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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-

4



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-

14



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

20



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
24



r . g,
l‘o‘.\, <\' \ f" o"c?.fn U e :4’/ -
Gy T B YT

N \|\\-

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
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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
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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

40



IMoBTOpsiOLLAsICA
eqMHMLA n
T
| Cneuunduyeckas
| 6okoBas LeMnb
! DTaHONAMUH DTaHONaMHUH
MosTopsioascs ! I
eamHuua 1 ® ®

l Gfl (15 Kiio

|
GIlcNAc— Glu——Gal—»Glu—»Hep——Hcp—>|:|—l> Kdo — Kdo — Jlunuan A

]
k Re-myTauums ; j
V -4

SAnpo

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

‘1 “ I * — "/__:_‘// 4/:¢|7 .
!// ’ /"'i -h "|""I =N
L ¢’ \ S / x
- /-/ L‘ I ‘ -\-"Lt\ :\‘
) ,"f."'...;_,tp- "‘"-:
‘ ‘“f ‘,,/.:I-—} -/‘ .y
' -
R 4 . \ .
L — '”/
A b

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
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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-
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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),
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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)
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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-
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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
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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.

119



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.

140



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

156



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/Mosb MeTaHa

S,0% + 20, + H,0 — 2SOZ + 2H* -195,7
0+ /0, + 2H" - S,08 + H,0 -36,5
S,07 — 2807 + S° +6,4
SOY + 1/,0, > SOF -61,7
S,0F + 11,0, + 3H,0 — 4S07 -108,1
SO+ H,0 + 140, > SO + 2H* -140,4
S 4+ 2H* + !0, S°+ H,0 -650,1
S + 20, - SOX -798,2

B 1987 r. 6bU10 noka3aHo, yto y Desulfovibrio v Desulfobacter MoxeT
MITH peaklusi OUCTPONOPLIMOHUPOBAaHUSI THOCY/bdara:
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8203_—) SO3_+ SO

$,07" + H,0 - SO + 2H" +2¢

S + 2H" +2¢ — H,S

S,07 + H,0 - SO + H,S

B TOM Xe romy yctaHOBJIEHO HaJUYME U TAKOM peaKLMH:
3807 + 3H,0 — 3807 + 6H" + 6

SO7 + 6H' + 6¢ — S* + 3H,0

4S0;” - 3807 + S*

Cxema npeBpallieHHil COeIMHEHU cepbl MpeacTaBieHa Ha puc. 127.
Tak kak 3nekTpoHbl nonamaioT B OTLl Ha ypoBHe UUTOXpOMOB
(puc. 128), TO 115t CHHTE3a BOCCTAHOBUTE/IbHBIX 3KBUBAJIEHTOB MPUXO-
IUTCA 3aTpauyMBaTbh IHEPTUIO A1 OOpaTHOroO MepeHoca 3JIEKTPOHOB.

_s*

$,0%" s?

- S0% / Soi-
N

2H,0 4H"

AT®

A®PC

|

2 A0

./\

AMO ATO

Puc. 127. Cxema npeBpalleHHII COeNMHEHHUII cepbl Y TMOHOBBIX OakTepuit
(R-SS — mem6Gpancss3anHblit nonucynbbun, APC — aneHosuHbochocynb-

¢ar)
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Puc. 128. IMpoctpaHcTBeHHast opranu3auusi ATLL HekoTopbix THOGALMILN

B HacTosiliee Bpemst ycTaHOBJIEH (haKT pa3BUTHUs A. ferrooxidans Ha Fe’
1 S 3a cueT aHa3pOBHOTrO AbIXaHHUSI.

®ukcauus CO, y THobauman uaer yepe3 uvki KanseuHa. B xier-
Kax ¢opMHUpYIOTC KapOOKCHMCOMBI ¢ KpucTtanyeckoit PybucKO,
OKpYXEHHO#M MNpocToii 6enkoBoii MeMOpaHoi. Ilpu rereporpodHOM

MeTab011M3Me KapOOKCUCOMBI B KJIETKAax HE OOHapy>XHUBalOTCS.

A. ferrooxidans w A. thiooxidans NpUMEHSIIOT B eudpomemannypeuu
6enHbIX pyd. B miact 3akaunBaeTcsi CycrieH3usi MUKpOOPraHM3MoB, 000-
ralieHHas kuciopoaoM. IlocpencTBoM cienyiolMx peakuuii Metaul
NepeBOAUTCS B paCTBOPEHHOE COCTOSIHUE:

F082 + 3'/202 + H;O - FCSO4 + sto‘;

S04+ l'/202 + H20 - HzSO4

2FCSO4 + l/202 + HzSO4 d Fez(SO4)3 + Hzo

MeS + 2Fe* — Me? + 2Fe* + S°

[MonyyeHHbIH pacTBOP OTKA4YMBAIOT M3 CKBaXHWHbI, KOHLEHTPUPY-

10T U OCAXAAlOT U3 HEro MeTaJll. yllaCTBYlOLUI/IC B 3TOM NpouUeCcc€ MUK~
pOOpraHUu3mMbl obnanaior yCTOl?I‘IHBOCTblO K BbICOKUM KOHLUEHTpALHUSAM

METAJJIOB.
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doTocuHTE3

OOwas xapakTepucTHKa npouecca. [1pyHUMNIKMATBLHO MHBIM CIOCO-
O0M 3HepreTuyeckoro metabonuma B MMpe MUKPOOOB MOXHO CUM-
TaTb MCMOJIb30BAHME CBETOBOWM 3HEPruM, WiM ¢oTtocuHTEe3. MHorue
MHUKpPOOpPraHU3Mbl MOTYT MOIJIOLLATh 3HEPTHUIO CBETA M UCNOJIb30BaTh
ee 1 cuHTe3a ATM 1 BOCCTaHOBMTENIbHBIX 9KBUBAJIEHTOB. DTOT MPO-
uecc, B KOTOPOM CBETOBasi SHEPrUsi MOTJIOLIAETCS U Mpeobpa3oBbIBa-
€TCsl B XHMMUYECKYIO 3HEPruio, U HasbiBaetcs poTtocuHTe3oM. PoTto-
CHHTE3 — OAUH M3 HauboJjiee BaXHbIX METAOOIMYECKUX MPOLIECCOB Ha
3emMne, Tak Kak MOYTHU BCH Halla 3HEPrusi MPOMCXOOMUT OT IHEPrUu
ConHua. 3T1a 3HEprus AaeT BO3MOXHOCTb (POTOCHHTE3UPYIOLLIMM Opra-
HU3MaMm oOpa3oBbIBaTh OPraHMYECKUi MaTtepuan Al pocta. B 1o xe
BpeMsi GOTOCUHTETUKH SIBJASIIOTCS NMEPBMYHBIMU MPOAYLIEHTaMK B MU-
HieBbIX Lernsix B 6uocdepe. DOTOCMHTES TaKXKe BOCMOJHSAET HALLHU MO~
TpeObHOCTH B KHcopoae. CnocobHOCTb K (POTOCHHTE3Y HabonaeTcsi B
pa3HbIX CUCTEMAaTUUYECKMX TpyMnnax, KaKk Cpeau 3yKapuoT, TaKk U cpeau
MPOKAapHUOT. JTO, MPEXIE BCErO, BHICILIME PACTEHHUSI, a3 TAKXE MHOTO-
KJIETOYHbIE 3eJieHble, Oypble, KpacHble U ONHOKJIETOYHbIE 3BIJICHO-
Bbl€, AMAaTOMOBBIE U AMHOMJATE/UIATHbIE BOAOPOCIHU (3YKapUOThHI).
Cpeay npokapuoT K (OTOCHHTE3Y CITIOCOOHBI LIMAHODAKTEPUHU U TPO-
XJIOPOMUTHI, 3eJIEHbIE CEPHble U HECcepHble 0akTeDPUH, MyprnypHbie
CEpHblE U HecepHble OakTepuH, reinobakTepuu U raioapxeu. Cnenyer
YYECTb, 4TO 6OJIbLLIE MONOBUHBI (POTOCMHTETUUECKMX peaKLWid 3eMan
NMPOBOAST MUKPOOPraHU3MBb!.

Bo30yxneHHass CBETOM MOJIeKyJla MMIMEHTa MOXET 3HEPIrUio pac-
CenBatb, epenaBaTbh U MpeoOpa3oBLIBaTh B XMMUUECKYIO CBsA3b. DoTO-
CHHTETUYECKHMI1 annapaTr COCTOMT U3 CBETOCOOMPAIOLLMX JIOBYLLEK (aH-
TE€HH), peakKUMOHHbIX UeHTpoB (PLl), 3neKTpoHTpaHCMOpPTHOM LEenu
(3TL) u nokasn3oBaH B MEMOpAHHBIX CTPYKTypax. DTH CTPYKTYphl
ycnoxHsiotest ot renwobaktepuii (LITIM), yepe3 nypnypHble 6akrte-
pUH (BHYTpHMKJIETOYHBIE BbipocThl LIITM pasnnuHoit ¢opMbl) 00 3e-
JieHbIx (xiopocombl 1 LITIM) U unaHobaktepuit (pukoOMIMCOMBI U
TUiakouasbl), puc. 129. PLL u aHTeHHa cocTaBiasiioT (POTOCMHTETUYE-
CKyI0 eAMHHULY. BpeMs nepexona 3/ieKTpoHa B IPYyrMe S3HEPreTUYECKUE
cocTosiHUsA paBHO ~107°—107'2 ¢,

[Mpouecc porocuHTE3a NEAUTCS Ha nBe cTaauM. B cBETOBBIX peak-
LMSX 3HEprusi CBeTa MOIJIOLAETCs U npeobpa3yeTcsi B XUMHUYECKYIO
3Hepruio. B TeMHOBBIX peakLMsX 3Ta IHEPTrUs UCMONb3YyeTCsl 1Sl BOC-
craHoBjieHUss wiK pukcaurMu CO, U CUHTE3a KJIETOYHbIX KOMITOHEH-
TOB.

OCHOBHBIMM (DOTOCHHTETUYECKUMH MMUTMEHTAMH, YYacTBYIOLLUMHU
B CBETOBBIX PEAKLMUSX Y IYKApUOT U LIMAHODAKTEPUHA, SIBJISIIOTCS XJIO-
podunbl. PasHoBUAHOCTH xJlopoduiia, HanboNee BaXHbIE U3 KOTO-
pbix xy1opo¢puiutbl a u b (Chl a, Chl b), paznuyalorcsi CBOMMHU CBOICTBA-
MU U makcumymamu nornoiueHus (Chl @ — 665 uMm, Chl b — 645 um
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Puc. 129. Memb6paHHbie CTPYKTYpbl (POTOCMHTETUYECKOTO anrapara y 3eJIeHbIX
GakTepmit (A) u unaHo6aktepuit (b) (PLL — peakunoHHbiit ueHTp; ADPLL —
annodpukounannt; O — dpukounanuH; D — HGUKOIPUTPHUH):

A — xnopocoma; b — ¢ukobunancoma

«KpacHBblit cBeT» U 430 HM «rony6oii cBeT»). JIpyrue iMpoko pacnpo-
CTpaHEHHbIE MUIMEHTHI — KapOTMHOMIbI (B-KapOTHMH y MpOXJOpO-
¢GUT U 6OJILLUMHCTBA BOAOPOCAEH U PYKOKCAHTUH y AMHODIAreJUIsT,
JIMaTOMOBBIX U Oypbix Booopocneit). KpacHble BOAOPOCIU U LIMAHO-
6akTepun UMEIT QUKOOUIMNPOTEUHBI — (PUKOIPUTPUH (KpacHBIi
MUIMEHT C MAaKCUMYMOM norjoiweHust 550 HM) U GUKOUMAHHUH (CH-
HUIl MUrMEHT C MaKCUMyMOM noryoieHus: 620 — 640 Hm). Ux Takxe
Ha3bIBalOT BCMIOMOrarTejJbHbIMU MUIMEHTAMM, MOMIOLLAIIIMMHU CBET
TaMm, rae x1opopuuibl He MOryT 3¢ @eKTHBHO aacopbMpoBaTh 3HEP-
ruio (A = 470—630 HM), 1 3aTeM NepenaloilMMH NMOMIOLEHHYIO 3Hep-
M0 K xJjopoduiny. DTO MO3BOJIsSET UCNOJIb30BaTh 0oJjiee LUIMPOKHUIA
CIEKTP CBETOBBIX BOJIH. BcioMoraTeibHbie MUIMEHTBI TAKXKE 3alliuiia-
10T KJIETKH OT BbICOKOW MHTEHCMBHOCTH COJIHEYHOIO CBETa, NPUBOIS-
1€ K OKHUCJIEHUIO U MOBPEXAEHUI0 POTOCMHTETUYECKOrO afmnapara.

Xsopodwuibl U BCIIOMOraTe/ibHble MUIMEHTbl OObEAUHEHBI B Bbl-
COKOOpraHU30BaHHbIe 00pa3oBaHMUsl, Ha3blBa€Mble aHTEHHaMH, LEJb
KOTOPbIX YJIOBUTb KaK MOXHO 0oJbliie (oTOHOB. B aHTEHHY BXOAMT OKOJIO
300 monekyn xsopoduina. CBeToBasti 3HEPrys YJIaBIMBaETCA aHTEHHA-
MU M NEepeNaeTcsi OT OAHOro xJopoduuia K IpyroMy, noka He 10CTUr-
HET CNeuMraJbHOro xjJopoduisa peakKLMOHHOro LEHTpa, Hemno-
CpPeACTBEHHO BKJIIOYEHHOrO B (POTOCMHTETUYECKHI TPAHCIIOPT JIEKT-
POHOB. Y 3yKapuoT ¥ LlMaHOOaKTepuil KMeeTCsl 1Ba BUOA aHTEHH, ac-
COLIMMPOBAHHBIX C IByMsi pasHbIMH ¢poTocucteMaMu. Potocucrema |
(PC 1) ancopbupyet Gosee WIMHHOBOJHOBBIA cBeT (A = 680 HM) M
3Heprus rnonanaet K xjopodunny a, obosHauaeMomy P,y PoTtocuc-
tema Il (®C II) nornouaer cBer 60see KOPOTKOBONHOBHIM (A < 680
HM) U mepenaeT 3HEPruio Ha cneuranbHblii XJ10podumn Pgg.

Koraa antenns @C | nepenalor CBETOBYIO 3HEPTHIO K XJ1I0POHILTY
P70 PEaKLIMOHHOIO LIEHTPa, OH MEPEXOAMT B BO30OYXIEHHOE COCTOSI-
HHME WM MepelacT BbICOKO3HEPTETHMUHBINA 3JIEKTPOH crneun¢pUyecKoMy
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Puc. 130. Cxema cBeTOBbIX peakuuii (OTOCHHTE3a Y DYKapHOT U LIMAHODAKTC-
pUil (---= — HMKIMYECKUH MNYTb, —= — HcUUKINUeckuii nyth; PC | u
®C Il — dotocuctemnr I u Il cooTBeTcTBEHHO; Poyy M P7yy —xN0pOdHINBI-

nurMeHThl poTocuHTe3a; Peo — peopuTHH; Q — XxMHOH; PQ — nJIaCTOXMHOH;
PC — nnactroumanuH; Xn A — xiopopunn A; dn — deppenoKcHH)

akuenropy (crieumaabHoMy xiopopuwiny A uiu FeS-6enky, puc. 130).
[anee snekTpoH nepenaercsi ¢peppeAOKCUHY, a MOTOM MOXET MOMTH
no AsyM nytsaM. [Ipy LMKIMYECKOM MYTH 3JIEKTPOH ABUXETCS yYepes3
psAl NEPEHOCYMKOB OOpPaTHO K OKUCIEHHOMY P;g. [1pn 3TOM Ha yuact-
Ke uuToxpoma b, cuHTesnpyercsi AT®. BToT npouecc Ha3biBaeTCS YUK-
Auveckum gomogpocghopunuposaruem (padbotaer Toabko PC 1).

[Tpy1 HELUMKIMYECKOM MYTH 3aA€HCTBOBaHbI 1B (POTOCUCTEMBI. Py
BO30YXaeTcsl U nepefaeT 3/1eKTPOH Ha (peppedoOKCHH, KaK U B LIMK-
JIMYecKoM nyTu. OaHaKko 31ech (peppenoKCcrH BoccTaHaBnBaer HAL®D!
1o HAA®H. Tak kak 3/1eKTpPOH MOTpauyeH Ha BOCCTAHOBUTEJIbHBIM
3KBUBIEHT U HE MOXET BOCCTAHOBMTb OKUCJIEHHbIN P;q), HEOOXOAM-
mo yuactue OC 1. UMeHHO OHa [aeT 3eKTPOHbI /15 BOCCTAHOBJIEHHS
P;0. AHTeHHBI DC ]I morsoiualT CBET M NnepefaloT 3Hepruio Ha Pgg,
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KOTOpbIit MepexoAUT B BO30YXI1€HHOE COCTOSIHUE U BOCCTaHABJIMBAET
¢deopuTHH a (x1opodpuan a, B KOTOPOM LEHTPaIbHbIiA aTOM MarHus
3aMelLlUeH ABYMsi aTOMaMM BOIOPOHa). DJIEKTPOHKI MOC/IEN0BATENbHO
NnepenalTcsi Yyepe3 XUHOHbI (IJIACTOXMHOH) W psil MEPEHOCYUKOB K
P7go- Xnnopodun-nurmeHT Pggy nosyyaetr HeoOXOOUMBIE 3JIEKTPOHBI U3
OKMCJIEHHS1 BOAbI C BbluesieHueM O, (okcueenHbili pomocurnmes). Takum
00pa3oM, Mpu ABUXEHUH ABYX 3JEKTPOHOB OT Boabl 10 HAA®D* cuH-
Te3upyetcs 1 monekyna AT®D nyrem neyurauueckozo gpomoghocghopunu-
poearus. PDOTOCUHTETUYECKH TPAHCNOPT 3JIEKTPOHOB MPOUCXOIUT B
MeMmOpaHax (puc. 131).

CsetoBas cTaausi GOTOCHHTE3A y 3CJCHBIX U MypNypHbIX GaKTepUid
NPOUCXOAUT HeCcKObKO HHaye. K. b. BaH Hunb Ha ux npuMepe rnokasai
CY1LIECTBOBAaHUE GHOKCU2EHHO20 homocuHme3sa, KOraa 1IOHOPOM 3JIEKTPO-
HOB sIBJISIETCSl HE Boiaa, a aApyrue BewlectBa (H,S, S°, H,, opraHuka).
Toraa ypaBHeHHe (OTOCHHTE3a B ODOLLEM BUIE MOXET ObITb 3anMcaHO
TaK:

COZ +H2A - (CH;O) + A

IMypnypHble 6aktepun He obpasylor HAIIPH HenocpeacTBEHHO B
CBETOBBIX peakLHsiX (POTOCHUHTE3a, a 3eJieHble ODaKTEPUU MOTYT BOC-
cra”asauBatb HAJ1®D' Bo BpeMs cBeTOBO# cTanuu. YToObl CUHTE3NPO-
BaTb BOCCTAHOBUTEJIbHbIE IKBUBAJIEHTbI, 3€JIEeHbI€ M MypnypHbiEe Oak-
TepUH JOJXHbI UCMOJB30BaTh NOHOPbI 3JIEKTPOHOB € OoJsiee oTpuLa-
TEJIbHbIM MOTEHLIMAJIOM, YEM BOJA, U, TAKUM ODpa3OM, Jierye OKHUC-
nsieMble. HakoHell, 3eneHble M nypnypHble 6aKTEPUH MMEIOT ApPYrue
doTocuHTETHYECKME TTUTMEHTbI, Ha3biBaEMblEe OakTepUOXIOpodULIa-
mu (Bchl), ¢ MakcumMyMamu noriouieHus1 npu 0oJiee LJIMHHBIX BOJI-
Hax. In vivo Bchl a nornowaer npu 830 — 890 Hm, a Bchl b — ot 1020

2H,0 0,+4H"

Cuapyxu

Puc. 131. TpaHcnopT 31€KTpOHOB NMpH HOTOCUHTE3E (0603HAUYEHUS
cM. Ha puc. 130)
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1o 1040 HM. Takre NUKM NOrNOLUEHUsI MOMOraloT Jy4lUei aganTaluu
3TUX MHUKPOOPraHW3MOB B MX 3KOJIOrMYeCKUX HuuIax. Bce Gakrepuo-
X10pOHIIbI MMEIOT B LIEHTPE MOJEKYIbl Mg?*, cBsi3aHHBII KoOpaH-
HAaLMOHHBIMU CBSI3SIMU C YETbIPbMS TETPANUPPOJIbHBIMU KOJIbLIAMH, a
OTJIMYAIOTCSl 3aMECTUTEJISIMU MPU 3TUX KOJIbLIAX.

Bce 3TH paznunuus sBasitotes ciaeacrsueM orcytctBus y Hux OC 11
OHH HE MOTYT MCIOJIb30BaTh BOLY KaK JOHOP 3JIEKTPOHOB B HELIMKJIU-
4YeCKOM 3JIEKTPOHHOM TpaHCopTe, 06pa3oBbIBaTh KUCIOPOA U3 BOIbI
npu GOTOCHHTE3Ee U 00JIaNaloT TOAbKO LUMKIMYECKUM ¢poTodochopu-
JupoBaHueM. [TouTn Bce nyprnypHbie M 3ejieHble 6aKTEpUU — CTpOrue
aHa3poObI.

Cxema ¢oToCHHTE3a Y MypIypHBIX HECEPHBIX OaKTepuii Mpeacras-
JieHa Ha puc. 132. baktepuoxyiopou1 @ peakLIMOHHOTO LIEHTpa BO3-
OyxnaeTcs W nepenaeT 3JEKTPOH Ha OaktepuodeodUTUH. DNEeKTPOH
MPOXOAMT Yepe3 XMHOH M psii NMepeHOCYMKOB Ha3an K Pgyy, BoccTaHaB-
nuBas ero. [1pu 3TOM Ha ypoBHe LiMTOXpoMOB obpa3syercsi AT®. UTo6b
CUHTE3UPOBATh BOCCTAHOBUTEJIbHbIE IKBUBAJIEHTbI, HEOOX0AUMO J1IMOO
MCMOJIb30BaTh B Ka4eCTBE JOHOpA 3/1EKTPOHOB MOJIEKYJISIPHBIA BOLO-
po, KOTOPbIii MOXET HanpsiMylo BocctaHoBuTb HAJL', nub0o ocyiue-
CTBUTb OOpaTHbIN MepeHOC 3/1eKTPOHOB ¢ 3aTpatoit AT®.

CxeMa ¢pOTOCHHTE3a Y 3eJIEHBIX CEPHbIX 6aKTepUii HECKOIBKO MHasl
(puc. 133). U3 cxeMbl BUIIHO, YTO €CTh pa3/jiMuMe B MEPEHOCUUKAX IJIEK-
TPOHOB, a TAKXE YTO BOCCTAHOBUTE/IbHbIE SKBUBAJIEHTbI MOT'YT CUHTE-
3MpOBaTbCsl MYTEM MPOCTOr0 HELMKIMYECKOro npotecca ot deppe-
JIOKCHHA, €CJIM BHELLUHMWE JOHOPHI 3nekTpoHOB (H,S, S°, 82032‘ v Ip.)
OyayT BoccTaHaBIMBaTh Pyyy. [TomoGHass npuHUMNUaibHas cxema ¢o-
TOCHHTE3a OOHapyXeHa y elle OaHOi rpynmbl GOTOTPOGHBIX MUKPO-
OpPraHM3MoB — reJiMo6akTepHid.

P*g70 (0,9 B)

e
bdeo (-0,7 B)
€
CykuuHat "
e - HALL
Q (~(:.00 B) P
v Lur. b, c, /C AT®
z AT® Fci—ﬁenox - AlD
Hut. ¢,

rd
Pg70 (+0,5 B)I

Puc. 132. Cxema ¢hpoTOCHHTE3A y MypHypPHbIX HECEPHBIX OakTepuit

(---= — oOpaTHbI#i nepeHOC 3eKTPOHOB: Py, — Gakrepuoxnopoduin a; bpeo —
6akrepuodpeoduTnH; Q — XHHOH)
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MX(0,0 B)
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(+0,1 B)
e

Lin. C553

//(+0,2 B)
i Pg4o(+0,3 B) "

Puc. 133. CxeMa ¢oTocHHTE3a y 3eIeHbIX CEPHBIX OAKTEPHIA
(—= — HIMKJIMYECKHI MYTh; ---= — HEUMKIHYEeCKHit NyTb; MX — MeHaxuHOH)
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3anaceHHasi B CBETOBbIX peaKLUMUAX 3HEPrusi K BOCCTAHOBUTEJIM 3a-
TPauMBalOTCs 3aTEM B meMHOBbIX peakyunx accumurayuu CO,, KoTopas
MOXET MPOMCXOAUTh HEOAUHAKOBO Y pa3HbIX MUKPOOpPraHU3MOB.

I'pynnsi poToTpodsbx MEUKpoOpranuamoB. Eciu pacnonoxurs rpyn-
nbl poToTpodOB B MOPSAKE UX OTKPBITUSI, TO TMOJYYMUTCS ClieayroLlas
MOC/IEAOBATENbHOCTDb: MypNypHble GakTepuH, 3ejieHble cepHble GaKTe-
pvH, LMaHODaKTepUH, ranobakTepuu (rajoapxeu), 3ejeHble HeCEpHbIE
6akTepuu, Npox10poUThl, a3POOHbIE aHOKCUT€HHbIE 6akTepuH (IpUT-
pobakrepuu, «kBa3ngoroTpodbi») U reamodbakTepur. MUKpoopraHus-
Mbl, OCYLUECTBJISIIOLLIME OaKTepHaibHbIii (POTOCHHTE3, CIPYNIMPOBaHbI
B oMnpelesieHHbIe KJlacTepbl Ha GUIOreHETUYECKOM apeBe (puc. 134).

Ilypnypnoie 6akmepuu oTHOCsiTcs K KiaaccaM Alpha-, Beta- u
Gammaproteobacteria (puc. 135). 910 10CTaTOYHO pa3HOpOAHASA IPyN-
na. CeMm. Chromatiaceae BKJII0YaeT MUKPOOPraHM3MbI, CIIOCOOHBIE K
aBTOTPO(UM U OTKIIAAbIBAIOLLIME 3JIEMEHTAPHYIO CEPY BHYTPU KJIETOK.
B kauecTBe IOHOPOB 3IEKTPOHOB sl (POTOCHMHTE3A UCTIONb3YIOT H,S 1
S°. MdotocuHTETHYECKHE NUrMeHTH — Bchl @, b M KapoTMHOMABI YEThI-
pex TunoB. OpraHu3Msbl ceM. Ectothiorhodospiraceae Takxe ucnosb3y-
1ot H,S n S U MoryT pact aBTOTPOdHO, HO 3TEMEHTAPHYIO CEpY
OTKJIaAbIBalOT BHE KjieTOK. Cpel HUX MHOTO MOPCKHUX M aIKaJTM(UITb-
Hbix BUnoB. [Topsinku Rhodospirillales, Rhodobacterales, Rhodocyclales
o0BbEeNMHSAIOT TaK Ha3blBaeMble MypNypHble HecepHble DaKTEpUH, KO-
TOpblE HE HAKaIUIMBAIOT CEPY BHYTPM KJIETOK M pacTyT NMpeuMylle-
CcTBEHHO doToretepoTpodHO. B MUKpOa3popUIbHBIX U a3POOHBIX yC-
JIoBUsIX CIOCOOHBI pacTH B TeMHOTE. Bce nypnypHble 6aKkTepur OIHO-
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| Deinococcusl

3enenbie
HHTYaTBie
GaxTepuu

3enennbie
cepHbie
Gaxrepuu Bacteroides,
Flavobacterium
CnupoxeTsl
Planctomyces
XnamMuauu
I'paMnonoXuTeNbHbIE

GakTepuM (reJJHODAKTEPHH)

LinanobaxkTepuu
W XJIOPOTLIaCThi

IMpoteobakrepun

(mypnypHbie
OakTepHH)

Puc. 134. PacnonoxeHnue rpyrn ¢oToTpodHbIX MUKPOOPraHM3MOB Ha huo-
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Puc. 135. Mecto nypnypHbix 6akTepuii B ¢punyme Proteobacteria
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KJIETOYHBIE, HO MOTYT 00pa30BbIBATb YCTOMUYMBBIE COYETAHUS KJIETOK
(IMIUTOKOKKH, TE€Tpadbl, CETOYKH, Tabanuku U T.4.). KineTku pasHoi
dopmbl ¥ pa3MmepoB. EcTb HenmoaBHXHBIE M UMEIOLLKE XIYTUKHU. Psig
BOAHBIX (hOpM coaepXXHUT razoBbie Bakyosiu. [lonBuxHbie BUIbI 061a0a-
10T aKTUBHbIM (pOTOTAaKCUCOM. PazMHoOXaloTCsi OMHApHBIM AEJEHUEM
WK noykoBaHUeM. HekoTopble MOryT 06pa3oBbiBaTh LIUCTHI U 3K30-
criopbl. KjileToyHasi CTeHKa rpaMOTPULIATEIbHOTO TUIA, MOKPbITast Cl1-
3UCTBIM CJIOEM WJIM KarCyJIOi, y HEKOTOPbIX MpeaCTaBUTeENIeil UMEETCS
S-cnoit U3 rekcaroHaJIbHO pacrnoyioXeHHbIX 6e1koB. B kauecTBe 3anac-
HBIX BELLECTB Y HUX OOHapy>XeHbI MOJIN-B-rMIPOKCUANIKAHOATHI U TJIU-
KoreH. CuHTe3 6aKTeproXJ10pOdH/IOB MOAABISAETCS KUCTOPOAOM, HO
MOXET UATH B TeMHOTE. VI3 nepeHOCYMKOB y MypnypHbIX OakTepuii
OoOHapyXeHbl LMTOXpOMBbl, FeS-0eiku M THOpEmOKCHHbI, YOMXUHO-
Hbl U MEHAXWHOHBDI.

[MpennouynTaloT pacTi Ha CBETY B aHAa3POOHBIX YCJIOBUSIX, K POCTY B
TEMHOTE CIIOCOOHBI B OCHOBHOM MYpPIypHbIE HECEPHbIE OakTepUH. st
60/IbLIMHCTBA MpPEACTaBUTENE HEODOXOAMMA BbICOKAasi MHTEHCUBHOCTb
cBeta (~500 nK), TonbKO poa Amoebobacter TpebyeT HU3KOI OCBELLIEH-
HocTH (50— 100 1K) nMp¥ MOHMXEHHBIX TeMNepaTypax pocrta. bosb-
LUMHCTBO BUIOB Me30(WJIbl, ICUXPOAKTUBHBIE OPraHU3Mbl BKJIIOYAIOT
Amoebobacter i Lamprocystis, a TepMO¢pUIIbHbIE BUAbI OTHOCATCH K
ponaM Halorhodospira, Rhodocista, Thermochromatium. DKCTpeMalbHbIX
TepMODHUNOB Cpeaur NMypnypHbIX OakTepuii He 0OHapyxeHo. B ocHOB-
HOM, 3TO HeilTpoduibHble MHUKpoopraHuambl (pH 6—8), HO ecTb
Kucnoto- (Rhodobacter acidophila) v uicnoueniodussie (Ectothio-
rhodospira, Halospira). 9T Xxe poabl coaepxXaT 3KCTpPEMalbHO rajo-
GUWIbHBIX NMpeACTaBUTENENH, CUHTE3UPYIOLLIMX OCMOIPOTEKTOPHI (K-
LMH-0€TauH, IKTOUH, TPErajioasy).

[TypnypHble HecepHbie 6aKTEpPUM HYXOAIOTCS B BATAMUHAaXx, Nyp-
nypHbie cepHble — NMPoToTpodbl. UCNonb3ylOT LLIMPOKUIA CNEKTP CO-
€IMHEHWH a30Ta, MHOTHE CNOCOOHBI K a3zoT¢pukcauuu. UcTouHuKa-
MM yrjepoaa MOryT ObITb YrJI€KUCIbIi ra3 U OpraHMYeCKUe BELLeCTBA
(B ToM umnciae C,-coenuHeHus). Ans Thiocapsa w Chromatium noka3saH
XE€MOJIMTOABTOTPO(HBIN POCT C MOJIEKY/ISIPHBIM BOJOPOAOM M CYJib-
¢$uUaOM B KauyeCTBE NJOHOPOB INEKTPOHOB. [1pu aBTOTPpOPHOM pocTe
CO, dukcupyetcs B uukie KanbBuHa, akTUBHOCTb KOTOPOTO MOAaB-
nsieTcss no6aBleHUEM OpraHMku. B TeMHOTe posib OpraHHYeCKHX Be-
LLECTB KaK UICTOYHMKA SHEPrUH YBEJIMUMBAETCS, MPOUCXOAAT Opoxe-
HUSI pa3HOro TUIa. DHEPrusi MOXET TAKXe IMOJyyaThCsl yTEM aHad-
poGHOro AbIXaHUs ¢ CynbhaToM, HUTpaToM, cepoii, Fe**, CO u opra-
HUYECKMMM COEAMHEHUSIMU B KayeCcTBE AKLENTOPOB 3JIEKTPOHOB.
Caxapa ucnoab3yloT yepe3 rukoan3 unn KAPI-nyrs. Umerot non-
Hblit K He3aMKHYTbIM LITK ¥ rnvokcunatHelii WyHT. Y psina nyp-
NMypHBIX HECEPHBIX OaKTepHil 6e3 MTMOKCUAATHOrO wWyHTa ( Rhodospi-
rillum rubrum, Rhodobacter sphaeroides) o6HapyXeH LMTpamaaTHbI
UMKJ, B KOTOpOoM auLeTui-KOoA npeBpaiuaercsi B INIMOKCWIAT B LEMH
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peakuwmii: auetwi-KoA + nupysat — uutpaManwi-KoA — uurtpama-
JlIaT — Me3aKOHaT — Me3akOHUI-KoA — 3-Metunmanun-KoA — ru-
okcunat + nponuoHua-KoA. O6pa3oBaHHbII IIMOKCUIAT BKJIIOYAETCS
B LITK npu yyactun ManatcMHTa3bl, a IUPyBaT pereHUPUPYET U3 MPO-
MUOHUN-KOA yepe3 KapOOKCHIa3HYIO peakuuio: nponMoHuwi-KoA —
MeTUAMaIOHUI-KOA — cykumumi-KoA — cykuMHat — ¢ymapar —
Manar — okcajoauerat —» ®EIl —» nupysar.

3enenvie 6axmepuu noapasnenaot Ha nsa punyma: B6 — Chloroflexi
(3enieHble HecepHble 6akTepun) U Bl11 — Chlorobi (3eneHble cepHble
6aktepun). 3esieHble cepHble OaKTepUH — 3TO (PUJIOT€HETUYECKH Of-
HOpOJIHas rpymnmna.

®unym B11. Chlorobi

Knacc 1. Chlorobia
INMopsimok 1. Chlorobiales
CewmeiictBo 1. Chlorobiaceae

Pon 1. Chlorobium
Pon 2. Ancalochloris
Pon 3. Chloroherpeton
Pon 4. Pelodictyon
Pon 5. Prosthecochloris

MukpoopraHu3Mbl OTHOCSIT K CTPOrMM aHa3pobaM, OCyLLECTBISAI0-
LUKM aHOKCUIeHHbII oTocHHTE3. bonblIMHCTBO — (hoTOaBTOTPODDI,
ucnonb3ytowime H,S u S° B kauectBe noHOpoB Wis porocuHTe3a. Co-
nepxart Bchl a, ¢, d unn e n kKapoTMHOUAB LMKIKWYECKOro Tuna. CeeTo-
cobupaloilie MUrMEeHTbl HaXoOsTCs B XJIOpOcoMax (XJ10poOMyM-Be3u-
Kynax). XJIOpOCOMbI MOKPbIThI 6€JIKOBOiI1 0007I04YKOI ¥ MPUKPEIJIEHbI
K BHYTpeHHei ctopoHe LIITM 6a3anbHoli MIacTMHKOIA.

3TO0 rpaMoTpULaTe/ibHble OPraHM3Mbl, HEMOABUXHBIE UK CKOJIb-
35ILIME MAJIOYKU, BUOPUOHBI WJIM HUTH, HE CONEPXKALUME BHYTPULIU-
TOIUIa3MaTUYECKMX MeMOpaH. MHoOrue UMEIOT MPOCTEKH, KOTOPbIE YBe-
JIMYMBAIOT BCAChIBAIOLLYIO U CBETOCOOMpaloLlylo noBepxHocTH. Heko-
TOpbl€ colepXaT ra3oBble BaKyojsiM. HakarimBaloT B KJeTKax rJIMKO-
reH, a 3JIEMEHTapHYIO Cepy OTKJIanblBaloT CHapyxHu. U3 nepeHocunMKoB
3JIEKTPOHOB OOHapyXX€Hbl LIUTOXPOMBI ¢ U b, a TaKX€ MEHAXWHOHBDI.
O6nuraTHbie aHa3poObl U HoToTpodPbl. OCHOBHOE YUCIIO BUIOB — Me-
30¢unbl U HeUTpoUbl, psil (GOPM OTHOCHUTCS K rajlOTOJIEPAHTHBIM.
[To oTHOLLIEHHIO K MHTEHCUBHOCTH CBETA AEJATCS HA IBE MPYMNIbI: Mep-
Basi TpeOyeT BHICOKOH OCBELLEHHOCTH, a BTOpasi COCOOHa CyllECTBO-
BaTb Ha ri1yorHax 0o 80 M npu oueHb c1aboM ocBelieHUH. HekoTopbiM
HeoOxoauM BUTaMHUH B;,. MHUKpoOpraH1M3Mbl NMpeanoyMTaloT Cojlu am-
MOHMS1, TaK KaK JIMLLb Y HEMHOTMX €CTb CIIOCOOHOCTb K aCCUMMJISILIMOH-
HOM HuTpaTpeayKuuH. HyXnaiorcsi B BOCCTAHOBJIEHHBIX COEAMHEHUSIX
cepbl, MOCKOJbKY aCCUMWISILMOHHAs cyabgaTpeayKLus y 3TUX OakTe-
puit orcytctByetr. UMetor HezamKHyThIi LITK, rnMokcunatHoro wyH-
Ta HeT. OpraHNYecK1e BELLECTBA UCMOJIb3YIOT OrPaHUYEHHO. AHarie-
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poTHyeckne (yHKUMM B ITHX CJIyyasiX BHIMOJIHSAIOT MHOTOYUCJIEHHbBIE
peakuMm Kap6okcuaupoBanus. Accummisiums CO, MporucXoauT yepes
yuxa ApHona, win eoccmarnosumenvnbiii L[TK (puc. 136). OH cuuTaeTcs
aHa3pOOHBIM LIMKJIOM, MOCKOJIbKY BKJIFOYAE€T MHOTO (hepMEHTOB U BOC-
crtaHoBUTeNEH (PeppeaOKCHMHOB), KOTOpblE YyBCTBUTENbHB K O, (U3
a3’pobHBIX OakTepuii TAKOBOI OOHapyXeH TosbkO y Hydrogenobacter).
Oo61uas ¢popMysia aCCUMWISILIMA UMEET BUI

3CO,+ 12H" + 5AT® — tpuosodocdar.

ACCUMMJISILINA YTJIEKUCIOTBI B 3TOM LIMKJIE MAET € 60JIbLLION 3aTpa-
Toii AT®d M BOCCTAaHOBUTENIbHBIX 3KBUBAJICHTOB.

3eneHble HUTYATbIE (HECEPHbIE) GaKTEPUM (PUIOT€HETUYECKH da-
JIEKO OTCTOSIT OT 3€JIEHbIX CEPHBIX GakTepUit.

®unym B6. Chloroflexi

Knacc 1. Chloroflexi
[Topsinok 1. Chloroflexales
CewmeiictBo 1. Chloroflexaceae
Pon 1. Chloroflexus
Pon 2. Chloronema
Pon 3. Heliothrix
CewmeiictBo 2. Oscillochloridaceae

Pon 1. Oscillochloris
Marepuan kieTku

ALD+D,,

2H" O®EI
Okcanoauerar ATO
Manar :/D
AlD+D,,
© [Mupysar
ymapat
®nH Cco
l/z H' " :
CyKuuHar AT® Auetun~KoA
KoA
ATO
ALD+®, Cykunnun~KoA LuTpat KoA
@nH, 2 H-
CO,

a-KeToryTapar

Puc. 136. Linki ApHoHa y 3eJieHbIX CepHbIX OakTepuit
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KuieToyHblit MaTepuan

Manoumn~KoA Auetmwi~KoA

*CHO— CH,— C~KoA
H,0 (II) ATO S+ Manun~KoA

COOH—CH, —?H—(IT‘»«KOA

I OH O
ATO 2H*
*CO
- -
Funpoxcunponuonm~KoA;Z IMponuonmwn~KoA Metunmanonmwi~KoA
CH,0H— CH,— C~KoA CH;——CHZ—("3~K0A ‘CHO—?H—%~K0A
AT® CH;3
A

CO,

I'nnokcunar
Mupysar Auetwi~KoA ‘—Kamm: KoA

|\ KoA
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Puc. 137. AccuMUnsiLus YII€eKMCIIOTbI Y 3eJIEHbIX HECCPHBIX GaKTepHii:

A — rMapoKCHMNPONUOHATHBIA UMK, b — BOCCTAHOBUTEJIbHBIA UMK AMKapOOHOBBIX
KHCJIOT

MukpoopraHuamsl Broporo nopsinka Herpetosiphonales He cnoco6-
Hbl K (POTOCHHTEZY.

3esieHble HECEPHBbIE GAaKTEPUHM WMMEIOT MaJIOYKOBUIHBIE KJIETKH,
COOpaHHbIE B HUTH, C YEXIaMU WK Ge3 HUX, NMEepeIBUraloLLIHECs CKOJIb-
XeHHUEM U obnanalolue psaoM TakcucoB. HekoTopeie o6nanalor ra3zo-
BbIMHU BakyoJissMHU. 3anacaloTt noJjiv-B-ruipoKCHaKaHOoaThbl U MOJMUIIO-
KaHbl. KjieTOuHbIE CTEHKH colepXaT 3HaUMTeJIbHbIe KOJIUYECTBA HEHa-
CBILLIEHHBIX U HEPa3BETBJEHHBIX XHUPHBIX KUCIOT. BcnoMorarenbHbie
MUrMEHTHl MpEACTaB/ieHbl B-, Y-KApOTUMHOM WJIXW MHUKCOOAKTHHOM.
DOTOCHHTETUUYECKHUI anmnapaTt JIOKaJIu30BaH B xjopocomax W LITTM.
N3 nmepeHOCYUKOB HaiieHbl LIUTOXPOMBI b, ¢, MEHAXMHOHH 8 M 9,
FeS-6enku. bakteprnoxnopoduibl CHHTE3UPYIOT Ha CBETY U B TEMHO-
T€, HO B OTCYTCTBUM KHcJopoaa. [TpencraButenn 3Toil rpynnnsl Tpeby-
10T 11 POTOCHHTE3Aa BHICOKO MHTEHCUBHOCTH CBETa, TOHOPaAMM MpHU
dotocuHTE3E MOryT GBITH CEPOBONOPON M MOJIEKYJIIPHBIA BOOOPOA.
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CnocoGHbl K (poToaBTOTPOUHU, HO MPEATNIOUUTAIOT hOTOreTEPOTPOd-
Hbli1 00pa3 xu3HU. Umeror noaHelit LUTK ¥ rrMokcunaTHbli LWYHT U
MOTYT MCIOJb30BaTh LUMPOKHUI1 HAGOp opraHHYeckux cyoctpatoB. Cpe-
IM 3€JIEHBIX HECepHbIX OakTepuii ecTb Me30(uibHbIE U TEpMODUIb-
Hble ¢popmbl. Pactyt npu pH 7,0—9,0, HekoTopbie TpeOYIOT NMOBBI-
wueHHo# koHueHTpauun NaCl (5— 12 % no Macce). OtaenbHbie npen-
CTaBMTEJIM HYXIal0TCsi B HA6ope BUTAaMUHOB. A30T NMOTPe6siIOT B BUIIE
coneit aMMOHMSI M OpraHMYECKHX coeiMHeHMit. Bce 3esieHble HecepHbie
GakTepuu 001aal0T 3HAYUTENIbHOM TOslepaHTHOCTBIO K H,S. Chloroflexus
CMOCOOHBI K aCCUMWISILLMOHHOM Cynb(aTpeayKLMH. Y 3eJIeHbIX HECEp-
HbIX DaKTepHit OOHapyXeH HeOoObIYHBbINM UMK pukcauun CO, — rua-
POKCHUIPONMUOHATHLINA NyTb, C CyMMapHbIM ypaBHeHUeM 2CO, +4H* +
+ 3AT® — mavokcunat (puc. 137, A). Y oTmenbHBIX LITAMMOB
Chloroflexus nmeeTtcst u 6osiee NMPOCTON LIMKA — BOCCTAHOBUTEJIbHBIM
UMK AMKapOoHOBBIX KUcHoT (puc. 137, b). Y psina opraHu3MoB, He
MMEIOLLIMX ITMOKCHUJIATHOTO LIYHTA, MPU POCTE HA OPraHUYECKHUX CyO-
cTpaTtax 3TH MyTU MOTYT UIpaTh POJib aHAIMJIEPOTUYECKHUX PEaKLIMIA.

Y npeacrtaButeneit pona Oscillochloris nokaszaHa ¢uKcalus yrie-
KUCAO0Thl B LIMKIe KanbBrMHa K a3oTdukcaums. CylecTBeHHbIE OTIHU-
YMs 3STUX MUKPOOPraHU3MOB OT APYIMX 3€JIEHBIX HUTHATBIX OakTepuit
NPHUBEJH K BbLIEJIEHMUIO UX B OTAEJbHOE CEMENCTBO.

Cnenyet 3aME€TUTb, YTO ISl MHOTUX MpeACTaBUTENEH 3TOrO puny-
Ma BoOMpoc O crnocobe MUTaHUS U METAaOOIUYECKUX MYTSX OCTAETCs
OTKPBITHIM, MOCKOJbLKY BblIEJIEHWE HUTYATHIX OPraHW3MOB B YMCTHIE
KYJIbTYpbI NIPEACTABISET 3HAYUTESIbHYIO TPYAHOCTb M3-3a CYILLIECTBOBA-
HHUSl B UX CJIM3UCTBIX YEXJIAX MHOTOYMCJIEHHBIX MUKPOOPraHM3MOB-CIyT-
HHMKOB.

leauobakmepuu No MoNeKynsipHO-OGHOJIOrMYECKUM KPUTEPHUSIM OT-
HECEHbl K FPaMIOJIOXMUTENbHBIM 6aKTEPUSIM C HU3KUM CONEPXaHUEM
'+ Ll 8 JHK.

®unym B13. Firmicutes

Knacc 1.Clostridia
IMopsanok 1. Clostridiales
CemeiictBo 6. Heliobacteriaceae
Pon 1. Heliobacterium
Pon 2. Heliobacillus
Pon 3. Heliophilum
Pon 4. Heliorestis.

DTU MUKPOOPraHM3Mbl UMEIOT AaTUMUYHYIO KJIETOYHYIO CTEHKY:
MYpPEHH MO CTPOEHHUIO GJIM30K K IpaMMOJIOXHUTEIbHOMY THIy, Y HHUX
OTCYTCTBYIOT JIMMOMNOJIMCAXapuibl, HaJIMUME GEJIKOBOro CJOsi BapbH-
pYET, a KJIETKH Kpacsitcs no I'pamy otpuuatenbHo. B npupoaHeix Mec-
TOOOUTAHMSIX CIOCOOHBLI 00Pa30BbIBATh SHAOCIOPHLI, HO B JJabopaTop-
HOM KYJbType 3TO CBOMCTBO TepsieTCsl. ONHOK/IETOYHBIE TMJieiioMopg-
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Hbl€ MaIOYKOBUIHBIE WIM CITUPaAJIbHbIE OPraHU3Mbl MOTYT MEPEABUraTLCS
MyTEM CKOJIbXEHHUSI WIM C MOMOLUbIO XIyTUKOB. (DOTOCHHTETHYECKHIA
annapar Jiokasim3oBaH B LITTM u noctpoeH no npuHuuimy ®CI. Conep-
xat Bchl g ¥ MUHOpHBIE KONMYecTBa okUcieHHOo#H ¢opmbl Chl a B peak-
UMOHHOM ueHTpe. KapotuHouasl npeactaBieHbl Ciy-NpOU3BOAHBIMUA
HeilpocnopvHa. M3 nepeHoCUMKOB HalaeHbl LMTOXPOMBI ¢, bc; U MeHa-
XUHOHbI. Ha cBeTy pacTyT TOJIbKO B aHa3pOOHbIX YCIOBUSIX TTPH BHICO-
KO¥ MHTEHCHMBHOCTH cBeTa. B TeMHOTE MOIyT CyLLIECTBOBaTh KaK MUK-
poaspoduinbl. Mpennounraior ¢ortorerepoTpodHblit 06pa3 xu3Hu. B
KayecTBEe JOHOPOB 3JIEKTPOHOB MOTYT HCMOJIb30BaTh BOCCTAHOBJICH-
HbIC COEIMHEHHUSI CEPbl U MOJIEKYJISIDHBIH BOAOPOA. Y HEKOTOPBIX MO-
Ka3aHa aCCUMWISILIMOHHas cynbgaTtpenykuusi. B TeMHOTe cnocoGHBbI K
CEpPHOMY [bIXaHHIO, AKTUBHbIE a30T(HUKCATOPbl. ACCUMWISILIMSL HEOOJb-
LLIOTO YUCJa OPraHUYECKUX CyOCTpaTOB NMPOMCXOOUT B PeaKLIMsiX Kap-
6okcunupoBaHus. Llnkn KanbBMHa He 0OHapyXeH M MoKa He J0Ka3a-
Ha (pUKcaLMs YrJIEKUCIOThI Yepe3 KaKoi-JI100 npyroi uuki. B teMHo-
Te CMOCOOHBI K COpaXXMBaHMIO MUpyBaTa ¢ 0Opa3oBaHUEM alieTaTa.

OnHoit U3 ooLMPHEHILIMX TpyNN (POTOCUHTEIUPYIOLIIMX MUKPOOP-
raHU3MOB SIBJISIIOTCS yuarobaxkmepuu, 0OCOOEHHOCTH (POTOCHHTETHYE-
CKOTO amnrapaTta KOTOpbIX ObUIM OTMEYEHBbI Bbille. 3aTpyAHEHUS B Me-
pexone K UX 6aKTeprUoJIOTHYECKONH CUCTEMATUKE OOBACHSIIOTCSI BO MHO-
rOM CJIOXHOCTSIMU MOJYYEHUS] YUCTHIX KYJbTYp 3TUX MUKPOOPraHM3-
MoB. [1o3TOMy B HacTosiLee BpeMsl Ki1acCUuUKalvs TpaAULIMOHHO Oa-
3UpyeTCsl Ha «0OTAaHUYECKHUX» NMPUHLIMTIAX.

Ouaym B10. Cyanobacteria

IMoncekuusi | — oaHOKIETOUYHBIE MJIM XUBYLIME B arperatrax opra-
HU3Mbl. CKOMJEHUS OKpPYXEHbI uexjiaMu Win cau3blo (Gloeothece,
Cyanobacterium, Cyanobium, Gloeobacter, Gloeocapsa, Synechocystis,
Synechococcus, Microcystis, Chroococcus, puc. 138, A). I1o coBpemeHHO#
KJ1accuMKalMHK Cloaa Xe OTHOCST U ponbl Prochloron, Prochlorococcus.

[Toncexkuwus 11 — opraHu3Mbl, pa3MHOXalOLLMECS C MOMOLLbIO 6aeo-
yumog, Koraa CoAepXuMoe OOJbLIOI KIETKH MpeTepreBaeT MHOXe-
CTBEHHOE JieJieHWe Ha MaJleHbKME, 4aCTO MOABMXHBIE KJIETOYKM, KO-
TOpble HEOOXOAMMBI [UIi OCBOEHMSI MPOCTPAHCTBA, 3aTEM JOpacTalo-
LME 10 pa3MepoB MaTepHUHCKOIM KieTkH ( Pleurocapsa, Dermocarpella,
Cyanocystis, Stanieria, puc. 138, b).

AKHHeTa

l'erepouucra

A b B r A
Puc. 138. TunuunHas mopdonorus uuaHob6akTepuii pasHbix noacekuuit (A— 1)
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Ioncekuuss 11l — HUTUaThie OpraHu3mbl 6€3 crieLMaIUu3upOBaH-
HbIX KieTok (Spirulina, Oscillatoria, Microcoleus, Lyngbya, Trichodesmium,
Prochlorothrix, puc. 138, B).

IMoncekuus IV — HeBeTBsILLIMECS HUTHU CO CNELMAIM3UPOBAHHBIMU
kietkaMu (Anabaena, Nostoc, Calothrix, Scytonema, Cylindrospermum,
puc. 138, I).

IMoacekuusi V — HUTH C ICTUHHBIM BETBJIEHMEM U CNIELIMAIM3UPO-
BaHHBIMM KJIeTKaMH, GOpMUpYIOLIHE MHOTOPSIAHBIE TPUXOMBI ( Fische-
rella, Stigonema, Mastigocladus, Geitleria, puc. 138, 1).

LInaHoGakTepun — cambie APEBHUE U3 OPraHU3MOB, CMOCOOHBIX K
OKCHUIF€HHOMY (DOTOCHMHTE3Y, — MMEIOT OTAAJIEHHOE POACTBO C rpam-
MOJIOXUTEIbHBIMK OaKTEpUSIMU. Y LIMAHOOAKTEPUIt Apyrue XHUpHbie
KHUCOTbI (C AByMSI ABOMHBIMU cBsi3siMM). KileTOUHbIE CTEHKU — IpaM-
OTpHMLATE/IbHBIE, COCTOSILINE U3 YEThIPEX CJIOEB (MYpPEMH W TPH MNpO-
3payHbIX cyosi). Ha noBepXHOCTH MOXET NMPUCYTCTBOBAaTh OEJIKOBBIM
S-cnoit. Mopdonorusi oueHb pa3HooOpa3Ha. MHoOrMe npeacTaBUTENN
MMEIOT BHELIHWE OOOJIOYKH, CMOCOOCTBYIOLIME arperaliMyd KJETOK.
Yexsibl MOTYT ObITh CTPYKTYPHPOBAHHBIMHA U HHKPYCTHPOBaHHBIMH pa3-
JIMYHBIMHY BELLIECTBAMH, MO3TOMY YaCTO COXPAHSIOTCS B BUIE OKame-
HEJIOCTeil U 00pa3yloT CTPOMAaTONUTH. B TpMxoMax MoOBEpPXHOCTHBLIE
CTPYKTYPbl MOTYT ObITb OOLLUMMH [UISl BCEX KIIETOK, CBSI3aHHBIX IU1a3-
MogecMmaMu. Y uMaHobaktepuit HabniogaeTcst 6onboe pa3HooOpa3ue
BHYTPHUKJIETOUHBIX CTPYKTYpP. OTO M ra3oBbi€ BaKyOJH Y BOAHBIX (OpM,
cnoco6eTByolMe UX GioTaluMu, U POTOCHHTETHYECKHME MEMOpaHBI.
MDOTOCHHTETHUECKHIH anmnapar JIOKaJIM30BaH B THJIaKOMAaX, a CBETO-
cobupalolime NMUrMeHTbl cCo6paHbl B PUKOOMIHMCOMBI. B peak iMOHHBIX
ueHTpax coaepXUTcsi ToNbKO Chl a (Pgp v Pggg). PuKoOHAMCOMBI, HME-
olMne nojycepruyecKylo WiIn NMOJYAUCKOBUAHYIO ¢opMy, pacnoa-
raloTcsl Ha HapyXHOH CTOpOHE THJIAKOMAOB U colepxkaT (PUKOIPUT-
puH (565 HM), dukouunanuH (600 HM), a Takxke UX MoaAMdHUKaLMUH,
KapOTMHOMABI pa3HbIX TUTIOB M CBETOCOOHpatoLne GopMbl XJ1I0pod -
JoB. DTLL nocTpoeHa no Z-cxeMe, NpUYEM MEPEHOCUYUKHU 3JIEKTPOHOB
MOXO0XH MO COCTaBy Ha pacTUTE/IbHblE (IUIAaCTOXMHOH M IUlacToliMa-
HuH, HA1" 1 HAJ®', ¢aaBonpoTenabl, LUTOXPOMbI, B TOM 4YHMCJIE
umt f).

HekoTtopbie unaHOGakTepUM 00pa3yIoT CrielMaTM3UPOBaHHbIE KJIET-
KM C YTOJILLUIEHHOH KJAETOYHOM CTEHKOW — 2emepoyucmsl — OCHOBHOE
MecTo asotdukcauunu. 3aech orcyrcTByeT @C 11, a B KauecTBe BOocCTa-
HOBMTEJIE MCIONBL3YIOTCS caxapa, TPaHCIOPTUPYEMbIE 4Yepe3 Iula3-
MOJECMbI M3 COCEAHUX KIETOK. B retepormcrax He GyHKUMOHUPYET LIMKI
KanbBuHa, HO uMeeTcst neHTo3odocdaTHbli NMyTh. Yepes miazmoaec-
Mbl MEPENaTCs TAKXKE COCMMHEHMS a30Ta U PEryIsiTOPHbIE BellecTBa
(L-MetnoHmH). Y Gloeothece azoTduKcaumsi LIET B OObIYHBIX BereTa-
TUBHBIX KjeTKax, B KOTopbix Takxe HeT PC 11. Hekoropbie 6e3retepo-
LUMCTHBIE LIMaHOOAKTEPUU (PUKCUPYIOT a30T B OOBIYHBIX KJIETKaX, HO
TOJILKO B aHA3pOOHBIX YCJIOBUAX. Y HHUTYATBIX LIMAHOOAKTEPUIT MOTYT
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00pa30BbIBATLCSI 20pMO2OHUU — YACTU HUTH [UIS Pa3MHOXEHMUSI, C aK-
TUBHBIM CKOJIb3SILUMM IBUXEHHEM. [lpyroii cnocod pa3MHOXEHUS —
0o0pa3oBaHMEe MHOXECTBA MEJIKMX, YAaCTO MOABUXHBIX KJIETOK-6aeoyu-
moe. LlnaHobakTepnu TakXke pa3MHOXaloTcsi OMHAPHBIM EJIECHUEM U
noukoBaHueM. [11s1 nepexuBaHusi HEONIAronmpPUATHBIX YCIIOBUI LIMAHO-
GakTepuu 0Opa3yloT akuHembl — KPYIJbl€ TOJCTOCTEHHBIE KIETKHM,
aHaJIOrMYHbIE criopaM OakTepuil, UMEIOLLME 3EPHUCTYIO CTPYKTYpY M
colepxallMe B KaueCTBe 3anacHbIX BELECTB LUMAaHOMULIMH U TJIIOKaH.
Kak 3anacHoe BewectBo (10 10 % oT Macchl BereTaTMBHOM KJIETKH)
MOXET OTKJIaAbIBaThCs YUaHOPuUWuH — 3amacHoOi nys a3oTa, pa3BETB-
JIEHHBbIH conojiMMep aprMHMHa W acnaprtara. B ycnoBusix rojsiogaHus
UMAaHOPULIMH MOXET CTaTb 3HEProfalolIMM BELIECTBOM: aprMHUH +
+AlD + ®, + H,O — opuutuH + CO, + AT® + NH;. Peakuus kara-
qusupyercst pepMeHTOM apruHuHIernaposasoi, a AT® cuHTe3upy-
eTcsl nyTeM cyoctpatHoro dochopunnpoBaHusi. DUKOOHINHBI TaKXe
MoryT HakanauBatbesi (10 10 % ot Macchl BCEro BelllecTBa) U norpes-
JIATLCSI B YCJIOBMSIX rojionaHusi. B oTiinuMe oT akMHET, BereTaTUBHbIE
KJIETKM MOTYT 3anacatb U nonudocdarsl.

Hu y ogHoro npencraButensi ¢punaymMa Bo B3pOCJIOM COCTOSIHUM He
OOHapyXeHbl XI'YTHKH.

MHorue uMaHO6aKTepUH NepeIBUraloTCsl MyTEM CKOJILXEHHS, HHOT-
[la IBUXEHUE COMPOBOXIAETCS BpalLiEHUEM, CKPYYMBAHUEM. ITU MUK-
poopraHu3sMbl obnanaioT pomomarxcucom, HEKOTOPbIE CIOCOOHBI K Xe-
MoTakcucy. UM npucyiim takxe gpomoxuresuc (W13MEHEHUE CKOPOCTH
IBUXEHUS B 3aBUCUMOCTH OT MHTCHCUBHOCTHU CBeTa) U ¢homoghobHas
peakxyus (pe3Koe U3MEHEHHUE HalpaB/eHUs1 IBUXEHUSI MTPH BHE3ANTHOM
M3MEHEHUH UHTEHCUBHOCTU OCBElLlEHUs1). B 3aBUCHMOCTH OT MHTEH-
CUBHOCTHU CBETa Y LIMAHOOAKTEPHUiII MOXET MEHSTHCS KOMUYECTBO TH-
JIakOMAOB U (POTOCHHTETUUECKUX MUTMEHTOB, HO UX COOTHOLLIEHHE OT
OCBELLUEHHOCTH HeE 3aBUCHUT. [1p1 HU3KOI MHTEHCHBHOCTH CBETA MOXET
pa6otatb Tosibko PC I. LlnaHoGaKkTepUH, UMEIOLLME pa3Hbie HPUKOOU-
JIUHBI, CNOCOOHBI K XpOMAaTUYECKO#H ananTalMi U MOTYT CUHTE3UpPO-
BaTb pa3/IMYHbIE MUIMEHTHI B OTBET Ha M3MEHEHHE CMEKTPAIbHOrO
coctaBa cBeTa. JIIMHHOBOJIHOBBLIH CBET MOANEPXMBACT AaKTUBHOCTb
dC 11, yto no3posstet nonyyarb AT® u pacTu 3a cyeT aCCUMMWIALIMU
OpraHMYeCKMX BELLECTB.

[To Mepe ycnoXHeHMs CTPOEHMST YBETMUMBAETCA OOBEM M KOIMId-
HOCTb reHoMa. Y uMaHobakTepuii HailaeHbl Maa3Muabl U LHaHodaru.

OObIYHO LIMaHOOAKTEPHUH IUISl pOCTa He TPEeOYIOT BATAMMHOB, a30T
noTpebsiI0T B aMMOHMIAHOM WM HUTpaTHO# (popMe, HEKOTOPHIE CIO-
COOHBI K (pHKcaLMu MoJieKyJisipHOro azota. Kak npaBuio, cnoco6Hbl K
aCCUMMJISILMOHHOM cynbdaTtpenykuun. ObnuratHeie GoToTpodbl. AB-
toTpodHas pukcauuns CO, npoucxonut B uMkie KanbBuHa. Otaenb-
Hbl€ MPEACTAaBUTEIN CMOCOOHB aCCUMMWJIMPOBATh Ha CBETY IJIOKO3Yy
WIM IpYyTrUe NpocThie OpraHUYeCKHe cyocTparbl. B OCHOBHOM HUTYaTbIE
¢OpMbI MOTYT pacTU B TEMHOTE, OKHCJISISi OPraHUUYECKUE COEAUHEHUS.
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LHTK — HenonHuIii, ¢ WIK 0€3 INIMOKCHIATHOIO LYHTa, OCHOBHOM
MyTb UCMOJIb30BAHUsI OPraHUKU — neHTo30docdaTHbIi NyTh. B aHas-
POOHBIX YCJIOBUSIX B TEMHOTE€ MOTYT OCYLUECTBJISATb TOMO- M TeTEpO-
(epMeHTaTHBHOE MOJIOYHOKHUC/I0E OpoXeHHe U aueToreHe3. Boamoxk-
HOCTb aHa3pPOOHOTO AbIXaHUSl He MOKa3aHa, OAHAKO 3JIEMEHTapHas cepa
MHOrAA UCMOJIL3YETCSl KaK CTOK 3JIEKTPOHOB.

LlnaHoOaKkTepMn CNOCOOHBI OCYLLECTBISATh AHOKCUEHHbIU (homocuH-
me3 C CepOBOJIOPOAOM B KayeCTBEe NOHOpA 3JIEKTPOHOB, MPU 3TOM B
knetkax He cuHTe3upyetcsi @C 11. INepexon Ha aHOKCUreHHBbIi GHOTO-
CUHTE3 TPeOYyeT MHAYKLIUM I CHHTE3a CYJb(UIXMHOHOKCUAOPENYK-
Tasbl. LlnaHoGakTepnu pazinyaloTcsi 1o yCTOMYUBOCTH K CEPOBOAOPO-
ny. MHOrve U3 HUX TATOTEIOT K MECTaM C BHICOKOiI BOCCTAHOBJIEHOC-
ThIO U HeGonblMM KonnyectBoM H,S. Ipu okcureHHOM doTocHUHTE-
3e, Koraa obpasyeTcsi MHOTO akTUBHbIX ¢()OpM KHUCJIOpoaa, CEpOBOIO-
poa crnocoGCTBYET 3aUIMTE OT NepeokucneHus. EcTb AaHHbIE O TOM,
4yto noHopoM st PC 11 MoxeT ObITh IBYXBAJIEHTHOE XEJE30.

BosibLIMHCTBO LIMaHODaKTepUii — Me30guibl (MHOTIa TEPMOTOJIE-
pPaHTHbIE), HO €CTb NMCUXPOPUIBHBIE U NCUXPOAKTUBHBIE MPEACTABU-
TEeJIW, XUBYLLHE BO Jibaax ApkTuku ( Chroococcidiopsis sp.). Tepmoduib-
Hble BUabI (60 — 64 °C) 06MTaIOT B rOpsiYUX UCTOUHUKAX U YACTO BXO-
IAT B COCTaB LiMaHO-6akTepuanbHbiX MaTtoB ( Mastigocladus laminosus,
Phormidium laminosum). MHorue umaHo6axTepum NpeanoyYrUTaloT MUK-
poal’pobHbie yciaoBus. OCHOBHasi Macca LIMAaHOOAKTepUil — aJiKanu-
¢unsi (pH 8 —9). B ropsiunx uctouHukax ¥ 60y0Tax OGUTAIOT allMAOTO-
nepaHtHbie (pH 4,5—5,0) Fischerella v Synechococccus. Conenobm-
Bble MopMbl (HanpuMep, Spirulina subsalsa, Beinepxusaroiuasi 1o 10—
12% NaCl) cuHTe3upyloT ocMonpoTekTophl. IlpH «pacrnpecHeHNMU»
TaKHUe BELIECTBA BbIOPAcHIBAIOTCH M3 KJIETKHU M «10AOHUPaIOTCSI» MHUK-
poOpraHM3MaMHU-CIYTHUKAMM.

HNHTepecHO, YTO HEKOTOpbiE LIMaHOOAKTepUM CrMOCOOHBI 006pa3o-
BbIBaTb HEMPOTOKCHHBI, & TAKXe FEOCMHUH (TpaHc-1,10-aMMeTU-TpaHc-
9-nekanon). DTo BELECTBO aHAJIOTMYHO TAKOBOMY Y aKTHHOMMLIETOB U
MMeeT 3arnax rnousbl. B yacTHocTH, B mepuon UMaHOGAKTEPUABLHOTO
«LIBETEHUsI» BOIbI €€ 3eMJISTHON 3anax OMNpeaesisieTcsi 3TUM COEeIMHE-
HUeM. OnacHOCTb TaKOW BOIbI ISl XMBOTHbIX CBSI3aHA C BblACJIEHUEM
LMaHOOaKTEepHUANILHBIX HEMPOTOKCHHOB.

Mukpoopranu3Mbl, paHee BbileseHHbIe B nopsinok Prochlorales
(npoxaopoghumet), a Tenepb NPUUUCAEHHDBIE K LIMAHOOAKTEPUSIM, — €LUe
onHa rpynna ¢otoTpodoB, CIIOCOOHBIX K OKcUzeHHOMYy ¢homocurmesy,
HO OT/IMYaIoUIasicsl OT APYrMxX LIMaHOGaKTEpPU COCTaBOM MUTMEHTOB.
DTH OpraHu3Mbl MPEACTaBJIEHbl TPEMSI POAAMM:

1) pon Prochloron Bki104aeT CUMOMOHTOB acLMAWI AUAMETPOM
10 — 30 MkM. KOKKOBHHbBIE KJIETKH UMEIOT Pa3BUTYIO CUCTEMY BHYT-
pUUMTOIUIa3MaTHYeCKMX MeMOpaH. B KiieTouHoit cTeHKe HalaeH nen-
TUOOIIMKaH. POTOCHHTETUYECKMIA amnapaT COAEPXHUT XJ10pOUILIBI @
n b B cooTHolieHuu 4,7 : 1, He uMeeT GUKOOWIMHOB M JIOKAIM30BaH B
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TUiaakouaax. [eHbl, KoaupyiollKe 6eIKH CBETOCOOMPAIOLIMX KOMITJIEK-
COB, FOMOJIOTMYHBI LIHAHOOAKTEpUAIbHBIM, @ HE XJIOPOIUIACTHLIM. 3TO
Me30(huIbl, UMeIoLlINE KapOOKCUCOMBI U (PMKCUPYIOLLIUE YIIEKUCIOTY
B uMkiae KanbBMHa, HO CMOCOOHBIE MCMOJIL30BaTh HEOOJIBLLIME KOJIN-
YyecTBa OPraHMKHM, Kak MpaBwio, B BUIE alieTata. A30T NoTpebsiioT B
aMMOHHMITHO# opMe, 0IHAKO CNOCOOHBI U K a30T(HUKCALIMH;

2) pon Prochlorothrix — 3T0 OOMTaTENW MEJNKHUX 03€p, CBOOOAHO-
>XUBYILLIME HUTYATHIE HEMOABHUXHbBIE OPraHM3Mbl. B HUTSX NMpUCYTCTBYET
ot 20 oo 100 knerok. MemOpaHHas cucteMa MeHee pa3BuTa. UMeiot
xJiopopwuisl @ U b B cooTHouieHHn 8—9: 1, bHUKOOMAUNPOTEMHOB
He coaepxaT. POTOCMHTETUYECKHIA anmnapar JOKaJM30BaH B CTONKax
TiakouaoB. Pukcanns CO, NPOMCXOOUT B KAPOOKCUCOMAX Yepe3 LMK
KanbBMHa. MoryT nepekio4yaTbCsi Ha aHOKCUTE€HHBII (POTOCUHTE3 B
MPUCYTCTBUM cepoBoaopoaa. A3zotgukcarlmns He 0OHapyXeHa, a3oT no-
TpeGasieTcss B BUE HUTPATOB M COJieii aMMOHMUS;

3) pon Prochlorococcus — o4eHb MeJKME KOKKH pasmepom 0,5 —
0,7 MKM, coaepxaliue xJopodusiibl @ U b, a TakXe TUBUHWUJI-XJIOPO-
dnmbt b 1 ¢ u GuKo3IpUTpUH. BMecTo B-KapoTHHa 06pa3yioT a-Kapo-
T™H. ToacumuraHo, yto B 1 M Boawl npucyrcresyer 10%— 10° kietok
3TUX NMPOXIOPOMUT, KOTOPbIE SABISIOTCS NMEPBUYHBIMU MPOAYLIEHTaMH
B CyMepe4Hoil 30He okeaHOB. PacnpeaeneHbl no riy6buHe OT noBepx-
HocTH 10 200 M ¢ u3BMeHeHHeM MHTEHCUBHOCTH cBeTa oT 100 1o 0,01 %.
3ITO OJUrOTPOPHBIE MUKPOOPTraHU3Mbl € g > 24 y.

PaHee npeamnonaraim, 4To 3yKapyMoTUUYECKasi KieTKa BO3HUKJIIA My-
TeM CUMOMO3a C LMaHOOaKTepUel, KoTopasi npeBpaThjiach B XJ1OpO-
rmnact. OoQHaKo LiMaHOOaKTepUH He 00pa3yloT xjopodusna b, npucy-
wero dpororpodam-3ykapuoTtaM. B To ke BpeMs noka3aHo, YTO MO aHa-
aun3y 16S pPHK xyioponnactel ¥ 11uaHOOakTeEpUM (B TOM YMCIE, TMPO-
xJ10pohbrThI) UMEIOT OMHOTO 001ero npeaka. [103ToMy CMMOHOHTOM,
NMpEeBPAaTUBILIMMCSL B XJIOPOIMJACT, CKOpee SIBISIETCSl MpPeNCTaBUTEb
NPOXJI0pOUT, CHHTE3UPYIOLLIMIA XJIOPOIJIACTHBII THN X10poduia.

YHuUKaIbHbIi TN (OTOCUHTE3A, HE CBSA3aHHBIA C xJ10podHLIaMH
Win 6akTepruoxiopodHIaMK, OOHapyXeH y eatrobakmepui. Tanobak-
TEPUM OTHOCSATCS K apxesaM U Kjaccuduuupylotest B 14 ponos.

Jlomen Archaea
®unym A2. Euryarchaeota

Knacc 3. Halobacteria
[Mopsinok 1. Halobacteriales
CewmeiictBo 1. Halobacteriaceae

Pon 1. Halobacterium
Pon 2. Haloarcula
Popn 3. Halobaculum
Popn 4. Halococcus
Pon 5. Haloferax
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Pon 6. Halogeometricum
Pon 7. Halorubrum

Pon 8. Haloterrigena

Pon 9. Natrialba

Pon 10. Natrinema

Pon 11. Natronobacterium
Pon 12. Natronomonas
Pon 13. Natronococcus
Pon 14. Natronorubrum

D10 a3poOHbie XeMoreTepoTpodbl C AbIXaTeJbHBIM METabOIU3MOM
Y CJIOXHBIMH MUILEBBIMU MOTPEOHOCTAMHU (OOBIYHO JUISAA POCTa HYXHBI
6e/IKM 1 aMMHOKUCJIOThI). SIBASIIOTCS XOPOLUMMU MMAPOJIUTHKAMHU. YT-
JIeBOAbI UCMOJIB3YIOT MO NYTU DHTHepa — JlynopoBa. Y oTae/bHBIX Mpe-
cTaBUTesieit oOHapyxeHa aszordukcauus. Psa opraHmamoB criocobeH
¢uxkcHpoBaTh yrjieKUcJaoTy yepe3d uuMkin KanbBuHa. Hekotophie cro-
COOHbI K aHa3pOOHOMY AbIXaHUIO C HUTpPAToM, PymapaToM U OKHUC-
JICHHBIMM CO€AMHEHUSIMU CEpPbl B KaU€CTBE aKLIENTOPOB 3JIEKTPOHOB.
KneTku HenmoaBMXHBI WJIM OBUXYTCSI C MOMOLIbIO JTOGOTPUXAJIb-
HbIX XIyTUKOB. Bce opraHu3Mbl — OIHOKJIETOUYHBIE, pa3HOil Mopdo-
JIOTMH, 4acTo IuieifoMopdHbIe, HEKOTOPhIE UMEIOT ra30Bbie BaKyOJIH.
PazMHOXalTCsi OMHApHBIM AEJEHUEM, OTAEJbHbIE NMPEACTABUTEIN
MOTyT 00pa3oBLIBaTh «raJlOLMCThI». B KauecTBe 3amacHOro BelLecTBa
OTMEYEHO HAJIMYUE MOJIU-B-TMAPOKCUMACIISIHOM KHUCJIOTHI.
XapakTepHast yepTa 3TOro ceMeicTBa — ero abcooTHasi 3aBUCH-
MOCTb OT BbICOKMX KOHLieHTpalmii NaCl (mo 20— 30 %). MukpoopraHus-
Mbl MOAPA3AENSAIOTCS Ha [BE rPyNIbi: 1) HyXxnaaolMecsi B BHICOKHX
KOHLIEHTpaLMUsAX COJIK U Mg u pactywue npu pH ~7,0 u 2) Hyxnato-
1Mecs B BbICOKMX KOHUEHTpauusix conu ¥ OH™ u pactyuiue npu
pH ~ 8,0. KiieTKM CMHTE3UPYIOT BHYTPHUKJIETOUHBIE OCMOPETYJIATOPblI —
€axapocnupThl, [IMKO3WIIIMUEPUIbI, O€TavHbl, TIMLEPOJ, HEKOTO-
pble aMUHOKHMCJIOTHI, 8 TAKXE aKTUBHO BBIKAYMBAIOT U3 KJIETKU Na’,
3aMeHsis ero Ha K' (¢ 800-kpaTHoii pasHuueit). [anobakrepun (rao-
apxev) pacTyT TOJILKO B MECTaX C BbICOKOI COJIEHOCTBIO (MOPCKHE
COJITEPHbI, COJIEHbIE 03epa, COJIEHblEe NMPOAYKTHI). KiieTouHble CTEHKH
(6enkoBbIE, MONMCaxapUuaHble WIM CyabdononaucaxapuaHbie) ctabu-
an3upylotcsi voHamu Na'. [MKonpoTenHsl ranoapxei, a Takxe 6e-
KU-(bepMEHTBI COAEPXaT MHOTO «KHCJIbIX» aMMHOKMCJIOT.
[IurMeHTauMs rajoapxei 4acto ObIBaET KPaCHO-XKENTOi U3-3a 60Jib-
LIOr0 KOJUYECTBAa KapOTMHOUAOB, KOTOpbI€, BO3MOXHO, HCIMOJb3Yy-
IOTCSI MMKPOOpPraHM3MaMM AJis 3alUUThl OT M3JIMIUHEN MHCONSLIMM.
OCHOBHBIMM KapOTHHOMIAMM SIBJIAIOTCS 6aKTEpUOpYOEpUH, IMKOIMH,
o- U B-kapoTuHbl. [anoapxen Ha CBETY MPU HU3KOM cofiepXaHUU KUC-
Jiopoaa o0pa3yloT MOAMGULIMPOBAHHbIE KJIETOYHBIE MEMOpaHbl, CO-
nepxauue HECKOJbKO BUAOB MUIMEHTOB — OaKTEpPUOPOAOTICHH, ra-
JIOPOJONCHUH, MeMJIEHHBIH poaoncuH, ¢obopoaoNCHH U apXepoaon-
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cuH. C NOMOLUBIO TAKUX «HYpNnYPHbIX MEMOpaH» KJIETKU NMPOBOAST YHU-
KalbHBIA npouecc ¢orocuHTe3a ¢ obpazoBaHueM ATP. [lpu stom
b6axmepuopodoncur OTBEYaeT 3a TPAHC/IOKALIMIO MPOTOHOB M CO3/1aHHE
Apy,, TanopononcuH 3akaumsaeT K' B oomeH Ha Na', a MemieHHbIH
¢$060- ¥ apxepomoncHHBI CiyXaTt ¢oTOpeLenTopaMu Ha KpacHbId U
CHHMIA CBET, yNpaBisiloT aKTUBHOCTBIO XIYTMKOB M OTBEYaloT 3a ¢o-
TOTAKCUC.

baxmepuopodoncun (W1 peTMHab) 0Opa3yeTcsi B NPUCYTCTBUM He-
6onbioro Konuuectsa O, U3 kKapotuHouaoB (Cyy — 2C,)) ¢ npucoenm-
HEHHEM K 0eIKOBOM MojieKyJie yepe3 JIM3UH. DTO COEAWHEHUE HMEET
TeMHO-NypnypHblit uBeT. PetHans Murpupyet B LIIIM, obpasys tam
arperatbl. [lon meiictBueM cBeta 6aKTEpUOPOLONCHUH U3MEHSIET CBOIO
KOH(OpMaLMIO, YTO COMPOBOXAAETCS BHIOPOCOM NMPOTOHOB U3 KJIETKH
M HaBeAE€HUEM TpaHCMeMOpaHHOro noreHuuaia. Takass GpOTOCUHTETH-
yeckasi aKTUBHOCTb M0JIE3HAa MUKPOOpPraHM3MaM, TaKk KaK KHUCJIOpOA
TUJIOXO pacTBOPSIETCSl B KOHLIEHTPUPOBAHHbIX paCTBOPAax COJIU, B Pe3yJib-
TaTe MOTYT CO3[aThCs Jaxe aHa3pOoOHbIe ycaoBusl. Toraa rajoapxeu Uc-
MOJIb3YIOT CBETOBYIO 3HEPruio, YTOObI CHHTE3MPOBATh JOCTATOYHOE KO-
JnyectBo AT® u nepexutb HeOnaronpusiTHele ycnoBusi. [locTosiHHO pa-
CTM aHa’pOOHO KJIETKH HE MOTYT, NMOCKOJIbKY KHMCJIOpOd HEOoOXOauM
IUIsl CUHTE3a PETUHAIS, HO C MOMOLLbI0O POTOCHMHTE3a rajloapXxeu MoryT
nepeXuBaTh CTPECC, BbI3BAHHBIA HEIOCTaTKOM KMCJIOpoaa.

Y ranoapxeit THK nenutcsi Ha OCHOBHYIO U1 MMHOpPHYI0, KOTOpasi
MOXET COCTaBJATb N0 '/3 OT OBIUEr0o KOJMYECTBA M OTAMYATBLCS MO
conepxanmio I' + L. KiieTkKM MMeEIOT KpynHbi¢ Mja3Muiibl, COAEPXa-
LMe BHICOKOMOBTOPSIOLLIUECS MOC/IEN0BATEbHOCTH.

Ewe onHoit HHTEpeCHOI# 0COGEHHOCTBIO rajioapxeit sIBAsSIETCS Bbl-
cokasi cTeneHb U3MEHYMBOCTH (YacToTa MyTaUMil y HUX B | Thic. pa3
GoJiblIe OOBIYHOI).

A3pobHbie anokcuzerHble 6akmepuu (3pUTPOOAKTEPUHU) — ITO CIOP-
Hasi rpynna, otkpbitasi B KoHue 70-x rogoB XX B. [IurmeHtnl ¢oto-
CUHTe3a ObLIM OGHapyXEeHbl y PO30BbIX METWIOTPO(MHBIX OakTepui
(ppmb — pinc pigmented methylotrophic bacteria) pona Methylo-
bacterium, BblaensieMbIX U3 puNochepbl paCTEHUH U KMLLIEYHHKA KOJIb-
yaTbiX YepBeil. OHU CUHTE3UPYIOT KAPOTHUHOMIbI U HEDOJIbLLOE KOJIN-
yecTBO GakTepUoxjiopoduia a.

Btopasi rpynna Takux opraHM3MOB NMpeacTaBjleHa MOPCKMMH Oak-
TEpUSIMH, OOUTAIOLLIMMH HAa MOBEPXHOCTH BOAOpOCEi. D10 obaurar-
Hble a3poObl ponoB Erythrobacter i Roseobacter, imerouime poTocHH-
TETHYECKHE MUIMEHTHI U o6JianaroliMe peakuMsMH Ha CBET.

[MpenctaBurenu pona Photorhizobium — THNNYHBIE a30THUKCATO-
pbl, oOpasyiolme KiybeHbKM Ha CTeOsiX BbICLLIMX pacTEHHiA, GJIM3KHU
K MOYBEHHBbIM OakTepusiM pona Bradyrhizobium.

U3 BonoeMoB ¢ pa3Hoit TemnepaTypoii ObUTM BblaE/IEHbI MMKpPOOpPTra-
HU3MBI ponoB Porphyrobacter, Erythromicrobium, Roseococcus, Sandara-
cinobacter, Rubrimonas. Acidiphillium rubrum — cnyTHUK TUOHOBBIX OaK-
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TepUil — crnocobeH CUHTE3UPOBaThb KPOME OObIYHOTO HAKTEPUOXIIOPO-
w1 ¢ aToMOM an‘, Oonee yCTOiYMBBIN B KUCIION cpele.

Bce BbllienpuBeAeHHbIE MUKPOOPraHU3Mbl OTHOCATCS K KJlaccy
Alphaproteobacteria. Roseateles depolymerans, BblneneHHbIA B OQHOM
13 pek MHIMK U cnocoOHbIil K pa3jioXXEHUI0 KCEHOOMOTUKOB, OTHO-
cuTcs K Khaccy Betaproteobacteria. 3T MUKpOOPraHM3Mbi U3y4€HbI B
pa3HoIi CTEMEHM, HO Y BCEX OOHApPYXEeHbl KOMITOHEHTbI POTOCUHTETU-
4yeckKoro arnnaparta, Xotss oH pa3BuT B 5— 50 pa3 xyxe (no coaepxa-
HHUI0 POTOCUMHTETUYECKUX MUTMEHTOB), YEM Y TUTIMYHBIX MYPHyPHbIX
6aktepuii. Bce oHu — a3poObl, B 6OJIbIIMHCTBE oONUraTHbie. PoTo-
CUHTETUYECKMII anmnapar, B 0COOEHHOCTU 6aKTepHOoXJI0pOdHILT @ CUH-
TE3UPYETCS1 TOJILKO B a3pOOHBIX YCJIOBUSIX, TPUYEM HAIUMUYUE CBETA
He 06s3aTe/IbHO, a CAaMH MUKPOOPraHU3Mbl HE MOTYT pacTy NMpH No-
CTOSIHHOM ocBelLeHMH. Ux MeTabon3M paccMaTpuBaloT JIMOO Kak Mpo-
MEXYTOUHYIO CTaAMIO MEXAY aHa3pOOHbIM (POTOCMHTE3OM U a3pob-
HOi retepoTpodueit, NMOO Kak pe3ysbTaT JlaTepaibHOrO MepeHoca
T€HOB.

[To Mopdosiornu 310 OAHOKJIETOYHBIE MAJIOYKU U KOKKH, MHOTHE
MOryT 00pa30BbIBaTh HeNnpaBUiibHblE (JOPMbl U BETBUTBCS, CIIOCOOHDI
pa3MHOXaThCsl OMHAPHBIM JE€JIECHUEM MJIM NTOYKOBaHUEM, UHOrAa (op-
MUPYIOT V-00pa3Hbie CTPYKTYpbl, IBUXYTCSl C MOMOILLBIO XIYTUKOB,
MMEIOT BHYTPUKJIETOUHBIC JIaMEJUISIDHBIE MEMOpaHHble 0Opa3oBaHMs.
bakrtepuoxnopodunn a 3repuduunposan dutonom. [lpeacraBieHo
GosiblLIOE pa3HOODOpa3ne KapoTMHOUAOB, 6osiee 70 % KOTOpbIX He yya-
CTBYIOT B GOTOCUHTE3E U UMEIOT 3alLUTHYIO PyHKuMIO. HalineHb Lu-
TOXpPOMbI U YOUXUHOHBI.

BOoNBUIMHCTBO 3TUX MUKPOOPraHM3MOB — Me30(UJibl U HEUTPODU-
Jibl. EcTb npecHOBOJHbIE, MOPCKME, TFaJlIOTOJIEPAaHTHBIE U TalopWib-
Hble. JTO OONUTraTHbiE reTepoTpOdbl, PaCTYLLIME Ha CJIOXHBIX Cpe/ax.
Umerot in6o nonubit UTK, nudo HezamkHyThiit LITK ¢ rmunokcunar-
HBIM LYHTOM. Y HekoTopbix 00HapyxeH KA®PI-nyts. OtaenbHble npen-
CTaBUTEJU CNIOCOOHBI OKUCIISATb BOCCTAHOBJIEHHBIE COEIMHEHUSI CEPbI
[1s noJiyyeHust IHepruu (Hanpumep, Roseococcus thiosulfatophillus siB-
JIsleTCsl XeMONINTOreTepoTpodoM). YCTaHOBIEHO, YTO CBET MOJABJSAET
IbIXaHUE U «BKJIIOYaeT» HPOTOCUHTETUYECKUE peakuuu. Habnonaercs
CBETO3aBUCMMOE MOIJIOILEHUE YIJIEKMCIIOThI, XO0Ts UMK KanbBuHa He
o6HapyxeH. OqHaKo NpH MOCTOSSHHOM OCBELLIEHUH MPOUCXOIUT OKUC-
JieHHe UIMTOXPOMOB U (oTOoBbILIBETaHUE OakTeproxiopodpusuios. Ipen-
noJsiaraloT, YTO Ha CBETY XMHOHBI JIETKO «TepeBOCCTaHABINBAIOTCA»,
MO3TOMY HEOOXOMM CTOK 3JIEKTPOHOB Ha bixaHue (puc. 139).

[NpeacraButenu rpynnst Photorhizobium obpasyioT KiyOeHbKH SIpKO-
3eNleHOro LIBeTa Ha CTeb/isiXx TPOMUYECKUX pacTeHMit Aeschynamene w
Sesbania. T1lpu pocTe Ha arapM30BaHHBIX cpefax GOPMHUPYIOT PO3OBbIE
KOJIOHUM U 00/1a1a10T TUMTMYHBIM AbIXaTebHBIM MeTaboin3MoM. CHH-
Te3 NMUrMEHTOB UHTEHCUBHeEe Ha Oonee OenHbIX CcyOcTpaTax, T.€. BO3-
MOXHO, YTO (POTOCHUHTE3 MOMOTaeT «100MpaTh» 3Hepruio. CyuTaior,
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Puc. 139. IN'mnorernueckas ITL apurpobakTepmii (PLL — peaklIMOHHBIi LIEHTP;
¥YX — yOuUXHHOH)

4YTO 3HEPrusl CBeTa UAET, B OCHOBHOM, Ha oOecrnieueHue ukcaumu
MOJIEKYJIIDHOTO a30Ta.

CpasHeHHe OCHOBHbBIX CBOHCTB (POTOCHHTE3HPYIOIIHX MHKPOOPraHH3-
MOB pa3Hbix rpynn. Hanvuve nMrMeHToB U cnocod UX YIaKOBKH SIBJISI-
I0TCSl CUCTEMATUYECKUMM TIpU3HaKaMU sl GOTOTPODHBIX GaKTEPHIA.
B Ta6n. 26 cyMMHMpOBaHbl TAKME NPU3HAKH 1 60abLIKMX rpynil ¢oTo-
CUHTE3UPYIOLLUX MTPOKAPHOT.

CucTeMaTHyecKoe noJjioXeHue pa3HbiX POTOCUMHTE3UPYIOLMX MUK-
POOPraHU3MoOB MPUBENEHO B Tab. 27.

CpaBHEHHE HEKOTOPbIX OCHOBHbIX CBOMCTB (DOTOCMHTETUKOB TPHU-
BE/ICHO B TaoO. 28.

OKHcNIeHHE CepHBbIX coeIMHEHU Y (HOTOTPODOB MOXET MPOUCXO-
JUTb MO cxeMe, npeacrasieHHoi Ha puc. 140. I1pu 3TOoM cymMapHas
peakuusi GOTOCHHTE3a BHIMJISAUT ClieAyIOLMM 0Opa3oM:

H,S + 4H,0 - SO; + H* + 8¢ + 8H"
8¢ + 8H* + 2CO, — 2(CH,0) + 2H,0

H,S + 2H,0 + 2CO, - SO} + 2(CH,0) + H*

Okonorua ¢ororpodoB. PoToTpohHBIE MUKPOOPraHHU3MbI 4acTO
00pa3yloT HACTOJILKO YCTOMYMBBHIE CUMOLO3bI, YTO UM TPUCBAUBAIOT
JIaTUHCKOE Ha3dBaHWE KaK WHAMBUAYalbHOMY opraHusmy. Hanpumep,
«Chlorochromatium aggregatum» COCTOMT W3 OIHOMN OOJbILIOH KJIETKH
HedoToTpOodHOIM OaKkTepHH M 12— 20 MenKUX najaoyek 3eJieHbIX cep-
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Ta6nuua 26

Oprannzanus POTOCHHTETHYECKOr0 annapara y pasunix rpynn ¢pororpodubix

NPOKAPHOT
rpynna QPOTOCHHTETUYECKHE MUTMEHTDI MOTOCHHTETUYECKHE
N UX MAKCUMYMbI MOIJIOLLICHHUSA MCMﬁpaHHbIC CHUCTEMBI
Llnano6akrepuu | Chl a — 665 Hm Tunakonan ¢ prkooOHU-
(BKJTIOUAs Chl b — 6451 430 M JIMcOMaMHu WM 6e3 Hux
npox;10poduT)
TMypnypHbie Bchl a — 800—810, 830— Jlamesubl, TPyOOUKHM
Gaxkrepun 890 Hm WM BE3UKYJIbl, CBSI-
Bchl b — 835 —850, 3aHHble ¢ LINTM
1020 — 1040 M
3esieHble Bchl ¢ — 745 — 755 um XJ10pOCOMBI, CBSI3aHHbIE
Gakrepun Bchl d — 705 — 740 um Cc MeMOpaHoi#i, HO He
Bchl e — 719 — 726 um NMpeaCTaBRIsAoLIME U3
Bchl a — 807, 830 — 890 HM | ce6Gsi HenpepbIBHYIO
(MHHOpPHBIIA) uenb, u LINMTM
Iennobakrepun | Bchl g— 670 u 788 Hm LM
lanoapxemn bakrepropononcuH «[TypnypHbie
MeMOpaHb» B LITTM

HbIX 6akTepuit Chlorobium limicola. CUMOMOHTBI CHHXPOHHO HEJSTCS.
3esieHble GaKTEpUU MOTYT ObITb BbIAEJICHbI B YUCTYIO KYJIbTYpY, a 60/1b-
IO MMKpPOOpraHu3M — HeT. Cxoxue accolralMy MpeacTaBieHbl Ha
puc. 141.

HUHTepecHbIM MakpooOpa3oBaHHUEM SIBIISIETCS LUAHO-OaKmMepuanbHuill
Mam. B ero coctaB BXOOAT LMAaHOOAKTEPUM, MYPIYPHbIE U 3€JEHbIE
OakTepum, a Takxe cyabdarpenyktopbl. Takue accouraumm oObIYHO
Pa3BUBAIOTCS B FOPSAAYUX KUCJBIX UCTOYHUKAX U JOCTHUrAIOT TOJIIHHBI
4—5cm.

LInaHobakTepru Y4acTo CyLUECTBYIOT B CHMOMO3ax € BbICLLMMU pac-
TEeHUSIMU (BOAHBbII NanopoTHUK Azolla + Anabaena) v rpubamu (nu-
LWIaitHUKK), a npeacTaBuTeNu poaa Prochloron aBasilOTCA CUMOMOHTA-
MU acUMAMK.

[TypnypHble 6aKTEpUU — 3TO B OCHOBHOM BOJIHbIE MUKPOOPraHU3-
Mbl. OHHM OOHapyXeHbI TaKXeE B MOYBE, HO TaM UX PoJib HeBeJinKa. Pa3-
BUBAIOTCSA OObIYHO B OECKUCIOPOAHBIX BOJax C CEPOBOAOPOAOM, Kyna
NPOHMKAET CBET, B PEAKUX CIIy4YasiX OOHAPYXXHBAIOTCS Ha GOJIbILIMX TITy-
6uHax. [1ypnypHbie HecepHble 6aKTepHUH MPEATNIOYUTAIOT OoraThie Opra-
HUKO# BObl U OOJOTUCTBIE MOYBBI, MIPU 3TOM PEAKO 0Opa3yloT CKOM-
JIeHus1, npuaaolmne Boae oKpacKy. MHoraa pa3suBalotcsi B pubpex-
HbIX MOPCKHMX BOJaX.

[TypniypHble cepHble 6aKTepHUM, HAOOOPOT, CO3AAIOT BUAUMBIE CKOII-
JIEHUs B NPO3payHbIX BOAOEMAaxX Ha rpaHMLIe aHa3pOOHOM 30HbI. Takue
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Ta6nuua 28
Csaoiictea GoTOoTPOPHLIX MHKPOOPraHH3MOB

Croit Mypnyp- | 3 e Liuano- | Tenmo- lano- | Xnopo-
BOHUCTBO HbIC
6: Gakrepuu | Gakrepun | 6akrepun apxeu TiacT
aKTepUH
Jlokanusa- | Boipoctsl | Xnopo- | Tuna- LHITM UIIM | Twuna-
umsi poTo- UIrm OnyMm- KOMJIbl KOMIbI
CHHTETHYE- BE3UKY-
CKOro Jibl U
annapara HIimMm
OC 1 + + + + - +
OC 11 - - + - - +
ﬂOHOpbl st’ st, H2 Hzo st, H2 Opl‘a- H20
3J/ICKTPOHOB H,, HHMKaA
OpraHu-
Ka
HUcToununk CO,, CO,, CO, CO,, Opra- CO,
yrnepona OpraHM- | opraHu- OpraHu- | HHKa
Ka Ka Ka
Cnocob ABrO- U | ABro- u | ABro- | letepo- | I'erepo- | ABrO-
MUTaHUS rerepo- | rerepo- | Tpodus | u aBro- | Tpodua | Tpodus
Tpodust | Tpodus Tpodus
8,03
l 2 e\‘ﬁ Tuocynubarpenymu]
SO3”
/’ MO
A®C-penykraza S
e
ADC
IA,Ild)-cynbd)ypquaaa I /‘Du

O} + Al®

Puc. 140. ITytu okucneHuns coeanHeHuit cepbl y GoToTpopHBIX NPOKAPHUOT
(ADC — ageHosnHdocdocynbdar)

cioun jyuyiie ¢GopMUpYIOTCS B MEPOMUKTHYECKUX (C Oosiee BBICOKOM
NMPUAOHHOM COJIEHOCTbIO) WM B FOJIOMMKTHYECKHX (C CE30HHOM CTpa-
TudHKauueit) BogoeMax U no d6eperaM Mopei B JINMaHHBIX 00J1acTsX.
B npuOpexHbiX 30HaX MOpe MOryT 00pa3oBLIBaTh «KpPaCHbIE MPHIK-
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3eneHble cepHble 6akTeEpUU
" (Chlorobium, Prosthecochloris )

KpynHas HedoroTpodHas
GakTepusi
(cynbatpenykTop)

®ototpodHble GakTEpUM
" ¢ KOPUYHEBLIMU NMHUTMEHTAMU

KpynHas HedoToTpodHas
—- - bGakrepusi

(cynbdarpeaykrop)

®dotorpodHbie GakTeprn
C 3eJIeHbIMU MUTMCHTaMH

. |
[ : i‘_|" . 3escHble cepHbie GakTepUu Desulfuromonas
s ."l . (Chlorobium) acetoxidans
* [ [
s SO .
~ vk i ¥ HedoToTpodhHbc HUTUATBIE
‘ .}' E 13: [ ' bakTepumn
‘ ¢'}j F g ! (cynbhaTpenyKTophl)
\ ) ' .
] Nt - ! -
Lt g ‘I Ay AN C
5 I v , o Auerar
SRR RS B CcoO !
Lil ?}— ”). 1 ‘ 2 SO ! ,'
- ‘ ir-:f i Chlorobium sp. ;l Co
o r t B
I l.".H g0 Cnu3uCThiii MATPUKC
F
B

Puc. 141. Ycroituusbie cuM6MO3bl € yyacTHeM (GoTOTpodhHBIX MHUKPOOPra-
HHU3MOB:

A — Chlorochromatium; b — Pelochromatium; B — Chloroplana; I' — cuHTpOo®d-
Has no H,S accouuauus ¢ cepypeayktopom

Bbi». [pencrasutenu Ectothiorhodospira TATOTEIOT K COJIEHBIM U LLEJIOY-
HbIM MECTOOOMTaHUSAM, MOPCKHUM 3cTyapusiM. B riob6ajibHOM Kpyroso-
poTe cepbl (PYHKLIMOHAJIBHO TECHO CBSI3aHbl C Cyib(daTpeayKTOpamMH.

Jns nypnypHbIX 6aKTepHii OTMEYEHO COCYLECTBOBAHUE aHAJIOTUY -
HBIX BUJIOB B OJJHOM M TOM Xe€ CJIO€ BOJIOEMA 3a CYET «pa3obILEHHs» UX
akTUBHOCTeM Bo BpeMeHH. Hanpumep, Chromatium okenii v C. vinosum
pa3nuMyaloTcs Mo KOHCTAHTE CPOACTBA U CKOPOCTH OKHMCJIEHMS CYJb-
¢una. B nepmoanyeckoii KyJabType BTOPOil OpraHu3M BbITECHSIET Mep-
BbIii, a B IPUPOIE OHU CMEHSIOT IPYT Jpyra B TEYEHUE CYTOK: YTPOM,
koraa cyabduna MHoro, C. okenii ObICTPO OKHUCISIET CEPOBOAOPO, KOH-
LEHTpaLMsl KOTOPOro CHUuXaetcsi, BeuepoM C. vinosum HauMHaeT Mell-
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JIEHHO OKMCJISTb Majbie KoindectBa H,S, a nepBbiii MUKPOOpPraHU3M
POCT NMpeKpallaerT.

3eJieHbie CEpHbIE OaKTEpUM penko 00pa3yloT ckoruieHus. OHM pac-
TYT B Wiax B 30HE XEMOKJIMHA MO/ CNoeM MypIypHbIx 6akrepuit. C riydou-
HOW 3eJieHble BUAbl 3aMELLIAIOTCSA KOPUUYHEBBIMU. [LJIsi HUX XapaKTepHO
00pa3oBaHME KOHCOPLIMYMOB Ha OCHOBaHUM CUHTPOGUM MO CEpOBO-
nopoay. 3ejieHble HecepHble OaKTepUU NMPEANOYUTAIOT TOpsiuue cep-
Hbl€ U TIPECHBIEC BObI.

Il'ennobakTepumn 0OMTaAIOT B MOYBax (YacTo CyxXux), KOTOpble o0ora-
watot a3oToM. Hepenko cBsizaHbl ¢ pacTeHUAMU. 2KUBYT TaKXe B ropsi-
YKMX UCTOYHUKAX U CONOBBIX 03€pax, rae NMpeArnoYnTaloT 30Hy METaHO-
reHe3a, a He cyiabdarpeaykuru. OOHapyXeHbl B yuaHo-6akmepuanb-
HbIX Mamax.

LinaHoGakTepun OTHOCATCSI K BOAHBIM MMKPOOpPraHu3Mam, rnpec-
HOBOJHbIM U MOPCKHM, IPUYEM B MOPSIX pa3HOOOpa3ue BUAOB OeHee.
OO6HapyxeHbl KaK B IUIAHKTOHE, HEKTOHE, TaK U B OeHTOCE, rae Mo-
ryt ¢opmupoBath obpactaHusi. LlnaHoGakTepuM CYUTAIOTCS CTPYKTY-
pooOpa3yoIMMH 3/IeMEHTaMU LIMAHO-0aKTEpUaJIbHBIX MAaTOB — CO00-
LLECTB LiIMaHOOAKTEepHil U Apyrux OakTepuii. MaTthbl, B COCTaBe KOTOPbIX
He OOHapyXeHbl 3YKapuOTUYECKHUE OPraHU3Mbl, CUUTAIOTCSI PEJIMKTO-
BbIMH. BO3MOXHO, 3TU coob1ecTBa CPOPMUPOBAIM COBPEMEHHYIO aT-
Mocdepy, TaKk Kak rasbl, MOAHMMASICb CO IHA M MPOXOAs Yepe3 Mar,
CYLLIECTBEHHO U3MEHSIU CBOM cocTaB. B runepcosieHbix cooduiecTBax
00pa3yloTCsi CTPOMATONIMThI, TUTU(DULIMPOBAHHbIE accolMalmnu, cop-
MUPOBABLLIKECSH 32 CYET OTJIOXEHHUII HEPACTBOPUMBIX BELUECTB U [IO-
LIe/iliMe A0 HalllMX IHei B BUAe okaMeHesiocTeil. TunuyHas cTpykrypa
LMaHO-0aKTEpUAIbHOrO MaTa TOJMIUMHOM OK0JIO | CM ciioMcTasi: nep-
Bblil (BEpXHMi1) CIO — 3TO LIMAHOOAKTEPUU (OOBIYHO SIPKO-3€JIEHOTO
LIBE€Ta), BTOPO# CJIOI — MnypriypHbie OakTepuu, TPETUH CJIOi — 3eJie-
Hble 6aKkTEpUU (MEXLY BTOPbIM M TPETbUM CJIOSSIMU MOTYT HaXOAMUTHCS
OecuBeTHble cnou U3 Beggiatoa v Flexibacter). 310 30Ha XeMOKJIMHA C
OTJIOXXEHUSIMU 3J/IEMEHTApHOM cepbl. YeTBepThiii CJI0M COCTABISAIOT CYJlb-
¢daTpenykTophbl, a HUXE MOTYT OOMTaTh METaHOTeHbl. B KauecTBe cnyT-
HUKOB BO BCCX CJIOSIX MOTYT CYLLIECTBOBAaTb THOHOBbIE OAKTEPUM U ME-
Tunotpodbl. Huxenexaiume cjiou, Kak NMpaBuJio, MEPTBbI€, JIUTUDU-
LIMPOBAaHHbIE.

Hdpyrue MecTtooOMTaHHUsI LIMAaHOOAKTEpUii CBsi3aHbl C HAa3eMHbIMM
cucteMaMM (Kopa, CTeHbl, achaibT, MOBEPXHOCTb CKajl, TPELUMHbI U
BHYTPEHHME MOJIOCTU KaMHe#, noysa). LinaHobaktepuu urpatot 60sb-
LIYI0 poJib B MOYBOOOPa30BaHMK M 0DOrallleHUHU MOYB a30TOM («KHBbIE
a30THbIe Y10OpeHUsi»). OHM Hanbosiee YCTOMYMBDBI K USMEHEHUSIM B IPU-
polie, YaCTo JOMMHUPYIOT B 3KCTpeMalbHbIX MecToobuTaHusx. Ilocne
NMPUPOAHBIX KATaKJIM3MOB (M3BEPXEHUI BYJIKAHOB) MEPBbIMU OC3KMU3-
HEHHYIO JIaBy 3aCesislioT LMaHOOAKTEpUH, 3aTeM TMOSBJISIOTCS BOOOPOC-
Jiu, obpa3yeTcsi MJIOAOHOCHDII CJIOW, pa3BUBAIOTCSI TPaBbl, MOCENSIOT-
Csl NITULbI, JAIOLLKUE YIOOPEHUS, U TOJIbKO MOTOM BbIPAaCTalOT JEPEBbS.
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Hcnonb3yiolme CBET rajoapxey OoOMTAlOT B 3aCOJIEHHBIX M COAO-
BbIX BOJaX M MOYBAax, B COJIEBAPHSX, Ha COJIEHBIX MPOAYKTaX, sIBJISISICh
OCHOBHBIMHM ar€éHTaMM MX NMOpyYH. Y4YacTBYIOT B MHUILEBbIX LENAX KakK
JIeCTPYKTOPBI-TUAPOJINTUKHU. PsaioM ¢ HUMM YacTo pactyT Dunaliella v
Ectothiorhodospira.

KoHTpOnbHbIe BONPOCH!

1. HazoBuTe 0cOGEHHOCTH MCMOJIL30BAaHUSE MUKPOOPraHU3MaMH BbICOKO-
MOJIEKYJISIDHBIX BELLECTB.

2. CpaBHuUTE napaMeTphl MPOLIECCOB NMAaCCUBHOI U obneryeHHoi nuddy-
3UM.

3. Mepeuncante BUIB aKTUBHOTO TpaHcmnopTa. B uem ero otnuue ot nud-
by3un?

4. ChopmMynupyite npuHUMIT OGMOXMMHUYECKOTO €UHCTBA.

5. Iepeyncnute OCHOBHbIE 3Tanbl KaTtabosM3Ma MIIOKO3bl Y MUKpooOpra-
HU3MOB. B yeM ocobeHHOCTH KaTabon3Ma aHa3pOOHBIX OpraHM3MOB?

6. aitte onpeneneHue npoueccy 6poxenus. [Nepeuncanre HauGonee U3-
BECTHbIE BUIbI GPOXEHHst U IPYNbl MUKPOOPraHM3MOB, MX Bbi3bIBAIOLLIME.

7. Uto Takoe rereporpodHas pukcauus CO,?

8. [Nepeuncnnte OCHOBHbIE BUAbI AHA3POOHOTO AbIXaHUS U Ha30BUTE MUK-
POOpPraHM3Mbl, CIOCOOHBIE OCYLLECTB/ISATh TAKOH MPOLIECC.

9. HazoBuTe cyGeTpaThl METaHOTEHE3a M MPOAHAIM3UPYHTE BOZMOXHOCTH
MeTaHOTe€HHBbIX apXeil B YCJIOBUSAX KOHKYPEHLMH C cyabdaTrpenyuypyoluMu
MHUKDPOOpPraHU3MaMH.

10. CpaBHMTE MPOLIECCHI MOJIHOIO M HEMOJHOIO OKUCIIeHHUs1 cybcTpata. Ka-
KOBBl OCOOEHHOCTH OKHUCJIEHUSi GHOJIOTMYECKHUX MoJIuMepoB?

11. Yto Takoe 6MONIOMMHECLIEHLIMSI U KAKHE MUKPOOPTraHU3Mbl CIIOCOOHBI
€€ OCYLIECTBIATb?

12. Ha3oBute 0COGEHHOCTM aCCUMMJISILMHU YIJlepoAa y MeTHIOTPO(HBIX
MHKPOOPraHM3MOB.

13. lNepeuncnaunte rpynmnbl XeMOJIUTOABTOTPOGHBIX MUKPOOPraHM3MOB.

14. CpaBHurte rpynnsl GoTOTPOHBIX MUKPOOPraHU3MOB 10 OPraHU3alUH
doTocuHTETHYECKOrO annaparta U MeTaboJIMYECKUM BO3MOXHOCTSIM.



fhasa 7
OUKCALUA MONEKYNAPHOIO A30TA

3HauyeHue npouecca asorpukcaumm

A3oTdHKCAlHA — 3TO YHUKaIbHbIA MPOLIECC, MPUCYLIHI TOJILKO
NMPOKapHMOTHYECKUM MHUKpoopraHuamaM. Ilon azordukcauueit noHu-
MaeTcsi cnocOOHOCTL HEKOTOPBIX rpymnn OakTepuil U apxeit K 3H3u-
MaTHYECKOMY BOCCTAHOBJIeHUIO aTMocdepHoro N, mO0 aMMOHHUS
(c obpazoBaHHEM BOIOpOHA), KOTOPHI 3aTEM BKJIIOYAETCH B KJIETOY-
HOE BELLECTBO.

A3oTdukcaums Mo CBOEMY 3HaYEHHUIO CONMOCTaBMMA ¢ (POTOCHHTE-
30M, TaK Kak sl NOAaBisAoero 60blUMHCTBA XUBbBIX OPraHU3MOB
a30T MOXeT ObITb JOCTYTIEH TOJILKO B CBsi3aHHO# popme. Monexynsp-
Hbli1 a30T cocTansieT B atMocdepe 3emaun okono 78 % no macce. CBsi3aH-
HbIi a30T, «BBIHOCUMBIii» U3 MOYBLI pacTeHUsAMHU (rnopsiaka 110 MJIH T
B rofl), YaCTUYHO BOCHOJIHSIETCSl 32 CYET BHECEHUS MUHEPAJIbHBIX U
OpraHMYeCKHUX a30THbIX ynoOpeHuit (0kosio 30 MiH T B roa). OCHOBHOE
CBSI3bIBAHUE a30Ta TMPOUCXOIMUT MyTeM MHKPOOHO# a3zoTdukcalum.
TakuMm 06pa3oM 3aMbIKAeTCsl [100AIBHBIM LMK a30Ta.

Mukpooprainamsl, cnocobHbie dpukcupoBatb
MONEKYNfapHbIA a3oT

JlaBHO ObUIO 3aM€Ye€HO, YTO CEBOOOOPOT ¢ GOOOBBIMM pacTeHMS -
MM TNOBBILIAET ypoxaii 31akoB. B 1888 r. M. beitepuHK BblIEJN Nep-
BYI0 YMCTYIO KYJbTYpPY Ki1yO€HBLKOBbLIX Oaktepuit u3 pona Rhizobium.
B 1893 r. C. H. BuHorpanckum Gbut onucaH cBOGOMHOXHUBYILIMI aHa3-
poOHbIit MUkpoopraHusM Clostridium pasteurianum, GUKCUPYIOLLUIA
MOJIEKYsIpHbIN a3oT, a B 1901 r. M. beilepuHk OOHapyxun a3’pob-
Hblii CBOOOOHOXHUBYLIMIA a3oTduKcatop pona Azotobacter. B Hauane
XX B. Obl1a fOKa3aHa CMOCOOHOCTDb K a30T¢GHUKCALIMK Y LIMaHOOaKTe-
puit pona Nostoc.

A30T(pUKCHUPYIOLLIME MHUKPOOPTaHW3Mbl BBLIEJSAIOT Ha cpeaax Ge3
cBsizaHHbIX HOpM a3oTa. B HacTosilee BpeMsi Hanbosiee pacnpocTpa-
HEHHbIMM METOAAaMM M3y4YeHHS a30TPUKCALIMHU SABISIOTCA M30TOMHbINM
(no BimoyeHuio N> — HepamuMoakTMBHOro, crabunbHoro u NI —
pagyoaKTUBHOrO, C NEPUONOM NOAYXHU3HM ~0,5 Y, HU30TONOB B KJIET-
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KY) ¥ alleTUIECHOBBIH (OCHOBAH Ha CMOCOOHOCTH a30T(hMKCHUPYIOLINX
MHMKPOOPraHM3MOB OCYLUECTBJSITh PEAaKLUIO aueTHIECHPEeIdyKLUHU
C'_;Hz—) C2H4).

bosbliioe YKc/i0 MUKPOOPraHM3MOB — nipeactaButenu 80 pomoB U3
27 ceMeiicTB OaKTepuit M 1o KpaitHel Mepe Tpu TepMOGUIbHBIX pona
apxeit — 06/1a1a10T CrnoCOOHOCTbIO K a30TPUKCALMHU.

Takue MUKpOOpraHu3Mbl NOAPa3feisioT Ha CBOOONHOXMUBYLLUE U
cumburorrnueckue. Ceob00HoMCUBYUUe azomebuKkcamopbi OTHOCSITCS K Xe-
MoTpodaM (3TO aHA3POOHbIE KIOCTPUAMU M CYjibdhaTpenyKTophl, ¢a-
KyJIbTAaTUBHO aHa3poOHble Oauwiuibl M npeactaBuresn ceM. Entero-
bacteriaceae, a3po6Hble MeTaHOTPOMbI U NMPENCTABUTENU CEM. AZOtO-
bacteriaceae) u K ¢oToTrpodam (310 psil NyprnypHbIX U 3eJieHbIX Oak-
Tepuii U MHOTHE LMaHOOaKTEpUH).

B Hacrosiiiee BpeMsi CBOOOMHOXHMBYLKE a30T¢HUKCATOPbl NMOAPa3-
JENSTIOT Ha UCMUHHO C80000HOMCUBYI4UE N accoyuamueHsie, T.€. TIpel-
MOYTUTEILHO BCTPEYAIOLLMECS B pU30cghepe HEKOTOPLIX BbICLLIUX pacTe-
Hui1 (3nakoB). K accounaTMBHbIM duazompogham (Apyroe Ha3BaHUE a3om-
¢uxcamopos) otHocsTcsi npeacraButenu cem. Enterobacteriaceae u
Azotobacteriaceae.

Cumbuomuyeckue ouazompoghsi BKJIIOYAIOT NPeXAe BCEro TaK Ha3bl-
BaeMble Ki1yOeHbKOBbIe OakTepuu ceM. Rhizobiaceae, ob6pasyioiue pas-
pacTaHHsi Ha KOpHsX 6000BLIX paCTEHMIA, @ TAKXXE PONCTBEHHbIE CTPEN-
TOMMLETaM MHUKpPOOpraHu3Mbl poja Frankia, xvByuiue B KiyOeHbKax
Ha KOPHSIX U JIMCTBSIX HEKOTOPbIX MOKPbITOCEMEHHbIX KYCTAPHUKOB (OJIb-
xa, obaenuxa). DTH MUKPOOPraHM3Mbl PUKCUPYIOT a30T B CTAAUMN IH-
IIOCUMOMOHTOB-6aKkmepoudos.

HUHTepecHo, 4To nNpU CUMOUOTHYECKOI a30TPUKCALIUKM U3MEHSIET-
Csl KaK pacTeHWe (pa3pacTaHMe TKaHei), TaK U MUKPOOpPraHu3M (Me-
HSIETCS1 CTPOE€HME KJeTKH). Bo3MoXHO, Mbl HaGnomaeM obpa3oBaHHeE
HOBOI 3yKapMOTHYECKOI opraHe/uibl nyTeM cMMOMO3a.

K cumbuotnueckuMm azor¢ukcaTopaM TaKXe OTHOCSTCS HEKOTO-
pbie LMaHOGaKTepUHU B NWLLAMHUKAX (Anabaena, Nostoc) ¥ CUMOMOH-
Thl BOAHOro nanopoTHuka Azolla (A. azollae), pactymme B nasyxax
JIUCTBEB.

Cuyutanoch, 4TO Takue AMa3oTpodbl CnocoOHbl PUKCHUPOBATh a30T
TOJILKO B CMMOMO3€e. B HacTosiliee BpeMsi OKa3aHO, YTO €CJIU CHUIUTD
napuMajbHOE NaBJIEHUE KUCIOpOoAa, TO CUMOMOHTbI CMOIYT (PUKCH-
pOBaTb a30T M B YUCTOI KyJbType, 6€3 pacTeHusi-xo3sinHa. OnHaKo
cuMburoTnyeckasi azoTdukcauusi 3HauuTebHO 3 dekTuBHee. Bo3Hu-
KaeT BOMNpOC, KaKk CUMOMOHTHI HaxoasiT npyr apyra? OOHapyXeHoO,
YTO paCTEHMSI BbIAESIIOT O€IKOBbIE ATTPAKTAHTBI-1eKMuUHbI, UMEIOLLIE
CpOACTBO K MMUKPOOHBIM MoJjincaxapuiaM, a MUKpOOPraHM3Mbl MOTYT
CUHTE3UPOBATb CMUMYAAMOPbL pocma pacmeruti (reTepoayKCUHbI, UH-
JOJIUJIYKCYCHYIO KHUCJIOTY).

[ToogpobHee npouecc «y3HaBaHUsl» CUMOMOHTaMM ApYyr Apyra M
MEXaHM3M 00pa30oBaHUs KJIyOEHbKOB onucaH B 1. 11.
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Mpouecc dukcaumm MONEKYNAPHOro a3ora

Hecmotpst Ha pasHooOpa3ne MUKPOOPraHU3MOB, OCYLLUECTBSIIOLLIMX
a3oTduKcaluio, pepMEHTHBII KOMIUIEKC HUMpOoceHa3si OAUHAKOB U Y
aHas3poboB, U y a3po6oB. OAUH U3 €€ OTVIMYMTE/IbHbIX MPU3HAKOB —
ype3BblyaiiHasi YyBCTBUTEJIbHOCTb K HAIMUYHUIO Kucaopoaa. [loatomy y
a3pOo6HBIX MMKPOOPraHM3MOB CYLLECTBYET MpobsieMa 3alUThl HUTPO-
reHasbl OT KMciopoaa. Pa3Hble MUKpOOpTraHHW3MbI peLlAoT ee pa3HbIMU
NyTSIMU. Y LIMAaHOOAKTEpUil UMEIOTCS CMELMATM3NPOBAHHbIE KJIETKHU-
2emepoyucmot, B Kotopbix HeT ®OC 11 1 no3toMy npu poTocuHTE3E HE
obpa3yeTcsi KUCIIOPO/, a TOJICTasi KJIETOYHasi CTEHKA MpensTCTBYET €ro
anddy3mu cHapyXu. AKTMBHasl OKCHIIa3Hasi CUCTEMA TYT Xe BOCCTa-
HaBJIMBaeT MPOHUKILUMI KUCIOpOA. Y a3oTrobakTepa CHIbHO pa3BUTa
CJIM3UCTasl Karcyna, NnpensTCcTByiollasi NPOHUKHOBEHUIO KUCI0OpOAa,
M YHMKaJIbHasi OKCHAAa3Hasi CUCTEMA C OYEHb BBICOKUM CPOICTBOM K
0, (Ky=107—10, 1.e. B 10— 100 pa3 Bbile 06bIYHOIT), HE 1OMYCKa-
olas MeTaboMYecKHil KUcaopoa K HUTporeHaze. O6GHapyXeHO, YTO
HEKOTOpPbie CBOOOAHOXUBYLLIME a3po0bl 00J1a1al0T HUTPOreHasoit, 6e-
KOBasl YacTb KOTOPOit UMeeT 0cobyio KOH(POpMaLUIO, MEHEE YYBCTBH-
TenbHy1o K O,. Hekotopbie a3pobHbie a30TPrKcaTOpbl BbIOUPAIOT MUK-
poa3poduyibHble MECTOOOMTAHUSI WK COCYLIECTBYIOT B 3KOCUCTEMax
C OpraHu3MaMHM, aKTUBHO NOTPeOAIOIIMMHU KKciopoa. PakylibTaTUB-
HbI€ aHa3pOoOb! GPUKCHPYIOT a30T TOJILKO B aHa3pOOHbIX ycnoBusix. Haun-
0oJiee M30LLPEHHAs 3alllMTa HUTPOTeHa3bl OOHapyXeHa y Kj1yOe HbKOBbIX
6akTepuii, KOTOpble CHabXaloT pacTeHUEe CBSI3aHHBIM a30ToM. Pacte-
HME Xe 3allMLIAET 6aKkmepoudsl U 1aeT UM NPOAYKTbl GOTOCUHTE3A —
opraHMyecKue BeulecTna. [Lisi 3alMThl HUTPOTEHa3bl B KJ1yOeHbKaX CUH-
TE3UPYETCSA J1eeeemoen06un — caMblii BbBICOKOYYBCTBUTEJIbHBII K KHUC-
Jiopoay 6enok-okcuaasa. JlerreMornooMH pearupyet ¢ HAHOMOJISIPHbBI-
MH KOJIMUECTBaMHU KHcJiopona. UHTepecHO, YTO CMHTE3 3TOrO COelM-
HEHHUsI MPOMCXOAMT COBMECTHO — OelKOBYIO 4acTb obpa3yeT pacre-
HHe, a reM cuHTe3upyeT OGaktepouna. Ha cpe3ax kiyOeHbKOB JierreMo-
rMoOGUH BbIAENSAETCH KPACHBLIM LIBETOM.

®ukcaumsi a30Ta XCCTKO PEryJMpyeTcsi HAIMYMEM €ro CBSI3aHHBIX
dopm. Hutporenasa penpeccupyetcsi, eciu B cpene ectb NHy (puc. 142).

Utak, ra3 a3oT — 3T0 XUMHYECKH MHEPTHOE M OYEHb CTaOMJIbHOE
BelecTsBo. YToObl pazopBaTh TPOHHYIO CBSI3b B €r0 MOJIEKYJIE, HEOOXO-
nuMo MHoro 3Hepruu. Peakuusi 3H, + N, —» 2NH; — 3Hmotepmuye-
ckas. Jlnsa ee ocyuiecTBieHUs TpeOyeTcs Mo KpaitHeit Mepe 8 351eKTpo-
HOB U 16 Monekyn AT®. Ha camoM nene AT® 3atpaunBaercs Oosblie,
MOCKOJIbKY 4acTb €€ HYXHa sl NoAAepXaHUsi aHa3pOOHbIX YCIOBHH.

HuTtporeHa3Hblit ¢hepMEHTHbIIH KOMIUIEKC COCTOMT M3 ABYX KOM-
noHeHTOB: Mo-Fe-6esok ¢ MonekynsipHoi maccoi 220 x/[la u Fe-
6enok — 64 x/la (puc. 143). Mo-Fe-6eyiok coaepXxHuTt aBa aToMa MO-
nubneHa u 28 — 32 atoMoB Xxeie3a, B Fe-6enke — 4 atoma xenesa. s
TIPOSIBJIEHUS HUTPOr€Ha3HOW aKTUBHOCTH HEOOXOAMMbI 062 KOMITOHEHTA,
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[C] atunena T Puc. 142. Switch-off — 3¢gdekT noHoB
4 aMMOHMS Ha aKTUBHOCTb HUTPOrEHa3-
,/' HOro KOMILIEKCA
/
————— -
/
/
/
7/
/
Bpemst

HO OHM B3aMMO3aMEHsIEMbl Y pa3HbIX MUKPOOpPraHu3MoB. Mo-Fe-6enok
COCTOMT M3 YeTbipex cyGbeauHuL: 20, (Koaupylotcsi nifD-reHoM) U 2
(nifK-ren). Fe-6enok cocTOMT U3 ABYX cyObennHuLl. PeppeaoKCHH BOC-
cTaHaB/lIMBaeTcs 1Mb0 B peakuusix ¢poTocuHTe3a y pororpodos, indo
MpHU AbIXaHUHU y a3pOOHbIX A11a30TpOoGoB, WK MpU OpoXEHUH y aHa3-
po6oB. [Npu ¢ukcauuu a3ora Bcerna BblAeIsIETCs MOJIEKYISIPDHBIA BO-
JIopoa;

N, + 8¢ + 8H'+ 16AT® - Mg?* — 2NH, + H,T+ 16Ad — Mg**

Peakuusi mpoXoouT B HeCKOJbKO craamit: N =N—12H ,HN=

=NH —2# ;H,N—NH, —2"l_,2NH;. [NepBbiM cBOGOAHBIM

MPOAYKTOM SIBJISIETCS aMMHUaK, BCE MPOMEXYTOYHbIE MPOAYKTbI CBSI3a-
Hbl ¢ ()epMEHTHLIM KOMIL1EKCOM. B orcyrctBHe N, HUTporeHasa UH-
TEHCUBHO BblaeNsieT H,, Tak Kak 3/71eKTpOHbI BOCCTAHOBUTEJIEH HEOO-
X0AMMO cOpocuTb. HecMOTps Ha BHICOKOE CPOACTBO HMTPOreHasbl K
N,, OHa He ouYeHb crieliupHuyYHa U MOXET BOCCTAHABJIIMBATh U APYr1e
coeanHeuus: C;H, - C,H,, HCN — CH, + NH..

Kak oTMmeuanoch paHee, HUTporeHasa KpaiHe YyBCTBHUTEJIbHA K
kucnopoay. OnHako B 1997 r. nosiBUIOCh COODILIEHHE O BbLIEJIEHUH
HMTpOreHa3bl, HeUyBCTBUTEJIbHOM K Kucyopoay. [pu nsyuyeHuu kap-
6okcunobakTepuit — a3poboB, okucasowx CO U UMEIOLUX YCTOM-
YUBYIO K YrapHOMY rasy OKCHuza3y, BblAeJieH MUKPOOPraHU3M Strepto-
myces thermoautotrophicus. Tlpo6a 6buia oTO6paHa M3 BEpXHEi 4acTv
JlepHa YIJIEXOroBOi SIMbl U1s1 OJIy4EHMs1 APEBECHOTO yriisi U3 6epe3o-
BbIX TMOJIEHbEB NMyTeM MelieHHoro TiaeHusi (baBapusi). S. thermoauto-

Mo-Fe-6enok

N

16Mg?* -AT®  16Mg** -ALlD,
160,

8H*

Puc. 143. Pabota HUTPOreHa3HOIO KOMILIEKCa

214



trophicus — astroTpod, a3pod, TepModun (TeMneparypa pocta — 10
70°C), asordukcarop.

HutporeHnasa atoro opranu3ma 3aBucHt ot O,, CO u cynepokcua-
paaukana:

(e0) CO-pernaporeHasa )COZ +2
20, + 2¢ - 203
203 — 20, + 2¢

N, +26 —MoFS ,NH,

DTa HUTpOreHa3a He CrnocobHa BOCCTaHaB/IMBAaTh aLETUJIEH B 3TU-
JieH, MeHee Tpe6oBarenbHa K AT® (4— 12), no cyobeAMHUYHOMY CO-
CTaBy HE MOXOXa HMU Ha OAMH M3BECTHbIH (EPMEHT, XOTS TaKXe CO-
nepxut Mo*.

B HacTtosiiiee BpeMs nif-reHsl ycneuiHo «nepecaxeHb» U3 Klebsiella
B E. coli, HO, K cOXaleHHIO, OHU TaM «He paboTaloT», TakK KakK y
OpraHM3Ma-pelMITMEHTa HET CTPATErMy 3alliMThl HUTPOreHa3bl OT KMC-
Jiopoaa. C OTKpHITUEM YCTOMYMBOM K KUCJIOPOLY HUTPOreHasbl 3Ta Mpo-
61ema MOXeT ObITh peLleHa.

[TpakTHyeckoe npuMeHeHHe AUa3oTpodOB B AESTEIbHOCTH YEJIO-
BEKa 3aKJIIOYaeTCsl, B OCHOBHOM, BO BHECEHUM 3TUX MMKPOOPraHU3-
MOB Jin60 B nouBy (CBOOOMHOXMBYLIHE OakTepyUuH — B BUIE ynoOpe-
HMA a3oTobakTepHHa), JIMOO HAa KOPHHU WJIM CEMEHA pacTeHHUIt (CHUM-
6uoTHyeckue 6akTepuM — B BuAe HUTparuHa). Llmanobakrepumn 3¢-
¢ekTHBHO «paboTalOT» HAa PUCOBBIX MOJISIX, 3 BO BheTHaMe XxopolInM
«3eJIeHbIM» YI0OPEHHEM CJTYXUT BOOHbII NanopoTHUK Azolla B cuMOuose
¢ Anabaena. Tpononxalorcsi paboTbl MO BHEAPEHHUIO nif-reHOB B ApY-
rMe rnoJie3Hble MUKPOOPraHU3Mbl.

KOHTpOnbHLIE BONPOCH!

1. Kakoe 3HaueHHe UMeeT rnpotiecc a3oThukcaunmu?

2. Oxapakrtepu3yiiTe rpynnbl CBOOOAHOXHUBYILMX, aCCOUUATUBHBIX U CUM-
6uoTHYecKHX a30THUKCATOPOB.

3. lNepeuncnanre U3BeCTHBIE CNOCOOBI 3aLUMTHI HUTPOTEHA3HOTO KOMILIEK-
ca OT Kuc/iopoaa.

4. Kak GpyHKUHMOHHUPYET HUTPOreHa3HbIii KOMIUIEKC U HAaCKOJIbKO YHUBEP-
CaJIbHO €ro cCTpoeHue?

5. OnuuuTe cBOMCTBa MUKPOOpPraHM3Ma, o6pa3yoLlero HUTporeHa3y, He
YYBCTBHUTEJIbHYIO K KMCJIOpOY.



lnasa 8

BUOCUHTETUYHECKUE NPOLECCHI
Y MUKPOOPrAHU3MOB

O6wme noHATHUS

MHorue peakMy aCCUMWISILMM NOAPOOHO OMUCAHBI NPH PaCCMOT-
PEHMU Pa3INYHBIX PU3NOJOTHYECKUX TPYIN MUKpPOOPraHU3MOB, MO-
3TOMY 31€Chb OyneT 1aH KpaTKuii 0030p KOHCTPYKTHUBHbBIX MPOLIECCOB B
MHpE MHUKpPOOOB.

Utak, anaboauzm — 310 COBOKYMHOCTb pe€aKLMii TOCTPOEHHUSI CJIOX-~
HbIX MOJIEKYJ1 M CTPYKTYpP M3 60Jiee MpOCThIX U HEOOJIbLIMX MPEALLIECT-
BEHHMKOB C UCI0JIb30BaHUEM MeTaboJinueckoii 3Hepruu. Kamaboau-
yeckue U axaboauueckue NMyTH MOTYT pasiuMyatbcsi PepMeHTaMH, MX
peryasiumei, BHyTPUKJIETOYHOM JIOKaaU3alUMeid U UCMOb30BaHHEM
Ko(akTOpOB U nepeHOoCUMkoB. MHorue ¢epMeHTHl amguboruveckux
nyTeil yyacTBYIOT KaK B peakLMsix aHabonu3ma, Tak U B KaTtabonu-
yeckux peakuusx. Hanpumep, 601bLIKHCTBO INIMKOJUTHYECKUX ¢ep-
MEHTOB NMPUHUMAET yyacTHe Kak B CHMHTE3e, TaK U B KaTaboysinime
[JIIOKO3bI, TOrAAa KaK XUPHbIE KMCIOTbl CUHTE3UPYIOTCSI M3 alleThJi-
KoA u Manonun-KoA nyreMm, coBepilieHHO OTJIMYHBIM OT -OKHCJie-
HUs. B aKTUBHBIX KJI€TKax BCEraa MoAAepXUBaeTCsi paBHOBECHE MEX-
Iy npolieccaMu aHabonu3ma u katabonusma. Ha puc. 144 uzobpaxe-
Ha npocTeiluasl cxema, nokKa3biBaollias 3a CYET YEro MOXHO ampu-
6osinueckue pepMeHTbI 3aCTaBNsATb paboTaTh MO0 B CTOPOHY OMOCHH-
Te3a («BKJloyasi» E,-¢epMeHT), TMOO B CTOPOHY Aerpagalnu («aKTH-
Bupysi» E,-pepmenT).

X
A—B_—C D—E—F—G_—Y
IMpenwecTBeHHUK Z

MakpoMonekynbi

Puc. 144. Tpocreitias cxeMa peryasiumu aMmbUOoNIHUecKux nyTei (aKTMBaLIUs
depmenta E, npMBoAMT K CABUTY peakliMii B CTOPOHY O6uMocuHTc3a, E, —
B CTOPOHY paclUENJIEHUs!)
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Accumunauuna yrnepoaa

HUctounnkoM yrnepoga mis aBrotpodos cnyxut CO,, ans rere-
poTpopOB — OpraHM4YeCKHe COedUHEHMSI.

Oukcauus CO,. OCHOBHbIE MYyTH aCCUMWISILUM YTTIEKUCIIOTbI aBTO-
Tpocdhamu caepylollue:

® pubyaozobucppocgpamuvii yuka (umkia KanbBuHa, puc. 145) c
KioueBbiM ¢epMeHTOM PB®-kapGokcunaszoit (MoxeT paboTaTth Kak
okcureHasa, puc. 146), ¢byHKUMOHMPYIOUIMII B TOM YMCJie Y pacTe-
HUMH;

B 80CCMAHOBUMENbHBIU YUKA MPUKApOoHoebix Kuciaom (LUK ApHO-
Ha) C KJ104eBbIM (PEepMEHTOM LUTPAT/IIMAa30i HaldeH y 3eJIeHbIX cep-
HbIX 0akTepuit M y a3poboB poaa Hydrogenobacter (cM. puc. 136);

® 2UOPOKCUNPONUOHAMHBII NYMb U 60CCMAHOBUMENbHbBIU UUKA OuKap-
60HO6bIX KUCAom Yy 3eJIEHBIX HECepHbIX bakTepuii (CM. puc. 137);

m ayemun-KoA-nyme (nytb Byna—JIbloHrnana) y MeTaHOI€HOB,
cynbdaTpelyKTOpOB U roMoalLieToreHoB (CM. puc. 98, 99).

I'erepoTpodbl HE MOTYT OCYLLIECTBIISITb MOJTHOE MOCTPOEHHUE BELLECTBA
kieTkH 3a cyeT CO,, OIHAKO U Y HUX BO3MOXHA (pHUKCaLUS YIIIeKKC-
JIOTbl. JTO, HanpuMmep, U3BeCTHas peakyus Byda— Bepkmana, korna
®EIT uan nupyBaT nytem Kapb6oKcuinpoBaHus noctpanBaercst 10 Cy-
KUCJIOTHI (OKcaloaueTarta). KapboKkcHIMpoBaHHIO MOTYT MOABEPraThCst
takxke C,-kucnotbl B ¢opMe auetun-KoA, Cs;-coearHeHnuss B popme
®ETI, nupysara, nponuoHui-KoA, C,-coennHeHUsi B popMe CyKLUM-
Hun-KoA, 2-okcorsiytaparta U coequHeHHsl C GOJIbLIMM YUCIIOM aTo-
MOB yrjepona, HarpuMep, B popMe deHunauerara. Huxe npuseneHsbl
HEKOTOpble peakuuu rereporpodHoit ¢pukcaunn CO, c ykaszaHHeM
KaTIM3UPYIOLLIMX UX PEPMEHTOB:

auetuii~KoA + CO, -» CO—CH,— CO~ KoA (manonunn-KoA-kap-
6okcunasa)

auetn~KoA + CO, + ®anH, — nupysat + ®a (nupyBaTCMHTa3a)
®EIT + CO, + H,O — okcanoauerar + @, (PEIl-kapbokcunasa)

OEIT + CO, + AA® — okcanoauetat + ATP (PEI-kapbokcHuku-
Ha3za)

O®EI + CO, + D, — okcanoauetat + PP, (PEI-kapbokcuTpaHc-
¢epa3za)

nupyBat + CO,+ AT® + H,0 — okcanoauerar + AP + O, (nupy-
BaTKapOokcuiasa)

nupysat + CO, + HAJ(®)H & manar + HAI(®P)" (Manataernapo-
reHasa KapOOKCWJIMpYIOLLasi, «MaTHK-(pepMeHT»)

nponuoHui~KoA + CO,+ PanH, — 2-okcobyrupar + ®a (2-okco-
OyTMpaTCUHTAa3a)
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Puc. 145. Pubyno3zobucdocdarhbiit uMki (umki KaibBuHa)

cykunHwiI~KoA + CO, + ®aH, — 2-okcornyrapat + ®n (2-okco-
rJayTapaTCMHTa3a)

2-okcornytapar + CO, + HAJI(®)H + H* 2 uzouuntpat + HAI(P)*
(M30UMTpaTIErHAPOreHa3a)

enunauerat + CO, + ®aH, —» ¢dennnnupysar + Pa (deHunnupy-
2 2
BaTCHHTa3a)

®ukcauns CO, B TakUX peakLMsiXx oObIYHO cocTasiasieT 2—6 % ot
obuiero noTpedieHUsl yrjiepona KieTkon, a Ha OeIHbIX cpefax MOXET
nocturath 30 %. YeMm mpolie cpena KyJlbTMBUPOBaHHUsI, TeM Oosblie
2cemepompogpnas gukcayus yerexucaoms. TakMM NyTeM YLIMHSIOTCS
yriaepoaHble CKeJeTbl, a TAKXE MOANEPXHUBAETCSI OKUCIMTEIbHO-BOC-
CTAHOBUTEJIbHBIM MOTEHLIMAT CPEbI.

Accumunsiuus C,-coenunennii. Utak, CO, — coenMHeHue yriepoaa
B caMOii OKMCJIEHHO# (popMe, NO3TOMY HE MOXET ObITb HCTOYHUKOM
3Hepruu. [lpyrue omHOYrJiepoAHble COENMHEHUs1 — METaH, METaHoJl,
dopmanbnerna, dbopmuar, MeTwinpoBaHHble aMuHbl, CO, LMaHUOBI
M T.[. — MOTYT ObITb aMgpubosumamu, T.€. ICTOUHUKAMHU U yriepoaa, 1
3Hepruu. Takve coeAMHEHUS UCNONb3YIOTC Memurompoghamu. OcobeH-
HOCTBIO MX MOArOTOBHUTENILHOTO METab0IM3Ma SIBASIETCS TO, YTO OAHO-
YIJIEPOAHbIE COEAMHEHHUS1 OHU MOJIXHbI NpeBpaTUTL B hopMaibaerua,
KOTOPbI# 3aTeM U (pUKCUpYyeTCst B ONHOM M3 LUKIOB (pUOYyI030MOHO-
¢ochaTtHOM, CEpPUHOBOM WJIM AUOKCHALIETOHOBOM).

Anaboau3m yrjiesoaos. MHOrme MUKpoopraHu3mbl JOJKHbI CUHTE-
3MpOBaTh caxapa 13 GoJiee BOCCTaHOB/EHHBIX, YeM CO,, coeAMHEHUA.
CHHTE3 IJ1I0KO3bl M3 HEYIJIEBOAHbIX MpEAlleCTBEHHUKOB Ha3biBalOT
2ntoKoneocene3om. Ha nepBblit B3rJisi, 3TOT NYTb sBAsETCA KakK Obl 06-
pallleHHbIM TJIMKOJIMTUYECKUM TYTEM, ONHAKO Ha TPeX €ro CTaausix
pabotaloT coBeplieHHO apyrue ¢epmeHThl. [TMpyBaTt npespawiaercs B

]
H— ? o—o (")

C=0 0, C—OH

| \ |
H— Cl OH H— ? OH + ?—OH
H— ? —OH [+PB®-oxcurenaans| 1y CI 0—o H—cl—o—m
H— ? o—o H H

H
Pubynozo-1,5-6ucdocdar 3-drK ®ochornukonar

Puc. 146. Okcurenassas ¢pyHkumss PB®-kapbokcunasbl
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®EIT ¢ nomouisio nupysaTkapookcunassl 1 MEI-kap6okcUKHHa3hI,
dpykTo30-1,6-6uchocdar npeobpasyercsi Bo PppyKkTo30-6-docdat ¢
noMolbio $pykrozodouchocdarasnl, rnoko3o-6-docdar npespalia-
€TCsl B [JIIOKO3Y noja AeiCTBUEM IJI0K030-6-docdarasbi.

Iloaucaxapudst CMHTE3UPYIOTCSI C MOMOLLIBbIO HYKIeo3uanudocdart-
caxapoB:

AT® + rmoko3o-1-dochar —» AAP-rnoko3a + PO,
(rmoko3a), + A1®-rnoko3a — (r0Ko3a),,; + AP

MeTabonu3im a3ora

Hns ocyuiecTBieHUsi GUOCHHTE3a MUKPOOpPraHu3Mam B GOJIbLLIMX
KOJIMYeCTBax HeoOX0AMMBI TakXe cepa U a30T. CoelMHEHMs a30Ta, UC-
Nojib3yeMble B KOHCTPYKTHUBHBIX LIEJISIX, — 3TO MOJIEKYJISIpHBII a30T,
aMMOHMIi, HUTPUT, HUTPAT, TMAPOKCUJIAMMH, METUJIAMHUHBI, aMUHO-
KMCJIOTbl, MOYEBHHA, MYpPUHbI, MUPUMUIUHBI, Oesiku. Hano 3amMeTuTs,
4YTO BO3MOXHOCTH UCIOJIb30BaHHMSI COENMHEHHUIT a30Ta y MHKpoopra-
HHM3MOB 3HAYMTEJIbHO LLIUPE, YEM Y XHUBOTHBIX M pacTteHuit. [Tpouecc
azomepuxcayuu nogpobHO onucaH B . 7.

ACCHMHIALHA HHUTPATA H HUTPHTA. B OTHOLLUEHUH MCMOJIb3OBAHMS
HUTPaTa MMKPOOPraHM3Mbl MOXOXHU Ha pacTeHus1. [1pouecc accumuns-
yuoHHou Humpampedykyuu (puc. 147) npoxoaut B ABa 3Tana:

2% 2% 2H
-
HAI(P)H ®AL—Mo’!
AL—Mo N— H,0

B o
[
H,0

NOH]| Hwurpokcun
2H

NH,OH | 'mapokcunamun

2 H'

3H’

[

N

«l‘unpoxcunauunpenyxmaa»l 2e

H,0

os)

Puc. 147. INocnenoBatenbHOCTb peaklMii NPU aCCUMUJISILIMOHHON HUTpaTpe-
nykuuu (E; — accuMunsiuMoHHasi HUTpaTtpeaykTasa; E; — acCMMWISILIMOH-
Hasi HUTPUTPEAYKTa3a)
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NO; —B NO; —E__, NH;. Ha nepBoMm 3tane HUTpaTpeayKTasa
(E,) nepeHOCHT [iBa 37IEKTPOHA, Ha BTOPOM — IMOCJIeOBATEIbHO Te-
PEHOCHUTCS 1ECTb 3JIEKTPOHOB Ioj AeicTBUEM ¢(hepMEHTHOrO KOMII-
Jiekca HUTpuTpenykTtassl (E,). ACCUMUNSILMOHHasi HUTpaTpeayKTa3a —
pacTBOpPUMBIii epMEHT, U peaklius MPOUCXOAMUT B uHuToI1a3mMe. Pep-
MEHT cooepXHUT HOH Mo n DAJ]. CTpoeHKe acCHMUISILMOHHOM M
JUCCUMMISILMOHHOM HUTPUTPENYKTa3 mnoxoxe. Bo3MoXxHO, Takxe
MPUCYTCTBYET M IpYyroi ¢epMeHT, BOCCTAHABJIMBAIOLIUI THIPOKCH-
JIaMMH.

AcCHMHAAINSA aMMOHMA. YacTo UCTOYHUKOM aMMOHMS 11 MUKPO-
OpraHM3MOB CJIYXHT MOYeBHHa. Peaknio pa3ioXeHUs MOYEBHUHBI MPO-
BOAMT (PEpMEHT ypea3sa:

NH,—CO—NH, + H,0 —&— CO, + 2NH; (NH})

Y MHMKpOOPraHM3MoB OOHapyX€HO HECKOJIbKO CUCTEM aCCUMMJISA-
umn NH;:

® y ¢akynbTaTUBHbIX aHa3poboB ceMeiicTBa Enterobacteriaceae —
aMuMHMpoBaHHe (pyMapaTa ¢ oOpa3oBaHHEM aclaparMHOBON KHCJIOTHI
noj aeicTBueM ¢epMeHTa acnapmasoi.

COOH— CH=CH—COOH + NH, —upmn__,
—fwpre _, COOH — CH,—CHNH,—COOH

(Y HEKOTOPBIX KJIOCTPUIMIA MPOUCXOAUT aMUHUPOBAHUE METUIIMAJIEU-
HOBOM KHCJIOTbI);

® BOCCTaHOBMTEJIbHOE aMUHHMPOBAHHUE KETOKMCJIOT (BCTpeyaercs
3HAYMUTEJIBHO Yalle):

COOH —(CH,);— CO—COOH (2-okcornytapar) + NH; +
+ HAA(®)H —— COOH —(CH,);— CHNH,—COOH -~
(mytaMuHoBast kucnora) + HAI(D)'

Tot xe (hepMeHT eaymamamadeeudpozeHasa oCylUIeCTBISIET U OOPATHYIO
pPeakLMI0 OKUCIUTENBHOIO A€3aMMHUPOBAHUS;

®m aMMHMpOBaHHWE NMHUpyBaTa ¢ obOpa3oBaHMEM ajlaHWHA, TIMOKCH-
JlaTa ¢ o0pa3oBaHMeM MIMLMHA M OKCajloaLeTaTa ¢ 06pa3oBaHUEM ac-
[1aparMHOBO# KMCJIOTHI MO AE€NCTBHEM COOTBETCTBYIOLLUX de2cudpoze-
Ha3; Y HEKOTOpHIX GalMJUT €CTb TOJILKO ajlaHMHAETHAPOreHasa, y apy-
TMX MHUKPOOPraHM3MOB CHCTEM YTHJIM3aLIMH aMMOHHUSI MOXET ObITb
HECKOJIBKO;

m oOpa3oBaHME aMMIOB Mo NEHCTBUEM (EepMEHTa 21yMmamuHCUH-
memas3ot

rnyramat + NH; + AT® - COOH — (CH,),— CHNH,— CONH,
(rnyramMuH) + AAD + P,

® oOpa3oBaHue kapbamouagpocghama
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NH; + CO, + AT® - NH,—CO—OPO;H, + A1®

3T0 coeAMHEHHE YYacTBYET B JaJibHei1leM 0Opa3oBaHUU LIUTPYJI-
JIMHA, OPHUTHHA, a TaKXe€ HYKJIEOTHIOB Yy MypnypHbIX GakTepuil U
HEKOTOPbIX CTPENTOKOKKOB.

Hnsi bopMupoBaHMsI APYTUX AMUHOKHMCIIOT MUKPOOPTraHU3Mbl UMe-
IOT CUCTEMY NepeamuHupo8aHus:

rayramar + CH;—CO— COOH (nupyBar) — o-KeTorjiyrapar +
+ CH;—CHNH,— COOH (anaHuH)

B peakuum ydyacTByeT HepMEHT mpaHcamurasa ¢ NMpuIoKcuHpoc-
¢dartom (B,) B kauectBe KopepMeHTa. B peakunu nepeaMMHUpPOBaHUSA
ryTaAMMHOBAs1 KUCJIOTA CJIYXHT JOHOPOM aMUHorpymnnsl. B 31oit ponn
MOXET BBICTYNaTh U aMUA;

ryTaMMH + a-KetornyrtapaT + HAQ(®P)H — 2 rnyramat + HAL(D)*

Peakiinsi MpOMCXOOMT MO AeCTBUEM (DepMEHTa erymamamcunma-
3oi. [pu Hemocratke NH; MMKpPOOpraHM3Mbl CHHTE3UPYIOT aMUHOKH-
CJIOTBI TIO 21YyMAaMUH/21ymamamHoMy nymu, T.€. IPH COYETAHUMU peak-
UMt 0Opa30BaHMs aMKIa U NepeaMUHUPOBaHMS €0 C Oi-KETOrJyTapa-
ToM. IlpH N36bHITKE aMMOHHsI paboTaeT riyTaMaTaeruaporeHasa u rnpo-
HCXOIUT 80CCMAHOBUMENbHOE AMUHUPOBAHUE KemoKucaom.

MeTabonuam cepbl

Cepa BXOIMT B COCTaB METUOHMHA, LUMCTEUHA, IJIyTaTUOHA, Kodep-
MeHTa A, cylb(poJMNUIOB U cyibdornonucaxapuaoB. Hekotopoie co-
e[IMHEHUs CEPhl MCTIONB3YIOTCS B KaTabonu3ame. Cepa BXOOUT B COCTaB
3TUX COEAMHEHMH B BOCCTAHOBJEHHO# ¢opme (Sz’). Bce MHKPO-
OpraHM3MBbl JeJISITC Ha CMOCOOHBIX paCTH TOJBKO MPU HAIMYUMK S* M
Ha CMOCOOHBIX K BOCCTAHOBJIEHHIO OKMCJIEHHBIX COeIMHEHUIA cepbl. [1po-
LeCC acCUMUNAYUOHHOU cynbghampedyKyuu MOXET TMPOXOAMTb B IBYX
BapHaHTax, pa3/IMyaloliMXcsl KOHEYHBIMU cTaausiIMU (puc. 148). Cynb-
donunuasl u cynsdononrcaxapuas oopasyrorcesi npu yyactun GADC.

Myt cuHTE3a OCHOBHbIX
OpraHu4Yeckux coeauHeHun

AMHHOKHCJIOTBI H 0eJIKH. Beslku CHUHTE3UpYIOTCS U3 ABaaLaTH aMu-
HOKMCJIOT, NpeailieCTBEeHHUKAMH KOTOPbIX SIBJSIIOTCS pa3jiMyHble UH-
TepMenuaThl Karabosnuama. Bce aMMHOKHUCIOTBI EISATCSA Ha rpynnbl B
COOTBETCTBUHU CO CBOMM OMOCHHTETHYECKUM MpoucxoxaeHneM. CUH-
T€3 aMUHOKMCIIOT Z2pYynnbl 2AyMAamMuHo8ou kKucaomo: (TJlyTaMUHOBas
KMCJIOTa, TIyTaMMH, aprTMHWH, MPOJIMH) Geper Hayalo OT O-KETOry-
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OAD
504 FT ADC TT‘ DADC ({ SO3” /\ H,S
ATO

AT® Ad® HAL®)H HAL®)" HAL(P)H HALD)'

CepuH

LucrenH

Cepun Auetni-KoA
YV rpubos

O-auernn-cepuH
KoA

_—

Auerar

Puc. 148. INpouecc accHMWISILMOHHOM cynbdaTpenyk-
unn (ADPC — ageHo3nHbochocynbdar; PAPC — doc-
¢oaneHosnHpochocynbdar; PAP — docdoaneHo-

3uHdocodar) Y Gaxrepwii

LucrenH

i

TapaTa, MHTepMenuara uvkia Kpeoca. dpyroit uHrepmenuat LUTK, ok-
cajioaleTar, AaeT Hayaslo Lieny peakUuuil, NpUBOASILUMX K OOpa3oBaHUIO
acriapariHOBOM KHCJIOTBI, acraparmHa, METUOHMWHA, TPEOHHMHa, M30-
NeiLMHA U JIU3UHA (epynna acnapazuHoeol kuciomst). CUHTE3bI epynhbl
apomamuyeckux amurokucaom (tpuntocdaHa, eHWI1aHWHA U TUPO3U-
Ha) HauMHawTcs ¢ KoHneHcauuu PEIT U3 IMKOMIUTHYECKOTO MYTH U
3puUTpo30-4-docdara U3 neHrozodocoatHoro nytu. Ipyrue uHTEepMe-
ouatel mMkonu3a — 3-®OI'K u nupyBaT — HAlOT HAyalo peakLMsM,
MPUBOASILUMM K CUHTE3y aMMHOKMCIIOT epynnbl ceputa (CEpUH, TTULIMH,
LUMCTEUH) U 2pynnbl NUPOBUHO2PAOHOU Kucaomsi (a1TaHWH, BIMH, Jieii-
LIMH) COOTBETCTBEHHO. bHoCHHTE3 eucmuduna CWIBHO OTIMYaeTCsl OT
CHHTEe3a APYTMX aMUHOKHUCIIOT M TECHO CBSI3aH C MyTSIMH 0Opa3oBaHUs
nypuHoB. [1Ba aroMa yrjiepona NITUWIEHHOTO UMHAA30JIbHOTO KOJblia U
TPpHU aTtoma yrjiepoaa O0KOBO#A Lenu npoucxomsTt U3 pochopubo3nwINmU-
podocdara. ®parmeHT C— N 3T0r0 KoJiblia 006pasyeTcsi U3 MypHHOBOTO
sinpa AT®, a npyroii aToM a3ota — U3 IJyTaMHHa.

C nyTsiMM OMOCHMHTE3a aMUHOKMCJIOT CBSi3aHO 0Opa3oBaHHWeE psia
BaXHBIX azomcodepicauiux coeOuHeHui KneTku. Tak, napa-okcubeH30ii-
Hasi U napa-aMUHOOEH30iHasi KUCIIOTHI 00pa3yloTcsi Ha MyTsaX OHo-
CHHTE3a IpyMNIbl apOMaTHYECKMX AMUHOKHCJIOT, MOJIMAMHUHBI (MyTpec-
LMH, CIEPMUIANH, CTIEPMUH) — TPYTINH [JIyTAMUHOBOI KUCJIOTHI, INa-
MMHOIKUMEJIMHOBAs U AUTTMKOJIMHOBAsA KMUCJIOThI — TPYMIHI acraparu-
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HOBOM KUCJIOTbI, MAHTOTEHOBAsl KUC0Ta — FPYINIbl MTMPOBUHOrPaaHOM
KUCNOThI, a MypUHbI U NMOPpPUPUHBI — TPYMNIMbl CEPUHA.

s 6GnocuHTe3a beaxos TpebyeTcsi MPUCYTCTBUE HE TOJILKO (hepMeH-
TOB U MOHOMEPOB (aMUHOKHCIIOT), HO U Mampuybi (Monekynbl UPHK),
3ajalollei nocyenoBaTesibHOCTb MPUCOEAUHEHUs1 aMMHOKMCIIOT K pac-
Tylled Lenu, a Takxe crneurpHuyeckoro nepeHocumka sk akTMBUpoO-
BaHUsi MOHOMeEpa U OTOOpa €ro B COOTBETCTBMM C 33JaHHbIM KOIOM
(TPHK). Peakuus obpa3oBaHHUsi HOBOI1 MENTUAHOM CBA3H MPOUCXOIMUT
Ha pubocoMe U KaTanusupyercsi ¢epMEHTOM MeNnTUAMNTpaHcdepa3oi.
[MonunenTuaHas uenp pacteT B HanmpaBieHUWU oT N- K C-KoHLy.

JIunuapl. JIunuabsl — 3To rpynna coeAMHEHHU, pa3HOOOpa3HbIX MO
XMMUYECKOMY COCTaBy, HO HEPaCTBOPUMBIX B BOZ€. YCJIOBHO UX MOX-
HO pa3fe/IThb Ha BELIEeCTBA, COAEPXKALLHUE HCUPHble KUCAombl, CBS3aH-
Hble 3(UPHOI CBA3bIO (HEHTpaibHbIE XHUPbI, PocdHONUNUAbI, TTUKO-
JIMNUABI, JIMNONOMIMCaXapHuibl, MOJAUATKAHOATHl U T.1.), U BELLUECTBA,
coepxXallnue usonpeHosvie gppazmerms! (MOJUU3ONPEHDBI, KAPOTHHOM-
Nbl, CTEPOJIbl, XJIOPO(MUIIIbI, XHHOHBI U T.1.).

BaxHy10 po/ib B CUHTE3€ HCUPHBIX KUCAOM UTPAET AUUANEPeHOCAUUL
6enok (AI1B), Ha KOTOPOM NMPOUCXOAMUT HapalllMBAHUE YIJIEPOAHONH LENu
o6pa3yeMoii XXMpHOIt KUCOTbl. CUHTE3 XXUPHbIX KMCJIOT C YETHBIM YHUC-
JIoM aTOMOB yrjiepoia HauuMHaetcsi ¢ obpa3oBaHus auetui-Allb u ma-
JoHun-Allb u ux nocnenyoueit koHaeHcauuu. Ipu 3ToM Npoucxonut
obpaszoBaHue auetoaueTwia-Allb, BbizeneHne CO, U ocBoboxiaeHHE
onHo# Monekysbl Alb. lance cnenyeT psia nocnenoBaTe/ibHbIX peakuii
BOCCTaHOBJIEHHUsI ¢ 0OpasoBaHueM Oytupun-Allb. Kaxabiii nocnenyio-
WK aKT B3auMoneicTBUsi ¢ MaloHWI-AIlb npuBOAMT K yILIMHEHHIO
pacryuiero AI1b-coennHeHns Ha nBa atoma yrepona. CUHTE3 XXHUPHBIX
KHMCJIOT C HEYETHbIM YUCJIOM aTOMOB OTJIMYAETCS1 TOJILKO MEepBOi peak-
LUMel, rae nNpoucXomMUT KoHaeHcauus nponuoHun-Allb ¢ ManoHwia-
AIlB. J1BoiiHble CBA3M 00pa3ylOTCsl B MOJIEKYJIE XMUPHOM KMCJOTHI JIMGO
MyTeM JAecaTypaLuy yXe NMOJTHOCTbIO CHHTE3UPOBAHHbIX HACBILLIEHHBIX
XHUPHBIX KHUCJIOT C YYaCcTHEM MOJIEKYJIAIPHOro Kucjopona (a3poOHblit
MyThb), IMOO C MOMOLLBIO peaKLIMM JerMApaTaliMi BO BpeMsl pocTa LEenu
XHUPHOM KUCNOThI (aHAa3POOHBII MyThb).

B cuHTe3e ghochorunudos NpUHUMAET yyacTUe HHTEPMeEOHUAT MINKO-
Jiu3a nIMokKcualetoHdocdat, KOoTopblit BoccTaHaB/lIMBaeTcsa 00 3-¢oc-
dornuuepona ¥ NpUcoenNHSIET IBa OCTAaTKA XUPHBIX KUCJIOT, CBSI3aH-
HbiX ¢ AIlB. I1pu 3TOM 06pa3yercs ochaTuaHas KUCIOTa U pereHe-
pupyercsi cBobonHbiii AIlb. K aktMBMpoBaHHO# c nomolbio LITO
dochaTnaHoit KucnoTe 3ateM npUcoeauHsoTcs uyepe3 docdaTHyio
rpyrnmny CepuH, o-rnvuepodocdar, MHO3UT U Ipyrue BelecTBa, 00-
pasysi docharuaunceput, dochatuaunsTaHonaMut, dochaTuan-
IJIMUEPUH, KapAUOAUNUH, ¢ochaTUANIUHO3HUT MU T. 1.

I1pn oOpa3oBaHUM u30NPEeHOUOHBIX AUNUAOE TIEPBbIE CTAAUMU CBSI3a-
HBI C MoCJiefoBaTeIbHONM KOHIEHCaLMel Tpex MoJiekyn aueTui-KoA B
pa3HbIX IMOJIOXEHHUSAX M TeperpyninupoBKOi MOJYy4eHHOTo COeldMHe-
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HUsl. B pe3ynbTaTte CMHTE3UpPYeTCsl pa3BeTBJIEHHAsi MEBAIOHOBasi KMC-
JIoTa, KOTOpasi NMpeTeprneBaeT ABa nocjenosareibHbix docopuinpo-
BaHUs M IeKapOOKCWIMPOBaHHE C O0Opa3oBaHWEM AKTHUBUPOBAHHOIO
Cs-coeqMHeHUs1, SBISIOLLErocs NMPEAlECTBEHHUKOM CJIOXHBIX M30-
NMpEHOUOHBIX BelecTB. B OCHOBE TaKMX CUHTE30B JIEXaT peakLiMU 3JI0H-
ralyy JMHEHHbIX U30MPEHOB U KOHAEHCALIMSl MOJIEKYJI C Pa3HbIM YMUC-
JIOM YIJIEPOAHBIX AaTOMOB B Pa3jIMYHbIX MOJIOXEHMSIX («r0JIoBa K XBOC-
Ty», «XBOCT K XBOCTY» U T.A.).

Hyxnennosbie KHCJI0TH. HyK/IeHHOBBIE KMCJIOTBI CHHTE3UPYIOTCS U3
NMypUH- U NMUPUMHIMHHYKIEeo3uaTpUdochaTtoB, KOTOpbie UMEIOT B
LIEJIOM CXOAHOE CTpoeHHe. B HUX MypHMHOBOE WK MUPUMHIMHOBOE OC-
HOBaHUE COEIMHEHO C IMEHTO30i 4Yepe3 aToM a3oTra (Hykieo3ud), a
¢ocdarHble rpynmbl HAXOAATCA B 5'-NONOXEHUU (Hykaeomud). Le3okcu-
puborykaeomuds o0pa3yloTcsi U3 pUOOHYKJIEOTHIOB IMYyTEM BOCCTAaHOB-
JieHus. CUHTE3 puboHykaeomudoe HaumHaeTcsi ¢ obpazoBaHus S-doc-
¢opubosun-1-nupodocdara (PPIIP) B cOOTBETCTBUH C peaKLIMEi

Pu6030-5-dpocdar + AT® — LPNScmrnn , qprigp + AMO.

Pu6030-5-docdar siBasiercss MpoMeXyTOUHbIM MPOAYKTOM MEHTO-
3o¢ochaTHOro MyTH, U 3TO €llie pa3 JAEMOHCTPUPYET TECHYIO CBS3b
3HEpPreTUYeCKUX U KOHCTPYKTUBHBIX MTPOLIECCOB MeTab0JIM3Ma MUKPO-
OpraHu3MoB.

ITypurosbie puOOHYKIEOTUABI ajIe€ CUHTE3UPYIOTCS MyTEM I0CIIe-
JIOBATENbHOTO MPUCOEANHEHUSI AMUHO- U YIJIEPOACONEPXKALLUMX FPYIIN
K OPI1® c obpa3oBaHHEeM A€BATHYWIEHHOrO NYPUHOBOTrO Kojbilia. Ha-
000poT, B cllyyae nupumuduHoebix puOOHYKIEOTUIOB CHavyaa Nnpouc-
XOOUT KOHIIEHCALIMSl aclaparMHOBOI KUCJOTbl U KapbaMoundocdara
¢ 0b6pa3oBaHWEM LLIECTUYIEHHOrO MUPUMHUIAMHOBOIO KOJblia, a 3aTeM
npucoeaMHeHUe pudozodocgarHoro ocrarka.

O6pa3oBaHUE HYKAEUHOBbIX KUCAOM OCYLIECTBISICTCSA MyTeM mam-
PpU4HO20 CuHme3a B NPOLIECCaxX penaukayuu U mpanckpunyuu. Pennvka-
uusi JHK npoucxomuT Ha KaxaoW Liend ABYHHUTEBOH MaTepHUHCKOIA
IO HK B kauectBe mampuyb npyn yyactum ¢pepmentoB JHK-norumepas
¢ 1e30KCUpHuboHyKieo3na-5'-Tpudocharamu B KauecTBe CyOCTpaTOB.
Matpuueit 1nsi TpaHCKpUINUMM cyXHUT onHa w3 ueneit [1HK, a cy6-
cTpataMu — puboHyKieoTua-S'-tpudocdatel. Cuntes PHK npoucxo-
IUT ¢ nomollbio pepmeHTOB PHK-noaumepas.

MyTu cMHTE3a HEeKOTOPbIX C/IOXHbIX BEWecTB

Ioppupnubl. [TopdHHBI — 3TO CIOXHBIE a30TCOAEpXKalllME Bellie-
CTBa, CJlyXalllhe NMPOCTETHYECKUMH IpynnaMH psina GepMeHTOB U XJI0-
podusioB. KoHaeHcaumsi cykLIMHUI-KOA ¥ MIMLIMHA U psa Nocieny-
I0LKUX MoaAUdUKaLMIl MPUBOAAT K OOpa30BaHHUIO MATUUJIEHHOTO a30T-
COJIEpXKAlLLEro KoJjblia C TpeMSI 3aMeCcTUTENISIMU (NopdoOUIIMHOreHa),
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YeTbipe MOJIEKYJIbI KOTOPOro aajiee OObeAUHSIIOTCS B TETPanuppoJib-
Hoe siapo npotonopdupuHa IX. INocneaylomme peakumu MOryT NMpu-
BOAMTb K CUHTE3y 2cema (IpY BBEAEHUH B MOJIEKYJY aTOMa XeJe3a)
WK 00pa3oBaHUIO x10pogussa (MIPU BBEAECHUU B MOJIEKYJIy MarHus).
Pa3znnyHble opMbl XJIOPOGWIOB CUHTE3UPYIOTCSI B NAJIbHEHLLIEM C
MOMOLLBIO peakuuii nepudepuyeckoro MetabonusmMa onpeneeHHbIX
rpynn ¢oToTpoHBIX MUKPOOOPraHU3MOB.

IenTtHaornukan (Mypeun). [lenTMOOIIMKAH — CTPYKTYPHBIH MOJIM-
Mep, BXOASILLHWIA B COCTaB KJIETOYHBIX 000J104EK OONBbLIMHCTBA MPOKapH-
OTHYECKUX MUKPOOPraHM3MOB. OH COCTOMT U3 JIMHEHHBIX MOJIEKYJ1 [JIU-
KaHa, COEAMHEHHBbIX MeXay co0oil nmonepeyHo nenTUaaMH, comepxka-
1WMMHK 3 —6 aMMHOKHUCIIOTHBIX OCTaTKOB. I'/IMKaH MyperHa oOpa3oBaH
ocratkaMu N-aueTui-N-rinoko3aMuHa U N-aleTWIMypaMOBOii KHCJIO-
Tbl, COEAMHEHHBIX B-1,4-cBsi3saMuU. [TenTUabl cogepxar Yepeayrolmecs
L- 1 D-aMHHOKHCJIOTBI M 4aCTO — Me30-IHaMHHONMMEIMHOBYIO KUCJIOTY
(JAIT). He3aHsiTble B NENTUOHBIX CBSA3SIX KAPOOKCWIbHbIE U aMUHOTPYIT-
bl aMUHOKMCJIOT MOTYT OCTaBaTbCsi CBOOOAHBIMU WIH 0Opa30BbIBATDH
noriepeyHble CBSI3U MEXIY NENTUIHBIMM MOCTMKAMH. AMHUHOKHUCIIOT-
HbII COCTaB ¥ CTPOEHHE MENTUAOB MypeMHa UMEIOT 6OJIbLLIOE 3HAYEHHE
NpH1 UAEHTU(DHUKALIMM FPaMIOIOXHUTEbHBIX MUKPOOPraHU3MOB.

HayanbHble 3Tanbl CMHTE3a NENTHUIAOINIMKAHA MPOUCXOAAT B LH-
Torsa3sme, rae N-aLeTHINTIOKO3aMUH npucoeauHsetcs K Y®. B ta-

Puc. 149. Cxema HapacTaHHs KJETOU-
HOM CTEHKM (Meperopooku WU mne-
PETAXKHU) NMPH NeJeHUHU OGaKTepHaib-
HOM KJIeTKH. YacTb nensierocsi KOok-
Ka, obBeneHHasi OKPYXHOCTbIO, MO-
Ka3aHa NeTaJibHO Ha HUXHEH 4acTH
pucyHka. YepHas ctpesika 0603Haua-
€T MeCTO HapacTaHWsi HOBOTO Mare-
pHasia nepeaHero KoHua centsl. [pyn-
rna M3 Tpex HeGOJbLIMX CTPEJIOK MOo-
Ka3blBaeT MecTa AEHCTBUS rmaposia3
MypEHHa, KOTOpble pa3fensiioT BHOBb
obpa3oBaHHblit Matepuan. B pesynbra-
Te HOBBIH MaTepHaJl BbHITAIKUBAETCS
KHapyXH, yBeJW4MBasi MOBCPXHOCTH
IBYX JOYEpPHHX KNeTOK. [Be Genbie
CTPEJIKH yKa3biBalOT MECTa YTOJILIE-
HHSl, TPY NYHKTHUPHbIE CTPEJIKU MOKa-
3bIBAIOT HaNpaBjeHUsl YBEJUYECHHUS
nepudepUyecKrUX CTEHOK M HapacTa-
HUSA LIeHTpasibHO# neperopoaku. Cra-
pblif CJIOii MeNnTHAOIIMKAaHa NMOKa3aH
YepHbIM

—

1

IMocTpoeHue {neperopoaku
]
1

Jlokanuso-
BaHHBIK pOCT

Pacluennenue VronweHue

CT€HKH

INepudepnuecknit
POCT KJI€TOYHOH
CTEHKH
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Puc. 150. Cxema npeuMyLiieCTBEHHOTO
HapaCTaHUs KJIETOYHOM CTEHKH MpH
IEeJIeHUH NaIOYKOBMIHON OakTepuu.
YepHble KPYXKH NMOKa3blBalOT MECTa
CJIy4aiiHOro BKJIIOYEHMsSI HOBOIO Ma-
TepMasa B LUMJIMHIAPHUYECKYIO YacTb
KJIETKH MPH €€ YUIMHEHUU (InaMeTp
KJIETKH NMPHU 3TOM He MeHsieTcs); Oe-
Jible KPYXKH — MeCTa BKJIOYEHUSs
HOBOIO MaTepuajia CTEHKM B 30Hax
neneHus Kietku. B pesyabrare popmu-
PYIOTCSl «MOJISIPHBIE LLANKHW», COCTO-
silMe TONBKO M3 MypeHHa, CUHTE3U-
POBAaHHOTO B 30HE NE€JIEHUSI KJIETKH

KoM cBsizaHHOM ¢ YJI® coctossHuu oH pearupyeT ¢ PEII, obpa3ys
N-aueTwiMypaMoByIo KHCIIOTY. [lajiee nocenoBateibHO NPUCOEINHSI-
I0TCS1 aMMHOKMCJIOTHI NMENTUIHOIO MOCTHKA, KaX/ast NpU Y4acTHH CIie-
uncduyeckoro pepMeHTa, ¢ 3aTpaTtoii 3Hepruu AT® U NMpuU HATMYUH
uoHoB Mn*'. IMponykr peakunn YAD-N-auetunaMypaMwinenTua U
YA ®-N-aueTWIrnoKo3aMMH BCTYNalOT B peaKUHIO TPaHCIIMKO3UJIU-
poBaHus B LII1M npu yyactum npomexytoyHoro ruapodobHoro ne-
peHocuMka — crneuudpuueckoro ¢pochonunuaa. B umrtonnasmaruue-
CKOil MeMOpaHe MOTyT MPOMCXONMUTh TAKXE PEaKLIMM NMPUCOEAUHEHUS
pa3jiMyHbBIX TPYIMIl, B TOM YMCJie OCTATKOB aMMHOKMCJIOT, K CBOOOI-
HbIM KapOOKCHJIBHBIM U aMHUHOTpYyInaM aMMHOKHUCIOT nentuaa. O6-
pa3oBaBlLasICsl CTPYKTYPHasi efMHHMLA TMENTUAONIMKAHA NepPEHOCHUTCS
Ha pacTyilylo B 000JI04Ke LeNb MypeMHa W MPUCOEAUHSETCA K HeWl
MyTeM TPaHCIJIMKO3WIMPOBAaHUsA U TpaHCNenTHOMpoBaHus. B npouecce
Co3peBaHUsl BHOBb CHHTE3UPOBAHHOIO MypeHHa yBEJMYMBAETCS YUCIIO
MENTUIHbIX CIIMBOK.

[1pu HapacTaHUM KJIETOYHOI CTEHKH B MPOLIECCE POCTA U NEEHUS
pacrnipeiejieHie BHOBb 00pa30BaHHOrO MENTUIOIIMKAaHA MPOUCXOAUT
C yyacTHeM runposiad mypeuHa (puc. 149, 150).

3anachbie BemecTBa. DTO MPOAYKTHI KJIETOYHOro MeTabosu3Ma,
obpa3syrolmecsi Npu U30bITKE 3K30T€HHBIX MUTATEIbHBIX BELIECTB U
MCIOJNB3YIOLLHECS] B YCJIOBHUSIX TOJIOAAHUS WIM B MNEpUON ajanTaluuu
KJIETOK K HOBBIM cyocTpaTtaM. OCHOBHO#M MX DYHKLIMEH cUMTalOT 0bec-
NneyeHHUe KJIETOK 3HEpPrueil 1 HeoOXONMMBIMU 3JIEMEHTaMU. XUMHYe-
CKM UHEPTHOE COCTOSIHME 3anacHbIX BELIECTB B KJIETKE U HaJIU4YHUE B
psiae cnyyaeB 6eJIkoBOH 00O0JIOUKM BOKPYI HHUX CITOCOOCTBYET cOXpa-
HEHHIO OCMOCTa3a KJleTo4Horo conaepxumoro. Hanbonee pacnpocrtpa-
HEHHBIMH 3anMacHbIMU BELLECTBAMU Y MMKPOOPTaHU3MOB SIBJISIIOTCS
noJucaxapuabl, JUNUAbl (MOJUAJIKAHOATbI), BOJIOTHH.

3anacHble Aunudsl MPOKAPUOT Yallle BCEro INMpeacTaBieHbl noau-f3-
eudpokcumacasanou kucaomou (ITOM), KoTopasi OTK/1anbIBAETCS TPH U3-
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ObITKE YIJIEPOOHBIX 3HEPreTUYECKUX CYOCTPAaTOB U HEJOCTaTKe a3oTa.
B knetkax [1OM npHcyTCTBYET B BUAE OKPYIJIbIX ITPAHYJI, OKPY>KEHHBIX
6enkoBoit MeMOpaHoii. 3anacaHne [1IOM xapakTepHO 11 MUKpOOpra-
HHU3MOB ponoB Azotobacter, Alcaligenes, Rhizobium, Micrococcus, Bacillus,
Zooglea, Rhodospirillum v np. B ycnoBusix rojogaHusi pacnan rpaHyi
ITOM npoMcXoauT 3a CYET MX T'MAPOJSIN3A NMPH yyacTUM crieunduye-
CKOM JernojauMepasbl.

MuKpoopraHMu3Mbl 3anacaroT IJIMKOreHO- WIM KpaxMalonoaoOHble
noaucaxapudsi ipyu U30LITKE UCTOUHHMKA Yrjiepoga U 3HEPTMH U Helo-
cTaTKe a30Ta B BUAE chepHUYECKUX WIK HeMpPaBWIbHOM (DOPMbI IFpaHyl.
[Monucaxapuabl MOCTPOEHbI U3 OCTATKOB D-rioKo3bl, COeAMHEHHBIX
Pa3HbIMU CBS3SIMHU. [uKo2eHonodobHble 3anacHbie noaucaxapuosl Xapak-
TEPHBI U151 APOXXKei, OaKTepHil KULLEYHOI IPYIIbi, CTPENTOKOKKOB U
JIPYTYX M LLIMPOKO pacnpocTpaHeHbl. Kpaxmanonodobmbiil noaucaxapuo epaty-
Je3a npucylll 6oJiee y3KOil rpyrnne MMKpOOPraHU3MoB (KJIOCTPUAUSIM).

HakoruieHue 6oaromuna 1MPOKO pacnpoCTPaHEHO CpelM pa3HbIX
rpynn MMKpoopraHuaMoB (HanpuMep, Spirillum, Lactobacillus,
Corynebacterium, Micrococcus) u npoucxonmt B cpene, 6oraroi ¢ocda-
TaMH. BoJIlOTHHOBbBIE rpaHyJibl COCTOST U3 NoAUGOCHATOB, SBISIOLIMXCS
neno ¢ocdopa U, BOZBMOXHO, UMEIOLLIMX 3HEPreTUYECKOoe 3HauYeHHe.
Monndocdark cuHTE3UpYKOTCS 3a cyeT peakunu: AT® + (HPO;), =
= AP + (HPO,),, |, Katanusupyemoit ¢ochatknHasoii.

Brarouenus cepui HabnoaaloTcsi y MMKpOOPraHM3MOB, CIIOCOOHBIX
UCIO/b30BaTh COEAMHEHHUSI CEPbl B CBOEM MeTabonu3Me (TUOHOBBIE U
aHOKCHreHHble oToTpodHbIe OaKTEpUM). DNEMEHTapHasl cepa sIBisi-
eTCsl MHTepMeIMaTOM OKMCJIEHHsI CEpOBOAOpOAa M MPH €ro U30bITKE
HakarnMBaeTcsl B kieTke. Henocratok H,S B cpene ctuMynupyet uc-
MoJIb30BaHHKE 3aMacoB Cepbl U OKUCIIEHHUE ee 10 cynbdarta. B kneTkax
3JIeMEHTapHasl cepa COOEPXHUTCS B BUIE IPaHyJsl, OKPYXEHHBIX OJHO-
cJIoliHOM 6enkoBoi MeMOpaHOIA.

Y uuaHoGaKTepuit B yCJIOBUSIX TOJMIOAaHUs MO a30Ty pacxomyeTcsi
crieundHUecKoe 3arnacHoe BELLECTBO YUAHOMUIUH, SIBIISIOLLIMIACS COMOIHU-
MEpOM apruHMHa M acnaprara (MyJibTUaprMHUHNonuacnaptar). LinaHo-
bHUMH MOXeT ObITh U IHEPTrETUYECKHUM CyOCTPATOM 3a CUET peakLMM:

apruiuH + AP + O, + H,O — opuutuH + CO, + AT® + NH;

Peakuus katanusupyetcsi epMEHTOM aprMHUHIMIposa3oii, a AT
CUHTE3UpYeTCsl nyTeM cyocTpatHoro ¢ocopHIMpoBaHHusI.

BropuuHblie meTabonurel

BropuyHbie MeTabOIUTBI — 3TO BelLLlECTBA MMKPOOHOro (MJiM pac-
TUTEJILHOrO) MPOUCXOXIEHHUS, HE CYLIECTBEHHbIE U1 pOoCTa U per-
poayKLMM obpa3syouiero ux opranuama. Kaxabiit BTOopu4HbIA MeTabo-
JIUT MPOU3BOAMUTCS OTHOCUTEJIbHO OrpaHUYEHHBIM YUCJIOM BUIOB. JTH
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COEIMHEHHUSI CUHTE3UPYIOTCS B KOHLE 3KCIOHEHLIMANTBHON WM B Te-
YCHHUeE cTallMoHapHo# ¢a3 pocta, U ux opMHPOBaHHE B 3HAYUTEIb-
HO# CTEeneHu 3aBUCHUT OT YCJIOBHUI pocTa, oCOOEHHO COCTaBa MMUTa-
TeJIbHOM cpeabl. MHOrMe BTOpHUYHbIE METAOOIUTHI UMEIOT XUMHUYECKYIO
CTPYKTYpPY, HEOObIYHYIO JIsi OMOJIOrMYECKOil MaTepUM. DTO COedM-
HEHMSsI, OTHOCSILLIMECS K pa3HOOOpa3HbIM KjlaccaM OpraHUYeCKHUX Be-
LIECTB, — aMWHOLIMKJIUTOJIbI, KYMapHHbl, 3TTOKCHIIbI, HEpUOOCOMAJb-
Hbl€ MEeNTUAbI, MOJMUEHBI, TUPPOJLI, TEPNIEHOUIbI, TETPALIMKJIMHLL. Ha
puc. 151 nzobpaxeHa cxeMa, nokasbiBalolLliasi CBsi3b MEPBUYHOIO U BTO-
puuHOro Metrabosn3ma. Bce BTopnuHble MeTaOOJIMTHI MOJYYAIOTCS U3
MHTEpPMEAMATOB NMEPBUYHOro McTaboiM3Ma C MOMOLLbIO YEThIPEX KJlaC-
COB OMOCMHTETUYECKHUX peaKLHiA:

1) npeobpa3oBaHHue nepBUYHOro MetabonuTa B cneulndpHUYeCcKHUit
NpeallecTBEHHUK 1S BTOPUYHOTO METaboin3ma;

2) peakuMM MoAM(MHUKALUMUM WIXM aKTUBAaLIMH, YBOHOSIIHME Mpeallie-
CTBEHHMK Ha NMyTb BTOPUYHOro MeTabon3Ma;

3) nonuMepu3alMusi U KOHAEHCALIMS,

4) no3gHHUe peakUMM MOIH(DUKALIMH.

K BTOpHUYHBIM MeTabOJIMTaM OTHOCATCS aHTHOMOTHKM (CM. M. 5),
TOKCHHBI (HanpuMep, 3proTOKCHH CIOPbIHbH), MOJMKETHUABI (Bellle-
CTBa C aHTUOMOTHUYECKOH U UMMYHOAENPECCAHTHONH aKTUBHOCTBIO LIK-

| BM = [leHTO3H1 Fmoxoaa—>

Tetpo3sl /Tpuo3b| IMponuonar’

)KMpH bl€ KHCJIOTbI

UJMK"MaT anyBaT/MaJ]oHaT
/ / | BM|

CO,
Auetat—= MepBanoHat_— Ctepouanbt

ApomMaTHeckue
AMMHOKHCIOTHI

IMypuHbI,
NyPUMHUIAUHBI

Llutpar

Okcaloauerar

AnngaTtnueckue
aMHUHOKHCJIOTbI OkcornyTapat

Puc. 151. CBsi3b BTOPHYHOTO ¥ NepBUUHOro Metabonusma (BM — BropuuHbie
MeTabONHUTDI)

229



BTopuuHbIi
MeTaboNIUT
OIl, [C] . ‘
meTabonuta i /——‘—— Kpusas pocta
Tpododasa npoayueHTa
§ Wmnodasa
Bpewms

Puc. 152. Pa3ButHe KyabTypbl U CHHTE3 BTOpHUuHOro metabonuta (OI1 — ontu-
Yyeckasi IJIOTHOCTb CYCINEH3UH NpOayLIEHTa)

POKOro CrieKTpa AEHCTBHsI), U30MPEHOUIbl (KAPOTHHOMUABI, CTEPOUIbI,
ruboepesUIMHbI, GUTOATEKCHUHBI, aHTUpaKoBble aHTHOMOTHKH). Cloa Xe
MOXHO OTHECTH U HEKOTOpbIE 3aracHble BELLIECTBA THIIA NOAUCUOPOKCU-
askanoamos. Ecnu oOpa3oBaHHEe NMEPBUYHOIO METAab0JIMTA NMPOUCXOAUT
OIHOBPEMEHHO C POCTOM U Pa3MHOXEHMEM KYJLTYpbl, TO LI MPOAy-
LIEHTa BTOPUYHBIX METabOJIMTOB MPUHSITO TOBOPUTb O mpogoghaze (Kor-
[la KyJbTypa pacTeT U pa3MHOXaeTcsl) U uduoghaze (korma poct 3amen-
JISIETCSl WM OCTaHAB/IMBAETCsl U HAUMHAETCSl CUHTE3 NpoaykKTa) (puc. 152).
Boo0lue, 0 MexaHM3Max nepekiioyeHusl myTeit MeTabosn3Ma ¢ nepBUY-
HOro Ha BTOPHYHBII U O (PU3HONIOrHYECKOH POJIM BTOPUUHBIX MeTabo-
JIUTOB B XHU3HHU COOCTBEHHOIO MPOAYLEHTa JOCTOBEPHO U3BECTHO OYEHD
Masio. HensBecTHO, HaCKOJILKO pacnpOCTpaHEH BTOPHUUHDIH META0OIU3M
B npupoae. CaMo NMOHSATHE «BTOPHYHBII# METabONUT» AOCTATOYHO pac-
IUILIBYAaTOE U MHOTHE UCCAEA0BATENN €ro He MPU3HAIOT.

KoHTpoOonbHbie BONPOCH!

1. Ha3oBuTe OCHOBHbIE MYTH ACCUMUISILMH YITIEKHCIOTHI MUKPOOPraHM3-
Mamu. Kakoe 3HaueHue B MeTabonusMe umeet peakuusi Byna— Bepkmana?

2. Ha3zoBuTte ocHOBHbIE Mpouecchl MeTabosanM3Ma a3oTa U cepbl Y MHUKPO-
OpraHu3MoOB.

3. KakoBbl OCHOBHBIE 3Tanbl CHHTE3a OMOJIOrMYECKHUX MOJUMEPOB Y MUK-
pooprain3mos?

4. [lepeuncaurte ctaiMm CUHTE3a NOPPUPUHOB U MENTUAONIMKAHA.

5. Korna u Kak B KJIeTKaX MUKPOOPraHM3MOB 00pa3yloTcsi 3anacHble BELLECT-
Ba?

6. Ha3zoBHTe 0COGEHHOCTH BTOPUYHOIO MeTaboIM3Ma U NEpPeUUCINTE Hau-
60Jiee M3BECTHbIE BTOPUYHbIE METabONUTDI.



lhasa 9

PErynauna METABOJIUSMA
Y MUKPOOPrAHU3MOB

3HauyeHue npoueccoB perynsuvm

st caMoro cyilecTBOBaHHUS XXM3HM BaXHbl KaK PEry/siLiisi aKTUB-
HOCTH OTACNBbHBIX MYyTeil MeTabonM3Ma, TaK U KOOPAWHALIUA NEATENb-
HOCTH 3THX nyTtei. Jle3opraHu3aums 6e3 aieKBaTHOro KOHTPOJISl METa-
00/1M3Ma MPUBOOMUT K TMOEJIM KJIETKH.

3anaya peryasiTopHbIX MEXaHM3MOB HEOObIYAMHO clloXHa. Bee nyTtu
MeTaboIM3Ma NOJLKHBI PETYIMPOBATLCS U KOOPAMHUPOBATLCS TakK 3¢-
(GEeKTHUBHO, YTOObI KJIETOYHbIE KOMIMOHEHThI MPUCYTCTBOBAIM B JaH-
Hblii MOMEHT B TOYHO HEOOXONMMBbIX KoJinyecTBax. K ToMy xe MMK-
pOOHbIE KJIETKH NOJIXKHBI 3(P(PEKTUBHO «OTBEYATh» HA U3MEHEHMSl OK-
pyxarloilei cpeabl KCMOJb30BAHUEM UMEKOILIMXCS Ha JAHHBI# MOMEHT
MUTATENIbHbIX BELLECTB U BKJIIOYEHUEM HOBBIX KaTabOJHUECKHUX MyTeH,
KOT/a Ipyrue BELECTBa CTAHOBATCS NOCTYNMHBIMH. [ToCKOBKY KOMIMO-
3ULHAS XUMHYECKHMX COCAMHEHHUI OKpYXalolUEH cpeabl MOCTOSHHO Me-
HSIETCSl, PETYNISATOPHbIE MPOLIECCHI NOMXHbI MOCTOSIHHO COOTBETCTBO-
BaTb HOBbIM YCIOBUSIM. Perynsiumsi BaxHa 1 noaaepxaHus 6anaHca
MEXY 3HEProAalolliMMK U CUHTETHYECKUMM PEAKLIMSIMH B KJIETKE.

OcHoBHbIe cnocobbl perynauuu MmukpobHoro
MmeTabonuama

[MoTok yrnepona uepe3 TOT MM MHOM NMYTb MOXET PErYyJIMPOBATbCS
C/ieAyIOLIMMH OCHOBHBIMH CIOCODaMM:

® JIOKaJIM3almein MeTaboIMTOB U PEPMEHTOB B Pa3HbIX YaCTSX KJIET-
KM;

® CTUMYJISILMENA WIN HHTMOMPOBAaHUEM aKTUBHOCTH ONpeENENEHHbIX
¢epMeHTOB, NMO3BOJAIOLLEH OLICTPO MEHSITH MYTh META0OJIN3MA;

® KOHTPOJIEM KOJIMYECTBA MOJIEKYJl (PepMEHTA Y MUKPOOPraHM3-
MOB OObIYHO Ha YpPOBHE TPAHCKPHUIILMH. DTOT cnocob Gonee MemieH-
Hblil, (bepMEHTBI CUMHTE3UPYIOTCS TOJILKO B C/y4yae, Koraa B HUX €CTb
HeoOXOAUMOCTb.

IIpocTpaHCcTBEHHOE H BpeMeHHOe pa3ieneHue (pepMenToB H MeTabo-
JHTOB. JloCTHraeTcsi B OCHOBHOM 33 CYET KOMNAPMMEHMAAU3AKUU, T.€.
pacnipenesieHus (GepMEHTOB U METAOOJIMTOB B Pa3HbIX KJIETOYHBIX CTPYK-
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Typax WM opraHeyiiax. KoMnaprMeHTain3auus ocobeHHO pacnpocT-
PaHeHa y 3yKapuOTHYECKMX MUKPOOPraHM3MOB, Y KOTOPbIX MHOTO Opra-
HeJUl ¢ coOCTBEHHbBIMU MeMOpaHaMu. Hanpumep, oKKClIEHHE XHUPHBIX
KHMCJIOT JIOKAJIM30BaHO B MMTOXOHIPHUSAX, TOIAa KaK CHUHTE3 XMUPHbIX
KHUCJIOT MPOMCXOIMT B LUTOILUIa3MAaTHUECKOM MaTpuKce. KoMnapTMeH-
TaIM3aLMsA 1€Ja€T BO3MOXHBIM OIHOBPEMEHHOE, HO pa3feibHOE pe-
ryJMpoBaHHe aHaboauM4yeckux nyteii. Jlanee akTMBHOCTb JAHHOTO MYTH
MOXET KOOPAMHHMPOBATLCA B 00LIEM METAabONM3ME MyTEM peryisilum
TpaHCNopTa MeTaboJIUTOB U KODEPMEHTOB MEXIY KJIETOYHBIMU KOM-
naptMeHTaMK. HeonlHOpPOOHOCTb KJI€TOYHOH BHYTPEHHE cpelbl Mo-
3BOJISIET CO3JaBaTh I'paJAMEHTbl MeTabOJIMTOB OKOJIO OnpelesieHHbIX
(EPMEHTHBIX CUCTEM.

KonTponb akTHBHOCTH ¢epMeHTOB. KOHTPOJIb OCYLLIECTBIISIETCS HE-
CKOJILKHMH CMOCcOOaMH.

Annocmepuveckas pezynayus NpearnonaraeT HaIMYME y MOJIEKYJIbI
tdepMmeHTa IBYX CaiiTOB — KaTalMTHYECKOro M perynsitopHoro. Iloa
neicTBueM 3ghgpekmopa — HeOOJNBIIOI MOJIEKYJIbI, OOPaTUMO HEKOBa-
JIEHTHO CBSI3bIBAIOLLIEHCS C PErYISITOPHBIM CaiiTOM depMeHTa, MPOMC-
XOOUT KOHGOPMALIMOHHOE M3MEHEHHE €ro KaTaIMTHYECKOro caiita
(puc. 153). I[IpuMepoM MOXeT CNyXHTb acrnapratkapboMounTpaHcde-
pa3a u3 E. coli, nna xotopoit LIT® (koHeuHblit npoaykT OMOCHHTE3a
NMUPUMHIONHOB) — HeraTUBHbIN 3¢dekTop, a AT® — NO3UTUBHBI
3¢pdektop. IpdexrTopsl U3MeHSAOT Ky, HO HE MAKCUMAIbHYIO CKO-
pocTb peakuuu (puc. 154).

Kosarenmnaa modugpuxayus ¢epMeHTOB — 3TO OOpaTUMBbIH Mpo-
Lecc, 3aKJII0YalolMiicsi B KOBAJEHTHOM CBSI3bIBAHUM WIW yNaJ€HHUH
orpeneneHHo rpynrbl, YTO U3MEHSIET aKTUBHOCTDb (pepMeHTa. Hanpu-

Karanutnueckuii  PeryastopHbiit
CalTbl

Puc. 153. Cxema ajnoctepruueckoi peryjisiiii akTUBHOCTH (pepMeHTa
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Puc. 154. Bnuanue HeratuBHoro (LUT®) u nosutusBHoro (AT®P) acpdextopos
Ha KMHETHYecKue XapakTtepucTuku (V.. m Ky) acnapratkapbaMousTpaHc-
¢epasbl u3 E. coli

Mep, UTSl akTMBUpoBaHus rukoreHdocdopunasbl u3 Neurospora crassa
HeoOXxoaMMa KoOBaJiIeHTHasi MoauMdHUKaLUS MOJIEKYJbl (epMeHTA
(puc. 155). Y E. coli, HaobopoT, MonubuLuMpoBaHHass opma riyra-
MHUHCHHTETa3bl MEHEe aKTHBHA.

Kaxablit nyTb uMeeT x0T bl 0AMH PEPMEHT, ONpeaesIIoLLHi CKO-
POCTb BCEro MpoLecca, TaK KakK KaTalM3UPYET CaMyl0 MEIUIEHHYIO,
JIMMUTHPYIOLLYIO CKOPOCTb peaklinio. OObIYHO TAKUM «Y3KUM MeCmom»
SIBJISIETCSl nepBast cTanus npotecca. GepMEHT «y3Koro Mecta» 0ObIYHO
NOABEPraeTcsl UHeUbUpoeanuw KOHEYHbIM MPOAyKTOM NyTH. Pa3BeTs-
JIEeHHble OMOCHHTETUYECKHE MYTHU NOCTUraloT GanaHca Mex1ly KOHey-
HBIMHM TPOAYKTAMH Y€pe3 peryinpoBaHHe GpepMEHTOB B TOYKAX pa3-
BeTBJEHMS. Perynsumsi cuibHO pa3BETBIIEHHBIX MyTeil OCHOBaHa Ha
HaJIMYUH U30ohepmermos, pa3HbiX (hepMEHTOB, KaTAIM3UPYIOLLMX aHA-
JIorH4Hble peakuuu. B Takux ycnoBusix O1MH U3 KOHEYHbIX MPOAYKTOB
YMEHbLLIAET aKTUBHOCTb MPOLIECCa, HO HE OJJOKMPYET €ro MoJIHOCThIO,
NMOCKOJIbKY HEKOTOpPbI€ U30(EPMEHTbI OCTAlOTCS AKTUBHBIMH.

®ochopunaza b

(HeakTHBHas)
D, ATO
H0 () AL

®ocdopunaza A

(aKTHBHas)

(I'noko3a),+®,, (I'moko3a),,_;+r1oKo30- 1-docdar

Puc. 155. Cxema koBaneHTHOiI Moandukauum riamkoreHgochopuaassl 13
Neurospora crassa
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VnpasiieHne cuuTe3oM pepmenToB. DepMeHTbI, CHHTE3UPYIOLLIMECS
HE3aBUCMMO OT YCJIOBMii BBIpPAlLIMBAHWSI MMKPOOPraHM3Ma, Ha3bliBa-
I0TCA KOHcmumymueHoimu (Hanpumep, GEpMeHTbl YTHIM3aLUMUHU [Io-
KO3bl), 2 CUHTE3UPYIOLLKECS MPH HAJTMYKUM ONpENEeIEHHOro AOCTYyM-
Horo cyoctpata — uHdyyubeabHbimu (epMEHTHI YTUIM3ALMHK JAaKTO3bI
y E. coli, pepMeHTHI nerpaialMM aMMHOAPOMATHYECKUX COENMHEHHU
y Pseudomonas).

PHK-nonnMepa3a HyXInaetcsi B HAIMYUHU cueMa-ghakmopa nnsi CBsi-
3bIBAHUS NPOMOMOpAa U UHULMALIMK mpanckpunyuu. CIOXHBII rpoliecc,
TpeOYIOLMI palMKaJIbHBIX U3MEHEHHI1 B TPAHCKPHUITLIMM WJIM CHUHTE3e
NMPOAYKTOB pa3HbIX FEHOB B OMNpeAeeHHOM MOCae10BaTeIbHOCTH, MO-
XET PeryaupoBaThcsi cepueit curMa-gakropoB. Kaxabiit curma-dak-
TOP NAET BO3MOXHOCTb KOp-ghepmermy y3HaBaTb crieLlMUUECKYIO MOC-
JIEI0BaTeILHOCTb M TPAHCKPUOUPOBATbL UMEHHO 3TH FEHbI. 3aMEHa CUT-
Ma-@daKTopa HeMeIJIEHHO U3MEHSET 3KcnpeccHio reHoB. baktepuoda-

Perynstop P O Tennl Her
.
TPAHCKPHUIILUHUH
AKTHUBHBI
penpeccop
Perynsartop P O leHbl
?’. """"" T + } 7 +— Tpavckpunuus
UHaykTop . — — = — — -
.. MPHK
Hea;a:;{'l;ﬁuﬁ
penpeccop
A
lenbl
l + i —+ TpaHckpunuus
" MPHK
:;;;Z’;;BHM%
penpeccop
Perynsitop P O TeHb! Her
; [PaHCKPUINLIKK
\ ‘; '
AKTHUBHBI
penpeccop
Kopenpeccop

Puc. 156. Cxembl unaykumnu (A) u penpeccuu (b) cuHtesa pepmenra (P —
npoMotop; O — oneparop)
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Puc. 157. Perynsums lac-onepona E. coli CAP-6enxom u uAM®

rd 4acTo MCMOoJIb3yIOT CUrMa-$akTopbl 411 KOHTposis cuHTe3a HPHK
B CBOEM XHM3HEHHOM LIMKJIE. DTOT PEryJsTOpHbIii MEXaHU3M pacrpo-
CTpaHEeH KakK Cpeld rpaMOTpHULATENIbHbIX, TaK U CPEAH rPaMIOIOXH-
TenbHBIX OakTepuii. HanpuMmep, E. coli cMHTE3UpYeT HECKOJIBKO CHUT-
Mma-¢akropoB. [1pu HopManbHbix ycnoBusx PHK-nonnMepasHyio ak-
TUBHOCTb HamnpasasieT 6’0, JIns BbIpaboTKH beaxos-gnazenrunos E. coli
obpasyert of. [pu BLICOKMX TeMnepaTypax nossasiercsd 61 u cTumyu-
pyet ¢opMupoBaHue 17 6eaxkoé menio6ozo woka nnsi 3alIMThbl KJIETKH
OT TEPMUUYECKOW NECTPYKLHH.

Hpyroii MexaHU3M ynpaBji€HUsS CUHTE30M HYXHoro cdepMeHTa —
3TO undykyus v penpeccus (puc. 156). Hanpumep, depMeHT B-rasakro-
3uaasa — MHAyuuoenbHblil depmeHT y E. coli, ypoBeHb KOTOPOTO MO-
BbILLIAETCS! B MPUCYTCTBMU HEOOJBLLIOH MOJIEKYJbI (110J1aKTO3bl), Ha-
3bIBAEMOI UHOYKMOpOM. AMUHOKHCIIOTHI, MPUCYTCTBYIOLLIME B OKPYXa-
Iollieil cpeae, MOTYT CHUXaTh o6pa3oBaHue ()epMEHTOB, OTBETCTBEH-
HbIX 3a UX 6MocHHTe3. Torna 3T epMEHTH OTHOCST K penpeccubensb-
HbiM, a2 META0OJIUTHI, BbI3BIBAIOILIME CHUXEHUE CHHTE3a Takoro dep-
MEHTAa, Ha3bIBAIOT KOpenpeccopamu.

[MprMepoM orepoHa o MO3UTHBHLIM KOHTPOJIEM MOXET CIYXHUTb
lac-onepoH. Takue onepoHbl PYHKLIMOHUPYIOT TOJILKO B MPUCYTCTBUH
KOHTponupyiolero ¢aktopa. Lac-onepoH perynupyercs CAP-6eakom
(catabolite activator protein) wnn yAM® (puc. 157). Ecnu E. coli pac-
TET B Cpelie C MIIOKO30M M JIaKTO30M, TO HabJlonaeTcs sBAeHUE JuUayk-
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cuu: CHayajla MCIoJIb3yeTcsl BCSl IJIIOKO3a, a 3aTEM MOC/i€ KOPOTKOro
Jlar-nepMoaa Ha4YMHaeT NnoTpedATbCs J1akTo3a. DepMeHThI KaTaboIN3-
Ma MII0KO3bl KOHCTUTYTHBHBI, M03ToMy CAP-06€10K Ha HUX HE BJIUSET.
Koraa OakTtepMM pacTyT Ha rlokKo3e, ypoBeHb HAM® nanpaert, yto
npuBoauT K ne3aktuBauuu CAP-6enka, u lac-onepoH He 3KCIpecCcu-
pyetcsi (kamaboaumuas penpeccus). Y MeHblUeHHe KonuuyecTBa ULAM®
MOXET ObITh clieACTBHEM BAUSHUSA PETT-hocdhompancgepasnoii cucme-
Mbl (CM. puc. 77) Ha aKTUBHOCTb aderuramuyukaasst. DochopuinponaH-
Has ¢popMa cdepmenta E3 3100 cucTeMbl MOXET JOoHHpoBath docdar
IJII0KO3€ BO BpeMsl €€ TpaHCMNopTa B KJIETKY JIMOO aKTUBMPOBATh aje-
HWIaTUMKIa3y. EciM rioKo3bl B cpele MHOTO M OHa aKTUBHO TPaHC-
MopTHpyeTcs, TO Konnuectso ¢ochopunuposaHHoro E3 mano, ane-
HWIATLIMKJ/Ia3a HeaKTUBHA U ypoBeHb UAM® nanaer. K ToMy xe npe-
obnanatoinas HedochopuinpoBanHas ¢dopma E3 csizbiBaeT nepmeasy
JIAKTO3bl, AJIJIOCTEPUYECKH UHTUOMPYS €€ U TaKUM 00pa3oM GNoKupys
MOTJIOIIEHWE JIAaKTO3bl M3 cpelbl. AKTUBHbBII KaTabOJMHU3M TIJIOKO3bI
MPUBOIMUT K BO3PAaCTaHUIO IHepeemu4eckoe0 3apada KIETKHU, TakK Kak
cpenu ageHo3uHbpocdatoB npeodnanaetr ATP, No3ToMy MOXHO CKa-
3aTh, YTO 4YeM OoJibllie 3HEPreTUYECKUN 3apsili KJIETKU, TEM MEHbLLE
obpasyercsi LAMO.
IHnepeemuveckuii 3apad KJIETKH pacCYMTHIBAIOT No ¢opmyne

[AT®] + ) |ALD]
[AT®] + [AAD] + [AMD]

TeopeTnuecku oH MoxeT Kosebatbest oT 1 (Tonbko AT®) no 0 (Tosb-
Ko AM®). B pacTyluieit KyabType ero 3HayeHue npubIn3UTeIbHO paB-
Ho 0,8. INpu 3HaYeHUMn 3HepreTHYeckoro 3apsaa < 0,5 KieTku norubaror.
AM® u AJ1I®D sBasiioTcsl NONOXHUTENbHBIMHU 3(hdeKTopaMu 3Heproaaro-
KX npoueccos, a AT® — orpuuatenbHbiM 3 dekTopoM. MOXHO cKa-
3aTh, YTO MHTEHCHMBHOCTb KaTabOJIMYECKHUX MPOLIECCOB PEryJIMpyeTcsi
BHYTPHUKJIETOYHBIM coaepxaHueM ATO.

baktepun Takxe MOryT peryJMpoBaTb TPAHCKPHUILIMIO C MOMOLLBIO
MexaHu3ma ammenyayuu (pyc. 158). [IpumMepoM MOXeT CIyXHUTb po-
uecc cuHTe3a tpuntodana y E. coli. Ecnu TpuntodaH B cpene ecTb, TO
B KJIeTKe UMeeTcss MHoro Tpuntodanmn-TPHK. TpaHcasiuusi U TpaHc-
KPMILMS TECHO CBA3aHbI: eciu niocje TpaHckpunuuu PHK-nonume-
pa3oii JIMIepHOM MOC/eN0BaTEIbHOCTU U HECKOJIbKMX CETMEHTOB [10
reHa rpE He HauuHaetcs TpaHcasuus, To PHK-nonumepasa aucco-
uunpyet ot JHK. [lna npoaosxkxeHUs: TpPaHCKPUMUUK HEoOXoauMo,
yTOOBI Li1J1a TpAHCASALIMA yXe obpa3oBaHHoro yyactka MPHK. Ipu Ha-
JUYKuM Oosbiuoro konnyecrsa TpuntopaHmn-TPHK TpaHcnsiums 6bic-
TPO MPOXOAMUT Yepe3 Irp-KONOHbI U OCTAHABJIMBAETCS Ha CErMeHTE 2,
4YTO Mo3BoJsieT cerMeHTaM 3 U 4 cHOpMHPOBATb «MEPMUHAMOPHYIO
wnuavky» (cM. puc. 158, b). PHK-noanMepasa auccounnpyet ¢ IHK,
M TPAaHCKpUNUHMA npekpauiaetcsa. Ecnu tpuntogaHa U, COOTBETCTBEH-

236



JlupepHas

nocjiefoBaTeLHOCTD ATtTeHyaTop
p N — p A . Tews mpE
f 00— f f — -
! trp-xononm 2 3 4 Monu U
A
uuu
g jg T E
TepmuHarop
b

Puc. 158. Pacnonoxenue rpynn HykiaeotunoB B JJHK (A4) u pa3Hbie BapuaH-
Thl oOpa3oBaHusi «wnunek» (b) npu arrenyaunu (/—4 — cermentsl JJHK)

Ho, TpuntodaHmn-TPHK B kneTke mMano, To TpaHCASIUMSA MOET MeEl-
JIeHHO ¥ pubocoMa OCTaHaB/IIMBAETCsl Ha Irp-KOJOHAax B cerMeHte 1,
4YTO MO3BOJISIET 00pPa30BaThCsl NeT/ie U3 CerMeHTOB 2 U 3, a cerMeHT 4
ocTaercsi CBOOOIHBIM (CM. puc. 158, B) U «TepMMHATOpHas WITNMWIbKa»
He oOpasyetcsi. TpaHCKpUINUMS NPOAOJXAETCSA, U TPAHCKPUOUpYeTCs
TpUNTO(aHOBLI ONEPOH, COAEPXaLUHUi1 CTPYKTYPHbIE reHbl NATH ¢ep-
MEHTOB OMOCHHTETHYECKOro NyTH TpunrtodaHa. TakuM obpa3oM, at-
TeHyallMeil Ha3biBaeTCsl KOHTPOJIb MPOAOIXKEHHUSI TPAHCKPHUITLIMH Crie-
undurueckumMu aMmHoauun-TPHK.

Penpeccusi yMeHblUAET TPAHCKPUILIMIO NpUOIK3UTENLHO B 70 pas,
aTTeHyauusi cHuxaet ee B 8 — 10 pa3, a neiicTBys BMecTe, 3TH Mexa-
HU3Mbl YMEHBILAIOT TPAHCKPUILMIO nouTtH B 600 pas.

Ewe onMH MexaHU3M peryisiuuu, oOHapyXeHHblii 3HAYMTESIbHO
No3/IHEE, — PETYNALMUS C MOMOILIBIO aHmucmbicarossix PHK. Cneunans-
Hblii THN ManeHbKuXx Monekyn PHK umeer nocienoBaTte/ibHOCTh OC-
HOBaHHUIi, KoMIuieMeHTapHylo cermMeHTy PHK-MuileHH, cBsA3bIBasiCh
¢ KoTopoii, aHTucMbicioBbie PHK MoryT 610kHpoBaTh perjiMKaiuuio
AHK, tpanckpunuuio unu tpaHcnsiuvio. Takue PHK koaupyrorcs
anmucmbicaossimu 2eHamu (antisense genes). OKas3anock, YTo 3TOT CMO-
€00 pery/isiMM LWKPOKO pacrnpoCTPaHEH cpeau OakTepHil 1 BUPYCOB.
Takoii peryisilu MOTyT MOABEPraThCsl perUiMKalLvs M1a3Muil, CUHTE3
0enKoB-NMOPUHOB, penponykuus ¢ara A.

Peryasiuus CJIOXHBIX COObITHII B KieTKe. 3HAUUTEILHO MEHbLLE U3-
BECTHO O peryasiuMu 6osee CIOXHBIX COOBITUI B KJIETKE, TaKUX, KakK
cnopyasyus v npopacmarue chopsi (CM. 1. 3) U kaemouroe denerue.

Pezynsayusn kaemounoeo yukaa, T.€. BpEMEHH OT MOMeHTa o6pa3oBa-
HUSI HOBOM KJIETKM 1O CJIEAYIOLLEro aejeHus, Hambonee MU3yuyeHa y
E. coli. Mononas knerka, pacTyuiasi ¢ NOCTOSIHHOM CKOpPOCTbIO, YBa-
MBaeTCsl B JUIMHY, HE U3MEHSSICb B IMAMETPE, a 3aTeM AEJIMTCSA Ha NBE
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KJIETKM PaBHOro pa3Mepa NnyTeM nomnepeyHoro nejeHus. Tak Kak Kax-
llasi 1ovepHss KieTka obnanaet xotsi 661 ONHOM KONHUei reHETUYeCKOo-
ro Matepuana, peruimkauus JJHK u kietouHoe neneHue DOMIXKHBI ObITh
TECHO CKOOpPAMHMpoOBaHbl. Eciu MHruouposath pervidkauuio JHK
SIIaMM WK C MOMOILLIbIO MYTaLMii, TO KJIETOYHOE AejieHHE ToXe 6y10-
KUPYETCS, MPU 3TOM KIIETKH MMPOLOIXKAIOT YAJIMHATLCS, 0Opa3ysi IJIMH-
Hble ¢puiameHTbl. Y E. coli npu temnepatype 37 °C mesieHHe OObIYHO
npoucxoant yepe3d 20 MUH MOCJE 3aBeplIEHUs] PEIUIMKaLMK. 3a 3TO
BpeMsl TeHETUYECKHI1 MaTepHal IO/KEH ObITh pacnpenesieH MeXay o-
yepHUMH KieTkamH. [Ina pasnenenus konuit JIHK Heobxommumo yuac-
Te OenkoB ParA, ParB, MukB u Hekotopbix apyrux. ParA u ParB
JIOK&IM30BaHbl Ha MOJIOCax KJIETKU nepel NEJ€HWEM M, BO3MOXHO,
SIBJISIIOTCS YaCTblO annaparta, MoxoXero Ha MUTOTHYECKHiA. JIBUXEHHE
OHK Takxe MoxeT ObITb pe3yJbTaTOM pocTa MeMOpaHbl MU CHHTe3a
KJIETOUHOHM cTeHKH. [locne Toro Kak XpoMOCOMBI pPa3oLUIMCh, MEXAY
HUMH hopMHpYeTCs MnonepeyHasl CTeHKa WM centa. [ 3anycka pen-
qukauuu JIHK Gaktepusi monxHa 1OCTUTHYTh OMpPEAEIEHHOro Nnopo-
roBOro pasmepa win HauyaibHoi Maccel. Penukauus JIHK u kinetou-
HOE JieJIeHUEe BMECTe 3aHUMaloT 0Koyo 40 MHUH.

Huuyuayus penauxayuu JHK Tpebyet, 4ToObI K CaitfTy Hayana pen-
JIMKALMHA NMPUCOEAMHUIIMCh HECKOJILKO MoJIeKy Oesnika DnaA. AKTHB-
Hasi popma 3toro Gesika csizaHa ¢ ATP, No3ToMy peryJsiiusi HHULINA-
LIMH MOXET OCYLLECTBIIATbCS B3aumoriepexoqoM DnaA-AT® u DnaA-
AI®. Cnenyoumuil LMK perUIMKallMM HAYUHAETCS He cpa3y, TaK Kak
poautenbckas HUTh JJHK MeTunupyetcs cpa3y nociie peruiMkauuu U
CTaHOBMUTCS HEAKTUBHOIA.

Utak, nns obpa3oBaHUsl MEPETOPONKH M KJIETOUHOrO IEJCHUS He-
o0xonuMbl Kak 3aBepuieHue peruivkaumm JIHK, Ttak v poctuxeHue
noporosoit LinHbl KieTku. [ospexaenune JJHK nHru6mpyer obpasosa-
HHe cenTbl. 11 MHMLUMALMK 00pa30BaHUs NMEPEropoaKHU BaXHO HAU-
yue FtsZ-6enka. 3tot 6e10K Mexay AejeHUSIMUM paBHOMEPHO pacrpene-
JIeH B LIMTOILIa3Me KJIETKH, a B Hayasie ieieHHs1 OH (POPMUPYET Z-KOJlb-
L0 B MecTe oOpa3oBaHusi centbl. HeoOxonuMo Takxke yyactve GesikoB,
OCYILIECTBISIOLIMX TPAHCIIMKO3WJIMPOBAHUE M TPaHCMENTUIALIMIO B
CHHTE3€e MENTHUIOITIMKAHA NMPH CO3JaHWH HOBOM KJIETOYHOM CTEHKH.

Perynsuus GakTepHabHOTO KJIETOYHOrO LIMKJIA OYEHb CJIOXHA M
BKJIIOYAeT HECKOJILKO B3aMMOIECTBYIOLLIMX PEryIsSTOPHBIX MEXaHU3MOB.

KOHTpONnbHLIE BONPOCH

1. KakoBo 3HaueHHe NMpoLIecCOB Perysilii MeTabo/1M3Ma B XXHU3HU KIIETKU?

2. lNepeuncnure OCHOBHBIE CIIOCOObI peryisiuiM MMKpobHOro Metabosu3ma.

3. Kakoii crnoco6 peryJisiliMy no3poJisieT ObICTpO MEHSTD ITyTh MeTabonu3ma?

4. Kakoit MexaHU3M pEryJisilMM JIEXUT B OCHOBE SIBJIEHUSI ANAYKCHH?

5. Kakue coObITHSI IOJXHBbI ObITb CKOOPAUHUPOBAHBI ISl NMPaBWIbHOIO
NPOXOXIEHUSI KJIETOYHOro umkia?



lnasea 10

HACNEACTBEHHOCTb U USBMEH4YUBOCTDb
MUKPOOPIrAHU3MOB

OCHOBHbIE TEPMMHDI

CoBpeMeHHbIE MPENCTABICHUS O TeHETUYECKOM arrnapare npoka-
PHOT oMnKcaHbl Bbillie (CM. 1. 3). B onpeneneHHbIX YCIOBUSIX B KJIETKE
MOXET HaXOAUTbLCS HECKOJBKO KOMUit 6akmepuansrolt xpomocomsl. AHK
CONEPXMUTCS TaKXE BO BHEXPOMOCOMHbBIX FEHETHYECKUX 3JIEMEHTAX —
naasmudax, B OOJILLLIMHCTBE CJyYyaeB SIBJSIIOLMXCS KOJIbLEBbIMM, aB-
TOHOMHO PEMJIULMPYIOLIUMHUCS HEOONBLILIMUMU MOJIEKYJIAMH.

COBOKYNHOCTb BCEX F€HOB OpPraHM3Ma Ha3bIBAalOT 2€HOMUNOM, a
COBOKYNHOCTb NPHUCYLIMX OPraHU3My NMPU3HAKOB — heromunom. [1pu
W3MEHEHUH BHELWIHMX YCJOBUI OOJBIIMHCTBO KJIETOK B MONYJSLIMH
npeTeprneBacT U3MEHEHHUS, UMEKOLLME MPUCNTOCOOUTENbHBI Xapak-
Tep (adanmayuoHHas usMeH4ueoCms).

AnanrtauMu He 3aTparuBaloT reHOTUIT U BbI3BaHbI peryJIsillei Kie-
TOYHOro MeTabonn3Ma. OHY HE HACJIEAYIOTCS.

CkaykooOpa3Hblie U3MEHEHHUS! TeHOTHNa HOCAT Ha3BaHWe myma-
yui. CIOHTaHHBIMM Ha3bIBAIOT MYTAalIMKY, BbI3BAHHbIE HEM3BECTHLIMHU
¢dakTopaMH, a MHAYLMPOBAHHbIE MPOUCXOASAT MOA BJIMSIHUEM OINpeE-
nefieHHbIX (haKToOpoB, Ha3biBaeMbIX MymazeHamu. U3MeHeHHe OIHOro
HYKJIEOTMIHOTO OCTaTKa (3aMe€Ha, BCTaBKa WMJIM BHIMANEHWE) Ha3bl-
BAIOT TOYEYHOI MyTauueit. MyTauuu, 3aTparusaiouive 60JabLIKE yya-
ctku JJHK, BenyT K HapylleHUsIM MOCJIENOBAaTEIbHOCTH M KOJIMYe-
CTBa FeHOB.

3aiMTOi reHeTUYECKOro MaTepmaia oT MOBPEXIAIOLETO AeHCTBUS
MYTar€éHOB HE€3aBUCHUMO OT UX MPUPOIbI CYXaT penapayuoHHbie cuc-
membi (homopeakmueayus W memHo8as penapayus).

[ns nposiBneHUs: MyTaLMK HEOOXOAMMO, YTOOBI MPOMU3OLILIA pEr-
aukauusi JIHK 1 n3aMeHeHue 3akpenuioch B JouyepHeit Mosiekye. [Ins
(EHOTHITMYECKOTO MPOSIBIEHUS MYTallMM TpeOyeTcst MpoxoxXiaeHue
TPAHCKPHUILIMK U TPAHCAAUMHK. Tak KaK MUKPOOPraHU3MBbl CYLLIECTBY-
IOT HE B BUIE OTHENBbHbIX OcObeEii, a B BUlle NOMyJsLMiA, TO, KaK npa-
BWJIO, HYXHO HECKOJIbKO KJIETOYHBIX A€J€HUii, YTOObI HOBBIH NpH-
3HaK NMPOSIBUICS.

Ecnin kietka MMeeT HECKOJILKO KOMUIi XPOMOCOMBI, TO MYyTalLlMs
TaKXe NposiBUTCS B (peHOTHUIE KJIETOK TOJIbKO YEPE3 HECKOJIBKO KJie-
TOYHBbIX IEJICHUM.
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PexombuHauma reHeTuueckoro marepuana
y npokapuor

Hacaeocmeennyro uzmenuusocms y npokapMoTHYeCKMX MUKpOOpra-
HU3MOB BbI3bIBAlOT PeKOMOMHALIMM T€HETHYECKOro MaTepvajia Tpex
OCHOBHbBIX THUIMOB: KOHbIOTallUsl, TpPAHCHOPMALIUS U TPAHCAYKLIMS.

Konsrocayus npeanonaraet HenocpeacTBEHHbIM KOHTAKT KJIETKU-110-
HOpa U KJeTKU-peuunnueHTa. Knetka-noHop nonxHa objaaath Tak Ha-
3bIBAEMOM noaoeoi naazmudou — F-PakTopoM, KOTOPbII MOXET ObITh
aBTOHOMEH WJIK MHTErPUPOBAH B XpOMOCOMY.

F-daktop 06ycnoBinBaeT crnocobHOCTb IOHOPHOI KJIETKHU BCTYNaTb
B KOHTAKT C peLMnueHToM, opMupoBaTh nojosbie F-nuiau, a Takxe
nepeaaBarb reHeTUYecKHit Marepuan. [pu uHrerpaunn F-akropa B xpo-
MOCOMY TaKasl nepeaaya OCyLUECTB/ISIETCS C BLICOKO# 4acToTO# (1LUTaM-
mbl Hfr).

[NepeHoC reHeTHYECKOro Marepyaia CTpOro OpPUEHTUPOBAH: Pa3phiB
Konuu xpomocombl ¥ nepenaya JJHK npoucxonut B iokyce 0 B npeae-
Jax nonosoro ¢akropa. CKOpoCcTb NepeHOCa B OJJMHAKOBbLIX YCJIOBUSIX
IU1s1 OMNPENENIEHHOroO IITaMMa SIBJISIETCS MOCTOSIHHOM. OObIYHO BCeEi Xpo-
MOCOME HE€ YNAeTCsl NMEPEeMTH B KJIETKY-PELIMITUEHT, TaK KaK KOHTAKT
KJIETOK O4YEeHb HECTaOMJIEH M 4acTO MPEPHIBAETCH 0 3aBEpLUEHUS Me-
pexoaa.

[TockonbKy nepBbIM pELIMITMEHTY Nepenaercsi BCeraa OAMH U TOT
Xe, cneuMHUYHBII 111 KaXKOO0ro WTaMMa, Y4aCTOK XPOMOCOMBI, Yyac-
TOTA NEpPefayM CTOSILLMUX CJIEJOM 332 HUM TeHOB 1103BOJISIET pacnoio-
XHUTb KX MO OTHOLUEHMIO K 3TOMY JIOKYCY U COCTABUTb FEHETHUYECKYIO
KapTy XPOMOCOMBI.

Tpancgopmayuel: Ha3bIBaeTCsl NPOLIECC U3MEHEHUS CBOMCTB ONHHMX
GakTepuii rnoa BIMSIHHEM 3K30reHHo# pactBopeHHoi [IHK, BbiaeneH-
HOI U3 Apyrux 6aKkTepuid.

[ns TpaHchopMalMK HE HYXHa KJeTKa-AOHOpP, 2 NPOHUKHOBEHUE
¢parmeHToB JIHK 3aBUCHUT OT (PH3HMOIOrHYECKOrO COCTOSSHUSL KJIETKH-
peuunueHTa (komnemernmrocmu). TonbKo NByXLENoYeyHble PparMeHThI
JHK 3HayMTenbHOI MONEKYIspHOIt MacCbl MOTYT ObITb TPAaHC(OPMH-
PYIOLUMMH areHTaMM.

B reHom MoxeT BkounThest JIHK ¢ onpeneneHHo# cTeneHbio ro-
mosiornu ¢ JHK peumnueHTa.

['eHbl MOryT mepeHOCHMTbCS M3 ONHOI OaKTepHaIbHON KJIETKH B
Ipyryio U B npouecce mpancoykyuu. Ipu 3ToM (yHKUHIO BEKTOPOB
BBINMOJHAIT (aru, ciyyaitHo 3axBatbiBalolline pparMeHT 6aKTEpUAIb-
HO# XpOMOCOMBI B nipouiecce (GOpMHUPOBAHHS 3pelibiX (paroBbIX YaCTHLI.
[pu 3apaxeHHH KIETKH-pELIMITHEHTA TaKUM (aroM MOXeET Mpomn30ii-
™ BkJIloueHue ¢parmeHTa JIHK apyroii kietku nyreM obmeHa no
rOMOJIOTMYHbIM YYaCTKaM.

[lepeHoC reHeTHMYeCcKOro MaTepualla M3 ONHOM KJIETKH B APYrylO
OCYILECTBJISIETCS TaKXe MyTeM Mnepenayy rniasmMui.
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fiBneHue auccouuauum y npoKkapuor

MexaHU3M siBJIEHUS1 AMCCOLMALIMU €llle HE PacKpbIT IMOJHOCTLIO,
U, OoJsiee TOro, BOMPOC 3TOT HAa MPOTHAXEHUM MHOTUX JIET OCTAETCS
JMCKYCCMOHHBIM. OIHAaKO B MPaKTUKE HAayYHbIX UCC/IEAOBAHUI C ITUM
SIBICHUEM, KOT[a MPM pacceBe YMCTOW KyJAbTypbl Ha TBepAOH cpene
pa3BUBAIOTCS! KOJIOHUM pa3HOi MOP(OIOruM, CTAJIKUBAETCS MOYTH KaX-
Iblit paboTtalolimii ¢ MUKpoopranuamaMu. Ha camoMm nene, B 3TOM
ciyyae MUKpOOHasi MonyJsiiusi reTeporeHHa He TOMIbKO Mopdoioru-
4YECKHM, HO 3aTparuBaloTCsl Takxe (PU3n0a0ro-6MOXMMHUYECKUE U TeHEe-
THYeckue npu3Haku. [1pouecc MMeeT NOCTOSIHHBbIN XapakTep U bonee
BbICOKYI0 yacToty (~107*), yeM cnoHTaHHble MyTauuu. Hanbonee yac-
TO 00pasylorcst Tpu mMopdotuna konoHui: R — wepoxoBareie, S —
rnagkue ¥ M — causuctole. [lepBoHayaabHO sIBIEHUE AUCCOLIUALIUM
©ObL10 OTMEUYEHO Y MATOreHHbIX MUKPOOPraHu3MoB — Salmonella, Shigella,
E. coli, v B cBsi3n ¢ pasHbiMKM (a3aMu NpoTeKaHUsi 60ne3HU ObLIO
Ha3BaHO «eapuayueli ¢paz» (S — BUPYJEHTHbI BapuaHT, npeobiagaet
B 3anuiaeMuuyeckoi ¢aze, R — B nocranuaeMuyeckoii). Juccounauus,
6e3yCI0BHO, CBSI3aHA C UBMEHEHUSIMU B T€HOME.

I1pu Gonee BHUMATENbLHOM U3YUYEHHUH SIBJIEHUSI IMCCOLIMALIMM Y psiaa
MMKpPOOPraHM3MoB OblIM OOHapyXeHbl KOJIOHUU OAHOro mopdortuna,
HO MMeEIOLIME HEe3HAYUTENbHble MOOU(PUKALIMU (HAallpUMEP, MIaaKHue,
HO CYLLIECTBEHHO pasjiMualouimecs no 6secky, ¥ Toraa 0003Hayaembie
KakK S,).

KonoHun pasHbix MOp¢hOTHINOB, OTJMYAIOLIMECS MO AUAMETPY,
CO/IEPXAT OIMHAKOBOE KOJMYECTBO NO-pa3HOMY YNaKOBAaHHBIX KJIETOK.
Kak npaBuno, M- u R-kosoHMM mo auvamerpy B ABa pa3a OoJiblie,
4yeM KOJIOHMM S-BapuaHTa. B To Xe BpeMsl Kaxaasi KOJIOHUS YXe coaep-
XUT KJIETKU BCEX TPEX TUNOB. B NpupoaHbIX MECTOOOMTAHUSIX OObIYHO
Habao0al0T NpeobnagaHue Kakoro-aubo U3 AUCCOLIMAHTOB, HO OTMeE-
4aloT HATMYHUE BCEX TPEX BAPUAHTOB.

Pazninumsi B BUaE KOJOHUIH OObIYHO BBISIBJISIIOTCSI HE HA 11000# I10T-
HO#M cpele, a TONbKO Ha Ooraroit yrneBogamu. Pasnuuusi Ha KieTouy-
HOM YpOBHE BbIPa)xaloTcsi B CIocobe pacxoxaeHUs1 AeNsiILUXCS KJie-
TOK (0Opa3yiorcsi nMOO LIeNOYKH KJIETOK, JieXKalllMe Ha NpsMOii, KaK y
R-¢opM, n1ubo pacnonoxeHHbIC MOA YIJIOM OAHA K apyroii V-obpa3s-
Hble opMbl, KakK y S- u M-BapuaHTOB). Paznnuus B KJIETOYHBIX 000-
Jloykax (Karcyaa + KjieTO4YHasi CTeHKa) oOyC/IOBJIMBAIOT BECH CIEKTP
pasnuuuii pu3noaoro-6MOXMMHUYECKUX TNMPU3HAKOB JUCCOLIMAHTOB.
Y AMCCOLMAHTOB, B YaCTHOCTH, OTMEUYE€HA pa3Hasl TOJILLUMHA U XUMM-
4YeCcKHit cocTaB Karncyia (HanpuMep, nepexon S- B R-BapuaHT cBsi3aH ¢
norepeit O-antureHa). Kineroynas creHka R-Bapuanrta B 1,5—2 pa3a
TOJILIE, YeM Y S-popMbl. XMMHUUYECKUIT COCTAB U 3JIEKTPUUECKHIA 3apsia
BelliecTBa Karcya (MpU OTpULATENbHbIX 3apsiiaX BO3HMKAET OTTAIKM-
BaHUE 000/104EK) CBsI3aHbl C OCOOEHHOCTSIMU PACXOXAEHUS KJIETOK
npu aeaeHuu. PazHoe KoinyecTBO B MEMOpaHaxX IMCCOLIMAHTOB JIMTU-
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JIOB, COJAEPXALLUMX HEHAChILLEHHbIE XUPHbIE KHUCIOTbI, BJIUSET HAa MX
TeKyuecTb (Hanpumep, R-BapMaHT MMeeT MeHbllie TaKUX JIMIMMUIOB,
4yeM apyrue opMbl).

Takue napaMeTpbl, KaK CKOPOCTU POCTa U BbLIEJIEHMS] TTPOAYKTOB,
YCTOMYUBOCTb K TOKCUYECKHUM BELLECTBaM, 3aBUCAT OT CKOPOCTEH MO-
IJIOLLEHMS Y IKCKPELIMH BELLECTB, aKTUBHOCTH MEMOpPaHHbIX (hepMeH-
TOB, KOTOpbI€ B CBOIO OYepelb MOABEPXEHb! BIUSHUIO U3MEHEHUN B
KJIETOYHBIX 000JI0UKaX.

SIBneHue AMccoUMalMu cliedyeT YYUTBIBaThb NPU MPOBEAEHUH MPO-
1eCCOB B MMKPOOHMOJIOTMYECKMX MPOU3BOACTBAX, TaK KaK MpU IUIU-
TEJbHOM KYJIbTUBUPOBAaHUMW MEIUIEHHO pacTylllie BapUaHThbl BHITECHSI-
10TCS1 ObICTPO PacTyLLMMM, HO, KaK MPaBWIO, MEHEE aKTUBHBIMHU JMC-
couraHTtaMH. K ToMy Xe IMCCOLMaHTBI MOTYT CUHTE3UPOBaThb pa3HOE
KOJIUYECTBO OMOOrMYECKHU aKTUBHBIX BELLECTB, CIIEKTP KOTOPbIX MO-
XET padnvyarbes. Y M-KieTok, Kak NpaBuiio, o0pa3yercsi MaKCMMailb-
HOE KOJIMYECTBO 3K30MpOAYKTOB, R-BapMaHTbl aKTUBHEE Pa3pylLaloT
KCEHOOMOTHKH, TaK KaK OHM YCTOIUMBee K TOKCUYECKHUM BELLIECTBAM.
Yyer rereporeHHOCTH MOMYJISILLUM TO3BOJISIET MPOrHO3UPOBATh MOBE-
IIeHUE psiaa NaToreHHbIX MUKPOOPraHM3MOB B NMPUPOAHBIX MECTOOOM-
TaHUAX. Tak, BUPYJIEHTHOCTb MOMNYyJsILMK (PUTONATOrEHHBIX MCEBAO-
MOHA/l MOXET MEHATbCS B 3aBUCUMOCTH OT MOroAHbIX YcJioBUiA. B cy-
Xyl0 MOroay CrnocoOHOCTb K 3apaXE€HWUIO PacCTeHU MOHMXEHA MU3-3a
npeoOjagaHus B MOMy/asillMKM aBUpYyJieHTHoro R-BapuaHTta, 6onee yc-
TOMYMBOroO K NMOHUXEHUIO aKTUBHOCTH BO/bI.

Tabaunua 29

CenexTHBHbIE NPEHMYLIECTBA JHCCOLHAHTOB PALAa Me30(HIbHBIX
MHKPOOPraHH3MOB NPH BO3AEHCTBMH Pa3iHIHbIX (aKTOpoB

MakTopbl Bapuan

R S M
Temnepatypa 41 °C + - -
Temnepatypa 14°C - - +
Ynsrpadmoner + - -
AHTHOMOTHKH + - _
BobicylunBaHue + - -
JInTnyeckue BelecTra (JIM30LMM) + - -
NaCl (7 %) - - +
pH 4,0 - + _
pH 9,0 - - +
Aspauus + _ _
KH,PO, (0,5 %) - + -
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XpoMocoMma

S-BapuaHT
Ipodar (HeaUCCOLMMPYIOLLIMIH)
(O~ Mnaswuna +[nasmmnaa

+3MA
S-BapuaHT
(HeAMCCOLMUPYIOLLMIA)
+@ar ’ —¢ar
Yactu
P reHoma
I npodara
R-BapuaHT M-BapuaHT

]

R-BapuaHT S)-BapuaHT

Puc. 159. INpennonaraemas cxeMa IMCCOLIMAaTUBHLIX NMepexonoB y Rhodococcus
rubropertinctus ¢ yyactueM ¢ara u mnasmuasl (SIMA — 371UMHHUPYIOLLHIA
I1a3MHIbl areHT)

YcaoBUS KYJbTUBUPOBAHUSA W XpaHeHMSl MpOAyLEHTa OKa3biBalOT
CYLLECTBEHHOE BJIMSIHME Ha COCTAB €ro nomnynsiuuu. bonbluas ycroi-
YHUBOCTb OJHOr0 M3 JAMCCOLMAHTOB K KaKOMY-1HM00 (pakTOpy MOXET
MPUBECTH K MOJHOI CMeHe COCTaBa MonyasiliMM K KOHLlY MHKYOaLu-
OHHoro nepyvona. B tabs. 29 npuBeneHbl 1aHHbIE O CEIEKTUBHBIX Npe-
MMYILLECTBAaX AUCCOLIMAHTOB Y psila MMKPOOPraHW3MOB TpU BO3MEii-
CTBMU palIMYHBIX (PaKTOPOB.

TakuM 06pa3oM, MOXHO ceiaTh BBIBOA O TOM, YTO IMCCOLMALIUS —
3TO afganTalus K MEHSIOLIMMCS YCJIOBUSIM Cpelibl Ha YPOBHE MOMyJsi-
LIMM.

IMoka3aHo, YTO B AMCCOLIMALMM HU3YYEHHBIX MHKPOOPraHM3MOB
MOTYT ObITb 3a0€HCTBOBAaHbl BCE FEHETMYECKHE MPOLIECCHI — TPaHC-
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dopmaums, TpaHcaykums, ¢arosasi KOHBEPCHsi, MUTPUPYIOLLIME TeHE-
THYECKME I1EMEHTHl (YMEpEHHble ¢darv, Mnjia3Muiabl, TPAHCIO30HbI).

Hnst Rhodococcus rubropertinctus npennoXxeHa runoTeTUYEcKas cxe-
Ma IUCCOLMATUBHBIX nepexonoB (puc. 159). Y 31oit KynbTypsl IpU No-
Tepe yMepeHHoro ¢ara S-AMCCOLMAHT MEPECTaeT paCLUETIATbCS, a
yTpaTa Mnja3Muibl MPUBOAMUT K TOMY, YTO OCTaloTcsi ToJibko R-S-nepe-
xonbl. Bo3aMoxHo, yto B R-kieTkax npodar BcTpausaeTcsi B Apyroi,
YyeM B S-KJieTKax, y4aCTOK XPOMOCOMbI.

Jns ctabmnmnsaumu cMHTe3a OMOJMIOrMYECKM aKTUBHBIX BELUECTB B
MPOMBILILJIEHHOCTH HEOOXO0IMMO:

® [OJIYYUTb HEAUCCOLIMUPYIOLLIMIA KIIOH;

® MOCTOSIHHO BECTH CTaOMIM3MUPYIOLIUKA OTOOp;

® cobn1oaaTh ONTUMAJIbHbIE YCIIOBUSI XPAHEHHUS;

® cobmoaath ONTHMaIbHbIE IS BLICOKONMPOAYKTUBHOTO AUCCOLIM-
aHTa YCNOBHUs pOCTa.

HUccnenoBanus npolecca IMCCOLIMALIMM UMEIOT MPOrHOCTUUYECKYIO
LEHHOCTb U AAI0T BO3MOXHOCTb YNPAaBJISITh TEYEHUEM NMPOLIECCA.

Mo cucTeMaTryeckoMy MOJIOXEHUIO IUCCOLMAHTBI ONMpENesioTCS
Kak OIMH BMI, TaK KaK B OMNpeEAe/NUTeSIe YUYUTHIBAETCS TMPU3HAK MO
NPUHLMKAY «€CTb— HET», a IUCCOLMALIUS AAaeT U3MEHEHUs] MO IMPUH-
LMMy «B0JIbllie —MEHbLLE».

KoHTpONnbHbLIE BONPOCHI

1. Kakue ¢akTopsl Bbi3bIBAIOT MYTallUK U B YeM OCOOEHHOCTH (PEHOTH-
NMUYECKOTO MPOSIBIEHUS MYTaLMH Y MUKPOOPraHW3MOB?

2. Tlepeuncnnte TUNb peKOMOMHALIUM T€HETUYECKOTo MaTtepyasa y npo-
KapMoT.

3. B uem 3aKk/1104a€TCs sSIBJIEHWE AUCCOLIMALIMM M KAKWE CBOWCTBA MMKPO-
opraHu3Ma OHO 3aTparuBaeT?

4. lNouemy siB1eHHE TMCCOLMALIMM HEOOXOAUMO YYUTHIBATh B NMPUPOAHbIX
MECTOOOMTAHUSX U MUKPOOHOIOrMYEeCKUX NPOU3BOACTBax?

5. KaxkoBbl nMyTH CTaOMIN3aLIMU CHHTE3a OMONOrMYeCKH aKTUBHBIX BELLECTB
MPU UX NPOMBILLIEHHOM MOJy4eHUn?



fhasa 11
KoN10rMa MUKPOOPTrAHN3MOB

MeToabl nccnefoBaHUA 3KONOrun
MUKPOOPraHn3mMos

Bbinenenne MHKPOOPraHH3MOB H3 IKOJIOTHYECKHX HHII H npodiembl,
CBSI3aHHbIE C HEKYJIbTHBHPYeMbIMH (popMamu. [1o0 HEKOTOPBIM OLIEHKaM,
UCCIe0BaTENN MOIYT KyJlbTUBUpoBaTh MeHble 0,1 % Bcero MMKpo6-
HoOro pazHoobpa3zus. [lecsiTKu Thic4 BUIOB MUKPOOPraHU3MOB, XMBY-
LUMX KaK CUMOMOHTBI XMBOTHbIX U PacTEHMit, HYX/IaIOTCs1 B BblaeJe-
HUM U uaeHTUduUKauuu. XoTd MHOTME M3 TaKMX MHUKPOOPraHM3MOB
OTHOCHT K TaK Ha3blBAEMbIM «HEKYJIbTUBMPYEMbIM» U TaAKUM 00Opa3oM
OCTaIOLLUMCSl HEAOCTYMHbIMM KJIAaCCUYECKUM MHKPOOHOJIOrMYECKUM
MeToJaM MAEHTU(}HUKALMH, CYLLUECTBYET HECKOIBLKO CriocoboB, M03B0O-
JISIOLUMX OLIEHUTb UX pa3HooOpa3ue U pacnpocTpaHeHue. Takue MeTo-
bl OOBbEANHSIOT NPSIMble MUKPOCKONMWYECKKE HAOMONEHHS Y pa3iny-
Hbl€ NMPUEMbE HA OCHOBE MOJIEKYJISIPHOM AUArHOCTUKH, BKJIKOYAst aMIl-
JndurKaumio AMarHOCTUPYIOLMX MOC/IeNOBaTENbHOCTENH TeHOMa, KO-
nupytoumx cuHte3 Monekyinsl 16S pPHK mis nocaenyoweit ux pac-
WH(PPOBKM.

Memoow: npamozo npuxcuznennozo oxkpawueanus paznu4HLix npo6
600bt, N046bl U 0CcaAdK06 NMO3BOJISIIOT BBIAESATD rOpa3ano 00blie XHUBBIX
KJIETOK, YEM BbICEBbl HAa pa3jiMyHbie cpeabl. bonblioe pacxoxiaeHue B
pe3yibTaTax NpsiMOro cyeTa B CpaBHEHHWM C BbICEBOM Ha Cpelbl MO-
CTaBUJIO BOMPOC: MPUXHU3HEHHO OKpalU€HHbIE MUKPOOPraHU3MBbI SIB-
JISIIOTCS XXUBBIMU WK MepTBbIMU? [IpUMeHEHHE B KaueCcTBe NPUXHU3-
HEHHOro KpacuTeJisi aKkpHAMHOBOIO OPaHXEBOro MOKa3aio, YTO YacThb
KJIETOK OKPAalIMBACTCs C MOCNenyloulei 3eaeHoi ¢yopecLeHLHeEN,
4acTb — OCTA€TCsl OPAaHXEBOW. ITO MPUBENO BHayajle K HEBEPHOMY
BbHIBOJY O TOM, UYTO 3€JieHble€ KJIETKH — XHUBbIE, a OpaHXeBbie —
MepTBble. Brnocnenctsum ObUIO BBISICHEHO, YTO LBET PJIyopeceHLIUH
3aBUCHT OT oTHoweHUst [IHK/Genok B ki1eTKe, B pe3yiabTaTe aKTUB-
HO AensiliMecs KIETKU BbIMSAAT 3e€JIEeHbIMHU, a pacTyuiue 6onee Mea-
JIEHHO WM MOKOSILLUECS] KJIETKU NAl0T OpaHXeBYo ¢yopecLeHLMIO,
OCTaBasiCb NMPH 3TOM XHUBbIMH.

B nanbHeitwieM ObUIM pa3paboTaHbl npambie Memoobl OyeHKU Me-
maboaumuyeckol akmueHocmu Kaemok (KJIETOYHOE AbIXaHWe), Mo-
3BOJISIIOLIME OTJIMYUTbL XMBbIE KJIETKH OT HEXHUBBIX B MPUPOAHBIX
npoobax.

245



MeToabl OCHOBaHbI Ha MPUMEHEHWM Pa3IUYHBIX COJIEd TEeTpa3o-
JIUs, KOTOpbI€ NMPHU BOCCTAHOBJIIEHUM B KJIETKE AETMAPOreHa3’aMu (abi-
XaTe/ibHasi aKTUBHOCTb) NMPEBPALLAIOTCS B HEPAaCTBOPUMbIH opMasaH
KPacHOro 1B€Ta, YTO MOXHO OOHapy>XXUTb BU3yaJlbHO MOA MUKPOCKO-
noM. Umeetcst cnocod pa3nuyaTb XUBbIE, MEPTBbIE U NMOBPEXACHHbIE
KJIETKH MPU U3MEPEHUHU COCTOSIHUSI MeMOpaHHOro noreHuMana c no-
Mollbio ¢pyiyopoxpoMoB. [Ipyroit cnoco6 npeajiaraeT 106aBiasATh K Mpo-
06aM XUBbIX KJIETOK MHTHOMTOP KJIETOYHOrO AeieHUs1 (HaTMAUKCOBYIO
KMCJIOTY), TIpU 3TOM AKTMBHO PACTyIUME KIETKH OyayT YIJIMHSATbCS
6e3 BcTyruieHus1 B ¢pasy GMHaApHOTO OeNEeHUS.

B03MOXHO, 4YTO MHOTME MUKPOOPraHU3Mbl, HabjlonaemMble NMpu
NpssMOM MHUKPOCKONMMPOBAHUU KAK XHUBbI€, BCTYNMUJIU B COCTOSIHUE
«HekyasTUBHpYyeMas ¢opma 6aktepuit (HPB)». Ota KoHUenuus GbLia
npemioxeHa aMepMKaHCKHUM MUKpoouronoroM npogeccopom P. Kosn-
Besn B 1987 r. [Toka3zaHo, YTO 4acTb KJIETOK M3 MPUPOLHBbIX 0Opa3-
LIOB He JaeT KOJIOHW Ha J1abopaTopHbIX cpelnax, XOTs B MpUpone
OHM BeIyT aKTUBHHIi 00pa3 XH3HHM U MnaToreHHole OpMbl COXpa-
HSIIOT CBOIO BUPYJIEHTHOCTb MO OTHOLUEHHUIO K XXMBOTHbIM. DKCNEpH-
MEHTbI YETKO MOKa3aiu, YTO TAKME NATOreHbl YejaoBeKa, Kak Legio-
nella pneumophila, Salmonella enteritidis, Vibrio cholerae v V. vulinificus,
noctosiiHo obpasyior H®b B npupoaHbix 3koHUwax. TakuM obpa-
30M CTAHOBHUTCS TIOHATHOI BaXHOCTb MPSAMbIX MUKPOCKOMUYECKUX
Hab0aeHUI IPUPOAHBIX 00pa3LoB Mis obHapyxeHuss HOb naro-
T€HOB.

st HaGnoneHUs 3a HEKYJIbTUBUPYEMbIMU HPOPMAaMHK MUKpoOpra-
HU3MOB B MPUPOIHBIX 0Opa3Liax NMPUMEHSIIOT Menodsl MOAEKYAAPHOO
aHaauza. Pa3paboTaHO HECKOJIbKO NE€CSTKOB IMAarHOCTUYECKHUX NMpoo-
nocnenosatenbHocteit JIHK/PHK nnsi cneundunueckoro obHapyxe-
HMS oMnpelnesieHHbIX BUIAOB, POLOB, CEMEHCTB WJIM TaKCOHOB Gosee
BBICOKOTI'O TMOpsiiKa HEMOCPEACTBEHHO B MPUPOAHbIX 0O6pa3Lax.

C ucnosnb30BaHMEM TaKMUX MNocjenoBaTesibHOCTEH Obul0 OOHapy-
K€HO, YTO MOpPCKHME BOIbl CONEpPXAaT MHOTME BUIbI apxeil U Oakre-
PHii, KOTOpbI€ HE MOAAAIOTCS KyJbTUBUPOBAHMIO B J1aBOpaTOpHH.

OJIMTOHYKJIEOTUAHDBIE NMPOOLI ANMHOM 18 — 20 HYK1E€OTHIOB SIBJISI-
10TCS1 Hanbosee NOAXOASALLMMHU [U151 TAKOM JUArHOCTUKH, TaK Kak JIETKO
ruopuam3yilotcs co cneundudeckum yyactkoM J1HK mckomoro opra-
HMU3Ma.

Jlaxe HeGo/bLLIME KOJUYECTBA HEKYJIbTUBUPYEMbIX (pOopM MoOryT
ObITb OOHapyXeHbl B MONYJSsIUMSX NMPUPOAHBIX 0Opa3LoOB ¢ NMOMO-
wpto [MTLHP-amnandukaumu aMarHOCTUYECKUX MOCAEA0BATEIbHOC-
teit JHK.

Kun3HecrnocoOHble KJIETKM MMKPOOPraHM3MOB MOXHO UAEHTHDU-
LMPOBaTh TaKXe ¢ noMoliubio cneunduyeckux UPHK memodom o06-
pamHoi mpaHckpunyuu, HoO NpU UCIOJb30BaHUK ITOrO METONA Cledy-
€T MOMHUTb O TOM, YTO BpEMs TMOJYXHU3HU HEKOTOPbIX DaKkTepHaib-
Hbix MPHK MoXeT cocTaBasitb MEHbLUE MUHYTHI.
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U3yuyeHue aKTUBHOCTU MUKPOOPraHU3IMoOB
B npupoae

Muxkpoaaektpoani. [1ockonbky MUKpPOOBI O4E€Hb MaJlbl, TAKXKE MaJlbl
M UX MUKPOOKpYXeHHUs. sl KJIeTKH pa3MepoM 3 MKM MHUKPOOKpYXe-
HHME Ha PacCTOSIHMKU 3 MM COOTBCTCTBYET PACCTOSIHMIO B 2 KM JIs ye-
JioBeka! DKcrepuMeHTaTopbl pa3pabotaiy crieuHaibHbie MUHHATIOP-
HbI€ 3JIEKTPOJbl AMAMETPOM 10 2 — 3 MKM, KOTOpbIE€ MO3BOJISIIOT NPO-
HUKATb B MUKPOOKPYXEHHE KJIETOK B MPUPOAHbIX 3KOHHMILIAX U MPOBO-
IUTb TaM U3MepeHus rpaaueHTtoB pH, Eh, coneHocTu, Temneparypsl,
CoEPXaHMsl KUCJI0pOa WM HEKOTOPbIX XHMHYECKHMX 3jieMeHTOB (Na*,
K*, HS", NH3, N,O 1 T.4.). Pa3paGoTaHbl TaKXe MUHHATIOPHbIE CIEK-
TPOPaaIXOMETPbI, MO3BOJISAIOLLIME KAYECTBEHHO U3MEPSITh MOIJIOLIEHHE
CBETa B MUKPOHMLLIAX, YTO BaXHO NPU U3YYEHUM CTPYKTYPbI U (PyHK-
LMOHUPOBAHUSl LMAHO-0aKTEPUATIbHBIX MAaTOB U APYTUX MUKPOOHBIX
coobuiecTB. MUKpPO31€KTPOAbI UHTEHCUBHO MPUMEHSIIOT MPH HU3y4de-
HMM LIM@HO-0aKTepHAIbHbIX COODLLIECTB, HA MOBEPXHOCTH KOTOPBIX pa3-
BUBAIOTCA LMAHOOAKTEPUM M BOAOPOC/H, SIBASIIOLUMECS OCHOBHbLIMU
npoayLeHTaMMU MaTta, [0 IIyOMHbI, HA KOTOpPOil CBET CTAHOBMTCS JIU-
MUTHpYIOLIMM (akTopoM. [1pocnexeHo, uto Ha ryouHe 1,0— 1,2 MM
Takoro mara (npu ero oOuieil TOMLUMHE OKOJO 2 CM) OKCMI€HHbIH
¢oTocuHTE3 Npekpallaercs (M cooOLLECTBO CTAHOBUTCS aHA3POOHbIM).
C 3TOro ypoBHS pe3KO BO3pacTaeT KOHLIEHTpalys CepoBoAOpoaa, BO3-
HUKAIOUIETO B pe3y/ibTaTe aKTUBHOCTH CY/ib(aTpeayKTOpOB HUXHMX
cioeB MaTa (B JaHHOM MpPUMEpPE PacCMOTPEHa CTPYKTypa MaToB MOp-
CKMX MecToOuTaHuit). KoHUeHTpauusi cepoBOAOPOaA B KaXIOM CJI0E
cooOlecTBa — pe3yJibTaT cOalaHCHPOBaHHOIO MPOLIECCA €r0 BblaEJe-
HUs cynbdhaTpeaykKTopaMu U ero notpediieHusi aHOKCUreHHbIMU ¢o-
TOTpOohaMHU ¥ THOHOBBIMU UM OECLIBETHBIMM CEPHBIMU DAKTEPUSIMH.

Paguonsoronbl. MeToabl M3MepeHUs] aKTUBHOCTU MUKPOOPraHU3-
MOB B MX NMPUPOAHbIX MECTOOOUTAHUSIX WM CBEXUX oOpasLax ¢ npu-
MEHEHHUEM PAaJUOU3O0TOMNOB SIBASIIOTCS Haubosiee YyBCTBUTEbHBIMU U3
BCEX CYLLECTBYIOLIMX. DTH METOAbI MOTYT MPOJIMTh CBET Ha CyAbLOY TOro
MY MHOTO cyOCcTpaTa B MUKPOOHBIX COOD11I€CTBAX ONpeaesieHHOM 3KO0-
HULWK. L1 U3MepeHUst MUHTCHCUBHOCTH (hOTOCUHTE3a MPUMEHSIIOT METOA
M3MepEHUs BKIIOYeHUs1 MeyeHoro '*CQO,, MMesi KOHTPOJIEM NP 3TOM
«T€MHOBY10» Npo0y. J1i1si oOHapyXXeHHUsi U UBMEPEHUSA CKOPOCTH CYJlb-
GbaTpenyKUMM NMPUMEHSIOT M30TON cepbl, >SOZ”, KoTOphIii npeBpa-
waetcsi B HPS. CkopocTh MeTaHOreHe3a MOXHO MPOCEAUTb 10 Mpe-
spaieHuio “CO, B '“CH, B NnpMCyTCTBUM 3HAYUTEILHOIO KOJMYECTBA
BOIOpOAa MAM Mo TpaHchopMauuu '*C-MeTaHoNa, METHIMPOBAHHBIX
amMMHOB MM auetara B '“CH,. XeMoopraHoTpodHble aKTUBHOCTH U3-
MEPSIOT M0 CKOPOCTH BKJIIOYEHMSI MeYEHbIX 10 '“C opraHuyeckmx co-
€AMHEHU, OObIYHO IJIsl 3TUX LieJieid MCMONb3YIOT IJII0KO3y WIM aMH-
HOKMCJIOTHI. D(dekT MCnosab30BaHUsl OPraHMKH MOXHO ONpeAessiTh U

247



no sblaeaeHuo “CO, u3 Meyenbix no “C opraHnyeckux cyocTpaTos.
Bo Bcex cayuasix, onpenesisii CKOpOCTH MPOLIECCOB 110TPe6ieHUs1 U30-
TOMNa WM €ro BblaeJeHUsl, HEOOXOAMMO YYMTbIBaTb COOTHOLLIEHHE Me-
4YEHOro U HEMEYEHOro cyocTpara, BHECEHHOro B MpoOy [uisi pacuyeTa
crneundUYECKOH aKTUBHOCTH NMOTpedaeHUs: cybcTpata uan obpa3oBa-
HHUS MPOAYKTAa.

SKCMEPUMEHTHl C PaIMOAKTUBHBIMH M30TOMAMM LLIUPOKO NpPHUME-
HSIOT B MUKPOOHOM 3KOJIOTMM, OHAKO, MOCKOJIbKY B F€TEPOreHHbIX
NPUPOAHBIX MECTOOOUTAHUSAX BCETAa MOTYT MPOXOAUTb U XMMHUECKHE
npeBpaLleHust CyoCTpaToB, HEOOXOAUMO Mapajuie/ibHO MPOBOAMTD OIbl-
Thl C COOTBETCTBYIOLIMMHM KOHTPOJIbHbIMM OOpa3liaMM, KJII0YEBbIMH
M3 KOTOpLIX ABJISAIOTCA NPoObl ¢ YOUThIMU KieTKaMu. [Lisi 3Toi uenu
4acTo MpPUMEHSIIOT opMaibaerua B KOHLEHTpauuu 4 % wiu Kunsye-
HHUe npoobl.

Craouiabhbie H30TONbl. [10CKOJIBKY OONBLIIMHCTBO OMOTEHHbBIX 3Ji€-
MEHTOB MMEET M30TOMbl, KaK CTabWbHbIE, TAK U PadUOAKTUBHbBIE,
MOXHO M3y4YUTb aKTUBHOCTb MMKPOOPraHW3MOB B MPUPOAHBIX 00pa3-
uax ¢ MpMMeHEHUEM TaK Ha3biBAEMOIO «M30TOMHOro 3¢@deKTa», CyTh
KOTOpPOro CBOAMTCSI K TOMY, YTO XHUBBIE KJIETKM CrocoOHbl andde-
PEHLIMPOBAHHO MCIOJb30BATh JIEFKHE W TSXEJbi€ U30TOMbl OJHOIO M
TOTO X€ 3/IeMEeHTa B OHosiornyeckux TpaHcdopmauusix. B MukpoOGHoi
3KOJIOTMKU HauOoblliee pacrnpoCTpaHEHHUE MOJyYHUSIH MCCIIENO0BaHMS,
cBsizaHHbIe ¢ TpaHchopMaLMeit U30TOMOB yriepoaa U cepbl. Yriiepoa B
npupoze NpeacTaBleH B OCHOBHOM B Buie u3ortona '>C, xoTs BcTpe-
yaeTcsi M B BUE cTabuiibHoro Taxenoro 'C, a Takxe paJnOaKTHBHO-
ro “C. Moao6HO 3TOMy, GONBIUMHCTBO COEAMHEHHIA CEPbI COCTOUT B
OCHOBHOM M3 *2S, xoTsl BcTpeuaeTcs cTabuibHblii *S M pagvMoakTHUB-
Hblit S u3oTonbl. BONBIIMHCTBO GHOXMMHUYECKUX PeaKLIMii, MPOBOIU-
MbIX XMBbIMU KJIETKAMHM, CMIOCOOHO BbIOMpaTh coenuHeHUs1 ¢ Gosee
JIETKHM M30TOMNOM M3 MUMeEILLIMXCA B Haanuuu. [1o3aToMy coeamHeHust
c Oonee TaXeNbIMM M30TOMAMM OCTAIOTCS HeNMpPOpearMpoBaBLUIMMHU U
MX OTHOCHTEJIbHAs 10Jis1 B OCTaBLLIEMCsl CyOCTpaTe yBeJMUYUBAETCs, a B
NpoayKTe — YMEHbLIAeTCsl. DTOT (PEHOMEH MOJIyYu1 Ha3BaHUE «pak-
LHOHUPOBAaHUE H3OTOIMOB».

[Mpu n3yyeHuu npob pazTUYHOrO MPOUCXOXKIEHHUSI 0KA3al0Ch, YTO
Haubosiee «TXKeNbIMU» MO YIJIEPOAY SIBJISIOTCS MOPCKME KapOoHaThbl
XMMMYECKOTO MPOMUCXOXIAEHUS ¢ cooTHOoleHneM A'3C = +5 %o. He-
naBHUe (reonoruyecku) Mopckue ocaaku umerotr APC =-10...35 %o,
YTO YKa3bIBAa€T HA y4acTME MUKPOOPraHW3MOB B MX (POPMHUPOBAHUH,
6uomacca pacteHuit umeet nebuunt no C 12...25 %o, Hebtp —
20...35 %0, MeTan — 25...80 %0! UHTEpECHO OTMETUTb, YTO CKaJlb-
Hble NMOPObl BO3pacTa 0KoJ1o 3,5 Mapa JeT (BpeMs MOSABJIEHUS XU3HU
Ha 3cmic) obenHensl no *C Ha 12—22 %o, Y4TO CBUAETENLCTBYET 06
OYeHb paHHEM BO3HMKHOBEHMH aBTOTPO(PUM Ha MNJIaHETE.

[Mono6GHble M3MepeHMsi, NPOBeAEHHbIE B OTHOLUEHWHM H3OTOINOB
cepbl, NMOKa3alM, YTO y METEOPUTHOro cyibdpuna A¥S = -3 —+3 %o,
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y 3ajexei anemMeHTapHoii cepbl — —18...+ 18 %o, a cynbdua Mopckux
ocankoB MOXeT uMmeTb APS 10 —30 %o, YTO yKa3blBaeT Ha 3HAYMUTEb-
HbIi BKJIaJ Cy/Jb(aTpeayKTOpoB B MpoLecC r100abHOrO LIMKJIA CEphI.

Jl1si NTOHUMaHUS CTPYKTYPbl U (PYHKLIMOHUPOBAHHUS 3KOCUCTEM MAJIO
3HaHMUA O B3aMMOOTHOLUEHUSIX MUKPOOHBIX CO0OLLIECTB, HEOOXOAMUMbI
TaKXe KOJIMYECTBEHHbIE JAHHbIC O YUCJIE MUKPOOOB TOrO MM MHOIO
coobluecTBa, 6MoMacchl NOMYJsiLIMA, CKOpOCTE OMONOrMYeCKUX aK-
TUBHOCTEM, NENEHUS KIETOK MU UX OTMHUPAHUS, a TAKXKE CKOPOCTEM
000pOTa BO3HUKAIOLIMX LIMKJIOB MaTepuu yepe3 3kocuctemy. Konnue-
CTBO, OMOMacca M aKTUBHOCTb — 3TO BIOJIHE ONpee/ieHHbIE 3KO0JIO-
rM4yeckKue napaMeTpbl, KOTOpbIE, XOTSS U KOPPEJIUPYIOT MeXay COOOM,
HE IOJIXXHbI pacCMaTpUBaThCsl KaK B3auMo3aMmeHsieMbie. OObIYHO NpU-
pola peuiaeMoil 3KOoJIoOrM4eckoi npoodiieMbl cama OMKTYeT, Kakoil U3
3THX MAPaMETPOB CJIEAYET U3MEPSTb, @ TEXHUYECKUE TPYAHOCTH 3ac-
TaBJSIIOT MCCJIEAOBATE/SE U3MEPSITb YUCIO KJIETOK U 3aT€M BbICUMTHI-
BaTh 00Jiee OTHOCUTENbHbBII NapaMeTp — 6uomaccy. Iocne caenaHHbIX
NMOACYETOB HEOOXOAUMO C KPUTHYHOCTbIO OTHECTUCH K MOJyY€HHbIM
pe3yabTaTaM, paccyxiasi O NpUeMJIEMOCTH BbIBOIOB NMPU BCEX YCJIOBU-
SIX 3KCnepuMeHTa. MeTtonbl, MCMOJIb3yeMble MPU TAKUX U3MEPEHMSX,
SIBJIIIOTCSI OCHOBaHUEM LISl ONpeneneHUsi MUKPOOHOH 3KOJIOTMM Kak
Hay4YHOH AUCLMIUIMHBI U OOLLUEro NMOHUMAHMUSI IKOJOTUM MUKPOOOB.
[IpuMeHeHHEe KOJIMYECTBEHHOTO noaxoaa 6osnee yeM 4To-1MOO Bblae-
JISieT 3KOJIOTOB CpelM HaTypalUCTOB.

C6o0p ob6pasuos

Ilnst uccnenoBaHUsi YMCaa U aKTUBHOCTU MUKPOOHBIX MONYJISILIMIA B
pa3/IMyHbIX 3KOCUCTEMAxX pa3paboTaHbl MHOTOYMCIEHHbIE METOLOJIO-
ruucckue noaxonbl. [lpy U3yyeHUM MUKpPOOPraHU3MOB B MPUPOAHbIX
obpa3uax (obiuee YMCN0, YUCIO COOOLIECTB, UX META0OIMYECKHUE aAK-
TUBHOCTH) perpe3eHTaTUBHbIE YaCTH 00pa3La aHaIU3UPYIOT U pe3yJib-
TaThl MPOELMPYIOT HA COOOLLIECTBO B LIEJIOM WM 3KOcUcTeMy. TepMUH
«penpe3eHTaTUBHbII» 03HAYaeT, YTO Npoda NOJIXKHA OTpaXaTb pa3HO-
o6pa3ue M MIOTHOCTb OPraHU3MOB O0LLEro MECTOOOUTAHUS, U3 KOTO-
poro B3sita npo6a. Bo MHOrMX MeECTOOOMTaHMSIX pacnpeneieHue MUK-
pOOpraHM3MOB He TOMOTe€HHOe, a ckopee kiactepHoe. [loaTtoMmy Jio-
0as B3siTas npoba, HECOMHEHHO, TOYEYHAsi MO0 OTHOLUEHMIO K MU3yya-
€MOMY MECTOOOMTaHWI0 — MPOCTPAHCTBY, MOXET COAEPXaTb MHOIO U
MaJlo MMKpOOPraHMU3MOB, YTO NMPUBEAET K HEBEPHOI 3KCTPanoisiiuu
pe3ynbTaToB. JTO 0COOEHHO BEPHO M1 MMKPOOPraHUM3MOB, KOTOpbIE
XHBYT B YCJIOBUSIX MMUKPOOKPYXEHMSI, O YEM IKCIIEPUMEHTATOpP MO-
XET BO BpeMsi 0TOOpa Npobbl U He aoraabiBaThest. O6paboTKa CIOXHbBIX
npoO, MPUroTOBJEHHbIX U3 COOpaHHBIX MHAMBUIAYAIbHBIX NPOO C UC-
MOJIb30BAHUEM CHELMAIbHBIX CMECUTENIEH, MOXET MUHUMM3UPOBATh
olnOKy. YpoBeHb JOCTOBEPHOCTH MPH IKCTPANOJISILMU JAHHBIX COOT-
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BETCTBYIOLLMX NMPpo0 Ha BCIO 3KOHMLLY NOJKEH ObITh MOAKPEIUIEH CTa-
TUCTUYECKUM aHaIM3oM. BaXHO NMOMHMTb, YTO KaXIoe HM3MepeHHe
cocTouT M3 Tpex ¢a3s: 1) cbop obpa3uos; 2) noarotoka npoo;
3) cobcTBeHHO M3MepeHMe. [1py HHTepnpeTauMM pe3yibTaToB IOJX-
HbI ObITb KPUTUYECKU PACCMOTPEHDbI BCE TPU CTAAMM 00paboTKM 1poo.

[Tpu ot60ope Npob M3 TaKKUX CNOXHBIX U pa3HOOOPa3HBIX MECTOOOM -
TaHWH, KaK KULIEYHUK XKMBOTHBIX, TOBEPXHOCTHBDIi C/10i NOYBbI, BOAbI
03ep, NyOOKOBOLHbIE OCaAKM MOpEH, MPUMEHSIIOT pa3jiMuHbie MOMI-
xoabl. HeBO3MOXHOCTb BILIOTHYIO NMPUOJIM3UTLCS K MECTY OTOOpa nNpod
3aCTaBsieT NMPUAYMbIBaTh pa3djiniHble MpoOOOTOOPHUKH IUISA IUCTAH-
LMOHHOrO 3abopa npo0O.

Mertonbl oT60pa Npobd M UX XpaHEeHHUEe HE JOJXHBI U3MEHSITb KOJIU-
4YecTBa KJIETOK WM MX aKTUBHOCTH B OOJIBILYIO MJIM MEHBLIYIO CTOPO-
Hy. UccnenoBatenb foJiXeH ObiThb YBEPEH, YTO OTOOpaHHbie 0Opa3Libl
SIBJIIIOTCSl peNnpe3eHTaTUBHbIMU M HE 3arpsi3HeHbl MOCTOPOHHUMH
MUKPOOpPraHM3MamMHM, Nno3Tomy crnocod orbopa npobbl HOJXKEH rapaH-
TUPOBaTb HAJIMYKE B Mpobe Jnib MUKPOOPraHM3MOB U3 HYXHOIO Me-
CTOOOUTAHHUS.

[TpoGb1 nouews: 0TOMpaloT OOBIYHO C COOMIONEHMEM MUMHMMYMa acen-
THKH, TaK KaK KOJMYECTBO MUKPOOPraHU3MOB B NMOBEPXHOCTHBIX MO-
YBEHHBIX FOPU3OHTaX BO MHOro pa3 GoJjblie, 4YeM B BO3AyXe WJIM He-
CTepWIbHOM (HO YMCTOM!) KOHTeiHepe ais obpasua. s c6opa 06-
pa3UoB CO 3HAYMUTEJNbHOU IyOMHbI OTOMPAIOT KEPH, KOTOPBIA BbIC-
BEPJIMBAIOT BPYYHYIO MJIM C MOMOLIBIO CIEUMAIbHBIX MEXaHU3MOB, U
BHYTPM KE€pHa HaxoOsiT HYXHbl€ 30HbI, yXXe paboTasi aCeNnTUYECKU B
J1abopaTopHUM.

Hdnsi orbopa npo6 noyBeHHbIX MUKPOOPraHM3MOB, HAXOASILLIUXCS B
OTHOCHTE/IBHO HEOOJIbLIOM KOJIMYECTBE, MPUMEHSIOT «aTTPAaKTaHTbI»
WIM «HaXMBKM». B HEKOTOPBIX CTyyasix B MOUYBY OMYCKAIOT YUCTbIE CTEKJIA
WM CTeKJIa CO crneunduryeckoil arapu3oBaHHON cpenoi, Ha KOTOpOi
pa3BUBAIOTCA HYXKHble MUKPOOPraHM3Mbl (CTeKJIa oOpacTaHus no Xo-
JlonHoMy). YucTele cTekiia, He 061aaal0LIME CEIEKTUBHBIMM CBOICTBA-
MM, MCIOJb3YIOT 111 NMOACYETa NPUKPENUBLIMXCS MUKPOOPraHM3MOB
B MOYBAxX WIK ocankax. B 3ToM ciyyae cTeKIo C/IyXXUT aHAIOTOM MUHE-
PaNbHBIX YAaCTHULL NOYBLI (KBapll) U OTpaxaeT MUKpoOHoe pasHooOpa-
3M€ HECEJIEKTUBHO.

Elle onHMM BapMaHTOM CTEKON 0OpacTaHMs sIBISETCS IJIOCKoMNa-
pajule/ibHble Kanujuspbl, BriepBble pa3paboraHHble [leppuabeBbiM.
Hx Takke Ha3blBalOT nedockonbi NPU NMOTPYXEHUH B MOYBY U neaoc-
Konbl — TIPM MOTPYXXEHUHU B NIOHHbIE 0CaaKU. Kanuanspbl OTKPHITHI €
000MX KOHLIOB, * MUKPOOPTraHU3Mbl MOIyT CBOOOIHO MEpeMELLAThC
BHYTpM HMX. YacTo Kanwuisipbl 3aJIMBalOT CPeNoi (aTTpakTaHT), ce-
JIEKTUBHOM 1S TOM WK UHOM (PU3MOJIOrMYECKOM IpyIinbl MUKPOOP-
raHu3MoB. [1peMMyLIECTBO MJIOCKMX KanWUISIPOB B TOM, 4YTO MX CO-
JIEPXHUMOE MOXHO pacCMaTpvBaTh NoJi MUKPOCKOMOM HENOCPEACTBEH-
HO, a IJIOCKasi CTEHKa CBOAMUT K MUHUMYMY MCKaX€EHUe U MNpejiomiie-
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HME CBETa NMPHU NPOXOXIeHUHU Yepe3 Kanwuisp. [puMeHeHue Kanui-
nsapoB [lepdunbeBa no3BossieT NPOBOAWTL NMPUXU3HEHHBIE HaGJIO-
JEHUs 3a pa3BUTHEM MOYBEHHON WM OCaZOYHOH MUKPOOUOTHI, naet
BO3MOXHOCTb BECTH HETIPEPBIBHBIE (C MOMOLLbLIO aBBTOMaTUYECKOM KH-
HOKaMepbl, paCCUYUTAHHOI Ha OMNpenesieHHOE KOJIMYECTBO CHHUMKOB
B Yac WM JE€Hb) UCCJIENOBaHUS PAa3BUTUSI MUKPOOHBIX MOMYJISLMH,
He ornacasiChb NMOAChLIXaHMs Mpernapara, paclIMPSeET MoJie AeATENbHOC-
TH 3KCNEpUMEHTATOpa C BHECEHUEM Pa3HOro poaa MUTATEJbHBIX Be-
LIECTB C OJHOro KOHLIAa Kanwuisipa, Aejas TakuM o6pa3oM ero npo-
TOYyHBIM. TakKe KanuJuisipbl NO3BOJISIIOT CJIEAMTD 32 pa3BUTHEM aHad3-
pobHOro coobuiecTpa 6e3 NPUMEHEHHUS CJIOXHOM TEXHUKH aHAa3pOO-
HOro KyJabTuBHMpoBaHusi. Kanuuisipsl noMoraiotr Habaoaarh 3a NpM-
>XU3HEHHBIM pa3BUTHEM 3KOCUCTEM B MPUPOIOHBIX YCIOBUSIX, HE Ha-
pylliasi MX LIEJIOCTHOCTH, U JAalOT BO3MOXHOCTb OOHapyXuBaTh HEO-
6b1yHbIe MOpdosiornyeckue GopMbl MOKa HEKYBTUBUPYEMBIX MUKPO-
OpraHMU3MOB.

PaznnuHbie MeTonbl pa3spaboTaHbl Wist 0TOopa Npod éodet. [1podnem
¢ oTOOpPOM BOIHBLIX 00pa3LoOB OOLIYHO ObIBaeT GonbLIe, YEM C MO-
YBeHHbBIMH Npo6aMM, MOCKOJbKY MPAaKTUUECKH Bceraa Nnpobbl BOAbI
OTOMpAlOT Ha 3HAYMTEJBLHOM YOaJleHWM OT 3KcnepumeHTtaropa. [lpu
3TOM BO3HHUKAIOT NMpobsieMbl B COOIONEHUH CTEPUWIBHOCTH, MOCKOJIb-
KY OTKDbITbi€ BOIHbIE MPOCTPAHCTBA COAEPXaT HEMHOr0O MUKpoopra-
HM3MOB, U 3TH MPOOHI JIEFKO 3arpsiI3HUTb HEECTECTBEHHON MUKPOOHO-
TOW camoro npubopa s oroopa npo6. Kaxablit U3 paspaboTaHHBIX
npo600TOOPHUKOB UMEET CBOM MPEMMYLLECTBA U HepocTaTku. Lienbio
CO3JaHMUS 4YacTO JOBOJILHO CJIOXHBIX MPHUCIIOCOOJIEHUIA ABISIETCA yBeE-
PEHHOCTb, YTO Mpo6a BoAbl AEMCTBUTESIbHO OTOOpaHa U3 HYXHOIro
MecTa, HanpuMep ¢ riyouHsl 100 M. Cpenn pa3paboTaHHbIX 06pa3LOB
BOIHBIX NMPOOOOTOOPHMKOB MOXHO OTMETUTD CJICAYIOLLME:

® BaKyyMMpOBaHHbIE OYTbUIM, KOTOpPLIE 3aMnOJIHAIOTCS BONOI Ha
onpeaeseHHON IyOMHE C MOMOLIBIO IFPy3MKa-MeCcCEeHIXepa, pa3bu-
BaIOLLIEr0 BOA0O3aCacChiBAIOLIMI Kanwuisip,

® CTepWIbHbII [JIACTUKOBLI MaKeT, PaCKpbIBalOLIMICA C MOMO-
LBIO MPYXHMHBI HA OMNpeaeneHHON ryOHHe Nocjie ONMyCKaHMUs rpy3a C
MOBEPXHOCTH, OJHOBPEMEHHO MPUBOISALLETO B IBUXEHHUE MPYXHUHY U
OpUTBY, BCKPHIBAIOLLYIO OTBEPCTHUE B IMAKETE;

® npo60OTOOPHHMK C YKpEIUIEHHBIMU Ha pa3HOii IyOMHE CTEPUIIb-
HbBIMM LUMPULIAMHU, B KOTOPbl€ OMHOBPEMEHHO 3aCacblBalOTCs MpOObI
BOJbI.

Takune npucnocobyieHUss MPUMEHSIOT OOLIYHO AJ1si oT60pa Mpod
M3 Herly6oKHX cTpaTUPHLMPOBaHHBIX 03ep. C ryO0KOBOAHBIMM NPO-
6aMu HeoOXOONMMO NpeaycMaTpUBaTh BO3MOXHOCTb NE€KOMIIPECCUM
OpraHu3MOB NpHU NMoabeME Ha NOBEpXHOCTb. Pa3paboraHHblie npo6o-
OTOOPHMKM MO3BOJISIOT OTKPbIBaTh U 3aKpbIBaTb BXOAHbIE OTBEPCTUS
Ha m1yOMHe, He TMO3BOJAS NaBJIEHUIO BHYTPM NpoObl najaTbh npu
nogbeMe.
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[Tpo6bl ocadxoeé o6LIMHO OTOMPAIOT C MOBEPXHOCTH C TMOMOLLBIO
CKpeOKOB MJIM KOBILLEH, OJHAKO TaKMe CNOcOObI He TMO3BOJAIOT ybe-
peyb NaHHble NPoOLI OT 3arpsiI3HEHUS] MOCTOPOHHENW MHUKPOOHOTOIA.
C cobnoneHneM acenTUKM MOXHO OTOMpaTh NMPOOLI-KEPHBI, KOTOPLIE
3aTeM B J1abopaTOpUM B CTEPUJIBHBIX YCJIOBUSIX AEJIST B BEPTUKATBLHOM
HanpasJIEHUM, YTO TO3BOJISIET MPOCNEXUBATb TMHAMUKY OCaAKOB MO
ropusoHTanu. Haubonee TouHO OTOMpAIOT NPo6LI MOPCKHUX OCAIKOB C
KCNOJIb30BAHUEM MMHMATIOPHBIX NBYX-TPEXMECTHBIX MOABOAHBIX JIO-
IOK, KOTOpBIE IMOrpyXarlTcsi Ha rinyouHy o0 3 KM, rae C NMOMOLLbIO
MaHUNYJSATOPOB U CrEUUANIBHBIX CBEPJl OTOMPAIOT MPOOBL OCAIKOB B
TOYHO JIOKAJIU30BaHHOM yyacTke (0COOEHHO 3TO BaXHO B MECTaX Mo/-
BOAHBIX TEPMAJIbHbIX HCTOYHUKOB UJIM «4EPHBIX KYPWIbLIHKKOB»). Uc-
NOJb30BAHME MHUHM-TIOLIONOK TO3BOJISIET TaKXe OTOMpaTh MpOOHI,
o6pabaTbiBaTh UX HY>XHBIM 00pa3oM Ha MecTe oTOopa (Haripumep, BBO-
IWTb PaiXOU30TOIbl) U OCTABJIATL HA MECTE AJIs1 MHKYOaLUu C nocie-
OyIOLIMM MOABEMOM Ha MOBEPXHOCTDb [U1S1 aHAJIM30B.

OTt60p npob 603dyxa HeOOXOAMMO MPOBOAUTL C MPUMEHEHHEM ar-
napaToB, KOTOpble MUHUMaJIbHO TPaBMMUPYIOT XHUBbIE€ KJIETKH MUKPO-
OpraHU3MoOB, HaxoasiLLMecss OOLIYHO B MEJIbYAMLLMX KareJibKax a3po-
3oneit. [laccuBHas ceaMMeHTaUusl, MO3BOAIOLIAS MOACYUTATh KOJIMU-
4YECTBO OCEBLUMX (M 00pa30BaBLUMX KOJIOHWM) KJIETOK MUKPOOPraHu3-
MOB Ha MOBEPXHOCTH OTKPbITHIX yaiwek [leTpu ¢ arapM3oBaHHOII cpe-
IOH, NMpUrogHa Ui rnoacyeTra KoJIMYeCTBa cCniop rpuboB, HO He st
KOJIMYECTBEHHOTO yUYeTa HaXO[SILLMXCS B Bo3Ayxe OakTepuii. Yale Bcero
npo6bl Bo3ayxa OTOMpAlOT, MPOIYycKas onpelesieHHbIH ero 0obeM ye-
pe3 6akTepuaibHbie GWILTPHI, pa3Mep Mop KOTOPLIX MOXHO BapbUpO-
BaTh 4151 nuddepeHUMauMM MUKPOOPraHM3MOB BO3/yXa MO pa3Mepy.
Hekoropbie npubopsl (annapatr KpoToBa) CKOHCTpYMpOBaHbI TaKHM
o6pa3oM, UTO OHM HaMnpaBJSIOT MOTOK 3acachbiBAEMOro BO34yXa MpH
otbope npobbl Ha MOBEPXHOCTb OTKpbITON Yyawku [leTpu ¢ arapuso-
BaHHOWM Cpenoi, Ha KOTOPOM, KaK CUMTAIOT, OCaXAAlOTCs BCE YaCTH-
Libl, B3BELIEHHBIE B BO3/yXe, BKJIOYasi MUKPOOPTraHU3Mbl.

[1pobbl Ouoaozuueckux obpasyoe pacTeHU WM XHUBOTHBLIX BKJIIO-
4aloT cO0p OUONOrMYECKUX XHMAKOCTEH (paCTUTENIbHbIM COK, KpOBb,
Moua, aumda, MOKpoTa), BblIeJeHUH (KaJoOBble MacChl) WK npob ¢
MOBEPXHOCTH 00BbEKTA, a TaKX€ BHYTPEHHMX OpraHoB (OGMOMNCHUM).
C noBepxHOCTE! MUKPOOPraHU3Mbl CMBIBAIOT WM CUMLLAIOT CTEPHIIb-
HbIM OydepHbIM pacTBopoM wiu puspacteopoM (0,85%-it pactBop NaCl
B IMCTHWJUIMPOBAHHOI BOZE) C NMOMOLLbIO CTEPUIBHBIX BATHbIX TaMIO-
HOB. B 1pyrux ciyyasix MUKpOOpPraHM3Mbl COXPaHSIIOT HEMOCPEACTBEH -
HO B obpa3liax TKaHe#, YTO BaXHO IS HabGnloaeHUs1 ux Tonorpadu-
4YEeCKOro pacripeiejieHUsl B TKaHSIX WK KOJIMYeCTBEeHHOro yyera. MHor-
Ja aHaau3bl 00pa3UOB MPOBOAAT HENOCPEACTBEHHO MOI MHUKPOCKO-
NMOM (CKaHUPYIOLLAs 3JIEKTPOHHAsi MUKPOCKOIMS) 11l paCCMOTPEHMUS
B3aMMOIEICTBUSA MUKPOOHBIX COOOLLECTB WIKM U3YyYEHMs acCOLMaUMit
MeXy XUBOTHBIMM, PACTEHHSIMHU U MUKPOOUOTOM.
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O6pab6orka npo6

[MpoObl, comepxailiie MUKPOOPraHU3Mbl, OUEHb PEIKO COoAepXaT
TaKO€ MX KOJIMYECTBO, KOTOPOE MOXHO YYeCTb, He npuberasi K KOH-
LIEHTPUPOBAHMUIO WM pa3baBieHMI0 obpa3ua. KOHLEeHTpUpOBaHHbIE
00pa3Lbl JOXKHbI ObITh pa30aB/€Hbl 10 HY>XXHOM IMJIOTHOCTH MUKPOOP-
raHMW3MOB C MOCJEAYIOU[MM BbICEBOM Ha MUTATE/IbHbIE cpeabl (non-
CYeT XMBBIX KJeTOK). PasBeneHue npob ocylecTBASIOT OObLIYHO B
10-KpaTHBIX TOCJIEAOBATENILHOCTSIX C TEM, YTOObI Ha MOBEPXHOCTb CPEbl
B yauke IMetpu nonano 50 — 200 kieTok, obpasyroiux KosoHUu. Ipu
3TOM BaXHO mnomodparb pa3daBUTeNlb, TAK KAK MOKAa3aHO, YTO KOH-
LEHTpaLMs XHUBbIX KJIETOK MOXET YBEJIMUMBATLCS MOYTH B JIBa pasa
MpHU BbICEBE MOYBEHHBIX MMKPOOPraHM3MOB M3 OIHOI M TOH Xe Mpo-
Obl, €C/IM UCMOJB30BaTh Pa3Hble COJIEBble paCTBOPHI LIS pa3BENECHMI.
Pa36aBieHHble 06pa3ubl OOMXHBI OBITh CKOHLEHTPUPOBaHBI Mepen
noceBoM. JL1si 3T0ro NpUMEHSIOT LIEHTpUPYrupoBaHue Uik GUILTPO-
BaHHe yepe3 MeMOpaHHbIe (PUIIBTPBI C 3a1aHHBIM pa3MepoM Top.

Ecin BaXHO OMnpeaesnTb YMCII0 XUBBIX MUKPOOPraHM3MOB B Npo6e
Ha MOMEHT ee oTbopa, He0OXOAMMO YYUTHIBAaTb BO3MOXHOCTb Pa3MHO-
XEHHUs KJIETOK B 00pa3iie BO BpeMsl XpaHEHHUsI WKW TPaHCNOPTUPOBKH
(peHoMeH, U3BECTHDbII KakK «3(hPeKT OYTbUIKHU» U OCOOEHHO BaXKHbIiA
s 06paboTKK NMpo6 MOPCKO# BOABI, JIMILIEHHBIX MPUPOAHBIX abCcop-
oupyoinx noepxHocteit). Koraa npo6y MOpcKoii Boabl MOMELIAIOT B
CTEpHUJIbHYIO MOCydy, NMUTaTe/IbHbIE BELECTBAa BOAbl COPOMPYIOTCSl Ha
BHYTPEHHEH MOBEPXHOCTU COCYAa, MOBbILLIASA JIOKAJIbHYIO KOHLEHTpa-
LMIO CyOCTPaTOB, YTO CTAHOBUTCS MPUTSAraTe/ibHbIM JIsi MUKpOOpra-
HU3MOB, KOTOpbIE TAKX€ COPOMUPYIOTCA Ha CTEHKaX M BCJEACTBUE MO-
BbILLIEHHOI KOHUEHTpaLMK CyOCTpaTroB, HAYMHAIOT ObICTPO pa3MHO-
xatbcsa. C apyroi CTOpOHBI, YCJIOBUSI XpaHEHHUs COOpaHHBIX 0Opa31ioB
MOTYT MPUBECTH K rMOENH YacTH Monyisiiii MUKpOOPraHM3MOB, YTO
BBI30BET 3aHMXEHHE 06L1ero MUKpoO6HOro Yucia.

IMpu pa3bapreHMH 06pa3LLOB MUKPOOPraHM3Mbl JOJIXHBI OBITH pac-
npenesieHbl B 00beMe Npobbl paBHOMEPHO. DTO CJIOXHAs 3aJaya, 0Co-
6€HHO npu 06paboTKe Mpod NMOUBLI MJIM OCAAKOB, B KOTOPbIX MUKPO-
OpraHu3Mbl UMEIOT TEHAEHLMIO NMPUKPEIUIATLCA K YacTULIaM, OpraHu-
YECKUM WX MUHepalbHbIM. CTeneHb AecopOLMM KIIETOK C YacTUll B
3HAYUTE/IbHON CTENEHH 3aBUCUT OT KOHLEHTPaLMM CYCNIEHOUPYIOLlIe-
ro pacTBopa M €ro XMMMYeCKOro COoCTaBa, BPEMEHM, TEMNEpPaTyphbl M
cwibl nepeMelinBaHus. [lpouecc onTMMaibHOI necopOLMU KIETOK C
4acTHLI CUJIBHO 3aBUCHUT OT COCTaBa 0Opa3lia U No3ToMy TpedyeT abco-
JIIOTHOW CTaHIapTH3alMK¥ METOAMK MOArOTOBKM MpOO K MnoceBaM.

[1pn KOHUEHTPUPOBaHMH 0Opa3LIOB BaXXHOE MECTO OTBOASIT BHIOO-
py duiabTpa, Tak Kak GWILTPLI C MaJIbIMU MOpaMH ObICTPO 3a0KBalOT-
Ccs U He MOo3BOJISIOT (hUIBTPOBaTh MPOOLI HOCTATOUHBIX OOBEMOB, a
¢GbuIbTpHI C 6ONBIIMMH NMOPaMKU MOTYT NMPOMYCTUTb YacThb KJeToK. 1o-
JIMKapboHaTHLIM (PWJIBTPAM OTAAIOT MPEANOYTEHUE HAl HUTPOLIEJUIIO-
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JIO3HBIMU B CHJ1y 60Jiee TUIOCKOI MOBEPXHOCTH U OoJiee YHUPHULIMPO-
BaHHbIX pa3MepoB NMop. XUMHUUYECKUI cOCTaB MaTepraiia (pWibTpa BIUSIET
TaKXe Ha BbDKMBAaEMOCTb MMUKPOOPraHU3MOB.

Hecob6aoneHune npu 06pabotke npob ycaoBuil, TpeGyeMbIx 1Uist TOM
WIX UHON (PU3NOJOTHUYECKOM Ipynnbl MUKPOOPraHU3MOB, MOXET Cy-
LLECTBEHHO MU3MEHMUTb pe3yJbTaT aHaiu3a. Tak, o6paboTka npob mis
BbISIBJIEHUSI CTPOIMX aHa3pOo0O0B TpeOyeT MpOBEACHMUSI BCEX pa3BeACHUM
B pacTBopax 0e3 kucyopoaa v nocesa npod B 6€CKUCIOPOLHON aTMO-
cepe. 115 BbisiBN€HUS] ICUXPOPHIbHBIX MUKPOOPIraHM3MOB BCSI CTEK-
JISHHas nocyna U XMUIKOCTH, CONMPUKACAIOLIUECS C MPOOOM, HOKHBI
ObITh OXJIAXAEHBI /11 MAKCUMAIbHOTO COXPaHEHUS XKHU3HECTTOCOOHbIX
KJIETOK MCUXPODUIIOB.

Ecnu npoObl He npeaHa3HayeHbl AJis ONpeaeeHUs YMCIa XXUBBIX U
MEPTBBIX KJIETOK, TO UX OOBIYHO (PUKCUPYIOT C MOMOLLbIO (hopMaibae-
rMia Wiv [IyTapoBOro ajbleruia HernocpeacTBEHHO Mocjie orbopa.
Takue npenapaTbl Cpa3dy roToBbl L1l IPSAMOTO0 MUKPOCKOMUPOBAHMS.

IIpu cOope BUpPYCHBIX YaCTHL M3 NMPUPOAHLIX NMPOO HeoOXOAMMO
MPUMEHSITh CIIeLlMaJIbHbIe METOIbl UX KOHLIEHTPUPOBaHHUsl. BUpychl MOX-
HO CKOHLEHTPMPOBaTh U3 BOAHBbIX 00pa3LlOB NNPU HEOOHOKPATHOI aa-
COpOLIMM/3TIOLMHU MOAKMUCIIEHHbIX NMPO0 MpHM MPONyCKaHWK MX Yepe3
3InoKcuiaHble, ¢ubepraaccoBble WJIM HUTPOLE/UIIOA03HbIE (DUIABTPHI.
CopOupoBaHHbIE YAaCTULIbI 3aTEM ITIOUPYIOT LLEJIOYHBIMUA PAaCTBOPAMH.
[1pouenypy MOXHO HEOOHOKPATHO MOBTOPSiTb, ThICSYEKPATHO KOH-
LEHTPUPYSI BUDPYCHbIE 4acCTHLIbl, HAIPUMEP M3 MOPCKOW BOAbl WIH
npob ocaakoB.

deHoTUNUYeckoe oGHapyXeHne MUKpPOOPraHu3mMoB

I1pu yaiieyHoM MeTozE MOCEBa MPUPOIHBIX 00Pa3LI0B MOXHO 10C-
TUYb IBYX pe3yJIbTaTOB: MOJYYUTb OTAEIbHBbIE KOJJOHUM YUCTHIX KYJlb-
Typ MUKPOOPraHM3MOB (KJIOHOB OHOM KJIETKH) U HayaTb (DEHOTHIH-
YyecKoe onpefejeHUe pa3MYHbIX OpraHU3MOB (ONMHCaHHWE KOJIOHMIA).
B HekoTOpbIX CllyyasiX KJIETKHM M3 OTAEJIbHO B3SITO KOJIOHUHM MOTYT
ObITb BBEACHHI B ILUIaCTUHKM ML1s aHaiu3a (API-tect, Biolog), mo pe-
3yJibTaTaM KOTOPOro BO3MOXHO ornpejejieHHe MHUKPOOpPraHu3Ma o
pona.

BbioeneHue u naeHTUHUKALIMSA YWiEeHOB MUKPOGHOIO COO01IeCTBa C
MCIOJb30BAHMEM METONA MPSIMOro pacceBa Ha YallKd 3((PEeKTUBHO
NpH BLICOKON KOHLEHTPALMU KIETOK TOrO WIM MHOIO WieHa coobuie-
crtBa. Ecnm xe OTHOCMTENIbHOE KOJMYECTBO KJIETOK MCKOMOrO BHIA
HEBEJIMKO, OHU MOTYT «IOTEPATLCS» NMPU TaKOM MeTolde o6paboTKu
npoGbl, U B 3TOM C/Iyuyae METOJ MpPSIMOTO pacceBa Ha YalIKH C pa3Be-
IEHUSIMU TpoObl HENPUIOAEH LIS aHaIM3a.

[TockonbKy pasHble WieHbl HAEHTUPHULIMPYEMOTO MUKPOOHOTO CO-
oblLLecTBa MOTYT NPENbSBIATh Pa3IMyHbie TPEOOBAHUSA K KOMIIOHEH-
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TaM cpelbl (COCTaB M colepXaHWe cojieif, OpraHMYecKoro cyocrpara),
a TaKke K PU3NYEeCKUM yCJIOBHUSIM BbIpalliMBaHUs (TEMMEPATypa, BiaxX-
HOCTb, COAEpXaHHe KUCJIOpoAa U T.1.), IS GoJiee MOJTHOro BhisiBJie-
HMSl WIEHOB COO0LIeCTBa MPUMEHSAIOT Nnapajvle/ibHble MMOCEBbl Ha Cpe-
Ibl pa3IMYHOrO coCTaBa (Hanpumep, Iisi BbisiBJIEHUS] KOMHMOTPOdOB U
onurorpo¢oB, opraHotpodoB U JTUTOTPOPOB, a30THPUKCATOPOB, OGPO-
JWIbLIKMKOB U T.A.). CyllecTBYIOT NpHUeMbl 106aBIEHUS B CpPelbl Crie-
UM dpHrYEeCKUX MHTUOMTOPOB [U1S MONABJIEHHUs Pa3BUTHUS TON WM UHOM
rpynibl MUKPOOPraHM3MOB (HanpuMep, aKTUIMOH MOJaBJIsieT pa3BU-
TUE 3yKapMOT Ha YalllKe C NMPOKapUuOTaMH).

O6GHapyXeHue MUKPOOPraHU3MOB XUMUYECKUMU
MmeToaamMu

AHaJH3 MHKPOOPraHM3MOB M0 HX JIHIMHMIHOMY cocTaBy. Jlunuabl —
006s3aTe/ibHble KOMIIOHEHTH MEMOPaH, OKPYXaloOLlKX LIMTOTLIa3My KaX-
IO MMKpOOHOM KeTKH. JIMMMAHBIA COCTaB pa3iHyYHbIX MUKpOOpra-
HM3MOB B 3HAYMTEJIbHOM CTENMeHU OTIMuaeTcs mpyr ot Apyra. Cylue-
CTBYIOT LUECTDb (WU Jaxe Gobliie) KJIacCOB JIMMUIOB, OOHApYXEeHHbIX
y MUKPOOPraHU3MOB, KaXIbIii U3 KOTOPbIX COCTOMT U3 UHIMBUIYaJb-
HBIX JIMITUIOB C LIECTbIO WK 6osiee CTPYKTYPHBIMU OCOOEHHOCTSIMM.
Kaxnblit MUKpOOpraHM3M MMEET CBOIl JTUNMMAHBIA Npoduab (OCHOB-
HO¥ JIMMKUA), U 3TO CBOMCTBO ObUIO MOJIOXEHO B OCHOBY XMMMYECKOIA
uaeHTuUKaLMUM MUKPOOPraHM3MOB, OCHOBAaHHOM Ha COCTaBe U CO-
JepXaHUM IUNUIOB B KieTke. CielyeT OTMETUTb, YTO NaHHbII MeTON
He MaeasieH, MOCKOJIbKY JIIoOble MUKPOOPraHU3Mbl MOTYT CYIIIECTBEH-
HO MEHSATb NPOo(WIb JIUMHUIOB B 3aBUCUMOCTH OT BO3pacTa KYJIbTypbl U
YCJIOBHI1 KYJIbTUBUPOBaHMS KJIETOK.

AHanu3, OCHOBaHHbI Ha U3yYEHHHU U CPABHEHHUH METWIOBBIX 3¢hHU-
poB XUpHbIX Kucnot (MD2XKK), BxoasiuiMx B cOCTaB JUMKUIOB, MOJy-
YWJI LUMPOKOE PacnpoCTpaHEHHUE BCJIEACTBUE €ro MPOCTOTbI U NOCTYII-
HocTH. [TonHbli npouecc naeHTUPHUKALMU BKIIOYAET 3cTepUPUKaLIUIO
JINTTHIOB, METUJIMPOBaHUE BXOMSILUMX B UX COCTaB XUPHbIX KMCJIOT, UX
pa3nesieHHe Ha XpomarorpapuuyecKMX KOJIOHKAaX M KOJHYECTBEHHOE
ornpeje/ieHWe ¢ NMOMOLLBIO Ta30Boi XpoMaTtorpauu UM BbHICOKOI(D-
texkTBHON XHMOKOCTHO#H Xxpomartorpadpuu (BIXKXK). CneunanbHbiM
00pa3oM 0OpaboTaHHbIe KOJIOHKH AAl0T Xopolee paspeiieHne MOXKK,
4YTO NO3BOJISIET CPAaBHUBaTh UX BpeMs yACPXUBAHUSA C paHee UIEHTHU-
(GULMPOBAaHHBIMM JIMITMAHBIMU NTpodUIAMH (cTaHAapThl). KonnuectBo
KaX10i1 XXUPHOI KUCJIOTHI MOXET ObITh PACCYMUTAHO MO TUIOLIAAU XPO-
MartorpadMyeckoro nuka, a abcoyiloTHbie KOHLEHTpPaUUMW ONpenessi-
10T, BBOIsI BHYTPEHHUI CTaHOApT.

AHamm3 M3IXK, 3kcTparMpoBaHHBIX M3 MOYBEHHbIX OOpa3LIOB,
MO3BOJISIET OBICTPO M OTHOCHMTEJIbHO HEAOPOro MAEHTU(PHLMPOBATH
COCTaB MOMYJISILMK MOYBEHHBIX MUKPOOpraHusMoB. MHTepnpeTauus
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pe3yJIbTaTOB B HEKOTOPbIX CJIyyasiX 3aTpydHEHA M3-3a WAEHTUYHOCTH
MHOTHX JIMMTMOOB Y Pa3/IMUHBbIX MpPeaCTaBUTENIEe H3yYyaeMOro MUKpoO-
HOro coooO1LecTBa.

OOHapyXxeHue oTAeNbHbIX FEHOB U FreHOMHBbIX
nocnepoBatTenbHOCTEN

C o0HapyXeHHeM OTHEJIbHbIX F€HOB WM CIeLIMPUYECKHUX FEHOM-
HbIX MOCJIeI0BaTeIbHOCTEM CBSA3aHbI MpeXIe BCEro BO3MOXHOCTH aHa-
JiM3a MUKpPODOHBIX coo0lLuecTB Oe3 BbiaeSieHUss U MIEHTUDUKALIMU OT-
JIEJIbHBIX €ro YJEHOB B UUCTBIX KyJIbTypax. MeToabl OCHOBaHbI Ha 3KCT-
PakUMH M3 MOYBEHHBIX, OCAIOUYHBIX MJIM BOAHBIX 00pa3L0OB TOTAILHOM
AHK, ee ouucTKM M aHaNM3a C MOMOLIBIO FPAAMEHTHBIX Ielb-3JIEKT-
podope3zoB — Ttepmuueckoro u neHarypupyioinero (TGGE/DGGE).
OCHOBHOI#1 TPYAHOCTbIO NMPHU 3KCTpakuMK ToTaibHOi JIHK sinsiercs
ee OTaeJIeHWe U OYMCTKA OT 'YMHHOBBIX BeleCTB MOoYBbl. OQHAKO Me-
TOIbI, NMO3BOJISAIOLIME MPOBOAUTb TAKYI0 OYUCTKY, NMOCTOSIHHO COBEp-
LLIEHCTBYIOTCSI.

[Nocne 3kctpakunu JHK noasepraior ”MMOOWIM3aLMK HA HUTPO-
LEJUTIONIO3HOM WJIM HEHJIOHOBOM (WIbTpe, paciuiaBI€HUIO U THOpH-
IW3alUU C U3BECTHBIMM MOCJIEAOBATENbHOCTSIMU T€HOB, OTBETCTBEH-
HbIMU 33 CUHTE3 TE€X WIK UHBIX crielingpuieckux ¢pepmeHToB. Tak, Ha-
auuue B npode TotanbHOM IHK reHoB, ruGpuau3yeMbix C reHOM,
KOIUPYIOLLIMM HUTPOreHa3y, yKa3biBaeT Ha NMPUCYTCTBUE B AHANU3UPY-
eMOM coobuecTBe a30TpUKCaTOPOB, FEHOB METAHMOHOOKCHUIEHa3bl —
MeTaHoTpodoB, reHoB PybucKO — aBTOTpOHBIX MUKPOOPraHU3MOB,
GUKCHUPYIOLLIMX YIJIEKUCOTY yepe3 uukin KanbsuHa. PacuuingpoBaHo
yXe HECKOJIbKO [eCSITKOB I'eHOB, KOAMPYIOLLMX KIIOYEBble pEaKLMM
T€X WIM UHBIX MPOLECCOB, M, NPUMEHSISI METOA FTMOpUIM3ALIMK, MOX-
HO JenaTb BbIBOIbl O HAIMYMK ONpenesieHHbIX MUKPOOPraHM3MoB B
aHaIM3upyeMoi npobe.

Memoo IT1]P no3sonsieT nIeHTU(PULIMPOBATh HEU3BECTHbIE MUKPO-
OpraHu3Mbl, HaxoAsLIMeECs] B NMPUPOAHOI npobe, 6e3 BbIACTEHUST YU-
CThIX KyJbTYp. Pa3paboTaHbl «yHMBepcalibHble» MnpaiiMepbl Ha GakTe-
PHMM, apXeu M 3yKapuOTbl, KOTOpbI€ JAalOT BO3MOXHOCTb cneuunduye-
CKM aMIIMPULIMPOBATD MOCEA0OBATEILHOCTH 3TUX TPEX IPYINI MUKpPO-
opraHu3moB, paznenautb ux ¢ nomoubto TGGE/DGGE-MeTonos u
3aTeM, Mocjie BTOPUUHON aMIUIMDUKALMUM OTHE/IbHBIX TMOJOC, MOJy-
YUTb MOYTH MOJHBII NPOPHIb MUKPOOHOTO COO0LLIECTBA C HAEHTU(PH-
KaLMeil OTAENbHbIX (PUIOre HETUYECKHX JIMHUI M K1acCUpUKaLIMei MUK-
poopraHu3MoB Ha ocHoBe MnocyienoBarenbHocTeil 16S pPHK.

Ons uneHTUdHUKaLUUM HY>XHBIX MMKPOOPTraHUM3MOB B COOOLLECTBE
UCMOJIb3YIOT FeHbl-peNnopTeEPbI, KOTOPbIE JIErKO OOHApyXUThb MoOCie
NMpOBECHUS] XUMUYECKUX peakLMii (lacZ-reH, Konupylouuit B-raiak-
To3uaasy, U xy/E-reH, Koaupylouii CuHTe3 (epMEHTOB MeTabosH3-
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Ma TOJyoJia) WIM TMocsie 3KCINPEeCcCHH B KJIETKE MCMYCKaHMEM CBETa
paliMyHOM MWIMHbI BONIHBI (/ux-reHbl unu GFP-reHbl, koaupyiouime
CUHTe3 3eJieHoro duiyopecuupytolero 6enka). I'eHbl-penoprepbl UC-
MoJib3yIOT OOBLIYHO 11 OOHApYXEHHUst TEX WM MHbIX aKTUBHOCTEH B
NMpUPONHbIX 0Opa3Liax rMnpu onpeneseHUM BbIXXMBAEMOCTH BBEIEHHbBIX B
oOpasell MUKpPOOPraHM3MOB, U1l OOHApY>XeHHUs IKCIIPECCUU U U3yye-
HUSl aKTUBHOCTHU HYXHOro reHa/depMeHTa, Moa KOHTpPOJIEM IpoO-
MOTOpa KOTOpPOro 3KCHpecCUpyeTcsl U reH-penoptep. [eHeTHueckas
KOHCTPYKLIMSl B TAKOM CJly4yae BbIMISIAMT M paboTaeT cieayrolmum o6-
pa3oM. Ecnu HyXHbIit reH akcnpeccupyeTcsi U pepMeHT OCYLLUECTBIISIET
cBolo (YHKUHMIO (HanpuMeEp, paclUErUIsICT TOT WJIM WHOWH KCEHOOUO-
THK), TO MO JIIOMUHECLEHUUMN TFeHa-pernoprepa o6 3TOM MOXHO Cy-
IUTb Ha ydajeHUH (HanpuMmep, B TOJILIE MOYBLI CBET OT MECTa peak-
UMM TPAHCMMUTTUPYETCS B TAKOM CJlyyae C MCINOJIb30BaHUEM OMNTOBO-
JIOKOHHbIX cBeToBOAOB). [10 TylueHHUIO TIOMUHECLUEHLIMM B TEHHO-HUH-
XeHepHbIX wTammax E.coli cynsiT o cTerneHu TOKCHYHOCTH MPoObl BOAbI
WM MNOYBHI.

OnpepeneHne YUNCNEHHOCTU MUKPOOPraHU3MoOB

Ilpu pabote ¢ 4UMCTHIMM KYyJbTypamMu onpeacjieHUe KOJIMYeCTBa
MUKPOOPraHM3MOB He Bbi3bIBa€T CJI0OXHOCTEM. [lpyroe neno, Korna Haao
OMnpenesuTb YUCJIO0 MUKPOOPraHU3MOB B MPHUPONHBIX oOpa3uax, no-
CKOJIbKY MMKPOOPraHu3Mbl B HUX Upe3BblYaifHO pa3HOOOpa3Hbl. MeTo-
Ibl, MPUMEHSsIEMbIE [UIS MOACYETa BUPYCOB, OaKTepHii, rpuboB, BOLO-
poceit ¥ NpocTeMIlnX, pa3nnyHbl. CieuHabHYIO TEXHUKY NPUMEHS-
10T U1 noacyera ncuxpouiioB U CTPOro aHa3poOHbIX GopM.

CyuiecTByeT nBa MeToAa MoacyYeTa MMKpoopraHusmon: 1) npsiMoi
CYET KJIETOK MO MMKPOCKOIMOM U 2) HenpsiMO# MoAcueT nocje noa-
pallMBaHHUs Ha TBEPAbIX cpeaax (yYeT XHMBBIX KJI€TOK). Yallle ucnosb-
3YIOT NepBblii METOA, NPU 3TOM OOBLIYHO HE pa3nuyasi XUBbIE U MEPT-
Bble KJ1eTKH (no BuHorpaackomy). Metoa MOXHO MOAMMULMPOBATD C
npuMeHeHHeM 3nK¢ayopecLieHTHOro MUKpocKona U Jiyopecumupyio-
wmrx auddepeHUMATbHBIX KpacuTeneil Alsi MOACYETa XUBbIX U MEpT-
BbIX KJIETOK B npenapare. KjieTKu MUKpOOPraHM3MOB MOXHO MOACYM-
ThIBaTb TAKXE B OMNpeaeseHHOM 00beMe XHUIKOIl Mpobbl Mo CBETOBbIM
MUKpockornoM (KaMepbl Toma —llopsieBa, IleTpoBa— Xay3epa).

HNHoraa ais onpeneneHUsi CKOpOCTH pOCTa KJIETOK NMPUMEHSIOT Me-
TOA MOJACYETa OENISILUMXCS KJIETOK, NMpUYeM ObUIO MO0Ka3aHo, YTO 3TOT
MeToA KoppeaupyeTr co ckopocTbio cuHTe3a PHK, uamepeHHoil no
BKJIIOYEHHUIO MEYEHOro aneHWHa.

Yucno cneundpryeckux KI€eTOK MUKPOOPraHM3MOB B MPUPOAHbIX
o0pasiiax MOXET ObITb YCTAHOBJIEHO C NMOMOILbIO NPUMEHEHUS] TEXHU-
KU ¢ayopecuupyoMx airutesn. Ho mns satoro Heobxonuma npensa-
pUTeJIbHasi MOATOTOBKA, BKJTIOYAIOLIAsl BblIEJIEHUE YUCTBIX KYJIbTYp UC-
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KOMbBIX BUAOB ¥ HApabOTKy crelMdHYeCKMX aHTUTENl K TaKUM KIIET-
KaM. DTOT METOI MO3BOJISIET CIEAUTD 32 pa3BUTHEM WHIMBUIYAJIbHBIX
MHUKPOOPraHM3MOB B UX €CTECTBEHHBIX MECTaX OOUTAHUS (ayTO3KOJIO-
rusl). AHTUTeNA SIBJISIIOTCS Ype3BblYailHO crieIMPUYHBIMU 10 OTHOLUE-
HMIO K BbIOpaHHOMY BM]Y, YTO B LI€JIOM JI€JIa€T 3TOT METOI MOpa3u-
TEJIbHO TOUHbIM UHCTPYMEHTOM McciienoBaHusi. MoaudukaumsamMu me-
TOHdA SIBJIAIOTCS NMPUMEHEHHe crneunduuHbIX GIyopecuMUpyOLLIMX aH-
THUTEJ, BbIpAaOOTAHHbIX MO OTHOILEHHUIO K onpeaeieHHbIM (pepMeHTaM,
a TakXe UCIOoJIb30BaHUE (DJIyOpeCLIMPYIOLLIMX FeHETUYECKUX NpoO (reH-
HbIX 30HIOB), MO3BOJISIOLLMX UIEHTUGULUMPOBATH MUKPOOPTraHMU3MBbI C
ONMHAKOBbLIMU reHaMM B nonyasuuMu. B ogHo# M Toit Xe nonynsiuvu
MOXHO OOHAapyXWTb pa3jiIMuHbie Te€Hbl, UMESI TEHETUUYECKHE 3OHIbl,
¢nyopecuupyioliye pa3HbiM LIBETOM.

[Mpu yueTe mcuebix MUKpOOPraHM3MOB MOCJ€ NOAPALLUBAHUS MPU-
MEHSIIOT B OCHOBHOM J1Ba MeTofa: |) moacyeT Ha Yalukax BbIPOCILIMX
KOJIOHHUI1 MOCJie COOTBETCTBYIOLLIMX pa3BedeHUid U 2) yyeT no MeTomy
npeaenbHbIX pa3BeneHuii. O6a MeTona TpedyIOT pa3zieseHUsi MUKpOOp-
raHM3MOB Mepel NoceBOM Ha MHAMBHUAYaIbHbIE KJIETKH, KOTOphIE 3a-
TeM AaloT notoMctBo. [IpyUMeHeHHEe MeTONOB MoacyeTa C noceBaMH
TpedyeT 6epexxHOro obpalieH1s ¢ NpodaMM [Jisi COXpaHEHHUsl XHU3He-
crnocobHbIX KieToK. CrenyeT yuuTbiBaTh, YTO ISl MOACUETA MUKPOOP-
raHU3MOB Pa3JIMYHBIX IPyNI HEOOXOAMMO NMPUMEHSTH pa3Hble Cpebl,
KOTOpbIX pa3pabotaHo Oosiee ThICAYM IS BbisiBleHUS OGakTepui, ap-
Xxeil, rpuboB, BOAOpOCTEi, NMPOCTEMLINX, KaK a’3poOOB, TaK U aHa3-
poboB.

[ns1 BbISIBIEHUSI OTAENbHBIX IPYNT MUKPOOPraHU3MOB MPUMEHSIOT
CEJIEKTUBHbIE U IMAarHOCTUYECKHE Cpellbl, Cpelibi C aHTUOMOTHUKAMHU,
cneundHrUYecKy MOAABSAIOWIMMUA Pa3BUTUE OTHAEJIbHBIX IPynn MUKpO-
0oB.

Monudukaumeit MeTona CnyXuT 2ubpudu3ayua KoaoKui, npyu Ko-
TOPOiIi M3 THICAY KOJIOHMIi, BbIPOCILUMX HAa Yalllke, MOXHO BbISIBUTb
OfHY, crieuUPHUYEeCKH TMOpUANU3UPYIOLLYIOCA C BbIOpaHHBLIM T€HOM-
MapKepoM. MeToa no3BojsieT MOACYMUTATb YMCIO MUKPOOPraHM3MOB
HYXHOIo BMAa WIH ¢ Heobxomumoi (pyHKLMEH (B 3aBUCMMOCTH OT
NMPUMEHEHHOTO reHa Ui rMopuau3almMu) cpeay 60JblLIOro Konauye-
CTBa COMYTCTBYIOLLIEH MUKPOOHOTHI M3 MPUPOOHBIX NMpOO.

OnpeapeneHune MmkpobHon 6uomaccsi

U3MepeHne OMoMacchl NMPUMEHSIOT UTSl TIOACYETA yporcas MUKPO-
OpraHM3MoB, NMOHUMasi Noa GMOMacCcoi Cyxylo Maccy XHBOTO MaTepua-
Jia, BIpaXeHHYI0 B eAMHULAX Macchl (r/a). U3aMepeHne GMomacchl npu-
POOHBbIX MPO6 4YacTo He NMPUBOAMT K TOYHBIM pe3yJ/ibTaTaM BCJIEACTBHUE
6osiblIOro KonuyectBa Nob6o4yHbIx 3(PEPEeKTOB, CBSI3AHHBIX C OTOOPOM
npo6 v ux usmepeHueM. [Nosatomy Hanbosnee nNpueMIEMbIMH METONAMH
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ornpeneneHuss 6MomMaccbl B NMPUPOAHbIX 0Opa3lax sBJISIOTCSI METONBI,
CBSI3aHHbIE C OMpeaeieHHeM OMOXMMHUYECKHUX NMapaMeTpoB KiCTOK. st
TaKMX M3MEPEHMIT NPEanoaaraior, YTo KOJIMUYECTBO U3MEPSIEMOTO KOM-
MOHEHTA KJIETOK OJMHAKOBO [UIs1 BCEX BUIOB KJIETOK, YTO, KOHEYHO Xe€,
uaeaan3upoBaHo. [1oatoMy naMepeHusi GUOXMMHUYECKUX NapaMeTpoB OUO-
Macchbl HEOOXOMMMO 3KCTParoJIMpOBaTh C OCTOPOXHOCTHIO.

Haunbosnee nonynsipHbiM METOAOM M3MEpEeHUs] OMOMACCHI SIBJISIETCS
u3amepeHue codepxcanuna ATD v o6111ero conepxaHus aieHUHOBBIX HYK-
JIEOTUIOB C MOC/eAYIOLMM NMEPECUETOM Ha COAEpXaHUe yrjiepoaa Kiet-
KH WK Macchl CyXOro BellecTBa. Mero no3possiet ObICTPO M TOYHO (C
mouundepuH/noundepasHoil npoboit) uameputb cogepxanume AT® B
ob6pa3sue, npuueM KonuuectBo AT®D cTporo cooTBeTCTBYET GMOMacce
XUBbIX KJIE€TOK, TaK KaK Nnocjiae oTMUpaHusi KieTku nyn AT® B Heil
pe3KO CHMXAeTcsl Wi ucuyesaeT BoBce. O6LMiI Nyl aneHUNaToB (A, =
= ATO + AP + AM®D) He 3aBUCHT OT MeTabOJIMYECKOrO COCTOSIHUA
KJIETKH ¥ 6oJiee MOJIHO COOTBETCTBYET COEpPXKAaHUIO GHOMACChI B aHa-
JIM3UupyeMoi rnpobe.

ApyruM MeTOIOM SIBJISIETCSI U3MEPEHUE COOEPHCAHUA KOMNOHEHMO8
Ka1emoyHbIX cmeHoK (HarpuMmep, aueTWwiMypaMoBoi Kuciaotel (MK)
WM nunononucaxapuaos). [1pu oLieHKe comepXxaHUsi MypaMOBOit KMC-
JIOTHI €€ TMAPOJIM3YIOT [J1sl BLICBOOOXIEHMS JlaKTaTa, KOTOPbIi ornpe-
eS0T IH3UMATUYECKU. YCTaHOBJIEHO, YTO BCE rPaMIiONOXHUTEIbHbIE
6aktepuu comepxat 44 Mkr MK/mMr C kiieTKH, Toraa Kak iisi r[paMoT-
PULIATENbHBIX KJIETOK 3TO COOTHOLLEHHE paBHO 12 MKr/Mr. [Ins oLeH-
KM CONEpXaHUsI 2pubHoi GUOMACCHl UCTIONB3YIOT OmnpenejieHre KOH-
LEHTpallM¥ XUTHUHA, HO HAa TOYHOCTb METOMA BJIMSIET KOJIMYECTBO MO-
YBEHHbIX WIEHUCTOHOTMX U HACEKOMbIX.

ITpu oTcyTcTBUM B Npode pacTeHUit MOXHO onpenensaTb bmomMaccy
¢oToTpodHBIX BOLOpOCeil U OaKTepHil, U3MEPSISI KoAu¥ecmeo xa10po-
@uaaa. Ilo KoOHUEHTpaUUHU XIopoduia a CyasT O coaepXaHuu 6uo-
Macchbl BogopocJei U LiuaHoGakTepH1ii nocjie 3KCTpaKLUMK Mpodbl XJ10-
podOpM/METAHOLHOM CMECHIO C MOC/IENYIOLIMM U3MEPEHUEM TONJIO-
1eHUs1 npu 665 HM. [NornoleHne TOro Xe 3KCTpaKTa, U3MEPEHHOE
npu 850 HM, OymeTr oTpaxaTb KOJHYECTBO BCEX OAKTEpHOXJIOPOPHII-
JIOB, TAKUM 00pa3oM OLIEHMBAIOT KOJIMYECTBO NMypNypHbIX (poTOTpOGD-
Hbix O6akTepuii. ConepxaHue pa3IMyHbIX XJOpoGHUIUIOB MOXHO U3Me-
PATb U MO CrieKTpaM (JIyopecLIEHLIMH.

Konuyenmpayus JIHK B x1eTkax MUKpOOPraHM3MOB IOBOJILHO TMO-
CTOsSIHHA, MO3TOMY €€ OMpeaesieHUe TAKXKE MOXET CrocOOCTBOBATh M3-
MepeHM1I0 6Momacchl. B npupoaHbix o6pasuax, rae 4yBCTBUTEJIbHOCTb
metona onpeneneHusi JHK umeeT nepBocteneHHOe 3HauY€HUE, NMPU-
MEHSIOT NMpoObl C (yopeCUEHTHBIMU KpacKaMM, TAKMMH, KaK 3TH-
nuym 6pomun win Hoechst 33258 ¢ ucnonb3oBaHueM criekTpodiyo-
pometpun. [lepen MaMepeHHUeM HeEOOXOOMMO MPOBECTH TILLATEIbHYIO
ouucTKy ToTtanbHOM J1HK, a Takxe KOHTpOJIb Ha HaNn4YKe 3yKapuoTH-
yeckoit JJHK.
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Beaox onpenensitb JIerko, a 6akTrepuaibHble FreMOMPOTEMHBI HMEIOT
XapakTepHyio XeMuJloMuHecueHuuto. [1pu onpeneneHuun 6enka cie-
oyeT yoeautbesi, 4To (hOHOBbIE KOHLIEHTPALIMU O€/IKOB HE3HAYUTEb-
Hbl. [loCKONbKY pa3fiMyHble MUKPOOPraHU3Mbl COEpXaT pa3Hble KO-
JndectBa 6esika, onpeneseHrUe 3Toro KOMIMOHEHTa GMoMacchl LEeco-
0o0pa3Ho NpOBOAUTH B CUTyaUMsiX, KOraa B Npode NpucCyTCTBYET OOUH
BUJ MMUKpOOOB.

Hanuuue aunudoeé cnyXut XopolIMM MapKepoM IUisl onpeaesieHUsl
6Uomacchl, MOCKOJIbKY BCE KJIETKM OKpPYyXeHbl MeMOpaHamu, coaep-
xawmmu aunuabl. KonnyectBo aprocrepona B npode oTpaxaer couep-
XXaHue rpuboB, MOCKOJIbKY €ro MpPakTUYECKU HE CONEpXaT HU pacTe-
HUSI, HU apxeu ¢ 6aktepussMu. OnpenesieHWe KOHLEHTPALIMK U COCTa-
Ba METUJIOBBIX 3(HUPOB XHUPHbIX KUCIOT (ochoamnuaos no3BosieT
Hapsiay ¢ OLEHKOM o0Leil bMoMacchl HAUTH KOHLIEHTPAUMIO TOM WU
WHOWM Ipynibl MUKPOOPraHM3MOB B 0Opa3slc, B3ITOM M3 MPUPOAHBIX
HMLL.

Dusuosrozuneckue memoodw: onpejeneHnsi GUOMAcChl OCHOBaHbI Ha
HU3MEPEHMH AbIXxaHUs Npobbl nocse nobasneHuss cybcTpaTta UM Ha U3-
MepeHun KonuuectBa CO,, BbIIEIMBILErOCs B pe3yibTaTe pa3jioxe-
HUSI MUKpPOOHO# OMoMacchl nociie CTepUIM3aLMu Npodbl Npu 106aB-
JneHuu xnopodopma. O6a MeTona TpeOyIOT NPOBEACHMUSI MHOTOYMCIIEH-
HbIX MMPOBEPOK.

KonuuectBeHHan oueHka meTtabonuama
MUKPOOPraHu3mMosB

[MocnenHue NOCTUXEHUsI B aHATUTUUYCCKOW METONOJIOTMHU MO3BO-
JII0T U3MEPATb METabONUUECKYI0O AKTUBHOCTb MUKPOOPraHM3MOB B X
MPUPOIHBIX IKOJIOTMYECKUX HULLAX, OIHAKO MPH MOCTAHOBKE OMNbITOB
CJIeAYET YUYMTHIBATbL BOZMOXHbBIE BO3MYLLEHUSI MUKPOOKPYXEHMS KJle-
TOK MPH BBEICHUU U3MeEPAIOLIMX 00beKTOB. Tak, MpocToe orpaHutuc-
HME MMKPOHMILUM CTEHKAMHU MOXCT BbI3BaTb MPUCTEHOUHbII 3¢ deKT,
a oto0p Npob M3 OrpaHUYEHHOIO MPOCTPAHCTBA — HAPYLUUTb ra30Bblii
GasaHc (coaepxaHue kKuciaopona). Bce 3To NpMBOAMT K CHUXEHHUIO
TOYHOCTU M BOCIMPOU3BOAMMOCTHU Pe3yJIbTATOB U3MEPEHHUIA.

OnpeneneHue cemepompoghHoeo nomeryuasa NAHHON SKOHHUILIU Be-
OYT NpU U3YyYeHUH BKJIIOYEHMSI PAIHOAKTUBHON MeTKH (00bIuHO '*C)
M3 BBEIEHHbIX B 00pa3ell MEUEHbIX reTepoTpodHbIX CYyOCTPAaTOB. DTOT
noaxon NMpearosaraeT, YTo cyocTpat U3 cpeabl NoTpedasieTcs, Noaum-
HSSICb KUHETUKE peakUMil MepBOro rnopsaka, U YTo CKOpoOCTb MOrJo-
LLIEHUS PaCTCT C YBEJIMYEHUEM KOHLIEHTPaLUMM CyOCTpaTa 00 JOCTHUXE-
HUSI MAKCUMaTbHOI (Vy,,,,). DTO 3HaY€HHE MOXHO MOACYUTATD, MOJIb3Y-
sICb ypaBHEHHEM Muxaanuca— MeHTeH ¥ NOCTpouB rpadmk 3aBUCH-
MOCTH CKOPOCTH [OIJIOLLIEHUs CYOCTpaTa OT ero KOHLIEHTpaUuMHu B KOop-
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nuHarax JlaitnyuBepa — bepka. HaxoxaeHue ckopocTeid aKkTUBHOCTH
MHUKPOOPraHM3MOB 3TUM METOJIOM OrpaHMYE€HO HabopOM CyOCTpaToB,
MCMONb3yeMbIM JaHHBIM C0061LeCTBOM. OOBIYHO NMPH OMNpeeSIeHUH re-
TepOTpO(dHOro NMOTeHLMaIa MECTOOOMTaHUSI UCMOJIB3YIOT aleTaT, NIlo-
KO3y U Apyrye yrjaeBoibl, riyraMar M Apyrue aMMHOKHUCJIOTbI WIH CMeCb
MEUYEHbIX MPOAYKTOB (POTOCHHTE3A, 0Opa3yeMbix M10C/ie MHKYOALUH BO-
nopocJeit Ha csety ¢ 'CO,.

[Mpn oueHke MeTabOJHUYECKUX aKTUBHOCTEH MonyjsiuMii omnpene-
JISI0T TaKXe npoyeHm ObixaHus, NOACYUTHIBAEMBIN KaK OTHOLLEHHUE
cyMMbl BKJII0YeHHOTo “C u Boiaenusiuerocs YCO, K BbieMBLIEMYCS
14CO,, BbipaxenHoe B npoueHTax. [1poUEHT AbIXaHUsi — NOKas3aTellb
KOJIUYECTBA 3HEPrUH, 3aTpauvMBaeMoOii MONyasiLveil Ha nomaepxaHue
YCTOMYMBOCTH CHCTEMbI, MPUYEM YEM BbILLI€ MPOLEHT AbIXaHUSI, TEM
6osblle METAOOTMUECKON IHEPTUU TPATUTCS Ha NOAJEPXaHUE XU3HE-
CNOCOOHOCTH.

U3mepeHne ckopocmu mukpob6Hoi npodyKkiyuu OOBIYHO MPOBOASIT C
UCIOJIb30BAHMEM MeYeHOro TputeM TumuavHa {[*H]-Ta}, KoTopbiii
BKJIloyaetcsi HerocpeacTeeHHO B /IHK npu 6mocuHTE3e M oTpaxaer
CKOPOCTb pOCTa MUKPOOPraHU3MOB B MONYJISILIMYA WIK NPUPOCTa GUO-
maccol. [Mockonbky [*H]-Ta Biouaetcs amiub B 6akrepuanibHyio JIHK,
3TOT METO/ OKa3aJIiCsA YpE3BbIYAMHO yIOOHBIM U1l aHAIU3a CKOPOCTEMN
pOCTa BOAHbIX OaKTepHabHBIX nonynsiuuii. [IpumMeHeHne 3TOrO METO-
a B MOYBE CBAI3aHO C HEKOTOPbIMU 3KCMEPUMEHTAIbHBIMU TPYAHO-
cramu. [*H]-Ta copbupyeTcss ryMHHOBBIMM BELIECTBAMM, HaXOAALLM-
MUCS B MOYBE B OOJIbLIMX KOJIMYECTBAX, @ TaKXe Ha MHUHEPaIbHBIX
BELLECTBAX NIMHUCTBIX COEMHEHUI1 U HEKOTOPBIX OKCHIIOB, a MOYBEH-
Hyilo JIHK tpynHo 3kcTparupoBarb.

Ckopocmb gpomocunmesa VW3MepPSIIOT OObIYHO B BOAHBIX 0Opa3Lax B
CBETJILIX M TEMHBIX CKJISIHKax ¢ BBeAeHHOM nopuueii '“CO,. O6pasubt
MHKYOMPYIOT B TEU€HHUE HECKOJIbLKMX YacCOB WJIM BCEro CBETOBOTrO Ie-
pyoaa in situ v OnpeaensitoT CKOPOCTb BKIIIOYEHUSA MEYEHOM yIIIEKUC-
JIOTbl (OOBIYHO B TeYyeHHe NepBbix | —2 4 UHKYOALIMH), YTO OTpaxaeT
cKopocTh (hOTOCHHTE3A, M 0DLIee BKIIOYEHHOE KonnyecTso “CO, (3a
6osiee QIUTENBHBIA MEPUON), YTO COOTBETCTBYET YMCTOM NMPOAYKLMH
doTocuHTe3a (T.€. pa3HULIE MEXIY KOJMYECTBOM BKJIoueHHoro “CO,
U KOJIMYECTBOM OPraHMYeCcKOro BELIECTBa, MUHEPAJIM3OBAHHOIO 10
14CO, B pesynbTaTe AbIXaHUS).

Ckopocmb ObixaHus ONpEAENsiioT, U3MEPsIsi CKOPOCTH BbiaeJIeHHs
14CO, u3 opraHnMyecknx Cy6CTpPaToOB, YTO OTPAXAET CKOPOCTh MMHEpPa-
JIN3alMM OPraHMYECKOro BELLUECTBA JAHHOW 3KOJIOTMYECKOW HUILLH.
CylLecTByIOT TaKXe METONbl HEPAAMOAKTUBHOIO OMNpEAEIEHUs] MeTa-
0011MYECKO aKTUBHOCTH, NMPH KOTOPbIX U3MEPSIIOT CKOPOCTb JbIXaHUsl
NnpooObl, B35ITOM M3 JAHHOTO MECTA, C MOMOLIbIO 3aKPBLITOTO KHMCJIO-
poaHoro anekTpona tuna Knapka win wamepeHusi obpasosauusi CO,
B MMOCTOSIHHO a3pUpyeMoii Nnpobe, Kyaa BHECEH CyOCTpaT AbixaHus. JLis
IUTUTENIbHBIX 3KCMNEPUMEHTOB MO YyJaBjiMBaHUIO oOpasywouieiicas CO,
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pa3paboTaHbl repMETUYHbIE KOJIObI C IBYMSI COOOLIAIOLLIMMMUCS OTCE-
KaMM, B OJHOM M3 KOTOPbIX MPOMCXOAUT XMMHUYECKOE MOTpedsieHHue
obpasyeMoit CO, KOHLIEHTPMPOBAHHBIM PAaCTBOPOM LLEJIOYH, a B APY-
Tyl0 NMOMELAIOT UCCeayeMblii obpa3seL.

OnpeneneHne akmueHocmu cneyuguueckux gepmeHmos Takxe OT-
pa)xkaeT METabOoJIMYECKHUIA NMOTEHLIMA MUKPOOHOM NOomnyasiliMyu JaHHOM
9IKOJIOTMYECKOM HUIK. OnHAa 4YacTb TaAKUX aKTUBHOCTEM OTpaxaeT 3H-
3UMaTHYECKUA MOTEHLIMAT BCEro COOOLIEeCTBA (AKTUBHOCTH CyMMap-
HbIX JeruaporeHas, acrepas, ¢ocdaras), apyras (LesUilona3Hasi, Xu-
TUHA3Hasi, HUTPOreHa3Hasi, NIeHUTpUPHULIMpYIOLLasi) — TOJBKO Cre-
uMPHUYECKOit YacTU cooOblLIeCTBa, MO3BOJIsisl, OAHAKO, OLIEHUTDb TOT UJIH
HHOI1 ero noteHuunan. PepMeHTbl MUKPOOPraHU3MOB, BKJIIOYEHHBIX B
OHMOTreOXMMHUYECKHUI LIMKJT 3JIEMEHTOB, BAXHbI ISl U3yYEeHUs1 MUKPOO-
HbIMM 3KojioraMu. OcoO6eHHO BaXHbl ()epPMEHTDI, BOBJIEYEHHbIE B LIMKJI
yriepoia M a3oTta, Tak KaK OHM MO3BOJISIIOT OLIEHWUTb YCTOWYUBOCTb
COOOILECTB U 3KOCUCTEM M MX MOTEHLIMAI B OTHOLUEHUM MHUHEPAIN3a-
LIMK opraHuyeckoro Beulectsa. [1pu onpeneneHnu pepMeHTaTUBHOTO
MOTEHUHUAIA MOMYJSIUMA, HApsily C MEPEYUCIEHHBIM, U3MEPSIOT aK-
TUBHOCTHM JIMMNA3, Le/ona3, nporea3, amMmunas. [1pu usmepenunn cep-
MEHTATUBHBIX aKTUBHOCTEM in situ BaAXHO HE HapyluaTb MUKPOOKPY-
XEHHUE NTaHHOIM HUILM U CIeAUTh 3a TeMnepartypoi, pH, Bl1aXHocTblo,
Eh, a nepyonb MHKyOaLuu (M3MepeHUit) JOJIKHBI ObITh 1OCTAaTOYHO
KOPOTKMMH, 4TOObI 33 3TO BpEMsi KOJMYECTBO MMKPOpPraHM3MOB HeE
MOTIJIO 3HAYHUTESbHO U3MEHMUTHCS.

NleHeTnueckmn moandPuuupoBaHHbIe
Mukpooprainamsel (FEMOM) n ux nHTpoaykums
B NPUPOAHBIE LLeHO3bl

[Tpo6aemMsbl, BO3HUKAIOLIME TMPU HEKOHTPOJUPYEMOM BHECEHHMH
FTEMOM B okpyxaroliyio cpeay, Bbi3BaIM LIMPOKHE NebGaThl B Hayuy-
HOM COOOLLECTBE C TIPUBJIEYEHHEM TPABUTENILCTBEHHbIX CTPYKTYp Y
obuiecTBeHHOCTH. [lepMoanyecky OHM BO3HHKAIOT BHOBb 10CJIE MOSIB-
JIEHUs1 COODILLEHUI1 O KaKOM-JIM0O JOCTUXEHUHU TE€HHON MHXEHEPHUM
MJIM HOBBIX yCcriexax B KJIOHUPOBAaHMH XUBOTHBIX M YeJloBeKa. 3HAUM-
TEJIbHOE MECTO B 3THX CIOpax OTBOJAMTCSI OTBETY Ha BOMPOC: KaK A0Jro
FEMOM wu ux JHK 6yayT cyuiectBoBaTh B OKpyXalolleil npupone u
cMoryT Ju MoauduumpoBaHHblie reHbl o TEMOM ObiTh nepeaaHsl
abopureHHbIM MHKpoopraHuamam? IlepBoHayajibHble 3KCMEPUMEHTHI
noka3sanu, 4to FTEMOM 6bICTPO OTMHUPAIOT MPH BHECEHUHU B NMPUPOI-
Hble LIEHO3bl, MOCKOJIbKY He CIIOCOOHbI KOHKYPHPOBATh C CYLLECTBYIO-
UMMM coobliiecTBaMH MUKpoopraHu3MoB. [lpeanonaranocs, 4yTo 4y-
xeponHass JJHK, BHecenHas B TEMOM, cHuXaeT KOHKYpEHTOCHO-
COOHOCTb XMBBIX KJIETOK [0 CPaBHEHMIO C HEU3MEHEHHBIMH KJIETKaMHM
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BCJICACTBUE OOJIbILIMX IHEPreTHYECKMX 3aTpaT Ha peruimkauuvio [THK.
3TO MPEANoSIOXEHUE ObIIO MOATBEPXACHO MPU M3YYEHHM BbIXHBA-
Husi B nouse 'EMOM Pseudomonas sp. ¢ BBeI€HHOI IMJa3MHIOM,
Hecyulei reHbl pacllernieH1si MOLHOro repouunaa, 2,4,5-Tpuxiaop-
¢enHokcuauerata. Knetku FTEMOM-nceBnoMoHan GbICTpO Mcue3anu
M3 NMOYBEHHOro obpa3ua M Yyepe3 HECKOJIbKO AHEeiH He OOHapyXuBa-
JIUCh MPH NPAMBIX BbiCEBaX Ha cpelbl. OnNHAKO CIyCTs HECKOJIbKO He-
nenb TEMOM-nceBioMoHaabl BHOBbL MOXHO ObLJIO 0GHApYXHUTb B 00-
pa3ue, YTO CBMIAETEJNbCTBYET O TOM, YTO OHM MOJIHOCTbIO HE BbIMH-
panu. Pe3ynbTaThl 3TUX U MOCHENYIOLIUX IKCIIEPUMEHTOB MOKa3ajHu,
4TO MOAMGULMPOBAHHBIE TICCBIOMOHAAbl MOTYT XWTh B MOYBE B TE-
YEHHUE IJIMTENBLHOrO BpeMeHH. [lpyrue HaboneHUs JOKa3alH Cylle-
crBoBaHHe TEMOM B noyBeHHBbIX U BOAHBIX 3KOCUCTEMAX B COCTOSI-
Hun HOB.

IMpeanonaraercs, yro JHK meptBbix kietok TEMOM npu no-
najgaHuH B JIl0O0i1 6MoLEeHO03 ObICTpO noaBeprHetcsi ruapoausy JIHKa-
3aMH MOYBBI WM BOAHBIX 3KocucTeM. [MoatoMy naxe ecim FTEMOM
BbIXXHWBYT, TO OHH He cMoryT nerko nepeaats JHK npu tpaHchop-
MauuH ApyruM Kjetkam. CrieuuajibHble UCCEN0BaHHUsl, ONHAKO, MO-
kasanu, uto JJHK, ancopbupoBaHHass Ha yacTHLIAX MOYBEHHOM M-
Hbl, ycToiumnBa K aeiicteuio JJHKa3 u MoxeT cyliecTtBoBaTh B TAKOM
«MMMOOMJIM30BAaHHOM» BHAE AOCTAaTOYHO AOJITO, a 3aT€M ObITh BOB-
JieyeHa B mnpouecc TpaHchopMauMu. [eHbl B MOYBEHHbIX U BOAHBIX
3KOCUCTEMAX MOTYT ObITb TaKXe€ MepeHEeCEHbl B pe3yjibTaTe TpaHC-
nykuuu. INpuBeaeM npuMep, noaTeepxaarouiuMit 3tro. Yepes roa noc-
Jie BBeleHHs1 B BOAHYIO 3KOCUCTeMY cnieun¢puyeckoro wramma Pseudo-
monas sp. B13 B cucteMe 06HapyXXwin BUIbI, pacllernisiiolue 3-xjiop-
6eH3on (3-XB), KoTopbie HUKOrAa He BbIAEISJIUCH U3 3TOH IKOHU-
K oo BBedeHUs Tyna witamMma Bl3. Bonee Toro, B reHoMe HOBOTO
130JisiTa OOHApYXEHbI NMOCAE€A0BATEbHOCTH, MPUHALIEXKALLMWE LLITAM-
My B13, nocne yero OblJ10O BHICKA3aHO MPEANOJIOXKECHUE O TOM, UTO
HOBBII LITaMM BO3HHUK B pe3yJibTaTe OOMeHa 4YacTbi0 FTEHOMa MEXIy
abopureHHoi GakTepueil U BHeCEHHbIM WITaMMoM B13, He cnoco6-
HbiM yTHIn3upoBatb 3-Xb. Takum 06pa3om, rnepeHoOC reHHOro Mare-
pyana B NPUPOAHbIX HMULIAX BO3MOXEH B T€UEHHUE 3HAYMUTEJIbLHOIO
BPEMEHHU MOCJie BBEACHHUS YYXEPOIAHBIX F€HOB, U CJIENICTBUEM 3TOrO
MOXET ObITb UBMEHEHHE MYyJ1a FeHOB MUKPOOMOTHI TaHHOH 3KOCHUCTe-
Mbl, YTO OTpa3uTCsi Ha OMOpa3HOOOpa3uM U CTAOMIBLHOCTH JAHHOrO
coobulecTsa.

CoBpeMeHHbIe METOIbI MO3BOJISAIOT aMILTMGULIMpoBaTh yyacTok JHK
M3 KJIETOK OAHOW KOJIOHMM C NMPUMEHEHHEM MNapbl YHHUBEPCAIbHbIX
npaiiMepoB W ONpeaenuThb NOoCeA0BaTeIbHOCTh BapHabeIbHOrO yyac-
TKa reHoMma, koaupyioiero red 16S pPHK. Dtoro GbiBaeT aoctatoy-
HO, YTOObI, CPABHUBAsi C U3BECTHBIMHU MOCJIE0OBATEILHOCTSMHU U3 re-
HOMHOro 6aHka, WIeHTU(PULUUPOBAaTL MUKPOOPraHU3M 10 pola WU
naxe BUAA.
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Ponb MUKPOOPraHu3moB B NPUPOAHDbIX
MecTooOuTaHunax

MHEKpoOpranu3mMbl KaK YacThb 3KOCHCTEMBbI. B NpUpoOaHbIX ycloBUsIX
MHUKPOOPraHU3Mbl HUKOIa HE CYLIECTBYIOT B BHUIE YMCTbIX KYJIbTYP.
JlaboparopHble IITaMMbl — 3TO CKOpee «OIOMAalllHEHHbIe» (POPMbl,
CYILIECTBYIOLIIME B HCKYCCTBEHHBIX YCJIOBHSIX «300Mapka». B nMkoM Buae
MUKPOOPraHU3Mbl PaCTyT B CMELUAHHbBIX KYJbTYPax, sIBJSISICb NPU 3TOM
elle 1 4acTblo OoJjiee KPYNMHOro COOOLIECTBA, BKJIIOYAIOLIEr0 OpraHm3-
MbI IpYTMX CUCTeMaTH4YecKuX rpynn. Utak, MUKpoopraHusMbl — 3TO
CYLLIECTBEHHAs YaCTb KaX/10i 3KOCUCTEMBI. JKocucmemoll Ha3bIBacTCs
COBOKYITHOCTb OPraHHU3MOB U UX (PM3UUYECKOTO U XMMHUYECKOTO OKpY-
XeHMsI, (PYHKLMOHMpYIOLLAsi KaK 3KoJoruueckasi eamHuua. Jlobas
3KOCHCTEMA COAEPXHUT MUKPOOPraHM3Mbl, BbIMOJHSIIOLLXE 1BE OCHOB-
Hble GYHKUHMHU: 1) CHHTE3 HOBOro opraHuyeckoro Beuiectsa U3 CO, u
IPYriX HEOpraHMYeCKHX COEAMHEHHUil B MpoLecce NMepBUUHON Mpo-
NYKLMHU U 2) pa3pyllieHHe 3TOro akKyMyJIMpOBAHHOIO OPraHHUUYECKOro
MaTepuaia. B HacTosilliee BpeMsi MPU3HAHO, YTO MUKPOOPTraHU3Mbl —
3TO npeobJiagaroluii XUBOi MaTtepyan 3eMau. DKojloruyeckasi posib
MUKpPOOPraHU3MOB COCTOUT B TOM, UTO OHU MOTYT OYHKLIMOHUPOBATh
Ha BCEX YPOBHSAX KOCHCTEMbI: PUKCUPOBATD YIjepoa Kak MepBUUHbIC
NPOAYLEHTHI, UCIMOJIb3Yysl IHEPrUI0 CBETA U XUMHUUECKHUX CBSI3Cil; SIB-
JISITbCS [JIABHBIMM PEAYyLIECHTAMHA OPraHUYECKOro BCILECTBA; ObITH Mep-
BUUYHBIMM KOHCYMEHTAMM, KaK HEKOTOpbIC MPOCTEMIIINE, UCTTONb3YIO-
uire 6aktepuu U rpubbl B nuity. Ecim B Ha3eMHbIX MECTOOOMTAHHUSIX
NEPBUYHBIMU TPOAYLIEHTAMHU OOBIYHO SIBJISIIOTCSI BBICILIME pACTEHMSI,
TO B MPECHBIX U MOPCKHMX BOIOCMAaX — 3TO B OCHOBHOM LIMAHODAKTC-
PHH ¥ BOIOPOCH. 31eCh HCTOUHHUKOM 3HEPrUM cNyXUT cBeT. ONHaKo B
MECTOOOMTAHUSIX, Kyda CBET He JOXOAUT (HanmpuMep, ryOUHbI OKea-
HOB), MEPBUYHAs NPOAYKLIMS MOXET ObITb OCHOBAHAa HA XEMOJIMTOAB-
TOTPOOHU ()KM3Hb BOKPYT «YEPHbIX KYPWIbLLIMKOB»). OCHOBHbIC Mep-
BHYHbIE MPOAYLIEHTHI 31€Ch SBISAIOTCS NPEACTABUTCASIMUA poloB Thio-
bacillus, Thiomicrospira, Thiothrix, Beggiatoa.

DyHKIMH MHKPOOPraHM3MOB B mpHpoae. MMKpOOPraHu3Mbl siBJIsi-
I0TCSI UICTOYHUKOM MUK IS MHOTMX APYrMX OpPraHM3MoOB, TaK Kak
MHUKpOOHasl KJIeTKa CONEPXMT B cpeaHeM, % mno Macce: yriepoaa —
50, azota — 14 u ¢pochopa — 3 M apyrue 3J1CMEHTHI.

OCHOBHBIMH (PYHKLIMSIMM MMUKPOOPraHM3MOB B IPUPOAHBIX MECTO-
0oOUTaHMSIX SIBJISIIOTCS Clieayloiue:

B MMHepaiau3auus, T.€. pa3pylleHue, OpraHMYeCKMX CybocTpaToB
no COz, NH;, H,, CH,, H,0;

® [10CTaBKa MUTATEJbHbIX BELIECTB (B BUAE METabOJIMTOB, NOaUCa-
XapuaoB) IJisl APYTMX XEMOTeTepoTPOGHLIX MUKPOOPraHU3MOB;

® obecneyeHHe NMUTAHUS IS MTPOCTEMLLIMX, HEMATOM, MOYBEHHbIX
HaCEKOMbIX, T.€. y4aCTHE B MUIIEBLIX LIEMSX;
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B MOAMPHUKALMSA CJIOXHBIX COENMHEHUN, CTAHOBSILLMXCS NOCTYI-
HbIMHM LISl APYTUX OPraHU3MOB,

B MepeBol COeNMHEHHWI B paCTBOPUMYIO MJIM ra3oodpasHyto ¢op-
My. 9TO NPOUCXOAUT JMOO HEMOCPEACTBEHO HAa MeTabOJIMYECKHUX My-
TSX, MO0 OMNocpenoBaHHO, 32 CYET UBMEHEHU XMMUYECKHUX U DU3U-
yeckux (HakToOpoB cpeabl Mo BO3NEHCTBUEM MHUKPOOPraHU3MOB (Ha-
MpUMeED, BblIeJIEHWE OOJIbLLIOrO KOJMWYECTBA KUCIOT);

B BblAeJIeHUE COeMHEHHUIA, NONaBJsIOLIMX aKTUBHOCTb IPYTHUX MU-
KPOOPraHM3MOB MM OrpaHUYMBAIOLLIMX BbIXXKMBaHUE U QYHKLIMOHUPO-
BaHWE PacTEHU U XMBOTHBIX (HanpuMmep, 6aKTEPUOLIMHOB, aHTUOU-
OTHUKOB, TOKCHUHOB).

MukpoopraHu3ambl CyLIECTBYIOT B NPUPONAE KaK B BUAE NONyaayul
OpraHM3MOB OHOTO TuMa, o6pa3ysi MUKPOKOJIOHMH, pacTylli1e B JIO-
KJIM30BaHHOM CaiiTe, TaK U B BUIE coobujecma, rae pa3iMuHble THIIbI
nonyjasilMii B3aMMOACICTBYIOT MEXIy COOOM.

MukpoOuble MecTooOuTanus. Mecta 0OMTaHHUSI MUKPOOPraHM3MOB
MMEIOT CJIOXHbIN U MOCTOSIHHO MEHSIIOLIMICS XapaKTep U 3aBUCAT OT
2paoueHmoeé NUTATEbHbIX BELIECTB, TOKCUYECKHUX COECAMHEHUIN U JU-
MUTHUpYIOLLKX (PakTOopoB (Temnepatypa, pH, cBeT, akTHUBHOCTb BOIbI
v T.1.). [TodTOMYy Jron02uMeckux Huw st MUKPOOPraHM3MOB GeCcKo-
HEYHOE MHOXECTBO, HO MMEHHO COYETAHHUC BbIlLIENEPEYUCIEHHDBIX
¢(bakTOpOB OMnpenessieT 3KOJOTHYECKYIO HULLY ISl KOHKPETHOINO MHUK-
poopraHu3ma. Ee Ha3bIBaIOT TAKXE nepeuxHol 3K0n02u4eckoi Huweu. [1ns
TOYHOM XapaKTEPUCTUKU MECTOOOUTAHHUSI MUKPOOPraHU3Ma HYXXHO y4H-
TbIBaTh €r0 MUKPOOKpYHCeHue. MHOIMe crnieiMaan3upoBaHHbIE TPYIIbI
MMKPOOPraHM3MOB CYLUECTBYIOT B TAKMX YCJIOBUSIX MUKPOOKPYXEHHUS,
YTO UCMBITBIBAIOT MUHUMAIbHYIO KOHKYPEHLIMIO CO CTOPOHbI IPYrMX
MUKpoopraiuamoB. Hanpumep, Helicobacter pylori, obutaolumii B xe-
JIyNOYHO-KHIIIEUHOM TPaKTe Ye/OBEKa M BbI3bIBAIOLLIMII 0Opa3oBaHue
SI3B XCJYAKa, KHIIEYHMUKA, MOYEBOH CUCTEMBI, LISl 3ALLUMTBI OT XeJy-
JIOMHOTO COKa oOpa3yeT 00/blIOE KOJIMYECTBO Ypeasbl, KOTopasi pa3-
JlaraeT MOUY€BHUHY U 00pa3yeT aMMOHMIA. «YXOAUTb» OT J€NCTBUSA UM-
MYHHOH CHUCTEMBbI €My MOMOTraIOT JIMIMOMNOJKUCcaxapuibl, obaanamoime
BapHabe/IbHOCTHIO U «MOJIEKYJISIP-
HOM MUMHKPHCI».

Ilpumepom TOro, uTo Aaxe B
MaJIOM MECTOOOUTaHUU MOTYT ObIThb
pa3Hble 30HBI, CNyXUT puc. 160,
MOKa3blBAOLLMI pacnpeneseHue
KHCI0poda B KOMOYKE XOpOLLO
aspupyeMoii nousbl. KoMouek no-
4YBbI AMAMETPOM 12 MM COOEPXMT
30HY MOJIHOrO aHa’pobuo3a aua- 6
MeTpoM okoJio 6 MM. B 3ToM aHas-

MM s% N,

i 9,
e - 1% 0,

s L 60,

W O W
-
E]
1

21 % 0,

30 3 6 wm

pOOGHOM MECTOOOMTAHUMU yXE MO-
YT CyWECTBOBAaTb aHa’3poOHbIE

Puc. 160. Pacnpenenexue kucnopona B
KOMOYKE XOPOLLIO a3pUPYEMON MOYBbI
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MKM  Pyc. 161. [lonepeyHblii pa3pe3 KoJo-
/\ 200 Huw Bacillus cereus, pacTylieii Ha no-
; /O—A\ LN BEPXHOCTH a3pOOHOr0 NMUTATEILHOrO

Y arapa. Ludpsi (B %), nokassiBaoLme
KOHLIEHTPALMIO KMCJIOpONa B Pa3HbIX
4acTsAX KOJIOHUM U B TOJILLE arapa nou

KONIOHUEMK, U3MepeHbl C MOMOLILbIO
KHCJIOPOAHOIo MUKpO3JIEKTpOoaa

11600
> 1800

MUKPOOPraHU3Mbl. Jlaxe poCcT OTAe/IbHbIX KJIETOK B KOJIOHWH 0BYCJIOB-
JIEH MX Pa3HbIM MOJIOXEHUEM MO OTHOLLIEHHUIO K pa3jituyHbIM (hakTo-
pam (puc. 161). HanpuMep, BHYTpU U HEMOCPEACTBEHHO MOA KOJIOHU-
et dopMupyeTcst aHa3poOHast 30Ha, Aaxe Koraa KonoHuu Bacillus cereus
pacTyT Ha MOBEPXHOCTH MUTATEJILHOTO arapa B a3pOOHBIX YCJIOBHUSIX.

MuKpoopraH13mMbl NPEANOYHTAIOT PaCTH B MPUKPEINIEHHOM COCTO-
SIHUH, TaK KaK Ha rpaHuie pa3aena ¢a3 KOHLUEHTpaLUs BEILECTB OObIY-
HO BbillIe M3-3a UX aacopouun. Ha 3ToM ocHOBaH MeTON MCIOIbL30Ba-
HUSI cmekoa obpacmarus 1o X0JIOAHOMY: NMPEeAMETHbIE CTEKJIa MOKPbI-
BAIOT CJIOEM MNUTATEIBLHOIO arapa ¥ NMOMELLAIOT B MOYBY, a 3aTEM KO-
JIMYECTBEHHO HabsonaloT 3a pa3BUTHEM MHUKpoOpraHusmos. [lo tem
X€ NMPUYMHAM MHUKPOOPTaHHU3Mbl YAacTO 00pa3yloT OuonIeHKuU.

BaaumopnencreBua MUKPOOPraHn3mMoB C ApPYyrumMm
opraHuamamm

B3auMOOTHOIIEHHS: MHKPOOPraHH3MOB Jpyr ¢ apyrom. Cienyet ot-
METUTb, YTO B NMPUPOJE MUKPOOPraHU3Mbl, KaK MpPaBWJIO, HAXOMSTCsI
HE B ONTUMAJIbHBIX YCJIOBMSIX (pecypcel MOCTYNaOT MELJIEHHO) U pac-
TYT NpUOAU3NTENbHO Ha | % oT cBOMX Bo3MoxHocTei. C npyroii ctopo-
Hbl, MUKPOOPraHM3Mbl B3aMMOEICTBYIOT MeXy c000il. B HeKoTOpbIX
CJlyyasix CKJIaAbIBAIOTCS KOHKYPEHNHble 63aUMOOMHOUWEHUs, U TOT1a MUK-
pPOOpraH13Mbl CIOCOOHBI BbIpabaThiBaTh BELLIECTBA U151 MOAABIECHHUS] KOH-
KYPEHTHOH MMKpPOOHOTHI (0OCOOEHHO B MOYBax) — aHTUOMOTUKH, TOK-
CHUHBI UM MeHee crneun¢puyHble M HecnieurMdHUyHble BeLlecTBa (Cnup-
Tbl, KUCJIOThI, LLIEJIOYM M T.4.). Pexe B npupone BcTpeuaoTcsi omHoue-
Hus Koonepayuu Mexay MMKpoopraHuaMamu. OObIYHO GOJIBLLIMHCTBO
a3pOOHBIX MMKPOOPraHM3MOB MOTYT PacCLLEIUIsITL CYyOCTpaT CaMOCTOsI -
TenbHO. Pakysbmamuenas Koonepayus MOXET BO3HUKATh B CJ/lyyae Ha-
KOIUIEHUs1 KaKOro-HUOy b npoaykta. B aHa3po6GHBIX yCJIOBHSIX KOOTE-
paums bonee obaueamna. B TakoM coodliiecTBe MUKPOOPraHU3MOB BO3-
HUKAIOT MPOYHbIE MpoguyecKue 613U N 4YaCTO CyOCTPAT MOXET ObITb
pacuiernyieH A0 MPOCTHIX BELLECTB UMEHHO TPYMMoil MUKPOOPraHM3-
MOB, a HE OTAC/JbHbIMU €€ WieHaMH, KOTOPbI€ B BHIE YUCTBIX KYJbTYp
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3TOT CyOCTpaT BOOOLIE HE MOTYT MCMOJIb30BaTh M3-3a 3HEPreTHYECKHUX
6apbepoB. [IpMep TeCHBbIX CBsi3eil — aHa3poOHOE COOOLIECTBO, pa3-
Jlaraoliiee NMoJIMMepHbie MoJIEKYJbI (puc. 162), B YaCTHOCTH, MUKpoOu-
oma pybuya. IlonvmMepbl paclIETUIAIOTCS BHEKIETOYHBIMU (pepMEHTAMHU
6ponuyibLIMKOB / cTagum (OYEHb YacTo 310 Kioctpuaun). Ha Il ctanuu
OpoaMIbILIMKY — 00auraTHbie BocctaHoBuTenu HY — 06b14HO npoBo-
ST SHA3PTOHUYECKHE peaKLUMU, UCTIONb3Yysl XHUPHblE KUCIOTbI C 00-
Jiee yeM OByMsl aTOMaMM yrjiepoia U CIUPTHI C OoJbllie YeM OOHUM
aToMOM yrjepoaa, ¢ oopa3oBaHueM auerata U H,. Takue peakuuu
TpeOyloT obsi3atensHo orBona H,. [Ipy MeTaHOreHHOM pacuierieHuu
3Ty OlepaluIo OCYLLECTBSIOT MeTaHOoreHbl. PaclienneHue naet B Tpu
craauu (cM. puc. 162). Ipu cynbdarzaBUCHMOM pacuUIErIEHHU MONH-
MEpOB CXeMa ICHCTBYET KaK AByXCTaAUHasi — OpOAWIBLIMKHY + CYJIb-
¢uIoreHbl.

[Tpu BOpoce GONBLIOTO KOJIMYECTBA OPraHUYECKOro BELLECTBA B
aHa’poOHYI0 METAHOTEHHYIO CUCTEMY BCJIEACTBHE ObICTPOro oopa3o-
BaHus Kucinot pH cHuxaercst 10 6,0 1 MeHee U MeTaHOTeHbI «BBIKJTIO-
yaiotcsi». [TpoucxoanT pazbaiaHCHUPOBKA CUCTEMbI, YTO NMPUBOAMT K
alMA03y y XBaYHbIX XXMBOTHBIX.

[Monnmepni

-—
~
~

MoHoMmepsi
4
I
XKupHbie KUCIOTHI (CYKLIMHAT,
JnakTart, 6yTupar u Ap.), CIUpThI

4

1

H,, CO,,

CH;-R

1y

Puc. 162. AHaspoGHasi TpodHuecKas Lernb pasioXeHUs! MOJIMMEPHBIX COeaM-
Heuwit (I — 111 — ctaguu npouecca). Fpynnbl MUKpOOpraHu3MoB, y4acTBY-
I0llIKE B MpoLecce:

I — nepBuyYHble aHa3po6bl (O6pPONMNBILMKHK); 2 — BOAOPOAMCIIONbL3YIOLIME METaHOTe-
Hbl; 33— AUCTOKJIACTUYECKUE MECTAHOICHbI; 4— BTOPUYHbLIC aHa3p06bl (CMHTpOd)HbIC
MHUKPOOPraHM3Mbl); 5 — roMoaLeToreHbl

267



TakuM 06pa3oM, s HOpManbHOro (pyHKLIMOHMPOBaHHUSI aHA3PO6-
HOI1 NMU1LEBON LEeNU HEOOXOAUM Mexcaudo6ou nepeHoc 6000poda (MHOT-
na ¢dopmuarta, alerata) OT MMKpPOOpraHM3mMa K MMKPOOPraHMU3My.
BruiaeneHHblit npu 6poxeHun H, MoryT ynansitb MeTaHOreHbl, aleTo-
reHbl, cynbdar- U cepypenyKtopbl. [IpyM Takux ycioBusix BO3HUKAET
cunmpogus — TnoJiHasi B3aMMO3aBUCHUMOCTb MHUKPOOPraHM3MOB APyl
OT Apyra B nuuueBbix norpedHoctsix. [IpyMepoM cUHTpoduM MOXET
CJIyXWTb BHayajie BbilleJIeHHbI Kak OIMH MUKpPOOpPraHusM «Methano-
bacillus omelanskii», BiocneaCTBUHU OKa3aBLUUIICS CMHTPO(HOI acco-
uMaLMei TpyaHopasaensieMbiXx MUKpoopraHu3MoB S u M.o. H. T1apTHep
S oCyLleCTBASIET peakLnIO:

2CH,CH,0H + 2 H,0 — 2CH,CO0" + 2H*
(AG®= +19 kJIx/2 moss 3TaHONa),

opraiuam M.o. H. noTpebasieT MOJIEKYJISIPHbI BOAOPOL:
4H, + CO, - CH, + 2H,0 (AG°= -131 k[1x/Mo/b MeTaHa)

INepBas peakuusi uaeT ToJbKO Npu 3PGHEKTUBHOM YAUICHUH BOAOPO-
na. B HacTosiLee BpeMsi onpeaesieHbl MUKPOOPraHU3MbI-y4aCTHMKHM TaKMX
accoLMaLMii: NepBYIO0 peakKLUMIO CMOCOOHBI OCYLLIECTBSITh OaKTEpUM U3
pona Pelobacter, BTOpyl0o — ruaporeHoTpo¢Hbie METAHOTEHbI POJOB
Methanospirillum, Methanococcus, Methanobacterium, Methanobrevibacter.
Jpyroii npuMep Takoii accounauuu: Acetobacterium woodii + Methano-
sarcina barkeri. TlepBbiit opraHu3M npespauwiaet GppyKTo3y B aleTaT, a
METAHOreH OCYLLIECTRIISET alleTOK/IacTHYeCKHit MeTaHoreHe3. CUHTpogd-
HOW MOXET ObITh acCOLIMALMs ABYX MUKPOOPTraHM3MOB, FI€ PEaKkLMIO
CrukJiieHaa npoBonsiT IBa MapTHepa.

AccouMauM¥ MMKPOOPFraHHU3MOB, O(OPMIIEHHBbIE CTPYKTYPHO, Ha-
3bIBAIOTCS KOHcOpuuymamu (HanpuMep, rpaHyibl aHa3poOHOro wia,
rae NMPUCYTCTBYIOT BCE MUKPOOPraHM3Mbl, OTBETCTBEHHbBIC 33 KaXAYIO
CTaJINIO Jerpanaluy CIOXHbIX COEAMHEHUIA).

Ecnu OTHOLLEHUSI 3aBUCUMOCTH MEXY OpPraHW3MaMu OOYCJIOBJIEHbI
He TOJNbKO TMHUILLIEBbIMU CBSI3SIMU, TO TOBOpSIT O cumbuoze. CuMOUO3bI
pa3nyaloTCs Mo BXOASALUMM B HUX KOMIIOHEHTaM (MUKpPO- + MUKpO-,
MHKPO- + Makpo-, Makpo- + Makpo-), 10 pacioJioXeH1I0 KOMITOHEH-
TOB OTHOCHUTEJIbHO APYr Apyra (3K30- M 3HAOCMMOKO3), N0 XapakTepy
B3aMMOOTHOLLUEHUI B HeM (B3aUMOBBITOAHLII — Mymyaau3m, nonan-
JIAIOLIMIA WM YOUBAIOLUMIA OIHOTO U3 NapTHEPOB — hapazumu3sm, 6e3-
pasinuHblit — Heumpaauszm). Cneayet 3aMeTUTb, YTO U B OTEYECTBEH-
HOi1, ¥ B 3apy0exXHO# IuTepaType BCTPEYAIOTCs! I0BOJIbHO CYLLIECTBEH -
Hbl€ pa3jiMyMUs B TEPMMHAX, MO3TOMY BaXHO TOYHO OMpEnNEssiThb, YTO
noJ 3TMM TEPMHUHOM NMOHHUMAaETCsi. XapakTep cCMMOMO3a OTHOCHUTEJIEH.
IMpu cmeHe ycnoBuit oH MoxXeT MeHsiTbess. Hanpumep, Hopmaasnas
MUKpobuoma 4yenoBeka — 3TO MYTYAIMCTUYECKUI CUMOUO3, HO eciu
MMMYHHBII CTaTyC 4YeJioBeKa NMOHMXKAETCsl, TO HEKOTOpblE MUKPOOP-
raHn3Mbl Kak KKT, Tak ¥ KOXHbIX TOKPOBOB MOTYT CTAHOBUTbLCS MNa-
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TOr€HHbIMHM (TaK Ha3biBaeMbie onnopmynucmst). CUMOMO3 MOXET ObITb
obaueamHbiM, KOraa OfMH napTHep, OObIYHO 3HAOCUMMOMOHT, HE MO-
XeT CyllecTBOBaTb 6e3 Apyroro (PUMKKETCHU — OOJIUraTHble Mapa3uThbl
XXMBOTHBIX KJIETOK MJIM GaKTEpHH, BbI3bIBaIOLLME DOJIE3HU COCYAUCTBIX
pacteHuit). [pumep gakysbmamuenozo cumbuosa — Ki1ybeHbKOBbIE
GakTepHH, KOTOpble MOTYT MPEKPACHO CYLLIECTBOBaTh U O€3 pacTeHus.
Ha3HayeHHe MyTyaliuCTHYECKOro cMMOMO3a — 3allMTa OT BHELUHHUX
BO31EHCTBUA, NMOJYYEHHUE TEX WJIM MHBIX MUTATEIbHBIX KOMITIOHEHTOB,
MpeuMyliiecTBa B y3HaBaHUH TOJIOBbIX NAPTHEPOB M B Pa3MHOXEHMH.
Takum o6pa3oMm, B 3TOM Cllyyae B3aMMOOTHOLLIEHHUSI OCHOBaHbl Ha B3a-
MMHOM YJyylleHUH ob6cTaHOBKM Apyr aas apyra. Hanpumep, B «yaii-
HOM rpube» OpOXKM COpaXMBalOT caxap B CNUPT M YIJIEKUCIIOTY, a
YKCYCHOKHCJIble GaKTEpHHU OKUCIISIOT CUPT B aueTtat. B kedupHbIX 3ep-
Hax APOX>KU MOMUMO COpakMBaHUs1 CaxapOB CUHTE3UPYIOT €LLE U KOM-
TUIEKC BATAMMHOB, HEOOXOAMMBIiA U151 pa3BUTHS MOJIOYHOKHCIBIX OaK-
TEpUit, COpaXxMBalOLIMX JIAKTO3Y B JIaKTaT. AccolMaunu GpoToTpodHbIX
MHMKPOOPraHM3MOB JPYT C APYIOM M C Cy/b(puaoreHaMuM OCHOBaHbl Ha
UMKJIMYECKOM HMCIIOJIb30BaHUU COENIMHEHUI Cepbl.

Ewe onMH TMN cCMMOMO3a — KOMMeHcaau3m, KOraa OAWH OpraHu3M
NnoJlyyaeT OT MapTHEPCTBA BbIFOy, a BTOPOMY accouuauusi bespaznny-
Ha. DTO, HaNpUMep, accoLiMaLusl a3pOOHbIX U aHAa3POOHBIX MMKPOOpra-
HU3MOB, rae a’3poObl, NMOTPebasisi KUciopon, obecrneyrmBaloT yclOBUSs
ISl pa3BUTHS1 aHAa3pOOOB, a CaMH MPH 3TOM BBITOAbl HE NMoJy4atoT. ['HuU-
JIOCTHbIE GaKTEpUM 0GPa3ylOT aMMHaK, UCIMONb3yeMblii HUTPUDULUPY-
oWMMHU BGakTepusiMi. B 3TOM cilyyae MMeeT 3HauyeHue noaaepxaHue
nocrosiHHoro pH. Takue cBsI3u HHOIIA Ha3bIBAIOT MemMabUOMuU4ecKUMU.
CBsI3b MMKPOOPraHM3MOB, OCYLUECTBSIOWMX aBe (a3bl HUTpUGUKa-
LMY, OCHOBAHA Ha TOM, YTO BTOpasi KyJbTypa NnpeBpallaeT TOKCUYHYIO
a30TUCTYIO KHUCJIOTY B MEHEE TOKCHUYHYIO a30THYIO.

PaHee ynoMMHajcsi psil NMPUMEPOB CUMOMO30B MEXIYy MHUKPO- M
MakKpoopraHuamamm (kKJyGeHbKH, LiMaHOoOakTepuu + Azolla, pybeu
XBayHbIX, HOpMaJibHass MMKPOOHMOTa KMLLIEYHHUKA YEJIOBEKA U XHUBOT-
Hbix). Kak 3x30cumbuo3z MOXHO paccMaTpuBatbh pusocdepy, T.€. NMpo-
CTPAHCTBO MOYBbI BOKPYr KOpPHEii, rie KOJIWYeCTBO MHUKPOOPraHu3-
MOB 3HAUMTEJIbHO BhIllIE, YeM B OCTa/IbHOM nouse. Mukopu3y (u akmu-
Hopu3y), T.e. CHMOMO3 MeXly KOPHSIMU pacTeHUI U MULIeJIMEM IpUOOB
(M1 aKTUHOMMLETOB), YXE€ MOXHO paccMaTpMBaThb KaK YAaCTUYHBIN
IHIOCMMOMO3, TaK KaK MULEJUI NMPOHUKAET BHYTPb KOpHE, 0bpa3ys
Takoh CUMOHO3.

MyTyaaHcTHYECKHEe B3aHMOJEHCTBHA MHKPOOPraHH3MOB C XKMBOT-
HbIMH. HekoTopble npocTeiiline coaepxar B KJIETKaxX B Ka4eCTBe 3HI0-
CUMOMOHTOB LMAHOOAKTEPHHU M 3eJieHble MM 30J0TUCTbIE OLHOKJIEe-
TOYHbIe Bonopociau. Ha puc. 163 npuBeneH npuMep 3HI0- U 3K30CUM-
6uo3a npocteiliero ¢ MeraHoreHaMmu. [lpy 3TOM pecHUTYaATbIE MPO-
creitiuve Trimyema compressum, Metopus striatus, Pelagiofila nasuta n
P. frontata conepxatr B KauectBe 3HAOCUMOMOHTOB Methanobacterium
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Puc. 163. 3kT0- ¥ 3HAOCMMOMO3 METAHOTEHOB C NMPOCTEMILIUM

SJormicum v Methanoplanus endosymbiosus. Takue npocTeiilliie — cTpo-
rMe aHa’3poObl, OHA KJIeTKa KOTOpbiXx coaepXuT ao 700 KieTok npo-
KapvoT. DHIOCUMOMOHTHI MOTYT 3aHuMaTh 10 10 % obbeMa npocTeii-
wero. [1pu cyuiectBoBaHuM B CHMOHO3e pocT ycunubaetcs Ha 30 % u
3 dexTBHEE UCNOJB3YETCSl IHEPTUS B pe3yJibTaTe ObICTPOIi YTUIU3a-
UMM METAHOTEHOM MOJIEKYJIIPHOro Boaopoaa, 00pa3yiollerocsi B rufi-
pOreHOCOMe MPOCTEMLLEro.

Y MHOTMX MOJUTIOCKOB B CBETSILLIUXCS] OpraHax HaxoasTCsl CBETSILLM-
ecsi 6aKkTepuH, KOTOpbIE MOJYYaloT 3allUMTy U OJIaronpuUsiTHbIE YCJIO-
BUsl ISl NUTaHUs. 115 MOJUTIOCKOB CBEYEHHE MIPaeT BaXHYIO poJib B
NMpUBJIEYEHHUH MOJIOBOro NapTHepa.

MasieHbKHi1 TPONHYECKHUII KanbMap, HOYHOE XHWBOTHOE, MPUCIO-
cobwicsi UCMOJb30BaTh CBETSALUMXCA MOPCKMX OakTepuii B KayecTBe
KaMmyduisixa, NoMoraiolero CKpbiBaTh nosiBjiecHue TeHU Ha poHe Heba
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B JIYHHYI0 HOYb. Kanbmap otOpachiBaeT CBET MO HaMpaBI€HUIO KO AHY
MOpSi U TAKMM 0Opa30M CTAHOBMTCSI MEHEE 3aMETEH [Isi XMLLHbIX PbIO.
CBeTsiLLMIACS OpraH KajibMapa pacriojloXeH BO3JIe YePHUJIbHOIO MELLKa
M YCTPOEH TakK, YTO CBET OT CBETSLLMUXCS OAKTEPUIA OTPaXaeTCsi CNeLu-
aJIbHBIM pediIeKTOPOM M YCUIMBAETCsl IMH30iM. baktepuu Bxoast B cBe-
TOBOM OpraH KajibMapa peryjupyeMbiM MyTEM: €XEAHEBHO, Ha 3akare,
KaHaJ/lblibl CBETSALLErOCs OpraHa HayMHaloT MY/J1bCUPOBAaTh CO CKOPOC-
ThbIO HECKOJIbKMX YIapOB B CEKYHIy, KaX/blii pa3 3acacbiBasi | —2 MK
MOPCKO#M BOAbI C TUIAHKTOHHBLIMU OakTepusiMu Vibrio fischeri. YcTaHOB-
JIEHO, YTO KOJIOHU3UPOBATb CBETSILUMICS OpraH CrocoOHb! KLU MOf-
BUXXHbIE KJIETKM, CNOCOOHbIE K cBeyeHMI0. HenoasuxHbie U TEMHbIE
MYTaHTbl KaJlbMapa He KoJoHU3upyioT. [locie Bxona B CBETSILLIMIACS OpraH
KJIETKM MPUKPEIUISAIOTCS K BHYTPEHHEH MYKOMAHOI1 0DOJIOUKE CBETS-
LLETOCsi OpraHa XMBOTHOIO, TEPSIIOT XTYTUKK U HAYMHAIOT UHTEHCUBHO
pa3mHoxatbcsi. B 310 Xe Bpemst pe3ko (no 100 pa3) Bo3pactaet cneuu-
¢duyeckoe cBeyeHUE KIETOK Oakrepuii (B pacyete Ha | kieTky). B Teue-
Hue 20—40 MUH cBeyeHME opraHa JAOCTUraeT MakCMMyMa MU OCTaeTcsl
Ha 3TOM YpOBHe BClo Houb. Ha paccBere kanibmap Bbinyckaet 10 95 %
CBETALLUMUXCS KJIETOK HApYyXY, YTOObI HE TPATUTb PECYPChl Ha MOAIEPXa-
HHME GAKTEPUI U COXPAHSITb AKTUBHO CBETSILLYIOCSI MOMYJISILHIO.

KonoHusupyioiine 6akrepuu BO3ACHCTBYIOT TaKXE M Ha KajibMa-
pa — 0GeKM MYKOMUIHOMU 000J0YKHK 3KCIPECCUPYIOTCSE ObICTpEE Y KO-
JIOHU3UPOBAHHOIO KajibMapa Mo CpaBHEHHUIO CO CTEPUJIbHBIMU OCO0sI-
MHU. KonoHuzaumsi cnocodbcTByeT paccenieHuIo GakTepuii, U KajbMap
NpenocTaBisieT UM NMUTAHUE ISt pa3sMHOXeEHMsI (OeKU MYKOWAHOM
000JI04KH), MOJIOXUTENILHO BJIUSISE HA OaKTEpMU B TaKOM CMMOMO3e.

Y acunauii BOKpyr poToBO# NoJOCTH pacrnoyioxeH Prochloron, Gyk-
cupyiowinit CO, 1 nosyyalowmii 3alUUTy OT BHELUHUX BO3AEHCTBHIA.

Y xBauyHbix maekonutaownx KKT numeer ciioxHoe ctpoeHue, NMpy
3TOM 0c000€ 3HaYeHUe MPUOOPETAET YEThbIPEXKAMEPHBIH Xenynok. OnHa
M3 €ro cekuuii, pybey, coaepxaliuii OrpOMHOE KOJHUYECTBO MMKPO-
OpraHM3MoB, 00ECMEYMUBAET XXUBOTHBIM BO3MOXHOCTb MUTAThLCs NMpakK-
THYECKHU 6e30enkoBoi nuuieit. CaM pybeLl U CJIIOHA He COIEpXaT LieJi-
JIIoN1a3, U TOJILKO B pe3y/bTaTe AesITeIbHOCTH LIEJITI0N030pa3pyliain-
LMUX MMUKPOOPraHU3MOB 00Opa3yloTCsi XHUPHbIE KUCIOTbI (popmuar,
aueTat, npornuoHar, O0yTUpar), KOTOpble YCBAaMBAIOTCS XWBOTHBIMH.
MuKpoopraHu3Mbl yTUIU3UPYIOT Takxe Bblaesitownecs CO, u H,.
MeTtaHoreHbl NpeBpallaloT UX, a TAKXE aueTaT U (popMUAT B METaH.
M3 aMMHOKHMCIOT NMpU pa3fioXeHUU OMoMacchl MUKPOOPraHU3MOB B
JaJbHUX OTAESaX KMLUEYHHUKA CTPOMUTCS OEJIOK XBAUHbIX XWUBOTHBIX.
Pybeu HaceneH pa3HOOOpa3HbIMU OAaKTEpPUSIMHU U apXEsiMHU, a TaKXeE
NpocTeMLLIMMU U rpubaMu. B poTOBO# NMOJIOCTU XXMBOTHOIO PACTUTEJIb-
Hasi NMULLA CMa4YMBaeTCsi CIIIOHOM M 3arnatbiBaetcsi. JlononHUTeNbHOe
CMauMBaHME KU MEXAHMUYECKOE M3MEJIbYEHUE HerepeBapeHHbIX OCTaT-
KOB OCYLLECTBJISIETCS! MPU OTPLITMBAHUM MUILLEBOrO KOMKA U €ro U11-
TEJIbHOM TepexeBbiBaHUU. [1yTeM OTpbIrMBaHUs yIaNsIlOTCS TAKXe 00-
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pa3oBaslumecs ra3bl. OCHOBHOE pacLUeIIEHHe LEeJUTIoN030coaepxalie-
ro KOpMa NpoOMUCXOAUT B pyOLie, KOTOPbIH SIBJISIETCS MAEATIbHBIM MecC-
TOM [U1sl POCTa aHa3POOHBIX MUKPOOPraHM3MOB, 00eCneYnBast UX «He-
NpepbiBHOE KYJIbTUBUPOBaHME» MPU MOCTOSIHHOM TeMmmnepartype (37 —
39°C) u pH ~ 6,5—7,0. O6beM pybua cocrasasiet ot 80 no 100 n.
HopmanbHasi MUKpOOHOTa pybLia cOMEPXUTCSt B PyOLIOBOM XHUIKOCTH U
BbICTMJIaET MOBEPXHOCTb CAM3UCTOM obosioukH. TloacuutaHo, uyto | r
conepXUMoro pyoua HacuuTbiBaet 10 ~10'? kineTok npokapuor. He6osb-
LIOe KOJIMYECTBO KUCJIOPOAa, MOMNajaiollero B pyoew ¢ nuiueit, ObicTpo
norpednsieTcsi UMEIOWMMHUCS B coobLuecTBe (PaKyJbTaTUBHO aHa3po0-
HbIMK MMKpoopraHuMamu. [lognepxaHuio ontumMaibHOro 3HaueHusi pH
crnocob6cTByeT OMKapOOHAT C/IIOHBI, OLHAKO ObICTPOE HAKOIUIEHUE XHUP-
HbIX KMCJIOT, HallpyuMep JlakTaTa, MOXET NMPUBOAUTb K 3HAYUTEJIbLHOMY
3aKkuciieHU10. PyOLioBble MPOKApHOTHI CYLIECTBEHHO pa3jiMyaloTcsi Mo
YyBCTBUTEJIbHOCTH K U3MeHeHusiM pH. Llenntonosonutuyeckue 6akte-
PUU U METAHOTCHHbIC apXeX OYCHb YYBCTBUTEJIbHbI K MOHMXCHHUIO pH,
Torga Kak OakTepuM, pacllernsioliMe Kpaxmaia, obblyHO pH-pesuc-
TeHTHbl. OAHMU pyOLIOBbIE NMPOKAPHOTHI SIBJISIIOTCSI BICOKOCTICLIMAIU3U -
POBaHHbLIMM Tpynnamu, Apyrme — o0JIaaloT LUMPOKOM CyOCTpaTHOM
cneunduyHocTbio. [oKa3aHo, YTO 3HAYMTENILHON YKucaeHHocTH (~107
KJIETOK Ha | r comepxuMoro) B pyoue aocTuralor npeacraButenu 20
BU/IOB NPOKAPUOT, OIHAKO OMopa3HoOOpa3ue OGakTepuil U apxeil 3Toro
YHUKAJIBHOTO MECTOOOMTaHUSI OLIEHMBAETCSi 3HAYMTEJIbHO BbilLe. More-
KYJISIpDHbIE METObI U NMPSIMOE MMUKPOCKOIMYECKOE HaOJI0ACHHUE CBUAE-
TEJILCTBYIOT O TOM, 4TO B pyoue BuaoB npokapuot B 10— 100 pa3 6onb-
i€, YeM YNaeTcs NOoJy4YMTb NMyTeM KYyJIbTUBUPOBAHHUSI B JJAOOPATOPHbIX
ycnoBusix. B pyOLie nocTossHHO NPUCYTCTBYIOT NMPEACTABUTEIM TAKUX PO-
1oB, Kak Ruminococcus, Fibrobacter, Butirivibrio, obnanaolmx BbICOKO-
aKTMBHbIMM UeulionazaMu, Ruminobacter, Selenomonas, Prevotella,
Succinimonas, Streptococcus, CNOCOOHBIX paclWensiTb Kpaxmai,
Lachnospira, yuactByowiasi B nepeBapuBaHuM nektuua, Clostridium,
obnagaoline LWHUPOKMMHU BO3MOXHOCTSIMM Pa3IOXKEHUs MOJUCAXapu-
JIOB M nentuaoB. MukpoopraHuamsl poaoB Eubacterium, Megasphaera,
Peptostreptococcus, Wolinella, Anaerovibrio, Bacteroides, Micromonospora,
Syntrophococcus, Escherichia, Syntrophomonas v ap. criocOOHbI COpaxu-
BaTh OOJIbLLOE KOTMYECTBO CaXxapoB, CIIMPTOB, aMUHOKMUCJIOT M XXMPHbIX
KucnoT. B pybue oOHapyxeHbl cynbdarpeayumpyiouide 6aktepuu poaa
Desulfovibrio, a n3 MeTaHOreHHbIX apxei npeobnanaiotr Methanobrevibacter
ruminantium u Methanospirillum hangatei.

['pnobI, obuTaoMe B pyouLe, OCYLUECTBASIOT TMAPOJIN3 JIMTHUHA
M KCWJIaHa, U B MEHbLLEIN CTEMEHU Le/UTI0N03bl. BolneneHHble U3 pyo-
ua rpubsl ponoB Neoxallimastix, Caecomyces, Piromyces, Oprinomyces,
Anaeromyces, Sphaeromyces siBASIIOTCSl BTOPUYHBIMU aHa3pobaMH, NMe-
IOLIMMHA TUAPOTr€HOCOMbI M COAEPXALMMH M'MAPOreHOTPO(HblE MeTa-
HOIEHbl B KAa4€CTBE 3HAOCMMOMOHTOB. Kak npaBuio, OHU UMEIOT CJI0XK-
HbI/ XXM3HEHHbI UMK ¢ 00pa3oBaHKUEM 300CIOp.
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ConepxaHue KJIETOK MpocTeiiumx B pybue nocturaer 10° Ha Ima.
INpocTeitline — BaXxHbI KOMIIOHEHT cOOD11ECTBA pyOLa, TaKk KaK OHU
CNocoOHbI HApsilly C Pa3/iOXXEHUEM PACTUTENbHbIX KOMIIOHEHTOB TMa-
POJIM30BaTb KJIETOYHbIE CTEHKHM rpubOOB, MOMIoOLIATh MX 300CMHOPbLI,
3ariaThiBaTh WM MEpeBapuBaTh YaCTULIbI MULLM M KIETKU MPOKAPUOT.
AHa3pOOHbIE XIYTUKOBbBIE MpOCTEillne pybua OTHOCATCS K poaam
Isotricha, Dasytricha, Entodinium, Epidinium, Orphryoscolex. Ucnionb3oBa-
HMUE MPOCTEULUMMHU Kpaxmajla MOAYJIUPYET KUCIOTHOCTb COAEPXHUMO-
ro pybua v npegoTBpallaeT auuao3.

Takum 00pa3oM, noa AeHCTBUEM CJOXHOro coodulecTBa pyoua pac-
uwiervieH1e rpyooil pacTUTeNIbHOI MULLM NPOUCXOAUT B TeueHue 0,5 —
2 cyt. Ilpy poXIeHUHU OETEHbILIA XBAYHOTO XMBOTHOTO KOMITOHEHTbI
HOpPMaJIbHOI MUKPOOMOTHI pyOLia nepenalTcsi eMy CO CJIIOHONH MaTtepu
M C KOPMOM M B IICPBbIE THU MOCJIE€ POXAECHUSI YCTAHABIMBAIOTCS CBSI3U
MeX1y cCMMOMOHTAaMM. MUKpoOHOTa pyOLia Hapsily C OCYLLIECTBIEHUEM
IPOLIECCOB PACLIEIVIEHUS CIIOXHBIX LIEJUTI01030CcoaepXalux Ouononu-
MEpOB JI0 JIErKO YCBAMBaE€MbIX COENMHEHUH ODOECNEeuyMBAET XMUBOTHOE
BUTaMHWHAMHU, BelLLIECTBAMU-PErysiTOpaMu U (hakTOpaMy pocTa, 3allu-
LIAET BHYTPEHHHWE OpraHbl OT NPUKPEIJIEHUSI U pa3BUTHSI MATONCHHbIX
MMUKPOOPraHM3MOB, CTUMYJIMPYET UMMYHHYIO CUCTEMY XHMBOTHOTO.

Llesutiono3opaspylualoiine MMKpOOPraHM3Mbl HacesiloT TaKXe KH-
LIEYHUK TEPMMUTOB, NMPEUMYLLUECTBEHHO 33aJHIOI0 KHUILUKY, TI€ OHU U3
11eJUTI0/I0O3bl O0pa3yloT aleTaT — OCHOBHOM 3HEPreTMUECKUil cybcTpat
HacekoMoro. MUkpobHoTa KMILCYHMKA BbICLLIMX TEPMUTOB NMPEACTARJIE-
Ha B OCHOBHOM [POKAPUOTAMM, Y HHU3ILIMX TCPMHUTOB 3HAUMUTEJbHYIO
4acTb COCTABJISIIOT XT'YTUKOBbIE NpocTeiiluve. bakTtepuaibHbiii KOMIIO-
HEHT KMLUEYHMKA TEPMUTOB IPEACTABIEH 3HAYUTEIIbHBIM KOJTMYECTBOM
MOJIOYHOKMCIIbIX OaKTEpHit U OpraHM3MaMM, OCYLLECTRIISIIOLUMMH pa3-
Hble BUAbI OpoXxeHuit U3 ponoB Bifidobacterium, Clostridium, Sporomusa,
Microbacterium, Edwardsiella, Micromonospora, Sebaidella, Cristispira,
Acetobacterium. B cooOluecTBe 3aHeil KMIIKK TCPMUTOB OOHapY>XEHbI
TaKXe€ aKTUHOMULIETbI U PUKKETCUU, 00pa3yioulnMe BelecTsa, obecrne-
4YMBaIOLLIUE HOPMAIbHOE Pa3BUTUE U PA3MHOXEHUE HACEKOMBDIX.

KulweyHHK TEpMMTOB pa3fesieH Ha AB€ 30Hbl — aHa’POOHYI0 U
a3poOHy10. Bropasi pacnonaraercsi Ha nepudepun KULLIEYHUKA U TIPU-
JIEraeT K ee BHyTpeHHel ciin3uctoi nosepxHoctH (10 100 MkM B ryOb
KHLIKHW). AHA3poObl U CTPOrMe aHa3poObl — 3TO KOMIOHEHTbI CUH-
TpoHBIX accouUMuauMii, NnpeacTaBjleHHblE METAHOT€HHbLIMM apXesiMu
ponoB Methanobrevibacter, Methanosarcina, Methanosphaera v 6aKktepu-
ssMu ponoB Treponema, Bacteroides, cynbhatrpeayumpyoumMMy U a3oT-
(UKCHPYIOLLMMHU MUKPOOPraHM3MaMH.

HUHTepecHbI BUA CMMOMO3a OOHapyXeH B MypaBeifHMKax MypaBb-
€B-JINCTOPE30B, OTHOCSIILMXCS K BbICLUEMY paspsily M3 poaoB Afta u
Acromyrmex. YCTaHOBJIEHO, YTO MypaBbWM B T€YEHME MUJUIMOHOB JIET
KyJbTUBUPYIOT B MypaBeilHUKax rpuObl poaoB Leucocoprinus wn
Leucoagaricus n3 ceMeiictBa Lepiotaceae (arapukoBbl€) U TaK1e rpuUb-
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Hble KOJOHWHM ObLTIM Ha3BaHbl «rpUOHbIE caabi». [logaepxaHue cana
HauuHaeTcsl co cbopa cybcTpaTa Uisi BblpallMBaHUs rpuboB. JlucTbs
NPUHOCATCA B MypaBeWHWUK, U TaM MYypaBbHU HAYMHAIOT MPOLIECC MX
00paboTKH, BHayajle CMauyuWBasi CIIOHOM U TepexXeBbiBasi HA MeEJIKUE
KycOouyku pazmepoMm | —2 mMm. TakuM oOpa3oM, C JIMCTbEB ynajsieTcs
00nbllasi YacTh MUKPOGHOTHI M MOBEPXHOCTb UX 3HAYMUTENILHO BO3pac-
TaeT. 3aTeM Macca JIMCTbeB YA0OpSETC KaIOBbIMM Maccamu (MCTOY-
HMK a30Ta M (pepMEeHTOB?) W YKJaabIBaeTCsi MOBEPX CYLIECTBYIOLLEH
KyuM cana. bonee crapast yactb rpu6HOI KOOHUHM (MCTOYHUK TPHOOB)
NEPEHOCUTCS] Ha HOBYIO MOPLHUIO JIUCThEB. Yepe3 LiecTb Henelb CBe-
XU cyOCTpaT NOJIHOCTHIO pa3jiaraetcsi rpubaMu U 6onee cTapblil Cyo-
CTpaT OKa3biBaeTcsi BHU3Y KyuykH. Mcnonb3oBaHHbII cyOcTpaT ynaisi-
€TCSi C HUXKHEMN YacTU KYYKM M MOMELLAETCS B «[IOMOMHYIO IMYy», KO-
TOpasi MOXET ObITb BHE WJIM BHYTpU MypaBeiiHuKa. Paboune mypaBbu
MOCTOSIHHO ciedsiT 3a canoM. OHM, HanpuMep, pacrpeaesioT NpoTe-
a3bl M0 NMOBEPXHOCTH KY4YH. DTH (hepMEHThI 0Opa3yioTCsi F[PUOOM, Bbi-
IENSAIOTCS MpU MepeBapMBaHUM rpuba JIMYMHKAMU U ¢ eKaTusiMU
IIOCTaBISIIOTCA paboOYMMHM MYpaBbsiIMM B pa3Hblie yacTU Kyuyu. Kpome
TOro, MypaBbH ClEeLHaIbHO PBYT r'Mdbl rpMOOB 1Sl CTUMYJIUPOBAHUS
ux pocta. OHHY TakXe peryJupyloT TeMepaTypy U BJaXHOCTb BOKPYI
KOJIOHUM caja, OTKpbiBasi U 3aKpblBasi BEHTWISILLUOHHbIE OTBEPCTHSI.

Otnpasasisicb B 6payHbli nonet, camka 6epet ¢ coboi yacte rpub-
HUMLBI caja IS YCTPOicTBa HOBOH rpUOHON KOJIOHMHM B HOBOM Mypa-
BeiiHUKe. [loka He mosiBUIMCH HOBble paboyne MypaBbM, CaMKa yxa-
JKMBAET 3a CaioM caMa, noakapmimnBasi ripaMu HOBBIX JIMYUHOK.

YcTaHOBJIEHO, YTO IPUOHBIE Cabl MOPAXAKOTCS MATON€HOM M3 pola
Escovopsis (Ascomycota), 1isi KOTOPOTroO BBIMOJHAIOTCSI 3aKOHOMEPHO-
ctu noctynata Koxa. Ecnu pabounx MypaBbeB yoaisiioT M3 caaa, ToO
napasut ObICTpo (MHoraa 3a 12— 24 4) nepepacrtaet rpudHoro npoay-
ueHTa U can norubaet. ['Mbenb caga o6bIYHO NMPUBOAMUT K TMOEIN Mypa-
BEMHMKA.

Hekotopbie yueHbie HabGaoaaiM, yto paboune MypaBbH, Bblpalllv-
BalolMe rPUOHBbIE caabl, MOKPBITHI OE€JIOBaTLIMUA FPaHYyJiaMU, KOTOPbIE
NMPUHUMAJIM 32 BOCK, HO 3aT€EM ObLIO YCTAHOBJIEHO, YTO 3TO IUIOTHbIE
KOMOYKH HHUTYATbIX GaKTepHUil-aKTHHOMULIETOB, MHOTIAa OHM MOJIHOC-
ThIO MOKPbIBAIOT TEJIO MypaBbsi. AKTHHOMMLIETHI MepeaaTcst OT Mypa-
BeifHMKa K MypaBeWHUKY BEPTHMKAJIBHO, T.€. CaMKa, OTIpPaBJssiCb B
OpayHblii MoNeT, HECET HEMHOTO aKTUHOMMLIETA Ha KYTHKYJie. 3TH
aKTHHOMMLIETBI 00pa3yloT MOLHbIH aHTMOMOTHK, MOAABJSIIOILMNIA POCT
naroreHa poaa Escovopsis. AHTUOMOTHK M CaM MOXET 3allMLUATb MYy-
paBbeB OT MHGEKLUUK (IHTOMOMATOreHHbIX rpuboB). Paboune mypa-
BbH, 0OC/Ty>XXHMBaAIOLLIKE callbl C HCKYCCTBEHHO BHENPEHHbIM Tyla NaTo-
reHOM, CTUMYJIMPYIOT Pa3BUTHE aKTUHOMMLIETA HAa MOBEPXHOCTH KY-
TUKYJIbl YK€ Yepe3 8 IHei nocjie BHeceHUs naroreHa B caa. Boamox-
HO, YTO cnieUMaibHbIE [JIaHObl MypaBbeB 00pa3yloT BeLECTBA, CTUMY-
JIUpYIOLLIME POCT aKTHHOMMLIETA B OMpelde/eHHbId Nepuoa.
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Y yenoBeka TOJAbLKO KPOBb U JIMM(Ga cBOOOAHB OT MUKPOOOB. MUK-
pobuota HUXHHUX otaenoB XKKT npeacrabieHa B OCHOBHOM 3HTEpO-
OakTepusiMM M CTPOTMMM aHa3pobamu pona Bacteroides, B oTinumne ot
pybua, npocreiiiline B 3TOM coob1uecTBe OTCYTCTBYIOT. ECiM B TOHKOM
KHLIEYHUKE IUIMHOM 12— 14 M nuileBoi KOMOK HaxoouTcs 2—4 y, a
comepXaHHe KJIETOK MMKPOOPraHM3MoB He rnpeseiuaer 10° Ha 1 r, To
B KOHEYHBIX OTAEJax TOJACTOro KMIleYHUKa IIMHOM 1,5 M 1 o6beMoM
0,9—1,7 n HacuuTeiBaeTcs yxe cBoilie 10'2 k1eTok npokapuor Ha 1 r
COIEPXMMOTO U MULLIEBON KOMOK 3anepxuBaetcst TaM 12— 24 y. [ps-
Masi KHULIKa XapakTepu3yeTcsi CIeAYIOLUMHU (PUINKO-XUMHUECKUMH
ycinoBusiMu: temneparypa 36— 37 °C, Eh = -200—-300 mB, conep-
XaHHWe cyxoro BeillecTBa B KajoBhIX Maccax 20 —30 %, oOGHapyXeHbI
JIeTy4Me XHMpHble KUCJIOTHI (auerar, NMpornuoHaT, OyTupar), Henery-
yue KMUCIoThl (Jakrtart, cykuumHar), rassl (CO,, CH,;, H,, H,S, N,,
NH; u npucreHouno — O,), cienoBbie KOJIMYECTBAa AMUHOKHUCIIOT U
METTUAOB, CYLIECTBEHHOE KOJIMYECTBO LIEJUIIONIO3bI, T€eMULIEJUTIONO3bI
M MYKOIMOJMCAaxapuIoB, KoTopble chyiuuBaloTcsi ¢ anuteaus XKKT.
IpucyTcTBy1OT B HEGONBILON KOHLEHTPALIMM BUTAMUHBI rpynnbl B u
3HauYMTeNIbHBIE KonyecTBa MoHOB Na* u CI™. Kanossie Maccel Ha 90 %
COCTOSIT U3 KJIETOK MUKpoopraHu3MoB. [lpeo6ianaoimmm 3aech siB-
JISI0TCSE pencTaBuTenu poaa Bacteroides (no 70 %). B 3HauMTENBHBIX
KOJIMYECTBAX BbISIBISIOTCS BUABI pONOB Streptococcus, Bifidobacterium,
Peptococcus, Peptostreptococcus (10 10'° kiietok Ha 1 r). Eue okosno 400
BUIOB MMKPOOPraHW3MOB NMPUCYTCTBYIOT B 3HAYMTEJIBHO MEHBIIMX
KoJjinuecTBax (B TOM YHC/ie MeTaHOreHHble apxeu). OCHOBHasi Macca
MOCTOSIHHO MPUCYTCTBYIOLMX B KHULIEYHUKE NPOKAPHOT (pe3udermot)
pa3BMBaeTCs B MPUKPEIUIEHHOM COCTOSIHMHU, 0Opa3ysi OMOIUIeHKH Ha
cau3ucToit obosiouke. Ocobasi MUKpOOMOTa MMEETCS Y FPYAHBIX AETE:
nepBLIMHU KOJIOHU3UPYIOT KUlLIeYHUK E. coli, 3aTeM npeobianaloT MUK-
poopraHu3Mbl poaa Bifidobacterium. HopmanbHasi MUKpOOHMOTa UMEET
3Ha4YeHHE B NETOKCHMKALUWU HEKOTOPHIX BELIECTB, B CHHTE3€ BUTAMM-
HOB, B MOJAaBJ€HUHU MAaTOreHHbIX HOPM, B TOM YUCJIE MPEMATCTBYS UX
NMPUKPEIJIEHUIO K CTEHKaM KHULLeYHUKa. Pl MUKpPOOOB-CUMOUOHTOB
XKKT npu nonagaHmu B HECBONCTBEHHbIE UM OPraHbl U CUCTEMBI, a
TAKX€ MPU CHUXEHUH MMMYHHOrO CTaTyca MaKpOOpraHu3Ma MOXET
BbI3BaTh C€pbe3Hble NH(PEKLMOHHBIE 3a001eBaHUsI (MUKPOOPTraHU3MBbI-
onnopmyrnucmet). Hanpumep, Fusobacterium neurophorum npu npo6o-
IEHUU KMLIEYHUKA MOCENsieTCS B KJIeTKaxX rNevyeH!, BbI3biBasi HEKPO-
TU3aLMIO TKaHeil. MUKpOOpraHu3Mhbl HacesIIoT He TOJbKO BHYTpPEH-
HHeE, HO U BHELIHKE 000JIOUKH YesIOBEKA, HanpuMep Koxy. 3mech Tak-
Xe MPUCYTCTBYIOT OIMMOPTYHUCTBI, IPKUM MPUMEPOM KOTOPBIX SIBJISI-
etcs rpub Candida albicans, B HopMe Beaylumii canporpodHeiit 006pa3
XM3HHM Ha KOXE M CIM3UCTBIX 000JI0YKAX POTOBO# MOJOCTHU U MOJIOBLIX
OpraHoB YeJIOBeKa, a MNPy U3MEHEHUH OOMEHa BEeIleCTB, B YACTHOCTH
npu 6epeMeHHOCTH, CrocobeH BbI3BIBaTh MH(eKUMOHHOE 3aboeBa-
HUE «MOJIOYHULY».

275



B3anmopeicTBHA MHKPOOPraHu3MoB M pactenHii. OTHoOLLIEHUs, BO3-
HUKAIOWKe MeXly MMKPOOPraHM3MaMHM M pacTeHUsIMM, Oa3upyloTcs
KaKk Ha obMeHe MeTabonuMTaMM, Tak U Ha obecrnieyeHUH (HPU3UYECKOTO
KOHTaKTa. MHUKpOOpraHu3Mbl UrpaloT CyLLIECTBEHHYIO POJib B MPOLIEC-
cax nouyBooOpa3oBaHMusl, T.€. CO3AAI0T cpeay OOMTaHUS sl paCTEHUIA.
PasnoxeHue cioXHbIX OUOJOrMYECKHUX MOJHMMEPOB MUKPOOPraHU3Ma-
MU BO3BpAlLaeT B OKPYXAIOLLYI0 Cpely COeAMHEHHUs, HeOOXOauMbie
IUIS pOCTa U pa3BUTHUsI pacTeHUi. TpyaHO NnepeoLeHUTb I0OaNbHbI
NPOLECC CBSA3bIBAHMS MOJIEKYJISIPHOIO a30Ta, CBOMCTBEHHbIH TOJIbKO
NpOKapuoTaM, KOTOPbIi 0OorailaeT noyBy a30THbIMU COCIMHEHUSIMMU.
I'pubbI criocobGHbl obecneunBaTh pacTeHUsI coelaMHeHUsiMU docdopa.
Cneunduryeckre MMKpOOHbIE META0OJMUTBI MOTYT BJIMSITh HA CKOPOCTb
pOCTa paCTEHUH.

MuuennanbHble MMKPOOPraHM3Mbl B CHMOMO3€ C pacTUTESIbHbIMM
KOPHSIMU CNIOCOGHBI OCBOUTb 00Jiblli€e NMPOCTPAHCTBO MOYBbI [UISE M-
TaHust. Psil MUKpOOpPraHM3MOB NyTeM BblIeJIeHUs aHTUMUKPOOHBIX Cy6-
CTaHLM MOXET CAEPXHMBAThb KOJOHU3ALMI0O U MH(HULIMPOBAHHE pa3-
JIMYHBbIX YacTei pacTeHUsi GUTONATOreHHBIMU MUKPOOPraHM3MaMHu.

KuBble pacTeHMsi, UX MEPTBbIC OCTAaTKM, a TAKXE pa3jIM4YHBIE NMPU-
XHW3HEHHbIC BblACJIEHUS SIBASIIOTCSI ICTOYHUKOM TTHLIW U1 MUKPOOP-
raHn3moB. Kak noBepXxHOCTHbIE, TaK U BHYTPEHHHE CTPYKTYpbI pacTe-
HUSI MOIYT CIYXMUTb Cpelloil OOMTaHUSI MUKpPOOPraHU3MOB, Mpeaoc-
TaBJisisi UM TMPOCTPAHCTBO UISl pOCTa, BO3MOXHOCTb MepeMeLleHUsT U
pacnpocTpaHEHUs1 BMECTE C YaCTSIMU PAacT€HHUsi, a B psle Cly4yaeB U
34LUMTY OT BHEIUHMX Bo3acicTBuii. [loka3zaHO, YTO pacTeHUss MOTYT
OKa3blBaTb HaMpaB/JeHHOE BAUSIHUE HA OKPYXaIOlilyl0 €Ero MUKPOOHYIO
accouuaulMIo, Bbllesisi BEILECTBA-ammpaKkmanmsl WA peneaienmal.

MuKpOOHO-pacTUTEeIbHbIE B3aMMOOTHOLUEHUS YCTaHABJIMBAIOTCS
yX€ Ha CTaauu o0pa30BaHMsi CEMEHM, 000JI04Ka KOTOPOro, a YacTo U
BHYTPEHHHUE CTPYKTYPbl HECYT KJIETKHU WM MOKosILHecs: (hOpMbl MUK~
POOpPraHM3MOB, KOJIMYECTBO MU TAKCOHOMMYECKasi MPUHAMIEXHOCTb
KOTOPbIX ONPEaENsiloTCsi MHOXECTBOM (hU3UKO-XMMHUYECKHUX U OHOJIO-
ruyeckux (akTopoB OKPYXalolleil cpelibl, a TAKXe CBOHCTBAMH CaMO-
ro ceMeHu. CpeaM MUKpOOPraHM3MOB, OOHApYXeHHbIX Ha MOBEPXHOC-
TU M BHYTPM CE€MsIH, HanboJiee U3BECTHbI NPEeICTaBUTEM TAKUX POIOB
a3poOHbIX U aHAdpOOHbIX OakTepui, Kak Bacillus, Clostridium, Arthrobacter,
Agrobacterium, Erwinia, Pseudomonas, Xanthomonas, Streptomyces v np., a
Takxxe rpubos, oTHoOcsiLMXCst K ponaM Aspergillus, Botrytis, Claviceps,
Fusarium, Acremonium, Penicillium, Puccinia, Trichothecium, Phytophtora,
Verticillium, Ustilago v np., cpean KOTOPbIX €CTb U (PUTOMATOrE€HHbIE.
Kak MMKpOOpraHusmbl, TaKk U CTPYKTYypbl CEMEHM, HECMOTpPSl Ha 3a-
MeIUIEHHbI MeTab0JIM3M, MOCTOSIHHO HaXoasiTCsi NOI BAUSIHUEM MPO-
IyKTOB 0OMeHa BellecTB apyr aApyra. [1pu npopacranumu cemeHu B Ona-
IONpUATHBIX PU3IMKO-XUMHUYECKHUX YCIIOBUSIX METabOIMYECKHe MPOoLEC-
Cbl B HEM M B MUKPOOHOM nonynsiiuu, C HUM CBA3aHHOM, 3HAYUTE/Ib-
HO aKTUMBHU3UpYIOTCA. MeTabonuThl, BbiAessieMble KAK MUKPOOPraHU3ma-
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MM, TaK M ceMeHeM, 00nanaloT ornpeaeseHHON crneuru@uyHOCTbIO, CTU-
MYJIUpYsl WIM COEPXHWBasi pOCT Pa3IMuUHbIX rPynn MUKPOOPraHMU3MOB U
BJIMSISl HA NPOLIECCHI POCTa M pa3BUTHsI MOJIoAOro pacteHust. Kpome toro,
npy o0pa3oBaHMM NMPOPOCTKA YacTb MOMYJISILMM MHUKPOOPraHU3MOB
MEXaHUYECKU BLIHOCUTCSI U3 NMOYBbI B BO3AylliHYIO cpeny. [loatomy npu
aHaiM3e B3aMMOOTHOILLIEHUI1 paCTEHUII U MMKPOOPTaHU3MOB MX Tpaau-
LMOHHO MOAPA3AENSIIOT HA BHYTPUITOYBEHHbIE U HA3€MHbIE.

Pa3zBuBaloLLiasicsi KOpHeBasi CUCTEMA, NMPOHUKasi B [yOb MOYBHI, BCTY-
NnaeT BO B3aUMOIEHCTBHE C MOYBEHHBIMU MUKPOOPraHM3MaMH, XHBOT-
HbIMM WM KOPHSIMU ApPYrux pacteHuit. Bokpyr KOopHsi ¢hoopMUpyeTcs TaK
Ha3biBaemasi pusocghepa — OKpyxaouiee KOpeHb NPOCTPAHCTBO MOYBbI
nuametpom 0—8 MM, xapaktepu3ylouleecsi 6osee BbICOKOM IMJIOTHOC-
TbI0O MMKPOOPraHu3MoB. KoJinuecTtBoO MUKPOOHbBIX KJIETOK B pu3ocdepe
MOXET MpEeBbILLATb UX YUCJIO B OKPYXAIOLLIEi1 MOYBE 1aXe Ha MOPSAOK.
[TpocTpaHCcTBO NOBEPXHOCTH KOPHSI YacTO OMPEAE/SIOT KaK OTAe/IbHOe
MeCTOOOUTaHWE MUKPOOPraHU3MOB, HA3bIBAEMOE pPU30ONIAHOU.

Crumynsiuusi pocta MUKPOOHOIo COOOLLIECTBA MPOMCXOAMUT 3a CYET
NPONYKTOB XMU3HeAesTeIbHOCTU KOPHEBOM CHUCTEMbl pacTeHUsi (Kop-
Heebix deno3umoe, pu3o0eno3umos). DTO MOHSTUE BKIIOYAET KOPHeBble
3kccydamst (BblAEJIEHUSI)) — HU3KOMOJIEKYJISIDHbIE OpraHM4YecKue Be-
tiecTsa (caxapa, CUpThbl, OpraHHYeCKMe U aMMHOKHUCJIOTHI, BUTAMU-
Hbl, TOPMOHbI M T..), @ TaKXe BbICOKOMOJIEKY/SIDHbIE MeTabOJUTDI
(nosivcaxapuaHble M OelKoBble CIM3U, (pepMEHTbI) U YTpau€HHbIE
4acTU pacTeHMs (CAyLUMBAIOLIMECS KJIETKH, OTMEPLUUE YYaCTKH KOp-
H$i, KOPHEBOI 4YexiauK M T.4.). [loacuuraHo, uro 6onee 40 % yrnepo-
na, 3aukcMpoBaHHOro B mnpoiecce (POTOCMHTE3a, TEPSIETCS B BU/E
KOPHEBbBIX eMo3nToB. [Hanbosiee MHTEHCHBHAS «yTe4YKa» TAKMX BELLECTB
MPOKCXOAUT B 30HE PACTSIXXEHMUSI KOPHS NpH ero pocte. C apyroii cTo-
POHbI, B MPUCYTCTBUU NMOTEHLMUAIBLHOIO NMAaTOreHa HEKOTOpble pacTe-
HUSI O0pasyloT ¢umoanexcunsl, odnagapolme crneunduUyeckoil aHTU-
MHUKPOOHOI1 aKTUBHOCTbIO. PacTeHue Takxe crocoOCTBYeT MU3BMEHEHUIO
(U3MKO-XMMHUYECKUX YCJIOBHI cpeiibi OOMTaHUSI MUKPOOPraHU3MOB,
OKa3blBasi MEXaHUUYECKOE BO3EMCTBUE Ha MOYBY, BbIBOIS Yepe3 CBOIO
COCYIMCTYIO CUCTEMY Psili Ta30B (HAarpumcp, METaH Ha pPUCOBBLIX Ye-
Kax) ¥ TPaHCMOPTUPYS KUCJIOPOA B aHAa3pOOHbIE YYAaCTKHU MOYBbI BOK-
pyr KopHsi. PuzocepHbie MUKpOOpPraHu3Mbl, pa3BMBasiCb Ha KOpHe-
BbIX JIENO3UTax pacTeHUs, B npolecce MeTabosn3ma M rnocjie oTMHUpa-
HUSI MUKPOOHBIX KJIETOK 00pa3yloT nuTarte/ibHble BellecTBa B hopMax,
NOCTYMHBIX /U1 UCMOAb30BAHUSI PACTEHUSIMH.

CocTaB ¥ KOJMYECTBEHHBIE COOTHOLLEHUSI KOMIIOHEHTOB MUKPOO-
HOro cooduectTBa pu3ochepbl 3aBUCAT KakK OT BMAA pacTEHUs, TaK U
OT MECTa ero NMpou3pacTaHus.

Co6biTHs, npoucxoasiine B pusocdepe NMpU pocTe KOPHS, MOTYT
ObITb CXEMAaTUYHO OMKUCAHbI clieayloWUM obpa3oM. baktepuu B nouse
KOHLIEHTPUPYIOTCSt Ha NMOBEPXHOCTH OPraHUYECKOro Marepuajia u oT-
JiMyaiotcsi cnaboit MeTaboNMYECKOil aKTUBHOCTbIO M3-3a OrpaHUYEH-
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HOW IOCTYMHOCTU MUTaTeNIbHBIX BellecTB. [1pu pocte KOpHS CKBO3b
MOYBY BOKPYI KOHYMKA YBEJIMYMBAETCS CONEPXAHNE NOCTYMHBIX NMUTa-
TEJbHBIX BELUECTB 32 CYET KOPHEBbIX BbIAEJIEHM, UTO crocobcTByeT
aKTUBM3allMM MMUKPOOHOTO poCcTa MU BBICBOOOXIEHUIO NOCTYMHBIX ISl
pacteHHUst GOpM a30THBIX COeAMHEHUIt. Bo3pocilast YUCTEHHOCTh MUK-
POOPraHMU3MOB pU30Ccdepbl MPUBIEKAET MOYBEHHBIX MPOCTENLLINX, KO-
TOpPbIE MUTAIOTCSI MUKPOOHBIMU KJIETKAMH, MTPU 3TOM TPETb «baKTepu-
aJIbHOTO a30Ta» BblIEJsieTCSl B BUIEe MOHA aMMOHMs. YacTb aMMOHMSI
TMOTJIOIIAETCS PacTylIMM KopHeM. MHUKpOOpraH1M3mbl TakXe o6pasyloT
¢epMeHTBI, COCOOBCTBYIOILIME MUHEPATU3ALMU CJIOXHbIX OpraHuye-
CKHX CO€AMHEHHIt N0 NMPOCTbIX, JOCTYMHbIX PACTEHUSIM.

Ilpy KoNIOHU3aLIMK MOBEPXHOCTH KOPHSI MUKPOOpPraHM3mMaMu Mo-
ryT ObITh 3a4€HCTBOBaHbI CIELUAIbHbIE MEXaHW3Mbl NMPUKPEIJICHUSI.

Co3naHve KOpHEBOIl CUCTEMOI1 pacTeHusi OJaronpusitHoi cpensbl
oOuTaHUs 15 MUKPOOPraHM3MOB MYTEM MOBBILLIEHUSI YPOBHS MUTA-
TeNbHBIX BELIECTB MPHUBOAMUT He TOJIBKO K YBEJIMYEHHIO YUCIIEHHOCTH
MUKpOOHO! MonyasilMM, HO MHOTAA M K 3aMETHbIM U3MEHEHMUSIM B
cocTaBe MMKpPOOHOTO coobuiecTBa. MHOrMe CTpeNTOMMULETH YCIIELLHO
KOJIOHM3UPYIOT pu3ocdepy, TaK KakK CnocOOHbI 00pa30BbIBaTh AHTHU-
OMOTHKH M yCTeLIHO KOHKYPHUPOBATb € GbICTPOpAacTyLIMMK DaKTepusi-
MU pu3ocdepbl, TAKUMH, KaK NceBIOMOHaabl U 6auusmibl. K ToMy xe
aKTUHOMMLETBI, UMEIOLLIME MULIEIUATIbHYIO OpraHU3aLMIo, MOTyT OC-
BauBaTh OoJjiee Cyxue MOYBbI, YEM ONHOKJIETOUHbIE (POPMBI, KOTOPbIM
IUTS1 OCYLLIECTBJICHUS IBUXEHMS HEOOXOAMMa BOAHas MUleHKa. BaxHyio
POJIb UTPAIOT MHULIEIMAIbHbIE TPUOBLI, KaK CBOOOJHOXHUBYLIHE, TaK U
MUKOpPHU3HbIE, B 00€CNeYeHUH pacTeHUs] MUHEPAJbHbIM MUTAHUEM, B
YaCTHOCTH coeIMHEeHUsIMU ocdopa. 3a cyeT pa3BUTHS MULIESIUSI FPU-
6aMH MOXET OCBaMBAaThCSl 3HAYUTEJILHO 0OJibLUKIT 00beM nouBbl. [Tpu
pocTe pacTEHMs] B MECTax C HU3KUM CONEpXaHHWEM CBSI3aHHOTO a3oTa
MOBBLILIAETCS 3HAaYEHUE a30TPUKCUPYIOLIMX pu3ochepHbIX OakTepuii
ponoB Azotobacter, Azospirillum v Azoarcus, oCylUECTBSIIOLLINX accoyua-
mueHyto aszomeurcayuro. CoobLuecTBO pu3ocdhepbl BCcerna BKIOYAET
MpoCTeiilline U HeEMAToIbl, KOTOpbie MPUBJEKAIOTCS BbICOKUM YpOB-
HEM pa3BUTHUA OakTepuit U rpUOOB B 3TOI 00JIACTH MOYBbI.

Mukpoopraiu3msl pu3ochepsl OKa3bIBalOT BJIMSIHUE HA pacTeHUe
HE TOJIKO MyTeM MpeoOpa30oBaHMsI CI0XHBIX OPraHMueCKUX BELLIECTB B
JOCTYIHYIO 1Sl pacTeHHUs1 GOpMY, HO U 3a CUET CrmuUMyasmopos pocma
(Hanpumep, rub6epesIMHOB), KOTOPbie BO3MEHCTBYIOT Ha Mopdosio-
rHI0 U GU3HOJIOTUIO PACTEHHSI, A TAKXKE APYTrMX CreLMPUIYECKUX MeTa-
00MMTOB, HaNMpUMep 3TUJICHA, BBHI3bIBAIOLIETO paHHEE LBETEHHE.
B npucyTCTBUM MaTOreHHbIX MMUKPOOPraHM3MOB MHUKPOOPraHU3Mbl
pu3socdepsl MOTYT CUMHTE3UPOBATb pa3jIMYHbIE OUOKOHMpoOAUpyowue
azenms: (RHTUOMOTUKHU, hbepMeHTBI, cuaepodopbl M Ap.), Nonass-
I0lLIM€e POCT HeXesaTeJibHOM MUKPOOUOTHI. [1ponyueHThl TAKMX areH-
TOB OTHOCSITCSl K pofiam Pseudomonas, Bacillus, Agrobacterium, Trichoder-
ma v 1p.
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buoTtexHonornyeckoe Mcnojib3oBarue pusocdepHoro cuMoObuosa
paccMaTpUBaeTCsl B HacTosiLee BpeMsi B IByX acriektax: 1) dpuropeme-
IMaLMs 3arpsisHEHHbIX BO M MOYB U 2) Moaudukauus puzocdepHoro
MHUKpPOOHOro coobliecTsa sl Co3naHUst O1aronpMusiTHbIX YCIIOBUIA pa3-
BUTUSI CEJILCKOXO3SMCTBEHHBIX pacTeHUii. B nepBoM ciyyae ycneuiHas
Ouonerpananuss KCEHOOMOTUKOB MPOMCXONUT UMEHHO B CUMOMO3e
MHUKPOOPraHM3MOB C paCTEHUEM, NTPUYEM BO3MOXHA F€HHO-UHXEHEep-
Hasi MoaU(pUKaLMs KaK MUKPOOHOTro KOMITIOHEHTA, TaK U CaMOro pac-
TE€HUs IS NOBbILUEHUSI AKTUBHOCTH TpaHc¢hOpMaLIMK TpynHopa3jiara-
eMbix BewecTB. Bo BTopoM ciyyae npeanosiaraetcsi BBeAEHUE B CO00-
IIIECTBO KaK MMKPOOPraHM3MOB, aKTUBUPYIOLLIMX Pa3BUTUE PACTEHHS
(a30T¢uKCcaTOpOB, NMPOAYLIEHTOB CTUMYJISITOPOB POCTa), TaK U MOCTaB-
LLIMKOB GMOKOHTPOJIMPYIOLLMX areHTOB, CAEPXHBAIOLIMX MPOHUKHO-
BEHME M POCT NATOreHHbIX MUKPOOPraHu3moB. UHTpooyumpyemMblie opra-
HU3Mbl MOTYT ObITb BblAEJEHbI U3 OKPYXalOLIEN Cpelbl MIN «CKOHCT-
pYHMpOBaHbl» B J1aOOpATOPHH.

[TpocTpaHCTBO BOKPYr HaA3€MHbIX YacTel pacTeHHUsl, a TAKXKe TKa-
HH 3TOro pacTeHusi 00pa3yloT ¢uitocghepy, B KOTOPOit BbiIENsIOT COO-
CTBEHHO MOBEPXHOCTb PaCTEHMsI, Ha3biBaeMylo ¢urionaarou. Konnye-
CTBO MMKPOOPraHMW3MOB, OOMTaIOLIMX HA HAI3eMHOM YacTH pacTeHMs,
CPaBHUMO C YMCJIEHHOCTbIO MUKPOOPraHU3MOB B MOYBE M NOCTUraeT
10® knerok Ha 1 r iuctoBoi Maccel. CocTaB MUMKPOGHOTO coobLIeECTBa
dunnochepbl NPUHUMMUAIBHO HE OTJIMYAETCS OT COODLLEeCTBa, NPU-
cyuiero ceMeHaM pacteHuil. Cpeam ero rnpencraBuTesieil OTMEYEHbI Kak
canporpocHble, TaK ¥ natoreHHble BUuabl. CocTaB U YUCIEHHOCTb KOH-
KpPETHOr0 MUKPOOHOro coobiuectsa ¢uuiochepbl 3aBUCAT OT BULA
pacTeHUsi U OT coyeTaHUsi GU3MKO-XUMHYECKMX (DAKTOPOB Cpelbl €ro
obuTaHus. MHUKpOOpraHu3Mbl, OOMUTAIOLIME HA JIMCTbSIX PACTEHMH,
NMOMMMO YNOMSIHYTBIX Bblllie, OTHOCSITCSI K ponaM Beijerinkia, Enterobacter,
Acetobacter, Methylobacterium, Rhodotorula v np. Ipn npopactaHuu co-
CTaB U KOJIMYECTBEHHbIE COOTHOLUEHUSI KOMIOHEHTOB MHUKPOOHOrO
coo0LecTBa, BHIHECEHHOrO B BO3AYLUHYIO Cpelly M3 MOYBbI, OyayT
MEHSTbCS Mo BIMsiIHUEM (haKTOpOB OKpyXalollieil cpeabl. MeHsieTcst 1
PacrnojioXeHHe KJIETOK MUKPOOPraHM3MOB Ha MOBEPXHOCTH JINCTA: OAHU
pacnpenensitorcst and¢py3Ho, apyrue obpa3yloT CKOIMJIEHUSI BOKPYT
yCTbUL. DTO OCHOBHblE M€CTa OOMEHa pacTeHUsi METaboJIMTaMK C OK-
pyXxalowlei cpenoit, rae ocyllecTBsieTCsl ra3000MeH, BblAC/IEHHE Jie-
TYYHX M HEJIETYYUX COCAMHEHM, CITyXalluUX NMUTATEebHbIMU CybcTpa-
TaMM JLIS1 MUKPOOpPraHu3MoB. Yepe3 ycTbMua TakXke MOTYT MPOHUKATb
naToreHHble MUKpPOOPraHU3Mbl U BBLIENATLCSE (humoryuodsl, coeinHe-
HUSI AHTUMUKPODOHOrO NEUCTBUS, MOAABISIOLLNE Pa3BUTHE MUKPOOP-
raHu3moB. Takue BelecTBa CMOCOOHBI CHHTE3UPOBAaTh XBOMHbIE AEpe-
Bbsl, YaiiHbl€ KYCTbl, PACTEHMS YECHOKA, JIyKa, MPSHOBKYCOBbIE€ pac-
TEHUS M T. 1.

SIpKUM MposiBIEHUEM MYTYyaJJUCTUYECKOIO CMMOMO3a MMKpOOpra-
HHU3MOB M PACTEHH MOXHO CYMTATb MPOLECC cUMbUomuueckoi azom-
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¢hukcayuu, Npyu KOTOPOM MMKPOOpPraHM3M 0oOeCrneyYyMBaeT pacTeHue
CBSI3aHHbIMU (POpMaMM a30Ta, a pacTeHHE CHabXaeT MUKPOOPraHU3M
NMUTATEJIbHbIMM BELIECTBAMHM M 3HEPrUeil M 3aLUMLIAET HUTpPOreHas-
HbIi1 KOMIUIEKC OT AEUCTBUSI KKcjiopoaa. MUKpoOpraHu3mbl, crnocoo-
Hbl€ K CUMOMOTHYECKOI1 a30T(MKCALMKU, OTHOCSTCS K poaaM Rhizobium,
Bradyrhizobium, o6pa3yioliuM KJlyOeHbKH Ha KOpHsIX 6000BbIX pacTe-
HUi1, u Frankia, BcTynalommum B CUMOHO3 C HEKOTOPbIMU ABYIOJIbHbI-
MU IpeBeCHbIMU pacTeHUsIMU (Oepe3a, onibxa, objenuxa u anp.). Kop-
HeBble BOJIOCKHM 0000OBbBIX pacTeHUit 06pa3yloT aTTpakTaHThbl (piaBOHO-
WAHOI NMPpUPOLBI, KOTOPBIE ClieuU(pUIHO NMPUBJIEKAIOT MUKPOOPraHU3-
Mbl M 3aMycKaloT CMHTE3 MMKpPOOHbIX Nod-dakTopoB, obecreunBaio-
LLIMX B3aUMOAEMCTBHE C pacTeHUEM. MUKPOOpraHM3Mbl TaKXe CUHTE-
3UPYIOT A€KMUHbI, yYaCTBYIOLLME B aare3uu 0aKkTepyaibHbIX KJIETOK Ha
MOBEPXHOCTH KOPHSA, U CTUMYJISITOPbl pOCTa pacTeHUI (MHAOJMUIYK-
CYCHYI0 KMCNOTy). CTUMYNsiUMsl pOCTa 4acTU MOBEPXHOCTHBIX CJIOER
KJIETOK KOPHEBOTO BOJIOCKA MPUBOAMT K €ro CIUpan3almuu, a MUK-
pOOpraHu3Mbl MOMNanalT BHYTPb cnupaiu. Pa3msirdeHue o0oJiouek
MOBEPXHOCTHBIX CTPYKTYpP KOpHsI noj AeicTBUeM epMEHTa nosura-
JIAKTYpOHa3bl JAa€T BO3MOXHOCTb OaKTepHaibHbLIM KJIETKAM MPOHUK-
HYTb BHYTPb KJIETOK pacTeHusi U ChopMHUPOBATh HHPEKLIMOHHYIO HUTb.
B TeTpannonaHbIX KJIETKaX KOPTEKCAa KOPHS MH(eKLMOHHAs HUTb pac-
NMajaeTcs Ha yUIMHEHHble OOpa3oBaHUsI HENPaBUIbHON (OpMbl (Oak-
mepoudst). [py 3TOM TETparouaHbIE KJIETKW MHTEHCUBHO Pa3MHOXa-
I0TCS U 00pa3yloT HapOCThI (kAybeHbku) Ha KOPHSIX pacTeHUil. BHyTpu
KJ1YOEHBKOB Y HPOUCXOAMUT MPOLIECC CUMOMOTHYECKOM a30TPUKCALIUH,
KOTOpasi CONMPOBOX/AETCSI COBMECTHbIM CHUHTE30M CJIOXHOIO COEau-
HEHMUS1 ne2cemo2106uHa, 6eKOBYIO HacTb KOTOPOro obpa3yeT pacTeHue,
a reM CMHTE3UpyeT GakTepusi.

MuuennaibHblii opraHu3M pona Frankia, NpOHUKas B KJIETKU KOPHS
pacTeHMsi, CTUMYJMPYET JIOKAJbHOE pa3pacTaHWe TKaHCH KOpPHS C
obpa3oBaHueM KiyOeHbKOB. [Tpy 3TOM rvdbl BHYTpH KOpHSi 00pa3yloT
pa3BETBJIEHUS] Y Pa3dyBalOTCS Ha KOHLIAX, MPEBPALLASICb B 6e3UKYAbI,
OCYLLECTBIS IOWME (PUKCALMIO MOJIEKYJISIPHOTrO a30Ta.

LLInpoko pacnpocTpaHEHHbIM THIT MYTYaJIMCTHYECKOTO CUMOMO3a —
Muxopu3a («rpubOKOpPEHb»). ITO MUKPOOHO-pacTUTENBbHOE B3aUMOEIH-
CTBME OCHOBAHO Ha obecreyeHWM rpuba caxapamMu, o6pa3oBaHHBIMH
pacTeHHEM, a pacTeHHUE B CBOIO Ouepellb MOJy4yaeT MperuMyLLECTBA 3a
CYeT OCBOEHMs Oosbllero o6beMa NoYBbl C MOMOLLbLIO TPUOBHOrO MU-
uenus. Mukopu3sa CylweCTBEHHO yBEJIMYMBAET MOIIOLIEHHUE BJIaru,
docdaroB U Apyrux MUHeEpaibHbIX BELUECTB IUISI PACTEHUS, a TaKXe
obecneymBaeT 3alIUTY pacTeHUsi OT (PUTOMATOrEHOB U TSXENbIX Me-
TAJUIOB. DTOT CUMOMO3 ObIBAa€T BYX BUOOB. 3KMO- W 3HOOMUKOpU3A.
DKTOMUKOpHU3Y 0Opa3yioT COTHM BMIOB IpHOOB, NMpEeUMYLIECTBEHHO
6a3suaMOMMLIETOB, BCTynass B CUMOMO3 C [ApEBECHbIMU PACTECHUSMMU
(cocHa, ny6 u ap.). Muuenuii rpuba omnietaet KOpeHb pacTeHHUs, 00-
pa3ysi MaHTHIO. BHYTpeHHMIA C/lOii MaHTHUM CBsi3aH ¢ rucgamu, BHe-
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IPUBLUMMMCS MEXAY KJIETKaMH 3NUIEpMHUCA U KOpTEKca KOPHs M chop-
MHUPOBAaBLUMMHU MULIEJMAIbHYIO CeTb. DHIAOMUKOpHU3a obpa3yeTcsi B
OCHOBHOM 3UIFOMMLIETAMH, BCTYNAIOLWMWMH B aCCOLIMALIMIO CO MHOXeE-
CTBOM pAaCT€HHiIl, B TOM UYHCJI€ BEPECKOBBIMU W OPXHIHBIMH. Mol
rpuba NMpoOHUKAIOT Yepe3 000M0UYKH KOPTUKAIbHBIX KJIETOK pacTeHHUs
1 GOPMUPYIOT JUXOTOMUYECKH PA3BETBICHHbIE CTPYKTYpbl, Ha3blBae-
Mble apbOyckyramu. B Apyrux KjaeTkax KopTekca KOpHsi rMdbl rpuboB
MOIyT 00pa30BbIBATbL MYy3bIPCBUIHDBIC B3AYTHUSI (6€3ukynsi). ApOYCKYJbl
W BE3UKYJIbl CUMTAIOTCH OCHOBHBIM MECTOM OOMEHA MUTATEJIbHbIMHU
BELLECTBAMU MEXIYy PAaCTEHUEM W IPUOOM.

Iapa3umuzm pacripocTpaHeH cpeau natoreHHbIX hoopM. Hanpumep,
BUPYCHI, B TOM YHcJe 6aKTepuo-, akTHHO- U LUMaHodaru, 6akTepHu,
nopaxatoliue KJieTKu (bJo3Mbl BbICLIMX PACTEHHUI, arpobakTepuu,
BbI3bIBAIOLLME PAKOBbIE pa3pacTaHUsl y pacTeHUIl, — 3TO BCE BHYTPH-
KJIETOYHbIEe Nnapa3utbl. Pa3zBuTHE OOJIMIaTHOrO BHYTPUKJIETOYHOIO MNna-
pa3uTa B OMNpENENEHHbIX YCJOBUSX NMPUBOAMUT K rMbenn xo3sinHa. Ha-
npumep, Bdellovibrio bacteriovorans npoHWKaeT B MnepuIiaiMy, rnpe-
BpallaeTcsl B HUTb U MOCTENEHHO JIM3UPYET KJIETKY Xo3siMHa. Takue
MUKPOOPraH13Mbl pacnpocTpaHeHbl B Bopoemax. [1onobHo 6ae1noBno-
PHO NMOpPaXaloT 3eJieHble BOAOPOCIH MUKpOOpraHusmbl poga Campylo-
bacter.

B HacTosiliee BpeMsi NpeacTaBi€HUs O KOJIMYECTBE NapTHEPOB, He-
OOXOAMMBIX ISl CO3MAHUSI YCTOMUMBBIX CUMOKO30B, NpeTepnenu cy-
uiecTBeHHble M3MeHeHus. [lokaszaHo, 4To Hapsiny ¢ NMpU3HAHHBIMH
KOMMOHEHTAMM JIMLIAHHUKOB, aKTUHO- U MUKOpPHM3 M3 TaKUX COO0D-
LLLECTB MOCTOAHHO BbLIEJSIIOTCS OaKTepuu, Hanpumep pona Burkhol-
deria. 1nsi psna 3HAOMMKOPU3 YCTAHOBJIEHA HEOOXOAMMOCTb MPH-
CYTCTBHUsI GaKTEpHii-XeJInepoB, CNOCOOCTBYIOLIMX (POPMUPOBAHUIO CUM-
0KO03a Ha NepBbIX 3Tanax U odsieryaluMx NpoHMKHOBEHKE rud rpubda
B KJIETKM pacTeHusi. B nuuuaiiHHUKax OTMEYEHO MOCTOSAHHOE MPHUCYT-
CTBHE IPaMITOIOXHUTENbHBIX 6aKTepHid. 3aK/IIOYMUTEIbHBIE 3TaMnbl a3po0-
HOrO pa3jloXEeHHsl LEeJUTI0103bl B MOUYBE TPEOYIOT MPUCYTCTBUSA MHOXE-
CTBa pa3HbIX MO MOP(HOJIOruKk NPOCTEKOOAKTEPUII KaK MAPTHEPOB LIEJI-
J110/1030pa3pylualoliux MUKpoopraHuaMoB. TakuM o06pa3oM, npocTble
B3AMMOCBSI3U B psiie CHMOMO30B JO/XKHbI ObITh NIEPECMOTPEHBI B CTO-
POHY YCJIOXXHEHHUS1 M YBEJIMUEHHUS! KOJIMYECTBA MAPTHEPOB.

®dU3mnonoruyeckun cTtatyC MMKpOOpraHu3mos
B 3KOCMCTeMax

DKoJiornueckue rpynmnbi Mukpoopranuamos. Euie C.H.BuHorpaa-
CKHWil pa3nenuni BCE MUKPOOPraHM3Mbl Ha NIBE€ TpYMMbl, UCMOJb3YIO-
LIMe NPUHLMMHAIBHO Pa3HbIE TUIIbl IKOAOCUHECKOU cmpamecuu. JKO-
JIorMyeckKasi cTpaTterusi — 3TO COBOKYMHOCTb peakLMii opraHu3ma Ha
neiictsue aktopoB okpyxalolieit cpenbl. K nepBoii rpynne oTHocAT-
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CSl aemoxmoHHble MUKPOOPraHM3Mbl, MOCTOSIHHO NMPUCYTCTBYIOLLIKE B
COO001ECTBE HE3aBUCMMO OT KOJIMUECTBA MUTATENbHbIX BELLECTB B HEM.
Takne MHUKpoOOpraHuambl pactyT Kak K-cmpameeu, T.e. MEIJIEHHO, C
HU3KHMMHU CKOPOCTSIMH pOcCTa, HO Beeraa. Bropoit Tun — arioxmonnsie
(WU 3umoceHHbie), MPUCYTCTBYIOLLKE «BCTUIECKAMM», KOTa €CTb MHO-
ro OpraHUYeCKoro BellecTBa (HarnpuMep, OIKWH pa3 B roay Npu JUCTo-
nane), pacTyT Kak r-cmpameeu, T.€. C BBICOKUMM CKOPOCTSIMH pOCTa,
TpeOyloLMe BLICOKUX KOHLIEHTpallMii MUTaTeabHbIX BellecTB. [1pu Ta-
KOM OBbICTPOM pOCTE pacceuBaeTCs MHOTO 3HEPrUM MU OpraHMYecKoro
BewlectBa. [loszaHee GbLT onpeeseH elie OOMH TUN cTpaTteruu (L-cmpa-
meeus), OCHOBAaHHOM Ha BbICOKOH YCTOMYMBOCTU K BO3MYLUCHHUSIM B
OKpYXalollei cpeie ¥ CMIOCOOHOCTH K NMepPeXHBAHUIO HEOGIaronpusT-
HBIX YCJIOBU.

HeobxonnMo Takxe YUUTbIBaTh, YTO B pa3TMUHbIX 9KOCUCTEMAX MPH-
CYTCTBYIOT 04uU2ompogHble MUKPOOPraHU3Mbl, PAcTyLLMUE TOJbKO MpH
HU3KHUX KOHLIEHTpALMAX MUTATebHbIX BellecTB. [1pM BBICOKHMX KOH-
LEHTpALIMSAX PacTyT MUKpPOOpPraHu3Mbi-konuompogsr. OnvrorpodamMu
CYUTAIOTCS TOJILKO reTepoTpodHbie MUKPOOPraHU3Mbl, pacTyllUe NpU
HU3KHX KOHLIEHTpaLIUAX COeaMHEH I yriepona. O6bIYHO KOMUOTPO(bI
pacTyT Kak r-CTpaTer, a oaurotpodbl — Kak K-ctparterw.

[eneHne MUKpoopraHu3MoB Ha OCHOBaHMH MX CMIOCOOHOCTH TMil-
pOJM30BaTh GUOMONUMEpPHI (eudpoaumuku N duccunompoghbr) NO3BONHU-
JIO COCTaBMTb NpeACTaBA€HHE O (PYHKIIMOHUPOBAHUHU MUKPOOHBIX CO-
o0L1eCTB MOYB KaK O TPEXCTYNEHYaToM MNpoLecce: FMAPOJIUTHKH —
kKonuotpodbl — oaurotpodsl. [1pU pa3noxeHUH OpraHUYECKOro Be-
LECTBA POMCXOAMUT caMmoperynsauusi cuctemsl. [lepsas craaus ruapo-
JIN3a NOJIMMEPOB YNpaBasieTcs KOHLEHTpaUKeH# oOpa3yloilnxcsi MOHO-
MEpOB Mo Tuiy o6paTHOit cBsi3u. [ToCcKOJIbKY MOHOMEPHBIE COENMHE-
HHUS CO30alOTCSl B CMCTeME ObicTpee, YeM MOTPEOAIOTCS], CHHTE3 3K-
30rMapoJia3 noasepraerTcsi KaTaboJUTHOM penpeccuu, a TMAPOJIMTUKH
nepexonAT B nokosiuieecss coctosiHue. Konnorpodbl, Ucnob3yoluye
r-CTpaTcIuio pocTta, CHUXalOT coaepXaHUe MOHOMEPOB B cpele U Ta-
KMM 00pa3oM No3BOJISIIOT pa3BUMBaThCS IpyIe oJurorpodos, KOTO-
pble U YTWIN3UPYIOT OpraHM4YeCcKoe BeLLECTBO.

B MUKpOGHOM co00lllecTBe Bceria HMeETCsl TPalMEHT MUKpoopra-
HHU3MOB I10 NMPOSIBJIEHUIO pa3IMYHbIX aKTUBHOCTEM (HanpuMep, no Ky).
B T0 Xe BpeMsi B accouralmsax oTMe4eHO HATMYHE «(pYHKLIMOHATbHbIX
nybnepos».

B 3agpaum 3xosoeuu mukpoopeanuamoe BXOOAT BbIsSIBIEHUE Pa3HOO0-
pa3usi MUKPOOPraHM3MOB M UX B3aMMOOEMCTBUSI B NPUPOIE, a TAKXe
ofnpenesjieH1e X aKkTUBHOCTEN B MPUCYLLEM UM MECTOOOMTaHHUM (a HE
B JJaBOpaTOPHBIX YCJIOBUSX).

[Tpumepom B3anMoneiicTBHUSI COOO1LIECTB MUKPOOPraHM3MOB B MpH-
pole MOXeT ObITh HEMPOTOYHOE 03epo (puc. 164). Moaesbio BonHO
3KOCUCTEMBI, YYUTBIBAIOLLEH BJIUSIHUE PAIUEHTOB Beex (pakTopoB, siB-
nisieTcst koaowka Bunoepadckoeo (puc. 165).
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CooOlwectso 2:
XeMoopraHoTpr . )
C¢H,0¢ + 60, '

6CO, +6H,0 '

BT IS | [P ST |

Coobuecrso 3:
I'mnbaus 1 - Metanorenbl: CO,+ H—»>CHy
lF'omoauetorensi: CO, + Hy — auerar

IM'uabaus 2 — CynbdunoreHsl: SO%: sV s

Tunbaus 3 — denutpudmkatopsi: NO; - N,
Fe**-Boccranosutenu: Fe*' >Fe?*

I'mnbaus 4 - Bpoaunblumky: c6paxuBaHue CNUPTOB,
OPraHUYeCKUX U aMHHOKMCIOT

Puc. 164. Moaenb coob1uecTB MUKPOOPraHu3MOB HENTPOTOYHOrO 03epa

JlnatoMoBble BOLOPOCIH U uuaHoGaKTepqu

Bonopociu 1 okucasiowue cynbdua
{

| . MUKpooprauusmbl (Beggiatoa, Thiobacillus,
I I Thiothrix)

; ‘ I ®otorereporpodrl (Rhodospirillum,
i . : Rhodopseudomonas)

'I ! ' Chromatium I
: : ! | Chlorobiuml

' . ‘_ ! AHa3poGHble TMIPONUTHKHM W GPOAWIIBLUMKH
rI‘ U »'—f S (Clostridium)

! o
0 i!";_ _" ____._\L _5 CynbbuaoreHsl (Desu{fovibrio)l

Puc. 165. Moaenb BOIHO# 3KOCUCTEMBI C FpaJIMEHTAMU OCHOBHBIX ()aKTOPOB
Y pacnpenesieHUEM TpyIn MMKpOOPraHM3MoB
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PocT MHKpOOpraHM3MoB B NPHKPENJICHHOM COCTOAHMH. B npecHoBoI-
HbIX U MOPCKHMX MECTOOOUTAHUSIX UMEET MeCTO 0Opa3oBaHME TaK Ha-
3bIBaeMbIX 6uonaerok. lpocteiiiinii npyMep 6UOMICHKH — MOHOCJOM
KJIETOK ofHoro Tumna. O6blYHO 3TO HayajibHasi cTaausi o6pa3oBaHuUs
0oJiee CII0XHOM CTPYKTYPbI NMPH KOJIOHU3ALMK MOBEPXHOCTH pa3iesia
¢a3. B 3aBUCHUMOCTH OT 0CcOOGEHHOCTEH OOUTAHMSI MMKPOOPraHU3MOB
(CBET, HAJIMYME TMUTATENbHBIX BELLIECTB U CKOPOCTH AU (PY3UH) CTPYK-
Typa OMOMJIIEHKH MOXET YCJIOXHATbCS (Hanpumep, oOpa3oBaHUEM CJIO-
UCTOCTH), MPU 3TOM CJIOM YX€ MNPEACTABICHbl pa3iIMuHbIMUA TUIMAMU
MUKpoopraHu3MoB. Hanpumep: BepxHUit clloii — (POTOCHMHTETHKM,
cpeaHUuii — (aKyJbTaTUBHBIE XEMOOPraHOTPO(MbI, HUXHUIN — CYJib-
¢aTtpenykTopbl. bonee cioxHasi nyiieHKa pa3BMBaETCs Kak TpexMepHas
CTPYKTYpa, BKJIIOHaloLlasi KJI€TOYHbIE arperatbli, BHyTPEHHHUE MOPbI U
CKBO3HbIE KaHaubl (puc. 166). UccnenoBaHue Takux CIIOXHBIX aCCOLIMA-
UMl BeoyT ¢ MOMOLLbIO KOH(OKAJIbHOIO CKaHMPYIOLLErO Jla3epHOro
MMKPOCKONA, NO3BOJISIOLIErO 1OCJOHHO (10 | MKM) noayyatb M300-
paxeHHe KJIETOK Ha pa3Ho# riyouHe riieHKU. [1oToM ¢ nomoliibio KoM-
NbIOTEPHOIO aHAJIM3a PEKOHCTPYUPYIOT OOLIMI B OMOIIEHKH.

buonsiieHka MoxeT pa3zpacTaTbCsi 10 MAaKPOCKONMUYECKOro pa3mepa,
o0pa3zyst MukpobHeiti Mam. UHoraa cjion MUKpOOpraHM3MoB UMEIOT pa3-
JIMYHBIA LIBET, U TOrda CTPYKTypa MaTa BHHA HEBOOPYXEHHbBIM IJa-
3oM. Takue MaTbl YacTo GOpMUPYIOTCS HA MOBEPXHOCTH KaMHEH MM
OCaKOB B CBEPXCOJIEHBIX U MPECHOBOAHBIX O3€pax, JaryHax, ropsiumx
MCTOYHMKaX U MOPCKUX NMPUOpEXHBbIX 0b6nacTsx. MaTbl cogepxaTt MUK-
pOOHbBIE HUTH, BKJIIOUAIOLLIME LIMAHOOAKTEPUU, KOTOpbIE SIBISIIOTCS
a0upuxamopamu, 1.€. opraHnsMamu, GopMHUpPYIOLLIMMU COOOLLECTBO U
ofnpeneasilollMMU ero cTpykTtypy. Huxe ¢otuueckoit 30HbI (~1 MM,
KyJa NMPOHMKAET CBET) CKJIAAbIBAIOTCH aHa3pOOHbIe yCJIOBUS. B HHX-

KJleTKH1

nena a3

ENTIT

KnetouHble arperarbl

Puc. 166. CtpoeHHe CI0XHO# TpexMepHOI OMOTIEHKH
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HeM YaCTHM MaTa XMBYT CYJb¢haTpeayKTopbl, obpasyiouime cyabdun,
KoTopslit nuddyHaupyeT B 30Hy aHa3po6bHOro GoToCUHTE3a, rae pac-
TYT 3eJIeHble U NyprypHbie OaKTepHUM.

EcTb npeanonoxeHus, 4To MUKpoOHblE MaTbl MOIJIM YyYacTBOBaTb B
¢opMHPOBaHMH HA3EMHBIX 3KOCUCTEM €IlE 1O PA3BUTHS COCYAMCTbIX
pacTeHMi, TaK KaK UX MCKOMNaeMble OCTaTKU (cmpomamoaumel) NaTH-
pytotcs 3,5 Mipna JieT.

Oco0eHHOCTH BOAHBLIX MHKPOOpPraHu3mMoB. BoaHbie MMKpOOpraHus-
MBI OCYLLIECTBJISIIOT B BOJOEMaX 3aMKHYTbIE LIMKJIbI OCHOBHbIX 3JIEMEH-
TOB, MOCKOJIbKY B MUKPOOHBIX cOOO11€CTBaxX TMpEACTaBAEHbI U MEpPBUY-
Hbl€ MPOAYLEHTHI OPraHUYECKOro BellecTBa (3y- U NPOKApUOTHYECKHUE
¢oToaBTOTPOdbI, MPOKAPUOTHI-XEMOABTOTPO(DbI), U KOHCYMEHTDI (IpO-
cTeifllune), M IeCTpPYKTOpbl (O0JbLIMHCTBO reTepOoTPOPHBIX NMPOKapUOT
1 rpu6oB). BonHble MMKPOOPraHW3Mbl TPUCYTCTBYIOT B TUIAHKTOHE M
OeHTOCe, NPUKPEILISAACH K MJIaBaloOLMM YacTULIAM U OOMTasi B JOHHbIX
ocajakax. BaxHeitilie rpynmbl nNpoKapuoT, OOUTaIOLMX B BOAHBIX 3KO-
cuctemax, aaHbl B Tabn. 30. INpocreitine npencrapieHs opaMuHUGe-
pamu u panuonspusiMi. Cpeau Boaopocieil npeobnasaloT AMaTOMEU.

OtaenbHble BUABI MUKPOCKONMMHYECKUX TPUOOB M3 OOMMLIETOB U
XUTPUIMEBBIX MPUCMOCOOMIUCH K XU3HU B NMPECHOBOAHBIX U MOpC-
KUX BogoeMmax. Hekotopble XxuTpuaueBbie MapasMTUPYIOT Ha AUATO-
MOBbIX BoaopoC/siX. Jpyroit BaxHOW rpynnoi HUTYaTbIX TpUbOB sB-
Jas0Tcs ripoMULETHI U3 Tpyninbl TpuboB UHronaa. 3t rpubsl cno-
coGHbI 06pa30BLIBAThb MO BOAOI YeThipexyyueBbie cropbl. Ux npopa-

Ta6anuna 30
Baxueifmue rpynnsi NpoKapHoT, OOHTAIOIIMX B BOAHBIX IKOCHCTEMAX
I'pynna Pou Ipynna Pon
dotoaBTO- Chlorobium XemoreTepo- Blastobacter
TPodbl Chloroherpeton TPodbi Caulobacter
Chromatium Flexibacter
Pelodiction Flexithrix
Thiodiction Gemmobacter
Thiopedia Hyphomicrobium
®ororerepo- | Chloroflexus Leucothrix
TPOGbI Heliobacterium Sphaerotilus
Heliothrix Xemonutoasro- | Beggiatoa
Rhodocyclus TPOdbI Galionella
Rhodomicrobium Thioploca
Rhodopseudomonas Thiothrix
Rhodospirillum Thiovulum
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CTaHUe Ha YMaBLUMUX B BOAY JIMCTbSIX U MPOHUKHOBEHUE T} BHYTPb
JIUCTA CIOCOOCTBYET NnepepaboTke OpraHM4YecKoro Marepmania, Koto-
pblii 3aTEM NOTPEOAAETCA JMYMHOYHBIMH CTAAUAMH Ha3eMHBIX Hace-
KOMbIX. BbuieT B3pocibix GOpM TaKMX HaCEKOMBbIX IPUBOIMT K Mepe-
Hocy ru¢ rpubGOB M3 MX MUILUEBApUTEJbHOrO TPAaKTa Ha JIUCTbSl Ha-
3EMHBIX paCTEeHUIA.

B onurotpo¢HbIX M O€IHbIX OpraHMYECKMM BELLIECTBOM BOJIaX MpPU-
CYTCTBYIOT CKOJb3slll[M€ U NMPOCTEKOBbIE MUKPOOPraHU3Mbl, Croco0-
Hbl€ MPUKPEIUISATbCA K IHOCTYIMHOMY cyOcTpary, obpacraTth ero, oopa-
3ys xjaonbs (¢paoku).

HanbGosiee HWHTEpecHOEe OTKPBHITHE, Kacalolleecsi MOPCKMX MECTO-
00MTaHUH, — MPUCYTCTBUE HE TOJBKO OOJIbLLIOrO KOJIMYECTBA BUPY-
COB, HO M BBICOKOE comepxaHue apxeil. [pubausurennHo !/3 nuko-
MJIaHKTOHA (KJIETKH Pa3MEPOM MeHee 2 MKM) COCTaBJISIIOT apXeu, Tpa-
JHWLIMOHHO NMPUINHUCHIBaeMbIE K IKCTPEMaIbHBIM MeCTOOOHUTaHHUsIM. B Mo-
psAAX OTMEYEH CBEPXBLICOKUH YpOBEHb yabmpamukpobakmepuu (Hawo-
bakmepuii), B OCHOBHOM polia Sphingomonas, KOTOpbiE MOIYT MPOXO-
IUTb Yepe3 MeMOpaHHbIii GWILTp ¢ pa3MepoM otBepcTUil 0,2 MKM.
OHM 00s1a1a10T MOpa3UTeSIbHON YCTOMYMBOCTbIO K TFOJONAHUIO M TakK
MaJjibl, YTO HE MoenaloTcs naxe HaHodJiaresiTaMu.

Pa3Hble BoooeMbl, 6€3yciOBHO, pa3inyaloTcs Kak no (pU3NKO-XHU-
MHYECKUM YCJIOBUSIM, TaK U MO YPOBHIO MEPBUYHOI NPOAYKLMH (OHU-
ctpodHbie, oaUroTpodHbie, Me30TpodHble U eBTpOdHbIe). OpraHu-
4YeCcKoe BELECTBO MOXET 00pa3oBbIBaThCSl HEMOCPEACTBEHHO B BOLO-
eMe (aBTOXTOHHOE), a MOXET MoMnagaTb B BOOOEM M3BHE (JIOXTOH-
Hoe). K Hanbosnee BaXHbIM (PU3IMKO-XMMHUUYECKHUM XapaKTEPUCTHKAM
BOIOEMA OTHOCSITCS TeMIlepaTypa, OCBELLEHHOCTb, YPOBEHb MHHEpa-
JIM3aLMHU, KOJNYECTBO pacTBOpeHHbIX razos, pH u Eh, MouiHocTh M
CTPYKTYpA AOHHbIX OTJIOXEHHUI.

B a3po6Hoii 30He BoooeMa pacrojioXX€HO MHOXECTBO IKOJIOrHye-
CKHX HHILL.

B nosepxnocmnoii 3one npeoGiafgaloT MUKpPOOPraHM3MBbI, Croco0d-
Hbl€ HAXOAMTHCS BO B3BELLIEHHOM COCTOSIHUM: KJIETKH, UMEIOLLIUE XKIY-
TUKH, TIPOCTEKHU, TPUKPEINUTESbHbBIE NUCKH, ra3oBbie BaKyoJlM, WU
OpraHu3Mbl Majibix pa3mepoB. [JJoMMHHPYIOIUMMHU (POpMaMHU 3€eCh SIB-
JIS0TCsl ONMroTpodsl M npoctekobakTepuu ponoB Hyphomicrobium,
Planctomyces, Blastobacter, Pasteuria, Caulobacter, Asticacaulis, Prostheco-
microbium, Seliberia, Prosthecochloris v np. CIUpWLUIBI OTHOCSITCS K TH-
NMUYHO IUJIAHKTOHHBIM GakTepusiMm. U3 cnocoboB MeTabonmn3ama npeood-
nagaiot Gotorpodusi, METUIOTPODHUST U HUTPUDHUKALIHS.

Bcst moawia 6000l maccei B 3aBUCHMOCTHU OT I'PaIMEHTOB (haKTOpOB
nonesjeHa Ha psll NOA30H: NMoA30HAa (HOTOCHHTE3a, MOA30HbI MPOAYK-
LMK OMOMAcCChl TeTEPOTPOPHBIX U XEMOJIUTOTPOPHBIX MUKPOOPraHH13-
MOB, MOA30Ha IECTPYKILIMM OpPraHMUYecKoro BelllecTBa, MOA30HA Tep-
MOKMHa. B BogoemMax ¢ MOBBbILLEHHOMH COJIEHOCThIO HabnloaaeTcs 3a-
METHasi epBUYHAsi TPOAYKLIMS OPraHUYECKOro BELLECTBA 33 CUET Xe-
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MocuHTe3a. OCHOBHasi Macca OpraHMYeCcKOro BeleCTBa (KaK CUHTE3H-
POBaHHOTO B BOJOEME, TaK M MPUBHECEHHOIO M3BHE) pa3jaraercsi B
a3poOHo#M BomHOI Tosue (10 rIyouHsl 10 M) MU He AOCTHUraeT IHa.
MukcobakTepuu, a Takxe npeacraButenu poaoB Flexibacter u Cellvibrio
CMOCOOHBI JIM3UPOBATh XHUBbIE KJIETKHU LIMAHOOAKTEPUI U 3€JIEHBIX BO-
nopocneii. buornonumepsl MOPTMacChl MUKpPOOPraHU3MOB, (PUTOIJIaHK-
TOHA W BBICLIMX PACTEHHUI1 U XUBOTHBIX pa3jiaraloT MUKCOOaKTepUH U
BUIbI ponoB Sporocytophaga, Lysobacter, Beneckea, Alginomonas, Vibrio,
Cytophaga.

B nosepxnocmuom caoe una o6UTAIOT NPUKpPEIJIEHHBIE WIH CKOJb-
351LLIKE MUKPOOPraHU3Mbl. DTO MHUKPOa3pOodWibHblE OPraHU3Mbl po-
noB Flexibacter, Beggiatoa, Thiothrix, GaKkynbTaTUBHO aHa3pOOHbBIE LIU-
tocharu 1 GauvUTel, HUTYaThie 6akTepun Pelonema, Peloploca, Leucothrix,
xene3obakrepuu Metallogenium, Hyphomicrobium, Seliberia, 3eneHbie
HUTYaTbie 6aKTepUM. AHA3pOOHBIN pacnaji B IPUINIOBEPXHOCTHOM CJI0€
JOHHBIX OCAIKOB OCYLLIECTBISIOT KJIOCTPUANM U 3HTepobakTepun. Hux-
HME CJIOM WJIa COCTABJSAIOT Cy1b(daTPENyKTOPbl U METAHOTEHBI, 3aBep-
1alolMe aHa3poOHYI0 NECTPYKLHMIO YNaBILIMX HA THO PACTUTENbHBIX U
>XXUBOTHBIX OCTaTKOB.

OcCo0eHHOCTH NOYBeHHBIX MHKpOOpraHu3mMoB. BaxHeiileid 3eMHOMN
IKOCHCTEMOI sABJIsieTCs novea. B mousax npeobnanaer TBepaas ¢asa, v
GONBILMHCTBO MOYB ABJIAETCS MPEUMYILECTBEHHO a3po6HBIMU. OCHOB-
HbIE MPOOYLIEHTHI B MOYBEHHBIX 9KOocHCcTeMax — pacteHusi. [1ouBbl 00-
pa3yloTcsl B LUIMPOKOM CIEKTPE KIMMAaTUYECKUX YCJIOBUI. DTO He cTa-
TUUYHbIE CUCTEMBI, OHU 3aBHCAT OT HK3MEHEHHW I TeMMNEPATYPhbI U BIAXHO-
ctu. B mouBax GopMHpYIOTCSi YHUKaJIbHbIE MECTOOOMTAHUS U151 MHO-
TMX opraHu3MoB (bakTepuii, rpuboB, NPOCTEIILIMX, BOAOPOCIIEH, Ha-
CEKOMBIX, HEMATO, MEJIKUX XHUBOTHBIX). Bce 3T opraHu3Mbl HEOOXO-
IHUMBI IS HGOPMHUPOBAHUS U MOLAEPXAHUS MOYBHI.

IMouBbl conepXaT MHOXECTBO NMOBEPXHOCTEH, KOTOpbIE BIUAIOT Ha
JOCTYMHOCTb IMUTATEJIbHBIX BELLIECTB U B3aUMONEHCTBUSI MUKPOOPraHH3-
MOB. Pa3nnuHbliii pa3Mep rnop nejiaeT Ux B pa3HOM CTENEHU 1OCTYIMHBIMH
IUTSL UCTOb30BaH U M Koslonu3auuu. Ha puc. 167 npencraBieHo THINY-
HOe pacrpeneieHHe MUKpOOpPraHu3MoB B nouse. bakrepun UMeEIOT TEH-
JIEHLIMIO TIPUCYTCTBOBAaTh B BUIE MUKPOKOJIOHHIT HAa MOBEPXHOCTH M0OY-
BEHHBIX YaCTHLI WIH B BUIE CYCIIEH3UMH B IOYBEHHOM pacTBOpE B Mopax.
HuTuaThle rpuGsl M MULIENHATbHBIE (POPMBI IPOKAPHOT CINIOCOOHBI pa-
CTH KaK Ha MOYBEHHBIX arperarax, Tak ¥ MexXiay HUMH, OIUIeTast Ux, U,
C ONHOWM CTOpOHBI, CBA3LIBasi MeXay coboii, a ¢ npyroit — pa3obluasi.
INpocreiiiive 0OMTaIOT B BOOHOM TUIEHKE M MOENalT OakTepuH.

[MouBbI COCTOAT M3 NECKa, IVIMHBI, Wia U ApYTUX Yactul. OpraHu-
YyecKoe BELIECTBO, MOCTOSSHHO NMpHOaB/sAIoLIeeCs B BUAE PaCTUTENb-
HbIX M XMBOTHBIX OCTaTKOB, MOCTENEHHO TpaHCGOPMHUpYETCs B CTa-
OWJIBHBIN, OOraThiii NMUTATEJIbHBIMM BELLIECTBAMU MarepHal — TyMyc.
Bce 3TM KOMTMOHEHTH (OPMHUPYIOT reTEpPOreHHbIE arperarbl pa3HOro
pa3Mepa, WIM NMOYBEHHbIE YACTHULIbI, KOTOPbIE MPOHHU3aHbl CIIOXHOM
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Mou

yact (] Bakrepuu

Mpocreiiuue

Hurtuatbie
rpubbI

Puc. 167. TunuuHoe pacipenesieHue rpyrni MUKPOOPraHM3MOB B MoYBe

ceTblo nop. bakTepnu 1 rpubbl KCNOJB3YIOT pa3Hbie (YHKUMOHAIbHbBIE
CTpaTerum Misl NOJyYyeHUs] NPEUMYLLECTB B 3TOM (PU3UUECKHU CIIOXXKHOM
MaTpUKce. bobLIMHCTBO OaKTepHii TOKAIM30BAHO HA NMOBEPXHOCTH MO-
YBEHHBIX YaCTHll, ¥ UM HeoOX0oAMMO, YTOObI BoAa M NMUTATEJbHbIE BE-
LLIECTBA pacriojiaralucb B HenocpeactTseHHoi Oan3octu. Yacro Gakre-
pUH BCTPEYAIOTCS BHYTPM MajleHbKHMX Mop (1uameTpoM 2—6 MKM),
rie y HUX 0oJibllie BEPOSTHOCTH HE ObITb CheIEHHbIMU MPOCTEHILIMMH.
MuuennanbHbie (pOpMbl MUKPOOPraHU3MOB, HAMPOTUB, CTPEMSITCS pac-
MOJIOXUTbCS Ha BHELIHE MOBEPXHOCTU arperatoB. DT OPraHU3Mbi
MoryT (h)OpMHPOBaTb MOCTUKH MEXIY OTAEIbHbIMU YYaCTKaMH, 100K~
pasicb B MecTa, rae Biara 6onee noctynHa. TakuMm obpa3om, MULIETU-
ajbHbie ()OpPMbl MOTYT «MPOABHUIaThCsl» Ha OOJbLIME PACCTOSHUS B
MOUCKax BOAbl U MUTAHHUSI.

N3-3a orpaHuucHHOM And@Py3nun rasoB BHyTpb arperatoB U U3 HUX,
13-3a 0OBOJHEHHOCTH MPOCTPAHCTBA MEXY arperataMi B MUKPOOKpY-
XEHUU MOTYT MMETb MECTO 3HAUMUTEIbHbIE M3MEHEHMUSI KOHLIEHTPALIMU
ra3oB U pacTBOpeHHbIX BellecTB. [1o cpaBHeHMIO ¢ aTMOCcdeEpO# B MoU-
Bax 3aMeTHoO GoJsiee Bbicokne KoHueHTpauuu CO,, CO u apyrux razos
M NOHMXEHHOE colepxaHHue Kucjopoaa, popmupyetcsi rpaaueHTt O,
M MOTYT 00pa30BbIBaTbCcsl aHa3poOHbIe MUKPO30HLI. [locne noxas no-
4YBa MOXET OBLICTPO MNMpeBpPaTUTLCA U3 a3pOOHOro MeCTOOOUTaHUS C
HECKOJIbKUMHM OTAEJIbHbIMKA aHa3pOOHbIMH MUKPOHHULLIAMU B NpEUMY-
LUIECTBEHHO aHa3poOHYl0 cpely, OCOOEHHO C yBEJIMYEHUEM IJIyOUHBI.

IMpu HeiiTpanbHoM pH GOABLIMHCTBO TBEpAbIX KOMIOHEHTOB MO-
4Bbl, BKJII0Yasi MUKPOOPraHW3MbI, 3apsikeHo oTpuLiatenbHo. [Tonoxu-
TeJIbHO 3apsiXKEHHbIE MOHbI TUIA BOAOPOAA U AaMMOHMS TNPUTATUBAIOT-
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CSl K OTPMLIATENIbHO 3apsiXKeHHBIM MOBEPXHOCTAM. YacTHLbl MJIMHBL Y
ryMYC, COEPXAIlMi NoJTypa3pylleHHbIH U CTaOWIN3UPOBaHHbIH opra-
HHUYECKMII MaTepuall, TAKXe MPUTATUBAIOT M CBA3BIBAIOT pa3HOOOpa3-
Hbl€ OpraHMYeCKMe MU HEOopraHMYyecKue BelliecTBa (HarnpuMep, UOHBI
METAJJIOB U MPOAYKThI YAaCTUYHO# AerpagallMy NecTULUOOB).

[TouBsl GOPMUPYIOTCSE B pa3TUYHBIX YCJIOBUSIX OKPYXAIOLLIEH Cpelbl.
Tam, rne NpoOUCXOIHUT BbIBETPMBAHME HOBOI'O r€OJIOTMYECKOr0 MaTtepu-
aja b0 nocse U3BEPXEHMs, JTMOO IMOCie 3eMIETPSICEHUs], HAUMHAET-
Csl KOJIOHHM3ALIMSI €10 MUKpOOpraHu3MaMu. [TnoHepaMu 3aech ABISIOTCS
uMaHOOaKTepHUH, CNOCOOHBIE K (POTOCHHTE3Y M a30TduKcauun. bonb-
LLIY10 poiib B ()OpMUPOBAHUM U (PYHKLIMOHUPOBAHUH MOYB UTPaIOT rpam-
MOJIOXMUTE/IbHbIE OaKTEPHM, MOKa3bIBAIOLIME Pa3HYIO CTENEHb BETBJIE-
HUS U Pa3BUTUS MULIENIUS, & UMEHHO KOpHHE(OPMHbIE, HOKapIHO-
¢opMHbIe 6aKTEPUH, a TAKKE aKTHHOMHULIETBI. 3TU IPYTINbI UTPAIOT BaX-
HYIO POJib B pacIUETIEHUH YIJIEBOAOPOIOB, UCKOMAEMbIX PACTUTEIbHbIX
MaTepHajioB M TMOYBEHHOro rymyca. Hekoropsle npeactaBUTENU CHO-
COOHBI pa3pyuiaTb NECTULIMABI U IPYrue€ KCEHOOMOTHKU. XapaKTepHbIi
MOYBEHHBII 3arax 3aBUCHUT OT BbLAEJSEMOrO CTPENTOMHULIETAMHU BelLle-
cTBa 2eocmuna. Ilpy aHann3e MUKPOOHOTO «HaceeHHWsI» MOYBBI ClieayeT
YUMTBIBATh, YTO B HACTOSILEE BpeMsi yaaeTcs KyJIbTUBHUPOBAaTh TOJILKO
okoJio 10 % mouBeHHBIX MMKpoOOpraHu3moB. HekynbTuBUpyeMbie Gop-
Mbl MOXHO BBISIBJISITb C TOMOLLIbIO MOJIEKY/IIPHO-OHOJIOTMYECKMX METO-
noB, 3kcTparupysi MuKpooHyto JIHK u amminduumpys ee B nonume-
pa3HbIX LEMHbLIX peakLIMsIX C NOCAEAYIOLIUM OnpeneaeHUeM nocienoBa-
TEJIbHOCTH HYKJIEOTUIOB B reHe, koaupyiowem 16S pPHK.

®opMHpOBaHHE TOTO WKW MHOrO THIA MOYBHI 3aBUCHUT OT CABHIa
paBHOBeCHUsi Mexay oOpa3oBaHMEM W pa3pyLIEHHMEM OPraHHUYECKOro
marepuana. Ha Hero Bausot Takue ¢akropbl, Kak TeMIiepatypa u apy-
rMe KJIMMaTHYECKHME YCJIOBUSI, MaTepHHCKasi Mopoja, COCTaB pacTe-
HUI U MUKpoopraHuaMoB. HanpuMep, Bo BJIaXHbIX TPOMUYECKHUX MO-
yBax, rae OoJjiee BbBICOKME TeMIepaTypbl, OPraHM4YecKoe BEILECTBO
ObICTPO pacLUENSiETCA W MOABHXHbIE HEOPraHUYECKUE MUTATEIbHbIE
BeLLleCTBA MOTYT BHILLEJIAYMBATbCS C OBEPXHOCTH, Bbi3biBasi ObICTPYIO
notepio riogaopoausi. YToobl OrpaHUYUTbL 3TU NOTEPU, MHOTHE TPOTIH-
YeCcKHe pacTeHHUs UMEIOT KOPHEBYIO CHCTEMY, KOTopasi MPOHUKAET B
OBbICTPO pa3pyllialoLLyIOCs MOACTHUIIKY, TEM CaMbIM YJIaBJIMBasi OCBO-
6oXxaalouiMecss NUTaTebHbIE BELLIECTBA.

B Gonee yMepeHHbIX perMmoHax, Ha00OpOT, CKOPOCTH Pa3IOXEHMUS
MeJIEHHee, YEM MEPBUYHOM MPOAYKLMH, YTO MPUBOLUT K HaKOILIE-
HMI0 onaga. I'mybokoe NMpOHMKHOBEHHME KOpHEH pacTeHWi BeleT K
¢opMHUPOBaHMIO TU10J0POAUS MOYBDI.

B xos0aHBIX 30HaX 3MMOIi, KOraa Bjlara JOCTYITHA M MOYBa OXJIaX-
NIeHa, pa3jloXXeHHe OpraHMKu orpaHudyeHo. Jietom, koraa noysa Ten-
Jlasi, HeJOCTaTO4YHO Bjiaryu. OpraHMYecKue KHUCJIOTbl 00pa3yloTcsl B X0O-
JIOAHOM, MOKPOM CJIOE OMnaja ¥ BbIMBIBAIOTCS B HUXEJIEXALlME CJIOH.
OHM pacTBOPSIIOT NOYBEHHbIE KOMMOHEHTHI (HAaNIpUMep, aIIOMUHUIA 1
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XeJe30), 00pa3oBbiBasg MHOIAA obecLiBeYeHHbIe 30HbI. [ToacTuika npo-
JIO/XAeT HAKaIUIMBATbCS, U HEPEKO HHCTPYMEHTOM, BO3BPALLAIOLIMM
nuTaTe/ibHbIE BELECTBA B IN10OAIbHbIE LIMKJIbI, CTAHOBUTCSI OTOHB (JIEC-
HO# noxap).

bonoTtHas mouBa npeacTaBiasieT coboil yHUKalbHbI Habop ycio-
BUIl 111 MUKpPOOHOro pocta. 3mech CKOPOCTb pa3fioXEHHUsE CHUXEHA
nepeyBjaXHEHHOCThIO, NpeobaflaHMEM HEOKMCIMTENbHBIX YCIOBHUH,
yTO NMpUBOAMT K opmupoBaHHio Topda. Eciau takylo ob6nactb ApeHU-
poBaTh, OHAa CTAHOBMUTCS OoJiee a3pOOHOI, OpraHUYECKUi Marepua
pa3pylliaeTcsi U ypOBEHb MOYBBI ONMYCKaeTcsl. B a3poOHBIX yC/I0BUSIX JIUT-
HUH-LEJUTIONIO3HbIE KOMIUIEKCHI 3aI1aCEHHOr0 OPraHM4yeCKOro MaTepm-
ana Gonee ycneurHo pa3pyllaloTcsi HUTYATbIMU IpUubaMu.

B noyBax BaXXHbl TaKX€ B3aMMOJCICTBUS MUKPOOPraHM3MOB C pac-
TeHUsIMM (pu3ocdepa, MUKOPHU3a, KJyOeHbKOBbIE OaKTeEpUHU U T.4.).

HekoTopbie nouBeHHbiE MUKPOOPraHU3Mbl B3aUMOJEHCTBYIOT C
3eMHOI1 aTMocdepoii. U3 «3K30THUYECKUX» SIBIEHHIT MOXHO OTMETUTD
crnoco6HocTb Pseudomonas syringae CUHTE3UPOBaTh OEJIOK, KOTOPBII
CIIYXUT s1ApoM (POPMHUPOBaHMS JbIa HA MOBEPXHOCTH JIMCTHEB U CHEra
B rpo30BbIX Ty4yax. Takoi cHerodopMHUpYIOILMIA MOYBEHHbIH MHKPO-
OpraH13M MOXET BJIMSITh Ha nmoroay B rnobaibHoM MaciuTabe. [TouBeH-
Hble MMKpPOOBI OKa3biBalOT MOJIOXUTEIbHOE BIMsIHME Ha atMocdepy,
pa3pyluasi TaKiue BO3AyLLHbI€ «3arpsA3HUTENIU», KaK METaH, BOOOpOI,
CO, 6eH305, TpUXJIOP3TUIIEH, hopManbaerna. [TouseHHbIe MUKPOOP-
raHU3Mbl OKa3biBaIOT 0OJIbILIOE BJAHMSIHME Ha MIOOabHOE ColepXaHUe
pa3HbiX ra3oB. OTHOCUTENILHO cTabubHbIC rasbi — CO,, NO, N,O u
MeTaH. DTH Ta3bl Ha3bIBAIOT NAPHUKOBLIMU 2a3amU, TAK KaK OHU OTpa-
XKAIOT TEIUIOBBLIE JIyYH, HE MO3BOJISIA TEIUY YXOAMTb OT MOBEPXHOCTH
3emii, M BbI3bIBAIOT MIOOATBHOE MoTernJeHue. MetaH MOXeT notpeo-
JITbCS MeTaHOTpodaMH, oOMTaIOLIMMKU B NMoYBe M Boge. Kpuruuec-
KUM (pakTOpOM, BIMSIOLIMM Ha noTpebleHUe MeTaHa NMOYBOIA, sSIBS-
€TCsl KOHLIEHTpalusi MoHa aMMoHMs. [lpu yBeiMuyeHUH conepxaHus
aMMOHHMS B IOYBE M3-32 CEJIbLCKOXO35IUCTBEHHONU AECATENIbHOCTH WU
BCJIEACTBME 3arpsi3HeHUs NOTpedieHe MeTaHa CHUXaeTcsi. Takum 006-
pa3oM MOYBEHHbie W BOAHbIE METAHOTPOGMHI MOIYT pacCMaTpUBAaTbLCS
KaK CBO€OOpa3HbIil 6akmepuanbHulll ea3oeslil Guabmp.

Mpo6nema 3arpsa3HeHUn NPUPOAHLIX 3KOCUCTEM
M BO3MOXHOCTU CaMOOUYULLEHUS

Jns obecrneyeHust c6aNaHCMPOBAHHOTO KPYroBOpOTa BELLIECTB He-
00X0IMMO, YTOOBI 3TH COEIMHEHUSI KAK CUHTE3UPOBAJIUCh, TaK U pa3-
JNarauch. YesioBeK B CBOEil AEATENBHOCTH HE TOJIbKO 3aCTaBWJI XHUBbIE
OpraHu3Mbl 06pa30oBbIBaTh HYXKHbIE €MY BELLIECTBA B CBEPXKOUYECTBAX,
HO U CUMHTE3UPOBaJl XUMHUUYECKHUM IyTEM OrPOMHOE KOJIMYECTBO YYyXK-
IIbIX TIPUPOLIE COENMHEHU A, KOTOpbIe, 0bsanas 3HAYMTENIbHOM CTaOWU/Ib-

290



HOCTBIO, HaKalJIMBalOTCA B OKpyXalolleii cpeae. Takue kcenobuomuxu
HMEIOT YHUKAJIbHYIO OHMOJIOFMYECKYI0 aKTUBHOCTb, KakK MpaBWIO, He-
raTUBHYIO (KaHLEPOreHHYI0, MyTareHHYIO0, TEPAaTOr€HHYIO, ajUlepreH-
HYI0) M, OBICTPO PaclpOCTPAHSAACH MO MHUILEBBIM LENSAM U B MpO-
CTPAHCTBE, OKa3biBalOT TOKCMYECKOE BO3AECHCTBHE YXKE HA YDOBHE MUK-
pornipuMeceii. B LIMpOKOM CMbICJIE K KCEHOOMOTHUKAM MOTYT ObITh OTHE-
CEeHbl M BELUECTBAa MPUPOAHOrO MPOUCXOXIEHUS, HO MOJY4YEHHbIE B
CBEPXKOJIMYECTBAX M MEPEMELLEHHbIE B HECBOMCTBEHHBIE UM MECTA (Ha-
npuMep, HedTb). [TOCKOJIBKY Y€JIOBEUECTBO HE MOXET MOJHOCTBIO OT-
Ka3aTbCA OT MCIOJIb30BaHUS TaKHUX BELLECTB, TaK KaK OHU MPUMEHS -
I0TCSl TPAKTUYECKHU BO BCEX 001aCTAX AEATENbHOCTH, NIEPBOOUEPENHOI
3amayeil CTAaHOBUTCSl OYUCTKA OKPYXalollieil cpefbl OT AHTPOMOr€HHbIX
3arpsi3HUTENICH.

MuKpoopraHu3mbl, 061a1al0LLHe OTPOMHBIM pa3HooOpa3neM ¢ep-
MEHTHBIX CUCTEM U OOJbILIONH JTAOUIBHOCTBIO METabONKU3Ma, U ABIS-
IOTCSl TEM 3BEHOM, KOTOPOE€ B OCHOBHOM OTBETCTBEHHO 3a CaMOOYH-
LIEHWE NMPUPOAHbIX IKOCUCTEM M MOXET OCYLLECTBIATb OMoaerpaia-
LUMIO MPUPOAHBbIX U CUHTETUYECKUX KCEHOOMOTUKOB, TEM CaMbiM BO3-
Bpalliasi OCHOBHbIE MUTATE/IbHbIE 3JIEMEHTHI B IJIOOAIbHbI LIUKII.

Oco0y10 aKTyaJlbHOCTb pa3pyluaroliasi CHocCOOHOCTb MUKPOOPTraHHU3-
MOB npuobpesia B MoCA€AHUE AECATUIIETUSI B CBSI3U C YBEJIWUHMBAIO-
LUMMCS1 TIPUCYTCTBUEM B OMoOcdepe yCTOMUMBBLIX 3arpsisHUTENIEN aH-
TPOMOreHHOTo MPOUCXOXAEHHUsI, MPHUEM HEPEAKO B MacluTabax, npe-
BBILLAIOLIUX MPUPOAHYIO CAMOOUYMLLAIOLLYIO CITOCOOHOCTD.

[TpuMeHeHMe XHUBBLIX OPraHU3MOB [UISi OYUCTKM BOAbI, MOYBHI U
BO3/yXa OT pPa3/JIMYHbIX 3arpsAA3HEHU OCHOBAHO Ha MX CIMOCOOHOCTH K
buodezpada