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NPEAUCNOBUE

Llenb aBTOpOB yueOHHMKA — H3JI0XXUTb COBPEMEHHbIE CBEIEHHUS O
Mype MMKPOOPraHM3MOB C MCII0/1b30BaHHWEM 0O0/BLIOTO KOJIMYECTBa
PHUCYHKOB M CX€M, MO3BOJISIIOLLMX ObICTPEE M JIyUlli€ MOHSTb CYTb U3Y-
yaeMbIX npoueccoB. Hapsiny ¢ TpaaMuIMOHHBIM MaTEpHaAIOM, U3Jjlarae-
MbIM B Kypce MUKpoOHosoruy no 6uoxummuu, (pu3nosiornm U reHeTH-
K€ MUKpPOOPraHM3MoB, B y4eOHMKeE llaHbl COBPEMEHHbIEC NpeaCTaBJie-
HUSI O CUCTEMaTHKE MPOKApPUOT, OCHOBAHHbIE HA aHAJIU3E TMOCJIeAoBa-
TeJIbHOCTEM reHa, Koaupyouero cuHtes 16S pPHK, o McTtonax sko-
JIOTUM MUKPOOPraHU3MoB, MOP(OJIOTMH U LIMTOJIOTHH NPOKapHoOT, Oa-
3UPYIOLLIUXCS HA MOCCAHUX HayYHbIX TOCTHXCHMUSIX.

YyeOHUK BKJIOYaeT 13 r1aB no UCTOpUM MHUKpPOOMOJIOTMH, CUCTE-
MaTHKe, MOpdOJOrUum, KyJbTHBUPOBAHUIO U POCTY KJCTOK, AEHCTBUIO
(GU3NKO-XUMHUYCCKUX (DAKTOPOB HA MMUKPOOPraHM3Mbl, MeTaboIn3My
M Cro peryjsiliuM, FcHETUKE UM JKOJOTMH MUKpOOpraHuiMoB. B Hem
paccMOTpPEHbI MCTO/Ibl, UCMOJb3YyEMbIC MPHU U3YUCHUH IKOJTOTMYECKHUX
acrncKToOB JIESITCIbHOCTH U MPaKTHUYCCKOTO NMPUMCHEHUSI MUKpoopra-
nu3MoB. KHury 3aBepluact CUCTCMATHUYCCKHUIt 0630p (pHUsToreHeTHYCC-
KHUX U (PU3HOJIOTHUYECKUX TPYNI MPOKAPHOT, YAOBIETBOPSIOLLMNH CO-
BpPCMEHHOMY YPOBHIO 3HAHHWI1 B 3TOI 00JaCTH.

ABTOpbBI y4eOHHKa Os1aronapHbl peLiEH3€HTaM KHUIM — npogecco-
py H. b.I'panoBoii (kadpeapa 6notexHonornn MXTY um. 1. 1. MeHae-
neea) ¥ npodeccopy 0. . Ubirankosy (PI'YI1 «l'ocHUHUreHetun-
Ka») 32 BHUMATC/IbHOC MPOYTCHUC PYKOMHUCH M BbICKAa3aHHbIE 3aMc-
YyaHUsl, KOTOpble ObUIM YUYTCHbI MpPH TMOANOTOBKE PYKOMNUCHU K M3aa-
HHUIO.

ABTOpb! OyayT NpU3HaATE/IbHbI YUTATC/ISIM 32 MPUCJIAHHBbIC 3aMcya-
HUSL U MOXCJIAHUSI.



BBEAEHUE

Heob6xonuMocTb MosiBJICHUS NaHHOI KHUIM NMPOAMKTOBaHA MHTE-
pecoM, BO3HMKIUMM B IOCJICAHEE BpEMsI K MUPY MUKPOOPraHHW3MOB M
OHMOTEXHOJIOMMYECKUM MpolieccaM, pa3pabaTbiBa€MbIM Ha OCHOBE MX
aKTHUBHOCTEN.

MukpoopraHu3mbl NpeacTaBisiioT coboii, No onpeneseHUIo, HeBU-
IUMBbIC YeJIOBEUECKOMY I1a3y 0e3 yBeJIMUCHMSI CYLLIECTBA, KOTOPBIE BE3-
[IECYLLM Y TIPOBOAST B MPUPOIE KOJOCCATbHYIO padoTy, 3aKTI0UAIOLILYIOCS
npexie BCEro B MMHEpAIM3alMM OTMepLUEero 6MoJIOrMYecKkoro mare-
pyasia (MUKpOOHDBII LIMKJ yriepola v CBsI3aHHbII C HUM LIMKJ KUCJIO-
pona). be3 MMKpoOOB ObLIO Obl HEBO3MOXHO CYLLIECTBOBAHHE 100 b-
HBIX LIMKJIOB a30Ta U cepbl. MUKpPOOPraHW3Mbl, HECMOTPSI Ha UX MaJibic
pa3Mepbl M Maccy, COCTaR/ISIIOT B LIeJIoM Ouomaccy, Gosbuie yeM Bcs
ocTaibHasi 6MoMacca Ha 3eMiie (pacTeHHsl U XXUBOTHBIC BMECTE B3SITbIE).

OCHOBHbIMH OOBEKTAMHM M3YyYE€HUS] MUKPOOHOJIOTMM SIBJISIOTCS MPO-
KapuOTbl, KOTOPbIC HA OCHOBAHUMW ONPE/CJEHUS] NOCICAOBATCIIbBHOCTEH
reHoB, koaupyioinx 16S pPHK, oTHeceHbI K JIByM IOMCHaM XHBOTO Ha
3emJe, B TPETHit IOMEH MOMEILLIEHBI BCE PACTCHMSI, XXMBOTHBIC W BCE JyKa-
PHUOTUUYECKHUE MHUKPOOPraHU3Mbl — BOJOPOC/IM, TPUOLI M NpOCTEHLIINE.

MukKpoopraHuambl HacesilOT BCE IKOJIOTHUCCKUE HHUILK U XHUBYT
TaMm, rie pa3BUBAIOTCSl XMBOTHBIE U pacTeHMsl, a TakXe BO MHOIMX
IpYrux apeajiax, B KOTOpbIX HC MOTYT pa3BUBaTbCsl APYrUe XXHUBbIE Opra-
HU3Mbl — TIpHU BbicOKUX (10 113 °C) u Huskux (1o -36 °C) teMnepa-
Typax, BbiICOKHX (10 1400 aT™M) gaBieHUsIX, MPU MOJHOM OTCYTCTBUM
KHUCJIOpOAA, B YCJIOBUSIX BbICOKOI COIEHOCTH (B HaCbILLIEHHbBIX pacTBO-
pax NaCl), npu Bbicokoit kucihotHoctd (pH 0—1) u wwesouHocTH
(pH no 11). MukpoopraHu3mMbl-npoKapuoTbl MOTYT pa3BHBaTbCsi B
CKaIbHbIX MOpOAax Ha MyOMHC 10 6 KM, Ha BEpLUMHAX BbICOKUX rop
(6—7 kM), B 6€3BOIHBIX NYCTBIHAX, HA MOBCPXHOCTH 3aHUIA, COOpPY-
XCEHU U namMsiTHUKOB. Cropbl MUKpOOOB Ype3BblYaHHO YCTOIUMBBI,
OHM MOTYT BbIACPXHWBATh YCJIOBUSI KOCMMUUECKOIO NPOCTPAHCTBA U Bbl-
xuBaTb B TeueHue 20— 30 MJIH feT (HanpuMep, B KULLEYHHUKE NUCIbI,
3aMypOBaHHOI B KyCOUYKE sIHTapsi).

O0man MukpobHonorus. 3aHMMaeTcsl U3yueHHeM HeOOC3HCTBOPHbIX
(HenaToreHHbIX) MUKpPOOPraHU3MOB, WX PacnpoCTPaHEHUEM, CHCTe-
MaTUKOM, MeTaboJIM3MOM, 3KoJjiorueil u T. 1. [Mo3ToMy B 0011Ieit MUKpO-
Ouonoruy BbIACHSIIOT CllelyloLUe HanpaBJICHMUSI:

® npombluAeHHas MuKkpobuoasozusa (Yactb odlleil Hayku GUOTCXHO-
JIOTUH) — MUCCICAYCT MUKPOOPraHW3Mbl U TPOLICCCHI, MPUBOASIILUHKE K
00pa30BaHMIO MOJIC3HBIX BELLIECTB WK NpoayKToB. B 3T0i 06nacTH 3Ha-
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HHii, obbenuHsiolleit (pyHIaMEHTAIbHYIO HayKy (MoJjlydCHHME HOBBIX
F€HHO-WHXEHCPHbIX LITAMMOB BbICOKOM MPOU3BOAMTENILHOCTH) U TEX-
HOJIOTHI0 (KpynmHOMacwTaOHoe BblpalllMBaHUE MWKPOOpPraHMW3MoOB),
MOXHO OTIEJIbHO BbIACNTD MPOU3BOACTBA AHTUOMOTUKOB 1Sl MEAULIM-
Hbl ¥ BCTCPUHApUHU, (DCPMEHTOB, CIIMPTOB, OPraHUUCCKUX U aMHHO-
KHMCJIOT, BUTAMMHOB ¥ TOPMOHOB — BCC 3TU MPOU3BOACTBA OCHOBaHbI
Ha NPUMCHEHUU MMUKPOOPraHW3MOB. YacTblo MPOMBILLTICHHONW MHKPO-
OHOJIOrMY MOXHO CUMTATb NULLEBYI0 MUKPOOUOAO2UIO C TIPOU3BOACTBOM
MOJIOYHOKHCJIbIX, JIKOTOJIbHbIX, 3aKBALLCHHbIX MPOAYKTOB U XJic0a;

B CeAbCKOX03AUCMEEHHAA MUKPOOUOAO2UA VIMCCT LieJ1o ¢ npobieMa-
MU, CBSI3AHHBIMH C MOBBLILLIEHUEM TUIOJOPOAHUS MOUYBbI U ypOXKaHHOC-
TH pacTcHUid. B nocyieaHee BpeMsi akTUBHO pa3BMBAETCsl OTPAC/ib 3TOM
HayKW — MOJIyYEHUE MPAHC2EHHbIX PACMEHULL,

W 3K0402UA MUKPOOP2AHU3IMO06, GypHO pa3BUBasiChb B MOCJIEAHEE Bpe-
Msi, Bobpasia B ccOsi MHOrue mpoOJicMbl, KOTOpbI€ paHbll€ pcluaiu
600HAA MUKPOOUONO2UA N 2€0A02UMeCKas MUKPOObUonoeus;

B KOCMUYECKas MUKpobuoaozua pelliaeT 3aJayM MOMCKa XM3HM Ha
JIpYruX njaaHeTax, npo6seMbl BO3BMOXHOIO 3arpsi3HEHUsI KOCMOCa 3CM-
HbIMM MHUKpODaMH (CnopamMu), pa3BUTHsI MMKPOOPraHM3MOB Ha KOC-
MHUYECKHMX KOPaOJISIX ¥ MPUBHECEHHUS] «KOCMUYECKUX MPULLEIbLIEB-MHUK-
poboB» Ha 3emilo;

Meauuunckas MukpoOHosorusa. MMceeT aeso ¢ naToreHHBIMU MUKPO-
OpraHu3mMaMH, BbI3bIBAlOLLUMMKM OOJIC3HU UeElOBEKa:

= canumapHas Muxpobuoao2us siBiAsieTCSl 4acCTblO MCIAMLIMHCKOM
MHKpPOOHOJIOrMH, 0OBEKTbI UCCIICIOBAHUS KOTOPOIl — 3nudemuonsozus
W CaHUmapHslil KOHMpoAb OKpyXaiowei cpeasl (Boda, Bo3yX, [OYBA)
M MULLUEBBIX NPOAYKTOB;

® gemepuHapHan Mukpobuoaozua viy4aeTt npobyieMbl IMUIECMHUOIIO-
MM U 310POBbsI CCILCKOXO3SMCTBEHHBIX U AMKHUX XUBOTHBIX.

HekoTtopbie uccienoBaten CUUTAIOT pa3acioM MUKPOOHUOJIOTHU U
BHUPYCOJIOTHIO, OIHAKO B HalUEH CTpaHe TpPaAMLIMOHHO NMpobJicMbl pa3-
HOOOpa3usi BUPYCOB U U3YUYCHHUsI BUPYCHBIX MH(EKLMIT paccMaTpuBaeT
HayKa 6upyconoeus.

Mup MUKpoOpraHu3MoB BO BCCM €ro pasHooOpa3uy elle JaIeKO HE
nosHaH. [laHHble, MOJIlyYeHHbIC C MOMOLLBbIO MCTOIOB MOJIEKYJISIpHOM
Ouonorum (aMruiMdukauusi, pasacicHUe U CUKBEHC FCHOB, KOIMPYIO-
wmx 16S pPHK) B u3yueHMM pacnpocTpaHeHUsi MUKPOOPraHW3MOB,
NO3BOJISIIOT YTBEPXAATh, YTO YEJOBCK CMIOCOOCH KyJbTUBUPOBATh JIULLD
MeHee | % Bcex MUKpOOpPraHU3MoB, XUBYLIMX Ha 3eMie. Ecin ckopocTb
MACHTU(MKALIMK HOBBIX BUIOB OYICT OCTaBaThCsl HA COBPCMCHHOM YPOB-
HE, TO [UIsl OMUCaHUsI U KIaCCU(PUKALIMU BCEX XMBOTHBIX MOHAN00UT-
ca 30 ner, Bcex pacteHuii — 50 net, a BceXx MMKPOOpPraHM3MOB —
10 TbIC. lIeT! B cBSI3U ¢ 3TUM Nepea MUKpPOOHOJIOTaMHM CTOMT 3a/laya yc-
KOPEHHSI BbIACICHHUS], UACHTU(PHUKALMU U KilacCU(PUKAaLMHK HOBBIX, €Ll
HE OTKPbITbIX MMKPOOPraHU3MOB, [UIs CKOpeiillero 3aBeplueHMs Mo-
3HaHHUsI OMONOrMYECKOro pasHooOpa3usi MUKpoOOB Ha 3eMJic.



lhasa 1

MUKPOBUOJTIONNA KAK HAYKA.
ncTtornsa MUKPOBUOJIOITUHU

Mukpobuonorus kak Hayka

MukpoOurosnorusi — Hayka o XHMBbIX OpraHM3Max, HE BUIIUMbIX He-
BOOPYXXCHHbIM 4€JIOBEYECKHM IJ1a30M, pazMepaMu MeHee | MM. OObek-
TaMH{ MUKPOOHOJIOTHHU SIBJSIIOTCS MPOKAPMOTUUYECKHUE OPraHU3Mbl —
OaKTEpHMM M apXxeu, a TaKXKe IYKApuUOTbl — MPOCTEiLlINE, MUKPOCKO-
NMUYECKHE BOMOPOC/IH, HU3LIKUEC T'PUOBDI.

MecTo MUKpOOHOJIOrHM B CUCTEME OMOJIOTMUECKUX HAYK orpele-
JsicTcest cneunukoit ee 00bEKTOB: BO-NEPBbIX, MUKPOOHOIOrUsI — 3TO
Hayka o0 onpeaejsieHHOM kjiacce oObEeKTOB, ¥ B 3TOM CMbICJIE OHA
AHAJIOTMYHA TaKUM [IHUCUMIUIMHAM, Kak OOTaHMKAa M 300J10THS; BO-
BTOPbIX, MMKpPODOHOJIOrHsi U3yyaeT Ha CBOMX oObekTax oOwme QpyHaa-
MEHTAJIbHbIEC 3AKOHbI PA3BUTHUSI BCCIO XXMUBOIO U TaAKUM OOpa3oM OTHO-
CcUTCS K (PHU3HUOJI0TO-OMOXMMHUYECKOI BCTBU OMOJIOTMYCCKUX IMUCUMN-
JINH.

N HakoHel, MUKpOOHOJIOrMsi — 3TO Hayka, Mccaeayiouasi o0bek-
Tbl U AIBJICHUSI HA CTbIKE OIHO- ¥ MHOTOKJIETOYHOCTH.

Ponb Mukpobuosnorun onpenensiercsi 3HAYCHUEM MMUKPOOPraHU3-
MOB B IPUPOIHBIX MPOLECCaX U B YEJOBEYECKOI NEITEbHOCTH:

® MMKPOOPraHM3Mbl YUYacTBYIOT B I100aJbHOM KpyroBopoTe 3Jie-
MEHTOB, MPHYCM psill CTaAUi Obl1 Obl HEBO3MOXEH 06€3 HHUX, Hanpu-
Mep buKcauus MOJIEKYISIPHOrO a30Ta, A€HUTPUMDUKALMUS WK MUHE-
pajiv3aLus CJI0XHbIX OPraHUYECKHUX BELIECTB;

® Ha JesITeJibHOCTH MUKPOOPraHU3MOB OCHOBAH LIEJbli1 psii HEOD-
XOIUMBIX YEJIOBEKY NMPOU3BOIACTB (XxJiebornecueHue, NMBOBApEHHE, BU-
HOAEJIKE, MoJIyYeHUE MOJIOYHOKHKCIbIX MPOAYKTOB, MPOU3BOACTBO pa3-
JIMYHBIX UHAUMBUAYAIbHBIX XMMUYCCKHUX BELLCCTB, aHTUOMOTHKOB, rop-
MOHOB, ()EpPMEHTOB M T.1.);

® MMKPOOPraHW3Mbl MCMOJIL3YIOTCSl ISl OYMCTKM OKpPYXAIOLLei
cpedbl OT pa3/iMyHbIX MPUPOAHbIX U AHTPOINOTEHHBIX 3arPA3HCHUH;

® MHOTM€ MMKpPOOPraHu3Mbl SIBJISIIOTCS BO30OyAuTeasiMy 3abonesa-
HUI YesloBeKa, XXMBOTHbIX, paCTeHHUI1, a TaKXE BbI3bIBAIOT MOPYY MpoO-
IYKTOB MMUTaHUsl ¥ Pa3IMUHbIX MPOMbBILLIEHHbIX MaTEPUAJIOB;

® MUKPOOPTraHU3Mbl MOTYT CJAYXHWTb MHCTPYMEHTAMM W MOJEJIbHBI-
MM CHUCTEMaMM [Ulsl APYrUX OMCUMIUIMH, HalIpUMep FCHHOM MHXEHe-
pUM.
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HUcxoasi v3 BbIMOJHAEMBIX 3a1a4, caMa MHUKpOOMOJIOrUs Moapas-
JieNsieTCs Ha oOliylo, YaCTHYIO (OTAENbHBIX MPYNI MUKPOOPraHM3MOB)
M MENULIMHCKYIO.

UcTopusa pa3Butus mukpoGmonorum

Uctopusi pasBUTHsI MUKPOOHMONOTMH HMCUYMCISETCA NMPUMEPHO C
1661 r., korna rojulaHACKHi1 TOProeell CyKHOM AHTOHM BaH JleBeHryk
BIEpBbIE ONMUCAT MMKPOCKOINMMNYECKHE CYLUECTBa, HabnlogaeMbie UM B
MHUKPOCKON COOCTBEHHOro M3rotoBjeHMs. A.JIeBeHIryK B CBOOOIHOE
BpEMsl KOHCTPYHPOBaJl MHUKPOCKOIMbI C KOPOTKO(OKYCHbIMH, MOYTH
cepryecKMMHM JIMH3aMHU, JaBaBliUMMH yBeauueHue B 50 — 300 pa3, u
U3yyas caMblii LLIUPOKHUI CIEKTP 00BEKTOB — MHMKPOCTPYKTYPY pac-
TUTEJIBHBIX U XXMBOTHBIX KJIETOK, CIIEPMaTO30MAbl U 3PUTPOLIMTHI, pa3-
JInYHbIE CYOCTpPaThl €CTECTBEHHOTO MU MCKYCCTBEHHOIO TMPOMCXOXIe-
HMS1, TTIO3TOMY CJlIeAYET OTMETUTD €ro BKJAl U B pa3BUTHE APYrHX HayK.
[Ons MUKpOOHOJIOrMM XE BaXHO, YTO OH BIEPBbIE YBUIE] MUKPOOOB
M OMMUCAT UX OCHOBHBIE I'PYMIbl, @ TAKXE COEJal BbIBOA O TOM, YTO
oHH Besnecyin. OnucaHus CBoMX HabJIoAEHHU, COMPOBOXIaeMbIe TiLA-
TeJIbHBIMM 3apUcoBKaMHM, A.JleBeHryk nocbinan B AHruiickoe Kopo-
JIEBCKOE OOLLECTBO, I€ OHU ObLIM MepeBeAeHbl CO CTApPOroIaHACKO-
ro Ha aHIMHUCKKIA I3bIK. DTOT NEpPHOI UCTOPUH MUKPOOHOIOTMHA MOXHO
YCJIOBHO Ha3BaTb ONUCAMENbHbIM.

Qusuonoeuyeckuii 3man pa3BUTHS MUKPOOMOJIOTMK HAYyaCsl TMpH-
6ausuTenbHo ¢ cepenrHbl XI1X B. ¥ cBSi3aH ¢ *MeHaMH ¢ppaHILy3CKOro
xuMHKa-kpuctaiorpaga Jlyu INactepa 1 HEMeELIKOro cejibCKoro Bpa-
4ya Po6epra Koxa. 3T yueHbie MOJIOXUIM Hayalo 3KCNEPUMCHTAIb-
HOH MMKPOOHONOTMMU U CYLLECTBEHHO 000raTWIN METOAOJOTHYCCKUI
ApceHa 3TOI HAYKM.

JI.Tlactep nokaszan, YTo MPUUYMHON XMMHUUYECKHUX U3MEHEHUIH CyO-
CTpaToB SIBASIIOTCS MMKPOOPraHMW3Mbl, U OIMpPOBEPr TEOPUIO camMO3a-
poxneHusi. Uccnenosanusi npupoabi 6poxeHHit cTany nNponoKeHeM
paboThl MO BbISICHEHUIO NMPUYUHBI Ipok1caHus BUHA. JI. [NacTtep noka-
31, YTO Kaxaoe OpoXXeHHe MMEET IJaBHbIH KOHEYHbIN MPOAYKT M
BbI3bIBACTCSI MUKPOOPraHM3MaMHM ONpeEIe/IEHHOTO TUMNa. DTH UCCeno-
BaHMUsI MPHUBEJM K OTKPBITUIO HEM3BECTHOIO paHee 0Opa3a XMU3HU —
aHa’pobHoro McTtabosnima. M3yyass Ha npuMepe Opoxxeit BO3MOX-
HOCTb MEpPEeKJIOYEHUs] C OAHOro TUna obMeHa BelLeCTB Ha ApYroif,
JI.TMactep nokasayn, yTo aHa3poOHblit MeTabOJIM3IM IHEPreTUYECKHU
MeHee BhirofeH. PaboThl no u3ydyeHu1o Bo30ynutesei «bone3Heii» nusa
¥ BHHa no3sosinau Jl. [1actepy npemioxuTtb crocob TerioBoi obpa-
OOTKM 3TUX MPOAYKTOB, TMPEAOXPaHSIOLIUIK UX OT MOpYH, KOTOpPHIi
MOJyYMJ1 Ha3BaHHE «nacTepu3anusi». OHU Xe HaBeJIM YY4EHOTO Ha MbICJIb
O TOM, YTO MUKPOOPraHHU3Mbl, BO3MOXHO, SIBJSIIOTCSl BO3OYAUTENSIMH
v UHGeKUMOHHBIX Oone3Hel yenoBeka. UccrnenoBaHusi MUKpOOHO#
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npHpoabl MHOTHX 3a00/ieBaHUii YesloBeKa B JajbHEN1lEM BEIUCh WH-
crutytamu Jl.Tlactepa (B [lapuxe) n P.Koxa (B bepnaunHe) napan-
JIEJIBHO.

PoGept Kox, HayaB ¢ I0Ka3aTe/ibcTBa OaKTepUATbHON 3THOJIOTUM
CUOMPCKOM s13BbI, 3aT€M BbLAEIWI BO30yaAuTeseil MHOrMX GonesHeil B
yucToi KynbType (cpean Hux Mycobacterium tuberculosis, nnu «nanoy-
ka Koxa»). P. Kox okoHuaTtesibHO chopMyanpoBain Tpuaay, nojyuuB-
LUYIO ero UMsl, JUIsl 10Ka3aTeabCcTBa MMKPOOHOI 3THON0OrMK 3ab0neBa-
HMs: 1) MUKpoOOpraHM3M 0JIXEeH MPUCYTCTBOBAaTh B Matepuaiie 60Jib-
HOro; 2) BblAENE€HHbI B YUCTON KYJbTYpE, OH AOJIXKEH BbI3bIBATb TY
Xe 00ne3Hb; 3) BO30yAUTENb MPU DKCMEPUMEHTATBHO BbI3BAHHOM
MOBTOPHOM 3a00JIeBAHUM NOJKEH CHOBA ObITh BbLICJIEH B YUCTYIO KYJIb-
Typy, U IBE€ 3TH YUCTbi€ KYJbTYpbl NOJXXHbl ObITb MIAEHTUYHBIMU.
B nabopatopum P. Koxa BBeAeHbI B NpakTHKY IKCIICPUMEHTAa METOAbI
MOJY4YEHHUS YUCTBIX KYJIbTYpP, a TAKXE UCIMOJb30BaHUE B MUKpOOHOJIO-
rMUYECKHX UCCIIeNOBAHUAX TBEPABIX Cpell Ha OCHOBE CHavajla XelaTh-
Hbl, a 3aTeM M arapa. 3HameHuTas yaiuka [leTpu u GakTepuaibHbIe
tdapdoposbie punbTpl lllamOepiaHa Takxe ObLIM BrEpBbie MpHUMe-
HEHbl cOTpyaHHKaMK HcTUTyTa P. Koxa.

[lpy3HaHHe OrpoMHOI po¥ MHUKPOOPraHU3MoOB B OHOJIOrMUECKH
BaXXHBIX KPYroBOpOTax 3/1eMEHTOB Ha 3emie cBsizaHo ¢ uMcHamu Cep-
rest Hukonaesnya BuHorpaackoro u MaptuHyca beiiepunka. C. H. Bu-
HOTPaJICKOMY MPHHAIEXUT OTKPbITHE YHUKAIbHOTO 0Opa3a XXU3HU —
XE€MOJIMTOABTOTPODHUHY U U3YUYEHHUE CEPHBIX U HUTPUDULIUPYIOLLIMX OaK-
tepuit. C. H. BuHorpaackuii u M. BeilepMHK He3aBUCUMO APYT OT Apy-
ra nokasaiu, 4Yto (pukcaluio MOJICKYJISIPHOTO a30Ta CMOCOOHbI NMpo-
BOUTb TOJIbKO MMKPOOPTraHW3Mbl, ¥ BbIACJAWIN CBOOOIHOXUBYILIMX H
cuMbuotnyeckmx azotdukcaropon. C. H. BuHorpaackum paspabotaH
METON HAKOMUTEbHBIX KYJIbTYP.

Ha pybexe XIX u XX BB. IMutpuii UBaHosu UBaHOBCKHit OT-
KpbUI BUpYyC TabauHOi MO3anKH, TEM CaMbiM OOHAPYXHUB 0COOYIO rpyn-
ny 6MOJOrMYECKUX OOBEKTOB, HC UMCIOLLIMX KJICTOYHOIO CTPOEHHUSI.

B XX B. MUKpOOHOIOrYsI pa3BMBalach, ONUpPasiCb B TOM UKUCJIC U HA
OTKPBITHS, CAENaHHBIE B IPYTUX 00JACTAX OUOIOrHH.

3aecbh Ha3BaHO JIMILIb HECKOJILKO BEJIMKMX UMEH, OHAKO HE Hano
3a0bIBaTh, YTO MX OTKPBITHSl ObUIM MOATOTOB/IIEHB paboTaMK MHOIMX
M3BECTHBIX Y PSIOBBIX UCCIIEA0BATENIEH, UMEHA HEKOTOPBIX M3 HUX OynyT
NpUBELAEHbI B APYTMX Mofipa3aesiax 3Toro Kypca.

Pa3BuTHe oTeyecTBeHHOI MMKpoOHosiornu B XX B. NMPeACTABICHO
pPa3IMYHbBIMM HaMpaBJlEeHUSAMHU U AEATEILHOCTbIO MHOMMX YYEHBIX C
MHpOBbIM UMeHeM. [lepeuncanm nupb HeKoTopbie M3 HUX. BonbLuoi
BKJIaJl B FeHOCHCTEMATHKY MUKpoopraHu3moB BHecsu A. H. Benosep-
cknit 1 A.C.CnupuH. M. H. Meiicenb ¢ kKonneramMmu noapobHo usy-
YU KJIETOYHBIE CTPYKTYpbl U HUX (YHKUHMM Y MHUKPOOpPraHM3MOB.
B. H. llanowuHnKoB co3na Teoprio Gpr3nonornyeckoit isyxgasHoc-
THU OpOXEHMIi, YTO MO3BOJIMIO YIPaBIATb NMPOLECCAMU MONYYEHMUS
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BaXHBIX MMPOAYKTOB B MUKPOOHOJIOrHYECKHUX Mpou3BoacTBax. dusmo-
Jlorusi U GUOXUMHUSI MHOTUX (POTOTPOHBIX U XEMOJIUTOTPOGHBIX MUK-
poopraH1M3MoB Obula noapobHo n3ydyeHa E.H.KoHapaTbeBoit u ee
konneramMmu. M3yyeHneM OMoXxMMuM mnpouecca a3otpukcauum 3aHM-
manuch A.A. Umuieneukuii, B.J1. KperoBuu, B.A.fkosneB. Dkono-
rMYECKOE HanpasjieHue npejacTtaBieHo pabotamu B.JI. OMensiHCKO-
ro, KOTopblii pa3paboTtan cxeMbl KpYroBOpoTa BELLECTB B MPUPOLE U
M3YUMWIT XHU3HEIESATEeIbHOCTh MUKPOOPraHM3MOB, yYacTBYIOLLMX B IJIO-
OasbHBIX LIMKJIAX a30Ta (HUTPUPHKATOPOB U a30THUKCATOPOB), CEPbI
(THUNOCTHBIX, CyabdhaTpelyunpyloliuX U THOHOBBIX OaKTepuil) U
xene3a (xenezobakrepuit). Meronbl NPUXHU3HEHHOrO HaGMIOAEHUSA
MHUKpPOOpPraHM3MOB, BHEIpPEHHbIe B MUKPOOHMOJIOrMYECKYIO MPaKTHU-
Ky, — kanumnsapbl [lepdunbseBa, crekia obpactanusi Poccn — Xo-
JlogHOro, MOYBeHHasi KaMepa MU METol MpopallMBaHUsl MOYBEHHOIA
nbUIM No XOJNOAHOMY, — AaKTMBHO MCIOJIb3YIOTCSI MU B HacTosllee
BpeMsl.

MuKpoOHbie CO0DLLIeCTBa, a TAKXKE UX POJib B pa3HbIX NPUPOAHbIX U
MCKYCCTBEHHBIX MecTooOuTaHusax u3ydarorcsi M.B.UBaHOBbIM U
I'. A.3aBap3uHbIM ¢ KojajieraMu. B obsiactv ynpaBiasieMOro KyJbTUBU-
poBaHusi MuKpooprauuamos H.J1. Uepycanmmckum 6buta paspaboTta-
Ha Teopusi pocTa U pa3BuTusi MUKpobos, U.J1.PaboTHOBOI M3yuyeHbI
peakLMy OKMC/IEHUsl — BOCCTaHOBJIEHHUsI. OCHOBBI YNPaBJISIEeMOTro KyJlb-
TUBMpOBaHMUsI TpuboB U Bopopocnei 3anoxunu E.E.YcneHckuit m
C. . Ky3HeuoB. MUKpOGHOIOrHYECKHI1 MYTh MOJYYEHUs] AMUHOKHC-
Jot npemtoxeH H.A. KpacunbHUKOBBIM, BUTaMHMHa B;; ¢ momouibio
METaHOTeHHbIX MUKpoopraiu3moB — B. H. bykunbiM u B. . BeixoBc-
KuM. BcecTtopoHHee n3yuyeHue npouecca MUKpoOHOIOrMYecKOi TpaHC-
dopmaumm cTeponioB ¥ BHEAPEHKE €ro B MPOU3BOACTBO ObLJIO MPOBE-
ncHo I K. CkpsiOMHBIM ¢ KoJUleraMu.

CoBpemeHHaas Mukpobuonorus

B pa3BuTHM cOBpEMEHHOI MUKPOOHMOJIOrMM HEOOXONMMO BbIAEJIHUTD
cJieqyrolme OCHOBHbIE HanmpaBJlleHHU A:

m ¢yHIaMeHTalbHbIE MCC/IENOBaHUsl (BbISICHEHHE MyTeil MeTabo-
Jin3ma, BblIEJIEHUE, OYUCTKA (PEPMEHTOB, peryasiLiusi oOMeHa BElLECTB
v T.4.);

® CHUCTEMaTUKa MUKPOOPraHU3MOB (MOCTpoeHHe (usioreHeTHYEC-
KOro apeBa);

® 3KOJIOTUYECcKast MUKpobuosiorus (pojib MUKpOOPraHU3MOB B MpU-
POAHBIX 9KOCUCTEMAX Y MUILEBbIX LETSAX);

® [ONYASLMOHHAsT MUKPOOHOJIOTUSI (BBbIICHEHUE TMPUPOAbI MEX-
KJIETOYHBIX KOHTAKTOB U B3aMMOCB$I3b KJIETOK B MOMYJSALIMHN);

® MEAMLMHCKasl, BETEPUHAPHasli U CEJIbCKOXO3s1IIMCTBEHHAsA MUKPO-
Ouosnorusi;



® TexHUYyecKasi (MPOMBILLIEHHasA) MUKPOOHUOJIOrUsl (BKJIIOYAET BCE
MpakTUYECKHUE aCMeKThl).

Heo6xoaMMo NMOMHUTBL O TOM, YTO MHOTME MCCJENOBaHMS MPOBO-
IATCS Ha CTbIKE AUCLMIUVIMH (HanpuMep, MoJIEKYJsipHass MUKpPOOHo-
JIOrusi, reHHass UHXEHepHsl).

OCHOBHBIMM METOLaMW MHUKPOOHOJIOHYECKUX MCCIIENOBAHUI
SIBJISIIOTCSL:

® MUKPOCKOINHUS (CBETOBasi, JIOMMHECLIEHTHas1, 3JIEKTPOHHas, Ja-
3epHasi);

® BbUIEJIECHUE YKUCTBIX KYJIBTYP U KOHTPOJIMPYEMOE KYJIbTUBUPOBA-
HMeE;

® aHaIUTUYecKUe MeTodbl (hU3HM0NOro-6MOXHMMHUYECKHUE, TEHETHU-
4YeCcKHe, MOJIEKYJISIPHO-OUOJIOTHYECKHE U T.1.).

KoHTponbHbie BONPOCHI

1. HasoBuTte rpynnbl OpraHM3MOB, OTHOCSILUMXCS K 00beKTaM MUKPOOHO-
JIOTUH.

2. Kakoe MeCcTO 3aHMMaeT MUKPOOHOJIOrHS B CHCTEME ODUONIOrHYECKHX IUC-
UMIUIUH?

3. KakoBa posib MUKPOOPraHM3MOB B NPUPOAE U AESTCAbHOCTH YenoBeka?

4. HazoBute Hanbonee BaxHbie OTKPLITUSA B HCTOPUHU MUKPOOHONOrUM.

5. INo KaKMM OCHOBHBIM HamnpaB/IeHUSIM Pa3BUBAETCs MUKPOOHOJIOTHUS B
HacTosilee Bpems?



lhaea 2
CUCTEMATUKA MUKPOOPITrAHN3MOB

OcHoBHble noHaTua. Kputepuu onpeaneneHuns
MUKPOOPraHu3mos

Mup MHUKpOOpraHM3MOB BKJIIOYAET Jt00OI1 OpraHu3M MHKPOCKO-
NMUYECKHUX pa3MepoB, MO3ITOMY MOHATHO, YTO TEPMHUH «MHMKpOOpra-
HU3M» He UMeeT TAKCOHOMMYECKOTO CMbICJia. MUKPOOpraHU3mbl BCTpe-
YAIOTCS B CaMbIX pa3HbIX TAKCOHOMHUYECKHUX Tpynnax, NpUyeM Apyrue
"WieHbl 3TOi rpynmnbl MOryT ObiTb ¥ MakpoopraHumMamu (Hanpumep,
BOIOPOCJIM ¥ TPpUOLI).

MHuKpoopraHu3Mbl — 3TO camasi OOLUMpPHasi MO KOJIMYECTBY Mpe-
CTaBUTEJIEi rpynna, 4ieHbl KOTOPOil NOBCEMECTHO pacnpOCTPAaHEHHI.
Y MHKpPOOpPraHM3MOB BCTPEYAlOTCsl BCE M3BECTHbIE TUMbI OOMEHa Be-
uiectB. UMEHHO MUKPOOpPraHU3Mbl ObL1M NEPBbIMM XMBBIMHU CYLIIECTBA-
MM Ha Hallei njaHeTe, KOTopbie U cChOPMUPOBAIU €€ ODJIHK.

HakonneHue orpoMHoro ¢akTHyeckoro marepuaia norpedoBaio
KJJacCM(ULIUPOBATb U3yyaeMble B MUKpPOOMOIOrMY 00BEKTHI LSl ya00-
cTBa paboOThl C HUMH.

INon kaaccughukayuels NOHNMAIOT OTHECEHHE KOHKPETHOro 6MO0JI0-
rMYecKOro oobekTa K Ornpee/ieHHOW rpynmne oAHOPOAHOCTH (makco-
HY) MO COBOKYMHOCTH NMPHUCYLLIUX €MY NMPU3HAKOB. OTHOLIEHUSI MEXIY
TaKCOHAMMW OPraHU3MOB U3Yy4aeT cucmemamukxa. B coBpeMeHHOI1 KJac-
cudUKaLMM MUKPOOPTaHM3MOB MPHUHSATA CJelylollasi MepapXxusl Tak-
COHOB: 10MeH, ¢GuiyM, KJacc, MopsiaoK, ceMecTBo, pod, Bua. Bun
SIBJISIETCSi OCHOBHOM TaKCOHOMMYECKOH eauHuLeil. Mukpobuonoru
MoNb3YIOTCsi OMHOMMANBHOI cUCTEMOI 0003HAYEHUsI 00bEKTa (HOMEH-
Kaamypel), BKJIIOYAIOUIEH pONOBOE M BMIOBOE Ha3BaHWs, HanpuMmep
Escherichia coli.

B HacTosilliee BpeMsi onpenesiecHHe MMKpPOOPTraHUM3MOB (udenmucpu-
Kauua) 6a3UpyeTCsl Ha CJEAYIOLLUMX KPUTEPUSIX:

® MOp(OoJOTUsl KJIETOK M KOJOHMHK (Ha omnpedesieHHbIX cpeaax M
MpU OMNpeeNeHHbIX YCIOBUSX);

® LIUTOJIOTUSI KJIETOK (MPO- MW 3yKapHUOTHI);

® KyJIbTypajibHble MPU3HAKHU (XapaKTep poCTa Ha TBEPAbIX U XHI-
KHX cpenax);

® GU3HOJIOrMYECKHUE CBOICTBA (MCMOJIb30BAHME Pa3jIMYHbIX CyOCTpa-
TOB, OTHOLLUEHHUE K TeMrepartype, a3pauuu, pH u T.4.);

@ OMOXMMHYECKHUE CBOICTBA (METAabOIMYECKHUE TYTH);
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® MoJieKyJisipHO-Ouonoruyeckme cpoiictBa (conepxaHue I'Ll—
AT-nap B mon. %, rubpuamn3auns HyKJIEMHOBBIX KUCJIOT, aHAJIU3 HYK-
JIEOTUIHOM nociegoBarebHocTH 16S pPHK);

B XeMOTaKCOHOMHS (XMMHUYECKHH COCTaB paljiIMYHbIX COEAUHEHUIA
M CTPYKTYpP, HanpuMep CHEKTP XUPHbIX U TEHXOEBbIX KMCJIOT y aKTHU-
HOMMLETOB, MUKOJIOBbIX KMCJIOT Y HOKapAuii, MUKODAKTepUi, KOpH-
HebakTepHit);

B CEepOJMAarHOCTHKa (peakliMsi aHTUI€H-aHTUTENO0, OCOOEHHO s
MaToreHHbIX MUKPOOPraHU3MOB);

® ¢haroTMnMpoBaHue (MCMoJib30BaHUE cneunduyecknx ¢aros).

MHoraa y MMKpOOpraHM3Ma oTMe4aloT HaJIMUMe BHEXPOMOCOMHBIX
aneMeHToB. [1paBaa, cienyeT NOMHUTDb, YTO ObIBAIOT MIa3MUAbI MOJI-
Yauime (KpUNTHYECKHE) UM KOAUPYIOLLME HeoOsi3aTeNibHbIe A1 BUaa
MPU3HAKHK, K TOMY X€ MJIa3MHbl MOTYT JIEFTKO YTPauMBaTbCs.

B HacTosiliee Bpemsi Uist HAEHTU(PHUKALMK MUKPOOPraHU3MOB-TPO-
KapHoOT MCCJIe10BaTeIn NMONb3YyIOTCs onpedeaumenem bepdxcu.

CospemeHHan knaccuPpukauma MUKpPOOpPraHU3mMoB

[NpeacraBieHne 0 MecTe MUKPOOPraHUM3MOB Cpedu APYTMX XHMBbIX
CYLLIECTB 3BOJIIOUMOHUPOBAIO C TCYCHUEM BPEMEHU OT OTHECEHUSI UX
K XMBOTHBIM WIH PAaCTCHHUSIM 110 BbIIEJICHUSI B TPU OTAC/IbHbIX doMeHa
(HanuapctBa, uMmnepuu). [lo coBpeMEHHbIM MpPEACTABIEHUSIM, MUK-
pPOOpraHM3Mbl JEJIATCS HAa MPOKApUOT M 3yKAapUOT B 3aBUCUMOCTH OT
CTPOEHHUs MX KJIeToK. M3-3a Toro, uto 601bLIMHCTBO MUKPOOPraHM3-
MOB YCTPOEHO KpailHe NMpoCTO M [UIsi UX KiaccudukauMu npocToro
ONMUCAHUSA OBbLIO HCAOCTATOUHO, MUCCJIEAOBATENU 1IPUBJNEKAIN (YHK-
LMOHA/IbHbIE XapakTepUCTHMKHU. Kak npaBusio, MUKPOOHOJIOrHUCCKHUIA
00BEKT HEBO3MOXHO KJ1acCU(UUMPOBATDb, HE MPUMEHUB COBOKYITHOCTb
MopdodH3H0NOTrHIeCKUX, BUOXMMHUYCCKUX U MOJIEKYJISIPHO-6MON0ruU-
YyecKux AaHHBIX. [1IpyM 3TOM MepeUMUCIICHHbIC 1IPU3HAKKW MOFYT UMETb
HEOAMHAKOBYIO 3HAYUMOCTb.

CyuecTByeT Takxe 0osiee popMalibHasi HyMepu4ecKkas maxKkcoHOMUS,
r€ BCE NPHU3HAKW albTEPHATUBHbI U UMEIOT «ONMHAKOBBII BEC». ITO
MO3BOJIAET JaThb KOJIMYECTBEHHYIO OUCHKY CTENEHU CXOACTRA M pa3jiu-
Yusi OPraHU3MOB NYTEM BblYMCIeHUS] KO3(DUUMCHTOB CXOACTBA WU
cooTBeTCTBUA. 1151 MCNoJib30BaHUsI HYMEPUUYECKOM Kilaccudukaumu
HEOOXOAMMO KaK MOXHO MOJiHee U3yYuTb (eHOTUNHYECKHE NMPHU3Ha-
KM MMKpOOpraHu3ma, Tak Kak OT 3TOro 3aBUCHMT TOYHOCTb MOMELILE-
HHUSl €r0 B JaHHYIO rpyniy.

B HacTosiliee BpeMst OCHOBHBIM SIBJISIETCS ghusoceHemuyecKkui nooxod
K CHCTEMAaTHMKE MMKpPOOPraHM3MOB, KOTOPblii yUHUTHIBAECT POACTBEH-
Hbl€ CBSI3W W MYyTH 3BOJIIOLIMM OpraHu3MoB. B Takoi kiaccudukaumum
vepapxusi TAKCOHOB OTpaXaeT reHeajgornyeckoe apeso. OaHako npu
OTCYTCTBMM B GOJIbILIMHCTBE CJTy4aeB UCKOMAEMbIX OCTaTKOB MMKPOOP-
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Puc. 1. PunoreHeTnyeckoe JpeBo, NOCTPOEHHOE HA OCHOBaHUM aHAIU3a
16S pPHK

raHU3MOB HEBO3MOXHO HaIpsIMyI0 YCTAHOBUTb HCTOPUUYECKHIA MYyTb 3BO-
JIIOLMHU.

Ha ocHoBaHuM uccnenoBaHuii nipogeccopa UnnnmHoickoro yHu-
sBepcuteta K. Bé3a (C. Woese) caenaHa nomnbiTka nepexoaa K ¢uiore-
HETHUYECKOM KiacCMdUKAUMU MUKpoopraHusmos. [lpu 3TtoM cpaBHU-
BalOT HYKJIEOTHAHBIE nochenoBatesbHoCcTH 16S pPHK, cocrosiiueit u3
1 500 Hyk/1e0THIOB, U3 KOTOPbIX 900 — KOHCEpPBAaTUBHBI. JTa MOJIEKY-
J1a 00J1a1a€eT 10CTATOYHO 0OJIbLLOI, HO HE Ype3MepPHO HHDOpMaLIME
M CUMTAETCs CBOEOOpa3HbIM OMOJIOTMYECCKUM F€HETUYECKHUM «XPOHO-
MeTpoM». Ha ocHOBE MHOXECTBa CpaBHEHHU I € MOMOLLBIO KOMIIbIOTEPA
ObLIO NOCTpOeHO ¢puoreHeTHueckoe aApeBo (puc. 1). OnHOBpeMEHHO
ObLJIO 10KA3aHO, YTO MUTOXOHIPUHU M XJIOPOIJIAaCTbl UMEIOT OakTepu-
albHOE CMMOMOTHYECKoE ripoucxoxaeHue. Ananu3s 16S pPHK no3so-
JISIET OnpelieJIUTh MECTO MUKPOOPraHM3Ma Ha (OMJIOre HCTUYECKOM Ape-
BE, 3 HAX0XIEHHE BUAOBOTO Ha3BAHMS BEACTCS] TPAAULIMOHHBIMU MHUK-
pobuosnornyeckumun metogaMu. [pu atom 90 % coBnangeHuit yka3biBa-
€T Ha NMPUHAMIEXHOCTb K OfnpeaesicHHOMY poay, 97 % — K onpenejieH-
Homy Buny. bonee Tounnlit Meton — JIHK — IHK-rubpuamsaiius, ko-
TOpbiil naet 6onee 30 % coBnageHui B npenesiax poaa u 6onee 70 % —
B Npejaesiax BMAaa.

B nocnenHee BpeMs 1isi 6osiee yeTKoit auddepecHUMPOBKH MUKPO-
OpPraHM3MOB Ha ypOBHE pola M BMAA, KOraa MOAXo[bl, OCHOBAaHHbIC
Ha MOJIEKYJIIPHO-OMOJIOTMYECKHUX TMPUEMAX, HEAOCTAaTOYHbBI, Mpeia-
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raloT UCMNOJIb30BaThb noaughuremu4ecKkyo maKCoHOMuUO ¥ Hapsay ¢ Ofn-
peaesieHUEM TMOCIeA0BATE/IbHOCTEN HYKJIEOTUIOB MPUMEHSITH [UIs1 aHa-
JIU3a U Apyrue UCTOYHUKHU UHPOPMALIMY MHOTOKOOPIMHATHOM TaKCO-
HOMUU. TepMUH «nonuda3Hasi TAKCOHOMMSI » ObLI MpewioxeH B 1970 r.
aMepUKaHCKUM rnpogeccopoM-MukpobuonoroM Purtoit Konsenn mwis
0003HayeH1s1 TAKCOHOMMH, KOTOpasi BKJIIOYAET U OObENUHSIET MHOTO
ypOBHe# MH@OpMaUMHU, OT MOJIEKYJSIPHOTO 10 3KOJOTrHYECKOro,
Y YUMTBIBAET HECKOJIbKO OMNpeAeSIEHHBIX, pa3IMYalolMXCs NOPLIHIA MH-
¢dopmaLMH, NMPOUCXOASILLIMX U3 HETOMOTEHHBIX CUCTEM.

B HacTosiuiee Bpemsi nonugasHoil TaKCOHOMMEN 0603HAYAIOT KOH-
CEHCYCHYI0 MAaKCOHOMUIO, KOTOPAasi CTApAaeTCsl UCIOJ1b30BaTh BCIO UMEIO-
uyrocst MHGOpMaLIMIO LTS Bbli€JIEHMSI KOHCEHCYCHBIX TAKCOHOMHUYEC-
KUX rpynm.

MuHuManbHble TpeOOBaHHUs ISl NOJlyYe HUsl MOJIE3HOI noandme-
TUYECKON MH(POPMALIMU BKJIIOYAIOT:

® NpeiBapuTeibHbI MOUCK TPYIN CXOXHUX ILITAMMOB;

® onpeaeneH1e PUIOreHeTUYECKUX MO3ULIMIA ITUX TPy,

® Y3MEPEHMs1 pa3IUuMii Mexay rpynrnamMu M Ux GauxailliMMu co-
CelsiMU;

m cOOp pasUyYHBbIX AaHHBIX, AU(dEPEHUNPYIOULUX TPYNIbI, Npe-
NMOYTUTEJIBHO Ha Pa3HbIX YPOBHSIX KJIETOYHOMH OpraHM3aluH.

[Mpennaranuce ¥ apyrve Noaxoabl [UIsi BbISIBJICHUSI POACTBEHHBIX
CBsi3eil MMKPOOPraHW3MOB, HanpuMep OrpelesieHHe MnocJieqoBaTelb-
HOCTHM aMHMHOKHMCOT B 6€Jike LMUTOXpOMa ¢, KOTOpbIi €CTb He Yy BCEX,
U ornpenesieHUe rnoJiHoi nociaenosatenbHocT JIHK. Takue noaxonsi
MO3BOJISAIOT COMOCTAaBUTh 3BOJIIOLIMOHHbIE MYTH pa3BUTHUS B Dolee y3-
KMX TAKCOHOMHUYECKHX Tpynmnax.

B HacTosiliee BpeMs pa3pabaTbiBaeTcsi KJ1acCU(UKALIMS BCEX XKHUBbIX
CYLIECTB, B KOTOpO# BblaefeHbl TpU domena (Haauapctsa): Bacteria,
Archaea 1 Eukarya Ha OCHOBaHMH aHaJIM3a HYKJICOTHIHOM TMOCJie10Ba-
TeabHocTH 16S pPHK.

B nomeHn Eukarya Boli Bce 3yKapMoTHUYeCKHe OPraHM3Mbl KaK Ofi-
HOKJIETOYHBIE, TAK U MHOTOKJIETOUHbIE, BKJIIOYasi yenoBeka. ['pynnebi,
coiepxalliue MUKpOCKOMHUYECKHE OOBEKTHI:

® BOJIOPOCJIM («pacTyllMe B BOAE»), SABISIIOLIMECS ONHOKJIETOYHbI-
MM, KOJIOHHAJNbHBIMU WMJIM MHOrOKJIETOYHbIMU (poTOTpOdamMu, ocy-
LIECTBASIOLIMMU OKCUTEHHBIN (pOTOCHHTE3. MHUKPOOHONOrMYECKUMH
00beKTaMHM TPAIULIMOHHO CYMTAIOTCS MPEACTABUTEIN KPACHBIX, 30J10-
TUCTbIX, JTUATOMOBBIX, 3BIJIEHOBbIX M, KOHEUYHO, 3€JIeHbIX BOIOPOC-
Jiel, a TakkKe Mx JeiHKkodopMbl, pacTyliiye B TEMHOTE U NOTEpsIBLLHE
MUIMEHTHI;

® rpuObl, MUKPOOUOJIOTHYECKUMU OOBEKTAMU CPENU KOTOPbIX SIB-
JISIOTCSL HU3LLKe rpubbl u3 ponoB Rhizopus, Penicillium, Aspergillusvi T.1.,
a TakXe JpoXxXeBble aHaMOp(dbl rpuboB;

® NpocTeiiliiie, KOTOPbIM 10 HElaBHETO BpEMEHU yIessiyIi BHUMA-
HHUE B CBA3M C MX NMATOreHHOCTHIO ISl Ye€sI0BeKa (MaIsipHifHBIN T1a3-
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MOIMH, TPUMAHOCOMBI U T.[.), HO ceiflac MoKa3aHo, YTO MpPH Bbipa-
LUMBAHUMU HEKOTOPBIX MOYBEHHBIX U BOAHBIX MPOCTEHILIMX MUKPOOHO-
JIOTMYECKUM CMIOCOOOM B BUAE YHUCTHIX KYJILTYP MOXHO MOJy4YaTh LIEH-
Hble npoaykTbl. Hanpumep, Astasia longa npy KyJibTMBUpPOBaHUHU B ep-
MeHTEpe Ha CMHTETHYECKOi cpene aaet a0 20 % ot obiuero Kojuye-
CTBa JIMMMAOB MOJUHEHACHILICHHOI XUPHOM KMCIOTbl — apaxua0HO-
BOIA.

HomeH Bacteria BkjloYaeT npokapuOTUYECKUE MUKPOOPraHM3MBbl,
MMEIOLLME TUMUYHbIE MPU3HAKU OaKTepHil, B YACTHOCTH KJIETOYHbIE
000/104KH, cofepxallie nenmudoAuKaH.

K cpaBHUTENIbBHO HOBOMY nOMeHY Archaea OoTHOCSITCSI MUKpOOpra-
HU3MbI, pa3nencHHbie Ha TpU duiyma: Euryarchaeota, Crenarchaeota
n Korarchaeota. IlepBblit pwiym o6beaUHSAET MOBCEMECTHO pacnpoCT-
paHEeHHble MUKPOOPraHU3Mbl. DTO MemaHoeeHsl — CTpPOrue aHa3poObl,
obuTaloLMe B JIOHHBIX OCaIKax MPECHOBOAHbLIX 30H, OOraThix OpraHu-
KO#, WiKM B pyoue XBayHbIX. LLIMpOKO pacnpocTpaHeHbl TaKXe 3Kkcm-
pemMansvHble 2an0¢huasl, pacTylliMe NMpy BbICOKMUX KOHLIEHTpALMUsIX COJIU
M CMOCOOHBIE OCYLUECTBASATb OCOObII TUN (POTOCHMHTE3a C MOMOLLLIO
0aKTepMOpONONCHUHA, KOTOPbIii Ha cBeTy paboTaeT Kak NMpPOTOHHas
nomMmna. Ko BropoMy ¢pusiyMy OTHOCSITCSI MUKPOOPTraHU3Mbl, UMCIOLLIUE
OuYeHb y3KHe U crieunduieckue Mecta obuTaHusl. ITo Ixkcmpemoghuasi,
3aeucauiue om cepHoix coeduHeHnuti, onTuMyMbl pH 1 TemmnepaTtypsbl po-
CTa KOTOPbIX OTJIMYAIOTCSI IKCTPEMAIbHBIMU 3HaYeHUSIMU. Tpetuit pu-
JlyM 3ape3epBUpOBaH 3a NpPEICTAaBUTEISIMM IO HACTOSILLUETO BPEMEHM
HEKYJbTUBUPYEMbIX MNPOKAPHOT, Uil KOTOPbIX, OAHAKO, M3BECTHHI
MOCJIeI0BaTeILHOCTH T€HOB, Koaupyloinx Monekyiy 16S pPHK.

Kpome HykneoTuaHoit nocienoBarenbHoct 16S pPHK, apxeu
OT/IMYAIOTCSt OT OAKTEPUIl U 3yKapuii psiIOM CyLLIECTBEHHbIX NPU3HA-
KOB:

B cmpoeHuem memOpan u aunudoeé membpan. B oObIYHBIX TUNKAAX
IMLEPOJ CBA3aH CI0XHO3I(UPHOW CBA3bIO C XXUPHBIMU KHUCJIOTaMH,
a y apxeit — npocTtoit a¢upHo# cBsi3blo ¢ Cy-cnUpTOM — humato-
aom. Takue 3dupbl Moryt obpa3oBbiBaTh TeTpaMephl (Cy), a uenu
¢utaHoNna MoryT comepxarb NsATHYIEHHbIE KOJibLia. MeMOpaHa, 06-
pa3oBaHHasi U3 TETpaMepoB, 6oJjiee pUTMIHA, TaK KaK Y HE€ HET BHYT-
PEHHEro NMpocTpaHCTBA (pUC. 2). ApXeM MOTrYT UMETb KaK OOblYHblIe
OUCNoiHbIE, TAK M PUTUIHbIE MOHOCJOWHBIE MEMOpaHbl, HO YeM
3KCTpeMaJibHee yCNOBUS1, TeM OoJibllie MOHOCJIOHBIX 00J1acTeil Haxo-
IUTCS B MeMOpaHe.

Apxeu conepxat B MeMbpaHax 7— 30 % u3onpeHOMOOB (B YaCTHO-
CTH, CKBaJIeHa). Takue Xe COeAMHEHUSI HaXoOsT B HEPTAHBIX OT/IOXE-
HMSIX, YTO CBUIETEJbCTBYET O APEBHOCTH 3TUX MUKPOOPraHU3MOB;

B CImpoenuem KAemo4Hbix CmenoK. Y apxei He HailieHbl TUITMYHbIE
151 GakTepuit NenTUAONIMKAHOBbIE (MypPEUHOBbIE) KJIETOYHbIE CTEH-
K1. OHM nipeacTaByieHbl JIMOO nceBnoMypeuHoM (Het N-aueTwimypa-
MOBO# KMCJIOTbI), JIU6O OeNKOBbIM S-ci10eM (CTPYKTYpPUPOBaHHBIM
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Puc. 2. OcobeHHOCTH CTpOEHUsi MEMOPaH U IMNUIOB MeMOpaH y apxe:

A — crtpoeHue oObIYHBIX nunuaos; 5 — cTpoeHue NUNUIOB apxeit; B — TeTpamepbl
¢uTaHona; I' — obblYHbI GUCNOii; [ — pUruaHbliA MOHOCION

0eJIKOM, COAEPXAlUUM <«KUCJIbIEe» aMMHOKMCIIOTbI, 33 CYET YEro Ha
MOBEPXHOCTH KJIETKH CO3/1a€TCsl TOHKUI CJIOH BOAbI, OTTAJIKMBAIOLLIMIA
HOHBbI coneit). Eule oqMH BapyaHT opraHMU3aluM apxei — OTCYTCTBUE
KJIETOYHOI CTEHKM, Koraa MeMOpaHa noyTH NOJHOCTHIO NMpeacTasie-
Ha PUTHIHBIM MOHOCJIOEM U3 TETPAMEPOB, YCWIEHHBIM OOJIbILIMM KO-
JINYECTBOM MATUWIEHHBbIX KOJIEL, HanpuMmep, kak y Thermoplasma;

u ocobernocmamu memaboauzma. Y apxeit [JJHK cpsizaHa ¢ rucro-
HaMU U MMeET MHTPOHHBbIE Y4acTKH, nogobHo sykapvoraM. B TPHK
apxeii He HaitneHo pubotumuHa. PHK-nonumepasbl 3TUX OpraHu3mMoB
OoJIbllie MOXOXM Ha 3yKapUOTHYECKHUE IO CYObEAMHUYHOMY COCTaBY.
TpaHcnsiuMs 6GeslKa He YyBCTBUTEIbHA K XJIopaMbeHHKony (Kak y 6ak-
TepMii), 3aTO YYBCTBUTEJIbHA K AU(PTEPUITHOMY TOKCHHY (KaK Yy 3yKa-
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puoT). Y apxeil HaineHbl YHUKaJbHble KO(EPMEHTBI — METaHOITe-
pUH, MeTaHodypaH, F4, Fa43 (MpaBna, MeTaHonTepuH OoOHApPYXEH M
y ¢bakynbTaTMBHBIX METIIOTPOGOB). ABTOTpO(Has (PMKCALUS YIIIEKUC-
JIOTHI y apXeil MPOUCXOAUT HELIMKJIMYECKUM nyTeM (auemun-KoA-nyme).
lanogunbHbie apxeu ocyecTBAAIOT (POTOCUHTES, CBSI3aHHbIH ¢ (PyHK-
LLMOHUPOBaAHUEM 0coboro Oesika, 6aKTepUOPONOINCHMHA, C PETUHAJIEM
B KauecCTBe NMPOCTETUYECKOI1 IPYyMIibl, 10 MHOTUM CBOWCTBAM CXOXETO
C PONOINCHHOM CETYAaTKU 3PUTEJILHOTO OpraHa XWBOTHBIX.

ApXeu OObIYHO CYLIECTBYIOT B 3KCTPEMaJIbHbIX YCJIOBMSIX M NAIOT
CKynHbIi pocT. OnHaKO B TAKUX MECTOOOUTAHHUSAX Y HUX MAIO KOHKY-
PEHTOB, YTO MO3BOJILJIO UM COXPAHUTHLCS 10 HACTOSILLETO BPEMEHH.

KoHTponbHbie BONPOCHI

1. O6bsicHUTE, NOYEMY TEPMUH «MUKPOOPraHU3M» He UMEET TAKCOHOMHU-
4EeCKOro CMbICa.

2. Yto noHnMaloT noxa Kjiaccugpukalmein ¥ CUCTEMaTUKOI OMONOrM4ecKUX
06beKTOB?

3. TloyeMy MHKpOOpPraHM3Mbl He yaaeTcsi KjiacCM(pULMPOBATb TOJBLKO MO
X MOp}hoNIOrMYeCKUM XapaKTepucTUKam?

4. [NpoaHain3upyiiTe JOCTOMHCTBA U HENIOCTATKHU NPUMEHSIEMbIX B HACTO-
sillee BpeMsi cnoco6oB kjiaccupuKaluMM U CUCTEMATUKM MUKPOOPraHU3MOB.

5. Kakue rpynnbl MUKpOOPraHM3MOB BXOAST B coctaB noMeHa Eukarya?

6. B kakue noMeHbl 06beAMHEHBI MPOKAPUOTHYECKHE MUKPOOPTraHU3MbI?
YeM OTIMYAIOTCA MPOKAPUOTHI, BKJIIOYEHHbIE B pa3Hbie JOMEHbI?

7. Ha3oBute uepTbl CXOACTBA M palinuusi apxeil u OakTtepmii, apxeit u
3yKapH.



lnasa 3
MOP®OJIOrNA MUKPOOPITrAHU3MOB

O6wue ceepeHunn

Martepuan 3Toii rnaBbl TECHO CBfI3aH C IPUMEHEHUEM U pa3BUTU-
€M MUKPOCKOIMYECKUX METOAOB MCCJIEAOBAHUSI, KOTOPbIE MOAPOOHO
M3y4yaloTCsl Ha MPaKTUYECKUX 3aHSTHSX.

Ins GonblUMHCTBA O6aKTepHit U apXxeil MOXHO CUMTATh CIpaBeUIN-
BbIM YTBEpXJEHHE O TOM, YTO 3TO MaJleHbKHE, MPOCTO YCTPOEHHbIC
OpraHu3msl, UMeloLLIe YHUBepcaibHOe cTpoeHHue. C apyroi CTOPOHBI,
MHUP MUKPOOOB, HaceNsIOLLUX Hallly TUTAHETY, Ype3BblYyaifHO pa3HO00-
pa3eH. Ero npeacraButenu pasnuyaiotrcss MOpGOJIOTHYECKH, a TaKXKe
¢u3ronoruyecKuMM 1 GUOXMMHUYECKUMH cBocTBaMHU. [To npuHLUMNYy
KJIETOYHOW OpraHM3alMM BCE MUKPOOPraHU3Mbl MOTYT ObITh pa3aese-
Hbl Ha [1Ba TUIA — MPOKAPUOThl U 3YKAPHOThL. Y MPOKApHUOT i€ PHbIi
annapar, Ha3blBaeMbli 4YaCTO HYKJIEOUIOM, NPEACTaB/IEH, B OObLUMH-
CcTBe ciyyaeB, KojblieBoit Monekynoit THK, coorBercTByloleit oa-
HOW XpOMOCOMe. Y 3yKapHOT SIAPO COAEPXKHUT HAbOp XpPOMOCOM U OT/le-
JIEHO OT UMTOIUIa3Mbl MeMOpaHoii. Pa3nnuus B opraHU3aLmu sinepHO-
ro annapara KOppejaupyloT C psiioM ApYIrMX 0COOeHHOCTEH 3y- U Mpo-
Kapuor (Tabn. 1). [leppoHayaibHO K MUKPOOPraHM3MaM OTHOCHJIM U
eupycsl, OJHAKO B HACTOsIllee BpeMs HX yallle pacCMaTpMBaIOT Kak
ocobble ¢OpMbI XH3HH, He UMEIOLLIME KJIETOYHOTO CTPOEHUS U conep-
Xauiye, B OTJIMYME OT MPO- U 3YKAPHUOT, JIMIIb OAWH TUI HYKJIEUHO-
BbIX kucyot (JJHK wnn PHK).

Cpenu npokapyoT pa3yinyaloT 6akrepuu M apxen. OCHOBaHHEM ILIsI
BblAEJIEHUs] 3THUX TPYII, paCCMaTPUBAaEMbIX B HAcCTosLlee BpPeMsl Kak
OTIe/IbHbIE NOMEHBI, MOCIYXWIH, NpeXIe BCEero, pe3yabTaThli CpaB-
HEHHS OJIMTOHYKIIEOTUAHBIX MocjienoBatenbHocTeil 16S pubocomanb-
Hbix PHK, a Takxe BhisiBIeHUE pa3inyvil B COCTaBax KJIETOYHbIX CTe-
HOK, JIMTIMIOB U psil APYTUX OCOOEHHOCTEN. BOJIBIIMHCTBO U3BECTHBIX
MPOKapHOT COCTAaBJSAIOT pa3IMuyHble rpymnsl G6aktepuii. M3BecTHbie
apxey BKJIIOYAIOT IpyIbl METAHOTEHOB, OTAENIbHBIX CY/1b(aTpeayKTO-
POB, 3KCTPEMAJIbHBIX raJIO)WIOB, TEPMOILUIA3M, JIMLIEHHBIX KJIETOYHBIX
CTEHOK, a TaKX€ 3KCTPEMaJIbHO TEPMOMWIBHBIX MHKPOOPraHU3MOB,
OKMCJISIIOLLIMX U BOCCTaHABJIMBAIOUIMX 3JIEMEHTApHY10 cepy. 3a nocJie-
IHUE rofibl OOHAPYXEHO 3HAYUTEJILHOE YHUCJIO HOBBIX MPeNCTaBUTENEH
apxed M MX KOJIMYECTBO MPOAOJIKAET MOMOJHATHCS.
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HexoTopsie OT/IHIMTE/IbHblE NPU3HAKH 3YKAPHOT H MPOKAPHOT

Tao6nuua 1

XapakrepucTHKa

[Npoka-
PHOTHI

Jyka-

pHOTHI

Llumanoeuueckue npusnaxu:
HauMeHbILMi pa3mep KieTKd 0,05 MKM
Hainuue opopMIEHHOIO fapa
HaJIMYMe aBTOHOMHBIX OpraHe/U1 (MMUTOXOHOPHH,
XJIOpOILI1aCThI)

Jlokaausayus pubocom:
pacnpenesieHbl B LIMTOILIa3Me
MPUKPEIUIEHBI K 3HIO0IUIa3MaTUYECKOMY PETUKYITYMY

Kzymuku (eciin NpUCyTCTBYIOT):
aunametp 0,01 —0,02 MxMm
aunameTp okoJo 0,2 MKM

Monexynapro-buonoeuyeckue ocobeHHocmu:
YUCJIO XPOMOCOM
KOJIbLIEBAsi XPOMOCOMA
JIMHEHHBbIE XPOMOCOMbI
KOHCTaHThl CEAMMEHTaLMK pUbOCOM:
708
80S
KOHCTaHTHI ceAMMeHTalmny pubocomuoit PHK:
5SS, 168, 23S
5S, 5,85S, 18S, 28S

”[JMJHGKM, OCHOBAHHbIE HA XUMUHYECKUX aHanu3ax.
NPUCYTCTBHUE NENTUAOINTUKAHA

OcobeHHocmu pa3mMHONCCHUS.
KJIETOYHOE NieJ/IEHHE NMPOUCXOAUT B pe3ybTaTe MUTO3a
BO3MOXHOCTb Meii03a

Tleperoc 2enoe u pexombunayua exarouarom:
raMeToreHe3 ¥ oo6pa3oBaHHeE 3UTOThbl
JlaTepasibHblif (rOPU3OHTAIbHBII) MEPEHOC IEHOB

Tumarue.
anddy3us WM TpaHCTIOPT Yepe3 MeMOpaHy
3HAOLMTO3

Memaboauueckue ocobennocmu:
HbIXaTeJIbHbIIA ¥ (POTOCHHTE3UPYIOLLMIA anmnapat
acCOLIMMPOBAH C TUIa3MaTh4YecKoi MeMOpaHOI WM ee
BbIPOCTaMH
BO3MOXHOCTb XeMOJIMTOTPO(HOro MeTabonusma
CcnocobOHOCTL K (PMKCALIMM MOJIEKYJISIPHOTO a30Ta
CNOCOOHOCTb K METAHOTEHE3y
CNOCOOHOCTb K aHOKCUI€HHOMY (hOTOCHHTE3Y

+ + + +
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Paamepsbl, opMma u rpynnupoBaHune Knetok

HecMoTpsi Ha TO, YTO TEPMHH «MUKPOOPraHU3M» MOApa3yMeBaeT
MaJjible pa3Mephbl, 3TOT MPU3HAK BAPbUPYCT B IOBOJIbHO LLIMPOKMX Tpe-
nenax (ta6n. 2).

Pa3mepsbl Kj1eTOK 0O0/bLIMHCTBA MPOKAPUOT HAXOMSITCS B Mpeaenax
0,2— 10,0 MxMm (puc. 3). OnHaKO Cpeay HHUX €CTh «KapJIMKU» (TPCHOHE-
Mbl, MHUKOIJIa3Mbl U HaHODOakTepuu pa3mepamu npumepHo 0,05 —
0,1 MkM) u «rurantbl» (Achromatium, Macromonas naviboi 0o 100 Mkm).
CaMbIMH KPYNTHbIMHY M3 BbIAEJEHHBIX 10 HACTOSILIETO BPEMEHU NMPOKa-
pHoOT siBasitoTcsi KNeTtku Epulopiscium fishelsoni (puc. 4), oburalowme B
KMLUEYHUKE TJIyOOKOBOAHOM pbIObI-XHUpYpra, MWIMHOM 10 600 MKM M
auametrpoM 10 100 Mxm, u Thiomargarita namibiensis, HaiineHHbIE B
npubpexHbix Bogax Yuau u Hamuouu, nnametrpom 400—600 mMkM.
B T0 Xe BpeMsi HcOOXOAMMO OTMETHUTD, UTO MOpCKasi Bogopociib Nano-
chlorum eukaryotum, necMOTpsi Ha OYE€Hb MaJible pa3Mepsl (CM. Tao. 2),
MMEET HACTOSILIEE $1/1PO, XJIOPOILIACTBI U MUTOXOHAPUM. PesiomMupysi
JaHHbie TabJ1. 2, MOXHO CAEJiaThb BBIBOA O TOM, UTO pa3Mephbl U3BECT-
HbIX B HacTosiliee BpeMsi NPOKAPHOTHYECKUX MUKPOOPraHU3MOB Ha-
xonsitcsi B npeaenax ot 0,05 no 600 Mxkm.

DopMbl KJ1eTOK OaKTepuii He OTIMYAIOTCS GOJbLIMM pa3HOODpa3u-
eM. OOBLIYMHO 3TO NMAJOYKHU Pa3HOU IIMHBI, chepUUeCKUe KIETKH (KOK-
KH), 4 Takxe H3BUTble (POpMbl — BUOPHOHLI U cnUpubl. Knetku
GaKkTepMit MOryT 0Opa3oBbIBaTh IOBOJIbHO YCTONYMBBIE COYETAHUS —
Nnapbl Majoyek U KOKKOB (AMITJIOKOKKH), KOPOTKUEC M JUIMHHBIE Lie-
MOYKH NajoueK U KOKKOB (CTPENTOKOKKHM), TeTpaldbl U nakeThl u3 4, 8

Ta6bnuua 2
Pa3mepnbl 0TAEJIBHBIX NPEACTABHTEEH XKHBOTO MHpa

Opranusm Pa3mep, MKkM
HaHobakrepuu d< 0,05
[TokcBupychl d~ 0,3
Mukonna3mbl d=03
Nanochlorum eukaryotum d~1,0—-2,0
E. coli 1,1 —1,5x 2,0—6,0
CnupoxeTbl 1,5x 50,0
Oscillatoria sp. d~170
SpUTPOLUTHI d=170
Epulopiscium fishelsoni 100,0 x 600,0
Thiomargarita namibiensis d~ 600,0
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IMpenesbl 50 kB CseroBoi HesoopyxeHHblii

paspeleHust DNEKTPOHHbI MHKPOCKON a3
MMKPOCKOI1 0,2 MKM YeJIOBEKA
0,003 MkMm 40 MKM

Mukpockolimueckue
rpubbl ¥ NpocTeHIlIne

Tunw baktepuu 4740 mxm
OpraHU3MOB 0.1-10 MM
Bupycbl
0,03—0.3 MM
— T
0,001 0,01 0,1 | 10 100

PasMep. MkM

Puc. 3. Llikana oTHOCUTEJILHBIX PA3MCPOB MUKPOOPTaHU3MOR

Puc. 4. TeMHoMonbHasi CBETOBasi MUK-
POCKOINMUSI TMTAHTCKOrO MPoOKapuoTa,
CUMOMOHTA KMLIEYHUKA PbIObI-XU-
pypra Epulopiscium fishelsoni. IManou-
KOBUWJIHLIC KJIETKU E. fishelsoni ¢ 3a-
KPYIJICHHBIMM KOHLAMU Pa3MCpoOM
okos1o (0,6 MM Ha CHUMKE NpUBE/IC-
Hbl PSUIOM C TpPEMSI KJICTKAMM TIpO-
creitnx Paramecium, nivHa kaxnon
M3 KOTOpbIX OKOJIO 150 MKM

\
7t

™
X
W
X
>

Puc. 5. ®opmbl 1 coucTanusi 6GaKTEPUAIBHBIX KJIETOK:

A — nuniokokkH; b — crtpentokokku; B — cradunokokku; I' — OGaummnwl; A —
KOKKOOauWwuibl; £ — nanouku; XX — TOHKUE NanoYku; 3 — BUOpHOHBI; H/ — CUpWUIbL;
K — Terpanbi
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Puc. 6. INpeacraButeny Hanbonee pacnpocTpaHeHHbIX MOPGOTHUIIOB bakTe-
puit (MukpodoTtorpaduu B $Hpa3oBO-KOHTPACTHOM MUKPOCKOTE):

1 — xokku (Thiocapsa roseopersicina, nMaMeTp OTAENbHBIX KJ1eTOK ~ 1,5 MkM); 2 —

nanoyku (Desulfuromonas acetoxidans, nnaMetp ~ | MkM); 3 — cnupunabl ( Rhodospiril-

lum rubrum, nnametp ~ | MKM); 4 — cnupoxeThl (Spirochaeta stenostrepta, nnameTp

~ 0,25 MKM); 5 — noukyiolurecs KJeTKH ¢ BeipocTaMu (rudbt v otpoctku, Rhodomicro-

bium vannielii, itnameTp ~ 1,2 MKM); 6 — HUTeBUAHbBIe KIeTKU ( Chloroflexus aurantiacus,
auametp ~ 0,8 Mkm)
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Puc. 7. baktepuu ¢ pa3jiMiHbIMU BbIPOCTAMM:

I — Caulobacter sp.; 2 — Hyphomicrobium sp.; 3 — Ancalomicrobium sp.; 4 — Galio-
nella sp.

\

~
N

4

Puc. 8. Tunsl rpynnupoBaHus chepruuecKmX KJIeTOK:

| — NMMIOKOKKHU;, 2 — CTPENTOKOKKH; 3 — TEeTPAaKOKKH M capuuHbl; 4 — craduio-
KOKKH M MMKPOKOKKH

1 71 2

Puc. 9. MuuenuanbHble OpraHM3Mbl NPH OOMHAKOBOM YBEJIMYEHUM:
| — nouBeHHbIH aKTUHOMMLET; 2 — MOYBEHHbIE rPUODLI

1 OoJlee KOKKOBUAHBIX KJIETOK (CapuMHbl), rpo3absi (CTaUIOKOKKH),
PO3ETKH, TJIOCKHE TAOJIUUYKHU, CETU U TPUXOMBI (LLENOYKH KJIETOK, TECHO
NPUMBIKAIOLIXE APYT K ApYry, NpsiMble ¥ BETBSILLIUECS).

B To e BpeMsi CylLeCTBYIOT MUKPOOPraHMu3Mbl HeOObIYHOM (OPMbI
(kBampaTHble, NPsIMOYroJibHbie, 6000OBUAHbIE, 3Be3a4YaTbie, Tapes-
KOOOpa3Hbie), BETBsALMeCs U oOpa3yiolliMe MMLEIUii (aKTMHODaKTe-
pun), uMerowime rudnol ¢ noukamMu (Hyphomicrobium), ctebenbku
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Puc. 10. PaznuuHbie popMbl HUTHUATBIX GaKTEpUiA:

| — Beggiatoa; 2 — Thiothrix, 3 — Saprospira; 4 — Simonsiella, 5 — Caryophanon; 6 —
uMaHobakTepuun poaa Microcoleus, 7 — Leptothrix, 8 — Sphaerotilus; 9 — Crenothrix

Puc. 11. KneTkn HoKapauu Ha pa3Hbix (hazax pocTta KyJabTypbl:
I — 2-cyrouHasi; 2 — 4—5-cyrouHas; 3 — 7—8-cyTouHas
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Puc. 12. ®opMbl KJIeTOK MUKOGAKTEPHIA:
I — cyrtouHas KynbTypa; 2 — 2-cytouHasi; 3 — 3—4-cytouHasi; 4 — 10-cyTouHas
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Puc. 13. UameHeHnue dopmbl knetok Arthrobacter (1) v xnetku Corynebacte-
rium (2)

(Galionella), npoctexku (Campylobacter) (puc. 7.9). CyliecTByIOT TaKXe
6aKkTepuH, MeHsIoLHE CBOIO MOpPGOJIOrHI0 B TeYeHHUE XHU3HEHHOro
uukna (Corynebacterium, Mycobacterium, Nocardia) v obnanaroiiye ruieii-
omopdusmom (puc. 11—13).

CTtpoeHMe NPoKapuoTUYECKUX KNeToK

CxeMa CTPOEHHUsI TUITUYHOI NMPOKApUOTHUYECKOMN KIIETKU TNpUBELE-
Ha Ha puc. 14.

SinepHas 30Ha M reHEeTHYECKHI annapar KJeToK npokapuor. bakre-
pUaIbHbIE XPOMOCOMbI ObUIM OTKPBLITHI MHOIO MO3IHEe, YeM 3yKa-
PUOTHYECKHE, TaK KaK OHM He 005amaloT CBOICTBOM KOHIEHCUPO-
BaThCsl B MeTadase, UTO Aeja€T XPOMOCOMBI 3yKapuil CTOJIb BULUMbI-
MHU. B 40-x ronax XX B. ObLIM MONyYeHbl NEPBbIE 10KA3aTENbCTBA CMIOH-
TAHHOTO MyTareHe3a y 6akTepuii, U 3TO MOCIYXHJIO OCHOBaHUEM ISl
MPenoJOXCHUS O HAUTMYUHU Y MPOKAPUOT MYTUPYIOLLIMX T€HOB — (yH-
KLIMOHAJIbHBIX 3JIEMEHTOB XpoMOcoMbl. [TouTH B TO Xe Bpemsi A. 9BepU
C KOJUIEraMM pacKpbll XMMHUYECKYIO NPUPOAY Fr€HETUUYECKOrO MaTepH-
aj1a B JKCNepUMEHTax no TpaHchOpMaUMM aBUPYJIEHTHOrO lUTamMma

Pubocombl Uuronnasma Hymeouﬂ

CoMaTtnucckue
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Puc. 14. Cxema nensiueiicsi 6akrepuaibHON KJ1€TKH

25



nHeBMOKOKKa npenapatoM JIHK, BblaejseHHbIM M3 BUPYJIEHTHOIO
uiTaMMa, ¢ TIOJlydeHUEM BHUPYJIEHTHbIX KieToK. Ho B TO Bpemsi 3TH
JaHHbIE He OBbLIM BOCNPUHATH 6e30roBopoyHo. [lorpebGoBaivch roabl
10 oTKphiTHs B 1952 r. Toro dakra, yto JJHK, a He Oejiok BxoauT B
KJ1eTKy 6akTepuu npv darosoit uHbekuum (A.[l. Xepun u M. Yeiis),
u 1o paciundposku ctpykTypbl JHK B 1953 r. (Ix. YorcoH u @. Kpuk),
4yTOOBI (haKT NMepenayun HacaencTseHHOM nHdopmaumu yepe3 JIHK 6bin
HakoHel npu3HaH. B 1956 r. BHyTpu 6GakTepHUabHbIX KJ1ETOK Obljia 00-
HapyXeHa «siiepHasi 30Ha», WU Hykaeoud, Tie pa3MelleHa GakTepu-
anbHas xpoMocoMa (puc. 15). B 70-x ronax crano BO3MOXHbIM Bblaejie-
Hue KoMnakTHo# ¢opmbl TotanbHOi JHK u3 kietok 6akrepwui
(puc. 16), YTO MONOXKHUIO HAYaNO UHTEHCUBHBIM OMOXMMHUUYECKUM HUC-
CNeJOBaHUSIM HYKJIEMHOBBIX KMCJIOT MPOKapHoT. COCTOSIHUE CyNnepCKpy-
yeHHocTH 6akTepuanbHoil JJHK 6bu10 06HapyxeHo B cepeanHe 60-x
rogoB, B TeueHHe 10 neT nocsne 3Toro O6bLIM 06HAPYXeHbI PEepMEHTHI,
KOTOpbIE OTBEYAIOT 3a CBepXCNUpaiu3auuio U packpyuuanue J1HK
(Torou3oMepasbl, rupasbl). B LiesioM, o NpeacTaBieHUsIM MOJIEKYJISIp-
HO# GHOSIOrHMH, XpPOMOCOMA colepXHT: Oonbiune monekyinsl JIHK kak
HOCHUTENU reHeTHueckoit nHdopMauum; monekynsl PHK, konupyio-
Me U nepenatroie MHGOPMaALMIO C onpeaesieHHbIX FeHOB; 6enku,
Kotopble penapupyloT nopexaeHus [AHK, ynsausaior THK u KoHT-
POJIMPYIOT MOIENM IKCMPECCUU reHoB. benku Takxe cKpyuuBalOT U
ckaansiBaior JIHK BHyTpH KieTku. bakrepuanbHas JIHK o6HapyxeHa

Puc. 15. dnextpoHHbie MukpodoTtorpadpumn knetku E. coli. A uneHtTnyHa b 3a

UCKJIIOYEHUEM TOrO, YTO I'PpaHMULbI HYKJIEOMIOB KJIETKM OOBeACHBI XWPHOM

yepToit. 30HbI HYKJIEOMIA CONEPXAT MEHbLUYIO KOHLIEHTpaLM1io pubocoM (uep-
Hbl€ TOUKH)
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B KOJIbLIEBOM M JIMHEHHOH ¢opmax.
Ins knetok Escherichia coli noka-
3aHo, yto JJHK cyliecTByer B BUae
KOJIbLIEBOI MOJIEKYJIbI, B TO Bpe-
Ms Kak 1asi Borrelia burgdorferi B
1989 r. noka3aHo, YTO KJIETKH CO-
nepxat JJHK B nuHeitHoit ¢popme.
3areM auHeiHble JJHK Obln 06-
HapyXeHbl y Streptomyces spp.,
Rhodococcus fascines v Agrobacte-
rium tumefaciens. B kieTkax crperi-
TOMHLIETOB KOHLIbI MOJieKysibl JJTHK
CONIEPXKAT MOBTOPSAIOLLIMECS TOCIe-
[IOBaTeJIbHOCTH, a B B. burgdorferi N -
Ha KOHLIAX MMEIOTCS LUTMMUJIbKH, « N
KOTOpbIe 00JIEryaloT MoJiHylo pen- ‘
aukaumio. Takum obGpa3oM, 3TH
0aKTepUM UMEIOT XPOMOCOMHBIE
KOHLIbI, KOTOpble (PYHKLIMOHUPY-
10T NOAOOHO TeJIoMepaM JIMHEMHBIX
XpoMocoM 3ykKapuor. UHausuny-
aJibHasi KJieTKa MPOKapUOT MOXET
colepXaTh HECKOJbKO MAEHTUUYHBIX KOMWI ONHONW XPOMOCOMBI.
Y HeKOTOpbIX BUAOB B KJIETKE OOHApYXeHbI [IBE U [aXe TPU HEUNEHTHY-
Hble XpoMocoMbl. Koria KiieTka conep>XXuT oHy oueHb GOJbLLYIO TUIa3MHU-
Ny, TPYAHO OMNpEAE/IMTb Pa3sHHULYy MEXIy Ja3MUION U XpOMOCOMOHM,
TaK Kak 06€e MOJIEKYJIbl MOTYT HECTH reHbl, HEOOXOAMMBIE [UISl POCTa.

BonbLIMHCTBO GaKTEpUii HECET BCE FeHbl B ONHOM rpyrine cuere-
HUSI, T.€. HAa ofHOi xpomocoMe. OIHAKO MOSABASIOTCS CBUIETEILCTBA
TOrO, YTO pa3Hble FeHbl MOTYT pacnoJjlaraTbCsi U Ha pa3HbIX XpOMOCO-
max. Y BunoB Vibrio spp., Leptospira interrogans, Rhodobacter sphaeroides,
Brucella spp. oOHapyXeHbl BE KOJIbLIEBBIE XPOMOCOMbBI, Y Rhizobium
meliloti — Tpy ¥ cpey pa3iMYHBbIX U3015ATOB Burkholderia ( Pseudomonas)
cepacia — ot AByx n0 uetbipex. Hekotopbie Bunbl Agrobacterium co-
JIepXaT OfHY KOJIbLIEBYIO U ONHY JIMHEHHYIO XpoMOCOMBI. OT uaeu o
TOM, YTO MPOKApHOThl MUMEIOT JIMLIb OAHY KOJIbLIEBYIO XPOMOCOMY,
yXe oTKasaiucb. bosnee Toro, 4yuciao BUOOB ¢ 60see YeM OJHOM rpyn-
Mo cuenjieHusi reHoB (ONHOM XPOMOCOMOI) MOXET 0Ka3aTbCs ropas-
o GoJiblle, YyeM Mbl MPENCTaBisieM Ha CErOAHSILHUI MOMEHT, MNO-
CKOJIbKY 3HAYMUTeJIbHOE KOJMYECTBO CYILECTBYIOLIMX B MUPE MMKpPO-
OpPraHM3MOB He€ BbIIEJICHO U HE HU3Y4YEHO.

Hasnuve MHOXeCTBEHHBIX KOMHII HEKOTOPLIX YacTeil XPOMOCOMBI,
a TaKXe BCeil XpOMOCOMBI (MOJUIIJIONAMSI) XOPOLLIO U3BECTHO Y 3yKa-
pvOT. B nonosHeHue K 3TOMY, KJIETKH 3yKapHuii MOIyT COIEPXKaThb Thi-
CSIYM KONUM MUTOXOHAPHANBHBIX U XJIOPOMJIACTHLIX FeHOMOB. MyJib-
TUKOMNMUIHBIE TEHB U XPOMOCOMBI HaXOISAT TaKXe U y Gaktepuit. Ha-
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npumep, E. coli conepxut npumepHo |1 reHOMHbIX 3KBUBIEHTOB Ha
KJIETKY, €C/IM ObICTPO pacTeT B OoraToit cpene, B TO BpeMsi KaK KOJIM-
4YECTBO XPOMOCOM B MEIUIEHHO PacTyLUUX KjieTkax paBHO 1 —2. B atom
OpraHu3me OOJIbILIOE YMCO KOIMUi TeHOMa MOXET YCKOPSITh KJIeTOU-
Hoe aesieHue. Y Deinococcus radiodurans nnouaHOCTb MOXET JOCTUTATh
10 B kieTkax M3 3KCNOHEHUHUaNbHOU (a3bl pocTa U 4 — B KJETKax
cTralMoHapHo# ¢a3bl. Jlaxe MeIEHHO pacTyllMe KJIeTKH (Hanpumep,
Borrelia hermsii co BpeMeHeM yaBOeHHUs! 8 4) MOTYT ObITh NMONHUIUIOUI-
HbIMHM. Y 3TO# GakTepuu YUCIIO Konuit reHoMa nocturaetr 8 — 11, kor-
Ila KJIETKH pacTyT in vitro, u 10 16 konuii — npu pa3BUTUU B OPraHU3-
Me MbilliM. Knetku Azotobacter vinelandii npy pocte B 6oraTtoii cpene
nocturaiot ronaHoctd 4 —40 reHomoB M 100 B ctauMoHapHo# ¢a3e.
3aTeM IUIOMIHOCTb COKpalllaeTcsi U HauMHAeTcs HOBbIM LMKI. Takas
sipKasi KapTMHA YBEJIMYEHMSs TUIOMIHOCTU He HabiiogaetTcs B ciy4ae,
€CJIM KJIETKU pa3BUBAIOTCSl B MUHUMAaJIbHOM cpee. OQHaKOo «UeMMUO-
HOM» K HacTosilLieMy BpeMeHU cuutaetcsi Epulopiscium fishelsoni, co-
nepxanue JJHK B kjieTkax KOTOpPOro MOXeT pasiuuaTtbCsi Ha 4—5
NOPsAAKOB Ha pa3HbIX CTAAMUSIX XU3HEHHOro uMkJa. Bo3MOXHO, KJIETKH
ucnonb3yloT JJHK kak 3anacHoe BelecTBo, NoAOOHO KpaxMajly, XUpy
WU TJIMKOTEHY ISl IPYTMX OpraHu3MoB. B CBsI3u ¢ BBILLEU3TOXEH-
HbIM, OaKTEPUATIbHBIE U 3YKAPUOTHUECKHE XPOMOCOMbI Heslb3si 0O0Jb-
1€ pacCMATpUBaTh KaK COBEPLLUEHHO pa3HOPOAHbIE B OTHOLLEHUH op-
Mbl (06a TMNa MOryT ObITb JIMHEHHBIMU), YPOBHSI IMJIOUMAHOCTH (0DOa
TUNA MOTYT ObITb MOJMIJIONAHBIMU) U KOJIMUCCTBA TPYNIM CLEMJICHUSI
(6akTepuHu, KOTOpbi€ YACTO MMEIOT OAHY, MOTYT UMCTb HCCKOJIbKO
rpyni; 3yKapuoThbl, KOTOpble OObIYHO HMEIOT HECKOJIBKO, MOTYT UMEThb
TOJILKO OHY Tpymnmny, Kak B ciydyae Myrmecia pilosula).

Ocraetcsi camoe GosbLIOe pa3IMuMe MeXay 3y- U NPOKapUOTAMM
B OpraHM3aluyH HacJeJCTBEHHOrO annapara — OKpPY>X€HHOC SiACPHOI
MeMOpaHoi odOpMJIEHHOE sAIpO y 3yKapuil, HAUIMUME THCTOHOB M
ynakoBka JIHK B Hykyiieocombl. Y GakTepuii He HailieHbl MOKa rUc-
TOHbBI U HYKJI€OCOMbI, No3ToMy ynakoBka JIHK y Hux nmpoucxonut
nHaue. C qpyroit CTOpoHbl, HEKOTOPbI€ apXeH HMEIOT FTMCTOHONOA00-
Hble O€JIKM U CTaOWJIbHbIE HYKJIEOCOMBI, B TO BpeMsi KAK HEKOTOpbIE
O[HOKJIETOYHbIE 3YKAPUOThI JIMLIEHbI U TOro u apyroro! Takum o6-
pa3oM, Ha ypOBHE OpraHM3aLMU XpPOMOCOM pa3jiIMyusi MEXIY Npo- M
3yKapuOTaMM MOTYT ObITb HE CTOJIb SIBHBIMM, KaK 3TO paHee Mpeano-
Jlarajaochb.

IInasmuabl. Y 3HaUMTEIBHOIO KOJHMYECTBA MMKPOOPraHU3MOB 00-
HapyXeHbl I1a3Muabl B106aBOK K OCHOBHOM xpoMmocoMme (puc. 17). 3to
KoJibLieBbl€ AByxLenoueyHbie Mosiekybl JJHK, koTopbie MOryT cyiie-
CTBOBATh U PEIUIMLIMPOBATLCS KaK HE3aBUCUMO OT DaKTepHUalIbHOI XpO-
MOCOMbI, TaK ¥ ObITh MHTETPUPOBAHHBLIMU B Hee. [11a3Muabl He ABS-
I0TCS1 00s13aTeJIbHBIM [UIS1 KJIETKM 3JIEMEHTOM, XOTSl MOTYT JaBaTh OIl-
penesieHHble NpenMyllecTBa. M3BeCTHO, YTO MyasMUabl MOTYT HECTH
TeHbl YCTOMYMBOCTH K aHTUOMOTUKAM, TSXEJIbIM MeTaljlaM, pa3/iny-
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Puc. 17. 9nektpoHHasi Mukpodotorpadust R-

Mna3sMuabl, BblaesieHHoM u3 knetku E. coli.

Pasmep nnasmuabnl — okojio 64 MJla, oHa
conepXHT okojio 40 TnH

HbIM JIEKAPCTBEHHBbIM NpernapaTam, reHbol
(paKTOpOB MATOr€HHOCTH, TEHBI, Orpe-
JEJISIIOLLNE TONONHUTENbHYIO METaboIN-
YecKylo akTUBHOCTb. HanpuMep, nnazmu-
IIbl KOAMPYIOT HEKOTOpbIE (hepMeHTHI Ae-
rpagjalMy apoMaTUueCKUX COeNUHEHUH.
CnocobHOCTb K KOHBIOTaLlMK onpenessi-
etcst HnuueM F-nnasmuabl.
[uronnasmaruyeckas memOpana (LIIIM). Llutonnasma kaxnoi
KJICTKH OKpYXCHa MEMOpaHOW, KOTOpasi OTFpAHUYMBAET KJIETKY OT
KJIETKU M OT OKpyXxamwlleil cpenbl. KJIeTKM 3yKapMoT UMEIOT, Kpome
TOr0, MHOTOUMCJIEHHbIE BHYTPUKJICTOYHbIE MEMOpaHbl, KOTOpbIE OT-
JICNSII0OT BHYTPCHHUI O0OBCM OpraHesul, 06ecrneuyuBaloluX cneunaiu-
3UpOBaHHbIE McTabonnueckue GyHKUuK. baktepuu v apxen oObIYHO
JIMLICHBI BHYTPULIUTOIJIA3MATUUYCCKUX MEeMOpaH (MCKIIIOYCHUCM SIB-
JISI0TCA MeTaHOTPOPbI, (OTOTPODbI U HUTPUDULMPYIOLLKC OAKTCPUH)
u coaepxat Toabko LIITM, Kotopasi coctout U3 npocthix (ochonu-
NUIoB, 0Opa3syloLlMX MCMOPaHHbIA OMCION, Kyla NMOrpyXeHbl MHOTO-
UUCJIEHHBbIC 6eNKU. DTOT OUCI0it 061anaeT CBOMCTBOM U30UpaTe/ILHOM
NPOHULIACMOCTH, NMPCISTCTBYSI CBOOOJIHOMY NMPOABUXEHHUIO OOJIBLLWH-
CTBA BELECTB BHYTPb KJICTKU U U3 Hee. B Matpuke LITIM 3aknioucHbl
TAKXKE HCKOTOpPblc MEMOpaHHbIE GEIKM, UMCIOLLHE Psill BaXHbIX (PyH-
KLU, BKJIIOUasi npeoOpa3oBaHUE U 3anacaHUe METaboJIMUCCKOM SHEp-
MU, PCTYJISILIMIO TIOMIOLLIEHUSI U BbIOPOCA BCEX MUTATEIbHBIX BELLECTR

Puc. 18. DnekTpoHHas Mukpodotorpadus TOHKOro cpesa KJI€TKM naToreHa
pbi®6 Aeromonas salmonicida. YeTko BUIHa TpexciaoilHasi MeMOpaHa, OTIpaHU-
YMBalOLLAs LMTOIIA3MYy
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S Py Puc. 19. OnektpoHHas mukpodoto-

rpacusi CKOJIOB MOBEPXHOCTH 3aMOPO-

i XEHHbIX KJIETOK Aeromonas salmonicida.

- BuzaHa noBepXHOCTb KJIETOYHOI MEM-

6paHbl ¢ MHOTOYMCJEHHBIMU BIISI-
YUBAHUAAMKU MeMOpaHHbIX O€JIKOB

Y MpOAyKTOB MeTabonu3Ma. Mem-
OpaHHble O€JIKH, KpOME TOro, y3-
HAIT U NepeaalT MHOTHE CUTHa-
JIbl, OTpaxaiolle U3MEHEHUs B
OKpyXamuleil cpeae, U 3arnycka-
10T COOTBETCTBYIOLLIMI KacKaj pe-
aKLM#, MpUBOASILLMIA K KJIETOYHO-
My otBety. LI[IM wurpaer 3Haum-
TeJIbHYIO POJib B pOCTE M N€JIEHUHU
KJEeTOK, ABUXEHHUHU, IKCIOpPTE
MOBEPXHOCTHBIX U BHEKJIETOYHbIX
0eJIKOB Y YIJIEBOAOB (3K30IMOJIU-
caxapuIoB).

KiietouHble MEMOpaHbl XOpOLIO Pa3/M4YMMbl B MPOCBEYMBAIOLLEM
3JIEKTPOHHOM MMKpockorie (puc. 18) npu cOOTBETCTBYIOLLEM YBEIU-
YeHUHU M KOHTPACTUPOBAHUU TAXeNbIMU MeTaslaMU. OHU UMEIOT BUI
XapaKTePHBIX TPEXCJIOMHbIX 00pa30BaHUil C IByMsI BHELUHUMHU TEMHBbI-
MH 3JIEKTPOHHO-TUIOTHBIMM CJIOSIMM, NTOKa3bIBaIOLLIMMU MOJIOXEHUE M0~
JIApHBIX (rOJIOBHBIX) TPYIN JIMIUOOB, U CPaBHUTEIbHO Gosiee CBET-
JIbIM CpPEIHUM CJIOEM, OTpaXxawluuM ruapoc¢oObHOe BHYTpEHHEE Mpo-
cTpaHcTBO. Bee kieTouHble MeMOpaHbl, MpocMaTpUBaeMble Ha npena-
paTax, MojiydueHHbIX C TOMOLLBIO TEXHUKM KOHTPACTUPOBAHMS, MOXO-
XH Opyr Ha apyra, He3aBUCHUMO OT MCTOYHMKA MeMOpaH U codepxa-
HHUS B HUX O€JKOB. BOJBLIMHCTBO OMOMOrMYECKUX MEMOpaH MMEIOT
TOJILUMHY 4—7 HM. ,

Hpyroit MeToa MccieAOBaHUSI MEMOPaH 3aKJIIOYAETCsl B NOJyYEHHUH
CKOJIOB 3aMOPOXEHHBIX MPH TeMIEpaType XHUIKOro a3oTa KJIETOK M
KOHTPacCTUpPOBAaHUU 0OOpPa3ylOLLMXCS TMOBEPXHOCTEH C MOMOLLBIO Ha-
MbUIEHHUS TSKEJIbIX METALIOB (IUIaTHHA, 30J10TO, cepebpo). [TonyyeH-
Hbl€ MpenapaTbl IPOCMaTPUBAIOT B CKAHMPYIOLLEM 3J/IEKTPOHHOM MUK-
pockorie. ITpy 3ToM MOXHO yBUOETb NOBEPXHOCTh MEMOpPaHbl M BKJIIO-
YeHHbIE B Hee MO3aUYHO MeMOpaHHkbIe 6enku (puc. 19). Takas opraHu-
3auus MeMOpaH Xxopolluo OOBbsACHSETCS XUIKOKPUCTAUIMYECKOR Moae-
JIbl0 C MO3aUYHBIM BKpaIUIEHUEM MeMOpaHHBIX O€JKOB, B KOTOPOIii
MeMOpaHHbIE JTUMMUABLI 00pa3yloT GUCIION, rae HenojspHble 00J1acTH
MX MOJIEKyJl oOpallieHbl APYr K APYry B LIEHTpaJbHOW YacTH MeMOpa-
HbI, @ UX MOJIAPHbIE IPYMIbI CMOTPAT HapyXy (puc. 20). MeMGpaHHbIe
6eIKM MPOHMU3BIBAIOT OUCIOi MeMOpaHbl MU MOTYT AMPOYHIUPOBAThL B
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Puc. 20. CrpoeHne MeMOpaH M JIMNUIOB MeMOpaH:

A — cxeMa ycTpoicTBa AMnuaHoro 6ucnosi Mem6paHsbl. IlonsipHble rPynnbl JUMUIOB

o6palleHb HApYXY B BONHYIO Cpelly, TOTAA KaK aUMJbHbIE YIJIEBOAOPOAHbIE LIEMOYKH

obpa3syiot runpodobHoe NpocTpaHCTBO BHYTPH 6ucnos; b — NnpocTpaHCTBEHHAs: opu-

CHTALMSA aUWIbLHLIX Lieneil U ronoBHol rpynnbl ¢pochoaunuaa B 6ucioe MeMOpaHbI.

TeMHble KPYXKH — aTOMBbl KMCJAOPOa, XUPHbBIMH JIHHUSAIMHU 1OKa3aH OCTOB ITMLIEPO-

fla, TOHKUMH JUHUSIMM — 3TaHONAMMH, JIOMaHbIMH JHHUSAMM O0O3HaYEHBI Le-
MOYKH IBYX XMPHBIX KHUCIIOT

XHIKOM MaTpHKce, 00pa3ysi HHOTIa O0JblUHE CIOXHbIE KOMIUIEKCHI.
MHorue nepudepuyeckne MeMOpaHHbIE O€KM HE MPOCTUPAIOTCS
CKBO3b MEMOpaHy, a CBSi3aHbl CreLIMAIbHBIMU TMAPOMOOHBIMHU SIKOP-
HbBIMU 00J1aCTAIMU € TUAPOPOOHON 00aCTbIO GUCIIOS.

LIITM npencraBisier coboif OCMOTHYECKMI Oapbep KIETKH, Mpe-
NOTBpalliass cBOOOAHBbII OOMEH BELLUECTBAMM C OKPYXAIOWIEH Cpenoi.
Ecnu kneTky noMecTuTb B cpelly ¢ 60see BbICOKMM MK 60J1€e HU3KHUM
OCMOTHYECKUM JaBJ€HHEM, YEM BHYTPHU LIMTOIUIa3Mbl, TO NMPOM30M-
JIET BBIXOI BOJbI U3 KJIETKH WJIM BXOI BOAbI B HEE, YTO OTPAXAET CBOW-
CTBO BOIbl YPaBHMBATh rpaUeHTbl pacTBOpoB. LiMToruiaamMa npu 3toM
CXXHMAaETCs WK paclliupsieTcsi (SIBJIEHHE TIa3MOoIN3a/1eria3Mon3a).
BonbIIMHCTBO OaKTEPHil, OHAKO, HE MEHSIET CBOIO (POPMY B TaKHMX
3KCMEPUMEHTAX BCAEACTBHE HATMYMS PUTHUIHON KJIETOYHOM CTEHKH.

LITTM sipnisieTcst ecTeCTBEHHBIM OapbepoOM NMPOHMLIAEMOCTH M MO3TO-
MY pEryJiMpyeT NMOTOKH MUTATEJIbHBIX BELLECTB U MeTabonutoB. Hanu-
yue ruapodobHoro cnosi, 06pa3zoBaHHOIO0 MEMOPaHHBIMH JIMMTUIAMH,
NMpeNATCTBYET MPOXOXAECHHIO Yepe3 Hee JII0ObIX MOSAPHBIX MOJIEKY] U
MaKpOMOJIEKYJI. DTO CBOMCTBO MO3BOJISIET KJIETKAM, CYLLIECTBYIOLLIUM B
OOJIbILIMHCTBE CJIy4yaeB B pa30aBJI€HHBIX PacTBOpPax, YAEpPXWBaTb MoO-
JIe3HbIE MAKPOMOJIEKYJIbI U META0OJNYECKHUE NMPENIIECTBEHHUKH.
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MemOpaHa KJIEeTKH NMpU3BaHa OCYUIECTBIIATb U TPAHCIIOPTHYIO (byH-
KUHMIO, PEryJupysi MOTOKU MHUTATEJbHBIX BELLECTB BHYTPb KJIETKHM U
MPOOYKTOB METab0IM3Ma U3 KJIETKH. OObIYHO 6aKTepun UMEIOT 6OJb-
LIO€ KOTMYECTBO CrieMPHUECKMX TPAHCTIOPTHBIX CUCTeM. TpaHcnopt —
MHTErpajibHasi yacTb o0l1lleii OMO3HEPreTUKM KIIETKH, KOTOpasi CO3IaeT
M UCTIONb3YET pa3jinuHbie HOHHBIE rpaaueHThl Yepe3 LIIIM mns nepe-
Hoca BellecTB U (OPMHUPOBaHMS IPYTMX HEOOXOONUMBIX KJIETKE Ipaau-
€HTOB.

ITockonbKy KIeTKM GakTepuii yallle BCEro AEAATCH C MOMOLLbIO
6uHapHoro neneHusi, LIIIM nonxHa BoBpeMsi pearMpoBaTh Ha MpoO-
LECC YBEJIMYEHHUS pa3MepoB KiieTKU. KneTouHoe aeleHHue — Tilareb-
HO peryJiMpyemblii npouecc, Np¥ KOTOpoM MeMOpaHa pOAMTENbCKOWM
KJIETKH BITSIYMBAETCS C IBYX CTOPOH (CM. pHcC. 14), 0GbIYHO nocepearHe
KJIETKH, C/IMBAETCs W pa3fensieTcs, o0pa3ys IBE N0YEPHHUE KIETKH 6e3
NMoTEPH BHYTPEHHETO COMEPXHUMOro. [1isi nepeHoca CTPYKTYPHBIX KOM-
MOHEHTOB KJIETOYHOI MOBEPXHOCTU U OPYTMX CEKPETUPYEMBIX (paKTO-
POB MeMOpaHa COAEPXUT SKCMOPTHYIO cucteMy (puc. 21). Ipyrue mem-
OpaHHbI¢ OEJIKOBbIE KOMIUIEKCHI PEryIMpYIOT MPOLECCH MHULIMALMK
peruinkaunu J1HK, pasaeneHuss XxpoMOCOM B JeNSIIIMXCS OaKTepHasb-
HBIX KJICTKaX U HapacTaHMs KJIETOYHOM MOBEPXHOCTH NMPH POCTE U AC-
JIEHUH.

KiioueBbIMH KOMIMOHEHTAMU OUOJIOTMYECKHX MEMOpPaH SIBJISIIOTCS
noasipubie aunuabl (cM. puc. 20, 6), B ocHOBHOM ¢ochonunuabi.
Y 6oablIMHCTBA 6aKTEpUil B UX COCTaB BXOOST IBE XUPHbIE KUCJIOTHI
00bIYHO ¢ 16— 18 aTomMamu yriaepona B LIEMOYKE U C HACBILIEHHBIMU
WY OHOM HeHacbllEHHOM cBsi3sIMU. COCTaB XHUPHbIX KUCNAOT DakTe-
PHi1 MOXET BapbHMPOBAaTh B OTBET HAa U3MEHEHMSI OKpYXaloLLel cpelbl,
ocobeHHo TeMrepatypbl. [1py noHMXeHUM TeMnepaTypsl B cocTase ¢oc-
¢GOoNMMNMUIOB YBEJIUYUBAETCS KOJIMYECTBO HEHACBILLIEHHbIX XUPHbBIX KHUC-
JIOT, YTO B 3HAUMUTE/IbHOM CTENEHMU OTPAXKAETCSl Ha TEKYYeCTH MeMOpa-
Hbl NPYM HU3KHUX TemrepatypaXx. HekoTopbie XHPHbIE KUCIOTbI MOTYT

benok, cBs3bIBAIOLLIMIA Cucrema
NEeHULUWTHH CEKpETOPHBIX 6enkos

TpaHcnOpTHBI neKTPOHTPaHCNOPTHas CexperupyeMblit CeHCOPHBIit
Genok cHCTeMa 6enok 6enok

Puc. 21. Cxema ycTpoiicTBa UMTONJIa3MaTuyeckoil MeMbpaHbl 6akTepuii ¢ pa3-
JIMYHBIMU MeMOpaHHbIMU 6eskaMu
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ObITb pPa3BETBJIEHHBIMM WIM COAEPXAaTb LIMKJIOMPOMAaHOBOE KOJIbLO.
KupHblEe KHUCJIOTbI COEAMHEHBI CI0XHOM 3(UPHOI CBSI3bIO C NABYMS
TMIPOKCWIBHBIMM pyNNaMu [JIMLUEPOJIA, a TPETbS rpynna raMueposa
cBsi3aHa ¢ octaTKoM ¢ocdata U yepe3 HEro — C roJIOBHOH rpynmnown
¢ocdonununa. lN'onosHeble rpynnbl poconunuaos, Hanpumep y E. coli,
coctosiT u3 75 % ¢ocdarnannataHonaMuua U 20 % dochatnannriu-
LepoJia, OCTalbHblE — M3 KapAauoaunuHa (audocoaTuaniarivuepo-
na), pocdhatuanaceprHa U ClEeaOBbIX KOJTMYECTB MHBIX COEAMHEHUIA.
Ipyrue 6akTepun UMEIKOT 00JIEE CIOXHbIE TUIMbI MEMOPAHHbBIX JTUIU-
JIOB, XOTS1 OHM W MPOLLE YCTPOEHbI MO CPAaBHEHHUIO C JIMMUIAMM TUIA3-
MaTHUueCKOi MeMOpaHbl XMUBOTHOW KieTKU. Psia Gaktepuit conepXxuT
¢dochaTUANAXONHUH, WU JIEUMTHUH, XapaKTEPHbINA UIsi BbICLUMX Opra-
HMU3MOB. HekoTopble K1eTky 00pa3yloT NIMKOIUNMUABI, TAKUE KAaK MOHO-
rajakrosunaurauuepua. MemOpaHHbie JIMMUAbI apXxeil COBEPLUEHHO
OTJIMYHbI OT 3YKApUOTHUYECKMUX U OakTepuaibHbIX. X yrineBomopoaHas
4acTb COCTOMT M3 BbICLUMX MU3OMPEHOUAHBIX CTUPTOB, MPUKPEINIEHHbIX
K [JIMLEPOJY MPOCTO, a HE CI0XHON 3(UPHOI CBA3bIO (CM. pUC. 2).

Bxmouenns u 3anacHbie BewecTBa. [1pokaproTbi xapakTepHu3yoTCsi
CPABHMUTEJILHO MPOCTO BHYTPUKJIETOYHOM OpraHu3aLMeid U HE COo-
IiepXaT aBTOHOMHBIX OpraHeJsul, XOTsi MHOTME OAKTEpUM UMEIOT BKJITIO-
yeHusi. Cpeay HUX B MEPBYIO ouepedb ClieqyeT OTMETUTh Pa3iMuHOro
pona MeMOpaHHBbIE My3bIpbKHM, OOpa3oBaHHbIE B pe3yJibTaTeé MHBaru-
Hauuit LITTM. O6Lueit cTpyKTypoii, BCTpeyaloLLeiicsl KaK y rpamIono-
XUTEJNbHbIX, TAK U y IPAMOTPULIATENIbHBIX OPraHMU3MOB, SIBISIETCSI Me-
3ocomMa (cM. puc. 14). 1o nuBaruHauusi LLIIM B popme Be3ukyJ, Tpy-
6ouek wiu name. TouHble GyHKUMM ee 10 HACTOSILLIETO BpEMEHU He-
sicHbl. CUMTaeTCsl, YTO OHAa MOXET MrpaTb pOJib B HEJIEHUU KIIETKH,
obpa3zyst cenTy, a 3aTeéM M MOMNEPEYHYIO MEPEropoAKy, a TaKXxe Ciy-
XHUTb MECTOM NPHUKPEIJIEHHSI MUKPOOHOH XPOMOCOMBI, YYaCTBYsl B pen-
JIMKAUMM U MOCJEYIOLIEM PaCXOXAEHUHU NOYEPHHUX KiIeTOK. Me3oco-
Mbl MOTYT TakKXe€ MPUHUMaTh y4yacTUe B mpoueccax cekpeuuu. OaHako
HEKOTOpbIE MCCJIEOBATEIM CUMTAIOT, YTO ME30COMA — 3TO apTedakT,
BO3HUKAIOWMWKA NMPY HGUKCALUMHU KIETOK ISl 3JIEKTPOHHOM MUKPOCKO-
Mum.

MHorue npokKapuoTbl UMEIOT BHYTPEHHHUE MEMOpPaHHbIE CUCTEMBI,
COBEpLLEHHO OTJIMYHbIE OT Me30coM. Pa3BuTasi ceTb BHYTPULIUTOIIA3-
MAaTHUYECKHUX MEMOpAH XapakTepHa TOJIbKO Wisi (GoTOTpOdHBIX NpoKa-
PUOT, HUTPUDHULIMPYIOLLIUX U METAHOKHUCIISIIOLWMX OakTepuit. HekoTto-
pbie KJIETKM 0Opa3yloT ra3oBbi€ BaKyOJiM (a3pOCOMbBI), OKPYXEHHbIE
6eIKOBOI MEMOPAHO# M BBIMOJIHAIOLLKE Y BOOHbIX OPraHM3MOB pOJib
peryJisiTopoB IJIaBYy4€iil MJIOTHOCTH.

MHorue MUKpOOpraHu3mMbl OTKJIalbiBalOT BHYTPUKIETOYHO 3anac-
Hble eewjecmea, Ha3biBaEMble TAKXKE TeJIbLIaMM BKJIIOUEHMSs (MosMcaxa-
puabl, noau-B-rugpokcudyrupar, noaucgocdarsl, cepa u ap.). Bece
3arMacHbI€ BELIECTBa MPUCYTCTBYIOT B KJIETKE B XMMUUYECKHU MHEPTHOM
¢opme. Takoe COCTOSIHHE NMPensATCTBYET HapYyLLIEHUIO OCMOCTa3a KJie-
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TOYHOro coaepxumoro. Hekotopbie U3 BKJIKOUEHUH TMPOCTO JieXaT B
LMTOIIa3Me, NPYrMe OKpYXEeHbl TOHKOW MeMOpaHO# TOMLMHON 2 —
4 HM. MeM6paHa o6bIYHO O€NKOBO# MPUPOAbI, HO UHOIA MOXET CO-
nepxatb U aMnuabl. TakuMU MeMOpaHaMKM OKpYXEHbI TPaHyJibl HoAuU-
B-eudpokcubymupama, VHOrAa rpaHysibl e1UKO2eHa W cepbl, a4 TaKXe
Kapboxcucombl. KapboKCUCOMbI Yy HEKOTOPbIX aBTOTPOGHBIX MUKPOOP-
raHU3MOB SIBJISIIOTCSI MECTAMU KOHUEHTPUPOBaHUs pubynesodbucdoc-
darkap6okcunasbi-okcureHasbl (PybucKO) — kioueBoro ¢epMeHTa
uukia KanbeuHa. OtaenbHble BUIbI CTOPOOOpa3yolinX 6akTepuii (Ha-
npumep, Bacillus thuringiensis) MOTyT conepXaTb napacnopanvhie meab-
ya 6eNIKOBOI NpPUPOAbl, B KOTOPbIX OTKJIAAblBalOTCSI TOKCHUHbI, CMEP-
TeNbHbIE U1S1 TUYMHOK HEKOTOPBIX HACEKOMbIX. MHOTrHe 6akTepum OT-
KJIaAbIBaIOT IPaHyibl goatomuna (nonaudocdaTtoB), KOTOPbIE SABASIOTCS
3anacHbIM pe3epByapoM ocdara, BAXXHOro NMpcalleCTBEeHHMKA B CHH-
te3e AT® n JHK. I'paHysbl BOJIOTHHA MHOIIA HA3bIBAIOT TAKXE METa-
XpOMaTHYECKUMHM MPaHYJIaMHM 32 UX CBOMCTBO MU3MEHSITb LIBET KPacUTe-
Jisl NOCJie OKPAaCKM METHJIEHOBOW CUHBIO. DJIEeMEHTApHAs ceEpa coaep-
XHUTCS B KJIETKAX MUKPOOPraHU3MOB, UCIOJIb3YIOLLIMX COEAMHEHHUSI CEPbl
B CBOeM MeTabonu3Me, B BMAE rpaHyJl, OKPYXEHHBIX OIHOCJIOMHOM
6esikoBoit MeMOpaHoi. CneunpuUuecKUM 3aMacHbIM BELLIECTBOM LIMA-
HOOAaKTepHii SIBASIETCH LUMAHOMPULMH, pacxooyeMblii OpPraHM3MOM B
YCJOBHUSX rojsiofaHusi 1o a3oty. TakuM 06pa3oM, OCHOBHO#M yHKLME
OOJIbLLIMHCTBA BKJIIOYEHH 1 MOXHO CUMTATh 0OecneyeHue KJIeTOK IHep-
rueil ¥ Heo6XOAUMBIMU 3JICMEHTaMU B HEGIaronpusiTHbIX YCIIOBHSIX.

KierouHas crenka. BOJbLIMHCTBO MPOKAPHMOT MMEET PUTMAHYIO
KJIETOUHYIO CTEHKY, noa Kotopoi pacnosioxeHa LITIM. Cocras u ctpo-
€HUE KJICTOYHOM CTEHKM — BaXHbI CUCTEMATUYECKHI MPU3HAK, MO
KOTOPOMY BCE MPOKapUOTbl NMOAPA3AESIOTCS HA ClEeRyIOLIME TPYIIbI:
rpamIioNOXUTEbHbIE, TPAMOTPULIATENIbHbIE U HE MMEIOLLUE KIIETOY-
Hoit cTeHKHU. CBOe0oOpa3HbIM CTPOEHUEM U COCTABOM KJIETOUHOM CTEH-
KM XapaKTepHU3YyIOTCSl apXeH, KOTOpbie HE CUHTE3UPYIOT MENnTUIOIHU-
KaH, HO HEKOTOpble U3 HUX 00pa3yloT NCeBAOMYPEUH.

CTpyKTypa KJIETOUYHbIX 000J0YEK IPAMIONIOXKHUTENbHBIX U FPaMOT-
pULATENbHBIX MUKPOOPTAHM3MOB CXEMATHECKH M300paXeHa Ha puc. 22.
['pamnonoxuTesibHble OAKTEPUM OTJIMYAIOTCS OT FPAMOTPULIATENIbHBIX
60nbiuuM (10 40 pa3) comepXaHuMeM MypcuHa (MENTUAONIMKAHA) B
KJIETOYHOI CTEHKE M OTCYTCTBUEM BHeElUHeil MeMOpaHbl. KietouyHas
CTeHKa — CJIOXXHasi MHOrocioiiHas cTpykTtypa (puc. 23, 24), kotopas
BBITMOJIHSIET B KJIETKE MHOXECTBO (PYHKHLHMIA. ITa BLICOKOOPraHM30BaH-
Hasl KJIETOYHasi OpraHesuia sIBIsIETCsl MEXaHUYECKU CTabUIN3UpOBaH-
HOH M NMPOTUBOCTOUT BHICOKOMY OCMOTHYECKOMY (TYprOpHOMY) 1aB-
JIECHUI0, KOTOPOE COCTaBJIsieT OT 2 10 25 at™M. baktepuu 06bIYHO UMEIOT
PUTMIOHYIO KJIETOYHYIO CTEHKY, OCHOBHbIM OMOPHbIM 3JIEMEHTOM KO-
TOpOIA siBNsieTCs1 Mypeurn (puc. 25, 26) — mnonepeyHOCLLIUTbIH GUono-
JIMMep, retepononucaxapuia, (GOpMHUPYIOLIMIK 3aMKHYTbIi MELUOK,
MOJIHOCThIO MOKPbIBAIOLLHIT KJIETKY CHapy>XU. MypeUHOBbIi1 MELLIOK He
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Puc. 22. KiileToUHBIC CTEHKH I'PAMIIOJIOXHUTEIBHBIX (A) U IPAMOTPULATC/IbHbIX
(b) 6akTepuit
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Puc. 23. CrpyKTypa rpamMrofioXXHUTC/IbHONW KICTOUHOM cTeHKU. KileTouHasi cTeHKa
conepXut 10 40 caoes NenTUAOTAMKAHA. MOJICKY/Ibl TCHXOCBBIX KUCIOT KOBa-
JIGHTHO CBSI3aHbl ¢ MENTUAOIMKAHOM. JIMNOTEHXOCBbIE KMCJIOTbI — TCHXOC-
BbI€ KUCAOTHI, COEPXAILNE JIMMUAHBIC «XBOCTHKW», KOTOPbIC 3aKpEreHbl B
runpodobHoit obnactu LUIM. KnetouHbie CTeHKM MOryT MMeTb OesikOBbie
CJIOM HA MOBEPXHOCTHU. BeSIKoBbIE CTPYKTYpbl MOTYT ObITh PACMONOXEHbI OCT-
POBKAMM, KaK MOKA3aHO HA CXCMC, WM ObiTb TCCHO YNAaKOBAHHbIMK U 0Opa-
30BbiBaTh S-cnoit (LLINTM — uuroruiazmaruueckast Membpasa; INIT — nentuno-
rmukaH; JITK — sunoreiixoeBble KMCJIOTbI)

TOJIBKO CTAOMIU3UPYET KICTOUHYIO MEMOpaHy, HO U COXPAHSET HEU3-
MeHHOH GopMy KIeTKH. B OCHOBe XMMHMUECKO# CTPYKTYphl NMEeNTHIO-
rIMKaHAa 310XXEeHA NEPUOAMUECKasi NOC/IeI0BATC/IbLHOCTb IByX aMHUHO-
caxapoB — N-auerunmmoko3zamuHa (NAG) u N-auetmaMypamoBoi
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Kkucnotel (NAM), cluutbix Mexay coboit B-1,4-rMMKO3UMAHBIMUA CBSI-
3siMu. [lonepeyHbie CBsI3K MPEACTABIECHbI NENMTUAHbIMK MOCTUKaMH. UH-
TEPECHO, YTO Takass OMOJOrvyYeckasi CTpPyKTypa, Kak MYpPEHUH, BO3-
HMKJIA B XO[€ 3BOJIIOLIMY IBaXIbl, TAK KAK HEKOTOpbIE apXE€u Colep-
XAaT aHAJIOTUYHbII N0 aPXUTEKTYpe GUOMOJUMED, COCTOSILLIMIA U3 APY-
F'MX UCXOIHBIX MaTepUaoB (nceedomypeur). BcneacTsme pasHulLibl B XU-
MHYECKOM CTPYKTYpE M, CJIENOBaTEIbHO, B cOCTaBe (pepMEHTOB MyTei
OuocHHTEe3a 0Opa3oBAHME MCEBIOMYPEMHA HE MOABEPXKEHO NEHCTBUIO
TaKUX TUMHUYHBIX 1S NMOAAaBJIEHUS CUHTE3a MypeMHa aHTUOMOTUKOB,
Kak D-umknocepuH, BAHKOMMLUHMH WIX NMEHULIUJUIUH.

MypeuH JOCTATOYHO 3JIACTUUYEH U MOXET NOJ A€UCTBUEM BHELLHUX
¢aKTOpOB pacTArMBaTbCsl U CXXMMAThCS 10 YeThipex pa3. [entuaornu-

Mopun Benok-peuentop an Jnc
\\\\\\\\\\ \\\\\\,‘ \\\\\\\\/\ \.
000000000 0AMNA00000

BM

W i
1 ff ) N
LS Rl

LIMM Tlepunnasma

O-aHTUICH

aunua A

Jnc

Puc. 24. CtpykTypa rpaMOTpULIATC/IbHOM KJETOYHOM cTeHKU. TOHKHIt croi
NenTUAONIMKAHA MOKPLIT BHELIHEH MeMbOpaHoii (BM), kotopasi npukpenJe-
Ha K MENTUAONIUKAHY Junonporenaamu. Mexay aBymsi MeMOpaHaMy pacrno-
JIOXEHO MEepHUIIIa3MaTUYeCKOe MPOCTPAHCTBO (CO C/I0€M NENTUAONTMKAHA BHYT-
pH Hero). BHewHsiss MeMOpaHa conepXuT Gpochoaunuab Ha BHYTPEHHEH Mo-
BEPXHOCTH W JiMrionosiMcaxapuasl — Ha BHelHe#. JITIC cocTtosit U3 nunua-
HO# 4acTH, KoTopasi obpallleHa BHYTpb BHElLIHe MeMOpaHbl U hopMUpyeT ee
ruapodobHyl0 obnactb, U MOJAMCAXAPUAHOM YacTU, KOTOpasi obpalueHa BO
BHewiH010 cpeny (JITT — nunonporenns:; JITIC — nunononucaxapuabi)
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Puc. 25. Cxema ctpoeHusi nentuaoriukaHa (MyperHa). (NAG — N-auertun-
rmoko3aMuH; NAM — N-auerunmypamoBasi Kucnora)

KaHOBBIH CJ10M 00J1a0aeT CEIEKTUBHOCTBIO MO OTHOLUEHUIO K MOJIEKY-
JlaM ¢ 6onblioi MonekynsipHoi Maccoit. [loacuutaHo, 4TO HanbGOb-
LUKt pa3Mep OTBEPCTUSI B MELLIKE MOXET A0CTUrath | —4 x 4— 5 HM,
YTO MO3BOJISAET MPOHUKATh MOJIEKYJIaM CPABHUTEJIbHO HEBBICOKOM MO-
nekynasipHo# Macchl (50— 60 k[1a), npuyem pa3mep MPOHUKAIOLIMX MO-
JIEKYyJl HE 3aBMCUT OT TOJILLMHBI NENTUAOIIMKAHOBOrO C/iosi (pa3Horo
y I'paMIoJ0OXHUTENbHBIX U rpaMOTpULIATENbHBLIX OakTepuit). CienoBa-
TeJIbHO, MaKpOMOJIEKYJIbl C OOJIbIUMMHU MOJIEKYJISIPHBIMU MacCaMM He
MOTYT npeonoJieTb 6apbep NMPOHULIAEMOCTH MYpPEMHA, MO3TOMY sl
COOPKH BHEKJIETOYHbIX CTPYKTYP (XKFYTUKH, TTHJIK) WIH VIS IEpeHoca
JHK npu koHblOraumMy HeoOXxoAMMO AeHCTBUE CreurMPUUYECKUX M-
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Puc. 26. [MpocTpaHCTBEHHasi CXeMa CTPOEHHSs MENTUIONIMKAHA (MypeHHa)
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Puc. 27. CxeMa CTpoeHHUsl TeHX0eBbIX KUCIOT:

A — TeiixoeBasi KUC/IOTa, OCHOBaHHasi Ha riMueponc; b — TteiixoeBas KMCNOTA, OCHO-
BaHHas Ha pH6HTOHC, B KOTOpO# B KauecTBe R-3amectutens B Pa3HbIX BUNAX MOXET
BbLICTYNATh MNIOKO3a WIKU CYKLHUHAT
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posia3 MyperMHa, KOTOpbI€ JIOKabHO paCIUUpSIOT OTBEpCTUS ISl NPO-
x04a 6O/bLIKX MOJEKYJI.

[MenTMaOrIMKAHOBBIN CJIOH KJIETKY MPOLLUMT B MONEpeYHOM HarpaB-
JIEHUH €lle OAHMUM MOJIUMEPOM — TEMXOeBbIMM KHUCJIOTaMHU (puc. 27),
nonunondocharamu, o6pa3oBaHHLIMM Ha OCHOBE IJIMLEPOJIA WIU PU-
6uTOoNna ¢ OONbLUMM KOJHMYECTBOM pa3HOOOpa3HbIX 3aMeCTUTENEM
(D-ananuuH, L-cepuH, rmuuMH, rnoko3a, N-auetuarioko3aMmuH). Ye-
pe3 (ochopHbIit AM3UP TelixoeBbie KUCIOThI CBsi3aHbl ¢ Cy-aTOMOM
MYypaMOBO#I KHUCJIOTbI B MypeuHe. CUMTAIOT, YTO TeiXOeBbie KUCOThI
NpUAAIOT MypPEUHOBOMY MELLKY OMNpeleaeHHYIO CTerneHb CBOGOIbI NpH
PACTSIXEHUHU M CXATUM U AEHCTBYIOT Hanonobue npyxuH. TeitxoeBbie
KUCJIOTbI Oyiarogapsi cBoeit aHMOHHOI nonuondgocgarHoi npupone
MPOYHO CBSA3BIBAIOT MOHBI Mg?*. BbICKa3aHO NpPEANOJOXEHHE O TOM,
UTO OHU MOTYT BbINOJIHATH B KJIETKE pOJib CBOEOOPA3HOro MOHOOOMEH-
HuKa. B ycnoBusx ¢ochopHoro rononaHusi CMHHTE3 TEHXOEBbIX KUC/IOT B
KJIETKE MPEKPALLAETCsl, OHM 3aMEHSIIOTCS HA TEHXYPOHOBbIE KUCJIOTDI.
B nocnenHee Bpemsi TeiixoeBbie KMCJIOTbl CTAIM pacCMAaTpUBaTh B Kaye-
CTBE TAKCOHOMMYECKOTO MapKepa, OCOOEHHO y IpamIONOXUTEbHbIX
0aktepuit punyma Actinobacteria. Oka3anoch, YTO B COYETAHUHU C OI-
peneneHueM nocuenosatesnbHocTeit Monekyn 16S pPHK onpeaenenue
COCTaBa TEMXOEBBIX KUCJAOT KJIETOUHbIX CTEHOK aKTUHOMHULETOB —
He3aMeHUMbIH MeToa Wwis nud¢epeHUMPOBKY Ha BUIOBOM YPOBHE.

TunuuHbIe rPaMMNoIOXHUTENbHbIE MUKPOOPraHM3Mbli UMEIOT TOJI-
CTblil, MHOI'OC/IOMHBbIA MYpPEUHOBbII MelloK (TonuHa 20— 50 HM),
conepxaiumit 1o 40 cnoeB nentTuaoriMkaHa (cMm. puc. 23). 'pamotpuua-
TeJibHblE OaKTEpUM 001aAal0T GoJiee CII0XHOM KJIETOUHOM 000I0UKOI,
MMcIollie i BHELIIHIOI MeMOpaHy (cM. puc. 24). o cpaBHeHuto ¢ LITTM
BHelHsAs MeMOpaHa (BM) siBasieTcsi CUIbHO aCUMMETPUUYHBIM JIUMUA-
HbIM OMUCJIOEM, B KOTOPOM BHYTPEHHHUIi cloit coctouT U3 docdonu-
NUIOB, a BHELIHUK — U3 JIunonosucaxapuaoB. Mexiay LMTONnIa3ma-
TUYECKOW M BHElIHei MeMOpaHamMM BO3HMKAET YHUKaJIbHOE 00pa3o-
BaHHUE, HA3blBACMOE NepUNIaIMamu4ecKum npocmparcmeom (nepunias-
Mou). MypeMHOBBIIt MELLIOK TaKMX OAKTEpUit BCTPOEH B MEPHUIIaZMy U
COCTOUT BCEro JIULLb U3 OAHOTO cJiosi (TonuuHa ~3 HM). BM u Mypen-
HOBBIH CNOW COENUHEHBI JIMMONPOTEMHOM, KOTOPbIii CBOUM N-KOH-
LIOM C 3aMELUEHHbIMU XUPHBIMU KHUCJIOTAMU TMOIPYXEH BO BHELUHIOW
MeMOpaHy, a ero KapOOKCUJIbHbIII KOHEL CBsi3aH C MypeuHoM. BM
COLEPXUT Oeaku-nopuHsi, GOPMHUPYIOLLIME TOPbI.

Hannuune nononHutenbHoro 6apbepa NpoHULIAEMOCTH B BUJIE BHELL-
Hei MeMOpaHbl MPUBOAMT K TOMY, YTO [UISi FPAMOTPULIATE/IbHbIX 6aKTe-
pHUil HEOOXOAMMO NMPUMEHSTH 00Jiee BbICOKHE MUHUMaIbHblE KOHLIEHT-
pauuy OEHACTBYIOLLIMX HA HUX AHTUOUOTHMKOB MO CPABHEHMIO C rPaMIio-
JIOXUTEbHBIMU OakTepUsiMU. [TOMUMO Cy111I€CTBEHHOTO NPENSTCTBUS HA
NyTH NOMNOLLEHUS THAPOMUILHBIX CYyOCTAHLIMI, HATMYKE NOTNOJHUTEb-
HOro 6apbepa NMPOHMLIAEMOCTH MO3BOJISIET YMEHbLUUTD TOJLLIUHY Mype-
MHOBOFO CJI0Si M JaeT BO3MOXHOCTb 3((PEeKTUBHO UCMOJIb30BATH LIEH-
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Hble MPOAYKTHI MeTaboJM3Ma MypeWMHa, KOTOpbleé HaKaruiMBalOTCsl B
NnepUIIa3MaTUYECKOM MPOCTPAHCTBE KJIETKHU Npu ee pocte. BM oGec-
ne4ynBaeT KOHTAKT KJIETOK Mexiy co0oii, C MOBEPXHOCTbIO CyOCTpaTa,
a TaKXe C KJIETKaMU OpraHuM3ma-xo3siMHa npu natoreHese. OHa ynep-
XUBaET psill BHELUHMUX CTPYKTYPHbIX 00pa3oBaHMii, HaMpyUMep MUIH.

[To cpaBHeHuto ¢ LIITM BHeluHsis MeMOpaHa 6ojiee MHEpPTHA MeTa-
60JIMYECKH U COAEPXKHUT OrpaHHUUEHHOE YHCJIO OCHOBHbBIX BUAOB 6enKa.
DTO BbILIEYNOMSIHYTbi€ MOPUHbBI, 4 TAKXE psl OEJIKOBBIX MOJIEKYI,
obecneynBalLIMX OOMEH KJIETKH C OKpyXalollei cpenoit, cOopky
MOBEPXHOCTHBIX CTPYKTYP, KOHBIOTALMIO U CEKPELIMIO OEJIKOB.

BM coaepXHT B Ka4eCTBe OCHOBHOTO KOMITOHEHTa JIUMonoJincaxa-
puabl (JITIC), O-uenu KoTopbIx siBsIIOTCS aHTUreHamu (puc. 28). JITIC
00pa3yioT Ha MOBEPXHOCTU KJIETKHM OTPULATENbHBIA 3apsil M 4acTo
siBAsitoTCsl TOKCHYHBIMM. JITIC BHellHei MeMOpaHbl SHTEPOOAKTEPHIA,
HanpuMep, CONEPXMT TPU CTPYKTYPHbIE YACTH: 2-KETO-3-I€30KCH-
okTyno3oHaT-munua A (Kdo-nunuag A) — yHUKaibHBIH TJUKOMUITUI,
3as51KOpUBAIOLLIMIA MOJIEKY/TY BO BHELLHE MeMOpaHe; LIeHTpabHbli OJIN-
rocaxapuaHbiii perMoH (noapasaeisieMblit HA OCHOBHYIO MU BHELLHIOIO
yactu); nepucgepuitibie uenu O-aHTUreHOB, KOTOpPbie U OTBETCTBEH-
Hbl, B OCHOBHOM, 32 UMMYHOJIOTUYECKHE OCOOEHHOCTH MHTAKTHOIO
opranuaMma (puc. 29). Ctpyktypa Kdo-nunuaa A BbICOKO KOHCEPBaTHB-
Ha cpeay rpaMoTpULATEIbHbIX MUKPOOPraHM3MoB. LleHTpanbHasi ofu-
rocaxapuaHasi 06/1acTb TakXe N0 HEKOTOPOi CTErneHU KOHCEpPBATHUB-
Ha, a y NpeAcTaBUTe/Ieil SHTEPOOAKTEPUI — MOX0XA, XOTS U HE MACH-
TUYHA. O-aHTUreHbl COOEPXAT JUIMHHBIE MOJUCAXapUllbl, COCTOSIIIINE
M3 MOBTOPSIIOLLMXCS OJIMTOCAXapUIAHbIX €AMHUL. XapaKTEPHbIE CTPYK-
Typbl MOTYT COAEpXaTb NE€30KCU-, AMIE30KCHU- M aMuHocaxapa. Co-
CTaB, CTPYKTYpa U UMMYHOCNELUU(UYHOCTb LUIMPOKO BapbUPYET BHYT-
pHY pOAOB U MEXIY PONAMHU U COCTABJISIET OCHOBY LISl CEPOJIOrMUYECKO-

AraN
I
Abe GicNAc Gal P K?o P
l I
(Man—-»Rha ——Gal)"——Glu — Gal — Glc — Hep —Hep —>Kdo——Gch\i—AcyI
|
EtN-PP GIcN-Acyl
i
P
O-aHTHUreH Onurocaxapun Kdo-nunua A

Puc. 28. Ctpyktypa aunononucaxapuna Salmonella typhimurium:

Abe — abekyo3a; AraN — 4-amuHoapabuHo3a; EtN — stanonamuu; Gal — ranak-

t03a; Glc — rmoko3a; GlcN-Acyl — N,O-au-3-ruapoKCMMUPUCTOUITIIOKO3aMHUH H

N,O-au-3-ruapokcu(3-O-naponn uau mupuctomn)rinokosamut; GIcNAc — N-auetun-

rmoko3amuH; Hep — L-rnuuepo-D-mManHorentosa; Kdo — 2-kerto-3-me3okcu-
OKTyN030HaT; Man — maHHo3a; Rha — pamHo3a
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Puc. 29. CxcMa CTpyKTypbl siapa jJiunononucaxapuaa Salmonella. Hep, L-rau-

ucpo-D-maHHorento3a. Caxapa NpUKperneHbl UX peayLUpyIOLLIMMHA KOHLA-

mu K aunuay A (1 > 4 u 1.0.), NO3TOMY CTPYKTYpa HE COAEPXHUT peaylLHUpy-

towmx rpynn. Ipu 6MocuHTe3e siapa, cnpaBa HalieBo, cnieunduyeckue ¢ep-
MEHTBI J0D0aRISIOT CAEAYIOLLYIO €AMHULLY

ro TMnupoBaHus wtamMmoB. LLITaMMbl AMKoro Tumna ¢ nojHbIM O-aH-
TUreHHbIM JITIC ¢popMHUpYIOT rnaakue KOJOHMM, TOrla KaKk MYTaHTbl
WIN IUCCOLMAHTDI, JiMlieHHble O-aHTUreHOB, 0Opa3yloOT LIepOXOBa-
Thi€ KOJIOHUU. B HCKOTOPBIX 11€pOXOBAThIX MyTaHTax O-aHTUTEH y 3H-
TepobakTepHil 3aMeHEH Ha Ipyroi rnojucaxapui, oOLIMiH aHTUIEH
3HTepobakTepuit (OAD), LIMPOKO pacnpoCTPaHEHHbIH B 3TOH rpyrine
MUKpoopraHuamMoB. OAD siBISIETCS reTepornoincaxapuiom, COCTOSILLIMM
13 N,O-auauetunriatoko3aMuHa, N-aueTmiaMMHOMaHHYPOHOBOW KHUC-
JoTbl U N-auetuipyko3aMmMHa, OH KOHCEPBAaTMBEH cpeau 3HTepobak-
Tepuit. OAD MOXET CyLLEeCTBOBaTh B IBYX (hopMax — rnepBasi NPUKpEr-
JIeHa K Hapy>XHOMY CJIOIO BHELlHeil MeMOpaHbl peayLMPYIOLIUM KOH-
LOM uepe3 ocTaToK ¢ocdaTuania U MPUCYTCTBYET MOCTOSIHHO, BTO-
pas 3ameiuaer O-uenu JINIC y MyTaHTHBIX 1ITAMMOB.

Hapsiny ¢ JITIC BHeuwHsist MeMOpaHa coaepXHUT oOblYHble (ocdo-
JIUTIUABI, COCTAB KOTOPBIX MOYTH HEM3MEHEH U BKioyaeT 10 90 % ¢oc-
darnannaTaHoaMHUHa.

CneacTBueM CylleCTBEHHBIX pa3jiMYMii CTPYKTYpPhbl KJIETOYHOMK 000-
JIOYKH Y rpaMMoJIOXHUTENIbHBIX M TPaMOTPHULIAaTEIbHbIX 6aKTepHii siBJIsi-
CTCs1 MOJy4YeHHe pa3HbiXx 0Opa3oBaHMi Mo ACIHCTBUEM areHTOB, Hapy-
LIAIOLLIMX CUHTE3 nenTtuaoraMkada. Hanpumep, noa neicrBueM neHu-
LMJUTMHA U3 TPaMITIONIOXUTEJIbHBIX KJIETOK 0Opa3yeTcst poTomiacT, He
Hecylmii 060J104KH, a U3 rpaMoTpULaTeSIbHbIX — ceporiacT, UMe-
IOLLMIt OCTaTKKU ODOJIOUKH Ha MOBEPXHOCTH KJeTKU. KneTku, yrepsis-
LIMe KIJIETOYHYIO CTEHKY B pe3yJjibTaTe MyTallMM MM pa3pyllaiolliero
BO3AeHCTBMS, Ha3bIBalOTCA TakXe L-¢opMaMu U MOTryT CylIeCTBOBaTb
TOJILKO B U30TOHMUYECKHUX PACTBOPAX.
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IMuan. Y MHornx 6akTepuii HaxoasiT BOPCUHKMU (PUMOpUHU, nuiu,
puc. 30). IMTuau — HuteoOpa3Hble NMOJMMEPHBIE OpraHe/Ulbl 6eJIKOBO#
MPHUPO/bI, TOKATM30BAHHbIC HA MOBEPXHOCTHU KJeToK (puc. 31). Ux BHa-
yane (1955 r.) HasbiBanu ¢umbpusamu (MH. 4. OT J1aT. «<HUTHU»), 3aTeM (B
1965 r.) nosiBMJICSt TEPMUH «MMUJIYC» (€. Y. OT JIaT. «BOJIOC») ISl OMNHUCa-
HUs1 GUOPHUIBHON CTPYKTYpbl, BO3HMKAIOLIEH MPU KOHbIOraLlUKU KJle-
tok E. coli (F-pilus) (puc. 32). C Tex nop TepMHUHOM «ITUJIU» 0003HaYya-
10T BCE€ TUTbl HEXTYTUKOBBIX 00pa3oBaHMii Ha MOBEPXHOCTH KJIETKH,
CMHOHHMMOM 3TOrO CJI0Ba SIBJISIETCS TEPMUH «pumMOpun». Paszmep nu-
Jiei BapbMpPYET OT A0Jieit MUKPOMETPOB 10 6osiee 20 MKM B IUIMHY U OT
2 no 11 uM B nuamerpe. TIMaM COCTOAT U3 ONHOrO WJIM HECKOJbKUX
TUNOB OEeNIKOBbIX CyObeAMHUL, HAa3bIBAEMbIX NUAUHbI WU (PUMOpPUHDL,
KOTOpbie OOBIYHO OPraHM30BaHbl B CIUPAIbHbIE CTPYKTYPbl. APXMTEK-
Typa NMuJieil BapbUPYET OT TOHKMX HUTEBUAHBIX 1O TOJCTBIX MPOYHbIX
najoykoobpa3Hbix 0Opa3oBaHMit C OCEBbIMU OTBEPCTUSIMU. TOHKHE
MUJIH, IMaMETP KOTOPBIX He mnpeBbillaeT 2—3 HM (HanpuMep, K88 u
K99), yacto oTHOCAT K @pubpusrsam. Ewe 601ee TOHKUE MUIU (AIMAMET-
POM MeHee 2 HM), Ha3blBaeMbie «KYIPSALIKAMU», UMEIOT TEHACHLMIO
CBAJIMBAaTbCSl B MYLIMCTYIO JIMNKYIO MacCy Ha MOBEPXHOCTU OakTepuit
M OTBETCTBEHHBI 32 arperauMio KJ1eTokK. DJEeKTPOHHasi MUKPOCKOITHSI
BbICOKOTO pa3pellieHusl nokasana, yto nuam tuna 1, Pu Sy E. colin
Haemophilus influenzae npeactapisiioT cOO0Oi CI0XHBIE CTPYKTYPbl,
COCTOSILIME U3 TOJICTON MAJOYKU C NPUKPEIUIEHHOM K HEH TOHKOWM
bubpuinoit. Nuau yacTo pacnosioXeHbl NMEPUTPUXUATBHO MO NOBEPX-

Puc. 30. DnektpoHHass MukpodoTorpacus (HanbUIEHUE MIATHUHOM) KJIETKH

wtamma E. coli, ob6pa3ylouiero nmiu, BolpallieHHO#M B XHUAKO# cpene 6e3 aspa-

und. Kaxuaasi kjieTka HeceT COTHU nuieit (1MaMeTpoM 7 HM), U UX HaJUYUe

crnocobcTByeT arperalMy Kjietok. BuaHbl Takxe otnomuBlivMecs nuau. He-

CKOJIbKO XIYTUKOB, ropa3fo O6osibllieit IIMHBI U TONMUUHDBI (AMameTp 14 HM),

NMPOCTHUPAIOTCS OT MOBEPXHOCTH KJETKHU 3a npenensl ¢ortorpacpuu. Lnpuna
KJIETKHU OKOJIO | MKM
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Puc. 31. ®oTOMOHTaX KJIETOK C pa3HbIMH MWISIMH:

A — P-nunm E. coli (tTomnuua 2 HM) — NpoTOTHUN CTPYKTYp, COOpPKa KOTOPBIX MPOMUC-
XOIUT C MoMouibio GeIKOB-LIanepoHOB W HiBeiilapoB. CrnipaBa npeacTaBieHa TUNUY-
Hasi HEraTUBHO OKpallucHHasi kinetka E. coli, obpasyouias P-nunu; 6 — CS2-nvau
E. coli (TonuumHa 2 HM), coOupaeMble C NMOMOLLBIO ANbTEPHATUBHOro Genka-ianepo-
Ha; B — nonsipHbie NWiu 3HTeponatoreHHoro wramma E. coli Tuna 4B, obpasytouiue
yuibl; I — ckaHupyowas 3nekTpoHHasi MukpodoTorpadusi KJIETOK 3HTEPONATOreH-
noro wtaMMa E. coli, obpa3ylouimx CBsi3KM nuiei TojiwMHoi okosio 50 HM. Otaenb-
Hble MUY TONUIMHOMH 6—8 HM Mpyu TakoM pa3peleHUH GOTOCHHMKA HE NMpOCMaTpu-
BaIOTCS
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Puc. 32. «<Myxckasi» kietka E. coli (cneBa) ¢ 601blIMM KOIUYECTBOM OObIY-
HbIX (COMAaTHYECKHUX) MU U ONHOW KOHBIOraTUBHOM MUEN, NOCPEACTBOM
KOTOpO# OHa CBsI3aHa C «KEHCKOW» KJIETKOM, JIMILIEHHON I1a3MUl, KOAHPY-
I0LMX cMHTe3 nojnosoro ¢akropa F. Ha naHHOM npenapaTte KOHblOraTuBHas
NWis UCKYCCTBEHHO nomMeveHa cneunbuueckum dakrepuodarom

[NMoBepxHOCTb
TKaHH

KoHuuk
MWK
—_—
Peuentop
Ha MOBEPXHOCTH
TKaHU =S

S

Puc. 33. CBsi3biBaHMe GaKTEpUAIbHOI KNETKU C MOBEPXHOCTbIO TKAHEM
XO3sIMHA C MOMOLUBIO MUJIEH
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HOCTU KIETOK, OAHAKO MUK 4-ro TMMa MoOryT ObITb JIOKQJIM30BaHbI
TOJIbKO Ha OOHOM KOHLE KJIETKH.

ITunn rpamoTpuuaTtenbHbiX 6aKTepHUid H3y4yeHbl IOCTATOYHO NOAPOO-
HO, U3BECTHO TaKXe O CYLUECTBOBAHMHU MWJICH Yy TPamMIoNIOXHUTESIbHBIX
OpraHn3MoB. MHOroyMcieHHbIE THTIbI NMUIEH y 6aKTepUid OTBEYaloT 3a
ajganTauMio OpraHM3MOB, X BBDKMBAEMOCTb U PacrpoCTPaHEHbl HE TOJIb-
KO y MaToreHHbIX, HO U y canpoTpodHbix BUAOB. [1nin BeiCTynaroT Kak
akuenTtopbl 6akTepuodaroB, MOMoOraioT KjieTkaM NMpUHUMAaTh U Nepena-
Batb JIHK npu KoHbloraumu u, no KpaiHeit Mepe JUisi et 4-ro Tvna,
NMPUHUMATb YYacTUe B ABMXEHUM KIIETKH. OCHOBHOE X€ MpeaHa3Haye-
HUE NWiei — NoAAEPXMUBATh crielMPHUYECKUE NPUKPENUTENbHBIE CTPYK-
Typbi KJIETKH. [IpukpenuresnbHble CyObeAMHULIbI NMWIEH (adee3urbl) 4acTo
B Ka4eCTBE MMHOPHBIX KOMIIOHEHTOB MPUCYTCTBYIOT Ha KOHLIAX MUJIEH,
OIHAKO OCHOBHAsi CTPYKTypa MWIE TaKX€ MOXET BbICTYNaTb B POJIU
aare3vHa. AIre3avHbl SIBISIIOTCS MOCPEAHMKAMU MNPU GakTepUabHbIX
KOHTAaKTax, NMpY KOHTAKTaX ¢ HEXXUBbIMM OOBEKTAMH, TKAHAMH M KJIET-
KaMH B BOCTIPUMMYHMBbBIX opraHu3Max. KojoHu3auusi TkaHeil Xo3amHa
GakTepUalbHbIMU MAaTOreHaMHU OObIYHO 3aBUCHUT OT CTEPEOXMMHYECKO-
ro nopodusi MeXay apXMTEKTYpoil aare3uHa MU COOTBETCTBYIOLLETO pe-
uenTopa KJIETKH X03siuHa (puc. 33). B3auMOOTHOLLIEHUSsI, MEAUUPYEMbBIE
aare3uBHbBIMU MWISIMU, MOTYT NMoMoraTb (OPMUPOBaAHUIO DaKTepUab-
HbIX COOOLLIECTB, TAKUX, KaK OMOIJICHKH, U 4acTO SIBJISIIOTCSI OCHOBHBIM
(hakTOpOM yCneLHON KOJOHU3aUMKU OpraHM3Ma-Xo3siMHa MaTOreHHbI-
MU U canpoTpoHbIMU MUKPOOPraHM3MaMH.

DKcnpeccusl nujieit BHOCUT CYLLIECTBEHHbI BKaA B KOJIOHU3aLMIO
M MEPCUCTEHUMIO NMATOr€HHbIX MUKPOOPraHU3MOB B OPraHM3Me X03-
MHa. Y MHOruMx 0akTepuaibHbIX MH(MEKLMOHHBIX areHTOB KJIIOYEBYIO
poJib B KOJIOHM3AaLMM TKaHEeH X03siMHa UrpatoT aare3vBHbie nwin. Ha-
npumep yponatoreHHbie E. coli nns 3¢pdekTUBHOro 3aceseHus 3nu-
TEJIUSl MOYEBOTO My3bIpsl NOJKHbI UMETb MUIM 1-ro TMNa. DTHU NUIU
NMPUKPEIUIAIOTCA K KOHCEPBAaTUBHBIM pELIENTOPaM KJIETOK 3MUTEUS
MOYEBOro My3bIpsi, CoaepXallMM MaHHO3Y, U MPEeIOTBPALLIAOT BbIMbI-
BaHue OakTepuit ¢ Mouo. P-nuin ocyllecTBasiioT Ty Xe (GyHKLUHUIO B
NMoYyKax, NpensATCTBYs yaaleHuIo nueJoHedpuTHbIX E. coli n3 nouyexk u
MOueBbIBOASILMX KaHa1oB. KHllieyHble matoreHbl 00pa3yroT MHOro4Mnc-
JICHHble U pa3HOoOOpa3Hble aAre3MBHbIE MUJIM, KOTOpPblIE MOMOraloT
OakTepusiM KOJIOHM3UPOBATh KMLeYHUK. K 3TO# rpynne npuHamiexar
nunu K88, K99897P, mnuHHbie nonspHblie ¢GUMOpHUH, TMIa3MUOHbIC
nunu Salmonella enterica v arperupyrouive GUMOPUU SHTEPONATOrEH-
Hbix E. coli. TCP-nunu oTBeTCTBEHHBI 32 NpuKpenienune V. cholerae x
3MUTENNIO TOHKOTO KMLIEYHUKA. DTH XKe MUK AeHCTBYIOT KaK peLer-
Topbl I1si ¢dara xonepHoro tokcuHa (CTX®P), nusorenHoro ¢ara,
KOOMPYIOLLEro ABe CyObeAMHMLIbI XOJIEPHOIO TOKCHHA. JTOT ¢ar nepe-
HOCHUTCH MEXAY KJIETKaMM XOJIepHOro BMOpMOHA uyepe3 B3aMMOICH-
ctBue ¢ TCP B ToHKOM KuleuHukKe. JIpyrue rnujiv TakXxe rnoMoraioT B
npuobpeteHUM paktopoB BupyeHTHocTH. [Torouwenne JHK npowuc-
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XOIMT C MOMOLLbIO NucH 4-ro Tuna, a nepeHoc AHK ocywecrnisier-
csl MPU MOCPEACTBE KOHBIOFATUBHLIX Muieit (cM. puc. 32), KoTopbie
NOMOraloT MaTOreHHOMY OPraHU3My MPUOOPECTU TeHbl, TO3BOJSIIO-
LiMe CUHTE3MpOBaTh LUMPOKUK CreKTp (PaKTOPOB BUPYJIEHTHOCTHU W
npuaapilmMe UM yCTOMYMBOCTb KO MHOTMM aHTUOMOTHKaM. OOpa3oBa-
Hue OMOMJICHOK, TpeOylollee BO MHOTUX CIIY4asix yyacTust nuiei 1-ro
M 4-TO TUMOB WJW «KYyApSILLIEK», TAKXC MPEAOXPaHSIET HATOICHbI OT
NeHCTBUS JIEKApCTBEHHbIX MPENapaTtoB U MOXET CMOCOOCTBOBATH KO-
JIOHU3aLMK TKAHE U MEAMLIMHCKUX UMIUIAHTAHTOB.

[1pn MHpEKUMOHHOM Mpouecce MPUKPCMUTENbHbIC MUAU YACTO
pacrnoJjiaralotcsl B NPOMEXYTKE MeXIY KJIeTKaMU XO35IMHA Y NaToreHa,
rie OHY MOTYT YYacTBOBAThb B «pa3roBoOpe» MEXIy N1ByMsl OPTaHU3MAMM.
WUMeeTcst psia npuMepoB, Koraa NpuKperieHUe nujieid Bbi3bIBAIO MO-
sIBJICHWE CUTHAJIOB B KJIeTKax Xxo3auHa. [1pukpensieHue nuieii Tuna 4A
Neisseria K peuerntopaM Xo3siMHa Ha MUTEJIMAIbHbIX KJIETKAX BbI3biBa-
€T BbICBOOOXIEHHUE 3aMaceHHOro BHYTpUKieTouHoro Ca’*, u3BecTHo-
ro KaKk CHUrHaJl, peryiupyiouiMi OTBETbl IYKAPUOTHUUECKHUX KIIETOK.
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Puc. 34. Cxematnyeckoe n3oopaxeHue cOOPKH NUieil Ha NOBEPXHOCTH bakTe-
pPHATbHOM KJICTKM C MOMOLLBIO MEXaHU3MA LIallepoHa-wBeilapa. CTpykTyp-
Hble cyObeanHulbl koHuuKa (PapG, PapE, PapF n PapK) v nanouku crep-
xHs (PapA) nunun nepeHocsatcst uepe3 LLIIM E. coli nocpenctBom SEC-cuc-
TeMbl nepeHoca. Ha nepuniazmatuueckoit cropore LINM cy6beanHuLbl KOH-
TaKTUPYIOT ¢ wanepoHoM PapD, koTopblit noMoraet cyobeAMHULIAM B CKJla-
IIbIBAHUU U BBICBOOOXIEHUM C BHelHei ctopoHbl LITTM. benok DsbA Heo6-
XOIMUM [UIsi PaBUJIbHOTO CKJIAbIBAHUSI KAK CYObENUHHULL, TAK U CAMOTO llia-
nepoHa PapD. B orcyTtcTBHe HianepoHa cyobeAMHULIbI ArperupyloT U pacuien-
JII0TCS Nepunia3maTuueckoi nporeasoit DegP. HakonneHue He cBsizaBLImnX-
Csl C WanepoHOM CcyObenMHHULL M MX arperalusi BeayT K aktuBaunuu Cpx-cuc-
TEeMbl, NPUBOASILUCH K YBEJMUEHHUIO CHHTE3a ICPUIIIa3MaTHUCCKUX CHUCTEM
nerpagauMu 6enkoB (DegP-npoteasbl). Komruicke cyObenmHuua-ianepoH
(PapD) cesa3biBaeTcs ¢ GeikoM-uiBeiillapoM BHeluHeid McMOpaHbl (PapC),
110CJIE YEro LAanepoH OTLLEIUISIETCS, a NOJUNENTU CYObENWHULIbI B IMHEHOM
<hopMe TpaHCMOPTUPYETCsl Yepe3 Mopbl BHELIHCH MEMOPAHbI LLIMPUHOMU 2 HM,
KOTOpble 00pa3yeT LiBeiillap BHEWIHEH MCMOpaHbl, pacnoOXCHHbIIA TpaHC-
MeMOpaHHo. [Tpoiinsi yepe3 Takue nNopbl, CyobeNMHUILBI OYyIIIMX MWICH BHOBb
CBOpPauYMBalOTCs B NMPAaBO3aKPYYEHHYIO CMIMPAIb Ha BHELIHCH CTOPOHC MeMO-
paHbl, 06pa3ys TOJCTYIO NAIOYKY M3 CBSI3aHHBIX APYT C APYroM CyObennHuil,
KOTOpast yXXe HE MOXET COCKOJIb3HYTb Ha3aj, B nopy wseituapa. O6pazoBaHuC
CKpyueHHo#i nanouku nuav PapE nomoraer ee nanbHeiilicMy HapacTaHMUIO

[NpucoeanHenune P-nuin K ypoanuTeananbHbiM KJIETKAM MOXET Bbi3-
BaThb BbIXOA U3 HUX KEPAMMIOB, BAXHbIX BTOPUUHBIX MECCEHIXKEPOB,
CMocoOHBIX aKTUBUPOBATD LIEJIbII psii NPOTeMHKMHA3 U ¢ocdaTas, BOB-
JICYEHHBIX B MPOLIECC MEpeaaiv CUrHaIa. T CUTHAbI TPUBOIST B KOHLIC
KOHLIOB K BBbIAEJIEHUIO KJIETKAMM LIMTOKMHOB. [Tnin MoryT Takxe re-
penaBaTbh CUTHA BHYTPb KJIETKH Xxo3sinHa. B 1996 r. noka3aHo, 4yto npu-
KperjieHue P-nuau Kk peuentopaM KJIETOK XO3siIMHA CTUMYJIWUPYET
AKTUBALMIO XKeENe30MOOUIHU3YIO-

LUMX MEXaHU3MOB Y YpOIMNaTOreH- .

HbiX E. coli. D10, BeposiTHO, yBe- :

JIMMMBAET BO3MOXHOCTH TMOJyue-

Puc. 35. ®opmuposanne CSI1-nunun
E. coli no anbTepHaTMBHOMY 1lIaNEPO- e .

Hosomy nytu. Lllanepoxn CooB o6pa- ' T N

3yeT Nnepurja3MaTuyeckmue KOMIUIEK- B

Cbl C OCHOBHBIMM KOMIMOHEHTaMH

nuneit CooA u CooD. OH nomoraet CooD

TaKXe cTabuamn3aumnu 6esika BHEllHel

MeMm6paHbl CooC, KOTOpbIii AeHCTBY-
€T KakK KaHaj [Uisi nepenayu Hapyxy CooA Mepumnnasma

LM

6enkoBoit ¢ubpubl, 00pasyolleit
numo (BM — BHewiHssi MeMOpaHa)
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e Puc. 36. Cxema oGpa3oBaHusi NUIH
t1na 4 y N. gonorrhoeae. benok-npe-
nunuH PrePilE nepeHocutcs B nepu-
n1a3MaTHYECKOE MPOCTPAHCTBO C MO-
mouibto SEC-MexaHu3ma nepeHoca.

) " 3arem PrePilE nonsepraetcsi npotiec-

- CHHTY Cc nomolublo nentuaassl PilD,

OTLIETUIAIOLIEN MONIOXUTENbHO 3apsi-

XEHHBI CUrHanbHbI nentua ¢ N-

T KOHLA cyobeanHuubl nuau. Céopoy-

v Hblit kommiekc PilE LITTM 3atem ocy-

LLECTBIISIET BCTPauBaHUeE 3pesioi CyOb-

WA e envnuuel PilE B inneitnyio pubpruty.
Y T : " benok PilQ nomoraer nepeaBuxeHHI0
! iﬁ.[(ilfl ' *. MWK Yepe3 BHELIHIOW MeMOpaHy,

BO3MOXHO C MOMOLIbIO TaKUX (paK-
TopoB, KakK PilP. Aare3un PilC, Ha-
XOASILUMICS HA JIMAMPYIOLLIEM KOHLE
paCTYyLUEi MUIU, TAKXE, MO-BUIUMO-
MYy, TpebOyeTcs ISl TPaHCJOKALHUH
NWIN YEPE3 BHELIHIOW MeMOpaHy

J . L { o G ¢ VS
I '
,o o
o9
o
INepunnasma
LM

Puc. 37. Moaenb GopMHUpOBaHUSA «MTUEH-KYNPALLEK» MO MYyTH BHEKJIETOYHOMN
HyKJ1eauuu-ocaxaeHuss. OCHOBHOW KOMIMOHEHT <«NWIN-Kyapsiluku» E. coli,
CsgA, nepeHOCUTCsl B EpUIIIa3My C NOMOILbIO cekpeTopHoro SEC-MexaHu3-
Ma, pacnosioxeHHoro B LITIM, 1 nanee BO BHELUIHIOI cpelly Yepe3 BHELLHIOW
MeMOpaHy C MOMOILLIbIO PAaCNOIOXEeHHOro B Heit iunonpotenHa CsgG. Pacno-
JIOXEHHbIW Ha MOBEPXHOCTH BHeLIHe MmeMbpaHbl 6e1ok CsgB momoraer cyobe-
IIMHHULIAM JIOKTM30BaThbCs B siApo pactyuei nuiu. beaku CsgB pacnonarator-
Csl MO BCEil IUIMHE pacTylleil MWK, rie OHW MHULMHUPYIOT BETBIEHHE «IHU-
neii-kyapsuiek». OcHOBHY10 ¢yHKILIMIO O nepeHocy cyobeanHuu CsgA u CsgB
HeceT 6enok-nepeHocyuk CsgG, xoTs ero (pyHKUMHU U3yYeHbl HE MOJIHOCTBIO
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HMS XeJjle3a U BbXXKMBaHUS KJIETOK NaToreHa B 1e(pMLIMTHOM MO Xeje3y
OKPYXEHHH MOYEBOI CUCTEMBI.

TakuM obpa3om, uszyyeHue byHKLIMOHMPOBAHUS MUJIEH MO3BOAUT
He TOJILKO I1y6xe MOHSTb MEXaHM3Mbl KOJIOHU3aLMUHU U Nepeaadym CUr-
HAJIOB, HO W BECTHU Pa3paboOTKy HOBBIX MOKOJEHUA aHTUMUKPOOHBIX
areHToB s 60pbObl C MAaTOreHHBIMU MUKPOOPraHU3MaMH.

Inst c6opku nuieit Ha NOBEPXHOCTH KJIETKM BCE MUJIMHbBI JOJIKHBI
OBbITb MepeHECeHbl Yepe3 BHYTPECHHIO MeMOpaHy, NepuIiasMy U BHe-
LHIoI MeMOpaHy (puc. 34— 37). [lns atoro npouecca y Bcex 6akTepHii
3a/1eiiCTBOBAHO N1Ba CMELMAIM3UPOBAHHBIX COOpOUHBIX 6enka — ne-
pMILIa3MaTUYECKMI LIANEepPOH U lUBeiLap BHELUHE MeMOpaHbl. AH-
cambJ1b 11anepoHa M LBeiilapa BoBjieyeH B 6uoreHe3 Gonee yem 30
Pa3IMYHbBIX CTPYKTYP, BKJ1I0Yasl CJIOXHbIE MUK, TOHKHE HUOPUILIBI U
He(UOPHUIIbHBIE AAre€3UHBDI.

XKryrnku. YacTto moaBMXHOCTb MUKPOOPraHM3MOB OOYC/IOB/IEHA
HaJIUYMEM XIYTUKOB. Y MPOKapHOT XapaKTep XIYTUKOBaHMS SIBJISIETCSI
JNHarHOCTUYECKUM NMpHU3HaKoM (puc. 38, 39). XKryTUKM y HUX MOCTpoe-

PG
’ ’ g
by \he
. S R A
B

Puc. 38. Xrytuku, popmupyolmecsi y pasHbix 6akTepHii:

A — OKpacka XryTMKOB 0alM/n clielMaibHbIM COCOOOM (TaHHUHOBAsi KUC/IOTa/111e-

nouHo# pykcuH B Moaudukauum JlciidhcoHa); b — anekrpoHHasi MUKpodoTtorpadusi

XIYTUKOB 6auun (HanblieHUE MIaTUHOW); B — noaBuxHble KAeTKU Proteus mirabilis
B CTaIMU «POCHHUSI» C MHOTOYMUC/IEHHbIMU MEPUTPUXUATBHBIMU XIYTUKAMH
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Puc. 39. Tunbl XryTMKoBaHust y 6aKTepHii:

I — MoHoTpHXxHanbHoe; 2 — nodoTpuxuaiibHoe; 3 — f1atepaibHoe; 4 — aMbUTPUXH-
anbHoOe; 5 — mnepUTpUXHanbHOEe, 6 — «CMEIUaHHOE» MONAPHO-NEPUTPUXUATIBHOC

Hbl MHaue (puc. 40), yeM TUMUYHBbIC XTYTUKHU 3YKAPUOT, UMEIOLLIME
¢opmyny (9 + 2). Y 6akTepuit XryTMKH NpaBoBpallialolime, y apxei —
JieBOBpalllaloLIve.

XKrytuk (puc. 41) coctont U3 6a3anbHOro Teja, BKIIOYalolLlero ye-
Thipe (y rpaMoOTpUUAaTe/IbHbIX) WK ABa (y rpaMIIOJIOXHUTEbHbIX 0akK-
TEpUii) KOJbLA, CTEPXEHb U MOTOPHbIE OE/IKM, a TAKXE U3 KPIOUKa U
¢dunamenra. bazanbHoe Tesno 3akpersieHo B LIITM nBymst konbuamun M
M S, KOTOpbIE 4acTO pacCMaTpUBAIOT KaK OAHO Lefioe. MS-Kosblo
OKpYXXEHO HECKOJbKMMH OesKaMu, KOTOpbl€ Ha3blBaAlOT MOTOPHbIMH
M OT KOTOPbIX BpalllalolliMii MOMEHT nepenaetcs Ha ¢punaMcHT. B nen-
TUIOIIIMKAHOBOM CJI0€ MEPUILIA3Mbl Yy FPpaMOTpULATE/IbHbIX OakTe-
puit HaxoauTcs Koabluo P, a BO BHewiHeit MeMOpaHe — KosbLo L.
O6a 3T KOJibLIa BBIMOJHSAIOT POJib BTYJIKH, JOMNOJHUTEbHO YIE€PXHU-
Balolleit MEXaHU3M XryTuka. Bce KoJiblia MpOHU3aHbl XECTKUM CTep-
XHEM, KOTOpbIH nepeaaeT KpyTsiiMit MoMmeHT. Ha HapyxHoit cTopo-
He BHEWIHE MeMOpaHbl MEXaHU3M XI'YTUKa UMEET KPIOUYOK, Nepexo-
OSILMIA 3aTeM B (PMJIAMEHT, KOTOPbI 3aKaHUMBAETCS «lLIAMOYKOM».

Kprook dunameHT Kprouok dunameHT
BHyTpeHHss
MeMOpaHa L-konbuo
MypeuH
P-konblio S-konblo
M-kosnblLIOo
Hnmm
A b

Puc. 40. CtpoeHue XryTvka rpaMoTpULATeIbHbIX (A) M TPaMNONI0XHUTEbHBIX
(b) Gakrtepuit
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dunaMeHT npencTasisieT co60il pUrMAHBIA LIMAWHAD, COCTOSILLUMIA
u3 npoctoro 6esika dnaresivHa.

CuHTe3 XTryTHKa (pUc. 42) HaYMHAaeTCA C NnosipieHusi MS-kosbLa B
LM, ¢ nocnenyioliuM NpUKpenjIeHUEM K HEMY MOTOPHbIX O€JIKOB,

14 ya.

BHe ' o
MeM -
1. R )
¥% x @ ) P
L t ot ) e
Mepus 0 &—" “— .
: P-konbuo
!
~ 0o _ =)
I
!
[ ¢ -6e10K

| 45 uM |

Puc. 41. Cxema cTpyKTypbl XIyTMKa NPOKapuOT Ha NPUMMEpPE rpaMoTpULIaTeb-
HbIX OakTepuil. Monekynbl ¢iareyIMHa NEPEHOCATCS] K MECTY YIUTMHEHUSI (PU-
JIAMEHTA Yepe3 y3KUid KaHaJl BHYTPU Hero. Mot-6e/ik1 1eHCTBYIOT KaK «MOTOp»
XKIYTUKa, Bpallasl XXE€CTKUM CTEPXKEHDb XIYTUKA, KOTOPbIM NnepeaaeTr KpyTsiui
MOMEHT Ha BHELLHIOIO YacTh XI'YTUKA Y€PE3 KPIOUYOK, BUrasl KJIETKY BO BHELL-
He# cpene, Torna Kak Fil-6ejiku BbIMOJHSIOT posib «BbIKJIIOYATENsl ABUraTeisi»

-

S S

TUogog At gon gon gon Sl

Puc. 42. lNocaenoBatesisHOCTb COObITUI NP GUOCKMNTE3E XKIYTi OB
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P- u L-koneu (y rpamoTpuuaTte/ibHbIX OaKTEpUit), KpIOUKa U «llLarnoy-
KHW», KOTOpasi NMPUKPbIBAET MOJbIA LUWIMHAP HayaBLIErO CTPOUTHLCS
¢unaMeHTa ¢ BepxHero koHua. Eciuv Obl 3TOM CTPYKTYpbl HE Cylle-
CTBOBaJ10, TO CUHTE3UpYyeMbi€ Ha pubocomMe cyObeanHHULbI Oenka-gna-
reJUIMHa, NOoAAIOLMECS K BEpLIMHE PUIaMEHTa Yepes MoJiIoe BHYTPEH-
Hee NPOCTPaHCTBO 6a3abHOrO Tejla U CAaMOOPraHU3YIOLIUECS 1O CNU-
panv, nponagaiu Obl B oKpyxawoulei cpeae. Takum obpasom, npu
CUHTE3€ M YIUIMHEHUU (pulaMeHTa OEJIKM «lUano4yKu», NEHCTBYsl Ha-
nonobue cBoeobpa3HbIX 1lanepoHOB, MOMOralT cooupaThes ¢naresn-

KyBbipkaHue —
XIYTUKH pacruieTeHbl
(MY C-BpawteHue)

)Kryrm(n
CIUIETCHBI
(MpYC-palueHue)

3 KryTHKM CruieTeHbl
@AM (TMpYYC-Bpatuete)

A

—=> <=

IMpYC-ppauieHue IMYC-BpaieHue
OcraHoBKa,
nepeopyeHTaLus

b

Puc. 43. CnocoObl ABUXEHHUSI KJIETOK C MOJSIPHBIM U NEPUTPUXHUATBHBIM
XIYTUKOBAHHUEM:

A — nepUTpMXH: NBHXEHHE Brepea OCYLUECTB/ISETCH KOOPAMHMPOBAHHBIM BpalUeHU-
€M Iy4YKa XIyTMKOB MpoTuB YyacoBoii ctpesiku (IMTpYC)). BpauieHue oTaeNbHBIX XIYTH-
KkoB no uacoBoit crpenke (IMYC) BbI3bIBaET «ApOXaHHE» WIM «KyBbIpKaHHe» GakTe-
pUM, 2 HOBOE KOOPAMHWPOBaHHOe aBMXeHHe nyuka Xrytukos (ITpUC) 3acrasnset
K1€TKY ABMraThCs B APYroM HamnpaBiieHWW; b — mMojsipHOe XIyTUKOBaHWeE: KJIETKH
M3MEHSIOT HAMpaBJ/ieHWE IBUXEHHUS CMEHOI HarnpasieHu s BpalleHus Xxrytuka (MpYC —
KJIETKa ABUXETCS Briepel, TojkaeMasi Xrytukom; NMYC — kneTka nBuXeTcs, yBiekae-
Masi XrytukoM). CTpenkaMM nokasaHo HamnpaBieHHWe OBUXEHHWS KIETOK
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JIMHY B paBHOMEPHO PacTyllylo CTPYKTYpy. [Lisi c6opku oaHoro ¢una-
MeHTa Heobxoanmo okoJ10 20 Thic. MonieKyn (naresnnHa. CHHTE3 Xry-
THKa Komupyetcsi 6onee yem 30 reHamMu, NMpU 3TOM HEU3BECTHO, Ka-
KHUM 00pa3oM onpeaensieTcs TOHHOE MECTOMNOJIOXKEHUE 3aKIaAKHU Xry-
THUKa.

JBUXeHHE KIETKU OCYHIECTBsieTcsl (pUC. 43) nyTem BpallleHUsi
XKTYTHKA MO WU MPOTUB YaCOBOM CTPEJIKK (Y MOHOTPHXOB), OHOBpE-
MEHHO caMa KJeTKa MEJIEHHO BpallaeTcsi B 06paTtHyto ctopoHy. [1pu
BpalllEeHU Y XIYTHUKA M0 YaCOBOW CTPEJIKE KJIETKA TAHETCS 3a XXTYTUKOM
(xrytuk — Briepeau). [1pu BpallleHUH XryTMKa NpOTUB YaCOBO# CTPENKH
KJIETKA BbITAJIKUBAETCS XXIYTUKOM Briepea (XKryTMK — c3aau). Hekoro-
pblé MOHOTPUXM BPALLAIOT XI'YTUK TOJILKO MO YaCOBOW CTPEJNIKE, U MIs
CMEHbI HanpasBiA€HUs1 UM Hal0 OCTAHOBUTLCS U MIEPEOPHUEHTUPOBATLCS.
[lepuTpuxun BpalLalOT XIYTUKHU (MyYOK XFYTUKOB) NMPOTUB 4YacCOBOM
CTPEJKHU (KTYTUKM OCTAIOTCSl C3aAM KJIETKU MO HAMPaBJICHHUIO ABUXE-
Hus1). Ecnyu Hago noMeHsTb HanpaBjieHUE IBUXKEHMS, TO KJI€TKa OCTa-
HaBJIMBAETCSl U COBEPILAET KYBbIPOK.

TOHKMIA MeXaHU3M BpalUE€HUs MPOKAPUOTHUYECKOrO XryTHKa He-
siceH. ECTb HECKOIbKO rMnoTes, rae BaXxHyIo poJib UrpaloT KoJiblia S U
M 6azanbHoOro tena, rjiasMaTruyeckass MeMOpaHa, a TakXe LIEHTpa/ib-
Hbl# cTepXeHb. BbISAICHEHO TO/BKO, YTO K BpalLlEHUIO NMPUBOAXUT NMOTOK
NMPOTOHOB Yepe3 00a KosbLa WiK Mexay 0asajibHbIM TeNoM U 6ausne-
XalllMM y4yacTKOM LIMTOIJIa3MaTUYECKOil MEMOpaHbI.

Kancysbl. Ha noBepxHOCTH KJIETOYHBIX CTEHOK MHOTMX MPOKapHoOT
MOXHO OOHApYXHUTb CJIM3UCTBIE KArCy/ibl pa3HOM TONILUMUHBI (pUC. 44).
OHu yaule BCEro nojiucaxapuaHoi, HO GbIBalOT U IJIMKOMPOTEUAHOM
Y MOJUNENTUAHOK npupoasbl. [103TOMy NOBEPXHOCTb KOJIOHUI KJIETOK
C KaliCylaMM BBIMISLAMT TNaaKoW, BlaxXHOW U Onectsiwei. OcHOBHas
poJib Karcysl Uil MaTOreHHbIX BUAOB — TMpPENOXPAaHEHUE KIIETKU OT
ONHOIo U3 cambiX 3¢(PeKTUBHBIX CPENCTB 3aLLUThl MAKPOOPraHU3Ma,
daroumnTapHbix KjieToK. DarounTsl NOCTOSHHO KOHTPOJUPYIOT KPOBb
M TKAaHM Ha Haiuuue GakTepuid.
IMpu cronkHOBeHUU ¢ OakTepuei
OHM MbITAIOTCS MOIJIOTUTb U pa-
cTBoputhb ee. Hekotopbie Gakrte-
pUM, onHako, noaodHo Neisseria

Puc. 44. Ckanupyiouiasi 31eKTpOHHasi

MHUKpodoTorpadpusi KOKKOB, TOrpy-

XEHHBIX B MOJIMCAXapUIHbI MaTPUKC,

KOTOpbI# NnpeBpaiuaercs B GUOpHILIbI

npu BbicyluMBaHuM. Obpasell B3SIT C

MOBEPXHOCTHU KaTeTepa, BBEACHHOrO
B OpIOLLIHYIO MOJIOCTh
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meningitidis, NCIIOJIb3YIOT CBOMCTBEHHYIO UM CMOCOOHOCTbL K 0Opa3o-
BaHUIO KancyJi, YToObl NPCAOTBPATUTL Y3HABAHUE U MoOTrJoweHue da-
rouMTaMHM, NpeonosieBasi TaKUM 00pa3oM MMMYHHBI Gapbep uesoBe-
4YECKOro opraHu3ma.

Ot Kkarncynbl (AMd@Py3HOro noamcaxapuaHoro cJiosi, 4acTo 3HayMu-
TEJIbHOW BEJIMYMHbBI) C/lEAYET OTIMYATb AUKOKAAUKC — CETb TSXKE
MoJucaxapuaoB, NMOMOraloLMX KIETKaM MNMPUKPEIUISITECSl K TBEPAbIM
cyoctpataM M (pOopMUpPOBAThL OUOMIEHKU HA MOBEPXHOCTU HETOIABUX-
HbIX MPEIMETOB B BOIHbIX CPEIaX WK Ha MOBEPXHOCTSIX PACTUTEIbHBIX
W XUBOTHbIX TKAHEN XO3si€B.

S-cjion. Y HEKOTOPBIX NMPOKApUOT OOHAPYXEHbI PETY/ISIPHO CTPYK-
TypUpOBaHHbIe S-ca0u (OT aHIJ. surface — MOBEPXHOCTb), BbICTUIIAIO-
LI¥€ HapY>XHYIO MOBEPXHOCTb KJIETOUYHOMH 000/I04KH paBHOMEPHO yna-
KOBaHHbIMM G€JIKOBbIMH 0Opa30BaHUsIMU MPaBWIbHOI (hopMbI (pUC. 45).
S-c10u OOBIYHBI Cpelik apXeit, Y KOTOPbIX OHU MOTYT ObITb €AMHCTBEH-
HBIM CJIO€M KJeTouHO# cteHku nosepx LIITM. S-cnou umetot ynakos-
KY U pacrnoJjioxeHue, NoAoOHblEe NMAapPKETHbIM NOLLIEYKaM, MJIOTHO MO-
KPbIBAIOLLUM KJIETKY M COCTOSILLIMM U3 GEJKOB UJIM [IUKONPOTEUHOB.
Y rpamMoTpuuaTebHbIX 6aKTepHit S-CjioM NpuieraloT HENOCPEACTBEH-
HO K BHELUHEH MeMOpaHe, y rpaMIIofOXHUTEbHbIX — aCCOLMMPOBAHbI
C MOBEPXHOCTBIO NENTUAOITMKAHA. S-C/IOM 3aLLMLLAIOT KJIETKY OT (PyK-
Tyaunit pH ¥ pe3kux U3MEHEHHU it KOHLIEHTPALMUiA KaKMX-IMOO MOHOB,
OCMOTHUYECKOrIO CTpecca, OT AeHUCTBUSI (hEPMEHTOB WU DAKTEPUI-XHULLL-
HUKOB Bpone Bdellovibrio. S-cion noMoraloT yaepxuBarthb (opMy KJeT-
KM, MO KpailHeil Mepe, y HEKOTOpPbIX BUAOB, a TAKXE CMNOCOOCTBYIOT
aare3uu KJIETOK K MOBEPXHOCTSM. [Insi naToreHHbIX MUKPOOPraHM3MOB
YCTaHOBJIEHO, YTO S-CJI0M MOMOraloT UM CIPABUTLCSI C aTAKOM KOMII-

Puc. 45. IMpaBunbHbIii C10i 6EJ1KOBBIX
reKCaroHajlbHbIX CTPYKTYP Ha BHell-
HEN CTOPOHE KJIETOMHOW CTEHKH CMU-
pwin. [MonobHble S-ciion HaitneHbl U
y MHOTHUX TPAMIOJIOXKHUTENbHBIX OaK-
TEpUA, ONHAKO OHU JIEFKO TepsIoT
pEry;sipHYl0 CTPYKTYpPY MNP MpPHUro-
TOBJIEHUM [IPENApaToB (HEraTUBHOE
KOHTpacTHpoBaHue, ysea. 200 0007)
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JICMCHTa U u36exatb (harolMTo3a, YTo MOBbILLAET BUPYJIEHTHOCTDb KJjle-
TOK OTHENbHbIX 00JIE3HETBOPHBIX HAKTEPHIA.

Iokosumecs ¢opmbl npoxapuoT. Llenblit psia rpaMnosioXHUTeNbHbIX
OakTepuil oOpa3yeT yCTOMUYMBBIE K BHELIHUM BO3AEHCTBUSIM MOKOSI-
LUMEC CTPYKTYpbl, Ha3biBaeMble Indocnopamu (OT JaT. Spora — cemsi,
noceB). AHaocnopbl (puc. 46) GOpMHUPYIOTCsI BHYTPH BETE€TATUBHBIX KJle-
TOK OakTepuii, NpuHaLIexalux K ponam Bacillus, Sporolactobacillus,
Clostridium, Desulfotomaculum, Sporosarcina, Thermoactinomyces. Bce 3tn
MUKPOOPraHu3Mbl 00pa3yloT TOJCTYIO KJIETOUYHYIO CTEHKY IpaMIoJio-
XMUTEJIbHOrO TUMA, YTO, NMO-BUAUMOMY, SIBJISIETCSI HEOOXOAUMBIM LISl
Ccnopoobpa3oBaHUsi. DHAOCMOPHI YPe3BbIUANHO YCTOMUUBBI K TAKWUM
¢akTopam, kak HarpeBaHue, YMD-o0syueHue, nNeCTBUE XMMMUYECKHUX
ne3MH(MEKTAHTOB, pacCTBOPUTESIE U K BbICYlLIMBaHUIO. B npupoae 06-
pa3oBaHHKE CNOp MOMOraeT KJeTKaM U30eratb rudesin Npyu UCTOLLIEHUH
cybCcTpata wiav BbICYLUMBAHUM, BO3AEUCTBUM paauaLUU WU XUMUYE-
ckux BewecTB. OObIYHO ClIOpa B KJIETKE 3aKJ1a1bIBAETCS O1HA, OHAKO
M3BECTHBI Ciiyyau ()OPMHUPOBAHUS N0 MSATH CIOP B ONHOI OAKTEPHUAIIb-
HOM KJIETKE.

HekoTopble 3HAOCNOpPbI OCTAIOTCS XU3HECMOCOOHBIMU B TEYEHUE
500 ner (Hanpumep, criopbl 6aUKT CUOMPCKOI 513Bbl B CKOTOMOTWJ1b-
HHUKax), cnopbl akTHHOMULETOB — 10 7 500 €T, HO COBEPLUEHHO YHHU-
KQJIbHbIM SIBJISIETCSI Clly4ai npopawiMBaHusi cnop Bacillus cereus, 06-
HapyXEHHbIX B KMLIEYHUKE Muesibl, HAMIEHHOU B KyCOYKE SIHTaps,
HacuuTbiBaloulero 25— 30 MaH net! BeneacTBue BbICOKOI pe3UCTEHT-
HOCTH, a Takxe ¢pakTa, 4TO MHOrMe CrnopooOpasyolline GakTepuu
SIBJISIIOTCSl OMAaCHbLIMKU NMaToreHamMu, 6opbba CoO CopaMu UrpaeT Bax-
HYIO pOJib B MULLEBOI1, MEAULIMHCKOWH U MPOMBbILLJIEHHOI MUKpPOOHO-
Jjoruv. Hekotopble crnopbl BbLAEPXHUBAIOT KUINsiYEHUE B TeueHHue | 4 u
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Puc. 46. Cnopbl, 06HapyXXHBaeMbie B CBETOBOI MUKPOCKON:

A — B. cereus: yinHeHHble CyOTepMUHANbHbIE CMOPbl, OKpAacka HUrpo3UHOM; b —
Clostridium pectinovorum: Gonbllive TEPMHUHAIbHbIE CMOPbl BHYTPH CMOpaHrMyMa M
oTae/bHble crnopbl 6€3 cnopaHrMyma, okpacka MoaoM Ha rpanynaesy (3 600%)
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Puc. 47. Tunsl cnopoo6pa3zoBaHus y 6aKTepHii:
1 — GaumnnsipHblit; 2 — KJIOCTPUAMAIbHBIN; 3 — MJICKTPUAHUIbHbIH

0osee, NO3TOMY ISl CTEPUJIM3ALIUM PACTBOPOB U MHCTPYMEHTA MpH-
MEHSIIOT aBTOKJIaBbl C TeMnepaTypamu ctepwindauuu no 121°C. Ilo-
MHUMO O0pbOBI CO COpaMMU B MPAaKTUYECKOM CMBbICJIE€, CITOPbI NPUBJIE-
KalT BHUMaHUE U C TOUYKHU 3peHUsi (PyHOaMEHTaJIbHbIX NpobsieM 6uo-
JIOTUM KakK MpocTasi ONHOKJETOYHasi MOAeJib KJeTOUHOU auddepeH-
LHUaLMU.

DHAOCMOPHI XOPOLLIO MPOCMATPUBAIOTCS B KJIETKaX C NMOMOLLbIO CBe-
TOBOTO MJIM 3JIEKTPOHHOro MUKpockona. I1ockonbKy cnopbl npakTH-
YECKHM HEMPOHM1IaeMbl 1S MHOTMX BUIOB KpacuTeJieil, OHU Habona-
IOTCSl KaK HEOKpalLUE€HHbIE TeJblla Ha (pOHE MPOKpPALLIEHHOro OCTallb-
HOro coaepxumoro kieTku. Ectb, onHako, cneunaibHble MeTobl Aud-
¢epeHLMaNbHOM OKPAaCKH CIOp, MO3BOJISIIOLIME OTYETJIUBO Pa3iHiYUTh
B CBETOBOIl MUKPOCKON OKPAlLEHHYI0 B CUHUI LIBET CNOpPY Ha (hOHE
OKpalleHHOM B pO30BbIi 1IBET LUTOIJIa3Mbl. B pa3Hbix TMIIax MaTepuH-
CKHMX KJIETOK (MJIU CMOPAHTHUsIX) CIOpbl MOTYT 3ajlerath Mo-pa3HoMy.
Tun cnopooGpa3oBaHusi (GaLMISIPHBII, KNOCTPUAHATBHBIN WU TJIEK-
TPUAUATbHBIM) YACTO MOMOTAET B UAEHTU(PUKALUU HEUZBECTHOM KYJIb-
Typbl (pUc. 47). UHorna obpazoBaBLLIasicsi CIopa CTOJ1b BEJIMKA, 4YTO pac-
LUMPSIET CIIOPaHIUil B cepeiMHe WM C OAHOro KoHUa. B akTuBHO crno-
PYIOLLEICS KYJIBTYPE MOUYTH BCE KJIETKU 00-
pasyioT Crnopbl.

DJIEKTPOHHO-MHUKPOCKOMUYECKHE MC-
CJIe[IOBaHUsl CNOP MOKa3ajlM, YTO UX CTPYK-
Typa JA0BOJILHO C/0XHa. Criopbl 0ObLLIWH-
CTBa KJIETOK MIaAKWE M OBOUIHBIE, XOTS
BCTPEYAlOTCSl U KPYIJIbIE, @ TAKXKE C Xapak-
TEPHbIMU MoBepxXHOCTSAMMU (pUc. 48). Crniopa
okpyxeHa (puc. 49, 50) TOHKUM 3k30cno-
DUYMOM, 32 HUM (110 HaMpaBJE€HUIO K LIEH-
TPy CHOpbl) JEXUT 000404Ka Chopbi, CO-
CTOsIlLasi U3 HECKOJILKUX OEJIKOBBIX CJIOEB
Y MMCIOLLIAs, KaK NMPaBWIO, 3HAYMTENIbHYIO
Puc. 48. XapakTepHbie oco-  TONLIMHY. O00/104Ka NPAKTUYECKHU HE NPO-
OGEHHOCTU NOBEPXHOCTH CNOp  HULIAeMa [LIs1 XMMHUYECKUX BELLECTB, BC/IE-

B. cereus CTBUE Yero cnopa o6sanaeT CyLiecTBEHHON
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Puc. 49. DnextporHas MmukpodoTorpadus TOHKOro cpesa cniopbl B. megaterium.
Slnpo cnopbl OKpYXEHO MOocjeN0BaTe/IbHO: BHYTpeHHeH MembpaHoit (IM),
koptekcoM (C), BHyTpeHHe# (IC) u BHeutHei (OC) ob6osnoukamu. [pu npy-

rux metonaax ¢pukcallMu KOpTEKC BbIMISIAMT Oosiee 3/1eKTPOHHO-TJIOTHBIM U
Kaxetcsi cnrouctoiM (11 200%)

yCTOMUMBOCTBLIO K Ae3uHpekTaHTaM. Y Clostridium perfringens 3HTepo-
TOKCHUH 0Dpa3yeTcsi TOJAbKO MpHU CNOPOOOpPa3oBaHUM, CEPOJIOTMYECKH
OH 0JIM30K OenkaM 000NOYKHM crnopbl. 3a 000JI04KOI pacrosiaraeTcs
Kopmekc, KOTOPblIii MOXET 3aHMMaTb 0 NMOJIOBUHbI O0bEMa Cropbl.
Koprtekc cocToMT M3 nenTUaorivMkKaHa, MEHee MonepeyHOCLIUTOro,
YeM MENnTUAONIMKAH BEreTaTUBHOM KJIETKH.

Kaemounas cmenka cnopbi (M cmeHka s0pa cnopsl) pacroioxeHa
BHYTPHU KOpPTEKCAa M OKPYXaeT MpoTomiacT (Ui adpo cnopet). Slapo
CNOpbI COAEPXHUT HOPMAJIbHbIE KJIETOYHbIE CTPYKTYPbI, TAKME KaK HYK-
Jieoua U pubOCOMBI.

Anpo cnopbl HeceT B cebe Bce HeoOxoaMMoOeE ISl Hayajla pocTa,
3anaceHHoe B cTabuibHOI (popMe. B To xxe BpeMsi siApo JTULLIEHO KOM-
MOHEHTOB BEreTaTUBHOI KJIETKH, KOTOpbie JUOO HeCcToikH, Jnbo
MOTYyT OBbITb JIEFKO BOCMOJIHEHbl MPU Hayajle NpopacTaHusi CMOPbI
(Tabn. 3).

Slapo crnopbl BKAOYAET XpOMOCO-
MY U HCOOJIbLLUME KOJMUYECTBA KaX-
JIOr0 KOMITOHEHTa OEJIOKCUHTE3UPY-
IOLIero MeéxaHuima: pubOCOMBI,
TPHK, ¢epMeHTH M conyTcTBylO-
e 6enku. Jisa HectabUIbHBIX KOM-
noHeHrta k1etok — UPHK u Hykne-
o3uarpudocdatel — OTCYTCTBYIOT,
O[lHaKo ecTb 3amnac 6osnee cTabuib-
HBIX MpeallecCTBEHHUKOB ATP —
AP v AM®D. AMHHOKHCIOTBL M pyc. 50. 3pesiasi cliopa B. megate-
(bepMeHTbI MX OMOCHHTE3a NPAKTH-  piym (yepes 10,5 4 nocie Hauana

YECKHM OTCYTCTBYIOT, HO IpH MPOPpa-  cnopynsiunn). O603HauYEHHUsI CM. Ha
CTaHUM CNOPbl OHU JIEFKO BOCHOJI- puc. 49
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Tabawuua 3
YpoBenb MeTab0JIHTOB B 3pesibiX CNOPaX H pacTymux kiaetkax Bacillus

megaterium
KoMHoHeHT KonnuectBo, MKMOJIb/T
Cnopsl BeretaTusHble K1€TKH
ATO 3 725
AdP+AMOD 544 195
[TO+UTO+YTD <10 680
Cymma Hykneotuaos (I'+LI+Y) 530 860
Jle30KcMpHOOHYKII€OTU b <1,5 181
docdornuueprHoBasi KUCJIOTa 6800 —
AMMWHOKMCJIOTHI 150 1400

HSIIOTCSl MYTEM FMAPOJIM3a HEOOJIBLLIMX 3aracHbIX O€JIKOB, COCTaBJISIO-
wmx no 20 % no Macce ot o6lleit Macchl 6esika cropbl. TH Xe 3anac-
Hble GEJIKM MUMEIOT JOMOJHUTENbHYIO (DYHKLHUIO CBSI3bIBAHUSI CMIOPO-
Boit IHK, noBbilliasg TAKUM OOpa3oM ee YCTOMYMBOCTb K 0DJyYeHHIO.
JHeprusi 151 BOCMOJIHEHUSI OTCYTCTBYIOLLIMX KOMMOHEHTOB MOXET ObITh
nosnyyeHa U3 crabunbHoro 3-gocdoramuepara nyteM ero KOHBepTa-
LIMK B UCTOYHHUK 3Hepruu U ocdara — docdoeHoNNUpyBarT.

TepMoycTOHYUBOCTb CMOP, MO-BUAUMOMY, OOBSICHSIETCSI HAIUUM-
€M COOTBETCTBYIOLLMX OEJIKOB, 4acTb KOTOPbIX MPOUCXOAUT U3 ep-
MEHTOB BEr€TaTUBHOI KJIETKU B pe3yJibTaTe OrpaHMuYE€HHOro MnpoTeo-
JIN3a, CTAHOBSICb NMPHU 3TOM TepMOCTabUIbHBIMU. JIpyrue crieuugpuuec-
Kue (hpepMeHTbl, CUHTE3 KOTOPbIX MHIYIUPYETCS TMpPU CHOPY/ISILINY,
TaKXe TEPMOYCTOWYHBBDI.

J1o cuX mop TOYHO He U3BECTHO, MOYEMY CIOPHI CTOJIb YCTOHYUBDI
K HAarpeBaHWIO U AENCTBUIO XUMMUECKUX BeulectB. CyMTaloT, 4TO B
TEPMOPE3UCTEHTHOCTH CIOP [M1aBHYIO posib UrpaeT Ca-IUNuKoaMHaT —
KaJIbLIMEBasi COJIb JUIMMKOJIMHOBOM KMUCJIOTHI (puc. 51), conepxaHue
KOTOpOi1 B criopax MoXeT nocturath 15 %. OnHako HenaBHO ObLIM Bbl-
IefeHbl MyTaHTBl B. megaterium, criopbl KOTOPbIX HE COAEPXalU OU-
NMUKOJIMHOBOM KMCJIOTBI, HO TaKXe ObliM TepMOycTOiuuBLl. Berera-
TUBHBbIE KJIETKU MpPAaKTHYECKU He conepxar Ca’*, akTUBHbIN TpaHC-
MOPT 3TOrO0 MOHA HAYMHAETCS C HAyaJioM CcrnopooOpa3oBaHUsI U CO-
3peBlLUasi CIopa COAEPXMT BBICOKYIO KOHUeHTpauuio CaZ*, KoTopblii

=

Puc. 51. CrpyktypHas dopMyna AUNHUKOJUHOBOM

. X -

HOOC \N coon Kucaotbl B cnope npu 3ameuieHUMM ABYX Kapbo
KCWJIbHbBIX IpyIiN 06pa3yeTcsl AMMMKOMHAT KIbLIUS
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X€JIMPOBaH 3KBUBAJIEHTHBIMU KOJIMYECTBAMU AUIUKOJIMHOBOW KHUCJIO-
Tbl, OOpa3yeMOil B CrIOpaHIMU U3 AUAMUHOIMUKOJIMHOBOM KUCJIOTbl —
npeilieCTBEHHUKA nenTuaorinkaHa. Ca-IMNUKOIMHAT JIOKAIM30BaH
B siipe CNOPbl, YTO MOKA3a/1M OMNbITHl C MEYEHBIMHU aTOMaMHU, U MOXET
NPpUHUMATh YYacTHE B CTaOMIM3ALIMK CMIOPOBbIX HYKJIEMHOBbBIX KUCJIOT.
HenaBHo B criopax ObL1M 0OHapyXeHbl TAKX€E HEOOJbLLIWE KUCJIOTOpa-
cTBOpuMbie Oenku, cBsizbiBatolime JAHK. Onuu okpyxator JHK cniopb!
M 3alUMLIAIOT €€ OT HarpeBaHWsl, paauauuy, BO3NACHCTBUS XUMHYEC-
KHMX BELIECTB U BbICYLLIMBAHMS.

BaxxHylo posib B yCTOWYMBOCTH CNOP K BbICBIXAHUIO UTPAET CHUXKE-
HHE comep>XXaHus BoAbl B npoTomacte. B npouecce neruapataumm Mo-
XET NMPUHHUMATb yYyacTHE KOPTEKC, KOTOPblii OCMOTHYECKH BBITSTMBA-
€T BOAly U3 MpoTorJiacta, TakuM oOpa3oM 3allMiiasl €ro Coaepxumoe
OT Harpesa Y MoOBpPeXAEHHUI1, BbI3BAHHbIX Pa3JIMYHOro poaa obnyyeHu-
simu. [1pouecc nermapatauuu TpedyeT 3aTpaT 3HAYUTESILHOTO KOJIMYeE-
ctBa 3Hepruu. IokasaHo, 4TO AeCTBUE MEHULIM/UIMHA CHUXAET CTe-
neHb JEruapaTaliiv MpPOTOMACTA CNOpbl, Hapyluasi CTPYKTYpy KOp-
Tekca. UTak, MOXHO 3aK/I1I04YUTb, YTO TEPMOYCTOHUYMBOCTD CNOP 00BsIC-
HSIETCSl, MO-BUAMMOMY, HECKOJIBLKUMHU (haKTOpaMu: cTabuau3auueit
JAHK Ca-auMnukojJIMHaTOM M KHUCJIOTOPacTBOPUMBIMM OeJIkaMu, ne-
ruapaTtauuei npororacrta u ap.

Cnopyasayus (HanpuMmep, B. megaterium) oObIYHO HAaYMHAETCS MPH
MCTOLLIEHUM MUTATEJIbHbIX BewecTB B cpenae. OO6pa3oBaHMe Criopbl —
CJIOXHBIM TpoLecc, KOTOPbIH MOXHO MoApa3feiuTb Ha 7 cTaauii
(puc. 52). Ha ctanuu 1 B MaTepuHCKOit KiieTKe (POpPMUPYETCSI BTOPO#
MOJIHBIM HYKJIEOUIT, OTAESIIOLLMIACS OT OCTAIBHOIO CONEPXHUMOTO KJIET-
ku LL[TIM, koTopasi BNnsiuMBaeTCsi BHYTpb LIMTOIUIa3Mbl, 0Opa3ys centy
npecrnopsbl (craaust 11). MeM6paHa npoaoaXxaeT HapacTaTb U OKpYXaeT
He3pesylo crnopy ABoiHbIM cnoeM (ctaaus II1). Janee mexny nByms
cJlosiMM MeMOpaHbl HauuMHaeTcsi ¢(hOpMHUpOBaAHUE KOPTEKCa, Ha 3TOil
ctaauum (IV) HaunHaetcs HakoruieHue B criope Ca-gunukonuHara. Ha
ctaauu V BOKpYr KopTekca oopa3ylotcsi 6esikoBble 000/104KH U IK30-
cnopuyM. Ha ctanuu VI cuHTe3 000s04eK 3aBepllaeTcsi, cnopa npe-
BpalllacTCsi B 3penylo, YBEJIMYMBAETCS €€ CBETOMNpEJIOMJIEHUE, TEPMO-
yCTOUMBOCTb U Ha cTaauu VII NpoucXOoaMT JIM3KUC CNIOPaHTUsi U Bbl-
xo1 crnopbl. JUIMTENBHOCTD LIMKJ1a COpooOpa3oBaHUsi COCTABRJISIET OObIU-
HO ot 7 no 10 u (y B.subtilis u B.megaterium cOOTBETCTBEHHO).

[NpopactaHue cnisiieid cropbl B aKTUBHYIO BET€TATUBHYIO KJIETKY —
HE MEHee CJIOXHbII npouecc, YeM cnopoodpaszoBaHue (puc. 53). OHo
MPOXOAMUT B TPU CTanuMU: 1) akTUBaLMs; 2) co3peBaHUe U 3) NMpopacTa-
Hue. Yacto cnopsl He mpopacraloT aaxe B boratoil cpene 6e3 akmuea-
Yuu, KOTOpasi MOXET 3aKJII0YaThCsl B €1a00OM HarpeBe WM BO3NEHCTBUU
yabTpa3BykoM. [lpolecc akTMBAaLIMK 3aKAHYMBAETCSI Co3pesanuem, T.€.
HapyllleHUeM COCTOsIHUSI NMOKosi crnopbl. [1pouecc xapaktepusyeTcsl Ha-
OyxaHueM cropbl, pa3pbiBOM WU MOMIOLWEHUEM 3K30CNOPUYyMa, MOTe-
pei yCTOMYMBOCTHM K HarpeBy U CTpeccaM, yTpaToi CrocoOHOCTH mpe-
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Puc. 53. INpopactanue 3naocnopsl. BereratuBHas knetka C. pectinovorum
BbIXOIMUT M3 CIIOPOBLIX 000JIOYEK MOCJE MX pa3pbiBa

JIOMJISITb CBET, YBEJIMYEHUEM METa00JIMYEeCKOM aKTMBHOCTH. MHorue
0ObIYHblE MeTabO0/JIMTbl, TAKUE, KAK aMUHOKMCJIOTbI M caxapa, MOryT
3arycKarb NMpPOLECC npopacmakus crnop nocje ux codpeBanms. [1poto-
I1acT crnopbl 00pa3yeT HOBbIE KOMITOHEHTbI, BLIXOAHUT U3 OCTATKOB CI1O-
poBbIX 000J104EK M (POPMHUPYET HOBYIO aKTUBHYIO KJIETKY OaKTepHUM.

HekoTtopble NpokapyoThl, Hapsily ¢ 3YyKapUOTUYECKUMHU OPraHu3-
MaMy TUMA NPOCTEHLLIUX, 0Opa3yloT Apyrue BUAbl MOKOSIIUUXCS (HOpM,
Ha3biBaeMble yucmamu. Llucra — 310 norepsiBluasi NOABUXHOCTb KJIET-
Ka C YTOJILUEHHOM, OCJIU3HEHHOK O0O0JI0YKOW, YCTOMYMBAsI K BbICYy-
LUMBAHMIO M MepenanamM temnepartyp. LIMCTbl XxapaKTepHU3YIOTCSl COCTO-
SIHUEM TOKOSI CO 3HAYMUTEJIbHO CHUXEHHOI METa00JIMYECKO aKTUB-
HocTtblo. O6pa3oBaHHe LIMCT MOKa3aHO Ui a30T(UKCUPYIOLLIMX CBO-
0OQHOXMBYLLIMX MMKPOOPraHU3MOB U3 pona Azotobacter, HEKOTOPbIX
MeTaHOTPOOB U OJIMTOTPOGoB. LIMCTbI BbIMOJHSIOT TPU OCHOBHbIE
GyHKUMH: 1) 3alUMILAIOT MONYJISILKIO OT BPEAHbIX BO3ACHCTBUI OKpY-
XawLweid KIETKY Cpeibl, TaKMX, KaK MCTOLUEHME MCTOYHUKA MUTa-
HMs, BbICYLLMBaAHUE, HebOnaronpusiTHblii pH MAM HM3KOe mapuMab-
HOE€ [aBJIEHUE KUcopoaa; 2) ciayxat crnocobom coxpaHeHus J1HK;
3) siBasiloTCA croco6oM rnepenayu MHGpEKLIMOHHOro Hayaja OT XO3s1M-
Ha K X03s1MHy (y natoreHoB). OObIYHO NPOpPacTaHUE LIMCT CTUMYJIUPY-
eTcst 61aronpUsATHLIMM BHELLIHUMM YCJIOBUSIMM [UISl Pa3BUTHUS KJIETOK.
HekoTtopble LIMCTbl Napa3suTUYECKUX BUIOB MPOCTEHLLUX MPHU 11011aaa-
HuHU B XKXKT xo3siMHa npeBpalialoTcsi B akTUBHbIE TPOGO3UTOThI.

ABuxeHue Knerok

CpenM npoKapvoT €CTb MOABUXHBIE U HEMOABHXHbBIE BUAbl. Yauie
BCEro IBMXEHME KJIETOK OCYLIECTBISIETCS 3a CYET BPALLEHMS Hczymu-
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k06 (cM. puc. 43). Heckosibko MOOU(DHULIMPOBaHHBI THUIT IBUXEHMS Ha-
OsronaeTcst y CrMPOXET, KOTOpble 00J1afaloT TaKk Ha3blBaeMOM akcu-
aabHOU HUMbl0. AKCHaibHasi HUTb — 3TO KOMILIEKC MepUIUiaZMaTHyec-
KUX 3HAOXIYTHMKOB, TAHYLUMXCS OT OOHOTO KOHLIA KJETKH 10 ApYro-
ro, no cnupaim odbopaymBasicb BOKpyr Hee. Ele onHMM cnocodboM ABU-
KEHMS SIBJISIETCS CKOAbMCEHUE KAemoK, MEXaHU3M KOTOPOTO ellle Helo-
CTaTOYHO M3YYEH.

Ckonb3siuime 6aKTepUM — MPENCTaBUTENM Pa3IMYHBIX TAKCOHOMH-
YeCKHX IpyIi — JIMLIEHbI XTYTUKOB U TMPH TMEpPEMELLIEHUH 10 MOBEPX-
HOCTH TBEpPAOW Cpeabl OCTABISIOT CAU3UCTHIIA cen. CKOpOCTb nepenBU-
XEHUS KJIETOK MOXET COCTaB/IATh OT 2 10 60 MKM/MMH, NIPUYEM B MO-
JIOIOM BO3pPacTe KJIETKH 60J1ee MOABMXHbBI. AKTUBHO JABUTAOLLUECS KIIET-
KM MMEIOT MPEUMYLLECTBA Neped HEMOABUXHBIMM: OHU MOTYT MepeiBU-
raTbCsl MO MOBEPXHOCTU TBEPAOro cydbcTpata, Mo3TOMy CIOCOOHBI MC-
NoJb30BaTh TAKHUE CJIOXHbIE HEPACTBOPUMbIE COENUHEHHUS], KAK XUTHH
¥ LEJUII0/103a; CMTIOCOOHOCTb K CKOJIb3sILLEMY IBUXEHHUIO IOMOTAET 1BM-
ratbCsi Cpei TBepabiX CyOCTpaTOB (Mo4YBa, OCaadkM U HEOOJbLINE Ka-
Hajlbl B THHUIOLLEN APEBECHUHE), BLIOMpAaTb ONTUMAJIbHYIO MO3MLIMIO B
OTHOLLUEHMUH IPalUeHTOB KUCIOpoaa, CBETA, CEPOBOAOPOLA, TEMIEPA-
Typbl U pyrux ¢akropoB. Ckob3silliee ABUXEHHE BapbUPYET MO CKO-
pocth U 1o mexaHusMmy. Tak, Flavobacterium johnsoniae ckonb3ut 3a
cueT 6eJIKOB BHELIHE MeMOpaHbl, Ha KOTOPbIC MEPEAacTCsi YCUIIUE C
o6enkoB LIIIM, M nBuxeHue Briepea no rnoBEpXHOCTU MNpPEACTaBISIET
co6oii BUA oTTasIKUBaHMs (pUc. 54). baktepun, oTHoCsILLMECS K poaaM
Mpyxococcus v Flexibacter, cCKonb3siT B HanpaBjieHUH JJIMHHOM OCH KJIeT-
KM, IpYrue nepeaBUraloTcsi BUHTOBbIM JBMXECHHMEM WJIM aXe B Ha-
npaBJieHUHU, MEPNEHAUKYISIPHOM JIMHHON Oocu KieTKHu (Saprospira,
Simonsiella). Beggiatoa, unaHoGaKTepUM U HEKOTOpble Apyrue Gakre-
PUM MPU CKOJIb3sileM ABHXEHUM BpPALLAIOTCS BOKPYr UIMHHOW OCH
KJIETKU. MHOIMe KJIETKH CTMOAIOTCsl WK MOAEPrUBalOTCS MPHU CKOJIb-
XeHuu. Takue pa3nnuus B ABUXKEHUHU MOTYT OTPaXaTb CyLLECTBOBAHUE
pa3HbIX MEXaHU3MOB CKOJIbXEHHSI. XOTS MpPHU CKOJIbXEHUHU KIIETKH Bbl-
NeJISIeTCs1 C/IM3b, HE OHA ToJIKaeT KJeTKU. ClM3b cKopee HyXHa IUist
CMay¥BaHMs MOBEPXHOCTH C LIEJbIO YYYLUEHHS CKOJIbXeHUs. KneTku
HekoTopbix (ototpodoB (Oscillatoria) conepXxaT Ha NMOBEPXHOCTH
bubpuanbl UM GUIAMEHTDI, MPU COKPALLEHUHN KOTOPBIX BO BHEILIHEMH
MeMOpaHe BO3HMKAIOT BOJIHbI, 33 CYET KOTOPbIX KjeTKa IBUXETCS.
B 0605104Kax HEKOTOPBIX KJIETOK NPUCYTCTBYIOT KOJibLieoOpa3Hbie Oei-
KOBbl€ KOMIUIEKChI, KOTOpPbI€ MOIYT BpalllaTbCsi, YTO CMOCOOCTBYET
IBUXEHUIO KJIeTOK. Pa3HMLIa B MOBEpXHOCTHOM HATSIXEHUHU MOXET
IBMUraTbh KNeTKU Myxococcus xanthus, KOTOpbI€ BblIEJSIIOT MOBEPXHOC-
THO-aKTMBHbIE BELLECTBA C OMHOro KOHLA Ki1eTKH. Ha pa3HbIX KOHUax
KJIETKM BO3HHUKAIOT Pa3JIMuUsl B BEJIMYMHE MOBEPXHOCTHOIO HAaTsiXe-
HHUsl, KOTOpPbIE W TOJIKAIOT €€ Brepel.

OnucaHo Takxe «npbliraioliee» OBUXEHUE, NMPUpoLa KOTOPOro He
BbISICHEHa.
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Puc. 54. Cxema npeanosaraeMoro MexaHu3ma CKOJb3sIIEr0o I1BUXEHUS
knetok Flavobacterium johnsoniae v Ipyrnx cKonb3siliux GakTepuii:
A — cxeMa cpe3a KJIeTKH rpaMOTpULaTeNIbHbIX GaKTepuil, 1€MOHCTPUPYIOLUIAS ClIELHU-
¢uueckre 6enKH CKoJibXeHHUs, 3akperuieHHble B LINIM u BM: b — neranbHast cxeMa
pacnosioxeHust 6e1KoB cKoibXeHUsi. [lonaralor, YTo B NENTHUAOIJIMKAHOBOM CJIOE 3a-
KpersieHbl YaCTHLbl «TyCEHULbI», KoTopasi coenuHsieT 6enku LIMM ¢ 6enkamu BM un
IBUTaeT UX MO TBEPIOil NoBepxHOCTH. OBpaTuTe BHUMaHKME Ha Pa3HOHAMPABIEHHOCTb
nBUXeHUsi 6en1koB BM n o6uiero aBUXeHHUs! Ki1eTKH

INoaBuxHble GaKTEPUHM CMOCOOHBI OCYLLIECTBASTb PeaKUMU makcu-
ca, KOTopbl€ OMOIaloT UM OPUEHTUPOBATLCS B MPOCTPAHCTBE, y3HA-
BaTh ApYr Apyra fnpu KOHbIOralMK WK NOUCKE CUMOUOHTA: (QOTOTaK-
cuc (0coOeHHO BaxeH M1s1 (GOTOTPOPHBIX MUKPOOPraHU3MOB), XEMO-
TakCUC (IBUXEHME K aTTPAaKTaHTaM U OT pereUIEHTOB), MarHMTOTAK-
cuc (Hanpumep, Aquaspirillum magnetotacticum viMeeT BHYTPUKJIETOY-
Hble LIeNOYKWU MarHeTMTOBBIX YAaCTHLl, WIM MarHeTOCOM, KOTOpbIe IMO-
MOTaloT €1 OPMEHTUPOBATLCS OTHOCUTEJILHO IMHUI MarHUTHOTO MoJis
3emsin, BbIOMpasi ONMTHUMaJbHOE MECTOIOJIOXKEHHE), a3pOTaKCUC (IO
rpaiMeHTy KHMCJI0poAa, BaXeH AJii MMKPoa3podUJbHbIX U aHa3poO-
HbIX 6akTepuit). bakTepumn MOryT «y3HaBaTb» aTTPaKTaHTbl 10 KOHLIEH-
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tpauuit 10®* M. B HacTosiuee BpeMsi 0GHapyxeHo 6onee 20 pa3IMyHbIX
XE€MOpPELIENTOPOB Ha aTTPAaKTAHTbl M CTOJILKO X€ — Ha peresuleHTHI.
XeMopeLenTopbl MOTYT ObiTb JIOK&JIM30BaHbl B MMEpPUIIa3ME WU B
LIMTOIIa3MaTUYECKO MeMOpaHe.

PasMHOXeHue u pa3sBuTue NPoKapuoT

NuddepeHumnalys y o1HOKIETOYHbIX MUKPOOPTraHU3MOB Bblpaxe-
Ha y>xe Ha ypoBHe noukyouuxcs ¢popM (Hanpumep, y Hyphomicrobium).
Y uMaHobakTepuit B TPUXOMaxX €CTb CIELMaTU3UPOBAHHbBIE KJIETKU
(pHc. 55). DTO 2emepoyucmsbl, UMEIOLLIME TOJICTYIO 060JIOYKY, He Aeis-
uiMecsl, coaepxaiiMe MHOro HUTporeHassl U 6e3 ¢otocucteMbl 11, u
akurems! — TOKOSILLMECS] KJIETKHU C TUIOTHOI 000J10UKOA.

CnoxHas nud¢epeHUMpPOBKa HablonaeTcsl Y aKTUMHODAKTEpHii:
MMEIOTCS pa3jiMuHbIE TUIbI MULEAUS (CyOCTpaTHbIM M BO3AYLUHbII) U
CNIOXHbl€ OpraHbl COPOHOLLEHUsI (KOHUAUU U CIIOPAHTHH).

Y 6akTepuit HaMbosiee pacnpocTpaHEHO OMHApHOe AeneHue (Ha aBe
paBHbIE YaCcTH), MPUUYEM Y IPaMMOJIOXHUTENIbHBIX OHO NMPOUCXOIUT Cen-
TOM, a Y rpaMOTPULATE/IbHbIX — MEPETSXKOM. [Ipyrue TUIbl pa3MHO-
XXEHUS1 — NOYKOBaHUE U MHOXECTBEHHOeE AesieHue. [1pu noukoBaHuUH,
KOTOpO€ MHOrIa MPOUCXOAMUT C MOMOLIbIO NONOJHUTENbHBIX BbIPOC-
TOB, MOXHO BbIIEJINTb MATEPUHCKYIO U JOUYEPHIOIO KJIETKHU (HEpaBHOE
neneHue). MHOXeCTBEHHOE eJICHUE OTMEYEHO Y HEKOTOPbIX LIMAHO-
Oakrepuit (Hanpumep, pouna Dermocarpa), Korna U3 ONHOM KJIETKH
oOpa3yeTcsi MHOXECTBO MEJIKUX 6aeoyumos, KOTOpble MHOIIA elle U
noaBuxHbl. HutyaTbie LiMaHOOGAKTEpUM CMOCOOHBI Pa3MHOXATbCs C
MOMOLLbIO 20HUOUU N 2opmoeoHul (puc. 56). lisi HEeKOTOpPbIX MeTaHO-
TpoOB XapakTepHo 0O6pa3zoBaHHe 3K3ocnop. CnoxHble ¢opMbl pas-

00
1 2
Puc. 55. AkuHetsl (A) u rete-
pouucthl (I') HUTYaTON UMAHO- Puc. 56. F'onnawnu (1) v ropmorouuu (2)
6aktepuun Cylindrospermum HUTYaTBhIX 6akTepuii
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Puc. 57. Cnopanrumn aktTuHobaKTepuii:
1 — Actinoplanes;, 2 — Amorphosporangium; 3 — Spirillospora

/4 fq’//( ~
5 /%

PF theis

Puc. 58. ®opMbl Bo3ayLLIHBIX CIOPOHOCLIEB Y aKTHHOMHULIETOB

MHOXEHHs1 BCTPEYaloTCs y aKTHHOMMULIETOB (pUC. 57, 58). 310 MoXeT
ObITb MpocTasi PparMeHTaLusi MULIENUs1, 0Opa3oBaHHWe 3K30CMOp Ha
NMOBEPXHOCTU CYOCTPaTHOrO MMLIEJUST UJIM KOHHMIMO- U CMOPAHTHO-
CMop Ha cneuMaibHbIX rMdax.

[ns 6akTepuit pa3MHOXEHME, KaK MPaBUJIO, HE CBS3aHO C MOJO-
BbIM mipouieccoM. OHAKO y HEKOTOPbIX HabiioaaeTcss ocoObiii npo-
Lecc nepeaaym reHeTHYEeCKoil MHPopmalMu ¢ 06pa3oBaHUEM MEPO-
3UroTbl — KOHBlOranus. Jlpyrue Tunsol nepeaayu reHeTUUECKOM UH-
¢opmaumnn — tpaHchopMalus (¢ nomolubio nepeHoca «ronoi» JIHK)
M TpaHcAyKuus (C moMollblo 6akTeprogaroB).

Y 3ykapvoT pa3MHOXEHHME 4acTO CBSI3aHO C MOJIOBbIM MPOLIECCOM
WM C NapaceKCyalbHbIM LIMKJIOM.

BakTepHH cO CIOXHbLIM HHKJIOM pa3BuTnia. HekoTtopbie npokapuo-
Thl XapaKTePU3YIOTCSl CJOXHBIM LIMKJIOM pa3BUTHUS, B MpoLiECCe KO-
TOPOrO0 MOXET MeHSTbC MopdoJorusi KJIeToK M obpasyloTcsi pas-
JuyHble nokosiwuecsi Gpopmbl. U3BecTHbl 6akTepuu, obpasyloliune
NJ0AOBbIE TeJla, YaCTO MPUYYMIMBLIX KOH(UrypaLuii U pacuBETOK
(puc. 59). Hanbonee sipkue npeacraBuTesid TakMX OpraHU3MOB — MMKCO-
6akTepuM (puc. 60) — XMLIHUKH, NMUTAIOLLUECS IPYTUMH MUKpOOpra-
HU3MaMH, OaKTepUsIMM U APOXXKAMHU, KOTOPbIX OHHU YOMBAIOT BblAC-
JisleMbIMM @aHTUOMOTHKAMHU. MUKcOOaKTepry 00pa3yloT Liesblit psil K-
30(bepMEHTOB, C NMOMOLIBIO KOTOPLIX JIM3UPYIOT KJIETKH XEPTB HJIH

3 Herpycon 65



Puc. 59. nonosble Tena MUKcOOaKTEpHii

ruaposan3yioT cyocrpar. [1poaykTbl ruiposin3a, B OCHOBHOM KOPOTKKE
nenTuiabl, BCaChbIBAIOTCS B KJIETKM MMUKCOOAKTEPHUit M CJIyXAT UM MNU-
TaTeIbHbIM BELLIECTBOM.

BonbUIMHCTBO MMKCOOAKTEpHit HCNOJb3YeT aMUHOKMCJIOTBI KaK UC-
TOYHHUK yrjlepoaa, a3oTa M 3Hepruv. B npucyTcTBMM nuileBoro cyo-
cTpaTa MUKCOOAKTEpUM MUTPHUPYIOT MO €ro MoBepPXHOCTH, ORHOBpE-
MEHHO MUTAasICh U OCTaBJIsASt CIU3UCTLIM cned. Ha 3toii ctanum pa3su-
THUS KJIETKH MOTYT «POMUTHCSI», T. €. NepeaBUraTbCsi KOOPAMHUPOBAHHO,
nono0HO POsIM HAaCEKOMBIX, MLLYLLUX HOBbIE€ TEPPUTOPHUM JUISI OCBOE-
Husi. KieToyHble clioM, ABMrasicb pUTMHYHO, OOpa3yloT BOJIHbI WJIM
psibb Ha nNoBepxHOCTHU cydcTpara (puc. 61). Korana cybetpar ucyeprbi-
BaeTcsi, MUKCODAKTEPUHU arperupyiot u angppepeHumnpyorcs B Ioao-
Boe Teso (puc. 62). IToT cnoxHblit npouecc (puc. 63) 3anyckaercs
roJIoflaHUEM KJIETOK U KOOPIAMHUPYETCS M0 KpaitHeil Mepe NATbIO pa3-
JIMYHBIMU XMMHUYECKMMM CUTHAIaMH, Psii U3 KOTOPbIX MAEHTU(DHULIM-
POBaH.

[Tpn obpa3zoBaHMM TUIONOBbLIX TSl IKCIIPECCUPYETCsl HE MeHee 15 Ho-
BbIX O€JIKOB. PazMepbl Mjio0oBbIX TEJ BapbUpYIOT B npeaenax ot 50 no
500 mkm. INMnonoswie Tena conepxar 10°— 10® mukcocrniop n 06bIYHO
SIPKO OKpallieHbl MMIMEHTAMU KapOTMHOMIHON NPUPObl B KPACHbIH,
XENITbI U KOpUYHEBBII LiBeTa. [1n000BbIE TENA pa3IMYalOTCS MO CJIOXK-
HOCTH CTPOEHMSI OT MPOCTBHIX TJOOYJ, OKPYXEHHbIX CTEHKaMH
(Myxococcus), 00 pa3BETBIEHHbIX IPEBOBUAHBIX CTPYKTYpP, HECYILMX
HECKOJIbKO CIIOpaHrueB Ha cTebnsix wiau ctBosax (Stigmatella,
Chondromyces). Kaxablit BuUI 00pa3yeT XapaKTE€pHbIE ISl HETO MJ100-
Bble TeJa.

Mukcocnopbi, cpopMHUpoBaHHbIE U3 BEreTaTUBHBIX KJIETOK M Ha-
XOASLHUECS] B CMOPAHIUSX IJIOJOBHIX TEJ, YCTOMUYMBBLI K BbICYLIMBa-
HMIO, BLICOKMM TeMnepatypaM U Y®P-pagunauun. OHM MOTyT OCTaBaTh-
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Puc. 60. PaznuyHbie hopMBI K1ETOK
MHKcobakTepuit, obpasylowmx
MJIOJOBbIE TeJa:

A — NajJloYyKOBMAHBIE KIETKH C 330CT-
PEeHHBIMU KOHUAMHU Stigmatella aurantiaca
(1200%); b — GauMansipHble KJIETKH
Chondromyces crocatus (950); B — mMuk-
cocnopbl Myxococcus xanthus (1 100¥). Bce
dortorpadpun cunenaHbl ¢ nomouibio ¢a-
30BO-KOHTPAaCTHOTO MMKPOCKoMNa

Puc. 61. Ps6b ¥ BONTHBI Ha MOBEPXHOCTH

arapa, o6pa3oBaBlIMECS NMPH CKOOPIM-

HMPOBAHHOM IBUXEHHUH KJIeTOK M. xant-

hus B npoliecce 06pa3oBaHus MJIOAOBbIX

ten. TeMHble 30HBI — MeCTa Hayana o6-

pa3oBaHHUs He3peblX MJOAOBBLIX TeJ
(wkana — 0,4 MkM)
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Puc. 62. INnonosslie Tena, obpasyeMble
pa3sHbIMM MHUKCOOAKTEPHUSMM:

A — PHUCYHOK, NMOKa3blBaIOLWKI TUNIUYHBIC
MJIOAOBBIE Te1a MUKCODaKTepHit: b — MUK-
podotorpadus nonosoro tena Myxococcus
stipitatus. BLICOTa HOXKH MOXET AOCTHUTaTh

M 0,2 mm; B — Bua nnonosoro tena Chon-

o dromyces crocatus B CKAHUPYIOLICM 3JIEKT-

o . 7. PpOHHOM MHKpockone. BbicoTa HOXKH MO-

. " xer nocturath 0,7 MM; I — muomOBbie

S < tena Myxococcus fulvus (0,15—0,40 mm B
BBICOTY)



Mukcocnopbt

Crnopynsiums ’ - ~. IMpopacraHue

IMnonosoe Teno, obpa- \
30BaBILEECS NOC/E COBME-
BHewHsis .

XUMHYECKHUM
BelleCTBaM

LMK

Puc. 63. CxeMa xHu3HeHHOIo UMKIa MUKcobakTepuii. LInka HaunHaeTcst ¢ 06-
pa30BAHUS MHUKCOCHIOpP MOC/I€ MHAYKLIMK 3TOrO Mpolecca paziniuHbIMH XH-
MHUUECKMMHU BelecTBamu. [popacTasi, MUKCOCTIOPHI 1aI0T Hayalo HOBBIM BeE-
reTaTUBHBIM KJIETKaM, U LIMKJ nosropsieTcs. O6pa3oBaHHe IJIOAOBBIX TE 3a-
NYCKAETCS XMMUUCCKUMHU CUTHAJIAMH, BO3HUKAIOLWIMMU NPpU UCYEPraHUH Cy6-
cTpaTa, U B Mnpoliecce KoopaAMHUpOoBaHHOro MopdoreHesa 3aBepiiaercs ¢op-
MHpOBaHHUEM CropaHruosieit ¢ MukcocnopaMu. IlpopactaHue MuUkcocnop M3
CMOpaHruoJei JaeT Hayajllo HOBbIM BEreTaTUBHLIM KJIETKaM, BCTYNaloOlLKUM B
HOBbIM XWU3HEHHBIH LIMKJI

Csl XXM3HECNOCOOHBIMU B YCJI0BUsAX JJabopaTtopuu ao 10 net. O6pa3osa-
HUE TUIONOBBIX TeJl C MMUKCOCMOPAaMH, 3aKJIIOYEHHBIMU B CMIOPAHTHH,
CrnocoOCTBYeET elle 00JblieMy BbIXXKMBAHUIO MUKCOCNOP, TaK KaK OHU
HaXoOSITCS KOMMAKTHO B TJIOAOBBLIX T€J1aX U HOBasi KOJIOHUSI MHUKCO-
OakTepuii pa3BMBaeTCsl aBTOMaTUUECKH, KOra MHUKCOCIMOpPbI BHICBO-
00XIalTCsl U3 CIIOpaHTUs U NPOpacTaloT.

Takasi colmaibHasi OpraH13aLusi MOXET UMeTb MPeUMYLLEeCTBa, TaK
KaK MHUKCODAaKTepHUM MOJyyaloT NUTaTe/bHbIE BELLECTBA MPH BblAEJE-
HUM 3K30(hepMEHTOB U ancopOuUMH NMPOLYKTOB FMIPOJIU3A.

3HauuTesbHass 6MomMacca MUKCODAKTEpHiIi MOXET 00eCreYyMTb Cy-
LLECTBEHHYIO KOHLIEHTPaL MO (DEPMEHTOB U PACTBOPUTb KJIETKU XeEPT-
Bbl UM cyOcTpat 6osiee 3¢hpeKTUBHO, YeM OAMHOYHAs KJIETKa.
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KoHTpOonbHbIE BONPOCH!

1. HasoBuTe NnpUHLUMNHANIBHbIE OTIMYMUS KJIETOYHOW OpPraHM3aluu 3y- U
MPOKapHOT.

2. HazoBuTe camble MeJIKHE M CaMble KPYIMHbIE MUKPOOPraHU3Mbl, U3BECT-
Hble B HacTosllllee BpeMsi.

3. Yro Takoe nneitomopdusM? Hackonbko 3710 siBlEHHE pacnpoCTpaHEHO
cpeaiM MHUKPOOPraHM3MoOB?

4. Kak c pa3BuTHeM GMOJIOTHHM MEHSJIMCh MPENCTABIEHUSI O FreHETUYECKOM
arnnapare npoKapuot?

5. TpoaHanu3upyiite pa3iuuusi B CTPOEHUM KJIETOYHBIX CTEHOK rpaMIio-
JIOXUTEJIbHbIX ¥ FPAaMOTPHLIATENILHBIX MUKPOOPraHu3mMoB. Kakue KjieTouHbie
CTEHKM XapaKTepHbl sl apxei?

6. B ueM cxonctBo M pasnuuue B cTpoeHUH M GpyHKUMsX LI[TM u BHewHe#i
MeMOpaHbl rPaMOTPULIATEbHBIX MUKPOOPraHM3MOB?

7. lNepeuncnunte BKIIOYEHHUS U 3aMacHbie BELLLECTBA, NPUCYLLIME MUKPOOD-
raHnaMam. HazoBute nx ocHoBHble PYHKLIMH.

8. Ha3zoBuTe noBepXHOCTHbIE CTPYKTYPbl KJIETOK MMUKPOOPraHW3MOB, OT-
BETCTBEHHbIE 3a JIBUXEHHE U NMpPHKperUieHHe K cybctpary. Kakue eule ¢pyHK-
LMK MOTYT BBITIOJIHATb 3TH CTPYKTYPbi?

9. lNoyemMy nokosimecss GopMbl NPOKAPUOT 061a1aI0T 3HAYUTEILHOM YC-
TOWYMBOCTBIO BO BHelUHe# cpene?

10. IMepeuncanre cnocobbl pa3sMHOXEHHS Y NMPOKapHOT.

11. Kakue npeumyiiecTBa JaeT MMKCOOAKTEPUSIM HAJIMUKE COLMATBLHOTO
rnoseneHus?



lmaBsa 4

KYN1IbTUBUPOBAHUE U POCT
MUKPOOPIrAHU3mMoOB

Muranue 6axktepuni

TpeboBannsa K NHTATEJbHLIM BewecTBam. Tunbi cpea. MukpoGHas
KJIETKa COIEPXMT B cpelHeM, % mno Macce: yriepona — 50, azota —
14, pocdopa — 3 u mpyrue 3neMeHThl. 19 pocTa U pa3BUTUSI MUKPO-
OpraHM3MOB KaK B J1abOpaTOPHBIX YCJIOBUSIX, TaK U B MpUpone HeoO-
XOIMMO HaJIM4YUe NMUTATENbHbIX BELLECTB MU SHEPreTUYECKUX U KOH-
CTPYKTUBHBIX peakLiuii. TpeboBaHMs1 pa3HbIX rpyNnn MUKPOOPraHM3MOB
K UCTOYHMKAM 3HEPTHH U XHMHUUYECKUM 3JIEMEHTAM ONpPENeISIIOTCS UX
MeTaboIMYECKUMH BO3MOXHOCTSMH.

OCHOBHBIMU OUO2EHHbIMU 31emeHmamu SIBJISIIOTCSL YIJiepol, a3oT,
docdop, xucnopon, Bonopol, cepa. IT0O KOMNOHEHTHI OENIKOB, Yrie-
BOJIOB U XMPOB, a TAKX€ HYKJIEMHOBBIX KUCJOT. Takue 371€MeHThI Tpe-
OYyI0TCSl B 3HAUMUTEJIbHBIX KOJIMYECTBaxX (I/J1) U NMO3TOMY MX Ha3biBalOT
Mmakponemenmamu. K MaKkposeMeHTaM OTHOCSAT TakKXe Kajluil, Mar-
HMI, HaTpHii, KalbLMIl M XeJe30, KOTOpbie OObIYHO MPUCYTCTBYIOT B
KJIETKax B BMIE MOHOB M BHIMONHSAIOT pa3Hbie poau. Hanpumep, K*
HEeOOXOIHUM [UIsl aKTUBHOCTHU 6OJIBbLLIOTO yucna ¢epMeHTOB, B 4aCTHO-
cTH (epMeHTOB GenKoBoro cuHTe3a; Ca®* onpenensieT YCTOWYUBOCTb
GakTepHaIbHBIX 3HIOCNOP K HarpeBaHH10; Mg™" ctabunnsupyer pubo-
COMBI, MHOTHE (DepMEHTBI M KIETOYHbIE MEMOpPaHHI; Fe’* u Fe* sBasi-
IOTCSl 4acTbl0 LIMTOXPOMOB U KO(AKTOPaMH 3JIEKTPOHMNEPEHOCSLLIMNX
6enkoB.

K mukposnemenmam, HeOOXOMMMBIM B MHUKPOMOJISIDHBIX KOJIWYeE-
CTBaxX, OTHOCAT MOHbI TaKMX META/UIOB, KaK XpOM, KOOalibT, Melb,
MONUOOEH, MapraHel, HUKelb, CeJieH, BoJbdpaM, BaHaAWii, LMHK,
06bI‘IHO BXOISILLIMX B cOocTaB ¢epMeHTOB M KodakTopoB. Hanpumep,
Co’* sBIsieTCs KOMITOHEHTOM BHTaMMHa B 2 Cu’* BXOIMT B COCTaB
LIMTOXPOMOKCHIa3bl U KYNpeNOKCUHOB, Mn“" akTUBHUpPYET hepMEHTHI,
KaTaJIM3UpYyIOLUUE nepeHoc ¢ocdaTHbIX rpyrin, Mo~ BXOAMT B COCTaB
HUTPOreHa3bl U HUTpaTpenyKTasbl, Ni~' siBJIsleTCS] KOMITOHEHTOM Ype-
asbl, ruaporeHassl, kodaktopa Fyy, Zn’* BXOOINT B COCTaB KapGOaH-
ruapassl, JIHK- u PHK-nonmmepas u 1. 1. Heobxonumeie 111 MUKpO-
OpraHM3MOB KOJIMYeCTBA MMKPO3JIEMEHTOB CONIEPXATCsl B OOBIYHOM BO-
nonpoBoiHoii Boze. [1pu paboTe Ha MIMCTUWLUIMPOBAHHOM BOE MUKPO-
371IeMEHThbI J00aBJsIOT cneuMaibHo. Hekotoprie rpynnsl MUKpoopra-

71



HM3MOB NpOSIBISIIOT cneuuguueckne norpedbHoctu. Hanpumep, mis
IMaToMeil HeoOXOIMMO NPUCYTCTBHE OOJIBLLIOrO KOJMUECTBA COENUHE-
HMII KPEMHHUSI, U3 KOTOPbIX OHU CTPOSIT CBOM KJIETOYHBIE CTEHKH.

YacTto mis 0603HaYeHUs1 NUTATENbLHBIX NOTPEOHOCTEN OpraHM3Ma
NMOJb3YIOTCS TEPMUHAMU «ITPOTOTpO» U «aykcoTpod». IIpomompogh
He Hyxnaaetcsi B ¢akropax pocta, aykcompogh Tpebyetr nobaBieHMs
Takux (pakTopoB B cpely. AYKCOTpodHbiE (POPMbI YacTO SIBJISIIOTCS
MYTaHTHBIMM OpraHM3MaMH, WM natoreHamu. MakTopoM pocTa B
NPUHLIMITE MOXET Ha3biBaThCs JII0OOE BeulecTBo. Hanpumep, Monou-
HOKMCJIble OaKTEpUM HYXAAIOTCSl B Habope MOYTH BCEX aMMHOKMC-
JIOT, ¥ B JaHHOM cJjlyyae OHM M siBasiloTCs ¢hakTtopaMu pocra. Ho
yaue aykCoTpo(HOCTb MpOSIBISIETCS MO BUTaMUHaM (KodakTopaM
dbepmeHTOB). OGBIYHO UCTOUHHUKOM KOMILJIEKCA BUTAMUHOB CIIYXMT
IPOXCKEBOWM aBTONM3aT (aBTOJIM3 APOXXKEH MPOBOASIT NMPU TEMIMeEpa-
Type 50°C c HeOONbLIMM KOJMYECTBOM TOJYyOJa) C HoOaBlieHUEM
BUTaMUHa B;,, TaK KaK B IpOXXEBOM aBTOJM3aTe ero Mano. pox-
XEBOW aBTOJIN3aT — 3TO TaKXE MU UCTOYHMK a30Ta B BUIE AMUHOKUC-
JIOT U NOJIMMENTHIOB.

Bumamune: virpaiot BaxxHyio posib B MeTabonname. Iapa-aMuHOGEH-
3oiHas kucnota (IMTABK) siBasieTcss npenuectBeHHUKOM (OIMEBOM
KMCIOTbl — KoakTopa peakLMii nepeHoca MeTUbHbIX rpynn. [TABK
IIOJDKHA MOCTYNaTh B OPraHU3M XHMBOTHBIX C MULLEIH WK B pe3y/bTaTe
IEeSITeIbHOCTU MUKPOOPraHM3MOB KHUllIeYHUKA. buoTtun (Butamuu H)
Yy4acTBYeT B METa0OJIM3ME XHUPHBIX KUCJIOT, B peakLMHU rereporpod-
Hoii ¢ukcaunn CO, Ha nupyBaTe (peakunu Byna — BepkMaHa). Buta-
MHUH B, (kobanaMMH) NpuHUMaeT yyacTue B nepeHoce C,-¢pparMeH-
TOB M B CHHTe3€e 1e30KCUpHUO03bl. JInnoesast KUCI0Ta MEPEHOCUT aLlUb-
HBIE TPYMNMbI, HANPUMEP NMpHU NEeKAPOOKCUJIUPOBAHUU OKCOIJyTapaTa.
[TaHTOTEHOBasi KMcnoTa — npenwecTtBeHHUK KodepMeHTa A (KoA),
yyacTBylollero B nepeHoce auetwia. Pubodnasuu (B,) — npenuie-
ctBeHHUK ®MH un ®A]l, nepeHOCUMKOB 3JieKTpOHOB. TuamuH (B,)
SIBNISIETCA KO(AKTOPOM 2-OKCOIJIyTapaTACTMAPOreHasbl, a TaKXe yya-
CTBYeT B MepeHOCe albAerMaHbIX rpynn. Butamuu B, (nupuaokcaib)
NMPUHUMAET yYyacTUe B MNpeBpalleHUsIX aMUHO- U KETOKUCIOT. Bura-
MUH K (XMHOH) SIBJISETCSI MEPEHOCYMKOM 3JIEKTPOHOB, YYacTBYET B
CHUHTe3€e COUHTONIUMIUIOB, @ TAKXE AKTUBUPYET CUCTEMY CBEPThIBAHHUSI
KPOBH Y XMBOTHbIX. HHalIMH (HUKOTMHOBAsI KUC/10Ta) BaXHa KakK Mpel-
wectBeHHUK HAT' ¥ HAI®®, nepeHOCSAINX JIEKTPOHBI U MPOTOHBbI.
s MMKpOOPraHuM3MoB, UCMOJIb3YIOLIMX B CBOEM OOMEHE BeLUECTB
HMOHBI IByXBAJIEHTHOTO XeJie3a, (GaKTOpOM poCTa MOTYT CUUTATbCS CHU-
nepodopbl (B YaCTHOCTH, TMAPOKCAMaThi), TpaHcropTupyowme Fe*
B KJIETKY B a3pOOHBIX 30HaX.

YTto KacaeTcsi cnekTpa norpedsieMbiX OpraHMYECKUX BELLUECTB, TO
Yy HEKOTOPBbIX MHKPOOPraHM3MOB OH OYE€Hb LIMPOK (HampuMmep, Yy
Pseudomonas, Actinomyces), y Apyrux — IOCTaTOYHO Y30K (Harpumep,
y obnuratHeix MeTunotpodos). B To xe BpeMsi UMEIOTCS MMKpOOpra-
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HU3MBbI, CNIOCOOHBIE UCIMOJIb30BaTh CJIOXHbIE HEMPUPOAHBIE COEANHE-
HMSI TMNA TJIACTUKOB, KpacHUTeJNeil, MeCTULIMAOB. Y HEKOTOPbIX MMK-
pPOOpPraHU3MOB NMOTPEOHOCTH B MUTAHUM TaK CJIOXHDI, YTO OHU PacTyT
TOJBKO BHYTPHU XHWBOro OpraHusma (Harnpumep, BHYTPMKIIETOYHbIE
napasuThl O1e1TOBUOPHO, PUKKETCUM U XJIAMUOUH).

MukpoopraHuamMam He0OXOAUMO pa3HOEe KOJIMUECTBO MUTATENIbHO-
ro cybcTparta B cpeie OOMTaHUs1 A1 UX pocTa U pa3BuTHs. Tak, oaueo-
mpocprble MMKPOOPTraHU3Mbl PacTyT TOJbKO MPU HU3KMX KOHLIEHTPA-
LUMSX MUTATENbHbIX BellecTB (OT aosiei no 100 Mr/n), a OObIYHbIE KOH-
ueHtpauuu (1 —100 r/n) numuTupyiotr ux poct. [Ipy 3TUX KOHLIEHT-
pauusax pacTyT MMUKpOOpPraHu3Mbl — konuompogsi. UICTUHHO onuro-
TpoHBIMU CYUTAIOTCA OPraHU3MbI, IBOJIIOLLMOHHO MPUCIIOCOONEHHBIE
K 3KCIJIyaTallMM 3KOHMI1I C MOCTOSAHHO HU3KMMHU MOTOKAMU BeLLUECTBA
¥ 3HepruM. Takoii poct obecnieunBaeTcsi BbiICOK03¢h(PeKTMBHBIMU TPAHC-
MOPTHBIMU CUCTEMAMHM U 3KOHOMHBIM PacXOAOBAaHUEM MOJYYEHHOIO
BELLECTBA U 3HEPrUM.

K ocobeHHOCTsIM MeTabosn3mMa oiMrorpooB OTHOCST:

® a3pO6HOCTD; ’

® BbLICOKO€ COOTHOLLEHHE MOBEPXHOCTH K 00BbEMY, OOpa3oBaHUE
pa3IUYHBIX BLIDOCTOB,;

® Majble pa3Mephbi;

B OTCYTCTBME MOKOSILIUXCSI CTallMIA;

® BbLICOKOE CpPOJCTBO K CyOCTpary;

® TPAHCMOPTHbIE CUCTEMBI C LIMPOKOI CyOCTpaTHOI crielnduyHo-
CTbIO, OHHOBPEMEHHOE MOrJIOLEHUE BCEX NOCTYMHbBIX CYOCTPaTOB;

® CNOCOOHOCTh K HAKOIUIEHUIO PE3EPBHbIX BELIECTB;

®m BbiCOKasi rHOKOCTb KaTaboau3ma,

® HU3KHE CKOPOCTH POCTa B ONMTHUMAbHBIX YCJIOBUSX;

® peryisiumsi aHabosM3Ma CKOPOCTBIO MOJIOLIEHUS BELLECTB;

® HM3KHE CKOPOCTH 3HIOT€HHOro Metabosn3ma.

Ilo cnocoOGHOCTH UCNOIL30BaTh OMOJIOrMYECKHE MOJUMEPHI, Yac-
TO HEpAaCTBOPUMbIE B BOMIE, MUKPOOpPTraHMU3Mbl MOAPA3NE/SAIOTCS Ha
¢(YyHKUMOHANIbHBIE TPYNTBI 2Udpoaumukoe v duccunompogpos. Tlepbie
0071a1alI0T MOLLHBIMU JIMTUYECKUMMU (pepMEHTAMM, pa3pyllaloLUMU
BbICOKOMOJIEKYJISIDHbIE COENMHEHHUS, U 00EeCNeynBaloT cyocTpaTtaMu
cebsi ¥ MMKPOOPraHM3Mbl, HE UMEIOLLIME TUAPOJIa3, @ TAKXe Croco6-
CTBYIOT BO3BpalLIEHUIO 3JIEMEHTOB B IJ1I0OaJibHbie LIMKJIBI. JInccuno-
Tpodbl (MUKpOQIIOpa paccesiHUs]) HE MMEIOT 3K30rMaposa3 M mno-
TpeOnsIlOT T€ BELIECTBA, KOTOpPbIE MO pa3UYHbIM MPUYUHAM OCTa-
JIUCh HEMCNOJIL30BAHHBIMU TMIPOJIMTUKAMU U UMEIOTCS B HE3HA4YHU-
TEJIbHBIX KOJIMYECTBAX.

Pa3HooOpa3Hble NMUTATENbHBIE Cpelbl, UCTONb3yeMbie B MUKPOOU-
OJIOTUYECKOW TPAKTUKE ISl KYJbTUBUPOBAaHUST MMKPOOPraHU3MOB,
NMOApa3AeNsSIlOTC MO COCTaBy (HATypaJibHbIE, MOJIYyCUHTETUYECKHE M
CUHTETHYECKHE), (U3NYECKOMY COCTOSIHUIO (XKUIKHUE, TUIOTHBIE U
CbilyYU€) U HA3HAYEHMIO (INEKTHUBHbIE M AU depeHIMaTbHO-ANar-
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HocTHYecKue). s ycnewHoro KyJbTUBUPOBaHUSA KOHKPETHBIX IPYTI
MHUKPOOPraHM3MOB HEOOXOIMMO BbIIEPXUBATh ONTUMAJIbHBIE IJ1S1 HUX
3HayeHus psina (PU3MKO-XMMHYECKUX napaMerpoB (pH, TtemnepaTtypa,
OCBELIEHHOCTb, aKTUBHOCTb BOAbI U T.A.). KOHLUEHTpaUuu nNuTaTeb-
HbIX CyOCTpaTOB B Cpenax AJisi 1abopaTOpHbIX UCCNIEAOBaHUI, KaK Mpa-
BWIO, CYLUECTBEHHO MPEBBILIAIOT COAEPXAaHUE 3TUX BELIECTB B MPU-
POIHBIX MECTOOOUTAHMSX.

LIInpoko ucnonb3yeMbie TUMBI Cpell, COCOObl KyJIbTUBUPOBAHMS
M METOABbl MOJIyYEHHUS] Pa3IMYHBIX KYJIbTYp NMOAPOOHO M3Y4YalOoTCs Ha
NpakTHYECKUX 3aHATUsAX. HekoTopbie cneunduyeckue npueMbl KyJib-
TUBUPOBaHUs OylyT pacCMOTPEHbI B IJ1aBaX, MOCBSILUEHHbIX OTAEJb-
HBbIM IpyTINaM MMUKpPOOPraHu3MoB (cM. ri. 6, 11).

THnbl NHTaHHA MHKpoopranu3moB. [1o TMnam nutanus (Tpodun)
BCE XMBbIE CYLLIECTBA pa3AeisiioT Ha HECKOJILKO Ipymni B 3aBUCUMOCTH
OT MpHUpOAbl HCTOYHHUKOB YIJIEPOJa MU SHEPTUH, @ TAKXE JOHOPA 3NEK-
TpOHOB (Tab. 4). OpraHU3MEl, UCNOJIL3YIOLINE B KaYeCTBE UCTOYHUKA
yriepona B KOHCTPYKTUBHOM MeTabO0JIM3ME YIJIEKMCIIOTY, Ha3biBalOT
aBTOTpOhaMM, a UCNOJIL3YIOLLIME FTOTOBbIE OpraHMYeCKUe BELLECTBA —
rereporpodamu. Ecnu misi aHepreTHUeCKoro MeTaboam3Ma MCTOYHM-
KOM CJIYXKHT CBET, TO OpraHu3M Ha3biBaloT potoTpodom. XeMoTpodus
XapaKTepU3yeTCs UCMOJIb30BAaHUEM SHEPIrMM XMMHUECKUX peakuuii. [Tpu
3TOM OopraHoTpo(bl B KaYeCTBe JIOHOPA 3JIEKTPOHOB NMPUMEHSIIOT Opra-
HMYECKOE BEHUIECTBO, a JIUTOTPOGBI — HEOPraHUYECKOE.

Tabnuua 4
Tunbl NUTAHHA MHKPOOPraHH3MOB

Ucrounnk | AOHOP HUcrounuk yraepona
3NeKTPo-
SHEPrUu HOB OpraHuyYecKkMe BElECTBa Co,
Cser Oprann- | @oroopraHorereporpodbl | PoroopraHoaBTOTPODbI
YyeckKue (nypriypHbie HeCepHbIe (OKHMCNIeHHE HeYCBa-
BellecTBa | Gakrepuu) MBaeMbIX BEllIECTB)
Heopra- | ®otonurorereporpodbi ®DoToNUTOaBTOTPODBI
HHYe- (HeKoTOpBIE 3eJIeHbIe (Bonopocnu,
CKHe GaxTepHH, uMaHobakTepuH)
pellecTsa | reinobakTrepum)
OHeprusi | Opranu- | XemoopraHorerepotpodbl | XeMoopraHoaBTOTpOdbI
XHMHYE- | yeckue (MMKPOOpraHU3Mbl- (TpyAHOYCBaHBaeMbie
CKHMX BEILIECTBA | JECTPYKTOPbI) BELLIECTBA)
CBA3EH | Heopra- | Xemonutorerepotpodbi XeMOAUTOaBTOTPOGbI
HHYE- (HekoTOpbIE (cepyokucasiiomme,
CKHe cynb¢aTpeAyKTOphI) BOOPOAHbIE,
BelLeCTBA HUTPUDULIMPYIOLLHKE,
xene3obakrepum)
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BhiClLiMe XMBOTHBIE U PACTEHUS CMTOCOOHBI TOJILKO K XEMOOPraHo-
retepotpoduu U (HOTONMTOABTOTPODUM COOTBETCTBEHHO, TOTIA KaK Y
MHUKPOOPraHU3MOB MpeACTaBIE€Hbl BCE TUIbI META00IM3Ma, K TOMY Xe€
OHM MOFYT MEepeKJoYaThCsl C OAHOro TUMa MUTaHUS Ha OPYroi B 3a-
BUCHMOCTH OT ycioBMit. THUMBI NUTAHUSI MOXHO CYMTATh «MPoGaMHU»
3ponouuu. Cneayer 3aMeTHTb, YTO U TeTepOTpodbl MOTYT MCIOJB30-
BaTb CO,, HO B OTCYTCTBHE OPraHUYECKHUX BELLIECTB OHHU PACTH HE MOTYT.

PocT M pa3Butue MUKpOOpPraHu3moB

Y OOHOKJIETOUYHBIX (POPM MOHSTHS «POCT» U «pa3BUTHE» MOYTH PaB-
HO3HauHbl. Paznunyalor cbasarncuposarnbiil pocm, KOraa yBeJIMYEHUE BCEX
BELUECTB U CTPYKTYp MPOMCXOAMT nmpornopuvoHanbHo. Ecin B cpene
€CTb HEXBATKa WJIM U3OBITOK Yero-HUbyAb, TO pOCT CTAHOBUTCS Hecba-
AGHCUPOBAHHBIM, T.€. KAKUE-TO MPOLYKTHl MeTaboJM3Ma MOTyT NMpeoo-
J1aJaTh. 3TUM NMPUEMOM MOJIb3YIOTCS I HaNpaBJieHHOrO CUHTE3a He-
00XOAMMBIX COEAUHEHUHA.

KosnyecTBeHHAs OLIEHKA POCTA MHKpoopraHuimos. M3-3a mabix
pa3MepoB MUKPOOPraHM3MOB OLIEHKa pOCTa MPOUCXOAUT HE i1 UH-
IMBUYaJIbHOrO OpraHu3Ma, a juisi nonyasumu. I'padpuueckoe orpaxe-
HME MpoLiecca Ha3bIBAETCSl Kpueoli pocma.

Y10o6bl NMpaBWIBLHO OLIEHMBATh POCT KYJbTYpbl, HEOOXOAMMBI CJie-
IyIOLIME MPOCTELLINE NapaMeTphbI:

® KOHLEHTpaLM1sl KJIEeTOK, KJIETOK/MJI;

m BpeMsi TeHepalun — MPOMEXYTOK BPEMEHH, 3a KOTOPbIii YMCIIO
KJIETOK yIBaMBaEeTCH;

B KOHCTaHTa CKOPOCTH AENI€HUsI — YMCJIO YABOEHHUI B yac;

® KOHCTaHTa CKOPOCTH POCTa.

KonunyecTBeHHas olleHKa pocTa MUKPOOPraHU3MOB TpebyeT onpe-
lIeJIEHUS] YMCla KIeTOK B KOHKPETHBII MOMEHT. Bce 3t MeToabl non-
pasfensiioT Ha npsiMble ¥ KOCBEHHBIE. [1psiMble METOABI MpEAnoaraloT
HeNOCPEeACTBEHHbII MOACYET KIETOK NOJ MUKPOCKONOM — B CYETHBIX
KaMepax WM Ha (pMKCHpoBaHHBIX Ma3Kax. [1py 3TOM NoACYMUTHIBAIOTCS
W XHUBbIE, U MEPTBbi€ KJIETKH, K TOMY X€ TAKOH MNOACYET BO3MOXEH
TONBLKO [UISl AOCTAaTOYHO KPYMHbIX MUKPOOPraHU3MOB, HE 0Opa3yio-
wmx arperatbl. K KOCBEHHBIM METOIAaM OTHOCSITCSI BLICEBbI Ha TBEpAbIE
NMUTaTENbHbIE Cpelbl, OCaXxleHHe Ha MeMOpaHHbIXx PuibTpax, onpe-
IeJIeHUWE NMapaMeTpoB, MPONOPLMOHAILHO 3aBUCSLLMX OT KOJIMYECTBA
KJIeTOK (OMoMacca, BbicyllleHHasi Ha ¢WIbTpax MOCTOSIHHOM MaccChli,
MYTHOCTb CYCMEH3MH, 00l a30T, 6enoK, MOMOLUEHUE KUcaopoaa
Y BbLOEJIEHUE YIJIEKUCIOTH). ClieayeT NOMHMUTb, YTO HET YHUBEPCAJIb-
HOrO MeTOMa, JIMIIEHHOrO HenocTaTkoB. JIio6oi MeToa MMeeT CBOM
orpaHnyeHusi. HanpuMep, He BCe KJIETKH CNIOCOOHbI AaTh KOJIOHUM Ha
TBEpIOOW Cpene, HET MUTATEbHON Cpeabl, NMOAXOosillel Lisi Bcex 6e3
UCKJIIOYEHUS MMKPOOPraHM3MOB, M T.[.
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KynbTusnposaHme MMKpoOpraHm3mos

HakonureJjibHble H YHCTbiE KYJILTYPbl MHKpPOOpPranu3moB. V3-3a ma-
JIbIX pa3MEpPOB MMKPOOPraHM3MoOB paboTa B 1a00paTOpuu MPOBOAMUT-
Cs HE C OOHOI 0CcOoObIO, a C Monynasiuuei opraHu3MOB, WIHU KYJIbTY-
poii. KynbTypa MMKpPOOPraHM3MOB, COCTOSIILAasi U3 KJIETOK OJHOTO
BMJla, HOCUT Ha3BaHUe yucmoi Kyasmypsl. ECn yncio BUIOB IBa UK
60JibllIE, TO TOBOPAT O cMewarHol kyabmype. [1pn BbiIeIEHUN YUCTOIA
KYJbTYPbl M3 MPUPOIHbLIX MECTOOOMTAHHUIA, TI€ MUKPOOPraHM3Mbl B
OOJILLUIMHCTBE CJlyyaeB pacTYT B BUAE CMELIAHHBIX MONYNSALMIA, Ha
nepBoM 3Tane 06blYHO noab3yloTcs npeanoxeHHbiM C. H. BuHorpaa-
CKMM METOIOM MONYYEHUSI HAKONUMeNbHbIX Kyabmyp, B KOTOPBIX Mpe-
o6s1analoT opraHM3MBbl onpeaesieHHo rpynnbel. HakonneHue xenae-
MBbIX MUKPOOPraHU3MOB MPOUCXOIUT 3a CYET CO3NAHMS INEeKMUBHBIX
ycaosuil KyJTbTUBUPOBaHUsl, OJIarONPUSATHBIX MJIS NAaHHOW TpPYNTbI.
Hpyrue opraHu3Mbl, TaKXe NMPUCYTCTBYIOLIME B Npo6e, B 3TUX YCJIO-
BHSIX IMOO HE pa3MHOXAIOTCS, IMOO XapaKTepU3yIOTCS HE3HAUMTENb-
HbIM POCTOM.

Iepnoanueckoe KyabTHBHpoBaHHe. OObLIYHO MPH POCTE B XHUIKHX
cpenax B 3aKpHITBIX COCyax ONpeneieHHOro o6beMa MUKpOOpPraHM3-
MBI HaXomsATCs B 3aKpbITOi cucTeMe. Takoe KyJ1bTUBMPOBaHHWE Ha3biBa-
10T NMEPUOAUYECKUM, MPU 3TOM MONY/ISILMS MPOXOAMT pa3Hbie ¢a3bl
cBoeii Xu3HH (puc. 64). Kaxnas daza xapakrepuayeTcsi onpeneaeHHbI-
MM (HU3HOJIOTUYECKUMH NapaMeTpaMH.

Jlaz-paza — da3a «npuBbIKAHHS» KJIETOK K Cpele, NMpyU 3TOM Mpo-
MCXOIUT WHAYKLHUSI COOTBETCTBYIOLUMX (hepMEHTOB, yBEJIMYEHHE KO-
qunuyectBa IHK u PHK. Jlar-¢aza yminHsieTcsi, eCid MCMOab30BaTh
CTapbiii MOCEBHOI MaTepual M NMEPEHOCUTb KIETKHM B COBEPLUEHHO
HOBYIO o cocTaBy cpeny. Jlar-¢a3a cokpaiuaercsi (M4 MOXET COBCEM
OTCYTCTBOBaTb), €CJIH AaKTMUBHbIE MOJIOAbIE KJIETKM K3 3KCIOHEHLHU-
anbHO#M (a3bl pocTa MEPEHECTH B CBEXYIO CPEAy TOTO X€ COCTaBa M
TOM Xe TeMnepartypbl. Ha cpenax, cogepxaiumx cMecb CyoCTpaToB, Ha-
omonaercst duaykcus (puc. 65).

B 3xcnonenyuanvroli (noeapugpmuueckoil) pase KNeTKM pacTyT U Ie-
JIATCA C MAaKCMMAJIBHOM CKOPOCTBIO, UX POCT He orpaHuyeH. OObIYHO
TaKUE KJIETKM HCMOJIb3YIOT B OMOXMMHUYECKUX U (PM3MOJOTMYECKHUX
HCCIIEI0BaHUSIX.

Mo Mepe HcyepnaHus CybGCTPaTOB U HAKOIUJIEHHUS! PONYKTOB OOMe-
Ha CKOpPOCTb pOCTa CHUXaeTcs (¢haza 3ameodneHus pocma) U KyJabTypa
NMEPEXONAMUT B CMAYUOHApHYI0 ¢hady, B T€HEHUE KOTOPOH MpoLIeCChl Ae-
JIEHUS1 1 OTMHUpaHMs KJIETOK B MOMYJSILMM HAXONSATCSl B AMHAMHUYEC-
KOM paBHoBecHuH. st 6akTepuii 3Ta ¢pa3a 1oCTUraeTcsi Npy KOHLUEHT-
pauuu B cpeaHeM 10° KieTok/Mi, Ui BOZOPOCIEH M MPOCTERLIMX —
10® xneTok/mi.

Korna ncuepnaHue nutaTesibHbIX BELLIECTB M HAKOIUIEHUE MPOMYK-
TOB MeTabosiM3mMa NpeonoJieloT HEKME MOPOroBbie KOHLEHTPAaLMHM,
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Puc. 64. PocT Ky/AbTypHl pY NEPUOAUYECKOM KYJTbTUBUPOBAHUH

OnTHyecKasi MIOTHOCTb, ell.

Paza CrauuoHap-
Has ¢dasa

5 3aMeIEHHUS Paza
pocta OTMHpaHUs
4 DKCNOHEH-
LMalbHas
31 ¢daza
27 Jlar-
1 ¢aza
0

01 234 56 7 8910
Bpems, 4

HauyuHaeTcsl ¢haza ommupanus, KOTOpasi MHOrIA TakXe HMMEET Jiora-
pudMHYECKHIT XapaKTep.

[lpy pocte B 3KCMOHEHUMAIbHON (ha3e yBEJIMYEHHE KOJIMYECTBA
KJIETOK N, NPOMCXOAMT B reoMeTpuueckoi mnporpeccuu: 2°—2' >
— 22 ... 52" ¥ yepe3 HEKOTOPOE BpeMsl  orpenensiercs o Gopmyie

roc No — HavyaJIbHOE KOJIMYECTBO KJETOK; 1 — YMCJIO OEJIEHUH.

N,= N, -2,

IMponorapudmupoBaB 3TO BbipaXeHHUE, MOTYYUM

Otkyna

IgN, = IgN, + nig2.

n=(IgN,— IgN,) /1g2.

Torna koHcTaHTa CKOPOCTH NE€JICHUA

OnTHyecKas MJIOTHOCTb, €l.

N W d NN
N s FE—

v=n/t=(gN,— IgNo) /1g2(t - 1),

Copbuton

1 Nioko3a

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Bpewms, u

Puc. 65. IByxdasHbiit poct E. coli Ha cpeae, coaepxallei IJII0Ko3y 1 coponTon
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BpEMs IreHEpaLuUuH

g=t/n=1/v.

CaMblie GpICTpOpacTylliMe OpraHu3Mbl — (poTtobaKkTepun — ynBa-
UBaIOTCSl Kaxablie 8 MUH. E. coli B ONTUMAIbHBIX YCJIOBUSIX NEJUTCS
yepe3 20 MuH. Ecin Maccy onHo# KIeTKH NPUHATDL paBHo# 2- 1073 r,
TO NMPU HEOTPaHUYEHHOM pOCTe 4epe3 48 4 KeTok cTtaHeT 2,2 - 104,
T.€ o6pasyercs 10* r 6uomaccel, yto B 130 pa3 60sblue Macchl 3eMIIH.

Hanpumep, cpaBHuM npoayktuBHocTb 500 Kr 6MomMacchl pa3HbIx
opraHu3moB 3a | cyT (npuBec):

KopoBa — 0,5 Kr (Macca MOPCKOi1 CBUHKH);

cosi — 5 Kr (Macca KOLIKH);

apoxxku — 50000 kr (macca 10 cnoHoB).

DKCNOHEHUHAIbHBIIA MMKPOOHBII POCT M300paXxaeTcsi Ha MosyJio-
rapupMrueckoM rpaduke B BUIE NMPsIMO THHMU. BaxHoi xapakTepu-
CTUKOWH KYJILTYPHI SIBJISIETCSI KOHCMAaHmMa ckopocmu pocma — |, KOTO-
pasi 3aBUCHUT OT YCJIOBHiIA BbipalliMBaHUsl (ECJIM YCIOBUS CTaHIAPTHbHIE,
TO JUISl JAHHOM KYJbTYpPbl OHA COBEPLUEHHO OMNpeAeeHHast).

Ecnu paccMatpuBaTh NONYASsiLIMIO HE KaK HA00p MHANMBUIAYAIbHBIX
ocobeil, a Kak caMOpa3MHOXAIOLLYIOCSI CUCTEMY, TO CKOPOCTb M3Me-
HEHHS TIOTHOCTH TaKOil CUCTEMbI MPONOPLMOHAIbHA CAMOIi MIOTHO-
CTH, T.€. U3MEHEHME CJIeAYET KUHETHUKE peakLMii MepBOro nopsika.
Toroa nmeem

_1aN
3 N dt’

unu, npouHrterpuposas, N = N, - e*.
[Mocne ynBoeHUs1 KONHWYECTBA KJIETOK

2N() - NO . e”',
Wan
2 =e¥,
Wi (nocje norapupMHUpOBaAHMS)
]n 2 = p'td'
OTKyna BpeMsi YIBOEHMsl (BpEMSI FreHEpaLMH)
t =m=g=l np=vin2.
v v

IMoncraBuB v, BeIpaXEHHOE Yepe3 KOJIMYECTBO KJIETOK, U nepeiins
K IECATUYHBIM Jiorapudmam, nojayyaem

p = (IgN,— IgNo)/lge (r - ) = (IgN,— 1gNy) /0,4343(1 - 1).
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Cuuraercs, 4TO B 9KCMOHEHMAILHOI (pa3e pocTa Bce KJIETKH XH-
Bbl€ U POCT KJIETOYHOI Macchbl CTPOro MpONOpUUOHAIEH YBETUUEHUIO
KOJIMYECTBA KJIETOK.

[lon ypowcaem (vnau BbiIXOOZOM) GMOMAcChbl MOHUMAIOT Pa3HOCTb
MeXIy MakCUMaJIbHOM X, M UCXOIHO# X; Maccoit 6akTepHii:

X = Xpax — X (r cyxoro BeLuecTna).

BaxHoe 3HaueHHE UMEET IKOHOMUUeCKUll Ko3ghguyuernm, T.€. OTHO-
LIeHUE ypoXast KIETOK K KOJHYeCTBY MOTpebieHHoro cyocrparta, I:

Y=X/S.
ITpUMEHSIOT TakXe IHepeemuyeckui Ko3ghguyuenm, r/Mob:
YATP = X / ATP.

Ins ero pacyeta HyXXHO 3HaTh KaTabosnyeckue ny‘rn HCIOJIb30Ba-
HUS IAHHOro cyobcTpara.

HUHoraa HeoO6XonuMo, YTOOBI BCe KJIETKU B MONYISILIMMU AETUINUCH
OIHOBPEMEHHO (CMHXPOHHO).

[nst 3TOro UCNoJb3ylOT pa3jIUuHbIE MPUEMbl NOJYYEHUS CUHXPOH-
HbIX Kyabmyp:

® MOJyY€eHHUE KIIETOK OJHOro pasmepa mnyrteM (uIbTpaUMM WIK
InddepeHMATBHOTO LIEHTPUPYTrUPOBaHHUS;

B pe3KOe M3MEHEHHE TeMnepaTypbl HHKyOaluH;

® BO3/ICIiCTBHUE CBETA U T. ..

[1pu 3TOM KpHBasi pocTa noay4yaercs cTyrneH4aroi (puc. 66). OobIu-
HO Y@aeTCsi CHHXPOHU3UPOBATh He 0oJiee TpeX AEJIEHHIA, a MOTOM KYJib-
Typa CHOBA NEPEXONUT K aCHHXPOHHOMY JIeJIEHUIO.

OnTHyecKan MIOTHOCTb, €.
w
A

0 ; r T -
0 1 2 3 4 S 6 7

Bpewms, u

Puc. 66. KpuBasi pocta CHHXPOHHO# KYJbTyphbl
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HenpepbiBHoe (npoTouHoe)
KyabTHBHpOBaHHe. [lpoTouHas
CUCTEMa KYJbTUBUPOBAHMS MO-
3BosisieT 3apUKCUpPOBaTh KYJIbTYy-
pPY B KakoOH-TO oONpenesieHHOM
¢a3e (0ObIYHO 3KCMOHEHUMANb-

. Hoit). I1pn 3TOM cocTtaB cpeabl U
YCJIOBUSI pPOCTa OCTaIOTCSl MOCTO-
asHHbIMHU. [lpocTeiilias cxema
npoTo4yHoro ¢epMeHTEpa Mpel-

Puc. 67. Cxema npotouHoro ¢pepmen-  CTaBJICHA HA pUC. 67. lNonaua cee-

Tepa XeW cpefpl U yIaJleHHUe 4acTu Cyc-
NMEeH3uu (MpOTOK) MPOMUCXOAUT C
TOI Xe€ CKOPOCThbIO, C KaKO# pac-

TeT KyJbTypa. CyLeCTBYIOT ABa NPUHLMMUAIBHO Pa3HbIX TUIIA HEMNpe-

PHIBHBIX KYJIbTYp — X€MOCTaT M TypOMAOCTAT.

B xemocmame dpuvkcupyetcst Kakoi-HUOYAb XMMHUYECKHMIA MapaMeTp
npouecca (KOHLEHTpauMusi cybcTpata, Kucjaopoaa). JT1a KOHUEHTpa-
UM SIBJISIETCS JIMMMTHUPYIOLLEH.

Ecniu o6beM cocyna o0o3HayuTh yepe3 V, a CKOpocTb NMPUTOKA
f(n/4), TO ckOpocTh pa3baBieHMs1 omnpeaensieTcs: no ¢gopmyse

D=f/V.

Ecnu Obl 6akTepuM HE pOC/IM, TO CKOPOCTb BbIMbIBAHMSI ObljIa Obl
paBHa

dx
D =-%.
dt
IlnoTHOCTH 6aKTCpl'laJ'leOﬁ CYCNEH3NHU CHUXAIACb Obl 3KCMOHEH-
LHHaJIbHO

x=x e

Ho 6GakTepuM TOXe pacTyT 3KCMOHEHLMaTbHO
xX=x,- e
[Tpu 3TOM CKOpOCTH MPUpOCTa

_dx
dt’
CnenOBaTeano, CKOpPOCTb UBMEHEHHUSA IMJIOTHOCTHU CYCIICH3UMU!
dx
E’ =My — Dx-
Ecnn CKOpPOCTb NPHUPOCTAa U CKOPOCTb BbIMbIBAHUSI paBHbI, TO CUC-
T€Ma HaXOAMUTCS B COCTOSIHUM JUHAMHUUYECKOIO paBHOBECHS.
3aBMCHMMOCTDb KOHCTaHThI CKOpPOCTH pOCTaA |l OT KOHUECHTpAUUHN C)’G—
ctpata C; ONUCHIBAETCS KPUBOW HACHIILEHMS:
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urmx
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EcnM MCTMHHAas KOHCTaHTa | BCIAEACTBUE JMMMTALIMM MO CyOCcTpaTty
OKa3bIBACTCA MCHBUIC W ,.,, TO CKOPOCTDb pa36awlcmm MOXHO MCHATDL B
LLHUPOKHUX Mnpeaciax, HE onacasiCb, YTO 3TO NPUBEAECT K CHHUXCHHIO
MJIOTHOCTH CYCII€CH3WHU, ONHAKO D He OOJIXXKHO MPEBLILLATD Moy

rae K, — KOHLUEHTpauus cybcTpaTta, NpyU KOTOPOH =

6 [Mepronnueckas
T T —|KyAbTYpa

OnTHYyecKas IUIOTHOCTb, €l.
w

0

5: 6

=

S Sof 3.5=35,

g

s 4

&
N\
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g 21 ~

e ~<
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11 ~<

z ~~

) r T T T T T T T .\‘r‘ml

0 1 2 3 4 5 6 7 8 9 10

Bpemsi, 4

b

Puc. 68. BnusHue ckopoctH pa3basneHus (D) Ha IIIOTHOCTDb cycrieH3uH (A) U
KoHLeHTpauuo () cybcrpara (b) npu pocte KyJabTypbl B X€MOCTaTe
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Yxe npu HeOONbLIMX KOHLIEHTpalUsix cybOcTpaTta 6aKkTepuu pactyT
C J10CTaTOYHO BBLICOKOI CKOPOCTBIO, a eclii C; BEIUKO, TO 1 — Mmax-

IIpy nepexone oT MEpUOANYECKOTO KYJILTMBMPDOBaAHUS K Hempe-
PBIBHOMY B peXHMME€ XeMocCTaTa B 3aBUCMMOCTHM OT YCTAHOBJIEHHOW
CKOpPOCTH pa3baBjicHMsl TUIOTHOCTb CYCIIEH3UM M KOHLEHTpauus cyo-
cTparta OyoyT MEHATLCS MO-pa3HoMY (puc. 68).

Pabota mypbudocmama ocHOBaHa Ha MOLAEPXaHWU MOCTOSIHHOM
TUIOTHOCTH OaKTeEpUaIbHOM cycrieH3un. PoTo3IeMEHT U3MEPSIET IUI0T-
HOCTb BBITEKAIOLLEH CYCMEH3UM M aBTOMATUYECKU M3MEHSIET MPOTOK
(4eM TUIOTHee KyJIbTYpa, TeM OoJibliie nmojgaetcs cpeabl). B cocyne nns
KYyJIbTUBUPOBAHMSI BCE MUTATEIbHbIE BELLECTBA COAEPXKATCSA B U3OBIT-
Ke, a CKOpOCTb pocTa OakTepuii npubinxeHa K MakcuMmaiabHoii. [1pu
TaKOM NpUHUMIE paboThl BO3HMKAIOT TEXHUUYECKHE MpOOJieMbl MpPU-
CTEHOYHOTro 0OpacTaHUsi MOBEPXHOCTEiH, B TOM uyMcClie U POTOMETPU-
YECKOM KIOBETHI.

KoHTpons pocta MUKPOOPraHu3mos

Insi npakTUYeCKMX LieJieit BaXXHO OCYHIECTBIISITb KOHTPOJIb 332 pOC-
TOM MMKPOOPraHM3MOB U MOAABJSATh Pa3BUTHE HEXeENATeNbHEIX (GOpM.
AKTHBHOCTb MUKPOOPTaHM3MOB MOXET, HaNpUMep, MPUBOAMTD K MOpUe
MPOAYKTOB U pa3BuTHIO 3a6onesaHuit. [loaTroMy ObiBaeT HeoOxoaMMO
MOJAaBUTb MUKPOOPraHM3M WJIM MPUOCTAHOBUTb €r0 POCT. ATrEHTHI,
BbI3BIBAIOLME TaKHUE MOCJIEACTBUS, Ha3blBalOT COOTBETCTBEHHO DakTe-
PULIMIHBIMM M GaKTepUOCTaTUYECKMMHU. XapaKTep IeiCTBUSI aHTUMMK-
pOOHOro areHTa 4acTo 3aBMCHMT OT KOHLIeHTpauuu. K Tomy Xxe cienyet
MOMHMTb, 4TO ISl HEKOTOPBIX MMKPOOPTaHM3MOB 3TH BELUECTBA, Ha-
000poT, MOTyT ObITb KICTOYHHUKAMHM yriiepona M 3Hepruu. Ecnim Heob-
XOAUMO YOMTb BCe MUKPOOPraHu3Mbl B (Ha) oObEKTe, TO rOBOPAT O
cmepuausayuu. [ Crepuin3anmy NpUuMeHs 10T aHTUMMKPOOHbIE areH-
Thl C LUIMPOKMM CMNEKTPOM [EHCTBHS.

Bce aHTUMMKpPOOHLIE areHThl AJi yI00CTBa pacnpedesior Mo He-
CKOJIbKMM TIpyINaM B COOTBETCTBUM C MEXaHM3MOM MX NEWCTBMS.

Ilepsan epynna BKIIOYaeT BELUECTBa, MPUBOISILUME K MOBpEXIe-
HMIO MOBEPXHOCTHBIX KJIETOYHbIX CTPYKTYp. Hanpumep, 70 %-ii 3ta-
HOJI KoaryJaupyeT Gesikv, oKa3biBas 6akTepuumaHoe aeicreue. MeHo-
Jibl, Kpe30Jibl, HEUTpalbHble MbUIa M Pa3M4yHbie NMOBEPXHOCTHO-aK-
THUBHbIE BELUECTBA HApYLIAIOT U30OMpaTe/ibHYI0 MPOHULIAEMOCTb LIMTO-
ruia3matmyeckoit memopatbl. C geTepreHTaMM CXOOHbI N0 CBOEMY -
CTBMIO HEKOTOPHIE MONUIMENTUAHbIE aHTUOMOTHKYU (MOJIMMUKCHH, Oa-
LIMTpallMH, CYOTWJIMH, HU3UH).

Bmopaa epynna oObenvHsieT BellecTBa, AeHcTBywolMe Kak ¢ep-
MEHTHbIE S1Abl U HapylualolMe HopMabHbI MeTabonn3M (Hanpumep,
TAXeNble METalbll — Medb, PTYTh, CBUHel). OHU CBA3BIBAIOTCS C
SH-rpynnamu 6en1KoB, Hapylllasi UX MPOCTPAaHCTBEHHYIO CTPYKTypy. Llu-
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aHug U CO neicTBYIOT KaK AbIXaTesib- COOH SO,—NH,

Hbl€ s1abl, OJIOKUPYSI LIUTOXPOMOKCHAA-
3bl. 2,4-JIuHuTpOodeHO ABAsieTCS pa306-
LLUTEJIEM MPOLIECCOB OKHUCIEHUST M poc-

¢dopunupoBaHus. ApceHaT MHTHOUpyeT

cybcTpaTHoe GocOpUIMPOBaHHUE. AHTH- NH; NH,
MULMH A HapyluaeT mpouecc nepeHoca [ABK  Cynbdanunamun
3JIEKTPOHOB MO ObIXaTe/IbHOM LENU, UH-
rMOMpYst LMTOXPOM C-peayKTasy. Propa-
ueTaTt 6JIoKMpyeT paboTy LIMKJIa TpPMKap-
OOHOBBIX KMCJIOT.

Tpemua zpynna BKJIIOYAET aHAJIOTY HOPMaJIbHBIX META0OJIMTOB, KO-
TOpble KOHKYPUPYIOT C HUMM 3a KaTaJIUTHYECKUI LEeHTp (depMeHTa.
HanpuMep, Ha 3TOM OCHOBaHO JiIeKapCTBEHHOE OEHCTBUE CylbhaHU-
JlaMMAHBIX nipenapatoB (puc. 69). ¥ 6aktepuit [1ABK sBnsietcs npen-
LiecTBEeHHUKOM TeTparuapocosnara. [Ipy BKIIOYEHMH CTPYKTYPHOro
aHasiora (cyabhaHwiamuaa) oopasyercsi HeyHKIIMOHUPYIOLLIUI ¢ep-
MEHT M pOCT GakTepuii octaHaBiMBaeTcs. Ha XMBOTHBIE KIIETKM MPH
3TOM BpEIHOro BO3IEMCTBUS He OKa3bIBaeTCs, TaK Kak (posiveBasi KMC-
JIOTa B HUX de novo He CUHTE3UpYeETCS.

Yemeepmasn epynna oObeIVNHSET BELLECTBA, HapylUaolliMe HOpMaJib-
Hble MPOLECChl CHHTE3a NnoiuMepoB. Hanpumep, Ha GeIKOBBI CUHTE3
JeACTBYIOT aHTUOMOTHKHM CTPENTOMMLIMH U HEOMULIMH (MOJaBJISIOT CBSI-
3bIBAHWE aMUHOKHCIIOT MEXAY CO00#1), IpUTPOMULIMH (HapyluaeT QyH-
Kuuu 50S-cy6beAMHHULIBI pUOOCOM), TETPALIMKIIMH (MTPENSATCTBYET CBSI-
3piBaHMI0 amMmuHoauun-TPHK ¢ pubocomamm), xiopambenmnkon (no-
nasasieT dyHkuMIo nentuaniatTpaHcgepasbl). HekoTopsie aHTMOMOTH-
KM TIOJaBJISIOT CUHTE3 HYKJIEMHOBBIX KMCJIOT (MUTOMMUMH C, aKTH-
HomuluH 1, pudamnuumH). [leHUUWUIMH Y psig APYIrMX aHTUOMOTH-
KOB MOAABJIAIOT CUHTE3 NenTuaorinkaHa (puc. 70).

Ilamasn zpynna BKJ104aeT BElIECTBa, OKa3biBalOLIME OMOCPENOBAH-
Hoe IeiicTBHe (0ObIYHO, OakTeprocTaTMyeckoe). Hanpumep, BbICOKME
KoHueHTpaumu NaCl u caxapoB CHHXalOT aKTUBHOCTb BOIbI, OKa3bl-
Basi KOHCEpBMpYIOlliee NeHCTBHE.

HUTak, MOXHO clenath BbIBOA O TOM, YTO BaXHOE MECTO Cpelu
aHTHUMMKPOOHBIX areHTOB 3aHUMAIOT aHmubuomuxu. BeeaeHune Ux B Me-
IHULIMHCKYIO MPAaKTUKY B 3HAUUTEJIbHOM Mepe CHU3WJIO CMEPTHOCTb OT
UH}peKUMOHHBbIX Oosie3Hel. HeoOxoaMMo oTMETHUTDb, YTO HabIIONEHHUS
33 aHTUMUMKPOOHOM aKTUBHOCTBIO OJHUX MUKPOOPraHU3MOB M0 OTHO-
LLIEHUIO K IPYrMM, MAaTOT€HHbIM, U laXe MOMbITKYU BbIIEJIEHUSI OTBET-
CTBEHHbIX 33 3TO BELUECTB NMPOBOAMIUCH C KOHLA XIX B., HO OHM He
MMEJIM CUCTEMATHYECKOro XapakTepa. B 1929 r. A. @nemuHroM, B 60Jib-
IO Mepe ciyyaiHO, OblJ1 OTKPLIT HOBBII mnpenapar NeHULWLUIMH,
KOTOPbIii B KPUCTALTMYECKOM BuIe ObL1 MosiyyeH Toibko B 1940 r.
3areM NpoLIECC MOUCKA HOBbIX AHTUOMOTUKOB U MX MPOMLYLIEHTOB CYLLIECT-
BEHHO YcKopwics. K HacTosilieMy BpeMEHM M3BECTHO OKOJIO 3 ThIC.
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LinToruiaama Mem6paHa [Nepunnasma
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Puc. 70. Cxema o6pa3zoBaHus NpealLieCTBEHHUKOB MyperHHa, CBSA3bIBAHUA UX C
JMNHIOM U nepeHoca yepe3 LITTM. Ha cxeMe ykazaHbl MecTa neiiCTBHUSA aHTH-
OMOTUKOB, HapyLIAIOLMX MPOLECC CUHTE3a KJIETOYHOIN CTEHKHW GakTepuit

aHTUOMOTMKOB U TOJIBKO OKOJIO CTa M3 HMX HalUIM NPUMEHEHUE B
MeauumuHe. OqHako aHTUOMOTUKHM He CTa/IM MaHalleeil oT Bcex Oel, Tak
KaK aKTMBHOE MX MPUMEHEHME MPHUBEJIO K MOSIBICHUI0O MHOrooOpas-
HbIX MUKPOOHBIX (POPM C PE3UCTEHTHOCTbIO K 3TUM COEIAMHEHHUSM.
YcToiuMBOCTb CBsI3aHa, C OJHOM CTOPOHBI, C BbIpabOTKOMN (hepMeH-
TOB, PacCIUEMIAIOLLMX aHTUOMOTUKH, C APYTrOil — ¢ BHIPabOTKOM MOLLI-
HBIX TPAHCIIOPTHBIX CUCTEM, BbIOpACHIBAIOLLIMX YyXEPOAHbIC BELLIECTBA
(B TOM yHC/ie aHTUOMOTUKM) U3 KJIEeTKU. PacnpocTpaHeHHe yCTOMYH-
BOCTH CpeiM OaKTepHii CBSA3bIBAIOT C «FOPU3OHTAIbHBIM» MEPEHOCOM
M1a3MUJ PE3UCTEHTHOCTU. DTOMY CIIOCOOCTBYET MPUMEHEHUE AHTUOM -
OTMKOB HE TOJIBKO MO MPSIMOMY Ha3HaY€HMIO0 KaK aHTUMMKPOOHBIX
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areHToB, HO U WISl IipOHUIIAKTUKH, KaK CTUMYJSITOPOB pOCTa, KOH-
CEPBAHTOB, a TAKXKE B BETEPMHAPUM U pacTeHUEBOACTBE. [lisl UCKIIO-
YUTENbHBIX Cy4YaeB CYLIECTBYET HECKOJIbKO aHTMOMOTHUKOB «CTpare-
TMYECKOro 3araca» (OHY He JOJIXKHbI onaaaTh B OKPYXalollylo cpely,
YTOOBI B OTBET HE MOSIBUWIUCH PE3UCTEHTHBIE (POPMbI MUKPOOOB).

[ns npeonosieHUst MHOXECTBEHHOM JIEKAPCTBEHHOM YCTOMYUBOCTH
B0O30yauTeneit OCyLUECTBISETCS MOCTOSAHHbIA MOUCK HOBBIX aHTMOWO-
TUKOB, MPOBOAMUTCS XMUMHUUYECKasi MOAU(HUKALIUSA U3BECTHBIX MOJIEKYJI
M BbISICHEHME MyTEil MomaB/J€HMSA TPAHCMOPTHBIX CUCTEM 3KCKPELIMH
JIEKapCTBEHHbIX BELLIECTB.

KoHTponbHblie BONPOCHI

1. Jaiite onpeaeyieHne Makpo- U MUKPO3JIEMEHTaM.

2. Yem onpenensiercss poib BUTAMUHOB B MeTaboJM3ME MUKPOOPraHHM3-
moB?

3. Ha kakue rpynnsbi noapa3saeisiiotcsi MUKpOOPraHM3Mbl 110 OTHOLIEHUIO
K KOJIMYECTBY M KaueCTBY NMUTaTeJIbHOro cybcTpaTta B cpeae obutaHus?

4. HazoBute TMNBI NMTaHUA MUKPOOpPraHu3mMoB. CpaBHHUTE BO3MOXHOCTH
MUKPOOPraHHW3MOB U BBICLLMX OPraHU3MOB B 3TOM OTHOLLEHHH.

5. KakoBbl 0CO6EHHOCTH NepUOANYECKOTO Ky/IbTUBUPOBAHUS MMKPOOPra-
HU3MOB?

6. YeM oTamnualoTcsi HenpepbiBHbIE KYJIBTYPbl MUKPOOPraHU3MoB, GyHK-
LMOHHUpYIOLLME B peXUMe xeMocTaTa U Typounocrara?

7. IMNpuBenute knaccudpunkalumnio aHTHMUKPOOHbIX areHToB. HasoBuTte npu-
YMHBI BOSHUKHOBEHMS CPpeI MUKPOOPraHM3MOB MHOX€ECTBEHHOM JIEKapCTBEH-
HOI1 YCTOMYMBOCTH.



lnasa 5

AENCTBUE ®U3UKO-XUMUYECKUX DAKTOPOB
HA MUKPOOPrAHU3MbI

AKTUBHOCTbL BOADI

MukpoopraHu3Mbl pacrpocTpaHEHbl MOBCEMECTHO, MO3TOMY OHM
NoJABEPraloTcsi BO3AEHCTBUIO pa3jIMYHbIX (PU3NKO-XMMUYECKUX (PaKTO-
POB, UTO MPUBOAUT K HEOOXOAMMOCTH BbIpaOOTKU COOTBETCTBYIOLLIMX
3alLIMTHBIX MeXaHU3MOB. HekoTopble MUKPOOPraHM3Mbl CIIOCOOHBI CY-
1LeCTBOBaTh B YCJIOBUSX ILIMPOKOIO CMEKTPa pa3jIMYHbIX (PaKkTOpPOB.

B ocyiecTBieHMM MeTaboIM3Ma BaXHYIO POJib UTPaeT aKTUBHOCTb
BOAbI @,,, pPaBHasi OTHOLUEHUIO NaBJCHUs MapoB pacTBOpPa K AaBJEHHUIO
NnapoB YMCTOI BoAbl. AKTUBHOCTb BOJIbI 3aBUCUT KaK OT CaMOro €€ Ha-
JIMYUS, T.€. OT CTENEHU BBICYLLIMBAHUS, TaK U OT KOJIMYECTBA PacTBO-
pPeHHBIX B Heil BewlecTB. OQHU MUKPOOpPraHU3Mbl He CIIOCOOHBI pacTH
Ha TBepAbIX Cpenax, a Jpyrue, HasbiBaeMble Kcepoguiamu, pacTyT MpHU
HM3KHUX 3HaYeHMsX a,. B npupone Takue MeCTOOOMTaHUS €CThb B MyCThI-
HAX U ropax. K TOMY XK€ TaM aKTUBHOCTb BOIbl MOXET PE3KO MCHATLCS
B TeYEeHHUE CYTOK (B HOYHOE BpeMsi Bbilanaer poca v a, = 1). B ta6n. 5
JaHbl NPUMEPbI MUKPOOPraHU3MOB, XHUBYILLMX MPH pa3HbIX aKTHBHOC-
TAX BOAbI B COOTBETCTBYIOLIMX UM MECTOOOMTaHHUSX.

[MockonbKy MMKpPOOpPraHHW3Mbl OTAeJiEeHbl OT OKpYXarlleil cpebl
MoJiynpoHMLIaeMoii MeMOpaHoii, B TMIIOTOHUYECKUX pacTBopax BoIa
OyneT CTPEMHUTBLCS O TpalMeHTy KOHLEHTpALMii pacTBOPEHHBLIX BeE-
LLIECTB BHYTPb KJIETKH, U HYXHO MPWIOXHUTb ONpencaeHHYIO CHly (oc-
Momuueckoe daeneHue), YTOObI MPEeNOTBPaTUTb MOCTYIJIEHUE BOIbI B
KJIETKY. Y IpaMMofIOXHUTENIbHBIX OakTepHii OCMOTHYECKOE AaBJIeHHE
MOXeT JOCTUraTh B pa3baBjieHHbIX pacTBopax 20 atm u 6osee. B runep-
TOHUYECKMX pacTBOpax UMEET MECTO obpaTHOe siBJieHHe («0TcachiBa-
HME» BOIbl U3 KJIETOK), BbI3bIBAIOLIEE N.1A3MONU3.

B oOiuem cnyyae, 1 M pactBop J11060ro CoeIMHEHMS1, €CJIM OHO HE
IIMCCOLIMMPYET, CO3/1aeT naBjieHue 22,4 atm (Hanpumep, 10 %-it pacTBop
caxapo3bl (0,29 M) — 6,5 at™, 10 %-i pactBop NaCl (1,724 M) —
77 atm). [1nsi pa3BUTHSI OPraHU3MOB 0O€3 KJIETOYHON CTEHKHU NPUMEHS -
10T U30MOHUYECKUe PaCmEopbl.

BbicOKME KOHLEHTpaLMHK COjleil U caxapoB AaBHO MCMOJIb3YIOTCSI
IUIsl KOHCEpPBUPOBAaHUSA MULIEBLIX NPOAYKTOB. B npupose BbicOKME KOH-
LIEHTpallMK pa3HbIX cojieii eCTb B MepTBOM Mope, COJIEHBIX O3epax,
COJIOHLIaX, COIOBLIX 03epax, cojieBapHsiX. MMKpOoOpraHu3msi, Crocoo-
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Tab6bnuua 5

Cy0OcTpaThi ¢ pa3HbiMH 3HAYEHHAMH AKTHBHOCTH BOAbl H MHKPOOPraHH3Mbl,
oOuTaomue Ha HHX

a,, Marepuan MuUKpPOOpraH13Mbl
1,000 Yucras Bona Caulobacter, Spirillum
0,995 KpoBb uenoBeka Streptococcus, Escherichia
0,980 Mopckas Bona Pseudomonas, Vibrio
0,950 Xne6 I'pammnonoxurenbHbie

MaIo4YKH

0,900 BetunHa, KieHOBbIN cupon | [pamMnonoxurenbHblie KOKKH

0,850 Cansimu Saccharomyces rouxii

0,800 DpyKTOBBIE IXEMBI Penicillium

0,750 ConeHas priba, coJsieHble Halobacterium, Halococcus
o3epa

0,700— 0,600 | Kyxypy3Hble XJ10Mbs, Xeromyces bisporius,

cyXodpyKThl, KOH(ETBI KcepoduibHbie rpuObI

Hbl€ CYLIECTBOBaTb B paCTBOpaXx C BLICOKOH KOHLIEHTpaLMeil BelleCTB,
Ha3bIBAIOTCS1 ocMouaamu.

Hau6onee u3yyeHbl Takue MUKPOOPraHM3MbI 110 OTHOLLEHHUIO K KOH-
ueHTtpauuu NaCl, ux Ha3bIBaIOT 2asrogpusamu ¥ NOAPA3NENAIOT HA IPYII-
Mbl:

ranoronepaHTHbie — 0o 2,0 M NaCl, Ho MoryT pacTi KU 6e3 conu
(Streptococcus);

cnaboranogunbHbie — 0,2—0,5 M NaCl;

cpenHeranopuabHbie — 0,5—2,5 M NaCl (Mopckue 6akTepuu);

3KCTpeMaibHO rajiopuibHbie — 2,5—5,2 M NaCl (1o HachIlIEeH-
HBbIX PacTBOPOB, rajioapxem).

PaccMoTpMM 0COGEHHOCTH raloPUIbHBIX MMKPOOPTaHU3MOB, KO-
TOpbi€ MO3BOJISIIOT UM CYLIECTBOBATb MPH BBLICOKMX KOHLIEHTpaUHMSIX

Ta6nuua 6

KoHlleHTpauMH HEKOTOPHIX HOHOB BHYTPH H BHE KJIETOK rajouibHbIX
MHKpoopranu3mMoB (Ha npumepe Halobacterium cutirubrum)

KoHueHTtpauus (M)
HUoH
B cpene B KJIETKE
Na' 3,30 0,80
K* 0,05 5,30
Mgz‘ 0,13 0,12
Cl 3,30 3,30
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Ta6auua 7

CoBMeECTHMBIE PACTBOPHTENH (OCMONHTBI), 0Opa3yeMbie MHKPOOPraHH3MAMH

OpraHu3msl CoBMECTHMBIi1 paCTBOPHUTENb MuHuManbHas a,,
bakrepuu-Hedororpodsl | IMuunH-6eTanH, NpoanH 0,97—0,90
(Y rpaMnoIOXXUTEJIbHbIX),
rjiyramar (y rpamMoTpuua-
TEJIbHBIX)
IpecHoBOAHbBIE Caxapo3a, Tperaiosa 0,98
unaHobakrepuu
Mopckue o -Inuko3un-rnuuepon 0,92
unaHobaKTepuu
Mopckue Bonopocau MaHHHUTOJ1, NPOJIUH, [JIMKO- 0,92
3UAbl, AUMMETWICYJIbMOOH-
MpONHOHAT
LInaHobakTepuu 'MuuMH-6eTanH 0,90—0,75
COJIeHBIX 03ep
lanogunbHbIE I'muumH-6eTanH, Tperanosa, 0,90—0,75
aHOKCHIeHHbIe 3KTOUH
¢orotpodHbIe HakTEpUH
Ectothiorhodospira
DKCTpeMaJIbHO KCl (3akaunBaeTcst BHYTpPbC 0,75
ralopwibHble apXeu obmeHoM Ha NaCl)
Dunaliella (ranopunbHas | I'nuuepon 0,75
3eJieHasi BONOPOC/Ib)
KcepodunbHeie apoxoku | [nuuepon 0,83 —0,70
KcepodwibHbie Inuuepon 0,83 —0,62
HUTUaTbIE rPUOLI
CH; CH
| v 2\ DKTOMH
CH;— II\J — CH, — COOH NH CH,
CH | I
3 | nuunH-6eTanH CH;—C CH — COO~
AN N /

coneil. U3BECTHO, YTO MHOFME BHYTPUKJIETOYHbIE KOMIIOHEHTBI 3THX
MMKPOOPraHM3MOB HYX/AlOTCA B BLICOKMX KOHLeHTpauusix Na* u K'.
Hanpumep, y Halobacterium cutirubrum akTMBHOCTb acnapTaTTpaHC-
Kapb6amunassl ipu 3,5 M NaCl B 4 pa3a Bbilue, yem npu 2 M NaCl.
benku ranoduioB coaepXxatr MHOro acriaptata v rjayraMara, T.€. OHU
Gosiee «kMCJible», B 0GelKaX yCTaHABJIMBAIOTCS HOBble rMApPOdOOHbIE
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B3aUMOJEMCTBUSI, NpUBOAsLIME K Oonee IMJOTHOI ynakoBKe IJIOOYyI.
Ha noBepXHOCTH KJIE€TOK paboTacT MeXaHU3M «OEJIKOBOro LIMTa»
(S-cnowu), koraa Hapyxy 3kcnoHupytorcsi COOH-rpynnbl aMMHOKHC-
JoT, yaoepxusaoume Na'. v Xe rpynnbl GOPMHUPYIOT «THIPaTUPO-
BaHHYI0» 000JIOYKY KJIETOK 3a CYET 3JIEKTPOCTaTUYECKOTO OPUEHTHPO-
BaHUs aumnosei Boabl. anopuibl OCylIECTBASIOT aKTUBHbII TpaHC-
NMOpPT MOHOB U3 KJIETKH, TAKUM OOpa30M MO[epXUBasi HEKOTOPbIi
«ocMmocTa3». JlaHHble Tabs. 6 MoKa3bIBalOT, YTO MHOIIA KJIETKH 3aMe-
Hsaor Na" Ha K*.

YaepXuBaHUe BOAHI Y rajlopuioB OCYyLLECTBISETCS NMyTEM CMHTe3a
coemecmumbix pacmeopumeneil (0cmMoAumMo8), HEUTPAIbHBIX MO OTHO-
LIEHHIO K MeTaboiMTam KieTKU. MHoraa Takue BelecTBa o6pa3yloTcs
B 3HAUMUTEJIbHbIX KosnuecTBax. Hanpumep, Dunaliella viridis nakannu-
BaeT rnuuepona a0 30 % ot Macchl KJIeTKH. DTO CBOWCTBO MPUMEHSIOT
IU1S1 TIPOMBILLJIEHHOTO MOJy4YeHUs ravueposna. [Uis pa3HbIX MUKpPOOp-
raHM3MOB M3BECTHHI pa3Hble COBMECTMMbIE PaCTBOPUTCIM (Tab. 7).

CoBMeCTHMBIE PACTBOPUTEIM XOPOLIO YAECPXHUBAIOT BOAY, MO3TOMY
BO3MOXHO WX INPUMEHEHUE B KOCMETHYECKOH MPOMBILLIEHHOCTH B
COCTaBE YBJIaXHSIOLIMX KPEMOB (3KTOUH U3 FyIOPUIbHBIX aHOKCUTEH -
HbIX PoTOTPOOB).

B 3akiloyeHHe HeOOXOAMMO 3aMETUTD, YTO YACTO HEBO3MOXHO pa3-
rpaHUYMNTb 3¢ GeKThl, BbI3BAHHbIE COOCTBEHHO CHUXEHHUEM BJIAXHOC-
TH U HAUIMYHEM BbICOKO#H KOHLICHTPALIMM PaCTBOPEHHbIX BelllecTB. SICHO,
4YTO 3TH (PAKTOPbl BZAUMOCBSI3AHbI.

Mokasartenb kUcnoTHocTu cpeabl (pH)

Moka3satenr KucnotHoctH cpeabl (pH) uamensiercs ot 0 oo 14.
B kucnoi cpeie B BOAHBIX pacTBopax Nnpeo6saaaloT MOHbI TMAPOKCO-
Husa H;0', B wenouHoit — ruapokcuna OH™. KoHueHTpauus Bomo-
POIHBIX HOHOB BO31EHCTBYET HA MOHHOE COCTOSIHME M, CJiel0BaTeb-
HO, H4 IOCTYNHOCTb ISl KJIETKM MHOTMX METaboJIMTOB, TaK KakK B
HE3apsSXXEHHOM COCTOSIHUM OHM Jierue MPOHUKAIT vepe3 MeMOpaHy.
B Tab6a. 8 npeacrabieHbl CyoCTpaThli, OTpaxalolue Beio wwkany pH, u
MUKPOOPraHU3Mbl, CNIOCOOHBIE K aKTUBHOMY CYLIECTBOBaHHUIO IPH
Takux pH.

Mo oTHOLIEHHIO K ONTHMAJIbHBIM U151 pocTa 3HaYeHUssM pH Mukpo-
OpraHM3Mbl noapasaesior Ha auuaodunsHeie (0—35,5), HeitTpodHb-
Hble (5,5—8,0) n ankanudpwibHbie (8,5— 11,5). boabwinHcTBO GakTe-
pHil ¥ MpOCTEMLLUX — HeHTpOodWIbI, TPUOBLI U BOAOPOCIH, B LIEJIOM,
NpEeanoYMTAIOT HM3KHE 3HauyeHUsi pH, uuMaHobGakTepuu pacTyT npu
BbIcOKMX pH.

HecMoTpsi Ha 3kcTpemasibHble 3HaueHUs1 pH B okpyxalowuei cpe-
Je, 3HayeHHe BHYTPUKJIEeTOYHOro pH 10cTatoyHO MocTosiHHO. Y pac-
TUTEIbHBIX KJIETOK peaklMsi LiMTomna3mel ciabokucnas (5,0—6,0),

89



Ta6nuua 8

Pacnpenesienne rpynn MHKPOOPraHH3MOB B COOTBETCTBHHM C KHC/JIOTHOCTBIO
cpeabl HX OOHTAHHA

Cybctpat pH MuKpoopraHu3mbl
BysnkaHWYecKHue BOIbI 0,5—1,0 Apxeu (0ObIYHO ellle U
M TIOYBBI 3KCTpeMasibHble TepMO(IIbI)
XKenynouHslit cok 1,5 Helicobacter pylori
JInMoHHBI cok 2,0 Cephalosporium,

Saccharomyces,
LllaxTHbie BoAbI 2,0—2,5 Candida,
Pa3bamneHHbIit ykcyc 3,0 Bacillus,
Acidithiobacillus,
PeBeHb, nepcuk 3,5 Sulfolobus,
Kucnas nousa 4,0 Thermoplasma,
TepMOGHIBHbIE BOLOPOCIH
Tomartbl 4,5 (MHOTHME UCTIONB3YIOT
Chip 50 BOCCTAHOB/IEHHbIE
’ COEAMHEHHS CEPbI)
KucI0THBIE 1O0XAU 5,3
KBaueHas karycra 5.5
TI'opox 6,0
Kpe 6.5 BonblUIMHCTBO
MHKPOOPraHH3MOB
Yucras Bona 7,0
Mopckas Bona 7,8
1lles104HbIE MOYBBI 8,8 LInaHob6akrepuu
IllenouHble o3epa 10,0 Nitrosomonas,
Nitrobacter,
MbUIBbHBIE PacTBOpBI 10,5 THWIOCTHble GakTepun
pona Bacillus, nypnypHbie
HalnatsipHbiii cnu 11,0 Gaxrepun pona

P pT Ectothiorhodospira
HacbiueHHblit pacTBop 12,0
U3BECTH Ypobakrepun

Y XHUBOTHBIX ~ 7,0. ¥ ankaiu- 1 auMaopuibHbIX MUKpoopraHusmMoB pH
LIMTOIUIa3Mbl MoAaepXuBaeTcs Ha ypoBHe 7,5. IIOCTOSSHCTBY BHYTpH-
Ki1etoyHoro pH croco6¢TByeT Manasi MpOHULIAEMOCTL MEMOpaHbI 11
npoToHoB. OQHAKO, MOCKOJIbBKY NMPOTOHbI BCE-TAKU MeEIEHHO IM(-
¢byHIMpYIOT MO rpaAMeHTy, KJIETKa UCMOJIb3yeT IHEPro3aBUCUMbIE Me-
XaHU3MBl BbIOpOCa MPOTOHOB. Y aiKaniuGpUIbHBIX MUKPOOPraHM3MOB
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KJIETKA HE€ MOXET MCIOoJIb30BaThb MPOTOHHBIN IPadUeHT WISl CUHTEe3a
AT®, n 1is 3anacaHusi 3HEPTUU CIYXHT 3JIEKTPUYECKasi COCTaBJISAIO-
Lias.

[1pn HeOoONbIIOM 3aKHUCIEHUM OAKTEPHM HCIOJIb3YIOT aHTUMOPT
npotoHoB ¢ Na* u K*. Ipu ckaukoobpazHom naneHuu pH Bkioyaet-
Csl CMHTE3 CleLlUAIbHBIX LIanepoHOB (6€KOB «KHUCJIOTHOTO LIOKa»).
OHH NpeaoTBpaIlialoT KMCJIOTHYIO IEHaTYpauMio OeJIKOB U BOCCTaHaB-
JIUBAIOT KOHPOPMALIMIO yXe IeHAaTypUPOBAHHBIX GEJIKOB.

B npouecce pa3BUTUS MUKPOOpPraHU3MBbI MOTYT U3MeHSITb pH cpe-
Ibl, 00pa3ysi KMC/ible WM HieloyHble npoaykTtel. Hanpumep, E. coli
pearMpyet Ha MOBblILIEHHWE KHMCJIOTHOCTH CHHTEe30M AekapOokcuias
amuHoKHKCNOT. O6pa3yloliuecs B pe3yybTaTe aMUHBI MO/LLETaYMBaIOT
cpeny. Haobopot, noseilienue pH cpenbl cTUMynUpyeT CUHTE3 n€3a-
MHMHa3 aMMHOKHCJIOT, YTO BEAET K MOAKHUCIEHHUIO cpenbl. Takue Mexa-
HU3MBI €CThb OOBIYHO Y pH-ToNepaHTHBIX MUKPOOPraHM3MoB. SIpKHii
npumep perynnpoBaHusi pH cpeanl 6aktepusMu — AByxda3Hblit npo-
uecc aLleToHO-0yTHIoBOro 6poxeHus (cM. ri. 6).

TemnepaTtypa

IMpeaen XHU3HeCNOCOOHOCTH OpraHM3Ma OMNpeIeNsieTCs HATUYUEM
XUakKoit Boabl. KiieTKM HEKOTOPbIX MUKPOOPraHM3MOB OCTAIOTCS XHU3-
HeCrnocoOHBIMM TMPU MHHYCOBBIX TeMIlepaTypax, eClii K Bole Aoba-
BUTb aHTHU(pHU3. Tak Kak MECTOOOUTAHMH, Il€ CO3AAIOTCS IKCTPEMaslb-
HO HU3KOTEeMIepaTypHbI€ YCJIOBHUSI HE TaK MHOTO, OOJILILIMHCTBO Opra-
HM3MOB UMeeT HU3LMi TeMnepaTtypHblit npenen 0 °C. CyiiecTtsoBath
Xe (MmepexuBaTb) MMUKpPOOpPraHu3aMbl MoryT U npu —196 °C (u maxe
npu -273°C). INo3TtoMy TakKMM IJIyOOKMM 3aMOpaXHBaHHEM YacTo
MoJIb3YIOTCS [UISA XpaHEHHUsl KyJbTYp Mol XUIKUM a30TOM WM B JIUO-
buM3MpoBaHHOM COCTOSSHUM. HHUXHUE npenenbl pocta Mo TeMnepa-
Type OrpaHUYeHBI TEMITEPATYPOil «3aCThIBAHUSI» MEMOpaHbI, KOTAa OHa
TepsieT CBOM (PYHKLIMHM, a BEpXHUE — TEIUIOBOi AeHaTypauMeil Xu3-
HEHHO BaXXHbIX MOJIEKYJL.

K Hu3KOTEMIEepaTypHbIM MeCTaM OOMTAHHUSI OTHOCATCS PErMOHBI
ADKTHKHM, AHTAapKTHKH, TyHIpa, IIyOMHBI OKEaHOB, TIe€ TeMrepaTy-
pa UMeeT NOCTOsIHHOE 3HayeHHe oKoJio +4 °C.

BricokoTemnepaTypHbie MeCTa OOMTaHUsI — reii3epbl, BYJIKAHUYEC-
KM€ MCTOYHHUKH, ropsiyhe MUCTOYHMKH, «YEPHBbIE KYPUJIBILIMKH» —
BbIXO[ BYJKAHMYECKMX IrOpsidMX rasoB Ha pasjiomax 3€MHOH KOpHI B
rnybMHax OKeaHOB, i€ TeMIepaTypa NpU BbICOKOM JaBI€HHUH MOXET
nocturath +360 °C.

AHaJIM3 COCTaBa XU3HEHHBIX (POPM NMPU HU3KHUX U BBICOKHX TEMIIE-
paTypax Ioka3biBaeT, YTO B 3KCTpPEMaIbHbIX MO TeMIiepaTrype obuTa-
HMSIX, B LieJIOM, MpeobnanaioT 6osiee MpoCcTo YCTPOEHHBIE (OPMBI, a
U3 HUX — NMPOKAPHOTbl U HEPOTOTPOPHI.
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Tab6bnuua 9
I'pynnbl MHKPOOPraHH3MOB C Pa3HbLIMH TEMNEPATYPHBIMH NpEAEJaMH POCTa

Temnepatypa pocra, °C
I'pynna
MHWHHUMAJIbHasA ornTuMaJibHas MakKkCHUMaJIbHast

Mcuxpodunbl -36 <20 25
Me3sodunbl 15 25...30 40
Tepmoduibl 40...50 65 70...80
DKcTpeMaJibHbIE 50...60 80...110 113
TepMOUIbI

HeobxonMMoO OTMETHUTb, YTO CYLUECTBYIOT MCKYCCTBEHHO CO3IaH-
Hbl€ 3KCTPEMaIbHbIE MO TEMIEPATYpPe MeCTa OOMTAHHUS: MOPO3UJIbHbIE
Kamepbl, epMeHTEPDI, aBTOKJIABHI.

B Ta61. 9 npuBeneHa kiaccudurKalus MUKPOOPraHU3MOB B 3aBUCH-
MOCTH OT TeMIIepaTYPHbIX MpeneloB pocTa.

KpuBast 3aBUCMMOCTH CKOPOCTH pPOCTa OT TEMMEpPaTypbl — Ofpee-
JIeHHast IJisl Kaxaoro opraHu3Ma. [1pu aTom aeicTByeT 3aKOH Qyy: NpHU
Bo3pactaHuu Temriepatypbl Ha 10 °C ckopocTb peakLiMH YBEJIUUMBAET-
cs1 B 2—4 pa3a. [1pu nepexone yepe3 onTHMaIbHYIO TEMIEPATYPy POCT
CylIeCTBEHHO 3aMesiercs. PacnipeaeneHne MUKpOOpPraH1M3MOB MO TeM-
nepartype npeacTaBjieHO Ha puc. 71.

K ncuxpoghusbrbim MUKpoopraHu3mMam OTHOCST TNpeCTaBUTeENIEN PO-
noB Pseudomonas, Vibrio, Achromobacter, Flavobacterium, Cytophaga, npox-
XK€W, MULICJIMATIbHBIX TPUOOB, HEKOTOPBIX Ipynn Bomopocinei (B AH-
TapkTHKe HaineHa Chlamidomonas nivalis, pactymias npu -36°C!).

> 0.7

—
——

KoHcTaHTa ckopocTu pocta, 1/

T T T T T T T T

0 T T 2 T T T
-10 0 10 20 30 40 50 60 70 80 90 100 110 120
Temnepartypa, °C

Puc. 71. TemnepatypHble npenensl MUKpOOHOro pocTa:

I — ncuxpodunsl; 2 — ncuxpotpodbl; 3 — Me3odunbl; 4 — TepModUIbl; 5 — IKCT-
peMaibHble TEpMOdHIBI
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Tao6bauua 10
Bhicmine TeMnepaTyphble npeaeibl XKH3HeJeATeNbHOCTH Pa3HbiX rpynmn

OpraHH3MOB
Opranusm XKusHenesiteIbHOCTB A0 £, °C
KuBoTiibie
BonHbie MO3BOHOYHbBIE 38
HacekoMbie 50
Pacrennn 50
Dyxapuomnbie MuKpoopzanumol
Ipocreiiiumne 47
Bonopocnu 56
Cyanidium caldarium 70
I'puGHI 58
ITlpoxapuomnsie muxpoopzanuzmot
®otorpodbl 84
XeMonutorpodbl 113
I'eTepotpodbl 100
Pyrodictium occultum 110
Pyrolobus fumarii 113

(HedoTOTpO(hHBIE APXEU U3 «YEPHBIX KYPHIb-
LLIMKOB», e AaBjleHue JocTturaet 265 at™
u Boaa He 3akunaet 1o 360 °C)

Y Takux MHUKPOOPraHu3MoB OOHapyxeH ocoOblii cocTaB MeMOpaH ¢
NOHUXEHHOI TOYkoi 3aMep3aHusi. OHU comepxaT GoJibllie HEHachl-
LIEHHBIX XUPHbIX KUCJIOT, KOPOTKOLIEMOYEYHbIX U Pa3BETBJIEHHbIX U
MeHbLlIE LIMKJIMYECKHUX XHUPHBIX KUCOT. Y ncuxpo¢puios 6e1ku MeHee
cTabunpHbl npu Temnepatype Boilie 20 °C.

MHorue Buabl MUKpOOpraHu3mMoB crocooHbl pactu npu 0 °C, xots
WX TEMMEPATYPHBbI onTUMYM Haxoautcs B uHTepBaie 20— 30°C. Itu
MUKPOOPraHU3Mbl Ha3bIBAOTCS HCUXpompopHbimMu (MCUXPOAKTUBHBIMH,
dbakynbTaTUBHBIMK NCUXPOdUIAMH), U UMEHHO OHU OOBIYHO OTBET-
CTBEHHBI 3a MOPYY 3aMOPOXEHHbBIX NPOAYKTOB.

OTHoOLLUEHHE K MOBBILLIEHHOMI TeMIiepaType pocTa AJisi pa3HbIX rpyrn
OpraH13MoB MNpeacTaBjieHo B Tab. 10.

Y mepmoghunroe HalieHbI BLICOKOTEMIIEPATYPHBIE CTabUIbHBIE GE-
KW, MeMOpaHHble JIMMUABI colepXaT 00Jiblie TYrorlaBKMX HaCbILECH-
HBIX XXUPHBIX KUCIOT U GOABLUKIA MPOUCHT rmukonunuaos, Bce JHK
u PHK — I'll-tuna, a pu6ocoMbl 6osiee TepMOCTAOUIIbHBI.

B cBsi3u ¢ pa3BUTHEM OUOTEXHOJIOrHH TepMOGHUIbHbBIE MUKPOOpPTa-
HU3MBbI MPeACTaBSIOT 0cOObIit MHTepec. Bo-nepBbiX, MPU BBICOKOTEM-
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MepPaTypHOM KyJIbTHBUPOBAHMH YMEHBLLAETCS1 BEPOSATHOCTD 3apaXXeHHS,
BO-BTOPLIX, TEPMOMWIbI 3HAYUTEIbLHO ObICTpee pacTyT, MPUYEM Cpe-
I TepMODUIIOB €CTb aBTOTPO(HblE MUKPOOPTraHU3Mbl, YTO MO3BOJISI-
€T WUCNOJIb30BaTh OYEHb MPOCThie cpenbl. B-TpeTbux, TepModuabl —
MUCTOYHUK TEPMOCTaOMIBbHBIX (pepMeHTOB. Hanpumep, TepMOGUIBHBI
MHUKpoopraHuam Thermus aquaticus, BbIIE€NIE€HHBIA U3 FOpsiYUX UCTOY-
HUKOB MennoycTOHCKOro HallMOHAJIbHOIO Mapka M pacTyluui Mpu
temneparype +70 °C, obpa3syet nonumepasy (7Tag-nonumepasy), o6-
JIafaoLYI0 3HAYMUTENIBHOM TEPMOCTAOMIBHOCTbIO U BBICOKOIT CKOpPOC-
TbIO peaKLMH.

YcToitunBOCTh MUKPOOPraHM3MOB K HU3KUM M BBICOKMM TeMMepa-
TypaM CTaBHUT BOMNPOC O CriELHATbHbIX METONAX CTEPUJIU3ALIMU U Xpa-
HEHMs MPOAYKTOB.

MfapocraTuueckoe aasneHuve

Bo/bLIMHCTBO MUKPOOPTraHM3MOB, XHBYLIMX Ha MOBEPXHOCTH 3eMJIU
WIM BOIbI, HE MOABEPraeTcsl CYILECTBEHHbIM W3MEHEHHUSIM JaBJIEHUS
M pacTeT Ipu aaejieHuMn okosno | atM. Ho ectb Mecta, rae naBjieHue
3HAYMUTENBLHO OTNIMYaeTcs oT atMochepHoro. Iloka3aHo, 4YTo KIeTKH
MMKPOOPTraHM3MOB MOTYT BblLIEpXHBaTh Iay6okuii Bakyym (107'0—
107! aT™), npaBaa, 3TO He aKTUBHO XH3HECTIOCOOHbIE KJIETKH, a CIO-
pul. nsa Bacillus cereus v E. coli oGHapyxeHO, YTO OHM Jyylle pacTyT
NpH JaBJI€HUU HKXE aTMOCHEpPHOro.

IToBbIllIEHHOE JaBJeHUE, KPOME UCKYCCTBEHHBIX CUCTEM THIIA aB-
TOKJIaBOB, B Mpuponae HabstoaaeTcs B ryOOKMX HEPTAHbIX CKBaXHHaX
(KaK npaBWJIO, C BHICOKUM COIEPXAHHUEM CEpPbl) U B IJTYOMHHBIX 30-
Hax OKEaHOB, KOTOphiE OOBIYHO TaKXe XapaKTEPU3YIOTCS HU3KUMHM
TeMIEpPaTypaMi U MaJbiM CONEPXAaHUEM MUTATEJIbHBIX BELIECTB.

B okeanax ¢oTuyeckas 30Ha, Kyaa ellie MPOHUKAET CBET, pacnoo-
XeHa Ha rnyouHe no 300 M. Ha rnybune no 1000 M cocpenotoueHa
OCHOBHasi OuoJiornyeckast akTUBHOCTb (99 %), a B octanbHbiX 75 %
BONHOM ToswM Habmonaetrcs Bcero | % 6monornueckoit akTHBHOCTH.

[To OTHOLLUEHHIO K BHICOKOMY [aBJIEHHIO MMKPOOPraHM3Mbl MOI-
pa3essiioTcs Ha:

1) nvezouyecmeumenvnvie (6apoOYyBCTBUTEIbHBIE) — OPraHU3Mbl
(06bIYHO C ra30BbIMU BaKyoJIsIMM), KOTOpbIE NMPH MOBBILLIEHUU IaBJie-
HHUS MEepecTaloT pacTy;

2) nvesomonepanmubie (6apoTOJIEpaHTHBIE), BbLIEPXHUBAIOLIME 10
400 aT™M, HO cnOCOOHBIE PacTH U NMPU OOBLIYHOM JaBJICHUM;

3) neezoghuavrbie (6apoduibHBIE), HYXAAKOLIKECs LISk pocTa B MO-
BbILLIEHHOM JaBJeHUH. YMepeHHble 6apoduibl BbLIEPXHUBAIOT NaBJie-
Hue no 850 atM, a 3kcTtpeManbHble — cBboilie 1000 atM. PabGora ¢
TaKUMH MMKPOOPraHM3MaMM TpeOyeT OCTOPOXHOCTH IIPH B3SITUM U
IocTaBKe NMpob B JIabopaTOPHIO M OYEHb IOPOrOCTOsILIEro 06opynoBa-
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Hus. [1py 3TOM HEOOXOAUMO PELIUTD B NPO0eMbBl — COXPaHUTb 00-
JIUraTHo 6apo@WIbHBIX MpenCcTaBUTENEeN NMPU MOAbEME C TIyOUHBI NPH
COOTBETCTBYIOILIEM MU3MEHEHWM [aBJICHMSI U HE 3apa3uTb [JyOMHHBIE
npo6bsl MUKpOOPTaHW3MaMHM M3 BbilLieJieXaluux cyoeB Boabl. Ha puc. 72
npeacrabjieHa ¢pU3UOJIOTHYECKAS] aKTUBHOCTb Pa3HbIX MO OTHOLUEHHIO
K JaBJICHUIO IPyNn MUKPOOPraHU3MOB.

ITpy MOBLILIEHUHM TMAPOCTATUYECKOTO AABJIECHUS] NMPOUCXOAUT Pl
WU3MEHEHHMIT B MPOTEKAHUH OMOJIOTHYECKHUX MPOLIECCOB. 3aMeISIIOTCS
peakuMM, MpUBOASLIME K YBEJIMYEHHUIO oObema (Hampumep, O6poxe-
Hus ¢ ob6pa3oBaHKHEM ra3oo0pasHbix npoaykrtoB). Hao6opot, ycunuba-
IOTCS1 peaKLMH MOMIOLIEHHs ra3oB. XMMHUYECKOE PaBHOBECUE CIBUIa-
€TCs1 B CTOPOHY CyOcTpaToB peakuMH. Ilpy MoBbILLIEHHOM JaBJIEHUH
NMPOMCXOAAT NeHATypalusi OMOJIOTMYECKUX MOJMMEPOB M AMCCOLIMA-
LMS CIOXHBIX arperatoB Kj1eToK. KieTku nocsie aeneHust He pacXonsiT-
csa (oopasylorcst prnameHThl). [1py gaBieHuH Boilie 1 aTM cnaaaloTcs
ra3oBbi€ BaKyoOJIM, ONpedeisiiolline IUIaByyeCTb BOAHBIX MHMKpOOpra-
HU3MOB. B 11€JI0M y MpOKapuoOT 3HepreTMYeCKHUe NMpoLecch npeobnana-
10T HaJ OMOCHUHTETUYECKUMH.

MukpoopraHnaMbl 0GHapyXeHbl B caMoM r1ybokom mecte Mupo-
BOro okeaHa — MapuaHckoil BriaarMHe npu nasieHuu ~1 016 atMm. Ca-
MO€ BbICOKOE MCKYCCTBEHHO CO3JaHHOE AaBJeHME, IIPU KOTOPOM €llie
COXpaHAKTC MUKpoopraHuambl, — 1400 atM. JlanbHeiiluee ero no-
BblLLIEHWE BEIET K AECTPYKLIMH OPraHUYeCKUX MOJIEKYII.

SpKUM TIpUMEPOM COYETAHUSI SKCTPEMATIbHBIX 3HAYEHU HECKOJIb-
KMX (paKkTOpOB SBJISETCS YHUKaIbHOE COODLLEeCTBO, OCHOBAHHOE Ha
XEMOJIMTOABTOTPOMHUH, TAK Ha3bIBAEMbBIE <«HepHble KYPUAbUWUKU». DTO
pa3jioMbl Ha JHE OKEAHOB, U3 KOTOPHIX BHIXOASAT OYEHb FOPSIYME BYJI-
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Puc. 72. I'pynnbsl MUKPOOPraHM3MOB, BblAeJ/isieMbl€ [0 OTHOLLIEHHIO K TMAPO-
CTaTUYECKOMY [ABJIEHUIO:

1 — nbe3oTonepaHTHbIE; 2 — yMepeHHble Mbe30GWibl; 3 — IKCTpeMalIbHbIE NMbe30GHIbI
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Tao6naunpa 11

Du3n0J0rHIeCKHe IPyNnbl MHKPOOPraHH3MOB COOOIIECTBA
«4epHBIX KYPHIbIIHKOB»

OpraHu3Mbl JIOHOp EKTPOHOB ;‘:ukgio'l:ga
CepyokucisioLme HS', SO, S,05” 0,, NO;
Hutpudukarops! NH; , NO; 0,
Cepy- u cyabdatpenyuupyrome H, SO, SO,
MeTaHoreH»b! H, CO,
ll'omoaueToreHb H,, CO CO,
Bonoponoxucnsiouine H, 0,, NO;
Kene3o- 1 MapraHeLIOKHUCASIOLLME Fez', Mn” 0,
MeTtunorpodsi CH, 0,
Kap6okcunobakrepun Cco 0,

KaHWyeckue rasbl U Boaa. Tam OoJibllioe KOJMUECTBO CEPOBOAOPOIA,
rpaaMeHT Temnepatryp ot 360 no 6 °C, naBieHue mo 265 aTM U HeT
cBeTa. «YepHble KypHJIbLIMKHU» MOJYYHJIH CBOE Ha3BaHUE U3-3a KIyOsi-
LLIEFOCS YEPHOTO Ocalka, 00pa3yloLIerocsi B CeAyIOIMX XHMHYECKHUX
peakumsx:

Fe** + $7 = FeSl
2Mn* + O, = 2MnO!l
FeS + 2H,0 = Fe(OH),d + H,S

B Takux MeCTOOOMTaHMSIX MPEACTaBIEHO HECKOIbKO (pU3HoNI0rnuec-
KHUX rpyrnn MUKpoopraiu3mos (tabs. 11).

B 3TOM cO00111€CTBE AOBOJILHO BbICOKAsi NEPBUYHAs NPOAYKLIMS Opra-
HMYECKOTO BELLIECTBAa, HA OCHOBE KOTOPOro CYLIECTBYIOT BTOPHUYHbIC
KOHCYMEHTBI: aM(pUNOAbl, FOJOTYPUH, KDEBETKH.

Hanunuue xucnopoaa

[To cBOEMy OTHOLLEHUIO K KUCJIOPOAY BCE MUKPOOPraHU3Mbl MOI-
pasnensoTcs Ha ABe OoJblIWe IPYMNIbl: a3pobsi, pacTyliue B NPUCYT-
ctBuM O,, U aHa3zpobsl, cnocoOHbIE pacTH B ero orcytcreue. Ha camom
nene, OTHOLUEHHWE MHKPOOPraHM3MOB K MOJIEKYJISIPHOMY KHUCJIOpoay
3HAYMUTENIbHO CJIoXHee (Tabn. 12).

Oco6eHHOCTH KYJIbTUBUPOBaHUS a3POOHbBIX U aHA3POOHBIX MUKPO-
OpraHM3MOB NMoApoOHO pacCMaTPUBAIOTCS HA MPAKTUYECKUX 3aHATHSX.
B uesnoM cieayeT cka3aTb, YTO ISt a3pOOHBIX MUKPOOPraHU3MOB CO-
3[a10T YCJIOBUS!, KOTIa UMEETCS MAKCMMaslbHasi MOBEPXHOCTb KOHTAKTa
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Ta6bnunua 12

OTtHoleHne MHKPOOPraHH3IMoOB K MOJIEKYJIAPHOMY KHCJIOpOAY

lpynna OTHOLIEeHHe Tun Mecto
MHKpO- IMpumep
K KMcliopoay MeTtabonuima obuTaHusi
OpraHu3MoB
A3pobn
O6nurat- Tpebytor A3pobHOe Micrococcus Koxa,
Hble IbIXaHWe luteus MbUb
®dakynpTa- He tpebyior, | A3pobGHoe E. coli ToncTbiit
THBHbBIE HO pacTyT WIH aHas- KMILIEYHUK
Jydiue pobHoe abi-
XaHHe WIH
6poxeHue
Mukpo- Tpcoylotr, HO | A3po6Hoe Spirillum O3epHas
a3poduibl B KOHLICH- IbIXaHWe volutans, BOIA
TpaLMHU HUXE Beggiatoa spp.
atMocdepHoit
AHaspoOn
A3spo- He tpeGyitor, | bpoxeHue Streptococcus | BepxHue
TOJIEPAHT- POCT HE CTHU- pyogenes, ZbIXaTesib-
Hble MYJIUpYET Lactococcus HblE MYTH,
lactis MOJIOYHbIE
MPOAYKTbI
O6snurar- Yruetaer bpoxeHue u | MetaHoreHsl, | Unbl,
Hble poCT UJIN aHaspobHoe | cynbduno- 6onora,
MPUBOAUT IbIXaHWe FeHbl, alE€TO- | METAHTEHKH
K rubenu F€HbI

cpenbl ¥ ra3oBoi ¢a3bl, TaKk Kak pactBopuMoctb O, B BoJe HEBEIUKA
(mpu 20°C — 6,2 mr/n). D10 BbIpalllMBaHHUE B TOHKOM CJIO€ CpEbl,
pasinyHoe nepemeliMBatHue, 6apboTtupoBanue M T.4. [1s aHa3poOoB,
Hao0OpOT, BAXHO KHUCIOPOA M3 Cpelbl YAAINTh U B HaJIbHEiLLIEM NOM-
IepXHUBaTb aHa3pOOHbBIE YCIOBMSI.

Bce TUNbI OTHOLLUEHUS K KMCJIOPOAY HalaeHbl cpeau G6aktepuii
npocreiiux. 'pubbl, B OCHOBHOM, a3po0Obi, HO HEKOTOpbIE BWIbI,
KaK MpaBujio, ApoxkeBble aHaMopdhbl — ¢akyIbTaTUBHbIE aHA3POOHI.
Ectb ¥ HeGoblIOe KOJIMYECTBO CTPOro aHa3poOHbIX BUAOB. Bomopoc-
JIU — MOYTH Bceraa obnuraTHele a3poobl.

3HayeHHe KUCJIOpoa OMNpeaesisieTCsl €ro posiblo Kak: 1) CUJIbHOro
OKMCJIUTENS ISl HEKOTOPBIX CYyOCTpaToB, HalIpUMeEp, METaHa WJIK apo-
MaTUYECKUX COEAMHEHHUI C MOMOLIBI0O MOHO- U AWOKCHUIeHas; 2) Ko-
HEYHOTO aKLEeNTopa 3JIEKTPOHOB MPH OCYLLECTBACHUU a3pOOHOrOo Abi-
XaHus; 3) onHOro U3 cyocTpaToB, HarpuMep, NMPU CUHTE3E CTEPOU-
noB y npoxckeit. [103ToMy B aHa3pOOHbBIX YCIOBUSIX IPOXKH PaCTyT
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Henonro (oo 6 meneHuit), Tak Kak UM Ui OMOCHHTE3a XOJIMHA, BXOAS -
1Lero B COCTaB MeMOpaH, HEOOXOAUM KHCJIOPOA.

Tokcuyeckoe neictBue O, Ha MUKPOOPraHU3Mbl 3aKJIIOYAETCsl B
MHAKTUBALMU YYBCTBUTEJbHBIX K OKHMCJEHHUIO OelKoB (Harnpumep,
CylbOrUuapUIbHBIX TPYNI HUTPOreHasbl), a TakXe B 0Opa3oBaHUU
CBEPXaKTUBHbIX MPOU3BOAHbIX KHcjaopoaa. O6pa3oBaHMe aKTHMBHBIX
¢opM KKCJIOpoJa MPOUCXONUT MPpU paboTe HEKOTOPLIX (PepMEHTOB:

0, + 4¢ > 0" + 0% (oKcHI-aHMOH) MpH paGOTe LIUTOXPOMOKCH-
Ia3bl U «rojyobix» (p€pMEHTOB C Cu® (TMpO3K1Ha3bl, JIaKKa3bl);

0,+2 > 07 ( H,0,) npu pa6ote ¢pnaBUHOBBIX (PepMEHTOB (IJTIO-
KO300KCHa3bl, OKCHIa3bl AMUHOKMCJIOT, KCAHTUHOKCHIa3bl);

0O, + 1é - O; (cynepokcuapaaukan) u O; + H,0, + H* - H,0 +
+ O, + OH" (ruapokcunpanukan) npu paboTe anbaernaoKcuaasbi,
HAIH-okcuaa3sbl.

Haunbonee yacto oOpa3yiolmuecss nepeKucHslié GHUOH Vi CYnepoKcuo-
paduxan ynansiorcsi crieuManbHbiMu pepmeHtamu. Kamanasa pasnara-
eT nepekuch B peakuun 2H,0, - 2H,0 + O,, a nepoxcudaza — B
peakuun RH, + H,0, - R + 2H,0, rne R — okucneHHblit cybeTpar
nepokcunasHoi peakuuu. CynepokCHApaauKal ynansieTcs CynepoKcud-
oucmymasoti (COLl): 20; + 2H* = H,0, + 0,.

B npucytcTBUM cBeTa MOXET TakxXe O0Opa30BbIBATLCS CUH2ACMHbIL
kucaopoo. Tlon neiictBueM ceta nurMeHT-poroceHcubunuszarop (P)
nepexoauT B BO30YX/IE€HHOE COCTOSIHME U MEPENAeT IHEPIUI0 HA MO-
Jiekyny kuciopoaa: P + hv —» P*, P*+ O, - ~0,.

DYHKUHUIO «TYLIEHUS» CUHIJIETHOTO KHUCIOPOJa B KJIETKE BbINOJI-
HSIIOT KapoTUHOMIbl. UMEHHO No3TOMy HEDOTOCUHTE3UPYIOLLIME MUK-
pOOpraHu3Mbl, pacTyLLiMe Ha CBETY, UMEIOT MHTEHCUBHYIO XeJITO-OpaH-
XKEBYIO WM KpacHylo okKpacky. [nsi ¢otoTpodoB KapoTUHOMABI OCO-

1 [y3bipex Bo3oyxa

——— CycrneH3usi NOABUXHBIX
= aHa’poboB-cynbhUIOreHOB

- Ily3bipek Bo3nyxa

~—+1—— 3oHa audpy3un Kucnoposa

BUXEHHE KIETOK Cnoit noaBHXHBIX
aHa3poboB.-

cynbduUIOoreHOB CynBHIOTeHOB

Puc. 73. «[IbixaHue cyabdnaoreHoB» (Cxema OrfnbITa)

98



OeHHO BaXHbl, TAK KaK MUIMEHTbl (POTOCUHTE3a SIBASIOTCS AKTUBHbI-
MU (HOTOCEHCUOUIU3ATOPAMH.

Y a3po6oB U ¢akyIbTaTUBHbIX aHA3POOOB B KJIETKAX NMPUCYTCTBYIOT
U CyNnepoKCHUIAAMCMYTa3a, U KaTajiasa, U nepokcuaasa. Y MHOrux oo-
JIUTaTHBIX aHa3pO0O0B 3TUX PEePMEHTOB HeT. OIHAKO Y HEKOTOPBIX Me-
TaHOTEHOB M KJiocTpuaueB HaxoaaT Katajiasy u COJl. OHM UMEIOT BaX-
HO€ 3Ha4Y€HHE MPH CYyLIECTBOBAHUM OPraHU3MOB B YCJIOBUSIX HeCTa-
OuIbHOro aHa3pobuo3a. Hanpumep, Kucnopos rnonajgaeT ¢ nUilei B
BEPXHIOIO 4aCTb KMILIEYHUKA TEPMHUTOB, Iie OOUTAIOT aHA3POOHBIE MUK~
poopraHu3mbl. Ha pyMCOBBIX MOJISIX MPU MX OCYLLUEHUH WJI CTAHOBMUTCS
a3poOHbIM, OIHAKO MPH 3aTOIUIEHUU U BOCCTAHOBJIEHUH aHa3pobHo3a
MeTaHOreHe3 HayMHaeTcsl 6e3 nar-¢asbl. ITO CBUAETENLCTBYET O TOM,
4YTO METAHOTE€Hbl KaKOE-TO BpeMs CIIOCOOHDI BblAEPXUBATb a3pOOHbIE
yCJIOBHSI.

CynbpunoreHn (cynbdaTpeaykTopbl), MUCMOJb3YIOlLIHE BOAOPOI,
CNocoOHbI aKTUBHO OOPOTBLCS C KMCIOPOAOM, OCYLLIECTBIISISA «IbIXaHHE
cyabpuaoreHon» (puc. 73). MccnenoBaHue NpoBOAWIM B IUIOCKUX aHa-
3poOHbBIX MPOTOYHBIX Kanuuisipax [lepdunbesa. Ecau K cycneHauun noa-
BHXHbIX aHa3po00OB NOOARISIM My3bIPpEK BO3AyXa, TO KJIETKH Yepes
HEKOTOPOE BpEMsl BbICTPAaUBAJIMCh Ha rpaHULE 30Hbl IMPPy3un KKC-
Jlopoaa, o6pa3ysi BOKpYr nmy3blpbka BO3lyXxa Ha HEKOTOPOM YAaJIEeHUH
«cepy» U3 KJeToK. bbis1o 3aMeTHO, YTO KJICTKH BXOAMUJIHU B a3pOOHYI0
30HY, MOBOPaYMBAIHU U yrabiBaiu obpaTtHo. PaszMep nmy3bipbka Bo3nyxa
NOCTENEHHO YMEHbLUAICS, T.€. aHa3poObl aAKTUBHO MOMIOLAAM KHUC-
nopoa. [pu 3TOM peakumst «rpeMyuero rasa» (H, + O, - H,0) npoxo-
IWJla B CUCTEME: r'uiporeHasa (roriowaioias) + LMTOXPOM ¢3 TpH
HAJIMYMU MOJIEKYJIIPHOTO BOIOPOA.

HeobxonuMo oTMETUTb, YTO M y a3po6OB eCTb ()EpPMEHTbI, 4yB-
CTBUTEJIbHBIE K KMCJIOpoay (HanmpuMep, HUTporeHasa). B Takux cayyasix
B KJIeTKaX MMEIOTCS pa3jiMuHble CcnocoObl 3alMThl (HarmpuMep, Kiy-
OeHbKM — Yy Rhizobium, kancynbl — y Azotobacter, retepoumcTbi 6e3
dorocucremni 11 — y unaHobakrepuit).

HecMOTpsi Ha TOKCUYHOCTb KMCJIOpoAa Ul OOJIMraTHbIX aHa3po-
00B, 3T MUKPOOPraHU3Mbl MOTYT CYLLIECTBOBATb B MOCTOSIHHO a3p06-
HBIX MECTOOOMTAHMSIX, HO B COOOLLIECTBAX C a3pOOHBIMU WM (haKyb-
TaTUBHO aHa3pOOHBIMU OpraHM3mMaMi, KoTopbie norjoiuaot O,. [Ipu-
MepaMH TaKUX COOOLLIECTB SABISAIOTCS LMAHO-0aKTepUaibHbie MaThl, T1e
BEPXHHUI1 CJIOM a3pOOHBI 1 OKCUTCHHBIM, 8 HUXHUI — aHa3pOOHDIii;
pasjiMyHble TPaHyIMPOBAaHHbBIE OCANKM, TI€ BO BHYTPEHHEHN YacTH CO-
30a10TCSl @aHA3pOOHbIE YCI0BUS; MUKPOOMOTa POTOBOM MOJIOCTH, TAe
obsMuraTHo aHa3poOHbiii Bacteroides gingivalis XUBET B OTJIOXEHHUSAX
3yOHOro KaMHsl.

[Toka3ateneM HaJIHYUs KMCJIOPOAA B Cpelle MOXET CNY>XHUTb OKMUC-
JINTENIbHO-BOCCTAHOBMUTEIbHBII noTeHuuan Eh, kotopblit MeHsieTcst OT
=500 no +800 mMB. Yem Oosblile ero oTpyMUAaTe/IbHOE 3HAYEHHUE, TEM
6osiee BOCCTAHOBJIEHA cpella (aHa3pOOHbIE YCIOBUS).



Paauwauusa

DNEKTPOMAarHUTHbIE M3JYyYEHUs1 MOAPa3desIioTCs B 3aBUCMMOCTH
OT JJIMHBI BOJIHBI HA HOHU3UPYIOLIECE U3NTyYEHHE (Y- U PEHTTEHOBCKHE
ayyn ¢ A < 200 HM), ynbTpadHMONETOBOE H3JyYeHHE, BUAUMYIO 00-
JlacTb, UH(paKpacHOe u3nyyeHHe U paauoBoiHbl. T1o xapakTepy aeii-
CTBUSI U3NyyeHUs1 aensatcs Ha: 1) okasbiBawoue (pU3MOJOrHYECKOe
neicTBHe; 2) OKa3blBaloOllME JIETAIbBHOE U MYTareHHO€ AEHCTBHE;
3) oka3bIBalOlIUE TEIUIOBOE U MEXAHUUYECKOE HEeiiCTBHE.

dusnonornueckoe AeMCTBME 0Ka3bIBAIOT OAMXHUI yabTpadHoneT,
BUOMMBII cBeT U MHpakpacHbie JaydHu (350 —400—800—1 100 HM).
ITO npexiae Bcero gpomocurmes — NpoLIECC KOHBEPCUMU COTHEYHOM
3HEepruu B XuMmnuyeckyto. PasHble GpoToTpodHbBIE MUKPOOPTaHU3MBbI TMO-
IJIOLLAIOT CBET Pa3lIMYHOM MIMHBI BoJHbL. [lpenensl MUCnoib3yeMoro
CBETa OMNPEneNsloTCsl, C OAHOI CTOPOHbI, HEOOXONMMOCTbIO HAJIMYUSI
3Heprum Wi GoTOXMMHUYECKUX peakLMii, a ¢ Apyroit — HeoOXoaMMO-
CTbIO MPEIOTBPALLICHUS NECTPYKUMHU MUTMEHTOB. DJIEKTPOMarHMTHbIE
BOJIHBI BaXXHbI 1l nposiBieHUs1 ¢poToTakcuca. CyllecTByloT ¢oTo3a-
BUCUMbIE CHMHTE3bl U Y HE(OTOCHMHTE3UPYIOLIMX MUKPOOPraHU3MOB
(Hanpumep, oOpa3oBaHUE KapOTUHOUIOB y MHUKODaKTepuit). ¥ Hedo-
TOTPOGHBIX MUKPOOPraHU3MOB aKLENTOPAMM CBETAa CYMUTAIOT TaKXe
nop¢uprHbl U (IaBUHBI.

OnHako He cnenyeT 3a0bIBaTh, YTO CBET TaKMX JJIMH BOJIH HE BCe-
r1a 0Ka3biBaeT NojioxuTesabHoe BausiHue. [loa aeiictBuem uHdpakpac-
HBIX Jyyeil MOXET MPOUCXOAUTb TEPErpeB KJIETKU, a BUAUMbBIN CBET B
a3pOOHBIX YCIOBUSAX MPUBOAWT K 00pPa30BaHUI0 CUHIJIETHOIO KMCJIO-
poa, YTo Bbi3biBaeT (POTOOKHUCIEHHE KJIETOUHBIX (pepMeHTOB. B Kaue-
CTBE 3alIMTbl MMKPOOPraHU3Mbl CUHTE3UPYIOT KAPOTUHOMIBI, CIIyXa-
LLHE <«TYLIMTENSAMU» CUHTJIETHOTO KHUCJIOpOa.

Yabrpaduoner B 3aBUCHMMOCTU OT IJIMHBI BOJIHBI U 103bl MOXET
BbI3bIBaThb KAaK JIETalbHbIN, TaK U MyTareHHbI 3¢ddekT. [1pu 3ToM Ha-
6nonaetcs noppexaeHue npexae Bcero Mosiekyn JIHK (ocobeHHo npu
A =260 um). B Monekyne BO3HHMKAIOT TAMMHOBBIE IUMEPDI, HHTUOUPY-
IOLLHME PErUIMKALUUI0. DTH MOBPEXIEHUS MOTYT ObITb YCTPAHEHbI ABYMS1
nyTAMU: homopeaxmueayueli © memHogoll penapayueli. B nepBoM ciyuae
Ha MOBPEXIEHHOE MECTO «CanUTCs» (hePMEHT, aKTUBUPYEMbIii CHHUM
(BUIMMbIM) cBeTOM, U Ucrpaisier cTpykTypy AHK, yctpanss cBsa3u
MeXI1y THMHUHOBBIMH OCHOBaHUSIMU B IMMepax. Bo BTopoM ciyyae cBeT
He HyXeH, paboTaloT ¢epMeHTH 3HIOHYKJIea3a (BbIpe3aeT MOBpPEX-
IEHHbII y4yacToK), Mojumepasa (CHHTE3UPYET NPaBUIbHYIO CTPYKTYPY
Nno KOMIUIEMEHTApHOM LieNnu) U JUrasa (CLUMBAET CMHTE3UPOBAHHbLIE
MocJieI0BaTEIbHOCTH).

Ynerpaduoner ¢ A = 325—400 HM Takke BpeleH IS MUKpOopra-
HHU3MOB, MOCKOJIbKY Hapsily ¢ oOpa3oBaHMEM TUMMWHOBBIX IMMEDPOB
MPOUCXOAMUT pa3pyllieHHe TpUIrodaHa U oOpa3yloTCsA €ro TOKCHYHbBIE
¢dboTonpoaykTel, KOTOpbie NEHCTBYIOT KaK XMMHUYECKHE MYTArcHbI.
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Honnsupyiolee uanyuyeHue npeacTaBieHO OYeHb KOPOTKMMHU BOJI-
HaMM C BBICOKO# 3Heprueil. Hu3kue ypoBHH TaKOro U3jy4yeHHUsi MOTYT
BbI3bIBaTh Y MUKPOOPraHM3MOB MYTallMM, a BBICOKME TOYTM BCeraa
npuBOAAT K rubenun. CneACTBMEM MOHU3UPYIOLLETO ODyYeHHUs SIBIISI-
I0TCsl pa3pbiBbl BOJOPONHbIX CBSI3€i, OKUCIEHUE NBOMHBIX CBSA3Ei, pa3-
pyLUEHHE KOJbLEBBIX CTPYKTYP, NMOJIMMEPU3aLUSI HEKOTOPBIX MOJIEKY/I.
[MpucyrcTBue Kuciopoaa ycuausaet 3TH 3¢ gekTnl, BO3MOXHO, U3-3a
reHepauuu ruapokcuia-paaukanoB (OH"). Ho rmaBHasi npuurHa rute-
JIK, KOHeyHo, pectpykuusi JTHK.

MukpoopraHu3Mbl BeCbMa CyLLIECTBEHHO Pa3jiMYalOTCsl MO YCTOM-
YMBOCTH K paauauru. EcTb MMKpoOOpraHm3mbl, BblaeJeHHbIE U3 00JTy-
YEHHBIX MPOAYKTOB M M3 BOAbI aTOMHBLIX peakTopoB (Deinococcus
radiodurans, Shizosaccharomyces pombe, Boda marina — XrytukoBoe npo-
creiiuiee). YCToityuBOCTh, NO-BUIMMOMY, CBsI3aHa C BHICOKOM 3¢ dek-
TUBHOCTBIO penapalMoHHbIX cucTeM. OaHaKO 1151 6ONBbLIMHCTBA MUK-
pPOOPraHu3MoB YIbTpadroIeToBOE U HOHU3UPYIOLLEEe U3TYYeHHUS B OI-
peneseHHBIX 103aX IyOUTENbHbI, MO3TOMY TaKME€ M3TYYEHUS] MOXHO
MCcnoJb30BaTh Npu ctepuinsauuu. [pu 3Tom cienyetT NOMHUTB O BO3-
MOXHOCTH NOSIBJIEHUs YCTOHYMBBIX K 001ydyeHU10 hopM. B cBete 3THX
JNaHHBIX NMepeHeceHe MUKPOOpPraHu3MoB (0COOEHHO Crop) Yyepe3 Koc-
MHYECKOE MPOCTPAHCTBO HE KAXETCS TAKMUM YX HEBEPOSITHBIM.

B 3akiioyeHue cienyeT OTMETUTb, YTO B MPUPOJE MUKPOOPraHHU3-
Mbl UCMBITHIBAIOT Ha cebe BIMSIHME HE OJHOro, a MHOXeCTBa (PakTo-
poB (HanpuMep, B «YepHbIX KypWJIbLLIMKAX» — TEMIIEpaTyphbl, AaBjie-
HMS1, BBICOKOIO COAepXaHMs cyabduaa), T.e. HEOOXONUMO YYMTHIBATh
U B3aMMoaeicTBHUE (PaKTOPOB APYr C APYrOM.

KOHTpONbHBbIE BONPOCHI

1. HazoBuTte 0cCO6€HHOCTH MMUKPOOPraHM3MOB-Tra10(HIIOB.

2. Kak aunno- v ankaiuduibHble MUKPOOPTaHU3Mbl MPUCMOCOOHUIIUCH K
CYLLICCTBOBAHUIO NPH 3KCTPEMaIbHbIX 3HaYeHusiXx pH cpeabt?

3. Ha kaxue rpynnbi AensiTcss MUKpPOOPraHM3Mbl MO OTHOLLIEHHIO K TeMIe-
paTypHbIM MpefenaM M YeM OHU Pa3jiMyaloTcs Mexay co0oii?

4. Tloyemy 3KcTpeMaiibHble 6apodHIbl XapaKTepU3YIOTCA MOHUXEHHOI
(GU3MONIOrMYECKOH aKTHBHOCTbIO?

5. Yem obycnomieHo Tokcuyeckoe aeiictBue O, Ha MHUKpOOpPraHW3Mbl?
Ha3zoBute cnocoObl 3alMThl OT aKTUBHBIX HOPM KHCJiopona.

6. Kakoe neiicTBue OKa3biBalOT M3JY4YE€HUs C pa3HOil AJIMHONM BOJIHBI Ha
MHKPOOPraHU3Mbl?

7. TlNpuseaute npumep NMPUPOIHOr0 MECTOOOMTAHUS MUKPOOPraHHM3MOB,
B KOTOPOM COYETAIOTCH IKCTPEMalbHblE 3HAYEHUsSI MHOTMX (PU3UKO-XUMHU-
4ecKuxX (akTopoB Cpefbl.



Fhasa 6
METABOJIN3M MUKPOOPTAHU3MOB

NMpoHukHOBEeHMe BewWeCTB B KNEeTKY

[lepBoii ctanuneit Metabonr3mMa TOro MJIM MHOTO BELIECTBA SIBJISIET-
Csl ero NPOHUKHOBEHHKE B KJIETKY. Y 0OJbLUMHCTBA MUKPOOPraHM3MOB
B KJIETKY POHMKAIOT BELLECTBA, paCTBOpeHHble B Boae. [lornouieHue
HepacTBOPEHHbIX B BOJI€ BELLIECTB UMEETCS TOJILKO Y 3YKApHOT, U Cpe-
JIU MHUKPOOPTraHM3MOB K TaKOMY MpPOLECCY CMOCOOHBI MpoCTeiLlne.
IIpouiecc HocUT Ha3BaHue Indoyumo3s (puc. 74). Ilpu gazoyumose no-
IJIOLIAIOTCSl TBEpAble BELIECTBA, PU NUHOUUMO3e — XUAKOCTH. DKC-
KpeLusi NPOAYKTOB MOXET NMPOUCXOAMTL B OOpaTHOM nopsiakc. Y BbiC-
LUMX XHUBOTHbBIX 3HAOLIUTO3 COXpPAHWICS B BUAE 3ALUMTHON (PyHKLUH
(y ¢barouutoB), a 3K30LMTO3 — NPH IKCKPELIMM FTOPMOHOB.

Y npokapuot kiaetouHass cteHka U LI[IM siBisiioTcst cyliecTBeH-
HbIM MPENSTCTBMEM [UISI BHICOKOMOJIEKYJISIPHBIX BellecTB. [loaTtomy
TaKWe COEMHEHHUsI CHayajla paclUEIUISIOTCS BHE KJIETKM HA OJIMro- U
MOHOMEpBI COOTBETCTBYIOLLIMMU TMApOJa3aMH. Y rpaMoOTpULATE bHbIX
OakTepuit 3TH pepMeHTBI JIMOO PacnosoXeHbl Ha HapyXHOM CTOpPOHE
LITTM, nubo nokanu3oBaHbl B MEPUIIa3MaTUYECKOM MPOCTPAHCTBE.
BbicokoMoieky/sipHbie BELLIECTBA MPOHUKAIOT B UX NMEPUIIA3MY C MO-
MOLLbIO O€KOB-NOPUHOB B HAapYy>XHOH (BHewHei) meMOpaHe.

Y MUKpOOpraHu3MoB, KOTOpbIE YacTo XHUBYT B 6eaHbIX cpeaax (pa3-
0aBIcHHBIX pacTBOpax), CylLIeCTBYET HECKOJIbKO MPUHLUMUMHUAILHO pa3-
JIMYHBIX CNocoOOB MOCTYIUIEHUs1 BELLECTB B KJIETKy. Bce He3apsixeH-
Hble MoJiekyabl (H,O, rassl) MoryT noctynatb B KJ1eTKy NMyTeM OOblY-
Hoit Anddy3uu (naccuenoti ougpgpyzuu). 310 NPOHUKHOBEHUE BELLIECTB
B KJIETKY MO rpalyMeHTy KOHLEHTpauuM, He Tpebyrollee 3aTpaT 3Hep-
MU U MPOMUCXOASILLEE A0 TEX MOP, MOKA HE HACTYMMT PaBHOBECHE MEXAY
colepXaHWeEM JaHHOTO BCLLECTBA BHE U BHYTPH KJIETKU. DTOT NpoOLECC
MAET C HEBBICOKOI CKOPOCTHIO.

CKopoCTb 3HAYMTEJIBHO YBEJIMUMBAETCS NMPU yyacTuu cneuuduye-
CKHMX, YaCTO MHAYLUMOEIbHBIX, OEJIKOB-NEPEHOCYMKOB (nepmeas), U TOr-
J1a MPOLIECC Ha3bIBAIOT ofaezuennol oughgysuei. B 3ToM ciyyae Takxke
MPOLIECC NMPOAOJIXAETCS A0 TEX MOP, MNOKA €CTh rpaiMEHT KOHLIEHTpa-
LMl M He 3aTpauyuBaeTcsi MeTabosiMyeckasl 3Heprus. MexaHu3M Jeil-
CTBHUSI MepMeas noka HesiceH. 1o GesikM, pacrnosiokeHHble JTUbo no-
nepek MeMb6paHbl, MO0 CrocoOHbIE NMepeaABUraTbcsi Yepe3 MemMbpaHy
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Puc. 74. SHaoumnTo3

KakK B CBOOOIHOM, TaK U B CBSI3aHHOM C cybcTpaToM cocTtosiHMK. Ocra-
eTCsl HESICHBIM, YTO B 3TOM C/lyyae 3acTaBJisieT nepMealsy ocBOOOXAaTh
cyOCTpaTr Ha BHYTpeHHe# CTopoHe MeMOpaHbl. DyKapHOTHUYECKHUE KIIETKH
nytem obaeryeHHoit anddy3um TpaHCNOPTUPYIOT pallIMYHBIE caxapa
¥ aMMHOKMCJIOTHL. Y NpoKap1oT nyteM obsieryeHHoi anddy3uu nepe-
HOCHUTCS ruuepos (6akTepuu KuiueyHoit rpynnbt). UMeloTcst Hecne-
unuduryeckue nepmeasnbl 4151 BCeX KaTHOHOB. Ocobblit cnyqau — nepe-
HOC KaTMOHOB XeJie3a. B a3po6HbIx BoaHbIX pacTBopax Fe’* HeycToii-
YKUB U OBICTPO OKHMCJISIETCS 10 Fe. [loaToMy nns cHabXeHUs 1ByxXBa-
JIECHTHBIM XeJie30M a3pobHble MUKpPOOPraHU3Mbl MMEIOT 0CODble ne-
PEHOCUUKU — cudepod)opu KOTOpble BHE KJIETKH KOBAJE€HTHO NMpPHUBSI-
3piBatoT K ceGe Fe*, anddyHamupyor yepes meMGpaHy, rae ocBOGOX-
nator Fe?* BHyTpH KieTKM, BoccTaHaBmBasi ero (puc. 75). OnHUMM U3
Hauﬁonee pacnpocTpaHeHHbIX CUaepO(dOPOB SABISIIOTCS 2UOPOKCamamai.
Fe®* umeer Bbicokoe cpoactBo K rumpokcamary (10-'7M), moatomy
CBsi3b OYEHb NpouHasi, a Fe’* Kk rumpokcamary npussizan cna6o, rno-
3TOMY MOCJI€ BOCCTAHOBJIEHUS OH JIETKO OTLUETUISIETCS HA BHYTPEHHEM
CTOpPOHE MCM6paHbl M MIET Ha CUHTE3 reMOB UJIM XeJie30CepHbIX OeJ-
koB. Eciim Fe** B cpene MHoro, To caepodop HaXoAMTCs Ha WK BHYTPH
MeMOpaHBbl, a eCJiIi MaJlo, TO OH BBLIEJISIETCS BO BHELUHIOW Cpeay M
Kak 6bl KOHUEHTpUpYeT KaTMoHbl Fe** Ha ce6s. Hano 3aMeTuTb, uTO
cpeau aHa3poOHBIX MUKPOOPraHU3MOB cuaepodopbl Haxonst Heuac-
TO, TaK KaK B aHa3pOGHBIX YCI0BHUsIX HeT aeduumta Fe?*. Cunepodopb
00HapyXeHbl M Yy BBICILMX OPraHHM3MOB B CJIIOHE, KPOBU U CJIE3HOM
XHUAKOCTH. 31eCh OHU CBSA3LIBAIOT MOHBI XeJie3a, KOTOpble CTAHOBSTCS
HENOCTYMHBIMHU LIS MUKPOOPraHU3MOB, T.€. 3TH XHUIKOCTH TaK Ipe-
IIOXPAHSIIOTCS OT 3apaXeHHsl.

DKCKpeuusi NpoayKToB MeTabo/iM3Ma y MUKpPOOPraHM3MOB, KakK
MpaBuJIO, MPOUCXOOUT MyTeM obJieryeHHON AUPPy3um.

MexaHu3Mbl aKmueno20 mpancnopma 1o3BoJisiiOT BElLIeCTBaM MOCTY-
nath B KJIETKY MPOTHUB rpalMeHTa KOHLIEHTpaUuW. Takue MeXxaHU3MbI
TpeOyloT 3aTpaThl MeTaboIMuecKoit aHepruu. Ilepeuynoiii mpancnopm —
3TO BLIOPOC MPOTOHOB U3 KJIETKH C 0Opa3oBaHUEM MPOTOHHOrO rpaau-
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Puc. 75. IlepeHoc HOHOB XeJie3a ¢ NOMOLLbIO cuaepoGhOpPOB-ruaAPOKCaMaToB

€HTa Yepe3 LIUTOIUIa3MaTHYECKYI0 MeMOpaHy. 3a CYET 3TOrO TPAHCMEM-
OpaHHOTrO rpalMeHTa MPOTOHOB M PabOTAIOT BCE BUABI 6MOPUHHO20 MPAHC-
nopma. IIpoTOHHBI FPaAMEHT B KJIETKE BCErAa NoaaepXX1MBaeTcsi Ha on-
penesieHHOM YPOBHE 3a cYeT AbIxaHHsi, (POTOCHHTE3a, OpOXEHH.
Buabl BTOpMYHOTO TPaHCMOPTA MpeacTaBlieHbl Ha puc. 76. Y npoka-
PHOT C NMOMOILLBIO 3JIEKTPOHENTPAILHOIO CUMINOPTA NMEPEHOCATCS aMU-
HOKHCJIOTbI U ApYrUu€ OpraHM4eCKMe KMCJIOThI, 3JIEKTPOHENTpaibHbIi
aHTUMOPT C NPOTOHAMM NPHUBOAMUT K NEPEHOCY KATUOHOB, a 3JIEKTPO-
FeHHbI# — K TPaHCMOPTY CaxapoB MU HEKOTOPbIX aMWHOKHUCIIOT, MO-
CpeACTBOM YHMINOPTa MPOUCXOAUT BbIOPOC COM Y rano¢uios.
Tpancaokayus epynn Kak BUI BTOPUYHOTO TPAHCNOPTa OTIMYAETCS
OT MpEAbLOYLIMX TEM, YTO BELIECTBO MPOHUKAET BHYTPb KJIETKH B MO-
nuduuMpoBaHHOM Buae (puc. 77). Tak TpaHCMoOpTUPYIOTCS caxapa,
MypUHBl U MAPUMMAMHBI Y Mpo- U 3ykKapuort. [lepeHoc ¢dochaTHOi
Tpyrnnsl Ha caxapa ocyulectBasiercs ot dochoeHonnupysata (PEIT),

a Ha NypUHbI U MUPUMMUAMHBI — OT ¢ochopudosunnupodocdara
H#
OH ) H" () H*
AHHOH Cumnopt
DAneKTpOHEeUTPaIbHbIi DNeKTPOreHHbii
() o () H*
AHTHNIOPT
neKTpOHeUTPaIbHbIH AneKTpOoreHHbli

A . Yuunopr
\/ H (Bcerna 3N1eKTPOreHHbIN)
'. Karuon

Puc. 76. Buab! BTOpHYHOro TpaHCNoOpTa
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Puc. 77. Tpaucaokauus rpynn (El, E2, E3 — depmenTsi, HPr — HM3kOMO-
JIeKyNsIpHbIA 6€/10K)
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l'paMOTpuuaTenbuaﬂ KJIETOYHasA CTCHKa l'pamnonoxmcnbuaﬂ
KJIETOYHasi CTCHKA

Puc. 78. CxeMa opraHM3allU¥ TPAHCNIOPTHBIX CUCTEM, 3aBUCHMBIX OT 3KCTpa-
LHECJUTIONISAPHBIX CBA3bIBAIOLLIUX 0eJIKOB:
| — HecneunbHyeCKHii TPUMEPHBII NOPHH; 2 — cneundHUUeCKHUil TPUMEPHDIIH NO-
pUH; 3 — peLenTop BHELIHeH MeMOpaHbl C BBICOKMM CPOACTBOM; 4 — pacTBOPUMbIE
CBsI3bIBalOLLKE OeNIKH; 5 — KOMIUIEKC U1 TPAHCAYKLIMM 3HEPrMHU; 6 — MHTerpaibHbie
MeMOpaHHble 6esiku (romo- wiK retepoaumepsl); 7 — AT®D-cBs3biBawolIMe Cybbenu-
HHULbI (TOMO- WK reTepoauMephbi)
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(PPIMND). E1 u HPr — Hecneuudununsl, a E2 u E3 — cneunduyHsb
ISt KaxIoro cybcrpara M, Kak npaBu/IO, MHAYLIUOEbHbI.

Y rpamoTpuLaTeIbHbIX MUKPOOPraHM3MOB M3-3a HAJIMYUSL HApyX-
HOIl MeMOpaHbl B 000JI0UKe CyLIECTBYIOT 6oJjiee CI0XHbIE CMELUaH-
Hble MEXaHMU3MbI C YYACTUEM CEA3bl8arouUx 6eaKoa, TOKAJIN30BaAHHbIX
B NMepMIia3MaTUYECcKOM NpocTpaHcTBe. CBsi3biBalolliUe OEIKH BbICO-
Kocrneuu@pHruHbl, 00pa3yloT KOMIUIEKC C CyOCTpaToM M MEpeHOCST
€ro yepe3 rnepuia3MaTM4eckoe NpoCcTpaHCTBO Ha COOTBETCTBYIOLLME
nepMeasbl, KOTOpbl€ C 3aTpaTOi 3HEPrUM TPAHCIOPTUPYIOT CYOCTpaT
BHYTPb KJ1eTKU. OObIYHO Hcrnob3yeTcs 3Heprusi B popme ATD, Ho
MOTYT Y4aCTBOBaTh M APYrUe COEAMHEHHUsI C MAKPOIPTrHYECKUMHU CBSi-
39MU. TpaHCNOPTHBLIE CUCTEMbI C YY4aCTMEM CBS3bIBAIOLIUX OEJIKOB
MMEIOTCS U Y TPaMIOJIOXHUTENbHBIX MUKPOOPraHM3MOB, HO Toraa
CBsi3biBaloLIME OENIKU «3asiKopeHbl» CBOeil N-KOHLIEBOM 4acTblo B
LIIMM. O606uieHHass cxeMa opraHM3alMy TPAHCMOPTHLIX CUCTEM, 3a-
BUCSILLIMX OT 3KCTPALIEJUTIOJIIPHBIX CBSI3bIBAIOLLUX OENKOB, NMpeacTaB-
JieHa Ha puc. 78.

MU3BecTHO, YTO MHOrME MUKPOOPraHW3Mbl UMEIOT BbICOKOAKTHUB-
Hbl€ CUCTEMBI BbIOpOCa KCEHOOMOTUKOB (M aHTUMOMOTHKOB), YeM 3aya-
CTYI0 U ODBSICHSIETCSI UX YCTOWYMBOCTb K 3TUM coeAMHeHUsIM. M3-3a
CNocoOHOCTU MMKPOOPraHUM3MOB K JiaTepaJibHOM Mepeiaye reHoB Ta-
Kasl yCTOMYMBOCTb OLICTPO pacnpocTpaHsieTcsi. [ToaTomy HeoGxoanMMoO
HaitTH cnocobbl 3PPeKTMBHOro NoaaBieHWs1 BbIOpAChIBAIOLLIMX TPAHC-
MOPTHBIX CUCTEM [UIS1 TOAAEPXAHUSI BHICOKOH IEMCTBYIOLIEI KOHLEH-
TpaLMM JIEKAPCTBEHHOTO MperapaTa BHYTPHU KJIETKH.

3uepreruqecxue npouecchbl Yy MUKPOOpPraHn3mos

OcuoBubie NOHATHA. BCsi COBOKYNTHOCTb XUMHUUYECKUX pEAKLIUii B KJIET-
Ke (Win mMemab6oau3m) NOOAYUHSIETCA HPUHLUNY OUOXUMUYECKO20 eOUH-
cmea, copMyaUpOBaHHOMY FOJUIAHACKUM MUKpobuosiorom A. Kitoii-
BEpPOM, KOTOpbI# [JIaCUT, YTO B OMOXMMHUUYECKOM OTHOLIEHUU BCe
XWBbIE CylIECTBa HA 3eMJie CXOAHBbI. Y HUX eIMHOOOpa3ue CTPOUTE b-
HBIX GJIOKOB, efiMHasl «3HepreTuueckas BaiaoTta» (ATD), yHuBepcab-
Hblii FeHETHYECKHiT KOl U B OCHOBE CBOEi MAEHTUUYHBI IJIaBHbIE METa00-
Jndeckue nytu. Peakunu, NpyUBoasilMe K PACILETUIEHUIO U OKHUCIIEHUIO
BELLIECTB C MOJIyYUeHUEM 3HEPrUH, HA3bIBAIOTCS KamaboauamMom; NyTH,
NMPUBOASLLME K CUHTE3Y OCHOBHbBIX CJIOXHbBIX BELLIECTB, Ha3bIBAIOT AHA-
604u3MOM; TIPOMEXYTOUYHbIE PEAaKLIMHU, NEPECTPOITKU OJHHUX BELLECTB B
Jipyrue Ha3blBalOT aM@ubosuamom.

[To TMny nonyyeHUst 3HEPTUU BCE MUKPOOPraHM3Mbl MoApa3nesi-
10T Ha doToTpodsl (IHEpPrus cBeTa) U XeMOTpodbl (3HEPrUsi XUMM-
YECKHUX CBsI3€i OpraHM4eCKMX WM HEOPraHMYECKHX COCAMHCHUIA). DHep-
rMsi HyXHa KJIeTKe IS CUHTEe3a pa3jIMYHbIX BELIECTB, Ul OCYLIECTB-
JIEHUS JIBHXEHUS (repeMellieHUs B NMPOCTPAHCTBE) M IS MOMoLLe-
HMSI BELLUECTB U3 OKPYXalolIei cpelbl.
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AT® — ynuBepca/ibHblii nepeHOCYHK 3HepruM. bosbuias yacTb 3Hep-
ro3aBMCUMBIX peaKklHil CBsi3aHa ¢ ucnoib3oBaHueM ATD — BbICOKO-
3HEpPreTUYECKO MOJIEKYJIbI, COAEPXKALLCH ABE MAKPOIPTrUUECKHUE CBSI-
3u. M'maponus 1 M AT® naet okosio 32 k1 cBo6onHoi 3Hepruu. py-
rMe COeIMHEHHUs] C MaKpPO3PrMYECKMMHU CBSA3IMU — 3T0 nupodocdar
(PP; unn ®d,), kpeatundocdar, ®EI, aumn-KoA, I'TO, LT u 1. 1.
3anacaHue 3HEPrMM MOXET TaKXE€ OCYLLECTBAATLCS B (POpPME MOJU-
¢docdaros. Ewie onHa opma 3anacaHusi 3Heprud — 3HEPru30BaHHOE
COCTOSIHME MeMOpaHbl, UK mpaHcmembparHbili nomenyuan (Apy,), —
MOXeET obecneyuBaTh NMPoLECChl NPOHUKHOBEHUSI BELLIECTB B KJIETKY,
TAKCHChl, 0OpaTHbIH TPAaHCHOPT HOHOB U cMHTe3 AT®. OnHaKo ClIOX-
Hbl€ OpPraHUYECKHE BEILECTBA HE MOTYT CUHTE3UPOBATLCS 33 CYET Aply,.

CyliecTBYIOT 1Ba NPUHLUMMHUAIBHO pa3HbIX NMYTH cHHTe3a ATD B
KJIETKE:

1) cybcmpamuoe ¢pochopusupoeanue — nepeHoC MaKpo3pruyeckoi
CBfI3U C MHTepMmeauaTa katabonuima Ha AJl® B COOTBETCTBUH C
peakuueit S~ @D + AID = S + AT®. Heo6x01MMO OTMETUTD, YTO IS
obpa3oBaHMs Takoro ¢pocHopHIMPOBAHHOTO MPOMEXYTOUYHOIO COEAMU-
HeHUs1 MHoraa Tpedyercsi cHayana 3arpatutb AT®, oaiHako B KOHeY-
HOM UTOTre MHUKPOOPraHU3M JOJIXEH MOJYYNTb BHIMIPbILL B CHHTE3U -
poBaHHOI AT®. K BaxHeiluUM peakuusiM cyocTpatHoro docgopu-
JIMPOBAaHMUSI OTHOCSITCS:

a) 1,3-nudocdornuuepuronas kuciora (1,3-an®IrkK) + AA® -
- 3-QIK + ATO;

6) ®EIl + AP — nupysat + ATD;

B) Auun ~ P (auetmn ~ ®) + AP — opraHuyeckas kucora (aie-
Tat) + ATO.

3THU peakUMH OCYILECTBASIOTCS, KaK MpaBWo, B PaCTBOPAXx;

2) membparnoe (okucautenbHoe wiu Gorto-) gocgopusupoeanue —
MEpEeHOC JIEKTPOHOB MO 3JieKTpoHTpaHcnopTHoi uenu (DTLL). [Npwu
3TOM BaXHO, YTOObI CyOCTpaThl OKUCJISUIMCH MocTeneHHo. Takoit cro-
co6 nonyueHuss AT xapakTepeH Wit a3pOOHbBIX YC/IOBMii, a TaKXe
npy aHa3poObHOM abixaHWK. OOwmit Bua cxemsl 3T npeacrasieH Ha
puc. 79. B atom cnyuae cuHte3 AT® ocyuiecTisieTcss Ha MeMOpaHe.

CuHTe3 Ooratbix 3Hepruei coequHeHH, B yactHoct AT®, npo-
MCXOOMT 3a CYeT BbICBODOXAAeMOIl B X0[4€ OKMCJIUTEIbHO-BOCCTaAHO-
BUTEJIbHBIX peaKLuii cCBO60AHO#I 3Hepruu. CBsi3b CTaHIAPTHOM CBOOOI-
Ho#M 3Hepruu peakuuu (AG®) v pa3HOCTH CTaHAAPTHBIX OKHUCJIUTEb-
HO-BOCCTaHOBMTEJIbHBIX MOTeHLUMANOB (A E}) noHOpa ¥ akuenTopa 3JieK-
TPOHOB [MOKa3blBaeT ypaBHEHUE

AG® = —-nFAE},
rao€ n — KOJIMYECTBO MEPEHECEHHBIX NMPOTOHOB; F — nocrosstHHas Pa-
panest.
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HA [H'+e]

OH .
)::nef'l?pmion EI @ @
"o
AKLIENTOp 3JIEKTPOHOB: OBIT, B
A3pobu-0, —>H,0 +0,82
AHa3pobmni- 50%- g2 -0,22
§0 g -0,27
CO, »CH,4 -0,24
CO, —auerar -0,29
NO3 -5 NO; +0,40
NO3 5N, +0,40
Fe** - Fe* +0.75
Mn*—> Mn? +0,79
Se® —»Se* +0,48
As®t 5 A +0,14
¢dymapar—» cykuMHaT +0,03
JMCO->JIMC 40,16
NO-TMA-TMA +0,13
mMuMH—»auetat+NHg 0,01

Puc. 79. Cxema DTL (OBIT — okHUCAHUTENBHO-BOCCTAHOBUTENBHbIN MOTEHLIM-
an; IMCO — npumetuncynsdokeun; AMC — aumeruncynsbua; TMA — Tpu-
METHJIAMHUH)

DT n ee KomnoHenTnl. [1ns padotel DTLL HeoOXxoauMo, YTOOBI
NMepeHOCYUKH pacrnojiaraiucb B MeMOpaHe aCUMMETPUYHO U NOCJIEN0-
BaTeJIbHO, B COOTBETCTBMU CO CBOMMHU OKHUCIIUTEIbLHO-BOCCTAHOBUTE I b-
HbIMU NoTeHUMataMu. KoMnoHeHTaMH IbIXxaTeJIbHOM LNy SIBASIIOTCS
¢epMeHTHBIE Oe/IKM, COAepXalllMe CBsi3aHHble ¢ HUMM KO(EepPMEHTHI
WU NPOCTETUYECKUE rpynnbl. Kogpepmenmamu Ha3bIBalOT HU3KOMOJIE-
KyJISipHble BellecTBa, KOTOpbIE MepeaalT cyocTpaT OT ogHoro ¢ep-
MEHTHOro 0eJjika IpyroMy, OTAE/NsIsICh OT 6eJ1IK0BO#t yactu. Ilpocmemu-
yecKue pynnbl — TOXe HeOOJIbLLIKE MOJIEKYJIbI, HO OHHU HE OTAEJSIOTCS
ot 6eJika BO BpeMsl NPUCOEAMHEHUS U nepeHoca cybcTpata. MHorue
TaKue cCoeJMHEHUsI OTHOCATCS K BUTaMUHaM (T1abna. 13), noatoMy eciun
MMKPOOpPraHM3M He CrocobeH caM CUHTE3UPOBATh HEKOTOPbIE U3 HUX,
TO 3TO BELLECTBO WIM €ro NpealiecTBEHHUK He0OXoauMo 106aBAsAThL B
MUTaATEJIbHYIO Cpeny.

B tabn. 14 npuBeneHbl OKUCIUTENIbHO-BOCCTAHOBUTEJILHBIE MOTEH-
uMaibl MeTaboMYEeCKU HanboJsiee BaXXHBIX nap.

Toroa B COOTBETCTBUM CO CBOMMHM MOTEHLMAlaMU MEPEHOCUYUKH
pacnionoxarcs Tak: HAIl' — ¢naBuHbl — XUHOHBI — LMT. b — LUMT. ¢ —
— uuT. a(o) - O,.
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Tab6bauua 13

KodepMeHTH HWIH NPOCTETHYECKHE IPYNNbl — NEPEHOCIHKH H HX OTHOLIEHHE

KodepmeHT wiun

Y10 nepeHoCUT ButamuH
MpOoCTeTHYECKas rpynna
HAL(®D) Bonopon, € HukotvHoBas kuciaora
OMH, OALL Bonopon, € PuGoguiaBuu
YOUXHMHOH Bonopoan, e Qo
Lrroxpombi e INpousBogHbIEe reMa
BHotuH KapbokcuibHbie BuotuH
TPYTINbI

INupnnokcanbpocdar | AMHHOIPYNbI TNupunokcuH
Tetparnapodonuesasi | PopmwibHeie rpynnbl | DosiMeBasi KMCJI0Ta,
KUCI0Ta napa-aMUHOOeH30Has

KHCJIoTa
KogepMmeHT A AUWNBHBIE TPYNIbI IMaHTOTEHOBAst KMC/IOTA

JlunoeBas Kucjiota

AumibHbIE TPYIIbI U
BOIOPOA

JIunoesas kuciora

Kodepmenr B,, KapbokcwibHbie KobGanamuH
rpynnbl (nepeMelleHue
BHYTPH MOJIEKYJIbI),
METWJIbHBIE TPYNIIb
Tuwamunnupodocgar AJspernaHbie rpynnsi | TuamMuH

OKHCJIHTEIbHO-BOCCTAHOBHTE /IbHbIE MOTEHLHAJIbI

Tabnuua 14
Haubosiee BAXHLIX nap

Mapa Eh, MB
CO,/dbopmuar -432
2H/H, -420
DeppesOKCHH gpen./mocer. -390
HAL(®) /HAI(DP)H ~320
AL DAIH ~220
®MH 0 /OMH,rrr -220
Mupyeat/naxrar -190
MeHaxXHUHOH ,pen mocer. -4
YOUXUHOH oy /mocer. +100
LLHTOXPOMBI b,€,a (ouca. gopwsy /UMTOXPOMBI B,C,0(soccr. dopwni) +70—+290
0,/H,0 +810
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HeobxoaMMo OTMETUTb, YTO MUPUAMHHYKIEOTHILI MOTYT CIYXHUThb
He TOJIbKO NMEPEHOCYMKAMU 3JIEKTPOHOB M MPOTOHOB, HO U OBLIThH 80C-
CMAaHOBUMENbHbIMU IKEUBANEHMAMU B OKUCIIUTEIbHO-BOCCTAHOBUTEIb-
HbIX peakLusiX, HanpuMMep, KOraa yriepoa BXOAWT B peakLMH aHabo-
Ju3ma B 6oJiee oKUCIEHHOM (opMe, yeMm caxapa (B BUIE OpraHuye-
ckux kuciaot, CO,).

[lepeHocuuku pacnonaraloTcsi B MeMOpaHe aCUMMETPUYHO, MO pa3-
Hble CTOpOHbI MeMOpaHbI (puc. 80). INpu nepeHoce 3eKTpOHa OAHOBpE-
MEHHO NMPOMCXOAUT U TPAHCJIOKALMSI MPOTOHA, KOTOPHIii BbICBODOXIA-
€TCsl Ha BHELLIHEH CTOpOHE MeMOpaHbl. Tak Kak MeMOpaHa HenpoHULa-
€Ma LIS MPOTOHOB, BO BHCILIHCH Cpefe UX CTAHOBUTCS 6OJIbllE U HaBO-
IUTCA TPaHCMEMOpaHHBbIA MOTEHUMWAN, UMEIOLLMIA 3ITEKTPUYECKYIO U
XMMUUECKYIO COCTaBJIsliolME: APy, = Ay + ApH (MoxeT ObiTb ApNa).
B MeMOpaHe Hapsiny ¢ nepeHocunkamu comepxurca ATda3Has cucre-
Ma, obpasyiowasi AT® 3a cyeT «3aKaYMBaHHUSI» NPOTOHOB («NPOMOHHAA
nomna»). Yactb TpaHCMEMOpPAaHHOTO MOTEHLMaIAa PAaCXOAYETCsl Herno-
CPEICTBEHHO HAa TPAHCMOPT BELLECTB B KJIETKY U JIBUXEHHUE XIYTHUKOB.
C apyroii CTOpoHH, Npu HeobxonumocT AT®a3Hasi cucTeMa MOXET C
3aTpaToil 3HEpruM HaBOAUTb TPAHCMEMOpaHHbII MOTEHLUa.

Otnnumne ITL npu aHa3poOHOM AbIXaHMHU 3AKIIOYAETCH B TOM,
YTO KOHEYHbIM aKLENTOPOM 3JIEKTPOHOB MOTYT CIYXWUTb HEOPraHM-
YeCKHe WJIM OpraHUYeCKMe COeMHEHHs], HO He Kucaopoa. B atom ciy-
4yae pa3HOCTb MOTEHLUAIOB MEXIY JOHOPOM U aKLENTOPOM 3JIEKTPO-
HOB MEHbLUE U MEHbILUE MECT COMPSIXEHUSI, T1€ IHEPTUU NOCTATOYHO
I 00pa3oBaHUsl MaKpO3pru4yeckoi cBsi3u («Lienb Kopoue»). Takxe
Lemnb YKOPauMBAETCsl NMPU MCIIONb30BaHWM B KAyeCTBE JOHOPA 3JEKT-
POHOB TaKoro cybcTpaTa, OKUCIUTEIbHO-BOCCTAHOBUTE/IbHbBIA MOTEH-
uMan Kotoporo 6osiee MOJOXMUTENEH, YEM Yy NMUPUIMHHYKIEOTUIOB
(HanpuMmep, NpU OKUCIEHWHU CyKLIMHATA CyKLIMHATAErMaporeHasa ne-

Bue . BHyTpH

KJIETKH ' KJIETKH
' T I .
1All"« cybeTpar
H ’ .—
H*'+e]

‘_-‘V | ~OyeH

~H,0
Puc. 80. Cxema pacrnonoxeHust nepeHocunkos B LIINTM
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Tab6bnanuua 15
Knaccudpukauuna dpepmenTon

Howep Knace Karanusupyemble peakumu
Kj1acca ¢depMeHTOB py pe
1 Okcuno- INepeHoc 31€KTPOHOB (OKHCIUTENBHO-
pelyKTa3bl BOCCTAHOBMTE/IbHbIE PEAKLUH)

2 TpaHcdepasbl | [TepeHoc rpynn Mexny MoneKyJamMu

3 I'mapona3sbl Peakuuu ruaponusa (nepeHoc ¢GpyHKLHOHAIbHBIX
rpyrr Ha MOJIEKYJly BO/bl)

4 JIna3sbi Yaanenue rpynn U GopMUPOBAHHE NBOMHBIX
CBsI3eit WM npudaBieHKe rpymnn K ABOMHbIM
CBA3SIM

5 Hsomepa3sbl [lepeHoc rpyrnn BHYTPH MOJIEKYJIbI
C obpa3oBaHUEM U30OMCPHbIX (HOpM

6 Jlurasbl OObeIMHEHHE ABYX MOJIEKYJl C MCMOJIb30BAHMEM
3Hepruu AT® (peakuuu KOHAEHCAUMU C 06pa3o-
BaHueM C—C-, C—S-, C—0-, C—N-cBs3eit)

penaet 3/1eKTPOHBI Ha ¢pnaBuHbl). Toraa ansi CHHTE3a BOCCTAHOBHUTETb-
HbIX 3KBUBJIEHTOB HEOOXOAMM OOpaTHBIM NEpeHOC 3IEKTPOHOB C 3aT-
patoii 3Heprun ATO.

Knaccudukanus v Homenknarypa dgepmentos. [List 60sbL10ro yucia
M3BECTHbIX (PEPMEHTOB B HACTOsILLEE BPEMSI MUCTIONb3YETCs Kaaccughu-
xayus 1UB (International Union of Biochemistry), cornacHo KoTtopoi
¢epMeHTbI rpynnupyloTcst B LieCTb KiaccoB. Kiacc neauTtcst Ha noa-
KJ1acChl, a NMOAKAAcCC — Ha cybnoakaccol. Kaxabiii dpepMeHT umeeT
MOPSIIKOBBIII HOMEP BHYTPH CBOET0 CyOnoakacca, No3ToMy ero MOXHO
0XapaKTepu30BaTb COOTBETCTBYIOILUMMHU YETbIpbMS LIMpaMH [Hanpu-
Mep, CyKuuHataerumporeHasa 6yner ob6o3naueHa kak KPP 1.3.99.1
(KD — knaccudukaums depmenton)]. B Tabn. 15 npencrasieHb knac-
Cbl PEpPMEHTOB M OCYLIECTBJISIEMbIE UMH pEaKLUH.

Ons 6onblIKHCTBA (PEPMEHTOB MPUHSTA cucmemamu4ecKkas HOMeH-
Kaamypa (npaBujia HAMMEHOBaHUs). Tak, A OKCMAOPENAYKTa3 Ha3Ba-
HHME CKJIaAbIBAa€TCS M3 HA3BaHMUS [OHOPA 3JIEKTPOHOB, IBOETOUMS,
Ha3BaHMUs aKUENTopa 3JIEKTPOHOB M Ha3BaHMs Kjacca yepe3 aeduc
(Hanpumep, ankoronb:HAJl'-okcunopenykrasa). B To xe Bpemsi no-
NMyCKaeTCsl UCNOJb30BAHME YMPOLUEHHbIX WJIH UCTOPUYECKH CJIOXMB-
LLIMXCSH Ha3BaHUM.

O6wan cxema katrabonuama MUKpPOOpPraHM3amMos

Ily™s ucnosb3oBanus caxapos. OObIYHO LEHTpalbHbIM aMdubonu-
TOM CUMTAIOT MJIIOKO3Y, TaK KaK OHA MepBasi M3 OpraHMYeCcKUX BELLECTB
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Puc. 81. lukonus

112



| I'mioko3sa (6C) '
=

AloD

| I'nioko30-6-pocdar (6C) i
IC HAL®*
OH HAOPH
I
CcC=0
|
H—C—OH
I
OH—C—H
I
H—C—OH
|
H—C—OH
|
H—C—O—P
|
H
| 6-PocdornokoHOBasi KUCIOTa ]
HAL®'
Co, & HAA®H
I
H—C—OH
| JOA® (3C)
CcC=0
|
H—C—OH
I
H—C—OH ®pykTto30-1,6-andocdar
| (6C)
H— ('Z —O0—P \ P,
H [ 3-orA 3C)| [ ®pykT030-6-h0Cdar (6C)|
I Pubyno3o-5-docdar (5C) I
Kcunynoso-5-docdar Pu6030-5-pocdar | |Iputposo-4-pochar| | PpykTo30-6-
(5C) (5C) (4C) ¢ocdar (6C)
-7- 7 V
3-®TA (30) Cenorentynoso-7-¢ocdar (7C)
mAr~_F ato [AT9] o [37)

HARH H,0
1,3-iu®rK 3-OrK|—{2-OrK OEN

Puc. 82. lNeHTto3odocdarHbliit NyTh
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obpasyetcsi npu POTOCHHTE3E M MOXET BCTynaTb B Katabonusm mis
nosiydeHust 3Hepruu. ECTb Tpy OCHOBHBIX MYyTH OKUCJICHUSI TJIIOKO3bl —
TJIMKONNU3, NMeHTo30dochaTHbIi U KeToAe30KCU(POCHOrTIOKOHATHbIM
(KADPI-nyts). Nukoaus, uau nyme Imb6dena— Meuepeogha— Iaphaca,
BCTPEYAETCs KaK y MPOKapUOT, TaK U y 3yKap1oT. B HeM U3 MOJEKyJIbl
TJ1I0KO3bl 06pa3yloTcsi ABE MOJIEKYJbl NMUpyBaTa, CUHTE3UpPYETCS
2 HALH u 2 AT® (puc. 81). ITenmosogpocchamHusiit nyTh (2eKco3omoHO-
dochamnbiii, uau nyme Bapbypea — llukkernca— Xopekepa) pacnpocTtpa-
HEH Yy pacTeHHUiH, a Y MMKPOOPraHM3MOB MIpacT BCMOMOTaTEbHYIO
poJib. B pe3yabTate ero peakuuit 06pa3yiorcsi NneHTO3bl U151 NOCJEnyo-
LMX CUHTE30B, MUPYBAT, TPU MOJNEKY/Ibl MUPUIAUHHYKICOTUAOB W
2 ATO® (puc. 82).

KADI-nyms, uau nymo Sumuepa— Jlydoposa, npucylll TONbKO MUK~
pOOpraHM3MaM M NMpUBOAMUT K 0OpPa30BaHHUIO U3 OAHOW MOJIEKYJIbI IJ1I0-
KO3bl OBYX MoJiekyn nupyBaTta, | AT® u 2 BoCcCTaHOBJIEHHBIX NMUPH-
IMHHYKJeoTuaa (puc. 83).

IIpeoOpa3oBanusa nupysaTa. [lajee nupyBat npeodbpasyeTcsi B «ak-
TUBMPOBAHHYIO YKCYCHYIO KUCJIOTY» (aueTui-KoA) pa3iuyHbIMU Cro-
cobamMu. Y MUKpOOpPraHU3MOB OOHapyXeHbl Bce peakLMu npeobpa3o-
BaHMs NMUpyBAaTa:

m nupysat + KoA + HAJ1l" — auetun-KoA + HAJJH + CO, + H'.
Peakuusi katanusupyetcsi NUPyBaTAECIMAPOr€HA3HbIM KOMIUIEKCOM C
THAaMMHOM (BMTaMMHOM B,) B KauecTBe KodakTtopa. Takoi KOMIIEKC
006HapyXeH y a3poOHbIX MUKPOOPraHU3MOB;

w nupyBat + KoA + ®n — auetun-KoA + ®gH, + CO,. Peakuus
KaTajiM3upyeTcsl NUpyBat:eppenOKCMH-OKCUAOPEAYKTa30i U XapaKTepHa
1UIsl aHa3po6oB (Hanpumep, kioctpuauit). Ipu 3tom PaH, npu yuyac-
TUM TUAOpOreHa3bl (Bblaessitolleit) o6pa3yloT MONEKYsIpHbIA BOAOPOL,

u nupyBat + KoA — auetun-KoA + ¢opmuar. 3nech yuacTByeT nu-
pyBat:opMHaTaMa3a, KoTtopasi xapaktepHa misi Enterobacteriaceae,
¢orobakTepuili U HEKOTOPbIX POTOTPOPOB;

® nupysat — auetanbaerua + CO, (peakuusi npeobpa3zoBaHUsi NMu-
pyBara C MOMOLLbIO MUpYyBaTacKapOOKCHIa3bl XapaKTepHa Uisl APOX-
XEH).

IMonyyeHHbIi aueTH-KOA nocTynaeT B OKUCIUTENIbHBIE LIMKIIbI UK
yuyacTBYeT B IpoLeccax 6poxeHH.

LMK TPUKAPOOHOBBIX KHCJIOT. Y AbilLALLIMX MUKPOOPraHUM3MOB OC-
HOBHBIM OKUCJIMTEJIbHBIM LIMKJIOM SIBJISIETCSI LUKA MPUKapOOHOBbIX Kuc-
aom (UTK), uau yuka Kpebca (puc. 84). 3a onvH 060pOT LIMKJIA U3 aLie-
TUN-KOA o0pasyetcsi 2 MOJIEKYJbl YIJIEKUCJIOThI, 8§ BOCCTAHOBUTEb-
HbIX 3KBUBa/IeHTOB U | AT®. Kak npaBusio, KohpepMeHTbI B 3TOM CJ1y-
yae nepenatot sogopoa B ITL, roe u npoucxoaut cuntes AT®. LITK
BbINOJIHSIET PYHKLMIO HE TOJIbKO KOHEYHOTO OKHUCJICHUS MUTATEbHbIX
BELIECTB, HO U 0OeCcreYnBacT OPraHM3M MHOTOUMCIIEHHBIMU TIpeLLe-
CTBEHHUKAMHM LISl pOLECCOB 6UOCHHTe3a. [1isi BOCMOJIHEHUsI TpoMe-
XYTOUHBIX NpoayKToB LKKAa Kpebca, oTBeaeHHbIX B aHaboinyeckue
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Puc. 84. Uukn Kpebca ¢ MMOKCWIATHBIM LLIYHTOM (MOKa3aH LUTPUXOBOM JIU-
HUEN).

DepmeHTbl: | — UMTPATCUHTA3a; 2 — AKOHUTa3a; 3 — U3OLMUTPATAErHIporeHasa; 4 —

0-KeTOrIyTapaTaeruaporeHasa; 5 — CyKUMHaTTHOKHHA3a; 6 — CyKLIMHATAerMAporeHasa;

7 — ¢dymapasa; & — mManataermaporeHasa; 9 — ulouutpamiuasa; /0 — ManaTcUHTa3a

peakLuH, CyXaT aHansepomutdeckue peakyuu. Haubonee pacnpoctpa-
HEHHBIM SIBASIETCS 2auokcuramusili wiynm (cM. puc. 84). Ilpu pocte Ha
cpeaax ¢ OpraHM4YeCKMMH KHUCJIOTaMU U APYrMMM YIJIEPOAHLIMMU CO-
€dMHEHUsIMU (HE caxapaMM) IOMOJHHUTENbHBbIE peakuuu TpebyroTcs
He TonbKo 1si obecneueHus: pabotol LITK, HO M aist cuHTE3a npome-
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XYTOUYHBIX MPOAYKTOB IJ1I0KOHeoreHe3a. Hekotopbie LyHTHpYIOLLHE pe-
aKuuu OymyT paccMOTpeHbl aanee (cMm. ri. 6, 8).

Oco0eHHocTH MeTa00JH3Ma aHA3POOHBIX MMKPOOPraHu3MoB. [lns
060JIbIIMHCTBA aHA3POOHO XUBYLUMX MMKPOOPTaHM3MOB BO3MOXHOCTH
obecrieyeHuUst IHEPruei MCUEPNBIBAIOTCS ee nojyyeHueM npu docdo-
pPWIMPOBAaHUM HA YpPOBHe cyOcTpata. JlasbHeiiline 3Tanbl U LMKIIbI
paclUeIUVIEeHWIT UIpaloT POJib TOJBKO MOCTABLIMKOB MpeaiieCTBEHHU-
KOB 151 6GMocuHTe3a. [1py 3TOM 11 MHOTMX aHa3pOOHBIX MMKPOOPra-
HHU3MOB [UISl NMOAAEPXaHUSI OKUCUTEJIbHO-BOCCTAHOBUTENILHOTO paB-
HOBECHUSl BCTaeT 3aJaya M30aBMThCS OT BOCCTAHOBMTEJIE. ITO 4acTo
NPOKUCXOINT MyTEM BbIAEJEHHUS MOJIEKYJISIPHOIO BOAOPOAA C y4acTUEM
cienyomx pepMeHTOB:

® nMUpyBaT:(peppenOKCUH-OKCHUAOpeaAyKTa3a 06pa3yeT BOCCTaAHOBJIEH-
HbIit eppenoKCHH, a TMApOreHasa (Bblaeasiiollas) KaTalu3upyeT pe-
akuuio PaH, » ®n + H,T;

® nupysBat:¢opMuUaTIMa3a NpUBOAUT K 0Opa3oBaHMIO MYpaBbUHOIA
KHUCJIOTHI, a KOMIUIEKC TMaporeHa3sbl (Bbiaessiiouieit) U dopmuatie-
ruaporeHasbl (FMApPOreHMa3a) pasnaraeT opMHUaT Ha MOJIEKYsIp-
Hblit Bogopon u yrnekucnotry: HCOOH — CO, + Hy;

® MOoa NeHCTBUEM AEruaporeHasbl MU rMaporeHasbl (BblOCsIIOLICIA)
MPOMCXOAST cieaytolime peakumu: 3-dpocdornMuepruHOBbIN abaerun
(3-®rA) + @, + HAQ" - 1,3-qu®rK + HAIH + H'; HAJH + H' +
+ ®n - HAL" + ®nH,; ®aH, —» ®a + H,. Takas cuctema paboraet
TOJILKO NpU HU3KHKX 3HaueHusix OBIT u adpdekTMBHOM yaaneHUH Mo-
JIEKYJIAPHOTO BOAOPO/A, NMOCKOJIbKY peaKLusi TepMOIMHAMUYECKH He-
BbironHa. OGbIYHO 3TO MPOMCXOAMUT B IKOJIOTMYECKUX HULLIAX, TAE KO-
HEeYHble 3BEHbS MUILEBOM LIEMH MpeacTaBieHbl METAHOTEeHaAMHU M/UITH
cyabpuaOreHaMM, UCMOJb3YIOLUMHU BOAOPO/I.

BpoxeHus

BpoxeHM10 NoaBepraoTcsi BELeCTBa, KOTOPbIE HE MOJIHOCTbIO BOC-
CTaHOBJIEHbI U HE MOJIHOCTbIO OKHUCJIeHbl. CylileCTByeT MHOTO BUIIOB
OpoXeHU M, XapaKTEPHBIX U151 TEX WK UHBIX FPyNN MUKPOOPraHU3MOB
Y MPUBOASALLUMX K 00pa30BaHMIO Pa3IMYHbIX KOHEYHbIX NpoaykToB. Bo
BCEX Cayyasix OpoXeHHe MPEArnoyiaraeT CTporoe paBHOBECHE MPOLEC-
COB OKMCJIEHHSI U BOCCTAHOBJICHUSI (MMPUAMHHYKJIEOTHUAbI, BOCCTa-
HOBJIEHHBIE Ha OIHOM 3Tane OpOXEHHsl, BIOCIEACTBUM B TOM X€ KO-
JInYecTBe OKMCIsIlOTCsl Ha aApyroM). Io onpenenenuto J1. [1actepa, 6po-
XEHUE — 3TO XHU3Hb O6€3 Kucnopona. B 6onee y3kom cMbicie 6poxeHue
MOXET OBITb OMpenesieHO KakK OeCKUCIOpPOAHbIE MPEeBPALLEHUS MTHPY-
BaTa, MOJIYYEHHOrO B pEaKLIMsIX ONHOrO M3 MyTei npeodpasoBaHMs
caxapoB (riMkosu3a, neHrosodocharHoro unu KADPI-nyru).

Cnupmoeoe 6poxcerue y npoxxeit 6b10 M3y4EHO UCTOPUUYECKH MEp-
BbIM. [IpOXXH, KaK U OOJIbLLIMHCTBO IPHMOOB, OCYLUECTBSIIOT a3po6-
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Puc. 85. CnuptoBoe GpoXeHHUE Y IPOXKXKEM

HOe [bIXaHHWE, OIHAKO B OTCYTCTBME KHMC/IOpOJa OHU CIOCOOHBI cOpa-
XHUBaTh YrJIeBOAbl 00 3TaHoja W yriekucnotsl (puc. 85): C¢H ;04 —
e d 2C02 + 2C2H50H

B NpyCYTCTBUM KMCJIOpPOAa APOXXKH MEPEKT0YaloTcsl Ha a3pobHoe
JbIXaHWe, NMpu KoTopoMm obpa3yetrcsi B 20 pa3 Gosbiue Guomacchl U
CUHTE3UpPYeETCsH 3HaYnTebHO Gonbluie AT®. BpoxeHue, COOTBETCTBEH-
HO, NoJaBJsAETCS. DTO TakK Ha3blBaeMblit aghghexm Ilacmepa — oaviH U3
KJIaCCMYECKUX MPUMEPOB PEryisiliy oOMeHa BELLECTB.

H3yueHune 1poxXKeBOro CMpTOBOro 6pOXEeHUs NMPUBEJIO K BO3MOX-
HOCTH YMpaBATh MPOLIECCOM B IUIAHE MOJYYEHUS] U3MEHEHHBIX TPO-
nyktoB. Kapn Heiibepr nokasan, yto eciv K OpoasiliMM ApOXKaM
100aBisITh HEKOTOPbIE XHUMHYECKHE BELUECTBA, TO MOXHO M3MEHUTb
cocTaB npoaykToB 6poxeHusi. HanpuMep, ecnu cBs3biBaTh aLeTajlbie-
rua oucynbpurom

NaHSO; + CH;CHO —» CH;CHOH—SO;Na

TO OCHOBHbIM IMNPOAYKTOM CTAHET INTULICPOJI.
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B Takoit cMTyauMu aueTabAerua He MOXET CJIYXUThb aKLIENTOPOM
BOAOpONa WM 3Ty pOJib NPUHMMAET Ha cebs auokcuauetoHdocdar
(1OA®D), kotophlit BoccTaHaBauBaeTcsi U aedochopUaupyercs 1o
ravuepona. Ternepb peakuusi 6poXeHHUs BHITJISIAMT CJIEAYIOLIMM 00pa-
30M:

IJI0Ko3a + OUCYIbPUT HATPUSI —
— rauuepon + auetanbaeruacynbdut + CO,

Takast monudukauus ussectHa Kak I/ gpopma 6poxcenus no Helibep-
2y. ITOT NpUEM YCNELIHO UCTIONb3YETCsl B OMOTEXHOJIOTHUU LISt NOJTy-
YeHHUsl TIMLiepoa.

[Tpu namenennu pH cpeant ¢ nomouwbio NaHCO; unu Na,HPO,
opoxenue unet no /Il gpopme 6poxcenus no Heiibepey, Tak Kak mnpw
3TOM aLeTa/IbACIU/ NMpeBpaLLAETCs MyTeM peakL MU JUCMYTALIMK B 3Ta-
HOJ M aueraT, a akLenTopoM Boxopoaa onstb craHoBuUTcsi [JOAD,
obpa3ysi ruuepo:

2 rmoko3a + H,O — artaHon + auerar + 2 muuepon + 2CO,

HopmanbHoe npoxxeBoe 6poxenune K.Heiibepr cuurtan I ghopmoir
6poxceHus.

Cnenyet 3aMETUTb, UTO 3TAHOJ, OOpa3yeMblil IPOXXKAMH, HE sIBJISI-
€TCsl U1l HUX «06e3pa3inyHbIM» coeAuHeHUeM. U3BecTHO, uto 1 —2%-it
3TaHOJ BJIMSIET HA MEMOpPaHbl — YBEJMYMBACTCS UX TEKYYECTb, U OHM
MEPECTAIOT MOMAAEPXKUBATH MPAAMEHT MPOTOHOB. JIPOXXHU OTHOCATCSI K
CMUPTOTOJIEPAHTHBIM MUKPOOpPraHMu3MaM — BblaepXHUBaloT 9— 12 % o
00beMy 3TaHona. Hanbosiee 3KcTpeMabHBIMU B 3TOM OTHOLLEHHWU SIB-
JISIIOTCS IPOXXHU packl sake (00 18 %). OHU UCNONb3YIOTCS WISl IPUTO-
TOBJIEHUSI PUCOBOI BOIKHM, KOrla CHayajla IJleCHeBbie rpubbl pona
Aspergillus obpasyloT amMmunaldy, paclUEeIUIsIIOLLYI0 KpaxMal puca, a 3a-
TeM JPOXXH BbIOPaXHUBAIOT caxapa 0 3TaHOJIa — TaK IMOJyyaloT Cak?.

Kak orMmeuanoch Bbillie, IPOXXHU HE MOTYT CYLLIECTBOBAaTb B aHa3-
POOHbBIX YCJIOBHSIX OOJIFO: MOAEJUBLIMCH OKOJIO LIECTH pa3, OHU OCTa-
HaBJIMBAIOTCA B POCTE, TaK KaK OAHA U3 CTaAuii CMHTE3a UX pocdonu-
MUIOB TPEOYeT MPUCYTCTBUA KHUCJOPOA.

Tonbko GakTepuu pona Sarcinag oO6pa3yloT 3TAHON TEM XKE MYTEM,
4yTO U NpoxXH. Hekotopbie 6akTepun cnocoGHbI OCYLIECTBIISITL NPO-
uecc npu 45 °C (apoxxu 6poast npu Temneparypax ao 30 °C u camo-
pa3orpeB Opoasiilieit Maccbl CTAHOBUTCSl UIsl HUX Gonblioi npobe-
Moit). U3BeCTHBIM a1KOTOJIbHBII HAMMTOK TEKWY MOJY4YaloT MeperoH-
KOM cOpOXEHHOro coka araBbl — nyJjibKe. M3 nyabke v ObUl BblaEIEH
MOABHXHBII (MOHOTPHX) MaJIOYKOBUAHBII MUKPOOPTaHU3M Zymomonas
mobilis, npeBpalualoiuii rmoko3y B nupysat no KAMPI-nytu (puc. 86).

HekoTtopbie KIOCTpUAUM U SHTEPOOAKTEpUM MPOBOISIT OpPOXEHMS,
B KOTOPbIX CITUPT SIBJSIETCS] NOGOYHBIM MpoaykToM (puc. 87). B 3aBucu-
MOCTHM OT YCJIOBMiA Habop NpooyKTOB OpOXEHHUsI CHJIbHO BapbUpYyeT:
auerat, 3taHoa, CO, unu nakrar, CO,, 3TaHOn (auerar).
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Puc. 86. CnuptoBoe 6poxenune Zymomonas mobilis 2 DraHon
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Puc. 87. CnuptoBoe 6poXxeHHe HEKOTOPBHIX IHTEPOOAKTEPUI U KJIOCTPHUANI
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3T1aHON KakK MoOOYHbBIi NMpoaykKT 00pa3yeT U retepodepMeHTaTUB-
Hasi MOJIOYHOKHKCas 6akTepusi Leuconostoc mesenteroides.

Moaounoxucaoe 6poxcenue ocylecTBASIIOT PUIOrEHETHYECKH He-
POINCTBEHHbIE MUKPOOPraHM3Mbl, 00beIMHSIEMbIE 1O MPHU3HAKy 0Opa-
30BaHUs1 MOJIOYHOI KUCJIOTHI (MpeacTaBuTeNM nopsiakoB Lactobacillales
u Bacillales xnacca Bacilli u ceM. Bifidobacteriaceae knacca Actino-
bacteria). OHM pa3anyHbl MO0 MOP(OJIOrMH, HO BCE FPaMIOJIOXHUTENb-
Hbl, He 00pa3yloT crop (KpoMe mnpeiacTtaBuTteneit ceM. Sporolacto-
bacillaceae), HermoaBuXHbI. 2KMBYT TOJNLKO 3a cueT OpoxeHus (ATP
MOJIy4YalroT UCKITIOYUTEIbHO NMyTeM cyocTpaTHOro ¢ochopruiInpoBaHus),
a3pOTOJIEPAHTHBI, KaTajla300TPULIATENIbHEI, HE COIEPXAT reMornpoTe-
MHOB (LIMTOXPOMOB), PacTyT TOJIbKO Ha OoraThlX cpeaax ¢ 100aBjieHU-
eM 00JibIoro Kojsuyectra (akTopoB pocTa (BUTAMMHOB), MOTYT MC-
MoJIb30BaTh JIAKTO3Yy, YEM CXOXHU C OaKTEpUSIMU KMULLUEYHOI TpyIbI.

Cxema cOpaxuBaHHs caxapoB Yepe3 INIMKOJW3 XapaKTepHa Il 20-
MoghepmeHmMamueHoO20 MOAOHHOKUCN020 OGpoxcerun (pvc. 88), Korna nak-
Tata obpasyercss ~90 % u tonbko 10 % npuxomuTcs Ha Apyrue rnpo-
IyKTbl (alLleTar, aleTouH, 3TaHon). [pu cemepogpepmenmamuerom mo-
A04HOKUCA0M Opoxcenuu (pyuc. 89) caxapa cOpaxuBaloTCs Yepe3 MeHTOo-
3o¢ocdatHbIi NyTh U J1akTaTa obpasyercs ~50 %.

Hekotophie retepodepMeHTaTUBHbIE MOJIOYHOKHUCIIbIE OakTepHUH
OYEHb YYBCTBUTEJIbHBI K U3MEHEHHUIO ycnoBuit. Tak, L. mesenteroides
MPpU COMPUKOCHOBEHUHU C KUCTIOPOAOM 00pa3yeT 3HaYUTEJIbHOE KOJIU-
4ecTBO Mojucaxapuaa (MPOMCXOAUT OCIM3HEHUE MPOAYKTa).

I'eTepodepMeHTaTUBHBIE MOJIOUHOKHUCbIE OakTepuu pona Bifido-
bacterium obpa3yloT rnpu aeJeHuu V-noaoOHble CTPYKTYphbl. DTO MNpe-
obnanatolliasi MMKpoOMOTa XENyNOYHO-KULIEYHOro TpakTa IpyAHbIX
neTeii, KOTopasi peryampyet 6ajiaHc Mexily MOJIOYHOKUC/IBIMU U THHU-
JIoOcTHbIMU OakTepusimu. U3BecTHbiit pusnonor U. U. MeuyHUKOB cuu-
Taj, YTO MOJIOYHOKMCJIbIE MPOAYKTHI NMOAABISIOT FTHUJIOCTHYIO MUKPO-
61oTy, KOTOpasi MPOU3BOAMUT BPeAHbIE aMUHBI (LLJIAKK), MPUBOASILLNAE
K cTapeHH10. B HacTosilee BpeMst BoimycKaloTcsi Tabnetku 6udunodak-
TEPHHA, KOTOPbIE CMOCOOCTBYIOT BOCCTAHOBJIEHUIO HOPMaJIbHOW MUKPO-

B-rasakro3una3a
Jlakro3a Il"nloxo3a] + I l'a.nax'roaal

[2HAL [—~| 0
) I I'nukonns I I

2 HAIH] —| ?_OH
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Puc. 88. l'oModepMeHTaTUBHOE MOIOYHOKHCIIOE OpOXeHHe
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Puc. 89. l'etepodepMeHTaTUBHOE MOJIOYHOKHUCIIOE OPOXEHUE

O6MoThI KMLIEYHHKA (MpY AMcOaKTepro3e, BbI3BAHHOM, HarpuMep, Npu-
€MOM aHTHOMOTHKOB). HopMasibHasi MUKpOOHOTA KMILIEYHUKA SIBJISIETCS
IUISI MJIEKOTMUTAIOLLUX UCTOYHUKOM BMTAMUHOB U obecreuyuBaeT rpa-
BUJIBHOCTb MyTeil nepeBapvMBaHusa nMuilM. He Hamo, onHako, 3a0bIBaTh,
uyto 6MpUA0OaKTEPUH — 3TO MOILLUHbIE HUTPATPEAYKTOPbI, OCYLUECTB-
Jnsiiowne peakunio NO; — NO,. HUTpuTBI B KpOBM HEOOpAaTHMO CBSi-
3bIBAIOTCSI C FEMOIJIOOMHOM, MO3TOMY Yy FPYAHbBIX OeTei, y KOTOPbIX
6udunobakrepun npeobnagaroT, NpyU MonagaHUU C MUILLEH HUTPATOB
MOXET HacTynuThb yaywibe. buguaobakrepum cOpaxupalor caxapa no
cxeme, npeacrabiieHHo Ha puc. 90. O61as hopMyna GpoxeHUs:

2 rnoKko3a — 2 jlakTat + 3 alerar.

OTMETHM, 4TO B JAHHOM CJlyyae He MPOUCXOAUT 06pa3oBaHUS 3Ta-
Hona u BoiaeneHusi CO,.
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Puc. 90. I'etepodepMeHTaTUBHOE MOJIOYHOKHCJIOE OPOXEHHE, OCYLLIECTRIISIE-
Moe Oudunnobakrepusamu

[TockonbKy 1aKTaT — 3TO €CTECTBEHHbII KOHCEPBAHT, CHUXalO-
Mt nHoraa pH o 3, oH npensATCTBYET pa3BUTHIO MUKPOOHUOTBI pa3-
JIOXEHUSI U THUEHUSs] (Hanpumep, KJioctpuauit). Ty Xxe camylo Leib
npecaeayeT U UCKycCTBEHHOEe cHUXeHue pH (MapuHoBaHue — nobas-
JIEHHE yKCyca, TUMOHHO#M WU 6eH30iHOoI Kucnothl). [Tpu Hu3kom pH
KOPOTKOLIEMOYeYHblEe aMGaTUyYECKNE XUPHbIE KMCIOTbl CTAHOBSITCS
npotoHogopaMH, NPENsSTCTBYS TAKUM 0Opa3oM pa3sBUTHIO MUKPOOP-
raHn3MoB. CBOiCTBO 00pa30BbIBATh JIaKTaT MPHU OPOXEHUHU UCTIONb3Y-
€TCsl MPU KBAlIEHUU KAMYCThl, 3aCOJIKE OTypLIOB, MPUIrOTOBJIEHUU
MOJIOYHOKHUCJIBIX MPOAYKTOB, CUJIOCOBAHUM KOPMOB, B 3aKBacKax Uil
pXaHbIX COPTOB Xxj1€eb6a U 10O6aBKax B CbIPOKOMYEHbIE KO0AChl, a TaK-
Xe€ ISl MOJyYEeHUs YUCTOM MOJIOYHOI KMUCJIOTHI.

Ilponuonosokucaoe 6poxcenue NpovicXoOUT NPU NPUTOTOBJIEHUU He-
KOTOPbIX TBEPAbIX CHIPOB Ha CTaAUM UX N03peBaHus. B pesynbraTte obpa-
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Puc. 91. «CHennuHr»-neneHne U oopasoBaHne V-o6pa3HbiX U «NAIMCAAHUKO-
BbIX» CTPYKTYP 3a CUeT pa3HULbI B TOJIUMHE KJIETOUHOI 060m104ku. CTpenkoit
NMOKa3aHO MECTO «3alleIKWBAHUS»

3yeTcsi MPONMOHOBas Kucjaora. OCHOBHas rpyrnna MMKpOOPraHM3MOB,
CMOCOOHBIX OCYLUECTBIISITh TAKOE OPOXEHUE, OTHOCHUTCS K MOANOPSII-
Ky Propionibacterineae ki1acca Actinobacteria. 9To oburarenu pyoLa u
KMLIEYHUKA XBAYHbBIX XUBOTHbIX. OHM OTHOCATCS K KOPUHE(POPMHBIM
6aKkTepHsIM, MOTYT OCYLLECTB/ISITb XapaKTEPHOE <«CHEMIMUHI»-ACIEHHE,
obpa3yss BWIOYKM M MATUCAAHUKOBbIE OPMbl B COUYETAHMSX KJIETOK
(puc. 91). D10 rPaMIIONOXHUTENbHbIE, HEMOABUXHbIE MAJIOYKH, HE 00-
pasyiowue cnop. OHM crnocobGHbI pacTM B MUKPOa3podHIIbHBIX YCIIO-
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Puc. 92. INponnoHoBOKHKCI0E GPOXEHHE
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BUSX, UMeEIOT KopoTKyto OTLl u remconepxaiune GpepMeHTHl — LIM-
TOXPOMBI M KaTajia3dy, MOTYT OCYLUECTBJISITb aHa3pobHoe ¢pyMapaTHOE
IbIXaHHE.

OTa rpynna MUKpOOPraHW3MOB MHTEpPECHAa TaKXe TEM, YTO Yy Hee
BriepBbie B 1936 r. Xapnanaom Bymom Obina oOHapyxeHa dukcauus
CO, B reteporpodHbIX ycaoBusix. OHa 3aKiloyaeTcsi B TOM, 4To (dep-
MeHThl MupyBaT- uiu OEI-kapbokcunasbl noctpanBaloT C3-KUCIOThI
1o C,-kucnor ¢ nomoiubio CO, (B TOM umucie U 3k3oreHHoro). Camo
o0pa3oBaHHE MPOMUOHOBOI KHUCIOTHI MAET NO MeTUAMaloHMI- KoA-
nyTtH (puc. 92). CyMMapHas peakuus:

1,5 rmoko3a — 2 nponuoHar + auetat + CO,

TIpornMOHOBOKKC/IbIE GAKTEPUM — UCTOYHUK YUCTOro BUTaMMHa B,
s meauumnHbl. KopMmoBoit BUTaMUH B, monyyatot, 3KkcTparupys ocan-
KM METAHTEHKOB, T.€. U3 OMOMacchl METAHOTEHOB.

Cmewannoe (mMypasbuHokucaoe) 6podceHue, Ha3BaHHOE MO Xapak-
TEPHOMY, HO H€ [JIaBHOMY, MPOAYKTY, OCYLUECTBJsIIOT MUKpOoOpra-
HU3MBI, 00beIMHEHHbIE B nMopsiaok Enterobacteriales. Takoe Gpoxe-
HHUE MPUBOOUT K 00pa30BaHHWIO 3TaHOJA U CJIOXKHOI CMECU OpraHu-
YeCcKMX KMCJOT (alLeraTa, JlakTaTta, CykliMHara, ¢oopmuata). Popmuar
CHayajla MOXeT HaKarJIMBaTbCs, a 3aT€M PACILEIUIATLCS C MOMOLbIO
ruaporennuasbsl Ha H, u CO,. Topsinok Enterobacteriales conepXxut
HecKobKo ponoB: Escherichia, Klebsiella, Shigella, Salmonella, Erwinia,
Proteus, Enterobacter, Serratia v Ap. 310 rpaMOTpPHLIATENIbHbIE, MOABUX-
Hble MaJIOYKH C MEPUTPUXHAIbHBIM XI'YyTUKOBaHUEM, OeccropoBbie,
¢akynbTaTUBHBIE aHa3pOObI, CIIOCOOHBIE MOJYyYaTh IHEPIUIO KaK B MPO-
uecce 6poxeHHUst, TaK U 3a cHeT AbixaHus. KiieTKu coaepxar reMornpo-
TeUHbl (LLMTOXPOMBI, KaTaja3y), COBEplLUEHHO HeTpebOoBaTelbHbI K
ycioBUSIM pocTa. biin3ku no MetaGonn3My K 3Toii rpyrnne Takxe rnpea-
cTaBUTENU ponoB Vibrio v Yersinia. ObLuasi cxema GpoXxXeHUs NpencTaB-
JieHa Ha puc. 93. [lns ponoB Enterobacter, Serratia, Erwinia, a Takxe He-
KOTOpbIX BUOOB pona Bacillus xapakTepHa HECKOJbKO MOAMMULIUPO-
BaHHasi cxeMa, riae npeootsanalOT He OpraHUYeckKue KHUCJIOThl, a
2,3-6yranamon (puc. 94). MHoraa 3ToT npoliecc Ha3bliBalOT 6ymaxouo-
/108bIM OpoMCceHUEM.

3HayeHUe caMMX MUKPOOPraHW3MOB OINpeEAesIAeTCS MpeXie BCero
TeM, YTO Cpedu HUX eCTh BaXHble M MeauliMHbl poabl — Klebsiella,
Shigella, Salmonella, Vibrio, Yersinia (B0o30ynuTeau NHeBMOHUH, TU(hOB,
OU3EHTEPUH, CAJIbMOHeJIe3a, Xojepbl, YyMsbl). E. coli (1 B MeHbluEiH
crerneHu Proteus vulgaris) sBNSIOTCS caHUmMapHO-noKa3amenbHbiMuU opea-
Huzmamu, onpenesisieMbIMHA MpPU aHaIM3e MUTbEBOW BOAbI U TMPHU cep-
THHUKAUMKU NULIEBBIX MpoaykToB. UX HatMumMe B npobax yka3biBaeT Ha
3arpsi3HEHHOCTb (heKalbHBIMU Maccamu. [1isi MUTbEBOI BOABI OMpene-
JISIIOT TaKWe napameTpbl, KaK Koau-uHdekc (YMCIIO KJIETOK B 1 J1 BOMbI)
U Koau-mump (KOJUYECTBO MWUIMIMTPOB BOIbI, B KOTOPOM COIEp-
xutcsa 1 knetka). Tak, noka3satesnem yucToit Boasl B Poccuiickoit ®e-
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nepauuvu sipiasietcsi konu-tutp >500 (B EBpone >300). K pony Erwinia
OTHOCSITCS (pUTONATOreHHbIE BUIbI, BbI3bIBAIOLLIME MATKHE THUIU. OHH
MMEIOT MOLHbIE MEKTUHA3bl, KOTOpPbIE B HACTOSILLIEE BPEMS UCMOJIb3Y-
I0TCSl B OMOTEXHOJIOTMU U1 OCBET/IEHUsI COKOB ((epMeHT u3 E. ca-
rotovora). Serratia marcescens (Bacterium prodigiosum) — «4ynecHas
najoyka», 00pa3yeT sipKO-KPacHbIii MUITMEHT MPOAUTUO3UH, MOXOXHIA
no uBeTy Ha KpoBb. [TonoOHBII BUA cMeLIaHHOTO OPOXEHHUsI B aHa3-
POOHBIX YCIOBHUSIX OCYLLECTBISIIOT M CBETSILIMECH OaKTEPUM.
Macasnoxucaoe u ayemonobymuaioeoe Gpoxcenue. I'ponyktaMu Ta-
KOro 6poxeHus siBAsilOTCS OyTUpaT U ApyrMe OpraHMyeckue K1CJOThI,
a TakXe aueToH, 6yTaHo, 3TaHo. OCyuIeCTBASIOT OpOXeHUE MUKPO-
opranu3mbl pona Clostridium, otHocsierocs K cemeiictBy Clostridiaceae.
ITO rpaMroiOXHUTEbHbIE MATOYKH C MEPUTPUXUATBHBIM XIYTUKOBA-
HUEM, obpa3yiolure chepUyecKrUe Uan OBabHbIE SHAOCMOPHI, pa3ny-
Baiolume kietky. Umeror opoannbHblit TUN MeTabonu3ama. OaHU BUAbI
pona crporo aHa3poOHbl ( C. pasteurianum, C. kluyveri), npyrue — a3po-
tonepaHTHbl (C. histolyticum, C. acetobutylicum). MHorue siBISIIOTCS TH-
NUYHBIMU OOMUTATE/NISIMM MOYBbI, HO €CTb M MaTtoreHHble Buabl. Kak
NpaBuI0, HE colepXaT reMONnpoTEMHOB (LIMTOXPOMOB, KaTaja3sbi).
B HacTosiliee BpeMsi MMEIOTCS JaHHbBIE, YTO Y KJIOCTPUIOUA €CTh kama-
naza v cynepokcudoucmymasa. Knoctpuaum cnocobHsl 00pa3oBbiBaTh
LLUTOXpOMBI NpH 100aBNeHUM B cpeay MpealecTBEeHHUKOB rema. 3a-
nacHble BELIECTBA — KpaxMajaonoaoOHbie nosncaxapuabl. OcHOBHasi
Macca — Me30(uIIbl, HO €CTb BUIbI, pacTyluue rpu temmneparype 75 °C.
Pa3BuBaloTcsi B HeiiTpaibHOM MK WenoyHoM cpene. Hekotopbie BUabI
CnocobOHbI K (PMKCALMU MOJIEKYJsIpHOro a3ota. Boobuue, 310 yHuBep-
cajibHble MUKPOOPraHU3Mbl, CIIOCOOHbBIE UCMOJIb30BaTh MHOXECTBO CY0-

w [=)} ~
n "

w oS
A

N W &H L &N N 0o O
pH

N
L
T

—
"

KoHUeHTpalu1s KIeTOK W MpOoayKTOB
OpoxeHus, ycn.ea

(=}
i
4

(=}

0 4 8 12 16 20 24 28 32 36 40 44 48
Bpems, u
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crpatoB. Caxapoaumuyeckue KA0cmpuouu pacTyT Ha caxapocoIepXallux
Y MoJIMCaXapuaHbIX Cpelax, npomeoaumuyeckue (Uau nenmoaumu4eckue)
CNoCOOHBI UCMOJIb30BaTh OEJIKU U AMUHOKUCIIOThI, CPEIN HUX MHOTO
6oJie3HeTBOPHBbIX (OPM, nypuHorumuueckue rMAPOIU3YIOT HYKJIEUHO-
Bbl€ KMCJIOTHI M COpaXuBalOT NYPUHbI U MUPUMMAMHBL. DTOT BUI 6po-
XEHHS XapaKTEpU3yeTCsl YETKO BhIPAXEHHOM dgyxghaznocmbio. Bo Bpems
¢a3bl | KJeTKM aKTUBHO pacTyT, oOpa3yloT KUCJble NMpoaykTel U pH
cHuxaetcs. B teueHue ¢asnl 11 BoccTaHOBUTENIbHBIE 3KBUBAJICHTHI T€-
pEHOCSATCS Ha 00pa30BaBLUMECS] KUCJIbIE MPOAYKTbI M MOJIyYyaloTCs Hei-
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Puc. 97. CxeMa cyKuUMHaT-3TaHOJIBHOTO OpOXEHUS

TpaJibHbI€ BELIECTBA, BcaeACTBUE Yero pH Bo3BpallaeTcss K HOpMaib-
HOMY YPOBHIO M KYJIbTypa CHOBa MOXCT pa3BuBatThcsi. I'pacpuyeckoe
BbIpaXXEHHE 3TOrO MpoLecca NnpeacTaBjieHo Ha puc. 95. buonornueckuii
cMbich IBYx$a3HOCTH 3aKJIlo4yaeTcsi B 6osiee MOJTHOM MCIOJIb30BAHUH
cybcTpara 3a cyet noaaepxaHusi KOMMOPTHHIX AJisi KYJbTYpbl YCJIOBUM
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CylLIECTBOBaHMs MyTeM cOpoca M30BITOYHBIX BOCCTAHOBUTENIbHBIX 3K-
BUBIEHTOB Ha 0Opa30BaBLLMECS] KUCJIbIE MPOAYKTHI OpOXeHMUs, T.€.
pewiaercs ABe npobaemMbl — «ucrnpapieHusi pH» ¥ n3bapiaeHus ot Boc-
craHoBuTelis. [TonHas cxema 6poxeHus npeacrasieHa Ha puc. 96. CuH-
Te3 pepMeHTa alleToaleTaTAeKapOOKCHUIa3bl PeryjupyeTcsi KUCJIOTHO-
CThIO cpenbl ¥ HayuHaetcsi npu pH 5,0.

Hekotopbie GaLMibl U KIOCTPUIAUK CMTOCOOHBI COpaxuBaTh aMM-
HOKMCJIOTbI (6€e3 n1e3aMMHUPOBAHHUSA), HO TOJBKO B BHUIE OMNpencsieH-
HbIX nap. OnHa aMMHOKHUC/IOTa MPU 3TOM CJIYXHT IOHOPOM, a ipyrasi —
akuenTopom Bopopona (peaxyus Cmukaenda). [JJoHOpaMH MOTYT ObITh
ajlaHWH, JIEHUMH, U30JeMLMH, BaJIMH, CEPUH, aKLENTOpaMKU — [JIU-
UMH, NPOJIMH, aprMHUH, TpunrtogaH. B peakuuu

ajaHMH + 2 rmuuMH — 3 auerar + 3 NH; + CO,

JIIOHOp MOABEPraeTcs N€3aMUHUPOBAHUIO U OKUCJIMTEJILHOMY AeKap-
OOKCUJIMPOBAHUIO, a aKLUENTOP — BOCCTAHOBUTEJIbHOMY I€3aMHUHHUPO-
BaHHUIO.

Moaudukalmeit TaKoro «napHoro» OpoXeHUs sIBIAETCA CyKyuHam-
amanonvHoe Opoxcenue y C. kluyveri (puc. 97) ¢ cyMMapHbIM ypaBHe-
HHUEM

CYKLIMHAT + 3TaHOJ — 3 auerar

CaMy KJIOCTPUMAMM HMHTEPECHBI TEM, YTO CPEOM HUX €CTh OmnacHbIE
Bo30ynutenu GonesHeil uenoBeka. Hanpumep, C. histolyticum v C. sep-
ticum — BO30OYAMTENIM ra30BOIl raHIPeHbI, MPOTEOJIMTUYECKHE KIIOCT-
pUIMM, obpa3ylolliye TOKCUHBbI, C KOTOPbIMU CBSI3aHO 60/bLIOE KO-
JIMYECTBO JIETAbHBIX MCXONOB B MEpUON BOEHHBIX NEHCTBUI, Koraa
paHbl 3arpsi3HsiMch nouBoit. [1pu nepexarvu apTepuit Uisi OCTaHOBKH
KPOBHU B TKaHSIX BO3HUKAJI aHa3poOMO3 U IO OpOXeHUE C MUHTEHCUB-
HbIM BblIEJIEHHEM ra3oB. Pa3BUTHE raHrpeHbl MOIJIO ObITh OCTAHOBJIEHO
HaCbILLEHHWEM paHbl KUCIOPOAOM OO 3 aTM, YTO U OBbLIO MPEMIOXKEHO
BoeHHbIM xupyprom B.U.KpaBueHko («6ouka KpaBueHko»). C. tetani,
BbI3bIBAIOLIMKH CTONOHAK, 00pa3yeT CTONOHAYHBI TOKCUH, NMPUBOLS -
LKA K cygoporaM Mbilii. YU HakoHel, BCEM U3BECTHbI HEMPOTOKCHH
60TynuH cuHtesupyet C. botulinum, KaKk npaBuJio, pa3BUBAIOLLIMIACS B
MJI0XO MPUTrOTOBJIEHHBIX KOHCEPBUPOBAHHBIX OEJIKOBBIX MPOLYKTaX
(pbiba, Msico, 6060BbIE). ITOT TOKCUH TepMOJIaOUJIEH, T. €. pa3pyLLUaeT-
Csl 110CJIE KUNsYEHUs B TeyeHue 15 MUH.

Tomoayemamnoe 6poxcenue, NpooyKTOM KOTOPOTO SIBJSIETCS TOJIb-
KO aleTaT, XOTsl U Ha3biBaeTcsl OpOXeHHeM, OAHAKO 4acTb peakliuii
MPOMCXOIUT 32 CYET AHA3POOH020 dbixanus. MUKpOOpPraHU3MBbl, €ro ocy-
LWECTBSIOLLME, LIKPOKO pacnpocTpaHeHbl B aHa3poOHOM 30He, 3TO
CcTporue aHa’pobbl, cnocoOHbie 1epepabarbiBaTh 6oratelit Habop cy6-
ctpatoB. OHM CBsI3aHbl CHHTPO(HBIMU CBSI3SIMU C aLIETOKJIACTUYECKH-
MW METaHOT€HaMM, KOTOpbi€ MPOBOMAST PeakLMIO alleTaT — MeTaH +
+ CO,, TaK KaK B MPECHbIX BOJOEMAaX HET APYrMX BO3MOXHOCTEM yna-
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JINTH alleTaT B aHa3pOOHbIX YCA0BUsAX. MOXHO CKa3aTh, YTO romMoalie-
TOTEHbI CTOSAAT Ha MepenyTbe MexXay OponnyblUMKAMU M OpraHu3ma-
MM, AbIlUALUMMHU aHA3POOHO, MOCKOJIbKY ABE MOJIEKYJIbl aleTaTa AaeT
OpoxeHHe, a TPEThA M0JyyaeTcs 3a CYeT aHa3pOOHOro kKapbOHATHOro
nbixaHus (puc. 98). depMeHTHbIN KoMIuieke CO-deecudpoeerasa-aue-
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Puc. 98. 'oMoauieraTtHoe OpoxeHHe (---- — aueTui-KoA-nyTb)
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Puc. 99. Cxema aeitctBusi CO-neruaporeHasbi-auetTua-KoA-cMHTa3bl y roMo-
aleToreHoB

mun- KoA-cunma3sa npeanosioXuTeabHo paboTaeT No cxeMe, NpeacTaB-
JieHHO# Ha puc. 99. [1pu Hannuum K1caopoaa epMeHTbl roMOaLETOre-
HOB TEPSIIOT CBOI0 AKTUBHOCTb, MO3TOMY MX BbLAEJAEHHE U OYUCTKY
MPOBOISAT B aHa3pOOHbIX OOKCax.

I'omoaueroreHsl MoryT pactu aBrotpo¢Ho Ha CO, + H,, ob6pasys
alerat, NpU 3TOM BOAOPOA CJIYXHUT JOHOPOM, a YIJEKUCIOTa — aK-
LENnTOpOM 3j1eKTPOHOB. Korana romoalleToreHnl pactyT aBTOTPO(GHO,
¢opmupoBanne AT® nyrem cyoctparHoro ¢poccoprinpoBaHUs orpa-
HUYeHo. B aTom cnyyae AT® reHepupyercsi, B OCHOBHOM, C MOMOLLIbIO
XEMHOCMOTHYECKOTO MEXaHMU3Ma, COMPSXXKEHHOTO C BOCCTAHOBJIEHHEM
yraekucaothbl 10 auetun-KoA (nyme Byda— Jlvtonedana) (cMm. puc. 98
(06s1acTh, OrpaHMYE€HHasi LUITPUXOBOM JIMHKUEIR) U pUc. 99). MemOpaHbI
roMOaLETOTEHHBIX KJIOCTPUAMH comepxaT (epMeHTh rMaporeHasy,
HAJ1H:}peppenokcuH-okcuaopeayKTasy, NuppOJIOXMHOJIMHXWHOH3aBU -
cuMylo MetaHonaeruaporeHasy, CO-nperuaporeHasy, metuieH-TIP-
peaykra3y ¥ nporoH3aBucuMyio AT®a3y. AT® y romoaLieTore HoB Mo-
XET CUHTE3UPOBAThCsl KakK 3a CYET MPOTOHABUXYILLUEH CHJIBbI, TaK U 3a
cyer Na'(Li")/H"-antunopra.
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Bo3aMoxeH poct 3Tux opraHu3aMoB B atMocgepe CO ¢ obpa3osa-
HUeM aueTaTta. bonbLIMHCTBO rOMOALIETOrEeHOB CMIOCOOHO K POCTy Ha
OLHOYIJIEpOAHbIX cyocTpaTtax. K nIpyruM coeiuMHeHHUsIM, UCIOJb3ye-
MbIM HEKOTOPbIMM rOMOAaLIETOr€HaMM, OTHOCSIT rajakto3y, puboasy,
[JIOKYPOHOBYIO KHMCJIOTY, [JIIOKOHAT, MaHHHUT, TULEPUH, MHOTHE
CMUPThbl, OPraHUYeCKUe KMUCJIOThI U aMUHOKHUCIOTLI. Acetobacterium
woodii ¥ HekoTopbie Kioctpuauu B npucyrcreun CO, (CO) ucnosnb-
3yloT O-MeTH/bHbIe TPYMNMbl GOJbIIOrO KOJMYECTBA METOKCHIIHPO-
BaHHbIX apOMaTHYECKUX KUCJIOT, BKJIIOYasi BAHUJIbHYIO, CHDUHIOBYIO,
3,4,5-TpuMeTOKCUOEH30iiHY10, (PepyUHOBYIO U APYrue, ANsi CUHTE-
3a auerara.

I'oMoaLeToreHHblE MUKPOOPraHUW3Mbl PaclpoCcTpaHeHbl BO MHOTHX
TaKCOHOMMYECKMX rpynnax. 3to npeacrtaBurenu popoB Clostridium,
Hanpumep, Clostridium thermoaceticum, C. formicoaceticum, C. thermo-
autotrophicum (pactet npu 70 °C), Sporomusa, Acetobacterium (A. woodii),
Acetoanaerobium, Acetogenium, Acetitomaculum, Acetohalobium, Acetonema,
Moorella, Eubacterium, Peptostreptococcus, Ruminococcus, Syntrophococcus.
Bce oum otHocsiTcst K moMeHy Bacteria. Cpenu apxeii U 3ykapuii romo-
aueTOreHOB 0 HACTOSILLIETO BpeMEHH He 0OHapyXeHo.

ALETaT UrpaeT BaXHYIO poJib KJIOYCBOro MHTEpMEIMATa B IJ100a1b-
HOM LMKIIe MeTaHa. [Ipu pacluenieHUH CJIOXHbIX OpraHMYeCKUX Be-
LLIECTB FOMOALIETOr€Hbl CUHTE3UPYIOT alleTaT U3 METWIbHBIX Ipynmn U
CO,. Auertatr MeTabonMM3UpPyeTCsl 4O METaHA M YIJIEKUCJIOTHI METaHO-
reHHbIMU apXxesiMH.

AHa3pobHoe AabixaHue

AHa3po6HbI{ 3HEeproaaoLLMili NpoLecc, B KOTOPOM KOHEUHbIM aK-
LENMTOPOM 3JIEKTPOHOB CNYXHUT OKMCIIEHHOE OPraHUYECKOE MM HEOp-
raHMYeCcKoe BELLECTBO, OTJMYHOE OT KMCJIOpOaa, Ha3biBalOT aHa3po0-
HbIM IbIXaHWEM. AHA3pOOHOE NbIXaHHE CONPSIXEHO ¢ PYHKLIMOHUPO-
BaHueM DTL. CumnTalot, 4TO IBOJIOLIMS MPOLIECCOB 3anacaHusi IHep-
r'MM 1a ot cyéctpatHoro ¢ochopunupoBaHus (6e3 MmeMOpaH) yepe3
aHa’poOHoe nbixaHue (Ha MeMOpaHax, HO ©e3 Kucjiopoaa) K a’pob-
HOMY IbIXaHHIO (BbiCluasi popMa — CrieLMATIU3UPOBAHHbBIE OpraHeli-
Jibl, MUTOXOHIIpHH).

Buabl aHa3po6HOTO AbIXxaHUS MOAPA3AESAIOTCS MO UCMONb3YEMOMY
KOHEYHOMY aKLIeNTopy 3JEKTPOHOB (TabJ. 16).

I1pouecchl BOCCTaHOBJIEHUS] HUTpaTa LUMPOKO PacnpoCTPaHEHbI B
XHBO# npupone. ITo npexie Becero accummsiumst Hurtpata NO; — NH;.
B ¢dopme aMMmaka (aMMOHHSI) a30T BCTPauMBaeTCsl B OpraHUYyecKue
Mosiekyibl. Takasi accumusayuonnas Humpampedykyus Vi3BecTHa y pa-
CTE€HUii, rpuboB, 6aKTEpUii U MPOUCXOAMUT C MOMOILLbIO MOJIMOAEHCO-
IepXxalleil UMTONIa3MaTHYeCKOl HUTpAaTpeayKTa3bl U CJIOXHOW reMm-
cofepxallen xene3ocepHoi HUTpUTpeaykrTadbl. UHbIE BOCCTAaHOBUTESTb-
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Ta6nuua 16
Buabl aHA3pOOHOr0 AbIXaAHHA

AkuenTop BoccraHoBneHHbI Ha3saHue nbixaHusi— Ipumepbl
3JIEKTPOHOB MpOAYKT npouecca MHUKPOOpPraHM3MOB
NO; NO, HwutpatHoe — bakrepuu
IOUCCUMWISILIMOHHAA | KMULLEYHOM
HUTPATPEAYKLMSA rpynrbl
NO; NO; » N,0 > N, | HutpaTtHoe — Pseudomonas,
NeHUTPUPHUKALIUS Bacillus
SO; H,S CynbgaTtHoE — Desulfovibrio,
auccumwisiumoHHas | Desulfotromaculum
cyabhaTpenykums
S0 H,S CepHoe — Desulfuromonas,
cepypeaykums Thermoproteus
CO, CH, KapboHatHoe — MeTaHOreHHbIe
METaHOreHe3 apxeu
CO, Auerar Kapb6oHatHoe — [lomoalieToreHHbIE
aleToreHe3s 6akrepumn
Fe* Fe* «XKenesHoe» Geobacter

Hble MPOLECCHl UAYT NPU AHAIPOOHOM HUMPAMHOM ObIXAHUU — 3TO
Humpampedykuua (NO; — NO,) y 6udpuno- U 3HTepoOaKTepuii u
denumpugpurayus (NO; — — N,T) y ncesnomonan u 6aumnnn. JloHop
3/IEKTPOHOB — OObIYHO OPraHMYeCKOe BELLECTBO. DTO €AUHCTBEHHbIA
NpoLEeCC, MO3BOJSIIOLIMI MPEeBpPaTUTh CBAA3aHHBI a30T B razoodpas-
Hblil, © UMEHHO TaKUM 00pa30M NMPOUCXOAUT BLIHOC A30MA U3 NOYEbI
(1MO3TOMY HeJib3sl BHOCUTh HUTPAThl U HABO3 BMECTE B KauecTBe yn00-
pPEHUI1, Bedb NpU CO31aHMU aHA3POOHDbIX YCIOBUM M0OCHE NOXASA HAYU-
HaeTcst MoLlHasi AeHUTpudukauus). [poueccbl aHa3pOOGHOTO AbIXaHUSI
C HUTPATOM B Ka4yeCTBE aKLENTOPa MOXHO TaKXe Ha3BaTb QUCCUMUAA-
YUuOHHOU Humpampedykyuei, TaK Kak BOCCTaHOBJIEHHble (pOpMbi a30Ta
He MIAYT HENnocpeacTBEHHO Ha CHMHTEeTUuYecKMe mnpouecchl. bakTepuu,
CMocoOHbIE K TUCCUMHUIISILMOHHON HUTpATPEedyKLMH, SBIsIIOTCA (da-
KYJIbTaTUBHbIMHM aHa3po06aMH M 00J1a1a10T MOJIHOM AbIXaTeIbHOW CUC-
TEMOM, NMPUYEM CHHTE3 MEMOpPAHCBSI3aHHBIX HUTPAT- U HUTPUTPENYK-
Ta3 WHAYUMPYETCS! TOJIbLKO B @aHA3POOHBIX YCJIOBUSIX, a2 Y HEKOTOPBIX
MHUKPOOPraHUu3MOB — €llUe U B NPUCYTCTBUU HUTparta. [1oatomy, uto-
Obl He MpoMCXoauao obeaHEHHE MOYBbI a30TOM, HeobxoauMa Benalll-
Ka, T.€. CO3AaHue a3pOOHBIX YCIIOBHIA.

Y MUKpPOOPraHW3MOB, KOTOPbI€ OCYLLUECTBISIIOT TOJIbKO BOCCTAHOB-
JIEeHWE HUTpaTa 10 HUTPUTA, NOCJIEAHUIT MOXET HaKarUIMBaThCsl B KYJIb-
TypajibHOM XUAKOCTH. B 3TOM cnyuae ganbliue MHOTIA NPOUCXOAUT ac-
CUMUAALUOHHAA HUMPUMpPeOyKyua, He Naolasi 3HepruM, Ho 3aTo Mnpe-
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obpa3syiowass HUTpUT B NHj, KOTOpbIi MIET HA CHHTE3 aMUHOKHUCJIOT
Y APYTUX a30TCOAEPXALUMUX COEAUHEHHU, T.€. IPOUCXOAUT AMMOHUPDU-
Kayua Humpama.

PaHee ynoMuHasioch 0 MOLIHOM HUTpaTpenykTade Oudunodbakre-
puii. BoccTaHoBieHUe HUTpaTa A0 HUTPUTA KULLIEYHOH MUKPOOHOTOM
TaKXe MOXET NMPUBOAWTHL K LIMAHO3Y, KOrAa 3PUTPOLUTHI, OIOKMPO-
BaHHbIE HUTPUTOM, HE MOTYT NMEPEHOCUTb KUCJIOPOA.

Pa3BepHyTasi cxeMa neHUMTpU(HUKALMUU BbIMMSAUT CleaylolUM 06-
pasom:

NO; - NO; - NO - N,0O - N,

HUHTtepecHo, uto y muekonutaowmx NO neicTByeT Kak Heupo-
TPAHCMUTTED, PEryJUpysi KpPOBSIHOE AaBJ€HUE, a TAKXE MCMOJb3yeTCs
MakpodaramMu IJisi YHUYTOXEHHUsI OaKTepUil M OIMyXOJeBbIX KJIETOK.
Y GakTepuii CyllleCTBYET IBa TUNA HUTPUTPENYKTa3bl, KaTA/IU3UPYIO-
weit obpazopaHue NO. OmHa coAepXHUT LMTOXpOMbI ¢ U d; (KaK y
Pseudomonas aeruginosa), npyras siBisieTcsi MebCOAEPXaLLUM OEJIKOM
(kak y Alcaligenes). Hutputpeaykrasa rpaMoTpyLiaTesibHbIX 6akTepHit,
BO3MOXHO, HaXOOUTCS B MEpUILIa3Me.

[lpu cysvgpamuom Ovixamuu KOHeUHbLIM AKLEMTOPOM 3JICKTPOHOB
cnyxur cynbgat. DU3noN0ruyecKylo rpynmny 6akrepuii, BOcCTaHaBJM-
BalOLUMX Ccyab(aT, Ha3blBalOT CyJbdaTpeayuupyolnMu, aecyibda-
TUPYIOLIMMHU WK cyabduaoreHHbIMU. CynbghaTpenykTopbl LIMPOKO
pacnpocTpaHeHbl B TAKCOHOMUYECKHUX Ipynnax, HO BCE OHHU, B OTJIM-
4Yue OT HUTPATpenyKTOpPOB, CTporue (obauraTHblie) aHa3pobbl. OObIY-
HO OOMTAIOT B MOPCKMX IOHHBIX Ocankax. bonbluas yactb cepoBonopo-
Ja B npupoe BO3HUKAET 6naronaps cybdpaTHOMY AbIXaHHUIO (MU duc-
CUMUAAYUOHHOU cyabpampedyKyuu):

8[H] + SO} = H,S + 2H,0 + 20H"

JoHopaMH 32/1eKTPOHOB MOTYT ClyXUTb (popMHar, auerar, H,, npo-
NUoHaT, OyTUpaT, NaKTaT, BbICUIME XHUPHbIE KMUCJIOTBI, 3TAHON U T.I.
OpnHa rpynna cyiab$aTpeaykTopoB OKHMCJsiET AOHOpbI BOAOpoAa He
MOJIHOCTBIO M BBIAEJISIET AlIETaT U3-3a HE3AMKHYTOCTH LIMKJIa TPUKap-
OOHOBBIX KHUCJOT (OOBIYHO OTCYTCTBYET 2-OKCOIJyTapataeruaporeHa-
3a). Bropasi rpynmna okucisieT opraHmueckue Belliectba 1o Boabl U CO,.
B 1abn. 17 npuBeaeHa KpaTkasi XapaKTepUCTHUKA pa3IMuHbIX TAKCOHO-
MHUYECKHUX TPy CylbdaTpeayKTopoB.

[ToMumo cynbaTHOrO nbixaHusi, 6GakTepuu, rpubbl U pacTeHHUs
OCYLLECTBJISIIOT BOCCTAaHOBJIEHHE CyNbdata NyTeM aCCUMUAAUUOHHOU
cyavghampedykuyuu, BKIOYasl 3aTeM Cepy B BUIE CyJbdHuaa B cepyco-
Iepxalle aMMHOKHUCIOTH U 6enku. Oba npoliecca UMEIOT oblliee Ha-
yano (puc. 100).

CynbdaTtpeaykTopbl ObIBAalOT reTepo- U aBTOTPO(HbIE. Y reTepo-
TpohOB ACCUMWISILIMSI OPraHMYECKOTO BELLIECTBA OOBIYHO MAET C YPOBHS
auerata, y aBrorpogos (H,/CO, u SO;") npucyrctyet ayemun-KoA-
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Tab6nuua 17

CynbdaTpenykTopsl H3 Pa3HbX CHCTEMATHYECKHX IpyNn

I'pynna

Kparkasi xapakTepucTuka

bakrepnn

A. Cnopoobpasywowue:

p. Desulfotomaculum
p. Desulfonispora
p. Desulfosporosinus

I'paMmnonoxuTeibHbIe, pa3Hbie No Mopdono-
'MM MHKpPOOPraHM3Mbl, 0Opa3yiolue 3HI0-
cnopbl. CriocOGHBI K MOJTHOMY WX HEMOJIHOMY
OKMCJIEHHIO cybcTpaToB. HekoTophie — aBTro-
Tpodbl, azoTdukcaTopsl, Tepmoduiibl. UMeror
umT b(c), He conepxat necynbhoBUpHUIMHA

b. Hecnoposuwie:

p. Desulfobacter

INanoyku, NMOJIHOCTLIO OKMCJISIIOLLME aLIeTaT U
3TAaHOJI, HEKOTOPbIE CII0COOHBI K aBTOTPODHH

p. Desulfobacterium

Menkue najouku ¢ MOJHLIM OKMCJIEHHEM
CcyOCTpaToB, HEKOTOpbIE — ABTOTPOMbI

p. Desulfobulbus

DJUIMNCOUAHDIE KIETKH C HETOJIHBIM OKHUC-
JIEHWEM alleTaTa U 3TaHo/a, HEKOTOPbIC
CroOCOGHbI OKMC/ISATb MOJIEKYJISIDHBIN BOOPOA

p. Desulfococcus

KOKKH, MOJHOCTbIO OKUCISIIOLLME CyOCTPaThl

p. Desulfomicrobium

Menkue najoyku, Xapakrep OKHUCJIEHHS
CyOCTpaTOB 10 KOHLIA HE SICEH

p. Desulfonema

HuTtH, nepeasuraiolliMecs CKOJMbXEHUEM.
IonHOCTBIO OKMCAAIOT aLeTaT

p. Thermodesulfobacterium

TepModunbHbIE MATOYKH C HEMOJHBIM
OKHCJIEHUEM CYOCTpaTOB

p. Desulfomonas

TMasiouky ¢ NONSPHBIMU XIYTUKAMHU. ALIETaT
OKHCJISIIOT HE TMOJIHOCTBIO

p. Desulfosarcina

KpyrnHble KOKKM B KyOOMHBIX MaKeTax
C MOJIHbIM OKMCJIEHHEM alleTaTa

p. Desulfovibrio

IMonBuxHbIE BUOPHOHDI, colepXall1e LUUT C,
b u necynbboBupuauH. UMeIOT He3aMKHYTbI#
LUTK

Apxen

Archaeoglobus fulgidus

Apxeii ¢ HeperyJisipHOit (POpMOii KIIETOK U3
MOPCKOIO r’MIpOTEpMa/IbHOTO MCTOYHMKA.
Kpome cynbdata xopolLo BOCCTAHABIMBAET
THOCYNbGAT € MI0K030ii, hopmmuaToM, dop-
MaMMIOM, JIaKTaTOM, NUPYBATOM B KauecTse
IIOHOPOB 3/1eKTPOHOB. H; MOXeT ObITb IOHO-
POM TIPH POCTe C TUOCY/Ib}ATOM, HO HE C CyJib-
¢aToM. DneMeHTapHYIO Cepy He BOCCTAHARTUBAET
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nymo ¢uxcayuu CO, (nymo Byda— JIvtonedana), Takoit Xe, Kak y ro-
MOaLETOreHoB. B 3TOM cilyyae OCHOBHBIM (pepMEHTHBIM KOMIUIEKCOM
sasiercsi CO-deeudpoeenasa-auemun-KoA-cunmasza co CnoXxHbIM ak-
TUBHBIM LIEHTPOM.

B HeGnaronpusiTHbIX YCIIOBUSIX, Koraa cyabghaT UCTOoLLaeTcs, a opra-
HUKHM MHOrO, CyJibdaTpeayKkTopbl MOIYT NEPEXOAUTbh Ha COpaxuBaHuUe
JlaKkTaTa ¥ nupysaTa, oOpa3ys auetat U H,.

CynbdarpeayKTopbl IBISIIOTCS BaXHbIM 3BEHOM I100aJIbHOrO Kpy-
roBOpOTa Cepbl, MOCTABAAIOT CYIb(uU 111 aHOKCUT€HHOTro (POTOCHH-
Te3a. C Apyroit CTOpoHbl, HAKOIUJIEHUE CyJib(uaa MOXET NPUBOAUTD K
3aMopy pbI0O, a Takxe K Koppo3uu metauia (puc. 101) u 6eroHa. INpu
TECHOM KOHTaKTe KJIETOK CY1b(aTpeayKTOPOB C MOBEPXHOCTBIO XeJe-
3a BO3HMKAeT KaToAHasi mosisipu3auusi, npu Koropoit Fe® noHupyer
3NIEKTPOHbBI Cyab(aTy BHYTPH KJIETOK MPU MOCPEAHUYECTBE MEPUNIIa3-
MaTHU4eCKOro ruaporeHasHoro ¢pepMeHTHOro komruiekca. O6pa3oBaH-
Hblit HoH Fe®* 1160 ncnosnb3yercs KieTkamu ulsi aHaGonu3ma, 6o

INupodocarasa

ATO !00"} 20, ATO AND
SOF [aac] k/ I<DACDC|
E IATQ)-cynb(bypunaaal —

, [P

2 |Hl—— oA®

SO}
6 [H]
TputHoHarobpasy-
oumit pepMeHT \
Cynbobur-
penykrasa
Cynb(bquenyKTaaal Tpuruonar-| 2 [H]l—
pelyKTasa
ITuocynb(bamenyxTazal 2 [Hl—
s* s> s>
JduccuMmisiLMoHHas cyibdaTpenyKLus AcCCHMWISILMOHHAs
cyabdarpenykums

Puc. 100. INpoueccbl aCCUMMISILIMOHHONW M JIUCCUMHUISILMOHHOM cynbdart-
peaykumnu (APC — anenosnHdochocynbdatr; PAPC — dochoaneHoznHdoc-
docynbdar; PAP — docdoaneHosnHbocdar)
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t : | — FeS{
+  WHAsA MembpaHa
.pooOpraHu3mMa
.

'épMILIa3Ma

. \nm

V4 H,S

Puc. 101. buokoppo3us xene3a, BbisviBaeMasi Desulfovibrio vulgaris wiT.
Hildenborough

CBSI3bIBAECTCSl IKCTPALIEJUTIONISIPHO € Cyab(HUOAOM, MOJAYYeHHBIM B pe-
3ynbrare Cyjib(aTHOro abixaHus. B Hacrosiiee BpeMsi Ha HE(TSHBIX
MECTOPOXIEHUSIX 00JbLIOI Npo6ieMOoii cTana 6MOKOpPO3Us TPYO Hed-
TENpPOBOAOB, B HEMAJIOM CTENEHM CBsi3aHHas C pa3BUTHEM BHYTPH TPYO
OGHOIUIEHOK, colepXalllUX KJIETKU CyJbdaTpeaykTopoB.

Cepnoe Obixanue MOXET NPOUCXOAUTb B MECTOOOUTAHMSAX, CBSI3aH-
HbIX C BYJIKAHUYECKOM AESITEIbHOCTbIO, rle MHOro abMOreHHO 3ne-
MEHTapHOI1 cepbl B aHa3POOHbIX YCJIOBHSIX.

[1pumepbl Mcnonb3oBaHUsI Cepbl pa3HbIMM MHKPOOPraHHW3MaMHM
npuBeaeHbl B Tabn. 18.

bosbliie Bcero cepoBoCCTaHaBAMBAIOLIMX MUKPOOPraHUu3MOB O6Ha-
PYXEHO Ccpeau apxei, KaKk MpaBWJIO, CYLUECTBYIOLIMX B 3KCTpeMalib-
HbIX yCnoBHUsiX (Tab. 19).

U3 nomeHna Bacteria Haubonee usyuyeH p. Desulfuromonas (D. aceto-
xidans) — NOABWXHAask NMajoyKa C JIaTepaIbHO PaCNoOIOXEHHbIM XIy-
TUKOM. OkucasieT auerat wiM 3tadon 1o CO,, conepXHUT HHU3KOIMO-
TEHUHMAJIbHBIA LIMTOXpOM c;, FeS-6enku u ¢epmenthl LITK. XKubet B
CUHTPOQHBIX accouraumsix ¢ GoToTpoPHBIMU 3eJEHBIMU CepobaKTe-
pusiMy, noTpebisiioumMu cyabdpun (puc. 102).

bonee 3K30TUYHBIA BUI aHA3POOHOTO IbIXaHUSI — 3TO «Mceae3Hoe»
dvixanue. Tpyu BocctaHomneHnu Fe® B Fe?* peakums BbirogHa Tepmo-
nuHamuuyecku (+770 mB), Ho npo6nema B ToM, yto npu pH 7,0 co-
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Ta6banua 18
IIpHMepnl HCNOJIb30BAHHA 3JIEMEHTAPHOMN cepbl MHKPOOPraHH3MAMH

JloHOpbI 0
MuKpoopraHusm e HOB Ponb S Mecta obuTaHus
A. Me3zopwim
Desulfuromonas | Auertar, 3taHon | AkuenTtop IMpecHoBOAHbBIE
3JIeKTPOHOB 0ocaiku
Campylobacter | H,, dopmuar Akuenrop Ocanky CTOKOB
3JIEKTPOHOB
Spirillum H,, dopmuar AkuenTop AHa3po6HbIE CTOKHU
3/1EKTPOHOB
Wolinella H,, dopmmar Akuenrop PyGewl xBauHbIx
Y IOHOp >KMBOTHbIX
3/1EKTPOHOB
Ltamm DL-1 | Jlakrar, H, Akuenrtop O3epHble Wbl
3/IEKTPOHOB
B. Tepmodmibl
Desulfurella Auerar AKuenTop LlnaHo-6akrepuainb-
3/1EKTPOHOB HbI€ MaTbl
B. OxcTpeManbhbie TepMOPHILE
Thermotoga H,, opranu- JleTokcHKauus Mopckue ocankH,
Yyeckue MOABOAHBIE MOP-
BellleCTBa CKHE TepMaJibHbIe
HMCTOYHMKH, CepHbie
Ha3eMHble
WUCTOYHMKHU

eAMHEHUS TPEXBAJEHTHOIO XeJjie3a MPaKTUYECKU HepacTBOPUMbI U
BbINazaloT B ocanok (K¥ = 107'* M). Knetku Bce BpeMsi UCTIBITBIBAIOT
ne(UUMT aKLernropa 9/NIEKTPOHOB, KOTOPblIii HAXOAMUTCSl BHE KJIETKH. [1o-
3TOMy npu noctaske Fe* B KETKy 3a1eiCTBOBaHbI KOMILIEKCOOOPa30Ba-
T — cudepoghopsl, KaK W Ui MHUKPOOPraHM3MOB, HCIOJb3YIOLLIMX
XeJe30 B CMHTE3ax. Y KJIETOK, acCMMWIMpylolmx Fe™, oo ucnonsayercs
BHYTPHM KJIETKM, a MpPH aHa3poOHOM IObIXaHUM OOHApYyXWBaeTCsi BHE
KJIETKM, NpUYEM MeXaHU3M ero Bbibpoca B cpeny Heu3BecteH. BoaMox-
Hasi LIEMNb MepeHoca 3IEKTPOHOB NPH «KeJIE3HOM» JbIXaHUH U300paxe-
Ha Ha puc. 103. UHTepecHO, YTO TeOpeTUYECKH MPU BOCCTAHOBJIEHUH
TPEXBAJIEHTHOIO XeJjle3a M UCMOJIb30BaHMHM aleTaTa B Ka4eCTBE JOHOpa
3NIEKTPOHOB MOXET ObITb CHHTE3WPOBaHO 0KoJio 11 Monekyn ATO:

Auertat + 8Fe* + 2H,0 — 2CO, + 8Fe* + 7H*
(AG® = -815 xJIx/Monb aueTaTa)

*K, — KOHCTaHTa pacCTBOPHMOCTH.
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Ta6bnauua 19

CucremaTHUeCKHe Tpynnbl apxel, colepamue NpeACTaBHTeNEH, BOCCTAHAB-
JIHBAIOIIMX 3JieMeHTapHyio cepy (A — aBroTpodm; I' — rereporpodni)

Cucrematnyeckas rpynna

Tun nutauus

Owiym Al. Crenarchaeota

Kunacc 1. Thermoprotei
[Mopsinok 1. Thermoproteales
Cewmeiictso 1. Thermoproteaceae
Pon 1. Thermoproteus
Pon 3. Pyrobaculum
Cemeiictso 2. Thermofilaceae
Pon 1. Thermofilum
IMopsinok 2. Desulfurococcales
Cewmeiictso 1. Desulfurococcaceae
Pon 1. Desulfurococcus
Pon 4. Staphylothermus
Pon 7. Thermodiscus
Cewmeiictso 2. Pyrodictiaceae
Pon 1. Pyrodictium
[Mopsinok 3. Sulfolobales
Cemeiictso 1. Sulfolobaceae
Pon 1. Sulfolobus

Pon 2. Acidianus
Pon 6. Sulfurococcus

A, poctnpu t=113°C

A, poctrnpupH 1,0—1,5, B
a3pO6HbIX YCJIOBHUSIX OKUCAsIOT SO

A

A, poctnpupH 1,0—1,5, B
a3pOoOHBIX YCJI0BUSAX OKUCsIOT SO

Owiym A2. Euryarchaeota

Knacc 4. Thermoplasmata
[Mopsinok 1. Thermoplasmatales
Cewmeiicto 1. Thermoplasmataceae
Pon 1. Thermoplasma
Knacc 5. Thermococci
IMopsnok 1. Thermococcales
Cewmeiicto 1. Thermococcaceae
Pon 1. Thermococcus
Pon 2. Pyrococcus
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Desulfuromonas Puc. 102. CuntpodHasi accoumauus
= acetoxidans MHKPOOPraHM3MOB, OCHOBAaHHasl Ha
MCMOJIb30BaHMM COEAWHEHUNH Cepbl

OpraHuyeckue

BelllecTBa \

Co,

Chromatium sp.

QPoTOCHHTES,
hv aHa’pobHo3

OBIl,

MB
-500

I H3ouurpat/2-okcornyrapar |
L2-OxcornyTapaT/cyxuuHaT | A
-400 e
HAH(DHI LluTo3onp
-300
e
J
-200
I Manar/okcanoauerar I e
I MXoxuen. /quoccr.}’_"luwr- €7 oxucﬂ./uocc‘r.l
-100 +9
ApH" ? z
e
-AT® Fe**-penykrasa |
0 (UIM)
CykuuHar/pymapar
100 (BM)| e

200 1 | Fe>*/Fe?* |

Puc. 103. Bo3aMoXHas Lienb nepeHOoca 3/1IEKTPOHOB IMPHU «KENE3HOM» IbIXaHUH
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Ounnaxko npu pH 7,0 Ha npaktuke AG® = —34 kJIX/MoJb aueTaTa,
T.€. SHEPruM eaBa XBaTaeT Ha oaHy mosiekyay AT®. Bo3moxHO, uTo
st cuHTe3a AT® Heo6XoAMMO HEeCKOJIbKO 000POTOB peakLHy.

B npupone Fe® comepXurcsi B pasiiMuHbIX MMHepanax (reMaTHT,
deppurunput, Marietut U T.4.). LLlupoko pacnpocrpanenbl Fe (OH),
u nuputr FeS (FeS,).

TpexBajleHTHOE Xene30 CnocoOHbI BOCCTAHABJAMBAaTh MUKpOOpPra-
HU3MBI crienytowux ponos: Bacillus, Clostridium, Escherichia, Pseudomonas,
Serratia, Ho HeU3BECTHO, CBSI3aH JIU 3TOT MPOLIECC C MOJAYYEeHUEM IHEpP-
run. Boccranasnusaior Fe¥, cunresupyst AT®, npeactaButenu cem.
Geobacteriaceae — G. metallireducens v G. sulfurreducens. TlocneaHuii
cnocobeH Takxe BoccTaHaBauBath SU. CYMTAIOT, YTO «KEJIE3HOE» Nbi-
XaHUE€ BO3HMKIIO paHbliie, 4eM CcyibdaTHOe, HUTPAaTHOEe U a3pobHoe.

MHTEHCUBHbIE UCCNENOBAHNUSI MUKPOOPTraHM3MOB, HUCMOJb3YIOLLIUX
MOHbI META/UIOB B Kaye€CTBe aKLENTOPOB 3JIEKTPOHOB, HAYAJIUCh HA
pyoexe XX u XXI BB. B Hacrosiliee Bpemsi 0OHapyXeHbl OpPraHU3Mbi,
CnocoOHble BOCCTAHABIWBATb MapraHelil:

MnO, (IV) (HepactBopumbiii) —» MnO (1) (pacTBopuMBIii)

Eule onvH TMN AbIXaHUSE, II€ KOHEYHBIM aKLIEITOPOM CYXHUT opra-
HUYECKOE BELIECTBO, HAa3bIBAeTCsl hymapamuoim ovixanuem. K dpyma-
paTHOMY [BIXaHUIO CMOCOOHBI MPAKTUYECKHM BCE MUKPOOPraHU3MBbI,
UMEIOLLME 3NIEKTPOHTPAHCMIOPTHYIO LIENb C CYKLIMHATAETUAPOre Ha3o0M.
370 3HTEpOGAKTEPUH, BUOPUOHBI M MPONHOHOBBLIE GakTepuu: 2[H'] +
+ ¢ymapat — cykuuHar. [pu 3ToM tenb nepeHoca 371eKTPOHOB OYEHb
KOpOTKasi, Npu BocctaHoBieHUH | M dymapara obpasyercsi | M ATO,
TaK KaK €CTb TOJIbKO OIMH MYHKT COMPSIXEHUs, T1e MPOUCXOOUT OKUC-
aurenbHoe dochopunupoBaHue. K ¢pymapatHoMy abixaHUIO COCOD-
Hbl TaKXe HEKOTOpble (PaKyJbTaTUBHO aHA3pOOHbIE uYepBU (Ascaris,
Fasciola, Arenicola). 3to, no-BUAUMOMY, aHAJIOT MOJIOYHOKHUCJIOTO Opo-
XEHMS B MbILLILAX MJIEKOMUTAIOLLUX.

Kapbonamnoim Ovixanuem Ha3biBalOT aHa’3poOHOE AbixaHWeE, riae
KOHEYHBbIM aKLENTOPOM 3JIEKTPOHOB CNYXUT yriekuciorta (uau CO).
B pa3nene, nocsillieHHOM OPOXEHUSIM, YXe FOBOPWIOCh O roMoatie-
TOreHHbIX MUKPOOPraHU3Max, MoJIyyaloluX SHEPruI0 NpU KapboHat-
HOM [IbIXaHUM, KJIETOYHOE BELLECTBO KOTOPbIX B aBTOTPOMHBIX YCJIO-
BUSIX CUHTE3UpYeTCsi 0 nymu Byda — Jlbionedana (ayemun-KoA-nymu).
Bropoit ¢pu3anonoruyeckoil ¥ CUCTEMATUUYECKOM IpyNmnoi, nojy4alo-
Lieil 3Hepruio C MOMOLLbIO KApOOHATHOTO NbIXaHWsl, SIBASIIOTCS MMK-
pOOpraHu3Mbl, 00pasylollie MeTaH, WIK MeTaHOTeHbl. ITO caMast 60J1b-
was rpynmna apxeit u3 ¢punyma Euryarchaeota — cTtporue aHaspobhl,
00pa3yiolime B KayecTBe KOHEYHOro MpoaykKTa MeTtaboju3Ma MeTaH.
OO6bIYHO SIBASIIOTCS NMOCAEAHUM 3BEHOM MULLEBOI LIENMU B aHA3POOHbIX
MPECHOBOAHbIX MECTOOOMTAHMSIX, T.€. B 3TUX YCJIOBUAX OHM 3aBepllia-
10T LMK yriepona Ha 3emiie (TMAPOJUTHKH — OPOIWIbILIMKY — alle-
TOreHbl — METAHOreHbi). B MOpPCKMX aHa3POOHBIX MECTOOOMTAHUSIX alle-
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TaT UCMOJIL3YIOT TakXe cyiabdarpeaykropbl. Metan B cmecu ¢ CO,
(6uocaz — 60— 70 % CH,4 + 40— 30 % CO,) obpa3yeTcst Ha AHE 03P U
60510T, NOAHUMASACh BBEpX, NMONaaaeT B a3poOHYIO 30HY U MCMOJIb3Y-
€TCsl METaHOKMCJISIIOLIMMU MHUKpoopraHusMamMu. MetaH obGpa3syertcst
TaKXe B pyOLe XBauyHbix (KopoBa Bbigeisier A0 900 1 MeTaHa B J€Hb)
Y B KMULIEYHHUKE TEPMHUTOB.

CuMTalOT, YTO METAHOTEHbI — 3TO JApPEBHEMHLINE OPraHM3Mbl B HC-
Topuu 3emiin, Korma atMocdepa cocrtosiia U3z CO,, H, u CO. o
MOpP®dOJIOrMM OHHU BapbUPYIOT OT MPOCTHIX MajoYeK, KOKKOB M cap-
UMH 10 CNUpaibHbIX (OPM U HeperyasipHbiX KOKkouaoB. Poct — ot
aBTOTPOGHOro U rerepoTpoHoro 10 MeTwioTpodHOro, Temmnepa-
TypHble HHTEPBAJIbl POCTa — OT ME30(UJIbHBIX 10 3KCTPEMAIbHO TEP-
MopuabHbix. Conepxanue 'Ll B IHK ot 27 no 61 %. KietouHble
CTEHKH COIepXaT MCEeBAOMYPEHUH, MENTUAbI U/WJIX MOJUCAXapUIbL.
CHHTe3upyIOT KO3H3UM M, Hukenb-koppuHoun F,i,, MeTaHodypaH
U MeTaHONTepUH, Npou3BoAHOe S-neazodnasuHa — F4y. I1pHu ocBe-
LLIEHUU CBETOM C IJIMHOM BOJIHBI 420 HM KJIETKHM MeTaHOreHoB ¢uy-
OpeCLIMPYIOT CHHe-3eJIeHbIM CBETOM (CBOMCTBO KOdakTopoB F4yp M
F430). KodakTopsl MeTaHOreHe3a o4eHb YyBCTBUTEJIbHbI K KMCJIOPO-
Iy, HO MOTYT JUIMTEJIbHO COXpaHSIThCS 6e3 10CTyna KMCI0poaa U BOAIbI.
OHM HailneHbl B HeTAHBIX MIACTax, YTO TaKXe CBUAECTEJILCTBYET O
IPEBHOCTH METAHOrEHOB.

MeTtaHoreHbl NOTPeGsIIOT AOBOJILHO Y3KH Habop cybCcTpaTos.
K nepBoit rpynne cy6erpatoB otHocaT H,/CO,, CO. Ipu 3tom 95 %
¢ukcuposaHHoro CO, ucnosb3yercsi 1isl NOJyYeHUs] 3HEPTUU U Bbl-
nensiercsi B Bune CH, v tonbko 5 % unet Ha 6uocuHTe3. Ko BTOpOI#i
rpynmne OTHOCAT aLeTaT U HEKOTOpble CMUPTHI (ayemokaacmuyeckuil
MemaHroeene3). TpeTblo rpynny CoCTaBsliOT OAHOYIJIEpOAHbIe CybcTpa-
Thl (opMHUaT, MEeTaHOJI, METUIAMUH, IU- U TPUMETHUIIAMUHBI).

CoBpeMeHHas kiaccugukauus MetaHoreHHbIx apxeii no 16S pPHK
npeacTaB/ieHa HUXE.

®unym A2. Euryarchaeota

Knacc 1. Methanobacteria
IMopsinok 1. Methanobacteriales

CewmeiicTBo 1. Methanobacteriaceae
Pon 1. Methanobacterium
Pon 2. Methanobrevibacter
Pon 3. Methanosphaera
Pon 4. Methanothermobacter

CemeiicTso 2. Methanothermaceae
Pon 1. Methanothermus

Kuacc 2. Methanococci
IMopsinok 1. Methanococcales
CewmeiictBo 1. Methanococcaceae
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Pon 1. Methanococcus
Pon 2. Methanothermococcus
CemeiicTBo 2. Methanocaldococcaceae
Pon 1. Methanocaldococcus
Pon 2. Methanotorris
IMopsnok 2. Methanomicrobiales
CewmeiictBo 1. Methanomicrobiaceae
Pon 1. Methanomicrobium
Pon 2. Methanoculleus
Pon 3. Methanofollis
Pon 4. Methanogenium
Pon 5. Methanolacinia
Pon 6. Methanoplanus
CemeiicTBo 2. Methanocorpusculaceae
Pon 1. Methanocorpusculum
CemeiicTBo 3. Methanospirillaceae
Pon 1. Methanospirillum
Pon Insertae Sedis 1. Methanocalculus
IMopsinok 3. Methanosarcinales
CewmeiictBo 1. Methanosarcinaceae
Pon 1. Methanosarcina
Pon 2. Methanococcoides
Pon 3. Methanohalobium
Pon 4. Methanohalophilus
Pon 5. Methanolobus
Pon 6. Methanosalsum
CemeiicTBo 2. Methanosaetaceae
Pon 1. Methanosaeta

Knacc 7. Methanopyri
Mopsnok 1. Methanopyrales
CemeiictBo 1. Methanopyraceae
Pon 1. Methanopyrus

Kutaccbl Methanobacteria, Methanococci, Methanopyri Bkatouaiot
MeTaHOreHHbIX apxei, obpasywumx metraH Ha H,/CO,, dopmuare,
alerare, MeTaHoJie, MeTWaamuHax u H,/MetaHone. INpencraBurenu cem.
Methanosaetaceae UCMosb3ylOT B KayecTBe CyOCTpaTa MeTaHOreHes3a
NMpeUMYILIECTBEHHO aLETaT.

MeTaHoreHbl BCTpeYaloTCsi BO BCeX aHA’3pOOHBbIX MecTax oduTa-
HMUSI, HO B MOPCKHX BOAOEMax CyJibpaTpeayKTOpbl OMepexalT UX B
6opLbe 3a cybcTpar, Tak Kak 3¢dheKTUBHEE MOJyYaloT 3HEPrHUio.
Y cynbdaTtpenyktopos auetat okuciasiercs yepe3 LITK u ectb nonxas
3JIEKTPOHTPAHCTIOPTHAs UeMNb, 3aKaH4yuBaloluascs cyibdatoM. B To
Xe BpeMsi MHOTMe MOPCKME METaHOTreHbl CMOCOOHBI MCMOJb30BaTh
METHJIAMUHbBI, KOTOpbIE HE SIBSIOTCA cybcTpatamu misi cyjbdarpe-
IYKTOPOB.
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Puc. 104. TIpouecc o6pa3oBaHusi MetaHa Ha H,/ CO, (M® — MeTaHodypaH;
H4-MIT — TterparuapomeraHontepuH, MP — metunpenykrasa; I'IP —

reTepoaucyabduapenykrasa)
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Puc. 105. Auetoknactuueckuit MetaHoreHes (/— /1l — cyObeaMHHULIbI)

CDIIHz

Huxe npuBeaeHbl CyMMapHble peakLMM, NMPUBOASLIKE K 00pa3o-
BaHHUIO MeTaHa:

AG®, kIXx/Monb MeTaHa

4H, + CO, - CH, + 2H,0 -135
4HCOOH - CH, + CO, + 2H,0 -130
CH;0H + H, - CH, + H,0 -112
CH;0H — 3CH,+ CO, + H,0 -104
4CH;NH, + 2H,0 — 3CH,+ CO, + 4NH; -75
2(CH;);NH + 2H,0 — 3CH,4+ CO, + 2NH; =73
4(CH;);N + 6H,0 — 9CH,4 + 3CO, + 4NH; -74
2(CH;),S + 2H,0 — 3CH,4+ CO, + 2H,S -73
CH;COOH - CH, + CO, =31

[Tpouecchl 06pa3oBaHMsi MeTaHA MPHU UCMOJIb30BAHUU PA3TUYHbIX
cy6cTpaToB M306paxeHbl Ha puc. 104— 106. Ayemoxaacmuveckuii me-
manoeene3 6u11 onucaH P. bapkepoM ewe B 1956 r., Ho paciindpoBKa
npoliecca Mpou3o1iLia ToabKo B KoHLe XX B. [1py 3T0M noka He noka3sa-
HO, YTO OCHOBHO# KOMIUIEKC aLlETOKJIACTUYECKOrO METaHOreHe3a —
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Puc. 106. IMpouecc obpa3oBaHusi MeTaHa NMPU POCTE Ha METaHOJE

3to CO-nernaporeHasa-auetuy-KoA-cuHTa3a, KOTopasi BbiaesieHa U
OuYMilieHa y roMoaueToreHoB. Takxe Heu3BecTHO, cnocobHa au CO-
JgeruaporeHasa-auetuy- KoA-cMHTa3a roMoaleToreHoB y4acTBOBaTh U
B pacueruieHUun auetuin-KoA. MetaHon Kak cyGecTpaT MeTaHOreHesa
BaXeH, TaK KaK OH MOXeT 00pa30BbIBAaTHCSI B AHA3POOHBIX 30HaX MpHU
TMIPOJIU3E MEKTUHA U JIMTHMHA, UMEIOLLMX LUMPOKOE pacnpoCTpaHe-
HHe.

MeTtaHoreHHble apxeu 3aHMMaloT BaXXHOE MECTO B MPUPOAHBIX IKO-
cuctemax. MeTaHoreHe3 akTMBHO MAET Ha PUCOBBIX MOJIAX, NPUYEM
90 % obpa3sylollerocsi MeTaHa nomnagaeTt B atMocchepy yepe3 Cocyauc-
TYI0 cUCTeMy pacTeHuit puca. UCTouHUKHU MeTaHa — 3TO pybell XBay-
HBIX, KMLLIEYHHK JiollIafiei U ApYyrux Miiekonurtaoiux (npumepHo 70 %
Jofeit UMEIOT METaHOTEeHbI B KMLLIEYHOH MUKpoOUoTe). MeTaH nonana-
eT B aTMoctepy Npu pa3paboTKe YrojibHBIX LLIAXT, Yepe3 pa3ioMbli Ha
IIHE OKEaHOB («YepHble KYpWUJIbLUMKH») U MPU BYJIKAHUYECKOH nesi-
tenbHocTH. U3 Bcero Bbaensiemoro B roa metada ((670 — 1 600) - 10'2 r)
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«XHBO» U «MEepTBHIi» MeTaH COCTaBJISIOT COOTBETCTBEHHO
(312—755) 102 r u (355—870) -10'2 r. KoHLIEHTpaLMsi METaHa B aT-
moccepe paBHa 1,75 06. y/MaH (ppm) B CeBepHOM MNoJjyllapUu W
1,67 ppm — B FOXHOM. MeTaH — ra3, «OTBETCTBEHHBIi1» 32 «napHUKO-
ebill 3ghghexm»: npucyrcrBue 1,3 ppm MeTtaHa BbI3biBaeT Ha 3emiie Mo-
teruieHde Ha 1,3 °C. Bpems xu3Hu MetaHa B atMocdepe 8 — 10 ier,
OCHOBHO#M CTOK MPOMUCXOIHMT 32 cYeT ¢oTopacilerieHus.

Eule onMH MCTOYHMK 0Opa3oBaHUsI METAHA — 3TO UCKYCCTBEHHbIE
COOpYXEHMUS 111 OYUCTKH CTOKOB M MOJTyYeHHs1 6Morasa (aHa3poOHbie
peakTopbl H METaHTeHKH). B Tak1x ycTaHOBKax 06bIYHO paboTaloT MUK-
po6HbIE cOObLIECTBA, TI€ METAHOreHbl — KOHEUHOE 3BEHO MULLEBOM
LEMNH Pa3IoXEHUS CIOXHBIX OPraHUYECKUX COCIMHEHUM.

C MeTaHOreHaMH B TECHOM 3K30- M 3HAOCHUMOMO3e MOTYT XUTb He-
KOTOpbIE aHa3pOOHbIe MpocTeiillne (HanpuMep, Ha OOHY KJIETKY pec-
HUTYATOrO MpocTeiilero npuxoautcsi okoyno 700 kneTok MeTaHOOpa-
3YyIOLLIMX apxei).

A3apobHoe abixaHue

IMpu a3po6GHOM NbIXaHUHM KOHEYHBIM aKLENTOPOM 3JIEKTPOHOB B
Lenu mnepeHoca SBJSIETCS MOJIEKYJISIPHbI KHUCJIOpOA, MO3TOMY sl
00/IMraTHO a3pOOHBIX MMKPOOPraHU3MOB OH — Heob6XxoauMoe pocCTOo-
Boe BewecTBo. Tak kak mns napsl O,/H,O Eh = +810 MB, To npu
TAKOM KOHEYHOM aKLIenTope MOJIyyaeTCsl CYLUECTBEHHbIH BbIMIPbILL
3HEPrUM MO CPaBHEHHIO C OpPOXEHUEM U aHAPOOHBIM AbIXaHUEM, T.€.
a’pobHas abiXaTenbHasi Uerb — JOCTUXeHUe 3Bonouuu. pu 3ToM
a3poOHble MMKPOOPraHM3Mbl MOIYT MMETb aHA3pPOOHbBIE CTAAUM Tpe-
BpallleHUs1 CaxapoB MJIM CTaauU OpOXeHHUs (Harpumep, MIMKOJIU3 U
MOJIOYHOKHUCJIOE OpOXeHWE B MbILILAX), HO UCKJIIOYUTEJIbHO 3a CYeT
HMX 3TU OPraHU3Mbl HE MOTYT obecrneynTs cebsi aHeprueil. Utak, mo-
JIEKYJISIDHBIIT KMCNIOpOA HEOOXOAUM:

8 B pecakLUsIX BKJIIOYEHUSI OHOIO-ByX aTOMOB KHUCJIOPOJa B HEKO-
TOPbie MOJIEKYJIbI (HanNpUMEpP, CTEPOUIOB, OTAEbHbIX XUPHbIX KUC-
JIOT, KapOTHHOMIOB);

® IS HaYyaJbHbIX 3TANOB OKUCJIEHUsI HEKOTOPBIX CyOCTpaToB (Ha-
NpuMep, MeTaHa y METUIOTPO(OB U apOMAaTUUYECKUX MOJIEKYJ MPU UX
pacuienjieHuu) ¢ NMOMOLIbLI0 MOHO- M AuokcureHa3. Crnenyet 3ame-
TUTb, YTO CAMHU 3TH pPeaKUUM He JAIOT 3HEPruv, HO OHU TNOMOraloT
IajbHeillleMy OKMCIIEHUIO cybcTpara;

® npH paboTte okcuaas (Hanpumep, MNIIOKO300KCUAA3bl, LIUTOXPOM-
OKCH/1a3bl);

® K4aK KOHEYHblIi aKLIeNnToOp 3JIEKTPOHOB B IbIXaTeJIbHOM LIETH.

Hcnoab30oBaHHe MHOTOYIJIEPOAHBIX CyOCTpPaToB. Y GO/NbLIMHCTBA
MUKPOOPraHU3MOB bIXaHHE B TIPUHLIMIE HE OTJIMYAETCS! OT TAKOBOTO
B MUTOXOHApUsIX. OHAKO MUKPOOPraHU3Mbl B 3aBUCUMOCTH OT YyCJIO-
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B pocTa CMOCOOHBI KCIMOJ1b30BaTh AJ1bTEPHATUBHBIE MYTH, CHHTE3HU-
pys pasHble LMTOXpoMOKcHaasbl. CxeMa MutoxoHapuanbHoit DTLL
npeacrasieHa Ha puc. 107. Tak kak DTLl y npokapuot pacrnionoxeHa B
LIMTOILUIa3MaTMYeCKOil MeMOpaHe, cHayala reHepupyercsi Apy, U 3a-
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Puc. 107. Cxema 3TLL MUTOXOHAPHIt (MMEETCSA TPU NMYHKTa COMPSIXKEHHSA)
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TeM AT®D. [lns cuurte3a | AT® nocrarouHo 150 — 300 mB. Takas pa3-
HMLA OKMCJIMTEJIbHO-BOCCTAHOBUTE/IbHBIX MOTEHLIMAJIOB CO30aeTcs B
3TU B onpeneneHHbIX MECTaX, Ha3bIBAEMBIX MYHKMAaMU CONPANCEHUS,
TaK KaK MMeHHO 31ech HaxoauTcss AT®a3a. Llenb HaunMHaeTcs ¢ OKHUC-
JIEHUS] BOCCTAHOBJIEHHBIX MUPUAMHHYKJIEOTHUAOB, MOCKOJABKY MHOTHUE
cyocTpathl OKMCAsIOTCS: py yyactun HA/*-3aeucumbix decudpoecenas
(HanpuMmep, Manat, nupysat). [lpyrue cydoctpatel nepeaaioT 3JIEKTpO-
Hbl B OTLl Ha Oonee HU3KKMX YPOBHSIX (HanmpuMEpP, CyKLMHAT — Ha
ypOBHE YOMXMHOHA, a METAHOJ — Ha YpOBHe LMTOXpoMa c). Toraa B
3aBUCMMOCTH OT MCIOJIb30BAHHOTO CyOCTpaTa Lefb MOXET ObITh YKO-
POYEHHOW M, CJENOBATEJIbHO, NMYHKMOE conpsaxceHus OyaeT MEHbLUE.
Y HeKOTOpbIX MMKpPOOpPraHu3MoB ¢ yKopouyeHHoit DTLL obpasyercs
60JIbLLIE LIMTOXPOMOB (B 4aCTHOCTH, Y MeTuiotpodos). Y E. coli uens
pa3BetnieHHas (puc. 108), B Heit HET LUMUT. ¢, a TEpPMUHAIbHAs OKCHIA-
3a yCTOMYMBA K LUMAHUAY.

IMpu noawom oxucaeruu cyoctpata €AMHCTBEHHBIM OKMCIEHHBIM
npoayktom sibisietcsi CO,, a KOHEYHBIM 3TAafOM OKMCJIEHUS] — B OC-
HOBHOM LIMKJI TPMKapOOHOBBIX KUCJIOT (CM. puc. 84). B kauecTBe ajib-
TEPHATUBHBIX CUCTEM CJIENYET HA3BaTb YUKA OUKApOOHOBbIX Kuciom y
E. coli (puc. 109) u oxucaumenvhsiii nenmoszogocghamusiit nymeo (Bap-
6ypra— lukkenca — Xopekepa) y Gluconobacter (cM. puc. 82). B atom
cJiyyae, 4ToObl MOJIEKYJIa FEKCO3bl OKMUCIWACH MOJTHOCTBIO, LIMKJI 10J1-
XEH «[MPOKPYTUTHCS» LIECTb Pa3s.

OKoHYaTeNIbHOE OKMCIEHUE MOXET MPOU3ONTHU, ECJIU TOT MU UHOM
cyocTpaT cHayalla MpeBpPaTUTCS B LCHTPAIbHbI MHTEPMENMAT aue-
TMn-KoA unu apyrue untepmenunatel LUTK. [dns okucneHus 6eaxoe
MUKPOOPraHU3Mbl BHIIC/SIOT 8HeK.1eno4YHble npomeassi, KOTOPbi€ TMI-
PONU3YIOT GEJIKM 10 KOPOTKUX nenmuooe v amunokuciom. Takum cBoit-
CTBOM 00/1a1al0T HEKOTOpPbi€ OAKTEPUM M TpUOBI, B OCHOBHOM MaTo-
reHHbl€, BbI3bIBAIOLLIME MOPUYY MPOAYKTOB, a TAKXE MOYBEHHBIE MHUK-
poopraHu3mel. Pa3noxeHue 6e1Kka MUKpoOOpraHu3mMaMu (ammonuguka-
Yus) BCEr/la COMPOBOXIAETCSA 00pa30BaHMEM psila MPOAYKTOB: aMMHU-

HAIH ——__ | &on Hwuakas a3spaumns

Fe-S-6enok
\ /I LIuT. bsgo |-—~ Lur. bd\
YOUXUHOH, 0,

MEHaXMHOH /
\l ur. b556|—~| [ur. o

Bricokast a3pauus

Puc. 108. Pa3etBienHast 9TL y E. coli
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Puc. 109. Linkn aukapo6oHoBbix Kucnot y E. coli

aKka npv ne€3aMMHMpPOBAHMHM aMHMHOKMCIJIOT, CEpOBOAOPOAA MpPH pac-
LIETUIEHUHU CepycoAepXalluX aMMHOKHUCIOT (METHOHHWHA, LMCTEMHA U
MX MPOU3BOAHBIX) MU MHAONA NMpU pacnane Tpuntodana. [Mpouecc am-
MOHU(HUKALIMM BCEraa CONMPOBOXIAETCS MOALLETAYUBAHUEM CPEMBI.
AMMHOKHCJIOTH [€3aMUHUPYIOTCS C 0Opa3oBaHMEM OPraHUYECKHX
KMCIOT (nupyBsaTta, auerata v apyrux mHrepmeauatos LITK) u B Ta-
KOM BUIE BxoasT B uMkia Kpebca 115 nonHOro OKUCIEHUS U Moayyde-
HUSl KJIETKOW 3Hepruu. Takxe OHM MOTyT ObITb MCMOJIb30BaHbI KakK
HMCTOYHHK YIJIEPOA 1Sl CHHTE30B KJIE€TOYHbIX KOMITOHEHTOB. AMHUHO-
Tpyrnnbl aMMHOKMUCIIOT UAYT JIMOO Ha aHa0O0IM3M a30TCOAEPXKALLUMX BE-
LLECTB KJIETKH, MO0 BBLIENSIOTCS B BUIE MOHA AMMOHMS.
Lleantonoza ruapoan3yeTCsl C NMOMOLLBIO BHEKAEMOYHbIX UEAN0Na3
(B a3pOOHBIX YCOBUSIX — rpubaMu U MUKCODAKTEpUSIMHU, B aHA3POO-
HbIX — KJIOCTPUAMSIMHU U HEKOTOPHIMU aHA3pOOHBIMU rpubamm). Kcu-
JAaH NPEBECUHBbI U Ny0a rMApOaM3yeTCs KCWiaHa3aMK A0 KCHIO03bl U
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apabuHo3bl. EcTb cooTBeTCTBYIOLIME (hEPMEHTHI IUISi TUAPOJIM3A Kpax-
Mana, nekmuna, ¢hpyKmo3anos, MaGHHAHo8, azapa, xumuna, auenura. OObIY-
HO Takue (pepMEHTHI ECTb y MOYBEHHbBIX OakTepwmii (Hanpumep, Cyfophaga)
u putonaroreHHbIX GopM (HanpuMep, Erwinia). 3TH pepMeHTHI B psiae
CJlyyaeB MCMOJIb3YyIOT B OMOTEXHOJIOrMM (HanpuMep, NMEKTHUHAa3bl
E. carotovora — nns ocBetneHusi cokoB). [lucaxapunbl najnee noasepra-
10TCSl JIMOO ruaposun3y, 1Moo docdopoansy. MoHocaxapa npespalila-
I0TCSl B MMPYBAT MO OAHOMY M3 PaCCMOTPEHHBIX paHee MyTei: MIMKO-
nu3y, neHtozodochatHomy min KAPI-nytu. Auetnn-KoA obpasyert-
cs1y a3po60oB K3 MUPYBATa C MOMOLLbIO nUpysamoe2udpo2eHa3Ho20 KOM-
naexca ¢ muamunom (B,) B KayecTBe KopepMeHTa.

HUHTEepecHO, YTO B pyOile XBa4yHbIX MPOUCXOAMT CJIOXHBII Mpo-
LeCC MpeBpalleHUs LIeJUIONO3bl B OEJIOK XUBOTHOTO uyepe3 Oesiku
MUKpoopraHu3amoB (puc. 110). Eciu O6b1 B pyOlie BMECTO METAHOTEHOB
MPHUCYTCTBOBAIM Obl FOMOALIETOrEHbI, TO ObLIO Obl MEHbLIE MOTEPH
yrjiepoaa BelIeCTBa B BUIAE ra3o0B.

Jlunuodsl paciienisiiorcs MUKpOOHBIMHM JIMNA3aMuU N0 2auyeposa 1
HcupHoix kucaom. Innuepon 3ateM ¢ochopunupyercsi, OKUCISIETCS 10
JOA® u katabonuaupyercs Yyepe3 peakLmMH rIMKon3a. ZKMpHbIE KUC-
JIOTbI MoaBepraiotcsi B-okuciaeHuio 10 auetuii- KoA.

Apomamuyeckue coeduHeHusi CHauyajla paclUErUISIOTCS MOHO- WJIM
IMOKCUIeHa3aMM 10 B-KETOaaWMMHOBOI KUCIOThbI MJIM €€ MPOU3BOMI-
HbIX, KOTOpbIE€ 3aTe€M pasjaralorcsi Ha aueTwi-KoA M CykuuHar.

IMpousBoaHbie nypuroe v nupumuduros «sxoasit» B LITK uyepe3 dy-
Mapat, a neHmo3sl — 4Yepe3 o-KeToryTapar.

I1pedenvnbie u HenpedenvHbie yeneeodopodsi UCTIONB3YIOTCS MOYBEH-
HbIMH MUKPOOPraHM3MaMM pa3HbiX TPy, KOTOpPbIE CHayana OKHUCIs-
IOT UX 10 COOTBETCTBYIOLLUMX XHUPHBIX KMCJIOT C MOMOLLBIO OKCUTEHa3,

I'napomm3 Bpoxenns Meranorene3
o]
CO,
| Buomacca Mm(poﬁosl
JInzuc
| AMMHOKHUCOTBI |
BcacbiBanne
B KPOBb

I Buomacca xunomorol

Puc. 110. CxeMa npeBpallieHHUs UEION03bl B OEJIKM XUBOTHOTO Yepe3
61omaccy MMUKpOOPraHM3MOB
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a 3aTeM NOIABEPralT B-OKHUCIEHUIO (KPOME ONHOYINIEPOAHBIX COEOU-
HEHUM).

BapuaHT a3pobHoro MerabosinimMa, Kkoraa CyocTpar paclueruisieTcs
HE MOJIHOCTbIO U KOHEeYHbIH npoayKT He CO, (uamn He Tonbko CO,),
Ha3bIBalOT HenonHbimM okucaeHuem. KOHEeUHBIMUY MPOAYKTaMK HETMOMHbIX
OKMCJICHUH MOTYT ObITb OPraHMYE€CKME COCOAMHEHMs (aueTaTr), KOTO-
PbIE YaCTO CXOXHM C NMPOAYKTaMH HEKOTOPbIX OpoxeHuit. O6pa3oBaHue
HETMOJIHOCTBIO OKUCJIEHHBIX MPOAYKTOB O0bSACHAETCSA JTHOO0 nedekTamu
B (pepMEHTHBIX CUCTEMaX MHUKPOOPraHU3MOB, JIMOO 3aMEIEHHEM MX
paboThl U3-32 HEONTUMAJILHOCTH YCJAOBHI KYJbTHBUPOBAHHS.

TuUnMyHbIE NMPEeACTABHUTENM MUKPOOPraHM3MOB, OCYLUECTBJSIIOLIMX
HETOJIHbIE OKHUC/IEHHUS, — TpyNINa yKCYCHOKHMCIIbIX 0aKTEpHii. DTO rpam-
OoTpULATE/IbHbIE MEJIKHE MaJOYKH, HEKOTOPbI€ MOMBMXHBI, LIMPOKO
pacrnpoCTpaHEHbl B MPUPOAE (XKMBYT Ha JIMCTbSAX PaCTEHHi), aLIMAOTO-
nepaHTHbl (pH 3—15), MHOrMe 06analoT 3HAYUTENIBHOM YCTOMUYHUBOC-
TbiO K 3TaHoay (9— 10 %). Haubonee u3BecTHH OBa pona: Acetobacter
C MEPUTPUXHATBHBIM XI'YTUKOBAaHUEM U Gluconobacter c nonsipHo pac-
MOJIOXEHHBIMU XI'YTUKaMHU. DTUM OAaKTEpUSAM MPUCYLLA COCOOHOCTh
K 00pa30BaHMIO KUCJIOT MYTEM HEMOJIHOTO OKMCJIEHHUS CaxapoB U CIIUP-
TOB. Y Acetobacter BbICOKasi aKTUBHOCTb JIKOTOJibA€TMIPOreHa3bl Co-
yeTaeTcsi ¢ HU3Koi akTuBHOCTBIO hepmeHTOB LITK, a 'y Gluconobacter
otcyTcTByeT KiodeBoit pepmeHT LUTK a-ketornyrapatnernaporeHasa.
B OMOTEXHOJIOrUM KCMOJIb3YIOT NMpPEBPALLEHUE YKCYCHOKUCIBIMUY OaK-
TepUsIMK 3TaHOJIA B aLleTaT, copOUTa B copbO3y, 0Opa3oBaHUE IIOKO-
HaTa ¥ aueTOHa.

MHorue rpuGbl CNOCOOHbI BbIAEAATL B Cpeay MPOAYKTbl MeTabo-
u3Ma (OpraHMYecKMe KHMCJIOTHI MU aMMHOKHCJIOTBI), YTO CBSI33aHO C
«[I€30praHU3aLMeE» X MeTaboIM3Ma NMYyTEM U3MEHEHMSI YCIOBUI KyJIb-
THUBUPOBAHMS, KOTOPbi€ 3aTOPMaXKMBAIOT AEATENLHOCTb ONpPeNeIEHHbIX
¢epmerToB LITK. INprunHOiIl HAKOMJIEHHUS] MPOMEXYTOUHbIX MPOAYK-
TOB B «y3KHMX MECTax» MOXET ObITb M30ObLITOK CyOCcTpaTta, MU3MEHEHUE
pH, kxoHueHTpauun MHUKpo3eMeHTOB. C MOMOLLbi0 rPUOOB MOXHO
MnoJiyyaThb (B TOM YMUCIE U B MPOMBILLUIEHHOCTH) CAEAYIOLLME MPOLYK-
Thi: MOJIOUHYIO (Rhizopus nigricans, Saprolegnia), dymaposyto (Mucor,
Rhizopus), rnokoHoByio (Aspergillus niger), 1iaBeneByio (MHOTHE IpU-
Obl pu BoiIcOKOM pH), JIMMOHHY10 (A. niger) u nTakoHOBYIO (A. itaco-
nicus, A. terreus) KUCJIOThI. L-rjlyTaMuHOBasi Kuciora obpa3yeTcs npo-
MbILIEHHBIM NipoayueHToM Corynebacterium glutamicum nyteM BOC-
CTAHOBMTEJIBHOrO aMUHUPOBAHUS 2-OKCOIYTapOBOM KUCJIOTHI.

OnHa u3 rpynmn 6akTepuii, UCNOJb3YIOLLUX MHOTOYIJIEPOAHBIE CYO-
CTpaThl, OTIMYAETCS YHUKAIbHON CMOCOOHOCTBIO K 6uoalomunecyen-
yuu. I10 ceemawuecs bakmepuu — MOPCKHE OPraHU3Mbl, X€MOOpra-
HOTpodbI, CXOAHBIE C MpeacTaBUTENsIMU ceM. Enterobacteriaccac. INpen-
CTaBJAIOT U3 ceOs rpamMoTpuLaTe/ibHblE, (PaKyJIbTaTUBHO aHA3POOHbIE
NajJoyKH, MEpeABUTaloILMECs] C MOMOLUBIO XIyTUKOB. BonbLIMHCTBO
CKJIOHHO K ncuxpoguauu v SIBASIETCS earoguramu, T.€. TpeOYET npu-
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CYTCTBMSI MOHA HaTpusi. B aHa3pOOHBIX YCIOBUSX OCYLUECTBISIIOT cCMe-
wanHoe 6poxcenue. B OCHOBHOM 3TO CBOOOIHOXMBYLLIME MHUKPOOpra-
HU3Mbl, HO €CTb U CMMOMOHTHI MOPCKHMX XHMBOTHBIX (HampuMmep,
Photobacterium phosphoreum v P. leiognathi XWByT B CBETSILLIUXCS Opra-
Hax pbi0).

CaeueHue HabI00AETCS TOJBKO B NPUCYTCTBMU KHUcJopona. OObIYHO
0akTepUM MCNYCKalOT CHHe-3eJieHbli cBeT (472— 505 HM), HO OOUH
witaMM Vibrio fischeri CBETUTCSI XEJITBIM CBETOM C JUTMHO#M BOJNHBI 545 HM.
B a3poOHbIX YCIOBUSIX MUKPOOPraHU3MbI OCYLLECTR/ISIIOT MPOLIECC a3p0o0-
HOroO AbiXxaHus U cBeyeHus (puc. 111). Y Hux umeetcst o6bluHas abixa-
TeJibHasi Lenb ¥ paboraetr uvki Kpebca. CBeueHUe 3aBUCUT OT OKHUC-
JIEHUs1 JUITMHHOLENnoYe4YHoro anpaeruaa ¢ 13— 18 aromamu yrinepona B
MosekyJe. CBeTutcs Bo30YXA€HHbI (1aBUH noa neicTBreM ¢pepMeH-
Ta aoundepassbl. Jlioundepaza — 3To ABYXCYObeAMHUYHBbIH (epMEHT
TUNa MOHOOKcureHadsl. Koaupyercss reHaMu /ux-onepoHa, KOTOpble
OYeHb yNOoOHBI B OMOMHXEHEPHBIX paboTax B Ka4eCTBE PENoOpTEPHBIX
reHos. Cucrema Jourgepasbl O4€Hb YYBCTBUTE/IbHA K Pa3IMuHbIM 3a-
IPA3HEHUSM, O3TOMY CBETSILLIMECS MUKPOOPTraHM3Mbl MOXHO MCIOJIb-
30BaTh B HEU3OUPATEJIbHBIX IKCMPECC-TECTAX HAa OOLLYI0O TOKCUYHOCTb.

Buonorndyeckuit cMbIC CBEUYEHHs MOKa HenoHsTeH. EcTb runote-
3a, YTO 3TO 3aHIMTa OT MEPEOKMUCIIEHHUS: KOrJa HaKarjIMBaeTCsi MHOIoO
BOCCTaHOBJICHHOIO MMPUAMHHYKIIEOTHAA, CpabaTbIBAa€T «OTBOAHOM Ka-
Hajl», 3JIEKTPOHbI COpachiBalOTCsA Ha (bJlaBUH M BbICBEYMBAIOTCS.

B Hacrosiliee BpeMsi MOKa3aHO, YTO CMOCOOHOCTbIO K CBEYEHHMIO
o6nagaloT npeacraButenu ponoB Photobacterium, Beneckia, Vibrio,
Photorhabdus. OnHako cBeTsiLiMecss GakTepUM Hayalud HaXOOUTb U B
NpecHbIX Boaax, U B nouse. [1peacraBuTens NMoYyBEeHHbIX OOMTATENEH
Xenorhabdus ne tpeGyet npucytctBust Na* u 6osee TepModuieH. Bos-
MOXHO, CBOMCTBO CBETUTbCSl HE CBSI3aHO C OMNpeAEICHHBIMU TAKCOHO-
MHUUYECKMMM Irpynrnamu. Takxe B nocjieaHee BpeMs MOKa3aHo, YTO CBe-
yeHHUe (0COOGEHHO Y CMMOMOTHYECKHUX DaKTepuii) MoAYMHEHO 3ddek-
Ty «KBOpPYMa», T.€. 3aBUCHUT OT [OPOTrOBOM MJIOTHOCTH MOMY/SILIMH.

JIbixanne
A
- I
— HAIH —= DI (PAD) X UMT 0,
OpraHuyeckue
BELLECTBA R—CHO, 0,
—— HAJIH —= ®MH H, ®MH-+hv +
R_CooHs
I\ +H20 J
——
Puc. 111. Cxema ITL cBetsitumxcs 6akrepmit (X — xuHoH; R-CHO — mnuH-

HOLIETIOYEYHbIN ajibaerua)
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OO0 mMraTubie l DaKy/IbTaTHBHBIE

(MoryT pacTd M Ha

MHOTOYTJIEPOOHBIX
Meran put M pii COEAMHEHMSX)
(Bcerna obnuraTHbie)
OrpanxyenHo
daKynbTaTHBHBIE
(pOCT Ha OHOM
MHOTOYIJIEPOAHOM
COEIMHEHUH)

Puc. 112. I'pynnsl METUIOTPODHBIX MUKPOOPraHU3MOB

Hcnoab3oBanHe OQHOYIIEPOAHLIX COoeAMHEHHHl (MeTHIOTpo(du:A).
Hrak, y GoNbLUMHCTBA MUKPOOPraHW3MOB IIbIXaHUE HE OTJIMYAETCsA OT
TaKOBOTO B MUTOXOHAPHUAX. ONHAKO €CTb Cpear MUKPOOOB M YHHKAJIb-
Hble rpynnbl. [lpexae Bcero ato — memuiompoghHble MUKPOOPSaAHUIMbI —
¢usnonoruueckas rpymnmna, crnocooHasi paCTd Ha OIHOYIJIEPOAHBIX CO-
eaMHeHusx (puc. 112). OnHoyrnepoaHbIMM Ha3bIBAlOT TAKME COENUHE-
HUs yrjaepoaa, B COCTaB MOJIEKY/ibl KOTOPBIX BXOAUT OAMH aTOM YrJie-
polla WJIM UX MOXET ObITb HECKOJILKO, HO npn 3TOM MOJIEKY/Ia HUKOT-
na He conepxut C-C-cssseil.

Ilpouecc o6pa3oBaHusi MeTaHa GbUT pacCMOTPEH Bhillie. MeTaHO B
npupoze oopa3yeTcsi IpU pa3jioXXeHHWH NEKTHUHA U JIMTHUHA. PopMaJib-
Jerui B CHUJYy €ro peakLlMOHHOM CIOCOOHOCTH B CBOOOAHOM BHMIE HE
BcTpeuaercsi. Popmuar obpa3syercsi B pe3yJibTaTe OpoXeHHi, HO B 60JIb-
KX KoauvecTBax He HakaruinBaetcsi. (CH;);NO (N-okcun Tpumeru-
JJaMHHA) — OCMOPETYJIATOP Y MOPCKUX PACTEHUI U XHUBOTHBIX, MOIEP-
XXHUBAOLIMKA B LATOIMJIa3ME UX KIETOK OCMOTHUYECKOE PaBHOBECHE, —
SIBJIAETCS YHMBEPCAJIbHbIM aKLIENTOPOM 351eKTpOHOB (+730 MB). INpu
rubenM MOPCKMX XUBOTHBIX M PaCTEHUI 3TO COEIMHEHHE BOCCTaHaB-
JINBAaETCSI B TPUMETWJIAMHUH, KOTOPbIii OOYCNOBJIMBAET 3amnax TyXJIOM
PbIOBI.

B asapo6Hoi#i 30He 3TH ¥ nogoOHbie C;-CoenMHEHUS UCTIOB3YIOTCS
MeTtunorpodamu. PaHee CUMTANOCH, YTO B aHA3POOHBIX YCIOBUAX ME-
TaH 10 CO; OKUCSIETCS MYyTEM «OOPAaTHOro METAaHOTEHE3a» U CYIb(PU-
JIOreHe3a:

CH, + 2H,0 - 4H, + CO, (MeTaHOreHbl)
SO; + 4H, + H > HS™ + 4H,0 (cyabhaTpenyKTopsi)

SO +CH, —» HCOj; + HS™ + H,0 AG® = -25 kJIX/MoJb MeTaHa
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lMockosibKy B mpolecce HeoOXOAMMO y4acTHE Mo KpaiHei mepe
JIBYX OPraHM3MOB, TaKasi CyMMapHasi SHEprusi Uil UX pa3BUTHUSI HEMIO-
CTaTO4YHa, TaK KaK Mo COBPEMEHHBbIM MPEACTABIEHUAM MUHUMAJbHbIA
KBaHT 3HEPTUU IS OJHOTO OpraHM3Ma JOJKeH cocTaBisith ~20 KJx
Ha peakuuio. [ToaroMy B 2000 r. 6bL1 NpeaioxeH HOBbI TMITOTETHYE-
CKHMI1 MEXaHM3M aHa3pOOHOro OKMCJIEHUsI METaHa:

AG?, xJIx/Monb MeTaHa

2CH, + 2H,0 - CH;COOH + 4H, -14,4
SOZ + 4H, + H* - HS + 4H,0 -17,8
CH,COOH + SO - 2HCO; + HS™ + H* -18,5
2CH, + 2SO0} - 2HCOj + 2HS™ + 2H,0 -50,7

1o 310 CxeMe 3HEepruH JOCTATOUYHO )i KaXI0ro opranu3ma. buo-
XMMHMSI 3TOrO IpoLEcca HEU3BECTHA, U MHUKPOOPraHU3Mbl MOKa He
Bbi€JEHb B YUCTON KYJIbType, HO TO, YTO MPOLIECC MAET MMEHHO
TaK, MOATBEPXIECHO OMNMbITAMU C MEYEHBIMU coeIMHEHUsIMU. B nabopa-
topuu npod. I'. Bunens nojsyyeHbl HAKOMUTENIbHBIE KYJbTYPHI, PacTy-
e npu aasiaeHuu 10 at™ W Bblllie 32 CYET aHA3POOHOTO OKMUCJIEHMUS
MetaHa. CyMTaeTcs, YTo 11 MPOTEKAHUs TMpoliecca HeobxoarMma ac-
COLlMaLMs ABYX MMUKPOOPraHM3MOB — METAHOT€HHOrO apxesi U CYJib-
¢arpenyumpytoiei 6akrepuu. IlokazaHo, YTO B aHa3pOOHBIX OCaaKax
norpebjieHME METaHA KOJMYECTBEHHO CBSI3aHO C BOCCTAaHOBJIEHUEM
cynbdara. B Takoii cucteMe MeTaH — €IWHCTBEHHbI UCTOYHMK YrJie-
pona 1y1si 060MX MUKPOOPraHU3MOB, a CylbdaT — €AMHCTBEHHbII aK-
LIENTOP 3JIEKTPOHOB B CUCTEME.

MeTaHos B aHa3pOOHOI 30HE MCMOJIb3YyeTCsl CybdaTpeayKTopaMu
MM MeTaHoreHamu, opmMuaT (KpoMe METUIOTPpO(POB) — 3IHTEPO-
OakTepusiMu, 0Opa3ylolIMMU €ro B OPOXEHUM CMELLIAHHOIO THUIA.

OkKucaeHHe MeTaHa B MPUCYTCTBUM KHUCIOPOAAa MIET B COOTBET-
CTBHUM CO CXEMOM:

CH; » CH;0H - HCOH —» HCOOH - CO,

MeTaHOTpo(dbl MOTYT COOKHMCISITL U IPYTHe€ OPraHM4YeCKHE COeNH-
HEHMSI, HO KaK MCTOYHMK YIjepoaa U 3HEPrMM MCHOJIb3YIOT TOJBbKO
METaH.

B 1906 r. 6bu1 onucaH nepBbiii MUKpoopraHuaMm Bacillus methanica
(Methylomonas methanica). Hano 0TMETUTb, 4TO BbLAEJIUTH METAHOTPO-
(bl B UUCTYIO KYJIbTYPY OOBOJIbHO CJIOXHO, TaK Kak B OOJIbLLIMHCTBE
CBOEM OHM pacTyT BMECTE CO CIyTHMKaMH, Harnpumep OJIMroTpod-
HbIMU Hyphomicrobium. Tem He MeHee B 1970 r. 6bL10 BbLIEIEHO Cpa3y
100 HOBBIX 1ITAMMOB (10 3TOro MX ObLJIO BCcero 5) Ginaronapsi pa3Bu-
THIO TEXHUKH MHKpPOOMOJIOTMYECKHX MOCEBOB (JlAMMHApHbIE OOKCHI,
MHUKpPOMaHMIYJIAITOPBI, CUJIMKarejieBbie IUIACTUHKMW). BblaeneHue ta-
KHUX KYJIbTYp M3 OTAEAbHbIX KOJIOHUI OObIYHO BEAYT Ha TBEPIABIX Cpe-
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KnaccHdukauus H HeKOTOpbie OCHOBHbIE

I ™vn MemMOpan —
IpusHak . —
Methylomonas | Methylobacter | Methylococcus Methy IZZ'cmb'

Popma INManouku, INManouku, Kokku, IManouku,
KJIETOK GONBLIMH- KOKKH, OBaJIbl, MOABUXHbI

CTBO HEKOTOpbIE HEMOABWXHbI

MOABUXHbI NMOABUXHBI
Craaus Hespenbie 3penble Hespenbie Her
MOoKos1 LMCTHI (KaK | LIMCTHI (KaK | LIMCTHI (KaK

y a30To- y a30To- y a30T0-

Gakrepa) Gakrepa) Gakrepa)
PybucKO - - + -
PM®-nyts + + + +
CepHHOBBIit - - + _
MyTh
Mem6paH- + + + +
CBsI3aHHast
MMO
PactBopumas -/+ - +/- -/+
MMO
LTK Henonsiit (6e3 2-OrAIN)
OcHoBHoOM MX8, YX8 MX8 ?
XWHOH
A3ordukca- - - - -
umst
XKupHble 14:0mn 16:1 16:1 16:0 n 16:1 16:1
KHUCJIOTbI
Temnepatypa 25—40 20—40 37—62 20—35
pocta, °C

NMpumevanune. MMO — meraHMOHooKcureHasa, YX u MX — yGUXHMHOH M

2-oKcornyTapaTaeruaporeHasa.

Iax, He coaepXallUuX OPraHMYeCKUX COeONUMHEHUIi, TOHKMMHU MUTIJIaMH
MoA MUKPOCKOTIOM.

Metunotrpodbl paccMaTpMBaid KakK MOTEHLUANbHBIH MCTOYHHK
nuweBoro 6enka. Komnanus ICI (Benukob6putaHus) pa3pabotana
MpoLEeCcC MPOU3BOACTBA 6€IKOBO-BUTAMMHHOTO KOHLIEHTpAaTa, UCMOJIb-
3yEMOro B KauecTBe KOpMOBoit 106aBku (Pruteen), Ha ocHoBe Methylo-
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CBOiiCTBa rpynn MeraHotrpodos

Ta6anua 20

cem. Methylococcaceae II Tvn MmemOpan — cem. Methylosinaceae
Methylosphaera | Methylocaldium | Methylosinus Merhylocystis Methylocella
Kokku, IManoykw, Bubpuonnni, | Bubpuonans | Kokku, nso-
HEMONBMXHbI | KOKKH, obpasylor M OBAIbI, THyTBIE Na-
HEKOTOpbie PO3ETKH, HHoOrIa JIOYKH, He-
MOIOBUXHBI MOABWXXHbI obpa3sylot MOABWXXHbI
PO3€TKH,
HETMOABHXHbI
Hert Hespenbie Ak3ocnopbl | JInnuaHbie DK30Cnopbl
UMCTBI (KaK LIUCTbI
y a30T10-
OaxTtepa)
- + - - ?
+ + - - -
- + + + +
+ + + + -
+ - +/- +/- +
? Henonusiit TonHblit ?
(6e3 2-0Oran
? ? YX8
+ - + - ?
16:1m16:0| 16:0nl16:1 ] 18:1 1 16:1 18:1 18:1
0—21 30—62 15—35

MeHaxMHOH cootBeTcTBeHHO; LITK — uukn Tpukapbonosbix kucnor; 2-OrAI —

Dphillus methylotrophus. BpeMsi reHepaLyy 3Toro MUKpoopraHmama — 1,5y,
a KOHBepcHs yriepona MetaHona coctasisieT 70 %. Kommnanus Shell
(Benukobpurtanusi/ Hunepnanabl) neitanach OpraHM3oBaTh MOJyYeHHUE
nuuieBoro Oejika Ha CMECH MeTaHa M Bo3dyXa NMpU AaBjieHUH 7 aTMm.
OnHako paboThl 6bUIM CBEPHYTHI C HAYaJOM «3€JIEHOM PEBOJIIOLIMHU»,
TaK Kak COeBblil 6eJIOK OKa3ajcsi NellieBlie.
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MeTtaHoTpohbl OKHCISAIOT, KaK MPaBUJIO, TOJBKO METAH (peXe M
Xyxe — metaHo). K o6uium cBoiictBaM MeTaHOTPOGOB MOXHO OTHE-
CTH BBICOKOE CpPOACTBO K MeTaHy (Kcy,= 0,1 —30,0 MKM w151 YnCTBIX
KyabTyp U Kcy, = 0,1—2,2 MKM 1151 CMEILAHHBIX KYJIBTYP), HEBBICO-
Ky10 ckopocTb pocTa (u = 0,02—0,07 4!), BbICOKYIO CKOPOCTb OKHCJIE-
Hust MeTaHa (V= 10—31 MM CH, r'-4') u BbiCOKOE CPOACTBO K
kucnopony (Ko,= 0,14—0,18 MkM). Xopollo pacTyT Ha cpeaax ¢ no-
HUXEHHBbIM coaepxaHueM O, (0,45—20 %). INpencraBuTenu yeTbipex
pOIOB crocobHbI K a3oTdukcauru. Hekotopbie BUabl pacTyT NMpHU TEM-
nepatype 62 °C. O6b14HO HEUTPODHIIBbHEI, HO ecTb auuao-(1o pH 5) u
ankanuduibHble (10 pH 10) npeacrasurenu.

MertaHoTpodbl 00/1a1a10T XOPOLIO Pa3BUTON CUCTEMOM BHYTPHULM-
TOIIa3MaTU4YECKMX MeMOpaH, Ha THIEe KOTOPOi U CTPOMTCS MX mep-
BUYHas kiaccudukauus (tabn. 20). Bce MeTaHOTPOGhBI BXOAAT B KJAcCChl
Alphaproteobacteria 1 Gammaproteobacteria dpunyma B12 Proteobac-
teria. BHyTpuuMTOIIa3MaTHueckasi MeMOpaHHas cucteMa | Tuna npen-
cTapisieT coboi ctonku «rapejouyek», Il TMN 3TOM cucTeMBl MMeeT
MeMOpaHbi, napauienbHbie LIITM 1 He nepecekarolime LEHTP KJIETKH.
Tonbko y oIHOro HelaBHO BblIEIEHHOTO pona Methylocella o6HapyxeHo
YHUKQIbHOE CTPOEHHME 3TOM CUCTEMbI B BUIIE MEMOPAHHbBIX BE3UKYI.

Ins MmeTaHOTpO(OB XapakTepHO HaJIUYHUE CIOXHBIX U pa3HOOOpa3-
HbIX MOBEPXHOCTHBIX CTPYKTYP: KarncyJi, TpyouaTbiX U 60KaJOBUIHBIX
BbIPOCTOB, MUKPOGMUOPUILT U PETYJSAPHBIX CJIOEB.

PaHee npeanonaranu, 4yto MetaH cHayana okucisietcs no CO,, a
3aTteM yriekuciorta ¢pukcupyercs B umkie Kaibsuna. Ha Methylosinus
trichosporium ©bL1O TMOKa3aHO, YTO Ha CaMOM jejie B OOJbLIMHCTBE
ciaydaeB yriiepoa (puKcupyeTcsi Ha ypoBHe dopmanbaeruaa (puc. 113).
YacTtb MeTaHa neicTButesbHO okucasercs no CO, ¢ 3anacaHueM 3Hep-
ruu. [yt dukcaunmn dopmanbaernaa npubeaeHbl Ha puc. 114—116.
PM®-umKi1 KOHKPETHOTO MUKPOOPraHM3Ma — 3TO COYETaHWE OMHO-
ro U3 BapMaHTOB MPaBOi YacCTU U OJHOTO W3 BApUAHTOB JIEBOM YacCTH,
T.€. BCero n3BectHo 4 Tuna PM®-uukia. B cepyHOBOM nyTH Hapsay ¢
dopmanbaernaoM pukcUpyeTcs M yriaeKucaoTa.

INepBasi peakuusi OKMCIEHUS1 METaHA 10 METAHOJA MAET MpPH yyac-
MK epMeHTa MeTaHMOHOOKcureHassl (MMO). O6blyHO 3TOT (Pep-
MEHT MeMOpaHCBsi3aHHbI, pacTBopumas MMO y metaHoTpodoB
BCcTpeuaeTcst pexe. ¥ Methylocella, Ha060pOT, NMPUCYTCTBYET TOJILKO
pactBopumass MMO u noka He oOHapyXeHa MeMOpaHCBsI3aHHas.

Htak, MOHOOKCHreHa3bl BCTPaUBalOT OJMH aTOM KMCJIOpPOAa B MO-
JIEKyJly M€TaHa, a BTOpPOM C 3aTpaToil ABYX 3JIEKTPOHOB M ABYX MPOTO-
HOB OT JOHOPA-BOCCTAHOBUTENS MAET HAa (POPMHUPOBAHUE MOJIEKYJIbI
H,0. Pabota (pepmeHTa TpebyeT 3aTpaThl 3HEPrUM, KOTOpas 3arnacaeT-
Csl KJIETKOM B JaJIbHEMILIMX peaKLMsAX OKUCJIEHHUs1 C MTOMOLLBIO JAeTHI-
poreHa3 MetaHoJa, ¢dopManbaeryaa M ¢opmuara.

MeTtaHon obpa3yercsi U OKUCISIETCS B MEPUILIa3MaTHYECKOM TPO-
ctpaHcTBe 10 popmansaeruaa. [lepas nernaporeHasa MetaHosa (Kjac-
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(CH;3)3N ‘TCHz)ery;’CHJNHz

CH4y —— CH30H — |HCOH|—— HCOOH—— CO,

PuGyno3zomonodoc-
daThbiil UKKA
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nyTb

JIMOKCHALIE TOHOBbI#
LHK

Puoynozooucdocharnbiii
wnka (uuka Kanbsuna)

\ C3 po—— /

S

buomacca

Puc. 113. Accumunsiuus C,-coenMHeHHil y MeTUI0TpodoB

3 «<HCOH»
———_ 3 Pubyno3o-5-¢ 3 I'ekcyno3so-6-¢d

Pu6030-5-¢
®drA Ppykroszo-6-¢p  DPpykro30-6-d

-~ MpyKT030-6-
ATO

®pykT030-1,6-011D

Cenorentyno3o-7-¢~ Sputpo3o-4-¢

1
I
|

Kcunoso-5-¢ |
|
|
I

Kcunoso-5-¢

[Tpancumonasnuﬁ BapUaHT I |

—
|
|

DpyxT030-
oucdochaTHbii
BapHaHT

~ PpyKT030-6-O
I'nioko30-6-¢

HAIH

6-DocdornokoHat

Kcunoszo-5-¢

| —_——g T T T — —_————— - 'I
I /_ / ¢pYKT({O-;¢l ¢pyxrté—_6-(b |
: Kcunnoso-5-¢ ATO |

|
| Pu6030-5-¢ ®pykTo30-1,6-a1d |
I o~ I
| OrA _JOAD |
l Cenorentynoso-1,7-nud =— dputpo3o-4-¢ }
| |
I |
|

| Cenorentyn0306ucochaTHuiil BAPHAHT |

L ®dra

A®r

KA®TI'-Bapuant

Puc. 114. PubynozoMoHodochatHbiit unkn (PMP-uukn) (dp — docdar)

6 Hetpycos
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2 ©EN |
2 I'nunepar C—O0-~®
COOH— CH— CH; [ —
(I)H (I)H / \ H_$ q’u’ CO,
2 ATO® H
HAHH\ COOH—CH,— C—COOH
HAL -] Oxcanoauerar |
COOH— C —CH,—OH |~ Hann
2 Oxkcunupysat
(0} N HAL'
COOH—CH;— CH— COOH
COOH— CH—CH,—OH Mamar |
2 Cepun
NH, INH, KoA /ATQ)
2 «<HCOH» [— \
COOH—CH, KoA~CO—CH; — CH— COOH
2 I'nuumn | Mannun~KoA OH
NH; COOH—C—H
Mzountpar I'nnokcnnar 0
COOH  COOH—C —H
| 'nxokcmnar OH
CH— OH |
I t COOH— CH,—C — CH, —COOH
o0 [T LWTPaT  60H COOH— CH,—C—COOH
COOH Okcasoauerar
Cyxussar
COOH—CH,;—CH;—COOH HAL'
]Il ) HATH
PITH, Dymapat Manar
COOH— CH=CH—COOH COOH—CHZ—C'H—COOH
OH

Puc. 115. CepunoBblit nyth dpukcauuu dopmanbaernaa (ULJ1 — usouutpar-

nuva3a)

cuyeckasi, puc. 117, A), conepxaiuasi B BUie MpOCTETUYECKOM IPYTIbl
NUppoao-XUHHOAUH-XUHOH (I1XX), uuTOXpOM c-3aBHCHMAas, MO3TO-
My B pe3yJibTaTe TaKOro0 OKUCJIEHUsI TEHEPUPYETCS MAKCMMYM OfiHA
monekysna AT®. Bropas metaHonneruaporeHasa (puc. 117, b) Boc-
cranasauBaet HAJ1® v npu takoM npouecce ob6pa3syercs 10 3 ATD.
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|3 «HCOH»I 3 nokcuaueton 3 AT®

3 Kewnynoso-5-¢p —4——- CH— C—CH, 3 JOAD
/// OH O OH /‘Dn
3PrA
Kcunoso-5-¢ ,—
®ra 2 OrA 2 loA® N HAIH
D,
®pykT030-6-) — N ®pyk1030-1,6-1Md 1.3-m®TK
Sputpo3o-4-d AT®
D,
drK
®pykT030-6-
OrA CenorenTyno3o-7-¢
Kcuno3zo-5-¢ Pu6030-5-¢b
Pubynoso-5-¢

Puc. 116. InokcuaueToHoBbIH LMK (UKcauuu opMaibaermia

I MeranoaaernaporeHasa |
\

e— Uur. ¢;, cy—Uur. a—0,

A

| Meranoanernaporenasa ]
=
HAQH+H*— ®1— YX— Uur. b, c—MUur. a, a3—0;
b

Puc. 117. [1Ba Tvna (A, b) meranonaernaporeHas (HAJAH — nupuaunn-
Hykineotun; ®I1 — ¢nasonporenn; YX — yOMXMHOH)

HAL"-3aBucuMBblii bepMEHT HalinieH y npeacTaBuTeneii poaa Bacillus,
pacTylMx Ha MeTaHoJie U obanaroLmMx HeOObIYHbIM T 6aLWLT POCTO-
BbIM MOBEAEHUEM: MPHU NJOCTUXEHUHU KYJbTYpOil CTaLlMOHAPHO¥ ¢(ha3bl
crnopbl GOPMUPYIOTCS TOJLKO MPU HAJIMYUU CMECH aMUHOKMCIIOT B
cpene, B MPOTHBHOM CJlyyae BCe KJIETKM MTHOBEHHO JIM3UPYIOTCS.
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«HCOH»
Pubynoso-5-¢

lekcynos3o-6-¢

HAL(®P)H l

HAL(®)*

6-docdornokoHat

®pykT030-6-
H,0

I'moko30-6-¢

HAL(®)H HAL(®)

Puc. 118. INCCUMMUNALIMOHHBIN LIMKI OKUCTIeHUst hopManbaernia

dopmanbaerun noctynaet B PM®- uan cepuHOBBII LIMKIIbI S
OMOCHHTE3a WM OKHUCJSIETCS VISl MojiyuyeHUsi 3Heprun. OKHUcCeHue
¢opmasibaernia MoXeT MPOUCXOAUTb B JTUCCUMMJISLIMOHHOM LIMKIIE
(puc. 118), a Takxe No NyTH, B KOTOPOM MPUHUMAIOT YYacTHE NMepeHoC-
yuku tetparuapodonatr (TIrdP) unu TeTparmapoMeTaHONTEPUH
(H4-MIT) u meranodpypan (M®P), cBOHCTBEHHble MeTaHOreHaM

(puc. 119).

OKHCIeHHE METHUIAaMMHOB MIET C yyacTHeM psina HepMEHTOB [0
dopmanbaernaa u NH; (puc. 120). ®Popmuar o06uiuHO okucasercss HAIL -
3aBUCUMBIMHM JETUIPOr€Ha3aMH.

Metunen-Tro

HAIH )

Metenun-Trd

p

H,0

Dopmun-TrP

T
o

Metunen-Hy;-M

HAO(®)H )

MeTeHun-Hy-MI1

) Hy-MIT

®opmun-Hy-MI

H,0

MO
Dopmun-MoP

™~ 2H*

Puc. 119. Iytu okucnenus hpopMaibaeruaa ¢ yyacTueM pasiMyHbIX MepeHoC-
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H0 H* 0,, HAIH H,0, HAQ'

(CH3),NH
IMA

(CH;);NO
N-okcun TMA

2H"

N-Metwirnyramar
Y-DIyTaMWi1-MeTHIaMHH

Puc. 120. ITytu okucnenuss MetunamuHoB (TMA — tpumetunamuu; JIMA —
IUMETWIAMHUH, MA — MeTHIaMHMH):

1 — TMA-peruaporeHasa; 2 — TMA-MoHOoOKcHreHa3a; 3 — nemerunasa N-okcuaa

TMA; 4 — IMA-MoHoOKcHreHasa; 5§ — MA-neruaporeHasa; 6 — MA-okcunasa; 7 —

N-MeTunrayraMatcuHTasa; & — y-rnyramun-MA-cuHTasza; 9 — N-metunrnyramarae-
ruaporenasa umt. ¢ win HAl"-3aBucumas

MeTtunorpodHbie IPOXKHU ObLIH OTKPbITHI ATOHCKMMM UCCJIEN0Ba-
TeasaMu B 1969 r. B npupone oHu 0OMTAlOT B CalOBbIX MTOYBaX U Cylle-
CTBYIOT 3a CYEeT MeTaHOJa, 00pa3yloLerocsi NpyU ruaposu3e neKTUHa.
U3 npencraButeneit 39 npoBepeHHbIX POLOB JPOXXKEH TOJMBKO 5 cO-
nepXalu BUAbI, COCOOHBIE K MeTWIoTpoduu. D10 18 BUIOB poaa
Candida (Hanbonee u3ydyeHHblit — C. methylica), 9 BunoB pona Hansenula
(H. polymorpha, H. capsulata, H. minuta v np.), 6 Bunos pona Pichia
(P. pinus, P. pastoris v ap.), a Takxe Saccharomyces sp. u Rhodotorula sp.
Sporobolomyces roseus v S. gracilis MOTYT pacTH Ha cpenax ¢ MeTHJI-
aMMHaMH, UCMOJIb3ysl UX TOJIbKO KaK MCTOY-

HUK a3ora. U3 MULIEMaNbHBIX TPUGOB METH- TlepoKcHCoMbI
norpodamu siasitorest Gliocladium deliquescens,

Paecilomyces varioti, Trichoderma lignorum, I e

Penicillium sp., criocobHbIe K POCTY Ha cpeaax Y Ay

C METaHOJIOM. { NN T
Mpu pocTe Ha cpene C METAHOJIOM y IPOX- “ye 7 ,on

Xeil BCe MPOCTPAaHCTBO KIEeTKM 3anonHeno ‘@ - AL

Puc. 121. IpoxxeBasi KJieTKa C NepOKCHCOMaMH fapo
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IMepokcucoma

Inyratuon-SH HAIH
4 ) paze
0 S-okcumeTni- S-dopmui-
CH;0H \ HCOH ™ rayratmon FYyTaTHOH
H,0
22 ~ Kcuynoso-5-¢ H,0
Kar w
HCOOH
anowuo,s 0, ®rA JOA_} . HAIl>
HAIH
CO,
BuocuuTes

Puc. 122. Ucnonb3oBaHue MeTaHO/1a METUIOTPO(HBIMHU IPOXXKaMH

MEPOKCUCOMAMHM, a BCE OpPraHesUibl CABUHYTHI K OHOMY U3 MOJIIOCOB
(puc. 121). INepokcHCOMBI NPH PAaCCMOTPEHUM B 3JIEKTPOHHOM MUKPO-
CKOIle UMEIOT Ha MOBEPXHOCTH MCYEPUEHHOCTb B BUAE CETOYKHU M CO-
IepXaT B 3aKpUCTA/ULIM30BAaHHOM COCTOSIHUM NiBa (hpepMeHTa — ajiKo-
rojib(MeTaHOJ)OKCHAa3dy M Katanady. Ankorojbokcunasa (AO) nepe-
HOCHUT 3JIEKTPOHBI Cpa3y Ha KHCIOpod C 0Opa3OBaHUEM I[EPEKUCH,
KoTopasi paciueruisietcs Katanasoit (Kar), puc. 122. Ha nepBom 3Tane
IPOXKH HE MOJIyyaloT 3HEPrUM, TaK KaK OKCHOa3bl He BOCCTaHaBJIU-
BalOT NEPEHOCYMKHU 3JIEKTPOHOB. [103TOMY APOX KM MPOMUIPLIBAIOT B
3¢heKTUBHOCTH pocTa METUIOTPODHBIM BAKTEPHUSIM.

dopmanbaerua akTUBHO NMEPEHOCUTCS M3 MEPOKCUCOMBI B LIMTO-
30J1b, Ilie CBSI3bIBAETCS C BOCCTAHOBJIEHHBIM MJIyTAaTUOHOM. CyMTaeT-
Csl, YTO TpexcyioiiHasi MeMOpaHa NepoKCHMCOMBI 3alUMIUAET KJIETKY OT
NMOBpeXIawllero AeicTBusi nepekucu. B mepokcucome Takxke Mpo-
MCXOOMT U MepBasi peakLusi aCCUMUIALIMM PopMalibIeruia ¢ KCUy-
J1030-5-¢pocdarom.

IMpu pabote ¢ BblIEJIEHHON U3 KJIETOK NPOXXKei KaTaia3oi Obuio
3aMeYeHO, YTO OHAa UMEET NMepoKCHIa3Hylo (PyHKLIUIO, OKUCISIS MeTa-
HOJI 32 CYET NMEPEeKUCH BOAOpOIA:

AO + karanasa AO + «nepokcuaasa»
2CH;0H + 20, » 2HCOH + 2H,0, CH;0H + O, - HCOH + H,0,
2H,0, - 2H,0 + O, CH;0H + H,0, -» HCOH + 2H,0

2CH,O0H + 0, - 2HCOH + 2H,0  2CH;OH+0,—2HCOH+2H,0

Takum 06pa30M, npeanoJjaraj, 4To OJ1Ha MOJIEKYJla METaHOJ1a
MOXET OKUCNIATbCA KaTaja3oif. OnHako BNocaeacTBUM ObLIO MOKa3a-
HO, YTO B KJIETKE 3TOIro HE MPOUCXOOHUT.
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C—o j CH,OH GHO
‘____I________'
c=o0 HOCH
"O(f” +HCOH ———— | + |
HOCH CH,OH CH,0—P
|
CH,0—P JI0A ®rA

Puc. 123. IepBas peakumsi B JOA-uukne (JOA — IMOKCHALETOH)

AO uMeeT LIMPOKYIO CYyOCTPaTHYIO CrIeLIMPUYHOCTD K CITUPTaM, YTO
JlaeT BO3MOXHOCTb MCIOJIb30BaTh €€ MpPH OMpeAeSIEeHUU alKorosisi B
kpoBu. AO MoXeT cocTabiaTh B KieTke 00 20 % Bcex 6enkoB, 4TO
yKa3blBa€T Ha MOLLHOCTb €€ MPOMOTOpa. YUMuTbiBasi, YTo P. pinus npu
BbipalllUBaHUM B MPOTOYHOM (pepMEHTepe Ha MeTaHOJIe CNIOCOOHa Aa-
BaThb [JIOTHOCTH IO 125 r/n, KIOHUPOBaHHUE MO NPOMOTOP 3TOro ¢ep-
MEHTa reHa MHCYJIMHA WX HHTepdhepoHa yenoBeKa NPUBOAMT K CBEPX-
CHHTE3y HYXHOTO NMpPOAYKTa.

Accumunsiums dopmanbaeruaa y apoxxkei npoucxoout B JOA-
uukie. PaHee cuuTanu, 4to y HUX pabotaet MmoaubuuMpoBaHHblii PM®-
uMk ¢ 3atpatoii AT®P. OaHako He ObLUT 0OHapyXeH KitouyeBoit ¢ep-
MEHT 3TOro LMKJIa — rekcyJjiosomoHodocdaraernaporeHaza. Okasbi-
BaeTCsl, Y APOXOKEH He MPOUCXOAUT NepeHoca oaHoyrieponHoro dpar-
meHTa Ha Cs-coennHeHue. C UCroib30BaHMEM MeYeHbIX BELLECTB Obuia
foJlyyeHa cxema peakLiMH, NpuBeAeHHas Ha puc. 123 (noaopobHas cxe-
Ma 1IOA-uuMKia npeacrasieHa Ha puc. 116).

MetunorpocgHbie OPOXXKH MOTYyT ObITb UCTOUHMKOM KOPMOBOTO
0eJiKa, OHAKO, MOCKOJIbKY JPOXXKEeBasi KJIETOYHasi CTEHKAa He y BCcex
XMBOTHBIX B MUILEBAPUTEJILHOM TPAKTE pacLUEIUIsieTcsi (HanpuMep, y
CBMHEI), APOXKHU MPUXOAUTCS aBTOJIM3UPOBATh Mepea CyLIKOiA.

Ecnu xe roBoputb 060 Bcex MeTI0Tpodax (1 3y-, U NpOKapHOTH-
4YeCKMX), TO NOHATHA UX BaXHasi poJib B IJ100a71bHOM LIMKJIE yrjepona.
MeTunotpodsl B X0351HCTBEHHOI NEATENILHOCTHU YEJIOBEKA MOTYT ObITh
MCTOYHUKOM HE TOJIbKO MHIIEBOro (KOpMOBOro) 6ejika, HO U GHO-
THHa, B,;, aMMHOKMCJIOT TMPO3KMHA U rayTamaTa, NMPpUPOAHOro IJia-
CTUKa — MOJIM-PB-TrUAPOKCUMAC/ISIHOM KUCOThI, MOJMCAaXapuaoOB, KO-
tdepmenTa Qo ¥ T.4. Henb3si 3a6biBaTh O NEPCNEKTUBHOCTH METWIIO-
TpodPOB KaK 00 BEKTOB OMOMHXXEHEPHH.

Hcno/m30BaHHe HEOPraHHYECKHX COeAHHEHMI (XeMoIuToasToTpodus).
[Mpouecc xemonuroaBroTpodru oTKpuIT B 1887 r. C. H. BuHOrpaackum,
pabotaBliMM B Ty nopy B Ctpacbypre B 1abopatopuu A.ne bapu. Ta-
Koit 06pa3 XXM3HHU MPUCYIL TOJILKO NMPOKAPUOTAM: [U1sl MOJYYEHHUs1 IHEP-
MM MCIOJIb3YETCs BOCCTAHOBJIEHHOE HEOPraHMYECKOe BELLIECTBO, a IS
nocTpoeHus KietoyHoro Marepuaina — CO,. C. H. BuHorpaackuit ot-
KpbU1 3TOT HOBbIK «modus vivendi», paboTtasi ¢ MUKpOOpraHu3mamu,
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OKUCJISIIOLIMMH BOCCTAHOBJIEHHbIE COEIMHEHUSI cepbl. Takoi MMKpOO,
Kak Beggiatoa — cepHasi 6akTepusi U3 BOOHBIX MECTOOOMTAHUIA, OKUC-
nsas H,S, oTknaabiBaeT 3/eMeHTapHyl0 cepy BHYTpU KieTku. Korma
CEpOBOAOPOI KOHYAETCSI, MUKPOOPIraHU3M MOXET OKUCJISITh OTJIIOXEH-
Hy10 cepy 10 cynbdara. OkuclieHUe BOCCTAHOBJIEHHbIX COEAUHEHMIA Cepbl
CBSI3aHO C MOJIyYEHHUEM IHEPTUH, MUKPOOPraHU3Mbl TPeOYIOT HeGOb-
LWUKUX KOJIMYECTB OPraHMYECKUX COEOMHEHMII U CNOCOOHBI (PUKCHUPO-
Batb CO,, T.e. aBs0TCS (haKyNbTaTUBHBIMU aBTOTpOGaMH. Bblsin Bbi-
IeNieHbl Takxe obnuratHo aBToTpodHble BUObI Beggiatoa 3 MOpCKUX
MECTOOOUTAHMH.

buonoruuyeckasi npypona npotecca npespallieHusi aMMMaka B HUT-
paT Obljia U3BECTHA IaBHO M McMosib3oBalach B EBporne misi nonyue-
HMS CEJIUTPHI MPH M3rOTOBJIEHUM MOPOXA: 3eMJISIHbIE BaJibl MOJAWBAIH
KPOBbIO XHBOTHbIX CO CKOTODOEH, a3pupOBaiv, HEMTPAIIM3OBAIU 30-
JIO (MCTOYHHUK Kajlusi) U 0Opa3oBaBLLUMIACS BbILIBET HUTPATOB pacTBO-
psinu v BbinapuBaiu. C. H. BUHOrpaackuii Xxe BblIEIWU YUCTHIE KYJlb-
TYpbl HUITPM(UKATOPOB METOIOM «OTPULIATENbHBIX MIACTUHOK»: CUJIBHO
pa3BeiecHHbIE CYCMEH3UH BBICEBAIMCH Ha arap WU CUJIMKaresib, U Te
KYCOYKHM arapa, rae He Obuio pocta reteporpodoB, NepeHOCHIUCH Ha
cpeay ¢ NH;. OnHako cHayana C. H. BuHorpaackuii cuntan, 4to npo-
uecc uaet B onHy craauio (NH; —» NO;j). Ero cratha 06 3TOM nosiBu-
nack B 1890 r. B Tom xe roay Ix. u I'. @paHkiaHabl ony6ankoBaiu
CTaTbhlO O BbIACJIEHUM MUKPOOPraHU3Ma, KOTOPbIii OCYLUECTBJISIET pe-
akunio NH; —» NO;. SlcHo, yto BHayane C.H.BuHorpanckuii umen
CMELLAHHYIO KYJbTYpY HUTpH(HUKATOpOB ABYX a3, a cynpyru PpaHk-
JIaH[ BbLIEIMIW HUTpUdUKATOp nepBoii ¢asbl. B 1949 r. BuHorpaackuii
UCMPaBU/ MPEXHIO CTaThbio, NMPU3HAaB, YTO HUTPUPHKALMUS UOET B
IIBE CTaluH.

3acnyroit C.H. BuHorpaackoro takxe siBjisieTCsi OTKPbITHE XeJie-
300KHUCISIIOLLIUX MUKPOOPraHU3MOB.

Mpouecc Humpugukayuu npoucxonut B ase craauu: NH; - NO; —
— NOj, npuuyeM B NpUpOIE HUTPUT HE HAKaIJIMBaeTCsl OOJbLLE YEM B
10-* M, Ttak kak ckopocTts Il ¢a3bl 3HauMTENbHO Bhille. PaHbliie CYu-
Taju, YTO HUTpUPHKaALUHUSI — Cyry6o a3po6HbIii npouecc. Oka3anoch,
YTO 3TOT NMPOLECC MOXET MPOUCXOAUTb U B aHA3POOHbBIX YCIOBMSIX.
bbiio 3aMeyeHO, YTO B aHA3POOHBIX PEaKTOpax, OCYLUECTBISIIOLIMX
OYHUCTKY CTOKOB OT COEIMHEHMI4 a30Ta, aMMOHHMI OKUCJISIETCS, HO JIULLb
B nmpvcyTcTBUM HutpuTa: SNH; +“¥NO; — " BN,T + H,0. Hannuue
TaKOM peakLM1H J10Ka3aHO C MOMOLLbIO MEYEHBIX COEANHEHHI U CBAA3a-
HO ¢ paboToi crieLralbHOM rpyTIbl aBTOTpodHbIX 6akTepuit, duno-
reHeTHYECKHU OJIM3KUX K TUIaHKTOMHULETAM, MPOBOAsILIEHA MpoLecc
AHAMMOKC (anammox — anaerobic ammonia oxidation).

Onsa ¢ukcauuu CO, HUTPUDUKATOPLI UCTIONBL3YIOT LUK KaibBu-
Ha, B KOTOPOM 3aTpaynBaetcs 6onblioe KonnyectBo ATD u BoccTaHO-
BHUTEJIbHBIX 3KBUBAIEHTOB. KjleTKH HMEIOT KapOOKCHUCOMBI ¢ hepMeEHTa-
mu 3toro uukiaa (PybucKO). OnHako okMcieHHe aMMUaKa NMpUBOAUT
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Puc. 124. Cxema OTL (c o6paTHBIM NepeHO- HAIH
COM 3JIeKTpOHOB) Y HUTpUdHKaTopoB | ¢a3bi

K TOMY, YTO 3/IeKTPOHBI noctymnaior B 9TL ®I1 H,

Ha 6oJiee HU3KOM YPOBHE, YEM TOT, KOTOpbIi Al®
Tpebyercs ans obpasoBanus HADH. Tloato-
My Y HUTpU(PUKATOPOB OOHApPYXEH Mexa- VX AT®

HU3M OOpaTHOro MepeHoca 3JIEKTPOHOB C
3aTpaTtoii 3Hepruu B Buae AT® mis cuHTE3a
BOCCTAHOBHMTE/IbHBIX KBUBATEHTOB (pHC. 124). L. 6, ¢

Mukpooprauuamsel | 1 Il craguit HUT-
pudMKaUUH — 3TO IpaMOTpHULIATESIbHbIE
OpraHu3Mbl, 0ObEAMHEHHBIE 110 CMIOCOOHO-  11yr. g, g,

|

]
o)

CTH K HUTpU(dHUKALHUHK, a He PUIOTEHETHU- /-Aﬂ“’
yecku. OHM BCTpeyaloTcsi B kiaccax Beta-, e N
Gamma- u Epsilonproteobacteria ¢unyma 0, ATO

B12 Proteobacteria, a Takxe B Kjacce
Nitrospira ¢puiyma B8 Nitrospirae. Hekoto-
pble MOTYT TaKX€ MCMOJIb30BaTb B HEOONb-
LIMX KOJWYEeCTBax MUpPYBaT M aueTar.

B 1abn. 21 npencrapjieHa KpaTkasi XapaKTepUCTUKA pOIOB HUTPH-
¢duxatopos | cranuu (NH; - NO;). KieTku UMEIOT CETb Pa3BUTHIX
BMSIYMBAHUI LIMTOMJIa3MaTUUYECKON MeMOpaHbl (y Nitrosomonas oHu
napajuiebHbl MeMOpaHe KJEeTKH, y Nitrosococcus — B BUJE CTOMOK
namemn, y Nitrosolobus — B BUae MHBarmHauUMit).

HUcTuHHBIM cybcTpatoM HUTpUdHKaTopoB | ¢a3bl sIBASIETCS UMEH-
HO aMMHaK, a He MIOH aMMOHMSI. AMMMaK XOpOLLIO MPOHUKAET B KJIET-
KM ¥ OKMCJISIETCS MO MOHOOKCUT€Ha3HOMY MEXaHU3MY:

1) NH; + 4,0, - NH,OH — npoMexyTouyHOe COEIMHEHHE, T/~
POKCWJIaMUH. JTa peakuusl UIeT C 3aTpaToil IHepruM B BUe BOCCTa-
HOBMTEJISL;

2) NH,O0H + H,0 - HNO, + 4H" + 4é — 370 3HepronamoLmii
MpoLECcC, 3JIEKTPOHBI MEPEHOCATCS HAa YpOBEHb LIMTOXPOMOB b M c.

Ta6bauuna 21
HexoTopsie cBoiicTBa Ki1eToK HUTPHpHKaTOopoB I da3m

Pon ®opMa K1eToK IMonBuxHOCTL

Nitrosomonas | Ianoyku B akTHBHOI1 ¢hase pocta umeroT
MONSIPHBIE XIYTUKU, B MPHU-
KPEIUIEHHOM COCTOSIHUHU
Nitrosospira Cnupanu 00Opa3syoT 6HMonNeHK!

Nitrosolobus IneitomopdHbIe B cda3e pacceneHus umelor
MAJOYKU C JIONACTIMU | NEPUTPUXUAILHOE XIYTUKO-
BaHHWE, B CTallMOHapHOM ¢ase
00pa3yloT OMOTUIEHKU

Nitrasococcus | KOKKM WIH 3JUTHIICHI

Nitrasovibrio | BU6p1oHbI
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Puc. 125. TpoctpaHcTBeHHast cxema ITLL okucneHus cydbcrpatoB HUTpUDH-
katopaMu | a3l (MO — moHookcureHaza; TAOP — ruapokcujiaMMH-
OKCHAOpENyKTa3a)

Kierka TpaTuT 60J1bLLIOE KOJIMYECTBO CYOCTpaTa [Jisi 06paTHOro nepe-
Hoca 3JiIeKTpoHOB Y BbipaboTku HAIH, koTopblit UCnoib3yeTcs NMpu
tdukcauuu CO, (puc. 125). UMeHHO NO3TOMY HUTPUDHUKATOPLI Me-
JIEHHO pacTyT (g > 24 4) ¥ HakamiMBalT Maio 6uomacchl. M'Mapokcu-
JJAMMHOKCHAOpenyKTa3a — 3T0 (PEpMEHT C MOJIEKYJIAPHO Maccoi
okosio 200 x/la, UMelolMil CTPYKTYpPY 0333 U HaxodsiLLMIICS B nepU-
riazme. C NOMOLLBbIO MEYEHBIX COEAMHEHUI NMOKA3aHO, YTO OCYLLECTB-
JISIIOTCS CllenyIoLue peaKLMH:

NH,OH — (HNO) + 2H* + 2¢
(HNO) + H,0* — HNO% + 2H" + 2¢

C aKTMBHOCTbIO 3TOro (hepMEHTA CBA3aHbI TAKXE aKTUBHOCTH MO-
HOOKCHreHa3bl aMMHaKa W LUTOXPOMOKCHAa3bl. MHTEpECHO OTMETHUTS,
Y4YTO BbIPaCTUTb KJIETKHM Ha Cpeie C T’MIPOKCUJIaMUHOM He ynaetcsi (6e3
aMMMaKa rMIPOKCWIAMHUH LIEJILIMA KJIETKAaMH He OKHCJISIETCS ).

Mukpooprauuamsl 1l cragun (NO;, — NOj) 06bIYHO MOCENSAIOT-
cs pAgOM C MUKpoopraHu3Mamu | craguu. DTO rpaMoTpULIaTesb-
Hble, B OCHOBHOM HEIMOJBHXHbIE KJIETKH, 00pa3yioline OHOIIEHKH
(tabn. 22).

Y nepBbiX ABYX ponoB uMetoTcst padpactaHus LIIIM B Bune tunako-
nnoB. OpraHu3Mbl pacTyT B a3pOOHBIX (WIH MMKpOa3pOOHBIX) 30HaX,
siBAsilOTCS HelTpodwinamu (ontumym pH 7,5) u me3odpunamu ¢ ontu-
MyMoM TeMnepaTypbl pocta 28 — 30 °C. OHM YyBCTBUTE/IbHB K MOBbBI-
LLIEHHO#M KOHLIEHTpaLMKX HUTparta U kucaopoaa. [Tpu Huskom pH (< 5,0)
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HUTPUT OUCNPONOPLUUOHHUPYETCA Tabaunua 22

Ha HUTpaAT U OKCHUI a30Ta. Ecaun Hexmpue CBOMCTBA KJIETOK
pH > 7,0, To MUKpOOpraHu3Msl uuTpuduxaropos I1 pasm

NpoBOAAT peakUUH C Yy4acTUEM

depmeHTa HUMpumokcudopedykma- Pon ®opma KI1eToK

3bl, MEMOpaHCBs3aHHOIO O€sIKa, | Nitrobacter | ILneitomopdHble

colepxalllero MOH MoaubaeHa u NaJIOYKH

KeJ1e30CEPHbIH KJI1aCTeEp:
NO; + H,0 — NOj + 2H* + 26
2H" + 2e + I/202 - Hzo

[ToacuutaHo, YTO NMpHU OKMUCIE-

Huu 14,5 Monsa NO, B NO;j o6pa3syercs 4 - 107 knetok Nitrobacter, npu
3TOM Bpemsi reHepauuu coctapisieT 10— 100 y. Ha ¢pukcauuio 1 Mons
CO, tpebyercsa 85— 115 Moneit NO, (unu mns pukcauuu 1 r CO,
HYXHO OKHCIHUTb 35 r NO;). YcraHoBneHo, yto KieTKH Nitrobacter
Ucnonb3yioT ToNibko 2— 10 % 3Heprum, 3akitoyeHHoi B NO,. [po-
uecc odpa3oBaHusi KapbokcucoM st 6aktepwmii 11 da3bl 6onee penok,
MMeeTCcsl pa3BUTasi cucTeMa MeMOpaH. Penokc-noTeHuuan napbl HUT-
put/HuUTpaT paBeH +400 MB, U 3/1eKTPOHBI MEPEHOCATCS Ha YpOBEHb
LUMTOXPOMOKCHAA3bl, O3TOMY B pe3yJjibTaTe reHepupyetcs 1 MoJjeky-
Jna AT® (oaoHOo MecTo compsixeHus). ATD Takxe MOXeT 0Opa30Bbi-
BaThCs 3a CYET TpaHCMeMOpaHHOro rpaaueHTta npotoHoB. [ToacuuTa-
HO, uto 1ist nonydyeHus 1 Monss HAJIH HeoGxoaMMo OKHCITUTBL S5 Moneit
HUTPUTA C OOpaTHLIM MEPEHOCOM 3JIEKTPOHOB.

Bce Hutpudukaropsl 11 dasbl GUKCHPYIOT YyIIEKHUCIOTY B LIMKIE
KanbBHa, HO cnOCOOHBI U K MHUKCOTpPOHOMY pocTy. HekoTopbie
npeactasutenu Nitrobacter MOTyT pacTH retepoTpodHo.

Yactb HUTpU(DUKATOPOB CMOCOOHA MCMOJIb30BaThb OpPraHUYCCKHUC
BellecTBa (auerar, Ka3eMH, NUPYBaT U T.4.), HO NMPEUMYLLECTB B poO-
cTe MpU 3TOM He nosyyaet. [pouecc okucneHUs aMMHaka B aHa3po0-
HBIX YCIIOBMSIX BCETAa MIET aBTOTPOGHO.

HekoTopble retepoTpodHbie MOYBEHHbIE OaKTEPUH CIMTOCOOHDI K TaK
Ha3biBa€MOMY Tpolieccy rerepoTpo¢HOro OKHUCJIEHUs aMMHaKa (aM-
MoHwust). [Ipu TakoM npouecce HOHBl aMMOHMSI OKHUCJISIIOTCS 10 HUTpa-
Ta Yyepe3 rMAPOKCUJIAMUH B KayeCTBE MPOMEXYTOYHOIO COCAMHEHMS,
a OpraHU3Mbl He MOJy4aloT NMoJIe3HOI MeTaboIMYecKoit IHEPrUU. ITOT
NpoLIecC HAHOCUT BpEld CEJbCKOMY XO3SIiICTBY, MOCKOJIbKY MPUBOAUT
K BbIMbIBaHMIO CBSI3aHHbIX ()OpPM a30Ta U3 MOYBLI BCJIEACTBUE MEPEBO-
[la aMMOHMIHOrO a3oTa B 6oJsiee pacTBOpHMble (POpMbl HUTPATHOTO.

Bodopodubie baxkmepuu OKUCASIOT MOJIEKYSIPHBIH BOAOPOI U acCHU-
MuupyiotT CO,. Y a3pobHbIX GOpM KOHEUYHBIM aKLIENMTOPOM 3JIEKTPO-
HOB CIYXHT Kucinopoa. Pactyt aBrotpodHO Ha o4eHb MPOCTO cpele,
MO CYTH [eJ1a OCYLUECTBJIsISl peakLUIO «IPeEMYYEro rasan.

Booopon — oueHb 3HeproeMKHii cydocTpar, AaloLlUii 10 TpeX MoJic-
Kyn AT® npu npoxoxaeHuu anektpoHoB B DTLL (puc. 126). C atum
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HAIH on yX Lurt. 6, c, a 0,

Puc. 126. 9TL BonopoaHbix 6akTepuii npyu pocte B aBTOTPOGHBIX YCIOBUAX

cybctpaTtoM pabotaioT ¢pepMeHTbl TMAPOreHas3bl, KOTOpbie ObIBAIOT ABYX
TUMNOB: nomowaoLlas (y BOOOPOAOKHMCISIIOLLIMX MHUKpPOOPraHM3MOB)
Y Bblaeasiolnas (y MUKpOOpraHM3mMoB, 00pa3yiollux BOAOpOA B Mpo-
ecce 6poxeHuit, pororpodoB M T.1.).

O6bI4HO BOmOpOn B aTMocdepe He HaKaruiMBaeTcsl, TaK Kak Mpo-
MCXOOMT peaklMsi «rpeMydero rasa»: 2H, + O, - 2H,0. Mukpoopra-
HU3Mbl MPOBOAAT 3TY peakLMIO NMOCTENEHHO, B HECKOJILKO CTaHIiA.

Bonopoaucnosnb3yloumiMe MUKpOOpraHM3Mbl HaideHbl BO MHOFHX
cUcTeMaTHYecKuX rpynnax (tatna. 23).

Alcaligenes eutrophus obnanaet LUTOXpOMaMH a, b, ¢, IpUYeM BbICO-
KHe KOHLEHTPaLMH LIMT. ¢ OOHApY>XUBAIOTCS B NNEpUTLIa3Me. DTOT MHUK-
pPOOpraHMU3M MMEET ABE IIa3MUABl — OOJIBLIYIO U MaEHbKYIO. YCTa-

Tabaunua 23
HekoTopble npeaACTABHTE/IH BOAOPOAHCHOJIB3YIOLIHX MHKPOOPraHH3MOB
Muxpcl)—gg:a':{ammon MukpoopraHusm Myt dukcaunun CO,
ABrotpodb! U Alcaligenes eutrophus Liukn KanbBuHa
MUKCOTPOGEI A. hydrogenophilus Linkn KansBuHa
Agquaspirillum autotrophicum Linkn KanbBvHa
Arthrobacter sp. 11/x Lukn KanbBuHa
Bradyrhizobium japonicum Lnkn KanbBuHa
Hydrogenobacter thermophilus Llukn ApHoHa
Microcyclus ebruneus ?
Mycobacterium gordonae Lnkn KansBuHa
Paracoccus denitrificans Linkn KanbBuHa
AueToreHbl Acetobacterium wieringae Auetnn-KoA-nyTb
A. woodii Auetwi-KoA-nyTtb
Acetogenium kivui Auetnn-KoA-nytb
Clostridium aceticum Auetwi-KoA-nyTtb
MeTaHoreHbl Methanobrevibacter arbori philus Auetmn-KoA-nyTtb
Methanosarcina barkeri Auetni-KoA-mnyTb
Cynbounorenst | Desulfobacter hydrogenophilus Auetnn-KoA-nyrb
Desulfobacterium autotrophicum Auetmi-KoA-nyTtb
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HOBJIEHO, YTO HEKOTOpPbl€ KOMIOHEHTHI THaporeHa3d U (pepMEHTOB
uMkia KanbBuHa 3akoaMpoOBaHbl B Mja3Muaax. OpraHu3M MMeeT 1Ba
TUMA MOMOLIAIOIENA rMApOreHa3bl — pacTBOPUMMYI0O U MeMOpaHCBSi-
3aHHyI0, conepxatuue B cBoeM coctape Ni**. INepBasi noctarisieT Boc-
CTaHOBJIEHHblE MUPUIMHHYKJIEOTHAbI B UMK KanbBUHa, BTOpasi BOc-
cranaiuBaeT HAIl', okucnsiowmiics B OTLL. Perynsuusa 3tux dep-
MEHTOB OCYLLUECTBJISIETCS MO TUITy pernpeccuu-aepenpeccui. OpraHusm
siBsieTcst (aKyJbTaTUBHBIM aBTOTPOG)OM U MOXET a3pOoOHO pacTH Ha
cpedax C rjloKO30i.

Hydrogenobacter thermophilus — TUNUYHBIN rPAIMEHTHDBII OPraHU3M,
pacret npu Temneparype 70 °C Ha cpeae ¢ H,: CO,: 0,=75:10:15u
NMpH 3TOM MMeeT «aHadpoOHblit» UMK ¢ukcalun CO, (BOCCTaHOBH-
tenbHblit LITK, MonnduumnpoBaHHbIi yuka ApHora). Yrnekucnota puk-
CHUpYETCSl B CIEQYIOLMX peaKLUsX LMKIIA:

auetmn-KoA + CO, — nupysar;

nupysat + CO, — okcajnoaueTar;
cykunHui-KoA + CO, — okcornytapuin-KoA;
okcorayrapat + CO, — u3ouutpat

DTOT MUKPOOPraHHU3M SIBJISIETCS OOJIMraTHBIM aBTOTPO(OM, HE CO-
nepxawuMm deppenokcrHa B TLL, a ero nupyBaT- U 2-oKcorjyTrapar-
nerunporeHassl — He HA/l*-3aBHCHMBIE.

Bradyrhizobium japonicum vmeetr HuTporeHasy, Bbiaeasiiouwyio H,,
a Npy NOHMUXEHHOM COJEPXAHUM KMCJIOpoAa Hapsaay ¢ HUTPOreHa3om
3KCIpeccUpyeTcsl U rMaporeHasa, CB3aHHasi ¢ MeMOpaHaMM U coaep-
xauwas Ni%*. Te 1Ma30Tpodbl, KOTOpPbIE MOIYT UCMOAB30BaTh KaK [JO-
MOJTHUTEJIbHbIM MCTOYHUK 3HEPrMM MOJEKYASAPHBIA BOOOpO#, MOJy-
4aloT 3KOJIOrMYecKoe nperumyiuecTBo. PepMeHTbl TUTOTPOPHOro Me-
TabOIM3Ma JepenpecCUpyloTcsl HU3KUM coaepxaHueM (1 —2 %) kuc-
nopoaa. Koraa kineTku pacTyT B BUAe 6aKTepoMI0B B KJyOeHbKax, OHU
CHHTE3UPYIOT LMT. Py, LUT. ¢ ¥ P1aBONpOTEUH-LIMTOXPOMOKCHAA3Y,
a B YUCTOH KylbType — UMT. @, P ITOM KOHEeYHble 3BeHbst ITLL
pa3BETB/IEHBI.

INpuMeHeHHe BOOOPONHLIX OaKTEpHii CBSI3aHO C MOJy4YyeHUeM OeJi-
Ka B KauecTBe KOPMOBO# 100aBKH. MosieKyasipHblii BOOOpOA NMpU 3TOM
MOJIYYalT 3JIEKTPOJIM3OM BOABI, €CTECTBEHHO, 3aTpauMBasi 3HEPTHIO
TMIApO3JIEKTPOCTaHLIMi. BogopoaHbie 6GaKTEpUH MOTYT MCNOJb30BaTh-
Csl KaK MOIJIOTUTENM YIJIEKUCIOTH B 3aMKHYTBIX CHCTeMax (MoaBOMI-
HbI€ JIONKH, KOCMHYECKHE KOPabJiW U CTaHUMHK). DTH MUKPOOpPraHHU3-
Mbl MHTEPECHBI M KaK UCTOYHHUK MPUPOAHBbIX NOJMMepoB. Takue Bellie-
cTBa (CaMOe M3BECTHOE M pacnpoOCTpaHEHHOE — MOJU-B-OKCUMacs-
Hasi KUCJIOTa) CUHTE3UPYIOTCSl B Ka4eCTBE 3anacHoro npoaykra a0 90 %
Mo Macce Mpu pocTe BOOOPOAHbIX OakTepuit Ha ritoko3se. [lpupodrsie
mepmonaacmuku Ierko pa3pylialTcsi MUKPOOpPraHM3MaMH, MO3TOMY
OHM MEpPCNEeKTUBHLI 11 NMPUMEHEHUsI B KayecTBe J100aBOK K yrako-
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BOYHbBIM MatepuanaM. Eciu Takoe BeliecTBo 106aBUTh K MOJUI3THIEHY
WM MOJUMNPONUJIEHY, TO UX pa3/ioXEeHHE B MPUPOJE MOMAET 3HAUM-
TEJIbHO ObICTpee.

Ectb MHMKpOOpraHu3mbl, ClIOCOOHBIE HCMOJbL30BaTh B CBOEM METa-
GonusMe yrapHbiit ra3 (kapbokcudobakmepuu). CO nosiBasieTcsi, B OC-
HOBHOM, 3a CYET aHTPONOreHHOro BO3AEICTBUS, TOPEHUS JIECOB, U3-
BEpXEHHs1 BYJIKAHOB M B aTMocdepe noasepraetrcs (pOTOOKHCIECHHIO
pi (o] C02

Kapbokcuaobakrepuu NOXOXH Ha BOAOPOAHBIX, YaCTO 3TH aKTUB-
HOCTH NepecekaloTcsi. A3poOHble KapOOKCcHa00aKTeprUH 001a1al0T OK-
CUAa3HBIMM CUCTEMaMH, MaJOYYBCTBUTEJIbHBIMU K yrapHOMy rasy, a
y aHa3po0OB OKcuaa3bl OTCYTCTBYIOT. MHorue ototrpodsl MOIyT HUC-
nonbs3oBatb CO B cBOEM MeTabonu3me.

Ecau CO cnyXxut MUKpoOpraHM3MaM JOHOPOM 3JIEKTPOHOB, TO aK-
LentopoM Moxet 6biTh O,, S°, SO, NO;, Fe*, CO,.

Hekotopbie MHKpoopraHu3mbl, pactywiMe Ha CO, npuBedeHbl B
Tabn. 24.

IMpu 3TOoM Hekoropwie npenctaButend CO-okUCIUTENEH — YHU-
KaJibHbl. Tak, Bbloe/ieH aHa3pOOHbIi alleTOreH, CnocoOHblil pacTH Ha
100 %-Mm yrapHoOM rase.

Okucnenne CO KUCJIOpOAOM MPOUCXOIMUT B COOTBETCTBHUM CO CJie-
NYIOLIEH peakUUen:

CO + '/,0, - CO,; AGY= -67,3 KKaj1/MOJb.

Pa3Hble rpynnsl MUKPOOPraHW3MOB MCIOJIb3YIOT YrapHblii ra3 pas-
JIMYHBIMM TIYTAMU:

7CO + 2,50, + H,0 — (CHO) + 6CO, — kap6okcunotTpodhi;
CO + 2H,0 — CH,4 + CO, — MeTaHOreHHbI;

4CO + 2H,0 —» CH;COOH + 2CO; — roMoaleTOreHbi;

CO + H,0 - H, + CO; — ¢ororpohbl M aHa3pOOHbIE XeMOTPO(PbI;
4CO + H,S0O4 — 4CO, + H,S — cynabduooreHsi.

Y kap6okcunotpodoB obHapyxeH depmeHT CO-aernaporeHasa
(o6b1yHO HAJl*-3aBHcHMasi) MosekyasipHoi Maccoit 300 k[a, cocto-
silasi U3 Tpex cyobeaMHUL M comepxallast MonubaeH u FeS-knacrep.
HHoraa reHbl, koaupylowue 31oT pepMeHT, HaXoosATCs B TUIA3MUIAX.

Cnenylowas rpyrnrna xeMoJUTOaBTOTPOGOB — Memariokucasrouue
Mukpoopearusmbl. Hanbonee n3ydeHHbIMH NMpeACTABISIOTCS XEJE300KHUC-
JSOLLME OPraHu3MBl, Hcrnionbaylowme Fe?* u okucastiowue ero no Fe™.
Takne MUKpOOpraH1W3Mbl JIErKO OOHapyXXUBaIOTCS1 B MPUPOAHBIX BOAO-
eMax B BUIe obpacTaHMii HMXHEN YacTM BOAHbIX pacTteHuiti. Hanpu-
Mep, Galionella ferruginea — 310 6000BUAHBIE KJIETKH HAa HOXKE, CO-
CTOsiILE M3 CIM3M, MHKpycTHpoBaHHO# Fe(OH),;. Fe’* B a3pobHbix
ycnoBusx npu pH 7,0 HectabuneH, NO3TOMYy TakKMe€ MUKPOOPraHU3Mbl
OOBbIYHO PacTyT NMpPH HU3KOM CONEPXaHUM KUCIOpOa.
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Tab6auua

MuKkpoopranusmbl, HenoJib3ywoumue B metabonnsme CO

24

du3nonoruueckas rpyra

OpraHusm

TunuyHble

Kapbokcuaotpodbl

Acinetobacter sp.

Alcaligenes carboxydus

Arthrobacter sp.11/x

Bacillus sp. OMT2

B. schlegelii

Pseudomonas carboxydoflava

P. carboxydohydrogena

P. carboxydovorans

P. gazotropha

P. thermocarboxydovorans

A301¢MKcaTOpbl

Streptomyces thermoautotrophicus

Azovorans sp.

Azospirillum lipoferum

Azotobacter sp. Al

Bradyrhizobium japonicum

MeTtaHoTtpodnbl

Methylomonas methanica

Methylosinus trichosporium

Methylococcus capsulatus

AueToreHsl

Acetobacterium woodii

Clostridium formicoaceticum

C. pasteurianum

C. thermoaceticum

Natroniella sp. (100 % CO)

MeTaHoreHbl

Methanobacterium thermoautotrophicum

Methanosarcina barkeri

Methanobrevibacter arbori philus

Methanosaeta soehngenii

®oTtotpodnl

Rhodocyclus gelatinosa

Rhodospirillum rubrum

Spirulina platensis

Cynbdatpenykropbl

Desulfobacterium autotrophicum

Desulfotomaculum acetoxydans

Desulfovibrio desulfuricans subsp. cholinicus

D. orientis

D. vulgaris
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bonbluoii Bkiaa B U3yYyeHHE XKEJNE300KUCIIAIOLNX MUKPOOPFraHU3-
MoB BHecau C. H. BuHorpaackuit 1 M. beiiepunk. G. ferruginea Bnep-
Bbie BbifeseHa X. . DpeHbeprom B 1836 r. BONbLIMHCTBO XeE€300KHUC-
JISIOWKUX MUKPOOPraHU3MOB — Me30(huJibl, 3KCTPEMaIbHbIE TEPMO-
¢unbl BcTpeyaloTcs TONBKO cpeau apxeit. Bce oHM a3pobbl M auuao-
¢unbl, Tonbko G. ferruginea pacteT Npv HEUTpaibHOM 3HayeHuW pH.
3TO rpagueHTHbBIH MMKpPOOPraHWU3M, MHMKpOaspodui, pacTyluuii Ha
BbIXO/IE MOA3EMHbBIX KJIIOUEil. B OCTaJIbHBIX 3KOJOTHYECKUX HHULLIAX C
pH < 7,0 (kucnble waxTHble BOAbl) pa3BUBAIOTCA KHMCJIOTOYCTONYM-
Bbl€ XEJIE300KUCIUTENH. PaCTyume B YexXJIax MMKpPOOpraHM3Mbl poaa
Leptothrix, obpa3ys ciu3b U Fe¥, nocreneHHo BbIMON3AIOT U3 YexIa U
MHKPYCTUPYIOT €ro runpoxcunom xenesa (III). B Mecmoﬁmaumlx c
HU3KO# KucioTHOCTbIO cpenbl (pH < 5,0), roe Fe?* crabunen, pactyt
Acidithiobacillus thiooxidans v A. ferrooxidans. Pa3BuTHe Xe€1€300KHUC-
JISIIOLKMX MUKPOOPraHU3MOB B TpyOax MPUBOAMUT K UX 3a0MBAHHUIO CIIU-
3bi0 U Fe(OH);.

CrenyeT yuecTb, 4To npu okucnenun Fe?* go Fe' sneprum nony-
YaeTcsi Majlo, MO3TOMY CyOCTpaTa A0JXHO ObITh OKHCIIEHO QUEHb MHO-
ro. lns pukcauuu 1 M CO, tpeGyercsi okncautb 50 M Fe?* (unu ans
¢ukcauuu 48 r CO, HeOOXOOAUMO OKMCIUTBL 2,8 Kr Fe?* ). ®epmeHT
Fe?*-okxcudopedykmasa B KauecTBe KO(DAKTOpa, BEPOSITHO, CONEPXKMUT
pyCTHLIMAaHUH, Hebosbloi ronyooit Cu-6en0K M3 Kiacca Kynpeaok-
cuHoB ¢ Eh = +680 MB. OgHako Gonee BEPOSTHO, 4TO B MpUpoOIE MIET
Takoii npouecc: 4FeS, + 2H,0 + 150, — 4Fe* + 8SOZ + 4H". Tpu
pH 2,0 Ehgei/pe2e=+650 MB, T.€. anekTpoHbI OT Fe’*-okcunopeaykra-
3bl BOCCTAHABJIMBAIOT LIMTOXpOM aa;, DTLl nonyyaeTcsi KOpoTKOii ¢
OIIHUM MYHKTOM COTIPSIXKEHHUSI, U 3aracaeTcsi Majlo 3HEPIUH.

BobineneHbl MUKPOOPraHM3Mbl, COCOOHBIE OKUCIISITD U ApYrue Me-
Tanbl, HanpuMep, Mn?*, ycroitumBbiii npu wenouHsix pH, 10 Mn*
Tonbko nnsi Sulfolobus acidocaldarius noka3aHa uyeTtkasi aBTOTpO(US
NpyU OKHUCJAEHUU MapraHua, npu 3toM CO, dukcupyeTcsi B LMKIIE
Kaglbmmaf+ Okucnenne Mn”* B Mn* Gosnee BbironHo, uem okucieHue
Fe” B Fe

Mn? + /0, + H,0 = MnO, + 2H' AG®=-68 k/lx/monb (npu pH 7,0);
Fe?* + 140, + H* - Fe** + 1,H,0 AG®=-30 klx/monb (npu pH 1,5).

OkucneHue mMapraHua TepMOJMHAMHUYECKH BbITOJHO B UHTEpBaJie
pH ot 6 no 8, No3TOMy TakHe MMKpPOOPraHW3Mbl PacTyT B 3TOM AMa-
na3oHe KUCJAOTHOCTH cpedbl. OKHCIEHHE MapraHiia ¢ NOHUXEHUEM
pH cTaHOBUTCSI MEHee BBITONHbLIM, a JUIS OKMCJIEHUS XeJje3a 3aBUCH-
MOCTb ODpaTHasi.

Psin MUKpOOpraHuM3MoB TNMpHU OKHUCJIEHWH META/JIOB HE MOJy4aeT
3HEpPryH, a NMPOCTO OTKJIAAbIBAET UX OKCHOBI B CBOUX CJIM3UCTBIX YeX-
nax. Hanpumep, Ttak HakamiuBaeT okcua MapraHua Crenothrix
manganifera.
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OKHCJIEHbI MOTyT ObITb METa/Ulbl C MEPEMEHHOI BaJ€HTHOCTbIO
(Cu™, U*, As™, Sb*, Mo*, Se®, Zn*, Co™, Pb¥, Ni**, Au® u T.1.).
Takoe OKMC/IEHHE C MoJy4YeHHEM 3HEPrUHU MOKa3aHOo ISl psiia HaKo-
MUTEJbHBIX KYJIbTYP.

B 1abn. 25 npuBeaeHbl HEKOTOPbIE METAUIOKUCSIIOLLIME MUKpOOpra-
HHU3MBI.

J0BOJIbHO ©0J1bILIOE YHCIIO MUKPOOPFaHM3MOB CIOCOOHO OKuCAsmb
6occmaroénerHble coedurernus cepul. ThodauLibl 6bL1H BblaeaeHb! A. Ha-
TaHcoHOM B 1902 r., a B 1904 r. M. beiiepuHk noka3sai, uro Thiobacillus
thioparus v T. thiooxidans (B HacTosiliee BpeMsi OTHOCUMbIH K poay
Acidithiobacillus) ucnosnb3yloT B CBOEM META00JIM3ME CEPOBOLOPOI. DTH
MHUKPOOpPraHM3Mbl NMPUHUMAIOT yyacTHE B I100abHOM LMKIE CEpb,
OKMCJIsISl €€ BOCCTAHORJIEHHbIE COEAMHEHMS 10 Cy1bdaToB. B OCHOBHOM,
3TO a3poObi. B aHa3pOOHBIX YCIOBUSIX OHU MPOBOASIT CEPO3aBUCHUMYIO
HUTpATpeayKLMIO, HO CYLLIECTBOBaTb 0€3 KUCI0poAa MOIyT KOPOTKHIA
Mep1ol, aKTUBHO MOKKAasi TaKME MECTOOOUTAHMSA.

CepoBonopon obpa3yercsi Be3ae noa neicTBUEM aMMOHUMULIMPY-
IOLLIMX MUKpOOpraHu3MoB. Jlocturasi a3poOHOI 30HbI, OH MOIMNanacT B
30HY OE€UCTBUS MHUKPOOPraHM3MOB, OKHUCJSIIOLLMX CEpyCoAepXallue
coeavHeHus (Hanpumep, Beggiatoa). U3 3actoitnbix Boa C. H. BuHo-
rpaackum ObL1 BblIESIEH MpeacTaBUTeNb pona Beggiatoa. Tonbko B 1983 .
ObLIO MoKa3aHo, YTO Beggiatoa — dakynbraTMBHBII aBTOTpOd. ONUH
wtaMM, obnajalouimii cTporoit aBToTpoHUeil, HeJaBHO BbiAEJIEeH U3
MOPCKHX IJTyOUH B paiiOHe «YE€PHbIX KypHUJIbLLHMKOB». [IpUpoAHbIe Bbl-
XO[bl Cepbl Ha MOBEPXHOCTb 3eMJiM (cosibthaTapbl) UMEIOTCS B paiio-
Hax ¢ BYJIKAHUYECKOI aKTUBHOCTBIO.

TpaaUHMOHHO OPraHM3Mbl, OKMCJISIIOLLIME BOCCTAHOBJIEHHbIC COEMU-
HEHUs cephbl, NMOAPA3NENSAIOT Ha ABE IPyNIbl: 1) OKMCISIIOT CEPOBOIO-
PO M OTKJIaIbIBAIOT 3JIEMEHTAPHYIO CEPY B BHIIE Karesb BHYTPU Kile-
TOK; 2) HMKOrAa cepy BHYTPM KJIETOK He oTkiaabiBaioT. K nepsoii
rpynne OTHOCSITCSI MOP(OJOTHYECKH CBOEOOpa3Hble MUKPOOPraHU3-
Mbl: TIpeaCTaBUTENU ponoB Beggiatoa*, Thiothrix*, Thioploca, Thiospiril-
lopsis, Achromatium, Thiobacterium, Macromonas*, Thiospira, Thiovulvum,
Bilophococcus*. 310 rpamoTpuuarte/bHblie GeCLIBETHbiE OPraHU3Mbl,
pactyuue Ha cpenax ¢ H,S, oTknaabiBaiouiye cepy B KJ€TKax, KOTO-
pasi 3aTeM MOXET UCMOJIb30BaTLCSl Ui OKMCJIEHHUS MOCTIe UCUEPNaHUs
cepoBoaopona. Hekotopbie MUKpOOpraHU3Mbl ABUXYTCSI C MOMOLLBIO
CKOJILXEHMSI MM XTYTHUKOB, MpEACTaBUTENIM ponoB Achromatium w
Thiobacterium — HenOABUXHbI, MHOTWME O0pa3ylOT HATH U Yexiibl. Knert-
KU Macromonas nocturaiot 1iMHbl 100 MkM. TSroreior K MUKpoa3apo-
¢bunum, pactyt Ha rpaHuiie a3po6HOI U aHa3pobHo# 30H. ObnagaloT
OTpHLATENIbHBIM CBETO- U a3pOTAKCHCOM, HEKOTOPhIE UMEIOT MarHHu-
TOCOMbI. TOJILKO Q151 OTAENBHbBIX MMPEACTABUTENEH YETKO YCTAHOBJEH
THN MeTab0JIM3Ma, MOCKOJIbKY JIKLIbL B YETbIPEX U3 IECATH POOOB MO-
Jly4eHbl YUCTHIE KYJIBTYPhI (B CIIMCKE pOIOB OTMeueHbl *). BoineneHue
3aTpyIHEHO M3-3a TOrO, YTO B CJIM3UCTBIX YEXJIaX YACTO pacTyT MUKPO-
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Tabnuua 25

_IlpnmMepnl MHKPOOPraHH3MOB, OKHCJISIOIHX METAJLIbI

MHuKpoopraHusm Heoz;ag::;a::xuﬁ ®dopma K1eToK MecTto obuTanus
Baxrepun
Asmompocher:
Galionella Fe? Bo6oBuaHbIE Mpecuas Bona
JSerruginea MaOYKU
Leptospirillum Fe? H3orHyTbie Kucnble
Sferruginea Y CIUpaJbHblE LLIAXTHBIE BOAbI
Najlo4KH
Stibiobacter Sb* IneiioMopdHbie | [IpecHble Boab
Ssenarmontii NajJloyKu
Acidithiobacillus Fe?, SO Se®, | Manouku Kucibie
Sferrooxidans U+ LLIAXTHBIE BOAbI
Temepompochui:
Arthrobacter sp. Mn? (?) IaeiioMopdHbie | [Mousa
NaJIoYKH
Bacillus Se? (?) Mayioyku IMousa
megaterium
Bacillus sp. Mn? Manoyku TMpecHble Boabl
Citrobacter sp. Mn? (?) Manouku Mousa
Hyphomicrobium MnZ (?) IMoukytowmecs IpecHble U
sp. Nnaao4yKu MOPCKHE BO/Ibl
Leptothrix Mn? (?) UckpunneHHsle | [pecHble Boabl
discophora MaloyKu
Metallogenium Mn? (?) HUckpusnennbie | [pecHble Boabl
personatum NMaJIOYKH
M. symbioticum Mn® (?) UckpubneHHble | [pecHble Boab
NaJIoYKH
Oceanospirillum Mn? HUckpuBieHHble | Mopckue Bombl
sp. Y CIMpabHble
NMaJoyKu
Pedomicrobium sp. Mn? (?) Moukytowmecss | Mousa
MaIO4YKH
Pseudomonas Mn? IManouku [MpecHbie Bonbl
sp. S-36
Vibrio sp. Mn? HUckpupieHHble | Mopckue Boabl
NMaIO4YKH
Apxen
AsmompochoL.
Sulfolobus Mn?, S° FeZ | JlonactHble U lopsiume
acidocaldarius KOKKOBHIHbIE UCTOYHHUKHU
KJIETKH
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ObI-CIYTHUKH, OT KOTOPLIX TPYAHO M30aBUTbcsl. CUMUTaETCsl, YTO THO-
HOBble 6aKTEPUU — TreTepOTPOGbl WM MUKCOTPO(QbI, CKIIOHHbIE K OJIU-
rorpoduu. [penenbHas KOHLUEHTPALUsi OPraHUYECKUX KMCIIOT ISl po-
cTa OecuBeTHBIX HUTYATBIX CepHbIX OakTepuit — 20 MM (ans auertara
310 1,2 r/n). PacTyT B 30HEe XeMOKJIMHA CTPaTUDHULIUPOBAHHDbIX O3€D,
00pa3yloT HajleT Ha JOHHBIX ocalkax. OnTuMaibHasi KOHLEHTpaLUus
kuciopona wis pocta 0,6 —6 %. PopmupyIoT 6aKTepHabHBIi GUILTP
Ha MOBEPXHOCTH pa3nena ¢a3, He nponyckas H,S B atMocepy. B 30He
«4YepHBbIX KYpHUJbLIKKOB» MHOrAa (OpMUPYIOTCS MOHOKYJbTYPbI
Beggiatoa, a nepBrMuHas NPOAYKLMUs OPraHUYeCKOro BELIECTBA B 3TOM
cayyae obecreymBaeTcs 3a cYeT XeMonuToaBroTpoduu. Takxke cepHbie
6akTepUM YYacTBYIOT B 0O6pa30BaHMM MaToOB TOJLIMHON 00 60 cM U
IraMeTpoM 10 32 M, rae TOJICTble M IUIMHHbIE KIETKU Beggiatoa ciy-
XaT CTPYKTYpOOOpa3yloLIUM 3JIEMEHTOM.

Btopas rpynna (TMoGauuiUibl) MpeAcTaBjeHa Haubosiee M3YyyeH-
HbiMu poaamu Thiobacillus, Acidithiobacillus, Sulfobacillus, npoBoasiMMu
npouecc A0 obpa3oBaHus cysibdaTta. MUKpPOOPraHM3Mbl NMEPBbLIX ABYX
pOOOB OT/JIMYAlOTCS MO OTHOLIEHHWI0O K pH: mepBbie pacTtyT npu
cnaGokucabix 3HaueHusix pH, a aumnurno6aumnnst — npu pH < 4,0
(no 1,5). BonbLUKHCTBO MNpeACTaBUTENEH ITOM rpynnbl — Me30(ubl,
MMeIoLIME LIMPOKOe pacnpocTpaHeHUe. O6UTaIOT OHM B NOYBaXx, COJle-
HbIX 6ojioTax, B 30HEe TEPMOKJIHMHA CTpaTU(PULMPOBAHHbBIX O3ep, B
conbdaTtapax, TaM, [I€ Ha BbIXONE TOpSiYUX CEPHbIX UCTOUHUKOB Ha
MOBEPXHOCTH 00pa3yloTCsl XeJITble 0CaAKHU 3JIEMEHTAapHOIA cepbl, B CTOY-
HbIX BOOax, B KMC/bIX waxTHbIX Bogax (pH 2,5—1,5). MHoraa ans «mc-
MPaB/IeHHsl> LIEJIOYHBIX MOYB B HUX BHOCAT CEpY, M HaxonAlMecs B
fo4Bax THOBALMILIBI MOAKUCISIIOT cpeny, obpasyst SO; . Mpu Temne-
patype Bbite 50 °C cepy okucnsiot apxeun (Sulfolobus, Acidianus) wnv
npeactasutenu poaa Sulfobacillus.

Bo3MOXHBIE PEaKLIMKM OKHMCJIEHUS] BOCCTAHOBJIEHHBIX COeNMHEHUN
cepbl XapaKTepHU3yIlOTCsl pa3HbIMM 3HAY€HUSIMU CBOOOLHOW 3HEPIHUM:

G°, k/lx/