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NPEAUCNOBUE

Liesaw 1BTONOB y‘ICGHHKﬂ — U3ITOAKHUTL COBPEMCHHBIE CBCACHHA O
MHpE MUKPOOPTAHM3MOB C HMCNOJb3OBAHMEM BOJBIUIONO KOLMYECTBA
PUCYHKOB H CXEM, MO3BOMSIIOIUMX ObICTPEE M Jvdile NOHATbL CYTh U3Y-
yaeMblXx NOHsTHIT, Hapsaay ¢ TpAAMOWOHHBIM MaTEepUUIOM, H3jarae-
MbIM B KYPCC MUXPOOHOMOTHH 1O GHOXUMHM, (DH3IHOIOMHHU U TeHeTH-
K& MUKPOOPTaHM3MOB, B yucOHHUKE [aHbl COBPEMEHHBIE MpeAcTaB/le-
HEST 0 CUCTEMATHKE NPOKAPHOT, OCHOBAHHbIE HAa AHAJIM3E MOCICIOoRA-
TCNBHOCTEN reHa, xonupywowero cuures 168 pPHK, o mcrogax 3Ko-
JAOFHH MMKPOOPTaHUM3IMOB, MOP(DOIOTUM U UMTONOTHK TTPOKAPHOT,
GA3IUPYIOLIMXCA HA MOCAEAHUX HAYUHBIX AOCTHXCHHAX.

VueBHHK BronouaeT 13 mias no HCTOPHH MUKPOOHONOTHHU, CHCTE-
MaTuke, MOPQOIOruK, KYIBTHRUPORAHUIO U POCTY KIETOK, ACHCTBHIO
(HHIMKO-XHUMHYECKHX (BAKTOPOB HA MHUKPOOPTAHUIMbI, MCTADOHIMY
M ero peryisuuf, GHOCHHTE3Y W IcHeTHKE. B HeM pacCMOTpeHB! MeTo-
Ibl, UCIOH3YCMBIE MPH UIYUCHHH IKOIOMMHECKYX ACIICKTOB AeATe b~
HOCTH W TTPAKTUUECKOrO NPUMCHEHUSI MUKPOOPraHM3MoB. KHury 3a-
BepIIAeT CUCTEMATHUECKMIT 0630p (BHaoreHeTHIECKHX B (PHU3HOoNOrH-
YECKUX I'PYIIN MPOKAPHOT, YAOBJICTBOPAIOLUINA COBPEMCHHOMY YDOB-
HIO 3HAHMUII B 3TOH obGnacTy.

ABTOPBI YIEBHMKA BAATOAAPHE! PCUECH3EHTAM KHMIM — npodecco-
py H. B. I'panosoii (xadenpa 6uotexHonoruy MXTY um. 1. M. Menae-
neesa) 1 npodeccopy KO . Uniravkosy (®IVYI «focHUWUrcneTn-
Ka») 30 BHHMATENLHOE IPOUTeHME PYKONUCH H BBICKAJAHHbIE 3aMe-
YaHKHA, KOTOPbLIC DbIAM YUTCHBI MPH TOATOTOBKE PYKOMHCH K H3da-
HUIO.

AnTopbl 6yayT MPUIHATEABHB! YHTATE/IAIM 338 TPHCTAHHBIE 3amMcda-
HUS U [OXENAHMS.



BBEAEHME

HeobxoauMoCcTs NOSMBICHHA AAHHOH KHWTH NPOAMKTOBAHA MHTE-
pPecoM, BO3HMKIUUM B [OC/ACAHCE BPEMS K MHPY MHKPOOPIaHU3MOB H
OMOTCXHONOIMUCCKUM IpollcccaM, paspadarblBacMbIM HA OCHOBE MX
aKTUBHOCTEIl,

MHUKpoopraHWIMbt NPENCTARIAIOT CODORA, MO OTIPeAeNeHHID, HCBY-
IHMBIC YEJIORCUECKOMY [Na3y 03 yBCAHUYCHUS CYLIECTBA, KOTOPbIC BE3-
AecyIud W TIPOBOMT B MPUPOJC KOIOCCANTLHYIO PabOTY, 3aKITIOHAIOLIYIOCS
[IPEXCIC BCEro B MWHEDLIM3ALMM OTMEpLIero OMOIOrHUYCCKOro marte-
puasa (MHKPOGHDIA LMK Yrepoaa W CBA3AHHLIA ¢ HUM TIMKI KHCAO-
poja). bea MukpoGoB 6110 BBl HEBO3MOXHO CYIIECTROBAHME T100MIL-
HbIX LMKIOB a30Ta W cepbl. MUKPOOPraHM3Mbl, HECMOTPS Ha WX MabI¢
paIMepbl M MAaccy, COCTARISIIOT B LEJOM OMOMaccy, DosibHie ueMm Bes
octasikHas GroMacca Ha 3emite (pacTeHMsl M KHBOTHBIC BMECTE B3ATHIE).

QCHOBHbIMH ODBLEKTAMH HIYUCHMSI MHKPOOHONOIMH ARTAIOTCH MPO-
KAPHOTHI, KOTOPLIC HA OCHOBAHMM ONPEIACJICHUS TIOCTEI0BATENBHOCTEH
reHoB, koaupytonmx 168 pPHK, oTHecenb! K JBYM JTOMEHAM XHBOI'O H
3emie, B TPETHIL JOMEH TMOMCIICHBL BCE PACTEHM, XMBOTHBIC M BCE 3yKa-
PHOTHUYECKHE MHUKPOOPTAHHIMbI — BOAOPOCIIH, TPUOBL M NPOCTEHLIMC.

MUKpPOOPraHH3Mbl HACEISIOT BCE IKOJOTHUCCKHE HMIUW H KHBYT
TAM, € Pa3BMBAIOTCH XUBOTHBIE M PACTEHHI, & TAKKE BO MHOTHX
APYTUX apeaiax, B KOTOPHIX HE MOMYT PA3BHBATHCH IPYIHE XKHBbIC Opri-
HU3MBL — MpH BBICOKUX (10 113°C) M nu3knx (10 -36°C) Temnepa-
Typax, BeICOKHX (/10 1400 aT™M) aaBaCHHUAX, NPH NOJHOM OTCYTCTBHH
KHCJIOpO/a, B YCIOBHAX BRICOKOH COIEHOCTH (B HACBILUEHHBIX PacTBO-
pax NaCl), npu seicokoit kucaotHoctt (pH 0— 1) n menoyHocT!
(pH no 11). MHKpOOPraHNU3IMBI-NPOKApHOTE MOTYT pPA3BHBATECH B
CKaJIBHBIX NOPOdax Ha MyOuHe 10 6 KM, Ha BEPLIWHAX BBICOKHX TOD
(6—7 Km), B BE3BOIHBIX MYCTBIHAX, Ha MOBEPXHOCTH 3M4HUHA, cOOpy-
KeHHH 1 namyTHykoB. Cropbl MHKPODOB YPC3BBIYAHHO YCTOHYHBDL,
OHM MOTYT BBLICPXHBATL YCIOBHS KOCMHMCCKOMO NMPOCTPAHCTBA H Bhi-
HKNUBaTh B Teyedne 20— 30 MAH NeT (HANpUMEp, B KHWEYHUKE MMEIbL,
3AMYPOBAHHONW B KYCOYKE STHTApA).

O6man MUKpoSHOI0THA. JaHUMaeTCs HiydeHHeM HCOOICIHETBOPHBIX
(HemaTOreHHbIX) MHKPOOPTaHHM3IMOB, UX PACMPOCTPAHEHUCM, CHCTE-
MATHKOI, MeTaBonn3MOoM, 3K0NorHeid K T. 1. TToaToMy B 0611eil MHKPO-
OMONOI'NH BLIAEMSIOT CACAYIOLWE HaNpPaBIeHHS:

B npoMbiuLieHnan Mukpobuoaoaun (4acth obied Hayku OHOTEXHO-
JIOTMH) — HCCNenyeT MHUKPOOPraHH3Mbl W MPOLICCCH, NPHBOAANIHE K
0bpa30BaHMIO MOSE3HbIX BEILECTB WK NPOAYKTOSB. B 5T0i 0baacTy 3Ha-
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1T, obBeanHsiiouei (OYHIGMEHTAMIBHYIO HAYKY (NOgydeHHe HOBLIX
1CHHO- HIDKCHCPHDBIX UITAMMOB BBICOXOH MPOU3BOAUTEIBHOCTH) H TEX-
HOJOTHIO (KpyIIHOMACIITABHOE BLIPAHBAHUE MUKPOOPIAHN3IMOR),
MOAHO OT/ICTBHO BBIACTIHTh HPOHIBOICTEA AHTHOHOTHKOB JUTST MCTHLIH-
HLt W BETEPHHAPHH, (DCPMCHTOB. CIUPTOB, OPraHUYecKUX M aMUHO-
KHCITOT, BHTAMMHOB W FOPMOHOB — BCC 3TH TIPOH3BOACTBA OCHOBAHDI
Hi TIPHMEHEHUH MUKPOOPTAHU3IMOR, HaCThIO MPOMBLILIIEHHOH MUKPO-
OHONOTHH MOXHO CHHTATh futieay o MUKPOGUOI021H0 C NPONIBOACTEOM
MQOJIOYHOKHCTBIX, UTKOTOJILHBIX, JAKBALLCHHLIX IPOAYKTOB W XAchHa;

B CeABCKOXOIRGCMBEHNAR MUKPOOUOAOUA HMCCT eJ10 ¢ npobiema-
M, CBA3IHHBIMH € [OBBIIUCHHCM [L1OAOPOIHS MOUYBLI H VPOKAHHOC-
TH pacTeHuii. B nocacanee rpemMst aXTHBHO Pa3zBHUBAETCH OTPACIL ITOI
HAVKH — TIOIYUCHUE MPGHCCHHLIX PACeNHU,

B IKOAOCUA MUKPOOP2GHEIMOE, DYPHO Pa3BMBAACD B IOCICAHEE BPC-
Msl, pofBpasga B ceba MHOrHe npobicMmbl, KOTOpLIE PAMKLINEG PCILHATH
GOOHAR MUKPOGUOAOCUA W 2COAOCHHECKAR MUKDOODUONOUS,

B KOCMUMECKGR Mukpobueaoeus pCIUacT 32044M [MOMCKA XKU3HH Ha
JIPYTHX TLIAHETaX, npoficMbl BOIMOXKHOTO 3arpAIHEHRS KOCMOCA 3eM-
HBIMH MHKpOGamu (CTIOpaMH), pa3BUTHN MHKPOOPraHH3MOB HA KOC-
MHYECKHX KOpaByisax H NPUBHECEHUH «KOCMHYCCKUX TIPHIIENTBIICR-MHUK-
poBOB» HA 3eMITIo;

Meaauunckas MUKpobHoaorua. MMeeT 4e10 ¢ naToreHHLIMU MHKPO-
OPrafIMaMH, BLI3LIBAIOIIMMK §OJIE3HU YCI0BeKa:

B CAGHUMAPRAS MUKPOOROAO2UA ABISIETCH HACTbIO MEIMUHHCKOM
MHMKPOBHOAOTHH, OOLEKTBL HCC/IEI0BAHKWA KOTOPOR — 3nudemuoiocus
H CaHumMAapHetti KORMPOAs OKPYAKAOIICH cpeabl (Boja, BO3LYX, NOYBA)
H THILCRLIX MMPOIVKTOB,

u gemepunapNas MuKpoouoao2un U3y1act npotaeMsl SNHACMU010-
THH I 310POBbA CCALCKOXO3MHCTBEHHBIX U IMKHX XXUBOTHBIX. ‘

HexoTopuie HCCACAOBATEAH CUMTAIOT PA3ACIOM MHKPOOHOMIOIHMK W
BUPYCOMOIHIO, 0IHAKO B HAUICH CTpaHe TPAAMLIMOHHO TIPOGAEMbl pa3-
HOOBPA3HA BUPYCOR M MIVHCHNMS BHPYCHBLIX HH(MEKIMA paccMaTpHBaeT
HAYKA BUPYCOMCHA.

Mup MHKPOOPrAHI3IMOB BO BCEM €T0 pa3HOODPA3MM CLUC JANCKO HE
no3dad. JanHbie, NOJYHEeHHBIE ¢ TOMOLBI0 METONOB MOJIEKY/BIPHOW
GHOIOTHH (AMIIHMNKAUNS, PA3IEJICHHC H CHKBEHC TEHOB, KOIHPYIO-
mix 168 pPHK) B si3yuyeHHH pacnpocTpiaHeHWA MHKPOOPraHM3MoB,
[IO3BOSSIIOYT VTBEPRIATD, YTO YEJ10BCK CIOCODEH KYJALTHBUPORATE JIHILE
meHee | % Beex MHKPOOPraHW3MOB, KHBYLIMX HA 3eMac, ECan cKopocTh
WACHTH(MHKALMH HOBLIX BHI0B OY€T OCTABITLCH HAa COBPCMEHHOM YPOi-
He, TO JUTH OMHCAHWSA M KIACCH(PMKAUMY BCEX XXMBOTHLIX TOHAA06HT-
ca 30 nmer, Bcex pacteHHit — 50 1eT. a BCeX MHKPOOPraHM3IMOB —
10 Tpic. net! B ¢BS3M ¢ 3THM nepea MHUKPOOHOIOTaMH CTOUT 3alada ve-
KOPEHHS! BBLICACHUS, MACHTH(MAKALIMI U KIacCHIHKALYUY HOBbBIX, CLUE
HE OTKPBIThIX MUKPOOPraHM3MOB, Mt CKOPEHLICTO 3aBeplIeHHs NMo-
SHAHUA OHONOrHUCCKOTO Pa3HOOBpa3ua MUKPoDOB Ha 3eMite.




naega 1

MUKPOBUOJTONNA KAK HAYKA.
UCTOPUR MUKPOBUOJIOTUN

Mukpobuonorusa Kkak Hayka

MuKpOBHOIOTHS — HAYKA O XUBBIX OPTaHHM3MAaX, HEC BUAMMbIX He-
BOOPYKCHHBIM UEI0BEYECKHUM M1a30M, pazmepamu medec 1 MM, O0bek-
TAMH MHUKPOBMONOIrMU ABJISIOTCH NPOKAPHOTHYECKHC OPTAHU3IMBI —
DAKTEPHU M apXEH. 4 TAKXKE IYKAPHOTHI — NpOCTeRIIHE, MUKPOCKO-
MUYECKHC BOAOPOCIM, HH3IHC rPUDLL

MecTo MUKPODHONOTUH B CHCTEME OMOJOIHYCCKMX HAYK Ollpeae-
JIAETCH CTICIHUKOI ee 00BEKTOB: BO-TIEPBbLIX, MHUKDODKHOIOMUS — 3TO
Hayka ob onpeneieHHOM Kiacce OOBEKTOB. M B 3TOM CMbIC/IE GHa
AHANOrHYHA TAKMM JUCUMIUIMHAM, KaK DOTaRHMKA M 300JOTUS, BO-
BTODBIX, MUKPODHOIOTHS H3yUaeT Ha CBOHX obbekTax obliMe PhyHnaa-
MEHTH/bHLIE 3AKOHBI PA3BHTHS BCEFO XHBOTO Y TAKUM 00pa3oM OTHO-
cHTCH K (MH3HON0TO-OHOXHMHUYECKOR BCTBH DMOIOTMUYECKHX AMCLIMTI-
JIMH,

W nakouel, MUKPOBHOIOrHA — 3TO HAYKA, UCCIEAYHOIas obbeK-
Tbl H ABACHHUA Hid CTLIKE OIHO- H MHOTOKJIETOUYHOCTH.

Posis MUKPOOHMONOTHH ONPEACHAETCS 3HAYCHUCM MUKPOOPIaHMW3-
MOB B IIPUPOJAHBIX [POLECCaX M B YEAQOBCUCCKOM JEATEIbHOUTH!

B MHKDPOOPranviMb!l YUYACTBYXOT B [JI00WILHOM KpPY¥TOBOPOTC 3JIC-
MEHTOB, MPHYEM PAA CTATUA GbUL OBl HEROIMOXEH DE3 HUX, Hanpu-
Mep QHMKCALUST MOIEKYAMPHOTO a30Ta, ACHUTPHUKAUUS HIH MHHE-
PATU3AUNA CNTOXHBIX OPTAHHYECKNX BELUECTH,

B Ha ACATEIBHOCTH MUKPOOPTaHHM3MOB QCHOBAH Ueblit pia Heob-
XOAUMBIX HCTOBEKY TPOH3BOACTE (XaedoneueHue, MABOBAPCHUE, BM-
HOICAHE, MOAYVUCHHUE MOJOUHOKHCLLIX NPOAYKTOR, NMPOUIBGACTBO Pai-
JHYHBIX HHIMBAAYATbHBIX XHMHYECKHUX BEWIECTB, AHTUOHOTHKOB, rop-
MOHOB, (DEPMEHTOB M T.IL.).

¥ MMKPOOPraHH3MBbl MCIOJB3YIOTCH A OUMUCTKH OKPYXKAILER
Cpelibl OT PATHYHBIX NPHPOAHBIX H AHTPOIIOTEHHBIX 3ArPA3HEHNAN;

B MHOTHE MHKPOOPraHHU3IMbLL SIBIAXOTCH BO36Y}1HTCHHMH 3abosiesa-
HHH YeNOBCeKA, KHBOTHLIX, PACTCHHIL, 8 TAKXKE BbI3LIRAIOT IIOPUY NPO-
JYKTOB MUTAHUS U PAIMHYHBIX TIPOMBIIIAEHHbIX MATepHANOB;

¥ MHKPOOPIAHH3MbI MOIYT CIIYKMTh HHCTPYMCHTAMM M MOJC/bHbI-
MU CUCTCMAMM VIS APYIHX AUCUMIVIMH, HATPUMEP TCHHOH WHXCHE-
PHH.
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Mexoast M3 BBITONHACMEBIX 3aad, caMa MUKpoBHOnOrusa noapas-
ACIBIETCS Hit 0OLIYIO, YACTHYIO (OTICABHLIN TPV MHKPOOPTaHH3MOR)
M MCIULIMHCKYIO.

UcTtopus pazeutTua mukpobuonorum

HcTopust passutHs MEKPOOMOJOTHN HCYHCIAETCA IPHMEPHO C
1661 r.. KOrja ro/UIAHACKHIt TOProBeil CYKHOM AHTOHH BaH JleseHryk
BACPBbIE OMHCAT MHKPOCKOTIHYCCKAE CYLIECT R, Hab/odaeMble HM B
MHKpPOCKON coBeTBeHHOTO i3rotoBaeHns. A.Jlesenryk B cBodonHOE
RPEMSt KOHCTPYMPOBAT MUKPOCKOTL! € KOPOTKO(MOKYCHLIMH, TOYTH
C(PEPHUCCKMMM JIMH3AME, JABABIIMMU yBeanycHue B 50—300 pas, un
M3Y4AT Camblil LIMPOKHIT CNEKTP OOLCKTON — MUKPOCTPYKTYPY pac-
THTETBHBIX U KHBOTHMX KJIETOK, CIIEPMATOIOHIBL! U DPHTPOLIMTSI, pai-
JIHYHBIE CYOUTparThl CCTECTBCHHOTO H MCKYCCTBCHHOTO MPOHCXOKIC-
HHUY, NOITOMY CIAEAYET OTMCTUTL €TO BKIAL W B PA3BUTHE APYIUX HAYK.
JIns MHKPOBHONOTHH K¢ BaXHO, YTO OH BIEPHBBIC YBH/EM MUKPODOOB
1 OMMCAT WX OCHOBHBIC [PYTIbI, & TAKKE Ceian BhIBOL O TOM, 4TO
oHH Beazecyln. Onucarns CROUX HabJIIOACHUI, CONPOBOXKAAEMbIE TLUA-
TeIBHBIMK 3apicoBkamMu, A JieBeHryk nocninan B Aurmuiickoe Kopo-
MCBCKOC OBLUCCTBO, Te OHM BbLTH TIEPEeRENCHB! CO CTAPOTOJINIAHACKO-
1O Ha AHETHHCKUH $13LIK. DTOT MEPHOA MCTOPHH MUKPOOMOIOTHIE MOXHO
YCIIOBHO HA3BATh OHUCHINEABHBIM.

Guaoaoeuteck il IMAN PAIBATHA MUKPOBHOJIOTHY HAYANACH NpH-
OAM3UTENLHO ¢ cepeanHbl XIX B. M CBA3aH ¢ UMeHAMK HPaHLY3CKOTO
xuMmmuka-kpuctautorpada Jlyn [Tactepa M HEMELIKOTO CENhCKOTO Bpa-
qa Pobepra Koxa. DTH VUEHDLIC TTON0KIIM HAMATO HKCTICPUMEHTAD-
HOH MHKPOBHOIOTHH W CYLICCTBEHHO oborariin METOAQNOMMHCeCKH M
APCCHAN 3TOW HavKH.

J1. TlacTep AOKA3AN, HTO MPHUAHON XMMUUECKHX M3MEHEHHH CYyO-
CTPATOR SBASIIOTCH MMKPOOPTaHW3Mbl, 1 OMPOBEPr TCOPHIC Camosa-
poxicHusa. MiccieaosaHus mpHpoibl BPOXKCHHHE CTATH MTPOLOTDKEHNHCM
PAGOTHI MO BLISICHCHNIO NPHYWHLL OpoKucaHns sua. JI. Tlacrep noka-
T, YTO KAXI0C OpoxKeHWe MMECT MIABHBIA KOHCUHBLA TPOAYKT K
BLIBIBACTCH MHKPOOPTAHHIMAMU OTIPEACTEHHOrO THNA. DTH HCCleN0-
RAHMS MPMBCIN K OTKPBITHIO HEH3BCCTHOrO paHee obpasa X3HW —
anaspodHoro Metaboansma. Mayuas Ha npuMepe IpOXKKCH BOIMOK-
HOCTh NEPCKUTIOYEHWS ¢ OAHOrO THTIA OBMeHa BELECTB Ha JIpYroi,
JI.Tlacrep noKasan, 4To AHA3PODHBIT MeTABOIHIM FHEPTCTHUECCKH
MeHee BuIrOAcH. PaboTsl 1o n3yucHnio Bo3OyanTe eH «boe3Hei» rnBa
1 Bipa nodsomuin J1. Macrepy NpeanoxuTs cnocod Temosolii obpa-
BOTKHM 3THX [POAYKTOB, MPEAOXPAHSIOWMA MX OT TOPUH, KOTOPLII
TIONYMI Ha3BaAHUE «racTepu3alnsa», OHN XK HABSITH YYEHOTO Hit MBICITE
O TOM. YTO MUKPOOPTAHM3MbI, BOIMOXKHO, SBISIOTCH BO3OYILHTESIMM
n uHGEKUIOHHBIX Doncaneit yeaoBeka. McenenoBanns MITKpoGHoI
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TIPHPOOL MHOTHX 3200JICBAHUI UC/IOBCKA B OATBHCHINIEM BEJIMCL HH-
crutytamu Jl. [Tacrepa (B Tlapuxke) u P.Koxa (B bepnnne) napai-
JIEJIBHO,

PoOcpT Kox, HAYABR € JOKA3ZATCIBCTBA DAKTEPHAILHON 3THOTOIHH
CHOMUPCKOIT sI3BBL, 3ATCM BBLECINN BOI0YIRTENCH MHOTMX DoNe3Hel B
TUCTO KynnType (cpenut HUx Mycobacterium tuberculosis, WIM «Iajiod-
ka Koxa»). P. Kox okonuatenbHo chopmyanpoBLl TpHaTy, MOJTVIHE-
LIYIO €ro MUMsl. 1 JIOKRATENLETRA MUKPODHON 3THON0THI 3ab0seBa-
HHS: 1) MHKPOOPIaHM3M AOJLDKCH NMPHCYTCTBOBATL B MATCPUIC DOJb-
HOFO; 2} BbUICACHHELT B YMCTOMN KyJAbTYPE, OH JO/LKCH BBI3BIBATE TY
Ke 6one3HL; 3) BO3DVANTCAL TIPH IKCTICPHMCHTANIBHO BHIIBAHHOM
MOBTOPHOM 3360J1eBaHHH NOUKCH CHOBA ObITh BBIACJIEH B THCTYIO KYJIb-
TYPY. M [IB€ 3TH YHUCTBIE KYJIhTYPbLl LOJKHBL ObITh HAEHTHYHbBIMH.
B nabopatopuu P. Koxa BBCACHBI B TIPAKTHKY IKCTICPUMCHTA METOMbI
MONYHCHHS MHCTBIX KY/IBTYD. d TAKXKE UCIOMb30BIHME B MUKPODHOO-
THUYECKHUX HCCIEAOBAHUAX TBCPABIX CPed HA OCHOBE CHAUANA MKEJIATH-
HEBI, & 3aTCM U arapa. 3HameHuTaa yamxka [leTpu u BakTepHaTLHBIC
dapdoposbie duanTput ambepiata Takxe OLIIY BBCACHDL! B ITPAKTH-
Ky coTpyaHuKaMK MHCTHTYTA P. Koxa.

FlpuaHanye orpoOMHO poaH MHKPOOPr4HH3MOB B OHOJOrHYCCKY
BAXHBIX KPYIOBOPOTAX JIEMEHTOR HA 3cMJIc CBS3aHo ¢ uMeHan Cep-
rest Hukomaceuua Bunorpazckoro u Maprunyca beitepunka. C.H. Bu-
HOTPAICKOMY NMPHHAATEKUT OTKPLITHE YHUKATLHOTO 06pasa Kr3sHH —
XEMOTHTORBTOTPOMHYU 1 H3YUYCHUE CEPHBIX H HATPU(BMLIMPYIOIIKX Gak-
tepuid, C. H, Bunorpaackmit 1 M. belepHHK HE3BUCHMO YT OT IpYy-
Fi TIOKA3WH, YTO (PHKCALIMIO MOJEKY/ISIPHOTO A30Td CNOCODHB! NIpoO-
BOANTE TOJBKO MMKPOOPTaHHM3MBI, M BBIASIHIN CBODOTHOKUBYHIMX W
cuMbroTHueckux aszordukecatopos. C. H. Burorpancxum paszpaboTaH
METOL HAKOMUTEABHBIX KYALTYD.

Ha pvbexe XIX u XX pB. Amutpuii MBanopuu MBaHoBCKUIT OT-
KPbLa BMPYC Ta0auHOH MO3AUKHU. TEM CAMBIM OOHAPYXIMB OCODYIO FpyIl-
Yy OHOTOTHUCCKHX 00BCKTOB, HC UMCIOUIHX KJICTOTHOIO CTPOEHHS,

B XX B. MUKpOOHOOrMsI PA3BUBANACH, OTTHPASICH B TOM YUCJIC H HA
OTKPBITHH . CACHAHHBIC B APVIUX 0DAACTHX GHOJIOTHMN,

3nech Ha3BAHO JHIEB HECKOMLKO BCIMKHX HMCH, OIHAKO HE HAA0
3dOBIBATh, YTO MX OTKPBITHA ObLUIM MOATOTOBIEHBL PadOTAMH MHOIMX
H3RECTHBLIX H PAJOBBLIX HCCIICIOBATE/ICH, MMEHA HEKOTOPLIX M3 HHUX OVIYT
NMPHBEREHbI B APYTHUX NOAPAIAEAAN 3TOrO Kypci.

PaiBuTHe oTeyecTBEHHOH MUKPOOHOJLOrHHM B XX B. NPEACTABICHO
PANIHUHBLIMU HATIPABACHUAMU M ICHTCIBHOCTLIO MHOIMHX YUYEHDBIX C
MUPOBBLIM HMCHEM. [lepeuncanum MHUb HEKOTOPLIC 3 HUX. boablioii
RKJIAil B TCHOCHCTEMATHKY MHKPOOPTraHN3MoB BHecaH A. H. benosep-
ckuit 1 A.C.Cnupun. M. H. Mgitcenn ¢ xonneramu nonpobio H3y-
UM KIETOYHBIC CTPYKTYPBI H MX DYHKUMH Y MUKPOOPTAHH3IMOB.
B. H. HlanowHHKOB co3zan TCOPHIO (PU3MOTOTHUYCCKOM ABYX(ha3RoC-
TH DPOXCHHIA, YTO NOIBOJMAQ YOPABISTLE NPOLECCAMH NOAYHCHHS
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BK1BIX TPOAVKTOB B MHKPOOHOJIOTHYECKUX NPOM3BOACTBAX. Pu3no-
0113 W OHOXHUMIST MHOTHX hOTOTPO(HBIX H XCMONHTOTPOQHBIX MUK-
poopraHyaMos 6uina noapobHo Miyuyena E.H. Kouapartnesoil u ee
rkojueraMy. MayuenneM DUOXMMHH Npoleccd a3oT(UKCaAUUN 3aHu-
susneb A.A. UmieHeuxwii, B.J1 Kpetosuu, B.A. fkoniies. Jkono-
I'MUECKOE HanpasjieHHe TipeacTtaBieHo pabotamu B.JI. OMmensancko-
1o, KOTOPBLIT paipadoTan cXeMbl KpYyroBOpoTa BCIUCCTB B NIPHPOIE 1
H3YYHIT KHIHCACATE I bHOCTE MUKPOOPTAHH3IMOB, YUACTBYIOLLHX B [JI0-
OUILHBIX LHKAAX 230Ta {HUTPHPHKATOPOR # 230THHKCATOPOB), Cepbl
{rHHAOCTHBIX, CYibhaTpeayUMPYIONIMX U THOHOBBIX DAKTCPHIl) M
xenesa (kenedobakTepuit). MeToobl NPMAKMIHEHHOrO HabMIOAeHHS
MUKPOOPIaHU3IMOB, BHCAPCHHBIE B MHKPOOHOJOTHUYCCKYH TPIKTH-
Ky, — kammanapst Tepdunsesa, crekna obpactannsa Poccu — Xo-
JAQIHOTO. MOYBEHHAN KaMepa M MCTOO NPOPAUIMBAHHS TTOYBEHHOHN
nLuid 110 X0J0AHOMY, — dKTHBHO HCIIONB3YIOTCR M B HacTofuee
BpeMs.

MukKpoBHBIE COOBTIECTRA, & TAKKE HX POJIb B PA3HBIX [IPUPOAHAIX W
HCKYCCTBCHHBIX MecToobuTanisx nayiaotrcs M.B.WsaHoBbIM U
F A 3aBap3uBbIM ¢ koacramu. B obnacti ynpasnseMoro KyibTHBKH-
popanis Mukpoopranmimos H.JI. MecpyvcamiMekun Belia paspabora-
H1 TCOPMS POCTi H Pa3BUTHA Mukpobor, HM.JT.PaborHoBoll u3ydeHbt
PEAKILIMK OKUCIIEHHSA — BOCCTRHOBASHNS, OCHOBBI YIIPAB/ISIEMOrO Kyjih-
THBUpOBaHMA TpHBOB 1 Boaopochaeil 3anoxuan E.E.VeneHekui n
C. M. Kys3nenos. MuxkpoOHoiorntueckiit yTh MOAVUEHHA dMHHOKHC-
a0t npentoxeH H. A, KpacitnbHHKOBBIM, BUTaMiHA By ¢ nomoisio
METAHOTCHHBIX MUKpoopraduimMos — B, H. Byknusim 0 B, 8. brixose-
KuM. BeectoporHee HayieHHe Npoleccd MUKPOGHON0THYCCKON TpaHe-
(popMaLHK CTEPOHIOB H BHEAPCHIUC CTO B NIPOM3BOACTBO OBLTO TIPOBE-
nero LK CKpsSiOMHBIM ¢ KOoaneramu.

CoBpemeHHana Mmukpobuonorus

B pa3BHTHH COBpeMeHHOI MUKPOOHOIOrMH HEODXOAMMO BBLICTIHTS
CAEAVIOUIME OCHOBHBIC HATIPABICHM S

B pYHIAMEHTATbHBIC MCCIEROBAHNS (BRISSCHCHHE NyTeit merTabo-
JHIMA, BBIICJEHHE, OMHCTKA (hepPMCHTOB, Peryasims 08MeHa BCLICCTB
n T.0.)

N CHCTCMATHKA MHKPOOPIAHU3MOB (MOCTPOcHHC (PUIJIOTCHCTHYEC-
KOTQ IpeBd);

B HKOJOTHYECKAR MHUKPOONOIOTHS (POJjb MUKPOOPTAHHUIMORB B T1PH-
POAHBIX 3KOCHCTEMAX M TTHIICBBIX 1[ENsAX):

| JIONYNAHOHHAS MHUKPOOHOAOIHA (BHIICHEHUE MIPHPOIALL MCK-
KJIETOUYHBIX KOHTIAKTOB M B3AHMOCBA3b KJICTOK B IOMYASIIIMNA Y,

B MEAHUWHCKA, BCTCPHHAPHAS H CCThCKOXO3AITCTBCHHAA MUKPO-
OHONOrusg;



B TeXHHUYECKas (MPOMBILLICHHAS) MHKPOOHOJIIOTHSA (BKIIQHAST BCE
MPAKTHHECKHE ﬂCl’ICKTbI).

Heobx0aHMo MOMHHTDL O TOM. YTO MHOTHE HCCISIOBAHHS NPOBO-
ASTCH HA CTHIKC AUCUHMNMH (HATIPUMCP. MOJCKVINPHASL MHKPODOHO-
JOrHA, TCHHASI WHXKCHCPMS).

OCHOBHBRIMH MeTOJAdMH MHUKPODHOIOTMYECKHX HCCACAOBAHMTH
SIRJIRIOTCST:

B MHKPOCKOITHA (CBCTOBZ]H. JIOMHHCCLUCHTHAS, DJICKTPOHHAA, Ja-
3epHas);

B BBIIC/ACHHE UMCTHIX KYJBTYP H KOHTPOJHPYEMOC KYJIBTHBHPOBA-
HUC,

B GHAUTHTHYCCKHUE METOAb] ((I)HBI'IO.TIOI'O—ﬁl'IOXHMH'ﬂl(‘,CKHt‘, FrCHETH-
yecKHe, MOJEKVIAPHO-OHOTOTHYCCKHE H T.JL.).

KoHTpOnNbHbIe BONIPOCHI

1. HazosnTe IPYNOB OPraHHIMOE, OTHOCSILMXCS K O0heKTAM MHKPOOHO-
JIOTHM,

2, Kakoe MeCTo 3aHUMACT MHKPOGHOTIOrHs B CHCTeMe GHONOIHYECKHX JTHC-
UM LTHHT

3. Kakosa poiib MUKPOOPTAHH3IMOB B IPHPOIE W ACHTCIBHOCTH Hetoseka?

4. HazoBiTe Hanbonee BaXHLIC OTKPBITHS B HCTOPHIE MHKPODHOIOTHII.

5. Mo KakKM OCHOBHLIM HANPIRACHMAM PAISHBACTCA MIKPOOHOIOTHA B
HactTosIee BpemMa’?

haBa 2
CUCTEMATUKA MUKPOOPTAHU3MOB

OcHOBHbIe NOoHATUNA. KpuTepun onpepenexns
MUKPOOPFraHM3MOB

Mup MUKPOOPraHM3IMOB BKIIOYACT NK00H OPraHH3IM MUKPOCKO-
HHYSCKHX PAZMEPOB, [OITOMY [CHITHO, YTO TEPMUH «MHKPOOPra-
[LH3M» HE NMEET TAKCOHOMHYECKOTO CMBICTa. MUHKPOOPraHH3Mbl BCTPE-
HIOTCA B CAMBIX PA3HLIX TAKCOHOMMYECKHX IPVIINAX, [IPUYEM IpyTHe
WICHB! 9TOH IPYNTIBL MOTYT BLITh H MAaKPOOPTaHHW3MAaMH (HampuMep,
BOAOPOCIIH M TPUDLI).

MUKPOOPTaHH3ME — 2TO CaMas 0DIIHPHAA MO KOMHYECTRY NPCa-
CTABHTENEH TPYNNA, YWIEHB KOTOPOH MOBCEMECTHO PACIPOCTPAHCHEI.
YV MUKPOOPIAaHHW3MOB BCTPCUAIOTCS BCE W3IBECTHLIC THIILL 00MeHA BE-
1ects. MMEHHO MUKPOOPTAHH3MB! ObLIH MEPBBIMH XKMBBLIMH CYILCCTBA-
MM Ha HAlleH TUIAHCTE, KOTOpble i ChopMHUPOBAIM ¢¢ OBJIHK.

HakonneHue orpoMHoro GakTHyeckoro Marepuana norpebosaio
K1accupHLUHPOBATL M3YUaeMbie B MUKPODHOMOrHKM 0OBEKTHI [UTA yA00-
CTBa PUbOTHI ¢ HUMH,

Noa xaaccudurayiueis TOHHMUOT OTHECEHHC KOHKPETHOTO OHOO-
IMYeCKOro 0OBEKTa K OfnpeAeicHHONW rpyIine OAHOPOXHOCTH {MakKco-
/1Y) IO COBOKYITHOCTH TIPUCYUIHX €MY NPH3HAKOB. OTHOLWEHHA MEXY
TAKCOHAMHM OPTaHHIMOR U3yHaeT cucmemanuka. B coppeMeHHOH Knac-
cpUKALMK MUKPOOPIAaHH3IMOR MPUHATA CACAYIOLLAS HePAPpXis TakK-
COHOB; AOMCH, (DHIYM, KIacc, MOPSLAOK, ceMciHCTBO, poa, BUl. Bna
ABIACTCA OCHOBHOH TAKCOHOMHYECKOH cauHunuei. Mukpobuoioern
MOAL3YIOTCH OUHOMHAILHOH cHeTeMOl 0803HaucHUS 0bbeKTa (HoMeH-
KAGmYpsl), BKIKOUAKOILCH DOLOBOC M BHIIOBOE HA3BAHWA, HAMpUMCP
FEscherichia coli.

B Hactosuiee speMs OnpeicsieHHe MUKPOOPTAHU3IMOB (idenmudii-
Kegnn) GasupyeTcst Ha CIEAYIOUIMX KPUTEpHax:

m MOpGONOrUs KIETOK W KOIOHMH (Ha OIPEACTCHHBIX cpelax H
[IPH OTIPCACICHHBIX YCAOBHSIX).

® HTONOTHS KICTOK (MPO- HAW DYKAPHOTH);

®m KYJbTYPIbHBIC (PHIHAKK (XapakTep pOoCTa HA THBEPALLX M KWA-
KHX Cpeaax);

m QU3HOJOrHYECKKE CBOMCTRA (MCNIOIBI0BAHHE PAXTHUHBIX CYDCTpa-
TOB, OTHOMNICHHE K TeMnepatype, aspauni, pH u T.4.);

m GMOXUMHUYECKHUC CBOMCTBA (MCTABOTHUECKHE 1YTH);
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B MONCKYAAPHO-DHOMOTHYECKHE cBoilcTBa (coaepxanre 'Ll —
AT-nap B Moj1. %, rUOPUIN3ALIMSE HYKJICHHOBBIX KHCIOT, 2HAN3 HYK-
Je0THAHOI nocnenoBaTtensHocTH 165 pPHK);

B XEMOTAKCOHOMMA (XMMHYECKMI COCTAB PRINHIHBIX COSAHHEHMIT
H CTPYKTYDP., HAMPHMED CNICKTP KHPHLIX H TCHXOEBLIN KHCIIOT V 3KTH-
HOMHLIETOR, MHUKOJAOBLIX KHCAOT y HOKaApAHH, MUKODAKTePHEi, KOpH-
HeOaKTepHit);

B CEPOIHATHOCTHKA (PCAKLUWA GHTHLCH-AHTHTENO., OCODCHHO 151
OATOTCHHBIX MHKPOOPraHU3IMOR),

= GaroTUIHpoOBaHKUe (HCNoab3oBaHie cneundiieckux dharon).

HHoraa y MHKPOOPraHH3MA OTMCUAIOT HATHYHE BHENPOMOCOMHLIX
ajieMeHTOoR. [IpaBad. ciaeayer DOMHHTb, UTO ObIBIKIT MAIMIIAB MOJ-
qauiHe (KPHITTHIECKHE ) HAH KOAHPYIOILHE HCOBSI3aTCNLHBIC T BH/Lt
MPU3HAKH, K TOMY XK€ MAa3MHUIAbL MOTYT JICTKO YTPAuUHBATLCH.

B nacrosiwee ppemMst U1 MACHTHhHUKAINE MHKPOOPIAHNIMOR- NIPO-
KAPHOT MCCACIOBATCAH TOILIVIOTCH onpedetiuneiesm bepdwcu.

CoBpeMeHHas knaccuPukauma MUKPOOPraHU3MOB

IlpeactaBaeHHe O MECTe MUKPOOPTAHNIMOB CPedi APYTHX KHBBIX
CYLIECTB YBOMIOUHOHHPOBAI0 C TCYCHHEM BPEMEHM OT OTHECCHUSE HX
K KWBOTHbLIM MM DACTEHMAM [0 BHIACICHHUA B TPH OTUCILHBIX dorend
(HaaoapcTea, uMAaepuu). [10 CORPEMEHHRIM MPEICTABICHHAM, MHK-
POOPIaHM3IMbl AEAATCH HA MPOKAPHOT M 2YKAPHOT B 3ABMCHMOCTH OT
CTPOCHHSA WX KieTok. HM3-3a Toro, 4To 00NBIIHHCTBO MUKPOOPLAHHN3-
MOB YCTPOEHO KpaitHe NMpOCTO M UM HX KJIAcCHPHKAINH TIPOCTOTO
OMUICAHUS OBLINO HEIOCTATOUHO, HCCACIOBATCNHM TNMPHBIAEKLIH (PYyHK-
LUHOHAIBHBIC XaPAKTCPHCTHKU. Kak npaBuio, MHKpOOHONOTHUECKHIT
OOLEKT HERO3MOXHO KIACCH(HITHPOBATE, HE IPHMEHHEB COBOKYITHOCTD
MOPHOGH3MONOTHUCCKHX, DHOXHMHUECKHX H MOJEKYISPHO-BHOIOrM -
HECKMX AHHBIX. [Ipy 3TOM HCpCYMCAEHHBIE NMPU3HAKH MOTVT HMCTI
HCOIHHIKOBYIO 3HAYMMOCTE.

~ Cyectryet Takke 60Jiee hOPMILILHASL HYMEPHYECK a5t IIAKCONOMUA,
I'1€ BCE MPHIHAKH ATLTEPHATHBHEBL H HMCIOT «OUMMHAKOBLIIT BCC». DTO
NMO3BOIACT AXTh KONHUECTBEHHYIO OLEHKY CTCIICHH CNOICTEA M Pt -
YA OPraHH3IMOB MYTCM BBIYHCICHUS KOIDEHUUHCHTOBR CXOICTBA MM
COOTBCTCTBUS, JUIst HCNONL3OBAHHS HYMCPHUCCKOH KaaceH(mrkaiing
HEOBXOIUMO KIK MOKHO MOJHEC HIYYHTL (CHOTHIHYCCKHC MPHIHA-
KH MHKPOOPraHH3MAQ, TaK KakK OT 3TOTO 3ABMCHT TOUHOCTh TOMCILE-
HHA CTO B JAHHVYIO [DYHIY.

B HacTosee BpEMSA OCHOBHBIM SBISCTCH (MUAOSCHEMUMECK It nodxad
K CHCTCMATHKE MHKPOOPIraHH3MOB, KOTOPBIK YUHTBIBACT POACTBEH-
HBIE CBA3ZH H NYTH 9BOIIOLHH OPraHH3MOB. B Takoil Kmaccudmranmm
HCPAapxHs TAKCOHOB OTPAXKAET reHealoTHICCKOe Apero. OaHako npn
OTCVTCTBHU B BOJLILITHHCTBE CAVUAER HCKOTIAEMBIX OCTATKOB MUKPOOP-
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168 pPHK

/

FAHHMIMOB HEBO3MOXKHO HANPAMYIO YCTAHOBUTE UCTOPHHUCCKHI [1YTh 3BO-
JHOUMH.

Ha ocroBaHuK Heeacnosaniuii npodeccopa ManuHolckore vHi-
sepeutera K. Béza (C. Woese) cienana nonsiTka nepexoaa K dmore-
HETHUYECKOH KIACCHPUKALIIH MUKPOOPraHu3MOB. [1pu 310M cpaBum-
BAIOT HYKICOTHIHBIC MocaenosaTebHOCTH 168 pPHK, cocroameii 13
1 500 HyKNeOTHIOB, H3 KOTOPLIX 900 — KOHCCPBATHMBHBL, ITd MOJIEKY-
711 O0aRAET A0CTATOUHO DONBILOH, HO He vapesMmepHoi nidopMannei
W CHHTAETCS CBOCOOPasHbLIM OHOIOMMUECKUM TCHETHYCCKHM «XPOHO-
meTpom». Ha OCHOBE MHOXeCTBA CPABHCHII ¢ TOMOLIBIO KOMEILIOTCPR
Gbulo nocTpoeHo duaorcHerHdeckoe apeso (pue. 1). OAHOBPEMCHHO
OBLUIO JOKA3AHO, YTO MUTOXOHAPHUH H XJOPOTLIACTbl MMCIOT DaKIepH-
AlbHOE CUMOHOTHYECKoe MpoHexoxIcHHe. AHann3s 168 pPHK nosso-
JSET OIIPEALTMTE MECTO MUKPOOPTAHM3MY HA (PHITOTEHETHYCCKOM Ape-
BC, 2 HAXOAJICHHC BUAOBOIO HAZBAHNS BEACTCH TPLIMIIHOHHBIMH MHK-
poduotornuecknMi Metogamu. [1pi atom 90 % coBnaneHuil yKasbisa-
eT Ha MPHHALIEXKHOCTD K OTIPCACAEHHOMY polny. 97 % — K onpeaeneH-
HoMY BHILY. bojee tounntit Mcton — AHK — AHK-rubpuansansst, ko-
Topwiit gaet dosce 30 % cosrancHuii B npeaesax poga ¥ donee 70 % —
B Mpeaenax BHILa.

B nocienHee spemst Juis DoJee YCTKOM M GepeHIHPOBKH MHKPO-
OPraHH3MOB HA YPOBHE POld M B, KOIILA TOAXO/bl, OCHOBAHHbBIC
HA MOJCKYIAPHO-BHONOMHYCCKHX IPHCMAX, HEJNOCTATOUHbI, TIpeIaa-
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FAIOT WCMIOALIOBATY HOANPUACTIHHECKYI0 MAKCOHOMUW 1 HAPALY ¢ Ofl-
peacHe HHEM NOCAEAOBATCABHOCTEN HYKICOTUAOR MPUMCHATEL IS dH-
32 M IPYTHE HCTOUHHKH MHAOPMALKHH MHOTOKOOPAHHATHO TAKCO-
HOMIH. TepMuH «TomMdaHas TUKCOHOMUST» Bbln Nipetoxen B 1970 .
AMEPHKAHCKUM npodeccopoM-mukpobuonorom Putoir Kongenn aas
0003HaNCHHUA TAKCOHOMMH, KOTOPIst BKIIOYMACT H 00LEIHHACT MHOIO
YPOBHCH HHGMOPMAUMH. OT MOASKYIAPHOTO 10 3KONOQTHUYCCKOTO,
W YYHUTBIBAET HECKOIBKO ONPCANIEHH bIX, PANTHYAIOHIMXCH TOPLHI HH-
thopMaLITH, TPOHCXOSHUNX W3 HEFOMOTCHHBIX CHCTEM, TS CO3AAHMS
noARGAIHON TAKCOHOMMKH. B HacTosuice Bpems nonHGa3Hoil TaKCOHO-
MUCH ODO3HAYAIOT KOHCEHCYCHYIO MAKCONOMUIO, KOTOPASl CTApaeTes|
HCIONB30BATE BCIO UMELLYIOCH HHMOPMALTHIO JUIS BLIISICHUS KOH-
CCHCYCHbIX TAKCOHOMMHYECKHX TPy, )

MuHUMaTbHBIC TPCOOBAHMA LIS MOYUCHHS MOJIC3HOH monHdpMIc-
THYECKOI HHOOPMALIMT BKIIOUALOT:

& PeABAPHTETbHBIH MONCK TPYITI CXOKUN [UTAMMOB;

B OTIPCACJCHHC (PHIIOTeHeTHYECKHX MO3ZHITHIT 3TUX Tpynr;

B {3MEPEHHA PAITHMMI MCHITY TPYINaMHd 11X OmiekaiumMn co-
CCISTMMH;

® cOOpP PAVTNYHBIX AAHHBIX, AU(OCPeHUHPYIOWUX IPYING, Npel-
NOYTHTENBLHO Hi PA3SHBIX YPOBHAX KICTOUHOH OpraHH3aLMu,

IMpeanaraniics ¥ ApYrie NOOXOAb! Uil BbISIBJACHHS PORCTBCHHBIN
CHsl3ell MUKPOODIAHW3IMOR, HANPUMEP ONpeaecHUE NOCAeI0BaATEb-
HOCTH AMHUHOKHCIOT B8 BEJAKE LIMTOXPOMA ¢, KOTOPHIil €CTh HE V BCEX,
H orpeneeHe NOaIHOH nocaeaoBateasHOCTH JHK. Taklie noixonwt
MO3BOMOT CONOCTABHTDL IBOJIOLHOHHBLIE NYTH PA3BHTHA B Bosee yi-
KHX TAKCOHOMMUECKHX TPyITOax.

B nactosuuece Bpems paspadaToiBaeTcs KaaccpHKaMs BCeX AMBbIX
CYLIECTB, B KOTOPOI BblaeneHhl TpH domena (HaauapcTsa): Bacteria,
Archaea u Eukarva ia oCHOBaHITH 3HANM30 HYKJICOTHAHOI NOCICI0BA-
TCAbHOCTH 165 pPHK.

B nomen Eukarya BOWAK BCe 3YKAPHOTHUCCKHE OPraHH3MBL KaK Oll-
HOKJICTOYHbIE, TAK H MHOTOKNIETOYHBLIE, BKIIOYAS HeJoBeKa. [pynnbl.,
COASPAKAINE MHKPOCKOITHUYCCKHE OOLEeKThI:

m BOJONOCHH («PacTYNLHE B BOJAC»), SBISIOLIMCCH OJHOKIETOUHBI-
MIt, KOJOHHAIBHBIMH WJIH MHOIOKIETOUHLIMH (POTOTPOdAMH, OCY-
HICCTRAHIOULHMH OKCHIEHHBIH (POTOCHHTE3. MHKPOOHOIOHYESCKHMH
O0LEKTAMM TPAIHUHOHHO CUHTAKITCS NMPEJCTABHTCIN KPACHBIX, 30/10-
THCThIX, AMATOMOBbBIX, 3BIAICHOBBIX H, KOHEYHO. 3&ICHBIX BOAOPOC-
AeH, @ Takke HX JeAKOOPMBL, PACTYHIME B TEMHOTE K MMOTCPHBLLEHE
[TMIMEHTHI;

m puisl, MUKPOOHOIOMMUECKHMH OOBEKTAMH CPEAH KOTORBIX $iii~
JISIOTCA HU3WHE TPHOBI M3 ponos Ritizopus, Penicillium, Aspergiflus u . 1.,
1 TAKJKE NPOXKEBLIC aHaMopdist rpudos:;

W [IPOCTEHILHE, KOTOPBIM A0 HCAABHETD BPEMEHM YACTSIIH BHUMA-
HHE B CBA3H C UX MATOTCHHOCTLIY LT HENOBEKA (MaJspHITHBII nTas-
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MOIMIT, TPHNAHOCOMBL H T.1.), HO ceiivyac MOKa3aHo, HTO NpH BbIpd-
LMBAHHH HEKOTOPLIX MOYBEHHBIX H BOAHbIX NPOCTEHITHX MHKPOOUO-
JOTHUCCKHMM CTIOCODOM B BHIE YHCTHIX KVIBTYP MOXHO MONYUdaTh UCH-
Hble IPOAYKTHI. Hanpumep. Astasia longa ipi KyTETUBHPOBaHWH B (ep-
MEHTEPE HA CHHTeTHUeCKOH cpene naet o 20 % ot obuicro xonuue-
CTBA JHIIHAOR FTOJHHEHACBILCHHOA AUPHOH KUCAOTEL — APAXHIOHO-
BOIt.

Homeu Bacteria BKIIOMAET MPOKAPHOTHUECKHUE MHKPOOPTAHNSIMbI,
AMEIOIME THIHYHBIE NPU3HAKY DAKTepHil, B YACTHOCTH KIICTO'IHBIC
OBON0UKK, COAEPKALIHE HENMUGOAUKAH.

K cpaBHMTEIbHO HOBOMY AoMeHY Archaca OoTHOCHTCAS MHKPOOpTa-
HU3MBI, pa3iaciacHHbe HA TpH duayma: Euryarchacota, Crenarchacota
1 Korarchaeota. [TepBolil PUAYM 0OBEAHHNET MOBCEMECTHO PACcnpoCT-
PAHEHHBIE MAKPOOPTAHH3IMBL. ITO MentanoeeHsr — CTPOTHE aHAIPOODI,
OBHTAIOLLHE B AOHHBLIX OCAIKEX IPCCHOBOAHLIX 30H, DOraThIX OpPraHu-
KOii, Wi B pybue xpadHnix. Llupoxo pacnipocTpadeHbl TRKKE k¢ -
PeM@AbHbIC 2A0MUAB, PACTYIIHE NIPH BBICOKMX KOHLEHTPALMSIX COMH
U CcIocOBHBIE OCYHIECTBINATL 0COOBIT THM QOTOCHHTE3A ¢ TTOMOULLKD
BaKTCPHOPOLONCHHA, KOTOPBI Ha cpeTy paboTacT Kak MPOTOHHAs
noMna. Ko propoMy (PHIYMY OTHOCHTCH MUKPOOPTAHMIMbL, HMCIOILHE
OUEHDB YIKUC M CHCHOUIECKHE MCCTA ODUTAHUSA. DTO IKCmpesoditbl,
qeucsuie om cepHbiX coeduteniidl, orTUMyMbl pH n TeMnepartypel po-
CTA KOTOPBIX OTIHHAIOTCR IKCTPEMMUTLHBIMI 3HAUCHRAMU, TpeThit gu-
JYM 32pe3epBHpOBaH 3a NPCACTABUTENNMH 0 HACTORIUErQ BPEMCHH
HCKYIBTHBHUPYEMBIX IIPOKAPUOT, LIH KOTOPLIX, OTHAKO, W3IBCCTHDE
NOCIeAORATECIBHOCTH TCHOB, KoAHpYolHX Morekyny 165 pPHK.

Kpome nHyxkaeoTuaHoit nocicaoeatesibHoctH 168 pPHK, apxen
OTIHYADTCT OT Gakrepuil 1 IyKapuil psagoM CYLWECTBCHHBIN MTPH3HA-
KOR:

m cmpoenuem membpan u aunudes mempan. B 0ObuHbLIX AUMHAAX
CAMUEPOIT CBAZAH CIMKHOIQUPHOI CBA3LIO ¢ KHPHBIMH KHCIOTaMN,
ay apxcii — npocToil 3(upHOi ¢Bs13nI0 ¢ Cy-CIUPTOM - (humano-
aom. Takue aupnl MoryT obpiasoseiBare Tetpamepsl (Cyy), a uenu
GUTAHOIA MOTYT COACPAATL NSTHLIEHHbIE KOabLA., Membpana, 0b-
PA3OBAHHAN W3 TCTPaMepoB, foee pUrHAHA, TAK KAK Y HEe HEeT BHYT-
PCHHETO TPOCTPAHCTRA (pUC. 2). ADXCH MOTYT MMETh KaK ODbIMHBIC
OMCJIOIHBIC, TAK M PUTHAHLIC MOHOCTOHHBIE MeMODPAaHBI, HO UCM
IKCTPEMATBHEC YCROBHS, TCM 0OJIbINE MOHOCTOHHBIX 0baacTell Haxo-
auTest B MemMbpate. .

Apxcu copepxkat 8 MmemOpanax 7— 30 % v30n0peHonaoB (B 4acTHO-
CTH, CKBWIEHA). TAKHE KC COCAMHEH WS HAXOAAT B HEPTHHBIX OTIOXKE-
HUSIX, YTO CBUACTENBCTBYET O APCBHOCTH ITHX MHUKPOOPTAHHIMOR,

B CMpoeHUuEeM KACMOYHBIX cmeHoK. Y apxeil He HANICHD TATTHYHBIE
ANs BAKTepHH MENTHAOTTHKAHOBBIE (MYPECHHORBBIC) KICTOWHBIC CTCH-
ki. OHU npeacTapieHbl THB0O NCCBAOMYPEHHOM (HeT N-aueTnamypa-
MOBOH KHCJHOTBI), NHO0 OCAKOBLIM S-cioeM (CTPYKTYPHUPOBAHHLIM
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Puc. 2. OcoBeHHOCTH CTPOCHUS MEMBPAH H ANTNIHAOE MCAMOPAH ¥ apXCi:

A — cTpocHHC O0BMHKIX JHMMAGR 5 — cIpoeHue JHNHA0L apxei; § — retpasmepn
duTanean: [ — olBiuHBLL BUCnoi: A — pUTHAHBLT MOHOCAOR

OC/AKOM, COZCPKALIM «KUCALIC» AMMHOKHCIOTBL, 31 CYCT HCro Ha
MOBCPXHOCTH KACTKH COITACTCS TOHKHIL CIOMA BOILL, OTTANKHBARKILIME
HOHBL coneit). Enje onMH BapHAHT OPraHU3aLUHE apxeil — OTCYTCTHHE
KNETOUHON CTEHKH, KOTM1d MeMOpaHE MOYTH MOJHOCTLKY NPEICTaRAC-
Hil PUTHAHBIM MOHOCJIOEM H3 TCTPAMCPOB. YCHACHHBIM DOALUIMM KO~
AHYECTBOM NATHUJICHHBIX KOAeW. HANPHUMED, Kak v Thermoplasmu:

® ocobennocmamu memaboausma. Y apxeil JJTHK cssuszana ¢ rucro-
HAMH W MMEET HHTPOHHLIE YYACTKH, MOAo0GHO syKaproTam. B TPHK
apxei He HailoeHo puborumubia. PHK-nonuMepassbl 3THX OPraHu3MoB
Qonblue NOX0KH HA IVKAPHOTHYCCKHE N0 cyDBeHHIUHOMY COCTURY.
Tpancasnua Oenka HE YYBCTBHTEALHA K XJIopaM(pCHHKOAY (Kak v Dak-
TCPHIi}, 3ATO YYBCTBUTEIRHA K AMTCPHITHOMY TOKCHHY (KAK ¥V 9¥Ka-
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PHOT). ¥ apxcil HAHAEHbl YHHUKUIBHBIC KOMCPMEHTbL — METAHONTC-
mun, MeTaHotbypan, Fyy, Fiag (npasia, seravontepitd o0HapyxeH u
v (PaKyILTATHRHBIX METHAOTPOGOB). ABTOTpOhHAS QHKCAUHA YIICKHC-
JIOTDBI ¥ apXCi MPOUCXOART HEIHKITHYCCKHM nyTeM (auemit- KoA-nyms).
IanodiabibIe apxeK oCYIIeCTBISIOT (POTOCHHTE Y, CBA3AHHBIN ¢ (hyHK-
UHOHHPOBAHHCM 0CO00ro Oel1Ka, GUKTEPHOPOLONICHHY, ¢ PETHHAICM
B KAYeCTBe NPOCTCTHUYCCKON IPYITITHL. TTO MHOTHM CBOHCTBAM CXOKCTO
¢ POAONCHHOM CETHATKH IPHTCABHOIO OPraHid XHBOTHDIX.

ApxeH ODBIMHO CYIUECTRYIOT B JKCTPCMAIBHBIX VCAOBHIX H 1310T
CKYAHBI pocT. OIHAKO B TAKHX MCCTOOOHTAHINX ¥V HAX MLTO KOHKY-
PCHTOB, YTO TO3BOJHIO HM COXPIHHTLCA JO HACTOALLETG BPEMEHU.

KoHTpOonbHble BOMPOCHI

1. OObscHITE. TOUCMY TEPMHH «MHKPOOPTAHHIM» HC HMCCT TAKCOHOMH-
UCCKOTO CMBICTA.

2. Y710 NOHUMAOT 0o khaccdhukaeil H cCHCTEMATHKOH BH0J/I0r4ecKHX
obnwekron?

3. MMoyeMy MIKPOOPIAHHIMbBEL HE VIZETCH KALWCCHDHLUNPOBATL TOABKO 110
HX MOPDOTOTHUECKIM XaPAKTePHCTHEAM?

4, MMpoaHATHIHPYHTE AOCTOHHCTHA 1 HCJIOCTATKH IPHMCHICMBIX B HACTO-
ALICe BpeMs CIOCODOR KITACCH(MUKALHE M CHCTEMATHKH MUKPOOPLAHH3MOB.

5. Kaxste rpynitsl MUKPOOPTAHHIMOR BNOAST B COCTAB JoMeHa Eukarva?

6. B kaxite 10OMEHbI 0OBeAHHEHLl NPOKIPHOTHUECKHE MUKPOODTIHIIIMEE?
Yem OTAHYAIOTCS FIPOKAPHOTH. BKJIIOUEHHBIE B PUSHBIC A0MCHBIT?

7. HazopnTe yeprbl CXOACTBA M PAMTHYHS apxeil M OakTepHil, apxeii it
AVKAPHH,




fnasa 3

MOP®ONOFrMA MUKPOOPrAHM3MOB

O0ue cBegeHud

MaTepuast 2TOI [J4BB TCCHO CBH3aH ¢ MPHMCHCHHEM W PDA3BHTH-
CM MMKPOCKOITHYECKHX METOAOB HCCICAOBAHHSA, KOTOPhie NOAPOOHO
H3VYAKOTCS HA NPAKTHYECKHX 3AHATUSIX,

Ias BonbIHHCTEA DakTepHit 1 apXel MOXHO CUHTATh CpaBeiUii-
BLIM VIBCPHISHUC O TOM. YTO 3TO MAJEHLKHC, IPOCTO YCTPOSHHbLIE
OPraHU3Mbl, HMCIOLLIHE YHUBCPCATLHOE cTpoenue. C APYTOiH CTOPORDI,
MHP MHKPOBOB, HACESIIOIINX HALLY MIAHETY, YPE3BBIYAHO PA3HOOH-
paszen. Ero mpeacraBuTesn paiinualotes Mophonoriecki. a TIKKe
(PUBUOJOTHUCCKHMI 1 BHOXMMIYECKIMU cBoiicTRamu, TTo npuHumny
KJICTOUHOW OPraHM3aLHH BCE MUKPOOPIAHHIMbl MOTYT ObITh pa3aene-
HbL HA J1B3 THIIA — TIPOKAPHUOTRI W 3VKAPHOTEL. Y MPOKapHOT AacpHbIi
ATMTAPAT, HABLIBACMBLIT U2CTO HYKJICOMLOM, [IPCACTABICH, B DOIbLUMH-
CTBe CAYUACB, KOJAbLeBOH Mosiekyloil JHK. cooTBeTcTByIoicH on-
HOIT XPOMOCOME, Y IYKAPHOT AP0 COACPKHT HIBOP XPOMOCOM H OTAC-
MICHO OT LMTOILIA3MLI MeMOpaHoH. Pazmnuus B oprasuzalui syICPHO-
FO ANTAPaTa KOPPLAMPYIOT ¢ PSJIOM APYIHX OCOOCHHOCTCH HY- 1 11po-
kapuoT (1aba. 1). TleproHaYanbHO K MUKPOOPIAHW3IMAM OTHOCHIIN ¢
GUPYCHl, OAHAKO BB HACTOALLEE BPCMST MX MALLC PACCMATPHBAIT KaK
0coObIe (POPMbI KHIHH, HE UMCIOILNE KICTOMHOO CTPOSHH 1 coaep-
AKALLKe, B OTMHYUE OT MPO- M IVKAPHOT, JIMLLIL OOHH THIL HYKIEHHO-
suix kucnor (JJHK win PHK).

Cpean NpoKapHoT pazyIaloT 6akTepun 1 apxen. OCHOBAHHEM st
RBLIEACHHA STUX TPYTIT, PaccMaTpHBAeMbLIX B HACTOSIIIIEe BPCMSA KaK
OTACABHBIE JOMCHBI, MOCAVAKHAW, MPEXKIC BCETO, Pe3yvibTaThl CpaR-
HEHHS OAMIOHYKICOTHAHBIX TIOCAEL0BATEALHOCTEH 168 pubocoMaib-
HbiXx PHEK, a TakXe BLISBICHHE PA3TMYHEH B COCTABAX KINETOYHBIX CTE-
HOK. THAHAOB H PAAa APYrux ocobeHHOocTell. DonbitMHCTBO H3BeCT-
HBIX MPOKAPHOT COCTABNISIOT padiHuHble rpynnbl Gakrepuil. M3sccr-
Hble APXCH BKAIOYAKOT IPYNIbl MCTAHOTCHON, OTACIBHBLIX CYAB(MATPEe-
AVKTOPOB, 3KCTPEMaNbHBIX TaNodQHa0B, TCPMOTUTAIM, JIMLLICHHLIX K¢~
TOYHBIX CTCHOK, A TAKXKC IKCTPSMATBHO TEPMOMHIbHBIX MHKPOOPLi-
HHIMOB, OKHISIIOUIHX H BOCCTAHABAHBAIOUIHX EMEHTAPHYIO Cepy.
3a nocaeaHne roabl OOHAPYKCHO 3HAYHTCIBHOE YHCAO HOBBIX NPCI-
CTABMTEACH apxeil U MX KOAMYECTBO NPOAQTKACT TIONOJHITLCA.
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Tataunna |

H(!KO'I'OPI:[E OTHAHIHTCABHLIC NMPH3HAKHY 3YKADHOT U NPOKAPHOT

Xilpilk'l CPHUTHRA

ITpoka-
PHOTL

vk~
PHOTB

Humoaoeumeckue npusnany.
HAHMEHLLIN I pa3vep kierki 0.03 sKum
HATHUME OOPMICHHOTO sIpa
HaTHYHE aBTOHOMHBIX OPTaHe T {MHTOXOHIPHH,
XTIOPOMJIACTHD)

Joxanzanun pusocon.
PACTIPCAENECHRL B TUTONNAIME
MPHKPETUIEHBE K FHAOMEMATIFICCKOMY PETUKYIYMY

SReymurcu (eCIIM IPHCYTCTBYIOT)
anametp 0,01 —0.02 mxm
aHaMeTp oxkono 0,2 MKM

MOACKY AAPHO-OLOA0 UHECK UE OCOGEHHOCHTH.
MHCAO XPOMOCOM
KOJIBLIE B, XPOMOCOMA
JIITHEIHBIC XPOMOCOMBbI
KOHCTitHTBI CCAMMCHTALME pHOOCOM:
705
80S
KOHCTAHTB ceanMeHTatmH pruGocovdoil PHK:
38, 165, 2358
38, 5,835, I8S. 28S

HPH?H(THH, OCHOBAHHLIE HA XUMUMCCKUX (THAMBAN
APUCYTCTRBHE NCNTHAOTIMKAHL

Ocobeioc Pa3sMHONCEHUSE
KJIETOMHOC JACTICHHE TTPOMCXOLNT B PEIVIBTATE MHTO3
BOIMOAHOCTE MCIHO3

[lepenoe coHos 1 peKOMBUHALLS QR IOUTIONT.
IEMETOTEHL 3 H 00pA30BAHHE 3HIOTLE
JLUIEPAThHBIT (FOPHIOHTUTEHRI) MEPEHOC ICHOB

flumarne,
AndpehyIs 1K TPAHCOPT Yepes MeMOpaHy
IHAQUITOS

Memaooauseckue OCONCHHOCHTN
ABIXATCABHBIH M hOTOCHHTE JMPYIOWLMIT ATTIapaT
ACCOLITHPORIH ¢ TUIIMATHUCCKOI MCMOPAHOIT 1l ec
BBIPOCTAMM
BOIMOKHOCTh XCMOIHTOTPODHOTO MeTabOMH3MiL
cnocOOHOCTL K thHKCATINH MONEKYIHPHOFO A30Ti
CITOCODHOCTL K MCTAHOTCHC3Y
COCOBHOCTE K AHOKCHTC HHOMY (DOTOCTHHTE3Y
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Pa3amepsl, ¢OopMa U rPyNnnNnUPOBaHNe KNeTOK

HecMOTpa Ha TO, 4TO TEPMHMH «MUKPOOPTAHN3IM» MOAPA3YMEBACT
MATBIC PA3MEDPDI, 3TOT MPH3HAK BAPBUPYCT B JOBOJLHO LIKPOKHX NTPC-
nenax (raba. 2).

Pasmcpbl KICTOK GOJBUTHHCTBRA MPOKAPHOT HUXOMSETCSL B 1peaesTax
0.2—10.0 mkm (p3ec. 3). OaHako cpeii HHX €CTh «KapiIHKh» (TPenoHe-
MBI, MHKOIJIA3MBl B HaHOBaKTepHH pasmepamu mipuMepHo 0.05—
0.1 MEM) 1 «ruranTe» (Achromativm, Macromonas o 1o 100 Mxm).
CamMbIMH KPYITHBIMH 113 BRUICJCHHBIX IO HACTOALICTO BPCMCHH NTPOKi-
pHOT SIRNAOTCA Knetkd Epulopiscitm fishelsoni (puc. 4). oOuTalomme
KHLICYHMKE LIYOOKOBOAHON pPhibdbi-Xxupypra. WIHHOH 10 600 MM 1
auamerpoM o 100 MM, u Thiomargarita namibiensis, HailneHHbIE B
npudpeknbix Bogax Ynau y Hamubuu, mtamerpom 400 —600 mkwm.
B TO e BpeMst HCOBXOIMMO OTMETHTB, MTO MOPCKAs Bolopochb Nano-
chlorum eukaryotum, HECMOTDST HA OUEHBL MANLIC pasMepst (cM. Talu. 2},
MMEET HACTOSLIEE SAPO, XJOPOMIACTE W MHTOXOHIPHH. PelioMupyst
RAHHLIE TAa0I. 2, MOXKHO CACIATE BBIBOA O TOM, UTO pasMcpbl M3BECT-
HHIX B HACTOALICE BPEMS MPOKAPHOTHYECKHX MUKPOOPIAHHM3MOB HA-
xoaatcs B npeiaeiax or 3,05 mo 600 Mk,

Popmbl KicTokK BAKTCpHIT He oTaHYatoTes HOILILUM PasHooDpasn-
eM. OOBLIYHO ITO MAIOUKH PA3HOA JUIHHSI, CBCPHUYECKHE KNeTKH (KOK-
KK), &l TAKKC H3BHMTbIE (POPMBLI — BUBPHOHL! W CRUPWILILL KiteTkn
GaxTepHil MoTyT 06pA30BLIBATL AOBOILHO YCTOHYHBbBIE COMETAHMH —
NApBL NAA0MEK H KOKKOB (AMIUTOKOKKH), KOPOTKHE W UIMHHbBIE le-
MOYMKH MTATOUEK H KOKKOBR (CTPENTOKOKKN), TETPALbl H NAKEThl H3 4, 8

Tadnnwua 2
Paamephal OTACIBHBIX NPEACTABHTEICH KIBOIO MHpa

Opradimn Passmep, mem

Hanobaktepuu o < 0,05
TToxeBHpYCHE d-~ 03
MuKonmiMb d=073
Nanochlorum eukarvorum d- 10—-20

E. coli 1.1—1.5+20—-60
CrTHpOXeTSsI 1.5 50,0
Oscillatoria sp. d- 70
DPHTPOLIMTDL d=170
Eprlopiscium fishelsoni 100.0 ~ 600.0
Thiomargarita namibiensis d~ 6000
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IMpeaeant 50 kB Creronoii HemoopyAeHHLIH
papeteHHs ACKTPOHHLLT MIKPOCKON TIas
MHKDOCKON 0.2 MKM “CIOBCKA
0,013 MM 40 MEM
MukpockoniteckHe
rpuiBL 11 pocTeiilnte
Tunm BakTepui 4740 vw
DPCIHITIMOL 0.1—10 mxM
Bupycnl
0.03—0.3 Mr™m
‘ T 3 .!.\I‘- T_V'lTll\ul r ‘|II\.I‘ T T [lll\‘ T T T ™
(.00 0.01 0.1 l 10 100

Pﬂ'iMCD. MKM

Puc. 3. HIka1a oTHOCHTENBHBIX MUIMCPOB MHKPOODPIaHHIMOB

Pric. 4. TesMHONOABHAS CBETOBAA MIIK-
POCKOMHSI THREAHTCKOTO TIPOKaApHOTa,
CHMOMOHTA KHINCHHHKD pblObI-XIi-
pypra Epulopiscivm fishelsoni. Tlanow-
kosHaHbe kacTrit £ fishelsoni © 3a-
KPVIICHIBIMIE KOHIAMIE PA3IMEpOM
oKomo 0,6 MM Ha CHHMKE TIPHBEIE-
Hbl PSUIOM € TPEMS] KJIETKAMM Apo-
creinumy Paramecium, ITHTHA KUAGLON
13 KOTOPbIX 0KoA0 150 MM

B r A
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Puc. 5. Gopmsl 1 codeTaHHs BAKTEPHANBHbBIX KJIETOK!

A — JAHNNOKOKKH: & — crpenTokokky; 8 — cradnaokokks:, £ — Gauwnans: 4 —
KOKKOBALILLLL, £ — IR0k A — TORKIe G0odKkin; 3 — mIGpHonsl: M — compiae;
A — TCTpaabl
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Puc. 6. TpeactarnTenn Haubonee pacpocTpaHeHHRIX MOPGUTHIIOR BaKTe -
pniii (MukpodoTorpaditi B Ga3oBO-KOHTPIACTHOM MHKPOCKONE):
I — wokkn (Thiocapsa roscopersicing, DHAMETP OTICILHBIX KICTOK —~ 1,5 srm); 2 —
nanoury { Desulfuromonas aceroxidans, anametp - 1 MxM); 3 — cnupunnst ( Rhodospirit-
fum rubrum. ruametp ~ | skm): 4 — crutpoxetst (Spirochacta stenostrepta, TamMerTp
- 0,25 MKM) 5 — MOUKYIOILUNRCH KIAETKH C BRIPOCTAME (Dt 1f oTpocTki. Riodomicro-
Biv vanuielii, inamerp - 1.2 MM 6 — Hirtesitanue xactxi (ChlorofTexus aurantiacns,
anaMmetp — 0.8 Mrm)
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Pic. 7. BakTepuin ¢ paiiiuHbeIMI BIPOCTAMIL:

I — Caulobacter sp.; 2 — Hvphomicrobivm sp.. 3 — Ancalomicrobium sp.. 4 — Galio-
nelia sp.
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Pu¢. 8. Tunel rpynnuposarig chepHUecKHX KICTOK!

I — AHOIOKOKKH; 2 — cTpermokokkil, 3 — TCTPARKOKKIL I COpIIMHEL 4 — cTadnao-
KOKKIt I MHKPOKOKKI

{ 71 2

Puc. 9. MunuenuansHbice OPraHUIMBL [TPH OAHMHAKOBOM YBCTHUICH I

I — NOMARCHHLIN AKTHHOMHLET, 2 — NOYBEHHKIC I'])Hﬁh]

i 60JIce KOKKOBMAHBIX KIETOK (CitplHHEL), Ipo3abs (CTADMAOKOKKH),
PO3CTKU. TUIOCKHE TAOIHYKM, CCTH U TPHXOMBI (LICTIOMKH KIETOK, TECHO
NPAMBIKAOMNE APYT K APYTY, NPSIMBIE M BETBSILLHECH).

B TO XC BpCMSA CYIICCTBYIOT MHKPOOPTAHNIMELI HEODBLIHOMH (POPMEL
(KBAOpATHBIC, NPAMOYroabHLIe, DOOOBHIHLIC, 3BC3AMATHIE, Tapel-
KOOBPASHLIC), BOTBALUMCCS W 00pasyiolIue MHUCHHIA (aKTHHODAKTe-
pun), umciowne rudol ¢ noukamu (Hyphomicrobimm), ctedennku
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Pitc. 10. Pannannie GopMel HHTUATBHIX GaKTCPRiT:

I — Beggiatoa: 2 — Thiothrix, 3 — Saprospira: 4 — Simonsieila; 5 — Caryvophanon; 6 —
unaHobakTepiH poa Microcoleus: 7 — Lepiothrix, 8 — Sphaerotilus, 9 — Crenothrix

5 ‘70 od:-uwg
RIS
[~ g% &
3
Puc. 1. KneTk# HOKAPIHK HA PasHbIX Ha3ax pocTd KYAbTYpPLI
I — 2-cvionnan: 2 — 4— S-cytounana; 3 — 7—8-cvroqnan

} ' H vom et
N A e SR
/ ‘ \ / \\\\ Iy \:5' ..||..=.0...
2 3 4
Puc. 12. (Doprl KACTOK MHKODaKTEPII:
! — cytounan kyastypa; 2 — 2-eyrouman; § — 3—4-cytounas; 4 — [0-cyTounan
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Puc. 13, Mamenenite dopmil kiaerok Arthrobacter (1) 1 knetkn Corynebacte-
rivm (2)

(Galionella). npoctekn (Campylobacter). CyLLECTBYIOT TaKAE DaKTEPHH,
MEHAHIHMC CBOK MOPKPONOrHIO B TeueHMe XXI3HeHHoro uukna { Coryre-
hacterium. Mycobacterium, Nocardia) v obaagaiomme raeiioMopdHs-
MOM (puc. 5—13).

CtpoeHue NPoOKapMoOTUYECKUX KNeTOoK

Cxema CTPOEHHS! THIHYHOH MPOKAPHOTHYECKON KICTKH MPUBENC-
Ha Ha puc. 14,

AnepHas 30Ha W reHETHYECKMH ANNAPAT KAETOK NPoOKapHoT. bakre-
PHAIBHBIC XPOMOCOMbBL OBLIH OTKPBITHI MHOIQ MO3HCE, YEM IVKa-
PUOTHYECKHE, TAK KaK OHW He obnazalor CBOHCTBOM KOHICHCHPO-
BATBHCS B MCTadhasc, YTO ACHACT XPOMOCOMbI 3YKAPH ¢TOMb BHANMLI-
Mu. B 40-x romax XX B. ObLLIL [1OAYHUCHD! [IEPRBIE AOKABATEILCTBA CIIOH-
TAHHOTO MyTareHe3a y 0akrepsil, H 9TO MOCAVKHIO OCHOBAHMCM LTS
NPEANOIOKCHHA O HUTHYHH Y TPOKAPHOT MYTHPYIOULHX TCHOB — thvH-
KILHOHAILHBIX PICMCHTOR XPOMOCOMBI. TTOUTH B TO Xe BpeMst A, IBepi
€ KOJLJICTAMY DACKPLLT XHMHUCCKYIO NPUPORY FCHETHUICCKOMD MATEPH -
414 B IKCMCPUMEHTAX 10 TPAHCHOPMALLMH ABHPYACHTHOTO THTAMM:

HTOIAA M
PuGocoMel 1 ﬂ' “ Hykneoun
\\ - r
kY
| ;
N CoMaTHHECK HE
Kauteyaa nHaH
i
‘\
X
Kacrounas
CTeHKA iy
AryTHE
Kaerounan < i Y
mMeMBpana MesocoMa 4
’ o Masmsa KoHuioratHarbic
AT

Puc. 14, CxeMa aeasinefics 6aKTepuaisHOR KAETKH
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nHepMokokka npenaparom JHK, sblacneHHpIM H3 BUPYICHTHOTO
WTAMML, € [OAYHEHUCM BHPYIeHTHbIX KneTok. Ho B TO Bpems 1
TaHHbLIC He BRUTH BOCNPUHATBL Hesorosopoyro. HoTpeboBauch rofbl
no orkpeitis B 1952 r. toro dakra, uro AHK. a ne Genok BXO/IHT B
KIeTKy Gaxtepiit npu darosoit nHdexwn (A.JL Xepun 1 M. Yeiis),
i1 10 pactudponrs cTpykTyput JHK 81953 1. (JLK. Yorcon 1 P. Kpuk),
qToObL! (hakT MepeIain HACHECTBEHHONH UHpOPMALITY uepes JAHK 6biﬂ
HakoHew npuiHad, B 1956 r. BHyTpH BaKTCPHANBHBIX KIICTOK B 00-
HAPYKCHA «AIEPHAs 30HA», WJIH HyxAeoud, TI¢ Pa3MELIEHa daxkTepu-
AUTbHast XpoMocoMa (pHc. 15). B 70-X 101X CTaN0 BO3MOXKHBIM BhLICE -
Hue KoMnaktHoit dopmpl TotambHoil JIHK M3 xncrok Hakrtepuii
(puc. 16}, UTO MOTOXKHJIO HAYATO HHTCHCHBHBIM DHOXHMHICCKHM HC-
CTCAOBAHHSM HVKACHHOBLIX KHCIOT TPOKAproT. COCTOSTHUE CYITCPCKPY-
qenpoety Gakrephranshoil JHK 6b110 obHapykeHo B cepeniiHe 60-x
roioB, B Teucnue 10 J1eT moce 3Toro 6uuit 06HAPYKEHb! (HCPMCHTBI,
KOTOPLIC OTBEUAIOT 32 CBCPXCIIMPATMBALHIO M PACKPYHHBAHUE JHK
(TOHOM3OMEPA3L!, THPA3bl). B IC7I0M, 110 NPCACTABNCHHAM MOJIEKYIAP-
HOI1 BHOJIOTHI, XPOMOCOMA CONEPXKHT: Bonbine Motekyibl JHK kak
HOCUTENH TFeHCTHYecKoil HHbopManuy; Moaekyasl PHK, komipyo-
e M NePERAOLLME HHAOPMALMIO € OMPCACICHHBIX I'€HOB! GCaKH,
KOTOpbic penapipyioT noppexaeaua JHK, yapaupaoT AHK 1 KoHT-
POANPYIOT MORERH IKCNPCCCHM TEHOB. BeNKit TAKKC CKPYIHBAIOT U
cxnanpisator JTHK Brytpu kietku. Bakrepuanshas IHK obHapyxcHa

Puc. 15. InekTpoHHbe Mukpodiotorpadin xieTku E. coli. A nicHTHENA b 3l

HCKJTIOUEHHEM TOTO. 4TO TPaHMbl HYKICOMA0B KIACTKH 0OBCACHBI XKHPHOH

YepToil, 30HBI HYKACOHIA COACPAKAT MEHBIYIO KOHLEHTRIHNIO pubocoM (uep-
HbIC TOUK)
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B KOJBUEBOH 1 THHEHHOI hopmax.
Hnsa knetok Escherichia coli noxka-
3an0, yto JHK cyumectsyet B puae
KONbLECBOH MOJICKYNBL, B TQO BpC-
Ms1 Kak st Borrelia burgdorferi B
1989 r. noKa3aHO, YTO KJACTKH CO-
acpxar AHK s nmHeiinoii dopwc.,
3areM auHeiiHbie JTHK 0ol 06-
HAPYVKCHBL v Srreptomyces spp.,
Rhodococcus fascines w Agrobacte-
rivm rmefaciens. B xactkax crpent-
TOMMLETOB KOHUBLI MOIcKy T JHK
COACPXIT NOBTOPHAIOLIHECS [OCTe-
JOBATENBLHOCTH, & B B, hwrgdorferi
Ha KOHLAX WMEIOTCS LITHIbKH,
KOTOpble 0BIeryaior MoAHYIO peil-
nukaunw. Takum obpazom, 3TH
OAKTCPHH UMEIOT XPOMOCOMHBIC
KOHIlbI, KOTOPLIC (PYHKLUHOHUPY-
10T MOAODHO TC/IOMEPUM JIHHCHHBIX
XpoMOcOoM 3yKapHoT. MHIHBHAY-
ANBHUSL KIETKL TPOKAPHOT MOXET
COALPIKATL HECKOABKO WJICHTHUMBIX KOMHI 0AHOI XPOMOCOMLL.
Y HEKOTOPbIX BUAOB B KileTKe 0OHAPYKEHbI ABE 1 JAKC TPH HEHIACHTHY -
HBIC XPOMOCOMbL. KOMa KIeTKA COACPARHT O/1HY OUEHD BOMLIIYIO FLTA3MIT-
4V, TPYAHO ONPEUENNTE PAHHUILY MCHKIY MNa3MUI0R B XPOMOCOMOIA,
TaK Kak o0e MOJMeKyJbl MOTYT HECTW [CHBI. HCODXOOMMbBIC A5 pocTa.

boablHHCTBO DAKTEPUIA HCCET BCE TCHBL B ONHOH TPYILIE CLCITIC-
HUS, T.€. HY oAHOH xpomocoxe., OAHIKO MOABIAIOTCS CRUICTENLCTRA
FOIO, YTO PA3HbLIE TCHBl MOIYT PACNIOIATATLCA M HA pa3HbIX XpOMOCO-
Max. ¥ Bunos Vibrio spp.. Leptospira interrogans, Rhodobacter sphaeroides,
Brucella spp. 0OHAPYKCHBI JIBE KOJALLEBLIE XPOMOCOMbL, ¥ Rhizobium
melilofi — TP K cpeay pastMiTHbX W30aaT0B Burkholderia ( Pseudononas)
cepacia — OT AByx 10 deTnipex. Hexkotopble BHilb Agrobacterium co-
NCPAAT OLHY KOABUCBYIO M OIHY JIMHEHHYIO XpoMocanbl. T WiICH o
TOM. 4TO NPOKAPUHOTLL UMCIOT JINIE OAHY KOJBLEBYKY XPOMOCOMY,
yxke oTkasanyce, bosee Toro, HHCIO BUAOER ¢ BOJSice YeM QAHOH TpyI-
NOH CUETLIEHHSI TEHOB (OHOI XPOMOCOMO) MOXKCT OKA3aThCSA TOpal-
10 OONIbILC, HCM MBI MPEACTABISEM Ha CCTOAMMINHHA MOMEHT, IO-
CKOJIBKY 3HAYMTERBHOC KOJIHYECTBO CYLECTBYIONIMX B MHPC MHKPO-
OPTAHUIMOB HE BLUICICHO M HC W3YUCHO.

Hanuune MHOKCCTRCHHBIX KOITMA HEKOTOPBIX HACTEH XPOMOCOMBI,
ATAKAKE BCeH XPOMOCOMBY (TMOJHITIOMANSE) XOPOLIO H3BCCTHO ¥ HYKa~
pHOT. B ACNIONHEHHE K 3TOMY, KJICTKH YKAPHIl MOTYT COAEPKATh Thi-
CHYH KOIMH MHTOXOHAPHIILHBIX H XJIOPOIICTHRIN TCHOMOB. My/ib-
THKOTTHIHBIC TE€HLL 11 XPOMOCOMBI HAXOAAT Takxke W v daktepuii. Ha-

Puc. 16. DaekTpoHHas Mukpothoto-
rpathun konsuenoit Humt JLHK, soi-
ACACHHOH W3 KACTK £. cofi
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npumep, E. coli cOnepAKUT NPUMEPHO 1] reHOMHBIX 3KBUBATICHTOR HA
KAETKY, €cili OBICTPO pacTeT B DOraToii cpesie. 8 TO BPEMS KAK KOTH-
YECTBO XPOMOCOM B MEUIEHHO PACTYILHX KJIeTKax paBro 1 —2. B srom
opraHuime 6oJ1bIOE YUCAC KOMHH IEHOMA MOXET VCKOPSITL KIETOU-
voe aencHue. Y Deinococcus radiodurans NI0MIHOCTE MOKET UOCTHTATD
10 B KJIeTKAX H3 IKCHOHCHUMATbHOI (hadkl pocTa H 4 — B KIETKAX
CTALMOHAPHOH (dasbl. Jaxe MEAICHHO PacTYLIHE KACTKH (HAmpuMep,
Borrelia hermsii co BpemereM yIBocHUS 8 4) MOryT GbITE DOJTHILIONA-
HeiMi. Y 2T0l BaKTepHu 4ucA0 KOmuii reHoMa aocturaet 8— 11, Kor-
1@ KJIETKH PACTYT in vitro, v 10 16 KOMuit — npr pa3sBHTHH B OPIaHH3-
me Mol Knetkn Azotobacter vinelandii npi pocte B Boratoil cpeac
NOCTHTAIOT MionaHocTy 4 — 40 rernomon u 100 B cTaumoHapHoii hase.
3aTeM MIOHAHOCTE COKPALLAETCH M HATHHALTCH HOBbI ik, Takas
SIPKAN KAPTHHA YBEJMUYEHHS MIOHIHOCTH HE HADIIOACTCA B ¢ayvae,
eC/IM KISTKH Pa3BUBAIOTCH B MHHUMAbHOI cpeae. QMHaKo «HeMITHo-
HOM» K HACTOALLCMY BpeMcHU cunractest Epulopiscium fishelsoni, co-
acpxanne JHK B KIETKAaX KOTOPOro MOXCT pasamuarecs na 4—5
MOPSLIKOHK HA PABHBIX CTAAMSX KUIHEHHOTO LK. BOIMOKHO, KICTKI
ncnoab3yior JHK kax 3anacHoc BeUcCTBO, NOL0DHO KPAXMAIY, XUPY
AWM FIMKOPCHY LIS APYTMX OPraHusMoB. B CBS3H ¢ BBITHEH3I10KCH-
HBIM. DAKTCPHATBHBIC M 3YKAPHOTHYECKHMC XPOMOCOMBI HENb3s 00Mb-
LIE PACCMATPHBATH KK COBCPLICHHO PAZHOPOAHBIC B OTHOUICHHH (op-
MBI (064 THIIA MOTYT BBITH JIMHCIHBIMI), VPOBHS MIOHAHOCTH (0Da
THOA MOTYT OLITh TOMKIIOUAHDBIMIL) H KONHMYECTHY TPYON CUCTINEHHA
(BaKTCpitH, KOTCPbIE YACTO MMEIOT OAHY, MOTYT HMETh HECKOMNBKO
PPYIIT; 3YKAPHOTHI, KOTOPbIE OORIUHO HMEIOT HECKOILKO, MOTVT HMCTD
TOALKO OIHY FPYIULY, KaK B cayuae Myrmecia pilosula).

QcTtaeTcs camoe GONbIIOe PA3IUYUHE MCAKIY 3y~ 41 [IPOKAPHOTAMH
B OPraHH3aluM HACJIEACTBEHHOTO AMMApaTi — OKPYXCHHOE SACPHOR
vMemopanoll ohOpMIAEHHOE AAPO V IYKAPUA. HAUTMYHE THCTOHOB W
ynakoska JIHK B HykieocoMel. ¥ BakTCpHil HC HAHIEHB! HOKAQ M1C-
TOHB W HYKJIEOCOMBI, noatomy vynakoeka JHK y nux npoucxondt
iHauc. C APYroil CTOPOHbBI, HEKOTOPBIE aPXCH HMEIOT FTHCTOHOIION00-
Hhie BeNKH H CTAOMIbHBIE HYKICOCOMBL, B TO BPEMH KilK HCKOTOPLIE
OAHOKJICTOUHBIC 3VKAPHOTEI JIHIIEHBI ¥ TOro W apyroro! Takum o0-
PA3OM, HA YPOBHE OPraHM3aLIMKM XPOMOCOM PUSTHUM MCXKILY 11PO- 1
AYKAPHOTAME MOTYT OLITh HE CTONb HBHBIMIL, KAK ITO paree npeano-
JHATAJI0CH.

[aasMpuael. Y 3HAYHTENBHOrO KOJHYCCTBA MUKPOOPTaHM3IMOB 00-
HAPYKEH bl TULUMML! BAOGABOK K OCHOBHOI XpoMocoMe (puc. 17). 310
KOJALUCRLIE ABYxLenovedHbie Motekyiel AHK, KoTopuie MoryT cylie-
CTBOBATH M PETLIHHHPOBATLCS KAK HE3ABMCHMO 01 BAKTEPILILHOK Xpo-
MOCOMBL, TAK H ObITb HHTErPHPOBAHHBLIMUI B Hee. TLaasMubt He stnsi-
0TCST 00S3ATC/IBHLIM T KJIETKH ICMEHTOM, XOTH MOI'YT JAdBaTh OI-
peneieHHLIC npeHMymecTsa. M3BecTHO, UTO NIA3MHUABLI MOTYT HECTH
FeHbl YCTOAUHBOCTH K aHTUOMOTHKAM, THXECIBLIM MCTANTIAM. PA3NHY-
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Puc, 17. DnexTpoHHas Mukpodotorpadus R-

[UTA3MUALL, BHIAETCHHOH 13 KiaeTku E. coli,

PasMep nmoasmmant — okoso 64 Ma, owna
CONEPAMT 0KONo 40 TriH

HbIM JIEKAPCTBCHHLIM [IPCIAPATAM, TCHBI
(haKTOpPOB MATOrCHHOCTH, T'eHbLI, Ompe-
AE/IOLINC JOIMONHHTEALHYIO MCTADONTH -
YECKYIO AKTHBHOCTB. Hanpumep, njasmum-
bl KOTUPYIOT HEKOTOPBIC (DCPMEHTHI jle-
IPAdAlHA ADOMATHYECKNUX COSAHHEHRIT,
Croco0HOCTh K KOHBIOTAUWI OTIPE/1E15 -
eTcH HaimuieM F-rmaazMuabl.
HuronrazMaTndeckasn memdpana (LIIIM). Lironaasma Kaxao#
KJICTKHM OKPYXKEHA MCMOPAHOH, KOTOpas OTTPAHHYMBACT KIETKY OT
KJETKH M OT OKpyxXaoileil cpeabl. KACTKH 3YKApHOT MMEIOT, KpOME
TOrO, MHOTQUHCIACHHBIC BHYTPHKICTOMHLIC MeMODAHL!, KOTOpLIE OT-
JCIAIOT BHYTPEHHMIT 00beM opravein, obecneMuBAIIIMX Crelanm-
3HpoRaHHLIC MeTuboTnueckue hyRKIMM, Baktepny M apxer obLiuno
JUEHBl BHYTPHUUATOIAZMATHYECKUX MeMOpaH {UCKTIOUCHEM 4B-
JAIOTCA MCTAaHOTPohkL, GoToTpod bl H HHTPpdNLIpPYIOIIHE BaKTepii)
1 coaepxar toanko LTIM, xotopas cocTouT M3 npocteix dochoin-
IMHA0B, 0BPA3YIONIHX MCMOPAHHKI OHCIOR. Kyid MOrPYXCHB MHOTO-
YHCIEHHBIC BEAKH, DTOT OHCa0i obaagacT csOACTBOM H3OHPATC/ILHOI
HMPOHHUAEMOCTH, NPETIITCTRYH CBODOAHOMY MPOABHKEHII0 BOALIITHNH-
CTBA BELUECTB BHYTPDb KJAETKH H M3 Hee. B matpuxe LITM 3aknmoyerinl
TUIOKE HEKOTOPRIC MCMOpaHHLIE DENKH, HMEIOLIHE P BAKHBLIX (yH-
KLHI, BKOOYas npcoBpa’oBaHue M 3AMACAHUC MCTADOTHIUCCKOM JHep-
THH, PCTYANLUIO NOMOWEHHS W BLIOPOCA BCeX MHTATEIbHLIX BCIICCTR

BHewnisis
MmeabpaHa

Puc. 18. Dnekrpornas mutkpodororpadist TOHKOTO ¢PCsd KACTKH MaTOTEHa
peil Aeromonas salmonicida. YeTko BILAHA TpeXCIOMHAs MEMOPaHa, OTTPaHM-
YHRBAIOILAA HHTOIAAIMY
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Pic. 19, DnekrpoHHas MHKpohOTO-
rpadiist CKOA0B TOBEPXHOCTH 33MOPO-
WKCHHBIX KITeTOK Aeromonas salmonicida.
ButHa noBepxHOCTL KJIETOUHOI MEM-
BpaHbl ¢ MHOTOYMUCIEHHDIMU BIIA-
YHBAHUAMH MEMOPAHHBIX DEAKOR

1 MTPOAYKTOB MeTadoi1i3Ma. Mem-
OpaHHbIe DENKH, KPOME TOTO, ¥3-
HAIOT M [TCPEAAIT MHOTHE CHIHA-
b1, OTPKAIOLINE HIMEHCHHA B
OKPYXKAWEH cpene, u 3amnycka-
10T COOTRETCTBYKMIIMIT KacKall pe-
AKLUHIA, DPHBOISILLENA K KIIETOMHO-
my oreeTy. LLITM wrpaer 3naum-
TEABHYIO POJIb B POCTE W JIC/ICHUN
KIETOK. JBHXCHHMW, IKCTOPTC
MOBEPXHOCTHLIX M BHCKICTOUHBIX
GCIKOB M VIJIEBONLOB (3K30MM0IK-
caxapHaon).

KoteTOMHBIC MeMOPaHbl XOPOWIO pasiMdHMbl B MPOCBCHHBAOILICM
3INEKTPOHHOM MHUKPOCKoIe (prc. 18) 1npu COOTBCTCTBYIOWICM yBEIHM-
YeHHH I KOHTPACTUPOBAHNH TSKETbIMHA METWLIAMN. Ouit UMCIOT BUA
XAPAKTCPHLIX TPEXCIOHHBIX obpa3oBaHHit ¢ ABYM#A BHCIIHMMH TEMHBL-
MM 3 ICKTPOHHO-TLTOTHBIMH CIIOAMI, TTOKA3561BAI0IHMH TOIOKEHNE 110~
AAPHLIX (TOMOBHBIX) TPYMIT JIMITHIOR, M CPABHHTCALHO 6osice CBET-
MBIM CPEAHHM CHOEM, OTPAKAIOLWNM rApodPodHOE BHYTPCHHES MPO-
cTpaHeTBO. Bee KICTOMHbIE MCMOPAHbL, TPOCMATPHBACMBIE HA npenia-
paTax. MONYYEHHBIX € IIOMOULBI) TEXHHKI KOHTPACTHPOBAHHS, TIOXO-
AM IAPYT HA JIPYrd, HEIABHCHMO OT MCTOUMHHKA MEMOpPAH M COnEKa-
HHSL B HIX GeaKoB. BOABIWUNHCTBO BHOTOFMIECKHX MCMOpaH HMEIT
TOAIMHHY 4—7 HM.

JIpyroit METOL MCCICAOBAHNSI MCMOPAH 3AKIIIONAETCS B [IOAYUCHIH
CKOJOB 3AMOPOXKEHHBIX [TPH TEMIIEPATYPE KMIKOIO azola KAETOK H
KOHTPICTHPOBAHNN 0OPA3YIOIMXCS TTOBCPXHOCTEH € NOMOUIBIO Ha-
NBUTEHNA TSDKENbIX METLLIOB (IUIATHHA, 3071010, cepebpo). Tlonyuen-
HBIE TIPEITAPATH] NPOCMATPHBAIOT B CKAHMPYIOLICM DJIEKTPOHHOM MHK-
pockore. [1pH 3TOM MOXHO YBUAETh NOBCPXHOCTH MeMODAHbl M BRJTIO-
UCHHBIC B HCE MO3aMHO MeMBpaHHsle Hesiku (puc. 19). Takast opradu-
318 MCMOPAH XOpoLIo obbsicHsaeTes HHIKOKPHCTATHYECKOI Moae-
TBK0 ¢ MO3AMMHbLIM BKPAIUICHUEM MeMOpPaHHbIX DC/IKOB, B KOTOPOi
MeMBpaHHBIe JHIHIBL 08pasyloT OMCHONH, Tie HENONAPHLIC obmacTu
Hx Mojekyl ofpallcHbl ApYT K APYrY B HeHTpanbLHOM YacTH MemOpa-
HbL, @ HX MOASIPHBIE TPYILTEI CMOTPAT HApy XKy (pHC. 20). MembpaHHbie
Herki NPOHM3BIBAIT OKCA0H MeMOPaHbl U MOTYT audrhyHaupoBaTH B
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Puc. 20. CrpoeHne MeMOPaH W AHIMIOB MeMBPUH;

A — cxema yCTPOHCTBY JMITHAHOTO SHCnod MemBpannt. TToaspHee IPynoL JHIHI0R

nE)p;uuch HAPYKY B BOJHYI0 CPERY, TOMIA KAK ALILILIC vrncnonopo}mme L[u:no'.n;u

00pasyI0T TIAPGQOGHOE TPOCTPIHCTEO BRYTPI GHeno; B - NPOCTPAHCTBCHHASL OPH-

CHTAUMA AURThHBIN Leleld 11 roaosHeil rpynnul ocdoannian s Gitcnoe MeMGpaHal,

TeMHBIC KPYAKH — ATOMBI KHCAOPOL, AHPHLIMI THHIBIMI TOKA3AH OCTOR THItLEePO-

Jt. TOHKHMIT THHHAMIL — 3TAHOIAMHL. JOMIHBIMH JHHHAMH o003HAYEHbL TI1C-
[IOUKH ARYX KHPHBIX KHETOT

KUAKOM MATPHKCE, 0Bpa3ysl MHOrAA DOABIIHCE COXHBIE KOMIUIEKCHL,
Muorne nepngdepnueckne MeMOpPaHHBIE BENKM HC TTPOCTHPAIOTCS
CKBO3b MEMOPiUHY. 4 CBA3AHB! CNEUHUILHBIMHA THAPOMPOGHBIMH AKOP-
HbIMH obiacTaMi ¢ THAPOOOHOI 0BNACTLIO BHCILON.

HINM npeacrapnseT cofoft 0OCMOTHYCCKHIG Baphep KIETKH. TIpe-
AOTBpALas CBOOOIHDLIT OOMEH BEIIECTBAMM C OKPYKAIOLLEH CPeIoil.
Ecnu kneTky noMeeTi s B cpeay ¢ Hoee BLICOKMM MW Goee HH3KHM
OCMOTHYTCCKUM QABACHHEM, YEM BHYTPH LHTONIA3MDBL, TO [IPOH3OH-
ICT BBLINOA BOJIBE W3 KJIETKH HJIM BXOJ BOAB! B HEE, UTO OTPLKAST CBOI-
CTBO BO/LbI YPABHUBATE MPAAHEHTHI pacTrOpoB. LluTormmassma npu atom
CKHMACTCA WIH pacluHpseTest (ABAeHHE MIAIMOIM3a/0era1a3MoiTi3a).
bonsiuuicTeo BakTepuii, oaHAKO, HE MEHMET CBOIO (OPMY B TAKMX
FKCMEPUMEHTAX BCACACTRHE HAIHYHS PUTAIHOR KICTOYHOH CTEHKH,

LLITM siBaisieTest ecTeCTBEHHBIM GapbepOM TIPOHHLUAEMOCTH M NO3TO-
MY DEIVIHPYET MOTOKK MUTATEIbHBIX BEIIECTR M MeTabomirron, Hanu-
une ruapoodHOro cnod, o6pazoBaHHOrO MCMOPAHHBIMH JTHITHIAMH.
MPETITCTRYET MPOXOKIACHHIO HePe3 Hee NI0ORIX TOMIPHLIN MOMEKYIT M
MAKPOMOJIEKYI. JITO CROMCTRO MO3BOMACT KNETKAM. cymccmvmuu?t MB
OONBIIMHCTBE CNYYAEB B PasbaBAeHHBIX PacTBOPAX, yﬂepm{BaTb no-
JIC3HBIE MAKPOMONCKYIIbL H METABOIHYECKHE TPEIIICCTBCHHHUKMN
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MemOpaHa KJACTKH 1PH3RAHA OCYILECTRIATL 1 TPARCIIOPTHYIO (hyH-
KUMIO, PECYAHPYS TOTOKW MUTATEIBHBIX BCUICCTB BHYIPb KICTKL 1
npoaVKTOB MeTaboai3Ma w3 KieTKU. O0bl4HO OAKTCPHH HMEIOT BOJTb-
LOC KOTHUECTRO CTelMMHYECKUX TPAHCMOPTHBIX CHCTEM. TPAHCROPT —
MHTErPaIbHAS YACTD OBLICH GMOIHEPTETUKH KIICTKH, KOTOPAst CO3AACT
M UCMOJB3YET PATHUHLIC HOHHBIC IPAAMEHTBI HEPC3 LITTM ana nepe-
HOCR BELECTB W (POPMHPOBAHMSL APYIIIX HEOOXOMUMBIN KNETKE Fpain-
CHTOB.

MMOCKO/IBKY KIETKY OaKTepHi Uatle BCEro AC/ATCS ¢ TMOMOILLK)
Gunapuoro aeicHud, LITM pomkHa BOBpEMs pearipoBaTh HA Npo-
Heee YBETHUEHUS! PA3MePoB KIeTKH, KiIeTOUHOE AeICHHE — TIATEAb-
HO PErYIHPYCMBLI MPOLECE, TIPH KOTOPOM MCMOPAHI PORMTELCKOH
KJIeTKH BIISYHBAETCS C ABYX CTOPOH (cM. puc. 14), 00bMHO nocepcane
KUICTKHM, CAHBACTCH W pasgendacTes, o6pasysi IBC N0UEPHHC KACTKH 0C3
NOTePH BHYTPEHHETO COREPKUMOTO. [LA5 [IEPEHOCA CTPYKTYPHBIX KOM-
TOHCHTOR KJAETOUHOH MOBCPXHOCTH H APYTHX CCKPCTHPYCMBIX (HaKTO-
pOB MeMBPAHA CONCPXKHT IKCTIOPTHYIO CHETEMY (pHC. 2. Apyrue Mem-
OpaHHble BENKOBBIE KOMILICKCH! PETYIHPYIOT TTPOLECChL HHMLIHALMM
penaukauun JAHK, pasaencHus XpoMOCOM B ACTATLIXCSL GaK TCPHAIb-
HBIX KJICTKAX M HAPACTAHHS KIETOUROH NOBEPXHOCTH fIPH pOCIC U NE-
JICHMM, )

KnioucBLMH KOMOOHCHTaAMH OHONOHYECKHX MCMOPAH siBASIOTCA
nojsIpHble AumHabl (cM. puc. 20, b), B 0CHOBHOM chochon ML,
YV GObLWHHCTEA BAKTEPHIT B UX COCTAB BXOAST ABE KHUPHBIE KHC/I0ThI
OGBIYHO ¢ 16— 18 aTomMamut yriepoaa B LEMOYKe H ¢ HACLINCHHBIMH
MITH OAHO HEHACHILICHHOH CBA3MH. COCTAaB AUPHLIN KNCI0T taxTe-
PHit MOXCT BAPLUPOBATH B OTBET Ha WIMCHEHHS OKPYXKAOLLEH CPebl,
ocobeHHo TeMmaepatypsl, [IpH NOHHKCHUU TCMIICPATYPDI B COCTARE doc-
(hOTMITHAOB YBCTUHUBAETCH KONMHECTBO HCHACHILEHHBIX KIPHBIN KIC-
AOT. UTO B SHAYHTCALHOI CTEIICHN OTPAXKAESTCS HA TCKyucCTH MemOpa-

HbI [TPH HII3KUX TeMaepatypax. HekoTophie KNPHBIC KHCTOTH MOTYT

Cuerema

BEe/TOK, CHH3LIBATOIHMHIL
CEKPCTOPHBIX OeTKOB

NEHHIIHITHH

.

-
= N, .

DACKTPOHTPAICTIOPTHAR Cexperupyesbiit  CeHcopHulil

TpPaHCNOPTHLIN
P CHCTCMA BeI0K GeoK

denok

Puc. 21. CxeMa yerpoiicTsa LHTONAAIMATHUEC KO MeMOpaHbl BakTenHit ¢ pas-
AMUHBIMH MeMOPAHHBINMIT DETKAMH
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OBITh PA3BCTBACHHBIMH UM COACPAKATL LIMKJAOTPONAHOBOE KOBLIO.
AKHPHBIC KUCAOTH COCIIMHCHDB! CA0KHOI DHPHOM CBA3BIO C ABYMSH
MAPOKCHIBHBIMY TPYITIITAMH TJIHUCPON&, @ TPETH I'pylIla ViHUeposa
caszada ¢ octatkoM docdara M Uepes HETO — € TOMOBHON rpynnoit
dochoaununa. Nonosuvie rpynns! hoconunuaos, Hanpumep v E. coli,
coctoar u3 75 % docdarnawastanonamuna w20 % docdarnannran-
LCPOIA. OCTWUIbHBIE — W3 KApAHOJUNHHA (aHdochaTuanirauepo-
na), GpochaTHAMACCPHHA M CICA0BBIX KOAUMECTB HHBIX COCAWHEHHI.
Apyrue dukTepuy HMelOT 6oMee CIOKHBIC THITB MEMBPAHHBIX JIMIIK-
0B, XOTS OHW W NPOLLE YCTPOEHbI NO CPABHEHHIO C JTHMKIAMHY TINa3-
MATHMECKOH MCMOPAHbL KUBOTHOH K1eTKW. Psia OakTepnid comepxur
ochaTHANAXOAMH, HAN JELUHTHH, XapaKTeRHbliA A0S BhICLWHUX opra-
HH3MOB. HCKOTOI}HC KJICTKH Oﬁp'd'}leT FCIHKOJIMITKADbLL, TAKHC KilK MOHO-
FANAKTOSHAOUTIHIepUA. MeMOpaHHBIC JUMUIL ApXeil coBeplleHHO
OTITHUYHDLE OT YKAPHOTHHECKHX H 611KTCDPI(UTI)HBIX. Hx YIJICBOJIOPOIHAN
4acTb COCTONT H3 BBICIIUX HIOHPCHOUAHEBIX CIIRPTOR, MPHKPEIJICHHBIX
K [IHUEPORY NpOCTOH, A HE CAOXHOH 3(QUPHON CBAILIO (CM. pHC. 2).

Bruiowenusi  3anacHeie Benectsa, [1poKapUOTHL XapakTCRU3YIOTCAH
CPABHHTEILHO TMPOCTOH BHYTPUKIIETOMHOH OPraHM3altMed U HC Co-
ACPAAT ABTOHOMHDIX OPraHes T, XoTa MHOTUC 61-1](Tep}ﬂfl HUMCIOT BRI~
yeHHs. Cpeam HUX b [EPBYKY OUepelb CNeJyeT OTMETUTh PAITHUHOTO
poaa MeMODAHHBIC NY3BIPEKM, OOPA3OBAHHBE B PE3YILTATC HMHBATH-
nauuil HITM, Obweit cTpykTypoil, BCTPCUAIOLICIHCA KAK ¥ FPaMnoio-
JKHTEJIBHBIX, TAK W Y TPAMOTPULATC/IBHbBIX OPIAHH3MOB, ABIACTCH MC-
socoma (es. pic. 14). 3to uusaruHauus LUITM B hopMe Besmkyn, Tpy-
Oovek uau namen. TouHble QYHKUHH €€ 0 HACTOSILICTO BPCMEHH He-
SICHDI. C'—lHTﬂCTCH, HTO OHa MOXCT HIDUTL POJb B ACICHHHW KIIETKH,
o0pa3ya CenTy, a 3arcM M IOINCPCUHYIO MCPCropoaKy, a Takxe Ciy-
KUTB MECTOM TIPHKPETUICHHS MUKPODHOH XpOMOCOMbI, YYACTBYA B PEn-
JIMKALMK U NTOCNICAYIOUIEM PACXOXKICHUM JICUEPHUX KJeTOK. Me30co-
MBIl MOTYT TRKXe NPHHUMATbL YYACTHE B rpoueccax cekpelui. OaHako
HEKOTOPLIE UCCACAOBATEH CHHTAIOT, YTO Me30CoMa — 3TO apTedakT,
BO3ZHUKAIOWMH IpH QMKCALMH KIETOK JUIA ITCKTPOHHONW MUKPOCKO-
MHH.

MHorHe npoKaApHOTH! UMEIOT BHYTPCHHUC MCMOpPAHHDBIC CHCTEMBI,
COBCPILCHHO OTAHYHbLIE OT Me30Cc0oM. Pa3BHTas CCTh BHYTPHUHTOMNIIA3-
MATHYECKHUX MCMOPAH XapakTCpHa TOMLKO L1st GOTOTPOHBIX MPOKa-
PUOT, HHTPHPHUHPYIOUIHX H MCTaHOKHUCASIOMUX DakTepuit. Hekoro-
pble KIETKH 00pa3yloT Ta3oBBIC BAKYOIH (43POCOMBL). OKPYXCHHRIC
Oesnkosoit MeMOpaHOI M BBIMOTHSIONIHE YV BOOHBIX OPraHU3MOB POb
PCIYASTOPOB MAABYYEH MAOTHOCTH.

MHuorine MHKpOOPraHNW3Mbl OTKJIAALIBAKOT BHYTPUKIETOMHO 3dftac-
Hbi¢ geiiecmaed, HA3bIBACMbBIE TAKXKC TCIBUIAMUW BKJKOUCHWS (I'lOJIHC&X'd—
pHUibl, NOAW-B-ruapokcubyTupat. nonvdocdarsl, cepa u ap.). Bee
3aNACHDLIC BCIICCTBA NMPHCYTCTBYIOT 8 KJICTKC B XMMHUCCKH }{HCDTHOH
thopme. Takoe cOCTONHUE NPENSITCTBYET HAPYHICHHIO 0CMOCTA3R Kie-
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TOUHOTO COJEPXKUMOro. HekoTophic 13 BKIICUEHMIT TIPOCTO JICKAT B
HMTOMAAIME, APYIHE OKPYXEHLL TOHKOH MeMOpaHoil TOmuMHOE 2 —
4 nM. MemOpaHa 00bIMHO DEJIKOBOIH IPUPOIBLI, HO UHOIA MOXET CO-
Aepxarh W nundaet. Takumu MeMOpPaHAMH OKPYXEHbI TPABYIIB 1O -
B-eudpoxcudymupana, WHOCAQ TPAHYIIDL 2AUKOCEHA W cepbl, A TAKKC
kapooxcucomb. KapbokCUcoMbl y HEKOTOPBIX dBTOTPOMHBIX MHKPOOpP-
FAHH3MOB SIBASIOTCH MECTAMH KOHUEHTPHPOBAHUS pubyie3oomchoc-
daTtkapbokeuialb-okeureHasnl {PybncKO) — wiouesoro depmerra
unkia Kanesuna., QTaensHbeIe BUAbL cnopoobpasyiommx 0akTepuii (Ha-
npumep, Bacillus thuringiensis} MOTYT COREPKATE RAPACROPALILHbIC NC:lb-
1a BesKoBOI TTPUPCILI, B KOTOPBLIX OTKJIAALIBAKTCH TOKCHHBL, CMED-
TENBHBIC JUIST TMYMHOK HEKOTOPbIX HACEKOMBIX. MHOrMe DakTepun oT-
KJIAABLIBAT rpaHyibl goaiomuna (MOmHGocdaTon), KOTOPLIE SBASKTCH
3A01ACHbIM pe3cpByapoM docdhata, BAXHOIO NPEALeCTBCHHHKA B CHH-
Te3e ATO u JTHK. I'panyas! BOMIOTMHA MHOTAA HA3BIBAOT TAKKE METa-
XPOMATHYECKIMH TPAHYIAMH 32 UX CBOHCTBO H3MEHATL UBET KPacHTE-
51 TTOCTC OKPACKH METWIEHOBOH CHHbIO. DUIeMEHTApHAs cepa colep-
JKHTCH B KIETKAX MUKPOOPTAHUIMOB, HCNIOIb3YIOWMX COCANHEHHS CEPBI
B cBOEM MeTaBOTU3ME, B BHIC TPAHY/, OKDYXKEHHBIX OJHOCIOHHOH
GenkoBoil Membpanoil, CneuudryeckKMM 3anacHbIM BCLICCTBOM LiMa-
HOBakTepuil SBISETCS LHAHOMUUMH, PACXOAYCMBIH OPriaHH3IMOM B
YCAOBUAX TOMOIAHUA 10 4307y, TakuM odpasom, 0CHOBHOW hyHKUHEH
DOJILIHHHCTRA BKIKYEHAH MOXKHO CYUTATE 00CCIIcYeHHE KIIETOK IHEp-
rHeil N HeoBXOAMMBIMM ICMEHTAMUY B HCOMArONPHMATHLIX YCJIOBUSAX,

Kneroynas crenka. BOIBIIMHCTBO TMPOKAPHMOT UMCCT PHUTHARYIO
KJETOMHYIO CTeHKY, 1o koTopoit pacnojioxkeHa LIINTM. CocTas H cTpo-
eHHe KJICTOYHOH CTEHKM — BAXHBIH CHCTECMATHYCCKHI TPH3HAK, MO
KOTOPOMY BCE MPOKAPHOTHI MOAPA3IEIAIOTCA HA CIEAYIOLINE PYInbL:
TPAMIOIMKMTEN bHbBIC, TPAMOTPULIATENRHBIC M HE UMEXLIME KIeTOU-
HOH cTeHKH. CBOeODPA3HBIM CTPOCHHEM W COCTABOM KIAETOYHOM CTEH-
KM X4APAKTEPHIYIOTCA apXeH, KOTOPblE HC CHHTEIMDPYIOT HENTHAOTIIN-
KiH, HO HCKOTOpPBIE M3 HUX 00pa3yioT NCeBIOMYPEHH.,

CrpyKTypa KJICTOUHBIX 000J0UEK TPAMITOIOKHTEIBHBIX K IPAMOT-
PHLATEILHBIX MHKPOOPIAHU3IMORB CXCMATHUCCKI H300pixXeHa Ha pHe. 22,
I'pamMnonoxureapHbie GaKTepUH OTAMYAOTCS OT IPAMOTPHLATEIbHbIX
donbinuM (no 40 pa3) comepxaHdeM MypeWHa (MENTHAOINMKAHA) B
KIIETOYHOM CTCHKC W OTCYTCTBHEM BHCIIHCH MemOpaHbl. Kietounas
CTCHKA — CNOXHAsI MHOTocaoinas cTpykTtypa (puc. 23, 24), kotopas
BLITIOUIHAET B KJICTKC MHOXECTBO (PYHKIIHIT, ITa BBICOKOOPIaHU30BAH-
Hast KJIGTOUHASA OpraHenia SBIACTCS MeXaHMYeCKN cTabHIU3HPOBAH-
HOH M [POTHBOCTOMT BBICOKOMY OCMOTHUECKOMY {TYPrOpHOMY) IaB-
NEHWI0, KOTOPOe cocTasaseT oT 2 10 25 atM. bakTepunt 0BbIMHO HMEOT
PHTHAHYIO KJIETOUHYID CTCHKY. OCHOBHLIM OITOPHBIM 3JIEMEHTOM KO-
Topoit aphsercs mypeun (puc. 25, 26) — nonepedHOCWNHTHIN i GHOMO-
AUMEDP, TCTEpOnOAMcaxapul, GOPMMUPYIOIINH 3AMKHYTBL MENIOK,
MOAHOCTLIO TOKPRIBAKOIIMI KIeTKY cHapyxH. MypeHHOBbI MELIOK He
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Puc. 22. KneTouHie CTEHKH FPaMitoaoKHTeAbHBIX {A) H TPAMOTPHLATCILHBIX
(5) baxrepuit
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e ————

I'ne. 23, CTpyKTYpd rPaMIOJICKHTEILHOH KAeTOUHOH CTeHKN. KIleTouHAs CTeHKa
coepa it 10 40 c1oes nenTHACTTKaHE, MOACKYAb! TCHXOCBLIX KHCIOT KORiL-
NCHTHO CHI3AHDI ¢ TENTHIOMTHKAHOM. JIMITOTCAXOCBBIC KHCAOTB — TCiixoe-
HLIC KHCAOTHI, COAEPXKANIME JTHIMIAHBIE «XBOCTHKH», KOTOPLIE 3AKPETTICHSl B
ripodobuoi obmacty HITM, KitetouHbie CICHKH MOTYT UMETh OeIKOBBIC
L0 HA TIOREPXHOCTH. BelKOBhI¢ CTPYKTYPLl MOIYT OLITh PACTIOIOACHBL OCT-
PORKAMH, XKaK TTOXAIAHO Hid CXCME, HIH DLITh TCCHO VIIAKOBAHHBIMK 1 06pa-
wnLiBaTh S-citoit (IITM — purornnassmariycckas Memopana; [T — nentuae-
raukad. JITK — aunoreiixoCBble KHCTOTHI)

LITIM

FOJILKO CTADWMIHIHPYET KJIECTOUHYI0 MeMDOpPaHY, HO 1 COXPAHACT HCH3-
MCITHO (popMy KIIeTKH. B ocHOBE XMMHYECKOH CTPYKTYPH NENTUAO-
[IHKQHA 3410KeHa NePUOAHUECKas MOCICA0BIATCAbHOCTh ABYX aMHHO-
caxapop — N-auernarmoxkodamuna (NAG) H N-aueTtuimMypaMoBoi
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KHCAoTEL (NAM), clinThix Mexay cofoii B-1,4-TTHKOIHAHBIMU CBA-
3AMU. ﬂoncpelmbrc CBA3H MPEACTARNCHB! NCMTTHAHLIMH MOCTHKIMH. Nu-
TEPECHO, YTO TaKasi OHOJIOTHUECKas CTPYKTypa, KAK MYPEHH, BO3-
HHKJA B XOe IBOUKOLUHA JABKABI, TAK KAK HECKOTOPBIC APXEH COLep-
KaT AHANOFHYHLIN [0 apXHTEKTYpe HHOMOAUMED, COCTOSIIHH 3 nIpy-
FHX MCXOAHBIX MATePUAIOB (ncegdomypenn). BeacacTBue pasHULL! B X1~
MHYECKOH CTPYKTYPE M, CACAOBATENLHO, B COCTABE (PCPMEHTOR TIYTEH
OuocHHTCe3a 00pa3oBAHNC MICEBAOMYPEHHA HE MNOIBEPHKEHO ALIICTBHIO
TAKUX THITHYHBIX A8 TOQARIEH Wl CHHTEZA MyperHa aAaHTHOMOTHUKOR,
Kak D-uMK10ocepH, BAHKOMHIUMH HANW NEHHUMWLIHH.

MypeUH AOCTATOUMHO 3MACTHICH H MOXCT NOA ACHCTBHEM BHEUWIHMX
(haKTOPOB PACTSIITMBATLCS H CKHUMATLCH A0 YeThIpeX pas, MenTHiaorim-

Tlopux Benox-peuenrop Jin anc
\

BM

TTepurnazma

HITM

T O-AHTHICH

TeaMona A

Jnc

Puc. 24. Ctpykrypa rpaMoTpHIIATENLHOH KIETOMHON cTeHkH. TOHKHE ¢iod
NCNTHAOLIHKIAHA NOKPLIT BHemHel MeMOpaneoii (BM), koTopas npukpernie-
HAa K NeNTUAORAHKAHY aunonpoteraamit. Mexay aByMs MeMGpanaMy pacno-
JIOKCHO NCPHILNIAIMATHYCCKOE TPOCTPAHCTRO (CO CNTOEM MENTHAOITHKAHA BHYT-
pi Hero). Baewnsst meMOpaHa coaepRiT dhocthoaHIHabl HA BHYTPeHHEH No-
BEPXHOCTH H AHNCMOOMcaAxapiikl — Ha BHeINHeH. JIIC coctoaT i3 gunuua-
HOH 4acT. xolropas obpalieHy BHYTRS BHEINHEH MeMOpaHLt 11 hopMupyeT ce
rApodo0HYI0 001aCTh, U NONMCAXAPHAHOH 4YaCTH, KOTOpaa obpalleHa so
BHeWHIOW cpeny (JIIT — nunonporenaet; JINMC — nunonoaucaxapran)
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"ite. 25, Cxema cTpoeHIs nenTiilorankaHa (mypenda). {NAG — N-auernn-
riokoIaMHHT NAM — N-aneTunMypaMoBast KHCI0Ta)

KIHOBLIM €101 001a82CT CENEKTHBHOCTHIO N0 CTHOWCHHIO K MOJICKY-
M ¢ BosbLIoR MonekynupHoi Maccoit. TlogcunTtano, yro Hanbonb-
NI PAIMEP OTBEPCTHST B MELLKE MOXCT AOCTHIUTh | —4 x 4—3 1w,
SO MO3BOMSIET MPOHMKATD MOACKYIAM CPABHUTEABHO HEBLICOKOH MO-
HeKVAApHoR Macehl (50— 60 kda), npudem paMep NPOHHKAIOMMIX MO-
ICKYD HE 3ABMCHT OT TQJIIHHBI NEeNTHAOMMHKAHOBOTO ¢JIOA (Pa3HOIo
Y IPUMIIOAOAKHTCIBHBIX H [PAMOTPHUATENLHBIX BaxTepuil). Cicaona-
FCJILHO, MAKPOMONCKY/IB! ¢ DOALUIMMU MOJTCKYSIPHBLIMI MACCAMIK HE
MOIVT TIPCOROACTL OAPbep HNPOHMILEMOCTH MYPEHHA, NO3ITOMY [UIS
COOPKY BHEKTETOUHBLIX CTPYKTYP (KTVTHKH, TTHIH) MM A5t ICPCHOCR
THEK npi KOHBIOTaL M He0dX0AMMO J1CHCTBHE CIIEIHMHYECKHX TH-
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Puc. 26. ITpocTpaHCTBEHHAS CXCMA CTPOCHUA MENTHAOMIHKARA {MYDEHHA)
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Pue. 27. CxeMa cTPOCHHS TEHXOEBBIX KMCIIOT:
A — TelixoeBasa KHCIOTA, OCHOBAHHAS HA INUepoae: 5 — TCHXOCBIN KHCIOTL, OCHO-

BAHHAL Ha pHOHMTONC. B KOTOPOIt B KAaUuccThe R-JaMectHTeNis B pasHLIX BHAAX MOXCT

GHCTYMATH (JHOKO30 HIH CYRKIIHHAT
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POJIA3 MYPEMHA, KOTOPDLIE JOKATBHO PACILUMPAIOT OTBCPCTUA ANd 1IPO-
s 60ABLWIKX MOJIEKYIL.

[TenTHACIIMKAHOBBIA CJION KAETKH NPOUIUT B [TONCPCUHOM HANpaBs-
JCHUM e1le OAHHUM IOJINMCPOM — TeX0eBbIMU KUCA0TaMK (puc. 27),
noauondoctaraMu, 06pazoBaHHBEIME HA OCHOBE TIMUEPOJA WK PU-
OUTOIa ¢ DOABIIMM KOJNHMUCCTBOM Pa3HOOOpA3IHRIX 3amecTurenei
(I>-anmanu, L-cepuH, rvimMH, riwKo3a, N-aueTHATTOKO03aMHUH). Ye-
pes oc@opHbIi Au3dup TEAXOEBBIC KHCIOTH CBizaHy ¢ Cy-aToOMOM
MYPAMOBOW KUCHOTHI B MypenHe. CUHTAIOT, UTO TEHXOSBhIC KUCIOTHI
1PHAAIOT MYPCHHOBOMY MELIKY ONPCACICHHYIO CT¢1eHb CBODOAB!I NpH
PACTSDKCHMM U CKATHH M AeHCTBYIOT Hanoaobue npyxkun. Teitxoesbte
KHCJOTBL Bnarogapsd cpoeil aHUOHHOM nonxondocdaTHoil npupone
IIPOUHO CBA3LIBAIOT MOHb Mpg?, BhICK231HO NPEeANONOXKCHHE O TOM,
10 OHU MOFYT BBIMOJIHATE B KJICTKE POAL CBOCOOPA3HOIO HOHOODMEH -
nuka, B yerosusix pocopHoro ronogaHus CHHTE3 TEHXOEBBIX KHCIOT B
JICTKE MpeKpalacTes, OHU 3AMEHSIOTCA Ha TeilXyPOHOBBIC KUCIOThL.
B nocreaHee BpeMsi TEHXOCBLIC KMCJIOTH! CTATH PACCMATPUBATL B Kate-
CIBe TAKCOHOMHUYCCKOTO MAPKEpPa, 0COBCHHO Y TPAMIOIOXHTCALHBIX
OaxTepuit hrayMa Actinobacteria. Oka3aioch, 4TO B COUCTAHMH € Ofl-
peleacHHEM [TocHea0BaTeAbHOCTER Moneky 168 pPHK onpeacrenne
COCTABA TEUXOCRBIX KUCIOT KJAETOYHBIX CTEHOK AKTHHOMHLETOB —
HeSAMCHUMBIH MeTod st AU(PePEHIMPOBKH HA BUAOBOM YPOBHE,

TUnuuHble rPAMITOJOXKUTSABHEIE MHUKPOOPTaHU3MbL UMEIOT TOJ-
CTBIH, MHOTOCHOMHBL MypeHHOBBI Mewok (TosutnHa 20— 50 nm),
cojepxatidi 0o 40 c10es nenTuaorankaHa (M. puc, 23). IpaMorpuna-
‘relibHBle BakTepun ofnaganTt Godee CACKHOH KneTouHoi 0bo10uKoil,
IMcIoLILelt BHelIHIoo MeMBpany (cM. puc. 24). Mo cpasHenuio ¢ LITTM
nicLrHAs Memopana (BM) sisasiercst CMIBHO ACHMMETPHYHbBIM JIUITKA -
LM BHCI0EM, B KOTOPOM BHYTPEHHHH citoit coctouT U3 docdonn-
HIJIOB, 9 BHEIMHHMI — U3 JTUITONOIXCEXapHAoB. Mexay untommaMa-
FHMECKOR M BHELIHCH MeMOpaHaMi BO3ZHHKAET YHHKaANTBHOE obpaso-
KIHNE, HA3BLIBAEMOE HePUNAA3MAMUHeCKUM Npocmpancmeom (nepuniaz-
Moit). MypeHHOBDIA MELIOK TaKUX OaKkTepHI BCcTpoeH B NEPUTTIAZMY H
COCTOMT BCEro AWML M3 0JHOrO cilod (tonmuHa ~3 Hm). BM 1 Mmypen-
HOBLIH CJI0IH COeaMHENB! JIUTIOMPOTEHHOM, KOTOPLI CBOHM N-KOH-
HOM € 3AMEIEHHBIMM KHPHLIMH KUCAQTAMM TTOTPYAKEH BO BHCIIHIOK
MeMOpaHy, 2 €ro KapboKCHAbHLIH KOHCLL CBSI3ilH ¢ MypcHHOM. BM
CONCPKUT deaxu-noplnn, (DOPMHPYIOLNE [TOPBHI,

Hanuume Jo00NHUTCABHOIO Gapbepa MTPOHHIIAEMOCTH B BHAE BHELLI-
11eit MeMBPAHBI TIPHBOAMT K TOMY, YTO /ISl TPAMOTPHIIATENbHBLX DaKTe-
pitii HeOOXOAHMMO MPHMEHATHL Doslee BLICOKHE MUHHMUILHBIC KOHIIEHT-
Pl JICHCTBYIONINX Hi HUX AHTHOMOTHKOB 110 CPABHCHUID C MPAMIIO-
NOAHTCABHBIMH BaKTEPHIMH, [TOMHMO CYILECTBCHHOTO NMPENITCTEAA HA
HYIH NOTAOWEHKS THAPOHIBHBIX cYDCTAHUMIT, HANKMYNE AONOTHUTCTE-
ifora 6apbepa MPOHHLIACMOCTH MO3BONSET YMEHBIUMTE TOILIKHY Mype-
HIOROTO CJIOH M JAET BO3MOXHOCTL H(PCKTUBHO HCNOB30BATh LEH-
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HEIC [POAVKTBL MCTAGONH3IMA MYPEUHA, KOTOPLIC HAKATUIMHAKTCH B
TICPHUTITAIMITHYCCKOM [IPOCTPAHCTBE KIETKH pH ce pocte. BM obec-
NeYHBAECT KOHTAKT KJICTOK MeALY COBOMH, ¢ NOBEPXHOCTSIO cyhcTpara,
4 TAKKE € KICTKAMM OPraHH3Ma-XO3SIHA [pi natoredese. OHa vacp-
KHBACT psil BHELUHHX CTPYKTYPHBIX ODPA3IOBAHWH, HATIPHUMEDP ITHIH.

Tlo cpaBhenmo ¢ UM BHewnss MemOpana bosiee HHEPTHA MCTa-
BOAMHECKH U COAEPAKHT OIPAHRUCHHOE YUCII0 OCHOBHBIX BHIOB beNKa.
DTO BBILCYNOMSIHYTHIE MOPHHEL, A TAKXKe pAl (e IKOBBLIX MOJEKy,
00ECIMEYNBAIOWMNN OOMEH KJIETKH ¢ OKpVKAWIEH cpeaoii, cBopky
NOBCPXHOCTHBIX CTPYKTYP, KOHBIOTAIMKD H CEKPCHHIO BEJIKOB.

BM COCPXHT B KAYCCTRE OCHOBHOI'G KOMMOHEHTA STHITONOIHCAXA-
puael (JITIC), O-nenu KoTOPbIX ARAMIOICH aHTUreHamu (puc. 28). JIMC
00pPa3vVIOT HA MOBCPXHOCTH KICTKI OTPHUATEALHBIN 3aps] M 4acTto
ABAAKTCA TOKCHYHBIMH. JITTC BHCIIHEH MeMOpadb sHTCpobakTepHil,
HANPUMEDP, COAEPXKHT TPU CTPYKTYPHBIC YacTH: 2-KeTo-3-71¢30KCH-
OKTya030HaT-AMOKHa A (Kdo-munna Ay — YHUKANBHBIA FTMKOIWTTI,
3AAKOPHBAOIINIL MOJICKY/TY BO BHEINHEH MeMDpaHe; HeHTPATBHBIH O/TIH-
rOCAXapHAHBIIA PErHOH (TOAPA3ACAACMBINH HA OCHOBHYIO H BHELIHIOW
yacTH); nepudepuitHeic uen O-aHTHICHOB, KOTOPBIC M OTRETCTBEH -
Hbl, B OCHOBHOM, 31 MMMYHOROTHUCCKHC OCODCHHOCTH HHTAKTHOIO
opranu3ma (puc. 29). Crpykrypa Kdo-anunuaa A BEICOKO KOHCEPBATHB-
HA cpeld rpaMOTPULUATEIBHBIX MUKpoopraHiimos, Llentpanwias onu-
IOCaxapHaHasl 00AACTh TAKKC OO0 HCKOTOPOH CTEHEHM KOHCCPBATHB-
HA, & ¥ MPCACTABHTEICH IHTepoOaKTepiil — MOXOXKA, XOTS i He HaeH-
THYHA, O-AHTHICHbL COAEPKAT ATUHHBIC TOJUCAXAPH/IBL, COCTOSILIHE
H3 MORTOPSIHOLUNXCH ONMIOCAXapPUAHBIX CAMHHL. XapaKTepHble CTPYK-
TYPb! MOIVT CONCDAATH ACIOKCH-, AMAE30KCH- M aMmitHocaxapa. Co-
CTAR, CTPYKTYPA M UMMYHOCTICUH(UUHOCTD WIHPOKO BAPLUPYET BHYT-
PH POAOE H MCKIY DOJAMH H COCTABASAET OCHOBY JUTS CEPOIOTHYECKO-

AraN
Abe GIcNAC Gal P Kdo Il?
(Man—-—Rhu —-—Gu])”——-(ilu — Gal — Gl¢c — Hlep %Hcp-—*Ktin—*-G!cl\}—Acyl
EtNl- PP GleN-Acyl
I
O-auTHTeH Quinrocaxapmi Kdo-numi A

Puc. 28. Crpykrypa annonostmcaxapnay Salmonella iephimurium:

Abe — abekyon AraN — d-amunoapatirnota: FIN — sranonawns: Gal — ranak-

Tor: Gle — rmokow;, GleN-Acyl — N.O-1H-3-TIAPOKCHMHPHCTOMATIKOIMHH 1

N.O-0i1t-3-rnapokc i 3-0-1apoitt 1wt mppucronairuokosamid; GleNAc — N-auerua-

rawrozaaiin: Hep — L-ranuepo-D-maunnorentosa: Kdo — 2-keto-3-nesoken-
oKTYI0%0HaT: Man — smanHosa; Rha — pavHosa
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e, 29, CxeMa CTPYKTYPH spa annoenonucaxapuia Salmonella. Hep, L-ran-
repo-D-vansorenTosza. Caxapa NPHKPENACHBL UX PEOVLIMPYIOLIHMIL KOHIR-
M K HRHAY A (1 — 4 1 TL), Mo2TOMY CTPYKTYPA HE COACPAKNT PeAYLHDPY-
kot rpyiern. TIpu BHOCHHTCIC AApd. CNPABY HATEBO, cricuudueckue tep-
MEHThl AODUANAIOT CICAVIOWYIO eIHHHILY

1O THITHpORaHHs WTaMMoB. LITTaMMBL IMKOTO THNA ¢ noiHbIM O-aH-
rreHdbIM JITIC opMHPYIOT raAKHe KOJOHUH, TOTAA KAK MYTAHTHB
1K AMCCOLMAHTHL, JHUICHHBbIE OQ-aHTHIeHOB, 0bpa3vIoOT 1epoXoka-
LI KOTOHWH. B HEKOTOPBIX LIEPOXeBATLIX MYTAHTaX O-aHTHICH ¥ 3H-
repobaKTepHit 3aMeHEH Ha APYyroil noaucaxapun, oOUINIE AaHTHIEH
nirepobakrepuit (OAD), LIMPOKO pactIpocTPAHEHHbBIH B 3TOI IpyIIiie
aitkpoopratnamos. OAD sTRTIETCA reTePONOIHCAXaprLIoM, COCTOAHINM
i1y NLO-1HaueTHaniokosaMuta, N-aueTHIaMMHOMAHHYPOHOBOI KHC-
notet 1 N-aueTHIpyKo3aMHHa, OH KOHCEPBATUBCH CPEAM IHTCPODAK-
repiii. OAD MoXeT CYUeCTBOBAThL B ABYX (hopMax — nepusag npHKpen-
NeHA K HAPYKHOMY GO0 BHEUIHCH MeMDpaHsl peayLHpyIONIM KOH-
HonM gepes ocTaTok ocdaTHaHna H NPUCYTCTBYCT NMOCTOSHHO, BTO-
pastsaneract O-uenu JITTC y MyTaHTHRIX LITAMMOS.

Hapsiay ¢ JITIC BHewHss McMOpaHa cogepiHT obbiuHbIC docho-
ML, COCTAB KOTOPLIX NIOMTH HEU3MEHEH H BKaouaeT 10 90 % doc-
(drrri I TAHONAMMHA,

CneacTBHEM CYLICCTBERHBIX PARIHUYMI CTPYKTYPLI KNeTo1Hoit 060-
TOUKH Y TPAMIOAOKHTCIBHBIX M I'PAMOTPHLATEILHBIX BAKTEPIil AB1A-
CICs TIONYYEHHE PAHBIX 00pa30BAHIA Noa AeHCTBHEM Ar¢HTOB, HAPYy-
HEHOILMX CHHTE3 nenTHAorKaAa. Hampumep, noa aeiicTBHEM NeH-
MITHHA 13 TPAMILOAQXKHTEALHBIX KIIETOK 00palyeTes [IpOTOnIacT, He
Hecyitdil 000/104KH, 4 U3 TPAMOTPHLIATENLHBIX — CgEeponTacT. ume-
IO OCTATKIE ODONOUKH Hil NOREPXHOCTH KICTKH. KAETKU, yTepaB-
HEIC KIETOUHYIO CTCHKY B PE3VIBTATE MYTALIMH HH PAIPYUIAIOIIETro
no ICHICTBHS, HASLIBAOTCS TakxKe L-hopMaMi B MOTYT CYLUECTBOBATH
HUILEO B HB3O0TOHHUYCCKUX PACTBOPAX.
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Humm, ¥ MHOrUx GakTepuit HaxoauT BOPCHHKH (PHMMODHI, TTHIH,
puc. 30). [uaw — HNTEOOPA3HBIC NIOAHMCPHBIE OPraHe/UThl HeNKOBOI
MPHUPOILI, TOKLTHIOBAHHEIC HA NTOBEPXHOCTH KICTOK (puc. 31). Mx BHa-
qaste (1955 r.) Ha3biBan ghumbpusmi {MH. 4. OT J4T. «<HUTH»), 3aTEM (B
1965 r.) MOABUACA TCPMHH «ITHITYC» (€11, 4. OT JTAT. «BOJIOC») /1t OIIMCA -
HHST PUOPUABHOIT CTPYKTYPLI, BOZHUKAIOWIEH PH KOHBIOTALMH Kie-
ToK E. coli (F-pilus) (puc. 32). C tex nop TepMUHOM «iuu» 0603Haua-
10T BCE THIIB! HEXTYTHKOBBIX OBPA30BAHNI HAa MOBEPXHOCTH KIIETKH,
CHHOHHMMOM 3TOMC 08 ABIACTCH TCPMHUH «buMObpHu». Paimep nu-
JICH BapEHMpYET OT A0Jieil MMKPOMeTpPOB A0 Bosice 20 MKM B JUTHHY W OT
2 no 11 #M B anametpe. WM COCTOAT M3 OOHOTO WIM HECKOJILKUX
THHOB OENKOBLIX CYOBEAHHNL, HA3LIBACMBIX HUAUNG UH (humiputbe,
KOTOPBIC OBBITHO OPTAHH30BAHLl B CITHPUILHBIC CTPYKTYPhI. APXHTEK-
TYpa NMHIIet BAPBHPYET OT TOHKMX HMTEBUAHBIX A0 TOJCTHIX MPOYHBIX
NnanoykoofpasHbiX 0Opa3OBAHUN C OCERBIMH OTBEPCTUAMM. TOHKUE
MUK, THAMCTP KOTOPbIX He ripeBbluaetr 2—3 uM (Harnpumep, K388 u
K99). yacto ornocsr k guipuiian. Eille Gonee ToHKHe MUK (AHaMeT-
POM MeHee 2 HM), Ha3blBAEMBIC «KYAPAIIKAMKA», HMEIOT TCHICHLUUIO
CBATHBATRCH B NMYUTHCTYIO JIMIIKYIO MACCY HA MOBEPXHOCTH DaAKTEpHil
W OTBETCTREHHDLI 34 ArPETaIHio KICTOK. DACKIPOHHAA MHKPOCKOMNUS
BLICOKOI'0 paspelleH s nokasana, yto muad Tina 1. Pu Sy E. cofiu
Haemophilus influenzae nipenctapisiior coBoil CAOKHbBIE CTPYKTYPHI,
COCTOSLLIME M3 TOICTOH MANOMKHM ¢ MNPUKPEMIEHHO K HeH TOHKOI
udpinnoii. [y yacTo pacnonoXcHbl ICPUTPUXUAILHO 110 MTOBCPX-

Puc. 30. SnexrpoHHas MUKpodoTOTpathHA (HANBUTCHUC MJIATHHOR) KIEeTKU

wtamMa E. coli, 00pasvIOILeTo MHITH, BLIPALICHHON B KHAKOH cpeae Bes aspa-

unM. Kaxnas KIeTKa HeceT COTHW nuACH (IHaMeTpoM 7 HM), W MX HaJIHUHE

CrnocobeTBYeT arperaliiy KMeTOK, BMIHBI TakkKe OTNOMHBLUMCCs . He-

CKOJIhKO KIYTHKOD, ropaiio Oosblucii AAVMHB M TOXIUHE (uametp 14 Hm),

NPOCTHPAIOTCH OT MOBEPXHOCTH KIETKM 3a ripencanl (qrororpadmu. Hlupupa
KITETKI OKOJ10 | MKM
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Piic. 31, DOTOMOHTAX KJICTOK C PAZHLIMH NUJIAMH:

( P-ruimt E. cofi (TonuuiHa 2 HM) — TPOTOTHIL CIPYXTYP. COOPKA KOTOPBIX Aposc-
AOILIEE ¢ TTOMOUIEI Be/IKOB-1Ianeporor 1 keinapos. Cnpasa NPCACTABIEHN THIIHY-
IS HETATHBHO OKpallcHHas Kierka £ coli, oOpuwsyoian P-uaw; b — CS2-mum
! cofi (toumHa 2 HM), COGUPACMBIC ¢ MOMOLILIO ANBTEPHATHRHOMD BEIKI-WANCPO-
Wi, N -— noaApHBIC MWK 3HTeponaToreHHoro wramaa E. coli Tuoa 4B, obpayromue
sl b —— CKAHHMPYIOHLAs 20eKTPoHHaA MUKpogOTOrpadusa KIETOK HICPONATOreH-
yoto neranMa B colf, oOGPI3YIOUIHN CBH3KY NUL1CH Tonwmiol okoae 530 nu. Oriaclb-
AL LT CTOALLHHOH 6—8 HM TTPH TAKOM paipewicHUH HOTOCHUMKE HE TTPOCMATPIL-
BAKOTCH
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Puc. 32, «Myxexase» xaerka E. coli {caesa) ¢ OnbUINM KOJTHUECTROM 0BbIY-
HBIX {COMATHYCCKMX) MIIeH M OAHON KOHBIOFATHBHOI AHACH, NOCPEaCTROM
KOTOPOI OHa CBA3HA € «KCHCKOi» KICTKON. JHIUCHHOH [IA3MIA, KOAMPY-
IOWHX CHHTES nososoro daktopa F. Ha faHHOM npenapare KOHBIOTATHRHAs
MU HCKYCCTBCHHO NOMEYeHa crelHdideckHM GaxTepHodarom

Muau

IMoBepxHoOCtE |
TKAHH w

Konung
WA

Pcucnrop
Hil TOBEPXHOCTH
TKaHH

Pie. 33, CpassiBaH e GaKTCPHANBHON KICTKH C [TOBCPXHOCTLIO TKAHE
XOIUHMHA ¢ NOMOWBIC MILICH
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HOCTH KJICTOK, OZHAKO NMHAM 4-T0 TMMa MOryl ObITh JOKaIH30BAHbI
1OIBKO HA OJHOM KOHUE KJCTKH.

MUK rpaMOTPHUATETbHBIX OAKTCPHIt M3YYeHbl TOCTATOMHO 1MOAPOL-
110, U3BECTHO TAKKE O CYLICCTBOBAHHM MMIACH ¥ rPpaMNOTOXKITEIbHBIX
OPFAHIMOB. MHOTOUMC/IEHHBIE THIB! THIIEH Y DakTepuii OTBEUAIOT 32
AMAMTIALAO OPTAHH3MOB, HX BBLKHBAEMOCTb W PACTIPOCTPAREHB HE TO/h-
KOV TTATOTEHHBIX, HO H ¥ canpoTpoMHbIX Bita0B. [Tun BRICTYIMAIOT KakK
SKICNTOPE! BakTepHOQIron, TOMOTIOT KICTKAM NPHHHMATL 1 repea-
witk JJTHK 1pit KoHbloranuu 1, no KPpaHHeH Mepe AT et 4-ro Tmia,
HPHHHMATE YUACTHE B ABHXCHHMN KIACTKH. OCHOBHOE XC¢ NpeiHa3Hate-
e OWIeH — NOMIepKUBAThL Crie LMGHYCCKHE TTPHKPETIHTENLHBIC CTPYK-
Iypil KICTKH. TIPUKPENUTCABHbIC CYOBEIHHULL! THICH (adeesntbl) 1acTo
I¥ KOUECTEE MHUHOPHBIX KOMIOHEHTOR NPHUCYTCTBYIOT HA KOHUAX NIICH,
OJIKIKO OCHOBHASL CTPYKTYPA HHACH TAKKe MOXCT BBICTYNAaTL B pOIH
UIC3MHA. AJIIE3HHBL SBASIOTCA TIOCPEAHUKAMI IPH DaKTEPHAILHBIX
KROHTAKTAX, [IPH KOHTAKTAX ¢ HEKMBLIMH 0OBEKTAMK, TKAHSIMM W KJCT-
*AMH B BOCIPMMMYMBBIX OPraHW3Max. KonoHH3auMsa TKAHCH XO3HHA
DIKTCPHILHBIMH MMATOrEHaMH OBLIMHO 3ABHCHUT OT CTEPCOXHMHYECKO-
10 1HOA06YA MCKAY apXHTCKTYPOi aAr¢3HH M COOTBCTCTBYIOUICIC pe-
HCUTOpd KIETKH X03sHHa (puc. 33). B3aMOOTHOIIEHHS , MCAHUPYCMBIC
AUICIMBHBIMM TTHJIAMH, MOTYT NOMOIATE (hopMUPOBaHNIO DAKTCPHATL-
HLIX COOOLLECTB, TAKHX, KaK DHOTUICHKH, H 4acTO ARIAOTCS OCHOBHBLIM
(i TOPOM YCIEUIHON KOTOHMIAUMK OPTAHH3IMA-XO3IHHA TTATOTCHHbI-
I 1 CanpOTPOBHLIMM MHKPOOPTAHH3IMAMN.

"IKCMPECCHSL HACTT BHOCHT CYLLCCTBEHHLIA BKTAI B KOAOHH3AUMIO
1 NCPCHCTEHLIMKID DATOMEHHBIX MHKPOOPraHWU3MOB B OPraHH3ME XO35-
i, Y MHOMHX SaxTepHaNbHBIX HHOCKIHOHHDLIX ATCHTOR KIIOUERYIO
UIb B KOJOHU3AWAK TKAHEH XO3THHA HIPAKOT aaresupsHble nuau. Ha-
npuMep yporratoredusie £ coli 1y >(PeKTHBHOTO 3aCeNeHHA 3MH-
I¢ 1135 MOUEBOTO My3bIPs] A0JKHBY HMCTh MUAK 1-TO THNE. ITH MHIK
BPUKPCILISLOTCH] K KOHCEPBATHBHBIM PEUECITTOPAM KIIETOK IITHTENHA
MOUCTOTO TIY3BIPA, COREPXKALIMM MAHHO3Y, H NPEAOTBPALLAOT BbIMbI-
mite BakTepHil ¢ MOYOH. P-NWIN oCyLLECTBAAOT Ty K¢ QYHKUHIO B
HOUKAX, TIPENSTCTBYA YAaIeHHIo TTHeToHeDPUTHBIX E. coli u3 nodek 1
MO ICRB BOOSMIMX KaHatos, KHIeuHbie naToreHol o0pasyoT MHOTOYHC-
HCHHBIC W PAZHOODPA3IHLIC (JIC3HBHBIE NHAH, KOTOPLIC NOMOTAOT
IIKTCPHAM KOJIOHUHPOBaTh KHIIeYHUK, K 2Tofl FpyIne npuHaLIeKaT
monr K88, K99897P, aaMHHBIC TIOAsIPHbIE HHMOpPHH, TUTA3MKAHDLIE
e Salmonelfa enterica n arperupyoune GUMOpHH IHTEPONATOICH-
s F. coli. TCP-nuUan oTRETCTBEHHGI 33 IPUKpenncHue V. cholerae K
VI TCJIMIQ TOHKOTO KHIICHHMKA. DTH JKE THAK ACHCTBYIOT KaK peLer-
topet 1 ara xonepHoro Tokewna (CTX®), ausorennoro dara,
L OHTLPYIOIICTO [1BE CYOheAWHILILI XOTNCPHOTO TOKCHHA. BTOT (har nepe-
NOCHTEH MEALY KJIGTKAMM XOJCPHOro BHOPHOHA 4eped B3aumodeti-
e ¢ TCP B TOHKOM KHIeUHMKS. JIpyrie miin 1aksxke noMoraioT B
npotpeTeHIl daktopos supyienTHocti. [Tormouenne JAHK npose-
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XOAUT € NOMOLLLIO mueil 4-ro Tama, a nepedoc JHK ocywecruisier-
Cq MPH [OCPCACTBE KOHBIOTATHBHBIX nuieit (cM. pHC. 32), KOTOpbIC
MOMOTAIOT [ATOrEHHOMY OPraHM3My MPUOOPECTH TeHBI, MO3BOJIAIO-
LWWHE CHHTCIMPOBATE LHHMPOKMI CICKTp (HaKTOpOB BUPYICHTHOCTH H
NpUAAKILHE HM YCTOHYHBOCTL KO MHOTMM aHTHEHoTHKaM. O6pa3osa-
HHUC OHOMIeHOK, Tpebyiotilee BO MHOTHX CAYYAIX Y4aCTHA el 1-ro
H 4-TO THIOB MM «KYAPALICK», TAKKC NPEAOXPAHSIET MATOFCHB! OT
IefCTBUA NEKAPCTBCHHBIX NPETapaTOB H MOXET ¢Noco0eTBOBATE KO-
JOHU3ALMY TKAHCH M MEAMUMHCKUX UMILIRHTAHTOR.

Ilpu MHbDEeKUHOHHOM TIpouecce NMPUKPEIUTEABHbIE NMUIU YacTo
PACToONAraldTCH B NPOMEXYTKE MEXIY KIETKAMH XO3SIMHA M NATOreHA,
rIe OHW MOTYT YUACTBORATH B «Pa3rOBOPC» MEXITY JBYMS OPraHM3IMaMU.
MnMecTcs psaa npuMepoB. KOraa nMpUKPEnIeHHEe MHITSH Bui3blBALO 10-
SIBJJEHUC CUTHAJIOB B KNETKaX X03HHA, [Ipukperienue muneii tna 4A
Neisseria X pelcniTopaM X03fMHA HA NUTCTHANLHbIX KIETKAX BhI3bIRA-
CT BBICBOGOXKAEHHE 3aMaceHHOTO BHyTpHKIeTo4HOro Ca™, HiBecTHO-
r0 KdK CHIHaM, PErviiMpyIOMIHi OTBCTH 3YKAPHOTHYCCKHX KJIETOK.
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IPrc. 34. CxeMatHueckoe uiobpaxkerue cOOPKH IMACH HA MORCPXHOCTH HaKTC-
PHAILHOI KIETKH ¢ NOMOIIBIO MCXAHH3Ma uranepoHa-tisciiuapa, Crpykryp-
1hie cyBneiMHuue koHunka (PapG, PapE, PapF 1 PapK) u natoukn crep-
kua (PapA) nunn nepenocsites vepes LUITM £, cofi nocpeactsom SEC-cue-
reMbl miepeHocil. Ha nepumasmarivceckoit cropore UM cyObeaHHITUBL KOH-
TAKTHPYIOT ¢ waneporoM PapD, KoTopstil momoraeT cyOLEAHHILAM B CKIA-
IMBAHMH H BLICBODOKIEHHH ¢ BHCIWHEH cToponbl LITIM. berok DsbA neob-
NOIHM [UIS TIPABHABHOTO CKIABBIAHNA KaK CyODCANHMIL, TAK H CAMOTo Lia-
nepoda PapDD. B oTeyreTRHe WAnepoHa cyOLeAMHIIIE ArPErHPYIOT It paculer-
NMI0TCS NEpHNasMaTHIecKoil npoTeasoil DegP. HakonneHie He CBH3ABIINX-
CH € LIANEPOHOM CYOBEIMHHLU U UX arperauns BEAVI K akTnBalmy Cpx-cHc-
TeMbl, TIDHBOASIUCH K VBEIMUCHHIO CHHTCHA [MEPHIIAIMATHYECKHN CHCTEM
nerpagaumu 6eaxes (DegP-npotcaset). Kommieke cy@beaiHHHLA-LIANCPOH
(PapD) castabisactesa ¢ Gejtkom-uiRefinapoM BHewHeil MemOpanst (PapC).
HOCIE YETO ATMCPOH OTMICIJIACTCS, a NOAWTIeNTH cyObeHHHLD 8 THHETHOH
()OpMe TPAHCTIOPTHPYETCH Uepe? MOPEL BHCLIHEH MeMOPAHBI WIPHHOH 2 HM,
KOTOPBIC OBPA3YeT WBelitap BHCIOHEH MeMOpaHnl, pPacmoNOKCHHbI Tpawc-
meMOpanHo. TIPoHIs epes Takue nopel, CyOLeIHHAULL DYAYIILUX THITEH BHOBL
CROPAMUBAIOTCS B [IPABOIAKPYUSHHYIO CHHPAIL Hil BHEIIHEH CTOPOHE MemMb-
PAHDL, OBpa3ys TOJICTYEY MIOUKY W3 CBM3AHHBIX APYT € APYIOM CYOBenHMLL,
KOTOPAR yAKe HE MOXKET COCKOB3HYTh HAalal. D opy wseiuapa. O6pazonaHue
CKPYUEHHOH [TaToukH mi PapE momoraeT ee AILHEHneMy HAPACTAHHIO

pucoeanHeHue P-OMAM K VPOIMHTETHANTBHBIM KJIETKAM MOXKCT Bbi3-
WITE BLIXOM M3 HUX KEPAMHUAOB, BAXHBIX BTOPHUHLIX MCCCCHILKEPOB,
C110cOBHBIX AKTUBUPOBATH UEAbIH PAL NPOTCHHKMHAS U hocdaTas, BoB-
JICUEHHBIX B MPOLCCC Nepelavi CUIHTA. DTH CHIHAIB! TPHBO/SAT B KOHLIE
KOHIOB K BBIACIEHHIO KICTKAMU LMTOKMHOB. [THIHM MOTYT Takxe ne-
PeAABATE CUTHAT BHYTPb KIICTKH Xo3sMHa. B 1996 r. mokasatio, 4To npu-
KpervleHue P-NWIM K peuentopaM KJCTOK XO3SIHHA CTHMYJIHUPYET
AKTHBALHIO KEJC30MOOHINIYIO-

X MCX3HM3MOB Y YPOIATOreH- B

neix £, cofi. D10, BEPOATHO, YBE-

NHYHBACT BO3MOXHOCTH NOJYYC- (A)
z - CooC (W)
I'ne. 33, @opmuposanne CSi-nmuan \ (A)
F. coli no anpTepHATHBHOMY WANepo- — | '?-",.G-? A BM
nonemy nyTu. Manepon CooB obpa- '—*——E\Aj
WOT TEPHILIAIMATHIECKHC KOMITACK - m
Cl ¢ OCHOBHBIMH KOMIOHEHTAMM ool
" \ A
ieii CooA it CooD. O nomoruct
FAKAKC CTAOHINIAUKMY BeNlKa BHCLWHE
semOpanst CooC, xoTopblil AeHCTBY -
€1 KAK KAHAI JUISL NEPELTH HAPYKY S CooB Mepimaasua
wenkoBOTE HOpUILL, 00pasyoel SECT TITTM

me (BM — pucwnss viembpaHa)
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Puc. 36. Cxema oOpasobaHitst 1muian
tana 4 v N. gonorriioeae. beaok-npe-
nuiauH PrePilE nepedocutes s niepn-
NAA3MATHULCKOE APOCTPAHCTRO ¢ T10-
Moubto SEC-MexaHH3Ma nepeHoca.
3arem PrePilE nonsepraercs npoiec-
CHHIY C TIOMOHILIO nenTHaassl PilD,
OTLLCIUIAOUICH NONOKHTCABHO 3aps-
AeHHBIH CHTHaMBHBIT nentHl ¢ N-
KOHUA cvObeaAMHKLE 1mian. Chopor-
Holi KomMivieke PilE LTTM 3atem ocy-
LUECTOAAET BCTPAMBAHME 3penoi cybb-
canuruibl PHE B nureitnyio hubpunay.
beaok PilQ movoracT nepeaBitkCHIIO
THAW NCPes BHCWHIGK MeMmBpany,
BO3BMOAHO C FOMOWbBIO TAKHX (Dak-
Topos. kak PilP. Amresnn PilC, na-
XOASHIMHCH Ha JHIAHPYIOUICM KOHUE
PACTYILECH MILTH, TOKKE, NO-BHIHMO-
My, TPeByCTcs AL TPAHCIOKALIHH
TIMJIH Uepe3 BHEUIHIOW MemMOpaHy
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Puc. 37. Moneab GOpMHPOBIHHI «MHACTI-KYAPSIUICKs 110 NYTH BHCKNCTOUHOI
HVKIeaIHH-ocakieHusi. OCHOBHOH KOMIOHEHT «MUAH-KVAPALIKU» E. coli,
CsgA, HEPeHOCHTCS B NEPHITLIAIMY € TOMOLUILIO ¢ceKpeTopHoro SEC-mexaHii3-
Mma, pacrioacxentoro 8 LITTM, o aanee BO BHCIIHIOW cPelly Yepe3 BHCUITHIOK
MeMOPAHY ¢ TOMOLBIO PACTONOKEHHOTO B Heill HnonpoTerHa CsgG. Pacno-
TOKeHHMBII Ha MOBepXHOCTH BHeluHeil MeMOpanel 6enok CsgB noMoraer cybne-
JHHHUAM JOKUTHI0BATRES B sApo pacTyieit muinu. benkit CsgB pacnonarawr-
Csl 110 BCeH JUTHHE pAacTYWIEH MMM, I1e OHI NHHUHHPYIOT BETBIEHHE «[11-
Jei-Kyapaimeks». OCHOBHVIO PYHKIHIO Mo nepeHocy cvobeaHnnu CsgA i CsgB
HeceT Genok-nepeHoculik CsgG, xoTd ero GyHKUHE HIVICHB! HE MOTHOCTBIO
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P KETE3 M BBUKHBAHHS KIE TOK MHTOrEHA B Ae(QIUHTHOM 110 KEJIC3y
OKPYKCHHH MOYCBOR CHCTCMBL, )

Taxum oOpa3oM, M3VICHUE (PYHKUHOHHPOBAHHA [THACH NO3BOAHT
e TOABKO DIYHXE [OHATH MCXAHHM3IMbI KOTOHMSAUHN Ji TCPeaaYi cHr-
ILUIOB, HO H BECTH PaipaboTKy HOBLIX MOKO/CHRIT AHTHMHKPOOHBIX
AICHTOB s 60pbOLL ¢ NATONCHHBIMH MWKPOOPLAaHH3MAMH.

J1ts1 cOOpPKH MHJICH HA TIOBCPXHOCTH KJICTKM BCC TIHAHHDE JOTAHEI
(LIT1 HCPEHCCCHBI HCPE3 BHYTPEHHIO MCMOPANY, HEPHTIA3MY 0 RHC-
nino MeMmopany (puc. 34-—37). g aToro npouecea y neex DaKTCpPHil
CUICHCTBOBAHO JIBA CHCIMATHIMPOBAITHBIX cOOpOUMBIX Bejka — ne-
PHIIABMATHYECKHI WAMCPOH W IuBeHLAp BHEUIHEIT MeMOpaHLL AH-
caMBIb LIANEPOHA M IIBEiilapa BoBIcueH B DuorcHes Gomee yeMm 30
EUDIHYHBIX CTPYKTYD, BKJIOUYAN CTTOKHDBIC [THIH, TOHKUE hubpuAnLL H
nepHBbPHIILHLIC ANre3HHBL

Kreyrukun. Hacro NOABHKHOCTE MUKPOOPTAHHIMOR o0yC/I0BACHA
UMY HCM KTYTHKOB. Y TTPOXApUOT Xapakrep ATYTHKOBIHHA ABCTCH
ATHOCTHIECKMM OpH3HakoM (puc. 38, 39). ZKryTukn y HHX Fl0CTpOe-

v
A

A b

*

Puc. 38. AryvrUKH, GOPMHPYIOLIMECS ¥ PAsHBIN dakTrephit

| OKPACK ATYTHROD GAUICLT CNELBRUTBHBINM CTIOCODOM (TAHHHHORA KHchoTa/Wwe-

comoi pykenn s sompnkan Jeideonal b — anekrponsas MllKpu(bOT()r].)ﬂt'h!l?l

Cr RO GALILAT (HEDUIEHHE TUATIHeI): 8 — [0oaBuAHbIe K1CTKH Profeus mirabilis
WOCTAHNIE “POCHHA ¢ MHOTOYHCACHEHDIMIE TIEPHTRINILUIBHLIMH SKIVIMKIAMH

49



- -€29—§ %_

Pitc. 39, Tunsl kryTukosaHus v Gakrepuit:

I — MoHoTpuxHansHoce, 2 — nodorpuxpansHoe; § — aarepiibHoe: 4 — aM@IIpHxm-
AanLHOE: 5 — TMCPHTPHXHATLHOC, § — «CMCLIAHHOE» TNOASPHO-IICPHTPHXHLALHOC

HBl WHaue (puc. 40}, 4eM TUMHUYHBIE XIYTHKH IYKAPHOT. HMEIOIHC
thopmyny (9 + 2). Y bakTepHid XITYTHKHM NPAaBOBPALIAIOLINE, Y APXCH —
JICBOBpALIAOLLHE.

Krytuk (puc, 41) cocTouT M3 6a3aTEHOTO Tead. BKIYAIOLIETO Ye-
ThIpe (Y IPAMOTPHULIATCIBHBIX) WIH ABA (Y TPAMIICACKHUTCTLHLIY Bax-
TepHit) KOTbLA, CTEPHKEHD M MOTOPHbLIE BeIKH, a TAKKE M3 KPIOYKA W
$hunamenTta. bazansroe Tesno 3akpenicHo 8 LLITM asyms konktiamn M
H S, KOTOpblE YACTO PACCMATPMBAIOT KaK OnHO uejnoe. MS-konsuo
OKPYXEHO HCCKOMbKMMH BeAKaMH, KOTODBIE HA3bIBAKT MOTOPHBIMH
M OT KOTOPbIX BPALLAIOLIMHA MOMEHT nepenacetes Ha gunamenT. B nen-
THIOTIHKAHOBOM CA0€ HCPUILIA3MBL Y TPAMOTPHUATCNLHBIX OaKTe-
PHit RaxonnTcea xKojeuo P, a BO BHCWHeH memBpane — xoasuo L.
0062 9TH KoAbUA BRITOAHSIKOT POJIb BTYJIKH, JOTOJIHHTENBHO YACPKHY-
BRUOLICH MCXAHH3M KIYTUKA. Bee KOMhla [HPOHH3AHDBI KECTKUM CTep-
AHEM, KOTOPbLit nepeaaer Kpytsawmii MoMenT. Ha HapyxHoit cropo-
He BM MexaHW3IM XryTuka MMeeT KpIOYoK, Nepexoasiliii 3aTcM B
(hHNAMEHT, KOTOPBIH 3aKaHYMBACTCSA «IANOUKOI». OUAAMEHT fpen-

Kpr()lmx

bunament

e SKONBIO ..

e M-KOABIO
= UM = ___

Puc. 40. CTpoeHHE KIVIMKA MPAMOTPHLATCARHBIX (A) I FPaMITOI0KHTCABHBIX
(b} BaxkrTepui

I
=

crapasteT coBoil pUrMAHBIN LWHIHHIP, COCTOMINH U3 TpocToro der-
Ku hriareinya. .

CuHTE3 KTYTHKA (pHC. 42) naunHaeTes ¢ nossaeHist MS-koasua B
11[TM, ¢ mocienyoluM PUKpErieHeM K HEMY MOTOPHbIX Be1KOB,
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L 45 um

Pie. 41. CxeMa cTPYKTYDbI KIYTHKA MNPOKAPHOT Ha NPHMEPE rpaMOTPHLIATC -
neix Baktepuit. Monekyas! Quare HHa NepeHocsHTes K MCCTY YIUTHHEHHS (-
IIMEHT& 4CPe3 Y3KHA KaHal BHYTPH Hero. Mot-0enkH ACHCTBYIOT KaK «MOTop»
AI'VTHKR, BPALIAS KECTKHI CTePKCHb KIYTHKA, KOTOPBIH NepesaeT KpyTsauiil
MOMECHT H& BHELIHIOK YiCThL AKIYTHKA YEPE3 KPIOUHOK, ABHTIAH KACTKY BO BHCII-
neit cpeae, roraa Kak Fil-Denki BRITIQIHAIOT POJb «BbIKAKOYATENA IBHTATCAL

;
duaaMmenr /

. v
ot
Monranoh | nouxis L
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HM M35- Benku  Pokonbio L-Konsuo
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iy

Hnr /
unm
Puc. 42. TlocncaoBaTe i sHOCTE CODLITHE TIPH GHOCHHTEDE KIYTHKOD
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P- n L-koneu (y rpaMOTPHLUATENBHBIX DaKTePHit), KPIOUKA M «1IATION-
KH», KOTOPas TNPHKPBIBAET MO/ UMAMHIAP HAYABIIETO CTPOUTHLES
(DHIAMEHTA € BCPXHEro KOHOA. Ecmm Obl 3TOM CTPYKTYPbLL HE CVILC-
CTBOBAJIO, TO CHHTE3HPYCMbIE HA pubocoMe cybhreanHu bl Gestka-dita-
FeUTHHA, NOAAIOLIECS K BePLMHHE IaMEHTA fIepe3 MOI0¢ BHYTPE! -
Hee NPOCTPAHCTBO BAZANEHOIO TCIa H CAMOOPraHN3VIOIIHECS 110 CIIH-
patH, npomaLuti 66l B oKpyxatomei cpene. Taknm obpasom. npu
CHHTE3C M yUTHHEHWH DUIaMeHTa BNk «WAnovKK», IeiicTBYA Ha-
nofodue cBocodpPasHbIX WATCPOHOB, TOMOTAIOT COBHpATLCH cl)]laren-

KyBhipkaHme —
ATYTHKH PACTILICTEHLE
{ITYC-ppamexne)

PMRALD —
AKryrnxa M
CTIETEHB
ITpYC-npatcHne)

S AryTHRH cILIetetin
COARAR ([TpYC-npawenie)

A
NpYC-npantenne MYC-ppameHme
QOcTaHoska,
\ MepeopHEHTALIA
NYUC-spawcHIe NYC-mpaime Hite

b

Pire. 43, Crnocodbl ABHMAKCHHSE KIACTOK C NOTIPHBIM H TEPHTPHAHLTBHEIM
AKTVTHKOBOHIEM:

A — AEPUTPHXIL ABACIME BOCPET OCYILECTIIASTCH KOO TMHHPOBILHHBIM RPRTLLE HH -
CM VUKD KCYTRRODR NpeTis Yaconoil cTpenki (IIpHC)), BpaltcHile oTaeLHLIN KTYTH-
koB 1o vaconoli crpenke (MYC) BRIZBIKACT «APOKAHIC AW “KYBLIPKAHNCS GakIc-
PHH. & HOBOC KOOPLIIHHPOBRHNOE ABIKCHHE rvira kiyTirkoB (TIpYC)Y sactannsacr
KACTRY ABMLAILECS B APYTOM HANPAWICHHH. 5 — [014PHOC KIYTHKORIHME, KJIETKI
HIMCTITIOT HATNPLICIIME AL DRCHIET CMCHOH HATIPABICHHA BpamcHus RryTtuka (JpdC —
KICTKD JIBHAETCS BIEPCT, TOAKICMUs KIVTHROM, (YU — kneTka THHACTCH. YBACKAC-
ML KIYTHROM). CTPRTRAME NOKA3IHO HATIPARTCHIC ABIDKEHIA KICTOK

‘A
)

TIHY B PABHOMEPHO PACTYILYIO CTPYKTYPY. st cDopKit 0Aroro thuita-
MCHT HEOBXOIMMO 0KON0 20 Toic. Moackya gnareinaa. CHHTC3 KEY-

KA Koaupvercs dojce venm 30 rewamu, (pH 3TOM HEH3BCCTHO, Ka-

KHM 0BPA3OM OTpeaeIsieTesl TOYHOC MECTOMOIOKRCHNE JAKALARN XKIY-
I'HKQ.

JBHKEHHE KAETKH OcyLlecTrasieTest (puc. 43) NyresM BPALLCHHsL
AKIYTHKR 1O MU [IPOTHB 4acOBOI CTPenKm (v MOMHOTPIXOB), 0/IHOBpE-
MCHHO CAMA KJICTKD MEUICHHO BpatuaeTes B 00paTHyio ctopoHy. [pu
BPALIEHHH ATYTHKA TIO YACOBOI CTPEJIKE KICTKA TAHETCA 30 JKIVTHKOM
(ATYTHK — Briepean). [1pi BPaUICHUHA JKIYTHKA TIPOTHB YACOBOH CTPETKH
KJICTKA BBITIWIKHBACTCS KIVIHKOM BNepen (Kryrmk — csaan). Hekoto-
Phie MOHOTPHXM BPALLAKOT KIYTHK TOMLKO N0 HaCOBOI CTPEIKE, W AT
CMCHDI HAPABACHKST HM HAN0 OCTAHOBHTLCHA H NCPCOPHEHTHPOBATHCS.
[ fepHTPHXH BPAILAIOT KTYTHKHM (MYYOK KTYTHKOB) NMPOTHB 4acoBO
CIPESIKH (KTYTHKH OCTAIOTCH €34/ KICTKH MO HANPUBICHUIO IBHAC-
1ist). Eelin Hasto MOMCHATE HATIPABICHHE JABIKEHHA, TO KICTKA OCTa-
HABIHBACTESA M COBCPILACT KV¥BLIPOK.

TOHKHIT MEXAHHIM BpaWeHHS TIPOKAPHOTHUYECRONO KIYTHKA HC-
seeH. FCTh HECKOBKO THIOTC3, [E BAXKHYIO PONbL HIPAIOT KOAbLA S 1
M 6a3w1bHOTO TeAd, MAA3MATHUCCKIY MEMOPAHA. 4 TAKKe USHTpanb-
L CTCPACHB, BBISSCHCHO TOABKO, UTO K BPAIIEHMIO [IPHBOANT NOTOK
HPOTOHOB Yepes GBA KOALLA I MEXAY Ga3atbHBIM TCHOM i OaH3IE-
AUHMM YUACTKOM LMTOILIAZMATHIECKOH MeMOPaHBI.

Kancyasl. Ha [10BCPXHOCTH KIACTOMHBIX CTCHOK MHOPHX IPOKApHOT
MOKHO OOHAPYAMTD CJM3HCTBIE KATICY.Thl PU3HOM TO/IMHHLL (pyc. 44).
Ol YallLe BCEro [OJAHCAXAapUAHOI, HO BLIBAIOT M MIUKOTPOTEHAHOI
i ORI ITHAHOMN NpHpoasl. [10510MY MOBEPXHOCTL KOTOHHH KIETOK
¢ KAMCYTAMH BbICSUINT TAXAKON, BIRKHOH U giecTsaweil. OcHoBHAA
POl KATICYST JUIS1 TIATOTE€HHbIX BHIOB -— MPEIOXPAHCHIIC KICTKH O
CULLIOTO M3 caMblX A(DheKTHBHDBIX CPE/ACTB 3aLUHThl MAKPOOPTAHMIMA,
rrouHTapHBEX KieTok. (ParolnThl NOCTOSHHO KOHTPOIMPYIOT KpoLb
I TKAHH HA HaNHUNC OAKTepHi.
Hpi CTONMKHOBEHHH ¢ OAKTEPHCH
O1N ORITAKTCH NOJIOTHTL H pa-
criopiTs ¢e. Hekotophie Daxre-
(1, OjHaKo, nopodHo Neisseria

ie. 4 CRUHNpyYIOWas 2ACKTPOHHAY

sukpodotorpadis KOKKOB, NOTPY-

HCTILX B TOAMCAXAPHIHBII MATPIIKC,

Fo1opnlii IPeBpatiacTes B Gudpiibl

apit puieyuipaHd. Obpazen gt ¢

HORCPNHOCTH KATETEPL, BRSICHHOIO
B OPIOWHYIO ROMOCTD




meningitidis, MCNOAL3YIOT CBOMCTBCHHYIO UM CHOCODHOCTE K 06paso-
BAHWIO Karcys, 4ToObl MPEAOTRPATHTL Y3IHABAHHC H NOTIOIEHHe (-
FOLMTAMH, NPEOAOJIEBAs TAKUM 00PaIOM UMMYHHBIIN Daphep ucaoRe-
UYECKOTO OPTaHH3IMA.

Or kancyasl (1Mbdy3HOrO NoaUcCAXapHIHONO CIosA, YacTo 3HAYH-
TEABHOM BEIWWIHDBL) CASOYET OTIWYATH 2IUKOKAAUKC — CETb TSIKCH
MOJHCAXAPHAOB, [IOMOTAOIUMX KNETKAM NPHKPEILBITHCH K TBEPIBIM
cybeTpaTaM M (hopMMpoBaTh OHOTUTEHKH HA MTOBEPXHOCTH HEMNOIBU K~
HBLIX [IPCAMCTOB B BOAHLIX CpeJaX MM Ha NOBEPXHOCTAX PACTHTEALHBIX
MM XKHMBOTHBIX TKIAHCH X035eB.

S-cion. ¥ HeKOTOPHIX NIPOKAPHOT OBHAPYKEHBI PETYISPHO CTPYK-
TYPUPOBAaHHBIC S-¢aou (OT aHLA. surface — NOBCPXHOCTL), BLICTHIIAIO-
LLIHE HAPYKHYIO [TOBEPXHOCTE KJICTOUHO! 000N0YKH PABHOMEPHO yia-
KOBAHHBIMH OCNKOBLIMHY 00PR3OBAHHAMH NPABHALHONM (opmMbl (puc, 43),
S-cron ofBIMHBI CPEOH ApXeil, ¥ KOTOPLIX OHW MOTYT BbiTh €AMHCTBEH-
HHIM CJ0eM KIleTOYHOR cTeHkr ntoBepx LITTM. S-cnou umcioT ymakon-
KY U PACTIONOKEHHCE, IOAOGHBIC TAPKCTHBIM ZOILIEYKaM, MDIOTHO 1MO-
KPBIBAIOLWMM KJIETKY W COCTOSMIIMM M3 DENKOB UAM CAHKOIMPOTEHHOB.
Y rpamoTtpulaTenbHpiX DakTepHit S-cIoM MPUACHUOT HEMOCPEACTBEH -
HO K BHEIUHEH MeMOpaHe, y rpaMIoNoKHTENBHBIX — ACCOLNHPOBAHE]
C TOBEPXHOCTBK) HENITHAOTIMKAHA, S-CNOM 33UIHLIAIT KICTKY OT QulyK-
Tvaunii pH # pe3kux M3MEHCHMI KOHUCHTpaUKii KaKHX-THOO HOHOB,
OCMOTHYECKOTO CTPECCa, 0T ACHCTBHS DEPMEHTOB WKW DaKTepuii-xui-
HUKOB Bpoae Bdeflovibrio. S-con TOMOTaloT YACPKUBATL (BOPMY KileT-
KM, 10 KpaifHel Mepe, ¥ HeKOTOPBIX BHIOB, a TAKXe CHOCODCTBYIOT
HATe3UH KIETOK K MOBEPXHOCTAM. 151 NATOTEHHBIX MHKPOOPIAHM3MOB
YCTAHOBIICHO, YTQ S-CIOM TOMOTAIOT HM CNPABHTHCH € ATAKOH KOMII-

£d
ivtnd

2% > .: .:-
: .-o:-:::'oscé-:* 2%  Puc. 45, TpaniiabHblit c1oii GenkoBbIX
: ,;:;:é'“'d:!:: B rekcaroHanRHBIX CTPYKTYP Hil BHCL-
* HEN CTOPOHE KJICTOYHOM CTEHKH Crit-
pULI. [lonobHbie S-caou HalJeHLL B
Y MHOTHX IpAMNONOKHTEIbHBIX Dak-
TepHIi, OAHAKO OHM JIETKO TEPAIOT
PETYISIDHYIO CTPYKTYPY TMPH NPUTo-
TOBJIEHHH IPEnaparToB (HCraTHRHOC
KOHTPACTHPOBAHKE. yRed, 200 0007)

54

HeMEHTA M u3beXKaThb (baroumoaa, YTO IIOBbILIACT BUPVIICHTHOCTL KJIC-
fOK OTAE/IbHBIX BOIe3HETBOPHBIX DaKTEPHH.

INokosumecs dopmet mpoKapuoT. Llenbiii psad TPAMIIOTONNTEbHBEX
tuakTepuit 0BpasyeT yCTOMUMBBIC K BHEIMHUM BO3ACHCTBUAM TNMOKOA-
HUMCCA CTPYKTYPhI, HasblBaeMble sndocrnopamu (OT NaT. SPOrd — cems,
noees). Dunocnopsl (prc. 46) dOpMUPYIOTCA BHYTPU BETCTATHRHRIX K¢ -
roK DakTepwil, MpMHALIEXaumx K ponam Bacillus. Sporolactobacillus,
Clostridium. Desulfotomaculum, Sporosarcina, Thermoactinomyces. Bee a1
MHKDOOPTAHW3MbI 00pa3y0T TOACTYIO KICTOYHYIO CTEHKY IDAMIIOAO-
KHTEJTBHOTO THIA, YTO, [MO-BUAMMOMY, SBISETCH HEOOXQAHMBIM A5
CHOPOOBPA3OBAHUA. DHAOCNOPL! YPC3BLIYAIHO YCTOHYHUBLI K TAKUM
(pakTopam, Kak HarpcBaHue, Y@-obayuenue, ICHCTBHE XUMITICCKHX
NeIMHPEKTAHTOB, PACTBOPHTEEH M K BRICYIUMBAHMIO. B npupoae o6-
PIOBRHKME CHOP TIOMOTACT KJeTKaM n3berats rubesu npy HCTOWLCHIH
cyfCTpaTa MM BBRICYLIMBAHKMH, BO3ACHCTBMM pagHalnH WIN XUMHtE-
cxux BetlecTs. ODBINHO CHOPA B KJICTKE 31KIaALIBACTCHA O1HA, OJIHAKO
IIBECTHB! Cyyan (DOPMUPOBAHUSA 0 MSITH CIOP B 0A4HOIR DAKTCpHaSIb-
1ol KJIeTKe.

HekoTopble 3HAOCTIOPH OCTAKITCA XU3IHECMOCODHBIMH B TEYEHHC
SO0 et (HanpyuMep, cnopbl bauuna cubupCeKoi s3B! B CKOTOMOT Wib-
IMKAX). CTIOPbI AKTUHOMUIIETOB — A0 7 500 J1IeT, HO COBCPIUEHHO YHH-
KiUIBHBIM SIBJISETCH Cayuail npopaumeanus cnop Bacillus cereus, 06-
HAPYKEHHBIX B KHIIEYHHKC TTHEAB, HAHAEHHOH B KYCOUKE STHTApS,
macumnTeiBaowero 25— 30 mnax net! BonencTeue BHICOKOH pE3HCTEHT-
HOCTH, 4 TakkKe (DAKTa, uTO MHOTHEe cropoobpa3dyiolne DakTepun
MIISIOTCA OTIACHBIMHM naToreHamu, dopsLba co criopaMi WIPacT Bax-
HVIO POJIb B MUILEBOI, MEAHLMHCKOH W MPOMbILLIICHHON MUKpOOHO-
HOTHH. HexoTopbie crnophl BEUICPXKHUBAOT KHIIAHUCHME B TeUCHME | 1 U

Puc. 46. Criopbl, o6HAPYXKHBACMBIE B CBETOBOH MUKPOCKOI:

1 B cereus: VAMHENMbIE CYOTEPMIHANRHKIC CTIOPBLI, OKPACKl HUTposnnon; b —
Vtovtridivm pectinovortm: BONBLIHEC TCPMHHUNBHbIE CTIOPDLI BHYTPH CNOPAHTHYALL 1
OLICABHBIC CTOPB! 0ed CIIOPAHTRYMA, OKPACKA 100N o 1paHyacsy {36007
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Puc. 47, Tunol cniopoo0pasopanis v DaKTCpUi;

I — Gaunusipanii; 2 — KI0CTPHATATBRHRYIIL J — NIEKTPHANATBH bl

Gostee, no3TOMY U151 CTEPHJIMMIIME PACTBOPOB 1 MHCTPYMCHTA MPU-
MCHSIOT ABTOK/IABLI C TemneparypaMmy crepuisauny ao 121°C. o-
MHMO DOpPBEOLI CO CMOPAMH B NIPAKTHUCCKOM CMBICIE, CITOPH! NPUBAE-
KA10T BHHMAHHE M © TOUKH 3PCHHS HYHAAMCHTANBHLIX nTpobieM 6Ho-
JOTHH KaK TIPOCTAsT OJHOKICTOUHAA MOAedb KaeTouHol jupdiepen-
HHAUHH,

FHAOCHOPLI XOPOLLO NPOCMATPHBAIOTCS B KIETKAX € [IOMOLIBIO CBe-
TOBOIQ IUTH AICKTPOHHOIO MUKPOCKOHA. [TOCKOABKY COphl NPaKTH-
YECKH HCPOHNUAEMB! JUIL MHOTHX BUOB KpAacHTE I, onu Hadloaa-
KOTCSI K@K HCOKPALLUEHHBIE Te/1bla H3 (POHE NMPOKPAUMICHHOIO OCTANb-
HOPo COAEPXKUMOTO KICTKH. ECTh, ONHAKO, cielHuibHbIE MCTOIRL AH]-
(epcHUHANBHON OKPACcKH ciop, MO3BAISIIOLINC OTUCTINBO Pa3iifiuTh
B CBCTOBOH MUKPOCKON OKPAIUEHHVI0 B CHHHH LUBCT ¢nopy Ha (oHe
OKpALIEHHO B pO30BbIH UBET UMTOMAA3MBL. B paszHLIX THIAX MaTepUH-
CKMX KJICTOK (MJIH CHOPAHTHAX) CMOPBL MOIYT 3AJICTATH MO-PAZHOMY,
Tun cnopoedbpazoBanns (BALMLISIPHBLIA, KTOCTPHARWILHBIT HITH IeK-
TPHAHUIBHBIH) 4aCTO MOMOTACT B IEHTHOUKILIMA HEHIBECTHOH KYJIb-
Typhl (pHe. 47). MHorita 0b6paioBaBUascst Cropa cTolb BEAHKA, 4TO pac-
[HPHET CHOPAHTMN B CEPeARHE MW € OJHOTO KOHIA, B akTHBHO cno-
PYIOLUCHCH KYALTYPE OOUTH BCE KJIETKH 00-
Pa3yIOT CHOpBIL.

DICKTPOHHO-MHKPOCKOIHICCKHAC MC-
CNEIOBAHWA CIIOD MOKABUIH, 4T0 HX CTPYK-
TYpa A0BOJBHO ok HA. Cnopul GONLLHH-
CTB& KJETOK TNIAJKHC W OBOHAHBIC, XOTH
BCTPEHAITCH M KPYIUIBIE, 2 TAKXKE ¢ XapaK-
TCPHBIMK NOBePXHOCTAMH (puc. 48). Cnopa
OKpyKCcHa (pHc. 49, 50) TOHKHM 2K300H0-
PUuyMoM, 32 HUM {10 HANpaBJCHHIO K UEH-
TPY CHOPbI) JeKHT 000404Kd CHopbl, CO-
CTosILasl H3 HCCKOILKHX DETKOBBLIX CJIOCB
H HMEIOLAR, KAK NMPABUIO, 3HAYHUTCIBHYIO
Puc. 48, XapakrepHeie oco-  TOJALLHHY. Q00A0YKA MPAKTHULCKH HE TIPO-
OCHHOCTH MOBEPNHOCTH CHIOP  HHUAEMA L8 XHMHYCCKIX BeLUCCTB, BEIeI-

B. cereus CTBHE HCTO CIopa 007141aCT CYHICCTBEHHOI

A
[op¥

I’ic. 49, DaekTpoHHan Mukpothororpad s ToHKoro cpeda cnopsl B, megaterium.

SAPO CIOPBL OKPYARCHO [TOCNEIOBATEILHO: BHVTPCHHCH memBpanoi (IM).

roprexcor {C), suyTtpeHeit (IC) 1 sHewHe it {(OC) obonoukann. Tlpu apy-

Ny MeToaax (hHKCALIM KOPTEKC BLIFAAAMT B0OICC 2NCKTPOHHO-TUIOTHBIM
KaxeTcs caoHceTeim (11 2007)

YCTOHUTHRBOCTBIO K AesnHbekTaHTaM. Y Clostridium perfringens antepo-
IOKCHH 00pa3syercest TOABKO NP Copoodpa3IoBAHHH, CCPONOTHYELCKH
oll 30K DenxaM oBooTKH Crophl. 30 000MI0YKON PACIoaracTcs
ROPRIEKC, KOTOPHIH MOXET 3aHHMAaTh J0 TIOAORHHLI OOBCMA CHOPLI.
KOpTEKC COCTOHUT M3 MENTHAOIMKAHA, MEHee MONCPeHHOCINHTOrO,
UM NENTHAOIIHKAH BCTCTAaTHBHON KIETKH.

Kaemounast cmenra cnopel (MK cmeska #0pa cnopsl) pacnoliowReHa
HHYTPH KOPTEKCA H OKPYKACT NpotonnacT (MAn sdpo chopsr). apo
CHOPL COAEPKHT HOPMUIbHBIC KIICTOUHKIC CTPYKTYPbL, TAKHE KK HYK-
HeOHI 1 pHBOCOMBL.

Anpo criopsl Hecer 8 cebe Bee HeoOXOAMMOE ANS1 HAYATA pOCTA,
‘LulaccHHoe B cTabDuiabHel dopme. B To ke BpeMs sIpo THILEHO KOM-
HOHEHTOB BCTCTATHBHOM KJICTKH. KOTOpPBIC JU0O HECTOHKK, Jnb0O
MOLYT OBITL NETKO BOCMOJHEHB! MPH HAYAJIC TTPOPACTAHUS CIIOPDI
(1ab, 3),

$lapo cnopsl BKAIOYACT XPOMOCO-
MY M HeDONLIIHE KOJHYCCTBA KidK-
NOIO KOMIOOHCHTA BCNIOKCHHTEIUPY -
0IETO MEXAHH3Ma: PHOOCOMBI,
rPHK, ¢epMeHTH M COMYyTCTBYIO-
nuie besiki. JBa HCCTADHIBHbBIX KOM-
noucHTa Kieroxk — nPHK u aykne-
ouwTpugocdaThl — OTCYTCTBYIOT,
ANILIKO €CTh 3anac 0ojice cTabunb-
MLIX IIPeQecTReHHMKOR ATM —
ALD 1t AMD. AMHHOKHCAOT W pye 50, 3penas criopa B. megate-
lllk‘PMCHTbl HX DHOCHHTE3A MPaKTH- ritim (qepej 10.5 4 mocie Hav
TOCRH OTCYTCTBYIOT, HO LIPH HPOPA-  cpopyasuiit). Q8o aueHHs cM. Ha
LI CIOPBI OHHU JICTKO BOCTION - pHC. 49 (mkata — 0,5 M)
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Tabanna 3
Yposens MeT200/MTOB B 3peibIX Cnopax u pacrymmx kiuetkax Bacillus

megaterium
KoJtMYeCTBO, MKMOSIB/1
KOMMOHCHT
Cnopst BereratHaHbIC KIICTKH

AT® 3 725
AO+FAMD 544 195
ITO+UTO+YTD <10 680
Cymma nykneormaos (IM+1+Y) 530 860
Je30KCHpUBOHYKNCOTUIIBI <1,5 181
MocdornmuepHHoBas KUCI0Ta 6800 —
AMMHOKHCAQTHI 150 1400

HAOTCH nyTeM MHAPOAN3a HEOONBIIHX 3aMACHBIX DEIKOB, COCTARINIO-
nx a0 20 % no macce oT obieil Macee! BeTka Crnopul. 9TH XKe 3anac-
Hble OE/JKHM HMEIOT JIOMOTHUTEAbHYID (DYHKUHIO CBH3LIBAHHS COOPO-
poit JIHK, mopnitras TakkuM obpa3oM €€ YCTORUHMBOCTE K ODJIYHEHUIO.
DJHEPrus M1 BOCTIONHEHNS OTCYTCTBYIOLUMX KOMITOHCHTOB MOXET ObITh
nosy4dera ni ¢crabuiabHoro 3-cdocdornnuepata nyTeM €ro XoHBepTa-
UMH B MCTOUHHMK 3Hepruu # toctara — docthocHOMMUpyBRAaT.

TepMOYCTOIMUMBOCTD CITOP, TIO-BHAUMOMY, OOBACHAETCH HATHUM-
€M COOTHETCTBYIOUIHX BENIKOB, YacTh KOTOPBLIX MIPOMCXOAUT M3 (dep-
MCHTOB BETeTATUBHOW KJIETKH B PE3yabTATe OIPAHMYCHHOTO IIPOTCO-
JI33, CTAHOBSICH NIPH ITOM TCPMOCTADMILHBIMM. Jpyrue cncundmuec-
kHe CpMEHTH!, CHHTE3 KOTOPbIX HWHAYLUPYETCS TIPH CIIOPYJISILIMH,
TAKAE TEPMOYCTOHYHBEL

Jo CHX TOp TOUHO HEe U3BeCTHO, HOYEMY CIOPbl CTOMIb YCTOHUMUBSI
K HATPEBAHUIO W ACHCTBMK XUMMUecKMX peuiects. CunTanT, urtg B
TEPMOPEIHCTEHTHOCTHN CMOP MIABHYIO posb urpaeT Cia-MMIUKOIUHAT —
KANbLUMCBAA COJIb AHIMKOMHHOBOR KMCROTbl (puc. 31), coacpxaHue
KOTOPOIl B CLOPAX MOXET AocTUraTh 15 %. OnmHako HeAABHO DKLU BbI-
JeNeHbl MYTAHTBL B. megaterium, cOPbl KOTOPBIX HE COOEPXKTH AM-
MUKOTUHOBOH KUCIOTH, HO TakKxke OBLIH TepMOycToituusel. Bererta-
THBHbIE KJIETKH NpakTH4yecku He cogepxat Ca?*, akTMBHBI TpaHC-
MopT 3ITOr0 HOHA HAYMHACTCS ¢ HAYWIOM CHOpOo0pa30BaHMs M CO-
3PCBUIAS CHIOPA COAEPKMT BHICOKYIO KoHueHTpauuio Ca™, KoTopbii

Puc. 51. Crpykrypras dopMysia AHRHKOIHHOBOI
KUCTOTH, B crope mpu sameuieHmn aByx Kapbo-

HooC N COOH KCHIBHKIX TPYTIN 0BPU3ye1eH AMITHKOIMHAT KiTbLMs

MCJTHPOBAH 3KBHBANICHTHBIMH KOJTHUCCTBAMH AU KOJHHOBOM KHCIIO-
I'bl, OOPA3YEMON B CMOPAHTHI W3 ANAMHHOMKOIHHOBOH KUCIOTLL —
HPCAWCCTBCHHUKA TNMENTHMAOIIIHKAHA. Ca-)lHTIHKOJIHHHT JOKUIHU30OBAH
B AIPE CITIOPEL, MTO MOKA3AINH ONBITLI € MEYEHBIMHW aTOMAMH, 1 MOXET
HPHHUMATE YYACTHE B CTAOHIM3ALMH CMOPORBIX HYKIICHHOBEIX KHCJIOT,
llcpaBHo B crmopax Obliy 00HAPYKEHLL TAKXKC HeDONbILHME KHCI0TOpa-
CTROpHMBIe BekH, cessbisaowme JHK. Oun okpyxator AHK criopst
I 3AUHILAKT €€ OT HArpPeBAHWS, PAAHALIMH, BO3ACHCTBUS XHMUMEC-
KHX BELLECTB U BhICYLIHBAHUSI.

BaxKHyI0 poAb B yCTOHYHBOCTH CIMOP K BLICBIXAHHIO UTPAET CHITKE-
I11ie COAepXKaHus ROALI B TpoToruiacTe. B npouecce aernapartauny Mo-
AKCT ITPHHHMATD YHACTHE KOPTEKC, KOTOpb[ﬁ OCMOTHUYCCKH BBITATHBA-
CTOBOAY M3 NPOTONIACTA, TAKHM OOPa30oM 3ALLMILAN €I COACPKRUMOE
OT HATPCBA U TIOBPEXKACHHUA, BbI3BAHHBIX PAUIMYHOIO poaa 00ay4YeHH -
suMu. ITponece aeruapataurm Tpebyer 3arpar 3HAYUTENBHOIO KOnye-
crsa aHeprun. TokasaHo, YTo AeHCTBUC NEeHHLUMIUIMHA CHUXKACT CTe-
NCHb JETUAPATALIHM TIPOTOILIACTA CIOPBLI, HAPYLIas CTPYKTYPY KOp-
rekeca. MTak, MOAKHO 3aKTIOYHTD, HTO T€PMOYCTOHYMBOCTD CIIOP 0OBbiC-
HSICTCH, MO-BUMAHMOMY, HECKOJIBKMMH (hakTopaMK: cTAOMNHM3ATIUCH
JAHK Ca-aHOIUKONMHATOM M KHCIOTOPACTBOPHMBIMU BEIIKAMI, e~
FIJIPATALMEI TPOTONAACTA W ID.

Cnopyaasyun (Hanpumep, B. megaterium) OBBIMHO HAYMHACTCH NDH
HCTOLEHHM TNHUTATC/IbHBIX BelecTh B cpeae. OOpaszoBaHHe COOPL —
CJIOXKHBIA NIpouece, KOTOPBIH MOXHO TOAPA3Le/AWTbh HAa 7 CTaaHi
(puc, 52). Ha cragun | B MaTepuuckoi kieTke GopMUPYETCS BTOPOI
HOJIHBI HYKIEOU, OTACAAOULHICSH OT OCTILHOTO COACPKUMOI0 KIeT-
kit LUITM, koTopasi BHSYHBACTCA BHYTPL LMTONAR3MLI, 0b6palys cenry
npecnopsl (ctaaus 11). MemGpaHa NPOLOAKACT HAPACTATE M OKPYXaeT
nespeniyio cnopy AsodHbM ciaoem (ctagms 11I). Janee mexay neyms
CHOSAIMH MeMOpaHbl Haunuaetess QOpMMPOBAHHE KOPTeKca, Ha 3TOi
criiind (IV) Haunuaetca HakonncHue B cnope Ca-aunuxonuHara. Ha
CIVIEH V BOKpPYT Koprekca ofpa3yioTcs OcKoBble 0G0N04KH H 3K30-
cnopuyM. Ha ctanuu VI cuutes obonouex 3asepiuaeTtcs, criopa npe-
BKILLAETCS B 3DENIVIO, YBCIHYHBACTCH €€ CHETONPENOMICHHE, TEPMO-
YCTOHUHBOCTD H HA cTaauyd VII ApoHcXoauT TU3NC CTIOPaHTHST H BhL-
/L cnopbl. JUTHTENBHOCTS LHKIA CNIOPOOBPAIOBAHKMS COCTABANET 00bIY-
o ot 7 po 10 u {y B.subtilis W B.megaterium COOTBETCTBEHHO).

[Mpopactanne cnsueit cnopsl B AKTMBHYIO BCICTATHBHYIO KJICTKY —
He MEHee CAOXKHBI npolece, ueM criopoobpasosanuce (puc. 33). Ono
HPOXOAUT B TPH CcTajtmK: 1) akTHBanuMs; 2} co3peBanue H 3) mpopacra-
Hue, HYacto criopel He MpopacTaor Aaxe 8 foratoii cpene bes axnica-
Hiin, KOTOPAST MOXKET 3AKJTIOMATLCS B cnaboM Harpese MiaM BosieiicTsiu
vinsrpassykoM. Tlpouece akTUBANMK 32KAHYMBACTCA COPESAHNEM, T.€,
ILIPYILCHHEM COCTOSHHS NMOKOS CTIopbl. Tipolece XapakTepuiyeTes Ha-
DYNXUTIHEM CIOPLL, PA3ZPLIBOM HIIH NMOIMOIICHACM 9K30CITOPHYMA, TIOTC-
%1 YCTOHYHBOCTH K HATPEBY M CTpEccaM, yTpaTol crocobHOCTH TIpe-
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Puc. 52. Lk obpazoradus oniocnopsl ( 1—VIL — cragun npouecca)

0.5 Mxn
S

Pie. 33, Ipopactaune 3unocnopsl. Beretatuenan knetka C. pectinovorum
BLIXOAHT 13 CITOPOELIX 0B0N0HEK NOCAC UX PAIPLiBa

JOMJBSITE CBCT, YBEJIMYEHHEeM MeTaDoaMYeCcKOoH akTUBHOCTH. MHoruc
GOLIYHBIE MET20OMHTEL, TAKHC, KAK aMHHOKHCIOTBI H Caxapa, MOIrvr
LIIYCKATh 1IpoUeCe apopacmaris CIOp noclie Ux cospesanyst. Ilporo-
IJIICT CITOPSI 0OPA3YCT HORBIC KOMIIOHCHTHBI, BBIXOAHT H3 OCTATKOB CNO-
poibix 0B0N0YEK M HOPMUPYCT HOBYIO UKTHBHYIO KJACTKY OAKTCPHM.

HekoTopble NPOKaprHOTh, HAPSALY C IYKAPHOTHYECCKMMU OPraHH3-
MUMH THIIA IPOCTCHLU KX, 0DPasyoT JPYrue BUALI MTOKOSAIIHXCS op,
HisbIBacMble greemanu. HlMcTa — 310 NOTEpsIBIIAS NOABHAHOCTD KITET-
kil ¢ YTOMUEHHOI, OCAM3HEHHOI 0D0M0UYKOH, yCTOHYMBAs K BBICY-
IMHBAHKIO U nepenajgam reMiepatyp. LIHeThl XapakTePH3YIOTCH CoCTO-
SITHEM [MOKOSA CO 3HAYMTENbHO CHUXEHHON MCTaDOIMYCCKOH AKTHB-
HocTbio. O0pa3aBAHHE LIHCT MOKA3AHO A8 A30THKCHPYIONIMX CBO-
BOIHOKMBYLLHX MUKPOOPTAHUIMORB W3 poaa Azotobacter, HCKOTOPbIX
MCTAHOTPOGOB W oiHroTpodoBs. LIMCTHL BLINOAHAIOT TPH OCHOBHBIE
PYHKUAK: 1) 3a1HIIAKT TONYAALUKIO 0T BPCAHBIX BO3ACHCTBHA OKPY-
AKMOWEH KAETKY CpPelbl, TAKMX. KAaK HCTOWCHHE HCTOMHHKA ITHTa-
131, BBICYUIMBAHUE, HeDaaronpusiTHA pH waw HH3Koe napumans-
Hog J3RJACHMC KHCTopodad, 2) cayxkaT criocobom coxpadenns JHK;
1) SIBIAIOTCA CNOCODOM nepenay HHGCKUHOHHOIO HAYAIA OT XO35H-
I K XO3HHY (V natoreHon). ODbIYHO NPOPACTAHUE HHCT CTHMYINPY-
¢1esl OJATONMPUSITHBIMH BHELIHHUMH YCITOBHSIMM [UISL PA3BHTHS KJICTOK.
HeRKOTOPBIC LHCTDI NAPA3SHTHULCKHX BHIOB NPOCTCITIIWY NPH MOILAId-
i 8 2KKT xo39uHa 0peBpalllaiorcs B aKTHBHbIE TPOGH3HTOTRL

ABuxeHve KneTok

CDCHI‘] NMPOKAPHOT €CTh MOABHIKHDBIC M HECITOABHAKHBIC BHADI. Yaue
el IBHIAKEHNC KIICTOK OCYUICCTRISICTCS 34 CHET BPAIUCHWST Meeymii-
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xoe (cM. pHc. 43). Heckonbro MOIMMH UM PORAHHbIH TUIT IBIKEHMS Ha-
BIIOIAETCS ¥ CIMPOXET, KOTOPBIE 0b1agaloT Tak Ha3blBaeMoil akcu-
AA6HON HIEMTBIY. AKCHATIbHASE HATE — 2TO KOMILICKC TTEPUTIIA3MATHICC-
KX SHAOKIYTHKOB, THHYILMXCS OT OJHOIO KOHLIA KJICTKH N0 ApYro-
ro, 110 CTUpIN 0BopaunBasch BOKPYT Hee. E1e OHUM crnocoboM IBH-
WCHUS ABNAETCA CKOAbNCCHIE KAeMOK, MEXAHN3M KOTOPOTO €LUC HE0-
CTATOMHO H3IYUCH.

CKONb3s1INE BAKTEpHHM — IMPCACTABHTENN PATHUUHBIX TAKCOHOMM-
yeCKMX IPYITI — JIHLIEHbL XKTYTHKOB M TIPH MICPEMELLEHIM TT0 TOBCPX-
HOCTH TBEPAOH CPCibl OCTABAAIOT cnan3ucToiit cae. CKOpOCTh NEPCIABH-
SKCHUST KIIETOK MOXET COCTaBuTh OT 2 10 60 MKM/MUH, IIPHYEM B MO-
JONIOM BO3PACTE KIETKY H0s1ee NOIRIKELL. AKTHBHO JBHIAIOILNECH KICT-
KW UMEIOT [PEUMYLLECTBA [ICPel HEMOABIDKHBIMU: OHW MOTYT IICPCABH-
TATbCA MO TIOBEPXHOCTH TBEPAOTO CYDCTPATa, Mo3ToMy CrocoOHbl UC-
[I0/1b30BATE TAKHE CJIOXKHBIE HEPACTBOPHMbBIC COSIHHEHUA, KaK XHTHH
M LESLTION03A; CIIOCOBHOCTh K CKOJL3ALIEMY ABHKEHUIO TOMOTACT ABH-
raTLCR CpEaM TBep/IbIX cyBeTpaTon (MOUBA, OCANKH 1 HebosbLIKE Ka-
HATB! B THHIOLLES ApeBecHHC), BBIOMPATh ONTHMANLHYIO [1O3HLHIO B
OTHOUICHMW I'PALMEHTOR KUCA0POAA, CBETA, CEPOBOAOPOIA, TEMIICPA-
TYphl 1 1pyrux (akTopos. CKonbisillee IBHXCHAC BAPLUPYET MO CKO-
pocti ¥ no Mexanusmy. Tak, Flavobacterium johnsoniae CKOML3NT 33
cueT OC/IKOB BHCLIHEN MeMOpaHb!, HAa KOTOPbIC NEPEIAETCs YCHIHE €
Gemkos LI[IM, M AByxeHHe BIEpeld fl0 NOBEPXHOCTH NPEACTABIAET
coBoit BuA OTTUIKMBAHHS (puc. 54). bakrepry, OTHOCAUIHECA K pOAaM
Myxococeus n Flexibacter, CKONB3AT B HAITPABACHUH JUTHHHOM OCH KJICT-
K, OPYTHE MEPEABUIAIOTCH BUHTOBBIM ABMXXEHMCM WM IaXC B Ha-
NpaBICHUNM, TCPTIEHANKYTRAPHOM JUIHHHON OCH KIETKU {Saprospira,
Simonsiella). Beggiatoa, U1MaHODAKTEPHHM U HCKOTOPLIC IPYTUC Dakre-
PHU TIPH CKONB3SAEM ABHXECHIUH BPAIAIOTCS BOKPYT JUTHHHOM OCH
kneTky, MHOTMHE KJICTKH CTHOAKTCS Uit NONEPIUBAKOTCS TIPH CKOJb-
wernd. Takie pasiudus 3 IBHXKEHUH MOTYT OTPAXATh CYLICCTBOBAHHE
pazHBIX MEXAHM3MOB CKOMbXEeHUS. XOTs TP CKONBKECHAH KINETKH BbI~
fe;IAeTCH ¢NM3b, HC OHa ToNKaeT KIeTKM. CiiMilb CKOpee HyXHa I
CMAMHBAHMS NOBEPXHOCTH € LCTbIO YIY4LICHNA CKOMbkReHUs. KIeTKH
HekoTophX (otorpodos (Osciffatoria) cOACPXAT Ha NOBEPXHOCTA
dUSPIILIL HAH (PWIIAMEHTBI, [IPH COXPALEHUH KOTOPBIX BO BHEUIHEN
MCMOpAHe BO3HMKAIOT BOJIHbI, 33 CYET KOTOPBIX KETKA ABHXETCH.
B 060104KaX HEKOTOPBIX KIETOK TIPHCYTCTBYIOT KONbLICODPa3HAIC Ben-
KOBLIE KOMILTIEKChI, KOTOPBIE MOTYT BPALaThesi, YTO CHOOCODCTBYET
ABIOKCHUIO KJIETOK. PasHUUA B NOBEPXHOCTHOM HATHXKCHUH MOXCT
ABHIaTh KNeTKY Myxococcus xanthus, KOTOPbIC BbIIEAAIOT FMOBEPXHOC-
THO-AKTHBHBIC BELECTBA ¢ OAHOIO KOHUA KIETKM. Ha pa3HbIX KOHIAX
KICTKM BOBHMKAIOT PANIHYNA B BCIHYUHE TIOBEPXHOCTHOIO HaTHXC-
HUS, KOTODPBIE H TOAKAIOT €¢ BIICPEL.

ONUCAHO TAKKC «TIPbIfAIONIee» JABIKEHHC, NPUPOAL KOTOPOTO HE
BLISICHECHA.
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Puc. 54. Cxema MpeaneIaraeMoro MEXaHNIMa CKORbIHIIETO ABHKCHU
kiaetok Flavohacterium johinsoniae v ApYTHX CKONBIsIUIMX OaKTCPHIT:
{ CXCM CPO3A KIACTRH TPAMOTPHUATCIBHBLIX 611KTCP!IH. ASMOHCTPHDPYIOUH CcneL-

(eckie Senku ckonbkenmn, sakpererdmknte v UMM u BM; 5 — retansHas cxema

PHICTIHOSIOAKEHA ﬁt.‘J'IKOB CKOJIbAKCHI{AN. nﬂﬂil]"il]()T. TO B NenNTHAOIAHKAHOBOM ClOS 3-

EPCTUIRTIBL HACTHALL «IYCEHM LB, KOTOPA cocanuser Benkuy TTM ¢ Geakamn BM 1

AUNTIET HX TI0 TRCPIOH MOBCPXHOCTH. QOPATHTE RHIMIHUC HA PAIHOHAMPABICHHOCTL
ABIACHUA Oenkor BM 11 obriero ABMKeHHA KIeTKH

loaBI KHBIE DAKTEPHH CIICCODOHB! OCVILECTRISTL PCAKLIHH MAKCH-
Ctl, KOTOPBIE TTOMOFRIOT UM OPMEHTHPOBATECH B IIPOCTPAHCTBE, Y3HA-
UL JIPYT APYTA NIPH KOHDBIOTALMH WM MOUCKe CHMBHOHTA: POTOTAK-
e {0coBEHHO BaxkeH 05t QOTOTPOPHBIX MUKPOOPTAHH3IMOB), XEMO-
LIKCHC (ABYXKCHHUC K ATTPAKTAHTAM U OT PENCICHTOBR), MATHHTOTAK-
Cue (Hanpumep, Aquaspirillum magnefotacticum UMeeT BHYTPHKIICTO -
HEIC HCTOYKH MATHCTHTOBBIX MACTHIL, UM MATHETOCOM, KOTOPbIE 1O~
MOLLIOT € OPHEHTHPOBATHCH OTHOCHTEILHO NMHHIE MATHUTHOTO NOJTH
leaunnn, BulDHPasL ONTHMANBLHOE MECTONONQXKEHHE), a3pOTaKCHe (10
IEUICHTY KMCIOPOaA, BaxeH A MUKPOa3pOGhUILHEIX K aHAPOO-
ny aRTepil). bakTepus MOryT «y3HaBaTh» ATTPAKTAHTEL 10 KOHLEH-
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pannit 107% M. B Hacrosiiee BpeMst 0BHapyxero dosee 20 paziHUHBIX
XCMOPELETITOPOR HA ATTPAKTAHTHI W CTOJNBKO XK€ — Hid PCOC/UICHTHI.
XE‘MOPCL{@HTOpr MOryT ObIThb JOKMIM3OBAHLL B MEPUINNaIMCe WIH B
HHTONAAIMATHYCCKOH MemOpaHe.

PazmMmHOXeHUe U Pa3BuTUE NPOKAPUOT

Tuddeperunaniig v OLHOKICTORHDLIX MHKPOOPIAHWIMOB BhIpaXe-
HA YIKE Ha VPOBHE NOUKyouvxes qopsm (Hanpumep, v Hyphomicrobium).
Y LHMAHODAKTCPHIT B TPHXOMAX €CTh COCLHMAITHIHPOBAHHBIE KACTKH
(pHC. 55). DTO cemepouiicmbl, HMCIOUWIHE TOACTYIO 0DOTOMKY, HE 0¢19-
HIHECsE. CONCPHKALLIME MHOTO HUTporeiasbl M 6¢3 dotocuctempl 11, u
aKuHentol — MOKOSIWIMECH KAETKH ¢ NJIOTHOI 0fonoukoi.

Croxnas audepecHIHPOBKA HADTWAAeTCs v akTHHoDaxTepHil:
UMEIOTCH PATTHYHBIC TUITLl MUUCHWA (CYOCTPaTHBII 11 BO3AYLUHBII) 1
CJOXHBIC OPTaHbI CNOPOHOUICHIA (KOHUAMH H CITOPAHIHH).

Y paktepuit Haubosace pactipocTpiaHeHO SHHAPHOC ACACHME (Ha [1Be
PABHbBIC YACTH), IPHYEM ¥ IPAMNOJ0KHTCABHEBIX OHO NPOHCXOAMT CEN-
TOH. 4 Y FPAMOTPHUATCABHBIX — MCPETSLKKOI, JIpyrue THIBL pa3MHO-
AKEHHMSA — NOUYKOBAHHC U MHOXCCTBCHHOC ACHcHHE. [IpH MoUKoBaHMH,
KOTOPOC MHOMAL NPOHCXOANT C MOMOLIBI AONOJIHHTENIBHBIX BLIPOC-
TOD, MOXHO BLUICTHTE MATCPHHCKYIO H JIOUEPHIOK KReTKH (HCPABHOC
aeneHne). MHOKeCTBEHHOE OeNeHHE OTMCUCHO ¥ HCKOTOPBIX HHAHO-
dakTepuil (Hanpumep, pota Dermocarpa), Koraa o3 olHOIN KJICTKH
0OPAIVETCH MHOKCCTBO MCJIKHX Odeouunog, KOTOpPLIe HHOTIA CLI¢ M
noaABHAHbL. HHTuaThie LHAHODAKTCPHH CNOCODHBI PAIMHOKATLCA C
NOMOLLLIO conitdun W copmoconuls (puc. 50). Jns HEKOTOPBIX MCTaHO-
TpohoB XapakTepHo obpasoBaHie ak3ocnop, CAoXHLIC (hOpMbL pa3-
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Puc. 35, AKHBCTH (A) M reTe-
pounctsl (I HTUATOI LIMHO-
paxtepin Crlindrospermum

Puc. 56. Toninany (/) 1 ropmoronmy (2)
HHTYATLIX GakTepit
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Pirc. 37, CnopatrHH aKTIHOOaKTepHil:

I — Actinoplanes, 2 — Amaorphosporangiuny, 3 — Spirillospora

Puc. 38. GopMbl BOBAYIIHBIX CTIOPOHOCHUER ¥ AKTHHOMHLCTOR

MITOKEHMS BCTPEUAIOTCS ¥ aKTHHOMUMLETOB (pHC. 57, 58). Jr1o MoxeT

BTL ITPOCTAs (QPArMCHTALUT MHLICHHA, 00OPA30BAHHE PK30CIIOP HA
HOBCPXHOCTH CYDCTPATHOO MHILIEIHS MKW KOHHIMO- W CIIOPAHTHO-
CHOP HA CHeLMAIbHBIX TH(DAX.

Ana GakTepHil pa3sMHOXKEHHE, KAK NPaBUIQ, HE CBAZAHO ¢ M1OJI0-
him apoueccoM. OaHAKO ¥y HCKOTOPLIX Hab1oaactea ocobsli npo-
leee Nepenauy reHeTHYeCKol HHMopMaHu ¢ o6pa3oBaHHEM Mepo-
MIOTH — KoHBRTrauus. dpyrue THObLL NCpeAadyH re HETHYECKON HH-
(hopmaumi — TpascopMatmng (€ NOMoOULLI0 TiepeHoca «roaek» JHK)
IOTPAHCAYKUHS (¢ moMollblo DakTepHodaros).

Y 9yKaApHOT PA3SMHOXKEHHE 94CTO CBI3AHO € ITOJOBRIM TIPOLIECCOM
I € NMapaceKCYATHHBIM LHKIOM.

bakrepuu co cnoxnsiM HuxAOM pazsutna. HekoTopsie npoxkapno-
Thl XAPAKTEPHIYIOTCH CIOXKHBIM LLHKIOM Pa3BUTHA, B [IPOLECCE KO-
FOPOIO MOKET MCHATbCA MOPhONOTHA KJICTOK # 00pasyoTcs pa3-
nitiHble nokosmecs ¢opmel. M3BecTHbl BakTepum, odpasylouiue
ILLOOBBIC TEJIA, MACTO NPHYYILTHBBIX KOHMDUTYPAIIMIH U PACTIBETOK
{prie. 39). Haubonee sipkite NpeacTaBHTENH TAKMX OPTAHU3MOB — MHKCO-
oakTepHi (puc. 60) — XMUHHKH, MHTAIWHECH APYTUMK MUKpOOpra-
(ITIMIME, DAKTEPHAMIL M APOKKAMH, KOTOpPbIX OHHM YOWUBAIOT BbIRC-
FCAMBIMH AHTHOHOTHKAMH. MHKCcoBaKTepHuy 00pa3yoT Lelblil psl 3K-
xPUPMCHTOB, C FOMOIIBIO KOTOPHIX JHIMPYIOT KICTKH XKEPTB WIH
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Puc. 59. [Tnonossle Tena MukecoBGakTepuii

THAPOAU3YIOT cyGeTpart. [lponykTht riaposin3a, B OCHOBHOM KOPOTKHE
MEenTUAbLL, BCACHIBAIOTCA B KNETKU MHUKCOBAKTEPHI M CITYXKAT MM AU-
TATeIbHBIM BECUIECTBOM.

BOABUIMHCTBO MUKCOBAKTEPMIA HCIIQIL3YCT AMHHOKHCIOTBL KAK HC-
TOMHHUK YI€poaa, a3oTa H SHEPrHU. B mpHCYyTCTBHM NMHILEBOrO CyH-
CTpaTa MHKCODAKTEPUM MUTPHPYIOT IO €TO TOBCPXHOCTH, ONHOBpE-
MEHHO [IMTaACh W OCTABIAA CAN3MCThIH ciea. Ha 31oif cragun paisu-
THA KJIETKH MOTYT «POUTHCA», T.C. NCPEABUIATHCH KOOPIHHAPOBAHHO,
NOZODHO POSIM HAaCeKOMBIX, MIILYILMX HOBbIE TEPPHUTODHM JUIS OCBOE-
HHA. KUIETOUHbIE COM, ABHTASChE PUTMMYHO, OOPA3YIOT BOJHBLl WM
psabb Ha nosepxHocTH cybetpata (puc. 61). Korna cyGerpar ucyepiibl-
BAETCS, MUKCOOAKTEPHH arperupylor n tHppepeHIIRPYIOTCS B TUIOA0-
Boc TeJio (pHC. 62). DTOT CAOKHBIA npouece (puc. 63) 3anyckaercs
FOJMIOAZHUEM KIETOK W KOOPAMHUPYETCA 10 KPAaHHCH Mepe NsThio pa3-
JUYHBIMM XMMUYECKMMH CUTHATAMH, Psil M3 KOTOPBIX MACHTU(MIIMK-
pOBaH,

[1pi oOpa3oBaHKUH MJIONOBbIX TEJ 3KCIIPECCHPYETCA HE MeHee 15 Ho-
BoIX OCTKOB. Pasmepn! [UIOAOBLIX TC/T BAPLUPYIOT 8 npeaenax ot 50 1o
500 mxm. Ttogossle tena comepxat 10°— 10° Mmukcoenop ¥ o6biuHO
APKO OKPALICHB! MTUTMCHTAMH KAPOTMHOMIHOMI [IPHPOALI B KPACHIH,
JKEJTBIH 1 KOpYUUHeBbIH 1BeTa. [110M0RBIC TCNA PAINYAKOTCS 110 CIIOXK-
HOCTH CTPQCHUA OT NPOCTbIX TNOOYN, OKPYXKCHHBIX CTCHKAMHU
(Myxococcus), 10 DAa3BETBACHHDIX IPEBOBMAHBIX CTPYKTYP, HECYLUMX
HEeCKO/JbKO CcrlopaHrues Ha cTebasix MAW ctBonax (Stigmarella,
Chondromyces). Kaxapiit BUI 06pa3yeT XapakTepHbIC JUIA HETO MJI0A0-
BbIC TCJIA.

MuKcocnopbl, ¢HOpMUPOBAHHBLIE W3 BCITCTATHBHBIX KJIETOK M Ha-
XOMSTIIHECS B CIOPAHIHAX IUIOJ0OBLIX Tejl, YCTOH4YMBBEI K BBICYIIHBA-
HKIO, BRICOKHM TeMHepaTypam H YP-paznaunu. OHK MOTYT OCTABATL-
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I'ne, 61, PsBb M BONHBI HA TIOBEPXHOCTH

apiy, 0Bpa3oRABLWIKECS MPU CXOOPAH-

PPOIKTHHOM IBOKCHHH KieTok M. xani-

Iy 1 npouecce 06pAI0OBAHMA [TOIORBIX

1o TeMHBIE 30HB — MecTa Rava of-

(UIOBAHHA HE3PEIBIX TAOLOBBX T¢I
(ke — 0.4 MxM)

Puc. 60. Paznuunsie GOpMBI KIETOK
MuKcobakTepHii. odpazvioulix
MIOLOBLIE TCNIA:

A — NATOMKOBMAHBEIC KICTKH € 3a0CT-
PeHHRME KoHUAMH Stigmatella aurantiaca
(1200°); B — DBauMAAAPHbBIC KAETKH
Chondromyces crocatus (950°). B — Muk-
cocnopwm Myxecoccus xanthus (1 1007), Bee
DOTOrpadHH CaenaHbl ¢ TOMOUIBI -
JORO-KOHTPACTHOIO MHKDOCKONA




MKCOCTIOps: B CTenka coopanrun

Criopanrnit

-

Muxcocnopm Cansneran oBonoUK:L

- Mukcocnopst

-Criopanriit

[Tno30B0C Teao [Tnononoce Tero

l'lnu;lonoeArcno

Puc. 62. Tlhogoswe Tena. obpasyessle
Pil3HBIMR MilKC()ﬁﬂKTCpHM.\lHZ

A — PHCY¥HOK, MOKEIBLBIOUNITH THITHMHLIE
MIOJOBBIC T MUKCO0ARTePHIE: i — MUK-
podrotorpaita nuosesero 1ena Myxecoccus
stipitatus. BLcoTa HOKKH MOAKCT ZOCTHIATE
0.2 mm: B — sua naononoro rena Chon-
dromyees crocatius B CKAHUPYIOLLICM INEKT-
POETHOM MUKPOCKONe. BoicoTa HOKKI Mo-

weT goeturare 0,7 MM, [ — mnogossie
renn Myvococcus fulvus (0.15—0.40 mv i
BICOTY)
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Mukcocoopm
Cliopyaauna ’ i ‘ . TMpopacrate
/ IT1ozonoc Te/i0, obpa- ‘
, 30BABUICCEH TIOCTE COBMC-

BHewas CTHOIO MopioreHesl KICTOK \

NMHAYKLWA
XHMITMCCKHMI
BCLUSCTBAMIL

|~ ~

/

Bereratipanii
1UHKT

7 /S
P [popactadne

k MUKCOCTIOP
13 CROPaHTAOIEN

gy, -« ~

I'he, 63, CxenMit AMIHCHHOTO 1Kaa MikcoSakrepiit. ikt Haunnaetea ¢ 00-
EBOBAHHR MUKCOCTIOP NOCAC MHIVKUHN 3TOMO [poLecca PasIHuHBIMH XH-
MIMICCKH M BenecTBamMit, [1POpacTas. MHKCOCNOPSI IaI0T HAUAN0 HOBBIM BE-
ICTITHRHBIM KTETKAM. H UHK noptopsieres. ODpa3soBaHHue [110208kIX TET 30-
DVCRACTCS XHMINECKHMH CHIHATAMIL, BOBHHKAIOUMMM TP HCUEpRaHyM cvh-
CHNITAL 1B TIPOTIEECE KOOPINHHPORIHHOIO MoporeHea saneputactes Gop-
AIMPOBIHIEM CTiopaHitoneit ¢ MukcocnopamMy. [Tpopactadine MHKCOCIOp W3
CHOPAHIHMOEI TaeT HANAN0 HOBBIM BCICTATHBHBLIM KACTKAM, BCTYTIAIOUIM B
HOBBIT ANIHCHHLA WK

3 AMIHECTOCOBHBIMI B YehoBusix Tabopatopun no |0 ner. Obpasosa-
e NAOLOBLIX TCH € MHKCOCIIOPAMHM, 3AKJIOYEHHBIMH B CTIOPAHIIH,
ciiocodeTaveT cime HGONBIEMY BhDKHBAHHIO MHKCOCHOP, TaK KiK OHM
HAXOITCS KOMIEAKTHO B TLIOA0BBIX TEAAX W HOBAsk KOJTOHMS MHUKCO-
D TCPHE PAIBHBAETCA ARTOMATHMCCKM, KOTAd MHKCOCITOPBI BHICHO-
OOKIIOTCS 113 CTIOPAHTHS (L [IPOPACTaloT.

['aKas COLMMANBHASR OPraHI LA MOXKET HMETh [IPCHMYLIECTBA, TAK
bk MIKCOGAKTEPIH NOJAYVYAIOT NHTATESIbHEIC BCUIECTBA [P BLIACHE-
rn OK30GEPMEHTOB H ICOpOLIH IPOAYKTOB THAPOIM3A.

SHanTenbHas BHOMacca MHKCOBAKTepHiT MOXeT 0BeclcyHTh Cy-
HCCTIC HHYIO KOHLICHTPAUKIO (hepMEHTOB 11 paCTBOPHTE KIETKH KCPT-
e eyoerpar Goree dhideKTHBHO, YEM OJNHOYHAS KIJIETKA.
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KoHTpPOAbHBbIE BONPOCHI

1. HadoBHTe MPHHIMIHATLHLIC OTAWYHS KJICTOUHO OPraHM3aumy 3y- u
[IPOKaPHOT.

2. Hazopute camnie MCIIKHE H CAMbBIE KPYMHBIE MHKPOOPIaHU3IMbL, U3BECT-
HbIC H HACTOSIICE BPCMA.

3. Yro takoe naeitomopdmam? Hackonbko 3TO SBIEHUE PHCIIPOCTPRHEHO
cpelH MHKPOOPraHH3IMOB?

4, Kak ¢ pazsutieM OHOJIOTHH MEHAJHCE NPCACTABACHHS O TEHETHUECKOM
anmapare mpoxapnot?

5. IpoaHanM3HpyiiTe Pa3NIMYHs B CTPOEHUHM KIETOYHbLIX CTEHOK IPAMIIO-
JIOXHTCABHBIX M YPAMOTPULATENbHBIX MUKPOOPraHu3MoB. Kakue kieTouHsie
CTEHKH XAPAaKrepHbl A apxeit?

6. B yeM cX0/ICTBO ¥ paliHuKe B CTPOSHUH H GyHKUHAX LITTM 1 sHewvein
MeMOPAHB! TPAMOTPUILATEILHBIX MHKPOOPTAHMIMORB?

7. Mepeuncnure BKIKYEHUS H 3aN4ACHbIE RCLUCCTRA, MPHCYILHE MUKPOOPR-
raiHaMaM. Hazopute Mx ocHonHbie hyHKI1HH.

8. Ha30BHTC MOBCPXHOCTHBIE CTPYKTYPH K/ETOK MHUKPOOPraHH3IMOB, OT-
BETCTHCHHbBIC 3a ABMKEHHE K NpUKpennenne K cyberpaty. Kakue eme (iyHK-
UHU MOLYT BLINOAHATL 3TH CTPYKTYPbI?

9. Moucmy nokosunecs HopMLI IPOKapHoT 001an1oT 3HEYHTENLHOM YC-
TOHYMBOCTBIO BO BHelHel cpene?

10. ITepeuncnuTe criocobsl PASMHOMKCHMS Y MTPOKAPHOT.

11, Kakue npeumyiiecTsa AaCT MHKCOGAKTEPHAM HATHYNEG COUHATTLHOIO
HnoReacHus?

fnaea 4

KYNTUBUPOBAHUE U POCT
MUKPOOPITAHU3MOB

Mutanne H6akrepui

TpeGomanns K nuraTe bHiM BemecTBam. Tuuwl cpen. MukpobHast
LICTKA COAEPXHUT B cpenHeM, % no macce: yriaepoga — 50, asora —
[l. hocdopa — 3 ¥ Apyrue 3neMeHTol. st pocTa v pasBUTH MHKPO-
OPIAHHIMOB KAK B JABOPATOPHbIX YCAOBMSIX, TAK W B IIPHPOAE HEOO-
AOHMO HALHYHE TIUTATERLHDBIX BCLUCCTB NS IHEPTETUUCCKUX U KOH-
CIPYRTHBHBIX peakini, TpeOoBaHUs PASHLIX FPYNN MHKPOOPIraHU3MOsB
K HCTOUHWKAM JHEPIHY H XMMHUCCKHM 2ACMEHTAM ONPEACNSIOTCA UX
MCeTHOOTHUECKMMK BOIMOXKHOCTSIMMU,

OCHOBHBIMY JHozenHbIMI FAeMeHmaMu SBIAKOTCA YIICPOA, a30T,
incop, KUCA0POI., BOAOPOI, Cepa. DTO KOMIIOHEHTH OEJIKOB, yIie-
HONOB W KNPOB, 4 TAKXKE HYKICHHOBBIX KUcnoT, Takue a1eMeHTbl Tpe-
OYIOTCS B 3HAYUTEN bHBIX KOAHYCCTRAX {I/1) ¥ DO3TOMY HX HA3LIBAKOT
sawpodaemenmamy. X MaxpoieMeHTaM OTHOCAT TAKXKE Kauiif, Mar-
Wi, HATPHIT, KaNbLHit H XKeAe30, KOTOPbie OBLIMHO NPUCYTCTRYIOT B
LICTKAX B BIAC MOHOB M BBITIONHSIOT pasHbie posu. Hampumep, K
HeoBXOAMM JUTST AKTHBHOCTH B0/16LI0OTO YHCAa (pcpMEHTOB, B YACTHO-
i (pepMCHTOB DBEAKOBOTO CHHTEC34, Ca® onpenesset YCTOHUHBOCTD
(KK TCPHATBHBIX 3HAOCHOpP K HArpeRannio; Mg crabn 13upyer pido-
COMBL, MHOTHC (bepMEHThI M KJ1ETOUMHBIE MEeMOPaHbI; Fe' u Fe™ amns-
ey YACTBIO LMTOXPOMOB M KOAKTOPAMH JIEKTPOHICPCHOCALUNX
D INKON.

K suxpostesmernmanr, HCOOXOIUMBIM B MHKPOMOSIPHBIX KOJIHYE-
CIIIX, OTHOCST WOHBL TAKHX METANIOB, KaK XpOM, KoOaabT, MCIb,
MONHOICH, MApraHell, HUKCIb, CEJICH, BOAL(PaM, BAHAIMH, LIHHK,
GOLIMIIO BXOAALIMX B COCTaB (epmenton n kodaxropos. Hanpumep,
Co'l aBAsieTest KOMIOHEHTOM BHTaMiuHa B 2 Cu®' BXOAUT B COCTAB
NITOXPOMOKCHIA3B U KYNPEAOKCHHOB, Mn™ AKTHBIPYET (hepMCHTLL,
LU HPYIGLILHE MTEPCHOC (I)OC(deHb!X TPYIIIL. Mo BXOAMT B cocTaR
HIPOICHASRL, W HHTPATPCAVKTASKL, Ni** SABASIETCS KOMITOHCHTOM ype-
AL TIIPOTEHAsLL, KodakTopa Fia, Zn’" BxoaMT B cocTaB KapboaH-
raoprerint, AHK- w PHK-nioanmepas v 1.4, Heobxoanmpic ans MuKkpo-
DPLIFIBMOB KOTHYECTBA MUKPO3IEMCHTOR COACPKATCA B 0BLINHOU BO-
wonposoaoil poje. Tpu pabore Ha IMCTHAIMPOBAHHON BOIC MUKPO-
CeMCHITRL IODARIAIOT cneliaibHo. HekoTopbie rpynitkl MHKPOOPTa-
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HU3MOB TIPOSIBISIIOT cneudguyeckye norpebaocte. Hanpumep, nas
anatoMeit HEoDXOINMO MPHCYTCTBHE DOALLUIOTO KOMIUCCTRA COCAHHE-
HHH KPCMHHH, H3 KOTOPBIX OHH CTPOAT CBOH KJIETOYHBIC CTEHKU.

Hacro A15 oB03HAYEHUS MUTATEABHBIX MOTPEBHOCTEN OPraHM3IMa
MOJAB3YIOTCSL TEPMUHAMI «npoToTpod» W «aykcoTpoh». fIpomompod
He HyXZacTcA B (haxTopax pocia, aykcompod) 1pedbyeT mobasheHus
Takix GakTopoB B cpeay. AyKcoTpoHbte GOpMEL HacTo SIBASIOTCS
MYTAHTHBLIMH OPraHU3MaMB, HIH MaToreHamiu. DakropoM pocTa B
MPUHUNIE MOKCT HA3LIBATLCS JI0G0¢ sewecTBo. Hanpumep, Momoy-
HOKHC/Ibie QUKTEPHH HYMKAAIOTCA B HABOPE MOYMTH BCEX AMUHOKHC-
JIOT, ¥ B JIAHHOM CIy4Yac OHHM H aBIfoTcA dakTtopamu pocta. Ho
Yawe AyKCcoTpo(pHOCTh TIPOABIAETCS N0 BHTaMITHAM (Kodakropam
depmeHTOB). OBBIMHO UCTOYHHKOM KOMILUIEKCA BUTAMWHOB CAYXHT
APOAOKCBOH ABTOAUIAT (ABTONHY APOXKEIl MPOBOAAT MIPH TeMOepa-
Type 30°C ¢ HeDOALUIMM KOAHYECTBOM TONYOAd) ¢ 106aBICHHEM
BUTAMHHA B|,, TAK KaK B APOAKEBOM ABTOMU3ATE ¢ro Mano. Jpox-
KEBOH ABTOTHIAT — ITO TAKKE H HCTOMHUK A30TA B BMIC aMHHOKHC-
JIOT U NOAHNENTHAOB.

Bumamuns MrpaloT BAXKHYIO poib B MeTabosinsme. {lapa-amitnobeH-
3ofinan kucnota ([TABK) aBngeTes npeaiecTBCHHMKOM holHCROM
KHCTOTBL — KO(AKTOPR PEAKUHIT mepeHoca MetuabHbix rpvin. [TABK
AOKHA TTOCTYI1ATh B OPraHH3IM AKHBOTHDBIX € MHILEI AW B pesyabTaTe
QeRTeIbHOCTH MUKPOOPTAHHIMOB KHweuHHKa. buotun (Biitamin H)
YHACTBYET i MeTADOMH3IME JKUPHDLIX KHCIOT, B PEAKNUH TETePOTPOg-
Hoi dkcarnm CO, na nupysare (peakunu Byaa— Bepkmana). Buta-
MHH By (koGanamuH) nprnMact yuactue B nepeioce C-diparmen-
TOB M B CHHTESC 4e3OKCHPHDO3LL. JIHMTOeBaAs KHCAOTA NEPCHOCHT AL b-
HBIE TPYINBL, HAMPUMEP HPH ACKAPOOKCHIHPOBAHMH OKCODIYTApATA.
TTaHTOTEHOBAR KNCIOTR — NPEALICCTREHHNK KohepmenTa A (KoA),
YHACTBYIOUETC B nepeHoce aueruaa. Pnbodmanuu (B,) - npenue-
ctecHHUK @MH u MA/L, neperocunkon mexrtpoHons. Tuamud (B)
SIBIACTCA KOGAKTOPOM 2-OKCONIYTAPATICTHAPOIEHAIbI, A TAKAKE ya-
CTBYET B MEPCHOCC afibIeTHAHbIX 'pynn. Butamnna B, (nupuaokcais)
MIPHHHUMIET YYACTHE B IPCRPALICHHAX aMHHO- W KeTOKMcIoT. Burtu-
MuH K (XHHOH) sIBASIeTCS TICPCHOCYHMKOM MIEKTPOHOB, VYACTBYET B
CHHTE3C COUHTONIITHIOB, A TAKKE RKTHBUPYET CHCTEMY CBCPThIBAHKS
KPOBH Y KHBOTHBIX. HHALIH (HHKOTHHORAS KIICIOTA) BAXH KK 11pe-
wectBeHHHK HAJT" 1 HAJMD', nepeHocsitux 3feKTPOHb! H TPOTOHBI.
19 MUKPOODPTaHH3MOR, HCNOILIVIOUINX B CBOCM OOMEHC BCLIECTB
HOHb! IRYXBAJIEHTHOTO Ke/1e3a, GAKTOPOM POCTA MOTYT CYUHTIATHCS CH-
Aepodopb! (B YACTHOCTH, THAPOKCAMATBI), TpaHcnopTupviotunwe Fe™'
B KJICTKY B a3p0OOHbIX 30HAN.

Yro kacaeTest crnexTpa NoTpefiaseMbIx OPraHiuecKX BCUICCTB, TO
Y HEKOTOPBIX MHKDOOPTaHU3MORB OH OYEHb LWHPOK (HANPUMED, ¥
Pseudomonas. Actinomyces), v Ipy¥IMx — N0CTATOMHO Y30K (Hanpumep,
y 0baHratHelx MeTHAOTPOMOB). B TO JKe BPCMS MMEIOTCA MUKPOOpPra-
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H11IMBl, CITOCOOHBIE MCNOJIB30BaTE CAOKHBLIEC HENPHPOAHBIC COCAHHC-
LS THIA TLIACTMKOB, KPAcHTeed, NecTHLULIOB. Y HECKOTOPbIX MHK-
POOPTAHIIMOB NOTPCOHOCTH B TUTAHIM TAK CTIOXKHbBL, YTO OHI DACTYT
1OJLKO BHYTPU KHBOTO OPraHu3Ma (HanpuMmep, BHYTPUKICTOUHbLIC
nmapasuTel GaenaoBUbPHO. PUKKETCHN H XITAMHIAMK).

MHKpPOOPraHH3MaM HEOOXOINMO PA3HOE KOIMIECTRO MHTATENbHO-
o cyBeTpara B ¢peic oOMTaHMs Ut UX POCTa M Pa3BUTHAL Tax, oaueo-
mpodHble MAKPOOPTAHH3MbBL PACTYT TONBKO NPH HH3KHX KOHLCHTPA-
HHSIX [TATATEABHBIX BeulecTB (0T goseit go 100 mr/a), a 00bIYHbIE KOH-
|1'cu'rpaum-{ (1-—100 r/n) TMMITHPYIOT WX pocT, [IpN 9THX KORIEHT-
PATUASIX PACTYT MHKPOOPTAHWIMBI — KOHUOMPODSL. HMcTHHHO ofuro-
1 POGHBIMHE CYHTAOTCS OPTAHKIMBL, IBOIIOUHOHHO NpHCIocobneHHbIE
K IKCIUIVATALIMY IKOHMLL € MOCTOSTHHO HUIKMMH HOTOKAMH BCLUCCTR
i 'Nlel‘I:IH. Takoit pocT obecneynBaeTcs BLICOKOIPDEKITBHBIMI TPAHC-
HOPTHBIMH CUCTEMAMKM M 3KOHOMHBIM PACXOAOBAHHCM TTOJYHERHOTO
BCIICCTRA M IHCPTHH,

K 0cOoBeHHOCTSM METABOMN3MI OIHTOTPOMOB OTHOCAT!

u 23pOBHOCTY: }

B BLICOKOC COOTHOLUEHHE MOBEPXHOCTH K ofbeMy, odpa3oBaHuE
PUTHUHBLX BBIPOCTOB;

B MATBIC pasMephl;

B OTCYTCTRHE NOKOSALIMXCS CTALWII:

B BLICOKOC CPOJICTBO K cy0cTpary,

B [PAHCHOPTHBIC CHCTEMDI € IHHPOKOMH CVOCTPATHOIT CielMQHIHO-
CILIO, OMHOBPEMEHHOE TIOTJIOLICHHE BCCX JOCTYITHLIN cyGeTpaTOB;

B CrocoOHOCTL K HAKOMJICHHIO PEICPBHLIX BELLECTB,

® BLICOKAS MOKOCTL KaTaboIniMa;

B [HH3KME CKOPOCTH POCTa B ONTHMAIbHBIN YCTOBHSX,

m perviauna AHaboaM3ML CKOPOCThIO ugrnomemm BELICCTB.

B HH3KHE CKOPOCTH JHAOTEHHOI0 METADOIHIMA.

1[0 cnocoBHOCTH MCIOJTh30BATL DHOJIOrHYCCKHC TTONHMEDDL, Hac-
IO 1ICPACTBOPUMBIE B BOAE, MHUKPOOPTAHUIMLI TIOAPAIACATIOTCH Hi
(PYHRUHOHAIBHBIC TPYIIbL SUdporumunod i duccunompoghos. Tiepshic
OlEULUOT MOLLABIMH JIMTHUCCKHMH (PEPMEHTAMH, PR3PYIIAIOIIMH
IICOKOMOACKYJISIPHBIE COCAWHEHHA, 1 0BeCTIe I HBATOT cybeTpaTamy
cebil 1L MUKPOOPIaHM3Mbl, HC HMCIOLIMC THIAPOA], & TAKKC crnocoh-
LYIOT BO3BPALLEHHIO 3AEMEHTOB B TJIODLTbHBIC LIHKIIBL. Hueeuno-
ipodhet (MYKpo(uIopa paccestus) HE UMCIOT 3K30rnaponai o n(‘)—
(peOUIIOT T€ BCLICCTBA, KOTOPBIE 110 PABIUMHBLIM [PHUMHAM OCTA-
el NEHCHOAB3OBAHHBIMY THAPOAHTHKAMKE W UMEIOTCS B HE3IHAYMU-
LEITE X KOTHYECTBAX.

[*411000pa3Hble NHTATCABHDLIC CPCbl, HCIIOIB3YEMBIC B MHKPODH-
AI0IICCKOH [IPAKTHKE LIS KYJBTHBHPOBAHHSA MHKPOOPTAHISMOB,
(o JICTSIOTES. IO COCTARY  (HATYyPATBHLIC, TIOMYCHHTETHHCCKAC 1
Cnne rieckue), (HIHYCCKOMY COCTOSIHNED (KHAKHE, TOTHBIE H
Canvene) MoOHA3HAUe Mo (3eKTHBHAIC 1 A pepeHIBIaNbHO-/1ar-
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HOCTHYeCKNE). st yeneuHoro KyJIbTUBUPOBAHHs! KOHKPETHBIX TPy
MHKPOOPTAHHU3MOB HCODXOAUMO BbLICPXHBATL ONITHMANBHBIC JUIL HUX
3HAYCHUA PAAA (PUIMKO-XUMHYCCKHUX napameTpos (pH, Temnepatypa,
OCBEUICHHOCTh, AKTHBHOCTE BOAbLI W T.[1.). KOHICHTPAIMH NHTATC/Ib-
HbIX cyOCTPaTOB B cpeax st 1abOPATOPHBIX HCCICAOBAHMI, KaK r1pa-
BUJIO, CYUIECTBEHHO NPEBLIWAKT COACPKAHUE ITHX BCIIECTB B LIPU-
POOHBIX MECTOODHTAHMSIX.

Hlupoke ucnonb3yemble THNbI Cped, CHOCOBB KY/JbTHBHPOBAHMS
H MCTOABI MOAYYCHHH PABTHYHBIX KYALTYP NMOAPOGHO M3YUaKOTCs Ha
NPAKTHUCCKUX 3ausTHsIX. HexoToprie cneuugmueckne npuembl Kyas-
THBUPOBIUHUA OY1yT PACCMOTPEHELI B [JIABAX, TIOCBSIICHHBIX OTAE]L-
HbIM TPYHIaM MHKPOOPTAHHIMOB (M. T1. 6, 11),

Tunst nuTanus muxpooprannamos. o THHAM nuTaHus (Tpodun)
BCE XHBbIC CYLUCCTBA PA3ACISIOT H HECKONBKO TPYIIN B 3aBUCHMMOCTH
OT [IPHPOIBLI MCTOYHHKOB YIIEPOAd U 3HEPIHU, a TAKXKE JOHOPA HIEK-
TPOHOB (Tab1. 4). OpraHU3Mbl, HCNONLIVIOULME B KAUECTBE HCTOUHMKA
YLACpOLa B KOHCTPYKIMBHOM METabOMU3ME YIICKHMCAOTY, HA3LIBRIOT
aBTOTPOGAMH, A& HCIIONB3YIOUIHE FOTOBLIC OPFAHUYCCKHE BCIUECTBA —
rercporpodamu. Ecan mwist sHepretvyeckoro MetabonHiMa HCTOYHM-
KOM CJTYKUT CBET, TO OPraHHM3M Ha3biBaloT (hoToTpodom. Xemorpodus
XAPAKTEPH3YCTCSL HCITONB3OBAHHCM SHEPTHM XUMUYECKUX peakumid. [pu
3TOM OPraHOTPOhBL B KAYCCTBE JOHOPA 31EKTPOHOB IPUMEHSIOT Opra-
HHMCCKOE BELWIECTBO, a JUTOTPOMBI — HEOPLriHHYECKOCE.

Tabnnua 4
Tenbl THTAHWAS MHKDOOPraHH3MOB
o . y -
Herounpg | 20HO0P Hetonnux yraepoia
) . AICKTPO-
AHEPLItH HOB OpraHMyeckie acliecTe Co,

Caer Oprann- | @oroopranoretepotpotdsl | Potooprasoasropohbl
HOCKHE {TypLIYpHSBIC HeCePHBIE (OKHMCIICHHE HEYCRA-
BCLIECTBA | BAKTEPHH) MBACMBIX BeIlCCTR)
Heopra- | ®oronntorereporpodinl GoroanropstoTpodn!
HHUE - (HEeKOTOpBIC 3ETICHBIC (Boaopoca,
CKHE BaxTepHn, UHAHODAK e pHH)
BeLeCT i | renobakTepHi)

Bueprua | Oprasn- | XemoopraHore e potpodbl XemoopraHoastorpodbl

AHMUIE- | YOCKHE (MHKpoOpTaHN 3MbI- (TpyaHOYCBAMBACMbIC

CKHX BCICCTRY | ACCTPYKTOPHI) RCILECTHi}

CBAIER | Heopra- | Xemomiroretepotpod! XeMoaHToasToTPOdbI
HHue- {HCKOTOPLIC {cepyokHcasoune,
CKHe CYIBQATPEYKTOPEI) BOAODPOIHBIC,
RELICCTBA HHTpPUPHUNHPYIOLINE,

KENC306AKTepK i)
74

BnicuiMe XHBOTHbIE M PACTEHUS CIOCODHB TOJBKO K XeMOOPraHo-
etepoTpoduy # GOTOAUTOABTOTPORIH COOTBETCTBEHHO, TOLIA KAK Y
MMKPOOPTAHW3MOB 1IPC/ICTABICHBL BCE THIIbI METABOIM3MA, K Tgmy.x'(c
Ol MOTYT NEPEK/TIONATBCA C OAHOTO THIIA NUTAHHA HA APYrou B 3d-
SHCHMOCTH OT YcnoBHit. THMBI NIUTAHHS MOXHO CUMTATh «NPODaMi»
Spomonyi. Creayer 3aMeTHTh, 4T0 U reTCPOTPOdLI MOTYT NCIIOIB30~
w1t COa, HO B OTCYTCTBME OPTAHMYCCKHMX BELLIECTB OHH PACTH HE MOTYT.

PocT U pa3dBuTUE MUKPOOPraHuamos

V OHOKJIETOUHBIX QOPM MOHATHS «POCT» 1 «PAIBUTHE» MOUTH paB-
HOSHAYH L. PasmumaloT coarancuposanielil pocm, KOTAa YBENUICHHUE BCEX
BCILECTB ¥ CTPYKTYP NPOMCXOAMT HPOMOPUHOHATBHO. Ecau B cpele
¢¢Th HEXBATKA MAU U3OBITOK Yero-HUGYb, TO POCT CTAHOBUTCH HecOd-
HICUPOBAHHBIM, T. €. KAKUC-TO TIPOAYKTSLI METABO0IM3MA MOTYT npeob-
ULTE, DTHM NMPUEMOM MOL3VIOTCS LIS HAMPABJACHHOTO CHHTC32 He-
OOXOAMMBIX COCIHHEH M.

Ko/Jn4ecTBCHHAR ONEHKA POCTA MHUKPOOPranmMamon. K3-3a MaiibiX
MIMEPOB MUKPOOPTaHW3MOB OLICHKA POCTA NIPOMCXOAHT HE A UH-
AHITRKYATBHOTO OPTraHWaMa, a JUIsl OMYJISLAM, [pacpuueckoe oTpaxe-
e npoHecca HA3LIBACTCA Kpiaou pocmd. .

Yrobel NPaBUILBHC OLUCHWBATH POCT KYJILTYPBI, HEOOXONHMB! CJIC-
NVIOLLHE NPOCTEHIINAC NMapaMeTphl.

W KOHLEHTPALMSA KIETOK, KJCTOK/MI; )

W BpEMA FeHEPalMM — [POMEXYTOK BPCMEHU, 33 KOTOPBIM HHUCI0
KICTOK YRBAMBACTCA, )

M KOHCTAHTA CKOPOCTH JCACHUS — YMCIIO YABOCHUU B Hac]

m KOHCTAHT4 CKOPOCTH POCTA.

KonuiuecTseHHas OlleHKa pocTa MUKPOOPTaHH3IMOB Tpehyer onpe-
NeaCHHSL YUCAA KIIETOK B KOHKPETHBIN MOMEHT. Bce aTu MeTONb! 1OI-
[MEVICTSIOT HA IIPAMBIE ¥ KOCBEHHbIE. [IpsSMBIC METOLLI NPCATIORATAIOT
HCHOCPCACTBEHHBIH MTOACUET KJICTOK NMOL MHKPOCKOMNOM — B Cll?THbIX
KAMCPAX WK Ha (PMKCHPOBAHHBIX Maskax. [1pu 3TOM foxc UTBLIBAIOTCS
Il AMBbIC, M MEPTBBIC KICTKH, K TOMY Xe TaKOH IOACHMCT BO3MOXEH
JONBKO IS OCTATOMHO KPYMHBIX MUXPOOPraHU3MOB, He 0Dpa3yio-
mnx arperatbl. K KOCBEHHBIM METORAM OTHOCATCS BLICCBBLI HA TBEPILIE
I TTCTBHBIE CPEbl, OCAXJIEHMe Ha MCMOPaHHbIX GubTpax, onpe-
A ucIlHe NapaMerpoB, NPONOPIMOHANBLHO 3aBUCAILIMX OT KOJIMHCCTRA
v neTok (BMomacca, BbICYIICHHAA Ha (UILTPAX MOCTOAHHOW MAacChl,

MYTTIOCTD CyCITeH3HH, o6mmuii asot, O6c/10K, NOMOMEHKUE KHCI0poia
1 HLICIEHRE YIICKUCTOTh ). CleayeT NOMHUTE, YTO HCT YHUBEPCAIL-
Hoto METOZA, JIAINEHHOTO HeaocTaTKoB. JI1060# MCTOIL MMEET CBOM
o peiniteHns. Harrpumep, He Bee KIETKH CocoBHbI aTh KOJOHUH Hg
Dwepinoit epese, HET MUTATCABHONH CPeftbl, TIOAX0AsHIEHN U BCeX fes
e ONCHEST MUK POOPraHu3MoB, U T, 7.
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KynbTusMpoBaHne MUKpOOpPraHuimoB

Hakonure/bHbie B YUCTHIE KYALTYPBl MRKPOOPranuimos. M3-3a mMa-
JblX PA3MEPOB MHKPOOPIAHH3IMORB paboTi B 1abopaTopii NpoBoiInT-
€Al HC € OLHOI 0cobblo, a ¢ nonyssindel OpraHiuiIMOB, HIH KYibTy-
poii. KynabTypa MHKPOOPTaHM3MOB, COCTOMUEAST U3 KJICTOK OLHOIO
BYAA, HOCUT HA3BAHWC 4HCMON KyAbmypsl. ECNH YHCTO BHAOK IBA HITH
GOJIBLIC, TO TOROPSIT O cMemdanHol Kytvmype. TIpi BLUIENeHHI YHCTORH
KYJALTYPE! U3 IPUPOAHBIX MCCTOOBHTAHMI, [IC MIKDPOOPraHU3Mbl B
OOMLIWIHCTRE CAYYAeR PDACTYT B BUAC CMCIUAHHBIX MONYIsSUMii, Ha
nepBOM aTane obbiyHo Nodb3vioTes npentoxcHiabiy C. H. Bunorpan-
CKHM METOAOM NONYUCHHS HGKGRUMCAbHBIX KYALINY), B KOTOPLIX npe-
obagaoT opPraHK3Mbl OfpeaejieHHOH Tpynnel. HakonieHne xeaae-
MbIX MHKPOOPTraHU3IMOB MPOHCXOAMT 33 CHET CO3NAHUS FICKMUGHBIX
Yeaoeui XKyAbTHBMPOBAHUA, OAATONPHSITHBIX A1 AAHHONH CPYIIibL.
Jpyrue opraHu3Mbl, TiKXKE NPUCYTCTBYIOMIHE B npobe, B 3THX VCIIO-
BHAX JIMDO HE PABMHOKAOTCH, JIHO0 XAPAKTEPHIYIOTCS HC3HAYHTENb-
HBIM POCTOM.

Ilepuonnyeckoe xynpTusupoBanue, QOLIYHO MPH POCTE B KHAKHX
CPCIaX H JAKPLITHIX COCYAAX ONMPECTCHHOIO 00beMi MHKPOOPTaKH3-
MBI HAXOAATCH B 3aKPLITON cucTeMe. Takoe KyAETHBHPOBAHME HA3bIBA-
10T NEPHOAMYECKHM, TIPH ITOM MONYASILMS TIPOXOANT Pa3HLe (Pashl
cBoei XH3HM (pHc. 64). Kaxaan daza xapakrepusveres onpeacieHHbE-
Mt GU3OTOrHUCCKITMH HaPAMETPAMI.

Aas-ghaza — haza «IpUBBIKAHNA» KINETOK K CPENE, NPH ITOM [Ipo-
UCXOAHT HMHIYKILMS COOTBETCTBYIOMINX (PEPMEHTOR. YBETIHCHHE KO-
nuyectsa JHK 1 PHK. Jlar-gasa yanudseTes, ecan uenoas3osarhb
CTapblil TTOCEBHOIl MATEPHUT W NMEPCHOCHTL KJIETKHM B COBEPLUICHHO
HOBYIO TIO cocTaBy cpeay. Jlar-ghasa CokpalacTes (HAM MOKET COBCEM
OTCYTCTBOBUTE), €CIIH AKTHBHLIC MOROALIE KICTKM H3 FRCHOHEHLM-
WILHOI1 ha3bl POCTa MEPEHECTH B CBEKYIO CPCAV TOTO KE cocTaBa M
TOM Me Temneparypol. Ha cpefax, coaepmalinx cMechb cyBeTpaTon, Ha-
Omopacrest duaykcus (puc. 65),

B sxcronenyuainnol (10eapumirteckon) haze KIeTKH pacTyT It -
JATCH ¢ MAKCUMATBHON CKOPOCTBIO, X pocT He orpaHiyeH. OBLIYHO
TAKWC KACTKH HMCMOOALIYIOT B OHOXHMHUECKHUX H (DHIHONOTHYCCKHX
HCCIIEROBAHHAX.

[lo Mepe Hevepnanua cybcTpaToB H HAKOTLIEHHS TIPOAVKTOR OBMe-
Hil CKOPOCTE POCTA CHIKACTCH (haza 3asedienus pocma) H KYIbTypa
NEePEeXOnNT B CAARiORapHyIo (ha3y. B TeueHHe KOTOPoil npoleccs! ne-
JNCHHS M OTMHPAHUS KIETOK B MOMYJASIHK HANQIATCS B AHHAMHYEC-
KoM pasuoBecHH. s GakTepuii 3Ta dasa JOCTHTAETCH TIPH KOHLIEHT-
patnu B cpenHeM 10 kinetok/mi, s BOROPOCIEl M TPOCTEIIIIN —
10% Knetox/mu.

Koraa ncuepnmaHue MUTATEIBHBLIX BSICCTD H HAKOMICHHE NPOAYK-
TOB MCTA0O0/H3IMA MPEOAVNIEIOT HEKHC TIOPOTORKIC KOHLECHTPALIIN,
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Dana CTaunoHap-
JIMELICHHH | HOE Azl yaqn

5- pocTa OTMIPIHIS
4 - DKCTTOHEH-
LLMAUTBHGEH

3 ¢haza

Jar-
aza

O T2 s 4 5 6 7 8 90
Bpemsn, 4

OUTHICCKAS TAOTHOCTL, €l
[ 2]
)

Puc. 64. PocT KvALTYPBL IPH NEPHOANYECKOM RVTBTHBHPOBIAHIH

HAMNHACTCS (Ha3a omMUpauiiA, KOTOPAst MHOTAA TAKKC MMECT Jora-
prhMHYEeCKHit XapakTep. _

Mpi pocTe B IKCIOHCHUMANLHON hase yBENHUCHHE KOJ[(IJ"I‘[@LTB:]
WICTOK N, TIPOMCXOANT B FEOMETPHUECKOH MPOTPeCcCH! 21525
v 2 5 27 i yepe3 HCKOTOPOE BPeMst f ONpeaensieTes no tbopmyne
."Vr = N[] - 2”.,

e Ny — HAdIsHOE KOJHUYECTBO KICTOK, #1 — HUCI0 JleNeHHit.
[ lpomorapH(MHUPOBAB ITO BHIPAKEHHC, MTOJTVHHM
e N, = IgN, + nlgl.
Oy
n=agN,— lgN)) /g2
Torita KOHCTAHTA CKOPOCTH JICIEHUA

v /= (1gN,— 1gNy) /1g2(r — 1),

e

CopbuTon

1 Fmokosa

OirrHIeCKas IN0THOCTD,

0

O 2 4 6 § 1012 14 16 15 20 22 24 26 28 30
Bpewmst, 4
o 65 deyxdassiil poer £, coli Ha cpeae, cojepAaWweli roKo3y 1 copbiTon
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BPCM3t I'EHCPALLHH

g=t/n=1/v.

Casmble ObICTpOpACTYLIHE OPraHu3Mbl — orTobakTepuy — yasa-
MBalOTCH Kaxabte 8 MuH. E. cofi B ONTUMAILHBIX YCIOBUAX JACTHTCH
uepes 20 mun. Ecam mMaccy oasoil x1eTKy puHsThL pasHoii 2 1077 1,
TO TIPM HEOIPAHHYCHHOM pocte vepes 48 1 Ki1etok craner 2,2 1043,
1.¢ obpasyercst 0™ r Buomacesl, 4ro B 130 pas Goinlue Macesl 3CMIM.

HanpuMep, cpaBHUM NpPOIYKTHBHOCTb 500 xr OGHoMaccnt pa3HbIX
OPriaHM3moB 3a | cyT (Iipumec):

rkoposa — 0.5 Kr (Macca MOPCKOit CBHHKM);

€08l — 5 KI (Macca KOLUKH);

apoxoku — 50000 kr {(macca 10 choHos).

IKCMOHEHUMUTBHBLT MUKPOOHLIH pOCT H300pakaeTCs Ha [O1YJ10-
rapupMmunueckom rpaduke B Bule NPIMOH JHHUU. BaxHoii xapakrepu-
CTHKOIT KYJTbTYPhI ABJSIETCH KOHCINGHMA CKOPOCMU pocma — |, KOTO-
pas 3aBUCHT OT YCJIIOBHH BbIPAIMBAHNSA (CCH YCIOBHMA CTAHAAPTHBIE,
TO LJIS1 JAHHOW KYJILTYPLI OHA COBEPLUEHHO OMPCACeHHAn),

Ecan paccMaTpHBaTh NONYIALMIO HE KaK HABGOP WHIMBHAYLIbHBIX
ocobeit, 2 KAK caMOPA3MHOXAIOILYIOC CHCTEMY, TO CKOPOCTL W3Me-
HEHMSA TUIOTHOCTH TAKO{ CHCTEMBI TTIPOIIOPLMOHAIBHA CAMOI MIOTHO-
CTH, T.¢. H3MCHEHUC CAEAYET KHHETHKC PCAKLHH NCPBOrO NOpPAAKA.
Torga umMeem

_Lav
" N dt’

WK, NPOHHTErpupoBaB, N = N, . et
ITocie yaBocHHUS KOJNHYECTRA KACTOK

2J’V[) = JVO . epl"
HJIH
2 = el
HIH (ﬂOCﬂC J10FapH(IJMHpOBaHHﬂ)
lll 2 = I.er
OTKyﬂ‘d BPEMSH YOBOEHHSA (BpeM}l reHepzluHM)

:yE:g:l Mu=vin2.
i v

MNoactasus v, BEIPAXCHHOE HEPE3 KOMHUCCTBO KIETOK, M Iepeiian
K LECATHYHBIM JlorapudmaM, noayvyaem

’1.’

w=(gN—lgNo)/lge (1 - #) = (gN, - 1gN) /0.4343(1 - 1)
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CYMTAETCS, YTO B 3KCIOHCHUHANBHOM (ha3e pOCTa BCE KIETKH KH-
“EIC H POCT KJICTOYHOI MAacehl CTPOrO MPONOPUHOHAIEH YBCIMUCHHIO
KROJIHYECTBA KI1ETOK.

Mon ypowcaem (MIKH BoIXOAOM) BHOMACCH MOHHMAIOT PAZHOCTH
MU KIY MAKCUMTBHON Xy M MCXOLHOMH X, MaccoH Oaxkrepnit:

X=X« — Xy (© CYXOro seuiecTsa).

BaxHOE 3HAUCHUE UMEET 3KOHOMUHeCKull Kodhguyuenm, T.C. OTHO-
HICHUE YpOKasl KJICTOK K KOJIWU4ecTBy MOTpeBNeHHOro cybeTpara, T

Y= X/5.
MTPHMEHSIOT TAKKE IHEpeemuHeckull Kopguuuenm, [/MOJIb:
Yare = X/ATP.

JList ero pacdeTa HyXHO 3HaTh KaTabOIMYIeCKHe MYTH HCTIONb30BA-
nus GaHHOTO cybeTparta.

Mruoraa HeoBxoauMo, 4ToDbl BCC KICTKHM B MONYISMIIHY ACTUINCH
OJIHOBPEMEHHO (CHHXPOHHO).

JUTA 3TOTO MCTIOAB3YIOT PA3AMUHLIC NPUEMbL TTOJIYUCHUA CUNXPOH-
X KYyabmyp:

W [ONYUCHWE KNETOK OLHOTO pa3Mepa NyTtem (HIbTpallui WM
e peHIMATSHOTO HCHTPUDYTHPOBAHMS

m pe3Koe HM3MeHEHHE TeMIepaTypbl MHKyDaLu;

s BO3JACHCTBUE CBCTA M T. 4. » 7

[Tput 3TOM KpHBast POCTA NOJIY4ACTEA CTYIICHYATON (PUC. 66). ObbIu-
1O YIAETCs CHHXPOHU3MPOBAThL He Hosiee TpeX ACJICHUH, & ITOTOM Ky/b-
V] CHOBA TICPEXOAUT K ACHHXPOHHOMY LEJICHHIO.

OnNTHYECKAS TUIOTHOCTE, €.

T T T T 1

0 1 2 3 4 5 b 7
Bpewmst, 4

Puc. 66. Kpupas pocta CHHXPOHHOH KyAbTYDBI
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HenpepwisHoe (npotouHoe)
Kyawrusuposanne. [lporouHasn
CHCTEMA KYJBTHBHPOBAHHSA MO-
3IBOUSICT 3aPUKCHPOBATL KYJIbTY-
pY B KaKOH-1T0 OIIpeAc.cHHOI

(haze (OOBIMHO IKCMOHCHUIMRE-

{ HOM). TIpK 3TOM cOCTaB ¢peabl U

VCJIOBHSL POCTA OCTATOTCS TIOCTO-

ssHHbBIMN. TlpocTciiman cxema

APOTOMHOTO (hepMeHTCPa Nped-

Pic. 67. Cxema npotodnoro depmen-  CTABICHA Ha pHC. 67. [Monaya cae-

Tepa ACH Cpeabi 3 YIAICHIC YacTH CYe-

NCH3IMH (OPOTOK) MNPOHCXOUHT ¢

TOIT JKE CKOPOCTBIO, C KAKOI pac-

TET KYIbTYpa. CYLLECTBY T AB MPHHUMTIHAILHO Pa3HbIX THIIA Henpe-
PBIBHBIX KYIBTYP — XeMOQCTaT M TypOHIOCTaT.

B xemocmame GUKCHPYETCS KAKOI-HHOYABD XHMHIECKHIT napamcTp
npouecca {KOHUCHTPALUA cybeTpaTa, KHCA0poaa). ITa KoHLCHTpa-
HHST ABTACTCH JTHMHUTHPYIOWCH,

Ecnin obbem cocynra obosHaunTs uepes V. a cKopocTh npuToka
J(n/4), To ckopocTh PastiaB/icHUS OTIPEaCTACTES 1o POpMyAC

D=f/V.

Ecin Gbt BakTepHy HE POCIM, TO CKOPOCTEH BLIMBLIBUAHHH ObUIA BB
PaBHA

Cpena ¢ Cnis

KL TKAMH

dx
dt’
TT10THOCTE GAKTCPHWILHOM CYCTTCH M CHIDKATACH 8bl DKCNOHEH-
LHANBHO *

D, =

x=x, e

Ho SaktepHy Toxe pacTyT 3KCNOHEHUHUTBHO
X=Xy oY,

ITpy 3TOM CKOPOCTL NPUPOCTA

_dx
dr’
ClenoRaTeNbHO, CKOPOCTh I3MCHEH S TUTOTHOCTH CYCITCH3HH!

My

dx _
dt
ECan cKOpOCTh MPHPOCTA 1 CKOPOCTD BLIMBIBAHIS PABHBL., TO CHC-
TEMA HAXOAMTCH B COCTOSHHI IHHAMHYECKOTO PABHOBCCHS.
3aBHCHMOCTb KOHCTAHTBI CKOPOCTH POCT [ OT KOHUEHTPMLLLII CYO-
cTpata €, ONHCLIBACTCH KPHBOIT HACLILLIEHMS!
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My — I)\

B

F=Mpan 77—~
H=Hmae e e

. " oy
Lie A, — KOHUCHTpawust cvocTparta, fnpH KOTopoi p = =5

liciie HCTHHHASL KOHCTAHTA |t BCJACICTBHE NHMWTAUMH 10 CyOCTpaTy
OKSBLIBASTCS MEHLILE . TO CKOPOCTE Pi30ARICHHS MOXHO MCHSATh B
HHPOKAX NPeacIax, He OIIACASICh, YTO ITO TIPpUBEICT K CHHXCHHIO
[LIOTHOCTH CYCIICH3HU, OAHAKO [ HC DO/DKHO IIPCBBIMIATL Hip...

ITepuoauueckast
N b ot = KVJIRTYPA
ty e
I // - I'D"/*“m:lx
it 7~

[~

Bpewn, o

B

i, 68, Bausitie ckopocsy pasdapnetns (D) Ha naoTHOCTb cyeneHsnn (4) 1
FOITECHTPAUHIO {8) cvBeTputa () MpH pocte KYALTYPbl B XEMOCTaTe
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Yxe rnpu HeBOMBIIWX KOHUEHTpauusx cybcrpata GakTepuit PacTyr
C JIOCTATOYHO BHICOKOH CKOPOCTBIO, a ec/ii {, BEIHKO, TO [l — oy,

[Ipn nepcxodc oT NEpHOAHYECKOrO KYJABTHBUPOBAHMS K Hempe-
PBIBHOMY B PEXHMME XCMOCTATa B 3aBHCHUMOCTH OT YCTAaHOBJICHHOM
CKOPOCTH Pa3daBAEHHA TUIOTHOCTh CYCTICH3IWH U KOHLICHTPALEHS CyO-
cTparta OyayT MEHSTBCH MO-PazHoMy (puc. 68).

Pabota mypfudocmama OCHOBAHA HA IOAACPKAHHMK MOCTOSIHHOM
MIOTHOCTH BAKTEPUAIBHOM cycnieH3uH. DOTORAEMEHT H3MEPSIET TIOT-
HOCTb BBITCKAIOLWICH CYCITEH3UM M ABTOMATHYCCKH W3IMCHSICT MPOTOK
(UCM TUTOTHCE KYJIRTYpa, TeM DoJblIc noaactes cpedbl). B cocyvae s
KYJIbTUBUPOBARUSA BCC MMMTATCALHBLIC BCIHECCTBA COACPKATCA B M3OLIT-
K€, 4 CKOPOCTL POCTa bakTepHid IpUBIMXKeHA K MAKCUMaNbHOU. TIpH
TAKOM NPUHUMIC paboThl BOZHUKAKT TEXHHUCCKHWE NPOobI1eMbl [1PH-
CTCHOHHOIO DOpACTAHUA MOBEPXHOCTEH, B TOM YHCIC U (BOTOMCTPH-
YeCcKOH KIOBETDI.

KoHTpOnb pocTa MUKPOOPraHn3amMos

g npakTHYCCKUX Leneil BaXHO OCYINECTBISITh KOHTPObL 33 POC-
TOM MMKDOOPIAHH3IMOB U ITOLABAATL PA3BUTHE HEXEeNaTeABHBIX (hopM.
AKTHBHOCTE MUKPOOPIaHH3MOB MOXKCT, HATIPHMED, NPHBOAHTE K [TOPUE
NpOAYKTOB M passuTHio 3abonesaHuii. [losTomy OblBaeT HeobxoiuMo
NOAABHTL MUKDOOPraHM3M AN TMPUOCTAHOBUTL €ro pocT. AreHTH,
BBLIZbIBAIOUIMG TAKHE TTOCAEACTBHA, HA3BIBAIOT COOTRCTCTBCHHO DaKTe-
PULHMIHBIMHI M DAKTEPHOCTATHYECKMMH,. XAPAKTEP ACHCTBUS AHTHMHK-
poDHOro AreHTa YaCcTo 3aBUCHT OT KOHUEHTpaunu. K tomy xe cneayer
MOMHHUTE, YTO A1 HCKOTOPLIX MUKPOODIAHU3IMOB JTH BeULeCTBA, HA-
oBopOT, MOrYT ObITL MICTOUHHKAMU VIJIepoaa U adeprin. Ecan Heob-
XOAUMO VOUTH BCE MMKPOOPTAHHM3MBL B {Ha) 0OLEKTEe, TO TOBOPAT O
CINCPIAN AN, ﬂ.ﬂ}l CTCPHIIU3AUHH NPUMCHHIOT ElHTHMHKpoﬁHbIC aATrcH-
Thl ¢ LIMPOKHM CIICKTPOM ACHCTBHSA.

Bce aHTUMHKPOOHBIE areHThl A1 YAOBCTBA PACNIPEACAHIOT NO He-
CKOJNBKHM [PYNIIAM B COOTBETCTBHH C MEXAHH3MOM WX ACHCTBHSL.

Ilepsan epynna BKIIOUAET BEIIECTBA, NMPHBOAMILME K [NOBPEXIe-
HHIO MOBCPXHOCTHBIX KAETOUHBIX CTpykTYp. Hanpumep, 70 %-i 3r1a-
HON koarynupyeT Oeaxu, okasbipas GakrepuunaHoe Aciicreue. PeHo-
JABI, KpC30MbI, HCﬁTpiUleblC MBLTE H PA3JIHYHBIC NMOBEPXHOCTHO-aAK-
THURHBIE BEIIECTBA HAPYIIAIT M30HPATCABHYIO TPOHULAEMOCTD MTO-
NAA3MATHYCCKOH MeMOpanbt. C ICTEPTCHTAMH CXOIHEI TIO CBOCMY JICH-
CTBHIQ HCKOTOPLIC NOJHUINCNTUIHLIE AHTUDOHOTHKH (I'IOJ'IHMHKCMH. Ga-
LMTPALMH, CYOTHMMH, HHU3HH}.

Bmopan epynmna obbenMHACT BEHICCTBA, NCHCTBYIOLINE Kak dep-
MEHTHBIC Abl H HAPYILAIOUIME HOPMUTBHBIH MCTAOOIH3M (HANpUMED,
THHKENbIE METANIBl — MCABL, PTYTh, cBHHel). OHHW CBALIBAIOTCH ¢
SH-rpynnamu 6enKoB, HAPYLIAS MX POCTPAHCTBCHIYIO CTpyKTYPY. Lln-
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gl 1 CO ACHCTBYIOT Kak JIBIXATCb- COOH $O,—NH,;
HBe siABL, DAOKHPYS UHTOXPOMOKCHIA-

wit, 2. 4-IAunuTpodeHon sBasieres pa3od-
HIHTEIEM NPOLECCOB OKUCICHKS K (oc-
ropunrpoBaHus. ApceHat MHrHORpyer
vyberpatHoc (hochoprapoBanHe, AHTH- NH,
MILIHH A HAPYLIACT {1pOLIcCC NEPEeHOoCA
SICKTPOHORB O ALIXATEILHOH Uen, HH-
IIOUPYA LHUTOXPOM C-peiykTazy, Gropa-
HeraT BAOKHPYET paboTy LKA TPRKAP-
DOHOBBIX KHCIOT.

Tpentba epynna BKIHOUACT AHATIOTH HOPMAIBHBIX METABOINTOB, KO-
IIpble KOHKYPHUPYKOT ¢ HHMH 33 KaTATHTHYCCKHHA UCHTP (hepmeHTa.
1Luipusep, Ha 3TOM OCHOBAHO JCKAPCTBCHHOE ACHCTBHE CVSTbhaHM-
NIMIAHBIX npenaparos (puc, 69), ¥ dakrepuit [TABK sBaserca npen-
HICCTBEHHHKOM TeTparuapodonata. [lpi BKJIOUCHHN CTPYKTYPHOTO
anastora (cyasdaHaMnia) obpasyercs HedyHKIHOHUPYIOULI thep-
AMCHT M pOCt DakTepuil ocTaHaBaueaeTes. Ha KHBOTHBIC KIETKI NpH
FIOM BPEIHOTO BOZACHCTBAS HE OKA3bIBACTCA, TAK Kak (hoIHEBAs KHC-
HOTA B HUX de novo HE CUHTE3UPYCTCH.

Yemeepmasn zpynna o0beIMHACT 8CLUECTBA, HAPVILATOLLHE HOPMIIL-
HLIC MPOLIECChI CHHTE A noauMepoB. HampuMep. Ha BekoBbI CHNTE3
NCHCTBYIOT AHTHOMOTHKHY CTPEITTOMHLUHH M HEOMKUUMI (NONABSIOT CBS-
WM BIHWE AMWHOKHCIOT MeXJ1V cO00H), IPHTPOMHLIMH (HAPYLIACT (hyH-
ki 308 -cybbeann bl pHOOCOM), TCTPALMKIHH (IIPCITSITCTBYCT CBA-
waBaHHo amuHoana-TPHK ¢ pubocomamit), xnopamdernkon (no-
napasteT PyHKUMo mentHanaTpadcgepant). Hekotopsie aHTHONOTH-
K11 MOOABASIIOT CHHTC3 HYKIEHHOBBIX KHCAOT {MHToMHLMH C, aKTH-
nomuudy d, pudamminnd). HeHnwianuy ¥ paa apyrux antnduori-
KO TTOLABASIOT CHHTE3 NeNTUAOTAUKAaHA (puc. 70).

Haman zpynna skJ10MAeT BCIUCCTRA, OKAZLIBAIOUIHC OTIOCPEI0BAH-
nov jgeHcrane (obblyHo, BakrepHocTaTHuccKoe). Hanpusep. suicokue
ronucHTpaunHd NaCl 1 caxapoB CHIKAIOT 4KTHBHOCTH BOJBI, OKa3bl-
sl KOHCEPBHpYIoWee AciHCTBHE.

MTtak, MOXHO CAenarh BbIBOA O TOM, M[TO BIAKHOE MCCTO CPCAM
JMITHUMHKPOBHBIX Qre HTOR 3AHUMAIOT aghmuuomurct. BBeaIcHHE HX B Me-

NH,
[TABK CyangruiutaniLy

Pue. 69, CTPYKTYPHBIC AHLIODH

HHTTHHCKYR) ITPAKTHKY B 3HAYHTEILHOM Mepe CHHU3IIO CMCPTHOCTL OT

e KUHOHHLIX Boae3Hei. HeoDxomMMo oTMeTHTE, Yo HAON0ACHHA
£ EHTHMHUKPOOHOM AKTHRHOCThIO OAHUX MHKPOOPTAHH3IMOB 110 OTHO-
WCHUI0 K IPYTUM, HATOrCHHLIM, W AaX¢ TIOMBITKH BbLICICHMST OTRET-
CIBCHHBIX 334 3TO BELLECTB NPOBOAMIKCE ¢ KOHILA XIX B., HO OHII HE
IIMCITH CHCTEMATHUCCKOTO XapakTepa. B 1929 r. A.DaeMHHIOM, B 00NbL-
ol Mepe caydaiito, Obl OTKPBIT HOBBIH Npenapar MeHHLHLTHH,
LOTOPBI B KPUCTAUTHYECKOM BHZ¢ ObLI nolydeH Ttoasko B 1940 1.
KITCM IPOLIECS MOHWCKA HOBBIX aHTHOMOTHKOR W MX MTPOAYLEHTOB CVILECT-
oo yekoputes., K HacredlieMy BPeMEHH M3BECTHO OKOJO 3 ThiC.
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Puc. 70. Cxema o0pasonaHis NpeaeCcTREHHHMKOR MYPEHH:A, CBS 3bIRBAHUS HX C
JUANAOM H mepeHoca Yepes UM, Ha cxeMe ykazaHol MecTa Ze¢iiCTBMA aHTH-
OUOTHRKOB. HAPYIIAIOLLHX APOLLCC CHHTE3A KIETOYHOR CTICHKN BanTepitii

AHTHOMOTHKOB W TOHLKO OKOJIO CTa W3 HUX HAULIH NPHMEHCHUC B
seanumnHe. OIHaKo AHTUOMOTHKH HE CTANH MAHALCCH OT peex bei, Tak
KaK aKTHBHOE WX NPUMEHEHHUC TIPHBEIO K MONRJICHHIO MHOTOoBpas-
HBLIN MHKPOOHBIX (DOPM € PEIUCTEHTHOCTBIO K 3ITHM COCAMHCHHAM.
YcToHUMBOCTE CBA3AHA, ¢ OAHOH CTOPOHDLI, ¢ BbIpaboTKOil (repmen-
TOB, PACLUEILISIOINN AHTMOHOTHKH. € IPYIOH — ¢ BLIpabOTKOM MOLI-
HbIX TPAHCTIOPTHBIX CUCTEM, BblDPUCLIBAIOLIIMX YYAKCPOAHbIE BEIIECTR
{B TOM YHCIE aHTHOMOTHKM) U3 KIICTKH. PaclpocTpaHeHHe yCTOIMH-
BOCTH CpCAK OAKTEPUHA CBAUBLIBAIOT C «TOPHICHTAIBHbIM» MCPEHOCOM
MJIA3MHKA PE3UCTEHTHOCTH. DTOMY CROCODCTBYET TIPHMCHCHHE AHTHOH-
OTHKOB HE TOJNBKO [1O [PAMOMY HAZHAUCHHIO KAK AHTUMHKPOOHBIX
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ACHTOB, HO W LS MPOMHIAKTHKH, KiK CTHMYJATOPOB POCTL, KOH-
CCPMAHTOB, @ TAKAE B BCTCPHHAPHH W PACTeHHEBOACTBC. s HeKI0-
MTCALHLIY CIVIAEB CYIRMECTRYET HECKONBKO aHTHOHOTHKOB «CTPaTe-
FHUCCKOro 3amaca» (OHM HE AOJKHBI MONAJATh B OKPYHKAIOLIVIO Cpeay,
HTOOBL B OTBET HE NOSIBHAHMCE PCIHCTEHTHLIE QOPMBL MUKPODOB).

JLsi NpCOaOICHHSA MHOACCTBCHHON NEKAPCTBEHHOW YCTOHUHBOCTH
HOSOVANTEICTT OCYIIECTBASICTCST MOCTOSIHHBIA NOUCK HOBBIX AHTHDHO-
FIKOB, [TPOBOANTCH XUMHYCCKAS MOAHMKAILMA H3IBCCTHBIN MOJCKY
Il BBISICHCHHC TIVTEil MOJ4BNeHUS TPAHCIOPTHLIN CHCTEM DKCKPELITH
JNCKIPCTREHHLIX BCLUCCTR.

KoHTpOJ/ibHbIe BONIPOCHI

1. Jdaitre onpedeneHye MAKPO- B MHKPOITEMEHTAM.

2. Yem onpegensicres poslb BUTAMHHOB B MCTalOAH3ME MHKPOOPTAH M-
Mon?

3. Ha kakHe TPYMNe Moapa3ieiisioTcd MHKPOOPTIAHHIMEI 110 OTHOLLECHHIO
I KOSHIYECTRY M KAYCCTBY TTaTelbHOro cybeTpata B cpeac obntanun?

4, Ha30BHTC THIILI MHTAHHS MIKPOOPAHAIMOB. CPARHHTS BO3ZMOKHOCTI
AMUKPOOPTAHU3MOD M BLICILMX OPraHi3MOoD B 3TOM OTHOIIECHIIH.

5. Kakoenbl 0CoBEHBOCTIH NEPHOANICCKOTO KYIIbTHBHPOBAHMA MIKPOOPIa-
mrsvon?

6. YeM OTAHYAIOTCS HERPEPLIBHLIC KYJIBTYPE MHKPOOPIAHH3IMOB, (hyHK-
HUOHHPYIOUINE B PCAKHME XeMOCTaTa B TypouaocTaTa?

7. TpuBcanTe KIAeCHOUKAIING aHTHMHUKpODHLIX areHToR. HasosnTe npy-
ML BO3HIKHOBEHHS CPEAN MUKPOOPIAHNIMOB MREOXKCCTBCHHOI TeKapCcTReH -
o yeToIYHBOCTH.




MMasa 5

OENCTBUE ®U3UKO-XUMUYECKNX DAKTOPOB
HA MUKPOOPFAHU3MbI

AKXTUBHOCTHL BOAbI

MHKPOOPraHHM3Mbl PACMpOCTPAHEHb! MOBCCMECTHO, NMOITOMY OHHU
MOABEPTAOTCH BOIMESHCTBUIO PAIHWYHLIX (PH3UKO-XUMHYECKHX (PaKTO-
POB, “TO TPHUBOIWT K HEODXOAHMMOCTH BHIPADOTKH COOTBETCTBYIOILMX
BAUIMTHBIX MEXAHNU3MOB. HeKoTopble MHKPOOPTAHUIMD! CTIOCOOHBI CY-
LICCTBOBATE B YCJIOBMSIX HIMPOKOTO CTICKTPA Pa3tHuHbIX akTOpOB.

B ocyiiiecTBACHUM MeTaboM3Ma BAXKHYIO POJIL UTPAcT aKTHBHOCTD
BONDLI @, PABHAR OTHOUICHUIO NABACHHUS [TAPOB PACTBOPA K AABICHHIO
NAPOB YUCTOH BOABL. AKTUBHOCTD BOABL 3ABUCHT KAK OT CAMOTD €€ Ha-
JIMMHS, T.€. OT CTEMCHW BBICYIIMBAHMSA, TAK H OT KOJIHIECTBA PACTRO-
PeHHLIX B Hell BewecTB. OMHH MMKPOOPTaHU3MbI HE CHOCOBHBLE pacTy
Ha TBCPABIX CPEdAX, d JPYrUe, HA3BIBAEMbBIC Kcepogititasu, pacTyT npu
HH3KMX 3HAYCHHAX 4, B nIpupone Takne MecTOOBHUTAHMSA €CTh B NTYCTbI-
HAX W Topax. K ToMy Xe TaM aKTHBHOCTb BOIbI MOXKET PE3KO MEHSIThCH
B TEYCHHE CYTOK (B HOYHOE BPCMSA BhINadaeT poca u @, = 1), B 1abn, 5
AANBI MPHMEPBI MHKPOOPFAHM3MOB, XHBYIIHX IPH PA3HLIX AKTHBHOC-
TSX BOAB! B COOTBETCTRYIOUIMX WM MCCTOODMTAHHAX.

[TocKoABKY MUKDPOOPTAHU3MB! OTHCJACHBI OT OKPYKAIOWICH CPEIbl
MOAYIPORMLAEMOR MeMOpaHoil, B MIOOTOHHYCCKHX PACTBOPAX BOIA
OyneT CTPEMUTLCS 110 IPAMMEHTY KOHUCHTPAUMt PACTBOPCHHEIX Be-
UIECTB BHYTPb KIETKH, H HYXHO IPHIOQKUTE OTIPEIeIeHHYI0 CHTY (oc-
somuyeckoe daeacnie), YTOOB! NPELOTBPATUTL NMOCTYINEHME BOABI B
KIETKY. ¥ IPaMIICNONKUTENBHBIX DAaKTepHil OCMOTHUCCKOS NABNEHHE
MOXKCT JOCTHLATE B pa3basiaeHHLIX pacTRopax 20 a1 it Bosee. B runep-
TOHWUCCKHX PACTBOPAX UMCCT MECTO 00paTHOE SIBRCHHE («OTCAChIBA-
HHe» BOOBl U3 KICTOK), BRI3LIBAIOILCC MAUIMOAL 3.

B o0uem cayyae, 1 M pacTBop moboro coeavHeHus, eciiH OHO HC
AHCCOUMUPYET, costaeT AapneHne 22,4 at™ (Hanpumep, 10 %-ii pactsop
caxapossl (0,29 M) — 6,5 arm, 10 %-it pactsop NaCl (1,724 M) —
77 arm). Jlst pa3BHTHA OprainaMon 6e3 IeTOMHOH CTEHKH TIPUMEHS -
KT HIOMOHUHECKIE PACMEOpD.

BhiCOKHe KOHUEHTpAUUH CONeH M CaXapoB QABHO HCITOMLIYIOTCH
AN KOHCCPBHPOBAH WA NHILICBLIX ITPOAYKTOR. B NpHpo/ie BLICOKHE KOH-
UEHTPALIMH PA3HBIX coieit ecTh B MepTBOM MOpE. CONCHBLIX O3epax,
COJTOHIIAX, COAOBRIX O3Epax, coNenapHsix. MUKpooprannsmMs, cnocol.
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CyfGeTpaThl ¢ pA3HLIMM 3HAYMEHNWAMH AKTHBHOCTH BOALI U MHKPOOPTAHH3MbIL,

Tadauua

obMTawmme na nnx

:’

a, MaTepian MuUKpPOOPLIIHH 3MLL
1,000 Yucran Boaa Caulobacter, Spirillum
0.995 Kpops yeiopekn Streprococens, Escherichia
0,980 Mopcxkasi Boga Pseudomonas, Vibrio
(0,930 Xnech I paMnoAoKHTSIbHBIC

NATouKH

0.900 BemunHa, KIeHOBLIT cHpoTT | [ pAMITONOKHTETLHLIE KOKKH

().850 Cwtsmm Saccharemyces rouxii

(0,800 MpPYKTORLIC 1KCMbI Penicillium

0.750 ConeHan poiba, coneHble Halobacterium, Halococous
o3epa

(1,700 — 0,600 | Kykypy3Hble XNOnNbs, Xeromyees bisporius,

CyXOhpYKTH, KOHMDETHI KeepohHILHBIC TPHEOBI

HLIC CYIIECTBOBATDL B PACTBOPAX C BLICOKOH KOHUEHTPILHEH BELISCTB,
113LIBRIOTCS GCMOgiiAamy,

Haubonee H3ydeHb! TAKUC MUKPOOPTaHW3MBL 1O OTHOLICHH KD K KOH-
nentpaiuy NaCl, Ux HA3BIBAIOT 2atohuaamu U MOOPA3ACISIOT HA TPYTI-
1L

raJgoToMepaHTHbe — 10 2.0 M NaCl, Ho MorvT pacTi o 0e3 cou
{ Streptococcus),

chaboranopuasible — 0,.2—0.,5 M NaCl;

cpeaHeranogunshbie — 0.5—2.5 M NaCl (Mopckie DaxkTepni);

IKCTPeMa/ILHO radogmiasinie — 2,5—52 M NaCl (no Hacsiuc-
HLIX PACTBOPOR, TAJT0APXNCH).

PaccMOTPHM 0COOCHHOCTH TaAOMHIBHBIX MHKPOOPTaHII3MOB, KO-
TOPBIC MTOABOAAIOT MM CYLWIECTBOBATHL NMPH BLICOKHX KOHUCHTPALMAX

Tadauua 6

KOHICHTPAUMH HEKOTOPBIX HOHOB BHYTPH M BHE KJETOK rajlodHIbHBIX
MHKpoopraiuiMoB (ra npumepe Halobacterium cutirubrum)

KoHuenrpariya {M)
Hon
B Cpeie B KICTKE
Na- 1.30 0.80
K* 0,05 5.30
Mg* 0,13 0.12
Cl- 3,30 3.30
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Tatauua 7
CoBMecTHMbBIC PACTBOPHTEIH {OCMOIMTEI), 00pasyemMbie MHKDOOPTAHN3MAMH

OpriaHinimMel COBMCCTHMBIH PACTROPHTETL MuHuMaTRHAS @,
Bakrepuu-nedotorpodnt | FRHUMH-OCTANMH, NIPOAHH 0.97—0.90
(¥ TpaMTIoNIoKUTENLHBIX).
FAYTAMAT (V IPaMOTpHLIa-
TCAbHBIX)
[TpecnopoaHbie Caxaposit, Teraton 0,98
IHAHOBAKTe pHH
Mopckie w -CTHKO3WT-rArLIEpON .92
UHAHOBAKTePHH
Mopckue sogopocan MaHHHUTOA, NPOAKH, TIHKO- 0,92
3MAbl. IHMCTHACY bIOH-
APONHOHAT
LnanobakiepHu Tanunu-6etanH 0.90—0.75
COACHBIX Q3P
[anodwinbrsie CanunH-berann, 1peratosa, 0,90—0.75
AHOKCHTEHHBIC IKTOHH
dotomodtbie HuKTCPUH
Ectorhiorhodospira
DKCTPEMLIBHO KCl (zakavuBactcst BHYTPhC 0.75
ravtohabHBIE ApXEH obmerom ra NaCl)
Dunaliclla (ranodmnsHan | [iyuepon 0,75
3eeHAS BOIOPOCADL)
Kcepodmnriwe aposxy | Dimuepon 0.83—0,70
Kceepodiinsinie Fnnuepon 0,83 —0,62
HHTUATLIE TPHOBLL

h CH
| / ' 2\ DKTOHH
CH.— N — CH, — COOH N on
i 2
\ |
CH;y | Inuunn-6eTann CH,— C CH — COO™
N

coneit, U3BecTHO, YTO MHOTHE BHYTPHUKICTOYHbBIE KOMMAOHEHTHE 3TUX
MHUKPOOPIraHH3MOB HYXIZKOTCH B BLICOKHX KoHucHTpauyax Na' u K,
Hanpusep., v Halobacterium cutivubrum aKTMBHOCTL acnapTaTTpaHC-
kapBaminassl opu 3,5 M NaCl B 4 paza seie, yeMm npy 2 M NaCl.
Belky rutodraon coaepar MHOTO ACTapTaTa ¥ rIyTAMAara, T.e. OHH
Bonee «KHCaBle», B BENKaX YCTAHABIMBANOTCH HOBbE IHAPOhoGHbLIL
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ILHMOLE RCTBHS, TIPUBOIALINEG K Do/ee ITOTHOH VIIaKOBKE TIOGVI.
[l noBepxHOCTH KICTOK PafoTacT MEXaHHM3M «DENKOBOro LIHTa»
(S-cno), Koraa Hapyxy akenoHupyoTes COOH-rpynibl aMHHOKHC -
aor, yaepxusaomme Na'. 91H Ke rpyiinsl GOPMUPYIOT «[HIPATHPO-
BAHYIO» 0D0T0UKY KIETOK 334 CHCT ICKTPOCTATHYECKOTO OPHEHTHPO-
WIS JHnosaeil Boabl. [asodHibl OCYLICCTRANIOT aKTHBHbIN TpaHe-
HOPT MOHOB H3 KJICTKH, TAKHM ODpPA3OM MOUICPKYBAA HEKOTOPbI
«OCMOCTa3». JJaHHele Taba. 6 MOKA3bIBAIOT, YTO MHOIIE KICTKH 3aMe-
ot Na* ma K.

YraepxHBaHHe BOJbL Y FANGQHIOB OCYLLICCTBIAACTCA IYTEM CHHTC3A
CORMECIUMBIX pacmeopumenett {0emoaumeos), HeNTPAILHBIX 10 OTHO-
HICHITHO K MetaBofiutam KIeTKH. MHorna Takne neniectsa obpasyores
I IHAMMTERLRBIX Komyecrsax. Hapusmep, Dunaliella viridis nakanau-
macT ranueposa 1o 30 % ot MacChl KJIETKH. 3T0 CBOHCTBO NPUMEHAIOT
L NPOMBILJIEHHOTO TIOAYYCHUS rivuepona. s pa3zHbix MUKPOOpP-
FUTHIMOB M3IBECTHbI PA3HBIC COBMCCTHMBIC pacTBOpMTEN {Tab, 7).

COBMECTHMBbIE PACTBOPHTEIHM XOPUILO YAEPXKUBAIOT BOAY. NOITOMY
NOSMOKHO UX MPUMCHCHHE B KOCMCTHUCCKOR NIPOMBILLIEHHOCTH
COCTABE VRUKHSIOWMX KPEMOB (3KTOMH H3 TATO(PHALHAIX AHOKCHICH-
nux oToTpodon).

B 3aks1i0ucHHE HeoBX0AUMO 3AMETHTD, UTO YACTO HEBOIMOXHO pa3-
FitHYUTD 3dbeKTbl, BHI3RAHHBIC CODCTBEHHO CHMKEHHCM BJIAXKHOC-
1 HATHUHEM BLICOKOI KOHLICHTPALW K PUACTBOPEHHBIX BelecTs. HcHO.
HTo ITH (DUKTOPBI B3AMMOCBSI3AHRI,

MokazaTtenb KMcnoTHocTu cpeabl (pH)

lMokaszatenny kucaorHocT cpeast (pH) usmensietca ot 0 a0 14.
B KHCR0IE cpee B BOAHBIX PACTROPAX NMPEOONAIAI0T HOHbI FHAPOKCO-
s HRO", 1 wenoupoil — ruapoxkcuna OH™. KoHueHnTpanus sono-
POJHBIX HOHOB BO3ACHCTBYET HA MOHHOE COCTOSIHUC I, CACAOBATE1b-
HO, HA JOCTYITHOCTbL NS KJACTKH MHOTHX MCTADOMMTOB, TaK Kak B
HORIPSDKEHHOM COCTOSIHHMH OHH JICTUC MPOHHUKAIOT 4epes MeMOpaHy.
B rabn. 8 npencTasacHbl cybeTpaTLl, OTPAXAIONINC BClo wikany pH. u
MHKPOOPraHM3IMBI, CIOCOOHBIE K aKTUBHOMY CYLUECTBOBAHKIO MPH
rkix pH.

{10 OTHOIHEHHIO K ONMTHMANBHLIM 115 pocTa 3HaveHsM pH MuKpo-
OPFAHI3MBI TOAPAsASIsOT Ha aunaoduiabHbie (0 —5.5), HeltTpodhuib-
tnie (5,5 8.0 anxanudhunensle (8,5— 11.5). boasminHeTBo daxTe-
puit 1 OpocTeiNX — HCHTPOMHALL, TPUOL! H BOACGPOCIH, B LETOM,
HPCTOYHTAIOT HU3KHE 3HaucHHs pH, nuaHobakTepuyu pacTyT IpH
wicokx pH.

Heemorpsa Ha akeTpeMalinHbie 3HaueHusa pH 8 okpyxaouei cpe-
JeL 3HYeHUe BHYTPHKAeTOUHOro pH 10CTaTOUNO TTOCTOSIHHO. Y pac-
HCALITBEY KJETOK PCAKLUS LUTOMNA3MbL crabokmcnas (5.0—6,0),
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Taboruuma 8

PﬂC"pEﬂeHEHHE ynn MHKpOOPraHHIMOB B COOTBCTCTRHH € KHCJIOTHOCTHHY
cpelibl HX ODUTAHHA

CyDepar pH MUKPOOPIAHHIMb
BvikaHHuecKite noas 0,5—1.0 Apxcit (00LIYHO e1IE U
1 [IOYBLI IKCTPCMATBHBIC TePMOGbHILI)
ACAVIOUHKIT COK 1.3 Helicobacter pylori
JIHMOHHDBIH COK 2.0 Cephalosporiuni,

Saccharomyees.
oy : 7 ()— S :
[HaxTHue soawl 2.0-25 Candida.
Pasbamne HULLI yKCyC 3.0 Bacillus,
Acidithiobacitlus,
Pcpcnib, mepeny 3.5 Suifolobus,
Kuenag nouna 4.0 Thermoplasma,
TEPMOHALHBIC BOOPOCTH
TomaTn 4.5 (MHOTHC HCTIOAB3YIOT
. BOCCTAHORNCHHBIC
Crip 5.0
COCAHHCHMSL CCDbI)
KHCHOTHBIC A0MALI 5.3
KRaleHast Kanyem 3.5
“Topox 6.0
. BoabHCTEO
*BCTKI 6.5
Kpeserki MHUKPOOPFAHIIMOB
Ynicrast Boja 7.0
Mopckast noni 7.8
LLecnouHble MOYRLI 8.8 Huanobakrepiy
Lilemoutibic o3epa 10,0 Nitrosontonas,
Nitrobacter,
M BUILHBIC PACTBOPbL 10.5 rHMJIOCTHBIE DAKTEPHH
poaa Bacillus, nyprnypHie
HamatuipHet cniupt 1.0 GakTCpIH pona
Fctothiorhodospira
FACEIIEHHBIH PacTBOD 12,0
HacsnmeHubiil pactio Y poBaKkTepIH
13BCCTH

Y AKHBOTHBIX ~ 7.0, ¥ Q1KIH- 1 aunno@HIbHbIX MUKPOOPIAHH3MOR pH
LHTOMNA3MB] NoaaepkHBactcst Ha yposHe 7,5, [locTosiHCTBY BHYTpH-
KJCTOUHOTO pH ¢nocoBCTBYCT MaTast TPOHHLAEMOCTE MEMOpatbl LUIs
rpoToHos. (OAHAKO, MOCKOIBKY NPOTOHBL BCE-TUKH MEAIEHHO aHGh-
(hYHAUPYIOT MO MPAAMEHTY, KNETKE HCNONL3YET IHEPTO3IBHCHMEBIE MC-
NAHHIMBEL BLIGPOCA NMPOTOHOB. ¥ ankanuhHIbHBIX MUKPOOPIAHUIMON
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KACTRKG HE MOXKET HCMOAL3IOBATL HDOTOHHBIH IpaduCcHT NJIst CUHTEC3a
ATM, y Anna 3anacanms JHCPTHH CAYKUT IEKTPHYESCKAH COCTABIHIO-
[RIRtHI I

[Mpu HeBOABLIIOM IAKUCAEHMM OAKTEPHH HCHONb3YIOT aHTHIOPT
npotoHoB ¢ Na™ 1 K'. Ipu ckaukooGpazHom naacHuu pH BkIouact-
O3l CHHTE3 CHCHMWILHBIX LHAMEPOHOB (DCNIKOB «KUCIOTHOMO 1HOK»).
Onu MPCAOTHPALLAIOT KUCJIOTHYIO ICHATYPATIHIO BETKOB M BOCCTAHAB-
JIMBAIOT KOHMOPMALIMIO YXKE ICHATYPHUPOBAHHLIX BENKOB.

B npouccce passHTHSI MUKPOOPIAHM3MbI MOTYT H3MeHsaTh pH cpe-
Abl. 00pasys KUC/blE MAM IETOUHBIE NpoayxTel. Hanpumep, F. coli
PCArMPYET Hia MOBLIILEHNE KUCIOTHOCTU CHHTE3IOM gekapbokcuiaas
AIMHHOKHMCAOT. QO0PasyIOILUECcH B pe3y/ibTaTe aMMHB! [IOALLENAY MBAIOT
cpery. Haoboport, nosblicHue pH cpedbl CTUMYAMPYET CHHTES jC3a-
MIHA3 AMUHOKHCITOT, YTO BEJET K NMOAKHCIEHHIO cpeabl, Takue Mexa-
HU3MBT ecTh 00bIYHO Yy pH-TOIEPAHTHBIX MHKPOOPranuiaMon. Spkuit
HpHMep perynuposanua pH cpefbl bakrepusaMu — uByxdaiHbiil 1po-
11CCC ALeTOHO-OyTHAOBOTrO DpoxeHus (CM. 171, 6).

Temnepartypa

Mpeaen Ku3HECNOCOBHOCTH OPraHM3Ma OTIPEACHACTCS HATHIHEM
AKHAKOH BOAbL. KJIETKN HEKOTOPBIX MHKPQOPraHH3IMOB OCTAIOTCS KH3-
ICCTIOCODHBIMHY IPH MHHYCOBBIX TEMIIEpaTypax, ecin K BoAe A0ba-
BHTb aHTHgPH3. Tak Kak MECTOOOUTAHMUMA, rie CO3TAIOTCA IKCTPEMAN b-
1O HU3KOTEMIICPATYPHLIE YCAOBUS HE TAK MHOTO, OOJLILMHCTBO Opra-
HH3MOB UMCCT HHuui Temuepatypablii npegen (0 °C. Cylectsosath
AC (IEPeXHBATL) MHUKPOOPTAHH3MbI MOTYT M mpH —196 °C (1 naxc
npe —273°C). Tlo3ToMy Takum DIyGOKHM 3aMOPaXHBAHUEM YACTO
HOAB3IYIOTCA JULSE XPAHEHHS KYJLTYD MO XKHIKUM A30TOM HIM B IMO-
(pHITH3UPOBAHHOM cocTosHuN. HiuKHKC npegens! pocTta Mo Temiepa-
TYPC OrpaHHUEHbI TEMIOCPATYPOil «3aCThIBAHUA» MeMOPaHbI, KOTIAa OHA
repsieT cBOM (DYHKUMHK, @ BCPXHHE — TEIUIOBOH NEHUTYPALLME KIT3-
HCHHO BAXHBLIX MOJCKYII.

K HH3KOTEMIEPATYPHBIM MeCTAM OBUTAHHA OTHOCATCH PETHOHB
APKTHKH, AHTapKTHKH, TYHAPA, MNMYOMHBI OKEaHOB, [1e TeMIEpaTy-
pid UMEET NOCTOAHHOC 3HauYeHHE okoo +4 °C.

BricokoTeMIiepatypHbic MccTa 00U TaUMS — refisepbl, BYIKAHUICC-
KHE MCTOYHHMKH, TFOPsUMEe MCTOUHHUKM, «HEPHBIC KYPHIbIIMKH» —
BBIXOI BYJTKAHHYECKHUX TOPSAYMX ra3oB Ha pas3jioMax JeMHOH KOphl i
1yBHHAX OKeaHoB, ¢ TEMICPATYPa MPH BhICOKOM JABJICHHK MOXCT

nocTHrarn +360°C.

AHANM3 COCTABA KUIHCHHBIX GOPM NPH HUIKHUX M BLICOKHX TCMIIE-
[MITYPAX MOKA3bLiBACT, YTO B 3KCTPEMANbHBIX 0O TCMaeparype obura-
HIEIX, B Uelom, npeobnanalor bosee nNpocTo yerpocHHLIe hopMbl, a
I3 HUX — MPOKAPHUOTHL M HCPOTOTPOYDLI.
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Tabnuiwa 9

['pyIIbl MHKPOOPTAHA3MOE C PAULIMH TEMIEPATYPHLIMH MPETCTAMH POCTA

Tesmneparypa pocta, 'C
IMpyrina
MHHAMUTRHAA OLITHMANBHST MAKCHMLTBEHIN

TTeHxpothHITEI -36 - 20 25
Mesodunn I5 25...30 40
Tepmodmast 40...50 65 7., 80
DKCTPEMATBHBIC 50...60 S0...110 113
TepMOQILTBI

HeodxonMo OTMCTHTD, YTO CYLIECTBYIOT HCKYCCTBEHHO CO31dH-
HBIE DKCTPEMAILHBIE IO TEMIICPATYPE MCCTA ODHTAHI MOPO3HAbHBIC
KaMepbl, (PePMCHTEPH!, ABTOKJIARBDLI.

B radi. 9 npHBeaeHa KiacCHPHKALNN MHKPOOPTAHN IMOB B 30BHCH-
MOCTH OT TEMTICPATYPHLIN MPCRCNOB POCTA,

Kpnbast 3aBHCHMOCTH CKOPOCTH POCTA O TEMNEPATYphl — onpeae-
JIeHHast IUTS Kaokoro opransMa. [pu 5ToM ICHCTBYET 3aKoH Q' npH
BoapacTaHuy Temneparypsl Ha 10°C cKOpOCTL PCAKIHH YBEAHUHBACT-
cs1 B 2—4 pasa. [1pu riepexone 4epe3 ONTHMAILHYIO TCMITEPATYPY POCT
CYUICCTBCHHO 3aMcusietes. Pacnpeneie HHE MHKPOOPraH3IMOB MO TeM-
MePaType NPeacTaBTeHo Ha puc. 71.

K ncuxpoghiuintibiase MMKPOOPTAHU3MaM OTHOCAT NPEACTABHTENCH po-
108 Pseudomonas, Vibrie, Achromobacter, Fluvobacterium. Cytophaga, apox-
KCH, MHLUCIHANLHBLIX TPUBOB, HEKOTOPLIX TPV BOIOpocheil (B AH-
TapkTUKe Halinena Chlamidomonas nivalis, pactywas npu —36°Cl).
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Puc. 71, TeMneparypHbIC MPEAcibl MHKPOOHOIO POCTiL:
I — nenxpoginiet; I — neusporpodsl; 3 — sesohuanl 4 — Tepsopiin 5 — R
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Tadnuiua 10

BoicliHe TeMNEPATYPHLIE NPEILL! KHUZHEALATEALHOCTH PA3HBLIX TPYNN

OPraHNniMon
OpraniamM Ar3pe tentenbHocTL Ao £, "C
ApoTHbIE
BoaHBIC NO3BOHOMHBIC 38
Hacekomiie 50
Pacremsn 50
Dyrapuomnsie MUKpOOPeARUIMBI
[Tpocredinte 47
Bomopocu 36
Cyanidium caldarinm 70
[ puOBI 58
Ilpoxapuomybie MUKpoopeanuImMol
hororpodbr 84
XeMOnHTOTpObI 113
FeTeporpothn 100
Pyrodictitun occultum 110
Pyrolobus fumarii 113
(HeoTOPOIHBIE APXCH M3 «HEPHBIX KYPHIIb-
ILHKOBr, [AC JARICHUE AOCTHIACT 265 aTM
H BoJaa He 3KMIneT 10 360 °C)

V TaKMX MHKPOOPTaHU3MOB ODHapy®eH ocofbulif coctas MemOpaH ¢
HOHWKEHHOH TOMKOR 3amepsanus. OHu cogepxkar DONbILIE HEeHAChI-
[WCHHBIX AMPHBIX KUCJIOT., KOPOTKOLECIIOYCYHBIX M PA3ZBCTBICHHLIN Y
MCHbBLIE LHKIHUYECCKHX KXUPHBIX KHCNOT. ¥ ncHXpodHaos BeKH MeHee
CTAOITBHEL TPH TeMmnepartype Buiwe 20 °C.

MHOrMe BHabl MUKPOOPTaHM3IMOB ciocobHb! pacti npu O °C, xoTd
HX TCMIIEPATYPHbIH ONTHMYM HaxoaMTcH B MHTepBade 20— 30°C. Dtn
MHKPOOPTAHH3Mbl HA3KIBAKOTCH sAcuxpompoghoisy (ACHXPOAKTUBHLIMH,
(PARYALTATURHBIMK OCHXpOgHIAMH)., H KMCHHO OHM OOBIYHO OTBCT-
CTBEHHBI 32 [TOPYY 3aMOPOXKCHHBIX TIPOIYKIOB.

OTHoUIEHHE K TIOBLILICHHO TeMIEpATYPC pOCTa A PAZHBIX TPYIIN
OPraHH3IMoB npeacrasieHo B Tabdsa. [0,

Y mepmohuios HARACHBI BBICOKOTCMIEPATYPHbIC CTAaBHIBbHBIC Ben-
Kif, MCMOPAHHEIC MHIMAL] COACPHKAT DOABLIC TYTOILTABKHX HACBIUICH-
HBIX JKHPHBIX KACIOT M GONBIINI nipoleHT rdkonnnuuos, sce JHK
1t PHK — T'll-tuma, a pubocomet Hojice TepMocTaDHITBHEL,

B cBa3u ¢ pa3BuTieM DHOTEXHONOIHHN TepMOMHAbLHBIE MHKPOOPTa-
11 3MBL IPCACTARTSHOT OCO0BII MHTEepeC. Bo-nepRyIX. NPU BRICOKOTEM-
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MCPATYPHOM KYILTHBHPOBAHHH YMCHBLUIAETCH BEPOSITHOCTE 3apaKeHHIL,
BO-BTOPLIX, TEPMODUIL 3HAYHTCIBRHO OBICTPEE PACTYT, IPHYCM Cpe-
aM TepModaoB eCTh ABTOTPOIHEBIE MUKPOOPTAHWIMbI, YTO NO3BOJISA-
eT MCTOIB30BATL 0YeHb NPOCThIe Cpeibl. B-TpeThux, Tepmoguib —
HCTOYHHK TEPMOCTAGHILHBLIX (pepMcHTOR. Hanpuamep, TepModHIAbHBIA
MHKPOOPranusM Thermus aquaticus, BbIICICHHBIN M3 FOPAYUX UCTOY-
HHKODB MeMI0veTOHCKOrQ HAUMOHANBHOTO TIAPKa M pacTylnid np
Temmneparype +70 'C, obpasyver nomumepasy (Tag-nonimepasy). o6-
AXIAOLYI0 3HAYWTENBHOIT TepMOCTabMIBHOCTBIO H BLICOKOH CKOPOC-
THIO PEAKIIH.

YCTOHYHBOCTE MHKDOOPFAHH3MOB K HH3KHM H BBICOKUM TeMIepa-
TYPAM CTARHT BOTIPOC O CNICLHANBHBLIX METOAAX CTEPHIU3AUMY U Xpa-
HeHISA TIPOAYKTOB.

MppocTtarvnueckoe pnaepfieHve

BostbHIHHCTBO MUKPOOPTAHHIMOB, JKMBYILIMX HA TIOBEPXHOCTH IEMITH
HJTH BOJBI, HE MOABEPracTCs CYIUECTBEHMBIM M3MEHEHUIM JABICHHA
M pacreT npu AasieHdu okoao | atv. Ho ecth MecTa, rie napiaeHue
SHAMHUTCALHO OTAHMYaeTes oT arMocdiepHoro. [1okasaHo, 4To KICTKH
MHKPOOPTAHU3MOB MOIYT BblLAEpKMBaTh rAybokmuii sakyym {10710—
107" arm), mpaBnil, TO HC AXTHBHO XH3HCCTOCODHBIE KIETKH, & CIIO-
pel. s Bacillus cereus w E. coli 0BHAPVKCHO, YTO OHU NYULLIE PACTYT
npH DaBieHn HUxe atMochepHoro.

[TopbiLCHHOE JARAEHHE, KPOME HCKYCCTBEHHBIX CHCTEM THIIa aB-
TOKIIBOB, B NpHpone Habnwraetcsl B r1yOoKHUX Hed TAHDIX CKBIKMHAX
{KAK OPABHIO, € BBICOKHM COMCDAKIHHEEM CEPbl) M B TIYGHHHDIX 30-
HaX OKEAHOB., KOTOPBIC OOBIUHO TAKXKE XapaKTEPHIVIOTCH HHU3IKHUMH
TEMIEPATVPAMH i MALBIM COACPKAHHEM MHTATCLHBIX BEILIECTB,

B oxcaHax (poTHUYCCKAsA 30HA, KA C1UC NMPOHHKACT CBCT, PACTIONO-
#eHa Ha piydune oo 300 M. Ha rnvBude a0 1000 M cocpenoroueHa
OCHOBHAs DHOIOrMYyecKas akTHBHOCTL (99 %), a B octanbHbIX 75 %
BoZHOH TowH Hadmonaetes Beero | % 6UonoTHYeCKOH AKTHBHOCTH.

[To orHoOWCHMI0 K BLICOKOMY NaBIEHHK) MUKPOOPraHW3MblL 01~
PAICTAIOTCSA Hill

1Y neesouyacmeumershble (BAPOUYBCTBUTEALHBIE) — OPTaHU3MbI
{UOKIUIIO € TAZ0BBLIMH BAKYOASMI), KOTOPLIC MPUW TIOBBULEHUH daB/ie-
HHS NMEpPecTAT PACTH,

2y upezomoicpanmibie (GapoTOICPAHTHLIE), BLUICPKUBAIOLINE 00
400 arM. HO cnocoOHBIC PACTH M NPH ODLIMHOM JLABACHHH,

3) neesoguannoie (GapothbHALHBIC), HYKAAIOWHUECA TSI POCTA B [10-
BLINEHHOM JaBACHHU., ¥MEPCHHBIC Gapodiiibl BRIICPXKHBAKOT AaBJIC-
e no §30 atm. a axcrpeMaibHple — cBbiire 1000 atm. Paborta ¢
TAKHMH MHUKPOOPIAHMIMAMUY TPpeOVET OCTOPOMKHOCTH 11pH B3ATHH It
JAOCTABKC Npod B 1adopaTtopiiio H o4eHb JOPOroCcTOSIIEro 0BOpYIOn

94

s, [pu 3TOM HCODXOAHMO PCLINTB ABe NMPOBAEMbI — COXPAaHHUTD 06-
raTtHo HapoGHIbLHLIX NIPEACTABUTENEH TTPH TIOAbEME C IIYOHHB! NpU
COOTBETCTBYIOILCM WI3MEHCHWW JABJICHMA M HC 3apa3uTh TAYOHHHBIE
HPOD L MUKPOOPrAaHW3MAMHM M3 BRIICACKALLUX cil0cB Boabl. Ha puc. 72
HPCACTABACHA (PMIMOSOTHUCCKAS AKTHBHOCTD PA3HAIX 110 OTHOLICHMIO
K AQBACHUIO IPYIII MHKPOOPTaHU3MOB.

ITpn NOBBINEHUH THAPOCTATHUCCKOrO RABICHUS TIPOMCXOMUT PAl
['SMEHEHHI B NPOTEKAHUM BHOJOTMYECKHX MPOLECCOB, 3aMe/LIHIOTCH
PCAKHMY, OPUBOOSALIHC K YBEAMHMCHHIO ofbeMa (HarpuMep, 6posc-
1M C 0OpazoBaHieM ra3ootpastbix npoaykros). Haobopot, yeunnsa-
WTCA peaKUHK NMOMJIOWEHNS Ta308, XHMHUYCCKOE PABHOBECHE CABMIA-
CICa B CTOpOHY cyGeTparoB peakiuu. TIpy DOBBIILEHHOM JABICHHH
HPOUCXOIAT ACHATYPALMA BHONOrMYECKUX MOMHMEPOB M JHCCOLIMA-
HHSL CIOKHBIX ATPCTAaTOB KIETOK, KAECTKH 10ocie AeeHHs He PACKOIAT-
ool (0Opasyiores dtamedTol). [py gaBteHun soitte | aTM cnagaTes
I'I30BbIC BAKYOQJIHM, OMpeAeisiollne MJIaBy4eCTh BOAHBLIX MHXPOOPra-
HI3MOB. B LCIOM Y TPOKAPHOT IHCPTCTHUECKHE ITPOLIECCH! Tpeobrana-
10T HaI OMOCHHTETHMECKHMH,

Mukpooprauusmpl oBHapyxeHbl B caMoM rayBokom Mecte Mupo-
BOro okeaHa — MapuaHckoit BnanuHe npu aasaedun -1 016 ats. Ca-
MOC BBICOKOC MCKYCCTBEHHO CO3ARHHOE JIABICHUE, MTPH KOTOPOM elue
CcoXpaHsioTes MuUKpoopraumaMet, — [ 400 ary, JansHeiituee ero mno-
BBLIIICHHE BCACT K ACCTPYKUHH OPTraHMUIECKHX MOJIEKYIL.

SpKUM NPHMCPOM COYETAHMS 3KCTPEMATBHBIX 3HAYCHMI HCCKOIIb-
KHX (hakTOpOB ABIACTCH YHUKATLHOE COODILECTBO, OCHOBAHHOE HA
XCMOTUTOABTOTPOMUMN, TAK HA3BIBAEMBIC «HEDHBIC KYPUAbIUKL», DTO
PATOMbL HA JHE OKCAHOB, H3 KOTOPHIX BEIXOUAT OUEHb IOPAYMe BYII-
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Pie. 72, Tpynnibl MHKPOOPTAHHIMOB, BLLIC)ISCMBIE [10 OTHOIWMCHHIO K THAPO-
CTATHYECKOMY LABICHUIO!

/ — NbCIOTOIEPAHTHBIC 2 — YMEPEHHBIC NHC30MIIBL J — IKCTPCMATLHBIE (TLe30(IILI
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Tadtawua 1

Punanonoryieckne rpyonbLl MUKDOOPrANHIMORB COODIIeCTBA
«4EPHBIX KYPHALIMKOB»

Oprasire HoHop anek hoHOR 3;55&;5:‘53
Cepyokueasolne HS, §". S_,()f' 0,, NOy
Hurmpudmxatopu NHi, NO3; 0,
Cepy- 1 cyantharpenyunpyiomse H, S". SOf'
MeTarioreHel H, Co,
Fomoaueroretin H,., CO CO,
Bomoponoxkncasionne H, 0,. NO;
ACneso- 1 MAPraHeLIOKHCSTIONLNG Fe . Mn™ O,
MecTuitoTpodinl CH, Q.
KapbokcitodakrepHin CO 0O,

KaHH4ecKre Ta3bl # Boga. Tam GoAbLIOE KOMHYCCTBO CepOBOROPOIA,
rpaarcHT temnepartyp ot 300 go 6°C, nasnacuue 1o 265 arM M Hel
cBeTa. «HepHbIe KYPHIBLUHKIH» MTONYUILIH CBOS HAZBAHME H3-3a KI1y6si-
erocst WCPHOTQ OCanKa, 00PAIYIOLLETOCH B CIEIYIOUX XHMHUCCKHX
peaKLIHAX:
L -
Fe'' + §7 = FeSl
2
2Mn™" + O, = 2MnOl
FeS + 2H,0 = Fe(OH),l + H,S

B Taxix MECTOODHTAHHSIX NPEICTARICHO HECKOILKO BH3NON0IMYEC-
KHX I'DYILI1 MHKPOOopradusson (tabsa, 11).

B 31oM co001UeCTBE IOBONBHO BBHICOKAS 11 PBHYHAS TPOIVKILHS Opri-
HHYECKOro BCUICCTRA, HA OCHUBE KOTOPOTO CYIICCTHYIOT BTOPHYHbIC
KOHCYMEHTDL: aMMHTIOAb!, TOJOTYPHH, KPEBETKIL.

Hanuumue kucnopopa

[To CBOEMY OTHOLUCHHIO K KHCI0pOAY BCC MUKPOODPTAHHIMBI TI0A-
PA3ACAAIOTCS Ha B DOMBIIHC TPYIUILL @3podel, PACTYIINE B NIPHCYT-
ctBiH Os. U anaspodse, CIIOCOBHBIC PACTH B €0 orteytereue. Ha camom
ACTC, OTHOLICHHE MHKPOOPTAHU3IMOB K MOJEKVISAPDHOMY KHC/IOPORY
JHUMHTEBHE cnoxHee {Tad. 12).

OcoBeHHOCTH KYJTBTHBHPOBAHMS 13pOOHDBIX U AHAIPOBHBIX MHKPO-
OPTAHHIMOB HOAPOOHO PACCMATPH BAKITCH HA IIPAKTHUYECKHMX 3aHITHSIX.
B uenom creaver ¢kasath, Yyto st a3poOHbIX MHKPOOPTAHHIMORB CO-
3IA10T yCI0BUSL, KOTIQ HMECTCS MAKCUMAIBHASL MOBCPXHOCTL KOHTAKT:
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Tabnuua 12

OTHomenne MHKPOOPTAHHIMOB K MOJEKYAAPHOMY KHCAOpOAY

Fp_\-"mm OTHOLE HIE Tun [phstep Mecro
MEKRpa- K KHcaopoay MeTadomI IMa obHTAHNSA
OPCAHIIMOB -
A3podw
Oo6auraT- Tpebytor A3pobHoe Micrococcs Koxa,
HLIS ABIXAHHE {luteus MbL1L
DakyiibTi- He mpedyrotr, | AspobHoce E. coli ToacTuli
THIHBIC HO PUCTYF WM AHiLD- KHILEUHHK
Jyyiie pobuoc awl-
N{dHMC HIH
OpokeHHE
MiKkpo- Tpebyror, Ho | AapobHoe Spirithim Onepnan
wpohuiisl D KOHIICH- AbIXAHHL volutans, ROJA
TPALIHIL HHXE Beggiatoa spp.
armocdepHoit
AHaopoOn
AOpo- He tpebyrotr, | bpokenue Streptococeus | Bepxune
HOICPAHT- POCT HE CTH- Dyogenes, IILIXATE b-
HLIEC MYJTHPYCT S. lactis HbIE NVTH,
MOJIOYHBIE
NPORYKTEL
Obnurar- YrHeraer Bpoxenue n | MetanorcHsl, | Wbt
e poCT 11K aHaspobHoOe | cyandmno- bonoTa,
TIPHROANT ABIXaHHe FEHbI, AUETO- | METAHTCHKH
K rnbenn TeHHR

CLLL M FA30BOI haskl, TAK KaK pacTBOpUMOocTh O, B BOIE HCBCIMKA
tupu 20°C — 6,2 Mr/a). D10 BHIPALUKBAHHC B TOHKOM CJIOE CPedbl,
il BHUHOe nIepemMellnBanne, GapboTupoBarue W T.A. Ans aHaspobos,
HANDOPOT, BAXHO KMCIOPOT U3 CPenbl YAANUTL M B AATRHCHIIICM o -
NCPANBATL aHAIPOOHBIE VCITOBUSL.

Bee TMMBL OTHOLICHMSA K KUCIOPOAY HAAEHB! cpetn BaxTepHit u
npocreiiiinx. Tpubbl, B OCHOBHOM, a3p00B!, HO HEKOTOPBIC BHAbI,
1K MPABHIIO, APOXKEBbIC aHAMOPGE — (hakyALTATHBHLIC AHAIPOOLI.
I'¢'r1s 1 HEBOABILIOE KOIHYECTBO CTPOTO dHABPOOHLIX BUAOK. Boaopoc-
Ml - 1OYTH BCETIA o0auTaTHBIE a3polhl.

BIMCHUE KMCI0POAa ONpeeieTcs Cro poibio Kak: 1) cunbHoro
ORICHNTEST LTH HEKOTOPbLIX CyDCTPaToB, HaTipuMep, MeTaHa Wiin apo-
AEVTHICCKHX COCOIHHEHUH C MOMOWBID MOHO- W JIMOKCUIEHAs; 2) Ko-
PETTIOL0 KHENTOPA WICKTPOHOB TIPH OCYIIECTRIEHUN a3pOOHOr0 Ibl-
catis: 3) oaHoro w3 cyOCTPATOB, HANpPUMEP, IIPH CHHTE3E CTEPOM-
o voposkckeii. TloaToMy B aHapOOHBIX YCIOBHAX APOAKKH paCTyT
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Heao/ro (1o 6 ac/acHUil), TaK KaK UM U1 6HMOCHHTE3A X0MHA, BXOIS -
Lere B cocTan MeMOpaH, HeoOX0IUM KUCTIOPOL.

Toxcuueckoe aciicteue O, Ha MHKPOOPraHM3IMb! 32KJIIOYALTCA N
UHAKTHBALMH YYBCTBHTEABHbIX K OKMCACHMIO OeNKOB (Hanpumep,
CYNILBIHAPHABHBIX TPYNTE HUTPOTCHA3LI)., a TAKXKC B 00pa3oBaHuu
CBCPXaKTHBHBIX NMPOH3BOAHBLIX KHciaopoad. OOpa3oBaHHC AKTHBHBIX
thopM KUCIOPOAA NPOUCKXOAHT NpU PabOTe HEKOTOPLIX (PepMEHTOB:

— 2 e
O+ 42 - 07 + (o (OKCLlﬂ—aHu?H) npu padoTe LHTOXPOMOKCH-
4A3BL U «rolyObix» epMedTon ¢ Cu™’ (THPO3HHA3ZB!, TaKKa3bl);

- L
O, + 2¢ - 0577 (H,0,) npu padore dbnaBuMHOBLIX (epMEHTOB (710~
KO300OKCHIA3bl, OKCHIAA3bl AMHHOKWCTAOT, KCAHTHHOKCHIA3bI);
0, + 1¢ - 05 (cynepokcunpanukan) 1 05 + H,Q0, + H' - H,0 +

+ O+ OH’ (rugpoxkcuapaaukan) npH padoTe anbacTHIOKCHAA3LI,
HAJH-okcnaasbl.

Haubosee yacTo obpa3yiolLHecst HepeucHbill GHUOH Y CYnepoKcud-
PAduKaa yoansioTesd crneudaieHeIMi epMmentamu. Kaemaaasa pasnara-
eT nepekueh B peaknuu 2H>0, — 2H,O0 + 04, a neporkcudaza — »
peakuun RH, + H;0y - R + 2H,0. rae R — okucaeunstii cyberpar
nepoKcHIA3HOM peakiiMi. CyTepoKCUAPATUKAT YILTACTCS CYAepoKcud-
duemymazoi (COM): 20; + 2H" - H,0, + 0,.

B npucyTcTBUM CBETA MOXET TAKXKE 0DPA3OBBIBATLCS CHHCAEHIHbIN
Kucaopod. Tloa aeilcTBMCM cBeTa NMHrMcHT-cboToccHCHOMMM3aTop (P)
NCPEXOANT B BO3OYAICHHOC COCTOSIHMC Y MNEPCAACT IHCPIUI0 HA MO-
nekyny kuciaopoga: P+ hv —» P*, P*+ 0, - 70,

DYHKUHIO «TYIUEHWA» CHHIJIETHOTO KMCIOPOAa B KJICTKC BBITION-
HSKOT KAPOTHHOMIbL. MMEHHO N03TOMY He(DOTOCUHTEIHPYIOLILIME MUK-
POOPIAHMIMBI, PACTYLUNE HA CBCTY, HMCIOT HHTCHCHBHYIO XKCATO-0paH-
KCBYIO HAW KPacHYIO okpacky. [lna dhoToTpodion KapOTHHOMIEI 0CO-

. My3wpipex BoO3mYXA

F—— CycneHsHs noIBHxHbx
aHa3poboB-cynpHAOIeHOB

—1.—— TI¥3btpek Boatyxa

F—— 3oHa auddyIun xucmopoaa

e CoH MONBHKHBIX
unanpobon-
cyabbHIore HOR

JBHKeHHE KICTOK
CyianbHIOIEHOB

Puc. 73. «[Ipxanue cyanhitIoreHoD» (cxeMa ONbITa)
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UCTIIO BKHBL, TAK KAK MUrMeHThl POTOCHHTEe3a ABISKTCA AKTHBHBI-
M (HOTOCCHCHOMTI3ATOPAMM.

Y a3poboB M (haKyabTaTUBHBIX AHA3PO0OO0B B KICTKAX PHCYTCTBYIOT
(1 CYIICPOKCHIIMCMYTA3a, M KaTanasa, v nepokeuaasa. ¥ MHorux o6-
NUTATHBIX AHA3POBOB HTUX hepMeHTOB HeT. OIHAKO ¥ HEKOTOPLIX Me-
FHIOTEHOB W KIocTpHAves Haxonst kaTawiazy 0 COM. OHH WMeI0T BaX-
HOC JHAYCHUE NPH CYLWIECTBOBAHHM OPraHW3MOB B YCJIOQBMAX HeCTa-
tiaLHOro aHaspobuosa. HanpuMep, KMcaopod fIONAAAET C ITHILCIH B
I PXHION YACTH KHILICUHHKA TCPMHTOB, [e OOUTAIOT aHa3POOHLIE MHK-
pOOPraHu3Mbl, Ha pUCOBLIX MOMSIX NPH MX OCYWEHUW WA CTAHOBUTCH
1)POGHBIM, OIHAKO NPH 3aTOIICHNU H BOCCTAHOBICHUH aHapobrosa
MCTAHOreHE3 HauuHaeTcs 6e3 nar-dasbl, 3T CBUALTENLCTBYET O TOM,
1) MCTAHOIEHB! KAKOE-TO BPCMA CIIOCOOHBI BbLAEPXKHBATL a3pPOOHbIE
YCJLOBHSL

Cynphugoretsl (CynnpaTpelyKTOPbL), HUCMCIL3YIOLINC BOAOPOL,
CHOCOBHB! AKTUBHO BOPOTRCA C KHCIOPOLOM, OCYILICCTBANSA «IbIXAHHL
cylisuaoredos» (puc. 73). MeenelosaHne NpOROAKIH B [IOCKUX aHa-
)pOBHLIX MpoTeYHBIX Kamwispax [Mepduinena. Ecin K cycnensny nox-
MUAHBIX ada3po6oB 100ABAAAN NY3LIPCK BO3AYXA, TO KIETKH uepes
HUKOTOPOE BPEMS BLICTPAMBULMCH HA TPAHILE 30HbL ANDDYIHN KHC-
nopoaa, oépasys BOKPYr My3bIPbKa BO3AYXA HA HCKOTOPOM YAANCHHU
«thepy» U3 KICTOK. BBLO 3aMETHO, UTO KJIETKM BXOAWIH B a3pOo6HYI0
HO1Y, NOBOPAYMBAIM U YIILIBATH 0OpaTHo. PasMcep nysbipbKa BO3AYXA
HOCTCIEHHO VMEHBIIAICH, T.C. aHA3POOL] AKTHBHO MOIROMaTH KHC-
stopoa. Tpu stom peaxips «rpemyuero razar (H, + Oy — H,0) npoxo-
I B CHUCTEME: THAPOTEHA3a (TIOTJIOWAKIIANA) + UHTOXPOM ¢; IpY
FEUTHYHM MOJICKYJISIPHOLO BOIOPOAA.

HeoBX0MMMO OTMCTHTB, 4TO U Y a3po0oB ecTh (epMEHTLI, YYB-
CIBHTCBHBIE K KHCJIOPOAY (HArpHMep, HATpoTeHasa). B Takux ciayuanx
I IJICTKAX UMEIOTCH PANIHUHBIE CNOCOOLI 3a1HMThL (HANPHUMCP, Kiy-
benbKU — Y Rhizobium, karnicynsl — y Azotobacter, TCTEPOLMCTBL Oe3
(porocueTemul I — vy unanobakrepiii),

[HecMOTPA Ha TOKCHUHOCTH KHCIOpoaa AMd ofAHIAaTHBIX aHadPo-
1OK, 3TH MUKPOOPIAHH3MbLI MOTYT CYILECTROBATb B MOCTOAHHO a3p0o0-
X MECTOOBUTAHMSIX, HO B COOBILICCTRBAX ¢ a3POOHBIMH WK (haKyJib-
HIPHBHO @HA3POOHBIMH OPraHM3MaMH, KOTopbic noraowant O,. ITpu-
MUCPAMH TAKHX COOBIIECCTR SIBTIOTCH UMAHO-DAKTEPHANIBHLIE MATbI, [A€
BCPXHUI CJTOH a9POBHBHT ¥ OKCHTCHHDIA, 3 HIKHNH — aHaspoOHBbIit,
(NUDIIIHBIE TPAHYJIHPOBAHHBIC OCIIAKH, T7Ie¢ BO BHYTPEHHCI YAcTH €O-
ULUOTCS AHAZPOOHDBIE YCIOBHS, MHKPOOHOTA POTOBOI MONOCTH, FAe
GtUIHEATHO aHaspobublit Bacteroides gingivalis XnpeT B OTI0XeHUAX
whilloTO KaMHe.

floka3aTe/ieM HANMYHA KHCAOPOAA B Cpele MOXeT CJIYXKUTh OKHC-
T TCILHO-BOCCTAHOBUTEABH B T TOTeHILHa Eh, KoTOphIi MeHsieTes oT

S0 1o +800 MB. Yem Goablue eTo oTpHLATENBHOC 3IHAYMCHHE, TeM
LOee ROCCTAHOBASHA ¢peaa (AHA3podHbIE YCA0BUS).
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Pagnauus

DAEKTPOMATHHTHBIE H3AYYEHMS TIOAPAYICIAAIOTCS B 3ABHCHMOCTH
OT AAHHBI BOJIHDLL HA HOHM3UPYIOILEE HAYHEHHUC (Y- U PEHTIEHOBCKUE
aydu ¢ A < 200 uM), yibrpadhHoneToBoc MITYYEHNE, BHANMYKD 06-
JACTh, HHGPAKPACHOE UITYUeHUe U panMoBoTHBL [To xapakrtepy neii-
CTBHR WUIYUEHMSI ACHATCA Ha: |) OKasblBAOWNWC (DHIUQIOTHNCCKOE
NefeTBre; 2) OKA3BIBAIOUIME JTCTANBHOE M MYTATEHHOC ACHCTBHE:
3) okasmiBaloOlME TEILIOBOE M MCXAHHUYECKOE AeiicTRue.

Muszvonoruucckoe AeHCTBUE OKa3blRaOT OMVKHKMH yabTpadHoneT,
BHIMMBIH CBeT U WHpakpacHeie ayuu (350 —400—800—1 100 um).
DTO NPEKIAC BCCTO gomocunmes — npoLecc KOHBEPCHH COMHEYHON
IHEPIHH B XUMHUCCKYIO. PasHbie roToTpohHble MUKPOOPraHM MBI IO-
TAOIAKT CBET PA3THYHOW UIMHBL BonHBL, [lpeaenst vcnonsizyemoro
CBETA ONPEJSHIOTCS, ¢ OAHOH CTOPOHB!, HEOBXOIHMOCTLIS HAIHUUHSI
IHEPIUN A5 HOTOXMMHUECKHMX Peaxitiil, a ¢ Jpyroii — HeobXoauMOo-
CThI) TIPCAOTBPALICHUS JECTPYKUHN MUTMEHTOR, DACKTPOMATHUTHLIC
BOJIHLI BAXHLI JUTS nposaBicHUA dorortakenca. Cyuecrayor dorola-
BHCHMbIE CHHTC3Bl M ¥ HEDOTOCHHTEIHPYIOLWUMX MUKPOOPTraHM3MON
(nanpyiMep, o0PU30BaHME KAPOTHHOMIOB Y MUKOBakTepuit). Y Hedo-
TOTPOMHBIX MUKPOOPIAHU3IMOB aKUETITOPAMH CBETA CUWTAIOT TAKKC
nophHUpHHBL 1 (DAABHHEI.

OnHako He caeayer 3a0biBaTh, YTO CBET TAKUX UIMH BOJH HC BCC-
I'1a OK#36IBAET NOJOKNTENLHOE BIHAHKE. [loa neitcTRucM nuppaxkpac-
HbIX JIY4ed MOXET NPORCXOAHThL NEPErPeB KACTKHU, )\ BHAUMDIT CBET B
A3pOBHBIX YCJAOBHMIX NMPHBOANT K ODPA30BAHHIO CMHIETHOTO KHCIO-
POJIRQ, YTO BLI3LIBACT (POTOOKUCIEHUE KICTOUHKIX pepmeHTOR. B kaue-
CTBE 3ALUHTHI MMKPOOPIraHM3Mbl CHHTE3HPYIOT KAPOTHHOIABL, CAYXKa-
LUHE «TYLIUTCISIMU» CHHLJICTHOTO KHC/I0POIA.

VabrpadHoneT B 3aBHCHMOCTH OT UTHHbLI BOJIHBE M JO3BI MOXET
BLL3LIBATL KAK JeTAUIBHBIH, TAK B MyTarcHHBIT addiekT. [1pu 310M Ha-
BiogaeTcs noBpekaAcHUe npexie Beero monekya JHK (ocobeHHo npu
A = 260 HM). B MOTIEKYJIC ROSHMKAIOT THMHHOBBIE JIMMEPbI, UHTHOUPY-
WOUIUE PEILIHKALWI. ITH NOBPCKICHHS MOTYT OLITh YCTPANSHDBL IBYMSA
NYTIMK: homopeak musauueit 1 mesmHoaol penapauuedi. B nepsom ciydae
HA MOBPEXAEHHOE MECTO «CaaMTCA» (PEPMEHT, AKTUBUPYEMBIIT CHHHM
(BMAMMbBIM) CBETOM, W ucnpasiasiet cTpykTypy JAHK, yerpanss cssisu
MY THMHHOBBIMH OCHOBaHUIMK B AMepax. Bo sropom crivuae cper
He HYXCH. paboTaloT epMEeHTHI IHAOHYKIea3a (BbIPE3ieT MOBPEX-
AEHHBII YHACTOK), MONHMePa3a (CHHTE3HPYET NPABHILHYK) CTPYKTYPY
110 KOMMAEMEHTAPHOH 11¢MH) M aAMra3a (CLIIBACT CHHTE3HPOBAMHBIC
NOCAER0BATCIILHOCTH ).

YasTpaduonet ¢ A = 325400 HM TaKKC BpeaeH IS MHKPOOPra-
HHU3MOB, NOCKOJBLKY HapAzy ¢ 0Opa30BAHHEM THMHHOBBIX IUMEDPOR
NPOUCXOAUT PAPYHICHHUE TpHNTohaHa K 00PAIYIOTCS CTO TOKCHYHBIY
(POTONPOAYKTBHI, KOTOPEIC NeHCTBYIOT KAK XHMHUYECKHE MYTATeHbl.

100

Honminpylouniee HiMy4eHUE NPCACTABAEHO OUEHDb KOPOTKHMI BOJI-
1ML ¢ BRICOKOI 3Heprucii. HU3IKIe VPOBHU TAKOI0 HIYYCHU MOTYT
RLILEBATE ¥ MWKPOOPIAHW3IMOB MYTALMH, & BbICOKHE [1OYTH BCeraa
nuprsoast K rudenn. CAeacTBHEM HOHH3HPYIOWIETO 0DAYUCHHS SIBAS-
KYICH PA3PbLIBbL BOMOPOIHBIX CBASEH, OKUC/ICHUE JABOIAHBIX CBAEH, pas-
PYIICHHE KOALLUCBBIX CTPYKTYP, MOJHMEPH3ALIIT HEKOTOPLIX MOJICKYI.
HpHeyTCTBHE KHCAOPOAa YCHIHBAET 3TH IDGEKTDL, BO3IMOXKHO, H3-3a
Lenepali ruapokensi-paankanos (OH'). Ho riapHas npuumnHa rude-
a1, KoHeuHo, acerpysiivs JHK.

MUKPOOPraHu3Mhbl BCChbMA CYUIECTBCHHO PANTIITUAIOTCS MO YCTOH-
MOCTH K paanaltii. EcTe MUKPOOPTaHM 3MBL, BbLACIEHHbIE 13 00y-
NCIHLIX TIPOAYKTOR W H3 BOIB! aTOMHbIX peaxtopos (Deinococcus
radiodurans, Shizosaccharomyees pombe, Boda maring — XryrukoBoe npo-
creitinee). YCTORUMBOCTL., NO-BHAMMOMY, CBH3aHA ¢ BLICOKOH 3ddek-
IHBHOCTBIO PETIAPALMOHHETX cUcTeM. OAHAKO VIS DOJIBITHHCTBA MUK-
POOPTAHHU3MOB VILTPAGHIONETOROS U HOHIIIUPYIOMEE HATYUECHHS B OIT-
PCACHCHHbBIX 103aX [VOHTENLHDbI, O3TOMY TAKHE HINyHMeHUS MOXHO
Wenonesosath p crepuansanmu. [pu >toM caeltyeT NOMHUTb O BO3-
MOAKTIOCTH TIOABAEHHH YCTOHYUBBIX K odnyqenuio dopm. B ceete 3THX
AMTHBIX TIEPeHECCHUE MUKPOOPTAHI3MOB (0CODCHHO CIOp) uepes3 Koc-
MINICCKOE NPOCTPAHCTRO HE KIKETCH TAKHM YK HEBCPOATHBIM.

B sakoMecHue CIIeayeT OTMETHTE, 4TO B NPUpoIe MHUKPOOPTaHHW3-
MBI HCOBITLIBAIOT HA ceBe BAMAHHEC HE OJHOTO, & MHOXECTBA (haKTo-
pon (HATIPUMED, B «YCPHBIX KYPWIBILIHKAX» — TEMIICPUTYPbl, AaBJIC-
(1131, BLICOKOTO COACPXKAHMS CyIbhiaa), T.¢. HCODXOIMMO VYHTBIBATD
I W SHIMOAEACTRUC (PAKTOPOB OpYT ¢ APYIOM,

KOHTpPONbHBbIE BONPOCHI

1. Ha30BHTE OCODCHHOCTH MHKPOOPTRAHITIMOB-T0I0HAOB,

2. Kak aunao- o aikaangIbHBE MHKPOOPHHMIMBI IPHCIOCOOMINCE K
U VIHCCTBOBAHMIO TIPH IKCTPEMATLHAIX SHaucHUaX pH cpensr?

. Ha Kakue rpynnbl AeTSTCH MHKPOOPTAHMIME! IO OTHOUIEHH K0 K T¢MIIe-
D TYPHLIM MPCAETAM H 9€M OHN PARIMYIOTCS MexIy coboit? 5

4, Modemy IKCTPCMUIbHBIE BAPOUNttbl XapaKIEPU3VIOTCA NOHHKCHHOM
DI OO HYECKOR AKTHBHOCTRIO?

5. Yem ofycaomicHo ToKenueckoe jefierane Op HA MHKPOOPraHH3IMbL?
ILowimTe cnocolGul 3301 T OT AKTHRABIX (hOPM KHCTOPOIA.

6. Kakoe AcHCTBHEC OKAILIBAIOT H3JTVUCHHA € PA3HONI LUIHHOI BOAHBI Ha
AR POOPTAH T IMBLY

7. [IppBesime TpIMEP NPHPOIHOTO MCCTOODHTAHMS MHKDOOPIaHH3IMOR,
0 EOTOPUM COYETAIOTCH IKCTPEMUIBHBIC 3HAYEHUST MHOIHX (IMIMKO-XHMH-
neer iy (AKTOPOR CPeaLL.



lnasa 6
METABONTIU3M MUKPOOPITrAHU3IMOB

HDOHMKHOBGHMG BeuwecTB B KJTeTKY

[MepBoii cTagneit McTaGomu3IMa TOrO MM MHOTO BCLIECTRA SIBASAET-
CH €T0 IIPOHHKHOBEHNE B KIETKY. Y GO0/bLIKHCTBA MUKPOOPTAHN3MOB
B KJICTKY MNPOHUKAIOT BENIECTBA, PACTBOPECHHEIC B Bode. Ilornouierue
HEPACTBOPEHHLIX B BOJC BCUIECTB MMEETCST TOMBKO Y 3YKApHOT, K Cpe-
AW MHUKXPOOPraHM3MOB K TAKOMY Tpolleccy cnocobHbI NpocTeimue.
INpouecc HocHt HassaHue 3xdouumo3z (puc. 74). TIpu gazoyumoze no-
FIOIAKOTCS TBCP/LIC BCIIECTRA, TIPU HUHOUUMO3e — XUIKOCTH. Kc-
KPCLHA TIPOAYKTOB MOXET NPOMCXONHTD B 0BPATHOM IOpsLake. ¥ Bbic-
HIUX XMBOTHBIX JHAOLUHUTO3 COXPAHWICA B BMIEC 3AIINTHON (DYHKUMH
(v darouuToR), a 3K30LUNUTO3 — TIPU FKCKPELIMH TOPMOHOB.

Y npokapuor kietoudas creaka ¥ LUITTM asnsiiores cyuiectsed-
HbIM MPENSITCTBHEM [UIST BRICOKOMOJCKYISAPHBIX BelllecTB. [lostoMy
TAKHUE COCIIMHEHUN CHAYANA PACLUCIUIAKOTCH BHE KJIETKH HA OJHIO- 1
MOHOMCPBI COOTBETCTBYIOIMMH THAPOAA3aMH, ¥ rpaMOTpHLATEIBHEIX
Gaxrepuil 511 hbepMeHTBI IMO0 PACMONOKEHB! HA HAPYXHOMH CTOpOHE
LM, 1160 n0Kain30BaHbl B NCPHILNIA3MATHYECKOM [IPOCTPAHCTBRE.
BricokoMoeKysipHble BELIECTBA MPOHUKAIOT B HX MCPUIIIA3MY C 110-
MOILUBIO BENKOB-TIOPHHOB B HAPYXKHOI (BHewHeld) MeMOpaHe.

Y MHUKPOOPraHH3MOB, KOTOPbIE YACTO XUBYT B GCIHBIX cpenax (pas-
BaBACHHBIX PACTBOPAX), CYIUCCTBYET HECKOIbKO TPUHUMITHANLHO PA3-
JIMUHBIX CrocoDOB NOCTYILIEHUA BCUICCTE B KIETKY. Bee Hesapsken-
Hele Moekyibl (H,0, raiut) MOLYT MOCTYNATh B KJIETKY TyTEM OBGbIU-
Holi andyhysun (raccusrnoii dudghysuu). D10 NPOHHKHOBCHHE BELLIECTB
B KJETKY 110 rPAAHMEHTY KOHUCHTPAUUH, He Tpebyinee 3aTpar sHep-
TUH W MPOHCXOAsILLEE 10 TeX [10P, MOKA HC HACTYITHT PABHOBECHE MEXIY
COAEPAAHMEM JAHHOMO BCILCCTBA BHE M BHYTPH KNETKHU. 3TOT ripouece
WICT ¢ HEBBICOKOH CKOPOCTBIO.

CKOpoOCTh 3HAUHTEIBHO YBEJIMYMBACTCS TIPH yuacThi crieunduue-
CKHX, 4ACTO HHAYLMOLIBHBIX, DCIKOB-T1ePEHOCUHKOB {f1epMedi). n TOT-
4 IPOLECC HA3LIBAKOT obsezuertold duddhyzueir. B 3ToM caydic Takxe
[IPOLECe OPOAMIKACTCS 10 TEX 0P, NOKA ¢CTh TPAAHCHT KOHIEHTPa-
Ml U He 3aTpauuBactcs MeTabonHuecKas sHeprus. Mexanwsm aeii-
CTBMSI [IEPMCA3 NOKA HesiceH. JTo OeNKH, pacnoiokeHuble 1H6o no-
nepexk Membpanb!, MO0 CNOCOOHBIC [ICPCABHUIATLCA YCPC3 MeMOpaHy
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Puc. 74. DuaoumTos

KAK B CRODOZHOM, TaK U B CBA3AHHOM ¢ cyDCTpaTOM coctosiHnn. Ocra-
eTCH HeICHBIM, YTO B 3TOM CJIYJae 3ACTARIACT nepMmcasy ocBoboxnath
cybCTpaT HA BHYTPCHHEH CTOPOHE MeMOpaHbl. DYKAPHOTHYCCKHE KIETKU
nyreM obaerdeHHOR AU Py3un TPAHCMOPTHPYIOT Pa3MUHbIC caxapa
1 AMMHOKHCAOTLL Y npoxkapHoT nyTeM obnerueHHON aupdysnn nepe-
HOCHTCA IMUepost (BakTepuy KUUICUHOI rpynnbl). MMeoTCs Hecrie-
LUMPpHUICCKHE NEPMeasbl U BCCX KATHOHORB. OcoObIi Cﬂy‘{dH — nepe-
HOC KaTHOHOR Xciacda, B aapoGan BOJIHBIX PACTBOPAX Fe™ Heveroit-
UUB U BLICTPO OKHCINETCS IO Fe'. [Mo3roMy Wist CHABXCHUS IBYXBa-
JIEHTHLIM JKENE30M a3pobHble MUKPOOPTAHUIMbL MMEIOT ocobble Te-
PCHOCYMKI — cudepaqbopw KOTOPBIE BHE KJIETKW KOBMIEHTHO NPHBA-
3BBaIOT K cebe Fe'' , IMMOYHIUPYIOT Yyepe3 McMOpaHy, Tae 0CBOBOXK-
natot Fe® BHYTPH KJIETKH, BOCCTaHasauBas ¢ro (puc. 75). Oauumu u3
Hauboee pACHPOCTPAHCHHBIX CHIEPOQOPOR SRIAIOTCS eudpoxcamamst.
Fe' umeer Bblcokoe CPOACTRO K IMAPOKCAMATy (10-1"M), nostomy
CHA3L OUEHb TIPOUHAA, A Fe k ruapokcamary npussasaH ciabo, no-
ITOMY [IOCJIC BOCCTAHOBIEHMS OH JICTKO OTIUENIACTCA HA BHYTPEHHCH
CTOPOHE MEMOPAHBL M WIET HA CUHTE3 FCMOB JWIK KENe30CePHbIX bes-
xos. Ecin Fe™ B Cpefe MHOTO, T¢ CHACPOQOP HAXOANTCH HI UM BHYTPH
MeMOPaHbl, 4 €CAM Mano, TO OH BBLIEJSIETCH BO BHEUIHIOW Cpely W
KaK Obl KOHUCHTpHMpPYeT Katnoubl Fe't Ha ce6s. Hano saMcTHTh, uto
Cpeadu aHa3PODHBIX MUKPOOPTAHHIMOB CHAEPOGOPLE HaxonsT Hevac-
TO, TAK KAK B aHAIPOOHIX YCIOBHSIX HET AebLUTa Fe™. Cuaepodopst
OBHAPYXEHD! W Y BBICIIMX OPraHM3MOB B CAIOHE, KPOBH H CJIC3HOf
WHAKOCTH. 3ICCH OHH CBA3BIBILIOT HOHBI XKEJe3a, KOTOPbIC CTAHOBATCA
HEJOCTYIIHBIMH 151 MUKPOOPTAHU3MOR, T.C. 3TH XKHIAKOCTH TAaK mpe-
JOXPAHSIIOTCS OT 3aPAXKEHUA,

DKCKPCLHS NMPOJAYKTOB MeTadoausMa ¥ MUKPOOPTAHUIMOR, KAk
[IPABMJIO, NPOUCXOANT nyTeM obrerdyeHHol muddy3nu.

MexaHWIMbl axmuenozo MPaARCHOPMA NO3BOJIAIOT BELIECTBAM NOCTY-
Nath B KIETKY NPOTHE CPAIHEHTA KOHIEHTpAUMH. TakHe MeXaHH3Mbl
TpebyioT 3aTparst MetTabonuueckoil sneprun. flepeuwnoii mpancnopm —
3TO BLIOPOC OPOTOHOR M3 KACTKH € 0OPAB0BAHHEM IIPOTOHHOTO MPain-
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Puc. 75, [lepeHoc moHOR Xenela ¢ IIOMOLUBIO CUIEepOdHOPOB-THIPOKCAMATOH

CHTA YCPC3 LMTOMIAMATHYECKYIO MeMOpaHy. 3a CHeT 3TOTO TPAHCMEM-
OPAHHOTO IPANEHTA NPOTOHOB ¥ PABOTAIOT ACC BHILI @MOPUYHORO IMPAHC-
nopma. [1pOTOHHBI [PAAMEHT B KJETKE BCELIA [10AAEPXKHBACTCS HA OI1-
pelcnCHHOM YPOBHE 3 CUCT jikiXaHud, OTOCHHTE A, DpoXKeHHsL,
Buasl BTOpHYHOIO TPAHCNIOPTA NIPEACTABIEHBI Ha pHUC. 76. Y npoka-
PHOT ¢ NOMOILLIO AIECKTPOHEATPANBHOIC CHMIIOPTA NEPEHOCSTCS AMU-
HOKHCJIOTB! M IPYTHE OPraHHYeCKMe KHCAOTbI, SNEKTPOHeHTPATbHBIM
AHTHIOPT € NPOTOHAMH NPUBOLAUT K IEPEHOCY KATHOHOB, & JICKTPO-
TCHHBIHI — K TPAHCIOPTY CaXdpOB M HEKOTOPLIX AMHHOXMCIOT, MO-
CPeaCTBOM YHMIIOPTA NPOHCXOONT BRIOPOC CONMH Y TanoMioB.
Tpancrokauua epynn KaK BHI BTOPHUUHOTO TPAHCTIONTA O15IHYACTCS
OT NPEOBIAYILHX TEM, YTO BCLWIECTBO NPOHHUKAST BHYTPb KJIETKH B MO-
AnpuuuporanHoM Bune (puc. 77). Taxk TPAHCTIOPTUPYKOTCH caxapa,
NVPHHBL M NHPHMMINMHBL ¥ Opo- U 3yxapuoT. IlepeHoc docdatHoii
TPYNIKI HA caxapa ocyllecTRIsgCTes oT dhochocHonnmupysata (DEIT).
a4 HA NypHHBI W MUPHUMHAMHB — OT cocthopuboannmupodocdara

() H*
Curopt

DICKTPOHCHTPAIBHBLH

‘
T

DNCKTPOrCHUbLH

() () H*
AHTHIIOPT
‘INeKTPOHEITTPUIBHBLI INEKTPOTEHH bl
Yuunopr

(BCeraa 3CKTPOTEHHRIN)

Puc. 76. Buasl BropMuHoro rpaHenopta
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Puc. 78. Cxema Oprasu M TRAHCTIOPTHRIX CHCTEM, 3ABHCHMBIX OT 3KCTpa-
LENTIOIAPHBIX CBSI3LIRAIOLIMX DENKOB!

1 — Hecnewhuueckiit rpuMepHblil nopiu: 2 — cneuudntieckiu TPUMCPHBIT no-

PMH: 3 — DCUCTTOP BHCIIHEH MEMOPAHB! ¢ BRICOKHM CPONCTBOM: 4 — PACTROPHMAIC

CRAILIBAIOIIME OEIKI: 3 — KOMIRCKC ISl TPAHCAYKIEHH 3HEPTHIL 6 — ITHTErPiUtbHbIC

MeMOpanHbte GCIKE (roMO- HIIH FeTCpoauMepsl); 7 — ATO-cannipaieutite cydnweIn-
HUOB (FOMO- WM TETEPOANMEPLI)
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(DPPIIP). El n HPr — Hecnewsndirannl, a E2 1 E3 — cneunduunsl
JUTH KaxJIoro cydcrpara W, Kak [pPaBHAQ, HWHAYIHOEIbHEL

¥ rpaMOTPHLATENLHBIX MHKPOOPTAHHIMOB U3-3a HAJIHYKMA HAPYX-
HOH MeMOpaHbl B 0DOJIOUKE CYLICCTBYIOT O0/EE CHOXHBIC CMEILAH-
HBIE MCXAHHU3IMBI C VUACTHUCM CEAZBIGRIOIHUX (EAKO8, TOKATIUIOBAHHDBIX
B fIEPHINAIMATHYECKOM [IPOCTPaHCTRE. CBA3LIBAKIIHE BEJIKH BbICO-
KocrneunyuHnl, o0pa3yioT KOMIIACKE ¢ CYBCTpATOM U TICPEHOCAT
€ro YCPEe3 HEPUILIAZMATHUCCKOE NMPOCTPAHCTRO HA COOTBETCTBYIOLIHE
MEPME 3Ll KOTOPBIC € 3aTPATOH DHCPIHH TPAHCIOPTHPYIOT cyBerpar
BHYTPb KI1eTKH. OObIMHO HCMOAb3VeTCs aHCpTUA B opme ATD, o
MOTYT YUACTBOBUTbL U APYTHE COEAWHEHHS C MAKPOIPIUMECKHUMM CBSl-
3UMH. TpaHCMOpTHLIE CHCTEMbl ¢ YYACTHEM CBA3BIBAIOIINX GelKob
HMEIOTCH M Y [PAMIOJAOMHTEIbHBIX MHUKPOOPraHH3IMOB, HO TOTI:
CBs3bIBAIOIME BefiKM «3asKOPEHb CBoeH N-KOHLUEBOH YacTbiy B
LI{IM. ObobuiecHHas cxeMa OPraHM3auMn TPAHCTHOPTHBIX CUCTEM, 3a-
BUCATITHX OT IKCTPALEILTIONSAPHBIX CRI3BIBAIOUUX OCIKOB, MPCACTAB-
JieHa Ha puc. 78. e

M3BeCTHO, UTO MHOTMME MHKDOOPraHW3Mbl MMEKT BBICOKOAKTHB-
HbI€ CHCTEMbI BBIOPOCA KCEHODHOTHKOB (¥ AHTHOHOTHKORB), UeM 3a4a-
CTYI0 M ODBACHSCTCH MX YCTOHYHMBOCTL K 3THM cocauHcHUAM. Mi3-3a
CIOCODHOCTH MHKPOOPIaHH3MOB K JlaTepalbHON nepeaadc reHOB Ta-
Kasl yCTOHUHBOCTE BLICTPO pacnipocTpanseTcs. [1oaToMy HeobxoaHMO
HaitTH cnocobbl IPDEKTHBHOTO MOAABRACHHST BRIOPACKIRAIONINX TPAHC-
NOPTHBIX CHCTEM UL [OMLICPKEHHS BbICOKOH ACHCTBYWILLEH KOHIIEH-
TPALMH JIEKAPCTBEHHOIO NPenapata BHYTPH KJACTKH,

dHepreTvHeckMe nNPouecchl y MUKpOOPraHuamMos

OcHosHbie monstHs. Besi CORBOKYIMHOCTE XHMUMECKIX peakLiMii B KieT-
Ke (MK mMemafoau3m) NOJNUMHICTCS HPUHINIY DUOXUMUYCCKO20 eduH-
cmgda, CQOPMYITUPOBAHHOMY FOIAHACKAM MUKpoDHonorom A. Kmoii-
BEPOM, KOTOpBIi IIAcHUT, YTO B ODMOXMMHYECKOM OTHOUICHHH BCE
KHMBBIC CYLLCCTBA HA JeMJIe CXOAHDBL. Y HUX CAMHO0ODAZUE CTPOUTEIh-
HbIX BJIOKOB, €IMHas «3IHepreTHucckas pamioTa» (AT®), yuusepcann-
Hbli TEHETHULCKIH KOL Y B OCHOBE CBOIT HACHTHUYHBI TTABHBIC MCTAbO-
JIHHMCCKHE MYTH. PCAKLIMHY, MPUBOINUHE K PACIIETUIEHAKD U OKMCICHUIO
BCILECTB C MOAYYCHHUEM JHEPTUH, HAZBIBAIOTCA KymaboiuzmoM, [yTH,
TIPHBOAALLNC K CHHTE3Y OCHOBHAIX C/LOXHbBIX BCLLECTB, HA3LIBAIOT gHA-
oat3Mom; NPOMEXYTOUHBIE PEAKITHH, NCPCCTPOIHKHN OLHHUX BCIICCTB B
APYIHE HALIBAOT aMbuboatizmMoM.

TTo THIY NOAYYCHHS JHEPIrUH BCe MHKPOOPraHU3MBl TToapa3gend-
10T Ha dororpodl (aHeprus cBeTa) U XeMOTpPOMbl (JHEPrHA XUMU-
YEeCKMX CBA3CH OPraHMMeCKMX WM HEOPraHHYCeCKHMX COCAMHEHUET), DHep-
THS HYXXHA KJICTKC IUTS CHHTC3A Pa3HYHbIX BELUCCTB, [AAsi OCYINECTB-
NERHA ABHXEHHA (NepeMelueHHsT B NMPOCTPAHCTBE) M A TIOrIone-
HHA BCUICCTE M3 OKPYXAIOLWICH Cpeabl.
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AT® — yunBepcalbAbiid NePeHOCTHK IHEPIHH. Bosbliag yacTh 3HEP-
TO3aBHCUMBIX peakuuil CBs3aHa ¢ HCIIOTb30BAHUEM AT® — BBICOKO-
JHEPreTMHECKOH MOJICKYJIbl, COAEpXaled 1B MAKPOIPTUICCKHE CBA-
3u. Puaponus 1 M ATO nact okono 32 k[Lx ¢cBoboAHON IHEPIHM. Hpy-
[HE COEMMHCHMS ¢ MAKPOIPIMUCCKUMU CBA3TMU — 3T0 nupogocdar
(PP, unu ®D,), kpearnudocdar, GETI, amn-KoA, I'TO, UTd n 1.4
3anacaHue SHCPrUM MOXKET TAKKC OCYLICCTBIATHCS B (opMe monu-
thocuton. Eute oana GopMa 3anacaHus IHEPTUH — IHEPTH3IOBAHHOE
cocTOSHME MeMBpaHbl, WK mpanemesbpannsiil nomenynar (Aly,), —
MOXET oBecrneurBaTs NPOLUECCh MPOHUKHOBEHHS BCUICCTR B KIETKY,
TAKCHCHI, OBPATHDBIH TPAHCTIOPT MOHOB 1 cHHTe3 AT, OIHAKO COX-
HbIE OPrAHHYECKHE BELIECTRA HE MOTYT CHHTE3UPOBATLCSA 32 CHET Ay,

CyLIeCTBYIOT ABil MPUHUMITHAILHO PA3HbIX IYTH CHHTE3a ATD B
KJIETKC: i

1} eybempamuoe dochopusuposanue -— NEPEHOC MAKPOIPIHICCKOH
CRA3M ¢ uHTepMenuaTa karabomnima Ha AJI® B COOTBETCTBHM €
peakuueit S~ @ + AP = S + AT®. HeobxoaHM0 OTMETHTD, HTO sl
06pazosaHus Takoro GocGopUIHPOBAHHOTO APOMEXYTOUHONO COCAH-
HeHUA MHora TpebyeTes cHayvana satpatuth AT®, 0HaKO B KOHCY-
HOM HTOTE MUKDOOPIraHHIM JOJDKCH TTONYUHTE BRIMTPBIL B CHHTC3N-
poBaHHOH ATM. K BaxHeiKUM peakunsam cybcTpaTHOro dochopu-
JIMPOBAHNA OTHOCATCH! :

a) 1.3-aupocdorTuniepuHoBas Kucaota ( 1,3-mu®PrK) + All® -
-3 3-OOTK + ATO;

6) ®EN + AI® — nupysar + ATO;

B) Auwi ~ @ (anetun ~ M) + A1 — opranvueckas KUCaoTa {ane-
Tat) + ATD,

ITH peaklMU OCYIIECTBIIAIOTCS, KaK MPABUJIO, B PacTBOpaXx;

2) membpannoe (okucauTeNbHOE Mnn (hoto-) gocdopuiruposate —
NEPCHOC 3NEKTPOHOB NO HACKTPOHTPAHCIIOPTHOM 1e1H (DTLL). Tlpu
3TOM BAXHO, UTOBEI CyBCTpaThl OKMCASANCE focTeneHHo. Takoit cno-
cob nonyyerust AT® xapakrepeH 1Sl a3pobHbIX YCIOBUH, 4 TAKXE
npy aHazpobHoM abixaHuu. OB BHL CXCMDb! DTH, npefcTaBicH HA
puc. 79. B 3Tom ciiyuae cunTes ATM ocymecTsngeres Ha meMOpane.

Cuutes GoraTbiX SHCpPruei coeauHcnmii, B yactHoctH AT®, nipo-
HCXOIUT 32 CUCT BLICBOBOXKIAEMOM B XO€ OKHCIUTCABHO-BOCCTAHO-
BUTENLHbIX peakiiil ¢BoGoaHO 3Hepruu. Cpash CTaHIAPTHON €BODOA-
HO#t aHepruK peakuuu (AG®) U pa3HOCTH CTAHAAPTHBIX OKMCANTC/IL-
HO-BOCCTAHOBHTENLHBIX TOTCHIMANOB (AE]) NOHOPA M AKUETITOPA INEK-
TPOHOB MOKA3bIBACT YPABHEHUWE

AGY = -nFAE],

Ie 71 — KOJMUECTBO NEPEHCCEHHbBIX MPOTOHOB; F — roctosnHas da-
panest.
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H,A H'+¢
.uozuop [ ]EI IEl——
IMEKTPOHOB / :‘
ATD
AKUCTITOD 3NCKTPOHOR: OBIMN. B
Apobu-0> —H,0 +).82
Anaspobni- 505‘ g7 —0.22
g gl -0.27
C0y > CHy -0,24
€0, —»aueTar -0.29
NO3; »NO; +0,40
NOG N, +.40
Fe™ - Fe?t +0.75
Mot Mn®* +0.79
Seft st +0.475
AsH > ASY +0,139
hyMApaT — CYKLUIHHAT +(.03
AMCO-»IMC +0,16
NO-TMA—->TMA +0,13
rJIHuHHmmucTuHNHj -0,01

Puc. 79. Cxema DTL (OBIT — OKHCARTCABHRO-BOCCTAHOBHTCAbHBI I NOTCHLIH-
it AMCO — pumericynpdorent; AMC — aumermieyianging; TMA — Ttpu-
METHIIIMHH)

OTIL » ee kKommonentTot. Jist paboTh DTL Heobxoaumo, uToDLI
NEPCHOCUHKH PACTONATATHCE B MCMOPAHE 2aCHMMCTPHYHO W NOCAeo-
BITENBHO, B COOTBCTCTBHH CO CBOMMH OKHCJIHTCABHO-BOCCTIHORUTE1b-
HBIMIT TOTCHUMANAMH, KOMMNOHCHTAMH ALINATC/BHOM LICTIH SIBASIOTCS
¢hepMEHTHBIE OCTKH, COACPXKALLIHE CBA3AHHBIC ¢ HHMH KO(PCPMEHTEL
WA NpocTeTHYecKue rpyinbl. Kogepsiennami HA3BIBLIOT HH3KOMOJE-
KYASIDHbIE BeuiecTsa, KoTopble Tiepenart cyberpat ot onHoro gep-
MEHTHOTO BEJKa APYroMy, OTACHSASICH oT DeNKoBOil yactu. fpocmemu-
HECKUE epYiItibl — TOXKC HCﬁOﬂbluHC MOJCKY.JIbl, HO OHH HE OTACAHIOTCSH
oT OeNKa BO BpeMsA NPUCOEIHMHEHMs M IepeHoca cyberpara. MHorne
TAKHE COeAHHCHUSI OTHOCATCA K BUTAMUHAM (Taba. 13}, mo3toMy cciiu
MUKPOODPTAHH3M He CnocodeH caM CHHTE3HPOBATL HEKOTOPDLIE M3 HHX,
TO 3TO BCLUCCTBO WM CrO MPEAICCTBCHHUK HCoBx01HMO 100anndTh B
[OMUTATEABHYIO CPedy.

B ta6n. 14 npuBCACHB! OKMCTUTCIBHO-BOCCTAHOBHTCILHBIC NOTCH-
UHanbl MeTaboMHUeCKH Haubonee BakHbIX nap.

Torza B COOTBETCTREMH CO CBOHMM [TOTCHUHAJIAMM NMEPEHOCYHKH
pacriontoxatcs Tak: HAJL" — (naBHibt — XMHOHBI — HHT. B — LUHT. ¢ —
— uut. a{o) - O,.
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Tabawua 13

Kod:epiuemu WIH NPOCTETHYECKHE TPYINDI -— OEPEHOCUMKN H HX OTHOLCHHE

K BUTAMUHAM

KodepmenT 1
OPOCTCTHHUECKAA TPYIITL

Y10 nepeHocHT

ButamitH

HAIl{®Y Bomopod, ¢ HuxoTHHOBIA KHCAO0TA
DMH, @A Bonopod, é Pubodaapin
YouxuHot Bonopon. ¢ Qi
HHTOXpOMDE ¢ [Tpon3BoanhblC reMa
bnonH KapGokcinbHbie BuoruH

TPYRITbL
NMupnooxcanspocdar AMHHOIPYIIDI IMupHIoKCHH

Terparuapodorrenas
KHCIIOTR

MOpPMHIALHDBIC [PYIIIbI

doanesasg KHCIOTA,
napa-aMUHOBCH30HHAA
KHCIOTA

Kogepment A

ALMABHBIE IPYIITTR

TaHToTe HOBAA KHCAOTR

JlnmoeBast KUCAOTA

AUMWIBHBIC TPYIINbL i1
BOLOPOAL

Jinnoesast KHCAOTA

Kodwpmenr By KapBoxcunbpHble KoGaraMun
TPYINK (Iepemeie e
BHYTDH MOJICKYJIBI),
METH1bHbIC TPYIIIILI
TraMuunupodocet AnbaerHaHbIC TPYNIABL | THAMHH

OKNCANTEIBHO-ROCCTAHOBUTEIBHLIE TOTEHNHAL

TaGauua 4
Hanbosee BAXKABIX Oap

[Tapa Eh. mB
CO,/popmuar - 432
2H'/H, -420
DepPpesokCHH yyen mocer. -390
HAT(®D) /HA(D)H -320
DAL/DAIH =220
OMHegen/PMHypeer -220
TupyBaT/iaxmar - 190
MeHaXHHOH guuen uocer _74
VOMXMHOH (0 smncer. +100
| Lisroxponst b.c.a conmen. dapsiay /THHTOXPOMBE €. 8 acer dopman +70—+290
0,/H:0 +810
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HeobxoaHmMo OTMETHTL, YTO NIHPHAHHHYKICOTHAbI MOTYT CNYKHUTD
HE TOJALKO MNCPCHOCYHKAMKH 3JIEKTPOHOB M [HPOTOHOB, HO U OBITL €0C-
CIUHOBUMEIbHBIMU IKGUGAIeHNAMI B OKUCAHTEILHO-BOCCTAHOBHTCIIb-
HBIX PEAKLIHMAX, HATIPHMED, KOTAAa YIIEPod BXOAMT B PeakKUUH aHabo-
an3Ma B Bosee oxuciaeHHOM opMe, YyeM caxapa (B BURE opraHuye-
ckux kncnor, CO,).

[MepeHocunKy pacroaaraloTes B MeMbpate aCMMMETPHYHO, 1C pai-
Hble cropotbl MeMOpans! (puc. 8(G). TIpu nepeHoce ancKTPoOHA OAHOBpPE-
MCHHO ITPOMCXOINT U TPAHCIOKALMS TPOTOHA, KOTOPLIH BhicBOGOXKIA-
eTed Ha BHELIHEN CTOpoHe MeMOpaHbl. Tak Kak MeMOpaHa HerpoHuLa-
CMa U NPOTOHOH, BO BHEIUHEH CPEAE UX CTAHOBMTCS DOJIbILE M HABO-
AWTCH TPAHCMCMOPAHHBIA MOTCHIHAN, MMEIOWMIt WEKTPHUECKYIO H
XHMHNCCKYIO COCTABISIIONNe: Ay, = Ay + ApH (Moxet OniTh ApNa).
B MemBpane Hapagy ¢ nepeHocuuxkaMmu conepxnresl ATDasHan cucre-
ma, obpasyviomas ATM 3a cyeT «3aKAMMBAHMS» TPOTOHOB («Hpomontas
aomia»). Yacte TpaHecMeMOPAHHOrO [OTCHUHANA PacXOAyeTcsl Heno-
CpeacTBeHHO H3 TPAHCIIOPT BEIECTB B KAETKY M ABHAKEHHE XIYTHKOB.
C apyroit cTopoHLE, TpH HeoBxomumocty ATMa3Han cucTeMa MOXET ¢
3ATPATON 2HEPTHH HABOAMTHE TPaHCMeMOpaHHbBII NoTeHUMAT.

Opwyve BT npn aHaspoGHOM IBIXAHMH 3AKIOYACTCT B TOM,
YTO KOHCUHBIM QKLCTTOPOM JIEKTPOHOB MOTYT CIYXHUTh HEOPraHM-
YECKHE NIH OPraHMMECKHE COeNMHEHHA, HO HE KHeaopond. B atom city-
yae pa3HOCTb MOTEHUHANOR MEX/Y AOHOPOM H aKUCTTOPOM 3JACKTPO-
HOB MCHBIIE J1 MCHBIIE MECT COMPSKEHHA, [A€ IHEPTHH AOCTATOMHO
[UISL OOpa3OBAHIS MAKPOIPTHUECKOH CBAIH («lenb Kopoue»}). Takke
Lenb YKOPAUHBACTCS TIPH UCTIOIB3IOBAHHHK B KAYCCTBE JOHOPA HICKT-
POHOB TAKOTO CYBCTPATA, OKHCINTENLHO-BOCCTAHOBHTENBHBIH MOTCH-
HWA1 KOTOpore 00/ee MOMOXKUTCASH, YeM Y [MHPHIANHHYKICOTUIOR
(HanpuMep. NMPH OKUCIEHHHM CYKUMHITA CYKLIMHATAETHAPOreHa3a Tic-

Bhe Bryrpu
KICTKH KIICTKIt
HAT &« cyberpar
—
«[H*+e]
H»O

Pitc. 80. Cxema pacrionakeHns nepeHocuntkoe s LITM
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Tabawua 15
Knaccuduxanua gepmenTon

Homep Kuace KatiiHmpye MBIC PeakLlie
KITACCR depMcHTOB
1 Oxcnio- TlepeHoc X1eKTPOHOB (OKHCTHTENBHO-
PCLYKTA3b! BOCCTAHOBUTEhHbLIE PCAKLIMH)
2 Tpancdepainl | [TepeHOC rpYN MEALY MOJEKVIAMH
3 Duaponais Peaxuuy riiponusa (nepeHoc (pyHKIIHOHAILHRIX
TPVl HA MONCKYITY BOLbI)
4 MTuasznt YaaacHne rpyin U GopMUPOBIHHE 1BOITHBIX
cas3cil WTH NpHDIRICHKUE TPYNN K IBOHHBIM
CBSAM
5 Hzomepasbl MepeHoc rpynit BHYTPH MOJTEKY/Ib

¢ OBpPAZOBAHMEM HIOMCPHBIX hOpM

OO0BEIUHEHHE JBYX MOJIEKY C MCMONB3OBAHUCM
sHepruy ATO (peakius KoHIEHCAIIMM ¢ o8paio-

6 JTuraasl

paHmem C—C-, C—8-, C—0-, C—N-cnnicii)

pefacT 3nekTpoHnl Ha daapunbl). Torma s CHHTE3a BOCCTAHOBUTEL-
HBIX PKBYBAJACHTOR HEOOXOMMM 0BpaTHHIH NEPEHOC ICKTPOHOB C 3a7-
patoil aucprun ATO.

KinaccunKanus U HOMERKIaTYpa depmentos. [List H0JILILOTO HHCIIA
W3BECTHLIX (HEPMEHTOB B HACTOAILEE BPCMSI UCTIONB3YETCS Kaaccupu-
xauua TUB (International Union of Biochemistry). cornacHo KoTopoit
(ePMEHTBI IPYIMMPYIOTCS B IIECTh KAaccoB. Kuace AemuTea Ha noj-
KJTACCHI, @ MOOKTACC — Ha cybnoakitaccbl. Kaxaplii HepMeHT HmeeT
NOPAIKOBLIIT HOMEP BHYTPH CBOEIO CYONOAKIIACCA, MOITOMY €10 MOKHO
OXAPAKTEPH30BATL COOTHETCTBYIOUIMMU HCTBIPhMSA uudpamu [Hanpu-
Mep. CYKIMHaTAernaporenasa Oyner oboiHaucna kak KO 1.3.99.1
(K® — xnaccndukanus epmerton)]. B raba. | 5 npejcTaBieHBI Kl1ac-
Chbl (DEPMEHTOB M OCYILICCTBIAEMBIE UMM PEAKUMH.

Jist GonblinHeTBa (DEPMEHTOB TIPHUHATA CHCMEMAMUHCCKAS HOMEH-
kaamypa (TIpaBUIa HaUMEHOBaHMA). Tak, IS OKCHIOPEIYKTA3 Ha3Ba-
HHC CKJIAZBIBAETCH W3 Ha3BAHWS JOHOPA ICKTPOHOB. ABOCTOYHA,
Ha3BAHMA AKLENTOPA 1EKTPOHOB M Ha3BaHMS KJaacca ucpe3 Aeduc
(nanpumep, anxoronn:HAL -okcuaopeayxrasa). B To k¢ Bpems Ho-
NYCKAETCH MCIOTB30BAHUE YITPOUIEHHLIX WM HCTOPHUCCKH COXNB-
IMXCH HASBAHMUH,

O6wan cxema katabonmama MMKPOOPraHM3MOB

IIytvt nenob3osanms caxapos. OObIUHO LEHTPATLHBIM amgudonmn-
TOM CUMTHIOT LIOKO3Y, TAaK KAK OHa NepBasl H3 OPraHiyCCKUX BEUICCTR
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obpasyerca npu (hOTOCHHTESC H MOXET BCIYNATh B KATABGOMHIM LTS
NONYUCHMA IHCPIHH. ECTh TPH OCHOBHLIX MYTH OKWUCICHHUH MTIOKO3bI —
TTHMKOIIN3. NIEHTO30(hoChATHBIH M KeTORe30KCHGOCHOTTIOKOHATHBIIT
(KADT-rryre). Fuxoaus. wi nymo Inéoena — Meiepeoga — [lapraca,
BCTPCUAETCS KaK Y TPOKAPHOT, TAK U Y IYKApHOT. B HeM M3 Moneky.inl
FTIOKO3bL 0DPA3yOTCS ABe MOMAEKYABl MUPYBATA, CHHTC3IUpYETCH
2 HAIIH u 2 AT® (puc. 81). Henmoszoghochammniiz nyTh ( CEKCOIOMOHO-
thochamustir, uau nyms Bapoypea— Jurxenca— Xopexepa) pacrnpocrpa-
HEH Y pacTeHmii, a y MMKPOOPIaHH3IMOB HUIPAeT BCIOMOTATENRHYIO
posie. B pesynbTate €ro peakiuii 06pasyiorcs NeHTO Sk LT NOCACAYI0-
IOHX CHHTE3OB, [MHPYBAT, TPU MOJCKYIbl THPHIWHHYKICOTHAOB M
2 AT (puc. 82).

KADT-nymo, wan nyme Sumnepa— Aydoposa, npucyit TOTEKO MHK -
POOPratH3MAM i TPUBOAUT K 0OPA3OBAHHIO U3 OTHOM MONCKYIIL! TILIO-
KO3b! ABYX MoJeKy1 nupyBata, 1 ATd i 2 BOCCTAHOBACHHBIX TTMPH-
AMHHYKIeoTHAA (pHe. 83).

IIpeobpazosanns mapysara. lanee nupysar npeoBpasyercs B «iK-
THBHPOBAHHYIO YKCYCHYIO KUCI0TY» (AUETIUT-KOA) pasnuutelMu cITo-
cobamu. ¥ MHKPOOPraHH3IMOB OBHAPYXKEHB! BCE PEAKUMH Npeobpaio-
BAHUS TTHPYBATA:

a nupysat + KoA + HAIL" — aunernn-KoA + HAILH + CO, + H™.
Peakumst Karansupyercst THPYBATICIMAPOreHA3HBIM KOMIUIEKCOM C
THAMHHOM (BHTamHHOM B|) B Kayecrse kodakTopa. Takoi KOMILIEKC
OOHapYXEH ¥ a3poBHbIX MUKPOOPLaHHIMOB,

® ripyBatl + KoA + @1 — auerni-KoA + ®aH, + CO,. Peakuwms
KATLTH3UPYETCS! IIHPYBAT.ICPPELOKCHH-OKCHAOPEAYKTA30I M XapaKlepHa
A1l aHa3podos (Hanpumep, KrocTpuanit). Mpu stom OaH, npu yuac-
THH MHAPOrCHA3b! (BRACTIIOLICH) 0DPAIYIOT MOJICKYISPHBIIT BOAOPOL;

W ITHPYBAT + KOA — atetia-KoA + dopwyuar. 3aech yyactayer nu-
PYBAT.(hOPMHMATINAZA, KOTopas xapakTepHa mis Enterobacteriaceae,
horodakTeprii 1 HCKOTOPLIX oToTpodos;

B OHPYBAT — aucTaabiaeria + CO; (peakius npeobpa3oBaHus -
PYBATA C TOMOLLBIO MHUPYBATACKAPOOKCHADILI XAPAKTECPHA U151 APOK-
XKeit).

[Moayuennblit anetnn-KoA NOCTynaeT B OKHCTWTEABLHBIE LKL HIIN
YHACTBYET B [IPOLCCCAN OPOXKeHMH.

Inka TpuKap6OHOBBIX KHCAOT. ¥ ABIHIALIIX MHKPOOPLAHIIMOB OC-
HOBHBIM OKHCTHTC/TbHLIM LHKIIOM SIBJSICTCS MitkA MPUKAPBOHGEHIN KHC-
Aom (UTK), wi quxr Kpedgea (pyc. 84). 3a onnu 060poT LIMKIA 13 aLte-
THA-KOoA 0Dpa3sycTest 2 MOJEKY/Ibl YIIEKMCTAOTHI, 8 BOCCTAHOBHTEL-
HbIX SKBUBATCHTOB U | AT®. Kak npasuio, kopepMeHTbI B uTOM cI1y-
4 mepeaatot soaopod B ITH, tne u nponexonut cuntes ATD, UTK
BBITLONHACT (YHKUHIO HE TOILKO KOHCUHOIG OKHCIEHUS MHTATEbHbBIX
BEIICCTB, HO W ODECTICUHBAET OPruHH3M MHOMOUHCIE HHBIMHM TIpEALIe-
CTBCHHHKIMH AN [TPOLICCCOB DHOCHHTE3A. 15 BOCTIONHEHMS npoMe-
KYTOMHBIX TIPOAYKTOB UMKIa Kpebca, oTneaeHHBIX B aHabo HUeCKHE
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Puc. 84. Llnka KpeGea ¢ TITHOKCHIATHBIM 1IYHTOM (TTOKA3aH IUTPHXOBOI J1H-
HHEH ).

(DOPML‘HTHZ I — LIETPATCHHT:H 34t . 2 — akoHnTaz: I — H30INFPATAC CHAPOATEHA L, 4 —

G-KETOVTAPATIACTHAPOreHA XK. J— CYKIOHHATTHOKITHA3! f— CYKUHHATICTMIPOI¢HA 3,

7 — thymapasa; § — MaTATACTHApOreHasa; 9 — uiounrparanasa; /i — suarcndias

PCAKIIHH, CYXKAT axanaepomuveckue pearyuu. Haubonee pacripoctpa-
HEHHBIM SBJASICTCH cquorciuiamuoit wivam (cM. puc. 84). Tlpu pocte Ha
cpeaax ¢ OPraHMUYCCKHMK KHMCTOTaMM H JAPYIHMH VIJICPOAHBIMH CO-
COHHCHHSMHE (He cux:lpann) JACOOJHHUTCNBHBLIC DEAKLIHH ‘I‘DEGYIOTCH
HE TONLKO g ofecrmeucHus padotk! LITK, Ho 1 1na cHHTe3d npome-
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JKYTOYHBIX IPOAYKTOB T0KOHeoreHesa. HeKoropsie 1yHTHPYIOLIME pe-
aKLMU OYAyT paccMOTPEHBI Aasice (cM. 1. 6, 8).

Ocobennoctn MeTaboauama aHadIPOOHRIX MUKpoopramusmos. [Ins
GONLUIMHCTER aHAYPOOHO XUBYLLIHX MHKPOOPTAHM3IMOB BOIMOXHOCTH
obecneyeHust aHeprueil UCUepITBLBAIOTCH €¢ nonyueHueM npu dochdo-
PUIMPOBAHHKA Ha YPOBHe cyberpara. JanbHeiflive 3Tanbl ¥ LHHKABI
paclIernieHUid UrpalT poib TOJLKO MOCTABIIMKOR MPEIHECTBCHHH-
KOB JI1s1 BUocHHTesd. T1py 3TOM A5 MHOTHX aHA3POBHLIX MHKPOODra-
HU3MOB [UTSl TOMICPXAHHS OKUCIHTEIbHO-BOCCTAHOBHUTENBHOTO paB-
HOBCCHA BCTAET 3a1a4a U30ABMTHCSA OT BOCCTAHOBMTENEH. DTO YACTO
POUCXONNT NTYTEM BbLIEACHHUS MOJCKYISAPHOTO BOAOPOOA ¢ YHACTHEM
caenyloux gpepMeHTOR!

® THpyBaT:{PeppenoKCHH-OKCHMIOPENYKTa3a 06pa3yeT BOCCTAHOWIEH -
Hblit (heppeAOKCHH, a rMAPOreHasa (BhUICAANIOUIAN) KAaTATU3NPYeET pe-
akumo ®aH, » ®n + H,T; o

m nupysatihopMuaTinaza NpHBOAMT K 06PA30BAHUIO MYPABLHHOI
KUCNIOTRI, @ KOMIUIEKC TMAPOreHasnl (BRIOCAsAOWCH) v (ropMHaTae-
ruaporeHasst (TMAPOrcHINAa3a) pasiaraetT qOpMHAT HA MONCKYAAp-
Huli Boopoa # yrackuenoty: HCOOH — CO, + Hy;

N OA JefICTBUEM AerMIpOreHa3bl M TUAPOTEHa3bl (BhIACTIOUWIEH)
MPOUCXOUAT clieayiomne peaklnK: 3-hocorHIIEPUHOBBII UTLIACTHI
(3-®TA) + @, + HAA" - 1,3-1mn®UK + HAJH + H; HAIH + H' +
+ ®n1 - HAD® + ®aH,;, ®aH, - @ + H,. Takas cucrema paboraer
TOJIBKO NIPY HU3kuX 3HadeHUax OBl u adhdexTurHoM ynanennn mo-
JNEKYJISAPHOTO BOAOPOA, MOCKOJIEKY PCAKUMS TEPMOIHHAMHYCCKM He-
BLIroAHd. O6bIYHO 3TO MPOUCXOMHUT B IKOTOTHYECKUX HULLAX, TIE KO-
HCUHDIE 3BEHbSI MTHIIEBOH LCTIH MNPCACTABACHBI MeTAHOreHaMit W/ MM
CVALUAOTEHAMHY, UCTIOMBL3YVIOUINMMH BOIOPOA.

bpoxeHuna

BpoXKeHHIO N0BEPraloTcs BELIECTBA, KOTOPHIC HE NOJHOCTBIO BOC-
CTAHOBJICHLI M HE TMOJHOCTBIO OKHUCIACHBL CylICCTBYET MHOTO BU/IOB
BPOXEHUI, XaPAKTCPHBIX NS TEX MM HHBIX [PYILT MHKPOOPTAHHIMOR
W MPHBOOAIIMX K 0DPA30BAHHIO PA3JHMHBIX KOHEYHEIX NPOAYKTOB. Bo
Beex caydasx OpoxeHue NPCANOJaraeT CTporoe paBHOBECHE MPOLEC-
COB OKMCJIEHHSt M BOCCTAHOBICHHSA (IHPHAMHHYKIEOTHIBI, BOCCTA-
HOBJICHHBIE HA OAHOM 3FTane OPOXCHUS, BITOCICIACTBUM B TOM Xe KO-
JIHYeCTBE OKUCAAOTEH Ha apyrom). [lo onpenenenuio J1, [Mactepa, 6po-
KeHHe — 370 XKH3Hb 0663 Knucaopoaa. B Gonee yikoM cMmelcie GpoxeHHe
MOXET ObITh OTIPEC/ICHO KAK BECKHCIOPOAHBIE TIPCRPAILEHMS [THPY-
BaTa, MOJYUYEHHOTO B PCAKLWAX OLHOrO M3 nyTeit npcobpa3oBaHMs
caxapop (rnMkonansa, nedrosogocdardoro unn KIA®T-nyru).

Cnupmogoe Gpoxcenue y npoxxeil OLIJIO H3YYCHO HCTOPHUECKH HEP-
BhIM. JIpoxOki, Kak U GOJBIIMHCTBO TPHGOB, OCYIIECTBARIOT a’pod-
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Puc. 85, CnuproBoe SPOKCHHC ¥ IPOAOKESH

HOE ABIXAHMC, OHAKO B OTCYTCTBHME KMCJIOPOIa OHH criocobHbl cOpa-
XHBATh YIJICBOALI J0 3TaHOAa U yraekucnotel (puc. 85 C,H G —
- 2C02 + 2C2H50H

B NpUCYTCTBHU KUCJIOPOAA APOXIKN NEPEKTIOHAOTCS HA aspobHoe
JbIXaHue, npu Kotopom obpasyercs B 20 paz Gonble Buomaccht H
CUHTE3UPYCTCA 3HaunTeTbHO bonbine AT, bpoxenue, COOTBCTCTBEH-
HO, MOAABIACTCH. DTO TAK HAILIBAEMbIH fhexm [lacmepa — oaMH H3
KJIACCHYECKHX [IPHMEPOB PEryIduuy 0OMeHa BEUICCTB.

M3yueHHe ApOAOKEBOT0 CIMPTOBOTO GPOXKCHHMA NPUBEIO K BO3MOX-~
HOCTH YTIPABIATL MIPOLECCOM B TINIAHE NOJYYEHHA MIMCHCHHBIX TIPO-
ayxtes. Kapn HeitBepr mokadwl, 4to ecny K OPOIAILMM APOXOKAM
N0BaBnsATh HEKOTOPBIC XMMWYECKUC BELIECTBA, TO MOXHO W3MEHUTH
COCTaB NIPoayKToB BpoxkcHuA. Hanpumep, eciii CBA3bLIBATH aLCTAIbIC -
rua 6ucyispuTom

NaHSO,+ CH;CHO — CH,;CHOH--80:Na

TO OCHOBHBLIM NPOAYKTOM CTAHCT INTHLIEPOJ.
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B Taxoil cuTYanMH aleTATBACTHI HE MOXKET CYKHTb 2KUEITOPOM
BOLOPOAA H 3TY pOJdb NPUHHMAET Ha cebst ayoxcuanetoHghochar
(1OAWD), xotopolii BocctaHasnupaeTess U dedocdopunupyercs 1o
ranuepoaa, Teneps peakuus OpoXeHUA BRIMISAWT CaCIviowuM obpa-
JOM:

IIOKO3d + OHCYNIL]UT HATPUR —
— [JIHLEpON + auetanblernacyasput + CO,

Takas moandHkaLMg U3BECTHA KakK [ ghopaa dpoxucenusn no Heidep-
2y. DTOT npHeM yCnelwHo UCnoab3yeTes B BHOTEXHOIOMHH TS TToy-
YeHMS TInUepona.

IMpu mamcHeHn pH cpeast ¢ nomouisto NaHCQO; nnn Na,HPO,
opoxenme naet no fll gopye Gpowcenus no Heidepey, Tak Kak npu
ITOM AlCTATHACTHI IPEBPALIACTCS MTYTEM PCaKIIMH TUCMYTALIHNM B 9Ta-
HOJ W QUeTdT, a AKUENTOPOM Bozopoma onsTh craHosutcs JOAD,
00palys raMuepo.:

2 rmokosa + H,0 — atanon + anertat + 2 mmuepona + 2C0O,

Hopmansioe apoxokesoe opoxenune K. Heiibepr cunran [/ dhopmod
OPoONCEHUA.

CreaycT 3aMETHUTD, YTO STAHOM, 0Dpa3ycMBbIil IPOACKAMU, He sIBSIS-
eTCH LUISL HUX «Oe3padfuHbIM» coeanHeHem. MsBectHo, uto 1 — 2%-ii
ITAHON BAMACT HA MEMOpaHbl — VBCJTHYHMBACTCS MX TEKVUECTh, H OHM
NEePecTRIOT NMOAMEPKUBATL TPUAHEHT NPOTOHOB. JIPOXKH OTHOCATCHA K
CTIMPTOTONCPAHTHBIM MHKPOOPIAHIIMAM — BLLIEPAEALOT 9 — 12 % no
00beMy TaHOMA. Hanbonece 3xcTpeManbHBIMHY B 3TOM OTHOLICHWU SIB-
ASOTCS IPOXKAKH pachl sake (10 18 %). OHM HCNOAB3YIOTCS 115 NPHIo-
TOBJICHUST PUCOBOI BOJKH, KOTJAAa CHAYATA IJICCHCBLIC IpUDLL POl
Aspergillus oDpaiyioT aMMIA3y, PACICIUISIOIYI0 KpaxMan pHca, a la-
TEM APOAKH BHIOPAKHBAIOT caxapa 10 3TAHONL — TaK NOTYYAIOT CAK3,

Kax oTMcuaioch BbIlle, TPOXCKH HC MOLYT CYHUICCTBOBATHL B aHa3-
POOHBIX YCOBHX A0JI0: MOACTHBIIMCEL OKOMO LIECTH pas, OHK OCTA-
HaBJIWBAIOTCA B POCTC, TAK KaK OJHA M3 cTauWi cCHHTe3a HX (ocdonu-
NMUAOB TPebyeT MPUCYTCTBHA KUCIOpOAA.

Toneko bakTepuy poaa Sarcing o0palylOT 3TAHON TeM Xe MyTeM,
uTO M ApeAKKH, Hekotopelie BakTepHi crioco0Hbl OCYLUECTRASITL NPO-
uece rpu 45 °C (apoacu G6poast npH temnepatypax a0 30°C ¢ camo-
pa3oTpeB BPOIANICH MACCHl CTAHOBHTCH /U1 HHMX Oonbiuoit npobuc-
Moit). M3BeCTHbIit ANKOIOMbHBIH HATUTOK TEKHIY TTOAYMAIOT TICPETOH-
KOl COPOKEHHOro coka arasbl — nyabke. M3 nyaske u 661 BbLIEACH
NONBHXHBIN (MOHOTPYX) NAICUKOBHAHIIT MUKPOOPTaHHIM Zymomonads
mobilis, npespalarowmnit Liokosy B nupysat no KA®T -yt (puc. 86).

HexoTopric KITOCTPHARM H SHTCPOSAKTCPHM NPOROAT BPOXKEHHS,
B KOTOPBIX CITUPT ABIACTCS NTOGOYHBIM ITpoavKToM (pHc. 7). B 3apMcH
MOCTH OT YCNOBHIR Habop NpoAyKTOR DPOXKEHHA CHILHO BapBHPYC!:
aucrat, atanon, CO, wii nakrar, CO,, ataHon (auerar).
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FraHON Kak noBouHbli IpoayKT oBpa3ycT U retepodepMeHTaTHB-
Hasi MOJIOYHOKHUCTAs BukTepus Leuconostoc mesenteroides.

Moaounokucaoe Gpoxcenue OCYUICCTBIAIOT (PUAOICHETHUECKH HC-
PONCTBEHHBIE MUKPOOPTAHM3Mbl, O0BLEIUHAEMbIC 1O TPU3HAKY 0Opa-
JOBAHUST MOJOULOI KUCAOTH (npeacTaBuTenyn nopsakos Lactobacillales
u Bacillales knacca Bacilli 1 cem. Bifidobacteriaceae xiiacca Actino-
bacteria). OHM pa3nu4HbI 110 MOPQONOTHH, HO BCE IPAMITONOXKUTECb-
Hbl, He 0Opa3yloT crop (Kpome HPCACTABHTENECH CeM. Sporolacto-
bacillaccac). HermoaBIKHBL. JKHBYT TONMBKO 32 cuer Gpoxerns (AT
MOAYYAIOT MCKIOMUTENBHO ITyTeM cyGCTpaTHOTO (hochopunupoBaus),
A3POTONEPAHTHBI, KATA1a300TPULIATE/IbHBI, HE COICPKAT EMONpOTe-
WROB (LLUTOXPOMOB), PacTyT TOJBKO Ha BOraThix cpetax ¢ robasneHu-
eM GObLIOr0 KOAMUCCTBA (PAaKTOPOB pocTa (BUTAMHHOB), MOTYT MC-
[01530BATh JAKTO3Y, YeM CXOXH ¢ DaKTepUAMH KHUIIEUHON rpyfAmsl.

CxeMa cOpaXUBAHUS CAXAPOB YEPE3 ITIMKOIH3 XapakTepHa Uit eo-
MODePMCHMAMUBHO20 MOAOHHOKUC020 Gpoycenus (pvc. 88), KOTA JIAK-
tata o6pasyeres ~90% W tonsko 10 % NpUXOIUTCS Ha Apyrue npo-
aykrel (auertat, auetouH, stanon). [Ipn cemepogrepmenmamusrom mo-
aounoruciom Gpowceruy (puc. 89) caxapa cOpaxuBalOTCs 4epe3 NEHTO-
sodocdaTHbIH NyTh M TakTaTa obpasyeres ~50 %.

Hekotophic rerepodepMEHTATHRHBIC MOJIOYHOKHCIbIE DAKTEPHH
O4eHb YYBCTBHTEIBHB! K M3MeHeRMIO ycaosui. Tak, L. mesenteroides
TIPH CONPUKOCHOBEHUH € KICTOPOAOM 00pa3yeT 3HaUNTEILHOC KO-
YECTBO MOMHCAXApKIa (IPOMCXOANT OCIMIHEHHE NPOAYKTA).

FeTepodepMeHTATUBHBIE MONOMHOKHCIbIE GakTepun pona Bifido-
bacterium oGpa3yloT Mpu ANeHHH V-OROOHBIC CTPYKTYPSLI. 2710 npe-
O6IANALIAA MHKPOBHOTA XEIYIOUHO-KUIICYHOTO TPAKTA IPYIHBIX
IeTeil, KoTopas peryaupyer SajaHc Mexily MOJTOYHOKUCIBIMK U THH-
N0CTHBIMHU GakTepusamu. Masecmibiit dpusunonor U. M. Meunukos cun-
TAL, YTO MOJIOYHOKKC/IBIE MPOAYKTBI NOAABISIOT THUIIOCTHYIO MHKPO-
BHOTY, KOTOPAaA TIPOW3BO/IMT BPEAHBIC AMMHbI (LLIAKN), NPUBOLALLAE
K cTapeHH0. B HacToslee BpEMS BBITYCKAIOTCS TADACTKH oucpuaobak-
TepUHa, KOTOpbIE CNOCOGCTBYIOT BOCCTAHOBIEHUIO HOPMATBHOM MHKpPO-
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Puc. 8Y. TetcpodepMeHTATHBHOE MOTOUMHOKHCIOE DPOXCHHE

IOTH] KMWEYHUKA (TP AMcBaKTepriode, BRI3BAHHOM, HanpUMeEp, [pH-
eMOM aHTHOHOTHKOB). HopManbias MUKPOBHOTA KULICUHNKA SIBASETCS
NS MIICKOITMTAKLLMX MCTOYHUKOM BUTAMMHOB M OOCCIICUMBAET (1pa-
MILHOCTL TIYTEI NepesapyBanus . He Hano, ogHako, 3a6biBath,
dro 6uHuAoOIKTCPHH — 3TO MOLIHbLIE HWUTPATPEAYKTOPbI, OCYUICCTB-
wnolnie peakuuio NOj — NOj. HUTpuTthl B KpoBU HeoOpaTtuMo ¢Bsi-
WIEHOTCS € [eMOTIIOOMHOM, TO3TOMY V TPYIHbIX J€TCH, Y KOTOPbIX
onpiaoBakTepui NpeoGaanaleT, NpH NONANaHUN ¢ UIe HUTPATOR
MOKCT HACTYIIMTE Yiayuibe. buduoobakrepnn cOpaxupaloT caxapa o
FNeMe, TIPENCTARICHHOM Ha pyc. 90. Obwasn dhopmMyna 6poxeHus:

2 [0Ko3a — 2 JaKkTar + 3 alcTarT.

OTMETHM, 4TO B JaHHOM CJIYYace He MPOUMCXOAUT 00pa3oBaHus 3Ta-
noiit W oebiaeaeHus CO,.
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Puc. 90. TeTepodepMeHTATHEHOE MOJIOMHOKHC0C DPOXEHHE. OCYLLLCTBANC -
Moe OHPNAOBAKTCPHIMH

[TockoanKy NakKTaT — 3TO CCTECTBEHHBlI KOHCEPBIAHT, CHILKAO-

it vHoraa pH a0 3, oH IpenATCTBYCT PAZBUTHIO MUKPOOHOTHI pas-
JIOKCHHA M THUEHIBL (HanpuMep, knocTpuauil). Ty ke camyio uenb
npecienyeT 4 HCKVCCTReHHOE CHMKeHHEe pH (MapuHoBaHme — podas-
NEHHE YKCYC, TUMOHHOMH 1N DeH30HHOo KienoTht). TTpn tiikom pH
KOPOTKOUENOUEYHbIE ATHPATHYCCKHE KUPHBLIC KMCIOTbL CTAHOBATCH
nPpOTOHOMOPaAMH, MPCAATCTBYA TAKMM 00PA3oM PAsBHTHIO MHKpPOOpP-
rasu3MoB, CBOICTBO 00Pa30BLIBATL JTAKTAT IIPH OPOKCHHUK UCTIONBIY-
CTCA MPM KBALIECHHW KAIIYCThI, 3dCOJNKC OrYPUOB, NPHTOTOBIEHWH
MOJIOUHOKHCRIX MPOAYKTOB, CHIOCOBAHHK KOPMOB, B 3aKBaCKaX i
KAHBIX COPTOB X1e¢0a 1 10DABKAN B CBIPOKOMUCHLIC KON0ACKL. a4 TaK-
AKe IS TTOAYUEHHST YHCTOH MOMOUHON KMCIOTHL.

Hponuonosoxucace Gpoxcenue NPONCXONIT 1TPH NPHTOTORTCHIH HE:
KOTOPBLIX TBEPILIX CLIPOB HA CTAUH HX Jo3peBaHUs. B pesyibTaTte odpa
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e, 91, «CHeNMMHHAT»-ICACHHE H 00pa3oBaHne V-08pa3HbIx M «NTHCAIHHKO-
HLINy CTPYRTYP 3@ CUCT PASHUUBL B TONMHC KIeToYHoi 060a0KkH. CTpenkoit
MOKA3AHO MCCTO «3A11eKHBAHMA»

ICTCs TIPOMoHORas KHenoTa. OCHOBHAY rpyNna MUKPOORTaHH3MOB.
CHOCOOHBIX OCYIECTRARATH TAKOE DPOXKEHUE, OTHOCUTES K MOATIOPSI-
ry Propionibacterineae kiaacca Actinobacteria, 3T1o obuTaTe M pydUa W
KATLTCHHHKA KBAYHBIX XKHBOTHBIX. OHU OTHOCHTCH K KOPHHEDOPMHBIM
DK TCPHSAM, MOTYT OCYLIECTR/SATh XaPAKTCPHOC «CHEINHMHI»-ACTCHHE,
O3y BUIOYKH W TUIMCAIHHKOBBIC (BOPMbL B COYETAHMSIN KJICTOK
(¢, 91). D10 TPAMNOAOKHTCIBHBIC, HCTIOABHKHBIC NMANTOUKH, He 00-
piriviouine cnop. OHU cnocoDHB! PACTH B MHKPOA3pO(HIBHEIX VCI0-

HAT"

HMH\)‘,
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Puc. 92, polMoHOBOKHCIOC BPOKCHITE



BUSX, WMEIOT KOpoTKylo ATI] v remcoaepxkamie GEPMERTH — UH-
TOXPOMDBI M KATald3y, MOTYT OCYILECTBIATL aHadpobHoe diymapaTHoc
IbIXaHHE,

Drta rpynna MHKpPOOPraHW3IMOB MHTEPCCHA TAKXKE TeM, 4TO ¥y Hee
srepsbic B 1936 r. Xapnanaom Bymom 6buia obnapyxkena dukcanms
CO, B retepotpodHbIX YeI0BHAX. OHa 3aKIOYACTCS B TOM, 4TO dep-
MeHTBI nupysar- win OETT-kap6okcunasbl noctpanBatoT C;-KUCHOTDI
1o Cy-kucnor ¢ nomoursio CO; (8 TOM uMCiIe M IK30reHHOro). Camo
00pa3oBaHKHEe TIPOTTMOHOBOH KHCIOTHL HICT MO MeTHAMANOoHMI-KoA-
nyru {prc. 92). CymmapHas peakuus:

1,5 rmoko3a — 2 rponuoHat + auerat + CO,

[TpONMOHOBOKHCAblE BAKTCPUM — MCTOUHKK YHCTOrO BUTAMMHA B);
s MeauUMHLL, KopMOBOH BUTaMKH B(; nony4aroT, 3KCTparnpys ocal-
KH METAHTCHKOB, T. €. H3 OUOMACChl METAHOIEHOB.

Cumemannoe {(mypaevunoxucaoe) Gpoxcenue, HAIBAHHOE MO Xapak-
TEPHOMY, HO HE LIABHOMY, NPOIYKTY, OCYLIECTBIAIOT MHKPOOpra-
HUIMBI, OGbheaMHeHHBIE B Ropalox Enterobacteriales. Takoe Gpoxe-
HHEe NPHBOAMT K oOpa30BaHMIO 3TAHOAA M CJHOXHOM CMeCH OPIaHH-
yecKHMX KMCTOT (auerata, JaKTaTa, cykuuHarta, hopmuata). Qopmuar
CHauANa MOXET HAKAMNUBATECH, a4 3aT€M DACLUENLNATBC ¢ TOMOMILIO
ruaporersinasbl Ha Hy u CO,. Mopstaok Enterobacteriales cogepXut
Heckobko ponos: Escherichia, Klebsiella, Shigella, Salmonella, Erwinia,
Proteus, Enterobacter, Serratia W Ap. DTO IpaMOTPHLATENBHBIC, TOABHX-
HBEI¢ TTANOUYKH C NEPUTPUXMAIIBHBIM KIYTMKOBaHUEM, DeccnopoBbIe,
$aKyIETATUBHbIE AHA3P0oObI, CrIOCOBHLIE NONYYaTh IHEPIUIO KaK B 1IPO-
uecce BpoKEHHsA, TAK U 3a cueT ApixaHus, KieTkH coaepxar reMonpo-
TeHHBl (UWTOXPOMBI, KaTanaly), COBCPILEHHO HeTpebonaTe/ibHbl K
yenoBusam pocra. Bin3sku 1o MetabonniMy K 9TOM rpynne Takxe npe-
crapnTenu poaos Vibrio u Yersinia. Obuias cxema GpOXCHHA NPEICTAB-
JieHa Ha puc. 93. [Lna ponos Enterobacter, Serratia, Erwinia, a TRKXe He-
KOTOpbIX BUIOB pona Bacillus xapakTepHa HECKOIBKO MOAMDULINPO-
BaHHAa# cXCMa, € NpeofialaioT HC OPraHWYeCcKHE KHCAOTHI, 2
2.3-6yrananon {puc. 94). UHoraa 5101 Ipouece HasbBaloT fymanduo-
A0BbIM OpOXCeHIEM.

3HaucHHE CAMMX MUKPOOPTaHH3IMOB OMpPEJCARETCH [PEXIE BCEro
TEM, MTO Cpeld HHUX CCTh BAXHBIE Lt MCAMLMHLI pounl — Klebsiella,
Shigelia, Salmonella, Vibrio, Yersinia (Bo30ysuTe it MHEBMOH M, TH(DOB,
AMICHTCPUM, CATbMOHELIE3A, XOnepsl, uyMbl). £. cofi (W B MeHbLUCH
cTCneHU Proteus vulgaris) ABISIOTCS CAHUMAPHO-NOKA3AMEAbHbIMU Oped-
HUIMaMY, OTIPEAENACMBIMH [IPU AHATHIE MUTLCBON BOABI U TIPH Cep-
THOHKALHH MHICBBIX IPOAYKTOB. Mx Hannumne B Hpobax yKa3biBaeT 1L
3ArPHIHEHHOCTD (hexarbubiMi Maccamy, JUsL IHTBCBOI BOAB! ONpPCc:
ASIIOT TAKHE TApaMETPbl, KaK Koi-tHO0exe (4UCIo KIeToK B 1 1 Boaw!)
W KkeAU-mump (KOIMYECTBO MMIWUTHIHTPOB BOALI, B KOTOPOM COnAC)
surest | kerka). Tak, mokasateaeM YMcTod Bozbl B Poceniickoit (e
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AepauHy apaseTess Koan-TuTp >300 (B Enpone >300). K poay Erwinia
OTHOCHTCH (PUTONATOTEHHBIC BH/bI, BBISBLIBAIHE MAFKHE THHITH, OHU
HMEIOT MOLIHBIC MCKTHHA3ZBL, KOTOPLIE B HACTOSIICE BPEMSA HCMOJIbL3Y-
10TCA B OMOTEXHOAOTHKM A8 OCBETICHUSI cokoB {hepMeHt 3 E. ca-
rotovora). Scrratia marcescens (Bacterium prodigiosum) — «aynecHas
aioykas, obpasyeT APKO-KPICHBLLA TTHTMEHT NPOAMTHO3HH, NOXOXKHIH
no mBeTy Ha KpoBb. [TonoGHBIE BHL CMElIaHROrO OpoXKCHUS B dHA3-
POOHBIX YCAOBHAX OCYLLECTRIAIOT H CBETALLUHECH DAKTEPHHN, ‘

Macaanoxucace u auemonofiymuasogoe posicenue. [1ponyxktami Ta-
KOTO BPOKEHHA SRAI0TCH OYTHPAT M APYTHE OPraHHYECKHE KHCITOTH,
A TAKKC aueTOoH, BVTaHo , 3TaHol. OCylecTsAs 0T DpOKEHHE MUKPO-
opratmmbt poa Clostridium, otrocsiwerocs k cemeitersy Clostridiaceae.
FTO IPAMIOIOKHTCABHBIC NATOMKH € NEPUTPHXHANBHDBIM KI'YTHKOBA-

HHCM, 06[)113)101”.“0 CCbCpH‘«lﬁCKHE HJIH OBUTBHBIC IHIOCTIONDI, Pil3ly-

BaiowHe KaeTky. MMewor GpoanieHbit THI MeTabonusma. OaRH BUAB!
poga ¢Tporo anaspobHel (C. pasteuriamon, C. Kluyveri), Apyrue — a3po-
tonepantHbl { C. histolyticum, C. acetobutylicun). MHOTHC SBAAYOTCS TH-
IMYHBIMH OOMTATEAAMU MOUBLI, HO €CTh M MATOTEHHbIE RHAbLL. Kak
IIPABMIO, HC COACPXKAT FEMONPOTEMHOB {UHMTOXPOMOB. KaTasasbi).
B HacTosillee BpeMsl MMEIOTCS TAHHBIC, UTO ¥ KJIOCTPUAUIL eCcTh kama-
aaza W cynepokcudducsmymasa. Knoctpuann crnocobubl obpasosbiBaTh
LUTOXPOMbI [IPH JOBABACHHM B CPedy MPEALCCTBEHHHKOB TeMa. 3a-
MACHBbIE BCLUCCTB — KPaxXMaiofofoGHLIC noaHcaxapuib. JcHOBHas
Macea — Me30(DHIbl, HO €CTh BUIIBL, pactyluie epu remnepatype 75 °C.
PassusaroTes B HEHTPUABHOM MM LIETOMHOM cpete. HekoTopble BUAb
¢mocoBHbl K (MHKCALMM MONCKYsipHOTO a3oTa. Boobiie, 310 yHHBED-
CANIbHbIE MUKPOOPTAHHIMBL, CTIOCOGHBIE HEMOB30BATL MHOXCCTBO Cy0-

YCILEN.
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BpOKEHHS,

KOH]ICHTD&LUIK KJIETOK I FIPOAYVKTOBR

D 4 8 12 16 20 24 28 32 36 40 44 48

Bpems, u
Puc. 95. JByx(ha3zHoe MACTAHOKHCIOE U ALETOHODYTHIIOBOE BpPOKEHIE KAOCT-
pPuanil {—— — QHOMACCA, -A—& — HEHTPATbHBIE MTPOAYKTLI, #-e-6 — KHCTO-
Tbl; e — pH)
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Puc. 96. MacnsiHokMcaoe H aleTOHOOYTHIOBOE BpoXeHHe (—= — oBLUHE
CTatuu; ---m — peakumu | dasnr; —s — peaxmn 11 hasel; Y — depment
aneToaueTataekapbokcHaaia)

cTpatoB. Caxaposumuueckie KAOCMPUOUL PACTYT HA CAXAPOCOIEPKALLMX
H ITOANCAXAPUIHBIX CPEIAX, RPOMeoAumuecKue (11u nenmolumuuecxue)
CIOCOBHBLI MCNIONB30BATE DETKM M AMUHOKHUCAOTHI, CpPedu HUX MHOTO
DONE3HCTBOPHLIX (DOPM, HYpUHOAUMUHECKHEe TRAPOIUIYIOT HYKIEUHO-
BbIC KHCJIOTBI M COPaXKHBAIOT NYPHUHBI H TUPHMHIWHBL. 3TOT BUA Bpo-
JKEHHSA XapaAKTEPUBYETCH HETKO BbIPaXKEHHON deyxghaznocmoio. Bo spems
taszbl | kieTkn akTuBHO pactyt, 00pasyloT xuchble npoayktel U pH
cHuxacres. B tevedue hasnl 11 BOCCTAHOBUTENBHBIC 3KBUBAIEHTB! [1€-
PEHOCATCS Ha ODPA30BARLIMECT KHCTBIE NPOAYKTHI M NOJYYAIOTCH Heit-
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Puc, 97. CxeMa CYKHHHAT-ITAHOABHOTO OpOKeHNA

TpaNbHbIE BEIIECTBA, BCACICTBUE yero pH Bo3BpallacTCs K HOpMallb-
HOMY YPOBHIO M KyJbTYpa CHOBA MOXCT passMBaThCA. [padbuueckoe
BBIPAXKEHHE 3TOTO MPOLIECCA NPEACTABAEHO Ha puc. 93. buonornuecknit
CMbICH .H.Byx(l)aliHOCTH JaiJiouaeTcs B bojiee NONHOM HCIONbL30BAHWH
cyBeTpara 3a cHeT MOLACPKAHUST KOMMOPTHLIX 14 KyALTYPBT YC/IOBUM
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CYLIECTBOBAHMA MYTCM cOpoca MIOBITOYHEIX ROCCTAHOBUTCIBHBIX 3K-
BMBIVIEHTOB HA OOPAlORABUIMCCH KUCABIE MPOAYKTBI OPOXKEHHS, T.€.
pelraeTcs IBe NMPodieMbl — «HerpasacHus pH» 1 ua3dap/ieHrs OT BOC-
cranoBuTens. [Momnas cxema 6poxeHUs npeacTaiieda Ha puc. 96, Cun-
Tes (pepMEHTE aueToaueTaTaeKapOoKCUIA3bl PErVIIMPYETCS KHCIOTHO-
CThIO Ccpeabl ¥ HauuBaeTes nipu pH 5,0.

Hexkotopele GalManbl 1 KAOCTPHAUH CTIOCODHBI COPaKMBATL AMH-
HOKHCIOTE (6€3 Ae3aMUHUPOBAHMA), HO TOMLKO B BHAE ONPEAENeH-
HBIX nap. O4HA AMUHOKHCAOTA NIPH 3TOM CYKMT JOHOPOM, i ApYras —
AKUETITOPOM BoAOpOLa (peakuus Cmukaenda). JloHopaMn MOTyT DLITh
ANAHWUH, JCHUHMH, W30JACHUMH, BAJIHH, CEPHUH, dKLENTOpAaMHU — TJIH-
LMH, ITPOJIMH, aprHHHH, Tpuntodan, B peakuunu

anraHuH + 2 tiMukH — 3 agetar + 3 NH; + CO,

JOHOP MOABCPracTcsl ACIAMUHHPOBAHMIO W OKHCAMTENRHOMY JACKAP-
BOKCHIMPOBAHMIO, & AKLCTITOD — BOCCTAHOBHUTEILHOMY J€3dMUHHPO-
BaHHIO.

Moaudukaimeit TaKoro «napHoro» 0poXKeHMs IBIACTCS CYKIUHaGM-
smanoasroe dpoxcenue y C. kiuyveri (puc. 97) ¢ CyMMapHLIM YpaBHE-
HHUEM

CYKUHHAT + 2TAHOI — 3 auetar

CaMH KIOCTPHAMH UHTEPECHBI TEM, YTO CPeaAM HMX €CTh OMACHBIE
BO3OyanTeAd Donesreit vyenoseka. Hanpumep, C. histolyticum nw C. sep-
ficum — BO3DYOUTCNH TA30BON TAHTPEHBI, NPOTEONHTHHECKHE KIOCT-
PHAMH, 0DpA3yIolIMe TOKCHHBI, ¢ KOTOPLIMM CBfizaHO DOJLIOC KO-
JIMUMECTBO JICTAJIBHBIX MCXOM0B B [IEPHOI BOCHHBIX ASHCTEHH, KoTaa
PaHBI 3arpAIHAIUCHE NOYBOIL. [Ipy nepexaTHy apTepuii LA OCTAHOBKH
KPOBM B TKAHAX BOBHMKILI 2aHA3pobHO3 W HITO BPOXKEeHNEe C HHTEHCHB-
HBIM BLUICTCHHCM Ta308. Pa3BuTHE raHIPeHbl MOIJIO BbITL OCTAHOBIEHO
HACBILIEHHEM PaHbl KMUCIOPOIOM IO 3 aT™, “TO M DbUIO NPELTOXEHO
BoeHHbIM xupyprom B, W, Kpapuenko («bouxka Kpasuenko»). C. fetani,
BbI3BIBAOIUMIH CTONOHAK, 00pa3yeT CTOMDHSNYHBIA TOKCHH, TIPUBOIS-
UMK K cyaoporaM Meinil, M HakoHell, BCeM M3BECTHBIH HEHPOTOKCHH
0oTynuH cuHTesnpyet C. bofulinum, Kak NpaBuio, pa3BHBAOLLHHCH B
IIOXO MPHIOTOBICHHBIX KOHCEPBUPOBAHHBIX DCIKOBBIX NPOAYKTAX
{pbIBa, Maco, BOGOBLIE). ITOT TOKCHH TEPMOIabUICH, T. €. pa3pylilaeT-
€A NOCC KUITAYEHUS B TedeHUe 15 MuH,

Tomoauemamnuoe Gpowcenue, TPOJYKTOM KOTOPOTO SIBJAAETCH TONb-
KO alcTaT, XOTS W Ha3biBACTCH OPOXCHHEM, OAHAKO YACTh peakluii
NPOKCXOANT 34 CHET araIpodroco duixanus. MUKpOOpraHU3MEbl, €10 OCY-
WECTRIAIOIIHE, LIHPOKO PACHPOCTPAHCHLL B aHAIPOOHOH 30HE, 3TO
CTpOTHE aHA3PObLI, cnocobHble TepepabarbiBaTh GoraTelif Habop cyb-
cTpaToB. OHH CBSI3AHBL CHHTPOMHBIMH CBS3SIMH C ALUCTOKAACTHYECKHN -
MH METAHOTEHAMH, KOTOPBIE MPOBOMNT PEAKIMID aUEeTAT — METAaH +
+ CO,, TAK KK B MPECHLIX BOAOEMAX HCT APYIMX BO3MOXHOCTEH yaa-
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JIMTh ALCTAT B AHAPOOHBIX yCI0BUSIX. MOXHO CKA3aTh, YTO FOMOALIC-
TOreHb! CTOSIT HA TICPETIYTHE MeEXJ1y OPOAMIBIIMKAMU W OpraHu3Ma-
MU, IBIIALIMMH aHa3poOHO, MOCKOILKY ABE MOJEKYJBl allCTATa J4eT
BpoxeHHe, a TPEThS [TOYHAETCS 34 CHET aHa3pOOHOro KapboHATHOro
Ablxanus (prc. 98). PepmerHTHbit Komnnexke CO-decudpocenasa-aue-
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Puc. 98. NomoauetatHoe GpoXeHHE (-—-+ —— aleTH1-KoA-nyTh)
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Puc. 99. Cxema aeidctaun CO-TeriaporeHaIb-aneTnia- KOA-CHHTA3b ¥ ToMO-
ALETOICHOB

muit- KoA-curma3sa NPCANONOKATCALHOG padoTacT No cXeMe, Mpeactan-
JieHHOM Ha puc. 99, T1pH BAaAHYMH KHCI0poad (hepMeHThl roMoalerore-
HOB TCPAIOT CBOKW AKTHUBHOCTH, MOITOMY HMX BBIIEJIEHHE W OMUCTKY
NMPOBOAAT B aHAZPOOHLIX BOKCAX.

['omoaueToreHnl MoryT pacru asrorpodHo Ha CQ, + H,, obpasys
aueTaAT, 1IPH 3TOM BOLOPOL CIYXKWUT AOHOPOM, & YIJICKMCIOTa — aK-
LENTOPOM ICKTPOHOB. KOraa roMoaueToreHbn! pactyr asTorpodHO,
tpopmuposaHue ATP nyrem cyBerparHoro ghochoprIMpoBaAHUS Orpa-
HHUucHO. B 3ToMm cayuac AT® reHepupyeTes, B OCHOBHOM, C [TOMOIIBIO
XEMHUOCMOTHYECKOTO MEXJAHHIMA, CONPAXEHHOIO ¢ BOCCTAHOBAEHHEM
YIJIeKUCAOTH 10 auetua-KoA (nyms Byda— Jlsionedara) (cMm. puc. 98
(00nacTh, OTPAHNUCHHAA WITPUXOBOIT NMHHKEIH) U puc. 99}, MeMbpaHb
TOMOALIETOTEHHBIX KIOCTPUAKIH conepxaT (hepMEHTHI ruaporeHasy,
HA/IH:heppenokcHH-oKkeHa0peyKTa3y, MUPPOIOXMHOAHHXUHOH3ABM -
cHMyio MeTadoagerdaporenady, CO-agernaporexady, MetuiaeH-TI(dh-
peaykTasy u npororsasucumyio AT®azy. AT® y roMoalicTorcHoB Mo-
KCT CHHTEIMPOBATLCH KAK 31 CUCT MPOTOHIBHXKYLUEH CHIIBL, TAK H 33
cuer Na'(Li")y/H -antunopra.
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BosmoskeH pocT 3THX oprannamos B atMocdepe CO ¢ obpasosa-
HHCM aueTara. BoabMHCTRO rOMOAUETOIEHOR CNIOCOOHO K pOCTY HA
ogHoymepoaHbIx cybeTpartax. K ApyriuM COeIMHCHHSIM, UCTIOL3YE-
MbIM HCKOTOPbIMM TOMORUETOTEHAMH, OTHOCAT TalakToly, puboasy,
[JIOKYPOHOBYIO KHCIOTY, FMIOKOHAT, MRHHUT, MIHUEPHH, MHOTHE
CIIMPTBI, OPTaHHYECKHE KHCIOThI U AaMHUHOKHUCIOTHL, Acetobacterium
woodii 1 HekoTopbie Karoctpuauu B npucyretsuu CO; (CO) uenoss-
3YI0T O-METHABHBIC TPYIUTHI BOMBLIOTO KOJHYECTBA MCTOKCHIMPO-
BAHHBIX APOMATHUCCKUX KUCJOT, BKIOYAN BAHHIBHYK, CHPHHTOBYIO,
3.4.5-TpuMeTOKCHDEH30HYIO, (PePyNHHOBYIO U ZPYTHC, AT CHHTE-
3a alerara.

ToMOoancTOreHHLIE MUKPOOPIAHU3IMEl PACIIPOCTPAHEHLL BO MHOTHX
TAKCOHOMMYECKHX [pynrnax. Dto npeacrasurenu poaes Clostridium,
nanpumep, Clostridium thermoaceticum. C. formicoaceticum, C. thermo-
autotrophicum {pacret npu 70 °C), Sporomusa, Acetobacterium (A. woodii),
Acetoanaerobium, Acetogenium, Acetitomacuium, Acetohalobium, Acetfonema,
Moorella, Eubacterium, Peprostreptococcus, Ruminococcus, Syntrophococeus.
Bce onu oTHoCHTes K 1oMmeHy Bacteria. Cpeau apxeit v sykapuit romo-
ALETOTEHOB IO HACTOSLIETO BPeMeHW He 0DHAPYXEHO.

ALICTAT HIPAET BAXHYIO POJIb KJIHOUYCBOTO HHTEPMENHATA B 1100/ b-
HoM uMkiae mertada. [lpu pacilenacHMH CNOXKHBIX OPTAHUMCCKMX Be-
HIECTE MOMOALETOreHbl CHHTESMPYIOT AUETaT M3 METUIBHBIX TPYHI H
CO,. Auerar MeTABONU3MPYETCS 10 METAHA W YIICKMCIOTH METRHO-
TEHHbLIMU OPXCAMM.

AHaspobHoe abixaHwe

AHa?pobHBIH HCpTOAAOILINIT TpoUeCe. B KOTOPOM KOHEYHhIM aK-
LENTOPOM HIEKTPOHOB CHYXHT OKHCTIEHHOE OPraHMYEecKoC UK Heop-
FAHHUCCKOE BELIECTBO, OTNHYHOE OT KUCAOPOAA, HA3LIBAKOT aHA3POH-
HBIM ABIXAHMEM. AHA3POGHOC JBIXAHHE CONPSOKEHO ¢ (DYHKUMOHHPO-
parueM DTL CuuraloT, UTO IBONIOUNS NPOLECCOB JAMACAHNS SHEp-
ruM Ut ot cyberpartoro tocdopunupoparus (6¢3 Membpan) ucpes
aHa3pOBbHOE AnIXanue (Ha MeMOpaHax, Ho §c3 KMCA0poaa) K a3zpob-
HOMY /[BIXaHUIO (BhICLIAA (OPMa — CHEUUMIN3HPOBAHHDBIE OPraHen-
Abl, MHTOXOHAPHH).

Buiibl aHA3p0OHOrO ABIXAHMS [0LPAACAAIOTCS 110 UCHONBIYEMOMY
KOHCUHOMY aKUeNTopy MeKTpoHoB (Taba. 16).

Mpotecehl BOCCTAHORICHHA HUTPATA UIMPOKO DACTIPOCTPAHCHBI B
KMEBOH TIPUPORC. DTO TIPpexIe BCero accUMWIsLus HurTpata NO; — NH;.
B dopme ammuaka (aMMOHMA) 30T BCIPAMBAETCS B OPraHMUYCCKHC
MOAEKVIIBL. TAKAS GCCUMUARUUOHRAR HUMPampedyKEuA WIBCCTHA Y Pa-
CTeHWI, rpuboB, OAKTEPUH U MPOUCXOLUT C NOMOLLLID MOAKDIEHCO-
AEPHKAEN LUTOILIAZMATNUCCKON HUTPATPEAYKTa3bl W CJIOKHOH reM-
COREPKALLCH KEICIOCCPHOH HUTPUTPEAYKTA3LL. MHBIC BOCCTAHOBHTE Ib-
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TaGanrua 16
Bugel anaspodyoro JpIXaHnA

AKUCTITOP Boccranowic HHBH HisaHue apixaHts— [Tpnvepu
ANCKTPOHON npoaAvKI poLUecca MUKPOOPraHNIMOB
NO; NQO3; Hurtpathoe — baktepiu
JHCCHMWISLMOHHANA | KULICYHOM
HUTPATPEAYKLIHA rpymnnsl
NQO7 NO; » N,0 —» N, | HumpatHoe — Pseudomonas,
ACHUTPHU(BHKALIMS Bacillus
= - o
S0, H,S CynnipatHoe — Desulfovibrio,
ancensuiaunonHas | Desuffotomaculum
CynbhaTpeAVKLIS
s° H,S Ceproe — Desulfuromonas,
CepypenyKilnsg Thermoproteus
O, CH, KapboHaTtHoe — MeTaHOTeHHBIC
MCTAHOTCHE3 apxeu
CO, AlleTat KapbonarHoe — T'omoateTore HHbIE
aueToreHes GakTCpHI
Fe Fe’ «KenesHoer Geobacter

HBIC TIPOUECCH HAYT TIPH aRApoOHOM RUMPAMHOM ObIXARUYU — ITO
numpampedykuus (NO;y - NOj) y bndbuao- u aHTCpobakTepuid M
denumputpukanus (NO; - — N,T) y ncesromonan n 6aunin. lonop
21EKTPOHOB — OBLI'THO OPraHNYECKOC BELLECTBO. 3TO CIMHCTBEHHDINA
NPOLECC, MO3BOAAIOULNI TPCBPATHTL CBI3aHHBIN a30T B rasoobpas-
HbIi{, 1 UMEHHO TAaKHM OBPA30M NPOUCXOLNT &bIHOC A30MU H#3 NO4GHI
(103TOMY Hellb3H BHOCHThL HMTPATHI M HABO3 BMECTE B KauecTBe yao0-
PEHHMIl, Beab MPU CO3TAHAY aHAIPOOHBIX YCJIOBUH [10C/IE 0K HAUU-
HaeTca MowHas acHuTputnkauusn), [ponecch aHaIPOGHOTO AbIXAHHWA
C HUTPATOM B KAYECTBE AKLETTOPA MOXHO TAKXKe HA3BaTh OUCCUMUAS-
Huounotd numpampedyxyues, TAK KakK BOCCTAHOBAEHHBIE ()OPMEL a30T4d
HE MAYT HCNOCPCACTBCHHO HA CHHTETHHECKME npoucceht. bakrepuu,
CMOCOBHBIE K AUCCUMHIMLMOHHOR HWTPATPERYKIIHH, ABIsoTCH ha-
KYNBTATUBHBLIMM aHaspobaMu ¥ 0ba1al0T MTOAHOR ABIXATETBHOI CHE-
TEMOR, MPUUCM CHHTE3 MeMOPAHCBAZAHHBIX HUTPAT- U HUTPUTPEAYK-
T3 UHAYLMPYETCH TOJbKO B AHAIPOOHBIX YCIOBHAX, & ¥ HCKOTODBIX
MHKPOOPraHU3IMOB — €llle M B IPUCYTCTBUY HuTpata. [losTomy, vTO-
Obl He NPOUCXOAMI0 0DEeAHEHUC MOUBL! A30TOM, HCODXOAMMA BCran-
K, T.€. CO30aHUC adpoOHbIX YCIOBHIL

Y MHKPOOPTAHH3IMOB, KOTOPLIC OCYIUCCTBAAIOT TOMbKC BOCCTAHOB-
JIEHHE HUTPATA 10 HUTPUTR, TTOCIEIHHIl MOXKET HAKANNUBATHCA B KY/1b-
TYPAJIbHOH XHAKOCTH, B 3TOM cayuac panblie HHOTAA NPOHCXOAUT ac-
CUMUARKUONAAR HUMPHMPedyKyun, He NAKLIAY DHCPIMU, HO 3aTO Npe-
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obpasytouas HUTPUT B NH;, KOTODBIN MAET HA CHHTC3 aMUHOKHCIOT

M IPYTHX A30TCOACPXALLMX COCAUHEHUIA, T.€. MPOUCXOLUT dMMONUGIH-
Kaiua humpama.

Pance ynoMHHa10Ch 0 MOLIHON HUTpATpeayKTase Gudumobakre-
pHii. BOCCTRHOBIEHHE HUTPATA 10 HUTPUTA KHMILCYHOI MUKPOBHOTON
TAKXKC MOXCT NPHMBOANTL K LUMAHO3Y, KOTJAA 3PUTPOLKTHI, GJIOKHpO-
BAHHDBIE HUTPUTOM, HE MOIYT MEPECHOCHTL KHCIOpO.

PasBepHyTasi cxeMa AeHUTPHPUKALNK BBITISUIUT CAEAYIOLIUM 06~
pa3oM:

NO; — NO;j - NO - N,O = N,

Murepecto, wro y muekonutaiowux NO pelcTsyeT K4k HEHpo-
TPAHCMHTTED, PECYAUPYS KPOBSHOE TABACHUC, 4 TAKXKE HUCITOMB3YETCSH
MakpodaraMu [UIS YHHUTOXEHUS GakTepuit ¥ ONyXOeBbIX KIETOK.
Y GakTepmnii cyIICCTBYET B TMIIA HUTPUTPELYKTAZB!, KaTAIHIUPYIO-
wei obpazosanne NO. OaHa cOnepXUT UUTOXPOMLL ¢ M d) (KaK y
Pseudomonas aeruginosa), npyras iBjisieTCst MEAbCOACHKALLMM BEJIKOM
(kak y Alcaligenes). Hutputpeaykraza rpaMoTpUHaTeIbHBIX BakTepuit,
BO3MOJKHO, HAXOIUTCH B MEPHTUIAIME.

MMpn cysvpamuom Ovixanuu KOHEUHBIM AKLEITOPOM 3M1EKTPOHOR
cnyxkuT cyandar. Gusnonoruueckyto rpynny 6akTepuit, BOCCTAHABAU -
BAKOWMX CYib(haT, HasbIBAIOT CYNbGATPEAYLMPYIOIINME, RCCYIbhA-
TUPYIOUIMMHU WK CyNbOURAOreHHBIMH, Cylib(paTpeayKTophl LHPOKO
pacnpocTpaHcHb! B TAKCOHOMUYECKHX TDYILIAX, HO BCE OHW, B OTIMU-
YHE OT HHTPATPCAYKTOPOB, cTporHe (OOMUraTHbie) aHaspobol. O6wiu-
HO 0BHTAI0T B MOPCKUX IOHHbIX OCAIKax. bONbILAs HaCTh CEpOBOAOPO-
N B NPHPO/E BOZHWKACT Oaarogaps cyangaTHOMY ALIXaHuo (MiIu duc-
CUMUAAKUORNOE cyashampedyxyuu):

8[H] + SO; — H,S + 2H,0 + 20H"

HdoHopamu 3M1eXTPOHOR MOTrYT CIyXHUTh hopmuar, auerar, H,, npo-
[IMOHAT, BYTUPAT, NAKTAT, BHICILKE XKMPHbBIC KUCIOTBI, 3TAHON U T, A,
Onna rpynma cynbpaTpesyKTOpOR OKMCISET JOHOPbLI BOAOPOAad HC
MOJTHOCTHIO M BLIACIACT aueTar M3-3a HC3AMKHYTOCTH LUMHKITA TPHUKAP-
OOHOBBIX KMCTOT (0BbIYHO OTCYTCTBYET 2-OKCOTTYTAPATACUAPOTEH -
3a). Bropas rpynna oxucaser opraHiudeckue Belectsa 1o Boan v CO,.
B tafn. 17 npuBeneHa KpaTKas XapaKTCPHCTUKA PA3TMYHbIX TAKCOHO-
MUYECKHMX TPYII CYIbDATPEayKTOPOR.

[ToMHMO CcynbaTHOTO AbIXaHWS, HAKTCPUM, IPpuUbLI W pacTEHUs
OCYIICCTRIISIIOT BOCCTAHOBEHME CynbaTa NyTeM GCCumMutnyuoNRoll
cyavthampedykyuu, BKLIOYAS 3aTeM Cepy B BUjE CYAn(pUIa B CCPYCO-
Aepxallne aMUHOKHCIOTH U Geaku. Oba npouecca HMCIOT obLee Ha-
uano (puc. 100).

CyabdatpeaykTophl OLIBAIOT reTepo- H aBToTpodHbLIE. Y reTtepo-
TPOhOB ACCUMIIALIMS OPTAHMUECKOTO BEHIECTRA OOLIYHO MACT ¢ YPOBHSI
auertara, y asrorpodros (H,/CO, n SOF ) NPUCYTCTBYCT auemia-KoA
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Tabanuna 17

CymuaTpeyKTOphI H3 PA3HBIX CUCTEMATHYECKHX FPYNN

T'pynna

KpaTtkas xapaktepHeTMka

Bakrepun

A. Cnopoobpasyrwuiue:

Desulfotomacuium T paMronoxXUTe ILHbBIE, Pi3Hble 110 MOpGOILO-

Desuffonispora r{n MMKPOOPTAHHIMLL, 0Opasylonmne 3HA0-

Hesulfosporosinus cnopbl. COoCcoBHE K MOAHOMY WIH HETIONHOMY
OKMCIEHHIO cyBeTpaton. Hekoropbic — aBro-
tpodw, a3oTdukecaTopnl, Tepumodmnsl. Umelor
T B(C), He comepxaT AecyIBOBHPHINHEA

b. Hecnopoenie:
Desudfobacter ITanouky, NOTHOCTLIY OKHCIISIIOUINE ALIETAT W

ITAHOJ, HEKOTOPLIE CITOCOBHDBI K aRTOTPOMMK

Desulfobacterium

MenkHe MaToUKK ¢ MOAHBIM OKHCTTEHHEM
CYOCTPATOR, HCKOTOPRIC — ABTOTPOMLI

Deseelfobulbus

NMAMNCOHAHBIC KJICTKH ¢ HETIOIHBIM OKMC-
JACHHMEM ALIETATA M 3TAHOIA, HEKOTOphie
CHOCODHDL! OKHCTATL MOTEKYASAPHAIH ROJOPOA

Desulfococcus

KOKKH, TIOJIHOCTLIO OKHMCISIOHIME CYBCTpaThl

Desulfomicrobivm

Menkue maOMKu, XapPaxTeP OKHCACHUS
CYBCTPATOR 10 KOHUA HE SICCH

Hesulfonema

Humv, nepeasrrntomiMecs CKORLKEHHEM.
[TOTHOCTLI) OKMCARIOT 2UETAT

Hiernnodesulfobacterium

TCpMO(bHJIbe]C MATOYKH C HETNIOAHBIM
OKHCIEHHUEM CyﬁCTpaTOB

Doesulforonas

TTatoukn ¢ MOAAPHBIMH XIYTHKAMHA. AlleTaT
OKHCIISIOT He TOTHOCTBIO

Iesulfosarcing

KpynHbie KOKKH B KyOOWUTHLIX TIAKETAX
¢ TMOIHBIM OKHC/IEHHEM alleTaTa

Iesulfovibrio

IMoapitKHble BUDPHOHEL, COACPKALLME LLUT .
b ¥ necynuoBMpHInH. UMeIOT He3aMKHY T
LTK

Apxex

Irvirereosdobus fulgidus

Apxcit ¢ HeperynsipHoit opMoiil KICTOK U3
MOPCKOro HAPOTePMATBEHOIO HCTOYHHKA,
Kpome cynbghaTa Xopollio BOCCTAHARTIHBACT
THOCYABPAT ¢ TAKKO30H, (popMUaToM, dop-
MAMMHIOM, J4KTATOM, TTHPYHBATOM B KaYecTne
JOHOPOB ACKTPOHOB, H; MOXeT ObITL 10HO-
POM MPH POCTE C THOCY/ILBATOM, HO HE C CYilb-

(harom. DTeMEHTAPHYIO CEPY HE BOCCTRHARMMBACT
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nyme puxcayuu COh (nyme Byda — Meronedaaa), Takoil xe, Kak y ro-
MOALICTOTEHOB. B 3TOM CIyyae OCHOBHBIM DEPMCHTHBIM KOMIIAEKCOM
sisnsteren CO-deeudpoeenasa-awemiii- KoA-cunmasa €O CAOXKHBIM aK-
THBHLIM LUEHTPOM.

B HeOAaronpusATHRIX YCIOBUSIX, KO CYRPAT UCTOLIASTCS, 4 Opra-
HUKM MHOIO, CYJIB(ATPCAYKTOPB! MOTVT HEPEXOLHTE Ha COpaxknBaHHe
JJAKTaTa ¥ TUpyBaTa, o0pasys auerat U Ha.

CynnthaTpelyKTOPbI SIBASKOTCH BAXKHbLIM 3BCHOM INOBANLHOIO Kpy-
rOBOPOTA CCPLl, MOCTABASIIOT CYAB(HA A1t AHOKCHIEHHOTO (POTOCHH -
te3a. C apyroii CTOpoHbl, HAKOILIEHHE CYJIL(HRA MOXET NTPHUBOAHTE K
3aMOpy pbl0., a TAKKC K KOppo3uu Mctaina (puc. 101) u 6¢tona, [pu
TCCHOM KOHTAKTC KNETOK Cyab(aTpeayKTOPOB ¢ MOBEPXHOCTLIO Xefe-
34 BO3HWKAET KATOAHAA NOJApU3aUnA, npu Kotopoi Fe® zonupyer
CKTPOHbI CyNbaTy BHYTPH KACTOK NPH NOCPEAHUUECTRE NEPHILIA3-
MATHICCKOTO FHAPOreHasHoro gepmeHTHOrO KomiLiekea. Obpasosan-
Hbli MOH Fe " anbo uenoneiyercest KJICTKaMu Wi adaGonuima, mHéo

1@, | AT® AN®

ATO [00,]

2y 2 \j --I \ /‘ M

503 ADC DADC

S 5 ] o]
2 [H]—— ®AQ

A®C-peayxrasa ® |¢A¢C-pe.ﬂymam|

SOF
6 [H]
TputHoHaTabpa3y-
\ oM depMedt \
Cynnthur-
PeOYKTdIA
|Cyﬂh(bqu5ﬂyK1‘a.‘ml Tputnonar-| 2 [H]—
POAYKTAIN
]TH()C)’J’Ih(bﬂ'[pED,yKTEI'J;l| 2 [H]i
S+ s? s

AcCCHMIUIN LHOHHaA
CYALDATPCIYKLIAS

JAurccuMUNAUHOHHAA CyNThehaTpeayKus

Puc. 100. [Ipoucccel acCHMHAAUMOHHOW Y AHCCHMIUIMUHOHHOR cyabdar-
peaykimi (AOC — ancnosiHdochocyapdar; DADPC — docdoareHo3ndoc-
thocyawar: PAD — pocdoaaeHoznHbocdar)
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& Fcl] ,
e F¢'+H,8 — FeSl

T
Buewnss Membpana
MHKPOOPTAHH3IMA

BhICOKOMONCKYNIRPHBIH
uuToxpom (35-45k/la)

W3l

Fe-rniporcnala  Feo'

y Mepurmrassma

[Ni-Fc]-ruaporenasa
B 9TL } !

Puc. 101. Buokoppoius keaesa, BusbipacMan Desulfovibrio vulgaris T,
Hildenborough

CBSI3BIBACTCS IKCTPALCUIOSIPHO C cWibhuaoM, MOIYYeHHKM B pe-
3ynabTaTe CyJbbATHOrO AblIXaHus, B Hacrosllee BpeMsl Ha HE(TAHBIX
MECTOPOXAEHHAX 6obI0iT TPoGae MO cTana 6uokopposus Tpyd Hed-
TENPOBOIOB, B HEMAIOH CTENEHH CBA3AHHAS C PA3BUTHEM BHYTPH TPYD
OHOMNEHOK, COAEPXALLUX KRETKH Cy/1b(hbaTpeiyKTOPOR,

Ceproe Ouvixarue MOXCT NPOUCXCAUTD B MECTOOOUTAHMAX, CBH3AH-
HbIX € BYJKAHMUECKOM ACATCIBHOCTHIO, NI MHOIO d0WOTCHHOHN alle-
MEHTAPHOH cepbl B AHA3POOHDBIX YCIOBHAX,

[MpuMepbl UCMOAB3OBAHUA CEPbI PA3HLIMM MUKPOOPIAaHHU3MaMH
npuBeaeHbl B Ta0n. 8.

Boablle BCETO CEPOBOCCTAHABINBAIONIMX MHKPOOPraHH3MOB OOHA -
PYXKEHO Cpeau apNei, Kdk NpaBHio, CYLUECTBYIORIMX B 3KCTPCMalb-
HBIX yeaoBusix (Tadn. 19).

W3 nomcHa Bacteria Hambonee wiyucH p. Desulfuromonas (D. aceto-
xidans) — NMOABHXHAA MATOYKA C JIaTePLbHO PACNON0XEHHBIM KLY~
koM. Oxueaser aueraT win 3tadon 1o CO,, COOCPHKHT HHIKOIO-
TEHHAILHBI LUTOXPOM ¢;, FeS-Beaxn u depmertnt LTK. JKuser B
CUHTPOGHBIX accouraumsix ¢ HoTOTpOPHBIMU 3eeHBbIMH cepobakTe-
pusmMH, noTpebasiommy cyanbua {puc. 102).

Bojee 9K30THYHBLT BHUL aHAZPOGHOrO IbIXaRHA — 3TO «cetesnoer
Ovixanue. [pn soccranosnenun Fe™ p Fe®* peakuus seiroana tepmo-
auHaMuaecku (+770 mB), no npobrema 8 toM, yto npy pH 7.0 co-
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Tabnrua IX

TIpHMEpPBI KCIEO/IB30BANMA JIEMEHTAPHOH CEPLI MUKPOOPTAHK3MAMMU

OHOPBI
MHKpoOpFaAHIL3M - s T
poop VeXIPOHOB Ponn S Mecta obuTanun
A. Mesodmin
Desuffuromonas | Auerar, smHoa | AKuenTop [pecroBooHLIC
1eKTPOHOB OCIKH
Campylobacter | H,, dopmuat AKUETITOD OciIKYM CTOKOB
3NEKTPOHOR
Spirillum H,. dopmuar AxuenTtop AHaIPODBHRBIE CTOKK
21EKTPOHOB
Wolinella H,, dhopmuar AKUeRTOp Py0e L KBa IHbLIX
H AOHOP FHHBOTHBIX
ACKTPOHOR
Iramm DL-7 | Jlakrar, H, AKLEnTOp QsepHble L
TEKTPOHOB
B. Tepmodunnt
Desuffurella Auerar AKUENTOP LHaHo-BaKTepH b-
ANCKTPOHOD HLIE MOThi
B. OkcTpeMaibHbie TepModnin
Thermotoga H,. oprann- Hetokcuxaimsn Mopckue ocanky,
HeCcKHe NOAROIHBIC MOP-
RE1IECTRA CKHE TCPMLILHbIE
HCTOUHUKH, cepHble
HAICMHBIC
HCTOMHHEKH

CAMHEHHS TPEXBAJIEHTHOIrO Xene3a MPaKTHUYCCKH HCPACTBOPUMBI H
BBIIAAAIOT B ocalok (K¥ = 107" M). KieTKu BCe BpeMst HCTIBITHIBAIOT
JeMIIMT aKLEenTopa 3ACKTPOHOR, KOTOPBIH HaxoouTes BHe kieTku. To-
ITOMY TIPH AOCTABKE Fe'' s KIETKY 3a2eHCTHORAHBI KOMITICKCOODDAZ0BI -
Te It — cudepoghopst, XKaK N LB MUKPOOPTaHU3IMOB, HCHOML3IYIOIUMX
KEIAC30 B CHHTE3ax. ¥ KIETOK, ACCHMMJIMPYIOIIMX Fe™, ono HCTIONBIYETCH
BHYTPU KJCTKH, & MAPH dHAIPOOHOM JIbIXAHHMHM ODHADYXHBASTCH BHE
KACTKH, TIPRYEM MEXAHM3M CrO Buibpoca B cpeay HeuzeecreH. Boamoxk-
Hasl LIENh MCPCHOCA ICKTPOHOB NPH «KEICIHOM» ABIXAHHH #300paxe-
Ha Ha puc. 103. MHTEpecHO, YTO TEOPCTHICCKH MPH BOCCTAHOBICHHW U
TPEXBATEHTHOIO Xene3a H UCTIONIh30KRAHHM ALICTATA B KAYECTBE JOHOML
JEKTPOHOB MOXCT ObITh CHHTE3MPOBAHO oK0M0 |1 Mosekya ATQ;

Auerar + 8Fe™ + 2H,0 — 2C0, + 8Fe™ + 7H*
(AG* = 815 x/1xk/Monb atletaTa)

*K, — KOHCTIMTA PACTBOPHMOCTH.
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TaGamua 19

(‘McTEMATHIECKHME TPYNIB! APXCH, CO/lepIKAlIHe NpeJcTARMTENEH, BOCCTANAR-

AMBAKMUX 32eMenTapuyo cepy (A — asrorpodns; I — reTepoTpodhel)

CHcreMaTnieckas rpyvimna

Tun nuranus

®uaym Al. Crenarchaeota

Kuaace 1. Thermoprotei
Hopsagok 1. Thermoproteales
Ceneiicteo 1. Thermoprotcaceac
Pon 1. Thermoproteus
Pon 3. Pyrobaculum
Cemeiictao 2. Thermofilaccac
Pon 1. Thermofilum
[ lopanok 2. Desulfurococcales
Cemeiictro 1. Desulfurococcaceac
Pon 1. Desulfurncoccus
Pon 4. Staphylothermus
Pon 7. Thermodiscus
Cemedictro 2. Pyrodictiaceae
Pon 1. Pyrodictium
lopaaox 3. Sulfolobales
Cemeitctso 1. Sulfolobaceae
Pon 1. Sulfolobus

Pon 2. Acidianus
Pon 6. Sulfurococcus

—

A, poctnpn 7= 113°C

A, poctnpu pH 1.0—1.5, B
a9POBHBIX YCA0RMsIX OKnestioT S°

A

A.pocrripupH 10—t 5.8
A3POBHBIX YCIOBHSIX OKMCAUOT SP

Munym A2. Euryarchacota

Kiace 4. Thermoplasmata
[Hopsgox 1. Thermoplasmatzles
Cemetictro 1. Thermoplasmataceae
Poa 1. Thermoplasma
knace 5. Thermococci
Haopsnaok 1. Thermococcales
Cemeiterro |, Thermococcaceae

Pon 1. Thermococcus

Pon 2. Byrococcus
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Puc. 102. CunTpodnan accoumauus
MHKPOOPIIHH3MOR, OCHOBAHHAR HA
WCTIONB30BAHUH COCHHCHHUH CCpPR!

. Desulfuromonas
# acetoxidans

Qpraguueckue

BCHICCTBA

CcO,
S0 | Chromatium sp. (=
PorocuuTel,
hv aHa3podunl

OBI,
mB
=500 -
Hzouurpar/2-okcornyrapar |-
l2—Oxcorn)"rapawcyxuuHa'r[ l Lll yrap I
—400 e -
e i
7“.__@HAI[G)H| Lnrosonn
=300 +
AuH"? v
; (LlnTo30/1b)
=200 /
Manar/okcanoauetar ‘ 3
l Mx()xjn‘ji_ /MXIK\CC‘I‘. |>4.[Ll“'1- (‘7 VKH qu“IMlCL"i".I
-100 - o " ApH"
— - . (_'
[
-ATD - =
| Fc""?pcuym';nal
0 4 -7 (LTTM)
CykumHaT/hyMapir
100 (BM})| 7
2004 Fe'*/Fe™

Pic. 103, BO3MOXKHUA HENb NCPLHOCH INCKTPOHOR NP «KCIEIHOM» ILIXAHHH
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Oanaxo npd pH 7.0 na npakruke AG” = -34 xJIx/mMoib aucrara,
T.C. SHEPrUM cIBa XBaTacT Ha oaHy Monekyly AT®. Boimoxuo, uto
st cuHTe3a AT HeobX0IHMO HECKOIBKO 0DOPOTOB PEAKLIMH.

B npupoie Fe' concpXuTCs B DamIMUHbIX MWHEPAIAX (IeMaTHT,
depputruapur, MarHetut 1 T.4.). Ulnpoxo pacnipocrpanets Fe (OH),
n nupur FeS (FcS,).

TpexsaieHTHOE XeJIC30 CrMocobHbl BOCCTAHABIMBAThL MHKpOOPTa-
HU3MBI clleAytotmx ponoB: Bacillus, Clostridium, Escherichia, Pseudomonas,
Serratia. HO HEHIBCCTHO, CBA3AH JIX 9TOT IIPOLIECC € MNOIYYCHHCM IHED-
run. Bocetanasaupaiot Fe™, cunresupyss AT, npeicTaBHTeNn ceM.
Geobacteriaceae — G. metallireducens v G. sulfurreducens. Tlocneanii
cnocoBet TaKXe BoccTaHaBinBaTh S°. CUNTAIOT, UTO ©KEJIC3HOC» [bI-
XdHHE ROIHMKIO paHblue, YeM cyan(aTHOe, HUTPATHOC M aspobiHoe.

VHTCHCHBHBIC HCCASAOBAHUS MUKPOOPraHU3MOB, UCITONIb3YIOUIHX
WOHBLI METAANI0B B KaueCTBE aKUENTOPOB 1eKTPOHOB, HAYAIUCH HA
pybexxe XX u XXI Be. B Hactosiluee BpeMs 0OHapyXCHBI OPraHU3Mbl,
crnocofHbIe BOCCTAHABIMBATL MApraHels:

MnO, (1V) (HepacTsopumblit) — MnO (1) (pacTBOpUMbIi)

ELtle 0IHH THIT IBIXAHUSA, [O¢ KOHCUHDBIM AKLENTOPOM CIYXHUT 0pra-
HUUCCKOE BEIUCCTBO, HA3biBAeTCsi gymapamuvim Ovixanuem. K dyma-
PATHOMY JBIXAHWIO CITOCODHB! NPAKTHYECKH BCE MUKPOOPraHU3MBbl,
HMEIOLIME 31EKTPOHTPAHCTIOPTHYIO LICMb € CYKUMHATACTHPOreHAIOM.
70 IHTEPOBAKTEPHH, BHOPHOHLI H [1PONTMOHOBLIC DAKTEpUN: 2[HT +
+ hymapat — cykuuHar, [Tpy 5ToM Henb NEPeHOCa 3NCKTPOHOB OUEHD
KopoTKasi, npyu BoccrasosneHun | M dymapata obpasyerca I M ATO,
TAK KdK €CTh TOABKO OAMH MYHKT COMPSUKCHAS, TAe NPOHCXOINT OKHC-
auTennHoe hochopunnpopatue. K dyMapaTHOMY dbIXatMI0 CNocod-
HbI TAKXE HCKOTOPHIC (haKyNhTATHBHO aHadpoOHble ucpsh (Ascaris,
Fasciola, Arenicola). DT0. I0-BUANMOMY, AHAJIOT MOJOUTHOKHCIOTO Opo-
KCHHS B MBIIITAX MACKOIHTAIOIINX.

Kap6onamuuvim dvixanuem Ha3bIBAIOT aHA3POOHOC AbIXaHUC, Tae
KOHEUHBIM AKLIENTOPOM 3MEKTPOHOB CAYXKUT yriekucnora (um CO).
B paspesie, NOCBALLCHHOM BPOXEHHAM, YXC rOBOPUIOCH O roMoanc-
TOTEHHBIX MUKPOOPTAHMIMAX, HOMYUAIOUIMX IHEPCWIO NPH KapboHat-
HOM JIBIXZHMH, KJICTOYHOE BEUICCTBO KOTOPLIX B aBTOTPOQHBIX yCso-
BHSIX CHHTE3UpyeTca 1o nymu Byda— Jvionedana (auemun-KoA-nymu).
Bropoit (hH3MONOrHYCCKON H CHCTEMATHUECKOR IPYIIOi, 1ONyTato-
ILCH IHEPTUIO ¢ NOMOUIGI KapOOHATHOTO AbIXAHHA, HRIAIOTCH MHUK-
POOPraHU3MbI, 0BPAIYIOLINE MCTAH, AU METAHOIEHDL. 210 camad 00nb-
was rpynna apxeit u3 ¢punyma Euryarchaeota — cTporue aHaspolsl,
obpasyloie B Ka4ecTBe KOHEYHOTO [POAYKTa MeTaboin3Ma MCTaH.
OBLIUHO ABASIIOTCH NOCACIHNAM 3BEHOM IIMILCBOI LENK B AHAIPOOHBLIX
MPECHOBOAHBLIX MECTOODHTAHUSX, T.€. B 3TUX YCI0BHAX OHU 3aBEPLIA-
0T LMK yriicpoaa Ha 3emie (TMAPOARTAKH — OPOAMIBUIMKH — ale-
TOreHbl — METAHOTEHE!). B MOPCKUX aHA3pO0OHBIX MCCTOOBU TAHKAX ALC-
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TAT MCNOJIb3YIOT TaKXe CyjabghaTpeayktopnl. Mctan B cmecn ¢ CO,
(Ouoeaz — 60—70% CH, + 40—30 % CQO,) obpasycTca Ha oHE 03ep U
60/10T, TOAHUMAACE BBCPX, NONANAET B a3p00HYIO 30HY M UCTIOIB3Y-
€TCA METAHOKMCIMIOHNIMMUY MHXpoopratunsMamu. MceTtan obpasyeTtes
TaKXKe B pyblle XBauHbIX (KopoBa spiaeaser 10 900 1 MeTana B nexb)
M B KUUICUHHKE TEPMHTOB.

CuHMTAlOT, YTO METAHOIEHBLl — 3TO LPEBHERLIME OPraHU3Mbl B MC-
TOpHH 3eMiaH, Koraa atMmocdepa cocrosna us3 CO,, H, n CO. Io
MOPIOTOTHY OHM BAPLHUDYIOT OT NPOCTHIX MANOUCK, KOKKOB H cap-
HWH 00 CIHUPAIbHEIX JOPM H HEPETYISPHBLIX KOKKOHA0B. PocTt — ot
aBTOTpPO(PHOrOo M rerepoTpodHOrO A0 METHAOTPOQHOrO, TeMIepa-
TYPHBIC HHTEPBAIBI POCTE — OT ME30(HILHBIX 10 IKCTPEMATLHO TCP-
mounbsHbiX. Coacpxadue T B IHK or 27 10 61 %. KacrouHsle
CTEHKM COLEPXKIT NMCEBAOMYPCHH, MENTHAB! H/WUITH TOJAMCAXAPHIbI.
CHHTE3IMPYIOT KO3H3MM M, Huxenb-Koppunona Fyq,, meTanohypas
H METAHOINTEPHH, TpoM3BoaHoe 5-acazoduiasuua — F,y,. Tpu ocse-
LICHHH CBCTOM ¢ AAMHOM BONHSBI 420 HM KJICTKH MCTAHOIeHOB duly-
OpECUHPYIOT CHHE-3€1eHLIM CBeTOM (choiicTRe KodakTopons Fy, u
Fae). KodakTopsl MCTRHOTEHE3a 04eHb YMYBCTBHTENLHBL K KHCIOPO-
Ay, HO MOTYT JUIMTEABLHO COXPAHSTLCH 0€3 10CTYA KHCAOPOAA M BOALL.
OHM HailoeHb! B HOMTAHBIX TUIACTAX, UTO TAKKE CBHISTENLCTRYCT O
APEBHOCTH METAHOrEHOB.

MeTaHoreHnl NOTPedISIIOT JOBONLHO Y3KHIT HaBop cvbCTpaTOoB.
K nepsoit rpynne cyberpatos otHocat H,/CO,, CO. TIpu stom 95 %
dukcuposaHtoro CO; HCNONb3YETCH WA TTONYYCHWSA JHEPIMU H BbI-
aensiercs B suae CHy m toasko 5% waer va 6uocuures. Ko BTopoit
IPYNIle OTHOCKT AUCTAT H HCKOTOPLIC CIUPTLI {GUemokiaemuuecku
Memanocenes). TPEThIO CPYTINY COCTABAMIOT OAHOYIICPOAHbIE CybeTpa-
Thl (POPMHET, MCTAHOM, METWIAMUH, JH- U TPHMETHIAMUHB]).

CompeMeHHas KI1acCHHKALIMSL METAHOTCHHBIX apxeii no 165 pPHK
NPenCcTaBACHA HHXKE.

®uaym A2, Euryarchaeota

Knacc 1. Methanobacteria
Mopanoxk |. Methanobacteriales

Cemeitctro |. Methanobacteriaceae
Pon 1. Methanobacterium
Pon 2. Methanobrevibacter
Poa 3. Methanosphaera
Pon 4. Methanothermobacrer

CemeticTso 2. Methanothermaceae
Pon 1. Methanothermus

Kiacc 2. Methanococci
Iopstnok 1. Mcthanococcales
Cewmcitctpo 1. Methanococcaceae
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Pon 1. Methanococcus
Poa 2. Methanothermococcus
Cemeiictoo 2. Methanocaldococcaceae
Poa 1. Methanocaldococcus
Pon 2. Methanotorris
TMopnaox 2. Mcthanomicrobiales
Cemeiictso 1. Methanomicrobiaceac
Pon 1. Methanomicrobium
Pon 2. Methanoculleus
Pon 3. Methanofollis
Pon 4. Methanogenium
Pon 5. Methanolacinia
Pou 6. Methanaplanus
Cemeitctno 2. Methanocorpusculaceae
Poa |. Methanocorpuseulum
CemeiictBo 3. Methanospirillaceac
Poa t. Methanospirillum
Pon Insertac Scdis 1. Methanocalculus
[Topsinok 3. Methanosarcinales
CeMmeiictso 1. Methanosarcinaceae
Pon 1. Methanosarcina
Poa 2. Methanococcoides
Pon 3. Methanohalobium
Pon 4. Methanohalophilus
Poa 5. Methanolobus
Pou 6. Methanosalsum
CemcitcTo 2. Mcthanosactaceae
Post 1. Methanosaeta

Knace 7. Methanopyri
Mopsinok 1. Mcthanopyrales
CenmeftcTro 1. Mcthanopyraceae
Pon . Methanopyrus

Knacew Methanobacteria, Methanococei, Methanopyri BKAOUMIOT
METAHOTCHHBLX apxeii, obpasylowmnx MetaH na H,/CO,, dopmuare,
auerare, Meratone, MeTiiamunax W H,/Metanone. Ilpeactasuresu cem.
Methanosactaceie MCIOMLIVIOT B Ka9eCTBE ¢yDCeTpaTa MCTAHOIEHE3
NPCHUMYILCCTBEHHO AUETAT.

MCTAHOICHBl BETPCHAIOTCS BO BCCX AHA3POOHBIN MECTax o0ura-
HHA, HO B MOPCKHX BOTOEMAX CYInDaTPEAYKTOPLI OMCPEXAIOT UX B
foppbe 3a cyberpar, Tak Kak 3Q(PEKTHBHCE MOJIYIAIOT IHEPIHIO.
Y cyapdarpenykTopos ancTat okucisiercst depe3 [ITK u ects nosHan
SACKTPOHTPAHCIIOPTHAS 1CTTh, 3aKaHyuBalomancy cynbparoM. B 1o
KE BPCMSI MHOTHE MOPCKME METAHOIEHB! CIOCOOHBL MCTIONL30BATL
MCTHIAMHHBL, KOTOPBIC HE SIBISIIOTCS cyBeTpataMu ans cyibarpe-
AYKTOPOB.
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Hike TIpHBEACHBI CYMMApPHBIE PEAKIMM, TIPHBOAAIIME K 00paso-
IHII0 METAHA:

AGY, kKJIx/MIb MeTaHa

/
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CH,y H,

Puc. 104. TTpouecc obpasosaHust Metana Ha Hy/ CO, (MO — metanodypin:
H;-MIT — rerparnapomeradontepun, MP — metunpeaykrtasa: TP -
rerepoaHcynbhHAPeIyKTA3a)
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4H, + CO, » CH, + 2H,0 -135
4HCQOOH — CH, + CO, + 2H,0 -130
CH,0OH + H, - CH, + H,0 -112
CH,;0H - 3CH,; + CO, + H,O -104
4CH NH, + 2H,0 — 3CH, + CO; + 4NH,; -75
2(CH3);NH + 2H,0 - 3CH, + CO, + 2NH; =73
4(CH;3);N + 6H,0 — 9CH,+ 3CO, + 4NH;4 ~74
2CH,),S + 2H,0 — 3CH, + CO, + 2H,8 ~73
CH;CQOH — CH, + CO, =31

[Ipouecchl OOPa3OBAHMS MCTAHa MPH HCHOJBLIOBAHMH DAY HBIX
cvBeTpaToR m3obpaxcubl Ka puc. 104 —106. Ayemoxaacmuveckutt Me-
manoeenes 6uut onucan P. bapkepowm ewe B 1956 1., HO pacmudposKa
npolecca Mpou3oILna ToIBKO B KoHue XX B, flpn 3ToM noxa He nokasa-
HO. Y10 OCHOBHOM KOMIUICKC AUCTOKIACTMUCCKOIO METAHOICHE3d —
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Puc. 106. [Tpouece obpasopiHMa METAHA IPKU POCTE Ha MeTaHOME

aro CO-acrnaporcHasza-aucTii- KoA-cHHTa3a, KOTOpas Bbll¢sieHa H
OYHIIECHA Y TOMOALCTOreHOB. Takke HeM3pecTHo, cnocobda i CO-
AeruaporeHasa-auctiui- KoA-ciHTaza roMoalucTorcHoOB yyacTBOBaThL U
B pacwerienun anetnn-KoA. Meranon xax cydberpaT MertaHoreHesa
BIXEH, TAK KAaK OH MOXCT OOPa3OBbIBATLCH B aHAPOOHLIX 30HAX NPH
IFHAPOIN3E MEKTUHA W JIMTHHMHA, UMCIOIIUX IMPOKOE PACTTPOCTPaHE-
HHC.

MeTaHOTCHHBIC ApXCH 3aHUMAIOT BAKHOE MECTO B TIPUPOAHLIX KO-
cucreMax. MeTaHoTeHe3 akTMBHO MAET Ha PHUCOBBIX TIOJNSX, TIPUUCM
90 % olOpa3ywlleroca MeTaHa nomagaeT B arMoctepy yepes cocyaue-
TYK CHCTEMY PacTeHHit puca, VICTOUHHKW MeTaHa — 2T0 pyBell KBay-
HEIX, KHUICYHUK JOWAACH Y APYIHX MACKOMMTAIOLIKX {npumcpHo 70 %
JOAeH UMEIOT METAHOTEHRBI B KHIHCYHOW MHKpobuoTe). Mertad nonana-
er B armocdiepy npu paszpaboTKe YroibHBIX WIAXT, YCPC3 pa3lioMbl Ha
JIHC OKEaHOB («YEPHbIE KYPHIILUIMKH») W [PpU BYJKaHUYECKOH Aes-
reabhnocT. M3 seero BulaenseMoro s rog Merata ((670— 1 600) - 102 1)
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«CKHBOH» M «MCPTRbI» MCTiH COCTABJISIOT COOTBCTCTBEHHO
(312—755)-10" r y (355—870)-10"2 r. KoHucHTpaLUs MeTaHa B ar-
mocdepe pasHa 1.75 06. u/mMan (ppm) B CeBepHOM NMOJIYIHAPHU H
1,67 ppm — B KOxHoM, McTaH — ra3s, «OTBETCTBCHHbIl» 3a «AapHUKo-
asifi pghexnin: npucyTcTBre .3 ppm METAHA BbI3bIBAET Ha 3EMIE 1O-
remteHue Ha 1,3°C. Bpemsa xu3Hu metana 8 atmocdepe 8 — 10 ster,
OCHOBHOI CTOK NPOUCXOANT 34 cueT (hOTOPACLICTINCHUSE.

Elue onMH HCTOYHUK 0Dpa30BAHHS MeTaHa — ITO UCKYCCTBEHHbIC
COOPYKEHHS U1 OUUCTKH CTOKOB M noslyycHusi 6uorasza (aHaspobHbic
PEAKTOPLI U MeTaHTEHKH). B TaKuX yeTaHoBKax 06bI4HO paboTaloT MUK~
POBHbLIC COOBLICCTRA, I1e METAHOTEHBl -—— KOHEUHOC 3BEHO MTHLUIEBON
LCTTH PABIOKCHHS CTOXHBIX OPraHMUCCKMX COSAMHEHUIA.

C MCTAHOTEHAMU B TCCHOM 3K30- U 2HAOCHMDHO3C MOTYT KHTh HE-
KOTOpBIE aHA3POOHBIE TIpocTeiiline (HANPUMEP, HA ONHY KIETKY pec-
HUTHATOrO NpOcTeiilero npuxoanTea okosio 700 kieTok MeraHobpa-
IVHOLHX apxeit).

AapoBHoe abixaHuune

[Mpy a3pobHOM IBIXAHMKM KOHCHHBIM AKLUCIITOPOM 3JIEKTPOHOB B
LElH [ICPEHOCE ABIACTCSH MOJCKYJPHBIH KHCIOPROI, MO3TOMY A
OBIMIATHO A9POOHBIX MUKPOOPraHN3MOB OH — HCODXOIMMOE pPOCTO-
poe mettectso. Tak kak wisi mapst 0,/H,0 Eh = +810 mB, 1o npu
TAKOM KOHEUHOM AKLEMTOPE MOAYYACTCH CYLICCTBEHHLIH BBIMTPLILI
IHEPTHU 110 CPABHEHHIO C HPOXEHUCM U AHA3POOHBLIM IbIXAHUEM, T. €.
a3p0oGHAs ALXATCIBHAS Uelb — ZOCTHKEHME Isomounn. TIpn sToM
A3POBHBIE MHKPOOPIAHHIMBL MOTYT UMETH AHADPOOHBIC CTAAMM Npe-
BPALICHUA CAXAPOR HIH CTaAMKM OPOXEHMS (HATIPUMED, [THKOIM3 U
MQJIOUHOKHCA0E BPOKEHHE B Mblilax), HO UCKIHOMHUTEIBHO 38 CYCT
HHX T4 OPTAHU3MbI He MOTYT oBecneyuTh cebs 3neprueit. Mrak, Mo-
AEKYJAPHBIA KUCJIOPOL HEOOXOLMM:

W B PEAKLHAX BKJIKOUYCHHUA OIHOTO-ABYX ATOMOB KMCIIOPOAA B HCKO-
TOPLIE MONEKYL {HAPUMEP, CTEPONIOB, OTIEABHBIX XHPHBIX KHC-
NOT. KapOTHHOHWIOB);

W /U1 HAYAIbHBIX ITATIOB OKUCJICHMS HCKOTODBIX CyDCTPaToB (Ha-
NPUMEP. METAHA Y METIIIOTPOMOB M APOMATHIECKUX MOJEKYIl [PU HX
PACIIEMICHIH) € TIOMOLIBIO MOHO- M aMokcureHas. Cneayer same-
THTL. YTO CAMM 3TH PCAKHHM He J410T JHEPLHH, HO OHU NOMOIZIT
AWIBHCHILEMY OKHCICHHIO CybCTpara,

® pH paBoTe OKCHAA3 (HAMPUMED. TIIOKO300KCHAA3b], LHTOXPOM-
OKCHAA3bI);

B KiK KOHCUHDBII aKLCITOP 3NCKTPOHOB B BIXATEILHOR UCHH.

Vicnob30BaHKe MHOTOYFAEPOAHBIX CyOcTpaToB. Y GObLIMHCTBA
MHKPOOPTEHHIMOB ObIXAHHC B NPHHLLHIC HC OTITHUAETCH OT TAKOBOIO
B MuTOXOHApHAX. QIHAKO MUKPOOPTAHH3MBI B 3ABMCHMOCTH OT yCI0-
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BUH POCTa CHOCOOHL! UCMOJI630BaTh ATLTCPHATHBHBIC TTYTH, CHHTE3H -
PyA palHble UMTOXPOMOKcHOaswl, CxeMa mutoxouapuancHoi TLL
npeacrasnena Ha puc. 107, Tak kak 9TL y npoxkapHoT pacronoxeHa u
UMTOMNAIMATHICCKON MeMOpaHe, CHaYana TCHEPUPYETCH Aply, M 3a-

OBII.
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Puc. 107. Cxema 3T MHTOXOHAPHIt (MMeETCS TPH YHKTA CONPSKCHINI
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1em ATD. Qas cunresa | ATD nocrarouro 150 —300 mB. Takast pas-
HHIE OKMCIMTCIbHO~BOCCTAHOBHUTC/IBHBIX HOTCHIHAIOB CO3RACTCA B
“)TL B onpeaeaeHHBIX MeCTaX, HA3LIBACMBIX HYHKMIAMU CORPAXCENUR,
11K KAK MMeHHO 3aech Haxoantes AT®daza. Lenb HaumHaeTes ¢ OKHC-

JCHHSA BOCCTAHOBJACHHDLIX TUPWUAHHHYKIIEOTHAOB, NOCKOJIBKY MHOIKE

cyOeTpaThl OKMCAAIOTCS IPU YHacTHH HAU' -3asucumbix dezudposenas
(tanpuMep, Manart, nupysar). JApyrue cyOeTparbl NepeaaioT HEKTpo-
1w B ATL Ha Bollee HUKUX YPOBHAX (Hanpumep, CYKUMHAT — HA
ypPOBHE YOMXWMHOHZ, @ METAHOJ — HA YPOBHE LMTOXpoMa ¢). Torna B
LIBHCHMOCTY OT UCTIONbL30BAHHOTO cyBCTpaTa Ueb MOKET BLITh YKO-
POUCHHOH M, CIIEIOBATENLHO, AYHKINOE Conpadcenus OYICT MeHbUIC.
YV HEKOTOPbIX MHUKPOOpPraHHW3MoB ¢ ykopouerHo# DTLL obpasycres
DObILIE LIMTOXPOMOB (B 9acTHOCTH, ¥ MeTiToTpodos). Y E. coli ens
paspeTeaeHHas (puc. 108), B Heit HET UNUT. ¢, 4 TEPMHHAIBbHAA OKCHAA-
il YCTOHYMBA K LHAHKIY.

[lpu nosnom oKucieHiy CYOCTPATA €AMHCTBCHHBLIM OKMCACHHDBIM
npoayxtom spascres CO,, 4 KOHEUHBIM 3TANOM OKHCAEHHS — B OC-
HOBHOM LMK TPMKAPBOHOBBLIX KHCIO0T (cM. pHc. 84). B xauectse atb-
ICPHATUBHBIX CHCTEM C/ICAYCT HA3BATh HuKA OUKAPOOHOBLIX KUCAOM Y
. coli (puc. 109} n oxucaumensuoit nenmosodiocamibit nymo (Bap-
typra— Auxxenca— Xopekepa) y Gluconobacter (cM. puc. 82). B atom
caytae, 4Tobbl MOJIEKY/1a TCKCO3bl OKHCIUIACH MOJIHOCThIO, LUK A0~
ACH «[IPOKDYTHTBCA» LIECTD Pasd.

(O KOHYATELHOS OKMCIEHHE MOXET TIPOH30HTH, CCIIM TOT UK HHOH
cy0CTpaT CHayand NpeBpaTHTCH B LIEHTPATbHBIH MHICPMERHAT alic-
ri-KoA wiu apyrme unrepmeauatbl UTK. Las okucaeHust deaxos
MITKPOOPTAHH3MbI BLIAC/SIIOT 8HEKAEMOMHbIE HPOMEd3bl, KOTOPbIC THR-
(MOJIHIYIOT BEIIKKM 10 KOPOTKUX nenmudos ¥ amunokucion. TakUM CBOIi-
CrsoM 06Malal0T HEKOTOPhIC GakTepu U rpubbl, B OCHOBHOM NATO-
I'CTIHbie, BRI3LIBAIOWIME NOPUYY NPOLYKTOB, a4 TAKXKE [OYBCHHBIC MHK-
poopranuimbl. Paznoxenue 6e1Ka MUKPOOPIraHH3MaMH {ammonugpuxa-
i) BCELIA CONpoBoXKIacTes 0Opa3eBiaHNeM PAAA NMPOAYKTOB: AMMH-
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Fe-S$-benok
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Puc. 108. PaascranerHas ITLL y £, coli
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Puc. 109. Llukn aukapboHoswix kucnot v E. coli

aKa npH Ae3aMHHHMPOBAHMHM AMHHOKHUCIOT, CEPOBOIOPOAA TIPH pac-
LLCTIIEHUM CEpYCONePHKALLHX aMHHOKUCAOT (METHMOHIHA, LIMCTEHHA U
WX NMPOU3BOAHLIX) W WHA0JA [TpU pacnake Tpuntodana. MNpouece am-
MOHHM(PMKALHN BCEMAA CONPOBOXIACTCA MOMLCHAYUBAHIEM CPERI.
AMWHOKHCIIOTB AE3AMMHUPYIOTCH ¢ 0Bpa3zoBaHMeM OpPraHUYecKUX
KMCAOT (rupysaTa, auerata M Ipyrux uHrepmeauaros LITK) u B Ta-
KOM BHIC BXOAaT B UMK KpeOca Ansl NONHOIO OKHUCIEHHS W [10JyYe-
HHS KAeTKOH aHepruy. Takxke OHM MOIyT ObITh MCIOJIB30BAHBL Kik
HCTOYHHK YINERO/2 [UIS CHHTE30B KIICTOYHLIX KOMITOHEHTOB. AMUHO-
rpynnbl AMHHOKHCIOT HAYT MO0 Ha aHaGoIv3M a30TCOICHKALUMX Be-
LICCTB KIETKM, JTUO0 BBIIC/ASIOTCA B BHAE MOHA AMMOHMS.
Heanoao3a rHAPONMIYETCA C MOMOLIBIO GHEKACINOMHBIX UEANOA 'S
(B a3pOBHBIX YCNOBUAX — rPHBAMH U MUKCOBAKTEPUAMY, B aHA3pOH
HBIX — KJOCTPUAHAMH U HEKOTOPBIMHI AHA3POOHLIMU IpHbamit). Keu
A4 RPEBCCHHBI H Jj1yDa THAPOIM3YETCs KCHIAHA3AMM A0 KCHAOILI 11
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ApaHHO36l. ECTh COOTBETCTBYIOIIHE (DEPMEHTHL AL THAPOQIIU3A Kpax-
WA, ReKMUHA, (GPYKMo3anoe, mannanoa, azapa, xumuna, auenuna. Qbbiu-
no rakne pepMerTbl €CTh ¥ TTOURCHHBIX BakTepril (Hanpumep, Cytophaga)
11 (puTonatToreHHBIX hopM (Hanpumep, Erwinia). ITH QHCPMEHTRI B pAae
CHY'NACB UCIONB3YIOT B OMOTEXHOMOIHH (HANpUMED, NEKTHHA3bLI
L. carotovora — st ocBeTIACHUA COKOB). JiMcaxapuibl 1ance noasepra-
kirest Anbo ruaponusy, auoo docdopoanly. Morocaxapa npespana-
wiICst B MUPYBAT MO OQHOMY M3 PaCCMOTPEHHBIX paHee nyTeit: rukKo-
sy, nedtosodocdarHomy Wi KAME-tiytu. Anerui-KoA o6pasyer-
¢31'y a3poDOB U3 MTUPYBATA C TIOMOLIbIO HUPYEaMieudpozenasnoeo Kom-
miexea ¢ muamurnom (B)) B KavyceTse KodepMeHTa.

HurepecHo, 4To B pyliie XBauyHbBIX NPOMCXOIMT CJIOXHBIH MpO-
HUCC NPCBPALlEHUA LE/UION03sT B BCTOK XKMBOTHOTO yeped HenkH
mitkpoopranuimos (puc. 110). Eciu 6bl B pydlie BMECTO MCTAHOICHOB
HPHCYTCTROBATH DBI TOMOAUETOrE¢Hbl, TO ObLUIO Obl MEHbIUE MOTEPb
yIIepoJa BelllecTBa B BUAE Ta30B.

Jlunuds: paclwenasoTC MUKPOOHBIMU JIUOA3AMM 110 2auyepord u
wctipnbix Kucitom. [avuepon sateM dochopuinpyeTes, OKUCIHETCH 10
JIOAD u kKatabonnanpyeTcs Ycpes peakudi TIXKORU3a. 2KVUpHbIe KiC-
IFIbl HOIBEPIAIOTCA B-OKHCAEHUIO 10 aleThl-KoA.

Aposmamudeckue coeduHenus CHauala PaciicIUIAIoTCS MOHO- WIH
NHOKCHTEHA3AMM 10 B~KeTOatuNIMHOBOH KUCIOTHL MKW €€ ITPOH3BOI-
X, KOTOpbIE JaTeM pa3laraleTcs Ha aueTHA-KoA u cykuuHar.

11pou3BoaHDIE nypuros W Aupumudunos «exonaT B LITK dyepes ¢y-
MAPAT, A AeHm036l — YCPC3 (-KETOTNYTAPAT.

Hpedeavnvie u nenpedeasibie yeaeeo0opodsi VCTIONB3YIOTCH NOYBEH-
IIIMH MHKPOOPraHW3MAMKA Pa3HbIX IPYILN, KOTOPBIE CHA'ANA OKHCIIS-
101 UX 10 COOTBCTCTBYIOLLMX XHPHBIX KUCIOT C TTOMONILKY OKCHIEHA3,

I'eapomns bpomenus

I'noko3a j—

| | lwuunnma'

lﬁuoma

Jlw3nc

AMHHOKHCROTBL I

BcacnBande
B KPOBL

| buoMacca XKUBOTHOTO |

I'ue. 110, CxeMa TIpeBpalllCHAA LCATIN03H B BEJIKH AHBOTHOTO 4Cpes3
OHOMACCY MUKPOOPIAHU3IMOB
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a 3aTEM MOABEPraioT P-OKHMCACHUIO (KPOMC OJHOYIIIEPOAHbIX COEAN-
HEHHH),

.BapuaHTt aspobHoro MeTabonM3Ma, Koraa cyoCeTpaT paclIeniseTcs
HE IIOIHOCTRIO M KoHeuHblit npoaykt He CO, (Mnnd He Tonbko COh),
HA3LIBAIOT HEHOIHBIM OKLCIeHIeM. KOHEUHBIMY MTPOAYKTAMM HEMOIHbIX
OKMCAEHUIT MOrYT ObITh OPraHHYECKHE COSIMHEHWs (ALEeTaT), KOTO-
PBIE HACTO CXOXH € NPOLYKTaMH HEKOTOPBIX BpoxkeHyiit. ObpaiosaHue
HETTOIHOCTBIO OKUCHCHHBIX MPOYKTOR 00bsACHACTCA MO0 nedekTaMu
B (DEPMCHTHBIX CHCTEMAX MHKDPOOPraHU3IMOB, JUOO 3aMCONEHHEM HX
paboThl H3-32 HEONTHMATBHOCTH YCAOBMIl KYJbTHBUPOBAHMS.

TunuuHble [PEICTABUTCAM MHKDPOOPFaHUIMOB, OCYLUECTBISIOLLIMX
HETIONHbBIE OKUC/ICHUS, — rPYTITIA YKCYCHOKUCABIX BakTepHii. 310 rpam-
OTPULATENbHBIE MEJIKHC TAIOYKH, HEKOTOPLIC TNMONBHXHDL, LIHPOKO
pacTpOCTPAHEHEI B IPUPOAE (KHBYT HA JUCTHAX PACTEHMI), auHIOTO-
JgepantHel (pH 3—35), MHorde ofnagalor 3Ha4HTEIRHON YCTOMMIBOC-
ThIO K 3Tanony (9— 10 %). Hanbonee M3RCcCTHRI ABa pona: Acetobacter
C NEPHTPUXHATBHBIM XIYTHKOBaHWUCM U Gluconobacter ¢ NONAPHO pac-
MOMOKCHHBIMU KIVTHKAMH. DTHM OAKTCPUIM TIPHCYILA CIIOCOOHOCTh
K 0Opd30BAHKIO KHCIOT MYTEM HETOJIHOTO OKHCACHHUSA CAXApoB 1 CTINP-
TOB, ¥ Acefobacter BbICOKAS AKTHBHOCTb IKOTOMBACIUAPOreHA3L! CO-
YeTACTCH ¢ HUIKOH akTHBHOCTHO drepmenToB UTK, a y Gluconobacrer
otevrernyeT KaroueBoi ¢pepMeHT LITK o-ketornyTapataerniporerasa.
B SHOTEXHOLOTHH UCTIOMB3YIOT TIPCBPALEHHUE YKCYCHOKMCIBIMH BaK-
TEPMAMH FTAHOJIA B aUeTaT, copbuTa n copbosy, obpasosaHue rioKo-
HaTa v aueToHa.

MHorue rpubbl CeCOOHBI BBIAESAATH B CPCAY MPOAYKTHL MeTabo-
JM3Ma (OPTraHHYCCKME KUCTOTH M aMHHOKMCAOTBI), YTO CRA3AHO C
«ICIOPraHM3ALMEiT» UX METADOINIMA MTYTEM HIMCHCHMA YCJIOBHIA Kb~
THBHPOBAHUS, KOTOPBIC 3aTOPMAXHBAOT ACATCBHOCTD ONPEAeNeHHbBIX
depMmertoB LITK. TTpHUMHOR HAKOILIEHUS HPOMEKYTOWHBIX NMPOIYK-
TOB B «y3KMX MCCTaX» MOXeT OLITh H3OBITOK CyOCTpaTa, MIMEHEHHC
pH. KOHUCHTpaUUH MUKPO3NeMeHTOB. C OMOLLLIY [PUBOB MOXHO
NOAYMATE (B TOM HHCAC W B NPOMBIULIEHHOCTH) CNCAYIOUIKE NPOLYK-
TeI: MOOUnYIO { Rhizopus nigricans, Saprolegnia), dymaposyio ( Mucor,
Rhizopus), rmoxkoHonyio (Aspergilius niger), 11aBencBy0 (MHOTHUC TpU-
Onl pH BbICOKOM PH), THMOHHYIO (A. niger) M vTakonoBy1o (A. ifaco-
nicus, A. terreus) KUCNOTBL. L-TyTaMMHOBAas KHCIOTA 00pasyeTes 1po-
MBILICHHBIM npoayucHTom Corynebacterium glutamicum nytem soc-
CTAHOBUTENILHOTO AMHHYMPOBAHUS 2-OKCOTYTAPOBOM KUCAOTHL.

OuHa 13 rpynn GakTepyi, HCMONBIYIONIMX MHOTOYTIJICPOAHBIC CYD-
CTPATHI, OTAMYACTCE YHHKUIBHOH CNOCODHOCTRIY K fuosiomunecyen-
uuu. JTo ceemsiiuecs Gakmepuy — MOPCKUE ODIAHH3MbBL, XEMOOpra-
HOTPOBL, CXOAHbIE € MPCACTABUTEAAMHM ceM. Enterobacteriaceac. Ipen-
CTABJHIOT W3 ceBsl rpAMOTPHUATE/bHBIE, PAKYIETATUBHO AHAIPOOHbiE
MTANOMKH, MEePeasuralOUIMCC ¢ NOMOLILIO KIYTUKOB. BONBIIUHCTBO
CKIIOHHO K HCHXpohuann N ABISICTCS edaohusamiy, T.€. TpebyeT npu-
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CYTCTBHMSI MOHA HATpus. B aHa3po6GHDIX YCAOBUAX OCYIIECTBIAIOT che-
wanknoe Gpoxcerve. B OCHOBHOM 3T0 CBOGOAHOXUBYUIHC MHKpOOpra-
HH3MBI, HO €CThb M CUMOMOHTB MOPCKHUX >XHMBOTHBIX (Hanpumep,
Photobacterium phosphoreum v P. leiognathi XUBYT B CBCTAIMXCS opra-
Hax puib).

CBeueHe HabIIONaeTCs TONBKO B NIPUCYTCTBHH Kucaopoda, ObbiuHo
BAKTEPUYM HCIYCKAIOT CHHe-3eneHblit cBer (472505 Hm), HO OaMH
rraMm Vibrio fischeri CBETUTCS KEJITBIM CBCTOM C UIMHOM BOJIHbE 545 HM.
B a3p0oBGHbIX YCIOBHAX MHKPOOPIraHM3MBb! OCYLLIECTIVIAIOT [IPOILCCC a9pob-
HOTO JABIXaHMA W cBeueHMs (puc. 111). Y HUX uMeeTcs 0BbIYHAN AbIXA-
TeabHas uens 1 padoraer uuki Kpebea. CBeueHHE 3aBUCHT OT OKMC-
eHUs JIHHHOLCIIONEYHOTO anblernaa ¢ 13— 18 atomamu yraeposa B
monekyse. CoeTutes Bo36yXIcHHBLH PAaBUH noa AeHCTBMEM (hepMeH-
ta moundepasot. Jioundepaia — 310 ABYXCYOBCAMHHUUHBIN (EPMEHT
THIZ MOHOOKCHreHasnl. KoZupyercs reHaMM [ux-OIEpOHA, KOTOPLIC
oyeHb yI06HL B OMOMHXEHEPHBIX PabOTdaX B KAYECTBC PEnoOpPTCPHBIX
revoB. Cucrema JoKdepassl 04eHb HYBCTRUTCILHA K PANIMYHbLIM 33-
IPHIHEHHAM, [T0TOMY CBETALLMECA MMKPOOPTAHM3IMbI MOXHO UCITOJb-
3088Th B HEW3IDMpaTeENbHbIX IKCIIPECC-TECTAX Ha OBLUYIO TOKCUMHOCTD.

Burostoriiyeckmii cMbICa CBEH¢HWA noka HenonsTed. ECTh runore-
34, YTO 5TO 3ALIKTA OT [IEPEOKHCIEHNA; KOTAR HAKATUIMBAECTCH MHOTO
BOCCTAHOBJICHHOIO MUPUAMHHYKJICOTHA, cPabaThiBAET «OTBOAHON Ka-
HAT», IMEKTPOHLL ¢OpachiBaloTCs HA (PJABWH W BhICBEYMBAICTCS.

B HacroAllce BpeMs MOKA3aHO, YTO CNOCOGHOCTHIO K CBEYEHMIO
obnananT npeactasuTeau ponos Photobacterium, Beneckia, Vibrio,
Photorhabdus. OaHako creTsilivecss DAKTCPUM HaYalH HAXOAWThL M B
IPECHBIX BOAAX, M B nouse. TlpencTaBuTeb NOYBCHHBIX oOMTareae
Xenorhabdus ue tpebyeT nmpucyrcTeusa Na' 1 Gonee Tepmoduiet. Boa-
MOMHO, CBOICTBO CBETHTHCA HC CBA3AHO € OHPENESEHHBIMK TAKCOHO-
MHUCCKHMMH rpynnami. Takxe B nocieaHee BPeMs NOKA3AHO, YTO CBE-
yenue (ocobeHHO y cuMBuoTHYecKuX bakTepuit) MOMUKHEHO ek~
TY «KBOPYMa», T.C. 3iBHCUT OT TTOPOrOBOH [LIOTHOCTH MOTIYJIALMM.

AN

- A
———» HAJH —= I (DAL X UMT 0,
Opranuueckne
BeLIecTa R-—CHO, 02
— HA/IH — ®MH H; OMH+Av+
+R—COOH+
N +H,0
~
Crevenne

Puc. 111. Cxema ATLL coerammxcs Gakrepuit (X — xuHoH: R-CHO — sutnH-
HOLENOYCUHBI WThACTHA)
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PDaKy hTATHBHBIE
(MOryT pacTH M Ha
MHOTOYTJIEPOAHBIX
Meras . M " COeIUHEHMSIX)
(Bcerna obMraTHbIE)
Orpannuenno
daKyIbTaTHBHBIE
(pocTt Ha OHOM
MHOTOYTJIEPOXHOM

COeTUHEHUM )

Puc. 112. I'pynmsl METHIOTPOMHBIX MUKPOOPTAaHHU3MOB

HAcnoan30Banne OJHOYIICPOAHBIX CoeAHHEHHMH (MeTHIOTpOodHA).
HTak, y OoJbLIMHCTBA MUKPOOPIaHU3MOB JIbIXaHHE HE OTIMYAETCSA OT
TaKOBOTO B MUTOXOHAPHsX. OXHAKO €CTh cpeii MUKPOGOB ¥ YHUKAJIb-
Hble rpynibl. [Ipexne Bcero 310 — memuaompoghHsie MUKpoOOpeanu3mol —
¢usnonornyeckas rpyrra, CrnocobHasi paCTd Ha OTHOYIJIEPOIAHBIX CO-
eauHeHMsax (puc. 112). OnHoyriepoaHbIMHA HA3bIBAIOT TAKUE COETHHE-
HMS YIJIEPOAA, B COCTaB MOJICKYJIbI KOTOPBIX BXOOUT OJMH aToM YTJie-
polia MJI UX MOXET OBITh HECKONBLKO, HO TIPH 3TOM MOJIEKYJIa HUKOT-
na He coaepxut C-C-cBs3eit.

Ilpouecc 00pa3oBaHUs METaHa OBUI PAaCCMOTPEH BhIllle. MeTaHOo B
npupoae obpa3yeTcsi Ipy pa3yioXEeHUH TIEKTHHA U JIMrHuHa. PopMaib-
JIETH], B CWIYy €r0 peaKUMOHHOM CITOCOOHOCTH B CBOOOIXHOM BHJE HE
BcTpevaetcss. Popmuar obpa3syercs B pe3yJbTaTe GpoXKeHHiA, HO B 60JIb-
1ux xonuwdectax He Hakaruusaercsa. (CH;);NO (N-okcua TpuMeTH-
JJaMHHa) — OCMOPETYJIATOP Y MOPCKHX PACTCHHI M XXUBOTHBIX, IOAAED-
XKUBAIOLUI B LIMTOIUIA3ME MX KJIETOK OCMOTHYECKOE paBHOBECHE, —
SIBJISIETCS YHUBEPCAIbHBIM aKHENTOpoM 3eKTpoHoB (+730 MB). Ilpu
rubesM MOPCKHX XWBOTHBIX M PACTEHHI 3TO COCAMHEHHE BOCCTAHAB-
JIMBacTCsS B TPUMETWIAMHH, KOTOpbIif OOYC/IOBIMBAaeT 3amax TyXJIOM
pBIObI.

B aspobHoi 30HE 3TH H MoR00Hbie C-COeAMHEHHUS UCTIONb3YIOTCI
MeTunorpopamu. Panee cuintanoch, YTO B aHA3POOHBIX YCIOBUSIX Me-
TaH A0 CO, OKUCISIETCS MyTEM «00paTHOro METAHOTeHe3a» U CYIbhH-
JIoreHe3sa:

CH, + 2H,0 — 4H, + CO, (MeTaHOTEHbI)
SO7 + 4H, + H" - HS™ + 4H,0 (cynsdatpeaykropsr)

SO; + CH4 — HCOj3 + HS™ + H,0 AG® = 25 kJ/I/MOJb METaHa
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Ilockonbky B mpouecce HEOGXOAMMO ydacTHe MO KpaifHeil Mepe
ABYX OPraHU3MOB, TaKas CYMMAapHAasi SHEPTUs VIS UX Pa3sBUTHUS HENO-
CTaTOYHa, TAK KakK 110 COBPEMEHHBIM IIPEICTARIEHUIM MUHUMATbHBIH
KBAaHT SHEPIUH [UIsI OHOTO OPraHU3Ma JOJIKEH COCTaBIATh ~20 KJIx
Ha peakiuio. [Toaromy B 2000 r. GbUI IPEATOKEH HOBBIM THITOTETHYE~
CKMIf MEXaHM3M aHa3POOHOTO OKHCIEHUs METAHA:

AG?, k]Ix/Monb MeTaHa

2CH4 + 2H2O - CH3COOH + 4H2 —14,4
SO; + 4H, + H —» HS™ + 4H,0 -17,8
CH;COOH + SO - 2HCO; + HS™ + H* ~18,5
2CH, + 2S0;™ - 2HCO; + 2HS™ + 2H,0 ~50,7

ITo 310/ CXEME SHEPTHH OCTATOUHO ISl KAXKIOTO OpraHu3ma. bro-
XMMMS STOrO MpOLECCA HEU3BECTHA, . MHUKPOOPTraHW3MbI MOKA He
BBIIETIEHBI B YMCTOM KYJIBTYpEe, HO TO, YTO NPOLECC MAET UMEHHO
TaK, MOATBEPXKACHO OMBITAMU C MEYCHBIMH COEIMHEHUsIMU. B 1aGopa-
TopuH npod. I'. Buaensa noayyeHbl HAKOMUTENbHBIE KyIbTYpHI, PacTy-
Me npy gaBaeHUM 10 aT™ M BBILIE 33 CYET AaHA3POOHOTO OKUC/IEHHS
MeTtaHa. CuMTaeTcsl, 4To Ul IPOTEKAHUSI MPOLIECCa HEOGXOMMMa ac-
counauus AByX MUKPOOPraHH3MOB — METAHOTEHHOTO apXesi U CyJib-
dbatpenyuupyromeit 6akrepun. [TokasaHo, yTo B aHadPOGHBIX OCaTKAX
noTpebJeHne MeTaHa KOJMYECTBEHHO CBS3aHO C BOCCTAHOBJICHHMEM
cyabdara. B Takoii cucreMe METaH — eMHCTBEHHBI HCTOYHHUK Y-
pona Uit 060MX MUKPOOPTaHU3MOB, a Cyl1b(aT — eIMHCTBEHHbINA aK-
LENTOP 3JIEKTPOHOB B CUCTEME.

MeTtanon B aHa3pOOHOI 30HE MCIIONB3yeTCs cynbdaTpesyKTopaMu
WM METaHOreHaMH, (GopMHaT (KpoMe MEeTHIOTPOdOB) — 3IHTEPO-
GakTepusiMi, 06pa3yiOILIMMH €r0 B GPOXECHUM CMELIAHHOIO THIIA.

-Ok¥HcneHre MeTaHa B MPHCYTCTBMM KMCJIODOJA HMAET B COOTBET-
CTBUHU CO CXEMOI:

CH,; —» CH;0H -» HCOH — HCOOH - CO,

MertaHOTpOGB MOTYT COOKMCISTE M APyTrMe OPraHHYecKUE COC/H-
HEHMs, HO KaK MCTOYHHK YIVIEPOAA M SHEPTMHM HCIOJb3YIOT TOJBKO
METaH.

B 1906 r. 6611 onucaH nmepBeiii MUKpooprauusM Bacillus methanica
(Methylomonas methanica). Hano oTMETHTb, YTO BELIETMTH METAHOTPO-
GBI B YHCTYIO KYJIBTYPY AOBOJIBHO CJIOXHO, TaK KaK B GOJBIIHHCTBE
CBOEM OHHM pAaCTyT BMECTe CO CHYTHMKAMH, HallpUMED OJMIOTPOd-
HbIMU Hyphomicrobium. Tem He MeHee B 1970 . GbLI0 BBIIENEHO Cpasy
100 HOBBIX HITAMMOB (IO 3TOr0 MX GBUIO BCETo S5) GIaroxaps passu-
THIO TEXHUKH MHUKPOOMOJOTMYECKMX IICCEBOB (JJAMHHAPHbIE GOKCHI,
MHUKPOMAHUIYJIATOPHI, CHIMKATENEBhIe IJIACTHUHKY). BrineneHue Ta-
KHX KYJIbTYP U3 OTAEIbHBIX KOJOHHH OOBIMHO BedyT Ha TBEPIObIX Cpe-
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Knaccudmrauus u HeKOTOPLIE OCHOBHBIC

[ THn memGpan —
TIpH3Hak donti i
Methylomonas | Methviobacter | Methylococeus Methy f‘(‘)::lt‘ﬁlhl
Gopmia Manouxn, [MTanouxu, KoKk, [Natouku,
L KAETOK BOJIBLINH- KOKKH., OBANBI, MONBHAHbBI

CTBO HCKOTOPBIE HEMOABHKHBI

NOABMKHBI MOABHKHDBL
Cramvs Heapennte 3penbte Heaspeneie Her
MOKOS UHCTBL (KitK | LLUCTBI (KAK | LTHCThI {KaK

v 23010 ¥ 23070~ y d307T0-

Daxrepa) bakrepa) BaxTepa)
PybucKO - - + _
PM®©-nyTh + + + +
CepuHonnii -~ - + -
Myrb
MemOpan- + + + +
CBA3AHHASA
MMO
Pactsopumas -/+ - +/- -/t
MMO
LUTK HenonHsiit {6e3 2-ONAT
OcHOBHOI MX38, YX8 MX8 ?
XHHOH
AsoTdukca- - - - -
LM
Kuprnie 14:0ul6:1 16:1 16:0 31 16:1 16:1
KHCJIOTHI
TesMoeparypa 25—40 20—40 37—62 20—135
pocta, “C

MpuMmeuanue. MMO — wetaumoHookcurenasa, ¥YX 1 MX — yBHXHHOH H
2-0KCOTNYTapATACTHAPOreHAA.

JAaX, HE CONEPKALIMX OPTAHWMYECKHN COeNUHCHMI, TOHKHMH MIJIAMM
o MHKPOCKOMOM.

MeTuniaoTpodhbl paccMaTpUBAIH KaK MOTEHHWANLHBII MCTOUHMWK
nuesoro 6eaxka. Komnanna 1CL (Benukobputauua) paspaboran
NPoLLeCcC NPOU3BOACTEA Be/IKOBO-BUTAMUHHOTO KOHLEHTPATA, UCIOII
3YEMOTr0 B KA4eCTBC KOPMOBOH J1o6aBky (Pruteen), Ha ocHose Methvio
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TabGauna 20

cpoiicTBa rpyln Metanorpodon

A o5 -

cem. Methylococcaceae I1 Tan MmemGpas — cem. Methylosinaceae
Methylosphaera | Methvlocaldium | Methylosinus Methylocystis Methyiocelia
KokkH, TTautoukH, Bubpuonasl, | Bubpuonan | Kokkn, nso-
HCTIOIBMKHEBL | KOKKH, obpasyior y OBAJTBI, CHYTBIC M-
HEKOTOPbLIE PO3ICTKH, WHOT1A JI0UKH, HC-
NOABHXHBI TEOARHIKHBI oBpasyoT NO/BH K HBI
PO3eTKH,
HCTIOBHXKHDBI
Het Heapenbic Dizocriopsl | JluniaHse BKI0CNophl
IMCTB (Kak LACTBI
¥ 43070~
HakTepa)
- ¥ - - ?
+ + - - -
- + + + +
+ + + + —
+ - +/- +/- +
? HenosHeiii [MonHblii ?
(6e3 2-0TN
? ? VX8
+ - + - ?
16:1H16:0 | 16:0nl6:1| 18:1nlo6:1 18:1 18:1
Y 30—62 15—35

melxitHOH cooTeTeTBettHo; IITK — uuka tpukapGonosux kicnot; 2-OT/AT —

phiflus methylotrophus. Bpems reHepaim 310oro Mukpooprannama — 1,54,
1 KolBepcust yraepoaa mertanona cocrasasier 70 %. Kommanua Shell
{ Beynnkobputanus/ Huaepnanabl) NbeTanach 0praHM308arh NOJYHEHUE
I BOrO GeJIKa Ha CMECH MCETAHA W BO3AyXa TP IABNEHHM 7 aTM.
OUKO PaBoTh BbUIM CBEPHYTHl ¢ HAYAIOM «3€JIEHOH PCBOMTIONHM»,
1Ak KK COCBBI 0eNOK OKasaIcH Jeulcnie,
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MeTaHOTPOG L OKHCASIIOT, KAK HPABHIO, TONBKO MeTaH (pexe u
Xyxe — MeTanon). K obuinm cBoHcTBaM MCTaHOTPOMOB MOXHO OTHLE
CTH BLICOKOE CPOACTBO K MCTaHy (Kiyy, = 0.1 — 30,0 MM a4 uncriix
KyabTyp i Koy, = 0,1 —2,2 MKM 15 cMeLtannbIX KyALTYp), HEBBICO-
Kyt0 ckopocts pocta (4= (1,02 —0,07 4™'), BEICOKYIO CKOPOCTH OKHCIC-
Hust Metana (Vo= 10—-31 M CH,y ' 4™') 1 BHIcoKOE cpoacTBo k
kneaopoay (Ko, = 0.14—0.18 MxM). Xopouio pactyT Ha cpenax ¢ no-

"HYXKEHHBIM coaepxanuem O, (0.45-—20%). TIpcacrasurenu qeThIPeX
POLOB CIIOCOOHBI K a3oTdikeannt. HexoTopble BHABI PACTYT MPH TCM-
neparype 62 °C. O6b1MHO HEeHTPOGUILHDL, HO eCTh AUNAO- (10 pH S5
wikamuunbaele (1o pH 10) npencrasuTeu,

McTasoTpohbl 0612A210T XOPOLIO PA3BUTONH CHCTEMO]T BHYTPHIIN-
TOMIAIMATHICCKUX MeMOpaH, Ha THIE KOTOPOH M CTPOMTCSH HX Nep-
BUMHAA KIacCubukaums (Tadi. 20). Bee meTanoTpodsl BXoasT B KIacehl
Alphaproteobacteria u Gammaproteobacteria duayma B12 Proteobac-
teria. BuyrpuuuronnasMaTiieckas MeMOpanHast cuctema I THITA npe-
CTaRaACT COOOI CTONKM «Tapenoveks, 1 THI 3TOH CHCTEMBl UMECT
MeMOpansl, napawenbtpic LIITM 1 He nepecekaioline UeHTP KICTKM,
Tonbko y onHoro HeasHoO BREEHHOTO pota Methylocella ODHAPYXKCHO
YHHKQIBHOE CTPOCHUE FTOI CUCTCMbL B BUILE MEMOPAHHBIX BE3HKYIL,

st METAHOTPOMOB XaPAKTEPHO HAUTMYHC CIOKHBIX H pasHoobpas-
HbIX TTOREPXHOCTHLIX CTPYKTVP: KANCYI, TPpYDUATHIX H BOKATOBHIHLIX
BBIPOCTOB, MHKPO(QUOPHIN H PeryASPHBIX ClOCEH.

Panee npeanonaranu, 9To MeTan CHAMATA OKHCIMETCS 10 CO,, u
3arem yriaeknenota dikeupyeres B unkie Kanssuna., Ha Methylosinus
trichosporium ObUIO TIOKA3aHO, YTO HA CAMOM e1e B GONbLIMHCTHE
CIYU4eH YICpoa (hUKCHPYETCH Ha YPOBHC hopmanbaeriva (puc. 113),
Yacrr meTana aeiicTBuTensno okueasetest 40 CO, ¢ 3amacanmiem JHep-
run. fyry gukcanun dopmaivieruaa npusciaeHs! Ha pic. 114 —116.
PM®-01k1 KOHKPETHOTO MUKPOOPTaHH3MA — 3TO COUETAHME OAHO-
Fro M3 BAPHAHTOL NPABOH YaCTH M ONHOIO M3 BAPHAHTOB JICBOH YACTH,
T.€. Bcero HisecTHO 4 Turia PM®-1ita. B cepuosoM nyti Hapsiay ¢
hopMuTLICTHAOM GUKCHPYETC M YIICKHCIOT,

[Tcpsast peakimst OKMCIEHUS MECTAHA 10 MCTAHOMA HAET TIPH y4ac-
THU diepmenTa MeTauMOHoOKcHTeHAss (MMQO), O6biuHo 3ToT bep-
MEHT MeMOpaHCBA3aHHbIE, pacTsopumas MMO vy MeTaHOTPOhON
BeTpeuactcst pexe. Y Methylocella, HaoGopoT, npHCyTCTBYCT TOABKO
pactBopuMast MMO u noka ne obHapyxeHa MeMOPAHCBS3AHHAS.

HTak, MOHOOKCHICHA3B! BCTPAHBAKOT OJHH ATOM KHCIIOpOIA B MO-
JCKYY METAHU, @ BTOPOI € 3aTPaTOH ABYX 3/ICKTPOHOB U ABYX MPOTO-
HOB 0T IOHOPA-BOCCTAHOBUTENSt MACT HA (DOPMHUPOBAHHE MOTEKYN1
H,0. PaBora depmenTa TpeByeT 3aTpaTsl 3HEPrum, KOTOpas 3anacact
¢l KNETKOH B JaIbHEHLINX PEAKIIMAX OKHCIIEHHS ¢ [IOMOILLIO Ieri)l
poreHas meradona, GopMatbleruaa H popmMuaTa.

Meranon obpasyeTcs U OKHEAACTCS B NEPHMTASMATHYECKOM (1o
CTpaHcTie 10 GopManbieriaa. [lepsas nermaporenasa Metanoaa (K
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Puc. 115, CeprHoBblii Nyt dykcaury dropmanbiervaa (M1 — wsonnrpar-
auasa)

cuueckas, puc. 117, A), conepxallas B BUAE NPOCTETHUECKON IPYINBI
AUPPONO-XUHOAHH-XMHOH (TTXX), LHTOXpOM c-3aBUCHUMast, 0O3TO-
MY B PE3YAbTATC TAKOIO OKMCJICHUA TCHCPUPYCTCR MAKCHMYM OAHa
mogexyia ATD. Bropas meranoazermaporenasa (puc. 117, £) Boc-
craHaniuBaer HAJ/1" w npu takoMm nportecce ofipasyeres o 3 ATO.

162

|3‘HC0H° 3 Myiokcnauetoy 3 AT®

3 Kennynoo-5-¢p — - CHy—C —CH, N 310A0

/// (l)H (”) (I)H /m”

JMrA
Keuozo-3-¢
DrA 2QTA 2 10AD N HAZH

P, \/
1,3-an®lr'K

DpyKT030-6-th N Dpykroso-1,6-n1g
C ATD

®rK

Iputpolo-4-i .
H

GOpykTo3o-6-h

Ora Cenorentvioio-7-¢

Kennoao-5-tb Pu6o3o-5-¢

|

Pubynozo-5-¢

Puc. 116. /LHOKCHAICTOHODLIH LUK ukcaliiy GopMabicriia

I MeTaﬁomcmnporeHaan

7— Unt. ¢;. cg—1lur. ¢a—0

A

I Mm'aﬂonncrunporeuanJ
X
HANH+H — @— ¥YX— Wi, b, c—=UnT. 4. a3—0;
b

Puc. 117, Asa 1una (A. 5} metanoaaerwiporedas (HAIJH — oupsanu-
nykieotin: PI1 — guasonporens; YX — yOUXHHOH)

HAJL' -3asuciMBbiit pepMeHT HailneH y npeacraBuTeneii poaa Bacilius,
PACTYLLHX Ha METAHO/IE M 0B1ATAIONIMX HEOOLTHBIM JULS DALMITT POCTO-
BLIM [TOBCACHHEM: IPH AOCTHKEHUH KYIBTYPO cTaloHapHoii dass
CITODbI d)()pMH]Jy'lO'lLﬂ TOMLKO [IPpH HATHYWUKU CMCCH AMWHOKHWUCITOT B
cpene, B [IPOTUBHOM CJIYUAC BCC KJIETKH MTHOBCHHO JIH3HPYIOTCSL
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Puc. 18 JAMCCHMMIS UMOHHDII LHKT OKHCASHHA hopMaIbicrian

Qopmannaerua nocrynaet 8 PM®- unm cepruHOBBIH LUKILL LT
OMOCHHTC3a MM OKHCAACTCA INSl NOJIYYeHHs 3Heprid. OkHcreHMe
¢opMiibIernaa MOXET MPOHCXOLUTL B AMCCHMMISLMOHHOM LIHKIIE
{puc. 118), a 1aKke MO OYTH, B KOTOPOM IPHHUMAIOT YHACTHE T[ICPCHOC-
ki Terparpapodonat (TI'd) Ay TeTPATHAPOMETAHONTEPHH
(Hy-MIT) v meravodgypan (M®), cBoiicTBEHHBIC MCTAHOTCHAM
{puc. 119).

OkucieHHe METHAAMHHOB HMACT € YMACTHCM Psiad (hepMeHTOB 110
dopmanpaeniaa 1 NH; (pre. 120). Dopmitat obbiuHo okucasieres HAL -
3ABHCHMBIMH JICTHAPOTCHAZAMM.

Metunaen-TTd «HCOH>» MeTminen-Hy-M
— -
HALH ~— HAZ(®)H~—"
MereHut-11Td MeteHun-Hy-MI1
P Trd HoMIT
H,0 H.0 <]
Mopyua-Trd Mopmua-Hy-MI1
7
N e
AT M®D
HCOOH Qopuia-MD
- N on
-~ HAIH

.

Pre. 119. [y oKHcAeHIST HOPMUILALTILED € YHACTHEM PULUTHUHBIX TIEPEHOC-
YHKOB
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Puc. 120. Myrn okueacuust MevHaamibos (TMA — tpisetinamud; AMA —
auMeTHAaMuH; MA — MeTHnaMund):

I — TMA-aemaporenata, 2 — TMA-MoHOOKCHICHA3; F — geMeTunasa N-okens

TMA: 4 — AMA-vonookeurenasn: 5 — MA-acruaporenasi: 6 — MA-oxcuaza: 7 —

N-METHALAVTANUTCHHTIR, & — y-TAyTaMioi-MA-cHimaz: 9 — N-MCTHATIYTAMATAC-
THAPOTCHERY LIMT. ¢ 110 HAIL" -3aRHCHMas

MeTioTpodHble IPOXKN OLIAKM OTKPLITHI SITOHCKHMI HCCIEN0BA-
TensiMu B 1969 r. B npupoae oHH oOUTAIOT B CAA0BLIX NOMBAX H CVIIC-
CTBYIOT 34 CUCT METAHO/A, 0BPA3VIOUErocs npH I'MAPOH3C NMCKTHHA.
M3 upencrasirencii 39 npoBepeHHbIX PONOB APOAKeH TONBKO 5 co-
ACPAAM BUOBI, ¢nocobGHbie K MeTHIoTpodui. 3To 18 BILI0B pona
Candida (nandonee wiyucHuniii — C, methylica), 9 Bugos pona Hansenula
(H. polvmorpha. H. capsulata, H. minuta » np.), 6 Buaos pona Pichia
(P. pinus, P. pastoris v 1p.). a Taxxe Saccharomyces sp. u Rhodotorufa sp.
Sporobolomyces roseus v 8. gracilis MOTYT paCTH Ha Cpeax € METHA-
AMHHAMU, MCTIONB3VS HX TOMLKO KdK HCTOY-

HHK a3ota. M3 MuuensanbHelx rpuboB MeTH- TTcpoxcscona
norpodavin seasitotres Gliecladium deliguescens, AW
Paecilomyces varioti, Trichoderma lignorum,
Penicilfium sp., cnocoOHBIC K POCTY HA cpeaax
C MCTAHOJIOM.

[Mpy pocTe HA cpene ¢ MCTAHONOM ¥ IPOXK-
HKeH BCce NPOCTPAHCTBO KJIETKH 3aMOMHEHO

Puc. 121, Apoxokesas KICTKA € NEPOKCHCOMAMH Slapo
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Puc. 122, MciionpiopaHie METAHOMA MCTHIOTPODHBIMH IPOXKAMH

NEPOKCHCOMAMH, a BCE OPraHCIas! CABUHYTHI K OIHOMY H3 MTOIKCOB
(puc. 121). IlepoKCHCOMBL IPH PACCMOTPCHHN B 31€KTPOHHOM MHKPO-
CKOTIC UMCIOT-HA NTOBCPXHOCTH HCUCPUYCHHOCTh B BUJC CETOYKM H CO-
IepXaT B 3aKPUCTATIM30BAHHOM COCTOAHHM 1Ba hepMeHTa — aKO-
FOAL(METAHOM}OKCHAA3Y M KaTanasy. Ankoroabekcuaasa (AQO) nepe-
HOCHT JJIEKTPOHBLI CPa3y Ha KUCIOPOoI ¢ oBpa3oBaHMEM IMEePEeKHCH,
KOoTopasi paclucruineress katanasor (Kar), pue. 122, Ha nepsoM stanc
APOXOKH HE MOAYYAIOT IHEPTUH, TAK KAK OKCHIA3bl HE BOCCTAHABIM-
BAIOT TIEPCHOCUUKH 3ACKTPOHOB. [103TOMY ApOXOKH MPOMTPHLIBAKOT B
e KTHBHOCTH POCTA METHAOTPO(MHBIM DAKTEPHIM.

Mopmanbierya aKTHBHO [MCPCHOCHTCH H3 TICPOKCUCOMBI B LIHTO-
30/1b, [A¢ CBA3BIBACTCA ¢ BOCCTAHOBICHHLIM IMyTATHOHOM. CUMTaCT-
CSl, UTO TPEXCNOHaA MeMOpaHa MEPOKCHCOMBE 3ALLMILACT KIIETKY OT
MOBPEXKIAIOIICTO ASHCTBUS MepeKMcH. B mepokcucoMme Takxe Mpo-
HCXOOMT M MepBasl peaxklMst AaCCUMUAARMH (hOpMANBLAErHAd C KCHITY-
J1030-5-thochatom.,

[Tpu paBoTe ¢ BLUICACHHOH M3 KJICTOK APOXIKCH Kartatazoi 6bi1o
3AMEUYCHO, YTO OHA UMEET ICPOKCHAAZHYIO (PYHKLMIO, OKHCINS MCTA-
HOJ 32 CUET MEPEKHCH BOAOPOIR:

AO + xaranaia

2CH,OH + 20, — 2HCOH + 2H,0,
ZHQOJ -3 2H20 + 03

2CH,0H + O, - 2HCOH + 2H,0

AO + «niepoKcHIazar»

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

2CH;OH+0,—2HCOH +2H,0

Takum 0bpa30M, NPEANONATanM, YTO OAHA MOJCKYJId METAHOMA
MOXCT OKWCIHTLCH KaTatazoi, QIHako BrnocjiecTBUH ObITO NoKazi-
HO, YTO B KJIETKE 3TOTO He TMPOMCXOAUT.
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Puc. 123. Iepean peakums 8 AOA-unkne (JJOA — AHOKCHALCTOH)

AQ nMecT IHPOKYIO CVBCTPATHYIO CNeUHMHYHOCTb K CITHPTaM, YTO
IACT BOIMOKHOCTh UCNOML3OBATL €8 NPH ONPCICICHMH AIKOrons B
kposi. AO moxer coctasisith B Khetke go 20 % seex OciKoB, UTO
VKA3bIBACT Hil MOLLHOCTD €€ MPOMOTOpa. YUuThiBas, uto P. pinus opu
BBIPANMBAHMH B MPOTOYHOM (DCPMEHTEPE HA MCTaHOE cnocobHa Aa-
RATEL MJIOTHOCTL 10 125 1/, KJIOHUPOBAHUE 104 NPOMOTOP 3TOr0 ep-
MCHTA FEHA MHCYIHHA HIIH AHTCPDEPOH YEI0BCKA NMPHBOINUT K CBEPX-
CUHTE3Y HYXKHOTO TIPOAYKTA.

AcCCHUMUAAUMA OpMATBAETHAA ¥ APOXIKEeH poncxoanT B JIOA-
uukae. PaHee curtany, 4To y Hiux paboraet MoandHIHpoBadHLIil PM®-
uuka ¢ sarparoii AT®. OaHako He Obl1 oBHapykeH KiloUeBoi hep-
MCHT 2TOr0 UMKIA — reKcyaosomoHohoctaraerniporetadi. Oxasbl-
BACTCS, Y APOAIKCH He TPOMCXOAMT NEPEHOCA ONHOYIIEpoaHOTO (hpar-
meHTa Ha Cs-coeanHeHmne. C HCMOAb30BAHHMEM MEUYEHLIX BELLECTB ObLIA
NOAY4EeHA CXEMA PeaKLMH, NPUBEACHHAsE Ha pyc. 123 (moapobHas cxe-
Ma JIOA-ULHKNA NpeacTasicHa Ha puc. 116).

MeTtunotTpodHbIe APOKKH MOTYT BLITh MCTOUHMKOM KOPMOBOLO
Denka, OAHAKO, TTOCKOABKY JPONOKEBAS KICTOYHAA CTCHKA HE ¥ BCCX
AKUBOTHLIXN B OHILEBAPHTESIbHOM TPAKTE PAcUICIAeTes (HAPUMEp, ¥
CBUHEN), APOHIKK MPHNOLHTCSA ABTOAH3HPORATL NMCPCI CYIIKOI.

Ecnit ke rosoputs 000 Beex METHIOTPOMAX (M 3v-, H TPOKAPUOTH-
YCCKMX), TO TIOHSTHi HX BRXKHAA POJIb B IIODWILHOM LUHKAE VIICDOIL.
MeTunoTpod bl B X03iCTREHHON AesiTe1LHOCTH YENOBCKA MOIYT DBITh
UCTOUHHKOM HE TOJbKO THIIEBOTO (KOPMOBOro) O¢/Ka, HO U Buo-
THHA, B3, AMHHOKHCIOT THPOIMHA M [IYTAMATA, MPHPOAHOTO Mna-
CTHKL — MOAN-J-THAPOKCHMACASHON KMCAOTLL, NOTHCAXAPHIOB, KO-
dhrepmenta Qpy # T.4. Henbds 3aBb13aTh 0 NEpeNeKTHBHOCTH METHIO-
TpopoB KaK OOLEKTOB DHOMHXEHEPHH.

Hcnob3oBanne HEOPTAHHIECKNX COEIHHEHHI (XCMOIMTOABTOTPOMDMS).
[Mpoucce xemoautoasToTpodHK oTKpeT B 1887 r. C. H. BuHorpancknm,
paboTapiwy B TY nopy 8 Crpacbypre g naboparopin A.ae bapn. Ta-
KOH 00pa3 XI3HH OPHCYLL TOABKO TIPOKAPHOTAM: JUSI NOJIYUCHHS DHCP-
THH UCMTONL3YET S BOCCTAHOBICHHOE HEOPTAHNYECKOE BCLUCCTBO, a 18l
NOCTPOEHMN KieTounore Matepuana — CO,. C. H. BuHorpagckuil o1-
KPBIT 3TOT HOBB «emodus vivendi», paboTtas ¢ MUKpoOOpPraHH3MaMH,
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OKHCIHIOWMME BOCCTAHORICHHLIC COCANHCHUSA cepsl, Takoit MHKpoB,
Kak Beggiatoa — cepHan DAKTEPHST U3 BOOHDBIX MECTOODMTAHMEL, OKHC-
aasa H,S. oTknaaesact 20eMEHTApHYI0 CCpy BHYTPH KieTkM., Koraa
CEPOBOAOPOIL KOHYACTCHA, MUKPOOPTAHU3M MOMKET OKHC/IATh OTJIONKCH-
HYIO cepy 00 cyabhaTa. OKHMCICHUE BOCCTAHOBACHHBIX COCAMHCHHI CCPEI
CBSI3AHO C MOXYUCHHCM IHCPTUH, MUKPOOPTAHH3Mbl TPeOVIOT HeHOb-
UIMX KOJIHYECTR OPraHWUCCKHX COCAMHEHHI H CHOCODHBI (hHUKCIPO-
BaTh CO,, 7. €. fiBAMIOTCN QAKYABTATUBHBIMH ABTOTPO(hAMH. BBLIH Bbl-
NENEHb! TAKKC OBAMIATHO aBTOTPOMHDIE BUALL Begeiatoa 13 MOPCKHX
MCCTOOOHTAHHIL.

BHosornyeckast MpUpoga npoLecea NMpenpatcHis aMMHAKa B HHT-
paT OLLta M3RCCTHA JAaBHO W MCTIONb3oRANack B EBpone ans monytic-
HUS CENUTPb MPH HITOTOBIEHHH TOPOXA: JeMIBIHLIE BRAILI MOJUBAIN
KPOBLIO XHBOTHBIX CO CKOTODOCH, APHPOBANM, HCHTPATHIOBAIH 30-
JIOH (HCTOUHHK KaJTHs) M o6pa3oBaBlUHItC BBIUBET HUTPATOB PACTBO-
psiin v Beinapusi. C. H. BuHorpaacknit xe BBIAGAMA YUCTBIC KVAb-
TVPB! HUTPH(PHKATOPOB MCTOAOM «OTPHLATCIBHbIX MIACTHHOK»; CHABHO
PA3BCACHHDBIC CYCIIEH3HM BBICEBANTHUCH Hil rap MM CHIMKArelb, 1 T
KYCOUKH arapa, riae He OLuio pocTa reTepoTpodon, nepeHOCHIHCh Ha
cpeny ¢ NH). Oanako cHavasna C. H. BuHorpaackmii cyutal, uto npo-
ucce uaet B oany craanio (NH{ — NOy). Ero craThst 06 9T0M nosiBu-
nach B 1890 r. B toM xe roay Odx. v T'.Mpankianint onybIiHKoBUTH
CTATHIO O BELICICHHH MHWKPOOPTAHW3MA, KOTOPbIH OCYHICCTRISCT pe-
axumo NH; - NO;. SlcHo, uto sHavase C.H. BuHorpaackuii mmesn
CMELAHHYI KVABTYPY HHTPHDUKATOPOR ARYX ha3, a cynpyrd Ppank-
JAHI BBUICTHAH HUTPHhDHKATOP Nepsoit dassl. B 1949 r, Burorpaackuit
HCIOPABU NPCAHIOW CTATHIO, NPUIHAR, YTO HHUTPHQUKALHA HACT B
JIRC CTAIUH.

Jacayroit C.H. BUHOTpAICKOTO TAKKE ABMICTCA OTKPBITHE XEJIC-
JO0KHCJSIOMINY MHKPOOPTaHH3MOB.

[Mpoucce #umpuchuranuu npencxoant B ase ctamin: NHY — NO; —
— NQOj. npHYeM B IpHPOAe HUWIPHT HE HAKATUIHBAETCH DOAbILE YeM B
10~ M, Tak kak ckopoctsb 11 da3nt 3HAYHTCILHO BRIWIC, PaHbiue cun-
TANH, UTO HETpHPHKaunsa — cyrvbo aspobHbii npoucce. Oxka3anocs,
UTO 3TOT MPOLECC MOXKET NPOHCXOAUTL W B aHAIPOOHBIX YCIOBHAX.
BblIO 3AMEUEHO, UTO B aHAIPOOHBIX PCAKTOPAX, OCYLICCTBAHIOUINN
OUHCTKY CTOKOB OT COEIMHEHMIT 130T, AMMOHHI OKHCASCTCA, HO JTHID
B npueyrersnn Hirrpura: PNHY +H4NO; - BN, T + HL0. Hannuue
TAKOH PCaKIMH JOKAIAHO C MOMOIEBIO MEUEHBIX COCAWHCHII U CRA3a-
HO ¢ paboToit cneunanbHON rpynnbl ABTOTPOhHLIX DakTepHii, dito-
reHeTHueckit OiHMIKHX K TJIAHKTOMMIIETAM, MPOBOASINCH npolece
AHAMMOKC (@nammox — anacrobic ammonia oxidition).

Jna hukcannn CO, HHTPUPHKATOPH MCTOABL3YIOT UMK KaibBu-
Ha., B KOTOPOM 3aTpavHBacTcs 6oiniloc xomniccTro AT u soccrado-
BHTCIBHBIX 3KRHBAICHTOR. KieTkit HMeloT KEIpﬁOKCHCOMbI C C])CPMCHTEI—
MU 3Toro tnMkna (PybucK(Q). OaHako OKHCICHHE aMMHAKA TIPHBOAHT
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Pitc. 124, Cxema DTIL (¢ obpaTHBIM MEPCHO- HALH
COM /IEKTPOHOB) ¥ HItTpHHKaTopos 1 (hasbl

K TOMY, 4TO 3eKTpoHbl noctynarot 8 3TL DTl H;

Ha BoJIee HI3KOM YPOBHC, HEM TOT, KOTODbIit AllD
Tpebyetcs st obpazoanns HAIH. Tlosro-
My ¥ HUTPM(PMKATOPOB OBHAPYKCH McXa- ¥X ATD
HH3M OBpATHOrO TICpPeHOCa EKTPOHOB ¢ F
saTpaToit sHeprid B Buae AT® mna cuuresa
ROCCTAHOBHTE/ILHBIX IKBUBLIEHTOB (PHC. 124). Lt 6, ¢ =
Mukpooprasuamet [ 1 Il craanii nur- . ¢
PUPUKALIMM — 3TO TPAMOTPHLATEABHBIC ¢
OPraHU3Mbl, OGLEANHEHHDIC 110 CTIOCOBHO-  [1ur 4, g
CTH K HUTpHPHKALMM, & HE DHIOTEHETH- - Aldd
. CCIX . ;
vecku. OHM BCTpeualoTes B Knaccax Beta M AT

Gamma- v Epsilonproteobacteria ¢uayma
B12 Proteobacteria, a takxe B Kjiacce
Nitrospira punyma BE Nitrospirae. Hekoro-
pbie MOIYT TAKXKC HCMONb3OBATL B HEGONL-
WX KOJMYECTBAX [IHPYBIT M aLeTar.

B 1abn. 21 npeacTaBAEHA KPATKAA XAPAKTCPHCTHKA POAOB HUTPH-
tuxatopon | cranuu (NHy — NO;j). KieTki HMCIOT CETh Pa3BHThIX
BITAUHBAHMI LHTOITIA3MATHUCCKO MemOpaHbl (y Nitrosmmonas oHU
napaic/IbHblL MCMOpaHe KIETKH, ¥ Nitrosococcus — B BHAC CTONOK
Aamenn, v Nitrosofobus — B BRI WHBATHHALMIA),

MctHHbIM cyBeTpatoM HHTPHOUKATOPOR | (hasbl ABIALTCS UMEH-
HO AMMMAK, 4 HE MOH AMMOHNA. AMMHAK XOpPOLIO MTPOHHUKAET B KJCT-
KH M QKHCJSIETCS 110 MOHOOKCHIEHAZHOMY MEXAHM3MY!

1) NH; + '/,0, - NH,0H — npomeXyTouHoe COCAMHCHHE, THI-
POKCHIAMIH, Ta PeaKlns MACT C 3aTPATOH IHCPTHM B BHIC BOCCTA-
HOBUTENS,

2) NH,0H + H,0 — HNO; + 4H" + 4é — 3To 3Heprosatolmii
POLIECC, WICKTPOHBI MEPEHOCATCH HA YPOBEHb LIHTOXPOMOB buc

Tadmuua 21
Hexoropbie cROACTBA KieTok HuTpudukaTopos [ dasn

PoiL dopmi KIETOK TMoABAHOCTE

B akTiBHOil ¢daze pocTa HMEIT
MONMAPHBIC KIYTHKY, B IIPH-
KPEIUIEHHOM COCTOSHUH
00pa3yIoT OHOMIEHKHN

Nitrosomonas | Tlanouku

Nitrosococcls | KOKKHM WK 3LIHMICH

Nitrosospira Coupani

Nitrosolobus [TneitomopdHble B thaze paccesieHIA MMEIOT
[LUIDUKM C JIOMACTAMY | NCPHTPIXHAN bHOE KI'VIHKO-
BIHHE, B CTALIMOHAPHOH dhaic
obpa3yoT OHOILIEHKH

Nitrosovibrio | BUOpHOHEL
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NH3+OH™

[
NH |NH OHi‘ ~ HNOz] +4H"
4oy L3
0.1 H-0O TAOP
[Nepumnazma \ ; : LIuT. cssq L. ¢s55;
MO ammHaka _
2e
2HT N\
M ;
uf.:;}: }5.
IIuTonaasma 2e

[HAT 20 oHAIIHH|  [0,50;2H 5 H,0]

Puc. 125, [IpoctpanctreHHAR cxema DTLL okicacHus cybeTpatoB HHTpHgm -
karopamy [ dasn (MO — moHookcHreHasa, FTAOP — rugpokcHnaMuH-
OKCHAOPEAYKTAI)

KnreTka TpatuT doawmioe KojaMuecTso cyberparta ans obparHoro nepe-
HOCA 3MeKTPOHOB M BeipaboTku HAJIH, koTopuiit nenons3yeres npu
rukcatnu CO, (puc, 125). UMeHHO nosToMy HUTPHU(OMKATOPLI Mefl-
JNEeHHO PacTyT (g > 24 1) M HAKaTLUIMBAIOT Mo GuoMaccel. [MApPOKCH-
JAMUHOKCHAOPEAYKTA3E — 2TO (DCPMCHT ¢ MOJICKVISIPHOM Maccoi
okono 200 k[a. umeowit CTpykTypy o5P: M HAXOAAUIKICA B Nepu-
niasme. C HOMOULBLI MEYEHBIX COCAHHCHHI NOKA3AHO, MTO OCYIHECTR-
JIRMIOTCA CASAYIOILHNE Peakuuu:

NH,0H — (HNO) + 2H" + 2¢
(HNO) + H,0* - HNOY + 2H" + 2¢

C aKTHBHOCTBIO 3TOTO hepPMEHTE CRSIBHBL TAKXKC aKTHBHOCTH MO-
HOOKCHICHA3bl AMMHAKA M UMTOXPOMOKCHAA b, MHTEpecHO OTMCTUTS,
YTO BEIPACTHTE KJICTKH Ha CPejie ¢ THAPOKCHAAMHHOM He yaoaeTcs (bes
AMMMAKA THIPOKCHIAMHH UETLIMM KNETKAMMW HE OKUCIHETCst).

Muxpoopranyamil 1l cragun (NO; —» NOy) 0bbMHe NOCeRsOT-
Cs PALCM C MUKPoOopraHMiMaMu | cTaauu. DTo TpaMOTpHUATENL-
Hbl€, B OCHOBHOM HEIOABUXKHLIC KJICTKH, 00pasyioiue OHOIMIcHKH
(tabn. 22).

Y nepsbix IBYX poRaoB HMcioTca paspactanus LUTIM B Buae Tunaxo-
mioB, OpraHM3Mbl pacTyT B a3pOOHBIX (WITH MHKPOAIPOOHBIX} 30HAX,
ARMAOTCA Herpodmiamn (ontimym pH 7.5) w1 mMe3oduaaMu ¢ onTH-
MYMOM TeMrcpatypbl pocta 28 — 30 °C. OHU uyBCTBUTCABHBI K TOBbI-
WICHHOM KOHLICHTPpalHK HUTpaTta M kucnopoda. [Tpu vuskom pH (< 5.0}
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HUTPHT AMCIPONOPLUHOHUPYCTCA
Ha HWUTPAT M OKCHi a3oTa. Ecim
pH 2 7,0, TO MUKDPOOPraHu3mMbl
NPOBOIAT PEAKLUHM ¢ YyUYacTHeM

GCPMEHTA HUMPIINOKCUOOPEOYKInG - Pon Gopumit xnetox |
3o, MeMOpaHCBR3aHHOIO BeNKa, | Nimwbacter | [neiiomopdHbe
conepxaliero MoH monubacHa FLATIONKH
KESIC30CePHBIH KITacTep: Nitrococeus | Kokkit

Tabasuna 22

HexoTopble cBOHCTBA KAETOK
nurpHdukaTopos 11 daswl

NO; + H,0 —» NO; + 2H™ + 2¢
2H + 26 + 40, » H,0

[MoacuuTano, YTO NIpK OKHCAE-
auu 14,5 Mo NO; 8 NOj obpasyetcs 4 - 107 xnetok Nitrobacter, ipy
3TOM BpeMs reHepaluu coctasiset 10— 100 v. Ha dwkcauuio 1 Mons
CO, Tpebyetea 85— 115 moneit NO, (uan mna dukcanuu 1 r CO,
HyXHO OKMCIUTB 35 1 NO;). YcTaHOB/ICHO, YTO KIETKH Nitrobacter
MCNOAB3YIOT TONbKO 2— 10 % sepruu, saxmouenHoit 8 NO,. Ilpo-
uece obpasosanua kapbokcncom Lt bakrepuit 11 hassl Bonec penok,
UMEETCS pa3BUTas CHCTeMa MeMmbpan. Peloke-MOTCHUMAT Mapbt HUT-
put/untpar paseH +400 MB, H 2I€KTPOHLI ACPEHOCATCA HA YPOBCHB
UUTOXPOMOKCHIA3D!, IOITOMY B Pe3yitblaTe reHepupyercs | moneky-
1a AT® (oaHo mecto conpspkeHust). ATO Takke MOXET 0Opa3OBbI-
BATHCA 32 CHET TPAHCMEMBPaHHOrO rpaaneHTa npotoHos. [TolcuuTa-
Ho, uto st rioayueHns 1 mons HAJAH HeoBXoauMOo OKUCTHTE 5 MOJICH
HUTPHTA ¢ 0DpaTHLIM NEPEHOCOM 3JIEKTPOHOB.

Bce nurpudukaropsl 1l dassl GUKCHPYIOT YIIEKUCAOTY B LMKIE
KaibBuHa, HO crnocobupl ¥ X Mukcorpodmomy pocty. Hekoropsie
npeactapuTenu Nitrobacter MOI'YT pacTu retepoTpodHo.

YacTe HHTPU(DHKATOPOB CMOCOOHA HMCHONbIOBATL OPraHUYECKHE
BCILECTBA {AUCTAT, Ka3euH, TIMPYBAT 1 T.[.), HO NPEUMYILECTR B PO-
CTe MPH 3TOM He Tioayyaet. [Ipoliece OKHCICHN aMMHAKA B anaspob-
HbIX YCIOBMSIX BCET/IA WAET aBTOTPOGHO.

Hekoropsic retepoTpodHble rovBeHHbIe HaKTePHH CNOCOOHDL K TAK
Ha3hIBACMOMY I1TpoLecey reTepoTpodHOr0 OKUCIeHMA aMMHaka (am-
MoHMs). [1py TakoM 1Ipouecce HOHbI RMMOHUS OKHUCIIHIOTCS 10 HUTPA-
Ta yepel FMAPOKCHIAMHH B KAYECTBE TIPOMEXYTOUHOIO COCAMHEHUR,
4 OPraHN3Mbl He NOTYYAIOT NOJE3HOI MeTabOIHUECKOH dHEPTHH. ITOT
npouece HAHOCHT BPCI CEIBCKOMY XO3HHCTBY, TTOCKONLKY NPUBOAUT
K BbIMBIBAHMIO CBA3AHHBLIX (DOPM Q30Ta M3 [10YBbI BCJICACTBHE NIEPEBO-
14 aMMOHHMHOTO a3oTta B 60/1ee pacTBopuMsie POPMBI HUTPATHO!IO.

Bodopodusie axmeptiti OKUCISIOT MOJIEKY/ISIPHBIA BOTOPOL U aCCH-
musupytor CO,. Y a3pobHbIX GOPM KOHEUHLIM aKICTITOPOM NICKTPO-
HOR CYXKHT KMCIOPod. PacTyT aBTOTPO(HO Ha OYCHB POCTOH cpele,
N0 CYTH AE€7Ta OCYLUECTBIISA PEAKLMIO «FPCMYUEro rajar,

Bonopoa — oucHb IHCProeMxuil cybeTpar, Aa0IUi 10 TPEX MoJe-
kyn AT® 1tpu npoxoxaeHun nckrporos B 3T (puc. 126). C atnm
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HAILH o ¥X Lt a, ¢, a— 04
Piic. 126. 3TLL ponopoaHeix GakTepHit NpH pocTe B ABTOTPOGIHBIX YETOBHIIX

cybeTpatoM paboTaloT (hePMEHTDI THAPOTEHAZb, KOTOPbIE BBIBRIOT ABYX
THTIOB: TTOCI0ILAIOWAR (V BOJOPOTOKHCISIOUINX MUKPOOPTaHHIMOR)
1 BbiAeAfioWasn (y MUKPOOPTaHH3MOB., OBPAIVIOIINX BOAOPOI B TIpO-
unecce Opoxkenmii. otorpodos u T.4.),

Ob6s1uHo Bodopon B atMoctepe He HAKATUIHBAETCA, TAK KaK MPO-
HCXONMT peakuus «rpemyqero rasa»: 2H, + O, — 2H,0. Muxkpoopra-
'HH3MBI NPOBOMAT 3TY PEAKLMIO MOCTCTICHHO, B HCCKOMLKO CTAIMIA.

BonopoancnonniyioniHe MUKPOOPraHH3IMEBl HAIEHBl BO MHOMMX
CUCTCMATHYECKHX TPyTIIax (tabmn. 23).

Alcaligenes eutrophus 00NaaCT UMTOXPOMAMHU 4, b, ¢, TIPHYEM BbICO-
KHC KOHUCHTPALHH LKT. ¢ OOHAPYXWRAICTCA B MCPHILIAIME. ITOT MHUK-
POOPraHI3M HMEET ABC [1A3MHABL — OONLIIYIO I MATCHBKYIO. YCTa-

‘ Tadnwua 23
HexoTopsie npcﬂcTagfnTenn BOJOPOAMCTIONEIYIOLIHX MHKPOOPTAHHIMOB

I'pyoma

MK OOPIHIIMDR MuKpoopriHiM ITyro rearnr CO,

ABTOTpOthHI H Alcaligenes ewtrophus Hnsn KaabsuHa

MHRCOTPO(! A hvdrmogenophilus Hnkn KaabsuHa
Aquaspirilfum autotrophicim Hukn KanesitHa
Arthrobacter sp. 11/x Unkn KanbbuHa
Bradyrivizobium japonicum Lk Kanbsitia
Hydrogenobacter thermophilies Lk Aprona
Microcyelus ehruncus ?
Mycobacterium gordonae ik Kansbuna
Paracaccus denitrificans Lnkn KannpiHa

ALCTOCHbBI Acetobacterium wieringae AtetHa-KoA-nyth
A woodii Auetna-KoA-nyTh
Acetogenium kivui Aucrna-KoA-niyrs
Clostridium aceticum Alletnn-KoA-nyrh

METIOHOICHBI Methanobrevibacter arbori philus Auctiin-KoA-nyTth
Methanosarcing barkeri Avnetnia-KoA-nyTh

Cynwpunorensr | Desulfohacter hvdrogenophifus AleTHI-KOA-11vTh
Desulfobacterium aurorrophicum Auetni-KoA-nyts
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HOBJEHD, YTO HCKOTOPbIE KOMIIOHCHTBI TMAPOTCHa3 M hepMeHTOR
urkia KanssuHa 3akoaupoBarsl B miasvutax. OpraHusM HMeeT aBa
THAA NOTMOWAKILEH TRAPOICHAIL — PACTBOPHMYIO M MeMOpaHCBI-
JAHHYIO, COJEPXKALLHE B CBOCM COCTABE Ni™. IlepBaa 0OCTABASIET BOC-
CTAHOBIEHHBIC NUPHANHHYKIEOTHAB B LIMKT KalbBHHa, BTOPAs BOC-
cranasausaer HAL", oxucasrowmites B DTH. Peryasuust 3tTux dep-
MEHTOB OCYLIECTRIISIETC 110 TUMY penpeccuu-aepenpeccri. Oprannim
ssicTeH (haKyIbTATUBHBIM ZBTOTPOMOM H MOXKET a2p0OHO pacTH Ha
CpeJiax ¢ TRHKO030II.

Hydrogenobacter thermophilus — THNMYHBIHE TPAIMEHTHBLI OPTAHH3M,
pacter npu Temneparype 70 °C Ha cpene ¢ Hy: CO,: 0,=75:10:15 1
MPH ITOM UMEeT «aHaspobHblil» LHKN pukcaunn CO, (BOCCTAHOBH-
reabiblii LITK, Moanduunposatiublii gk Aprona). YracKucaota gmk-
CHPYETCSH B CALAYIONIHX PEAKLIHAX LHKAA!

atetHi-KoA + CO; - nupysar;

mpysat + CO, — oxcajoaueTar,
cyxunpin-KoA + CO, — okcornyrapiui-KoA;
oxcoriyrapat + CO; — n3oumTpar

DTOT MUKPOOPraHNIM ABASIETCS 0OINMTATHBLIM aBTOTPOPOM, HE co-
nepxawimM deppenokcrHa 8 3T, a ero mupysar- # 2-0KCONTYTApaT-
neruaporenadst — He HAJ -3aBHcHMbIC.

Bradyrhizobium japonicum nmeer HuTporenasy, sbitensowyio Ha.
A [pH TIOHIKEHHOM COAEPKIHNM KHCIOPONA HAPAAY C HHTPOFeHA30il
JKCMPECCHPYCTCA M THAPOTCHA3ZA, CBAAHHAL C MCMOpaHaMi 1 coep-
kawast Nitt, Te anaszotpoibl, KOTOPLIE MOTYT HCMOAB30BATL KAK [10-
NOJHUTCABHBLIH MCTOYHMK IHEPIHM MOJEKYAAPHbLIT Boaopoa, mnony-
JAIOT IKONOTHUCCKOE NPCHMYIIECTBO. PepMeHTH IuTOTPOdgHErO Me-
TaBOIHMIME ACPENPECCUPYIOTCH HU3KHM cotcpanmeM (1 —2 %) kuc-
Aopoda. Koraa KAeTKH pacTyT B BHie 0aKTEpoM10B B K1yOCHBKAX, OHU
CHHTE3MPYIOT UHT. Py, UHT. ¢ U (hIABOTIPOTEHH-LMTOXPOMOKCHIAZY,
a B UUCTOH KVJILIYPC — LMT. 4, NPH 3TOM KOHeuHble 3peHba DTL
Pa3BCTBACHDL.

[MpuMeHeHe BOAOPOAHBIX BAKTCPHIT CBH3AHO € NOAYUMCHHUEM BelT-
Ki B KAUCCTBE KOPMOBOIt 106aBKH. MONCKVIAPHBLIA BOLOPO TIPH 3TOM
NOJYUAKOT 3JEKTPOJIN3OM BOABL, €CTCCTBEHHO, 3aTPAYMBAS IHEPIrHIO
THApO3INEKTpoCcTAHLMI, Bonoponnbie DAKTEPHH MOTYT HCHIOJILIOBATD-
CH KAK TIOMAOTHTCIM VIACKHCAOTH B 3AMKHYTBIN CHCTEMax {[10aBOM-
HBIC TOAKH, KOCMHYECKUE KOPAGAM W CTAHLMW). DTH MUKPOOPraHui-
Mbl MHTEPCCHBI 1 KAK MCTOYHHK MPHPOAHBIX NOANMEPOB, Takne Bere-
¢Tha (CAMOE M3BECTHOE M PACIPOCTPAHCHHOE — TONMH-B-OKCHMAC-
Has KMCJTOTA) CHHTE3MPYIOTCS B KAUECTBE 3aMACHOTO TIpoaykTa 10 90 %
110 MACCe MPH POCTE BOAOPOIHLIX BakTCpHil Ha rmioKo3e. [lpupodubie
MEPMONAGCIMUKY JICTKO PA3PYLIAIOTCH MHKPOOPTAHU3MAMU, MOITOMY
OHM TEPCNCKTHBHBI /Ul TTPUMCHCHMS B KauecTse [106aBOK K yITakKo-
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BOYHBIM MaTepHa/lanm. Ecii Takoe BEWECTBO TOGABHUTE K IOAHITHICIY
HAK NMOTHITPONKACHY, T0 X PAJIOXKEHHE B IIPHPOLE TOWICT 3HAYH-
TEJIBHO ObICTpCC.

EcTh MUKpPOOPTaHM3MbI, CIIOCOBHBIE MCITOIL3OBATh I CBOCM METi-
bonuime yrapuwiii ras (kapioxcudobaxmepiur). CO nosesieTcs, B oc-
HOBHOM, 3i CHCT QHTPOTNIOrCHHOIO BO3ACHCTBHA, FOPCHHS JICCOB, HI-
BEPXKEHWS! BYIKAHOB M B ATMOCHEPE MOABEPracTest (GOTOOKHCIEHUIO
no CO,.

KapBoxkcnaobakTepHit noXoxH Ha BOROPOIHBIX, YACTO 3TH RKTHB-
HOCTH NEPCCCKAOTCA, A3POOHLIE KAPBOKCHAODAKTEPHH 061aA210T 0K-
CHIATHBLIMH CHCTEMAMH, MAUTOYYBCTBHTENLHBIMI K YTAPHOMY a3y,
Y aHa3p0obOB OKCHIA3E! OTCYTCTBYOT. MHOTHE GoToTpodsI MOTYT MC-
noab3osate CO B cBoeM metabonuame.

Ecin CO city:MT MEKPOOPTaHH3MaM IOHOPOM 3CKTPOHOSR, TO iK-
HEHTOpOM MokeT ObiTh O, S*, SO, NO;, Fe™. CO,.

Hexkotopeie mukpoopramtesmsl, pactyie Ha CO, npusencHbt i
Tabn. 24,

[Ipn 3Tom HekoTopbie mpeactaBuTean CO-okHeaHTENeH — YHH-
KanbHbt, TaK, BLLUIEICH aHAPOBHKIT aUeTOreH, ¢rnocoBHblit PacTH 1
100 %-Mm yrapHoM rase.

Oxucitenne CO KHCIOPOAOM NPOUCXOLNT I8 COOTBETCTBHH €O CIe~
AYIOLICH peakiineil:

CO + /20, —» CO,: AGY= —67,3 kka1/mob.

Pasnbic rpynitel MHKPOOPraHH3MOB HCNONBIYIOT YIapHbIil ra3 pai-
JHYHBIMM NYTSIMH:

7CO + 2,50, + HyO — (CHO) + 6CO, — xapbokcnaorpod:
CO + 2H,0 - CH, + CO, — MCTaHOICHBI;

4CO + 2H,0 - CH;COOH + 2C0O, — romMoaueTorenp!;

CO + H,O — H; + CO, — dotorpodsl 1 aHazpobHbIe XeMOTPO(LI;
4CO + H,80, - 4CO; + H,S — cyanthuaorcHml.

Y xapbokcuiorpodon obHapyxeH dhepmeHT CO-peruaporenasi
(o6hiuno HAL™-3aBRHCcHMan) MonekyaspHoit Maccoii 300 k/la, cocro-
SILLAA M3 TPCX CYOBEMMHUL M CONEPKALLAE MOIHBICH 1 FeS-karacrep,
MHoraa renel, Koaupyoume 70T (DEPMCHT, HAXOANTCH B AAA3IMMUIAX.

Ciaenymouwas rpynna XEMOIMTOABTOTPOMOB — MEMAIIOKUCARIOWUC
Mukpoopeanizsms. Hanbonee M3VUeHHBIMH NPEACTARISIOTCH KETCI00KHC-
JSLOIIHE OPraHH3MbL, UCMONbIVIOLILHE Fel'u OKHMCISIOLIHE ero go Fe'',
Takne MHKPOOPraHH3MBbI 1CIKO OBHAPYKUBAIOTCS B NPHPOLHBIX BOAO
eMax B Buie oOpacTaHmil HHXKHEH YaCTH BOAHBIX PACTCHHIL, Hanpn
Mmep, Galionella ferruginea — 510 GOBOBHIHBIE KICTKH HA HOXKE, CO
CTOMLEH W3 ciu3u, MHKpycTipoBaHuoii Fe(OH);. Fe™ B aspodin
yenosusix npr pH 7.0 necraduiacH, nosromy taxie MHKDPOOPFaH L
OOBIYHO PACTYT MPH HUIKOM CONEPKAHIH KHCTOPOSIA,
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Tadanua

MHKPOOPraRnU3MbI, HCIOIL3YIOMKE B Meraboauzme coO
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AN IOTOIICCKAR TPYTITIY

OpraHnim

ety HLIE
R PDOKCHOTPOPB!

Acinetobacter sp.

Alcaligenes carboxydus

Arthrobacter sp.11/x

Bacithis sp. OMT2

B. schlegeli

L=
Pseudomonas carboxydoflava

P. carboxydoliydrogena

P. carboxydovorans

P. gazonvropha

P thermocarboxydovorans

A OTGMKCATOPBI

Streproniyees thermoautotrophicus

Azovorans sp.

Azaspirillum lpoferum

Azotobacter sp. Al

Bradyrhizobium japonicum

MeaHOTpOgB!

Methylomonas methanica

Methylosinus trichosporium

Methylococcus capsulatus

ALCTOICHB!

Acetobacterium woodii

Clostridium formicoaceticum

C. pasteurianum

C. thermoaceticim

Natroniella sp. (100 % CO)

M 1iHOTe Hb

Methanobacterium thermoautotrophictin

Methanosarcina barkeri

Methanobrevibacter arbori philus

Methanosaeta soeimngenii

(o1 orpodb

Rhodocyclus gelatinosa

Rhodospirillum rubrim

Spirulina platensis

€V ARPATPEAYKTOPH

Desulfobacterium autotrophicum

Desulfotomaculum acetoxydans

Desudfovibrio desulfuricans subsp. cholinicus

0. orientis

D. vulgaris




bonbwoii priag B M3yYEHHE Keae300KHCTAIONX MUKPOOPTAHH S-
mos sHecan C. H. Bunorpanckuit 1 M. beitepuuk. G. ferruginea sricp-
Bui¢ BoiaeacHa X. . Dpenbeprom i 1836 r. BoNbLIHHCTBO XCAC300KHC-
TOUUX MHKPOOPTAHKMIMOB — ME30(BL, IKCTPEMAIBHLIC TEPMO-
(buILI BCTPEUAIOTCS TOMBKO cpedn apxeil. Bee oHit aspobul M auuno-
$uabl, Toneko G. ferruginea pactet npu HeHTpaTbHOM 3HaucHiu pH.
DTo rpaaMeHTHBIH MUKPOOPraHN3M, MUKPOAIPOMII, PACTYLIHIE Ha
BLIXO/E IMOA3CMHBIX KHOHeH. B oCTaNBHLIX 3KOMOTMYECKHX HHIIAX C
pH < 7,0 (Kueable WAXTHBIC BOAK) PAIBHBAIOTCH KMCAOTOYCTOHYH-
BbIC KEIC300KIICTHTEN, PacTylie B 4ex/1aX MHKPOOPTAHH MBI PORA
Leptothrix, obpasys cn3b u Fe', nocTeneHHO BLINOA3AIOT 13 4exa 1
HHKPYCTHPYIOT €ro ruapoxcHIom xkenesa (HI). B Mecmoﬁunmmx C
HU3KOR KHCIOTHOCTBIO cpeabl (pH < 5.0), rae Fe®* crabunen, pacrtyr
Acidithivbacillus thivoxidans w A. ferrooxidans. PaisuTite KenesooKic-
JHIOLMX MHKPOOPraHKHIMOB B TPYOax MPHBOANHT K X 310MBAHHIO CIH-
3b10 U Fe(OH),.

Creayer ydecThb, uto Tpu okueaennu Fe™ o Fe™ sueprun nony-
YAETCH MO0, NMOITOMY CYOCTpaTa TOMKHO ObITh OKHCICHO QUCHB MHO-
ro. Jlna dukcaunu | M CO; tpebyerca OK}{L."IIITb SM Fe (1n s
(b}{KC'mmt 48 r CO, HCOBXOAMMO OKHCTHTL 2.8 kr Fe™ ). Mepment
Fe’*-oxcudopedykmaia B KauecTBe KO([)dKT()pd BEPOSTHO, CORACPKHT
PYCTHUHAHMH, HeboubOi ronyboit Cu-8eylok 13 Kiacca Kynpenok-
cnuoB ¢ Eh = +680 mB. OnHako Gojee BeposaTHO, YTO B [IpHpoAe HACT
Takoflf npouecc: 4FeS; + 2H,0 + 150, — 4Fe™ + 8804 +4H". Tipwu
pH 2.0 Ehjp /= +650 MB, T.¢. saextpont o1 Fe'* -OKCHAOPCAYKTi-
3bl BOCCTUHABIMBAIOT LUTOXPOM aa,, DTL moavuaetcs koporkoif c
OAHMM NYHKTOM COTIPSDKCHMS. H 3QMNACAETCH MALIO SHCPrHL.

BoiaencHl MUKPOODTAHITIMBL, CIIOCOBHBIC OKUCTTh I APYIHE ME-
TANALL, HaTipuMep. Mn® . YCTORUHBBLL nput weaounsix pH. 1o Mn™
Toneko nas Sulfolobus audocaidarms HOKIUKIHA UCTKAas dBTOTpn(busI
Mpi OKHCJICHUI Mapratud, 1p 3ToM CO, duxcupyeres B unKIe
g'm hmgm Oxucnetne Mn™ B Mn™ Gosee BHIrOAHO, 4eM OKHCHICHHE

¢ B Fe

+ 240, + HyO - MnO, + 2H™ AG=—68 kJ1x/Mots (npu pH 7.0):
+ 140, + H* = Fe' + LAH,0  AGY=-30 kI /Mo (pr pH 1.3).

OkMcneHHe Mapraiua TepMoOAHHAMHYECKH BBITOAHO B MHTEpBATE
pH o1 6 0o 8, noaTroMy TaKHE MUKPOOPTAHMWIMEl PACTYT B FTOM IHa-
MajoHe KHCTOTHOCTH cpedbl. OKHCACHHE MapTaHLUA ¢ NOHMKEHHEM
PH CTAHOBHTCSH McHEE BBITOAHLIM, {4 JL1sl OKHCAEHNS KEACH 3aBHCH-
MOCTE OBpaTHas.

Paid MHKpPOOPTaHMIMOB MPH OKUCIACHHH MCTALION HE TIOAYYaeT
FHEPTHH, & NPOCTO OTKAAALIBACT HX OKCHALI B CBOHN CTHIHCTBIX UCX-
Jax. Hanpumep. Tak Hakanausaer okcuia Mmapranua Crenothrix
manganifera.
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Okm,m,Hb[ MOTYT OBITE METWIIBL © ne eMCHHOI BANEHTHOCTDIO
(Cu¥. U™, As™, Sb™. Mo™, Se. Zn™. Co™", Pb™. Ni**, Au® 1 o1.a).
T:u-.ou UKHCHEHHE S NOAVUCHHEM SHCPIHH NOKAIAHO L1 psila HAKo-
[HTEALHBIX KYALTYP.

B a6, 25 NpUBCACHBL HCKOTOPBIE METATLIOKHCTSIOIIHC MUKPOOPIA-
HU3MBL

JOBoNBHO BOJRILOC YHCIO MUKPOOPTAHNIMOB CITOCOGHO OK UGG
BOCCIIUHOGIENHBIC COCOUHCHIS cepbl. THODALLUTE 6bi11 BbLeacHE AL Ha-
TancoHuoM B 1902 .. a 1 1904 1. M. befiepunk nokasat., uto Fhiobacillus
thioparus w T. thiooxidans (B HACTOSILLEE BPCMA OTHOCHMBIH K POy
Acidithiobacillus) MCNONL3VIOT B CBOEM MCTIBO/IH3ME CCPOBOLOPOL. DTH
MUKPOOPFIHH3MbBI MPWHUMAKT Y4acTHC B LIO0ATBHOM LIMKIE CCPbl,
OKHCIIHS €¢ BOCCTAHOBIEHHDIE COCIHCHITS A0 CYIb(ATOBR. B OCHOBHOM.
3TO 23p06bl. B aHA3pOOHLIX YCIGBHAX OHU MPOBOANT CCPOBABHCHMYIO
HUTPATPCAVKLHIO, HO CYUICCTBOBATL B€3 KUCIOPOLA MOTYT KOPOTKMii
NEPUON, AKTHUBHO NOKHIAA TAKUC MECTOODTaHNL.

Ceposonopon oBpaszyercst Besae NoA ACHCTBHEM aMMOHH(DHUHPY-
Uy MuKpooprasusmos, Jocriras azpoBHoil 30HbI, OH NMONAALET B
JOHY ACHCTBHS MHKPOOPraHM3MOB, OKHCTHIOUIMX CepYCONEpRALLIE
cociuHeHU (Hanpumep, Beggiatoa). W3 3actoiinbix Bon C. H. Buno-
FPAACKIM BbUL BLLACICH IPeacTaBTe s pona Beggiatoa. Toeko B 1983 1.
ObLUTO NMOKA3HO, YTO Beggiufoa — akyIbTAaTUBHLIE asTOTpop. OIHH
mwrtamm, obnagaownii crporoil asroTpodHeil, HEAABHO BLIACNCH U3
MOPCKUX [IyOHH B PailOHEe «UePHBIX KYPHABLIMKOB». [TpHpoaHbIc Bbi-
NOJ/lbl CEPhi HA TIOBEPXHOCTb 3eMin {conbdaTapbl) HMCIOTCs B paHo-
HilX ¢ BYJKOHHYECKOH aKTHBHOCTHIO.

TPaTHLUIIOHHO OPraHi3Mbl, OKHCISIOWNE BOCCTAHOBACHHBIE COEM-
HCHUSL CEPbI, MOAPAACASIIOT Ha ke IPYNIbL 1) OKHCTSIOT CCpoBoao-
poi H OTKIAIBIBAIOT WICMEHTAPHYIC CEPY B BILIC Kalleal RHYTDH KJIC-
TOK; 2) HHUKO[IA CEPY BHYTPH KJCTOK HE oTKnamsisauor. K nepsoii
IPyINe OTHOCATCH MOPQI0I0THYECKH CBOCODPAIHLIE MHKPOOPraHN3-
Mbl: HPCACTABUTE M ponoB Beggiatoa*, Thiothrix*. Thioploca, Thiospiril-
lopsis. Achromatium, Thiobacterium. Macromonas™*, Thiospira, Thiovulvim,
Bilophococcus *. 'ITO IPAMOTPHLIATEIbHLIC DECUBCTHBIE OPTAHHIMBL.
pactyiHe Ha cpenax ¢ HaS, orkaanbisaolnie cepy 8 KACTKAX, KOTO-
Pt 3ATCM MOKCT MCIONLIOBATLCA LUIST OKHCIEHHsI MOCTIC HCYEPTTAHHS
ceposoaopoaa. Hekoropsie MHKPOOPTAHI3MbI JBHIKYTCS € TTOMOLLBIO
CKOJIBKCHUSL HJIM KTYTHKOR, MPSACTABUTCAN poroB Achromatium u
Thiobacterium — HCNOABHAHBL, MROIHE 00pasyloT HHTH W uexibl. Kner-
Ky Macromonas 10¢tTIOT AAKMHB! 100 MKa. TAroTEOT K MIKPORIPO-
(PUARH, PACTYT Ha rpaHiue a3podroil 1 anaspobHoil 3oH. Odnajgatot
OTPHLITCAbHBIM CBETO- Y AIPOTAKCHCOM, HEKOTOPLIC HMCKOT Marim-
TocoMbl. TONBKO A1 OTICALHBIX MPEACTABHTCACH 4¢TKO YCTUHOBICH
THI METABOIN3MQ, MOCKUALKY JHIIEL B UCTHIPEX H3 ACCATH POAOB [0-
JVYEHB! YHCTHIC KYJALTYPBE (B CIIHCKC POJIOB OTMEUCHDI *). BhiaeaeHUe
JATPVAHCHO H3-3a TOFO, UTO B CHHBHCTLIX HENAAX HACTO PacTy T MHKpO-
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Tadbnuuea 25

HPHMprI MUKPOOPraHHIMOB, OKHCAAIOIMMX METANIS)

Mukpoopradmnim Hcoz;%’:;‘;:_mm Qopra KIeTok MecTo obirmans
bakrepun
Asmompogsi;
Gulionella Fe™ BoGosnanbic IMpecHas soua
Sferruginea MO KH
Leptospirillum Fe Hzornyreie Kueanie
Jerruginea H COHPUWILHDIE LIANTHBIE BOAbL
MY KH
Stibiobacter Sb* [LneitomopHsie | TTpecHbie Bonb
senarmontii TTATOH KH
Avcidithiobaciilus Fe*, 8% Se°, | IManouxn Kucibie
Serrooxidans U LAXTHBIE BOJLbI
Temepompodhu:
Arthrobacter sp. Mn? () [neitomopduoe | Movsa
NATOUYKH
Bacillus Se’ (M Manouxu Morma
megaterium .
Bacillus sp. Mn* [Manoukn [TpecHBIC BOABI
Citrobacter sp. Mn? (%) [Manoukn [Mouna
Hyphomicrobitum Mn? () MMoukyoummees IpecHbie 1
sp. TOUKH MOPCKHC BOABI
Leprothrix Mn?* (H) HMckpusnicHiisle | MpecHnie pomn
discophora MATONKH
Metallogenium Mn* () Hekpuaitensnie | TpecHbie noas
personarm NATOYKH
M. symbioticum Mn? () HckpuancHHbie | MNpecHble Boabl
MTATOMKH
Oceanospiriflum Mn? HekpuaneHusie | Mopekie poab!
sp. H CITHPATBHBIE
NUTOYKH
Pedomicrobitm sp. Mn¥ (7) Moukyowmees TTovya
MATOYKH
Preudomonas Mn? Maiouku MpecHble Bogs
sp. 5-36
Vibrio sp. Mn* Hexpurnennsvie | MopekHe Boitn
NANOUKH
Apxen
Asmompodor.
Sulfolobus Mn*, 8% Fe? | JlonactHsie u Topstune
acidocaldarius KOKKOBM/IHLIE METOYHHKH
KTCTKH
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OLI-CIIYTHHKH. OT KOTOPRIX TPYAHO H3BasHThcA. CUMTaeTCs, YTO THO-
HOBbIE BAKTEPHH — reTepoTpodin HIH MHKCOTPOMhDL, CKIAOHHBIC K OAH-
rorpotuy. IlpeaensHasi KOHUCHTPAUKR OPraHHUCCKMX KHCNIOT jL1s po-
cTa OcCcUBCTHBIX HUTUATBIX cepHBIX DakTepuit — 20 MM (ans auetaTa
3710 1,2 r/1). PacTyT B 30HE X€MOKJIMHA CTPaTH{PHLHPOBAHTIBIX 03¢P,
00pa3syIT HANCT HA JOHHBIX ocankaX. OnTHMLUIbHAS KOHLEHTPAUHS
Kuciaopoga wis pocta 0,6 — 6 %. QopMmupyiot GakrepuanbHbiil thuibrp
Ha MOBEPXHOCTH pasnena ¢ai, He nponyexkas H,S g armocdepy. B sonc
«YCPHBIX KYPHJABWHKOB» HHOMAA (DOPMHUDYIOTCS MOHOKYJILTYDRbI
Beggiatoa, it IEPBUUHAS NPOAYKIIMS OPraHHMYECKOTO BCUICCTBA B 3TOM
cayyae o0ecrneynBaeTesl 3a cYCT XeMoHToarToTpodnin. Take cepHble
DAKTEPHY VUACTBYIOT B OOPa30BaHHM MATOB TOMNIMHON a0 60 ¢M M
AHaMeTpoM a0 32 M, rae ToACTble W UTHHHbIE KICTKH Beggiatoa ciy-
HAT CTPYKTYPOODPA3YIOHM IICMCHTOM.

Bropas rpynna (THoBAUMNALI) MPEACTABACHA HAHOOACE H3yuyeH-
HeIMM podami Thiebacillus, Acidithiobacilius, Sulfobacillus, npoBORATIIMMH
mpoucce 0 obpazosaHusa cyabdaTa. MHUKPOOPTAHH3MbL MEPBbIX IBYX
POAOB OTJAMYANOTCS TIO OTHOWEHWID K pH: nepseie pactyr npu
cnabokmeslx sHadesusix pH, a aunautwobauunnsl — npu pH < 4.0
(10 1.5). BOJLIIMHCTBO NPEACTABHTEACH 3TOH rpyIInbl —— Me30(HIb,
MMEIOLIHE IHPOKOE pacnpocTpaHenie. OBUTAOT OHH B MOYBAX, CONC-
HbIX DOOTAX, B 30HC TEPMOKIHHA CTPATH(MMUMPOBIHHLIX 03¢p, B
coabhatapax, TaM, ¢ Ha BbIXOJe FOPSAYHX CEPHLIX MCTOUHHKOB Ha
NOBEPXHOCTH 0OPABYIOTCH KEATBIC OCLIKH HIEMEHTAPHOIL Cepbl, B CTOY-
HbIX BOIAX, B KHCAKIX WAXTHRIX BoAax (pH 2,5—1.5). MHeraa ans «ie-
NPABICHUS» METOUHBIX MOYB B HUX BHOCST CEPY. H HAXOIALLIHCCS B
nouBax THODALWLIBL NOAKUCISIOT cpely. obpasyst SO; . Mpu Temne-
patype Beitie S0°C cepy okucasior apxen (Sulfolobus. Acidianus) unn
npeacTasuTenu pona Suwifobacillus.

BoaMoXHBIe peakllMH OKMCJICHHS BOCCTAHOBJIEHHbBIX COSAMHEHNIT
CEPbl XAPAKTCPHIVIOTCS PA3HBIMH 3HAYCHUSMH CBODOJHON IHEPTHH!

AGY, kJK/MOML MeTaHa

$,08 + 20, + Hy0 - 280; + 2H* ~195.7
S0+ 140, + 2H - 8,08 + H,0 -36.5
$,07 - 2807 + 8¢ +6.4

SO+ 140, » SOF -61.7
S0+ 1140, + 3H,0 — 4505 ~108.1
SY+ H,0 + 140, — SO; + 2H* -140.4
S + 2H* + /402 — $'+ H,O -650,1
$* + 20, - SO; ~798.2

B 1987 r. 6n110 nokasado, yto y Desulfovibrio v Desulfobacter MoxcT
HATH PCAKIIMS JHCTPONMOPUHOHHPOBAHWA THOCYNbhaTa;
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$,09 - SO+ 8"
$,0f + H,0 - SO; + 2H" +2¢
§" + 2H' +2¢ - H,$

- - -
$.0F + H,0 — SOF + H,S
B TOM Xe rofy YCTaAHOBJICHO HIMYME H TAKOH PCAKLIMIL:

3807 + 3H,0 — 3805 + 6H™ + 6¢
SO; + 6H" + 6¢ — 87 + 3H,0

4505 — 3507 + S8

CxeMa npeBpalicHUH cCOCoNHEHMET Cepbl IPEACTABICHA HA pHc. 127,
Tax xak anexkrpoHs nonanator 8 ITLU Ha ypoRHE UHMTOXPOMOR
(puc. 128). To Ans CHHTE 3R BOCCTAHOBUTCTLHBIX IKRHBAIEHTOB NPHXO-
AMTCS 3aTPAYHBATD DHEPruio A ODPATHOTO MEepeHOCA MICKTPOHOB,

-

X [R-SS]

Hersaporenasa

- S0% $03
S.0f / \

2H,0 4H*

ATO—

ADC

2 AID
/\

AMD T AT®

Pic. 127, CxeMa 1peBpalUCcHHIT COSMHHEHHH Cephl ¥ THOHOBLIX GakTepmii
(R-SS - stemOpaHcsssaHusl i nonueyantnr. AOC — arevomvndocdocyiih-
thaT)

(8¢

Iluronnaima 1M [1epunnaima BM
. Tyancen 5
4503--- el PRHCTIopT 4303
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40,+16H'
_ Tuocyabhar:
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Puc. 128. Mpocrpadcreernas opradizauua DTH HekoTopsix THOOALILI

B HacTostiLlee BPeMS! YCTAHOBICH GakT passuTHS A. ferrooxidans Ha Fe™
i SY 31 cyer aHapoOHOro ALIXAHUA.

Oukcanns CO, y Thobaian uaer vyepes unkia Kassuua. B kaer-
kax opMupyioTes KapboKcHcombl ¢ kpHetautnyeckoit PybncKO,
OKPYKEHHONH npoctoit Beakosoll MeMoOpaHoit. Ilpu retepoTpodHOM
MeTaB0NHIME KapDOKCHCOMBIE B KI€TKAX HC ODHAPYXKHBAIOTCS.

A. ferrooxidans n A. ftiooxidans TPUMEHSIIOT B cudposemaiiypeu
GCAHBIX Py, B MAacT 3aKkauHBACTCA CYCIIEH3HSI MUKPOOPHHH3MOB, 000-
rauerHas xuceaopoaom. TlocpeacTsoM caeayioiX peakuHit MeTann
MCPCBOAHTCH B PACTBOPCHHOE COCTOSHHE!

FeS, + 3140, + H,O - FeSO, + H,S80,

§%+ 1140, + H,0 — H,80,

2FeSO; + ' A0, + H,80, —» Fea(SO,); + H,0

MeS + 2Fe™ » Me™ + 2Fe™ + §°

TTonyucHHBIR PacTBOP OTKAUMUBAIOT H3 CKBAXHHBL., KOHLCHTPHPY-
10T M OCAXKAAKT U3 HETO METLLA. y‘lﬂCTBy}OIHHC B 3TOM MNpouccce MHK-

POOPraHH3MbI QO AAAKT YCTOHYIBOCTRIO K BLICOKHM KOHNCHTPAUIAM
MCTAJLTOR.
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doTocuHTeE3

OGmas xapakTepucTaka nponecca. [IpHHIMNMATILHO HHBIM CIHOCO-
H0OM BuepreTHyecKoro MetaboianiaMa B MHPE MHKPODOB MOXHO CUH-
TaTh WCTIONBL3OBAHWE CBCTOBOH JHCPrHH, wiM doTtocuHTes. MHOrHe
MHKPOOPTdHH3MbB! MOIYT NOTIOCIIATE JHEPTUIO CBETA H UCIIOIBIOBATE
cc g cuHTesa ATD 1 BoccTaHOBUTENbHBIX IKBHBAIEHTOB. ITOT NPo-
LHece, B KOTOPOM CRETOBAS IHCPTHH TIOTIOILMETCS W Npeodpi3oBbiBa-
eTcd B XMMHUUYECKYIO 3HCPTHIO, M HasbiBaeTca drotocunTesom. Moro-
CHHTC3 — OJAWH W3 HAUDOJICE BaXHbIX METAOONMYECKHUX 11POLECCOB HA
3emMile, TAK KaK MOYTH BCH HALIA JHCPTHA MPOMCXOMNT OT IHCPIUH
CosHla. D1a 3Heprus OaeT BO3MOXHOCTE (POTOCHHTEIHPYIOUIHM Opra-
HU3IMaM 00pa30BbiBATh OPraHHUYECKHIT Marepuan g pocta. B 1o xe
BpeMa POTOCUHTETHKH ABIMIOTCH MEPBUUHBIMH NPOAYHCHTAMM B MU~
LICBBIX Lesx B 6nocthepe. POTOCHHTES TAKKC BOCIIOIHSICT HALLH T10-
TpebHoCcTH B KHcnopoae. CnocofHOCTL K (hoTOCHHTEZY HABTIONACTCA B
PATHLIX CHCTEMATHYECKUX IPYIINAX, KAK CPCRH YKAPHOT, TAK U CPEIH
[POKAPHOT. 3TO, IPEXIE BCETO, BbICLIME PACTCHHSA, & TAKXE MHOTO-
KIIETOYHbBIC 3CIACHBLIE, OypbIE, KPACHBIC W OAHOKICTOUMbIE 3BIIEHO-
BHIC, AHATOMOBBIC K AMHOMIATENSNTHBIE BOAOPOCIAKH (3YKAPHOTLI).
Cpeau npokapHoT K GOTOCHHTE3Y cnocoBHbl LHAHODAKTEPUH M APO-
XJ10pohNTBI, 3€ICHBIC CEPHBIC M HECEPHBlE GAKTEPUM, NYpPHYpPHbLIE
CepHble W HecepHble BAKTEPHH, reHobakTepun W ranoapxe. Ciaeayer
y4eCTh, 4TO G0MbNIE NMONOBHHBL POTOCUHTETHUCCKHX Peakliii 3eman
MPOBOAST MHKPOOPTAHHIMDI.

Bo30yxeHHas CBETOM MOJIEKY/Id MUTMEHTa MOXKET JHEPIUIO pac-
CEHBUTH, MEPENABATE U [IPeobGPA30BLIBATE B XMMUHECKYIO CBA3b, POTO-
CHHTETHUYECKMIt annapaT COCTOMT M3 CBETOCODHPAIOLLNX JTOBYILCK (aH-
TEHH), PCakKUHOHHbBIX neHTpos {PLL), 3nekTpoHTpaHCcnopTHON LenH
(9TL) 1 N0KaNU30BaH B MEMOPAHHBIX CTPYKTYPax. TH CTPYKTYPLI
YCIOXKHMOTCA oT reanobakrepuil (LLTIM), uepes nypnypHble Bakre-
pPHH (BRYTPHKICTOUHbBIE BHPOCTHI LITM paszanyunoit dopmbl) 1o e-
JeHbix (xiopocombr ¥ LIIIM) n unaHobakTephit (GUKOOGHIHCOMBI K
THAaKoHAet), puc. 129. Pl ¥ aHTeHHA cocTaBasioT OTOCHHTETHYC-
CKyw eauHuuy. BpeMs mepexosia 1¢KTPOHA B APYIHE JHCPIETHUECKHE
coCTOsiHMA paBHo ~10°— 10" ¢,

[Tpotecc (oTOCHHTE3A AENIUTCSt HA ABE CTAMMW. B cBeTOBBIX peak-
LUHSIX IHEPFUS CBCTA TIOLAOLIACTCA U NpcobpasyeTcd B XHMHUYECKYIO
IHEPIUIO. B TEMHOBBIX peakKLMAX 3Td IHEPTUA UCTIONB3IYETCS [T BOC-
cTaHOBJICHUSA WK huxcati CO; H CHHTE3A KJICTOYHbLIX KOMIIOHCH-
TOB.

OcHOBHBIMH (POTOCHHTETHUECKHUMM TIMHIMEHTAMH, YYUCTBYIOLUMH
B CBETOBBIX pPCaklUuX y 3YKAPHOT M LUMAHODAKTCPHIM, siBIsIOTCH XNO-
podhunnwt. PaznosumHocTH xinopoduiaa, HauBoaee BIKHBIC M3 KOTO-
poIx xsiopodmnnsl @ u b (Chl g, Chl b), pasnuyaloTca CBOMMU CBOICTBa-
MU M MakcuMmyMamy noraotwweHust (Chl g — 665 nm, Chl » — 645 um
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CTepxHH 13
CBETOCOBNPAIOILHX

MUIMEHTOB
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Puc. 129, MeMOpaHHble CTPYKTYPBL (GOTOCHHTETINECKOIO ANMAPATS Y 3CACHBIX
pakTepuii (A) v unaHobakrepuii (5} (PH — peakitoHusiit neHtp; AOL —
arrouxkounanus; I — dukonuann; @D — QuUKEIPUTPHH):

A — xnopocoma: 5 — dukoGuancoMa

«KPHICHBIH CBCT» U 430 HM «roayBoi cser»). Jpyre WHpoko pacnpo-
CTPUAHEHHBIE TTMTMEHTBHI — KaPOTHHOH/ABI (B-KapoTHH Y MPOXJ0po-
GUT W DOMBLUIKMHCTEA BOAOPOCACH M (DYKOKCAHTHH Y AMHOMAATEIAT,
RUATOMOBBIX M Bypsix Bogopocscit). KpacHhie BoAoOpoCT H LIHAHO-
Duxrtepuy MMeloT GHKOBMIAHNPOTEUHBl — (UKOIPHTPHH (KPACHBII
MUCMCHT € MaKCUMyMoM nnoraouienns 550 um) n pukounaHue (cn-
HH MHIMEHT ¢ MaKCHMYMOM IoraowmeHun 620 — 640 um). Mx Taxxe
Ha3blBAOT BCNIOMOIATCALHBIMHK IMHUIMCHTAMM, NMOMNMOLIAWIMIIHMHA CBCT
TaM, rac XJopodMIisl He MOTYT 3(pGeKTHBHO aacopOMpOBATL IHEP-
Mo (A = 470 — 630 uM), ¥ 3aTeM NCPCAAIOITMMK MOTACIICHHYK) aHep-
THIO K XJOpohUNAy. DTO NO3IBOMMET HUCNONb30BATL BOJIee 1MPOKUI
CMEKTP CBETOBbIX BOJH. BecroMoraTe/ibHble MUIMCHTBE TAKKC 3aLLA LA -
0T KJIETKH OT BbICOKOH MHTEHCHBHOCTH CQIHCUHOIO CBETA, NPUROISA-
HICH K OKWUCJICHHEY W [LOBPEXICHUIO (POTOCHHTETHYECKOIO allllapaTa.

X10pod)Mnabl H BCIOMOTATENbHbLIC MTUTMCHThI OO6BeAHHEHE! B BhI-
COKOOPTAHUIOBAHHLIC ODPA30BAHMA. HA3BIBACMBIC AHTCHHAMM. LCNb
KOTOPBIX YAOBHTh Kak MOXHO Gosibiie dotoHos. B aHTeHHY BXOZHT OKOIO
300 monekyn xnopoduiaia. CBETOBAA IHCPIHA YAABINUBACTCSA AHTCHHA-
MU M TICPCAACTCH OT OJHOTO XJIOPOHIALA K APYTOMY, [10KA HC DOCTHI-
HET CICUWAIBHOTO XJTopodunna peakUMOHHOTO LICHTpA, HETo-
CPEeACTREHHO BKIIKYEHHOTO B (hOTOCUHTETUUCCKHIT TPAHCHOPT 3NCKT-
POHOB. ¥ 3yKapHOT ¥ UMAHODAKTCPHH HMeeTCsl ABa BUIa AHTCHH, ac-
COUMMPOBIHHLIX C ABYMH pa3sHbIMK hoTocucTeMami. Dotocictema 1
{(PC 1) agcopbupyer Gonee JUIMHHOBOAHOBbLIA coeT (A 2 680 HM) n
IHEPrUs MOMajacT K xnopodiiy a, obozHauacMomy Pay,. PoTocue-
reMma 11 (PC 1) nornowaer cer Gonee KOPOTKOBOJIHOBLIH (A < 080
HM) W NCPENAcT IHEPIHUI0 Ha CNCUMANBHBIK XN0podHT Py,

Koraa anteHns! PC 1 nepefaioT CBETOBYIO IHCPIHIO K XT0pothHLIY
Py PCAKITHOHHOIO LIEHTPA, OH MEPCXOUHT B BO3IDYRIACHHOC COCTONA-
HUE M TepeaacT BBICOKOIHEPTETHUHBIH ICKTPOH CneuH(IUeCKOMY
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Puc. 130, Cxema cBeTOBBIX peakUMil (POTOCHHTEIA ¥ IYKAPHOT H LHaHODAKTe-

PHH (---= — IHMKIHYECKHA NOYTB, —= — HEUHKTIHUecKHil nyte, OC | 4

DC 11 — dorocuctemst I 1 IT cootreTcTREHHO, Pun H Py —x10podsmiuibi-

nUrMeHTh thoTocHHTe 3, Deo — beoditni; Q — xiHOH; PQ — mnacToxuHOH;
PC — nnacrounannn; Xn A — xiaopodunn A; @ — deppenokein)

akuenTopy (creunanbHoMy xtopodunny A uan FeS-6enky, puc. 130).
Hance anextpod nepeaactes (PEppeAOKCHHY, @ NMOTOM MOXET IMORTH
no ABYM nyTam, [1pH HMKAINYECKOM DYTH ACKTPOH NBHXCTCA uepes
PSLL IEPEHOCUMKOR OOPUATHO K OKHCICHHOMY Py, TIpH 3TOM Ha yuacT-
Ke IMTOXpoMa b, cHHTenpyetcs ATE. 31oT Opolece HA3bIBACTCS Hitk -
Aweckum ghomoghochopirupoaanuenr (pabotaet Tonbko OC 1).

ITpu HeuMKAMUECKOM NYTH 3aneiicTBOBaHb! JIBe hoTocHeTeMbl, Pl
BO30YXIACTCS 1 NMEpeaacT ICKTPOH Ha (DeppeloKCHH, Kak M B LIMK-
auveckoM fyry. QaHako 3aech gpeppenokenn soccTaHasaupaer HAIM'
10 HAJMH. Tak xak 3JeKTPoH TOTPaucH HA BOCCTAHOBHTEAbLHbI
BKBUBLICHT H HE MOXET BOCCTAHOBHTb OKHCACHHBIH Py, Heobxoan-

Mo yuactie PC 1. MMcHHO oHa daeT 2JAeKTPOHbL Ut BOCCTAHOBASHHS
P.. Antenns! PC [1 nornowaior CBeT U NCpeaaloT IHCPTHIO HA Py,
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KOTOPLIH NEPeXOUT B BO30YXKIACHHOC COCTOAHHUE M BOCCTAHARNMBALT
dheodutHH a (xa0podHaT g, B KOTOPOM LCHTPAILHLIK QTOM MarHHsi
3aMeLet ABYMA ATOMaMH BOAOPOAA). NIEKTPOHbB! TOCIEI0BATENBHO
MePeJarTCA 9CPe3 XHHOHR! (TIIACTOXMHOH) M PAd NEPEHOCUNKOR K
Poyo. Xnopoduii-nHrMeHT Pggo MoaydaeT HeoOX0aMMbIC 2TCKTPOHBL U3
OKHCAEHHA BOIRI ¢ BblaeieHHeM O (oxcuzernsiit thomocunmes). Takxum
0BpaloM, TIpH ABHXKEHUH JIBYX 2A¢KTpoHOB 0T Boasl 10 HAAD' cuH-
tesupyetcs | monekyna AT® nyteM xeuunauueckozo gomodocdopuiu-
posariun. DOTOCHHTCTHYECKHIT TPAHCMOPT 3AEKTPOHOB NPOHCXOLNT B
meMOpanax (puc. 131).

CaeroBas craaia GOTOCHHTE3A ¥ 3CACHBIX U OYPITYPHbIX BakTepHil
APOHCXOANT HeCcKOabKo MHaue, K. b, Ban Hunb Ha ux npuMepe nokasan
CVUICCTBOBAHNE GHOKCUZEHHO20 Ghomocurmesa, KOTNa JOHOPOM JICKTPO-
HOB sIBAAETCH He Boaa, a apyruc sewectea (H,S, S°, H,, oprannxa).
Torna ypasHeHne GOTOCHHTE3A B 0D1IEM BME MOXKET ObITh 3alHCAHO
TaK:

CO, +H,A - (CH,0) + A

MypnypuHble Gakrepuy He ofpazyior HAIMH HenocpeacTseHHO B
CBETOBLIX pPeakuMax (OTOCHHTE3d, 4 3eneHble BAKTEPHH MOTYT BOC-
cTanasausats HAJ®' Bo Bpemsi ceToBoi cTtanmut. YTobbl CHHTE3MPO-
BATh BOCCTAHOBHUTC/IBHBLIE 3KBHBAIICHTHL, 3€¢HBIC M ITYPRyPHLe Dak-
TEPHH AOJLKHBL MCTIO/b30BATH LOHOPLL IEKTPOHOB € 6OJICC OTpULIA-
TEbHBIM MOTEHLHIOM, YCM BOJA, H, TAKHM 00palomM, JICryc OKHC-
asiembple. HakowHell, senedble H NYPOVPHBIE BAKTCPUN HMEIOT ApPYTHe
(OTOCHHTETHIECKME [IMIMEHTBL, HA3bIBAEMbIC DAKTEPHOXNOPOGhHINA-
smi (Bchl), ¢ MakcuMyMamin NOrMOWCHHA OpH DOJICe JUTHHHBIX BOJ-
Hax. 1 vive Behl ¢ norowaer npu 830 — 890 1w, a Behl £ — ot 1020

AT®
AP }

EHZO 02+4H* Cuapy)lm

Puc. 131. Tparcnopt anexTpodoe npH otocuuTtese (oGosHavyeH s
cM. Ha puc. 130)




1o 1040 nM. Takue nMKY NOrIoLeHHsT MOMOTAIOT AVHIIEi aAalTaLuK
ITHX MHKPOOPIAHH3MOB B HX DKONOTHYECKHX HULIAX. Bce Dakrepmno-
XIOPOHAIEL HMEKT B HEHTPE MOJCKYIH Mg CBH3AHHBLIH KOOPIH-
HALMOHHBIMH CBH3SMH C YETbIPbMSA TETPAMNHPPOJbHBIMH KONLIIAMH, 4
OTAHYAIOTCS 3AMECTUTEIAMH TIPM I3THX KOJIBLX.

Bce aTH pasavuds sBasioTes CAeacTBICM oTeyTersus y aux PC 11;
OHM HE MOTYT HCMOAL3OBATE BOLY KAK [IOHOP IEKTPOHOB B HELIMKJIU-
YECKOM ICKTPOHHOM TPAHCNOPTE, 0DPA30BBIBATh KUCTOPOD/ 3 BOAbI
npH poToCHNATE3E W ODIAIAIOT TOALKO LHKIHYCCKUM (hoTodochopu-
JuposaHneM. [louTit Bce nyprnypHbe M 3eleHble BAKTEPUH — CTpOrde
AHAaPOOHLI.

CxeMa QoTocHHTE3a Y NYPIYPHBIX HCCEPHBIX GaKTepHil IpeacTas-
neHa Ha puc. 132, baktepruoxT10pohuin ¢ peakMOHHOTO LCHTPA BO3-
OyAdacTCsT M NepeiaeT INeKTPoH Ha OakTepHoteodnTiH, DICKTPOH
fIPOXOANT YePC3 XHHOH M DA TIEPEHOCUHKOB HA3al K Py, BoccTaHAB-
Janast ero. Tlpu 3ToM Ha YpoBHE TIMTOXpoMOB obpasyctes ATE. Ytobw
CHHTCIHMPOBATh BOCCTAHOBHTE/IbHbBIE 3KBHBAJICHTBI, HEODXOAUMO JTHDO
HCIIONL3OBATE B KAYECTBC JOHOPY ICKTPOHOB MOJACKYJSIPHBIH BORO-
poil, KOTOPLI MMKET HANPAMYIO BoccTaHosuT HAM', nubo ocyiue-
CTBHTL 00PATHBI TIEPCHOC CKTPOHOB ¢ 3aTpatoil ATM.

Cxema POTOCHHTE3a Y 3€JIEHBIX CEPHBIX BIAKTEPUI HCCKOMBKO HHAS
(pHc. 133). M3 exeMbl BHIHO, 4TO €CTh PALIHYNC I TTEPEHOCHHKAX HICK-
TPOHOB, & TAKKC HTO BOCCTAHOBMTENbHbBIE IKBHBAICHTH MOTYT CHHTE-
IHPOBATLCST IIYTEM [IPOCTONO HCLHKIHYECKOTO rlpouecca oT_cheppe-
NMOKCHHAI, ecli BHCUITHHE JOHOPBI 3meKTpoHos (H,S, 8% §, O; U ap.)
OyIyT BoccTaHaBAMBaTh Pgy,. [onoBHas npuHuMnuansian cxema ¢o-
TOCHHTE3A OOHAPYKEHA Y elle oaHoi rpynnul hoToTpodHbBIX MUKPO-
OPraHIMOB — TCIHOOIKTCPHIA.

P*i70 (0.9 B)

[ 4
bdeo (-0.7 B)

CyKUHHAT N
¢ / HAL
Q (~0.00 B) -
b .
i LT, B, ¢ Q ATdD
a ATO th/—()crlox ’ AdD

Lt ¢y
Py (0,5 B)

Puc. 132, CxeMia OTOCHHTC3a ¥ OyPNIYPHBIX HECEPHEIX DAKTEPH I
(- --w — OOpaTHblil Neperoc eKTpotion; Py, — BakTepuoxnopoduan a; bheo —
OakrepitoheodTin; Q — XHHOH)
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Puc. 133. Cxema oToCHHTE A ¥ 3ENCHBIX CEPHBIX DaKTEpIHIl
(—= — HMKTHYCCKItH I¥Th] ——-m — HEHKJINYECKHIT myTh, MX — MCHAXHHOH)

3anaceHas B CBCTOBBIX PEAKLMSIX IHEPIUs U BOCCTAHOBHTEH 34~
TPAUMBAKOTCA 3ATCM B MeMuoesx peaxuuix accumuaayiu CO,, koTopas
MOMKET NPOHCXOAWTD HCOAMHAKOBO Y PA3HbBIX MUKPOOPIAHHIMOR.

Ipynnb (poTOTPODHLIX MHKPOOPraHM3MOB. ECiil PAcTONOKNTL IPYTI-
nul GoToTpodoB B NOPSAKE UX OTKPRITHA, TO IMOTYUHTCH Celylonas
[OCTEA0BATEILHOCTL, NTYPIYPHbIE 0AKTEpHUH, 3eeHble cepHbic (akre-
PHM, UHAHODAKTEPHM, MAIOGAKTEPHHA (TATOAPXEH), 3CJICHBIC HECEPHBIC
BakTepuu, NpoxXIopPOHUTRI, AIPOOHLIC AHOKCHTEHHBIE DaKTePHI {3PHT-
poBakTtepuy, «kpazudororpodsl») 1 reanodakTepuu. MUKpPOOpPranms-
MBI, OCYLICCTBISTIOIHE OAKTEPUANBHLLI (HOTOCHHTE3, CTPYNITHPOBAHDI
B OMPCACTEHHbE KIACTEPSl Ha (huoreReTHHecKoM apese (puc. 134).

Iypnypuvie Gaxmepuu OTHOCHTCS K Kiaccam Alpha-, Beta- u
Gammaproteobacteria (puc. 135). 970 20¢TaTOUHO pa3sHOPOOHAN TPYII-
na. Cem. Chromatiaceae BKMOYAET MUKPOOPAHH3MBL, CIIOCOGHbBIE K
ABTOTPOMPHY M OTKIAAbIBAIOILME IJCMECHTAPHYIO CEPY BHYTPH KIIETOK,
B kauecTne JOHOPOB A€KTPOHOR 1A OTOCHHTE3a HcrionbiyorT H.S
S*. MotocuuTeTHYECKe NUrMeHTs — Behl @, A ¥ KapoTHHOHABL YEThL-
pex Tinos. Opranu3ssel ceM. Ectothiorhodospiraceae Taxoke HEOBIY-
ot H,S 1 S n Moryt pact asToTpoHO, HO 3MEMEHTAPHYIO Cepy
OTKAAABIBAIOT BHE KieTeK. Cpeltd HUX MHOTO MOPCKHMX H alkitnguib-
Huix suaoB. Hopaaku Rhodospirillales, Rhodobacterales, Rhodocyclales
OOBCAHHSIOT TAK HA3BIBACMDIC NYPIYPHBIE HecepHblie DAKTEPHUH, KO-
TOpbIC HE HAKATUTMBAT Cepy BHYTPH KIETOK M PACTYT OPCHMYLIC-
cTBeHHO doToreteporpodHo. B MUKPoaspodHIbHBIX U a3pO0HBIX VC-
JIOBHAX cNOCOBHB! PACTH B TEMHOTE. Bee nypnypHble DAKTEPHH O4HO-
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Deinacoccus 3eaensie

cepabre

3eacnvic Gaxvepun | | Bacreroides.
HHTYATKIE Flavobacterium
GakTepuu CriHpoxeTit

Plancromyces

Xaasmiaun

Thermotoga

[pamMnoroxHTCIRHbBIC
GaxTepHi (rennodakrepun)

Lnanobakrepnn
W XTOPOIUTACTI

Mpoteobakrepin
(nypoypuie
DakTepHu)

Pic. 134. PacnionoxeHue rpynm (GOTOTPOHHBIY MITKPOOPLaHHIMOB Ha (ii0-
TCHCTHICCKOM APCRe

Betaproteobacteria
{ Rhodocyvelus,

Rhodoferax.
Rubrivivax)

Hecepubie

Gammaproteobacteria

XeMmoTpodiel ( Chromaritm,
, — Thivspirillum, Cepasie
Hecepnuie Thivcapsa)
Alphaproteobacteria

{ Rhodospiritium,

Rhodopserdomonas, . Deltaproteobacteria

Rhodobacter) XesoTpodibl ¢ Desulfovibrio n ap.

) cyabatpeaykropn,
Bdellovibrio-

BHYTPHHKICTOMHDIC

Xesmorpodhbl
HApLIMTHL)

ITorepn crocodmocTn

X doTocunTesy Epsilonprotechacteria

JpeBHIA : { Thiovulvam,
dototpod ., 4 Volinella, XemoTpoQib
) Helicobacter)

Pic. 135, Mecro nypnypasix Oaktepiii B pinyse Proteobacteria
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KIETOYHAIE, HO MOTYT 06PA30BLIBATL YCTOHUMBLIC COYETAHMA KICTOK
(IMIUIOKOKKH, TETPALD!, CETOUKH, TADMHYKH U T.A.). KJaeTkH pa3iHoi
dhopMbl U pasMepoR. ECTh HEMOABMXKHBIE M UMEIOWME XKXIVTHKH. Psin
BOAHBIX (POPM COACPXKUT ra30Bhie BAKYOmH, [ToaBMKHbIE BHAL 0B1ana-
10T AKTMBHBIM (DOTOTRKCHCOM. PaiMHoXaloTca BUHApHBLIM Acjle HHCM
wad noukopanueMm. Hekotoposle MoryT o0pa3soBBIBATE LIMCTLL U 9K30-
cnopol. KacTouHas cTCHKE rpaMOTPULATENHONO THE, TOKPLITAN CIIM-
JUCTBIM CJIOEM MITH KAMCYNOH, Y HEKOTOPbIX NPeACTABHTENEH IMeeTcs
S-CI0# M3 TeKCAroHANBHO PacoNOKCHHBIX BeakoB. B kavyectse sanac-
HbIX BCLIECTB ¥ HUX ODHAPYXXCHBI NOJN-B-THAPOKCHAIKAHOATEI W TTTH-
koreH. CHHTE3 BakTepHOXTOpahH/ITOB NOAARANETCH KUCIOPOLOM, HO
MOAKET HATH 8 TeMHoTe. M3 nepeHocunkoB y NypnypHbix DaxTepuii
O0HAPYXEHLI LHTOXPOMDBL, FeS-Geakn M THOpeaoKCHHBI, YOUXHHO-
Hbl M1 MECHAXHHOHBI.

[TpernounTanT pacTy Ha CBCTY B AHAZPOOHBIX VCIIOBHIIX, K POCTY B
TCMHOTE CITOCOBHDLL B OCHOBHOM TIVPIYPHBIC HecepHble Haxrephu. A
OOJILILUMHCTRA NPEICTABUTENEIH HeODXOIMHMA BLICOKAA MHTEHCHBHOCTD
cinera (500 nx), TonwKo pon Amoebobacter TpcOyeT HU3KOI ocrelUeH -
HocTH (50— 100 AK) OpH NOHUKCHHLIX TeMmeparypax pocta, boab-
UITHCTBO BUAOE ME30(HLL, NCHXPOAKTHEHRIC OPTAHM3MDBI BIJTHOYAIOT
Amoebobacter v Lamprocystis, a TCpMOGUWIBHBIE BHAL! OTHOCHTCH K
ponam Halorhodospira, Rhodocista, Thermochromatiunm. IKCTpeManbHbIX
TePMOgILIOB CpeM TypPIYpPHbIX DakTepuid He obHapykcHO. B ocHoB-
HOM, 3TO HeliTpodHabHble MUKpoopraHu3Mbl {pH 6—8), Ho ccTb
kucnoto- { Rhodobacter acidophila)y n wenovemobussie ( Ectothio-
rhodospira, Halospira). DTH XKe poOdbl COASPKAT IKCTPEMANLHO UIO-
(bMIIBHBIX NpCRCTaBHTENCH, CHHTE3UPYIOLINX OCMOTPOTCKTOPLL (-
UHH-BCTAMH, IKTOMH, TPeraioiy).

[lypnypHble HecepHbie DAKTCPHH HYXIATCH B BUTAMHHAX, MyP-
MYPHLIE CEPHble — MNPOTOTPOGLI. MCOOIb3VIOT LIMPOKHH CIEKTP co-
eMHCHUH a30Ta, MHOrHe ¢rmocobrbl K azoTdukcanun. McrouHika-
MU YIJIEPOAN MOTYT BLITh YIICKHCALIH I3 M OPraHMYECKUC BCLLCCTBR
(8 Tom yucae C,~coeaunrcHun). st Thiocapsa v Chromatium nokasad
XCMOJHUTOABTOTPOGHBIH POCT ¢ MOJEKY/BIPHLIM BOAOPOIOM W CY/IB-
dI0oM B KadecTBe 10HOPOB anekTpoHoB. [Ipn asToTpodHOM pocTe
CO, QpukcHpyeTea B 1IMKIe KaasBHHA, aKTHBHOCTD KOTOPOTO Notas-
Jstercs 106aBACHHeM OPTaHHKH. B TCMHOTC posib OPraHUYeCcKHX Be-
LWECTB KAK HCTOYHHKA FHCPIHUM YBENMUNBAETCH, TPOHCXOLAT DpoXe-
HHSI PA3HOTO THIA. FHEPrusl MOXET TAKKC NOJYYATECH [IYTEM aHad-
pobHoro opiXxaHus ¢ CynphaToM, HUTPATOM, CEPO., Fe'*, CO u opra-
HUYECKHMH COCHHCHHAMU B KAUECTBE IKUENTOPOB DINCKTPOHOB.
Caxapa HenonbsyloT Yepes ukoau3 uan KA -nyre. KMelor non-
HBI wan HesamkHyT b UTK o ranokenaatrotit wydTt. ¥ pana nyp-
MYPHBIX HecepHbix GakTepuil Be3d MIMOKCHAATHOrO yHTa ( Rhodospi-
rillum rubrum, Rhodobacrer sphaeroides) oDnapyxeH UMTPaMANaTHBIN
UHKT, B KOTOpoM ateTHn-KOA npespallacTes B NTHOKCHNAT B LETH
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peakuuii: anetia-KoA + nupysar — unrpamanni-KoA — uurpama-
JIAT — ME3aKOHaT — ME3akoHWI-KoA — 3-meruamannn-KoA — ru-
oxciiaat + nponuoHun- KoA. O6pa3oBaHHbIH ITTHOKCHUIAT BK/HOYAETCH
B LUTK npu yuacTuH ManaTCcHHTA3B, 4 TTMPYBAT PCreHWPHPYET U3 [IPO-
nuoHuI-KoA yepes kapboOKCcHAa3Hy0 peakuuie: nponnoHit-KoA —
MeTHAMANOHKA-KoA — cyKUHHMA-KOA — cyKuuHart — dbysmapar —
Mmamar — okcanoauetat — PEIT —» nupysar.

3eaenvie darxmepun TOAPANIEANIOT Ha ABa dunyMi: B6 — Chloroflexi
(3cacHble HecepHbie Gaktepun) U BI1 — Chlorobi (3cicHbie cephbie
QUKTEpHH). 3CACHBIC CePHBbIE BaKTepitH — 3T0 QUIOreHETHYECKH Of-
HOPOIHASL TPYINA.

@uaym B11. Chlorobi

Knace 1. Chlorobia
Tlopaack L. Chlorobiales
Cemciicrao 1. Chlorobiaceae

Pou 1. Chlorobitun
Poj 2. Ancalochioris
Pon 3. Chloreherpeton
Pon 4. Pelodictyon
Pon 5. Prosthecochioris

MHKPOOPTaHH3IMbLL OTHOCST K CTPOTHM aHaAPo0aM, OCYILECTB/IA 0~
MM AHOKCUTCHHBINH hoTocHHTe 3. boabminHerro — doroasroTpods,
nenonapdvioue HaS 1 87 B kavectse goHopor s doTocuHTesa. Co-
nAepxar Behl a, ¢, d WAH e ¥ KapoTHHOMAB UMKAHYCCKOTO THITA. CReTo-
COOMPAIOIIHE THIMEHTHI HAXOAATCA 1B XJ10pOCOMax (X10pobHyM-Be3H-
Kylax). XA10pocoMbl NOKPBITLL OCIKOBOHA 000M04KOH W NPHKPETUIEHSI
K BHYTpeHHEH cTopoHe LITTM HaszaikHoil riacTiixkoi.

310 FPAMOTPHLUATEABHBIE OPTAHHIMBI, HCTIOABWAKHLIE MIH CKO/lb-
IAUIHC MATOUKH, BHOPHOHDL! HJIM HUTH, HE COACPXKAUIME BHYTPHILH-
TOTIAMATHYCCKIX MEMOpiaH. MHOIHE MMCIOT MPOCTEKH, KOTOPLHIE YBE-
JHYHBAIOT BCACHIBAOWLYIG H CBETOCODUPAIOLIYIO TOBCPXHOCTH. Heko-
TOPbIC COLEPXKAT rA30BBIC BAKYOIM. HAKaniMsaoT B KACTKAX TAHKO-
ICH, A EMEHTAPHYIO cepy OTKIARLIBAIOT cCHapy Xy, M3 nepeHocdnkon
IEKTPOHOB OOHAPYXKCHB! UMTOXPOMbB! ¢ U A, @ TAKXKE MCHAXWHOHBI.
OdanratHsie aHA3poOB! H GOTOTPOMK. OCHOBHOE YHCIO BUAOB — Me-
30UTLL W HEHTPOGMILL, P (POPM OTHOCHTCA K FalOTONEPAHTHDBIM.
Mo oTHOWIEHHIO K MHTCHCHBHOCTH CBETA ACJIITCSl Hi ABE TPYIIIbL [ICP-
Bast TpeOyeT BhICOKOI OCBEILIEHHOCTH, a4 BTOPAs CNOCobHA CYLIECTBO-
BaTh Hi TAYOKHAX 10 80 M [1pH oueHb ¢1aboM ocBeicHUY. HekotopsiM
HCOOXOAMM BUTAMUH B>, MUKpOOpPraHNiIMbl NPeanoYHTaIOT COJIM M-
MOHISL, TAK KK JAMLIL ¥ HEMHOTHX CCTh CHOCODHOCTD K ACCHMUSILIHOH~
HOH HHUTpaTpeayKunK. HyxkaaloTesi B BOCCTAHOBIESHHBIX COCAWHCHUAX
CePLl. MOCKOABKY ACCHMHISHHOHHAS CyihaTpeAyKLHs ¥ 3THX BakTe-
puii oteyrerayer. Mmetor HesaMmkHyTeii LITK, rmiiokeunatioro myn-
Ta HeT. OpraHuicCKUe BCHUICCTBA HCTIONLIVIOT OIpaHHIeHHO. AHarute-
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poTUYeckHe (PYHKUMH B 3TUX CJIYy4asX BhIMOJHSIOT MHOTOUHCIIEHHDIC
PCAKIIHH KapOOKCHANpoBaHust. ACCUMHIALUMA COy NMPOHCXOANT HYepes
wura Aprona, unv gocemanoeumeasruiid LTK (puc. 136). OH cuuTaeTtes
AHAIPOBHBIM LIMKIIOM, HOCKOALKY BKTIOYACT MHOTO (DEPMEHTOB U BOC-
cTaHosuTenei (PeppeloKCHHOB), KOTOPbIE YyBCTBHTCABHEI K Q5 (M3
a3poGHBIX BakTepuil TakoBofi obHapyxeH TONbKO y Hydrogenobacter).
OBt1an PopMY/Ia SCCHMWIALHH MMECT B

3CO; + 12H" + 5AT® — rpuosodocthar.

ACCHMUNAIHA YIIEKUCNOTHl B 3TOM LUMKE uaeT ¢ D0AbLILONK 3aTpa-
Toi ATQ 1 BOCCTAHOBUTEIbHBIX 3KBHBAIEHTOB,

3eseHbie HUTYATHIE (HECepHbIe) DaAKTEepHH (PHIOICHCTHYCCKH Aa~
JIEKO OTCTOAT OT 3€/eHbIX CePHbIX BAKTCPHIA.

®Ouaym Bé. Chloroflexi

Kuacce 1. Chloroflexi
IMopsagok 1. Chloroflexales
Cenmeiictso . Chloroflexaceac
Poa 1. Chioroffexus
Pon 2. Chloronema
Pon 3. Heliothrix
CewmcitctBo 2. Oscillochloridaceae

Pon 1. Oscillochloris
MaTeplit KNeTKH

AT‘-D) 2 H'
AP+ D, -
2 H DEIN
Oxcancamerar ATD
M;mm"/// )
A D+D,
IMupynar
Mymapar
ymapat onH, | /€O,
1 2 1 ™~
CVKIIHHAT N ATOD Anerii~KoA
ATO-Y KO
AD+D,; Hurpat oA

Cykunnun~KoA
q)ﬂHI

o-KetTornyrapar
Puc. 136. Hukn ApHOHR ¥ 3CNEeHBIX CCPHBIX GaKTCPHI
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h
Prc. 137. ACCHMILISLIUA YIIEKNCIOTHE ¥ SCJICHBIX HECEPHLIX GakTepiii:
A — TWIPOKCHIPOIHOHATHLIED I B — BOCCTIIIORITEALHRIT LMK ANKIpOOHOBBIX
KHCIOT

Mukpoopranuamsl roporo nopsiaka Herpetosiphonales He croco6-
HBI K (hOTOCHHTE3Y.

3eneHBIC HecCpHble BAKTCPHH HMCIOT NANOUKOBUAHBIC KIETKH,
COOPAHHBIE B HUTH, C TCXAaMH WK §¢3 HUX, HCPeJBHTIA0MIHeCS CKOMh-
AKCHUEM 1 oBlaaaiotHe psatoM TakcHeos. Hekotopale obnanaior raso-
BbIMH BAKYOIAMM. 3anacaioT noAH-B-THAPOKCHATKAHOATHE W [TOJIHITI0-
KaHbl. KJICTOYHLIC CTCHKH COAEPKAT JHAUNTETbHBIC KOJHYECTBA HEHA-
CBILUEHHBIX ¥ HCPABETBICHHBIX KHPHBIX KHCI0T. BenoMorarennHbie
MHTMEHTB! NPEACTABACHBL (-, y-KapOTHHOM MAM MHKCODAKTHHOM.
MoTocHHTETHHECKHUI annapaT JOKATH308aH B X1opocosax v LITTM.
M3 nmepeHocHMKOB HalifeHbl UHTOXPOMBI b, ¢, MEHAXHHOHBI § W 9,
FeS-oca. bakTepioxiopod bl CHHTEIHPYIOT Hil CBETY M B TCMHO-
T€. HO B OTCYTCTBHH KMCIopoa, [TpeactaBuTeny 910 rpynnel tpeby-
10T 47151 (hOTOCHHTE3 HhICOKOH MHTCHCHBHOCTH CBETY, JOHOPAMU TMPH
GoTOCHHTE3E MOTYT OBITH CCPOBOAOPOL H MOJCKYIPHBII BOIOPOIL.
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CnocobHbl K oToaBTOTPOMUH, HO TTpeaAnoUnTatoT hoToretepoTpod-
HBIH 00pas xu3HK. MmerwT noauetit IITK U rIMHOKCHAATHBIH INYHT W
MOTYT HCHOMh30BaTh LIUPOKKIT HAGOp opraHnyeckux cyoctpaton, Cpe-
I 3ETIeHBIX HCCCPHBIX DAKTePUil ¢CTh MC3OMWIRHEBIC H TepMOdMib-
Hble (hopmbl. PactyT npu pH 7.0—9,0, HekoTopbie TpeOYIOT TOBBI-
HICHHOIT KoHueHTpany NaCl (5— 12 % o Macce). OTienbHble npes-
CTABUTCIIH HYXAAIOTCH B HAOOPE BUTAMMHOB. A30T TTOTPpeGasIOT B BUIC
coseil AMMOHHMSA W OPraHMMCCKHX CocAMHCHHIN. Bee 3ceHbIC HeCepHbIE
HakTepuu 0B1AAI0T 3HAUUTENLHOI ToNepaHTHOCTHIO K H,S. Chivroflexus
CTIOCOBH B! K $CCHMMUAALMOHAOM CyIbhaTpeIyKUMHK. ¥ 3e/IeHBIX HECCP-
HBIX DakTeprit obHapyxXeH HeobLIMHbIA nukn dukecanumn CO, — rua-
POKCHIPOIIMOHATHLIH TIVTh, ¢ CyMMapHbIM ypasHeHHeM 2C0; +4H" +
+ 3AT® — ravokeunar (puc. 137, A). ¥ OTACABHBIX WITAMMOB
Chlorgflexus iMeetcss W DoJiee TIPOCTOM LMK — BOCCTAHOBHTE/bHbIH
UMK AHKApOOHORBIX KUCHOT (puc, 137, b). Y psaa opraHM3MOB, He
WMCHOLLIMX TAHOKCHJIATHOTO 1UIYHTA, MPH POCTe HA OPraHUYECcKHX Cy6-
CTPaTAX 9TH ITYTH MOTYT UTPaTh POJIb AHAMJIEPOTHYECKHX PEaKUMA.

Y npencrasuteneit pona Osciflochioris nokalaHa gukcalua yine-
KUCAOTh B HMKIe KaibBuHa M as3otdukcanusi. CylIeCcTBEHHBIC OTIN-
YUl ITUX MHKPOOPTAHUIMOB OT APYTHX 3CJICHRIX HUTUATBIX DakTepuit
NPUBEIM K BLIASICHHIO HX B OTIEILHOE CCMEHCTBO.

Cacayer 3aMeTuTh, 4T A8 MHOMMX NpeACTaBUTEIeiH 3Toro tiy-
Md BOIPOC O CITOCOBE TTHTAHMA W MeTabOMWUYECKUX TIYTHX OCTAETCS
OTKPBITBIM, [TOCKOJILKY BbLICAEHUE HHUTYATBIX OPraHU3MOB B YHCTBIC
KYJBTYPBI TIPEJICTARIIET 3HAYUTEbHYIO TPYAHOCTE M3-34 CYLIECTBOBA-
HHS B UX CJIM3UCTBIX HEXIAX MHOTOUUCTEHHBIX MUKPOOPTAHW3MOB-CITYT-
HHKOB.

Teanodaxmepuu MO MONCKYAAPHO-GHQIOTHUECKUM KPHTEPHAM OT-
HCCEHb! K TPAMIOAOXMTEABLHBIM OAKTCPUAM C HM3KHM COIACPXKAHHEM
N+ 1 s AHK.

®uaym B13, Firmicutes

Knacc 1.Clostridia
IMopsinok 1. Clostridiales
CemeiicTso 6. Heliobacteriaceae
Poa 1. Heliobacterium
Pon 2. Heliobacillus
Pon 3. Heliophilum
Poa 4. Heliorestis.

DTH MHMKPOOPraHH3IMbl HMCIOT ATHUIIHYHYIO KIETOYHYIO CTCHKY:
MYPEHH [0 CTRPOCHHIO OIH30K K TPaMITOIIOXKUTCIBHOMY THNY, ¥ HUX
OTCYTCTBYIOT MHIONOAMCUXAPHAB], HAIHMYKAC OCNKOBOrO CNosi BapbH-
PyeT. a KIeTKH Kpacsites o pamy oTpuuarensHo. B npuMpoaHbIx Mec-
TOODUTAHMAX CIOCODHEI 00Pa3oBRIBaTh IHAOCIOPHI, HO B JJabopaTop-
HOIl KYJIbType 2TO CBOACTBO TepsAeTca. OnHokAeTOUHBle naeitoMopd-
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HbIC THUIOYKOBMAHBIE I CITHPATBHEIE OPTAHU3Mb] MOIYT MEPeABUIaTLCSH
nyTeM CKOIBXKEHHS WIM ¢ [OMOLbIO KTYTHKOB, PDOTOCHHTETH HECKUI
annapat jokanniosad 8 IIFTM u nocrpocH no npuxuuny OCI. Coacep-
xat Bchl g u MmunopHble KonuecTBa okuceieHHOI dopmbl Chl a B peak-
LHOHHOM UeHTpe. KaporuHonan npeactasneHsl Ciyy-TPOH3IBOAHBIMH
Helipocnopuya. M3 nepeHOCHKOB HaiiAGHBI LMTOXPOMBI ¢, bc; W MEHA-
xHHoHB. Ha cBeTy pacTyT TOABKO B a4HA3POOHDBIX YCJIOBHSX TTPH BhICO-
KOH MHTEeHCUBHOCTH ¢BeTa. B TEMHOTE MOryT CYLUICCTBOBATh KAK MMK-
poaspodunsl. MNpeanoyutaot dotoreteporpodHbtii o6pas Ku3Hn. B
KAYECTDE JOHOPOB 3NICKTPOHOB MOI'YT MCIIONB3IOBATH BOCCTAHOBIEH-
Hble COCAHHCHUS CEPbl M MOJIEKYISPHEIA BOAOPOA. Y HEKOTOPLIX T10-
KasaHa aCCHMMISILMONRHAS cyanaTpenykiusa. B temHoTe cnocobHel K
CEPHOMY IBIXaHHIO, AKTHBHbIE a30TMMKCATOPDL, ACCUMHAALIMA HEBOIL-
LHOTO YMCJIA OPraHMYECKUX CYBCTPaTOR IPGUCXOAUT B PeaKIIM:uX Kap-
Gokcuposarus. Llnkn KaabeuHa He oBHapyXeH M NoKa He 10Ka3a-
Ha hUKCALNSA YIJICKUCIOTHL Yepe3 Kakoit-1ubo apyroi uki. B TeMHo-
Te ¢NOCODHLI K ¢OpaXHUBaHHIO Nupysarta ¢ obpa3oBaHKEM aleTara.

QnHoit u3 obwHpHeHIIMX rpyin (GOTOCHHTE3MPYIOUIUX MUKPOOP-
[AHUIMORB SABAMIOTCH Kuanofdaxmepuu, 0COBeHHOCTH (HOTOCUHTETHYE-
CKOTO anapara KOTOPbIX ObITH OTMCYCHEI BBILIE. 3aTPYAHCHYS B Me-
pexode K UX BakTepHoTOrHIecKoi CUCTeMaTHKE 06bICHAKOTCS BO MHO-
rOM CJOKHOCTAMHU MOAYUYEHHS YHCTBIX KYJIBTYD 3TMX MUKDOOPIraHW3-
moB. [loaToMy B HacTOATICe BpeMs Kaaccugukalus TpaiHlMoHHO Oa-
IUPYETCST Ha «BOTAHUYECKMX» MPUHLLMIIAX.

O®uaym B10. Cyanobacteria

[Toacekuda | — OMHOKIETOUHBIE WM XKHUBYLUIMC B Arperarax opra-
Huimel, CKOMICHUA OKPYXeHDI YexnaMu win caussio (Gloeothece,
Cyanobacterium, Cyanobium, Gloeobacter, Gloeocapsa, Synechocystis,
Synechococcus, Microcystis, Chroococcus, puc. 138, A). [lo coBpemenHoi
KTACCHMHKALLMY CIOAA XKE OTHOCAT U poanl Prochloron, Prochlorococcus.

IMoacekuust 11 — opranu3smbl, pa3MHOXKAKOUIHECSH C MTOMOLLBIO faeo-
Wiemos, KOTIA COAEPXHMOE BOLUIOH KAETKH MpeTepreBaeT MHOKE-
CTREHHOE AeNeHHe HA MajeHbKHe, MACTO IOABHXHbIE KJICTOYKH, KO-
TOpble HeOOXOAUMbI AT OCBOCHUS [IPOCTPAHCTBA, 3ATEM AOPACTAO-
HIHE 10 Pa3sMCpoOB MATEPUHCKOH KneTku ( Pleurocapsa, Dermocarpella,
Cyanocystis, Stanieria, puc. 138, b).

AKHHETA

i\ baeonur P
Terepowmcta

A ) B r H
Puc. 138. Tunuurast mopdposiorust npaHoBakTepHil pasHbix nolcexlimnii (A—J1)
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[Moacekuust Hl — HuTHaTBle OpraHu3Mbl Be3 CNneuHaTH3HDOBaH-
HBIX KJ1eTOK ( Spiruding, Oscillatoria, Microcoleus, Lyngbya, Trichodesmium,
Prochlorothrix. puc. 138, B).

[Moacekums [V — HepeTBAILMECST HUTH CO CMICLMATHU3MPOBAHHLIMH
KreTkaMH (Anabaena, Nostoc, Calathrix, Scytonema, Cylindrospermum,
puc. 138, I).

[Toacekuna V. — HUTH C HCTHHHBIM BCTBICHHWEM W CHEURAIU3UPO-
BAHHBIMH KICTKAMK, (POPMHPYIOLIMC MHOTOPSIAHLIC TPUXOMSL { Fische-
rella, Stigonema, Mastigocladus, Geitleria, puc. 138, J1).

[uanobakTep — caMble IPEBHUC W3 OPraHH3MOB, CTIOCODHBIX K
OKCUTreHHOMY (DOTOCHHTE3Y, — MMEKT OTAUIEHHOE POACTBO € IpaM-
MOAOKUTEJIbHLIMK OakTepUsiMHU. Y UUaHODAKTEepUil ApYIHe XKUPHbIC
KHUCAOTbI (¢ JIBYMS ABOHHBLIMH CBsi3amMMK). KneTouHble cTeHKH — rpam-
OTPHULIATE/bHBIE, COCTOSLIME M3 YETHLIPEX Ca0OeB (MYPEHH U TPH ITpo-
3payHbIX ¢71051). Ha MOBEpXHOCTH MOXCT MPHUCYTCTBOBATHL DENKOBBIH
S-cnoit. Mopdonorus ogens pazHoobpazHa. MHorie npeacTapuTeNu
UMEIOT SHellHHe 0B0A04YKH, CMOCODCTBYIOLLME arperalud KICTOK.
HexAbl MOTYT ObITE CTPYKTYPHPOBAHHBIMH 1 HHKPYCTHPOBAHHBIMU Pas-
JIMMHBIMM BEHIECTBAMM, MOITOMY YACTO COXPAHSIOTCH B BUAE OKaMe-
HEJOCTCH U oOpasyloT CTPOMATOMHTHL. B TpuxoMmax NMOBepXHOCTHBIE
CTPYKTYPbl MOTYT ObITh OOILMMHM JLTSI BCEX KJIETOK, CBSI3UHHbBIX I11a3-
MozecMamMH. ¥ nuaHobakTepuil HabmooaeTes doablitoe pasHoodpasne
BHYTPUKJICTOMHLIX CTPYKTYP. 2TO W Ta30Bbie BAKYOIH ¥ BOJAHLIX (OPM,
crocobeTBylolMe MX aoTauMy, ¥ QOTOCHHTETHYCCKHE MEMODAHbL.
QorocHATeTHUECKUI annapar JOKAIH3IORAH B THIAKOWAAX, a CBCTO-
cODUPAIOLIHE MUTMCHTR! COOpaH®! B hUKOOUINCOMBI, B peaxlimoHHbIX
uenTpax cogepxRutes Tonsko Chl g (Pygy n Pugg). Puxobunncomsl, ume-
OUIME MOAYCHEPHUCCKYIO WX NOJYAMCKOBUIAHYIY (hopMy, paciiona-
TAIOTCS HA HAPYXXHOH CTOPOHE THAAKOMIOB M COREPXKAT (HMKOIPUT-
puH (565 um), pukoumanun (600 HM), & TAKKE MX MOAH(DPUKALINH,
KAPOTHHOMBI PA3HBIX TUNOB YU cBeTocoBMpaioue hopMbl x10pogdhun-
aos. OTL nocTpoeHa no Z-cxeMe, NPHYEM NEPeHOCYMKH NCKTPOHOB
MTOX0XH MO COCTaBY HA PACTUTENBHbIC (TINACTOXMHOH M [LIACTOLRA-
nue, HAJ® 1 HAJ®D', (pnaBonporeninl, LHMTOXPOMbL, B TOM 4YHC/E
umT .

HeKOTOPBIC LIHAHODAKTEPHH 0BPa3yioT CIICUHAIM3HPOBAHHbBIE KIeT-
KW ¢ YTOJALEHHOI KJIETOUHON CTEHKON — eemepoyucmsl — OCHOBHOE
MecTo asoTdukcauuny. 3geck orcyrereyet OC I, a B Ka4ueccTBEC BOCCTA-
HOBHTCNICH MCIONbL3YIOTCS caxapa, TPAHCHOPTHUPYEMbIE Yepe3d IUIas-
MOIECMB! 113 COCEAHUX KNETOK. B reTeponetax He (PYHKLIMOHUPYET LIMKIT
KanepuHa, Ho uMeetcs nedrolodocdaTtHelii myth, Yepes nmnasmonec-
Mbl MEPEIAIOTCS TAKXKE COSAHHEHHMS A30Ta U PETYNSITOPHbIE BelUleCTBA
{L-mMeTHOHMH). Y Gloeothece azotduKkcauus HACT B ODBIVHBIX BETCTA-
THBHbBIX KJETKaX, B KOTOPLIX Taxxe HeT PC 11, HekoTophie Dearetepo-
IUCTHDLIC HMAHOGAKTCPHM (PMKCHPYIOT a30T B 0ObIYHBIX KJICTKAX, HO
TOJIBKO B AHAIPOOHBIX YCITOBHAX, Y HUTUATBIX LUMAHOBAKTEPHH MOTYT

195



00pA30BLIBITLCAH COPMO2OHLUN — YACTH HUTU IS PA3MHOXCHHH, ¢ aK-
THBHBIM CKOJIb3AUIMM NBHXKeHHeM. JIpyroit cnocod pa3sMHOXEHUS —
00PA30BAHME MHOXECTBA MEIKHX, YACTO NOABUXHBIX KIETOK-0aeou-
moe. LIHaHODAKTEPUN TAKKE PAIMHOXAIOTCH OMHAPDHDLIM AEJeHHEM H
moukoBanueM. JIns mepexXHBat st HEOAArONPHUSITHBIX YCIOBUI LIMAHO-
DaxkTepHK 00PABYIOT aKukems — KPVIJILIC TOJCTOCTEHHbIE KIIETKM,
AHAJIONMYHbIE criopaM BAKTEPHd, MMEIOMIHE 3EPHUCTYIO CTPYKTYPY M
COAEPXKALLME B KAYCCTBE 3aTACHBIX BEUIECTB UMAHOMUIIUH U TIIOKAH,
Kak 3amacHoe Bemtectso (10 10 % oT Macchl BEreTATMBHONH KIETKU)
MOXCT OTKIAABIBATBCS HHAHOMUNUH — 3ATIACHOH IyN 230Ta, pa3BeTB-
JNEeHHBI CONOIMMED APruHUHA KM acrnaprata. B yc/loBMsiX FOROAHMA
BHAHOMHUHMH MOXET CTATh 3HEPTOMAKIIMM BEUICCTHROM: aprHHMH +
+ AU + P, + H,0 — opHuTiH + COy + AT®P + NH,. Peakuus kara-
ananpyetcs (pepMeHTOM aprUHUHACTHAponaloi, a AT® cuureanpy-
cTca nyrem cybcrpatHoro drochoprapopadus, GUKOGHAUHLI TaKXe
MOTYT HakariaHeatbea (1o 10 % ot Maccel Beero sellecTsa) M noTpel-
JATHCA B YCJOBHMAX MOMOIAHHA. B OTAMUHE OT aKWHET, BereTaTUBHbIE
KJIETKN MOTYT 3anacaTb U nonuthocdarel.

Hu y oaHoro npeacrasutesis GpuayMa BO RIPOCIOM COCTOSHHM He
OOHAPYXKEHDL! KIVTUKH.

MHorue uHaHobaKTepUK TIEPEABHIAIOTCH NYTEM CKOMLXCHHS, HHOT-
i IBUXKEHHUC COTIPOBOMUIACTCS BpAIICHHCM, CKPYYHBAHMEM. DITH MUK-
POOPraHyu3Mel 0DJ1A0A0T gomomaxcicom, HEKOTOPRIE CNOCOBHL! K Xe-
MOTAKCHCY. MM NIpUCYIUKM TaKxXe ghomoxunesic (M3MeHeHHe CKOPOCTH
ABMXKEHHSA B 3dBMCHMOCTH OT WHTCHCHBHOCTU CBETa} M homogoduan
peaxkyun (pe3koe U3MEHEHHE HANPABICHHS ABUXCHHS TIPU BHE3ANHOM
H3IMEHEHWH MHTEHCHMBHOCTH OCBCILUCHHS), B 3aBUCHMOCTM OT HHTCH-
CHBHOCTY CBETa Y UMaHODAKTEPHIl MOXET MEHATHCS KOAHUECTBO TH-
JAKOWAOB K (POTOCHHTETHUECKHUX NHUTMEHTOR, HO KX COOTHOUICHHUEC OT
OCBCUIEHHOCTH HE 3aBUCHT. T1pH HU3KOH HHTCHCHBHOCTU CBETA MOXET
padorath Tonkko PC I, HHanoGakeprun, MMEKHUKE Pi3HbiC (hUKOOH-
JIMHBI, CIOCOBHB! K XPOMAaTHUECKOH amanTaluWK¥ U MOTYT CHHTCIHPO-
BATh PAWIMYMHBIE NUIMEHTBI B OTBCT HA H3MCHCHWCE CITEXTPLILHOIO
cocTasa cBetd. JNUMHHOBOMAHOBLIH CBeT MOLIECPKUBACT AKTHBHOCTh
@C 11, yro nossosaser nonyyars ATM u pacT 34 cyeT ACCHMUISILIUK
OPraHHYeCKHX BELUECTB.

[To Mcpe YCTOXHCHUS CTPOSHHS YREIHUMBAETCA 0OBeM W KOMMIi-
HOCTb reHoMa. Y tMaHobaKTepyid HaitieH bl MIa3MuIsl U uanodaru.

O6b1yHO uvaHobakTepuy st pocta He TpebyroT BUTAMHHOB, a30T
MoTREOASIOT B AMMOHWHHON MJIW HUTPATHOK (hopMe, HEKOTOPLIE CIO-
COOHBI K MKCALMM MOAEKYIAPHOTO 230Ta. Kak npaBuio, CrnocobHnl K
ACCUMUTAUMOHHON cyabdaTpeaykiy. O0auratabie horotpodn. AB-
ToTpothHast duxcana CO, nponucxoaut B unkic KatssnHa. OTaeab-
HBIE TIPEACTABHMTENU CNOCODHLI ACCHMHIMPOBATL Ha CBETY [JIIOKO3Y
WIH APYTHC MPOCTHIC OPraHHuccKUe cyBeTparhl. B ocHOBHOM HUTHATRIE
hopMbl MOTYT PACTH B TCMHOTC, OKUC/IAA OPraHHUCCKHE COEAMHEHHS.
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HTK — #enosublid, ¢ i be3d CIMOKCUIATHOTO LIYHTA, OCHOBHOA
0YTh MCMOAL3OBAHWA OPTaHUKKM — neHTo3odocathel nyTh. B anas-
pOBHBIX VCIOBHAX B TEMHOTE MOFYT OCYUICCTBISITH IOMO- M IETEPO-
(hePMCHTATHBHOE MOJIOYHOKHCIOE OpoXeHre U atleToreHed. BoaMox-
HOCTb AHADPODHOIO ALIXaAHNS He MOKA3HA, OAHAKO 3ACMEHTAPHAS CCPa
HHOTA UCTIONB3YETCH KAK CTOK 3JCKTPOHOB,

LUnaHoGaxkTepu CrtocoBHbl OCYIUCCTRASITL GHOKCHEHHBIL QOMOCHH -
Me3 C CePOBOIOPO/AOM B KAYCCTBE JOHODA MIEKTPOHOB, NIPH 3TOM B
KieTkax He cuHtesupyeres MC 1. Tepexon Ha aHOKCHTEHHDLH (hoTO-
CHHTE3 TpebdyeT HHAYKLHN IS CHHTE3a CVALMDUAXHHOHOKCHIOPELYK-
Tazel. LlaHobakTepuu pasnnuaores no YeToifuMBOCTH K CEPOBOIODO-
Jqy. MHOTHE 113 HUX TATOTEIOT K MECTaM C BBICOKOH BOCCTAHOBJIEHOC-
TbiO 1 HeBoAbIMM KosuuccTtBom H,S. TTpn okcureuHoMm dorocuHTe-
3e, Koraa o0pasyeTess MHOTO aKTHBHBIX (HOPM KHMCIOPORd, CEPOosolo-
pod ¢necoBCTBYET JALUHMTE OT MepcokHcaeHus. ECTh jJaHHble 0 TOM,
yto goHopoM st @C 11 MoXeT GbITh ABYXBLIEHTHOE KCJIC30.

BoabIIHHCTRO HHaHEDAKTEPHIE — MC30MKIB (MHOTAA TEPMOTONE-
PAHTHLBIE)}, HO €CTh NCHXPOMHABHBLIC 1 MCHXPOAKTHUBHBIC TIPCACTABU-
TeNH, KHBYILIME BO Jeaax Apkruxi ( Chroococcidiopsis sp.). TepModman-
Hele BiAbl {00 — 04 °C) 0BUTAIOT B TOPAUHX UCTOMHHKAX W YacTO BXO-
AAT B COCTaB UHaHo-GaktepHaibHbix Maton { Mastigocladus laminosus,
Phormidium laminosunm). Muorune tHaHobaAKTEPHK TTPEATOUMTRIOT MUK~
poaspobHbie yeaoBus. OcHoBHad Macca UHaHOOAaKTepHHA — anKanu-
el (pH 8 —9). B ropsunx seTouHUKaX ¥ 600Tax 0OUTAOT alMA0TO-
AepantHbie (pH 4,5—3.0) Fischerefla w Synechococecus. Conenodu-
Bbic thopmbl (Hanpumep, Spiruling subsalsa. Bulnepxupatolas no 10—
12 % NaCly cunresnpyloT ocMonpotekTopol. [Ipn «pacrnpecucnun»
TAKIC BELIECTBA BHIOPACHIHAIOTCA U3 KACTKH W «noabuparoTes» MUK-
POOPTAHHIMAMH-CIYTHITKAMH,

HurepecHo, YTO HCKOTOPbE LHAHOGAKTEPUH crocobHsl adpaso-
BbIBATH HEMPOTOKCHHbE, A TAKXKE TeOCMUH {TpaHc- 1, 10-auMeTna-Tpanc-
9-aexanod). D10 BELICCTBO AHANOIMYHO TAKOBOMY ¥ aKTHHOMHMUETOB H
MUMCCT 3a1ax NnouBbl, B 4acTHOCTH, B NEpHOL HHAHOOAKTEPUATLHOTO
«lIBETEHUSI» BOJbl €€ 3eMJISHOM| 3aniax onpcaeasierTes ITHM COeIUHe-
HueM. OnacHoOCTh TAKOH BOMbL LS XKHBOTHBIX CBH31HA C BbLIEJICHHEM
UHAHOBAKTCPHATbHBIX HEHPOTOKCHHOR,

MuKpoopraniMbl, paHee BbUIC/HeHHBIe B Nopadok Prochlorales
{npexaopoghemes:), A Teneph NPUYHCIEHHLIE K LHagoDaxTepusaM, — €Uie
oiHa rpynna (oToTpooB. CrOCOOHBIX K OKCHZEHHOMY homocurmesy,
HO OTIUMAOWANCH OT APYTUX UHAHODAKTEPHIT COCTABOM MHIMEHTOB,
DTH OPraHuIMbl NPCACTABACHLI TPeMsl POLAMM:

1y pon Prochloron BKIOU2ET CHMOMOHTOR acUMIOHI IMAMCTPOM
10— 30 vKM. KOKKOBHIHEbBIE KIASTKIH UMEIOT PAIBUTYIO CUCTEMY BHYT-
PULHTOIMIAZMATHICCKUX MeMOpaH. B KJICTOUHOMH CTeHKe HajiaeH rer-
THAOrNHKAH. POTOCHHTETHYCCKHIT allMapaT ConepXMT Xlopothuist a
“ b B cooTHoweHnn 4,7 1. He umeeT GUKOOMITHHOB 1 TOKLTHIOBAH 1
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THAaKoHOax. ['eHbl, KOOUPYIOUIME BETKH CBETOCODH PAIOLLIMX KOMILICK -
COB, TOMOJTOTMYHBI LHAHOOAKTEPUANBLHEIM, @ HE XAOPOIMLIACTHBIM. ITO
mMe30(hHIbI, UMCIOLIHE KaPOOKCUCOMBI H (DMKCHUPYIOUIME YIACKHCIOTY
B 1inKie KanbBuHA, HO crocOBHBIE HCMONB3ORATE HeOONBIINE KOMH-
4YeCTBA OPraHMKM, KaK MpaBUAO, B BWIE alleTaTa. A3oT NOTPebsioT' B
AMMOHHMMHOH hopMe, OIHAKO CMOCODHBL ¥ K A30THOUKCAUNH,

2) pon Prochlororhrix — 310 oBWTATEIM MEJKHX 03ep, ¢BOOOIHO-
XUBYIIHE HUTYATHIC HEMOARMKHLIC OPTaHH3MEI. B HUTIX pUCyTCTBYET
oT 20 go 100 xkaetox. MemOpaHHasa cucTema MCHEC pasButa. Mmelor
xnopouaasl ¢ U b B cooTHoweHun 8—9: |, dukobumunporeHon
He comepXaT. POTOCHHTETHUYCCKUI aNNapar NOKATH30BAH B CTONKAX
THiIakouaoB. Ouxcauus CO; MPOUCXOAUT B KEPBOKCUCOMAX Yepe3 LMK
KanseuHa. MoryT mepekioqarTsesl HA daHOKCHIEHHbIH GOTOCHHTES B
NPUCYTCTBMH CEPOBOAOPOAA. A30T(MUKCALMI He 0OHAPYKEHA, A30T 10-
TPED/ISIETCH B BUAE HUTPATOB W COJiel aMMOHMA;

3) pon Prochlorococcus — ouedb MelKHe KOXKH pasmepom 0,5
0,7 MKM, coepaaIIre XAOPOMHIIBL ¢ W £, & TAKXKE AHBUHHA-XTOPO-
el b ¥ o v GHUKO3pHUTPHH. BMecTo B-KapoTHHA 00DAIVIOT G-Kapo-
TuH. [loncunTano, yto B | MA Boabl npucyrctesyer 10%— 10° kietok
3THX NPOXJAOPOMHUT, KOTOPLIE ARASIOTCA MEPBUUHBIMH TTPOAYLEHTAMH
B CYMCPCUHOR 30He OKeaHoB. PacnpeneneHsl no raydMHE OT rosepx-
HocTH 00 200 M ¢ HIMCHCHUEM UHTEHCHBHOCTH cieta or 100 1o 0,01 %.
DTO OJIMTOTPOMHLIE MHKPOOPFaHM3MEI C g > 24 u.

Panee npeanonarany, yTo 3yKapHOTHYECKAS! KIETKd BO3HMKIA Ny-
TeM cuMOno3a ¢ unanoDakTepueH, KOTOpas MpeBpaTHaaAch B XJA0PQ-
mnacr. Oasako unanobakrepuu He obpasyloT wiopoduiia b, npucy-
utero oroTpothamM-3yKaproTam. B To xe BpeMs MoKasaHo, YTO Mo aHA-
anay 165 pPHK xioponnaerst M nnanobakrepuy (B TOM yuche, npo-
XIOpOHHUTHI) HMEIOT oaHOTC 00wWwero npeaka. [TosToMy CHMBHOHTOM,
NPEBPATUBIIHMCS B XJTOPOILTACT, CKOPEE SBJISETCH TPERCTABHTENL
OPOXJOPO(UT, CHHTEZUPYIOLUMI XA0POTINACTHBIN THIT XopodmiLi.

YHuKanbHBIH THN HOTOCHHTE3A, HE CBA3AHHBIA ¢ Xnopoduniamu
WK DakTepuoxaopoduanamu, obHapyXeH v earodaxmepuir. Fanobak-
TePHH OTHOCHTCA K apxesiM M KniccHpUuuupyorea B 14 poaos.

lomen Archaea
®@uaym A2, Euryarchaeota

Kiacce 3. Halobacteria
IMopsanok 1. Halobacteriales
CemeitctBo 1. Halobacteriaceac

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

Pon 8. Haloterrigena

Pon 9. Natrialba

Pon 10. Natrinema

Poa 11. Natronobacterium
Poa 12. Natronomonas
Poa 13. Natronococcus
Pou 14, Natronorubrum

BT0 a3pobHLIE XeMOTeTEPOTPODB! ¢ AIXATCIBHBIM METADOIIHIMOM
W CIOXKHBIMY NMHLEBBIMHY TIOTPCOHOCTAMH (00OBIMHO AL POCTA HYKHDI
BeJIKH M aMHMHOKHCIOTBL). SIRITIOTCA XOPOIIMMI TMAPOINTUKAMM. ¥1-
NCBOABLL MCMONB3YIOT N0 11yTH IHTHepa —ya0poRa. ¥ OTACILHBIX ITpei-
cTaBuUTeNeH oOHapyxeHa aszorduKeauus. Paa opraHu3MoB criocobeH
(puxcHpoBaTh yriaeKncnoTy deped unk1 Kaissuua. HekoTopbie cno-
COBHbI K aHA3pOOHOMY IABIXAHHIO ¢ HUTPATOM, (yMaparoM W OKHC-
JIEHHLIMH COCAMHCHUAMHM CEpbl B KAUCCTBE AKUEIITOPOR AICKTPOHOS.
KNeTKH HEMOABHXKHDL WIH JBMXKYTCH ¢ NOMOLULLIC 10OTPUXATD-
HBLIX XryTHKOB, Bee opraHmsMbl — OAHOKICTOUHBIE, pa3HoOil Mopdo-
JIOCMH, YACTO TICHOMOPG)HbIE, HEKOTOPBIC MMEIOT TA30BLIC BAKYOJIH.
PasMHOKAIOTCH GHHAPHBIM ACACHHEM, OTICJIBHLIC MPEACTABHTCITH
MOTYT 0OPA3OBLIBATE «TAJTOLMCTL». B KAuecTBe 3aNdCHOTO BCLICCTBA
OTMEUCHO HIAMYME HOAK-[-THAPOKCHMACASHON KUCIOTSL
XapakTepHasl yepTa 3TOro ceMeierTsa — ero abcomoTHas 3aBUCHU-
MOCTB OT BuICOKHX KoHuceHTpauuit NaCl (no 20 — 30 %). MukpoopraHus-
ML NMOIPANETSIIOTCSA Ha [ABe TPYMIbL 1) HYKAAWMMECS B BHICOKKUX
KOHLIEHTPALHAX CO/IH K Mgz+ u pacryime npu pH ~7,0 1t 2) Hyxnamo-
WwMecH B BBICOKMX KoHueHTpauwax coan v OH M pactymme npu
pH ~ 8.0. KJaeTKi CHHTE3NPYIOT BHYTPUKIETOYHbIC OCMOPETYASTOPBI —
CAXAPOCMUPTHI, TAMKOZHILIULEPHIBl, OeTanHbl, [NHLCPON, HEKOTO-
phiC AMHHOKHCIOTBI, A TAKKE AKTHBHO BbIKAYMBAIOT U3 KieTku Na',
samensn ero Ha K (¢ 800-kpaTtHoit pasunueii). [anobakrepuu (rano-
apxeu) PACTYT TOJBKO B MECTAX € BBICOKOH CONEHOCTBIO (MOPCKME
COATCPHDBI, COJIEHBIC 03CPa, CONEHBIE MPOAYKThI). KIeTOUHbIE CTCHKI
(6ENKOBbLIE, NOJNHCAXAPHIHBIE WM CYILDONOIHCAXAPUAHBIE) CTADH-
ausupytotcest noHamu Na'. FnukornpoTeHHsl ranoapxeil, a taxxe beir-
KH-PEPMCHTBI COAEPKAT MHOTQ «KHCABIXY SMHHOKHCIOT,
[MurMenTatuy rajoapxeit wacto GRIBACT KpacHo-KenTol u3-3a 6ob-
IUOTO KOJHMECTB] KiaPOTHHOWIOB, KOTOPBIE, BO3MOXHO, HMCIOALIY-
HOTCA MMKPOOPIAHM3MAMY I8 3alUMTbl OT WU3AMIIHER WHCOITLHH.
OCHOBHBIMH KAPOTHHOWIAMU ABISIOTCH DaKTePHOPYDEPUH, NTHKOTINH,
0- M B-KapoTHHbBL. ['an0apxed Ha CBETY NIPM HU3KOM COMEPKAHHH KHC-
noposa 0BpaIyIoT MOAW(HIIMPOBAHHLIE KJIETOUHBIE MEMOpPaHbl, CO-
JAEPXKALLNE HECKOAbKC BHAOB [THIMCHTOB — OAKTEPHOPOIONCHH, ra-
JNOPOAOICHH, MeLUIeHHR poroncHH, GoBopOLONCHH M APXepoaoT-
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ciH. C IOMOHIBIO TAKHX ¢ 7YPRYPHOIX MeMOpaH» KAETKH TIPOROLSIT YHH-
KaabHbIH npouece dorocuHTe3a ¢ obpazoBanueM AT, Tlpu stom
Oarxmepuopodoncun OTBEUALT 34 TPAHCTOKALHIO POTOHOB H CO3AaHUE
Ally,. ranopononcul sakavusaer K B o6MmeH Ha Na’, a McaneHHBIA
hofo- M apXepOLOIICHHBL CIYXKAT OTOPELENTOPAMMH HA KPACHBLA 1
CUHHMH CBET, YIIPABJIAIOT AKTUBHOCTRIO XTYTHKOB M OTBevyaioT 33 o-
TOTAKCHC.

baxmepuopodoncun (MM peTHHANL) ODPAIYCTCA B NPUCYTCTBHH He-
Gosisluore kostueeTsa O 3 kapotuHoiaos (Cy) — 2C4) © npucoean-
HEHUCM K DeaKOBOH MOJIEKYIC Uepes JIM3UH. ITO COCAMHEHHE UMECT
TEMHO-NYPIYpHLIE useT. PetuHans murpupyer s LITTM, obpasys Tam
arperatel. [loa aeiicTBMEM CBeTa BAKTCPHOPOLONCHH HM3MCHSET CBOIO
KOH(POPMALIMIO, YTO COMPOBOXAACTCT BhIOPOCOM MPOTOHOR M3 KIETKH
H HaBeleHUCM TpaHCMeMOpaHHoro norcHuMana. Takast (hOTOCHHTETH-
YecKdsl AKTHUBHOCTD NOJC3HE MUKPOOPTAHWIMAM, TAK KaK KHCAOPOI
TUIOXO PACTBOPSIETCS B KOHLCHTPHPOBAHHLIX PACTBOPAX COJIM, B PE3YIlb-
TaT¢ MOTYT CO3AATLCA Jaxe aHaspodHsic yerorus, Torga ranoapxen He-
MIOTBIVIOT CBETOBYIO SHCPIMIO, YTOOH CHHTE3HPOBATH A0CTATOMHOE KO-
anuectBo ATM 1 nepexuTs HeBIaTonpHATHEIC YeaoBi:, [TOCTOSIHHO pa-
CTH aHaAZpPOOHO KIIETKM HE MOCYT, NOCKOIbKY KUC/A0POL HCOOXOAMM
JNA CHHTE3A PETHHLA, HO € NMOMOLLBIO JOTOCHHTE3A TAN0apXed MOTYT
IEPEKHBATL CTPCCC, BBIIBAHHBI HEIOCTATKOM KHMCJIOPOAA.

Y ranoapxeit JTHK neaures Ha oCHOBHYIO M MMHOPHYIO, KoTopas
MOXCT COCTasasiTh [0 '/; OT oBIero KOIMYECTBa U OTIHYATHCS MO
conepxaHuio T + L. KaeTku Umeor KpyrHblie MaasMuabl, COREpKa-
LLIHE BbICOKCMOBTOPSIOHIMECH NMOCACAOBATEIBHOCTH.

Eile 0HOM NHTCPECHOH 0COBCHHOCTBIO TUTOAPXCH SIBAAETCA BbI-
COKasl CTENMEHL HIMEHUHBOCTH (HACTOTR MYTALMH ¥y HUX B | Twic, pa3
BonblIc OOLIYHOS).

Aspobinpte anorcucennnie axmepun (3pUTPOBAKTEPHH) — ITO CNOP-
HaA TPYIIA, OTKpbITas B KoHUe 70-x romoB XX B. [Turmentol oto-
cHHTe3a ObUTH ODHApYXKEHBl ¥ PO30BbIX MeTWUIOTPOhHBIX BakTepHil
{(ppmb — pinc pigmented methylotrophic bacteria) poga Methyio-
bacterium, BblaesieMbIX 13 GIUDIOCHEPB] PACTCHMI  KMEIEUHUKA KO/Th-
YATeIX HepBcH. OHH CHHTE3UPYIOT KAPOTHHOWAL H HCOOJIBLIOE KOJMH-
YeCTRO BukTepHoxtopodHiia a.

Bropasi rpynna TAKUX OPTAHU3MOB NPEACTABICHA MOPCKHMH OaK-
TEPHSIMU, OOHTAIOIHUMY HA [TOBCPXHOCTH BOIOpPOCIEl. DTo ofurar-
Hble a3pobsl ponos Ervthrobacter v Roseobacter, umewiure hotocuu-
TETHYECKHE 1THIMEHTH M 0DafIOIME PeaKIMAMH Ha CBET.

Ipeactasutenu pona Phoforhizohium — TUMHUHBIC 230TdHKCATO-
psl, obpasyoline KnybeHsKH Ha cTebsiX BhICLUIHX PacTeHuil, BIN3KH
K MOYBEHHBIM BakTepusiM pona Bradyrhizobium.

M3 Bo1oeMoB ¢ pasHOi TeMmepaTypoil HBUTH BbLICIEHB MUKPOOPTa-
HU3MBL poaos Porphyrobacter, Erythromicrobium, Roseococcus, Sandara-
cinobacter, Rubrimonas. Acidiphiflium rubrum — CTIYTHHK THOHOBbBIX BaK-
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TCPUIH — CMOCODCH CHHTC3HPOBITL KPOME ODBIYHOTO DAKTEPHOXIOPO-
w1 ¢ aToMoM Zn!*, osce yeTOHUMBBLIA B KMCAOH cpeile.

Bce BhilienpuBeaeHHBIE MHKPOOPraHM3Mbl QTHOCATCS K KJIACCY
Alphaproteobacteria. Roseateles depolymerans, BblieNIeHHBI1 B O0HOM
U3 pek MHIMY 1 cnocoBHbIH K padlnekeHHIO KCCHOOWOTHKOB, OTHO-
CHTCA K Kacey Betaproteobacteria. DTH MUKPOOPraHU3MbL U3yUYeHbl B
PAIHOH CTENEHM, HO ¥ BeeX 00HaAPVIKCHBI KOMITOHEHTHl (GOTOCHHTETH -
YyeCKOro anraparta, XoTa oH passuT B 53— 50 pa3 xyxe (no conepxa-
HUKO (DOTOCHHTETHHECKHX TTHIMCHTOB), Y€M ¥ THIIMYHbLIX NYPIYPHbIX
Gaxtepuil. Bce oHH — a3pobbl. B boaeiiHHCTBe obauraTHele. PoTo-
CUHTCTHMECKHMI anmapar, B 0COBEHHOCTH DaKTepHOXITOPOM LT @ CHH-
TCIUPYCTCS TOJALKO B a3poOlbHBIX YCIOBHAX, MPHYEM HANMUUE CBETA
He 00g3aTEIbHO. a CAMH MHKPOOPraHH3IMbl HE MOTYT PACTH MPH No-
CTOSTHHOM OCBereHuH. MxX MeTaboAN3IM paccMaTPHBAIOT JHDO KaK npo-
MEXYTOUMHYIO CTANHIO MeXIy aHAZPOOHbIM GOTOCHHTE3IOM H a3pold-
HOH rerepoTpodueid, THOO KaK pesyabTaT JaTepadsHOre TepeHoca
I'€HOB.

I'o MophoToriH 310 OTHOKICTOUHLIC MAJOUYKH W KOKKH, MHOTHC
MOTYT 0Dpa30BLIBATH HENPaBUIbHLIE (POPMBI M BCTBHUTLCH, CIOCOOHDI
PAIMHOXATLCA OMHAPHBIM JCJICHHCM MK MOYKOBAHUEM, WHOTA (hop-
MHUPYIOT V-00pa3Hble CTPYKTYPbL, ABHXKYTCH ¢ NMOMOLUBLIO XIYTHKOB,
UMCIOT BHYTPHKIETOUHDLIE JAME/UIAPHBIC MCMOPAHHBIC ODPA3OBAHMS.
Baktepuoxnopoduni a stepudunuposan durtonom. [IpeacranieHo
GoJiniioe pazHoobpasite KapoTHHOWAOB, Bosee 70 % XOTOpbIX HE y4a-
CTBYIOT B (DOTOCHHTE3E M UMEIOT 3aUIMTHYIO (hyHKuMe. HaltzeHst -
TOXPOMbI H YOUXHHOHbI.

BOABIKMHCTBO 3THX MUKPOOPTAHH3MOB — Me30(UIB ¥ HeliTpodn-
Jbl. EcTh NPEeCHOBOAHBIC, MOPCKHE, GLIOTONEPAHTHBIE W TaTOUIEL-
HbIC. DTo obanTraTHBIe reTepoTpodbl, PACTYILNE HA CAOXHBIX CPEaax.,
Mmeror nibo noansiit UTK, aubo HesamknyTolil U TK ¢ mvoxkcwiar-
HbIM HIYHTOM. ¥ HeKoTopbix 00HapyxeH KIIPTI-myts. OtnensHbIe npen-
CTABHTEAM CNOCOOHBI OKHCIATh BOCCTAHOBICHHBIE COCIMHEHMS CEPbl
Tsl NoJyvYeHHs IHCPTHH (Harpumep, Roseococcus thiosuifatophillus aB-
JBIETCA XeMOIUTOoTeTepoTpodoM). YCTAHORICHO, YTO CBCT NOAABINET
JObIXaHHE W «BKJIIOYaeT» (POTOCHHTCTHYUCCKHUE peakuuu. Habalonaetes
CBETOIABHCHMOC MOTAOLICHHE YIICKHCTIOThI, X0T4 MK KatbBuHa He
obHapyxeH. ORHAKO NPH NOCTOSHHOM OCBCUICHWH NTPOUCXOLUT OKHC-
JeHHe IIMTOXPOMOB U (hOTOBBILIBETAHWE HaxTeproxtopophuinos. [pea-
MOJATAIOT, YTO HA CBETY XHMHOHBI JIErKO «I1epPCBOCCTAHABINBAIOTCH»,
MOITOMY HEOBXOANM CTOK MEKTPOHOB HA AblxaHUC (puc. 139).

[Mpeacrasuresu rpynnsl Photorhizobium obpasyioT k1yOCHBKH APKO-
3eJICHOrO LBETA HA CTeO/sIX TPOMHYECKHX pacTeHui Aeschynamene H
Sesbania. T1pu pocTe Ha arapH30BaHHbIX cpenax HOPMUPYIOT PO3OBLIC
KOSOHWK ¥ 061aJ1a10T THITMMHBIM AblXaTe/ibHbIM MeTaboauavoM, CHH-
Te3 MUIMEHTOB HHTEHCHBHee Ha Bosice GeaHblx cybeTpartax, T.e. BO3-
MOXHO, 4TO (JOTOCHHTE3 NOMOraeT «aobupares Hepruio. CuuTanT,
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Puc. 139, Tunoterrucexkast ITL spurpobakrepuii (P — peaxunoHHLIT HICHTD,
YX — vOMXHHOH)

YTO IHCPIHS CBETil MAET, B OCHOBHOM, Ha ofGecrieueHHe (HKCAUHH
MOEKYASIPHOIO a30Ta.

CpaBHeHMe OCHOBHBIX CBOHCTE JOTOCHHTEIHPYIOUIMX MHKPOOPrann3-
MOB pa3HbIX rpynn. Hanune nirMeHToR M cnocod HX YIAKOoBKH ABs-
I0TCS1 CHCTEMATHYCCKHMHM MPH3HaKamit 1st choToTpothHbIX BakTepHii.
B tabn. 26 cyMMHMPOBAHBI TAKHE NPUIHAKH JUIH DOALLLHMX TPYI (POTO-
CHHTEIMPYIOLWUX NMPOKAPHOT,

CHCTEMATHUCCKOE TOAOKCHHC PA3HbIX (POTOCUHTEIUPYIOIIHX MMK-
POOPraHH3MOB NPHBEACHO B Tada, 27,

CpapsHeHHe HEKOTOPBIX OCHORHBIX CBOICTB (hOTOCHHTETUKOB NpPH-
sejieHo B Tadur. 28,

OxucicHne cepHsiX coeamueHnii y dorotpodor MoXeT npoucxo-
ANTL MO cXeMe, npcactapicHHoi Ha puc. 140. Tlpu s1oM cyMMapHas
peaxkiHg (POTOCHUHTE3M BLIMISAANT CAEAYIHUMM 00pa3oM:

H,S + 4H,0 — SO; + H' + 8& + §H"
8¢ + 8H' + 2CO, —» 2(CH,0) + 2H,0

H,S + 2H,0 + 2C0O, = SO; + 2(CH,0) + H'

Ixonorug dororpodos. PoToTpodHLIE MHKPOOPTaHWIMLI YACTO
00pA3YIOT HACTOJILKO YCTOHUMBBIE cuMONO3bl, YTO MM TNPHCBAHBAKOT
NATHHCKOE HA3HAHMC KaK MHAMBUAYAAbHOMY opraHuimy. Hanpumep,
«Chlorochromatium aggregaritnm» COCTOMT W3 OJIHOM DONBLIOIR KNETKH
nedotorpodHoit GaxkTepun # 12— 20 MeNKMX MaloUeK 3eJeHBIX Cep-
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Tabaunua 26
Opranv3ianma POTOCUHTETHYECKOrG ANMAPATA ¥ Pa3HbiX rpynn GoroTpodHbIX
NPOKaAPHOT
Covina MOTOCHHTETHHCCKHE THIMCHTBI MoTocHHTETIMNECKItE
p : A X MAKCHMYMLI TTOTTOLICHMSI MCMGPEIHHHC CHCTCMbL
LInanobakrepun | Chl @ — 665 HM Tunakouas ¢ urobu-
(BriTIOMAR Chl b —645u 430 Hm JANCOMAMH MK OC3 HHX
npoxaopothuT)
TlypnypHeIe Bchl ¢ — 800—810, 830— Jamenisl, TpyOOuKH
BaxTepiu 890 Hm WJIH BCIUKYIILI, CBSI-
Bchl & — 835 —850, saHHbic ¢ 1ITTM
1020 — 1040 um
JeneHbie Behl ¢ — 745 — 755 um XA0poCOMEE, CBSIZAHHBIC
GukTCpPHI Behl o — 705 — 740 um ¢ MeMOpaHoit, HO He
Behl e — 719 — 726 Hm npeacTawIsouye il
Bchl g — 807, 830 — 890 umMm | ceba HenpephiBHYIO
{MHHOPHBIH} uens, v LM
I'eanobakrepiny | Behl g — 670 1 788 UM HIM
Tanoapxen BakrepropoaoncHH «[MypnypHele
sMemOpansl» B ITTM

HblX Daktepuit Chiorobium fimicoln. CAMOUOHTBI CHHXPOHHO ACJIATCA.
3eacHbic BaKTCPUH MOTYT ObITb BLIAEAEHDB! B YHCTYIO KYJALTYPY, 4 O0NbL-
1O MMUKPOOPTaHM3M -— HeT. CX0XKHE acCOLMALIMN NPEACTABIEHDL! HA
puc. 141.

HUHTCpeCHBIM MAKpOooDPa3oBaHHeM SBITACTCS UHAHO-0aKMepiatbHbill
mam. B ero coctan BXoasT uMaHobakTepuu, NyPrypHLIe W 3ACHbIC
BaKTepHH, a Takxe cynbharpenykropbl. Takue accOUMatnu OOBIMHO
PAIBHBAIOTCS B TOPAYHX KHCHbBIX HCTOUMHHKAX H LOCTHIHIOT TOMIIMHbI
4—-5cM.

[lMaHoBaKTepUH YaCTO CYILECTBYIOT B CHMOMO3IaX € BbICIIMMU pac-
TCHUSMH (BOJIHBIA NMANOPOTHHK Azofla + Anabaena) v rpubamn (nu-
(AafHKMKM), a npejacTasuTenu pona Prochioron seasmotrcs cumbuonTa-
MK acLUIMA.

[MypnypHble DAKTEPHUH — 3TO B OCHOBHOM BOJHbIE MHKPOOPratn3-
Mol QK 0BHApPYXEHb! TAKXKE B [IOYBC, HO TaM MX POSTk HeBeTHKa. Pai-
BHBAIOTCH OObLIYHO B DECKUCAOPOAHBIX BOAAX C CEPOBOMLOPOAOM, Kyla
NIPOHHKAET CBET, B PEAKHX CIyUasaX ODHAPYKUBAKOTCS Ha BOBILIMX TTy-
Gunax. [ypnypHble HecepHble DaKTepHH MPEANOUHTAIOT HoraTsle opra-
HMKOI BOABI 1 BOJOTHCTBIC THOMBBI, TTPU 3TOM PELKO 0OPA3YIOT CKOT-
NeHusl, npuaaoUive Boac okpacky. MHoraa pa3siBaloTes B npudpex-
HbIX MOPCKHX BOX,

[TypnypHble cepHble BAKTEPUH, HAOBOPOT, CO3AAI0T BUAWMbBIE CKOTI-
JIEHHS B MPO3PAYHBIX BOIOEMAX HA rPaHHUE aHaapobHoi 3oubl. Takue
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3esebie cepHbIc BaKTCPHR
T ( Chlorobium, Prosthecochioris)

Kpynnas dedotorpocran
- Gakrepus
¥ (cynbthatpenyktop)}

QororpodiHee GAKTCPHH
¢ KOPHUHEBLIMH TTHPMEHTIAMH

Kpynuas nedototpodnan
— BakTepus
(cynndaTpenykTop)

e POTOTPODHEIE BUKTCPHIL
C ICTNCHBIMH [THIMEHETAMIE

: 3encHIIC cepHble GaKTePHH Desulfuromonas
37 (Chiorobium ) acefoxidans

/

r"’
Hedororpogube HITYATLIC ‘

_{—— Bakrepun
: {cynbdatpesykTopul)
. ~Ha\S
VAV AT : .,
| — Alerar
co, /'f (\
.‘/' ~ sy _ e
Chlorobium sp. CO,

- CURM3INCTRIN MAOTPHKC

r

Puc. 14]. Veroitunsbie cumBHO3b © yyacTueM (GororpodiHeiX MIKpoopra-
HIH3MOB:

A — Chloreclhromatium. 5 — Pelochromativum; B — Chloroplana. I' — cuntpod-
Hast ne H-S accoumaumn ¢ copypeayvkTopoM

Bbi», [Ipeactasutenu Ectothiorhiodospira TSroTeoT K CONCHBIM H 111EA0Y -
HBEIM MCCTOOOMTAHHSAM, MOPCKHM CTYapHam. B miobiibHoM Kpyrone-
poTe cepbl GYHKUHOHAIBHO TECHO CBA3AHDBI C CYAb(aTPCAYKTOPAMH.

JLns TypRypHbIX DAKTEPHIA OTMCUCHO COCYILECTROBAHHE AHAMOTHY-
HBIX BHIOB B OJHOM M TOM X€ CA0E BOAOCMA 33 CUCT «PAIOOIUECHHI» HX
akrusHocTel Bo Bpemcu. Hanpumep. Chromatium okenii v C. vinosum
PATIHYAIOTCA N0 KOHCTAHTE CPOJACTBA U CKOPOCTH OKHMCACHHS CYJb-
¢I1J}i1- B nepHoauucckoit KyN1LTYpe BTOPO OPraHH3M BhITECHSIET ﬁep—
BRI, @ B NPUPOAE OHW CMCHAIOT APVIE APYTil B TEYEHHE CYTOK: VIPOM,
Korza cynbiuna Muoro, C. okenii ObICTPO OKHCIHET CEPOBOIOPOIL, KOH-
LEHTPALLHA KOTOPOIG CHINKACTCA, sedeposm C. vinosum HA'UMHAET Men-
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JICHHO OKMCASTh Mansic koamdectsa H,S, a nepssid MUKpPOOPraHH3IM
pOCT NpcKpallaeT.

JeneHble CepHble BAKTEPHUU penko o8palyoT ckonaenns. OHu pac-
TYT B WIAX B 30HE XeMOKIMHA MOA C/10eM NYPIyPHsIX HakTepuil. C rnybu-
HOJ 3CTEHBLIC BB 3AMELLATCS KOpUHHEBLIMUL. LISl HUX XapaKTepHO
0BPAZOBAHME KOHCOPLIHYMOB Hdl OCHOBAHHI CUHTPO(MU MO CEPOBO-
nopojy. 3elicHble HCCEpHLIC BAKTCPHM TIPEAIIOMNTAIOT TOPIMHC CEp-
Hbie M IPCCHbIC BOILL

[eanobakrepun 0GHTAIOT B [IOYBAX (Y4CTO CYNMX), KOoTOpbie 0fora-
WakoT 430ToM. Hepeako CBA31HbBI ¢ PACTEHUAMM. JKUBYT TAKOKE B rOpsi-
UHX MCTOMHHMKAX M COAOBBIX 03CPAX. TAE NpeANOYHTAIOT 30HY METAHO-
reHesa, a4 He cyabdarpeaykiy. OOHapyKCHbBI B {uUaHO-0aKmepuais-
HBIX MAMmax.

LlnaHo6ak Tepuy OTHOCHTCA K BOAHBLIM MHKPOOPTAHW3MAaM. Tpec-
HOBO/IHBIM H MOPCKHM, TIPHUCM B MOPSIX PasHOOOpasue BuaoB beaHee.
OGHapyXeHbl KAK B IIAHKTOHE, HEKTOHE, TaK W B OeHTOCE, TAe MO-
ryT opmuponarsh obpactanys. LinanoGakTepuy CUUTAIOTCS CTPYKTY-
pOOGPA3VIOLLITMH PCMEHTAMH LIHAHO-0aKTEPHATLHBIX MATOR — ¢co0b-
LICCTB LHAHOBAKTCPHIT 1 apyrux 6akrepuil. MaTbt, B COCTaBC KOTOPLIX
HC ODHAPYXEHBl 3YKAPHOTHUCCKME OPTAHU3MbI, CHHTAIOTCA PEJIMKTO-
soiMiL. BoaMoxHo, 3TH coobluecTBa chOpMHPOBATHM COBPEMCHHYIO aT-
Moccepy, TAK KaK ra3bl, TOAHUMANCH CO [HA W [IPOXOAS HCPE3 MAT,
CYLIECTBEHHO M3MEHSIH CBOH COCTaB. B runepcoicHbIX coobuiccrnax
obpa3yIoTC CTPOMUTOINTBL, TNTUGHHIMPOBAHHLIE ACCOTMALINA, cchop-
MHPOBABLIMECH 32 CUCT OTJIOKEHHMIT HEPACTBOPHMBIX BEUICCTR M 40~
eI He 10 HAUIMX AHEH B BHIE OKaMeHeocTei. THnHwHas CTPYKTypa
HHAHO-BAKTCPHAABHONO MaTi TONIIMHOI 0KOJ0 | CM clioncTas: nep-
BBt (BEPXHNIT) €1oii — 310 LHaHOGaKTepHH (0DLIYHO SPKO-3ENICHOFO
LBeTa), BTOPOH €/10ii — IypnypHbie BAKTEPHH, TPETHH Coi — 3ene-
Hble DAKTCPHH (MCKY BTOPBIM W TPETBHM CNOAMM MOTYT HAXOAHTHC!
GecuBeTHBIE Clon w3 Beggiatoa w Flexibacter). D10 30HA XCMOKJTHHA C
OTIOKEHUHME AMeMEHTAPHOI cephl. UeTBepTblii CNOH COCTABAAIOT CYilb-
(hatTpeayKTOphl, & HHXKe MOTYT OOUTATH METAHOTCHD!. B KauecTse CnyT-
HUKOB BO BCEX CTOSIX MOTYT CYLLECTBOBATh THOHOBbIE DAKTEPHH H Me-
TwaoTpodbl. Hixenckamme Cilon, Kak npasiino, MEPTBLIC, JHTAGN-
LLHPOBIHHBIE,

Jdpyrue MecTOOOMTaHMs HHAHODAKTEPHH CBA3AHLI C HAZCMHLIMU
choTeMami (Kopa, cTeHbl, achaTbT, MOBEPXHOCTL CKAl, TPEWHHBL H
BHYTPEHHME TOJOCTH KaMmHei, nousa). LinaHobakTepiy nrpaor Dob-
WYIO POMb B TOYBOOOPAS0BAHHHM W 0DOTALIEHN N NTOUB 330TOM {«XHBbIE
A30THBIE Y100peHs»). Onit Hauboee YCTONUMBBL K H3MEHEHUSIM B [IPH-
pojie, YACTO JOMMHHPYIOT B IKCTPCMATbHBIX MECTOOOHTAHNAX, Mocac
APHPOIHLIX KITAKTHIMOB {M3BCPKEHHUI BYJIKAHOB) TICPBbIMH Oe 3K 3-
HCHHYIO JIABY 3ace/IOT HHAHODAKTEPHH, 3aTeM IOSBISIOTCH BOA0POC-
7M. oBpasyeTcs MIONOHOCHBIH CI0H, Pa3BUBAIOTCH TPABbI, 1TOCCIHIOT-
Cst NITHLGL, JUOLLE VAOBPEHUSA, W TOJIIBKO [TOTOM RBIPACTAIOT [CPEBLA.
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MC]'IOJlbLinOLI.lHE CBCT rajioapxeu 00UTAIOT B 3aCOJAEHHBIX M Ccono-
BbIX BOJAX M OYBAX, B COJICBAPHIX, HA COJICHBIX TMPOOYKTAX, ABASSICh
OCHOBHBIMH are¢HTaMu HX [OPYH. qulCTB}’IOT B MAUIEBLIX HEIAX Kak

AECTPYKTOPbI-IHPOIUTUKH. PsagoM ¢ nuMu yacro pactyr Dunaliella n
Ectothiorhodospira.

KoHTponbHbie Bonpocw

1. HazoBuTe 0CcOBCHHOCTH MCHObB30OBAMUS MHKPOOPTRHHIMAMH BBICOKO-
MOJIEKYAAPHDBIX BCLUECTB.,

2, CparHHTE MAPAMETPDL MPOLUCCLOB TACCHBHON W 0BjeMeHHOI auddry-
3Un,

3. ITepeuncaurte BUIB AXTUBHOIO TPAHCTIOPTA. B ucM ero omantie oT ang-
dy3uu?

4. ChopMmynaupyiite 1pHHUMN BHOXHMHUCCKOTO CHMHCTBA.

5. TlepcuHenTe OCHOBHBIC HTAMB KuTaGoONHIMA IIOKOIb vV MHKpOOpTra-
HHU3MOB. B YeM 0co0eHHOCTH KaTaBonHIMa aHa3pOBHEBIX OPraHiIMoB?

6. Mlaiite onpencickne npoueccy GpoxeHus, IMepeuncnure HanBonee n3-
BECTHBIE BUAbI BPOXKCHUA H TPYNMBI MUKPOGPTAHHIMOR, X BBIILIBAIOIILIE.

7. Yro Takoe reteporpodman dykcaunus CO,7

8. TMepeuncure OCHOBHBIE BIIL AHA3POGHOTO IBIXAHHS H HAIGBHTE MIK-
POOPIUHHIMBI, CITOCOOHBIE OCYILECTBINTL TAKOIH MpoLece.

9. Hasosute cybBeTpaTsl METAHOTEHEFa M TPOAHITHINPYITE BOIMOKHOCTH
MCTAHOTEHHBIX APXCH B YCITOBHAX KOHKYPEHLMH € CYALGATPEAYLINPYIOLLMMH
MHKDPOOPTAHH3MAM M.

10. CpaBHHTE POLECCH MOTHOIO U HENIONHOIO OKHCICH IS cvbeTparra. Ka-
KOBbI OCODCHHOCTH OKHCICHUS DHOIOTHYECKHX TOTHUMEPOR?

11. YTo Takoe GHOTIOMMHECLIEHLIMA 1 KaKue MHKPOOPIAHMIMBI CITOCOOHE]
CC OCYLLECTBAATH?

12. Hasorute 0COBEHHOCTM ACCUMMASLNK YIilepoaa y METHIOTPODHBIX
MHKPCOPraHHIMOB.

13. TlepeuiscauTe TPYNTBl XEMOTHTOABTOTPOMHBIX MHKPOOPIAHHIMOR.

14 CpannuTe rpynnst GoTOTPOQHBIX MUKPOOPIAHHIMOR IO OPTAHH3AUHH
(DOTOCHHTETHYECKOTO annapaTa M MeTabOMHYCCKHM BOIMOKHOCTIM,

e e et oo,

nhaBa 7
OUKCALUNA MOJNIEKYNAPHOIO A30TA

3HauyeHue npouecca a3loTpuKcaummn

AszordHKcauuss — 3TO YHUKA/IbHBIH npouece, MPUCYUiL TONIBKO
[POKAPHOTHUECKMM MHKpOOpraHusmam. [loa azorduxcauueit noHu-
MaeTest crocobHOCTh HEKOTOPLIX [pyMn OakTepuit W apxeil K 3H3U-
MATHUECKOMY BOCCTaHOBIeHHI0 atmocgeproro N, 10 aMMOHMA
(c o6pa30BAHMEM BOQOPOIA), KOTOPHIH 3aTeM BKJIIOYAETCH B KICTOY-
HOE BELECTBO.

AzordUKcaLus o CBOEMY 3HAYCHMIO COMOCTABMMA € (HOTOCHHTE-
30M, TaK KaK /TS MOJABIAIONETO OObIIMHCTBA XKHBBIX OPraHH3IMOB
A30T MOXeT 6BITh AOCTYNEH TOALKO B ¢BsA3aHHOMK hopme. Monekyasp-
Hblit 30T cocTapaseT B atMocdepe 3emin oxono 78 % no macce, CBsiszaH-
HbIi1 A30T, «BLIHOCHMBIii» U3 NOYBbl pacreHusamMu (nopsaka 110 Man T
B TO), YACTUYHO BOCMOJHACTCA 334 CYET BHECCHUS MHMHEPAIbHHIX M
OPTAHUYCCKUX A30THLIX YA0O6pcHHit (0xono 30 MIH T B ron). OcHoBHOE
CBSI3BIBAHME a30Ta MPOMCXOAMT MyTeM MHKpOOHOIl azoTdukcauun.
TakuM 0Bpa3zoM 3aMbiKacTcs DIOOAIBHLIA LIMKA a30Ta.

MukpoopraHu3mel, cnocobHele pukcupoBartb
MOMEKYNspHbLIA a3o0T

JlaBHo BbIIO 3aMEUEHO, UTO ccBOOBOPOT ¢ B0DOBLIMU PACTEHHSA-
MU TIOBbILIAET ypoxait 3nakor. B 1888 r. M. beficpuHK BbLACIHI NEP-
BYIO YUCTYIO KYJILTYPY KIYOCHBKOBbIX Dakrcpuil U3 pola Rhizobium.
B 1893 r. C. H. Bunorpanckum 6b11 onMcaH cBOOOAHOXWBYIIMIA aHAD-
poBHblit Mukpoopraunam Clostridium pasteurianum, DUKCHPYIOLLHIT
MOJIEKYIAPHLIA asor, a B 1901 r. M. beiteprHK OBGHApYXHN a3pob-
Hblit cBOBOLHOKMBYLIKG asordukcaTop poaa Azotobacter. B Havane
XX B. 6bI/1a 10Ka32HA CNOCOOHOCTb K a30TdHKcaumn y unaHobaxre-
puit poaa Nostoc.

ASOTHUKCHPYIOIIME MUKPOOPIAHWIMB BBUIC/IAIOT Ha cpeiax 0c¢3
cassaHHbX hopm aszoTa. B Hactosiilice Bpems Hanbosee pacnpocTpa-
HEHHBIMH MCTOAAMI M3Y4EHHST AJOThUKCALNM ARIAIOTCA HIOTOITHBII
(no BrAoucHHIO N'¥ -— HepaJHOaKTUBHOrO, CTAOMNBHOTO U NP3 —
PAAMOAKTUBHOTO, C TICPHOIOM NOTYKIIHK ~0,5 4, U30TONOB B KJICT-

211




KY) M aLCTHJIEHOBBIH (OCHOBAH Ha CIIOCOBHOCTH a30T(hUKCHPYIOMMX
MUKPOOPTAHMIMOB OCYILCCTBASATh PCAKUNI0 ALUCTUREHPCAYKLIMH
CQHQF—) Cz H4)

Bosblioe 1uneno MUHKpOOprannaMoB — npencrasuresy 80 POIOB U3
27 cemelicTB BakTepuit M NO KpaitHcii Mepe Tpu TepMOIIBLHLIX pojia
apxeit — 001a2a107T criocoGHOCTHIO K a30ThHKcaALHH,

Takue MUKpoOprannambsl NOAPa3ALAAIOT Ha CBODOAHOXHBYILHE 1
cumbroTyeckue. Ceoboduoncugyuue azomgurcamapst OTHOCATCSH K XC-
MOTPOAM (ITO AaHA3IPOGHBIC KIOCTPHANM W CYA shaTpeaykropsl, du-
KYTLTATHBHO aHa3po0Hble GAUMILIBI M IPCACTABUTEAH ceM. Entero-
bacteriaceae, aspoOHbIc METAHOTPOMDB W IPCACTABHTENN ceM. AZOtO-
bacteriaceac) u k cdotorpodam (10 psia NYPHYPHbLIX U 3€ICHBIX Dak-
TEPHIt U MHOTUC UMAHOGAKTCPUHM).

B Hactosiuee Bpems cBOBOAHOXMBYILME A30TQUKCATOPLI NOAPA3-
HENSIIOT Ht UCHUHHO C6O000HONCUGYILIE W accOunamuaHbIe, T.¢. TIpel-
MOYTHTCILHO BCTPCYAIOLNECS B pusocdiepe HEKOTOPDIX BBICIIUX PACTC-
HMit (1akoB). K accoriaTHBHbIM duazonmpocham (Ipyroe Ha3BaHKe g30m-
thukcamopog) OTHOCATCA NPEACTABUTENN cem. Enterobacteriaceac
Azotobacteriaceac.

Curbuomunecxue duazompodhor BKIIOUAIOT NPEXIE BCETO TAK HA3bI-
BacMbl¢ K1Y6eHBKOBLIC DakTepHi ceM. Rhizobiaceac, obpazyioline pas-
PACTAHNSA HA KOPHSIX B0OOBBIX pACTEHMI, 4 TAKXKE POACTBEHHbBIC CTPEII-
TOMMLCTAM MUKPOOPTAHH3IMBL pofa Frankia, xuBywve B KITyOeHbBKaX
Ha KOPHSIX 1 JIMCTLAX HEKOTOPLIX MOKPBITOCEMCHHBIX KYCTAPHUKOR (OU1b-
Xa, obuiennxa). DT MUKPOOPIaHN3MBI (DHKCHPYIOT 230T B CTAIMH 3H-
AOCHUMOHOHTOB-dax mepoudos.

HuTtepecHo, UTo npH CUMBHOTHUCCKOIH A30TMUKCAITMH HI3MEHSET-
CHl KaK pacTeHue (paspactaHue TKAHei), TaK 1 MUKPOOPTraHM3M (me-
HACTCS CTPOEHHE KIETKH). BO3MOXHO, MBI HaGmoadeM obpa3oBaHie
HOBOM 3yKApHOTHUECKOH OpraHe/sl NyTeM cMMBHOA.

K cnmBuoTHYCCKUM 230T(HKCATOPAM TAKKE OTHOCSTCH HEKOLO-
PBIC UMAHOBAKTCPUHM B JIMILAIMKKax (Anabaena, Nostoc) 11 cumBHOH-
Thl BOIHOIO MalopoTHUKA Azolla (A. azollae), pacTymme B nasyxax
JIUCTBCB,.

CunTanocs, HTO TaKUe AMa30TPOMBl COCOGHBI thuxcuposats azor
TOJBKO B CHMOKHO3C. B HacTosIce BpeMa HOKR3aHO, YTO eCilH CHH3HTS
MapuUMATbHOE aBIEHHE KHCIOPOAA, TO CUMOMOHTBI CMOIYT (DHKCH-
pPOBATL a30T U B YHCTOH KyawType, Oe3 pacTeHHA-xo3suHa. OnHAKO
CHMOMOTHUCCKAS A30THUKCALNE IHAYUTCILHO 3thdexkTupHee. Bosnu-
KACT BOTIPOC, KaK CHMOMOHTBI HaxoaaT apyr apyra? OGHapykeHo,
ITO PACTEHHSA BBLIC/ISLIOT GCAKOBBIC ATTPAKTAHTYLI - ACK MU, MMCIOULHC
CPOICTBO K MHKPOGHBIM MOTMCAXapHaaM, a MMKPOOPTAHM3MbI MOTYT
CHHTCIUPOBATH CIMUMVARINOPS pOCHA pacmeniuii (TCTEPOAYKCHHBI, HH-

DOJHIYKCYCHYIO KHCIIOTY),

[MoapobHee npoucce «y3HaBaHMA» CUMBMOHTAMM APYr apyra u
MEXAHMIM 00pasoBaHus KIYOEHLEKOR OMHCaH B 1. 11,
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Npouecc ¢MKCauMu MONEKYNAPHOro a3ora

HecMoTps Ha pasHOoBpa3de MHKPOOPTIHH3MOB, OCYLHECTRIAIOLINX
A30ThUKCRUHIO, PEPMCHTHBIN KOMIUICKC HUMposeHasst OIWHAKOS W ¥
aHazpobon, W y a3pobos. OnHH 13 ce OTIHYHTENbHbIX lTp}l3H"¢lK(‘JB —
UpE3BLIYAITHAN YYBCTBHTCIBHOCT K HAIMYHIO Kucaopoma. [lostomy y
A3pOBHLIX MHKPOOPIAHH3MOB CYLIECTBYET Mpobaema ATl RUTPO-
FeHi bl OT KUCIOPOIa. Pa3HbIe MUKPOOPIAHH3MbL PCILAIOT CE Pa3HbIMK
nvTsiMy. Y UHanobakTepil HMeTCA CNenHATH3UPOBRHHbIC KIETKIH-
aémepummnm, B KoTopbiX HeT PC 11 1 no3ToMy Npu GOTOCHHTE3E He
ofpasyeTcst KHCIOPOL, a TONCTAS KAECTOUHUN CTCHKA IIPENATCTBYET €0
IUhdYINH CHapy K. AKTUBHAH OKCHIA3HAS CHCICMA TYT KC BOCCT’E_—
HABIHMBAET NPOHUKIIKMA KHcaopod. Y azorofaxrTepa CUIIBHO Pa3BUTA
CM3UCTAS KAIICYAd, TIPCHSTCTBYIOLLAA TIPOHMKHOBCHHIO KHCA0POAa,
W YHHKAILHAS OKCHAA3HAS CHCTEMA ¢ OUCHDL BHICOKMM CPOICTBOM K
0;(KM= (07— 107" T1.e. B 10— 100 pa3 Beite obLI4HON )}, HE JONYyCKa-
oA MEeTaBOIMHMECKIIT KNCIOPOA K HUTPOTCHA3E. 06Hapyx<e110, uTO
HEKOTOPDIE CBOBOIHOXHKBYIIHE a3po0b! 061A1AI0T HUTPOTEHAZOH, oen-
KOBast UACTL KOTOPOil MMeeT 0cobyio Kon(OopMAUMID, MEHEC JYBCTBH-
Teabuylo K Q. Hekoropbie a3pobiblie a30ThHKCaTOpL! BbIGHPAKT MUK-
POAIPOPIUILHLIC MECTOOOHTAHHS WM COCYLICCTBYIOT B JKOCHCTEMAX
¢ OPraHHU3IMaMK, AKTHBHO [10TpebIsIOIHMU KHCI0POL. q)aKyananm-
HBIC AHA3POODL GUKCHPYIOT 30T TOMBKO B AHAIPOBHBIX YCIOBUAX. HdH—'
Go/ee H3OLIPSHHAN 3ALLHTA HHTPOreHa3bl ODHAPYXeHa ¥ KIYOCHBKOBbIX
Gakrepuil, KOTopble CHAOXKAKOT PACTCHUE CBA3AHHBIM A30TOM. Pacte-
HUME KC JILALLAET fakmepoudsi U JAeT UM IPOAYKThL GOTOCHHTESA —
OpraHHUCcCKHe BeuiecTBa. Jas 3auThl HUTPOICHASE! B KﬂyﬁeHbj(ax CHH-
TCIUPYETCH 1€22eMO2100UH — CAMBIH BLICOKOYYBCTBHTEIbHLIN K KHC-
nopoay Genok-okenaasa, Jlerremorno6itH pearupyeT ¢ HAHOMOJAPHBI-
MM KOAHYECTRAMM KHcaopoad. MHTCpeCHO, uTo CHHTE: 3TOrO Coeiu-
HEHUS TEPOHCXOMUT COBMECTHO — OCIKOBYIO HacTh 0Bpa3yeT pacTe-
HMe, a reM cuHTesupyeT Bakteponi. Ha cpesax KiyGeHbLKOB J1erreMo-
FI0DHH BLIACTSIETCH KPACHBIM LBETOM.
(DyKCaLMs A30Ta KECTKO PETYIUPYCTCA HATHUHEM CTO CBS3AHHLIX
dopM. HUTpOTrcHa3a penpecCupyeTcst, €C/1H B CPee ¢CThb NH] (puc. 142).
UTak. ra3 a30T — 9T0 XHMUUYECKU HHEPTHOC U 0YeHb CTabuibHOC
peitecTno. YToBbl patopsaTh TPOITHYIO CBA3b B €r0 MOJIEKYIIE, HEODX0-
aMMo MHoro sueprin. Peaxunst 3H, + N; — 2?:1 H3.,_ IHAOTEPMHYE-
ckast. [List ce ocyiuecThiacHus TpebyeTcs 110 KpaiiHeil mepe 8 31eKTpo-
HoB 1 16 monexkya AT®. Ha camoum aene ATD 3arpauuBactcs Gonbmf,,
[IOCKOMbKY YACTD €€ HYKHA AN MOALEPRKAHHS AHAIPOOHBIX ycn'msm{.
HutporeHasHblil hepMEHTHBIA KOMILUICKC COCTOMT M3 ABYX KOM-
noteHTON: Mo-Fe-6esok ¢ motekyaspaoil Maccoit 220 x/la u Fe-
Genok — 64 xila (puc. 143). Mo-Fe-0enok coaepAuT Asa aToMa MO-
nuGaena u 28 — 32 atomop xcenesa, B Fe-Benke — 4 aroma xenesa. ,U.JTIH
[IPOSBAE HUS HUTPOTEHAZHON AKTHBHOCTH HEOOXOIMMBI 062 KOMIOHCHTA,
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C] arunes: i
[C] a>1HneHa NHI Puc. 142. Switch-off — addexT 1oxon
) AMMOHHS Ha aKTUBHOCTb HHTPOICHA3-
S HOTO KOMIL1EKCa
_____ J/
Fd
/’
/7
/
/!
Bpemst

HO OHH B3aHMMO3aAMEHACMBI ¥ PasHbIX MUKpoopraHuaMos. Mo-Fe-6enok
COCTOMT 13 YeThIPCX cyOBeARHNLL 200 (KoaupytoTes wifD-renom) u 2p
(nifK-ren). Fe-6enok coctonT U3 a8yX cybbemHuIL Deppe/loKCHH Boc-
cTaHapanBacTcA Nubo B peakuunx dorocuttesa v dororpodos, nubo
NPH OBIXaHKMH ¥ 23pO0HBIX AHA30TPOMOR, HIH NPU BPOXCHHN ¥ aHad-
pobos. MMpu hukcaunn a3ora Bcerna BuIAETIAETCH MOJIEKVISPHBLIH BO-
LOpoa:

N;+ 8¢ + 8H'+ 16AT® —~ Mg™ — 2NH;+ H, T + 16AA® — Mg

Peaxuust npoxoinT B HECKOALKO crammii: N=N_ P HN=

_ 2
= NH ¢>H3NH—NH2 [2H] 2NH;. [llepBbiM cBOGOAHBIM

NPOLYKTOM ABASETCA AMMHAK, BCE NPOMEXYTOUMHBIC NPOAYKTE! CBS3a-
Hbl C (pepMeHTHBIM KOMILIEXCOM. B orcyreteie N, HUTporeHasa MH-
TCHCHBHO BbuacAsteT H,, TaK Kak 2JIeKTPOHB! BOCCTAHOBHTEICH Heo6-
X0auMO cOpocHTh. HecMOTPS Ha BBICOKOE CPOACTBO HUTPOreHA3bl K
N,, oHa He OYeHb CrEeMPUYHA H MOXET BOCCTRHABAMBATE U APYTHE
coeanHenusn: C,H, —» C,H,, HCN — CH, + NH,.

Kak ormeuanoch paHee, HHTPOTCHA3a KPaitHE YVBCTBMTENbHA K
Kucnopoay. Onvako B 1997 r. nmosiBMIOCH COOBLICHHME O BBIACACHHH
HUTPOreHa3bl, HEUYBCTBATENILHOMA K kK1caopoay. Mpu uiydenuun kap-
Ookcnrobaxteprit — aspobos, okucasiowtnx CO ¥ UMEOIINX YCTOl-
UHBYKY K YTAPHOMY I'asy OKCHIAsy, BLUIENCH MHUKPOOPIAHMIM Streplo-
myces thermoautotrophicus. TTpoGa Obuta oToBpaHa W3 BepXHei yacTh
ZEPHA YITICKOTOROH SIMBI [U1A NOAYUCHWA APEBECHOrO I U3 bepeso-
BBIX TIOJICHBEB IYTCM MEUTEHHOTO TicHMs (basapus). S, thermoauto-

CyGerpar

16Mg”H-AT@®  16Mg>" -AlD,
16D,

Puc. 143, PafoTa HHTPOTrCHA3HOIO KOMIIAEKCA
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trophicus — astoTpod, aspobd, Tepmoduit (TeMneparypa pocta — 10
70°C). aszorduxcarop.

HurporeHasa 3Toro opranuama 3asucut ot O,, CO 1 cynepokeiil-
PATHKANA;

Co CO-AerMaApareHIs ‘;Cog +2e
20, + 2¢ — 20;
205 - 20, + 2¢

]\]2 +2(,7 Mo-FeS NH}

JTA HUTPOTEHA3a HE CMOcoOHA BOCCTAHABINBATL ALCTHIEH B ITH-
neH, mMeHee TpefoBatensHa K AT® (4—12), no cyObeAMHRUNOMY CO-
CcTany He MOXOXKA HU Ha OIMH U3BecTHbIA QCPMEHT, XOTH TAKKE CO-
aepxut Mo™.

B HacTosIIICe BPEMS Rif-TCHB YCTIEWHO «rlepecaxedbl» u3 Kiebsiella
% F. coli. HO, K COXMICHWIO, OHHM TaM «HC paboTaoT», TaK Kak y
OPraHU3IMA-PELIMITHEHTA RET CTPATETMM 3aLUHTL HUTPOTCHAZH! OT KHC-
nopofa. C OTKPLITHEM YCTOHUMBOI K KUCIOPOAY HUTPOTEHA3bI 3Ta NPO-
freMa MOXET ObITH pelleHa.

MpakTHUecKoe TIPHMCHEHUE AKA3OTPO(OH B ACHTEILHOCTH UE10-
BEKA 3AKJIOYAETCS. B OCHOBHOM, BO BHECEHMM 3THX MMKPOODPraHW3-
MOB JIMBO B nouny (CBOBOMHOXHBYLINE BaKTepHH — B BHIE yLobpe-
HUS a30TOBAKTCPKHHA), THBO HA KOPHH MM CEMEHA PACTEHHH (CUM-
GuoTHYECKNE BUKTEPHN — B BUAE HuTparyHa). Uuanobakrepun ath-
(GEKTHBHO «paboTAIOT» HA PUCOBBIX ITOJIAX, A BO BheTHaMe XOpOlUIMM
«3eJICHBIM» YIOBPEHUCM CILYKUT BOAHbIIH NANOPOTHUK Azolla B cMOHO3C
¢ Anabaena. T1pofoaxarnTcs paboTht MO BHEAPECHHIO Hif-TCHOB B APY-
THe [oJe3Hbe MUKPOOPTAHH3MBL.

KouTponbHsle BONPOCKI

1. Kakoe 3HaucHMC HMeeT npoucce asotdikeaunu?
2. OxapaxtepuayitTe rpyins cooBOIHOKHBYILIMX, ACCOLHATUBHLIX W CHM-

OHOTHUECKHMX A30THHUKCATOPOR.
3. [lepeducnuTe HIBECTHBIE CNOCODb JALHTLL HHTPOTEHA3HOTO KOMIUIEK-

¢a 0T KMCIIopoaa.
4, Kak QYHKUHOHHPYET HUTPOTCHA3HbINH KOMILIEKC M HACKOJILKO YHUBCP-

callbHO ¢ro cTpoeHuc?
5. QOnHUINTe CBOICTBA MHKPOOPraHKiIMa, oOpalyoero HHTPOreHasy, He
YYBCTBHTETBHYIO K KHCIOPOAY.



nasa 8

BUOCUHTETUYECKUWE NPOLECCHI
Y MUKPOOPTAHU3MOB

O6wme noHaTHA

MHOTHE peakuMH 2aCCUMUWISLIMK NOAPOGHO ONMUCAHBI TIPH PACCMOT-
PCHUM PaLTMUHBIX (BHIMONOTHYECKHX IPYIIIT MHKPOOPTAHM3MOB, 110-
ITOMY 3/€eCh OYLeT A4aH KpaTKuit 0630p KOHCTPYKTHBHLIX POIIECCOB B
MUDPE MHUKpPODOB.

Wrak, anaboauzsm — 510 COBOKYNHOCTL peakiiii MOCTPOCHUSA CI0X-
HBIX MOJIEKYJ W CTPYKTYP U3 D0jiee NpocThix M HCGOIBLIMX NPEALLECT-
BCHHHKOB € HCNIOABIOBAHHMEM MeTaboNMYCCKOM IHeprHu., Kamadoau-
YeCKHE W anaboaudecke yTH MOTYT Pasinuathest GCPMeHTAMM, HX
peTy/sitHeid, BHYTPMKICTOUHON JIOKATHM3AUMEH W MCTIONLIOBAHMEM
KO(haKTOPOB M MEPCHOCUMKOB., MHOTHE (DePMEHTRI amuiboauteckux
nyTeil Y4acTBYIOT KaK B peakuUusix aHaGogIMIMa, T2K U B KaTaboMH-
HCCKNX peakuusax. Hanpumep, GonblMHCTRO IIMKOIHTHYCCKMX dep-
MEHTOB NPHHHMIACT YUYACTHE KAK B CHHTE3e, TaK H B Kataboamame
FIIOKO3bl, TOTA2 KAK KUPHbIE KUCAOTHL CHHTEIUPYIOTCH U3 AlleTII-
KoA u manonun-KoA nyrem, coBepLueHHO OTIHYHBIM OT B-OKHCITC-
HHS. B aKTHBHBIX KJIETKAX BCEraa NOAACPKMBACTCH PABHOBECHE MEK-
Ay npoueccamu aHaGostn3ma u xaradoinama. Ha puc. 144 usobpae-
Ha MpOCTeifilast cXeMa, NOKA3IbIBAIOLIAs 30 CUET MEro MOXHO aMH-
Gosnyeckue depMCHTLL 3aCTABANTE PpABOTATHL AMBO B CTOPOHY BHOCHH-
Te3a («BKAIONAs> E,-chepmenT), 1160 B CTOPOHY Aerpasalinm («akTH-
BUpysi» E -epmeHT).

x

AT B —C DITZTE—"—F*=G—Y

INpcauecTReHHUK Z

E,
MaxpoMoreKynnl

Puc. 144, [Mpocreitiurisg cxemMa peryiasi amdmboiHIecKHN nyrei {(axTHpauHs
thepmeHTa Ey MPUBOANT K CABHTY peakUMit B CTOPOHY GHOCHHTEX. E, —
B CTOPOHY PACLIENICHHS)
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Accvmunsuma yrnepoaa

HMcrounuxoMm yronepoaa st antorpodos cayxut CO,. aas rere-
poTPOGoB — OPraHUYECKAC COCUHEHMS.

@uxcapsi CO,. OcHOBHbBIE NYTH ACCHMUIALMY YITICKHCIOThI 4BTO-
TpodaMM CreayloUiHe:

m puiiyaozobucgocamnsit yuxt (uika Kanbsuna, puc. 145) ¢
KaoueBsiM thepmenTom PhD-kapbGokcnaazoii (Moxer paboTaTh KaK
okcHredasa, puc. 146), GyHKUHORUPYIOWIA B TOM 4iICTIC ¥V pacTe-
HHIA;

M BOCCMIGHOGUMEABHBIE HUKA MPUKapionossix Kuciom (LNK1 APHO-
Ha) ¢ KJHOYeBhIM (hepMeHTOM LHMTPATINA30i HANICH Yy 3eNeHbIX cep-
HbIX BakTepuit U y a3pobos poxa Hydrogenobacter (cM. puc. 136);

B 2UOPORCHRPORLOHAMHBIL RYIMb U 80CCHAHOBUMEIbHbII ULK.T OUKAp-
BOHOBLIX KHCAOM Y 3eJIeHBIX HECEPHBIX BaKTepHiT (cM. puc. 137);

W ayemia-KoA-nyme (nyrs Byna —JIbloHraala) v MeET4HOTEHOB,
cynbhaTPCAYKTOPOB U rOMOACTOTCHOB (cM. puc. 98, 99).

FetepoTpodbt He MOTYT OCYIUECTRINTL NOHOC NOCTPOEHHE BCIUCCTR
knetku 3a cuer CO,, 0OHAKO U ¥ HUX BO3MOXKHA (PUKCALHA YLICKHC~
JIOTH!. 3TO, HAMIPUMED, WU3BCCTHAs peakuus Byda— Beprmana, Korna
DEI unu nupysat nyrem KapOoKCHIMpoBaHua aoctpansaeTces 1o Cy-
KHeaoTH (oKkcanoanerara). KapOoKcHAMPOBaHMIO MOTYT TTOABEPraThes
rakxke Cy-kucnotsl B popme atetun-KoA, Ci-coenmHenns B Hopmce
®EI, nupysata, nponuonni-KoA, Ci-cocnutenus B (hopMe CyKLH-
Hui-KoA, 2-oKcomtyTapata M COeMHEeHHA ¢ BONBUIMM YHCIOM aTO-
MOB yriiepoaa, HanpuMmep, B chopume deHunaneTata. Hike MpHBeIcHbI
HEKOTOphle peakuuu rereporpodtioil Gukcaumn CO, ¢ YKa3aHHEM
KATUTHZHPYIOLHMX HX DEPMCHTOB!

auetnn~KoA + CO, » CO—CH,— CO~ KoA (mwionni-KoA-xap-
OoKcHIa3a)

auerwi~KoA + CO, + ®aH, — nupysar + @ (MupyBaTCHHTAA)

OEM + COs + H,0 — oxcanoanerat + @, (PEI-kapbokennasa)

OEI + CO, + AID — okcancauerat + ATD (PE[-kapbokcuku-
Ha3a)

OEI + CO; + P, — okcanoanerar + OO, (PET-kapbokcurpanc-
depasa)

nupyBat + CO,+ AT® + H,0 — oxcanoanuerar + AAD + O, (nupy-
BaTKapbokcuasa)

nupysaT + CO, + HAII(®)H 2 manar + HAI(®)' (manataeruipo-
reHasa KapBoKCHJHPYIOUIAs, «MAUIMK-(DCPMCHT»)

npormuonni - KoA + CO, + @aH, — 2-okcobyrupar + ®Pn (2-okco-
OyTHpaTCHHTA3A)
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Puc. 145, Pubynoilobuctocdarnmii uukn (uMka Kanbpnua)

cykunH~KoA + CO, + ®aH, — 2-okcoraytapat + @n (2-okco-
FAYTAPATCHHTA3A)

2-okcornyTapar + CO, + HA(®)H + H* &2 wzounrpar + HAI(D)'
(MaouMTpaTASrUAPOTEHA3A)

dennnauetar + CO, + ®aH, - deHunnupysar + On (pennnnupy-
BaTCHHTA3A)

Gukcaunst CO, B TAKUX peakLMax obbiuHO coctaBsieT 2—6 % ot
obiero noTpebieHHs yriepota KIETKOM, a Ha BeIHBIX cpenax MOXeT
nocturath 30 %. Yem mopowe ¢pena KyTbTHBHUPOBAHHA, TeM O0AbLIC
eemepompognan puxcanun yeiexuciome.. TaAKUM AYTEM YUTHHRIOTCSH
VYIICPOAHBIC CKETETHI, 4 TAKXKE MNOLIEPNKHUBACTCH OKHMCIMTENLHO-BOC-
CTAHOBUTCABHBIH MOTEHIIHAT CpPEeabl.

Accumaiannn C,-coequnenmii. Urak, CO, — coennHenue yraepoaa
B CAMOH OKHCJICHHOMN hopMe, NMO3TOMY HE MOXET ObITh HCTOUHHKOM
aHeprud. Jpyrue OgHOYTNEPOIHBIC COCJUHEHMS — METaH, MCTAHOJ,
dropmanbaerna, GOpMHAT, MCTHIMPOBaHHbIE aMuHbL, CO, LMAKUIBI
W T. 1. — MOTYT ObIThb asmguboiunami, T.¢, ACTOMHHKAMH H YTIiepoaa, o
sueprun. Takue coenrHeHNs HCnone3ylotes memiiompohamu. OcodeH-
HOCTBIO UX NOATOTOBUTENLHOIO MeTaboIM3IMa ABJISICTCS TO, Y4TO OQHO-
YEAEPOIHBIC COCIMHEHMS OHM JIOIKHBI TPEBPATUTEL 1B (POPMANbICTHA,
KOTOPBI 3uTeM W (PUKCHPYETCH B OAHOM M3 UHMKIOB (pHOY1030MOHO-
thochaTHOM, CEPUHOBOM WIIH AUOKCHALICTOHOBOM).

AnaB0JW3M YIIeBOX0B, MHOIrHE MUKPOODraHU3MbL JOJIKHB CUHTE-
3MPOBATE Caxapa M3 Boice BOCCTAHOBACHHBIX, ueM COs, coellliHEHHIA
CHHTE TIIOKO3b U3 HEYMNEBOAHBIX [PEIILECTBEHHHUKOB HA3bIBAIOT
snokoneoeenesos. Ha nepsuiid BIrIsL, 9T0T NyTh ABIAETCA Kak Obl 06-
PALCHHBIM TAUKOJHTUUCCKHM ITYTEM, OLHAKO Hi TpCX ero CTaanuAax
paboTaloT coBepieHHo aApyrie depmeHTsl. [lupysar npespatiaeTcs B

i
H—C—O—® 0
=0 0, C—QH 0
\ l
H—C—OH H—C—OH + C—OH

H—é———OH |<PB®-oxcurenasas | H_Cl‘—O—Q) H—C—0—®
| |

Hf%‘ —O0—¢ H H
H
Pu6ynoiso-1.5-6ucdocat 3-0IrK ®ocdornukonar

Puc. 146. Oxcurenasias GyHKuna PE®-xapbokcinaibl



DET ¢ nomowbio nupyBarkapbokcuiaisl 1 GEIM-kapbokecHKIIHA3LL,
$hpykro3o-1,6-0ucdocdar npeobpasyercst Bo (pykroso-6-thochart ¢
noMoiliblo ppykTo300HCchochaTasbl. rAOKe30-6-docdar npespaa-
¢1Csl B [NI0KO3Y HOA AcHCTBRHEM IMIIOKO30-06-gocdaTassl.

fToaucaxapudsl CHHTCINPYIOTCST ¢ TTOMOUILIO HYKIco3HIIHbocdaT-
Caxapos:

AT® + rmoxo3so- [-dochar - AllP-rmoxosa + PP,
(rmokosa), + ALO-rmokosa = {rmoxosa),,, + AJddD

MeTabonuam aszoTta

st ocylICCTBICHHSA OMOCKHHTE32 MHUKPOOPIHH3MaM B GOJIbIUNX
KOTHYECTBAX HEOOX0AMMBI TAKKC cepa H a30T, COeIMHEHITI a30Ti, He-
NOJIB3VEMBIC B KOHCTDYKTHMBHDBIX HEMSX, — 3TO MOJCKYISIPHBIA 430T,
AMMOHUW, HUTPHT, HUTPAT, THAPOKCHAAMIHH, METHJIAMHHbBI, aMHHO-
KHCJIOThI, MOUYEBHHA, MYPUHLL, THPHMUAWHLL, 6¢aKkH. Hano 3amernT,
UTQ BO3MOXHOCTH UCTONB3CBAHNS COCAMHEHNIT a30Ta ¥ MUKpoopra-
HHU3IMOB 3HAUHTENBHO UIMPC, UYCM Y XHBOTHBIX 1t pactenmii. [lpoucce
azomghukcaiuy NoApOOGHO ONKUCaH B 111, 7.

ACCHMMIIANMA HATPATA W HATPHTA. B oTHOLWEHUH HCOOALIOBAHHS
HHTPATA MHKPOOPIAHHM3MBI TOXOXH Ha pacTeHust. Flpouece accumuis-
yuornot Humpampedykuun (puc. 147) npoxoanTt 8 apa Tana:

NOj
2e 2¢ — 2 H*
HAJ()YH DAT—Mo™
Ad—Mo e H,0

s
| By |2 N O

[ HuTtpokenn

NOH]
_ 2HT
w |

NH>,OH| M'iapokeraanitH

«Fuﬂpoxcmammipeﬂymanol w b

NH;

Puc. 147. lMocaenoBaTe1bHOCTL PEAKIINH TPH ACCHMMAM LOAH O HHTPaTpe-
aykund (E; — accusinsiunoHnan Hutparpeayktaxt;, E, — accuMuasiuon-
HAsl HUTPHTPCAYKTAS)
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NO; ——E*—>NO; L)NHJ . Ha repsom sTame HUTpaTpeayKTasa
(E,) nepeHocHT IBa 3CKTPOHA, HA BTOPOM — MOCAEAOBATE/ILHO Ne-
PCHOCHTCH MIECCTh 3MEKTPOHOB MOA AcicTaueM (hepMEHTHOTO KOMTI-
Jlekea purpuTpeaykradsl (E.). ACCUMUNSIIMOHHAA HUTPATPEAYKTA3d —
PACTBOPUMBILIT (hCPMCHT, Y PEAKIIHA NMPOUCXOAUT B LMToInaime. Dep-
MEHT CoepXuT Hon Mo™ u ®AJL, CrpoeHue aCCUMIIALHOHHOMN 1
JTUCCUMMWIBIITOHHOM HATPHTPEAYKTA3 Noxoxe. BO3MOXHO, Takxe
NMPUCYTCTBYET U APYIOil GCPMEHT, BOCCTAHABAMBAIOWN I THAPOKCH-
JaMHUH.

AccuMunguus aMMoHns. YacTto HCTOUHMKOM aMMOHHMA A1 MMKDPO-
OPTraHU3MOB CYKUT MOYEBHHA. Peakuyio painoxkeH s MOUCBHHAL TPO-
BOJIMT (hepMeHT ypeaia.

NH,—CO—NH, + H,0 —5— CO, + 2NH, (NH})

Y MHKpPOOPTaHM3MOB OOHAPYXEHO HECKOMILKO CHCTEM ACCHMMIIA-
unn NH;:

m vy (haKyJIbTaTHBHBIX aHaspobos cemeiicrea Entcrobacteriaceac —
aMuHupoBaHHe dymapara ¢ o6pajoBaHUeM acnapariHOBOH KMCHOTh
noa geidcrsieM (hepMeHTa acnapmases.

COOH—CH=CH —COO0OH + NH; ACTLPTARL
ety COOH—CH,— CHNH,—COOH

{y HCKOTOPBIX KJIOCTPHAMIT TPOUCXOANT AMHHHPOBAHIE METHIMAJIEH -
HOBOH KUCHOTBI);

N BOCCTAHOBHMTENLHOE AMWUHUPOBAHHE KETOKHUCJOT (BCTpedaeTcst
3HAYUTCABHO HALIC):

COOH —(CH,),—CO—COOH (2-okcornyrapar) + NHy +
+ HAJI(®)H &—— COOH--(CH,),— CHNH,—COOH
(rryramunopas kuenora) + HAJ (D)

Tor xe depmenT arymamamoecudposenaia OCYLIECTBISCT W 0OpaTHyIO
PEAKLHMKY OKHCJIMTENLHOTO A¢3aMHUHHUPOBAHMA;

B AMMHMPOBAHHC AHPYBATA ¢ 00pa30BAHMEM ATAHUHA, TJHOKCH-
JIdTa ¢ 0OPA3OBAHMEM IJIMLMHA W OKcaloaleTaTa ¢ o0pa3oBaHuem ac-
MaparMHOBOIl KHUCIOTHI MO ACHCTBUEM COOTBETCTBYIOLMX deeudpoee-
Her3, ¥ HEKOTOPBIX GalMANl ecTh TONLKO alaHWHIertaporeHasa, y apy-
rUX MHWKPOOPraHM3MOB CHCTCM YTHIH3ALUMH AMMOHUSL MOXET OblTh
HECKOJIBKO;

m 0OpPA3OBAHNE AMMAOB TOA JIeicTiMEM (epMCHTA 21VMAMUHCIUH-
mentasol

rnyramar + NH; + AT® — COOH — (CH,),—CHNH,—CONH,
(rmytamu) + AILD + O,

m obpazoBpaHue kapbamoihochama

(o]
[




NHj + CO, + AT® —» NH,— CO--OPO;H, + A1®

ATO COSAMHEHME YUACTBYET B JATLHCHUIEM 00pa30BaHUH LUHTPYI-
JIHHA, OPHHTHHA, 4 TAKXKE HYKJICOTUAGB y NYPTYPHBEIX DakTepHid u
HEKOTOPBIX CTPEITTOKOKKOB.

st hopMuUpoBaHmsl ApYTMX aMHHOKHCIOT MHKPOOPIraHN3MBl HMC-
10T CHCTEMY HepeaMutuposuiiz;

rayramat + CH,—CO—COOH (nupysaT) — o-KETOrnyTapar -+
+ CH;—CHNH,— COCH {(anaHuH)

B peaxumu yuacTBycT DEPMEHT MpaHcamunasa ¢ mupuaoxcHoc-
dartom (B)) B KauceTse KobepMeHTa, B peakiiuy nepeaMMHUPOBAHUA
FAYTAMHHOBASE KUCTOTA CIYXHT JOHOPOM aMUHOTpynnbl. B 3710t poan
MOXKET BLICTYIIATh M aMHI!

MIyTaMHH + o-ketorayrapaT + HAL(®)H — 2 rayramar + HAIL(D)

Peakuust MpoOMCXOINT NOA AeitcTBHeM depMCHTA erymamamennma-
3si. [1pnt HepocTaTke NHI MUKPOOPIraHUIMbI CHHTE3HUPYIOT AMRHOKH-
CJIOTBI TIO 24VMAMUH/AYIMAaMAmMAHOMY Hymi, T.€. IPH COYCTAHUN peax-
L HI1 00pa30OBAHMA aMUAA M NMEPCAMHUHUPOBAHYUS €70 C (-KeTormyTapa-
ToM. [1pH M30BITKE AaMMOHMSI paboTaeT yTaMATAE THAPOTEHA3A U NPO-
HCXOAUT G0CCMAHOGHMNECABHOC AMUHUPOBARIIEe KEMOKUCAONT,

MeTtabonusm cepbl

Cepa BXOAUT B COCTAB METHOHHHA, HMCTCHHA, TMYTATHOHA, Kodep-
menTa A, cynnthonniiitos 1 cyasbononucaxapuiaos. Hekoropole co-
CAMHEHMS CEPbl UCTIONB3YIOTCH B KaTaboauaMe, Cepa BXOIWT B COCTAB
STHX COCIMHCHHII B BOCCTAHORIEHHOH (opMe (§8*). Bee mukpo-
OPTAHM3MBI AEANTCA HA CNMIOCODHDLIX PACTH TONBKO MPU HATHUMK 57 1
Ha cOCODHBIX K BOCCTAHOBIEHU KD OKHCIICHHBIX COeAUHEHHH cepbl. [Tpo-
LECC GCCHMUARHUHORRON cyasthampedyyuty MOXET TIPOXOJHTE B IBYX
BAPHAHTAX, PASIHYAIOIIMXCHA KOHEUHBIMK cTaAnAMU (puc. 148). Cyik-
(oTMMIABL M cyabdononucaxapuibl obpasyiorcs npu yyactuu GAPC.

My¥n CUHTEe3a OCHOBHbIX
OpPraHUMEeCcKMX COeAMHEeHUNA

AMMHOKHCIOTH HM O€JKH. BCIKH CHHTEIMPYIOTCS M3 JBAALATH AMM-
HOKHCJIOT, NPEALLICCTBEHHHKAMH KOTOPbIX SABASKOTCH padjlHUHLIC HMH-
TEPMEIUATHL KaTabo3Ma. Bee aMUHOKHCIOTH! IC/AATCH HA TPYIIbl B
COOTHETCTHHH CO CBOMM BUOCHHTETHUCCKUM NMpoucxoxacHueM. CHH-
Te3 AMWHOKUCIOT 2pyiitel SAVIRAMUHGGOH Kucaonth (TIYTAMHHOBA
KHCIOTA, IMYTAMUH, aprMHUH, TPOIHH) OCPeT Ha4ydlo OT o-KeTOrty-
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Cepun

LlscTewH

Cepun  AueTui-KoA

¥ rpuGon

O-aleTna-cepuy
KoA

Auerar

Puc. 148. IMpouecc acCMMUIRLMOHHOIT CYJIBQATPpenyK-

uni (APC — anenosnndocdocyashar; PADC — doc-

oancHosmHbochocyandar, QA — doctoaneHo-
anHocdar)

/
l IIucredH l

Y baxTepuit

Tapara, uHrepMmeanata umkna Kpebea. Jpyroit mHtepmeanar LITK, ox-
caoaLeTaT, JACT HAUWI0 LCMK PEAKLK, TPUROIAIIHMX K 00pa30BaHHI0
acnaparMHOBOM KWCAOTHI, acltapariHa, METHOHMHA, TPEOHHHA, H30-
aefiuuHa 1 TU3HHA (epynna acnapazinosoi Kuciomor). CUHTEIbL 2pynitet
apomamuueckux aMuroxuciom (TpUNtodana, (PeHWIATAHWHA U TUPO3N-
Ha) HauMHaoTed ¢ KonaeHcandyu METT M3 MUMKOAUTHYCCKOrO MyTH M
SpuTpo30-4-thocthurta U3 nexrosodocdarHoro nyru. Jlpyrue HHTCpME-
mamathl rpkonuza — 3-MIK # mupysat — RaiOT Hayano peaklHsAM,
MPUBOSILMM K CHHTE3Y aMHUHOKMCIOT pyitibe ceplitd (CCPUH, TNHLHH,
LUHCTEUH) W 2pyRnb RUPOBUHOEPAGHOU Kucaombt (ATaHUH, BATHH, NcH-
LMH) COOTBETCTBEHHO. BHOCHHTC3 cucmuouiHa CUITBHO OTIMUYAETCS OT
CHHTE3A APYTUX AMUHOKHCIOT M TECHO CBA3AH ¢ NyTsMu obpasovanus
nypuHos. [Ba aToMa yriepoaa mITHUIEHHOTO HMHIASOILHOTO KOTbIE M
TPU 2TOMA Yr/iepoaa DOK0ROH Hernu npoucxodsT 13 hocoprboinanu-
podocgara. PparmeT C— N 3TOro Kosbua odpasyeTes 13 [YPHHOBOIO
sapa AT®, a apyroit atoM a3oTa — W3 [IYTaMHHA.

C nyraMH BHOCHHTE3a aMMHOKMCAOT CBA3aHO 0DpazoBaHHe piaa
BAXHDBIX azomcodepycawqux coedunenuli xnetku. Tak, napa-okenbedsoi-
HaA KM napa-aMMHOGEH30iTHAA KHCAOTH 00pa3yloTes Ha NyTax OHO-
CHMHTE3d rPYIIbl APOMATHYECKMX AMMHOKHUCIOT, THOMMAMMHBL (TTyTpeC-
1IMH, CTIEPMUIMH, CIIEPMHUH) —— TPYIINbI IIYTAMHHOBOH KUCIOTSI, JTHi-
MMUHOTIHMEJIMHOBAS M JHNHKOAMHOBAT KICAOTH — TPYNIlbl ACNaparu-
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HOBOH KMCAOTHI, [TAHTOTCHOBAS KHCJIOTA — IPYONBE MHPOBHHOIPAAHOH
KHCJIOTBI, @ HYPUHBL U NOPMUPHHEE — [PYNNL! CEPUHA.

Jst BUocHHTe3a feakng TPCOYRTCH NPUCYTCTBHE HC TOJLKO hepmeH-
TOR H MOHOMEPOB (AMUHOKHCIIOT), HO M Mampuiist {Monckynsl HPHK),
3aaI0LLUE i TTOCEAOBATE/ILHOCTD IIPUCOCAMHCHHS AMUHOKHCIIOT K Pac-
TYLeH Lelu, a TAKXKe cncUH(UICCKOro IepeHOCHHKA LTSI aKTHBHPO-
BaHHA MOHOMEDA W 0TDOpa €ro B COOTBETCTBHH € JAMAHHBIM KOAOM
(TPHK). Pcakuusa ofpa3oBiaHis HOBOH METITHAHOM CBA3H TPOMCXONMUT
Ha pUDOCOME W KATWIM3UPYETCH (PCPMCHTOM NenTuaHaTpaHcdepasoit.
[MonunenTuaHas UeMb PACTeT B HAMPABACHUH 07 N~ K C-KoHuy.

Jlummapl. Tunuas — 370 rpynna coeaMHEHUH, PAIHOOBPIAIHBIX MO
XMMHYECKOMY COCTABY, HO HCPACTBOPHMBIX B BOAC. YCAOBHO HX MOX-
HO pasac/IMTh Ha BCULECTBR, colepixallve MCUPHBIC KUCA0mbE, CBA3AH-
Hbie APUPHON CRA3LID (HCHTPAIBHbBIE KHPL!, QOChHONUNNABI, TAHKO-
JIMITHABL, JTHITOTIOIUCAXAPUIABL, NONHAIKAHOATHL M T.[4.), H BEILECTBA,
conepXate u3onperossie gpazmenms (MOJTHU3ONPEHRB], KAPOTHHOH-
JIbl, CTEPOJBI, XNOPOKDHUIIbLI, XHHOHBI W T.1.).

BaxXHYIO PONIb B CHHTEIC MHCUPHBIX KUCIOM WTPAET duiiinepenocsini
beaox (AITB), Ha KOTOPOM NMPOUCKOAMT HAPAIIHBAHHE YIIEPOILHOMN LCTH
obpazyeMOH XHPHOH KUCAOTbL CUHTC3 XHUPHBIX KHCIOT € YCTHBIM YUC-
JIOM aTOMOB yIJiepoda HaukHaeTcs ¢ obpazoanu aueti-AllB u ma-
JToHWI-AlTD u nx nocienyoweit konaeHcauuu. [pH 3TOM NPOHCXOIHUT
obpazosanue aueroaunetTna-AllB, seteneune CO, 1 ocnoboxaeHnue
onHoit monekynbl Allb. lanee caeayver psa nocacaOBaATELHDIX PCakuMii
BOCCTAHORNEHH ¢ obpazosaHreM OyTupna-AllB. Kaxaslil nocrenyio-
WK axT B3aMMOACHCTBHA ¢ ManoHUA-AITB nNpHBOAMT K YIUIMHEHUIO
pactywero Allb-coenuneHuns va aea atoma yriepoaa. CHHTE XHUPHBIX
KMCJIOT C HCUCTHBIM YMCIOM ATOMOB OTJHYACTCH TOABKO NEPBON peak-
unei, rae npoHCXoauT KoHaeucauus npornsoHun-Allb ¢ maaoHwun-
AlIlb. Jpoiitible cBA3K 06pasyloTesl B MONEKYIIE XHPHOH KNCnoThl 1MGo
nyTeM QECATYPALMH VXKE HOJHOCTHIO CHHTE3UPOBAHHBIX HACKIILCHHAIX
KUPHBIX KWCAOT ¢ YIAaCTHEM MOJIEKYAPHOIO KWCJI0poaa (a2po0Hblil
MYTh), THO0 ¢ NOMOWBIO PEAKLIWY ACTHAPATALUMMN BO BPEMA POCTA Lermi
MUPHOH KMCNOTBL (AHA3POBHBIH MVTh).

B cuuTese gocghoaunudos npuHUMaeT yuacTie MHTEPMEAHAT [JIMKO-
Mn3a auoxcraueTordoctdat, KoTopsiit BoccTaHABIMBACTCS 10 3-thoc-
ornvuepona 1 NPHCOEIMAHNET ABA OCTATKA XHUPHBIX KUCIOT, CBSI3aH-
Hbix ¢ AITB. IMput stoM oBpa3yeTes dhoctharianas KHCIoTa U perexe-
pupyercs csobonubiit AlTh. K aktueuporantoit ¢ nomowsio LT
thochatnanoil KMCAOTC 3aTeM OpucoeanHsoTea yepes tocthaTHyo
IpYIOy cepuH, o-raduepodocdar, HHOIMT M Ipyrve BeILecTBa, 06-
pasys ocharnanncepun, docharvaunatadonaMud, dochatuama-
CIHICPHH, KAPAHOIHIIUH, (hochaTHAMINHOIUT U T, 1.

[Tpu ofpazoBaHMK uzonperoudnbix AHREDOS NEPBLIC CTAAUN CBs3A-
HB] ¢ MNOCAEIOBITEALHOM KOHACHCALME TPEX MOICKY auceTHa- KoA B
PA3HBIX MOJOXKCHMIX 1 NEPCrPYNIHPOBKOI NOJIYMCHHOTO COCQHHE-
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HHA. B pesyasTate CUHTCIMPYCTCH PA3BCTBIEHHAA MEBATOHOBAN KUC-
J10Ta, KOTOPAS MIPETEPNEBACT ABaA MMTOCAEAOBATENRBHBIX hocdopuimpo-
BiHUA W IeXapOOKCHITHPOBaHUe ¢ 0Dpa3’nBaHHEM AKTHBHPOBAHHOIO
Cs-coeanHeHUSA, ABASIOUICTOCH NPEALIECTBCHHUKOM CIIOXHBIX M30-
OPEHOMAHBIX BEILECTB. B OCHOBE TAKMX CHHTE30B JEXKAT PEAKLLHH I0H-
FAUMH THHEHHBIX M30NTPCHOB W KOHNSHCAINA MONEKY/ ¢ PASHBIM YMC-
JIOM YIACPOIHLIX ATOMOB B PAMIMYHBIX NTOJOXCHHAX («F0JI0Ba K XBOC-
TY». «XBOCT K XBOCTY» H T.1.).

HyxnenHosbte KMCA0TLL. HYyKACHHOBLIE KHCITOTEI CHHTE3UPYIOTCH W3
OYPUH- H MUPUMHIMHHYKNEO3MATPH(poCchATOB, KOTODPBIE HMEIOT B
LENOM CXONHOE CTPOCHHE. B HUX NMYPHHOBOE HJIU MUPHUMUINHOBOE OC-
HOBIHHUC COEAMHEHO C TICHTO30M 4epe3 aTtoM aloTa (Hywaeosud), a
thocparHbie rpyINbl HAXOAHTCS B S'-nonoxenun (nyxaeomud). Jesoxcu-
pubonyrieomudst 00pa3yI0TCH 13 PUBOHYKIICOTHIOB IIYTEM BOCCTAHOB-
nenun. CunTes pudonyrieomudos Haumuaetcs ¢ obpasosanms S-doc-
hopubdosun-1-tupodoedara (OPID) 3 cooTBeTcTBUM ¢ peakuueit

PH6030-5-hocdat + ATD —PPIPcunctn - qypri 4 AMO.

Puboso-5-docdar siBasiercs IpoMEXyToYHLIM ITPOLYKTOM MEHTO-
3otbochaTHOrO nyTH, M 3TO CUIE PA3 AEMOHCTPHPYET TECHYIO CBA3D
IHEPreTHICCKHUX M KOHCTPYKTHBHBIX [1POLECCOB MeTABOIM3MA MUKPO-
OPraHH3MOB.

Hypunoavie pUBOHYKIEOTHB! JIAICE CUHTC3UPYIOTCH NYTEM TTOC/IE-
AOBATENBHOTO MPUCOCAHHEHUA AMMHO- W YIIEPOACOACKAILMUX PYIIIT
Kk OPIID ¢ obpazoBaHueM JEBATHYACHHOTO [IYPUHOBOTO Koabla. Ha-
000POT, B CIYYAC RUPUMUOUHOGHX PUBOHYKIICOTHIOB CHAYANA TIPOUC-
XOIHUT KOHAEHCALMA acTaparHHOBON KUCHOTH M Kapbamoundocdata
¢ 00pa30BAHMEM LECTHUICHHOTO OMPUMUIHHOBOIO KOALUA, 3 3aTeM
npucoeaHeHue pubosodocdaTHoOro oeTarka.

OO0pasoBaHMe HYKACUHOBHX KUCAOM OCYLICCTBAACTCH [IYTCM Mant-
PUUHO20 CuHMe3d B TIPOLECCAX PERAUKANUN M mpanckpunyuu. Pennvka-
uust JHK npouexoanT Ha Kaxnoi Uend ABYHUTEBOMH MaTEPHHCKOM
AHK B kauectse sampuys ipu yuactuu depmenros AHK-nosumepas
C Ac30KCMPHDOHYKIIe03HA-5' -TpuchocaTaMu B KauecTse cyBCTpaToB,
Marpuucit A1 TPAHCKPUIILHKW CIyXHUT onHa u3 ueneil JIHK, a cy6-
cTpataMu — pubonHykicotul-5'-tpudocdars. Cunrtes PHK npoucxo-
AT ¢ noMoubio hepmertoR PHK-noaumepas.

HYTVI CUHTEe3a HeKOTOPbLIX CAOXHbLIX BEeLWEeCTR

Hopdbupunst. [TopHUHLI — ITO CTOKHBIE A30TCOACPKALLHE Belile-
CTBA, CNYKAUHE MPOCTCTHYCCKUMH IpyIIaMi psifa hepMeHTOoB K }JIo-
podvanos. KonaeHcalua cyKUWHWI-KOA i IIMIHHA 7 psig nocaeay-
oKX MeAHbHUKATMIT MPUROAAT K 06Pa30BAHHIO TINTUYWIEHHOTO 33071~
CONCPXALLIETO KOJIbILA ¢ TPEMS 3aMecTHTe MU (ntopdobuanHorcHa),
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yeThIpe MOJSEKY/Ibl KOTOPOro aajee OObeAHHSOTCS B TETPAMUpPpOIlb-
noe sapo opotonopdupuHa [X, [locneayouive peakilmy MOTyT npu-
BOAMTL K CHHTEZY 2ema (MPH BBEACHMM B MOJCKYJAY 4TOMa XKeje3a)
WwiIn obpazosaluio xiopogiisa (NP BBCACHHHM B MOJEKYILY MarHws),
Paynunsic hopMbl XI10pO(HIIOB CHHTEIUPYIOTCH B JalbHellIeM C
NoMOILLI0 peaxiMil nepudepnyeckoro MetabonyiMa onpeaeaeHHbIX
rpytn (oTOTPo(HBIX MHKPOOOPIAHH3MOB.

Hentugorimxan (mypeun). TTeNTHAOTAHKAR — CTPYKTYDHBIH [TO/1H-
Mep, BXOOSIILHI B COCTAB KJIETOUHBIX 00OTOUCK OOIBIIMHCTEA NPOKAPH-
OTHYECKHUX MUKPOOPraHU3MOB., OH COCTOMT M3 IMHEHHBIX MOJICKY/I TH-
K4Ha, COCIMHEHHBIX MeXIy coboil nmonepeuyHo TMenTUIAMU, COAepKa-
WHUMHU 3 —6 AMHHOKHMCIOTHBIX OCTATKOB, [ THKaH MypenHa oBpasopaH
ocTaTKaMH N-auetua-N-TioKo3aMEHa H N-aleTHaMypaMoBOil KHCI0-
Thl, COCAMHEHHDBIX B-1,4-cBazaMu. [lenTuibl cofepkar YepeayoLmecs
L- ¥ D-aMMHOKHCIOTE ¥ HACTO — ME30-IHAMHHOMKMETHHOBYIO KHCIIOTY
(JAIT). HezausTele B NENTHAHbLIX CBA3SX KAPOOKCHUNLHBIC M AMWHOTPYII-
06l AMHHOKHKC/I0T MOTYT OCTABATHCH CRODOAHBIMU MIH 0OPA3OBBIBATH
ronepedHbie CBAIM MEXKAY MENTHAHBIMH MOCTHKaMH. AMWHOKHMCIOT-
HbI COCTAB M CTPOCHHE NCNTHAOB MYpeHHa HMeOT 00NLIIOC 3HAMEHNE
npu MIeHTHOHKATHA TPAMITOIOAKNTENLHDIX MUKPOOPFAHHIMOB,

HavanbHeic 3Tansl CHHTE3da MNCHTHAQOMIMKAHA MPOHUCXOAAT B LM-
TonnaMe, rie N-aueTHiIrmoke3samud npucoenmusicres x YAd. B ta-

Puc. 149, CxeMa HapacTaHHS KJeTou-
HOIl CTCHKU {MEeperopoaxky wid Ie-
PETSKKH) NpH acjcHIH BaKTepHanL-
HOH KieTKH. YacTb aAensierocs Kok-
Ka, 0DBEACHHAH OKPYXHOCTLIO, NO-
Ka3aHa JeTWIbHO HA HHMXKHCH 4acTH
PHCYHKA. YepHAA cTpenka obosHaqa-
€T MECTO HAPACTAHHA HOBOIO MaTe-
PHANA NCPCIHETO KOHNA centTbl. ['pyn-
na U3 TpexX HeDOJNLUIMX CTPENOK MNo-
Kd3biBagT MecTa JeHCTRHA TWIpOaL3
MYDEHHA, KOTOPLIE PA3AensaOT BHOBE
0Bpa30BAHHLIT MatepHul. B pesynbTa-
TC HOBBIH MaTepHAI BbITATKHMRBACTCSH
KHApPYKH, YBENMUHBAY TTOHBCPXHOCTH
ABYX AouepHUX XieTok. Hpe Henble
CTPEAKY YKA3LIBAKT MECTA YToAWEe-
HHH, TPH MYHKTHPHBIC CTPCAKH TOKa-
IBIBAIOT HAMPARJCHHUH YBCJTHUEHMS
TiepuhepHUCCKHX CTCHOK M HapacTa-
HHA HeHTPAIbHOH neperopoaky. Cra-
PBLE CTIOH NMCNTHAOIIMKAHA TOKa3aH
YCPHBIM

-

|
MocTpoeHne [ NEPCTOPORKH
|
|
JToxwnsso-
BAHHLIN pocT

Pacuennenue VIoMLeH e

CTCHKH

Tepude prueckit i
pocT KReToUHOH
CTCHKH

226

Pue. 130, Cxema npeHMYLIECTBCHHOIO
HapacTaHHsl KACTOMHON CTEHKH IpH
OeNeHHH UM KOBHAHOH BaKTepHH.
HepHble KPYyXKH NMOKAILIBAIOT MECTa
CAYHAHHOIO BKIIOUEHUA HOBROIC Ma-

TEPHATA B LHJIHHAPHUECKYID HaCTD ( X o . )
AT .

KJICTKH NPH ¢C YANMHEHHH (THAMETP
KJICTKH IPi 3TOM He MeHdeTc): Be-
AbIC KPYAKKH — MecTa BKJIOMEHHS
HOBOIO MATCPHAMA CTCHKM B JOHAX
JeAcHHs KIETKI. B pesyibTare (opmi-
PYIOTCH «ITOMIAPHbIC ITAMKH», COCTO-
AILUHE TOALKO M3 MYPCHHA, CHHTCIM-
POBAHHOTO B 3JOHC IC/ICHHS KACTKH

KOM cB3aHHOM ¢ YA® coctostHuu oH pearupver ¢ PEIL, obpasya
N-aueTmiMypaMoByIQ KMcioty. Jdanee nociegoBaTeisHO NPHCOSANHA -
10TCH AMMHOKMCIOTHL TICTITUAHOIO MOCTHKA, KitXKAAS TIPH YYACTHH CNe-
uuq)wmqum epmedTa, ¢ 3arpaTol 3Heprun ATM u nopu HanUuMK
1HoHoB Mn~". TMpoayxt peakuun YID-N-aneTHIMYpaMMINEnTHA 1
YIM-N-anleTHArMOKO3IaMHH BCTYITAIOT B PEAKLMIO TPAHCIIHKOININ-
posadusa B LIITM npu yuacrun npomexyrodHoro rugpodrobHoro re-
peHocuuka — cncudduyueckoro dochonunuaa. B uuronmnazmaruue-
CKOI MeMDpPaHe MOIYT MPOHCXOLHTD TAKKC PEAKLHU [PHCOERHHEH M
PALIHYKRBIX [PYNI, B TOM YMCIE OCTATKOB AMWHOKHCIOT, K CBOOOI-
HbIM KAPDOKCHABHBIM U AMUHOTPYIIIAM AMMHOKMCAOT nentuaa. O6-
PA30BABLUAACH CTPYKTYPHAS €AHMHUIA TENTHAONIUKAHA NICPCHOCHTCS
H& PACTYLLYIO B 0DOJIOYKC LUCNb MypeHHa M TIpHCOEOMHSIETCA K Hel
MyTeM TPAHCIIMKOIWINPOBAHUSA W TPaHCNeNTHANpoBaHus. B npouecce
CO3PEBAHMSI BHOBL CHHTE3MPOBAHHOIO MYPCHHA YBCIMUMBACTCSA YHCI0
NENTHAHBIX CUIMBOK.

[Tpy HapacTaHWKU KASTOYHON CTEHKH B [POLECCC POCTA M IC/ICHHSA
pacripejieleHe BHOBL O8pal0BaHHOIO [eNTHAOIHKAHA MPOUCXOANT
C YHaCTHCM TUAPOAas MypeuHa (puc. 149, 150).

3anachbie BemecTBA. DTO TIPOAYKILI KJICTOMHOrO McTabosiM3Ma,
o0pasyomHecs nNpH M30LITKE IKIOTCHHBIX MHTATENLHLIX BEILECTB M
MCNONB3YIOLMECH 13 YCIOBMAN TOJOMAHMSA WIM B TIEPHOI AJArTTalUH
KJICTOK K HOBbIM cyOcTpaTaM. OCHOBHO MX pyHKLMe cunTaloT obec-
NneYeHHe KICTOK IHCPrHei M HEOOXOAMMBIMH AleMeHTaMu. XUMHUC-
CKH MHEPTHOE COCTOSHHE 3RMACHLIX BEIUCCTRE B KICTKE H HAAHUYMCE B
paae cayuaen Henkopoi oboIOUKH BOKPYTI HHMX CIOCODCTBYET COXpa-
HEHHIO 0CMOCTA3A KJAETOUHOIo cogepxumoro. Haubosee pacmpoctpa-
HEHUBIMH 3aIaCHLIMH BCIUCCTBAMM Y MHKPOOPTAHM3MOB SIBJISIKOTCSA
[OJIMCAXapHAbl, AMOKUABL {MIOJHANKAHOATB), BOJAKTHH.

3anacHsle aunudsr TIPOKAPHOT YAalle BCCIO PCACTABIEHbl Hoau-B-
enudporcumacaarol kuciomoft (IOM), KOTOpas OTKAANBLIBACTCA [1PH M3~
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ORITKC YIAEPOAHLIX IHCPIETHHCCKUX CYDCTPATOB H HCIOCTATKE A30Ta.
B xaerkax [TOM npucytCTBYET B BHAC OKPYIIbIX I'PAHYJI, OKPYKCHHBIX
Benkonoit Membpanroii. 3anacanne IIOM xapakTepHO A MUKpoOODra-
HU3MOB poaos Azotohacter, Alcaligenes, Rhizobium, Micrococcus, Bacillus,
Zooglea, Rhodospirilium v n1p. B ycloBHSIX ToN0oAaHust pacnaj rpaHyn
[MTOM npoucxoauT 3a CUET UX TMAPOJAM3A NPU ydacTHu cneunduye-
CKOMN AeTOJIMMEPA3bI.

M HKPOOPraHH3MbL 3AMACRIOT TTHKOFEHO- WIH KPaxMatonoaobHoIe
noAucaxapudsr TPU W30BLITKE UCTOUHWKE YIJICPOAA M IHEPIMU U HCRO-
CTATKE 430Ta B Buae chepHyYeCKUX HAN HECIPABMWILHOM (BOPMBI IpaHyJL.
IToaucaxapuabl TOCTPOEHBl H3 OCTATKOB D)-TJIIOKO3bI, COCAMHEHHbIX
pPa3HBIMU CBABSIMU. [RLK02eHON0000NbIe 3aNACHHIE ROAUCAXaplidbl XapaK-
TePHbI LIS APOXCKei, BaKTepHi KHLIEHHON rPYIb], CTPENTOKOKKOB M
APYIHX M LLIMPOKO PACTIPOCTPAHEHBL. KpaxmaionodoDrsill noaucaxapio epaxy-
Ae3a npueyll Bojice y3Koit rpynne MUKpPOOPTAHKIMOB (KIOCTPHAWAM).

HaxoricHue goaomung NLMPOKO PACIPOCTPAHEHO CPCIH palHbIX
CPYNI MHKPOOPraHW3IMOB (Hanpumep, Spirilfum, Lactobaciilus,
Corynebacterium, Micrococcus) v npoucxonuT B cpene, boraroil (hocda-
TaMu. BOMIOTHHOBBIE [PAHYJIB! COCTOAT M3 NOAMPOCGaTOR, ABIAIOLINXCH
neno (docopa H, BOIMOXHO, MMEKILMX IHEPICTHUECCKOE 3HAYCHMUC,
MonndocdaTol cHHTEINPYIOTCH 32 cueT peakunn: AT® + (HPO,), =
= AP + (HPO,), ., |, kxatanu3upyeMoii drochaTKuHa30M.

Braouenus cepsi HABMOAAIOTCA Y MUKPOOPTAHHIMOB, CTOCODHBIX
HCNOAL3IOBATE COSIMHEHUA CCPBl B CBOEM MeTaBoM3Me (THOHOBBIE U
aHOXCHreHHble oToTpodHbie HAKTEPHU). DICMCHTAPHAN cepa sIBJISI-
eTCA MHTEPMENHATOM OKMCACHMS CEPOBOAOPOAL U IPH €ro M30BITKE
Hakanausaetcs B Kietke. Henoctatok H;S B cpeie cTumMynupyer me-
MONL3OBAHMAE 3AMACOB CepPbl M OKUCIICHHE ce 10 cynbdaTta. B xaeTkax
BNEMEHTAPHAN CePil COACPXKUTCS B BHAC IPAHY/, OKPYXKEHHBIX ONHO-
caoiHol DeaxoBoi MeMOpaHOIl.

Y nasobaktepuit B YCIOBHAX TOJOAAHMN 10 A30TY PACXOAYETCS
cTIeHGHIECKOE JAMACHOE BCILICCTRO duanogain, ASRISIIOILuiica cononm-
MEPOM APIHHUHA W acmapTaTa (MyJsTHapruHHnonnacnaprar). Linano-
GHLMH MOXKET BBITh M IHEPrETHUCCKUM CYBCTPATOM 3 CUHET PeaKLIHH:

aprunun + AJII® + @, + H,0 - opuurin + CO, + AT® + NH;

Peakimsa kataauiupyerca hepMeHTOM apruHHHEnApona3oit, a AT®
CHHTE3HpYCTCH NyTeM cyOCcTpaTHoro (hocopHinposaHu.

BropuuHeie metabonurel

BropuuHbie META0ONUTH — 2TO BEWECTBA MUKpoDHOre (MW pac-
TUTEABHOIO) TIPOUCXOKICHHMA, HE CYWCCTBCHHBIE [UISL POCTa W pen-
pPOAYKUHH 06pasyieiuero ¥x opraHiama. Kaxiablil sTropuuelit Mctato-
JIUT [IPOU3BOAMTCSA OTHOCHTEILHO OrPAHHMCHHBIM YHCAOM BUAOB. ITH
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COCIUHEHUS CHHTE3MPYIOTCH B KOHLE 3KCIOHCHUMAIbHOH WIN B Te-
YeHHe CcTaLHOHApHOM da3 pocTa, U UX GOPMUPOBAHNE B 3HAYMTE Ib-
HOH CTENCHKH 3dBMCHT OT YCJ0BHI poCTa, OCOBEHHO COCTaBa IHTA-
TENLHOM cpedbl. MHOTHe BrOpHYHbBIE METADOANTL MMEIOT XUMHUECKYIO
CTPYKTYPY, HCOOBIYHYIO ANA OMONOr{ueckoil Matepuu. JTO COeIH-
HEHHS. OTHOCSUIMECA K PA3HOODPA3HBIM KJIACCAM OPTAHUHMCCKHX BC-
LWECTB, — AOMHWHOLMKITHTOJIBL, KYMAPKHBL, 3MOKCHAbL, HEPHDOCOMATh-
HLIE MeNTUABI, DOTHCHBI, MTUPPOJIBL, TEPICHONARI, TeTpalrKkiIngEbl., Ha
pHC. 151 H300pakCeH CXeMa, MTOKAZLIBAKOIAN CBA3L NEPBUYHOTO H BTO-
pHUHOrO MeTabonauiMa, Bee BTOpUYHBIC MeTaBOMHTRI NOAYYAOTCH H3
HHTCPMEIHATOR NEPBUUHOTO METIB0IM3IMA C MOMOILIBIO MNCTLIPEX Kiac-
COB OMOCHMTETHYCCKHMX pPeakliil:

1) npeobpasoBaHue MePBHUHOIO MCTABOMUTA B cricHMpUICCKUit
MPCAUICCTBEHHUK 11 BTOPHUHOrO MeTabonu3mMa;

2) pcakUMH MOAHUPHKALMK HAW AKTHBALMM, YBOASLIHE IPCIILLIC-
CTBEHHUK HA IYTh BTOPHUYHOrO McTabonmima;

3) moauMepU3aLMs H KOHAEHCALIMA,

4) no3aHuC pcakUMH MOIH(HKALMH.

K BropHuHbIM MeTaDONUTAM OTHOCATCH AHTHOMOTHKH (CM. I 5),
TOKCHHB! {HAMIPUMEP, 3PrOTOKCUH CHOPbIHbM), MOJUKETHIN (BCIE-
CTBA C AHTMOHOTUHECKOH U UMMYHOACTIPECCAHTHON aKTUBHOCTBIO LI~

I BM I [enTo3R! [moko3a I BM |

Tetposn Tprosn Mponsonar

/ / AKMpHBIE KUCTOTHI
m“l"“"“”' Mupyrat Mnnou:rr
p | BM |
COy
AlteTaT —=McBatoHaT, —= CTepouam

ApO.\!il FHYMCCRHE
AMHHOKHCNOTDL

NypiHu,
NEYPUMMANHLI

Lsrtpar

-~

OKcwtouLeTat

AnHdiitiecKie
AMHHOKHCIOTL

Prc. 151, Cuaisn BropHyHOro u fnepsuyHoro Metadomiima (BM — BropiyHbie
ME Tl ONMUThI)

Okcoryrapar



BropuuHbiid

MCTABOTHT
o1, |C] E —
meTabosiTa . [?:; ;eg(;;m
Tpodoasa Y
Hanodasa
Bpemsn

Puc. 152, PussuTHe KyAbTYPBE H CHHTE3 BTopuunoro Metabonnta (O — omru-
yeckas MJAOTHOCTb CYCHEHIHH NPOAYUEHTA)

POKOTO CrieKTpa AeHcTBHS), HIOHPEHOUAB! (KAPOTHHOMILLI, CTCPOUILI,
ri66epesTHHLL, (DHTOAICKCHMHBI, AHTHPAKOBLIC AHTHONOTHKH). Clota XKe
MOMKHO OTHECTH W HCKOTOPBIC JANACHBIE BENICCTBA THITA HOAUCUHOPOKCH -
aaxaroames. Eciin 0Bpa3oBaHWe NEPBHYHOIO METABOIHUTA MPOHCXOANT
OLHOBPCMCHHO C POCTOM M DA3MHOMKEHHEM KYJILTYPbI, TO JUBL [IPOAY-
LIEHTR BTOPHUHBIX METABOIUTOBR IPUHSATO TOBOPUTL O mpodhodhase (Kor-
J1a KYJIbTYpa PAcTeT M PA3MHOXACTCA) U uduogaze (KOIJA POCT 3amei-
JBIETCST MTH OCTAHABAMBACTCH M HAYHMHAETCH CHHTE3 NpoayKTa) (puc. 152).
Booblie, 0 MEXaHI3MaX ePeKIIONeH s myTeil MeTabOAM3Ma ¢ ICPBHY-
HOTO Ha BTOPUMHBIH W O (DH3ROAOTHUCCKON POJIN BTOPUUHBIX MeTabo-
JIMTOL B KH3HM COBCTBEHHOTO NPOAYIIEHTA AOCTOBEPHE U3BECTHO OMCHD
mato. HeH3BeCTHO, HACKOIDKE PACTIPOCTPAHEH BTOPUYHBIH MCTABOIHIM
B npupoae. CaMo NOHATHE «BTOPHUHbIA MCTADOMHT» TOCTATOMHO Pac-
TUILIBUATOE H MHOIHE MCCACOOBATEH €r0 He NPHIHAIOT.

KoHTpoOonbHbie BONPOCHI

1. HajoBHTe OCHOBHBIE TIVTIL ACCUMMIISIH YTJICKHCHOTE MUKPOODIaHI3-
mami. Kaxoe anauenne B MeTaBonnive umeeT peaktiia Byaa— Bepkmana?

2. Hasonure OCHOBHBIE IPOLECCH MCTABOTHIMA A30Ta 1 CCPLI ¥ MUKPO-
OPraHHIMOB,

3. KAKOBB OCHOBHBIE 3TANLI CHHTE3 BHOIOTHUECKHX TTOMTHMCPOR ¥ MUK-
poopraHuivos?

4, TepeqncauTe CTAIHH CHHTE3R MOPMUPHHOB M NEITTHIOMTHKAH.

5, Korzma  kak B $IeTKitX MHKPOOPTiaHHIMOB 00D@3YIOTCA JAMACHBIC BCUICCT-
na?

6. HasoBuTe 0coBEHHOCTH BIOPHUHOTO MeTabOaNIMA I NEPSTHCANTE Hat-
G0MCE HIBECTHBIC BIOPHMHBIC METADONNTEL.

lnaesa 9

PErynauna METABOJIM3IMA
Yy MUKPOOPrAHU3MOB

3HavyeHue Npoueccos perynsauum

JLITsl caMOTO CYLICCTBOBAHMA XKH3HM BAXHBl KAK PEryJIsALUNA aKTHB-
HOCTH OTACABLHBIX NYTCH METABOINIMA, TAK M KOOPAHHALNA ASATE b
HOCTH 3THX Nyrei. JesopraHm3anus 063 aacKBaTHONO KOHTPOAR MeTa-
801M3IMA IPHBOAUT K THOEIH KICTKH.

3apaui peryIsiTopHLIX MEXAHUIMOB HEoDbIYaitHO CoKHA. Bee nyTH
MeTabOIM3MA JOIKHE] PEIYIHPOBATLCA H KOOPAHHHPOBATLCS TAK 3~
(CKTHRHO, UTOOGBI KJACTOMHBIE KOMMOHEHTHI MPUCYTCTROBAMM B JaH-
HLIE MOMEHT B TOUHO HeODXOAMMLIX KOJAHMYCCTBAX. K TOMy Xe MMK-
POOHBLIC KJCTKH A0MAHB D PEeKTHBHO «QTREYATL» HA H3IMEHEHHS OK-
PYXalolIeit cpebl HCMOABIOBARHEM UMEIOLMXCH HA AAHHBIH MOMEHT
ONUTATCALHLIX BCLUCCTB K BKNIOUYCHUEM HOBBIX Kataloauueckux nyreit,
KO APYTHE BEIIECTRA CTAHOBATCA A0CTYNHBIMHU. [TocKONbLKY KOMIO-
3ULMS XHMHYECKHX COSIHHEHWH OKPYXKAIOILEH CPCAbI OCTOAHHO Me-
HSETCH, PETYJISITOPHSLIE NPOLECCh! A0/UKHBL MOCTOAHHO COOTBETCTBO-
BATb HOBBIM YCIOBHAM. PCry/isitimst BaxHa /LTA TIOAACPKAaHUA DanaHca
MEXKIY IHCPIOARIOUIMMH M CUHTCTHUCCKHMH PEaKUMAMH B KAETKE.

OcCHOBHbIE cNOCOoObI perynauum MmkpobHoro
metabonuama

[loToK yriaepoda uepes TOT MK HHOR NMyTh MOXET PCTYIMPOBATHCSH
CJAEAVIOLLMH OCHOBHBLIMH CIOCOBanH:

W TOKATM3ALHCH MeTAa0ONHTOB 1 DePMEHTOR B PA3HBIX YACTIX KIET-
K,

B CIHMYAAICH MW HITTHOMPORRHIEM AKTHBHOCTH ONpPeaeeHHBIX
¢hepMEeHTOR, NO3ROAKIONIEH DBICTPO MEHNTHL NYTL MeTabOIH3IMA;

N KOHTPOJACM KOAHUYECTBA MOJACKYA (DePMCHTA ¥V MHKPOOPIaHH3-
MO OBBIUHO HA YPOBHE TPAHCKPUTILIMH. DTOT cnocod doslee MeLIeH-
Hbli, PEPMEHTL CHHTC3HPYIOTCS TOJABKO B CIAYUAC, KOLA B HUX €CTh
HEODX0AMMOCTD.

ITpocTpancTentoe U BpeMeHnOe paseicune hepMenToB H MeTabo-
auToB. JOCTHTAETCH B OCHOBHOM 34 CUET KOMRapMMermaiu3aiui, T.e.
pacnpeicJcHH# (HCPMEHTOR H MCTADOIHTOB B PA3HBIX KICTOTHBIX CTPVK-
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Typax Win opraHe/uax, KoMnapTMeHTaIM3aUMua ocoBeHHO pacipoct-
paHeHa y 3yKapUOTHUECKMX MUKPOOPraHKU3MOB, ¥ KOTOPBIX MHOTO Opra-
HCJIT ¢ COOCTBEHHBLIMM MemOpaHamu, HanmpuMep, OKHCICHHE XHPHBIX
KMCIOT JIOKAIH30BAHO B MHUTOXOHIPHAX, TOTIA KaK CHHTE3 XKUDHbIX
KHCJIOT MTPOMCXOANT B LUMTOIMIAIMATHYCCKOM MaTpHKce. Komnaprven-
TATU3ALMSA 1€1aeT BOIMOXHBIM OZHOBPEMEHHOC, HO DA3ACALHOE pe-
ryaMpoBanue aHabonuvuecxux nyreit. Jdatee akTHBHOCTb IAHHOTO NYTH
MOXET KOOPAHHUPOBATLCS B 0OLWEM MCTAOO/MMIME [IVIEM DEryisiiiin
TPAHCIIOPTA MCTABOMHTOB U KOePMCHTOB MEXKLY KIETOUHBIMH KOM-
naprMeHTamMy. HeoodHOpoaHOCTE KICTOMHOH BHYTPEHHE cpenbl no-
IBOJIACT CO3AABATH TPAAMEHTH MeTaBOIUTOB OKOJIO OMpeaesIeHHBbIX
(hepMEHTHBIX CHCTEM.

KouTpoan akTnBHOCTH (repMenRTOB, KOHTPOAL OCYLICCTRISIETCS He-
CKONBKUMH cnocobamu,

Arrocmepudeckan peeyaayua NpPeRNONaracT HAUITMYUC Y MOJIEKYJbI
dbepMedTa 8yX calToB — KATAINTHYCCKOro M peryasaTtoproro. [loa
AeicTBHEM Ighhexmopa — HeDONbLIOA MOJSCKYIbL, 06paTHMO HCKOBA-
AEHTHO CBII3LIBAICIICIACH C PEryasTOPHbLIM CaliTOM epMeHTa, Npouc-
XOAUT KOHQOPMALHMOHHOE HM3MCHCHMC €r0o KATAAHTHYCCKOrO CaiTa
(prc. 153). TIpuMepoOM MOXKET CILYXHTE ACTIAPTATKAPOOMOHATPAHC X -
pasa u3 E. coli, 11a xoropoit ITOP (KoHeuHbli NpooyKT OHOCHHTE3A
NUPUMHINHOB) — HeraTHBHbIH addektop, a ATO — NOIUTHBHBLIL
schperTop. DhhpexkTOphl MIMEHAOT Ky, HO HC MAKCHMAIBHYI} CKO-
POCTh peakivu {puc. 154).

Koearenmuan moduchuxauisi pepMeHTOB — 3TO ODPATHMBIIH 1po-
Lece, 3AKIOUAIOIMMNNHCS B KOBAJICHTHOM CBA3BIBAHMH HAH VIAIEHHU
OMNpeacTeHHOH IPYINGI, YTO HIMCHSET aKTMBHOCTH (hepMenTa, Hanpu-

KatarnTwaecsiit  PeryiaTopHeni
CRAHTL

DpipekTop
(MOOYSITOP)

Cyberpat

Puc. 153, Cxema annogTepruecKoi peryasiliMi aKTHBHOCTH GepMeHTa

232

VI‘II;N

Ko s(AT®) Kos Ko s(UTD) €]

Puc. 154. Bausinue neratunnoro (11T®) u nosmtusnoro (AT®) sddexropos
Ha KHHCTHYeCKMe xapaktepueTnkn (V.. u Ky) acnapratkapOaMouaTpaHe-
depusst U3 E. coli

Mep, U1 aKTUBHPORAHUS TiHKolreHpochopunassl n3 Neurospora crassa
HCOGX0AMMA KoBaneHTHas Moaudukauus Mogexylbl (pepMenTa
(puc. 155). ¥ E. coli, vaobopor, MoauduunposarHas HhopMa riyra-
MWHCHHTETA3LI MCHCC AKTHBHA.

Kax 1613 MyTh KMEET XOTA 6b1 OANMH (BCPMCHT, ONPEIe/TAIoIIHii CKO-
POCTh BCENO MPOUCCCA, TAK KaK KATATH3NPYCT CAMYI0 MCILNCHHYIO,
JUMHTHPYIOILYIO CKOPOCTDb PEAKIMI. OObIUHO TAKHM «Y3KIUM MECOM»
SIBIsIETCA TIcpBas crauus npoitecca. MepMeHT «y3KOro MecTa» obsIaHO
MOAREPTAETCH UM UOUPOSAHIIO KOHCTHBIM NMPOAYKTOM nyTH. Pa3geTs-
NMeHHbE OHOCHMHTETHYECKME TIYTH JOCTHTAIOT fanaHca MeXAy KOHCU-
HLIMH TIPOAYKTAMH UYCPC3 PEryivpoBaHHe (pepMEHTOB B TOUKAX pas-
BeTBACHHS. PeryisiumMs CcujibHO PAa3BETBAECHHBIX MyTed OCHOBAHA Ha
HILIMYUKN u3oghepmenmoe, pasHplx HepMeHTOB, KaTal3UPYIOLIHX aHa-
JIOFMHHBIE PeaklMu. B TaKnX YCIIOBHAX OAWH U3 KOHEYHBIX TIPOAYKTOB
YMEHBLIAET AKTHBHOCTb Mpolccca, HO He BIOKMPYET €r0 MONHOCTBIO,
MOCKOIBKY HEKOTOPBIE H30MEPMEHTHI OCTAKTCH AKTHBHBIMU.

7 Pocdopinasz b

- M (HeakTHBHAR)

Py AT®

Hzo @ AllD
Mocpopinaza A

(aKTiBHAS)
(I'moxoza),+@,,  (Tmoxoda), | +r10Ko30e-1-thocdar

Puc. 155. Cxema KosalcHTHOI monudikaimyu raukercHbocdopunain wa
Neurospora crassa
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Yupasienne cuHTe30M hepMenTon. PepMCHTLI, CHHTCIHPYIOUIUCCS
HC3ARMCHMO OT YCJI0BHH BRIpALLHBAHHE MHKPOOPIraHMIMi, HA3bLIBA-
HOTCH  KOHCMumymuensimy (HampuMep, QepMEHTB YTHIHIAUWH T
KO3bl), A4 CHHTE3HMPYIOLLMECS NMPH HATUYHK OMNpeleneHHOro JOCTYI-
HOTO cvheTparta — undyyubeasnsinu (QGepMeHTEl YTHANIANNN JTAKTO3LI
y E. coli, hepMeHTL! Aerpaaaiii aMHHOAPOMATHYECKHX COCIMHCHHH
y Pseucdomonas).

PHK-rioayMepasa HykIacTes 8 HAAWUHN cleMa-ghaKmopa 1i1st CRsl-
IBTBAHWS HPOMOMOPA N HHULIMALWHK mpanckpunii. CroxHbli npouecc,
TPeOYIOLUHK PATHKATBHBIX H3MEHEHWIT B TPAHCKPHUITLKKW WA CUHTE3E
NPOJIYKTOR PA3HBIX TEHOB B ONPCACICHHONR NOCACIORATENLHOCTH, MO-
KET perylHpoBaTbes CcopHei curma-gaktopoB. Kaxastit crma-dak-
TOp AaeT BOIMOXHOCTh KOp-(hepmennty Y3IHABATD CMCHHBHUCCKYIO NOC-
JIe0BATCIBHOCTE M TPAHCKPHOHPOBATL HMEHHO 3TH ICHEL. 3amcHa cHT-
Ma-(aKTopil HEMEUIEHHO MIMEHSIET IKCnpeccHio reHoB. bakTepnoda-

Her
TPAHCKPHURLIIEH

PCI’}'.’TS[T(}[‘) P (9] Tenw
L -

AKTHBHLILA
penpeccop

Perynsitop P O Tennt
T '''''' f } + TpuHckpHnuna
@Wunyktop . ———— — =

HeakrsipHbii

petipeccop
A
P O Ietbt
} } ; — TpaHckpHIums
" MPHK

”L.II\THHH i

penpeccop

Pervisitop P O Tertnt He:
—— Ly . Her

L ' " TPAHCKPHITRMK

P : T AkrinHm
penpeccop

Kopenpeccop

Pue. 156, CxeMmpl MHAVKIUK (A) # penpeccud (5) cuHTe3a diepmedta (P —
npoMotop; O — onepatop)

234

] o
. AKTHEHBI
é_ I CAP

eHbl

PHK-rnonumepa3sa
+ CHTMil-thakTOp

—— TpaHckpUmmMs
I I

P 0 I FeHn

Puc. 157. Perynauius lac-onepouna E. coli CAP-denkom v uAM®

M YACTO MCNOAL3YIOT cMrMa-(akTopbl Ui KOHTpoas cuxTeda PHK
B CBOEM KHM3HEHHOM LIHKAE. DTOT PErvATOPHBIA MEXaHH3M pacnpo-
CTPAHEH KaK CPCAM [PAMOTPHLATEABHDIX, TAK M CPelM TPAMIONOKA-
TenbHbIX GakTepuii. Hanpumep, F. coli CUHTEIUPYET HECKOABKO CHT-
Ma-dakTopon. [Ipn HopMansHbix yenosusx PHK-ronuMepasnyio ak-
THBHOCTb HanpapnsieT o', Jist sbIpaboTKH Geaxoa-ghaaeeraunoe E. coli
obpasyet of. Tpy BHICOKMX TEMMEPATYPaX OOSIBAAETCS 61 M CTUMYIIH-
pyer GopMmuponanne 17 fHeaxos meniogoeo woka 1N 3a1IMTbL KICTKH
OT TCPMHYCCKON ACCTPYKUMH.

Jpyroit MexaHH3M ynpaBICHUS CHHTE30M HYXHOro epMeHTa —
3TO uHAyKuua v penpeccus (puc. 156). Hanpumep, hepMcHT B-ranakro-
ngaza — uuayunbensHblil epMcHT y E. coli, YPOBEHDL KOTOPOIo NO-
BBILLIAETCS] B MPUCYTCTBHM HeBONMBIIOMH MOJICKY/Ib! (AU10IAKTO3B), HA-
IBIBAEMON undyKmopor. AMUHOKUCIOTRL, TPHCYTCTBYIONAC B OKPYXa-
IOUICH Cpefe, MOTYT CHHXATh 00pa3oBaHue (PCPMCHTOB, OTBCTCTBEH-
HBIX 33 MX GHocuHTes. Torna 3t GepMeHTbl OTHOCST K penpeccudelo-
oM, 2 METAOOIHTDLI, BLI3BIBAIOIIME CHUKCHHE CHMHTC3a Taxoro ¢gep-
MEHTA, HA3bIBAKOT KOPeNpeccopamil.

TTpiMepoOM OTIEPOHA 1O HO3UTHBHLIM KOHTPOJIEM MOXCT CIYXUTE
lac-onepon. Takie onepoHbl (PyHKUHOHUPYIOT TOIBKO B OPUCYTCTBHH
KOHTpoMpylowero dakrtopa. Lac-onepon perynupyercs CAP-6eixom
(catabolite activator protein} wnn yAM® (puc. 157}, Ecan E. coli pac-
TET B CPCIC € [IIOKO30it 1 AKTO30ii, To HAO/1I0NAeTCA SiBAeHUe JuayK-
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cuw: CHavalla WCMOJB3YETCs BCS [NOKO3A, a 34aTeM NOCIE KOPOTKOro
Jar-nepuona HaunHaceT norpebisrses nakrosd. @epMceHThl Katabonni-
Ma TIIHOKO3bl KOHCTHTYTHUBHBL, TO3TOMY CAP-6enok Ha HHX He pinseT.
Koraa 6akTepuM pacTyT Ha [0KO3C, yposcHb UAMD nanaet. yto
NpHBOANT K Acsaktusaunn CAP-6enka, M foc-00epoH He KCHpeccH-
pyeres (kamabGoaumuan penpeccus). ¥MeHbIICHME KOauuccTBa LAMOD
MOXET ObITh cheucTBreM BiusiHUA PE-docompanciepasnon cueme-
Mot (CM. pHC. 77) Ha aKTMBHOCTL aderwtamuuraasnt. PochopiHpoBaH -
Hast hopma hepmenTa E3 9Toi CHCTCMBI MOXKeT AOHNPOBaTh thocar
TI0KO3€ BO BPEMSI CC TPAHCIIOPTA B KICTKY JHBO aKTHBUPOBATE A[C-
HUMATUMKAA3Y. Eciu rioxo3s! B cpefe MHOMO M OHA aKTHBHO TpaHc-
noprupyercst, To xKoamdectero docopuiinposaddoro E3 mand, age-
HHJATUMKIA3A HEAKTHBHA W ypoBeHL UAMD nagaet, K Tomy ke npe-
obnagarotuas HedocthoprnuposanHas popMa E3 caibIBacT nepmeasy
JIAKTO3bl, AJUIOCTEPHYECKH MHITHOMPYA ¢¢ H Takum obpasom Gnokupys
NOTJMOWEHHE JIAKTO3B M3 CPCAbl, AKTHBHBIIH KataBoAu3M [IHOKO3b
NPHBOAHT K BOJPACTAHUIO IHEPCCMUHCCKoZ0 3apadad KIICTKH, Tak KaK
cpean ageHosuHpocdarton npeodrazaect ATD, Mos3TOMY MOKHO CKa-
34Th, YTO 4YeM Donblle SHCPreTHYCCKMH 3Apsd KICTKH. TCM MEHbIIC
obpasyercs HTAMQ,
Duepeemuqeckuis 3apsad KACTKM PACCUHTBIBAIOT No ropMyne

[AT®] + IALD]
[AT®] -+ [AAD] + [AMD)]

TeoperyueckH oH MOXCT KoneBarsest oT | (tonsko ATM) 10 0 (Tonb-
KO AM®D}. B pactyieit KyasType ero 3HayeHHe npHoin3nTeiIbLHO pas-
ro 0.8. T1pu 3HAUCHII IHCPreTHYCCKOrOo 3apsaa < (),5 kieTkH norubaor,
AM® u AILD siBra10TCS NOMOKHUTETLHLIMU 3GEKTOPAMI JHEProaaio-
MX npoucccon, a ATM — orpuuarenbHEIM 2hhekTopoM. MOXKHO CKa-
3Th, YTO MHTEHCUBHOCTBL KaTaDOAMYECKHX MPOLCCCOB PErvHpveTcs
BHYTPUKIICTOYHLIM conepxkianucM ATDM.

DaKkTepuH TAKKC MOFYT PErYIHPOBATh TPAHCKPHITLHIO C TOMOLLBI
Mexannsma ammernyauu (puc. 158). TIpuMepoM MOKET CAYVANTE NPO-
uecc cHHTe3a TpunTodana y £ coli. Ecu tpumnrodind B cpeae ecrh., 10
B KJIeTKE HMeeTes MHOMO TpunTodanna-TPHK. Tpancastiis i rpanc-
KPHIIINY TECHO CBAZAHBL ¢Cal nocie TpaHckpununn PHK-monnme-
pasoil JHICPHONH NOCICAOBATEABHOCTH H HECKOALKIX CETMCHTOR 10
reHa frpFE He HaudHaeTcs TpaHcaauus, ro PHK-nomumepasa ancco-
uuupyeT o1 JHK. das nponomkeHus TPAHCKPUITLIME HCODXOAHMO,
4TODBI LITA TPAHCAALMS yke obpasoBanaoro yuactka HPHEK. Mpwu na-
Junu bosbwero konmnycersa rpunTodaHt-TPHK tpancsinmus duic-
TPO MPOXOANT UCPE3 frp-KONOHbL M OCTAHABIHBALTCS HA CErMcHTe 2,
YTO [IO3BOMAET cerMeHTaM J U 4 cHOPMHPOBATL «MepMUHAIMOPHYIO
tntasky» (M. puc. 158, ). PHK-noanmepasa anccounmpver ¢ AHK.
H TPUHCKPHIIUWA NpCKpalaeTest. Ecmnt Tpuntodana i, cooTBEeTCTBCN-
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Puc. 158. Pacnonoxenwue rpynn nyxiacotuaes B JJHK (4) u pasHblie BapHaH-
1Bl DOPAIOBAHUA «THACK» (B} npu arreHyaunyn (/—4 — cermenrsl JHK)

Ho, tpunrodgaHua-TPHK B wicTke Mano, To TPAHCIALMA HACT M-
JCHHO U pUBOCOMil OCTAHABAMBACTCS HA rP-KOJAOHAX B CErMCHTE /,
YTO NO3BOJSIET OOPA3OBAThCH MCTIC H3 CErMCHTOB 2 M 3, a cerment 4
ocTactes cROBONHbBIM (cM. puc. 158, 5) n «repMuHaTopHast WIMTAILKA»
He obpaszyercs. TPAHCKPUNLIMS TPOAOIXKAETCA. W TPAHCKPUOMpPYeTCst
TPUITTOGAHOBLIT ONCPOH, COREPHKALUMIA CIPYKTYPHBIE TCHBE NSITH (Pep-
MCHTOB OGHOCHHTETHYCCKOTO nyTH Tpurrtodana. TaknMm obpasom, at-
TEHYAUMCH HA3bIBACTCH KOHTPOJIL ITPOIOJDKEHHWA TPAHCKPHITLHHK Clle-
uputeckumy amunoannia-TPHK.

Penpeccust ymMeHbLUAST TPAHCKPUITLIMIO IPUOIU3UTENLHO B 70 pa3,
aTreHyauus cHuxkact ce B 8— 10 pas, a geicTBys BMeECTe, 3TH Mexa-
HH3MbB! YMEHbIUAIOT TPAHCKPHILMIO nouTti B 600 pas.

Euie OflMH MEXAHM3M Peryisurdi. OOHAPYXEHHBIH 3HAYMTCIBHO
MO3AHEC, — PEryJIalMs ¢ NOMOLbIO amucsbiciogeix PHK. Cnennans-
HBlIi TN MalcHBKHX monekyn PHK umeer nocnegosateabHOCTE oC-
HOBaHMt, KoOMIUIeMeHTapHyo cermMeHTY PHK-MUIIEHH, CBS3BIBASCS
¢ KOTOPOH, anTHCMbICHOBbIe PHK Moryr 610KHpPOBaTh peruiMKaulnio
JAHK. Tpanckpunuunw win tpancasiuuio. Takne PHK xoawpyiores
anmucMuicaoesimi zenamu (antisense genes). Okasaiock, UTO ITOT CNO-
cOB perynsitMy IMPOKO PAcTIPOCTPAHEH CPEAN BAKTEPHI M BHPYCOB.
Takoit peryasuuy MOryT NMOABCPraTbCs PCTUIMKALNS [TA3MKI, CHHTE3
OC/IKOB-TIOPUHOR, PCNPOLYKLHA hara A.

PerynisiuHa ¢/10XKHbIX coObITHH B KAeTKe. 3HAUUTEIBHO MEHbLIC W3-
BECTHO O PErysiiiH Doice CIOKHBIX CODLITHIT B KIETKE, TAKHX. KAK
CROPYAAYUA W npopacmante chops (CM. T, 3) 1 Kaemounoe oedenue.

Peeyasuus KAemouHoee WHKAG, T.C. BPEMEHU OT MoMerTa obpa3osa-
HHH HOBOI KJIETKH JIO CJAEAYIOLUICTO AcieHMs, Haubojec HMlyueHa ¥
E. coli. Mononas kieTka, pacTyuiast ¢ MOCTOSHHOH CKOPOCTLI), VABA-
UBACTCS B UIMHY, HE H3MCHANCH B JHAMETPE, A 3aTEM JIEJUTCA HA IBC
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KJIETKH PABHOIC PA3MEPA Y TEM [TONCPEUHOTO jJeeHHA, TaK Kak Kak-
dast LovepHstst K1eTka obsagaet xors Obl 04HO Komuell reHeTHYeCKo-
ro matepuana, pertikanis JAHK 1 x1eTounoe aenenie 100KHbI ObITh
TECHO CKOOpAMHWpoBaHbl. Ecan vurubuposats perumkaumo AHK
SAAMU HUTH ¢ TIOMOLUBIY MYTAUMIL, TO KICTOUHOC [EJI€HHC ToXe 610-
KHPYETCS, TIPH 3TOM KICTKH NPOAOMIKIIOT YITHHATCE, 00Dasys AauH -
Hble thunaMeHTh. ¥ E. coli npu temnepatype 37 “C acncHue oOblMHO
NMPOHCXOAHT depe3 2() MHH MOCAC 3aseplieHHst PEILIMKaLUN, 3a 910
BPEMS TCHCTHUCCKIH MatepHan 1omAkeH ObITh pacnpeacie Mexay 10-
UepHHMH KieTKamu. [ng pasgenenus kormii JHK HeobxommMo yyac-
THe Oerkon ParA. ParB, MukB u HekoTophix apvrux. ParA u ParB
NOKAIHM30BAHBL Ha ITOMOCAX KASTKH MEepPel ISNCHHCM W, BO3MOXHO,
SIBISIIOTCH YACTLIO ATINAapaTta, MoXoAKCre Ha MHTOTHYCCKUH. JBHXKeH e
AHK Takxe MoxeT ObITb PC3y/LTATOM POCT MeMBPaHLl H CHHTCIA
KJICTO4HOM CTCHKH, [Jocae Toro Kak XpOMOCOMBL PA3OIIIHCh, MEXY
HUMH (HOPMHPYETCS MONEPEUHIs CTCHKA WK cenTa. s 3anycka pen-
aukannu JJHK Gaktepust 10JKHR JOCTHTHYTL OIPEACACHHOTO MOpo-
rOBOTO pasMepa WIH HavanbHol Macenl. Pennukauus JHK v kaetou-
HOE JCACHHE BMECTE 3aHUMAIOT 0K010 40 MHH.

Huunnauus penaucanuu JJHK tpebyet, 4ToBb K caliTy Hayama pei-
JHKAUHH TIPHCOCAMHUIINCHL HECKOJABKO MOACKYA Oclka DnaA. AKTHB-
Hast popma Toro Beaka ceszana ¢ ATD, Mo3Tomy peryasiis HHULHA-
LHH MOXET OCVIICCTRAATLCS BIaAHMornepexonom DnaA-ATd u DnaA-
AID. Caeaylowsi HHKT PCTUIHKALMH HIMMHAETCA HE ¢pa3y, Tak Kak
poauTebekas HuTy AHK MeTimpyetes cpaly nocne peinmkanum n
CTAHOBMTCS! HEIKTHBHOM,

HTak, s obpa3oBaHMs Neperopoiki U KAETOUHOrO NeNCHHS He-
obxonuMel Kax 3asepiicxne pervkaun JHK, Tak M goctvxkeHme
NoporosoH HHbL KneTku. TospexacHue AHK nurunbGupyer obpazosa-
HHe cenTbl. JAs HHUUHALMK oBpasoBaHUsl NEPETOPOIKH BAXHO HATH-~
qite F1sZ-6eska. DToT B6CN0K MEXAY ACACH HIMH PABHOMEPHO PACTIPEC-
JIeH B IIMTOTITA3IME KIIETKH, & B HAYAne JeNCHUA OH (POPMUpPYET Z-KOJb-
O B MecTe 00pa3oBaHus cenThl. Heobxoaumo Takke yuactue Bekos,
OCYLUCCTRIMIOMIMX TRAHCIVIMKOIMINPOBAHHE H TPAHCICNITHAALUMIO B
CHHTE3C TICHTHAONIHKIHA NPU CO3MAHHN HOBOKH KAETOUHO CTCHKH.

Peryasiuust 0akTepHAABHOTO KJIETOMHOIO UHKJL OUCHDL CIOXKHA N
BKJIOUACT HECKMIBKO B3AUMOIE HCTBYIOLLMX PETYISATOPHLIX MEXAHHIMOB.

KoHTponbHble BONnpocCsl

1. KakoBno 3HAUCHHC TIPOLECCOB PETYAAIHA MCTABOANIMR B AN 3HI KNCTKK?

2. llepecunemisTe OCHOBHBIC CTIOCO0LL PErYISILIN MIKPOGHOTO MeTABOIN3MA.

3. Kakoii cnocod perynsiiiny noroaset SuICTpo MeHAThL TyTh MeTaboIH3Ma”?

4. Kaxoit MEXaHNIM PErYIALMI NCKHT B OCHOBS SIRICHN nuayKenn?

5. Kaxite coOuITHs IOUKHLL GbITh CKOOPAMHUPOBAHE M08 [IPABHILHOTO
NPOXCAJICHI KACTOUHOMO 1IHK?

lmasa 10

HACREACTBEHHOCTb K USBMEHYUBOCTD
MWKPOOPrAHU3MOB

OCHOBHbIE TEPMUHBI

CoBpeMenHble MPEACTABICHHUS O TEHETHUYECKOM allNapare [poKa-
PHOT OITMCcankl BeIlIe (CM. 1. 3). B onpenenedHbIx yCA0BHAX B KICTKE
MOMKET HAXGIHTHCH HECKOIDLKO KOMNKUI Garxmepuatsroli xposrocomsl. JHK
COACPAKHUTCH TAKXKE BO BHECXPOMOCOMHbBIX TCHETUYECKHX IEMEHTAX —
naazmudax, B GONBUIMHCTBE CAYYACH SIBISIONIMXCS KONbIEBBIMU, AB-
TOHOMHO PeIHUUPYIOIMMHCA HCOOIBIIUMH MONEKYIAMU.

COBOKYITHOCTh BCEX TCHOR OPraHM3IMa HA3BIBAOT 2eHOMUNOM, A
COBOKYNHOCTB MPHCYIIHX OPTaHN3IMY NPU3HAKOB — denomunom. [pu
H3IMEHEHMY BHELIHUX YCJIOBHI OOJIBLUMHCTBO KICTOK B TIONYIALIAU
OPETEPIIEBACT MIMCHCHHUS, UMEIOIIME NPHUCTIOCOOUTEBHBIR XaApaK-
Tep (adanmauuonnas UIMEHHUBOCb). }

ALANTALMKM HE 3aTPATUBAIOT TEHOTHIT U BbI3BaHb! PCIYAALIMEH Kile-
TOYHOTO MeTaboTHaMa. OHU He HACHeAYIOTCS,

Cxaukoobpainbie M3MEHEHUST TEHOTUTIA HOCIT Ha3BaHWe Myma-
yutr, CIIOHTAHHBIMH HA3bIBAIOT MYTAUMH, BLI3BAHHBIC HEU3BCCTHBIMU
hakTOpPaMU, a MHAYLIMPOBAHHBIE TIPOMCXOAAT [OA BAUAHHEM OINpC-
ACNEHHBIX (PAKTOPOB, HA3BIBACMDIX Mymazedami. U3MCHCHHUE OLHOTO
HYKJIEOTHAHOrO ocTaTKa (3aMeHa, BCTABKA WJK BBINANEHME) HA3ZbI-
BAIOT TOYEYHOH MyTallveit. MyTaunu, 3aTparussioute G0ubume yia-
etk JHK, peavr x HapyLICHHAM IOCACAOBATECIBHOCTH H KOJNH1e-
CTHBA TEHOD.

3aMTON rcHEeTHYECKOTIO MaTepHana OT NOBPEXKIAKWErDo AeHCTBUSA
MYTACEHOB HE3ABUCUMO OT WX TIPUPOAbLI CNVXKAT PERAPAUOHHbIE CUC-
memst (homopeax MUEAUUA N MEMHOEAR PERUPAUUA).

Hnst nposisaeHust MyTalliy HeoOX0AUMO, YTOORI [TPOM30LLIA pert-
mukaums JHK 1 uameHeHHe 3aKpeHiIoch B aoUuepHelt Monexye. Jdns
deHOTUNMHYecKOro [POARICHYS MYTAUMH TpebyeTcst MpoxoxiaeHue
TPAHCKPHUTILLMY M TPAHCASILMH. TaK KaX MUKPOOPraHH3Mbl CYUICCTBY-
0T HEé B BHjle OTICABHBIX ocobeil, a B BUIe NONYJISUUHA, TO, KAK Ipa-
BHJIO, HYXHO HECKOJILKO KIETOUHBLIX ACJACHMIL, YTOOK HOBBIA TIPH-
3HaK NPOKBUJICH.

Eciu kietrka MMECT HECKOABKO KOITHIA XPOMOCOMBL, TG MYTALMA
TAKXKC TIPOABUTCA B (PCHOTHIIC KICTOK TOJMBKO YEpe3 HECKOIIbKO KIC-
TOYHBIX ACNCHWT,
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PexoMOMHaAUUA reHeTUYECKOro marepuana
y npoxapmor

Hacaedemeennyro uasmenuueocme y NMpOKapHOTHUECKHX MHKPOOPTra-
HU3MOB BhI3BIBAIOT PEKOMOMHALMK TCHETHUCCKOTO Martepuana Tpex
OCHOBHDLIX THIIOB. KOHBIOTALMA, TPAHCHOPMALIHS U TPAHCAYKIIHSL,

Konwsweauun npeaAnonaraet HEMOCPECACTBEHHbIM KOHTAKT KICTKH-10~
HOPA M KICTKU-PELMIIHEeHTA. KIeTKa-10HOD d10/B4Ha OBaNdTh TAK HA-
3LIBACMOI nnaosoi naamudoi — F-akTtopoM, KOTOpLbIH MOKET DhITh
@BTOHOMCH MJIM HUHTErPUPOBAH B XPOMOCOMY.

F-hakrop obyC/10BIHBICT CNOCOBHOCTS ROHOPHOH KIICTKY BCTYNATD
I} KOHTAKT € PELIMITUCHTOM, (GOPMUPOBATH 110J0BLIe F-munn, a rakxke
NEePENABATh TCHETHYSCKHT MaTepuast. [Ipu uHTerpaumny F-hakropa B xpo-
MOCOMY TadKas Nepeatia OCYUICCTBAACTCS ¢ BLICOKOMN YACTOTOH (LuTaM-
Mbl HfY).

[1epeHOC reHETHYECKOIO MATEPUAIA CTPOTO OPHCHTHUPORAH: PA3pbIR
KOMKUH xpoMocoMbl K nepeaaqa JHK npoucxoant B 1okyee 0 B npene-
Jax nonosoro ¢gakropa. CKOpoCTs NEPCHOCA B OJIMHAKORBIX YCIOBHAX
LISt ONPEACSICHHOTO WUTAMMA ARIACTCS MOCTOAHHOI. OBBIYHO Beelt xpo-
MOCOMC HE YIAeTCS MepeiTH B KIETKY-PCUHIIHCHT, TAK KdK KOHTAKT
WIETOK OUCHB HECTAOMIICH W YACTO MPEPLIBACTCH IO 3ABCPLUCHMA T11C-
pexona.

[TockouibKy NepBbIM PELIMITMCHTY MEPeaactcs BCErmi OauH W TOT
Ke, cnetrUIHBIN AT KAXI0TO LUTAIMMA, YU4CTOK XPOMOCOMBbI, HidC-
TOTA MEPEAIYH CTORWHX CIEA0OM 33 HUM TCHOB IO3BOJIACT pacnojio-
KUTh HX MO OTHOWEHHIO K 3TOMY JIOKYCY H COCTABHIb [CHETHICCKYIO
KapTy XpOMOCOMBI.

Tpancihopyanuets HABLIBACTCA TMPOLECC HIMEHEHUS CBOSICTB OJIHHX
BGaKTepHl TION BIMsIHUEM 3K30reHHOI pacteopeHHoi AHK, soiaencH-
HOI 13 IpyTHX DakTepHH.

s paHcopMaliii He HYXKHA KJICTRA-A10HOD, & NPOHHUKHOBCHHE
¢dparmentos JAHK 3aBucuT OT (MIMOTOTHUCCKOrO COCTOSIHMS KIICTKH -
PeLMIIHEHTR (Komnemenmnocmi), TONLKO ABYXUETIOYCHHBIC (PPArMeHThI
HHK 3HaYHTE 1bHOIH MONEKYAAPHOH MACChl MOFYT DbITh TPAHC(OPMU-
PYIOUIHMH arCHTaAMH,

B renom MoxeT smounThed JHK ¢ onpeaeneHHOR CTENEHBI TO-
monorun ¢ AIHK peamnnuenTa.

I'cHBI MOTYT NEPEIOCHTLCH H3 OAHONH DAKTEPHANIBHON KIETKM B
APYTYIO W B npouccee mpancdyrigy. TIpi 3moM (hyHKUHIO BEKTOPOB
BBITOIHAIOT (Pary, cAydanHo 3axpBaThIBAIOLIHE dparMeHT SakTepHillb-
HOH XPOMOCOMBI B ITPOLIECCE (POPMILPOBAHUSA 3PE/IbIX (PATOBLIX YRCTHLL
FpH 3apaxeHMKH KJIeTKU-PELNUTHEHTA TAKHM (Parom MOXET NpoH30ii-
™ BKmodcHue griparmenta JHK apyroil knetkir nyteM obOsmeHa no
FOMONOMTYHBIM VURCTKAM.

lepeHoe TeHeTHUYCCKOTO MATEPHATA W3 DIHOH KNeTKH B JIpYryio
OCYLIECTBASIETCS TAKKC TTYTCM MEPEIAYM TLIR3MIL.
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dBneHme auccounauumn y npoKkapuot

MexaHHIM SBJIeHHA JHCCOLMAIIHH e1le HC PACKPLIT MOJHOCTBIO,
M. BoJiCce TOTO, BOMPOC 3TOT H NPOTHXCHUM MHOTHX JIET OCTACTCH
AMCKYCCHOHHBIM. ONHAKO B IPAKTHKC HAYHUHbIX HCCIICAOBAHMI € 9THM
SRAGHHEM, KOIAA FIPH paccese UMCTOH KYJIbTYPbl Ha TBCPAOW Cpee
PA3BUBAIOTCS KOJOHHU PasHoii MOPhOIOTHU, CTATKHBACTCS NOYTH KaXK-
Ablit pafoTaloinii ¢ MHKpoopraHuiMaMu. Ha caMom aeilc, B 9TOM
cAyuae MUKPOBHAS 1MONYJISILIMS TCTCPOreHHa He TONbKO Mopdonori-
YECKH, HO 3ATPArHBAIOTCS TaKxKe (PHINO0N0ro-OHOXHMHYECKHC H [CHE-
THUCCKME NpH3Haki. TIpouece MCCT MOCTOSTHHBLI XapakTep 1 Oonce
BBICOKYIO yacToTy {~107), uesm cnoHTanHeic MyTaunu. Haubonee nac-
To OBpasyloTes TPH MOpQOTHIIA KOJOHUIT: R — wicpoxoBaThic, S —
raaakde ¥ M — cansucetbie. TIepROHAUANEHO ABACHHC JHCCOUMAUNH
BLUTO OTMCUYCHO Y MATOTEHHBIX MUKpOOpraHusmon — Selmonella, Shigella,
E. cofi, v B cBi3H ¢ pasHeiMi ha3aMu mpoTekaHust 60j1e3HM Bbulo
Ha3BAHO «Rapuauued haz» (S — BUPYJCHTHBIH BapHaHT, npeobnagaet
B 3MHACMHYECKON (hase, R — B nocranuaemudeckoit). duccounanmsi,
Ge3VCNOBHO, CBA3AHY € WIMCHCHHAMH B [EHOMC,

[Npyn Gojice BHUMATCIBHOM M3VIEHUH ABICHHSA QUCCOUHAIMN Y PAdd
MUK POOPraHH3IMOB BLLIH OGHAPYKEHBI KOJTOHHH OAHOTO MOPhOTHITA,
HO HMCHOUIHE HESHAYUTCIBHEIC MOAMMUKALNH (HANPUMED, [IATKKeE,
HO CYLIECTBCHHO PAMIHIAIOIHECA O OJICCKY. # TOIAA 0003HAYAEMblE
KaK S)).

KoAOHHH pa3HLIX MOPHOTHITOB, OTAWUIIOLIHECT MO AHAMETPY,
ConePKaT OOHHAKOBOS KOJMUYCCTBO TIO-PAZHOMY YNAKOBIHHbIX KIETOK.
Kak npasitto. M- u R-kofoHuu 1o amamerpy B ABa pasa bosblue,
HeM KOJOHHK S-sapHanTa. B 10 Ke BpeMst KKAasl KONOHHS yAC coaep-
KT KACTKH BCEX TPEX THIIOB, B NpHPOIHBIX MECTOODHTAHHAX 00bLIYHO
HABMIOAAIT NpeoblagaHre Kakoro-1udo n3 JHCCOUUAHTOB, HO OTMC-
YAIOT HIJIMUUC BCEX TPEX BapHalITOB.

PazmHuusl # BHAC KOJAOHHI OOBIMHO BLISIBISIOTCS He Ha oBo# rnioT-
HOI{ cpeie, @ TOMbKO Ha DOraTtoi yrieBosaMH. Pasinunsa HA KICTOY-
HOM YPOBHE BLIPAKAIOTCS B ClIOCODE pacKeKACHHs) ICTALLHXCH K¢~
TOK (00PasyIOTest THBO LENOMKI KACTOK, JIeAKAWME HA TIPAMOI, KaK y
R-hopM. 11160 PACAONOKCHHBIC TTOA YIJIOM OHa K ApYroii V-obpas-
HbIC QOPMEL, Kak ¥ S- 11 M-papiadTton). Pazaiuns B KIE€TOYHbIX 000-
JOYKAX (Kancyna + KAETOYHas CreiKa) ODYC/IOBIMBAOT BECh CIICKTP
paaHuHi HUIHOJOTO-DHOXHMHUCCKHX TPHIHAKOB AHCCOUHAHTOR.
Y AMCCOUMAHTOB, B YACTHOCTH, OTMCYUEH PA3HAA TOJWIWHA U XHMH-
YeCKHI COCTAB Kaneys) (Hanpusep. nepexon S- B R-papuant CBA3aH ¢
notepeii O-anturena). Kinerotnas creHka R-sapuanta s 1,5—2 pasa
TOILLE. YeM v S-(hopmbl. XHMITUECKHIT COCTAB H AMEKTPHUCCKUH 3apsan
BCLUCCTBA KATICYA (IIPH OTPHLATCIBHBIX 3aPsaiaN BO3HHKAET OTTLIKH-
BaHHe O0ON0UEK) CBSA3AHBI ¢ OCODEHHOCTAMH PACXONKICHHA KICTOK
npH aeaenul. PasHoe KOMMUECTBO B MEMOPAHAX AHCCOLHEHTOB JIMITH~
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OB, COACPHAILMX HEHACHIILEHHBIC JXUPHDIE KUCIOTHL, BJIHSAET Nd UX
TEKYUECTL (HAIPHMEP, R-BAPHAHT MMEET MEHbLIC TUKNX JHHION.
TeM APYTHE (DOPMBI),

Taxkue napamerpsl, KaK CKOPOCTH pOCTa W BBLACICHHS TIPOAYKTOB,
YCTOHYMBOCTE K TOKCHMECKUM BELUECTBAM, BABHCSIT OT ckopocTeii mo-
DIOMEHHS H SKCKPELIMH BEICCTB, KTHBHOCTH MCMOPAHHKIX (DepMeH-
TOB, KOTOPBIE B CBOK OYEpeIh [MOABCPKEHB BIMAHMIO WIMCHCHHIT B
KJAETOMHBLX 00OI0UKAX,

ABaenHe IMCCOLHALMHK CIEAYET YYHTBIRATD TIPH NMPOBEAEHUH [1PO-
LUeCcCOB B MUKPOOHOAOTHYECKHX NPOM3BOICTBAX, TAK KK OpH mH-
TCIABHOM KYTbTHBUDOBAHUH MEUICHHO PACTYLLIMC BAPHAHTL BLITECHS -
0TCA OLICTPO PACTYLIMMM, HO, KAK NMPABHIO, MEHCE RKTHBHBIMH THC-
COLMaHTaMu. K TOMY JKe AMCCONMAHTBI MOTYT CHHTE3HPORATH PiA3HOC
KOMHYECTBO OHOMOMMYECKH aKTUBHBIX BELLUCCTB, CTICKTP KOTOPBIX MO-
KET pasiinyatheo. ¥ M-KAeTOK, KaK 1paBuio, OBpa3yeTCs MAKCHMUThL-
HOE KOTHYECTBO 3K3ONPONYKTOB, R-BapuaHThl akrHBHEEe paspyiiaoT
KCCHOOMOTHKN, TAK KAK OHM.YCTOHUHBEE K TOKCHUECKHM BELIECTRIM.
YyeT rereporeHHOCTH NOMNYASLUAN N03BOET NPOrHO31pPOBATL MOBE-
ACHHC psfla NATOTCHHLIX MHKPOOPTAHHAMOR B [IPHPOHBIX MECTOOOM -
TAHHAX. TaK, BUPYJICHTHOCTb NONYASILUK DUTOMATOTEHHBLIX MCERIO-
MOHAN MOXKCT MCHATBCA B 3dBHCUMOCTH OT HOTOJHBIX YCA0BHiA. B cy-
XYIO NOFOoY CIOCODHOCTL K 34PAXKCHHIO PACTEHUIt MOHMKEHA H3-32
npeobialatHs B NONYALUHH ABUPYICHTHOIO R-sapuanra. 6oace ye-
TOHUHBOIO K NOHIBKEHNIO AKTHBHOCTH BOII.

Tadanua 29

CeneKTHBHBIE NPEHMYIIECTBA AUCCOUAAHTOB PAAA Me3O(HIBHBIX
MHEPOOPItHHIMOB IPH BO3JEHCTBMH pazmwunbix GakTopos

Maxroph Bapianr

R A M
Temmeparypa 41 °C + - -
Temeparypa 14°C - - +
Yavipathnoner + _ _
AHTHOHOTHKHN n - _
Bricyminsarie n - -
AuTirteckue RewecTRt (TM3011MM) + - -
NaCl (7 %) - - .
pH 4.0 - + -
pH 9.0 - - +
Arpaus + - _
KH,PO, (0.5 %) - + -
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Pic. 159, Mpenntonaraesas ¢xeMa JHCCOUHATHBHBIX TICPEXON0E ¥ Rhudowccu}
rubropertinctus © ydactHem para u maasMuInl (ITTA — 2aMMIHHPYIOUUTI
MIA3MIAbL AIGHT)

YCRoBUsL KyIKTHBHPOBAHHS M XPAHCHI TIPO1YLUCHTA OKa3bIBAIOT
CYULCCTBEHHOE BINSIHUE HA COCT CTO MOMYSALHA. bonsinas yc"ron—‘
YHMBOCTH OAHOTO M3 AHCCOLMAHTOR K KAXOMY-THOO (hakropy moxe1
NPUBCCTH K TMOAHOI CMEHE COCTABA NOMY/IALUMHM K KOHUY HHKyOau-
oHHoro nepuoda. B tabi, 29 npubeleHsl ZaHHLIC O CEMeKTHBHBIX npe-
MMYLIECTBAX AHMCCOUMAHTOB ¥ PALA MUKPOOPTaHU3MOB TP BO3ACH-
CTRMH PATUHHBIX (PAKTOPOH.

TakuM 06pazoM, MOKHO CACNATE BRIBOR O TOM, YTO JTHCCOLHAUMNS —
3TO AZANTALMS K MEHAIOMIMMCA YCIOBUIM CPCALL HA YPOBHE MONYIIS-
LM H.

[TokaszaHO. UTO B AMCCOLMALMI H3IVYUEHHBIX MHKPOOPTAHHU3IMORB
MOCYT ObITL 3aX¢HCTBOBAHLl BCC [EHCTHUCCKNE MPOUCCCLl -— TPaHC-
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thopManns. TpPAHCAYKUMS!, (haroBasi KOHBCPCHA, MUIPHPYIOLLIHC TEHe-
THUCCKHC 3/ICMCHTBI (YMEPCHHDLIE (Ard, TUTA3MHbI, TPAHCIO3OHBI).

Aast Rhodococcus rubropertinctus NpeiLtoXeHa THIOTCTHYCCKAA CXE-
Ma IMCCOLIMATHRHBIX NCPeXoaoB (puc. 159). ¥ artoit kynbTypul npu mo-
TCpe yMepeHHOTo ¢ara S-IHCCOUHAHT MEPECTACT PACLICIITLCH, a
YTPATa NIA3MIMIBLI MPUBOIHT K TOMY, YTO OCTAIOTCS TOIbKO R-S-nepe-
xonot. Bosmoxho, uto B R-knerxkax npodur BcTpausaetcst B Apyroii,
4eM B S-KJICTKAX, YHACTOK XPOMOCOMbL.

JAns cTabMnu3alny cMHTE32 OMONOIMUCCKH AKTHBHBLIX BCLUCCTB B
NMPOMBLIIIEHHOCTH HEODXOAHMO:

B [IOAYYUTE HCOIUCCOUHMMPYIOUIHA KIIOH;

B [TOCTOSIHHO BECTH CTADIM3HpPYIOILMIE oTOOp;

& COBMI0AATL OIITHMATBHBIC YCIOBHA XPAHEHUS,

® CO0/NONATDL ONTHMAILHBIE JUTS BbICOKONPOAYKTHBHOIO JUCCOLH-
AHTA YCIOBHS POCTA.

Hceaenosanus ripouecca 1MCcolmaliuy MMEOT NPOrHOCTHYECKYIO
HCHHOCTD M JIAIOT BO3MOXHOCTD YIPARSATE TCHCHUEM NPOLECCa.

[lo cueTeMaTHUECKOMY TIONOXKCHHIO THCCOUHAHTBI ONPeAEsIOTCS
KdK OIMH BHA, TaK KiAK B OTIPEOENMTENC YUMTBIBACTCH TIPWU3IHAK IO
MPHHUHUNY «€CTh-—HCT», 4 AHCCOLUMAUMSA AACT W3IMEHCHMS [10 MPHH-
LMY «DONBUIC — MCHDBILEH,

KoHTponbHble Bonpocskl

1. Kakue puakropii BbIZbIBAOT MYTALMH 1 B Y4eM 0COBEHHOCTH (ICHOTH-
MIMCCKOTO NPOSBACHHA MYTaUMil y MHKPOOPTAHHIMOB?

2. TMepeuncnirre TUTH PEKOMOHHALMIL [CHCTHUECKOTO MATePHATL ¥ NPO-
KapHOoT. )

3. B uesM 3arii0MgeTCs ABICHHE INCCOUMATIHN 1 KAKHC CBOMCTRA MHKpPO-
OpTraHu3Ma OHO rrparnpaer?

4. [Toucmy SIBACHUE ICCOLHALHN HEOBXOAMMO YIHTBIBATH B NPHPOLHBIX
MCCTOOOUTIHHIX H MHKPODUOJOTHYECKHX NTPOH3BOACTRAX?

5. KukoRbl MyTH ¢TuBHAMIALHI CHHTE 3 GHOMOIHYCCKI AKTHRHBIX RELECTH
FEPIE MN HPOMBLILIICHHOM NOAYYCHHH?

lnasa 11
aKonorma MMKPOOPrAHU3MOB

MeTonbl ccnenoBaHUA IKONOrun
MUKpPOOpPraHn3mos

Buiae/ieHHe MUKPOOPTAHHIMOB H3 KOJOrHYECKHX HUII H npobaembt,
CBA3AHABIC C HEKYbTHBUPYeMbIMH dhopmamu. [10 HCKOTOPLIM OLUCHKAM,
MCCIICIOBATE N MOTYT KYALTHBIPOBaTh MeHble 0.1 % Bcero MUKpoO-
HOTO pasHoobpiius. Jecs Tk ThICSY BMIOB MHKPOOPTAHHIMOB, KHBY-
HIMX KaK CMMOHOHTBI KMBOTHBIX H PACTeHMit, HYXKAAIOTCA B BLLACIEC-
HHH 0 HWAICHTH(HKALHK, XOTH MHOMHE U3 TAKHX MUKDOOPTraHWIMOB
OTHOCSIT K TAK HA3bIBAEMBIM «HEKV/IBTHBHPYEMBIM» M TAKUM oOpazoM
OCTAIOUIMMCH HEAOCTYHHBIMI KAACCHYCCKMM MHKPOOHOTOrHUCCKHM
METOAIM WACHTHOMKALIMH, CVIICCTBYET HECKOJIBKO CMocob0B, NoO3Bo-
ASIOULHX OLEHNTD HX Pa3Hoodpasue 1 pacnpocTpaHeHuce. Takue MeTo-
AL OGBEIHHSIIOT NIPSMbIC MEKPOCKOITMYECKHE HADMIOACHUS K Pa3any-
HBIC TIPHCMBI HA OCHOBC MOJCKVISIPHOH AHArHOCTHKH, BKIIOYAH aMnI-
AMGHKALHID JHATHOCTHPYIOWINX [TOCNeN0BATETbHOCTEH TEHOMA, KO-
ANPYIOLIHX CHHTe3 Monekyab 168 pPHK aast nocacayoweit nx pac-
muppoBKH.

Memodsi RPAMOZ0 NPUICHIHEHHOO OKPAMMUEAHUS PAIUMHBIX NPOG
800bI. HOUGH H OCAOKO8 TOZROIISIOT BHIACATL FOpa3no S0NbIIE XKHUBBIX
KJIETOK, YEM BbICEBbI HA PAa3INUHbBIC Cpenbl. boNbLIOe PACXOXKICHHE B
PE3YJLTATAX MPSIMOTO CHETA B CPUBHCHHHU C BBICCBOM HA CPEIbI MO-
CTABNIO BOIPOC: TIPHAKH3HCHHO OKPALIEHHBIC MUKPOOPTaH3IMb] H8-
AAIOTCH KUBBIMH MK MCPTBLIMM? TIpUMEHEHUE B KaUeCTBE NPHXKH3-
HCHHOIO KPAacHTe1s aKPHAHHOBOTO OPAHXEBOIQ MOKA3a10. YTO HACTh
KACTOK OKPAITNBACTCS ¢ Tocaeiyioweil 3eeHoil uyopeciicHImei,
YACTL — OCTACTCS OPAHKEBOMH. DTO NPUBCIO BHAUAIEC K HCBEPHOMY
BLIBOAY O TOM. UTO 3CJACHBLIC KJIETKH — JKMBBIC, d OPAHXEBLIC —
MCPTEDBIC. Brnocneactsuu Gbu10 BLIICHEHO, YTO LBET (IIYOPECUCHUNH
3aBHcHT oT oTHoWCeHUa JHK/0enok B KIeTKe, B pe3ysibTaTe AKTHB-
HO JICASMHECS KACTKH BRITASIAAT 3CMEHLIMH, a pacTytiiie Gonce Med-
JICHHO WM TOKOSILIMECH KAETKH NAK0T OPaHXEBYIO (hayopeCUeH1nIo,
OCTABAACH [IPH 3TOM KHBbIMH.

B pansHeiieM 61 paspaboTaHbl #ApaMbie MenIodbl OUEHKH Me-
MadeAMUMCCKOl armugHocnu Kiemoek (KACTOMHOE [AbIXaHME), no-
IBOAMIONIHE OTAHYHTL KUBbIE KACTKHM OT HEXIBLIX B NPHPOAHKIX
npobdax.
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Meroabl OCHOBAHBI HA NMPUMEHEHMH PAHYHBIX COMCi TCTPaso-
JIHS, KOTOPBIC MPH BOCCTAHOBICHHH B KIETKE JCTHAPOrcHasamu (Ibi-
XaTeNbHasl AKTHBHOCTDL) MPCRPALLAIOTCA B HEPACTBOPHALLIT (JOpMa3aH
KPACHOTO LBETA, YTO MOXHO ODHAPYKHTh BHIYAILHO IO MHKPOCKO-
noM. Mmeeten cnocof pasitnyars KUBbIE, MEPTBLIC M TTOBPEXKAECHHBIC
KIETKH MPH HIMEPCHRHA COCTOAHMUS MeMBPAHHOro NoTeHUMAIA C TIO-
MOLLBIO hayopoxpomos. Ipyroii crnocob npeanaraet 106asasTh K 1Ipo-
0aM KUBBIX KJIETOK HHIHOUTOP KICTOMHOrO ACNEHNS (HATMAHKCOBYIO
KHCJTOTY), TIDH TOM AKTMBHO PACTYIIHE KACTKH OYIyT VAMHSTHCH
6¢3 BCTYMACHUS B (hitdy OMHAPHOTO ACJICHMS.

Bo3moxkHO, 4TO MHOTHE MHKPOOPraHM3MbI, HabalzaCMbBIE TpU
NPSIMOM MHKPOCKOTTMPOBAHHK KaK XKHBBIC, BCTYNHJAW B COCTOAHHE
«HCKYJ1LTHBHPYeMas hopma Gakrepuid (HPB)». Dra koHuenuus Gbiia
NPEMTOKEHI AMCPHKAHCKHM MUKpoOUHosioroM npodeccopom P, Koa-
sestn B 1987 1. IToxasaHo, YTO YacTh KJIETOK W3 MPHPOAHBIX 06pa3-
LloB HE OACT KOAOHHH Ha JabOpaTOpHLIX Cpcadx, XOTd B NPHPOIC
OHM BCIUYT aKTHBHBIH 00pa3 XWU3HU M natorcuHsic GopMbl coxpa-
HAIOT CBOKY BUPYJICHTHOCTD MO OTHOLIEHHIO K KHBOTHBIM. DKCIIEPU-
MEHTLL HETKO MOKAZWIHA, Y10 TAKHE NATOEHSLI YS0BeKA, KaK Legio-
nella pneumophila. Salmonella enteritidis. Vibrio cholerae w V. vulnificus,
nocrosHHo obpaszyior HPB B npupoaHeix skounwax. Takum obpa-
30M CTAHOBHTCH MOHATHOH BAXHOCTD NPSIMbIX MHKPOCKOITHUECKHX
HAOMIOACHMIT NPHPOAHBIX 00pa3nos aa obHapyxerus HDB nato-
TEHOH,

g HabaoaeHNs 30 HEKYTBTMBHPYCMBIMH (DOPMAMH MHKPOODIA-
HU3IMOB B MPHPOIHBIX 0OPA3LAX NPUMEHSIOT MEMOIN MOACKYAAPHORO
anatiza. PazpaboTaHo HCCKONBKO MECATKOB ANAFHOCTUYECKHX MPoG-
nocienosarennHocteit JHK/PHK anst creungmuecckoro obuapyxe-
HHA OMPERCACHHLIX BUIOB, POACB, CEMEHCTB MAH TAaKCOHOB Bonce
BLICOKOTO MOPANKA HEMOCPEACTBEHHO B MPHPOIHBIX 06pazlax.

C MCMOMB3OBAHNUCM TAKWX TIOCACAOBATEILHOCTEN GbITO OGHapY-
JKEHO, YTO MOPCKHC BOMbLI COAEPKAT MHOIHC BHJLI apxeil H Qakrte-
PHil, KOTOPBIC HE MOAAZIOTCA KYJILTUBHPOBAHMIO B JaBOPaTOPHH.

OMHTOHYKICOTHIHBIE NPOBL! WTMHOI 18 — 20 HYKJIEOTHAOB SIRISA -
HTCA HANOLAEE NOAXOASUTMMH IS TAKOH AHATHOCTHKH, TAK KaK AETKO
rropuansylores co cneundryeckiy yyactkom AHK nckomoro opra-
HH3IMA.

Haxe HeGOMbIINE KOAUMECTBA HEKVABTUBHPYEMBIX (DOPM MOLYT
BhiTh OOHApYKEHBI B MOLYAALHAX MPHPOIHLIX OOPAILOR C TOMO-
weio [THP-aMmaudykaunn aHarHoCTHYECKHX NOCICAORATENbHOC-
Teil JHK.

KH3IHECTIOCODHBIC KIIETKM MHKPOOPTIAHH3MOB MOKHO MACHTH(hH -
UHPOBATL TAKXKE ¢ noMoulbio crietnupuueckux MHPHK asenmodon o6-
PAMHOU MPAHCKPUNKUL, HO TIPM HCNONB3OBAHUH 3TOIO METOLA CJIeay-
€T MOMHHUTb © TOM, ITO BPEMSA MOJIYKHIHH HCKOTOPLIX BaKTEpPHATh-
HuIX UPHK MoXeT cOCTaBALTL MEHBLIC MMHYTHL.
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N3yyeHne aKTUBHOCTU MUKPOOPraHU3IMoOB
B npupoge

MuxkpoajekTpoast, [TocKoIbKY MHKPOOBI OMEHDL MIbl, TAKKE Ml
M HX MUKPOOKDPYXeHMs. [l KICTKH pa3MepoM 3 MKM MHKPOOKPYKE-
HNC HA PACCTOSTHHU 3 MM COOTBETCTBYET PACCTOSIHMIO B 2 KM ILTsL Y€~
JioBeKa! DKCTICPHUMEHTATOPSI Pa3padoTaT cneniaibHblE MHHHATIOP-
HbIC PIEKTPOAR AMAMCTPOM 10 2— 3 MKM, KOTOPBIE NO3BOJISIOT HPO-
HMKATh B MUKPOOKDYKCHHE KJIETOK B [IPHPOAHLIX 3KOHHILAX W TPOBO-
INThL Tam uasmepenyst rpandedtos pH, Eh, coneHocTH, TeMepaTypsl,
COMEPKAHMS KHCTOPOLA Wl HCKOTOPBIX XMMHUCCKHX 1eMeHTOB (Nat™,
K*, HS™, NH3, N,O un r.4.). PazpaboTaHs! TakkKe MUHHATIOPHBIC CNCK-
TPOPATHOMETPLL, MO3BOASIIOIIAC KAYECTBEHHO H3MEPSITh TOMIOIMIEHE
CBCT2 B MUKPOHWILAX, YTO BAXKHO MPH H3VUCHUH CTPYKTYPBI H DYHK-
LHOHWPOBAHUA LHAHO-0AKTEPUATLHBIX MATOB M APYTHX MHKPOOHBIX
coobeeTs. MUKPOITEKTPOAL MHTEHCHBHO TIPUMEHSIOT [IPH H3Y4e-
HHH LHaHO-0aKTePHTLHEIX COODIIECTR, HA MOBEPXHOCTH KOTOPBIX Pa3-
BUBAKOTCH UHAHODAKTEPHU H BOAOPOCAH, SIBISKUIHMECS OCHOBHEIMH
NPOAYLEHTIAMH MaTa, A0 FMYOUHBI, HA KOTOPOH CBET CTAHOBHTCH JiM-
MuTHpYIOWNM haktopom. Tpociexero, uto Ha 1ayduHe 1,0—1,2 MM
TAKOrO MaTta (npu ero obueil TOMNIMHE OKOJO 2 CM) OKCHICHHBII
doTocKHTEs nipekpaaeTes (M COODILECTBO CTAHOBUTCH AHA3POOHLIM).
C 3TOTO YPOBHS Pe3KO BOIPACTACT KOHLIEHTPALMNS CCPOBOAOPOIA, BO3-
HUKAWIIETO B PE3y/IbTATe aKTHBHOCTH CYJIL(DATPEAYKTOPOB HHKHUX
coeB MaTa {B JAHHOM OPUMEDE PACCMOTPCHA CTPYKTYPA MATOR MOp-
CKMX MecTOBHTAHK)., KOHUEHTpaUus CCPOBOLAOPORAL B KKAOM Cloe
COOBILCCTEA — PE3YIbTAT COMAHCHPOBAHHOTO TIPOLIECCA CTO BLLICIIC-
HHs$1 CYIBDATPEAYKTOPAMI M €ro HOTPCHICHUS aHOKCHTEHHBIMK (ho-
TOTpodaMH ¥ THOHOBbIMH MM OCCUBETHBIMH CCPHBIMH DAKTCPHSIMIL.

PagnousoTtonbl, MeToMnI H3MEPEHHS AKTUBHOCTH MHKPOOPIraHH3-
MOB 8 MX IIPMPOAHBIX MECTOOBMTAHHMAX UM CREXUX oOpasuax ¢ npn-
MEHCHHEM PAAMONZ0TONOB SIBASIOTCH Haubomee YYBCTBUTCIBHBIMH H3
BCCX CYLLECTBYIOUIMX. DTH MCTO/IbI MOIYT ITPOJIMTL CRET Ha cyaLly Toro
W HHOTO c¥BeTpaTa B MUKPOGHBIX COODHIECTBAX ONPEASICHHOIT 3KO-
HUUTH. J11s1 U3MEPCHNA HHTEHCHBHOCTH (POTOCHHTESA MTPUMEHHIOT METOL
HiMepeHua Brodenust Meuenoro HCQO,, HMest KOHTPOIEM [1PH 3TOM
«TeMHOBYIO» TIpo0y. JI1g 0DHAPYKCHHA H HIMEPCHHS CKOPOCTH CYJlb-
(paTpeAYKUMIT TIPHMERSIIOT u30Ton cephl, YSO;™. KOTopbiil 1IpeRpa-
utactest B H'S. CKopocTb METAHOreHE3a MOXHO TNPOCIEAHTE 110 Tipe-
ppauictiio FCO, 8 ""CH, B IpHCYTCTBHH 3HAYUTENBHOIO KONHYECTBA
BOIOPOAA WK 110 Tpanchopmaimy HC-MeTaHOM, METHIHPOBAHHBIX
aMuHOB Wi anertata B YCH,. XemoopraHotpodHble aKTHBHOCTH H3-
MEPHIOT IO CKOPOCTH BIUHOYEH s MeueHbtx o *C opraHiveckux co-
eAMHCHHIT, OOBIMHO IS 9THX UeAeH HCTIOTL3YIOT TOKO3Y HIH aMH-
HOKMCTIOTRI. 2hdeKT HCMOAL3OBAHHS OPriRHKH MOKHO OTTPEaeNsiTs W
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no BeuieeHo HCO; 13 meuennix 1o HC opraHHyecknx cyBeTpaTos.
Bo Bcex cayuyasx. onpeacsas CKOpOCTH NPOUECCOR OTpedicHHA Hio-
TOTIA WJTH €10 BLLACACHUR, BREODXOAHMO YUHTLIBATH COOTHOLLEHHE MC-
YEHOTO ¥ HEMCYCHOTO cyOCTpaTa, BHECCHHOTQ B Npofy T pacueTa
cneunduueckoii akTHBHOCTH norpedaeHus cy6eTpara Wi 0bpasosa-
HHA TTPOLYKTA.

DKCHCPUMCHTS! € PAAHOAKTUBHBIMU W30TOMAMM HIMPOKO T1pHME-
HSIIOT B MHKPOOHOI 3KOJOMHH, OJAHAKO, MOCKONBLKY B TETCPOrCHH bIX
NMPUPOILHBIX MECTOOOUTAHMSIX BCELAA MOTYT MPOXOANUTL H XHMHUCCKUE
fipeBpaieHns cybcTpaToR, HEODXOAUMO [IAPLICARHO [IPOBOINTD ONlbl-
TBl ¢ COOTBETCTBYIOLIMMH KOHTPOABHLIMH 0BPA3ILaAMU, KIIOUYEBLIMK
H3 KOTOPIX SABISHIOTCH NPpobbl ¢ yOUTLIMH KIeTKaMH. s a1oit uenn
yacTo NPUMCHSIOT GopManbIcrul B KOHUeHTpanuu 4 % wiu Kunaye-
HHE NPolbl.

Crabnasusie mzotonbl. [10CKONEKY BONBIIHHCTBO BHOICHHBIX Ic-
MEHTOB MMEET HM30TONBI, KAK CTABIILHBIC, TAK U PAAHOAKTHBHbBIE,
MOKHO W3YYHTb aKTHBHOCTI MUKPOOPrAHW3MOR B IIPHPOAHBIX 00pa3-
LAX ¢ TMPHMCHCHHEM TaK Hal3biBAEMOro «M30TOMHOTO 3dpekTar, CyTh
KOTOPOTO CBOAUTCSI K TOMY, MTO KHBbIE KIETKH crnocobHbl andipe-
PEHLHPOBAHHO HCIMONBIOKATL JCTKHMC H TSKCALIE UIOTOMLI OJIHOIO H
TOTO Ke 31eMeHTa B buonoruyeccknx tpancdopmanusax. B miukpobnoi
IKOQIOTHH HAMDONLILLICE PACTPOCTPAHCHHE MOAYYHIAM HCCICLIOBAHWA,
CBABAHHEIE C TPAHCGOPMIULIMER M30TOMOR YINICPOAa H CePhl. YIIenoa B
NPHPOAC [PEICTABICH B OCHOBHOM B Buie nsotona "2C, xots BE:Tpc-
YAETCS M B BHAC CTabMIILHOIO Tskesioro *C, a Takke pamHoakTitBHO-
ro “C. MNoaobHo 3ToMy, BOILUIMHCTEG COEAMHCHHII CEPbI COCTOUT B
oCHOBHOM 13 **§, xoTs1 BeTpevaetcsa crabuibhuii ¥S 1 pagnoakTHE-
HBIEL S M30TOMBI. BOMLWMHCTBO BHOXMMHIECKHX PeakiMii, TPOBOAU-
MBIX JKHBLIMH KICTKAMH, CIOCOOHO BLIOMPATL cocaMHeHHa ¢ Gonee
JETKHM H30TOIMOM H3 HMEIOIIMXCS B Hanuuun. [1oatomy coeanHeHus
¢ Bojiee TSLKENABIMHM MIOTOMAMH OCTAITCH HEIIPOPCAIMPOBABILIMMY |
HX OTHOCHTERLHAS AMIS B OCTABIICMCH CYOCTPATE YBCAHUNBACTCS, 4 B
MPORYKTE — YMCHBILACTCS. ITOT (PEHOMEH MOMYUH Hu3BAHKE «paK-
HUOHUPORIHHE HIOTOMNOR>.

IMpu uzvucHPIM NPod pasHUHOIO NPOUCXOKAEHIA OKAANOCH, YTO
Handojiee «THXKCIBIMUY 110 YIAEPOIY SIBISIOTCS MOPCKHE KapBOHATH
XHMHMYECKOr0 TIPOHCXOXKICHUA ¢ cooTHOWEeHMeM AYC =45 %e. He-
MABHHE (rcoorHyecku) Mopekie ocanki uMeroT ARC =-10...35 %o,
YTO YKA3LIBACT HA YYACTHC MHKPOOPTAHHMIMOB B HX (POPMUPOBAHHH,
ouomacca pacreHiid umeet gt no PC 12...25 %o, HedhTe —
20...35 %0, metan — 25...80 %o! MHTCPCCHO OTMETHTD, YTQ CKillb-
HBIC NIOPOALL BO3PACTA OKOMO0 3,5 MIPA ACT (BPEMA MOABNCHUS XU3HH
Hat 3emie) obenHennl o “C Ha 12— 22 %e, Y4TO CBUAETCABCTBYET 06
OYEHb PAHHEM BOIHMKHOBCHHM ABTOTPOMMM Ha IUTAHETE.

[TogobHuie H3MEPEHHSA, MPOBCACHHLIE B OTHOUICHMH [30TONOB
cepbl. MOKA3ATH, UTO ¥V MCTCOPHTHOTO cvibthiuaa ANS = -3 —+3 %o,
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y 3aIcKeit dteMeHTapHoit cepel — —18...+ 18 %c. a cynudita MOpekux
ocaakon MoxeT umeTh AYS 10 =30 %o, 4TO YKA3bIBAET HA 3HAYMHTEIIb-
HBIH BrJIAL CyaLbaTPeayKTOPOB B NPOLCCC TN0BALHOIO LHKJIA CePbl.

JLnst DOHMMAHMS CTPYKTYPBI Y (DYHKLIHOHUPOBAHHS 3KOCHCTEM M0
JHAHMS O B3AUMOOTHOIICHHIX MHKPOBHbBIX COODIIECTB, HEOOXOAHMbI
TAKKE KOMMUECTBCHHDIC JAHHEIE O MHCIC MUKPODGOB TOMO MJIH HHOLO
coobiuecTra, OHoMAcCh TOTYASILHA, CKOpUCcTeH DHOMOIHUCCKHMX AK-
THBHOCTCH, JCMEeHHs KACTOK M MX OTMHPAHUS, 4 TAKXe CKOpOCTCH
()60p0T11 BO3IHMKAWMIMX LHUKIIOB MATCPHH YEPE3 SKOCUCTOMY. Konnye-
CTBO, DHOMACCA M aKTHBHOCTh — ITO BMOJHC OIPEICACHHBIE IKON0-
FHYECKHE MAPAMETPBI, KOTOPLIC, XOTH M KOPPEIHPYIOT MEXLY coboii,
He A0KHBL PACCMATPHBATHCS KAK B3aHMo3aMeHsieMble. OBbivHO MpH-
poAA peluacMoil JKOROrHIecKoi MpobieMbl cama AMKTYET, KaKo# 13
FTUX NAPAMETPOR CAGAVET U3MCPSHTL, 4 TCXHHUYECKNC TPYIHOCTH 3ac-
TABJSIOT MCCICAOBATENS H3MCEPSITh UYHCAO KIETOK M 3aTEM BBICUMTLL-
BaTb BOJICE OTHOCHTEBHBLIT NapaMeTp — Buomaccy. Tloce caesaHHbIX
[OACYETOB HEOOXOAMMO ¢ KPHTHYHOCTLI) OTHECTHCH K MONYYCHHBIM
PC3VABTITAM, PACCYXKAAA O IPHEMIICMOCTH BbIBOIOB NPH BCCX YCI08H-
AX IKCMCPUMEHTA. MeTo/bl, MCIOALIVEMBLIC NPH TAKUX HIMEPEHUAX.
ABJSIIOTCH QCHOBAHHEM AN ONPCIC/ICHHASA MHK[)OGHDH BKOJNOTTH KaK
HAYYHON AMCHUMAMHLL M 0OWET0 TOHHMAHUA IKOJIOTHH MUKpOOOB.
IMpuMeHeHNEe KOJIMUYCCTBEHHOTO noaxoaa fonee yem uto-a1ubo Bbiac-
JSET IKOJOTOB CPCAH HATYPLUIMCTOR.

C6op o6pasuos

Jns nccnenosaHis HHCIa W aKTHRHOCTH MUKPOOHBIX NOMYJISAUNH B
PATHUHBIN 3KOCHCTEMAX Pa3paboTaHbl MHOTOUMMCICHHbIE METONOAO-
riteckie NoAxoasl. [TpyH uzyyeHUH MHKPCOPTaHH3MOB B NPUPOAHbLIX
obpa3uax (ofuice YnCno, YUCNo CooDUICCTB, UX MCTaboaHUYEeCKIe aK-
THBHOCTH) PETTPE3CHTUTHBHBIC YACTH 06PA3LA AHLTU3NPYIOT 1 PE3yb-
TATH! NPOCLMPYIOT HA COODLIECTRO B LENIOM MM 3KOCHCTEMY. TepMUH
«PErpPe3eHTATHBHBIH» O3HAUACT, YTO NPOOA JOIKHA OTPAXKATL PA3ZHO-
ofpasue H IOTHOCTL OPTAHN3MOB OBLLETO MECTOOBHTARNS, U3 KOTO-
poro 13a7a npoda. Bo MHOMMX MCCTOODHTIHHAX PACAPCALTIEHHE MHK-
POOPraHH3MOB HC TOMOrEHHOC, a4 ckopec KiactepHoe. [lostomy mio-
oas piaTasg npoba, HECOMHEHHO, TOUEYHAA 110 OTHOLCHHUIO K Wiyya-
€MOMY MECTOODMTAHWIO — IIPOCTPAHCTBY, MOXKCT COMEPXKATL MHOIO M
M0 MUKDPOODPTAHI3MOR, UTO NPHBEACT K HEBEPHOH 3KCTPANOIALMH
PE3YABTATOB, DTO OCODCHHO BEPHO U1 MHKPOOPTAHUIMOB, KOTOPLIC
KMBYT B YCJIOBHAX MHKPOOKDYAEHHS, O FeM 3KCICPUMEHTATOP MO-
KCT BO BpeMa oTHopa npobst 1 He AoTaabiBaTbes. O6paboTKa ClOXKHBIX
Mpo6, MPUIOTOBACHHKIX U3 COBPAHHBLIX MHAUBHAYATLHBIX P0G ¢ He-
OOJBIOBAHHEM CHELHAILHLIX CMecuTeleid, MoXeT MHHHUMHIHPOBATD
OIIHOKY. YPOBCHb AOCTOBCPHOCTH NIPU DKCTPATTONAUMH LAHHBIX COOT-
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BETCTBVIOUIMX NPo0 HA BCHY IKOHMINY A0JKEH OLITh NOAKPEIUICH CTa-
TUCTHUYECKMM AHAIN30M. BaXKHO TOMHHTH, YTO KAXAOE M3IMEpeHue
coctouT M3 Tpex has: 1) chop obpasuos: 2) noaroroska npob;
3) coberrerno waMcpenue. Ipu uHTEpNpeTaHK PC3VILTATOB AOJDK-
Hbi OBITH KPHTHUCCKH PACCMOTPEHB! BCE TPH CTARMH 0OpaboTKU Npod.

[Mpu otHope npod W3 TAKMX CIOKHBIX I pA3HOOOPAIHBIX MCCTOODM-
TAHHH, KdK KMUIEYHHWK XKHUBOTHBIX, NOBEPXHOCTHBIA CIIOH NMOUBLI, BOIbI
o3ep, FYOOKOBOAHBIC OCAAKM MOpeil, NMPUMEHSIOT PAIMYHBIC [1041-
x0ibl, Hepo3MoKHOCTh BIUTOTHYIO NPHBIHIUTLCA K MeCTy oTOepa npod
JACTARITACT MPHAYMBIBATE PANMYHbBIE NPOBOCOTOOPHMKH At AMCTAH-
uUMoHHOTO 3a00pit npoo.

MeToap oTOOpA NMPOB KM UX XPAHEHHE HEe JOJLKHEBI HIMCHATL KOJIH-
YECTRA KJETOK WM MX AKTHBHOCTH B GONBIIYIO M MEHBUIYK) CTOPO-
Hy. Hceneposatean J0MKCeH ObITE VBEPCH, YTO OTOOPAHHBIE 0OpasLb
SIBISIIOTCST PENPEICHTATUBHBIMH M HE 3arpsAsHEHBI NOCTOPOHHUMH
MUKPOOPIAHH3MAMH, NO3TOMY c10cob ordopa npobel JOMKEH TiapaH-
THPOBATh HAMHYME B MPOOE JIBILDb MHKPOOPTAHWU3IMOB H3 HYKHOTO Me-
CTOOOHMTAHMSI, '

[MpoBel nowest 0T6HPAOT OOLIYHO ¢ CODTIOAEHMEM MHUHHMYMA dcer-
THKIL, TdK KdK KOJIHYECTBO MHKPOOPraHW3IMOB B [TOBCPXHOCTHBIX N0-
YBCHHKLIX TOPH3IOHTAX BO MHOCO pa3 BOMbLIC, HEM B BO3BAYXE MM HE-
CTEPMIBHOM (HO 4YncToM!) KoHTCiHepe ans obpasua. Ans cBopa ob-
PA3LOR €O 3HAMHTENLHOH TNyOMHBL OTOMPAKOT KEPH. KOTOPLIA BbIC-
BCPAHBAIOT BPYYHYIC MM C ITOMOILLIQ CNELHIBHBIX MEXHHIMOB, M
BHVTPH KCPHA HAXOAAT HVKHBIC 30HBL, YKe PaboTas aceiTHUCCKH B
NabopaToOpHH.

M o160opa npobd NOYBCHHBIX MHKPOOPTAHH3MOB, HAXOMALLHXCH B
OTHOCHTENBHO HeDONBUIOM KOAHYECTBE, ITPHMCHSIIOT «ATTPAKTAHTDI»
WA «HIAKHBKH», B HEKOTOPLIX CAYUAIX B [TOUBY ONYCKAIOT YHCTBIE CTEKIL
WIH CTCKJA CO CREUH(HUCCKON arapH30BaHHOI Cpefoi, Ha KOTOpO#
PA3BIBAIOTCS HYKHBIE MHKPOOPraHHU3MBl {CTCKNA obpacTaHus no Xo-
AoaHOMY). HHCTRIE CTexIa, HE 00NQIAIOLLMC CENEKTHBHBIMK CBOACTRA-
M, HCOOALBYIOT 81 MOACUETt TPHKPENUBIIMXCH MUKPOOPIaHW3IMOB
B IOYBAX HIK ocankax. B 3ToM cayuae crexio Cny:KHT aHAJIOroM MHHe-
PAIbHBIX MACTHL NOYRBL (KBAPH) H OTpaXaeT MUKPOOHOE pasHoobpa-
31 HECEIEKTHBHO.

Eute ozni BapUaHTOM CTEKOM 0O0PACTAHHA ABNACTCH TIOCKOMA-
paJIethbHBIE KAMMIARPLL, BICPBbie paipaboraHubic TlephnabeBhIM.
Mx rakke Ha3biBAWOT nedockons: PH NOFPYXKEHHH B TIOUBY W Ne10C-
Koftb — TIPH TIOTPYAEHUY B JOHHBIC OCAOKH. Kannaiipu OTKPbITH €
000HX KOHLOB, i MUKPOOPTAHI3Mb MOIYT CBODOAHO NCPCMCLLATBCH
BHYTPH HUX. YacTo KanWARspL 3UIMBAIOT cpeloil (ATTPaKTaHT), Ce-
NeKTHBHOH IS1 TOH KAIH HHOW (PH3HOJOTHYECKOH PYIINbl MUKPOOP-
rannsMoB. TIpeHMYLIICCTBO TIOCKHX KANW/UIAPOE B TOM, YTO HX CO-
AENKUMOE MOKHO PACCMATPUBATL NOJ MUKPOCKONOM HEMNOCPEJACTBEH -
HO. @ [JIOCKAas! CTEHKA CBOAMT K MUHHMYMY MCKQKCHHC H NPCIoMiIe-
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HUE CBETA IIPU NPOXOXKACHUH uepes Kanuwanp. [IpuMeneHue Kanui-
aspos [lepdunbeBa 1103BoASIET MPOBOANTL NMPUAKMIHCHHBIE HADMIO-
JACHUA 32 PA3BMTHCM MOYBEHHOI MJIN OCATOMHON MUKPOOHOTHI, naer
BO3MOXHOCTL BCCTH HENPEPhIBHBIE {C MOMOULBKY aBTOMATHUECKOW KH-
HOKAMEpPbl, PACCYHMTAHHOH Ha ONPEAEAEHHOC KOJMHUCCTBO CHUMKOB
B YdC WM AeHbL) MCCAeAOBAHUWS PA3BUTUS MUKPOOHBIX MTOMYSILANA,
HE 0I1acasACh NOACLIXIHHS TIpenapara, PACLIMpsIET noje ICATEABHOC-
TH 3KCHEPHMCHTATOPA ¢ BHECEHHCM PA3ZHOIC poad MUTATSALHBIX BE-
HIECTB ¢ OJHOTO KOHLA KarllMUApa, Jeiast TakHM 06pa3oM ero rnpo-
ToUHBIM. TAKHE KANWAAAPD [LO3ROAAKT CACAUTE 33 PAIBUTUEM aHAD-
po6GHOro coobluecTna 6C3 NPUMCHEHUS CIOXHOM TCXHHKH aHa3pob-
HOFO KYJIbTHBHPOBAHUA. Kanuwsipb! NOMOTaoT HabMoLaTh 34 I1pH-
AM3HCHHDIM PA3BHTHEM IKOCHCTCM B IIPUPOIHbLIX YCAOBHSIX, HE HA-
PYILas MX UEIOCTHOCTH, W Hal0T BO3MOXHOCTL ODHApPYKHBATh HEO-
ObluHbIC MOphoToTHHECKHE (POPMBI MTOKA HEKYJIBTHBHPYEMBIX MHKPO-
OpratiIMOR.

PasanuHble MeTOLB! paspaboTaHbl st oT0opa npod gedu. I1podiem
¢ oT0OPOM BOAHBIX OBPA3LOB 0BLIUHO OBIBACT BOAbLUIC, HeM C TO-
YBCHHBIMI MPOBAMM, TTOCKOABLKY MPAKTHUECKHM BCErAa npolbi BOAbI
OTEGMPRIOT HA 3HAUHTENBLHOM YAANICHHH OT 3Kcnepumenraropa. [1pu
3TOM BO3HMKAIOT NpoOneMbl B COMTIONEHUH CTEPUALHOCTH, MOCKOIL-
KY OTKPbITBIC BOMHBIC MPOCTPAHCTBA COACPRKAT HEMHOIO MUKPOOpra-
HU3MOB, W 3TH NPOBLI JErKO 3arpsa3HHTb HEECTECTBEHHOH MIKPOOHO-
Toit camoro npubopa s otdopa npod. Kaxaslid 13 pa3paGoTaHHbIX
NpeGOOTHOPHUKOR MMEET CBOM NPEMMYLIECTBA U HeaocTatki. Lesbio
COIAHMS UACTO AOBOABHO COXKHBIX TPHCNOCOONEHUA ABAANCTCH YBC-
PEHIOCTE, UTO TIPoHa BOABI ACHCTBUTENbHO OTODpAHa M3 HYXKHOTO
mecta, Hanpumep ¢ miyonusl 100 M. Cpean paspaboTaHHBIX 00pa3LOB
ROAHBIX NPOBOOTOOPHHKOB MOXKHO OTMETHTE CIICAYIOLIME!

® BIKYYMUPOBAHHBIC OYTHIAM, KOTOPBIC 3ANOJHRIOTCH BOAOH Ha
ONpeACICHHOM TIYOHHE ¢ NOMOULBLIO TPY3HKA-MECCEH/UKepa, pasOn-
BAIOLETQ BOMOIACACHIBAOWLMIA KaHIIsAP;

B CTEPUIbHLIA TUIACTUMKOBBII [AKCT, PACKPBIBAOUMICA € [1OMO-
L0 MPYKHHDLL HA OMPEACICHHON TNYDHHE nociie onyCcKaHMs1 'py3a ¢
NOBEPXHOCTH, OAHOBPEMEHHO MPHBOLTLIETO B ABMXKCHUE TIPYAKIHY U
OPHTRY, BCKPHIBAIOWYIO OTHEPCTHE B MAKETE;

m 1PoGOOTHOPHHK ¢ YKPCIIEHHBIMM HA PA3HOM [LIyOHHE CTEPHAb-
HBIMI [BOPHIAMH, B KOTOPLIE OJHOBPEMCHHO 3aCachiBATCs MPobb!
BOILI.

Takue NMPUCOCOBACHMA MIPUMEHSIOT 00bIMHO N1s oTdopa 1pobd
M3 HernyOoKHX cTpaTuhuUHpoBaHHbIX 03¢p. C ray00KOBOIHBIMH 11PO-
fuMM HEOOXOAMMO MNPEAYCMATPHRATE BOIMOXKHOCTE JEKOMIIPCCCHH
OPraHii3MOB TIPH MOABCME HA MOBEPXHOCTL. PaspaboTaHHbie npobo-
OTOOPHUKH NO3BONAIOT OTKPBIBATL M 32KPLIBATE BXOAHBIC OTBEPCTHSA
HA TIYGHHE. HE [I03BOJAS AABJMCHWIO BHYTPH HPOOBI MALATH fPH
noanLeMe.
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[1podb! ocadkeeé 0DBLIMHO OTOMPAKOT C MOBEPXHOCTH € NOMOLILLIO
CKpeOKOB WIIM KOBLICH, OIHAKO TAKHE CMOCOoOBl HC MO3IBOMSIOT yOC-
PCUbL JAHHBIE TMPOGHLI OT 3Arps3HEHMS ONOCTOPOHHEH MHUKPODHOTON.
C coboaeHHeM acenTHKH MOXHO OTOHDATE NPODbLE-KEPHBLL, KOTOPLIC
3aTeM 8 JabopPaToOPHI B CTEPHIIBLHBIX YCAOBHAX ACTAT B BEPTHKATBHOM
HANPaBICHHUH, YT0 MO3BOMSICT IIPOCACHKNBATL AMHAMHKY OCALKOB [10
ropusodTa. Hanbonee touno oréUpaloT npobbl MOPCKHMX OCAAKOH C
UCTIOJIL3ORBAHHECM MHUHMATIOPHBIX IBVX-TPCXMECTHBIX TTOABOIHBIX JIO-
JIOK, KOTOPBIE MOTPYXUAIOTCS Ha TyOMHY L0 3 KM, TOC ¢ MOMOLWLIO
MaAHHNVAATOPOB M CIOCUHANBHBLIX CBEPI OTOMPAIOT Npolbl OCAIKCB B
TOUHO JOKATHIOBAHHOM VHACTKE (OCOBEHHO 3TO BAXHO B MCCTilX MOJ-
BOJHBIX TEPMANBHIIX HCTOUHMKOB MAH «UEPHLIX KYPHIbIINMKOR» ). HMc-
MOTR30BAHUE MHWHH-TIOJIONOK TIO3ROAAET TAKXKE OTOHPATh Mpobsl,
06pabuThIBATE MY HYKHBIM 00pa30OM Ha MecTe OTOOpA (HATIpPHMED, BBO-
JHTH PAAHOH3OTONGI) H OCTABMSITE HA MECTE NSt HHKVOALHHK ¢ [Toce-
AVIOIMM MTOABEMOM Ha [IOBCPXHOCTE A8 AHANH30B.

O100p npob eo3dyxa HEOBXOANMO (IPOBOANTE ¢ NPHUMCHEHNEM all-
NapaTon, KOTOPBIC MHHUMAUTEHO TPABMHPYIOT KHRBIC KIETKH MUKPO-
OPraHU3MOB, HAXOARWIHECS OBLIYHO B MEJIbYAHIIMX KAMeNBKAX a3p0-
sonefi. TlaccHBHAN ceaqMMEHTALIMA, MOIBOATIOURS MOACHHTATL KONH-
YeCTBO OCCBLIHX (M 00OPa30BaBIHUX KOJNOHHH) KJICTOK MHKPOOPraHus3-
MOB Hil TOBEPXHOCTH OTKPLITHIX ydinek [TeTpu ¢ arapH30BaHHOI Ccpe-
DOH, NPUTOAHA JUISL TTOACUCTA KOJIMYSCTBA Crop rpuboB. HO Ee L
KOJHUECTREHHOTO YUETA HAXOAAIMXCA B BO3MYXe DakTepuii. Yaute scero
Opodbl BO3AYXA OTOMDAIOT, NPONYCKAs OINPLASIeHHBIH €TO 00bEM ue-
pe3 DAKTEPUAABHBIC (PUIBTPBI, PAIMED NOP KOTOPhIX MOKHO BAPBHPO-
BaTh Ats AMpdepeHUNALHH MHKPOOPIAHHM3MOB BO3AyXa 0O pa3Mcpy.
HexkoTopwie ipudopsl (annapat KpoToBa) CKOHCTPYHPOBAHLI TAKUM
00pa30oM. MTO OHII HAOPABISIOT NOTOK 33CACLIBACMOTO BO3IyXd IIPH
ot0ope mpobbl Hil MOBEPXHOCTL OTKPLITOH vamuky [leTpu ¢ arapuio-
BAHHOH CPCAOil, HA KOTOPOH, KAK CHHTAIOT. OCIAKIAIOTCH BCC ACTH-
1bl, B3BCIUCHHLIC B BO3AYXE, BKJIIOHAS MHKPOOPraHH3MbL.

I{pobdul fuosoeuneckux obpaiyoe pacTCcHWI WM KHBOTHBIX BKIK-
qaloT cBop OUONOTHUCCKHUY KUIKOCTCH (pACTUTCIBHBIN COK, KPORL,
Moua, nimda, MOKPOTA), BbLIETEHIIT (KanoBble MACChl) HIM Npod ¢
NOBEPXHOCTH ODBLCKTA, a TAKkKe BHVTPCHHWX OPraHoB (OMOIICHH).
C DOBCPXHOCTCIT MHKPOOPrAHH3IMBI CMBIBAIOT WM CHHILAKT CTCPHURL-
HbIM O¥thepubiv pacTrOpoM WK Guspacteopom (0.85%-i1 pactrop NaCl
B AHCTILITMPOBAHHOI BOAC) ¢ NOMOILLIO CTCPHABHBIX BATHBIX TEMTO-
HOB. B ApyTHX CAYYAsX MHKPOOPTAHU3MbBI COXPAHSIIOT HCITOCPCACTBCH -
HO B 0OPa3LAX TKAHEH, YTO BAAKHO AAs HadMoaeHHS UX Tonorpapu-
HCCKOIO PACIPEACTICHHS B TKAHAX MM KOJIMYECTBCHHOTO yucTa. Muol-
N4 AHAIH3bI ODPA3LOB NPOBOAST HENOCPEACTBEHHO MO MHKPOCKO-
oM {CKaHHUPYIOUIAsN ICKTPOHHASL MHUKPOCKOIIHSL) ANst PACCMOTPCITHS
B2AUMOACHCTBUS MHKPODHBIN COODIHCCTE M H3IYUCHIS ACCOITHALILIL
MEKAY KHBOTHLIMU. PACTEHHAMH U MIKPOOHOTOIN.
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O6pa6oTka npob

[MpobbI, coMep)AlIMEe MUKPOOPIraHU3MBI, OYEHDb PCAKO COACPXKAT
TAKOE UX KOJIMUECTBO, KOTOPOE MOXHO Y4€CTh, He npHberas K KOH-
UEHTPUPOBAHHIO MK Daz0aBiIcHHIO 00pasua. KOoHHEHTPUPOBAHHbIE
oBpasibl A0KHbL GbITh pa3daBieHbl 10 HYKHOM TTOTHOCTH MUKPOOP-
FAHW3MOB € NMOCAENYIOMHM BLICGBOM HA NUTATENbHBIE CPCIbI {MOA-
CueT XKUBBIX KIcTOK). PaspencsHuce npob ocymecTAsOT OBBLMHO B
10-KpAaTHBIX TTOCAEAOBATENLHOCTSX ¢ TEM, YTOOL! HA NOBEPXHOCTh CPE/Ibl
B yawike Metpu nonano 50— 200 ki1etox, o6pasyownx KonoHun. Tlpu
ITOM BaXKHO NMOA00paTh pazdaBHTERh, TAK KK MOKA32HE, 4TO KOH-
HEHTPALMH XKHUBBIX KICTOK MOXKET YBCIIMYHBATHLCH NOYTH B ABa paia
NIPH BBLICEBE MOYREHHBIX MUKPOOPrAHM3MOB U3 ONHOW M TOH X¢ NIPO-
Bbl, CCAM MCNONB30BATL PA3HLIC COJICBBIC PACTBOPBI ISl PA3BEACHHH.
Pa3BaBnacHHBIC 0Bpa3tlhbl AOMKHB ObITb CKOHIUICHTPHPOBAHB NEpea
rmoceroM. JList 3TOro RPUMEHIOT UEHTPHGYIHPOBAHKE WK hunbTpo-
BAHHE Yepes MCMOPAHHKIC GUILTPL C 3aJ1aHHLIM PAIMEPOM NOP.

EC/AN BAOKHO OTPEASSTUTD YHCIO KHBBIX MUKPOOPraHU3MOB B pobe
HA MOMCHT e oTOopa, HEOBXOIMMO YUUTLIBATL BOSMOXHOCTh PAIMHO-
KCHHS KICTOK B 06pasue BO BpeMS XPAHEHHS MIIH TPAHCTIONTUPOBKU
((heHOMCH, U3IBECTHHIH Kak «3dexT ByThbLIKM» M OCOBCHHO BAXHBII
st o6paboTKi NPed MOPCKOI BOALI, THILCHHBLX NPUPORHLIX abcop-
Bupyounx nosepxHocTeit). Koraa mpody MOPCKOit BO/IbI NOMCUIAKT B
CTEPUIILHYIO HOCYAY, NHTATENIbHBIC BELLECTRa BOAL COPOMpPYIOTCS Ha
BHYTPEHHE NMOBCPXHOCTH COCYAd, MORLIMIAS JOKATbHYIO KOHLCHTPA-
LMIO cyBCTPATOB, YTO CTAHOBUTCH MPUTSITATE/bHBIM LTS MHKpOOpra-
HU3MOB, KOTOPDIE TAKKE COPOUPYIOTCH Ha CTEHKAX W BCICACTBUC N0-
BBITIIEHHONH KOHLUEHTPAUMH CYBCTPATOB, HAYWHAKOT OLICTPO Pa3MHO-
xaTbes. C Apyroil CTOPOHbBL, YCTOBHS XpaHeHUsl COBPAHHBIX 00pa3LIOBR
MOCYT TIPHBECTH K THOEIYM UACTH [ONYJIALHU MUKPOOPTAaHH3MOB, 'ITO
BBLIBOBCT 3aHUXKeHUe oDero MUKpPobHoro Yucaa.

[Mpwu pa3bapreHnn 06Pa3UOB MUKPOOPTAHMIMbBI TOIKHDBL ObITH pac-
rpeaeaeHnsl B 00beMe npobbl PABHOMCPHO. DTO CIIOXKHA 3Q12%a, 0CO-
GenHo npi 00paboTKe MPobd NMOUBLL MK OCAKOB, B KOTOPLIX MUKPO-
OPraHK3Mbl UMCIOT TEHAEHUHIO IPHKPCTUIATLES K HACTHLIAM, OpTaHH-
YeCKMM WIH MHHepaibHbIM, CTencHb aecopOLi KIETOK ¢ YMAcTHL B
THAYMTCIBHON CTeNeH 3ABHCUT OT KOHUEHTPALNH CYCTIEHANPYIOILC-
fO PACTBOPA M Cro XMMHUECKOTO COCTABY, BPCMCHU, TEMIICPATYPbL M
CHIBI niepeMeiinBaiis. TTpouece onTUMANBHOH AecopbuuK KIeToK ¢
YACTHUL CHABHO MBHCHUT OT COCTABA 00pa3ua U noaTomy Tpedyer abco-
MOTHOM CTAHAAPTH3AUMK METOAHK TIOJATOTOBKH NPOO K MOCeBAM.

ITpH KOHUEHTPHPOBAHMH OOPAZLON BAXKHOEC MECTO OTBOAST BLIOO-
py HUILTPR, TAK KAK QUIBTPBI ¢ MATBIMI TTOpaMit OLICTPO 3abHBAIOT-
S WM HE MO3BOASIOT GUILTPOBATH NMPOOBI JOCTATOUHBIX OOBEMOB, &
(bHALTPBIL ¢ BONLUIMMH TOPAMK MOTYT MPAMYCTUTL YACTL KICTOK. Mo-
JHMKApOoHATHEIM (DHMABTPAM OTAAIOT MPEANOUTEHHC HAL HUTPOLETIO-
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JAO3HBIMH B CHITY GoJce MIOCKOR NoBepxHOCTH W Boaee YHHMDHLHPO-
BAHHBIX PA3MEPOB [OD. XHMIMECKH COCTAB MaTEPHaNa PUILTPA BAKSET
TAKKE Hd BLLKHBACMOCTH MUKPOOPTAHN3IMOB,

HecobmoacHie npu obpaborke Npod YC10BMi, TpebyeMblXx U1 TOMH
WY HHOI (PUIHOAOTHUCCKOH FPYIINEI MIUKPOOPTaHH3IMOB, MOXCT CY-
WIECTBEHHO HIMCHUTD PE3VILTAT aHajinia. Tak, obpaboTka npob a1y
BbILBJIEHHS CTPOTUX AHA3poboB TpedyeT NIPOBEACHUS! BCEX DASBEACHUH
B pacTBopax 6e3 KIUCNOPOIa U TToceBa Npold B OeCKUCIOPOAHON aTMO-
cepe. JLTa BRISIBASHUS TICHXPOMNUIBHBIX MHKPOOPIaHM3MOB BCS| CTEK-
JIHHAA TIOCYVAA U KMAKOCTH, COIPHKACAIOWMNEC ¢ NPoboii, JTOMKHbI
GbITh OXLKIAEHb! LTA MAKCHMATBHOIO COXPAHCHHS XU3HCCIIOCODHbIX
KJIETOK NCHXPOQHIOB,

Ecau npoObl He rIPCAHATHAYMEHBI U ONIPeAeNeH UHCIA JKUBbLIX H
MEPTBDIX KICTOK, TO UX 06BIMHO DHKCHPYIOT C TOMOILBK (hopMaiibae-
rMaa HIH TIVTApoOBOro (LIbAErHAA HENOCPCACTBEHHO nocie orbopa.
Taxkue mpenapaThbl Cpa3y FOTOBLL LN IPIMOTO MUKPOCKOITHPOBAHHS.

[Mpu cBope BHPYCHBIX YACTHU H3 APHPOAHLIX Npod Heobxoaumo
NPHMEHATH CTICLUMUTEHbIE MCTOIBI MX KOHLUEHTPHUPOBAHHS. BUPYCHI MO -
HO CKOHLEHTPHPOBATL H3 BOAHLIX 00pa3uons nNpi HCOAHOKPATHOW aa-
COPOUHH/UTIOUHH MTOAKHCAEHHLIX NTPOG [IPH IIPONYCKAHHM HX 4Yepes3
WTOKCHIHBIE, (MBGEePraaccoBLIC HJIM HHTPOUC/ULIOAO3HBIC (MIBTPLL.
CopbipoBaHHbIE YACTHIBI 32TEM THOHPYIOT IUCTOYHBIMH DACTRODAMHU.
TMpouenypy MOXKHO HEOMHOKPATHO TIORTOPATH, THICAYEKDATHG KOH-
LUCHTPHPY® BUPVCHBIC YACTHUBL, HANPUMED H3 MOPCKOH BOAbI WM
npod 0CAAKOB.

PeHoTMNHNUECKOE oGHapy)KeHMe MWUKpPOOPpraHnamoe

Mpu yaleyHOM METOAC TIOCCBA MPHPOAHBIX OBPA3ILOB MOXHO 1OC-
THb JIBYX PC3VILTATOR: MOJYUHTE OTAC/ALHbIE KOLOHHHM YHCTBIX KYJh-
TYP MHKPOOPTAHM3MOB (KIOHOB OAHOH KIEeTKM) M HaUaTh PeHOTHIH-
YECKOE ONPEASICHHE PA3THUYHBIX OPraHH3MOB (OITHCAHHME KOJOHHI).
B HEKOTOPLIX CAYYASX KACTKH H3 OTACTBHO B3ATOH KOMOHHMH MOLYT
ObITb BBCACHLI B YITACTHHKY ans ananniza (API-rect, Biolog), no pe-
3YNLTATAM KOTOPOTC BOIMOXHO ONPeAe/ICHUE MHKPOOPraHMiMa a0
peaa.

Boinenenne 1 uaACHTHOHKALHS YICHOR MIKPOBHOTO coobLlecTBa C
HCIIONB30BAHIEM METOAA [IPAMOTO pacceBa Ha HAUKH 3h@EeKTUBHO
TP BbICOKOH KOHUEHTPALMH KJIETOK TOrO MM HHOIO YNeHa cooblc-
cTBa. Ecin ke OTHOCHTENbHOE KONMUECTRO KACTOK MCKOMOLO BHAA
HCBCIUKO, OHH MOLYT «[MOTCPATLCA» [PH TAKOM MeTofAe 06paboTki
po0bl, H B JTOM CJIYMac MCTOM MPIAMOIO PAcceBa Ha MALWKH C pasBe-
JeHHMIMU MpoBh! HEMIPHIOAEH AN AHATH3A.

[ToCKO/IbLKY Pa3HbIC YWIEHB! HACHTHOUUHPYEMOTO MHKPOOHOIO CO-
00UICCTRA MOTYT TIPEABARASITL DA3AHUHBIC TPCOOBAHMA K KOMIIOHEH~
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TaM cpeabl {(COCTAB M COIepKAHME CONeH, OpranMyeckoro cydberpara),
a Takxe K (QU3HYeckHM YCIOBHAM BLIPALLIMBAHUS (TEMIIEPATYPA, BIIXK-
HOCTh, COJepKaHMe KHCAopoaa U T.7.), Ana Bonee NOJHOIC BbIABIC-
HMS Y1EHOB COODILECTBA TPUMCHSIOT Hapai/eNbHple TOCEBLL HA Che-
bl PAIMUHOIO cOCTaRa (HApUMEP. TS BbIABICHHUSA KONHOTPOHOB U
onurorpodros, opranorpodos W sinterpotos, azordukcaropos, bpo-
AHABIMHKOB # T, 1.). CylwecTBYIOT NPUCMbL J0DaBICHUA B CPERbl CIie-
HMPHICCKUX HHIMOUTOPOB TS TIOAKBJIEHWS PA3BUTHA TOH WK UHOH
rPYIsl MUKPOOPTAHHIMOR (HANMPHMED, aKTHANOH 1TOLABISCT PaspH-
THE IYKAPHOT HA YAllIKC C MPOKAPHOTAMM).

O6HapyXeHUue MUKPOOPraHM3ImMOB XMMUYECKUMN
MeToAaMu

AHANH3 MHUKPOOPraHU3IMOB 0 UX JUMHAHOMY COCTaBY. JIMIIMILI —
00N IATENBHBIC KOMIOHEHTHl MCMOPaH, OKPYXAIOIINX LUTOMIAIMY KAXK-
J0# MEUKpoOHOH KIeTKH, Aunuanstif COCTaB pa3snHyHbLIX MHUKPOOPIa-
HH3MOB B HAYHTCIBHON CTENeHH omMyaeTest apyr ot apyra. Cyie-
CTBYIOT LICCTh (314 Jiaxe DONBIIE} KAACCOB JIMMTHAOB, OOHAPYKCHHBIX
Y MUKPOOPIraHHU3MOB, KaX/bl i 13 KOTOPLIX COCTOUT U3 MHAHBHAYLIb-
HBIX JIMIIMA0B € LUECTBIO HIK DONCC CTPYKTYPHBIMH OCOBEHHOCTAMNM.
Kaxgislii MHKpOOPTAHH3M HMECT CBOM JIMITHAHBIH npoedHib (0CHOB-
HOI JIMNMA), H 2TO CBOHCTBO ObLIO MOJMOXEHO B OCHOBY XHMHYECKOH
HAEHTH(OHKILMHA MHKPOOPraHH3MOB, OCHOBAHHOM Ha COCTaBe W Co-
AepAKaHuK nunuaor 8 kKiaerke. Chnenyer 0TMETUTh, 4TO JaHHBIH METOA
HC MACHICH, MOCKOIbKY M00bIe MUKPOOPraHH3IMbI MOTYT CYLIECTBEH~
HO MCHSITh l'lp()(l)MJIb JAHUNHUAOB B 34BUCHMOCTH OT BO3PACTA KYJIbTYDDLI 1
YCIOBHH KyibTUBHPOBAHUA KIETOK.

AHAIK3, OCHOBAHHLIN HA H3YICHHUM M CPABHEHHI! METUIOBBIX H(PH-
POB KUPHBLIX KHCTOT (MDKK), BXOAALLMX B COCTAR TUITUAOB, MOJY-
Yijl [IEHPOKOC PACTIPOCTPAHEHHE BCICACTBHE E€T0 TPOCTOTHL U A0CTYII-
HoceTH. [TomHbIi TpoUece MACHTHOUKANNH BKITIOHAST seTepHdrKaLio
JUTTHAOR, METHAUPOBAHMC BXOAALUMY B HX COCTAB KHPHDBIX KHCIOT, MX
PaIEeNeHHE Ha XpOMaTerpa(HUuecKHX KOAOHKAX U KOAHUSCTBCHHOE
ONpE/C/ACHHE ¢ NOMOILBIO TA30BOI XPOMATOTPAahUK HIH BRICOKOD (-
(GeKTHBHON KuaxocTHoH xpoMarorpacduun (B3KX). CneunanbHbiM
06pa3zom 06paboTaHKble KOJMOHKH Aa10T Xopoliee pazpeienne MIXKK,
YTO TIO3BOANET CPABHMBATL X BPCMS VIAEDIKHBAHUYL C paHES MACHTH-
GUUMPOBAHHLIMUY JIHIHAHBLIMA TTpodHasMu (cTanzapTol). Koanuectso
KAXI0H KHPHOH KHMCIOTHI MOXET OblTh PACCHUTAHO MO IITOWAIH XPO-
MATOIPAOUICCKOTO MUKA, 4 A0COJIOTHBIE KOHIICHTPALMH Onpeacns-
0T, BBOASA BHYTPEHHH{ CTAHAApT.

AHanus M3KK, 2KkCTparupoBaHibIX M3 NOYBEHHbLIX 0DpasLOB,
MO3BONSIET OBICTPO M OTHOCHTEIABHO HEAOPOre HWACHTHGHLMPOBATH
COCTAB MONVJALMHK MOYBCHHBIX MUKPOOpraHuiMos. MuTepnpeTaums
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PC3YJLTATOB B HCKOTOPBIX CAYHAAX 3ATPYAHCHA H3-34 HACHTHYHOCTH
MHOIMMX TUIMTHACE Y PAITHYHBLIX I'lpCﬂCFﬂHHTfJIIClUl H3IYHACMOT O MHKDOﬁ-
HOro coobliecrna.

O6HapyXeHue OTAENbHbLIX TEHOB U TeHOMHbIX
nocjienoBaTenbHOCTE#

C obHapyXeHHEM OTACABHBIX TCHOB MM CrieumbHIeCKHX TeHOM-
HBIX ITOCJASIOBATENBHOCTEH CBABMHDI NPEXKIC BCCI'O BOZMOXKHOCTH dHA-
AU3a MUKpOOHBIX cooltiecTB Be3 BhLaeneHUsT M UACHTHOHKALING OT-
ASABHBIX CTO WICHOB B WHCTHIX KYNLTYPax. MeTOAb! OCHOBAHB! HA IKCT-
PAKLMH M3 MOUBEHHBLIX, OCATOYHBIX WIH BOIHBIX ODPA3LOB TOTWILHOM
JHK. cc ouMHCTKH H QHANN3A ¢ TOMOLUDLIO TPAAHCHTHBIX I'eib-ICKT-
podropesop — Tepamuicckoro U acHatypupyiowero (TGGE/DGGE).
OcHoBHON TPYAHOCTLIO NpM 3KCTpakuun ToTankHoil JAHK asnsetcs
¢e OTAENEeHHE M OYHCTKA OT TYMHHOBLIX BCLIECTB MOUBLI, (aHaKO Me-
TO/bL, {TO3BOASIIOLHE TPOBOANTE TAKYIO OUHCTKY, MOCTOSHHO COBCP-
LICHCTBYIOTCA.

INocne skerpakuun AHK noapepraior HMMoBITH3ALHK Ha HHTPO-
UCUTIONO3HOM WM HEFJIOHOBOM (HIILTPE, paclulaRaAeHHIo H THOpH-
AM3ALHH € H3IBCCTHBIMY [TOCAEIOBATEIbHOCTAMH TEHOR, OTHETCTBEH-
HBIMIH 3d CHHTE3 TEX WIH HHbBIX CNCUH(pHIECKHX PCpMCHTOR. Tak, Ha-
apvre B npobe toraisHoi JHK reHor, rHGpHAHIVCMBIX ¢ reHoM,
KOQMPYIOWHM HHTPOICHA3Y, YKAJLIBACT Hit MPHCYTCTBHE B aHANH3IUPY-
CMOM Cco00UIeCTBEe A30TPHKCATOPOR, TEHOB METUHMOHOOKCHTCHAZBL —
meTaHorpotos, reHos PybiucKO — apTorpodHbIX MHKPOOPraHH3MOB,
PUKCHPYIOIIHX YIAEKHCTOTY ucpes Uk Kasbsuda, Pacwundposano
YHKE HCCKOJIBKO JIECHTKOB [€HOB. KOIHPYIOLIHN KIKYEBBIE PEAKLIHH
TeX HJIX HHBIX MPOLLCCOR, W, MPHUMEHSS MCTOD THOPHINIALMM, MOXK-
HO ACJaTh BBIBOALL O HIUIMMHH ONPCACACHHBIX MMKPOOPraHM3MOB B
AHATN3INPYCMOi npobe.

Memod 1P no3soasicT HACHTHOHUMPOBATD HCU3BCCTHRE MUKDO-
OPraHH3IMbI, HAXOASNLMUECS B NPHUPOAHOI npobe, 623 BblACJCHHA UH-
CTLIX KVAbLTYP. PazpaboTtaHbl «YHUBEpCcAabHBIE» TTPAMEpL) Ha BaxTe-
PUH, &PXEH U 3YKAPUOTHI, KOTOPLIC JAKYT BO3MOXHOCTE cricuudpye-
CKH AMINTHDHLIUPOBATL MOCASIOBATCIBHOCTH FTHX TPEX IPYIITT MUKPO-
OPFraHu3MOB, pasgenuts X ¢ nomoulkio TGGE/DGGE-MeTon08 u
3areM, nocie BTOPUUHOH aMNANMUKALIUY OTAC/ABHBX N0JI0C, TIOIY-
YUTh NMOUTH TOAHBIH NPOothnabL MHKPOOHOrO cooblUIeCTBa ¢ UAEHTU(H-
KauMuei oTaACAbHbIX (PHAOTCHETHYECKHX MTHHIA ¥ KiTacCHhDHMKRIMEH MUK~
POOPTAHHU3IMORB Ha OCHOBE nocaecnoBareabHocTed 168 pPHK.

HAs HACHTHOHKALNH HYKHLIX MHKPOOPIaHU3MOB B COOOLIECTBE
HCTIOABLIYIOT [EHBI-PENOPTCPBI, KOTOPBIE J¢rko o6HApYXKUTH Mocie
IPOBCACHHMA XHMHUECKHX peaktnii (fecZ-TeH, konupywouuii B-raiak-
TO3Haa3y, H xy/E-TcH, KOIUPYIOWHH CHHTES (DepMEHTOB MCTAbOIM -
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M TOJIYONA) MAH TIOCAE 3IKCIPECCHH B KIETKE MCIYCKAHUEM CBeTa
paznuvHOW aamHbl BoAHBl (fux-reunt uau GFP-reHnl, xooupylome
CHHTES 3eMeHOrO (yopecunpylowero denka). Fensi-penoprepb ne-
NOAbIYIOT OOBIMHO 15 ODHAPYAESHHA TCX WIN MHBIX dKTHBHOCTCH B
MPUPOIHbIX OOPA3LAX ITPH ONIPEALACHHH BEKHBACMOCTH BBEICHHLIX B
ofpa3eu MUKPOOPraHH3MOB, /U1 OGHAPYXKCHNA DKCIIPECCHU W Hiyve-
HHS AKTHBHOCTH HYXHOI'C leHa/gepMeHTa, MOd KOHTPOICM [1PO-
MOTOPAa KOTOPOTQ KCIPECCHPYETCs M reH-pernioptep. enernyeckasn
KOHCTPYKLHMS B TAKOM CJIYYAC BBILISAAMT W paboTaer cneayiommM ob-
pa3oM. Eciti HYKHbII reH 3KeTpeceHpyeTes 1 GepMCHT OCYILECTBIAET
CBOKW (DYHKUHIO (HANIPUMED, pACUICTIAAET TOT MIM HHOI KCeHObUO-
THK), TO NO JIOMWHECLUEHLMH [CHA-pCTIOpTepa 06 3TOM MOXHO Cy-
JIHTh HA YAAJICHUH (HAIPHMEDP, B TOJILIE MTOYBbl CBET OT MECTA PEdK-
LHH TPAHCMUTTHPYETCS B TAKOM CJIY4ae ¢ MCITOIb30BAHHEM OQITTOBO-
JMOKOHHBIX ¢BeTOBOROB). 110 TYWEHHIO AIOMHHCCUEHIMH B TEHHO-HH-
KEHCPHDLIX WTAMMUX £.c0lf CYIAT O CTENEHH TOKCHYHOCTH NPo6bl BOADI
UJTH TIOYBBL.

OnpepeneHve YNCNEHHOCTU MUKPOOPraHW3MOB

Ilpu paBore ¢ YHUCTBHIMH KYIBTYPAMU OMNPCASICHHE KONUYECTBA
MHUKPOOPIrAHUIMOB HE BLI3bIBACT CHOXHOCTEH. Jlpyroe oeno, Korna Hano
ONPCACTAUTE YHCIO MHKPOOPIaHW3MOB B OPUPOAHLIX 0Dpasuax, no-
CKONBKY MIKDOOPraHH3Mbl B HUX UpedBhivai HO pasHooOpasHel, Merto-
Abl, MIPUMEHACMEIE JUTH TIOACYETA BUPYCOB, GakTepuii, rpubon, nogo-
pocicit it npocrelilnx, pasnuaHsl. CHeuMaIbHYIO TCXHUKY TPHMEHS -
10T U1 NOACUCTA NCHXPOHAOB 1 CTPOTO aHAdPOOHLIX (hopM.

CylecTByeT IBA MCTOA TOIACYETA MHKPOOPraHH3MoB: 1) npamoit
CYET KJICTOK NOA MHKPOCKONOM W 2) HEMpAMOH MOACUCT TIOC/IEe [OI-
PALLHMBAHHMA Ha TBCPOBIX Cpeiax (YUeT XHBBIX K1eToK). Yane ucnoms-
3VIOT NCPBLIH METOA. NIPH 3TOM OOLIYHO HC pa3anuast KUBble M MepT-
BhIe KJIETKI (1Mo BiHOrpanckomy). MeToa MOXHO MOAKMDHIMPOBATL C
MIPUMEHEHNEM NHNDIYOPECUEHTHOTO MHKPOCKOTIA M (hIyOpecLUpYIO-
IWHX ANGECPEHUMANBHLIX KPACUTEIEH AT NOACHETa JKUBRIX 11 MEPT-
BBIX KJETOK B ripcriapate. KneTku MUKPOOPraHM3MOB MOXKHO MTOICYH-
ThIBATH TAKXKE B ONPeAeICHHOM 00beMe XKUAKOI TPoBL! MOA CBETOBLIM
MHKpockonoM (kamepsl Toma— Topaera, Ierposa— Xay3scepa).

HHora 15 OnpeacteHNs CKOPOCTH POCTA KITETOK IIPUMEHSIOT Me-
TOA MOICUCTA ACNAIHXCH KACTOK, MpHYeM ObLIO NOKA3aHO, YTO JTOT
METOL KOPPeJHpYeT co CKopocTbio cHHTe3a PHK. wimepenHoit no
BKJHOUCHHW IO MEUYEHOTO aAeHHHA,

Yncno cneunpuueckux KIeToK MUKPOOPraHU3MOB B TIPHPOIHbIX
OOPA3LAX MOXKCT OhiTh YCTAHOBICHO C MOMOILUBIO IIPUMEHEHHA TEXHH-
KH Gnyopecumpyomnx auturea., Ho ang atoro HeoBxonuMa mpeapa-
PUTENLHAN TOATOTOBKA, BRIOYAIOUIAA BEIAETSHHE YMCTHIX KVIRTYP HC-
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KOMBIX BHIAOB W HapabOTKy cHelMtpHUYECKHX dHTHTET K TaKHMM KJICT-
KaM. DTOT METOA MO3BOMACT CISAUTh 34 PA3BHTHEM WHAHBUIYANLHbIX
MUKPOOPraHH3MOB B MX €CTCCTBEHHBIX MeCTax OOUTAHHS (ayTO3KONO-
FHS1). AHTMTENA ABASKOTCS YPEIBLIYANHO CIeUN(PHYHBLIMA NO OTHOLLIE-
HHIKO K BLIOPAHHOMY BHIY, YTO B LEJOM AEIACT 3TOT MCTOI NOPA3U-
TEALHO TOYHBIM MHCTPYMEHTOM MCCTCIOBaHM. MoanguKaunsMu Me-
TOa SABASKOTCHA TMPUMEHEHHE CIIEUNUUYHBIX (hIyOopecUHPYIOIIHX aH-
TUTE, BHIPAGOTAHHDBIX IO OTHOLICHHIO K ONPEACAeHHBIM hepMEHTaM,
A TAKKE UCNOJIB30BAHNHE (DIYOPECUUPYIOIIMX FCHETHYECKUX POl (reH-
HBIX 30HAOB), O3BONAOILUX HACHTH(OULUWPOBATE MHKPOOPTaHH3MBI C
OAMHAKOBLIMM TeHAMH B ronyasiuvy. B oaHoit W TOH Xe nonyssituu
MOKHD OBHAPVKUTE PAIWYHBIE [€HBI, MMEH [CHCTHYECKWE 30HIBI.
dayopecHpYIONIHE pa3HblM IIBETOM.

[Mpu yueTe Mussix MAKPOOPTAHHIMOB N0C/IC TOIPALLMBAHNUE TIPH-
MCHHIOT B OCHOBHOM JIBA MeTCAa: |) MoAcYeT HA HaUlKax BbIPOCHIUX
KOJIOHMIT Nocae COOTBETCTRYIOUIMX PABBCACHHI W 2) VUCT IO METOILY
MIPEAC/ILHBIX pa3BeeHHi. Oba MeTOMa TPEDYIOT PABACACHIS MUKPOOP-
TAHU3MOB TICPEN TTOCEBOM Hl HHIMBHAYAIbHBIC KIETKH, KOTOPbIC 34~
TeM AT NOTOMCTRG. TIpHMCHEHUE METOLOB MOACUETA € MOCeBAMM
TpeByer BepeXxHOro oOpalleHHs ¢ NMPOBAMI IS COXPAHEHHS XKHM3HE-
cOCODHBIX KIeTOK, Chaeayer YUHThIBATDL, 4TO LTS NOACUETa MUKPOOp-
FAHH3IMOB PAMIMUHBIX IPYITA HEOOXOUMMO NPUMEHSAThH Pi3HBLLE CPCIbI,
KOTOpbIX pazpabotaHo BoACe THICAUM IS BLISBICHMS DAKTEPHI, ap-
xeji, rpuboB, BOAOPOCACil, TIpocTeiflunX, Kak a»poboB, TaK v aHas-
poboB..

Jst BHIABAEHHA OTACIbHBIX TPYIN MHKPOOPrAHH3MOB MPUMEHSIOT
CeJICKTHBHLIC § AHATHOCTHUCCKNE CPCHAbl, CPEdbl ¢ AHTHDHOTHKAMH,
cnelM@PHYCCKH NOAABIAIOMIMMY PA3BUTHE OTIC/AbHBLX TPYNT MUKPO-
0oB.

MozudHKaLHeH METOAA CIYXKWT eubpuou3auun KoAonui, NpH KO-
TOPOH W3 TLICHY KOJOHHI{, BBIPOCLIMX Ha MAlUKe, MOXHO Bbl¥BHTb
0Ny, crneundHUCCKH THOPHAMIUPYIOWYIOCS ¢ BbIOPiHHBIM TCHOM-
MapkepoM. Metoa f103BOASIET MOZCUUTATL YHCIO0 MHKPOOPTAHU3MOB
HYKHOTO BWAZ WM ¢ HeoGXoauMoit dhyHKUMEH (B 3aBUCHMOCTH OT
MPUMEHEHHOTO TeHA LT THOPUAN3ALMM) CPEaN DBOMLILOTO KOJINYe-
CTBil COMYTCTBYIOLIEH MHKPOBHOTHI 3 NPUPOAHBIX NPOb.

Onpeaenenue mukpobHoit Guomaccol

M3meperHue BHOMACCH TIPUMEHHIOT AL NOACUCTE Ypoxcas MUKPO-
OPraHU3MOB, NOHUMAs NoA BHOMACCOIT CYXYIO MACCY KHBOTO MATepHa-
J1a, BRIPAXEHHVIO B eIMHMILAX Maceh! (r/1). Uimepenne dBuomaccesl pu-
POAHLIX MPO6 YacTo He MPHMBOAUT K TOUHbLIM PE3YIbTATAM BCJICACTBHE
DONBIIOTO KOMMYECTBA MODOUHBIX HD)CKTOB, CBA3HHBIX € OTOOPOM
ipob u ux uamepeuueM. fostomy Handbosee IPHCMAEMbIMI MCTOLAMU
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onpenencHHA OMOMACChl B IIPHPOIHBIX ODDA3LIAX ABJIAIOTCA METOBI,
CRSI3AHHBIC C ONPCACTCHHCM OGHONHMHUCCKHX TIAapaMeTPOB KIcTokK. Lia
TAKUX H3MEPEHMI MPenoIariioT, YT0 KOJHYECTBO WIMEPAEMOTO KOM-
MOHEHTA KACTOK OAMHAKOBO [UISI BCEX BHAOB KJIECTOK, 4TO, KOHEUHO XE,
UACUTH3HPOBaHO. [ToaromMy HaMepeHHst GHOXMMHYECKHX MapaMeTpoB OHo-
Macchl HCODXOIMMO 3KCTPAIOIHPOBATL ¢ OCTOPOXHOCTLIO.

Haubonee rmonyispHbIM METOAOM M3IMEPeHUS DMOMACCLL SIBNSICTCS
H3McpcHHe codepxcanun AT® u 0b11CTO CONCPXKAHMUSA ANCHAHOBLIX HYK-
JEOTHAOB ¢ NOCACAYIOIIMM NEPECUCTOM HA COALPXKAHHE YIIepoaa KieT-
KM HJIH MACCHI CYXOTrO BellecTea. MeTon no3sosigeT ObiCTpo U TOUHO (C
monudepHn/moundepaiHoi npoboil) niMepuTh conepxanne AT® a
obpaszue, nprueM Kouinuecteo ATQ® cTporo coorsercrByeT Bitomacce
KHBBIX KJIETOK, TAK KAK MOCHe OTMUPAHUA KIeTKU nyiad AT® B Heii
PE3KO CHHXACTCS WM nedesdaeT ponce, O0INiE myn aneHMIaToB (A, =
= AT® + AIIDP + AM®D) He 3aBHCHT 07 MeTADMINYECKOIQ COCTOAHUA
KJETKHM H 00Jice NTONHO COOTBCTCTBYCT COACPKAHMIO BHOMACCH] B aHa-
JU3NPYEMO§ Ipobe,

ApyriM MeTOMOM SIBAACTCS H3MCPCHHC COOEPICANUR KOMRONEHMOS
KAemounsiX cmeRoK (HAMPUMEp, aUCTHIMYpamMeBoil Kuciotel {MK)
AW nnonoaucaxapuaos). [pu oueHke colepraHUs MypaMOBOit KHC-
JIOTB! €€ IMAPOIU3VIOT A BLICBOOOXKICHUSA TAKTATA, KOTOPbIA Onpe-
JENHIOT SHIMMATHYSCKH. YCTAHOBICHO, YTO BCE TPAMITOIOXKHTE/IbHbIE
BakTepun coaepkat 44 Mk MK/Mr C kneTky, To11a Kak s TpaMoT-
PHUATEIBHLIX KAETOK 3TO COOTHOUIeHMe paBHo 12 mkr/mr. [Insi oueH-
KU COACDKIHUA puOHon DHOMACCHl HCMOAL3YIOT ONpEAeIeHNE KOH-
UEHTPALHMH XHUTHHA, HO HAa TOUHOCTbh MCTOIA BAWACT KOAMYCCTBO MO-
HBCHHBIX YACHHCTOHOIHX M HACCKOMBIX,

[Mpu oTcyTcTBHY B NTpobe pacTeHUH MOXHO OTpcaessTh GuoMaccy
hoTOTPOPHLIN BOAOPOCTEH H BAKTEPHIL, UIMCPSST KOAURECNBO XA0pO-
Quara, T1o KOHUCHTPALUHMKM XA0pOMUATA @ CYIIT O COALKABNH OHO-
MACChHI BOJOPOCICH M LHAHODAKTEPHIA IOcAe 3KCTPAKLMHK Ipodbl X10-
podopM/METAHOTBHONH CMECBIO ¢ TIOCTSAVIOLUHM H3IMEPEHHCM HOTO-
weHuA npH 6635 HM. [TornoleHHE TOTO Xe IKCTPAKTA, HIMEPEHHOC
npy 830 HM, ByaeT OTPAKATbL KOAWYECTBO BCex DakTepHoxaopodui-
JIOB, TAKMM 00pa30M OUCHHBAIOT KOJHUCCTBO NYPIHYPHBIX (hpoToTpOd-
HbIX GakTepuid. ConcpiRaHUe pasTHYHBIX XTOPOMHINIOB MOXHO H3ME-
[¥ITb W TIO CIIEKTPaM (payopecLeHIHM.

Konuenmpauun JTHK B K1eTKax MUKPOOPTAHU3MOB IOBOJIBHO MMO-
CTOMHHA, MOITOMY €€ ONpPeNeeHHe TAKKE MOXET CNOCOBCTROBATL H3-
McpeHHIO DHoMaccsl, B npupoaubix odpasiax, Tiae YyBCTRATCIBHOCTh
MeToRa onpeaeacHus JHK umeeT nepBocTeneHHOE 3HAMCHHME, [IPH-
MCHSIOT NPoBBI ¢ QIVOPCCUCHTHBIMY KPacKaMM, TAKHMH, KaK 3TH-
IuvM bpomua uam Hoechst 33258 ¢ ucnonw3oBanuceM crekTpodayo-
poMerpun. [lepen HiMepeHMeM HEoOXOAHMMO MPOBCCTH TILATCIBHYIO
ouucTRy ToTanbHoil JIHK, a taxkke KOHIPOAL HA HATMUHE IYKAPHOTH-
veckoit JHK.
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Beaok otipcacnsaTs 1erko, a BakTepHANLHLIC TCMONPOTEHHB HMCHOT
XAPAKTEPHYIO XeMUTIOMHHecUCHUNIO. [Ipu onpeaencHni Oenka cae-
ayer yoeauTees, YTO (POHOBBIC KOHLUCHTPAUHM OCIKOR HC3HAUMTCAE-
Wil T1OCKOABKY PAZIHYHBIC MHKPOOPTAHM3MBI COAEPKAT Pa3Hble KO-
JIMYECTRA GSIIKEI, OIMPCACICHMC 3TOr0 KOMINOHEHTA OHOMACCH! HENECO-
obpa3vo IPOBOHTE B CHTYAUMSIX, KOFA& B NpodC NPUCYTCTBYCT ORMH
BHI MUKPOGOB.

Hannuue sunudos CAYyKUT XOPOUIUM MAPKEPOM LIS OMNPEREICHUSA
DHoMacehl. NOCKOIBKY BCC KICTKM OKPYyXeHbl mMemOpaHamu, conep-
SKALLMMH AUNHELL, KoJIHueCTBo 3procrepond B npobe oTpaxaeT colep-
KaHue rpudoB, TTOCKONILKY €r0 NPAKTHYECKH HE COICPXaT HU pacTe-
HHWA, HH apxeH ¢ BakTepusmu. OnpeaencHue KOHLCHTPALMM U COCTa-
Bad METWIOBBLIX PHUPOB KMPHBIX KHUCIOT dochoinnuios MO3BOAACT
HApANY C OUCHKOH 00luefi DnomMaccsl HalTH KOHLUCHTPAUHIO TOH MU
HHOM TPYINbl MHKPOOPTAHUIMOR B oDpaiue, B3ATOM M3 [IDHPOAHBIX
HHLL.

Duznosozuneckite Memoosl ONpeleSICHHRE GMOMACCH! OCHOBAHbBL HA
H3IMepeHHH AblXaHus npobdel nocae 1obaBeHus cyOCTPaTa WM Ha H3-
MepeHUH KonndcctBa CO,, BBIACIUBILCIOCH B PE3yabTaTe pasioxe-
HHMS1 MHKPOBHO 6MOMACCH TTOCC CTCPUIM3AUMK NPodbl Npu A0bas-
neuny xiopodopMa. Oba MeTona TpedyOT NPOBEACHHS MHOTOUHCIICH -
HbIX [IPORCPOK.

KonvuyecrBeHHana oueHka merabonuama
MUKPOOPraHn3MoB

TlocncaHue AOCTHXCHHS B AHATUTHUYCCKOH METOJONOIMH MO3BO-
JIMIOT U3MEPATH METABOTHUCCKYIO AKTHBHOCTS MUKPOOPTAHMIMOB B HX
TIPUPOIHBIX IKOAOTHUECKHX HHLIAX, OAHAKO [PH NOCTAHOBKE ONLITOB
CACAYET YUMTBIBATL BOIMOMKHBIC BOIMYLUCHHMS MHKPDOOKPYXEHH Ke-
TOK [PH BBENICHHUY U3MEPHIOIIMX ODLEKTOR. TakK, NpocToc orpaHnye-
HME MUKPOHHIIN CTEHKAMH MOXET BbI3BaTh TIPUCTEHOUHBIA 3thdekT,
a oT60p Hpob H3 OTPAHHUYSHHOIO NPOCTPAHCTEA — HADYLIWTL ra30Bbli
DanaHc (cogepxaHMe Kucnopoaa), Bee 3T0 NMPUBOAWT K CHHUKCHUIO
TOYHOCTH H BOCMNPOU3BOAHMOCTH PCIYALTATOB M3MEDEHHIL.

OnupeaciieHue cemepompognoce HOMEHKUAGIa JAMHOH IKOHHIIM Be-
LYT [PH W3YYCHMH BKTIOUCHMA PAAHOAKTHBHOM MeTKU (06buHo HC)
M3 BBEAEHHEBIX B 00pa3cl MCUCHBIX TeTepOTPOMHLIX CyBCTpaTOB, JTOT
NOAXOJ MpeAnoiaraeT, YTo cydcTpar u3 cpeasl NoTpedaseTes, Moauu-
HASICh KHHETHKE PEAKLMIH TICPBOIo NOPALKA, H YTO CKOPOCTb [OIJ10-
LIEHMS PACTET ¢ YBCIMUEHHEM KOHUEHTPALIMH cyDcTpaTa 1o AOCTHXKE-
HHUS MAKCHMATBHOI (V). DTO 3HAUCHHC MOXHO ITOACUHUTATE, [TOAL3Y-
SCh ypaBHeHneM Muxasmuca — MCHTEH M ROCTPOHB TpahMK 3aBHCH-
MOCTH CKOPOCTH MOTIOLWIEHMSI CYOCTpaTa OT CI0 KOHUCHTPALMHHE B KOOpP-
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AuHarax Jlaiinyunepa — bepka. HaxoxaeHHe CKOPOCTEH aKTHBHOCTH
MHKPOOPTAHUIMOB 3THM METOMOM OrpaHudeHo HabopoM cyBCcTpaToR,
HCTTONL3YEMBIM JAHHLIM co0bLIecTBOM. OOLIYHO TPH ONPEAeIeHUH Te-
TEPOTROMHOTO [IOTCHUHMTA MCCTOOOHUTAHWUSA UCTTOIB3YIOT aUCTat, rio-
KO3V M APYTUE YTASBOEL, IAYTAMAT M IPYTHE AMHHOKUCIOThI WIH CMCCh
MCYCHRIX TIpoAYKTOR (hOTOCHHTE3A, 00pA3YEMBIX TTOCAC HHKYOANHH BO-
gopocacit Ha cesety ¢ CO,.

[lpy oueHke MeTabONMYCCKHUX AKTHBHOCTEH nOnyasuuid onpeic-
JAIOT TAKKE Hpouenm dbixanta, MOACMUTBIBACMBI KakK OTHOWICHUC
cyMMb! BKIIouenHoro “C n sputesnsueroca “CO, K BbLieAMBILEMYCA
MCQO,. BuipaxeHHoe B npoueHTax. [IpoLeHT AbIXaHM — MOKA3ATeNb
KOJHUMCCTBA DHEPIUM, 33TPAUHBACMON NONyIsuneil Ha NOLAEpXaHHE
VCTOHUHBOCTH CHCTEMBI, MPUUEM YeM BblIIE MPOLUEHT AbIXAHUI, TeM
GO bLIE METADONMUECKON DHEPIHH TPATHTCH HA NMOLACPKAHHE XH3HE-
CNMOCOOHOCTH, .

HiaMmepeHHe ckopocmu mukpodroll npodykijin 0ObIMHO NPOBOJAT €
HCITOMB30BAHHEM MEUSHOTO TpHTHeM tumuanHa {['H]-Tn}, koTophii
BKJIOMACTCA HenocpeacTBeHHe B JAHK npu BHocHHTe3e # oTpaxact
CKOPOCTL POCTA MUKPOOPIEHH3MOB B MOMYJISIUMH HAH NPHPOCTL BHO-
macchl. [ockoneky [*H|-Ta Bkmouactes auwb B Saktepuanbiyio JHK,
ITOT METOA OKAZAICH HPE3BbIYAITHO YAODHbBIM 15 aHWIM 34 CKOPOCTCH
POCTA BOAHBIX DAKTCPHATIBHLIX MOyAslMid. [IpMMeHeHHE 3TOrO MeTO-
I3 B IIOYBE CB3AHO ¢ HECKOTOPBIMH 3KCTICPUMCHTAIbHBIMW TPYIHO-
ctamu. |[*H]-Ta copOHpyeTesl ryMHHOBBIMY BEWECTBAMH, HAXOASIN-
MUCH B nioyre B OOJBLIMX KOJHUYECTBAX, a4 TAKKE Hd MHUHEPMIBHbIX
BEIICCTBAX MNTMHHUCTBIX COEMMHCHUH M HCKOTOPBIX OKCH/IOB, a NOYBCH-
Hyto JJHK TpyaHO 3KkceTparuporath.

Cropocns homocurmesg HIMCPAIOT 0OBIMHO B BOJAHBIX 0Opa3lax B
CBETIbIX M TEMHBIX CKIISHKAX ¢ BBegerHoi nopuueii CO,. Obpasus
HHKYOHPYIOT B TEYEHHE HECKOAbLKKHX 4ACOB MM BCEI'O CBETOBOTO Me-
pHOIA i# Sit ¥ ONPCACNAKT CKOPOCTh BKJIIOUCHHS MCYCHOH YINICKHC-
JOTh {OBLIMHO B TedeHHe MepBbiX | —2 4 HHKyBaUMR), 910 OTpaxaer
CKOPOCTL (POTOCHHTE3A, W oblIce BKTIOYEHHoe KoumueeTso CO, (3a
Gosee JUTHTCALHBI NTepHO), HTO COOTBCTCTBYET YHCTON NMPONYKIIMHA
(hotocHHTe A (T.€. PA3HHLIE MEX/1Y KOMHUECTBOM BKIoYeHHoro CO,
U KOAHUCCTNOM OPTAHHUMECCKOTO BELUISCTRA, MUHCPATH30BAHHOTO L0
3CO, B pesvabTaTe AbIXaHMA).

Crapocine deixarus ONPEACTIOT, WIMEPAS CKOPOCTH BbUICICHHUSA
HCO, H3 opraHMIcCKUX CYBCTPATOB, YTO OTPAXKAET CKOPOCThL MUHEPA-
JU3UUHH OPTAHHYECKOTO BEWIECTRA JAHHOM 3KOMOIHUYECKON HMIIH.
CyLICCTBYIOT TAKKE METOALI HCPAAHOAKTHBHOIG ONPCACACHUNA MeTa-
SONHYCCKOI1 AKTHBHOCTH, IPH KOTOPBIX H3MEDSIOT CKOPOCTL ALIXAHHSA
npolsl, B3IMTOI U3 JAHHOIO MECTA, C NMOMOUILIC 3aKPBITOTO KHCJIO-
poaHoro nekTpoaa THa Knapka wian uaMeperus obpazosanus CO,
B MOCTOSIHHO A3pHpyeMoil npobe, Kyaa BHeceH cybeTpat abixaHua. s
IUTMTCABHBIX 3KCMIEPHMCHTOB MO yiarinsaHwio obpazyouieiica CO,
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pa3paboTaHbl [EPMETHUHBIE KOIOBL € ABYMS COOOUIAIOUIMMUCS OTCC-
KaMH, B OJHOM M3 KOTODBIX IIPOWCXOMUT XMMHYECKoe noTpehdieHme
o6pasyemoil CO» KOHUEHTPHPOBAHKBIM PACTBOPOM LUEJIOUH, & B JIPY-
ryio NDOMEUIAIOT MCCeRyeMbIH obpasell

Ornpee/icHUE GKIMHUBHOCTIN CREUMUUECKUX PePMEeHIN0e TAKKE 01~
paxaeT MeTABOIMUECKI MOTEHUMAN MHKPOOHO# NOITYIATIHA JAaHHOH
IKONOTHUECKOW HUIUW. OaHA YACTb TAKHX 3KTHBHOCTCH OTPAXACT IH-
JUMAaTHYECKHIt DOTCHUWAA BCero coodlecTBa (AKTHBHOCTH CyMMap-
HBIX ACTHIApOTEHa3, acTepa3, docdaras), apyras (UCIOAAZHAN, XW-
TUHA3HA, HUTPOreHasHas, MeHUTPHUOMUUUPYIOIIAsA) — TONBKO Crie-
UMPHUECKOH YacTH cOODLIECTBA, TIO3BOJISIA, OAHAKO, OLEHHTDL TOT HITH
KHOU ero noteHuran. GepmeHTbl MUKPOOPTAHH3IMOB, BK/IKOUEHHBIX B
GHOTEOXUMHYECKHIT IIMKJ 2IEMEHTOB, BaXHbL LI H3YUEHHA MHUKPOO-
HBIMH 3KoaoraMi. OQcoBCHHO BaXKHbI (pepMeEHTDI, BOBJICYCHHbLE B LTHK
VIACPOAA M a30Ta, TAK KAK OHM [103BOJIAIT OLCHUTh YCTOHYMBOCTS
COOGLLECTE M 3KOCHCTEM M UX NTOTCHILIMAA B OTHOUEHHH MHHCpATH3A-
uny opraHudeckoro seuectsa. [Ipu onpenenenunn (PEPMEHTATHBHOIO
NOTCHIMAJA MONYJISALMI, HAPALY C MEPEYUCTIEHHBIM, H3MEPHIOT aK-
THBHOCTH JINNA3, LC/I0Ia3, IpoTeas, aMuaas. [1pu niMepcHnu dep-
MEHTATHBHBIX aKTHBHOCTEH M Sifit BAXHO HE HAPYLWATD MHKPOOKPY-
KCHUE JAHHOM HUILN M CJIEAUTD 3a Temnepatypoil, pH, sraxHocTsio,
Eh, a nepHoabl MHKYGAUHK (M3MepeHHH) 1O/KHBE ObITh JOCTATOUHO
KOPOTKUMH, UTOBBI 332 3TO BPEMsl KOIHYECTBO MHKPOPTaHU3MOB HE
MO0 3HAYHMTEIBHO U3MCHUTHCA,

leHeTUuECKN MOAMPULVNPOBAHHbIE
Mmukpeoprainamel (FEMOM) »n ux uHTpOAYKUUS
B NMPUPOAHLIE LLEHO3b!

[1poBaeMBbl, BOIHHKAOLIHE NPH HCKOHTPOAUPYCMOM BHCCCHHH
FTEMOM B OKpYXAMOULYIO Cpeiy, BbI3BATH WKPOKHE AebarTut B Hay4-
HOM COOBILECTBC C MPUBIEYEHUCM TIPABUTENBCTBEHHBIX CTPYKTYP U
oBmecTseHHOCTH. TIePHOAHYECKH OHHA BO3HMKAIOT BHOBB I10CJIC TIO3B-
JICHUSL COOBLIeHHH 0 KAaKOM-THO0 JOCTHMXEHHH TCHHOW HWHKEHEPHTH
WIM HOBbIX YCIICXAX B KJIOHMPOBIHHM AKMBOTHBIX U YENOBCKA 3HAUM-
TEILHOC MCCTO B 3THX CIIOPaX OTBOAHMTCS OTBETY H& BOIIPOC: KAK JACNTO
FEMOM u ux JHK ByayT cywecTBOBaTh B OKPYXAONICH NPHPOAC 1
eMOryT u mMoauduuuposadtele redst of TEMOM 0wt nepeaans
aGopHreHHbIM MuKpoopraHusMam? [epBoHauaibHBIC 3KCTICPUMEHTBI
nokasanu, yro TEMOM BRICTPO OTMHPAIOT (IPU BHECCHHK B 11PHPOI-
HBIC LIEHO3b!, NOCKOJIbKY HC CMIOCODHBI KOHKYPUPOBATDL ¢ CYUICCTBYIO-
[HEMH COOBILLIECTBAMM MUKpoOpranuiMoB. [lpeanosaraiiocs, 4To 4y-
xepoanas JHK, puecernass B TEMOM, CHUXAET KOHKYPEHTOCIMO-
COBHOCTD MUBbLX KJIETOK [10 CPABHEHUIO € HCH3MCHEHHBIMH KINETKAMU
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BCIEACTRHE BOIBLIMX IHEPreTHULCKMX 3aTpaT Ha penaukavio JHK.
DTO MPEAnoNoKEHHe ObLI0 NOATBCPXKIACHO [IPH H3YYEHHH BbLIKWBIL-
Hua 8 nouse FEMOM Pseudomonas sp. ¢ BBCACHHON [UIA3MUILON,
HecyIled TCHBL PACIICMICHHS MOWHOTo repouunaa, 2,4.5-Tpuxiop-
herokcHanetata. Knerky FTEMOM-nceBaoMonal OsICTPO HCUE Y
U3 NOYBEHHOTO 06pasta M Yepe3 HeCKOALKO IHCH He oBHapyXWBa-
JINCH [TPH TIPSAMBIX BBICEBAX Ha cpesibl. OAHAKO criycTst HCCKOJIbKO HE-
acab 'EMOM -nceB1oMOHaIbI BHOBL MOXHO Obi10 OOHAPYKHTL B 00-
Pasle, YTO CBHACTENLCTBYCT O TOM, UTO OHH TOJHOCTBI HC BbIMK-
pati. Pe3ynbTaThl 3THX H TNOCACAYIOULIMX IKCNEPHMCHTOB NOKA3A/1H,
YTO MOAHM(PUIUPOBAHHBIC TICEBAOMOHAALI MOTYT XHTh B [I0YBE B Te-
YeHHE TUTCHBHOTO BpeMSHH. JIpyrue HablIoMcHHS AOKA3AIH CYIUL-
crBoBaHue [EMOM B NOYBCHHBIX H BOAHLIX 3KOCHCTEMAX B COCTOSL-
Hun HOPB.

Mpeanonaraetcs, yto JHK mepreuix knerok TEMOM npu no-
NAAaHHH B 1080 Suoueno3 BeicTpo noaseprHetes rnapoansy JHKa-
3AMH [TOYBBI WJIH BOAHLIX 3KocucTeM. [Toaromy zaxe ecnmu TEMOM
BLDKHBYT, TO OHH He cMoryt nerko nepeaars JHK npu tpancdop-
MaUMM APYIHM KAeTkaM, CricuivibHbIE MCCICAOBAHNS, OAHAKO, NO-
kazwin, uto JHK, ancopbUpoBaHHas HA YaCTMIAX [TOUBCHHOH [NK-
Hbl, veToitunBa K acitcrsnio JIHKas 1 MOXeT CyLLCCTBOBATDL B TaKOM
«HMMODHIMIOBAHHOM» BHIE AOCTATOUHO AQATO, 3 34TeM OBITL BOB-
JNeyena B npouece Tpancdopmanyy, ['cHbl B MOYBEHHBIX H BOAHBLIX
IKOCHCTEMAX MOIYT ObITb TAKKE [EPEHECEHBI B pesynbTaTe TPaHc-
aykuuu. Mpuseaey npuMep. HOATRCpXAaONHIE 3T0. Hepes rod noc-
N BBCACHHA B BOTHVIO dKocucTeMy cneurduueckoro mramma Pseudo-
monas sp. B13 B cucreme oBHAPYKUTH BAIbI, PACHICILUI INLIME J-XTTOp-
Gerzon (3-XB), KoTopble HUKOTAA HC BLIAC/SUIMCE H3 3TONH 3KOHH-
WK a0 BReAcHMS Tyda wtaMMa Bl13. bonee toro, B reHOME HORBOIO
MO OBHAPYKCHE! MOCIEN0BATENBHOCTH, IPHHALICKAIUMC LITAM-
My B13, nocie 4ero 6RO BBICKA3UHO TMPESANTONOKCHHE O TOM, 4TO
HOBBLE (ITAMM BOIHWK B pe3yabTare oOMCHA YACTBIO ITeHOMA MCXAY
abopHICcHHOI BakTepHei M BHECCHHBIM TaMmmoM B13, He cnoco6-
HBIM yTHIH3HpoBaT, 3-Xb. TakuMm 0bpazom, repeHoC TeHHOTO MaTe-
pHAila B OPUPOAHBLIX HUIIAX BO3MOXKCH B TEUEHHE JHAUHUTCALHOTO
BPECMEHH MOCAE BBCACHUS YYXKEPOILHBIX T€HOB, H CHEJACTBHEM ITOTO
MOXET BbITh N3IMEHEHME TTYIA TCHOB MHKPOOHOTH NAHHOI 3K0oCHCTE -
MBI, YTO OTPA3UTCH Ha BUOPA3IHOOOPA3HH U CTABUABHOCTH JTAHHOTO
coODIIECTRA.

CoBpeMeHHbIC MCTO/IbI [TO3BO/ISIOT AMILTH(PMLIHPOBATS YHacTok JJHK
M3 KJICTOK OOHOI KOJOHHH € TIpMMEHEHWEM Naphbl YHHBCPCAAbHBIX
APARMEPOB H OTIPSACTHTH NOCIEAOBATENILHOCTE BapHadeAbHOTO y9ac-
TKa reHoMa, xoaMpylowero red 168 pPHK. Broro 6eibaet 1octaTou-
HO, 9TOOBI, CPABHUBAA ¢ WIBCCTHHIMH TTOCIEN0BATCALHOCTAMH U3 I'E-
HOMHOTO GaHKa, MICHTHOHUHPORATE MUWKPOOPTaHHU3M A0 POIAa WilH
JLKC BHAA.
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Ponb MUKPOOPraHU3MOB B NPUPOAHBbIX
MecToOONTaHNAX

MHEKPOOPraHu3MBb! KAK YACTh IKOCHCTEMBL. B IpUPOLHBIX YCIOBHSAX
MHMKPOOPTaHH3Mbl HHKOLAA HE CYNIECTBYIOT B BHAC YHUCTbIX KYABTYD.
JlaBopaTopHblC LUTAMMBI — 3TO CKOpee «OA0OMAalUHEHHBbiE» (DOPMBI,
CYLUECTBYIOLIME B HCKYCCTBEHHBIX YCNOBHAX «300NapKas. B 1nkoM Buie
MHKPOOPTAHH3MBI PACTYT B CMELLIAHHBIX KYJILTYPAX, ABISIACH TIPH 3TOM
el H 9acThi) BOAEC KPYITHOTO COOOLICCTRA, BRIOUAIILEIQ OPratK3-
MBI IPYTHX CUCTCMATHUECKHX TPYIT. MTaK, MUKPOOPTaHH3MbBl — 2TO
CYLLECTBEHHAS YACTh KAKAOH IKOCHCTEMDL. JKOCHCIMEMOI HA3bIBAETCS
COBOKYIIHOCTL OPTAaHH3MOB M MX (PH3HUCCKOIO H XMMHUYECKOrQ OKpYy-
KeHHst, GYHKUHOHUPYIOWA KaK 3Koaoruacckas cavHuua. Jhiobas
IKOCHCTEMA COACPKUT MUKPOOPTAHN3IMbI, BLIMONMHAIOUIHE ABC OCHONB-
Hple GyHKUMM: 1) CHHTE3 HOBOTO oprannueckoro sewectsa n3 CO; u
APYTUX HEQPraHMYCCKMX COCAWHCHUIT B MpOLECCe MCPBHUHON npo-
AYKHHH M 2) paspyLUEHUC 3TOTO AKKYMYJIUPOBAHHOIO OPraHHYECKOTo
MatepHana. B nacrosiige spemst FIDH3HAHO, HTO MUKPOOPIAHU3MbL —
370 npeobaatalomil XHBO MaTepHan 3eMan. JKoJlorucckas posb
MHRKPOOPTaHU3IMOB COCTOMT B TOM, 4TO OHH MOryYT (I_)YHKLLHOHHPOB&T]:
Ha BCEX YPOBHAX IKOCHCTEMBIL! (I)HKCHpOBiITb Yraepod Kak repBHYUHBIC
NpoayLEHTHl, WMCMOMb3YS IHCPTHIO CBETA M XHMHUCCKHUX CBS3EH; siB-
JIATLCH FAABHBIMU PCAYLIEHTAMY OPraHHUCCKOIO BeLIeCTha; ObITh nep-
BHYHbLIMH KOHCYMERTIMH, KAK HCKOTOPBIC I[pOCTCﬁUJHC, HCTIOJIBb3Y K-
wue Gakrepun u rpubel B muuty. Ecnin B Ha3eMHBIX MeCTOOOHTAHNAX
NMEPBUYHBLIMH NPOAVUCHTAMHA ODBIMHO ABINSAKOTCA BbICILWE PAaCTCHHH,
TO B MPECHBIX H MOPCKUX BOAOEMAX — ITO B OCHOBHOM LHAHOOAKTC-
PHK H BOAOPOCAH. 30CCH HCTOYHUKOM IHCPIUH CIYKUT cBeT. OQHaKo B
MCCTOODMTAHUAX, Kyld CBET HE AOXOAHT (HAanpuMep, rIyDUHB! OKea-
H()B), nepBHYHAS NPOAYKLMA MOXKCT ObiTh OCHOBAHA Ha XEMOAHUTOAB-
TOTPOMUM (KH3IHbL BOKPYI «4ePHBIX KYPUIbLWUKOB»). OCHOBHLIC NEp-
BHUHBIE TIPOAVHEHTH 3IeCh ABASIOTCS NpeacTaBHTeRaMU poloB Thio-
bacillus, Thiomicrospira, Thiothrix, Beggiatoa.

Oynkuun MHKPOOPraHu3MoB B npupone. MUKPOOPraHu3Mbl siBjisi-
I0TCH MCTOUHHKOM MHULK LI MHOTMX APYTHX OPTaHU3IMOB, TadK KakK
MUKPOOHAA KNETKA COACPKUT B CpelHeM, % Mo Macce: yraepoaa —
50, azota — 14 1 gocdopa — 3 U Apyrue 31eMeHT b

OCHOBHBIMH QYHKLIMSIMHA MUKPOOPIaHH3MOB B IIPHPOAHDbIX MECTO-
OOHTAHUAX ABISIOTCS CEAVIOLLHE:

B MUHEDAANIALMS, T.¢. PA3PYIICHHE, OPraHMYECKUX CYOCTPATOB
ALY COE, NH3, Hz, CH4. HEO,

W [TOCTABKA NTMTATEALHBIX BCINCCTB (B BHIE METADOIHTOB, MOJIHCA-
XapuIoB) 178 APYFHX XEMOTCTCPOTPODHLIX MHKPOOPraHH3IMOB!

m of0ccredeHHe MUTAHNA 1A NPOCTCHLUMX, HEMUTOA, NOYREHHBIX
HACCKOMBLIX, T.¢. VHacTHE 13 MULICBBIX LCIIAX,
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B MOIMGDUKALMA CIOXKHBIX COSAMHEHHMI, CTRHOBAILMXCS 10CTYyN-
HBIMH T4 JIPYTUX OpraHHu3MoB;

B TICPEBO COCAMHCHMI B PACTBOPUMYIO UM razoobpasnyio dop-
My. 9TO NPOUCXOAMT TGO HCTIOCPEACTBEHO HA METABOIMUCCKHUX My-
TSIX, NGO OMOCPENOBAHHO, 31 CUET HIMCHEHMIT XMMUYECKHX U (DU3H-
yecKHX (haAKTOPOR Cpefbl N0 BO3ACHCTBMEM MHKPOOPTraHM3MOB (Ha-
NpUMeEp, BbLIeTeHHe BONLUIOTO KONHYECTBA KHCIOT),

W BLUICJICHME COEAMHCHHH, NOAABISIIOWMX AKTHBHOCTDL APYTHX MH-
KPOOPTaHH3MOB 1IH OFPAHHYMBAIOLLMX BLKUBAHME W (PYRKUMOHUPO-
BaHME PAcTEHMIl M XUBOTHHIX (HanpHMep, DAKTCPUOUMHOB, AHTUOU-
OTHKOB, TOKCHHOB).

MUKPOOPraHu3Mb! CYLIECTBYIOT B NPUPOLE KAK B BHAC NONVASUUU
OpPraHH3IMOB OAHOTC THIIA, 00pPa3yd MHUKPOKOJOHUH, PACTYIIHE B J10-
KAJTM30BAHHOM CANTC, TAK ¥ B BHAE cooflecmea, TIe PATUHbLIE THITbI
NONyASIUNi B3AMMOAEHCTBYIOT MEXLY coDOii.

Mukpobubie mecToobuTannn. MccTa 0BUTAHUA MUKPOOPIAHN3IMORB
MMCIOT CJOXKHBIM M TIOCTOSHHO MEHSIOUIHIACA XapaKTep H 3aBHCAT OT
epaduenmog TUTATENLHBIX BELIECTB, TOKCHUECKHX COEAMHEHUIT M Jn-
muTvpyownx $hakropos (remnepatypa, pH, ¢BeT, AKTHBHOCTb BOXbI
i 1.0.). [ToaToMy k0s02udeckux Hiuw U1 MUKPOOPTaHHM3IMOB OCCKO-
HEYHOC MHOXECTBO, HO HMMEHHO COYETAHHE BBILENEePCUHMCACHHbIX
(DAKTOPOB ONPEACISIET IKOAOTHUECKYIO HULIY LISt KOHKPCTHOMO MHK-
poopranuiMa. Ee HalbiBaIOT TAKCKe AepeuyHon KoaouvecKoll nuwed. s
TOYHOMN NaPAKTEPHCTHKM MCCTOODHUTAHMS MHKPOOPIaHN3MA HYKHO YYH-
TBIBATL €10 Mukpookpyycette. MHOMMC CNEUHAIH3HPOBAHHDBIE TPYNITbI
MHKPOOPTAHH3MOB CYLICCTBYIOT B TAKMX YCIOBHAX MUKPOOKDYKCHHA,
YTO HCHBITHIBAKT MHHHMAALHYI0O KOHKYPEHITHIO €O CTOPOHLL APYIHX
MHKpoopraHusmos. Hanpumep, Helicobacter pylori, obutaiommii B xe-
JYAOTHO-KMLIEYHOM TPAKTE YeJIOBEKA M BBI3BIBALIKAN 00pa3oBaHHe
A3B KeNYAKa, KUIIEMHHKA, MOUeBOfl CHCTCMBI, ASL 3ALLHTBI OT XKETY-
MOUYHOrO CoKa 0bpazyeT BOALIIOT KOAWYECTRO ypealbl, KOTOpasd pas-
JAracT MOYEBUHY 1 00pasyeT AMMORNH. «YXOIUTb» OT ACHCTBUSA M-
MYHHOI1 CMCTEMBI €My MOMOTAOT JIMITONOIMCaxapiabl, obratawoluune
BAPUADCITLHOCTHIO H «MOJIEKYASIP-
HOH MUMHKpUCi».

[TpUMEPOM TOrO, YTO JaXe B ™ 5% Oy
MAJTOM MCCTOODMTAHWUH MOIYT ObITh 6 0% O,
PA3HBIE 30HBI, CAYXKHT puc. 160, Iy 1% O,
MOKa3LIBAKWHHA pacnpeneseHne o
KHCIOPORa B KOMQUKE XOpoulo 3l 15% O,
a’3pHpyeMoi moussl. Komouek no- 6L
uUBbI AHAMETPOM 12 MM COICPKMT 21 % 0,
JOHY MOJHOrO aHa’podHO3a Aua- 63 0 3 6 mm

MeTpoM okaiio b MM, B aTom aHaz-
POBGHOM MECTOOBHTAHHM YXKE MO- Puc. 160. PacnipeneicHue KHCIOpOIa B
rvT CyLLlCCTBOBaTB ﬂHa'BpOﬁHHC KOMOYKE XOPOILLO A3PHPYEMOHN [TOYBEI
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MEM - Pyc, 161, [TonepeuHbiil paspes KoJo-
F200  puw Bacillus cereus. pactywieli Ha no-
-0 BEPXHOCTH a3pobHOr0 NUTATCALHOTO
Lyop  ATapa. LIndpol (8 %), nokasbiBaoLIKe
KOHUGHTPALNIO KHCAOPOoAa B PA3HLIX
;400 YACTAN KOJOHHH # B TOJIILE arapa rnol

P- E"*(i(!() KOJAOHHCH. H3IMEPEHBI C [MOMOLULIY
20 % 0, C; KHCJAOPOIHOTO MHKPE21CKTpOLA

‘g

800

MUKPOOPTraHU3IMbL Jaxe poCT OTACABHBLIX KICTOK B KOJOHIM 00YCI0B-
JEH HX PA3HBIM TIONOKCHHCM MO OTHOUICHIKD K PaMIH4HbIM (DAKTO-
pam {(puc. 161). Hanpusep., BHYTPH 1 HENOCPEACTBEHHO MTOA KONOHN-
eit popmupyercs aHa3poOHAA 30HA, Haxe Koroa Kotoruk Bacillus cereus
PACTYT HA NOBCPXHOCTH AHTATCABHOTO arapa B a»po0HBIX YCIOBHAX.

MHKpPOOpradM3Mbl MPCANOYHUTAT PACTH B MPHKPEMJICHHOM COCTO-
SHUM, TaK KaK HA TPAHHIC pa3acia a3 KOHIEHTPALTHS BEILICCTR 0ObIY-
HO BBILIC M3-3a HX ancopbLutn. Ha 3T0M OCHOBAH METOIL HCHONB30BA-
HUS cmexoa oopacmaniis No XoaonHoMY: NPEAMETHLIEC CTEKN NOKPhI -
BAIOT CJI0CM MUTATCABHOIO Arapa H NOMCIUAIOT B [OMBY, & 3aTCM KO-
JIMYECTBEHHO HADIIOAAIOT 3 PA3sBUTHEM MHKpoopraHuimob. Tlo Tem
AKE TIPHUUHAM MHKPOOPIAHH3MbI HACTO OBPA3YIOT GHONACHKH.

BzanmoaeincTeus MUKPOOPraHU3IMOR C APYrMmMu
opraHuaMamu

B3aumMo0THOIIEHHA MMKPOODIaHW3MOB IPYT ¢ Jpyrom. Cieayert ot-
MCTHTh, UTO B NMPUPOIE MHKPOOPTAHUIMBL, KAK MPIABUIO, HAXOAATCH
HE B OOTHMWIBHBIX YCAOBHMSIX (pecypeh 110CTYNAT MEICHHO) B pac-
TYT NpHOIHM3NTEeIRHO Ha | % oT cBoMX Bo3MOXHocTel. C apyroi cTopo-
Hbl, MHKPOOPTAHH3MbI B33MMOACHCTBYIOT MeXay coboii. B HekoTopbIX
CAYUUSIX CRIAALLBATCH KOHKYPCHITHBIE 63AUMOMTHOWEeHIA, W TOTIL MHK-
POOPIaHH3Mbl CNOCOOHDBI BbIPAOATHIBATL BELLECTB 151 NOIABICHHS KOH-
KYPEHTHOM MHUKPOBHOTHL (OCOBEHHO B [IOUBAX) — AHTHOMOTHKH, TOK-
CHHbI HJIM MeHeC CreuH(PMUHBIC W HeCTICUH(DHIHBIC BEIICCTRBA (CIHp-
THI, KUCTIOTHI, IENOYH U T./1.). Pexe B MPHpoAe BCTPCUAIOTCA omHouwie-
Hun Koonepauut MexXay MUXpoopranuimamMu. OOBIMHO DOALIIMHCTHO
A3PO0HBIX MHKPOOPTAHUIMOB MOTYT PACLUCTIAST CYOCTPAT CAaMOCTOs -
TCABHO. DaxyibmamiigHas Koonepaittiss MOXKET BOSHMKATD B CAyUAC Ha-
KOILICHHMSI KAKOTO-HUOYAL MPOAVKTA. B aHA3pOOGHBIX YCAOBHIX KOOIIC-
pauusa boace ofaueamaa. B TakoM coobILECTRE MUKPOOPTAHH3MOB RO3-
HUKAIOT MPOYHLIE Mpogiiteckite caa3i 1 4acTo CyOLTpaT MOXeT ObITh
pactuenaeH 10 npocThiX BCIECTB MMCHHO TPYNNOH MHKPOOPraHH3-
MOB, @ HC OTACAbLHBIMI €¢ WICHAMH, KOTOPLIC B BHAS YHCTLIX KYALTYR
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3TOT ¢yOCTpatr BoobLie He MOFYT MCIIOJb30BATL M3-33 IHEPreTHYCCKHX
dapbepoB. [IpuMep TCCHBIX CBs3ei — aHa3pobHoe CoodUICCTBO, pa3-~
AATAIOLIEE MOMUMEPHLIC MOTEeKyIbl {pHC. 162), B YACTHOCTH. MUKpoiu-
oma pyoya. TIoAMMEPHI PACLIEIUIAIOTCA BHEKJIETOUYHBIMH (DEPMEHTAMH
GponunbIuHKoB f cTaniu (O4eHb YacTo 310 K1ocTpuanu). Ha [/ craaun
BPOMLLTBUIITKY — OBAMraTHbIe BoccTaHOBHTEAH HY — 0Bb14HO BpoBO-
ASIT IHIIPTOHUHECKUE PEAKUNH, MCTIONb3Ys KHUPHBIC KMCIOTH ¢ Bo-
Jice UcM ABYMsl ATOMamy VIJICpOaa M CIMPTB ¢ DOAbLIE YCM OAHMM
aToMoM yilcpona, ¢ obpasoBamnem auetata v H,. Takue peakiun
TpebyloT obssareabHo oTBoga H,. Ilpn MeTaHOTEHHOM pacLUCTUICHHH
3Ty ONEPALMIO OCYLIECTRIAIOT MeTaHOreHkl. PacienicHue aer B TpA
cranuy (cM. puc. 162). Npu cynshariaBUCHMOM pACTIEMIEHUMY TTOTH-
MCPOB CXEMA JeHCTBYET KaK IBYXCTAAMHHAA — OPOUMITBIIHKH + CYJlb-
dHaoreHbL,

ITpu B6poce GOABIIOTO KOJIMYECTBA OPrAHWUYECCKOrO BELUCCTBA B
AHAIPOOHYIO METAHOTEHHYIO CHCTEMY BCJIEACTBHE ObICTpOro obpaso-
BaHuy xuctoT pH caukaercsa a0 6,0 1 MeHee W METAHOICHLL «BBIKITIO-
yatoTea». [1poucxonut pasbaTaHCHPOBKA CUCTCMBI, YTO MPHUBOAHT K
AlMI03Y ¥ KBAYHBIX HKUBOTHBIX.

TMonumepnt

MoHomepm

Vi

JKHpHBIC KHCTOTHL (CYKUHHAT.
naktar. ByTHpat u ap.). cnupTbl

- —~~—
—
——

4
1
H,. CO,.
chopmuar, J
CH;-R
H

Puc. 162, Anaspobnas tpodHueckas LeNL PAVTOKEHHH NOJIHMEPHBIX COCAH-
Henui (f — I — cranny nipouecca). [pynnsl MUKPOOPTAHHIMOR, YHACTBY-
I0IUHE B Apouccee:

/ — nepsitiuble AHAPoOOH (BPOIHNBUIMKH); 2 — BOROPOAMCHOILIVIOUIHE METaHOre-
HLL 3 — ALCTOKTICTHIECKHME MCTAHOICHB, 4 — RTopuanble aHaspobul (chHTpohHme
MHKPOOPIAHUIMBL), § -~ [OMOAUETOTEND
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TakuM oOpaioM, 1151 HOPMUILHOIO GYHKIHMOHHPOBAHHS aHAIPOD-
HOM [HUIEBOI LETTH HeobX0AnM Mexcaudosol nepenoc eodopoda (WHOF-
14 OpMHATA, ALCTATA) OT MHKPOOPTAHH3IMA K MUKPOOPraHU3My.
Boinenenusblil npy bpoxkeHun Hy MOIyT vAanATE MCTAHOTEHBL, alleTo-
reHnl, cyasdar- u cepypeaykTopbl. [TpH TAKHX YCIOBHAX BO3IHMKICT
cuHmpohus — NOJHAS B3AHMO33aBUCHMOCTb MHKPOOPTAHH3IMOB APYT
OT APyra B Nuibesbix norpebroctax. IlpumepoM CHHTpOMMH MOKCT
CAYXHTE BHAYANC BBUICNCHHBIH KUK OIHH MUKPOOPraHHiMm «Methano-
bacillus omelanskii». BIOCAEACTBHH OKasaBIMitcsl CHHTPOIHOI acco-
UHaUHel TPYIHOPA3ACAACMbBIX MUKpoOpraniaMon S n Mo H. Nlaptuep
S ocyulectsasieT peakuuio:

2CH,CH,0H + 2 H,0 = 2CH;CO0™ + 2H*
(AG”= +19 k1x/2 Mosst ITAHOIA),

opraduiM M.o. H. norpedasieT MoJCKYIAPHLIR BOAOPO/L:
4H, + CO, —» CH, + 2H,0 (AG*= —131 kilx/Monb MeTaHa)

[Mepsas pecakuus naeT TOAbKO NpH 2(pPEeKTHBHOM YAATCHI M BOLOPO-
Ja. B HacTosaice BPeMSA ONPeALIeHb! MEKPOOPFAHMMbI-VYACTHIKH TAKHX
ACCOHMALMI MIEPBYIO PEAKLHIO CNOCODOHBI OCYITIECTRAATHL OAKTCPUHIT 13
pona Pelobacter, BTOPY10 — THAPOrCHOTPOQIHBIE METAHOICHB POLOB
Methanospiritium, Methanococcus, Methanobacterium, Methanobrevibacter.
Hpyroit npuMep takoit accounaunw: Acetobacterium woodii + Methano-
sarcina barkeri. [lepBolii opradnsm npeepaacT (ppyKroldy B aLeTar, a
METAHOTCH OCYLLECTRISET ALCTOKJIACTNYECKHIT MeTaHOTCHe 3. CHHTpOg-
HOH MOXET OBITb ACCONMALNA ABYX MHKPOOPIAHHIMOB, T¢ PEAKIIMID
CTUKICHAA NPOBOAAT ABA NapTHEpa.

ACCOUHAUHMH MUKPOOPTAHMIMOB, O(OPMICHHBIC CTPYKTYPHO, Ha-
3BIBAIOTCR KOHCOPpUUYMamy (HARPUMED. TPAHY/Ibl aHa3pobHOrO 1a,
IIe NPUCYTCTBYIOT BCE MUKPOORIAHH MBI, OTBCTCTBCHHLIC 30 KAXKAYIO
CTaJIMIO Aerpafatuiy CHOXKHLIX COEIMHCHUH).

EC/In OTHOUIEHHA 3aBHCHMOCTH MEXKIY OPraHHIMaMi 08YCIORICHbI
HE TOJIbKO TTHINEBLIMM CBSI3SIMM, TO TOBOPHT O cumbuoie. CiimOHo3bI
PAINMYAIOTCH MO BXOAALUMM B HUX KOMIOHEHTAM {MHKpPO- + MHKpO-,
MHKPO- + MaKpo-, MidKpoO- + Makpo-), 0O pACTOIOXKCHHIO KOMIIOHCH -
TOB OTHOCHTCILHO APYT APYTd (3K30- M 3HA0CHMONO03), Mo XapakTepy
B3AHMOOTHOWEHKH B HEM (BIAMMOBBITOIHBI — AMyHyaausm, TTOLIAR-
JSIOWHIE UM yOUBAIGUIMI OMHOTO M3 TIAPTHEPOB — Hapdazumiinm, 6e3-
pasnBunBIil — weamparuim). Cneayer 3aMCTHTH, UTO M B OTCUCCTBEH-
HOH, ¥ B 3apyDeKHON TUTepaTYpe BCTPEUYAOTCS J0BOILHO CYIICCTRCH -
Hble PA3IHYUS B TEPMMHAX, NOFTOMY BIAXKHO TOUHO ONPEASSITL, 4TO
04 3THM TEPMUHOM MOHUMACTCA, XapakKTep cMMOMO032 OTHOCHTCIICH.
ITpu cmene ycaosuit o MoXeT Mcusrhest. Hanpumep, wopmaiasnas
MUKpoOLUOMA MeNOBCKA — ITO MYTYLTUCTHUECKMI! cMMDN03, HO ecn
HMMYHHBIH CTATYC YE/IOBEKA IOHHAKLETCH, TO HEKOTOPLIE MHKPOOp-
raHuiMbl Kak AKKT, Tak 4 KOAKHBIX TOKPOBOR MOTYT CTAHOBHTLCH ITi-
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TOreHHBIMY (TAK Ha3biBaeMble ontopmynicnst). CumOH03 MoxeT ObiTh
obAuamHbBIM, KOTI2 O0UH MApTHep, O0BIMHO 3HAOCHMOHOHT, HE MO-
KET CYLUCCTBOBUTL 6e3 ApYyTroTo (PUKKETCHH — ODAHIATHBIC [IAPAIMTLL
AWBOTHBIX KJIETOK HITH GaKTepUH, BbI3bIBAOUIMC DONE3HH COCYIHCTRIX
pacteHui). Tlpumep graxyasmamusno2o cuminoza — KIyOCHLKOBBIE
BaKTepuH, KOTOPbIE MOI'YT NPCKPACHO CYLLECTROBATh H D€3 pACTEHHH.
HazHnayenue MyTyanMcTHUCCKOro cMMOMO3a — 3alUMTa OT BHELIHWX
BO3ACHCTRUH, MOMYUCHUC TEX MM WHBIX ITHTATENABHbIX KOMITOHCHTOBR,
NPeUMYLLIECTR B Y3HABAHMH TIOJOBBIX [APTHEPOB U B PAIMHOXECHMN,
TaxkuM o6pa3oM, B ITOM clyuae B3IAHMOOTHOLLCHHUS OCHOBAHEI HA B3a-
HMHOM YIVYIIeHUH 0OCTAHOBKHW Ipyr s apyra. Hanpuvep, B «4aid-
HOM TPHOE» APOAOKH COPAXKMBAIOT caxap B CTHPT M YINEKUCA0TY, a
YKCYCHOKHCJIBIC BaxTepHi OKHCTSTIOT CITUpT B auerar. B kegupnbex sep-
Hax APOMOKH IOMMMO COPAKHMBAHHS CAXAPOB CHHTE3IUPYIOT €LLE i KOM-
MICKC BUTAMHHOB, HCOOXOANMMBI 1 LTS PA3BUTHA MOJOUHOKHUCIBIX DaK-
Tepui. COPAKMBAIOLLMX TAKTO3Y B TAKTAT. AccolMaunu QOTOTPodHBIX
MWKPOOPTAHU3MOB IPYT C APYTOM H € CYIBMUIOTEHAMH OCHOBaHbI Ha
LHKIMYECKOM WUCITIOIB30BRHUH COSIHHCHHI cephl.

e oAMH THIT CHMOMO03a — KOMMEHCAIU3M, KOTIA CAHH OPriaHK3M
OOVYAET OT MAPTHCPCTBA BLITOAY, & BTOPOMY ACCOLHALMS He3pa3THy-
H&. T¥TO, HApUMep, ACCOLHALKSA a9pO0HbLIX 1 #HAIPODHBIN MHKpOOpra-
HU3MOB, rtae a’pobbl. noTpedass kKucaopon, obccIcynBaloT YCIORHA
IUTSL pA3BUTHE AHAIPOGOS, 4 CAMM NIPH 3TOM BLITOAB! He NoJIyYaloT. Hu-
JOCTHBIC DAaKTEpHH 00PalyIoT aMMIUAK, UCNOAL3YEMbIH HHTPHGMUNPY-
oMK baktepuaMu, B 3TOM cayuae HMeeT JHAUCHHE HOAIePKaHuC
noctosiidoro pH. Takue CBA3H HHOTAA HAZBIBAIOT MEMAOUOMUHECKEMI.
CBi3b MHKPOOPraHH3MOB, OCYLICCTRIAKOIINX ARe thaszet Hurpudnxa-
LMK, OCHOBAMA HA TOM, YTO BTOPasl KYJbTYpa MPeBpailliaeT TOKCHURYIO
AIOTHCTYIO KUCTOTY B MEHE¢ TOKCHUHYIC A30THYIO.

PaHee yNMOMHHAICS psil TIPUMEPOB CHMBUO30B MEX1Y MHUKPO- H
MaKpoopraHnimaMu (xaybeHokin, unanobaktepun + Azolla, pyben
AKBAYHBIX, HOPMATLHASE MUKPOOMOTA KHINCYHHKA YC/TOBEKa N KHBOT-
HpIx), Kax sx3ecumbuos MOXHO paccMatpusath pusocdepy, T.e. npo-
CTPAHCTBO I1OYBbLl BOKPYL KOPHEH, TAC KOJHYCCTBO MKKPOOPTAHM3-
MOB 3HAMHTCIbHO BHILUE, YeM B OCTaNbHOH nouse. Mukopusy (1 axmie-
HOPU3Y). T.€. CUMOHO3 MEXIY KOPHSIMU PAacTeHUH U MuLIeIHEM TPHOOB
(MM AKTHHOMMULCTOB), VK€ MOXHO PACCMATPHBATL KAK YACTHYHBIA
IHA0CUMOUO3, Tak KAk MULEIHI IPOHUKAET BHYTPB KOpHEH, obpa3sysi
TAaKoH cuMBHO3.

MyTyaaucTHYeCKHE B3aHMOJEHCTBUA MHUKPOOPraHM3IMOB ¢ JKMBOT-
awMu. HekoTopble rpocTteiiinime cosepxar B KJICTKAX B K&4eCTBE 3HIA0-
CHMOHMOHTOR LIMAHOGAKTEPHM W 3C/ICHbBIC WM 3OJOTHCTHIE OTHOK/TE-
TOUHRIE BOLOPOCAM. Ha puc. 163 npuseacH npuMep 3HAC- U 3K3IOCHM-
6uo3a npocrefilero ¢ MetaHoreHaMy. Ilpr 3TOM pecHUTHATBIC NpPO-
crefilme Trimyema compressum, Metopus striatus, Pelagiofila nasuta u
P. frontata CONECPXAT B KauecTBe 3HAOCUMOUOHTOB Methanobacterium
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Puc. 163, DKT0- U 3HAOCHMBHOS METAHOTEHON ¢ TIPOCTCiiIM

Jormicim w Methanoplanus endosymbiosus. Takne npocteitinie — ¢Tpo-
rue aHaspobbl, 0AHA KIETKA KOTOPBIX COACPXHT M0 700 KICTOK npo-
KapuoT. DHAOCHMOHOHTH! MOTYT 3aHUMaTh A0 10 % obbema npocteit-
wero. Ilpy cyllecTBOBAHUH B CMMOHO3C poct yeuanpaeTest Ha 30 % n
(heKTHBHES HCTTONBIYETCS IHEPIUA B PE3YJIbTATE OBICTPOH YTHIHIA-
UMK METRHOMCHOM MOJICKYASIPHOTO BOAOPOAA, OOPAIVIOWErocs B M-
poretHocoMme npoctreiilero.

Y MHOTHX MOTIOCKOB B CBCTANUINXCS OPTAHAX HAXOISITCS CBCTSLIH -~
¢cst DaKTEpUM, KOTOpble fOAYHAIOT 3AWUTY H GAAronpHATHLIE YCIo-
BUS U151 THTAHMSL. [LASL MOJUIIOCKOB CBETCHHUC MIPACT BAKHYIO POIIb B
NPHBJICHEHHH NOJIOBOTO NAPTHCPA.

MasicHbkHiT TpOITMUCCKHI KaZbMap, HOYHOE KUBOTHOE, NPHCHO-
COOMACA HCMOMB30BATE CBCTALIMXCA MOPCKUX BakTepuit B KauecTse
KaMy ISk, NOMOraioLEro CKPBIBAT NOSIBICHHC TeHH Ha (oHe Heba
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B AYHHYIO HOYb. KanbMap oTOPACLIBACT CBET MO HANPABICHUIO KO AHY
MODSL H TAKHM 00Opa3oM CTRHOBMTCS MEHEE 3aMETCH [UIA XMINHLIX PbIO.
CpeTsiiuMiica OpraH KaJlbMapa Paciol0XeH BONIC YCPHHIbHOFO MCLIKA
M YCTPOCH TaK, YTO CBET OT CRCTSIWLMXCH DaKTepui OTpaXacTCs Cricum-
ANLHBIM PedIeKTOPOM H YCHITHBASTCA AWH30i. bakTepuy BXoasaT B cBe-
TOBOH OPTAH KUTLbMAapa PeryHpyeMblM NMYTEM: eXEeAHEBHO, Ha 3akare,
KAHANBUBI CBETALICTOCH OPrada HauKMHAKT NYJILCHPOBATE €O CKOPOC-
ThIO HECKOMBKUX VAAPOB B CCKYHIY, KaXbIH pa3 3acacbiBasg 1 —2 MK
MOPCKON BOALI ¢ MAAMKTOHIBIMK Daktepusmu Vibrio fischeri. Ycranon-
JIEHO, YTO KOMOHHM3WPOBATH CRETAIIMHCSA OPraH ¢nocoBHb! NUilb MOA-
BHMKHbBIC KJIETKH, CMOCODHLIE K ¢BeucHMI0. HenoaBHXHbIE U TEMHbIC
MYTAHTHLI KATLMAPA He KOMOHW3KpyoT. [ocne Bxoaa B ceeTsIIUMiACH opraH
KJAETKH TNPMKPEIUBIIOTCS K BHYTPEHHEH MYKOMOHOH 000104Ke CBETS-
IHEIOCS OPraHd XMBOTHOIO, TEPSUOT XKIYITHKM M HAYHHAIOT HHTEHCUBHO
pasmHoxXatbes. B 970 xc Bpems peako (a0 100 pas) BozpacTacT crnieiu-
thuueckoe creucHMe KileTOK bakTepuit (8 pacuere Ha 1 KneTky). B Teqe-
Hue 20—40 MUH CReUYEeHHME OPraHa AOCTHIAET MAKCUMYMAa M OCTAETCSH
Ha 3TOM YPOBHE BClo Houb. Ha paccrete kansmap BeinycxkacT a0 95 %
CBETSILIMXCA KJIETOK HAPYXY, UTOOBl HE TPATHTL PECYpPChb HA NOANEPKi-
HHUC OAKTCPHHA M COXPAHATH AKTHRHO CRCTATIYIOCA TIOMYASIIHIO,

Kononuzupyroire 6akTepny BOIEHCTRYIOT TAKXKE M Ha KanbMa-
pa — OenkH MYKOHIHOH ODOJIOYKH 3KCIPECCUPYIOTCH OBICTPEE Y KO-
JOHUIUPOBAHHOIO KUTEMAPA TI0 CPABHEHMIO CO CTCPHIBHBIMH OCO0A-
mu. KojsoHuszauus cniocoOcTBYET paccenesuio DakTepuil, H Kaasmap
NIPCAOCTARISICT MM ITMTAHHUC UIS PasMHOXCHHS (DCIKH MYKOWIHO
0BONOYKH), MONOXWATC/NLHO BIHUASA HA BAKTCPHUM B TAKOM cMMmbHose.

VY acumauit BOKpyr poToBoit nosocty pacnoioxer Prochioron, ¢dnk-
cupyvioii CO, H nosyvawHMii 32IUTY OT BECIUHUX BO3NCHCTBHA.

¥V kpaunbix Maekonutawinx KKT uMeeT c1oxHOe CTpOEHHE, MpH
ITOM OCcOBOE 3HAUEHHE ITPHODpETAaeT YeThipeXKaMEePHETH xeryaok. Onna
W3 ero cekuuit, pydey, couepKalnHii oTPOMHOE KOJIMUYECTBO MHKpPO-
OPraHK3MOoB, 06eCcneuMBaeT XKHBOTHLIM BO3MOXHOCTE NTUTATLCH MpakK-
THUCCKH Be3besikoBolt muuiei. CaM pyGell M CIIOHA HE COASPXAT Le-
J0MA3, Y TOABKO B PC3YIBTATE ACATEABHOCTH LIENNIOI030PA3PYIIAIO-
IIMX MHKPOOPraHM3IMOR o0pPa3yioTcsl XHPHBIC KHCIOTH {hopmuar,
aueTar, MPOTHOHAT, HYTHPAT). KOTOPBHIC YCBAHMBAIOTCS KXUBOTHBIMH.
MHKpPOOPraHW3MBl YTHIM3UPYIOT Takxe Buiaeasiommnecss CO; n Hi.
MeTaHoTeHbl MPeRpPALLAIOT UX, 4 TAKXKe anetar ¥ (opMHaT B MeTan.
M3 aMMHOKMCIOT MpH pasiaoXkeHHH OHOMACCHI MUKPOOPIaHH3IMOB B
JAMBLHUX OTAEAAX KHIIEYHHMKE CTPOMTCA OE10K KBAUHBIX KMBOTHBIX.
Pybel HaceneH pa3HOODPa3IHBIMH DAKTCPHAMHU M APXCSAMH, a TAKXKC
ApOCTEHIIUME U TpUbamu. B poToOBOI NOMOCTH XHBOTHOTQ PACTUTE b~
Hasl MTHILA CMAYHMBAETCS CMIOHONH W 3arnaTbipaetcst. JONonHUTEALHOES
CMAYHUBAHKE Y MEXAHMUCCKOE UIMETLUSHUE HETICPCBAPCHHBIX OCTAT-
KOB OCYHICCTBJISICTCH TIPH OTPLITMBAHKK MHIIEBOTO KOMKA M €ro LTH-
TCJIBHOM 1€ peKeBLIBAHNM, [1yTCM OTPRLITHBAHMS YIAISOTCS TAKKC 00-
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pasoBasIiiccs rassl. OCHOBHOC PacULenIeHHC HCITHIO30COACKALLE -
ro KOpMa MPoNCXoAHT 8 pyDLle. KOTOPbIH ABASRTCS HASAABHBIM MCC-
TOM /1 pPOCTAa aHAPOOHBIX MUKPOOPIIHH3MOB, 00eCIeYMBasT X «He-
IIPEPLIBHOEC KYJBTUBHPOBAHUE» NIPH TIOCTOAHHON TeMplepatype (37 —
39°C) v pH ~ 6,5—7.00, O6uem pybua coctasasier ot 80 ao 100
HopmanbHag MukpobuoTa pydia conepxuTcs B pydLOBOI KNIKOCTH 1
BLICTHUJIAET TIOBCPXHOCTL Ciln3uceTol odoaoukn. [loacuntano, uro | r
COIEPKMMOro pybia HacuuTLIBaeT A0 ~10'? Kietok npokapuot. HeBosb-
100e KOJIHUYECTBO KHCI0POIA, NIONARA0WETo B pybell ¢ nuieil, GuicTpo
NOTPEOAACTCS. HMEIOIHUMUCA B COOOLICCTRE (DAKYILTATHBHO aHa3poh-
HBIMH MUKPOODPTaHIsMaMiL. [TOLIEMKAHNIO ONTHMALHOIO 3HaucHMs pH
€rocoOCTBYCT OMKAPOOHAT CIOHBI, OAHAKO OBICTPOE HAKOMAEHUE KU~
HBIX KUCTOT, HAMPHUMEP JTAKTATA, MOXKCT NMPUBOANTL K 3HATHTCIBHOMY
3AKHCAEHUID. PyBuoBble ApoKapHOTLI CYHICCTBCHHO PAMTHYAKTSS [0
YYBCTBMTENBHOCTH K HaMeneHusM pH. LennmonoionutHyecke dakre-
PHH W MCTAIHOTCHHBIC APXEH OYEHB JYBCTRUTEALHB! K HIOHWKEHHIO pH,
TOrAa Kax HakTepHn, pacllernsiome KpaxMai, odbiuno pH-peiue-
TCHTHBI. OaHN PYOUORBIC [POKAPHOTH! ARISIOTCH BBICOKOCIIE LM -
POBAHHBLIMH I'PYNIAMI, APYTHC — OONAAIOT LIMPOKO§ cyDeTpaTHoit
cnendruHoCTR. [ToKasaHO, YTO 3MAYUTEALHOI YicilenHocTH (- 107
KneTok Ha | r comepxkumoro} B pybue JOCTHIaoT npeactasyrenn 20
BUAOB POKAPHUOT, OAHAKO ODHOPA3ZHOOOpL3He BakTepuit i apxcii y1oro
YHHKEAbHOIO MCCTOOOMTIHHS OLCHUBACTCH 3HAYHTEIbHO Bbile. Mose-
KYJISPHLIC METOAB M NPAMOC MUKPOCKOMUUCCKOE HAGMIOIEHHE CRM/AE-
TEJILCTRYIOT O TOM, 4TO B pybiie BUAok npokapHot B 10— 100 pa3 Gonk-
LIC, YCM YAAETCHA MOJAYUHTL NYTEM KVJILTHRHPOBAHHA B JAGOPATOPHBIX
yciaoBuax. B pyOLe NOCTOAHHO NPHCYTCTBYIOT TPEACTABATEIM TAKHX PO-
Ao, Kak Ruminococcus, Fibrobacter, Butirivibrio, 0b1agalonux BbICOKO-
AKTHBHBIMM HentonazaMu, Ruminobacter. Selenomonas, Prevorella,
Succinimonas, Strepfococcus, COCOOHBIX PACIUENANTE KPAXMiLl,
Lachnospira, yqacrsyiowast B nepesapusarin nektmua. Clostridium,
00NARAIOLIHE IHHPOKHUMH BOSMOKHOCTSIMI PAIOKEHHH [TOAHCAXAPH-
108 1 nentuaok. MukpoopraHiuimesl ponos Eubacterium, Megasphaera,
Peprostreprococcus. Wolinella, Anaerovibrio, Bacteroides, Micromonospora.
Syntrophococeus, Escherichia, Syntrophomonas w 1p. cnocoBHbl cOpxi-
Bath BOILIIOC KOJUYECTBO CAXAPOB. CIMPTOB, AMIHOKHC/IOT H KHPHLIX
KHCI0T. B pyOue obHapyskeH b cyaphaTpeayunpyiowie bakTepun poia
Desulfovibrio, a w3 MeTaHOTCHHBIX apxeit peobnagator Methanobrevibacter
ruminantium v Methanospirillum hangatei,

['pubbl, oburaoiine B pydue, OCYIICCTBAAOT THAPOAH3 JIMTHITHA
H KCHIAHA, U B MEHbBWEH CTENCHH UEMNA03L, BelaciaeHHbIC M3 pyD-
a rpubni ponos Neoxallimastix, Caecomyces, Piromyces, Oprinamyces.
Anaeromyces, Sphaeromyces IBASIOTC BTOPIMHBIMH aHapobaMu, HMe-
WIHMH MILIPOTCHOCOMD! H COACPKAILMMH [HAPOTCHOTPOMIHBLIC MeTa-
HOTCHb! B Ka4ecTBe HAOCHMONOHTOB. Kak NpasHio, OHH HMEIOT CI10X-
HbIH MHMIHCHHBIH UMKA ¢ 0DPA30BAHNMEM 300COOP.
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CodepxaHie KICTOK pocteiimux B pydue aocruract 10° Ha I,
ITpocreitime — BAKHbLIE KOMIOHENT coobilecTBa pyGld, Tak KAK OHH
CIOCOBHDL! HAPALY ¢ PA3IQKEHHEM PACTHTENLHLIX KOMIIOHCHTOB [Hil-
POANIOBATE KJIETOUYHBI® CTEHKH I'PHOOB, NOMIOUIATL MX 300CTIOPHI,
JATAATHIBATL M NEPCBAPHBATL YaCTHUB! THILE W KIETKH IIPOKApPHOT.
Anaspofibic KIYTHKOBLIE MPOCTCHILME PYDLA OTHOCSITCS K poldaM
Isotricha. Dasytricha, Entodinium, Epidinium, Orphiryoscolex. Wicnonnsosa-
HUE NPOCTEHIMMM KPAXMAIR MOOYJIHPYCT KHCITOTHOCTL COICPXKHMO-
ro pybua ¢ [IPCAOTRPALILIET aUMI03.

TakiM 0Bpa3oM, Nnod deifcTBHEM CNOXHOTO Co00WEeCTBA PydUa pac-
wersieHHe (pyfoli pacTHTENLHON NUILKM NPOHCXoanT B Teuerue 0,5 —
2 cyr. [Ipn posaeHHM OCTEHLIUA KBIYHOIO XHEOTHOTO KOMMOHCHTSI
HOPMATLHON MHKPOBHOTHI PYGLA TIEPCIAIOTCS MY €O CHIOHOH MatepH
N C KOPMOM M B NEPBLIC 1HM TIOCIC POKACHHS YCTAHABINBAKOTCS CRATH
Mekdy cHMOHOHTaMK. MitkpobroTta pyfila Hapaay ¢ OCYLLECTRICHHEM
NPOUECCOB PACIHETUICHHUS CAOKHBIX LENTION030¢c0AepAKaIMX OHOTTIONN-
MEpPOB 0 JICTKO YCBANBAEMBIX COCAMHEHH 00ECNCUHBAET KHBOTHOS
BHTAMHHAMM, BELICCTBAMM-PEIyItopaMi M aKTopaMu POCTA, 3dlUH-
WAET BHYIPEHHUC OPTaHb! OT NMPHKPCILIEHHS U PAIBUTHA NATOreHHbIX
MUKPOOPTAHIIMOR, CTHMYJIUPYCT HMMYHHYIO CHCTCMY JKUBOTHOTO.

Lle/uiono30paspyiuaonie MUKPOOPIaHH3Mbl HACETAIOT TAKXKE KN~
LWEYHHK TEPMHUTOB, TPEHMYLLICCTBCHHO 3AHIOI KHILKY, rl¢ OHH M3
LEJLIONO3BE OOPUSYIOT AUCTAT — OCHOBHOH 3HCPreTHUeckHil cybeTpar
HAceKOMOro. MuxpoGioTa KUIICUHHKA BhICIIHX TEPMHTOB [IPEACTARIE-
HA B OCHOBHOM IPOKAPHOTAMH, ¥V HH3WHX TCPMHTOB 3HAYHTCIIBHYIO
YACTb COCTABAAIOT KIYTUKOBbBIE [TPOCICHIING. BakTepHanhHBIH KOMITO-
HCHT KHIUEYHIIKA TEPMHTOB NPEACTABICH 3HAUMTENbHBIM KOJTHYECTBOM
MOJIOUHOKHCIBIX DAKTEPUI B OPTAHM3MAMH, OCYLIECTBISOLIMMH Dit3-
HbIC BUABI BpOKCHWIT w3 ponos Bifidobacterium. Clostridium, Sporomusa,
Microbacterium, Edwardsiella, Micromonospora, Sebuaidella, Cristispira,
Acetobacterium. B cooBulecTe 3aaHEH KMLWKH TEPMHTOR 0OHApYXKeHbI
TAKKE aKTHHOMHUCTBI W PHKKETCHH, 0Dpasyiole BetiecTsa, obecre-
YHBAIOUIGIE HOPMMIBHOE PA3BUTHC M Pi3MHOKEHHC HACEKOMbIX.

KHMILCHHHUK TepMHTOB pa3iciacH Ha JBC 30Hbl — QAHAIPOOHYW H
a3podHY. Bropas pacnoaaraetea Ha nepudepH KHWLCYHHKA W TIPH-
JErAeT K CC BHYTPEHHEH CJUM3NCTOI nopepXxHOcTH (10 100 MKM B r1y0b
KMIDKH). AHapoOBl I cTpoTHe aHaIpolbl — 3TO KOMITOHCHTB CHH-
TPOHBIX ACCOLUHALIMI, NMPEACTABICHHLIE MCTAHOTCHHBIMHU APXEAMH
poaos Methanobrevibacter, Methanosarcina, Methanosphaera v baxtepn-
amu poaos Treponema, Bucteroides, cynbbatpenyupyioitnMy 1 a3oT-
(GHKCHPYIOUIMME MUKPOOPIaHH3IMUAMH.

HMHrepecHblil BHA cMBHOZa 00HAPYAEH B MYpABeiiHHKAX MYPaBhb-
EB-JIMCTOPC3OB, OTHOCSIUNMNGS K BbICILIEMY PA3psAy U3 poaos Affe n
Acromyrmex. YCTaIHOBICHO, YTO MYPAaBkH B TCHEHHE MHJIJIMOHOB JICT
KVILTHRBUPYT B MYPaBCilHHKax rpubbl ponos Lewcocoprinus n
Leucoagaricus w3 ceveicrsa Lepiotaceae (arapukoBsie) H Takue rpub-
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Hbl€ KOJIOHMH OBUIM HA3BaHbL! «rpHGHbIe cansi». Tlomaepxkanune cana
HaunHaetcst co cbopa cybeTpara ans Bbipatimsanust rpudos. JlucTes
OPUHOCATCA B MYPABEHHHK, M TaM MYPABLH HAUHMHAIOT [IPOLECC HX
OHPADOTKH, BHAYWIC CMAYMBAS CAIOHOH W NEPCKEBLIBAS HA MCIKHE
Kycouku pasMepoMm | —2 mm. TakuMm 06pa3oM. ¢ JHCTBEB yaanseTes
BOnbIIas YaCTh MUKPOOHMOTBL i IIOBEPXHOCTH HX 3HAHUTENBLHO BOIPAC-
TaeT. 3aTeM Macca JIMCTbEB YIOOPACTCH KANOBBIMU MAacCaMH (HCTOY-
HUK a30Ta M QepPMEHTOR?) H YIGIAABIBAETCH [10BCPX CYLIECTRYIOLICH
KyuM cana. bonee crapas yactb rpUGHOIT KOJOHHH (HCTOUHMK TPHOOB)
NepeHOCUTCA Ha HOBYIO ITOPUMIO TUCTLER. Yepes wecTh Heacab CBe-
KHH CYOCTPAT [IOMHOCTRIO pasnaractcs IpHbaMu u Gonee cTapblii cvb-
CTPAT OKA3LIBAETCA BHU3Y KyUKH. MCMOAB3IOBAHHLLL cybeTpaT vians-
€TCSt ¢ HHMKHER YaCTH KyUKM U TOMCLIACTCA B «MOMOMHYIO AMY», KO-
TOpas MOKeT OblTh BHE IWIHM BHYTPU Mypaseinuka. PaGoyne mypassn
TTOCTOSIHHO CICIAT 3a canoM. OHU, HATIpUMEp, pacnpencisior npoTe-
a3bl 110 MOBEPXHOCTH KYYH. ITH hepMeHTBI 06pasyioTest rpuboM. Bbl-
DeNsTC TIPY NepeBapMBAHUN [PHOA NTHYMHKAMU W ¢ (DeKUTHIME
NOCTARASIOTCH PABOYNMU MYPABLIMU B pa3Hbie vacTH KyuW. Kpowme
TOrO. MyPaBbM CHELHANBLHO PBYT TM(bbl TPUBOT A CTUMYIHPOBAHMS
UX pocTa. OHHU TaKxKe PeryaupyloT TEMIIEPATYPY M BIAKHOCTL BOKPYT
KOJTOHHH Caldd, OTKPLIBAA U 3AKPbLIBAH BEHTWISIUMOHHbBIE OTBCPCTHS.

Ornpasisisich B GpauHbI N01ET, CaMKa OepeT ¢ coboit yacTh rpud-
HUUbL Ccana At YCTPOHCTBA HOBOH rPUOHOI KOJIOHHH B HOBOM MYpa-
BeitHuke. [Toka He MOABMIIMCh HOBBIC pABOYHe MYPABEH, CAMKA YXi-
AHBACT 30 CAIOM caMi, NOAKAPMANBAS TH(PAMM HOBBIX THYHHOK.

YeraHoBIeHO, YTO IPUBHBIC CAb TIOPAXAIOTCA AATOTEHOM W3 Poja
Escovopsis (Ascomycota), 115 KOTOPOTO BLITOIHSIIOTCH 3AKOHOMEPHO-
cru nmoctynarta Koxa. Ecan pabounx mypasbeB yIausioT M3 caga, To
napasuT BhicTpo (MHoraa 3a 12— 24 u) nepepactaeT rpubHoro npony-
UEHTA U call norubaer. [nbens caga 06BIMHO OPUBOANT K rHHEnH Mypa-
BCHHMHKA.

HexoTopeie ydeHble HAOMIOANIN, YTO PAGOTHE MYpaBLM, RbIPALLH-
BAIOUIME TPHOHLBIE Caabl, NOKPLITLL OEI0BATEIMHU TPAHYIAMI . KOTOPLIES
NPHHAMANK 33 BOCK, HO 3aTcM OBIIO YCTAHOBAEHO, UTO 3TO NAOTHBIC
KOMOYKH HUTHATHIX BAKTEPHIR-aKTHHOMHULICTOB, HHOIIA OHM MTONHOC-
TBIO IOKPRIBAIOT TEJIO MypaBLA. AKTHHOMULIETHI TEPEAAIOTCH OT Mypat-
BEHHHKA K MYPaBeHHHMKY BCPTHKANBHO, T.C. CAMKQ, OTIPARISACH B
OpavHbIH 1OJIET, HECCT HEMHOTO AKTHHOMIIIETA HA KVTHUKYIC. DTH
AKTWHOMMLIETHI 00Pa3yIOoT MOUMIHBIA AHTHONOTUK, OJIABISIOUINIT pOCT
narorcHa posa Escovopsis. AHTHOMOTHK H CaM MOXKCT 3aLUMLIATI MY-
paBbeB OT HH(PCKUMM (IHTOMONATOTEHHRIX rprbos). Paboune mypa-
BhU, 0OCHYKNBOLNE CAAbl ¢ HCKYCCTHBEHHO BHECAPCHHBIM TYIA MATO-
FEHOM, CTHMYHPYIOT DA3BUTHE dKTHHOMUUETA Hi MIOBEPXHOCTH Ky-
THKYJIBI yKe uepes 8 AHEH mocile BHECCHH natoreHda B cajg. Bosmow-
HO. 4T0 CMEeHHaTbHbIE MIAHIB MYPABBEB OOPA3YIOT BEILECTBA, CTUMY-
JUPYIOLHE POCT AKTHHOMMLIETA B ONPeIeeHHbBI mepHo,
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Y 4enoBeKA TOJILKO KPOBh M AHM(H CEODOAHBE OT MHKPODOB. Muk-
poduota HikHux otaenos AKKT rpeactaBiacHa B OCHOBHOM 3HTEpO-
BaKTePUAMU H CTPOIHMI aHaspobanmu poia Baclercides, B oTinune OT
pybua, npocTeiline B 3TOM COOOILICCTBE OTCYTCTBYIOT. ECaM B TOHKOM
KMLIEYHHWKE LIMHOM 12— 14 M nHLIEBO# KOMOK HaxomnuTes 2—4 4, a
CONEPAKAHME KICTOK MHKPOOPraH3MoB He mpesbinaet (0% wa 1 r, 14
B KOHECYHHIX OTACTAX TOICTOrO KHIICHHHKA LAHHOI 1,53 M 1 ofbeMoMm
0,9 — 1,7 1 HacunTBIBaeTCs yXe cBbie 10'° KieTok npokapHot Ha | r
COOEPAHMMOTO M IIHILEBOH KOMOK 3afepkuBacTest Tam 12— 24 v, Tipa-
Mas KHIUKA XAPAKTCPHIVCTCA CASAVIOIMMHM (PHIMKO-XHMHYECKHMH
yehoBusiMu: temnepatypa 36 —37°C, Eh = -200—-300 mMB. comep-
KAHME CYXOr0o BeUICCTBa B KaNoBbiX Maccax 20— 30 %, obHapykeHb
JIETYUHME XKMPHbIE KUCHOThL (AUETAT, [POMHOHAT, OYTHPAT), Hejlety-
ure KHCAOTBLL {(hakrtart, cykumnHar), raser (CO,, CH, H.o H,S. N,
NH: ¢ npucteHouHo — O,), CNeNOBBIE KOAHYECTRA AMHHOKHICIOT i
MEeNTHINS, CYLUIECTBEHHOC KOJHUCCTBO LENTHN03bl, [EMULICINIO3
M MYKOLIOJINCAXAPHIOB, KOTOPLIC CAylMBaoTest ¢ snmuTenmns KKT.
[IpHCYTCTBYIOT B HEGONLILOH KOHUEHTPALMK BHTAMHHBI rpyrifinl B v
IHAYUTEIbHBIC KOJIMuecTBa HoHos Na' u CI7. Kanosbie Macehl Ha 90 %
COCTORIT M3 KJIETOK MHKpoopraHi3MoB. [1peodnagatoluiMH 34eCh S1B-
JHIOTCH npeactasuteny poaa Bacreroides (1o 70 %). B 3naudTCIBHEBIX
KOMHUYECTBAX BLISIBIAIOTCS BHilbl POAOB Streprococcus. Bifidobacterium,
Peprococcus, Peptostreplococeus (10 10'° knetok Ha 1 1). Ewe okono 400
BHAOB MHKPOOPIraHM3MOB [PMCYTCTRYIOT B 3HAYMTENLHO MCHBLIIHX
KOJHYECTBAX (B TOM 4MCAC MeTaHOTeHHble apxed). OCHOBHas Macca
NOCTOAHHO MPUCYTCTBYIONMX B KHINEYHHKE POKAPHOT (pe3udennia)
PA3BUBACTCA B TIPUKPCTIICHHOM COCTOAHMH, 0Dpasyst OHOIUICHKH Ha
cnH3ucToi obonouke. Ocobasi MEKPOOHOTA HMECTCSL ¥ TPYAHBIX AETeI,
NICPBBIMM KONOHW3HPYIOT KHIIEUHAK £, coli, 3aTeM npeodiaaaior Mitk-
pooprannimbl pona Bifidobacterium. HopmanbHas MUKpoOHOTA HMeeT
JHAUCHIC B ACTOKCHKAIIMH HEKOTOPBIX BEIUECTB, B CHHTE3C BHTAMHA-
HOB. B MOJABICHUH MTATOTEHHBLIX (DOPM. B TOM YMCIIC TIPEMATCTBYS HX
NPHEPCIVICHHIO K CTEHKAM KMIIEUHHKaA. Psii MHKPOOOB-CHMBHOHTOR
ZKKT npu nonaaaHUH B HCCBOHCTBEHHBIC HM OPraHbl M CHCTCMBL, A
TAKKE MPU CHHXCHHM MMMYHHOTO CTATYCA MAKPOOPFIHM3IME MOXCT
Bbi3BaTh CCPbC3Hbie HHMCKIHOHHBIE 3aD0neBannsa (MHKPOOPTAHW3IMBI-
onnopmynucnme’). Hanpumep, Fusobacterium newrophorion upy 1npodo-
JCHHHM KHIIEYHUKR TIOCENNETCsl B KIACTKAN TICUCHH, BbI3bIBdS HEKDPO-
TH3ALMIO TKaHeH. MUKPOOPTraHH3MbL HACEHSIIOT HE TOJAbKO BHYTPCH-
HIIEC, HO H BHEWIHME ODOIOUKI UCTOBCKA, HATIPHMED KOXY. 30eCh TaK-
KE NPHCYTCTRYIOT ONMOPTYHHUCTBL. SPKHM TIPUMEPOM KOTOPLIX HBIISI-
ercs rpub Candida albicans, B nopme Beaylinii canporpodHsd odpas
AH3HU HA KOXKE H CAM3HCTELX 000/1I04KAX POTOBOI TIONOCTH H NOJOBBIX
OPLAHOB CAOBEKA, il TIPH HIMCHEHITH 0DMEHA BCLUECTB, B YACTHOCTH
Npu BEpEeMEHHOCTH, CNOCOOEH BLIABIBATL HH@EKUNOHHOC 3aD0meBd-
HHE «MOJIOUHHLLY»,
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BiaumopeiicTBHA MHKPOODPranH3MoB u pactenwii. OTHOWICH M. BO3-
HUKAIOILHE MEXKAY MHKDOOPIaHH3MAMM M DACTEHMSIMH, GAIHPVIOTCH
K2K Ha oOMeHe MeTaboMuTaMy, Tak U Ha OBecreyeHn hiruycckoro
KOHTAKTa. MHKDPOOPraHU3Mbl MIPAIOT CYILECTBEHHYIO POIb B rpoiicc-
Cax no4YBOOOPA30BAHIA, T.€. CO3AAOT CPELY OBHUTAHMS I pACTEHMIl,
Pa31oxeHUC CIOKHBIX BHOTOTHUYECKHX [TOJMMEPOBR MHKPOOpraHuiMa-
MW BO3BpAUIaeT B OKPYXAIOWYK CPCIy COCIMHEHHS. HeOBXOAMMBIC
U1 pOCTa M Pa3BHTHA pacTeHHil. TpyaHO nepeoueHNUTh rofubHbH
NIPOLECC CBAZBIBANMI MONECKY/SIPHOTO 330T4, CBONCTBCHHBIN TOMLKO
MPOKAPHOTAM, KOTODBII 00OTALLACT MOMBY A30THLIMW COCIMHEHMSIMMU.
['prGhl cnOCOBHBI OBeCeYMBATL PACTEHMS COCIHHEHHSIM docdopa.
Creundmucckne MUKpoBHbIE MeTaBOTHTEI MOIYT BJIHATL HA CKOPOCTh
poOCTda pacTCHMIA. .

Muuenuansable MUKPOOPIaHN3MbL B CHMBHO3C ¢ PACTHTE/ILHBIMM
KOPHSIMI CIIOCODHBI OCBOMTB §0/IbllIEC TIPOCTPAHCTEO MOYBBI JUIS MH-
TaHus. Paj MHKpPOOPraHuiMoB NyTeM BblIeIeHUS dHTHMHKPOOHBIX CYD-
CTAHIMH MOXET CACPKHBATL KONOHHIAMIO H HH(PUIHPOBAHME pas-
AMMHBIX 9ACTCH PACTEHNA (BUTOTIATOICHHBIMI MHUKPOOPTAHHIMAMH.

XKuBible PACTEHM, UX MEDPTBBIC OCTATKH. 2 TAKXKe PAITHYHBIE TIPH-
KHUSHCHHDIC BLIACICHUA SBISIOTCH MCTOMHHKOM TTHIUK A1 MUKDPOOD-
FaHW3MOB. KidK MOBEPXHOCTHBIC, TAK M BHYTPCHHUE CTPYKTYPB! pPacTe-
HHSL MOIYT CIYXUTh CPejloi OBUTaHUA MHKPOOPTaHM3IMOB, [1peroc-
TaBWIA HM NPOCTPAHCTBO Ut POCTA, BO3BMOXHOCTb NEPEMELLIEHNA W
PACcHPOCTPAHCHHS BMECTC C YACTSIMH PICTCHHS, @ B PIJAE CAydaen u
3aUUTY OT BHCLWINMX BO3ACHCTBMIE. TlokazaHo, 4TO pacTeHHs MoryT
OKa3bIBaTh HATIPABACHHOE BIINSTHUC HA OKPYXKAIOLLYIO €10 MUKPOGHYIO
ACCOLUHAUIIO, BOLIICASAN BELUCCTR-LMMPaKmanms WIH peneiteHnis,

MHKPOBHO-PACTHTEILHBIE B3AUMOOTHOLLICH S VCTAHABIHBAIOTCST
YKE Ha CTAINH 00PA30BAHUA CeMEHM, 0B0/I0YKA KOTOPOTO, 4 YacTo K
BHYTPCHHME CTPYKTYPLI HECYT KICTKH MM NOKOSKIULMECS (GOPMbBI MHK-
POOPraHHIMOB, KOJMHUYECTBO H TaKCOHOMUHYCCKAS MPHHAITEC X HOCTh
KOTOPBIX ONpeaeIsoTes MHOXKCCTBOM (PHIHKO-XHMHIECKHX H GHOI0-
FHYeCKUX (haKTOPOB OKPYKAIOUIEIT CPEbl, @ TAKKE CHBONCTBAMM CaMO-
ro cemeHH. Cpeau MHKPOOPraHH3MOB, OBHAPYXEHHbBIX Ha MOBCPXHOC-
TH M BHYTPH CCMAH, HANBOJICE HIBECTHDI [PENCTABUTENN TAKUX POAOB
a3pOBHBIX W aHa3poOHLIX BakTepnii, kak Bacillus, Clostridium, Arthrobacter.
Agrobacterium, Erwinia, Pseudomonas, Xanthomonas, Streptomyces w gp., a
TAKKE TPHOOB. OTHOCILINXCS K posam Aspergilius, Botrytis, Claviceps,
Fusarium, Acremonium. Penicillium, Puccinia, Trichothecium, Phytophtora,
Verticillium, Ustilago w np.. cpenn KOTOpBIX €CTh U (hHTONATOTCHHbIE.
Kax MUKPOOPTaHH3MLL, TaK M CTPYKTYpHI CEMEHH, HECMOTPSt Ha 3a-
MEUTCHHBIH MeTabOoIM3M, MOCTOSHRO HAXOMITCH MO BAMSAHUEM npo-

AYKTOB 0OMeHa pelects apyr apyra. [pu IPOPACTAHHM CeMCHHM B BJ1a-
FOMPUSTHBIX (PH3NKO-XHMHYECKMUX YCIOBHSIX META00 HUCCKHE npouec-
Cbl B HEM W B MUKPOOHOI ITONMY/ASIIMM, ¢ HYM CBSI3AHHOM, 3HAYHTE b-
HO AKTHBH3HPYIOTCH. MeTab0ANTD, BBIACAAEMbIE KK MHKPOOPTAHM3M-
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MH, TAK H CeMeHCM, 00aa1atoT opeAcieHHON crietnpHHOCTbIO, CTH-
MVINPYS WITH CACPXKHBAS POCT PASTHYHBIX I'PYAN MUKPOCGPraHU3IMOB H
BIMAS HA NPOLECCHl POCTA M PAIBHTHR MOJIOLOTO pacTerusi. Kpome Toro,
npH o0pasoBaHUK TIPOPOCTKE YacThb MONYIALAH MMKPOOPraHH3MOB
MCXAHHYCCKH BRIHOCHTCS! H3 IMMOYBLI B BO3AYUIHYIO CPCLY. HOBTOMy MnpH
AHATH3C B3AUMOOTHOLICHMIT pacTcHWIT U MHUKPOOPIaHH3MOR WX Tpaau-
UHOHHO MOAPA3ACAAIOT Ha BHYTPHIIOUBCHHBIC M HA3CMHBIC.

Pa’iBHBElIDLL[HﬂCSI KOpHEBAA CHCTEM. ITPOHHKAS B I"H}'ﬁb [TO4YBbl, BCTY-
MacT BO B3aHMOICHCTBHC ¢ FIOMBCHHBIMH MHKPOOPTAHHMIMAMM, KUBOT-
HbIMH H KOPHSAMM ApYrHX pacTeHHil. Bokpyr KopHa (opMupyeTca Tak
HA3BIBACMAS p30chepa — OKPYRKAIONEE KOPCHb TPOCTPAHCTBO 11048BbI
ouaMveTpom (—8 MM, XapakTepHivioleccs: D0ace BBICOKOH TUIOTHOC-
ThIO MHKPOOPTaHH3MOB. KonnuecTno MHKPOOHBLIX KIETOK B priocdepe
MOXKET NPERLIATE HX YHCAOQ B OKPYKAIOWICH TIOMBE JaKEe Ha NOPALOK.
[TpoCTpaHCTBO AOBEPXHOCTH KOPHS YACTO OMIPEACARIOT KaK OTAEALHOC
MECTOOOHTAHHE MHKPOOPTIAHHIMOB, HABLIRAEMOE PU3ONIAHON.

CTHMYIALNS pOCTA MUKPODHOTO COOOIKECTBA TIPOMCXOMT 3a CULT
MPOAYKTOR KHIHCACHTENLHOCTH KOPHEBOH CHCTCMbl pacTenHs (Kop-
Heabix denozumos, pu3odenosumos). ITO MOHATHE BKIIQUACT KopHegbie
3!\‘(‘(')-’()("?”)1 (BblﬂCIICHI'ISI) — HHIKOMOJCKYISAPHbLIC OPraHHMYCCKHE BE-
wecTra (Caxapa, CHUPTLl, OPraHHYCCKUE H aMMHOKMCIOTBI, BHTAMM-
HbI. TOPMOHEI M T.A.}), 4 TAKXKC BBICOKOMOJCKYIAPHBIC MeTAD0IUTHI
(motHcaxapujaHbie ¥ OENKOBbIE CAM3HM, (DEPMEHTBI) H YTpPaAuYCHHBIE
UACTH PAcTeHH (CAYWHBAIOWHCCH KICTKH, OTMEPLIWE YMACTKH KOp-
HSL, KOPHCBOIT uexauk U 1.1.). [Toacuurano, uro Goaec 40 % yraepo-
i, 3UKCHPOBAHHOTO B Mpoliecce (OTOCHHTE3a, TEPACTCs B BHIE
KOPHEBLIX ACTOIHTOB. Haudonee MHTeHCUBHAA «YTCUKA» TAKHX BCHICCTBE
MEPOMCXOINT B 30HE PACTAKEHHSI KOPHSL NpH ero pocte. C aApyroii cTo-
POHBL, I [IPHCYTCTBUH NMOTEHLMAIBHOTO MATOrCHE HEKOTOPBIC pacTe-
HUA OBPAWIOT humoaiexcunn,, OBANTNOMME CNCUMAHUYSCKON aHTH-
MHKPODHOH aKTHBHOCTBIO. PacTeHHE TAKKE CMOCODCTRYET WIMCHCHHIO
(PH3MKO-XHMHYCCKHMX YCIIOBHIT cpeabl OOHTIHUA MHKPOOPraHi3MOB,
OKa3bIBASI MEXAHHMYCCKOE BO3I[EHCTBH€ Ha MO4YBY, BhiBOAH HEPE3 CBOIO
COCVAMCTYIO CHCTEMY Psii ra3zon (HampHMeEp, MeTaH Ha PHCOBLIX ue-
KAax) ¥ TPAHCROPTHPYS KMCAOPOA B aHA3PODHbBIE YYACTKHA NOYBLI BOK-
pyr KopHs. PuiocdrepHble MHKPOOPIaHU3MbL, pa3BUBASsCh Ha KOpHe-
BbIX AEMNO3NTAX PACTCHHUA, B TpoLccce MeTaboMu3mMa W 1ocae oTMHpa-
HHUST MHKPOOHBIX KJIETOK 00Pi3yOT NUTATENbLHbIE BelIeCcTRa B (hopMax,
JOCTYIHBIX JUISA HCHOAB30OBAHUS PACTCHUAMM.

COCTaB H KOMHYECTBEHHLIC COOTHOIIEHHA KQMIOHCHTOB MHKPOG-
HOTO COODLIECTBA PH3IOCHEPLL 3ABHCHT KAK OT BHiAa PACTCHUA, TaK H
OT MCCTQ €T0o NPOH3paACTaHHS.

CobbLITHH, NpOMCXoIsiiune B puiocdepe NpU pocTe KOPHS, MOIYT
ObITH CXeMATHUHO ONHCAHB! CACAYIONIMM 00pazoM. bakTepyH B noyse
KOHLUCHTPHPYIOTCS HA [HOBCPXHOCTH OPraHHYCCKOrO MaTepHaIa 1 OT-
JHUAoTCs ¢aabolf MeTaboAHUCCKOH AKTHBHOCTRIO M3-32 OTPAHMYEH-
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HOH ZOCTYITHOCTH MUTATENbHbIX BetlecTB. [1pu pocte KopHs ckposb
[I0YBY BOKPYI KOHUMKA YBEJTUMHBACTCS CONCPXKAHNE JOCTYMHBIX [T~
TCIbHBIX BELIECTB 33 C4CT KOPHEBBIX BbLACACHMIT, YTO crocobeTsveT
AKTHBH3AUMH MUKPOGHOTO pocTa M BBICBOBOXAECHHIO AOCTYMHBIX LIS
pacteHust (hOpM R30THBIX CoeaMHCHI. Bospociuas yncieHHOCT, MIK-
POOPTaHI3MOB PU30CHEPD] TTPURICKACT TOUBCHHBIX MPOCTEIH LI, KO-
TOpbIE [TUTAIOTCH MUKPOOHBIMU KIIETKAMH, MPU 3TOM TPETh «BAKTCPH-
UIBHOTO 230Ta» BRIAEAACTCH B BHAC MOHA aMMOHHA. Ya¢Th aMMOH S|
TIOTIOWACTCS PACTYIIMM KOPHEM. MUKPOOPTAHH3MBI TAICKE 00pa3yioT
(hePMCHTBL, CHOCODCTRYIONIME MHHEPATHIAMHE CJOKHBIX OpraHuHc-
CKHMX COCAMHEHMIT IO MPOCTHIX, JOCTYITHLIX PACTEHMSIM.

Tipn KOJIOHM3ALINY [TOBEPXHOCTH KOPHS MHKPOOPTAHHIMAMHE MO-
YT ObITh 3aNeHCTBOBAHDI CIIEUHATBHBIE MCXAHH3MbL HPHKPENICHMS.

Coszanne KopHCROH cucTemoii pacTeHMs GraronpusTHOM cpeanl
ODHTAHMS [UISI MAKPOOPTAHU3MORB [1YTEM [OBBIIICHHS VPOBHS NHTa-
TEJBHEBIX BEILECTB MNPHBOINT HC TONLKO K YBEIMYEHHIO YHCICHHOCTH
MHKPOBHOIT MOMYAAUNN, HO MHOLAA M K 3IMCTHBIM M3IMCHCHUAM B
COCTABE MUKPOGHOIO coobiecTRA. MHOIHME CTPCTITOMMIETH VEMENTHO
XOJTOHM3UPYIOT pH3oChepy. TaK KK CnocobHbl obpa3oBhBATL AHTH-
BUOTHKIL H VCNELHO KOHKYPHPORATL € BHICTPOPACTYIINMU GaKTepHsl-
MH pH30ChEepLl, TAKUMH, KaK NCCBAOMOHAIB 1 Baunanet. K tomy xe
AKTHHOMUICTBI, UMEIOLINE MHLETHANILHYK) OPTAHH3ALMIO, MOTYT OC-
BAUBATL DONCC CYXHC TIOYBLI, Y€M OTHOKIETOTHBIE (DOPMBI, KOTOPBIM
ANst OCYVUIECTBREHNS ABHXKEHWA HeoBXonMMa BoaHAs tuieHKa. Bakuyio
DOIb UIPAIOT MUUETHUILHBIC MPHOBI, KAK CBODOAHOKHMBYLLME, TaK M
MHKOPH3HBIC, B 0DCCIICYCHHH PACTEHHS MHHEPANbHLIM MHTAHMEM, B
UACTHOCTU COEIMHEHNSIMU (hocdopa. 3a cueT PA3BHUTIS MHLCIUS FPH-
GaMH MOXET OCBAHBATHCS 3HATHTCIBHO BONBUTHI 0GBEM MTOYRhL. Ilpu
POCTE PACTEHHS B MECTAX ¢ HU3KUM COJACPAKAHUCM CBAZAHHOTO a30Ta
MOBLIULACTCS HATCHUE A30THHKCUPYIONX pH3ochepHbIX BakTepuii
PONOB Azofobacter. Azospirillum u Azoarcus, OCYIMCCTBASIOMNX accontia-
musHyto wromurccaqio. Coobluectso pu3ocdepsl BCerIa BKIIOYAET
MPOCTEHUIHC M HEMATONbI, KOTOPLIE MPUBICKAKTCH BLICOKUM YPOB-
HeM passHTHA GAKTepHH 1 rpubor B 3TOI OBIACTH MOYURLI.

MuKpoOpraHuIMel pusochepbl OKa3bIBAOT BIHSHIC HA PACTCHHE
HE TOILKO MYTEeM NPeodPa30BAHMSI CIOKHBIX OPTAHMUYCCKHX BEILECTB B
AOCTYITRYIO A5t PACTCHHsE GOPMY, HO 1 30 CUET CIMUMPATMOPOs pocma
(Harmpumep. rnbOepeTHHOB), KOTOPLIC BO3ACHCTBYIOT HA MOpgoo-
THIO W (DH3MONOTHUIO PACTERMS, A TAKXKE APYIUX cneUHPHIEeCKIX MCTA-
BOMUTOR, HANPUMED ITH/CHA, BBI3LIBAIOLIErO PAHHCE LBETEHMHe.
B ripHCYTCTRMI NATOTEHHBIX MHKPOOPIAHMIMOB MHUKPOOPIAHHIMbI
pisochepsl MOTYT CHHTEIHDPOBATL PABIMUHLIC OUOKOHMPOIUPYIOUle
aeeHmor (AHTHOMOTUKH, depMeHTB, cuaepodopsl 1 ap.). NoaAnis-
OLHE POCT HeXenaTeNbHOW MukpoduoThl. IpoayieHTs TakKx arett-
TOB OTHOCstTest K ponaM Pseudomonas, Bacillus, Agrobacterium. Trichoder-
ma u ap.
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BHOTEXHOIOTHYECKOS HCIOABL30BAHHEC PH3OCHEPHOTO CHMBHO3A
PACCMATPHUBACTCH B HACTOALICC BPCMA B ABYX acnektax: 1) durtopeme-
JUHAIMS 3aTPsI3HCHHLIX BOJ M ITOYB M 2) MommdHKatHsg pulocgepHoro
MHKPODHOTO coobUIecTBa AUISI CO3ARHUA OAATONPHATHRIX YCTOBHIA pas-
BUTHS CEILCKOX03SIHCTBCHHBIX pacTeHi i, B nepBoM ¢Ivyae YCIICHIHAN
OHoACTpaAaUHA KCEHODHOTHKOR TIPOMCXOAHWT WMCHHO B CHMOMOIEC
MHUKPOOPTaHW3IMOB ¢ PACTEHHEM, (IPHYEM BO3MOXHA FT€HHO-HHAKCHED-
Has MOAHGHUKALMA KAK MUKPOGHOTO KOMITOHEHTA, TAK H CAMOro pac-
TEHHS s TIOBBILICHHH AKTHBHOCTH TPAHC(POPMALIHN TpYAHOpa3Iara-
eMbIX BeliecTB. Bo BTOpoM ciayuae NMpeanoiaraeresl BCACHHE B ¢O00-
ILEeCTRO KAK MHKPOODIAHH3IMOB, AKTHBUPYIOUIMX PA3BHTHE PACTEHUSI
(230TOUKCATOPOR, MNPOAYLEHTOS CTUMYNSTOPOB POCTA), TAK H TIOCTAR-
LHKOB DMOKOHTPONHPYIOWHX dreHTOB, CACPKHBAIOWHX APOHHKHO-
BCHHC H POCT MATOICHHEIX MHKPOOPLaHN3MOB. MHTpOAVLIPYCMBIC opri-
HM3Mbl MOT'YT OBITh BBIACACHB! H3 OKPYXXAIOIIEH cpeabt HIM «CKOHCT-
PYHPOBAHL B JTUDOPATOPHMU.

ITpoCTPaHCTRO BOKPYT HAL3EMHbBIX HACTEN PACTEHHS, & TAKKC TKa-
HH 3TOro pacTeHHs 00pa3yoT duuitochepy, B KOTOPOI BLLICISIOT Cob-
CTBEHHO TIOBEPXHOCThL PACTCHHUSA, HA3BIBACMYIO daiontanon, Koauye-
CTBO MHKPOOPTAHHIMOE, OGUTAIONIHY HA HAA3EMHOI YaCTH PacTeHHS,
CPaBHHMO € YHCACHHOCTBIO MUKPOOPTAHUIMOB B TTOUBC M ROCTHIACT
10% kaeTok Ha | 1 ancroBoit Macesl. CocTaB MUKPOBHOTO CoodLICCTRA
hrantochepsl TPHHUHOHANBHO HC OT/AMYAETCH OT CooBlIecTBa, mpH-
CYLICTO CCMCHAM pacTeHMil. Cpean ero npeacTaBHTCIC OTMCHCHBI Kak
canpoTpodiHbIC, TAK H MATOTEHHBIC BHLL COCTIB M MUCIEHHOCTD KOH-
KPETHOro MHKpoOHOTro coobiectBa hHLIoChepsl 3aBHCAT OT BHIA
PACTCHUA M OT COYETAHUS QUINKO-XUMHIECKHX (GAKTOPOB CPeInl £T0
obutanusi. MHUKpOOpraHu3Mel, OOHTRIOWHE HA JIMCTBAN PACTEHHMIH,
MOMHUMO YITOMSIHYTBIX BbILLIE, OTHOCATCS K posaaM Beiferinkia, Enterobacter,
Acetobacter, Methyvlobacterium. Rhodotorula n np. Ilpu npopactaHiu co-
CTAB M KONHYECTBEHHDBLIE COOTHOMIEHUA KOMITOHCHTOR MHKPOBHOTO
COOOLICCTBA, BLIHECCHHOIO B BO3AYILHYK CPEIy W3 MOYBbl. OVAVT
MEHATRCS TOM BAHAHUEM PAKTOPOB OKPYXAOLUIEH Cpeabl, MeHsaerost o
PACIONOKCHHE KACTOK MMKPOODPIAHHIMOB HA NOBCPXHOCTH THCTA: ONHH
pacnipeaeasitores AudyzHo, APYrHe ODPRIVIOT CKOTLICHUS BOKPYIL
YCTBHIL, DT0 OCHOBHbIC MECTA ODMEHA pacTCHIS META0OTHTAMH C OK-
PYXAIOUICH Cpeaoi, e OCYUICCTRMETCH rajoobMeH, BLIASICHWE e~
TYMHX H HEJCTVUMX COCAMHECHHH, CAVAKALMX MUTATCAbHBIMH CYOCTPA-
TAMU JUTSI MEKPOOPraHin3IMon, Hepes yeThHLA TaKKC MOFYT MPOHHKATL
MATOrEHHBIE MHKPOOPTAHM3MBI H BBIACTATHCA (huimomiitidor, COENMHE-
HHSA AHTUMHKPODHOIO AEACTBIA, HOLABBIOUME PAIBHTHE MHKPOOD-
raHusmoB, Takuc BellecTBa ¢nocoOHbl CHHTC3HPOBATEL XBOHHLIC ACPE-
BhSI, YARHBIE KYCTLI, PACTEHHS YCCHOKA, JIYKA, [IPSIHOBKYCOBLIC pac-
TCHUS I T. 1.

SIpKMM NpOSIBIEHHMEM MYTYUTHCTHUECKOTO CHMOHO31 MUKPOOpTA-
HH3MOB M PACTCHHI! MOMXHO CHMTATL NMPOUCCT CHMOHOBINHECKOH Q30h! -
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hukccauuu, TpU KOTOPOM MUKPOOPTaHU3M OGECIIeUMBACT PACTeHHe
CBA3AHHBIMM (DOPMAMH a30Td, @ PACTEHHC CHABKACT MHKPOOPLIHU3M
NUTATEILHBIMH BELIECTBAMH M HEPIUeil M 3aLUMILAET HUTPOICHA3-
HbIH KOMILIEKC OT ReiCTBHS KHCIOPOAd. MHUKPOOPIaHW3MBL, CIIOCOB-
HblE K CHMOHOTH4CCKON a30THHKCALIHU, OTHOCATCH K poaaM Rhizobium,
Bradyrhizobium, o6pasyioluM K1yGCHbKM Ha KOPHSIX GOBOBbLIX pacTe-
HMit, W Frankia, BCTYIRIOWAM B CUMGHO2 ¢ HEKOTODBIMH IBYA0AbHbi-
MM ApEBECHBIMU pacTeHusMK (Bepesa, onbxa. obacnuxa u ap.). Kop-
HeBbie BOTOCKH 6060BbIX pacTeHitii 06pasyrOT aTTpakTaHTsl IaBOHO-
MAHOWN MPUPO/IbL, KOTOPbIE CMIEMDUYHO NMPUBIEKAIOT MUKPOOPIaH W3-
MBI U JAN0YCKAKT CHMHTE3 MUKpOOHBIX Nod-thakropos, obecneymBar-
ILMX B3AHMOOEHCTBHE € PACTCHHEM. MUKPOOPTAaHHIMBI TAKKE CHHTE -
3UPYIOT JeKMtisbl, YHACTBYIOWME B aAre3UM BaAKTEPHAIbHBIX KICTOK Hil
MOBEPXHOCTH KOPHA, H CTUMYJISITOPLI POCTA PACTCHMIt (MHAOMMIYK-
CYCHYIO KHCAOTY). CTUMYISILHS POCTA YACTH NMOBEPXHOCTHBIX CIOEH
KJICTOK KOPHCBOrO BONMOCKA MPWBOAMT K GO CITMPLTHIALUMH, 4 MHK-
POOPraHU3Mbl MOMATAIOT BHYTPhL cRupain. Pazmardenue obonouex
MOBCPXHOCTHDIX CTPYKTYP KOPHS 1104 ACHCTHEM (epMeHTA nonura-
JAKTYPOHA3bl ACT BO3MOXKHOCTL GAKTEPHUAIBHBIM KJACTKAM NPOHHK-
HYTh BHYTPb KJIETOK PACTEHMS 1 ChOPMUPOBATL MHPECKUHOHHYIO HAT.
B TeTpanioMaHeIx KieTkax KOPTEKCa KOpHA HHQEKIHOHHAA HITL pac-
NAjaeTcs Ha YILIMHCHHbIE 00pa3oBaHus HenpaBUAbHOH QopMbl (fak-
mepoudsry. TIpH HTOM TCTPANIOUAHDbIE KICTKM MHHTCHCHBHO PAa3MHOXKA-
I0TCst U 00PA3YIOT HAPOCTH! (KayOeHbki) Ha KOPHSIX pacTeHHil. Bryrpu
KJ1yOEHbKOB H [IPOMCXOAMT MPOLEce CHMOHOTHYIECKOT a30TdhuKCaIim,
KOTOpas COMPOBOXIAETCH COBMCCTHBIM CHHTEIOM CJIOXHOTO COEAU-
HEHUS Aeccemoeiobitna, BEIKOBYIO YaCTh KOTOPOTO 06pasyeT pacTeiue,
4 TeM CHHTE3HUpYET DAKTCPUsL.

MuLennanbabii opraunam poaa Frankia, NPOHUKAS B KJICTKH KOPHS
PACTCHHUA, CTUMYIUDPYET JIOKAILHOC PAIPACTAHHC TKAHEH KOPHS ¢
0bpazoBaHueM KAYOEHBLKOB. [TpK 3TOM rudibl BHYTPH KopHs obpasylor
Pa3BETBACHHA M PA3TYBAIOTCH HA KOHLAX, NPEBPALIASCE B GEFKYAV,
OCYLUCCTBIISIIOUINE (PHKCALMIO MOJNEKY/ISIPHOTO a30Ta.

[LInpoxo pacnpocTpaHeHHbIA THIT MYTYLTUCTHYECKOTO CHMBUODY —
Mukopu3za («TPUDOKOPEHb» ). DTO MUKPOOHO-PACTUTE/ILHOC BIAMMOICH -
CTBHC OCHOBAHO Ht obccreyeHHH rpuba caxapamu, 0Opa3ORAHHBIMH
PACTEHHEM, & PACTEHHE B CROKO OYCpelb MOMYYACT MPEUMVILCCTRA 34
CUET OCBOCHHA GOMBIIETO 0OBLEMA HOYBBI ¢ NOMOLULIY TPHOHOIO MH-
uenusi. MUKOpH3a CYIIECTBEHHO YBEIMYMBACT IOMJIOUIEHHC BAAIH.
tocharos U Apyrux MUHEPATbHBIX BCUIECTB AT PACTCHHSN, a TAKKe
0DeCneYMBACT 3AWMTY PACTCHHUSA OT (PUTOMATOTCHOB M TSDKEABIX MC-
TaaIo8. ITOT CHMBHO3 OLIBACT ABYX BWIOB K0~ U 3HOOMUKOPU3A.
IKTOMUKOPH3Y 00Pa3yioT COTHH BHIOB IPHGOB, NPEHMMYILECTBEHHO
GasuanoMuueTos, BCTynasi 8 CHMOMO3 € JAPEHECHBIMH PACTCHUSAMM
(cocHa, ayd u ap.). Mulieanii rpuba omieTaeT KOpeHb pacTeHMs, 0b-
pasys MaHTHIO. BRYTPeHHUI c0i MaHTUM CBA3aH C rincdaMH, BHe-
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APHBLIMMMCH MCKIY KIIETKaMH 3MUIEPMUCA H KOPTEKCA KOPHS H chop-
MHPOBABWHMH MHLUEIMAIBHYIO CCTh, JHAOMHUKOpHU3a obpaasyercs s
CCHOBHOM 3HTOMMUETAMHM, BCTYMAKINMMHA B aCCOLMALIMIO €O MHOXE-
CTBOM pPacTeHMil, B TOM MUCNe BEPECKOBBIMH W OPXHAHBIMU. [HbI
rpuba NPOHUKAKOT Yepe3 000J0UKH KOPTUKWILHBIX KIETOK PACTEHHA
1 GHOpPMHUPYIOT ANXOTOMMYECKH PA3BCTBICHHDIE CTPYKTYDDI, HA3bIBaC-
Mble apbycikyaamie. B Apyrux xiaeTkax xKoprekca KopHst rudint rpubos
MOTYT 00Pa30OBLIBATL MY3bIPEBUIHBIC BIAYTHS (gezur)int). ApOycKynl
M BC3MKYAbl CYHTAIOTCS OCHOBHBIM MECTOM OOMEHA TIHTATE/IbHbLIMH
BELIECTBAMM MCXKIY PACTEHMCM H IPUDOM.

Iapazumuzm pacripocTpaHeH cpenn natoreHHbix opm. Hanpumep,
BHPYCLI, B TOM uMciac DaKTepHo-, akTHHO- ¥ unaHodaru, dakrepuu,
NOPIKAOWHC KACTKH (no3Mbl BRICHIUX pacteHHil, arpobaxkrtepyu,
BBI3LIBAIOIINE PAKOBBIE PAIPACTAHNS Y PACTCHUN, — 3TO BCE BHYTPH-
KJICTOUHBIE NaApa3uTh, Pa3zBUTHE ODIUIATHOTO BHYTPUKICTOMHOIO MNa-
pasuTa B OTIPEAE/IEHHBIX YCAOBUAX MPHBOAMNT K Tubenn xossinHa. Ha-
npumep, Bdellovibrio bacteriovorans NpoHUKacT B NMCPHILIAIMY, Ope-
BpALLAECTCH B HUTb M MOCTENCHHO JIH3UPYeT KIETKY X03sinHa. Takue
MHMKPOODIAHHU3MbI PACOPOCTPAHCHEI B BogoeMax. [TonobHo 6aennosub-
PUO TTOPAXKAOT 3€ACHBIC BOAOPOCIH MUKPOOPTraHU3Mel poaa Campylo-
bacter.

B HacTosituce BpeMst NpeacTasieHus O KOAUUECTE NapTHEPOB, He-
OOXOJMMBIX IS COMIAHHA YCTOHYNBLIX CUMOHO30B, NpeTeprient Cy-
LIECTBEHHBIC W3MeHeHMUsl. [loKa3aHOo, YTO Hapsily € IMPM3HAHHBIMH
KOMITOHEHTAMM JIMIUAAHUKOB, aKTMHO- H MUKOPH3 U3 TaKMX cOoD-
LIECTB NOCTOAHHO BRLICAAIOTCH fakTepun, Hanpumep poaa Burkhol-
deria. [Anst psifa 3HAOMMKOPH3 YCTAHOBJICHA HEOBXOAUMOCTb TIPH-
CYTCTBUS BAKTEPU iT-XETICPOB, CITIOCODCTBYIONIMX (POPMUPOBAHHIO CHM-
61o3a Ha NepBhiX ITArax H oOAErYAIIHX MPOHUKHOBEHKE TH(D rpuba
B KIETKH pacTeHUA. B AMIMafiHUKAX OTMCUCHO TTOCTOSHHOE MpPHCYT-
CTBHC TPAMIIOIOKMTENABHBIX OAKTCpUH. 3aK/IH0UHTENbHbIE 3TAMBL a3poh-
HOTO PAVIONKCHWA HEJUNON03L B NOYBE TPCOYIOT MPUCYTCTBHS MHOXE-
CIBA Pa3HBIX 110 MOPQOTOTHH MIPOCTEKOBAKTECPHI KaK NapTHEPOB Le-
JI01030pAPYUIAIONIHX MUKPOOPTAHH3MOR, TaKUM 00pai3oM, [IpocTble
R33MMOCBA3H B pSAC CHMOWO30B JOMAKHbBI OBITH MEPCCMOTPEHbL B CTO-
POHY YCAOXKHEHUA U YBCJIHYCHHSA KOJIMUECTBA NAPTHEPOB.

DU3NoNOruvYecKkuin cTaTtyc MUKpPOOPraHKamos
B dKOCUCTEemMax

Dxonormueckue rpynnsl Mukpoopramnsmos. Euie C.H. BunHorpaa-
CKHMIl pa3ienns BCe MHUKPOOPTAHU3IMLL HA JABE TPYNMLI, MCIOALIVIO-
IIHE TIPHHIHIWAIBHO PA3HBIE THIIBL IKOAOZUYECKON cmpamezuu. Ko-
JIOTHYECKAA CTPATErHY — IT0O COBOKYITHOCTh pPeakuMii opranuiIMa Ha
AcHicTBHE (hakTOPOB OKPYXKAIOUICH cpeali. K nepsoit rpynie oTHOCAT-

281



Cs ARMOXIMONIbE MUKDOOPTAHHU3ME!, NOCTOAHHO MPUCYTCTHYIOULHE B
COODIICCTRE HE3ABMCHMO OT KOJIMYCCTRA [IMTATC/ILHEIX BCIICCTD B HCM.
Taxkue MMKPOOPTAHHUIMBI PACTYT Kak K-cmipamezu, T.¢. MEUICHHO, ¢
HUIKHMH CKOPOCTSMH POCTi, HO Beeraa. Bropoit T — aatoxmontse
{WJTH 3UMO2CHHBIC), NPUCYTCTBYIOLIME «BCIJIECKAMM», KOTIA €CTh MHO-
'O OPraHHUCCKOT0 BEIIECTBA (HANPUMCP, OHH Pa3 B roay MpH JTHCTO-
TAJE), PACTYT KUK F-Cpamezti, T.¢. C BBICOKHMMH CKOPOCTAMH POCTA,
TPeOYIOMINE BEICOKMX KOHLICHTPALUMIT TMTATSAbHbLIX BeiiecTs. [1pu ta-
KOM OLICTPOM POCTE PACCEHRBACTCH MHOTO SHEPTHH M OPTAHMYECKOro
perectia, [lozadee O onpeaesieH elle OAHMH TWO crpaTerdu {L-cmpa-
mecusty, OCHOBAHHOH Hil BbICOKOH YCTOHYMBOCTH K BOMYLLEHHSM
OKPYAKAOWICEH cpelie B CNOCODHOCTH K NMCPEKHBIHHIO HEQAAronpyusaT-
HbIX VCIIOBUIA.

HeoOXoanMO TAKKE YYHTBIBATE, YTO B PA3IHUHBIX IKOCHCTCMAX TIPpH-
CVTCTBYIOT 04420MPogiieie MHKPOOPTaHHIMEbL, DACTYLIHC TOJBKO MPH
HH3KHX KONUEHTPALMAX DHTaTeIbbiX BewecTs. Fpy BLICOKHX KOH-
HCHTPALMAX PACTYT MUKPOOPTAHU3IMbL-roniompodhsi. Oanrotpodamu
CYUMTAIOTCS TOJBKO FCTEPOTPOQHLIE MHKPOOPIAHU3MBL, PACTYILHE NP
HH3KHX KOHUCHTPRALUMHRX COSARHCHUI vricpoad. O0bHO KOMHOTPOD.
PACTYT KAK M~CTPATerH, a oNnuvroTpodsl — Kak K-CTpaTeri.

Hejter e MUKpOOPraHH3MOB Ha OCHOBAHHH HX CHOCOOHOCTH M-
POJHOBATE DHoONONNMEPLL (cudpoaumuru U duccinompogdsy NO3IBOAU-
SO COCTUBUTEL ITPEACTABACHHE O (PYHKUHOHMPOBAHHHA MHKPOGHBIX CO-
ODIIECTE MOMB K2K O TPEXCTYNEHUYATOM MAPONECCE: THAPOJIWTHKH —
KOTNOTPOhL — oauroTpodiul. [Tpy pazIoKeHUH OPraHYCCKOro Be-
LICCTBA NPOHCKOAHT CAMOPETYIsiuMs cHereMbl, Tleprast ctanns ruapo-
J530 [IGRHMCPOB VIIPARNACTCS. KOHUCHTPAUHEH 00pa3yIoLHXCH MOHO-
MCPOB TIO TUNY oDpaTHOH cBA3H, TTOCKONILKY MOHOMEPHBIC COCAHHE-
HHS CO3IAKTCH B CHCTEME OBICTpCE, UCM HOTPCOISHOTCS, CHHTE3 K-
JOMLAPOALS NOABEPraeTesl KATABOMUTHOH pPernpeccuu, a rHapoauTHKN
HCPCXOAAT B NOKOALCCEA coCTOSHHE. KonuoTpogsl, HCMOAL3YIOLWME
F-CTPATETHIO POCTH, CHHAKUIOT COACPXAHHUC MOHOMEPOB B CPEAC M Ta-
KHM 00pa3oM TIO3BOSIIOT PA3BHBATLCA TPYIONE OIMIOTPodOB, KOTO-
phi€ 1 YTHIHIHPYIOT OPraHHUCCKOC BCLICCTBO.

B MHKPOOHOM CcOOBIIECTRE BCErIa HMEETCs MPUIUEeHT MUKPOoopTa-
HH3MORB MO NPOSBACHHIO PANHYHBIX AKTHBHOCTEH (HanpuMmep, no-Ky).
B To &e BpeMs B ACCOLHALLIMAX OTMEUCHO HATHYHEC «yHKUMOHAIBHBIX
TyOICPORS.

B 3a70aui sxoaceut MUKPOOPLURIU3AOE BXOAAT BRIABACHHE PASHOOO-
PAHH MHKPOOPTAHHIMOB U HX B3aHMOOCHCTBHS B MIPHPOIC, 3 TAKXKC
OIPCACACHHEC HX AKTHBHOCTEH B [PHCYHIEM M MECTOOOHTIHHMA (4 He
1 IACOPATOPHDBIX VCAGBHIX).

[TpriMepoM BaHMOACIHCTBHSE COO0IUECTB MMKPOOPTAHH3MOB B IPH-
poae MOXET ObITh HEMPOTOHHOC 03cpo (pHe. 164). Monenbo BoAHOIA
FKOCHCTEMBL, YUHTHIBRIOUIENR BIHAHNHE TPAIHEHTOR BeeX hakTopos, sik-
IReTCR Kosouka Bunoepadexoco (puc. 165).
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A3IpobHax 30HA

Cooﬁmec’TBo Z: CoobmecTso 1:

ée;j{ooopnf;)gpmpu - >. HuanobaxTtepuu + soA0pOCTH
6t L ) - - 60,1

6C02+6H10 6(,02+6H20—‘>(4,H|20b+ 2

Coobuecrso 3:
Tuaniams | — Meradorensr: COy+ Hy—CH,
Tomoauerorensr: CO3+ Hy - auerar

a_ -
Cwisaps 2 - CynsthusoreHst: SO3, s' §?

[Hnanans 3 — Jennrpiudguratopeul: NOj o Ng‘r7
k! 2
Fe'"-Boccranonutemt, Fo''—Fe ™"

Mnans 4 — BpoARILIEMKH, COPIKHBAHHMC CIIHPTOR,
OpPraHMYecKiX H aMHHOKMCIOT

Puc. 164. Moucab coobuicctB MHKPOOPTILHH3MOB HENPOTOHHOIO 03¢pa

|,£lua‘m,\10m,|e ROAOPOCIH W unaHﬁGaM'epm{:]

Boaopocay ¥ OKMCASIOIHE Cyabdua
MUKpoopraHn bl ( Beggiatoa, Thiobacillus.,
Thiothrix)

dotorereporpodnt (Rhodospiriffum,
Rhodopseudononas)

Chlorobium

o0 AHAPOGHBIC THIPOIHTHKY H OPOLHABILHKK
A ; (Clostriditum)
ERPRR |15 - [E}iﬂb(l)lileFCHh[ (Dc.s'uyhvfbrio)J

Puc. 165. Moneib BOAHO 3KOCHCTEMBI ¢ IPARHEHTAMIL OCHOBHBIX (PAKTOPUR
W PacnpeicieHHEM TPYHIT MHKPOOPraHHIMOB
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PocT MUKpOOPraHniMoB B NPHKPEILICHHOM COCTOANMM, B npecHoBOA-
HBIX H MOPCKHX MCCTCODMTAHWAX MMCET MCCTO 0DPAzoBaHHAE TaK Ha-
3niBaeMbIX duontenok. [pocTeimuit npuMep BHOMIEHKH — MOHOCTON
KJACTOK OLHOI0 THMa. OO0BIYHO 3TO HAYUILHAS CTAIMS 00PA30BAHHSA
fostee CNOXKHOI CTPYKTYPLL INPH KONOHH LUK [TOBEPXHOCTH pa3iena
tha3. B 3aBHCHMOCTH OT 0CODCHHOCTEH ODMTAHMS MHKPOOPTAHH3MOB
(CBCT, HTHYHE MTMTATECALHLIX BCLIECCTB 1 CKOPOCTH AHMPY3HMU) CTPYK-
T¥pa OHOTJICHKH MOXKCT YCJIOXKHSITHCSE (HATIPHMED, OOPA30BAHNEM CNO-
HCTOCTH), TIPK 3TOM CJIOH YXKE NpPEeACTABACHbBl PAIHYHLIMH THITAMH
MUKpoOpraHuamon. Hanpumcep: BepxHHH cl1oil — (hoOTOCHHTCTHKH,
CPCAHHH — (MKYNBTATHBHBIC XCMOOPraHOTPOMLI, HUKHHI — CyNbL-
harpeayxTopsl. bonee CnoKHAA MIEHKA PA3RHBACTCSH KK TpeXMepHas
CTPYKTYpA, BKIIOUMAIOIIASA KACTOUHBIC ATPEraThl, BHYTPCHIHE TTOPHI 1
CKBO3HBIE KaHaibl (puc. 160). Mccnenoranme TAKMX COKHBIX acCOlMa-
LM BERYT C MOMOILBI0 KOHDOKAILHOIO CKAHHPYIOWETO JTa3¢PHOTo
MHKPOCKQIT, TIO3BONAKOLICIO NOCN0HHO {10 1 MKM) IHojiyuarb M300-
PAXKCHHC KICTOK HA PasHOH L1yOnHe macHKH, TToToM ¢ moMOLIBIO KOM-
ITBHOTEPHOTO AHATH3A PCKOHCTPYHPYIOT OOLLUNT BHJL DHOMICHKH.

BHOMICHKR MOXKET pa3pacTaTecs A0 MaKPOCKOIMHUCCKOTO pa3Mepa,
obpasvst muxpoinsd mam. MHOMA Cion MHKPOOPIraHH3MOB HMET Pa3-
JIHUHBIA LBCT, M TOCAQ CTPYKTYPL MAT@ BHAHA HCBOOPYXCHHBIM Tila-
30M, Takne MaTbl 4acTo QOPMHPYIOTCS Hi HOBEPXHOCTH KAMHCH MK
OCAIKOB B CBCPXCOJICHLIX H NIPECHOBOAHBIX 03€PaX, JaryHaxX. ropsauaux
UCTOUHHKAX H MOPCKHUX TIPHOPCIKHBIX 0ONACTIN. MaTHl COACPKAT MHK-
POOHBIC HHUTH, BKAKWAOIUIME HHAHODAKTEPHH, KOTOPLIC SIBIAIOTCH
adugpuramoparu, T.¢, OprasyIMaMi. GOPMUPYIOILHMH COODLLECTBO H
ONpCACISIICIWINMK ero cTPYKTYPY. Huke doTtuscckoii 30Hbl (-1 MM,
Kyaa NPOHUKACT CBCT) CKIAILIBAIOTCH alaspolubie venopus. B anxk-
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R U e KA
“\‘ Matpuxe ;‘
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| C Mops M cKBOIHLIC  [ToRepPNHOCTS paiIea s

' KaHITBL
KieToyHBIC 2 rperathl

Puc. 166. CTpocHHE CAOKHOH TPEXMCPHON GHONNCHKH
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Hell YacTH MaTa XMBYT CcYibdhaTpeayKTopsl, odpasyiomme cyibgul,
KOTOPBIT augpyraupyeT B 30HY aHaypobHoro (GOTOCHHTEA, rIe pac-
TVT 3c¢/eHble U MypnypHbIC SaKTEPHH.

EcTb npeinofoXeHMa, YTO MUKPOGHBIE MATH MOIJIH YHACTBOBATL B
(OPMHPOBAHMKM HA3CMHEIX KOCHCTEM €11€ 10 Pa3BUTHS COCYAHUCTBIX
pacTeHUi, TaK KaK MX MCKOTIZEMbIE OCTATKK (CIMPOMAmMoaumet) NaTn-
pylotcs 3,5 mnpa aet.

OcobenHocTH BOOHBIX MHKPOOPTAHMIMOB, BOAHBIE MMKPOOPFAHW3-
Mbl OCYILECTRIAIOT B BOJOCMAX IMKHYTHIE HHKILL OCHOBHBIX 2IEMEH-
TOB, MOCKOALKY B MHKPOOHBIX cOOBLIECTBAX MPEACTABACHEL H TICPRUY-
HbIE NPOAYLICHTH OPrAHHYCCKOTo BetlecTna (3y- 1 NPOKApHOTHUECKUE
(poToaBTOTPOhLL, IPOKAPUOTLL-XEMOABTOTPOMBI), H KOHCYMEHTEI (T1po-
cTeiitime), ¥ AeCTPYKTOPhI (DOJIBLIMHCTBO LeTepoTpohHbIX NPOKAPHOT
M puboB). BoaHble MHKPOOPIAHU3MB! TIPUCYTCTBYIOT B IUIAHKTOHC K
BeHTOCE, NPUKPEIISACE K [LIABAIOIINM YacTHUaM U 00MTast B JOHHBIX
ocaakax. BaxHeiilye rpynnsl NpoKapHOT, 0BHTAIOLMX B BOJHBIX KO-
cHcreMax, Zadu! B Tadn. 30. Tpocreiimue npeacrasieHsl dhopamutude-
pamu ¥ pagnonapuaMi. Cpeant Boaopocaeil npeodnagalT AHATOMEH,

OT1enbHble BHIAbL MUKPOCKOMNUYECKUX TPpHOOB M3 OOMHIETOB H
XUTPHUAHERBIX NPHCHOCOOMINCh K KW3HH B NPECHOBOAHLIX H MOpC-
KUX Bogocmax. HekoTophie XUTpHAMEBLIE NAPA3UTUPYIOT HA THATO-
MOBBIX BOAOpPOCsIX. Jpyroit BAXHOI Tpynnoit HUTHATLIX rpubos siB-
asoTes rupoMuLceTel M3 rpynnsl rpubos Muroaga. 3t rpudel crno-
COBHBI 0OPA3OBLIBATS MO BOAOM YeThIpeXayuennie criopel. Mx npopa-

Tabauwua 30
Baxueiimue rpyninsl npoxapuor, oOHTAIOMIAX B BOAHLIX DKOCHCTEMAX

Ipyitma Pon Fpynua Poa
MoTOARTO- Chiorobium XeMorerepo- Blastobacter
TPOd! Chioroherpeton TPt Caulobacter

Chromatium Flexibacter
Pelodiction Flexithrix
Thiadiction CGemmobacter
Thiopedia Hyphonticrobium
hotoretepo- | Chloroflexus Leucothrix
o Heliobacterium Sphaerotilus
Heliothrix Xesomrroasro- | Beggicaioa
Rhodocyclus Qi Galionelia
Rhodomicrobium Thioploca
Rhodopseudomonas Thiothrix
Rhodospirillum Thiovulunt
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CTAaHHUC HA YOABLHIMX B BOJAY JHCThAX U NPOHWUKHOBEHHE TH({p BHYTPH
JiieTa cuocobersyeT epepaboTRe OPraHHUYCCKOTO MATEpHAaNna, KOTo-
phIi 3aTCM TOTPEOASIETCA TUIHHOMHBIMH CTAAHAMH HA3eMHBIX Hace-
KOMBIX. BBUTET B3pocabix (popM TAKHMX HACEKOMBIX TIPHBOAMT K nepe-
HOCY FHE IPHDOB U3 KX THLEBAPHTE/IBHOTO TPAKTA HAa JIMCTBS Ha-
3CMHBIX PACTCHHI.

B onurorpodHbeix 1 BeHbLIX OPTAHMYCCKIM BEUICCTBOM BOAAX NPi1-
CYTCTBYIOT CKONBBIWHC H MPOCTEKOHLIC MHKPOOPIaHH3IMBI, Criocob-
HBLIE MPUKPEMISITLCS K JOCTYITHOMY cyDCTpaTy, obpactarts ero, obpa-
3val Xnones (Gokin.

Handonce HHTCPECHOE OTKPBLITHC, KACAONIEECH MOPCKHX MCCTO-
OOHTUHMI, — NPHCYTCTBHE HE TOILKO DOALLIOTO KOIHYECTBI BUPY-
COB, HO U BBICOKOC comepxanuc apxeir. [MpubnuintensHo '/ nuko-
MTAHKTOHA (KJIETKH Pi3MepoM MeHee 2 MKM) COCTABAIOT apXeu, Thi-
AHUHOHHO TIPHIMHCBIBACMBIE K SKCTPEMUTEHLIM MECTOODHTAHHSIM, B MO-
PSIX OTMedell CBCPXBBICOKHUIT YPOBCHL yiavmpamurxpotaxmepuit (HaHo-
Daxmepiit). B OCHOBHOM polda Sphingomonas. KOTOPBIE MOTYT IIPOXO-
IHTE Yepes MeMOparHbelil (PILTP ¢ pasMepoM oTBepcTHit 0,2 MKM.
OHu 00TAMAI0T NOPARMTEIBHOH YCTOH'UHBOCTRIO K TOJNIOAZHHIO H TAK
MJibl, UTO HE MOSAAOTCH AAXe HUHOBIare I TaMH.

Pasuble Bogocubl, DCIVCIOBHO, pa3nHUualoTca Kak Mo PUBHKO-XH-
MHUECKHM VCAOBHSIM, TAK M MO YPOBHIO NMEPBHHHON NPOAYKIIMH {IH-
CTpOhHble, CAHTOTPOMHBE, ME30TPOMHDBIE W ¢RTPO(gHLIE). Opradu-
YECKOe BelUIECTBO MOKET 0DPAI0OBBIBATHCA HEMOCPEICTBEHHO B BOAO-
eMe (ABTOXTOHHOE), {4 MOMXKET NOMALaTh B BOAOEM HIBHE {UUTOXTOH-
Hoe). K HaHDoACe BaKHBIM (BH3MKO-XHMHUCCKHM XapPaKTCPUCTHKAM
BOJOEMA OTHOCHATCS] TCMIICPATYPd, OCRCLICHHOCTE, YPOBCHL MMHEDR-
JHRALHH, KOMIEUCCTRO PACTBOPCHHKLIX razor, pH u Eh, MotHocTs u
CTPYKTYPA JOHHDBIX OTJIIOXKEHHI,

B a3pe0HOoil 30HE BOROEMA PACTIONOAKECHO MHOXKECTBO IKOJOIHUE-
CRIIX HHML,

B noesepxnocmuon 3oime 1peobiIafaldT MUKPOOPTAHHIMDBI, CIOCOD-
HBIC HAXOOHTBCH BO BIECLWICHHOM COCTOAHHHK KIICTKH, HMCIOLLHC XKIY-
THKH, TIPOCTEKH, NPHUKPENUTEIBHbIE JMCKH, TA30BbIE BAKYOJIH, HIJIH
OPTaHM3IMbL MANBIX PaMepob. JOMUHUPYIOWHMH (DOPMAMH 3ieCh sHB-
JSOTCST ONUTOTPODBI U NMpocTekoBaKTepuu poaoB Hyphomicrobium,
Plancfomyces, Blastobacter, Pasteuria, Caunlobacter, Asticacaulis, Prostheco-
microbiten, Seliberia. Prosthecochloris v ap. CNupUIAbl OTHOCATCA K TH-
ITHYHO MIAHKTOHHBIM GakTepusiM. M3 cniocobos MeTabonniMa npeob-
naaaor Gororpodun, MCTHAOTPOgOMI H HUTPHGHKALIHS,

Best moanua eodnott Maccs: B 3aBUCHMOCTH OT [PAAHCHTOB (DAKTOPOB
MOACACHA HA P TOA30H! TION30HA (DOTOCHHTE3R, AOA30HLI ITPOUYK-
UHH OHOMACCHI TCTCPOTPOGHBIX H XCMOTHTOTPOMHBIX MHKNOOPTAHH3-
MOB. MOA3I0HA ACCTPYKLUMH OPraHUYCCKOrO BELICCTBA, IOA30HA TEp-
MOK/HIHE. B BOgOeMaX ¢ NOBLILIEHHOR CONCHOCTBIO HABTIOAAETCS 3-
METHAsE NEPBHYHAS [POAYKLIHS OPriHHYECKOI0 BEIIECTBA 38 CHET XC-
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MOCHHTe31. OCHOBHAS MACCa OPTaHNYECKOTO BCIUECTRA (KaK CHHTE3H-
POBAHHOIO B BOAOEME, TAK M TIPMBHECCHHOIO H3BHE) DATAraercsa 8
a3pebHoit BogHO Toale (o miyGudbl 10 M) M He ZOCTHDPACT AHA.
MHUKCOBAKTEPHH, 2 TAKXe nipeacTasiTern ponos Flexibacter u Celfvibrio
CIIOCOBH L IHIUPOBAThL KUBbIE KITETKH HHAHODAKTEPHI W 3€/1EHbIX BO-
A0pocicit. BUonoAUMEpM MOPTMACCH! MMKPOOPIaHH3MOB, PUTOILIAHK-
TOHA W BBICUIKX PACTEHHIl M KMBOTHBIX PAadIaraior MUKcobakTepiH 1
BUABI poaon Sporocyiophaga, Lysobacter, Beneckea, Alginomonas, Vibrio,
Cytophaga.

B nogepxrocnnon cioe uaq OOUTAIOT NPHKPEMIEHHDIC WIH CKOThb-
BSILME MUKPOOPTAHII3MbL. DTO MUKPOAIPOMMIbHBLIC OPraH{3MBl po-
aon Flexibacter, Beggiatoa, Thiothrix, pakyJeTaTUBHO aHAIPOOHbIE LH-
Todarn n GalHUIbl, HUTHaThie Baktepuu Pelonema, Peloploca, Letcothrix,
wenesobakrepun Metallogenium, Hyphomicrobium, Seliberia, 3cnenbic
HUTHaTLIE DaKTePHH. AHA3POOHBIH pacrial B IPUITOBEPXHOCTHOM ClIOE
JOHHBIX OCAIKOB OCYHIECTRITIOT KAOCTPHIMK K 3HTepobakTepun. Hux-
HUEC CI0H WA COCTARITMIOT CYNbMATPEAYKTORS U METAHOIEHBI, 3dBep-
AKOLUHE dHAFIPOBHYIO JeCTPYKUHIO YIABLIMX HA AHO PACTUTEABHbIX K
HHBOTHBIX OCTIATKOB, .

QcobeHHOCTH NOYBEHHBIX MUXpoopraAmimMoB. BaxHefiwck 3eMHOI
IKOCHCTEMON ABAscTCA Hosq. B mousax npeobaanaet TBepaas ¢aza, v
GO/LLIMHCTRO [OUB BISIETCH [IPEUMYILECTRCHHO A3poOHbIMH. OCHOB-
HBIC TIPOAYHEHTBI B MOYBCHHBIX 3KOCHCTCMaxX — pacteHust. [1ousbl 06-
PAIYIOTCH B LIHPOKOM CTIEKTPE KAUMATHUECKWX YCIOBHI. ITO He CTa-
THYHBIC CUCTEMBI, OHH 3aBUCAT OT H3IMCHCHHI TEMNEPATYDLI U BITXKHO-
cTi. B nousax hopMUPYIOTCA YHHKATbHBIE MECTOOBMTaHMA AJ151 MHO-
THX OPraHU3MOB (BakTepuid, rpnbos, npocteifiliny, BOAOPOCACH, Ha-
CEKOMBIX, HEMATOM, MEIKUX XKUBOTHEIX). Bee 3TH opranniaMbl Heobxo-
JHUMDI JUIST (POPMHPOBAHHMS 1 NOALCPXKAHUS NOYBEIL.

[Moussl comepkar MHOXKCCTBO MOBEPXHOCTCH, KOTOPLIE BNUAXT Ha
AOCTYINHOCTB [THTATCABHBIX BEUICCTR M BIAUMOACHCTEHA MHKPOOPIAHH3-
MoB. Paznnusbiil passMep rop Aenaet ux B pa3Hoid CTeNeHH HOCTYTTHbIMM
JUIS HCMOABL3ORAHUS 1t KoJoHr3aun. Ha puc. 167 npeacrasieHo THINY-
HOE pacupeasicHie MUKPOOPIaHM3MOB B NouBe. BakTepuH HMEIOT TCH-
JACHIIHIO MPHCYTCTBOBATL B BUAC MHKPOKOJIOHUH Ha MOBEPXHOCTH 104~
BEHHBIX YACTHLL UM B BUAE CYCIEH3WH B [IOYBEHHOM DACTBOPE B TTOpaXx.
Hitruarsie rpudnl M MideiHanbHbie GopMbl MPOKAPHOT CIOCODHB! pa-
CTH KAK Hd [TOMBEAHBIX aTPEraTax, TaK M MCXKILY HHMH, OTJICTas HX, M,
€ OLHOI CTOPOHBI, CB3LIBAS MeXAY co0oilt, a ¢ Apyroii — pazotuwas.
[TpocTeiime 0BUTAKOT B BOIHO TJIEHKE M TIOCAAIOT OAKTEPHIL.

[TouBbl COCTOAT W3 MECKA, [IWHBL, Wila ¥ apyrux dacTHi. OpraHu-
HECKOC BELLECTBO, TIOCTOSHHO MPUOABIAIOLICCCH B BUAC PACTUTENE-
HbIX W XMBOTHBIX OCTATKOB, MOCTENEHHO TpaHchoOpMHpYETCa B CTa-
OMABHBLT, OOTATLIH MUTATENLHBIMH BEWECTBAMM MATECpHAT — IYMYC.
Bee 5T KoMNoOHeHThl (DOPMHPYIOT FCTEPOTCHHRIC Arperatsl Pa3HOIO
pazMepi. MIH [OYBCHHBIC YACTULBLI, KOTOPbE MPOHH3AHDLI CAOKHOIT
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Puc. 167, Tunntinoe pacripeacacHIE TPYIT MHRPOOPTEHIBMOB B [IOMBC

ceTho ep. bakTepuy ¥ rpHOL! HCNOALIYIOT PA3HLIC HYHKINOHLILHbIC
CTPATErHH WIA TIOTYYCHMSA OPCHMYIICCTR B 3TOM (DIBI'[‘ICCKH CAOMHOM
MaTpHKce. BoabIIMHCTBO BaKTepHil TOKATHIOBAHO Hil TTOBCPXHOCTH MO-
YBCHHBIX Y&CTHL, M MM HeoOX0AWMO, YT00Ll BOAA U MUTATENLHbIE Be-
UICCTBE PACTIONATANIUCH B HENOCPERACTBCHHON OiH3ocTH, Yacto Bakre-
PUH BCTPEYAIOTCA BHVTPH MUIEHBKHUX NOP (IHAMeTpOM 2—6 MKM),
1 ¥ HUX DOJIBLIE BEPOSITHOCTH e ObITh CHEIEHHBIMY MPOCTEHLLIMMH.
MuuennaibHbie GopMb! MUKPOOPraHH3MOB, HANPOTHB, CTPEMATCA PAc-
NOJOKHTHCA HA BHELWHEH TOBCPXHOCTH ArperaTon, JTH OPraHu3Mbl
MOTYT (hOPMHPOBATE MOCTUKH MCXKAY OTAC/ILHLIMH VUACTKAMU, 2O6H-
pasick B MCCTA, e paara bosee pocrynHi. TakuM oDpasoM, MHLICTH-
aIbHbIe GOPMBI MOTYT «[IPOABUTATLCH» HA DONBLIHC PACCTOSHHA B
MOUCKAX BOABI H [THTAHHA.

M3-3a orpannueHHON Tdhy3nN ra30B BHYTPL arPEFATOR M M3 HUX,
W3-32 00BOAHEHHOCTH NPOCTPAHCTRE MEKIY ArPeratiMH B MHKPOOKPY-
KCHHH MOI'YT UMETh MECTO 3HAYMTEIbHBIE HIMCHCHHS KOHUGHTPALIMU
[430B H PACTBOPEHHLIX BelccTh. [To ¢paHeHO ¢ arMocdepoii B moyu-
BaX 3aMeTHO fonee BeICOKME KonueHTpauud CO,, CO u apyrux razos
H [MOHHKCHHOE CONEPXAHNC KUcropoaa, dhopMupyetes rpaauedT O,
H MOCYT 08PA30BLIBATLCH aHAIPODOHLIC MHKPO30HLIL. Tlocie foxas no-
B4 MOXET OLICTPO OPCBPATHTLCSE M3 A3p0fHOro MecTOODHTAHMS ¢
HECKOTBbKUMU OTACTBHLIMH AHAIPOOHBIMH MHKPOHHITAMY B [1PCHMY-
LIECTBEHHO aHA3poBHYIO cpeny, 0COBEHHO ¢ YyBETUYECHUCM TITYOMHDI.

IMpu HeditpanbHoM pH GOJBIMHCTBO TBCPABIX KOMIIOHCHTOB T10-
YRbl, BKIIOMAA MUKPOOPFAHU3IMBIL, 3APIKCHO oTpuLarensHo. [Tomoxu-
TCJbHO 3aPSLKCHHBIC HOHBI THI BOAOPOAA U AMMOHUS TIPUTATHBAIOT-
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€Sl K OTPUIATEABHO 3aPsDKEHHLIM TTOREPXHOCTAM. HacTHLIL TANHBL K
I¥MYC, COACPKALMH TTOJTYPA3PYIICHHBIH M CTA0OMWIN3MPOBAHHBIH OpPTa-
HUYECKHMIT MATCPHUL, TAKXKE [IPUTHTHBAIOT M CBA3BIBAIOT Pa3Hoo0pas-
HBIC OPIAHWYECKHC M HCOPraHHUYCCKMEe BeliecTna (HanpHMep, HOHLI
METWINOB H TIPOAYVKThl YACTUYHON Aerpagaligy NecTHUUAOR).

Housl GopMUPYIOTCS B PABTUUHBLIX YCAOBHIX OKPYXKAIOUIEN CPEbI.
TaMm, rae npoMCXeanT BLIBCTPHBAHME HOBOTO [CQ/I0THYECKOTO MATEPH-
412 2HO0 MNOCAC U3IBEPAKCHUSL, THOO MOCHC ICMACTPRACCHHA, HAUUHACT-
Csl KONOHW 3L Hs Cro MUKpoopraniaMamMu. IosepamMu 3/1cch simiores
UHAHODAKTCPHH. cMocoOHbIe K (POTOCHHTCIY H a3zoTdukcaunH. born-
WYIO pOsib B (QOPMHUPOBIHMHU M QYHKLIIMOHHPOBAHWH TTOYB UTPAIOT TPaM-
NOJIOARHTENLHLIE BAKTEPHH, NOKAILIBAIOLIHE DASHYK) CTENEHL BETRIE-
HHMSL M PA3BHTHA MMLCIUA, 4 MMCHHO KOPHHCGhOPMHLIC, HOKapAHO-
(pOPMHLIE BUKTEPHH, & TAKXKE AKTHHOMHLUETBL. DTH [PYIIbLI HIPAIOT BAX-
HYIO POIb B PACLUCIUICHHM YIACBOAOPOROB, MCKOITASMbIX PACTUTERBHBIX
MATEPHANOB M TMOUBEHHOrO rymycid. HekoTopble MpeacTABUTEAH CIO-
CODHbI PAIPYILATE MECTUUIILI M IPYTHE KCEHODMOTHKH. XapaKTepHbIii
NOYBCHHBII 3arlax 3ABHCHT OT BhLACICMOrO CTPCIITOMULICTAMY BELLE-
CTBA ceocmuna. TIpy aHanIe MUKpPOOHOTO «HACEACHHWA» MOYBBI CACAYCT
VIUTBIBATE, YTO 1B HACTOALLCC BPCMS YAACTCH KYJARTHBHPOBATL TOJALKO
oko;10 1) % nouBcHHBIX MUKpoOpTatuiMoB. HekyneTusupyemoie gop-
MBI MOXHO BbISTRISITD C TTOMOLLBIO MOJCKY/ISIPHO-0HOAOTHYECKHX MCTO-
noB, 3kcTparapys mukpobnyio JHK u amnandumuunpys ee B nonmme-
PA3HBIX LETTHLIX PCAKUHAX ¢ [TOCACAYIOLLIMM OMPCACICHUCM NOCICAOBA-
TCALHOCTH HYKIEOTHION B rede, koampywouem 165 pPHK,

DopmuposaHHe TOTO WIH HHOIO THIIA NOYBRI 3ABHCHT OT CLABMIA
PABHOBECHST MeXay ODPATORAHHEM M Pa3pyIlEHUEM OPraHUYeCKOro
sMarcpuana. Ha Hero pnsiior rakue Haxtopbl, Kak TEMNEpaTypid v apy-
rMe KIMMATHUCCKHE YCJIOBHSA, MAaTCPHUHCKAfA TOpOAd, COCTaB pacTe-
HHMI U MUKpoOpraHniIMoB, Hanpumep, BO RIAXKHBIX TPONMUCCKUX NO-
YBax, rae HoJce BBICOKHE TEMICPATYPhbl, OPTAHWUUECKOC BCUICCTRO
OLICTPO PACHIETLISASTCH M MMOABHXKHBIE HEOPIAHUYECCKHE NTUTATEbHBIE
BELUCCTHA MOTYT BLILUCAAMHBATLCS ¢ NOBEPXHOCTH, Bhi3bIBasl BLICTPYIO
MOTepIO Wiedopoans. YTodbl OrpaHKH KT 3TH NOTCPH, MHOTHC TPONU-
YECKHME PACTEHHS HMEKT KOPHEBYIO CHCTEMY, KOTOPasl [IPOHMKACT B
OBICTPO PAIPYILAIOUIYIOCS TIOACTHIKY, TEM CiAMBIM YJIABIHBAN OCBO-
DOXARIOUTHCCS THTATENbHBIC BELCCTRA.

B fosee yMepeHHBIX PeTHOHAX, HA000pOT, CKOPOCTH PAI0OXKEHH
MCAICHHCC, 4CM NICPBUAIHON NPOAYKIHYA, YTO NPHUBOJAMT K HAKOIUIC-
HUIO omanax. [nyDokoe OpOHMKHOBCHME KOPHEH pacTeHMil BeaeT K
DOPMHPOBANTHIO ITOAOPOAMS MOYBLI,

B X0n0aHBIX 30HAX 3UMOIT, KOTA4 BAAra JOCTYIIHA W NOYBL OXJIAX-
ACHA, PABIOKEHNE OPTAHHUKH orpannycHo. JletoM, Korna no4ysa Ten-
Jast, HCAQCTATOMHO BAari, OpraHuyeckre KUCIoTel 00palyioTes i Xo-
JIOAHOM, MOKPOM CJIO¢ OMAIA M BbIMbBIBAIOTCSE B HIOKEJICKALLHE CI0K.
OHH PACTBOPSIOT TTOYBCHHBIC KOMIIOHCHTHL { HATTPUMED, ATIOMHHMA W
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xKeneso), obpasosbisas HHoraa obccuBedeHHbIe 30HLI, ITonctunka npoe-
JOTAACT HAKATLIMBATBCA, M HEPSAKO WHCTPYMEHTOM, BO3BPALLAIOLINM
MUTATENLHBIE BEILECTHA B TTODATBLHLIC HKIIbL. CTAHOBUTCS OTOHL (Jec-
HOI roxap).

bonoTHas MouBa NpeacTaBiscT coDOH YHMKaAbHbIA Habop ycno-
BHil A5l MUKpoOOHOro pocTta. 3acch CKOPOCTh PasIOKCHHA CHIDKEHA
NepeyBAAKHEHHOCTRIO, NpcodaajaHHeM HEeOXHCIUTCTLHBIX VCIOBHIA.
YTO MPUBOAMUT K hopmuposaHuio topda. Ecau Takyo 0baacTh ApeHn-
poBaTh, OHA CTAaHOBHTCA OOjee a’poOHOI, OPraHMucCKMH MaTepHl
PA3PYIIACTCR M YPOBEHb [OYBLI OITYCKAETCA. B a7pO0HbIX YCIOBHAX JIHT-
HHH-LEION03HbIE KOMITIEKCH! 3aNacCHHOTO OPraHHYECKOTro MaTepH-
ana Gonee yenelHo Pa3pyLaloTes HUTYATHIMKH TpUbaMK.

B nouBax BiaKHBI TAKKE B3AHUMOACHCTBHI MUKPOOPTAHH3MOB ¢ pac-
TeHnaMH (puiocdepa, MUKOpPH3a. KIYDCHBKOBbLIC DAaKTepUy ¢ T.11.).

HekoTtopbiec MOUBCHHBIE MHKPOOPraHU3IMbL B3RAHMOACHCTBYIOT C
3eMHOIt armocdepoit. M3 «3K30THUCCKHX» SBIACHHIT MOXKHO OTMETHTD
CnocodROCTL Pseudomonas syringae CHHTC3MPOBATH OCIOK, KOTOPBIM
CJYHKHT AApOM (DOPMUPEBIHRMS Jbila HA ITOBEPXHOCTH JIMCTLEB M CHETAL
B I'PO3OBBIX Tydyax. Tukoil cHcrohopMHpyoni NOYBEHHLIH MUKPO-
OPLatH3M MOXeT RITHATh Ha norody B rmodatsHoM MacwTtade. [louscH-
HBIE MHUKPOBE! OKA3BLIBAKT TIONOXKUTEIBHOC BIMSIHUE Hat arMochepy,
paspyuast TAKME BO3AYILHBIC «3aTPA3HHTENH», KAK METaH., BOIOPOA,
CO, 6eH30a, TpHXIOPITIIICH, hopManbaerid. [TouseHHblE MUKpoOp-
TaHH3MBI OKA3bIBAIOT GOJLNIOC BIHAHHUE Ha [NOBANLHOE COAepXKAHUE
pasHbix razoB. OTHOCHTCIBLHO cTadunsHble rashkl — COy, NO, N,O u
MeTaH. DTH Ta3bl HA3BLIBAIOT NAPHUKOSHIMU 2a3amMU, TAK KAK OHU OTpa-
KAIOT TEMAOBLIE NYYH, HC NO3BOJASL TEIULY YXOUHTB OT IMOBCPXHOCTH
3eMJIH, M BbLI3LIBAIOT NOOAILHOE NoTeILICHHE. McTaH MoxeT noTpeb-
JAATBCSA MeTAHOTpOothaMH, o0OMTAIOIIMMH B MoMBe M Boge. Kpurtnuec-
KHM QUKTOPOM, BIHSIIONIMM Ha NOTpebreHne MeTaHa NOUBOM, SBIs-
CTCA KOHUEHTpalmna MoHa aMmoHus. Tlpy yvBenMyenun comnepxanunst
AMMOHNS B NOYBE W3-32 CCALCKOXO3IAUCTBEHHOH AesITebHOCTH WK
BCJIEACTBHE 3ArPAHCHUA NoTpedbieHMe MeTaHa CHHXKAcTest. TakuM 06-
Di3OM [MOYBEHHBIE H BOAHBIC MCTAHOTPOhBI MOMYT PacCMAaTPHUBATLCH
KAK CBOCOOPAIHBIN Haxkmepudavkbiit eazogull Guismp.

Mpobnema 3arpsa3HEHUa NPUPOAHbIX 3KOCUCTEM
M BO3MOXHOCTU CAMOOUYUNLLEHWS

Ana obecneveHusa cHaNAHCHPOBAHHOTO KPYTOROPOTA BCLUCCTR HE-
0OXOIMMO, YTODBL! 3TH COCIMHCHMS KAK CHHTCIUPOBATHCH, TAK U pa3-
naranuch, Yenopex B cBoell AesTENILHOCTH HC TONBKO 3ACTABMI XXHMBBIC
OPraHn3Mbl 00PA30BLIBATL HYKHBIC CMY BCIICCTBA B CBEPXKOIHUYECTRRX,
HO M CHHTE3IUPOBAT XMMHUECKHM MYTEM OMPOMHOC KOJHYECTBO YyXHK-
ABIX MPHPOAE COCAMHEHHIA, KOTOPbIC, OOLIAS IHAYHTEALHOR cTabuith-
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HOCTBLIO, HAKAMIHUBAIOTCS B OKpyAdtouleii cpeae. Takue Keenoouomuxi
MMEIT YHHKAIBHYIO BHONOTHUCCKYIO AKTHBHOCThL, KAK MIPABHIC, HE-
FATHBHYEY (KIHUCPOTCHHYIO, MYTATEHHYIO, TEPATOMeHHYIO, AJICPreH-
HYIO) U, OBICTPO PACIPOCTPAHSACH 110 TIHILERBIM LCMAM H B IpO-
CTPAHCTRE, OKA3BIBAIOT TOKCHUCCKOE BO3ACHCTRAE YKE HA YPOBHE MHK-
ponpumeceil. B mupoxoM cMbicne K KCeHOOUOTHKAM MOTyT ObITL OTHE-
CEHB!I M BEUIECTBA MPHPOIAHOTO TPOMCXOKIACHHUA, HO TOJVICHHBIC B
CHEPXKOAHUECTBAX H NCPEMCUICHHBIC B HCCBOICTBCHHbIE MM MeCTa (Ha-
npumep. HedTh). JToCKOJILKY YETOBCUCCTRO HE MOXKET NOJHOCTLK OT-
Ka3aTLCs OT MCMOAB3IOBAHHSA TAKMX BEIIECTB, TaK KAK OHH TPHMEHSI-
OTCS TIPAKTHYECKH BO BCCX ODNACTAX AEATEABHOCTH, NEPBOOYESPEIHON
3RAAUEH CTAHOBHTCH QUHCTK OKPYKUOLICH CPeAbt OT aHTPONOTCHHBLX
JArPA3HUTCACH.

MHKPOOPraHn3Mel, 061aAAK0WHKE OFPOMHLIM pasHooGpa3iieM gep-
MECHTHBIX CHCTEM 4 DONLIOH JTAOMIBHOCTEI0 MCTaDOJIN3MA, W SABIS-
FOTCS TCM 3BCHOM, KOTOPOE B OCHOBHOM OTBETCTBEHHO 3a CAMOOUH-
[IIEHHE TIPUPOAHBIX IKOCHCTEM H MOXET OCYLLIEeCTBAATL bnoaerpara-
LHIO TIPUPOUHBIX H CHHTETUMCCKHX KCCHODHOTHKOB, TEM CAMBLIM BO3-
Bpaulias OCHOBHbBIC MHTATCABHBIC IEMEHTH B F100AABHBIT LIMKIL

Oco0yIo AKTYAALHOCTL PA3PYILIAIGIIAT CTIOCOOHOCTE MHKPOOPTaHH3-
MOB TIpHOOPEIa B TIOCACAHWE AECATHISTHS B CBAZH C YBEAHMYHBAK-
LIHMCS TIPHCYTCTBMEM B DHocdepe yCTORUMBLIX Arpsa3HHTCACH aH-
TPONOIEHHOTO MPOHCXOAKACHHS, IPHYCM HEPEAKO B MacluTabax, npe-
BLILIAIOIIHX TIPHPOAHYIO CAMOOYHILAIOILYIO CIOCODHOCTS.

IIpuMeHeHe KHBbLIX OPraHH3IMOB JUTS OUHCTKH BOABI, MOYBbLI M
BO3AYXA OT PATHYHBIX 3AarPSI3HCHHI OCHOBAHO HA UX CIOCODHOCTH K
auodeepadayin (GuopaspyiteHur). 1o WUPOKOE TTIOHATHE BIJLIOYAET TPH
dosiee Y3KHX npouecca;

B paHCHoOpMaio, UM HE3HAMHTENbHBIE H3MEHEHHS MONEKYIILL;

B (hpacsmenmaniiio, WTH padiokKeHHe CIOX IO MOMCKYIBl HA osee
MPOCThIE COCAMHEHNS;

N NUHCPAANANWIe, TR IPEBPAUIEHNES CIIOMKHOTO BCIRCCTBA B Ca-
moie npocteie (H,0, CO,, Hy, NH;, CHy 1 1.a.). derpaganns KeeHo-
OHOTHKOB MOMXET MPOMCXOOHTbL PAXIHUHLIMH [IYISIMH B 3ABUCHMOCTH
OT XMMHUCCKOS CTPYKTYPHI PA3PYILACMOrQ BCUICCTBA. HAMUYHS TEX HIH
HHBIX DHONOTHICCKHX AKTHBHOCTCH, d TAKXKE B 3UBHCUMOCTH OT YCNO-
BHIT OKpyxaloLeil cpeabl. XUMHULCKas NPUPOIa KCeHOOGHOTHKOB UpC3-
BLIYAHHO pa3HoodpazHa — JMHCHHBIC W PA3BETBACHHDLIC WIKaHb! M
ANIKCHBI, APOMATHUCCKHC COEAMHEHHS ¢ PAVIMMHLIMH 3AMCCTUTCNA-
MH, TeTEPOUMKABI, KOHAEHCHPOBAHHDLIC LHKIMMECKHE CTPYKTYPB! H
MOJTHMCPBI. B paspyUICHHH CIOXHBIX, YCTOHUHBBIX BELIECTE BLKHbI PO-
Hecchli chrmpohul  Komemadoruzma (8 a3poOHbLIX YCIOBUAX — CO-
OKUCICHHA)Y, KOTA NPOSIBIEHNC CHOCOOHOCTH K TpaHCchOPMALIMK CAOXK-
HOIl MOJCKYNIsl 00YCAOBIHBAETCA HAJIHYHMEM JOCTYOHOrO HCTOUHUKA
IHEPrHUK NS N0 PARHIS KHIHCICIATCILHOCTH, TAK KAK ¢aM KCeHOo-
HHOTHK HC MOXKCT HCTIONB30BATLCS B ITHX LEAX.
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B HacToflEe BPCMA B NMPOLECCAX OYHUCTKHY MPUMEHSIOT B OCHOBHOM
CCTECTBEHHO CKIAIAMBAIOLIHCCH MHKPOOHBIC coobucerna. Tloka Mexa-
HH3Mb! 3TUX NPOLCCCOR, BHAOBOK COCTAB COODLICCTB U B3aMMOCH-
CTBUC MUKPOOPIIHHU3IMOB B HUX MaJI0 U3YUYEHB! M TIOITOMY MacCoBOC
NpUMEHEHNE OuopeMeditayin, T, ¢, HCII0AL30BAHUR DHOMOIMYECKHX CH-
CTeM JIT OMHCTKH OKPYXKAOUIEH Cpeilbl OT 3arpsi3HeHHi, BECbMa Or-
panyieno. OnHako pasHooOpasHe McTaboAMUCCKHX ITyTeil B MUKPO6-
HbIX COOBLIECTBAX ([03BOMACT HAAEHTLCS, MITO B [IEPCTIEKTHRE BOIMOX -
1O CO3AATh ACCOLMALIMH, CMOCOGHBIC Pa3pyLIaTh BCCh HABOP CUHTE U -
POBAHHBIX YCJIOBCKOM COCAWHEHMI, TCM CAMBIM BO3BpAIAA B [O-
DwIbHBIC LMKIb! ICMEHTOB AKTHBHBIE (hOPMBI YIIepoaa, a30Ta U T. 1.

fmoGanbHble LUKABI OCHOBHBLIX GMOreHHbIX 3ANeMeHTORB

O r106WILHBIX IMKTAX OCHOBHBIX 3/IEMEHTOB JAIOT IPCACTABIEHNC
CXCMBbl, MpeacTanieHHbie Ha pue. 168 — 170, HeobxoauMMo NMOMHHUTS,
HTO B MPUPOJE MPCBPALICHUA OTAC/IBHLIX 3CMEHTOB HE MPOUCXOANT
ABTOHOMHO, OHM B3QUMOCBSI3aHbBl U B3AHMO3ABHCHMBI. Luxa yerepoda
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Puc. 169. Huxa asota (0603Ha4eHIA CM. Ha pHe. [68)

H CEO CHSE3b C HEKAOM KUCAOPOOa TTOKAFAHLI HA pHC. 168, «YBom» yriepo-
M U3 KPYTOBOPOTA OCYLLCCTRISICTCS B OCHOBHOM T10 JIBYM [IO3HLIHAM:
I} obpaszoBaliiie HEOPIAHWYECKHX OTIoKeHHiH (M3BCCTHAKOR) 34 cUeT
COENHHCIIMSL B BOAHBIX CHCTCMaX (0coBeHHO B MopceKitx) Honos Ca™" ¢
KapBoHaTHEiME (COT) HoHaMH. BO3BPALLEHHC MOXKCT TIPOUCXOANTD
ANBO 1YTEM XHMHYCCKOTO BBIBETPHBAHHS 1TOPOA, JMBO 3a CHeT Bbipa-
DOTKH MHKPOOPTAHH3IMAMH KMC/IBIX IIPOAYKTOB; 2) HAKOMIEHHE TPH-
POAHDBIX H CHHTCTHUYECKHX TPYIHOPAIATACMBIX OPTAHHUCCKHX BELLECTB.
K nNpuponHsiM opranHyeckMM BELLCCTBAM CCAYET OTHECTH 2VMYC, CO-
CTOSILIH 113 IPOAYKTOB HCNOJHOI ACrPAJALIHH THTHHHA, 4 TaKKe 06-
PAIYIOWHECSH NPU NCJIOCTATKE KUCAOPOLA M HAKOMIEHHH KHCTOT TOPY,
KAMCHHBIH yroib, HEMTE U Ia3, K CHHTCTHUCCKHM — OIPOMHOC KOJIM-
YCCTBO CAOKHBIX OPraHHYCCKHN KCCHOOHOTHKOB (RJIACTUKM, [1CCTH-
UL, KpacuTteint woap.). TakuM obpaszom, ¢ 0 HoH CTOPOHBLI, AHTPO-
[OFEHHAS JICHTE/IbHOCTD [IPHBOANT K BHIBEACHUIO U3 ITOBALLHOIO LKA
Y POLCOACPKAUIMN BELIECTR, 4 ¢ APYIOH — K BO3BPAILEHMIO VIe-
POJA B KPYFOBOPOT NYTCM J0OLIMHU U NOTPefUIeHHs! NOAEIHBIX HCKONA-
CMBIX, T.¢. Mx DueTpoil MuHepamizaiinn. O npobneMe ICCTPYKIIMM KCe-
HOGILOTHKOB MOBOPHJIOCH PaHee.
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Puc. 170, Llukn cepor {obo3naucHig cM. Ha puc. 168)

Monekyasipabiit a30T cocTaraseT 80 % no mMacce 3eMHOI atMoce-
pbl, HO OOABIIHHCTRY MUBBIX OPFAHUIMOB A30T AOCTYNEH TOALKO B
cRAzaHHON ropme. K hukcalni MOASKYISIPHOT0 a30Ta CNIOCOGHBL TO/ -
KO MHKPOOPTAHU3MBI, 083 HHX HUKA a30Ma HE MOT Obl 3AMKHYTLCS (CM.
pue. 169).

['nobanbHblil quka ceps ipeactasicH Ha puc. 170,

Ponb MUKpOOpPraHn3amoR B 3pomounun 6nocodepn

06[11215] THITOTETHHECKAA CXEMa YYACTHSI MHUKPOOPraHU3MOB B 3B0O-
MouHK 0nocdepsl, orpkaliuasn robuibHbe COOLITHS B PA3BUTHH
AH3HK Ha 3emJe, npeacrapicHa Ha pue. 171, CobbiTHeM KOROCCLb-
HOM BaXHOCTH B HCTOPHH HALWCH MIAHCTLI ABHI0CH BO3ZHHKHOBCHUC
OKCHUTCHHOIO (DOTOCHHTE3A, KOTOPLI KAPAMHAIBEHO HIMCHHI (DM3H-
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KO-XHMHUECKHE YCJIOBHS 3¢MHOM aTMOC(ePhl M IIPHBEJT K CYIIECTBEH~
HOMY HAKOICHU IO OPTAHUYCCKOTo BetecTsa (puc. 172). 3710 noatsep-
KAACTC PC3YIBTATAMYU UEJ0r0 psad M3IOTONHLIX, OHOXUMHYCCKHX H
MOMEKYIAPHO-DHOAOHUECKHN HCCACTOBAHNN, a TAKKE OOHAPYKCHH-
eM aukpoghocciiaitt (MCKOTACMBIX OCTATKOB) HMTYATBIX (hOTOTPOPHBIX
MHKPOOPTaHH3MOB, B HaCTHOCTH UHAHODAKTCPHIL, BO3PACT KOTOPLIX
otpeacaseres 1,7— 3.2 mapa aer. COXpaHCHUC HCKOMAEMbIX OCTATKOR
FTHX MUKPOOPLAHHIMOR I3 TCUCHHE CTOJb LTHTENLHOIO HCTODHYECKO-
T BPEMEHH OOBSICHAETCH YHHKUIbHBIMH CBOHCTBAMIL WX UCNJIOB NMOJ-
RePrathest MyMUQHKAUNY, THTHOHKAUMH U BHKPYCTALMM CoeAUHe-
HHSIMH KPeMHUS, KafbIusa 1 T. 0. JApyruMy ApeBHHMHA CBHACTENLCTRA -
MU PA3BUTH3 LHAHOGAKTEPHI H 1IMAHO-DAKTCPHATLHBIX COOOLUECTE
SABJSIIOTCH CRIPOMAMOAHMSs; — CITOMCTBIE OCAAOYHLIC NTOPOLDL, NPOAYK-

Bpemsi, Copepxanne O3 (%)
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0.2 A+ = liHosanpui T
«ORHCAeH LS
(7 e — BOIHHKHORCHHE METABOH 120 armocdepa
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BosHHKHOBEHHE OIOHOROIO CAOS

[Tonspenune O> v arMochepe 4o
) _-BOTHUKHORCHHE OKCHICHHOLIO (BOTOCHHTESA -
2407 (1IHAHODAKTCPHH)
AHOKCHTEHHULLI (POTOCHHTES
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~4.3 PopMuUpeBILIHE JCMIH -0

Pic. 171, OcHoBitbie COORITHS B 3BOLIOUNN 3eMIH 1 YUACTHC B HHX MUKPOOP-
FAHHIMOB (¥ — BpCMS, KOTOPLIM JaTHPYIOTCH CaMbIC APEBHHE HCKOMIUCMBE
QCTATKEH MTPOKAPNOT)
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Puc. 172. MaMeHeHNE COLEPRAHMN 1 COOTHOWCHHUS DOPM OPraHHUECKOIO
BCLLECTRA B 380I0UHK OHOChephl

Thl KUIHEUESITCIBHOCTH MHKPOOPTAHHIMOB, OCHOBAHHLIC HA OCIXIC-
Hui DikapbonatoB. ObpasoBaHUe CTPOMATONMTOR B HACTOSILLCE BPEMST
VAAETCS CMOACTIHPOBATL B Aa0OPATOPHBIX YCJIOBHSX.

AKTHBHOE BO3ACHCTRHC YEAOBEKR Hi OKPYXAOLLYIO cpeay (pasBu-
THE NPOMBIIINICHHOCTH, CENbCKOIO XO3MHCTRA, BLIpYOKL 1T€COB, 10-
OblYa H NepepaboTKa MOME3HLIX HCKOMACMbIX) IPUBEI0 K JHIUNTC -
HOMY H3IMCHCHHIO COOTHOLICHHST 3AJICKHOTO W <«KUBOTO» OPraHHYcc-
KOTO BCHICCTBA B riobatbHOM Macuitabe (M. puc. 172).

KontponsHbie Bonpocobl

L. [epeuncante OCHOBHBIC METOAL HCCACAOBAHHY R IKOJIGIHH MHKPOOp-
TAHH3MOR,

2. [Mpoaranu3MpyiTe JOCTOMHCTEE B HELOCTATKH M3BCCTHBIX MCTOAON O-
PCACACHHA KOJAMUCCTBA KIETOK MHKPOOPIaHHIMOB,

3. OnrIUNTE OCHOBHLIC IIPEHMYLICCTRA H OIPAHHUS HHSI npumcHeHun [NLP
AT AHUIH A RPUPOAHBLIX obpaiion. Kak MACHTHGHIMpOBATHL NoYrcHHYIO Gak-
TEPII0 63 BRUICICHHS B HHCTYIO KYJILTYPY, MPHMCHSIH MOJCKYASPHBE MC-
TOOL?

4. Hasosime BOIMOXHEIE ITOCACACTUNS HHTPOAYKIMH B [TPHPOHKIC MCC-
TOOOUTAHUSA TCHETHUECKH MOAH(HIMPOBAHHBIX MHKPOOPIAHHIMOB,

5. llepeuncanTte OCHOBHBIE PYHKIIMH MUKPOOPTAHMIMOS 1B NpHpolL.

6. KakoBnl XapakTepHuIC UepThl MUKPOBHBLIX MECTOOGHTaHNI? Hasosute
HETBIPC THITH MHKPODHLLX HIII B BOAHBIX CPC/IaX.
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7. HazoBHTe HaHBOACE PpAcnPOCTPAHCHHBIC THIILI B3AMMOOTHOLICHH I MHK-
POOPFAHH3MORB APYT ¢ ApyToM. TIpHBCIHTE MPHMCPBI CHHTPOMHBIX ACCOLMA-
L.

8. OmuinHTe MYTVATHCTHYECKIE M Mapa3nTHYecKHe CHMBHOIbL! ¢ YMACTH-
€M MHKPOOPTiHHIMOB.

9, Yro takoc IKOJOMHYCCKas CTPATErH M KAK MOAPA3ACASIOTCA MHKPOOp-
FAHHU3MBI TI0 OTHOIICHMIO K 3TOMY MokKalaTenio?

10. Kak obGpasyerca u dbyHkunoHupyeT OHonaenka? lNMpuneante npusep
BHOTUICHKH MAKPOCKOMHYCCKOTO PASMEPA H ONUINHTE CC CTPOCHMUCE.

11. [MTepeuncante 0cOBEHHOCTH MOYUDLL KAK Cpeabl oDHTaHNA At MHKpPO-
OpraHHIMOR.

12. O7 xaxux dakropon 3asvcHT (GOPMHPOBIHHE TOTO WIH HHOMO THNA
nous? Kikobi poib MHKPOOPTaHHIMOB B 9TOM Nipouccce?

13. Ha3oBHTC OCHOBHBLIC Ta3bl., BLI3BIBAKILMKME MAPHUKOBRIA ixhekT. M
ONMHILHTC, KAK MUKPOOPTAHU3Mb! YIRCTBYIOT B X 00pa30BaHHK W rioTpebac-
Hiti, YT0o Takoe DakTepuasibHbie rajosbie huibTpel? Kak yenoseueckas nes-
TeALHOCTh BAMACT HA 00pa3oBaHHe H NoTpedaeHIe MAPHIKOBLIX 3087

14, Uto takoe KeeHOOHOTHRKH? MOKHO S OTHCCTH K HTOR KATCTOpHI
HOACIHBIE HCKONACMBbIc?

15. TTouemy HeOOXOAHMO DOPOTHCH C JATPAIHEHHEM OKPYAIIOWCH Cpesbl
OPTAHMUCCKUMM COCTHHCHUAMUT Kakas rpynma KifBsIX OpraHusMoB cnocob-
HA METADCIHIHPOBATh KCEHODMOTHKH H MoUeMy?

16. Kakie xuMiueckiie pouecch onpeaesiseT TePMHH «Oiloaerpananiis»?
Kakyto pols MIrpaloT KoMeTadoaIM 1 CHHTPOGHA B paspyLCHHIt yCTORIN-
BBIX COCHAMHCHRET

17. OnmwikTe poib retepoTpohonr H ABTOTPOMOB B KAKIOM H3 OCHOBHbLIX
LHHKTOB PACMCHTOB HA 3cMae (YIAcpoaa, a30Ta, cepsl).

18. Kak Aesa1eNbHOCTD YCHOBCKR BITHNET HY «YBOM» W BO3BPAICHIE YITIC-
poia B eTO TIOOAILHEBIT HWUKT?

19. Yro npoM30iiacT, ¢CIM BHE3ANMHO NPCKPUTHTCH MUKpoOHasa azordmk-
catinn?

20. HazoBiiTe HAHDOIEC 3HAYHTENBHIAC COOLITHA B UCTOPHH 3eMIH. CBA-
JIHHBIC ¢ ACSTEMBHOCTBI) MHKPOOPIIHHIMOB.



fnasa 12

NPAKTUYECKOE NPUMEHEHMUE
MUKPOOPFAHU3MOB

Cdepbl ucnonb3oBaHus MUKPOOPraHU3IMOB

CpolicTBa MUKPOOPTGHHIMOB, BaKHbIE UTS YCIOBEUECKON NPAKTH-
KH, IMO3BOJSIOT YCIOBHO TNOAPE3NCAHTE 00JACTH ACHCTBIS MHKPOOP-
FTdHH3MOB HA Ake Donblrie Tpyrins:.

llepsan cpynna BKIOYAET oONAcTH ACHCTBHA MHKPOOPIAHHIMOB,
CBABAHHBIC ¢ NOICIHOH (MOJICKHTETBHON) ACATCILHOCTBIO MUKPO-
BOB. @mopast 2pynna OXBATLIBACT OOMACTH ICHCTEHS, CBAIAHHBIE C He-
FATHBHOH {OTPHLATCALHOM) ACATCALHOCTLIO [TO OTHOIIEHHIO K HHTE-
PECaM 1IEI0BERA.

K nepBoii rpynne oTHoOCATCS:

W TIPOHIBOACTBO TMPOAYKTOR NHTAHUA (KBAC. MMABO. BHHO. CIIMPT.
YKCYC., X1CH, MOMOYHOKHCTBIC, SUKBALLICHHBIC H CONCHIIE NPOAYKTHI,
PBEIOHBIE H MSICHBIE TTPOAYKTDL (FCPMEH AL

= IPOHMIBOACTBO MHKPOGHOro ek (HILEBOTO 1 KOPMOBOTO) H
NHULEBBIX 100aRBOK;

B [10AYYCHHE HHINBHAYUTBHBIX XIMHUYCCKHX HCLIECTB (PacTROpH-
TeJAH, Ta3bl. (DCPMCHTLL, BUTAMMHLI, AHTHOMOTHKHA, OPLAHHYECKHC It
AMHMHOKHCIOTBL, HYKACOTHALI, OHOMOIMMEPDI, AAKWLI0MAL, CTepOi-
Abl, TOPMOHBI, TOKCHHBI. CTHMYJIATOPBI POCT PACTEHUIH H T.A4.);

B IIQAYUEHHE BAKLIH M TPCTAPAToB A8 MEIHLHHBbL, BETEPIHH-
PHH, CENLCKOIO XO3HCTBA;

B BLILUCIAYHMBAHHE MCTAIOR M3 PYI;

W OYIICTKA M NMepepaloTka MPOMDBILIEHHBIX H OBITOBLIX OTXOI0B;

B COIIAHHE 3AMKHYTBIX CHCTEM AKHIHEODECTeUCH st

B HCOOMb30OBAHHE MHKPOOPEEHIIMOB B KQUeCTBC TECT-CHCTCM M
OHMOCE HCOPOR;

B HCMOILIOBIHHC MHKPOOPTAHHIMOB B KAUCCTBE MOJEICH H MHCT-
PYMEHTOB HAVUHBIX HCCICAOBAHNIL.

Bropyio rpynmny cocTaBAsIiOT TaKHE NMPOLECChl, KAK:

| TOPUD THIWERBIX TIPOAYKTOS,

& MHUKPOOHI KOPPO3MS MPOMBILICHHDBIX H OLITOBBIX OOLEKTOB H
MaTcpuasoB;

B MHUKPOGHOE 3Arpa3HCHUE MOYBBL. BOALI 1 aTMoChephl:

N DONEIHETBOPHOCTL MEKPOOPTAHHIMORB ISl YEIOBCKA, K HBOTHBIX
I PACTCHHIIL.
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Muinesblie NPOU3BOACTBA, OCHOBAHHbIE
Ha MUKPOBHOM MeTabonuame

Fuie 3210110 10 TOTo, KaK ObLTH MOHSTH MEXaHH3IMbI MHKPOBHOIO
METACOII3MA, YETOBCK MHTYHTUBHO HRYUHIICS MCTIONL30BITL UX B CBOCH
XW3HHU, JIJABHO M3BECTHLI COOCOODL! BRIMEYKY Xieba, NMpUIOTOBACHM
KBaca, muea, suHa. Hanpusep, v Haponos Cepepa ¢ ApeBHHX BpeMeH
M J0 HALIMX AHEH COXPAHMIICS CITOcod NPHIOTORICHUSA KITOBOIO MICA,
TIO3BOAKIOIIHIL MM BOCIOJNHATH HEAOCTATOK BITAMHHOB W aMHHOKHMC-
JIOT {CLIPOC MACO 3ABOPAUMBAIOT B IUKYPY H KJIAIYT NOA CHET JUISL «Bbl3-
PEBAHHA» , TIPOHCXOANT PAIBUTHE MHKPOOPIAaHH3MOB, 00Pa3yIOLIHX BK-
TAMMHBI, 2 TAKXE YaCTHMHBIA rMAPOIM3 6eNKa, AMOUIHH NEOTHAbL 0
AMUHOKHCAOTSI).

Hcnoan3osanne MOTOYHOKHCABIX DakTepuit. M31aBHa Jit0IH TOTOBH-
1M B0AbIIOE KOMHUCCTBO HPodyKmos 13 Moa0ka. DTN IIPOLAVKTLI OT/1H-

Tadbanua 3|

Hexm‘opue KHCIOMOI04HbIE BEPOAYKTH H MHKPOOPTAHH3MBI, NIPHMEHAEMDbIE
TPH UX HITOTOBJICHHR

[MponykTh MuKpoopran Mol OcolieHnrocTit
AUHIO- Lactobacillus acidaphilus [MonaansieT pa3piTie
(GHIHH THAOCTHOI MEKPOBHOTH
Kedmp L. lacris, L. bulgaricus, [MponyxT conepxkir no 1 %
Succharomyees spp. — ITAHOAA, HOAARTACT PAIBH-~
«KC(PHUPHBIC ICPHil» THC THILTOCTHOH MHKPOOHOTDE
Kymbic L. bulgaricus. HirotonnsteTca M3 KoDHbULIb-
L. leichmanii, Torula spp. CTO MOJIOKL, COAEPXHT A0 2%
TAHOMA. TTOLRB/BICT PA3BH-
THE THHIOCTHOH MUKPOOHUOTHI
Horypr Streptocaccus thermophilus, Harotornsietcsl H3 KOPOBLETO
L. bulgaricus MOJIOKA HH3KOH XHPHOCTH,
I TIPOAYKT N00RRNSIOT cTadiH-
AH3ATOPLI THNA KEIATHHA
BpoXeHHE MOMOTAET yopaTh
SekonyIo (PPAKLIHIO 34 CUCT
KHCAOTHOI IeHATYPaLUmnp i
FIPHAACT KOHETHOMY MPOLYK-
TV BKYC, APOMAT W UBCT
O6pa3syloT a11eTaT W AaKrat,

Macao Lactococcus lactis

buhino- Bifidobacterium spp.

RPOAYKTHI MOAARTAIOT PAIBHTHE
FHWIOCTHOH MUKPODHOTEI
ChIpbl Lactococeus spp.. Lactobacillus | Ha RAMTbHOM CTanlm
bulgaricus. Ha MOIIHMX CTUAH- | MOJIOKO NOUBEPTAETCA
SIN B 3ABHCHMOCTH OT COPTiL — | ACHCTBMI) ChIUYKHOTO

Leuconostac cremoris, Penicilli- | depMenTa peHHnHa
um spp., Brevibacterium spp..
Propionibacteriuni spp.
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YUTHCh BKYCOM, 4pOMAaTOM M MHTATCALHLIMH CEOHCTBIMIL, 3aBUCHIILM-
MIt OT IPHPO/Ib! HCNOAB3YEMOIT 3aKkBacKH. OOWHM TS TAKHX 11POLEC-
COB SIBJIACTCH 00pasoBalve BONBIIOTO KOAHMYCCTBA MOJOMHON KHUCIO-
Thl M3 Caxapa, 4To NpUBOAHT K CHikeHMo pH 1t npenotepamact pas-
BHTH¢ MHUKPOOPTAHKIMOB, BBI3BIBAKIWMX HCTATHBHLIC poueccn.. He-
KOTOPBIE OCHOBHBIE TPOAYKTHI H IPHMCHAEMbIE TIPH HX W3ITOTOBICHHH
MHKPOOPIaHH3MbI MPUBEACHLE 1 Tabt. 31,

MonouHOKKCAOE BPOKEHUC TIPUMCHSICTCS (TPH NIPHTIOTORISHHH
KEQUICHBIX OBOIeH W KIICAOH KARYcmel, A TAKXKE TIPH QUA0COBAHII KOp-
Moa. OBPABYIOIAACH MOJIOYHA KUCIOTA IBASCTCS B 3THX NPOLECCax
€CTCCTBCHHLIM KOHCCPRAHTOM.

Ewme oAHa 06aCTh HCTIONB30BAHHA MOAOYHOKHCIBIX BAKTEPHI —
SAKBACKU Qs MACHDIX U PotOHBIX npodykmog. TaK FoTOBST HCKOTOPLIC
COPTA COCHUCOK, KOJIBACHI THIA CATSIMH, CCPBEIAT W PAMIHUHBbIE PhID-
Hbie 61101a ATIOHCKOTT KYXHH. UexoaHble KYbTYPLI B 3THX APOLeccay —
Pediococcus cerevisiae, Lactobacillus plantarium, uwa cragni nospesanms
nuoraa Aspergillus glaucus.

Hcnonnsosanue Apoxakei. /Ui H3roToBacHs Xiedad TPHMEHSIOT
CIEHMUTBHEBIE ADOXIKCBRIC 3AKBACKH. Bee onu oTHOCATCH K Saccharo-
myces cerevisige, Ho 11 x1c6a, AMBA, KBAaca. BMHA, CIHPTA B HACTO-
SILICC BPEMSI MCTIONIB3YIOT DASHBIC paehi APOAOKCHT. 3aKBackn ans xae-
boneucHUA He QOMKHEBI COACPKATEL APYIHX MUKDOOPTAHIIMOB, JA0/X-
Hbl AKTHBHO PACTH HA [IOKO3C ¢ OOMTBHBIM 1300030 HHCM.
B HacTosiliee BpeMS 21581 HEKOTOPBIX CIICHHMALBHLIX COPTOL X863 nph-
MEHAIOT A0BARKK B XJCOHBIC JIKBICKH W3 NPONHOHOBOKHCAMX AN
MOAOUHOKHCIBIX DaKTEPHIl.

JApoXAKH SIBIAIOTCS OCHOBHBIM ACHCTBYIOLIUM MCMEHTOM R [PO-
HCCCAX NPUTOTOBAEHHS (NKOTOABCOACPKALLINX HANNTKOB (BHMA, MHBA
1 KBaca). Takne mpoAYKTh MOFYT OBITh TIONYUEHBI 3 DA THUHBIX Pac-
TUTEALHBIX CYOCTAHUHIT, KOTOPLIE COACPKAT JOCTYMHLIC VINEROLDL.

OCHOBHBIC TAlLI TPHUTOTORICHHS RUHE:

. OTxum BiHorpana (6¢i1blc H KPACHLIE COPTa).

la. OtaencHue OTKHMOK {4751 6eIbIN H PO3OBLIX BIH).

2. COpaxMBAHMC CYC/1a (AHKUMH JIPOAKKAME) HIH HPEIBIPUTC -
Hay TAacTepH3alMi CYCAd M BHECEHHC CICUHANLHBIX JAKBACOK
(8. cerevisiae var. ellipsoides). BpoxeHsue B TeucHue 3—3 jiHel npi
Temmeparype 20— 28 "°C. Koneunast KonueHtpauns cnnpta ot 10 0
12 %.

3. CenapupoBatue, oxiaxaeHue.

4. Jobpaxuparue (A0610UHO-MOTOUHOKHCIOE OPOXKCHHE MO ACH -
ctiem Pediococcus, Leuconostoc. Lactobaciflus). TIpH 3T0M 0POHCXOIHT
CHMKEHHUC KHCTOTHOCTH BHHA,

4a. Bropuiunoe BpoxeHNe (+ caxap, noa AaBIeHUeM T8 HIPHC-

TBIX BHH, + CIIIPT, HA BO3AYXE IUIA XCPCCHBIX BHH).

3. Beuacpxka (hopMUpOBRHHE OKOHIATCALHOIO BKVCA M ByKeTa).

6. Po3auB (HMHOTAA 1OCAE KYTLUKHPOBAHMSA).

300

BuHa noapadIcjsioT HA CYXHE U crialikue. B cyxux HCT OCTATOMHBIX
CaxapoB. a CAJKUE COACPAKAT PA3HBIC KOJTMYECTBA CBODOAHOIO caxapa.
ConcpXaHMe OCTATOMHOTIO €axapa ONpeaessicTCA HAYalbHOH KOHLEH-
TpaLMeli caxapa B BUHOIPaIHOM coke. Ecian Biatb caxapa 60ibLtic TOro
KOJNMYECTRA, KOTOPOE MOXET MNepepadoTarsesl B alkorolib. TO KOraa
KOHUCHTPALMS CITHPTA JOCTUI'HCT KPHTHUECKOIH, UHTHOHPYIOLLE| pocT
ApoXCKeil BemUUUHB (~ 12 %), DpOXCHHE MPEKPATHTCH U CINC OCTa-
HeTcst HecOpoXeHHbIi caxap. CyLeCTBYIOT paIHYHbIC AOMNOJTHEHHA H
MoanguKanuy Toro npouecca. Hanpumep, ansi NoayucHUs CIAKKHX
AECEPTHLIX BUH MCIOTBIVIOT BUHOTPA, 3apaKEHHbIH rpuboM Botryiis
cinerea, 0BE3BOXCHHBINA, C MNOBLILICHHBLIM COACPXaHUeM caxapa. Cok
H3 HETO cOPaXUBACTCHA CHEUNATBLHLIMH IPOXCKAMU, KOTOPBIE OBICTPO
[epepabaThIBAIOT MIOKOZY H He MCTONIBIVIOT (DPYKTO3Y, uem W obyc-
JAORICHA MOBLILIEHHAA CAXaPUCTOCTL TUKOrO BHHa. B HacTostuee spemMs
AOBBICHIOCH MU0 COPTOB BHH € BHCCCHHEM PA3THYHbLIX ApOMATH-
yecknX 100aBOK, ¢ NPUHYAUTENbHBIM HarHeTaHHeMm CQO, (MCKpHCTBIE
BMHA), ¢ JONOIHUTENRBLHLIM BHCCCHHEM CNUPTA (KPericHbIC BUHA),

B npuUroToBIEHMU Hued UCIIOAL3YIOT 3EPHOBLIC CYDCTPATH, conep-
KalMe MHOro Kpaxmasia, s obpaszoBaHUsl CMBPTa HEOOXOAHMBI Ca-
Xapa, KOTOPbIC MOJKHBI OLITh MOJAYY4EHBl U3 KpaxMalia nyreM rHApo-
nu3a. Haubouee pacnpocTpaHeHHbIC BUAbI CLIPBA IS TIHBA — AYMCHD,
pHC v KyKypy3aa. s EBponsl TPAAHUHMOHHO HCHIONL30BAHNAEC AYMEHA B
COOTBETCTBUH C HUXKENPHUBCICHHOI cxeMOi.

1. 3amaupBanue M [POPALIMBAHME S9UMEHH (MONYHEHHUC COM0aa ¢
AKTHBHPOBAHHEM aMMIa3).

2. Cywika conofd (ueM Bbie Temncparypa cylwku — 110, 120 uau
140 °C, reM TeMHee cOJof).

3. PasmoJ1 comona u fo6GasieHue K OCHOBHOM Macce siumedst (- 15 %):

4. Bapka cycia (3aMauvBaHHE, OCAXAPUBAHMC Kpaxmana, nobasne-
HHE XMCIsl, KHIYeHNE).

5. OxaanieHue, GUILTPALMA M BHECCHUC NPOXKEH (CreUranbHo
OTOOpaHHbIE NUBHLIE IPOXKU . cerevisiae var. carlsbergensis, HU308010
OpOXKCHUI — U JIATePHBIX COPTOB IHBA, BEPXOBOr0 OPOXKEHHMS —
JUTA KPEMKHX COPTOB NKMBA THRAA 318).

6. bpoxenue (npw temncparype 12°C — 7— 10 aneit, npu 18 °C —
3—4 aust anst 309},

7. (PuibTPALMSL, MEPeroHKd B TAHK HA A0OpaXyBaHIE TPH TCMIIe-
patype 4 "C o1 7 no 60 aHeil (;UIR NTArepHLIX COPTOB).

8. PO3vEB, «KOHCEPBUPOBAHKE» (TACTEPHU3ALIMA, (PUILTPALTNA, BHE-
ccHue OBCH30aTA, HH3MHA).

Ha 6yTbiake OBBIMHO YKa3sIBAIOT KOAMYCCTBO rpanycoB baanunra
(11°B, 187), UTO COOTBETCTRYET IJIOTHOCTH cycsia (COUEPXAHHUIO B
HeM caxapa fo Hauaia Gpoxedus). Eciai NTMBO NOAYMACTCA «CYXOL»,
T.¢. BeCh caxap cOpoxeH B CNUPT (YETO MOYTY HUKOMAA He DsiBacT), 1o
CONEPKAHME CITMPTA B [OTOBOM [POIYKTE MOXHO PACCUMTATD, YMHO~
xup nudpy rpaaycos bawnra Ha koadpuunent 0,575.
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A1 TPHIOTOBICIHST 31151 HCNOAB3YIOT CYCa0 BOCE TOTHOE N TIpH-
MEHHIOT BEPXOBhIC APOXKH, OPOISIIIHE 11PH HOICC BRICOKOI TeMIIepa-
Type (18°C), 3HaUNTE/IbHO BrICTPEE H ¢ OBIIILHBLIM TA30BLIACTCHHUCM.
[IiBo monyyaeTest Kperye, a APONKK 1P OPOXKCHHH BLIHOCHTCH Ha
NMOBCPXHOCTE B «IJANKY TIHBA»,

Ha Bocroke chiphem Uisi AIKOronkCoaepx)aliux 1HaiuTKoB (caks)
ABJISACECH PHC, W TOLIA JUTA THAPOM3A KPAXMaTa HCIONb3YETCH MHK-
pobuosoruiecKas cranus — rpud Aspergillus aryzae, 00paIyIoOWi aMm-
nasbl. [Tpi 3TOM MPOHCXOJANT OCAXapHBAHME H HAYHACTCS CHHPTOROE
Opoxehue, BeI3bIBaeMOE S. cerevisiae var. sake. bpoxerne npu usro-
TORICHHH CAKI JLIMTCA 10 | MECsta, M KOHCU Hast KOHLEHTPALLHS COMpPTI
B NIPOAYKTE MOXKCET AOXOANTS 10 18 %.

AMEPHKANCKHC HHACHLBI, H3TOTOBSS 2IKOTOBHBIC HAMHTKH 3
3CPCH KYKYDY3bl, MCHOJBLIYIOT COBCTBEHHYIO CIIOHY, COAEPKALUYIO
AMMIIA3DI.

boJiee Kpenkiue HAMMTKH MOAYYAIOT OTIOHKOI CMUPTa U3 BHHA M
MHBA H OTAHYAIOTCA HAYAILHBIM CyOCTpaToM W Moandukanmeii noc-
JACOTTOHOUHBIX Onepaunii. Hanpumep, odku NOAYYAIOT AHCTIULTAL-
it CITUPTa Noche COPAKMBAHNS KPAXMILTA PKH, HUCHMLLL), Kaptodie-
S5, KYKYpYy3Hbiit slicku (GypBoi) — OTrOHKOM CITHPTA NOCHC COPAKHBIL-
HWSL KYKYPY3bI, KOHBAK M OPeHdy — BBIICPXKHBARNEM OTOIHAHHOTQ BH-
HOTPAAHOIO CTTMPT2 B NYOOBLIX GOUKAX: womaiandekul eucku — RUc-
THIAUNCH HEOXMEJICHHOI SUMCHHOM BpaxKH. Pa3Hbie Bibl KPEMKHUX
HAIINTKOB OTITHYAIOTCA 110 BHOCHMbIM R0BABKaM (HAIPUMEp, docun —
ITO BOOKA U3 COMPTA, HACTOSIHHOIC Hd SrojlaX MOKAKEBCTLHHKA, -
Kepbt COIEPXKAT DOJILUIOC KOTUYECTBO CAXAPA W HATYPATRHBIC MM CHH-
TETHYECKME aPOMATHIATOPB! H T.1.).

[IponsBoacTo enupma MOXCT BbITH OCHOBAHO HE TOMBKO Hi He-
MOJL30OBAHNH NHIICERIX CYOCTPATOB M OTXOMOB HHILCBLIX TIPOHIBOACTS,
HO W HA TEXHHYUECKOM CbIPhe, CNOCOBHOM MORBCPraThest MHAPOAN3Y, 13
TOM MHCRC HehCPMEHTATHBHOMY, ¢ OGPU3ORIHHCM CaxapoB (Hanpu-
MEep, Hil IPEeBECHBIX OITHIKAX).

Henonb3opanue yKcyCHOKHCIBIX Gakrepuii. [Tonyuchie ykeyea oc-
HOBAHO Ha CNOCODHOCTH YKCYCHOKHCBIX OaKTEpHil pona Gluconobacter
OCYUIECTRSITL HEMOMHOC OKHCICHHE 9TaHO) B aueTar. bakTepuu poaa
Acefobacter He HCNONLIVIOT. TaK Kak ¥y HUX uMeetcest 3aminyintil LITK
H OHH OCYLICCTRAMIOT «liepeoKneIcHue» auerata 1o H,O u CO,. Tpo-
MBILUIEHHLIH MPOLCCC MPOXOAMT B KONOHHE © BVKORBLIMH CTPYXKKa-
MH, Hd KOTOPDLIX 3aKPCILIEHBT KACTKH BAKTEPHIT H ICPe3 KOTOPBIE MieT
HPOTHBOTOK KHcnopoaa u cmupra. Tlo tHny cybeTpara, n3 xoroporo
MOIYHAIOT YKCYC, OH ACAMTCH HA CTOJOBBLIH (M3 cnupTa). sibI0MHbIIl.
BUHOIPAAHBIH (M3 COOTBCTCTRYIOILNX BHH).

HUcnonbiosanne GHOMACChI MHKPOOPIaHK3MOB. baaromaps Tomy, 1o
MHKPOOPIAHH3MB! OBICTPO PACTYT H COACPRKAT B KACTKIX Bee Heob-
XOAMMBIC TIMTUTEIbHBIC MICMEHTBl, OHM CAMH MOIYT ObITh tcmow-
HUROM JHingn T8 4eSTOBCKA M OKHBOTHBIX, 4 TAKKC dofaekami K OCHOE-
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HO# avere. B kadecTBe MPUMEPOB MOXHO MPHBECTH OCIKOBO-BHTA-
MHHHBIH KoMmmeke (BBK), Suomaccy xnopesisl B 3aMKHYTbIX CH-
cTeMax XKH3HeoDeCneeHisl, [ICKAPCKHE H KOPMOBBIC APOXKH, 611'0—
noruuccKy akTHBHYK A00asky (BAJ) «Cnnar» na ocHose Spiruling
platensis. PazsuTine MHKPODHOTOIHUCCKOTO TIPOH3BOACTEA MTHINEBOTO
Ocnka CACPKHBACTCH OTCYTCTBHMEM JICHICBOTO H 0e30MacHOTO CBIpbS
L% pocTa. ITo MOTYT ObITh U0 OTXOAB! NMUUIEBLIX [IPOH3BOJACTE,
NHOO KEPOCHHOBBIC hpaktidy HedTH, MPHPOAHBLT Fa3 HIAKH METAHOIL.
[loka ke coeBnlit HenoK 00OX0AMTCS AelIeRIc ¥ DOJEe NPUBLIYEH,

fMopya nuWeBbLIX NPOAYKTOB

[TpuroTonaeHHe ¥ KOHCEPBHPOBAHHC MUILH ¢ MOMOIUBIO MHKPOBOR
M NOPYA MHLICBEIX [IPOAYKTOB — 2TO KaK Obl ABe CTOPOHB! OIHOTO TPO-
IIeCCa. 3Mech BaXHO, B KAKYIO CTOPOHY OVACT MPOHUCXOAHThL Pa3BiTHe
MHKDPOOHBIX COODILECTB, BCELAA MPMCYTCTRYIOIIMX B CAMOM MPOAYKTE
HAH B OKPYXKaeii ero cpeae. FIMIICBBIC TPOAYKTHE — OYCHL XOPOLLAS
MUTATEAbHU CPEAA ANA PASTHHHBIX MHKPOOPTRHUIMOB, NPU 3TOM MHK-
POOHBIH POCT OTPAXKACTCHA KAK HA KAUECTBE CAMOIo NPOAYKTA, TaK H Ha
3I0POBLE NOTPCONSAILIETO Cro HeIOBeKa. 3arpsa3HeHHe NpoayKTa dones-
HETBOPHBIMH MHMKPOOAMIL MOXET IIPHBECTH K 30DAKCHHIO YCJIOBCKAL,

CKOMLKO CYLIECTBYCT UCTOBEUCCTRO, CTOALKO BPEMEHH OHO boper-
¢4 ¢ nopyeii MHIICBLIX MPOAYKTOB. CHavyaIa UCTIOABIOBAIY IACONKY
A7t KOHCCPRUPOBAHHUA MHCA H PLIDLI, PUTOTOBIEHHUE CHIPOB H KHC-
JIOMOJIOUHBIX OpoayKToB. KonucHue Maca v puidbl IPUMEHSIIOT 10 CHX
MOP, XOTH CHAY1a 3TO ACTUIM Ha WHTYUTUBHOM YpoBHe. B 1837 1.
JI.Nactep oTKpbLI HOBYIO 3PY B MIMILEBOH MUKPOOHOIOIHH, AOKA3AB,
UTO UMEHHO MHKPOOPTAHU3MBI RBI3BIBAIOT MOPUY TIPOAYKTOR, Ero pa-
OOTB! MOCTABWIM H3YYEHHE MOBPEXKACHUS M COXPAHCHHST MUILCBBIX
NPOAYKTOB HAQ HAVUHYIO oCcHOBY. JI. Tlacrep npeanoxuia UCnoas3oBaTh
HArpeBanne Kak GakTop. NPeAynpeXKIAIOUHH Pa3BUTHE MHKpOBOB B
NPOAYKTE (Hnacmepuzanus).

(DakTopsl, BAMAXIIME HA NTPOLELCC NOPYH NpoayKToB. Byier an nop-
TUTKCS JIPOAYKT H HACKONBKO DLICTPO 3TO MpoM30iiaeT, onpenenseTcs
WHPOKHM paznoodpa3uMeM BHCLUHMX W BHYTPEHHHX yCnoBKUi. BHyT-
PEHHHUE, HPUCYLUHME TOMY WM UHOMY BUAY NPOAYKTA, (PaKTOPLI BKIO-
yaloT pH, BROKHOCThL, AOCTYNHOCTL Boabkl, Eh, ¢TpykTypy. pocTyn-
HOCTb IUTATCIBHBIX BCILECTB U BOIMOMHOE [IPHCYTCTBUE MPHPOIHBIX
AUTHMHKPODHBIX areHTOR. M3 BHellTHUX hakToOpoR HaHBOJICE BAXKHBIC —
TEMIICPATYPA, OTHOCUTEILHAS BIAKHOCTD BO3NYXd, NPUCYTCTBHE Ta-
30B (CO,, O,), THIT U KOMHYCCTBO MUKDOOPTAHHIMOR,

B 33BHCHMOCTH OT COCTARA NMUTATCALHBIX BCLICCTB B IPOAYKTE pa3-
BMBIIOTCH TC WIIH WHBIC TIPOLECCHLL, [IPUBOMSILUME K [TOPYE NPOLYKTIl H
HIMEHEHHMIO €r0 CBOHMCTB, @ TAKXKC K ITPEUMYIICCTBCHHOMY €0 3ace-
JICHHUIO TOM WM MHOI Upynnoil MUKpoopraHuiaMoB. HekoTopbic 1ipH-
MEPbl NPeACTABICHS B TaGn, 32,
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Tabauua 32

Twnmabie npoayktel 1 3hdexTs, HabaOaaEMBIC HPH MUKPOGHONH nopue
ONpPEeACACHHBIX CYOCTpaToR

Cyberpar XUMHUECKHE OpOUCCen Tpoavkret uoadehe KTh
[Tekrun ['Mapoans nektiHa MeTanon, ypoHOBbIC KMCIOTHL -
NOTCPS CTPYKIYPLI OROLUCE M
(hPYKTOR. «MSITKHC CHILIH»
Bestxn TTpotconus, AMUHOKHCAOTEL, MCHTHALL, AMHHBI,

AC3AMHHHPORIHIIE CCpOBOAOPOI, AMMHAK, HHION —
AOARTEHHE TOPCYH, MPOKHCAHIC,
NOANICHHEC HCNPHATHBIX 3aMaX08,

OCIH3HCHHE
Yocnoan | Fuaponns, Opranuueckue kncaorn, CO,,
CcOPAXHBAHNC CMCCH CTIHPTOB — APOKHCAHIIC,
cOpaxHRaMHie
Kupe Ciaponus, gerpaaatist | TAMUCPON. CMECH KUPHLIX KHCIOT -
KUPHLIX KHCAOT MPOrOPKAHNE, MOAKICHIC FOpedls

Takue npoaykrel, Kak xae6, sBiapcHLE M HCKOTOpbLIE (PPYKTLI, B
NEPBYID 04cpeab nopaxalorest rpudamu. Haobopor, npoaykrul, co-
Acpialne 6OMBIIOE KOIHYECTBO OeIKa M/ N KHPOB (Hanpumep, Msco
HJTH MACA0), HOABCPRAOTCA NPEkie BCCro achcrsiio Gaktepuii. Taxas
nop4a NPUBOAMT OOLIMHO K BOIHMKHOBEHUWIO HCHPHATHBIX 3a114X0R,
3d KOTOPLIC OTBCTCTBEHHBI AMMHBLI THIN KAIABEPHHA («TPVILHBIH SIT»)
W NyTpecita («rHrIotwH»). Huskuii pH nponykta soissieact pazun-
THE IPOXKCH W nieceHel, HCATPATLHEIH M weaotHoi — OakrepHi.

Hanuuue 1 10CTYIMHOCTE BOABE TAKKE BAMACT Hi CIOCOGHOCTD MMK-
POOPraHU3MOB KOJOHH3HPOBATH MpoayKT. [Tpocreiiie crocods npe-
AOXPAHCHMA NPOAYKTA OT 3APANKEHMS — ITO CYHIKI, KOIUYCHHE, BSLIC-
HHC, & TAKKE BHECCHHE DONBUINX KOJUUCCTR coni i caxapa. Mpu npu-
FOTOBJICHMH MSICHBIX [IPOAYKTOB, B YACTHOCTH OVIILOHOR, YacTo CHH-
KACTCA OKHCIINTEALHO-BOCCTAHOBHTCIILHBI NOTEHLMAN, TakHe 1Hpo-
AYKTbI, CONCPKAUIHE JOCTYIIHBIC AMHHOKHCAOThE, NECNTHABI 11 haKTo-
PbL POCTa, SIBSHOTCH MACAIBHOM CPEAGH UTA POCTL AHAIPODOB, BRI~
A KJIOCTPHANIN,

@usMdccKas CTPYKTYPA 1ML OKA3BIBACT HOALIIOE BIMSIHUC HA
npouece NOpYM NpoaykTa. Msmensuerie, Hape3aHue M CMELINBAHHC
[IPOAYKTA, HAITPUMED B COYCAX, CANATAX, KOTAETAX, HC TOIbKO YBC/IH-
HHBACT €0 NOBEPXHOCTb H MCHSICT KICTOUHYIO CTPYKTYPY, HO TAKKE
CNOCOOCTBYET BHECCHUIO W3BHC AOTIONHMTCILHBIX MIIKPODOB i pac-
TIPEAC/ICHHIO HX B TOJTLE ITPOAYKTiL ITO NPHBOANT K YCKOPSHHIO 1OP-
U1 M CHVXKEHWI) CPOKA XPAHCHUS MTPOAVKTA.

M3 HaTypanbHbIX AHTHMHKPOGHLIX Aar¢HTOB MOXHO HA3BATh KyMa-
pun B OBOWAX W (DPYKTAX, A301UM B LAX, (humonyudsr B TyKax.
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ATYYME BEILECTBA B OCTPLIX NPHIPABAX, H0AUGHHOAB B MCPHOM H 3C-
JICHOM Yae,

BbicoKast OTHOCHTENILHAN BILKHOCTL OKPYXKAIOILETO BO3AYXR ClIO-
coficTeyeT ObICTPOMY MHUKPOOHOMY POCTY JaKe MPH MOHMKEHHBIX TCM-
nepartypax. Baxua armocdiepa, B koTopoit xpaHures nuwa. CO, Moxer
noHuxats pH pacrsopos, WHrudupyst MUKpoGHLII pocr. XpaHenue
MACA TIPH BLICOKOM COAEPKAHMH YIICKUCTOTBL 3aMCISET POCT Tpa-
MOTPHLIATENBHBIX DAKTEPHH,

B kauyccTee NpUMEPOB NOPYH NPOAYKTOB MOXKHO TIPUBCCTH MHOIO-
HYMCIICHHBIE CJIYUaH, KOIAA Hi BAAXKHOM 3CPHC M [IPOAVKTAX M3 HEro
BLIPACTAIOT ALteceny. 3apakeHne 3epHa ackoMuuetom Claviceps purpurea
SLIILIBAET IPrOTHIM 32 CUET OTPARICHMS TAUTIOUUHOIEHHbIMK @IKA-
JNOUAaMIL FTOr0 'puda, KOTOPHIC NIPHBOIAT K WIMCHCHMK NOBCACHHS
YE/IOBEKA, BBIKHABILAM H cMepTH. KaHleporeHHbBIMK ¢BOHRCTBAMH 00-
JAJAKT NPOAYKTL APYIrUX rpuboB — admaTokeunnl (Aspergiflus flavus)
1 pyMonuauiLt (Fusarium moniliforme). Takue rpubbl MOTyT pass-
BATLCH HA apaxuce, B MOJOKE, [THABC, KAKAO, HA H3IOME M coe.

HenacTepusoBaHHOE MOIOKO B MPOUCCCE [HOPYH IPOXO/IMT YEThIPE
ITANA;

[} pasBHBaOTCH OAKTCPUH poad Laclococcus, 0Bpasylolide KUCIoTy:

2) HAMMHAKOT pacth 0oMee auMaoToAcpaHTHble Lactobaciilus:

3} NOMMHUPYIOT APOAKH M ILICCHEBbIC TPHlbl. PACHIETUSIA HAKO-
MHBIEHMHACH JIAKTAT, T.€. KHCIOTHOCTD CHUKAETCS

4) AOKTUBH3IKPYIOTCH THAPOIU3YIOIIME BCAOK GAKTCPHH, YTO MpH-
BOAXT K MOABACHHIO THHJAOCTHOTC 3aI1axa M ropbKoro skyca. Ipu atom
H3MCHSICTCS LBET MOJIOKA — BCNTBIA HA NOY'TH Npo3patHbLit (menToHH-
sauust Henxa).

BoibIIMHCTRO (DPYKTOB H OBOIUCH NOPTHTCH 10 APYTOMY «CUCHA-
pPHIO», YTIICBOAL JIETKO PACIIETUISIOTCS GAKTEPHIMH, OCOOEHHO BhI3bI-
BAIOILHMH «MATKHC FHHNM», HanpuMep Erwinia carotovora, oBpaivio-
e ruaponasel. Beicokitit OKHCINTEILHO-BOCCTAHOBUTENBHBII TTOTCH -
UHaln cnocoBCTBYET PAa3BHTHIO a9P000B H (haKyJAbTATHBHEIX AHAPO-
0op. OIHAKO HAMATBHBUT 3Tan MOPMM CBS3AH CKOPEE C UICCHCBRIMH
rpudamu, HMeOLUMH GCPMCHTBI /U8 pa3pyLieHHsT 080104¢K ( KOXKH-
Lbl) OBOLWLCH W (DPYKTOB H TIPOHHKHOBEHMST 11O KOXKHLLY.

MuUHHUMAIBHO 00pabOTaAHHbIE HATYPUIBHBE 33MOPOKCHHDIC LIWT-
PYCOBLIC NPOAYKTH OOLIMHO Mopakatotes Lactobacillus v Leuconostoc,
KOTOpAIC 0DpazyIoT JAHAUECTHI U AAI0T FOpbKHit npuskyc. Pa3sseacHAbIE
COKH NOPALKAKTCS APOXKKIMU POAOB Saccharomyces u Candida. WUnor-
4t IPHMCHSIOT N1ACTEPU3ALHIO, HO OPTAHONCTITHYECKHE CHOMCTBR CO-
KOB IIPH 3TOM MOTYT YXYAILATHCS,

[Topua KOHCEPBOB MOKCT NPOMCXOAWTL H3-3d HAPYVIUEHHS TEXHO-
JOTHYECKOrO MPOLCCCa WK IIPH NOBPEXACHHUM ynakosku. [pu yrom
MEHSTIOTCA LIBET, TEKCTYPA. 3al1aX M BKYC NPOAYyKTil. 0BpasyioTca opra-
HUHECKNE KHCAOTDI, CYJIB(OHIB] M Tadbi {8 ocHosHOM CO5 # H,S). ban-
K pasayBaloTed («Gombax»). MHoraa paiBuTUe aHAIPOBHbBIX MHKPO-
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opranusmos pona Clostridium MOXeT NPUBECTH K 06PA30BAHMIO CHIIb-
Helwero HCHPOTOKCHHA (0omyauna), BIZLIBAIOWIETO B GUYEHD MaTbIX
403aX cHauala CIermoTy. d 3aTeM H CMePTh UeloBekl. HYepes ucnopycH-
HbBIC 1TPOIAYKTBL B OPTAHH3M MOTYT NONAZATE H CaMK BOJE3HETBOPHEIC
MHKPOOPraHW3Mbl (HAPAMED, GAKTCPUH KMILICUHON TPYNIL).

MeTonpl 32HIMTE! MPOIYKTOR OT MOPYH. TAKHMX MCTOJIOB AOCTATOMHO
MHOFO, ¥ HX WCIIOAB3YIOT, MCXOAA U3 CBOMCTS CaMOro TpoavKTa, 1o-
PAXKAIHX Cro OPraHU3MOB 1 CTOMMOCTH. M3 BOabl. BHH, NUBa. co-
KOB. HarMTKOB M APYIHX KHAKOCTEH MHKPOOPIAHWIMBL MOTYT OBITh
VAQTCHLL (hiaempaiieett, TP ITOM HC HIMEHSTIOTCA (H3UMCCKHE 1 BKY-
COBBIC KAYCCTBA MPOAYKTA. 3aJCPKKA MHKPOOHOTO POCTa MOXET OBITh
OCYIICCTR/ICHA CHMXKCHHEM TEMITEPATYPBl AW 3axopaxcudanies. Tpu
ITOM HALO YYHTBIBATHL TOT (BAKT, UTO NPEHMYILECTBA B POCTe [01yva-
10T NCHXPODHIBHBIC MUKPOOPTAaHM3IMBI, KOTOPBIC TAKKE MOTYT HOp-
TUTH NPOAYKTH. HCTIOAB30ORIHHE MOBBILIEHHBIX TEMICPATYP BOIMOKHO
B IBYX MOTH(HKALMAX — 3TO Racmepusauus (HaTPeBAHUE 10 TEMepa-
Typbl McHee 100 °C, M30aBASIONICE OT BEICTaTUBHBIX KIETOK) U ¢me-
puauzanus (HarpesaHue 1npu NOBLIICHHOM AABJIEHHH 0 TCMIICpaTy-
pel Gosiee 100°C. usbapnsioulee o1 Bcex GOPM KHBBLIX OPraHH3IMOR).
B HacTosiee BpeMA NPHUMEHSIOT TAKKE HOGUAN3AQUIO TIPORYKTOB, YTO
TO3BOAAET CYIUCCTHEHHO YBEIHYHTD CPOKK MX XPAHEHHS.

Xumuueckire aeenmut, NPCAOTBPAIAIOULINE TOPHY NPOAYKTOR, OT-
HOCHATCS K NIPOCTBIM OPraHHYMCCKHM KHCIOTaM, CYIbHTAM, OKCUAY
3THACHD, HUTPUTaM i 3THAopMuaTy. Kaxablil M3 HUX JeiicTaveT Ha
KUKYIO-HHOYAL MHINCHBL B KIICTKe, paspywias ee (Hanpumep, LLTTM).
DbhexTHBHOCTh HTUX BewecTB 3aBUCHT oT pH npoaykra. Hanpuwmep,
JIAKTAT H NPOMMOHAT ACHCTRYIOT Aydule Npu noHmwxkenHoM pH. xoraa
OHW HIXOOSTCH (IPCHMYILECTBEHHO B HEAMCCOLMHPOBAHHOH (opMe.
B nacrosee BpeMsi S0IBILOH NONYISIPHOCTLIO CTUT TIOABIORATLCS AH-
TUOUOTHK #ir3tiH, OOPABYEMBIIT MOJIOYHOKHCABLIMH KOKKAMH, JT0 Mo-
JUNCATHAHBIH HETOKCHYHBIE AHTUOMOTHK, BJIMAIOLIMI B OCHOBHOM
Hil TPAMNOJIOAKNTEIbHDbIE DAKTCPHH, @ HMCHHO HA TIPOHHULIACMOCTE HX
HHTOMIAIMATHYECCKOH MEMOPaHI,

Paduanus NpuMEHSIETCA N5 KOHTPOIS NONY/IHLAY MHKPOOPraHHW3-
MOB B NPOAYKTAX THTAHUA B ABYX BUIAX: yabTpaduoneT yBHBACT MUK-
pobLl HA NMOBCPXHOCTH, A Y-H3AYYEHHST — BHYTPH.

Herexuusi MuxpolGnoro 3arpa3Henns. B 3akmoueHe creayer KpaTKo
OCTAHOBUTLCH HA ODHAPYAXCHMM MHKPODHOIO 3arpsi3HeHHA NPOAVK-
TOS NuTaHus. Ha nonycrumele koaHdecTBa TOH WM WHO rpynnb
MUKPOOPrAHM3MOB B KOHKPETHOM TIIPOAYKTE CYLICCTRYIOT paipaboTaH-
HblE TOCTHPOBAHHLIC NOKYMCHTH, OOBIMHO TAKMMI AHANM3AMH 3AHH-
MAOTCR CNCUHAIbLHDBIE cepmugukanuonnnie aadopamepuu. [1o vTBepx-
ACHHOMH CXCMC TAM TTPOBOAST OTPELACICHUE B IPOIAVKTE OOILErC YHeTa
MHKPOOHBIX KIETOK, OTIEALHO IPHEBHBIX U APOAIKCBBIX, KOAHUCCTRA
Oaxktepuil KHWEHHOH TPYNNbL, 4 TAKKE CAHUMAPHO-AOKAIAINEIbHLIX
murpoopeanusmos (E. coli, Clostridium, Stuphylococcus. Proteus v v.1.).
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Ecyin caHHTApHO-110KA3aTC/ILHBLE MUKPOOPTAHKIMBI IPUCYTCTRYIOT, TO
9TO YKA3LIBAET HA 3aTPA3HCHHUE [TPOAYKTA 3eMei MM UCTIPAKHEHHS -
MH, B KOTOPBIX MOI'YT DbITh DO/1e3HEeTBOPHbIE MHKPOOPraHHimMel, [Ipu
HEeDOXOAHMOCTH TPOBOASAT NTOJIHBIH aHAJIH3 HA TIPHCYTCTBHE TAKHX Opra-
HI3MOB (CTLMOHENbI, WHTEMIB, TEMOJTUTHICCKHE CTAQHIIOKOKKH,
C. botulinunt). Takue npOAYKTE HE MOAYYAIOT cePTHOMKATA COOTBCT-
CTBHS M B MPOARKY HE BRIMYCKAIOTCA,

[TpruBAM3UTEABHO TEMH KE NPAHUMIIAMH PYKOBOACTBYIOTCH, [1pO-
BCPSSL Npueoonocms 600u, 803dYXa W nO4SLl LISt UENOBEK, [IPH 3TOM
HOPMBl COACPKAHUA MHUKPOUPIaHW3MOB 3ABHCAT OT MECTHOCTH M, €C-
TCCTBCHHO, HMCIOT APYTHE 3HAYCHMS, YeM AN npoaykTos. [IpumcHa-
I0TCST W ApYrHe cniocoOol 3abopa niped {cM. rn 11).

Bone3HeTBOPHbIE MUKPOOPraHn3Mbl

PaccMOTPUM HETATHBHOC BAMSHHUC MHKPOOPTaHHU3MOB Ha 310DPOBLC
UeNOBEKR, KUBOTHMX W pacTeHuil. HeoOxoonMo UMCTE B BHAOY, 4TO
passuTHE BOJIC3HN — 3TO 0DOAHBIH HpolICCC, B KOTOPOM HE TTOCIC-
JIHIOKY POJIL UTPAET NOABSPTUIHICH HH(DMEMPORAHHMIO MAKPOOPTAHH3M.
BO/¢3HCTBOPHBIC MHKPOOPTaHU3MbBI HMCIOTCA CPCAH BHPYCOB, DaxTe-
pyii, rpidos 1 npocreliinx. OnpeaeneHue HHGEKIHOHHOTO ArCHTA
MPOBOAMTCA, KAK [PABUMNO, 110 CTAHAAPTHON CXEME € MCTIO/bIOBAHH-
eM dugihepentuaivno-duaznocmuteckux cped 1 GHOXMMUTECKHX TECTOB.
B Hacrosiiee BpeMst 3T KASHTHGMMKALKS YIIPOLLEHaA, TAK KaK paipa-
BoTaHbl TCCT-HA0OPE NS 3KCIIPCCC-METONOR, @ TAKKE BbITYCKAKOTCH
FOTOBbIC MHAMKATOPHLIC CPCALL.

BoOIC3HCTROPH BIE MUKPOOPTAHHM3MB! 00/1AJAI0T CBOMCTBOM BbI3HIBATH
bonesHb (hamoeennocmsio). OCHOBHBIMH (haKTOPAMH MATOTEHHOCTH
SIBASIOTCS (DAKTOPDI AAre3HU, 00eCNEeUHBRIOIIHE NPHKPEINCHHE K KACT-
KaM MaKpoopraHuima, (akTopbl KOJOHM3alUMH, CnocobCTRYIoLLNE
PA3MHOMKCHHIO H PACCEICHHIO H [IOBCPXHOCTH KINCTKH-X03HHA; dak-
TOPBI MHEAIMH, TLOIBONSIOIIME NPOHMKATL BHYTPL KJICTKH; 3AlLUTHEIC
thaxTopsl, YMEHBIIAWHC (GarounTo’ ¥ oHCCTICINBAIOILHE MONIEKY-
JSIPHYIO MUMHKPHID; (DaKTOphl arpeccyu ((pepMeHTbl, TOKCHEDBL), pa3-
PYLIRIOLIHE HMMYHHY CHCTEMY XO35HHA M OCIA0AI0MHIHE MAKPOOP-
raHiiM. CTCOcHbL AATOTCHHOCTH HA3bIBACTCS GUPYACHMHOCNEIO, A AH-
TATOHHCTHYCCKHE B3AMMOOTHOUICHUS TapasuTa M XO3sIMHA — WiHex -
yuen. CucteMa, o0CCTICUHBAIOIIAS YCTONMUBOCTD MAKPOOPTAHHIMA K
ArpecCcHd Napa3sMTa, HOCHT HA3BAHME WMMYHUmMema.

YeoseuecTBo HayYMa0ch YCIEWHO S0POTLCH CO MHOTUMH HHQICK-
UHOHHBIMH 3200JeBaHUIMH, ONHAKO MUKPOOPLraHM3MBI TAKXKE BH10-
H3MCHSIIOTCS NMOA ICiHCTBHEeM (PAKTOPOB OKpyXaIOMICH cpefsl 1 Ton
IPeCcCHHTOM JeycOHBIX npenapaton. Bo3anuxna muoncecmeennan 1ekap-
CPIGEHHAR YCMOWMHEOCM b, U MHOTHE «NTODEXIEHHDbIE» BOJEIHETBOPHLIC
MUKPOOBLI NOABUINCH BHOBL B APYroi, Bonee onacHoii dropme (npu-
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Mept — Mycobacterium tuberculosis, Bacilius antracis. BHPYC “CpHOI
ocibt). B HacTosuiee Bpemsi MOABUAKCE 1 cOBEPUIEHHO HOBBIC, HCH3NE-
CTHBIC panee cMeprenbibie HHbekuun (CTTU/L, nTuumit rpunin u T.0.).
B 10 )¢ Bpems y moneii HabmonaeTes 3aMCTHOE CHITKEeHHe HMMYHHO-
Fo CTATYCA M3-32 HCOMArONPUATHBIX YCAOBHIA BHCIUHCH CPeJibl, HEKa-
YCCTBEHHOTO MUTUAHUS W HCPBHLIX CTPECCOB.

Bonesnu no nporomkuTenbHoCTH HHGBEKUMOHHOTO npouecca noj-
Pa3nCAsIOT Ha Osicmpsie {(OCTPLIE) U Medietinsie (XpoHuuCCKIe) ¢ Te-
PUOLMMECKHMH 0BOCTPEHMSIMU. B 1tepBOM cayuiae opraHu3M xo3svHa
aubo norubacr, anbo nobexnaer napasura (4acTo ¢ NOMOLLULIO Je-
KapeTB). MHOrma BeTpeyactes U WIHTETEHOE HOCHTEIBCTBO [apasHTa
0€3 NPOARACHHUSA CUMITTOMOB GOJIE3HH. Mudekunonnsiii arent 6bicTpo
PACIIPOCTPAHSETCS B NONYIAUNK Xo3scs. Bropoii cayyaii xapaxtepm-
IYCTCA HATMUHEM BUTOTEKYIICTO HHPEKLMOHHOIO NPOLECCa HHOA B
TEUCHHUE BCCH XUIHU OPraHH3IMa-X03sMHR. MaKpooprasusM He toru-
0aeT 1t He BLI3AOPABAUBACT, OAHAKO, €TO HMMYHHBIH CTATYC NMOCTOSIH-
HO nodikeH. Tlocieanne faHHBIE YKA3BIBAIOT Hit TO, Y10 MHOIHE 6O-
JC3HH, paHEee HE CHUTABITHCCA WH(PCKUMOHHLIMH, BBI3LIBAIOTCS MUK~
POOPTAHMIMAMH (HANPUMCP, A3BA KEAVIKA M JNBCHAIUATHIICPCTHOR
Kuuiku — Helicobacter pylori).

MukpoGuonoruiueckue npoueccs nonyuyenus
COAUHEHUW PAINMYHOTO HAZHAUYEHUS

BeinecTa MHKPOGHOIO HPOMCXOMKACHMS A8 IMATHOCTHKE u Jiege-
HUA 3a6oaeBannit. K cOCMHCHUAM, TONYHaeMbIM C NOMOLBIO MHKPO-
OPVAHMIMOR i1 CAYAKILHM TS IMATHOCTHKH M JIEUCHUS PARTHUHbBIX
3A00NeBANMIL, OTHOCATCH anmuinomuKy, a2 TAKKC pazavuHbLIe qHMU-
MUKPOGHbIC aeenmivi (BAKUMHBL, CLIBOPOTKH, AHTHTCNA, WHTepdCpoH,
MHorue epmenTnl M T.1.). OCHOBHBIC NPOAYLICHTHI TAKKX BEIICCTS
npencTimieds B Tadn. 33.

B xauyectse npoayuenton UCTIOBL3YIOTCH KK MHKPOOPraHU3MBbl,
BBUIC/ICHHBIC M3 CCTECTBEHHBIX MECT, TAK M MYTAHTLL M HCKYCCTBEHHO
“CKOHCTPYHPOBAHHbIE» [UTaMMbl. OQHH 1POUECCH STBRASIOTCH UHCTO

Tabanua 33
Bemectsa ansn meammunn w Hx MPOAYUCHTH

Cybetanunn MKpOOPraHin sMh
AHTHOHOTHKH Penicillium, Streptomyces, Bacillus
ANKAI0MARL Claviceps purpurea
Creponaw Rhizopus, Arilrobacter, Mycobacterium
Wucynun, comaroctatun, | Escherichia coli, Saccharomyees cerevisiae,
HHTCpdepoH, Opyrie Bacillus subtilis, Pseudomonas putida, Pichia
YENOBCYECKHC FOPMOHbBI PIRKS 1 IPYTHE PCKOMOHHAHTHLIC TUTAMMbI
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MUKPOOHOJIOrHICCKHMI, APYIHE — CONCPXAT MHKPOOUONOTHYSCKHIT
1411 TOJILKO KUK OJIHY 13 (hid3 MPOU3BOACTBA (stPKHii MpHMep — TpaHc-
thopMmaa ¢ MOMOLIBI MHKPOBOR MOJIEKY CTCPOMIORB).

Ilnsi TOAYYEHNS BAKUMH, CHIBOPOTOK H 11PENApPATOL WIS XHUBOTHO-
BOACTBA 1 CENBCKOMQ XOIMNCTBA HCOONLIVIOTCS KAK KUBLIE 0CnBaeH-
HBIC NAH BHIOHIMCHCHHBIE BO30YAHTENN, TAK W yOHTLIE KJISTKH, JHGO
UX OTAC/IbHLIC YACTH (AHTHICHLI), KOTOPBIC BROASTCH BO Bpemst nipu-
BUBKH B 3I0POBBIH OPranifsM, 4Todbl ¢ NPodIUIaKTHUCCKON LeThIO
HAY'IHTL CTO BLIPAOATHIBATEL AHTHTENY. Bukuiing — 3TO COBCTBCHHO BO3-
OVIMTCL (AHTUIEH), 4 CHIBOPOMKG — TIONYHEHHBIC Ha AHTHUICH IrOTO-
BBIC AHTHTEAA, BROAHMbBIC ViKe 3000CBILEMY UCTOBEKY MAH KHBOTHO-
MY [UIS1 OBICTPOTO OTBCTA HA MH(BCKUMIO.

HecKoNbKO APYTYIO CTPATeTHIO [IPHMEHSIIOT LIS 3QULINBE CETHEROXO-
BHUCMBCHANIX pacmeniiti. MHKPOOPTAHM3MbI-aHTAlOHHCThI dburonartoren-
HBIX TPHBOR J1MOO BHOCAT B OYRY. TG0 00PabaTsiBAIOT HMH CEMEH M
KOPHH BBICIAKHRIEMBIX pacTeHHit. [TpodieMa cOCTOMT B TOM, TO B J1a-
DOPATOPHBIX YCTOBISIX 1 B TIPHPOAHOI OGCTAHOBKE AKTHBHOCTb TAKMX
TPCITEIPATOB CYUIECTREHHO PABTHYICTCH, TAK KaK MOMagdst B [1OMBY,
HHTPOOYLUHPOBAHHDIE MHKPOOPFAHMIMbB! MOHCROJIC BCTYIAIOT B CAMbIC
PATHBIC OTHOWICHUA ¢ PE3MICHTHON MUK POGHOTOI nouss!. B HacTosmee
BPEMsI OYPHO PAIBHBACTCS HANPABICHHE N0 GOPLOE C BPCAHTEIAMM, Ceb-
CKoro xo3aicrpa DuoOrHYECKHMIT MeTozaMi. MUKpoBHOOrHICCKas
HACTE 3THX MCTOLOB BKIOYACT TIPHMCHEHNE BAKTEpHil 1 rpHBOs, RbIpa-
DATBIBAIOIINX Jrmosonamocentsie cyocmanii (Hanpumep, Ge/IKOBBIC
Kpuctaanel Bacillus thuringiensis), 1 sapaxenue MHKPODAMU-BO30YAN-
TEISIMH MHPEKLHOHHLIX 0ONe3Hei] HACeKOMbIX H IPBI3YHOB, Heonac-
HBIMM YIS APYTHX YWICHOR 3KOCHCTEMBI M 4COBEKE.

Tloxysenne MHAMBMAYaAbALIX BeulecTs MUKPODHOJOFHIECKHM CTIO-
cobom. MHKPOBHOMIOTHUECKHE TIpOLeCcCh] HTPAKT OFPOMHYIO POJIB TIPH
HOAVHEHHH HHAMBHAYATLHBIX BEUWIECTB PA3HOTO Ha3HAUeHus (tabs, 34).
C NOMOLIBIO MUKPOOPFaHIZMOB HOTYHIAIOT TAKKE BOLICCTRA [L18 Hayu-
Hutx weeaciaosannit (HAIH, HAAMPH, unroxpomul, vOHXHHODI,
MHIMEeHTBL H T.4.).

Tabnuua 34

HBKOTODHC HHANBHAYATbHLIE COCAHHCHMS, noay4acmoie
C NOMOMIBKY MHKPOOPriaHH3IMOB

[Ipoavkre Mirkpoopranmanml

Pacteopuresn

ranon Saccharomyces cerevisiae
Auyveromyces fragilis
Zymamonas mobiliy
Thermoanaerobacter sp.

ALICTOH, BYTaRON, Hio-Tiponane | Clostridium acetobutylicum

2. 3-Byrananon Lnterobacter, Scrratia
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Oxouuanue mair.

[MpoayKTbl M HKpoopratsak
Tasm
Boropon DoTOCHHTICIHPYIOUIHE
MMKPOOPTAHH MBI
MetaH Methanobacterium

OprasvecKkne KHCj1oThi

ALECTAT Acetobacter, Gluconobacter

HuTpar Aspergillus niger

Mrymapay Rhizopus nigricans

I TiokoHat Aspergillus niger

Nakrar Lactobacillus deltbrueck ii
AMHHOKHCIOTSI

Pnvtamar, nusud

Corvachacteritum ghatamicum

Hyxsreosnwt Corvuchacteritem gleramicum
Buramuier Ashbva. Eremothecium, Blakeslea,
T Psewdomonas, Sacchiaromyees.
Propionibacteriim
Toanmepm
JlexcTpau Kiebsiefla, Acetobacrer, Lenconostoc
Kcanrtan Xanthomonas campestris

[Myanyiad

Aureobasiditm pullulans

AVILTHHAT Azotobacter vinelandii
[Mosutragpol Pserclomeonas oleovorans
LniioneKCTpHHbBL Thermoanaerobacter sp.

[Toni-f -ruapokcubytipar

Azotobacter sp.. Alcaligenes entrophus

MepmenTo
A3k, TPOTEdsn] Aspergillus, Bacillus, Mucor, Trichodernia
INekTHHA3LI Erwinia
JInrtacsel Apoxcku, Rhicopus sp.

Oxkexaasl:

CmoKo3vokcKHIasa
[AyramMartokcHaaz
JEraroreHaa

Penicillium sp.
Strepromyces sp.
CGeothrichun sp.

CTHMYJIATODL! POCTA PACTEHHIA

[n6Gepeaniubl

Gibberella sp.

Jpyrae coeuHenHs

ARPIIAMI,

Rhodaococcns rhodochrous
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MyTu coBepLIEHCTBOBaHUR MUKPOBUONOrMueckux
NPOM3BOACTB

IIpoaynento. it OHOTEXHOMOMHUECKHX Leaeil Bee BOIBIIC HCOMb-
VKT MYTAHTHBIC W TCHCTHUCCKH M3MEHEHHbIE (KIOHHUPOBAHHBIE) MIK-
poopradu3Mbl. Hanpuaep, 11 NOAy4eHHUS HWHAWBUIYUTBHLIX OPFaHI-
YECKHX H AMUHOKHCHOT MPUMCHSIIOT peeyaRmopHbie MYInanib:, 1To 110-
3BOJISICT HAKANAHBATS WMHTEPMCOHATHI Pa3JIMYHbIX LWEJIOB (HZ[HDHMCD.
LUTK).

BHeapcuie MOACKYISAPHO-DHOIOMMUCCKHUX METOAOB B GHOTEXHONO-
IHIO TTO3BOJIMA0 OOAYHIATL MPOAVIEHTB! ¢ MAMCHEHHBLIMH CROUCTRAMM M
NPOUIBOAHThL YHHKANbHbIEC CYOCTAHUMY B NPOMBINITIEHHBIX MacluTabax:
BLICOKOTEPMOCTADUILHBIE (DEPMEHTHI, HCKYCCTBEHHO CKOHCTPYHPOBAH-
HBIC MENTUAL 11 OENKM, YETOBEYECKHE TepaneBTHYECKHE ATCHThI —
WHCYAHH, HHTCHPEPOHBE, INMUACDPMATbHbII (DakTop pocTa, (haKTOp KO-
Arylsiiii, MOBEPXHOCTHLI AHTHICH BUPYCA renatvta B, nMmMyHocTi-
MVJIATOPB U T. 1.

BHCHpﬂ[-OTCH HOBBIC METOMABL cedexyin TIPDOIYHCHTOR, WX 1HOLOCP-
AGHHS B AKTHBHOM COCTOAHWH W XPAHCHIUA. HH]’IPHMED, 1S TTOJTYUC -
HUS AKTHBHBIX DPOAYUESHTOD Y APOXIKEH U MaecHeBLtX 'puboR npHme-
HAHIOT MCTOI CAUAHUA ApomoRiacmoed, Korga nociac YAajaCHHS KIC1oY-
HOIf CTEHKNW U BO3AEHCTRUA NOJUITHIICHITIMKONA KICTOUHAA MCMDpa-
Had HACTHYHO PACTROPACTCH M MOXCT ITPOH 30T CAHME IpoToOILac-
TOB JIBYX IITAMMOB H TOCIEAVIOLIARN pEKOMﬁHHHHHH TEHETHUECKOTO
marcpuana, [locne pereHepauny KjeTOUHOH CTEHKHM MUKPOOPTAHH3M
OYAET HMETb APVIUC CBOHCTBA. TakHC MHKPOOPTAHU3IMBI MCHEE CTABH I b-
Hbl, YeM <«IUKHE», MOITOMY HEOOXOAMMO NMPUMEHATL COOTBETCTBYIO-
HIHC MCTONBI COXPAHCHMS WX aKTHBHOCTH. M3 OTHOCHTCABHO HOBRIX
MOXHO Ha3BaTh THOMIUTUIALKME U XPaHEHHE TION XHIKHM a30TOM.

Hosrle TeXHOJIOTHYECKHE MOAX0AbL. Jpyroit nyTe COBEPLICHCTROR-
HHMS MHKPODHONOIHUYECKHX IPOLCCCOB — pa3paBoTKa HOBBIX TCXHO/I0-
raveckix nmoaxonos. [Ipu sroM paspabarniBarores 6olee COBEPLISH-
HBIC aNTHapaThl U8 KYJILTHBUPOBAHW, [TPOLECC CTAHOBHTCA TOJHOC-
ThIO ABTOMATH3HPOBAHHBIM M KOMITBIOTCPHIUPOBAHHDIM.

OaHH 13 TEXHONOTUUECKUX NIPHEMOB — NMMOOUAU3ANUA KICTOK W/
WK EPMCHTOR Ha(B) TBCPAOM HOCHTEC, B 3aBHCHMOCTH OT NPHPOILI
HOCHTEIA H MCXAHU3MA NMPHKPENICHHS HMMOGIU’IMFSHL[HH BObIBacT He-
CROJILKMX BHAOR (pue. 173). BO3MOXKHO TAKKE COYETAHUE HCCKOTBKHX
BHIOB IIMMOﬁHIlH.}auHH. HCOGXOJIHMO NOMHHTH, UTO UMMOBHAMN 3~
UM — 3TO HE MPOCTQ M3MCHEHME MPOCTPAHCTBEHHONY [OJOXKCHUS
NPOIVUCHTA Mt ya06cTa paboThl ¢ HHM, HO B 3HAYUTC/IbHBIC NPC-
OGPH:’JOBHHHH Cro XH3IHCACATCJIALHOCTH 3& CYET HIMCHCHWS CBONCTB
NOBEPXHOCTHBIX CIPYKTYP KACTKM (B vacTHocTH, LITTM) u obpazona-
HISl HOBOIT nosepxHOCTH pazacna ¢a3d. [IpiMepsl HEKOTOPBIX NPOH3-
BOJACTBCHHBIX TPOLCCCOB, OCHOBIHHLIX HA HCNOALIOBAHHHK 3aKpen-
JICHHBIX KNETOK, IpuneteHs B Tabn. 33,
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O

A ABcopiiiy
(Kepansnycckme
OycuHL, cTe-
KISIHHLIC CPAIH,
MOPOAOH H T.L)

S

5 Komanchrioe ceasnminne 8 Bronoucuue b OITHMeEP-

(MHEPTHBIT HOCHTENE
+ KNETKH + CAYTapuBbl il
ATHICTHL)

e

£ Cunanme (KICTKH + TAVTAPOTWI anbieria)

Hy1o Martpiuy (TAAT,
arap, KapparuHiH,
WILFHHAT, KPHOTCAW N T.L)

A Mukpounkancy-
JHPOBAHHE (CTHRNOCOMDBE)

Puc. 173, BHasl uMMOBIITHIATUN:

A A — pmanyeckne: b T — xumaeckie; B — QUIHKO-XHMHMeTK I

TaGawuma 35

Hpomnnucwemme Nponecchl, OCHORAHHLIE HA HCNOIL30BAHHH
HMMOOWIH30BAHHBIX KJICTOK

[Tponece [TPORYKRT A AKTHBHOCTH M uKpoopramiz M
Mposssoacteo [TeruMming Penicilliten chrysogenmum
UHTHOHOTHKOR barrrpann Bacillus sp.

LledpanocnopsHer Streptomycees clavuliverus

[Tpowniroacrao

L-anaHun

Corvrichacterium dismutans

AOMUHOKHCAOT L-rnyrasat C. ghitamicum

L-1puntrodan E. coli

L-mm3mmH Microbacterinm ammoniaphila
{Ipon3soucTro Kodepment A Brevibacteritm ammoniagenes
depmenTon [Nporeasa Streptomycees fradiae
[Mporrsroiacreo [ManroTCHOBuA E. coli
BHTAMHHOB KHCNOTA
Tpancdopmarins Mpeitnmionon Curvrdaria lunara,
CTCPOHIOR Corynebacterivm simplex

TIpon3BoncTBO NPoO- | IaHoI 8. cerevisiae

NYKTOB OposcHUs | Jlakmar Lactobacillus delbrueckii

OuireTra Pacwuerienne napa- Psevdomonas spp.

OKPYVAAIOLICH HHTpo e HOMA

cpelnl Pacwernncrue dienona | Candida mopicalis
Henutpudmkanusg Micrococcus spp.
CopOLis THAETBIX Pyendomonas acruginosa
METULIOR (Ypan,
MIYTOHWIH)
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Oranel pa3paboTku U GYHKUMOHHDOBAHHA GUOTEXNOIOTHYECKOLD
npoussoncTea. OOWAA CxeMa CTaRNIt PAa3BUTHS U TIOMICPXKAHHS TTPO-
MBILLICHHOFO MUKPODHOIOIHYECKOTO TIPOHCCCA BLIITAANT CACIYIOLUINM
obpazom:

m J1aGOPUATOPHbIE HCCACAOBAIHS

B MOJICPRKAHUC NPOAYLUEHTA B aKTUBHOM cocTosiHuy. Cenexkuns
CBCPXMNPOLYLICHTOSB (MUKPODHOIOrHUECKasl TaGOPATOPHSI 33B0/a);

] MEIC!lITa(SHpOB‘dHHC Apoeccea;

W OUHCTKA NPORYKTA;

m GOpLOa ¢ HIMEHCHMAMM MpoayueHTa ((harogulue, AMccouHa-
LLHS, HCCTCPHALHOCTD).

Mukpobuonornyeckas 0YnCTKa CTOUHLIX BOA
m nepepaboTka oTxono0B

Hcnonbsosanne GHONOTHUCCKONH aKTMBHOCTH Sl YLUICHUS 3d-
TPAZHSIOIINX BELIECTB W3 OKPYXAIOWEH Cpenbl HALIBRIOT Ouopese-
duanued. JIns yenexi TAKUX MPOLECCOB HEOBXONMMO CHAaLI HAKTH
COOTHETCTRYIOIYIO RKTHBHOCTD, 4 34TCM PA3HBIMH METOLIMM €€ CTH-
MYAUPOBATE H CO3AATh MO BOIMOKHOCTH OMITUMATBHBIC YCIOBHS Ts
cc npoasieHus. [Tpu 3TOM cete ABC BOIMOXHOCTH: 1) CTUMYARPO-
BiTb PA3BHTHC AKTHBHBIX MUKPOOPTAHWIMOR, Y2KC HMEOLIHXCH 1B OK-
PYXAOWEH cpene; 2) MHTPOAYHMPOBATb B 3arpssHEHIY0 061acTh
MUKPOOPTAHHIMbBL ¢ YXKE HM3BECTHBIMH OMoerpanadeabHbIMK CIO-
cobHocTsiMu. Takasi HHTPOAYKIMS B BOIBLIWIHHCTBE CAYYACH HC OLIBA-
CT YCNCWHOW, TaK KaK s AxBOPATOPHO NMOJYUYCHHBIX IITAMMOE B
MPUPOAE HC BCETAA MOXHO CO3IATH ONTHMAIBHBIC YCIOBUS IIPOsIBIC-
HUSA HX AKTHBHOCTH H, KaK NPABHJIO, OHM MCHEE KOHKYPEHTOCIIO-
CODHBI, 1e€M PEIMACHTHAN MHUKPOOMOTA AAHHOTO MccTi. B uckyveer-
BEHHBIX QUHCTHBIX COOPYMEHHUAX 3HAYHTCILHO BOIBLIC BOIMOKIOC-
TeR MPHUMCHATB CCACKTHPOBAHHBIC LUITAMMBI MW COOBILCCTBA, B TOM
YUCHE M FCHHO-UHKCHCPHbIE,

MeTtaBoinucckne BOZMOXHOCTH MUKPOOPTAHMIMOB MO3BOASIOT
BOLCHICTBOBATL AaXe Hit HEOBBIUHBIC, UCKYCCTBCHHO COBAAHHbLIE CyO-
CTAHUMI, U TIPK ITOM CLIE JABATh [MOJAEIHBIC MPOAYKTHI (Ta3bl, MCTA-
Jibl, PACTBOPHUTENH U T.0.).

Herpanauus KCEHOOMOTHKOB MOXET TPOMCXOMUTL PASIHUHBIMM
NYTAMH B 3ABHCHMOCTH O XMMHMECKON CTPYKTYPBI pa3pyluaeMoro
BELIECTBA, HATHUHA TEX WA HHLIX OHONOrMUCCKMX AKTHBHOCTEH, a
TAKKC B 3EBHCHMOCTH OT YCTORHH OKPYXaQUei cpenbl. XUMHYccKas
MPHPOAR KCEHODUOTHKOB UPCIBLIYAHHO Pa3HOOBPA3HA: 3TO ANHEHHBIC
W PA3BETBIICHHBIC ATKAHbLL H ANKEHBl. APOMATHUCCKHC COCIMHCHMS ¢
PA3NTHYHLIMH 3UMECTHTCANMK, TETCPOLAKIB, KOHACHCHPOBAHHDIC
UMKIHICCKNE CTPYKTYPBl W TIOTHMEPDI.

‘e
—
L»J



B HacTosuiee BpeMs AKTHBRHO pa3padaTbIBalOTCA H UCMONbIYIOTCH
a’pobHbBle TEXHOIOIMH, ONHAKO B HUX €CTh PSIL «[TOABOIHBIX KAMHE».
Bo-nepBbiX, HEKOTOPLIC CIOXHLIC KCCHOOHOTHMKH Ha BO3LVXE NMONH-
MEDMIVIOTCST B TPYIHOPAIIATACMBIC BCUIECTBA (HANPUMED, S-aMHHO-
CAZTHLIMIOBAS KMCIOTA): BO-BTOPLIX, NPOUYKTEL A3p0o0HOH Aerpalaling
acTO 00JIee TOKCHUHbBI, YeM HCXOQAHBIC 3arpS3HHUTENM.

CylIECTBCHHBIMH HEAOCTATKAMY A3POOHBIX TeXHONOTHIt., ocobecH-
HO NPH HX NPUMEHCHUM U obpadOTKH KOHUCHTPHPOBAHHBIX CTOM-
HbIX BOJ, HBJISIOTCH HBICOKHE IHCPrO3aTpaThl HA aspalHid 1 npobic-
MBI, CBAZAHHbIC ¢ 00paboTKoH M yTHAM3AUMEH DOABLIOIO KOJUUCCTBA
obpisyronierocs H30LITOYHOTO HAA, HMEHILCTO OYEHb HU3KYIQ BOAO-
OTAQAIOUYIO CTOCOOHOCTL.

Hcnonniosadne DOBCCMECTHO NPUMEHICMOrO criocoda — UTHTeN b-
HOH eCTCCTBCHHON CYLIKHM HA WIIOBLIX [TIOWAAKAX — APUBOANT K OT-
UYAKACHHIO 3HAYHMTCALHBIX TCPPHTOPHI, 4 TAKKE K YXYALICHHID KO-
NOTHYCCKO ODCTAHOBKY.

A3polGHbIe METOABI OOPAbOTKH CTOUHLIX BOA, JArPS3HEHHLIX HCKO-
TOPLIMH MOJIHMLUHKIHUCCKUMH W apPOMATHUYECKHMHE COCIHHEHHIMIL,
kpaiiie HeaPeKTUBHBL. K TOMY K¢ apoOMATHUCCKUE COCAHHEHHS N0~
HILKAIOT [MOBEPXHOCTHOC HATSXKEHHE BOAHBLIX PACTBOPOBR W, CIICROBI-
TEALHO, MOTYT ABIATLCA NPHUHHOH HEKOHTPOIMPYCMOTQ neHEodpa-
I0BAHUN B A3PHPYEMBIX BOAOCMAX, 2 HCKOTOPLIE APOMATHUCCKHE CO-
eNHHEHHA JIeTYyu U TOKCHYHBI M MOTYT BHI3LIBATh MPOONCMbBI € 3a-
FPA3ZHCHHUCM BO3IYXA TIPH A9POBHOM MCTOAC OUHMCTKH.

B 80-¢ roant XX B. CHHTATOCH, MTO OPraHHYECCKHE COCAHHEHHS, CO-
JACPAALLME APOMATHUCCKHE H KOHACHCHPOBAHHBIC UMKIHYCCKHE CTPYK-
TYPBL, B AHAIPOOHLIX YCIOBUAX MHKPOOPTAHMIMUMH HC HCTTONL3YIOT-
¢, HelapHie MCCACIOBAHHS BLIABHMHYIH HA TICPBHIA [Ulan criiocod-
HOCTB AHADPOOHBIX MUKPOOPTAHH3MOR K Pa3pPYLLICHUIG TAKHX BCUICCTR
M VOEMMTENBHO TIOKA3AIH BOIMOXHOCTL OCYLICCTRASTEH NOJTHYID MHHE-
PANM3ALIINIG KCEHODHOTHKON B aHA3POOHbLIX yenosisix. Koraa Tako# npo-
UeCC NPOBOAMT HE HMHAWBHAYAIBHBIH MUKPOOPTAHNU3M, a CTPYKTYPH-
POBAHHAH MHUKPODHAA ACCOLHALIUAA, ITO NOBROJHACT YRCAHUNTL Fpdek-
THBHOCTD H FAYOHHY AErpalauvi B aHaspobHBIX YCITOBMSIX, @ TAKXKe
NOAYYUTL TIOJE3NBIC KOHCHHbBIE TMPOAYKTHI (HanpHuMep, BHoTL3 B Me-
TaHoreHHoM coobiicctee). TTpi 3TOM HE IPOMCXOANT JHAUMTLILHOTO
HAKOIUICHHS BHOMACCHI MHKPOOPTaHH3MOR,

Ha 0AMHAKOBBLIX MPHHLMIIAX OCHOBAHLI @bIGCAAHUGAHIC MCHIAAI0E
143 OedHbixX pyd K M3BJICUCHHE HX M3 PA3NHUYHBLIX oTxonoB. Ewe oauH
ACMEKT — CO3MAHHC 3aMKHVIMLIX CUHCMEM MCU3HeoDecheueHus, KOrila
NMPOIYKTHI KHIHCASATETBHOCTH MepepabaTblBAOTCs, ABAICEH HUTATCb-
HEIM CYDCTPATOM IUIA MHKPOOPIAHH3MOB, ITPOH3BOMSILLAX THIEROI U
KOPMOBOIT B€J0K M KUCN0poa AN NbIxaHHA. ECTeCTBeHHO, TaKHe CHe-
TEMBbl CORCPXKAT PaNIHUHBLIC DH3HOJACIHUCCKHE TPYIINBL MHKPOOpPra-
HU3MOB ((hoToTpodhbl, THAPOIHUTHKH, BPOAVILILHKY, METHNOTPO( KL,
METAHOTEeHBI U T./.). DTO MOJE3HASI CTOPOHA BHOACTPAnALIHH,
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BMOKOpPpPO3UA NPOMBILLLIEHHbIX U ObITOBbIX
00beKTOB M MaTepnanoB

Tax HA3LIBACMBIC GHONOEPENCOCHIA PASINUHLIX OOBLEKTOB M MUTEPHA-
JIOB OCHOBUHB! KdK Hd HEIOCPEACTBEHHOM &KTHBHOCTH MHKPOOPra-~
HH3MOB, TAK H HA ArpeCCHBHBIX NPOAYKTAN MX KH3IHCACATCIBHOCTH,
boabwasn npobacva B HedTe10DOLIME W NPOU3BOACTEE He)TENPOIVK-
TOB — OHOKOPPO3MS TpYBONPOBOIOB H TopYa caMoro tonausa. [lpu
TPAHCTIOPTHPOBAHWH HedTr o TpyBaM HAa UX BHYTPEHHEH [I0BEPXHO-
CTH 0Dpa3yercs NpoUHas TJICHKA MHKPOOPraHU3MOB, ¢ OIHOH CTOpO-
Hbl. HACTO MEXAHMHYECKH MELLIOLIAS NMPOTOKY, a ¢ APYroil — ro-
BPCHAAIOMIAS TPYOH H3-3a BBIASACHUS CEPHOM KHCIOTH MUKPODaMil,
OKHCISAOWNHMHU CEPY, CONEPXANYIOCS B ChIPOit HehTH, W H3-32 BbLAC-
ACHHS CyNbhaTpeaVUNPYIOIMMHY OAKTEPHUSAMH CepPoBOAOPOIA. BCTY-
RAIOWEro B PCAKUMIO © XeJae3om. B To XKe spemst i caMa Hedrrs, H
HeTENPOAYKTEL MOIYT HCIOAb3IOBATHCH MHOMMMH MHUKPOOPTAHIH3MA-
MH, YTO M3MCHSICT XMMHYCCKYIO CTPYKTYPY OTHX BCLICCTR. 9TO IMPCi-
CTABHTCIH PHOOB, B HACTHOCTH, HPOXCKCH, MCEBIOMOHA/LI, MHKO-
OaKTePHI © MHOTUe apyrye. YacTo pocT BO3IMOXKEH Ha MOBEPXHOCTH
pazacna a3 «BoAd — yrnesoA0poi», YTO ObIBAET 8 XPAHHAMLIAN Hed-
TenpoaykToB. Tak pactet, Hanpumep, Cladosporium resinae, HasbIBa¢-
MBI KEPOCHHOBBLIM IpubdoMm. 115 6opLObl ¢ DHOKOPPOIUCH HCTONBIY-
FOT TIPEX/C BCETO CHIBHOACHCTBYIOUIHE XMMUYCCKHC BCILULCCTRA-0OHO-
{uds, PAITMUHBIE NPUCAIKH, 3IMEHY METULTHMECKHX TpyvD Ha Oodec
HHEPTHBIE NIACTHROBBIE, 00AYYEHHME W MEXAHMYECKYIO OUHCTKY Tpyd
W xpardit, HeoBxonuMo ToabKO HOMHHTD, HTO BCE DHOLMALI — 3TO
OUCHDL SLAOBWTHIC BCUIECTBA, IKONOIHYECKH ONACHBIE,

Euic oguy apuMep GHOKOPPOIITH — MOPYA MPOHBESIACHUE MCKYC-
CTBA H MAMATHHMKOB. MUKPOOB! XHMHUYCCKH H3IMCHSIOT KPACKH, OCO-
OCHHO COZCPXKALIMC HATYPAILHLIE KOMMOHCHTBI, a TAKXKE KIMEHHbLIE
COOPYKCHHS 3 CHCT BBLACJACHHUS APCCCHBHBIX TPOAYVKTOB (KHCIOT,
ueoueit) H odpAIOBAHUA MMKPOTPEUIMH TNIPH MEX;HHUCCKOM BHE-
JPCHHM MHUKPODHBIX TeA, B OCHOBHOM, TH( rpuboB. st bopnbiut He-
NONBLIVIOT PAIHYHBIE WHTHOHTOPDLI, TIOJHMEPHBIE HOKPBITHSI H CO-
BTIOACHHE PCAHMIL XPUHEHUS (FOCTOTHHASI TCMIIEPATYPa, MITHHMAb-
Hasl BIAKHOCTh, DECKHCIOPORHLIC YCIOBHR W T./1.).

OaHa 13 COBPCMCHHBIX MPOGIcM — MHKPOOHOES JArpaA3HCHHC B 2MCK-
TPOHHOIT HHAVCTPHK. Bo Bpemsi NPOMIBOICTBA MHKPOOPTAHIMbL MO-
ryT IONAAATE H KOMIIBIOTCPHBIC MHIIbI, YMCHBIIAS AAIC3HI0 NOKPbI-
THIL, 94TO CHUAQCT BPEMS KH3HH TpaHsucTopoB. KoHewHo, B npons-
BOACTBC NPUMCHHIOT OHAHCTHIUTHPOBAHHYIO, CBODOAHYIO OT PacTBO-
PEHHBIX OPFAHHYCCKHX BCILCCTE H MUKPOOPTAHKM3MOB BOJY, OJHAKO
JAKE TAKASL BOJA CNOCOOHL NOAAEPXKMBATL MHKPOOHBIH POCT, TiK KaK
QIHIOTPOIHBIE MUKPOOPTAHM3MbI MOTYT PACTH [IPH OUCHB HHIKHX
YPOBHAX AMTATETBHBIX BELIECTR, BBIMBITLIX M3 IMJIACTHKA TPYOOK 1M

315




AACOPOUMPOBAHHBIX H3 BO3AYNA. aKe NpH HCITONL3OBAHUH MCMOPaH-
HBIX (IHIBTPOB MOXKET COXPAHHTHCH MMKPODHOC 3Arpsi3HCHHE W3-3a
MPUCYTCTBHA MHHW-KICTOK, CITOCODHBIX NPOXOLHTE Ycpe3 (hHILTP C
pasMepamMy oTBepcTHIl (0,22 MKM.

MUKPOOpPraHM3amMbel — MHCTPYMEHTbI HAY4HbIX
uccnensoBaHUn

MHUKpOOPrannIMbl MOTYT HCIIONL30BATLCS B KAUCCTBC GHOCCHCODOE
i AdpYeux HAVYHBIX UHCIMPYMermos. BHOCEHCOD — 5TO MOPHUAHLIE TTpH-
OOp, rae XHBBIC OPTaHM3IMBL (QPraHCANbl, (DCPMCHTHI) CBA3AHBI C
FNCKTPOAAMH, U GHONOTHUECKAS PEAKUHS KOHBEPTHPYETCH B JEKT-
PHICCKHH TOK. BHOCCHCOPBI NPUMEHSIIOT 1TPH ONPCACACHHH PasiaHy-
HBIX HHAHBUAYWILHBIX BEWECTH, NOATIOTAHTOR. KOHTPOIA razon H
AHAKOCTCH B MEIHLMHC, CCJAbCKOM XO3HHCTBC, PKOMOTHYCCKHX HC-
CJACROBAHHAX M PAXTHYHBIX MPOH3BOACTHAX. [TPHMEPOM MOXKET CAVKUTE
OHOCEHCOD A ONPCACICHUS 3arPI3HCHHSA (TOKCHMHOCTH) HA OCHOBE
Aouihepaznoit cicmemor CBETIIHNCS DAKTEPHI.

HMcnonn3osaHue MUKPOOPIAHHIMOB KAK HAYHHOTO MHCTPYMCHTL NPH
MOACTHPOBIHMH QYHIAMCHTAUIBHBIX XKH3HCHHBIX NTPOLICCCOB 00YCN0R-
JCHO, ¢ OAHOI CTOPOHBI, X MAILIMU PAIMEPAMH, OBICTPLIM PAIMHO-
KCHHMCM, OJMOKICTOMHOCTBIO H OTHOCHTENBHOH MPOCTOTOI YCTpO#-
CTRA, a C APYTroH — TEM, "ITO 3TO MOJHOUEHHBIE OPTAHHM3MBI C IUMPO-
YAt HM HABOPOM BOSMOXHOCTEIt MeTaBONMIMA M YCIOBHH CYLLECTRO-
BAHUA, d TUKXKE CIOCODHOCTBIO K «KOHCTPYHUPOBAHMUIO,

KoHTpONnbHbIE BONPOCHE

1. [MepeyuneaTe NOACIHBIC U1 YEITOBCK MHKPOOHOJIOIHUCCKHE NPOLICC-
cbl. Kakue 13 Hux OLIAY HIBCCTHBL 3A0ATO 10 OTKPBITHS HX MUKPODHOIOrIH-
qeCKOH IpHpoab?

2. Ha3oBHTC NHILCBBLIC MPOAYKTHL. 1HOJYHACMbIC MUKPOOHOIOIHUCCKHM
nyrem. KaxHe rpynnnl MHKPOOPTAaHHIMOB TIPHMEHAOT NMPH HX HITOTORIS-
HHUKH?

3. [Touemy MUKPOOHI BHOMACCO MOKCT CHYKHTH HCTOUHHKOM ML LS
USOBCK B KHBOTHBINT

4. Mpoanannaupyite (aKTOPLL. BAHSKONMC HA NPOICCC NOPUN POIyK-
TOR B ODLIMHOM OBITOBOM XOIOTHIBHIKC, H GIHLWIHTC BOSMOKHBIC LIVIH 11OP-
Y MG, PbiObI, ChIPR, CAMATH H CBCAHX OBOLICE.

5. TIpeUlosKHTE MCTOALI 3ALLHTLE OF TTOPUYH AAS GPYRTOROTO COKA, MOI0-
K, MHPOMRHBIX ¢ KPCMOM, BETYMHSL

6. O yeM CHHACTCALCTBYLCT HiLIMYMC B NIPpO0C NPOAYKITL CAHHTAPHO-TIOKA-
JATCIbHBIX MHKPOOPTAHHIMOB?

7. Mepeuncinte (pakTopsl NATOrCHHOC T BOACIHCTBOPHBIX MHKPOOPIAHN3-
mMoi, Kakoii i ¢itMOHO033 BOSHRKACT FIPH PA3BHTHH 00ae3HN?
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8. YoM olzimuaeten ¢rpareris 3aUTL OT NATOICHHBIX MIIKPOOPraHH3IMaR
KHBOTHBIX H CENLCKOXO3ANCTBCHHLIX PACTEHUI?

9. HazoBuTe BOIMOXHBIC BYTH COBCPLICHCTBOBAHMWI MUKPOOHOTOIMNECKHX
TIPOUIBOACTB,

10. Kakue GakTtophl BIMIKIOT HA yCnex SHopeMearaluu?

11. TpoanannsipyiiTe AOCTOMHCTDA H HEZOCTATKH A3PODHBIX M AHAZPOG-
HBIX MHKPOGHBIX TEXHOMOTHI AN OMMCTKH CTOUHBLIX BOJL OT QPraHMYecKHx
coedMHeHHH. [l KaKHX COCAMHCHHIF AHABPOOHAA EIPATALHSA SBIACTCH NPE/-
HOUTHTEABHOR?

12. HazoBire MUKPODHBIC AKTHBHOCTI W NPOAYKTHL KH3IHCACHTCABHOCTH
MHKPOOPIAHHIMOB, HMCHIIHE 3HAYCHHE NPH MOBPCKACHHH PATIHUHLLY Mil-
TepHanos i1 0dbekToB. [Tonpobyiite onncars npoucce GHOKOPPOIMH ACPEBIH-
HOTO JAYHOFO JIOMA Ha XKeacsodetoHnom gviaaMedTe. Kakyio pois moryr
HIPAThH B 9TOM NPOLCCCE PATHBIC TPYIMNbLI MHKPOOPrAHU3IMOR?




flhasa 13

KPATKUA CUCTEMATUYECKUWA OB30P
MWUKPOOPFAHU3IMOB-NMPOKAPUOT:

O6uwwve nouaTuy

B Hacrositee BPCMS B AKTUBHOM PASBHTUH HAXOLUTCH (UI0SCHEM -
HeCRAA cuenmemMa KIMCCHOHEAUMH MHKPOOPTaHH3IMOB, KOTOpAs, ¢ Oi-
HOif CTOPOHBI, DYACT YYHTLIBATE BCC POACTBEHHLIE CBSI3H M ONHUPATHCS
Hi IBOJIIOUHOHHDBIC IPEACTABACHUS, A ¢ Apyroii — OyacT yrodHa At
NPAKTHUCCKOH MHKPODHQJIOTHM H TO3BOJHT OBICTPO HAHTH MecTo
KOHKPETHOTO MUKPOOPraHHM3IMa B MUpe MHKpoOBoB. TToka xe rnonk3y-
KITCH BO MHOTOM UCKYCCTBEHHOIL Mopgiohusuoioenieckot Kiaccudura-
yuel ¢ HEKOTOPBLIMH 3TEMCHTAMMH MOJICKYIAPHO-TCHCTHYCCKOIO Mojl-
X044, OCHOBB TaK0H KAaccuhUMKALMH 310KHU npodeccop BakTepHo-
norun . bepaxu (D.Bergey) n 1923 r., ¥ ceif4aC BBIXOOHMT B CBET
BTOpOe M3JaHue KHHTH «Bergey's Manual of Systematic Bucteriology»
{BBITIYTIIICHRK! TIEpBbIe ABa ToMa). s npakTHUCCKOR MAeHTHhHKaWIH
MHKPOOPIaHH3MOB-POKAPHOT MPUMCHAIOT ACBATOC H3NAHUEC OIpe-
AejnTest, sunylcHHoe Komutetom bepaxu.

Bce NpoKapHoTHYeCKHe MUKPOOPraHiiaMbl B KHre «Bergey's Manual
of Systematic Bacteriology» pa3dHThl Ha OCHOBAHHH MX OPOHCXOAKAC-
HUA H POIOCTBA HAa TPYNIMbLL, HHOCAR HE MMEIOLIUC YCTKOIO TAKCOHO-
MITYECKOI0 CTaTyca, HassiBacMble giiayMaMu (Phylum), san gunore-
HCTHICCKUMM TPYIIIAMH (AMHHAMHK). THIIMYHAA Hepapxys TAKCOHOB
MpHBEACHA B TaBa. 36.

Tabarua 36

Hepapxusa Takconos (kpome Cyanobacteria u Actinobacteria)

TakcoH [Mprvep
HomeH Bacteria
Miym Protcobacteria
Knace Alphaproteobacteria
TMopsiiok Legionellales
CemeficTpo Legionellaceae
Pog Legionella
Bua 7 Legionclla pneumophila
Mogena Legionella preumophila subsp. prneumophila
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Beiue ObUIO OTMCYCHO, YTO 1NQ COBPEMCHHbIM NPEACTABICHHAM
BCC JKHBOC PABACACHO Ha TPH JOMEHa (UMTTepHK): Archaca (npexae —
Archacbacteria), Bacteria (Eubacteria) u Eukarya (Eukaryotes). Huxe
MEPEYNCICHBI TPYIUILL, OTHOCAIUNECH K NPOKAPHOTHYCCKHM OPriaHn3-
MaM, M MPHBEAEHB HCKOTOPLIC NPLACTABUTCAN 3THUX TPV,

Aomen Archaea

®uaym Al. Crenarchacota. Mopdonoriyecky pa3sHOpPOAHIs Tpyii-
M, BRAKYAIOWAN TTATOUKH, KOKKH, HMTUYatele (hopMBI, JHCKOBMA-
Hbic Kacrki. TTo Ipamy kpacsivest HeraTMBHO, HeKoTophie NOABIKHBL.
OGauraTHble TCPMOMUAKL, TEMIEPATYPHBIH uuTEpBai pocta 70— 113 °C.
Anuaoduast. A3pobHble, GaKYILTATUBHBIE MM CTPOrO aHa3POOHbIC
XEMOIHTOARTOTPODBI AW xemoreTeporpotdsl. BoaLIMHCTRO HEMOIL-
3yver 8 MeTabonismMe S*. XemoreTepoTpodil MOTYT pacTH 3a CYET cep-
HOTO ABIXOHHSL.

Ouaym BKAOUaeT oK kinace Thermoprotei M3 Tpex HOPSIKOB —
. Thermoprotcales (poawt Thermoproteus, Pyrobaculum. Thermofitum);
1. Desulturococcales (pona Desuifurococcus, Thermodiscus, Pyrodictium):
1. Sulfolobales (poaa Sulfolobus, Acidianus, Sulfurococcus).

®uaym A2. Euryarchaeota. Mopdonoriueckn pasHoobpasHbie MHK-
POOPTAHM3MEL NUIOYKH, KOKKH, HEIIPABWILHBIC KOKKH, J4HUETOBHA-
HBIE, CIIMPAILHBIC, AHCKOBHAHBIC, TPEYTOJILHDIC H KBAAPATHLIE KJIET-
KH. KIeTouHbe CTEHKH € MNCCBAOMYPEHHOM, GEAKOBLIE WIH TOTHOC-
TbID OTCYTCTBYIOT,

Qunym pasieneH Ha CeMb KIIACCOB.

Kiaccor Methanobacteria, Methanococci, Methanopyri (MeTano-
FCHHBIE aPXCH} BKIIKNAIOT CTPOTHC aHa3pobbl, ofpasyiolie MmeTaH
u3 H,/CO,, dropmuara, auetarta, MetaHona, McrwaaMubaos n H./me-
TaHona. [pu A =420 um dhayopecuupyor cCHHe-3eeHbIM coeToM. Kiuerku
cofcpkar KoepmeHTnl M, B, Fiyy. Fyzy. MeTaHnonmrepun, Metavody-
paH. MOTYT BOCCTAHABIHBATL NEMEHTAPHYIO CEpy B cepoBoaopol 63
TTOJIVHCHMA JHCPTHIL,

DIKCTPEMLIBHO Ta10(MWIBHBLIE apXed ofbeaunensl B x1ace Halo-
bacteria. D10 aapodHbe UM HaKYIBTATHBHO aHa3po6HLIE XeMoopra-
HoTpotbL, TPEOYIOLIWE LTS POCTA BRICOKUX KoHueHTpaunit NaCl (1.5M
H Bole). TTanoukM M KOKKH. OKPALIMBAKOILHECH IDAMBApPHABETBLHO.
Hedrpodunst ay ankaandunb. Poct MesoduibHbIi HIH cliabo Tep-
MosbHbE (10 35 "C). Coaepxart GaKTCPUOPOAOIICHH H HCHOLIVIOT
FHEPIUIO cBeTa it cuHTe3a AT,

Kiace Thermoplasmata BxiouacT apxel, AHIMEHHBIE KICTOYHOIL
CTEHKH, DT0 TEPMOALHAODHIbHLIE, AIPOBHbIE OPraHH3IMbBL, HMCIOLLHE
KOKKOHIHbIC Knetkn, LUITM koTopuix coaepxkuT Gorartiuiit MaHHO3O0I
TIMKONIPOTEMH M JIMOMIHKAHK. Y npenctasutencii poaa Thermoplasma
JHK KoHACHCNPOBAHA B HYKJIEOCOMBI € THCTOHOMOAOOHBLIMH GeTKa-
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MH. TIpH BBICOKOH TeMMCPAType KICTKH HMEHT BHA HCIIPABHIBHBIX
(OWIAMEHTORB, @ NPH NOHHKCHHOI NpUOOPeTAOT chepHUCTKYIO dop-
MY M MOTYT HMETb KFYTHKH. HenpasuibHble KOKKOBUJIHBIC KIETKH POIA
Picrophilus ¢hopMHPYIOT Ha NOBEPXHOCTH DEKOBBIC S-cnon. -

CynphaTpeayuupytoline apxen o0beAHHEHBI B Kiace Archacoglobi
U SB/BLIOTCA CTPOTHMH aHaspoDaMi, COCODHBLIMI K AHCCHMM/ISIIH-
OHHOH cyabdrarpenykiuni. QOpazvioT TAKKE CACAOBLIE KOJIHHCCTBA
MCTAHA. IKCTPeMaIbHbe TepModiuint (pocT npH Temnepatype donee
92 "C). OonaaaT cuHe-3enctoit qayopecucHHeit npn A = 420 um.
HMneior B KieTkax koepuerTsl Fyx 1 MeTAHOMTEPHH.

Kouice Thermococei coacpAuT ¢Tporo aHaspobHbe OBIMTATHLIC
repsoduuisl. KOKKH HenpasuasHOR (opMbl, OKPALLHBAIOIHCCA T10
[pamy oTpuuareabHo. ONTHMYM POCTa HADAIOARCTCH NPH TCMITEPATY~
pe 67 - 103 °C. I'ercpoTpodbl, HEKOTOPLIE Ut POCTA HCTIOBYKIT iC-
MEHTAPHYIO Cepy.

Aowmen Bacteria

®uaym Bl. Aquificae. D10 ApesH#s BCTBL OaKTepHil, 0ODBEANHSIIO-
LUasl IPAMOTPHLATC/IBHBIE, HECTIOPOODPIBYIOUHE TTTOKH HAH HUTH.
Tepsmodiibl ¢ OMTHMYMOM POCT OPH TeMICpaType ()3485“(,. Me-
TabONH3M XeMOANTOABTOTPOQHBIA HIH xeMoopranoTpodublil, MHo-
THC BHABI CTIOCOOHbI PACTH AHADPOOHO 30 CUET HUTPATPCAYKLUMH. 'ECTb
MUKpoaIpodunbl 1 aspobel. [MpeiacraButeny ponon Aguifex u
Hydrogenobacter — MUKpoaspodyiibl, THICPTEPMOQPHITBI {ONTHMUIb-
Has Temneparypa pocra 857C), XCMOAUTOABTOTPOdDLI, HUCMOIbIYIO-
LIHe BOUOPOL, THOCYIB(AT 1t FNEMCHTAPHYIO CEPY B KAUCCTBE A0HO-
POB ICKTPOHOR.

@uaym B2. Thermotoga. DTo rpaMOTPULATEILHBIE NAIOMKH, 0DM-
TALIMC B [eOTEPMATTBHBIX 30HAX, MOPCKIUX FHAPOTCPMax, cosbhara-
pax, CHHTAKTCSA OUYCHb ApeBHCH BeTBLIO. MMCIOT BHEIHWE NMOKPOBEL.
OTCTAIWME OT KACTKH (moed). TIenTHIONWKAH HE COACPXKHT Me30-
JMAMHHOMMMEAHHOBOIT KHenote!, He obpasylor criop. 1o cTporue
aHa?’pobbl. rUNePTepMOuiIbl (ONTHMMILHAS TeMIepatypa pocta 85 “C).
Caxapo- M NCATOAMTHKH, MCTIONL3YIOWHE DIMKONH3, XCMOTETEPOTPO-
Obl. [ToTpebasttoT HHIPOKHIT CNIEKTP OPriaHKUCCKHX coeanHeHnH. Boc-
CTUHABAUBAOT THOCYABpAT n/unu 3°. H. nonasnsier pocr.

®unym B3. Thermodesulfobacteria. ['paMOTPHILATEABHBIE NATOYKH.
BHELIHHI MeMOPaHHBIA cnoil KoTopsix 06pa3yeT BoiNsunBaHus. Tep-
MOGMIBHBIE, CTPOTO aHAPOOHLIE XCMOTETEPOTPOtPLI, CMOCOBHLIC K
JUCCHMHUISIIMOHHOI CyIbDarpeayKLuitL.

®uaym B4. Deinococcus — Thermus. Brnwovaer 0aMH Kaace
Deinococci u3 AByX NOPSAIKOB.

flopador 1. Deinococcales oG6beIHHESET IPAMIQIOKHTCALHBIC Henoz-
BIDKHbIE CPCPHYSCKHT HIH TATOYKOBHIHDIC KIETKH O CTORHOH MHO-
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TOCJIORHOI KACTOYHOM CTCHKOM, NAPAMH MAM B TETPAIAX, CHHTCIH-
PYIOlIHE NETITHACLIMKAH 0e3 TeHXoeBblx KUCTOT, Poct 01 Mezodiis-
HOTO 10 TePMOMUIALHOTO. A3POObI ¢ XEMOOPraHOTPOMHDIM JIbIXATETh-
HBIM MeTabOIM3MOM. YCTOHUNBB K HOHHIMPYIOILEH PaIHalINU (BHE-
ACPARMBAIOT 3 — 5 MIIH paj. TOr4a KaK s 4eJ0BeKa JeTabHOI 10301
asasietcs 100 pan).

{fopadox I1. Thermales coTepkuT rpaMOTPULIATEILHBIE NPAMbIC TTa-
JA0UKH Wik HUTH. Henonsuxnsl, He ofipasyior cniop. Tepmoduns. Xe-
MOTETCPOTPORILE CO CTPOrO AbIXATETLHBIM MeTabonu3MoM. Hekotopsie
BHABI CTIOCOOHBI MCIIOAB30BATL HUTPAT MAM HUTPHT B KAuecTBe KO-
HCYHOIO akUenTopd JIeKTPOHOB.

@uaym BS. Chrysiogenetes. BkniouaeT oIHH KIaCe ¢ TEM Xe HA3BA-
HUEM H OOBCAWHACT IPAMOTPHLATE/IBHLIE MNOABHXKHLIC W3OTHYTbIE
NATOYKH, €NOCOBHBE K aHAIPOOHOMY ALIXAHMIO, B KOTOPOM KOHCY-
HBIM aKLIENTOPOM TEKTPOHOR CIYKUT apccHaT. Mesoduast. Banaku
110 MOJIEKYJAPHO-EHCTHYECKHM TeCTaM K KAOCTPHIOMAM. Dauiam H
Ae1eTanpoTeobuKTePUAM.

@uaym B6. Chloroflexi. O6neanHsAeT rpaMOTPHUATCABHBIC HITYA-
Thie DaKTepuH, OOIAIAIOUIME CKOMBIIINHM ABHKCHAEM, [JenTHION -
KaH COLEPXHWT B KAUeCTBE AMAMWHOKUCIOTH L-OpHMTHH. BHewiHas
MemMbpaHa, cozepxamas aunonoaucaNapua, He obHapyxena, OmiH
KJTIACC € TEM KC HA3BAHHEM ACTUTCH Ha IBA MOPSAKA.

{flopadox 1. Chloroflexales BKAOMaeT HUTYATHIE AHOKCHTEHHbIE (O-
TOTPOpHbIE BakTepHu. 0Opa3yiolIHe GaKTepHOXTOPODIILT H KAPOTH-
HOUABL. CBCTOCOBUPAIOIIUE TTUIMEHTHI HAXOMHUTCS B XIopocoMax. Bee
BUABI HAKYTBTATUBHO a3poOHbI U NPCIITIOUMTAIOT UCTONB3OBATD opra-
HHYecKHe cyBeTpaTnl Kak npu oTo-, TaK M 1pH XeMOTpodhHOM McTa-
Bonnsme. B 37or nopsanok Bxoanar nsa cemeiictea: Chloroflexaceac {poasbl
Chioroflexus, Chloronema, Heliothrix) v Oscillochloridaceae (pon Oscillo-
chioris).

{lopstdox 1. Herpetosiphonales cofepXuT Bcero oauH poa Herpeto-
Siphon, y KOTOPOFO OTCYTCTBYIOT GaKTEPUOXIOPOGHIUIBL H UMEIOTCS
TOJIbKO KapOTHHOMABL. MeTaboin3m a3pobHblif, XeMOTCTEpOTPOMHbIH,

®uym B7. Thermomicrobia. Xapakrepusyercs TPAMOTPHLUATEBHbI-
MH KOPOTKMMH HCTIDRBW/ILHBIMH HETIOABMAKHBLIMK Manoukamu. Crop
He oBpasyoT. [lenTnIorIMKaH He conepxNT TMAMUHOKHCIOT B 3HAYH-
TCALHBIX KomuecTsax. [MueprepModianl (onTHMaIbHas TeMaepaTypa
pocta 70 —75°C). O0nuratHbie a3pobbl 1 XeMOOPraHOTPOMLL,

@uiym B8. Nitrospirae. ['paMoTpuiiaTebHBIC H3OIHYTHIE, BuBpHO-
[IOAOOHBIC WK CITIHPWIBHBIC KIETKH C PA3THUHBIME THIIAMH MeTa60-
NH3MA, BOABLIMHCTBO IPEACTABUTENCH ~— 29POBHbIE XCMOIHTOTPODH,
BKITIOUAIOIIHME HATPHGHUKATOPDL, KeNe306aKTepur U GOPMBI ¢ MarHn-
ToTakcucoM (ponst Nitrospira, Leptospirillum, Candidatus Magneto-
hacterium). Ommu pon Thermodesulfovibrio — Tepmodun, oBAHraTHbII
ammaodnn 1 anaspod. bansku x KnocTpuausM, GaruiaM M eThTa-
NPOTEODAKTCPHAM.
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®uaym B9. Deferribacteres. XeMoopranorerepoTpod)bl, HbIaLne
AHASPOOHO W HCMIONLIYIOUIHE B KAHECTBC KOHEYHOTO AKLCNITOPA 31eK-
tponos Fe'', Mn*, 8%, Co™ u wurpar (poxst Deferribacter, Geovibrio,
Geobacter). Ak K aenbTanpoTeoBakTepHsIM U HUTPOCITUPAM.

©®uaym B10. Cyanebacteria. CocTONT U3 N5ITU MOACEKUMNA. BbLIC-
JACHHBIX B COOTBETCTBHU ¢ MOP(ONOrieit, cnocoboM meneHust u aud-
(hepCHUMPOBAHHOCTLIO BXOAAINMX B HUX Opranui3MoB. [Toacekumnu noj-
pasfensitoTes Ha ropMo-poasl. B nemoM 210 rpaMoTpHIATe I bHbIE OO-
HOKITETOUHbBIE, KOJOHHANBHEIC MM HUTHATBIC OKCUTCNIBIE (hoTOoTpOg-
Hble OAKTEPHH., WMECIOIHE JKM3HCHHBLIC HMKAbl PASHOH CHOKHOCTH,
MOTOCHHTETHICCKHUI aNMNapaT COAEPXUT ABC (POTOCUCTEMBL, UTO MO-
3posteT ucnonbsoBats H,O B kauecTBe doToBOCCTAHOBHTENS TIPH
(dbotocnnTese. Bee uasecTHbie NpeacTaBUTENH CrocobHbl K hoToasTo-
TPOhUH, & HEKOTOPblC BHIAbI M LITAMMBI MOTYT pacth (pOTOreTepo-
TpothHoe HiH xemoretepoTpodHo. Conepxkar xnopodmn a. a pukobu-
JIHIPOTEHHE! (ATOMHKOUHAHHH, (QHKOUHAHWH, HHOIAA (DHKOIPHT-
PHH) MOTYT NPHCYTCTBOBAITH MJIH OTCYTCTBOBATL. KJeTOUHas cTeHKa
HUMEET TOJICTBIN coil nentHaornukana (1o 200 um). Ilo dmnorennn
0/IM3KH K (PUPMHKYTaM,

©®unym B11. Chlorobi. Coctont u3 onnore xiacca Chlorobia, co-
aepkawtero nate ponos (Chlorobium, Ancalochioris, Chioreherpeton,
Pelodictvon, Prosthecochloris). 310 rpaMoTpuuatenbHblie chepHiIccKHe,
OBOMAHBIC, TIPHMbIE AN H3OCHYTHIC NManodkn. CTPOTHE aHazpolsl,
obymraThoie gotorpodnl (3eneHble cepHble HakTepun). Kiaetky pacryr
NPCHMYILCCTHEHHO 33 CHET QOTOACCHMUASILMNA TIPOCTHIX OPLiAHHYCC-
KX cOeAMHEHIH, HEKOTOPLIE BBl MOTYT HCIOIbB30BATh CCPOBOAOPOIL
WK THOCYIBDAT KaK JOHOP 3NEKTPOHOB 11a dukcaunn CO,. [obyan
CEpPDI 3ANACAIOTCS HA BHEIIHEH CTOPOHE KJICTKH B IIPHCYTCTRUM CYb-
duna 1 cBeTa, cepa PEAKO OKMCISIETCS JATLLIC 10 cyabdaTta. Boab-
WHHCTBO POAOB CMOCOOHO pacTH Kak xemoreteporpoditl B MUKpOas-
POOHBIX MAY a’poGHLIX YCA0BMIX. B KadccTBe HCTOMHMKA a3oTa Mc-
NOALIVIOT aMMOHKIE 1 N,. BombiMHerse ponos tpebyeT 0AHOro MU
Sonbtie GakTOpoR A5 pocTa (BHoTHHA, THEMMUHA, HHauKMHa, TTABK).
I'pynna uMeeT oBLIHC KOPHH ¢ BaKTEPOHIAMH,

®Ouaym B12. Proteobacteria. O8neannsieT Mmopdonoruuecki 1 (pu-
INOMOTHYECKH pa3HoobpaiHble dopMmel, FlonuduaeTnyeckas rpvnna,
BKJIIOYAKOWASL NstTh KtaccoB — Alpha-. Beta-, Gamma-, Delta- u
Epsilonproteobacteria. MuavM yCIoBHO NoAPas3ASHsOT HA ABEHAAIATS
(MCHOTHINYCCKUX TPYN,

Ilepean epynna — cpasompunanmeivrsie apoGHbie/MuKpoaGIPOHUIL-
HbIE RAAOMKH 1 KOKKH, B OCHOBHOM XCMOOPTAaHOreTepoTpodsl, HO He-
KOTOPbIC MOFYT PACTH aBTOTPOMHO, MCIIONL3YA H, Kak JOHOp 3/CK-
TPoHOB. CTPOro AbIXATEAbHbII THIT MCTADOAM3IMA ¢ KUCIOPOAOM B
KauecTsBe KOHEUHOTrQ akienTopa. Hekotopole poia Takxe criocoBH bl
K aHa3poOHOMY AbIXaHMIO. O8KHTAOT B ouBe, NPCECHOI 1 MOPCKOM
BONE, Hd PA3TUYHBIX YACTSIX PACTEHHH, BO BHYTPEHHMX OpraHax de-
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JNIOBEKA W KUBOTHBIX. HCKOTOPLIC MAaTOTCHHLI 1A YETOBCKA M KU IO T
HbIX.

B 3Toi rpynitie ABa TIABHBIX [IOATHNA;

B a3POOHBIC [TATOYKH U KOKKH, KOTOPbIC MOIYT PACTH HA BOGLYNG
npu 21%-it xoHucHTpauun O, HEKOTOPBIE poabl B MUKpoaapodmiIn,
HBIX YCROBHAX (DUKCHPYIOT a30T, a4 NPH HANMYMU CBA3AHHOLO 4301
PACTYT Kak aspobb;

B MUKPOAIPOMHILHBIE TIPAMbBIC INWIOYKH, TIOKA3LIBAIOLIHE KHCIO
POLIABHCHMBII POCT TIPH YMCHBILICHHBIX KOHUEHTPALHAX KHCAOPOLiI
H B OTCYICTBHC MILTEPHATHBHBIX AKUCHTOPOB JICKTPOHOB, HEKOTO -
pble POBI MOLYT AbILIATL AHA3POOHO € MCOONLIOBAHHMEM HHTPIIN,
bymapara n .4 Takne peHOTHTILE NpeacTaRieHs! cpein Alpha-, Beta-,
Gamma- u Deltaproteobacteria.

Bmopas epynna — 310 anaipodubie npameie. UOSHYINGIE u CRUPAABHbLE
SPAMOMPUUAMEBHIC RAIOHKH, XCMOOPTAHOTCTEPOTPOMLI, nonyyaowmce
SHCPIdi0 NYTCM aHAIPOOHOIO ABIXAHMS UM BpoXeHHs, Cloga He OT-
HOCSIT PO/IBI, HCTIO/IB3YIOIHC COCJAMHEHHA CCPhl KAK aKUCTITOPBI K-
TpoHOB. O6bIuHBI cpean Beta-, Gamma- u Deltaproteobacteria.

Tpembs zpynra BIINIOUALT aHOKCUeHIbIC YOMOompodHbie daxmepuu,
conepxaltde Bakrepuoxtopodin u ¢nocodHble HCNOALIOBATE CBET
KK HCTOYHHK PHCPrHU. TP HATHYWHK CBETA 9TH OPTAHH3MBI PACTYT
#HA2P00OHO U He oOpa3yIOT KHeaopod rpH (POTOCHHTe3e. B TemHoTe
CITOCODHB K KHCAOPOAHOMY AblxaHuw. He coaepxar dhukobumnpo-
TEUMHOB,

Tpynny pasneasior Ha TPH HOATHILL:

B KJICTKM, CrOCOOHbIE PACTH ¢ CYIBHIOM U CePoit Kak eaHH-
CTREHHBIMI JOHOPAMM ICKTPOHOB AN (POTOCHHTETHUCCKOH 1CCHMM-
aaunn CO,. Xopouo pactyt B (oToaBroTpodHBIX YCTOBHAX. o6y
Cephl 3aMaca0T BHYTPH KJICTKH, A 3ATCM MOTIYT OAABIIE OKHMCTSTL A0
cyabdarta. Coacpxar 6akTepHOXIOPOGUNIB @ W b H KapOTUHOWIbL.
MoryT HyxaaTbest B BUTaMiHe B, (Gammaproteobacteria);

B KJIETKH, PacTyluHe NMPEHMYILECTBEHHO 3a cueT POToacCHMMIs-
LUHH APOCTLIN OPTAHIYCCKHX coeAHeHHIK. HekoTopble Buikl MoryT He-
MOAB30BaTh CYAbBUA HAH THOCYABDAT KAK AOHOP 3JICKTPOHOB AN
dnkcaunn CO,. Mobvibt cepb! GOPMHPYIOTCH TOILKO BHE KICTKH M
PEAKO OKHCSIOTER A0 cyandata. boaswnnetso poaos cnocobuo pac-
TH KAK XEMOrCTePOTPOthl B MUKPOAIPOOHBIX K A3POOHBIX YCAORHSIX.
HMCTOMHUK a30Ta — aMMOHMIE 1 MOJICKYASPHBIH a30T. BOALIIMHCTRO
poaoB HyxkIaeTcst B akTopax pocta (GHOTHHE, THAMMHC, HUAUHHE,
ITABK) {Alpha- u Betaproteobacteria);

W KICTKH, PACTYIIHC XeMOTeTepoTpodHO B a3pobHbIX yenornsax. He
pacTyr aHaapobHo Ha cpeTy. MeTadonuaM NMpeHMYLIECTBEHHO AblXi-
TeabHbIA. Coaepxar Gaxrepnoxnopod At @ i KapoTuHouast (Alpha-
proteobacteria).

Yemeepmasn epynna — nechomompogpnvie cxoavzauue daxmepuu, te
oopazyioiiie niodogsie mead. OOBERNHACT NATOYKH UAH HUTH BC3 KIY-
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THKOB, CMOCOOHBIC CKOAB3UTh MO TBEPAOIT MOBCPXHOCTH. MMerT npo-
CTBIE XM3HEHHbIC UMKIRL. Hekoropbsie npeicrasutean (hOpMHUPYIOT
YexJIkl, HHOTAA 06pa3vioT MUKPOCTIOPHL.

['pynina noapasaensieTes Hi MeTbIpe MOATHNA:

B OJHOK/IETOYHLIC NAOUKORHIHbBIE CKOIL3sILHE BAKTEpHH, 9acTO
naciioMopgibic. XeMoopraHoTpodbl, a9pobel, HaKyILTATUBHbIE HIH
obmMratHble aHa3pobnl (HekoTopeie Gammaproteobacteria);

B [IIOCKHE, HHTYATHIC CKOJIL3sILMEe GAKTEPHM. XeMOOPTraAHOTPOMp.I,
aspobsl, caxapoaMTHKH. HaitaeHb! B poTOBOH NONOCTH TEMIOKPOBHBIX
{ Betaproteobacteria);

B OKHCISAIOMNAC COCAWHCHUA CepPhl CKOMB3ALMNE DAKTCPHI; paime-
Dbl KJIETOK CHALHC BAPBHPYIOT, BOIBUIMHCTBO — HUTUATHIE. B npHCyT-
CTBHM cyab(HIa B THOCY/IR(DATA cepa HAKATLUTHBRACTCS BHYTPH KIETOK.
XeMOoopTaHo- H XeMOAWTOTPOME, A KOTOPBIX MoOKA3aHa MHKCOTPO-
thus. Merabonuim npixarenabHslit (Gammaproteobacteria);

| OpraHy3Mbl, HC BOWICALLUE & MEPBLIC TPH NoaTHIIA (HEKOTOPHIE
Beta- u Gammaproteobacteria).

Haman zpynna — apodubie xemotmompogs — YCIOBHO NIoApai-
ACAACTCS HAa TPH MOATUTIIE; -

B HUTPUQHUKATOPDI, HCMOAbIYIOHE BOCCTAHOBICHHDIE HCOPTaHU-
YECKME COSAUHEHHS A307Ta KidK HCTOUHHK IHEPIHH AJ15 POCTil,

R OPrAHU3MBI, OKUCIAOUINC CCPY M CCPHBIC COCAMHEHU U1 No-
NYUYEHHS IHEPruu;

1 OOJIMTATHBIC OKHCITHUTEIN BOIOPOA.

[Teppbic BeTpeyaroTesn cpeau Beta-, Gamma- u Epsilonproteo-
bacteria, Bropble — TONLKO cpean Betaproteobacteria, Tpeth — Be3-
ne, xpome Epsilonprotcobacteria.

Ilecmasn zpynna — axyiremamucrno anaaponsie epamMompuiamets-
Hbie NAAOMKH — COICPKUT XCMOOPIAHOICTEPOTPOdbI, HEKOTOPLIE U3
KOTOPBIX MOTYT pACTH ABTOTpPohHO ¢ H, B KauecTBe AoHOpPA MIEKTPO-
HOB. Ha BO34yxe pacTyT 3a CUHET ALIXAHU, B aHAIPOBHLIX YCAOBUNIX —
3 cueT Opoxenua. KupyT Kak ¢BoDOAHO. TaK M B ACCOLHALMAX ¢
SKHBOTHBIMH, Y€JOBEKOM WIH pACTeHHsAMHU. HeKoTopble MaTOTCHHBI (3H-
TepobakrepHH). '

Cedoman zpynna — HOYKVIOWHECHE W/HAH RPOCeKoane Hethomo-
mpohrbie Gaxmepun — IOAPASOCAACTCS HA AR MNOATHIA MO MPHUCYT-
CTBHIQ WM OTCYTCTBHIO TIPOCTEK H MO CNOCOOY KRETOYHOMO ACACHHS,
O0a (edoruna seTpeyarores cpeaur Alphaproteobacteria, a Gecnipoc-
TEeKOBBIE (hopMbl — cpean Gammaproteobacteria.

Boceman epynna — aspobusie/Mukpoaspouisime nodeurcHole chil-
paibHble/guiploLonsie cpaMompuuameisubie 6axmeput. KicTku B BHAC
BUOPHOHOB WIH CIIMpaieil, ABHXYTCH € MOMOIUBIO TIOMAPHBLIX KIYTH-
KOB. A3pobbl HAM MUKPOa3podHIbl. MeTaboMU3M ABIXATCILHBIH, HE-
KOTOpble CrocoGHbl K (DYMAPATHOMY HIHM HUTPATHOMY aHA3POOGHOMY
JIBIXaHUG. BOTBITMHCTBO XCMOOPTAHOTPOMBI, HO HEKOTOPhIE HPCACTA-
BHUTENH CMOCOOHBI PACTH ABTOTPORHO ¢ MOJNEKYAAPHBIM BOIOPOMOM.
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HaxonsT B nouBe, NPECHOM W MOPCKOY BOJE, HA KOPHAX M PENPOLYK-
THBHBIX OPraHax PacTeHUM, 8 KMLICYHUKC uenonckia. HekoTtopbie saB-
JBIIOTCH XMIHUKAMM N0 OTHOUICHHIO K JAPYTUM MHKPOOPraHH3MaM.
MMeoTea CpeaM BCexX KIECCOB NPOTCOBAKTEPUI.

Jlessmasn zpynna — cumGuomuvecKue u napaumuseckue baxmepuu
HOGOHOYHBX H GECRO3IGOHOYRBIX — COACPANT objiuraTHsic BHYTDH-
IJICTOMHBIC TIAPA3UTLI 3YKAPHOTHUECKNX X0351eB. MOryT ObITh anoM-
KOBMAHBIMM, KOKKOMIHBIMM WU miciioMephHbeIMU. PasMHOXaKTCA
OUHAPHBLIM AeseHHeM. KieTouHas CTEHKA COACPXUT MypaMOBYIO K1C-
10Ty. HexoTOPHIC MATOICHHBY JUTA YEI0BCK, LPYTUX NO3IBOHOYHBIX H
Secrio3soHouHBIX. [1pucyrcrByior cpean Alpha- 1 Gammaprotco-
bacteria. _

Jlecamasn epynna — cKoavzswue daxkmepuu, ofipasyiowue niodogoe
meiaa — SBASIOTCS XeMoopraHoTpodaMH U cTporMMu aspobamu bes
KIVTHKOR, KOTOPHIC MOLYT CKOJL3HTD MO TRCPACH nosepxHocTH. [1py
HCUEPTAHUHM MUTATENLHBIX BEIECTB KAETKH ATPETUPYIOT H hOpMUPY-
0T IUIOAOEBIE TENa, COCTONATHNE U3 MOLHGHUMPOBAHHON CIM3W W KJe-
TOK. UACTO APKO OKPANICHHBIE M MMEIOLIMC MAKPOCKONHYCCKHE pad-
Mepbl. [T10108BIC TENIa PAFIMYAIOTCA 10 CTOXKHOCTH CTPOEHUA H pa3-
MepaM. BHyTpH 111010BbIX Ted (POPMUPYIOTCH MHKCOCTIOPb! MM MHK-
pouucthl (nop. Myxococcales).

Odunnaduamas zpynna — dakmeput 8 yexaax — obbeaAuHseT Hedo-
TOTPOMHEIC a3pOBHBIE MUKPOOPraHW3MbL, HC O0B/ANAI0IIHE CKONbIs-
WIMM ABHXEeHHeM. XapakTep pocTa — HUTYATBIA, KICTKH HAXOAATCA B
Npo3padHbIX uexiax. OKpackil HEXJIOB — OT KCATOTO 10 TEMHO-KOPHY-
HEBOTO — B 3ABMCHMOCTH OT MOUIHOCTH OTIOXKEHHI OKCHIOB Xee3a
wiK Mapradua. ExMHHYHBIC KIICTKH MOTYT ABATATHCS C MOMOLLBIO NO-
JASPHETX WIH CYBIIOIAPHBIX KIYTUKOB Wi ObITh HCNOMBIKHBIMU {1183
pona u3 kiacca Betaproteobacteria). _

Jeenaduaman zpynnd — HeNOOGUNCHBIC UAN MAIONOOBUNCHIE U30HY -
mible 2PAMOMPULAMENbHbie OGRmepid — BKIIOYACT XEMOOPraHoreTepo-
TpOMHBIE CANPOMUTH! YETRIPCX MOPQOTUIOR (ITO CTENCHN «H3RHTOC-
TH») — OT claBo 3aKPYYCHHbIX A0 KOAbUEBBIX CTPYKTYp. Hanbonee
opHMruHaibHas Mopoaorust y pona Ancvlobacter — WIOTHYTbIE WITH
C-0bpa3Hble KICTKH MOTYT 00Pa30BhIBATL KOJIBLA IYTCM NEPEXACCTb-
BAHMH KOHHLOB KjieTKH. A’poOh{, HHOrda ¢ ra30BbIMM BaKyOJsIMH
(Alphaproteobacteria).

Ha npumepe crpoenms tuayma Proteobacteria BUIHO, 410 BblAe-
JACHHBIC HA OCHOBAHHH MOAEKYJISPHO-TEHCTHUECKOTO HONXOAA B0Jb-
LUIMC TPYIIL OAYHAKOTCS «CGOPHBIMI» € TOYKK 3peHNs Mopdooro-
hm3nonornucckoil Knaccudukauuy baxrepuii. CrpemMacHHe BBECTH
(PUNOTEHETHUCCKIE KPHTEPUU BBIZBLIC TNECPEABHKKY MHOMMX TaKCO-
HOB B APYTHC TPV, PA3ICIEHHe W NCPeONpeieIeHUE TaKCOHOB.

Mrax, ¢puaym Proteobacteria COCTOUT U3 NISTH KAACCOB.

Knacc [. Alphaproteobacteria BKIO4aeT MCCTh NOPAL-
KOB.
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Hopsidkw [ u Hf. Rhodospirillales w1 Rhodobacterales ofnenuusior
thoroipodble NyPNypHLIC HCCCPHbie DakTepuu (Hanpumep, U3 po-
noB Rhodospirillum, Rhodopseudomonas, Rhodaobacter).

flopadox f]. Rickcttsiales COAEPAKUT OOMUTATHBIC BHYTPHIJICTOUHBIC
Napa3uTsl, BO30yauTeH Bolc3Hel yenoBeka, Poa Rickentsia sronovact
[TATOYKOBUAHLIE (DOPMB! CO COXKHBIM XHIHCHHbBIM LIMKIOM, HMEI0-
M€ 09€Hb MAUICHBKHIH eHOM. OHM He MOTYT CaMOCTOSITE/IBHO KaTa-
OONIM3HPOBATE YINICBOABI U APYTHE BELICCTBR M CHHTC3HpOBaTh AT,
HE coaepAKar WBONPOTEMHOB H LUMTOXPOMOB, HO UMEIOT TPAHCIOKA-
3bl A1t ATM xosauHa. HyxkaaloTes s npeaecTBEHHUKAX JUIH CHHTE3a
JHK, PHK, raukorena, aunuaos u 6enkos. CaMu crnocoOHbE CHHTE-
3UPOBATh HCKOTOPLIE AMUHOKHCIOTEL H KOMEPMEHTLL, UMEI0T BeAKH~
MOPUHBL,

Hopsdox: V. Sphingomonadales oObeaAUHsIeT cKONBIsIIME BAKTEPHN
{(chnurobaxrepun). K poay Cyrophage OTHOCATCS ANMHHBIE TMOKHWC
MATOYKH C 320CTPEHHBIMH KOHUAMM, a3podbl, PAIATAIOUINE LETIo-
JIO3Y HAH XMTHH 1IPH TECHOM KOHTaKTe ¢ cyberpatoM. Kierku conep-
AaT KapoTHHOMIL uckeupybud. [Ipeactasutenu pona Sporocytophaga
00PA3YIOT HOKOSIWECA OKPYFNCHHBIC KNeTKU-UHEThL bakrepun, dop-
MHPYIOWHE UIMHHBIC HUTH, CIOCODHDLIC K JIM3KUCY CTPYKTYPHBIX G-
KOB (KePATHHA) U KJIETOK ApyruX GakTepuit (00pasoBaHUE «[ISTEH» Ha
TA30HC), OTHOCSITCS! K podam Flexibacter, Microscilla v Lysobacter. O6-
pasyrolue TpUXOMbl Vitreoscifla w Leucothrix oOMTAIOT HA NOBCPXHOC-
TH WioB. OpranussMbl poaa Spltingomonds COAEPXKAT B KIETOMHON CTEH -
Ke chunronunuanl. Pounr Erythrobacter, Evythromicrobium, Ervthromonas,
Porphyrobacter oTHocaTcs K «kBasudotoTpodam». B rpynny ckoanis-
winx Gakrepni BXOIIT TAKKE HUTUATHIC CCPODAKTEPHH POAOE Beggialoa,
Thiothrix, Thioploca, Thiomargarita, Macromonas n ap.

Hopadox V. Caulobacterales coaepAUT NOUYKYIGIWHMECA H NPOCTEKO-
GaxkTepPHH. Y TAKHX OPTiHU3MOB MATCPHHCKASI M QOYEPHST KICTKWY J1er-
KO pasztnuumel. [Mpeactasutenu poia Hyphomicrobium o0pasyioT no-
HYEPHIOK KACTKY HA THdE B BUAE HEOONLILOIO BIIYTHA CO KIYTHKOM.
BMecTO NOYKH MOryT o0pa3oBbIBATLCH 3K30Copel. [udn MHOMAA BCT-
BATCH. THIIHYHBIE ODUTATCAN NOUBLL M BOABLL, MeTHIOTpobLL. MuKpo-
OPraHH3MBbI posta Pedomicrobium pasaaraioT NovBeHHbiit rymye, Mpo-
CTEKOBAKTEPUH XaPAKTCPHUIVIOTCS KIETKAMH, HMCIOUIMMH BHI «KCT-
JAM», U3-34 TOTO, YTO HUTCBUAHBIC BLIPOCTRI PA3AVBAIOTCS BOLUEALIEH
B HUX UHTOIIA3MO. DTO THIOWYHBIE OOHTATEIM BOAOEMOB H 1OYN,
aspobsl, onnrorpodst. [lpeacrasuresiv pona Cawlobacter obpasyloT po-
3ETKH M3 KJICTOK. CONPUKACAIOMMXCSH MPOCTEKUMK, JOYEPHIA KICTKA
HMEET KIYTHK H COCOOHA ABMIATBCA NOCAC ACACHMs. Knerkn pona
Prosthecomicrobium MOTYT OPMHPORBATL HECKOJLKO NpocTek, Qpranuns-
Mbl, OTHOCHUIHECS K poay Stella, o0pa3zvior KieTk B BUIE NAOCKOH
IHECTHIYYCRBOI 3BC3AbI.

Tlopadox. VI, Rhizobiales ofbeannsier cumbuoruyeckie U caobon-
HOXHBYLLHE a30THHKCATOPB], A THIOKE TAK HA3LIBACMbIE KBa3H(OTOTPO-
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&bt (pox Photorhizobiwm). Mukpoopranwimel poas Rhizobium otHO-
cATEA K CHMBHOTHUSCKUM a30TPHKCATOPUM, OOUTAIOIIHM B K1yheHb-
Kax Ha Kopuax 606osbix pacteHU. CuoboMImKNBYIITIE a30T(hUKCA-
TOPbl NOYBLl — NPEACTABHTENM polon Azotobacter, Azomonas,
Beijerinckia. Paxonble paspacTaHMs B TKAHSIX BRCIIMX PACTCHKIT 00-
PA3VIOT Opratn3Mbl poaa Agrobacterium, obnaaioinne Ti-rmnasmuna-
MH.

Knacc LlI. Betaproteobacteria cocrowt v mecTH Mo-
psiakoB {Burkholderiales, Hydrogenophilales, Methylophilales, Neisse-
riales. Nitrosomonadales, Rhodocyclales) 1 coaepxkur MUKpoopra-
HU3MBI € PA3HON (DUBHONOFHEN (XeMOOPIaHOreTCPOTPODLI, BlOPO/L-
HBIC GAKTEPHN, METHMIOTPODLI, BOIOYAHTEIM TAXKEALIX BabOICH i
yenoseka, Hiurpudukatopsl 1 (hassl. oroTpodiisie nypypinie 1
cepubic BakTepin). Crola Ke BXOAUT POl Roseateles, ciocobHLi piry -
JIAraTh AHTPONOTCHHBIC MOIUMEDPBE, CHHTCIHPYIOLMIT KOMIIOHCHTbI (hor-
TOCHHTEUPYIOLLETO ANNAPATA M OCYLICCTIITSIONMIA AHOKCHTEHHDIRA (ho-
TOCHHTE3 B a’poOHuIX ycnosusx. K aTomy xnaccy 1axxe OTHOCATCSI
[PAMOTPULATE/ILHBIE MOMKI B HCMOYKAN, 3AKIIOUEHHLIC B 00UIMH
yexou1, OPraHoTpodbl, 49podsl, OOUTAOUIME B 3ATPSI3HEHHOW BOJIC U B
AKTHBHDIX WIAX a3pOTCHKOB. Y pona Sphaerotilus KNeTkU 3aKIIOUEHB! B
TpYGUATBIH Hexost 1 GoPMIPYIOT cepbie obpacTanus B sone. OpraHns-
Mbl pofa Leptothrix MMEIOT YeXAbl, HHKPYCTHPOBAHHBIE OKCH/IAMU Me-
tawwos. Tpeactasuteny poga Haliscamenobacter OTBETCTBEHHbE 3d «BCITY-
XaHHe» aKTHiHoro nni. Y Saxrepuii poaa Crenofhirix 4exos paciups-
eTCA K KOHIIY M B 3TOM McCTe NyTeM Apobactus obpasylorcsa Menkue
KJACTKH.

Knacc . Gammaproteobacteria BKIOYACT TPHHALLATD
rnopsakos (Chromatiales, Xanthomonadales, Cardiobacteriales, Thioth-
richales, Legioncllales, Methylococcales, Oceanospirillales. Pscudo-
monadales. Alteromonadales, Vibrionales, Aeromonadales, Entero-
bacteriales, Pasteurellales). Cambic 3Ha4YMMblE M3 HHX COUAEPXKAT I1YP-
fIypHbIe cepHbic Bakteprn pogos Chromatium, Thiocystis, Thiospiritlum,
Thiocapsa, Thiodiction, Amoebobacter, Thiopedia, Fciothiorhodospira, 503-
OYIMTENH TSLKEJIBIX AETOYHBIX 3000JICBAHHI YETOBCKA PO Legionella,
meTunoTpodsl pasnuunoi Mopdonorun ponos Methylobacier, Methy-
fomonas, Methylococcus, c80DORHOKUBYLLIMC BOAHLIC MUKPOOPTaHH3-
Mbi ponoB Aquaspirifium n Oceanospiriflum. TlceBlOMOHA/BI OBICTPO pac-
TyT Ha GOraTbIX CPEAAX M CNOCOBHBI K UCMOAB3OBAHHIO PA3ZHOOOPAIHBIX
OPTAHWYCCKHX BEINCCTB, B TOM 4Hcte keenobuoTuxon. TlpeactanuTenn
poita Pseudomonas SBIROTCH KOCMOLOTUTAMM B MHpEe MUKpoGos. Pox
Alcaligenes BKINOUAET MATOYKH € PEAKHMH NCPHTPHXHATBHBIMI XKIYTH-
KAMM, PACTYILHC Ha CPCAdX ¢ BOAOPOAOM. MUKPOOPTIHUIMBI POda
Zymomonas oCyIECTBISIOT TePMOMHABHOE CIIUPTOBOC BPOXKCHHUE. Pon
Zoogloea 00beINHSIET A3POOHBIE, TPYIHOKYTETHBHPYCMbIC OPTAHU3MBL.
OBPAIVIOLIME XJTOTIBI B BUAC CAHIHCTBIX, PABCTHICHHBIX MHKPOKO10-
HUIT, ODHTAIOIIME B adpoTeHKiax. KOKKOOAHHIIbl ¢ WHPOKHMH METa-
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BOIMYECKUMHU BOZMOXHOCTAMH OfbeanteHs! B poa Paracoccus. B a3po6-
HBIX YC/IOBHSIX OHW HMCIOMB3YIOT caxapa, METAHOT M OpraHWveckue
KHMCIOTHI, MOTYT OCYILIECTBISATE AHAIPOOHOC HUTPATHOE ABLIXAHME, 4 B
tipucytetBU Hy+COy BecTH xeMonuToaBTOTpOHBIN 06pas XU3HH.
MUKpoOopraHuIMbt, OCYNICCTRASIOLINE HENOIHBIC OKUCICHUS W SIBJIS -
folMees aunaothuraMu, orHocaTes K poay Acetobacter. Pon Halomonas
00bEeARHAET XEMOOPraHOTPOQHBIC a3p00b!, PACTYLIHC B BHICOKOMM-
HEPATHIOBAHHBIX BOAOECMAX € DOABIIMM KOJIMUYECTBOM NOBAPCHHOI cOMM.
BoaoponHeie BakTepUH poaa Acidovorax NCIONbL3YIOT B CBOEM MeTabo-
JIM3Me MONEKYAAPHBIA BOAOPOA M OPraHMYECKHME KUCIOTHI. Tlpeacta-
BHTCIIH poaa Alteromonas 06UTAI0T B MOPCKOI Boae. M3oruyTeic noa-
BHIKHBIC TAJIOYKH C MOJSIPHBIM KTYTUKOM OTHOCATCA K pony Vibrio u
SIBJISTIOTCS. AIKATHMIAMH € NPCHMYIICCTREHHO GPONMILHBEIM THIIOM
MeTaboIN3MA. DHTCPODAKTEPHH ABISIOTCA FPAMOTPHLATCLHBLIMH O/~
BUKHBIMH TMUIOUKAMH, $aKYJbTATUBHBLIMM AaHA3poBaMH, OpPriaHOTPO-
bamu, B aHAIPOBHLIX YCIOBUIX OBMAAAOUIAMH GPOMHIBHBIM THIIOM
MeTaboau3Ma. Jlerko pactyT Ha arapM30BRAHHBIX cpesax, GOALINHHCTRY
STRITHETCS CAXaPONHTHKAMU. [TepHUTpHXMANbLHOE XKTYTHKOBAHUE HIPUCY-
LIC MHKPOOPraHu3Mam ponoRr Escherichic (THOMUYHBIE ODUTATEAH KH-
LUEUHIKR, OTHOCATCHA K YCJIOBHO MaTOTCHHBIM, OIMIOPTYHHCTUYCCKHM
opra”du3mMaMm), Profeus (THUIOCTHBIE BaKTepin, OBDHTAIONIHE B TIOYUBE U
HA NpoayKTax nuranust), Salmonella, Shigella, Enterobacter (so36yante-
n kumeuHbIx nudekumnit), Klepsiella (croboanoxusyine azordmkca-
TOPBI, OOUTMIOWKC B BOAE M NouBe), Serratic (THIHYHBLIE NOYBEHHDIE
OPraHH3IMbl, CHHTE3UDYIOLWHE SEPKO-KPACHBIC NHIMEHTRD). Erwinia (BO3-
ByanTtenn Gonesdeit pacTeHuit). CBOBOUHOXMBYLLHE H CHMOHOTHMC-
CKHe MUKpoopraHuimel poaa Photobacterium obiagaior cnocobHoc-
ThIO K GHOJIOMUHECLIEHITHH,

Kaacc IV. Deltaproteobacteria coctout ns cemu nopsia-
KOB.

Topadku I— [V (Desulfurellales, Desulfovibrionales, Desulfobac-
terales, Desulfuromonadales) sxiaouaoTt cyawhuaorenst. Ciona or-
HocATCS CvAbdat- u cepypeayuupylowmne SakTepun pazHoii mMop-
tbonornu: Desulfovibrio, Desulfomicrobium. Desulfonatronovibrio (3x-
cTpeManbHbic ankanudunnl), Desulfohalobium (sxcTpeMaibHble ra-
aodunn), Desulfosarcina, Desulfococcus. Cyandatpeaykropsl B aHa-
IPOBHbIX coobuecTBaX OBBIMHO (PYHKUHOHMPYIOT KiK BTOPHYHBIC
AHAZPO0LI, YIANAIOINC MOJCKYJSIPHLIH BOJIOPOA M3 aHA3pOBHOI
cucreml. K cepypeayuupyiowmM MUKPOOPraHM3MAM OTHOCHTCS , Ha-
npuMep, npeactapuTean porons Desulfuromonas w Desulfurella (Tep-
MO HITB),

Hopador V. Syntrophobacterales o6bCANHACT MHKPOOPTaHH3IMDL,
CKJIOHHbBIE K CYIIECTBOBAHHIO B CHHTPOMHBIX ACCOLIHALLMSIX.

Llopadox VI. Bdellovibrionales cocTouT 13 BOAHBIX XHUIHMKOB (na-
PA3uTOR) IPAMOTPHLATENBHBIX DaKTCPHii W BoLOpOCHCi, OUeHb Mel-
KMX MOJBICKHLIX BHODHOHROR ponor Bdellovibrio v Vampirovibrio.
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Topadox VII. Myxococcales CONEPXKUT TPpaMoOTPUUATC/IBHBIE T4~
JNOYKH €O CKONB3ALLUM JABMXEHHUCM M CJIOXHBIM XH3HCHHBIM 1HK-
AOM, MPHBOISIMM K OBPA30BAHMIO TUTOAOBRIX TCJ. DTO a3poOHbLIC
oprasoTpodsl, O6JAAAOIIHC MOLIHBIMHA FRIPOTA3AMH U cnoc_gGbee
PAJIATATS NPUPOAHBIE TOMMMePHT. OB1A1AI0T HHAXBMLYANbHOI And-
(pCpeHUHMALMEN OT BCICTATHBHOM KIETKY 10 MUKPOLUCTLI ¥ KOJJICK-
THBHOI! THMdEpeHIMALMCH OT KONIOHUK 10 06pa30oBaHUs IIOJIOBOTO
Tena. BereTaTuBHBIC KJICTKM JAENATCA NEPCTSDKKOW U 00pa3sylor Ko-
OPAMHHPOBAHHO ABHXYLUYIOCH KONOHHKY (Poil). Korna 3anacsl fiMTa-
Te/bHbIX BEUICCTE JOCTATOUHLL, TAKAA KOJIOHUA ABHXETCS 110 NOBEPX-
HOCTH, nocaas cyberpat u biaessis caudb. IIpy UCTOLIEHMH NUTAHUSA
MHKcOBakTepyy arperupyioT u 06palyloT maoaoBsle Tesa, IT0T 1po-
LECC 3aMyCKacTcs KPOME TONOMaHMs CIIC TATLK CHIHANAMH. ﬂBfl n3
HHX: A-(PaKTOp — CMech NMCNTHAOB W aMUHOKMCAOT # Benkonbiid C-
(HAKTOP, BHUICISTIOT CAAMM KIIETKHM. Ha 1u10/0B8bIX Te1aX HEKOTOPLIC KET-
ki ArdubepeHIIMpYIOTCA B MUKCOCMOPB! B cnopaHruax. Mukcobakre-
pHM OBHTAIOT B MMOMBE, KOMNOCTAX, HABO3E, MHOTHE SIBASIOTCA «MUK-
POXMILHUKAMH». BepeTcHOBHIAHDBIC KNETKH, 0DPA3YIOIIHE KPYTJIbIE MUK~
CO(MMKPOYIHMCTEI Ge3 crnopanrues, 00beauHsIOT B pox Myxococeus.
K poay Archangitim OTHOCATCS OPTAHHU3MBL, OPMUPYIOIIHE NATOYKO-
BuAHble MUKpounctst. Pon Cystobacter nmeet cniopanriu Oes (;Teﬁqﬂb—
KOB, CITOPAHIMU Ha cTeGeabKax obpasyloT kuetku poaa Mellitangium.
[MpeactaBurean pona Polyangium OTARYAIOTCA KICTKAMH C ITPAMBIMH
KOHHAMH W OKPYrIbIMHU criopanrusiMi, Pon Nannocystis obpasyer clnox-
Hbl€ MJIONOBLIE TEfA.

Knace V. Epsilonproteobacteria ofbeanHACT npeacTa-
suTteseit cemeiters Helicobacteraceae 1 Campylobacteraccae. D710 rpaM-
OTPHUATENIbHBIC MOUABWXKHBIE PAMbBIC, W3OTHYThIC U CIHPATBHbLIE Na-
NoYkH, Mukpoaspoduabl, obutalomme B AKKT wenoncka W Apyrux
MAEKOMUTAIWAX. ECTh Kak HemaTtoreHHble BUABL, Tak M BO30YAUTENH
CCIITHUUMMM, 1MapCH, IHTEPHUTOB, racTpUTOB K A38. Obnanaior moul-
HO ypeas3oit. KaMnuioBakTepst sBISIOTCS XHIIHMKAMH (IAPa3UTaMm )
MHKPOBOAOPOC/Eii, BHCAPSICH N0 KIETOUHYIO O00J0UKY M JIN3NPYS
KJIETOUHOC CONEPKUMOE.

Ouiym B13. Firmicutes. [IperMyiiecTBCHHO [PAMITOAOKHTE/IbHBIC
Gaxtepuu ¢ HuskuM conepkaddem I + 11 s JIHK. Brtiouaer tpu kiacca.

Knacc L. Clostridia BXJQUACT TPH MOPAIKA,

Hopaoox I. Clostridiales noapasoensicTest Ha pai C‘?MeﬁCTB, camble
sHauumble U3 KoTopeix ceM. Clostridiaceae, Eubacteriaceae, Peptost-
reptococcaceae, Heliobacteriaceae.

Mopsovx 1. Thermoanaerobacteriales o6beanHseT TePMOMUILHBIC
MHKPOOPTAHU3MBL, OCYIICCTRIMIOUIME GPOXCHUS ¢ BhuaeaeHHeM Hj i1
OPraHMYecKHX KUCIoT {poanl Moorella, Thermoanaerobacter, Thermo-
anaerobium).

Hopsdox 111. Haloanaerobiales cyleC¥BYIOT NP NOBLUUEHHBIX KOH-
LCHTPALUAX TIOBAPCHHOH COTI.
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Kaace 1. Mollicutes obbeanHAST MHKPOOPIAHHIMBI, AWILEH-
HbIC KJICTOYHOH CTCHKH, €O CJIOGKHBIMH MHIUCBBIMU TOTPEOHOCTAMM.

Krnacc III. Bacilli sxmiouaeT Ara nopsaaka.

Hopadox 1. Bacillales comepxuT psa cemeiicTs, M3 KOTOPBIX HanboO-
Jee 3Hadnmbl Bacillaceae, Planococcaceae, Thermoactinomycetaceae,
Staphylococcaceae, Sporolactobacillaccae, Listeriaccae.

flopsdox 11, Lactobacillales BKIIOHAIOT 3HAYNTENRHOE KOJIMUCCTRO
ceMelicTB, HanBonce wisecTHBIC — Aerococcaceae, Enterococcaceae,
Lactobacillaceae, Leuconostocaceae, Streptococcaccac.

Dunym obbeAMHACT PeHOTHITHYECKH PATHOPOAHLIE MHKPOOPTAHIT3-
Mbt (14 rpynn).

Hepsan 2pynna — mepmodiiivibie u eunepmepmopuibhste Gaxnie-
pui — PACTYT HPpH TeMITepaTypax ¢Bhle 65 °C. DTo a8a poaa U3 Kacca
Clostridia — Coprothermobacter v Carboxvdothermus.

Bmopas epynna — anaspoiusie npsamoie, u302HVIIBIC U CHUPAAbHbIC
ZPAMOMPUUAMEbHE NAI0UKH (HECMOTPSI HAQ XapakTep OKPAcKH Mo
FpaMy OTHCCEHBLI B TOT HIYM B COOTBCTCTEHN € MOJICKYJISAPHO-Te-
HETHYECKHMU TCCTAMH) — XEMOOPAHOTETEPOTPOMLI, MONYYAIOT 3HCP-
FHIO 33 CHCT AHAPOOHOIrO ALIXAHHA MW BPOXKEHUN (KPOMe OpraHm3-
MOB, HCTIONB3YIOULHX OKHCICHHLIE CORIHHCHUN cepbl Wik S B katue-
CTBE AKLEOTOPOB AMCKTPOHOB), LLIHpOKO pactpocTpaHeHbl B Kiacce
Clostridia 11 ecTb B onHoM poae katacca Bacilli — Acefoanaerohium,

Tpemoa epynna — anorcuzenusie domompohnme daxmepun. Kieteu
PACTYT 32 CYCT POTOACCUMMIALIMN TPOCTLIX OPTFAHHYECKHX COCHMHE-
nuit. CTporue aHaspobsl i ororetepotpodbl. He uenonbiyior BoceTa-
HOBJCHHbBIE COCAHHEHHS cepbl. MCTOuHMK a3ota — amMoHmil 1 N,
BHyTpeHHIE MeMBPAHHBIC CHCTEMBI I XJIOPOCOMBI OTCYTCTRYIOT. KUteTkH
copepaar BakTepHoxI0poduaa g M KapoTuHOKALL. KneTounas creHka
0e3 JINMC (cem. Heliobacteriaceac).

) HYemsepmasn zpynna — cxoav3auue wedomompoghuse Ganmepuu. He
0OpazyKRyye 110008me meaa, — NAJOUKH MAH HHTH 0C3 KIYTHKOB,
CNOCODHBIE CKOMB3UTh MO TBePAOH NOBEPXHOCTH. MMeloT npocthie
AU3HEHBIC LNKJTHE (A poda 13 knacea Bacilli — Filifactor v Agitococcus).
) Hamaa epynna — aspodusie neomompoddiie Xesoaumompogroie
Oakmepult — MOPYT OKHCIATE BOCCTAHOBICHHBLIE HCOPIAHMUYCCKHE CO-
eAHHEeHHs cepbl (poa Sulfohacillus v knacca Bacilii).

llecman epynna — Sukmepitu, cnoconHsie K QUCCHMUARUONNON CVib-
ham- waru cyasfrumpedyritine, — XeMOOPrAHOTETEPOTPOP LI, AblLLIALIHE
AHOIPODHO ¢ CyAL(ATOM H APYTHMH OKHCACHHBIMU COCHAUHCHHAMH
Cepbl MM € S° B KAUCCTBEe KOHCUHOMO AKIENTOPA IEKTPOHOB (pol
Desulfotomacufum v xanacca Clostridia).

Cedoman 2pynna — cuMoUOHMBL HAN NAPATUMS TOIGOHOHHBIX 1l Hec-
NO38OHOUHBIX — OOHTATHBIC BHYTPUKJICTOUHBIE RAPAIUTHI FYKAPHOTH-
YeCKHX x03s¢l, [TNOUKOoBHIHBIE, KOKKOMAHBLIE MK nﬂcﬁémopdmble
opraHuiMbl. MHorue Buast natoreHns, Berpeyalotes cpeiu kiaccos
Mollicutes 1 Bacilli.
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Bocoman zpynna — anaszpoiubie epamMompuiamieisibie KOKKU (He-
CMOTPH HAa XAPAKTEP OKPacKH 1o I'paMy OTHCCEHB! B 3TOT (DUIYM B
COOTBETCTBHM C MOJIEKYIAPHO-TCHETHUECKHUMH TCCTAMH) — XEMOOP-
FAHOTETEPOTPOBI CO CTPOTO BPOMMILHBIM THIOM MeTaBoIH3MA (CCM.
Acidaminococcaceac n3 kiacca Clostridia).

Jeeaman zpynna — 2paMnoAoNCUmMEIbHbe KOKKI — XCMOOPraHO-
Tpothil, Me3odhuasl, He obpasyowMe crop. TlepBbiit TOATUN COACP-
KHUT a3pOBHBIE KOKKH, 0BPA3YIOLINC ITAPDl, POk WM TETPiULbL! (PO/bI
Streptococcus, Sarcina). IMCIOT KaTanasy 1 LuroxpoMel. B Kretounon
CTEHKE HCT TelixoeBblx KMCnoT. [1pu pocte Ha yriieBogax 4acto oTcyT-
cTRYCT KnenoToodpasoranne. Bropoit noarun ofbeaHHsET (hakynbra-
THBHO aHadpoOHDLIe HIN MHKPOA3pO(HITBHBIC KOKKY B ITapax, Leov-
Kax, FPO3NbLAX UK TeTpagax (poa Staphylococcus). Hannune Katanassl,
LIHTOXPOMOB H TCHXOEBBIX KMCIOT BapbUpyeT. TPeTHH NOATHI — CTPO-
TO aHA3POGHBIC KOKKHM B DApax, UEAOUKaX, TETPAAAX HAH KyOHUeCKHX
nakerax (ponst Peptococcus, Ruminococcus). LIMTOXpOMBL HE 0OHAPYKe-
Hul. Peaxuuns Ha Karanasy obuiMHEe HETATHBHAS.

Jecamas epynna — oOpazyiowtie 3H00CHOPH 2PAMAOAONCUMEABNBIE 1A -
A0UKU U KOKKH, — DOPMUPYIOT YCTOHUYMBLIC K HArpecBaHHIO SHAOCTIO-
pul. TIOABIKHBL, B OCHOBHOM TRUTOUKK WM HUTH. OauH pon (Sporo-
Sarcing) COMEPKUT TTOABMXHbBIE KOKKM B TCTpanax winm KyOW4eckux
naketax. Crporue a3podbl, MUKpoaspohuiIbl, QAKYILTATHBHBIC WU
CTPOTHE aHa3po0bl (peacTapuTeNy podos Bacillus, Clostridium).

Odunnaduaman zpynna — NPAcUIbHbIE, HE OOPASYIONUE CROP 2PAMN0 -
AoMeimeasieie raaouki (0T KOKKOGAUHAT 10 YUIHHEHHBIX TTUI0YEK HITH
HUTel) — OBBIYHO HEMHIMEHTHPORAHHBIE MC30QH/IbHBIE XeMOOPra-
HOTPOME, PACTYILME TOIBKO B CIOXKHBIX cpefax. HekoTopsie naToreH-
Hbl 113 XUBOTHBIX. [TepBbiii OATHTI COTEPXKUT OPOIATIINE CAXAPOIH-
THUecKHe MUKpoaspodWIsl 6e3 reMcoaepXalleit Kataiasbl, UTOXPO-
MOB MIH MeHAXWHOHOB, UCIOAL3YIOIHX KHCIOPOI Yepe3 dIaBHHO-
BLIE OKCH/IA3bl H TICPOKCHRA3kl. BTOPOil NOATH BKTIOHAET a3p0oBhl MU
(haKyIBTATHBHLIC #HAIPOObLI, KOTOPbIE HMCIOT KOMAKTOPH! U (hepMeH-
TBI ABIXAHHUS. ITH OPraHM3MbI TAKXKE CITOCOBHbI COPAKHUBATE caxapa, B
OCHOBHOM A0 JNAKTATA B THMHTUDOBAHHBIX [T0 KUCJIOPOAY HJIH aHA3-
poGHBIX YCJIOBHAX. TpeTHil TOATUIT OOBEANHSIET CTPOrHe a#9pobbt, Xo-
TOpbIE HE MCIIONLIYIOT IIHOKO3Y K&K MCTOMHMK YIIepoia 1 JHEpPriuu 1
He COPAXMBAIOT Caxapa /10 OPraHWUCCKHX KHCIOT (BCTPEHAIOTCH BO
Bcex Tpex Kiaccax ¢gunyma Firmicutes, Hanpumep poaw Lactobacillis,
Caryophanon).

Jlsenaduamas pynna — HeNnpaguIbHbie HECHOPYAUPVIOWNE epumMNoa0-
wetemeavisie netousn. QKpacka rpamsaprabenbra. PacTyT B NPUCYTCTBHM
BO3AYXa ¥ He 06pasylor sHaocrnop. OT CTPOTHX a3podos A0 CTPOrUX
AHA3POBOB. MOryT GbITh ATOFCHHLL AU KHUBOTHBIX 1 PACTCHUI (BO
pcex Tpex xiaccax ¢punvma Firmicutes).

Tpunaduamasn 2pynna — MuKoniazmbl — IICHOMOPRHBIE KICTKH,
NHIICHHBIC KACTOYHON cTenky. KonoHuH Ha arape UMEIOT BUI SIMYHH-
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ULI-[AA3YHLH. MOryT IICPEARHIATBLCA CKOJILKEHHEM. MMEIOT CHIOKHBIC
IHILCBbIE NOTPEBGHOCTH, HEKOTOPDLIC HYXAAI0TCH B CTepoax. Dakylib-
TATHBHBIC MM OBTUIATHBIE aHA3pO0LI. OTIEABHBIC IIPCACTABUTCIH OCY-
WECTBAAIOT FIIHKOIW3 H MOMGUYUHOKHCAOE OPOXEHWE, HC MWMEIOT MOoJ-
toro LITK. Conepxaunue I' + I1 2346 % (xiace Mollicutes).

Yemuipuaduaman zpynna - mepmoakmunomuems — rpaminono-
HKHUTEIbHBIE OPraHU3Mbl, HOPMUPYIOLLINE CYOCTPATHDI M BOBLYILIHbIIT
MUICTHIA. KneTouHas creHka coaepxuT me3o-JATT. Ha oboux BHaax
MULETUA 00pasyloTes 3HR0CHOPLL. TepModusl, 0BMTIAIOLKE B CAMO-
pazorpeRaoLIMXcs cybcTparax (koMnoctax). HeKOTOpbIC 1atoreHHbl st
uejloBeKa (UUiepruyeckoe 3aboncpanne «hepmepckue Jerkuc») (OanH
poa Thermoactinomyces w3 knacca Bacilli).

©@uiym B14. Actinobacteria. OGbeauHseT rpaMIToIoOKHTEbH B GaK-
TEPUN € BLICOKHM coaepxaHuem I + Il 8 JHK wu poactseHHblc um
OPraHu3Mel, Kpacsaumecst no pamy orpuuarensio. CoacpkuT oauH
KJACC € TEM KC HA3BAHUEM, BKIIOYAKOUIMNA OATh NOAKITACCOB M JECATH
noAnopsaAKoR. Mopdostoruuecku n PU3NoNorndeckn pasHooGpasHbL.

Odnoxaemounsie axmunobaxmepuuy:

fpamompuyamenvusie azpodnsie naiouxy u koxxu. XeMoopraHoreTe-
potpothut, cnocobHelc pacTH Ha Bozayxe (21%-it O,). UMCIOT ABIXA-
TCLHBIH THI MeTaboanaMa, B MUKPOAIpODMILHBIX YCNOBHSX MOryT (hHK-
CHPOBATh 2307 {ceM. Actinothermaceae).

Aspotuvie okucaumeau cepsi. Heororpodhnl, ¢cnocobbl OKHCASTH
BOCCTAHOBJICHHBIE COCAMHCHUSI CCPhL C MOJAYYEHHEM JHCPruu (pon
Acidimicrobium).— ,

Tloukyiowuecs u/uru npocmexossie Guxmepiu. Hedotorpod (pon
Blastococcus w3 noanopsuika Frankineae).

Tpamnosoncumensnote Kokku. XeMOOPIaHOTPohbL, Me3ohuTsl, cniop
He obpasyior. CTporue aHaspobul. PoOpMUPYIOT YCTOHUNEBIE CoueTa-
HMST B BHAE DAp, HENoYeK, TCTPpaa, Kybuueckux nakeros. He obHapy-
JKCHBI LHTOXPOMbL M KaTanasy (noanopsiox Micrococcineae, Propioni-
bacterineae, cem. Kincosportaceae).

Hpasuasiste Geccnopoeie epamnoaoxcumensusie nasouxiy, OT KOKKO-
HIOB A0 YATHHEHHBIX [ATOYEK W HMTCH. OBBIMHO HEMUIMEHTUPO-
BAHHBIC, ME30(DHUILHBIC XeMOOPTaHOTPOMLL. PACTYT TOALKO B CI0KHBIX
cpeaax. A3pobnl WK HaKyIbTaTHRHbIE aHa3po6el, Comepkar KodakTo-
pbi W pepmenTnl abixanust (poast Celliulomonas, Rhodococcus).

Henpaauavnoe Gecenopossie cpamnoioxcumensnote naaouku, Moryr
(hOPMHPOBATE PA3BCTRACHHBIC HUTUATHIC 3T€MEHTHI, CMECH [MATOTEK M
HUTCI, KOKKOMIHBIE hopMbl. HEKOTOpbIE MMEIOT KHM3HEHHBIH LK
«NATOYKH — KOKKH». OT CTporux aHaspobos 10 cTporux azpobon. Ecth
[IPEACTABMTEH, [TATOTEHHBIE [UTH XHBOTHBIX WM PACTEHHId M 0BblY-
Hele obutarean KKT w pybua (poavt Arthrobacter. Bifidobacterium,
Propionibacterium).

Mukobakmepuu. A3poGHbBIC, HeMOARMXKHbIE, BECCTIOPOBbIE. Mel-
JICHHO PACTYLIKE, KHCAOTOYCTOMYMBLIE AaToukH. MHoraa hopMupyioT
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BeTBHWIACCH HUTH. BoaymHoro Muueaus He obpasyior. Hekoropne
NaTOrCHHEL LTS AUBOTHBIX H MCI0BEKA (TyDepKyiies, npokasi). O0n
Hble OBUTATENN NouBbl M Boakl {pou Mycobacterium).

CnopoaxmunomMuyemot;

Hokapduogopmst, TpaMIONOXKHTEABHbBIE, MOPHOJOTHHECKH Pyl -
HbI€ OPraHM3Mbl — IPAMBIE H M3OTHYTBIC TIIOUKH — MOIYT thopmu-
pOBAaTh PYAMMEHTAPHBIH U PAIBETBACHHBIL MULCTHH, (PparMeHTHpY-
IOLIMiiCS B BALMJUIAPHDBIE 111 KOKKOMAHbIE 3aeMcHThL. Hekotopbte poju
MOTYT 0Opa30OBBIBATL BOBAYLIHLIA MWLETINT M UENOMKH apTpocnop,
A2p0oBbl WK PaKyALTATHBHBIC aHA3POOLI, XeMOOPraHoTPohbl. bojib-
IIMHCTBO — CBOOOAHONMBYIIME carnpoTpodsl, obuTarean noussl. He-
KOTOPbIC MATOreHHbI UIA 'ICJOBEKA W XHUBOTHLIX (nndwepmt, HOKap-
noMuKo3b;, noanopsaaok Corynebacterineae, Pseudonocardineae, cem.
Nocardioidaceae, Promicromonosporaceae).

AK”IUH(MIUH(’H?N O MHOCOKACMOUHBIMU CROPAHCUAMU, MuraMcHTDLI Ji-
asitesi, HPOPMUPYS LENOYKH W3 KOKKOMIHBIX EMEHTOR, 0bpasyior
W He OBpA3YIoT BOIIYLIHBIA MULle it. KTk Ha TOBEPXHOCTH (op-
MUPYIOT CHOPAHTHH C MOABHXHBIMK MAH HETIOABHKHBIMH CIIODAMIA.
Aspobel, opraHoTpodbl, HCKOTOPBIE — Mnxpogapmbun b, CHMOH(IH -
yeckue ajotdikcaropsl (noanopsiaok Frankineae, cem. Dermato
philaceac). )

Axmuronaansi. XeMoopranoTpogsl. BoanyuHbsil MULEIHHA He (op
MUpyeTest Wil €To Masto, OZHH BMCIOT AOABUXKHBIC CIIOPbL, KOTOPMY
0bpa3yIoTCs B CMOPAHIMAX, ADPYFHE CO3MAIOT HEMOABHAKHBIE CIHOPI,
OAMHOMHbBIE WH B Henokax. KieTouHas crenka coacpxut Me3o-UAll
1 raHudH, OGHTAIOT HA BAAKHBIX PACTHTELHBIX OCTATKAX M B 1O
(poa Actinoplanes, cem. Micromonosporaccac).

Cmpenmomuyems: 4 podcmeehivie podsi. BOIBUMHCTEO — CTpol e
a3pobbl. Xemorereporpodbl. MHULEAHATBHAI POCT YACTO COMPOBOAKIL
ETCHl CHWIBHBIM PA3BUTHEM BOZIAYVILHOMD MHLEINA C IIHHHBIMUA 1L
nouxamu ¢nop. KonoHuu o0bMHO SPKO MUTMEHTHPOBAHLL. Pacryr Men
JIEHHO, UCMOMB3YIOT INPOKHIT crekTp coeanHeHHH, Ofmanaor Mot
HbIMH THApoazamu. Kuterounas creHKa conepxut L-JAIT d i
TUNHYHBbIE OOUTATCIIH MOYB, €CTh MUTOMEHHBIE BHABI (AKTHHOMUKG
3p1). Pag npeactasuTeneil ABsicTCS TPOAYLIIEHTAMU BaXKHCHLIMX alrii
OHOTHKOB (pol Streptomyces). ) )

Madypomurems:. Xemorerepotpodbl. a3pohsl. BosayLlHbli MUTIcIN
PASBUT B PA3HOM CTECMCHU. APTPOCHOPLL HA BOIAYUIHOM MM 1
LCIOYKAX PAIHOM IAUHBE WIH B cOpaHIMaX. KJIeTOUHan CTelKkl cu
repaxut Me30-JTAIT n manyposy. [TepBoiit NOATHN OOLEAHHACT GKTHIHO:
MHIICTBE ¢ Pa3BETBACHHbIM HedParMeHTHPOBAHHLIM BEICTTHIILIM
MHLUETHEM, KOTODLIE (QOpMHPYET BOMLYIITHLII Miﬂ_lﬂﬂlrlfl,‘FI[‘)OH’H.HUUI
Wi a8e Wan Goilee apTPOCTIOPbI WM CIIOPUHIMK C OXHOH Wik Hoee
CTIOpaMH. MOABHXHBIMH WK HCITOABMXKHBIMU (pona Actinostadury,
Microbispora). BTOpoil NOATHIT COLEPHUT AKTHHOMMLETBL ¢ CHALIO
PA3BCTBAEHHBIMYE, HEeDPATMEHTHPOBAHHLIMK MM(aMu, Kotophic o6-
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PRIYIOT THIOTHBIH BErCTATHBHBIA MHLICAHIT, Bosayinoro sunenms mo-
KT pie Ontn. Uettoykn APTPOCNON MOTYT OBITH NMPAMBIMH 1 CIt Hpab-
HbIMI (poasbt Spirillospora. Streptosporangiunt).

Teprmosonocnopu. MutienmanbHbrit POCT € pa3HO# CTeleHbo pas-
BUTHA BO3rylHOro Munenus. Crops O/IHHOYHBIC, B LEMOYKAX MM B
CHOPaHIHONOA0BHBIX cTpyKTYpax. KicTovHas CTCHKIL COREMKIHT ME30-
JAIT (poa Dacrylosporangium).

dpyeue cnopoarmunoseme:, Xemoopranorpode. M HLETHANBHBIA
POCT. JUTHHHBIE LETIOYKH apTpocriop Ha BO3AYUIHOM MHMIUENHH; He
OGPAIVIOT MHKOTOBLIE KUCAOTHI (ceM. Actinomycetaceae),

Dunym BIS. Planctomycetes. Bxtiouact opn KIICC © TeM JXe Ha3Ba-
HUEM 13 0HOTO nopsaka Planctomycetales, COACPKALLCTO OTHO CeMefi -
cTBO Planctomycetaceae u HeTbipe pona (Planctomyces, Pirellula, emmata,

Isosphaera). T PAMOTPHLIATCALHBIC CepHICCKHE, OBOUIHbBIE H ny3nipe-
BHIIHLIC KTETKH, PA3MHOKAIOLLICCS TOYKOBAHICM Kretku Moryr dop-
MHUPOBATL OZIMH HILH BOJIBLIC CIMIUCTBIX CTEHENLKOR. Kinerounas crerixa
HE COACPXKHT nenTuaorukara, Mpeacrasirein pouoB Pirellula w Genunata
UMCIOT MeMBPaHYy, TNOKPBIBAKOLIYIO HYKJICOMT. OauroTpods!, BOAHbBIC
OPLaHu3Mel. OTHOCHTCSA K TPYAHOKYJILTUBHPYEMBIM (hopMam.

Punym B16. Chlamydiae. Cocvour u3 onnoro Kiacca Chlamydia,
BRAIOTAIOMEro 0tHH nopaaok Chlamydiales w3 HeThIPEX ceMelicTn
(Chlamydiaceac, Parachlamydiaceae, Simkaniaceac, Waddliaceae). He-
MOLBHXKHBIE OOJHIATHBIC Mapa3yiTLI, KOKKOMIbBI, PaIMHOXAIOILHECS
BHYTPU B4KYONEH. CBIIIHHBIX ¢ MeMOpatoi, 8 unToiasMe Knetok
MIICKOITHTAIONIHX. 34 HCKTIOYeHHEe M OPTaHK3MOB poaa Parachlamydia,
Kpacslumxes rpaMBapradeibHO, ocTalbHble NpeACTaBHTENN DHiyMa ——
FpaMoTpruarenuhbie. Kiaerounas crenka ne COACPXHT MYpPamMoBO
KHCIOTBI HIIH QHQ €CTh B CHICNOBBIX KONMYCCTRAX. PasmHOXeHue mpo-
HCXOAMT B CJI0KHOM KH3HCHHOM LMKIe. B Kierkax OTCYTCTBYET paia
BepMerToR KOMAKTOPOB Kataboanueckinx W aHabonnueckux nyteii,
AT® tpancnioptipyercs u3 KACTOK XO3MHA, IS CHHTC34 OCHOBHBIX
OHoOnOrHYCCKNX IOJIUMEPOB HCODXOIH MBI NpeALieCTBEHHHKH. UMeror
OYCHL MAICHBKHI Tenom (272 rena). Hexotopwie strastiores BO30VAM-
TCISIMH BoAesHEel YycoBseka (nHeBMOHUS, TPAXOMa, XNAMIUIHO3MI),

®unym B17. Spirochaetes. CocTouT 13 oaHOro Knacea ¢ Tem xe
HAIBAHUCM, BKITIOYAIONIETO OXHMH NOPSIOK Spirochaetales us TpEX Ce-
MeiicTs (Spirochactaceac, Serpulinaceae, Leptospiraceac). Do IpaMor-
PHUATENBHLIC, UIHHHLIC CHHPLILHbIC KICTKU, HMCIOMIHE aKCHAb-
Hble PHOPUIIBT ( JHAOKIYTHKH). Xemorereporpocn. Pog Spirochaeta —
2Ha3POOLI, OCyIIECTBAIOUINE BpoxeHue caxapor no nyTH IMOacHa —
Meciteproda, omuaores LIHPOKOI azanmranueii K buinyeckim thak-
TopaM (TeMmneparype, MUHEPAIn3auuu cpeast. pH). Srnsuores Trnuy-
HBIMU CBODOAHOKHBYIIMMH YIcHAMM HCTI0R030PA3PYILAKILHE CO-
0bilecTB, OGHTAIOT B pOTOROI NOJIOCTH HCIOBEKA, METAHTEHKAX, AHI-
IPOBHBIX ocagkax MOpeit M menounbIx osep. Hpencrasirenn noaa
Leptospira nmeior XAPAKTCPHLIT KPIOYOK Ha KOHIIE KJICTKH. Asnmores
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CBODOAHOXHBYLIMMU a3POBHBIMYI BOTHBLIMH PopMaMi. Posnr Treponerma,
Borrelia, Cristispira copepAat BO3BYANTCIH TAXKCIBIX 3a60JC NI e
TIOBEKA M XKHBOTHBIX (CH(HIHC, BO3BPATHBIE THMBI M T.J1.).

®uiaym B18. Fibrobacteres. CocTouT Bcero w3 QU pas
Fibrobacter. 10 rpaMOTPHUATEILHBIE TTIUT0M KOBUAHBIC MAH koMo
HbIC BaKTePHI, He 0Opasyomme criop. O6TUTaTHbIC AHA3POOL, er»fu
opratoreTcpoTpotbl. CBAIAHBI C NUILEBAPHTEILHBIM TPAKTOM MICKi)
NUTAOLWHX. POACTBCHHBI CIMPOXCTAM H XJTAMWIHAM. . )

D©uaym B19. Acidobacteria. Braiouaer onun knace Acidobiclerin
W3 ofHoro nopsiaka Acidobacteriales, conepxawero onuo ccm'cih.‘ Vo
Acidobacteriaceac 13 Tpex ponos (Acidobacterium. Sporohalobacter, Geothiiv).
ITO TPUMOTPHLIATENLHBIC BECCITOPOBbIC MLUIOUKH. Meiocplmm. Xemoop
FaHoreTepoTpOdLl. TICpBLL NOATHTT CONCPKUT a3POBHBIE ALIOTOI
PAaHTHLIE MUKPOOPIaHH3MbI, BTOPOIl — aHA3POOHBIC OPraHMiMb, 110
JYHAIOIUME JHEPIHIO 34 CYCT AHABPOOHOTO ABIXAHHS WITU BpOXCI 1.

’ @uaym B20. Bacteroidetes, CocTouT 113 Tpex Ki1accos (Bacteroidetes,
Flavobacteria, Sphingobacteria). ConcpxuT rpaMoTpHUaTE bHBIC MITK
POOPTAHKIMBI PA3HOH MOPMOAOTHH H DHIHONOTHU.

Asposuvie/murpoaspoduitonvie naiouxku. TIPeMyILIECTBEHHO XCMOO)
FAHOTCTEPOTPOLI, HO HEKOTOPBIC MOIYT pacth asroTpodHo ¢ H, ki
AOHOPOM 3MEKTPOHOB. CrOCOBHSI PacT Ha BO3AYXE H HMEIOT CIPulo
ABIXATENBHbIH MCTAGOIH3M. AKLIETITOP 31EKTPOHOB MAlle BCCTO 0., 1o
HEKOTOPBIC CITOCOOHEL K AHAIPOBHOMY [bLIXAHHIO, 061«!‘1‘arm o e,
[PCCHOH 1 MOPCKOH BOIE. HA PAIHBIX YaCTAX PACTCHMIL. BO BHy'rpcy-
HUX OPTaHAX YEIOBEKR WIIH XKHUBOTHBIX. ECTh naToreHHBIE NpeacTand -
7. Hepspiit moaTHn coaepxuT a3poGHeIc MUTONKH, KOTODBIE PACTYT 11
poznyxe (21%-it O,). [Ipeactasureny pana ponos B MHKPOa3pohna-
HBIX YCJTOBUAX (DHKCHPYIOT 2307, NMPH HIHUHK CBA3AHHbIX (bopmuu'm'ru
PacTyT Kax a3pobbt (npeacrasurenn kiacca Flavobacteria). Bropoit rojt-
THR OOBEANHRET MUKPOA3POMUALHBIC TIPAMBIC TATOUKH, KOTOpBIC He
PACTyT IIpH KOHUCHTPaUKH Kucropona 21 %. KueaopoasaBucuMetii poct
HABTIOAACTCA IPH YMECHLUIEHHBIX KOHUEHTpausix O, i B OTCYTCTBHC
UILTCPHATHBHOIO aKLENITOPA SMEKTPOHOB. MHKPOOPraHMIMBI HEKOTO-
PBIX POJIOB MOI'YT NRIIIATL AHABPOOGHO ¢ HUTpATOM, (PymMapaToM u ap.
(npeacrasutenn kracca Sphingobacteria). Kokkouast Pa3HOTO pazMepi
BXOAT B pod Bacteroides, W30THYTHIC HANOYKH C TYYKOM KIYTHKOB Hil
BOTHYTOH CTOPOHE — B ponbl Succinivibrio, Selenomonas.

Anaspobuuie cpamompuyamensusie naiouKu. XcMOOpraHOreTepoTpPO-
(bbl, MONYYAOT IHEPTHIO MyTeM aHABPOBHOrO ABIXAHHS MM 6poxce-
Husl. Ciofi2 HC BKJOYAIT OPraHMIMbL, ABIIIALIKE AHAIPOBHO ¢ MC-
MO/L3OBAHHEM OKHC/IEHHBIX COCAMHEHUWH CEPBI B KAYECTRE AKLENTOPOR
ICKTPOHOB (MUKPOOPIaHn3Mbl Kinacca Bacteroidetes n pona Psychro-
monas 13 Kiacca Flavobacteria).

Croavsswmue neghomomporpunte Gaxmepuu, e oﬁpa;;y.lau‘glue 1n10008sie
meaa. OTHOKIETOUHBIE CKOABIMUINC HATOYKH, YACTO TuicHOMopdHbIC,
KryTHKOB He HMCIOT. XeMOOpraHoTpodbL, aspobbl. PaKyIbTATHBHDLIC
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WIH OOIHTATHBIE aHAIPODBL. MMEIOT TPOCTOi KH3HEHHbBIH LMKA (1pe-
CTaBHTEIN Kindacca Sphingobacteria),

Cumbuonmor Gecnozgonounnix. OGIUTATHLIC BHYTPHKJIETOUHBIC ITi-
PA3HThl BYKAPHOTHUYECCKHX XO35CB, I'PAMOTPHLIATEABHBIC NANOMKH (poa
Blanabacterium w3 xnacca Bacteroidetes).

baxkmepuu & uexaax. HecotoTpodhble a3pobHble opraHU3MbL, He
CNOCOOHBIE K CKOML3ALLEMY ABMKCHIK. PacTyT B BUAE (DUIAMEHTOR, B
KOTOPBIX KNETKHU MOKPBITH MPO3PATHBIMH YEXAAMH OT XE/ITOTO 10 TeM-
HO-KOPHYHEBOIO LBETA B 3ABHCHMOCTH OT OTAGKEHHI OKCHUIOB Keae-
3a M Mapradua. OTASABHBIC KICTKH MOTYT ObITh HEMOABHAKHB! HIH Me-
PCABUIATLLA C [TOMOLLBIO TONAPHLIX HAH CYDMONSPHBIX KIVTUKOB (He-
CKOJTBKO poaoR Kiacca Sphingobacteria).

Henodeuxcrbie wilt Mai0nodeuMcHoe u302Hymoie SpaMompuyament-
Hote Dakmepuu. XeMoopranoretepotpodsl, canporpogbl. Knetkn moryt
ObITb W3IOTHYTBIE, CHIIBHO M3BUTHIE, CIIHPATBHBIC HAH KOMbUEBHIHBIE
3d CYET MCPSXIECThIBAHKUA KOHLIOB C-00pasHeix kneTok. [azosbie Ba-
KYOTH OTCYTCTBYIOT. A3pOBHbIE, A3POTONCPAHTHEIE MITH aHaupolBHbIE.
OObuTATE M 1104BLI, TTPECHOH M MOPCKOH BOABI (poabl Ancyclobacter,
Renobacter, Tetrarcus).

@uiaym B21. Fusobacteria. Biiiouaer ojiMn KAAce ¢ TeM ke Ha3sa-
HHEM, 0aHH nopsack Fusobacteriales u onmo cemelictso Fusobacteria-
ceae. OObeaMHACT AHAIPOOHDBIE IPAMOTPHLATENLHBIE TUIOMKH C XCMOOp-
rasHoretTepoTpodHbiM MeTado 3MoM. [1pu 6pokeHnn obpasyioT cMech
OpraMuueckux Kueaor. Obutalor 8 pydue seaunbix, KKT 1 poronoit
HOMOCTH HYEIOBEKA. HOKHMBOTHBIX. MMeloTea MaToreHHsIC peiICTaBHTEN.

@®unym B22. Verrucomicrobia. Conepxut nBa posa Verrucomicrobium
1 Prosthecobacter, 0ObeIMHCHHBIE B 0HO ceMeiicTBO Verrucomicro-
biaceae, oquu nopsaok Verrucomicrobiales 3t oann kaace Verrucomicro-
biae. D710 rpaMoTpULATENbHBIE BAKTEPHH € NENTHAOIIHKAHOM K1€Tou-
HOU CTeHKH, conepxawum JJATT. Hexoropble BUibl cniocoBHbl (hopMi-
poBATL NpocTeKH HAA (pumbpun. ObmuratHhie unn DakyjIbTATHBHBIC
a3po0bl. XemorerepoTpodibl, Me30thiibt. PA3sMHOXAIOTCH DHHAPHBLIM ae-
AeHHEM WK MovkobanueM. Tloukn MOryr oBpa3oBLIBaTLCS Ha Bep-
XYLIKE [IPOCTEKH HAH NPHMO HA KJICTOYHOH NoBepxHOCcTH. MUKpoop-
FaHW3Mbl pofa Prosthecobactfer MMEIOT KELJICBHAHDLIC KJIETKH, COCIH-
HEHHBIC JOHbBILIKAMH,

®unym B23. Dictyoglomi. Briouaer scero oxun poa Dictyoglomus.
ITO rPAMOTPHLUATE1bHBIE IKCTPEMAIBHO TEPMOMIUIBHBLE MTAIOUKH, He
obpasytone crnop. OGAHraTHbIE AHA3POODLI, XEMOOPraHOTeTC POTPOdbI
¢ OpoanbHbeiM THoM MeTaboauama. OTaeIbHbIE KJIETKH MOTYT COBiH-
PATLCA B CPePHUCCKME aTPEraThl, COLePXKALLHE HECKOIbKO COTEH 0CO-
Geit, NOKpLITLIX 0bILEH 00OMOYKODIL,

Crieayet oTMETUTD, YTO B 3TOM 1J1ABE ONHCAHDI TULIE Te (MI0reHe -
TUYECKHE TPYIObL, KOTOPbIE HMCIOT KYJAbTHBHDYCMBIX NPEACTABHTE-
JICH, BCE WK YaCTb M3 KOTOPBIX BBLAC/ICHBI B BUAE YUCTBLIX KYAbLTYP.
C y4cTOM Ipynim, HE COACPHRKILLIX KYIBTHBUPYCMbBIC (DOPMbBL H COCTAR-
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JEHHBIX TOJBKO M3 TEHETHYECKHX KIOHOB MEKPOOPraHKH3IMOoB, oblee
KOMMYECTBO (PHIYMOB RMPOKAPHOT B HECTOMINCC BPEMsT ZOCTHIACT 50,

KOHTPONbHBIE BONPGCHE

] [y .
1. Kaxkue hUIVMBL B HACTOSAIICE BPEMSE HE Obiinet TIIHYHOR Hepapyn
€it TAKCOHOB H no4yemy”?
2. HasonnTe hiinyMel, BRIIOUAGIHME GOToTpohiinIX npeacrapuTenceil.

3, Kakue dutayMbl COTepRaT NPEICTanuTecil, onuaolHxed Haubonee
BHICOKHM MOPDOGHIHOTONHHECKUM PasHOOO M

4, Kakue rpynbsi MEKPOOPTaHHIMOB cuMLioies naudosee IpesHumMi’

5. Hasosute HpHIYM. COCTOMUINA TOALKO 114 0DNHIATHEIX BHYTPUKIC 101
HBIX Tapa3HTOB.

6. Jdna npeactasurencit Kakoro guaymi ocohyio THAYHMOCTL UM s
MOTAKCOHOMIUYCCKHE NPit3HaKu?
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CNMUCOK COKPALLLEHWHA
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Bomorn 34, 228

BoccTanoBHTEILHOE aMUHIPOBAHNC Ke-
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Mousa 287

[Ipitnunn BUoxHMutecKkore exnneTna 106
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Coupoxerst 334
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«TepMUHATOPHAS WINWIBKA» 236
Tepmoduner 93

Tora 320

Tpancamutaza 222
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WET-gocdorpaticdepasHan ciuctema 236

Ouionnaa 279
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— Heuuxanueckoe dorodochopranpo-
sauye 183

— cvOcrparHoe 107

- UHKIHYccKoe doTodocdopuanposa-
Hue 184

DotokuAcIne 196
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190, 192

Xnopodunn 182, 226, 259
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Ddekrop 232
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CAP-Genok 236
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F-naasmuaa (nonosas nnaszmuaa) 29, 240
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S-cnou 54
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