIH3yiiTe aBTOKJiaBHpOBaHHeM ll xpaHHTe rrpn KOMHaTHOH TeM

nepazype. 

TpaHcpopMalJUOHHblU pacmeop: 
240 MKJI 50 % TI3r3500 

36 MKJI 1,0 M Li-Ac 

50 MKJI 2,0 MrlMJI O,D;HOHHTeBoii .l(HK-HOCHTemr 

0, 1-10 MKr IIJia3Mll,D;HOH .l(HK 

34 MKJI BO,D;bl 

IlpomoKoR: 

1. HoqHyIO KYJihTYPY KJieToK, Bbipa111eHHhIX B 2xYPAD, ttJIH rrpnMepHo 

50 MKJI KJieTOK, co6paHHbIX c qarnKH YP AD, pecycrreH,D;HpyiiTe B 

1,5 MJI-MllKpOIJeHTPllq>Y)KHOii rrpo6npKe B 1 MJI CTepHJibHOii BO,D;bl. 

CycrreH3ll.H ,D;OJI)l(Ha co,n;ep)KaTb 5 . 108 KJieTOK. 

2. Orrpe,n;eJIHTe KOHIJeHTPaIJHIO KJieToK c noMOIIJbIO crreKTPoq>ornMeTPa, 

mMep.H.H OD Ha ,n;nnHe BOJIHhI 600 HM (cycrreH3H.H c KOHIJeHTPa11neii 

1 · 10
6 

KJieToK/MJI HMeeT OD= 0,1) . .D:JI.H 3TOro ,n;o6aBbTe B KIOBezy c 

900 MKJI BO,D;bI 100 MKJI cycrremntt, xoporno rrepeMernaiiTe n npOBe,n;nTe 

H3MepeHne. B Kaqecrne KOHTPOM ncrroJib3YiiTe KIOBezy c Bo,n;oil:. Tipn 

onpe,n;eJieHllll THTPa He 3a6y,n;hTe YMHO)KllTb Ha qiaKTop pa3Be,n;eHH.H. 

3. KneTKH OTIJeHTPHq>yrnpyiiTe rrpH BbICOKOii CKOpOCTll Ha MllKpo11eH

TPHq>yre (30 c) H y,n;arrnTe cyrrepHarnHT. 

4. OceBllllle KJieTKll pecycrreH,n;HpyiiTe B 360 MKJI TpaHCq>OpMaIJHOHHOro 

pacrnopa H xoporno rrepeMernaiiTe Ha Vortex. 

5. KJieTKll B TPaHCq>OpMaIJHOHHOM pacrnope llHKy6npyiiTe B MHKpoTep

MOCTaTe IIpll 42 °C B TeqeHHe 20-180 MHH. Oca,n;HTe KJieTKll B MllK

po11eHTpHq>yre rrptt BbICOKOH CKOpOCTll (3 0 c) H y.n;arrttTe TPaHcq>op

MaIJHOHHblll pacrnop MHKporrttrreTKoii. 

6. OcrnpO)KHO pecycrreH,n;HpyiiTe oca)K,D;eHHbie KJieTKll B 1,0 MJI CTe

PllJibHOii BO,D;bl, rrepeMernaiiTe HaKoHeqHllKOM MHKporrnneTKll ll pac

ceiiTe no 250 MKJI cycrreH3ttH Ha qarnKn c ceJieKTHBHoii cpe,n;oii 

YNB-ura. 
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7. Hmcy6npyiiTe qarnKH npn 30 °CB TeqeHHe 3-4 cyT. 

8. Tio,n;cqnrniiTe Konnqecrno Bh1pocrnnx KonoHnii Ha qarnKe H onpe,n;e

nnTe 3q>q>eKTHBHOCTb TPaHCq>OpMaQHH (Konnqecrno TPaHCq>OpMaHTOB 

B pacqeTe Ha 1 MKr ,n;o6aBneHHOM IIna3MH,!l;HOM ,IJ,HK Ha 108 
KneTOK). 
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3. Bhl,l);EJIEHIIE ,ll;HK 
3.1. Bhl}J.eJieHne nJia3MH}J.Hoii )];HK H3 6airrepnii E. coli 

Jlumepamypa: 
J. Birnboim HC., Daly J A rapid alkaline extraction procedure for screening re-

combinant plasmid DNA// Nucleic Acids Res. 1979. V. 7. P. 1513-1523. 

2. Godson G.N., Vapnek D. A simple method of preparing large amounts of ¢XI 74 

RF] supercoiled DNA// Biochem. Biophys. Acta. 1973. V. 29. P. 516-520. 
3. Holmes D.S., Quigley MA rapid boiling method for the preparation of bacterial 

plasmids// Anal. Biochem. 1981. V. 114 P. 193-197. 

~JUI Bbip;eneHHH nna3MH,!l;HOM ,IJ,HK IIOnb3YIOTCH pa3nHqHbIMH MeTO,D;aMH. 

Bee OHM BKnIOqaIOT TPH OCHOBHbIX 3TaIIa: pocT 6aKTepnii H aMIInHq>HKaQHIO 

IIna3MH,!l;hI; c6op 6aKTepnii n HX nmnc; oqHCTKY IIna3MH,!l;HOM ,II,HK. 
A.MlVlUqJUKalfWl 6 6ozamou cpeoe. AMIInHq>HKaQHIO IIna3MH,!1; IIpOH3BO,!l;HT 

IIpH BbipaIQHBaHHH 6aKTepHH-X03HHHa B 6oraTOM cpe,n;e B npncyTCTBHH aHTH-

6HOTHKa xnopaMq>eHHKona. HoqHyro KynhTYPY (10 Mn LB c ,n;o6aBneHneM aH

TH6HoTHKa Amp) nepeceBaIOT B cBe:>K:yro cpe,n;y LB (0,2 Mn H. K. B 25 Mn LB c 

aHTH6HOTHKOM Amp) H HHKy6HpyIOT, IIOKa KynhTypa He )];OCTHrHeT II03,D;Heii 

norapHq>MnqecKoii q>a3bI (OD600 = 0,6). 3aTeM nepeHOCHT KynhTYPY B cBe:>K:yro 

cpe,n;y LB c aHTH6HOTHKOM Amp (500 Mn), HHKy6npyIOT 2,5 q (npn 3TOM ™TP 

y,n;BaHBaeTcH), ,n;o6aBnHIOT xnopaMq>eHHKOn (Clf) ,n;o KOHQeHTPaQHH 170 MKr/Mn 

n HHKy6npyroT ern,e 12-16 q_ 

JlU3uc KJ1emoK. Pa3pyrneHHH 6aKTepnii ,n;nH nocne,n;yromero BhI,n;erreHHH 

6norromqecKH aKTHBHOM ,IJ,HK MO:>K:HO .n;o6HTbCH pa3HbIMH cnoco6aMH. 

- MexaHu'-leCKUe. TipH 3T0M IIpOHCX0,!1;51T MHoroqHcJieHHble pa3pbIBbl ,l],HK. 

- ~o6aBneHHe aHHOHHOro ,n;eTepreHTa oooelJWZCYllb<jJama HampuR (SDS 

HJIH Jlaypwzcyllb<jJama) Bbl3bJBaeT nHlHC y MHomx 6aKTepnii. B qaCTHOCTH, TaK 

MO:>K:HO pa3pyIDHTb 6aKTepHH KHrneqHoii rpyIIIIbI, IIHeBMOKOKKH n reMOq>Hnh

Hbie 6aKTepHH. ,ll:O.n;eu;nncynhq>aT He TOJlbKO pa3pyrnaeT KneTKH, HO n ,n;eHazy

pnpyeT HeKOTOpb1e 6enKH. SDS (CH3-(CH2)w-CHi-OSO3- Nal-noHHOe coe,n;n

HeHne c IIOBepXHOCTHO-aKTHBHbIMH CBOMCTBaMH (rn,n;poqio6HaH qacTb Moneey

Jlbl OTpnu;aTenhHO 3apH:>K:eHa). SDS cop6npyeTcH Ha nonnnenTH,n;Hoii u;enn, qTo 

npnBo,n;nT K ,n;eHazypau;nn MoneKynhI 6errKa. SDS pa3pyrnaeT HOHHbJe accou;na

ThI H accou;HaTbl HenonHpHbIX qacTHQ. O,n;HaKO 3aTeM OH ,!l;OJI:>K:eH 6bITb IIOnHO

CTbIO y,n;arreH H3 nmarn (qTO H ,!l;OCTHraeTCH IIpH nocne,n;yIOIQHX o6pa60TKax), 
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TaK KaK ero rrpHMeCh B -rpaHccpopMHpyiomeii ,lJ.HK MernaeT caMoMy rrpou.eccy 

-rpaHccpopMaU.HH. 

- HeKOTOpbie rpaMII0JI0)l(HTeJibHhie 6aKTepHH HeJib3H pa3pyrnHTb TOJII,-

KO ~O)J;eU.HJICYJib<paTOM HJIH ~pymMH rroBepxH0CTH0-aKTHBHbIMH BemecTBaMu. 

BHaqane HY)l(H0 Y~aJIHTb KJieTOqHyio CTeHKY H 3aTeM rrpHMeHHTb TOT HJIH HHoij 

~eTepreHT. ~H pa3pyrneHHH KJieToqHoii CTeHKH qame Bcero rrpHMeHHIOT JlU3O

lJUM. IlpH K0HU.eH-rpaU.HHX, K0TOpbie qame BCero rrpHMeHHIOTCH ~JIH pa3pyrne

HHH 6aKTepHaJihHbIX KJieTOK (50-500 MKrlMJI), cpyHKU.HH JIH30U.HMa CBO~HTCH K 

pa3pyrneHHIO KJieTOqHoii CTeHKH, B pe3yJihTaTe qero o6pa3)'IOTCH xpyrrKHe rrpo~ 

TOIIJiaCThI, nerno pa3pyrnaeMbie ~eTepreHTaMH. IlpH 60JibIIIHX KOHU.eH-rpau.HHX 

JIH30U.HM MO)KeT, BH~HMO, BJIHHTb Ha CBH3b ,lJ.HK C U.HTOIIJia3MaTHqecKoii MeM-

6paHOll H ~a)Ke CBH3hIBaTbCH C ,ll.HK, OCa)l(~aH ee. KpoMe JIH30U.HMa, ~JIH TOH )Ke 

u.enH yrro-rpe6nHIOT npoHa3y. I1poHa3a crroco6crnyeT 6onee rronHoMy m~ponH-

3y 6enKa H rro3TOMY nyqrneii rrocne~yiomeii ~errpoTeHHH3aU.HH ,lJ.HK. 
IlpH pa3pyrneHHH 6aKTepHii B JIH3aTe B qHcJie rrpoqHX cpepMeHTOB IIOHBJIH

IOTCH Oe30KCUpu6oHyKlleQ3bl. EcJIH ~eiicTBHe HX qeM-JIH6o He 6JIOKHpOBaHO, 

OHH MOryT TYT )Ke pa3pyIIIHTh ,ll.HK. O6hrqHo OT HHX 3amHmaIOTCH, ~o6aBJIHH 

Bemecrna (3,UTA- 3THJieH~HaMH~Te-rpa yKcycHaH ~HHa-rpHeBaH C0Jib 

C1 0H 14N 2O 8·Na2 • 2H2O), KoTOphre CBH3hIBaIOT HOHhI MarHHH, Tpe6yIOmHeCH 

~JIH pa60Tbl 6oJihIIIHHCTBa ,lI.HKa3. 3TH Bemecrna (~o~eU.HJICYJih<paT, ~e30KCH

XOJiaT) rro~aBJIHIOT rrornomeHHe ,lJ.HK KOMIIeTeHTHbIMH KJieTKaMH. JlH30U.HM H 

rrpOHa3a, OCTaIOmHeCH B JIH3aTe, caMH MOryT JIH3HpOBaTh KOMIIeTeHTHbie KJieT

KH. B pH~e cnyqaeB OT He)l(eJiaTeJibHhIX rrpHMeceii, MeIIIaIOmHx -rpaHccpopMa

U.HH, MO)l(HO H36aBHTbCH 3a cqeT pa3Be~eHHH JIH3aTa. 

3,l(TA - pa3pLIXJIHeT uapymny10 MeM6pany, uuru6upyeT nyKJiea3LI 

JIH30QHM - pa3pymaeT KJieToqnyJO CTCHKY 

SDS - pa3pymaeT QHTOnJiaJMaTuqecKYJO MeM6pany, 11enaryp11pyeT 

6eJIKH, HHr11611pyeT HYKJieaJLI 

~H ~errpoTeHHH3aU.HH JIH3aTa rrpH BhI~eJieHHH ,lJ.HK HCIIOJih3YIOT o6pa-

6oTKy cpeHOJIOM, KOTOpblll OCa)l(~aeT ~o~eU.HJICYJih<paT H HHaKTHBHpyeT Bee 

6eJIKH, B TOM 'IHCJie H ~e30KCHpH60HYKJiea3hI. 

CymecrnyioT H ~pyrHe MeTO~HKH JIH3Hca. Jlmuc Kum1,1-1eHueM (Holmes, 

Quigley, 1981) H J1muc UfeJ1o'lb10 (Bimboim, Doly, 1979) OTJIHqaIOTCH BhICOKoii 

3cpcpeKTHBHOCTbIO H B cnyqae MaJibIX IIJia3MH~ (:$; 10 T.II.H.) ~aIOT BhIXO~ 
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2 - 3 Mr/n. JlH3HC no~ ~eiicrnHeM SDS (Godson, Vapnek, 1973) cpaBHHTeJih

HO 6onee MHrKHH, H HM cne~yeT IIOJib30BaTbCH B cnyqae 60JihllIHX IIJia3MH~ 

(2:: 10 T.II.H.). 

OtJucmKa /{HK. B MeTo~ax oqHCTKH TaK HJIH HHaqe HCII0Jih3)'IOT ~Ba oc

HOBHhIX pa3JIH'IHH Me)l(~y ,lJ.HK E. coli H IIJia3MH~HOll ,lJ.HK: 
- xpoMOC0Ma E. coli ITO pa3Mepy MHOro 6oJibIIIe ,lJ.HK IIJia3MH~, o6brqHO HC

IIOJih3yeMbIX B KaqeCTBe BeKTopoB; 

- OCH0BHaH Macca ,lJ.HK £. coli BbI~eJIHeTCH H3 KJieTOK B BH~e cpparMeHTHpo

BaHHbIX JIHHellHbIX MOJieKyJI, TOr~a KaK 6oJibIIIaH qacTb IIJia3MH~HOll ,lJ.HK 3KC

rparHpyeTCH B BH~e KOBaJieHTH0-3aMKHYThIX KOJihU.eBbIX MOJieeyn. 

IT03TOMY 60JihIIIHHCTBO MeTO~OB oqHCTKH BKJIIOqaIOT OCa)l(~eHHH, rrpH 

KOTOpbIX H3 rrperraparn y~aJIHIOTCH rrpeHMymecTBeHHO ~JIHHHbie u.errH ,n:HK £. 

coli, cnyqaiiHO 3aXBaqeHHbie o6JIOMKH JIH3Hp0BaHHhIX KJieTOK. MeTO~HKH 3TH 

OCH0BaHhl TaK)l(e Ha HCIIOJih30BaHHH CBOHCTB KOJibU.eBOll 3aMKHYTOH ,ll.HK. Ka

)l(~aH H3 KOMIIJieMeHTapHbIX u.erreii IIJia3MH~HOll ,lJ.HK rrpe~CTaBJIHeT co6oii KO

BaJieHTH0-3aMKHYT0e KOJibU.0, II03TOMY u.errH HeJih3H OT~eJIHTb ~pyr OT ~pyra 

(He pa30pBaB O~HY H3 HHX) B Tex ycJI0BHHX, rrpH KOTOpbIX rrpoHCXO~HT pa3pbIB 

6oJibIIIHHCTBa BO~opo~HbIX CBH3eii B ,n:HK, HarrpHMep rrpH HarpeBaHHH HJIH rrpH 

BhI~ep)l(HBaHHH B yMepeHHO menoqHbIX pacrnopax (~o pH 12,5). IlpH OXJia)l(

~eHHH HJIH B03BpameHHH K HeiiTpaJibHOMY pH 3aMKHYTbie KOJibU.eBhie MOJieKy

Jibl BH0Bb rrpHHHMaIOT HaTHBHYIO KOHcpopMaU.HIO, TOr~a KaK ,lJ.HK E. coli OCTa

eTCH ~eHarypHpOBaHHOH. 

Ilna3MH~HaH ,lJ.HK Be~eT ce6H OTJIHqHo OT ,lJ.HK E. coli TaK)l(e rrpH paB

HOBeCHOM u.eH-rpHcpyrHpOBaHHH B rpa~HeHTe XJI0pHCTOro u.e3HH, co~ep)l(ameM 

KaKOll-HH6y~h HHTepKanHpyIOmHii KpacHTeJib B HaChrmaIOmeii KOHU.eH-rpaU.HH, 

HarrpHMep 6poMHCThiii 3TH~Hii HJIH ~Hiio~HCThIH rrporrH~Hii. KoBaneHTH0-

3aMKHYThie KOJibU.eBbie MOJieKyJihI ,lJ.HK CBH3hIBaIOT MeHhIIIe TaKoro KpacHTeJIH, 

qeM JIHHeHHaH ,lJ.HK, H II03T0MY B rpa~HeHTax XJIOpHCToro u.e3HH, co~ep)l(amHx 

HHTepKanHpyiomHii areHT, OKa3hIBaIOTCH B 30Hax C 6onee BbICOKOll IIJIOTHO

CTbIO. 3ry MeTO~HKY HCIIOJih3YIOT, eCJIH Heo6xo~HMa BbICOKaH CTerreHh oqHcT

KH IIJia3MH~HOll ,n:HK. O~HaKO no Mepe pa3BHTHH MeTO~OB pa60TbI C peKOM6H

HaHTHOll ,lJ.HK ~JIH MHOrHX u.eneii OKa3aJIOCb y)l(e Heo6H3aTeJibHhIM rrpOB0~HTb 

oqHCTKY 60JihIIIHX K0JIHqecTB IIJia3MH~HOH ,lJ.HK ~o TaKOH CTerreHH, qrn6hI 

rrperrapaT 6hrn roMoreHHhIM. HarrpHMep, pacmerrneHHe pec-rpHKTHpyIOmHMH 

3H~0HYKJiea3aMH, JIHmpoBaHHe, -rpaHccpopMaU.HH H ~a)l(e ceKBeHHpOBaHHe ,lJ.HK 
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M0)KH0 rrp0B0,L(HTb Terrepb, HCII0Jib3YH 0TH0CHTeJibH0 MaJio-oqmu;eHHbie rrperra

paTbl IIJla3MH,L(HOH )J,HK, rronyqeHHbie H3 He60JibIIIHX o6oeMOB K)'JibTypbl. 

OrrHCaHHbie HH)Ke MeT0,L(HKII M0)KH0 ycrreIIIH0 HCil0Jib30BaTb ,L(JIH BbI,L(e

JieHHH pa3HOo6pa3HbIX IIJia3MH,L( m pa3JIHqHbIX IIITaMM0B 6aKTepHH. Boo6me 

roB0pH, qeM MeHbIIIe IlJla3MH,n:a, TeM JiyqIIIe ,L(0CTHraeMhie pe3yJibTaTbl. C yae

JIHqeHHeM MOJieKyJIHpHOH MaCCbl IIJia3MH,L(bl ee CBOHCTBa CTaH0BHTCH Bee 6JIH)Ke 

K CBOHCTBaM ,1J,HK X03HHHa. BbI,n:eJieHHe IIJia3MH,L(, pa3Mep K0TOpbIX npeBbIIIIaeT 

25 T.II.H., CHJibH0 3aTPy,n:HHeTCH, H BbIX0,L( 0Ka3bIBaeTCH HeBbIC0KHM. O,n:HaKO 

ace IIJia3MH,L(bl, o6bJqHO HCil0Jib3yeMbie npH KJI0HHp0BaHHH, 0TH0CHTeJibH0 He

BeJIHKH H npHae,n:eHHbie HH)Ke MeT0,L(bl ,n:aIOT xop0IIIHe pe3yJibTaTbl. 

3.1.1. BLI,n:eJieHHe npenapaTHBHhIX KOJiuqecTB nJia3MH~uoii MK IQeJioq

HhIM MeTO~OM H3 KJieTOK 6aKTepuii E. coli 

Jlznupy10UJUU pacm6op I: 

50 MM rJIIOK03bI 

25 MM Tpttc-HCI, pH 8,0 

10 MM3,[(fA 

2 Mr/MJI JIH30ll;HMa 

/l{eJ1ott11ou pacm6op II: 

0,2HNaOH 

1 ¾SDS 

Pacm6op III: 
3 M Na-Ac (pH 4,8) 

Pacm6op XJ1opw,ujJe11uKoJ1a: 

Ha 5 MJI: 

112,6 MKJI 40 % rJIIOK03bl 

125 MKJI 1 M Tpttc-HCI, pH 8,0 

100 MKJI 0,5 M 3,n:TA 

10 Mr JIH30ll;HMa 

4,66 MJI H2O 

Ha 10 MJI: 

200 MKJI 40 % NaOH 

1 MJI 10 % SDS 

8,8 MJI H2O 

KOHD;eHTPHPOBaHHbIH pacrnop - 34 Mr/MJI pacrnopHTe B 100 %-M 3Ta

H0Jie. XpaHHTe npH -20 °C. Pa6oqaH K0HD;eHTPaD;HH - MH aMnJIHq>H

Kau;HH IlJia3MH,L( 170 MKr/MJI, MH ceJieKD;HH ycrnttqHBbIX 6aKTepHH 

30 MKr/MJI. 
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IlpomoKOll: 

1. Bb1pacTHTe HoqHyIO K)'JihTYPY 6aKTepHH B 10 MJI LB + Amp 

(100 MKr/MJI). 

2. IlepeHeCHTe 0,2 MJI HOqHoii K)'JlbTypbI a 25 MJI CBe)KeH cpe,n:hI 

LB + Amp H pacTHTe ,n:o rro3,n:HeH norapHq>MHqecKoii q>a3hI 

(OD=0,6). 
3. IlepeHecHTe 25 MJI K)'JibTJpbI B 500 MJI cae)Kett cpe,n:b1 LB+ Amp H 

,n:an:Te K0HD;eHTPaD;HH KJieT0K y,n:B0HTbCH (npHMepHo 2,5 q). 

4. ,z::i:o6aabTe 2,5 MJI pacrnopa xnopaMq>eHHKoJia (Clf) .n:o K0HD;eHTPau;irn 

170 MKr/MJI H paCTHTe a TeqeHHe 12-16 q HJIH BbipacTHTe H0qHYIO 

K)'JibTypy 6aKTepHii, co,n:ep)Kalll;HX IlJia3MH,n:y, a 150 MJI cpe,n:bl 

LB+ Amp npH 37 °C (20-24 q), 

5. IlepeHeCHTe K)'JihTYPY B u;eHTPHq>Y)KHbie npo6ttpKH H oca,n:HTe KJieTKH 

u;eHTPHq>yrnpoaaHHeM B TeqeHHe 15 MHH npH 4 000 06/MHH. 

6. OT6pochTe cyrrepHaTaHT H pecycrreH,n:HpyiiTe oca,n:oK B 2,4 MJI pac

rnopa I, co,n:ep)Kamero 2 Mr/MJI JIH30D;HMa (JIH30D;HM He pa6oTaeT, 

ecJIH pH <8,0). 

7. IloMeCTHTe rrpo6HpK)' B Jie,n: Ha 15 MHH. 

8. ,z::i:o6aBbTe 4,8 MJI cBe)KeIIpHroTOBJieHHoro pacrnopa II. Ilpo6ttpey 3a

KpoiiTe napaq>HJIMOM H 0CTOp0)KH0 (!) nepeaepHHTe HeCK0JlbK0 pa3. 

9. Bhmep)KHTe rrpo6ttpey 5-10 MHH B nenHHOH 6aHe. 

10. ,z::i:o6aBbTe 7,2 MJI oxna)K,L(eHHoro pacrnopa III. Pe3KO rrepeaepHHTe 

rrpo6ttpey, 3aKJieeHttyIO rrapaq>HJIMOM. 

11. Bhl,n:ep)KHTe rrpo6HpKy 30-60 MHH B JieJUIHoii 6aHe. 

12. OTu;eHTPHq>yrnpyirTe 20 MHH B u;eHTPHq>yre npH 6 000 06/MHH. rrpH 

KOMHaTHOH TeMrrepazype. 

13. K cyrrepHaTaHTY .n:o6aBbTe 2 V 3TaHoJia H ocTaBhTe Ha 1 q B Mopo-

3HJihHHKe (-20 °C). 

14. OTu;eHTPHq>yrnpyiiTe 30 MHH. rrpH 6 000 06/MHH. DpH 4 °C. 

15. PecycneH,n:ttpyirTe oca,n:oK B 1 MJI TE-6yqiepa. 

16. XpaHHTe pacrnop ,z::i:I-IK IIpH 4 °C .n:o HCII0Jlb30BaHHH. 
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3.2. BL1;:i:eneu11e nJia3Mn;:i:uoii ~K 113 ;:i:po:»oKeii S. cerevisiae 

Jlumepamypa: 

YPAD 

1. Toh-e A., Tada S., Oshima Y. 2 µm DNA-like plasmids in the osmophilic haploid_ 

yeast Saccharomyces rouxii/1 J. Bacteriol. 1982. V. 151. P. 1380-1390. 

2. Cameron J.R., Philippsen P., Davis R. W. Analysis of chromosomal integration 

and deletions of yeast plasmids// Nucleic Acids Res. 1977. V. 4. P. 1429-1448. 

3. Livingston D.M, Klein HL. Deoxyribonucleic acid sequence organization of a 

yeast plasmid// J. Bacterial. 1977. V. 129. P. 472-481. 

4. Struhl K, Stinchcomb D. T., Scherer S., Davis R. W. High-frequency transformation 

of yeast: autonomous replication of hybrid DNA molecules// Proc. Natl. Acad Sci. 

USA. 1979. V. 76. P. 1035-1039. 

Ha 1 JI: 

2 % rrerrrnHa 20 r rrerrToHa 

1 % ;:i:po)K)l(eBoro 3Kc-rpaKTa 10 r ;:i:pmK)I(eBoro 3Kc-rpaKTa 

2 % rJIIOK03bl 20 r rJIIOK03bl 

30 Mr/JI a;:i:eHHHa 400 Mr a;:i:eHHHa 

.l(oBeCTH pH cpe;:i:bl ;:i:o 6,0 pacrnopoM NaOH. 

Pacm6opA: 
Ha 50 MJI: 

1,2 M cop6ttTOJI 25 MJI 2,4 M cop6HTa 

14 MM 2-M-3TaHOJI 50 MKJI 14,4 M ~-MepKaITT03TaHOJia 

50 MM K2HPO4-6ycpep 2,5 MJI IM K2HPO4 

22,5 MJI H2O 

Ha 1 MJI pacrnopa «A» - 0,2 Mr 3HM0JIHa3bI 6000 

Zimolyase 6000 

Pacm6opB: 

0,25 M 3.l(TA 

2,5 % SDS 

B 0,5 M Tris-base 

paCTB0p 3HM0JIHa3bI roT0BHTb OTp;eJibHO! 
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Ha 50 MJI: 

25 MJI 0,5 M 3.l(T A 

1,25 r SDS 

25 MJI 1 M Tpttc 

Pacm6op 5 MK-Ac: 
K 60 MJI 5 MK-Ac (49,1 r/100 MJI) ;:i:o6aBbTe 11,5 MJI Jie.ll:HHOH yKcycHoiI 

KHCJI0Tbl tt · 28,5 MJI B0JJ:bl. Komi;eHpaQHH KaJIHH TaKoro paCTB0pa co

CTaBJIHeT 3 M, a K0HQeH-rpaQHH aQeTarn - 5 M. 

Pacm6op DEPC: 
;:i:tt3TttJinttpoKap6oHaT O(COOC2H 5) 2 FW = 162,14 («Sigma», cat. no. 

D5758) 

Pacm6op C: 

Jitt6o TE-, Jitt6o 3<1>-6ycpep 

IlpomoKofl: 
1. HapacTttTe HoqHyIO KYJihTYPY ;:i:pO)I()I(eii B 5 MJI 6oraToii cpe;:i:hr YP AD 

rrptt 30 °C. 

2. IIepeHecttTe KYJihTYPY B QeH-rpttcpy)I(HYIO rrpo6ttpKy H oca;:i:ttTe KJieTKH 

QeH-rpttcpyrttpoBaHHeM B TeqeHHe 5 MHH. tt 1 pa3 OTMOHTe B 3 MJI CTe

pHJibHOM B0J:l:hl. 

3. OT6pocbTe cyrrepHaTaHT H pecycrreH;:i:ttpyiITe oca;:i:oK B 0,4 MJI pacrno

pa A, rrepeHeCHTe B MHKpOQeHTpttcpy)I(HYIO npo6ttpKy (3nneH;:i:opcp) tt 

HHKy6ttpyiITe B MHKp0TepM0CTaTe rrptt 30 °CB TeqeHtte 30 MHH. 

4. .l(o6aBbTe cHaqana 80 MKJI pacrnopa B, a 3aTeM 2 MKJI pacrnopa DEPC. 

nbICTpo rrepeMernaiiTe, rrepeBopaq1rnaH HeCK0JibK0 pa3. 

5. HHKy6HpyiiTe cycrreH3HIO nptt 65 °C B TeqeHHe 30 MHH. C OTKpbITOM 

KphIIIIKOM (BbmapHBaeM DEPC ;:i:o Hcqe3HoBeHmI 3anaxa). 

6. .l(o6aBbTe 100 MKJI pacrnopa 5 MK-Ac H rrepeHeCHTe B Jie;:i: Ha 60 MHH. 

7. OTQeH-rpHcpyrnpyiiTe nptt 12 000 06/MHH. B TeqeHHe 5 MHH. 

8. IIepeHeCHTe cyrrepHaTaHT B HOBbiii 3nneH;:i:opcp H ;:i:o6aBhTe 2 V 3Ta

H0Jia, 0CTaBbTe Ha 10 MHH. npH KOMHaTHOM TeMneparype. 

9. OTQeH-rpttcpyrnpyiiTe 5 MHH. npH 5 000 06/MHH. OT6pOChTe cyrrepHa

TaHT H BbICYIIIHTe oca;:i:oK no;:i: npo;:i:yBKOM JiaMHHapa B TeqeHHe 

1 O MHH. PecycneH;:i:HpyiiTe oca;:i:oK B 50 MKJI pacrnopa C, BCT})HXHBM 

Ha Votrex. 

10. XpaHHTe pacrnop ,n:HK npH 4 °C ;:i:o HCIT0Jib30BaHHH. 
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3.3. BLI.n,e.rreuue reuoMuoii )];HK u1 .n,pommeii S. cerevisiae 

Dumepamypa: 

I. Hohmann S. A region in the genome which favours multiple integration of DNA 
via homologous recombination/I Current Genet. 1987. V. 12. P. 519-526. 

2. Green E.D., Olson M V. Systematic screening of yeast artificial-chromosome li
braries by use of the polymerase chain reaction// Proc. Natl. A cad. Sci. USA. 
1990. V. 87. P. 1213-1217. 

3. Huibregtse J.M, Evans C.F, Engelke D.R. Comparison of tRNA gene transcrip

tion com/exes formed in vitro and in nuclei// Mo/. Cell. Biol. 1987. V. 7. P. 
3212-3220. 

IlumameJlbHQR cpeoa YPAD: 

2 % rrenmHa 

1 % .D,p0)l()l(eBoro 3KCTpaKTa 

2 % rJUOK03bl 

30 Mr/n a.n,emrna 

,n:oBecm pH cpe.n,b1 .n,o 6,0 pacrnopoM NaOH. 
PacmeopA: 

1 M cop6IITona 

60 MM 3,n:TA-Na2, pH 7,5 

100 MM IIIITpaT-Na3, pH 7,0 

4 MKJI/MJI ~-MepKarrm:naHona 

0,1 Mr/Mn Zymolyase lO0T (irnn 0,25 MrlMJI Zymolyase 20T) 

PacmeopB: 

500 MM Tpnc-HCI, pH 7,4 

200 MM 3,n:TA-Na2, pH 8,0 
2%SDS 

Pacmeop 5 M NaCl: 

pacrnopnTe 29,2 r NaCl B 80 MJI H2O. ,n:oBe.n,IITe 061>eM .n,o 100 MJI n 
rrpocTepnnn3yiiTe aBT0KJiaBnpoBaHneM. 
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[lpomoKoll: 

1. HapacTnTe 5 MJI eynbrypbI B YPD .n,o cra11noHapHoii. 4Ja3bI. 
2. Oca.n,nTe KJieTKH (2 000 06/MHH., 10 MHH.) H 0)1,HH pa3 OTMOii.Te B0)],00.. 

3. PecycrreH.n,npyii.Te oca.n,oK B 400 MKJI pacrnopa A. 
4. l1Hey6npyii.Te nptt 37 °CB TeqeHne 1-2 q .D,JIH pa3pyweHHH KJieToqHoii. 

CTeHKH. 
5. CqieporrnacTbI oca.n,nTe 11eHTpnqiyrnpoBaHtteM. 
6. Iln1npyii.Te KJieTKH, pecycrreH3npyH B 400 MKJI pacrnopa B n HHKy6npyH 

B TeqeHne 10 MHH. 
7. ,l(o6aBbTe 100 MKJI 5 M NaCl n oca.n,nTe xpoM0C0MHYIO ,n:HK, BbI.n,ep)l(tt

BaH B TeqeHHe 2 q npn 4 °C. 
8. OT11eHTpnqiyrnpyii.Te n pacrnopIITe oca.n,oK B 400 MKJI TE-6yqiepa. 

9. 3Kcrparnpyii.Te paBHbIM 061,eMOM qieHOJI-XJIOpoqiopM-HlOaMHJIOBblll 

CITHPT (50 : 50 : 1 v/v). 
10.Oca.n,nTe .n,Ba pa3a :JTaH0JI0M. 
1 l,Qqn111eHHyIO ,n:HK rrpoMOii.Te 70 %-M 3TaH0JI0M lI pacrnopnTe B TE-

6yqiepe. 
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4. PECTPIIKTHbIH AHAJIII3 ,Ll;HK 
4.1. <l>epMeHTbl pecTpHKIJ,HH 

<l>epMeHTI,I peCTJ)HKQHH (mm pecmpuKmCl3bl)- 3TO 3H,L(OHyKJiea.3bI, KO

TOpbie pacIQenmrIOT qiocqio,n;mqmpHoie CB.lI3H ,n;Byx:QenoqeqHoii ,lJ;HK no cne

QIIq>HqecKHM caiirnM (caumbl pecmpUKlfUU). Mx BbI,L(eJI.lIIOT npeHMyIQeCTBeHHO 

H3 npoKapIIOTHqecKHX KJieTOK II o6o3HaqaJOT no cneQIIaJibHOH HOMeHKJiarype. 

l13BeCTHO ,L(O 600 peCTJ)IIKTa.3. PeCTJ)HKTa.3bI MO)KHO pa.3,n;eJIIITI, Ha TJ)II rpynnbI. 

<l>epMeHTbI muna I II muna III o6na,n;aIOT MO.L(Hq>HQHpyIOIQeii (MemnIIpyIOIQeii) 

aKTHBHOCTI,IO II AT<l>-3aBHCHMOH peCTJ)IIKTHpyIOIQeii aKTHBHOCTI,JO (BHeCeHHe 

pa.3pbIBOB ), npO.lIBJI.lieMbIMH O,L(HHM II TeM )Ke 6eJIKOM. <l>epMeHTI,I o6oIIX TIInOB 

Y3HaIOT HeMeTHJIIIpOBaHHbie nocJie,L(OBaTeJibHOCTH B ,n;HK-cy6cTl)aTe, HO qiep

MeHTbI THna I BHOC.lIT cnyqattHI,Ie pa.3pbIBbI, B TO BpeM.lI KaK qiepMeHTbI THna III 

pa.3pe3aIOT ,lJ;HK B cneQHq>IIqecKHX yqacTKax. 

CHcTeMbI peCTJ)IIKQIIH - MO,n;Hq>IIKaQHH muna II BKJIJOqaJOT ,n;Ba OT,n;en1,

HbIX qiepMeHrn: peCTJ)IIKTHpyIOIQyIO 3H,L(OHyKJiea.3y II MO,L(Hq>HQIIpyIOIQyIO Me

THJI8.3y. ObIJIO BbI,L(eJieHO 6oJibIUOe qIICJIO qiepMeHTOB peCTJ)HKQHII TIIna II, MHO

me H3 KOTOpbIX HCnOJib3yIOTC.lI B MOJieKyJI.lipHOM KJIOHHpOBaHHH. 3TH qiepMeH

TbI pa.3pe3aIOT ,lJ;HK BHY'fPH HJIH oKono CBOIIX caiiToB y3HaBaHil.lI, KOTOpoie I 
061,JqHO IIMeIOT 4-6 ttyKJieOTH,L(OB II o6na,n;aIOT OCI,IO CIIMMeTJ)HH 2-ro nop.lI,n;

Ka. HanpHMep, qiepMeHT EcoRI Y3HaeT nocne,n;oBaTeJibHOCTb reKcaHyKJieOTH

,n;oB: 

5' 3' 
G-A-A-T-T-C 

C-T-T-A-A-G 

3' 5' 

Tio,n;o6Ho MHOmM ,n;pymM qiepMeHTaM peCTJ)HKQHH, EcoRI BHOCIIT pa.3-

pbIB He TOqHO no OCH CHMMeTJ)HH 2-ro nop.lI.L(Ka, a B ToqKax .L(Byx Qeneii ,n;HK, 

OTCTO.lIIQHX ,n;pyr OT ,n;pyra Ha 4 HyKJieOTII,L(a: 

5' 3' 

5' ,I, 3' 

G-A-A-T-T-C 

C-T-T-A-A-G 

3' t 5' 

... 
5' 3' 

G- A.-A-T-T-C 

C-T-T-A-A- G 

3' 5' 3' 5' 

46 

B pe3yJibTaTe TaK0ro pa.3pbIBa o6pa.3yIOTC.lI qiparMeHTI,I ,lJ;HK C BbICTY

naIOIQHMII JIHnKHMH 5'-KOHQaMII. Ka)K.L(blll TaKOH KOHeQ MO)KeT B3aHMO,n;eiicT

B0BaTb C JII06bIM ,n;pyrHM K0HQOM, KOMnJieMeHTapHbIM eMy. TaKHM o6pa.30M, 

JII06bie MOJieKyJII,I ,n;HK, co,n;ep)KaJQHe cattTbl peCTJ)HKQHII, MO)KHO coe,L(HH.lITI, c 

,n;pymMH MOJieKyJiaMH II B pe3yJII,TaTe nonyqaTb pe1<.oM6UHaT--tmHble MOlleKJ'llbl 

!(HK. 

MHome qiepMeHtbI peCTJ)IIKQHH, no,n;o6Ho EcoRI, KaTaJIH3HPYIOT pa.3p1,1-

BbI, B pe3yJII,TaTe KOTOpbIX o6pa.3yIOTC.lI qiparMeHTI,I ,lJ;HK C BblcrynaIOIQIIMH 

5'-KOHQaMH; no,n; ,n;eiiCTBIIeM ,n;pymx (HanpHMep Pstl)- c BbICTynaIOIQIIMH 

3 1-JIHnKIIMH KOHQaMH, B TO BpeM.lI KaK TPeTbH (HanpHMep Hae/II) pa.3pe3aIOT 

,lJ;HK no OCH CHMMeTJ)HH C o6pa.30BaHHeM qiparMeHTOB C TynoIMH KOHQaMII. 

<l>epMeHT Hae/II Y3HaeT nocne,n;oBaTeJibHOCTb II3 4 HyKJieOTH.L(OB 

5'-GGCC-3'/ 3'-CCGG-5' II pacIQenn.lieT Me)K,n;y G II C, o6pa.3y.lI Tyn1,ie KOHQoI: 

5'-GG 

3'-CC 

CC-3' 

GG-5' 

061,1qHo aKTHBHOCTI, qiepMeHTOB Bbipa)KaeTC.lI B OTHOCHTeJibHbIX e,n;HHH

Qax, r,n;e 3a 1 eo. <jJepMeHma npHH.lITO KOJIIIqecrno qiepMeHrn, Heo6xo,n;IIMOe .L(JI.lI 

nOJIHOro pacIQenneHH.lI 1 MKr ,lJ;HK qiara "AB TeqeHIIe 1 q npH 37 °C B ofo,eMe 

20 MKJI. TiocKOJibKY pa.3Mep ,lJ;HK qiara A H3BecTeH, MO)KHO, 3Ha.ll KOJIHqecrno 

caiiTOB peCTJ)HKQHH ,L(JI.lI TOH HJIH HHOH peCTJ)HKTa.3bI, Bblpa.3HTI, aKTHBHOCTI, 

qiepMeHTa B MOJI.lIX caiiTOB 3a qac II, HCXO,L(.lI H3 3TOH BeJIHqIIHbI, paccqIITaTb KO

JIHqecTBO qiepMeHTa, Heo6xo,L(HMOe ,L(JI.lI m,n;pOJIH3a KaKOH-JIII6o HHOH ,n;HK, OT

JIHqHoii OT ,lJ;HK qiara. 

IlpnMep: BamHJ 
,l(HK t. 48,5 T.II.H. 5 caii:TOB 

ll,HKpBR322 4,3 T.rr.H. 1 caii:T 

KonII'ICCTBO cpepMCHTa, Heo6xonIIMOe ):(ID! rnnponn3a 1 MKr IIlla3Mll):(hI pBR322 B 

TC'ICHIIC 1'.Jaca rrpn 37 °C = 48,5 x 1 / 4,3 x 5 = 2,3 en. 

KaK npaBHJIO, pacIQenJieHHe peCTJ)IIKTa.3aMH, npOBO,L(HMOe B TeqeHIIe 

6onee ,L(JIHTeJibHbIX nepHO,L(OB BpeMeHH HJIII npH II36bITKe qiepMeHTa, He 

npHBO,L(HT K OCJIO)KHeHH.lIM, eCJIH B npenapaTe qiepMeHrn OTCYTCTByIOT npHMeCH 

,lJ;HI(a.31,1 HJIH 3K30ttyKJiea.3bI. B IIMeIOIQHXC.lI B npo,n;a)Ke npenaparnx 

peCTJ)HKTa.3 TaKHe npIIMeCH o6Hapy)KHBaIOTC.lI pe,n;Ko. 
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<l>epMeHTbI TPe6yroT onpe,nerrettttoro 3Haqemrn: pH ( oT 6,5 ,no 8,6) u Ha-
2+ ,h rruqllil HOHOB Mg . .lvrn Ka:>K,ZJ;oro 'l:'epMeHTa peCTPHKQHH cy~eCTB)'IOT OilTH-

MaJibHI,Ie ycrroBml peaKQHH, KOTOpbie npHBO,LVITCll B OilHCaHim, npHrraraeMOM 

lpHpMOH-H3roTOBHTeJieM. OCHOBHbie nepeMeHHbie rrapaMeTPbI - 3TO TeMrrepa

zypa HHKy6au;HH H COCTaB 6y1pepa. K TeMrrepazypHOMy pe)KHMy npe,nT,HBJIHIOT

Cll ,nOCTaTOqHo )KeCTKHe TPe6oBaHHH, Tor,na KaK pa3JIHqHl( Me)K_ny 6y1pepaMH 

qa~e Bcero JIHIIII, He3HaqHTeJII,Hbl. 

qT06bI He rOTOBHTI, OT,neJII,HI,IH 6y1pep ,nrr11 Ka)K_noro 1pepMeHTa, y,no6Ho 

pa3,neJIHTI, 1pepMeHTI,I Ha TPH rpynn1,1: 1pepMeHTbI, rryqIIIe BCero lpYHKU:HOHH

PYIO~He npH BI,ICOKOH HOHHOH curre; 1pepMeHTbl, ,nrrH KOTOpbIX )KeJiaTeJII,HI,I 

cpe,nHHe 3HaqeHHll HOHHOH CHJihl; 1pepMeHTbI, 'PYHKU:HOHHp)'IO~He npe,nrroqTH

TeJibHO B 6y1pepax C HH3KOH HOHHOH CHJIOH. B COOTBeTCTBHH C TaKHM ,nerreHHeM 

Heo6xo,nHMO roTOBHTh TOJlbKO TPH HCXO,nHbIX 6y1pepa. 

Iiy()Jep1,1, IICII0JII,JyeMbie IIPII 
lfoHH!UI cmia 6yqiepa 

HIIJK!UI (Eyqiep B - Blue) 

CpeAHIDI (Eyqiep G - Green) 
BbICOK!UI (Eyqiep O - Orange) 
Eyqiep R (Red) 
Eyqiep Y (Yellow) 

Ta6nmi:a6 

acmern1eH1111 ,)!HK pecm11KTII 
NaCl, MM I Tp11c-HCI 

H7,5,~M. 
0 10 
50 10 
100 50 
100 10(pH8,5) 
100 (KC!) 33 (Tp11c-

aIJ:eTaT, pH 7,9) 

ll(IIMII 3HA0HYKJieaJaMII 
MgClz, J ,[{11T110TPeii-
MM TO)!,MM 
10 11 
10 
10 
10 
10 (Mg
rui:eTaT) 

O61,1qHo Bee 6y1pepHbie pacrnopbl, rrpHBe,neHHbie B Ta6JI. 6, roTOBHT B 

BH,ne HCXO,nHblX pacrnopoB 10-KpaTHOH KOHU:eHTPaU:HH, KOTOpbie MO)KHO xpa

HHTI, rrpH 4 °C B TeqeHHe 1-2 He,nerri, HJIH rrpH -20 °C Heonpe,nerreHHo ,norrroe 

BpeMH. 

PeaKQHOHHaH CMeCh o6Ll'IHO COAepiKHT 0,2-1 MKr ,U:HK s 

061>eMe 20 MK.II unu Menee 

,lvrn MHOrHX peCTPHKTa3 (rn6rr. 7) s peaKU:HOHH)'IO CMeCI, ,nJIH IlOBI,IIIIe

HHll 31plpeKTHBHOCTH pa60Tbl 1pepMeHTa Heo6xo,nHMO ,no6aBJIHTI, 0, 1 Mr/Mrr aJII,-

6YMHHa (BSA - Bovin Serum Albumin), ,nHTHOTPeiiTorr (DDT), cse)KenpHro

TOBJICHHbIH pacrnop KOToporo ,no6aBJIHeTCH Herrocpe,ncTBeHHO B peaKU:HOHH)'IO 

cMeci,, HJIH 0,02 %-ii TpHTOH X-100 (Triton X-100). 
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Ta6Jmua 7 

f11ApoJI11J .[{HK pecTJ)IIKTaJaMlf' 

. TeMrrepaTypa 
PeCTJ)IIKTaJa CaiiT pecTJ)IIKIJ:1111 T1111 6yqiepa 

Orrrn- J1HaKTIIBII-

MaJibHrul pyJOIUru! 

(65 °C) 

Alu/ AG!CT Y+BSA 37 + 

Avall (Eco88I) G!G(A/T)CC R 37 + 

BamHI G!GATCC BamHl+BSA 37 -
Bell T!GATCC G+BSA 50 -
Egli GCCNNNN!NGGC R 37 + 

Bglll A!GATCT 0 37 -
BsuRI GG!CC R+BSA 37 -
Clal (Bsul 51) AT!CGAT Y+BSA 37 + 

Dral TIT!AAA B+BSA 37 + 

EcoRI G!AATTC O+DTT 37 + 

EcoRJI (Mval) !CC(A/T)GG R+BSA 37 -
EcoRV (Eco321) GAT!ATC R 37 + 

Hae/I (Bspl431I) PuGCGC!Py Y+BSA+TX-100 37 + 

Hinc/1 GTPy!PuAC Y+BSA 37 · + 

Hindi/I A!AGCTT R+BSA 36-55 + 

Hinjl G!ANTC R+BSA 37 + 

Kpnl GGTAC!C B+BSA+TX-100 37 -
Mspl C!CGG Y+BSA 37 + 

Pstl CTGCA!G R+BSA 21-37 -
Pvul CGAT!CG R+DDT+TX-100 37 + 

Pvull CAG!CTG G+BSA 37 -
Rsal (Csp61) GT!AC B 37 + 

Sac/ (Ecl1361I) GAGCT!C Y+BSA 37 + 

Sall G!TCGAC 0 37 + 

Sau3A !GATC Y+BSA 37 + 
Smal ' CCC!GGG Y+BSA 37 + 

Sphl(Pael) GCATG!C B+BSA+TXaJO0 37 + 

Taql T!CGA R+BSA 65 -

Pu= A 11n11 G, Py= C IIJIII T; N = G, A, T IIJIII C. 

HeK0Top1,1e peCTPHKTa3bI, HanpuMep BamHI, Hy:>K,ZJ;aIOTCH · B crreu;Harrb

HbIX 6y1pepax • .lvrn OCTaHOBKH peaKQHH qaCTO HCil0Jlb3)'IOT imrpeBaHHe, a 3a-
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TeM 6ble1J)O 0XJIIDK)],aIOT BO m,,ey. l1HKy6aQmI IIpH 65 °C B TeqeHHe 20 MHI{ 

HHaKTHBHpyeT 6om,rnyro qaen, peelJ)HKTa.3. 

PeelJ)HKTa.JI,I 6bie1J)O HHaKTHBHpYJOTeH npn KOMHaTHOH TeMneparype. 

XpaHHTeH tpepMeHTI,I B MOp03HnbHOH KaMepe. Pee1J)HKTa.3I,J eTa6HnbHI,J npa 

xpaHeHHH npH -20 °C B 6ytpepe, eo~epiKal[(eM 50 % rJIHQepnHa. 

4.2. PaclQenJieuue MOJieKyJI .ll,HK pecTpHKTalaMu 

PeaKIJHIO peClJ)HKQHH 061,JqHO IIp0B0MT B nnaCTHK0BI,JX 11po6npKax 061,e

M0M 0,5 HJIH 1,5 MJI. EonbIIIOe K0nffqeerno peaKQHH y~o6Ho llp0B0~HTI, B THT

poBaJII,HI,JX 11narnx, 0~HaKo B 3T0M enyqae H~0 110 B03M0)KH0eTH eBeeTH K MH

HHMYMY He11apeHHe B0~I,J H3 peaKQH0HHI,JX eMeeeii. 

IlpoBe~HTe peaKQHH peelJ)HKQHH nn,[(HK. O6Ir(HH 061,eM eMeeH .20 MKJI. 

l1HKJ6aQHH - I q npH 37 °C. B Kaqeerne npHMepa 11p1rne~eHa npo11He1, ~AA 

peelJ)HKQHH A ,[(HK peelJ)HKTa.JaMH EcoRJ, BamHI, Sall H Pst/ (rn6n. 8). 

KoMIIOHeHThl 

1 0(x) 6yqiep 

A. ,llHK 0,5 MKrlMKJI 

.!(TT 100MM 

EJmHCTIIJIJI. B0,!l;a 

<l>epMeHT 

Ilpomo1<0J1: 

Ta6Jmua 8 
PecTpHKUHOHHaJI CMeCh 

PecTpHKTll3hI 

EcoRI BamHI Sall 

2 2 2 

1,5 1,5 1,5 

- - 1 

14,5 14,5 13,5 

2 2 2 

Pstl 

2 

1,5 

-
14,5 

2 

I. B eTepHnbHYJO MHKponpo6npKJ THlla 31111eH~Optp e ,[(HK ~o6aBI,~ 

Te eTepnnr,Hoii Bo~1,1 nnn TE-6ytpepa. 

2. ,[(o6aBbTe 2 MKJI eooTBeTeTByioIQero 6ytpepa peelJ)HKQHH I 0-
KpaTHOH K0HQeHlJ)aQHH H 11epeMeIIIaiiTe, enema 11oeryKHBM 110 11po6np

Ke DaJII,QeM. 

3. ,[(o6aBhTe Heo6xo~nMoe Konnqeerno peelJ)nKTa.31,1 n 6b1e1J)o ne-

peMeIIIaiiTe, enema 11oeryKHBM 110 11po6npKe llaJibQeM. 

4. IloMeeTHTe 11po6HpKJ B TepM0eTaT n HHKJ6npyiiTe eMeer, 11pn 

IIO~XOMIQeii TeM11eparype B TeqeHHe Heo6xo~HMOrO BpeMeHn. 

5. OeTaHOBHTe peaKQHIO ~o6aBneHneM 0,4 MKJI 0,5 M 3,[(TA (pH 

7,5) ~o KOHeqHoii K0HQeHlJ)aQHH IO MM. 
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6. Eenn )],HK aHaJIH3Hpy10T epa.Jy B rene, ~o6aBbTe 6 MKJI KpaenTenH 

B 6ytpepe MH HaHeeeHHH I, nepeMeIIIaiiTe eMeer, BelJ)HXHBaHHeM n HaHe

enTe pael[(enneHHYJO )],HK Ha 0,8 %-ii renr,. 

7. Eenn o6pa6oTaHHM pee1J)HKTa30H )],HK HY)K~aeTeH B oqneTKe, 

3Ke1J)arnpyiiTe ee 0~HH pa3 eMeer,10 tpeHOlliXJIOpotpopM, 0~HH pa3 XJIO

potpopMOM H oe~nTe 3TaH0n0M. 

KoMMenmapuu: 
II. 1. lkIIOJlh3yiiTe MHHIIMaJihHble 061,eMhl peaKUIIOHHOH CMecII; yMeHhIIlaJI B Heil: KOJIII-

qeCTB0 B0,!l;hl, HaCK0JlhK0 3T0 B03M0)KH0. IlpoaepbTe, 0,!l;HaK0, qT06hI 061,eM BHeceHHOH pe

CTpIIKTll3hl C0CTaBJUIJI MeHee 1/10 K0HeqHoro 061,eMa peaKUHOHHOH CMeCII, HHaqe aKTHB

H0CTh qiepMeHTa M0)KeT IIHrH6IIpOBaThCSI rnm:(epHH0M. 

II. 3. IlpH IIpoae;i;eHHII pacIUeIIJieHHSI ,UHK pecTpIIKTll3aMII IIpHr0T0BhTe peaKUHOHHYJO 

CMeCh, co;i;ep)Kamyio ace K0MII0HeHThl, KpoMe qiepMeHTa. ,UocTaHhTe II3 MOp03HJlhHHKa 

qiepMeHT II Cpll3y )Ke II0MeCTHTe ero a ne;i;. OT6HpaTh qiepMeHT Heo6XO,!l;HMO HOBhIM HJIH, a 

Kpail:HeM cnyqae, aBT0KJiaBIIp0BaHHhlM H0CHK0M. Pa6ornil:Te KaK MO)KH() 6hICTpee, qrn6hI 

qiepMeHT Hax0,!l;HJICSI BHe M0p03IIJlhHIIKa MHHHMaJihH0e apeMSI. Cpll3y )Ke IIOCJie HCIIOJih30Ba

HHSI II0MeCTIITe qiepMeHT o6paTHO B M0p03IIJihHIIK. 

II. 3. qT06hI oT06paTh He60JihIII0e K0JIHqeCTB0 qiepMeHTa II3 yrraK0BKII C KOHIJ;eHTpIIpO

BaHHhIM pacTBopoM pecTpIIKTll3hI, 6hICTpO K0CHIITeCh K0HqHK0M CTeKJISIHHOH MHKpOIIHIIeTKH 

pll30B0r0 II0Jih30BaHHSI (Ha 5 MKJI) II0BepXH0CTH pacTBopa qiepMeHTa. TaKIIM CIIOC060M 

M0)KH0 orn6paTh acero 0,1 MKJI pacTBopa qiepMeHTa. 

II. 3. Kor;i;a ,UHK Heo6xo;i;IIMO o6pa6oTaTh ,D;BYMH HJIH 6onee peCTpIIKTll3aMII, peaKUHIO 

M0)KH0 IIp0B0,!l;HTh 0,!l;H0BpeMeHH0 IIpH ycJI0BIIII, qTQ o6a qiepMeHTa qlYHKUHOHHpyioT a o;i;

H0M II TOM )Ke 6yqiepe. B IIp0mBH0M cnyqae IIepBhlM cne;i;yeT HCII0Jih30BaTh qiepMeHT, 

qiyttKUIIOHIIpYJOIUIIH B 6yqiepe c 6onee HII3Koil: HOHHOH cIInoil:. Ilocne 3Toro B peaKUHOHHYJO 

CMeCh M0)KH0 ;i;o6aBIITh Heo6XO,!l;HM0e K0JIHqeCTB0 C0JIII II BTOpoil: qiepMeHT (qiepMeHThl) II 

IIp0,!l;0JI)KIITh IIHKy6auHIO. 
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3neKTpo<popeTHqecKHe MeTO,llJ,I HBnHIOTCH 3<p<peKTHBHbIM HHcrpyMeHTOM 

HCcne,n:oBaHHH 6HononHMepoB pa3nHqHoii: npHpO,n:bI. IlpHHQHn 3neKTpo<pope3a 

OCHOBaH Ha 3aBHCHMOCTH no,n:BH)l(HOCTH 3apH)l(eHHbIX qacTHQ, MHrpHpJIOID;HX 

no.n: ,n:eii:cTBHeM BHeurnero 3neKTpHqecKoro nomr, OT Maccr,1 H 3ap.si:.n:a 3THX qac

THQ. IIo,n:BH)l(HOCTb KpynHbIX Moneeyn MO)l(eT cym;ecTBeHHO 3aBHCeTb TaK)I(e OT 

HX KOH<pOpMaQHH, qTo oco6eHHO npOHBJIHeTCH npH npoBe,n:eHHH npoQecca B 

cneQHaJibHblX no.n:,n:ep)l(HBaIOIQHX cpe.n:ax - ren.si:x, rH,n:potpHnbHaH CeTKa KOTO

pbIX y,n:ep)l(HBaeT 6y<pepHhlH pacrnop OT BbITeKaHHH H npen.HTCTByeT ero KOH

BeKQHH. B KaqecTBe TaKHX cpe.n: Ha1I6onee qacTo Hcnonb3JIOT nonliaKpHnaMH,n:

Hhlii: (IIAAI') H arap03HhlH renr, (Ar). 

B Haqane 1970-x rr. 6hIJIO nOKa3aHO, qTo C noMOID;bIO 2eJlb

:-CJJleKmporpope3a (paJ,n:eneHHe 3apH)l(eHHblX Moneeyn B rene, IlOMeIQeHHOM B 

3neKTpHqecKOe none) MO)l(HO onpe,n:enHTh ,n:JIHHy H qHCTOTy Moneeyn ,[(HK. 

3TOT MeTO,n: npocT, TaK KaK Ka)I(,n:blll HyKJieOTH,n: B MOneeyne HyKJielIHOBOH KII

cnOTbl o6na,n:aeT O'TpHQaTennHbIM 3ap.si:,n:OM, KOTOpbIH 3aCTaBnHeT MOneKynhl 
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,[(BHraTbCH K nonO)l(HTenbHOMY 3neKTpo,n:y. DbIJIII pa3pa6oTaHbl cneQIIaJibHbie 

rron1IaKp1InaMII,n:Hbie renlI, C nOMOID;bIO KOTOpbIX y,n:aeTCH pa3,n:enlITb <pparMeH-

1 Tbl ,[(HK ,n:n1IHOH .n:o 500 HyKJieOTII.D:OB, OTJI1Iqa10m;1IeCH ,n:a)l(e Ha O.D:IIH HyKJieo

\ rim. IIocKOnbKY nopbl B non1IaKp1InaM1I,n:HOM rene ,n:nH 6onnIIIIIX MOneeyn ,[(HK 

cnlIIIIKOM MaJibI, ,n:JIH IIX pa3,n:eneHIIH no pa3Mepy 6nIJIII pa3pa6oTaHbI cneQIIaJib-

Hhle, renlI Ha 0CHOBe a2apo3bl (non1Icaxap1I,n:, BbI,n:enHeMbIH II3 MOpCKIIX BO,n:o

pocneii:). O6a 3TH MeTO,n:a pa3,n:eneHIIH ,[(HK IIIIIpOKO IICITOnn3yIOTCH ,n:M aHaJIII-

TIIqecKHX H npenapaTHBHbIX Qeneii:. 

B 1980-x rr. 6r,ma npe.n:no)l(eHa Mo,n:1I<p1IKaQ1IH renr,-3neKrpo<pope3a B 

arapo3HOM rene, HaJBaHHaH 3neKrpo<pope3oM B nynr,c1IpJIOID;eM 3neKrpnqe

cKOM none Hn1I nyllbC-3JleKmporpope3. C ee IlOMOID;bIO y,n:aeTCH pa3,n:enHTb oqeHb 

6onnIIIIIe Moneeynhl ,[(HK. O6blqHbIH renr,-3neKrpo<pope3 He Il03BOn.HeT pa3,n:e

nlITb TaKIIe Moneeynr,r BBII,n:y Il0CT0HHCTBa 3neKrp1IqecKOro non.si:, KOTOpoe 

rrp1I,n:aeT MoneKynaM 3MeeBII.D:HYIO KOH<p1IrypaQ1IIO. O6na,n:aIOID;IIe TaKOii: KOH

,: q>1IrypaQ1Ieii: Moneeynr,r ,n:BII)l(JTCH B remix c nocTOHHHoii: CKopoCTbIO BHe JaBII-

1 CHMOCTH OT ,n:nHHbI Moneeyn. Ecn1I )Ke HanpaBneHHe 3neKrpuqecKoro nonH 6y-

l
i ,n:eT . qacTO · MeHHTbCH, CKOpOCTb ,n:BII)l(eHHH MoneKyn. 6y,n:eT onpe,n:enHTbCH IIX 

cnoco6HOCTbIO_ nepeopHeHTIIp0BaTbCH' cornaCHO 3T0My II3MeHeHIIIO. TaKoii: 

! rrpoQeCC y 6onbIIIHX Moneeyn 3aHHMaeT 3HaquTenbHO 6onbIIIe BpeMeHH, Bcne.n:-1 ' ' ' 

\_ CTBHe qero OHII 6y~ oTcTaBaTb. Ha. ren.si:x nocne nynr,c-3neKrpo<pope3.a Qenr,re 

\ xpoMoCOMbI ,n:po)l()l(elI BhrnBnHIOTCH B BII,n:e oT.n;enhHbIX nonoc, II no3TOMY MO)I(

' HO nerK0 orrpe,n:enlITb xpoMOCOMHbie nepecrpoii:KH. Eonee Toro, IICITOnh3YH 

rn6pu,n:II3aQIIIO MoneKyn KJIOHIIpOBaHHOH ,[(HK ,n:aHHOro ren.si: ,n:nH nOHCKa KOM

rrneMeHTapHbIX nocne,n:oBaTenr,HocTeii: B rene, y,n:anocr, KapT1IpoBaTb MHO)l(eCT

Bo reHOB y ,n:pO)l()l(eii:. 

5.1. 3Jie1npo1Jfope1 ,ll;HK B arapo3H0M reJie 

3neKrpo<pope3 B arap03HOM rene - CTaH,n:apTHbIH MeTo,n:, 1Icnonr,3yeMblll 

,11,JIH pa3,n:eneHHH, H,n:eHTII!pHKaQHH II oqHCTKII <pparMeHTOB ,[(HK. C IlOMOID;bIO 

:noii: npOCTOH TeXHHKH MO)l(HO 6r,rcrpo pa3,n:enHTb TaKHe CMeCH <pparMeHTOB 

mu<:, KOTOpbie He MOrJT 6bITb pa3,n:eneHbI .n:pyrlIMH cnoco6aMH, HanpHMep 

~eHrpHq>yrHpOBaHIIeM B rpa,n:HeHTe nnoTHOCTII. KpoMe Toro, nplI pa3,n:eneHHH B 

rene npHMO cne,n:HT 3a nono)l(eHHeM ,[(HK, TaK KaK nonocr,I ,[(HK B rene MO)l(HO 

OKpaIIIHBaTb <pnyopeCQHpJIOIQIIM II HHTepKaJIHPJIOIQHM B ,[(HK KpaCHTeneM -
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6poMHCTbIM 3TH,n;HeM HH3Koii KoHu:empaU:HH. IlpocMaTPHBrui: npoKpameHHbIH 

reJII, B YJibTPa<lmoJieTOBOM CBeTe, MO)KHO 3aMeTHTI, 1 Hr ,[(HK. 

Bnaro.n;ap11 CBoeii BI,ICOKOH 'I)'BCTBHTeJII,HOCTH, TeXHH'leCKOH npocToTe n\ 

.n;ocrynHOCTH 3JieKrpoq>0peTHqecKHe MeTOJl;I,I nonyqHJIH oqeHI, IIIHpOKOe pac- \ 

IlpOCTpaHeHHe. O.n;HaKO, HeCMOTPR Ha IlOBCeMeCTHOe HCilOJib30BaHHe 3Jieicrpo

«pope3a H OipOMHOe K0JIHqeCTBO MeTO,n;HqeCKHX pa6oT, TeOpeTHqec1me npe.n;M" 

CTaBJieHHR O Jl;BH)KeHHH MaKpOMOJieKYJI B rene pa3pa60TaHbl He.n;ocTaToqHo. 

K.rraCCHqeCKHH 3JieKrpoqiope3, npoBOJJ;HMbIH IlpH IlOCTORHHOH HanpR)KeH

HOCTH 3JieKrpHqeCKOro IlOJIR, HMeeT PM BeCbMa cyru:ecTBeHHbIX OipaHHqeHHH. 

IloKa3aHO, qTQ npH KOHU:eHrpaU:HH Ar 6onee 0,4 % H HanpJ[)KeHHOCTH IlOJIR no

p11.n;Ka 1 B/c~ norapH«pM MoJieKYJIRPHOH Macc1,1 H npo~eHHOe MoIIeKJnoii pac

CTORHHe CBR3aHbI JIHHeiiHoii 3aBHCHMOCTbIO TOJibKO B TOM cnyqae, ecJIH Macca Mo

'neKJJibl He npeB1,1maer 107 .n;a. Ilpn YBeJIHqeHHH MOJieKYJIRPH~H Maccr,1 cB1,1me 

3TOro 3HaqeHHR OTKJIOHeHHe OT JIHHeHHOH 3aBHCHMOCTH 6bICTPO HapaCTaeT. CKo

pOCTI, MHrpaU:HH ,[(HK qepe3 arapo3HI,IH reJII, npH 3JieKrpO«pOpe3e onpe.n;eJIReTCR 

IlRTI,IO rnaBHbIMH napaMerpaMH, pacCMOTPeHHbIMH HH)Ke. 

Pa3Mep MOlleKJ'll ,[(HK MoneKJJibI JIHHeiiHoii ~yxu:enoqeqHoii ,[(HK nepe

Melll:aIOTCR B rene npe.n;noJio)KHTeJibH0 o.n;HHM KOHU:OM Bnepe.n; (Fisher, Dingman, 

1971; Aaij, Borst, 1972) co CK0pOCTRMH, o6parno nponopu:HoHaJII,HbIMH .n;ecRTHq

HOMY norapH«pMY HX MOJieKYJIRPHbIX Mace (Mw), o6o3HaqaeMOMY KaK 0TH0CHTeJib

Hrui: Macca (relative Mr) (Helling et al., 1974) (cM. rn6n. 9 H pHc. 3, 4). 

Ta6nm~a 9 

CpaBHeHHe MOJieKyllilpHOH Macchi H CKOPOCTH MHrp~HH 

MoneKyllilpHM Macca, .[(a log (MOJI. Macca) I/log (MOJI. Macca) = M, 

100 000 5,0 0,20 
50 000 4,7 0,21 
10000 4,0 0,25 
5 000 3,7 0,27 
I 000 3,0 0,33 
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PHc. 3. 3aBHCHMOCTh CKOpOCTH ,l(BH)I(eHmI 

<l>parMeHTOB ):(HK OT HX pa3MepoB npH 

3JieKTpo<j>ope3e B rene 

Mr oc 1/log(Mw) 

Mr 

2 ~ .._,. 100,000JJ;a 

--- 50,000 .n;a 

257 ._. 10,000 Jl;a 
--- 5,000 Jl;a 

3 

.._., 1,000 JJ;a 
35 

PHC. 4. 3aBHCHMOCTh IlOJIO)I(eHFi» <l>parMeHTa OT 

Macchi <l>parMeHTa ,[(HK . 

KoHlfeHmpazfU.R azapo3bl. <I>parMeHTbI ,[(HK .n;aHHoro pa3Mepa nepeMe

iu:a10Tc11 B rene, co.n;ep)Karu:eM pa3HI,Je KOHU:eHTPaU:HH arap03bI, C pa3HbIMH CKO

pocrnMH (pHc. 5). 
log(M,) cc I/[ renb J 

renb%: 2% 1.5% 1.0% 0.5% - - -20 

40 

60 

80 

JOO -
·M, 

PHC. 5. 3aBHCHMOCTh ITO,l(BH)I(HOCTH <l>parMeHTa OT KOHQeHTP~HH reJUI 
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Me:>K,zzy norapmpMOM 3JieICTpocpopeTH'leCKOH IIO,IJ;BH:>KHOCTH ,nHI( µ H 

KOHQeHTPauHeii remr 't cym:ecTByeT rrpHMruI 3aBHCHMOCTb, OIIHCaHHruI ypaBHe

HHeM 

logµ = logJ.lo - K;t, 
r,zi;e J.1o - CB060,IJ;HruI 3JieICTpocpopeTH'leCKruI IIO,IJ;BH:>KHOCTb, a KOHCTaHTa Kr Ha-

3bIBaeTCH K03q:>q:>HQHeHTOM 3aMe,n;neHHH H 3aBHCHT OT CBOHCTB reJIH, a TaK:>Ke OT 

BeJIH'lHHbI H cpopMbI ,IJ;BH:>KJID;HXCH MOJieeyn (Ta6JI. 10): 

Ta6mrua 10 
Cpai!HeHire KOHUeHTpau1m reJUI H IIO)U3HlKHOCTii ,nHK 

renh ('t), o/o 1/reJih (1/ t}, % IIHa. log(l/renh, %) (M,) 

2,0 0,50 3,2 

1,5 0,67 4,6 
1,0 1,00 10,0 
0,5 2,00 100,0 

TaKHM o6pa30M, rrpnMeHHH reJIH pa3HbIX KOHQeHTPaUHH, MO:>KHO pa3,zi;e

JIHTb 6oJibllIOH Ha6op cpparMeHTOB ,nHK, pa3JIH'laIOIIl;HXCH IIO pa3Mepy 

(Ta6JI. 11). 
Ta6nHua 11 

O6naCTh 3qiqieKTHBHOfO paJneneHH.!I MOJieKyJI )];HK 

B JaBHCHMOCTH OT KOHUeHTpauHH arap03hl 

KoJIHlJeCTBO arap03hl O6JiaCTh 3qJqJeKTHBHOf0 pa3l(eJieHHH 

arene, % JIHHeHHhIX MOJieKyJI )];HK, T.II.H. 

0,3 60-5 
0,6 20-1 
0,7 10-0,8 
0,9 7-0,5 
1,2 6-0,4 
1,5 4-0,2 
2,0 3-0,1 

KomjJopMalfWl /{HK. ,nHK, HMerom:ne o,n;HHaKoByro MoneKynHpHyro Mac

ey, HO pa3Hbie KOHq:>OpMaQHH, HaIIpHMep KOJibQeBrui: HerroBpe:>K,IJ;eHHruI (cpop- 1· 

Ma I), KOJibQeBruI C O,IJ;HouerrotJetJHblM pa3pb1BOM ( cpopMa II) H JIHHeiiHruI ( cpop- . 

Ma III), ,IJ;BH:>KJTCH B arapo3HOM rene c pa3HI>IMH CKopocrnMH {Thome, 1966; 

1967). 0rHOCHTeJibHruI IIO,IJ;BH:>KHOCTb TPeX YKa3aHHbIX cpopM 3aBHCHT rnaBHbIM 

o6pa30M OT KOHQeffTPaUHH arapO3bl B rene, a TaK:>Ke OT TaKHX q:>aKTOpOB, KaK 
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CHJia TOKa, HOHHruI CHJia 6ycpepa HJIH IIJIOTHOCTb CBepxcrrnpaJibHblX BHTKOB B 

cpopMe I (Johnson, Grossman, 1977). B o,n;HHX ycnoBnHx cpopMa I rrepeMemaeT

cH 61,1cTPee, a B ,zi;pyrnx Me,IJ;JieHHee, tJeM cpopMa III. 
qaU{e ecew 11u,1eiimm q,opMa (<jJopMa III) MU2pupyem MeoJ1e1mee ecex. 

CynepcnupOllU30Ba1t1taH /{HK (<jJopMa I) o6wmo Muzpupyem 11au60J1ee 6b1cm

po (puc. 6). 

K0il0Aett AilR BBeAeHlr!R npo6bl 
AHK B arapo3Hblll reilb 

KaTOA 0 
¢>opMa Ill (mAHe11Ha11):---1: _ 

¢>opMa II (H11K11posaH. >---===i:; : 
¢>opMa I (cynepcKpY4.) ,. 

AHOA EB 

Arap03HblH 
reilb 

HanpasI1eH1rte 
MV1rpa1.t1m 
AHK 

PHc. 6. Ilo)U3HJKHOCTh qiparMeHTa ,nHK a JaBHCHMOCTH OT KOHqJOpMaUHH 

qTOfibI O,IJ;HO3Ha'IHO orrpe,n;eJIHTb KOHq:>OpMaQHIO ,nHK, Heo6XO,IJ;HMO rrpo

BeCTH ee 3JieKTPOq:>ope3 B rrpHCYTCTBHH BO3pacTaIOIUHX KOHQeHTpauHii 6pOMH

CTOro 3TH,IJ;HH. C yBeJIH'leHHeM KOHQeHTPaUHH KpaCHTemr 'IHCJIO ero MOJieKyJI, 

CBH3aHHbIX C ,nHK, pacTeT. Ilpn 3TOM OTPHUaTeJibHbie CBepxcrrHpaJibHbie BHTKH 

B Moneeynax cpopMbl I IIOCTeIIeHHO HCtJe3aIOT, a CKOpOCTb ,IJ;BH:>KeHHH ,nHI( B 

rene yMeHbll!aeTCH. IlpH HeKOTOpoii KpHTHtJeCKOH KOHQeHTPaUHH CB060,n;HbIX 

Moneeyn I<paCHTeJIH, Kor,zi;a B ,nHK 6oJibllle He OCTaeTCH CBepxcrrnpaJibHblX BHT

KOB, CKOpOCTb ,IJ;BH:>KeHHH cpopMbl I ,IJ;OCTHraeT MHHHMaJibHOH BeJIH'lHHbl. Ilo

cne,zi;yromee ,zi;o6aBJieHHe HOBblX rropuHii 6pOMHCTOrO 3TH,IJ;HH rrpHBO,IJ;HT K o6pa-

3OBaHHIO IIOJIO:>KHTeJibHbIX CBepxcrrHpaJibHbIX BHTKOB, B pe3yJII>TaTe qero rro,zi;

BH:>KHOCTb cpopMbl I HatJHHaeT 6bICTPO BO3paCTaTb. Ilo,n;BH:>KHOCTH penaKcnpo

BaHHOH cpopMbl II H JIHHeiiHOH cpopMbl III B orrncaHHbIX ycJIOBHHX CHH:>KaIOTCH, 

xorn H rro-pa3HOMY, BCJie,IJ;CTBHe HeHTPaJIH3aQHH 3apH,ll;OB H yBeJIH'leHHH :>KeCT

KOCTH MOJieeyn ,nHK rro,zi; BJIHHHHeM 6pOMHCTOro 3TH,IJ;HH. ,[(Jrn 60JibllIHHCTBa 

nperrapaTOB ,nHK, HaxO,IJ;Hm;eiiCH B cpopMe I, KpHTH'leCKruI KOHQeHTPaUHH 6po

MHCTOro 3TH,IJ;HH Haxo,n;nTcH B o6nacTH O,l---;---0,5 MKr/Mn. 
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HanpR:JICeHHOCmb 3JleKmpU'leCK020 noJm. ITpH HH3KHX HarrpmKeHHOCTSIX I 

cKopocn, rrepeMeIQemrn q>parMeHTOB JIHHeHHOH ,Z:(HK rrporropQHOHaJibHa rrpH~ 

JIO:>KeHHOMy HarrpH:>KeHHIO. O.l(HaKO C yBeJiuqemieM HarrpH:>KeHHOCTH 3JieKrpH

qecKoro llOJIH llO.l(BH:>KHOCTb q>parMeHTOB ,[(HK C BbICOKOH MOJieeynHpHOH Mac

COM .l(Hq>q>epeHQHaJibHO B03pacTaeT. Cne,l(OBaTeJibHO, C yBeJiuqeHHeM HallpH~ 

:>KeHHOCTH o6naCTb 3q>q>eKTHBHOro pa3.l(eJieHHH ,nHK B arapo3HOM rene CHH)Ka

eTCH. MaKCHMaJibHOe pa3,lleJieHHe q>parMeHTOB rrpOHCXO.l(HT rrpH HarrpH:>KeH

HOCTH, He rrpeBbllllaIOIQeu 5 B/cM. O6bJqHo HCllOJib3YJOT HarrpH:>KeHHOCTb OT 0,5 I 

.l(O 5 B/cM (Ta6JI. 12). ITpH He6oJibllIOH HarrpH:>KeHHOCTH rronyqaeTCH 6onee Bbl- 1 

COKOe pa3peIIIeHue, oco6eHHO .l(JIH BbICOKOMOJieKyJIHpHbIX ,[(HK (70 T.ll.H.). ITpu I 

3JieKTpoqiope3e He6oJibllIHX MOJieKyJI ,[(HK (2 T.II.H.), qT06b1 yBeJiuquTb HX 

llO.l(BH)KHOCTb H TeM caMbIM CHH3HTb .l(Hq>q>y3HOCTb llOJIOC, HCllOJib3YJOT 6oJib

IIIyIO HarrpH:>KeHHOCTb. qaIQe Bcero 3JieK1poq>ope3 rrpoBOMT B 0,8 %-ii arap03e 

rrpu 1 B/cM B Tpuc-6opaTHOM 6yq>epe B TeqeHue ~10-12 q_ 

)])mna .zzyrrneKca, rr.H. 

150-1 000 
300-2 500 

500-4 000 

700-6 000 
1000-9000 

Ta6mu1a 12 

OrrrnMaJibHbrti pe)KUM pa6oTbl 

,Kom1eHTpaJimr rpa,n;neHT HanpH)KeHH0CTH; 
arap03bI, % BlcM 

1,8 2-3 
1,4 2-3 
1,0 1-2, 
0,7 0,5---,-1 
0,5 0,5-1 

Cocmae ocHoeaHuu u meMnepamypa. 3neKTpoqiopeTuqecKoe rroBe.l(eHue 

,l(HK B arapo3HbIX ren.i1x cna6o 3aBHCHT OT cocTaBa ocHoBaHHH ,[(HK (Thomas, 

Davis, 1975) HJIH TeMrreparypbI reJIH. B arap03HbIX ren.i1x B o6nacTu TeMrrepa

TYP OT 4 .LIO 30 °C H3MeHeHHH OTHocuTeJibHOH 3JieKTpoq>opeTHqecKoii rro.l(BH:>K- · 

HOCTH q>parMeHTOB ,[(HK Pa3Horo pa3Mepa He Ha6JIIO.l(aeTCH. O6bJqHO 3JieKTpo- ' 

qiope3 B arapo3HbIX reJIHx Be.LIYT rrpu KOMHaTHOH TeMrrepazype. O.l(HaKo cne.l(y

eT OTMeTHTb, qTo reJIH, CO,llep:>KaIQHe MeHee 0,5 % arap03bl, oqeHb MHrKHe, rro-

3TOMY C HHMH JiyqIIIe pa60TaTb rrpu 4 °C - B 3THX YCJIOBHHX OHH CTaHOBHTCH 'j 
6onee llJIOTHbIMH. . 

MapKepbl /(HK. ,ll;nH orrpe.l(eJieHHH pa3Mepa q>parMeHTOB ,nHK ucrroJib-

3YJOT MapKepbI C H3BeCTHbIM pa3MepoM, KaK rrpaBHJIO, 3TO' JIH6o ,[(HK q>ara A, 
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rrope3aHHaH pa3JilfqHbIMH peCTpHKTa3aMH, nu6o «JieCTHHQa» ,n;HK C IIIaroM 100 

rr.H. HJIH 1 000 ll.H. HarrpHMep, Ha pHc. 7 rrpHBO,l(HTCH cxeMa 3JieKTpoq>ope

rpaMMbl qiparMeHTOB ,[(HK qiara A, rrope3aHHOH peCTpHKTa30H Hindlll. 

A. 
DNNHindIII I 

23130 I 

9416 I 

6 557 I 

I 
4 361 

2 322 

2027 

564 

125 

Puc. 7. IloJio)KeHne q>parMeHToB ,nHK qiara 1.., rrope3anHoii pecTPHKTaJoii HindIII 

Ey</Jepbl. EHOJIO~eCKHe 6yqiepb1 - 3TO CMeCb paCTBOpOB, corrpH:>KeH

HbIX KHCJIOTbl H OCHOBaHHH, KOTOpaH crroco6Ha rrpoTHBO.l(eiicTBOBaTb 6oJibllIHM 

H3MeHeHHHM pH, KOr,l(a ,l(06aBJIHeTCH He60JibIIIOe KOJilfqeCTBO ,llpyroii KHCJIOTbl 
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IIJIH OCHOBamur. rJiaBHOe TJ)e6oBaHHe - 6JIH30CTb 3HaqeHH.ll pKa TOMY pH, 

KOTOpbIH .n;omKeH no.n;.n;ep)KHBaTb 6ycpep, a TaK)Ke HeTOKCHqHOCTb, ycToiiqn-
' ' , 

BOCTb, paCTBOpHMOCTb B Bo.n;e. 

~.ll :meKTJ)ocpope3a 06h1qHo npttMeH.llIOT 6ycpepbI, co.n;ep)Kam.ne TJ>HC

aIIeTaT, TJ)HC-6opaT HJIH TJ)HC-cpoccpaT B KOHIIeHTJ)aIIHH 50 MM tt HMeIOIIIHe pH 

7,5-7,8. pH 6ycpepa MO)KeT BapbHpOBaTb OT 7,5 .n;o 8,5, qTQ npaKTnqecKH He 

CKa3bIBaeTC.ll Ha KaqecTBe pa3.n;eJieHH.ll. qam.e BCero lIX rOTOB.llT B BH.n;e KOHIIeH

TJ)HpOBaHHbIX pacrnopoB n xpaH.llT npH KOMHaTHOH TeMnepazype (rn6JI. 13). 

Eyqiep 

TAE 

TBE 

Ta6mrua 13. 
3JieICTpoq>ope3Hble 6yq>epHble CllCTeMbI 

KpaTHOCTb Cocrns KOHUeHTPHPOBaHHoro 6yqiepa 

50x 242 r Tpnc-HCI 

57,1 MJI Jie,WIH!UI YKCYCH!UI KHCJIOTa 

18,6 r 3,[{TA 

IOx 108 r Tpnc-HCI 

55 r 6opH!UI KHCJIOTa 

9,3 r 3,[{TA 

TPHC-EOPATHhIH EY<l>EP {TBE). O6Jia.n;aeT BbICOKoii 6ycpepHoii eM

KOCTbIO. IlpH ero HCilOJib30BaHHH, no-BH)];HMOMY, nonyqaIOTC.ll Hatt6oJiee Y3KHe 

IlOJIOCbI. OcHOBHOH pacrnop 5x He 3apacrneT, HO npH )];JIHTeJibHOM xpaHeHHH B 

HeM o6pa3yeTC.ll oca.n;oK, KOTOpbIH pacrnopHM B m.eJioqn. 

TPHC-AUETATHhIH EY<l>EP (TAE). O6Jia.n;aeT OTHOCHTeJibHO HH3Koii 

6ycpepHOH eMKOCTbIO, H npH )];JIHTeJibHOM :meKTJ)Ocpope3e MO)KeT B03HHKHYTb 

Heo6xo.n;nMoCTb B peIIHPKYJI.llIIHH 6ycpepa B annapaTe. HcnoJib30BaHtte npn 

:meKTJ)Ocpope3e BbICOKHX Hailp.ll)KeHHH He Bbl3bIBaeT HarpeBa. Hcxo.n;Hbie pac

TBOpbl MOryT 3apacTaTb. 

Ilo.n;BH)KHOCTb MOJieKYJI )Uil{ 3aBHCHT OT Hanp.ll)KeHHOCTH :meKTJ)nqe

CKOro noJI.ll n 6ycpepa. TAE peKoMeH.n;yeTc.ll )];JI.ll pacrnopeHH.ll MOJieKYJI )Uil{ 

?::1,5 T.Il.H. ( cynepcKpyqeHHa.ll )Ull{); TBE - )];JI.ll cpparneHTOB )Uil{ :Sl ,5 T.Il.H. 

PeKoMeH.n;yIOTC.ll cJie.n;YIQm.He ycJIOBH.ll )];JI.ll 3JieKTJ)ocpope3a: 

5-10 B/cM BT AE mm TBE - Ji:JIH ue6oJI~mux ~ 1 T.n.u. MOJICKyJI ~K 
4-10 B/cM B TAE nJin TBE - )l:JIH 11e60Jibmnx 1-12 T.n.u. MOJICKyJI )];HK 

1-3 B/cM TOJibKO B TAE-)l:JIH 6oJibfflUX~ 12 T.U.H. MOJICKyJI ~K 
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Ilo-BH)];HMOMY, npom.e Bcero pa6oTaTb c CHCTeMOH, Kor.n;a reJib IlOJIHO

CTbIO IlOKpbIT CJIOeM 6ycpepa )];JI.ll 3JieKTJ)Ocpope3a TOJIIIJ.HHOH OKOJIO 1 MM. Co

npOTHBJieHHe arap03bI HeHaMHOro npeBbIUiaeT conpOTHBJieHHe 6ycpepa, TaK qTo 

3HaqnTeJibHa.ll qacTb TOKa TeqeT qepe3 arapo3y. B npoIIecce 3JieKTJ)ocpope3a 

6ycpep y aHo.n;a 3aIIIeJiaqnBaeTC.ll, a y KaTO.n;a 3aKHCJI.lleTC.ll. Il03TOMY 06b1qHO 

IlOJib3YIQTC.ll 6ycpepHOH CHCTeMoii C BbICOKOH eMKOCTbIO. Eycpepbl He co.n;ep)KaT 

HOHOB Cr, TaK KaK IlOCJie)];HHe He 06Jia)];aIOT 6ycpepHOH eMKOCTbIO H HX npHCYT

CTBHe MO)KeT npttBeCTH K TOMY, qTQ )Uil{ B reJie yTJ)aTHT 6ttoJiornqecKYIQ aK

THBHOCTb. 

Azap03a. Arapo3a - 3TO oqnm.eHHbIH JIHHeiiHhiii co.n;ep)Kam.nii ranaKT0-

3y a3poreJib-KCeporeJieBbIH KOJIJIOH)];, Bbl)];eJI.lleMbIH HJIH H3 arapa, HJIH HeIIO

cpe.n;crneHHO m co.n;ep)KaIIIHX arap MopcKHX Bo.n;opocJieii. Arapo3a xapaKTepn-

3yeTc.ll xopoIIIeii reJieo6pa3YIQIIIeii cnoco6HOCTbIO; OHa OTHOCHTeJibHO 6HOJIO-

!I mqecKH HHepTHa H Il03TOMY y.n;o6Ha B Kaqecrne MaTJ)HIIbI. Arap H arap03a -

He CHHOHHMbI, a pa3JIHqHbie arap03Hbie npenapaTbI, KOTOpbie MOryT OTJIHqaTb

C.ll .n;pyr OT .n;pyra no CBOHM qJH3HKO-XHMHqecKHM CBOHCTBaM. Arap COCTOHT H3 

.n;Byx cppaKIIHii: BbICOK03ap.ll)KeHHOH arapo-neKTHHOBOH cppaKIIHH H «HeHTJ)aJib

HOH» arapo3Hoii cppaKIIHH. HeiiTJ)aJibHM arapo3Ha.ll cppaKIIH.ll nOCTJ)OeHa H3 no

BTOp.llIOIIIHXCH arapo6H03HbIX 3BeHbeB, COCTOHIIJ.HX H3 qepe.n:YIOIIJ.HXCH l,3-

CBH3aHHbIX P-D-ranaKTonnpaH03HJibHbIX H 2,4-cBH3aHHbIX 3,6-aHrtt.n;po-a-L

ranaKTonnpaH03HJibHbIX OCTaTKOB. O.n;HaKO )];aJibHeiiIIIHe HCCJie.n;oBaHH.ll IlOKa-

3aJIH, qTQ TaKOe npe.n;cTaBJieHHe O CTJ>YKType arap03bI CJIHIIIKOM ynpom.eHo; Ha 

CaMOM .n;eJie arapo3Ha.ll cppaKIJ;HH Heo.n;Hopo.n;Ha H co.n;ep)KHT KaK BbICOK03apH

)KeHHbie, TaK H HeHTJ)aJibHbie MOJieKyJibl arap03bl. 

Arapo6H03Ha.ll MaTJ)HIIa MO)KeT co.n;ep)KaTb cyJibqJaTHbie, MeTOKCHJibHbie, 

Kap6oKCHJibHbie rpynnbI, xorn He Bcer.n;a O)];HOBpeMeHHO. Co.n;ep)KaHHe cyJibcpa

Ta B arapo3e qacTO HCilOJib3YeTCH KaK IlOKa3aTeJib ee qncTOTbI; qeM HH)Ke 3TOT 

IIOKa3aTeJib, TeM JiyqIIIe KaqeCTBO, IlOCKOJibKY MHOrtte He)KeJiaTeJibHbie CBOHCT

Ba arapa npHilHCbIBaIOTCH HaJIHqHIO B HeM HOHHbIX rpynn, rJiaBHbIM o6pa30M, 

BepoHTHo, cyJibcparn. BrnpnqHa.H CTJ>YKTYPa arapo3bI xapaKTepmyeTcH HaJinqn

eM JIHHeHHbIX IlOJIHCaxapH.n;HbIX u;eneii 6e3 KOBaJieHTHOH nonepeqHoii CIIIHBKH. 

CTJ>YKTYPHa.ll u;eJIOCTHOCTb, )KeCTKOCTb H nopHCTOCTb arap03HOro reJIH 

onpe.n;eJI.lleTCH ero BTOpHqHoii CTJ>YKTYPOH, xapaKTepmyeTCH HaJIHqHeM HeKO

BaJieHTHbIX B3aHMo.n;eiiCTBHH (Bo.n;opo.n;HbIX CBH3eii) Me)K)];y pa3JIHqHbIMH ara

P03HbIMH IIeII.llMH. Arapo3a o6Jia.n;aeT )];OCTaTOqHO 6oJibIIIHMH nopaMH. Ilpena-
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pan,I arap03I,I 3HaqHTeJII,HO pa3JIHqaIOTCH no TBep.n:ocTH, no pa3peIIIaIOm;ett 

cnoco6HocTH nptt pa3,n:eneHHH q>parMeHTOB )UIK, 3JieK1poq>opeTttqecKott no.n:

BH)KHOCTH )UIK, JierKOCTH nnaBJieHHH, np03paqHOCTH H HaJIHqHIQ Bpe,n:HblX 

npHMecett. Hatt6onee Bpe,n:HOH npHMeCI,IO HBJIHIOTCH cynr,q>oHHpOBaHHbie ara

p03I,I, no.n:aBJIHIOID;He aKTHBHOCTI, MHOrHX q>epMeHTOB, pa6orn10rnttx Ha HYK

JieHHOBblX KHCJIOTax. Cym;ecrnyeT MHOro pa3JIHqHI,IX MapoK arap03bl . .l(a)Ke B 

npe.n:enax ·o,n:HOH MapKH H3 pa3HI,IX ynaKOBOK arap03a MO)KeT CHJII,HO pa3JIH

qaTbCH. Hatt6onee no.n:xoMm;ett ,n:nH o6m;ttx :u;enett cqttrneTcH arapo3a THna 

II - HH3K03HJ:(OOCMOTHqecKaH arapo3a. OHa JierKO nJiaBHTCH, ,n:aBaH np03paq

Hble pacTBOpI,1; nonyqa10m;HeCH H3 Hee reJIH ynpyrn .n:a)Ke npH HH3KHX KOHIJ;eH

TPa:u;irnx. O.n:HaKO B arap03e THna II HMeeTCH npHMecr, cynr,q>aTHpOBaHHblX no

JIHCaxapHJ:(OB, HHrtt6HpYIQID;HX HeKOTOpbie q>epMeHTI,I (nttra3bl, nOJIHMepa3bl tt 

peCTPHKTa3bI).'11o:noMy q>pameHTI,I )UIK, BbmeneHHbie H3 TaKHX renett, Heo6-

XOJ:(HMO xopoIIIO oqHCTHTb, npe)K.n:e qeM HCnOJII,30BaTI, HX B KaqeCTBe MaTPH:U: 

HJIH cy6cTPaTOB .D:JIH 3THX qiepMeHTOB. Hcnonr,3yH pa3JIHqHI,Ie KOHQeHTPa:U:HH 
1 

arap03I,I (0,4-5 %), MO)KHO pa3,n:eJIHTI, qiparMeHTI,I J:(JIHHOH 10--50 000 n.H. 

3neKTPOq>ope3 B arapo3HOM rene npOBOMT B. ropH30HTaJII,HOM HanpaBJieHHH, 

TaK KaK npH 3TOM: I) renr, c HH3KOH KOHQeHTPa:U:Hett nyqIIIe .n:ep)KHTcH; 2) no

nyqaeTcH MeHhIIIee nepeKaIIIHBaHHe (Konnanc) B npo:u;ecce 3JieKTpoqiope3a. 

0KpacKa /{HK e. azapo3HblX zeJIJIX. Hatt6onee y.n:o6HI,IH Mern.n: BH3yantt-

3a:U:HH )UIK B arapo~HbIX reJIHx - oKpaIIIHBaHHe ee qinyopec:u;ttpy10m;HM Kpa

CHTeJieM 6pOJ,tUCmblM 3mUOUeM: 

"·'<=tv 
cl~'°' 

Moneeyna 3TOro Bem;ecrna co.n:ep)KHT nJIOCKYIO rpynny, KOTOpaH HHTep:. 

KaJIHpyeT Me)K.n:y coce,n:HHMH OCHOBaHHHMH )UIK. B pe3yJir,TaTe TaKOH HHTep

KaJIHIJ;HH B Henocpe.n:crneHHOH 6JIH30CTH OT OCHOBaHHH KpaCHTeJII, CBH3bIBaeTCH 

C )UIK, qTQ conpOBO)KJ:(aeTCH yBeJIHqeHHeM HHTeHCHBHOCTH q>nyopec:u;eH:a;HH. 

Y<l>-H3nyqeHtte, nornornaeMoe )UIK B o6nacTH 260 HM H nepe.n:aBaeMoe Ha 

KpacttTenr, (HJIH )Ke H3JiyqeHHe, nornom;aeMoe caMHM KpacttTeJieM nptt .n:nttHax 
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BOJIH 302 H 366 HM), HcnycKaeTCH 3aTeM B KpacHo-opaH)KeBOH o6nacTH BHJ:(H

Moro cne1<Tpa (590 HM). 

EpoMHCTblH 3THJ:(HH MO)KHO HCnOJII,30BaTI, J:(JIH o6Hapy)KeHHH KaK ,n:Byx-, 

TaK tt OJ:(HOIJ;enoqeqHI,IX MOJieKyJI eyKJieHHOBI,IX KHCJIOT ()UIK tt PHK). O.n:HaKO 

cpo.n:crno KpacHTeJIH K o,n:Ho:u;enoqeqHott )UIK ropa3,n:o MeHr,IIIe, qeM K .n:Byx:u;e

noqeqHott )UIK, no3TOMY qinyopec:u;eHQHH B nepBOM cnyqae OKa3bIBaeTCH 60-

nee cna6ott. 

O61,1qHo 6poMHCThIH 3TH.D:HH (0,5 MKrlMn) .n:o6aBJIHIOT H B renr,, H B 3JieK

TPOq>opeTHqecKHH 6yqiep. B ero npttcyTcTBHH 3JieK1poq>opeTHqecKaH no,n:BH)K

HOCTb JIHHeHHOH ,n:Byx:u;enoqeqHOH )UIK CHH)KaeTCH npHMepHO Ha 15 %, HO 3a

T0 npH 3T0M nOHBJIHeTCH B03M0)KHOCTI, Ha6n10.n:aTI, 3a npo:u;eccoM pa3,n:eneHHH 

Henocpe.n:crneHHO no.n: HCTOqHHKOM Y<I>-H3nyqeHHH BO BpeMH HJIH B K0H:u;e pa3-

.n:eneHHH. Mo)KHO TaK)Ke np0B0J:(HTI, 3JieK1poq>ope3 B 0TCYTCTBHe 6poMHCTOro 

3THJ:(HH H OKpaIIIHBaTh )UIK J)Ke nocJie 3aBepIIIeHHH pa3,n:eneHHH. B nocne,n:HeM 

cnyqae renr, noMernaeTcH B 3JieKTPoq>ope3HbIH 6yqiep HJIH Bo.n:y, co.n:ep)Kam;tte 

6pOMHCThlH 3THJ:(HH, Ha 45 MHH. npH KOMHaTHOH TeMneparype. O6ec:u;BeqHBa

HHH 061,1qHo He TPe6yeTCH, HO npH onpe.n:eneHHH MaJII,IX K0JIHqecTB )UIK 

(< IO Hr) JiyqIIIe CHH3HTI, q>OHOBYIO q>Jiyopec:u;eHQHIO, o6ycJIOBJieHHYIO 

HeCBH3aHHI,IM 6poMHCTI,IM 3THJ:(HeM, BI,IJ:(ep)KaB OKpaIIIeHHbIH reJII, B I MM 

MgSO4 B TeqeHHe I q nptt KOMHaTHOH TeMneparype. 

Ilpeoocmepe:»eenue. EpoMncThtii 3Tn,nnil: - cnm,Hhiil: MyrareH. Bee MaHnrrym1u:nn c 

remIMH n pacTBopaMn, co,nep:acamnMn KpacnTeJih, Heo6xo,nnMo rrposo,nnTh B rrepqaTKax. 

Sy</Jep OJUI. eHecemm npo6. Eyq>epr,1 .D:JIH BHeceHHH npo6 npe.n:cTaBJIHIOT 

co6ott pacrnopI,I BI,ICOKOH nJI0THOCTH, KOTOpbie no3BOJIHIOT JierKO BBOJ:(HTI, 

npo6I,I B JIYHKH reJIH. OHH co.n:ep)KaT TaK)Ke KpaCHTeJIH, qTo n03BOJIHeT nerno 

BH3YaJibHO CJieJ:(HTI, 3a 3JieKTPOq>ope30M. O61,1qHo 6yqiep J:(JIH HaHeCeHHH npo6 

roTOBHT B BHJ:(e pacrnopa 6-10-KpaTHOH KOHIJ;eHTPa:U:HH (rn6JI. 14). 

KpacttTenr, B 6yqiepe HJ)KeH JIHIIIb MH rnro, qrn61,1 o6pa3e:u; 61,m nerno 

3aMeTeH B JIYHKe H B rene. O61,1qHo npHBOJ:(HMI,Ie B MeTOJ:(HKax KOHIJ;eHTPa:U:HH 

~0,025 % J:(JIH 6poMq>eHOJIOBOro CHHero H KCHJieH:u;HaHOJia (B Ix 6yqiepe) 3a

BI,IIIIeHbI, TaK qTO MO)KHO HCnOJII,30BaTI, MeHbIIIHe KOHIJ;eHTPa:U:HH. 
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Ta6rrm~a 14 
EyqiepbI .zurn: HaHeceHmr rrpo6 

Tnrr Eyqiep (6x) TeMrrepaTypa 
6vd>eoa X0aHeHHH 

I 0,25 % . 6pOMqJeHOJIOBOro CHHero, 0,25 % 4°c 
Kcnrrem~naHorra, 40 % (ilec/o6'beM) caxapo-

3bl B H20 
II 0,25 % 6poMqieHOJIOBOro CHHero, 0,25 % KOMHaTHaH 

KCHJI0JIIIHaH0Jia, 15 % qJHKOJia (THII 400) a 

H20 
III 0,25 % 6poMqieHOJIOBoro CHHero, 0,25 % 4°C 

KCHJI0JIIIHaH0Jia, 30 % rnnnepnHa B H20 
IV 0,25% 6poMqieHOJIOBOro cnHero, 40% 4°C 

( o6neM/aec) caxap03bI B H20 

Bb16op 1<.pacumeJ1R 

• EpoMq>eHOJI CllHllll ll KCllJICHIJ:HaHOJI - ( CTOKOBbie pacrnopbl 1 % B H2O; 

pa6oqrui: KOHI.i:empaQHH B Ix 6ycpepe ~0,005-0,02 %) MOryT 3aMeTHo MeIIIaTb 

Ha6mo,n;eHHIO cpparMeHTOB rro,n; Y<l>: 3JIIOQllH cpparM_eHTa B II3r BMeCTe c JII0-

61,JM H3 3TIIX KpaCttTeJiett He OKa3bIBaeT 3aMeTHOro BJillHHHH Ha MeqeHbe, nertt

poBaHtte tt TJ)aHccpopMaQHIO. 

• Kpe30JIOBbitt KpaCHbIH (Cresol red) - ( cTOKOBbitt pacrnop 50 MM B H 2O; 

pa6oqrui: KOHQeHTJ)aQHH B Ix 6ycpepe ~0,1 MM) COBMeCTHM ,C cpepMeHTaTHBHhl

Mll peaKQHHMll, rrpaKTHqecKll He MernaeT Ha6nro,n;eHHIO rro,n; Y<l>. 

• OpamKeBbIH )K (Orange G) - ( CTOKOBbIH pacrnop I % B cpopMaMtt,n;e; pa-

6oqrui KOHQeHTJ)aQttH B Ix 6ycpepe ~0,01-0,05 % ) Hatt6on:ee rro,n;BHJKHbitt Kpa

cnienr,, rrpaKTnqecKtt Bcer,n;a Haxo,n;ttTCH BHe «pa6oqeii 30Hbl» ( rn6n. 15). 3aMe

TeH rro,n; Y<l>. 
Ta6rrnna 15 

IlO.l(BHlKHOCTb KpacnTeJIH B reJIHX C PaJJIH'IBOil: K0HIIeHTPanneil: arap03bI 

ArapOJa, IlO.l(BH)l(HOCTb KpaCHTeJIH 

% KcmreHnnaHorr KpeJorroablil: Kp. EpoMqieHoJI CH- OpaH)l(eBblil: )IC 

HHH 

0,7 -10,5 (9-15) -3,8 (3,2-4,5) -0,8 (0,7-1,2) -0,15 (0,1-0,2) 
0,8 -8 (7-9) -2,9 (2,7-3,2) -0,5 (0,4-D,6) <0,25 
1,0 -6(4,8-7) -2,2 (2-2,5) -0,5 (0,4-D,6) <0,25 
1,5 -2,2 (1,8-2,6) -1,0 (0,9-1,3) -0,25 «0,25 
2,0 -0, 75 (0,6-D,9) -0,35 (0,3-0,4) <0,25 «0,25 
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<PomozpapupoeaHue. <l>omipacptttt reneii MO:>KHO c,n;enaTb B rrpoxo,n;mi.i:eM 

llJill OTJ)a:>KeHHOM Y<l>-cBeTe, HCIIOJib3YH opaH:>KeBblll q>llJibTJ). <l>omipacpttpyroT 

re_JIH c rroMOIQbIO i.i:ttcppoBoii cpomKaMepr,1 (HarrpttMep Canon PowerShot A610). 

5.2. ropH30HT8JlbHblH 3JICKTpo«f>ope3 ,ll;HK 
Ilpomo1<.0J1: 

I. ,ll;o6aBbTe paccqllTaHHOe KOJittqeCTBO rropoIIIKa arap03bl B 0TMepeH

Hblll 061,eM KOHQeHTJ)ttpoBaHHoro 3JieKTJ)O<pope3HOro 6ycpepa ll BO

,Zl;bl. 

2. Arapo3y pacrnopHIOT B 6y<pepe ,n;JIH 3JieKTJ)o<pope3a, HaipeBaH ,n;o KH

rreHttH. Heo6xo,n;ttMO y6e,n;HTbCH, qTo pacrnop CTaJI rOMOreHHbIM tt B 

HeM He 0CTaJIOCb rnep,D;bIX qaCTHIJ: arap03bl. HaipeiiTe B3BeCb B 6aHe C 

KllIIHIQeii BO,Zl;Oll llJill B MllKpOBOJIHOBOll rreqn ,n;o TeX rrop, IIOKa arapo-

3a He pacrnopttTCH. Arap03y ,n;oBeCTH ,n;o KttrreHHH, KllIIHTllTb 30-60 C 

(BbIHHMaTb ll3 MHKpOBOJIHOBOll rreqn 0CT0pO:>KHO: MO:>KeT pe3KO BCKll

rreTb). 

3. Ocry,n;ttre pacrnop ,n;o 50--60 °C H ,n;o6aBbTe 6poMttCTbIH 3TH.n;ttii (tt3 

Bo,n;Horo pacrnopa, co,n;ep:>KaIQero 10 MrlMJI tt xpaHHIQerocH rrptt 4 °C 

B CBeTOHerrpoHHQaeMOM cocy.n;e) ,n;o KOHeqHOll KOHQeHTJ)aQllll 

0,5 MKr/MJI. B 3TOM cnyqae He Ha.n;o oKpaIIIHBaTb renr, rrocne rrpoBe

,n;eHHH 3JieKTopocpope3a. 

4. JlyHKll ,D;JIH o6pa3QOB ,n;enaIOT c IIOM0!QblO rroipy:>KeHHOH B pacrrnaB

JieHHblll reJib ipe6eHKll ll3 oprcTeKJia HJlll Teq>JIOHa. rpe6eHKY ycrn

HaBJillBaJOT ,n;o 3aJIHBKll reAA TaKHM o6pa30M, qT061,1 KOH'IllKll 3y61,eB 

HaxO,D;HJillCb rrpHMepHO B 0,5 MM OT OCH0BaHHH reJIH. 

5. Ilocne Toro KaK renr, rronHOCTbIO 3arnep,n;eeT (qepe3 30-45 MHH. rrptt 

KOMHaTHOll TeMrreparype), OCTOpO:>KHO y,n;anttTe ipe6eHKY tt IIOMeCTll

Te renr, B KaMepy ,n;JIH 3JieKTJ)ocpope3a. 

6. 3aneiiTe B KaMepy 3JieKTJ)Oq>ope3Hblll 6ycpep TaK, qm61,1 CJIOH 6ycpepa 

Ha,n; reneM 61,m OKOJIO I MM. B 6ycpep MO:>KHO ,n;o6aBHTb 6poMHCTblH 

3Tll,D;llll ,n;o KOHQeHTJ)aQllll 0,5 MKr/MJI. 

7. l'Icrron1,3yirTe crreii:ttanbH1>1ii 6ycpep ,n;JIH HaHeceHHH rrpo6, 6naro,n;apH 

KOTOPOMY MO:>KHO rrpocne,n;HTI> 3a xo,n;oM 3JieKTJ)o<pope3a. Ero cMenrn

BaJOT C rrpo6oii B OTH0IIIeHllll 1 : 10, a 3aTeM 0CTOp0:>KHO BJIHBaIOT B 

JIYHKY C IIOMOIQblO aBTOMaTttqecKOH MllKpOIIHIIeTKH. 
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8. Ilo,n;coe,n;HHHTe 3JieKTJ)O,D;bl K HCTQqHHKY HaIIp1DKeHml. ,[(HK ,D;BH)KeT

C5I OT OTJ)HIJ;aTeJibHO 3ap5I)KeHHOro (KaTO,n;) K IIOJIO)KHTeJibHO 3ap5I

)KeHHOM)' (aHo,n;) 3JieKTJ)O,D;y. HarrpH)KeHHOCTb 3JieKTJ)HqecKoro IIOJI5I 

rrpH pa3,D;eJieHHH B arapo3HbIX reJI5IX COCTaBJI5IeT 1-8 B/cM. MapKep

HbIH KpaCHTeJib ,D;BH)KeTC5I C TOH )Ke CKOpOCTbIO, qTQ H <pparMeHTbl 

,[(HK, co,n;ep)KaIIIHe YKa3aHHOe a Ta6JI. 11 qHCJIO nap OCHOBaHHH. 

9. Ilo OKOHqaHHH pa3,D;eJieHH5I BblHbTe IIJiaCTHHKy C reJieM H3 KIOBeTbl H 

IIOMeCTHTe reJib BMeCTe C IIJiaCTHHKOH B KpaCHIIIHH pacrnop 

(1 MKr/MJI 6pOMHCTOro 3TH,D;H5I). Ey,n;bTe OCTOpO)KHbI! reJib xpyrroK H 

JierKO COCKaJib3bIBaeT C IIJiaCTHHKH. IlocJie 15 MHH. rrpoKpanmBaHH5I 

BbIHbTe IIJiaCTHHY BMeCTe C reJieM H rrpOMOHTe B BO,D;e B TeqeHHe 

20 MHH. 

10. )KH,n;KOCTb c IIJiaCTHHKH y,n;aJIHTe c IIOMOIIIbIO <pHJibTJ)OBaJibHOH 6y

MarH H rrepeJIO)KHTe IIJiaCTHHKY Ha CTeKJIO T}JaHCHJIJIIOMHHaTopa, 

rrporrycKa10m:ee Y<l>-caeT. 

11. C<pornrpaq>Hpyii:Te reJib. 

IlpeiJocmepeJ1Cenue. Pa6orIDI c Y<l>-H3JI)"IeHIIeM, Heo6xo,nnMo rrpe,noxpamn1, rna1a 

n KO)Ky OT O)KOroB. Ha,neaalire oqKn! 
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6. BbWJIEHIIE JiEJIKOB 
Jlumepamypa: 
1. CKoync P. Memoobl ot/ucmKU 6eJ1K06. M:Mup, 1985. 

2. Ko11u'le6 A.C., Ce6acmbJ111oea I'.A. MoJ1eK)IJ1J1p11W1 6uoJ102wi. M: HJoamellbCKuii 

1fe11mp «AKaOeMWI», 2005. C. 20-72. 

EeJIKH - caMbIH pacrrpOCTJ)aHeHHbIH .B rrpHpo,n;e KJiacc 6HOIIOJIHMepoB, 

COCTaBJieHHbIX H3 aMHHOKHCJIOTHbIX OCTaTKOB, coe,n;HHeHHbIX rreIITH,D;HbIMH CB5I-

35IMH. EeJIKH COCTaBJI5IIOT 60Jiblll)'IO qaCTb cyxoro Bell(eCTBa KJieTKH (~50-

80 % ) H o6Jia,n;aIOT HaH60JibIIIHM pa3Hoo6pa3HeM C'fPYKTYPbI H <pyHKIJ;Hii:. 

l1irnHHO 6eJIKH orrpe,n;eAAIOT B KOHeqHOM cqeTe <peHOTHII JII06oro opraHH3Ma. l1 

xorn MX CTJ)OeHHe 3arrporpaMMHpoaaHO ttyKJieOTH,D;HOH IIOCJie,n;oaaTeJibHOCTblO 

COOTBeTCTBYfOII(HX reHOB, B CTPYKTYPHOM H <pyHKI(HOHaJibHOM OTHOIIIeHHH 

6eJIKH 6oJiee pa3Hoo6pa3Hbl, qeM ,[(HK. qHCJIO IIOCTO5IHHO BCTJ)eqaIOIIIHXC5I 

aMHHOKHCJIOT (20 KaHOHHqecKHX aMHHOKHCJIOT) B qeTbipe pa3a 60JibIIIe, qeM 

qHCJIO KaHOHffqeCKHX HyKJieOTH,D;OB (A, T, r, :U:, Y). 

BbI,D;eJieHHe H oqHCTKa 6eJIKOB BO MHOroM rrpe,n;CTaBJI5IIOT co6oii: caMO

CT05ITeJibHYfO o6JiaCTb 6HOXHMHH H MOJieeyJIHpHOH 6HOJIOrHH. lllHpoKO rrpHMe

H5IeMbIM crroco6oM pa3,n;eJieHH5I 6eJIKOB 5IBJI5IeTC5I OCa)K,D;eHHe qacTH 6eJIKOBOH 

CMeCH 3a cqeT H3MeHeHH5I CBOHCTB pacrnopHTeJI5I. EeJIKH MO)KHO KJiaCCH<pHIJ;H

poBaTb B 3aBHCHMOCTH OT MX paCTBOpHMOCTH. ,[(Jrn BbI,D;eJieHH5I, HarrpHMep H3 

KJieTOK 6aKTepHH E. coli, HepacrnopHMbIX HJIH pacrnopHMbIX 6eJIKOB, HaxO,D;5I

IIIHXC5I a· l(HTOIIJia3Me, Heo6xo,n;HMO pa3pymHTb KJieToqHYIO CTeHKY H l(HTO

IIJia3MaTHqecKYfO MeM6paHy. IlpH BbI,D;eJieHHH 6eJIKOB, ceKpeTHpyeMbIX a rrepH

IIJia3M)', TPe6yeTC5I 6oJibIIIa5I H36HpaTeJibHOCTb; B 3TOM cJiyqae HCIIOJib3YIOTC5I 

MeTO,D;bl, rrpH KOTOpbIX u;eJIHKOM HJIH qacTHqHO y,n;aJI5IeTC5I KJieToqHaH CTeHKa, 

HO He pa3pymaeTC5I l(HTOIIJia3MaTHqecKa5I MeM6paHa. KrreTKH MOryT 6bITb JIH-

3HpoaaHbl <pepMeHTaMH, TaKHMH KaK JIH3Ol(HM (6aKTepHH) HJIH 3HMOJIHa3a 

(,n;pO)K)KH), B coqeTaHHH C ,n;eTepreHTaMH. Mo)KHO HCIIOJib3OBaTb TaK)Ke MeTO,D;bl 

MexaHffqeCKOro pa3pymeHH5I KJieTOK HJIH pa3pymeHHe YJibTpa3BYKOM. MeTO,D;bl 

oqHCTKH ,n;po)K)KeBblX 6eJIKOB He OTJIHqaIOTC5I OT TeX, KOTOpbie HCIIOJib3YfOTC5I 

,D;JIH E. coli. 
Co,n;ep)KaHHe 6eJIKa a o6pa3u;e MO)KeT 6bITb ycTaHOBJieHO pa3HbIMH crro

co6aMH. Mern,n; Ep3,n;<pop,n;a qyacTBHTeJibHeii: Ha 2 rropH,n;Ka, qeM MeTo,n; JioypH 

HJIH BSA-Assay, H HBJIHeTcH caMbIM qyacTBHTeJibHbIM KOJIHqecTBeHHbIM Ko

JiopHMeT}JffqeCKHM TeCTOM. IloJib30BaTbC5I HM JierKO H 6hICTJ)O. rJiaBHOe ero 
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npeIIMyIQeCTBO COCTOIIT B TOM, qTo OH COBMeCTIIM C QeJihlM p5I,n:OM BOCCTaHaB

JIIIBaIOIQIIX areHTOB (HanpIIMep ,[(TT, MepKanT03TaHOJI), KOTOpbie MelllaIOT npII 

Mern.n:e JioypII IIJIII BSA. BnpoqeM, MeTO,n: Ep3,n:q>op.n:a TO)Ke qyBCTBIITeJieH K 

,n:eTepreHTaM. 

6.1. BLI,n:eJieHUH 6eJIKOB Hl KJICTOK ,n:pommeu 

Jlumepamypa: 

1. lllinlwva E., Obert B., Fillipp D. Phenotypes of tobacco plants expressing genes/or the 

synthesis of growth regulators// Biologia Plantarum. 1998. V. 41. P. 25-37. 

2. lllinlwva E, Ondrej M Characteristics of transgenic tobacco earring phytohormone 

synthesis T-DNA genes// Biologia (Bratislava). 1996. V. 51. P. 43-48. 

3KcmpaKlJUOHHblU pacmeop A: 
Ha 40 MJI: 

10 MKJI 10 r/n MgSO4 

200 MKJI 50 % rJIIIQepIIHa 

50 MKJI 5 M NaCl 

25 MKJI 0,5 M 3,[(TA 

,[(OBecrn .n:o 40 MJI 0,1 M Na-q>ocq>aTHhIM 6yq>epoM, pH 7,0. 

Pacmeop 4 M Na-rpocrpamHblU 6yrpep: 

PacrnopA: 8,16 r Na2HPO4 · 12H2O B 50 MJI cTepIIJihHOH H 2O 

Pacrnop B: 3,12 r NaH2PO4 · 2H2O B 50 MJI cTepIIJihHOH H 2O 

K 50 MJI pacrnopaA ,n:o6aBJI5IeM pacrnop B .n:o pH 7,0 (A: B ~ 1 : 3). 

Pacmeop Ep3orpopoa: 

100 Mr KyMaccII (Coomassie G-250) 

50 MJI 96 % 3TaHOJia 

10 MJI 85 % H3PO4 

,[(oBeCTII .n:o 1 JI )];IICTIIJIJIIIPOBaHHOH Bo,n:oil:. 

Pacmeop 6w1be20 cb1eopomott11020 a.nb6yMuHa (BSA): 

1 Mr/MJI BSA B Bo,n:e. XpaHIITh npII - 20 °C. 
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llpomoKoll: 

1. Co6epIITe KJieTKII .n:po)K)Keil: c qalllKII B MIIKpOQeHTPII4>Y)KHYI0 npo6IIpKy 

(3nneH,n:opq> ). O61,eM KJieTOK ,n:OJI)KeH COCTaBJI5ITb -100 MKJI (-109 
KJie

TOK). 

2. ,[(AA pa.3pyllleHII5I KJieTOqHoH CTeHKII 6IIOMaccy ,n:pO)K)KeH pecycneH,n:II-

pyil:Te B 3KCTPaKQIIOHHOM pacrnope A, ,n:oBeM o6oeM .n:o 500 MKJI. 

3. BbI,n:ep)KIITe npII 4 °CB TeqeHIIe 1 q (nyqllle 24 q)_ 

4. O6pa6ornil:Te cycneH3IIIO 2-3 MIIH YJihTPa.3BYKOM. 

5. EeJIKOBYIO q>paKQIIIO OT,n:eJIIITe OT rpy6bIX KJieToqHbIX KOMnoHeHTOB 

(MeM6paH, ,[(HK, HepacrnopIIMhIX 6eJIKOB) QeHTPIIq>yrnpoBaHIIeM npII 

12 000 06/MIIH. B TeqeHIIe 5-7 MIIH. B cynepHaTaHTe OCTaeTC5I q>paKQII5I 

pacTBOpIIMbIX 6eJIKOB. 

6. KoHQeHTPaQIIIO 6eJIKOB onpe,n:eJIIITe c noMOIQbIO KaJIII6poBOqHOH KpII

BOH. ,[(AA nOCTPOeHII5I KaJIII6poBoqHoil: KpIIBOH 3aBIICIIMOCTII OD OT KOH

QeHTPaQIIII 6enKa IIcnoJih3YHTe aJih6yMIIH 3a,n:aHHOH KOHQeHTPaQIIII B 

pacrnope Ep3,n:q>op,n:a. Pa.3Be,n:me pacrnop Ep3,n:q>op.n:a B 3 pa.3a II pa.3neil:

Te no 2 MJI B 6 npo6IIpOK. ,[(o6aBbTe B 5 npo6IIpOK aJib6yMIIH B KOJIIIqe

CTBe 2, 4, 6, 8 II 12 MKr/MJI. IlocTPOHTe KaJIII6poBoqHyro KpIIBYIO npII 

A= 595 HM. B II1ecryro npo6IIPKY c pacrnopoM Ep3,n:q>op.n:a BHecme 

50 MKJI myqaeMoro pacrnopa 6eJIKOB, ll3MepbTe K03q>q>IIQIIeHT norno

IQeHII5I II onpe,n:eJIIITe no KaJIII6poBoqHoil: KpIIBOH KOHQeHTPaQIIIO 6eJIKOB. 

7. IlpoBe,n:me pa.3,n:eneHIIe 6eJIKOB nyTeM SDS-3JieKTPOq>ope3a B 12,5 % 

IlAAr. 
8. OKpacbTe 6eJIKII KpaCKOH KyMaccII. 

9. Onpe,n:eJIIITe pa.3Mepbl BhI,n:eJieHHhIX 6eJIKOB, IICnOJib3Y5I MapKepHbie 6eJI

KII. 
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7. PA3,ll;EJIEHIIE liEJIKOB METO,ll;OM 3JIEKTPO<l>OPE3A 

Pa3,11;enem1e H H,ll;eHTH<pHKaQHIO BbI,ll;eJieHHbIX 6eJIKOB ocyIQeCTBJI.llIOT C I 
j 

II0M0IQbIO pa3JIWIHbIX MeT0,ll;0B, B qacTH0CTH :meKTPO<popeTHqecKHMH MeT0,ll;a- I 
l 

MII. B 0CH0Be 3THX MeT0,ll;0B Jie)KHT c11oco6HOCTb 6eJIKOB, 06na,11;aIOIQHX 011pe- 1 

,11;eJieHHblM cyMMapHblM II0JI0)KHTeJibHbIM HJIH 0TPHQaTeJibHblM 3ap.H,ll;0M, 11epe

MeIQaTbC.ll B 3JieKTPWieCK0M II0Jie B C00TBeTCTBHH C BeJIHqHHOH 3ap.ll,ll;a, pa3Me

poM H <pOpMoii M0JieeyJI. 3JieKTPO<pope3 11p0B0,ll;HTC.ll, KaK 11paBHJI0, B KaK0M

Jm6o II0pHCT0M (IIOJIHMepHOM) H0CHTene: KpaxMaJibH0M, arap03H0M HJIH II0JIH-

aKpmrnMH,ll;H0M rene, Ha QeJIJIIOJI03HbIX HJIH HHTP0QeJIJIIOJI03HbIX IIJiaCTHHax H , 
l 

T. ,II;. B HaCTO.HIQee BpeM.ll HaH6onee qacT0 ,ll;JI.ll pa.3,ll;eJieHH.ll 6eJIKOB HCll~Jlb3YIOT j 
MeTo,11; 3JieKmpo(jJope3a e noJ1UaKpWlaMU0110M 2eJ1e (TIAAr), K0T0pbm 11pe,11;-1 

CTaBJI.lleT co6oii HHepTHbIH MaTPHKC c BbIC0KHM H K0HTP0JIHpyeMbIM qHCJI0M ' 

11011epeqHbIX CIIIHB0K. BapbHpy.sr pa3Mepb1 reJieBbIX 11op, M0)KH0 qipaKQHOHHpo

BaTb 6eJIKH, cyIQeCTBeHH0 0TJIHqaIOIQHec.sr 110 MOJieeyn.srpHOH Macce ( OT He

CK0JibKHX ,11;ec.HTK0B TbIC.srq ,11;0 C0TeH TbIC.srq ,ll;aJibTOH). Ott 1103B0JI.HeT ocyIQeCTB

JI.llTb T0HK0e <ppaKQHOHHpOBaHHe CMeceii 6eJIKOB, 0TJIHqaIOIQHXC.ll 110 3ap.sr,11;y H 

MOJieKyn.srpttoii Macce. 

Mo,11;H<pHKaQHeii 3TOro MeT0,11;a .llBJI.lleTC.ll :meKTpoqiope3 B fIAAr C ,ll;0-

6aBJieHHeM oooelJWlCYllb{jJama 11ampzm (SDS): 

0 
II HS-CH2-CH2-OH 

CH3---{CH2)11-O-S-O"Na + ~-MepKarITOJTaHOJI 

I 
o-

,[(o.11en1rncynh<j>aT HaTPmI (SDS) 

,[(o,11;eQHJICYJib<paT HaTPH.H 11pe,11;crnBn.sreT co6oii MOIQHbiii H0HHbIH ,11;eTep

reHT, KOTOpbIH Bbl3bIBaeT pa3B0paqHBaHHe 6enKOBbIX M0Jieeyn B BbIT.llHYTbie 

QellH H coo6IQaeT HM H36blTOqHblH OTPHQaTeJibHblll 3ap.sr,11;. I1oTep.HBIIIHe Ha

THBHYIO qiopMY 6enKH B TaK0M ,11;ettazypHpYIQIQeM rene 11epeMeIQa10Tc.sr K 110-

JI0)KHTeJibH0 3ap.sr)KeHH0MY 3JieKTP0,ll;Y (aHO,ll;y) co CK0p0CTbIO, K0TOpa.sr ,ll;eTep

MHHHpyeTC.ll T0JibK0 pa3MepoM (Maccoii) HX II0JIHllellTH,ll;HbIX Qe11eii. I1pH 3TOM 

renh, Bb1czy11a.sr B ponH MoneKyn.srpttoro CHTa, nerqe 11po11ycKaeT HeKpy11Hb1e 

II0JIHllellTH,ll;bl H B 60JibIIIeii Mepe TOpM03HT 11p0,ll;BH)KeHHe 6onee KpyllHbIX MO-
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neeyn, TeM caMbIM, pa.3,ll;eJI.ll.ll 6enKH B C00TBeTCTBHH c HX Moneeyn.srpHbIMH 

MaccaMH. I1pHMeH.ll.ll renH pa3JIHqHOll K0HQeHTPaQHH, M0)KH0 pa.3,ll;eJIHTb 6onb

IIIOll tta6op 6eJIKOB, pa3JIHqaIOIQHXC.ll 110 pa3Mepy (rn6JI. 16). 

Ta6nuna 16 

PeKoMeH,!lyeMIDI K0HI.leHTPanm1 aKpHJiaMH.lla ,!(ID! pa:3.11enemrn 6enKoB B rene 

ITAAf, % Pa:3Mep 6enKa, K,[(a 

5,0 57-212 

7,5 36-94 
10,0 16-68 
15,0 12--43 

I1pH 3neKTPo<pope3e c SDS 06b1qtto HCII0Jib3YIOT TaK)Ke o6pa6oTKy 6en

K0B P-MepKanmo3ma110J10M, pa3pbrnaIOIQHM ,ll;HCYJib<pH,ll;Hbie CB.ll3H Me)K,ll;y 

cy6oe,ll;HHHQaMH 6eJIKOB, qTQ 1103B0JI.lleT 011pe,11;eJIHTb qHCJI0 H Macey cy6oe,ll;H

HHQ B 6enKaX-MYJibTHMepax. I1ocne 3JieKTPO<pope3a 6eJIKH Bbl.llBJI.llIOTC.ll JIH6o 

KpaCHTeneM KYMaCCH (pHC. 8), JIH6o cepe6peHHeM (MHHOpHbie 6eJIKH), qTQ II0-

3B0JI.HeT Bbl.llBHTb Ha 3JieKTPO<poperpaMMaX HHqTQ)KHbie K0JIHqecTBa 6enKa 

( 0K0JI0 10 Hr H 1 Hr C00TBeTCTBeHH0 ). 

Pa3Mep 6enKa 0QeHHBaIOT 110 110,ll;BH)KH0CTH MapKepHbIX 6eJIKOB, M0Jie

Kyn.srpHa.sr Macca K0T0pbIX H3BeCTHa (rn6n. 17). 

,[(n.sr pa.3,ll;eJieHH.ll 6enKOB HCII0Jib3YIQT TaK)Ke MeT0,11; U303JleKmporjJoKycu

poeaHU5l. B oTJIHqHe OT MeTo,11;a :JneKTPO<pope3a, B 11p0Qecce K0Toporo 6enKH 

qipaKQHOHHPYIOTC.sr 11pH 3HaqeHHH pH, 3a,11;aBaeM0M 6yqiepHbIM pacrnopoM, 11pH 

H303JieKTPO<poeycHpoBaHHH 6eJIKH pa.3,ll;eJI.HIOTC.ll B rpa,11;HeHTe pH, C03,ll;aBaeM0M 

C II0M0IQblO ClleQHaJibHbIX peareHTOB (aM(jJOllUmoe). I1pH HH3KHX 3HaqeHH.llX 

pH 6eJIKH 3ap.H)KeHbl II0JI0)KHTeJibH0, 11pH BbIC0KHX 3HaqeHH.llX pH -

0TPHQaTeJibH0. B 3JieKTPHqecK0M II0Jie M0neeym,I 6eJIKOB MHrpHpYIQT K 11po

THB0II0JI0)KH0 3ap.sr)KeHHbIM II0JIIOCaM B CTP0r0M C00TBeTCTBHH T0JibK0 C 3ap.sr

,ll;0M M0Jieeyn H 0CTaHaBJIHBaIOTC.ll ( qioeycHpYIQTC.ll) B Tex T0qKax rpa,11;HeHTa 

pH, K0T0pbie C00TBeTCTBYIOT HX H303JieKTPHqecKHM T0qKaM (pl), TO eCTb TaM, 

r,11;e Moneeynhl crnH0B.HTc.sr :JneKTPOHeiiTPaJibHbIMH. lf303neKTPo<poeycHpoBa

HHe 1103B0JI.lleT T0HK0 pa.3,ll;eJIHTb 6eJIKH 110 3ap.sr,11;y; pa.3,ll;eJI.HIOTC.ll 6enKH, pa3JIH

qaIOIQHec.sr 110 pl Bcero Ha 0,005 e,11;HHHQ pH. 
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PHc. 8. 3JieKTpoq>operpaMMa, II0JiyqeHHaSI B pe3yJihTaTe q>paKUHOHHpOBaHHSI pac

TB0PHMhIX 6eJIKOB npo)l()l(eil: MeTonoM 3JieKTpOq>Ope3a B II0JIHaKpHJiaMHnHoM re

Jie c SDS n oKpaIIIHBaHHSI HX KyMaccH (H3 CTaT'hH Farell A., Morgan D. Mo/. Cell 

Biol. 2000. 20(3):749-754). IloJioChI 1-6 - pa3JIH'IHhie nnnhl 3Kcrrpeccnpye

MhIX reHoB; pa3Mephl 6eJIKOB YKa3aHI,I a K)];a 
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Ta6irnua 17 

MoneKyJUipHI,Ie MaCChl rrommerrTHnoB, HCII0Jlh3YeMbIX B Ka'IeCTBe MapKepoB 

Ilonm1errmn MoneKyJUipmlll 
Macca, K)];a 

Tsr)l(eJillll uerrh MH03HHa H3 MhllIIU Kp0JIHKa 212 

W-cyfo,enHHHUa PHK-rronHMepa3hI E. coli 165 

~-cy6'henHHHUa PHK-rroJIHMepa3hI E. coli 155 

~ -raJiaKT03Hna3a E. coli 130 

<l>ocqiopHJia3a a H3 MhIIIIU Kp0JIHKa 92,5 

Ehl'IHH ChIBOpOTO'IHhlH aJih6YMHH 68 

KaTana3a H3 rre11eHH 6hIKa 57,5 

IlHpyaaTKHHa3a H3 MhIIIIU Kp0JIHKa 57,2 

rnYTaMaTnerHnporeHa3a m rre11eHH 6b1Ka 53 

<l>YMapa3a H3 rre11eHH CBHHhH 48,5 

OBanb6YMHH 43 

EHOJia3a H3 MhIIIIU Kp0JIHKa 42 

Am<0roJihnernnporeHa3a H3 rre11eHH JI0IIIanH 41 

AnhnOJia3a H3 MhIIIIU Kp0JIHKa 40 

a-cy6'henHHHUa PHK-rroJIHMepa3hI E. coli 39 

rJIHUepanhnernn-3-qiocqiaTnernnporeHa3a 

H3 MhIIIIU Kp0JIHKa 36 

JlaKTaTnernnporeHa3a H3 cepnua CBHHhH 36 

Kap6oaHrnnpa3a 29 

XHMOTpHIICHH0reH A 25,7 

11Hrn6HT0p TpHIICHHa H3 C0H 20,1 

MHorno6HH H3 cepnua JioIIIanH 16,95 

a -JlaKTaJib6YMHH H3 K0p0Bbero M0JI0Ka 14,4 

JlH30UHM SIH'IH0ro 6eJIKa 14,3 

IJ;HTOXpOM C 11,7 

EcJIH 3q>q>eKTHBHOCTI, 3KCrrpeccHH 6eJIKa ~OCTaTO'IHO BI,ICOKa, COOTBeT

CTB)'IOIIzylO IIOJIOCY B rene MO)KHO BH3YaJIH30BaTI, KyMaCCH rony6bIM HJIH rry

TeM OKpanmBaHHH cepe6poM. IlpH HH3KOM ypoBHe 3KCrrpecCHH HCIIOJII,3)'IOT 

BecTepH-6JIOT-aHaJIH3 C aHTHTeJiaMH K ~aHHOMY 6enKy. 

MeTO~ oeyMep1-1020 3JleKmporpope3a (2D-SDS-PAGE) coqerneT MeTO~ 

mo3JieKTpoqioeycnpoBamrn H 3JieKTPOq>ope3a B IlAAr c SDS (1D-SDS

PAGE/EF) H HMeeT 6oni,rnyro pa3pernaro:uzyro crroco6HocTb. 

B 3TOH rrpoQeme 6eJIKH BHa1Jane o6pa6aTbIBaIOT ~-MepKaIIT03TaHOJIOM 

H M01JeBHHOH, 'ITO rrpHBO~HT K HX IIOJIHOMY pacTBopeHHIO, ~eHaTYPaQHH H ~HC-
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COQHaQIUI nonunenTHJJ.HI,IX Qeneii 6e3 H3MeHeHIDI 3apH,n:a. ,lJ:anee npoBOJJ.HT 

H303JieKTPoq>oKycupoBaHHe B ITAAr, pa3,n:eJIHH 6enKH no 3apH,n:y, a 3aTeM (B 

neprreHJJ.HKYJIHpHOM HanpaBJieHHH) Be.n:yT HX 3JieKTPOq>ope3 B 6noKe I1AAr C; 

SDS, rrpu KornpoM 6enKH pa3,n:enHIOTCH no MoneeynHpHoii Macce. TaKHM o6pa-, 
i 

30M, coqeTaH TOHKoe pa3,n:eneHHe BHaqane no 3apx.n:y, a 3aTeM no pa3Mepy (Mac-,, 

ce), y,n:aeTCH 3a OJJ.HH pa3 pa3,n:eJIHTb JJ.O 2 000 nonuneIITHJJ.HbIX Qerreii, TO eCTbf 

' rrpoaHanH3HpOBaTb 60JibrnyIO qaCTb 6eJIKOB 6aKTepHanbHOH KJieTKH. ' 

7.1. PaJJJ,eJieuue 6eJIKOB nyTeM eepTnKaJihuoro SDS-JJieKTpocl>ope3a 

7.1.1. PacTeopbI 

Pacmeop TI'E 

TpHC-rJIHQHHOBbIH 6yqiep (1 x, pH 8,3) (xpaHHTb pa6oquii CTOK rrpH 

KOMHaTHOH TeMrrepazype) 

Tris-base 

rJIHQHH 

SDS 

H2O 

3,05 r 
14,4 r 
1 r 

1 000 MJI 

ITpu pa3,n:eneHHH HaTHBHbIX 6enKOB SDS B pacrnop He BKJI10qaTb. 

Pmpewa10UJUU (HUJ/CHuu) 2eJ1b 

(roTOBHTb Henocpe,n:cTBeHH0 rrepe,n: npHMeHeHHeM, npo6upKa CTOHT BO JibJJ.Y) 

Ha 21 MJI: 10 % 12,5 % 15 % 

30 % IIAAJBIS 7,25 MJI 8,4 MJI 10,0 MJI 

H2O,mQ 9,78 MJI 7,3 MJI 10,0 MJI 

1,5 M Tpuc-HCI, pH 8,8 5,43 MJI 5,3 MJI 5 MJI 

10% SDS 100 MKJI 100 MKJI 100 MKJI 

10%PSA 140 MKJI 140 MKJI 140 MKJI 

TEMED 20 MKJI 20 MKJI 20 MKJI 

74 

KOHlJeHmpupy10UfUU (eepxHuu) 2eJlb 

(roTOBHTb Henocpe,n:cTBeHH0 rrepe.n: npHMeHeHHeM) 

KoHQ. CrnK 4 Mn 

H2O mQ 2,5 MJI 

30 % IIAAJBIS 5% 30% 0,5 MJI 

0,5 M Tpuc-HCI, pH 6,8 0,13M IM 0,8 MJI 

10 % SDS 0,1 % 10% 30 MKJI 

10 %PSA 0,1 % 10% 40 MKJI 

TEMED lMKJIIMJI 10 MKJI 

30 % IIAAIBIS 

(cTOKOBbIH pacrnop: IIAA: BIS= 29:l(MO)KHd xpaHHTb HeCK0JibKo Me

CHQeB npH + 4 °C) 

KOHQ. CTOK 50 MJI 100 MJI 150 MJI 200 MJI 

I1AA 29 % (w/v) TB. 14,5 r 29 r 43,5 r 58,0 r 
BIS 1 % (w/v) TB. 0,5 r 1 r 1,5 r 2,0 r 
H2O mQ 

Tpuc/SDS (pH 6,8) 

Ha 50 MJI 

Tpuc 3,02 r 

SDS 0,2 r 

PacrnopHeM HaBeCKH B 40 MJI BOJJ.bI, JJ.0BOJJ.HM COJIHHOH KHCJIOTOH pH JJ.O 

6,8 H 061>eM pacrnopa - Bo,n:oii ,n:o 50 Mn. 

Tpuc/SDS (pH 8,8) 

Ha 50 MJI 

Tpuc 

SDS 

0,1 r 
0,2 r 

PacrnopxeM HaBeCKH B 40 MJI BOJJ.bI, JJ.OB0JJ.HM COJIHHOH KHCJIOTOH pH JJ.O 

8,8 H 061,eM pacrnopa - BOJJ.OH JJ.O 50 MJI. 
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7.1.2. Ilo,uroTOBKa <l>ope3uoro annapaTa 

3Aecb "npon11rb" 

ArapoJttaff "npo6Ka" 

1. BbIMbITb KaMepbl 

JJ,eTepreHTOM, XO

porno CilOJIOCH)'Tb 

)],HCTHJIJIHpOBaHHOH 

BO)],Oll. 

2. BbIMbITb CTeKJia JJ,e

TepreHTOM. qT06bI 

reJib nerKO CHHMaJI-

CH co CTeKOJI, cne

JJ,yeT CHJIHKOHH3HpoBaTb (JJ,OCTaToquo 1 pa3 Ha ~ 10 nporOHOB ); 

BbICYIIIHTh; npOMbITb 70 %-M :naHOJIOM; BbICYIIIHTb. 

3. YnmKHTb cnettcepbl tt npoKJia)],KH. 

4. IlpoJIHTh ru;enu 6 %-ii arapo3ott. 

5. OQeHHTb 061,eM reJIH: 

6. 

feJih KaMepa 

MllHH MH,!IH MaKcu 

Kom-1eHTpupy10mnii -2 MJI -4 MJI -4MJI 

Pll3pernaIOll\llH -10 MJI -15 MJI -20 MJI 

IlpttroTOBHTb HH)KHHii/pmpernmoru;uii renh; JJ,ermupoBaTb Me)],H

QHHCKHM rnnpHQOM ~ 10 MHH. 

Pe311tt0Baff npo6Ka 

50 Mn 1.lettrp11cj)ylKttasi 
npo611pKa 

Pacreop renff 
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7. Co6paTh qiope3Hhiii npu-

6op, OTMeTHTh qJJIOMaCTepOM 

ypoBeHb KOHQeHTpttpyioru;ero 

reJIH (JJ,JIHHa 3y6q0KOB rpe6eHKH 

+1 CM). 

8. ~5-10 Mn pacnnaBJieH

HOH 1,5 %-ii arapo3hI (B TrE-
6yqiepe) HaJIHTb Ha poBHYJO 

ropH30HTaJibHYJO IlOBepXHOCTb. 

Cpa3y )Ke ycrnHOBHTh npu6op 

co CTeKJiaMH (arapo3a IlO)],HH-

MeTCH Me)KJJ,y CTeKJiaMH Ha ~2-10 MM). 

9. «IIponttTh» arap03oii BHeIIIHHe KpaH cneiicepoB. 

10. 3anHTb KOHQeHrpttpy10ru;uii reJib )],O OTMeTKH. 

11. HacJIOHTb CBepxy monponaHOJI (~3-10 MM). 

12. Ilocne 3aBeprneHHH IlOJIHMepmaQHH OTCOCaTb monponHJIOBhiii 

cnupT qJHJihTPOBaJibHoii 6YMarott. 

13. BcTaBHTb (He IlOJIHOCTbIO) rpe6eHey Me)K)],y CTeKJiaMH. 

14. 3anHTb KOHQeHrpttpy10ru;uii reJib, BCTaBHTb IlOJIHOCTbIO rpe6eHKy. 

15. Ilocne IlOJIHMepmaQHH ycTaHOBHTb BepXHIOIO KaMepy B HH)KHIOIO, 

3aJIHTb 6yqiep, BbITaII.l;HTb rpe6eHKy. 

16. HeMeJJ,JieHHO npoMhITb nyHKH rnnpHQOM, nonpaBHTh mornyBrntte

CH neperopOJJ,KH Me)KJJ,y KapMaHaMH (nu6o IlJIOCKHM «THilOM», JIH-

60 urnott rnnpuQa). 

KoM.Menmapuu: 

06U/Ue 
• foTOBblli reJib MO)KHO OCTaBHTb Ha HOtib IIpH + 4 °C, He Bb!HllMasI rpe6eHKY H 3aMOTaB Bepx 

u HH3 Saran Wrap, tIT06hr He IIO.!IChIXaJI. 

• EpoMipeHOJIOBblli CHHllll H,!leT C !ppOHTOM ipope3a. Htt)Ke Hero 6eJIKOB HeT. 

• OIIaCHO HaHOCHTb Ha ipope3 6eJIOK B pacrnope C BbICOKOll KOHI_\eHTPal_\Heii COJill:. 1) K+ (H 

HeKOTOpbie ,11pyme KaTHOHbI) CIIOC06Hbl BbIIIa,!laTb B OCa,!IOK c 6eJIKOM u SDS; 2) BbICOKasI 

KOHI_\eHTPal_\Hjj COJIH He II03BOAAeT 6eJIKaM BOHTH B reJib. O,11HaKO qacTO KOHI_\eHTPHPyIO

ll(Hll renh cIIoco6eH o6ecIIetIHTh xopowyro KapTHHKY, ,!la)Ke ecnu BHatiane B gqeiiKe BhIIIaJI 

OCa,!IOK. 

• B cnyqae 6aKTepuanbHOii KYJihTYPhI cpe,11Heii IIJIOTH0CTH Ha O.!IHY nyHKY ITAAf 

0,75x2,5 MM
2 
H~O 6paTb MaTepuan H3 -15 MKJI 6aKTepHaJibHOll KYJihTYPhI. 

Ilo n)l11Kmw.t 

II. 7. Kncnopo,11- HHm6HTOp IIOJIHMepH3al_\HH. Ee3 ,11erll3al_\HH reJih, KOHetIHo, 3aIIOJIHMepH-

3YeTC}I, HO 3a 60JibIIIee BpeMjj (B 3TOM cnyqae CTOHT YBeJilltillTb pa3a B IIOJITOpa KOJIH

tieCTB0 PSA H TEMED). 

II. 11. Y,1106HO OTJIHTb H3 OCTaTKOB reJieBoro pacrnopa -0,5-1,0 MJI B 1,7 MJI-IIpo6npKy u 

llCIIOJib30BaTb ee KaK HH,!IHKaTop IIOJillMepH3al_\HH. 

II. 13. MO)KHO IIpOMOKHyn CJIO)KeHHOH qlHJibTPOBaJibHOH 6YMaroii. 

II. 14. BcTaBAATb rpe6eHKY IIOCJie 3aJIHBKH reAA - HeHy)KHaJI cyeTa BO BpeM}I IIOJIHMepH3a

I.\llll; KpOMe Toro, OHa Bbl,!laBHT B KaMepy 3HatIHTeJibHblli o6'beM reAA. 
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7.1.3. 3JieKTpocJ>0pe3 

IlpomoKoJZ: 

1. roTOBHM o6pa.3IIbI (1 .n:opO)KKa-~10-12 MKr 6enKa). MaTepuan + 
6yqiep .n:mr HaHecemrn cMeIIIaTb, nepe.n: qiope30M npoKHTIHTHTb 15 MHH. 

2. Ilepe.n: HaHeceHHeM np0MbITb BOJl:OH nyHKH c TI0M0JnblO rnnpu11a. 

3. IlpOBOJl:HTb :meKTPOq>ope3 npu HanpH)KeHHH (,n:nH MHHH- H MH.D:H

KaMepbI) ~ 10 B/cM B K0HIIeHTPHPYJOJneM rene, ~ 180 B - B pa3pe

IIIaIOJneM. 

7.2 OKpamuBauue 6eJIKOBblX reJieii KyMaccu 

Pacmeop OflR <jJuKCalJuu: 

KpacKa: 

yKCYCHaH KHCn0Ta 

:naHon 

xnopoqiopM 

KyMaccu G-250 

3TaHon 

yKCYCHaH KHCn0Ta 

H20 

0mMbl6KQ; 

yKcycHaH KHCnorn 

:naHon 

H20 

KoH11. 

60% 

44% 

0,025 % 

KoH11. 

0,25% 

25% 

25% 

50% 

KoH11. 

10% 

30-40% 

60-50% 
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CTOK 

100% 

100% 

100 % 

CTOK 

TB. 

100% 

100% 

mQ 

CTOK 

100% 

100% 

mQ 

20 Mn 

12 Mn 

8,8 Mn 

50 MKJI 

500 Mn 

1,25 r 

125 Mn 

125 Mn 

250 Mn 

1000 Mn 

100 Mn 

300---400 Mn 

600-500 Mn 

IlpomoKoJZ: 

1. renb Il0MeCTHTb B CTeKJIHHHYJO qaIIIKY I1eTPH H 3aJIHTb pacrnopoM 

.n:nH q>HKCaIIHH. 

2. 3aKpb1Tb qarney nneHKOH H npu KOMHaTHOH TeMneparype Bbl,n:ep

)KaTb 1---48 q, nocne q>HKca111m pacrnop cnHTb, npoMbITb renh B0-

.n:ou H 3aJIHTb KpaCKy . 

3. OcTOpO)KHO KaqaTb Ha KaqanKe 10--60 MHH. 

4. CnHTb Kpacey, cnonocHyTh renb Bo,n:ou, HaJIHTb 0TMbIBKY I. 

5. KaqaTb Ha KaqanKe 10 MHH. 

6. CnuTh 0TMhIBKY I, cnonocttyTb renh Bo,n:oif, HaJIHTb 0TMbIBKY II. 

7. KaqaTh Ha KaqanKe 10 MHH . 

8. CnHTb 0TMbIBKy II, cnonocHyTh renh Bo,n:ou. 

9. renb M0)KH0 Cq>OTorpaqiupoBaTb, 0TCKaHHpoBaTb unu BbICYIIIHTb Ha 

renb-,n:paepe. 

KoM.MeHmapuu: 

06UfUe 
• EbICTJ)hIH H rrpOCTOH MeTO,n; ,n;mI OKpaCKH 6eJIKOBbIX reneii. BcH rrpone,n;ypa 3aHHMaeT 

MaKCHM}'M 30 MHH. MolKHO HeCKOJlbKO COKpamTh BpeMH OKpaIIIHBaHH51 H OTMblBOK H 

IIOJiyqHTb pe3yJihTaT el]le 6hICTJ)ee. 

llony111<.maM 

rr. 4, 6. MmKHO HCIIOJih3OBaTb OTMhIBKY I no HeCKOJihKY pa3, OTMhIBKY II - cBe)Kyro. Ko

r,n;a OTMbIBKa l CTaHOBHTC51 CJIHIIIKOM CHHeii, ee CJie,n;yeT BbIJIHTb, a HCIIOJib3OBaHHa51 li 

coxpaHeHHaH OTMblBKa II CTaHOBHTC51 OTMbIBKOH l. 

II. 9. EcJIH reJIH cyIIIHTb Ha <jJHJibTJ)OBaJibHOH 6}'Mare, TO HX IIOTOM He oqeHh y,n;o6Ho 

rrepeBO,!l;HTb B nmppoBoe H306pa)KeHHe. <l>HJibTJ)OBaJibHaH 6yMara He H,D;eaJihHO 6eJiaH, 

H Ha cepoM q>OHe CKpa,D;bIBfilOTC51 IIJIOXO BH,n;HMble IIOJIOCKH. Ilo3TOMY MO)KHO 

<j>oTOrpaq>HpOBaTb renH UHq>poBoii KaMepoii (HarrpHMep, Nikon Coolpix 4500 HJIH 

Canon PowerShot A610) B rrpoXOMl]leM 6enoM CBeTe (Ha BaiiT-6oKce) MH xopoIIIeii 

3JieKTJ)OHHOH KOIIHH, a ,n;mI BKJieHBaHH51 B )l(JpHaJI cymHTb Ha reJib-,n;paepe. EcJIH eCTb 

rrpHJIHqHblH CKaHep (c HOpMaJibHblM 3HaqeHHeM OD), TO MO)KHO IIOJIO)KHTb reJih rrpH

MO Ha CTeKJIO CKaHepa, OTCKaHHpoBaTb, a 3aTeM rrpoTepeTb CTeKJIO. 
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8. PA60TA C HYKJIEHHOBhIMH KHCJIOTAMH H 
liEJIKAMH 

Jlumepamypa: 

1. MaHuamuc T., cfJpu'l 3., C3M6pyK ,l{JIC. Mo11eK)IJ1J1pHoe KllOHupoeaHue. Memoobz 

zeHemu11ecKoii UHJ/CeHepuu. M:Mup, 1984. C. 402-407. 

8.1. O11UCTKa HYKJieUH0BbIX KUCJI0T 

O~HOH H3 caMI,IX Ba)KHI,IX np01~e,rzyp B M0JieK)'JUipH0M KJI0HHp0BaHHH 

HBJIHeTCH oqucTKa ,[(HK OT PHK u 6eJIKOB (Ta6JI. 18). 
Ta6Jimla 18 

Co.r(ep)!(aHHe aemecrna B pacqeTe Ha KJieTKY 

Bemecrno E.coli S. cerevisiae (1 n) 

,[(HK 17 qir 0,017 rrr 
PHK 100 qir 1,2 rrr 

EeJIOK 0,16 rrr 6rrr 

Co~ep)KaHue PHK B mo61,1x KJieTKax B 5-10 pa3 npeBbIIIIaeT co~ep)Ka

Htte ,[(HK. OKono 80-85 % Macc1,1 KJiemqHI,IX PHK cocTaBJIHIOT rpu (npoKa

puoT1,1) HJIH qeTbipe (3yKapHOTbI) BH~a pPHK, OKOJIO 10 % - noqTH 100 BH~OB 

TPHK. Pa3Mep1,1 o~HOHHTeB1,1x MOJieK)'JI PHK npuBe~eH1,1 B Ta6n. 19. 

BH.r(PHK 

IlpoKapuombz: 

TPHK 

5S 
16S 
23S 
MPHK 

3yKapuombz: 

TPHK 

5S 
5,8S 

18S 

28S 
MPHK 

Ta6Jimla 19 

OcHOBHbre BH.r(bI PHK 

Pa3Mep, HYKJie0TH.r(hl 

75-90 

120 
1 541 
2 904 

1 900 

75-90 

120 
158 

1 900 

5 000 
4000 
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• ,[(JIH pa3pyIIIeHHH KJieToqHoii CTeHKH HCIIOJII,3YIOT JIH30QHM ( o6pa3yIOTCH 

xpyrrKHe rrpoTOIIJiaCTbI, JierKO pa3pyIIIaeMI,Ie ~eTepreHTaMH). TaK)Ke HCII0JII,-

3YIOT rrpoHa3y: oHa cnoco6cTByeT 6onee rronHoMy rn~ponH3y 6enKa u rro3TOMY 

JIY1fIIIeii IIOCJie~meii ~errpoTeHHH3aQHH ,[(HK. 

• y MH0rHX 6aKTepuii JIH3HC HacrynaeT II0CJie ~o6aBJieHHH aHHOHH0ro ~e

TepreHTa ~o~eQHJICYJibq>aTa. OH He T0JII,KO pa3pyIIIaeT KJieTKH, HO ~eHarypupy

eT HeK0Top1,1e 6eJIKH. O~HaKO OH ~OJI)KeH 61,ITI, y~aneH npu IIOCJie~yIOIQHX o6-

pa60TKax, TaK KaK ero rrpHMeCI, MeIIIaeT rpaHCq>OpMaQHH. 

• .D:eHarypupoBaHue ,[(HK B 3KcrpaKTax KJieTOK menoq1,10, a 3aTeM Boccrn

H0BJieHHe Heiirpan1,Hoii pH rrpHB0~HT K TOMY, qTo ~Be Qerru IIJia3MH~Hoii KOBa

neHTH0-3aMKHyTOH ,[(HK OCTalOTCH IIOCJie ~eHarypaQHH coe~HHeHHI,IMH B BH~e 

3aQerrneHHbIX KOJieQ. l1x peHarypaQHH rrpoucxo~uT c ropa3~o 6on1,IIIeii 3q>q>eK

THBHOCTbIO, qeM peHarypaQHH xpoMOCOMHOH ,[(HK, y KOTopoii KOMIIJieMeHTap

HI,Ie QeIIH IIOCJie ~eHarypaQHH paCX0MTCH. 

8.1.1. Y~aJieuue PHK H3 npenapaToe 

PHK y~anHIOT H3 rrperrapamn IIJia3MH~I,I pa3JIHqHI,IMH crroco6aMH. Hau-

6onee pacrrpocrpaHeHHbIM HBJIHeTcH ucnon1,3onaHue q>epMeHTa naHKpeaTuqe

cKoii PHKa31,1 (PHKa3a A). PacTBop PHKa31,1 roTOBHTCH B KOHQeHTpaQuu 

10 Mr/MJI B 10 MM Tpuc-HCI, pH 7,5 u 15 MM NaCl. 

IlpomoKoll: 

1. .D:06an1,Te K npenapary PHKa3y, CBo6o~HyIO OT ,[(HKa31,1, B K0HQeH

rpaQHH He HH)Ke 100 MKr/MJI. 

2. IlpOHHK)'6HpyiiTe npenapaT npH KOMHaTHOH TeMneparype B Teqe

HHe 1 q_ 

8.1.2. YAaJieuue 6eJIKOB 

y ~anemie 6eJIKOB qacT0 IlpOBOMT C IlOM0IQI,IO 3KCrpaKQHH BO~HI,IX pac

TB0p0B HyKJieHHOBI,IX KHCJIOT q>eHOJIOM H (1rnu) XJIOpOq>OpMOM. TaKYIO 3KC

rpaKQlllO HCilOJII,3YIQT TaM, r~e Hy)KH0 HHaKTHBHpOBaTI, H Y~aJIHTI, q>epMeHTbl, 

npHMeHHeMbie Ha 0~HOM H3 3TailOB pa60TI,J, npe)I{Ae qeM nepeiiTH K CJie~

IQeMY. EcJIH )Ke HyKJieHHOBI,Ie KHCJIOTI,I BI,I~eJIHIOT H3 CJIO)KHI,IX CMeceii M0Jie

K)'JI, TaKHX KaK KJieToqHI,Ie JIH3aTI,J, TO Heo6xo~HMO npHJiaraTI, ~Oil0JIHHTeJII,

HI,Ie ycHJIHH. B TaKHX cnyqaHx npe)I{Ae qeM np0B0~HTI, 3KCrpaKQHIO opraHuqe-
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CKHMH pacTBOpHTeJUIMH, qarn;e acero y,11,amnoT 6om,IIIHHCTBO 6eJIKOB rH,11,pOJIH-

30M HX npoTeOJIHTHqeCKHMH qiepMeHTaMH, TaKHMH KaK npOHa3a HJIH npoTeHHa-

3a K (rn6JI. 20), KOTOpbie aKTHBHbl B OTHOIIIeHHH IIIHpOKOro cneKrpa HaTHBHbIX 

6eJIKOB. 
Ta61mna20 

y CJI0Blrn pa60Tbl npoTe0JilITllqecKIIX cpepMeHTOB 

0. Ji "' 0 

~ ~ 
~ §l ~ 

"' "' 
<l>epMeHT 0. ,:; 0. Eycpep Ml! peaKn1111 0. IIpe,nBaplITeJibHal! 

~u "' :. ~ "" :. ~ :i 0 • :,: ~ 0. 0 0. o6pa6oTKa 
"'0 1l ~ " :,: " 0 N ::I ::I I: 
:,: :i:: :. :,: :,: ~ :. 
o~ ~ ~ 0 " ~ :a.:: 0. 

IIpom13a 20 -20 1 O,Ql M Tp11c, pH 7,8 37 CaMonepeBap11-

0,01 M3~TA BaHlle B TeqeHlle 2 

0,5 % SDS q npll 37 °C 

IIpoTelIH!l3a K 20 -20 0.05 0,01 M Tp11c, pH7,8 37 He rpe6yercll 

0,005M3~TA 

0,5 % SDS 

IlpomoKoJl: 
1. )],o6aBbTe K npenapazy npOHa3Y a KOHUeHTpaUHH 1 Mr/MJI HJIH npoTeH- · 

Ha3Y K (0,5 Mr/Mn). 

2. IlpoHHKy6npyihe npH 37 °CB TeqeHHe 1 q_ 

8.1.3. 3KCTpaKQHH uyKJJeHHOBblX KHCJIOT 4>euOJIOM u XJIOpo4>opMOM 

CrnH,11,apTHbIM cnoco6oM y,n;aneHH5I 6eJIKOB H3 pacTBopoB HyKJieHHOBbIX 

KHCJIOT 5IBJI5IeTC5I 0,11,HOKpaTHaH 3KCTpaKQH5I BHaqane q>eHOJIOM, 3aTeM CMeCblO 

q>eHOJia H xnopoq>opMa ( 1 : 1) H, HaKOHeu, xnopoqiopMOM. IlpH HCilOJ1b30BaHHH 

,11,ayx opraHnqecKHX pacTaopnTeneii ,n;enpoTeHHH3aUHH npoTeKaeT 6onee 3q>

q>eKTHBHO. Xorn q>eHOJI aKTHBHO ,11,eHaTypnpyeT 6eJIKH, OH He IlOJIHOCTblO HH

rn6npyeT PHKa3ttyIO aKTHBHOCTb, H B HeM pacTBopHIOTCH MOJieKYJibI PHK, co

,11,ep)KaJUHe }],JIHHHble nocJie,11,0BaTeJibHOCTH IlOJIHA. O6e 3TH npo6JieMbl peIIIa

lOTC5I npH HCilOJib30BaHHH CMeCH q>eHOJia H xnopoq>opMa (1 : 1). B pe3yJibTaTe 

nocne,11,Heii 3KcrpaKQHH xnopoqiopMOM H3 npenapaTa HyKJieHHOBOH KHCJIOTbl 

y,n;an5IIOTC5I OCTaTKH q>eHOJia. 

Ilo,11, «q>eHOJIOM» no,n;pa3yMeBaIOT q>eHOJI, ypaBHOBeIIIeHHblll 6yqiepoM' H 

co,11,ep)KaJUHH 0,1 % OKCHXHHOJIHHa H 0,2 % ~-MepKailT03TaHOJia, a Il0,11, «xno-
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poqiopMOM» - cMecb xnopoq>opMa H H30aMHJioaoro cnnprn (24 : 1, no o6oe

My). Xnopoq>opM ,11,eHarypnpyeT 6eJIKH, a H30aMHJ10Bblll cnHpT yMeHbIIIaeT ne

_Hoo6pa30BaHHe BO apeM5I 3KCrpaKQHH, B pe3yJibTaTe qero npOHCX0,11,HT 6onee 

qeTKOe pa3,11,eJieHHe B0,11,HOH H opraHHqecKoii q>a3. 8-0KCHXHHOJIHH, )KeJITOe co

e,11,HHeHHe, 5IBJI5IeTC5I aHTHOKCH,11,aHTOM; OHO qacTHqHo HHrH6upyeT pHI(a3y H 

cna6o CB5I3bJBaeT H0Hbl MeTaJIJIOB. KpoMe Toro, )KeJITaH OKpacKa Il03B0J15IeT 

JierK0 onpe,11,eJIHTb q>eHOJibHyIO q>a3y. 

IlpomoKOJl: 
1. CMeIIIaiiTe npo6y ~ c paBHbIM o6oeMOM q>eHoJia HJIH CMeCH q>e

Honlxnopoq>opM a IlOJIHnponHJieHOBOH npo6HpKe c nnaCTMaCCOBOH 

KpbIIIIKOH. 

2. PaJMeIIIHBaiiTe co,11,ep)KHMoe npo6HpKH, noKa He 06pa3yeTcH 3MYJib

CHH. 

3. QeHTpHq>yrnpyiiTe 3 MHH npH 1600 g HJIH 15 ca MHKpoueHrpHq>yre 

npH KOMHaTHOH TeMneparype. EcJIH opraHnqecKaH H B0,11,HaH q>a3bl 

pa3,11,eJIHJIHCb He,11,0CTaTQqHo xop0IIIO, OTQeHrpHq>yrnpyiiTe ern;e pa3 

6onee np0,11,0JI)KHTeJibH0e BpeMH HJIH npH 60JibIIIeii CK0p0CTH. 

4. IlepeHeCHTe nnneTKoii aepxHIOIO ao,11,tty10 q>aJy B H0BYIO nonnnpo

nnneHOByIO npo6HpKy. ,[(Jrn He60JiblIIHX o6oeMOB (:S200 MKJI) HC

IlOJ1b3YHTe aBTOMaTnqecKYIO nnneTKY C IlO}],X0,11,51:JUHM HaKOHeqHH

KOM. IlpoMe~oqttyIO q>a3y H HH)KHIOIO opraHnqecKyIO q>a3Y OT-

6pocbTe. 

5. ,[(o6aBbTe paBHblll o6oeM CMeCH qieHOJia II xnopoq>opMa (1 : 1). Ilo

BTOpHTe nn. 2--4. 
6. ,[(o6aBbTe paBHblll o6oeM xnopoqiopMa H IlOBTOpHTe nn. 2-4. 
7. Oca,11,HTe ~ 3TaHOJIOM. 

KoMMenmapuu: 
OpraH11qecKyro lI B0,nHyro !pa3bl M0lKH0 CMeIIIlIBaTb BCTPl!XlIBaHlleM npll BbI,UeJieHllll 

He6oJibllllIX ~K (:'.S 10 T.Il.H.) lIJlll cna6bIM Il0Kaq11BaHlleM npll BbI,UeJieHllll ~HK cpe,nHero 

pa3Mepa (10-30 T.Il.H.). 
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8.1.4. Oca~euue 6emmn C0JIHMH 

IlpomoKoJl: 
1. ,[J;o6asbTe K 1 V rrperraparn ,[I.HK 1 V 9 M LiCI (KoHeqmur Kom:~eH-

-rpau;1rn LiCI 4,5 M) H xoporno rrepeMernaiiTe. 

2. OcTaBbTe B xono,n:HJibHHKe (- 20 °C) Ha 20 MHH. ,n:o Bbrna,n:eHIDI oca,n:

Ka B BH)].e XJIOIIbeB. 

3. Orn:eH-rpmpympyiiTe B TeqeHHe 10 MHH. rrpH 12 000 06/MHH. 

4. Oca,n:HTe ,[I.HK H30IIporraHOJIOM H pacTBopHTe B BO)].e (nyqrne pe)KeT

CH pec-rpHKTa3aMH). ,[I.HK rrpHrO)].Ha )].JIH TpaHccpopMall;HH, pec-rpHK

Il;HH, KJIOHHpOBaHHH. 

8.1.5. Oca~euue uyKneuuoBblX KHCJI0T cnupToM 

HaH6onee qacTO HCIIOJib3yeMbIH MeTO,Ll; KOHn;eH-rpHpoBaHHH ,[I.HK -
oca)K,n:eHHe ee 3TaHOJIOM. Oca,n:oK ,[I.HK, o6pa3yIOin;HHCH rrpH HH3KOH TeMrrepa

rype (- 20 °C HJIH HH)Ke) B rrpHCYTCTBHH yMepeHHOH KOHD;eH-rpan;HH MOHOBa

JieHTHbIX KaTHOHOB, co6ttpaIOT u;eH-rpHcpyrHpoBaHHeM H BHOBb pacTBOpHIOT a 

COOTBeTCTBYJOII(eM 6ycpepe, )].OBO,Ll;H )].O )KeJiaeMOH KOHD;eH-rpan;HH. 3Ta rrpm~e

.n:ypa HBJIHeTCH 6bICTJ)OH H KOJIHqecTBeHHOH, )].a)Ke ecJIH ,[I.HK rrpHcyrcTByeT a 

HaHorpaMMaX. 

IlpomoKOJl: 
1. Orrpe.n.enHTe 061,eM pacTBopa ,[I.HK. 
2. ,[J;oBe)].HTe )].O Heo6XO)].HMOH KOHD;eH-rpan;HIO MOHOBaJieHTHbIX Ka

THOHOB nH6o rryreM pa3se.n.eHHH 6ycpepoM TE, pH 8,0, ecnH B pac

TBope )],HK HMeeTCH BbICOKaH KOHD;eH-rpan;HH coneii, JIH6o rryTeM 

.n.o6aBJieHIDI O)].HOrO H3 COJieBbIX paCTBOpOB. 

3. Xopomo pa3MemaiiTe. ,[J;o6aBbTe ToqHo 2 V OXJia)K.LJ:eHHoro Bo Jib.LJ:Y 

3TaHOJia H cHoBa xoporno pa3MemaiiTe. Oxna.D.HTe .n.o - 20 °C. Oc

TaBbTe rrpH HH3KOH TeMrreparype, qT06bI ,[I.HK BbIIIaJia B oca,n:oK. 

O6bJqHO )].JIH 3TOro -rpe6yeTCH 30-60 MHH rrpH - 20 °C, HO KOr)].a 

pa3Mep )],HK MaJI (< 1 T.II.H.) HJIH Kor.n.a OHa rrpHcyrcTByeT a He-

6oJibilIHX KOJiffqeCTBax ( < 0, 1 MKrlMJI ), tty)KHO yseJIHqHTb speMH 

BbI)].ep)KHBaHIDI HJIH IIOHH3HTb TeMrreparypy )].O - 70 °C . 
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4. U:eH-rpHcpympyiiTe rrpH 0 °C. B 6oJibIIIHHCTBe cnyqaeB )].OCTaTOqHO 

u;eH-rpHcpympoBaTb 10 MHH. a n;eH-rpHcpyre 3rrrreH.n.opcp HJIH IIpH 

12 000 g. O,n:HaKO IIpH pa6oTe c pacTBopoM ,[l,HK HH3KOH KOHD;eH

-rpan;HH HJIH co.n.ep)Kalll;HM oqeHb MeJIKHe cpparMeHTbI ,[l,HK MO)KeT 

rro-rpe6oBaTbCH 6onee HHTeHCHBHOe u;eH-rpHcpyrHpOBaHHe (HarrpH

Mep 30 MHH. rrpH 30 000 06/MHH). 

5. Y.n.anHTe Ha,n:oca,n:oqHYJO )KH.LJ:KOCTb. OcTaBhTe rrpo6HPKY B rrepesep

HYTOM IIOJIO)KeHHH Ha JIHCTe !pHJibTJ)OBaJibHOH 6yMarH, qrn6bI KaK 

cne.n.yeT cTeKJia BCH )KH)].KOCTb. <l>HJibTpOBaJibHOH 6yMaroii Y.D.aJIHTe 

Bee KaIIJIH co CTeHoK rrpo6HpKH. 

6. PacTBOpHTe OCa,Ll;OK ,[l,HK B COOTBeTCTBYJOII(eM 061,eMe 6ycpepa. Xo

pomo OIIOJIOCHHTe 6ycpepoM CTeHKH rrpo6HpKH, qrn6bI co6paTb BCIO 

,[1,HK. ,[J;JIH ycKopeHHH paCTBOpeHIDI oca,n:Ka MO)KHO rrporpeTb rrpo6y 

rrpH 37 °CB TeqeHHe 5 MHH. 

Ko.M.Menmapuu: 

• BMeCTO .l{Byx 061,eMOB JTaH0Jia ,llllil 0CIDK,lleHH11 ,[{HK M0JKH0 B311Th I 061,eM H30IIporraHoJia • 

IIpeHM)'llleCTBO TaKOH 3aMeHhI C0CT0HT B MeHbIIIeM 061,eMe [(eHrpmpyrnpyeMoii lKH,llK0-

CTH. Ho H30IIp0IIaH0JI MeHee JieT)"I, qeM JTllH0JI, II0JT0MY ero CJie,llbI Tpy.11Hee Y.llaJIHTh H3 

pacTBopa; KpoMe Toro, HeK0T0phle pacTBopeHHhie coe.11nHeHn11, TaKHe KaI< caxap03a nrrn 

NaCl, rrerqe OCIDK.llaIOTCH BMecTe c .l{HK rrpn· ncrroJih30BaHHn n3orrporraHorra, oco6eHHO 

rrpn - 70 °C. B o6I[(eM, eCJIH He rpe6yeTC11 CB0,llHTh K MHHHMYMY 061,eM lKH,llK0CTH, 0Ca)l(

.11eHne rrpe.11rroq11neJibHee rrp0B0,llHTh JTaH0JI0M. 

• .l{JIH y.11arreHH11 rrpnMeceii, 3axBaTbIBaeMbIX 0Ca,llK0M, M0JKH0 rrp0MhITh 0Ca,ll0K .l{HK pac

rnopoM 70 %-ro JTaH0Jia. qT06hI rrpn IIp0MhIBaHHH He II0TepHTh qaCTh .l{HK, 3aIJOJIH1!llTe 

rrpo6npKJ 70 %-M JTaH0JI0M He 6orree qeM Ha 2/3. Bcrp11xnaaiiTe Herrpo.110JIJKHTeJihH0e 

BpeMH H [(eHTpnq>yrnpyiiTe TaK, KaK 0IIHCaH0 Bbillie. Oca,llOK, 0CTaIOI[(HllC11 II0CJie rrp0MhI

BaHHH 70 %-M JTllH0JI0M, He oqeHh rrpoqHo CB1138H co CTeHKaMH rrpo6npKH, II0JT0MY 6y,llh

Te oqeHb 0CTOp0lKHhI rrpn Y.llaJieHHH Ha,ll0Ca,lloqnoii JKH,llK0CTH. 

• QqeHh K0p0TKHe M0JieKyJihI .l{HK (<200 II.H.) IIJI0X0 0CaJK,llfilOTC11 JTaH0JI0M. O,llHaKO Jqi

q>eKTHBHOCTb HX 0CaJK,lleHH11 3HaqnTeJihH0 YBeJinqnaaerc11, ecrrn rrpe.11BapHTeJihH0 K pac

TB0py .l{HK .1106aanTh MgCh .110 K0H[(eHTpa[(HH 0,0 I M • 

• KaK rrpaaHJI0, .l{HK, 0CaJK,lleHHM JTaH0JI0M, rrerno BH0Bh pacTBop11eTC1! B 6yqiepax C HH3-

Koii HOHHOH CHJioii, TaKHX KaK 6yqiep TE. 
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8.1.6. Qq11cTKa ,l);HK c noMOID.hlO BlueSorb 

(p(l3pa6omano u npoU3Booumca <J,up.11wii Clonogene, C.-Ilemep6ypz) 
BlueSorb (BS) rrpe,11.Ha:rnaqeH }].JUI oqncTKH ,n:HK rryTeM 6bICTPOro CBH-

3hIBaHnH ll y,11.aJieHHH 6eJIKOB ll3 peaKIJ;llOHHOM cMecn, 'ITO Il03B0JIHeT H36e)KaTh 

q>eHOJlhHOM 3KCTPaKIJ;llll ll nepeocmK,D,eHllH ,n:Hl{ cnnpTOM. ,[(.rrx y,11.aneHHH qiep

MeHT0B peCTPllKIJ;HII, Il0JIIIMepa3, JIIIra3 }].0CTaT0'IH0 ,11.Byx IJ;IIKnOB 3KCTPaKtiIIII; 

npII pa6oTe C qiepMeHTaMH, 06na.r1a10mIIMII HyKnea3HOM aKTIIBHOCThIO, peKO-

MeH,D,yeTCH TpII IJ;IIKna. 

IlpomoKofl: 

I. TmaTeJihH0 pecycneH,11.IIpyiiTe BS. 

2. ,n:o6aBbTe B peaKIJ;II0HHYIO cMeCh Heo6xo}].IIMOe K0JIII'leCTBO cycneH-

3IIII BS H3 pacqern: ,11.06aBnHeMhiii o6oeM cop6eHTa paBeH KBa,11.paT

H0MY K0pHIO o6oeMa peaKIJ;IIOHHOM CMeCII. HanpIIMep, }].JIH o6oeMOB 

peaKIJ;IIOHHOii cMecII 100/50/25 MKn ,11.06aBnHeMhie o6oeMhI BS co

CTaBJIHIOT 10/7 /5 MKn cooTBeTCTBeHH0. 

3. I1HTeHCIIBH0 BCTpHXIIBaiiTe CMeCb B Te'leHIIe 30 c, nocne qero oca,11.II-

Te BS KpaTKHM u;eHTPIIq>yrnpoBaHIIeM. 

4. OcTOp0)KH0 OT6epIITe II nepeHeCIITe co,11.ep)KaIIJ;IIM ,n:HK cynepHaTaHT · 

B 'IIICTYIO npo6IIpKy, nocne qero Il0BT0pIITe 3KCTPaKIJ;llIO (nn. 1-3). 

BlueSorb 3aMeHHeT 3KCTPaKIJ;IIIO cMeChIO q>eHon/xnopoq>opM B npou;ecce 

Bbl,[\eJieHIIH Ilna3MII}].HOM ,n:Hl{ MeT0}].aMII iu;eJI0'IH0r0 JIII3HCa ll KIIIlH'leHIIH. 

Ha'IIIHaeTe pa6oTaTh c 1,5 MJI HO'IHOii eynhTYPhI E. coli no cTaH,11.aprnoii' 

MeT0,11.IIKe II }].0X0}].IITe ,11.0 CTa,11.IIll oCa)K,11.eHIIH rpy6oro oca,11.Ka ,n:HK CilIIpTOM. 

Ilocne pacrnopeHIIH oca,11.Ka B TE II ero o6pa6oTKll PHKa3oii A, ,11.enpoTeIIHII-

3npyiiTe IlJla3Mll,!1.HYIO ,n:HK C Il0M0IIJ;bIO BS, KaK 0ilIICaH0 BhIIlle B nn. 1-4. 

KoMMenmapuu: 
• BS MOJKeT xpa.HllThCH IIpll KOMHaTHOll TeMIIeparype B Te'leHlle MeCHI~eB, HO IIpe,11IIO'l-

TllTeJibHee xpaHeHne IIpll + 4 °C; 

• He llCIIOJib3yil:Te ll36bITKll cop6eHTa 60JibIIIlle, '!eM peKOMeH,!IOBaHHbie B II. 2; 

• He pa6ornil:Te IIpll KOHUeHTPaUllH coneil: BbIIIIe '!eM 0,3 M; 

• He pa6oTail:Te IIpll 3Ha'leHllHX pH Hll)Ke 6,0 n BbllIIe 8,0; 

• He pa6ornil:Te B IIpncyrcTBllll SDS, Triton, Tween. 
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8.2. Onpe,11.eJieH11e K0JI11qecTBa ,LJ;BYHHTeBoii ,IJ;HK no «Jmyopecu:euu:1111 6po

MHCToro 3Tll,!J;IIH 

I-Ittor.n.a ,n:HK rrpncyTcrnyeT B K0JIH'leCTBe ( < 250 Hr/Mn), He}].0CTaT0'I

H0M }].JIH cneKTPOq>OTOMeTPH'leCKOro onpe,11.eneHIIH, llJill ee pacrnop co,11.ep)KHT 

npnMecn ,11.pyrnx Y<I>-nornomaromnx Bemecrn, Mernaroiu;nx T0'IH0MY aHaJill3y. 

nhICTPhIM cnoco6 ou;eHKH K0JIH'leCTBa ,n:HK B TaKHX npo6ax 3aKnIO'laeTCH B ll3-

MepeHHll qinyopecu;eHIJ;IIll 6poMHCTOro 3Tll}].IIH, llHTepKaJIHp0BaHH0ro B M0Jie

eyny ,n:HK. IlocKOJihKY BennqnHa q>nyopecu;eHu;nn nponopu;noHaJihHa o6meii 

Macce ,n:HK, K0JIH'leCTB0 ,n:HK B npo6e M0)KH0 orrpe,11.eJIHTh, cpaBHHBaH BhIX0,11. 

q>nyopecu;eHIJ;llll npo6bI ll cepnn CTaH,11.apTOB. 3THM MeT0,11.0M M0)KH0 orrpe,11.e

JlllTh ,11.0 1-5 Hr ,n:Hl{. 

Memoo MUHU-2eJlR 

3neKTPOq>ope3 B MllHH-rene HBJIHeTCH 6bICTPhIM ll y,11.06HhIM crroco6oM 

ll3MepeHIIH K0JIH'leCTBa ,n:HK C 0,11.H0BpeMeHHhIM aHaJill30M ee q>H3H'leCKOro co

CTOHHHH. 3TOT MeT0,11. cne,11.yeT BbI6npaTb B TOM cnyqae, Kor,11.a cymecrnyeT Be

p0HTH0CTb npIICYTCTBHH B npo6ax 3Ha'IHTeJibHhIX K0JIH'leCTB PHK. 

IlpomoKofl: 

1. CMelllaiiTe 2 MKn npo6b1 ,n:HK c 0,4 MKn 6yqiepa .n.nx HaHeceHnH IV 

(cM. Ta6JI. 10) (KpacHTeJih - TOJibK0 6poMq>eHOJIOBbIM CllHHii) n Ha

HeCHTe 3TY CMeCb Ha 0,8 %-ii arap03HhIM MHHH-renh, co,11.ep)Kamnii 

0,5 MKr/MJI 6pOMHCTOro 3Tll}].HH. 

2. CMelllaiiTe 2 MKn Ka)K,11.0ro H3 cepnn crnH,11.apTHhIX pacrnopoB ,n:HK 
(0,5-50 MKr/Mn) c 0,4 MKn 6yq>epa }].JIH HaHeCeHHH. HaHeCHTe npo6hI 

Ha renh. 

3. IlpoB0,11.HTe 3JieKTPOq>ope3 ,11.0 Tex nop, noKa 6poMq>eHOJIOBhIM cnHnii 

He np0,11.BHHeTCH rrpn6Jill3HTeJibHO Ha 1-2 CM. 

4. Y,11.aJinTe KpacnTeJih H3 renx, norpy3nB rrocne,11.Hnii Ha 5 MHH. B 3JieK

TPOq>ope3Hhiii 6yqiep, co)].ep)Kaiu;nii 0,01 M MgClz. 

5. CpaBHHTe llHTeHCHBH0CTll q>nyopecu;eHIJ;llll Hell3BeCTHOM ll CTaH

,!1.apTHbIX ,n:HK B K0p0TK0B0JIH0B0M Y<l>-cBeTe ll onpe,11.ennTe K0JIH'le

CTB0 ,n:HK B npo6e. 

KoMMenmapuu: 

II. 1. CTa.H,llapTttbIH pacrnop ,[{HK ,11OJIJKeH co,11eplKaTb ,n:HK IIpn6JIH3HTeJibHO TaKoro lKe 

pa3Mepa, KaKOll llMeeT Hell3BeCTHM .r:t:HK. 
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IIPHJIO)KEHIDI 
Ilpm10meu11e A 

1. rpeqec1mii amj>aBHT 

Aa aJIMpa Nv HIO 

BP 6era :s ~ KCII 

rr raMMa Oo OMIIKpOH 

Ao ~eJihTa II n IIII 

Ee 3IICHJIOH Pp po 

z~ ~3eTa l: rn; CIITMa 

Hri 3Ta T-r my 

00 TeTa Yu IIIICIIJIOH 

It il:om <I> cp <pII 

KK Kanrra Xx XII 

A).. IDIM6~a 'I' ljl IICII 

Mµ MIO !loo oMera 

2; .JlaTUHCKUe H rpeqecKue H33B3HHH qucJJHTeJihHblX 

Mempu'lecKue npucmaeKu 
L{II<ppbI lfuCJIHTeJihHbie 

KOJIII'!eCTBeHHhle 

JfaT. rpe'I. 

1 YHII- MOHO-

2 ey-; 6II- ~II-

3 TPH- TPII-

4 KB~p- Terpa-

5 KBIIHKB- rreHTa-

6 ceKc- reKca-

7 cerrT- rerrTa-

8 OKTO- OKTa-

9 HOHa- 3Ha-(HOHa-) 

IO ~eQII- ~eQII-

11 )'H.lleQII- re~eKa-

12 eyo~eQII- ~o~eKa-

20 BHIBHTII- IIKOCa-

100 QeHTII- reKaTo-

1000 MIIJIJIII- XHJIIIO-
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l(ec51,mu•mbze npucmaeKu 

o603HaqaroT II3MeHeHIIe B COOTBeTCTBYJOII(ee qIICJIO pm (lOn) OCHOBHOH e,n;II

_HIIU:bl II3Mepemrn II o6pmyIOT Ha3BaHirn ,n;eCHTIIqHbIX KpaTHblX II ,D;OJibHblX oc

HOBHbIX e,n;IIHIIU: II3MepeHIIH. 

O6o3Ha'leHII.sr 

PyccKIIe Me)KJIYffap. 

T T 
r G 
M M 

K k 
r h 
~a da 

,ll d 

C C 

M m 
MK µ 
H n 
MMK mµ 
MKMK µµ 
II p 

qi f 
a a 

Q z 

3. CnMBOJJhl u coKpam:euuu 

bp, II.H. - rrapbI OCHOBaHIIii 

IIpOII3HOIIIeHIIe qIICJIOBhie 

3Ha'!eHII.II 

Tepa 10·4 

rIIra 109 
Mera 106 
KIIJIO 103 
reKTo 102 
~eKa IO 
~eQII 10·1 

CaHTII 10-2 

MIIJIJIII 10-3 

MIIKpO 10-6 

HaHO 10-9 

MIIJIJIIIMIIKpo 10-9 

MIIKpOMIIKpO 10-12 

IIIIKO 10-12 

<peMTO 10-15 

aTTo 10-18 

QeHTO 10-21 

Da - ,n;anbTOH, e,n;IIHIIU:a MOJieKynHpHoii Maccb1; kDa = 1 000 Da 

ds - ,n;Byu:erroqeqHM ,l(HK 

ss - O,D;HOI(erroqeqHM .l{HK 

kb, T.II.H. - KIIno6ma: 1 000 ocHoBaHIIH IIJIII 1 000 nap ocHoBaHIIH 

M - MOJIHpHOCTb, MOJib pacrnopeHHOro Bell(ecrna Ha 1 n pacrnopIITeJIH 

Mb - Mera6mbl: 1 000 000 bp 

MM - MoneeynHpHM Macca 

MOJib - a6cOJIIOTHOe KOJIIIqeCTBO Bell(ecrna 

')... - ,lJ;JIIIHa BOJIHbI 
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4. EJJ.HHUUbl U3MepeHHSI II cI>aKTOpbl nepecqeTa 

1 JJ.aIIbT0H (,D;a) paBeH Macce o,n,Horo aToMa BO,n,opo,n,a 

1 )];a= 1,67 · 10-
24 

r 

1 MKr = 1 'Y = 10-6 r 

1 Hr= 10-9 r 

lH=lOA 

1 MKM = 103 HM 

1 HM= 10"9 M 

1 kb ds ,[I.HK = 6,6 · 10
5 

,[I.a 

1 kb ss )];HK= 3,3 · 10
5 

,[I.a 

1 kb ss PHK = 3,4 · 10
5 

)];a 

1 M,[l,a ds )];HK = 1,52 kb 

1 kb:::::333 AK 
EenoK c MW 10 000 = 270 bp )];HK 

Cpe,n,mrn: Moneeymi:pHmI Macca ,n,e3oKcllptt6oHyKJieoTHJJ.OB = 324,5 ,[I.a 

Cpe,n,mrn: Macca rrap1,1 ,n,e30KCHptt6oHyKJie0Tll,!l,OB = 649 ,[I.a 

Cpe,n,mrn: M0Jieeym1pHmI Macca ptt6oHyKJie0TH,!l,OB = 340,5 ,[I.a 

1 BHT0K crrttpaIIH )];HK = 3 ,4 HM = 10 bp 

1 A= 1,05 ocHoBaHIDI 

1 OD260 ,n,Byxu;erroqeqHOH )];HK= 50 MKr 

1 OD26o o,n,Hou;erroqeqHoii )];HK= 37 MKr 

1 K=°C+273,15 
1 S - 1 cBe,n,6epr - e,n,HHHu;a CBe,n,6epra - K03<p<pHU:lleHT ce,n,ttMeHTaI.J;HH 

1 S=l x 10-13 c 
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5. Co,n,epmauue ~ B pa3JrnqubIX oprau113Max 

OpraHH3M Co~ep)KaHne L(HK (rr.H.) 

(ln - raIIJIOll~HhIH reHOM) 

Escherichia coli 4,2. 10° 

Arabidopsis thaliana 4,7 · 106 

Saccharomyces cerevisiae 1,4. 107 

Drosophila me/anogaster 1,4 · 108 

Homo sapiens 3,3 · 109 

Triticum aestivum 

(reKcarrnon~HIDI mneHnua) 1,7 · 1010 

6. ,D;HK-MapKep 
FastRuler™ J(HK-MapKep (500-10 000 rr.H.) ,n,aeT 13 rronoc. Pa.3Mep1,1 cppar

MeHToB: 10 000, 9 000, 8 000, 7 000, 6 000, 5 000, 4 000, 3 000, 2 500, 2 000, 

1 500, 1 000, 500 Il.H. 

7. EaKTepnocI>ar JIHM6,n,a 

)];HK cpara 'A, 6aKTep1m E. coli -JIHHeiiHmi MoneKyna c 51-Bl>ICTY

rraroiu;ttMH JIHITKHMH K0HI.J;aMH ,!l,JIHHOH 12 H. Ilocne rrp0HHKH0BeHmI B KJieTKY 

)];HK cpara A 3aMbIKaeTCH B K0JII,I.J;0 6naro,n,apH K0MITJieMeHTapH0MY B3aHMO,D,eii

CTBHIO JIHITKHX K0HI.J;0B. Koni,u;eBmI M0Jieeyna C0CT0HT H3 48 502 Il.H. OTcqeT 

HyKJieOTH,!l,HOH rrocne,n,oBaTeJibH0CTH HaquHaeTCH C rrepBoro 0CH0BaHHH JieB0ro 

K0Hu;a GGGCGGCGACCT ... H rrpo,n,omi:<aeTcH B,n,oni, L-u;errtt B HarrpaBneHHH 

OT Il03,!1,HHX reH0B K paHHHM. 

Koopdw1amb1 caumoe pecmpuKZJUU Ha /(HK A 
YHHKaJil>Hl>Ie caiiTl>I peCTPHKU:HH: Apa I (1086), Naef (20040), Nari ( 45679), 

Nhel (34679), Sbal (12188), Xbal (24508), Xhol (33498). 

2 caiirn: Kpnl (17053, 18556) 

Sac/(24772,25877) 

Sa/GI (32745, 33244) 

3 caiirn: Pvul (11933, 26254, 35787) 

Sma/(19397,31617,39888) 

5 caiiToB: BamHI (5505, 2346, 27972, 34499, 41732) 

EcoR/(21226,26104,31747,39168,44972) 

6 caiiToB: Bgll (415, 22425, 35711, 38103, 38754, 38814) 

7caiiToB:HindJJJ(23130,25157,2779,36895,37459,37584,44141) 
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Pa3Mepbz ppa2MeHmoe pecmpuKlJUU 6aKmepuopa2a A 

BamHI EcoRI Pst I 

16841 1 21226 1 11501 1 

7233 2 7421 2 5077 2 

6770 3 5804 3 4749 3 

6527 4 5643 4 4507 4 

l 5626 5 4878 5 2838 5 

5505 6 3530 6 2556 6 
2459 7 :{ 

n 
I' 

Clal Hind III 2443 8 j 
11381 1 23130 1 2140 9 

10496 2 9416 2 1986 10 

4998 3 6682 3 1700 11 

4198 4 4361 4 1159 12 

3673 5 2322 5 1093 13 

2614 6 2027 6 805 14 

) 2064 7 564 7 514 15 

1915 8 125 8 468 16 

1804 9 447 17 

1701 10 Kpnl 339 18 

1112 11 19947 1 264 19 

973 12 17053 2 247 20 

621 13 1503 3 216 21 

537 14 211 22 

354 15 Sall 200 23 

32745 1 164 24 

15258 2 150 25 

499 3 97 26 
94 27 
72 28 
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8. Ta6J1un:a reueTn'lecKoro Ko;:i:a 

2-H D03lll{HH KO}];OHa 

u C A 
UUU Phe ucu UAU Try 

u uuc UCCSer UAC 
UUA Leu UCA UAAochre 
UUG UCG UAG amber 

~ 
cuu CCU CAU His 

; C CUC Leu CCC Pro CAC 
~ CUA CCA CAA Gin :lll 
= CUG CCG CAG = 
= AUU 
M 

ACU AAU Asn 

~ A AUC Ile ACC Thr AAC 
= AUA ACA I 
-< 

AUG Met ACG AAA Lys 

AAG 
GUU GCU GAU Asp 

G GUC Val GCCA/a GAC 
GUA GCA GAA Glu 
GUG GCG GAG 

G 
UGU Cys 

UGC 
UGA opal 

UGG Trp 

CGU 
CGC Arg 

CGA 
CGG 
AGU Ser 

AGC 

AGA Arg 

AGG 
GGU 
GGC Gly 

GGA 
GGG 

u 
C 

A 
G 

u 
C 
A 

G 

u 
C 

A 

G 

u 
C 

A 
G 

w 
lQ 

= 0 

"' .a 
§ 
:,: 
~ 
0 = =,, 

B MHToxou,n;pm1x ,n;pm10Keii Ko,n;our,1 AUG H UGA ,n;Jrn: Met H Trp HCTI0Jib3YIOT

cH ue ,D;JIH ncex Ile H cTon-Ko,n;ouon. 

9. IlopH/1:KOBbIH HOMep " aTOMHbIH Bee 3JICMCHTOB 

3JieMeHT CHMBOJI IlopH}];KOBbIH ATOMHbIH 

HOMep Bee 
AKTHHHH Ac 89 227,03 
AmoMHHHii Al 13 26,98 
AMepunuii Am 95 243,06 
Cypr,Ma Sb 51 121,75 
Aprou Ar 18 39,95 
MbIIIIbHK As 33 74,92 
AcmT At 85 210,99 
Eapuii Ba 56 137,34 
EepKJiuii Bk 97 247,07 
EepHJIJIHii Be 4 9,01 
CBuue~ Pb 82 207,2 
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Eop B 5 10,81 Monn6.l{eH Mo 42 95,94 
EpoM Br 35 79,9 HaTPnii Na 11 22,99 
Ka,11,,mii Cd 48 112,4 HeoH Ne 10 20,18 
1{e3nil: Cs 55 132,91 HemyHnil: Np 93 237,05 
Kan1,qnil: Ca 20 40,08 HnKen1, Ni 28 58,71 
KanmpopHnii Cf 98 249,07 Hno6nii Nb 41 92,91 
1{epnii Ce 58 140,12 Ho6eJllJii No 102 259 
Xrrop Cl 17 35,45 OcMnii Os 76 190,2 
XpoM Cr 24 52 IlaJIJIMHH Pd 46 106,4 
Kropnii Cm 96 245,07 <l>occpop p 15 30,97 
,n:ncrrpo3nii Dy 66 162,5 IlJiaTlJHa Pt 78 195,09 
3iimmeil:Hnii Es 99 254,09 IlnyTOHlJH Pu 94 244 
)Kene30 Fe 26 55,58 IlonoHnii Po 84 208,98 
3p6nii Er 68 167,26 Ilpa3eO.l{HM Pr 59 140,91 
EBpOIIlJH Eu 63 151,96 IlpoMernii Pm 61 145 
<l>epMnii Fm 100 252,08 IlpOT!I.KTlJHlJH Pa 91 231,04 
tl>TOp F 9 18,99 PTYT1, Hg 80 200,59 
<l>paminii Fr 87 223,02 PMHH Ra 88 226,03 
fMOJilJHlJH Gd 64 157,25 PMOH Rn 86 222,02 
faJIJIHH Ga 31 69,72 PeHnii Re 75 186,2 
fepMaHHii Ge 32 72,59 Po)lnil: Rh 45 102,91 
3oJIOTO Au 79 196,97 Py6n.llnii Rb 37 85,47 
facjrnnii Hf 72 178,49 PYTeHnii Ru 44 101,07 
fennii He 2 4 Ca.Mapnii Sm 62 150,4 
fOJII,MlJH Ho 67 164,93 t Kncnopo.ll 0 8 16 
J.1H,IWH In 49 114,82 

llpll.llllll Ir 77 192,22 

Mo){ I 53 126,9 

Kannii K 19 39,1 I 
CKaH.l{lJH Sc 21 44,96 

Cepa s 16 32,06 

CeneH Se 34 78,96 

Cepe6po Ag 47 107,87 
Pe3epcpop.l{nil: Rf 104 260 KpeMHnii Si 14 28,09 
Ko6an1,T Co 27 58,93 AJoT N 7 14,01 
Yrnepo.ll C 6 12,01 CTPOHqlJH Sr 38 87,62 
KpnrrTOH Kr 36 83,8 TaHTaJI Ta 73 180,95 
Me.ll1, Cu 29 63,55 TexHennii Tc 43 98,91 
JlaHTaH La 57 138,91 TeJIJIYP Te 52 127,6 
JioypeHcnii Lr 103 262 Tep6nii Tb 65 158,93 
Jlnruii Li 3 6,94 TaJIHH Tl 81 204,37 
JI10Teqnii Lu 71 174,97 Topnii Th 90 232,04 
Marnnii Mg 12 24,31 Tynnii Tm 69 168,93 
MapraHen Mn 25 54,94 TnTaH Ti 22 47,9 
MeH.l{eJieBnii Md 101 258 YpaH u 92 238,03 
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0 

BaH8JUlii V 23 50,94 

Bo,nopo,n H 1 1,01 

BucMyr Bi 83 208,98 

BOJibCppaM w 74 183,85 

KceHOH Xe 54 131,3 

Glutarnine Gin 

~"' CsH10N203 Amide 146,1 0 
H 

Q-tarnine Q ' +H3N COO-

Glutarnine or Glx 

11Trep6uii Yb 70 173,04 Glutarnic acid z 
Hrrpuii y 39 88,91 Glycine Gly H H 

UnHK Zn 30 65,37 

0JIOBO Sn 50 118,69 
~ C2HsN02 Aliphatic 75,1 0 

Glycine G 
+H3N" COO-

UnpKOHHH Zr 40 91,22 · 

10. CeoiiCTBa aMHHOKHCJIOT 

AMHHO- fiyKB. 
XuM.rp.; 

3apsm 
CTpyKcypa «l>OPMYJI3 pKa 6oKo- Mw 

KHCJI0T3 o6o3H. pH6-7 
Boii ~enu 

Alanine Ala H3C H 

Alanine A ~ C3H1N02 Aliphatic 89,1 0 
+H3N" coo-

I-/H2+ 

Arginine Arg 
)bNH2 Basic NH 

C6H14N402 -11,5-12,5 174,2 (+) 

ARginine R \<. (12) 
' 

+H3N COO-

Asparagine Asn 
0~ C4HsN203 Amide 132,1 0 

AsparagiNe N ' 
+H3N coo-

Asp COOH 
Aspartic acid Acidic 

~ C4H1N04 133,l (-) 
AsparDic ' 3,9-4,5 (4) 

D +H3N Coo-

Asparagine or 
Asx 

Aspartic acid 
B 

Cyste_ine Cys SH 
Sulfur 

~ C3H1N02S 121,2 0 
' 8,3-9,5 (9) 

Cysteine C +H3N coo-

Glu 
COOH 

Glutarnic acid Acidic 

GluEtarnic ~H 
CsH9N04 

4,3-4,5 (4,5) 
147,1 (-) 

E ' +H3N coo-

H + 

' Histidine His 

i" Basic 
C6H9N302 

6,0-7,0 (6,3) 
155,2 (+) 

Histidine H H 

' +H3N coo-

Isoleucine Ile CH3 -

H3Cl1••~~ C6HnN02 Aliphatic 131,2 0 

Isoleucine I +H3N~ coo-

Leucine Leu CH3 CH3 

~Xoo- C6HnN02 Aliphatic 131,2 0 
Leucine L 

Lysine Lys 

~ 
Basic 

C6H14N202 10,4-11,1 146,2 (+) 
Lysine K 

' 
(10,4) 

+H3N coo-

Methionine Met 
~H3 

I 
s 

J<oo-
CsH11N02S Sulfur 149,2 0 

I. 

f Methionine M 

' l 

~ 
Phenylalanine Phe 

C9H11N02 Aromatic 165,2 0 
Fenylalanine F 

+H3N :oo-

Proline Pro 
QH 

' CsH9N02 Imino 115,1 0 ✓N, COO-

Proline p H+H 

Serine Ser OH 

+H3N~:oo-
C3H1N03 Hydroxyl 105,1 0 

Serine s 

97 
96 



Threonine Thr 

Threonine T 

Tryptophan Trp 

TWyptophan w 

Tyrosine Tyr 

TYrosine y 

Valine Val 

Valine V 

a-amino 

a-carboxyl 

OH 

H3Cl1••~ 

+H3Ns$ coo-

"~ ">-- 17 

+H3N~ :oo-

OH 

~ ' 

H 

+H3N'<: coo-

CH3 

H3C~H 

+H3N~ COO-

C4H9N03 

C11H12N202 

C9HuN03 

CsHuN02 

98 

Hydroxyl 

Aromatic 

Aromatic 

9,7-10,1 

(10,Q) 

119,1 

204,2 

181,2 

Aliphatic 117,1 

Basic 

6,8-8,2 (8,0) 

0 

0 

0 

0 

(+) 

11. XuMuqecKaH cTpyKcypa uyKneoTu~oB 

pi(.(1 H 

i '\-H ":X 7.$ $ y 1-pK.~3.8 N A 

✓• \N~ 

AAett1,1H 

H 

\-H 
HH ---4.A -< C }-,..~ 

H /-(0 
R 

L!HTOOUH 

HaC\--1 

pl(,-2.4 

f 0 
H ~N');--(_ y--{. ,_,_,.__,, 
R/ N\ .K 4 

H N-H-p!(.•9'.A 

t N_/4 
/1 .'\ 

N-H A 0 

l 
ryaHnH YPHAUH 

pi(.,,(1 

~ o- o- o-
pK."6-- -o,.,J,,·o, .. J,,,o,q/o~(M} b.l:M 

'11 ~ II .. II O , 
0 0 Q 4' I 

~ % 

P1<160Hytmesn,1:1-5'-Tpnqioc<jJaT HO OH 
-----.--, 
l)K.•12.S 

tt-{ T }-H - pl(.- •O~ 
tlR,--<O ~ 

HO H 

t 
T1,tMHH P'(a • 1« 

Ae301<cnp~160Hytmeon1,1:1 
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Ilpunomeuue Ji 

1. AsT0MaT111Jec1.:aH mmeTKa 

AnpHopH, ofo,eM, BbICTaBJ1eHH01ii Ha IIH-

neTKe, paBeH ofrI,eMY )KHJ];KOCTH B THIIe (HOCHK, 

HaKOHeqHHK) TOllbKO B TOM Cll}"fae, eCJIH 3Ta 

)KH)];KOCTI, - BO.n;a IIpH KOMHaTHOH TeMnepaType. 

Oco6oe BHHMaHHe (KOHlpOllHpOBaTb ofo,eM B 

THIIe BH3YaJibHO) ipe6yeTCH 06pa1IIaTb npH OT-

6ope: 

~ 
\J k 

1:,-. l' 
'~ 

- BH3KHX )KHJ];KOCTeii THIIa rnmi;epHHa (npaKTHqecKH Bcer.n;a B 

TaKHX Cllj"IMX ll}"fllle IIOllb30BaTbCH BecaMH); 

- )KH)];KOCTeii C HH3KHM IIOBepXHOCTHbIM HaTH)KeHHeM, oco-

6eHHO IIpH IIOBTOpHbIX 3a6opax (.n;eTepreHTbI, pacrnopol 6en

KOB ); XOllO)];HbIX H ropH1IHX pacrnopoB, TaK KaK B03.n;yx B THIIe 

MeHHeT TeMnepazypy H, cne.n;oBaTellbHO, ofo,eM (pacTBOpbI 

q:>epMeHTOB Ha -20 °C, ropHqHe 6yq:iepa .n;nH rn6pH,n;H3aQHH, BepXHHH arap ). 

• ABTOMaTHqecKHe IIHIIeTKH HCII0llb3YIOT nH60 COBCeM Herpa.n;yHpoBaH

Hbie, nH6o cna6o rpa.n;yHpoBaHHoie THIIbI. C 3aMeTHOH qacTOToii cn}"faeTCH, qrn 

OT6HpaeTCH HeIIpaBHllbHblll 061,eM (HeKaqecTBeHHI,lll THII, THII HeIInOTHO o.n;eT, 

THII He cpmy KOCHyncH )KH)];KOCTH, THII 3aKyIIOpHllCH KaKHM-HH6y.n;o crycTKOM). 

Ilo3TOMY HY)KHO KOHlpOllHpoBaTb pa6oTy IIHIIeTKH «Ha mm». 

• PmHmi;y B 25-30 % HY)KHO yMeTo 3aMeTHTb (He roBOpH y)Ke o TOM, qrn 

cnyqaeTCH, Kor.n;a HaqHHaI01IIHe nyTaIOT 200 MKn H 20 MKn IIHIIeTKH). 

• THII HMeeT He TOllbKO BHyipeHHHH 061,eM, HO ll IIOBepXHOCTb: 

- He Ha.n;o rny6oKO norpy)KaTb TllII B OT6npaeMYfO )KH)];KOCTI, ( oco6eHHO B 

cnyqae BH3KllX )KH)];KOCTeii); 

- cne.n;yeT o6paIIJ;aTb BHHMaHHe, qT0601 THII He KaCaJICH HHqero llHIIIHero CBO

eii BHellIHeii IIOBepxHOCTblO. 

• Anpnopn, MaTepHan IIHIIeTKH BbIJ];ep)KHBaeT TOllbKO napol BO)];bl. B oc

TaJlbHbIX Cll}"IMX ycToiiqHBOCTb He rapaHTHpyeTCH. Oco6oe BHHMaHne cne.n;yeT 

06pa1IIaTb Ha neT}"flle )Kll)];KOCTll. Jlj"Illle B006IIJ;e He HCIIOllb30BaTb aBTOMaTH

qeCKYfO IIHIIeTKY npn pa6oTe c opraHH'IeCKHMH pacrnopnTenHMH n KHCllOTaMH. 
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IlpaeWla pa6omb1: 

1. Ilepe.n; oroopoM c6poCHTb )KHJ];KOCTI, Ha )];HO 3nneH.n;opq:ia. 

2. DOKOBbIMH CTeHKaMn TllIIa He KacaTbCH 6oKOBblX CTeH0K npo6HpKH. 

3. ~aTo IIHIIeTKy .n;o nepBoro ynopa. 

4. )Kn,n;KOCTb OT6npaTI, IIpHMO c II0BepXHOCTH, TllII rny6oKo He onyc

KaTb. 

5. B01.n;aBnnBaTb )Kll)];K0CTb, 0T)KaB IIHIIeTKY .n;o BTOporo ynopa (no B03-

M0)KHOCTH Ha CTeHKY npo6HpKH Hllll Ha II0BepXH0CTb )I(ll)];KO

CTll ll}"fllle He KaIIaTb n He norpy)KaTb THII rny6oKo ). 

6. ,[(nH Toro qrn601 )KH)];K0CTI, He II0IIana BHYlpb aBT0MaTHqecKoii IIll

IIeTKH, 0T)KHMaTb IIOpllleHI, BBepx o6H3aTenoHO nnaBH0. 

7. He KnaCTb Ha CTOn IIHIIeTKY c Ha.n;eTbIM TllIIqllK0M. 

8. He c6pacoIBaTb runqnK, B KOTOpOM ecTb )KHJ];K0CTb. 

Ko.MMeHmapuu: 

II. 2. IIo .IIBYM IIpH'IIIHaM: I) qacro THII )'KpeIImuor Ha IIHIIeTKe PYKllMH, TaK qro BHeIIIHIDI 

IIOBepXHOCTI, y Hero rpH3HWI; 2) Ha BHeIIIHIOIO IIOBepXHOCTh MO)KeT HaJIHIIHyrh )KH.IIKOCTh co 

CTeHOK IIp06HpKH. 

II. 7. IIo .IIBYM IIpHqHHaM: I) THII MO)KeT 3arpH3HHThCH (oco6oe BHHMaHHe IIpH ((qHCTOli» pa-

6ore (crepHJihHhie cpe.11h1, RNA, PCR) HJIH pa6ore c «oIIaCHhIMH» pacTBopaMH (6mcrepHarrh

Hhie cycIIeH3HH, PaJIHOaKTHBHOCTh, 6poMHCTblli 3TH.11Hli); 2) ecJIH B THIIe OCTarracb )KHJIKOCTh, 

TO OHa MO)KeT 3aTe% BHyrph IIHIIeTKH (eCJIH OCTaJIOCh 60JihIIIe 50 MKJI B )KeJITOM THIIe HJIH 

6oJibIIIe 200 MKJI B CHHeM). HO!!! PacTBOpbi C HH3KHM IIOBepxHOCTHhIM Harn)KeHHeM (pac

TBOpbl 6eJIKOB, .zierepreHTOB, <peHOJI, xnopoqiopM, CIIHpT) CIIOC06Hbl 3aTeqh B ropH3OHTaJihHO 

Jie)Karn;yro IIHIICTKY, .lla)Ke eCJIH HX B THIIqHKe oqeHh Marro. 

2. KonopnMeTp cJ>orn3JieKTpnqecKuii 0.l(H0Jiyqesoii (K«l>O) 
KonopnMeip q:>oTo3neKTPnqecKnn o.n;Holl}"feBon npe.n;HmHaqeH .n;nH H3-

MepeHHH K03q:>q:>llIJ;lleHTOB nponycKaHHH npo3paqHI,IX cpe.n; B Bll)];HMOH o6nacTll 

cneKipa. 

Ilpe.n;eno1 H3MepeHHH K03q:>q:>llIJ;lleHTOB nponycKaHHH - 5-100 %. 

OcHOBHM a6COnIOTHM norpeIIIH0CTh (a.n.) H3MepeHnii-±I,5 %. 

,[(ononHnrenoHM norpeIIIH0CTh npH H3MeHeHnn t0 
- He 6onee ½ a.II. 

,[(ononHHTenbHM norpeIIIHOCTI, IIpH ll3MeHeHllll HaIIpH)KeHHH - He 6onee l/3 a.II. 
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CneKipaJibHhIH ,D.Hana10H pa6oTbI nptt6opa - 380-720 HM. 

IlpUHlJUn pa6ombl 3aKJIIO'IaeTCH B H3MepeHHH 

OTHOIIIeHHH )].Byx cBeTOBblX noTOKOB, nmrnoro H 

npoIIIe,D.IIIero tiepe3 H3MepHeMyIO cpe,D.y, MeTo

,D.OM nponopQHOHaJlbHblX OTKJIOHeHHH. Ha q:io

TOnptteMHHK nootiepe,D.HO HanpaBJIHIOTCH CBeTO

Bbie noTOKH - nOJIHblH <!>0 H nponymeHHblH 

1Iepe3 cpe.D.y <I>. Kmq:>q:>HQHeHT nponycKaHHH -r 

H3MepHeMOH cpe,D.hl, npe,D.CTaBJIHIOmttii co6oii 

OTHOIIIeHHe 3THX nOTOKOB, onpe,D.enHeTCH B BH)].e 

OTHOIIIeHHH COOTBeTCTByIOmttx q:>OTOTOKOB He

nocpe,D.CTBeHHO no IIIKaJie MHKpOaMnepMeTpa, TO 

eCTb 
r = I I I 0 x 100 %, 

me Io - q:>OTOnOTOK, COOTBeTCTByIOmHii nonHOMY CBeTOBOMY ITOTOKY <Po; I -
q:>OTOITOTOK, coorneTcTByIOmttii CBeTOBOMY ITOTOKY <fJ, ITpollle,D.IIIeMy 1Iepe3 H3-

MepHeMyIO cpe,D.y. CBH3b Me:>K,D.Y K03q:>q:>HQHeHTOM npoITycKaHHH r H OITTH'IeCKOH 

ITJIOTHOCThIO OD oITpe,D.enHeTCH ITO q:iopMyne 

OD=- lg r. 

IlpaeWla pa6omb1: 
1. BBe,D.HTe Heo6XO)].HMbIH cBeTOq:>HJibTp. 

2. BKJIIO'IHTe ITptt60p B ceTb. 

3. 1-'faMepeHHH tta ITptt60pe Ha'IttHaiiTe tiepe3 15 MHH. nocne BKJIIO'Ie

HHH nptt6opa B ceTh. B Te'IeHHe 3Toro BpeMeHH HacTyITaeT CTa6HJib

HhlH pe:>KHM pa60Tbl HCTO'IHHKa H3JiytJeHHH H 6noKa nttTaHHH. 

4. YcrnHOBHTe HYJih ITPH 3aKpbITOH IIITOpKe (oTKpbIToii KpbIIlIKe KIO

BeTttoro oT,D.eneHHH) pyKOHTKoii «YcrnttoBKa «O»» no IlIKaJie MHK

poaMITepMerpa. 

5. 3aKpOiiTe KpblllIKY KIOBeTHoro OT)].eJieHHH tt c ITOMOmhIO pytJKH 

«YcTaHOBKa «100»» BbICTaBbTe OTC'IeT 100 ITO IlIKaJie H3MepHTeJib

HOro nptt6opa KIOBeTOii c KOHTPOJibHblM pacrnopoM. 

6. y CTaHOBHTe B KIOBeTHOe OT,D.eneHHe H3MepHeMbIH o6pa3eQ. 

7. 3aKpOHTe KpblllIKY ITptt60pa H CHHMHTe ITOK33aHHH ITpH6opa. 
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3. BopTeKc 

BopTeKC npttMeHHeTCH )].JIH 6bI

crporo nepeMellIHBaHHH :>KH)].KOCTeii B 

eMKOCTHX Manoro o6'beMa. «MHKCep 

Hr -1 » o6ecne'IHBaeT BHXpeBoe ne

peMeIIIttBaHtte MH O)].HHO'IHbIX ITpo-

6ttpOK ,D.HaMerpoM )].O 22 MM, pery1m

pyeMM CKOpOCTb BpaIQeHHH rHe3,D.a 

)].O 3 400 06/MHH. 

4. TepMOCTaT cyxoBoJ.r.yrnuL1ii 

Httey6aQHH ,D.pO:>K:>Keii ITpOBO,ll;HTCH B TepMO

CTaTax rrptt 28-30 °C, a 6aKTepttii - nptt 37 °C. 

TepMOCTaT rrpe,n:Ha3HatJeH .D:AA nOJIYtJeHHH II rio.n:

.n:ep:>KaHHH BHYTPH pa601Ieii KaMepbI crn6Hnhttoii 

TeMITepazyphI. TepMocrnT o6ecnetJttBaeT Henpe

pbIBHoe H3MepeHHe TeMnepazypbl B pa601Ieii Ka

Mepe Hee BH3YMhHYI0 HH.D:HKaQHIO. MaKcHManb

HbIH TeMnepaTypHbIH ,ll;HaIT330H TepMOCTaTHpOBa

HHH OT ToKp. cpe.l{M ,n:o + 60 °C. MaKCHMMbHhie OT

KJIOHeHHH TeMrreparypbl OT 3a,n:aHHOH ± 1 °C. 

MaKCHMaJibHbie OTKJIOHeHHH TeMnepazypbl B JII0-

6oii TO'IKe pa601Ieii KaMephI OT cpe,n:tteii ± 0,4 °C. 

5. TepMOCTaT .r.nu MHKponpo6upoK 

MttKpOTepMOCTaThl npe.n;Ha3HatJeHbl .D:AA 

HHey6ttpOBaHHH 6Honpo6 B rrpo6ttpKax THITa 

3rrneH,n:opq:i o6'bMOM 0,5-2,0 MJI «cyxHM» 

cnoco6oM (rrpo6ttpKH noMeIQaIOTCH B rne3,n:a 

rnep,n:oTeJihHoro ttarpeBaIOIQero 6noKa). 

TepMocTaT o6ecnetJHBaeT HarpeBaHHe ,n:o 

100 °C, 'IHCJIO MeCT - 24. TotJHOCTb no.n:

.n:ep:>KaHHH TeMnepazypbl ± 0,2 °C. 
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IlpaBUJla pa6omb1: 
1. B1ouoq1,ne rrptt6op B ceTh 220 B. Ha rrpasoii 6oKoBoii rraHenH rrptt-

6opa pacIIOJIO)I(eH CeTeBOll BKmoqaTeJih. 

2. YcraHOBHTe H)')KH)'IO TeMrreparypy c rroMOIIU>IO KHOIIKH «°C». 

3. YcTaHOBHTe BpeMH Ha TattMepe c IIOMOIQblO KHOIIKH «TaiiMep». 

4. )]..n:x BbIKnIOqeHHH rrptt6opa rrepeBe)];HTe ceTeBOll BhIKnIOqaTeJih s 

rrono)I(eHHe «0». 

6. U:euTptt<}Jyrn 

HaCTOJihHM MHKpoueHTPmpyra crreuttanhHO 

rrpep;mnHaqeHa p;nx ueHTPmpyrnposaHHH MHKporrpo-

6ttpoK o6T,eMOM 0,5 HJIH 2,0 MJI. l1MeeTCH TattMep. Yr

JIOBOll poTop Ha 16 MeCT C03)];aeT CKOpOCTh BpaIQeHHH 

)];O 12 000 06.IMHH. (11 000 g). KpbIIIIKa OTKpbrnaeTCH 

TOJibKO rrocne IIOJIHOll OCTaHOBKH QeHTPmpyrH. 

y CKopeHHe (ref) MO)I(HO BhlqHCJIHTb IIO cpopMyne 

ref (g) = 1118 · 10-8 
• r (cm)· n2 (rpm), 

rp;e r - pap;ttyc OT ueHTPa pornpa )];O ToqKH, B KOTO

poii Heo6XO)];HMO BhlqHCJIHTh ycKopeHtte; n (06./MHH.) 

- CKOpOCTb BpaIQeHHH pornpa. 

HanoJibHruI ~eHTpncpyra T23D U:eHTJJHcpyra K23D 

(8 000 06./MnH. TaiiMep.) (8 000 06.IMHH. Oxna~eHne. TaiiMep.) 
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IlpaBUJla pa6omb1: 

1. BKn10qttTh ueHTPttcpyry B ceTh. 

2. BKnIOqHTh oxna)I()];eHtte (ec1rn TPe6yeTcx). 

3. YpaBHOBecHTh ueHTPH!pY)I(Hbie crnKaHhI c ueiiTP~<PY)KHhIMH rrpo60p-

KaMH. He 3a6yp;hTe rrposepHTb HailflqHe pe3HHOBOro BKna)];bIIIIa. 

4. BcrnBHTh ueHTPH!pY)I(Hhre crnKaHhI B rne3p;a ueHTPHcpyrn. 

5. YcTaHOBHTh speMx ueHTPttcpyrnpoBaHHH. 

6. 3aKphITh KpbIIIIKY. 

7. Mep;neHHO Ha6paTb TPe6yeMyIO CKOpOCTb BparueHHH, IIOBopaqHBaH 

pyqKY no qacosoii CTPenKe. 

8 . .lJ:o)I()];HTeCb IIOJIHOll 0CTaHOBKH QeHTPHcpyrn, OTKpOttTe KpbIIIIKY tt 

p;ocTaHhTe ueHTPH!pY)I(Hbre crnKaHhI. 

7.3ne1crpo<}JopeTttqecKoeo6opyp;oeaune 
)];AA O)];HOMepHoro :meKTPO!pope3a BKnJOqaeT 3JieKTOcpopeTHqecKyIO KaMepy, 

HCToqmrK IIHTaHHH, KaMepy )J;JIH OKpaCKH renx cpnyopecueHTHbIM KpaCHTeneM 

6poMHCTbIM 3TH)];HeM, TPaHCHJIJIIOMHHaTOp, Qttcpposy10 KaMepy )J;JIH, !pHKCaQHH 

3JieKTPO!pOperpaMM, rrporpaMMHOe o6ecrreqeHHe, paCXO)];Hhie MaTepttanbI. 

KaJWepa OMl 20pU30HmaJ1bH020 3JleKmpopope3a 
ropH30HTailhHbie KaMepbl «XeJIH-

KOH» (Mop;enh SE-2) rrpep;Ha3HaqeHhI p;nx 

3JieKTPO!pOpe3a HyKneHHOBbIX KHCJIOT B 

arapo3HhIX renxx. Pa3Mep reAA 11,8x17,0 

CM, 6e3 OXIla)];HTeJihHOll py6aIIIKH. B KOM

rrneKT BXOMT 3JieKTPO!pope3HM KaMepa, 

reneBM paMKa, 3anHBOqHhlll CTOJIHK, Ha6op 

rpe6eHoK. KoHCTPYKUHH renesoii paMKH 

II03BOJIHeT ycTaHOBHTh OT 1 )];O 4 rpe6eHOK B 

renh. 

TpaHeUJlJIIOMUHamop . 
BhICOKoqacTOTHhie TPaHCHJIJIIOMHHaTOphI « Vi/her Lourmat» (France,· cepHH 

TCP-20.M) rrpep;Ha3HaqeHhI )];AA rrpocMoTPa reneii B BH)];HMOM H Y<l>- p;ttarraJo

He. Oco6bIM o6pa30M o6pa6ornHHhie Y<l>-cpttnhTP H crreuttanhHhie pecpneKTop

Hhie MeM6paHbl BHYTPH TPaHCHJIJIIOMHHaTOpa II03BOAAIOT C03)];aTb B o6naCTH 

, rrpocMOTPOBOro 3KpaHa paBHOMepHoe HHTeHCHBHOe H3JiyqeHHe C 3ap;aHHOll 
1 
'{ 
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Y</J-3aw,umHbzii 3KpaH: 

,D;JIHHOH BOllHbl. 3a~llTHblll nnaCTllKO

Bblll 3KpaH npe~oxpami:eT IlOllb30BaTe

neii OT Y<l>-mnyqettmI. TioBepXHOCTb 

rpattcnnmOMHHaTopa BbITIOnHeHa ll3 

ttep)KaBeIO~eii cTann, ycrniiqnBoii K 

XllMllqecKHM ll MeXaHnqecKHM B03~eii

CTBllHM. 
Pa3Mep qmnorpa 20x20 CM, 6 naMn no 8 

BT, ~nnHa BOllHbl 312 HM. 

- nonttax 3a~nrn nono30BaTenx OT Y<l>-nyqeii; 

- perynnpyeMoiii yron. 

<Pwzbmp: 
- ~onroe BpeMH (()Kll3HH»; 

- BblCOKOe KaqecTBO nepe~aq0 Y<l>; 

- BblCOKaH eMKOCTb norno~eHllH Bll~HMOro CBeTa; 

- xpK0ii cpnyopec~eHTHoiii Bo1xo~. 

Ilpaewza pa6ombz: 
1. TioMeCTHTe TpaHCHllillOMHHaTOp Ha pOBttyIO pa6oqy10 IlOBepXHOCTb. 

2. BKn10q0Te BHnKy B p03eTKy C 3a3eMneHHeM. 
3. BKn10q0Te zyM6nep «In/Off» B nono)Kett0e «On» (3arop0TCH KOH-

rponoHoiii cBeTO~Ho~). 
4. Tiocne pa6oThl n0Beptt0Te zyM6nep «On/Off» B nono)Kett0e «Off». 

Ilpeoynpe:HCoeHUR: 
• BKJIJO'laTb TOJibKO B CTeHHYJO p03eTKY C 3a3eMJieHHeM. 
• Bb!HbTe BHJIKY H3 p03eTKH, eCJIH npo,uom1arreJibHOe BpeMll He co6npaeTeCh ero HCITOJib30BaTh. 
• rna3a H KO)KY Heo6xo,UHMO 3all(HIUaTh OT B03,UeiicTBHll H3JIY'leHHll. PeKOMeH,uyeTCll ITOJib30-
BaTeJIIO Ha,ueaaTh Y<l>-3all(HTHhie (LP-70) 011KH HJIH MaCKY (,ZlJill nonHoii Jall(HThI nnua MP-

80 nnn ,uJill noJIHOii 3all(llThI nnua n ymeii MP800). 

KoMMenmapuu: 
• He KJia,uHTe renn Henocpe,ucrneHHO Ha gmJihTP- 3To no3BOJIHT c6epe11b nponycKHoe Ka11e-
crno q>HJibTPa. l-IcnoJih3yiiTe nnacTHHhI ,UJill renl! GSP-10 (150xl 15 MM) nnn GSP-40 

(235x420 MM) (TOJibKO ,ZlJill TPaHCHJIJIIOMHHaTOpOB Ha 312 HJIH 365 HM); 
• ,UJill 'IHCTKH noaepxHOCTH q>HJibTPa HCITOJib3YiiTe cpe,uHee MO!Oll(ee cpe,ucrno HJIH Tennyro 

ao,uy, npOTPHTe cyxoii TpllnKoii; 
• q>HJibTP HMeeT nopbl, ITOJTOMY crnpaiiTeCb ,uep)KaTb ero cyxnM. 
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CJIOBAPh TEPMHHOB 

AJIJieJlb - pa:mnqm,re qmpMbI 0,llHOfO ll TOfO JKe reHa, paCITOJIOlKeHHbie B O,llllHa.KOBbIX yqa

CTKax, llJill JIOKycax, fOMOJIOfllqHbIX (ITapHbIX) xpoMOCOM. 

AMnJIHq>nKaQHH - yBeJinqeHne KOJmqecTBa ,n:HK, qncJia KoITnii reHa. 

AyKCOTpOq>bl - MyTaHTHbie opraHll3MbI (qame BCero MllKpoopraHll3MbI), KOTOpbie B pe-

3YJibTaTe MYTaQllll YTPaTllJill CITOC06HOCTh CllHTe3npoBaTb TOT llJill llHOH TllIT opraHnqecKllX 

MOJieKyJI, Heo6XO,llllMblX ,llJI.11 llX poCTa, ll BCJie,llCTBlle 3T0f0 He MOfYT paCTll Ha MllHllMaJib

HOH cpe.ue. PocT TaKllX opraHll3MOB ITPOllCXO,llllT TOJibKO ITPll ITOCTyIIJieHllll TPe6yeMoro co

e,llllHeHll.11 BMeCTe C ITllTaTeJibHbIMll Bell{eCTBaMll. 

BeKTOp - MOJieKyJia ,n:HK, CITOC06HaH K aBTOHOMHOH peITJillKaQllll n BKmoqeHlllO qyJKe

pO,llHOH ,n:HK, .!IBJI.!leTC.11 llHCTPYMeHTOM reHHOH llHJKeHepnn, 06ecITeqnBaromnM ,llOCTaBKY 

reHeTnqecKoii nmpopMfillllll B KJieTKY ll ee KJIOHllpOBaHne. 

BepeTeHO - COCTO.!lll{llll ll3 HllTeii llJill MllKpOTPyfioqeK KOMITOHeHT KJieTKll, cpymmnoHnpyro

ll{llll Ka.K opraHll3arop orrpe.ueneHHbIX CllJI, ITO,ll .ueiicrnneM KOTOpb!X ocymeCTBJI.!leTC.11 ,llBlllKe

Hlle xpoMOCOM B MllT03e ll Meii03e. 

reH - CTPYKTYPHaH, cpyHKQllOHaJibHO He,lleJillMa.11 e,llllHllUa HaCJie,llCTBeHHOH llHq>OpMaunn, 

ITpe.ucTaBJI.1110ma.11 co6oii yqacTOK MOJieKyJihI ,n:HK (peJKe PHK), Ko.unpyromnii cnHTe3 o.u

HOii Ma.KpoMoJieKyJibI (IToJinITeITTH.UOB, TPHK nn6o pPHK). IioJibIIIllHCTBO reHOB HMeIOT 

Q)llKCllpOBaHHyro JIOKaJill3aUllIO Ha xpoMOCOMe, 0,llHaKO ll3BeCTHbl ll ITepeMemaromnec.11 

(Mnrpnpyromne, M06llJibHbie) feHbI. 

reHeT11qecKaH KapTa - cxeMa paCITOJIOJKeHll.11 Ha xpoMOCOMe llH,llllBll,llyaJibHbIX reHOB, co

CTaBJieHHbIX Ha OCHOBe 3KCITepnMeHTOB ITO reHeTllqecKOH peKOM6llHfillllll ll KOMITJieMeHTa

Ullll MYTaHTHblX CaHTOB. 

reHOM - ITOJIHblll raITJIOll,llHblll Ha6op reHOB llJill xpoMOCOM KJieTKll llJill opraHll3Ma. 

reHOTllD - COBOKyrrHOCTh llMeIOII{llX cpeHOTllITllqecKoe ITpO.!!BJieHne reHOB, JIOKaJill30BaH

HbIX B xpOMOCOMax Jin6o B aYTopeITpo.uyunpyromnxc.11 UllTOITJia3MamqecKllX CTPYKTypax 

KJieTKll; ITOH.!!Tlle reHOTllIT llCITOJib3yeTC.!I TaKlKe ,llJI.11 o603HaqeHll.!1 pa3Jillqn.11 MelK,lly llH,llll

Bll,llyyMaMll ITO O,llHOH llJlll HeCKOJibKllM ITapaM aJIJieJibHblX reHOB; reHbI, o6pa3yromne reHO

TllIT, o6HapylKHBaIOTC.!I C ITOMOII{bIO reHeTnqecKoro aHaJill3a. 

reHbl BHCXp0M0C0MHblC - y ITpoKapnOT reHbI, BXO,ll.!lll{lle B COCTaB aBTOHOMHO peITJillUll

pyromnxc.11 B UllTOIIJla3Me MOJieKyJI .ll:HK, ITJia3Mll.U; y 3YKapllOT - reHbI, BXO,ll.!lll{lle B co

CTaB MllTOXOH,llpllii ll KOffTPOJillpyromne UllTOIIJla3MamqecKyro HacJie,llCTBeHHOCTb. 

r JIHK03llJIHpoBaHHC 6eJIKa - ITepeHOC ymeBO,llHOH ( OJillfOcaxapll,llHOH ) rpyrrIIbl OT ITOJillITpe

HOJibHOfO JillIIll,ll!l MeM6paHbl Ha aMll,llHyro rpyrrrry acITaparnHOBOfO (N-rJillK03lllIHpoBaHlle) oc

ranca pacrymero ITeIITll,lla. TaKlKe MOlKeT ll.l{I'll ITO OCTaTKaM cepllHa, ~HllHa ll H!l3bIBaeTC.!I 

O-rJillK03llJillpDB8Hlle. 
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.Ll:eJICUllH - OTCYTCTBlle qacTll reHeTnqecKoro MaTepnaJia, H!IXO,ll.!lll{eroc.11 B xpOMOCOMe llJill 

UllTOIIJI!l3Me; pa3Mep ,lleJieUllll MOlKeT BapbllpOBaTb OT 0,llHOfO HYKJieOTll,lla ,llO CerMeHTa, 

BKJI!Oqaromero rpyrrITy reHoB (HarrpnMep ueJiyro xpoMocoMy). 

·,n:eHarypau1m 6eJIKa - ITepexo.u ll3 cpn3noJiornqecKoii KOHcpopMfillllll B .upyryro (Hea.KIBB

Hyro) KOHq>OpMfilllllO. 

.ll:eHarypaQHH .l(HK II PHK - ITepexo.u MOJieeyJI ll3 .UByxUeIToqeqHoii q>opMbI B o.uHoueITo

qeqHyro, pro.ueneHne ueITeii Han6oJiee qacTo .uocTnraeTc.11 HarpeBaHneM. 

Hucepu11H - BCTaBKa cpparMeHTa .ll:HK B MOJieKyny ,n:HK. 

HuTerpau11H - BHe.upeHne BllpYCHOH llJill llHOii ITOCJie,llOBaTeJibHOCTll .ll:HK B reHOM KJleTKll

X03.!lllHa, IIpllBO,ll.!lll{ee K KOBaJieHTHOMY coe,llllHeHllIO C X03.!IHCKOH ITOCJie,llOBaTeJibHOCThIO. 

HHTCpKaJIHUHH - BCTPaHBaHlle He60JibIIIllX MOJieeyJI, TaK H!l3bIBaeMbIX llHTepKalillpyroll{llX 

areHTOB, MeJK.uy OCHOBaHll.!IMll ,n:HK. 

HnTpOHbI - HeKo,llllpyromne ITOcJie.UOBaTeJibHocm B CTPYKTYPHhIX reHax JYKapnoT, B 3pe

Jioii nPHK He ITpe.ucTaBJieHbI. 

Knou - rpyrrITa reHemqecKH n.ueHTllqffbJX KJieTOK, o6pa3yromnxc.11 B pe3yJihTaTe Berern

TllBHOro pa3MHOlKeHll.!I 0,llHOfO o6mero ITpe.uKa. 

Knouuposauue M0JICK)'JIHpHoe - MeTO,ll o6HapyJKeHll.!I MOJieKyJI peKOM6llHaHTHbIX .ll:HK 

(HarrpnMep rn6pll,llHbIX ITJia3Mll,ll, Hecymnx B COCTaBe BeKTopa cpparMeHT qylKepO,llHOH 

,n:HK) ITYTeM pacceBa ll Bbipall{llBaHll.11 Ha ITllTaTeJibHOM arape KJieTOK, B KOTOpbre TaKaH 

.ll:HK 6bma BBe,lleHa ITYTeM TPaHccpopMarrnn. B CJiyqae 6aKTepnii KalK,lla.11 Ta.Ka.II KJieTKa 06-

proyeT KOJIOHllIO, ITpe,llCTaBJI.!IIOII{yro co6oii KJIOH; Bee KJieTKll co.ueplKaT ll,lleHrnqHbie MO

JieKyJibI peKoM6llHaHTHOii ,n:HK. 

Ko.uupyw111aH uenb - ueITb ,n:HK, ITOCJie,lloBaTeJibHOCTb Koropoii n.ueHTllqHa nPHK. 

KoMUCTCHTHaH KJICTKa - KJieTKa, H!IXO,ll.!lll{a.!IC.11 B Ta.KOM Q)ll3llOJIOfllqecKOM COCTO.!!Hllll, 

Kor.ua OHa MOlKeT BOCITpllHllMaTb 3K30feHHbie MOJieKyJibl .ll:HK - 6b!Tb peunITlleHTOM .ll:HK 

ITPll TPaHCQ)OpMfillllll. 

KoMOCTCHTHOCTb - Q)ll3llOJIOfllqecKoe COCTO.!!Hlle KJieTOK, OITpe.ueJI.!IIOII{ee CITOC06HOCTb 

BocITpnHnMaTu TPaHccpopMnpyromyro .ll:HK. 

KOMUJICMCHTapuOCTb - CBOHCTBO HyKJieOTll,llOB o6pa30BbIBaTb ITapHbie KOMITJieKCbI ITpll 

B3aHMO,lleUCTBllll ueITeii HYKJiellHOBblX KllCJIOT; B COOTBeTCTBllll C ITpaBllJiaMll KOMITJieMeH

TapHOCTll OCHOBaHllll ITPll cpopMnpOBaHllll TaKllX KOMITJieKCOB o6pa3yeTc.!I ,llBOUHa.11 CITll

pallb - CTepeoperyJI.!IPHa.11 CTPYKTypa C ITOCTO.!IHHbIM ,llllaM~OM B,llOJib OCH. 

Jleruposauue - coe.unHeHne KOHUOB .ll:HK ITocpe.ucrnoM cpoccpo.un3cpnpHbIX CBH3eii, ocy

mecTBJI.11eMoe c yqaCTneM cpepMeHrn Jillf!l3hl. 

JlHJHC - pa3pymeHne 6aKTepllallbHblX KJieTOK. 
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Jloicyc - MeCTO Ha xpoMOCOMe, 3rumMaeMoe reHOM. TepMHH (<JIOK)'C» IICIIOJib3YeTCJl TIU{ JKe, 

KaK CllHOHllM TepMHHa «cairr» ,wrn o603Ha"IeHHH MeCTa Ha Kapre rpyrrIIbl CIIeIIJieHHH, B KOTO

poM Kaprnpye-rcH Ta mm IIHaH MYTaIIHH. 

Myrareu - qJ113H"IeCKIIH IIJIII XIIMHqecKHH areHT, yBen11q11BaIOIIIIIH qacTOTY B03HIIKHOBe

HIIJl MYTaIInii. 

MyrauT- opraH113M, y KOTOporo MYTaIIHII (reHHbie, xpOMOCOMHbie IIJIII reHOMHbie) rrpOHB

JIHIOTCJl qieHOTHIIll"IeCKII B BH}];e KaKoro-nn6o rrpH3HaKa mm CBOHCTBa. 

MyTaQIIH -113MeHeHne rnrra, qncna HJIH rropH}];Ka pacIIOJIOJKeHHJl HyKJieOTH}];OB B reHeTII

qecKOM MaTepnane. 

HyK.Jiea3a - qiepMeHT, pacIIIeIIJIHIOIIIHH HYKJieHHOBbie KHCJIOTbl H rrpOp;yKTbl IIX pacrrap;a. 

KaTaJIH3HpyeT rHAPOJIH3 qJOCqJO}];HJqJHpHbIX CBH3eii B MOJieKynax HYKJieHHOBbIX KHCJIOT, 

"ITO Be}];eT K pa3pbIBY JTHX CBH3eii n o6paJOBaHHIO MOHO- 11 OJIHrOHYKJieOTH}];OB. 

O.11:nonanpaBJICHllaH penJilllcaQIIH - e}];HHCTBeHHaH peIIJIHKaIIHOHHaH BHJIKa }];BHJKeTCJl OT 

orrpep;enemmii TOqK11, HaJbIBaeMOH MeCTOM Haqana peIIJIHKaIIHII. 

Opup;muu ( ori) - JIOKyc, B KOTOpOM HaqnHaeTCJl peIIJIHKaIIHH ,!(HK IIJIH ee rrepeHOC. 

IlJialMll}];hl - KOJibIIeBbie HJIH JIHHeHHbie {pe.ru<o) MOJieK)'Jibl HYKJieHHOBbIX KHCJIOT (KaK rrpa

BHJIO, ,!(HK), peIIJIHIIIIPyIOIIIHeCJl B KJieTKe aBTOHOMHO OT xpOMOCOMbl. B COCTaBe IIJiaJMHJJ: MO

ryr HaxOJJ:HTbCJl reHbI, KO)];HpyIOIIIHe pa3JIH"IHbie COMarnqecKHe'qiYHKIIHII KJieTOK-X03HeB. 

IlpoKapHOTbl - rrpocTeiinrne 0/];HOKJieTO"IHbie opraHH3Mbl (6aKTepmI II CHHe-3eJieHbie BO

p;opocnn), He HMeIOIIIHe MepHOH MeM6paHbl n OKpYJKeHHbie JJieMeHTapHbIMH MeM6paHaMH 

opraHeJIJI; reHernqeCKHH MaTepnan npoKapHOT paCIIOJIO)KeH B HYKJieonp;e - rrpHMHTHB

HOM JKBHBaJieHTe Mpa JyKapnOT. 

IlpoMOTOp - peryJIHTopHblH Y"IaCTOK onepoHa, K KOTOpOMY rrpncoe}];HHHeTCJl qiepMeHT TPaHC

KpHHIIHH ,l(HK-3aBHCHMaH PHK-rronnMepaJa n c KOToporo HHIIIIHHPYeTCH TPaHCKpHIIIIHH. 

IlpOTOHJiaCT - paCTHTeJibHaH HJIH MHKp06HaH KJieTKa, JIHIIIeHHaH KJieToqHoii CTeHKH. 

IlpOTOTpocpbl - IIITaMMbl 6aKTepnii HJIH rpn6oB, KOTOpbie crroco6Hbl K IIOJIHOMY CHHTe3y, 

TO eCTb MOryr paCTH Ha MHHHMaJibHOH IIHTaTeJibHOH cpep;e. 

PeKOM611uaQHH - o6MeH reHernqecKHM MaTepnanoM Me:JK,ny ABYMH HCXO}];HbIMH {po}];HTeJib

CKHMH) MOJieK)'JiaMH ,!(HK, rrpHBOAHIIIHH K IIOHBJieHHIO B IIOTOMCTBe HOBbIX KOM6HHaIIHH rrpn-

3HaKOB, OTJIH"IaIOIIIIIXCJl OT rex, "ITO HMeIOTCH y po}];HreJieii. Pe3yJibTaTOM peKOM6HHaIIHII Ha 

MOJieK)'JIHPHOM ypOBHe JlBJIJleTCJl o6pa30BaHHe peKOM6HHaHTHbIX (m6pll}];HbIX) ,!(HK. 

PenJ111KaQ11H roIK - CIIHTe3 p;oqepHnx IIerreii ,!(HK Ha IICXOAHOH (MaTPH"IHoii) MOJieKyne 

,!(HK, rrp11Bo}];lllll11ii K YBennqeHHIO qncna Korrnii reHeTll"IecKoro MaTepnana. 

PenJIHKOH - ep;HHHIIa peIIJIHKaIIIIII: Y"IaCTOK ,!(HK, IIMelOIIIHH peryJIHTOpHbie JJieMeHTbI, 

Heo6XO}];HMbie }];JIJl He3aBHCHMOH perrnnKaIIHH. 
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PeCTp11KTa1L1 - cpepMeHThI peCTPIIKIIHII, pa3pe3aIOIIIlle ,!(HK no orrpep;eneHHbIM HyKJieo

THJJ:HbIM II0CJie}];0BaTeJibH0CTHM, HaJbIBaeMbIM CaHTaMII peCTPHKIIIIH. Kop;npyIOTCJl 6aKTe

pHHMH, IIJiaJMHJJ:aMII 11 6aKTepnoqiaraMH. 

PeCTpH~IIOHHbIU aHaJill3 - HCCJie}];OBaHHe CTPYKTYPLI ,!(HK C IIOM0IIIblO peCTPHKTaJ, HJIH 

peCTPHKIIHOHHbIX 3H)];OIIYKJiea3, - cpepMeHTOB, pacIIIeIIJIHIOIIIHX ,!(HK B Y"IaCTKax, cop;ep

)KaIIIHX crreIIHqlHqecKHe rrocnep;oBaTeJibH0CTll o6Ll'IHO 113 4-7 II.H. 

CaiiT - Y"IaCTOK HYKJieOTH}];HOH rrocnep;oBaTeJibHOCTII, MOJieKyJibl 6enKa n T. II. 

CeKse1111pouau11e - orrpep;eneHne rrocnep;oBaTeJibHOCTII ocHOBaHHii B ,!(HK nnn PHK nnn 

aMHHOKHCJIOT s 6enKe. 

CeJieKQIIH - C03}];aHHe ycnOBHH, rrpn KOT0pbIX BbDKHBaeT TOJibKO orrpep;eneHHbIH Tllll KJieTOK. 

CynepnaTaHT - qaCTb OTIIeHTPHq>yrnpoBaHHOro pacrnopa, KOTOpbIH He MO)KeT 6bITb oca

)K}];eH rrpu }];aHHbIX ycJIOBHHX IIeHTPHqlyrHpOBaHIIJl II ocTaeTCJl Ha}]; 0Ca}];KOM. 

Cynepcnupanb - npoCTPaHCTBeHHaH, HJIH "IeTBepnI"IHaH, CTPYKTYPa KOBaneHTHO 3aMKHy

TOii AByxIIeIIO"Ie"IHOH MOJieK)'Jibl ,!(HK, o6paJyIOIIIaH crrnpanb, 3aKPY"leHHyIO TaK, "ITO ne

peceKaeT co6crBeHHyIO ocb p;yrrneKca. 

CcpeponJiaCT - 6aKTepHaJibHaH HJIH AP0)KJKeBaH KJieTKa, JIHIIIeHHaH HJIH HO"ITH JIHIIIeHHaH 

KJieToqHOH CTeHKH. 

TeJIOMCpbI - KOHIIeBbie Y"IaCTKH xp0MOC0M. 

Tpa11cKp1mnun - cnme3 PHK Ha ,l(HK-MaTPHIIe. 

TpauccpopMaHT - opraHH3M, reHOTHII II cpeHOTHII KOToporo H3MeHeHbl B pe3yJibTaTe 

TPaHCq>OpMaIIHH. 

TpauccpopMaQHH - crroco6 rrepeHoca reHeTnqecKoii HHq>opMaIIHH, rrpu KOTopoii ,!(HK, 

H30JIHp0BaHHaH 113 O}];HOU KJieTKH, rrp0HHKaeT B p;pyryIO H BCTPaHBaeTCJl B ee reHOM. 

«l>eHOTHil - C0B0KyrrHOCTb rrpH3HaKOB, orrpep;eJIHeMbIX p;aHHbIM reHOTHIIOM. I-iHorp;a JTOT 

)Ke TepMHH HCII0Jib3YeTCJl no OTH0IIIeHHIO TOJibK0 K O}];H0MY rrpH3HaKy. 

XpoMaTHH - KOMIIJieKC ,!(HK c 6enKaMH, rrpep;cTaBJIHIOIIIHH co6oii p;eKOMIIaKTHJ0BaHHbie B 

HHTepq>aJHOM Mpe xpoM0C0Mbl. 

XpOMOC0Mbl - HYKJieOrrpoTellHOBbie HHTeBll}];Hbie CTPYKTYPbI KJieTO"IH0ro MPa. HMeIOIIIHe 

cp0}];CTB0 K OCHOBHbIM KpaC11TeJIHM. Ha6JIIO}];aIOTCJl H ll}];eHTHqlHIIIIPyIOTCJl BO BpeMJl MHT0-

3a H Meiio3a. OcHOBHOH oceBOH KOMIIOHeHT xpOMOCOM - ruraHTCKaH HerrpepbIBHaH M0Jie

K)'Jia ,!(HK, KOT0paH B JIHHeHH0M rropMKe cop;ep)KHT reHbl II reHern"IeCKIIe peryJIHTopHbie 

rrocnep;oBaTeJibHOCTH. 

U:e11Tp11cpyrnpouauue - IICII0Jib30BaHlle CHJI, C03}];aBaeMbIX IIeHTPHq>yroii, }];JIJl paJp;eneHHH 

M0JieKyn B )1(11,!U(OH cpep;e. 
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bo-:: 
~e11TpOMepa, HJIU nepBU'IHaH nepeTHmKa - yqacTOK xpOMOCOMbl 3yKapnoT, K KOTOpOMY 

rrpnKpeIIIDIIOTCH HHTH aepeTeHa BO BpeMH MHT03a. 

3K30ffYKJICa3a - qiepMeHT, Bbl3blBalOIIIHH .n;erpa.naIIHIO (paCII1errrreHne) MOJieKyJI ,[{HK HJIH 

PHK Ha 3', 5' nrrn o6onx KOHIIax MorreKyJibI. 

3KcnpeCCHH rena - pearrH3aIIHH reHeTHqecKoii nmpopMaIIHH, 3aKO.n;HpOBaHHOH B ,[{HK, 

IIYTeM ee TPaHCKpHIIIIHH n TPaHCJIHIIHH nPHK. 

3JieKTPolf>ope:i - MeTO,D; pa3.n;erreHHH 3apIDKeHHbIX 6norrornqecKHX MaKpOMOJieKYJI (6eJIKOB, 

uyKJieHHOBbIX KHCJIOT H T • .n;.) B 3JieKTPnqecKOM rrorre, 6a3HpyIOIIIHHCH Ha HX pa3lIHqnn ITO 3JieK

TPnqecKOMY 3apsuzy, qiopMe n pa3Mepy. 3rreKTPoq>ope3 OTKpbIT <I>. <I>. PeiicoM B 1807 r. B 6no

rrornn 3JieKTPoq>ope3 Haqarr ncrroJib3oBaTu A. TH3eJIHyc, CKOHCTPYHPOBaBIIIHii rrepBbIH rrpn6op 

MH 3JieKTPQq>OpeTnqeCKoro pa3.n;erreHHH 6eJIKoB a 30-bie rr. XX B. 

3u.n;oeyKJiea3a - qiepMeHT, KaTaJIH3HpyIOIIIHH pa3pb!B BHYTPeHHHX qiocqio.n;H3q>HpHbIX CBH-

3eii (rn.n;porrm) B o.n;Ho- HJIH .n;aynnTeBoii MOJieKyrre ,[{HK nrrn PHK. 

3nucoMa - IIJia3MH.n;a, crroco6HM HHTerpnpoBaTb a xpOMOCOMHyIO ,[{HK 6aKTepnii, a TaK

lKe cyII1eCTBOBaTh B HHX aBTOHOMHO. 

3yKapHOTLI - opraHH3Mbl, KJieTKH KOTOpbIX HMelOT qeTKO BbipalKeHHOe .n;erreHne Ha MPO H 

IIHTOIIJia3My. 3YKapHOTbI MO~ 6bITb KaK 0,D;HOKJieTOqHbIMH (J:IPOlKlKH), TaK H MHOroKJie

TOqHbIMH, K HHM OTHOC.lITCH BbICIIIHe pacreHHH H lKHBOTHbie. 
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