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JIABOPATOPHASI PABOTA Nel
MPUTOTOBJEHUE U CTEPUJIN3ALIAS IUTATEJABHBIX CPE] U
MOCY bl 1J151 KYJIbTUBUPOBAHMS BAKTEPUI
JNETPAJIMPYIOINX KCEHOBUOTUKH

Llenv _pabomwi: O3HAKOMHUTBCS € TpPeOOBaHUSAMH, TPEIBABISIEMBIMH K
NUTATeNBbHBIM CpeAaM, C pPa3iuYHbIMH KJIaCCU(DUKAIMSIMH M XUMHUYECKUM
COCTaBOM TMHUTATENbHBIX Cpell, TMpaBUIAMH WX MPUTOTOBICHUS U IENbIO
UCHONb30BaHus. (O3HAKOMHUTBCS C Pa3IUYHBIMU  CIIOCOOAMU  CTEPHIIM3ALNN
NUTATENBHBIX CpPEl, TMOCYIbl, WHCTPYMEHTOB, C YCTPOWCTBOM MapOBOTO
CTepUJIM3aTOPa U MPUHIIUIIOM €T0 pabOTHI.

Qbopydosanue, mamepuanvt:  IlapoBoil cTepuan3aTop; CYIIWIbHBIN IIKad;
nocyaa: Jamku lletpu; numetku Ha 1 M, TPOOUPKH, TIIOCKOTOHHBIE KOHUUECKHE
WIH KPYTJIOJOHHBIE KOJOBI pa3HOro oObeMa; INTATUB AJIi HPOOMPOK; BaTHO-
MapJieBble MMPOOKU; TIepraMeHTHasi Oymara; HOKHHMIIBI; BaTa, HHUTKHU, MapJis, arap-
arap, NH4C|, Na,SOy, MgClz, C&Clz, (NH4)6M07024, HC', Zn0O, F6C|3 x 6H,0,
MnCl, x 4H,0, CuCl x 2H,0, CoCl, x 6H,0, H3BO;, K;HPO,, tpumnroH,
nposoxeBoit sxcTpakT u NaCl.

1.1 KPATKUE TEOPETUYECKUE ITOJIOKEHU A
1.1.1 IutaTenbHBIE CPEIbI

Pa3HoOOpa3Hbie  MHUTATENBHBIE  BEIIECTBA, B  KOTOPBIX  HYKIAIOTCS
MUKpPOOPTaHU3MBl W KOTOpPBIE WCIOJB3YIOTCS HWMH JII CHHTE3a OCHOBHBIX
KOMIIOHCHTOB KJICTKH, POCTa,  Pa3MHOXKECHHUS H JUIS TIOJYyYCHHS DSHEPrUu
Ha3BIBAIOTCS NUMAMENbHbIMU 8euecmeamu, a Cpeaa, cojepikarias MUTaTelIbHbIC
BEILIECTBA, SIBIIICTCS ANUMAMENbHOU CPEOOI.

[To Tumy mUTaHUS MHUKPOOPTaHWU3MBI, KOTOPBbIE BCTPEUAIOTCS B ITHIIECBBIX
MPOAYKTaX, OTHOCATCI K Xemoopeanozcemepompogam. ITO 3HAYUAT, YTO
OpraHWYeCKHe BEIECTBa, COJEpIKalldecss B TUTATEIbHOM cpene, SBISIOTCS
HMCTOYHUKOM YTJIEPOJIa, SHEPTUU U 3JeKTpoHOB. [ToTpeOHOCTH MUKPOOPTraHU3MOB
B TEX WIM WHBIX OPraHWYECKUX BEIIECTBAX 3aBUCAT OT UX BHUIAOBOU
PUHAIICKHOCTH, M, CJIEIOBATEIbHO, OT HAIW4YMS B KJICTKAX W aKTUBHOCTH
COOTBETCTBYIOIMHNX (DEPMEHTHBIX CHCTEM.

B kadecTBe ucmounuka yenepooa MAKPOOPTAHU3MBI HCTIOJIB3YIOT YTIICBOIHI,
OpraHUYEeCKHE W aMUHOKHCIIOTHI, CIUPTHI, JUNHABI U T.A. Kak mpaBuio, mydrine
YCBaWBAIOTCS HU3KOMOJICKYJISIPHBIC OpraHUYeCKHe COCAUHECHUS.
BricOKOMOJIEKY ISIpHBIE OPTAaHMYECKUE BEIIECTBA MOTYT OBITH MCTIOJIB30BAHbBI JIJIS
MATAHUSA TOJBKO TEMH MHKPOOpPraHW3MaMH, KOTOPBIE CIIOCOOHBI CHHTE3UPOBATH
COOTBETCTBYIOIINE THAPOIUTHUECKHE dK30(hepMeHThl. OpraHu4ecKkre BelecTBa U
BOJIa SIBJISIFOTCS TAK)K€ OCHOBHBIMH MCTOYHHKAMHU BOJIOPOJIa U KUCIOPO/a.



Hcmounuxom asoma A XeMOOPraHOT€TEPOTPO(POB MOTYT OBITH Pa3TUUYHBIC
OpraHMYecKMe M MHHEpaJbHble COEAMHEHUS: OEJIKOBbIE BEIIECTBA, IEMTOHBI,
AMUHOKHUCIIOTHI, COJTU aMMOHUS, HUTPATHI.

B cpene o0s3aTenbHO AOMKHBI IPUCYTCTBOBaTh Mmaxkpoaemenmsl (P, S, Ca,
Mg, K, Fe, Na, Cl), xoTopsle BHOCATCS B MHUTATEIbHYIO CPEAy B BHUIC KaTHOHOB
MUTATEIBHBIX COJICH.

Muxposnemenmol 4aie BCEro HET HEOOXOJIUMOCTH CHEIUATIbHO BHOCHUTH B
cpeny, TaKk Kak OOJBIIMHCTBO MHKPOIJIEMEHTOB SBISETCS MPUMECHIO COJIEH
MaKpO3JIEMEHTOB WJIM TOMAJal0T B CpeQy C YacTUIAMHU MbUIM, U3 CTEKISTHHON
MOCY/bl WJIA B COCTaBE BOAOIPOBOIHON BOJIBI.

JlJis MHOTHX MHUKPOOPTaHM3MOB HYXKHBI B MaJIbIX J03aX ()akmopwvl pocma.
dakTopel pocTa 00s3aTENbHO BHOCAT B CpeObl JUIS  KYJIbTHBHUPOBAHUS
ayKcompoguvix Mukpoopeanuzmos (MUKPOOPTaHU3MOB, KOTOpbIE HE CIIOCOOHBI
CUHTE3UpPOBaTh CaMH TE€ WM WHBIE OPraHMYECKHE BEIeCTBAa, KOTOpHIE
HEO0OXOAUMBI JIsl pOCTa U PA3BUTHSI), a TAKXKE I0OABIISIOT B MUTATEIBLHBIE CPEJIbI B
MaJbIX KOJIMYECTBAX JUIsl YCKOPEHHUS POCTa MUKPOOPTaHU3MOB, CHOCOOHBIX 3TH
BEI[ECTBA CHUHTE3UPOBaTh camocrtosteabHo. K (dakTtopam pocta oTHOCSTCS
OTJIeJIbHBIE AMUHOKHUCIIOTHI, TyPUHOBBIE U MUPUMHUIUHOBBIE OCHOBAHUS, KUPHBIC
KHUCIIOThI, BUTAMUHBI U JIp., @ TaKKe MPUPOJHBIE CyOCTpaThl, COJEpKAIUE ITU
COCIMHEHUS (MOPKOBHBIM COK, KYKYPY3HBI OKCTPakKT, aBTOJU3AT JIPOXKIKEH,
TUAPOIIU3ATHl PACTUTEIHHOTO CHIPHS U T.1I.).

[TutaTenpHbIe Cpeabl UMEIOT UCKIIOYUTEIHHOE 3HAYCHHUE B MUKPOOHOIOTHH.
[IpaBunbpHBI MOO0OP MNHUTATEIBHOM Cpedbl O0ECHeYMBaeT  BO3MOYKHOCTh
BEIZICIICHUSI MUKPOOPTAaHU3MOB M3 MECT OOHWTaHWMsI, TTOJYICHHS HAKOMUTEIBHBIX U
YUCTBIX KYJBTYp, U3y4€HUS UX MOP(OIOrMU U OMOXMMHYECKHMX OCOOEHHOCTEW,
CrocoOCTBYeT  OBICTpOMl M MPaBUJIBHOM  JMArHOCTHKE  WH(PEKIIMOHHBIX
3a00JIeBaHUH, JTA€T BO3MOXKHOCTD JIJIsI KOJIMYECTBEHHOTO y4eTa MUKPOOPTAaHU3MOB
B pa3IUYHBIX OOBEKTax (B MUIIEBBIX MPOJIYKTax, B BO3AyXe, B Boje, mouse). C
MOMOIIIbI0 TUTATENBHBIX CPENl TMOJY4YaloT TakXke OHOMaccy TOJIE3HBIX IS
HApOJHOTO XO3SHUCTBa MHKPOOPTAaHU3MOB U OHMOJIOTMUECKH aKTHUBHBIC IIEJIEBHIE
MPOTYKTHI.

Tpebosanus, npedvsesniemvie K NUMAMENbHbIM CPEOaM

1. B cpeode donichbl bvims 6ce Heobxoo0uMmble OJisi pOCma U pa3eumust XumuiecKue
9eMeHmbl,

2. Cpeoa Oondicha b6bimb COANAHCUPOBAHA NO XUMUYECKOM)Y cOcmagy. DTO 3HAUWT,
YTO COOTHOIICHHE XMMHYECKHUX AJIEMEHTOB IMUTATEIBLHOW CpeIbl W TJIABHBIM
o0pa3oM COOTHOIIECHUE OPTraHOTEHHBIX 3JIeMeHTOB - C:N M0DKHO TPHUMEpPHO
COOTBETCTBOBATh 3TOMY COOTHOIIICHHUIO B KJICTKE;

3. Cpedvt 00adiCHbLI UMemb O0O0CMAMOYHYIO  BIANCHOCTb, O00ECTICUHBAIOITYIO
BO3MOXKHOCTh MU (Py3nr muTaTeIbHBIX BEIIECTB B KJIeTKy. st rpuboB 3Ta
BJIQYKHOCTHh 00€CTIEUNBACTCS CO/IEPKAHUEM BJIard B cyocTpare He meHee 12 %,
1151 6axkrepuii — He MeHee 20 %.



4. Cpeoda Oomdicha umems onpeoenrenHoe 3Hauwenue pH cpeovl. Cpenu
MUKPOOPTaHU3MOB pazIMyaroT ayuooguvl (KUCITOTOJIFOOMBBIE
MUKPOOPTaHU3MbI), ankaioguist (IIEI0YSTIO0MBBIE MHKPOOPTaHU3MBI) U
Heuimpoguawvl (JIydllle BCEro pacTyT B HeWTpanbHOU cpeae ¢ pH okomo 7,0). K
aruaoduiiaM OTHOCATCS TpuObl W APOXOKU. bonblmIMHCTBO OakTepuit —
HEUTPO(UIIBI, JUIsI KOTOPBIX aKTHUBHAs KHUCIOTHOCTH cpeabl okojo 4 en. pH
aBisgeTcs ryourensHoi. CienyeT NOMHHUTb, YTO MPU CTEPUITU3ALMK CPEbl U B
porecce KyJIbTUBUPOBAHUS MHUKPOOPTAaHW3MOB, KHUCIOTHOCTH CPEIbI MOXET
CWJIBHO W3MEHATHhCH. Bo m30exkanme wmiaMenenwss pH B cpemy m00aBisSiOT
Oydepubie cuctembl (Hampumep: (ocharapiii  Oydep), CaCOsz (mns
HEUTpaM3aluu  O0pa3yrommxcsi B pe3ydabTaTe  KyJIbTHBUPOBAHUS
OPTraHUYECKUX KHCJOT), BEIIECTBA OPraHUYECKOW MPHUPOJbI, OOJIaJa0IIHe
OyhepHBIMU CBOMCTBaMH (HAPUMEP: aMHUHOKHCIIOTHI, OJTUTIEHTHIBI, OCIKN) U
7p.;

5. Cpedvt OonoicHbl  ObIMb  UOMOHUYHLIMU JJIA MHUKPOOHOM KIJIETKH, T. €.
OCMOTHUYECKOE JaBJICHHUE B CPe/Ie JOKHO OBITh TAKUM K€, KAaK BHYTPH KICTKHU.

6. Cpeoui O0JIHCHDI obaoamo onpeoeseHHbIM OKUCTUMENbHO-
soccmanosumenvHolM nomenyuaiom (Thy), onpenensromuM HaCBIIICHHE c¢
kuciopogoMm. Ilo mxkane or 0 g0 41 STUM HMHIEKCOM MOXXHO O0O3HAYUTH
T100yI0 CTENeHb a3pOOHOCTHU: HACHIIIICHHBIA KUCIOPOIOM PAaCTBOP 0003HAYAIOT
rh,=41, HaCBIIICHHBIA  BOJOPOJIOM rh,=0. OOnuraTHble aHa’POOBI
pa3sMHOXKArOTCs IpH rhy He BhIMe 5, a3poObl — He Hike 10.

7. Cpeodvl 0012CHbL ObIMbL CMEPUTbHLIMU, YTO OOECIICUMBAET POCT YHMCTHIX
KyJbTYpP MUKPOOPTaHU3MOB.

Knaccuguxayus numamenvrvix cped

[To xomcucmenyuu nUTaTENbHBIE CPEIbl NENATCS HA JKUAKUE, TUIOTHBIE U
CBIITy4HeE.

JKuokue cpedvi IPUMEHSIOTCS 1JI1 HAKOIUIEHUsT OMOMAacchl WM NPOJYKTOB
oOMeHa MHUKpPOOPTaHWU3MOB, JJIsi OOHOBJIEHMS JOJTO XPaHALIUXCA KYyJIbTYp, IS
NOJICPKAHUSI U XPAHEHUS TEX YHUCTBIX KYJIbTYp, KOTOpbIE IUIOXO PACTyT Ha
IUIOTHBIX Cpeaax.

IInomnvle cpedbt HEOOXOIUMBI JIJIsl BBICICHUS U OMMCAHUS KYJIbTYpaJbHBIX
CBOMCTB YHCTBIX KYJBTYp MHUKPOOPTaHU3MOB, TaK KaK HAa HUX MOXHO TOJIYYHUThH
U30JIMPOBAHHBIEC KOJIOHUU (KOJIOHUA - TIOMYJALNUS MUKPOOPTaHU3MOB, BBIPOCIINX
U3 ofHOW kieTku). [I70THBIE THTAaTEeNbHBIE CPEAbl HCHONB3YIOTCS TakKXkKe Jist
KOJIMYECTBEHHOTO Yy4e€Ta MHKpPOOPTaHW3MOB B IMHUIIEBBIX MPOAYKTAX, IPYTHX
00BEKTaX BHEITHEH Cpebl U ISl XPAaHEHUS YUCTBIX KYJIbTYP.

[110THBIE Cpeabl TOTOBATCS U3 KUIKUX IMyTEM T00ABJICHUS Tesie00pa3yrommx
BEIIECTB: arap-arapa, >keJaTHHa, Telisi KpEMHEKUCIIOTro (CHIIMKAres).

Jly4iiuMm reseoOpa3yroniiM BEIIECTBOM SBISIETCS aeap-azap, MojlydaeMblil U3
BOZIOPOCJICH. DTO CIOXKHBIM TOJIMCAXapHa, KOTOPBIM 00pa3yeT rejb ¢ TOYKOH
mwiasnenuss 96-100 °C u Temmepatypoii 3acteiBanms okoso 40 °C. ITosromy Ha
arapu3oBaHHBIX Cpelax MOXKHO KyJbTUBUPOBATh IMOYTH BCE MHUKPOOPTAHU3MBI.
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Kpome Toro, arap-arap O4Ye€Hb pEIKO MCIHOJIB3YEeTCI MHKPOOPraHW3MaMH B
KauecTBe MUTATENbHOTO cyocTpara. i yrjIoTHEHHs )KUIKOW Cpefibl B HEE BHOCST
B 3aBUCMMOCTH OT CTEMEHU OUYUCTKH OT 1,5 1o 2,5 % arap-arapa.

B otnuume ot arap-arapa owceramun — 3TO BEHIECTBO OEJIKOBOW MPHUPOIBI,
KOTOpOE TMOJy4YaeTcsi W3 KOCTEH W Xpslied >KUBOTHBIX MPU UX BbIBAPUBAHUU,
MO3TOMY MHOTHME MHUKpPOOPraHU3Mbl HCIOJB3YIOT JKEJIaTMH B  KayecTBE
NUTATEIBHOTO CcyOcTpaTa M K KOHILy KYyJIbTUBHPOBAHUSI Cpela C KEJIATHHOM
pazxkmxaercs. OrpaHU4€HHOE UCTIOIb30BAHUE JKEJTATUHA B KAYECTBE YIIOTHUTEIS
JUTS TUIOTHBIX MATATEIbHBIX CPEJ CBSA3AHO TAKXKE C TEM, UTO IO CPABHEHUIO C arap-
arapoM OH 00pa3yeT MeHee IPOYHBIH Iellb, KOTOphIH muasutcs npu 23-25 °C u
sacteiBaer npu 20 °C, B TO BpeMs Kak OOJBIIMHCTBO MHKPOOPTaHU3MOB
pasBHMBaeTcs Ipu Temmeparype ot 25 1o 37 °C.

Ecnu tpebGyercs momydnTh TUIOTHBIE CPEbl, HE COJEpIKaIlie, OPraHMUYeCKUX
KOMITOHEHTOB, UJIM CUHTETHYECKHE CPEbl C ONPEACIICHHBIM KOJIUYECTBEHHBIM U
KAUECTBEHHBIM  COCTaBOM, TO B  KadyeCTBE YIUIOTHUTENS  MPUMEHSIOT
KPEMHEBOKHUCIBIN renb. [loydaloT ero myreM CMENIMBaHUS PaBHBIX OOBEMOB
COJISIHOM KHCIIOTHI ¢ ynenbHO#M Maccoit 1,1 u sxkuakoro crekina (Naz SiOz mmm Ks
Si0O3) ¢ mocaenyroiei pa3nuBkoi o 25-30 M1 B vamiku [leTpu u BeIIepkKKO# 1-2
q.

Coinyuue  cpedbl  TPUMEHSIOT B  OCHOBHOM B  IPOMBIIUICHHON
MuKpoOunosorud. K TakuM cpenaM OTHOCSTCSA pa3BapeHHOE NIIEHO, OTpyOow,
KBaplUEBbId IIECOK, CMOYEHHBIM IHUTATENbHBIM pacTBOPOM. Takue cpensl
UCIIOJIB3YIOTCS JJI KYJIbTUBUPOBAHUS a3pOOHBIX MUKPOOPTaHU3MOB.

[lo npoucxoorcoenuro u cocmagy  TUTATENbHBIE CpEAbl MACNATCS Ha
HaTypaJbHbIC (ECTECTBEHHBIE), CUHTETUYECKHUE (MCKYCCTBEHHBIE) 151
MOJIyCUHTETUYECKHE.

Hamypanvnvie cpedvl TOTOBATCA U3 MPOAYKTOB )KUBOTHOIO M PACTUTEIBHOTO
npoucxoxaeHus. OHU copepkKaT BCe MHIPEAUEHTHI, HEOOXOIUMBIE ISl pocTa U
pa3BUTHSL MUKPOOPraHu3MoB. OCHOBHBIM HEAOCTATKOM 3THX CpeEl SIBIIAETCS TO,
YTO OHM HMMEIOT CJOXHBIM W HENOCTOSAHHBIM cocTaB. HarypanbHble cpensl
UCIIOJIB3YIOT ~ JIJISl BBIpPAIMBAaHUS MUKPOOPTAaHW3MOB, HAKOIUICHHS OHOMACCHI,
XPaHEHHs] YUCTHIX KYJIBTYp, HO OHU Majl0 MPUTOJHBI JJISI U3YUEHUSI OOMEHHBIX
IIPOLIECCOB MUKPOOPraHU3MOB. TakMMM cpejaMu SIBIISIFOTCS. OTBaphl 3JIaKOB, TPAB,
OBOILIHbIE U (PYKTOBBIE COKH, PA3IMYHBIE IKCTPAKTHI, MICHOW OyJIbOH, aBTOJIM3AT
JPOXOKEHN, MOJIOKO, MOJIOYHAS CBIBOPOTKA, TUAPOIU3ATHI U3 PACTUTENIBHOIO ChIPhS
u T.1. Hanbonee yacTo npuMeHsI€eMbIMU HATypajIbHbIMU MUTATEIbHBIMHU CPEaMU
ABIAOTC MsiconentoHHbIM arap (MIIA) u wmsconentoHublii OynsoH (MIIB),
NpelIHa3HAYeHHbIE Ui KyJIbTUBUPOBAHUS OaKTEpHil, a TaKKe HE OXMEJIEHHOE
MMBHOE CYCJO M CyCJO-arap, MCHOJb3yeMbl€ JIJISi BBIPAIIMBAHUSA M HAKOILICHUS
OroMacchl TPUOOB U IPOKIKEH.

Cunmemuueckue cpedbli UMEIOT B CBOEM COCTaBE XHMUYECKH UHUCThIC
OpPraHMYEeCKME W  HEOPraHWYECKHME COEAUHEHUS B  CTPOro  yKa3aHHBIX
KoHIeHTpanusax. [lo Habopy KOMIIOHEHTOB CHHTETHUYECKHUE MUTATENIbHBIE CpPEibl
MOTYT OBITh CIIOKHBIMH (CPEbI JIJIsi BBIPAITUBAHUS MOJOYHOKHUCIBIX OAKTEpHiA) U
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JIOBOJIBHO MPOCTHIMH. Takue cpeabl MPUMEHSIOTCS ISl HCCIEAOBaHUA OOMEHa
BEILECTB, BBISICHEHUS 3aKOHOMEPHOCTEHW pocTa WM OMOCHHTE3a KaKoro-imdo
Merabonura u T.1. Haunbornee dyacTo B MNpakTUUECKOW pabOTe HCIHOJIB3YIOT
CUHTETHYECKYI0 cpeny Yameka i BbIpalluBaHus TpuboB u cpeny Punmep s
npoxokeit. CoctaB 3TUX cpel TMpuBeleH B mpuiiokeHUH 2. OCHOBHBIM
HEJIOCTATKOM CHHTETHYECKUX Cped SBISETCS TO, YTO Ha TaKUX Cpeaax
MUKpPOOPraHU3Mbl OUYEHb JIOJITO PACTYT.

Ilonycunmemuueckue cpedbl B CBOEM COCTaBE COAECPKAT XMMHUUYECKU YHUCTHIE
OpPraHUYECKHE W HEOPraHMYECKHE BEIIeCTBa, (KaK M B CHUHTETHYECKHX Cpelax) W
BEIIECTBA PACTUTEIHHOTO WJIM KUBOTHOTO MPOUCXOXKICHUS B KauyeCTBE (PAKTOPOB
pocTa Il YCKOPEHUSI pOCTa U Pa3BUTHSI MUKPOOPraHu3MoB. Llenb ucnosib3oBanus
MOJyCUHTETUYECKUX Cpell Ta e, YTO U CHHTETHUECKUX. Tak Kak HaTypalbHbIE
KOMIIOHEHTBI BHOCSITCSI B HEOOJBIINX KOJTMYECTBAX, TO UX XUMUYECKHI COCTaB HE
YUUTHIBAETCSI TMPU HW3YYEHUH OOMEHHBIX TPOIECCOB TEX WJIA  HHBIX
MUKPOOPTraHU3MOB.

[lo wmasnauenuro cpenpl JAENATCS Ha  yHUBEpCAJIbHbIE (OCHOBHBIE),
n3OupatenbHble  (HAKONMUTEIbHBIE,  OJEKTUBHBbIE) UM AuddepeHImaibHO-
JTMarHOCTHYECKHUE.

Yuusepcanvnvie cpedvl MCHONB3YIOTCS [JIsl BBIPAIIMBAHUS MHOTHX BHUJOB
MUKpoopranusmoB. K yHuBepcanbHBIM  cpelaM,  HCIOJIb3YeMbIM  JJIs
BbIpAIlUBaHUsl OAaKTEpHil, OTHOCATCS MSCONENTOHHBbIM arap u OyinboH (MIIA,
MIIB), cpega g ompeneneHus KOJUYECTBA ME30(WIBHBIX a’pOOHBIX U
(aKkyJIbTaTUBHO-aHA’POOHBIX MHUKPOOPraHU3MOB (cpena i ONpeleieHUs
KMA®AHM). I'pubbl 1 JpoXOKH XOPOILIO pacTyT HA HE OXMEJIEHHOM MHMBHOM
cycie, cycio-arape (CA), cpene Cabdypo.

H36upamenvhvie cpedvbt 00ECNIEUUBAIOT PA3BUTHE TOJIBKO OMPEICICHHBIX
MUKpPOOPTaHU3MOB HJIM TPYIIIBI POJCTBEHHBIX BUIOB M HEMPUTOJHBI ISl pOCTa
npyrux. B Takue cpeabl, Kak MNpaBUiio, I00ABIAIOT BeLIECTBa, M30MpaTENbHO
MOJIABJISIOIME Pa3BUTHE COIMYTCTBYIOLIEH MHUKpodopsl. M30uparensHble cpeibl
OPUMEHSIOT JUISl BBIJCJICHUS ONPEJCIIEHHBIX MHUKPOOPTraHM3MOB U3 MECT HX
€CTECTBEHHOTO OOUTaHUs U JUJIS MTOJIyUYEHHUsI HaKOMUTENbHBIX KyJIbTyp. B kauecTse
HAKOMMUTENbHBIX MUTATENbHBIX HCIIONB3YIOT, HapuMep kuakue cpenbl Kecciepa
(ucnionmp3yeTcss IS HAKOIUICHUS OaKTepuil TPYyNMbl KUIMIEYHOW TAJIOYKH),
Mromepa u Kaydpmana (171 BBISIBIICHHSI CallbMOHEIUT). DJIGKTUBHBIMHU CpelaMu
MOTYT OBITh TUIOTHBIE MHUTATEIbHBIE CPEbl, TAKME KaK MOJOYHO-COJIEBOM arap
(MCA) u xentouHo-cojieBoii arap (JKCA) — 17151 BBISBICHUSI U KOJUYECTBEHHOTO
yuyeTa B THIIEBBIX MPOAYKTaX KOAryJia3oMoJOKHUTEIbHBIX CTa(UIOKOKKOB,

KPOBSIHOW arap — JJIs BBIABJICHHS T€MOJIMTHYCCKUX CTPENTOKOKKOB, arap ¢
THJIPOJIM30BAaHHBIM MOJOKOM M MEJIOM — JUIA KOJHUYECTBEHHOIO ydYeTa
MOJIOYHOKHUCITBIX OAKTEPHIA.

HHuggepenyuanvrno-ouacnocmuuecxkue cpeobl UCTIOJIb3YIOTCS TUTS

OIIpCACICHUA BHI[OBOﬁ MPUHAIJICIKHOCTU HCCICAYCMOTI'O MI/IKpO6a, OCHOBBIBAsCh
Ha 0COOEHHOCTSAX ero oOMeHa BCIICCTB. CocraB 3THX Cp€a IIO3BOJIACT UYCTKO
BBIACIIUTD HaunoOoee XapaKTCPHBIC CBOMCTBaA N3ydacMOIo MHKPOOPTraHU3MaA.
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[IpumepoM Takux cpen SBIAETCS IUIOTHAs cpeaa OHAO, MpPUMEHsAeMas Ui
onpenaeneHuss 0akTepuil Irpynnbl KUIIEYHON MajJO4yKd, B COCTaB KOTOPOM BXOIUT
JaKTO3a, HACBIIIEHHBIA CHUPTOBOW pPACTBOP (PyKCHHA, OOECLIBEUEHHOTO IEpesn
nobasnenreM B cpeny 10 % BOAHBIM pacTBOpoM cynbdaTa HaTpus (oOpasyercs
OecuBeTHass (pykKcHH-cepHHCTas KucioTa. KuiieuHas nanodyka Ha Takod cpene
(depMeHTHpYET JIaKTO3y C O0O0pa3oBaHUEM aJbAETUAOB, BCIEICTBUE YETO
OecuBeTHass (PyKCHH-CEpHHUCTash KHCIOTa TMEPEXOAUT B (PYKCHUH-CEPHUCTOE
coequHeHHe ¢ oOpa3oBaHUEM (yKCHHA, KOTOPBIA OKpAIIMBACT KOJIOHUHU
KHILIEYHOU MMAJIOUYKH B KPACHBIN LIBET C METAIUIMYECKUM OJIECKOM.

1.1.2 MeToasl cTepuian3aiuy TUTAaTEIbHBIX CPE, TOCYAbl, THBEHTAPS

Cmepunuzayueti v obdecruioxuBanueM (Sterilis — GecruroaHbIN) Ha3bIBacTCS
NOJJHOE YHUYTOXKCHHE MHUKPOOPTaHM3MOB B IHTATENBHBIX Cpelax, IMOCyAe H
JPYTHX 00BEKTaX.

Crepunu3zanys 10JDKHA 00ECIeYrBaTh YHUYTOKEHHE BCEH MUKPOQIIOPHI,
NaTOTeHHOW M HEMaTOreHHOW, NPUCYTCTBYIOIICH B JaHHOM oObekTe. OHa He
JOJDKHA TIPUBOJMTH K MOpYE MaTepHajia MM U3MEHEHUIO ero (hPM3M4ecKOro I
XUMHUYECKOTO COCTOSIHUSI. [109TOMY B 3aBUCUMOCTH OT (D)U3UYECKUX CBOWCTB
CTEPUIM3YEMbIX OOBEKTOB U IEJIN CTCPHIM3AINU TPUMEHSIOT PA3IHYHBIE METOJIBI
00€ECIJIOKUBAHUS: Topsure (BiaxHas, JpoOHasd, cyxas CTepuiu3alus) Hu
XOJNOoMHbIe  (MeXaHW4ecKas  CTepPWIM3alUs,  WOHHU3AIMs,  CTCPUIM3AIUS
yIABTPA3BYKOM, yIbTpapuoNeTOBbIMU Jy4amu). OCHOBHOE 3HAYEHHE HUMEET
TEIJIOBOE BO3/ICHCTBUE HA OOBEKT.

Memoowi, ocHnoganHble Ha mepMUYecKou 00pabomke CMepuIu3yembix
00beKmog

['yOutenpbHOE€ neWiCTBHE BBICOKOW TeMIlepaTypbl  OOYCIOBIMBAETCS
MOBPEXKJICHUEM KOJUIOMJIHOTO COCTOSIHHMSI TUIa3Mbl, JIeHaTypamuer Oenka ¢
MOCJIEYIONIEH KOoaryJsiuel ero, a Takke HapylieHHeM (EpMEHTHBIX CHUCTEM
MHUKPOOPraHU3MOB.

PaznuyaroT rasicnvie u cyxue cnocodvl meniogou Cmepuiu3ayuu.

Bnaoicnvle cnocobbl NCTIONB3YIOTCS, TIIaBHBIM 00pa3oM, IJIsl CTEPUIT3ALUU
nuTaTenbHbIX cped. K TakuM crmocobam OTHOCATCS CTEpUIIM3ALMS MapoM MOJ
JaBJICHUEM, CTEpWIM3alMsl TEKydyuM TmapoMm (ApoOHasi cTepuiu3aius) U
TUHJATU3alH.

Cmepunuzayuss napom noo oOaéneHuemM — caMblii 3(QQPEeKTUBHBIA B
OAKTEpPHOJOTUYECKON MPAKTUKE CIOCO0 CTEepWIM3alMU MHUTATENbHBIX Cpel |
MOCYJIbl, TaK KaK C €ro MOMOIIbI0 OBICTPO AOCTUTAETCS IMOJHOE M HaAEeKHOE
oOecIyio)kuBaHUE. ITOT CMOCOO CTepWUIM3alldd OCHOBAaH HAa TOM, HYTO
o0Opa3yIouuics Mpu KUTITYEHUH BOJIBI TIap HE BBIXOJUT HAPYXKY, a, CKAIUIUBAsCh B
3aMKHYTOM TPOCTPAHCTBE, MOBBINIACT AaBiieHHe. llpu co3manuu U30BITOYHOTO
JaBJICHHUS] BO3pacTaeT TemIepaTypa KHUIIEHHS BOJbl W TeMIleparypa mnapa.
Crepunuzanuio mapoM  MOJ ~ JABJICHUEM  OCYIIECTBISIOT B MHapOBBIX
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CTepUIM3aTOpax, MPUHIUI paboOThl U YCTPOMCTBO KOTOPOIO OMHUCAHBI B pa3jiese
1.1.3.

Cmepunuzayus mexkyyum napom UCHOIb3YETCs JJIA Cpell, KOTOPbIE HEb3s
HarpesaTh Bbime TemmnepaTypsl 100 °C. Crepummsanus nposogurca npu 100 °C
(Temmniepatypa mnapooOpaszoBanus) 1o 30...60 MuHYT B TedeHue 3 JHEH C
npoMmexxyTkamu B 18-20 yacoB, BO BpeMsi KOTOPBIX MaTepuall BBIIEPKUBACTCS B
TepMOCTaTe WM MPU KOMHATHOW Temmeparype. [loaToMy 3TOT crioco0 Ha3bIBaIOT
emie ApoOHON cTepuiam3anueii. B ocHOBY cmocoba ApoOHON CTepuiIn3amuu
TIOJIOKEH CIEAYIOIUK npuHmn: npu HarpeBanuu 10 100 °C B tewenne 30...60
MUHYT TOTrH0alT BCE  BEreTaTUBHBIE KIETKHM, a CHOpPbl  OCTAOTCSA
KU3HECTIOCOOHBIMH. B IpoMekyTke MexIy CTEpHIM3aluel CIIOphI IPOPACTalOT B
BErETAaTUBHBIE KJIETKH. Yepe3 CyTKH MNpPOBOAST MNOBTOPHYHI CTEPHIA3ALMIO.
OOBIYHO MOCJIE TPEThEl CTEPUIU3AIMU JIOCTUTAETCA TOJIHOE OOECIUIONKUBAHUE
oObekTa. CTepUIM3alMio TEKYYUM apoM OCYIIECTBISIOT B anmapaTtax Koxa umu
TEeKy4enapoBbIX anmnaparax (KunaruibHukax Koxa).

Tunoanuzayus — 310 APOOHAsT CTEPUIIM3ALIMS IPU HU3KOW TeMIlepaType —
56...58 °C. IIpuMeHSIOT 3TOT CHOCOO MpH CTEPUIN3ALMH CPEMl, KOTOPHIE HEIb3S
narpesath 10 100 °C. Takue cpeiasl MOABEPraloT HArPEBaHHWIO B TEYEHHE 5...6
nHed moapsin mo 1 yacy exenHeBHO (B 1-ii neHb — B TeueHue 2 yacoB). B
MPOMEKYTKAaX MEXKIY MPOrpPEeBaHUEM CTEPHIIM3yeMasl KHUAKOCTh XPAaHUTCS B
tepMoctare. [Ipy 3ToM ocTaBiMecs B AKUBBIX CIIOPHI TPOPACTAIOT B BEreTaTUBHbBIC
KJIETKH, KOTOpbIE NOru0arT MpU MNOCIAEAYIOIIEM HarpeBaHuU. TUHAATU3ALMIIO
MPOBOAST B CIHEHHUAIBHBIX MPUOOpaX C TEPMOPETYJISITOPOM WM Ha BOJISIHBIX
OaHsIX.

Cyxue cnocoowl. Ilpu pabote B MUKpPOOHMOJOTHUECKOHN J1abopaTopuu W3
CYXHUX CHOCOOOB TEPMUYECKON CTEPUIIM3AIIMN UCTIOIB3YIOTCS CIIETYIOIIHE:

Ilpoxanusanue na ocne (ghrambuposanue) 04eHb OBICTPHIA W HAICKHBIN
CIoco0 CTepUIM3aluud OAKTEPUOJIOTMUECKUX TeTEeNb, MPENapOBAIbHBIX UTJT MIEPE]
MOCeBaMU. DTHUM CITOCOOOM MOXKHO CTEPUIIM30BATh TAKKE MEJKHE METAITNYECKUE
npeaMeTsl (TUHIETHI, CKaJbIeNu) H TMpeaMeTHbie cTekia. OCyIIeCTBISIIOT
MpOKaJIMBaHUE HAJI MJIAMEHEM TOPEJIKH.

Cmepunuzayus cyxum sHcapom (Cyxum Hazpemvlm 6030YX0OM) UCTIONIb3YETCs
JUISL  CTEPWIIM3AIMA  MHUKPOOMOJIOTHYECKON MOoCynbl (MUMeToK, yamek [lerpwu),
necka. OCyIecTBISIOT CTEPUIIM3AINIO CYyXUM JKkapoM Tipu Temmepatype 150-170
OC B Teuenue 1...1,5 yacos B mevax IlacTepa uim B CyIIMIBHBIX IIKadax.

Memoouvl xonoonoiu cmepunuzayuu

Mexanuueckas  cmepunuzayusi  (Qurvmposeanue).  ITOT  CIOCOO
NPUMEHSCTCS JUISl CTCPUIIM3AIMKM CpeJl B TeX CIydYasX, Korja HuX HEIb3s
MoJBEpraTh HarpeBaHuio. [IpyM MeXaHWYEeCKOW CTepUIIM3allud CTEPUIIN3YEeMbIe
KUIKOCTU QUIBTPYIOT Yepe3 CrenuaibHble (PUIBTPOBATIBHBIC MPUOOPHI, KOTOPHIC
UMEIOT HACTOJBKO MEJKHE TOPBI, YTO HAa CBOCH MOBEPXHOCTH 3aJCP>KUBAIOT
B3BEIICHHBIC B KUJIKOCTH YACTHUIIBI, B TOM YHCJI€ U MUKPOOBI. Jlyist punmbTparuu B
MUKPOOMOJIOTUYECKONW TMPAKTUKE TPUMEHSIIOT pas3InyHbie (UIBTPOBAIBHBIC
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npudopsl (puneTpsl 3eittua, cBeun lllambGepnana, Mangnepa, bepkedenbna u
Jp.).

Xumuveckasa cmepunrusayus. ITOT BHUI CTEPHIM3AUN B MPAKTUKE
NPUTOTOBJICHHUSI MHUTATENbHBIX CpEl HMMEET OrpaHHYeHHOE IpHMeHeHHe. B
71a00paTOPHOI MpaKTHKE HCHOIb3YIOT HEKOTOPhIE XUMHUYECKHE BEIECTBA, TaKHe
KaK TOJyoJI, XJ10podopM, 3bup U Ipyrue, A NpenynpexacHus OaKTepruaibHOTo
3arpsi3HEHUS] MUTATENBHBIX cpeld. s ocBOOOXKAEHHS OT KOHCEpPBAHTA Cpedy
HATPEBAIOT Ha BOAAHOM Oane npu 56 °C.

XuUMHYecKasi CTEpUIM3alUsl HUCIONB3YEeTCs TakKe ISl JIe3UH(EKINH
00Opy/IOBaHUs, IOMEIICHUH, HCIIONb30BAHHON TMOCYJbl M  OTPabOTaHHOTO
MUKpPOOMOJIOTUYECKOT0 MaTepuana. B kadecTBe Ae3MHOUIMPYIONIMX BEIIESCTB
MIMPOKOE MPUMEHEHHE HAIUI XUMHUYECKHUE COCIMHEHUS, COJEepIKaIINe aKTHUBHBIN
XJIOp (XJIOpaMUH, XJIOPHAS U3BECTH).

Cmepunusayus  yaompaguonemosvimuy — ayyamuy.  ITOT  CIOCOO
CTEpUIIM3AIMH UCIIOIb3YETCA ISl CTEPUIIM3ALUU BO3/JyXa B MUKPOOHOIOTHYECKOM
Ookce u B JabopaTopuu mepeA  MPOBEACHUEM  MHUKPOOHOIOIMYECKUX
uccienoBanuif. Crepuinzanuio  ylIbTpapUOJETOBBIMU JIydaMHU HPOBOJAAT C
NOMOUIbI0 OAKTEPULIUAHBIX JIaMII.

1.1.3 YcrpoiicTBO MapoBOro CTEpUIU3ATOPA U MPUHITUIT €r0 PabOTHhI

Yempoticmeo cmepunuszamopa

OCHOBHBIMH YacTSIMU CTEPUIIN3ATOPA SABIIOTCS: CMEPUIUSAYUOHHAS Kamepa
-CIIy>)KUT JIJI Pa3MEIICHHs CTEPUIIN3YEMBIX OOBEKTOB; NApo2eHepamop — CIYXKUT
JUTSI BEIPAOOTKH Tapa (B maporeHepaTope HaXOoaATCsS HarpeBaTeIbHbIC DIICMEHTHI -
TOHBI, UCTIOJB3YEMBbIE ISl HAarpeBa BOJABI U TOJYYEHUS Tapa, U JaTYUKH YPOBHS,
KOTOpbIE HYKHBI JJI TPENOTBPAIICHHUS BBIXOJa M3 CTPOS HarpeBaTeIbHBIX
AJIEMEHTOB); cucmema mpyoonpo8ooo8 — sl COCIUHEHUS COOPOYHBIX €JIMHUIL
CTEpUIIN3ATOPa; 21eKmpowKag — JUisl YOPABJICHHUS DJICKTPUYECKON CHCTEMOM
CTEpUIIN3ATOPa; MAaHoOMemp 3JIeKMPOKOHMAKMHbIU — I HaOJMIOJeHUs 3a
JIaBJICHUEM B TIaporeHepaTope W MOJepKaHus ero paboThl B aBTOMAaTUYECKOM
peXKUME; MOHOBAKYYMMemp — NI HAOMIOJEHUS 3a JaBJICHUEM M Pa3psHKCHUEM B
CTEpUJIM3AIIMOHHON KaMepe; KIanax npedoxpanumeiibHsili - Ui coOpoca mapa mnpu
NPEBBIIICHUH JaBJICHUS B IAPOTCHEPATOPE; KOAOHKA  B0O0YKA3AMENbHAS
(BomoMmepHasi TpyOka) — i  HaOJMIOJEHHUS 3a YPOBHEM JKUAKOCTH B
naporeHepaTope; eHmuay — AJis yupaBieHus: padoTol CTepUiIn3aTopa.

lpunyun deticmeust NHEBMO2UOPABIUYECKOU U INEKMPUUECKOU CUCTEM
napoeozo cmepuiuzamopa
3aKIo4aeTcs B CIAEAYIOIIEM:

Bopa nocrynaer no BogonpoBoay B naporeneparop. KonTpois 3a ypoBHEM
KUJKOCTU B TaporeHepaTope OCYIIECTBISIOT C MOMOIIBIO BOJOMEPHON TPYOKH.
[Tocne BKITIOUEHUS CTEPUIIN3ATOPA, HAYMHAIOT HarPEeBaThCS TOHBI, OJarogaps 4emy
BOJIa HarpeBaeTcs J0 padoueil TemmepaTypsl. B pesynbrare obpaszyercsa nap. [Ipu
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JIOCTUXKEHUU B maporeneparope aasienus napa 0,11 MIla otkpsiBaeTcs BEHTUIIb
«IIap B kamepy» u BeHTWwIb «CnMB KOHAEHcaTta». IIponcxomur mnpoayBka u
IIPOTPEB CTEPWIN3ALMOHHON KaMepbl, IIOCJIe 4ero BeHTWIb «CIIMB KOHAECHCATa»
3aKkpbIBaeTcs. [Ipyu 1ocTHKEeHNH B CTEPUIIM3ALMOHHON Kamepe pabodero 1aBjieHUs
(KOHTPOJUPYETCS IEKTPOKOHTAKTHBIM MaHOMETPOM) IIPOUCXOAUT OTUET BPEMEHU
crepuwiau3anuu. B mpomecce  cTepwiM3alMM  IPOUCXOJUT  aBTOMATHYECKOE
BKJIFOYCHUE M OTKJIKOYEHUE CTEPWIM3aTOpPa € IOMOLIBIO 3JIEKTPOKOHTAKTHOTO
MaHoMmeTrpa. KoHTpone 3a pmaBiaeHueM B CTEPWIM3AaLlMOHHOW — Kamepe
OCYLIECTBIISIETCS MOHOBaKyymMMeTpoM. [lociie npoBeneHust crepuin3anuu ammapaT
OTKJIFOYAIOT OT CETH M NepeKphIBatoT BeHTWIb «llap B kamepy». Jlanee, mo mepe
najicHusl JaBleHUs B cTepuiu3aimoHHoil kamepe ao 0,06 MIla (koHTpoib
OCYULIECTBJISIETCS IO MOHOBAaKyyMMETpPY) OTKpbIBA€TCs BEHTWIb «Bakyym». B
CTEPWIM3ALIMOHHON KaMepe co3JaeTcs paspsukeHue. IIpoucxoaurt mpouece Cymku
cTepuiansyeMoro wmarepuana. [lo HcTeuyeHMHM CYHMIKM OTKpPBIBAETCS BEHTWIIb
«Bo3nyx B kamepy». IIpy 3TOM NpPOUCXOAUT BBIPABHUBAHUE [ABICHUS B
CTEpUIIM3AIIMOHHON Kamepe ¢ aTMOC(HEPHBIM JaBIICHUEM.

1.2 MOPAAOK BBIIIOJTHEHUSA PABOTBI

1.2.1 Ilpuzomoenenue nocyovt 011 NPOBEOCHUA MUKPOOUOTIOZUUECKOZ0
ananu3a
Ji1st mpoBeieHUST MUKPOOMOJIOTHIECKOTO aHATN3a UCIIONB3YIOT YaIllK|
[TeTpu, KOTOpPBIC TEPMETHYHO YITAKOBBIBAIOTCS B MIEPraMEHTHYIO OyMary u
crepunu3ytorcs. [Tunerku Ha 1 cM® 3aKpHIBAIOT BATHBIMU TAMIIOHAMH U TAKKE
3aBopauynBaroT B Oymary. KosiObl 3aKkpbIBalOT BaATHO-MApJIEBbIMU POOKaMHU U
CBEpXY JIeTAl0T KOJIMAaYKH U3 IePraMeHTHON OyMmard.
Crepunuzaiids IMOCYIbl OCYIIECTBIISIETCS B aBTOKJIaBE IPU H30BITOYHOM
nasienuu 0,1 MIla B reuenue 30-40 MUHYT.

1.2.2 Ilpuzomoenenue numamenpHvlx cpeod U3 0moe1bHblX KOMNOHEHM 08
[IpUroTOBUTH HUKE MEPEUUCIICHHBIE KUJIKUE U arapu3oBaHHbIE cpeabl. JJis
arapusal cpeja 100aBUTH arap-arap B KUIKYIO cpeny u3 pacuera 20r Ha 1n
Cpelbl.
CPE/IA DBAHCA

1. IIpurotoBuTh 10 50 MJT KaXKJI0T0 pacTBOpa:

5 M p-p NH4CI, 0,1 M p-p NaSOyq, 62 MM p-p MgCl,, 1 MM p-p CaCl,, 0,005
MM P (NH4)5M07024

2. [IpuroTtoButh 50 M1 pacTBOpa MuKpossieMeHToB coctaBa: 0,5 mut HCI, 1o 50 M
H20 auct. + 0,0205 r ZnO +0,27 r FeCl; * 6H,0 + 0,1 r MnCl, * 4H20 + 0,0085
r CuCl * 2H,0 + 0,024 r CoCl; * 6H,0 + 0,003 r H3BO3
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3. B3Becurs 8,71 v KoHPO, pactBoputs B 800Mit muct. Boabl, noBectu pH m0 7,00,
n00aBUTH TIO | MJT KaXI0T0 U3 PACTBOPOB U3 IMyHKTA | ¥ MUKPOIJIEMEHTOB.
Hosectu 06beM 10 171.

CPEJIA LB (J1YPUHA-BEPTAHH)

1. B3pecuts 10r TpuntoHa, St apoxxesoro skcrpakra u 10 r NaCl, pacrBoputs B
800 mut qucT. Boasl u qoBectu pH mo 7,5. JloBectn o0beM 10 171 quCT. BOIOM.

Konmponvnuvie onpocut

1. Ymo makoe numamenvHule cpeovt?

2. Kaxue mpebosanus npeovasnaomcsa K numameibHolm cpeoam?

3. Kakum o6pazom 2o0moeamcsa njiomHsle numamenbvHole cpeobl u 011 4e20 OHU
ucnonawvzyromesn?

4. Ilouemy ¢ Kauecmee ynaiomuumena OnA HUMAMETbHBLIX CPeO Jyquie
UCnob306amb azap-azap, a He xceaamun?

5. Ha kakue cpynnwvl denamcsa numamespbHble CPeObl RO NPOUCXOHCOCHUIO U
cocmagy?

6. Ymo makoe cunmemuueckue cpedvl U 6 KAKUX CAYYAAX OHU
npumensaiomca?

7. /lna Kakux ueneil UCNONL3YIOMCA YHUGEPCATbHblE, U3OUpamenvHvle U
ouggepenyuanvro-ouaznocmuueckue cpeovt?

8. Ilpuseoume npumepboi YHUBEPCAIbHBIX, uzoupamenbHbvix u
ougepenyuanvro-ouazHocCmuiecKux NUMAameabHulX cpeo.

9. YUmo makoe cmepunuzayusa? Kaxue memoovt cmepunuzauuu Bam
uzeecmmol?

10. Kakumu cnocoboamu moxcno cmepuiuzosams nocyoy?

11. Kakumu u3 wu3zeecmuvix Bam cnoco6oé moixcno cmepunuzoeams
numamenvHble cpeodvt?

12. Kak zomoeamca numameibHble cCpeobl U OCYOa 0 cmepunuzauyuu?

13. Kaxoeo ycmpoiicmeo u npunyun paéomesl naposeozo cmepuauszamopa?

JIABOPATOPHAS PABOTA Ne2
HOJYYEHUE HAKOIIMTEJIBHBIX KYJIBTYP
MHUKPOOPI'AHU3IMOB-IECTPYKTOPOB

[{enws paboTbl: O3HAKOMHUTHCS ¢ TPEOOBAHUSMU, MPEIBSIBISIEMBIMU K OTOOPY TIPOO
MOYB JJIsi OAKTEPUOJIOTHYECKOTO aHallh3a, a TAaKKe C BO3MOKXHBIMH METOJaMHU
MOJIYYCHUS] HAKOMUTEIBHBIX KYJIBTYP MUKPOOPTaHU3MOB-JIECTPYKTOPOB.
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O6opynoBanue n Matepuanbl: KonObl kauagouHble; BATHO-MapJIEBhIE IPOOKH;
NH4C|, N&2804, MgClz, C&Clz, (NH4)6M07024, HC', ZnO, FeCI3 X 6H20, MnC|2 X
4H20, CUC' X 2H20, COClz X 6H20, HgBO3, K2HPO4, TOJYOJI.

KpaTKOC TCOPCTUUCCKOC ITOJIOKCHHC

B ycnoBusx ecrecTBeHHOro oOUTaHUS YHCTbIE OaKTepUalbHBIE KYJIbTYPHI
BCTPEUAIOTCS JOBOJBHO peaKo. TeM He MeHee OCHOBHAs 4YacTh COBPEMEHHBIX
IIPEICTABICHUI O CBOMCTBAX OAKTEPHIA, a TAK)KE UX B3aMMOOTHOILICHHX MOTy4YeHa
OpU W3YYCHHHM YHUCTBIX KyIbTyp. [lo3TOMy dYacTo BO3HHKAaeT HEOOXOAMMOCTHh
BBIJICIUTh B BUJE YHUCTHIX KYJIbTYp pa3JHYHbIE BHUABI OaKTEpHii, KOTOpHIE
COCYILIECTBYIOT B €CTECTBEHHBIX YCJIOBHMAX. HakomieHue mpencraBisieT coOoi
OCHOBHOM 3Tar mporecca, KOTOPbIA MO3BOJSET MONTYYUTh YUCThIE KyIbTypbl. OHO
TaKK€ JlIaeT BO3MOXKHOCTh OILICHUTh pa3JIdyHble BO3ACHCTBUA  (PaKTOpOB
OKpYy’)KaloIlled cpelbl Ha CMELIAaHHYI0 MHUKpPOOHYIO MOMyJALMI0, Onaromaps
KOTOPBIM ~ MOXKET HPOUCXOAUTH OTOOpP  MHUKPOOPraHU3MOB,  CIOCOOHBIX
B3aMMOJICUCTBOBATh CO CHEU(pUUECKUMH cyOcTpaTaMu (WK pacierIsTh UX) WIn
CHOCOOHBIX XOPOIIO PacTU B HEOOBIUHBIX YCIOBHSIX.

Boigenenne 4McTOM  KyJABTYphl  JaHHOTO  MHUKpOOpraHusMa Oyner
YCIEIIHBIM, €CJIM OH IPUCYTCTBYET B CMEIIAHHOM MOMYJSIIUM B JOCTATOYHO
BBICOKOH Mponopuud. MUKpOOPTaHU3M JIETKO BBIACIUTE, €CIH OH KOJIMYECTBEHHO
npeobiagaeT B CMENIAHHOW MOMyJsuu. Pa3pa®oTaHHbIE METOIBI HAKOTUICHUS
UMEIOT IIEJIbI0 JTOOUTHCA YBEJIWYEHUS OTHOCHTEIHHOTO KOJMYECTBAa JAaHHOTO
opranu3ma Onarogapsi CO3JaHHUIO JYUIIUX yCIOBHH JJIA €r0 pOCTa U BBIKHBAHUS
[0 CPaBHEHHWIO C JPYTUMH WM MyTeM MPOCTPAHCTBEHHOTO OTJECICHUS €ro OT
apyrux wieHoB monynsiuu. K gusuueckum memodam, KOTOpbIE MOTYT OBITH
UCIIOJIb30BaHbl B JAHHOM Cllyyae, CJEeAyeT OTHECTH peryisluio pocTa
TEMIIEpaTypoi, TEIUIOByl0O  00pabOTKy, yJIbTPa3BYKOBYIO  00pabOTKy U
ynbTpaduonaeToBoe 00NydeHUE, MPUBOJIANINE K THOCIH WM TMOAABICHUIO POCTa
JPYTUX  OPraHU3MOB, MPHUCYTCTBYIOIIUX B MONYJSIIUU. MOXHO Takxke
UCIIOJIb30BaTh MPEUMYIIECTBA B HEKOTOPBIX (DPU3MUECKUX CBOMCTBAX M3y4aeMOIo
MUKpPOOpPraHU3Ma, TaKMX, KaK €ro pa3Mepbl U MOJBMKHOCTB; ITO IMO3BOJSET B
3HAYUTEILHON Mepe OTAENUTh JaHHBIM OpPraHu3M OT JPYTUX B MOMyJsAiuu. B
XUMUYECKUX MemOoOax UCTIONb3yI0T TOKCUYHBIE BEIIECTBA, KOTOPhIE YOUBAIOT WJIH
MOJIABIISIIOT POCT OCTABIICHCS YacTW TOMYJSIMHA, HE BIHUSAS Ha BBIACISEMBIN
MuKpoopranusM. Kpome Toro, 3Tu BemecTBa MOTYT ObITh HCTOYHUKAMU MUTAHUSA,
UCTIONB3YEMBIMA TIPEUMYIIECTBEHHO OTAEIBHBIMUA OaKTepUsMH B CMEUIaHHOU
nonyJsiiun. buonocuueckue memoosl BKIIOYAIOT UCIIOIH30BAaHUE CIEIUPUICCKIX
X035IeB JUIA BBIAEIAEMOTrO OpraHu3Ma, a TakKKe MPEHMYIIECTB HEKOTOPHIX
MAaTOTEHHBIX CBOWCTB MHKPOOpraHu3ma (HampuMmep, €ero WHBA3UBHOCTB),
KOTOPBIMHU HE 00JIaJat0T IPyTUe MPECTABUTEIN MOMYJISIui. Bo MHOTHX ciydasx
JUTSL TIOJTYYEHHsI MaKCUMaJIbHOTO 3(¢eKTa HAKOTUICHHSI COYeTaloT (Pu3nyeckue,
XUMHYECKHE U OMOIOrMYeCKUE METOIBI.
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Kak npaBniio, HAKOUTENBHBIE KYJIBTYPBI ITOTY4YarOT B 3aKPBITBIX CUCTEMAX,
T. €. MHKPOOPraHMU3Mbl  BBIPAIIUBAIOT B  OOBIYHBIX  NEPUOJUYECKHUX
(cTauMOHApHBIX) YCIOBHMSIX B KOJ0ax WM NpoOMpKax, TAe KOHLEHTpaLMs
NUTATEIbHBIX BEIIECTB U NPOAYKTOB MeTaboiM3Ma IOCTOSHHO H3MEHSETCS B
npouecce ux pocra. g NOJyd4EeHHs] HAKOIUTEIBHBIX KYJIBTYp HCIHOJIB3YIOTCS
TAK)KE€ OTKPBITBIE CHCTeMBI. Hampumep, ¢ NOMOLIBIO XEMOCTAaTa MOXKHO
o0ecneunTh IOCTOSHCTBO OKpYXKarolled cpeabl Ui OaKTepuil, HENpPEpbIBHO
[oJlaBasi IMUTATENIbHBIE BEIIECTBA B KOHLEHTPALMM, JUMUTHPYIOIIEH POCT, H
yaausisi TmpoAyKThl MeTabommu3ma. M3MeHsst CKOpOCTh pa30aBiIeHHUS Cpelbl B
XEMOCTaTe, MOXHO KOHTPOJUPOBATh KOHILIEHTPALMIO IIUTATEJIbHBIX BEIIECTB,
JUMUTUPYIOIIUX POCT. B CBOIO oYepenp 3TO MOXET M30MpaTesibHO BIUATH Ha
CKOPOCTh POCTa Pa3IMYHBbIX OPTaHU3MOB B CMELIAHHON OaKTepUaIbHON KyJIbTYpE,
B PE3yJIbTATE YEro OJAWH WJIM JPYTrOW OPraHU3M CMEIIAHHOU MONYJISIUNA HAYMHAECT
KOJIMYECTBEHHO MIPe00I1aaTh.

OT6OD HDO6 JJI BBIACJICHWA MUKPOOPIraHU3MOB-ACCTPYKTOPOB

Ot6op mpo6 ocymectBiasgercs corjacHo ['OCT 17.4.4.01-83 "OOmue
TpeboBanus k or6opy mnpo6 mousel"; 'OCT 17.4.4.02-84 "Metoasl oTOOpa H
MOATOTOBKHU po0 TUISL XUMHYECKOTO, 0aKTEepPHOJIOTUYECKOTO,
reJIbMUHTOJOTUYECKOTO aHaIn3a'".

[IpoObI MOYBKI, MpeAHa3HAYEHHBIE ISl OAKTEpUOJIOTMYECKOr0 aHallu3a, B

HEesX MPEeIOTBPAILCHUSI HX BTOPUYHOTO 3arps3HEHUs CIEayeT OTOuparh ¢
COOJIIOZICHUEM TIPaBWJI ACENTHKU: OTOMPAIOT CTEPUIIbHBIMU HWHCTPYMEHTAMH,
MEepEMEIIUBAIOT HAa CTEPWIHHON IMOBEPXHOCTU, MOMENIas B CTEPWIbHYIO Tapy.
Bpewms ot orGopa mpo6 A0 Hauajga WX HCCIEAOBaHUS HE JOJDKHO MPEBBIIATH 1
CYTOK.
YacTo nmpoBoAST TOUeUHBIH 0TOOp Mpob. Toyeunsie mpoObl 0OTOMPAIOT Ha TPOOHOM
IJIOIIA/IKE U3 OJIHOTO MJIM HECKOJIBKUX CIIOEB MJIM TOPU30HTOB METOJIOM KOHBEPTA.
BrikansiBaercs mrypd 0,3 m x 0,3 M u ryounoit 0,2 m. [loBepxHOCTH OHOM U3
CTEHOK IIypda OUUIIAIOT CIMEPULbHbIM HOHCOM. 3aTEM U3 ITON CTEHKH BBIPE3alOT
MOYBEHHBIA oOpaser], pa3Mep KOTOpOoro oOYCIOBJICH 3aJaHHON HaBECKOM, Tak,
eciu HeoOoxoaumo otoOpath 200 r mouBkl, pazmep obpasma 20 cm x 3 cM X 3 cwm,
500r-20cmx5cemx 3 em.

N3 HeCKOMbKUX TOYEHHBIX MPOO MOMXKHO COCTABUTH OOBEAMHEHHYIO MPOOY
MyTEM CMEIIMBAHUS TOUEUHBIX TPOO, OTOOPAHHBIX HA OJHOM MPOOHOM MIOLIATKE.

OT6op mnpod 111 BBIACICHUS MHUKPOOPTAaHU3MOB-IECTPYKTOPOB JTyUIle
MPOBOAUTH C TEPPUTOPUIN 3arPSI3HEHHBIX TEM WUJIM UHBIM KCEHOOMOTHKOM.

OtoOpanHbie TPOOBI HEOOXOJMMO MPOHYMEPOBATh U 3aPETUCTPUPOBATH B
XKypHaJle, YKa3zaB CIEAYIOUIME JIaHHbIC: TOPSAKOBBIA HOMEpP U MECTO B3SITUA
poOkl, perabed MECTHOCTH, THI TOYBHI, IEJIEBOC HAa3HAYCHHE TEPPUTOPHUH, BUT
3arpsi3HeHUs], 1aTy 0TOOpa.
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[TpoObI TOMKHBI UMETh STUKETKY C YKa3aHUEM MECTa U JIaThl 0TOOpa MPoOHI,
HOMEpa MOYBEHHOTO pa3pe3a, MOYBEHHOW Pa3HOCTH, TOPU30HTA U TIIyOUHBI B3SITHS
poObl, (haMUITHK UCCIIeT0BATENS.

HOPAJOK BBIIIOJIHEHUSA PABOTbI

Jnsi mosydeHusT HAKOMHUTENbHBIX KYJIBTYp OakTepHii, OKHUCISIOUUX TOJYOI,
ucrnoiap3yloT 100 M1 CTepwIbHOM HEOpraHMYecKOHW cpeapl OBaHca  (CM.
gabopartopHyro paboTy 1) B 3akpbIThIX BaTHBIMH MpoOKkamu kombax. Cpeny
WHOKYJIUPYIOT HEOOJBIINM KOJIMYECTBOM BIIaKHOM 1mouBHI (1),

KonOs1 unkyoupyrot 1—3 nHen npu 25—30 °C B 3aKkphITOil kKamepe, coaepxKalien
CTakaH C BOJIOM, HACBILIEHHOMW TOJyoJIOM. OT/IE€bHbIE KOJOHUHU MOTYYaroT, Aeast
MIOCEB BBIPOCHICH KYJIbTYpHl IITPUXOM Ha TBEPIAYIO CpEAy W MHKYOUpYS YallIKu
pu 25—30 °C B atmMocdepe, coaeprkaiieid ToIyod.

KoHTpoJsibHBIE BOMPOCHI
1. Kaxue kynomypul Hazvléaromcs HakonumesvHole?
2. Kakumu memooamu Mo#cHO cO30amb HAKONUMENbHYIO KYAbmypy?
3. Ilepeuucaume @uszuueckue Gaxkmopvl, KOMOPbIMU MON’CHO BAPLUPOBAND
npU NOAYYeHUU HAKONUMEIbHOU KYIbmypbl?
Kax nposoosam ombop npob ons bakmepuoiocuieckozo anaiusa?
5. [0e nyuwe ombupamv npobvl nous 051 BblOEICHUS 0eCmPYKMOpos
Hapmanuua?

B

JIABOPATOPHAS PABOTA Ne3
BBIAEJEHUE YUCTBIX KYJbTYP MUKPOOPI'AHU3MOB-
JAECTPYKTOPOB.

Lenv pabomsi: O3HAKOMUTHCSI C METOIAMH TIOJIYYCHUS] HAKOTIUTEIBHBIX U YUCTHIX
KYJbTYp MHUPOOpPraHu3MoB. OCBOUTb TEXHHKY IIOCEBA MHUKPOOPTaHU3MOB Ha
IUIOTHBIE U KUJIKHUE MTUTATEIbHBIE CPEBI.

Obopyoosanue u mamepuanvi: CHUPTOBKA; OaKTepHOJIOrHYECKass METIIS;
poOUpKHU C XKUJAKUMU cperamu DBaHca U LB; wamku [letpu ¢ arapuzoBaHHBIMU
cpenamu OBaHca u LB; Oakrtepum nectpykTopel HadTannHa M KamposiakTama.
Hadranuu u kanponakram.

KPATKUE TEOPETUYECKUE ITIOJIOXKEHUA
Hlonamue o wucmoii u HakonumenabHoOU K)1bmype MUKpOOPSAHUZMO8
Kynemusuposanue — BbIpallUBaHHE MHUKPOOPTaHW3MOB Ha ITUTATEIIBbHBIX

cpenax. [Ipu KylnbTHBHPOBAHMM HA INUTATENBHBIX CPEIax BBIPACTAIOT K)JAbM)pbl
MUKPOOPTaHU3MOB. Pocm kynvmypsl — GU3HOIOTUYECKUAN MPOIIECC, B PE3yJIbTaTe
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KOTOPOTO YBEJIMYUBAETCS Ouomacca — macca KIETOYHOTO BEIIeCTBAa JaHHOTO
MUKpPOOpraHu3Ma.

Yucmori Ky1bmypou MUKpPOOpraHu3Ma Ha3bIBAIOT KyJIbTYpy
MUKpPOOPraHU3MOB OJIHOTO BHJA, MPEICTABICHHYIO ITOTOMCTBOM OJHOM KIJIETKH.
JInst  BBLIENEHUS 4YUCTOW KyJbTYypbl HCIOJIB3YHOT, Kak IPaBWJIO, IUIOTHBIC
IIUTATENbHBIE CpPElbl, Ha KOTOPBIX KaKJaas KIETKAa BBIPACTA€T B BHJE
U30IUPOBAHHOU KOJOHUU — TIOTOMCTBA MHUKPOOPTraHM3MOB, 0oOpa3oBaBLIEECS W3
OJTHOU KJIETKH.

Beinenenune YUCTON KYJIBTYpBI MUKpoOa  sIBIsieTCs OCHOBOM
OaKTepUOJIIOTUYECKON paboThl, TaK KakK 4Yallle BCEr0 HCCIEAYyEeMbI MaTepuain
COJIEP)KUT CMECh PA3JIMYHBIX BHUJOB MHKPOOOB. UHCTBIE KYyJIbTYpbl HYXHBI IS
U3YYEHUS CBOMCTB MHMKPOOPIaHM3MOB M  YCTAaHOBJIECHHMS WX  BUJOBOU
npuHaIexHoCcTH. KpoMe TOro, 4ucTeie KyJlbTypbl MUKPOOPTaHU3MOB (JIPOKKEH,
MUKPOCKOIIMYECKUX rpu0oB, MOJIOYHOKH CIIBIX, YKCYCHOKHCIIBIX,
IPONMOHOBOKUCHBIX M APYrux OakTepuil) 00Jafar0T MPOMBIIIIEHHO LEHHBIMU
CBOMCTBAMH M HYXKHBI JUIsl TIOJYYEHHs DPa3IU4HBIX IPOAYKTOB MU  BELIECTB,
HalleAUX IPUMEHEHHE B IHUIIEBOW IPOMBINUIEHHOCTH M JPYTUX OTPacisixX
HApOJHOTO XO35ICTBA.

[lepen BblOEIEHMEM  YUCTOM  KYJbTYphl M3  Pa3UYHbIX OOBEKTOB
OKpy>Karolen cpepl (IMUIIEeBOro NpoAyKTa, ¢ IOBEPXHOCTH IJIOJ0OB U OBOILEH, U3
MOYBBI, BOABI M Jp.), B KOTOPBIX HAaXOAUTCS MHOXECTBO MHKPOOPTAaHH3MOB,
BHayaje IMOJy4aloT HAKOINUTEIbHBIE KYJIBTYPbl, MPOBOJS KYyJIbTHUBUPOBAHHE B
9NEKMUBHBIX YCI0BUSAX - YCIIOBUAX, CIIOCOOCTBYIOIIMX PAa3BUTHIO OJHON KYJIBTYpPbI
Y OrPAHMYMBAIOUIMX PA3BUTHE COMYTCTBYIOIIUX MHUKPOOPTraHu3MoB. OOecrneyuThb
AJIEKTUBHBIE YCIIOBUA [ MUKPOOPTaHU3MOB MOKHO TOJIBKO B TOM CIIydae, €Ciiu
U3BECTHBI OCOOCHHOCTHM OOMEHa BEUIECTB BBIACIAEMOrO0 MHKpoopranusma. Tak
KAaK pa3JINYHble MUKPOOPTaHU3MBbI MCHOJB3YIOT Pa3jIN4HbIe UCTOYHUKH IUTAHUS,
TO D3JIEKTUBHBIE YCIIOBUS JIer4e BCEro O0ecneuuTh, MOAOMpas ONpeiesICeHHBIN
COCTaB MUTATEIBHBIX cpel. MOXKHO CO3/1aTh 3JEKTUBHBIE YCIOBHs, oOecreunBast
COOTBETCTBYIOILYIO TeMIIepaTypy, pH, ocBemienue u ap.

Haxonumenvnvle  Kyaemypsl  COCTOST NPEUMYLIECTBEHHO M3  KIIETOK
MUKpPOOPTraHU3MOB OJHOIO BHJA. /[l mNOJydeHHs HAKONUTEIbHBIX KYJIbTYp
VCITOJIB3YIOT >KMJIKWME HAKOIWUTEIbHBIE MUTATENIBHBIE CPENbI, PA3JIMYHBIE METOJIbI
0o0paboTKU MaTepuaia, COJEpXkallero CMech MHUKPOOOB, a TaKXKe YUYUTHIBAIOT
JIpYrue 0COOEHHOCTH BBIJEISIEMBIX U3 00BEKTAa MUKPOOPTaHU3MOB.

JI71st BbIICTIEHUS YUCTBIX U HAKOMUTENBHBIX KYJIBTYp U3 Pa3INYHbIX 0OBEKTOB
B JIaDOpaTOpHsIX MCHOJIB3YIOT METO/BI MOCeBa U mepeceBa. [locegom Ha3bIBaeTCA
BHECEHHME YaCTHU HCCIEAYyeMOro maTepuaja B CTEpUIIbHYIO MUTATEIbHYIO Cpeny,
nepecegom — TIEPEHOC 4YACTU BBIPOCIIEH Ha MHUTATEIBHON Cpelne KyJIbTypbl
MUKpPOOPraHU3MOB Ha JPYIYIO CBEXKYIO MTUTATENBbHYIO CPELY.

Memoowi 8vioeneHUs: HaKONUMETbHBIX KyJibmyp MUKpOOPcaAHUIMO8B
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K Ttakum MeTomaM OTHOCSTCS METONbI OOOTAIeHHs, METOJA HarpeBaHUs
UCCJIeyeMOT0 Marepuaia il BbIAENIEHUs CIOpPOoOpa3yrommux OakTepuil, METOJ
BBIJICJICHUS MMOJABIKHBIX (hopM Oaktepuii (Meton LllykeBuua) u ap.

Memoowt obocawenus

Nx yacTo MpUMEHSIOT AJisi BBIIETICHUSI YUCTHIX KYJIBTYP MUKPOOPTaHU3MOB
(Hanmpumep, 6aktepuii rpynnsl kumeuHnoi nanouku (BI'KII), caneMonent u ap.) u3
MaTepHaioB, B KOTOPBIX MaJIO BBIAEISAEMbIX MHUKPOOPTAHU3MOB, HO COJEPHKHUTCS
OOJBIIOE  KOJIMYECTBO  CONYTCTBYIOIIEH MUKpoduopel. Jns  yBenudeHus
YUCJIEHHOCTHA BBIAEIIEMOr0 BHJAA MHUKPOOPTaHM3MOB BHAuyajie JEJIaloT IOCEB
UCCJIENYEMOTO MaTepuajga B HAKOMMUTENbHBIE IHUTATEIbHBIE CpPENbl, KOTOPbIE
collepKaT  BELIECTBA, CTUMYJHPYIOUIME €ro PpOCT W  YTHETAIOIIME WM
3aJIep)KUBAIOIINE PA3MHOKEHHUE COIYTCTBYIOIeH Mukpodmopel. Hampumep, mms
BBIJICTICHUSI CaJbMOHEIUT MPOBOISAT MMOceB B cpenasl oGorameHus Kaydmana,
Mromnepa u np., ais Beiaenenus BI'KII — Ha cpeny Keccnepa. Ilpu BeiaeneHun
KyJIbTYP MOJIOYHOKHUCIBIX OAKTEpPHil M3 TOYBBI, CHIPOrO MOJIOKA HJIM PaCTECHUMN
IIOCEBBl JIENIAIOT Ha CTEPHIbHOE O00€3)XKMPEHHOE MOJIOKO, coaepxkaiiee 5 %
ATUJIOBOTO CIIUPTA JIJIsl TOIABJICHHS POCTA THUJIOCTHBIX OaKTEPHiA.

Memoo nazpesanus

[TpuMeHsIOT 1711 BBIIETEHUS YUCTBIX KYJBTYP CHOPOBBIX (hopM OakTepuid
(Oanm, kinoctpuauii). B aTom ciydae mepen moceBoM HCCIENyEeMbI MaTepual
IPOrpeBalOT Ha BOAAHON OaHe mpu Temmeparype 75...85 °C B Teuenme 20...30
MuH. BereratuBHbie (opmbl MOrHOalOT BO BpeMs MPOTPEBAHMS, a CIOPbI
MHUKpPOOOB OCTaIOTCS )KMBBIMH M MPHU MOCIEAYIOIIUX BbICEBAX HA IUIOTHYIO Cpeny
popacTaroT, (GOpMHUPYsT KOJIOHHH.

Memoo svioenenus noosudichvix popm baxmeputi (memoo Lllyxesuua)

3akiIroyaeTcsl B MOCEBE MCCIEAYEMOI0 MaTepHaia B KOHACHCAIIMOHHYIO BOAY

CKOIIIEHHOTO MSCOIENTOHHOrO arapa. I[lpu pa3sMHOXEHUU MOABUKHBIE (DOPMBI

MHUKPOOPIaHU3MOB U3 KOHJEHCALIMOHHOW BOJBI PACIPOCTPAHSIOTCS Ha arape, Kak

ObI BIIOJI3as1 HA €r0 MOBEPXHOCTb.

Memoowi bl0enenus anaspooHbIX MUKPOOP2AHUZMOB

OcHoBaHbl Ha BBIPAllIMBAHMM MHKPOOPraHW3MOB B Cpelax C HU3KOHN
KOHIIEHTpaluel Kucuopoaa uii B 0e3KUCIOPOIHON Cpeie, UTO JOCTUTAEeTCS:

- TIOCEBOM HCCJEAYEMOI0 MaTepuaja B CPElbl, COIEpKaIINe PeAyLUpPYOIINE U
JIETKO OKHCIIIEMblE€ BEIECTBA (AHTMOKCHUIAHTHI). B KauecTBe Takux BEUIECTB
yamie BCEro MCMOJIb3YIOT THOIJIMKOJAT HATPUSA, COJSTHOKUCIBIA LHUCTEHH,
KYCOYKH KUBOTHBIX U PACTUTEIBbHBIX TKAHEH;

- TI0OCEBOM MCCIIElyeMOro MaTepuaja B TNIyOMHY IJIOTHBIX MUTATENIbHBIX CPE/.
[ToceB penaercs ykoJIoOM NpenapoBajJbHOM WUIJIOW B MPOOUPKY CO CTOJIOMKOM
IUIOTHOM cpelpl WIM B PACIUIABICHHYIO TUIOTHYIO WM TOJYKHUIKYIO
MUTATENBHYIO CPEY C IMOCIEAYIOIUM MTEPEMETUBAHNEM;

- MEXaHMYECKHMM yJaJICHHEM BO3JyXa H3 COCYIOB Ipy  BBIpAIIMBAHUH
aHA’POOHBIX MUKPOOPTAaHMU3MOB (CO3/1aI0T BaKyyM);

- KyJbTHBUPOBAHUEM aHa’POOHBIX MHUKPOOPTAHU3MOB B KHJIKUX Cpelax IOJ
CJIOEM Macia;
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- KyJbTUBHUPOBAHHEM aHA’pOOHBIX MUKPOOPTaHU3MOB B aTMOC(Epe MHEPTHOTO
rasa, IMOKCHA yIJIepoJa, a3ora.

Memoowl evi0enenus yucmvix Kyavmyp MUKpOOP2aAHU3IMO8

Memoo [lacmepa (Memoo npedenvhblx pazsedeHuli)

3akiaroyaeTcss B TOM, YTO U3 MCCIEIyeMOro Marepuana JAeNaloT psij
IIOCJIEA0BATEINBHBIX Pa3BEACHUM B JKUJIKOM MUTATENIBHOU cpene. s aToro karuo
MIOCEBHOT'O MaTepHrasia BHOCAT B IPOOUPKY CO CTEPUIIBLHOM JKUJKOU CPEAOH, U3 Hee
KaIUTIO TIEPEHOCST B CJIEAYIONIYIO TPOOUPKY U Tak 3aceBaroT A0 §...10 mpoOupoxk.
C xaxapIM pa3BeICHHEM KOJUYECTBO MUKPOOHBIX KJIETOK, ITONAAAI0IUX B Cpealy,
OyJeT yMEHbIIAThCA M MOKHO MOJYYHUTh TaKOE€ pa3BeJCHHE, B KOTOPOM BO BCEM
npoOHpKe CO cpenoil OyaeT HaXOIUThCS TOJBKO OJHA MHUKpPOOHas KIETKa, U3
KOTOPOM pa30BBETCSA YHCTas KyJbTypa MHKpOOpranusma. Tak Kak B >KHUJIKHX
cpenax MUKpoObl pactyT Auddy3HO, T.e. JErKo pacupenessioTcs BO Beel cpere,
TO W30JMPOBATh OAHY MHUKPOOHYIO KIETKY OT Apyroil TpyaHo. Takum oOpasom,
meto[ Ilactepa He Bcerna obecnieunBaeT MOIyYeHHE YUCTOM KyJIbTyphl. [loaTomy
B HacTosllee BpeMs OSTOT METOJ MCIOJIb3YeTCs, TJaBHBIM 00pa3oMm, i
IPEBAPUTEILHOTO YMEHbBILIEHUS! KOHLIEHTPALlMd MUKPOOPTaHU3MOB B MaTepuaie
1Iepes1 MOCEBOM €r0 B INIOTHYIO CpeAy JUIsl MOJIYyYEHUs N30JMPOBAHHBIX KOJIOHUM.

Memoowvl mexanuuecko2o pazoeneHus MUKPOOP2AHUIMOS C UCNOIb308AHUEM
NJIOMHBIX NUMAMENbHBIX CPEO

K takum metonam otHocarcs meton Koxa n meron lpurainbckoro.

Memoo Koxa (memoo enyounnoco nocesa)

UccnenyeMblit  maTepuan BHOCAT OaKTEpUOJIOTHYECKOW TeTied Wiu
MACTEPOBCKOM MUIETKOW B MPOOUPKY C PACIIABICHHOW TJIOTHOW MHUTATEIbHOMN
cpenoii. PaBHOMEpHO pa3MeNIMBaIOT COJAEPKUMOE MPOOUPKHU, Bpalias €€ MEXIY
nagoHsamu. Karmo pa3BeleHHOTO MaTeprana MepeHoCs T BO BTOPYIO MPOOUPKY, U3
BTOpOW — B TpeThio U T.a4. CopepkuMoe KaxaouW NMpOoOUpPKH, HaYWHAs C MEPBOMH,
BBUIMBAIOT B cTepuibHbIe yaliku [letpu. [locne 3acThiBaHUS Cpelibl B YallIKaxX, UX
MOMEIIAIOT B TEPMOCTAT JJISI KyJIbTUBUPOBAHMUSI.

Jlnst  BeIIeNeHUs aHadpOOHBIX MHUKpPOOpPTaHm3MoB 1o Mmetony Koxa
HEOOXOJIMMO OrPAaHMYMTh JOCTYIl Kuciaopoda K Kyiubrype. C 53TOW 1eNbiO
MOBEPXHOCTH TIIYOMHHOTO ToceBa B yanike [leTpu 3aMBalOT CTEpUIIBHONW CMECHIO
napadpuHa u BazenuHa (1:1). MoXHO TakXke OCTaBIATH TOCEBHOM Marepua,
TIIATEJNIBHO TMEPEMEIIAHHBI € arapu30BaHHOW CpPEAOUN, HEMOCPEACTBEHHO B
npobOupke. BaTHyto mpoOKy Hpu 5TOM 3aMEHSIOT PE3UMHOBOM WJIM 3aJIUBAIOT
MOBEPXHOCTh arapa CMechlo mapaduHa W Ba3eJIMHOBOTO Macia. YToOwl U3BIICYb
BBIPOCIITUE KOJOHMM aHA’POOHBIX MHUKPOOPTAHM3MOB, TMPOOUPKH  CJIETKa
HarpeBaroT, OBICTPO Bpalias HaJ TUIAMEHEM TOpeiKkd. Arap, MpWICTAIMUNA K
CTEHKaM, pacCIUJIaBJISETCS, U CTOJIOMK JIETKO BBICKAJIB3BIBAET B IMOJTOTOBICHHYIO
gamky [lerpu. [lanee cronOuk ¢ arapom paspes3aroT CTEPUIIBLHBIM CKaJIbIIENIeM,
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KOJIOHUU M3BJIEKAIOT CTEPUIILHON METIeH WIH CTEPHIIbHON KanWLIIPHON pyOKOM 1
MIEPEHOCSAT B KHUJIKYIO CPELY.

Memoo JIpucanbckoco OCHOBAaH Ha MEXAHUYECKOM pa3/IelIEeHUd MHUKPOOHBIX
KJIETOK Ha MOBEPXHOCTH IUIOTHOM NMUTATENbHON cpeipl B yamkax [lerpu. Kaxnas
MUKpOOHasi  KJIeTKa, (UKCUPYACh B  OINPEIACICHHOM  MECTe, HayuHaeT
pa3MHOXKaThCA, 00pa3yst KOJIOHHUIO.

Jns moceBa no MeTony JpUrajibCKoro UCIoJIb3yIOT HECKOJIBbKO vaiek [letpu,
3QIUTHIX TUIOTHOW MHUTATENIbHOW cpenoii. Ha moBepXHOCTH cpelibl BHOCAT Karulto
UCCJIENYEMOT0 Marepuaia. 3aTeéM C NOMOLIBI0 CTEPUIIBHOTO MINATENs 3Ty KaIulko
pacrpenensioT Mo BCcel MUTaTelIbHOU cpefie (TOCEB Fa30HOM).

Puc. 1. Meron noceBa NCTOHYAIOIIKM IITPUXOM

[ToceB Takke MOXHO MPOBOAWTH mmTpuxoM  (puc.l), ucHoIB3ys
OAKTEPHOJOTMYECKYI0 METII0. DTHUM K€ IUNATeJIeM WU METIeH OCYIIECTBIISIOT
IIOCEB BO BTOPYIO, TPETHIO M T.H. YamKu. Kak mpaBmio, B MEPBOM YaIIKE MOCIIE
KyJIbTUBUPOBAHUS MOCEBA MOSABISIETCS POCT MUKPOOOB B BHJIE€ CIUIOIIHOTO HAJIETA,
B IOCIHEAYIONIMX YallKax COAEPKAHWE MHUKPOOPTraHW3MOB CHHXKAETCA U
00pa3yloTcsi HU30JUPOBAHHBIE KOJOHWUH, M3 KOTOPBIX OTCEBOM MOXHO JIETKO
BBIJICJIUTH YUCTYIO KYJIBTYPY.

TakuMm 00pa3oM, B MEPBBIX CEKTOpax MOJIy4yaeTcsl CIUIOIIHOM pPOCT, a BIOJb

NOCJEAYIOUX MITPUXOB BBIPACTYT 00O0COOJIEHHBIE KOJIOHUH, MPEACTABISIONINE
c000i1 MOTOMCTBO OHOM KJIETKHU.
B memax SKOHOMHM Cpell M MOCYAbl MOYKHO IIOJIb30BAaThbCsl OJHOM YallKOWH,
paszieuB €€ Ha CEKTOpa, W MOCIEAOBATENbHO 3aceBaTh WX IITPUXOM (Mmenmoo
ucmowaroweeo wimpuxa). JIns 3Toro Matepuan 0epyT MeTe U MPOBOISAT CHO PSIT
MapajuleNIbHBIX IITPUXOB CHAayaja IO IMOBEPXHOCTH IEPBOrO CEKTOpA, a 3aTeM
MOCJIEA0BATEIBPHO OCTAaBIIMMUCSA Ha IIETJIE KIETKaMH 3aceBalOT BCE IpYyrue
cekropa. Ilpm kaxaoM mociHenyromeM MTPUXE NPOUCXOAUT YMEHBIIECHUE
KOJINYECTBA 3aCEBAEMBIX KJIETOK.

Memoo evioenenus yucmvix Kyaomyp € HOMOWDBIO XUMUYECKUX 6eujecms
UCITOJIB3YETCSl MPU H30JMPOBAHUM KYJIBTYp MHUKPOOPIaHU3MOB, YCTOMYMBBIX K
OINpENENICHHBIM XUMHYECKUM BellecTBaM. Hampumep, ¢ MOMOIIBIO 3TOT0 METOJA
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MO>KHO BBIJICTIUTH YUCTYIO KYJIBTYPY TYOEPKYJIE3HBIX MUKOOAKTEPHM, YCTOMIHBBIX
K JICUCTBHIO KHCJIOT, LIEJIOYEH U ciupTa. B 3TOM citydae uccieayeMblii MaTepuall
nepea MoceBOM 3alMBaroT 15 % pacTBOpOM KHUCIOTHI WM aHTU(OOPMUHOM U
BBIJICPKUBAIOT B TEPMOCTATE B TeueHUE 3...4 yacoB. [lociie BO3aEHCTBUS KUCTOTHI
WIM LIEJNOYM KIETKH TyOepKYJIE3HOW MaJIOYKU OCTAIOTCS KUBBIMHU, & BCE JIPYrue
MUKpPOOPraHU3MBbI, COJIEpKalllhecs B UCCIeyeMOM Matepuaie, nmoruodarot. [locne
HEUTpaIM3aliu KUCJIOTHl WA MIEJIOYH O0OpaOOTaHHBIA MaTepHall BbICEBAIOT Ha
IUIOTHYIO Cpeay H TONy4YaloT M30JUPOBAHHBIE KOJIIOHHHM  BO30YIUTEINs
TyOepKyJiesa.

buonocuueckue memoowvlr  gvloenenuss UUCMBIX  KYAbMYp  NAMO2EHHbIX
MUKDPOOP2AHU3MO8 OCHOBAHBI Ha 3apaXXE€HHM UCCIEAYEMbIM MaTEpPUAIOM
71a00paTOPHBIX KUBOTHBIX, BOCHPUUMYMUBBIX K JAHHOMY BUly Bo30yauTens. Eciu
MATOTCHHBIH MHUKPOOPTaHW3M COJECPKHUTCS B HCCICIyEeMOM OOBEKTE, TO
JabopaTopHOE >KHUBOTHOE 3aboJjieBaeT W morubaer. [locie BCKpBITHS MaBIIETO
JKUBOTHOI'O M3 BHYTPEHHUX OPraHOB JEJAIOT ITOCEBBI Ha CIIEUAIIBHBIE CPEBI, HA
KOTOPBIX BBIPACTAIOT YUCTHIE KYJIbTYPHI BBIIEISIEMBIX MUKPOOOB.

[TOPAAOK BBIITOJIHEHN A PABOTDI

Ha 3aHATHM CTyZIEHTBl 3HAKOMATCS C METOJAMH BBIJCICHHUS YUCTBIX H
HAKOIUTEIbHBIX KYJIbTYP MHKPOOPraHu3mMoB. (OcBaMBalOT TEXHHUKY IIOCEBa
UCCIIeNyeMOro MaTepraiia B yalky lletpu u B mpoOUpPKHU C KUJIKOW MUTATEIbHOU
cpenou.

Ilpu evinonenuu pabomuvl HEOOXOOUMO:

1. Jlns moceBa OakTepuil O OTIEIBHBIX KOJIOHMM OakTepuu caenarb IOCEB
mTpuxoM B yvamky lletpu ¢ arapu3oBaHHON cpenoil DBaHca ¢ 100aBICHUEM
cybctparoB u cpenori LB mo meromy mcromaromero mrpuxa. Jlanee damku
MOMEIIAIOT B TepMocTaT ¢ Temneparypoi 28 °C s KynbTUBHpOBAaHMS B
TeueHue 1...2 CyToK.

Texnuxa nocesa u nepecesd MUKpoopcanusmoe Ha numamejlbHbvle Cpe()bl

[ToceBbl M mepeceBbl MUKPOOPTaHU3MOB Ha MUTATENIbHBIE CPENbl MPOBOIST
OKOJIO TUTAaMEHU TOPEKU (HO HE B MJIAMEHU), 0 BO3MOXKHOCTU OBICTPO, YTOOBI HE
3arps3HUTDH KYJbTYPhl IOCTOPOHHUMH MUKpOOpranu3zMamu. Henb3s genarsh pe3kux
JBY>KCHUH, XOJIUTh, KAIIUISITh U T.II. OKOJIO pa0OTAIOIIEro C YUCTOU KYJIbTYPOH, TakK
KaK JBWDKEHHME BO3/lyXa YBEJIMYMBAET ONACHOCTh CIYYaHOIO 3apa)KeHUs
KYJbTYpbl U cpenbl. [103TOMYy TOCEBBI M MEPECEBbl MUKPOOPTAaHU3MOB CIIEAYET
MIPOBOJUTH B OOKCE.

1. Iloces na nnomnwie cpeowvt 6 yawiku [lempu
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PRI i

Puc. 2 Ilpasuna pasnusanus Puc. 3 Iloces na acap 6 wawxu Ilempu
nuUmMamenbHou cpeovl 8 YauKU wnamenem Jlpuzanbcko2o
Ilempu

[ToceB B wamku IleTpu mnpoM3BOAAT CIEAYIOMKUM O0Opa3oM: ILIOTHYIO
MUTATEJIbHYIO Cpey B MNPOOMpPKAaX WM KOJ0AaX paciUIaBisIIOT Ha KUIIAIICH
BOIsHOM Oane, oxnaxkparor 10 48-50 °C wu, cobmrogas mIpaBuIa acenTHKH,
pa3IMBaIOT POBHBIM CJIOE€M TOJIIMHOW 3 — 5 MM B CTepWJIbHBIC Yallku (puc. 2).
[ToceB nenaroT CTEKJISIHHBIM ImaTesneM Jpuranbekoro (puc. 3) Wi netTiei B Buje
napaieIbHBIX WIH 3UT3aro00pa3HbIX (METO/T UCTOIIAOIIETO MTOCEBA) MITPUXOB.

2. Iloces 6 Jcuokyro numamenbHyo cpeoy

[ToceB B XHAKYIO CpeAay MOXKHO IPOHM3BOJUTH OAKTEPHUOJIOTHUSCKOM TeTien
WM TUNETKONW BONMM3M 1iamMeHu ropenku. OOe mpoOupku nepxkaT B CJerka
HAKJIOHHOM MOJIOKEHUH, YTOOBI HE 3aMOYHUTh BaTHO-MapJieBbie MpoOku. IleTmnio ¢
MUKPOOHBIM MAaTEPUAJIOM OMYCKAIOT HEMOCPEJACTBEHHO B CTEPUIIBHYIO Cpely U
OMOJIAaCKUBAIOT. [IpM BHECEHMM KJIETOK, B3SThIX METIEH W3 TJIOTHOM CpPEHbI,
MaTepual THIATEILHO PACTUPAIOT MO CTEHKE MPOOUPKU y BEPXHEro Kpasi *KUIKOU
Cpenbl, BCEe BpeMs CMbIBas €ro cpenod. KynbTypbl BeIpaliuBarOT Ha Kadajke 1...2
CYTOK.

Konmponwvnwie éonpocut

1. Umo makoe «uucmole Kyabmypvl» MUKPOOP2AHUIMO8 U 011 4Ye20 UX
6bLOCIAIOM U3 00BEKM 08 OKpycaruieil cpeovt?

2. Kakum ob6pazom co3oawomcsa I1eKmueHvle Yciao6us HpU  6blOeneHUlU

HAKONUMEIbHBIX KYIAbMYpP MUKPOOP2AHUIMOB?

Kakue mukpoopzanuzmvl MOIHCHO 8blOEITUMb MEMOOOM HAZPEBAHUA?

Kak mooicno evidenrumsv HaxonumenvHvle Kyabmypvl NOOBUNCHBIX (opm

oaxkmepuit?

B~ w
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5. Kakum 06pazom moxcHo 6bloeiumsb HAKORUMETbHYIO KYJIbmYpy aHaAIPOOHbIX
oaxkmepuii?

6. Oxapaxkmepu3syiime Memoovl évloenenus Yucmoix KyJibmyp
MUKDPOOP2AHUZ MO8, OCHOBAHHbBIE HA UX MEXAHUUECKOM PaA30eleHU.

JABOPATOPHAS PABOTA Ned.
OIIPEAEJIEHUE AKTUBHOCTEU ®EPMEHTOB, YHACTBYIOIIIUX B
JAET'PAJAIIMU HADPTAJINHA

Llenv: OmnpenenuTh aKTUBHOCTH (EPMEHTOB HapTaIWH JCTPAIUPYIOIINX
MHUKpPOOPTaHHU3MOB
Mamepuanwvl u 0bopydosanue
[MItamm-nectpykrop Hadtamuua Pseudomonas putida BS3701 (pBS1141),
yIBTPA3BYKOBOM J€3UHTETpaTOp, CHEKTpodoToMeTp, IueHTpudyra, pH-metp,
KOMITBIOTED
Pacmeopwi
50MM KH;PO4 pH 7,0 6ydep; S0MM KH2PO4 pH 7,5 6ydep; 1M tpuc-HCI pH
8,0 O0ydep; 20MM pactop HAJIH; 20MM pactBop canuimiiara natpus; 0,1M
pacTBop katexona; 20MM crimpToBoii pacTBop Hadranuua; 0,5 M 3/ITA pH 8,0
OcHogHble non0diceHun

OnpeneneHue aKTUBHOCTEW (EpMEHTOB TPOBOASIT B  OECKIETOYHBIX
9KCTpakTax. KynbTypbl BBIpAlIMBAlOT HAa MHUHUMAJIBHOM cpene ODBaHca C
Ha(TaIMHOM, (eHaHTpeHOM, CAJIULIMIIATOM, 1-ruapoxcu-2-nadproarom,
MPOTOKATEXaTOM WM CYKIIMHATOM, B KauecTBEe MCTOYHHKA yriepoaa. bakrepuw,
UCIIOJIB3yeMbIe B OJKCIIEPUMEHTAaX IO W3YYCHUIO WHAYKIUKA (EPMEHTOB,
BBIPAIIMBAIOT B MUHEPATIBHON cpejie, comepikaiieii 1 r/ia cykuuHaTa Wid TiyTamar
Hatpusi. Camunmnar u  1-ruapokcu-2-Hadroar (B koHieHtpauuu 0.1 /i)
N00aBJISIOT B Hayajle HKCIIOHEHIIMATBHOM (Pa3bl pocTa KIETOK, MOCIE Yero KIETKU
BBIPAIIIUBAIOT €IIe B TEUCHUE JBYX YACOB.

1. Ilpuzomoenenue deckiemounbix IKCMPAKNO8 C NOMOULbIO VIbIMPA3ZEYKOBO20
de3unmezpamopa

BaktepuanbHble KIETKH BBIpALIMBAIOT J10 Jiorapudmuueckoit (asbl pocra,
ocaxgaorT ueHrpudpyruposanmem (5000 o6/mmu, 0°C, 10MuH), OTMBIBAIOT
oxjnaxnaenubiM 0,05 M  dochataeim  Oybepom pH 7,0 (mBaxkasl)) wu
pecycreHaupyoT B 3ToM ke Oydepe mo mrotHoctd 0,2 (A=490 HM, TOIIIMHA
ktoBeThl 1 cM). KiteTku pazpyiaror Ha ynbTpa3BykoBoMm Ae3unrerparope MSE150
B Teuenue 1,5 munyT npu 0°C. OGIOMKH KJIETOK yAAISIOT LEHTPU(GYTHpOBAaHUEM
(15000 06/mun, 10 mun, 0°C).

2. Onpedenenue akmugnocmei pepmennos
CynepHaTaHT HEMEUIEHHO MCIOJIb3YIOT B KAUECTBE OECKIETOYHOIO
AKCTpAKTa JIs ONpEACIIeHUs] aKTUBHOCTEN (pepMEHTOB.
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B peaknmoHHyl0 cMech ¢ KOHEUHBIM 00BeMOM 3 M BHOCAT 100 MK
skcrpakTa. Onpenenenue akTHBHOcTel nposofar npu 30°C, HauMHAsS pPEaKIMIO
BHECEHHMEM  KJIETOYHOTO  JOKCTpakta win  cybctpara, Ha  UV-160A
cuektpodoromerpe (Shimadzu, Anonuns) wmu UVIKON-cnexkrpodoTomerpe 810P
(Kontron Instruments, I'epmanust).

AxmueHnocmo depmenma HagmanuHOUOKCcU2eHa3ol ONPEIEISIIOT
cnekTpodoroMeTpudeckn 1o ymeHbmeHnto SKCTHHKIMA NADH peakmmonHon
cmecu, conepxkamer 100 MmkM HAJIH u 100 mMxM nHadtanus (cnupToBOi
pactBop), Oeckietounbii skctpakt u 0.05 M docharneiii 6ypep pH 7.5,
yuuThIBas sHAoreHHoe norpednenue HAJIH GecknetounbiM skctpakTom (A=340
aM, £=6.220 mMM? cm?l). VaenbHyro akTMBHOCTH (DEpMEHTAa BBIPAXKAIOT B
Mukpomousix norpedsenHoro HAJIH B muHyTy Ha Mr Oenka, Y4YUThIBas
sHjI0reHHoe okucienue HAJIH.

AxmugHnocmo depmenma CAnUYUIAmeuOPOKCUIA3bl OTPEEISIOT
CHEKTPOPOTOMETPUYECKH MO yMeHbllleHHt0 3kcTuHkiuu HAJIH peakuuronHo#
cmecu, coaepxamuii 100 MkM NADH u 100 MxM canununaTt, 0€CKISCTOYHBIN
skctpakt U 0.05 M  docdarueiit Oypep pH 7.5, yuuThiBas 3HIOTEHHOE
norpebnenne HAJIH GecknerounsiM skctpakToM (A=340 uM, £=6.220 MM cm?t
JUTSL CATMIIIIAaTa). Y ACIBbHYI0O aKTHBHOCTH (DEPMEHTa BBIPAXKAIOT B MHUKPOMOJISIX
notpebienHoro HAJ/IH B MuHyTy Ha Mr Oeska, yYUThIBasi SHAOTEHHOE OKHCIICHUE
HAJIH.

AxmusHocmy _kamexon-2,3-0uokcueenaspl  ONPENeNsioT IO  CKOPOCTH
o0pa3oBaHUsl (L-OKCUMYKOHOBOTO TMOJyalbJeruia B PEAKIMOHHOW CMECH,
cogepxkameit 0.5 MM kartexona, OeckieTounbrii skcTpakt u 0.05 M Tpuc-HCI
oydep [pH 7.5] (A =375 mm, £=33.4 MM? cm 1). Ilpu BBICOKHX CKOPOCTSX
peakiuu OECKIETOUHBIN SKCTpakT paszBomsar Oydhepom B 10 pa3. Ilpu nHanmuun
akTuBHOCTU Katexon 1,2-okcureHassl (K120) 3TOT (QepMEHT HHAKTUBUPYIOT
HArPEBAHMEM KJIETOK WIM OECKIETOYHOro skcrpakra mpu 55°C B Teuenue 10
MUHYT. YJENbHYIO aKTUBHOCTh (EpMEHTa BBIPAKAIOT B  MHUKPOMOJISIX
00pa30BaBIIETOCs 0.-OKCHMYKOHOBOTO TTOJTyajIbJACTH/Ia B MUHYTY Ha MT" O€JTKa.

AxmusHocmy _kamexon-1,2-0uokcueenaspl  ONPENENSIOT 1O  CKOPOCTH
oOpa3oBaHus yuc-yuc-MyKOHaTa B PEakIMOHHOW cMmecH, coaepxamieit 5 MM Na
OATA, 1 MM katexona, 6eckineTounbli skcTpakt, 0.05 M docdathsiii 6ydep [pH
7.0] (v =260 Bm, £=16.9 MM?! cm?). JloGaBnenne DJTA HeoOXomumo s
WHTHOMPOBAHUS MYKOHJIAKTOHM3HpYIomero gepmenta. [IpeaBapuTenbHO KIETKH
obpabarsiBaroT H,0, (30 MM) mutst mHaKTHBauK KaTexod 2,3-okcureHassl (K230).
YaenpHYyI0 aKTUBHOCTH (hepMEHTa BHIPAKAIOT B MHUKPOMOJISIX TPEBPAIICHHOTO B
IIMC-ITUC-MYKOHAT KaTeXoja B MUHYTY Ha MT Oejka.

AxmusHocmy _eenmuzam-1,2-ouoxcucenaszbi  OMPENENSIOT TIO CKOPOCTH
oOpa3oBaHusl MaJeWI-TIUpyBaTa B PEAKIMOHHOW cmecH, cojaepxarieit 100 MxM
reaTu3at, 3 MKM cynbdar kenesza (ll), Oeckierounsiii ’xctpakt u 0.1 M
docdarnsiii 6ydep [pH 7.4] 1o koneunoro oosema 3 mit (A =334 um, £=10.8 MM
em ).

Obvem peaxkmue606 6 Kroeeme 0l USMEPERUA AKMUBHOCNIU Gb@l?M@HWlO@
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Hagdmanunouokcueenaza A 340 um
50 MM KH,PO,4 6ydep [pH 7.5] 2900 MK
OCCKJIETOYHBIN IKCTPAKT 100 Mk
20 MM pactBop HAJITH 15 Mk
20 MM crniupTOBO#M pacTBOp HadTamuHa 15 MK
Canuyunameuopoxcunasa A 340 um
50 MM KH2PO4 6ydep [pH 7.5] 2900 MK
OECKJIETOYHBII IKCTPAKT 100 MK
20 MM pactBop HAJITH 15 Mk
20 MM pacTBOp canunmniiaTa HaTpuUsl 15 MK
Kamexon-1,2-0ouoxcucenasa A 260 um
50 MM KH2PO4 (pH 7,0) 6ydep 2900 MK
OECKJIETOYHBII IKCTPAKT 100 MK
0.5 M BTA 30 MK
0.1 M pactBOp Karexona 30 MK
Karexon-2,3-quokcurenasa A 375 am
50 MM Tpuc-HCI 6ydep [pH 7,5]* 2900 MK
OCCKIIETOYHBIN IKCTPAKT 100 Mk
0.1 M pactBOp Karexona 15 mMxn

[Tpum. * — nns nmpurorosnenusi Tpuc-HCl Oydepa Tpuc(OKCUMETHII)aMUHOMETaH
PacTBOPSIOT B OMANCTHILTUPOBAHHOM BOJIE M TOBOAAT pH cosiHOM KUCIOTOM

4. OnpenejieHne KOHIECHTPAUMU 0e1Ka B 0€CKJIETOYHBIX JIKCTPAKTAX 10
metony Bpendopaa

J171s mostydeHHs peareHTa-KpacuTe sl KyMaccu OpwumnanToBbiit cuauii G-250 (100
Mr) pactBopsitoT B 50 M 95% sranona. JJo6asmstor 100 ma 85% (macca/o0bem)
dbochopHoit kucioThl. JloBoaar Booi 10 1.

Hcnone3yroT o6paszen (pa3daBieHHBINH B Ciiydyae HEOOXOAMMOCTH), COJEp KAl
10-100 mkr 6enka B 0.1 mur. JloGasmstror 5.0 M1 peareHTa-KpacUTENsl U XOPOIIO
nepememmnBaroTr. He panee, yem uepe3 5 MuH, U He mo3aHee, yem 4depe3 | gac,
M3MEPAIOT MOKA3aHUE ONTUYECKOW TIIOTHOCTU NP 595 HM OTHOCUTETBHO YHCTOTO
pearenTa. [ MUKpoaHaIn3a UCTIOJIB3YIOT o0pasell, coaepxaniuii 1-10 Mkr Oenka
B 0.1 mu, nmob6asnsror 1.0 M pacTBopa KpacuTens, CMEIIUBAIOT U OMPEACISIIOT
norJiomeHre npu 595 HM, Kak onrcaHo Beimie. KoHeHTpamuo 6eaka HaxomasT 1Mo
IpagyupoOBOYHOMY TpaduKy, TOCTPOEHHOMY C TIOMOIIbIO Oenka (Obrumit
CBIBOPOTOYHBIN allbOyMHH). MOTYT ObITH HEOOJIBIITNE OTKIOHEHHUS OT JINHEHHOCTH.

5. OnpenesieHne KOHIEHTPALMY 0eJ1Ka CIEKTPOGOTOMETPHYECKH

Merton He Tak To4eH, kak MeToJl bpendopna, HO 04eHb POCT U UCTIOIB3YETCS KaK
npukugounbii. Mcnonp3yst UV-160A cnextpodoromerp (Shimadzu, Smonus)
3agaeM mapaMeTpsl IByX MMH BoJH: 280 m 260 M. B kroBety ¢ 2900 Mxn
dbocharnoro 6ydepa BHocuM 100 MK OeckaeTOUHOro 3KcTpakTa. KoHTposibHas
kioBeTa - 3000 mxn docharHoro Oydepa. 3arem mo ¢dopmylie pacCUUThIBaEM
KOHIICHTpAITUIO OeJiKa B MT.

C (mr o6mero Oenka /mi)=(1,55 x EA280 — 0,76 x EA260) x pa3senenue (30 pa3)
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6. Pacuem akmugnocmu ghepmennog

VYenbHyl0  aKTUBHOCTh  (PEPMEHTOB  BBIPAXAIOT B  MHUKPOMOJISIX
notpebsieHHoro cyoctpata (kodakropa) (wiam o0O0pasyrolerocs MpoOayKTa
(kodaktopa)) B MuUHYTY Ha IMr obmiero OakTepuanbHOTO Oefika. 3HAYECHHS
yIETBHBIX aKTUBHOCTEH (PEPMEHTOB PACCUMUTHIBAIOT, MCIOIB3YSI KOMIBIOTEPHYIO
nporpammy «Enzymey» (Mb®M, Poccust) unu craniapTHyo Gopmyiy.

dopmyia a5 onpeesieHusl akTUBHOCTH (hepMeHTa
AE 1 kM
——— X 14 %10° = M7
At e-d ), MUH - ]l

AE — u3MeHeHre onTHYeCKOM MIIOTHOCTH PacTBOPa,
At — Bpemst uzmepenus (1 MuH)

& — K03 (PHUIIMEHT SKCTUHIMU cyOcTpaTa

d— paccrosiHEE, IPOXOAUMOE JTy4eM

V1— 00beM peakimonHoi cmecu (3000MmK1)

V,— 00beM kineTouHnoro skctpakta (100 M)

Hanbonee mnpuHATOM eauHUIIEH aKTUBHOCTU SBISETCS CTaHAApTHAs
eqununa (Ex). Ilog Helt noHMMAaKOT TO KOJUYECTBO (EepMEeHTa, KOTOpOe
KaTtanu3upyeT mnpeBpamieHne 1 MkM cybcTpata B MUHYTY MpPU ONTHUMAaJIbHBIX
yCIOBUSIX MJIsi JaHHoro d¢epmeHTa (temneparypa, PH). CymecTByer Takke
MOHSTHE VOeNbHOU AaKMU8HOCMU, KOTOpas BBIPAXKAETCS YHUCIOM  €JIUHUIL
aKTUBHOCTU (epMeHTa, Npuxoidmuxcs Ha 1 Mr Oenka B (epMEHTaTUBHOM
npenapare (Ex/mr).

Memoouka
1. BeIpacTuTh KyJbTypy Mukpoopranuzma (250 mi) B MUHEpalbHOHM cpele,

coJiepkalleid HaTamuH WM canuuuiaT B KauecTBE MCTOYHUKA YTIEpoJa,

110 CepUANHBI JorapupmMuydeckon (assl pocra.

KneTtkn ocaguTh HeHTpUpYTUPOBAHNEM.

Knerku nax bl otMbITh S0 MM ocdaTubim 6ydepom pH7.0 oT cpensbi.

K ocanky no6aButs 1 Mn 50 MM docdathnoro Oydepa, KIETKH aKKypaTHO

pecyceHAupOBaTh.

Pa3pymuTh KJIETKU C MOMOIIBIO YIIBTPa3ByKOBOTO JIE3UHTErPATOpPA.

6. OtmenuTh paspyiieHHbIe KIeTKH IeHTpudyrupoBanuem Ha 10000 ¢ B
TeyeHue 20 MUHYT.

7. CynepHartaHT (HaJ0CaJ0YHAs XKUIKOCTh) MEPEHECTH B YUCTYIO MPOOHUPKY.
[TomecTuTh TIPOOUPKY B JIE]T.

8. M3meputh akTUBHOCTH (EPMEHTOB Ha CHEKTPOPOTOMETpE, KaK OMUCAHO
BBIIIIC.

W

o
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9. OueHHUTHh KOHIIEHTPAIMIO Oelika B OCECKIETOYHOM HKCTPAKTE, HCIIOIB3YIO
CHIEKTPO(HOTOMETPUUECKUN METOT.

10.Onpenenuthb KoHLIEHTpaluto oenka (meron bpendopna)*

11. PaccunTaTh y/ieIbHYIO aKTUBHOCTh (DEPMEHTOB.

Ilpumeuanue

*YToOBbl TOYHO OILICHUTH KOHIIEHTpaluio Oenika, ucmnoib3dys meron bpendopna,
HCCIeayeMblii 00paser moipkeH coaepkarh oT 100 Mxr qo 1 mr 6enka B 1 M. B
ciydae, KOorjia B 0o0pasiie Mo pe3yibTaTaM CIEKTPO(POTOMETPHUECKOTO METOjIa
KOHIICHTpAITUS BBIIIC YKa3aHHOUM — JenaiTe pa3BeacHUS.

Konmponwvnsie éonpocut

1. IlTouemy uzmepenue npouszsooumcs npu oaunax 601 340um, 375um, 260um,
334um?

2. Kakoe pu3zuueckuii cmoicn Korpuyuenma monaproi IKCMuKHyuu?

3. Kakoeé npunyun oeiicmeus yniompa3zeyko602o0 oesunmezpamopa? Kakue ewe
Memoobl pa3pyuieHus 0aKkmepuaibHoviX Ki1emok cyuiecmeyiom?

4, Kakumu memooamu onpeoensaiom KOHuenmpayuio denxka?

5. Kak paccuumamsb akmuenocms pepmenma?

6. B kaxux eounuyax uzmepaemcsa akmuenocms pepmenmos? Karkoe ux
duzuueckuit cmoicn?

JIABOPATOPHAS PABOTA NeS.
OINPEJEJIEHUE BUOXUMHUYECKOI'O ITYTU JET'PAIIINN
HADPTAJ/IMHA

[enp: M3yunTh BO3MOMKHBIE MYyTH Aerpafaly HaQTaJIMHA W YCTAaHOBUTH MYTh
Jierpajauy o pe3yiabTaTaM akTUBHOCTH (hePMEHTOB

OcHogHble no0KHCeHUA

Hadranun — yacTto ucmonb3yeTcss Kak CTPYKTypHas MOJENb Jerpajaluu
[TAY, noatoMy OakTepualibHas Jerpaanys HaQTalrHa XOpoIlIo U3ydeHa.

N3BecTeH psii MUKPOOPTraHU3MOB, MOJTHOCTHIO YTUIM3UPYIOIIUX Ha(TaIUH:
Oakrepun poma Pseudomonas, Bacillus thermoleovorans, Ralstonia sp. U2,
OakTepuu poaa Sphingomonas, 6akrepun poaa Rhodococcus.

HawanpHpiM = JTamom  pa3noxkeHuss HadTaimHa y  OOJBIIMHCTBA
MHUKPOOPTaHU3MOB SIBIISICTCS JUOKCUTeHUpoBaHue B 1,2-monoxkenun (puc. 4)
(xapakTepHO i1 MUKpPOOpPraHu3MoB poja Pseudomonas). Y Mukpoopranuzma
Bacillus thermoleovorans HalineH anpTepHATHBHBIM TyTh TpaHchHOpMAIUH
HadTamuHa yepes 2,3-TuruapoKCuHa(TaIMH.

[lepBonawanbHo  TpaHchopmarus  HadTadIMHA  MHKPOOPTaHU3MaMU
ocymiecTBisieTcs: A0 canunmiaara (puc. 5). IlepBoit peakimeii B mMerabonm3me
HaTamuHa SIBISETCS OKHCIICHHE WCXOJHOTro cyocTtpara no HadTanmu nwmc-1,2-
JUTUIPOANOIIA, KaTaTU3UPYyEMOEe MHOITOKOMITIOHEHTHOM HapTaaIlH TMOKCUTE€HA30H.
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PN
02 red. oX. red. ‘NAD(P)+
JKeJ1e30 CepHbIH beppenokenn peppenoxcun
0eJI0K peayKTasa
ox. red. ox. NAD(P)H

+HT

Puc. 4. Mexanu3m paboTbl HadTaTUH-TUOKCUT€HA3BI
8 1

7 2
HaTATHH
6 3

5 4

{

OH

uuc-1,2-TUruipoKcu-
1,2-quruaponadranux

oH
1,2-aurugporkcuHAPTAIHH “/

COOH

2-ruaporcu-2H-xpomen-
2-kapOOHOBasI KHCJIOTA

@;j
OH
MPAHCc-0pmo-ruipoKCcH-
OeH30MIeHIHPYBAT P COOH
\ 0
OH
f CHO

CaTHIHIAJbICTIHY
OH

COOH
CA/IHIIH/I10BAasA RHCJI0TA

Puc. 5. IlyTth gerpananu HadTaamHa 10 CATUITUIOBON KUCIOTHI.

Canuuunar, o0pasyronuiics B Xo/1e TpaHC(HOpPMAaIUd MUKPOOPTaHU3MaMHU
Ha(TamnMHa, (CHAHTpPEHA W aHTpalleHa B JaJbHEHIIEM MOXKET MpPEeBpallaThCs B
KaTeXoJI MOCPEACTBOM CAIMIMIAT TMIPOKCHIA3bl JIMOO B TEHTHU3AT C MOMOIIIBIO
canuiIaT-5-ruapokcuiassl (puc. 6).
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COOH

OH
CAJTHITHJIAT
rd
OH COOH
OH OH
OH
KATexoJI reHT H3aT
L 5

ITK

Puc. 6. /IBa nyTu nerpagaiuy CaIUIUIOBON KUCIOTHI.

[locnenyromee pasiioKeHUE KATEX0Jla MOXKET MPOTEKaTh MO Opmo-TYTH,
KOTOPBIM WHULWHPYETCA HHTPAJUOJIBHOM Karexon |,2-muokcureHazom ¢
oOpa3oBaHHEM yuc,yuc-MyKoHata, W 1O Mema-NyTH, OCYIIECTBIAEMOMY
AKCTPAAUOIBLHON KaTeXO0JI 2,3-IMOKCUTECHA30M1 C oOpazoBaHuEM 2-
THJIPOKCUMYKOHOBOTO Tonyanpaeruga (puc. 7). OOpa3oBaBIIHeCsS TMPOJTYKTHI
MeTtabousupyrorcs yepe3 [[TK.

JlanpHelllee paslioKEHUE TEeHTU3aTa KaTalu3upyercss TreHTusar 1,2-
JIMOKCUTEHA301 C 00pa3oBaHUEM MaJCUINHUPYBaTa,.

OH OH
oH c;tan:hol
‘ xx(|:x’ 2, 3-dioxygenase N ™ co0.
=CH 0, __\;p . _CHO
Catechol

2-Hydroxy-cis,cis-muconate
semialdehyde

OH
@[ catechol 1,2- d1oxygenase
OH

Catechal

cis, cie- Muconate
02

Puc. 7. JIBa myTu nerpajganuu Karexosa
3aganue
Ha ocHOoBaHWM JaHHBIX MOJYYEHHBIX B MpEAbIAyIed JabopaTopHOil paboTe 1o

aKTUBHOCTU ()EPMEHTOB HAMMUILIUTE MOJHBIN MyTh pacnajga HaTaluHa, KOTOPHIM
OCYILECTBIISIET U3YYaE€MbIi MUKPOOPTaHU3M.

Konumpoavnvie sonpocolt
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1. Kakue smanwt pacnada nagpmanuna 00 0CHOGHBHIX MemadOIUMOB
MOJCHO 8bl0enums?

2. Kakue npooykmwt mocym  obpazoeamvcsi  npu  pacnaoe
canuyunama?

3. Kaxumu nymamu pacnadaemcsa kamexon?

JIABOPATOPHAS PABOTA Ne6.
OIIPEJIEJIEHUE AKTUBHOCTEN ®EPMEHTOB, YYUACTBYIOIIUX B
JET'PAJALIUU KAIIPOJIAKTAMA
Lenb: OmnpenenuTs aKTHUBHOCTh TpaHcdepa3sl — OAHOTO U3  (EPMEHTOB
Jierpajalyy Karpoiaakrama.

OcHOBHbIE NOJ10)ICCHUA

K COCOAUMHCHUAM, 3arpA3HAIOINMM  OKPYXKAIOIIYIO CpCay, OTHOCATCA
IMOJIMAaMHUAHBIC BOJIOKHA M INIACTHUKH, KaIIPOHOBBLIC BOJIOKHA U HUTH, O6paTI/IMOCTI>
Imponccca IoJIY4CHUA, KOTOPBIX IIPUBOAUT K TOMY, YTO IIPOAYKTEI ITOJITUMCPHU3AlTUU
MOHOMCpaA KaIlpoJIaKTaMa BCCTAa COACPIKAT OHpeﬂeHéHHOG KOJIMYECTBO OTXOJ0B -
HHU3KOMOJICKYJIIPHBIX (bpaKHHfI OJIMI'OMCPOB, KaK NUKIINYCCKHX, TaK U JIMHEHUHBIX.
Taxxe 3arpsA3HAIINUMHA  OKPYXKAIOIIYI0 CpCay COCOAMHCHUAMMH SBJIAIOTCA HC
TOJIBKO OTXOAbI ITPOU3BOACTBA KaIIpOJIaKTaMa, HO U CaMH ITOJIMMCPEI, I10JIy4aCMBbIC
Ha JaHHOM IIPOHU3BOACTBC.

B mnpouecce mnonuMmepuzanuu KamnpojiakTama oOpa3yroTcsi OOOYHbIC
IMPOAYKTBI, B TOM 4YHCJIC OJIMI'OMCPLI KallpOJlaKTaMa W, B 4aCTHOCTH, JIMHEWHBIE U
MUKIIMYCCKHUEC TUMCPLI.

I/IMeIOIHI/IeCH JaHHBIC CBUACTCILCTBYIOT O TOM, 4YTO IIpU JJIUTCIbHOM
BO3JICCTBUM OTHOCHUTEJIILHO HEOOJIBIIMX JI03 KamnpojakTamMa Ha OpraHu3M
4CJIOBCKAa MHMIICHAMHU  MOI'YT 6LITL HCPBHAA CHCTCMA, CHCTCMa KpPOBH,
pPENpPOYKTUBHAS (PYHKITHS.

K HacrosmeMy BpemMEeHHM H3BECTEH IIMPOKHM KPYr MHUKPOOPTaHU3MOB-
JIeCTpyKTOpoB  Kamposaktama:  Absidia,  Achromobacter,  Arthrobacter,
Aspergillius, Bacillus, Bacterium, Byssochlamys, Citrobacter, Corynebacterium,
Micrococcus, Mycobacterium, Penicillium, Pseudomonas, Rhodotorula,
Trichosporon u ap. [11-14,16, 22].

HGKOTOpBIe nu3 MNCPCUNCIICHHBIX MHUKPOOPTraHU3MOB CIIOCOOHBI
YTHUJIM3UPOBATh KalpOJIaKTaM KaK €IMHCTBEHHBI MCTOYHUK YIJIEPOJA U DHEPTHH,
Jpyrue TpeOyIoT JOMOJHUTENIbHBIX UCTOYHUKOB yTriiepojaa (Hampumep, riItoKo3y),
HCIIOJIB3yA KallpOJIaKTaM TOJIbKO KaK HMCTOYHHUK a30Ta, TPCTbHU - TOJIBKO Kak
WCTOYHHUK yIjepona.

[1yTh nerpaganuu KanpojgoKkTaMa MpeacTaBlieH Ha puc 8.
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E-KanponaKTam

u]

SaRTaMa3a
DM“”Q B-aMWHOTEKCaHOaT

. l E-KEMDOMSKTAM

a-KeToryTapaT Qa-RETOMYTaparT
6- BMUHHOMEKCAHOAT
TDAHCAMHHA3E rayTamar
“‘u\_

] 6 OHCOrekcCaHoaTt

HA,D.m"
B-OKCOreKCaHOAT H-J"]q’_
,aerp;aporeﬁasa
l o Aaunar

cy HLLMHHT BT Auetun-KoA
Hz

/ Oucanocauyetar — LUwutpar F\‘

Manat Mzouetpar
Uwkn Kpebca ¢
Oymapar 2-oKcornyTapat

\‘ CyrumHaT CyHUMHKMA-Ko

HAIH-H
©AOHz
].[EHB IIEPEHOCA INCKTPOHOB

1720+ 2H* H,0

Puc. 8. Ilyms 6uooeepaoayuu e-kanporaxmama

Bropoit sranm karabonu3ma g-KampoJakTamMa W Hayauo JACCTPYKIHH &-

aMUHOKAIlpOHATa  COMPSDKEHBI € [IyTaMaTJACTHIPOTE€HAa3HBbIM  IIIYHTOBBIM
MexaHu3MoM (puc.9).
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AJWNNMUHOBLIA
£-aMWHOKanpoHoBasn

nonyaneasr
KMCNOTA D\ Y A A
HN——(CH)5 cOOH ﬁ \KC—I:CH:M-EDDH
H
H
HOOC — & ——(CH<)-COOH HO 0% —— & ——(CH)-COOH
] N Hs
a-KeTornyTapoBas I myTamuHoBas
KHCNOT4 KUCNoTa

Puc. 9 Peaxyus nepeamunupoanus &-aMUHOKANPOHOBOU KUCAOMbL C O-
Kemo2iymapoeou

Mamepuaivl u 0b6opyoosarue

OpOutanpHas TepMOCTaTUpyeMas Kadayika, HeHTpudyra ajis OoybIINX 00HEMOB,
BEChl JII1 ypPaBHOBEIIMBAHMS, MHKpPOICHTpU(Yyra, MHKCEp, aBTOMATHUYCCKHE
NUIETKH. CTeKIITHHBIE TIpoOupkwH, mpodupku Eppendorf, cepmocrar TC-1/80 CITY,
JJICKTpUYECKas IUTMTKA, METaJUIMYecKas KacTprojidi JUIsl BOJSHON  OaHH,
criekrpodoTomeTp, pH-MeTp, yiapTpa3Bykom Ha anmapate Y3I'13-01/22
Kommnonentsi cepesl IBanca: KoHPO,- 3H,0, pactoper: 5 M NH4CI; 0,1 M
N&zSO4; 1 MM C&C'z; 62 MM MgC|2, 0.005 MM; (NH4)6M07024'4 Hzo;,
Muxkposaementsl (2,0 r MnCl,-4H,0; 0,41 r ZnO; 5,4 r FeCl;s-6 H,0O; 0,17 ¢
CuCl;,-2H;0; 0,48 r CoCl,-6H,0; 0,06 r HsBO3; 10 M HCI, 990 mu Bozpwl).

Peaktussl: a-ketormyropat (aKI'), e-amunokanponosas kuciota (eAKK),
peaktuB MBTI (3-MeTnII-2-0eH30THA30JMHOH-2- THAPO30H), 0e3BoaHbIH FeCls,
arietoH x\u, pacteop HCI (0,1 H), pacrtBop NaOH(0,1 H), 20% tpuxiopykcycHas
kuciora (TXY), uspactBop.

Memoouka
1. TIpuroroButs 100 M cpenbl IBanca nod6aButh 0,1 T KanponakrTama u
MIPOCTEPUITN30BATH ABTOKJIABUPOBAHUEM.
2. BbIpacTUTh MUKPOOPTaHU3MBI IECTPYKTOPBI-KAIIpoJiakTaMma Ha cpeie
DBaHca ¢ KanpoJaKTaMOM JI0 CepeANHbBI IKCTIOHEHIIUABLHOM (a3bl pocTa (2-
3 cyTOK).
3. Tlomydenne GpepMeHTHOTO Mpenapara.
buomaccy cobupatot nientpudyruposanueMm 8000 o6/mMun 7 muH. J[BakIbl
MPOMBIBAIOT (PU3PACTBOPOM.
buomaccy pa3ouBaroT mpu OXJaXIECHUHU YIbTpa3ByKoM Ha ammaparte Y3I1'13-
01/22 (pexwum: 12 mukios 1o 10 cek ¢ nepepbiBamu 20 CeK), HEHTPUPYTHPYIOT
(10-20 mun tipu 16000 06/muH npu 4°C), HaIOCATOUHYIO KHIKOCTH COOUPAIOT, a
0Ca/IOK BHIOPACKIBAIOT.
4. N3MmepeHnue coqiepxkanue 0enka B OECKIETOYHOM IKCTPAKTE.
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5. OnpenejieHHe KOHUEHTPALMK 0eJIKA CIeKTPOGOTOMETPHYECKHU

Meron He Tak TOYeH, Kak MeTojJ bpeadopraa, HO O4YeHb MNPOCT H
ucrosib3yercst kak npukugounbid. Mcnonms3ys UV-160A  cnektpodoTomeTp
(Shimadzu, fnonus) 3amaem mapameTpbl ABYX JiuH BoyiH: 280 u 260 uM. B
kioBeTy ¢ 2900 Mk docdatHoro Oydepa BHOcMM 100 MK OECKIETOYHOTO
skctpakta. KontponbHas kioBeta - 3000 mkn docdarHoro Oydepa. 3arem mo
dbopmMyIie pacCUUTHIBAEM KOHIIEHTPAIUIO OEJIKa B MT.

C (mr obmero 6enmka /mMim)=(1,55 x EA280 — 0,76 x EA260) x pa3enenue
(30 pa3)

KoJnuecTrBeHHOE onpeneeHue oejaka no meroay Jloypu

[Tpubopsl U peakTUBBI:
1. Crannapthsiii pactBop BCA (Ob1unii CHIBOPOTOYHBIN albOyMUH),
2. PeaktuB A (2% pactBop kap6onara Hatpus B 0,1H pacTBope ruapoKcuia
HaTpHs),
3. Peaktus B (0,5% pactBop cynbdara meau B 1% pacTtBope uTpara HaTpHsl),
4. PeaktuB ®oymHa,
5. CnektpodoromMeTp uinu HOTOINEKTPOKOTOPUMETP.

Ilepen onpenenennem cmemmnBarot S0 mu peaktuBa A u 1 mut peaktuBa B —
pactBop C, peaktuB @onuHa pa30aBsItoT B 2 pasza.

JI71s1 TpUTOTOBIICHUSI TPATyUPOBOYHOIO rpaduka MPUMEHSUIN CTaHAapTHBINA
pactBop Oenka BCA c konnentparueit 200MKr/mMi1, TOTOBSIT pacTBOPHI O€JIKa C
koHneHTparueit 10, 50, 100, 160, 200 Mxr/mi1.

OnHOBpPEMEHHO CTaBST MPOOUPKY € TPOOOI HEM3BECTHON KOHIIEHTPAIUH.

B kxaxmayro npobupky q00aBisoT 5 M peaktuBa C, nepememuBaiot. Yepes
10 munyT nob6asmstor 0,5M7 pa3BeeHHOTO B 2 pasa peaktua donuHa, TIATEIHHO
MEePEMEIINBAIOT U MOMEIIAOT B TepMocTart rpu 37°C Ha 30 MUHYT 1Sl pa3BUTHS
okpacku. @OTOMETPUPYIOT HA CIIEKTPOGOTOMETPE TIPH JITTMHE BOJIHBI 750 HM.

6. Dxcnpecc-memoo onpedenenuss mpaHcamunazHOU AKMUBHOCMU

1. Cwmemars cyoctparsl aKI™ u eAKK B cootHomenuu 1 + 1 mo 1,5 mn. Ha
pH-meTpe noBectu 10 pH 8,6 mocpenctBom TutpoBanus pacteopa 0,1 H HCl u 0,1
H NaOH.

2. Pacnipenenuts mo 3-M CTEKJISHHBIM TMPOOMpPKAM MPUTOTOBIEHHOTO
cybcrpara mo 0,2 miL.

3. HoGaButh dhepmeHT, moayueHHbIi panee, o 0,1 mir.

4. TlocTaBuTh NPOOMPKHU C MPUTOTOBJIEHHBIM PACTBOPOM B TEPMOCTAT IMPHU
temmeparype 37°C. Uepes 20 munyT B nepByro npodupky nobasisior 0,1 v 20%
TXY. OnbiT noBTOPSAIOT Yepe3 Kaxnble 10 MUH CO ClemyomuMu MpoOupKaMu
(Bcero 60 mun).

5. PeakimoHHyr cMech nieperectd B 3 mpooupku Eppendordf.

6. IlentpudyrupoBanue B Teuenuu 10 munyT npu 4000 00\muH.
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7. B 3 uucteie mpobupku Eppendorf mo6asuts mo 0,25 mn peaktuBa MBTT
(CMm. npumnoxxeHue).

8. U3 ombITHBIX MPOOHUPOK, mocie HeHTpudyrupoanusi, oTHATs o 0,025 -
0,05 MJ1 HaOCaOYHOM KUAKOCTH U IPUIUTh B mpoodupku Eppendorf ¢ MBTT.

9. Yepes 20 — 25 MuHYT, MOCJE BBINAJCHUS 0CaKa, TPOOUPKU MIOMECTUTDH B
MyCTON TEPMOCTOMKHUI XUMHYECKUM cTakaH. [locTaBUTh cTakaH ¢ MpoOUpKaMu Ha
KUIISIITYIO BOJISIHYIO OaHIO Ha 3 MUHYTHI.

10.I1ocne kumsei BOASHON 0aHu MPOoOHpPKHU 0XIaxaaioT B Boge 10 20°C.

11.Conepxumoe nmpodupox Eppendorf mepenectu B 3 crekissHHBIE TPOOUPKH.

12.B xaxayio nOpoOupky [100aBUTH NPEABAPUTEIHLHO MPHUTOTOBICHHBIN
pactBop 6e3BogHOTO FECl3 o 0,5 Mt 1 BCTPSIXHYTS.

13. Yepes 5 munyt nocie FeCls OpicTpo mpuiuTh B KaKIyr0 MPOOUPKY IO 2
MJI a1leToHa X\4 U BCTPSXHYTh.

14. 3MepsroT ONTUYECKYIO INIOTHOCTD NMPH JJIMHE BOJIHBI 660 HM

15.CtposAT rpaduku 3aBUCHUMOCTH ONTHYECKOW IUIOTHOCTH OT BpPEMEHU
peakuuu.

16.  Pacuér ynenmpHON TpaHcamuHasHoW  akTHBHOCTH  (Uy,)
IPOBOJWIN 1O (hopmyTie:
MMOTIb V5 (1) * AE

Y0 un* me _gpepmenma - e(n* mmonn ™ *em™) * 1 (em) * At (mun) *V

oipassa(1) * C g, (21 1)
rae AE — u3MeHeHne ONTUYECKOW IUIOTHOCTH PacTBopa; At — BpeMs W3MEpEHUs
(MuH); & — kod(pdumuent skctMHKIMU cybcrpara (50 m*mmomslem? —
MOHOMEpa U JAUMEPA 6-aMHHOKAIIPOHOBOM KHMCIOTHI, 6,22 m*Mmonslem™ — ms
METHJIOBOTO 3(Upa aJIuIUHOBOTO Toiyaibaerunaa); | — mmpuna kroBetsl (1 cm);
Voo — 00beM peaknuonHoii cmecu (2,8%10° n — gna  ompenmenenus
TpaHCAaMHUHA3HOM aKTUBHOCTH; 10° nm — mus ONPENEICHUE NETUAPOTreHA301
akTMBHOCTH); Vogpma — 00BeM Oeckierounoro skcrpakra  (0,1*103n - s
ONpe/ie]ieHnsl TpaHCAaMUHA3HOM axktuBHocTH; 10* 1 - ;g onpenenenue
aerunporeHaszod  akTuBHOCTH); Cgep — KOHIEHTparms depmeHTa  (Mr/i,
noJydeHHas o merony Jloypu)

Konmponshsie 6onpocwt

1. Kakue memabonumul 00pazyromcesa npu oezpadauuu Kkanpoiaxkmama?
2. Ha kaxoui cmaouu dezpadayuu Kanpoiakmama padbomaem
mpancamunamsa?

3. Hanuwume peaxyuio, Komopyo Kamaauzupyemcsa mpancamunaza?

JABOPATOPHASI PABOTA Ne 7
BBIIEJIEHME IJIA3MUJHOM JTHK

[lenv Breigenmuts mnazmuanyo J[HK w3 mramMmoB-m1ecTpyKTOpoB HadTalMHA |
KaIpoJiakTama.
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OcHogHble NO10IICCHUS

s Beigenenus minasmuanon JJHK mons3yrorcss MmHOruMu merogamu. Bee
OHM BKJIIOYAIOT TPU OCHOBHBIX OJTama: pocT OakTepuid U aMIUIU(PUKALHUIO
MIa3MUIbL; cOOp OaKTepuid U UX JM3KC; OUUCTKY TutazmuaHou JIHK.

B Meronax OYMCTKM Tak WM WHAY€ UCIOJIB3YIOT JBAa OCHOBHBIX Pa3anyus
Mexay xpomocoMHor JIHK m mmazmupnor JIHK: 1) xpomocoma mo pasmepy
mHoro Oonemie JIHK mnasmupg 2) ocHoBHas wacca xpomocomuou JIHK
BBIICIISIETCS] U3 KJIETOK B BUJIE ()parMEHTHUPOBAHHBIX JTMHEHHBIX MOJICKYJ, TOTa
kak OonpmmHcTBO miasmugHo JIHK skcTtparmpyercs B BuAE KOBaJCHTHO
3aMKHYTBIX KOJIBLIEBBIX MOJEKYIL.

BoJIbIIIMHCTBO METOJIOB OYHMCTKH BKJIIOYAKOT OCAXKICHUSA, NMPHU KOTOPBIX W3
Ipernapara yaasiioTCs MPEUMYIIECTBEHHO JJIMHHBIE menu xpomocoMHon JIHK,
CIIy4ailHO 3aXBay€HHbIE 00JIOMKaMU JTU3UPOBAHHBIX KJIETOK. METOAMKHA OCHOBAHBI
TaKK€ Ha WCIOJb30BaHUU CBOWMCTB KoJiblieBOM 3amkHyToM JIHK. Kaxnas wus
KoMILJIeMeHTapHbIxX 1enei miuasmuanon JIHK mpencraBnsier co0oif KOBaJIeHTHO
3aMKHYTO€ KOJIbLIO, TO3TOMY LIENH HENb3s OTIAEIUTh APYT OT JApyra (He pa3opBaB
OJIHY U3 HUX) B T€X YCIOBHUAX, IMPU KOTOPHIX MPOUCXOJUT Pa3pbiB OOJBIIUHCTBA
BOJIOPOJHBIX CBA3el B XxpoMocoMHol JIHK, Hampumep nipu HarpeBaHuM Wiv MpU
BBIJICP)KMBAHUM B YMEPEHHO WIEIO4YHbIX pactBopax (mo pH 12)5). Ilpm
OXJIKJICHUH WJIM BO3BpAIlCHUM K HEUTpaibHOMY pH 3amMKHyThIE KOJIBIIEBBIC
MOJIEKYJIbl BHOBb TPUHUMAIOT HATUBHYIO KOH(POpPMAIIMIO, TOTa KaK XPOMOCOMHAs
JAHK ocraercs nenatypupOBaHHOM.

[Tnazmunnas JJHK Beget ceds otnruno ot xpomocomuoit JIHK Takke u npu
PABHOBECHOM IEHTPU(YTUPOBAaHUU B TPATUEHTAX PACTBOPOB XJIOPUCTOTO 1IE3US,
collepKallluX KaKOW-HUOYIb HWHTEPKATUPYIOWIUNA (BCTPAaUBAIOIIMICS BMEXKIY
HYKJICOTUJAMH) KpacuTelIb B  HACBIAIOUIEH KOHIIEHTpPAlMW, HalpuMep
OpOMUCTBIM DTUIUNA WM JUHOAMCTBIA mponuauil. KoBaJeHTHO 3aMKHYThIE
kosiblieBble JIHK cBsi3pIBatOT MeHbIE Takoro kpacurens, yem JuHerHas [JHK, u
IIOTOMY B I'PaJIMEHTax XJOPUCTOTO LIE3UsI, COAECPKAIUX UHTEPKAJIUPYIOIIUN areHr,
OKa3bIBAIOTCS B 30HAX C 00Jiee BRICOKOMU MJIOTHOCTHIO. DTy METOJMKY MUCIOJIB3YIOT,
€CJIM HeoOX0IMMa BhICOKas cTeneHb ouncTky miasmuanon JJHK. Oxnako mo mepe
pa3BUTHS MeETOJIOB paboTel ¢ pexkoMOuHaHTHRIMH JIHK st mHOrmx 1enei
OKa3aJloCh Y€ Heo0s3aTeNbHbIM MPOBOJUTH OYHUCTKY OOJBIIMX KOJIUYECTB
mnazmugHot JITHK nmo Takoit cremeHu, 4ToObl mpemapaT ObLI TOMOTE€HHBIM.
Hanpumep, paciierieHue pecTpUKTUPYIOIIMMH SHIOHYKJIEA3aMH, JIMTUPOBAHUE,
TpaHchopmarsi U jgaxe cekBeHupoBanue JIHK MoxxHO npoBoguTh Teneps,
UCIIOJB3Yd OTHOCUTEIIBHO MAJIOOYMILEHHbIE Tmpenaparsl IuazmuaHon JHK,
MOJTyYEHHbIE U3 HEOOJBIINX 00bEMOB KyJNbTYpbl (okosio 10 mur). ITnasmuaHyro
JIHK BbiIensioT u3 O0oJblIMX 00bEMOB KYJIBTYPHI JIUIIb B TEX Ciydasx, KOrua
HY)KHBl 3HAQUHUTEJIbHBIE €€ KOJWYecTBa (HAmpuMep, B OMbITaX MO THOPUAM3AIUU
st oroopa crnemubuueckux MPHK wim korma HyXHO TOMETHUTH S'-KOHITBI
dparmenToB JIHK ¢ moMoripio moMHyKICOTHAKUHASHI).
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BOO6HI€ roBops, 4YC€M MCHLUOIC INIa3MKJid, TCM JIy4dIIC JOCTHUIdaCMBbIC
PE3YyJIbTATHI. C YBCIIMYCHUEM MOJICKYJIHPHOﬁ MacCChl IIIa3MHJbI €€ CBOMCTBA
CTAHOBSATCS BCe OJIMIKE K CBOMCTBAM I[HK XO03s5HHa. BBII[GJIGHI/IG I1asmMua, pasmMcep
KOTOPBIX IIPCBLIMIACT 25 T.II.H., CHJIBHO 3aTpYAHACTCA MW BbBIXOH OKa3bIBACTCA
HCBBICOKHM.

Botoenenue manoxkonuunoi naazmuonou /IHK (pazmepom 0o 250 m.n.n.)
u3 50 ma mpyonoauzupyemvix 0aKmepuaibHvlx KyJ1bmyp
Mamepuanvl u obopyoosarue

OpOurtanpHas TepMocTaTUpyeMas Kadayika, MeHTpudyra s O00ipImX 00BHEMOB,
BECHl ISl ypaBHOBEIIMBAHUS, MUKPOIEHTpU(Yra, MHKCEP, aABTOMATHYCCKUE
MTUTICTKH

Pacmeopwi
OtmbiBouHbIM pacTBOop: 50MM EDTA pH8, 1M NaCl, (0.02% neokcuxonar,

0.05% naypwui capko3uH)

PactBopsr Nel: 50MM EDTA pH8 ¢ muzorumom (5-10 muar/min)
PactBopbI Ne2: 1% SDS, 0.2M NaOH
PactBopsr Ne3: 3M  amerar kamus  pH4.8  (oxmaxaeHHBIA B
XOJIOIMIIbHUKE)
PactBOopbI Ned: ¢denon Haceimennslii 1M tpucHCI pH=8.0
PactBOpsbI Ne5: xjopodopm
PactBopsI Neb6: 10mMM tpucHCI, IMM EDTA pH=8.0 (TE)
Memoouka
1. BelpammuBaem KyJabTypy KJIETOK B S0 MJI MOAXOASIIEH Cpelibl B TeueHue 12-
16 gacos.

2. Ocaxgaem 50 M kyabTypel B 50 MI IeHTpU(YKHOH TpoOupKe Ha
nentpudyre B tedeHue 10 mun npu 10 000 06/muH (YrioBoi poTop) mpu
temriepatype 4-10°C

(Ocanok 3amopaxkuBaem/orrauBaem ¢ —20°C na +37°C)

B otrasBmmit ocamox poGaBisieM 20 M OTMBIBOYHOTO pacTBOpa U

TUIATENBHO PECYCIIEHIUPEYM HA MUKCEPE

Hentpudyrupyem 10 mun 10 000 06/MuH, c1MBaeM CyllepHATAHT.

Ocanok TmarenbHO pecycnenanupyem B 3 mit p-pa Nel

BeinepxuBaem B Tepmoctare mipu 37°C 10-15 mun

Hobasnsiem 3 mu p-pa No2, akkypaTHO (OCTOPOKHO) TEepeMellInBaeM M

BbIAepkuBaeM B Tepmoctate npu 37°C 10-15 MuH (10 mosiHOrO JNM3HUCa

KJIETOK, PacTBOP JOJKEH CTaTh COBEPIIEHHO MPO3PAYHBIM)

9. HobGasmsiem 3 mi p-pa Ne3, akkypaTHO (OCTOPOKHO) MEepEMEITUBAEM JI0 TeX
nop, Moka He 00paszyeTcs 3aHUMAIOIIINI TIOYTH BECh 00bEM pacTBOpa OelbIit
KOMOYeK, coctosgmmii u3 xpomocomHor JIHK wum OenkoB. CraBum
OXJIaXK/IaThCs Ha Jied Ha 15 MuH

B~ w
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10.Hentpudyrupyem 20 mun 10 000 o6/mMun. [lomkeH oOpa3oBaThCs MIOTHBIM
Oeblil 0OCagoK

11.CynepHaTaHT yepe3 JBOHHYIO Mapiiio ClIMBaeM B HOBYIO 50 MJI MpOOUPKY.

12.3atrem noGaBisiem 5 mu xsopodopmMa M TIIATEIBHO IEpeMENIMBaeM Ha
MUKCepe

13.Hentpudyrupyem 20 MuH.

14.8 mn BepxHelt BojgHOW ¢as3bl (C MOMOIBI0 0OPE3aHHOIO0 CHHEr0 HOCHKA)
aKKypaTHO (cTapasich HE 3axBaTUTh WHTepdaszy) orOupacM B HOBYIO
npobupky u gobaBmseM Tyga 6 M u3ompomaHona. TuiaTenbHO
NepeMEeIINBaeM U CTaBUM Ha Jie] Ha 5 MUH.

15.lentpudyrupyem 20 MuH.

16.BeutBaeM cymepHaTaHT, OTOMpaeM OCTaBINYIOCS BOJHYIO ¢asy, Ocagok
MOJICYIIINBAEM.

17.0canox TtmarensHo pecycnenaupyem B 500 mxn TE, nepenocum B
MUKPOIPOOUPKY THIMA «3MTEHI0PD».

18.JloGaBnsiem 250 Mk QeHosa, MepeMeniMBaeM Ha MHUKCEpe, 3aTeM
nobasisem 250 Mk xsopodopMa U THIATENBHO MEpEMENINBaeM Ha MUKCEPe
710 00pa30BaHUsl paBHOMEPHOM O€I0l MYTH.

19.lenTpudyrupyem 5 MuH.

20.CynepHataHT 0TOMpaeM B HOBYIO MUKPOTIPOOUPKY, nobaBisieM S0 MKI p-pa
Ne3 u paBHbII 00BEM U30MpOINIaHOIA (UM ABOMHONW 00BEM 3TAHOIA).

21.1entpudyrupyem 5 MuH.

22.0canok mpomeiBaeMm 70% criuptom u pecycnieraupyem B S0 M TE.

23.Hanmocum Ha arapo3Heiii Temb S5-10 MKJI mpemapara ¢ KpacKol IS
HAHECCHMS.

Konmponwvnsie sonpocut

1. UYmo maxoe naazmuoor?

2 B uem paznuuun naazmuonoi /[HK u xpomocomnoiu?

3. [{na ueco ucnonv3yrom NaCl ¢ ommuvieounom pacmeope?
4. Kakoeé npunuun oeiicmeus pacmeopos Nel, 2 u 3?

JIABOPATOPHAS PABOTA Ne 8.

BBIJIEJIEHUE TOTAJIBHOM JTHK
[lenv Bwinenenue totanbHOM JIHK M3 mTaMMoB JecTpyKTOpoB HadTanvHa |
KarpoJjakrama
OcHogHble no10xceHus

[Tpouenypa Boinenenuss JJHK u3 kineTok 4acTo sBISETCS UCXOIHBIM 3TaloM

B MOJICKYJISIPHO-OMOJIOTUUECKUX HCccienoBaHusAx. Cpeau MHOMXKECTBA M3BECTHBIX
meronoB Bbienenus JIHK Ha mpakTuke ucnonb3yroT Hambosee HaIeKHbIE WU
BOCIIpou3BoANMBIe. KIeTky HE00X0IMMO pa3pyIIuTh TEM WM UHBIM CIIOCOOOM, a
BBICBOOOIMBIIIMECS HYKJIECHHOBBIE KHCJIOTHI OYUCTUTH OT JPYTUX KIETOYHBIX
KOMIIOHEHTOB. [Ipum stom Baxmo 3ammtute JHK 0T melcTtBus KIE€TOYHBIX
HYKJIEQ3 U MIONBITAThCSI MAKCUMAJIBHO COXPAHUTH €€ LIEJIOCTHOCTD.
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[Tnazmartnueckass MeMOpaHa KJIETKH pa3pylIaeTcsl ICUCTBHEM JIETEPreHTa
noaermicyiabdara Hatpusa (SDS) wunm nuzonuma. benku neHatypupyrorT u
VAQULIIOT W3 OakTepUadbHOTO  JiM3aTa  IMyTeM  oOpaboOTKH  (heHOJIOM.
Huskomonekynsipabie BemiecTBa Tepsitorcst npu BoicaxkuBanuu JJHK u3 pactBopa
HTaHOJIOM. JloGaBnenue XEJIaTUPYIOIIETO peareHTa —
ATUJICHIUAMHUHTETpaykcycHOM kucioThl (D/ITA) k monyuenHomy npenapaty JJHK
MpeIoTBpaIlaeT BO3JACUCTBUE KIETOYHBIX HYKJI€a3 Ha HYKJIEMHOBBIE KUCJIOTHI 3a
CUET CBA3LIBAHUS JIBYXBAJIICHTHBIX KATHOHOB M(Q?",

Buioenenue momanvnou /IHK u3 1,5 ma Kyiomypsl 6aKmepuaibHulX KiemoK
Mamepuanvl u 0bopyoosanue

OpOuransHas TepMocTaTHpyeMas Kadajaka, MUKpOIIEHTpHu(yTa, MUKCED,
aBTOMATHYECKUE MTUTICTKH

Pacmeopwi

PactBopet Nel:  50MM EDTA pH=8.0 ¢ muzomumom (5-10 mr/mur)

PactBopsl Ne2:  ¢eHon Haceimennsii 1M tpucHCI pH=8.0

PactBoper Ne3:  xmopodopm

TE: 10MM tpucHCI, 1MM EDTA pH=8.0

Memoouka

1. BelpammBaem KynbTypy OaKTepUalbHBIX KJIETOK B 5 MJI COOTBETCTBYIOLIEH
cpensl B TeueHue 12-16 gacos.

2. B mukpouentpudyxHoii npobupke oo6pémMoM 1.5 mwmm 2 mi ocaxmaem 1.5
MJ KyJIbTypbl MpU MakKcUMalbHbIX oOopoTtax (12000 006/MuH) Ha
ueHtpudyre tuna «nneHaopd» B TeueHue 1 MuH.

3. B 500 mxn pactBopa Nel peccycneHaupyeM NHIETHUPOBAHUEM OCAIO0K
KJIETOK /10 PABHOMEPHOM MJIOTHOCTH M cTaBUM B TepMocTaT (37°C 10 Mun).

4. Jlo6aBnsiem K mosydeHHOM cycrieH3un kieTtok 200 mxn pactBopa Ne2 u
MHTEHCUBHO NIEPEMEIINBAEM HA MUKCEPE.

5. Ho6asmsiem 200 mki pactBopa Ne3 u akTUBHO NEpeMENIMBAEM Ha MUKCEpe

JI0 TIOSIBJICHUSI PABHOMEPHOM 010l MyTH

Hentpudyrupyem 5 musn mipu 12000 06/MuH.

Otb6upaem 500 MKJI cyniepHaTaHTa B HOBYIO IPOOUPKY

8. Hobaemsem 200 mkm pactBopa Ne2 W HHTCHCHMBHO TI€pEMEIIMBacM Ha

MUKCEpE 110 MOSBIICHHUS PABHOMEPHOU O€JIoil MyTH.

9. Ho6apmsem 200 mxm pactBopa Ne3 u TmIATeIpHO IEepeMENIMBacM Ha

BOPTEKCE A0 MOSBICHUS PABHOMEPHON O€JI0i MyTH

10.lenTpudyrupyem 5 MuH.

11.016mupaem 400 MK cyniepHaTaHTa B HOBYIO POOUPKY

12.JloGaBnsiem 400 MKJI U30TIPOIIAHOIA, IEPEMEIITNBAEM Ha MUKCEPE

13.lentpudyrupyeM 5 MUH, 3aT€M TILATEIBHO CIIMBAEM CyTIE€pHATAHT

14.0canox pecycnienaupyem B 100 mxn Oydepa TE

15.Hanocum Ha arapo3sblii renb S5-10 Mkn mpemapara ¢ Kpackoul st
HaHECEHUs

~N o
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KOHmPOJl bHbIC 60NPOCHL

1. B uem npunuyunuanvHvle paziudus 6 6blOENCHUU NIAZMUOHOU U
momanvnoiu /[HK?

2. 3auem 6 npouyecce ewvidenenus momanvuou JIHK o0oobasnawom
uzonponamnon?

3. Kpamko onuuwiume opyzue memoowt evioerenus momanvhoii [HK?

JIABOPATOPHAS PABOTA Ne 9;
BU3YAJIM3ALUS IIPEITAPATOB IIJIASMUJIHOM Y TOTAJIBHOM
JHK. QJIEKTPOP®OPE3 B ATAPO3HOM I'EJIE

[leny Busyanuzanusa npenaparoB mia3MuaHod v TotasibHoM JIHK momydeHHBIX B
MPEeAbIAYIUX JIA0OPaTOPHBIX paboTax

OcHogHble nO10diceHUA

OnexTpodope3 B arapo3HOM Trejie — CTaHAApPTHBIA METOM, MCIOIb3yEeMbIH
Ui pazaeneHus, uneHtupukaunu U ounctku (parmenroB JJHK. C nomorunsio
ATOM MPOCTON TEXHUKU MOKHO OBICTPO pa3ienuTh Takue cMecu pparmentoB JJHK,
KOTOpbIE HE MOTryT OBITh pa3AelieHbl JAPYTHUMH CIIOCOOAMH, HAIpUMEp
HEHTPU(PYTUPOBAHUEM B IpaJMeHTE IUIOTHOCTU. Kpome Toro, npu paszaeneHud B
rene npsaMo ciegat 3a nonoxkenuem JIHK, tak kak momocer JJHK B rene moxHO
OKpamuBaTh QuyopecuupyromuM u uHTepkamupyromum B JJHK kpacutenem —
OpOMUCTBIM 3THIMEM B HU3KOM KOHLEHTpauuu. [IpocmarpuBasi mpokpalieHHbIM
relib B yIbTpauoIeTOBOM CBETE, MOKHO 3aMeTuTh faxe 1 ur JJHK.

Ckopocte murpamuu JIHK uyepes araposselii renb mpu 3ieKTpodopese
OINPENENSIETCS MATHIO MNIABHBIMU ITApAMETPaMH, PACCMOTPEHHBIMH HHUKE.

Pasmep monexyn JIHK. Monekynbsl JmHewHOW aByxnenodeunon JIHK
[IEPEMEIAIOTCA B Telie  MPEANOJOKUTEIBHO OJHUM KOHIIOM BIIEpEX CO
CKOPOCTSIMH, OOpaTHO MpPOMOPLUUOHAIBHBIMU JECATUYHOMY Jorapupmy ux
MoJiekysipabix Mace (Puc. 10).

Konyenmpayuss  aecaposvr.  ®@parmentsl JIHK  ganHoro  pasmepa
MIEPEMEIIAIOTCSA B TeJie, CONEPKALIEM Pa3HbIe KOHLIEHTPALMKU arapo3bl, ¢ pa3HbIMU
ckopocTaMu. Mexny aorapupmom snekrpodopernyeckor noasmxHoctn JTHK p
M KOHUEHTpAUHMEW Telsl T CYLIECTBYET IMpsMas 3aBUCUMOCTb, OIMCHIBaEMast
ypaBHEHUEM

lgp = Igpo —Kit,
7€ lo— CBOOOAHAs AeKTpodopeTHyecKas MOABUKHOCTD,

K na3piBaercst koa(hpUIIMEHTOM 3aMeJICHUsI U 3aBUCUT OT CBOMCTB TeJisl, a TaKkKe
OT BEJIMYUHBI U (POPMBI TBUXKYIIIUXCS MOJIEKYJL.

Takum 00pazom, IpUMEHSS TeIN Pa3HbIX KOHIIEHTPAIMil, MOXKHO pa3JeIuTh

6ompioil Habop pparmenToB JJHK, paznuuatomuxcs mo pasmepy.
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Puc.10. 3aBucumocts ckopoctu aBuxkenus ¢pparmentoB JIHK npu anexrtpodopese
B rejie OT UX Pa3MepoB.

Tabnuua 1
3aBuUCUMOCTh 001acTH 3(PPEKTUBHOTO pasaeneHus JMHeiHbIx Mosiekyn JIHK ot
KOHIIEHTPAIIMU arapo3bl B Tele

KonuyectBo arapo3ssl B resnie, | OOnacTh 3 (HEKTUBHOTO pa3AesIeHHs] IMHEUHBIX

% mousekys JIHK, T.0.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

Kongopmayus /[HK. THK, nmeroiiie oIMHAKOBYIO MOJIEKYJISIPHYIO Maccy,
HO pasHble KOH(OPMAIMH, HApUMeEp KoJblieBass HemoBpexaecHHas (dopma I),
KOJIBIIEBAsI C OAHOIICTIOYEeYHBIM pa3pbiBoM (dopma Il) u muneiinas (dpopma Il1),
JIBIKYTCST B arapo3HoM Telie C pa3HbIMH CKOpocTAMU. OTHOCUTEIbHAs
NOJBW)XHOCTh TpEeX YKa3aHHbIX (OpM 3aBUCHUT TJIABHBIM 00pa3oM OT
KOHLIEHTpAI[MU arapo3bl B reje, a TakkKe M OT TakuxX (PaKkToOpoB, KaK CHJIa TOKa,
WOHHas cuja Oydepa WM IUIOTHOCTh CBEPXCHUPAJIBbHBIX BUTKOB B ¢dopme |. B
onHux ycioBusx dopma | mepemeniaercs ObICTpee, a B IPyTUX - MEJJIEHHEE, YeM
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dopma Ill. UtoOGe1 omHO3HAuHO ompenenuTh koH(popmanuoo JIHK, HEoOxommmo
MPOBECTH €€ 3JIeKTpodope3 B MPUCYTCTBUU BO3PACTAIOIIMX KOHILIEHTpALUH
opomuctoro »tuaus. C yBEJIMYEHUEM KOHIEHTPALMM KPACUTENd YHUCIO €ro
Monekyn cBszaHHbIX ¢ JIHK pacrer. IIpu 3TOM oTpHUIIaTENBHBIE CBEPXCIIUPAIIBHBIC
BUTKHU B MOJIEKyJIax opMbI | mOCTeneHHo ucuesarot, a ckopocth ABmxeHus: JHK
B resie ymMeHbinaercs. [Ipu HEKOTOpoll KPUTHYECKON KOHIEHTPALMH CBOOOIHBIX
Mosiekyn kpacutens, korma B JIHK Oonbiie He ocraercs cBepXcnHpaabHBIX
BUTKOB, CKOPOCTh ABWXEHUS (GopMbl | mocTuraer MUHUMAIBHOW BEITUYHHBI.
[Tocnenyromee no00aBIE€HUE HOBBIX MOPLHUH OpPOMHUCTOrO 3THUIUSA MPUBOIAUT K
00pa30BaHMIO TOJIOKUTEIBHBIX CBEPXCIHUPATBbHBIX BUTKOB, B PE3yJIbTaTe Yero
nOJIBIKHOCTH (opMbl | HaunHaeT ObicTpo Bo3pactath. [logBmwxknoctu hopmsel |l u
dopmel |l B onucaHHBIX YCIOBUSX CHIDKAIOTCS, XOTS U MO-pa3HOMY, BCJIEJICTBUE
HEUTpaNIN3aluy 3apsaoB U yBelndeHus xkectkoctu monekyn JHK nmox Bnusaauem
opomuctoro stuaus dns 6onpimmHcTBa npenapatoB JJHK, naxonsmeiics B popme
|, KpuTHUYEecKast KOHIICHTpAIUsl OPOMHUCTOTO ATUAUS HaxoauTcs B oonactu 0,1—0,5
MKT/MJL.

Hanpsocennocms  anexkmpuyeckoco noas. llpu HUBKHX HOPSHKEHHOCTSX
CKOpoCThb TmiepemenieHuss (@parmentoB JnuHeiHod JIHK mnponopunonanbHa
NPUIOKEHHOMY HamnpspkeHuto. (OJHako ¢ yBEIWYEHHEM HANPSKEHHOCTU
AIEKTPUUECKOTO T0JIsl MOABMKHOCTH (hparmeHToB JJHK ¢ BhicOKO# MOneKyIsspHOI
Maccoll nuddepeHnuanbHo  Bo3pactaeT. (CrlenoBaTeNbHO, C  YBEIUYEHUEM
HanpspkeHHocTH o0nacTh 3dgexruBHoro pasaenenus JIHK B arapoznom rene
CHWXKaeTcsl. MakcumanbHOoe  paszieneHue  (parMeHTOB  MPOHUCXOAMT  IPHU
HaIpsHKEHHOCTH, HE TIpeBbIIIaoniei SB/ cum.

Cocmas ocnoganuil u memnepamypa. IIEKTPOPOPETUUECKOE IMOBEACHUE
JIHK B arapo3HbIx rejisix (B OTJIMYKME OT MOBEACHUS B MOJUAKPUIAMUIHBIX TENSX)
ci1abo 3aBucuT OoT coctaBa ocHoBanuil JIHK unu temneparypsl rensi. B arapo3ubix
rensx B oOmactu Ttemrepatyp oT 4 g0 30 °C wu3MeHEHUs OTHOCHTEIbHOMN
anekTpodoperndeckoit moasmwkHOcTH GparmeHToB JIHK pasnoro pasmepa He
HaOmomaetcst. OOBIYHO AIEKTPOo(ope3 B arapo3HbIX TeNAX BEAYT MPU KOMHATHOMN
temneparype. OQHAKO cienyeT OTMETUTbh, U4TO renu, cojuepxamue meHee 0,5%
araposbl, O4eHb MSTKHE, MOATOMY C HUMHU Jydiie padorats npu 4°C — B 3THX
YCJIOBUSIX OHU CTAHOBSITCSI 00JIee TUIOTHBIMH.

Ilpucnocobaenus 011 nposedenus 3iekmpogopesa 8 2ene

3a rojpl, MPOMIISANINX MOCIe U300peTeHUs IeKTpodope3a B arapo3HOM Tele,
OBIJIO TIPEUIOKEHO MHOXKECTBO KOHCTPYKIIMU 3JIEKTpo(Ope3HbIX ammaparoB. B
HACTOSIIEe BPEMS 4Yalle BCETO HCIONB3YIOT TE€IM B BHIE TOPHU30HTAIBHBIX
IUTACTHHOK. DTa CHCTeMa HMMEET IO KpalHEeW Mepe dYeThIpe NMpeumyinecTna: 1)
MOYKHO TPUMEHSATh HU3KHE KOHIICHTPAIIMHN arapo3bl B CBSA3H C TEM, YTO BECh I'ellb
MOJIJICP)KUBAETCS CHU3Y; 2) MOXKHO TOTOBUTH T€IM B BHJE TUIACTUHOK CaMBIX
pa3HBIX pa3MepoB; 3) XpaHEHHE W pa3juBKa Telied, a TakKe TMOCIeAYIONIne
MaHUITYJISIITAN ¢ HUMU JIOCTAaTOYHO TIPOCTHI; 4) NJisi TOCTAHOBKH 3JIeKTpodopesa B
r'eJIsIX MOKHO ITPUMEHSTH ITPOYHBIC U HEJIOPOTHE aImapaThl.
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[Ipu mpoBeneHun nsieKTpodope3a B TOPU3OHTAIBHOM Teji€ HCIOIb3YHOTCS
pa3HoOOpa3Hble  KIOBEThl. DBOJBIIMHCTBO W3 HUX MPEACTaBIsSeT coOou
Moaudukanuu npudbopa, npemnoxkenHoro Illebpnepom, B KOTOpOM reib
pa3MelnaeTcs Ha OTACIbHON CTEKJISIHHOW IiacTuHKe. [IacTUHKY ycTaHaBIMBAIOT
Ha TuiIaT@opMe TakuM 00pa3oM, YTO Tellb HAXOJUTCS MOJ CaMON MOBEPXHOCTHIO
anekTpodopesnoro 0ydepa. ConpoTUBICHHUE Tesl TPOXOAAIIEMY dIICKTPUUECKOMY
TOKY Majio OTJIMYaeTCs OT COMPOTUBICHUS Oydepa, TOITOMY 1O TEN0 MPOXOIUT
3HAYUTEIbHAS JOJIS TOKA.

bydepor

Jlst anexTpodopeza 00bIYHO TPUMEHSIOT Oy(ephl, cofepIKaliiue Tpruc-anerar,
Tpuc-6opat wiu Tpuc-pocdar B konuentpauuu 50 MM u umeromue pH 7,5—7,8
(Tabn. 2). Yame Bcero ux TOTOBST B BUAEC KOHIEHTPUPOBAHHBIX PACTBOPOB H
XpaHsIT PU KOMHATHOM TeMIIepaType.

HcTopudecku CIOXUIOCH TakK, YTO 4Yallle IPYIHMX MCIOJIb3YIOT TpHUC-alleTar,
XOTs ero OydepHas €MKOCTb JOBOJBHO HHM3Ka, M IPHU MPOJOJKUTEIBHBIX
3JIEKTpOoope3ax OH HCTOIIAeTCs (aHOJ CTAHOBUTCS IIEJIOYHBIM, a KaToj —
KHUCJIOTHBIM). B cBsI3u ¢ 3TUM OOCTOSITETLCTBOM PEKOMEHIYETCSI IIPETyCMOTPETh

BO3MOXKHOCTh ~ PEUUPKYISIMU  Oydepa MeXQy KaTOIHBIM U AHOJHBIM
pe3epByapamu.
Tabnuma 2.
Bydeps1, nucrons3zyemsie mpu dekTpodopese
KonuentpupoBanubie
bydep PaGouue pacTBOpbI HEHTPHIP

pacTtBopbI (Ha 1.1)

Tpuc-anerar (TAE) (50X): 242 r Tpuca, 57,1
MJI JIEASTHOW YKCYCHOM
kuciotel, 100 M 0,5 M

SMTA, pH 8,0

0,04 M tpuc-anerat
0,002 M B/ITA

Tpuc-docdar (TPE) 0,08 M Tpuc-docdar

0,008 M D/ITA

(10X): 108 r Tpuca, 15,5
M 85%-Hoit hochopHoit
KUCHOTHI (1,679 MKr/™mn),
40 M1 0,5 M D/ITA, pH
8,0

Tpuc-6opar (TBE)

0,089 M Tpuc-6opar
0,089 M 6opHas kuciora,
0,002 M DJITA

(5x): 54 r Tpuca, 27,5
O0opHOM KUCIOTHI, 20 M
0,5 M DJITA, pH 8,0

Tpuc-pochartapiii u Tpuc-OopaTHBI Oydepsl 00eCIeuynBarOT XOpOIlee
paznenenue ¢pparmentoB JIHK B paBHOIl cTeneHM W MMEIOT 3HAUUTEIBHO OoJiee
BBICOKYI0 Oy(epHyI0 €MKOCTh, Y€M TpHUC-aleTaTHbIM. Peuupkynsuus 5>THX
OydepoB HeoOs3aTenbHA. J[OMOJHUTENBHOE, XOTS W HE OCOOCHHO Ba)KHOE
MPEUMYIIECTBO TpUCc-PocdaTa COCTOUT B TOM, UTO €I, IPUTOTOBJICHHBIE HA HEM,
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pacTBOpPUMBI B XAaOTPOITHBIX areHTaxX, TAaKWX, KaK MepXJIOpaT HATPHUS WA HOIHI
Kanusi. DTO CBOMCTBO JIS)KUT B OCHOBE MeTo/a (Temeph Majo HCIOIb3yeMOro)
BeIfieneHus pparmenToB JIHK u3 reneii.

Mamepuanvt u 0b6opyoosarue

O6pazen mazmuaHon JIHK, kamepa s anektpodopesa, UCTOUYHUK MTOCTOSTHHOTO
TOKa, TPAHCHJTIOMHUHATOP, aBTOMATHYECKHUE MTUTIETKH, TUIAHIIICTHI

Pacmeopwi

Konyenmpuposannwtit mpuc-oopamnuostii 0ygep (THE):
Tpuc(okcmimMerwi)amuaomeTtan — 108 r/m; 6opras kuciora - 55 v/im; 0,5 M 3/ITA
(pH 8) — 40 mn/n peakTuBa

Azapo3nwiit zenw: araposa s snekrodopesa — 8 1/i1; KoHneHTpupoBaHHbid THE-
Oydep — Smin/n; OpoMuUCThIN dTUANN — 1 /1

Memoouka

1.ITpuroroButs araposusiii resb (0,8 %), gath emy ocTbiTh 10 40-50°C, u 3ateM
3aJIUTh I'ellb B IJIAHIIETY C COOTBECTBYIOIIEH rpeOeHKO.

2. Ilocne 3acThIBaHMsI Telisl BBIHYTh IPEOCHKY.

3. [InaHmeTy noMecTUTh B KaMepy AJis aJeKTpodopesa.

4. 3anuts Oydep.

5. Cmemats 10 mxi pactBopa JIHK ¢ 1-2 mki1 kpacurens.

6. Hanectu B mynku rens npenapat JIHK ¢ kpackoit 1 HaHeceHusI.

7. Dnekrpodope3 npoBoauth B 0.5% 6ydpepe THE npu nanpsixenuun 100 B B
teuenue 0,5 - 4 yacoB B 3aBucUMOCTH OT pa3mepa JJHK.

8. BeiHYTh mumamky u npocMoTpeTsb B Y d-cete mpu 365 HM.

9. Cdhororpadupoats renb mudpodoit porokamepoit U COXpaHUTb.

Konmponwvnwie éonpocut
1. Jlauime onpedenenue nouamur  «3jaekmpogopes», Kaxue  uobvl
IneKmpogopemuueckux npoyeccoe cyujecmeyom?
2. Kax 3aeucum 6v100p Konuenmpayuu azapo3nozo zejas om paimepa /IHK?
3. Kak nooouparom ycnoseus npogedenus nekmpogopesa?
4. Kakue ovieatom kougopmayuu /[HK u xak ux onpeoenawom?
5. Kakue oygepvr ucnonvzyiwom o0asa nposeedenus 3nekmpoghopesa? Kakoeo
npeumyuiecmaea Kaxcoozo u3 Hux?
6. Kaxkue kpacumenu u ucnoyib3yrom npu npogeoenuu 3jiekmpogopesa?
7. Kakoevl npeumywiecmea 20pu3oHmManbHulX CcuUcmem 0131 NPOEEOEHUs
anekmpodghopesa?
bubnuorpaduyeckuii Ciucox.
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