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OPEAUCIOBHE

Hacrosimas KHAra HaITHCaHA HA OCHOBE BEINIEIIEro B
1977 r. yaebHoro mocobus «MHKpPOGHONOrAS», B TEKCT
KQTOPOT'0 BHECEHEI 3HATHUTEILHEIE H3MEHEHHS H NONOHEHHS,
B COOTBETCTBMH C JOCTHXXCHHSIMH B H3Y4CHHH OTACIBHBIX
BONPOCOB,  KACAIOLIMXCH  IPOKAPHOTHIECKHX  MHKPO-
OpPraHM3MOB H BHPYCOB..

3a npomeamee ppeMs MEKPOGHONOTHS B BHPYCOTOTHS
HOONOJIHANACh HOBBIMH OTKPRITHAMH H JAOCTHXXCHHIMH.
Hanmpumep, OTKpHTa HOBas Trpynmna NpOKapHOT -
apxebakTepud, YIO B CBOIO OYEpeAb  3aCTABHIIO
NEPECMOTPETL CHCTEMAaTHKY Oakrepmii; BHABICHEI HOBBIE
TeHETHYECKHE CTPYKTYPH - IS-3leMEHTHI B TPaHCIO3OHEL,
H3y9YEeHB MOJIEKY/ISPHEIE MEXAHA3MEI PEIPOAYKIME BHPYCOB;
obHapyxeHEl ¢epMEHTHI B COCTABC BHPHOHAZ M Cpemyd HHX
HOBHYE d¢epmenT - oOparmas TpanckpumTasa. Bce
HNEPCIHCICHHBIE ACNEKTH NOJMYWWIN OCBEIICHHE B HOBOM
H3aHHN!.

CymecTpeano nepepaGotaun ri. 2, 4, 5, 7, 9, 10, 15.
3anoBo HanmcaHH ML 3 W 8. HaMepeHEHO KpaTKo OCBEIMEHE!
BOOpPOCH B L 7 «Meta6o/ma3M DpOKapHOT», TaK KaK OHH B
Gomemeit Mepe oTHOCSTCS K 06nacTH GuoxuMuu 1 noapo6rO
paccMaTpHBAIOTCS B ONHOMMEHHOM Kypce. Kpartkoe
OCBEICHHE  BOINPOCOB, OTHOCAIHXCE K  CMEXHEIM
JAUCLHMILUINHAM, HO3BOJNMIO B OFPaHMYCHHOM o0Beme
HacTtosimero u3gauus <«MHKpOOHONOTHE ¢ OCHOBaMH
BHPYCOJIOTHE» H3JI0XKHATH Kpyr cobcTBeHHO
MHKpOOHONOrHYeCKAX MpobleM H 3HAYHTENRHO [ONOHHATH
Ppaszel, NOCBAICHHBLH BHpycaM. i



BBEJEHHE

Kupo#l NOKpoB HameHl IUIAHETHI COCTABJAIOT PpACTCHHA,
HBOTHBIE M MHKPOOPraHH3MBL. XOT# MMKPOOPTAHH3MBI SRIAIOTCA
CaMBIMH JIPEBHHMH CYINECTBAMH B SBOMIOLMH OpPraHHYECKOrO MHpa,
YENOBEIECTBO Y3HAIO O HHX TONIBEKO B KoHLE X VII B. MHKpOOpraHH3Mbl
He COCTARNAIOT OJHOPOAHON B CHCTEMATHYECKOM OTHOMEHMH TDPYTINEL
Hazpanue 3T0 MMeeT COOHMpPATE&/IbHOE 3HA4YEHHEe, OHO O0BemMHseT BCE
JKHMBBIE CYINECTBA, HMEIOMHEC MHKDOCKOIHYCCKHE pa3sMephi M chabyio
mopdonoruueckyio muddepeHIHpOBKY.

TepMuB  «Mukpobuonozus» TNPOHCXOAMT OT IPEYECKHX CIIOB:
micros - manuk, bios - xu3HsL, logos - HAyKa, T.c. HAYKS O XH3HH
Mameix. K = MHKpOOpraHM3MaM  OTHOCSTCS  NPEHMYIMECTREHHO
OJTHOKNIETOYHbIE OpPraHW3Mbl - OaxKTepUH, AKTHHOMHMUETH, TpHbEI,
BOAOPOC/M, MpOCTeHINHE H HEKAeTOYHbiC - BHpych. IlpemmeroM
M3YYEHHS  MHMKPOOMOJIOrMM CIYXAT B OCHOBHOM Gaxrepus,
AKTHHOMHIICTEI, U3 IPHOOB - ApOXOkM, B OOHIEM IUIAHE OPraHW3aLHHA
paccMarprsaiorca  BupycH. (I'pmbBI, Bomopocin ¥ mpocTeiimue
OTHOCATCE K OOJACTH CNENMaJBHBX IMCUMIUIMH). MuKpoGHOnorus
M3Y9acT CTpoeHHe, (HIHMONOrHIO, GHOXHMMUIO, reHETHKY H SKOJIOTHIO
MHKPOOPraHM3MOB, HX POk H 3HA4UCHHWE B JKH3HH YEJIOBEKA H
NPORYKTHBHOCTH GHochephL

Hecmotps Ba 71O, ut0 MEKpoGmonorus kak Hayka cdop-
MHPOBAJIACE SHAYHTENLHO IO3Ke, HeM OGOTAHHKA H  300/0THA, K
HACTOANIEMY BPEMEHH OHa 38HWIA Belyliee MECTO CpelH
OuonorHYecKHX MHMCUHMILIBH B TEOPeTHYECKHX ¥ NPUKIAJHBIX
HeCnexoBaHuAX. CBOMM YCHICmIHLIM  pa3BUTHEM MMKpoGHONOrus
0043aHa B NIEPBYIO OYEPElb NOCTHKEHMAM QHSHKH H XMMMH, KOTODHiE
HE TONLKO OGOraTHIIH €€ OPHTUHAIBHBIME METOIAMH HCCIEJIOBAHHA, HO
TAKKE NO3BONMIM PacmMPpPOBATE H HHTEPIPETHPOBATH HEKOTOPHIE
ToHYakiiHe OCOGEHHOCTH OOMEHA BEmECTB Y MHKPOOPTAHM3IMOB.
Tpumenenne 3nexTpoHHON MHKPOCKONIME JIANO BOSMOXHOCTD H3Y9HTh
TOHKYIO CTPYKTYpY GakTepHaisHON KIETKH ¥ BHPYCHEIX 9ACTHI|, a
TIPHMCHEHHE MACC-CTIEKTPOMETPHH, AICPHO-MATHHTHOTO 1§
SJICKTPOHHOIO NApaMarHWTHONO PE30HAHCA MO3BONKMIO BLISCHHTL TAKHE
ocobennocT o6mMena Bemects, KOTOpEIE paHbHIe VI MCCIefOoBaTenel
G Hemoctymuil, Eme Gosee riyGoKoe BAMAHME Ha PasBMTHE
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MUKPOGHONOrMH OKazana coBpeMeHHas XumHA. B pacnopsxenue
MHKPOOHONOruH oOHa Jgana GoNnblioe YHCKO HOBRIX AHATHTHYECKHX
METOZOB, 3aCTaBINA MEPECMOTPETh NyTH H CYLIHOCTh SHEPreTHYECKOro
obmeHa, xHMH3M OHOCHHTe2a psaa Bemects. B csoo  ouepens
MHKPOOHONIOrHS BHECIA LEHHHWH BKIaX B TeHETHKY, OHOXHMMHIO,
MoNeKkynsapHyio Ouonormo. Mcnonbzosanne MHKPOOPTaHHIMOB B
KAYECTBE OOBEKTOB IEHETHYECKMX M OGHOXHMMIMECKMX HKCCNEAOBaHHH
OTKPBUIO HOBYIO 3TIOXY B €CTECTBOIHAHWK.

C nocTHXEHMAMH MUKPOGHONOrMH CBA3AHO PEHIGHHE MHOIHMX
TeopeTHYeCKHX IpoGnem oOwjel OHONMOrHH M MENMUMHBL, @ TaKXKe
LUHPOKOE IIPHMEHEHHE MHUKPOOPraHM3MOB B HapogHoM xXossiicTse. Tak,
HMEHHO HA MHKPOOPraHHM3Max BnepBre Guina ycranoeneHa pons J[JHK B
riepeAaye HacHeACTBeHHOM MH(OPMAaLHH, NOKA3aHa CIIOXKHAg CTPYKTypa
FeHA W 3aBHCHMOCTh MYTALMOHHBIX MPOLECCOB OT H3MEHEHHH B
crpyxrype JHK. MuxpoopratHimbl MrpaloT CYIIECTBEHHYIO POfib H B
POLIGHHH TAKAX BONMPOCOB MONICKYNAPHOH TEHETHKH, KAK OTKPHITHE H
pacinddpoBKa reHETHYECKOro KO3, MEXAHH3MBI TNOBDENKIAGHHA M
pemapauus JIHK. Braronaps paay Guonoruueckux ocoBeHHOCTEH OHM
SBMIOTCN BecbMa YAOOHBIM OOBEKTOM /[N NO3HAHHS JKH3IHEHHO
BaXHBIX TIPOLIECCOB, OCYUIECTRIIAIOWMXCA HA KIIETOYHOM, CYOKIISTOYHOM
¥ MonexymapuoM ypoeHsix. C noOMOWIBIO pasNHUHBIX MYyTAHTOB
MHKPOOPTaHH2MOB yAanocs pacmudposars mytd GHOCHHTE3a MHOrHX
aMHHOKHCIIOT, @30THCTRIX OCHOBaHHH, BHTAMHMHOB.

Hayuenne GMOCHHTETHUECKOM MAEATENBHOCTH MMKPOOPraHH3MOB
MIOKA3aM0 KX CTIOCOGHOCTH (M BBICOKYIO AKTHBHOCTB) K CHHTE3Y BECEMA
UeHHBIX COGAMHEHMH, MMeEIoLIMX OoJBImoe HAPOAHOXO3AHCTBEHHOE
3HAYEHME.

Venexam MukpoGHonoruu obs3aHO pa3BUTHE HOBHIX OTpachneii
TIPOMBINIIGHHOCTH, OCHOBAHHBIX H2 MHKPOOHOM CHHTE3e CIIOXKHBIX
BOIIECTB, XHMHYECKHH criocod MOMydeHHs KOTOPEIX NHOO HEBO3MOMEH,
160 OueHb CIIOAEH M ACpor. ITO Mpexae BCETO OTHOCHTCA K Oernkam,
MANMAAM, AMMHOKHCIIOTaM, BHTaMHHaM, (QepMenTaMm, ropmoHam,
aHTHOHOTHKAM B APYTHM JIeKAPCTBEHHBIM M GHOJOTHHMECKH AKTHBHEIM
BemecTBaM., K HACTOAWIOMY BPeMEHH  YKe  OCYIIECTBIIEHO
TIPOMBIIINICHHOS IPOM3IBOICTBO MHKpPOOHOro Genka M3 yrmeBomoponoB
nedu. [No copepranmo aMHHOKHCIOT 3ToT Bentox Bonee nonHoLeHHbIH
MO CPABHEHHIO C PACTHTENPHEIM H CHHTE3HPYSTCA MHKPOOPraHH3MaMH
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ropaaso GCTpee, YeM BHICIIHMH OPraHHIMaMH. Tak, B opraHu3aMe
KOpoBH BecoM 500 Kr B TeUEHHE CYTOK obpasyerca roneko 0,5 kr Benxa,
B TO BpeMAa Kak Takasd e macca mpoxokeit (500 kr) 3a 310 Bpems
cunreaupyer Gonee 50 T Genka. MoxHO 0XHAaTS, UTO NPH AanbHEHUIeH
paspaboTke H COBEpIIEHCTBOBAHHM HAHHOrO mpouecca MUKpOOHBIH
Gentox GyaeT WHMPOKO HCMOIBIOBATLCS HE TOJNBKO B KHBOTHOBOACTBE, HO
Y 3aiiMer BeLYLIEe MECTO B ITHTAHHH MONEH.

CnenosaTtensuo, npoSnema monyuenns Genka TakuM crocoboM
BLLABHIAET MAXPOCHONOrHIO HAa BHAHOE MECTO CpeaM OHONOrHYeCKHX
Hayk. C NOMOMIBIO MHKPOOPTaHM3MOB BENETCA NONYHOHH® NPUPOAHBIX
AMHHOKHCIIOT, MO0 XHMHYECKMH CHHTE3 AaeT NOKa APOLEMHYECKMe
CMECH, HOXCIATOIbHBIE JUId MPHMEHEHHA B TMHIEeBRIX LeJEX.
MUKpPCOpPraHHaMBl ~ SBNAIOTCA  NPONYLEHTaMH  BHTaMuHa By,
XHMHHMECKHH CHHTe3 KOTOPOro eime He paspaboran, ¥ CTEPOMAHBIX
rOpMOHOB.

INpeumyimecrsoM MHKPOOHONOrHUECKOr0 CHHTe3a ABIAETCHA TO,
=70 OH He Tpebyer 0cobhIX ycnoBuil (BBCOKHMX TEMMEPaTyp, AABICHHA,
BaKyyMa), MCXOAHBIM MATEPHAIIOM CIYXHMT AOCTYNHO® M JEIeBoe
MPHPOAHOS M TEXHUYECKOE CHIPbE, HE HCKIOYas M NPOMBINUICHHbIO
OTXOfAEl PAAa MPOM3BOACTE (ZepeBoobpabaTuiBarolIero, CBEKIO-Caxap-
HOTO, FHAP OITH3HO-APOACKEBOT0, HedTenepepabaTuiBalOmero H Ap.).

JHocTikeHus MHKPOOHONOr UK HAXOAAT TNPaKTHYeCKOoe
NPHMEHEHHEe B METIUTYPrHH IUIA M3BIIGUEHHS PAadIMUHEIX METAJUIOB U3
pyn. Tax, yxe peanusosan cnocob  mMuxpoGHonormieckoro
BHINENTAYHBAHHA MEOM W3 CynbPMAHOH PpyABl XalnbKONMMpHTa. B
MEePCNEKTHEE - HCMONB30BAHHE MHKPOOPraHHM3MOB JUIA TONYYeHMA
LBETHBIX H POAKHX METAJIIOB - 30]I0Ta, CBHHIIA, JINTHS, NTePMAHHS U JIp.

CrnencTsHEM HAYYHBIX AOCTHXKSHHI MMKPOOHONOTHH HBIAETCA
s>bdexTHRHOE MCNONb3OBAHME MHKpOOpramM3MoB B Oopsbe ¢
BpeAUTENAMH Ce/TbCKOX 038 HCTBEHHBIX KyJIbTYP, NOBBIEHHH
MNOZOPOAMS NIOUBE,, OYMCTKE CTOMHWIX BOA M JpYrHx obmacrei
XO3MHCTBEHHON HeATeNBHOCTH YeJIOBSKA.

Venexu B 06nacTH  MHKPOGHMONOrHH — OTKPEUIH  HOBBI®
BO3MOXHOCTH H TEPCNeKTHEH B NMPOOHNAKTHKE M NEYOHHH MHOTMX
undexuponnsx 3abonesanuii, B 60prbe ¢ KOTOPEIMH PaHE® MEOIMLHHA
6mna Geccmbma. 3a  CpaBHMTENBHO HOGONBIIONW MEPHOR TOYTH
NOMHOCTBIO  JIMKBHAMPOBAHBI 4YyMa, OCTa, XONepa, MAajfpms,



sspmomuecs B npouurom GuuoM Beero uenoeeuecTsa. B nacrosmee
BpeMA BHHMaHHE MHKPOOHONONOB COCPEAOTOMOHO Ha BAXHOHIIOH
npobnemMe COBpPeMEHMOH MeZMLMHH - mnpofneMe 3OKAYECTBeHHBIX
omyxonei.

Takum o6pa3oM, MHKPOOHONOrHA BHOCHT CYINECTBEHHbIH BKIaA B
pelieHue MHOTHX @CTeCTBeHHOHAyYHWX M NPaKTHUECKHX 3azay,
npobnieM 3NPaBOOXPAHEHHS M CEIBCKOTO XO3AHCTBa, cnocobcreyer
Pa3BHTHIO ONPENENeHHBIX OTpacnell NPOMBILUICHHOCTH M, Hauo
TOMAraTh, Pa3pellHT elle PAM BaXKHeHIIHX BOMPOCOB, CTOALIMX nepen
venoBeuecTBoM. HMmerorcs Sonbmme BOIMOXKHOCTH PACIIHPEHHA W
COBEPIICHCTBOBAHHA GHOTEXHONOrHMECKHX MPOLIECCOB, OCHOBAHHBIX Ha
NPHMEHEHHH MHKPOOPTaHH3MOE. PeleHue TaKHX aKTyanbHbIX npoGnem,
xaKk obecnevenme YeNOBEUeCTBa MPOXYKTAMH MWTAHWS, BO3OOHOBIEGHHE
SHEPreTHYECKHX PECYpPCcoB, OXPaHa OKPYHAIOINeH CPEAB! TaK WM HHaye
CBA3HO ¢ MCMONb30BAHHEM MHKPOOPTaHH3MOB.

Vuensmm npepcront Sonsuias pabora NO  BHOENCHHIO H
OCBOGHHIO KYJIbTHBHPOBaHHA HOBHX BHIOB MHKPOOPraHM3MOB,
H3ydeHHIO MX OHONOrH4ecKHX CBOMCTB M CHOCODHOCTEHl K CHHTE3y
(pU3MONOrHYecKH AKTHBHBIX BEIIECTB, YTO PacCWMPHT oBnacTs HX
NpHMEHeHHA B HAPOAHOM XO3AHCTBS, a BMECTE C TEM H Kpyr
paspabaTuiBaeMeIX HayuHbIX npobnem. Bee 310 conelicTByer co3pamiio
H PasBHTHIO pPANA HAMpasieHHMil B MHKPOOHONOrHYECKOH Hayke.
Hexotopbie M3 HUX B CHTy CBoeH 3HAYMMOCTH YK€ BBICHHIHCE H3
obmeli muxpobHonoruu U opOPMHIHCE B CAMOCTOATENBHBIS
AVCUMIITMHE C CODCTBEHHEIMH LEJIAMH, 3aJa4yaMu M oObBbextamu
uccnefosanms. Cpeay HHX HEOOXOOHMO OTMETHTh MEAHILHHCKYIO,
BETOPHHAPHYIO, TEXHPMECKYIO, NOMBEHHYIO, I'6ONOrHYeCKYI0 M BOAHYIO
MHKPOGHONOrHI0,  BHPYCOMOFHIO, TEHETHKY  MHKPOOPraHH3MOB,
NPHOGPETaeT CAaMOCTORTENBHOCTD KOCMHHYECKAT MHKPOBHONOI M.

MeaHumHekas MukpoSMOMOrHs - oAHA H3  CTAapeHIIMX
MHKDOOHMONOryMeCKHX  AMCLUMIUIMH -  M3y4aer  NaTOreHHEIE
MHKPOOPTaHH3MBl,  BbI3WBAIOmMKE  33a0onemaHus  uenoBexa, H
paspabaruieaer MeTons AMarHOCTHKH, NPOQIIIAKTHKY H NEYEHHA ITHX
Gonesneii. Oua mccnenyer Taoke YCNOBHA COXPAHeHHS MATOTEHHBIX
MHKPOGOB BO BHOIIHeH Cpene, MyTH M MeXaHU3MBI HX PACTIPOCTPAHEHHS,
pa3spabarsipaer Merozs 60pe6hI ¢ MEMH.

Berepumapuan MHKpoGHONOrHE - H3ydaer BOIGYAHTONEH
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3a6oneBaRdil JKHBOTHBIX, paspabaTeIBaeT METOAb AHATHOCTHKH 3THX
3a6onesanHil, crnocobsl NPOPHIAKTHKY M UX JICUCHHS.

Texuuueckas (NpomebnuneHnas) MuKpobuosorms  pac-
CMaTpHBaeT OCOGEHHOCTH Pa3BHTHA MHKPOOPIAHH3IMOB, MCNOMB3YEMBIX
IUIS MONYUEHHS PATAYHBIX OPraHHHUEeCKHX COSAHHEHHH, NPUMEHAEMEIX
B HAPOAHOM XO3AFicTBE, pa3spabaThiBaeT M COBEPILICHCTBYET HAYHHEIE
meronnl  OMOcHHTE3a  GepMEHTOB, BHTAMHHO3, AaMHHOKHCIOT,
aHTHOMOTHKOA M APYTHX OHONOrH4ecCKH aKTWBHBIX BemecTe. Ilepen
TOXHHYECKOH MHKpPOGHONOrHe# CTOMT Taloke 3a4aua pa3paborku mep
NMPEAOXPAHEHUA NPOAYKTOB NHTAHHSA, CHIPES H CTPOMMATEPHANOB OT
MOPYH MHKPOOPTaHH3IMaMH.

Tourennan MHKPOGHONOrHA H3yyaeT POk MHKPOOPraHH3MOa B
00pa3oBAHHH ¥ TUIOAOPOXUH IMOYBH, B ITHTAHHK PACTEHHH; H3BICKHBAET
METOABI NPHIOTOBJICHHA BaKTEPHANBHBIX YAOOPEHHi,

Teonornueckass MHKpPOGHONOrHA H3y4aeT ponb MHKPO-
OpraHu3mMoa B oOpa3soBaHMM H PA3NONKEHHH PYH, NONYYEHHH M3 3THX
pya Merannos, OOpa3oBaHHH NONE3HBIX HCKOMAEMBIX, KPYroBOpOTE
nanbornee BaXKHBIX GHOreHHBIX 3NIEMEHTOB.

Boanas  MHKpPOOHOJOrHA  HCCIEAYeT  MHKPOOPTAHH3IMBI
BOAOEMOB, HMX pONb B NHUIEBRIX LENAX, KPYyroBopoTeé BeLNECTs,
3arpA3HEHUM H OYHCTKE NMHTHEBOH H CTOYHLIX BOX.

Bupyconorusn H3yuaer BHPYCHI, HX CTPYKTypHO~
Mopdostornueckue OCODEHHOCTH, B3aMMOAGHCTBHE C€ KIETOYHBIMH
OpraBH3MaMM, pacrpoCTpaHeHHe B NPHPOZe H  TMOJTOKEHHE B
OPraHM4ecKOM MHpe.

I'enernica MHKPOOPravH3IMOB - OAHA M3 Haubonee MonoamIx
AMCLMIUIHH ~PaCCMATPHBAST MOJIEKY/IIPHBI® OCHOBBI HAC/IEACTBEHHOCTH
H HM3MEMYHBOCTH MHKPOOPraHH3MOB, 32KOHOMEPHOCTH npOLECCOB H
MyTareHesa, pa3spabaTeiBaeT MeETOOB M NPHHUHNBI  YNPaBAEHHA
HHUIHEACATENBHOCTBIO MHKPOOPTraHM3MOB H  NOMYMEHHS  HOBBIX
LOTaMMOA, TIONIe3HBIX A YEeNOBeKa.

Hnen H wmertomel, paspaGoraHHbe MOEKynApHOH TeHeTHKOMN,
MuKpoGHonorvelt # MONeKynApHOi GHonoruel, COCTaanIH OCHOBY It
Pa3BuTHA reHeTHHeCKoH HHkeHepHH. CyUIHOCTh €e 3aKno4aercs B
HanpaBneHHOM KOHCTPYMpOBAHHH pekomOmHanTHEIX Monekyn JJHK c
TIOCNEAYIOIHM MX BBEIEHHEM B XHBOH opranHam, [Ipn 3ToM BBOASHHaA
Monexyna pekomOunanTHOM JIHK CTAHOBHTCA COCTABHOM 4ACTBIO
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FeHeTHYOCKOTO anmnapaTa PEeuuITHeHTHOrO OPraHM3Ma M NpHAAeT eMy
HOBhIE HOCBOFCTBOHHBIE nprsHakk. Llembs remerteckod HHKEHOPHU
COCTOHT B TOM, 4TOGH KOHCTPyHpoBaTh TakHe pexomGunanThmie JJHK,
KOTOpbie nNpHIaBany OB POUMITMEHTHOMY OPraHH3MY CBOHCTBa,
MONIG3HBIE ANA YENOBEKA.

MerosaMH reHHON HIXESHEPHH CO3NAHBI IITAMMBI BGakrepnii,
NPOAYLHPYIOIMEe ropMOHN pocta, MHTepdepon, mucymn. Ha ocnose
CKOHCTPYHDOBAHHOTO INTAMMA, NPORYLSHTA HHCYTHHA, HANAXKEHO
TIPOMBILITIEHHOS MPOM3IBOACTBO YSNIOBEHECKOr0O MHHCYIIHHA.

Kocmuaeckas  MHKpO6GHOJIOrHA  33HHMaeTrcd  H3yueHHOM
BIMSHHA KOCMHYOCKMX YCNOBMH Ha MMKPOOPraHH3MHl (3eMHEE),
TNOBCKOM BHE3GMHON JKH3HH, T.. BHIABIEHHEM MHKPOOPraHH3MOB a
METEeOPHTAX M TIPYHT2X JAPYrHX IUIAHET, H3bICKAHHEM METOAOB
CTepHIIM3AaLMH KOCMHUYECKMX Kopabneit (B uemax HCKIIOUSHHSA
BOIMOKHOCTH 33HOC2 MHKDPOOPraHH3MOB C 3€MHOH IIOBEPXHOCTH B
xocmoc), OHa Take paspabarmeaeT mnpobneMy HCMOMb3OBAHHS
MHKDOOPTraHHIMOB B KOCMHueckux xopabmax pana obecneueHHs
HOPMAJIBHEIX YCIIOBHH XKH3HH NPH ITHTEIBHOM NpeShIBaHMH YENOBEKA B
KOCMOCS.

Ipn Bcem cBoeM MHOroOGpa3HH ITH MHCUMILTHHE 6a3UpyIOTCH Ha
obmeli MHKpOOHONOrUM, H3IYHMAIOIEH OCHOBHHE 3AKOHOMEPHOCTH
CTPOSHMS, PA3BHTHA H JKHIHEAEATESIBHOCTH MHKPOOPraHH3IMOB.
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ITFanasal
HCTOPHSA PASBUTHSA MUAKPOBHOJIOTHHA

Muxpoopranxsmel  6putn orkputer B konue XVIL a, wmo
ACATeNPHOCTP HX ¥ JAXEe MNPAKTHYSCKOe NPHMEHEHHE H3BECTHA
3HBYHTENPHO pamemme. Hanpumep, mnpoayktsl cnupToBOrO M
MOJNOYHOKHCIIOr0 OpOMKeHHH NPHIOTABAHBANNCL M HCIIONB303AJIHCH B
camuie ppesune BpemeHa. Iloye3HOCTy ITHX NpoAykToa OFBACHANACH
MPUCYTCTBHEM a3 HHMX (OKHBOrO Ayxa». Ene mnepBobbiTHHE MOMM
NPEACXPaHANH OT NOPYH IMHIIEBHE MNPOAYKTH IyTeM MX BbICYIIHBaHHS,
3aMOPAXHBAHHA, CONGHHA H  KomdeHmd. Opnako MbiCL O
CYIIECTBOBAHMH HEBHIMMBIX CYLISCTB Hauana MOSBAATHCA OpH
BBIACHEMHH NPHYHH 3apasHeix Gonesmeit. Tak, Munnokpar (VI ». mo
H, 3psi), a nozxe Bappon (Il B.) abickasbBanK NPEANONOMEHUS, TTO
3apaiHpie 6One3HH BN3HBAIOTCA HEBHAMMBIMH JKHBHIMH CyLIECTBAMH.
Ho Tomsxo a XV1 s. mraneanckuit yuenwii Jiuponamo dpakactpo
(1478-1553) npumen K 3aKIOYCHHIO, 4TO mnepsaada Oonesneli or
YeNnoBeKa K WYENOBEKY OCYINECTBIAETCS NPH NOMOIOM Menbyaifmux
XKHMBBIX CYIIECTB, KOTOPEIM OH nan
HasBaHHe contagium vivum. QaHaxo
HOKA3ATENBCTB  TAKHX  NpPEAnono-
xenuii He Geno. 3aciyra oTxpeiTHA
MHKPOOPraHM3MOB  MPHHALJIEKHT
TOJLTAHACKOMY HATypanucTy
Anronuno Jlesenryky (1632-1723),
AOCTHTIIOMY  COBEPIIGHCTBA B
mnHGOBAHUM CTEKON H  CKOHCT-
PYHPOBaBLISMY MHKPOCKOIT c
ysemmdenuem » 300 pas.  Pac-
CMaTPHEaH JIOJ MHKPOCKOMOM BC8,
YTO MONajaioch NMoj PyKy - KAmmH
BOnH, 3yOmo# Haner, pasnnunele
Hacron - A. Jlemenryk mcioay

. AR HAXOAWI MEBHAMITHX «(3RepIOLIEK»
A. paH Jlemenryk (1632-1723) -  animalcula. Ceom  nepsmie
Habmoaenuss oH onybnukopan =
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Tpynax JIOHZOMCKOro KOPOJIEBCKOro OOLIecTBa ¥ IIPHIOKKIT PHCYHKH, B
KOTOPBIX Pa3jIHiaiHCh KOKKH, [ANOYKH B CTIHpHUH, a B 1695 r. 6euia
u3saHa ero kHura «TaifHel npPHPOAEI, OTKPLITHIE AHTOHHEM
JleBeHTyKOM», FII€ NONPOOHO OIMHCHBANKCH PE3YNETaTh KACIIIONEHA 33
JIBDKEHHEM, pasHooGpasreM GopM M Pa3MEPOB MHKPOOPTAHH3MOB .

Orxperre A. JleBeHryka Bui3Basio Gouibmiol HHTepec cpeau
ecrecTBoMcnbiTaTeiel. € KakopiM TroJoM YBEIHYMBANOCH YMCIIO
COXOTHHKOB 32 MHMKPODAMH», 3 BMECTE C TeM M WHCIIO OMUCHIBAEMBIX
MH B. Ho cocTosHMe MaykH TOr0 BpeMEHH He MO3BOJIAIO JOIDKHBIM
©o0pa3oM OICHMTE H IUIONOTBODHO HCIIOJNB30BATh OTKpHTHE A.
JleBenryka. Bce HCCieIoBaHHA B TEYEHHE MOYTH JIBYX BEKOB CBOIMIHCH
JTAIIE K OITHCAHWIO MHKPOOPTaHH3MOB. ITOT NEPHOA BOIIEI B HCTOPHIO
MHKpOOHONIOFHH KaK ONHCAaTeIbHuM, HiH Moponorndeckuli, ©
nponomkanca ¢ koHng XVII mo cepemnnt  XIX Be. HaubGonee
CYImECTBEHHBIMA B TO Bpema Obuin pabormi O. Mionnepa (1786),
@, Kiormmura (1833), X. OpenGepra (1838), Tax Kak OHM HE TONBEKO
ONMHCAIN HOBHe (OPMBI, MO H CIEJANM NONHITKY CHCTEMATUIMPOBATH
MHKPOOPTSHH3MEL 3aciTyXKHBAIOT BHHMAHUA paboTEl PycCKoro y4eHoro
M. M. Tepexonckoro, On YCTaHOBHJI JKHBYIO NNPHPOAY NPOCTEHINNX ¥ B
1775 r. BnepBele B MHpe MNPHMEHHI K MHKPOOPraAHH3MAM
JKCNEPUMEHTANBHEIN  METOX HCCIENOBAHHMA, ONpefenss BIMSHUE
TEMIIEPATYphl, 3JIEKTPHYECKHX paspsifioB, CyJIeMLl, ONMA, KHCIOT H
meIoueH Ha MX MXH3HecnocoGHocTs. M3ydas B CTPOro KOHTPOIMPYEMBIX
YCJIOBHSAX ABH)KEHHE, POCT M Pa3MHOXEHHE MHKPOOpraHusMos, M. M.
Tepexoscknii mepBLIli yKasajy, WTO [AENEHHIO TPENIIECTBYET POCT M
YBEJIHYCHHE HX pa3MEPOB.

Xors onHCaTeNBHBIH MepHOR wie 0boraTHn HayKy HH HOBBIMH
OTKDBITHSMM, HH LIEHHBIMH TEOPHAMH, OH BCE e CHIIpasl 3HAYHTEIBHYIO
POib B HAKOIUICHHH (aKTHYECKOTO MAaTEpHala H CO3JAHHHM YCHoBMi
AnA nepexona K clenyiomeMy, GH3HoNoruIecKkoMy, 3Tally B pa3BHTHR
MHKPOGHONOrHH.

Hauano ¢pu3HONOrMYecKoro nepuosa OTHocHTes K 60-m rr. XIX B,
M CBA3AHO C JCATENHHOCTBIO BRIAAIOMIErocs (paHI(y3cKOro y9eHoro,

T .
B 1698 r. Ilerp I nocernn Fomwnammno. [lonyaus ot Jlegenryxa B rogapok

MHKPOCKOTI, OH NpHBe3 ero Ha poauHy. M yxe B 1716 r. B Macrepckmx Ierpa I Gohum
H3IOTOBJICHE! NEPBRIE B POCCHH MMKPOCKOITBL.
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XHMHKa no cnenManbHocTd Jlys IMactepa (1822-1895). MAKpoGHoiorna
obs3ana JI. Ilacrepy He TONbKO CBOMM GypHBIM pa3sBMTHEM, HO H
CTRHOBJICHHEM K&K HayKH.

Ileperie pabGorei  JI. Ilacrepa,
BHIMIOJIHEHHBIE B  OONACTM  MHKpPO-
GroNOruy, NOCBAIICHE H3YYEHHIO TEOPHH
Opoxenuds. B 710 BpeMa B Hayke
rOCMOACTEOBaJA XHMMYECKAs TEOpHA
JIu6uxa. Cornacko e, Gpomxenue
paccMaTpHBAOCh KRK THCTO XHMH-
YeCKMH TpoLiece, INIABHRIM &reHTOM
Koroporo Gsut kucnopon. Bes kucnopona
Her OGpoXeHHA - YTBEPKEANA TEOpHA
Jiu6uxa. B paborax no cnHpTOBOMY,
3aTeM MOJIOYHOKHCIOMY Gpoxenmio JI
IlacTep pnokazan, 49ro BO3OYAHTENAMH
3THX TIPOLIECCOB #BIAIOTCS MHKPOOpP-
raHM3Mbl, NpPHYEM cremudHuHbBe A8
KaXKA0ro H3 HMHX. CrnmproBoe OpoxeHue
OOYCJIOBJIEHO JIEATENEHOCTHIO  JIPOACKE-

BHIX rpubxoB, MONOYHOKHC/IOE -

L. Tacrep (1822-1895) nancuKkoBHIHEIX Gakrepuit. M3 yGenn-

TeneHEX onbitoB JI. ITacTep caenan BHBOA, 9TO MHKPOOPTAHHIMEI ~ M

cnydalnele cryTHHKH OpPOMWIBHBIX NPOLECCOB, a caMa ITPHIHHA
Opoxenns.

B npoTHBONONOKHOCTL XMMHUeCKoM Teopuu Jin6uxa JI. IMacrep
€037a11 GHONOrH9eCKYIO TeopHIO GpoXKeHHS.

Crapasch OKOHYATE/IHHO ONPOBEPIHYTH Teopuio JIubuxa, o B
Pe3ynbTaTe HCCNENOBAHMA PONH KHCJIOPOIA B Mporeccax Gpoedus
Chellanl  MOBOS OTKPHITHC - YCTAHOBMI BO3MOXHOCTL JKHM3HM 63
KHCJIOpOA ~ anaspobuos. On oGHapyxwit B GyJIboHe C MACIIAHO-KAC/IBIM
GpoXeHMEM HCHIBECTHBIE MMKDOOPraHMIME B BHIC BUGPHOHOR,
TEPAIONME NOABHKHOCTE MPH ocTyne kucropona. Mz storo cnesosano,
MTO KHCJIOPOA W€ TONLKO HE IJIaBHLIA areHT GpOXeHMA, HO M Ipu
OMPECNICHHBIX YCIIOBHSAX - €ro MHTHOHTOD.

O6imebuonoruieckoe 3nauenue mmeror paborw JI. Ilactepa mo
CaMonpoussoneHoMy  sapooxcdenuro  XH3HM. Ha TmpocTRIx W
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YOeIMTeIEHBIX ONBITAX OH MOKA3QN, 9T0 B COCYZIaX CO CTEPHJILHEIM
OyNMBOHOM, 38KPHITHIX BaTHHIMH NMPoOKaMH BO H30EKAHHE KOHTAKTA C
BO3yXOM, CAMO3apOXKJECHHE MHKPOOPraHH3MOB HEBO3MOXHO (3T0 He
3HAYHT, KoHEe4HO, 910 JI. IMacTep BOOGNIE OTPHIIAN 3apOKACHHE HKHM3HH
M3 HEXUBOH NPHPOE), T. €. HEBO3MOXKHO CAMO3aPOKIEHHE OPraHH3MOB
H3 HEXHUBOH NPUPONEI B YCIIOBHAX PA3BHTON MH3HH.

Bnaropaps BceM 3THM OTKpuTHAM JI. IacTepa mpM3HamH Kak
yueHoro-6uonora, 1 B 1860 r. ero saciyrd GhUH OTMeueHBb TpemHAeH
TNapmxckoli Axanemun mayk. Tpuauars fier noHazobUIOCe BETHKOMY
YUCHOMY IUii 3aBepIICHHA paGoT Mo OPOXKCHHIO H FHHEHHIO. 38HMMAACh
3TAMH BonpocamH, JI. IlacTep oAHOBpPEMEHHO pemian M PAKTHIECKHE
sanaud. MM Gl npemnioxed crioco6 mpeaoxpaHeHMs BHHA H ITMBa OT
«bonesHm» (CKHCaHHE M IIPOrOPKaHWe) - memod nacmepusawuu. Ou
TAKKE M3YYHI GonesHe INENKOBHMYHBIX 4YepBed M B pesyisTare
paspaboran meronst 6opr6hi ¢ ee BO36yAMTENAMH.

HcxmoauTensHy O IIEHHOCTE npeacTarmmor paGorw J1. Flacrepa,
TOCBAIEHHBIE BONPOCaM buonozuveckoii npupodb: sapastelx Gonesue,
OCNaGNeHHI0  BUPYJNEHTHOCTH  MATONEHHEIX  MHKPOOPFraHH3MOB,
saxyunayuu. B npouecce HayIHBIX HCCIICAOBAHM OH YCTAHOBMIL, 9TO HE
TonbKo Gpoxcense, OonesH BHHA M [MBA, IIENKOBHMHBIX YepBed
O0yCINIOB/IEHEl [IEATENEHOCTEIO MHKPOOPraHM3MoB. Muoruve Gonesun
HEIOBEKA M XKMBOTHBIX TAKIKE BHI3HIBAIOTCS MHKpoGamu. OHH, nmoxobHo
oabynurenaM OpomeHHS, BecbMa CHEUMHQHYHLI KAXILIA  BHA
TIATONEHHEIX MMKPOOPFaHM3MOB BEI3BIBAET CTPOTO  ONpPEAENEHHOe
saGonepanme. JI. Nlacrepom 6puTH OTKPEITBI BO3GyIuTeNH KypuHOit
xonepsl (BuOpnoH Meunukopa), poaHAbHON ropavkH (CTPENTOKOKKH),
ryoitHbIx abeueccos.

3anuManch u3yyeHHeM npupoas MHpeKioHHbX Gonesued m Mx
Bo3Gyaureneit, JI. Tlacrep OCHApPYAMI BRKHOE CBOMCTBO MATONCHHBIX
MHKDOOPTraHH3MOB - CIIOCOGHOCTE K OCNableHHI0 BHPYNEHTHOCTH.
TNonananue B oOpraHyu3M KHBOTHBIX TAKHX MHKPOOPTraHH3MOB HE TOJIBKO
He NPHBOJMT K 3a60/IeBaHMIO, HO M MPEAOXPAHAET €r0 OT MOCASAYIOMEro
sapaxxenus. OueHMB HODKHBIM 00pa3oM 310 smnewme, JI. Ilacrep
paspaGoTan psA METOAOB CHWKCHHE (ATTEHYalMH) BHPYREHTHOCTH
MHKpOGOB M YCIEIIHO HCIIONB30BANK OCNa6NeHHbIE KYNETYPH B KaUECTBE
YIDHBHBOK  TIPOTHB HuGEXIMOHHBIX Gonesmeii. Kynetypst
MMKPOOPraHH3MOB C 0caabneHHsIME BHPYICHTHEIMH CBOHCTBAMH GBUIH
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HA3BAHE BAKMHAMM’, @ METO[ NpPHBHBOK - BaKuuHaumeli. Crexys
MpUHOMIIAM aTTeHyaluH MuKpoGos, JI Tlacrep npeaniomusn MeTomsl
MonydeHHs BaKiMH TIPOTHB KypHMHOM xonmephl, cuOMpckoli s3Bmi,
Gemencrea. 310 NOTPeOOBANO OrPOMHOTO TPYAa H TBOPHYECKOTO
HANPOKEHHUA, TaK KaK, K NpHMepY, BosOymTems cubupcko s3pn Bac.
anthracis - criopooGpasyiomu#i Mukpob, a cpopm me DOAKAIOTCH
&TTEHYALHH H COXPAHAIOT CBOHCTBA BHPYNCHTHOCTH, B CBA3H C YeM H3
CHOPOBOM KYJBTYPH Hemb3d GeUTO0 nomyauts BakuuHy. Ho 310 He
oGesopyxmuno JL Macrepa. Kynstusupys Bo36yaHTeNs Ipu TeMIiepaType
42,5 - 43°C, €My YAQIOCh HOAYHHTH Hecnopoobpasyiommii urraMM M
YCHEHNIHO MCIONB3OBATE €ro JUIA TMPHIOTORICHWS BaKLMHBL, HaJeXHO
npeaoxpaHsiomeH )XHBOTHHIX OT 3a60NeBaHAA.

Eme Gonbme TpyrmocTel Obino Ha MyTH CO3NAHHA GAKYUMb
npomue bewencmea. Kax ussectso, Bo3Oyauresns GenieHCTBa OTHOCHTCS
K BHPYCaM, O CYIIECTBOBAHMH KOTOpHX Bo BpeMeHa JI. Tlactepa eme me
65UT0 W3BeCTHO. Bee MONBITKH NOMYUHTS OOBMHBIM CIOCO0OM KYIIBTYPY
«muKpoba» - npenmonaraemoro BosGynuTeNs GEmIEHCTBA - KOHYAIWCH
neynaueii. Toraa JI. Tlactep momen mo ApyroMy myTd. B kagectee
HMCXOZIHOTO MATepHasa OH MCHONB30BAM MO3r GONBHBIX MHBOTHEIX,
conepxalmii cornacuo ero nabmonenuam an Gemercrsa. JI. Iacrepy n
ero yuennkam Py u IllamGepneHy npumuiocs NpPOAENATH OrPOMHYI0
paboTy mo M3sICKaHMIo cnocoba ocnabnenus Bo3Oyamrens GemeHcTsa.
B pesynsTtate OHM YCTAHOBWM, 9T0 Bo3fysMTeNns CHmDKaer
BHPYJICHTHOCTE INpH OOCBOXHBAEHHM. SIOBHTHIE CBOMCTBA MO3ra,
TOPaXKeHHOTO Bo30yZHTeNleM, B TpOLECCEe BHICYIMBAHWA €ro Haj
KaycTHuecKo#l cofioli ocnaGeBanH M K HETHPHALATOMY [HIO MCUYEIATH
BoBce. Tak ero ynopcTeom M HACTONMMBOCTHIO GhUla CO3naHa BaKIMHA
npoTHe GemencTea. [NpH BBeAEHHN ee YE/IOBEKY, YKYIICHHOMY GemeHbIM
KMBOTHEIM, B OPraHH3Me BHIPACATHIBANCA AKTHBHHIA HMMYHHMTET 0O
OTHOWICHHMIC K BO30yJMTENMO AaHuoro 3abonesamma. 310 H3oGpercHue
6rictpo mproGpeno mmpokyro ussectsocts M k JL IMacrepy cramu

—
Ot nar. veccinus - xopoputi. TlepeLnie NpenapaTs! BAKIMHE TPOTHB OCTIB! GELTH
TIOUTYICHE H3 KOPOBEEH 0Cnb! aurmuiickuM Bpatom 3J. [ixernepom B xoute XVII 8.
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obpamatecs 3a rmnoMompio. Ero naGoparopus mnipeepaTwiack BO
BCEMHPHEIN NyHKT NpHBHBOK npotue Gemencrea, a JI. Tlactep - B
JiedaInero spava.

Tak, JI. TMacrep, Hauap HayyHyi0 HOEATETHBHOCTS B 00NACTH
XHMHYECKOH KpHCTaiUiorpaduu, 3aTeM A0Ka3aB  GHONOrHYEcKyio
npupoay Opoxennit m zapasspix Gouiesuedi m paspaGoraB Meroam
IIPENOXPAHKTENBHBX MMPHBMBOK, NPOMIEJ CIOXHBIM W CHaBHBIM IyTh
YUEHOTO.

Bonbioe sHavueHHe 1A pA3BHTHA MHKPOGHOIOrHH HMEJIH paGoThi
3HAMECHHTOrO HeMerKoro ydenoro Pobepra Koxa (1843-1910). P. Koxy
MpHHAVICKHT OrpomMHas pois B paspaBorke 1ol obnactu
MHKpOGHOIOruH, Kotopas ue 6puta satporyTa JI. Tlacrepom. Ou cosgan
METONhl MHKDOOHONOrHYECKHX MCCHCNOBAHMH, BIEPBHE BBEl B
MMKpPOOHONOrHYECKYIO IIPAKTHKY IUIOTHBIE MHTaTE/NbHEE Cpeabl (MSCO-
NENTOHHBIA KEISTMH M MACO-TENTOHHBIA arap), 9TO MO3BOMHNIO
BBUICJIATD M H3YHaTh HHCTHIC KyNBTYpH MMKpoOGoB. P. Koxom Geuin
pa3paboTaHbl METO/BE OKPACKH (2HWIMHOBBIMM KPACHTEISIMK) M METOMIb!
MHXPOCKONHMH ¢ HMMEPCHOHHO#H cHcTemoit. bes Takoro neHsoro Bjiaga
6bUI0 OB HEMBICTHMO YCIICIIHOE Pa3BHTHE BCEH 3KCHEPHMEHTANILHOM
MHKpOBHONOrHH.

Benmuky 3aciyru P. Koxa n B H3y4eHHMH POIH MHKPOOPraHH3MOB
KaK Bo30yHTenet MupekimonHnbx 3a6onepanmii. OH HMa ONBITE AOKA3an
3HAYeHMe cHOupes3BeHHbIX Galwui B 3THONOrHM CHOHMPCKON A3BEL, 9TO
B T¢ BpeMEHa NoaBepranock comMHeHMio. P. Kox kak spau m yuemsiii
MHOIO BHHMAHMA YACIAI H3YUEHHIO 3THONOMHH PaclpoCTPaHEHHOIO B
T0 BpeMA TKenoro 3aboncpaua - TyOepkynesa - M OTKpHUT ero
Bo3Gyaurens (Mycobacterium tuberculosis), xoropsii Geu1  Ha3sBau
«nanoyxkodf Koxa». H3 31oro Bo30yauMTeNs OH MONYYHS npenapar
TyGepKyuH, HaMepHBAasiCh MCHONB3OBATh €ro IUIA JedeHHs GombHBIX
TyOepkynesom. Opmako Ha mnpaxkruke TyOepkynum kak nedeGHoe
CPEICTBO M€ OnpaB/an cebg, 3aT0 OKA3aJICH XOPOIMHM JHATHOCTHYECKAM
CPEACTBOM M BMECTE ¢ TEM MOCHYXHJ HAYANOM B CO3JIAHMM UEHMBIX
TPOTHBOTYGepKYIIe3HbIX npenapa'mn’.

3 Ommnv w3 rammx npenaparos sBanack BakimHa BCG, nosydensas

dpanuysckum  MuxpoGuonorom, yuenukom JI. ITacrepa, AnsGeprom Kanpmerrom
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P. KoxoM u ero yueHuxamH Oruiu
OTKPBITEI  BO30YAMTEIH v [ApYTHX
3aGoneBanmii - a3MaTcKol xonepe:, UG-
Tepuu, OpiomHoro 7wuda, cronGHska,
TOHOPEH.

I'esmamsabie oTkpeiTis JI. Tlacrepa
CO3MANM  NPUHLMIHANBHEIE  HAYYHBIC
OCHOBBl MHKpoOmonoruu; P. Kox ycosep-
IIEHCTROBAT H pa3paboTan HOBEIE METOMBI
M3YYCHHA MHpPAa MHKPOOPTaHHM3IMOB. JTQ
NOJMIOXHJIO Hadato OypuoMy pacuBeTy
MHKpOOHONOrvA. 3a KOpOTKOE BpemMa GhiUTH
OTKpBITHI  BosOyaurenn  GonpHIMHCTBa
uHpeKIMOHHbIX  3aboneBanni, paspa-
OotaHsl MHOTHE HAYTHO ODOCHOBAHHBIC

P. Kox (1843-1910) CAHUTAPHO-THIMCHHICCKHUE MEPOIPUATHS,

npeioked pad 3bGEKTHBHBIX BAKLHH

npoTHE 3aboneaHub 4YeNoBEKa M KUBOTHBIX. OCOGCHHO HHTCHCHBHO

pa3pabaThiBaTiCh BOTIPOCH! MEIMUMHCKON MHKpOGHMONOrHH, OCHOBO-

MOJIOKHHKAMA KOTOPOH 3aCHy)XEHHO TNPH3HAIOTCA PYCCKHE Y4YEHBIC
H. K. Meanmkos, H. B. F'amanes, 1. K. 3a6onoTHerii.

C wnmenem Wnen Hmruua Memmuxkosa (1845-1916) cmasano
PasBHTHE HOBONO HANPABICHHA B MHKPODHONOIHH - MMMYHOSIOTHH -
Y9€HHM O HEROCIPHHMYHMBOCTH OpPraHH3Ma K HHQEKLUHOMHEIM
3aConepanusm (MMMyHuter). Bneperie B mwayxe M. M. Meunuxorsim
6b11a pa3paGoTaHa B IKCNEPHMEHTATBHO NOATBEPXKACHA GHONOrHIeCKa
TEOpHS HMMYHHTETa, BOIIENAA B HCTOPHIO MHKpobHOMOrMM Kak
daroumrapuas Teopus MeunukoBa. B ocuoBy 3TOM Teopum monoxeno
MPEACTAR/ICHAE O KICTOYHEIX 3aIIWTHEIX NPHCNIOCOONEHHUAX OPraHH3Ma.
H. WM. MeuuukoB B ONBITAX Ha JKUBOTHHIX (ZadHMAX, JMUMHKAX
MODCKOH 3Be3fnl) JfIOKA3a]d, YTO JIEHKOUMTEI H JpyrHe KJICTKH
ME30[EPMAITLHOIO  IMPOHCXOXICHUS obnanaior  cnocoBHOCTEIO
3aXBaTHIBATL H TEPEBAPHBATH UyXKEPOAHLIE HacTHUBI (B TOM YMCIE H

coamectno ¢ Ulapaem Ceperom ( naspanne paxumub! no 3arnasHnM Gyksam damummt -
Callmett n Geren),
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MHKpoGOB), oNajamue B
OpraHusM. 370 ABJICHHE, HA3BAHHOE
¢daromurosoM, nero B OcHOBY
¢aronuTaproli TeOpHH HMMYHHTETA
H NoJiydsjio BceoDInee NpH3HAHMKE.
Pa3spuBas Jjanee MNOAHATHE BOM-
pocei, . H. MeunukoB cop-
MYJIApOBaZ OOCHIYI0 TEOpHIO BOC-
naleHus Kak 3allHTHYIO PEaKLMIo
OpraHH3Ma H  CO37lal  HOBOE
HANpaBJICHHE B HMMYHONOTHH -
yuyeHwe 006 aHTHrenwol cmeuu-
¢uaHOCTH. B HacTOsmee Bpems oHO
npHobperaer Bee Golbiliee 3HAYCHUE
B CBA3M C paspaborkoli npoGnemMu
nepecaki  OpPraHoB M TKaHEH,
H3YYEHHH MMMYHOJIOTHH PaKa. B N Menuxos

K ugucny saxuelmmx paGor (1845-1916)
W H. Meunukosa B ofnactu
MEAMIMHCKON MHKPOGHONOrHH OTHOCATCA HCCICAOBaHHA NATOorcHesa
xonepst u 6MONOruM  XonepornonoGHBIX BuUOGpHOMOB, cudHIHCA,
TyGepkynesa, BoseparHoro Tuda. WM. W MeunnxoB smigsercg H
OCHOBONONOKHHKOM  yYEHHA O  MHMKPOOHOM  aHTaroHM3Me,
TIOCY)XXKMBIIEM OCHOBOH /IS Pa3BHTHA HAYKH 06 AHTHOHOTHKOTEPANUH.
Mnes o muxpoGrom aHTaromusme ©bila HM HCINONBL3OBAH& TNpPH
paspaborke mpoGnemn! ponronerus. Hsydas sABiCHHE CTapeHHA
OpraHH3Ma, OH NpHINEJ K 3aKIOYEHHIO, 9TO BaxkHekimel npuauHoi ero
ABJSETCA XPOHMYECKOE OTPAB/ICHWE OPraHHM3Ma IPOAYKTAMH T'HHEHHS,
BEIpa6aTrIBaAEMEIMM B TOJICTOM KHINEYHHKE FHIIOCTHLIME GaKTepuaMu.

Ipakriueckuli MHTEpeC NMPEACTABISIOT €0 paBHME pabornl mo
HCMONBE30BaHMI0 rpH6a Metarrhizium anisopliae mis Gopebet ¢
BpEAHTENIEM noJicH - xneGHBIM XKykom. OHH 1aI0T OCHOBAHMA CYHTATh
H. H. MeunuKoBa OCHOBONONOKHWKOM GHONOTHYECKOro MeTozia GopGht
C BPEIHTEISIMH CeIbCKOX03aiCTBEHHBIX pacTeHui, MeTona, Koropuii B
HaIK JHK HAXOAUT BCe Gollee MIHPOKOE IIPHMEHEHHE B MONMYJISPHOCTS.

Taxum ofpasom, 1. . Meynukoe - Bryialommics pyccxmik
Guonor, ~coueraBmmili  KawecTBa  SKCHepMMeHTaTOpa,  Me€Jarora,
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MBICJTHTE/IA-MATCPHAHCTA H TIPONAraHgucTa HaydHbIX 3HAHWH, - Obul
genoBekoM BeiMKOro Ayxa M Tpyna. Emy Gbuia mpucsoena B 1909 r.
HoGenepckas nmpeMHs.

Pa3suTHEe MHKPOOHOJIOTHH B Hawei
CTpaHe TECHO CBS33HO TakkKe C HMEHEM
xpymselinero yaenoro, copathuka M. H.
MeyHHKOBa, Huxonaa QenopoBHya
I'amanen (1859-1940). Bcio cBOIO %M3HL
H &. Tlamanes nocBATHA H3YYEHHIO
uHpexuAoHHEIX Gonesuelt w paspaborke
mep GopeOmi ¢ ux BosOymurensmu. H. @.
l'amanes sHec KpYNHbIA BKIAJ B H3ydeHHe
TyOepkynesa, Xonepbl, OemeHcTBa, B
1886 r. Bmecte ¢ K. 1. MeunukoBbM
opraumsosan B Opecce niepByio B Poccun
TTacTepoBCKYI0 CTaHLHIO M BBEl B
NpAaxKTHKy NPUBMBKHA NpoTHB GemeHcTBa.
OH oTKpeuT nTEuME BHOpHOH - BO30Y-
puTeNns  XoseporiofobHoro 3aGoneBaHus
NTHII - ¥ B decTh Uneu Uneuva HazBan ero

H®. Tamanes BuOpHoHoM MeunukoBa. 3arem Gbula
(1859-1949) NOJyYeHa BaKLMHA NPOTHB  XON€phi
YeJioBeKa.

Bonemoe sHumanuwe H. ®. Iamanes ynensn u Bompocam
snHAeMHONOrHH HHbekumonnsx Gonesnelf. OH OB KpyMHEHIIHM
CTICLHAIMCTOM B O0NacTH MMMYHONorMu. PaspaGoras opMruHaibHBIH
METOJ NMOJIyYEHHA OCTICHHON BAKIMWHBI, OH BIIEPBHIC BLICKA3al HACIO O
BoyienieHnd M3 Gaxrepuii HanGonee NONHOLICHHBIX AaHTHICHOB M 00
HCTIONB30BAHHH MX 1A TIPHIOTOB/IEHHS TAK HA3BIBAEMBIX XHMMYECKHX
Bakuud. H. @. Damanes nepseili HaOmonan u oumMcan sBjCHUE
CTIOHTAHHOTO JIM3HCA GakTepHit MO/ RIMAHMEM H3BECTHOrO B TO BpeMA
arenTa - 6akrepuodara. Mosromy H. @. I'amanes cyuTaeTCs HE TOMBKO
ONHHM H3 OCHOBOTIONOXHHKOB MEIHIMHCKON MHMKPOOHONIOrHH, HO M
HMMYHOJIOFMH H BHPYCONIOFHH.

K vumcny BBIZAIODMXCH OTEYECTBEHHLIX YUEHBIX, BHECIIMX
OrpoMHbili BKnan B MHKpobuONorHio HH(EKUMOHHBIX Gonesmeit,
orHocures 1 Mannun Kupunnosra 3a60onoTHeIH (1866-1920). On no
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MpaBy CYHTAETCS OCHOBOMOJIOXKHHKOM 3MHAeMHONOruM. I'ne Gb ma
3eMHOM mape MM BO3HMKamu snuaemun, JI. K. 3a6onormsit Bcernma
MpPHHAMAN YY9&CTHe B MX JNHxBHAauuH. Tak, ¢ 1897 no 1911 rr. on B
COCTaBe PYCCKHX IKCTIEAMIH ydacTByeT B M3y4eHHH Yymel B Muauu,
Kurae, Manswxypuu, Iepcan, Llornanmuu; xonepm - B IerepGypre,
Tosomxwe, Ha Vxpauue, Kapkase. JIOCKOHATBHOE H3y4eHHE SMHIEMHH
gymst fano JI. K. 3aGonoTHomy BO3MOXHOCTE TIONY4HT: HayUHbie
JAOKA3aTeNbCTBA CYLIECTBOBABIICH THNOTE3bl O MPHPOAHON OY9aroBOCTH
s70if GoNesHM M O PpONM [AMKMX TpPHISYHOB KaK XpaHuTench ece
Bo30yIHTENIA B NIPHpOAE.

3naunTenbHeiii Brtan suec J. K. 3aGonotenii B mM3yuenwme
SMHIEMHI XONepsl W opranusanmio GopeGsl ¢ ueli. M ycraHOBJIEHE!
MYTH 38HOCA XONEephl, poik GalHIIOHOCHTEIECTBA B PACIPOCTPAHCHHH
3abonesanus, m3yaeHa Ouonorus BosOyauTens B npupome H
paspaboranel 3¢ypeKTHBHEIC METOIBI AMATHOCTHKY XOMEPHI.

Pesynubratel mccnenosanuit . K. 3a6onorHoro cocraBwiM
HAY9HYI0 OCHOBY CBHHTapHO-THTMEHMYECKHX, NpOQUIaKTHYECKHX |
neqeGHBX MeponpusTHii 110 6opE6e ¢ 3apasHEMM GONE3HAMH YeIOBEKA.

Cpenn OCHOBOTIONOWHMKOB 0OOweH MHKpoOMonoruu B PoccHu
crenyer wazsath M Jibea CemeHosuua Ilenkosckoro (1822-1887),
KOTOpBIH MHOIO BHMUMaHMS YAENHI
HHAMBHAYAJTEHOMY Pa3sBHTHIO M H3-
MEHYMBOCTH MHKPOOPTaHH3MOB,
OTHOCAIMXCS TPEHMMYIIECTBEHHO K
TpyImie napasHTHYeCKHX npocTel-
mux. Hcnons3ys npMHLMN arTe-
Hyaunu mukpobos, JI. C. Ienkos-
CKHH NONYy9H)I BAKUMHHBIH LITaMM
BO30ynuTens CHOMpCKOH 43BEI M
CO3JaN OTCUECTBEHHYIO BAKLHHY, 10
HACTONIIEr0 BPEMEHM  YCIEHHO
TPHMEHAEMYI0O B  BETCpHHAPHOR
IIpaKTHKE.

JI. C. lUenxoBckuii nepbii
ycraHosun Gmm3ocTh Gakrepuii M
CHMe-3efieHBIX  BOJOpocnel  u J. C. Llenxosckubi
BIIEPBHIE OMNMCAl SBJICHHE CHMOMO3a (1822-1887)
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MEKAY PpajMoNApMAMH H  300KCAHTE/UIAMH. OJTO  OTKpBITHE
CymecTBeHHHM 06pa3oM CKA3a0Ch Ma NOCIEIYIomKX paboTax pyccKHx
yuensix, Tak, ero ywenuk M. K. Boponus orkpein cuMGuos Gaxreputi ¢
BBICIIMMHM PAcTEHHAMH M OOHapyxmn OGakTepowabl B KITyOEHBKaX
6060BBIX.

Besnku 3acuyru JI. C. LIeHKOBCKOro Kak y4eHOro-MHKpoOHonora,
HO BMECTE C TEM HEIb3d HE YKa3aTh Ha TO, 9T0 OH TMPHIACPIHBAJICH
ommGoyHol Teopun nonumopbusMa Gaxrepuii, B Gopebe ¢ xoTopoit B
cymHocTH  (opMHpOBaNack  OTEYECTBCHHAs  MMKPOCHONOTHA M
OIIPOBEPTHYTh 3Ty TEOPHIO YAAIOCh TONBKO C NPHMEHEHHEM IUIOTHBIX
NHTATEAbHBIX CPENL.

OTeqecTBEHHEBIC HCCIIEAOBATENH 3AJIOKWIM NPOYHbiH (PyHAARMEHT
HOBOINO HANpaBJEHHA B MHKPOOHONIOrMH - 3K0JIOr0-(hH3HONOrHYECKOro,
CTaBImICrO BCKOpe BeNyIMM M OKasaBLICro BJIMAHHE HA pasBHTHE
CaMOCTOSTE/IBHBIX JMCIHILIHH M PamIHYHBIX WIKOJ y4eHbIX.

B s71oli cBa3u mpexae Bcero caeayer ormetHTs C. H. Buwor-
panckoro, B. JI. Omensnckoro, B. JI. Hcavenxo, I . Usanosckoro,
I A. Haacona, SBMBIIMXCH OCHMOBOTIONOXHHKAMH Te€X WIM HMHBIX
HanpasneHd# B obieit MuxkpoGHonorun. Co3anue, HanpHUMep, YUYEHHA
00 3KONOrMM MOYBEHHBIX MHUKPOOPraHH3MOB
HEPa3pbIBHO CBSA3aHO [ HMEHEM
BBUIAIOLIETOCA  PYCCKOrO  MCCIENOBaTeNs
Cepres  Huxomaesuua  Bumorpaackoro
(1856-1953). C. H. Bunorpaackuii msuec
GombmoH BKIAXN W B TIO3HAHHE
dusmonorudeckoro muorooGpasus MHUKpos-
HOro Mupa. FiM BBINO/IHEHB! KIACCHMYECKHE
paGotel mo ¢u3HoNorMM cepobakTepuii,
Hurpubunmpylomux  Gaxrepuii, XKeseso-
Gaxrepuii, pe3ynkTaToM KOTOPEIX SBMJIOCH
OTKpBITHE XEMOCHHTe3a y Oaxrepuit -
Benuuaiimee orxpeitHe XIX 5.

C. H. Bunorpanckuii aokasan, 9To
CymiecTBy10T OakTepuH, CaAMOCTOSTETBHO
CHHTE3MPYIOIHE OPraHHYECKOE BEHIECTRO,
C. H. Bumorpaickuit HCTIONBb3YS MIPH 3TOM SHEPTHIO OKHMCIIEHHA

(1856-1953) MHMHEPAILHBIX COeAMHEMMI (cepoBOIOPOR,
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aMMHAK) M YTJIEPOA YIJIEKHCIIOTBL, T. €. OBUI OTKPHIT MOBEIH THII
MHTaHHA MHKPOOPraHH3MOB - aBTOTPO(GHIM.

C. H. BuHOrpasickuM BHIIOJIHEHB KIACCHYECKME MCCIIC0BaHMSA
TIO 3KOJIOTHH MHMKpoopraHuiMoB. HauGornee 3Ha94HTENBHEIM CpedM HMX
ABNSETCH H3y4eHHE CBOBOAHOXKHMBY LLIMX a30TPHKCHPYIOMMX
MHKPOOPraHH3MOB.

HensmenneiM  TpeboBanem C. H. Busorpanckoro Gbuio
MCCIeZIoBAHHE MHKPOOPraHH3MOB B €CTECTBEHHON Cpejle oOMTaHHA WiIH
YCIOBHSX, MAKCHMATbHO NPHOIEDKAIONMXC K ecTecTBeHHbM. Criexys
3TOMY NMPHHLMITY, OH pa3paboTan TPOCTEIE H OPMIMHAJLHEIC METOIBI
MCCIIeIOBaHHA TOYBEHHBIX MHKpoOpranu3MoB. BeeoGiee npusnanue u
IMHPOKOS MPHMEHEHHE TOTy4YW METOJ 3NCKTHBHBIX (H30HpaTelIsHbEX)
cpel, MO3BOJMBIUMH BEIACIHTE H3 €CTECTBEHHOM cpelbl pall HOBBIX
MHKPOOPFaHM3MOB M OfTPENIEIMTL HX POJib B KPYTOBOPOTE BEMIECTB.

C. H. Bunorpanckum onyGmmkosaso cesimie 300 nayuneix pabor,
NOCBSMEHHBIX 3KONIOTHM H (PH3HONOrMH MOMBEHHBIX MUKPOOPTaHH3MOB.
Ero no npaBy CYMTaIOT OTLIOM TOYBEHHOM Muxpoﬁuonomn

K YHCITY BBIAIOIHXCA
OCHOBONONO)KHHKOB  OTE€YECTBEHHON
MHKPOOHONOIrHM  CieAyET OTHECTH
Taloke yuenuka C. H. BuHorpaackoro
Bacunus Jleonuaopruaa OMeISHCKOro
(1867-1928). On Obu1 HE TOJBKO
3aMevaTesbHBIM ~ YYeHBIM, HO M
TaNaHTIHBAM TIENAroroM, NOMyNAPH-
3aTOpOM  JIOCTHXKEHHH MHKpoOMO-
sorud. B. JI. OmensHCkui, nogoGuo
JI. Tlacrepy, ofbnaman riryGoKumu
3HaHHAMH B  0O0jacTM  XHMHH,
KOTOphi€ JIeNIH B OCHOBY €ro
(pH3HONOrHIECKOT0 H 5KONOrHYeCKOro
W3yYeHHA MHKpoopraHuimos. Kpyr
HAYYHBIX HMHTEpPECoB B. JL
OMenaHCKOro OYeHs IMPOK, OMHAKO

rJIaBHOE HanpaBJIeHHe ero
HMCCHEOBAHMH TECHO CBf3aHO C B. J. Owmensucxuii
H3Y4EeHHEM KpPYyroBOPOTA BEIIECTB B (1867-1928)
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npEpoAe, B KOTOPOM CYIISCTBCHHMYIO pONk OH OTBOIMI MHKpPO-
opranuamam. HMzydas mpouecch paviOXeHHs OpraHH4ecKoro BeuecTes,
OH BriepBHIE BHISTHI LEJLTION0sopaspymatone GaxrepHy, onmcan ux
(GH3HONOTHIO ¥ XHMH3M CaAMOT'0 MpoLiecca.

I'my6oxo u BeecToponse B. JI Omenamckum ObuiH HM3ydeHBI
MHKPOOPTAHM3MbI, YYACTEYIOIIME B KPYroBOpoTe a30Ta, ocobenHO
CBOGOIHOKHBYIIME a30TGHKCATOPE H HHTPHOAKATOPHL

K mosoli o6nacTH HcceOBaHMI OTHOCHTCA OHA H3 MOCIEXHHX
pabor B. JI. Omensnckoro «Poik MUXPOOPraHH3MOB B BHIBCTPHBAHHH
ropHelx mnopom». Jrta paGoTa nersa B OCHOBY TFeO0JIOTHYECKOH
MHKpOOHONorum.

Bomemodt 3acayroift B. JI. OmensHCKoro s#BIAETCH CO3jaHHe
nepBoro pycckoro ydeOHHka «OCHOBH MHKPOGHONOrMHY», BHINIEAIIEO
u3 nedatd B 1909 r. U BhAepxkapmero 9 m3nanuii. B wem B. JL
Omensgsckuii  0000ImMN  pe3ynsTaThi  MHKpOOHONOTHYECKHX HCChe-
noBaHuMil u zan oOlMe CXeMbl KPYrOBOpOTa B TIPHPOJC OTHEIbHBIX
37IEMEHTOB, B TOM YHCJIE a30Ta, YIJIEpona, CEpHl M xKenesa, B Teduenme
JpecATIIeTHH 3TOT y4eOHHK ObUT HACTONBHOH KHUTOH CTIEUHANMCTOB.

DKOJOrHYEeCKOE HANpapicHHE B MHKPOOMONOrMH  YCHEHIHO
paspabarumsanoce Bopucom Jlaspenthenuem Hcauenxo (1871-1948).
Bceolmyy:0 M3BeCTHOCTH MpHOOpeu ero paGoTnl B obmacTH BoaHOH
MHKpoOHoNnoral. OH BIEPBBIC HCCICAOBAN PACTIPOCTPAHEHHE MHKpO-
opranusmoB B CeBepHOM JISZIOBHTOM OKeaHe ¥ YKA3QJN Ha HX BAXHYIO
ponE B TEOJOTHYECKMX TIPOLIECCAX M B KPYFOBOPOTE BEHICCTB B
BOJOEMaX.

Bonemioli BxiaX B pasBHTHE OTCHECTBEHHOH H  MHpPOBOH
mukpoGuonoruu srec Jimurprit Hocuposna Heanorcxuit (1864-1920 ),
OTKphiBIKi B 1892 r. BHPYCH pacTeHMH M TeM CAMbIM 3A;IOKHBHIMH
ocuoBy HopoM mayks - Bupyconorud. [lomuepkmBas BakHOCTD
uccaenosauus J{. . Meanosckoro, anrmiickuit Bupyconor H. Ilupn
mucan:  «OrpoMHOC 3HAYCHHE OTKpHITHS  VBaHOBCKOrO i
TEOPETHYECKOrO ECTECTBO3HAHMA 3aKIOYaCTCA B TOM, 4ro uM Oputa
OTKpHTa HoBas opMa cymecTBoBaHMa Genxomex Tem. Haew JI. K.
HBaHOBCKOrO ChIrpATH PEINAIONIYIO PoJib B NOCHEAYIOMHX GrecTammx
YCTIEXAX BHPYCOJOTHM, B pe3yjbTaTé KOTOPHIX OBLIH OTKPHITHI
BO36ymHTENH GONBIIMACTBA BAPYCHBIX Gonesnelt Uenionexa, KHBOTHEIX,
pactennii W MHMKpoopranuimos. [1o 3aKIOYEHHIO AMEPHKAHCKOIo
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BHpyconora Crewnm, wma JI. H
VIBaHOBCKOrO B BHPYCONOrMH ClieyeT
paccmaTpHuBaTh Kak mmeHna JL Ilacrepa
o P. Koxa B MuKpoGHoOTOrHH.

C 20-x rr. XX B. MHTEHCHBHO
Hauana pajpaGaTeiBaThCs  mpoGneMa
HM3MEHYHBOCTH MHKpPOOPraHH3MOB.
Begymyio pons  37eck  Chirpaiu
uccaenoBanus Ieoprus Anamosuua
Hancona (1867-1940). B 1925 . I. A.
Hancou m I'. C. ®uimninos sriepsuie
TOKA3aJIH  BO3MOXKHOCTE  MOIYYeHHS
MYTQHTOB  MMKpPOOPraHM3MOB  TOJ
BIMAHHMEM JIYYHCTOH 3Heprud. 3TH
MCCHECOBAHHA MMEJH HCK/IOUHTENBHO
BaXKHOE 3HAYCHHE - OMM 3AJI0KWIH 0C-
HOBbl MOBOYO HAIIPABJEHUN B €CTECT-
BO3HAHMH - PAIHAIMOHHYIO GHOJIOrHIO.

Bonbuioli MHTepec MNpPEACTARIA~
10T TaKoke Gonee pannue paGorsl I'. A. Ha/icoHa, XxapaKTepH3yIOmue ero
KaKk MHKpoGHonora mmpokoro npodmns. I'. A. Hapcon Bnepssie
BBIZICTIHII B YMCTYIO KyJIETYPY M M3ydaun 3eseHyio Gakrepuio Chlorobium
limicola. 3RaunTensHOE MecTo cpe/ paHmmx pabor I'. A. Hancona
3aHUMAIOT MCCNENOBAHMA B3aHMOOTHOMIEHHIT MMKpoopraHMamos. Mm
ONMCAHBI SBJIEHHA AHTArOHM3Ma, XHMI(HMYECTBA M  CHMOMO3a
MHKpoopranu3MoB. Ha npumepe mniecHeBoro rpu6a Spicaria M Geito
TIOKA3aHO, 9TO MHKPOOPraHH3ME TIPH Ppa3sBHTHH B  MMKPOOHBIX
acconmannax BupaGa'runalorr MHIrMEHT KaK «CpeaCTBO 3aLHTHI |
HAIaeHHA.

Hayunbiif MHTEpeC H  TNPaKTHUECKOE 3HAYEHHE  HMEIOT
uccnenosanus I'. A. HaacoHa o poid MHKPOOPraHH3MOB B KPYIOBOPOTE
CEPBL, JKeMe3a ¥ KAIbLIHA.

I'. A. HancoH Briepssi€ YKasaj Ma TEPCHEKTHBH pPa3BHTHA
FeoNOTHIECKOH MHKpOOHONOruH. 3acHy>XHBAcT BHHMAHHA W TOYKA
spenns I'. A. Hazcona no sonpocaM COBPEeMEHHON KOCMMYECKOH MHK-
pobuonoru. OH [AONYCKAn BO3MOXHOCTL COXPAHEHHA >KH3HECTIO-
COGHOCTH MHMKPOOPTAHHM3MOB B KOCMHYECKOM IPOCTPAHCTBE, TOAYep-

. U. MiBaHoBCKuit
(1864-1920)
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KHBast 3Ha9EeHHE JIydeii KOpPOTKOH BONHH B
HM3MEHEHHH HX HACJECNCTBEHHHIX CBOMCTB.
. A. Hagcouom (1935) Gbuia BeicKa3aHA
HOcA, KOTOpad B HACTOAES BpeMA
ABJIAETCS OAHON W3 BaxcHeHImMX npobnem
KOCMHYECKOH MHKPOGHONOMHH: «ApeHHyc
HHTEpPECOBAICA HMIIOPTOM  MM3HK €
APYrHXx IuiaHer Ha 3emmo. MeHs ke
Gonbmie MHTEpecyer oOpaTHBIA MyTH:
BO3MOXCHOCTb 3KCTIOPTA XH3HU ¢ 3emin
HAa ApYyrMe IUIAHETHI, CNOCOOHEIC KH3HB
noanepxueats. Moxer ObITh, TaKoH
3KCNOPT  NPOMCXOMMT  Temepb, WM
NpoHCXoAMA  pamee, wwm  Oyper
DER R A TIPOHCXOAMTE B JtajiekoM Oynmymiem».
T A. Hancon (1867-1940) I A Hascos —ssciymesme
CYHTAETCH ONHHM H3 OCHOBOIOJIOXKHUKOB
OTeyeCTBEHHOW MHKPOGHONIOrHH, 8 BPEMA TMIOATBEPHKIAET TSHHANBKOCTS
€ro Hael W HayTHYIO JaibHOBHAHOCTD.

Taxum 00pa3om, BEUIAIOMMECT OTEYSCTBEHHBIE YUEHBIE 3aTI0KMITH
npouHEHi (yHnamenT obineit MHKpoOHonorun, ua koropom B XX B. 912
MayKa JIOCTHITIa paciBeTa.

PazpuTHe  MHUKpOOMONOTHM  O3HAMEHOBANOCHE  KPYITHBEIMH
OTKPBITHAMM H JOCTHXXCHMAMH B obnactu GHOXHMHH H TICHETHKH
MHKpoopraumsmoB. Tak, B cepeanue 50-x rr. A. Kmodisepom 1 K. Ban
Hunem Ghuia cHOpMyNMpOBAHA TEOpHS OHOXHMMYECKOrO €HHCTBA
KH3HH, KoTOopas Gasﬂpymn HA €TMHBIX 3aKOHOMEPHOCTAX MEXaHHU3MOB
niepeJaiH reHeTHHdeckol HHGOpMAlHH, €IHHCTBA SHEPreTHYECKOrO M
KOMCTPYKTHBHOrO MeTabonH3Ma COBepHIEHHO HEe3aBMCHMO OT poaa
M3YIaEMBIX OPraHW3MOB.

B 40-50-e rr. caenaHel BBHINAIOMIHECH OTKPHITHA B obaacTu
FCHETHKH MHKpoopraHusMos. B 1944 r. O. 3sepn, K. Mak Jleon u
M. Mak-Kapm siokasajin, 910 HOCHTENIeM NeHETHIecKOH MupOpMaLmH

_smagerca JTHK, a B 1953 r. [k, Yorcou n ®. Kpuk pacmmpposanu
crpoende Monexynmbl JITHK, pacKphbUTH IeHeTHHecKHi! KOJ, BHISCHMITH
Mexanmsmel perumakanun JIHK w perynammu cueresa Genxa, eaumbie
UiA BCeX IJKHBeIX opraHuiamoB. Hccnenosanna [Ix. JlepepGepra,
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3. Toitryma, H. Lunpmepa (1952-1958) noxaszanu mHanuume monosost
middepenunaunu Gaxrepmii, onpesenunu cipyxtypn. @. XKaxob m
D. Boneman (1958) orxpeunm y Gaxrepmit BHEXPOMOCOMHBI®
TeHETHYECKHE CTIPYKTYPH - INa3MuAn, KOHTPONMHPYIOINHE pa3jHhie
cpoiicTea Gakrepmii, B TOM 4MCNEe YCTONMHBOCTD HX K JIOKADCTBEHHHM
ripenapaTam. TPaHCMHCCHBHOCTD IUTA3MEZ NO3BOMHIIA HCTIQNBIORATD HX
B Ka4oCTBE NEPOHOCYHKOB I'€HOB OT ONHMX OPraHHIMOB K APYTHM.
Venexn » obnacri rereTHkH MHKPOOPraHH3IMOB OGYCNIOBHIH pasBHTHE
€€ HOBOrO pa3zena - MONEKYNIPHOH TeHeTHKH, COCTAmIAiomeii OCHOBY
CoBpeMeHHON reHHOH HHKSHEPHH.

CoBpemenHEIl NEPHOZ PAIBHTHS MHKPOGHONOrHH TECHO CRA3AH C
HAYYHO-TeXHHYECKHM TQPOTPeCCOM M  NOTPEGHOCTAMH  HAapOAHOrO
xoaskcrsa, OH XapaKkTepHIYeTCA KOMIUIEKCHOCTBIO HKCCNGROBAHHHA
MHOroofpaiHs MHKPOOHOIO MHpA, HATIPABMGHHMX KAK HA PELICHHS
obmeSuonoruiecknx npobneM, Tak M AKTyAaAbHEIX 33134 PAlHO-
HAJILHOTO HCIONL3OBAHMSA MPHPOAHBIX PECYPCOB, OXPAHB! OKPYHKAIOmeit
CPeAb, PasBUTHA CONBCKOTO XO3AHCTBA M 3APABOOXPAHEHMS, YOBbI-
LIeHHsA HAYUHO-TeXHUYECKOr0 YPOBHA rOPHOAOOHBAIOIEH W MHKpO-
GHoNorH9eckol MPOMBIILIIGHHOCTH, Pa3paboTKy MonekynspHo-GHonoTH-
YECKHX ACNIeKTOB GHOTeXHONOrHH MHKPOGHOIOrHHECKOrO CHHTE3A.



Tanasa 2

MHKPOOPIAHH3MAI
A UX KIACCHOHUKATIASA

VHuBepCaNbHOH GHQNOrHMYECKOH GAHMHHUEH BCEro IKUBOTO
ABNAGTCA KNeTKa. YV OPraHu3MOB, HAXOMALHXCA HA CAMBIX PATHIHKX
YPOBHAX Pa3BHTHA, KIETKH OONajaloT IOPAIUTENBHBIM CXOACTBOM
CTpYKTYpHO#H, 6noxuMudeckort ¥ (usnonoriteckol oprannsauny. Oxn
MOCTPOeHBl MO ENHHOMY NpuHuANY. BakHeHImHMH KOMNOHEHTaMH
senmiorca Tpu Tvna maxpomonekyr: JJHK, PHK u Genok. Buocurres
OPraHM4ECKHX BEWIECTB OCYIECTBIAETCA CXOZHEM 00pasoM Ha mobux
crynersx oprasmusamuy. Bce 3TH cxoxcTea 0OBSAHHMOT pa3HME Opra-
HH3MBI B @IHHBIH MHP KHBEIX CYLIECTB.

Opnako HapANy C YepTaMH CXOACTBA CYWIECTBYIOT M “epPTHl
pamuanii, nossomsmoure yH}p(pepeHUHPOBaTs OPraHU3MBl HAa OTAGNb-
HBIE CHCTSMATHHCCKHE IPYTIIIAL.

2.1. MPOKAPHOTH H 3YKAPHOTH

Jo OTKphITHA MHKPOOPraHM3MOB BCE MHOrOOOPadHe HKHBRIX
CYUIECTB BEIHKONCTIHO Pacnpefenaioch B [Asa LapCTBa: PACTCHHH
(Plantae) W oxuBoTHEIX (Animalia). OCHOBHHMH OTPHLATENLHAIMH
NPU3HAKAMHA AB/AUIHCH MOABIKHBIH MM HEMOABMKHHH oOpa: smann,
criocobnocts K (orocunTesy. OOHapyKHBacMbie B IPHPOXe MHKPO-
OPraHH3MB TI0 FTHM 3Ke KPHTEPHAM OTHOCHIH N0 K pacTeHHAM, nubo
x xupoTHHM. Ho no mepe nakoruieHus ¢axkTHveckoro marepHana
BO3HHKAJTH 3aTPY/THEHMA B PACTIPEASICHHH MHKPOCKOIHYSCKHX CyLIecTs
B 9TH B3 L3pPCTBa, TAK KAK HEKOTOPBIE MMKPOOPTAHH3ME COUETaNnM B
ceBe cmoiictBa pacTeHmit M O kHBOTHHX. Hanpwmep, HexoTopmie
KTYTHKOBBIE, NOAOOHO PACTeHHAM, COAEPXKAT Xnopoduin, crmocobHu K
doTocHHTEly M B TO e BpeMs, INMOAODHO JKHBOTHEIM, CHOCOOHBI K
aewxenuo. [lpyrrie opraHuambl 3TON IPYNNE MO LIHTONOrHHECKHM
OCODEHHOCTSM HATIOMMHAIOT MHOIOK/IETOUHBE HONOABHIKHHNE BOXO-
pocnax. MuxcoMBuern (CIH3SBHKH) TAKKE® MMEIOT KOM BAHHBIE
CBOFICTBA OPTAHH3MOB ABYX LAPCTB. B BOreTaTHBHOM COCTOSHMH 3TO
¢ororpodbrnie  ameSonomoGHmME OpraHM3Mn, TIpH Nepexoms B
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TOKOAILEeCH COCTONHHE 06PasyloT CIOXKHEIE IJIONOBHIE TeN, CXOIHEIE C
TakoBHIMH Y rpirGos. TTooToMy MEIKCOMMIIETE! H XKTYTHKOBHIE GoTamuky
CYHTAIH PpacTeHHAMH, & 30Q0I0FH - JKHBOTHRIMH. Eme Goasme
TPYAHOCTEH BOHMKANO ¢ KiaccHuxaumedi Gaxrepmii. Jina pemexus
570l mpobnemu Hemeuxui Guonor 3. Iexxens B 1866 r. npemoxun
BRUICSTUTE BCE MHKPOOPIaHH3MbI B CAMOCTOATENBHOE LIAPCTBO, KOTOPOMY
nan cobuparenbHoc HasBaHme Protista® (mporscThi, mpocrefimme
cymecrea). K nporicram 6sum orTHecemm mpocreifimue, BOZOpPOCIH,
rpubhl, Gaxrepuu. Bee MPOTHCTH OTIIHYAIHCH OT PACTEHMH M AKHBOTHBIX
6Gonee npocTolt oprauusammel, OTCYTCTBHEM 9eTKOM b depeHIMpOBKY
Ha opraHs! u TkaH#. B GonpmsmucTBe cBOEM 3TO GBLUTH ONHOKIETOUHEIE
oprannsmul. Hzydenue CTpyKTypHOH OpraHH3alMH MPOTHCTOB MOKASAIO
60o/bImyI0 HEOXHOPOIHOCTE 3TOTO LAPCTBA M TIOCYXMIO OCHOBAHHEM
And pa3’feNicHHs €ro Ha BHICIIHE H HMW3IIKE NpoTHCTH. K BhICIHM
NMpOTHCTAM  6BUTH  OTHECEHB!  MpOCTeHIIHE, MMKPOCKOIHYECKHE
BOJIOPOCITH ¥ TPHORI, K HH3MMM - GAKTEpUH, BUNIOYAs ¥ LMAHOGAKTEpHH
(cune-zenennre posopocns). JleneHHe Ha BhICIIME M HH3MME TPOTHCTH
TIPOHCXOMIIO B COOTBETCTBHH C YCTAHORICHHHIMH IBYMA THNAMH
KICTOMHOH OpraHM3auMH - 3YKAPHOTHOH (MCTMHHOS;EpHOM) W
TIPOKAPUOTHO3 (no;mepuoﬁ)’. BRICIIHM NMPOTHCTAM, 2 TAKKE PACTEHHAM
¥ JKMBOTHBIM MPUCYN] SYKAPHOTHBIH THII KI€TOK, T. €. OHH HBJSIOTCA
IYKAPHOTHBIMK, GAaKTepHH H LHUAHOGAKTEPHH IO CTPYKTYpE KIETKH
SB/AIOTCA NpokapuotamMi. OHM BBUGNEHHR B OIAGILHOE LAPCTBO
Procaryotae.

ONEKTPOHHO-MHKPOCKOITHYECKOS M3YYCHHE TOHKOM CTPYKTYpHI
KIIETOK 3YKAPHOT H MPOKAPHOT BEIABHIO CYMECTBEHHEIE PaliHiHa B MX
crpoenuH. Ilepewesis  BaxHeHmIHX OTIMYMTENBHBIX NPUIHAKOB
MPOKAPHOT M SYKAPHOT Npenctanich s taGmvme 1. Hapaxy ¢ wumu B
HACTONIICE BPEMs YCTAHORIECHO MHOTO CriemHdHueckmx ocobeHHOCTElH B
CTPOEHHH 1 METAGOT3ME NPOKAPHOT, OTIMYAIONIMX HX OT 3yKAPMOTHBIX
OpraHH3MOB.

‘Pmtisto-crmeq.protos-muﬂnpocmﬂ.
3 TepmurOnorus snepasie npeanoxena M. Jioreprn (CILIA) 8 1957 r,
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TaGnuua 1

OraEYETeNLERIC NPEIHAKE KJICTOX HNPOKAPHOT H 3yKAPHOT

Tpr3nax IporaproTa DYKAPHOTH
Oprammsaumns
FeHETHHECKOTO Hyxneoun (JIHK ne Anpo (AHK oraenena
MarepHana: OTAENCHA OT UHTOIVIA3MEl  OT IHTOIUTASMB
PO wemGpanoli) nembpanoit)
XPOMOCOMBI 1 Boneme 1
AAPHITIKO Her Hmeercs
Jloxamasamus JTHK B Hyxneoune u B s#3pe 1 HEKOTOPHIX
TINB3MHAAX OprasesIax
MexGpantnic
CIPYKTYpRL
SHAOTUIAIMBTHICCKHH
PpeTHKYIyM Her Hiveercs
annapar Nonsmxm Her Hmeercs
JIH30COMBE Her Himetores
ME30COMB Hiueroren Her
LiprormasMaTiueckue
OpraHeUIhi:
MHTOXOHIAPHH Her Hwmesores
XJIOPOTUIACTEE Her Hinezores
PuGocomu B uMTOIUIa3Me 708 80S
JIBMOKCHHC LHTOMLIA3ME Orcyrersyer Hmeercs
Knerousmas crevxa (Tan, 'V syGaxrepmit u IerrmaaornHKan
F2ie OHA HMEESTCH) 1Hanobaxtrepuli oTcyTCTBYET
conepaaT
MIETITHAOTTHKAH
BTOPHUHEIC NIONIOCTH Orcyrersyior Hmesorca
Ky Cocroar w3 cyOpennnmt  COCTOAT M3 MHKPOTDY-
Pnare/umHa Gouex, cobpasHuX B
pynms 2 x 9+ 2
Ouxcaumy azora Iponcxommr He npoucxomur
Anaspobroe mixanve Himeerca Her



Krnerka 3ykapHOT XapakKTepH3yercs CJOKHEIM CTpoeHmeM. OHa
HMECT HACTOSIIEe AAPO C SNPHINKOM, OTAENCHHOE OT LIHTOILUIAZMBI
snepHolt memGpanoli. B  sape comepxarrcs HaGop  xpomocom,
NOCTOSHHLIN U1 KAXJIOTO BHAAZ OpraHH3MoB. B muTonnasMe knerku
PACTIONIOXEHB! BAKYOJIH, IUIACTHABI, MMTOXOHJIPHHM; ceTh MeMOpaH
pa3fe/seT KIETKy Ha OTAEIbHBIE YIacTKH ~ OTCeKH (pHc. 2.1a).

F W N W

N 00w

Pruc.2.1a. CxemaTHaeckoe H30GpaeHHe CTPOSHNA
IFYKBPHOTHHECKOH KNeTKH:

1-mumoxonopus; 2-acuposoe exmouenue; 3-xaopomracm; 4- annapam
Tonvdoicy; S-yumonnasma; 6-eaxyons; 7-mrazmamuuecka’s membpana; 8-
Indonnasmamiuneckuti  pemuxynysm  (zradxiy);  9-xaop m;  10-
muxpompybouxu; I 1-sndonsasmamuueckuii pemuxynym (wepoxosameii); 12-
ROpoiuixo; 13-R0po; 14-a0epran membpana; 15-nopa Rdepnoii membpansi;
16-xnemounan cmenka

B KieTKax NpPOKapHOT OTCYTCTBYST HCTMHHOE AIPO M sAcpHas
meMOpaHa, HeT sAphHIKA. SinepHniit anmaparT NpeACTaBiieH OAHOMN
XpOMOCOMOH, PaclONOXKEHHOH HENOCPEACTBEHHO B  LIUTOILIA3ME.
IIpOKApPHOTHI JIMIICHH TAKKE MHTOXOHAPHH, XJIOPOINACTOB H APYTHX
OopraHelll, XapakTepHbIX JUlf KHETOK 3yKapuor. OHH conepxar
$yHKumOHaNBHBE AHANOTM 3THX OPraHeL, KOTOphie He BCeraa
mopbosioraieckn  werxko mubdepenunposanst (pHc. 2.16). Tax,
dorocunTeryueckuli annapar y ¢orocHHTesHpylommx OGaxrepuii u
puaHoGakrepull oGHapyxwHBacTcs B OpME OTHOCHTENSHO FIPOCTRIX
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TUIACTHHYATHIX 06pazoBaHni XxpoMaTodop, KIIH TH/IBKOH/IOB.

HMeercs cymecTBeHHAS PA3HHLA MEXAY STHMH JBYMS IpynnaMH
KIETOK M B XMMHMYECKOM COCTBBE K/IETOUHHX CTeHOK. OCHOBHBIM
BEHICCTBOM KICTOYHBIX CTCHOK IPOK2PHOT MRIAETCA TETCPONONHMMED
MypeBH (IJIMKOMENTH/, MIH NENTHIOINHKAH), He BCTpedalommiica B
KIETXaX 3yKaApHOT.

Paziyyusa B OPraHM3auMH KICTKH NPOKAPHOT H 3YKapHOT

Puc.2.16. CxemaTiieckoe H306paxenne CIpOeHUS

OPOKapHOTHYECKOH KI1eTKH:
A - noeepxnocmuvie  Kiemounwie  cmpykmypw  u
erexnemounbie obpc I-x unas ; 2-Kancyaa; 3-cau-

sucmvie emoenenur; 4-vexon; S-owczymuxu; 6-6opcunicu;

b - yumomnazmamuneckue knemounvie cmpyxmypw: 7-LITIM;
0;  9-pub ; 10-yum: 11-xp dopuei;
12-xaopocomes; 13 udbi;  14-gpuxobunucomes;
15-mpy6Guampe muraxoudvs; 16-mesacoma; 17-aspocomst  (2asosbie

eaxyonu); 18-namernspuvie cmpyxmypu;

8-n VK

B - sanacuwie eeujecmea: 19-norucaxapudwwie zpanynes;
20-zparyne: nonu-f-oxcumacnanoii kucnomes; 21-zpanyas nonugocdama;
22-yuanoduyuroevie  zpanyns;  23-xapboxcucomw  (noausdpanbHbe
menq); 24-6xmouenus cepry; 25-ocupoesie Kamwu; 26-y21ee0dopoduvie
2pawynet (no Schiegel, 1972)
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OTHOCATCE K WHCAY CAMBIX KPYNHBIX OHOJOTHYECKHX <((Pa3sphiBOBY,
OTMEYCHHLIX B 3BOIONMH OpraHE4YecKoro Mupa. I[Ipokaprors:
PACcCMATPUBAIOTCA KAK PENMKTOBEIC (JOpMEI, MOSBHBIIMECS HA TEPBRIX
stanax OwonorHdeckoll 3BOMONMH eme B aHa’poOHHX yCIOBHAX (B
BOCCTAHOBMTENbHOM nNeppHuHOM ammochepe). Hecmotps ma mpocrory
OpraHmM3allHM KICTKH, NPOKAPHOTH B MpOIecce pasHTHA npHobpen:
PA3HOCTOPOHHHME  QHIHOMOTO-OHOXHMHdecKHe (QYHKIMH, KOTOpEIC
obecneunpaior MHOTOOGpasue MeTaGonAYecKHX MyTel |, KAK ClISACTBHE,
- IMMPOKOE PACIIPOCTPAHCHHE B NIPHPOAE.

PaspHTHE 3YKAPHOT NPOH30ONUIO 3HAYHTENRHO TIO3XE - C
MOABJIEHHEM KHCIOpPOAa B aTMochepe - M pacCMATPUBACTCA KAK
FHFaHTCKHH CKAYOK B 3BOMIONMH JKHBONO MMpa, NposBHBHHMCA B
YCHOMHEHHH CIPYKTYpHOM opraHMlanvH H  mopdonoradeckol
nuddeperpuponke.

VHurabHYI0 rpyniy GHONOrH4YeckuX OOBEKTOB COCTARJAIOT
BHpycHl. OHM HE HMEIOT KJISTOYHONO CTPOCHMA M O CBOCH mpHpone
OTIMYAIOTCH OT BCEX KICTOYHHX OpPraHH3MOB. 3710 OOIHMIaTHBIE
BHYTPHKIETOuHBE NApasuTH, obnanaomue cTporoll crielnpHIHOCTEIO
K KIeTkaM-xo3sceaM. OHH NMapasHTHPYIOT He Ha OPTaHM3MEHHOM HJIH
KICTOYHOM, & HA PeHeTHYEeCKoM ypopHe. Buenpas cBoM renerwueckwii
MATEPHAJI B [EHOM K/IETKH-XO3MMHA, BHPYCH! BEIBIBAIOT paspylleHHe
HIH BBHIKTIOYCHHE, HITH H3MCHEHHE KICTOYHOrO NeHOMa,

TloToMCTBO BHPYCOB HHKOTZA HE 0OpasyeTca HENOCPSACTBEHHO M3
3peNoro BHPHOHA KAK KJIETKA OT KICTKH, a (QopMupyerca B KIETKe-
XO3fMHE 3aHOBO MyTeM CaMOCGOPEKH CHHTESHPOBRHHEIX KJIETOK
KOMITOHCHTOB - BUDYCHOM HYK/IEHHOBOM KHMCIOTH M GeKa - B BUDYCHBIC
gacTuibl. BUpyCH MMEIOT pafi APYTHX YHHK2NBERLIX CBOHCTB, KOTODhie
HO3POIHJIH BHCNHTS HX CAMOCTOSTENBHOS LapeTso Vira,

2.2. NPOBJIEMEI CACTEMATHKH IMPOKAPHOT

CHCTEMATHKS MHOIOYHCICHHBIX JKMBHX CYINOCTB, HACEAIONMHX
HAOy MNAHETY, MX KIACCHPHKANAL YO OpeNeIeHHRM IpynnaM
OCYIIECTRIISETCA HA  OCHOBAHHMM  BCECTOPOHHETO  HM3yUeHHS
GHONOTMYECKMX CBOWCTB OpPraHM3MOB, MX KPOHCXOXKICHHA H
reneTHdecKkux ceasell. CHCTEMATHKA MPOKAPHOT, KAK H 3YKAPHOT, He
SRJIMETCH CTATHYECKOH M NOHOCTHIO YTIOPAZ0ueHHOMN, OHA IMHAMHYHA K
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GecnipepuiBHO  cobepmicHeTBYETCH.  [IpHMeHEHHE  COBPEMEHHRIX
METOAMYECKHX NPHEMOB M  BBHICOKOTO TEXHWYECKOTO OCHAIEHHN
NIPHBOJNT K BHISRJIEHHIO B NPHPO/IC HOBBIX BHIOB MHKPOOPraHH3MOB, &
TaroKe OOHAPY/KEHHIO HOBLIX CBOHCTB y R3BECTHBIX BHIO0B. Harmamusim
NpUMEPOM CITYXHT oOHapyxenHas B 1978 r. aMEpHKAHCKUMH YICHEIMH
K. Bysom m I. ®oxcoM HOBaR TIpynmna MHKPOOPTaHH3MOB -~
apxeOaxTcprH. BblamieHHe M OMMCAHHE CBOMCTB 3TOM YHHKAMLHOH
TPYPME MMKPOOPraHH3MOB  SBJISETCS KPYNHEHIIHM  OTKPEITHEM
COBpEMEHHOTO  ecTecTBO3HaHHA. OHO BEIBBIBACT  HEOOXOMHMOCTSH
mepecMOTpa  BCEH  TakcoHOMMHM Oaktepuitk M mepecTpoHKH
GrIOreReTHHECKOT0 APERA KH3HH.

CucTeMaTHKa, HIM TaKCOHOMMA, NMPOKAPHOT ABJIAETCA HE TONBKO
OffHMM M3 Haubollee BAXHBIX H CIOXKHHIX, HO H MEHee pa3pabGoTaHHBIX
pasmenoB MukpoOHonorHH. CHCTEMaTHKAa KAK HayKa 3aHHMAeTca
npoGnemMamMu  KnaccHPUKaUMH, HOMEHKNATYPH H HWACHTHMxanum
opraHM3MOB. 3ajadell  WiACCMOMKALAH ABNAETCA  OOBEIHHEHME
MHMKPOOPTaHH3MOB ¢ OOIMME CcBOMCTBAMHM B OMpeleNeHHRIE PYMIL.
Homenxnatypa  jaeT  HA3BaHMA  OTACNBHBIM  IpynmaM H
MHKPOOPraHH3MAM, MPHHAVICKAIHM K HMM. B MuxpoGHONOrHH, TaroKe
KaK B GOTaHMKe H 300JIOTHH, NpHHATA GHHApHAS HOMEHKIATYpA, T. €.
GaKTepHH MMEIOT POAOBOE H BH0BOe HaspaHuA. Hamprmep, Azotobacter
chroococcum H Azotobacter vinelandii - nmBa BRAa OGaxrepmii,
OTHOCAIMMXCA K OfHOMY pony. HaeHTnOHKanMA YyCTAHABIHBaET
NPHBAJJIEKHOCTE MHMKPOOPraHH3MOB K ONPEICICHHOMY TAKCOHY HA
OCHOB2HHH KOHKPETHHIX NPH3HAKOB.

B mHacToAmee BpemMs B MHKPOGHONOrMH CymeCTBYeT JBa
PAHYHBIX NOAXOKA K CHCTEMATHKE, 00yClIaR/HBalonue ABa OPHHIIMIA
KnaccHpukanmy. ONHH MCCICAOBATENH CHUHTAIOT, 9T0 KIacCH(HKAIMS
JOJKHA OTPaXKaTh MCTODHMIO DAa3BHTHA OPraHH3MOB H CTPOHTLCA Ha
$unoreneriMeckolf  ocHoBe. 3JTO ecmecmeenna’  Kiaccuduxayus.
B 1936-1950 rr. mccnenosaTenH rowianacko mkonsl A. Kmoiipep,
K. Ban Hume u P. Creltumep paspabarwiBand (uioreHenueckne
noxxonW K CHcTeMarnke Cakrepuii. B Hamne#f CTpaHe CTOPOHHMKOM
31oro Hanpasnesus 6su1 H. A. KpacHibHMKOB.

Bropo#t moaxon K CHCTEMATHKE OCHOBEH Ha Yyd9ere Jerko
ofipefieliseMbIX TPHIHAKOB, YIOOHBIX C TOYKH 3PEHHA TIPAKTHKH. JTO
UCKyCCmeennas, Wi mpaduyuonnas xiaccugpuxayus. OnHa vaime BCero
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3apaHee NOAMHHECHa KOHKpeTHRIM 3anavam. [lpu Taxoit xknaccHgmKalan
MpPH3HAKH, ONpeAeNdionide MPHHANIKHOCT, OPraHH3Ma K TOH HiIH
HHOW TAKCOHOMMYECKOH €MHMIE, 4acTO BHIGHPAIOTCA NPOH3BOIBHO.
Hnorga MHKpoopraHuiMbl OOBEAMHAIOTCA B IPYINB Ha OCHOBAHHH
OfHOro Beaymiero mnpuzHaka. IlostoMy rpymmsl MHKPOOPraHH3MOB,
KnaccHHMIMPOBAHHLIE NO JAHHON CHCTEMATHKE, MOTYT MMeTs Gonboioe
MpaKTHIeCKOE 3HAYEHHE, HO HE COOTBETCTBYIOT €CTECTBEHHOH
KnaccHukaipn. MckyccTBeHHas KiIacCHUKAIHA NOMOXKEHA B OCHOBY
onpesenuTens Bepr, npegHa’HaYeHHOro I MACHTHOHKAIMH
Oaxrepuii NO (PEHOTHIHYECKMM NPDH3HAKAM H COJCPXXHT CBEACHHA O
BHaax Gaxrepuii.

Opuoli w3  npuumH,  saTpyAHsiomied  KiIacCHpHKALMIO
MHKPOOPraHH3MOB, #BJ4C€TCA OTCYTCTBHE TOYHO YCTRHOBJICHHEIX
KDHTEDHEB, CIy)XAMAX A onpenenehus BHpa. Ilo amanormum c
CHCTCMATHKOH BRICHIMX OPFaHH3MOB B MHKPOOHOJIOTMH NPHHATO
CHHTaTh OCHOBHOH CHCTeMaTHHecKoH enamHMUeH 6u0 HMCX0AA H3 TOro,
970 NMOX 3THM Ha3BaHHeM OOBEIHHAEICH IPYNNa MHKPOOPraHH3MOB,
HajiencHHas oOuMMH NPH3HAKAMH H MPOHCXOAAINAS 0T 06mero npeaxa.
HauGornee moaxomammmM M OM3KuM K HCTHHE ONpecicHHe BHAA HaHO
H. A. Kpaciuibauxossm (1949). B3ss 3a ocHoBy onpenenense B. JI
KomapoBa NpHMCHHTENSHO K BHCIMM opraHmsmam, H. A,
KpacunbHukoB paccMaTpuBaeT BHA Oaxrepui xak «rpynmy mm
COBOKYIHOCTH OJIH3KMX MexAy coO0OH OpraHH3MOB, KOTOPHIE HMEIOT
obmpyiif  KOpeHp MPOMCXOXEHHMA, Ha JAHHOM 3Tane 3BOIIOLMH
XapaKTepUsyIOTCs OIpeAe/IEHHBIMHA MOPHONOrHIeCKHMMH )
dusnonoruveckuMH nNpuzHakamH, 0GocobieHbl 0TGOpPOM OT ApYrHX
BHIOB M NpHCNocobneHs! K onpeaeneHHol cpene oGHTaHuD).

Bun sBagserca camMoll MenkoM CHCTEMATHYECKOM eauHMuEH.
BiM3KOpOACTBEHHBIC BUb OOBEIMHAIOTCA B POABL, POJH - B ceMeifcTra,
cemelictBa - B NOPAAKH, MOPAAKH - B Knacchi. Bricmelt Takco-
HOMMYECKOH eamHMuel mBasercs HapcTBo. bakTepun cocraBimoT
uapcTBo Procaryotae.

B xnaccrUKaLMu [POKAPHOT HCNOJB3YIOT NIOGKE AOAIAIOmMecs
ydery eHOTHITHUECKHE IPH3HAKH: MOPOTIOTHReCKHE, KyIbTypaibHbie,
dusnonoro-6moxumudeckne, ceponorudeckne. Yem Gombme oGmpx
MPUIHAKOB HMEIOT CPABHHBAEMBIE OPraHM3ME, TeM GoNbme CXOACTBA
MEXAY HHMM H OCHOBAHMH [yIn BKIIOYCHHA B OfIHY TAKCOHOMHYECKYIO
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rpynmy. 310 TAK HA3LIBAEMAN HYMEPHYECKAs, MIH YHCIOBax
TAKCOHOMMS, FOCTPOSHHas Ha  NpHHUMnNax  KiaccHbukaym
$panuysckoro Goranmka M. Anamcoxa (1757). I'nasmolt mmeeR M.
AIIaHCOHA NBISCTCA PABHOLEHHOCTh BCEX NPU3HAKOB, NO KOTOPHIM
OpraHusMbl JOJDKHBEI FPYNIMPOBATECA MO NPUHLMITY MaKCHMAIBHOIO
YHCIa COBNAJAIOMHX NpH3HakoB. MCnoOMb3OBAHHE  MHOXKECTBA
PasHOOOpasHbIX (EHOTHITHYECKHX NPHIHAKOB YacTO CONpPOBOXAAETCH
AHAKIOM NONyYeHHOW HHOOPMALHH C NOMOIIBIO BHIYMCIHTENHHON
TexHukn. Hymeprueckas TAKCOHOMMS SBNETCA TPYAOEMKHM METOIOM H
K TOMY K€ YIHTHIBAET TOIBKO 0K010 10 % npH3HakoB ¢eHoTHIIA.
IleHHBIM RDOMONHEHHEM K (PEHOTHMMYECKMM XapAKTEPHCTHKAM
MPOKAPHOT B IEMAX HX KIACCHOHKAUMH SRIJCTCH MONEKYIAPHO-
Guonoruveckuii aHanus redoMa. OnNpelencHAEC MOJNEKYJIPHOTO
conepxanua I'}-ocHoanmit (ryaHHHA M ITHTO3MHA) ¥ MIMPOKOTO Kpyra
TPOKAPHOT MOKA3alo, 9T0 OCOOH OAHONO M TOro e BHAZ HMCIOT
ONMHaKOBhIH cocrtaR ocHoBawud JIHK, a pasHme BWibl,
NpHHAIOKANHE K ONHOMY pORY, HMewoT Onn3kHe 3HAYCHHA
HYKJI€OTHIHOro cocrasa. Hanpumep, y Az. chroococcum cojepxanue
I'T] cocraBnser 65-66 %, y Az. vinelandii - 65,8-66,3, y Az. beijerinkii -
66,2 % or obmero KomuYecTBa OCHOBaHH. JIA OLEHKH CTreneHH
TEHETHYECKOTO  POACTBE  OPraHM3MOB  HCIOJL3YETCE  METOJ
rubpamusauan ux JHK, xoropsili NO3BOMAECT ONMPENEIMTh KOMHIECTBO
CXOAHBIX  (FOMOJIOTMYHBIX)  YQYACTKOB  HYKIEOTHAHOM  nocne-
noeatebHOCTH B Monexyiaax JIHK, BmjieneHHBIX M3 CpaBHHBaCMEIX
opranA3mMoB. CymHOCTb METOMA COCTOHT B TOM, 9TO BBUIQICHHBIE M3
pasHeix MuKpoopranusmoB  JIHK paspensior HarpepaHHeM Ha
OTZieNbHBIE IeNH. 3aTeM MX CMELIHBAIOT M oxnaxaaoT. [IpH Memienuom
OXJIANKACHHH CMECH KOMILIEMCHTAPHBIC YIaCTKH LENCH BOCCOSHHAIOTCH
(peHarypupyior). CreneHs BocCOeTHHEHHA 3aBHCHT oT roMonoruu JIHK.
Yem Gnrpke mpyr K APYTY CPABHHBAEMBIC OPrAHH3MBI C TOUKH 3PEHUS HX
3BOIOUMOHHOIO MPOMCXOXOCHHE, TeM OGonbme oM OGyayr uMmers
CXOJHBIX YUACTKOB HYKIeOTHAHbIX nocnenoparensuocrelt B JTHK u tem
Gonbmwas €acTs ABYX ueneld PeHATYPHpYeT. JTO CXOACTBO CHYXHT
MepOHt reHETHHECKONO POACTBA COMOCTAB/IAEMBIX OpraHu3mMoB. Ojmako
cBefiens o romonorvd JIHK npuMEHHMBI B OCHOBHOM JUIA BHIOBOH
HICHTHOHKAIIMA M HENOCTATOYHBI B CHCTEMATHKE Ha YPOBHE pPOAOB H
Gonee BbiCOKMX TaxcoHop. HyxneoTwmmeiit cocras M romosoraa JHK
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ABNIAIOTCA MONE3HBIM AOTIOHEHHEM K COBOKYITHOCTH MOP{hONOrHIecK X,
LTONOrH9eCKHX, (PHIHOMOro-GHOXUMHMYECKMX M JPYrHX CROICTS,
MCTIONB3YEMBIX B CHCTEMATHKE NPOKAPHOT,

B mocneznee mecATHNETHE A PELUEHHA BONPOCOB IBOMIOLMH H
CHCTeMATHKH KHBBIX OPraHM3MOB ocoD0Oe BHHMAHHE OOpaIeHO Ha
puGocomamsunie PHK (pPHK), xax manbonee koHcepBaTHBHKE IO
CIpyxType H QyHKumaM Maxpomonexyyiml. M3 1pex Tmmos pPHK
Haubonee NPHrOAHEMH A/1A AAHHLIX MCCIISNOBAHHI OKASANKCH CPOAHHES
pPHK: 16S pPHK y mpokapuor u 18S pPHK y syxapuor. Hyxneo-
THAHNE HNOCNeROBATENbHOCTH y mamkmx pPHK npoasamisuposans
Gonee uem y 200 opranHIMOB, NPHHANNEKAINAX K PA3HEIM LAPCTBAM.
PesyneTaTsl mpuBeNH K OTKPHITHIO TPYNIB KHBBIX CYINECTB,
COCTaBNMOIMX TPETHIO BETBb 3BOMIOLMH M CaMYIO APEBHIOKN IO
FPOHCXOXKACHMIO, YTO MNONMYYWNIO OTPaAKEHHE B HA3BAaHHH IPYIMLl -
apxebaxTeprH (CM. HYDKe).

Monexynspro~-Guonoruueckuii MOAXOA, & TAKKE XeMOTAKCOHOMHA
SBJAIOTCA B HACTOAINSS BPEMS OCHOBHBIMM HANpPABIICHWSIMH HCCISNO-
BaHMIH, MMEIOIHMX WNEILIO HE TONBKO YCTAHOBICHHE OCOBESHHOCTEH
OPraHH3alMH Pa3HBIX OPFraHHIMOB, HO M COBEPUICHCTBOBAHHE CHCTEMBI
HX KIACCHPHKAUHH M MNOSHAHHA 3BOMHOLMHA BCEro XHBOrO MHpa HameH
TUIAHETDE.

2.3. KIACCHOHKANMA HPOKAPHOT

INepBBie NOMBITKA KNACCHPHKALHA MHKPOOPFAHHIMOB OTHOCATCA
ko eropon nonosure XVIII 5. B 1786 r. O. Mionnep obsemnuun sce
H3BOCTHEIC MHKPOOPTaHH3Mbl B OAHY TPYmmy non obmuM HassaHHeM
uudy’0pHH. JT1a Ipynna NOAPA3meNANACh -HA ABa POda - MOHAC M
subpuo, Kyna sxommmu tonbko Oaxrepun. B 1838 roay nossmmacs
cucrematxa . Ipenbepra, no xoropoii SaxTepuu TaKke OTHOCATCA K
KIacey MH(Y3OpHH, HO AGIATCA HA JBa COMEHCTBA ~ MOHANHHbI C ONHUM
POROM MOHAC M BMODHOHWIM C YETHIPbMA DORAMH, BKIOMAIOIIMMH
NATOYKOBHANKE, HATEBHAHBIC W H3puThE (hopMui. . Dpenbepr onucan
MHOIO HOBHIX BHAOB OaxTepmii. 3naMHTONBHEIM INArOM BIEPEA NBHITMCH
nccneaosanns ®. Kona (1854) u K. Herenn (1857) g Fepmamum u
J1. Ilenxorcxoro (70-e romut XIX B.) B Poccmn. Ilo mx cucremaruxe
Gaxrepuu GbiNH OKOHYATEHHO OTHECEHW K PACTHTEIIbHOMY LAPCTBY M
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651110 NPOBEAEHO HOTKOe PArPAHHYSHHe MHKPOOPraHuaMos no mopdo-
JIOTHYECKHM MPU3HAKaM.

B nacrosmee BpeMs GakTepHM KNACCHPHIIPYIOT B COOTBETCTBUR
¢ Onpenenmrenem Bepru, smumyckaemom mnepuomuueckn Mexay-
HapoaanM KoMMTETOM NO TeMaTHKe NpPOKApHOT C NPHEICHCHHEM
KPYTHBIX CTICIHANHCTOB pa3Hbix c1paH. Lensocrs Onpenesmrens Bepra
B TOM, YTO OR NpeACTammfer cobol hHaubomee NOMHYIO CBOAKY
MIBeCTHHX GaKTepHH M COAEPXHT MHEOOXONMMEHE TECTH NS WASH-
Tadukauns UX. B ocHOBY KiaccHpHKALMM NPOXAPHOT B 9-M H3naHWMK
Onpenenurens Bepru (1.1, 1994 r) nonokeHM HANHYME KISTORHOR
CTeHKH M ©¢ CTpyKTypHas opraHmsamns. B coorsercremm ¢ 3tum
xpHTepHeM uapcTeo Procaryotae pasneneno Ha 4 ormena: Gracilicutes
(or nmat. cutes - woxa, gracilis - TOHKMI) - rpaMOTPHLATENBHLE
Gaxrepmy, Firmicutes (or nar. fimus - mpounmif) - rpammonoxa-
Tenpabie Gaxreprn; Tenericutes, wiu Molicutes (01 nar. mollis - Msrxuit)
- GaxTepuH, HE HMEIOUIM® KIETOUHOM CTEHKH - MHKOIIA3MEL,
Mendosicutes (or nar. meadosus - omuBounnii) - apxebaxrepun, Kie-
TOYHAY CTCHKA KOTOPEIX MHOIO COCTaBa, YeM AHAIOFHIHAA CTPYKTYpa
ApYI'¥X MPOXAPHOT.

Kaxmuiii M3 niepesHcIeHHBIX OTAGNOB NPOACTAaBNEeH PAsHEIM KOMH-
YOCTBOM TAKCOHOMHMECKHX H (pH3HOnormteckux rpynn Gaxrepwii,
XapaKTepHCTHKA KOTOPBIX AiaHa B 1. 8.



Fanaea 3
MOP®OJIOTHA H AHATOMHSA BAKTEPHH

Ilepprie cBeicHH 0 MOPHOJIOTHH H pasMepax OOBIMHEIX THIIOB
Gaxrepuit Gnm momyweHn eme Jlepenrykom. ONHARO AeTamLHOE
HM3yJCHHEC MMKDOOPTAHM3MOB JAOJINOE BpeMs 3aTPYyAHAIOCH H3-38
OTCYTCTBHA COBEPIICHHOH MHKpOCKonM4eckoi Texmukh. IToatomy mns
Gmonora XIX B. GakTepun Kazamuce namGonee MPHMHTHBHEIMH
OpraHM3MAMM C TOUKH 3PCHHA HX KJIETOYHOM OpraHM3allHH M KpaiHHM
npenesiom ¥u3HH. HssecrHuid Hemerxuit Gorammx Depmuuann Kou
YTBEPKIAN, ¥T0 5TH Mekualiimie 1 B TO e BpeMa MPOCTEHIIHe M3 BCEX
*UBRIX Gopm OBpasyioT NOTPaHHIHYIO MMHHIO KW3HH, HACKOIBEKO HAM
MO3BOJIMIOT CY[IHTh HAIIH ONTHYECKHEe BOIMOXHOCTH, 32 MpeNenaMH
3THX QopM Xu3HM HMe cymecTByeT. Huuroxmmbie pasmepsi Gaxrepmit
Ka3aHCh MHOIMM HECOBMECTHMBIMH C KakoH-nHOo KierouHoH
ImpdepernpopKol, aHANOrMYHON BLICIIMM OpraHusMaM. Y ToNbKO
ycnexs B pa3sBUTHH (HIHKH, XHMHH, SIEKTPOHHKH NIPHBEIM K CO3AHUIO
COBCPIICHHOH MHKPOCKONHYECKOH TEXHMKH M pa3paGorke TOH9AMImIX
GHBMKO-XHMHYECKMX METOZIOB HCCIENOBAHHA, APHMEHEHHE KOTOpHIX
FIC3BOJIJIO M3YYWTh CTpOcHHe OGaxrepuambHOM KieTkH M QyRKumM
OTASIEHBIX KICTOYHBIX CTPYKTYD.

3.1. ®OPMA M PASMEPhI BAKTEPHHN

Tlo dopme Gaxrepum pasneyIMOTCA HA TPH OCHOBHBIE TPYNIEL:
IDapOBHIOHBIC, WIH KOKKOBHIAHbBIE, NMATOYKOBHIHBIC H M3BHTHIC.

Koxxu wmMelor oxpyrnyio c¢opMy, nmamerp mx 1-2 mxm. B
38BHCHMOCTH OT PpACNOROXKEHHS KIETOK NOC/ie JIGNEHHA KOKKOB
PasyIHYai0T PAA  TPYNI: MUKDOKOKKU =~ KJIETKH pacno/araiorcs
MOOHHOYHO; OWNBOKOKKY - KICTKH HE PasheNMHAIONCA, a OCTAIOTCH
CBE38HHLINM MO JIBE; CMPENMMOKOKKU - KIETKH OOpasyioT enoukH
pasHoit zamuum (puc.3.1). Bee 3ma mopdosnoraueckue rpynmsi mMeror
MECTO MPH NPABHILHOM JE/NCHMH KIETOK B ONHOH IUIOCKOCTH. OfHaKo
KOKKH MOT'YT A€/IMTLCA B HECKONBKHX IOCKOCTAX M Hanpasnennsx. ITpu
AeNeHHH KOKKOB B PaiIHYHBEIX HANDABJIEHUSX BO3HHKAIT CKOIUIEHHA
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Pac3.1. Lllaposanasic GaxTepun:
1 - muxpoxoxxw; 2 - OQumioxokxu; 3 -
CMpenmoxoxxu; 4 - mempaxoxxw; 5 -

capyuney; 6 - cmagunoxoxxu
KIETOK, HANOMHHAIONIHX IpO3Abi BHHOTPAZa. IT0 cMaduroxoxxu.
Henenne KOKXOB B [BYX B3aHMHO NEPNEHAMKYIHPHBIX HANPARICHUSIX
TNpHBOAMT K o0pasopaHmio mempaxoxkos. [IpH OIHOBPEMEHHOM
JACJIEHHH KOKKOB B TpeX IUIOCKOCTAX MOJIYYAIOTCA MAKETH M3 BOCHMH
KOKKOB B BHZIe TIOKOB KyGuueckoli ¢popMEL 310 xapakTepHo Ans capyun.

OtzenpHbiC NPEICTABATEH KOKKOB HMEIOT MIONYKPYTYio GopMy
KJIETOK. JT0 HHEBMOKOKKH, MEHHHTOKOKKH M rosoxoxks. ®opma
TIHEBMOKOKKOB HATIOMHHACT [UIAMA CBCYH, KJICTKH COGIMHEHH NONAPHO
IHPOKAMH OCHOBAHMAMH. MEHHHIOKOKKH M T'OHOKOKKH HMeioT (hopMmy
60608 BN Ko(eMHEIX SepeH, KIETKH COSHHMMEHE! HO HBE BOTHYTHIMA
cropoHamu. BoGoemmmyio ¢opMy mmeror knerxm Gaxrepuit ponma
Renobacter.

Koxkkosrie QopMmbl, 3a Mckmodenuem Sarcina ureae (Mowesoh
CapiHHsl), He 0GPasyIoT CHop, HENOABIKHEI, ITHPOKO PACKPOCTPAHEHE
B npHpoze. MHoOrMe M3 HHX NATOTCHHH H MBIAIOTCA BO3GYAHTENAMA
BOCOAIHTEILHEX ~ MPOUECCOB  (MHEBMOKOKKH,  MEHHHIOKOKKH,
FHOEPOJHEIC CTPENTTOKOKKH H CTaGHIOKOKKH), APYTHE ~ HETIATOTCHHHEC ~
BBIJMIBAIOT, HANPHMEP, MOJIOYHOKHCIOE Opoxenwe (Str. lactis,
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Str.  cremoris),

HEKOTOPBI€ MCIONIB3IYIOTCA B NPOHIBOACTBE ANA

6uocHHTE3a meKCIpaHa - 3amenuTena rnaammi kpoeu (Leuconostoc

mesenteroides).

K nasiouyKoBHAHLIM OTHOCHTCA CaMas MHOTOYHCIGHHAS rpynia
Gaxrepuit. Knerkn MX MMEIOT LIMTHHAPHIECKYIO GOPMY C OKPYrNBIMH

mHBO Cpe3sHHBIMM  KOHLAMH

(puc.3.2).
Hna orpenenexns
Gaxrepuii XapaKTepHO

COGNMHOHHE  MAJIOYMKOAMOHBIX
KJeTOK B JUIMHHBIE HHTH, B
pesynbTaTe Hero obpasyorca
MHOTOKJIETOYHHE HHTeBHIHHE
dopmet. INpencraBurenaMu
HUTEBHAHBIX OGakTepuil sBA-
w0TCA  xenesobakrepuu  (pox
Leptothrix), Gecuserusie cepo-
Gaxrepuu (ponet Beggiatoa u
Thiothrix) H ApyrHe,
AOCTHrAIOLIHE B AIHY Gonbime
1 cm (prc. 3.3).

Puc. 3.3 Huruaran Gaxrepua
Thiothrix (no P. Crenmepy ¢ coasT.)
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Puc.3.2. [NanouxoBuaamie  Gakrepw
u Gapu

\

IpumerenHe

MHKDOCKOTIHH B
FHYECKHX

INEKTPOHHOH

MHKpobHono-
HCCNEeOBAHHAX
TO3BOITHIIO BLIABHTD PAa
momudHKaLHi NaNICIKOBMIHOM
dopmsr Baxrepuit. o onmcanmsie
A WU Huxsruasm  (1970)
Gakrepun  co  chepHUSCKHMHU
BIAYTHAMU (Agrobacterium
polyspheroides), noxoxue ma
KYKypY3Hbie nouarxH, Sakrepuu ¢
6yrpucraiMu BHPOCTAMH,
BEIJENIOHHBIE B HOBBIA  pOX
Tuberoidobacter (puc. 3.4),
GakTepun €O CnHpansHOH M3BH-
TOCTBIO MO THMy KaHara (puc.3.5),



ofpasyiomue 3se3nuaTmie CKomneHus (mocnenuue 6wk BriepmBle
omucanm T. B. Apucrosckoit B 1965 r. u Begenesm B
camocToaTenpHbH pon Seliberia - » wecTs coBerckoro mMuxpoSmonora

I. Cennbepa).

-

Pnc.3.5. Seliberia stellata
(ymenmyenue x15 000)

Ilo cnocobxocTn K cnopoobpa3oBaHMIo nano4xoBugHbe (HopMEl
BenATcs Ha pBe rpynnei: Oaxmepuu W Gayunner. Knerxm, He
obpasyromue crop, Hasumsarorca Oaxrepmsmu. OHH, Kak NpaBmio,
pacnonararorcsi  omuHOdHO. B npeoBnanaiomem GonemmHcTBe 310
MENKHE TANOYKH, OTHOCMIHeCS K poxam Bacterium um Pseudomonas.
TManouxosmansie  Gopmel, obpasyiomue  crops;,  HasKBAOTCA
Gamunnamu. Omm paanvmaiores mexay coboii mo dopme KnerTox,
ofycnosnenoii pasmepamu u Mecrom pacnonoxenns cnop. Ecnu cropa
pacrionaraerTcd B USHTPS KICTKH H JHAMETD ©0 HO NMPEBHIUAST AUAMETD
KNerkd, TO TAKOH THN Ha3mBaercs COBCTBOHHO Gauwmmamu; ecnu
AMAMETD CHOPb MPOBEINACT AMAMETP KIOTKH, TO MPH PACTIONOKEHHUH
CNOPpEl B WEHIPE KIOTKA HMEET BEPETEHOBMIHOE YTONIIGHHE U
HA3WBAETCH XKIOCMpuOuEeM, 3 TP PACNONOKEHAM CTOPHI & KOHU® -
npuHHMaeT eHA GapaGaHHON NANOYKM WNH TOHHHCHOH pakeTku u
HA3LIBACTCA MICKMPUOUEM.
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K rpymne wuszsumvix

gopm  OTHOCATCE  M3O- ":.\'/

CHYTHIC MWIH  crMpane- ! N (f"

BHHO H3BHTHIE KICTKH, B <}.., \:j () ;:‘:\\-;Sﬁ ;

oo e . L2 TR
L z'l \N-.. %

JIMYAIOT TPH THNA KJICTOK:
eubpuonbl, cnupuuis u

P 1
Y
cnupoxemu:  (puc. 3.6). )"' () -~ ’L(
BuGpHOH H30THYT B BHIE 2L 3
DOYMECSLIA HIH 3arsToH, (C~"o
CIIApOXETa - B BHIE Me- -~ ),
~ <

KHX BHTKOB CIIMDAJH,
CIHPWLIA MMEET HECKONb-
KO KpDYIHBIX 3aBHTKOB.
DombmuHCTBO  M3BMTHIX
topm npencrasnenc naro-

Puc.3.
i-

6. Hzeathie dopmm Gaxrepmii:

2 cnupoxenmul;

TEHHEIMH BHJAMH (XONepHH BHOpHOH, TpenoHeMma cHQHIHCR), HO
CPeAH HHX eCTe W canpodurbl, OOHTAIOIME B TIOYBE, BONE H

Puc.3.7. MuxoGakTepuH pasHRX BHIOB
(ypenmmuenue x 600) 7 - Mycob. mucosum; 2
~ Mycob. rubrum; 3 - Mycob. album; 4 -
Mycob. cyaneum; 5 - Mycob. bifidum; 6 -
Mycob. citrym
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YYACTBYIOHIHE B  KpPYIOBO-
pore cepm (Vibrio desul-
furicaus, Spirillum volutans u
np.). U3Buteie $hopmel uMeioT
BECEMA PA3IMYHbIE pa3sMeps
KJIETOK: OT MeJKkMx — 1,5.2
MKkM (BHOpHOMB) [0 OueHs
KPYNHBIX — 2-3 x 15-20 Mkm

(cnupwWIED.
Kpome OINHCAHHBIX
~ OGaxrepmii, woTopme smns-

JOTCA OCHOBHEIMH B NIpH-
poAe, M3BECTHHI H MHbIE
¢dopmrl. Tax, Gakrepus pona
Mycobacterium  mapsamy c
MANOYKOBHAHOH Ha paHHel
CTafHH  DPasBHTHA MMEIOT



eemeucmyo hopmy. Bersnenne moxer GHITH MHOIOKPATHEIM - 10 2-5
serok Ha Kiaerky (puc. 3.7). OcoGeHHO CHIBHEIM BETBICHHEM

2
Puc3.8 Crnoposocmmt (1)
H MEeTEH (2) aKTHHOMHEUETOB

TMPHAATKAMH B BHE JUIHHHBIX
cTeGeNEKOB HITH T H MOYEK.
CreGensKOBHE ¥ MOYKYIO-
umecs Gaxrepmn  ocobenno
HIHPOKO PACTIPOCTPAHEHH B
MpecHsIX M COJICHHX BOJOe~
MAax.

3uaYHTENLHOE BIHAHHE
ua (hopMy H pasMepsl KICTOK
OKA3LIBAIOT COCTAB  Cpelbl,
BO3PACT KYNLTYPhl H YCJIOBUA
Ky/bTHBHpoBaHHA. M3 Bcex
¢opm Haubonmmeit crabum-
HOCTBIO  XAPAKTEPH3YIOTCH
KOKKH, HauGombmelt Bapma-
GenbHOCTBIO -  mAnOUKo-
BH/HbIE KJIETKH.

XapaKTePH3YIOTCA KIETKH aKTHHO-
muLeros. Hexorophie mpeacrasu-
TenH  mx  obpasyilor  xopomo
pasBUTHH MHOTOKPATHO BETBSA-
muics MMUCTHH CO  CJIOXKHBIM

CTPOCHHEM OPTaHOB  CTIOPOHO-
menns (puc. 3.8).
CeocoGpasHyio  mopdono-

THIO HMEOT cTebenbkosbie (pox
Caulobacter) u  noukylomuecs
(pon Hyphomicrobiym) 6Gaxrepun
(puc. 3.9). OcuoBHas wacTs
KICTKH MX MMEET HENPaBHITLHYIO
NANOYKOBHAHYIO HWIH IpyIICBHI-
Hylo dopmy u  cuabxena

Vi

Puc. 3.9. CreGenskoBre H

nouxyiompe Gakrepum: I- Newskia;
2- Gallionella; 3-
4- Hyphomicrobium;
microbium

Caulobacter;
3- Rhodo-
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3.2. CTPOEHHE FAKTEPHAJILHON KJIETKH.
@YHKIHSA KIETOYHBIX CTPYKTYP

BakrepuanbHad KIETKA, MECMOTPH HA CBOM MAalhie pasMephl,
mopdonornveckn middeperimpopana. B weli pazIMuaOT KICTOYHYIO
CTEHKY, HHTOIUIA3MATHYECKYIO MeMOpaHy, LHTOIUIA3My ¢ PasiMuHbIMH
BIJIOYCHHAMH M AP0, WM HyKneon . Kpome 3THX OCROBHBIX CIPYKTYP,
HEKOTOpble BHB Gakrepuii MMEIOT Kamcyssl, »TyTHkH W ubpun, a
OTACTBHEIE NPELCTABUTENH 0GpasyioT cnops! (puc. 3.10).

b o A
Puc. 3.10. Muxpodororpadms cpesa kinerxu
Bac. subtilis (ypenmuuennme x 190  000):
1 - Hyxneowd; 2 - waemouwan cmewka; 3 -
YUMONIazMaAmUNecKan Membpana; 4 - mesocoma; 5 -
obpasyrowmanca nonepeuHan nepezopodia
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3.2.1. Knemounan cmenka

Knerounas ctenka 6akrepuii - 310 ToHKas GecBeTHas CTpyKTYpAa,
noKphiBaOmas KIETKY CHapyxd. ¥V GonemmuHCTBa OGaxrepuii oHa
HEBHAMMA B ODBIKHOBEHHEBIH MHKpockon 6e3 cneinayisHON 06paboTi.
Omnaxo y KpynmHEIX GOpM, Hanpumep y cepobaxrepun Beg. mirabilis,
CTeHKa 3aMeTHa orderuBo. Ilpu SBNCHMH IUIA3MONH3A, KOTOPBIH
HacTynaer NpPH TIOMENICHHH KIeTOK B 1-2 %-Heili IHNEpTOHHMYECKHHA
pacteop NaCl Hin pacTBOp IJGOKO3El, KOHTypbl CTEHKH TIpHOOpeTaloT
HETKOCTH M OHA XOpOLO BHAHA NPy (a30BO-KOHTPACTHOH MUKPOCKOIHH,

Crenka GaxTepraabHOH KIETKH COCTaBIsET 10 50 % cyxod Macchl
OpraHM3Ma, TONINHHA ee Konebnerca B npepenax 20-80 um. Kierounas
CTEHKa - IVIOTHA% pHIHHAas CTPyKTypa. OHa o0nafaer 311acTHIHOCTHIO |
[OCTAaTOYHOA MEXAHMYeCKOH MPOYHOCTHIO, BBIIEPKMBAET BHYTPH-
KIETOYHOE OCMOTHYECKOE fiaBiieHue, nocruratomee 10-30 atm.

XAMUIeCKMf COCTaB KJIETOYHBIX CTEHOK pPasIHIHRIX BHAOB
GaxTepuii HEOMMHAKOB, JOBONBHO CJIOKEH M OTIMYAET WX HE TONBKO OT
KJIETOK PacTeHUH U XUBOTHBIX, HO M IPYT OT IpyTa.

OCHOBHBIM ~ KOMIIOHEHTOM  KJICTOYHOH OOONOMKH  BBICIIHX
pacTeHHi ¥ BOROpocieit ABserTca LeJUnoio3a. M3 newnonossl cocTosT,
Hanpumep, MUKpobHOPIWLTL GonsmmucTBa Bofopoceit - no 50-80 %
cyxoli Mmacch ofoncuxH KleTkH. B MuKpodHOpHITax KIETOYHBIX
obonodek GONBIIMHCTBA MULIEMANBLHEIX TPHOOB NpeobiafaeT XUTHH -
noauMep N-aLeTHITTIOKO3aMHHA.

CoBeprieHHO HHOM XHMHYECKHH COCTAB MMEIOT KIETOYHEIE CTEHKH
Gakrepuii. Taxue COSNMHEHHA KAK LEUTION032 H XHTHH HE XAPAKTEPHEI
Just gux. Ilpasna, HeKoTOphIe BRI GakTepuii criocoGHEI CHHTE3MPOBATS
LIeJUTIONI03y ¥ KOMNOHEHTH XuTHHA. Tak, y Sarcina ventriculi ienmonosa
COCTaBJIA€T TOJCTHIA BHEHIHMH CJIOM WICTOYHOM cCrTeHKH. I[loMHMO
Acetobacter xylinum, 5TO e[MHCTBEHHBIH NPEACTABHTENL TPOKAPHOT,
CHHTE3Hpyionpail  jiaHHeI  nomumep. Kommiomentr  XutuHa -
AUCTHAIIIOKO3AMMH OOHapyKMBacICs y BceX BHAOB Oakrepuit, 3a
HCK/TIOYEHHEM HEKOTOPBIX apxebaKkrepuiy.

B wreTounsx creHkax Gakrepuil CONEPKHTICH JBA KJIACCA HOBBIX,
HEOOBITHBIX COGAMHMCHHM, NPHCYNIMX TONBKO NpPOKADHOTAM. JTO
TCOTHAOITMKAH H TeHXOeBble KHCIOTHI.



HenTanornaxanel B TelixoeBnie KHCIOTHL Ilermmumornmxan,
WM MypeumH (Or JaT. myrus - CreHka) mpeacTaBufeT cobol
TETEpONOIMMED, COCTOAIMH M3 LCTIOYEK FEPEAYIONIMXCH OCTATKOB
N-ameTwirmoxosaMuHa W N-aueTWIMypaMOBOH  KHCIOTH (3dup
MOJIOYHOH  KHCHOTH H  N-aLETHNIOKO3aMMHA), COSTMHEHHEIX
B-1,4-rmuxosuzmolit ceassio, K kapGokcribHOM Ipyime MypaMoBoH
KHCJIOTH! NPHCOCAMHCH MOENTHA, BKIOYAIONMI Yame BCEro Yernipe
8MHHOKHC/IOTEI - TeTpanenTui. AMHHOKMCIOTHBIM COCTaB NenTuaa
Pa3nuyHEIX BHIOB Gakrepuii we ofuHakos: y Staph. aureus coepxures
o—ymskH, y E. coli — Meso-muamMumonumenrHnoBas KHCIIOT8, Y
Corynebacterium — 2-4-gmamusomacnanasn (puc. 3.11).
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Pric.3.11. CIpyKTypa nenmuAormuKana CTaduIoKoksa;

1- N-ayemunmypamosan xucsoma; 2 - N-ayemurznioxo-
samun; 3 - mempanenmud; 4 - 2nUAOHOENE MOCTUK
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Ha OCHOBAHHM AMMMOKHCIIOTHOTO COCTABA MENTHAOB M
COCAMHAIONMX MX  MOCTHKOB  pauIM4YaloT pif  NONTPYNn
nenrmuiornukana. OCOGEHHOCTRIO NMENTHAHON HacTH STOrO NONHMEpa
arnsercs Hanuune D-aMHMHOKHCHOT (B 6eNKax OHH He BCTPEYANOTCA) H
BLICOKOE COICPKAHAE [THAMHHOKHCIOT. O6e aMHHOIPYTIIHL, BXOASMAE B
COCTaB MypEHHa JIHAMMHOKHMCIOTHI, YY4acTBYIOT B 00Gpa3zoBaHHM
TeNTHIHBIX CBA3¢H - ¢ D-ajaHHHOM M ABMHHOKHCIIOTHBIM MOCTHKOM.
TlocpencTBOM MOCTHKOB  OCYIISCTRIAIOTCA TMOTIEPEYHEIE  CIOMBKH
NENTHAOINIHKAHOBLIX Leneli. B  wrore ¢opMupyerca ruraHTcKas
MOJIEKY/la, HAMOMHMHAIOWAA 10 BUIY MEIIOK, COCTOAINAA M3 CeTH
TIOMHCAXAPHIHEIX  penelf, CBABAHHBIX MHOXECTBOM  IONEPEYHBIX
NeNTHIHEIX cBasedl. 3a cqerT 00pa30BAHMSA TNONEPEYHBIX CLIMBOK
00ecTICTHBACTCS HKECTKAS TPEXMepHas HPOCTPAHCTBEHHAN OPraHM3aLAA
MOJIeKyJibi, 00YCIIOBTHBAIONIAS MEXAHHIECKYIO IPOYHOCTL H PUTHIHOCTD
KJICTOIHOM CTEHKH.

TlemrmuporAMKaH HYBCTBHTENIEH K JIHTHYECKOMY AcHCTBHIO
JNH30UMMA, KOTOpbi pacmeruiser B-1-4-rIHKO3UAHBIE CBASH MEXIY
N-aueTwirmoxozaMHEOM B N-auernMypamoBoii kucnoroi. O6paborka
Gakrepuii JIH3OLMMOM UPHMBOIAT K paspylieHio cHOpMHpPOBAHHON
xerouHoli CTreHKH, MHrubuTOpOM CHHTe3a MENTHOOTNHKAHA SBIAETCH
pan  eHTUOMOTHKOB: MEHHUMUIMH, upedaitocniopud, GauwTpauus,
BaHkoMuipH. K mpuMepy, NEHHIDUUTHH TOJaBNf€T AaKTMBHOCTH
depMenTa  TpaHCHeNTHIA3E, ~ KATAMM3MpYOmero  obpasoBaHue
TIONEPEYHBIX CIMHBOK MEXIY 00pasyiOIHMHCE LETISMH NENTHAONIIMKAHE,
He cmmTeili nonAMep He Mcnoab3yerca Juis 00pasoBaHMs KICTOYHOM
CTeHKH OaxTepHii.

TelixoeBbie KHCTOTHI (OT Irped. «TelXoc» ~ CTeHKa) NPeACTaBIsMOT
co0ol pacTBOpHMEIC B BOAC NOJMMEpBl, COCTOAMME H3 OCTATKOB
TPEXATOMHOIO CHHPTA [JIHIEPOJa KM NSTHATOMHOre - pubuTona,
KOTOpHIE COSIMHEHH ApYT ¢ Apyrom dochommadupubiMu ceazsmu (puc.
3.12). Llenu TelixoeBbix KHCIOT MOLYT coaepxats or 10 ao 50 ocratxosn
COHPTE. BONBMMHCTBO TeHXOEBHIX KMCAOT BKIIIOYAIOT 3IHAYMTENLHOE
KonuiecTBo D-anaHWHa, aMHHOIpYNMb KOTOPOrO MPHAAIOT TeHX0eBEIM
KHcioTaM amdorepubie cpolictea. Kpome D-ananuHa cBOGOAmBIC
THOPOKCHABHBIE rPYNIE CIIMPTOB MOFYT GHTH 38MEIIEHB! [IOKO30MH,
N-anerwnrmoxosammuuom, ranaxroso. Hammume cpoSommbix rumpo-
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keunos Gocdoproli kucnors 06ycomHBaAET CPONCTBO TEHXOCBBIX KHC-
JIOT K ABYXBRJICHTHBIM KATHOHAM.
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Puc.3.12. Cipykrypa TeliXOeBHIX KUCIOT KNETOYHOM  CTeHKH:
a -2nuyeponmeiixoesasn; 6 - pubumonmeiixoesas

Knerku oxworo mmamma GakTepuil, Kak MPARBWIO, CONEPXKAT
TeliX0eBYI0 KHC/IOTY TOIBKO OJHOTO THNA: PHOMTONTENXOEBYIO WIH
TIHLEPONTEHX0eBYI0. 3TH YHMKAIBHEIE COSHHHEHMS COJEpXaTcs B
KJIETOYHBIX CTEHKAX TOJBKO FPAMIOIOXUTENBHBIX Gakrepuii, rae onm
TNPOYHO CBA3aHB! ¢ NENTHIOINIHMKaHOM. Tax kKak TelixoeBbie KHMCIOTHI
NPEACTARNSIOT COOOM UIMHHBIE JMHEHHBIE MONEKYNEl, OHH MOTYT
NPOXOAMTH YEpe3 BECh NMEMTTHAOINIMKAHOBBIM Clol 710 HapyxHol wacTi
KIETKM M HIPaTh POIh MOBEPXHOCTHBIX AHTHICHOB, OGyCNOBIMBaf,
TaKuM 06pazom, BHTHICHHYIO CrieliHGHIHOCTD KIIETOYHOM NOBEPXHOCTH
Gaxrepuit. Kpome woro, €o3naBas B KIETOYHOH CTeHKE BHICOKYIO
IUIOTHOCTh CTPOrO OPHEHTHPOBAHHBIX 3apANOB, TEHXOEBLHIE KHCJIOTHI
OKA3HBAKOT BIMIHHC HAa NIPOHHKHOBEHHE HOHOB B KJIETKY, obecrieunsas
BHICOKYIO  IUIOTHOCTh  JBYXBRJIEHTHBIX KATHOHOB B  obnactu
LMTOMIA3MATHYECKOH MeMOpaHEL 310 6NaronpusaTCTBYeT NOANCPKAHMIO
$u3HIecKoH LETOCTHOCTH MEMOPAHEL H €€ CBA3H C puBOCOMaMH.

VYV Hekoropeix GakTepuit TeliXoeBEle KHMCIOTH Y4YacTBYIOT B
PEryJILMH aKTUBHOCTH aBTOJHTHUECKHX (epMEHTOB, OCYINeCTRIIMOIMX
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B ONpENCIICHHLIX YCIOBHMAX THAPOJIHM3 MYPEHHA COOCTBEHHOH KIETKH.
Tak, y MHEBMOKOKKOB TelXOEBblE XHCIIOTHI MHIMOMpYIOT &eHicTBHe
NuTHYECKUX (PEPMEHTOB KIIETKH MyTeM cBsskiBaHuA ¢ HHMH. Hapymenne
3TOH CBA3H NPHBOMT KICTKH K JIM3HCY.

TlenTHIOTJIMKAH ABJIAETCH OCHOBHBIM CTPYKTYPHBIM KOMIIOHEHTOM
KICTOYHBIX CTEHOK TIOYTH BCE€X MPOKAPHOT, 33 HCKIIOYCHHCM
apxebaxrepHii, y KOTOpeiX OH NM6GO coBCceM OTCyTCTBYET, NGO HMMeer
uHOM xMMmuaeckuii cocraB. Hanprmep, y meraHoOpasyompx Gaxrepmi
NENTHAOTJIHKAH CONIEPXMT BMECTO MYPEeHHOBOMN KHCTIOTBE
TA030MHHYPOHOBYIO, 8 MENTHHAA YaCTh HE COAECPXHUT D-aMHHOKHCIIOT,
COCTOMT TONBKO H3 a-(popm.

B 3aBMCHMOCTH OT XHMMYECKOIO COCTABA H CTPYKTY Pl KJICTOYHOR
CTeHKM Bce Oakrepud pasfendior Ha rpaMIiONOXHTENbHEIE M
rpaMOTpHLaTENbHEIE. JTO OCHOBAHO Ha CIIOCOOHOCTH HMX OKPAUIMBATHLCH
¢$moneroBsIMH  KpacHTeNAMM  TPHGEHIWIMETAHOBOFO  pAja -
KPHCTa/UIBHO/IETOM WM IEeHLMAHBHONCTOM - H He 00eciBeIuMBaThCH
HEHTPAJILHKIMH PACTBOPDHTEISAMH - CIHPTOM, ALICTOHOM. OTOT METON
OKpacku BBeAeH Briepeeie B 1884 r. narckum Bpadom XpHCTHAHOM
TpamoM M oOKpacka N0 I'paMy HCHONB3YyeTCs KaK BaKHeHmmiA
TAKCOHOMHYECKHIT mnpu3Hak Oaxrepuii. CymHOCTb €r0 COCTOMT B
cnenyiomeM. (DHKCHpPOBAHHBIE KIETKH OKpANIHBAIOTCA  KpHCTajUl-
BHOJIETOM MWIM TEHLHaHBHOJIETOM, 3aTeM nporpapnmuBaiorcs 30 ¢
pacteopom Jhiorons (1 + KI), mpomBiBaIOTCS CNMPTOM, BOIOH H
pokpammsarorcs 1 Y%-HeimM BoanbiM dykcuHom. I'pamnonoxurensHuie
Gaxrepuu NpHOGPETAIOT CHHHI LIBET, FPAMOTPHLIATE/IHBIE - KPACHBIH.

ITo cIpyXType M XHMHYECKOMY COCTaBY KICTOYHOH CTEHKH
rPaMIoNIOKHUTENbHEIE  OAKTepHH  CYIIECTBEHHO  OTNHYaloTCa  OT
rpaMoTpHuaTeabHeix ( Tabn. 2).

Y  rpamnonoxurensHeIx — Oaxrepuii KICTOYHas  CTEHKA
ApeACTABNAET CODOM  IOMOreHHBIM  3NEKTPOHHO-TUIOTHRIN  cnoil
Tomumpsol 20 - 80 umM. OcHoBHYI0 Maccy (50-90 % cyxoro BemiecTBa)
COCTABJISET NeNTHAOTIHKaH, o6pasyiomuil puruaHbil ToncTeiH Cioi. OH
wiotHo mnpuneraer k L[IIM. [Memmunornuxkanossilt cnolt NMPoHH3aH
TeHXOCBBIMH KHMCIIOTAMH, KOTOpBIE MOTYT BBIXOZMTH Ha MOBEPXHOCTH
K/IeT0o9HOH CTeHKH. Kpome 3THX OCHOBHBIX TIOJIMMEPOB B KIETOMHBIX
CTEHKAX IpaMIIOJIOKHTeNbLHBIX Gakrepuii copepxarcd B HeGoMbLIIMX
KOJIMYECTBAX  JIMITHMBL,  TIOJMCaxapuisbl,  GenkH. JIvnuaer ©
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noNHcaxapuabl KOBAJICHTHO CBA3BIBAIOTCA C HNEeNTHAOTNITHKAHOM, Oﬁpﬂyﬂ
CJIOHHYIO, MEXAHHYECKH MPOYHYI0 CTPYKTYPY.

Tabmmua 2
XapaxTepHCTEKA XEMEYECKON0 COCTABA
KNETOIHBIX cTenok Gaxrepuit

KoMmoHEeHTH T'pamnonoxurensasie | I'paMoTpHIATEIbHEE
ITenmuorHkan + +
TelixoeBuie KHCIOTH + -

Jlnnmae + +
Benxun + +
Tonucaxapuas + -
Jlunononucaxapuel - +
JIanonporen s - +

TOYHAS CTEHKA rpaMOTpHLIaTENILHBIX Gakrepuii Gonee Tomkas (10-15 Hm )
H MmHorocsioinas (puc.3.13). Bayrpenumii ciolf  npencraBieH
NECNTHAOIIIMKAHOM, COACPKAHME KOTOPOrO 3HAYHTEIBHO MCHbINE
(1-10 %), yeM B CTeHKAX TPAMIONIONMTENBHEIX Gaxrepuii. Tonmusa
nanHoro cios 2-3 uM. Hapysxunii criofh Gostee penxisiii m Toncruii - 8-10
HM, HMECT CJIOXHBIH XHMHMYecKui coctas. B HeM oGHapyxkeHbl Genk,
dochonnnEIs M JMNONOIHCAXAPUABL, PACTIOAOKeHHLe Mo3awaHo. [lo
CIPYKTYpe M XHMHYECKOMY COCTaBy 3TOT CJIOH HMEET CXOACTBO C
yHTONNasMaTuueckolt mMemOpanoii. OH noxywun HasBaHHE HAapYKHON
MeMOpaHBI H HMEETCS TONIBKO Y IPaMOTPHIATEIBHEX Gakrepuid.

Hapyxuas memOpaHa sBISieTCA [OTIOJIHHTENIBHWM Gapeepom,
NPENATCTBYIOI{HM NPOHHKHOBEHHIO B KJIETKY KPymHbix monexyn. Tak,
OHA NMPENATCTBYET NOCTYIUIEHHIO B KJIETKYy AHTHOHOTHKOB, B 4ACTHOCTH
neHdiUMHa, axTuHomuimea JI, Bnonse BO3MOXHO, 410 no 3Tol
TpHYHHE TpaMOTpHUATensHbie OakrepMH MeEHee YYBCTBHMTENBHBl K
8HTHOHOTHKAM, YeM IPAMIIONOKHTEILHBIE.

Jlunononucaxapumsl  HapyxHol — MeMOpaHEl  ompesensiorT
aHTHTeHHYIO0 crieipadHaHOCTs GakTepuii, a TaKke CIYXKAT pelenTopaMH
Iyia ancopOiun daros.

Bejku HapyxHoli MeMGpalbl BHIIOIHAIOT pasHbie Pynxkuun. Oxuu
M3 HMX, TaK HasbiBaeMbie OcJIKH MaTpHMKcanopuHbi, ¢opmupyioT B
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memOpae TMApPOGHIBHHE NOPbl, ¥epe3 KOTOPHIE OCYINECTRIACTCH
mabdy3ua AMHHOKMCIOT, HEGONBINAX ONMIOCAXapHAOB H TENTHIOB
(MonexynspHas macca ot 600 no 900 Ha%). Tpaucropr memmecTs uepes
nopsl, ofpasoBaHHbIE NOPMHAMM, jmeH creuupuanocTh. [lopuun
ABJAIOTCA TAKOKE PatieiTopaMH id $aroB H KONMIHHOB.

Bropaa rpynna 6enxoB - MHHOPHLE Gelxd, KaK H Tpemnygymas
rpynna, BHINOMHAIOT TPAHCNIOPTHEIE H peuenTopHuie dyrxkumn. Baxnas
pONb OTBOAMTCA HM B TPAHCHOPTE KE/IC30COACPIKAIMX COCAMHEHHH B
KJIETKE Pa3HBIX BH/IOB IPAMOTPHLIATEBHEIX GakTepuii.

Kretowman crenxs

Prc. 3.13. CxeMaTUYeCKOe  CIPOGHHME  KAGTOUHOM  CTCHKH
TPAMIIONIOKHTENBHHX (a) B rpaMotpmmarenmsasx  (6)  Gaxrepmii:
HM - napyacuas membpana; II1 - nep npocmp ; LM
- yumonmaamamuvecxan membpana; IT - nemmudoznuxan; T - meibxoegne
Kucaombt

Takum obpasom, CTpYKTYpa KieroyHol CTeHKH

IPaMOTPHIATENBHEIX Gaxrepnii HaMHOIro CJIOXHEe, seM
rpaMnoNoxHTENBHNX. CTPYKTYypHBE OCOOEHHOCTH H  XHMHYECKHH

COCTAB KICTOYHBIX CTEHOK JIGKAT B OCHOBE MEXAHH3Ma OKPAIIMBAEMOCTH
6axrepuit no ['pamy.

dm*mnm,mmmmmonumpaml,ﬁm3x 10 @ xr
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OreercreerHoCTS 32 OKpacKy 1o Ipamy HecyT MypeuH u HaCTHIHO
JIUMH/IB, OKa3bIBAIOLIYE BIHAHHO HA MPOHHLIAEMOCTD KIIETOYHON CTEHKH.
O6paGorka GakTepuii CHMPTOM BbI3bIBaeT paibyxaHHe MypeuHa H
YMEHBLICHHE ABaMeTpa NOP KIETOMHOH CTOHKH, UTO B LIGNOM NPHBOXHUT K
CHIDKEHHIO e¢ NMPOHULIaeMOCTH. Tak Kak rpaMnoionuTeNsHue Gaxrepuu
XapaKTePHIYIOTCA BBICOKHM COZEPXKAHMEM MYPEMHA, TO B Pe3ynbTaTe
o6paboTKi CIHMPTOM CTeHKH WX CTAHOBATCA MOYTH HEMPOHHLIZEMBIMH
ANA  KpacHTened M BBRIMRIBAHME KPACKH HE NpPOMCXOmHT. YV
TPAMOTPHUATENBHBIX C/IOH MyPEHHA TOHKHMI H He MIPacT CymeCTBEeHHOM
porn B mpoHuuaemocTd creHkH. Kpome Toro, npoHHuaemocTn
KJICTOYHOH CTeHKH Yy IPaMIIONOXKHTENBHKX GaKTepHii yBeNHUHBASTCH 33
CYET PaCTBOPEHHA H BHIMBIBAHWS JIMIHAOB CMNHPTOM, COAEGPXKAHME
KOTOPBIX JOBOJILHO BHICOKOE ( A0 22 % ), H K TOMy e OHH XOpoLIO
PacTBOPSIOTCA B HEHTpaNbHBIX OPraHHYecKHX pacrsopurensx. Bee 3to
crniocobeTayeT OBecLBEYHBANMIO KIETKH. JJOKa3aTensCTBOM TOro, 4TO B
oxpacke no I'paMy OCHOBHYIO PONb HIPAeT KNEeTOYHAS CTEHKA, ABJACTCH
TOT (PaKT, YTO NPH YAANEHHH €€ C OKPALISHHKIX KJIETOK MpOTOMACTEL
TPAMIONOXKHUTENbHBIX ~ OakTepuii nmpH  NPOMBIBAHHH  COMPTOM
ofecuBeunBalOTCA, MPEBpallasch a TFPaMOTpHUATeNbHEE. Cnenosa-
TeJIBHO, OKPALIEHHbIH KOMILIEKC YAEPKHBACT KIETOYHAS CTEHKA.

Knerounas crerxa y rpaMoTpHL@rebHeix GakTepuit oTaeneHa ot
UHTONNIA3MATHYECKOH MeMOpaHBI 3/IeKTPOHHO-TIPOIPAYHBIM TPOMEKYT~
KOM, TIONYYHBIIHM HA3BaHHE NEPHIUIAIMATHYECKOrO NPOCTPAHCTBA, MK
nepumiasma. B HeM copepakarcs Kpome TOHKOro CJios MyperHa (2-3 Hm)
crieuudraeckne Genkd, TaK Ha3NBaGMBLIE  CBA3BIBAIONIME, HIH
TpaHCNOpTHHE OenkH. 31O BOAOPACTBOPHMHE Oenku, obnanarougme
BEICOKHM CPOACTBOM K ONPEACNCHHHM NHTATeNbHBIM CyOCTpaTam -
aMHHOKHCNIOTaM, caxapam, HeopraHH4ecKHM HOHaM. OHH ABISIOTCA
COCTaBHOH YaCTHIO CHCTOM AKTHBHOIO TPAHCMOPTA, HO CaMOCTORTENBHO
OCYIIECTBIATE ITOT NPOLIECC OHM He MOTYT H (hyHKUHOHUPYIOT TONBKO B
COYETAHHH CO CNOUH(HYOCKHMH NEPMEA3aAMH, JIOKANH3OBAHHLIMH B
uHTOrUIasMaTHueckol MemGpane. TpaHCHOpTHHIE GeNKH CBAMBAIOT
COOTBETCTBYIOLIHE CyOCTPaThl H NEPEHOCAT HX OT BHemHeH memOpaHsr Kk

- UHTOIUIa3MATHHECKOH. B nepHniasMaTitieCKOM NPOCTPAHCTBE COnep-~
JKHTCA TAKKE PSR HAPONHTHYECKHX (PEPMEHTOB - HYKNOas3sl, LIeOMHAN
¥ kHcnas (ocdaTassl, NEHHLHIIHAHA3R. VY  rpamMnoONOKHTENbHBEIX
Gaktepuiit 3T (PEpPMEHTH SBIAOTCA THIHMHBIMH 3K30hepMenTaMu, y
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FPaBMOTPHUATENbHAIX BRIXOA HMX W3 KJIETOK 3a[ePiKHBACTCS HAPYIKHOK
memBpaHO#, koropas seiustercs GapbepoM i GenkoB M HEKOTOPBIX
Apyrux coenmuexud. Hamrave B neprnnaime ¢epMEeHTOB noasosser
KJIeTKe HCNONB30BaTh Oonee IIHPOKHME KPYr BemiecTs, MNOCTYNAIOMMX
u3sHe. Tax kak AaHHBE (PEPMEHTH HMIONMPOBAHLI OT LATOILIAZMEL, TO
COMEPXKAHM® MX HE YrpPONAET COACPKHMOMY KJICTKH TOABEPTHYTHCA
aBTONH3Y, HJIH CAMONIEPeBapHBAHHIO.

Baxueiimre GyHKOMH xIeTOUHOM CTEHKH 3aKMIOYAIOTCS B
cnegyiomem. Ona ofecrieuuBaer KieTKe ONMPEAGICHHOE MOCTOAHCTBO
¢opMeI, 3amMINAET CONEPHKHMOE OT €€ BHOIOHKX BO3ASHCTBMIA,
onpenenser CrnocobHocTe K amcopbuumm (aroB, Tak Kak Ha ee
TIOBEPXHOCTH PACNoONOKe bl (HarouynCTBHTENbHBIE PELENTOPbl, MIPaeT
BaXKHYIO PONb M B PEaKLMH HMMYHMTETa. YCTaHOBIJIEHO, YTO MEXIY
GarowrapHO# aKTHBHOCTBIO NIGHKOLHTOB M NOBEPXHOCTHOMH CTPYKTYPOI
GaxTepHanbHRX KIETOK CyINECTBYET ONPEAENEHHAS 33aBHCHMOCTb.
OcobGeHHOCTH CTPYKTYPhI KNETOYHOM CTEHKH ONpefeNsfioT HyBCT-
BHTENbLHOCTS GakTepuil K NMOBPEKUAIOMEMY ASHCTBHIO CBIBOPOTKH KPOBH
o (POPMEHHBIX IEMEHTOB.

Taxkum oOpasoMm, KJneTodHas CTeHKa O6akTepuilt - ClHOXKHAS
nomidyHKIHOHANbHAA  CHCTeMa, Obnajmalomas  HEOOXOAHMBIMH
PeonoruHeCKHMHE CBOHCTBaMH (YIPYrocThb, MIACTHIHOCTD, NPOYHOCTD) H
ofecneunBaomas aHATOMHYECKYIO LEIOCTHOCTh KIETKH, TFeoMeT-
PHYECKYIO (POpMY ee H KOHTAKT C BHEMHe CpeaoH.

3.2.2. Ilpomonnacme: u cheponnracmes

Knerounas crewka OGaxrepuii Moxer OwmTh ynmanema 6es
CYLNECTBEHHMX H3MeHeHMH Metabonuama. Takue «Tonme» Knetku B
38BHCHMOCTH OT CTeNEHH YHANeHHA CTOHKH NONY9WIH HA3BaHHE
nporonnacros, HiH cheponnacros. [poronnacre npeacrarnstor coboi
chepumeckoi  (QopMH CTPYKTYPHI, Yy KOTOPBIX CTEHKA YAaJeHa
nonHocTeo. Ceponnacral 7aoke umeror ciepuueckyio dopmy, Ho
OTIIMYAKOTCH TEM, YTO CTEHKA Y HHX MACTHYHO COXPAHAETCH.

TpororacTel  06LMHO OGPasyIOTCA M3  IPaMIONCKHTEIBHBIX
Gaxrepmii, cheponiacTsi -~ M3 rpamoTpHuaTenshnx. Ho He mcxmogaena
BO3MOXHOCTb NOMYYSHHA NPOTOIUTACTOE H H3 FPAMOTPHLATEIBHBIX
Gaxrepuit. s 3TOro HEOOXOAMMO NpPEABAPHTENHHOS pa3pyLueHHe
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HapyxHOM wmeMOpaHel, 4TO MOXer OBITh AOCTHIHYTO OGpaborkoii
Gaxrepuit IATA (3THNCHAMAMUHTETPOALETAT), WM APYTHMH areHTaMH,
PacTBOPSIONIMMH JTUITONONHCAX2PHAB MeMOpaH.l.

Pasnmpunas  cTeneH»s  ymaneHHs ~— KNETOYHOM CTOHKH Yy
FPaMIONOKUTENBHBIX ¥ IPaMoTpHUaTeNsHBX GakrepHii B OXHHX M Tex
)Ke YCNOBUAX ABJUIETCH CIIGUCTEHEM PaiTMYHOrO XHMHYECKOTO COCTaBa H
CTPYKTYPHOI OPraHH3al#Hi WX KJIETOYHEIX CTEHOK.

O6mum crofictBoM mpororiacToB M cheponIacTop sBserca
Hpe3sbuaiiHad YyBCTBUTENBHOCTh K OCMOTHYECKOMY AABJICHHIO CPEADI.
OHH MOTYT CYIIECTBOBATE TONBKO B FHNGPTOHHYECKHUX M HIOTOHHYECKHX
pacrsopax (0,1-1,0 M pacrsop caxapossi WnH XJIOPMCTOTO HATpus), B
FHIIOTOHMYECKHX PACTBOPAX OHH NOABEPTAIOTCH IU3UCY.

B ocHoBe monyueHMS nPOTOMTACTOR M CHEPONNACTOB JNEXKHT
BO3ACHCTBHE Ha KJIETOYHYIO CTOHKy BOUISCTBAMH, GNOKHDYIOLIMMH ee
CHHTEe3 MJIH PaspyllarliiMH TeNTHAOTNIHKaH (pursaabiii cnor). K
TIePBBIM  OTHOCATCA  AHTUOHOTHKH  NEHHLWUMH,  GauuTpauMH,
BAHKOMRUKH, KOTOPbIE NOAABNAIOT CHHTE3 NENTHACTIIMKAHA; KO BTOPHIM
- epMeHTH NH3OUHM, MYTAHOTH3IHH, JNA3OCTAdHH, OKA3LIBAIOUIHE
cneuuduteckoe AeifiCTBHE HA TJIMKOGHIHBIE H NENTHAHLIE CBA3M
MEeNTHAONTHKAHA.

Mpotonnmactet ¥ cheponnacTel  0BNARAOT  CMOCOBHOCTHIO K
peBepcHH B McxoaHuie GakrepmanbHbie (OPMB. VPOBeHb 3aBHCHT OT
¢u3monoruteckoro cocrosnms nporormacrupylomux kierox. HauGonee
3G (eKTHBHO PEBEPTHPYIOT MPOTOIUIACTH, MOAYYEHHME W3 GakTepwii,
HAXORAIMXCA B paHHeHl  SKkCnOHeHuManeHOH  daze  pocra.
TlonokutenbHOe BIHAHWE HA PEBEPCHIO NPOTOIUIACTOB OKA3KIBAIOT
nobamneEMe B  PETeHEPALMOHHYIO CPEAy ADPONCOKEBOrO 3KCTPAKTA,
CHIBOPOTKH, S8MHHOKHCJIOT, BXOAAWIHX B COCTAB KNETOYHOH CTOHKH, &
TaloKe 3aMEeHa arapa JKenaTHHOH B TBepo# cpene.

Habmonesus B 3nexTpoHHEIA MHKPOCKON 3a  pemepcHeilt
nporornacros Bac. licheniformis moxasano, wro BHauane npoucxoauT
YBE/THYGHHS® KX Pa3MepoB, 3aTeM CJIeAyeT OOpAa30BAHHE PBIXIOH, TIOTOM
Gonee mnoTHOH KnerouHol crenkn. ORHOBPeMEHHO (OPMMPYIOTCH
TOMNepPEYHLIE CEBA3M B NENTHAOINIHKAHE, YTO NPHAAET PHIHOHOCTH
KIeTo4Ho#H crenke. PemepTHpoBaBmHe npoToruiacTel  cnocobmel  x
HAENeHHIO,

55



INporonnacter M cheponaacTsl HCIOABIYIOTCH JUIA  H3YYEHHA
CIpykTypel M QyHKupE KIeTOuUHMX MeMOpaH, OGHOXHMHUECKHX
OCOBEHHOCTEH MHKPOOPTAHH3IMOB, & TAKXKe IUIA M3YHEHHA TeHETHUECKHX
cpoiicts Gaxrepuii. I[IpHMEHOHHE nNPOTOMMACTOB B IEHETHYECKHX
HCCIOHOBAHHUAX OCHOBAHO H3a HX CIIOCOBHOCTH K  CIMAHMIO H
pexkoMEHHALIHOHHOMY B3AHMOAGHCTBHIO MEXCTY NeHOMaMH,

TMpouecc CNHAHHA NPOTOMNACTOB ¢ LONLIO  TONYHOHHS
PeKOMOHHAHTHOrO MOTOMCTEZ BHIOAHO OTAMYMACTOR NO  PAAY
ocobennHocTeli OT JApYrHX ©nocoboB  reHeTHHOCKOro  obmena:
1) orcyrcreue Gapeepa HECKPELIMBAGMOCTH; 2) BOIMOXHOCTD
B3aHNMOAEHCTBHSA MONHBIX POAHTENLCKAX I'HOMOB H LHTOMNasM; 3) any-
HanpaBeHHEIA NMepeHoC reHeTHHecKoH Hr(popMalmy, T. €. 06a poauTens
B paBHOH Mepe MOTYT CITYXHTh JOHODAMH NEHETHYECKOrO MaTepHana.
Ipy CAMAHMH NPOTOMIACTOB  B3AMMOAGHCTBYIOT HE OTHENBHBIC
¢parMeHTHl XpPOMOCOM [OHOPHOW H PELMNHEHTHON KISTOK, KAK 3T0
HIMGET MOCTO INpH TPaHCHOPMALMH, KOHBIOraUMH M TPAHCOYKIMH,
nomHsle reHomm ofoux poaMTensckux KieTok. B (opMuposamuu
pexoMOuHaHTHOrO NOTOMCTBA pone MX OpuHakoBa. O6pasyommecs B
Pe3yNBTAT® CNMAHHA NPOTOMIACTOB PEKOMOHMAHTH XAPAKTEPH3YIOTCK
3HAYHTENEHMM pasHoobpasiieM M MOryr ObiTh HCNONB3OBaHBI JUIL
TEHeTH4eCKOro aHanmsa. B  nporommmacrax cnocobusi  penpoay-
uupoeaTecs Qarn. OmHAKO, 3TO BOIMOXKHO NHITb B TEX CIyuasX, KOTAa
GaxrepHy HHGHUIHPOBAHKI (AroM KO PAIPYIIEHUN KIETOMHON CTOHKH, T.
€. nmpempaliesus B npororutacTe. B moaxoasmedt cpepe, B M30- mMmH
THISPTOHHYOCKHX PacTBOPAX, MPOTOMIACTH B CHEPONNAOTH NPOABAKIOT
MeTabONHYECKYIO AKTHBHOCTb, MOIYT YBENMYMBATHCA B Pa3Mepax, HO
yTpasnsaoT GI'IOOOSHOCTB K Pa3MHOXKOHHIO.

IporonnacTet pasHx BUEOB Gakrepui - rPaMOTPHUATENbHB M
HENOABIKHB HOCMOTPA Ha HAIMYME KIYTHKOB,

TexaecTsenns nporonnacram npuponusie L-gpopmer Baxmepuii,
KOTOpble B CHJIy PasHWX MPHYMH YTPATHIHM CNOCOBHOCTD K CHHMTE3y
TIeNTHAOINMKAHA H TAKK® HE HMEIOT KJIETOYHOH cremxu. Ouu mmelor
(opMy chepuueckux M BaKyONMIHPOBAHHEIX TeN OT (THMIAHTCKHX»
(28 mxMm) no ymeTpammxpockormueckux (0,25 MkM) pasmepos.
O7CyTCTBHG PHIHAHON KNETOMHOH CTEHKH TNO3BONIAET HM BHITATHBATBCH B
TOHKH@ HUTH, NMPOXOASILIHE Huepe3 GaxrepHaNbHbE HUABTPLL.
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L-popmer orkpurst B 1935 r. corpymumueii JIucreposckoro
uncruryra (Jlonnon) E. KmuneGeprep-HoGem» M B uects MHCTHTYTA
TIONY4HAH CBO® HasBaHHe. BriepBhie OHH OGHApYXeHH B KynsType
Gawunnu  Streptobacillus moniliformis, BuneneHHOH w3 yxa KpbIChL.
TNoaxe OGwnu onmcann L-popmsi cambix pa3HOOBpPa3ABIX BUAOB
Gaxrepuil: KuMmewHOH M AM3CHTEPHHHOH MANOYKH, NPOTEs, CTPEITO-
KOKKOB, a30T00aKTepa, aKTHHOMMLETOB H aAp. ITH ($OPMBI BOIHHKAIOT
CIMOHTAHHO H HMHAYLIHPOBRHHO IOJ AeHCTBHEM AreHTOB, GnOKHMpyromux
CHHTE3 KIeTOYROH CTeHKH. TakuMH areHTaMH MOrYT CIYXHTb
aHTUOHOTHIH, (PEPMEHTHI, XMMHIYGCKUME BOIOCTB2 (XNIOPHCTHI JNHTHIA,
Tesutyput Hatpus). Hanpamep, noSasnenne B cpexy nemuuummua (100-
200 en/mn) NpensTCTBYET CHHTE3y KIETOYHOH CTEHKH B PACTYIIHX
KyNBTYpPax mporves, KulDeuHoW manouku. Ilpu yaaneHuM neHMupmimea
WIIH NMEPEeHECCHHH KJICTOK Ha Cpeay 6e3s Hero CMHTe3 KNEeTOHWHOH CTeHKH
BosoOHOBMAeTCE. OpmHako BeTpeualores M crabuibheie L-popmm, we
obnasaloMe CnOCOOHOCTBIO K peBepcuH. B  KneTkax HEKOTOPBIX
crabumeybix  L-popM KOMNOHEHTH NENTHIOINHKAHA  TOMHOCTBIO
OTCYTCTBYIOT, y NACHIBHBIX COAEPIKHMTCA MyPamMOBasA KHCIOTa, HO B
OTHOCHTENBHO HH3KoH koHuenTpamuu (10-15 % ot copepxanus B
HopMmaneubiX Knetkax). O6paszosanve crabunbupix L-¢opm, Bo3moxHO,
HMMEST MYTALHOHHYIO NPHPOAY.

L-(opmsl CMOCOGHE! PacTH Ha TUIOTHBIX MUTATEIBHLIX CPEAAX H B
kynsType TxaHei. Ilo xapakTepy KOJIOHMH M HEKOTOPBIM APYrum
cBolcTBaM ux paspemsmor Ha gsa TtHna: 3A H 3B. Tun 3A na
arapu3OBaHHBIX cpenax obpalyeT O4YeHb MeJIKHe PacTioNaralouIHecs nog
TIOBEPXHOCTBIO arapa KOJIOHHH, cocToAwHe u3 rpanyn. HMuorpa rakas
KONMOHHA [POPACTAET Ha MOBEPXHOCTh. JTOT THI AOBOIBHO CTabHIEH H C
TPyAOM BO3BpamasTcs K ucxonnod ¢opme. Tun 3B obpasyer Ha
MOBEPXHOCTH arapa 4YeTKO OYEPYOHHBIE NPHNONHATHE KOJNOHMH C
TeMHBIM FYCHCTHIM MIIH 3CPHHCTHIM LCHTPOM, YIUIOTHCHHBIM BCICACTBHE
pocTa xooHHH B TONmy arapa, L-dopmel Tuna 3B HecTaGunbnbi. Oxu
TIerKoO BO3BPAINAIOTCA K HCXOAHOM opMe Bakrepmii.

Jns pocra 3THX OPraHM3MOB NMPUTOAHBL TE K& CPenpl, YTO M AL
pocra HMcxomHbix Gaxrepmii. Opnako crabuabhbie L-popmst myume
Pa3sBMBAIOTCY HA Cpexax, OOrarsXx mNUTATESNLHBIMU BEISCTBAMH M
olnafaromux BBICOKHMH OCMOTHHECKHMH CBOHCTBAMH.
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3.2.3. umonaasmamuueckan membpana u ee npoussoonsie

Ilon xnerounol crewxol GaxkTepMH pacronoXKeHa LUTOMNA3-
maruueckas MemOpana (LIIIM). Ona otaenser conepKuUMOe KIETKH OT
KICTOYHOH CTeHKM H SNBIAeTcR OOA3aTeNsHOM CIpykTypoit mobol
KIIOTKH.
Tomnuna LM 6Gaxrepuit obeuno okono 6-8 um. Ha ee gomo
npuxopurcs Ao 15 % cyxod maccsl xnerkn. OHa COCTOMT M3 NHMHAOB
(15-45 %), Genxos (45-60 %) v mebomsmoro KONHYECTBA YINOBOJOB
(oxono 10 %). Jlunugm npencrasnens: dochonnmuaamu - zo 30 %
cyxoii maccs MemGpamm. Cpeam Hux npeobnasator ocharuaun-
rasuepun M audochaTHannrnsuepus (KApAHOTHNHH) - OGA3ATEBHBIH
KOMIIOHeHT MHTOXOHAPHAJILHEIX MeMOpaH dsyxapuor. B  MembmeM
xonuyecTse  copepxarcs  dochatupmmurosur M dochaTHmmn-
aranonamud. Kpome docomunuzor » membpane obmapywens: pas-
JIMYHBIE FAMKONHITHAN, HeGONbIIME KOMUYECTBA KAPOTHHOHMIOB H
XHHOHOB. B cocrase MHNHAOB, NMPOM3BOAHMX FIHMLEPHHA, BhISBIECHH
HETHIIMYHLIC JU1i MOMODAH JKHPHBIE KHCIOTH - HACHIUEHHBI® MJIH
MOHOHeHachmeHHbie ¢ 16 - 18 yrnepomubniMu aroMamu, a Taloke
KHCIOTh, HE BCTpevalomuecs B MeMOpaHax 3yKapHOT - LMKIO-
TPONAaHOBbIE ¥ PA3BETBICHHBIE )KUPHEIE KHCNOTE ¢ 15-17 yrneponumimu
aromami. HabGop >KHPHEIX KHICTIOT, K8K M COCTOAIIMX M3 HHX JTHITHAOB
MeMOpaH, ABIeTCA BHAOCTIELHHYEHEIM MR TIPOKAPHOT.

MemOpaHHbie THMKAL NPEICTABNEHH HECONBIUUME MONAPHLIMK
MOJIEKyNaMy, HeCylMMH ruapodunbhne (romoBkH) ¥ ruaApohobHbe
(xsocTH) rpynna. B BozHOM cpene OHH CHOHTaHHO OOPa3yIOT 3aMK-
HyThlH GUMOnexynapHuii cnoit - Gucnoit. Iror cnoit cyRHT Cymect-
BeHHBIM GapbepoM Ans MOHOB H MONAPHBIX CoefMHeHwH, Opranu-
30BAHHBI® B GUMONCKYNAPHLIH CNOH IHMHB COCTABISIOT CTPYKTYPHYIO
OCHOBY MEMOpaHH, NONAGPKUBAIOT MEXAHMYECKYIO CTaOGHIBHOCTE H
npHAAloT i ruapodoGHOCTS.

Benxy coctaBnstor Gonbine roNoBHHB Cyxol Maccs MeMOpaHM.
Hx macunriraerca 6ones 20 pasamuannx Tanos. Mexoas w3 pasmrauit B
TPOYHOCTH CBA3H C JIMNHAAMH H Pacnonoxennem B Membpare, Genku
TIOAPAAVIAIOT HA HHTerpanbhnie H nepHepuieckue. MHrerpanbHue
Genxn norpyxens B ruapodobHy10 obnacTs MemEpankl, Toe obGpasyioT
MHOrOYHC/ICHHBIC CBA3H C YITIEBOACPOAHBIMU LEMAMH  JIHITHIOB,
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co3fasas  nunonporeuansie  kommuexcel. [lepudepuueckne Genxu
NOKANW3IOBAHK HA ITOBEPXHOCTH THAPOPHIBHONO CJIOR H  SacTo
TNPHCORAMHAIOTCA K HHATErpanbHuM Genkam (puc. 3.14).

Puc3.14. Crpyxrypa OHTOIIA3MAaTHYECKOH MeMOpamsL:
1 - nunudwr; 2 - 2nuxonpomeudsi; 3 - nepugpepuvecxue benxu;
4 - unmezpanvhvie 6enxu

Mewm6parnne Genku no ux Gyrxunam B cocrane MeMBpan MOXHO
Pa3ienHTs Ha ABE rPYNIL: CTPYKTYPHEE H AMHAMHYECKHS,

QDYHKUKHH CTPYKTYPHHX GeKOB OTPaHHHMHBAIOTCA MNOMACPIKARUEM
CTPYKTYPHOH ULENOCTHOCTH MeMOpasm. OHH pacnonaralores  Ha
TIOBEPXHOCTH THAPOJHIBHOrO JNMNHIAHOrO CJOA, BHCTYNAas B PONH
MofeKynspHoro Sanaaxa,

K punamMudeckiM OTHOCAT 6elkM, KOTOpBIE HENOCPEACTBEHHO
YYACTBYIOT BO BCOX IpOLECCaX, MPOHCXoAammx Ha MemOpame. Mx
Pa3nensiorT Ha TPH KACca: TPAHCNOPTHBIE, YYACTAYIOWIHE B TPAHCNOpTe
COSAHMHEOHUH BHYTPh H HAPYXKY KIETKH, KATANHTHYECKHE, BEIMOMHMIOMHUE
Oysxuun GepMeHTOR B peakiuax, MpoucxoaAumMX Ha MemGpane; Genkn-
peuenTopel, crienudHYecKH CBAIBIBAIOME ONPENCICHHBIE COSAHHEHHA
(TOKCHHBI, FOPMOHAI) HA HADY)KHOM CTOPOHE MeMOpPaHK.

Vrneroau B MeMOpaHe HaXOAATCA HE B CBOGOMHOM COCTOSHHH, a
B3aMMOCBA3aHE C GenxaMH H nHIHZaMK B rixonporeras. OHH, KaK
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NpPaBmIO, MOKANIMIOBAHK TONLKO HA HAPYXKHOH MOBEPXHOCTH MeMOpaHsl
B BRNOMHMOT (PYHKUMHM PEuenTOpOB Y3HABAaHHS (HAKTOPOB BHELIHOH
CPensl.
Llsrronnasmatudeckads MemOpana Oaxrepuii, Kax M BCe npyrue
Guonoruueckue MeMOBpaHel, SBJISETCA ACHMMETPHUHOH JKHAKOKPHCTal-
nuueckoit CIPykTypoil. AcumMerpua ofycnoBneHa pasnMMMAMH B
XHMHHECKOM CTPOSHHH MONEKyJ1 Gelika H HX pacrolioKeHHH B SIHITHIHOM
Gucnos MemOpans, OfHY GelNKH PACIONOXKEeH: Ha MOBEPXHOCTH Oucod,
ApYrHe - TOrpyXeHel B €ro TOMNy, TPeTbM HPOXOAAT HACKBO3bL OT
BHYTpeHHeH 10 BHewHeH nosepxuocTH Guanod. Ctporo onpeneneHHas
opuenTauns MembparHnx GenkoB B CBOIO Ouepeab ODYCNMOBIEHA TeM,
YTO OHH CHHTESHPYIOTCA M BKTIOYAIOTCA B MEMOpaHy aCHMMETPHHHO.
HapyxHas H BHYTPEHHAS NOBEPXHOCTH MeMOpaHR! paaHuAlOTCA TAKKS
no ¢epmenTaTHBHON akTUBHOCTH. B 3aBHCHMOCTH OT YyCJOBHi
(nanpumep, Temmepatypsl) LITIM moxer HAXODHTBCH B PaMHMHBIX
(ba30BbIX COCTOAHHMAX: PAaKIDKOHHOM KM KpHcTammmieckom. Ilpu
nepexone OXHOH XIAKOKPHCTAILTMISCKOH (hassl a APYryio H3MEHsercs
NMOABHIKHOCTD KOMIIOHCHTOB MeMGpamﬂ M IJIOTHOCTH €€ YNAaKOBKH, YTO,
B CBOIO Ouepedb, NPHUBOAWT K HAPYIIEHHIO €€ (PyHKUHOHANBHOM
AKTHBHOCTH.

CTpyKTypHas OpraHuM3auus M PyHKUMH LMTOIIA3MATHISCKOH
memGpann. [jis o6bACHeHHA MPHPOAN H MEXAHH3Ma MHOMOYMC/IEHHBIX
Gymxuuii LINMM Haubonee noaxoadIne ABISeTC MUAKOCTHO-MO3AHYHASL
MOZENb OPraHW3auuH GHONOrHuUecKHX MemOpaH, FNPEeanOXKEeHHAX
P. Cunrepom u A. Huxoncosom B 1972 r. Cormacho ZaHHOM MOAemH,
meMOpaHb MPeacTasImoT COBOH ABYMEpHEIE PACTBOPE!I ONPEAENICHHBIM
06pa3oM OPHEHTHPOBAHHBIX FIOBYNAPHKX Geyikos B nunHos. Jlrmyas
ofpaiyior GMCNOH, B KOTOPOM THAPODHIBHEE (TOMOBKH» MONEKYH
obpamennt Hapyxy, a raApodobHEe (XBOCTHY NMOrPYKEHH B TOMLIY
memOpann, ofnagas mpu ITOM HOCTATOYHOM rubkocTEI0. MemGpanHee
SIHNHIE B MHOTHe Genxu csobOAHO nepeMelnaoTcs B GHCN0e, HO TONBKO
B NaTepanbHOM Hanpasnenuu (narepansHasa auddysua). B nonepearom
HANPABNGHMH, T. ©. OT OAHOM TOBEPXHOCTH MemOpamm k
NPOTHBONONOKHOK, Oellk¥i nepeMellaTrbCA HE MOryT, & IHMnHab
nepemematorcs  kpaine meanenso (1 pas 3a HECKONEKO HacoB).
TpyunHOfi OTCYTCTBHA MM HH3KOH aKTHBHOCTH Nonepeutol anddysun,
TO-BHANMOMY, NBIAETCA aCHMMETPMYHOE pPAaCTPeAEicHHEe JIHNHAOB:
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onuux nunuaoe Gonsine B HapyxHO# 4acTu Gucnos, APYyrHX - BO
BHyTpeHHe#. CleacTsHeM 3TOro SBJSETCA HEOAWHAKOBAS 3JIEKTPOHHAS
TUIOTHOCTH (TIPOBOAMMOCTB) GHCNOS B NONEPEeYHOM HaNPaBIGHUH.

B 5KHAKOKPHCTAIUIHYECKOM HIJIM PAKHOKEHHOM coctosHud LITTM
HAXOZUTCA  TONBKO NPH  OMPeAEVIGHHWX, TaK  HAa3bIBAeMBIX
Buonoruueckux remneparypax. [Ipu noHwkenny TemmepaTypst ( Hipice
TOYKH IVIABNICHMA, TIN) JHOHAN TDEPEXOAAT & KPHCTAILUIHIECKOe
COCTOSHHE, MOABILIAETCA CTefeHb BA3KOCTH BIUIOTh HO 3aTBEpACBaHHA
MeMOpaHbl. 3HaueHHe TeMMNepPaTypel, BHIHBAIOICH 3ATBEPACBAHHE
meMOpaHh, oripeaensAeTcs COnePKAHHEM HEOHACHIILEHHBIX H
Pa3beTBIEHHIX XKHPHBIX KHCHOT. Yem Gonsime mx B memOpawe, TeM
HIDKE TEMMEPaTypa TNEpexosa JHMIHACB M3 KHIAKOKPHUCTAILTHYECKOro
COCTOAHMA B KPUCTAILTHYECKO®.

TpokapHoTel 06naxaoT CIOCOOHOCTBIO PEryNupoBaTh TOKYHECTh
MeMOpaHEl ITyTeM H3MEHEHHS YHCNA ABOMHLIX cBA3leH M JUIHHM wLeneH
MONeKyn XKHPHBIX KHCnoT. Tak, y E. coli npu nonrmxeHH: TemMnepaTypb
cpenst ot 42° C no 27° C cooTHomeHe HACKIMEHHKNX ¥ HOHACKIIGHHBIX
JHUPHBIX KHCNIOT B MeMOpaHe cripkaetca ¢ 1,6 no 1,0, 1. e. conepxanne
HEHACBIICHHEIX XHPHBIX KHCIOT JOCTHIaeT YPOBHA HACHINEHHBIX. JTO
MPEROTBPAINAET YBENHYEHHS BA3KOCTH H ODecrewiHBaeT COXpaHeHHe
xnerxaMe  (Quznomoruveckoil  AKTHBHOCTH NPH  MOHIKEHHOH
TemmepaType.

WM sEmonnseT y NPOKAPHOT MHOMOMHCICHHEIE KHIHCHHO
BaxkHbie GyHKUHH. B OCHOBHOM OHH ONMpeZIeNsIOTCS JTOKANH3OBAHHKMMH B
ueil Gerxamy, KOTOpME BBINOJHAIOT POMb KAHANOB, PELENTOPOB,
POreHepPaTOPOB JHEPrHH, HEPMEHTOB, TpaHCNIOPTHEE GyHKLMH B ApYyTHE.
LUIIM sBnsercA OCHOBHBIM OCMOTHYECKHM ©apeepoMm, KOTOPHIA,
Gnarogaps HAMHYMIO MEXaHH3MOB MEMODaHHOro  TpaHCnopra,
ocylmecTBiter M3IGHPATENbHOE NOCTYIUIGHHE BRIISCTB B KJIETKY K
yOameHHe W3 Hee TIpOAykToB MeTaGomuama.  HlsGupartembHas
nporunaemocts LITIM  ofycnoBneHa NOKamM3OBaHHBIMH B Hei
cyScTparcrieupHMeCKHMHA NMEPMEa’aMH, OCYLIECTBRIISIOMHME aKTHBHEIH
TEPSHOC uepe3 MeMOpaHy pavIMYHBIX OPraHHYECKHMX H MHHEPATbHBIX
semecrs. B LITIM conepxarcs ¢depmentst GHocnuTesn MemOpaHHEIX
NMNHJAOB M MakKpOMONEKysl, BXOOSIIHX B COCTAB KJIETOYHOH CTEHKH,
HapyxHoH membpanbl, kancynsl. LIIM sBisercs MECTOM NOKANH3ALMH
OKHCITHTENIBHO-BOCCTAHOBHTENbHBIX  (DEPMEHTOB,  OCYINECTAIAIOIIHMX
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TPAHCNIOPT SNEKTPOHOB, OKHCIWTENBHO? M (POTOCHHTETHUOCKOE
¢pochopunuposanue, FEHEPHPOBAHME  SIIEKTPOXHMIYECKOH 3HEPIHHM
TpancmembpanHoro roreHumana (Au H+) ¥ xumuueckoit (AT®), LIIIM

BHNONHAST BaxHee OGynknpu B GHOCHHTee ©  TPAHCIOKALAH
cexperHpyeMbix GETKOB rpaMoTpHLATENbHMMH Gaxrepusmu. BuocHHTes
FaHHEIX GenKkoB OCYmECTBNACTCA Ha pPrBOCOMAX, MPHKPEIVICHHBIX X
LIIIM. V rpamorpuuatensaeix Gaxrepuii Ha LIITM umerorcs cneuuans-
HHE peuenTopHbie OenkH, «y3HaromMe» CHrHanbl u3 Gonbmoii pubo-
COMHOM CyGuacTHUH o NMpHKperneHHHM PHMOOCOMBI M HAYANe CHHTE3a
Genka. MemGpannile peuentopusie Senxn BaaHMOAEHCTBYIOT ¢ Gonbmoi
cyGvenunune#i pubocombl, obpasyercs pnbocomomeMGpasHmIii KOMIT-
NEKC, Ha KOTOPOM OCYLUSCTBAACTCA CHHTE3CEKPETHPYSMBIX OenKoB.
Tarkum myrem, nanpumep, E. coli cunresnpyer menounyro docdorasy,
Bac. subtilis - a-amnnasy. LIITM oBecrieunBaer Taloke MEPEHOC AAHHBIX
Genxos a nepunnasmarHyeckoe mpoctpancTeo. Benmka poms LITIM B
PEryiauyH KISTOUHOrO ASNEHHS, PEIUTHKALHH XPOMOCOMB! M IUIA3MHIA M
NOCNEYIOMeH CerperalMi 3THX FeHeTHUeCKHX 3IEMEHTOB MEXAY BHOBB
05pa3yroIHMKCA AOYCPHEMM KIETKAMM.

Bce NpoKapuMOTH MapsAy C© LHTOIUIA3MATHYECKOH MeMGpaHoi
COEPXKAT € NPOH3BONHEIE - BHYTPHKIETOYHEIE MeMOpaHBI, KOTopkie
BENIONHAOT CHCUHATHIHPOBaHHEIE (QyHkuud. Llurornnazmatwueckas
membpana criocoGua Kk OOpPa3oBAHMIO BCEBOIMOXHBLIX HHBATHHALMI
(BrisvmBaHAi). 3TH MHBATHHALKM COCTAaB/IOT BHYTPHIIETOYHBIE
MeMOpaHbl, KOTOPBIE MMEIOT PAUTHYHYIO MPOTMKEHHOCTh, YIAKOBKY M
nokanuzaguio B yuronyiasMe. Onu MoryT 6bite COOpaHB B CHOXKHbiE
KIyOKH - TIaCTHHYATHe, COTOBMIHBIE WNH TpyGuaThle 0Gpa3oBaHHA.
Memee crnoxmeie MeMOpaHEl HMEIOT BHA TIPOCTBIX NETENb KT KAHANLLEB
paanmuuHoil mpoTsmkeHHocTH. HesaBucuMo OT CI0KHOCTH OpraHH3aLuH
BHYTPHK/IETO4YHBIX MeMOpaH, BCe OHH SBILIOTCS MPOHIBONHBIMH
uMTornasMaTH4eckoi MemOpann. Bemuuna akTHBHOM MOBEPXHOCTH HX
NMPeBHINACT TAKOBYIO LMTOIIA3MaTHIeckoH wmemOpanmi. 3J10 paer
OCHOBaHHE CYAMTh O Gomemoli PyHKUHOHANBHOM AKTHBHOCTH OAHHEIX
CIPYKTYD B KII€TKAX.
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OcoGenno GoraThii BHyTpuKTeTouHMiT Membpanmmii anmapar
oBHapyxeH y a30TPMKCHPYIOIHX H (POTOCHHTEIHDYIOIDNX GaKTepmii,
Gpyuenn, mutpupMmpyromux Gakrepuii. V  orocunTeanpyronmx
6Gakrepnii (Rhodospirillum rubrum) memBpasm umeloT Bua 3aMKHYTEIX
My3slpskoB - Beaukyn, Vix oOpa3oBanne HauHHASTCA ¢ BIATHBAHHA
LMTONNASMATHYeCKOH MeMOpaHLI, KOoTOpoe 3ateM ©OBpaisyer TpyGouky.
Ha 1py6ouke rossnsmoTcs nNEpETMKRH, PpajneNAOmMEB €e HA PAX
My3spbKOB. 3TH MMy3HpPbKH HA3LBAIOT XpoMmarodopamu. B  Hux
COZIGPIKATCA MOrNOINAIOWIME CBET MHIMEHTH - Gaxrepuoxnopoduus M
KaPOTHHOHAK, (EPMEHTE TPAHCMOPTa 3MEKTPOHOR - YOMXMHOMM M
LMTOXPOMBI, KOMNOHEHTH CUCTeMbr (ocopunuposanns. V HEKOTOPEIX
$OTOCHHTEIHPYIOIMX IMPOKAPHOT, B YACTHOCTH Yy MNYPNYPHHX
cepobaxrepuii M unanoﬁalcrepun d:mocnﬂmupyxomun annapat
TPEACTaBNeH  CTONMKaMK : : 4
MeMOpaH, KOTOphle HMEIOT
yruiomesxyo GopMy U no
AHANOFMH € TpaHaMKu
XIIOPOMIACTOB  3EJIEHBIX
pacreHui HAa3BIBAIOTCA
Thnakongamu (puc. 3.15).
B HHX KOHLEHTPHPYIOTCA
IMIMEHTE  (POTOCHHTE3a,
tdepmenT 3IEKTPOH-
TPAHCTIOPTHOM UeNH H
cucremm (ochoprmposa-
Hus. OcobenBoCTBIO THNA-
KOHAOB yuHaHobakTepHii
SBJISETCA OTCYTCTBHE CBA-
31 ¢ UMTOmna3MarHue-
ckoit memGpanoii. 3o L
©AMHCTBEHHAA rpynna Pnc 3.15. Crpoelmc dorocrHTE3H-
NPOKAPHOT, uMeoman pyomMx  cepobaxrepuil  (yBe/mMieHnHe
nnddepenupposanyo x 60 000): | - yumonnasmamuveckas

MeMGpaHHYIO CHCTeMY. Membpana; 2 - knemounas cmenka; 3 -
omocunmemuyecxue MemOparinsie

cmpyxmypul (laMeJspHbit mun)
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b % HHTPHHLHPYIOWMX Gaxrepuii BHYTPHKJIETOYHBIH
MemOpaHHN# arnapaT HMeeT BHA IUTACTHHOK, WM NaMeri, COCTOSIIMX
M3 MIOCKHX My3bipbkoB (pHe. 3.16).
Uz  pHyrpuxnerounsrx  memGpan
Hanbonee CIOKHYIO CTPYKTYPY HMe-
1or MesocoMmel. OHH MPEACTABASMIOT
coboif  criMpaneBHAHO3AKPYUEHHHIE,
TIOCKHE MK cepuyeckH
TpySuateie Tensua. PDopmupyrorcs
ME30COMBI B INIEPHOA KIETOYHOro
OenenMs B 30He 0OOpa3oBaHHs
nonepeuHoii  meperopoaxkH. Omnm
MPHHMMAIOT Y4aCTHE B PEIUTHKALHK

ApOMOCOME! M. pRcnpicAEicim Puc. 3.16. MemGpanmmit

réeHOMOB MEXITY AOUEPHHMH ammapart Nitrosocystis
KJIeTKaMH, B CHHTE3E BELIECTB x 22 500

Knerounoit crenkn. Ha yuacrue

ME30COMBI B HENEHHH KNeTKM yKasuiBaer cs3b ee ¢ JIHK wyxeomaa.
Xopomo pasBHTHE ME30COMH OOHAPYKUBAIOTCA TONBKO Yy IpaM-
NONOXKHTENbHBIX BaKTepuii.

Haxonyiennsie k HACTOALIEMY BPEMEHH CBEASHUS FOBOPAT O TOM,
uro Membpannme cTpykTypet Gaxrepmii  moctatouHo auddepen-
LHPOBAHB! M  OOGCTIeMHBAIOT XOA PpaVIHYHEIX MeTabONMuYecKHX
TIPOLIECCOB B KJIETK,

3.2.4. Lumonnaima u yumonaaamamuseckue eKIIoNeHus

IuronaaimMa - nomyxuzaKas KOJUIOHAHAA MACcCa, COCTOAIAA HA
70-80 % 13 BOAB K 3ATMOHAIOWIAN BHYTPEOHHIOK NONOCTE KIETKH.

B nwronnasme paymuaior ase ¢paxumn. B opHoit 3 HuEx
TIPEACTAaB/ICHH  CTPYKTYPHble 3/JeMeHTHh: pHOOCOMBL,  a3pOCOMEI,
KapOOKCHCOMMI, 3amacHBle aKNoueHMs, reHerHueckuil anmapar. B
Apyroli (paxumu COREPKHTCH CNOXKHAA cMech pacTsopumux PHK,
(epmenTHEIX Ge/IKOB, MUTMEHTOB, MHHEPAILHHX BEMECTS, TPOOYKTOB K
cybctparos  merabonvueckux peaxumii. 3rta dpakums nomyuuna
HAa3BAHHO LIHTO3OUIA.



Braronaps HaNM4HIO Pa3HOOOPa3HHX OPraHHYECKHX COSAMHEHHE
yHTOMIaMa CaKTepHANBHBIX KIETOK XapaKTepH3yerca NOBRIUeHHOMH
BaskocTsio. Ona B 800-8000 pas Gonbine BI3IKOCTH BOAR! (MpuGnpKaeTcs
K BA3KOCTH ruuuepuna). Mosoasie knerkw, Haxoasmuecs B nar-asze
HNH Ha HA4ANBHEIX JTanax jorapummueckol dasw, mmeior Gonee
HH3KYIO BAIKOCTE LIUTOI/IA3ME; Y CTAPEIOUIMX = BA3KOCTh MOBBILUAETCA,
HANOMHHAA NO KOHCHCTOHLUHMH IeJb. cTEl'lel'lI: BA3ZKOCTH UHTOILIA3ZMBL
XapaKTepH3yeT He TONbKO BO3PACT KIETKH, HO M € (DHIHONOrHIecKy1o
aKTHBHOCTb. [ToBEIGHHEe BASKOCTH LHTOILIA3MB Y CTAPHX KYJIBTYD
ABNAGTCH ONHEM M3  (pakTOopoB, OOYCNOBNHBAIOMIMX  CHHKEHHE
(usnonoruyeckoli akTHBHOCTH Knerok. Lluroruasma ssssercs cpeaoH,
CBA3KBAIOLICH BCE BHYTPHIUISTOMHEIE CTPYKTYPM B EIMHYIO CHCTEMY.

Pubocomes. B uuronnasme GakrepuanbHOH KNeTKH NOCTOAHHO
CONSPXKATCA CTPYKTYpH cepuueckoit Gopmes, pasmepom 15-20 um,
MonexyspHoii Maccoit 3'10°,

Pubocombr cocroat Ha 60-65 % u3 pubocomanmsuoit PHK u na 35-
40 % u3 Geyxa. Tocnennne GoraTel OCHOBHBIMHE aMHHOKKCTOTaMu. [Tpu
ynbTpaueHtpudyraposasun  pubocombr  Gaktepmii  oceaalor  co
CKOpOCTHIO, cocTamnmowei okono 70 eauumy Ceenbepra (S)’, 2a wro
nomyunnH HaszsaHHe 70S-pubocom. Llmrormasmatmdeckue puSocoMunl
3YKapHOT KpynHee W MX Haimator 80S-pubocomammu (KOHCT2HTA
cefHMeHTaUMK ux paBHa 80S).

Kaxnas pubBocoma cocrout u3 apyx cyGvemunuu: 30S u 508,
KOTOpEIE PalIH4alOTCA pasmepamd momekyn PHK n  kommdectsom
BXOASIEro B ux cocrae Genka. Bonbinas cyGweaunvua (50S) copepxur
ase monexynsl pPHK - 58S 1 23S u 35 monexyn pavmusmx 6enxos. B
cocrae Manol cySweannnus (30S) Bxomur oana Monexyna 16 pPHK u
21 monexyna passoro Tuna Genxos. Komawectso pubocoM B xnetke
HemocTosHHO - ot 5000 zo 90000. Ono onpenensercs BO3PACTOM KIISTKH
¥ YCNOBHAMH KyNbTHBHPOBaHHA Gakrepuii. MHHHMMaNLHO® KONHYOCTBO
CONePXMTCS B Hayane nar-pa3s, a MaKkCHMaNBHOE - B
SKCMOBEHUMANBHOM $a3e pocTa KynbTypel. V KHINGUHOH NANCYKH B
TIEPHOZ aKTHBHOTO POCTA Ha MOMHOLEHHON nuTaTensHOH cpeme sa | ¢
cHHTe3upyercs 5-6 pubocoM. Bonemas wacTh HMX B LUTOMNIA3ME
Gakrepuii  Haxoaurcs B CBOGOAHOM COCTOSHHM, 8 OCTanbHAs -

L T — g
S =1 ceeabepr-emunae = 10 3 oM (c) en. nong.
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obwvenHnena wmuTAMM Matpuunoii PHK ® monmucomm. Komuuecrso
PHOOCOM B MONHCOMAaX MOXET AOCTHIATh HECKOJBKHX HOCATKOB. 310
CBHIETE/TLCTRYET O BBICOKOH GeSIOKCHHTEINPYIOMEH AKTHBHOCTH KJIETKH,
TaK Kak pUuOOCOMEL ABNIAIOTCS MecToM Gesnkomoro cuHresa. Mx obpaswo
HaseBaroT «pabprxammy Genka.

TazoBbie Baxyoyn (a3pocomsi). Hanueie CTPYKTYpPR! MPHCYIK
TONKO HOKOTOPbIM BOZHBIM M TNOYBEHHEIM OaxrepusMm. OHu
obnapyxenst y (ororpodmnix cepobakrepmii, GECUBETHEIX HHTHATBIX
Gakrepuii, a Tawke y Gaxrepuii pona Renobacter. B wnerxe mx
cozepxuTea Ao 40-60 (prc. 3.17). Iazosbie BaKyomH OKPYKEHE TOHKOM

Pac. 3.17. Kaerxa Renobacter vocuolatum c
aspocomami (ysemmdeHue x 70 000)

Genkosoit MemGparoii. BuyTpu WX comepxaTcs rasoBeie MySIphKH,
HHCJIO KOTCPBIX HorocToanHo. CoCTaB M AaB/eHue ra3a B IMy3hphKax M
A3pPOCOMax B LENOM ONPENENTIOTCS KONHYECTBOM rasos, PACTBOPEHHEIX B
oxpyxaomefi cpexe. A3pocoMbl HAXOAATCA MHEO B CKATOM COCTOAHMH,
mabo  sanomHeMm rasom cpemsl. COCTOSHHE HX DErymHDYercs
TMIPOCTATHYECKHM HABlCHHeM cpennl. Pe3koe ysemuenue nasnemus
BEISLIBAOT CXKATHE A3POCOM M KJISTKH NMPH 3TOM YTPAYHBAIOT IUIABYYECTD.

A3pOCOMH  perynupylOT INaBY4eCTs KJETKH, oBecrieuBas
BO3MOXHOCTh NEPEMElIeHHs €¢ B ONaronpHSTHHE YCNOBMS a3pauym,
OCBELICHHS, COAEPXKAHMA INHTATIBHBIX BOecTs. (OCOBOHHOCTEIO
ABNIAETCA HX  OAHOPa30BO® (YHKUHOMHPOBAHHE B  COCTOSHHH
3ANONHEHHOCTH raz’oMm. TMoce  cxarus noa nelcTareM
THOPOCTATHYSCKOro NABICHHSA TMOBTOPHO ra3oM OHH He 3AITONHAIOTCS M
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NOCTeNeHHO paspymaiorcs. Kietka moxer BOCIPOM3BOAUTh MX TONLKO
ryTem o6pazoBaHKA 3aHOBO.

Tps 3anonHEeHHEIX ra30M a3pocoMax GaKTepHH YASPKHBAIOTCA HA
TOBEPXHOCTH BOABI, MPH CXKATBIX ~ NOrPYXAIOTCA B €8 Tonuy iubo
0CeAaloT Ha AHO BOAoeMa. 10T cBoeoBpasHeili cnocob nepememenns
Bupalorancs B MNpoUECCce 3IBOMOUMM B OCHOBHOM Yy Gakrepuiii,
JTHIOEHHBIX JKTYTHKOB, 3 ClIOBATENHO, H CTIOCOOHOCTH K AKTHBHOMY
NIEPaABHIKSHHIO.

DuxobuaucomMbl. ITH BHYTPHKIISTOYHBI® CTPYKTYPhl XaDAKTePHE
s yuaHoGakrepuit. OHH MMEIOT BHA IpaHyn anamerpom 28-55 HM,
ABNMIOTCS MECTOM JIOKANH3AUMH BOAOPACTBOPHMMX ITHTMEHTOB -
(PHKOGHNHNIPOTENAOB, KOTOPhiE ONPEASVIAIO NBET LHAHODaKTepHil H
Y4acTByIOT B (poTOCHHTE3E.

Xnopocomsi, HIH XAOPOSHYM-BE3HMKYNHl ~ CTPYKTYPHI, B KOTOPHIX
JIOKAITHIOBaH (POTOCHHTE3HWPYIOIMH anmnapar 3eneHmx Gakrepmii posa
Chlorobium. Onu mmeror BuTAHYTYIO (opmy, amroi 100-150 Hwm,
wupuson 50-70 HM, OKpy>XEeHBl OMHOCNOHHON GenkxosoW memGpaHoH.
Xnopocombl PacrnofoKeHs! TUIOTHEM CJIOEM TIOf, LIHTONIa3MATHISCKOM
MeMOpaHoii, Ho (PM3kvecKky OTAENeHK OT Hee. B xsmopocomax 3eneHmix
Gaxrepuii CoaepKATCA NMUrMeHTH dorocHnTesa ~ SakTepuoxITOpodMUINLL,
KOTOpHle FNOINMOWAIOT KBAHTHI CBET2 M 3HEPrHIO MEPEAaloT B
PeaKuUMOHHEIe HeHTPH (POTOCHHTE3.

KapGoxcucombl. B knerkax omnensHbix BHioB (ororpodHex
(umanoBaxrepun, HEKOTOpHE nypnypHse Gaxrepun) H
xemonmrorpotdueix  (RHTpHGHUMpylomue  GaxTepHH)  NpOKApHOT
CONBPXKATCA CTPYKTYPHI, HMeromie (opMy MHOrOrpaHHHKA, Pa3MepoM
90-500 uMm. B cooreercTeHM ¢ BHnONnHAeMOH (PyHKUWEH OHM MONY9HIH
Ha3saHHe KapGokcucomel. B mux comepxurcs depment pubynoso-
audochaTkapboRCHNA3a, KOTOPhIH KATANHIUPYET PEAKIIHIO CBAIRIBAHHA
yrnexucnors ¢ pubynozomnpocharom B wmxne Kaneenma. V' asro-
TpodHbix GaxrepHH OHHM ABAMOTCA MeCTOM QHKCAUMH IBYOKHCH
yrnepona. KapGokcrHcoMbl OKPYXeHH ONHOCHOHHOH Genkoroii memOpa-
HOH, KOTOpas npemoxpaHseT (JEPMEHT OT BO3ACHCTBHA BHYTPHKIE-
TO4HBIX MPOTEA3,

3anacubie nNHTaTENbHBIE BewjecTBA. KpoMe  OnMCaHHHX
CIPYKTYPHEIX 3JIEMEHTOB, B WHTOrUIa3Me Gakxrepmii conepaarca B BuAe
BKJTIIOUQHHI rpaHy/sl pa3nH4no# GopMel o pasmepon. TIpucyrcTere ux B
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KIIETKE HENOCTOAHHO M CBA3AHO C COCTABOM ITHTATENBHOH Cpembl M
QHIMONOrHYeCKHUM COCTOSHHUEM KynbTypel. MHorme uuroriaamarTh-
YeCKM® BINIOUEHHS COCTOST K3 COGAHHEHHH, KOTOphIE CIYXKaT
HMCTOMHMKOM DSHEDrHH M HCTOYHHKOM 3JIGMEHTOB muTaHus. OHu
obpasyrorca OBEMHO B KyABTYPAX Ha CBexHX, BoraThix MUTATEBHEIMH
BemjecTEaMH CPEEax, KOTAAa pOCT KNETOK B CHITY KAKHX-TO MPHUHM
3ATOPMONKCH, HIHM FKOCHE OKOHYAHHA IEPHOAA AKTHBHOrO POCTA.
XuMU4eCKHH COCTAB BKIIOYOHMIT Pa3iMueéH M HEOAHHAKOB y PA3HHIX
Buzos Gaxrepuii. imu MoryT GmiTh noaucaxapuoel, muntiov, Kpucmaiiot
U ZPAHYNbL HEOP2AHUYECKUX GEUJECTNG,

M3 nonmcaxapuaos CHeAyeT mpexae BCEr0 HA3BaTb KPAXMAn,
21UKOZEH U Kpaxmanonodobroe eewecmeo - zpawynesy. Hawbonee
PacnpoCTpaHEHHWM ABadeTcH rnukored. OH obOmapyxeH y Gaummn,
CaTLMOMENN, KHIGSHHON NANOYKH, CAPUMH M Ap. V criopoBkix aHa3poboB
pona Clostridium knerkn comepxar MeNKHe TrPaHyiabl IpaHynessl,
HasHbie BKNIOYEHHA HCIONB3YIOTCA KJIETKOH KaK MCTOYHMKH 3MEPruU M
yraepona. .

Jhanuns HakarIHBAIOTCH B uuTorUTasme GakTeprii B BHae MeIXuX
Kaneib M 3epeH. Y Muormx Oakrepuii nMnHaHMeE BKIOYEHHR
MPEACTABNIEHM ONH-B-OKCHMACHAHON  KHCNOTOH, Ha AOMO KOTOpOit
3acTo npuxoguTcs Ao 50 % cyxoif Guomaccer Gaxrepmii, Ocofenno
GoraThi naHHKIM coenrHeHHeM Gaxrepun poaa Bacillus 1 gororpodure
Gaxrepun. INonmu-B-oxcumacnssas kuenota CHHTEIWpyercs B Gonbmux
KOJIM9ECTBAX NMPH POCTe MHKPOOPraHH3MOB Ha Cpeaax, OoraTHx
yrnesozamy. B xaoH LienH NONHNAKTHAA HA JOMIO OCTATKOB [3-OKCH-
MacnsaHokH KucnoTe mpuxoaurca oo 60 %, B cBsau ¢ yem ans Gaxrepuit
3TO COGUMHOHHE HABIACTCA HACAIBHOH (GUIAJOBOH» 3HEepram. Y
HEKOTOPEIX MHKPOOPraHH3MOB HAKAILTHBAIOTCH BOCKA H HEHTpalibHble
skupel (ipurmauepuan). Tak, y muxoBakxrepuit 1 akTHHOMHLETOB BOCKA
MHOrZa cocTannmoT Ao 40 % cyxofi Maccel, HeHTDANBHBIMM HKHPAMH
Gorate kierkn mpoxokeis pona Candida, Rhodotorula, kxomumectso ux
Aocturaet nours 60 %.

Bce nunuanee BKMOYEHHA Yy MHKPOOPTaHHSMOB  CIYXKAT
MCTOYHHKOM 3HEPrUY M YINepPona.

B knerxax mmorux Gaxrepuii uwacto obHapyxuBarorca ocoBsie
BK/MIOYEHHA, HASBAHHKIE JepHamu eoaromuna. Ilo XuMHIeCKol mpupoae
BOMIOTHH mpencrasaser coboit mnonudocdar. Hassauwe BomoTus
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MPOMCXOIUT OT BHAOBOrO Ha3BaHUA cepobaxrepuii Spirillum volutans, y
KOTOPHIX BrIEpBhI® 6puti onucaMsl 5TH BKIOYEHAS. Bomotun obnanaer
CBOMCTBOM METAXPOMA3HH, T.€. BHI3HIBACT H3IMEHEHHE 1{BeTa HEKOTOPHIX
kpacureielh. Ecnu OGaxrepuy OKpacHTs METWICHOBHIM CHHUM MIIH
TOMYUMHOBLIM CHHHM, TO 3¢pHa BOMIOTHHA NpHOOpETAIOT MypHypHEIX
WM KpacHo-HoNeToBBIE uBeT. B cBAlM ¢ 3THM HcciaeioBaTev B.
BaGem 1 E. 3pHCT, BriepBhie ONMCABIIAE JAHHLIE BKTIOYCHHS, HA3BATH
HX MCTAXpOMATHYECKHMM 3€pHAMH. 3epHa BOJIIOTHHA HMMEIOT
cdepuueckyio opmy, pasmepom mo 0,5 Mxm. Oum obpasyiorcs B
YCHOBHAX XOPOIIErO MHTAHHA MHKPOOPIraHH3IMOB, OCOGEHHO Ha Cpenax,
GoraThIX YINeBOJAMM, & TRKKE NPH HATHIHH B CpPEAE TIMICPHHA.
OGBapymmaeml BOMIOTHH B KICTKAX KaK TMATOreHHLIX, TAK H
canpoduTHbix Gawrepmii, Hanpumep, y CIMpWin, a30Tm00aKTepa,
Bo20ymuTens mudrepun.

Bomotus HCNOIB3yeTCs KJIETKOM B OCHOBHOM KAK MCTOYHHK
tochaTHbIX rpynn ¥ YACTHYHO FHEPIHK.

V GecuBeTHBHIX M MYPHYPHBIX CepoGAKTepHii NPU OKHCHEHMH
cynbbHIOB BHYTPH KJICTKH B BHJE KaNe/lh OTKIaLBACTC MUHEPANbHAS
cepa. HaxolleHHe CepBl MPOMCXOAHT HA  Cpemax, Gorarsix
cepoBoaopoaoM H,S. Tlpu ucaepnanun cymsdunos us cpeast Gakrepuu
HCMIONL3YIOT BHYTPUKIETOUHYIO cepy. Jlna Gecuperneix cepobakTepmii
0Ha CHYXHT HCTOYHHKOM DJHEPruH, i  (POTOCHHTEIMPYIOMMX
NyPHYypPHKIX cepobakTepHii - IOHOPOM 3IEKTPOKOB.

V nmanoGaxrepuii 3anacHEIM BEMMECTBOM ABISECTCH LIHAHOPUIIHH.
3710 HONHOCHTHA, COCTOAMMUI M3 aprHHHHA M acnaparHHOBON KHCIIOTHI.
OH CoyXHT HCTOYHHKOM 830Ta §NPH HENOCTaTKe ero B  cpele.
Haxon/ieH#e rpaHyn HHaHO(MIIMHA NPOHCXOZHT B CTALMOHApHOH daze
PpocTa KyNBTyPhl H MOKET COCTABNATE A0 8 % cyxol Macchl KIeTKH.

3.2.5. Hyxneouo

Ileparie cBenenun o aape Gaxrepuii Kak BHONHE OPraHH3OBAHHOM
crpyktype Gt mosyqensi B 1897 r. Gnaronaps paGoram M. Meliepa.
OnHaxo MaJible pasMepbl GaKTEPHANEHOA KIIETKH M BHICOKOE CONlepiKaHKe
PHK, xoropas oxpammBaercs S6pHIMH KPacKaMH TaK e, kak u JIHK,
3aTPYZHAH YETKOS BRISBJICHHE AACPHHIX CTpykTyp. ITosTomy Bompoc
OTHOCHTENILHO HaiiMduA sAapa y Oakrepu#i, ero mopdonormaeckoi
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CTPYKTYpH H (usuosiorndeckux QyHkuul pemancs B TedeHme MHOTHX
necsmwiernii. He BRGHBANO COMHCHHA HammiHe Yy Gaxrepuii
HACJIEICTBCHHOrO annapata. 3TO MORTBEPKAANOCH TEM, 9TO KIETKH
omHoro Buja Gaxrepuii mpu pasMHOXCHHH NMPOM3BOAAT FOTOMCTBO C
AHATOTHYHBIMH CBOHCTBAMH, T. €. AAIOT KYAETYPY HCXOIHOIO BMAA.
Bonpoc o sape y Gakrepuli 4 €ro CTpYKType NONy< M OKOHYATENLHOE
PElICHHE TOABKO C PAIBATHEM 3/ICKTPOHHO-MMKPOCKOIHYECKHX H
TeHeTHUeCKHX Hccnefioanuil. Celfuac yctaHOBIEHO, WTO GakTepMH
HMEIOT  CTPYKTYpH, coctrosmme H3 JHK, ¢yuxumonansno
TOXKIECTBEHHBIC ANAPAM KIETOK BRICIUHX opraHu3mos. Ilo aHasoruu oHH
HA3KIBAIOTCH 6aKTEpPHATEHEIMH AXPAMH WIH HYKICOHIAMH.

XuMHteCKas TIDHPOJA H OPraHH3aUMA ANEPHOTO MATEpHAa
Gakrepuii 65Ul ycTanoRNeHb acTpanuiicknm yyensim JK. KelipacoM B
1963 r. ¢ nomompio panuoasTorpaduyeckoro Meroga. OH BHOCHI B
IUTATENBHYIO CPERY MeueHHbIH TpuTheM HP-THMumun (mpemmecTBeHHMK
TAMHHA) H BeIpammBan Ha 3Tod cpeae E. coli. 3atem H3 Kierok
Gaxreputi skcrparuposanacs JIHK, xoropas nomemanack Ha
tororpadureckyio mienky. Ilocne coorsercTeyromelt 3KCHO3HIMH Ha
IWICHKS mHoaysajica pamuoasrorpad. Pagnoaprorpadus (pesymsrar
COIEPXKAHMS MEYEHOr0 THMMHA) FOATBEPKIAN2, HUTO MCCHEIyeMoe
BEIIECTBO SBJIACTCA NE30KCHPHOOHYKIeHHOBOM KucioTol, u6o JIHK -
€[MHCTBEHHOE BEMECTBO B lole'me, CoZiepKamee THMUH.

Ha pammo- g .
aptorpacde (puc.
3.18) BHaHo, 4TO
JHK E. coli umeer
HUTECBHIHYIO, 3aMK-
HYTYI0O B KOJBLO
CTPYKTYpY, KoTopad
PEIUIHLHPYETCA KaK
eAHHOoe uenoe.
Kepuc saduxcupo-
BaJl FIOC/ICAOBATENE-
HbIE CTAJHH PpEIUiH~
KALMH  KOMbLEBON ’ ’

JHK, nokasas, 9ro Puc. 3.18. Pammoarorpadpms  kansuesoi
ofe KommiemcHTap- xpomocomsl E. coli B npouecce peruukaiun
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#pie HUTH JTHK yABauBaloTCs B TOYKE PEIUTMKALHH OTHOBPEMEHHO.

Jmua monexynsi JIHK E. coli cocrapnser 1-1,4 mm. To ceoum
FEHETHYECKUM (DYHKIHAM OHA TOKACCTBEHHA XPOMOCOME.

Taxu#M 00pasoM, HyKICOMA NPOKADHOT NpEACTABIAET CoOOH
KOJILLICBYIO XpOMOCOMY, KOTOpas SIBIMETCA THIaHTCKOM Monexynoit JTHK
¢ MonekynspHol Maccodi 1,4-3 x 10° Jla. Hecmorps Ha cBou
OTHOCHTETBHO KPYNMHBIC pasMepsl GakTepHaabHas XpoMocoMa -
BHICOKOYTOPAJIOYEHHAS ~ KOMMAKTHAA  CTPyKTypa. KOMIAKTHOCTH
obecnesuBaercs obpatosanyieM MHOxecTBa (20-100) cynepckpy<eHHbIX
eTenh, KOTOPLIC PacHoNaraloTcs B PAlTHIHBIX OBJIACTIX XPOMOCOMBEL
Bakrepuanbas xpomocoMa B3ammonelicTByer B KieTKe € Gemxamp
NOIMAMHHA (CNEPMHHOM M COIEPMMAMHOM), KOTODHE BBITIOJHAIOT
(GyHKIMIO, AHANOrHYHYI0 TIMCTOHAM MPOKAPHOT - HEHTPANHIYIOT
oTpHLaTeNbHEe  3apsmel  JIHK, o6ycnoBnenHbie ee XuMHYecKoi
CTPyKTypoH, & HMEHHO, HauMdHeM B GocPAaTHRIX OCTATKAX
HOHW3HPOBAHHBIX TIMAPOKCHIBHBIX rpymmn. Hyxneoun 6Gaxrepuii
OTNHYACTCA OT AAPA 3YKAPHOTHIECKUX KIETOK OTCYTCTBHEM SfEpHOMH
MeMOpaHBL, ANpBIUKA H MHTOTMYECKOro cmocofa peneHHA. O
HAXOAMTCH B HEMOCPEACTBEHHOM KOHTAKTE € LIMTOILIA3MON KIeTKH.

Penauxanus JTHK. Omuolt u3 ¢ynxmit Gaxrepmamsuon JIHK
SBJIACTCH PEILTMKALAA (CaMOYIBOCHHE), WIH BOCIPOHM3BEACHHE cebe
nopoGHOH  CTpyKTypel. Jlns ZAByXLenoueuHsX Kojbiiesbix JIHK
XapaKTepHa ABYHANpaBieHHas pennukammsa. B obumpx geprax stor
TmpOLEcC MOXHO NPEACTaBMTH CheAylomuMm ofpasom. Ha JIHK
(XpomMocoMe)  HMEIOTCA  QHMKCHPOBAaHHBIE TOUKH -  JIOKYCHI,
onpeenmomye Havano H KOHel| PEIUTIKALMH. JTH TOYKM 0503HaYaI0TCS
Gyxsamu «O» ( or origin - Hauano) u «T» (termination - oxorJanme)
COOTBETCTBCHHO. PenyMKanMs BCeraa NpeMnecTBYeT NENCHHIO KISTKH.
XpomMocomMa OXHHM WIH HECKONEKMMH YYACTKAMH TIPHKPEILIHETCH K
LUTOILIA3MATHIECKOH MeMOpaHe, MIHMUMALMA PEILTHKALHA NPOHCXOTHT
B Touxe «Il]» M BmIpakaercs B NOSBICHHM PEIUIHKALMOHHKIX BHIIOK.
et THK mocTenenno pacKpyuMBAIOTCS M KAXAN M3 HUX CIOYMHT
matpuuell s o0pasoBaHMA BTOPOM  KOMILIEMEHTAapuol  Kemw.
PennuKanMOHHEIE BMJIKH TNPOABHIAIOTCH B IIPOTHBOMONOKHBIX
HAMPABJCHHAX: ONHA ABWXKETCA O YACOBOM CTpeske, ApyTas - MPOTHB.
INo Mepe MX NPOABIKEHHA CHHTCIHPYIOTCH KOMILIEMEHTADHDBIC LieNH
JTHK. OGe BuiIkK BCTpEHAIOTCA B TOUKE OKOHIAHMA perutkamuu («T»),
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KOTOpas PAcHOJIOKeHA JMAMETPANbHO MPOTHBONONOXKHO To4Ke «O» -
Hauany perumkauad. PerulMKAUMA 3aKaHUHBaeTca oOpa3’opaHHeM ABYX
omuuaakossix Momexyn JIHK, Wi ABYX IeHETHHeCKM PaBHO3HAYHBIX
XpOMOCOM, HECYHIMX OJMHAKOBYI0O FEHETHIeCKylo HHGOPMaLMIO,
TOXKOECTBEHHYI0  MATEpHHCKOM Xpomocome (puc. 3.19). Oro
ofecneuupaercs  Onaropmaps  MOMYKOHCEPBSTHBHOMY — MEXAHM3MY
PEILTHKALAH, TIPH KOTOPOM Kakzaas K3 obpasoBaBumxca Mosiekyn JTHK
COAEPIKHUT OJIHY POAMTENBCKYIO LIeITh H OHY BHOBh CHHTE3HPOBAHHYIO.

o-cof

Puc.3.19. Cxema psymanpamnedHod pemmmkamms JIHK:
a - pooumemckas monexyra; 6 -  NpoMedcymounvie
penuxamusnuie Gopmei; e - doueprue monexyavi; O - mouxa
Havana pennuxayu; T - mOYKa OKOHUARUS PENIUKayuL

Perumkauua JIHK - cnoxssit npouecc. B HeM npuHmMMaer
y4acTHe MHOro pasHeix Genkos, B ToM uHcne H ¢epmenToB. Onm
o0ecreuMBAIOT yIHABAHHC TOYKH HAYANa PEIUTHKALMH, PACKpYIMBAHHE
ApodHON menM - Aynuiekca, craCwmMzanmio OmMHOYHBIX nenelf,
obpasosanue 3arpasodHodi uerntn PHK (mpalimepa) mis mmmpmanum
axrusiocTM JIHK-nonmMepaski, cOOpKY MHTaKTHHIX Lienel, y3HaBaHHE
Y9ACTKA TEPMHHALMH, CyNCPCKPyIHBAHHE OBYX HOBBIx aynuexcos JJHK
u o6pazoBaHie HATHBHOR xOH(OpMALMH.

Beaymyio pons B peruxanuu JIHK mrpaer JTHK-nommmMepasa.
OHa cBa3siBaeT MEXAy cODON HYKICOTHAB B NONHHYKICOTHAHYIO LEMb.
IIpudeM, CBA3HBAaET TOALKO MO HANPABJICHHIO oT 5’ k 3'-komiyy. Ho Tak
xak JTHK cocrout u3 uenelt nporusonosioxkHol nonsproctv (5 — 3'
# 3' —— 5), To cunTes omHol tenm (5' — 3') MONKET MPOHCXOIHTE
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HENPCPHIBHO B  HANPAB/ICHAH MPOJBHTAIOMEHCA PEILTMKALMOHHOM
BWIKH, 8 CHHTE3 BTOpoii, mpoTusonoioxHoH nemu (3' — 5%) momxen
unry B ofparnom manmpasnennn. Ho JTHK-monmimepasa HecniocobHa
HHHLHHPOBaTh CHHTE3 HoBoH memu JTHK. Jins 3710ro eif meoOxomumo
HAJTHYHE (3aTPABKHY» - MOMMHYKICOTHIHON wLenu co cBoGomumm 3-OH
koHuom. [Mosromy cunres JIHK HaumHaercs c ofpa3oBaHHA KOPOTKOrO
orpeska PHK (10-60 nap ochoBaHuii), CIyKAamero «3aTpaskoi», WiIH
npaiiMepoM. 310T mpouiecc obecneunsaer depment JHK-mpalimaza,
KOTOphi}i KomMpyerT wuacth maTtpuuHodi uerm JIHK, 3arem J{HK-
TIONMMEpasa MPHCOSIMHSET CBOOONHEE HyKneoTHas K 3-OH KoHIyy
«aTpaBku», oOpalys koporkue orpeskn JIHK, Tax wnassisaembie
¢parmenTs Oxasaku wimsoi B 1000-2000 syiieotnnos. Ilo okonganum
o0pazoBanHA Bcex ¢parmeHTOB mNpalimep yaansercs 3K30HyKIea3oH,
pa3puBEl Mexny ¢parmenTamu 3sactpausarorcs JIHK-nommmepasoli B
COOTBETCTBHM € MarpuiHbiMH ydactkamu JIHK. ®dparmentsi Okazaxu
COIHBAIOTCA  JIATa3oi, T. €. FOCJHCAOBATEIBHO  COSOUHAIOTCS
bochomspuprriMe  ceazaMu. B pesymrate  ofpasyiores mBe
H/ICHTHYHBIE AByXLenodedntie Mosiexyns JJHK (puc. 3.20).

H3sBecTHB! M MHBIE MEXAHH3MBI pPEIUIMKAUMH. Tak, ymBoenwe
konsuesol JIHK MHOrHX BMPYCOB, HEKOTOPHIX AaroB H IUIA3MHI
OCYIIECTB/IHETCH IO MCXaHH3MY KATAMIErocs Kobia. Perutukama JTHK
y Oaktepuii npH KOHBIOTALMM TAIOKE KPOMCXOJHT AHANOIHIHBIM
00pazoM. 3TO ONHOHANPABIEHHHH TNpPOLECC, OCYMECTRIMOLMECH
cnenyiomuM obpasoM. B onsol w3 nenedi JIHK o6pasyercs paspwe u
CHHTE3 HOBOH LENM HAYHHACTCA ¢ 3'-KOHLUA 3Toli pasopeaHHOM
POAMTENBCKOM LEMH ¢ HCNONE30BAHHEM BTOPOH B KAYECTBE MATPHLIBI.
OTO NMPHBOMT K BHITECHEHHIO 5'-KOHIA PasopBaHHON uemH, Koropas
BIIOCJIEICTBHH CITY)KHT MATPHLICH JU14 CHHYe3a HOBOM KOMILIEMEHTApHOM
LIeTTH.

Pennmkarua JIHK TecHO cBA3aHA ¢  NECHHMEM  KIETKH.
Pacxoxnenne 06pa3oBaBIIHXCA XPOMOCOM OCYHIECTRIISETCS B PE3YIETATe
PocTa KIETOTHOH MeMOpansl MEXAY TOYKAMH TIPUKPEIUICHHS XPOMOCOM.

BakrepuanbHBIH HYKIIEOM/, TAK e KAK H AAPO KJIETOK pacTeHni H
MHBOTHBIX, ABJISETCS HOCHTEICM HACIEACTBEHHOH HHQOpMAIHMH,
PerylHpyeT HaNpPaBNeHHOCT: 6eNKOBOrO CMHTE3a, CHELUUHYHOCTE
GenkoB, u, KpoMe TOro, ofecneumsaeT (QyHKIHOHHPOBAHHE BCeX
BHYTPHKJIETOTHBIX NIPOIECCOB.
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Puc. 3.20. MexaHH3M peIVIHMKAIMM BYHENONEYHON
JHK:

I - pennuxamusnan ewnxa; II - nonyxoncepeamugenbiii
xapaxmep pennuxayuy; A - cmapar yenv; a - 8HOSH
cunmesuposannas yenb, 6 - PHK-sampaexa, & -
pacmemaiowue benku, 2 - JHK-nmosumepasa, O -
pacmenmv Oxazaru

3.2.6. Kancyna u cnusucmsie cnou

Hexoropsie GaKTepHH MMEIOT CTPYKTYpBl, KOTOpbie He ABJIAIOTCS
MH3HCHHO HeoOXomuMpME Ama  wieTkd. HXx MoxHO yaamuTs
MeXaHMYeCKHM WiH (epMeHTaTHBHBIM CnocoboM: He HapyInas MpH 3TOM
KH3HECTIOCOOHOCTH KieTKH. K TakHM CTPyXTypaM OTHOCHTCH KaliCyna M
CIIH3KCTBIE CJIOH, MOKPHBAIOMIHE KIECTOYHYIO CTCHKY CHAPYXKH,

Kancyna no xomcucreHupy npeacraenser coGoit xeneoGpasubii
cmsvcTeitf crolf (puc. 3.21). Kononmu xancynbHeix Gaxrepudi Ha
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IUIOTHBIX CPOAAX OTJIMHMAIOTCA OCOGEIM 6NECKOM H TArYHeCTHIO, B
KHAKMX Cpesax oOpasyloT 300rNeHHME CKOMIeHKA. XOopowmo BhipaskeHa
kancyna y Saxrepuit ponos Azotobacter, Leuconostoc; u3 naToreHHBIX
¢opm - Streptococcus, Klebsiella, poaSynurens cubupckoil s3spl - Bac.
anthracis 1 ap. KancynooGpasoBanie He CIyKUT BHAOBLIM NPHIHAKOM.
YV onmoro B Toro ke Buaa Oaxrepuit OHBAOT KAaNCYABHEE H
Geckanicynensle wraMmel. KancysnpHeie IITaMMBI MOTYT MYTHPOBaTh B
GeckancynpHere. Torna Ha arape BMecTo miagkux S-konowuit ( or aHM.
smooth - rnmaaxwmil) nossmwIOTCA WepoxoBaThie R-xononmu ( or aHM.
rough - mepoxopatsiii). BnaronpusrHoe snmarme Ha o6paszoBaHue
Kancynbl OKa3bBACT HANMYME B Cpefe YrNeBoaos;, Bo3Gymurenu
NHEBMOHHH H CHOMPCKOH #38bi 0Gpa3y1oT OSHIIBHEIE XANCYITH, HAXOAACH
B OPraHH3IME 4e/TOBEKA WIH AKHBOTHOTO,

i Rl .- ?
Puc.3.21. Bakrepnanbebie Kancyusi:
a - KOKKH; 6 - 6armLsl

B 38BHCHMOCTH OT TOJIIUMHB H KOHCHCTGHLUHH KANCYNbHOPO CIOK
Pa3mH9aloT MHKPOKANCYNy, MAaKpOKancyny H CHH3UCTBIH  CJIOf.
Mukpokancyna mmeer TonmuHy Menee 0,2 MxM, npuneraer
HeNOCPEACTBOHHO K KIETOYHO# CTEHKe H HOKOTOPBIMH HCCISAOBATEIAMM
paccmaTtpHBaeTca Kak uacte ee. Jlanee 33 mmxpokancymoit cnemyer
MakKpoKkancyina TommuHOH okono 0,2 mxm. IlpH ueraTueHOM oxpacke
GaxTepuii (CMELIMBAHHH € KHTAHCKOH TympiO) OHA& XOpOLIO BHAHA B
cBeropoit Muxpockon ( cmernas Ha TemHoM (ome). Maxpoxancyna
xapaxtepuayercs cneumdurieckofi  BmewmHedt ctpyxrypod. ITomepx
MaKpPOKATICYNIBl KOHLIGHTPHPYETCA CAH3KCTHH cnod. Ceask ¢ xancynoit y
Hero menpounas. 06 3TOM cBuzerenscTByer OOHapyweHHe B
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KybTYPanbHOH JKHAKOCTH MAaTePHANA, H3 KOTOPOr0 COCTOHT CM3HCTHIMA
CJI0H.

B ofpazosanuu kancynsl MPHHAMAET Y9ACTHE KIECTOMHAS CTOHKA M
uKHTONNasMaTHueckas MeMopasa.

XuMmpAveckuii COCTaB  KalCynm  HEOAWHAKOB Yy  Pa3HBIX
MHKpooprann3MoB. Jlonroe BpeMsa CYMTAH, YTO OHH COCTOAT TONBKO H3
nomucaxapugos. B 1920 r. K. TenuicceH Briepebie BbIAETHN KAICYNbLHOE
BEIIECTB0 M ONPOAETMII €ro Kak NOJNHCAXAPHA TalakTaH (TPOHU3BOAHOE
ranaktossl)). Kpome ramakrasa, B kxancynax Gaxrepuii Gbun
obHapyxeHhl OeKCTpaH, NeeaH, uemmonad. [loakxe O. JsepH H
K. Tenuccen, Mcclefys Kancyns! NMHOBMOKOKKOB M CHOMPEA3BEHHLIX
Gawwin, oBHAPYKHIH, KPOME TNONHCAXAPHMAOB,  NOIHIEITTHAML,
noctpoennuie H3 D u L-dopMm rmoramumosolt Kucnorst. Bmecre ¢
NONHMCAXAPHIAMH  KATICYAW  O6pas3yioT  GelKOBO-MONHCAXAPHAHBIN
KOMIUIEKC. ot KOMIINIEKC  BJiseTCA TIaBHBIM OpPraHH4YeCKHM
KOMTIOHEHTOM KanCyn onpeeneHHuix BHAOB Gaumunn. Hanuune Genka
oBHapyKeHO Taloke B Kancynax crpentokokxor. Kancynm, coneprxawmmue
pa3nuMHBIe MONMMMEPE, HMEIOT CIOXKHYIO CTPYKTYpy. B wuacTHocTH,
Kancyna Caumii COCTOMT K3 MONMCAXAPHAHOR CeTH, MPOMEXyTKH
MEX Iy NeTHSMH KOTOPOM 3aNONHEHE! FTOTAMWIIOIHIEITTHIOM.

Hecmorps Ha Hanuuyme 6enka B KANCynax OTAGNBHEIX BHAOB
MHKPOOPraHH3MOB, HaHOONee pacCMPOCTPAHEHHBIM BELIECTBOM KakK
Kancyn, TAX M CHH3HCTHIX CJIOGB SBJSIOTCA nonucaxapums. Y
HEKOTOPBEIX MHKPOOPraHH3IMOB Kancyna TPEACTaBIeHA
TOMONONMHCAXaPHAAMH, T. €. NMONHCAXAPHAAMM, COACPKAIMMMH OCTaTOK
caxapa ommoro Thna. Tak, y Leuconostoc mesenteroides kamncynwoe
BemecTso o6pa3’oBaAHO MIOKAHOM (OCTATKH IHIOKO3b), HEKOTOPHIE BUAK
YKCYCHO-KHCITBIX GaKTepHi MPOH3BOAAT CIH3HCTHIO CIIOH M3 LeIUTIONO3AL,
COSAMHMOMSH KJMETKH B HPOYHYI® IUIBHKY. DBONBUIHMHCTBO
TIOMHCaXapuAaAOB KANCYN ABIMIOTCH reTeponoNHCaAXapHAAMH.

HauGonee H3yueHEI IeTEPONONKCAXAaPHIAB KANCYN NATOreHHEIX
GaxTepuit, B ocobenHocTH Bo3OyaMTeNns mHeBMOHMH Streptococcus
pneumonias, y KOTOPOro OHH HeCYT (PYHKLHMHM KANCYRBHBEIX BHTHUTOHOB H
OTpENeNnsOT MMMYHOTeHHbI® CBOHCTBA mmTaMMoB. Ha ocHOBaHMH
XHMHYECKOI'0 COCTaBa KanCyNMBHBIX FETepONONHCaxapuaoB Gaxrepuu
3TOr0 BHAA pasneneHsr Ha 80 cepoTHNOB (CePOBApPOB), KAXKABK M3
KOTOPBIX XapaKTepH3yeTcH npucyimefi emy AHTHMEHHON
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cneunduanocTsio. Kak mpaswio, xancynw S, pneumoniae coctosT s
FETEPOMNONIMEPOB, CONEPHAIIMX HEeHTPANbHEE CAXapa - IJIOKO3Y,
FANIaKTO3y, PaMHO3y, 8 TAOKe AMHHOCAXAPA H YPOHOBHE® KHCIOTHL.
Cpenu nux ects coepumenms penkoi npupoxs. Tak, B NONHCAXAapHIS
COPOTHNA S BRABIIGH HEOOEIMHEIN aMHHOCaXap - N-aleTHIMHeBMO3aMHH,
Y HECTH cepoTHIoB obHapyxken docdoprmxonun, we BCTpeUarOMUics B
COCTa®e KANCYJIBHBIX IONMCAXapUAOB APYTUX nNpokapHor. Kancyne
MHOTHX CEPOTHIIOB NNHEBMOKOKKA OOPA30BAHM NOIMMEPAMH THNA PHGHT-
Teiixoesnix xucnor. K takosem orHOCHTCH apaGur-reiixoesas Kucnora,
HamuuHe KOTOpPOH paree Obiio HemisecTHO B mnpupome. Kpome
TTHEBMOKOKKOB TIOTHOJICOAEPIKALIME TIOJIMMEPEL THNA TeHXO0OBEIX KHC/IOT
HAHZEHB! B KANICYNAX MHOTMX IPAMIONOKHTENEHBIX GaKTepuii.

TMomucaxapunsl  ABIMOTCE  AOMMHHDYIOIWIMMH — KOMIIOHOHTAMH
KANCYNnsMOM CTM3M rpaMOTpHuatensHux Gaxrepuii. Mwuorne BuAN
Gakrepuii poma Pseudomonas, Azotobacter vinelandii npoayumpyror
SK3OINOITHCAXAPHAB THINA AJIbrHHATA - TMIOITHMEPE, COCTOALLErO H3 aueTH~
JHPOBAHHBEIX OCTATKOB YDOHOBRIX KHCJIOT.

@uronarorennsie Gaxrepun Xanthomonas campestris oSpasyror
KaICyNbHNHA NONHCAXaPHA KCAHTAH, HMEIOWHI YHHKATRHYIO CTPYKTYDY.
OcHOBHaA Lenb €ro NpexcTaBieHa MONEKYNOH LELIOonoss:, B KOTOPO#
Wﬂﬁ BTOpOﬁ OCTATOK TIMOKO3M 3aMEUIeH ALCTHINPOBAHHBIM
TPHCAXAPHIOM.

Kancymsisie nonucaxapuns GomsuniacTsa 6aKTepHii BHINOMHAIOT
(yHKumMH CkNeHBaHHA KIETOK B arperatsl W MPUKPEIUIEHHS HMX K
TBEPABIM MOBEPXHOCTAM. 'Tak, BHeKneTowHas wueunonosa Gakrepwit
Sarsina ventriculi coemumser xneTkH B nMpouHbe, MPaBMILHOH POpMbI
nakeTn  (mokn). [lonmcaxapuam kancynm  LE/UTIONO3OIMTHYECKAX
GakTepHil OCYLISCTBANIOT MPHKPEIUIEHUE MX K PACTHTE/bHBIM TKAHAM.
Tonucaxapuns KANCYNbHMX AHTHreHOB OCSCHEHMHNAIOT yIHABAHHE
cTeuM(IHECKHX ITOBEPXHOCTHHIX PELENTOPOB MAKPOOPraHHIMA M
ancopbumro nHa Hux OGaxrepui. Hanpumep, BHAocneumduueckmmu
peuentopamu GoSoBIX pacTeHMil HANMIOTCA NonMBaneHTHHIS GonKH -
nextunel. OnpepeneHHEIM CPOACTBOM K HMM OBNAjaioT HEKOTOpEIE
NOTHCAXapHIK ~Kancysl Kknybenbkosmx  Gakrepuit - H
B38HMOACHCTBYIOT C HHMH N0 THNY AHTHIEH-aHTHTeNO. B pesynstare
TAKOro BIAMMOAEHCTBHA GAKTEPHH MPOHHO MPHKPEIIAIOTCH K KOPHEBEIM
sonockam pacteHnit W wHQuUUMpyroT MX. ABanorvummléi npouecc
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NPOHCXOMMT H y ¢uronarTorenneix Gakreprii poma Agrobacterum -
BO30yAHTENEH KOPOHYATOrO FAJI/Ia ABYXONEHBIX PACTCHHIH.

Kancynn Gaxrepuii, HECMOTPA Ha CNOMKHEIH XHMHYECKHH COCTAB,
MMEIOT YNOPSACYCHHYIO YNbTPacTpykrypy. OHH COCTOAT H3 MHKpO-
¢nbpunn paamHYHOK XHMHUCCKOR MPHPOML, KOTOpHie (OPMHPYIOT
napawnenpHsie cnod. Crokmas CTPYKTYpa BABAEHA Y IpaMOTPMLA-
Teneuux Gaxrepuii. Tak, y asorofaxrepa xancyna COCTOMT H3 YETHIPEX
CJI06B: BHYTPOHHNI NPEACTAB/IOH NOMHCAXAPHAOM, HAR HUM PACTONONKEH
CTOM THIMEHTa MEMAHHHA, 32T6M ONATH TONHCAXApUAHKN CIOH,
BepxHHil croii cocTaBnsmior munuEs M rnoBynm Genxa. V rpammnono-
JKHUTENbHBIX 6AKTEPHH COHCTOCTS KAMCYJIs! BRIPaXXeHa ropasno cnabee.

Kancynul yaep»HBaioTes Ha MOBSPXHOCTH KNETOYHOM CTOHKH B
OCHOBHOM 32 CHOT HOHHBIX CBA3SH, KOTOpHIE YCTaHABJIMBAIOTCH Hepes
MOCPeACTBO HOHOB KAJbLHA H MArHHE. Y HEXOTOPEIX MHKDOODPIaHM3MOB
BHIABICHB! KOBAJICHTHBIC CBA3H MEKIY KOMIOHEHTAMH KIETOIHOM
creHkH H Kancynwl. [lpeanonaraerca, uro y Saummin monMcaxapup
Kancyssl CO¢AMHEH KOBANIEHTHOH CBA3BIO € IITHKOMENTHAAMH KIIETOIHOR
creaxu. Bnaronaps 3TOMy Kancyna MpOYHO YAEPKMBASTCA HA
MOBEPXHOCTH KIIETOK.

Kancynma ©Oaxrepudi BemonHser pasHooOpasmbie QyHKUHH:
MPEAOXPAHACT KIETKY OT O5e3BOXKHBAHNSA, 3ATPYAHAET MPOHHKHOBOHHE
¢darop, ABNEETCA AONONHMTENEHEM OCMOTHYeCKMM OGapsepoM. Ona
SBIRETCA MECTOM JIOKATTHIALKM KANCYBHBIX AHTHIEHOB, ONPEASIIICIIAX
HMMYHOreHHble CBoficTra Oakrepuii. V narorennnix Gaxrepuii xancyna
ABNAETCS OAHHM M3 (AKTOPOB BHPYACHTHOCTH H TOKCHIOHHOCTH.
[MoBbpimieHne BHPYNEHTHOCTH KANCYIbHMX GaKTepHil CBA3aHO CO
CHOCOGHOCTHIO KANCYNBHBIX TNIHKAHOB HHIHOHPOBaTh (arOLHTADHYIO
AKTHBHOCTE  JIOHKOUMTOB  MaxpoopraHuaMa.  <DarouuTHpOBaHHE
KAINCYJIbHRIX GaKTepHii 4aCTO HOCHT He3AKOHUSHHBIN XapaKTep.

B xpuTHUECKHX YCNOBMAX Kancyna GaxTepHii MOMNET CIY)KHTh
HCTOYHHKOM HNUTATEIbHBIX BOIIECTB, Kak ODHApYXKEHO, K MpPHMepy, y

asorobaxrepa.



3.2.7. XKeymuxu

KryTHkd ABAAIOTCH HHTEBHOHBIMM CTIPYKTYPaMM, pacmofio-
JKEHHBIMH HA MOBEPXHOCTH KieTkH (puc. 3.22). Oun, nonobuo kancyne,
MoryT GbITh yaasieHb 6e3 HapymeRna Merabonnu3Ma KIEeTKH.

Puc.3.22. XKrymuku Gaxreprit

INepBrie cBeNeHMA O HANMYHH JKIYTHKOB y Oakxrepmii cooGmmn
I'. Openbepr B 1838 r., a B 1897 r. B. Muryna aan ux mopdonoruueckoe
ommcadue. KonuvuecTBo XIryTWKoB y Oakrepmii menocrosnHo. OnHO
H3MEHAETCH B 3aBHCHMOCTH OT YCIOBMH KynsTHBHPOBaHMA. Y CIIMpHUI
mMoueT ObiTh 0T 5 mo 30 xryrTHKoB, y nporea - or 50 go 100. [muua
JKIYTUKOB pocTHraer 20 MKM, YTO 3HAYMTENBEHO TPEBBUUAST JTHHY
GakTepranbHON KUICTKH; AHAMETD (TO/MOMHA) XKIYTHKOB OYCHB MANLIH -
10-20 nwm. Tlo XapaKTepy pacioIOXeHHS XKTYTHKOB OAKTEPHH ICIATCH HA
pAA TpynM: MOHOTPMXH - OXIYTHK HA ONHOM MOJIOCE KICTKA
(npencraBuTenn pona Pseudomonas); aMMTPHXH ~ 1O OHOMY IKIYTHKY
Ha obomux momocax (bakrepun pona Nitrosomonas); 1oboTpHXH - IMy4oK
JKI'YTHKOB Ha OJHOM H3 nomocos (GaxrepHH poza Spirillum); neputpuxu
- XTYTHKH PacriofiOXeHH! 1O Beek MOBEPXHOCTH 1ieTkH (Gaxrepuu poxa
Proteus).
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XHMHYECKHI C€OCTaB XXTYTHKOB JOBOJIBHO oOAHOOOpaseH. Ouu
cocroar H3 Genka narewmua (or nar. flagellum - xryrux),
MONCKYJIApHas Macca Koroporo 25000-60000. B aMMHOKHCIOTHOM
cocTaBe ¢uIare/UIHH& Dpeo0ialJaioT IJyTRMHHOBaZ M acnaparHHOBad
AMHHOKMCIIOTHL.  KonuuecTBO  8pOMARTHYECKHX  AMHHOKHCIOT -
HE3HAYHTEIBHOe, 8 TpunrodaH, HUCTEHH W UMCTHH b0 COAEpXKATCH B
CACNOBBIX KOJNMYECTBAX, JHOO BOBCE OTCYTCTBYIOT. OJIEKTPOHHO-
MHKPOCKOTIMYECKHE HCCIIEIOBAHAS BEMBIIA CJIOXHYIO CTPYKTYPHYIO
OpraHA3aIHIO XKTYTHKOB. JKryTHKOBEIi AITHAPAT COCTOHT K3 Tpex Hactel
(pHc. 3.23). OcHOBHAA Hapy KHasA JacTb - CIIHPATbHAN JKIYTHKOBAA HUTh.
Y nmnoBepxHOCTH Kie-
TOYHOH CTEHKH OHa
TEPEXOMT B YTOJIIECH-
Hoe oOpa3oRaHHe H30r-
HyTol dopMEI - KpIOK,
KOTOpBIH TIPHKpEILIAET
HUTh K GasaisHOMY G
Teny, JIOKAIH30BaHHO- &

My B ITIM u kie- j""
TOMHO}i CTeHKe.

Hutes  xryruxa
COCTOHT H3 cCyOpenu-
Huy Genka ¢naresum-
uwa. V onuux Gaxrepwmit -y m
Genkopeie  cyGrenuHu-
sl coOpaHH! B IEMNH,
COHPAIBHO YJIOKEHHEIe

2 b4

]v.-
i

|u

10 BCEH JUIHHE XI'YTHKA mt

¢ mmaroM cnupamu 2-2,5 }m

M. V ppyrax - xry-

THKHM HMEIOT qpﬂﬁpm. Prc. 3.23. CipoeHue IKIYTHKOBOTO
NAPHYIO CTPYKTYpY =« A Coxreputt
COCTOAT M3 GeIKOBEIX 1 - numpe, 2 - kpiox, 3 - xoneya, 4 - cmep-

acens, HM - napyaxcnas membpana, LIIM -

cyGouOpun, Kotopkie mexbpana, 1T -

TaOKe MMEIOT CIIMpab~ e i - xoe
(] '

Hyio (opMy yKmama, npocmpancmeo, LI - yumomnasma, KC -

TOMBKO ¢ GonmpiuHM KIEMOURAR cmewKa

80



warom cnupanu. Kak B Tex, Tak u apyrux , BHyTpH cnimpans mpoxoaut
TONBIH KaHaj, IO KOTOPOMY NEPeABHTAIOTCA MONCKyNb Oenka H3
UHTONNAasMEl K JAHUCTANBHOMY KOHLY (BEpXYIHKE), ¢ KOTOPOr0 MAeT
HAPALIHBAHHE XKI'YTHKA.

Hsorryras 9acTh - KPIOK ~ COCTOHT M3 HHOro Gesika, 4eM HHTHh U
MOMIATAIOT, ¥TO OH CHYXKUT Aia ofecnedeHus rubKoro COSAMHEHHA HHTH
c GazaneHeiM TenioM. B cocras 6asampHOTO Tena BXOXHT CHOKHAN
CHCTEMR, cocToAinas U3 2 MM 4 KONeL, HAHH3AHHMIX HA CTEPIKEHb
Kkpiouxa. V rpaMnonoxwrenbHeix Dakrepuit - 2 konsua, 06o3HauEHHBIE
M u S, y rpamotpuuarensusix - 4 - M, S, P, L. M-xo/bLO HAXOAUTCA B
IIIM; S - y rpaMnonoxuTensssix GakTepuid - B NeNTHAONTHKAHOBOM
€N0€, y rPaMOTPHMUATeNIbHBIX - B TEPHILIA3MATHYECKOM IPOCTPAHCTEE,
NMPHMEIKAA K BHYTPeHHeH INOBepXHOCTH nenTHaornukana. Mimeomuecs y
TPaMOTPHLATENBHBIX OaKTepHH AONOIHMTEIBHEIE BHEOIIHHe Kombua P u
L pacnonoxeHs COOTBETCTBOHHO B NENTHIONIHKAHOBOM CJIO6 U B
uapyxHoi memGpane. OHu oBecneunBaloT Gonee MPOYHOE YKPEIUIGHHE
JKTYTHKA B KIETKAX, HMEIOWMX TOHKHMH CIOH NEemTHAOTIMKAHA U
PRIXITYIO KIETOYHYIO CTeHKy. BHeiHas napa xoney Bumnonszser GyHKuuu
ROTIONHHTEAHOH aPMAaTYPhl KPENNEHHA XKIYTHKOB.

HryTHKH SBIMIOTCA OPraHaMH JBHKeHHs Oaxrepuii. Xapaxrep
OBHDKEHHA ONPEHONASTCX OCOGSHHOCTBIO pPACMONOMKSHHA IKTYTHKOB.
MoHoTpHXH BCerga MABIKYTCA MO MPAMON JIMHHM, NEPHIPHXH -
Gecriopao4HO H ¢ KyBhipkaHieM. CKOPOCTb ABHMEHHA TAKKE PAVTHYHA:
GoneumucTBO moxekHbIX (opM Oakrepmii 32 CeKyHAY MPOXOAUT
paccrosnne, 6nuskoe pasmepam nx Teit. Camas nopsikHas Gakrepua -
XONMEpHEIA BHOPHOH: NMPH ANMMHE Tena B 2 MKM OH NPOXOAMT 33 CEKyHIy
0o 30 Mxm.

Tepemernenre GaxTepuil OCYLIECTBNAETCA 33 CHET BPAIIATEIIBHOIO
ABMKOHHA  KPYTHKOB. Il0  COBPOMOHHBIM  JaHHBIM  JKTYTHKH
npeacTarnmoT CoBoH CIHpanbHbLIE POTOPEI, Ka¥ABH H3 KOTOPBIX
cnocoGeH BPALIATHCH BOKPYT COOCTBEHHOH OCH. MYHKIMIO MOTOp&
BBIMIONTHAIOT BHyTpeHHHe konsua M v S. Bpawasce oTHOCHTENBHO APYT
Apyra, OHM NPMBOAAT B HBIIKSHHO BMOHTHPOBAHHHIH B HHX CTEPXEHb
KPIOYKA, & OH, B CBOIO OMepefib, COO0INAeT BPAMIEHHE CBA33HHON ¢ HUM
KryTHKOBOK HMTH. BpaimeHue »ryTHKOB Mepefaerci KIeTK® U OHa
HAYMHACT BPALUATHCA B NPOTHBONONOKHOM HanpasineHHH. CriokoliHoe
TUIaBaTENBHOE ABIDKeHre GakTepuii B OXHOM HANPABIEGHHH OCYIISCTB-
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JISETCA [YTeM PaPHOMEDHONO BPAINGHHMA JKTYTMKOB TPOTHB YACOBOMR
crpenxy. Mamenenne BpaeHHs XTYyTHKOB B OGPARTHOM HANDABICHWH
npeBoaMT  GaxTepHH K Kyswmpkamuio. [mmxenne  Gakrepmit
OCYUIECTBARETCA 3a cHer IHEPTHH TPRHCMEMOPAHHOrO
3neKTpoXMMUYeCKoro norenumana (Ay H+). KryruxoBu#  MOTOP
NpPEespamAaeT MEKTPOXHMHIECKYIO (PopMY SHEPrHH B MEXaHHYECKYIO,
AHanoramy CakTEpHANBHEIX OKTYTHKOB (10 CIPOGHHIO M
XUMHNECKOMY COCTABY) ABNAIOTCA axcHanbHme GuOpwursl  (arn)
cnupoxer. OHH OGBHBAIOT NPOTONNASMATHYECKWH LMIMHAD (TENO)
KJIETKH, BKJIOYAIOMHHA LUTOIIAIMY M HUTOIIA3MATHHEECKYIO MeMOpany.
MNporonnasMaTideckuii  LWIHHDD OKPYKEH HADYXKHHM  HOXNOM,
COCTOAIAM H3 NEeNTHAOINMKAHA M  TPEXCIoHHOH  CTPyKTYp®I,
SHAIOIWIHON HAPYXKHOH MeMOpaHe KISTOUHBIX CTEHOK rPaMOTpPHMUAa-
TembHEIX Gaxrepuit. Taxum obpazom axcmambame Gubpunnm OxassiBa-
1ores nop, gexnom. Yucno ¢ubpumn passoe - or 2 xo 100, npruem, y
KaxzA0H Knerkd jsa HaGopa (uOpMILT, NPHKPEIUIEHHBX Cy6MONapHO.
CaobGomusie konum ¢ubprun Banpasnens k uenTpy Kiaetkn. Crimpoxerst
MOTYT OCYIIECTBIINTD JABIDKGHMA TPeX THOOB. BPAMICHH® BOKPYT
COOCTBOHHOH OCH, TIOCTYNATeIbHO® BHHTOBOS, WIIM WITONOpooGpaikHoe,
JBIDKEHME U BOMHOODpaaHoe uarnGaHHe KIETKM 32 CHET COKPAIMEHHA
axcHaNbHNX HWTeH. JBIDKSHHO CIHPOXET, TAK KE KAK H FKTYTHKOBBIX
Gaxrepmif, ocCymlecTBUAETCH 32 CHYET INEKTPOXHMHUECKOH (POPME

IHEPTHH (A;u’)' Cronpasmuii THO ABHOKSHHS, NPHCYIIMH Da3HBHIM

TPeACTABHTAINM NPOKAPHOT - MHKCODAKTEpHAM, HaHOBAKTEPHIIM,
HUTYATHM CepPOOAKTOPHAM TaKKe, MO-BHANMOMY, OCYIIECTBIAETCS NPH
TIOMOINH CKPHITRIX BHYTPOHHMX CIpYKTYp - OGenxoBmix ¢QubGpwmr.
TMoxreepskaernemM 3Toro smusercs ObHapyxkeHue Y HOKOTOpBIX
MPOKAPHOT €O CKOMB3NINAM THIIOM ABHXKGHWA TOHKOro cios $nGpmin,
PACTIONIOXKOHHOTO B KJASTOYHOH CTOHK® MEXAY HETTHAOITIHMKAHOBLIM
cnoeM W HapyxHoi#t memOpanod. V HuTuaTex ImaHOGaxTepmit
$ubpunin  dopmupyror emuHyr0 cucremy, oOBHBAIOIGyIO B BHAE
cnupamu B&ch TpuxoM. CxonbxeRHe imaHobaxrepuil Compomoxaaerca
spamennemM HuTH. Hanpasnesue ABHIKEHHA 33BHCHT OT HATPABNGHHS
xoma crmpasn Genxoswx (HOPHAT M ABNIETCH TAKCOHOMMHOCKHM
MPH3HAKOM.
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MexaHu3M CKONB3AINEro ABIDKOHHA CBH3AH € OCODEHHOCTAMM
CTPOGHHA KIIETOYHOH CTEHKHM, & MMEHHO. HANHUMUEM YMNOPAACHEHHO
pacrionoxeHHuX  Gemkosmx  cyGdmbpunn. Onn  ananorHuHW
HKTYTHKOBBIM HHTSAM, TONLKO HaXOAATCA B KIISTOYHOH CTEHKe, 8 He Ha ee
MOBEPXHOCTH. Y  CKOnbafimux Gakrepwit OMMCAHEL  CTPYKTYDHL,
HanoMuHaoue 6a3anpHble TENa, KOTOPHIE TAKKE OCYIISCTBIIAIOT 3AMYCK
newkenns ¢ubpunn, B pesynbrare MxX BpaIUATENBHOTO ABHXKEHHA HA
TIOBEPXHOCTH KJETKH MOABNASTCH TAK HAIMBacMas «Gerymas BOIHA» -
ABIDKEHHE HOPOBHOM KIIETOYHOM CTEHKH - M KJITKA OTTA/IKHBAETCH OT
TBEpAOro CyGcTpara. Cxombadiee MBHKEHM® NPOMCXONHT 33 CHET

xumudeckoil snepruu AT® wmnm  anexTpoxummueckoit (A,uH\»)‘

Ilonararor, wuTOo CnAHM3b, OOHMNBPHO BHISNSEMAR  CKONBIALIMMH
NPOKAPHOTAMH, B JABHXKCHHH HX CYIICCTBOHHOH ponH He urpaer. B
ONPEAEIICHHBIX YCIOBUAX OHA MOXeT obnerdars OTTANKMBAHUE KNETKH
or cybeTpara.

HonemkHeie GakrepHH MOrYT OCYLUECTBAATh HANPABICHHBIO
TIEPOABMIKEHHA = TAKCHCHI, OOYCIOBNEHHBIE PASTHYHEIMU BHELITHHMH
arerramu. B saBucuMocTH OT Xapaktepa sosmelcTems (npHBIEYeHMA
WM OTTATIKHBAHMA) TakcHC  ObiBaeT  NOVOKHTONBHBIM MM
OTPMUATENIEHNM. Pa3snyualoT HECKONBKO BHAOB TAKCHCA. XEMOT3KCHC
(Peakuus KNeTOK Ha XMMHYECKO® BEHIECTBO), aspoTakcuc (Ha KUCIIopon),
(ororakcuc (Ha ceer). Hanpumep, $pororpodunie Gaxrepuu Gnaroaaps
(POTOTAKCHCY CKATUIMBAIOTCA B OCBEWICHHOM MEcTe; a3pobHLIe - B 30HE
Hamuuus kucnopoaa. Ecnn mosHyro cycnensmio aspobmbix Gaxrepwmi
NOMECTHT: H3 OPEAMETHOS CTOKJIO M NOKPHITH NOKPOBHBIM, TO HEpe3
HEKOTOPOe BpPeMsi Macca KIeTOK OyAeT CKOHLEHTDHPOBAHA y Kpas
MOKPOBHOTO CTEKNIA, T. €. TaM, rae Gonee BHICOKO® CONEPXKAHHE
KHCJIOPORa.

3.2.8. Pumbpuu

Hurepunrie cTpyrrypst pumbpuy, wunm sopcunkm, oSpasyrorcs
K3K y KIyTHKOBBIX, TaK H Gemxryrukoebix Gakrepuii. OHH kopoue H
TOHbLUE KryTHKOB (HHa 0,4-4 MxM, TOmMuMHA - 5-10 HM), MMEIOT BUX
MPAMBIX HUTOH H TIOKPBIBAIOT BCKO NOBEPXHOCTh KAGTKM. YHcno mx
AOXOmUT O MHOTMX THCHY. OHH OGHADYKEHH y FANOYKOBHRHBIX H
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mwaposuaHux Gaxrepuii (puc. 3.24). dumbpuu cocroar u3 Genka
MHJIHHA, MONEKYNipHasi Macca KOTOporo cocrasnset oxomo 17000
zamstou. Benkoas cyGpeauMHHLIA YNOXKEHAR B BMAE ONHHAPHON NONOWH
BHYTPY ciiHpaiH, Gepyweii Hauano s LITTM.

Puc. 3.24. Ounmbpun (BopcHuxH) GaxTepui

Paznavaior Apa THIIa Bopcu#OK: I THI Xapaxrepen aAna Bcex BHAOB
Gaxrepuii ¥ BhNONHALT GYHKUMH OGbEAMHEHHA KISTOK B ArPETaTH HAH
NpU-KpenyeHus HX K cybetparam; I1 THm BOpCHHOK paccMaTpH-BaIOT KAk
monossie unu F-rny. OxH OGHApyXeHH TONBKO Y KIETOK-ROHOPOB,
conepxaunx F, RTF- u Col-paxropn. B omniume or o6uiuHoro tuna
¢umOpuii F-nunm Tonme u agnuszee u BeTpeyaiorea B komnuecree 1-2 Ha
Kierky. OHH npeacTasnaoT coboil nonse TPyGOTKH, COCTORIME MOYTH
TIOMHOCTRIO M3 OelKa NHNMHA, MOMEKYNAPHAS MACCa KOTOPOro pPARBHA
16600. ITonoesie BOPCHHKH OBECIIOYHBAIOT KOHTAKT ABYX KNETOK MpH
KOHBIOTAI{HH 6amepnﬁ JT0 OCYIECTBIIAOTCA ITyTeM NPHKPOIUICHHA
OKOHYAHMA TIONOBOH BOPCHHKH K  cneuHdwmueckoMy  caiTy
peuunuenTroil Kirerkn. ITocne npHxpennienHs BOPCHHKA BTATHBASTCH B
KIeTKY J0HOpa M COIHXaeT KOHBIOTMPYIOLIH® KIETKH «CTeHKOH K
crenke». Cama  F-mopcuHKa BHIMOMHAET PONb KOHBIOralHOHHONO
TOMMENs, NO KOTOpoMy NponcxoauT nepenaqa JIHK poxopHolt xneTku B
POLHITHEHTHYIO,

Ha F-sopcHHKaxX conepxares crienupsraeckie caliTsl, Ha KOTOPBIX
aACOPEHPYIOTCA MyXCkné® darn. Yepes BOPCHHKH OHA NPOHHKAET B
kxnerxy. O6pasosanne nonosnix BOpcHHOK aerepmuuupyercs F, Col u
R-daxropamm,
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3.3. NOKOAIHECA ®OPMEI IIPOKAPHOT

K noxosiymcs ¢opmam OTHOCATCH CELMANMIMPOBAHARE KIIETKH
- LHCTHI, aKHHETHI M 3HA0CTIOPBbI. OHM NPeAHA3ZHAYEHBI 1A 0beCieYeHns
BBDKHMBAHHA BMAA B HeOmarompusitebix  ycnosmsix. [losmnenune
noxosmuxcs  ¢GopM  CBHpeTeNBCTBYeT ©  MOPQIONOrHYECKOM U
dynxunonansnolt  muddepeHumpoBke  KeTOK Yy mpOKapHOT.
O6pa3zoBanui0 HX  CrOCOGCTBYIOT — ONpeXencHHBIE  MHTATENbHEIE
BewiecTsa, Temneparypa, pH, aspauusa. Ipn nonananuu B NOAXOAALIYIO
CpEeAy OHH NPOPACTAIOT B BEreTATHBHBIC KIIETKH.

s Beex mokommuxca (OPM XapaxTepeH NpemenbHO HU3KHil
YPOBEHb METaGONUYECKHX MPOLECCOB, YTO OMPEANIAET JUTHTEBHOCTS
COXDAHEHHS MMM IKHIHOCIIOCOOHOCTH. OCHOBHBIMH MeXaHU3MaMH,
obecnieunBAOIHUMH  YCTOHYMBOE TIPeOBIBAHHE KIETOK B COCTOAHHM
TIOKOS, ABAKIOTCA: HANIMYHE B ITHX KJICTKAX CreHHa/IbHBIX PErpeccopos -
HHrHOHTOPOB  (JEDMEHTATHBHONM  aKTMBHOCTH;  KpAiiHE  HH3KOe
comepxanue csoBomuoii Boae B uMTOTazMe  (CrIOpOMIA3Me);
kor(popMaLmonHoe M3MEHEHHE depmenTos, BbI3BAHHOE
00e3BOKHBAHHOM TIOKOALIMXCH KIETOK. B OTNHUYME OT MCXOAHBX
BEreTaTUBHEIX KIETOK NOKonmmecs (opMbl OBNajaloT NOBLIEHHOMN
YCTOHYHMBOCTBIO K Pa3sHOOOpazHBiM  HESMAroONpHMATHWM  (akTopaM
BHEUIHEH Cpeabl, B CBA3M C YeM OGECIISYHBAIOT HAAEXKHOS COXPAHOHHE
Buna B npupone. HanGonsweit ycrobfumsocTeio K agelicrBuio
TEMNepaTyphl, KHCIOTHOCTH CPeAbl, BBICYITHBAHHA, JIHTHYECKHX
(epMEeHTOB H Op. XapAKTepM3IYIOTCA 3Haocnope. HhapectHo, wro
3HMAOCTIOPH HEKOTOpEIX Oaktepuii ormuparor Ha 90 % 7TonbkO B
pesynerare Harpesanna npu 100° C B Teuenne 10-15 MHH, B TO Bpems
KaK LACTHl 830T06aKTepa NONHOCTEIO NOrMGAaiOT NOCHe MPOrpEBAHHS HX
ripu 60° C B rewerie 15-20 mun; akuneTs: muanoBbaxTepuii OTMHPAIOT Ha
95 % nocne Harpesanus npu 40° C B Teuenne 10 Mun,

Mucrsi INoxkoamyiecs xneTku osansHoi Gopmut u Gonee KpynMHEIX
Pa3MepOB, WIEM BEreTATHUBHHE, NOKPHITHE TONCTHIM CIOEM YTUIOTHEHHOM
cnusH, HaseiBaores  pucraMu.  OOpasoeanne uHCT, npHCywee
asoTobaxTepy, MMKCOGAKTEPHAM, CITHPOXETAM, PHKKSTCHAM XAPAKTEPHO
Ans  craperommx xymstyp. [lossnesme wmx y  asoroSaxrtepa
COMpOBOXKAaeTCH U3MEHeHHEM MopdonoruH Kietox. IpHcyuye Mookt
KYNIbTYPe MaJoYKOBHAHBIE KIIETKH YKOPAYUBAIOTCA B PAa3MeEpax 3a CHeT
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YTOJMIIEHHA U MPEBPAIjAlOTCH B KOKKOBHAHYIO dopMy. B umroruiasme
HAKATUTHBAIOTCA TFPaHyNBl MONM-PB-OKCHMACHAHOH KHCIOTHEL. XKryTHKH
TEPOTCH, MOABIOKHOCTD nNpexpamjaerca. ONHA HIIH HECKOIBKO TAKHX
KIIETOK TIOKPBIBAKOTCA TONCTOH CIIHM3HCTOH Kafcyliod M NepexomsT B
TIOKOALIIeeCA COCTOSHHE, XapakrepHoe ans uucr. Ilocnenume oBnaparor
Gonee BHICOKOH YCTOHUMBOCTEIO K BHCYIIMBAHMIO, HATPeBaHHUIO,
AEACTBHIO OCMOTHYESCKOTO AABJICHHA, YEM BErSTATHBHBIS KIICTKH.

V' mumkcobGakTepuii obpazoBaHHe LMCT ABISETCH 3aKOHOMEPHOI
craaueii passaTus. focne axTHBHOrO PasMHOXEHHL KNeTKH cobuparores
1 06pa3yIoT CKOIUIEHHA B OTASNLHEIX TOYKAX CIM3HCTONO MATPHKCAE. JTH
CKOIUICHHA B BHAE NpocToro 6yropka HITH CNOXHEIX, SPKO OKPAUIGHHRIX
JCPEBOTIOAOGHEIX CTPYKTYP BO3BBHILIAIOTCH HaZ CYOCTPRTOM H HOCHT
Ha3BaHNUA IUIOAOBHIX Tel. B muojgoseix Tenmax KneTkd MHKCoOakTepmid
NEpPexoNAT B TOKoAuIescs cocrosHue. OHW NPUHHMAIOT OBANBHYIO
dopMy, NPOMCXOAMT yTOMMIEHHE KIETOYHON CTEHKH, YIUIOTHEHHE
LHTOIUIA3Mbl, AONMONHHTENbHME cHHTE3 Oenka. Takue NOKOALIMECH
KNneTkW y MuxcobakTepuii nomydmnn Ha3sanHe Mukcocnop. Onu
YCTOHYMBH K HATPEBAHHIO, BHICYLIHBAHHIO ¥ APYrAM HeGnaronpHATHHM
(akropam. OT BereTaTHBHMX KJIETOK OTIHYAIOTCH Gonbinei OnTHHECKok
MNOTHOCTBIO M CMILHEIM NpEJIOMJICHHEM CBETa, YTO MO3BOMSET
OOHapy#HBaTs HX C MOMOLIBIO CBETOBOro MHKpockona. Ofpazosamne
UHCT Y MHKCOOaKkTepHH MOXKHO HHAYLHPOBaTb BHOCEHHEM B Cpeay
INMLEPHHA MITH aMHHOKHCJIOT.

Axuuernl Ilokosmpecs KnerkM HHTYATBIX UMaHOGakTepHH
TIONYYIHAH HasBaHHe akuHeT. OHM O0Pa3yioTCA M3 OTAGNBHBIX KIETOK B
MEepPHOA 3aMeANeHHs pocra Kynbrypm. Ilpespamaromascs B axuHeTy
KJIeTKa YBEHMHBAETCA B PasMepax, YTOMHAETCH MNENTHAOrIIMKAHOBI
CNOH K/IETOYHOH CTEHKM M VYIUIOTHAOTCE CIAM3IHCTHIT u4exon. B
LHTOMNA3ME HAKAIIHBAETCA GONBINE 3ANACHBIX BKIIOYOHHI - FNHKOTeHa,
nonudocharos, umanopuuuHa, noseumaercs coaepaxanme JHK wu
pubocomm. Komavectso xnopodmunna v PHKOGHIHHOBBIX MHIMEOHTOB
YMEOHBUIAGTCS, CHIDKAGTCA HHTEHCHBHOCTH GoTocmuTesa. B akunerax
MEHBINE BOABI, 96M B BEreTATHBHHIX Kietkax. ITogoGHO umucram, omm
obnajaloT MOBMWILGHHOH  YCTOHYHBOCTBIO K  HeOIaronpHATHBIM
yenosusnm. O6pasosanmio akHHET crnocobCTBYIOT HH3KAA TEMNePaTypa,
BEICYIIHBAHHO, BEICOKOS COASPaHHe NTyTaMHHA.



3.3.1. 3udocnopms

Criopni y 6aicreprit 06pasyioTcs BEYTPU KISTKH H HOCAT HA3BaHMe
sugocriop. O6pasosanse sHmocmOp NpHCYmE —NANOYKOBHAHBIM
Gakrepuam ponos Bacillus u Clostridium n sensmercs ana  Hux
XapaKTepHbIM M MOCTOAHHMM npuH3HakoM, Cpemu Gaxrepmit ApyrHx
Mopionoriueckux rpynmn cnopoobpalosanme - peaxoe smnenue. Beero
H3BeCTHO 15 ponoe Gakrepui, OTnENBHBIE MPEACTABHTENH KOTOPBIX
ofpa3yioT 3HIOCTIOpHI, HarpwMep, pomsl Sporosarcina, Sporospirillum,
Desulfotomaculum.

SHAOCTIOPH - 3TO OCOOEIH THI MOKOALMXCA KIIETOK, KOTOPHIC B
OTNHYHE OT LHCT U aKHHOT OOPA3YIOTCS BHYTPH BEreTATHBHOMN KIETKH -
crioparrns. Crioper MoryT umers cdepureckyro unu osansHyio dopMy ¥
3aHHMATh B KJIETKS UEHTPATHHOE MIIH TOPMHUHAIILHOE MOJIOXKOHHE.

B omnmwdHe OT BEreTaTHBHBIX KNETOK OHH OGNanaloT BBICOKOM
YCTOHUHBOCTBHIO K HeOnaronpuatHeiM (daxropaM BHemHEH cpeas:
BBICOKOH TeMmepaType, BEICYWIMBAHHIO (FOAaM¥M MOTYT COXPaHATHCA B
BBICYWIGHHOM COCTOSHHH), ZNEHCTBMIO NOBBIIEHHKIX KOHLEHTPAUMT
conei, & HEKOTOPbIE BBHLAGPKUBAIOT HAXKE ATUTENBHOS KHITueHHe. B
TMTEPATYPE ONHCaHEl CIydaH T@POPacTaHHs cnop  GaxTepwii,
BBLAGNICHHBIX H3 FPOGHHI erHNEeTCKHX NUpaMua, Bricokas ycToHuMBOCTS
Cnop K  HeOIaronpHATHBIM  BO3feHCTEMEM  mMeer  Gomswoe
6ronoruyeckoe 3HadweHHe AnA  criopoobpasyrommx Gaxrepumii. Jra
ocoleHHOCTh, @ TAKKe TO, ¥TO B KIETKe, Kak NPaBHIO, oOpasyercd
TONBKO OAHA CrOpa, CBHAETENLCTBYET O TOM, HTO MPOLIECC
crnopoofpasosaHHa He ABISETCA CPOICTBOM Pa3MHOXKeHHs Gaxrepuii, a
CITYXUT NPHCIIOCOGIEHHEM K COXPAHEHHIO BHIA.

Xota cnopoobpR3cBaHNE - ECTECTBeHHEIH (DHIHOMOTHYECKUEH
rpouece, B TO 3Ke BpeMs [is CnopooSpasyioumx GakTepuii OH BOBCe He
obn3aTenbHbifi 2TaN KHIHEHHONO UAKIA. [Tpx GnaronpraTHNX ycnosumx
MHTAHHA 3TH OCakTepuu MTHTENBHOE BpeMs MOTYT pasBHBaThcs 6e3
obpazosanus  crop. OceosmmM  daxTopom, BBI3BIBAIOLIHM
CriopooGpa3oBatHe, ABNIAETCA KOHLUEHTPALHA B CPOAe OPraHHYOCKHX U
alorcogepxamux meumrects. JIoKasaTeNkCTBOM 3TOr0 MOXeT 6HTH
yeHnenne crnopooSpazosaHus NPH NMOMEIISHHY BEreTaTHBHBIX KJIETOK B
AUCTHINHPOBaHHYIO BoAY. Yepes 10-12 4 cnopni obpasyroT okono 90 %
Knetok. OmHaKo, eciu B TEUEHHE MEPBLIX 5 1 NOCHe NOMELISHHS KIETOK
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B BOAy ao0aBHTE IMOKO3y, TO CHOPOOOPasOBaHME MPEKPaTHTCH.
BraronpusTHOe BiMAHKE HA 00Pa3OBAHME CMOP OKA3BIBACT NOBLINOHHOE
coziepKaHue KHCNOPOAA, NMPHCYTCTBHE B BOAO KATHOHOB MAPraHUA U
kanus. Onrrumymn TemnepaTypu 1 pH min cnopooBpasosanus e e,
970 M JUIA pa3BHTHA GaKTepHii.

CnopooSpa3oBanHe - CNOXHHE NPOLECC, B KOTOPOM MOXMHO
BHIAEIMTE HOCKONbKO 3tanos. Ha nepmom, noarorosuremsHoM 3ramne,
HM3MEHASTCA HANPABICHHOCTh MOETa0ONHYECKHX NPOLECCOB  KIIOTKH:
TIPOHCXOMHT AKTHBHMIH CHHTE3 CNopoBoro Genxa, KoTopwil B omHuHe OT
Genka mereTaTHBHON KIOTKH COAEPXHT GONBINE LHCTEHHA - M
aMHHOKHCNOT ¢ rHApOdOGHNIMH IPYNNAMH; CHHTE3HPYETCH YHHKANBHOS
COSAWHEHHE - IMITHKOJIMHOBAS KHCJIOTAa, KOTOpas NPHCYINA TONBKO
criope. B 210T ke nepuoa mPoMCXoAAT MOPQONOrHUECKHE HIMEHOHHK
HYKIIGOM/a - AN6PHOE BEINSCTRO BHITATHBAETCH IO JUIHHE KIETKH B BHAE
Toka. [Mpy HanWuHK B KIeTKE ABYX HYKJIGOMOB, HTO 4acTo GmiBaeT B
NEPHOJ  3ABEPINGHMA  JKCNIOHOHLMANBHOM  (asbl  pocTa, OHHU
obLanMHMOTCH M TaKKe 0GPa3yIOT THKEBMIAHYIO CTPYKTYPY. 3aTeéM uacTs
{rpumepro 1/3) 370il CTPYKTYPE OTAENAETCS U NEPEXOAUT K OTHOMY H3
TIO/IOCOB KJIOTKH - B CNOPOr€HHYIO 30HY. JTO MOXeT ObiTh OAH3 HIM
HOCKONBKO KOMMH XPOMOCOMBI MATePMHCKOH KIIETKH. 31ech ke
IMPOHCXOMUT YILTOTHEHHS LHTOMLIA3MBI, KOTOPAs BMECTE C NeHETHUECKHM
MATEPHANIOM OTAENSSTCA NEPercpoikod OT OCTAJILHONO KJETOYHOTO
conepikumoro. Tleperopoaxa (opMHpyeTcs M3 LIHTONIA3MATHHECKOH
memBpany, KoTOpas MHBAMMAMPYeT OT NEPUGBEPHH K UEHTPY, CPACTAETC
U pajnenser TakuM oOpasoM CriopornasMy M LHTOMIAIMY KIETKH
(puc. 3.25). Omicanusie 3Tansi o6pazonanus cnop - obparamel. Ecm k
CrOpYTHPYIOWEH KybType Ha CTagHH (JOpMHPOBaHHSA NPOCTIOPH! BHECTH
anTnGnornk xnopampermkon (HHrHGHTOpP CHHTE3A GenKoB, B TOM UHCIE
u MOMOpAHHBIX), TO Mpouecce oOPacTAHHA CTICPOIIAIMM NPEKPATHTCH U
Ha4YHOTC OOBIYHBI MPOLIECe KISTOMHOro Acnenus. JansHeiione sranms
crioporenesa neoGparnmu. Cnemyromuii 3tan cnoporeHeaa - obpalosa~
HHe npocnopel. OH COCTOMT B TOM, YTO MeMOPaHa BereTaTUBHOM KJIETKH
ofpacTaer oTnENEHHEH Y4AaCTOK CIOPOMNA3MBI C SAGPHBIM MaTEPHATIOM.
B pesynvrate (opMHpyeTcs CIPYKTYPB, PACNONOKEHHAX BHYTPM
MATEPHHCKOA KIETKM M TMONHOCTHIO M3OJIMPOBAHHAS OT HEE ABYMS
3JIOMEHTaPHMMH MeMOpaHaMu - HADYKHOH M BHYTpeHHed. JTa
CTPYKTYP& NONYHHIa HAa3BaHHe npocnopsl. B copmuposannyio
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Puc.3.25. OGpasoramme 3HzocnOp y Gakrepuii poaa
Bacillus: I - gezcemamuenas xremxa, II - unaazunayus
LiiM, IN - obpa it nepezopooxu, 1V -
obpacmanue npocnops memotmoﬂ .Mem6pamw v .-
copmymuposannas  npcnopa, VI - obpasoeanue
xopmexca, VII - ghopmuposanue noxposoe cnope, VIII -
musuc mamepurnckoii xnemxu, IX - ceoboonas spenas
cnopa. X - npopacmanue criopes

pocnopy HaYHHAIOT HHTeHCHBHO NOCTYNaTh M3 MATEPHHCKOH KIETKH
AHTHKONMHOBAA KHCIOTA M HOHM Kanbiis. 3a o6paloBaHHeM npocnopsr
crenyer stan ofpazoBaHms KOPTOKCA, KOTOPHIL (opMHpyercs Mexxy
HApyXHOH H BHyTpeHHeit MemOpanamu ripocrioper. Tlo mMepe passerua
CHOph! TONMOUHA KOPTeKca yBeurmauBaercsa. Koprexc cocTonT 13 ocoBoro
TeNTHACTNIMKAHA, XMMHYSCKH OTIHYAIOIEroCA OT TAKOBOTO KIETOUHBIX
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cTeHOK. B cocTaB ero BXOOAT TPH NOBTOPSIOMHECH CyObeXHHHIIH:
MyPaMOoBas, ANAHHHOBAA ¥ TETPATINITHHAL, :

C samrineM KOpTEKca CBA3aHn MOPQONOrHH M APyrHe CBOHCTBA
CHope. JTO YCTAHOBIGHO HA MYTAHTaX, NOTEPABIIMX CHOCOGHOCTh K
topmupomanmo koprexca. JledexTHbie 110 PaIBUTOCTH KOPTEKCA COOPE
MMOJIH  HEMPaEBHNIBHYIO (JOpMy, HO NPENOMIANH CBET, MANO
AKKyMyNAPOBANIA [OHITHKOJIMHOBOH KHCHAOTH M ofnanamu  cnaboit
sddexTuBHOCTEIO mnpopactanus. CreneHs pPa3BMTOCTH  KOpTeKca
onpenenser yposeHb O0E3BONMBAHHA CHOPOMJIA3MBI H YCTOHYHMBOCTD
Criopel K AeHCTBMIO HeOmarompuaTHmx (akropos. OH npenoxpaHser
TaKkKe CrnoporviasMy OT  HOeHCTBHA  JTHTHUECKHX  (DEPMEHTOB,
PaspylIaiomuX KIOTKY.

Bonen 3a dopMupoBaniemM KOPTEKCa HACTYNaeT 3Tan obpaloBaHUR
CMOPOBBIX MOKPOBOB - ODONOYKHM CHOPHM, KOTOPads MOXeT ObTh
MHOTOCNOHHOH. V pasHmx Bmuos cnopoodpasyrommx Gaxrepmii
060/109K1 Pa3nH4AIOTCA IO TOJNINHHE, CTPOSHHIO M KONHUECTBY CIIOE.
Obonouka CHHTESHPYETCH MOBEPX HAPYXHOH crioposoii membpann. B
CHHTE3e NPHHUMACT YJaCTHe HAPYXHAZ MeMGPaHa Criopsl M NMPOTOIIACT
MAaTePHHCKOH KieTkud. VY HeKOoTOpEIX Oakrepuil mMOBEPX CHOPOBOH
oBonouxu opmupyercs eme ogHa CIPyxTypa - 3k3ocnopuym. OH Moxer
6nite  opmocnokiaeiM (Cl. botulinum, Tun E), muorocnoimmii (Cl.
corynoforum). Ctpoerne ero onpenensercs Buaom Gaxrepwii.

OGomnouka Cnopbl COCTOHT B OCHOBHOM H3 Genka M HEGONBLIOrO
KOMHBCTB2 JIMNWAOB M INMKOMMNMaos. Benokx xapaxrepusyercs
HATHYHEM 3HAYHTENBHOTO KONHYSCTBA QUCYNbPHIHEIX CBA3OH, KOTOpHIE
MPHAAIOT BHCOKYIO MEXAHHISCKYIO MPOTHOCTh HAPYXKHBIM NOKPOBAM,
obecneHBAIOT YCTORUYMBOCTE K ASHCTBHIO JIHTHUECKHX (PEPMEHTOR M
NPEAOXPAHAIOT CNOPY OT NMPEXKACBPEMEHHOrO TIPOPACTAHHA. MyTanTm
Cnop, MHIMGHHLE 0DONOYKH, IPOPACTAIOT CPA3y MOCNS OCBOBOKASHHS H3
MAaTSPHHCKOH KNISTKH AfKe B HOOIANONPHATHBIX AMiA POCTa YCIOBMSX.

x30cnopHymM cocTonT H3 Genkos u nunmzos. [Tonaralor, 4To on
33NIHLIAET COPY OT BHEUIHKMX BOIACHCTEBHIA.

Toce 3apepiuenns dopmuporaHKz OBONONEK CNOPH HAYHHAGSTCH
eo cospesanne, Ilpouecc CONPOBOXKAAETCH AKTHBHBEIM NOTJOMGHHEM
VHHKAIIBHOrO COGAVHOHHA - JHMHKOIHHOBOM KHCJNOTH, KOTOpas
CHHTEAHpYeTCA  Criopynupylomeli KISTKOH TONBKO B NGPHOA
cnopooGpasosania, B BereTaTHBHOH KIeTKe AMITHKONHHOBAA KHCJIOTA
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orcyrcTyet. B spenoit criope oHa npeacTaBnesa B BHOe XenaTa Kanbuus
- AMNHKONMMHAT KanbimA, coctamnaa 10-15 % maccer cyxoit cnopur. C
STHM COSIUHEHHEM CBA3HPBAIOT BHCOKYIO TEPMOCTAGHIIBHOCTD CNOP H
npeSbiBaHHe HX B NOKOAINEMCA COCTOSHMH. B npouecce cospesaHns
criops npuoGpeTaeT XapakTepHylo it muxa (opmy u pasmeps,
33HHMAET COOTBETCTBYIOIIEE nonoxenue B knetke. Crycrs Hexkoropoe
BpPEMA  NPOMCXOAHT ABTONIH3 MATCPHHCKOM IKJIETKH M Crniopa
BHICBOGOXA2ETCA B Cpemy.

CnopoofpazoBanue perynHpyercs TeHETHHOCKHM aNMApaToM
kneTkn. BuissneHo Gonmee 100 Tak  Ha3mBAEMBIX  SPO-TEHOB,
KOHTPO/HPYIOIWNHX padHbie sransl (PopMUpoBaHMA CHop. DT reHsl
PACriONOXKEHs TPYNNaMH B pa3HbIX Y4acTKAX Xpomocomul. Ilpu
BETeTATHBHOM POCT® KJIETKH OHH He npossisor cebs. IMonararor, uro
OHM HaXORATCA MOA KOHTPONEM CHCTEMBI PEMNPEecCHH, KOTOPaA CHHMASTCA
TPeKPaiLIeHHEeM POCTa CTIOPOOOPBIYFOMOH KIIETKH.

JHIOCCNOPHL  CYIIECTBEHHO OTNHYAIOTCA OT oGpasyiomMX HX
GakTepHil NO XHMHMYECKOMY cocTany. TONBKO CNOpPaM NMPHCYLIE HATHYHE
AKOHKOIMHOBOH KMCNOTHL. B OTIIHMME OT BEreTaTHBHOH KNETKH Criophl
XapaKTPHIYIOTCA HH3KHM COZSpPkaHHEeM cBoGoaHO# Bomm. 10 OIHa M3
npuuuH cnabolt unu npezensHO HU3KOH aKTMBHOCTH Merabomrueckux
MPOLIECCOB  CTOP, a TaKKe YCTOHUHBOCTH HMX K  BO3IAGHCTBHIO
HebmaronprATHHX  (usuKo-xuMueckux  daxropos. Jonroe Bpems
BooSiue oTpHIANACh Kakad-nuGo GUIHONOrHYecKas AKTHBHOCTS CIIOp B
COCTOSHMM TIOkOA. TONBKO NPHMEHEHH® COBEPUICHHEHIIHX MHKPO-
CHPOMETPOB NO3BONKNO YCTAHOBHTh HaJIHIHE CIaGOro AHXAHHAS CIIOpP.

Cnopel  OTNHMMAIOTCS OT BOrETATHBHBIX KJIETOK  BBICOKHM
conepxaHnem nunuaos. Tak, B kaeTouHkx cTenkax Bac, subtilis o6mux
Jnugos Haxomurea no 0,7 % B obonouxax criopst - 3,0 %. OBonoakam
CIIOp CBOHCTBEHHO TAKoKe OTHOCHTENEHO Bombimoe KomrecTso Genka. Ho
3370 CBOGOAHMBIX AMHHOKHCIOT B CHOPaX NPEASNBHO MAMO: HE
OOHapyieHa © [P-rHEDOOKCHMAC/ISHAS KHCIOTA, XapaKTepHAs Ans
BereraTHBHOH KieTku OGomsumucTEA cnoposmx Gaktephii. Cnopam
TPHCYIIE TAIOKE CPABHHTEIIBHO BHICOKOS COAEPIKAHME KATBLHA M MarHus
H HECKOJIbKO MeHbLIee - (hochopa M Kaus.

Criopst, xax M BEreTaTMBHas KIOTKA, HMEIOT monHmii HaGop
(epmenTos, onHakO B NOKOAMEHCA CNOpe OHH HAXOAATCA B
HEZIGATENBHOM COCTOSHMH. AKTHBHOCTE (eDPMEHTOB MDOABMNETCS NpM
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MON2JAHAK CTIOPH B GIarONpHATHYIO Cpeoy M NpH 66 MPOPACTAHMH.
IpopacranveM Ha3kBaeTCA NPOUECC NPEBPAMIEHMS CNCPH B
BEreTaTHBHYI0 KneTky. HeoOXoammbiM yCnoBHeM ANA 3TOrO HBIAETCS
HanM4He Bnaru,

B npopacrasum 3HI0OCTIOpP, KaK M HX ODpa3OBaHHH, PasiiHYAOT
HECKO/IBKO  JTarioB;  aKTHBALMIO, MHHLHALMIO M  BHIPACTAHHS.
OcpoGomuBunecs U3 KIETKH CrOphl Jake B ONaronpHATHHX YCAOBMAX
cpasy He mpopacrator. Ocratorcs B nokosmeMcs cocrosand, Ho mx
MOXHO BBIBECTH H3 COCTONHHA [IOKOHA, TIOABEPTHYB BOZACHCTBHIO
axTusupyomux (axropos. Taxum (axTopoM SBNAETCA NOBHIIEHHAS
remnepatyps - 65-80° C. Kparxospemennoe (5 mum) nporpesaHne
CIIOPOBOH CYCNEHIHH HHAYUMPYeT CriocoGHOCTh CHOP K MPOPACTAHMIO.
Ho nns Hauana npouecca HeoGX0AMM XHMHUECKHH IyCKOBOH MEXaHH3IM
- MHHLMABTOP npopacTannsa. Pomp ero moryr BHINONHSTE YIrNeBOAH,
AMHHOKMCIOTH (B GaCTHOCTH L-anaHMH), HEOPraHHYECKME HOHMI.
INpopacranne CONPOBOXARETCA CIOKHBIMU  (PUINONIOTHYECKHMH M
OHOXHMHUECKHMH H3IMEHOHHUAMMH,

Ha nepsom 3rane mnpOpPacTaHHs MPOHCXOAHT THAPATALHI
CTPYKTYp, T. €. NOTJIOLEeH!e BOAKN 1 HabyxanHe, BMECTe C TéM YBEIHTH-
BAETCA MPOHHUAEMOCTh ODONIOUEK, CHHDKAETCS CBETONMPENOMIIAEMOCTD HX.

B pesynwTaTe 3TOrO aKTHBHPYIOTCA GHOXHMHHECKHE MNpPOLECCHL:
YCHIIMBACTCA MABIXAHW® M BO3PACTAeT AKTHBHOCTE  JIMTHYECKHX
¢epmenros. HMornrHOe npopacTaHHe HAYMHAGTCA HA BTOPOM JTane,
KOraa noj ASHCTBHOM JIMTHYSCKHX (EPMEHTOB PACTBOPHIOTCS OOONOMKH
Ccnop, BH2YUAIE BHYTPOHHAS, 34TEM HapYXKHas; OCBODOKAAIOTCH H
YAAIAIOTCA AHIMHKOMHHOBAA KHCJIOTa M HaCTHYHO rnukonemrua. B ator
nepuox Tepserca 25-30 % cyxoro mseca criopel. Paspuis obanouex criop
OBBYHO NMPOHCXOAHT B OAHOH JHOGOH TOUKE M TAM NOABNIAETCA (POCTOKY
HoBo#t knetxku. [anee cnemyer yamumenne poctka u (opMHpOBaEMe
TIONHOLIKHO#H BereTaTHBHOH KieTku. Ipopacranse cnopbl NPOKCXOAHT
3HaYMTENBHO ObiCTpee, weM ee obpasosanme. B cpeamwem 3ToT Mpouecc
sannmaer 4-5 wu. Ilpouecc npopacTaHus CHOP, Tak ke Kak M
obpasoBan#a, HOCHT HeOGPATHMEIH XapakTep.

CriopooGpazoranne y HeKOTOPEIX BHIOB GaLMILT CONPOBOXAAETCS
TIOSIBNIGHHEM HOCBOHCTBSHHLIX BEreTATHBHON KneTKe cosnuuenuii. Tak, y
Bac. thuringiensis - Bo3sbynnTens napamiua y ryceHHI HeLIYeKpHUIBIX
HACEKOMBIX - PRAOM €O CIOpOH oOpalyeTcs OenxoBBI KPHMCTALTHK
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pomGosmanoii  GopMb, NONYYHBIIHA HA3BaHHe (JIAPACIIOPANBHOIO
Tensua» (puc. 3.26). ot Genok ofNanaeT BHICOKON TOKCHUHOCTHIO 1A
JIHYMHOK HEKOTOPBIX HACEKOMBIX. OH OCBOGOXIACTCH M3 KIETKH BMECTE
€O crIopoi,

Puc.3.26. Cnopa 1 GenxoBiit kprcrann Bac. thuringiensis

VYV  wmHOrHX cnopoobpasylomux OaxTepHil paHHME 3Tamsl
CHOPYJIAIHH CONPOBOXAIOTCY 00Pa3oBaHHEM PAlTHYHLIX MENTHAHBIX
aHTHGHOTHKOB - 31eHHOB, NonaBomuX cunres JIHK; Gauurpanmsos -
MOZABNIOIMX ~ CHHTE3  KICTOYHBIX CTCHOK; T[PAMHUMOMHOB M
TIO/IMMHKCHHOB, BIHMIOIMAX H2 CTPYKTYPHEIE H (PYHKLMOHATBHLIE
ceolictea MemOpan. Ponb amux coemumennit ® cnopooGpazoBanmu
H3BecTHa. Ilpezmonaraercs, YTo OHH MOIYT PeryAMpOBaTh PasIMHbIC
CTAAHH mpouecca AHdepeHIMpoBKH, kak 0Gpa3OBaHHE NPOCKIODEL,
KOpTekca, 0bonouex 1 T. 1.

Jxsocnopnl.  TIOKOANMMHMCE  KIETKAMH M OJHOBPCMEHHO
PCNPONYKTHBHBIMH  CTPYKTYPAMH Y AKTHHOMMIETOB Hapamy ¢
SHAOCTIOpAMM  SIBIAIOTCA  3K30cmopel. Onm  ofpasylorcs  mmyTem
bparmvenTamn TH} BO3TYMHOrO MMUENHA HA OTHENBHBIE YHACTKH,
Kanpiit M3 KOTOPEIX MpeBpAmaercd B criopy. PopMUpoBaHHe 5K30CHOp
CONPOBOXIACTCA YTONIIEHNEM KIETOUHOM CTEHKH 33 cYeT 0bpa3oBaHud
JOMONHHTEMBHBIX HAPYXKHBIX NOKpOBEOB, OIHAKO TAKHE CTPYKTYPHI, KaK
KOPTEKC M 3K30CMOPHYM, XapakTepHble JUIA 3HJOCMIOP, y 3IKIOCHOp
orcyrerByioT. He ofuapyxeHo B 9K3ocnopax M QHIHKOTHHOBOM
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KHCJIOTH. B CBA3H ¢ 3THM, 3K30CTIOpH AKTHHOMHIICTOB CYIIECTBEHHO HE
OTIHYAI0TCA OT MHIIEJIHS 110 YCTORYMBOCTH K NOBLINIeHHOM TeMniepaType
H JpyraM neGNaronpHMATHHIM ¢axTopaM. OJHAKO B  BBHICYIIEHHOM
COCTORHHM OHM MOIYT Gosee UIHTGIBHOE BpeMs COXPaHATH
KH3NeCTIOCOOHOCTE.  O6HAapy:KeHHe 3K30CMop HPHCYIME NOYTH BCeM
syaxruHoMHleTaM. Kpome akTuHOMHNEToB 3K30CcHOpH  OGpasylor
HEKOTOpbIC HOYKYIOHIHECE H METAHONOKHCHmomme Oakrepun. VY
dororpodrrix Gaxreputt Rhodomicrobium sxsocnops dopmupyorcs Ha
KoHUe THQH MarepuHCKOl KineTkm; y MenwioTpodHbix Gaxrepuii
Methylosinus trichosporium IK30CTIOpH OTTIOYKOBBIBAOTCA
HEIOCPE/ICTBEHHO OT MATEPHHCKON KIIETKH.
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I'nasa 4

POCT M PAZMHOXXEHME BAKTEPRI

BaskueHuiM CBOCTBOM BCEX JKHBHIX OPraHU3MOB SBJIHIOTCS POCT
H pasMHOXEHHE. POCT - 3TO (PHIHONOTHHECKHH NPOLISCC NMOCTENEHHOTO H
COTJIACOBAHHONO  YBONHYGHHA KOMHUYECTBA BCEX OGHOXHMHYOCKHX
KOMIIOHOHTOB OpraHu3ma. POCT NPHBOOMT K YBENWSMOHMIO MACCH
OPraHH3Ma, PaSMHOXEOHHME - K YBEITMYGHHIO SHCAA 0Co0eil B NOMYNALHH.

4.1. POCT BAKTEPHAJILHOH KJIETKH

Tlpu mayuenus pocra Gaxrepuil HeOGXOAHMMO PpasrpaHHYHBATE
«poCT GaKTeprHaNBHOH KIeTKH» H «POCT KymbType». PocT Kierkn - 310
YBETHUSHHE ©6 Pa3MepoB, POCT KyHabTYPHl - 3TO YBENHYEHHe YHCIA
KJIETOK, YTO ABJIAETCHA PE3yALTATOM MX POCTA H PA3MHONKCHHA.

Unaueuayansupii  pocr  Gaxrepuii  npoucxoaur Gnaronaps
IMPOTEKAHUIO B HHX MHOXECTBA B3aHMOCEBA3AHHBIX peakuuit GuocunTesa
KJISTOYHMX KOMMOHEHTOB, B Pe3yJBTAaTeé 49ero PpacTymmas KJIeTkKa
[OCTHIraeT Ppa3MEpoOB, XapaKTepHbIX yiA Oakrepumii HaHHOrO BHAA.
Xapaxtep pocra oOnpenensercs XHMHUOCKMMH M (HIMMECKHMH
ycnosusamu cpeasl. Bnaronprarnsie ycnosus crnocobersyioT GeiCTpOMY
pocTy, koTopsiit oBecreunBaeTCA NMOBBIMEHHOH KOHLUEGHTPaLKei putocom
B KIeTKe. B CBA3H C 3THM, aKTMBHO pacTymMe KIOTKH coaepkar Gonee
Bricokoe konuuecTso PHK u Genxa. Kpome Toro B GnaronpmarHeix
YCNOBHAX POCTa B KJIETKAX HAKAIUIMBRIOTCH 3aMacHbie IMHTATETBHHE
BEIUECTBA - BONIOTHH, TIIMKOTeH, nomu-B-oxcuMmacnsHas kucnora. B
Knerxkax, pactymux B GoraTol cpeae, MPOHCXOAMT YCKOPEHHE CHHTE3a
MAKPOMOJIEKYJI, 3aTeM NO MOCTHXKGHHIO HEOOXONHMOTO KONMYECTBa MX
HaYHHAETCA JIJIEHHE KIIETOK.

Tlo mMepe oGenHeHHS CpeAbl TMTATENBHEIMHM  BEIIECTBAMH,
6MOCHHTeTHYECKH® TNPOLECCH  3aMOIMIOTCA, WYTO NPHBOAMT K
00pazoBaHMIO MENKHX KISTOK C MOHHXEHHHM cogepxanmem PHK.
Yacto Hapazy C MENKHMH KIETKAMH 05pasyIoTca Golee KpyTHbIe KITeTKH
€ H3BPBLICHHOH MOpP(ONOrHeii, Ha3bIRaeMEIe HHBONIOUHOHHEIMH.
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4.2, PASMHOJXKEHHE BAKTEPHH

Ckopocrs pocra Gakxrepuii 3aBHCHT KaK OT BHOLUHWX YCJIOBMii, TAK
¥ or ¢uznonormueckux ocobenmHocrelt camoii knerkn. Ilpw Hammauu
GnaronpuATHHX ycnoBuii pocT GaKTepHanbHOM KIeTKK 3aBepHIaeTcs
pasmuoxennem. OcHosHEIM cnocoBom pasmuoxenus GomsIHHCTBEA
GaxTepuii SBISETCA TPOCTOS JeNeHHE KNeTKH mnoronam. Jlenenmo
MPEALISCTBYET PeNIHKALHS (YABOSHHE) XPOMOCOMBI. ITH B2 NpOLecca
TECHO B3AMMOCBASAHH. YacToTa perumkauus perynupyercs CKOPOCThIO
pocra KJIETKH. Pennuxauus GaxrepHanpHOM XPOMOCOMSI
OCYLIECTRIINETCH ONMHCAHHBIM paHee criocobom (cm. n. 3.2.5).

HsyueHHe 3aKOHOMEPHOCTR PABHOMEDHOTO  PacTPONENCHHS
TeHeTHYECKOro MATEPHANA MeXAY ACYEPHHMH KIIeTKAMH,
00pa3oBaBIIMMKUC B Pe3yNbTaTe [OEVIGHHS MATSPUHCKON KIETKH,
mossomuno I. JKaxoby, C. Bpemnepy um T. Kyseny (1963)
chopMymHpOBaTh KOHLENUMIO PEIUIHKOHA. PermukoH - egunMna
perumxanuy, 310 ydacrok [JHK, coaepxanpii perynsTopHHE 37IeMEHTHI,
HeoOXOmMMBIE ANA HE3aBMCHMON perutnkaumM. V Gakrepmii TaxoBmIM
ABJIRIOTCA XPOMOCOMa M mia3Muabi. Kaxasii pernuiukoH COAEPXHT He
MEHee JBYX JIOKYCOB, YYACTBYIOUIHX B KOHTPON® PEIUTHKALMH:
CTPYKTYpHAI TreH-peHkaTop (reH-HHULHATOD), ASTOPMHHHDYIOWMH
cHHTe3 GelIKa-MHHLHATOPA H CHCLHANBHBH CAHT-DEIIHKATOP, KOTOPBIH
Pacno3HAET CUrHANE HA HAYAJIO YABOSHHS XPOMOCOMHI.

Mocne HekoTOPOro mepHOOA PpOCTa  KJETKA  JOCTHrAET
onpeaeneHHOro Pu3HOIOrHueckoro cocroanua. M3 uuronnasmMaTHueckoi
MemOpaHN B PpEIUIHKOH [IOCTYM3IOT CHTHANKL © HEOOXOAMMOCTH
PeMIHKaLHA XPOMOCOMB H FOTOBHOCTH KIETKH K HCSNICHHIO. I'an
BIHAHHEM CHTHANOB AKTHBH3HPYETCHE HEATENBHOCTS CTPYKTYPHOrO TeHa
M CHHTesHpyerca Genok-unuuuatTop. OH, BOINEHCTBYS Ha PerUIMKATOD,
3aMyCKaeT PerUTHKALHIO.

Mexxay chcreMoli PEMIMKaUHH XPOMOCOMBI H JEICHHEM KIETKH
CYILISCTBYeT KOOPAHHHPOBAHHOE B3aMMOMCHCTBHE: MNENCHHIO KJIETKH
BCOTAA IpeNuIecCTByer yABOSHHe xpomocoMmel. [locne sasepmenus
POIUIHKAUHH  HAYMHAGTCA  MNpOLECC  OIGHHA  KIETKH. b 4
rPaMIoICKHTENbHLIX Gaxrepuii ¥ uuaHobaKTepuii 3TO OCYLIeCTBIsSOTCH
05pasoRaHHEM rONEPEHON NEPeropOAKH, PAASIAIOMEH MATOPHUHCKYIO
KIETKY Ha OB PABHOLIGHHBIE AOYePHHE.



Henenne  npomcxomur  cnemylommm  obpazom.  Buauane
CHHTCIHPYETCHA ABYCIOHHAA LHTOMIA3MaTHYecKas memOpaHa. 3arem Ha
BHYTpeHHeii cTOpoHe KNeTouHoll crenxu oSpe3yiorcs aea Gyropka. Oun
HHTEHCHBHO PACTyT H, NPOHHKAA KONbUEOOPA3HO BHYTPh KIIETKH MEXXY
croaMi o6pa3oBaBmeiic WMTOMIIA3MATHIECKOH MeMOpaHsl, obpasyior
ABOHHYIO MEPeropoaKy, AALLYIO KIETKY TNOTONAM.

Henenne GonsmpHCTBA TPaMOTPHLATENIBHAIX Gaxrepuit
TPOHCXOAWT fyTeM neperskku. IlpM 3toM reHOMsl pacxoasrcds 1o
nOMOCaM KISTKH, LUTOMIA3MATHYeCKas MOMOPaHa H KIeTO4YHAN CTEHKAa
PACTATHBAIOTCA, BIAIMBAACK OT NEPHGepHH K UCSHTPY KISTKH OO
KOHTaKTa ApYr ¢ npyrom. B peaynsTare kieTka nepemHypOBHBAIETCS HA
mse pnouepume. Jlenenwe kietox oSpasoBaHHeM IEPercpoOAKH MM
NEPOTHKKOH NOMYTHIO Ha3saHHe GHHAPHOrO B CBA3H C (JOPMHPOBAHHEM
JABYX OAWHAKOBBIX NOYGPHHX KIETOK.

Kpome ommcanroro GunapHoro pnenewus, y Gaxrepmii MaBecTeH
APYyToil  crnoco0  pasMHOXGHHMA - noukosamHe. IlowkoBaHHeM
pazmHoOXalorcs Gaxrepus poxos Hyphomicrobium, Pedomicrobium wm
Apyrux, oObeQHHEHHHX B IPYNNy NOuKyloumxcs OGaxrepwit. Itm
OPraHH3Mbl HMMEIOT BHA BMTAHYTHX najodek (0,5x 2 mxm), HHOraa
TpyLIEBHAHLIX,  OKAHUMBAlOWHXCA rudamu, wm  npocrekamm
(BBIpOCTAMH).

PasMHOXeHHe y 3THX GaKrepuii HAMHHASTCA C OOPA3OBAHMA TOUKH
Ha KOHLE rH}B HIHM HONOCPONCTBEHHO Ha MarepuHCKoM knerke. [Touxa
Pa3pacTaeTcs B AOYEPHIOIC KNETKY, (OPMHDPYET KI'YTHK M OTASIAETCA OT
MaTepUHCKOH KneTkH. Mo HOCTWKOHMIO 3Denoro COCTOAMHA IKIYTHK
TEPAETCA M NIPOLIECC PAIBUTHS NOBTOPAETCA.

B ornruue or GHHAPHOrO AENeHHA NPM NOYKOBAHWM HCXONHAN
KJIETKA OCTAaeTCS MAaTePHHCKOH, a2 BHOBb OOpa3oBaHHAg - HOYEPHEH.
Mexny HAMH HMEIOTCS MOPPONOrHIECKHE H  (PHIMONOTHUECKHO
paznHuma.

AKTHHOMMLISTSl pPa3MHOXKRIOTCA ()PArMEHTAMM MHLENHA M
cnopamn. Y ozuux (poa Micromonospora) eAMHHYHBIE CHOPEI
(opmupyioTcs Ha THQAX BEreTATHBHOrO MMUENHA, y Apyrux (pox
Streptomyces ® np.) wemouxu cnop oOOpalylOTCA HA KOHLAX Trud
BO3AYINHOrO MHIIQNIHSA, TAK HA3KBAeMBIX KOHHAHeHOcUaX. PparMeHThI
MULENHA M Crnopel B ONArONpHATHHX YCIOBHAX  BJAXHOCTH,
TOMMEPATYPH NPOPACTAIOT H JAIOT HAYANO HOBHM OPraHH3IMAM.
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HuTuaTnie umaHOOaKTepHH KpOMe GHHADHOIO ZENEHHA PASMHOKAIOTCH
y4acTxkamu Tpuxom H ropmoronuami. IMocnenwue npencrannsior coBoit
YKOPOMGHHBI® HHTH, COCTOSIIHE H3 MEJKHX BOIeTATHBHMIX KIETOK
onuHakosoit ¢opMbl M pasmepos. [IpH OTMHpaHHM CPENHMX KIeTOK
TpHEXOMa (HHTH) FOPMOrOHHY BHICKANBINBAIOT H3 HEXJI2 MATEPHHCKONO
TPHXOMa, PacTyT, Aensrcs, ofpasys Hoswe Tpuxomul, [opmoromum, B
OTIIHYHE OT MAaTePHHCKOro TPHXOMa, HO MMEIOT FeTePOLHCT M HHKOTAA
He OKPYXOHbI YOXJIOM.

Hez3asncuMo OT TOro, KAKHM IyTeM MAET NMPOLECC PBIMHONEHHA
Gaxrepuii, CKOPOCTB 3TOrO MPOLECCa OTPOMHA: 32 24 4 MOXET CMEHHTBCA
CTO/ILKO MOKONEHMI, CKONBKO Y YeIOBEeKA 32 nath Teicsu ner. Cxopocts
Pa3MHOXEHMSA 3aBHCHT OT MHOrMX YCIOBHH M ANA KAXKEOTO BHAA
Gaxrepwii pasnrna. Ipy Hanwauy B cpene HEOBXOAMMBIX NMHUTATENBHBIX
BemecTs, 6naronpuATHON TOMNEPATYPH M KHCIOTHOCTH CPeNBl HEeHHE
KRKAOH KIIETKH MOXST NOBTOPATHCH wepes 20-30 mun (E. coli). Ipu
TaKoOH CKOPOCTH PAaIMHOXKOHHA H3 OZHOM KIOTKH 3a CYTKH BO3MOXHO
obpazoranne 472 * 10" xnerok (27, 72 renepaumm).

Hrurencusnoe pasmsHokenMe umeer mis Gaktepuii Gonbmoe
Guonornueckoe 3navenne. OHO oOecrmeYnBaeT COXpaHEHHE MHKPOOP-
TaHW3MOB Ha 36MHOH MOBEPXHOCTH. Ilpw Hacrynnenun wHeGnaro-
NPHATHRIX YCNOBHH OHM MNOrHbaior MaccaMM, HO HOCTaTOYHO COX-
PaHHTRCE TOC-HUOYZP HOCKOMBKHM KIeTKaM, KaK NPM TMOAXONSIIAX
YCIIOBHAX OHH AaAyT G0NBIUIOS MOTOMCTBO KIeTOK.

YHCIEHHOCTs NOMYNALMHM MHMKPOOPTAHHIMOR B  ©CTECTBEHHHEIX
MECTOOOHTAHHAX, HaNIPHMEp, B I04BE HIIH BOAS, MOCTOAHHO MEHAETCH B
COOTBETCTBHH C H3IMEHEHHOM YCIOBHH cywecrsosanus. Ho B
nabopaTOPHHX  yCNOBUSX HA MHTATEBHAIX CPeNaX HIMEHOHHE
YHCIOHHOCTH NOMYyNAUHA MHKPOOPraHHaMoB TIPOHCXOXMT
38KOHOMEPHBIM 00pa3oM.

4.3. PASMHOXKEHHE BAKTEPHAJILHOMU HONOYJIAHA,
NEPAOAHYECKAA KYJIBTYPA

TNepuomuteckoli Ha3KBAIOT KyABTYPY , B KOTOPYIO ITOCHE 3acesa
GaKTepHAMH COOTBETCTBYIOWIOH NHTATENILHOH CpeAm B NPOLEcce pocTa
HO AOCDARNMOTCH MHUKAKME KOMIIOHOHTH M HO YAANMIOTCA H3 HE®
npomyxTH  merabommaMa  (3aKpWTas  cuCTeMa). 3aKOHOMEPHOCTB
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pa3MHOXKEHHA GaxKTepHaTLHOH NMONYJALMH B NEPHOLHIECKON KyNbType
OMMCHIBACTCA S-00pa3HOM KpHBOH, KOTOpas BEIDRKAET 3aBUCHMOCTE
YHCNA KNETOK (i GHOMAcCH) OT MPOAC/DKHTEIBHOCTH POCTa KyNETYPh.

Ilpu pasBHTHH NOMYNALHH B YKMAKOH Cpeic PasiiMualoT HeThipe
OCHOBHEIE (ha3sl pOCTa, IOCHEAOBATEIHHO CMEHSIOMME ApYr Apyra:
HAYANBHYIO, MHIH Jar-gasy; OSKCMOHEHIMAIBHYIO, WIH  Jora-
pupMuecKyio Qa3sy; cTaiHOHapRYIo dady 1 pa3ly ormupanus (puc. 4.1).

l, /] E

Puc. 4.1. Kpusasx pocta GakrepHanbHOH KyJbTyphl:
A-B - nae-gpasa; B-D - sxcnonenyuaronas; D-E -
cmayuonapnas; E-H - pasa zubeau

Jlar-paza oxBaThIBaE€T NEpHOA BPEMEHM OT 3aceBa Oaxtepuit B
MHTaTE/IbHYIO Cpelly A0 Havaja [Oe/ieHHA KICTOK. B TeyeHue nar-dasbi
YHCJIO KIETOK He yBenHuuBaercs. IIporcxomuT npucriocobnenue KieTok
K HOBBEIM YCNIOBMAM Cpelibl, BBIPXKAIOMEECH B CHHTE3¢ MHAYUHOENLHEIX
tepMeHTOB, NOBBILECHHE MCTAGOIHISCKOH AKTHBHOCTH, YBC/IHYCHHE
pa3MepoB KJIETOK.

JinmuresbHOCTE Nar-gassl 3aBHCHT OT Ka4ecTBa Cpebl, B KOTOpoil
paHee BHIpAIMBAJIACE KYNETYpPa H B KOTOPYIO TIPOM3BEACH IOceB. UeM
MOJTHOLIEHHEe CPelia, B KOTOPYIO 3aceBaercd KyJikTypa, TeM Kopode nar-
¢asa. Bornsmoe BHUMAHEE HA NPOAC/DKHTENBHOCTD JIar-Qassl OKa3hiBAeT
KOJIHYECTBO H BO3PACT 3IACEBACMBIX KIETOK. UeM cTapmie KynsTypa H YeM
MeHbINe B3ATO KIETOK Y [0ceRa, TeM JUTHTeILHee T4 (asa. Jlar-dasa
MOXeT 3aTAHYTHCS, €CJTH NUTATSIBHAN CPEAa He MOJHONEHHA, T. €. eClIH
OHA HE COAEPHHT B AOCTATOMHOM KOJHHYECTBE AMHHOKHC/IOT, BHTAMHHOB
M IPYTHX HeoOXOMHMBIX BEIEeCTB.
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Hnorzna B KynsType Moxer HaGIONATHCS HATHUME ABYX Jjiar-(as,
3710 OGLIYHO MPOMCXOAMT HA CPEAAX, CONCPMAITHX CMECh ITHTATELHBIX
Bemects. HekoTopsie KyAETypH HA TAKHX CpefaX NpPOSBIAIOT CIO-
COOHOCTL K TOOYEPEHHOMY HCMONBLIOBAHMIO HMCTOYHMKOB [HTAHMA.
B 1942 r. MOHO BriepBHE OMHCAT NOOYEPETHOE HCTIONB3OBAHNE IBYX
THNOB yriesonos E. coli u Hassan 310 senenme muayxcuel. B ocHoBe
STOTO HBJICHHA JICKHT KaraGonnhan penpecchs. Ilpu passurum E. coli
HA cpelie, colepXaumell INIOKO3y M COpOHMT, BHauane moTpedisercs
IJOK034; CHHTE3 (epPMEHTOB, HEOGXOMMBIX Aist moTpebieHns copGuTa,
yraeraercs. OHM OOpasyloTCA TONBKO MOC/HE TOTO, KAK BCA FINOKO3d
Gyner notpefiieHa M KIETKa NPHCTYNHT K HCNONB3OBAHMIO [PYroro
HCTOMHHKA NHTAHMA — copbuta. B ciyuae muaykcwm nar-dasa cHoea
NOBTOPACTCH,

IotpeGnenme cyGetpata conpoBoxAaeTcs ypenmueHHeM Gaxre-
pHambHON Maccel - GuoMacchl. IlpHpocT 6GHOMAcCH Ha3bIBAETCH
ypoxaeM. VpoxaH M ICTOK OTpaXaeT HHTEHCHBHOCTh Pa3BHTHA
KYILTYPHL. BaxwubiM mokasarenem, xapaxrepusylonmum 3dbeKkTupHOCTS
HCMONE30BAHMA  CYGCTpaTa WIH  NPOAYKTHBHOCTE  KyNBTYpHl B
KOHKPETHRIX YCJIOBHAX CPEABI, SB/IACTCA IKOHOMHYECKHH KO3(POHIMEHT.
OH BHIpAXAeTCH OTHOMEHWEM Ypoxas (BHIpOCHIeH Omomacch) x

KOJHYECTBY mnorpebnenHoro cybGcrpara: Y =S£, rne Y -
1

IKOHOMHYCCKHH KoaddMienT; X - KOJIHYECTBO BHIpocHIel Gromacchl,

r; Sy - xomauectBo notpeGiienHoro cy6erpara, r. Koamuectso

norpeSnentoro cyScrpara onpeaensior Kak Pa3HOCTE MEXKIY HCXOMHOM

So 1 ocTaTouHOM S KonueHTpauueti ero: ;= S°- S.

Jlar-(aza CMEHACTCA IKCNOHEHYUamLHOd, unu Rozapugmuvecxoil
daszoti pocma. B stoli daze Bce KICTKH HAXOAATCH B COCTOSHHE
AKTHBHOrO JsiencHui. Hapacramme KIETOK HAET B reOMETpHUECKOH
MPOrPeCcCHH: CKOPOCTH Pa3MHOKEHHA TIOCTOSHHAS; [POACIKHTENHHOCTS
TEHEpAIlHH, T. €. BpeMs MEXIY [BYMA MOC/ICAOBATELHBIMH ASICHUAMM
KIeTKH, MHAHUManbHas. Ilpupocr Gakrepult B enumully BpeMeHH
NIPOTIOPUHMOHANIEH HANHIHOMY KOHYECTBY KJIETOK.

ToxasaTenem HHTEHCHBHOCTH POCTA KyNBTYPH SRIAETCE YACTbHAR

CKOpOCTh pocTa (|), KOTopas 03HAYaeT NPHPOCT GHOMACCH, HIH YHCNA
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KIICTOK 32 OIHH Hac HA eAWHHUY pactymeii 6uomacch. Maremaruuecku
3T0 Beipaxkaerca dopmynoii:

2,303(1gm, - Igm, )
u =
7, -1,

THE Mp ¥ M; - BENHYHMHL HAYANBGHOH M Wepe3 Bpems t GHoMaccw (Mnn
uHCNa KIeTok), t; - to ~ NPOMENKYTOK BPEeMEHM MeXAy HAaUATBHWM H
NOCAGAYIOIIMM  OnpesencHHAMH OHOMACCH MHIH TNOACYETOM HHCHA
K/IeTOK.

HpyrnM BaxHBIM napaMeTPOM CKOPOCTH pPOCTa  KyNbTypH
ABIACTCA CPeAHEe BpPeMa YABOCHHA GHOMACCH, MIH BPEMS TeHepalMH
(2), T. €. Bpems MeXHY ABYMS TNOCHENAOBATENMbHLIMY NENCHHAMM KICTKH.
Ono onpenensercs N0 yBENMMHEHIO GHCHGHHOCTH KISTOK 32
ONPENieNieHHbIA NMpoMeXkyTok BpeMenr t. Ecniu B mamane skcno-
HeHUHANsHOM (asni unCIo KiTeTok G610 A, TO nocne neproii rexepauyn,
7. €. FIOCNS MEPBOr0 MENOHAA KONHYSCTBO KISTOK yABOMTCS I Gymer
PaEHO A 2; nOCHe BTOPOii TeHEpaLHMA KONHYUECTBC KIeTOK craser A ° 22
nocne Tperseii - A ° 2°; nocne n rexepaumit KOHeuHOS WHCNO KneTok B
okaxerca A' 2", r.e. B= A" 2"

B MuxpoGHONOrHYecKoi NpaKkTHKe jia BHPAKOHHS OOLero anca
KJIeTOK WAIWe NONB3YIOTCA He ACCOMOTHRIMH YHCAAMY, TAK KAK OHH
JIOCTHralOT  OFPOMHEX BENHYHH, a HX norapudneani.
INponorapubmuposas AatHOe ypasROHHS, NOMYHM:

IgB=IgA +nlg2

Bempuvns A 1 B (Hauanbhoe M KOHEMHOE WMCIO KIETOK)
onpesenseM ONHUM M3 METOROB MOACHETa WACHA KIIOTOK: B CYOTHOM
KaMepe, Ha MeMOpaHHEIX (PMIBTPAxX WM MyTOM BHICOBA KYNMBTYPH M3
=amxu IleTps co cpenol ¢ NocneNyIOMEM Y4eToM BHPOCIIHX KOIOHHI.

Yncno rexepausii n HAXOAHM M3 yPaBHEHHS:

_ _IgB-lg4
nlg2=1gB-IgA rgen —ng

3mas umcno renepaumit (aeNeHH KIETOK) M NPOACIDKMTENBHOCTS
OrbITa, JIEFKO ONPEASIHTD CKOPOCTh PA3MHOMKOHHA KIETOK (B MHHYTaX):
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tlg2

Moncrasnas B popryny 3HAUEHUE N, NOXYUHM : g gB-lgd

VunTeiBas, 9T0 AaXe B IKCNOHEHLUMAALHOH (a3e NPOHCXONWT
ormupanne keTok (oxono 20 %), B naruyio popmyty sHocHTes 20 %
Has nonpaeka, 4ro or 2 cocrauser 0,4. B xoneusiom wrore Qopmyna
NOIIY4HT CACAYIOWMH BHA:

_ thglé
£ lgB-1g4

VnenpHast ckopocTs pocta ¥ BPEMs TeHEPALHH B3AHMOCBS3AHEL
Iostomy, onpenentip IKCHESPHMEHTANBHO OAWH H3 NAPAMETPOB, MOXHD
BLIMHCIATS APYroi no Gopayne:

In2 0,893
= =
£ &
TIpCRODKRTENEROCTD CKOPOCTH pazHOKSHUA ©

IKCMOHCHLHABHOH (a8 PasiHaeg Y PasHe MHKPOOPrasusmos Tax,
yiit E. coli ona mower Gbire 20-30 vun, s asorobaktepa ~ 70-80 mmp
nay  EMyOREBKOaBIX CaxTepeii - a0 Y0 muE. POCT EVWNSTYDR B
AKCMOHGHUKANBHON (a3e HASPIBAXOT COANAHCUPOBAKHBIM, CHHTAA, IO B
3TO BPEMA ECE KOMNOHGHTH KNCTKH CHHTOSHPYIOTCH B OHMFAKORGH
crenesn. OfKako B YCNOBHAX MEPHOAWYECKOH KYNBTYPBI POCT SBJFETCH
c0aNaHCHPOBAHHEIM B TOYEHHE OUEHb KOPOTKOrO HHTSPBANA BpeMeHN B
NPOECCe POCTR  KYNBTYPB  NPOHCXOZMT  HIMEOHEHUE  COCTUSH
MUTATIBEON  CDEAM, NHTATeNbHBIE DBellecTsa notpebamorcs, =
HOHYIKHBIC DPORYKTH METa0omi3Ma Hakammusarorcs. Peaxuweli knetka
Ha HIMOHOHMA KA4ecTBa CPEAbl ABJAETCA HIMEHEHHE HHTeHCHBHOCTH
cunresa PHK, OGenka, nonmcaxapuioB W OpyrHX  HROGXOOMMELX
KOMIOHEHTOB.

KauecTseHHbIE HIMEHEHUA CPOUBI ABNAKTCA CCHOBHOH NPHIMHOK
3aMeAIEHUS POCTa KyNbTYphl. B peaynyrare HacTvnaer cmcysuonapras
aza. Ona COOTBETCTBYOT NEPHOAY, KOTAA YHCIO HKHIHECTIOCODMBIX
KIETOK B NOMYSMUKH NEPOCTAET YBEMMYMHBATHCH, XOTA MHOIHE HI HEX
HAXOMATCH B CTRAHMH AKTHBHOro peneHus. B stofi dasze komuuecTro
BHOBE NOAB/SIOLIHXCA H NEPEXOMINMX B CTafid NOKCA KICTOK
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nipHbnavrensro peeno. Ha npormkessm Boell (a3l YKCICHHOCTH
NOMYNSUME He HIMEHseTCs. Y pasHbix BHIOB OHA HACTYMAeT Hepel
pasnuaEBIe npoMexcyTku epemenn: y E. coli uepes 24 y, y asorobakrepa
yepes 72 4. KonwiecTso knieTox B crausomapHod (ase pocturaer
MAKCHMYM3, PasMEpHl HX CTAHOBATCH ONM3KHMH K pasmMepaM KIeTox
HCXOHOTO NOCEBHOro Marepuana. Ilocne AOCTIDKEHMA CTALMOHAPHOM
dasst KH3HSCMOCOOHOCTE KNETOK CHWKACTCA W HauuHaercs ¢asa
OMMUPAHUS.

B srofl Qaze rubenr MHKPOOOR NPEBBIIAET CKOPOCTh KX
pasmuokersia Otmeuarorcs  vopdonormasckie ¥ GH3HONOTHISCKHE
UIMEHEHHE KJISTOK, NOSBIATOTCH HEBOMOUHOHMEE (Gopumbl. Oruupanue
GakTepuls B KYHBTYPE WACTYNACT NMOL BIMNHHEM PA3THIHBIX NPHYHH.
HCTOUWCRHY WH7ATNEHOY CPONe, HBEOIUISHHA B CPEAe BPENHMIX
NPOLYETOR Merafionuzaga, wIMeHeHws  DUIHKO-XPFMKNECKHX CBOMCTE
Cpeibl B HEBFArOTIBESTEYID CYONORY w44 CTBERHOTG CTAPSHIAY KAETOK.
Houd 0onaw %807E KASTOK (HEHET £ DEYHSTIT: CHCHTARNONO aBTOINSA, T
rEpen coborBeRRe fepsesres. QouoEEvVI0 Dons 28eCt
[ Sige? e depwiess Lhan GATPRACCHES
Camaosiy BTy SIOREOEET €8 b radeid TG TiHesE
TS 3 JERSYTTE § BCOR BROOYF MIUITLCPTEWHIMOB. PE;‘E?GGB&HM
fiiaKT(»}‘)-"«i £ DPTEECCs AFTANM3a MBI HakSIuoRNe B CTraudonapHey
RYNETYREL DOy« r0oB MeT2Conmsms

Takrw o0pasclM. UKW PACBUTHS DEPHOMAYECKOR  KVITbTYpHL
uowomero choxumsili.  Heficroyroumse #a  kaeTky  daxrope  oueHs
MHOFOYHCASHHS! W MEHMIOTCH IO XOIF PASBMATHY KymeTyps. Bhauane
KyAbTyPa Cipaiaer OT BICOKOM KOHUSHTPAUMH NITATENbHBIX BEUIeCTE
¢ CPABHEHMIO C HX CONEPIKAHNEM B CPEJEe, ¢ KOTOPOH B3sT NOCEBHOR
MaTSPHa, T. €. TPOMCXOAHT TOpMOXKeHue POcTa M3bHITKOM cybeTpara.
Yepes HEKOTOPOS BPEMA KyIbTyPA HAYMHAET Ppa3BMBATRCA C
BO3pacTAIOMEH CKOPOCTHIO, IOCTHIA €2 MAKCHMANbHOro YpoBHS. 3aTeM
NOCTENOHHO  CKA3BIBAETCS  HCUOPAHMEe  J/ISMEMTOB MUTAHWA H
OTpABJieHHE NPONYKTaMH 0OMEH2, PA3BETHE KYNbTYPhl 2AMEANIETC H B
KOHLIE KOHLIOB NPEKPAILAETCS.




4.3.1. Henpepuianvie Kyaomypb!

TMepuompueckue KyJIbTYPH =~ HE OHHHCTBEHHBIH  CnOCoB
abpalHBaHHA MUKpoopranu3mos. B 50-e romsi 6eui pazpaboran u
TEOPETHMECKH OOOCHOBAH METON HEMPEPBIBHONO  KyJILTHUBHPOBANWA
MMKPOOPTaHH3MOB, WIH METOA MPOTOuHBIX KynbTyp. CymHocTs ero
COCTOMT B TOM, 4YTO B cocys (epmenTsp, rae NPOHIBOANTCA
BBIPAIKBAHNE OaKTEPHH, BCS BPEMS MOCTYNAST CBEXAA MHTATCNbHAA
Cpena W ONHOBPEMEHHO C TAKOH K€ CKOPOCTBIO BHIBOAWTSA
KYNbTYPalbHas KHAKOCTB, Takum  oOpasoMm, MHKPOOPraHH3MBI
HaXOZNTCH BCE BPEMA B IOCTOAHHBIX YCNOBHAX B OTHOLUCHHH HAMHYNA
NWTATENBHBIX BEWECTB W npogyktos obmena. INMocaemne daxriuecku
OTCYTCTBYIOT F HPOTCHHBX KynbTypax. Perynupys CKOROCTh MPOTOUHOH
CpejBl, MOXHO VIPaBNATE PAIEMINeM OaKTEPMANBHON YONYIALEK,
HaNPYMEp 33KepkaTe KYNetTypy B saoraprmirueckod dase pocra wa
moB0S HINTENLHOS TS,

Honpepsiptes KyNLTABHDOSSHAS OCYUISCTUWHISTCS L CNElHANbEbIY
mpUGIpan - XeMACTETER B TYPOHacoraray. BB Xemoctate PorT Kyapryps
KOETPONHDYITCK RWUSHTPALHeY CyUtTpaTa [lonremiisas NOUToRsHON
KOHUEHTDALMIO GHHGIC RS heODXOMMBIX CYOoIpaToR (ACTUMIHK 43078
AW YIASDORAZ} HYTEr DEryIHPOSaKES CKOPONTH YIPOTOR CPeil, MOMIO
CTalMITH3HPOBATE ThODOCIS POCTE KYRbTYPDl 4 IHIOTHOCT TOMYIAMMH.
IMpr GoabLIXx CKOPOCTAX NPOTOKA CPEAM POCT KYHBTVPRL Sones
HHTEHCHBHEBIR M HPUOMIDKAETCH K MaKCHMMAJIEHOMY, IPY MEHBIUMX -
Bostee MOANCHHBIH SCISACTBHE OrPAHHYCHHONO NOCTYNIEHHA CyboTpaa.
Ipl XeMOCTATHOM PEXUME KyJIbTHBHDOSAHHA TIOTHOCTh NONYJIHUHH
OrpasHYMBaETC] KOHLEHTPaUMel liMuTHpyouero cybetpara. Yem
BbIIIE COpepIKaHME BEUIECTEA, TUMMTHPYIOUISTO pPOCT, TOM  BhIlLE
CKOPOCTE Pa3MHOMEHHA NOMYISUUH, T. € CKOPOCTE Da3MHOKEHHA
3ABHCHT OT CKOPOCTH NPOTOKA cpensl. Ho yBanutenue CKOPOCTH NPOTOKA
C LeNBIO YCTPAHEHMA OIPAHMYEHHA POCTAa KymbTyphl CyGorpaTom
FIPUBOAMT K BIMBIBAHHIO KYMLTY['hl, CHIDKCHHIO IJIOTHOCTH HOIMYTIALHH,
10 OBBIYHO MPOUCKOAMT B TEX CY4asX, KOIHA CKOPOCTh pa3tabreHus,
HasmBaeMas Taoke KoshduuueHTOM pasdaBnerkd, NPEeBBIMAET
VAETBHYIO CKOPOCTh PocTa (MpHpocT GHOMACCH! B GXMHHIYY BPEMEHH,
pACHMTAHHBIE Ha eIUHHLY MCXoaHOil pacryiueit 6xomacest). CxopocTe
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VM3MEHOHHA YHCIIA KMETOX B KyNBTHBATOPE XEMOCTatTa (WM BeNUYHHbI
Smonmaccyi) BHIPaXkaeTCH ypasHERNEM:

@ - =x(u-D),
rfie X - HcxomHas pactymas Omomacca; D - kxosddriment
pasGaenensin; t - BpeMs; | - yne/bHAA CKOPOCTh POCTa; - CKOpOCTB
npupocTa GHoMacch.

F
Koa¢duuspent pasbasnessia D = 7, rae F - ckopocTts noroka

cpeast, ma/a; V - obbeM cpesst B kymeTHMBaTOpe, Mu;, BenHuuHa D
BbIpaXKacT cMeHy obvemon cpeast 3a 1 u. TaxuM oGpaszom, CxopocTs
H3MEHCHHA BEITHYHMHEI OHOMACCA! KJIOTOK B XEMOCTATe PABHA PA3HOCTH
MEMY CKOPOCTBIO NMPHMPOCTa GHOMACCH M CKOPOCTBIO BEIHOCA €6 M3
kymemusaTopa. Ecin p = D, TO noTepH KJIETOK B PE3YNLTATE BHIMBIBAHKA
M TPHPOCT HMX B DPE3yNbTAT® DPA3MHOMKEHHA YPABHOBCIIHBAOTCHA H
TIOTHOCTh NOMYNISLHK OCTACTCA NOCTOAHHOMN

B ormmuse or XemocTaToB mnpMHUMn pabotet TypGuaocraTta
OCHOBAM HAa PEryHPOBAHHH CKOPOCTH IPOTOKA CPEebl UIOTHOCTBIO
nonynsusk. B TypbunocraTe nnoTHOCTE NOMyNALKKM KOHTPOIMpPYETCS C
nomouibio (HOTOEMENTA, COSAMHEHHOTO C Pefie, KOTOPOE PeryaHpyer
nogaqy cpeapi. Kak Tomeko mioTHOCTE NOMYJISUHH AOCTHIHET 3aNaHHONC
YPOBHA, pene cpabarbiBaeT H B KyNbTHBATOD HauMHAaeT NOCTYNaTh
cBexas cpena. B pesymbrare KOHUEHTPaUMs KIETOK YMEHBIUASTCA MO
OMpEeZeNeH:oro ypoBks, IIOCHEe Yero AaBTOMATHYECKH OTK/HOYAeTCH
nogaia cpeas. B TypbHaocTaTe fOCTHTaeTCA MaKCHMANbHAA CKOPOCTDH
POCTa KYMeTYpPH Iipk Oonbimedl miOTHOCTH nonynsumi #. Gompiuei
TOYHOCTH PEryNHPOBAHMSA NOCTYILNEHHA CPEab.

Meton HeNpPEpBIBHOrO KyJLTHBHPOBAHWA Hallesl IMHPOKOS
NPYMEHEHKHE B H3y4YeHMH (PHINONOMHH MHKPOOPraHH3MOB, TaK KaK OH
NO3BONAET KYNBPTHBHPOBATD MHKPOOPTAHK3MBl B KOHTPOJMPYEMBIX
ycnopuax.  KpafiHe  nonesHsiM  Okasancs  3T0T  MeToa B
MHKPOGHONOr4ecKoi NPOMEILIEHHOCTH, TaK KaK O JaeT BOIMOMNHOCTD
VYIPaBIATh CHOCHHTETHUECKHMY TPOLIECCAMHA MHKPOOPTaHH3MOB.
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4.3.2. Cunxponusuposannuie Kyabmypst

CrxpOHH3HPOBAHHBIME HA3BIBAIOTCA KYIbTYPS), TS BCE KNETKH
AENATCA ORHOBPEeMEHHO. B ecTeCTBEHHMIX Ky/ABTYpax - NEPHOAHUECKHX H
NPOTOYHBIX - TAKOrO ABNeHks He wabmopaercn. J[axe B
JKcnoneHuManbHON (ase pocTa B KyNETYP® COREPIKATCH HENCIALLHEC M
HAXORAWIMECH HA PAa3HBIX CTAfHAX JenenHA wietkd. CHHXPOHHOS
JIENeHHE KJIETOK BB3BIBAIOT HCKYCCTBEHHO, BO3NEHCTBYA HA KYMABTYDY
pasanunbiMu  (axropamt. OpsriM 13 nHambonee pacmpocTpaHeHHEIX
METOAOR SMBIACTCA BOSACHCTBHE Ha KymeTYPY CySonTHManmbroi
(nonueHnOl) b0 CyneporTHMAanBHOR (NOBBILEHHEE) TEMNEPATYPOH.
MNpexnonaraercsi, uTo HeGmarompHsTHbIE TeMIepaTypal  Gonbine
CKa3BIBAIOTCA HA PA3BHTHH AENALMXCA KJIETOK, GOnee HyBCTBUTENBHMX K
REHCTBMIO paanuuHbix  (akrtopos. B  pesymerate  mpowcxomuT
TOPMONKEHHE PA3BUTHA. 32 3TO BPEMA K JEICHMIO MOATOTOBATCH HPYTHE
KIETKH KynbTypsl. Crnezyiomiee 3a MMM BO3ASHCTBHE ONTHMAJIBHOM
TEeMIEPATYPH! NOCTENSHHO BEI3IBACT CHHXPOHHOE NeJelHe KISTOK.

Ans noMyueHua CHHXPOHHBIX KYNBTYP MCTIONB3YIOT TAKKE METOA
BEIHY)KZSHHOTO roniopanvs. Knetku noMemaior Ha HEnoMHOLEHHy
CpeRy, KyAbTHBHPYIOT, 3aTéM NEPEHOCST Ha IOMHOUEHHYIO. VY
(orocunTesupyIomX  GaKTEPHl  CMHXPOHMAlE KYJBTYPEL  MOXKHO
NOyYHTh “epeOBaHUEM CBETOBBIX H TEeMHOBBIX PeXKuUMOB
KYNsTHEHPOBaHHA. HaBecTHn! Tamoke MEXaHHUECKHE MOTOBL 3TO
FIPOMYCKAHHe KyNMbTYPBl Yepes crneunaneble (umbtps (or6op krerox
OAMHAKOBOro pasmepa) W uentpubyruposanue. IMocnemswii metox
OCHOBAH H& TOM, YTO KJIOTKH, H3XOAAWHECA B Hayane LMKIA [CNCHMS,
Gonee memxue ® ocemator MemncHnee. CMHXDOHHBIE KyNbTYDHI
HCTIOb3YyIOT AJA H3YYSHHA CHHTE3a OTACNBHHNX KJIeTOYMBIX
KOMTIOHEHTOB B TPOLESCCe ASTICHHMS KNSTKH.
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Fnapga §

JEACTBHE HA MAKPOOPTAHH3MBI
PHINYECKHUX H XHMHYECKHAX ®AKTOPOB

B ecTecTBeHMBIX YCMOBHAX MHKPOOPraHHIMbl TOABEPraloTCs
BO3SHCTBHIO pasHBIX 1O CBoel npupome daxtopos. Bmusuwe sTmx
(daxropor moker nubo crHMynmposats passuTHe, nH6O BHIIHBATH
TOpMOXKeHye MeTabomiama, MuBo mpHBOAKTS KieTkH K ribenu. Ycnosso
takropsl prEmHeH Cpeas MOXHO DA3NENUTe HA (DMIMUYECKHE, XHMH-
HECKHE M CHONOrHYECKHE.

S.1. ®H3HYECKHAE ®AKTOPH

K ¢usuyecknn aktopaMm, ONpeaenAiOmHM >KM3HECHIOCOBHOCTE
MHKDPOOPTaHH3MOB H HHTEHCHBHOCTb HX Da3BMTHS, OTHOCATCH BIaX-
HOCTB, OCMOTHHMECKOS H THIDOCTATHHECKOES HABIEHME, TOMNepaTypa,
pamhausis. [pokaproTHueck#e MHKPOOPraHH3MEl B  OTIHYHE OT
JYKAPHOTHYECKHX CYIISCTBYIOT B 60/16€ INHPOKOM J[HAMA30HE H3IME-
HEHUH.

3.1 1. Baascrocmub

Hu omun u3 skonormueckux ¢akropos He onpexenser B Takoit
Mepe Pa3BHTHE MHKPOOPraHM3MOB, KaK BiaxHOCTh. OCMeR BeliecTs,
OHOCHHTE3 KISTOYHBIX CTPYKTYP, T. €. BCE OHOXUMIYECKHE PEeaKUHH
BO3MOXKHBI TONBKXO B BONHOM cpene. B cpene, numienwiQit Bnaru,
NpPeKpaIUAeTCs MHTAHKE, TAK KaK B CYXOM BHIE MHTATEIBHHIE BELISCTBA
HE MOTyT TPAaHCNOPTHPOBAaTLCA B KJIeTky. BraxkHocTs onpenenser
AOCTYINMHOCTb INHTATEIbHBIX 3JIEMEMTOB IIA MHKPOOPTaHH3IMOB. Oco-
6eHHO HYXIAIOTCA BO BJIAre KIIETKH, HAXOAAWHECH B CTaIHK POCTa.

MHKPOOPraHHaMbl XapaKTePHSYIOTCH PANHYHON YYBCTBHTE/b-
HOCTBIO K HenocTarky siark. HanGonbinel qyBCTBHTENIBHOCTBIO OTNIH-
HawTca HuTpHbuUMpyromue M asordukcupyromue Gaxrepun. Hexoro-
Pbie MUKPOOPTaHH3IME 601ee YCTOHYHBBI K NOHHKEHHOMY CONOPKAHHIO
Brari. B BHICYmEHHOM COCTOAHEM OHM MOFYT  COXPAHAThH
JKH3HECNOCOOHOCTh MPONOIDKHTENBHOE BpeMs. Y CTOMYHBOCTE X BBICY-
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IIHBAHUIO Yy Pa3HBIX BHAOB MHKPOOOB BeChbMa painuyHa. Tak, Hanpu-
Mep, TOHOKOKKH H XOMOpHW{ BHODMOH NEPEHOCHT BHICYIUMBAHWE B
TeueHse 2 paHeH, TyOepkyne3Has najiouka - B Teuesse 90 paHed.
OcoGeHHO BLICOKOH YCTOHYHBOCTDHIO K BRICYLINBAHUIO XapPaKTepH3YIOTCH
CrIOpxI MHKPOBOB.

MHKpPOOpraHH3Mbl B BHICYILIEHHOM COCTOSHHH OCTaloTCa 6e3-
JASATEBHBIMH, T2K KaX NPH OTCYTCTBHE B/IATH Y HHX MPEKPAIUAIOTCH HITH
MpefieNbHO 3AMEANIAIOTCA BCE TPOLECCH METabONH3Ma - NMPOUCXOAMT
TOPMOMKCHHE MXHIHCACATONBHOCTH, HACTYIACT TaK Ha3biBaeMoOe COCTOA~
HHe anabHo3a. B 3ToM COCTOAHHM Yy MHKDOOPTraHHM3MOB OOMEH BELIECTB
CBEJEH IO MHMHMYMA, HO XH3HECTIOCODHOCTD KIeTok coxpaHserca. IMpu
NOCHEAYIOeM YBNAXKHEHWH TAKMX MHKPOOPrantiaMOB BCe (DYHKLHE
YKHIHEAEATEIBHOCTH BOCCTAHABITHBAKOTCH,

MuxpoopraHHsMel B HMPHPOAS YacTO TONBEPraloTcs OBe3BOXU~
BAHHIO MPH KOHTAKTe ¢ CYXO# NOYBOH, CYXHM BO3AYXOM HUIH CYXWMH
PACTHTENbHBIMH OCTaTKaMu. B cemepHBIX M CpeAHMX IUMPOTAX B 3UMHMI
NISPUOA KJIETKH MHKPOOPraHH3MOB TEPSIOT YaCTb BOALL B Pe3yNbTaTe
3aMOPaXHBaHMA.

B npaxTHKe BEICYIUIHBAHHEM NOJIB3YIOTCS AJIA KOHCEPBHPOBAHKA
oBowei, GPYKTOB M PATHYHEIX NEKAPCTBEHHBIX Tpas. Jns coxpaHeHus
MPOM3BOACTBEHHLIX M MY3SHHBIX KYJIbTYDP MHKPOGOB, WHBBIX IPWBH-
BOYHLIX mperapaTos (BaKUHH) IUHPOKO NPFIMEHAETCA BHICYLUHBAHHE
MyTeM 3aMOPAKHBAHHA B YCIOBHAX BakyyMa (muodmumbHas Cyluka).
Mukpobnl mpH 3TOM NEPEXOAAT B COCTOAMKME aHabHO3a, CTOMKO H
ANMTSILHO COXPaHAs CBOH CBOKCTBA.

Mexanuim neiicreus o6easoskuBanun, V3seCcTHO, YT0 B KIeTKax
MHKPOOPrasu3Mos cozepxkutcs Ao 85 % mopsi. Pacnpegenenue ee B
KIIETKe HEPABHOMEPHOS H 33aBHCHT OT BIaXHOCTH Cpelbl, B KOTOPOH
Haxonarcs Muxpoopranuamel. Cornackio runoreze E. Kora (1966),
BHYTPHKJIETOUHAS BOZ2 MOMXeET ObiTh B YETHIPEX COCTOAHHSAX:

1. Tps BnakHoCTH cpeant mbiwe 20 % pona LEAMKOM 3ATIONHSET
KNneTky M (YHKUMOHHDYET KaK HemnpepsiBHas cpexa. [Ipw nawmod
BIIAXHOCTH BCE CHOXHMIYECKHE PeaKLHH NMPOTEKAKOT HOPMANBHO.

2. MNpwu BraxHocTH Hinke 20 % BOZA € KOWIOMAAMH KIETKW
06pasyer rens 1 (PEPMEHTATHBHBIE MPOLECCH IATPYAHEHBI.
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3. Tpw BnaxnocTy 5 - 10 % Boza pacnonaraeTcs no oTAe/IbHbIM
Y4acTKaM KJIETKH, HO ODMeH MONeKynaMi BOAbl MEXAY YHACTKAMH ele
BO3MOXKEH, (PePMEHTATHBHBIC PEAKLH HPAKTHYECKH OTCYTCTBYIOT.

4. Tips BHAXHOCTH HWKE 5 % BOAA CTPOrO JIOKANH3OBAHA H
H30/IHPOBAHA N0 OTAETbHAM CTPYKTYPaM KIETKH.

TNpz oBe3sosxxHBanKH MHKPOSHOH GHOMACCH BOXA INEPEMEINAETCA
BHYTP# KJIETKH OT UEHTPanbHOM YacTH K nepribepui. Bmecre ¢ BOnoii
MEPEeMEINAIOTCA ¥ pacTBOPEHHME B Hel Bewectea. Ilps  3toM
niepychepHHHBIE PAKIOHE KIETKH, MPHIETAIOMKE K HTOMNA3MATHYECKON
meMOparie, HaCBINAIOTCH PAaCTBODEHVBIMH B  BO#E  KNETOUHBIMH
BEUIECTBaMU, T. €. 3AeCh KOHUEHTPHUPYIOTCA OPraMH4YeCKHe BeiecTsa
TUNA YINEBOAOB, CBODOAZHEIX AMUHOKKCIOT, BHTAMHHOB. C
TOBBILGHNOM HX KOHLEHTPALMN MOXET NPOMCXONHTH KOAryssaLMs MIH
Aawe AeHaTypauus Oenxa, 4TO NMPHBOAMT K MHAKTHBALMH OTAC/BHBIX
¢epmenTos.  HMHakTHBauma  (QepMEHTOB M TIOTePA  KIETKaMH
MMIHECNOCOOHOCTH BO BpeMa OOE3BOXCHBAHMA MOTYT HACTYIHMTH B
pe3ynbTate  CaXapOAMMHHEIX  peakiMd, TNPOTEKAIOWMX  MEXIy
kapOOHMIBHOM TPYNMNOi IMMOKO3s! H CBODOAHEIMH AMMHOIPYIINaMH
Genka wietku. TNMpu anuTenbHOM IpoLecce OOO3BOXKHUBAHHA KISTKH
MOTYT TEPATb IKHIHOCNIOCODHOCTE B  PE3yNbTaTeé AE30PravH3aALMH
depmenTaTHBHLIX peakumii, mpuBoAsIIMX K aBTOomM3y. Ipybuix
MOP(ONOrH4ECKHX HIMEHEHHH MPH OBEIBONHBAKHKM MHKPOOPraHH3MOB
re Habmopaercs.

5.1.2. Ocmomuyeckoe dagnenue

HocTynsHocTs BOABI ANA MHKPOOPrAHH3IMOB ONpERENsieTcs ee
aKTHBHOCTBIO B cpefe (a,), KOTOpas 3SaBHCHT OT BEJIMYHHA
OCMOTHHYECKOT'C NABNEHHA, WM KOHLEHTPALHH PACTBOPEHHBIX BEIUECTS.
Uem suie KOHLEHTPAUKS PACTBOPA, TEM BBIIE €r0 OCMOTHHECKOE
HaBlieHHE H HIKE AKTHBHOCTB BOAHN. Jlio0oe BeLecTso, CoASPKaILeecd B
pacTeopuTene (B HAHHOM CNy43e - BOAE), TPHTATMBAET MOJEKYI
PaCTBOPHTENA ¥ TAKHMM OBPa3oM CHHIKAET MX MOABHKHOCTB. “IHcneHHO
BKTHBHOCTb BOAM (a,,) PABHA OTHOWEHMIO AABJIEHUA BOAAHAIX MAPOE HAL
PacTBOPOM X HABNEHHIO MAapoB HAN YHCTOH BOAOH. J1a BenH4YHHA
BBIPRKACTCH B JAOMAX EAHMHHLBL. AKTHBHOCTD BOAB ONpPEAENSIOT
COrNTaCHO YPaBHEHHIO:

109



P n,
2a P, wm-n,’
rae a, - akTHBHOCTb Bosl; P - naenenue sopsHoro mapa pacteopa; P -
HaBNeHHe mapa YHCTON BOABL; N) - YHCHO MONEH BOXEL; Ny - YHCIIO MOAEH
pacTeoperHOro Bewectsa 1 xr Boger, wnu 1 1, conepxur 55,51 moneit).
Jns DACTHIMPOBaHHOMN BOABI 3, = 1.

M3 runeproHuueckHX pacTBOPOB, T. €. M3 TAKHX, Y KOTOPEIX
OCMOTHMECKOE NABJIEHHE BbUNE, YE€M B KJIETKE, MHKPOOPTaHM3Mbl He
MOryT MOTPEONATE BOAY. ITO SBJIEHHE H3BECTHO B OHOMOrHM KaK
¢usnonoruueckas cyxocts. B ecrectBenHoil cpese oHO HMEeT MecTo B
33CONGHHBIX [OYBAX M CONeHBIX Bojoemax. Hmkeue wpesens
AKTHBHOCTH BOAB, B KOTOPHIX BO3MOXEH POCT MHKDOOPIaHH3MOB,
pasnsie ans pasueix Buaos. Hanpuwmep, ans apoxoxeit ponos Candida &
Saccharomyces wwxmmii npegen a,, cocraenser 0,93 nns Bac. subtilis -
0,949, E. coli - 0,935. SxctpemanbHbie ranobuner B mpucyrersun NaCl
pa3BHBAOTCS nNpH  a, 0,75-0,78. 3a ucwkmoueHHEM ranodunos,
GonbumHeTBO GakTepHE aKTHBHEE Pa3BHBAETCA B MHTATENbHOM GyIboHe,
rae axkTHBHOCTE Boan  cocrasmser 0,999, Buecenme B cpeay
OPraHWYECKHX H MMHEPANbHBIX BEINECTB CHIDKAET AKTHBHOCTL BOZDI,
Ocobenno cumbHOE CHIKOHHE BbI3biBaeT BHecemue NaCl. Ilpu
KoHueHTpauuu ero 27-30 % a,, = 0,8. Imokosa u caxapoaa oka3eBAIOT
Gonee cnisGoe BAusHHE HA AKTHBHOCTE BOABI NMPH COACPIKAHHH HX B
PacTBOpe B TaKHX e KonuyecTsax, kak u NaCl (27-30 %) a, = 1.

OcMmoTrueckoe fnaBeHHe BHYTPH kieTok Gaxrepuit COOTBETCTBYET
35-40 arm. Ecm Gakrepum NOMECTHTE B PacTBOP ¢ OONGE BBICOKHM
OCMOTHHYECKHM JABJIEHHEM, TO OHM NOTHOHYT B Pe3ynbTaTe MIa3MONH3a,
a eCcNM PacTBOp HMMEST OOnee HH3KOE AABNICHHE, TO THOEIb KIETOK
MPON3OHAET OT ruasmonTnaa. OFHAKO HANWYME PHrHIHON KJIETOYHOI
CTeHKH O0ECNEYMBAET OTHOCHTENBHYIO YCTOHYMBOCTS Oaxrepmii ¥
konebanuaM ocMOTHUECKHX yonosmii. BonbummcTao Gaxrepuii masno
HYBCTBHTOIIBHO K W3MEHPHHMIO KOHLEHTPAaUMii cosell B mpemenax
0,5-3,0 %.

Bonee Toro, m3meCTeH pAN  MHKDOOPraHH3MOB, KOTOpHIE
HOPMAJIbHO PAa3BHBAIOTCH NPH BLICOKOM OCMOTHYECKOM NABJICHHH.
Hanpumep, HexoTOpele BHA Aponokell pASMHOXAIOTCA B Mene,
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Gakrepnu - B conenoit peiGe. Takne MHKPOOPraHM3MBl HA3BIBAIOTCA
ocmoduneremMu. B Gonbwuncree ¢Boem 3To ranodmner (mobsuiue
COMib), XAPAKTEPHIYIOWHECH MOBHIICHHON MOTPEOCHOCTHIO B XIOPHCTOM
Harpus. OpaM w3 HUX cnabo ramodmnbHble - Ay4lle Pa3BHBAIOTCA Ha
cpeaax, coaepxawmx 2-5 % xnopucroro narpuia. K Hum orHocarcs
Gakrepuu popos Achromobacter u Pseudomonas, oburaromme B
Mopckoit Boge. [pyrue - kpaiHe ranodunbHble - HyxaaloTCs B Gonee
BBICOKOM KOHLSHTPALIMH XJIOPHCTOrO HaTpus. 3TO BCe BHAbl GaxTepHit
poxaa Halobacterium u psn 6axrepuii poga Micrococcus u Sarsina.

Kpaiine ranodmnbtele MHKPOOPraHH3IMel OOHApyXEHEI B BOIAX
MepTBOro MOps, CONOHYAKOBBIX MOYBAX, a TAKXKE PACCONAX JUIs CONCHHH
npoaykTos. OHH OGBIMHO BEI3BIBAIOT MOPUY COJIEHOH PBIOH! B MsACa.

Kpaiine ranodunbubie MHKPOOPraHH3MbI, WIH 3KCTPEMANbHBIE
ranodmnel, aZanTHPOBAaHE! K CYLIECTBOBAHMIO B CPEAaX MNOBBIIEHHOrO
copepakanuA CoNel 3a cyer MOANEPIKAHUA BBICOKOH BHYTPHKIIETOYHON
KOHLIEHTpaLHK pacTBopeHHbiX BewecTs. Tak, y Halobacterium nalobium
KOHLIEHTpALMs HOHOB Kajus cocrasnser 30-40 % cyxoro BemnecTsa
wietkd. TloTpeOHOCTD B KanuH y rajobakTepHMit MOXeET CTaTh CTONb
BBICOKOM, MTO 3TOT MOH CTARHOBHTCA (PAKTOPOM, JMMMHTHPYIOIQHM POCT
KYJIBTYPBL.

Perynsuns akTHBHOCTH BHYTPHKIIETOYHOH BOAB OCYLUECTBIACTCA
KJIETKOM ITyTeM HM3MEHEHHS KOHLISHTPALMH HEHOHHBIX PacTBOPEHHBIX
BEINSCTB, TAKHX, KAK MHOTOATOMHBIE CRMPTHI: rNIHuUEpHH, apabur. Ponp
CITHPTOB COCTOMT B TOM, HTO OHH NOANCPKHBAKOT HH3Ky!0 BENUYHHY 2,
B KJIETKAaX, BEIPOCWIMX MPH BBICOKHMX KOHUEHTpauuax coner. Eciu B
KJIETKe KOHLEHTPAUHA CONEH HIDKe, YeM B MHTATENBHOH. Cpepe, TO
BKTHBHOCTB BHYTPHKJIETOYHOH Boae! OyzeT Beiie, YeM B cpene. B TakoM
ciy4ae GakTepHUH He CMOTYT nOTPeONATL BOLY M Pa3BHBATHCA He OyayT.
Knetku perynupyloT akTHBHOCTB BHYTPHKJIETOHMHOH BOAB IYyTOM
PerynsiiuMH CHHTE3a H pacnaza MHOTOATOMHBIX CTIMPTOB, KOHLUEHTPAaLHA
KOTOPBIX H3MEHACTCE B OTBET HAa H3MEHCHHE KOHLEHTPaLMH CONeH BO
BHemHel cpeme. PEpPMEHTHEIN ANNapaT SKCTPEMaNbHHIX rasodmunos
XOPOLIO MPHCHOCOBNEH K BBICOKHM KOHLEHTPBUMAM CONeli, OCOBEHHO
HOHOB Kanus, npeobnagaroliux B wumroryiasMe. Ouu  HeoOxomumsl
tdepmenTam nuGo and  NPOSBIEHHS  AKTHBHOCTH, nubo ansa
crabunusauun. IloTpeGHOCTE B NOBBILIEMHOM COAEPIKAHHH CONet
nposisnAer  GenokcuHTesMpyromas cucrema ranobakxrepmii.  Jlns
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coxpaHeHMs ctaOHIbHOCTH pHOOCOM TpeOyercs BBICOKas CONEBas
KoHUenTpams - 710 3M KCl u 0,1M  MgCl,, npuuem KCl membas
3ameuuTe NaCl, wunaue mnpoucxomut GecrnopsaouHas arperaphs
pubocom. IlpH HH3KMX KOHUEHTpaumsx coneidi (0,001 MgCly),
HOAEPIKHUBAIOMIMX B HOPME CTPYKTYPY puBocom E. coli, ranoBaxrepuu
Tepsior Gombiryio YacTe Genkos. Cunres Genxa y ranodunoB akmveHO
nporekaer B mnpucytcteuu 3,8M KCl  OcoGennoctsio  GenkxoBoro
CHHTE3a Yy naHHLIX Oakrepufl sBNSETCS HEYYBCTBHUTENBHOCTD K
aHTHOHOTHKAM, HHrUOHMTOpaM AaHHOro mpouecca y Apyrux GaxTepwil.
xnopaMeHHKOAY,  CTPENTOMHLHUHY,  3SPHTPOMHLHHY. Beicoxue
KOHLIEHTpauMu coned  crabunusupyror rumpodobueie ¢Bizu u
ofecrneuMBalOT  CO3JAHME  AKTHBHOM  KOHQurypauus  Geskos
IKCTPEeMANBHO rano(unbHeix OakTepuil, HTO OCOOGHHO BAaXHO A
(hepmenTHEIX Genkos.

Hayuenne CHOXHMHYECKOH OCHOBE!I ranodmiiHH MOKA3ano, uTO
HekoTopeie epMeHTH Kpakine rasodunbHbX GaxTepuii GyHKUHOHMPYIOT
TONBKO NMPH BRICOKOM CONEPIKAHME XJopucroro Hatpus. Kpome Toro,
HOHBI HATPHs HEOOXONMME MM Jsl YCBOSHHS M3 CPEABl NHTATEIBHBIX
Bewects. Tax, Halobacterium solinarium HoHEI HaTpus HyXHBI Jf
NOTPebneHHs FIyTaMaTa; MOPCKHM NCEBIOMOHAAAM - JUIA NOTpeSneHks
€axapoB H PsAAa aMHHOKHCIIOT.

5.1.3. Nuopocmamuueckoe dasrenue

IpuponneiMH cpeaamu, rae NpeobnanaroT BBICOKHE AaBlIeHHS,
SBMAIOTCS MOPA H OKEaMbl, TITYOHHHBIE MeCTOpOXKAeHHS He(TH.
Tumpocratuueckoe naenenne, kak sKkonoruueckuii daxrop, Biamser Ha
pacrpocTpaHente H aKTHBHOCTh MHKPoopranu3MoB. B okeane naenexue
BO3pacTaer C raybuHol, ®B kaxumie 10 m rnyOumel  paBnenue
nosennaercad Ha 1 atm. Cpennee nasneHue Ha ame Tuxoro oxeana 380
at™. B coueTanun ¢ HU3KO# TEMIIEPATYPO#t 3TO O4eHb HeONIaroNnpHATHEIE
yernoBusa ans dkp3Hu. Hemuorne u3 oberuHerx GaxTepmit criocobmst
AKTHBHO Pa3BHBATBCA B HAHHLIX ycnosHax. MayueHue smbinenewwoit ui
MOpCl(HX rny6un Ps. bathijectes noka3ano, yro npu pasneHuu 1000 atm
u 3° C, Te ycnoBusx, 6nH3KHUX K ECTECTBEHHEIM, OHa passuBanack
KpaliHe Meanemmo: nar-pasa AmMnack oxoNO 4 MECAuEB, Bpems
TEHEPALHH B 3KCMOHEHLHANBHYIO (hady cocTaBnaio 33 CyT, B TO Bpems
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xak npu 1 atM u 37° C epems resepaumu Gbuio memee 1 u. Haxe
HEBBICOKO® ruapocraTu4eckoe npasnenue (50-150 arm) oxassiBaer
HeBnaronpusTHoe Guonoruueckoe peiicteme. Tak, y ranoBakrepuii u
dotocunTesHpyrolnX  GakTepHil  NMPOWCXOMMT  pPaspPhiB  rA30BBIX
BakyoreH, 6C/IH JABGHHE B CPEAe NOBIIAETCH Ha 5 arm (mpu Hopme |
aT™). Orpuuarensvoe  neficraue  naBneHus YCHIHBaeTCH B
HEONArOMPUATHEIX YCNIOBHAX TEMNEPaTypbl M KHCIOTHOCTH CDEMBI.
OcoBeHHO BO3PACTAET UYBCTBHTENBHOCTh GAaKTEpHiT K AABNEHHIO Y
KPailHHX HIKHHX CPaHHLl TemnepaTypHoit obnactu pocra. Ilpu HuzKoi
TEMNEPaType Aace HEBLBICOKOS paenesue 50-100 arm  cunsHO
uHrubupyer pocr. Pocr E. coli npexpamaerca naxe mpu 100 arm u 30°
C, ecu pH cpener nonuants 10 5,2, Taxum obpasom, adipext aeiicTaus
TIOBBILIEHHOrO AABJIEHHSA 3aBHCHT OT H3MEHEHHA ONTHMANBHBIX YCIIOBHMI
POCTa MHKPOOPTaHHIMOB.

Ho B npupoze cymectsyior Gaxrepuu, KOTOPBIE BHACPKHBAIOT
orpoMHele AasneHus. Takue Gaxrepuy HasmiBaroTcs GapodunbHEIMA (OT
rpeu. baros - Taxects). [peacrasurenem sensercs Bac. submarinus,
BoizeneHHblit 13 THxoro okeama ¢ rmybueer 5000 m. M3 medrambix
CKBaXKMH  H3OnHposahbl  Gapodmunehmie  cynedarpexyumpyromue
Gakrepun. Omnu oxasamich 60nee aKTHBHEIMH TpH CPABHHTESbHO
BhICOKOM Aasienuu (400-500 atm). BonsIIMHCTEO e MHKPOOPTaHH3MOB
OTHOCHTCH K CapoTONepaHTHEIM H BHIAGPIKMBAET HOBONBHO BBICOKOE
nmaenende (630 arm) Toneko B Teuemme 1 u. [lpu pnuTensHoM
BO3ACHCTBHH IMAPOCTATHYMECKOrO MABIGHHUS MPOUCXOAUT HeHaTYPauUHs
GenxoB H HHAKTHBALMA (EPMEHTOB.

ToBbierHOe naBneHHEe OKA3BIBAECT HHIUGHPYIOUIEd ACHCTBHS Ha
cunres Gemka. Hambonee uyscTBuTENBHON CTagmell  ABmsETCS
ampnoaunmmposane TPHK u  cessmBanse ee ¢ puGocomamu
(nonxcomanmu). Y HeROTOPBIX MHKPOOPraHHIMOB HABNEHHE HHrHGHpyeT
TPAaHCNOPT PACTBOPEHHBIX BELUECTB B KNeTKy H TeM CaMbIM TOPMO3HT UX
poct. YV ncuxpodmnibHeIX GakTepHi NABNEHHE MOXET MOBPENIATh
KNeTOuHyX0 MmemOpany. OtMeuaercs u  psn  APYruxX H3MEHEHHi:
YBe/IYEHHe CKOPOCTH HEKOTOPHIX XHMHYECKHX H (PEPMEHTATHBHBIX
peakuHii; yMeHbleHHe o0beMa OPraHW4eCKHX KOJUIOMIOB; YBEIHHEHHE
BSAIKOCTH KHAKOCTSH U MOBBILECHHE IEKTPONHTHYECKOR AHCCOLIMALIME.

MaxcumaneHoe frapnente, NP KOTOPOM BOIMOXEH POCT TOFO HITH
HHOIO  MHKPOOPraHM3Ma, ONpefoIseTcds  OapouyBCTBHTEIBHOCTBIO
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JKHMIHEHHO BaKHBIX (DM3HONOrHMYECKHX MpoLeccos: GENKOBOro CHHTEsa,
obpasoBanma u ucnone3osanua AT®, Tpaucnopra pacTBopeHHBIX
BELIECTB 4yepe3s MeMOpary, perynsTopHerX GyHKUHH KICTKH.

5.1.4. Temnepamypa

CyuwecTsyer Gonsioe pasHooOpasue TEMNEpaTypHbIX YCIOBHi B
NPHMPOOHBIX MECTOOOHTaHMAX MHKpoopraruamos. Cebume 80 %
GHochepr! NPHHALIEIKHT K NOCTOAHHO XOioAHbIM OBnacTsaMm. B oanmx
oBnacrax (rmyOuHBI OKeaHOB) HH3Kas Temneparypa (okono 5° C)
OCTAGTCHA NOCTOSHHO, B APYrHX (IOHB! C YMEPEHHBIM KITHMATOM) - OHA
MeHseTCsl B TeuenHe Tofa, cocrasyan B cpeanem 12° C. 3uaunrensuo
MEHBIIYIO 4acTb OHOCdepbl 3aHHUMAIOT MECTa ¢ MOCTOSHHO BBICOKOH
TeMniepaTypoit. 310 aeiictayromue pynxaus: (1000° C), dymaponsr (0
500° C), ropsune ucrounmkm (93-101° C), komnoctsi (30 70° C), a Take
OTXOABI TEXHONOrMYECKHX NPOLECCOB, HANPHMEP, OXJIAKIAKOLIHECHA
sogm TIAL[ (55-80° C). OcHoBHas NPOAYKTHBHAS 4acTe OHocdepsr
NPHHAUIOKAT K OBNACTAM C MEHAIOLHMCS TEMITEPAaTYPHBIM PEXHMOM.
Konebanns TeMnepaTyps! B TEHEHHE FOAa MOTYT cocTasiaTh ot 0 no 30°
C B 3ouax ymepeHHOro kmmara, or -80 mo +5° C u Bemme B 30He
XOIOAHOrO KIBMATa.

BepxHHE¢ M HIDKHHE [PAHHLBl TEMOEPATYPHOrO AMANA3IOHA B
PB3HEIX  CpeNaX  3aHHMAIOT HCKIIOYHTENIBHO  MHKPOOPIaHHU3MBI.
TemnepaTypa onpesenser He TONLKO HHTEHCHBHOCTb HX Pa3BMTHA, HO H
caMy BO3MOXHOCTB HX CYLIECTBOBaHMsA. B 3aBHCHMOCTH OT 3HAYEHHA
TOMNEPaTypbl H TPORO/DKHTENBHOCTH BO3AGHCTBHMS OHA  MOXKET
PeryupoBaTe pPocT, HIMeHsTh MOphONOrMIo U MeTaBomH3M, BBI3BIBATH
rubess MHKPOOPTaHH3MA. Ty TEMNEPaTYPHYIO 3aBHCHMOCTD BEIPKAIOT
TPeMa KapAHHANBHBIMH TOMKAMH. MHHHMYM - TeMIIEparypa, npH
HEe3HAYHTENBHOM CHHXXEHHH KOTOPOil CKOPOCTh POCT2 MHKPOOPTAHHIMOB
CTPEMHTCA K HyJIIO, ONITHMYM - TEMIIEpPaTypa, MPH KOTOPOH CKOPOCTH
POCTa MHKDOOPTaHH3MOB SBJIAGTCA MAKCHMANBHOH; MaKCHMyM -
TeMIEPATYPB, NPH HE3HAUHTENIBHOM NOBBILUIGHHH KOTOPOH CKOPOCTH
POCTa MEKPOOPraHH3MOB CTPEMHTCS K HYITO.

To oTHOWEHHIO K YPOBHIO ONTHMAIBHOM TEMOEPATYPBl BCe
MHKPOOPraHU3MBbl AENAT HA TPH OCHOBHEIE TIPYNOEL MCHXPOHEL
mezobunst u  repmodunm.  [ns  ncuxpodunoB  onTHMansHOM
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TeMnepaTypoit passurus smmsercs 15-20° C. K mum orHocsrca
OBHTaTEN! XOMOANBIX HCTOMHUKOB, CEBEPHBIX MOpeil H OKSaHOB, 4 TAKKE
rityGokux 0aep. PocT 3THX MHKPOOPraHH3MOB BOMOXEH B Mpeenax oT
TOUKH 3amep3aHms cpeawt no 30° C. [Meuxpodumer exmouaror
GONBIIMHCTBO  CBETAWMXCS Gaxrepuit  (pon Photobacterium). Ha
THTATeBHBIX CPOAAX HX KyJbTyphbl uanmyualor ceer. Ceeuenmne Genoe,
3¢neHoBaTo-iyHHoe wiM ronyGoe. INMpencrasurens Photobact. fischeri,
BBIAEEHHBIA 13 MOPCKOH BOasl, pacter npu 5-10° C.

Opnum u3 $axTOpOB, ONPEAENMOLIMX HU3KYIO ONTHMAIBHYIO
TEMIOEPATYpPy POcTa NCHXPOQUNOE, SBNSETCH BBHICOKAS YYBCTBUTENBHOCTD
GenoBOrO CHHTe3a k NOBBILIEHMIO Temnepatypsl. Ilcuxpoduneaas
Gaxrepus Micrococcus cryophilus npu 22,5° C npexpamaer cunres
Genxa u yTpaunsaer jxusHecnocodHocts. Y Photobacterinm ficheri mpu
25° C He cuHTe3upy1oTcs (epPMEHTE! GHOMIOMHUHECLEHLHM N CBEHEHUe
Gakxrepuit He nposcxomut. Huskuil TeMnepaTypueiii onTHMyM pocTa
NCHXPOHNOB  ONpPEAeNIAETCA  TAKKE  CHHXKEHHOM  MOINHOCTH
OKHCIIMTeNIBHO-BOCCTAHOBHTENBHBIX ~ (DEPMEHTOB NPH  NOBBILOHHH
Temneparypel. Pocr ncuxpodmnos nps  HM3KHX  TemmepaTypax
oBeCneuHBaeTCss HX CrOCOOHOCTBIO PETyNMPOBAaTh IKHPHO-KHCJIOTHBIH
coctas  knerouHelx Membpan. C rnoHMwKeHHeM Temneparypel B
doctonunupax mMemEpan yBRETMUUMBAETCS COXEPIKAHHME HEHACHILEHHBEIX
IKHPHBIX KHCJIOT. 3T0 TO3BONIET MEeMOpaHaM HAXOAMTBCH MPH HU3KHX
TeMnepatypax B QyHKUHOHAMBHO AKTHBHOM KHAKOKPHCTAIIHYECKOM
COCTOSIHHH.

K melodpuiam  OTHOCATCS  MHMKDPOOPTaHH3MEI,  HMMEIOLIHE
TemnepaTypubiit ontumym 28-37° C. 310 GONBLIMHCTBO LIHPOKO
pachipocTpanerHbix canpoduTHEIX U naToreHHNX Gaxrepuii ( E. coli, Ps.
pyocyaneum, Staph. albus, Bas. Subtilis s 7. 1.).

Tepmodunbl NPEACTAB/IMOT HATEPECHYIO IKONOTHHYECKYIO [PYTITY
MHKpOOpraHmsmMos. K  HHM  OTHOCATCS  MEKPOOPTaHM3IMBl €
TemnepatypusiM ontumymom 56-60° C. Oru wnpoko pacnpocTpaHeHs! B
npupozne, oOHAapyXHBalIOTCH B no4se, Boje, une, Topde, Hasoze. Ho
CaMOe HHTEHCHBHOE pPa3BUTHE MX HabMo4aeTcs B MECTaX, NOCTOSHHO
HMIH  JUIMTENBHOE BpEMA NOABEPralomBXCS BO3NCHCTBHIO BEICOKOM
Temnepatypbi. EcTecTBeHHBIMH oOuaramu OOHTanHA  TepMODENIOB,
SABNAIOTCA ropavHe HCTOYHHMKH. Cpean repmO(dHIOB OOHapyMeHBl Kak
CNOpOBHIe, TAK H HECNOPOBBIe GakTepHH K aKTHHOMUNETH. Tepmoduimsa
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IIHPOKO pacrnpocTpaHeHa cpeaH aHadpoOHeix Oakrepui. Hasecths
MACTIHOKMCITbIE, L@JULONO3HBIG, MeTaHooOpaszyiomme Oakrepuu B
Tepmanbubix uerounnkax Kamuarku u Kypunbckoit rpsaer yame apyrux
BcTpexatorcs 6axrepuu pona Clostridium, H3 ropsumx knoyelt Tubeprn
BhizeneHsl HecnopoBeie Gakrepun poa. Hyphomicrobium, B nousax u
Bomax Kpaiinero Cesepa (o-Ba Iuxcon, Hosas 3emns) - ycrasosneno
Hannuue TepModmnos: Bac. coagulans u Bac. stearothermophilus.

B 70-80 rr. BeSBIEH PO HOBBIX  TEPMOMHIBHBIX
MHKDPOOPraHHIMOB C BBICOKMM ONTHMyMOM pocta - 80-90° C. Omum
BBIAENEHB B 0co0yro rpynny 3KCTPEMAaNBHO-TEPMOGHIBHBIX Gakrepui.
TMpencraeurenem sensercs Thermus aquaticus - HecnopoOHOCHas
TrpaMoTpHUaTeNnbHaA nanovka, BBIAENCHHAA AMEPHKAHCKHM
uHeeneaosateneM A. Bpoxom B 1968 r. M3 una xunsmux HCTOYHHKOB
HennoycToHCKOrO HaLMOHANbHOrO napka. OnTHMyM passutes 3T0H
Gakrepun cooteerctsyer Temnepatype 70-80° C, mMaxcumanbHas
Temneparypa pocta goxomut ao 93° C. B 1970 r. nonoGueie Gaxrepuu
HallleHE! B ropsuuXx HCTOYHHKax Sinonuu. B cBa3u ¢ Tem, wro gawHbE
Gakrepun He OOHAPYKHBAIOTCS B XOJIOAHBIX HCTOYHUKAX (MHHHMANbHAS
Temneparypa pocta 40° C), €cTh OCHOBaHHE CUHTATh, HTO OHH
npucnocobenbl k OBUTAHKIO TONBKO B ropsdeit BoJE.

Ipoucxoxaenue repmodinos HenssecrHo. CyluecTsyer MueHue O
MEPBHYHOM BOSHHKHOBOHHH TePMODHIOB B rNMEpHOA npeobnajanHA Ha
3eMHOM IIape MOBLILEHHEIX TEMINEPATYP, H OHH PACCMATPHBAIOTCH KAk
Haubonee apesnue Gopmel MuKpoopranuamos. BeickazpiBaercs u qpyroe
MHEHHE, COrjlacHO KOTOPOMY TEPMOGHIB MPOH3OULIH B Pe3yNbTaTe
CMOHTAHHBIX MyTauuid uH3 Mesopunoe. Opnako B 3TOM Cciyuae
NOHAanoOHNace Obl peopraHH3alMsA BCEro OPraHM3Ma, Tak Kak no
COBPEMEHHBIM  [aHHBIM  CTPYKTYPHBIE  KJIETOYHEIE KOMIOHEHTBI
TepMOQHNOB, TaKHe, KaK KIeTOYHas CTeHka, memOGpaunel, puBocoMEl, a
TaKKe BXOAALIHE B HX cocTaB Genku, unmasl, GEpMEHTH OTIHYAKOTCS
OT aHANOrMYHEIX KOMIOHEHTOB ME3O(HIOB KaKk Ka4yecTBEHHO, TaK H
KOTNMYECTBEHHO.

TepmodunbHEIE MHKPOOPraHHIMBI  pA3NEIMOT HA  uUeTHIPe
TIOATPYNIBL.  TEPMOTONEPAHTHBIE TEPMOPHIEI -  MaKCHMAnbHaf
TemmepaTypa pocta 55-60° C, orrrumansuan 35-40° C, cnocobus pactu
u npu 20° C; QaxynbraTuBHBIE TEPMOQHNE - MAKCHMANBHAS H
onTHManpHas Temnepatypa pocra 50-65° C. Kax u Tepmodusl
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npeasiayieil rpynnel, oK crniocobubt pactd mpu 20° C. Ctporue, wnm
obnurateeie, TePMOQHIBI -  MAKCHMANBLHAS H  ONTHMANBHAA
Temnepatyper pocta 65-70° C, murumanssan - 40° C. JKCTpeManbHbIe
TepmModuIEl - MaKCHManbhas Temmepatypa pocra 80-90° C, mpu
Temriepatype 40° C 1 HIDKe poct orcyTeTBYer.

Buosornueckne ocobenmoctn Tepmodmnos. B macrosugee
BPEMA  yACNACTCA  MHOrO  BHHMAHMA  BBEIACHEHHMIO  IDHYHH,
OOyClaBNMBAIOWMX ~ BO3IMOXKHOCTL  Pa3BUTHA  TEpMODHIOB  npH
TIOBLILICHHBIX TeMIlepaTypax. Paisurne mMonexynspHoi Guonoruy mano
BO3MOXHOCTD  ACTANIBHO  M3y4HTh (YHKUHOHANBHYIO 3aBHCHMOCTB
PaTHYIHEX KIIETOYHBIX KOMITIOHEHTOB OT BHICOKOM TeMrieparypr. B 1969
r. aMEpPHKAHCKHAH uccnemosatens A. Bpok Beickazan muenue o
PeLAIOEeH POIN KIETOMHOH MeMmOpaHB! B NPEJOXPAHEHHH KIIETKH OT
TCIUIOBOFO  MOBPEXKNEHHA. AHanorHuyHbie MHEHMS HMEIOTCd H B
OTHOIIEHWH POJIM KJIETOYHOR CTeHKH.

Knerouysaa crenka TepMmoduibHEIX Gakrepmit obnagaer Gonbuioit
YCTOHMHBOCTBIO K NEHCTBHIO BBICOKOM TeMNepaTypel. 310 o6ycacEneHo
€¢ XHUMHHECKHM COCTAaBOM u Gonmee TepMOCTAOHITBHBIM MEXaHHIMOM
CHHTE33a KOMIIOHEHTOB KICTOUHON CTEHKH.,

Membpana  TepMOMNOB  Talke ~ OTIMUAETCA  BBICOKO#
MEXAHHYECKOH MPOYHOCTHIO, CyAs MO OCMOTHYECKOH YCTOMYMBOCTH
OPOTOIIACTOB v ceporutacros ITHX MHKPOOPTAHH3IMOB,
Tpennonararor, 4TO TO CBASAHO C COCTABOM MEMOPAHHBIX JIMITHIOB.
VCTaHOBNGHO, YTO B COCTABE MeMOPaHHBIX JIMOMAOB TEPMODIIIBHBIX
GaxTepuit  mpeobNanalOT  KMDHEE KHCIOTH € JJAHHHBIMH M
Pa3BeTBICHHBIMH LETIOMKAMH.

PuBocomel, BeLaeneHHre n3 tepmodunbaeix Gakrepuii, obnazaoT
3HAYMTENBHO  GonbuleH  TEPMOCTAGHIBHOCTBIO, weM  pHBOCOMEL,
BbiZeNCHHBE M3 Mesopuwmbmmx ¢opm. Haubombias crabuibrOCTh
pubocom y TepModunoB 0OycnoBneHa padTitLeM B COCTABE H CTPYKTYPe
pubocomansHex nporerHoB. Hiyuenue TepMOCTaGHIBHOCTH PHEOCOM Y
Gaxrepuit Thermus aquaticus u E. coli (onTHManbHEE TeMNeEpaTyps:
pocra coorserceento 70° C u 37° C) nokasano, uro pubOcoMs! nepBhIX
yCTOlMMBEI K HarpeBarHmio zo 79° C, B 70 Bpems KaK BTOPeIX
PaspymAOTCA MpH  HarpeBanun ao 59° C. HccnenoBaHHe XHMHHYECKOrO
cocraBa pubocoM BHISBANO pauIMuHA B COmeprkaHuu Genka u PHK:
y Thermus aquaticus Genxa ~ 59 %, PHK - 41 %, y E. coli Genka - 41 %,
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PHK - 59 %. Veeamuenne copepxanus Oenka, MO-BHAHMOMY,
ofecneunBaeT NOBEILEHHYIO TEPMOCTaOHABHOCTD PHEOCOM KITETKH.

Kpome roro, tepmodmuner XapakrepHaylorcs Oonee BbICOKMM
coepXKaHHeM OCHOBAHMH TryaHHHAa H LUTO3MHZ B  MOJEKYNe
pubocomanshoit u TpaHcrnoptHoi PHK. 3r1o Taicke cesamBaior ¢
TEPMOCTAOHABHOCTBIO KNETKH. Y TEPMODHIBHBIX MHKPOOPFraHM3MOB MO
CPaBHEHHIO ¢ Me30HIbHEIMH HaOmoxaeTcs Gonee yCKOPEHHBIH CHHTE3
uPHK. 3710, BO3MOXKHO, mno3Bonser TepmodHnam OCYLIECTRIATD
Gr1cTphIit cHHTEs Genka.

AnanormHeIMH cBokicTBaMH BeisBiennt M y JIHK repmodunos.
OHa TaKKke COAEPXHUT NOBHIMIEHHOS Konuuectso DLl m ornutuaercs

TEPMOCTAOHNBHOCTBIO
DepmenTl  TEPMOHNBHEX MHKDOOPraHH3IMOB HMEIOT OGonee
BEICOKHIA TeMNepaTypHBIi ONTHMYM. Ocobenno BBICOKOH

TEPMOPE3HCTEHTHOCTBIO XAPAKTEPH3YIOTCH (DEpPMEeHTHl  KCTPEMATBHO-
repModrnbepix  Gaxtepuii. Takx, amHHOaUMNHpyowHe QEPMEHTHI,
yuacTeyrommue B cCHHTese Oenka y Thermus aquaticus, wumeror
TemmepatypHbiit ontumym 70° C, T e TemmepaTypHmii OmTHMYM
aMHHOAUHIHPOBAHHA KODPEeJHPYeT C TEMNEpPaTypHbIM ONTHMYMOM
pocra sroit Gaxrepuu. Beicokas TepMOCTaBHNBHOCTD NMPHCYINA TaKke
(epMeHTaM  IIIMKONHTHYECKOrO  NpPEBPAlEHHs  YIICBOZOB  H
rugponuTHUecKkHM (pepmenram. Hanpmmep, dochobpyktoknnaza u
thochormoxokiHaza He HHAKTHBHPOBAIHCH NMPH NPOrPEBaHHH B TEYEHLE
uaca npu 80° C. Cpesm rHgponHMTHYECKHX (PEPMEHTOR BBHICOKOL
TEPMOYCTOHYHMBOCTBIC OONanaeT o-amunasza. OHa He HMHAKTHBHPYETCH
npu Harpesasuu 65-70°C B Teuenue 24 u.

TMepeuncrniennsie cpoiictea TepmodribHbIX OGakrepuit ecru He
DOMHOCTBIO, TO B 3HAYHTENBHOM Mepe OOYCIOBIMBAIOT —TEPMO-
crabuneHocTh Oaktepuit. MHorme u3 3THX cBolets y oBmurarHo-
TepMODUNBHEIX MHKPOOPraHH3MOB  33KPEIUIeHB! HACTSACTBEHHO, i
[OITOMY MOCNEAHHE HE MOFYT Pa3sBHBATLCA B OOBIYHBIX TEMIEPATYPHBIX
YCITOBHSX.

Mexanusm pelicTeus TemmlepaTypnl Ma MHKpPOOPraHU3MBblL.
OtpuuatensHoe BIHAHHE HA IKH3HEAEATONHHOCTb MHKPOOPraHH3MOB
OKa3BIBAET KAK HH3KAA, TAK M BEICOKAA Temneparypa. OnHako cTenenb
BIMSHHA M MEXaHH3M JeHCTBHS pPA3HOH TEMITEPAaTypsl Ha KIETKY
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coBepmiedHo paxiduHn. Huakas Temneparypa waine BCEro BB3bIBAET
BaxrepriocTaTnueckuii addexr, nposanmomiica B OpEKpalIeHHH PocTa
H pasMHOokeHus Caxrepuit. Mexamnim aelicTBHs HH3KOH TeMuepaTypw
COCTOMT TIPENKAE BCEro B 3aTOPMaKHBAHMN OHOXHMHYECKMX NPOLECCOB,
U TONBKO B Ciyuae OBPa3oBAHMA KPHCTAUIOB NhJa BHYTPH KISTKH
MPONCXORST WOBPEXASHHe M PaspliB KICTOYHMIX CTpykTyp. Paspy-
MAOMee ACHCTBHE HU3KOH TEMNOPAaTyphi Hallle BCETO MMEET MECTO B
niorapudmirdeckoii chasze pocTa KyNbTypHI.

HanGonee ryGuwrenbHa pAns  MUKPOOPTraHHMIMOB  BRICOKAs
TeMIeparypa, OOYCHOBIMBAUOIAS CBepTHBaHHe Oelika, a ©OTCIOJA -
HAPYINOHHO® AKTHBHOCTH (EPMEHTOB, MPOHHIAGMOCTH KISTOYHOIH
CTeHKH, PacCTPanBaHHE CIIXECHHOTO PABHOBSCHS BCEX GHOXMMHYMSCKHMX
MpPOLIECCOB.

HizBecTHO, 4TO MOBHINGHHE TOMNEPATyph! CniocoGCTBYeT yCKOpe-
w0 GuoxnmMmveckix peakimi. Ho 310 yckoperHe He OAMRAKOBO Ans
BOEY THIOE DEAKUMP N3-3a PA3HOrO TEMNEPaTypHOrO0 ONTHMYMa
arruBHOCTH depMenioB. B pesynbTare NPOUCKONHT He30praHM3auus
BHYTPHMISSCTOMHOr0 (H3HKO-XHMHTIECKOro DABHOBOCHA, oOfscreaiiBsac~
IGETe HOPMAJISHOS PASBHTHE OpranxsMa. YCHICHHE ASHCTBHS TEpMH-
YECKOro $axTopa COMPOBOXKIAGTCA TAKKS MIMEHEHHMeM (n3HYECKL:
CIPVETYP MAaKpOoMOnekyn (RBpoTenHa, INEOLHMAOCNPOTEHHOBRX —KOMII-
JIGKCOB ¥ Ap.).

FagoMm wmccnenoBatesiol  OTMeNaeTcs, HUTO FPH  HArpeBaHHH
OaKTePHANBHBIX KJIETOK MOBBIIASTCA YYBCTBHTENBHOCTD HX K JEHCTRHIO
HPOTRONATHUECKHX (EPMEHTOB, a MPOLECCY CBepTMEaHua Oenka npen-
1DecTRYeT BhjienenHe B Okpyxaiomyro cpeny PHK. Beizeneawe PHK
HauuHaeTca npu Gonee HISKHX TeMIEPaTypax, UeM HeHaTypauna Senka.

5.1.5. Paouayus

Ha BCo cuBHE OPraHKH3IMbl ASHCTBYIOT HATYHEHHS PasHBIX THIIOB -
GCTECTBEHHBIE ¥ HOKYCCTBOHHbE. K ©CTECTBEHHRBIM OTHOCATCA HOHOHH-
3UPYIOINAS COMHOUHAA PafHALHA, HOHH3UDYIOUWIAS PanHAUMsA KOCMH-
4eCKHX IJIyHeH, pANHOAKTHBHLIX H3OTONOB, COMSPMAUIAXCE B CKANBHBIX
nopoAax, novuse, voae, armMochepe.
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HckyccTBeHHOE  HOHHIMPYIOLISS  HIMYYSHHE  BO3HHKAeT B
pelynbTaTe HCMBITAHHME SNEPHOro OPYXus, PaboThl ATOMHBIX 3MEK-
TPOCTAHUMI M APYTHX HCTOYHHKOB, HCTIONB3YIOIHX ATOMHYIO SHEPIHIO.

Hanyuenue AeHCTBYeT Ha OPraHH3M KUIH BELIECTBO TOJBKO B TOM
Cly4ae, €ClIH OHO HM mornowmaercs. Pesynsrar peHcTBHS H3NyueHUs
3aBHCHT OT JUTHHBI BOJIHBI M MOTTIOLEHHOM NO3bI.

Bonbiuas 4YacTh CONHEHHON PaAM3LHH NMPHUXOAMTCA Ha JUTHHHO-
BONHOBBIE HH(PAKpPacHbiEe (TEIUIOBHIE) JIyuM, JyYd BHAHMOrO CBETa M
PacriONOXKeHHbIE PAIOM HEBHAMMEIE KOPOTKOBOJIHOBBIE Yynbrpaduo-
FETOBBIC JIyH. )

Buaumeiii ceer (anuHa BonHu 300-1000 HM) oka3eiBaer Gnaro-
NPHATHOE ACHCTBHE Ma Pa3BHTHE TONBKO HeGOMBIUOH rPYmNnbI mypryp-
HBIX H 3eneHbiX GoTobakrepri, B TaKKe UHAHOGAKTePHH, KOTOpHIE HC-
MOJb3YIOT 3JHEPrUIO cBera Mid ocymectsineHus ¢orocuHTeza. Bcee
ocranbHble GaKTEPHH Jlydlme Pa3BHBAIOTCA B MONHOH TeMHore. Pac-
CesiHHBIK CBET XOTA H HE OKA3MBAET TIyOHTEeNbHOrO HEHCTBHA, HO
3HAYUTEJILHO 33JIEPIKUBAET PA3MHOXKEHHE.

TIpaMEIM CONMHEYHEIM ITydaM CBOHCTBEHHO GaKTepHuMaHoe AekcT-
BHe. BakTepuiuuOoHOCTE WX CBA33HA C AKTHBHOCTHIO KOPOTKOBONHOBOH
YACTH CHeKTpa - ¢ ynerpaduoneToBsMU nydaMu (mmuua sBonuel 10-300
uMm). Hefictsue ynerpaduonera moxer 6erts nuBo meranpHbmM (cmep-
TENbHEIM), THOO MYTAareHHEIM, T. €. BbI3BIBAIOUIMM HACIIEACTBEHHbBIE H3-
meHeHHs. IddexTHBHOCTD AeHCTBHA Y@ 3aBUCHT OT GHONOrHYECKHX
CBONCTE 00JTydaeMoro MHKpOOpraHuiaMa M ao3sl obnyuenma. Haubonee
AKTHBHBIMH ARJAKOTCH JIydH C JUTMHHOK BONHBI Okono 260 HM. Ouu no-
TNOWAIOTCS ITyPHHOBBIMHM M IMHPHMHAMHOBBIMUA OCHOBAHHAMH HYKJIEH-
Hosuix kucnor. MNox pericrsuem V®-nyueli » monexyne JJHK npomcexo-
AWUT AMMEPH3aLM THMHHA - 0Opa3oBaHHe KOBANEGHTHBIX CBH3CH MEMXY
COCEAHMMH OCHOBaHMAMY THMHHa. Hanwume nmmepoe THMuHa mnpe-
nstcTeyer penmukaups JJHK u xneTka repaer crnocobHOCTh K ASNEHHIO.

O6pazosarue aumepos B JHK cimyxur ocHOBHOH npwuMHOM
TeTaNBHOrO ¥ MyTareHHOrO ISHCTBHA YIETPa(HONETOBOro OOIyHeH!s Ha
6nonoruueckne cucteMul. Oxono 90 % GUONOrHUECKUX MOBPEeMIEHHIA,
Bu3BaHHbIX Y@, cBA3aHO ¢ mumepm3aumeii ocHosanuii B JJHK. Kpome
obpaszosanua aumMepos Y @-myqH MOTYT BHI3bIBATH PAa3PHIE BOXOPOAHBIX
Craseit Mexay xommnnemeHrapubiMu HutamMd JHK, ruapokcumposanue
LUTO3HHS M YPaLna, o0pa3oBaHHe NONEPEYHbIX CLIMBOK.
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BHeHHM NMpPOSBNEHHEM HiMeHenuit B crpyxrype JHK wmoxer
Gwits HecGanaHCHpPOBAHHBIH POCT KJIETOK, H3MEHEHHe KX Mopdonormu,
npexpautenne nenenms. INospexcaaromee peiicrere ynbrpadmoneTosoro
OOnyueHMs 4YACTHYHO CHMXKAETCH OBPaGOTKOH KyNbTYp BHIHMBIM
cseroM. JTOT npouece NOMy4un Hassanue (horopeaxTesauHy. B ocHose
¢oTOpeaKTHBALKMH NEXKHT AKTHBALIUA BHLAHMbIM CBETOM C UTHHOH BOJIHEI
or 360 mo 420 HM (epMeHT-CySCTpaTHOro KOMIUIEKCA, KOTOPBIEH
obpasyerca coenuHenviem (epmenta (GOTOPEAKTHBALMH C JHMEPOM
AHK. AxtuBauus NMPUBOAYT K pa3ppiBy KOBANCHTHBIX CBA3eH AMMEPa U
ofpazosanmo moHomepoB. bBonee 3(QeKTHBHOE BOCCTAHOBIEHHE
nioepexaerHit AHK nponcxoauT npu TemHoBO#H penapausy.

HeHcrene HOHM3HPYIOWEH paauaunau (AnuHa BonHbl MeHee 10 HMm)
MeHee creumduyHO, deM ynbTpadHONeTa, XOTA TAKKE OKA3BIBAGT B
OCHOBHOM BIIMAHHME HAa HYKJIGHHOBBIE KHCICTHI M BHI3BIBaeT mnHGo
neTanpHbIH, MO MyTareHHbIH aQdeKT.

Tlospexaennss JHK, BbI3BIBAEMBIE MOHH3UDYIOLIHMH HTyHe-
HHSIMH, mpeacTasnmoT coboil onHouenoyedxele paspeismr 8 JHK,
mozndHKALMHE NUPHMHIMHOBEIX OCHOBaHMM, KOTOPHE BBI3bIBAIOT
ceoboAHbIe paauKansl, O5pasyroLMecs NOA ACHCTEHEM PaiHALHH.

Hexoroprie MHEKPOOPraHH3MBI obnazaior BBICOKOH
YCTOMYHBOCTBIO K JEHCTBHIO MOHM3upylouwel paauauuu. Tak, B BOne
aTOMHBIX pPeaKToOpoB HacTo oOHapyxuBaercs OGaxrtepus Micrococcus
radiodurans, comepikamias KpacHBH NHIMEHT M XAPaKTePH3YIOLASCH
UPE3BBIMAHHON YCTOMYMBOCTBIO KAK K HOHM3HDYIOUIEMY, TaK H
YABTPadHONETOBOMY HANYHEHUIO.

OpHo¥i K3 mMpHYMH  ycTOHYMBOCTH ABNIAETCA  OCOBEHHOCTH
HykneotuaHoro cocrapa JIHK 3roii Sakrepum: y Hee conepxutcs
menbwe AT nap. Otnowense I + LA + T y Microc. radiodurans & 1,6
pa3a Sonwiue, uyem B E. coli. Kpome Toro, y Microc. radiodurans eicoxas
a(dexTusHOCTs ynaneHus nuMepos THMHHA. Tlponecc penapamum
HCK/IIOUMTENBHO To4YeH. PesucreHTHOCTD K pagHaumu KOppenupyeT y
MHKPOOPraHH3MOB CO CMIOCOGHOCTBIO K penapauuH. MCOKImOYHTEIbHO
3(peKTUBHYIO CHCTEMY DenapalHH MMEeT APYrod BHI MUKPOKOKKOB -
Microc. radiophilus. Ox oSnagaet HauBBICINET PaAHOPEIHCTEHTHOCTHIO K
y-H3nyueHnio H Y®-obmyuenmio - B 25-50 pa3 ycroitudsee KHILEYHOH
nanoukH (Y ®-peancrentroro wramma E. coli K 12 AB 1157).
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5.2. PHINKO-XHMHUYECKHE H XUMHYECKHE ®AKTOPHI

K ¢uruxo-xumuteckum (akTopaM, OKa3sIBAIOIIHM  TIPAMOE MM
KOCBEHHO® BJHMJHHE HAa JKHIHGACATEONBHOCTD MHMKPOOPTaHH3MOB,
OTHOCHTCH KMCIOTHOCTB cpenm - pH; x XxmmmueckuMm - npuponubie u
CHMHTETHYECKHE XUMHYECKHE COSTHHEHHA.

5.2.1. Peakyusn cpedwi

Peakuus cpeas!  onpefensieTcs  aKTHBHOM  KOHIEHTpauwoi
BOZODOAHBIX W  TIMADOKCHIBHBIX  MOHOB, ofpasyiomuxcs mpH
3NEKTPONHTHHIECKOH AHCCOUMALMH XHMMYECKHX COSOHHEHHI B BOZHOM
pactsope. KoHUeHTpauMst  BOAOPOAHBIX HOMOB  OOyCIOBNMBAeT
HAMYHYIO  (aKTyalbHY!0)  KHCIOTHOCTB. JinA  KOJMHYECTBEHHOHR
XApPaKTEPUCTHKH PeAKLHKM CPEAs! BBEASH BOXOPOAHHIE Mokasatens - pH
(otpuuarensHbiii.  NOrapudM  KOHUEHTPALMM BOAOPOAHEIX HOHOB)
KoHUeHTpauHs BONOPONHBIX MOHOB BIIHSET HA POCT M pPa3MHONEHHEe
MHKPOOPraHH3MOB, OTPEAENSeT rPaHHLN X cymectsoBaHus. [Mpruem,
BIIHSHUE MOXET BBIPaXXKAThCH B HOINOCPEACTBEHHOM Bo3aekcTeHH H ™ Ha
KIIETKY, HJIH NPOABIATECS KOCBEeHHO - HEpe3 BO3NEHCTBHE HA HMOHHOE
COCTOSHME PA3HBIX BEIIECTB, a OTCIONA H Ha AOCTYNHOCTb MX 1A
mukpoopranusmos. Kpome Toro, pH okasmiBaer Bnoudnue Ha
CTabHIBHOCTb U (YHKIIHKM MaKPOMONEKYN B GHONOrHUECKHX IpoLeccax,
Ha paBHOBECHO SNMEKTPHUYECKHX 3apAAOB HA MOBEOPXHOCTH KIISTKH.

Bonbluas 4acTk MHKPOOPraHU3MOB AKTHBHEE Pa3BMBAETCA NpH
KOHLEHTpauMu HOHOB Boxopoxa, Gnuskoit x pH 7, 7. e. HelTpansHO#
peaxunu cpeast. IpepensHbie KOHLEHTPALMY HOHOB BOAOPOAA, BHILLE K
HIDKE KOTOPBIX TIPEKPAINAeTCs POCT M Pa3MHOXKEHHE, COOTBETCTBYHOT
pH | u pH 11. Tpu panumix 3navenmax pH cnocoBHsl paseusaTscs
JIMLObL HeMHOTHe GaKTepuu u rpHohLI.

Mo oTHOMIEHMIO K KHCIOTHOCTH CPebl MHKPOOPTAHM3MBI MOTYT
GuiTe pasmenens Ha CneAyrOUHE TPYIIIbL HeHTPObMIK, awHiobmms 1
ankanodune.  Hefitpoduner  mpennoumraror wefitpamsuyro peaxmmo
CPeAsl, HO MOTYT PasBHBaThCa a auamnasone pH ot 4 zo 9. TunuuHbIMHK
HOHTPOQMIAME ABNAIOTCE aMMOHHQHLHPYIOWHE, HUTPHPHLHPYIOLIKE,
asorpuxcupyiomue  Gakrepun.  Aunnodmnm  (kucnoromoSussie)
obnuratusie pacTyr B yskom nuamasone pH — 4 u mmxe, dakyme-
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TaTHBHBIC AUMAOCGHIBI, KPOME KHCIION CpPels!, MOTYT pa3BMBaThCA H B
HEHTPaNbHOH cpeae. 3TO YKCYCHOKHCIBIE M MOJIOHHOKHCEIS GaKkTepuu.
Cpenu oBnuratheix aukachunos HMEIOTCH OPraHM3MBbl, PACTYIHE B
KHCJIOH cpeme npH ymepeHHol temnepatype (poa Thiobacillus) -
Me30(HIbHEIE AUHAOMHIE, M OPraHH3Mbl, Pa3BUBAOILINECA B KHCIOH
cpege rpH Temmepatype okono 70° C - repmobunsuse aumaoduwsr. Onu
MPEACTABNEHL! BECbMA OrPAHMYEHHBIM MHMCIOM BUZOB - Thermoplasma
acidophila, Sulfolobus acidocaldarius. Anxanopunersix (wenodenobu-
BBIX) MHKPOOPraHW3MOB, HYXKHAIOLIMXCA JUIA Pa3BHTHA B LIEMOMHOH
cpeae (PH 10 u Bbilie), B NPHPOAE €ule MEHbLWE - TOMBKO OTAENBHBIO
npeactasuTenu  poxa Bacillus  (Bac. pasteurii, pacmennsromuii
moueBuHYy, pacter npu pH 11).

Mano M3BECTHO O MEXAHHIMAX yCTOWYHBOCTH MHKPOOPTAHU3MOB
x kucnore unu menouu. He obHapyxeHo kakux-nubo CTPYKTYPHBIX HIIM
¢usnonorvueckux cvoHcte ofnHratHEIX AuHAO- H  anKaroQHIos,
CBASAHHBIX C WX YCTOMHHMBOCTBIO K KHGIOTe MM weno4H. B Gomsued
MEPe 3HeCh HMEeT MECTO KOCBEHHOE BIHSHHE KOHLIEHTPauHH
BOJIOPOAHEIX HOHOB HA pa3BHTHE TeX WX HHBIX MUKpoopranusmos. Ilpu
HH3KHX 3HayeHuAX pH nNOHIKAETCA PacTBOPHMOCTb YITMEKHCHOTH H
AOCTYNHOCTh YINEPOAA IS MHKPOOPraHHU3IMOB, a pPacCTBOPHMOCTH
HekoTOpeIX KaTHOHOB, kKak Cu®', AP, Mg, Mn* ysemmuusaerca u
MOXET AOCTHIaTe TAaKHX YPOBHEH, KOTOPHI® TOKCHUHBI ANA MHOIHMX
mukpoopraruamos. Ilpu BeicOkux 3Hauenumsax pH, t. e. B menouHoH
cpese, MOHHXKAeTCA PACTBOPHMOCTh MHOIMX KATHOHOB, TaKHX KakK Fez",
Ca”, Mg”', Mn®'; onu ocaxaarorca B BHIe kap6onaTos win docdaros u
CTAHOBSITCA HEAOCTYITHBIMHE JUTL MUKPOOPTraHH3MOB.

HMamenenns pH cpeabl MOryr BB3BaTB Yy  HEKOTOPHIX
MHKPOOPraHH3MOB KOMMEHCATOPHBbIC (epMeHTaTHBHBIC. caBury. Tak,
E. coli pearupyer Ha NOBbIIEHWe KHCIOTHOCTH CpPEIBl CHHTE30M
uekapGoxcrmaa AaMHHOKHCIIOT, 8 Ha NMOBBIOCHHE INENOYMHOCTH Cpeabr -
CHHTe30M [e3aMHHA3, KOTOPbIEe BBI3BIBAIOT AEKAPOOKCHIHPOBaHHE HIM
Ae3aMuHUpoBaHue aMuHOkucnoT. ITponyKkTel peakumi HeHTpanusyroT
MOBBILICHHYIO KHCIIOTHOCTh HJIH LHENIOMHOCTD CPEMbl.

Brytpruxnerounsiii pH y aurzopunos H amxanodunos Gmusox k
HefiTpanbHOMY 3HaweHH0. [loCcTOAHCTBO BHYTpHKIeTodHOro pH,
Heaasucumo ot pH cpensr, nonnepKHBaETCH Y ONHMX MHKPOOPTaHH3MOB
(Thermoplasma acidophilus) Onarogaps HeNPOHHLAEMOCTH LHTO-
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ILIa3MaTHYECKOH MeMOpaHsl U1 MOHOB BOAOpoAa, y Apyrux (Sulfolobus
acidocaldarius) - 6narogapsa aKkTHBHbIM MeETabONMHECKWM MpoueccaM
yoanennss wuonoe H'  wnmu OH. CrocobHocts aumnodmnos
anKanodn/IoB K YAAJNCHHIO M3 KIETOK H3OBITOMHBIX MOHOB BOAOPOAA H
FHAPOKCHJIA W TOAZEpXKaHWMe BHYTpUKJIeTouHoro pH B HelTpanbHOMN
obnacTu Mo3BONSET ONHHM PA3BHBATBCA B KHCIOH cpejge, APYTHM - B
LEIOYHOMH,

3.2.2. Monexynspruiii kucaopod

B kauecTee OHOr€HHOrO 3NEMEHTa KHCIIOPOA HEOOXOHMM BCEM
opranH3Mam. bDBonBIIMHCTBO OpraHM3MOB MCHONB3yeT CBOGOMHBIN
MOJIEKYNIAPHBIH KHMCJIOPOA M KHCIIOPOA OPraHHYeCKMX H MHHEPATbHBIX
coenuHenuii. Tonbko HekoTopbie OaKTeépUM M OTHENIBHBIE BHIB!
MpocTeHiuMX HE HYXKAAOTCS B MOJEKYNAPHOM kucnopoze. Eme
IMacrepom ©BIIO 3aMEYEHO, YTO MHMKPOOPTAHM3MEI PAINHHAIOTCH [0
CBOSH MOTPeOHOCTH B MONEKY/IAPHOM KHMCIOPOZe. ONHU DPa3BHBAIOTCA
MPH MOCTOSHHOM IPHTOKS KHCI0POAa, APYrHe MOrYT HTb MPH IONHOM
ero OTCyrcTBMH., MHKPOOPraHM3Mbl, Pa3BHTHE KOTOPHIX 3aBHCHT OT
MPUCYTCTBUS KHCNopoaa, 6butk HazeaHsl Ilacrepom aspoGamu ( or rpeu.
aeros - BO3AyX), HE3aBHCALLHE - AHA3pOdaMu.

HsyueHne noTpeSGHOCTH MHKPOOPTaHHIMOB B KHCJIOPOAE BHIABHIIO
GonbLioe yucno Gopm, CHoCOOHBIX PACTH KaK NMPH HAJNHYKMK KHUCJIOPOAA,
TAK M MPH €ro OTCYTCTBHM. JTO NOCHYXHIO OCHOBaHMeM ans Gosee
y3koi  muddeperHudanuu  MukpoopraHusmos. Ilo oTHomeHwio
KHCMIOPOAY MHKPOOPraHU3MBI NENATCA HAa YeTHIPe rpynmnsl OONHraTHbIE
(obazarensHbie) a3pobwi, obnuraTHeie aHa’podw, dakynbTaTHBHEIE
(Heoba3aTenbHbie) aHA3POOL!, MUKPOAIPOPHIE!.

A3po0bsi pa3BHUBAIOTCA TOJIBKO 32 CHET 3HEPTHH, MOIy4aeMOH NpH
OKMCITIEHUM BELIECTB KHCIOPOAOM. Ilo3TOMy WX IKH3HB MOJHOCTBIO
3aBUCHT OT HAIIHYHA KHCIOpOOa. Aﬂaapoﬁm B OKHUCNHTOITBHBIX peaxmmx
B KavecTee aKUENTOPOB BONOPOXA HCMOMbIYIOT HHTPAThL, CylbdarTs! wmiu
IpPYTHE OKHCIICHHEIC COSAHHEHHA, T. €. S3HEPTETHIOCKHEe NPOLECCH y HHX
rnpoucxoaaT 6e3 y4acTHs MONEKYISpHOro kucnopopa. Bonee Toro,
MOJIEKYJIAPHBIH KHCIOPOA ANA HUX TOKCHYeH. OHU MOMYyYHITH Ha3BaHHE
obnuratneix awaspobos. Ho cpenu Hux ecte oTmenbHBIe BHAB pOROB
Bacteroides, Methanobacterium, Methanosarcina, koropsie mnoruGaror
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NPH CIEAIOBBIX KOMHYECTBAX MOIEKYNSpHOro kucnopoaa. Mix nasmisator
CTPOrHMH aHa’pobamu. B orTnmuuue oT HHX aHaspoObl, KOTOPHIE B
npoueccax meTaboNM3Ma He HCHIONb3YIOT MONEKYNSPHEIE KHCIOPOM, HO U
He norubaiT TMPHA KOHTAaKTe € HHM, HA3bIBAIOTCA aaporonepaﬂ"rusmu.
TlpuMepoM ABNAIOTCA MONIOYHOKKCIBIE BaKTepHu.

Cpenu ofnurathbix a3poGoB Taloke BBISBIEHB pasNv4Hs B
OTHOLIGHHH K YPOBHIO MONEKYIAPHOro kMcioposa s cpeae, Hexoropwie
M3 HUX HE MOTYT pacTH NpPM KOHUEHTPaLMK KKHCIOpPOIa, PaBHOM WM
MPEBBIIAIOINEH ero aTMOchepHYIo xoHUeHTpawmo - 21 %, a pactyt npu
Gornee HHIKHX KOHLEHTPAUHSAX - OT 2 z0 10 %. OHM NOMyuH/H Ha3BaHUe
MUKpoaspoduos.

Yacto cHmkeHMe NOTPeBHOCTH OGHMIaTHBIX a3p0oBOE B KHCIIOPOAE
OBGYCNIOBNEHO MCTOMHHKOM a30Ta WAM 3Hepruu. Hampumep, aspobhiie
asorduxcupyiompe Sakrepun, Kak obnuraTHsiil aspo6 Azotobacter, mns
MCTIONB30BAHUA MONEKYNSPHOrO a30Ta HYKOAIOTCS B NOHHKSHHOM
ComepaKaHHMK Kucnopona (Okono 2 %), Tak KaK KHCIIOpOA SABIAETCS
HHIHOHTOPOM ¢depMeHTHOTrO KOMIUIEKCa - HHTPOreHAa3bl,
KaTanusupyiowero asorpukcaumio. Ilpu passwruu Ha cpexe co
CBA3AHHBIM A30TOM, Hanpuuep, aMMOHKﬁHHM, OHHM JIEIKO TEPEHOCAT
armocdepHyto (21 %) KOHLEHTPALIHIO KHCIIOPOAA.

DU3HONOTHYECKO OTHOLUEHHE MHKPOOPTaHU3MOB K
MONIEKYJIAPHOMY KHCJIODOAy —OIpenensercs Haawyuem (epMeHTOB,
CNOCOGHBIX  pearHpoBaTe ¢ HAM. AdJDOBHBIE MHKPOOPraHH3MBI
MCTIONB3YIOT MONIEKYIIAPHEIN KHCNOPOA B OCHOBHOM B 3HEPreTHUYECKOM
meTaboNnu3amMe B Ka4ECTBE KOHEMHOro akLenTopa snextpoHos. [lpu 3rom,
OJHMM H3 INIABHBIX MPOAYKTOB OKHC/ISHHSA ABIACTCA MEPEKHCh BOAOPOAA,
TOKCHYHas U1 KIeTKH, M HeDonmslume KonudecTBa eme Oonee
TOKCHYHOIO BEINECTBA - CBODONHOrO NEPEKHCHOrO pAAMKana, WK
cynepoxcuaHoro anuona Oj.

On obpasyercs B peakiuysX, KaTanu3upyeMex GhrasonpoTeHIHBIMY
depmerramu B pe3ynbTaTe CTYIEeH4aTOro BOCCTAHOBIICHMA
MOJIEKYNIAPHOro KUCIOPOAa NpH nepeHoce Ha O OHOro 3MeKTPoHa:

01+e——>0?

CyriepoKCHAHBIM AHHOH - PEAaKIMOHHO AKTHBHOS COGNUHEHUE,
copeprkainee HeCrnapeHHbIH 3NekTpoH. OH OMaceH ANa JKU3HU KIETKH,
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Tak KaK MOXET YHACTBOBaThb B POAKUMAX, BLI3BIBAIOLIMX PA3NHIHEIS
MOBPENICHUSA: NIEPOKMCHOe OKHCIIEHHE NEHAChILICHHDBIX HHPHBIX KHCIIOT,
okncnenue SH-rpynn Genkos, nospexcnenue JHK u np. Saiumrasiv
MEXAHHIMOM KJIETKH, NPEAOTBPALIAIOINMM HAKOIUIEHHE CYNEPOKCHIHBIX
aHHOHOB B  JICTANBHBIX  KONMHHYECTBAX,  ABIAETCA  (PEPMEHT
CYTIEPOKCHANHCMYTa3a, KOTOPBIH KATANM3NPYeT MPEeBpalleHHe aHWOHOB
B KHCJIOPOJA, U NEPEKUCE BOAOPOAA:

0; +0; +2H —>H,0, +0,

Iepekycs BONOPOAA pa3iiaraeTcs KaTanasoi Ha BOAY M KHCIOPO.

CyTiepOKCHAOUCMYTa3a COAGPIKMTCH Y MHOIMX MHKPOOPraHH3IMOB
33 HCKIIOMEHHOM CTPOrMX aHaspoboB. ITH ke MUKPOOPTaHH3IMBI
obpa3zyror 1 KaTanasy. ¥V MONOYHOKHCIEIX GaKTepmit - a3pOTONepaHTHEIX
anaspoBos karanasza orcyrcrsyer u H,O, pasnaraercs nepoxcmmazamu.
CynepokcuagncMyTasa ABJAETCA 00A3aTenbHbiM  (QepMEHTOM AU
moBoro opraHH3Ma, KOHTAKTHPYIOLIEro C MOTEKYNSPHBIM KHCJIOPOLOM.

OveHb CHIIBHBIM OKHUC/IMTENEM SIBISIETCA €LIe OAHH KMCIOPOXHBIH
panvkan, TaK HA3sBAeMbIl CHHITIETHBbIH KHCIOpoa ~ *0,. Monexyna ero
HAXOAUTCA B BO3DYXKNEHHOM COCTOSHHH M oOnamaer BBICOKOH
TokcuuHocTbi0. CuHrneTHmii kucnopon ofpasyercs B pesynbrare
CMOHTAHHBIX JAHCMYTalMi CyNEPOKCHIHBIX AHHOHOB H B [poOUECcce
jporonunamueckoro 3¢¢exra. INox nocneaHHM NMOHUMAIOT OKHCIEHHE
OHONOrHHYECKH BAXHBIX COSOAMHWEHHH MOJNIeKYJIIPHBIM KHCJIOPOAOM Ha
CBETY B MNPUCYTCTBHH (POTOCEHCHOHJIH3HPYIOIIHX MNMIMEHTOB (MM
kpacurens). [lornomeHHe BHAMMOTO CBeTa NPHBOOWT K MEPeXomy
monexyna  (QoroceHcHbHM3aTOpa B BO3DYNKIAEHHOE  CHHITIETHOE
cocrosHue (*):

A+hy — *1

Mornexynbl, nepelwsAIiHe B CHHITIOTHOE COCTOSHHE, MOryT
Bo3spawaTecs B OcHOBHOe (II) M mepexoAHTP B AONTOXHBYILES
TpHILIeTHOEe cocTosHne (‘[I), B KOTOPOM OHHM (POTOAMHAMHYECKH
axTuBHbl. Monekyna (oroceHCHOHIIATOPA B TPHILIETHOM COCTOAHMH

pearmpyer ¢ O, H mnepeBogHT ero B BO3BYKACHHOE CHHIJETHOES
COCTOSIHHE:
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A+ 00— I +*0,

CHHIIeTHBIH KHCIOPOA cnocoBeH OKHC/IATE MHOTHE KOMITOHEHTHI
KJIETKH - aMHWHOKHCJIOTHI, HYKIICO3HAbl, JMITHABI, TONHMCaxapHibl H
npoqne COCAHUHECHHUST UM BBI3BIBATD pazl-u:le Hapymeum KJIETCHHOI'0O
merabonuima.

AXTHBHBIMM ~ CEHCHMOMNM3aTOpaMH  MBISIOTCA  THIMEHTE,
X110pOGHILIbE, HHTOXPOMBI H TOrTIOINAIOMINE CBET KPACHTeH.

3aIIHTHEIM MPHCNOCOGNEHUEM KIIETOK OT ACHCTBHS CUHITIETHOrO
KHCIIOPOAA ABJIAETCA HANHYME y HUX KApOTHHOHIHBIX MUIMEHTOB. JTH
MUTMEHTBI OCYLIECTBJIAIOT rallleHue CHHITIETHOro COCTOAHHS KHCJ'IOPO)JB
M BO3BpaineHue ero B HcxonHylo dopmy O, Kaporuwownasl sBiasiorcs
06A3aTeNIbHBIM  KOMITOHEHTOM (JOTOCHHTE3HPYIOINEro anmnapara BCeX
thorotpodrsix opranu3moe. OHH ke cofepHarca B KISTKAX MHOTMX
a’poBHEIX  HeDOTOCHHTEIUPYIOLMX MHKPOOPTaHH3MOB, T TAIKOKe
YHKIHOHUPYIOT KaK FacuTeNM  CHHTNIETHOro KHCIIOpoza,
obpasyromerocs rpy B3aumoaeHcTBHH ) ¢ KJIETOMHBIMH LIHTOXPOMAMH.

5.2.3. Xumuueckue coeounenus

XUMHTGeCKHe COSHHHEHUS PasNHYHONM NMPUPOXbI, BOINGHCTBYA Ha
MUKPOOPTaHH3MBI, MOTYT BbI3biBaTh TpH 3(dexTa: crumynHpyroLui,
6akrepuocTaThuecknii u Saxrepuumansii. Crumynupyromni s¢bext
Habn:oaaeTcs B TeX Cy4asX, KOTAA COQOMHEHH® CIY)KHAT MHTATeNbHBIM
cyBeTpaTom uis mukpoopranusma. Tlorpebnexne ero CTuMynHpyeT pocT
M pa3MHOXeHHe. ECnu Be1necTBO MONABMAET POCT, a MOCHE YAAJIECHHA €ro
POCT MHKPOOPTaHKU3Ma BO30OHOBIIAETCA, TO TAKOe GHCTBHE HA3BIBaeTCA
GaxTepHOCTaTHUECKUM (3346pKHBAIOWIKM) Hin B Bonee miapoxom nnasHe
- mukpoBocraTuueckum (OT rpey. stasis - OCTAHOBHTS). BakrepuLaHem
ABAIAETCA AeiicTEHe moboro BemecTea, yousaowee SakTepun.

XapaxTep MAGHCTBHI XHMHYECKHX BEINECTB ONpeaeNniercs Mx
KOHUEHTpauMeit ¥ npupoloil MUKpoopraHu3Ma. Tak, cepoBopopoA Ha
passuTHe GonsmrkCcTEa GakTeprii OKasbiBaeT GakTepULMAHOE NEHCTEUME,
MHIHGHMpYA aKTHBHOCTB mbixarensHeix (epmenTtos. [lns cepobakTepuit
STO e COSAUHMEHHE ABNACTCS CTHMYNHPYIOLIUM, MOCKONbKY CITYXHT A4
HHX HCTOYHHKOM DHEPrHM M HOHOB BOpopoxa. Takum ofpasom, omHO M
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TO € COGAMHEHHE HA Pa3HBIE MUKPOOPTaHU3Mbl BIMAET MO-Pa3HOMY.
Caxapa B 3aBUCMMOCTH OT KOHIEHTPAUMH TAKXKE JPHCTBYIOT
HEONMHAKOBO Ha OAHM M Te e BHAB MHMKpoopraHuamos. [lpu
CpPaBHUTENIBHO HU3KoM copepxanun caxap (0,5-2 %) crumynupyer mx
Pa3BHTHE H CIIYXHT HUCTOMHHKOM 3HEpruH, [ToBsieHHE KOHLUECHTPaLMH
caxapa no 20-40 % riosbiIDaeT OCMOTHYECKOE AABJICHHE pacTBopa U B
pesynbTaTe OKasbIBaeT GaxTepuOCTATHHECKOE AGHCTBHE Ha KIIETKH. JTO
MOCHY)XHJIO OCHOBAaHMEM Jii HCTONb3OBAHHA Caxapa B TNHILEBO#
MPOMBILUIEHHOCTH  (KOHCOPBHPOBaHHME  (PYKTOB, MPHIOTOBNEHHE
CHPONOB, JUKEMOB, BapeHbsi).

MHoOrHe XuUMHHYECKHE COSNHHeHHS Jaxe B MHHHMAIBHBIX
KOHLIGHTPAUMAX OKa3bIBAIOT HA MHKPOOPTAHH3MBI OTPHLATENbHOE
Aeiictene. OHH NONMYHYHIH HA3BAHKHE AHTHMHUKPOGHBIX BELIECTB.

5.2.4. Aumumukpobusie eewjecmea

Ilo cBoeit XuMuuECKOH CTIPYKType aHTHMHKpOOHBIE BeLiecTsa
MPEeACTABIIAIOT O4MEHb HEONMHOPOAHYIO Ipynmy coeauHeHui. K wanm
OTHOCATCA BELUECTBA OPraHHHECKOH U HEOPraHHYECKOH NPHPOALI

M3 HeopraHMHEeCKHX COSAHHEHHH CHIIBHHIM aHTHMMKPOOHBIM
JASHCTRIOM O01ANAIOT CONTH TAKENBIX METAJLIOB, B HACTHOCTH COJNY PTYTH
(cynema), cepebpa, ceuHua, ypaHa. TlpoHHKas BHYTPb KJIETKH, OHM
B3auMoneHcTRyIoT ¢ GenkaMu, obpa3lys ¢ HHMH HEPACTBOPHMBIE B BOAE
COeIMHEHUA - AanbOYyMHHATHI, BbI3BIBAA TEM CaMbIM HX HeoBpaTumyio
koarynsuuio. B pesynsraTe nopaBnsroTcs KaTanuTHIeCKHE (PyHKLMH
Genxos - ¢epmeHTOB M mepmeas. Hekoropme M3 HMX HHAKTMBHPYIOT
thepmenTbI, CBA3BLIBAACE € rPYNNAMH AKTHBHOTO WEHTPa. Tak, conm
pPTyTH, Cepebpa, MbIIIbAKA PearupyroT € CyNbPruapHIbHEIMU IPYTINaMH
(epMEHTOB, M3MEHAA MX CIPYKTYPY M Hapyllas akKTHBHOCTb. OJTH
MHrHOHTOPBI HE OTNHYAIOTCA CHOLMG(HUHOCTBIO, a HCHCTBYA Ha BCE
(epmenThi, comepxamue cynsrugpunbebsie rpynnel. OHu aBnsrOTCH
CHNBHBIMH fAMH LIMPDOKOrO CreKTpa peicreuis. bBaxrepuipiaxoe
AeHCTBHE WX MPOABIACTCA B HHMTOXHEIX KOHLEHTpaumsx  (Cymema
ybusaer knerku Gaxrepuit B pazsesenum 1: 10*, cepeBpo - 1:10%).

HexoTopsie crIibHbIE OKHCIIMTENH, KAK XJIOpHAS M3BECTh, MEPEKUCh
BOAOPOa, ©O30H, HOR  B3aUMOAEHCTBYIOT ¢  KOMIIOHEHTAMH
LHTOMTA3MATHYECKOH MemOpambl, Hapywas ee (HIHOIOTHYECKHE
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dyuxuun. ['yOurensHoe feiicTBue XJopa NpPOABIAEGTCH B Pa3BEACHHUU
1: 10°

U3  opzanuveckux coeduwenuii AHTUMHKPOOHBIM AeHCTBHEM
obnamaer amuioeviii cnupm, Qenon, kpes3on, opmanvOezud W JAp.
Srunoeeiii ¢rupr (50-70 %) okaasipaeT Gonee CHNBHOE HGHCTBHE, “E€M
KoHUEHTPHpoBaHHbii, Lllupoko  ucmonb3yemeli B CaHWTapHO-
6aKTEPHONOrHYECKOH TIPAKTHKE apOMAaTHYECKHii CNMPT eHoNn, WM
KkapbonoBasi KHCIOTa, B3aMMOZEHCTBYET C€  MTOIIIA3MATHUECKOH
memOpaHOH, BEI3BIBAA PACTBOPEHHE JIHMKIOB ¥ HAPYLIAs 3THM CaMbiM ee
OCHOBHOE CBOWCTBO =~ MONYNPOHMIIaeMOCTh. BereraTHBHbIE KIETKH
Gaxrepuit 6bictpo rHOGHYT OT 3-5 %-Horo pacrsopa ¢enona. Ouens
agoeur Take (Qopmanbaerna. O BCTymaeT BO B3auMoaelHcCTEHE C
AMUHHBIMU TPYTNNaMH MENTHIOB H AMUHOKHCIIOT, CBA3BIBAGT MX U B
Pe3yNbTaTe HAPYLIAET (PHIUONOTHUESCKYFO AEATEIbHOCTh KIIETKH.

K HHCHY OPraHHMYECKHX COeNHHEHHI, obnagarompx
AHTUMMKPOOHEIM JeHICTBHEM, OTHOCHTCA M PAL BEINECTB, MONYYEHHbIX
myTeM Xumuyeckoro cuHtesa. HanGomsiueH H3BeCTHOCTBIO MOMB3yIOTCS
Cynvpamudnsle npenapamel, TPUMEHAEMBIE B XHMHOTSpPanmHB IUIA
VHHMUTOKEHHMA maToreHHmx Oaxrepuii. Ilo cipyktype opmyrns
Cynb(baMHAbl BECbMa CXOAHBI C BAXKHBIM KJIETOYHBIM meraBonurom -
napaamMuHoben30iHON kucnoroli (TTABK), koropas Bxomut B COCTaB
BUTAMHHA - B (DONUEBYIO KUCIIOTY:

NHe—¢___>-CooH  NH~€___>—50,~NH,

NAPAAMWHOEEHIOHHAR CYABDAHMAAMULL
KHCAQTA

Cynedamuansie npenaparsl BbICTynaloT koHkypentamu ITABK u
B Coydac u3bbiTka HX B opranusMe BKOqaroTca (smecto [MABK) s
Komrnekc donuesoii kuciorsl. Onnako $yHkunu MABK onu srimonusts
HE MOryT. d>epueu‘ra'rmsuble peakuuH, 3aBHCAIOWE OT HATHYHA
¢onpeBOH KUCNOTHI, paCCTPAHBAIOTCA, HAPYLUIAECTCA KHIHEACATENBHOCTD
Knerkd. IJTH  BEmEcTea, SBNAIOMHECH  KOHKYPEHTAaMH WY
AHTArOHMCTAMH ©CTECTBEHHBIX METABONMHTOB  KIETKH, MONY4HIM
Ha3BaHHWe aHTHMeTabonHTOB. Bee OHH 0ONAnalOT AHTHMHKPOOHBIM
NEHCTBHEM.
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HekoToprie aHTHMUKPOOHBIC BEIIECTBA MNOJNYYHIH LIMPOKOE
MPaKTU4ECKOe MPUMEHEHHe JUIA TOAABJIEHHS pOCTA MAaTOreHHBX
muxpoGos. OHu maseiBaloTCs mesHHOMUUDYIOWMME BemiecTBamMu, a
MPHEM MCIONb30BaHKA uX - AesnHdexuneii. Hanboneinee npaktuyeckoe
NpUMEHEHHe HAXOAWT xjyopHas wu3secTh (0,5-5 %-Hbie BogHbIE
pacteopsi), fion (2 %-Huiii pacTsop), ABYXNOPHCTAs PTYTh, WIH CyNeMa
(1:1000), ¢remon u ero npoussonusie (1-5 %-Hble pacTBOPEI), ITHIOBBIH
¥ H3ONPONMIOBHIH CIUPTH (70 %-uble pacTBOpHL).

130



Fnasa 6
NATAHHE MUKPOOPITAHHU3IMOB

Tutanne sBnsercs Heorvemaemoit QyHKUMEH KaXaoro JXUBOro
opranuama. B npouecce mnuTaHMs OpraHH3M noOMydaer BewIeCTBa,
HAYLWIHE Ha CHHTE3 KIETOMHBIX CIPYKTYP, a8 TakXkKe CIyKaliHe
HMCTOYHHKOM 3HEPrHH M BCEX IMPOLECCOB JKM3HeAeaTensHocTH. Jlna
TMATEHHA MHKPOOPTaHH3MOB HeOGXOAHMhl TE KE¢ 3NEeMEHThI, 4YTO AnsA
pacTenuii ¥ KHMBOTHBIX. B nepByro ouepeas 310 YrNepoa, a3oT, KHCIOPoa
u Bogopoa. Ouu ABNAIOTCA OCHMOBOM BCEX OPraHHMMECKHX BELIECTS,
KOTOpPBIE BXOAAT B COCTAaB >KMBOH KJISTKH.

6.1. PEPMEHTHOE OCHAIEHUE MUKPOOPFAHH3IMOB

lIuTaHne MHKPOOPraHM3MOB Kak (PHIHOIOro-CHOXHMHYECKHI
MPOLIECC OCYLIECTBASIETCs Onarogaps HaMMYHIO B KJIETKE PAIMTHYHBIX
thepMeHTOB, KATANTM3HPYIOIIMX BCE XKH3HEMHO HEOOXOAMMEE PeaKLHH.
MiukpoGHas K1eTka, NoAoGHO KIETKAM BBICLIMX OPraHH3MOE, OCHAIICHA
AOCTaTOMHO  aKTHBHBIM  (depMmeHTHeIM  annapatoM.  epMeHThl
MHKPOOPrauu3MOB O5IafatoT TeMu Jke CBORCTBAMU 1 (QyHKUMAMY, ©TO ¥
(epmenTnl BEICIIMX OpraHM3IMOB. B COOTBETCTBMM ¢ KaTalIHIHPYEeMbIMU
peakunsmMa  Bce (pEpMEHTE! pa3ImensIOTCA  Ha  WeCTh  KJIACCOB:
oxcudopedykmaser, mpancgepasvy, 2udpoaassl, NUA3bL, UIOMEPA3b,
nuease.  HecMotpa Ha Maneie  pa3mephl  MHKDOOHOH — KJIOTKH,
pacrnipesieneHHe B Heit (DEPMEHTOB CTPOro yriopsacueHo. PdepMeHTn
UEPTeTHYECKOrO OOMEHa M  TPauCrOpTa NHMTATeNbHBIX BOWIECTB
JIOKAM30BAHb B LMTOTUIA3MATHYECKOH MeMOpaHe M ee NPOM3BOAHBIX,
Muorne depMeHTs! He CBA3aMbi C OTAENBHBIME CTPYKTYPaMH KJIOTKH, 3
HAXOAATCA B LMTOILIA3ME.

QepmenTnr  GakTepuii nofpasAenAIOTCA Ha  3HOO- M
3x3ogpepmenmor.  IupobepMeHTH  HYHKUMOHHPYIOT TONBKO BHYTPH
xinerku. OHu KaTAMM3UPYIOT peakuny GHOCHHTE3a M IHEPTeTHYECKOro
ofMeHa. IK30(epPMEnTDI BEIAESNAIOTCA KIIETKOH B CPEay M KATANTHIHPYIOT
POaKUHH [HAPONH3A CIOKHMBIX OpPraHWYecKHX COSNMHEHHH Ha Oonee
APOCTbie, AOCTYNUBIC MIA BCCHMUIALHM MUKPOOHON nerkoi. K Hum
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orHOCATCR ruaponuTHYecKHe (PEPMEHTBI, Urparouie HMCKIIOMHTEILHO
BaXCHYIO POJib B NIMTaHHH MHKPOOPTaHH3MOB.

6.2. ®PHINOJOrus NUTARUA

HM3yueHHe XMMHYECKOrO C€OCTaBa OaKTepHanbHOM  KIETKH
NnoKAa3ano, YTO OCHOBHBIE OpraHWyeckue coeAnHenus (Oesky, munmzer,
YINEBOAB!, HYKJICHMHOBBI® KHCJIOTBI M Ap.) XapPaKkTepHel  Aas
MHKPOOPraHn3MOB BceX THrnoB. OHHM CHHTE3MDYIOTCA KIETKAMH M3
BELIECTB TOM CPE/ibl, Iie Pa3BHBAETCA MUKPOOprauusM. Takne BemecTsa,
B KOTOPBIX HYXKAAETCH MHKPOOPTaHHM3M M KOTOphie OH noTtpebnser u3
OKpYXKalouiedi  Cpemsl  INs  YAORNETBOPEHHA CBOMX  HHLUEBHIX
norpeSHocTel, MNOMYYHNH HA3BAHME NUTATeNbHBIX, a  CPeapl,
COoACpXAWKE KX, - NHTATEIBHBIX Cpea. CocTaB NUTATENbHBIX cpea
ONpefenseTcs  MNHILEBBIMH  TOTPEOHOCTAMH  MHKPOOPTaHHIMOB.
TMocneanne BeceMa pa3HOOOpa3Hbl, MOITOMY M pa3HOOOpaseH HabGop
NUTATELHBIX  CPeA, MPUMMEHAEMBIX  JANA  KyNbTHBHPOBaHHA
MHKPOOPraHH3IMOB. Y HHBEPCANBHBIX Cpefl ueT. J{na KamAoro BHOa MNH
rpynnel Gnm3kux  BHOOB  HeoOxomuma ceos  cpena.  Cpenwl,
MPeAHA3NAUCHUBIC IUIA PA3BHTHA OTACNBHEIX BHIOB MHKPOOPTAHM3MOB,
HA3bIBAIOTCS 3NIEKTHBHBIMM, MKW H3OHpatensubiMu. [lo  cBoemy
NPOUCXOKACHHIO OHH GriBaior CCTECTBEHHBIMH, HIIH HATYPAJIbHbIMH, H
CHHTeTHYECKHMH (naGopatopHeiMu). EcrecTBeHHBIC CpeaB! COCTOAT W3
BEUIECTB PACTHUTENIBHOTO M >KMBOTHOrO MPOMCXOXKICHMSA. ITO MOryT
ObITh KeTkM ¥ TKaum (KYIBTypa TKaHeH) WM 3KCTPaKThl W3 Hux. Ha
TAKHX CPeaax XOpouIO Pa3BHBAOTCH MHOTHE MHKPOOPraHM3MBl, TaK Kak
B HHMX COOEPXKATCA B OCHOBHOM BCE HEOOXOAMMBbIE KOMITOHEHTHI.
CunTernyeckue Cpean! roTOBATCA H3 XHMHYECKH YHCThIX 3JIEMEHTOB,
KoTOphie BepyTCa B CTPOro onpeaenerHbix KoHueHTpaurax. Cocras aTux
Cpea B OTJIHYHE OT €CTECTBEHHBIX BCEra H3BECTEH.

MuxpoopranuamMbl OTIHYAIOTCA OT BCEX APYIHX OpPraHH3MOB
OrPOMHOM  CKOPOCTBIO  MOTPEONEHHA  MUTATENBHBIX  BELIECTB.
IKCTIEPHMEHTANTPHBIM TYTEM YCTAHOBJIEHO, 4TO 6aKkTepHanbHas Kierka
33 CyTk# norpelnser «nuu» B 20 pas Sonswe Beca CBOSro Te1a. 1o
CBHETENIBCTBYST O NMOBBIIEHHOM OOMeHe BemecTs y MHKPOOPTraHHIMOB
CneumaneHbBIX OPraHOB NHUTAHMS MUKPOOPraHU3MBlI HE MMEIOT.
IMurarenespie BemecTBa mNOCTYNAOT B KNETKY 4epe3 BCIO  ee
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MOBEPXHOCTh. ITO criocobcTByer ObICTpOMY OGMERY BELLECTB MEXAY
KJ1eTKOM ¥ CPEnoi.

6.2.1. Mexanuim nocmynienus 6euiecms 6 Kiemxy

INocryrinenue BELIECTB B KJIETKY perynupyercs
LIHTOTUIA3MaTH4eCKOH MeMOpaHOH, KkoTopas SHBJSETCH OCHOBHBIM
ocMmoTHYecKHM Gapeepom. Kancynn # ciM3ucThie Cnou B CRUTY PhIXJIOCTH
CBOSH CIPYKTyphl HE OKa3bIBAIOT CAEPXKHMBAIOWErO JEHCTBMA Ha
NPOXOXKAEHHE B KIIeTKy OoneiuiHCTEa BemecTs. KneroyHas creuka no
CPABHOHHIO C HMMu - Boree CrUTbHEIN Gapsep, HO MIABHBIM OOPA3OM AU
MaKpPOMOJICKY. YCTaHOB.TEHO, 9710 KJIETOYMHbBIS CTCHKH
rpamMroNoXHTENbkbix OaKTepHil HENMpPOHMLIAEMB! AJA ACKCTPAHOB C
monekyaspHbiM secom 10°. Kpome Toro, KnetouHEIe CTEHKH HEKOTOPBIX
MHKPOOPTAHU3MOB ODNAAAIOT HM3IOHPATEeNbHON NMPOHHLIAGMOCTBIO M B
OTHOLIEHWH PAA2 HH3IKOMOJIEKYSIAPHbIX COSOMHEHHH. JT0 0ByCnoBneHo
TEM, YTO BXONAUIHE B COCTAB CTEHOK OTPHLATENBHO 3apPSKEHHbIE
TNHKONIEN THABI ¥ TOHXOEBbIE KHCIOThI MOTYT [EHCTBOBaThb Kak
HOHOOBMEHHMKH, PErYHPYs MPOXOXKAESHHE MEePe3 CTEHKY MONIONHTEbHO
3apsAKSHHBIX HOHOB.

Ho OCHOBHyY!O OTBETCTBEHHOCTb 32 H3OHPATENBHOE TOCTYTUIGHHE
BELIECTE B IJIETKY MECET LMTOIUIa3sMmaThueckas MemOpana. HMaeectHo
MECKO/IBKO  TyTEeH  NepeHoca  MMHTATeNbHbIX  BEWIECTB  uepe3
UHTOMIA3MATHYeCKYI0 MeMOpary. Ogun u3 Bewects auddynanpyror
yepe3 MeMOpaHHYI0 NEPeTOPOAKY IO TPANMEHTy KOHUEHTPaLUH -
naccusuas maddysus. TnasHoH pmprokylneit CHIIOH Takoro TiepeHoca
ABJIETCS  PA3MOCTb KOHLUEHTpauuil Beuiectsa NO ofe  CTOPOHB
MemOpaHb, T. €. B Cpefle M UMTOIUIasMe KieTku. OnHako myTeM
naccuBHON mu(dysnu B KISTKY NOCTYNAST NMpPEHMYIIECTBEHHO BOMA.
BONBIIMKCTBO PACTBOPEHHBIX BEWECTB NPOXOAMT “epe3 MemOpaHy
6narofaps OeHCTBHIO COEUMANBHOM CHCTEMB MEPEHOCA, BKIIOHAIOWIeH
BenxH-TIePeHOCYHKH - IePMEasbi.

Tlepmeasst - ato cybBetparcneundrnbne MemBpanmsie Genxn.
Hampumep, nepmeasa ans nakrosw y E. coli - ogunousas
NONMMENTHAHAS L€, OTHOCHTCA K MHTEIPalbHBIM MeMOpaHHBIM
Genkam. TMepMeass NOKANH3OBaNbI B LKTOMIA3MATHHECKOH MemOpaHe u
COCTaRJIAOT 3UAYHTENLHYIO YacTh MeMBparHoro Genka. 06 3ToM MOXHO
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CyAMT® 1O TOMY, 410 B MeMmOpare y E. coli macummsiBaerca po 8000
VYUACTKOB, B KOTOPBIX CONEPXATCA NEPMeassl, NIEPEHOCAIIHE IalaKTo3y.

IMepmeaszbl CBA3BIBAIOT MONEKYNbl DPaCTBOPEHHMBIX BELIECTB H3
BHEIUHEH MOBEPXHOCTH MeMOpaHel W MEPEHOCAT HMX K BHUYTpeHHed,
OTKY[a 3TH BELIECTBAa BBICBOOOXKA2IOTCH B uUHMTOIUIA3My. B ocHOBe
rEPEHOCa BEWIECTB Hepe3 LHTOILTA3MaTHYECKylo MemOpaHy, T. e. Ha
paccroanue Gonee 7,5 M (ronumua MeMmOpaHbl), JIOKHT H3IMEHECHHE
opmer nepmeasnoro Genka (koHPOPMALIHOKHOE H3MEHEHHKE), Bbi3BAHHOS
MPHCOANMEHHMOM NEPEHOCHMOrO BELIECTBRA,

C yuacTHem mnepMmea3s OCYWIECTBIJETCS ABAa THNA IEPEHOCA
BellecTs: cbnezueHHas Oud@ysus - N0 TPAOUEHTY KOHLEHTPAUMH, T. €.
or Gonpuwiell KOHLUEHTpAUMM K MEHBLIEH, W gKMu6Hbli mpancropm -
NPOTHB TPAAHEHTA KOHLUEHTPALMK, T. €. OT MEHbLIeH KOMLUEHTPaLUHH K
Gonbueit.

O6neruennas auddysns OTNHYAETCA OT MACCHBHOH TEM, YTO OHa
OCYWIECTBJIACTCH NPH NOMOLIH NiepMeas, MO Oe3 3aTpaT 2IHEpruu.
CxopocTs ee 32BHCHT OT KOMUEHTPALIHH BEWIECTBA BO BHEHIHEM cpene.
Axtienniii nepedoc B ormuue or obnerueunoil auddysuu Bcerxa
CONMPOBOXKARETCH PACXO/IOBAHHEM 3HEPrHH. JTO JHEPTrO3ABHCHMBIH
npouecc. Ha nepeHoc kaxuoH Monekymel cyOcTpaTa 3aTpaumBaercs
3HEPrus, 3KBHBaNIeHTHaA Monekyne ATO.

OnucansbiMi  CriocobamMu B KIETKY NOCTYNAKOT BEWIECTER B
XHMHYEeCKH HerW3MeHeHHOM Bupe. Ho y MHormx Gakrepmii TpaHCcnopr
YIIeBONOB, OCHOBAWHE, JKHPHBIX KHCJIOT OCYLUSCTBIAETCA  I1yTEeM
COMPSDKEHMA HX TOCTYIUIGHHA B KIeTKy ¢ (ocdoprmposannem.
HanpuMep, rmoko3a nepea nocryruieHueM B kietky Gochopunupyercs
M mpespauaercs B rioko3o-6-dpocdar, T. €. NPOMCXOOHT XHMHYECKas
MoandHKauMs — MONEKYJIbE, OGpazyrouascs rimoko30-6-ocdar
TEPeMOCHTCA B LHTOMNasMy. TakoH Crnocod mnepeHoca, KOTOPkIH
CONpsKeH C MPEBPALIeHHeM CyGcTpara B ero NMPOH3BOAHOE, HA3BIBACTCA
MPOLIECCOM  TPAHCI/IOKALHH rpynn. Tpaucnoxauus  caxapos
ocyecteisiercs ochorpancdepaznoii CHCTEMORH, OCOBEHHOCTD KOTOPOH
COCTOWT B TOM, uTO aouopoM (ochaTHOH TpPynnkl sBIAeTCA
ocdoenomnupysar, a He ATD.

HcTouHnkoM 3HEPryM U1 aKTHBHOTO TPAHCHNOPTA  CHYKHT

IOKTPOXMMHYECKAs IHEPrud TpaHcMeMOpanHoro norenumana ( Ay H\‘),

134



HITH NMPOTOHHMIH IPAAHERT, KOTOPBIA MEHEPHPYETCA NOTOKOM 3NEKTPOHOB
B JIBIXATEJIBHOH LIeru

Cucrema TpaHcnokauum (QyHKUMOHHPYET Yy GonBIIHKCTB2
dakyneTaTuBHO a3pobHuiXx OakTepui, MO OTCYTCTBYET y HEKOTOPhIX
BaKTepHii ¢ YHCTO ABIXATENLHBIM THNIOM MeTaB0NN3Ma, KaK, HaNpUMED, y
aspoOuex ncespomoman. YV HuX mpeobnasaer AKTHBHBIA TPaHCIIOPT
YIJIEBOOOB B KIETKY.

HeobxoauMBIM  yCNOBHEM TOCTYIUTEHHS BEUIECTE B KIETKY
SABSETCA MX pAaCTBOPMMOCTp B Boge. Muxpobuas xnerka Moxer
noTpPeONATE TOMBKO T BELIECTBA, KOTOPHIE HAXOMATCH B PACTBOPSHHOM
pHoe. OOHAaKo HMeeTCA PSA OPraMMuyecKHX BELICCTB, KOTODHIE HIH
COBCEM HE PaCTBOPAIOTCA B BOAE HIH A3K0T KOLIOHAWBIC pacTBOpEI
(Genku, xupbl, nonkcaxapHae)) B TO ¢ BpeMa 3TH  Bewecrsa
HeoOxonuMBel Ans nutaHus Gonpuuuucrea Gakrepuii. [Mostomy mpexae
YEeM HCTIONb30BaTh MX KaK NHTarensusie cybcTpartsl, Gakrepun npu
MNOMOMIH 3K30)ePMEHTOB NMPOM3BOAAT IPEABAPHTENbHBIH THAPOIH3 MX
no 6onee rpocTeIX M pacTBOpUMEBIX coeauHeHuil. Hanpumep, kpaxman
paciuenisercs hepMEHTOM aMINIa30H 0 MasibTO3bl; GEMIKOBBIC BELUECTBA
NOA ASHCTBHEM MNpOTEa3 PACHICIUIAIOTCH OO AMHHOKHCIOT; JIHIHbE
PaCUIeNIIOTCA  JIMMA30H [0 [IHMUEPHHA M JKHPHLIX  KHCJIOT.
lMonyuaiommecs B pedynbraTe rMaponMsa Bewecrsa obnazaror
MEHBLIMMHM PA3MEpaMH  MONIEKYN, PacTBOPHMbI B BOAE M NErko
MOCTYNAIOT B UHTONIA3MY KJIETKH.

IMocryruienne MunepanbHBIX CONIeH B KNETKY 32BHUCHT OT CTelEHH
AMCCOLIHALMHM HX Ha MOHBIL, OT pH cpexbl, 3apsga LHTOMIa3MaTHYECKOH
MeMOpanst B kneTky nerue MpOHMKAIOT BELUECTBA, HMEIOLIHE 3apsn,
IMPOTHBOINOMOXKHBIH 38PANY KOLMOMOHBIX MHLEMNT [HTOMIIa3MATHYOCKOH
MemOpansi. B ocHOBE 3TOro ABNEHHA NEXKHUT 3aKOH B33HMOACHCTBHA
3NEKTPHYECKHX 3apSHAOB, COCNACHO KOTOPOMY ONHOMMEHHBIE 3apsidb
OTTaNKHBAKOTCA, pa3HOHMEHHBIe - MPHUTArABAIOTCA. Ecmn
UHTOIUIAIMATHYECKas MEeMOpaHa HMeeT TNOJIOKHTE/IbHbIH 3apsid, TO B
KJIETKY Jlerye MPOHMKAIOT HOHB C OTPHLIATE/IBHAIM 3aPAIOM.

Cpeay nuTarenpHEIX  BELIECTB Afs  MHKPOOPraHM3MOB B
3aBMCHMOCTH OT BBINOJHAGMEIX (yHKUHH pPalTHHAOT BELIECTBA Kak
HCTOYHHMKH 2HEPrHM M KAK CTpoMTensHHe Onokw, M  Kak
KOHCTPYKTHBHBIC MaTepuanst. B nepeyio rpynity BXoasaT Te coenmHeHus,
KOTOPbie B OKHC/IHTE/IbHO-BOCCTAHOBHTENBHBIX PeaKLHuAX obpasyror
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AT®. D10 yrnesommsi, CHpTH M Apyrue NoaofHOro poaa COSRMHEHMS.
Ko BTopoii rpyrine OTHOCATCA BELIECTBA, MAYLIHE HA CHHTE3 KICTOYHbIX
KOMIIOHEHTOB. 10 AMHHOKHCNOTHI, OENKM HW HX KOMIUIeKCH C
NHOEAaMH, — NonMcaxapuaamu,  Hykneorwpamu,  Hekortopeie  m3
YKA3aHHBIX BELIECTB obnagaror JnBofiHoH Gymxunedl. Hanpumep,
[MIIOKO32 MCNONB3YeTCd KIeTKOM rmaBukiM 0Opa3oM Kak HCTOYHMK
:mepnm, HO B TO K€ BpPEMs OHa MOXET CITY?KHTh MCTOYHHKOM YyTJIiepoaa
W THOPOKCHIBHBIX TPYMNN JANA NCCTPOSHHS  YINEPOROCOACPKALMX
KOMITOMEHTOB KJIETKH. AMHHMOKHCIOTB HIYT IPEHMYINECTBEHHO Ha
cuHTea Genka U BMECTE C TEM SIBIIAIOTCA MCTOYHHKOM 3MEPIHM.

6.3. THIILI IKTAHMSA

Muxpooprans3Mbl B OTIHYHE OT pACTEHHH M JKHBOTHBIX
XapaKTepH3yIOTCs MHOrooGpazneM THNOB MMTaHus. ITO CBA3AHO C KX
CrHOCOOHOCTHIO KCTIONB30BATh Pa3HbIE HMCTOYMMHKHM 3HEPrHM H pa3Hele
COeMMEeHNs A0A KOHCTPYKTHBHOro Metabonuama.

Hcrounukom yrnepona Ans OAHHX MHKPOOPraHH3IMOB MOryT
CIyKHUTH HEOPraHWYECKHE COSAMHEHMs, B YACTHOCTH YIMEKHCNOTA, Ans
OPYrHX - OPraHMYecKHe BEIeCTBA. 1€ MHKPOOPTaHH3MBI, KOTOpBIe
NOMYMAIOT YrnepoA TONBKO M3 YIIEKHCIOTH M CHHTEAUPYIOT H3 HEro
HEOOXOAUMBIE OPTAaHHYECKHE BEIECTBA, Ha3kIBAIOTCA aBroTpodamu (or
rpeu. autos - caMm, trophe - nutaune). Oum obnamaror HauGonpiueh
ABTOHOMHOCTHIO H HE3aBHCHMOCTDBIO CBOEIro PaSBHTHﬂ or
JKM3HEACATCIBHOCTH  APYTHX oprannamon, MOryT XHTP B HHCTO
MHHEPAJBHBIX cpeax. JIpyrae MHKPOOPTaWM3MbI MCIIONB3YIOT YITIEPOX
M3 OPranMuEecKHX COSAMHEMHIl M Ha3blBaloTCA rereporpodamu (oT rpey.
heteros - mpyroii, trophe - nutanue). OHK COOCOOHBI Pa3BUBATECS TONBKO
B CpeaaXx, CONEPXKAIMX OPraHHYECKHEe COSAUHEHNS.

BoccTanoBTeHHe yriepoaa A0 OpraHMuECKHX COeaUHEHIH Tpedyer
3aTpar aHeprun. VICTOUMEIKOM 3HEPriy MOXET ObiTh CONHEYHHbIH CBET U
XHMHYECKHE CBA3H OpPraHM4eCKMX M  MHHEPANbHBIX  BEHIECTB
OprannsMmbl, KOTOPbI® HCMONB3yiOT CBETOBYIO 3HEPTHMIO, HA3BIBAIOTCA
torotpopamu, miH (HOTOCHHTEIHPYIOLIHMH, @ TE, KOTOPKIE HCIOIBIYIOT
SUEPrHIO XMMHYECKHX DeakKuuil (XHMHYECKYIO JHEPIHUIO), HA3BIBAIOTCA
xemoTtpodamu, WM xemocuHTesupyrowmmu.  Coorsercreyromme
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Ha3BAHHA HMMEIOT M MHKPOOPraHH3Mbl, OOMANAIOIIHE 3THMH THIAMH
MTHTAHUA.

K ¢oronurorpodam  ornocatcs umanoGakrepmm, (PoTocHH-
Te3adpyroHe GaKTepHH, HMCNONB3YIOWME JUIA HMPOLECCOB CHHTESA
3HEPruIo ConueyHoro ceera. [lonoOHO BBICIIMM  pacTeHusM B
LUHTOIUIA3ME KJIETOK 3ITHX 6a1crepm‘i COOCPIKATCA INHWIrMEeHTbI THNa
xnopodrna. Bakrepnaneneifi x0podMIT N0 XHMHYECKOH CTPYKType
BECbMA CXOfieH ¢ xyopodmnnoM pactenusi. OcnoBroe painHuuKe MEXIy
HHMH COCTOHT B TOM, H4TO y OakTepHOXsiopodHina B NepEOM MUPOIBHOM
Konbue BMeCTO BuHMAbHOA rpynmnsi (CH, = CH-), xapakrepHo# ans
xnopodunna pacrenmii, HaxomuTcs auetwnbuas rpynma (CH,CO-), a
Taloke COAGPXKHTCA Ha nBa aTomMa Boaopoma Ooneuwe. MakcumyMst
MOrNIOWEHHA CBETa 3THX ABYX XJIOPOQHUIOB HE COBNANAIOT.

Kpome xnopodumna Bce (orocuutesupyromune Gakrepun
COREPIKAT KAPOTHMOMABL, KOTOPHIE Takke MNPHHHMAIOT Y4YacTHE B
torocunTese, nepenasas IHEPryIo NOraomaeMoro cBeTa
GakrepuoxnopoduLty.

B ocroee GaxrepumankHoro (POTOCHHTE3a NEKHT MNPEBPALICHHE
CBOTOBOH 3HEPTHH, NOTIOIIEHHOH MHIMEHTAMH, B XHMHYECKYIO HEPTHIO
Makposprudeckux  cpasedi  AT®, obpasyemoii B  npouecce
tborodochopunuposanms n  mcnonssyemoill  3atemM ana  yceoewMs
YINEKKCIIOrO rasa K npoueccos GHOCHHTE3a.

B ofmmx ueprax npouecc GoTocuHTesa y Gakrepuil mpouexopuT
Tak ke, Kak y 3eneHeix pacrenuii. Ho y pacrenmii ucTouHuMKOM
BOAOPOAA SB/ACTCA BOO3, KOTOpaA OKHMCNASTCA A0 KHChopoma. Y
(oromuTorpodiHeix GakTepHii HCTOMHMKOM BOEOPOAa ans (oTOCHHTE3R
ABNAETCS COPOBOAOPOA UK MOJIEKYNApUsIH Boaopoa. [Toaromy kucnopon
HHKOrZA NpPH 3TOM Mnpouecce He Bhaendercd. Ewe oano ortmuume:
pacTerHs ;A BOCCTAHORJIEMHA OOMON MONEKYNbl  YTINEKHCIOTHI
HCMONB3YKOT HOThIPE KBAHTA 3HEPrHH, GZK‘IEPHH = TONIBKO OOMH KBAHT.
Koneuneie mpoxyxrnl orocuHTesa y pacrenuii u 6akTepuii OIHHAKOBEL:
3TO COSAHHEHHA THNIA YTIEBOAOB.

BaktepHanbHpii W pacTHTENbHBIT (POTOCHHTE3 MOXKET OwITH
NPEACTAB/IEH CIEAYIOMHMH OCOOIIEHHBIMH YPaBHEHHAMM:

cBer
CO:2H,A —— [CH;0] + H;O + 2A ( HzA - noxop soxopona)
GaxTepuansHsii (PoTOCHHTES
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cBer
CO; + H,;O0 — [CH; 0] + O,
PacTHTEIbHEIH POTOCRHTES

K  dorocunresvpyromnmM  6aKTepHsaM  OTHOCATCA.  3€NEHBIE
GaxTepHH, MypITyPHEIE CEPOCAKTEPHH 1 MYPITYPHbLIE HECEPOOAKTEPHH.

K gomoopzanompogpam  OTHOCATCA  HeCepHBIC ITyPITypHEIE
Gaxrepuy, KOTOpBI® [Nl BOCCTAHORIGHMS YIJIEKHCIOrO rasa MoryT
HCIIONB30BATE BOAOPOA  OpraHMyecKux coeamuenudl. [lypmypssie
necepubie Gakrepuu BxozaT B cocTaB ceM. Rhodospirillaceae n
npeacrasnensl aBymsn pogamu: Rhodospirillum - xnerku cnupansnoit
¢opmbt u  Rhodopseudomonas - kierkd namoykoBHIUOH QopMet
Hccnenorarna usvonornu AaHHeX GakTepHil NpoBeneHbl Ha UMCTBIX
KymbTypax Bam-Hunem. B ommume or cepobakrepmii omm smmsmorcs
dakynsTaTHBHBIMH aHAPOGaMK, HYXKIAIOTCA B BHTAMHHAX, XOPOILO
Pa3BHBAIOTCA HA OpraHUueckHux cpepax. IlpuueM passuTHE UX MOXKeT
MPOMCXOAUTB KaK Ha CBETY, TaK ¥ B TemuoTe. ITH GaKTepHH HCNONb3YyIOT
B KaueCTBE¢ HCTOMHHKA JHEPrHM WM COJNHEYHBIH CBET, WIH aspobuoe
oxucnenne. Ha cBety omu Moryr pasBHBaTbCs B CTPOrO aHa3pOGHBIX
ycnosusx. B ornuume or cepoBaxrepmH, xoropeie ana dorocumTesa
HCTIONB3YIOT BOAOPOA CEPOBOAOPOAA HIH APYTHX COSAMHEHHH Cepel, Y
MYPIyPHBIX ~ MecepHbiX  OakTepwii  AOHOPOM  BOAOPOAA  CYXaT
opranudeckne coepnmenus. Ha ceery akuerrropom sogopoma sensercs
YIIEKHCoTa. BHauane mNpOHCXOOMT OKHCIEHHWE OPraHHYECKOTO
BELIECTBA IMyTeM JETHAPHPOBAHHA, T. €. OTHATHEM BOAOPOJA, 33T€M 3TOT
BOAOPOA NEPEHOCHTCA HAa MONEKYIThl YTNeKHCIOThI:

C;H;0:Na + 3H,0—— CO. + 8H + NaHCO;
2CO; + 8H— 2 (CH,0) + 2H,0

B TEMHOTE aKLENTOpOM BOAOPOAa B a3pOOHBIX YCIIOBHSAX SBJAETCH
KHCNIopoR, B auaspobHbix - cepa. ITostomy passurHe mHecepHBIX
nypnypHerx GaxTepuif B TEMHOTe BO3MOMXHO TOMBKO TMPH HAMMYHH
KHCJIOPOIa HIH Cephbi. ITH MUKPOOPTAHHIMBI XAPAKTEPH3IYIOTCS TOTHBIM
HabOpOM OCHOBHBIX ABIXATEIBHBIX (PEPMEHTOB, NEPEHOCYHMKOB BOIOPOAA;
HAJ, ®A]J], unroxpomei. OkHCnenne cySeTpaTa NpoMCXOaMT MO LHKTY
TprikapGonoBeix  kucnotr.  Ilypriypusie  GakTepum  MCOONE3YIOT
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OPTaHMIECKHE BEIUOCTBA HE TONBKO B Ka4eCcTBe JIOHOPOB BOAOPOAA, MO M
KaK HeMoOCPEACTBEHHEIe HCTOYHUKH YTIEpOAa.

K xemomurorpodam orHocsrca GaxTepHm, KOTOphIE CHOCOGHDI
acCUMHIMPOBATh  YTIOKHCIOTY W CHHTE3HPOBAaTh  OpPraHHuecKHe
BOILECTBA 32 CYOT XUMMYECKOH 3ueprum, nOJly4aeMON MpH OKHCIEHHH
Pa3THYHBIX MUBEPATbHEIX BELIESCTB. aMMHAKa, HHTPHTOB, ceposonopona,
BOAOpOAa M kenesa. B ormiume or (JOTOCHMHTE3a, FHe MCIIONbIYETcs
SHEPrus caera, 3TOT npowuecc NONY<M)T HA3BAHHE XEMOCHHTE3a.
Xemocunres orxpuit B 1887 r. C. H. Bumorpaackum y GecuseTHmx
cepobaxrepnii, 33TeM Y pAna APYrHX MHKPOOPTaHH3MOB.

BONbIIMHCTBO ~ XEMOMMTOTPODHBIX Gaxrepuii CIocodHO
Pa3BHBATECA B YHCTO MHHEpaITbHBIX cpenax, HCIIONb3ys YTICKHCTIOTY B
Ka4eCTBe HCTOYHHKA YINEPONa, a MHHEPANbHBIE BEIeCTBA B KAUECTBE
HCTOYHHUKOB 3HEPIHH H 3MICKTPOHOB, OKHCIIAA HX B MPOLECCE ABIXaHHA.
Bce xemonutorpodubie 6Gakrepuu accumumupyior CO, Yepe3 LHIUI
Kanseuaa. V¥V obamratubix xeMomuToTpOooB  (THODAUHIAT H
HHTPHQDHUHPYIOWHX GaKTepHil) HMEIOTCS CHeUHANbHLIS CTPYKTYpHI -
kapBoxcncomel, comepxamue  ¢hepmenT pubynosoaudpocharkapSox-
CHymady, € NOMOWBIO KOTOPOro ocymectsnsercd ¢Gukcauns CO,.
Hecnoco6uocts OBIHraTHBIX xemonutorpodos HCTIONBLIOBATD
opranHueckue CyScTpaThl CBA32HA C TEM, 4TO y HHX M€ (GYHKUHOMMpYeT
i Kpebea u3-3a oTCyTCTBHA OHOrO H3 KIFOUEBBIX tepmerToB UMK
O~KEeTOITYTOPaTAErHAPOreHasH:.

Cymectayer Heckonbko (HPHIHONOrHUECKHX rpynn  XeMOJHTO-
TpodHbIx Gakrepwuii.

Oun XapaKTepu3yloTCs CneuuGHYHOCTEIO B OTHOLIGHMH OKHC-
nsemoro cyScrpara. Hanpumep, uutpudnumpyomme Gakrepuu posa
Nitrosomonas OKHCIATIOT aMMHakK [0 HHTPHTA, a Nitrobacter oxucnser
HHTPHT IO HUTpAaTa:

2NH; + 30; — 2HNO, + 2H,;0 + 65,6 xxkan,
2HNO:; + O, —> 2HNO; + 20,9 kxaxn.

Becusernsle  cepoBakTepHm  OKHMCAMIOT CEpPOBOAOPOA OO
3/IEMEHTAPHOH CEPEI, A 33TEM Cepy A0 CEPHOM KUCIOTRL:

2H,S + O; ——> 28 + 2H.O + 65 kkan,
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+2H,0
28 + 30, —> 2H.S80, + 283 kxan.

KenezobaKTepHy OKHCIAIOT 3aKHCHOS JKENE30 B OKHUCHOE:
2FeCO; + 2H,O + O, ——> Fe(OH)¢ + 2CO; + 29,8 kkan.

JHeprus, BBIAENAIOLIAS B PEIYAbTATE OKHCIHTEIBHBIX PeaKumH,
MCTIONB3YETCH XEMOMUTOTPODAMH JUIA BOCCTAHOBIEHHA yraekucnoTe. Ha
BOCCTAHOBIIEHHE MOMEKYSBl YTNEKHCIOro rasza Tpebyercs Gosbiue
SHEPrHH, Y€M €€ BBLOSJIAETCA INPH OKHWCICHHH MOJEKYNbhl aMMHAKa WJIH
CEpoBOZOPOHa, K TOMY e KOI(D(HLUHEHT HCIIONBIOBAHHA BbIIE~
msoLteiics sHepruy Herenuk ( y Hutpuukaropos 5-10 %). B ceasu ¢
3TUM XEMONHMTOTPO(HBIM MMKPOOPTaHH3MAM NPHMXONHUTCH mepepa-
GaTbiBaTh O4eHb GOMBUIOE KONHYECTBO BELUECTB MO CPABHEHHIO C TEM
KOITHYECTBOM OPTaHMYeCKOro BElIECTBA, KOTOPOS OHH CHHTESHPYIOT.
Hanpuwmep, Nitrosomonas okucnser a0 35 monexyn BMMMaka Ha OOHY
MOJIEKYNTy BOCCTAHOBJIEHHOM yrnekHCioTel (PaGoTHoBa, 1966):

CO; + 2HO + 155 kkan —> HCOH + H;O

O6pazyrouuiics MypaBpMHBIA aNblErHa WIH APYroe mnonobHoe
COCAMHEHHE TONHMEPHIYETCH B yraesomsl.  XeMOmHTOTpodHbiE
OPraHH3Mbi, OKHCIMIOLIHE HOOPTAHHYECKHE BELIECTBA, ABJIAFOTCA
BOKHEHIOMME reoxuMmudeckuMy aréHTaMH. C HMX JEeSTeNbHOCTHIO B
nNpHpoAe CBA3AHO OOpa3OBaHHE M Pa3pyLIEHHE TMONE3HBIX UCKOTAEMbIX,
OHH OCYLIECTBISIOT BaKHEHIINE 3Tanbl KPYroBOPOTAa MHHEPalbHBIX
3MIEMEHTOB.

K xemoopranotpodam OTHOCATCA MHKPOOPraHH3MBI, KOTOpBIE
HYXKJAIOTCA B TOTOBBIX OpPraHM4YeCKMX CoeaMHeHMaX. McTounukxoM
SHEPrMH H HCTOMHHUKOM BOZOPOAA M1 HHX CIIyXaT OPraHHYECKHe
BeLIeCTBa. JTO camasd pa3HoobpasHas H BECbMa MHOI'OYHC/IEHHAA IPYINa
MHKPOOPraHH3IMoB. OHH IIMPOKO PACTIPOCTPAHEHB! B NPHPORE H UIPAKCT
OIpPOMHYIO pONb B PaifioKeHHH OPraHMYecKHX Belnects. B kauecrse
HCTOYHHKOB YINIEPOAA XOMOOPraHoTpodsl HCHONB3YIOT TrOTOBBIE
OPraHHYecKkHe COSOHHEHHA CAMON PA3NTHYHOM XMMMYECKOH CTPYKTYpBI.
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HauGornee mopxopfupiMu  ABAAIOTCA  COSAMHEHHA,  COAEPIKALINE
albIErnHble U KETOMHBIE FPYTINBL, 8 TAKKE HACHILICHHBIES CBA3H.

Kpowme OPraHUH=ecKoro yrnepoza, rerepotpodHsie
MHUKPOOPTaHHIMBl HYXJaroTcsi B yrnekmcnore. [locneguas wrpaer
BajX{HYI0 POk B MPOMEXYTOUHOM obmene. Yaime Bcero rereporpodnt
MCTIONB3YIOT YTIEKHCIOTY AA KAapOOKCHITMPOBAHMS TPEXYTNEPOAHBIX
CoeAMHEHHH - TMpyBaTa M (hocoeHoNNMHpyBaTa, B DE3YNBTATE YEro
ofpasyeTci IABENEBOYKCYCHAas KWCOTA, JErKO BCTYRalomas B
JanbHOHLIEE NPEBPAINEHHA, HANPHMEpP, B LUKNE TPHKApOOHOBBIX
KUCIOT. Ofpasyrolmnecs NPOMEXKYTONHBIE MPOAYKThI UCIIONB3YIOTCH
KIIeTKOH [718 GHOCHHTE3a MAKPOMOEKYIL.,

H3 xemoopranorpodor HamGonseii crenensio rerepoTpodHOCTH
XapaKTePHIYIOTCA OCUIMraTHBIE BHYTPHK/ICTOYHbIE MNapa3HThl, T. €.
MHKDOOPraHU3MBl, KOTOPBHIE MOTYT KHTh TONIBKO BHYTPH KIIETOK APYTHX
opranusmoe. K Hum oteocsTca Gaxrepum mopaaxoe Rickettsiales o
Chlamydieles. TapasuTudecknii 06pa3 aHU3HM NPUBEN K YTIPOLIEHHIO Y
HHX (JEPMEHTHBIX CHCTEM 3HEpreTHYecKoro Merabonmama. Hanpumep, y
HEKOTOpBbIX Xyamuzuii orcyrcTByer cHoreMa AT®-ANI®, depmentnr
rankonu3a, LITK. 310 mocraeino ux B NoaHyO 3aBHCHMOCTD OT KJISTOK-
X031€B, HeCOCOGHOCTb K POCTY Ha NMMTATeNnbHBIX cpeaax. B ormiuue or
HHX, (aKymbTaTHBHELS TAPBIUTEI MOTYT Pa3BHBATBCH HA HCKYCCTBEHHBIX
MHTATENBHBIX CPEAaX, XOTs K OYE€Hb CIIOXKHOIO COCTABa, BKITIOYAIOLIErO
MACHOH aBTOTM3AT, HATHBHYIO KPOBb WJIH ChIBOPOTKY, HaGop BHTAMHHOB
nT Ao

Kpome nBpasutos, x rereporpoiam orHocuTcs Gonmbluas rpymna
canpoduTHbIX GaxTepHii (OT Fped. SBPros - rHwol, phyton - pacrenmue),
KOTOPbI€ TaKkKe pasBHBAIOTCA 32 C4ET TOTOBBIX OPTAHHYECKMX
coennuenuii. B oTnuume OT mapa3wuTOB, CanpOUTB  HCMOMBIYIOT
OTMepILHE TKaHH PBCTeHUI M KHBOTHBIX, TIPOAYKTHE
JKUSHENEATEIbHOCTH pa3Hbeix opraHuamoB. B. Jl. OmensHckuit Hassan
3Ty rpyniy GakTephi «MOrHMIBIIHKAMY OPTAHHYECKOTO MEpaY.
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6.4. HOTPEBHOCTH MHKPOOPIAHH3MOB B
AONOJHUTEJIBHNX MHATATEJBHERIX BEHIECTBAX

ToTpeOHOCTH MUKPOOPTaHH3MOB He OrpPaHHYHBAKOTCA HAIIMYHEM B
TIHTATENIBHOH CPEAE MCTOYHHMKOB SHEPTHH W JIOHOPOB 3fiexTpomos. [nx
POCTa H PAsBUTHA MX TPEOYIOTCH TAKKE MUHEPANLHBIE ITEMEHNIbL, @ LI
HEKOTOPEIX ~ TAK HA3HBAEMbIE POCMOBLIE GEI4ECEd.

MHHEpPaNbHBIE  3J€MEHTBE. KonueHtpaunu  3nemenTos
MHHEPANbHOIO TINTAHUA, HeOGXOJ:[HMHe ANA  MakKCHMAJIBHOI'O pocra
MHKPOOPTraHH3MOB, PBINIMYHEIC WUIA Pa3HBIX BHAOB. TaxHe M3 HHX, KaK
tdocop, Marmumii, kanuii TPeBYIOTCS B CPaBHHTENBHO GOMBLIHX
konuuecreax - 0,2-0,5 r/n. OHH Ha3bIBAIOTCA MaKpPOSNEMEHTAMH.
MHKpOosneMeHTsI - MOMUGAEH, LIMHK, MEAb, KOGAIbT U APYTHE - HYXHbl B
O4€Hb HU3KKX KOHLeHTpauuax (0,1 - 0,001 mr/x).

MHuHepanbuble  3MOMEHTBI BXOAAT B COCTAB  Pa’nM4HEIX
OpraHMMecKuX BeulecTs KieTkn. Hexoropeie H3 Hux (xene30, cepa, meab,
UHHK) BXOAAT B COCTaB aKTHBHOH rpynnbi depmenTos; comu docdopHoii
KMCIIOTH HIPaIOT HE3aMEHHMYIO PONlb B 3HEPreTHHeckoM obmene
MHKpPOOPTaHH3MOB.

OcroBHOIT PyHKUHE MHHEDANbHBIX 3IEMEHTOB B KJIETKE SBJINETCS
akTuBauus padmruHeix  QepmentoB. Tak, ans  asorduxcupyrommx
Gaxrepuii BakHOE 3HaYEHHE HMEIOT MOIMGIEH, Keneso, xobanpr.
Monu6aeH 1 Aene3o BXOAAT B COCTaB a30THUKCHPYIOLIEH (epMEHTHOI
CHCTeMBI, TIO3TOMY OHH HeoOxoauMbl Ans asordukcaumu. KoBamst
Hrpaer Sonbmyto POJiIb B OKHCJIHTIBHO-BOCCTAHOBHTENIbHBIX pPeakuusx
uuxna Kpebca, axtuempys geiicteue  epmeHTOB TpaHcnopra
3JIEKTPOHOB.

MunepanbHBIe 3IEMEHTHI BHOCATCA B NHTATENbHYIO CPEAY B BHAE
COOTBETCTBYIOWMX COMEH, COCTAB/IALA MHHEPAIbHYIO OCHOBY €€.

PoctoBbie BemecTsa. B a1y rpynmy BewecTs BXOAST BHTAMEEbI,
AMHHOKHC/IOTHI, MYPHHOBBIC H MTHPHMHIAWHOBBIS OCHOBAHHA,
oprasir4eckne XHCOTH, OHH KpaiiHe HEOBXOAMMBI IUIA Pa3BUTHA BCEX
MHKPOOPraHH3MoB. HexoTopbie MMKDOOPTaHH3MBI CHHTEIMPYIOT MX
camocrostenbHo. OnHako zpyrne B npouecce pasBHTHA YTPaTIiM Ty
crniocobHOCTh (WJIM HHKOTHA He obnajamm €10), H TIO3TOMY, YTOOBI
obecrieuuTs HOPMABHOS PASBUTHE MX, HEAOCTAIOLIME COBAMHEHHS HALO
BHOCHTBL B ITMTATENbHYIO cpelly. TakHe AOMOMHHTENbHEIE BELUECTBA
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HA3BIBAKOTCH POCTOBBIMM, MNH (hakTopamu pocra. Hanpumep, nanosxn
tHdha ¥ Gorynmu3Ma HecriocobHBE CHHTe3HpOBaTh TpunTodaH, H Opu
OTCYTCTBHM €I'0 B MHTATENbHOI CpeAe OHM He pa3BuBaioTcsA. TpHnTodaH
ABNASTCA /11 HHUX CYLIECTBEHHBIM (hAaKTOPOM pocTa.

Mukpoopranm3Mel, Hyxpgamomuecs B dakTopax  pocrta,
Ha3BIBAIOTCHA AYKCOTPODHBIMH, a8 He HYXAAIOWHECA - MPOTOTPOGHBIMHE.
AykcoTpodHBIMH ualle BCEro HBIAIOTCA MYyTaHTel rnporotpodos,
KOTOPBIE MOXHO TMONYYHThH M3 NPOTOTPO(OB MyTEM HCKYCCTBEHHOrO
MyTareHesa. Aykcotpodbl OTIHHAIOTCHS OT MCXOAHBIX npoToTpodor
notpeSHOCTBIO B onpeseneHHbix ¢axrtopax pocta. OHM pacTyr Ha
CIOMHBIX ©CTECCTBEHHBIX Cpenax, B COCTAB KOTOPBIX BBOJMTCH
APONOKEBOM  3KCTPakT HMad  (Ans  onpeAeNieHHbIX — aykcoTpodoB)
KYKYPY3HBIH 3KCTPaKT.

PocTOBBIE BeLIECTBA HY)XXHBl MHKDOOPraHHIMaM B HHUYTOMXHBIX
xonugecteax (Mxr/n). OHu 4ame BCero BXOAAT B cOCTAB (DEPMEHTOB H
TIO3TOMY WIPalOT HE3AMEHHMYIO ponb B (H3HONOTMM MHKPOGHOM
xnetkn. Hanpumep, Buramun B);, umne puGodnaenH, comepixutcs B
ABIXaTenbHBIX (epmeHTax - (praBUHOBEIX AErHAPOreHas’ax, NO3TOMY OH
Heobxoaum BceM a3pobHbiM Mukpooprarmsmam. Ho muorme Gakrepun
CHHTE3NPYIOT €ro CaMOCTOSTENBHO H XOpOLIO Pa3BHBAKOTCA Ha
nUTaTeNBHBIX CpeJax, rae 3to  BewecTso orcyrcrayer.Hexoropeie
MOJIOYHOKHCIIblE OakTepuM, CTPENTOKOKKH H CBeTALiuecs OakrepHH
CIOCOOHOCTRIO K CHHTely pubodnaBuHa He obnagaor. OH JO/MKeH
HaXONUTLCA B FOTOBOM BHAE B ruratensHoOi cpepe. Takue Oakrepuu
ABIAIOTCH ayKCOTPOHBIMY 1O pHOOGIAaBHHY.

AHanoru4Hyio (yHKLHIO BBITIONHAET BUTaMHH Bs, HnH BxomuT B
COCTaB ABIXatenbHBIX (EPMEHTOB - NEPBHYHBIX, HIH aHa’pOOHbIX,
HErUAPOTeHa3s - H HWIPAeT BAKHEHIIYIO POk B  OKHMCIATENbHBIX
npoueccax kietku. K HauuHio ero B cpene YyBCTBHTENbHBI 30NOTHCTbIH
CcTaHIOKOKK, MU3SHTSPMITHAA MANOYKa M HEKOTOPbie APYyrHe MHKPOOEI,
He 00nafaiKe CIocOCHOCTRIO CHHTE3HPOBATH ITOT BuTamuH. Butamun
Bg, MM MMPUIOKCHH, BXOJUT B COCTaB AeKapOOKCHIA3 H TPAHCAMMHAZ -
depmenToB, nmeromnx Gonplioe 3HadeHUe B OOMeHe aMHHOKHCIIOT.

IMapaamuroGeH30MHAaA KHCIOTA ABMACTCA POCTOBBIM daxTopom
AN MHOTMX NATOreHHbIx OakTepHil: ITHEBMOKOKKOB, FOHOKOKKOB,
Bo3Oyaureneit  museHrepun. B cpesax, He  comepKammx
napaaMUHOOEHIOMHYIO KHCIIOTY, 3TH OaKTepHH Pa3MHOXKATbCA HE MOTYT.
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Kucnora meobxonuma MHKPOOPraHW3MaM UL CHHTE3a (ONUeBoi
KHMCIIOTHI, IyPHHOBBIX OCHOBAHMH M P#AIA aMHHOKHCHOT (CepuH,
FHCTHAMH, THPO3HH U MeTHOHMH). [lapaammuHoGeHz0MHas KuCIOTa
COOEPHHTCH B 3HAYHTEIbHEIX KONHYECTBAX B APONOKAX H IE4EHH
YKHBOTHbIX.

PocroBriMH (aKTOpaMH HEKOTOPBIX MHKPOOPTAHM3MOB ABIAIOTCHA
TaKkKe  aMHHOKHCIIOTHI. InyramMuHOBas  KHCIOTA,  HanpHMep,
CTHMYNHPYeT POCT TIeMOJHTHYECKHX  CTPONTOKOKKOB,  TAJOYKH
cHOHpPCKOH #3BB, FOHOKOKKA; WHCTHH #BNfeTcs (Pakropom pocra ans
Proteus morganii ¥ 1. A Paag MHKPOOPraHM3MOB HYX/I2eTCA B
MYPHHOBHIX M MUPHMHIHHOBBIX OCHOBAHHAX. JTa NOTpeOHOCTs GonbLie
BCEro BHPAXSHA Yy MONOTHOKKCHBIX GakTeprii.

HcTouHHKAMH POCTOBBIX BEIECTB MOTYT CHYXHTh 3KCTPaKThl H3
OpPraHOB XXMBOTHBIX (TI€4eHb, CEPALIE), PACTEHHIT (CEMEHa U MPOPOCTKH),
a TaKe H caMux GaxTepHabHBIX Ten.
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Fnasa 7
METABOJIN3M IIPOKAPHOT

MeraGoan3m, wiu obmen BewecTs, cKnaibiBaeTcs M3 ABYX
B3aMMOCBA3AHHBIX NpoueccoB - karalonm3mMa H  anaGonnsma.
Kamabonusm - 310 (PePMEHTaTHBHOE pACINEIUIEHHE  CIIONKHBIX
OPraHHYeCKHX COEIMHEHMI, OCYWIECTB/SAIOIIHECS B KIJETKE 3a CYer
peakiiu  oxucneHus. KaraGonnam conpoeoxpaercs ocBoGoxACHHEM
BHEPTMM M npeobpa3’oBaHHEM €€ B XHMMYECKYI0 (opMy docdaTHEIX
cesizeii AT WITH ApYrHX MAKPOIPruYecKux cBsseil.

Arnaboausm - 310 CHMHTE3 OpFaHHYEeCKHX COCAHHEeHHI - OenkoB,
HYKIIEHHOBBIX KHCNOT, JUIMIOB, TONHCAXaPUIOB - M3 NpPOCTHIX
NPEAIIECTBCHHUKOB, NMOCTYNAIOMUX B KIETKY H3 BHELIHeH cpempl WiH
obpasyrommxcs B npoiecce karaGomama. Ilpoweccs! CHHTE3a CBA3AHBI C
noTpebneHHem cBOCOOHOM 3HEPrMM, KOTOpas JfiS  OPrauM3MOB
nocrapisercs ATO wiu ApyruMy MAKpPOIPrHYECKHMY COSNHHEHHAMH.

Karabonmusm u anaGoiu3M NPOTEKAlOT B KIETKE OIHOBPEMEHHO M
COCTaBIAIOT CYIHOCTh MeTabomu3Ma (puc.7.1.).

V 6akrepuit THNEI MeTaGOIM3MA ONIPENGMAIOTCA HX CIOCOBHOCTBIO
HCrONb30BaTE COOTBETCTBYIOLIME HCTOYHMKH SHEPIMH H CHHTE3HPOBATH
OCHOBHBIE TIPOMYKThi OOGMEHa.

7.1. KATABOJM3M H 3HEPI ETHYECKHUE NPOIECCHI

XH3HE MHKDOOPraHM3MOB, KaK M BCEX MAPYIMX OpraHM3MOB,
CBA38HA C HENpEPHIBHLIM  PACXOAOBAHHMEM  SHEPruH.  IHeprus
HeobxoaMMa IJIA NEPEHOCa BEINECTB B IIETKY, IVIA OCYIECTRIEHHA
ABWXKEHHS M IAaBHEIM 00pasom JAs CuHTE3a OPraHMHEeCKHMX BELIECTB.
Bce peakunn GuockHTEsa 3HIOTEpMHUECKHE, T. €. OCYLIECTBISIOTCH C
norpebnennem sueprun. IlosTomy, 4ToOE! KNETKA MOrfa CHHTE3HPOBATH
HEOOXOZIMMEBIE KOMIIOHEHTHI, PpeaKMH aHabonM3Ma J[OKHBI GHITH
compsDKeHsi (CBA3aHb) C peakUHAMH KaTaGoNH3Ma, NpPH KOTOPBIX
BBLICJ/IACTCH SHEPrHA. CBAL OCYILECTBIACTCA NMOCPEACTBOM 06pa3OBaHHs
npu KaTafonu3Me Takux coeluHenul, kak AT® (azeHosuHTpudochar),
VYT® (ypuaunrprdocdar), LT® (uurupmurpudocdar), auenin-
k03H3uM A (aueTHn-KoA) - akTHBHpOBauHas yKCyCHas KHCIOTa.
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Puc. 7.1. Cxema meraGonusma Gakrepuit

LieHTpateHOE MECTO B 3HepreTHdeckoM MeTabosH3Me 3aHMMaeT
AT®, KoTopas #BIAETCA OCHOBHBIM ZIOHOPOM cBOGOmHOM 3HEPTHH B
GHONOrHyeECcKHX CHCTeMaX. ITO COCNMHEHME NErKo OTHaeT 3HEPrHIoO M
GricTpo pereHepupyet, NpHYeM OTAAET €€ Me BCIO Cpasy, a TOPUMAMH.
IostoMy AT® Grula Haseana «pasMeHHOH BATIOTOH» 3HEPreTHYECKOro
MeTabonHIma.

Kax sumno w3 npencraenenmoli gopmynss, ATD - coemunenme
HYKJICOTUIHOrO THNA, ColepaKallee TPH OCTaTKa (GochOpHOM KHCIOTHL
llpudeM [Ba KOHLEBEIX OCTATKA CONEPHKAT MAKPOIPruveckHe CcBA3M,
KaX/as u3 KOTOphIX 3akmodaer - 34,5 kJli/Monb, TOra Kak SHeprus
OGErHOM (pochaTHOH CBA3H COCTABNAET TONMBKO - 9,6 KIDK/MOJTE.

B 60-x rogax XX e. aurmmiickum Groxummkom Iutepom
Murseriom  Gpla mocTynHMpoBaHA, 2  noOTOM  KOKasaHa
XeMHOCMOTHYECKAA THIIOTE3a, COFNACHO KOTOPOH B KJIETKAX CYHIECTBYeT
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BTOpas yHuBEpcanbHas (opma CBOGOOHOH KIETOYHOM 3HEPrHH -
BNEKTPOXMMUYECKAS, i SHEpPrus BMEKTPOXUMHHUECKOTO
TpaHcMeMOPaHHOrO rpajveHTa HOHOB BOAOpoda, oBo3mauaemoro

CHMBONOM A/Jl{ H  uaMepsemoro B BombTax (B, MB).

OnexkTpOXMMHUECKas 3HeprHs obpasyercs B peayssrare paGoTh
STIEKTPOTPAHCTIOPTHOM Ueny, (YHKUMOHMpYIoWEH NpPU AbIXAHHH H
¢orocunTess. Ipu TpaHCHOPTEe 3REKTPOHOE HA LMTOMIAIMATHHECKOM
memBpane co3naeTcs TPAHCMEeMBPaHHBI! IPaAHEHT NPOTOHOB BOXOPOJA
B CHJTY HEPAaBHOMEPHOrC HAKOILIEHMA MX MO 00e CTopoHbl MeMOpaHhl -
HapyxHO# W BHyTtpenneH. Ha unrormnasmarnueckoil memBpane npu

yHKUKMOMHHPOBAHHN ABIXATENbHOM LEH ApH< nocturaer 230 mB.

Oueprus TpancMeMGPAHHOro NOTEHLMANA MEPBOHAYATBHO MOSBNACTCH B
BNEKTPOXMMUHIECKOI Gopme, 3aTreM npH ydyactuu H'-3aBucumoro AT®-
CHHTETa3HOro ()epMEHTHOrO KOMIUIEKCA MOMKET MNpEBpallaThC B
suepruro ATD. Iror (epmeHTHBIF KOMIUIEKC JIOKANH3OBaH B
UMTOTIASMAaTHYeCKOH  memOpawe H  obDecrieduBaer  B3aMMHOE

TpeBpaleHHe AByx GopM KIeTOMHOM sHepruu ( A; o = ATO®).

Xummdeckas aneprus AT® ucnonb3yercs NMPEUMYILECTBEHHO B
peakuyax OHOCHHTE3a, MPOTEKAOMMX B  LMTOTUIA3ME  KIETKH.

InexTPOXHMHUECKas 3HePrHa Tpancmembpannoro morenumana (A g l‘If)

o0ecreyHBaeT NPOLECCH], NOKANM3IOBAHHBIE TONMBKO Ha MembGpate:
NOCTYTINIEHHE BELUECTB B KIETKY, yAaneHHe NpOAyKTOB merabGonmama,
obpaTbiii TPaHCIIOPT SNEKTPOHOB ¢ BoccraHoBnenueM HAZ (),
paboTy ABHTaTeNnbHOrO anmaparta knerkd (y TIOABMOKHBIX GaKTepmii).
Hopmanbras xusHenesTenbHOCTs GakTepuii, KAK H APYTHX OPTaHHIMOB,
©00ecreHHBASTCA HAHYHEM B KIETKS 3HEPrHH B TOH W JAPYTOM JErKo
MOBHIIHM3HpYeMOit (opMe.

BOnblIMHCTBO MHKPOOPFaHH3MOB —NONYHAKOT 3HEPTHIO  NpH
PacIIEIICHHH  Pa3NH4YHbIX OPTaHWYeCKHX BEIIECTB -  YTJIEBOAOB,
AMUHOKHCJIOT, IHIUAOB H APyTHX, MOoTpeblseMbix H3 BHEIIHEH cpeanl. B
KIETKe 3TH BemecTBa TOABEPraloOTCs OKMCIEHMIO 4epe3 psa
MOCNIEAOBaTeNbHEIX (DepMEHTATHBHBIX peakumii. B ocHoBe mMx nexHT
nepeHoc  anexTpoHoB. Peaxuuu OKHCIIEHHS  COMPOBOMAAKOTCA
BBINENEHHEM 3HEPruM M ob5pa3zoBaHMeM GoNee MPOCTHIX COGAMHEHHH,
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CHYAINWX MCXONHBIM MaTepHaloM s IpoueccoB OHOCHHTe3a.
XemonutorpodpHbie CAKTEPHH TONYYAIOT SHEPTHIO ITyTEM OKHCJIHMSA
HEOPTAaHHYECKHX COGAMHEHWH, TaKMX Kak CepoBOAOPON, aMMMaK,
HUTPHT, MOJEKYMAPHBIN Boaopoa ¥ Ap. OKHCieHue OCYLOECTBIAETCA B
npouecce a’pobHOIO MM aHa3pPOOHOro AbixaHus. B apixarenbHoi uenu
ryrem okucauTensHoro Gochopunrposanns obpasyerca ATO.

Yriesoabsl K8K HCTOYHHK JHepraw. J[na GonblMHCTB2
reTepoTpoioB OCHOBHBIM HCTOYHHKOM 3SHEPIMM SBJIFOTCA YTIEBONBI
Paciierinesne yrneBogOB MHKPOOPTaHH3MbI MPOH3BOAAT Pa3NMMuHBIMH
MyTAMH, B KOTOPBIX BaXXHEHUIMM IPOMEXYTOYHBIM [POAYKTOM,
3aHAMAIOLIMM  KITIOHEBYIO TO3MLMIO, HBISETCH NHPOBHHOTPAaIHAA
kucnora (Tmpysar).

K HacrosilueMy BPEMEHH y MHKPOOPTAHH3MOB XOPOLUO HM3Y4EHO
TPH OCHOBHEIX IyTH PaCIiEIUIEHHS YTIEBONOB. rekcozoauochaTHeiii,
nieHTo3odocdarHsii H ryTh IHTHEpa - Hynoposa.

T'excosoougpocghamueit nyme (rnuxonus), win myTe ImGpeHa-
Meiieproda-Tlapuaca (OMII) aBnsercs rnaBHbIM [yTeM, IO KOTOPOMY
paculerisier yraeBoAs GONbIIMHCTEO MHKpooprannuimoB. [Ipeepaiexue
YTJIEBOAOB TNIMKOIHTHYECKHM MyTEM HaYHHACTCA € (ocHOpHIHpOBaHMA.
Mpu yuacthu  ¢epmenta rexcokumaser #  AT®  rmokosa
ochopHnupyeTcs NO WIECTOMY YriaepoOAHOMY aTtoMmy C obpasosanuem
rmoko3o-6-pocdata. ITo akrmsnas dopma rmokossl. OHA CHyXHT
HCXOAHBIM MPOAYKTOM NPH PACLISTUIEHHH YIIEBOAOB MOGBIM M3 Tpex
YKa3aHMBIX ITyTeH.

TpH rmnkoamse rimoko3o-6-pocdar H3omepusyerca B pykToz0-6-
tdocar, satem non neiicTerem (PpykToKHHA3B (ocOpPHIHPYETCA TO
niepeoMy yraeponHomy atomy. O6pasosaswmiics audocdarusiit adup
caxapa nop aeiicteueM (EPMEHTa ajlbIONA3bl JIETKO PAaCNanacTCs Ha ABe
TpHO3s:: (pochornuuepHHOBBIE anbaerux W AHOKCHauerondocdar.
Peakuin  Mexxay oOpa3oBaBIIMMHCA  COSAMHEHMAMM  OOpaTHMBI:
auokcnauetonocdaT nox peiicTBHEM H3IOMepaidbl NpPeBPALIACTCA B
dochormuepuroBrit  anpaerun,  DPocHOrNHUEPHHOBBIA  ANBAETHA
nprcoemHHseT ocTaTok (OoCPOPHO KHMCIOTE M mpeBpallaeTcsa B
AudochOrTHUEPHHOBBI atbAerH:
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B nansueliilieM NMPOMCXONMT ZErHApPHpOBaHue OOpa3oBaBLIErocH
aneneruna  HAJl-conepxkaiuelt nermaporenasol, B pesyabTaTte. uero
obpasyerca 1-3-mudochoriHiepuHoBas Kuca0Ta ¥ OCBOOONAAETCH
SHEPrus, HCNonb3yemas iuerkod s cuutesa ATO. [lpu ydacTuwm
focdornuuepatkntassr  Goratas sueprueii  docdatHas  rpynma
nepeHocuTcs Ha AJIQ, obpasyercs 3-¢ocdornuuepunoBas KMCIOTa H
AT®. [Ilpomcxomut ¢ocdopimposaHue ua ypoBHe cyberpara
(docdaThas rpynma or omsoro cybcrpara Tiepefaerca wa ApYroi).
3-pocornuuepuHoBas  KMCIOTa  [oj  HeiiCTBUeM  (hpepMeHTa
¢ochornuuepoMyTassl  mpeppamaerca B 2-hocdormuuepuHosyo
KHCIOTY. (PepmeHT 3HONAa3a npeppaiaer 2-hochornuiepHHOBYIO
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KHC/10TY B 2-0c$ONHpOBHHOrPaAHYIO KHCJIOTY (3HOABHYIO dopmy). Ha
nocneHeM 3tane  Moaexysia  GochonMpoBHHOrpagHOM  KMCHOTHI
pacuenigercs ¢ obpasoBaHHeM MHPOBHHOrPAIHON KHCIOTHL, (ocdar
npucoeaunsierca Kk AJI®, npeppamas ero B AT®. Ha crammm
o0pa3oBanus MHPOBHHOIPALHON KMC/IOTHI 3aKAHYHMBAETCA AHA>pOGHAd
¢hasa npespaileHHs YIJICBONOB, Ha3LIBaeMad IITHKOIMTHYECKON. B 3ToM
nporiecce obpasyerca Beero 2 MOJICKyJb! NiHpyBara, 4 Monekyabl AT® u
2 momexymst HAJI * H (+ H'). Ho Tak kak gBe monekynsi AT®
NEPBOHAYANEHO  3aTPAYMBalOTCA HA  (ocGOpHAMPOBAHHE TIeKCO3bi,
obumit ebixon AT® npH npeBpalieHMH OHOM MONEKYJIbI FITIOKO3bI
COCTAaBNACT 2 MONEKysl. MakcHManpyoe KONHYECTBO —SHEprvH,
TIONy4aeMoe KIETKOM NpH OKHC/IEHMH OfHOM MOMEKyNbl YTJIEBOJOB
THUKONMTHYECKHM TTyTeM, paBHo 47000 kan.

Henrosodpocharuniit nyTs (myTe BapGypra-Iuxenca-Xopekepa)
OKHCJICHHA YFJIEBOLIOB IIMPOKO PacHpPOCTPaHeH y MHOMMX OpraHH3MOB,
HO Y MMKDOOPraHH3MOB OH OBUT OTKPRIT TOnbKO B 1940-1950 rr.
TleproHAYANBHO ITOT MyThL MPEBPAILEHHS YFIeBONROB 6bLT YCTAHOBNEH
BapGyprom u KpucruanoM y SpHTpOLMTOB M ApoNoked, 3arem
OKasajioch, YTO OH XapaKkTepeH [Uis BCeX BHIOB ceMelicTpa
Enterobacteriaceae u apyrux Gakxrepuii.

Oxucnenre rexcos nmeHTo3opochaTHLIM IyTeM COCTOHUT H3 CepHK
peakuuh, Kaxaas H3 KOTOPBIX KATAJIH3HPYETCA TNOCHCAOBATENLHBIM
AciicTBHeM pana depMerToB. KOHEYHBIME TIPOAYKTAMH 3TOrO mpoiecca
anngiores 3-pocdornunepunosriil ankaerun M putoso-5-pocdar.

Flenrosodocdarhbiii MyTh pacIIEneHHs IJIIOKO3bI MOeET GbITh
TIpEACTaBAeH CheayiomuM obpasoM (puc.7.2). Hcxomuuiii mpomykT
rmoko3o-6-gochar  permapupyercas ¢ obpazosanuem  pocdo-
TJIIOKOHONIAKTOHA, KOTOpHIM  3aTeM ruaponMsyerca no 6-gocdo-
FJIIOKOHOBOH KHC/IOTHL. POoc(OMIIOKOHOBAN KMCIOTa B JANLHEI{IeM
OKMCIISIETCA TyTeM NexapGoKCHIIHpOBaHHA depes pubynoso-5-pocdar ¢
obpasoeanneM muGo puGo3zo-5-pochara, nubo kewmysoso-5-pochara,
KOTOphIE€ MOrYT MpeBpamarTsca B FMMUEPHHOBRIM anbaerun. Ilocnenumii
[JIHKOJTHTHYECKHM TYTEM NMPEBPAIIAcTCA B NHPYBAT M rexcosodocdars,
CHOBa BKTIOHarOTCA B unki. O6pazobamne puGysiossi U pubossi myTeM
OKHCITHTCIBHOIO  JIEKApOGOKCHIMPOBAHHA  BBIABJIEHO Yy  MHOPMX
MHKPOOPraHH3MOB.
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3uauenne nesrozodpochaTHOro MyTH cocToMT B OBecrieYeHHMH
KIETKH HCXOAHEIMH BemlecTBaMH Jisi OHOCHHTesa. OG6pasyomuecs
neHTo3opochaTel SRAAIOTCA NPENIIECTBEHHHKAMEH HYKICOTHIOB H
HYKIEHHOBBIX KHCnoT. Kpome Toro, saxHas OyHKOMA DEHTO30-
¢ocparnoro myTH 3awmodaerca B cHaGwenun Kknetku HAJI® ° H,
HEOOXOMMEIM  JUIA  OCYIIECTBIEHWS BOCCTAHOBHTGIBHBIX peaKumil
6uocunTesa. Kax MexaHH3M MO/ySeHHA SHEPruM 3TOT MyTh B JBa pasa
MeHee SOQEKTHBEH, HeM TNMKOIHTHYECKMH: HA KAKIYIO MOJEKYIy
roKo3sl  obpasyerca Monekyna AT®. Ou paccMatpusaerca  Kak
OOMNOJIHMTE/ILHBIA IyTh OKMC/IEHHA YIJIeBOAOB. JT0 KaK OBl CLIYHT»
FITHKONHTHYECKOTO MyTH.

Oy  Surnepa-lynoposa (KAQI-yts)  oTkpHIT Yy
MHKpoopraHusmMoB B 1952 r. OH MeHee pacnpocTpaneH, “Wem [Ba
TIPENBUTYIIHX M BO3MOXKEH JIMIIb Y HEKOTOPEIX Ipynn npokapwor. Ilo
STOMY TNYTH OKHC/ICHME YIJIEBOLOB TIPOM3BOLAT 3HTEPOGAKTEPHH,
a3010b6aKkTep, KIyGeHLKOBLIE GaKkTEepHH, OTAEIBHBIC IICEBIOMOHANEI M
YKCYCHOKHCIIbie GaKTepHu.

IlepBEIM NMpOYXTOM NaHHOIO TMYTH ABAAECTCA MoKo030-6-docdar.
OHa neruppHpyercs 10 6-(ocOrmOKOHOBOM KHC/IGTBL 3aTeM HOCHE
Aerupparaiiuy o6pasyercs MpOAYKT, XApaKTepHBIH TOALKO JUIA MyTH
SurHepa-JlynopoBa - 2-kero-3-ne30KcH-6-HoChONTIOKOHOBasS KHCIOTa
(KO®I'K). Tocnenuas paciqenniseTca Ha nHpYBaT H 3-pocho-
TIHMUCPHHOBBIA  aNbJETHJ, KOTOPHIH Moa JelictBHeM (epMeHTOB
TIHKOMK3a TMPEBPAIlACTCS BO BTOPYIO MOJEKYJly IMPOBMHOIpPAmHOM
KMCIOTH:

rmokosa + ATO —rmoko30-6-$pocdar ——» 6-pochormoronar —>

2—xero-3-nmccn—6—¢oc¢ormonomr_|:: pyBat
3-dochormaueprnoprii
anbaeryn.

Ipu oxucnenuu omoit Monexyns rmokossr  KI®T: ~IyTeM
obpasyerca opHa monekysia AT® u pe monexynst HAZI® * H. Bror myThb
O0ECHIEUNBAET  MCMIONB3OBAHME  MUKPOOPIaHM3MAMH  [JTFOKOHOBOW
KHCJIOTH,
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TakuM 06pa3oM, OCHOBHEIM KMIOYEBLIM MPOLYKTOM paciierUIeHHs
YrICBOAOB pa3HBIMH IIyTSMH SIBASETCA IHPOBHHOIpaiHai KHCJIOTa,
KOTOpad mpH y4acTHH (EPMEHTOB TMipeBpallaeTcsi B  paziMuHbIE
HHTEPMETHATSI.

TlonHoe OKHCTEHHE MHPOBHUHOrPAIHON KHCIOTH HNPOKCXOJMT B
HKIIe TPHKAPGOHOBRLIX KHCAOT (unkn Kpebca) M NBIXaTe/IbHOM LENH.

IHKa TPHKapGOHOBLIX KRCIOT. Brimouenyio HHUPOBHHOIPaTHOM
KHcnoTel B unki Kpefca npemuectsyer okuCieHHe ee 5O auerwi-
ko3H3uMa A (KoA). D10 OCYIUECTBNAETCA B PE3yJIETATE CJIOXKHOMN
PeaKUMH, COCTOAICH M3 OKHCIHTEIBHOPO AeXapGOKCHIHPOBAHHS
TINPYBATa # aKTHBMPOBaHMsA 0OpazoBABHIErOCA aueraTa NnpH NOCPENCTBE
KoA. Oxucnenue nupoBumorpagHod Kacaotsi fo  auern-KoA
KaTa/TH3UPYETCA NIMPYBARTACTHAPOreHa3sHOM CHCTEMOI:

CH;COCOOH + KoA - SH + HAL" ——»
_—‘)CHTCO“' S - KoA + HAﬂ'H;*CO;

Auetun-KoA nop nelicrsMem uMTpar-cumTassi  Berynaer B
PC2aKUHMIO  CO  [IABENEBOYKCYCHOM KMC/IOTOH, 00pa3sys JIHMOHHYIO
KHCJIOTY, KOTOpas ABJIAETCS OCHOBHBIM 3BEHOM LIMKI/IA TPMKApGOHOBBIX
KUCTIOT (pHe.7.3). JIAMOHHAS KHCIOTa MpeTeprieBaeT psJ NpeBpalleHn
H B pesyibTate ofpasyercs O-OKCONIyTapoBas KHC/OTa. Peakims
AerBIPHPOBaHUA H30HMOHHOM KHCJIOTH CONpPSDKEHAa c
BOCCTaHORNIEHHem onHoM Monexymst HAJ] no HAJTH. a-oxcornyraposas
KMCIIOTE B CBOIO  OUEpe/b  NOABEPracTCA  OKHC/AMTEILHOMY
ACKapOOKCHINpOBaHMIO C  oOpasoBaHmeM cykiumunn-KoA. Dro
COSTMHEHHE CONEPIKUT BhHICOKOSHEPIeTHYECKYIO THO3)HpHYIO cBa3b. Ha
ClefylOWEeM 3Tane nMKIa THOXPHpHAs CBA3b  CykuuHHWI-KoA
paspuiBacTCi, ofpasyerca sHTApHAA  KMCAOT2  (CyKUMHAT), a
OCBOGONIAIONMIAACA 3HEPrHA HCTIONb3yeTCA i cuuresa AT® us AJID u
HeopraHudeckoro ocara (y muportbix pocdopunupyerca ne ATD, a
[T®). CnenoBaTe/bHO, B AQHHOM CJyYae HMEET MECTO cy6erparHoe
ochopunmpopanme.

Suraphas KHCJIOTa OKHCJIACTCH B nanbHeHmeM
CYKUHHAT/IETHAPOreHa30H o dymapoBoit kuciorel. Flocnegnss mnon
DeHcTBMeM (ymapassl ruaparHpyerca ¢ oGpaloBaHMeM S6MoTHO
KHCJIOTH, KOTOpa [IOCPEACTBOM JErHAPHPOBAaHHS IIpeBpamlaeTcs B
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IaBEJICBOYKCYCHYIO KHC/IOTY. T4 peaKkiMa 3aBepluaeT NoHei obopor
UMKNa  TpUKapOOHOBBIX KHCIOT. 3aTeM NpPOMCXOIMT KOHAEHCALMSA
ofpazosasmielics MoNEKyNbI LIABENEBOYKCYCHOM KHCIOTBI C ApYrof
MonekyJiol aueTHn-KoA  3armyckaercs caemyrommii 060poT wHKIa.

NUPEBUHOP pamyian
KHeAOTA

Auerun- Kod

EaBenenoykCYcHaS
HAll-Hy ~. Kpenora NMMOHKESA RHEAOTA

HaX
AdAcvnas orTa UMO=AKOEHTORAR KMCAOTA
B0
5P \.
SYMAPOBAA UWOXCTA
Ky M3omUMORKASR KMoXOTA

oM D
AfzapHan KnoAOTA HAJ 8)- nz

"

2
i uhnuuomapnun RUCAOTH

EAX-Hy

Cyn-m—lmw::myuponm xuulnu

¢ N\
0, Koa

Puc. 7.3. Iu TpUKapOOHOBBIX KHCIIOT

B pesynsTate ognoro oGopora muiia obpasyercs 3 MoneKyJinl
HAX " H, u 1 monexyna AT®.

Lluxn TpHKapbOHOBEIX KHMCNOT OGeCHeYHBAET MOJNHOE OKHCACHHE
NHPOBHHOrpagHOH KHCIOTH o CO; m H;O. Kpome Toro, B 1ukie
TPUKAPOOHOBHIX KHCIOT OOpasyerca psi MHTEPMEIMATOB, KAK O-
OKCOTNyTapoBas, WIABE/ICBOYKCYCHaA, AHTapHas, (yMapoBas KHCIOTEI,
KOTOphie HeOOXOMMMBL V1 GHOCHHTETHYECKHX mpoueccos. To3ToMy He
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TONILKO a3po0Hl, 8 AaXKe CTPOrHe aHaspolnl COAEPXKAT MHOTHE (EPMEHTBI
3TOro UMKIa.

Takum 06pa3oM, OCHOBHBIMH MeETAOOIHYECKHMH MY TSAMH,
TNpPUCYIUMK TIOYTH BCEM MHKPOOPIaHH3MaM, SABJAIOTCA: TTIHKOIH3,
KOTOpbiH IPOTEKAET B LHTO30/€ M BBLINIOJIHAET [BE BaXKHbiE QyHKUUM -
pacierser riokosy ¢ obpasobanreM AT® u nocraBnser yriepomusie
CKeneTb!  MoneKysl Ann  OuocHuTesa; neHtosodocdaTHBiT  myTh,
MpOTEKAIOLMHA TAKKE B HHTO30/€ M BLINOJHAIOWMH JIBEé OCHOBHBIC
Gynxumu - renepuposaine HAZI® * H 11s BOCCTAHOBUTEILHEIX peaKumii
OuocunTesa M obpaloBanne pubozo-5-docdara mia  cHHTE3a
HYKNEOTHIOB, LHMKI TPHKApGOHOBBIX KHCIOT, (YHKLIHOHHPYIOM
HCKIOYMTENEHO B MeMOpanax. OH OCyIECTBIAeT 3aKIIOYHTENbHBIE
3Tankl OKHC/ICHHA HCTOYHMKOB JHEPrMH - YTJICBOAOB, aMHHOKHCIOT,
OpraHM9ecKuXx KMCJOT.

7.1 1. Jeixanue MuKpoopzanuzmoe

Jsixanue - meraGonngeckuii npouecc nporekaomuil B KIeTkax ©
OCBOGCOKEHHEM 3HEPrHH M reHepuposaikeM AT®, B KoTOpOM
KOHEYHBIM aKLENTOPOM 3/IEKTPOHOB (BOLIOPO/A) CITYXAT HEOpraHWuecKue
coequueHus. B 3aBHCHMOCTH OT KOHEYHOTO AKLEMTOpa 3JIEKTPOHOB
pasnHualoT aspobHoe H aHa3poOHoe Apixanue. [py a3poGHOM AbIXaHHH
aKLermopoM BOAOPOAA SBISETCA KHMCIOPOA, NpH aHa’poGHOM -
HEOPraHUYECKHE OKHC/IEHHBIE COSIMHEHHA THIIA HHTPATOB U CyJib$haros.

Ajspobuoe auixanne. B kauecTBe 3HEPreTHHECKOro cydeTpaTa s
JBBIXATENIbHOr0 MeTabo/IM3Ma MHMKPOOPraHH3Mbl HCTIONB3YIOT MHPOKHI
KpPYT NPHPOAHBIX coenmHenmii. He3aBUCHMO OT CIOXHOCTH CTPYKTYpsl
okucisieMoro cybcrpata MOTPEONCHHE €ro B Ka4eCTBE MCTOYHMKA
3HEPrHH OCHOBAHO HA OJHOM M TOM € NIpHHIIMIIE. TOCTENEeHHOoe
pacImieryieHHe o ofpa3oBaHMA IIPOCTHIX COEAMHEHHH, CNOCOGHBIX
BCTYNaTk B peaxuMM LHKIA TpHKapGoHoBBIX KHcnor. Takkm
COCAHUEHHEM OCHOBHBIX METAGOIMIECKHX Ty Tel SBISETCS MUPYBAT.

OxuceHue nupysata NpH aspoGHOM [BIXAHHA OCYINECTRIACTCA B
yukne Kpefca, B KoTopsiil OH nocTynaer npH nocpeactse auetun-KoA.
[NonHoe OKHCNEHHE ero NPHMBOIMT K OCBOOOKIEHHMIO [BYX MOJEKYJ
YTJIEKHC/IOTH M BOCEMM aTOMOB BONOpoZa. AKUENTOpOM BOJAOPOHA, Kak
YKa3aHO BeilD€, y aspoOubix Gakrepuii sBnserca kuonopoa. Flepenada
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BOOOpOAa (3MEKTPOHOB) Ha  KHC/IOPOJ  OCYINECTBISEICA  depes
TIOC/NEOBATENIBHYI0 LENb MOJIEKYJI-NEPEHOCYHKOB, TAK HAa3BIBAEMYIO
JBIXATENEHYIO UENb, HIIH Lenb TPaHCIIOPTAa 3JIEKTPOHOB:

Cyb6erpar —— HAIl' H, — Pnasorporenn —» Kodepment O —»
— HuToxpom B —— Llutoxpom ¢ —» LjuroxpoM aa; —» O,

JlbixaTensHad Lenk NPENCTABIAET COOOM CHCTEMY NpOCTpaHCT-
BCHHO OpPraHH30BaHHLIX MOJEKYJI-NEPEHOCYHKOB, OCYMIECTRIIAIOMMX
TIPEHOC 3/ICKTPOHOB OT OKHCJAeMoro cyGcrpara K akuentopy. Oma
pasBHTa y a3poGoB i QaKyIFTATHBHBIX 8H&POGOB, TONBKO Y MOCHEAHMX
TEPMHHAIBHBIM AKUENTOPOM 3JIEKTPOHOB, KPOME KHCJIOPONA, ABJISIOTCH
HHUTPaThl U cynbdaTei.

KoMnioHenTamMy  OpIXaTeNbHOM  UenM, JIOKAIM30BAHHBIMH B
MemOpaHe, SBASIOTCH TAKHE MEPCHOCUMKM GeNKoBOM NpMponbl, Kak
¢bnasonporenass, FeS-GenkH, LUMTOXpOMEL, H HeGeIKOBOM npMpons: -
XMHOHB (YOMXMHOHBI, MenaxuHoHbi). HAJI(M)-3aBHCHMBIE AeruI-
porexassbl, OTIIEIUIIONME BOAOPOA OT OKHUcCifgeMoro cyGerpara -
pacTeopuMiie  (EepMEHTHY; (IABONPOTEHIHLIE AETHAPOTEHa3hl MOryT
HaxonuTeCA nubo B Membpane, nuGo B pacTBOpuMOH ¢QopMe &
UHTONNA3ME.

@napornpoTeHAbl W XMHOMBbI OCYILIECTBIAIOT MNEPEHOC ATOMOB
Bofiopofa, a FeS-Genxum M HHTOXpoMBl - 3/exTpoHoB. Tak Kak
MeMOpaHHBIE CHCTEMBI, CONEPXAINME T[IEPEHOCYHKH  DJIEKTPOHOB,
TOrpY>XeHbi B 1{HTOIUIa3MYy, TO HMEETCA MPAMOE B3aHMOJEHCTBUHE MEXKIY
JBIXaTeIbHON Lenbio, © OHON CTOPOHBI, M OKHCISEMBIM cyOcTpaToM,
AI® u neopranmueckuM $ocdaToM umTOILIA3MEL - ¢ Apyroit. Taxoe
CBOGONHOE B3aUMOJEHCTBME [BIXATENILHOM WLEnM C  IHTOILIA3MOH
ONMpEAENIACT  OTJIMYMTEABHBIE  OCOGEHMOCTH  (YHKUMOHHPOBAHUA
[BIXaTeJIbHOrO annapara NPOKAPHOT OT 3YKAapMOT. TaK, AbIXaTelbHbLIE
HeNH TNPOKAPHOT Menee CTabMABHLI 1O COTaBy MEPEHOCYMKOB
3JIEKTPOHOB M 3HEPreTHYECKH MeHee 3¢ dexTuBHEL B mpixaTensHol Lenu
3YKapHOT MMEIOTCA TPHM YYAcTKa, Ii€ POMCXOAHT BhiGPOC MPOTOHOB M

reHepupoBaHse — A gt » Y GOBIIMHCTBA NPOKAPHOT - TONBKO OAHMH-

J(Ba y4acTKa, T. €. CyMMapHbIH BBIXO/l 3HEPTHH Y TIPOKAPHOT HUKE.
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QYHKIMOHHPOBAHHE  [bIXaTe/IbHOH LEMH  OCYLIECTBIAETCA
ChexyIomuM obpasoM. Bonopox  okuchseMoro cyGerpara,
ocBobONIeHHBIH B peakuMax puiia Kpebca wim MoBHam30BaHHBIN
nenocpeacTBenHo HAJL (H;)-3aBHCHMBIMH AerHAPOreHa3aMy NepeaacTcs
B JIBIXGTeSbHYIO Uenk HAa (naBUHOBbIE IETHAPOTEHAshl, 3aTeM Ha
yOHXHHOHBI. 3Kecr aToM BOAOPOAA PpAacCIieIUISECTCA Ha MPOTOH H
3nexTpod. [IpoToH BHIiENSETCA B Cpedy, NICKTPOH KIEPEaacTCca Ha
CHCTEMY 1L[MTOXPOMOB JI0 HHTOXpOMOKcHAa3kl. OHa Nepenaer 3JeKTpoH
Ha KHC/IOPOA-TEPMHHANBHBIA AKUEeNTop, KOTOphi aKTHBH3HPYETCA H
COEJHHAETCA ¢ BOAOpOOM, oOpasys Boxmy M mepexucu. Ilocnemxme
pasnaraloTca KaTanasod Ha Boay M kuciaopon. [lepeHoc 3neKTpoHOB
NPUBOMHT K 3HAYHTEHOMY M3MEHEHHIO CBOGOTHOMN 3HEPruH B KIETKE.

Pacuersl 3HeprerHueckoro GanaHca nokasaigH, 910 MpH
pPACINETUICHMH IIHOKO3bl [IHKONMTHYECKHM (IyTeM M Yepes L{HKI
TPHKapOGOHOBBIX KHCJIOT C TIOCJIEAYIOIMM OKHC/IEHHEM B biXaTeTbHOM
ueny 0o CO, u H,O Ha kaxabpii Mosis rimoKospl ofpasyerca 38 monei
AT®. [lpuueM MakcumanbHoe konauuecTBo ATQ® obpasyercas B
JbiXaTeAbHoH uenu - 34 Mons; 2 Mons - B SIIM-ymu 1 2 - B HITK.

Beriy Gonsmoro pasHooOpasus GEpMEHTHBIX CHCTEM, BXOAAUIHX
B [BIXaTENbHYIO LENb, OKHMCIASEMBIX CyOCTPaTOB M TepMHHAJILHLIX
akuenmopos y Oaxrepuii  cymecrByer Gonbmoe — KOMMHECTBO
pa3HooOpasHeIX JnIXaTenbHbix uyened. Tak, B ABIXaTEBHOH UeNH
YKCYCHO-KMCIIbIX  6GakTepul OTCYTCTBYIOT LIHTOXpOMEI @ + a3
meryaporerasst. —»C  —C; —A; —0,. Eme Menbmmi HaGop
KOMIIOHEHTOB HMeeT JbixaTensHas uens Agrobacterium tumefaciens:
HAH — pemmgporenaza —»Q —C —0, J[lpixatenbHas uens
KIyGeHpKoBEIX Gaxrepuii M a30TobaKTepa XapaKTepH3yeTCs HanuiHeM
Pa3HOoOGPa3HBIX IMTOXPOMOB: ACTHAPOreHa3bl — b—> c— a—» a3 >0,
VKOpOUEHHbIe HBIXATENbHBIC LENH XapaKTepHbl A MHorux Gakrepuii.
B sHepreruueckoM OOGMEHE OMH MeHee nojiesus aia Gakrepwit ws-3a
HH3KOro Bbixona ATQ.

BromomupecneHas. Y Hekorophix Gaxrepuil CymecTByer
OTBETB/ICHHE OT OCHOBHOPH AbixarenbHOM uenH. Onextponst or HAJL
nepefalorcs He Ha AL, a Ha OMH ($1aBOMOHOHYKIEOTHI).
IMocnemuuii pearmpyer ¢ depmentoM moundepasoli, KHCIOPOOOM M
aNpAETHAOM NANBMHTHHOBOH KHCI0THL. Jhoundepasa (JI) kaTanusupyer
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PEaKLMIO BOCCTAHOBHTE/IEHONO anbaeruna (AHz) ¢ AT® (npomyxr 31o#
PEAKLIMM NIPH NOCIIEIYIOIEM OKHCICHHH HCITyCKaeT BHAWMBIH CBeT):

A “H; + AT® + J1—> JTI* AH, + OO (docdar);
1" AH,~AM® + O, —> CBeT + OKHC/ICHHBIH MPOIYKT.

3Ta peakuHs MNOJy4HJa Ha3BaHHE «CBETIAYKOBON» H3-3a ¢e
HajMaus y cBemiauka Photinus piralis. Ee mcnonesylor s
KOJIWYECTBEHHOro onpeneneHus AT®, NOTOMYy YTO HWHTEHCHBHOCTE
CBCYCHHA HAXOIMTCA B NpAMOMN 3aBHCHMOCTH OT KosmdecTtBa AT®.

Mexanu3M GHOMOMHHECLIEHIIHH COCTOHT B TOM, YTO B PE3yJIBTATE
B3aumonelcreus O®MH c moumdepasoif, KACIOPONOM H aNbJerHIoM
3IEKTPOHBI B HEKOTOPHIX MOJIEKYJIaX MepexolaT B Bo3byxaeHHoe
COCTOAHHE H BO3BpalLEHHE HUX Ha OCHOBHO# YPOBEHL CONIPOBONKIACTCA
ucryckaHueM cBera. OOpazoBaHus ATQ® npH JIOMMHECUEHUMH He
MPOHCXOAMT. Tloaromy 3 deKTnBHOCTL (GYHKIMOHUPOBAHUA
AbIXaTeNEHON LENM CHHIKACTCH, T. €. KICTKa He MoydaeT BeeH SHEpruH,
3aK/IIOYEHHOH B OKMC/IIEMOM CyOCTpaTe, TaKk KaK YacTh €€ NPEeBpPaLlaeTCs
B CBETOBYIO.

Caedenue GbiBACT TEM HHTCHCHBHEE, 9€M JIYYllie YC/IOBHA a3panHu
KynbTyphl. CBetsiuecs GaKTEpHH SBJAIOTCA BECHMa YyBCTBHTENbHbBIMH
MHIHKATOPAMH MoJleKyJdpHoro kucinopona. M. beiepnuk npumensn
ceeTamHecs OakrepuH B KAYECTBE MHAHKATOpa MU OOHapyXeHus
KHciopofa mpy GakrepuanbHoM ¢GoTocHHTe3e (B Te BpeMeHa He ObUIo
M3BECTHO, 4TO GakrepuaneHbIi GorocuHTe3 Mporexaer Ges BbLIEIEHUA
KHCJ0pOAa).

CriocobHOCTEIO K OMOMOMHHECHEHUMH o00napaior  ¢axynb-
TaTHBHO-aHa’poOHble MOpcKHe Oakrepuu, obbemuHeHHbBIE B pon
Photobacterium (ceersmpeca OGakxrepum).B a’poGHBIX yCNOBHAX OHM
OKHC/ISIOT OpraHMyeckue cyOcTpaTsl © HMCIyCKaHHEM JIyHHO-roiy6oro
cBeta. bHOmOMEMHECcueHUMs paccMaTpHBaeTca Kak NpHcnocoBieHue
HEKOTOPBIX MMKpPOOPraHM3MOB K 3aIMTE OT BpPEAHOro MACHCTBHA
KHCJIOpOZa.

Henoanoe OKHCACHHE. BoneinuucTRO a3poGHBIX
MHKPOOPraHH3MOB B MpOLECCE MABIXaHMA OCYINECTBIAIOT TOJIHOE
OKHC/IEHWE YIJIEBONOB 1O YIJIEKHCAOTHI W Bonel. [IpH  3ToM
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BbICBOOONAAETCA BCA BHEPrud, 3aKIOYeHHaa B cybcrpate. Ilpumepom
MOXET CITY>KHTH OKHCJICHHE TNIIOKO3bI ]'IEKBPCKHN[H HAPONOKAMHM!

CeH 205 + 60— 6CO, + 6H,0 + 688500 xan.

OnHako OKuCTEHHE MOXeT EbiTh M HENOMHBIM. ITO 3aBHCHT OT
anJ0BOH NPHHAVIEKHOCTH MHKpOGOB H ycnoemit passutus. OOn4HO
HETIONHOe OKHCNeHHe HabmoniaeTcs npH H3GHITKE B CpeNe YrJIeBOAOB M
HenocTaTke kucnopona. KoHeunbiMi npoayKTaMy HEMOTHOrO OKHCTIOHHA
ABNAIOTCA OPraHUYecKHe KHCNOTHI, TAKHE KAK YKCYCHAs, JIMMOHHAs,
dymapoBas, rmokoHoBaA H 2p. THOMMHBIM NPHMEPOM HENOJHONO
OKMCNEHHA fBIAeTcs oOpasoBaHHE YKCYCHOH KHCNOTHI H3 CHHpPTa
Gakrepusamu poaa Acetobacter:

C,H;OH + O, —» CH;COOH + H,O + 118 xaxn.

3TOT CKHCIHTEIbHBIE NPOUECC HCMONB3YETCH MHKPOOPraHH3MaMH
ans nonmyueHus 3HepruH. [IpH HenoJHOM OKHCNeHWH oOpasoBaHue
MaKpo3pruseckux ocaTHEIX CBA3SH MPOHCXOAUT B NMPOLECCE NEepeHoca
3nekTpoHoB. OnHako obLMH BHIXOA 3HEPrHM NPH 3TOM 3HAYMMTENLHO
MEHbLIHH, YeM MpM TOMHOM OKHUCJIeHHH. YacTh 3HEPrHH OKHCIIAEMOTO
HMCXOAHOTO CyGcTpaTa CoxpaHserca B OOpasylOUMXCS OpraHHYecKMx
KHCIOTaX. B CBA3H C TeM, 4TO CXOAHEIE KHCIOTH (ARTAPHAAL, MONOYHAN)
obpasyrorcs npH 6POXKEHHH YTIIeBOJOB, HENQTHOe OKMC/IEHH® HA3bIBAIOT
COKUCTHTENbHLIM  Oporkenuem».  OTnHYHTENBHOH  OCOGEHHOCTHIO
HEMOIHOTO OKHCNEHWA ABJISETCA YHACTHEe KHMCIOPOAA B  PeaKuuax.
[No3romy a3pauus - HEOOXOAMMO® yCIOBHE OOPA30BaHKA OPraHMYecKuX
KUCIOT MHKPOOPraHH3MaMH, YCTBHOBJIEHO, 4TO 0OOpasoBaHHe O~
[NyTaMHHOBOH KMCIOTH Gakrepusmu (Corynebacterium glutamicum)
MPOHCXOAMT TONBKO B CTPOro a’pobHeix ycnoBHsX. [Ippyem BrXOA
[aHHOM AMMHOKMCJIOTH Moxer Obitb oueHp BricokuM - 0,6 mMons
TITyTaMHHA Ha 1 MOlb HCTIONB3OBAHHOMN TITIOKO3E!,

MHUKPOOPraHU3MBl, PA3BUBAIOIIMECA 33 CUET IHEPTHH HETIONHOTO
OKHMCJIEHMs, HCRONB3YIOTCS B MHKPOBHOIOTHYECKOH NPOMBILILIOHHOCTH
AN NOTY4EHHs OPraHAYeCKHX KUC/IOT, B TOM YHC/Ie H aMHHOKHCIIOT.

Aunopobuoe abixanne. B aHadpoOHBIX yCrnoBHMAX, T. € INPH
OTCYTCTBHH MOJEKYISPHOrO KHCNOPOAS, HEKOTOPhie MHKPOOPFaHHM3MEI,
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Takue kak Micrococcus denitrificans u1 Gaxrepuu pomos Desulfovibrio u
Desulfotomaculum B ka4decTBe aKUENTOPa BOAOPOA3 MCIIONBIYIOT
OKHCIIEHHBIE MHEPaNbHbe COSIVMHEHHS - HUTPaThl, CynbdaThl, KOTOphE
NErko OTHAIOT KHCNOPOX, MPEBPaIiasCh B BOCCTAHOBIECHHBIE (GOPMbI.
TpoxgykTaMi  BOCCTAHOBNEHHA  HHTPATOB  CIAYXHT  HHTPUT |
MONEKYJIAPHBIH a30T; Cynb(aThl BOCCTaHABIMBAIOTCH IO CEPOBONOPOAA H
npyrux coemunenudt. OGpasosaBlumecs BOCCTAHOBICHHBIE NPOXYKTH
BBIAGMUAIOTCH M3 KIeTKH. OKHCIeHHe OpPraHH4ECKOrO BELUECTBA B
aHa’poOHBIX YCMOBHAX TMNPOHCXOAMT IMYTeM NerHIpOreHHMpOBAaHUA.
OTwennsemsil BOROPOA, MOCTYNAET B ABIXATIBHYIO LIEMb M FIEPEHOCHTCA
Ha cooTBercTBYyrommi akuenTop. KoHeunas peakuus karanuampyercd
HHUTPaTPeayKTa30H. IMocneauss B aHa’pOOHBIX YCTIOBMAX
(GYHKLFIOHHPYET KaK LIMTOXPOMOKCHIA3A.

HuTpatpenykrasa senserca nHayumbensrHbiM Gepmentom. CuHTEs
€2 NPOUCXOIMT TONBKO B AHAIPOOHBIX YCIOBHAX NP HANMYMH HUTPATA.
Kucnopoa MHruOHpyer CcHHTE3 HHTpaTpeaykTasel. [lpu Hammamm
HHTpaTpenyKrTassl B kierke (ecnu GaxTepuH H3 aHa3pOOHLIX YCIOBHMH
MepeHoCcATCs B adpobHbie) KHCIOPOA KOHKYPHMPYET C HMTPATOM 32
3NEKTPOHB! B J[ABIXATE/NBHOW LEMM, nojaBnfds TeM caMbiM  (QyHKLUMH
nanHoro (epmenta. Bor nodeMy HuUTpaTHOE H Cynb(arHOE ApIXaHHE
OCYIIECTRIIAESTCA TOMBKO B AHAIPOOHBIX YCIOBUSAX.

CriocoBHOCTE MHKPOOPraHH3MOB — HCIIONB30BAaTh B  KauecTse
aKLeNTOPOB 3NEeKTPOHOB HUTPAThl H Cy/ibdaThl NO3BONAET MPOH3BOMAHTD
MM MfONHO® OKHcneHue cybcrpara #  MOJy4uare TAKHM NYTEM
HeOOXOQMMOE KOMHYECTBO 3Heprus. Tak, AeHHTPUGHUHDPYIOLIHE
GakTepHH NPH HMTPAaTHOM ABIXAWHMH TPOHM3BOAAT IIOJIHOE OKHCIEHHME
OPraHH4YeCKHX CyOCTpaTOB, BBIXOI JHEPruu mpH 3ToM Toeko Ha 10%
HIDKE, 4eM NpH aspobrom mprxanuu. O6pasoeanue AT npoucxonuT B
pesymstare HocHOpHIHPOBAHNSA B ABIXATENBHOM LIEMH.

7.1.2. Bposicenue

Bpoxkenue - hepMEHTaTHBHOE PaCIIENIEHHE YIIEPOACOAEPIKALTHX
OPraHHYeCKHX COSXUHEHHH B aHAPOOHBIX YCNOBHAX, MPOHMCXOAALIES ¢
BBIAEJIEHHEM 3Heprud. B NpOTHBOMOMOXHOCTE aHAIPOOHOMY ABIXAHKIO
aKUENTOpOM BOZOPOAA mnpH OPOXEHHH #ABNAIOTCA OPraHHYECKHEe
COSAHHEHHsA, ODpasyioMecs B PeaKUMIX OKHCIeHHA B ornxuse or
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HENONHOr0 OKHCIIeHHA, KOTOpOe€ HMEET CXONCTBO ¢ OpoXeHHeM no
obpasyiomuMcs  NPOAYKTaM, KHCIOPOL B peakuMsx OpOMKeHHd He
Y4acTByeT.

JI. Tacrep (1861) mucan: «JKu3He BoaMoxHa u 6e3 kucnopona, 3a
cuer Gpoxenns. Bpoxenue ecth cnocob cymecrBosanna Gaxrepuii 6e3
BO3/yXa». AHaspoOHEIE MHMKPOOPraHM3MEBI [OTYY2I0T 3HEPrHIO IyTEM
OpOXEHHA 3HAYHTENBMO MEHBUIYI0 (npuMepHo B 30 pas), 4eM mpu
a3poOHOM ABIXaHWH.

Bce ocHOBHBIE THITBI GPOXKEHHE HAYMHHAIOTCH C TJIMKOIHTHYECKOTO
PaclieruICHHs YITICBONOB M HIYT OJWHAKOBO 1O O0pa3zoBaHHA
nuposuHorpagHo kucnorsl. OOpa3syiomuics B mMpomecce IIHKOIH3a
HAJI " H B aHa3pOo0OHBIX yCIOBHAX HE MOMET GhITh OKMCIEH KHCIOPOIOM,
Ho Tak kak oH HeoOxomMm i Mertabonu3ma KIACTKM, TO A
perevepauny HAJI 6akrepuu ucnosnb3yioT MUpYBaT wid o5pa3oBaHHB®
H3 HETO COSHHEHHS.

JI. Tlacrep (1861) mucan: «XKu3ub Bo3MOkHa U 6e3 KHCAOpOaa, 3a
cuet Gpoxenus. Bpoxenue ects criocob cymecrsosanus Gaxrepuin 6es
BO3qyXa». AHaXKPOOHbIM MHKPOOPraHH3MBI MOMYYalOT 3HEPIHIO MyTEM
OpoMeHHA 3HAYHTENIBHO MEHbLHE (npumepHo B 30 pa3), 4eM npw
a3po0HOM OBIXAHHH.

Bce ocHoBHBIE THITEI GpoXeHuit HAYHHAIOTCH C TIIMKOIHTHYECKOTO
pacllelUieHHA YITIEBOIOB ¥ HAYT OAHHAKOBO 1O 00pasoBaHHA
NMHpOBUHOIpamHoM KuchoTel. OOpasyonguiics B mponecce IIHKONH3a
HAJT" H B anaspoOHBIX YCIOBMAX HE MOXET GRITh OKUCITEH KHCIOPOAOM.
Ho T1ak Kak oOH HeoOxomuM mna MeTabonusma KAETKH, TO IUIs
perevepaunH HAJ Gaxkrepuu uCNoNB3yIOT MUPYBAT WM OBpA3OBAHHEIE
M3 HEro coenHeHHi. B pesynbrare B cpelly BbIASISIOTCH PaTHYHbLIE
20CCTAHOBHTE/IBHBIC ITPOLYKTEI - CAIMPTHI HITH KHCJIOTLI.

XapakTep npeBpallieHus NTHPOBHHOTPAZHOH KUCIOTH 3aBMCHT OT
crieundHky Mukpoopraumsma (puc.7.4). Jpodoxu, OCYIIECTBAAIOLIHE
cnupToBoe  OpoxeHHe OpPH  [OMOIMH  NHPYBaTAeKapOOKCHIA3b,
PACIIEILIAIOT MUPOBHHOIPaAHYIO KHCNOTY HA YKCYCHHI aIbJerHa U
CO.. VxcycHeill anperul CIyXHUT KOHEYHBIM aKLElTTOpoM BOAOPOna K
BOCCTAHAB/IMBACTCA B 3THJIOBBIA CITHPT:

CH;COCOOH ——> CH;CHO + CO,
CH;CHO + HAJI" H* + H* —» C;H;OH + HAJL

161



MacisHOKUCIBIC GaKTEpHH HCHONB3YIOT YKCYCHBbIH anbjeruj,
npespailas ero MmyTeM KOHASHCALMH B MaCIAHYIO KHCIIOTY.

fipormonosas
xzgEeTa
Mypasspwnan Auwrapres
(3 KNCXOTR
e —————
¢ M MNadasnan
ENCxXOTR EmexOTA xROOTE xmONOTA
finrapwas Froyouas Troycnan
xnozoTE L TE ERCEOTS
Troyouan Iravon Aneron
REOXOTR
byrauex
Deemex
Eyranznox

Prc. 7.4. [pespainesse MHpYBaTa NpH Pa3iMIHEX THIIAX GpoKeHns

T'oMOdEepMEHTATHBHBIE MOJIOYHOKHCIIBIE GaKTepHH HCHONBE3YIOT B
Ka4ecTBE  aKIenTopa  BoHopona  MMPOBMHOIPafHYIO  KHCOTY,
BOCCTAHAB/IHBAA €€ JO MOJIOYHOM KHCIOTbI

CH;COCOOH + HAIl*H ~—» CH;CHOH " COOH + HAQl

Jdpyras rpynna MHKDOOPTraHHM3MOB - Terepod)epMEHTATHBHBIE
MOJIOMHOKHC/IbIE GaKTepUH - MOXKET HCNOIE30BATh B KAYECTBE BKLEITTOPa
BOAOPOAA ¥ FHMPOBHMHOTPAJHYIO KMCIOTY, M YKCYCHEIH asbierua.
TlosToMy nipu GpoXKeHUM YITieBOAOB OOpasylOTCA Pa3IHYHbie KOHEYHbIC
MPOAYKTHI: MOJIOYHA] KHCITIOTA, STHIOBLIH CITHPT, YKCyCHAs KHC/OTa,
BOZIOPOJ, YIVIEKHCAOTa. 318 OCOGEHHOCTh MOJOYHOKHCIBIX Gakrepuid
CIY)KHT OCHOBOM Ul pa3fiefleHHs MX Ha romMo(epMEHTaTHBHBIE W
rerepodepmeHTaTHBHEIE.
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7.1.3. Ocrosusie munst 6poycenun

Tlponykrel GpokeHus M3BECTHBI 3EJOBEKY C HE3aNaMATHBIX
BpPEMEH, XOTS MCTHHUAA NpHHHHA 3TOro ABAeHHA Oblla ycraHorneHa Jl.
Tacrepom Ton6KO B 1861 1. On OTKPBUT TP OCHOBHBIX THIIA GPOXEHHA:
CITHPTOBOE, MOJIOMIHOKHCI0€ H MAaCJITHOKUCIOE. Bpox(eﬂmo
NO/BEPralOTCH Pa3/IMMUbIC OPTaHHYECKHE BEMECTBA, H B 3aBHCHMOCTH OT
HX NpUMpOZbI W CBOHCTB MHMKpoOa MOXHO MONY4aTh T€ HIM HHEIE
MPOIYKTHI.

K Hactosiiemy spemesn HauGollee MOAHO W3YYEHBl MEXAHH3MbI
cOpaxuBaHna yrneponos. B. H. 1lIanolmHUKOBEIM H €ro COTPYITHHKaMH
yCTaHoBJicHa  ABYX¢asHocTs OpoxeHwa yrnesonob. B mepsoi dase
TPOHCXOANT MHTEHCHUBHEIH GLOCHHTE3 BCIIECTB IIETKU M3 YIJIEBOJOB U B
cpenie 06pasyIoTCs OKUCTEHHBIE NPOXYKTE GpoXeHus.

Bo BTopoii daze GuockHTes KIE€TOMHONO MaTepUaia 3aMeIAeTCH,
a B cpeae MOABIAIONCH Oojiee BOCCTAHOBNEHHBIE MPONYKTHL. Boc-
CTAHOB/IEHHBIMH TNIPOAYKTaMH OpoXkeHHs Moryr OwiTh  paznHumbie
CIMPTHI, OPraHKUHMECKHE KHCIIOTHI, 21€TOH, OyTaHon U Apyrue BeiecTsa.
Pasnuuaor cnimpToBoe, MONOMHOKHCIIOE, MACHAHOKHMCIOE, MPOMHOUO-
BOKHCIIO M ApYTHe BHAB! GposKeHus.

Cnnaprosoe Gpoxxenne. C6paxupanue YrieBonoB
MHKPOOPraHM3MaMK 10 3THIOBOTO CIHPTa W YIJIEKHCIOTHI COCTABIIAET
CyLIHOCTH  CIIMpPTOBOro  OpokeHus. BosOymurensmMu  cnuproBoro
OpoXeHHs ABNAIOTCH JPONOKH - OJHOKIETOYMBIE 3YKAPHOTHBIE
MHKpoopranssmel. Hexoropsie GaKTEPHH B aHaPOOHbIX YCIOBMAX TAIOKE
CrocobHEl  OCYIECTBILATh CrIMPTOBOE OpoXeHHe, HanpwuMep, Sarcina
veniriculi, Erwinia emylovora. DHepruio nomy4aior nytem copaxupanms
YINIC200B, NP KOTOPOM a CPEi¢ HAKAaIUIMBACTCH 3THJIOBBIA CIIMpT,
YKCYCHas M MOJIOMHAs KHCIOTA, BBLAEIAETCS YIIIEKUCBIH ras, BOAopoa.
O6a Bupa OGakrepuii OCYnCTBASIOT pPavIoKeHHE TIIIOKO3bI IO
THPOBMHOIPA/IHOM KHCJIOTBI TNMHKOMMTHYECKHM ITyTeM, Jajiee CIeayioT
PeaKkuHM  neKapOOKCHIMpOBaHMA NHPOBMHOrpamHOM KHCIOTHL  mo
aUeTAIb/IETHa H BOCCTAHORNICHHE NOC/IEAHEro JO 3THIOBOrO CIIHPTA.

T'etrepodepMeHTaTHBHBIE MOJIOMHOKHCTHEE GakTepuun o00pasyioT
CITMPT K3 FIOKO3EL, PACHIEIUINA ee 110 neHTo30docdaTHOMY ITyTH.

BeifeneHHas W3 coka araBel Oakrepua Zymomonas mobilis
BBI3BIBAET COHMPTOBoe OpoXeHue IMOKO3bI, pasjaras €e no ImyTH
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OuTtHepa-Jlymoposa (KA -nyts). OOpaszopaBiuMiics nupyBar Nexap-
GOKCHNIMpPYETCH, 3aT€M BOCCTAHABIMBACTCH B JITWIOBRI CAMPT H
yIJieKHCABIH ra3. Beixon npomyKToB OpOXEHMA He OTIHYacTca OT
TAKOBOIO MpPH OpoMeHHH NO IJIHKONMTHYECKOMY TMyTH, HO 3HEpruu
BBUIE/IAETCA B IBa pa3a MEHbINE, HeM TIPH IJIMKOIU3e: Ha ONIHY MOJIEKYTy
cOpaxxeHHOH rIOKO3b1 OOpasyeTca onHa Monexyna AT®. llupoxoe
MPAKTHYECKOE MpHMEeHEeHHe B MPOH3BOLCTBE CIHHPTa MHEKPOOHO-
JIOFH®ICCKHM ITyTEM HMEIOT JIPOXOKH. OTo0 OOHOKJICTOYHLIC HENOABMIKHBIC
MHKPOOPraHH3MBI C OBaJIbHOR MM 3/LMniconanbHoi GopMoit KieTok.

Jiporcku - a3pobbl, 3UEPTHIO MONYYAKT B MpoLiecce AbIXaHHA, HO
B aHadpoOHEIX yCIOBHAX OCYIIECTRIAEOT CIHpTOBOE OpoXeHue,
paciierLifs YIJIEsos! IO INIMKOIHTHYeCKOMY Iy TH. B ycnoBuax aspaumu
[POLIECC CAHPTOBOro OpoXerns FIoNaRIAeTCd H AKTHBHPYETCH NbIXaHHe.
[TonaBnienue criupToBOro GpOXEHHS KHCIOPONOM TONYYWIO HA3BaHHE
«pbexra ITactepan. «Opdext Ilacrepan paccMaTpHBaerca Kax
Pe3ysIbTaT KOHKYPHPYIOIEr0 B3aHMOAEHCTBUS 3HEPreTHIECKUX MyTeH, B
YACTHOCTH, IJIMKOSIH3a M [AbIXaHHA, (QYHKIUHOMUPYIOUWMX Yy HPONOKEH.
OpuyiM B3 TposBieHHMH ABNAETCA KOMKypeHima 3a AJI® w
HeopraHudecknii  Qocdat Mexny CyOCcTpaTHbBIM H  OKHCIMTENbHBIM
dochoprnupoBaHuem. Ilpu TNIOHHIKCHHH BHYTPHIUICTOMHOMN
korneHTpatms AJI® u @D, TOPMO3MTCA PACIUEIUICHHE IJIFOKO3bl H
ofpa3oBaHHe crMpTa.

Jponokn LWHPOKO pacnpocTpaneHs! B npHpoae. OHu BCTPEevaloTcs
Ha pyKrax, sronax, pacTeHHsX, B noO4YBe, Bo3ayxe. Jlpoxoxu
NORPAa3AENAIOT HA KyJIbTYPHbi€ H Aukue. K KynbTypHpIM OTHOCATCA Te,
KOTOPhIE MMEIOT TEXHHYECKOE NpHMEHEHHE (HANPHMEP, BHHOTPAJHLIE H
xneGonexapubie). OHHM  XapaKTEepM3YIOTCS  BHICOKOH  OpojUibHOM
cnocoGHOCTRIO. JIMKHE OPOMOKH BOBCE He 00nagatoT OpoAHNBHBIMH
CBOMCTBAMM WIH OHHU CJ1a00 BHIPaXKEHbI.

Bo30yauTensamMu CRMPTOBOrO GPOXEHHN ABIIOTCH IPONOKEBBIC
rpubkn  pona Saccharomyces. Crooza OTHOCATCA BCE  APONCKH,
pUMEHsEMbi€ B IPOMBIIUIEHHOCTH U MOMY4eHHs cnupra. Jpodoku
CIHPTOBONO GpoXKEeHMs AETATCA Ha Pachl BEPXHETO H HIDKHEro OpoxeHus
(BEPXOBBIE H HH3OBBIE).

Bepxosbie HpONOKH pa3BUBAIOTCH IPH  JOCTYMNE KHCIOpOJa,
ofpasys Ha moBepxHOCTH cnalyro meHky. bBpoxeusie wmaer npu
TeMrepaType 20-24° C, COTIPOBOXAACTCA OOWIBHBIM  BBLIC/ICHHEM
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YTTIEKHCIIOTH ¥ 00pa3oBaHHEM NeHbl, APONOKEBBIE IIETKH NPH 3TOM
BRIHOCATCS Ma ToBepxXHocTe cpeani. K  BepxoBmiM npunapnexar
oTneneHbIe pack gpoxokei Saccharomyces cerevisiae. B mukom coctos-
HHH B TIPHPOAS OHH HE BCTPEYAIOTCH.

Jpoxoky HudKHEro GpOXeHHA OCYLIECTBIIAIOT 3TOT MPOLECC NpH
Bonee Huskoii Temnepatype (4-10° C). Bpoxenue mporexaeT criokoiinee
M MeAaneHHee NpH o0pa3oBaHuM KOMMAKTHOrO OCAAKa APOMGKEH.
K Hu3oBEIM ApojokamM otHocaTes Sacch. ellipsoideus.

Crimprosoe GpokeHHe HCHIONBIyerTcs ANA MPOM3BOACTBA CIMPTA,
CAHMUEPHHA, PA3NMYHBIX BHH, B TOM YHCI€ LOAMIIAHCKOrO, NKBa H
KOHbAKa, a Takxe B xnedbonedeHuu. McxoasmM ceipsem Ang nonyueHus
CIIHPTA CNYy>KaT yTrneBOoAbi Pa3THITHOrO NMPOHCXOMIACHHA (Kpaxua.nconep-
ALHE MPOAYKTH -~ Kaprodenb, 31aKH, OTXOABI CAXAPHOH IPOMBILI-~
JIEHHOCTH - MeJ1acca, coaepsxawasg 50-60 %o caxaposnl), MHMPOKO HCNOMb-
3YIOTCH TAKKE CHOPOIH3aThI AOPSeBECHHR, OTXOAbI uemnonoaﬁo—GyMax—
HO¥M NPOMBILLICHHOCTH, TAK HA3bIBAEMbIE CyJIbMTHBIE LETOK2.

B cBA3U € OTCYTCTBHEM Yy HH3OBBIX APONOKel (hepMeHTa aMuIassl
Kpaxmal HerocpeaCTBeHHO He cOpaxHBaerca. [TosroMy npeasapurensHo
TIPOM3BOAHTCA OCAXapHBaHKE €r0 TaK HA3BIBAGMBbIMH OCAXaPHBAOLIHMH
(epmeHTAaMH, K KOTODHIM OTHOCATCS O~ H [-aMHnaskl, HEKCTPUHAA.
Ocaxapusaroimnue hepMeHTs MPEBPAIAIOT KPaXMal B caxap MalbToay,
cOpaxmeaembiii apoxokaMu, HMcTouHUKaMK ocaxapHBAIOUIHX (PSPMEHTOB
ABNIAIOTCH CONOA (MPOPOLISHHOE 36PHO) H MpenapaTs! IIeCHEBHX rputos
ponoe Mucor u Aspergillus. B nocneasue romm conoa BbiTecHAeTca
Gonee axTHBHBIMH (PepPMEHTHBIMH NperiapaTamMu rpHOHOrO NPOMCKOMK-
HEeHHA.

Bpomenne oBpivHo BeayT B kuciol cpeae npH pH 4,0-4,5 (xucnas
cpesa noAaBNseT pPasBHUTHE TNOCTOPOHHEH Mukpodiopsl, ocobeHHO
HEXENATeNBHbIX MACIAHO-KHCIIMX GakTepuil), ONTHMAJIBHON Temre-
parype 30° C u komuenvpaumu caxapa 10-15 % (nommmenne
conepxaHus caxapa 3atpyanseT Gpoxenue, a mpu 30-35 % oHo nouTH
AONHOCTRIO MPEKPallaeTcs).

IMpouecc crmprosoro OpoxeHns waer no nytn mbpena-
Meiieproda, onucansoro senme CyMMapHO €ro MOXXHO Bbipa3HTh ypas-
HEHMeM:

CeH)205 —> 2C;HsOH + 2CO; + 28 kxan.



B menouwHOH cpegé BMECTO 3THIOBOrO CHMpPTa OBpasyercs
rIIHLEPUH U YKCYCHBIH anbaerun:

Cgl‘l]zOs————) C3H5(OH)3 + CH;CHG‘I + Cl 03
CsH20s + 20, + 2AI® —> 2CH;-CH,OH + 2CO- + 2AT® + 2H,0

Ilpu crniuproBoM Opoxensu oOpa3syeTcs SHTApHAS KHCHOTA H
CHBYIIHEIE MAcia - CMeCh aMHIIOBOro, HioamwioBoro, Gyrinosoro u
APYTHX CAMPTOB. '3TO MPOMYKTH JE3aAMHHHPOBAHHA AMHHOKHCIOT, CIIy-
ALIHX MCTOYHHKOM 330THCTOrO HUTAHUA APOKIKEH.

BpoxeHuye OCymecTBNIseTCA B CHelHMaibsHEIX annapaTax - QepmMeH-
Tepax mpu FOCTOsHHOW Temnepatype. CHagana cpeny aspupyior nas
CTUMYNALMH POCTa APOHCKEH, 3aTEM YCTAHABJIMBAIOT aHAdPOGHbIE yC/I0-
sus, Gnaronpusrcryowre Gpoxernio. BpoxeHue BeneTcs fo Tex rop,
FIOKa KOHLICHTPaLuA 00pa3yiolierocs CriupTa He MOAAaBHT POCT APOAOKEH
(10-15 %). Mony4ennas Gpaxkka TMOCTYNaeT B NEPEroHHBIE ANMAPATHI,
rie NpOM3BOOMTCA OTroHKa cnupra. Ilpu opHOpa3zoeoli neperodke
TONY4aeTCA CNUPT-ChipeL] (3TWNOBBIA cnupT U nery4ue npumecu). Ox
HCTIONB3YeTCA [N TOXHMYSCKHX ueneH. Ilpu manewefimedt ouncrxe -
¢paxuMOHHON AUCTHANSLMM - NONy4aeTcs crnupr-pexrudHkar, cozep-
xamuit 95,6 %.

B HacTosImee BPEeMs 3THNOBBIH CIMPT FIONYYaIOT TAKKE M CHHTE-
THYECKHM IYTEM - H3 NODOYHBIX NPOAYKTOB KPEKHHra HeQTH (3Tunena).
CunreTHueckHit cnocob BbiTecHseT OHOXHMMMYECKMH, TaK Kak OH
OBXOAHUTCA Hemerne.

MoJiouHokHC0e GpoxenHe. AHaspobHOe NMpeBpaLieHUe YITieso-
OB NOA AeHCTBHEM MHKPOOPraHU3MoB C oBpa3oBaHHeM B Cpeje 3Hayu-~
TENBHBIX KOMHYOCTB MONOYHON KHCIOTH COCTaBNACT CYLIHOCTD MOJIOHM-
HOKHCJioro 6poxenns. Jtor Tin Opoxenus Goinn HayueH J1. [Macrepom B
1857 r.

YucTy10 KynbTypy MONOMHOKHCIRX GakTepmii BriepBble BBIIETHN
A. Jlucrep B 1877 r. 3 KHCNOro MOJIOKA.

MonouHokHCIEE GakTepHi He COCTABIAIOT 8 MOPPOIOTHIECKOM
OTHOIIEHHH OAHOPOAHYIO rpyrny. Crofa BXOAAT rPAMMAONONHTEIbHEIE
HecriopooGpasyroliye NaNovKH PasHOH IMHHB, OTHOCALIMECS K POy
Lactobacillus # kokkn us poaos Streptococcus u  Pediococcus.
Monounokucisie GaKTepui OTHOCATCA K (akynbTaTUBHBIM aHaspobaM.
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Onu HenopsuxHH, BeCbMa TPeOGOBATEIBHBI K MMTATENBHBIM CpEAaM.
3aBUCHMMOCTE NaHHKIX GAKTepHil OT HANMYMS TOTOBBIX OPFraHHUECKHX
BELUECTB roBOPUT O ¢Jiab0 pa3sBHTRX GHOCHHTETHYECKHX CrIOCOBHOCTIX.
Mriorsie M3 HHX HYXKOAIOTCA B aAMMHOKHCIOTAX, BHTAMHHAX, A30THCTRIX
OCHOBaHMAX. B KadecTBe HCTOMHHKOB 3SHEPrUH  MONOYHOKHMCIBIO
GaxTepuu HCNIO/BL3YIOT Caxapa W CNUPTH. B OTHOLIEHHH YTNEBOZOB ¥
HuX HabrmopaeTcs HOBOJNBHO BbipaXceHHas crReUH(UIHOCTD. OOHH
MCTIONB3YIOT NaKTOdy, ApyrHe ManeTody. Jlaxrtosy norpebasior Gaxre-
PHH, Pa3sBHUBAOLIHECK B MONOKE H MOJIOYHBIX NpPOAYKTaX, MaJIBTO3Y - T€,
KOTOpHI€ COPaXcHBAIOT PACTHTENbHBIE MATCPHAIEL.

Ilo ofpasylommmMcs B npouecce OpoKeHHA  HPOAYKTaM,
MOJIOYHOKHCTIBle  GakTepud  pasfensiorcs Ha  ABE  [PYNMBL
romModiepMenTaTHBHbEIC M rerepobepmenTatuBHbie. K romodepmen~
TATHBHBIM OTHOCATCA ManouxoBHaHbie Gakrepuu poma Lactobacillus m
crpenrrokokkd. Oxu oBpasyloT M3 caxapa TONBKO MOJIOMHYKO KHCIOTY W
He AaroT KakHx-nnGo noSounsix npoaykTos. K rerepodepmeHTaTHBHBIM
OTHOCATCS NAJIOYKOBHAHEIE BakTepuu poana Betabacterium u kokkH pona
Leuconostoc. M Te, m npyrue sBasoTca OOMTAaTensMH pacTeHmilL
FloMHMO MOsIOUHOH KHCNOTHI, OHH OBPa3yfoT M3 caxapa PAA APYTHX
BELLECTB: CIMPTHI, 3(UPEL, YKCYCHYIO KHCIIOTY, BOAOPOX, YITIEKHCIOTY H
ap. Terepodepmenrarusniii crpentoxokk Str. diacetilactis morion-
HUTENBHO NPOAYUHPYST apoMaTooOpasylomlee COSAHHEHHE aleTOHH, WK
aueTHnMeTunkapGHHON, NPHAAKOMI  MONOYHOKHCIBIM  TIPOAYKTAM
MPHATHBIA apoMaT.

Obwan dopmyna roMoepMEHTATHEHOIO  MOJIOYHOKHCIIONO
Opoxerus MOKeT GBITh MPEACTABNECHA CNEAYIOIMM YPABHEHHEM:

CeH;20s —> 2CH3CHOHCOOH + 22.5 kxau.

loModepmentaTusabie  Gaxrepuu pacLuenIsoT CIOKO3y
rIMxoauTHYecKkuM rmyTteM. Monousiokncnoe GpoxeHue AnNs HUX ABIACTCH
€AMHCTBEHHBIM CIIOCOO0M MOLY4EHHs IHEPTHH.

lerepodepmenTaTuBHBIE MONOYHOKHCTBIE BaKTepyu He CONEPIKAT
OCHOBHBIX (PGPMEHTOB [IIHMKONH3A: ajbJonasm u  Tpuosodochar-
usomepassl. ITosTOMy HayainHOe pacLielUieHMe TIIIOKO3bl y HHX
npoucxomuT nio nentosodocharHomy myru. OBpasyromuecs B nponecce
pacuwenienus  (ochormsuepurosbiii  ansaerua ¥ auerwadocdar
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MpEeBpALIAIOTCS B pAa3Hbie KOWEYHBIE NPONYKTel Opoxenns Tak,
Leuconostoc mesenteroides NOMMMO MONOYHON KHCNOTBI OOpaiyer
JTAHON W YINIEKHCIOTY, a NMPH cOpakuBaHHK PHOO3N 3T Ke GarTephs
MPOAYUHPYET MONOUYHYIO KHCIIOTY, VKCYCHYIO H YTTIEKACTIOTY.

Ha monounoxkucnoM  OpOMEHHM  OCHOBAaHO  MATOTOBIEHHE
MOJIOUHOKHCHBIX NMPOAYKTOB - NMPOCTOKBAWIN, Kedupa, aumaopnmina,
KyMbICa, @ TAKKE KBalUEHWE KarlyCrsl, CHIOCOBaHME KopMoB M ap. [na
OPUTOTOBICHHUA MOJOHOKHCIBIX NPOAYKTOB HCIIOJAB3YETCH CBeEXEee
BBICOKOKAYECTBEHHOE NACTEPHIOBAHHOE MOJIOKO HIH CITHBKH, K KOTCPBIM
JIODABAAIOT CBEXYIO KYNbTYPY COOTBETCTBYIOUIMX MOINOYHOKHCIEIX
MukpoopraHuamos. [locnennHe aKTHBHO pa3MHOXAIOTCA, 0Opa3yioT
MOHO‘{HYIO KHCJIOTY M TéM CaMbiM TIOZABNAIOT Pa3BHTHE IHHIOCTHBIX
GaKTepHil, TaK KaK JUIs HHUX KHCHAA CPeJa SABnAeTca HeOnarompHATHOMR
HanpuMep, ans OpPUTrOTOBNEHHA NPOCTOKBALUM MCIIONBL3YETCA MMCTasn
KynbTypa «donrapekoli manouxi» - Lact. bulgaricus. Ona B oramumne ot
OPYTHX MONOMHOKHCIBIX OaxTepuii akTHBHEE OOpa3yeT MOMOYHY
KMCHOTY.

Jiis NpPUrOTOBNEHMA TAKWX MOJOYHBIX MPOAYKTOB, Kak Kednp,
KYMBIC, HOTYDT, HCTIONb3YIOTCH M€ YHCTbIC KyJIbTYPBI, @ HX acCOUMaLHu ¢
npoxcxamu. Kedpup, k npHMepy, roTossT H3 MONOKA, BHOCA B HEro
Kke(QUpHBIE 3epHA, MPEACTABAAIOWHE COCOH KOMOYKH CBEPHYBLIETOCH
Ka3¢HHA M COMepIaLIHe CHMOMOTHUECKHH KOMIUIEKC MOJIOWHOKHCIBIX
Gaxrepuii (Str. lactis, Lact. caucasicum), aposokeil (Toruia kefiri u
Torula ellipsoidea) u psaga APYrHMX MMKPOOPraHH3MOE, BBI3BHIBAIOLINX
MENTOHH3ALIMID MOJOKa. AUMAOGHIMH rOTOBAT IyTeM BHECEeHHMA B
nacrepuioBaHnoe Monoko Lactobacillus acidophilus m  Str.  lactis.
MONOYHOKHCTIBIE OaKTepHM  LIMPOKO MPHMMEHAIOTCH  TAKXKEe  MpM
NPHrOTOBJSHWH Macra H Pa3/H4HMBiX BHAOB ChIpbA,

Monounokucioe OpoxeHHe NEKHT B OCHOBE KBALIEHHA OBOLIEH ¢
3aroToBKu cmnoca BosOymuTensmMmu mpouecca ABAMIOTCH OaKTepMH,
KOTOpBIE HAXOAATCA Ha IMOBEPXHOCTH PAaCTeHMi. ITO MONOYHOKHCIBIE
CTPENTOKOKKH H pazmuuHeie Buabi Betabacterium m Leuconostoc Ha
CHIOC MAET 3eNeHasi PACTHTE/bHAA MAacca - NMCThA CAXapHOHM CBEKIIbI,
KYKypy3bl, JFOLUSpHa, Tpasa. E¢ nnoTHO yKIAABIBAlOT B CHELHAIBHLIE
pe3epByaphl - CHIOCHbI€ OallHW WK TpaHwed. Buauane B 370ii Macce
PasBHBAIOTCA Camble Pa3HOOOPA3HBIE MHKPOOPTAHMIMbI, B TOM HHCIC
MOJNIOYHOKHCTIBiE W THHIOCTHBIe Gakrepun. Ho nmo mepe cOpakneaHmsA
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YITEBONOB, CONEPIKALIMXCH B PACTEHMAX, MPOMCXOMHT HAKOIUICHHE
MOJIOMHOH KHCIIOTH, KHCJIOTHOCTh CHJIOCA TIOBBIINASTCA A0 TYOHTeNBHON
s ruuocTHbIX Gaktepuit koHuenTparu (pH minxe 4,5). Kpome Toro,
B npoLecce AKTHBHOIO POCTa MHKPOOPraHH3MOB OBICTPO HCMONB3YeTcH
KHCNIOPOA M CO3MRAIOTCA aHA3POOHBIE YCNoBHA. Bce 310 NMpuBONHT K
NPEKPALCHHIO PasBHTHA OOMBPLIMMCTBA MHKPOOPraHMIMOB, H B
CIUTOCHOH MACCE HAMHAOT NpeocbnanaTh MONMOYHOKHCITBE CTPENTOKOKKH
u Leuconostoc. Tocnemyrowuii 3tan GpoXeHus OCymecTsiasor Gonee
KHCOTOYCTOHYKBbIE MOIOYHOKHCAbIe Gakrepuu pona Lactobacillus.

MacanHoxHcnoe Gpoxenne. B ornyuHe OT CMHPTOBOrO H
MOJIOYHOKHCIIONO GPOXEHMA MACIISHOKHCIOEe OpOMXEHHE NPOMCXOIHT B
crporo anaspobHeix yenosusx, TunwuHeii Bo3GyanTens ero Clostridium
butyricum  oTHOCHTCE Kk OOJMraTHhiM = aHa3pobaM,  EIHPOKO
PACIpOCTPaMeH B r10MBaX M CTOMHBIX BOfiax. Macnasokucnoe Gpoxente
EbI3BIBA:CT H ApyTHe BHAb avaspobHbIX Bakrepuii. Bee onm criopossie u
orHocares K popy Clostridium. B nportomiasme KIETOK CORSPHHTCA
TIUKOren M rpaHynesa. B kauecTse HCTOMHWKA YHEPTHM MACISHOKHCIIBIE
GakrepHi MCNONBIYIOT PA3NYHbIE YINEBOABL, CAHPTH H KicaoTe. Onu
MOTYT TaKAe HCrONB30BaTh M HEKOTOPHIE MOJMCAXapHaBl - Kpaxman,
AexctpuH, raukoreH. Ilpu Gpoxeruy B npeobnamalolieM KONHYECTBE
ofpasyercs  Mac/iHas — KHCNIOTa, CONYTCTBYIOWHMH  TMPOSyKTamMH
ABJSUOTCS  ITHIOBBIA M OyTHNOBBLIT CNMPTH, YKCyCHas KHCOTa,
YTISKUCIIOTA U BOAOPOA.

MacnsHokuciioe GpodeHue NPOTEKAST TMMKONHTHYSCKHM IIyTeM
HO 0Gpas’oBaHHSA MHPOBHHOTPALHOH KHCIOTH. 3aTeM ClieAyeT KIouesas
peakurs - padiokenwe nupysara o aueTHi-KoA u CO, ¢
obpaszoBanHeM BOCCT2HOBJIEHHOIO theppenoxcuna. Peaxusno
xatanusupyeT (QepMeHT [HPYBaT: (epPPeACKCHH-OKCHAODETYKTA33.
CunTe: MacnsAHON KHCIOTR HAYHHAETCS C KOHIEGHCALHM HBYX MONSKYIN
auerun-KoA npu yuacTau ¢epmenTa THonasnl. B pesynerare ofpasyerca
auercauern-KoA, koTopmii uepes paa (POMEKYTOIHBIX NPOAYKTOB
soccranasnusaercs B 6yrupwi-KoA. Macnssas xscrnora nomyuaercs
fpu mocremyromem neperoce KoA ¢ monexyne SytHpun-KoA Ha auerar:

Bytapuis—KoA + Auerar —> Anerun-KoA -+ ByrupaT (MACISHAS KHCIOTA).
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Ob6pasyrowuiics auerwin-KoA moxker ObiTe mcnonpsosas 4z
curTesa ATd. Macnarokucnoe Opoxenue naer Gonee BELCOKHIt
IHEPreTHYECKHl BHIXOA, Y6M CITMPTOBOE WITH MOJIOUMOKHCTIOE: Ka | mons
cOpoxenHol rmokoser 3,3 mons ATO.

Hexoropeie knoctpunuH, B uactHoctd C. acetobutyricum Hapsiay ¢
MAaCNAHOH KHCHOTOH OGpasyloT B 3HaUMTENBHEIX KOAHYECTBaX OyraHon,
H3OMPONAHO, ALUETOH, T.6. CHOCODHD OCYIISCTBIIATE ALETOHO-6YTHIIOBOS
6poxenue. IlpH 3TOM, BHauane obpasyercs MaClsHas KUCNOTA, 3aTeM Mo
MEpe NOAKHCICHHA CPebi HHAYLMPYETCS CHHTE3 (DEPMEHTOB, HeHCTBHE
KOTOPEIX TPHMBOAMT K HaAKOIVICHHMIO OyTaHona M auyeroHa. Tak Kak
A3HHBIE TPOAYKTBl  SBIGIOTCS  HEHTPaNbHEIMH  PACTBOPHTENAMH,
bpokenne, OCYLIECTBNAEMOE KJIOCTPHAMAMM, npuoGpeno GoibuIoe
TEXHHAECKOE 3HaqeHue. MacnaMokucioe GpoaeHHe HCIONbIYeTCA TAKKE
AN OONMY4eHWA MACIAHOM KHCIOThl, KOTOPafs MPUMEHSETCH B
KOKEBEHHOH  npomsinmreHHocTH.  MoxommeiM  ceipbeM  comyxar
KPAXMAICOAEPAMMe  TPOAYKTHI M OTXOABI  CBEKIOCAXapHOro
NPOU3BOJCTRA.

B npuponHeIx ycNOBMAX MacHAHOKUCTOS OpOKEHME AKTMBHO
MPOTEKAET Ha AHE BOAOEMOB, CONEPKAINMX OTIIOKEHHMA HIAa, M Ha AHE
6onorT, rue HeT MOCTyIa KHCJIOPOAR.

Ilponrorosoxucnoe Opomenne. OOpazoBaMHe MPOTMOHOBOH
KHCHOTEl NpH  OpoKeHMH YrAeBopoB mpHCyme OakTepusaM poga
Propronibacterium. 3T0 rpaMNONOKUTENbHBIE, HEMOABIKHBIE, HE
ofpasyiole cCHop nanouKkoBuaHHe Gaxrepuu. B zaemcumocTn ot
YCOBHAM Pa3BHTHA KIETKH MOTYT MMETs OyNaBOBHIANYIO, BIIIBYATYIO HIH
paseetenenHylo (opmbt  MspecTHo § BHAOB NPOMHOHOBOKMCIBIX
Bakrepuii. Tunoeoii eua - P. freudenreichii. Tpormorossie Gaxrepun
OTIHYSIOTCA OT MOJIOYHOKHCIBIX GONlee COBSPLUEHHBIM KOHCTPYKTHBHBIM
MeT200IIM3MOM, B CBAZM C ueM MOryT PacTH Ha NPOCTON CHHTETHYECKOH
cpefe ¢ aMMOHMHHBIM a30TOM NPH HANHYHMK B cpepe OGMOTHHA W
NAHTOTEHOBOH KHCAOTH. OHH OGHTAIOT B PYOLE H KHILEYHUKE KBAUHbIX
JKHBOTHBIX, Y49aCTBYd B OOPa3OBaHHM XMPHHEIX KucioT. B Boae u noyse
He obnapyxmusatorcs. Iponuonoeokncisie Gakrepuu McnonssyloT B
CHIPOAENHH H MHXPOOHOIOrHYECKOH NPOMBINNICHHOCTH ANS NOMYHEHMA
BUTaMHUHA Boa.

INpom1oroBeie GakrepuM ~ a3poToNEpaHTHHE aHadpodhl. JHEprio
B OCHOBHOM NONY4alOoT mnpH OpOMeHHH YIIeBOJOB, PacilErICHHe
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KOTOPBIX OCYIIECTBISIOT TJIMKONHTHHeCKHM IyreM. Ho xpome 31oro
OCHOBHOIO IyTH y HEKOTOPbIX BHIOB BHIABIEHO HAaNWIHE (PEPMEHTOB
nenro3opochaTHOro MyTH, UHMKIA TPHUKAPGOHOBBIX KHCJOT, 3NIEKTPOH-
TpaHcnopTHo# uenu. OYHKIHOHMPOBAHME I3THX IyTeH 3aBHCHT OT
ycJioBMi# pasBHTHA GakTepuii.

Obpasosanne NPONMoHoBOM KHCIOTH H3 NHPYyBaTé NPOKUCXONHT
ciIoXxHbM myreM (puc.7.5). B ornvume or npeabIyHiHX THIOB
GpoKeMHs 3ECH HMEET MECTO yCJIOXKHEHHE MOJIEKYJibl MUPYBATa 33 cHeT
npuacoenuuenns k veli CO,. [pucoenuHenye yrineKHCaoTsl MpOHCXOMNT
fyTeM KapGOKCHIMPOBaHMs ¢ 0Opa3oBaHMEM AMKApGOHOBBIX KHCJIOT.

fépveam m
BOCG~CH,~C0~CO0M -¢-cR

Orcaroayeman Tpontionisy
- yosm moc-g_-:g‘ TpontzoneaKod
Hom s mosonua fod

EAR
EOOC~CH,~CROR~CO
Jdlasam

Puc. 7.5. IIpespaineHue MMpyBaTa B MPONHOHAT

OTa peakuus UIMPOKO PACIPOCTPAHEHA CPEH BCEX IETEPOTPOPHBIX
MPOKAPHOT, a TaKKe pacTeHUH u XHMBOTHBIX. OHAa MOMYYHJIa Ha3BaHHe
rerepotpodHoN ACCHMHIALAM YITIEKHCIIOTHL. PeakuMio KatamMsupyer
GuoTHH3asMcHMan KapGoxcuTpancdepasa. Ha nepsom 3tane obpasyercs
masenero-ykcyeuas kucrnora (L{VK) v nponHonmikosH3uMm A. 3atem
HIVK uepes a6nouHyi0 ¥ $yMBpOBYIO KHMCJIOTBI BOCCTAHABJIMBACTCA JIO
anrapuodi. Janee ¢ nomombio KoA-Tpakcdepasbl OCYIIECTBIAECTCA
nepeHoc KoA-rpynnel ¢ mponuoHnn-KoA ua SIHTApHYIO KHCIOTY, B
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pesysibTaTe yero obpasyercs CyKUHMHHWI-KOA u nponHoHoBas KHCIOTa.
Cyxumani-KoA npeppainaercsa g MetwiMaioun-KoA u cuosa scTynaes
B PeaklMH C NUPYBATOM, & IPOMHOHOBAA KHC/IOTA BBIJENAETCA M3 KIETKH
M MaKan/IMBAeTCA B Cpele.

7.2. AMHHOKHACJIOTHI KAK HCTOYHMK 3HEPTHH

M3 asorcomepxamiMx OpraMHYecKHx coeauHenmii Haubonee
AOCTYIHB I MHMKPOOPraHM3MOB aMuHOKMCIOTH. Camm no ceGe
AMHUHOKHMCIIOTEI He ABJAIOTCH MAKPOIPrHYECKMMM COSHMHMEHHAMH, HO
PAacilienICHHe HEKOTOPHIX M3 HHUX CollpoBOXIaeTca cuHTesoM AT® unu
o0pa3joBaHMEM NMPOBMMOYPANHOW KHCJOTHL, BXxofiell B  LMKX
TpuKapOoOHOBBIX KHMcJOT. OnpefeneHHble MHKPOOPraHH3Mbl 001843107
CREUHANBEMEIMM  MEXaHHW3MaMH U MOJYYEHHS OBHEPrMM 32 Cuer
pacierienns aMMHOKHCIIOT.

PacmenJieHse aMHHOKHC/I0T. AMHHOKHCIIOTEI 2CCMMHITHPYIOTCH
OakrepusMHM KaK WCTOYMMK IUIACTMMECKONO MaTepMana WM  Kak
HMCTOUHHKH 3ueprav. BHyTpu KJIE€TKM TMPOMCXOIMT pacIuenyemue
AMHHOKMCNOT Mo JAckcTBMEM SHAOPEPMEHTOB - [e3aMMHMas M
nexapOoxcunas. B pesynbTate 3TOF0 MOXKET OTILEIUIATHECS MIIM aMUUMas
NH; (npouecc nezamuuupoBaHus), Wi kapGokcunsaas CO, (nponecc
AexapOoKCHIMpoBaHnA) rpynmbl. XapaKrep NPeBPalICHUs aMMAOKHCIOT
3ABHCHT INABHEIM OGpa3’oM OT peakuMH Cpeasl B MepHojl pocTa
Gakrepuii. B kucioif cpene npomcxomut NexapGOKCHAMpOBAHHE, B
menouHol - JnezamMuuMpoBaHMe. Tak, pacIienieHHe acraparuHoBOH
KHCJIOTH IIPOHCXORHT Mo creytomiel cxeme:

HOOC - CH - CH, - COOH

| v |

HOOC - CH = CH - COOH + NH; HOOC - CH; - CH, + CO;
]
NH,
Gymaposan kucnoma amun acnapazunoeoti KUCIoms!

Orrumym pH ans nexapGoxcwias nexur s npexenax 4-5,5, a
GoNBIIMHCTBA Jie3aMUHAa3 - B npefienax 8-9. Ilpu nexapGokcHnupoBaHuu
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B CBA3H C OCBODOKAEHHEM BEILECTB, COAEPKALIHX OCHOBHBIC TPYTIIH] -
AMUHEI, NMPOUCXOAHT HEeHTpamH3alMsa CPeabl, NPHU Ne3aMUHHPOBAHWH -
nozaxHcnenue. Ha ocHoBaHHH 3TOro GhIO BHICKA3aHO NMPEANOTIOKEHUE,
uT0  o0c cHuCTeMsl  (JOPMEHTOB  HEHICTBYIOT KAK  MEXaHH3Mel
HeHTpanus3auMH cpeas;, B pesynerate uwero pH coxpansercs B
(puanonoruueckux npenenax. INpu nexapGokcunmposauns obpasyioTcs
aMHHB! COOTBETCTBYIOLIMX KHCIOT MO YPABHOHHIO:

R-CHNH,COOH —> RCH:NH; + CO;

B Hacrosiige BpeMs ODHapyXeHB NeKapOOKCHNAsbl MONMTH I
Beex 20 amueOkMCHOT. OHMM  XapaKTepH3yIOTCA CTIGUH(PHIHOCTHIO
KaTanuaupyemsix peakumii. CneumduuHocTs onpegensier Genxossiit
HOCHTENb, TAK KAK MPOCTETHYeCKas rpymma (KodepMEHT) OAHHAKOBAA BO
Bcex nexapbokcunazax. One npeacragnser cobol nupuiokcanbbocdar
(BuTamun Bg).

Hexapboxcunasn Gaxrepmii  nefictByior Tonpko Ha L.-amuHO-
kucnote ¢ obpasoBanuem amunos. PYHKUUA aMMHOB MOJHOCTBIO HE
BriAicheHa. OfHAKO YCTAHOBJIGHO, YTO HEKOTOpPBIE W3 HHX HIPArT poOibh
pocroBeix (axkTopoB (Hampumep, [-anaHMH ABISETCA  POCTOBBIM
axropom ans nudTepHHHON NANOUKH), ADPYTHe YYACTBYIOT B CIOXHBIX
OOMEHHBIX PEAKLHAX H MOTYT CITy>KHTh HCTOUHHKOM 3HEPTHH.

B pacnpezenenuu NekapBokCHias y pasniMdHeIX BHAOB OaxTepmii
3akOHOMepHOCTeH He Habmonaetcs. I GepMeHTE MOXKHO ODHAPYXHTH
B moBoM coueTaHuM y pasnHuHbiX BHAOB. EcTte npeanonoxeHue, 9To
nexapOoKcUnasel, KaKk W JIe3aMMHAa3bl, ABJIMOTCA AAANTHBHBIMH
hepmenTaMH,

BnaronpusaTHNE ycroBus nns  oOpasopaHMs  NeKapGokcHial
CO3JAOTCA B KOHIE norapu(pmutieckori (pazpl pasmuoxenus. Crapbie
KYIbTYPH XapPaKTSPHIYHOTCH BEChMa CJiabol aKTHBHOCTBIO.

JHe3aMHMHMPOBaHHE® aMHHOKHKCIIOT CONPOBOXAAETCH BbLAEIOHHEM
NH: M OCymecTBIsioTCs MHOFOYMCICHHBIMH M PasHOOOpa3HbIMH
peaxumamu. Pasnoobpasne peakumii onpenensierca nabopom drepmentos,
MPUCYIOHX TOMY HAM MHOMY MUKPOOPraHH3My. PaimiHaroT HECKObKO
THTOR JIS3aMHHMPOBaHKsA. Y a3poboB pacnpoCTpaHeHo OKHCIHMTENbHO®
JIS3aMUHMPOBAHME, NMPUBOAAILES K OOPA30BAHHIO OL-KSTOKHCIIOTHI:
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R-C|H-CO0H+ 1/20.——> R - CO - COOH + NH;
NH2

OHO OCYIUECTBIIACTCA MOA BIHAHHEM OKCHIA3 M JAC3aMMH33.
HexoTopsle M3 OKCHI23 B KAYECTBE AKLENTOPA 3JEKTPOHOB MUCIONBIYIOT
KHCNOPOX, Yy OPYTHX 3TOT NPOLECC CBA3aH ¢ LEMbIO TPAHCHOpTa
SNEKTPOHOB, B Pe3YNbTaTeé  Hero  myToM  OKHCIHTENbLHOro
¢ochopunuporanus npoucxoaut obpazosanne ATD.

Pag  mukpooprammuamos NPOM3BOAMT  JIE3aMHHHPOBAHUE
AMHHOKHCJIOT C ODpa3cBAHMEM RHPOBHHOTPAAHON KHMCHOTHI, KOTOpas
BKITIONACTCA B JHEPTeTHYECKMIt OOMEH OINHHM M3 ONMCAHHBIX BbILIE
nyreit. Tak, ans E. coli xapaxrepHo oOpaloBaHme NMHpOBMHOIPaIHOH
KHCJIOTH M3 aJlaHHHA:

CH3'CiH'CmH+Oz_‘PCH3CO'CmH+NHJ
NH2

AsnanormysbiM ofpa3om 3Ta Gaxtepus norpedmser u Apyrue
aMMHOKHCNIOTH. TInpoBMMOrpanHas KucnoTta oOpasyercs Takke INpu
[e3aMHHHDOBAHMH CepMHA, mDiyramara. [IpoaykTel paciluenneuus
ampHokucnor Bxmowatores B L[TK uepes auermn-KoA, a-kero-
TJIYTapoBYIO KHCIOTY ¥ CyKUMHHI-KoA.

MuxpoopranuaMsl fUis CBOMX XKM3HEHHBIX NPOLIECCOB MCMOMB3YIOT
JMEPIHIO, BBIOENACMYIO NPH KaTaBONH3IMe NPOAYKTOR AC3AMHHHPOBAU LS.
Ho s3HaumTeybMag wacThb 3HEPrMH  MHKPOOPFaHM3MaM  MOXET
MOCTAHOBIATECA M3 CMOCH AMHHOKHCIIOT, 338 CYeT CONpPMKCHMBIX
OKHCANTEIEHO-BOCCTAHOBHTENBHBIX peakuHi MEXTy JByMS
COOTBETCTBYIOUIMMYA AMMHOKHCIOTH. Brepsbie 3TH peakumu Obum
omucansl Cruknenzom B 1934-1935 rr. B KynmsTypax axaspobuerx
xnoctprmes. [Ipu 3THX peakuMaX OZHM AMHHOKHCIOTBI WIpaloT Pons
JOHOPOB, @ APYTHe - aKuenTopos Bopcpoza. Hanpumep, peakums
Cruxnenna MEXAY aNaHHHOM M FITHLUHHOM:
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+H,0
CH, - CH - COOH + CH:COOH ———

NH; NH;
——» CH;COCOOH + CH;COOH + NH,

OGpa3cBaBIascs KETOKHCIOTA JEKAPOGOKCHIMPYETCA, B ©CIM
AexapOOKCHIHMPOBanMe TPOMCXOAMT B mpucyrcTsuM  (ocdara, T0
obpa3syerca Makposprudeckoe Pocdhoproe nmpoussoaHoe:

R - CO - COOH + HsPOy— R - CO w0 PO3H; + CO; + 2H

Januoe npPoM3BONHOE MOXET BBICBOOOKIATE HAKOILIGHHYIO
3HEPruro, obpasys NpPH 3TOM COOTBETCTBYIOIIYIO XKHUPHYIO KHCJIOTY.

Mepeamunuponanme. CymHOCTE NpoLECCca MEPEaMHHHPOBAHHS
(TpaHCaMHHHPOBAHHA) 3aKTNOYAETCA B TOM, YTO AMHHOTPYINA O-AMHHO-
KHC/IOTH NEPEMELIAETCH B OL-[I0JI0KEHME® KeTOKMCNOTHI, T. €. MPOUCXOAUT
B32HMOZEHCTBHE AMHHOKHCIIOTS € KSTOKHCIOTOH, B NpOLecce KOTOPOro
(epMeHTHI TPAHCAMHHA3B MEPEHOCAT AMHHOTPYIINY ¢ OAHON KHCJIOTBI
(aMHHOKHCIIOTH) Ha Apyryio (kerokucnory). Tak, oBpasyercs HOBas
aMMHOKHCNOTa M KeTokucnoTa. Peakuss uaet no cxeme:

R-CH-CaI)H+R1 -CO-~COOH—» R -CO- COOH + R, -CII'I-COOH
NH. NH,

B peakuuio mnepeaMMHHMpPOBAHHA JIEFKO BCTYNAIOT -8NAHMH H
KETOrJIyTapoBas Kucjiora. B pesynbrate oOpasyrorca rilyTaMHHOBAs M
NMHpoBHHOrpaanan Kuciore. [ocnennaa uepes auetnn-KoA eomnexaerca
B LMK TPHXAPOOMOBHIX KHCIOT M OKHCIISETCA O YIJIEKMCIOTH M BOJKI.
Briepssie 3ty peakumo onucanu A. E. Bpaynmrreiin u M. T. Kpuuman
(1937-1938) ana 7TKkaweli xuBOTHHX. Y GakTepMii TpaHCaMHHA3bI
Brepssie onucansl b, JImxorefinom u I'. KosHoM B 1944 r. Peakuun
riepeaMHUHHPOBAHMA MMM Gbinu OOHapyXeHEl y GakTepHil PaznHIHEIX
POAOB:  CTPENTOKOKKOB, CTA(hHIOKOKKOB, KHLIGYHOH  ManodkH,
a3orobakrepa, KIoCcTpuaves. OHM Takoke nONyYHnM GeCKNeTodHbIT
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npenapar rIyTaMHWHACTIAPArMHTPAHCAMMHA3bl H UCCIICHOBAIH MEXAHHU3M
PeaKLHY NePeaMHHEHPOBAMMA:

HOOC - CH,CH,CHNH, - COOH + HOOC - CH,CO -COOH —=2
2NVINGMUHOBAA KUCTOMA ujaseneeoyKeycHas Kucioma

<—=2 HOOC - CH,CHNH, - COOH + HOOC - CH. - CH, - CO - COOH

acnapasuHoeas Kucioma Kemozaymaposas Kucioma

ApTtopaMH GBino MOKa3aHoO M TO, YTO KODEPMEHTOM SBIAETCH
nupunokcansdoctar.

TlepeamunupoBanue IIMPOKO PpacnpocTpaHeHo y OGaxrepuit u
ABNAETCS BECBMA BaXKHBIM NPOLECCOM OHMONIOrHYecKOro pacnaga
cunTe3a amuHokucnor. Ho e Bce Gaxtepum ofnanaror oauHaKoBoil
CIIOCOGHOCTBIO K PACIIEIUICHHIO aMHHOKHMCIOT. MHOrME M3 OGBIMHBIX
rpamMoTpynaTensHeX Gaxrepuii copepkaT (EpPMEHTHI, pacLIeIUIAIOLMe
3HAYMTENIBMOE  KOMHYeCTBO amuHOKucror. Tax, Proteus wvulgaris,
Aecrobac. aerogenes, E. coli pacwenymor cebime 13 aMHMHOKHMCHOT.
I'pamnionoxuTensHele KOKKH (CTPEenTOKOKKH, cTahUNOKOKKH)
PACIIENIAIOT OTrpaMUteHHOe KONK4UecTBO ammHokucnor. ITosromy ana
HHX aMHHOKHC/IOTH! HE ABJIAIOTCA CYIIECTBOHHBM HCTOYHMKOM 3HEPTHY.

7.3. JHMUABI KAK HCTOYHMK 3HEPI'MMA

Jlurmaner (Mo cpaBHeHMIO C yrieBojaMH W Genkamm) - HamuGonee
GoraTeie NOTeHLUMANIbLHEIE MCTOYHMKM 3Hepruu. Ilpu GHonormueckom
OKHC/IOHHH 1 r 2xHpa ocBODOHIaeTCA 9,3 KKall SHEPrMH, B TO BpeMs Kak
nipu okucrnenum 1 r yrnesona wiv Genka esinensercd Tonsko 4,1 kxan. B
OCHOBE MNOJIyYE€HHs 3HEPrHH MHKPOOPraHH3MaMH INPH HCMNOIb30BAHHI
JIMITMAOB  1eXaT  MHorooGpasnmie  KataGonddeckee  peakumH,
NPUBOASIIME K TMONHOMY PpAaCIIEIUICHHMIO MOJIEKYNisI JMnuaa ©
OCBOBONKASHHIO 3HEprum. Cnocobrocts MHKPOOPraHHW3MOB
HMCTIONB30BATh JIMNHABL ONPEACNASTCA HAHYMEM Yy HHX aKTMBMBIX
JIMMONHTHYECKHX (PEPMEHTOB - NHNa3.

Jivnassl MMKPOOPraH#3MOB Mallo NPHBIEKAH K cebe BMHUMaHHE,
TAK KaK HPbi B CHJTY YCTOHYHBOCTH MOJIEKYJL, 32 PEIKHM HCKIIOUCHHEM,
He BXOAAT B COCTAB NUTATEIBUBIX cpep. H npalcmqecm e HCNONB3IYIOTCH
AL KyNIBTHBHPOBAHHA MHKPOOPTaHU3MOB.
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BonbmMHCTBO  OaKTepuii  JIErKO  OCYWIECTBNSiET  THAPONU3
FIMUEPHHOB (CNOMHBIX 3GHMPOB IIMLIEPHHA M XKHPHBIX KHCIOT) H B TO
ke BpeMs ¢ GonbiuM TPYAOM Pa3PyIIAIOT BRICIUHE XKHUPHBIC KHCJIOTEI
(cTeapuHOBYIO, MAIBMHTHHOBYIO U Ap.). A Hekoropsie Gaxrepum - Bact.
stearcthermophyllus, Achromobacter lipoliticum - oGnagaror cumbsO
BBIPAXEHHOH ITHIMOIMTHYECKOH aKTHBHOCTBIO, OHH MOFYT MPHUBOAWTE K
CONbIUIMM  TOTEPSM B MMINEBOM NPOMBILLTIEHHOCTH  BCIGACTBHE
pa3pywIeHHs HMH JIHIHIOB.

Hccnenoeanna, npoBemeHHbE ¢ 5MOasamMM  CTa(HIOKOKKA
FIOKA3aJiW, YTO 3TH (IEPMEHTB! BECBM2 aKTHBHBI B MEPHOA WHTEHCHBHONO
pa3MHOXeHus Baxrepuii.

I'naponus docdonununos ocymecrsnserca Gochonunasamna HIH
neunTHHasamu. OmM pacmernor ¢ocomnuas TANA JICUHTHHA M
tbocharumunxonnna. Jleuurunasm mnpeacTaBsmOT COGOH HCTHHHBIE
TokcuHb Gaxtepuii Cl. welchii (razosoli ranrpeHsi),

Hanvraue JELMTHHAS npucyme HEPOKOMY Kpyry
MHKPOOPraHM3MOB  PA3THYHEIX  CHCTeMaTHueckux rpynn.  Oum
OOHAPYMEHB y MHOTHX MOMBEMHBIX GakTepHii, OCOGEHHO CTIOPOBBIX
topM, akTuHOMHLETOB. BakTepuu, comepikaluMe JIELMTHUHAIM, HIPAIOT
Gonpuryio pons B ocBOBOommeHHu dochopa M3 OPraHHHYEcKHX
COS[IMHEHMET - HYKICHHOBEIX KHCNOT, (PHTHHA M JICUHTHHA,

Oxucnienme >KMPHBIX KHCNIOT OCYLIECTBIAETCA ¢ 0Opa3oBaHHEM
aueTin-KoA, KOTOpHIii HrpaeT BaXKHyIO pOiib B NPEBPALUSHMH JIHITHUIOS.
OH aKTHBHpYeT M NEPEHOCHT Pa3MHYHBIE KUCHOTHBIE OCTATKH (aLMnel),
Y4acTByeT B NMPCBPALICHHM YTNEPOTHBIX ATOMOB YINEBOAOB, JXHPHBIX
KMCJIOT, FIHIepHHa H amMHHokucnor. B 0600mernHoM Brae 3TOT mpouecce
MoxeT GuiTh npencraenen cnegyrommm oopaszom. IMox nedcrsuem nunas
MPOHCXOANT MAAPONIM3 CNOAKHMBIX JIMITHIOB HAa COCTaBJIAIOLINE MX CITHPTH
M OKHpHBle KHCHOTH. Tak, »xupsl ragpoMH3YIOTCs HA FIHLEPHH W
COOTBETCTBYIOIUHE JKHPHBIE KHcnoTtsl. B panerefilueM pacuieruienne
IIIHUSPHHA H KHUPHBIX KHCJIOT HeT Pa3HbiMH MYTAMH M CONPOBOMKAAETCA
obpa3zoBanem ATO.

Invuepun npu yuactun cneumbmyeckoii docdodepassl cHauana
tocthopunupyercs, 3arem oxucnsercs ueped  (ocHoOrnHUEPHHOBYIO
KHCNOTY  jpo  (QochorNHuepuMoBOrO  anbiaeruaa. IMocreasnix
NMPEBPAINASTCA IIIHKOMTHHYECKMM IyTEM B NHMPOBHHOTPAAHYIO KHCIIOTY,
KOTOpas B 3aBHCHMOCTH OT BHAOBO#H cneLn(HYHOCTH MHKPOOPraHH3IMa
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MOXET [aBaTh Ha4ano OZHOMY H3 ONMCAHHBLIX Bl TmyTeil
3HEPreTHYECKOro OOMeHa.

Pacmernnierme ofpa3oBaBliMxCa mpM  rHAPOIM3E  CBOSOAHBIX
KMPHBIX KHCNOT FPOMCXOAWUT TalkKe JIOBO/IbHO CIIOXKHBIM TyTEM.
Crauana kucioTa 8KTHBHpYeTCs KO3H3UMOM A, u npu yuactuu ATO
obpasyercs auMIbHOE NMPOUIBOAHOS XHPHON KHCHOTH - 3bmp KoA u
KMPHOH KHCJIOTBI:

O O

Il I
R-CH,-C-OH + AT® + HS-KoA T2 R-CH,-C ~KoA + O®H + AMD
JICUPHAs Kucioma ayur-KoA nupoghoccham

Hanvrefiluee mnpeBpameHue KHCNOTHI COCTOMT W3 pana B-
OKHCNeHMH (BCErfla OKMCNSETCH aToM YTIepoAa, HWaxonimuiica B B-
nonoxernuu). CymMoOCTe 3TOr0 OKHCNEHHA COCTOMT B CIEAYHOLIEM.
AKTHBUPOBAHHAS XHPHAS KUC/IOTA OKUCIACTCA JIO [3-HEHACHIGEHHOrO
TMPOM3BOAHOrO, KOTOPOE MEPe3 CEPHIO PEaKLHil NerHApPOreHUPOBaHUA W
rejpaTauMH mnpespauiaeTcs B PB-kerokmcnory. IlpM  nocneayromem
OKHMCNEeHNH orT PB-keToxucnoTs OTUICTUIRETCH OBYYTNIEPOAHOS
npoussogHoe KoA - amernn-KoA, Ha wmecro kerosHoH rpymmsl
TMpHCOSNNKeTCA KapOGokcwipHas, O6pasyerca HOBas »HPHAas KHCIOTa,
cozepiKalas Ha ABa aTOMa yrileposa MeHblne, ueM ucxomuad. OHa
TOABEPraeTcA TAKHM K€ NPEBPALICHMAM, KAK M MCXOMHAS, YKOPaUHBAACh
MPH KaXKAoM [3-OKHMCNEHNMH Ha IBa YrjepoOHBIX aToMa. B koHedHOM
HUTOre BCA YIjepoaHas LeOIovKa )Kﬂpﬂol?l KHCJIOTHl PacClleruiseTcss Ha
asyyrneponusie dparmentnl aueti-KoA. IlNMocneanue mxronalores B
LIHKJT TPMKAPOOHOBBIX KHCNOT M OKMCHSIOTCA IO YTAEKHCAOTH M BOJMH.
Bxrirouesie NPOHCXOAHT MyTeM CBA3bIBAHUsA aneTwisHoi vactn CH,CO
CO  1IaBENEBO-YKCYCHOM KHCHOTOM mpM OOpa3oBaHWM  JIMMOHHOMR
kucnothi. KoA oceoboknaercs ¥ onATh COSAMHAGTCH C HOBBIMH
MOJTEKYNIaMM SKHPHOM KHCNOTSI.

B pesynbrare paciieruieHHs >KHPHBIX KHCHOT 4epe3 auerdn-KoA
BBICBOOOXKAAETCA ~ 3HAUMTENbHOE KONHYECTBO  3MEPrHH,  KoTopas
3anacaerca B AT®. VeranoBrieMo, 4TO NpH MONHOM PacIEIVIEHHH
BBICOKOMOJIEKYJISPHOHN MHPHOH KHCIIOTE], HANPHUMEP, NalbMHTHHOBOI,
obpasyerca 136 Mmonexyn AT®.
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B cBAsH ¢ TeM, 9TO NMNHMIBI HEONWHAKOBEI MO XHMUYECKOMY
CocTaBy, IMyTH paclleIUIeHH ux Takke pamauubl. Ho Kaxapit k3 HEX
[IPHBOJMT K BEICBOOOXICHHIO SHEPIHH.

JAByyriiepoanbie CoeMHHEHHS KAK MCTOYHMK JHeprEM. B
Ka9eCTBE HCTOYHHKOB 3HEPTHH MHKPOOPraHM3Mbi MOTYT HCHIO/IB30BATH
PasiHiHbic JBYYIJIEPOJHEIC COSHHEHHS, TAKHE KAK YKCYCHRS M
TJIHKO/ICBAA  KHCJOTB,, STWIOBHIH CHMPT M Ap. AKTHBHPOBaHHAas
YKCYcHas xucnota B QopMe auerwn-KoA MOXET MHenocpencTBeHHO
BRTIOYATHCH B HUKI Tpmcapﬁouonux KHCNOT ¥ NOJHOCTRIO OKHCJIATHECA,
I'nuxonenas KuC/IOTa 1 3THIOBBI CIMPT NpeABAPHTENBHO OKHCIAIOTCA
[0 TIIHOKCHIIOBOH KHMCIIOTBI, KOTOpas B CBOIO OMEpeNb OKHCAAeTcA B
nukne  aukapGomoBbix  kHcior. TakMM ke INyTeM  MeKoTopie
MHKPOOPraHU3MbI POH3BOAT H OKMCJICHHE aLieTata. Tak KaK 3ToT myTh
O6A3ATENLHO BIUTIOYAET ITIHOKCHIOBYIO KHCJIOTY, OH MONYYHI HAa3BaHHME
THOKCHAaTHOrO HHKAA (puc.7.6). JIna (YyHKUHOHMPOBAHHME 3TOro
UHKNA HEOOXOfMMO HA/IHYME ABYX [ONOJHUTENLHBIX (EPMEHTOB -
H3OLMTpaTa3sl W  MalarcuATasel.  MsouuTparasa  Karanuaumpyer
pacIlenenye H30LUMTpPaTa ¢ o0pa3oBaHHEM IJIHOKCHIIOBOM KHCIOTHL,

Agerer
QOupysar Lwrpas
uMo-AxoHuT
WK
Manas Vaouwrpasr
Cyxrumar
Anervn-Kod

Puc.7.6. I'maokcunarasi#t mwaxn
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MAIATCHHTA38 - PEAKUMIO COCAHHEHMA ITIMOKCHIIOBOM KHCIIOTHI ¢
anerun-KoA B umie muKapGoHOBBIX KHeior. B pesynbrare 371ob
peakuun ofpasyerca A6M09UHAA KUCIIOTa, KOTOpAs 3aTeM OKHCHSETCS B
WaBEVIEBO-YKCYCHYIO H uepe3 GocoeHONMMpPyBAaT 10 MMpyBaTa.

Oxucnenne TJIHOKCHIOBOIA KMCJIOTBI CONPOBOXKAAETCS
obpazopanuem AT®. IMonoxurentHas ponk LMKIA IJIHOKCHIOBOH
KHCJIOTBL COCTOMT HE TOJbKO 8 oOpasoanMH AT®, HO H B CHHTE3e
HETBIPEXYIMEPOAHBIX JHKAPOOHOBBIX KHCIOT - SAHTAPHOMH, AGIOYHOM,
1aBEJIEBO-YKCYCHOIA.

¥V Gakrepuit pona Pseudomonas u E. coli ycranosneno namume
¢epMenTa  MsOLMTPATCHHTAasH. OH  KATATM3HDYET paclICIUIeHMe
H30LMTpaTa ¢ 00pa30BaHHMEM TJIHOKCIIATA M CyKUMHATA (SHTapHOW
Kucnorsl). CyKUHHAT HCMOMB3YETCH MUKPOOPraHH3MAMM JUIS CHHTE3a
masenesoykcycHol (LI[YK) kucnorsi, 4To ofecrneuHBaeT HerpephiBHOCTL
peakumilt UMKIA TPHKapOOHOBBIX KHCAOT. INIMOKCHMRATHEI LMK
BOCIMOIHSAET NPOMEKYTOYHbIE COcAMHEHH LuKna Kpebca, norpebnsembic
s GuocuuTesa. TI03TOMY 3TOT LMK/ HA3LIBAETCH BOCIOMHSIONMM HIH
AHAMICPOTHIECKHM.

7.4. BHOCHHTETHYECKHE ITPOIECCHI

Bonbliag uacTe SHEPrHM, NOJYYAEMOH KIETKOW NpPH peaKiHsax
KaraGonM3Ma, pacXolyercA Ha Npouecchl GHOCHHTE3a OpraHH9ecKHX
COeMHEHHIT - mponecckl aHabonu3Ma. VHHBEpCaTbHYI0 poib B
ofecneyeHHH KJIETKM XUMHYECKOH sHepruedl wrpaer AT®. Ou
o0pasyercs NpH PpaCIICIUICHHH OpPTaHMYECKHX COENHHEHMH WM
PacXONyeTCs NpM MX CHHTe3e, OOBLEAMHAA TAKUM 00pa3’oM JIBa B3AHMHO
NPOTHBOMOJIOKHBIX Nponecca - KarabonusM M aHabonmM3M - B €AHHOE
UeJIoe, COCTABJISIOINEE CYINHOCTL OOMeHa BeLIECTB - MeTaboau3mMa.

7.4.1. Quxcayun yznexucnozo 2asza u Guocurmes yziesoooe

HexonsbiM — chipb€M IS CHHTE3a  YIVIEBOJOR  SIRJIAETCS
YFJICKHCIIOTa, KOTOpas (GHKCHPYETCA MMKPOOPraHH3MaMM pasHBIMH
MyTAMH. BONBLIMHCTBO (QOTOCHHTEIHPYIOMHX MPOKAPHOT (GHXCHPYIOT
YIJICKMCIOTY TEM )K€ TyTeM, 9TO H BBICIIME pacTeHMs - 4epes
BOCCTaHOBUTENBHEI newtozodocdarubit tukn, win uuxn Kaiabsuna.
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Torbko  3enempie  cepobaxrepun  poma  Chiorobium  duicupylor
YITIEKHCIIOTY HHBIM, IPHCYIMM TOILKO MM MYTEM - 4€pe3s LBKN peakimit
BOCCTAHOBHTENBHOTO KapOOKCHIHPOBAHUA OPraHWYecKHX KHCOT - LHKIT
ApHona. B pesynbrate nommoro ofopora umiia (QHKcupyercs 4
MONEKYNbl YITIEKHCIIOTI, KOHEYHbIM IIPOAYKTOM SHBJISEICS LIABENEBO-
yxcycHas kucnota. Ilpu Gosree KOPOTKOM BapHaHTe HHKIa GuicHpyercs
2 Monexyms: YTICKHCIOTSI B ofpasyercs auerswi-KoA. Koneuwsie
APOZyKTH! WHKNA - [HaBeleBOyKCycHas KHCIOTa M auetan-KoA -
MOCTYNAIOT B KNETOSHbIH MeTaGOIH3M.

DHKCAIMA YITISKHCIOTH TiO LEKIY APHOHS HE MMEST IUHPOKOre
pacnpocipaseHus, OrpaHNTHMBASTCA FOMBKO ofHKM porom Chiorobium.

OCHOBHBIM IyreM  QMXCAUMH  YITIEKHCIOTH  SBASCICA LMY
Kanbsura (prc.7.7). OH OTHMYacTcs OT APYTHX fryTel TeM, 910 B HEM &
PRSyNbrate pana peaKkimit CHHTE3HPYETCH rexcoza {Qpykroso-G-docdat).
Peakuust  wmKia KeT&HMSHPYIOTCA  PASHMME  (ePMEHYaMH,  HO
CIEUMPUMECKEME, EPHCYINMMHU TONBKO JEHNOMY LMINTY, SBUTOICH JBs
w2 v Bochopubynokanasa, gochopunupyiomas puSynozo-3-gocear
gpu yaacrun ATE ¢ obpasoBarmem puOynoso-l.3-mbocda@, w
pHOyHos0- 1. 5-uochATKAPOOKCHNE3a,  KATAMMSHDYIOIaS  peakiuGs
resxgy  pudynoso-1.5-nudocharom H yrnexmcsacrci, nowecRmmel. x
©HP230BANMIO JEYX MONEKYS 3-ochHOrNUNEPHHOBON KHCIOTEL

m@oumaizsmar iy
x.C? \ / \
m’mq:mmt
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Frc. 7.7. Hnkn Kayeenasa (COKpamieHHo)

181



TakuM ©0pa3oM, NEPBHIM AKUENTOPOB YTTICKUCIOTH ABJETCS
pubynosofpochar, a mepBEIM  NPOOYKTOM  (POTOCHHTE3A -
dochornmuniepunobas kuciora. ITocnemHas ITIMKONHTHYECKHM IyTen:
qepe3 paj peaxiuii, HIymuX B OGPATHOM HANPARICHUH ¢ OOPalOBaHHEN
dochornmuepunoBoro ANbJACrHaa H dochomoKkcHaLIETOHE,
npeBpamaercs B ¢ppyxrozo-6-docdar (myrem KOHACHCALMH ABYX TPHO3)
Jins cumTesa OnHOM MOMEKY/NBL NEKCO3BE HCIIONL3YETCs MIECTH MONEKYS!
YOICRHCIOTH.  DochornHuepHHOBas  KHCIOTa, o0pasylomascs B
npouesce  (QOTOCHHTE3a,  SBASETCY  MpPEAIISCTBEHHMKOM  BCex
Monocaxapunos. [oaseprasck pasIHTHEIM NPEBPAMEHHAM, OHA CITYXWT
HCTOYHHKOM 00pa3oBanya QPYKTO3B, ITHOKO36l, FAAKTO3b, MAHHO3bI,

AHeJIOTHYHBIM NyTeM (QUKCAUMIO YIJIEKMCIOTHE M CHHTE)
YTHEBONOB OCYMIECTBAMIOT XEMOCHHTEIMpYIOmue GAKTEepMM, MCMONL3Ys
ans 9THX nenei sneprmo AT®, rxoropas obpasyercs B pesynbrare
OKMCNEHWN HEOPraHMYECKUX BENIECTR,

Hapsiny ¢ ofpasosanneM MOHOCAXapuIoB Y (GOTOCHHTCIHPYIOI ik
Gaxrepmii poma Chromatium npH ACCHMHIAEME  YINIEKHCIIOTHI &
3HAYMTENEHOM KOJIHYECTRE NOARIISETCS ACHAPATHHOBAZ KHOJIOTA,

Ipermonaraerca, %ro y 5TuX Oakrepudt, KaKk M Yy BbICHEX
pacrenmit, neppuHON aBnserca QocdornuuepuHOBas Kucaora. Hs nee
obpasyercs dochocHOMMIAPOBHAOrpa NHas KHMCJIoTa, KGTOpas,
KapOOKCHNHPYACK, JideT LIABEJIEBOYKCYCHYIO KUChoTy. [locnemmas myren
NEPeaMUHAPOBAHHSA NIPEBPAINACTCS B ACTIAPAIrHHOBYIO KHCTIOTY.

VYV rercpoTpodHBIX MUKPOOPIaHHMSMOB H3BECTHEI NPYTHE VIl
buxcanun  yrnekucnorsl. Peaxigiu mexay dochoesHonmmupysatom
yrnexucnorol ¢ obpasosanueM IqapeneBoykcycHoM kuciors (LIIVK):

dochoenommpysar + CO, — LYK + Oy

KapGoxcuisposanue nupysara ¢ obpasopanseM s6nodHOM My
IABEIEBOYKCYCHO#H KHUCAOTE:

CH;COCOOH + CO, + AT® 2 VK + AP+ @y
KapGoxcsnmpoarue anetr-KoA c oSpasoBannem mipysara:

CH;CO-S KoA + CO, + 2H— CH;COCOOH + KoASH
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Fetepotpodsl MOryT CHHTEIHPOBATE YIVIEBOAM H3 MMPYBaTa M
vrnepoaa Cy- u C;- cosuHSHRMiA.

7.4.2. Buocunmes norucaxapudos

Monocaxapran, oOpasosacuiMecs B pesynsTate  (uxcammu
YTACKACKGTR, CRYKAT MCTOMHHKOM CHHYO33 NONUCAXAPUAOB, KOTOPBIH
OCYLIECTBNZOTCY ¢ HOMOMBIY INMOKOHIHEIX CBS35H, BOIHHKAIOMIAX
MEXOY FIHOKOIHAHBIM FHIPOKCANIOM ONHOTG MOHOCaxapuas M Juoboi
rpyrnnposko apyroro. (MHAPOKCHNBHES FPYTINEI, PACTIONOKEHHBIE NPH
AePBOM  VITIOPOSHOM ATOME IMOKOIN X BTOPOM -~ (QpyKToas, B
TUDAHOKAMOK BOPME HATLIEAFOTCH MIOKOIMIHEMA ruapoxcunany). Ina
obpaseranEs NEOKMSHOHOM CBA3M HeoSxomwma sueprma. [loctomy
npexge Bcero NMPOHMCXOAHT  GocOPHIHpPOSaRHS I[IMOKO3W ©
npespauieHueM ee B rmoxo30-1-pochar npu yuactan  Qepmenra
docopunassi. Npespamenne uaer B ABa 3tana. Buagane B pesynsTaTe
peaKia MexKy rnoxoloi H AT® obpa3yercs rimokoso-6-dochar:

ra0x033 + ATP —> rnioko30-6-pocdar + ATD.

3zrem non gencTereM (epmelTa GochOTIOKOMYTa3H IMOX030-6-
Gocar mpespat@aercs B roko30-1-Hochar:

rmoko3o-6-pochar ——2  rmoxoso-1-docdar.

O6pasosaumaiics rexco3o(ocdaT H ero AHANOrH HAYT Ha CHHTES
NOJIACAXAPHAOE. JTC GCHOBHOH MyTh OOPa30BaHHA TIONVCRXAPHIOB W3
npocThix Caxapos. Baxtepmu mndTepHH H HOKOTOPHE CTPONTOKOKKH
CHHTeZHPYIOT HNOMMCAXaDHAM THIIA KPAXMAakd TONBKO H3 FIoko3o-1-
docdara u ne moryr ux cuyresuposate H3 HedocHOPHAHPOBAHABIX
CaXapos.

Ho muorne Gakrepuy obnagaloT crnocoSHOCTRIO CHHTEIHPOBATDH
NONKHCAXapHaBsl M3 CaxapHaos Oes yqacTa (ocaros. Hanprep,
Leuconostoc mesenteroides ciHuTesHpyer KEKCTPAH H3 CAXAPO3bI, NPHIEM
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B COCTAB [IEKCTPAHA BXOJAMT TONBKO IJIHOKO332, & (PykrTo3a OCTACTCA

caoBoaHoii:

(Ci:HZ011) — (CsthdOs)n + (CHi204)
caxaposza OeKcmpan

Muorouncnentne GakTepmm CHHTOIHPYIOT — HOMMCAXAPHADBL,
COCTOSINHE® M3 MHOTHX THMNOB NPOCTHX Caxapos. Haupl-mep,
Streptococcus  faecalis CHHTesWpyer TNOMMCAXapUN, COCTOSINH w

TANAKTO3MI, TIOKO3bI, PAMHO3B H reKCOo3aMHHa.

B 00X wepTax CymIHOCTh CHHTE3A AM- H IONHMCAXAPHIOB BCEX
THIIOB COCTOHT B PEAKLHSX MNBPEHOCA OCTATKOB MOHOCAXAPHAOB,
COSMMHEHHKX rimoKo3umHOH H docdaTHol caasamu, GoraTol snepruet,
¢ DmOXoIKAROMopa Ha axuanTop. JloHopaMH MOHOCAXapHAOB MOIYT
Sute rmokozo-1-pocdar, pasnudEbE DHOKOIMANM H TONHCAXAPMIBL
axuenTOpaMK -  Heoprammmeckuii  (Qocthar, Momocaxapumm H
noyucaxapuapl. PeaknmMH CHHTe32 NOMMCAXAPHADE B OONLIIMRCTBE
o5paTHMBI H HAYT C 33TPATOH IHEPrHUy.

7.4.3. Buocurimes nyxaeomudoa

Hysmeonm  SBAgoTCH MCXOOHBIM MATEPHANOM Mli CHHTE3d
HyxNeHHOBRIX KhCHOT. Ilo XuMudeckoll NpHpone OHH MpeNCTAaBIMIOT
coBoit CnoKEBie COSIMHEHMS, COCTOLNIME M3 A30THCTHIX OCHOBAHHHA -
NMPOUM3BOJHLIX NYPHHR WM NHPHUMHIHHA, YTNEBOAOE IEHTOZ M
dochopHOH xHNOTEL

DBOSbIZHHCTBO ~MHKPOOPraHMIMOB  CrOCOOHH  CHHTE3HPOBATb
HYKJICOTHAB 33HOBO M3 HHIKOMONSKYJIIPHBIX coememu‘i, a4 HOKOTOphie
ANf  2THX HeneH HCTIONBAYIOT [FOTOBMO A30THCTHE OCHOBAHHA,
06pA3YIONIHeCS NPY PACHANe HYKIGHHOBKX KHCIIOT.

Tyt GuocuHTesa MypHHOBWX H MAPHMANMHOBHX HYKISOTHAOB
xopowmio H3ydenn. Bonbmeli CIOXKHOCTBIO OTNHYAETCA CHHTES
TMYPHHOBLIX RYKNeoTHnoB. B Hem mcnomsayiorcs puboso-5-Gocdar,
riayramui M ATO. B peaynsrare xoMruiekca (PEpMEHTATHBHEIX peaKuuit
ofpa3yerca HHOIHHOBaH KHCHOTA, & H3 HOO - MYPHHOBHIH HYKIEOTHX
runokcaHTHH. OH CMYXHT HCXONHBIM NPOXYKTOM JUIN CHHTO3A HPYTHX
HYKIGOTHAOB ~ @UEHHIOBOH M TyaHHJIOBOH KHCNOT, KOTOpHe
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neobxomumsl s cunresa PHK.  BuocumTes paHHEIX — KHCHOT
OCYUXCCTBINETCA B [iBe CTaquy. IIpH 00pa3oBaHHK I'yaHHJIOBOM KHCIOTH
Ha MepBoiil CTagHK WHO3HHOBAA KMCIOTa NMpH yaactuun HAJL oxuensercs
B kcaumosundocdopryio kucnory. Ha Bropo#i cragum 3ma wuciora
B3auMogelicTByeT © IMyTamumoM (OTIEIUIMET AMMHAK) M 34 CYET
sepriu ATQ cHETezsMpyercs ryaHwioBad KHCIOTa (Hyxneorun,
CORCPNKAMUH IyaHuH).

Tlpy cunTese ajeHiToBOH KMCIOTH HAa nepsolt  CragvMu
HMHO3WHOBAA KHC/IOTA OTHAMAET AMMHAK OT ACTIAPArHHOBON KHCIOTH 32
cuer 3ueprun ryasusumrpubocdara (I'TP). B pesynerate obpasyercs
ajeHWIOAHTapHas Kucicra. Ha Bropol crafgmsM JlaHA2s KHCIOTa
pacnapaerca Ha QyMapoByK) H AACHWIOBYIO KHCIOTH (HYKICOTH,
COIEP XA aICHITH):

LR ENATRESH TR Fonaser
e Y
TTEA Ko7
PRI FT
ARDB Ly OB,
P 4
% R S
il LN Aromw
RTP fmp

Cunres BoexX MHPHMHIAHHOBBIX HYK/ICOTHAOB MAET ODIMM NyTeM

RO ©o0pasoBaHMA VPHIWAOBOW KHCIOTH (HyKIeoTHn, conepxammmui

ypauun). [leppoli cramaeil spaserca ofpasopasmne xapGamoundochara
M3 AaMMHAKa M YTTIEKHCIIOTES

o (e

o

NH;+C0;+AT0—->N!‘L-C-O~IP-0H+AI[0

OH
xepbomoungocam

Kapbamonndocdar coemunsercs ¢ acnaparnHoBod KucnoTolf,
obpa3ysn KapGaMOHNIACTIAPATHHOBYIO KHCIOTY, KOTOpad B pesyAbTaTe
JErvApaTAIMM M OKMCNCHHS MPEBpPAIacTCs B LHMKIHUECKOe COCIMHEHHE ~
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OpOTOBYIO KHCJIOTY. Tocneanss, KOHJIEHCHPYACH <
docpopuGozmnnupodpocharom (OPIID), oGpasyer opoTHAHH-S-DoCHar.
Opornun-5-gochar B cBOIO  ouepenp  KapBoKCWIHpYeTCs M
NpEBPANIACTCA B YPHARIORYIO KHCIOTY:

Kapbamomngoctdar — -H,0
# KapGamows acnaprat —— Jleruapooporar ——>
Acnaprar
HAODH
HA 2 PP +CO,
—— T —— OpoTAANH-5-(ochaT —> ypUIHIORasT KHCIOTa.

Wz ypumuiosol KHCNOTHL MyTemM aMuHHpOoBaHmAa o0pasyercs
LMTHGIOBan KHMCnoTa (HYKNeOTH/L, CORCPXKaNuiii OCHOBAHHE LIMTO3MH),
fyTeM METWIMPOBaHHA - THMHOWIOBas KMCAOTA  {HYKNEOTHL,
COREPIKAIHI OCHOBAHKE THMIH).

315 HyKICOTHAB: MOMHMEPH3YIOTCE B NOMMHVKICOTH]IbI
mosniexynbl JIHK wm PHK. Peaigin NOIMMEpH3auiii KATAIMIHPYIOTCR
depMerramu JTHK- u PHK-nonumepasamu {c™. . 2).

CHHTE3 HYKJICHHOBSEX KHMCAOT OCYIIECTRIDIETCS TONLKS Np:
HATMY¥H MaTpHiel - monekynst JIHK B onno- stk JBYUENOMEHHOR
dopme.

HyknennoBbie KBCAOTEL. HyKICHHOBLIE KHCIOTH NPENCTABNNOT
000l C/OKHBLIC NONHMEDPbI, COCTOMINHE M3 PpA3HONC KOJMICCTE3
HykneotHroe (75-5 000 000). B cocTaR HYKACOTHAA BXOMHAT A30THCTOS
OCHOBAHHE IYPHHOBOIC MM NHPHMHUIAMHOBOIO THIIA, caxap puGosa mi
Je30KkcHprbo3a H QocparHas rpynna. B 3aBHCHMOCTH OT BXOAAMCIO B
MOJieKyJly HYKICOTHIZ C€aXapa pasnMyaoT pHOOHYKIeOTHAB W
Ae3oxcHpHOoHyieoTHnsl.  Hykineorwapl, COSaMHSSCH Mexay coOo#
dochommpupHbIME CBA3AME, 06Pa3yIOT MOIHHYKICOTHIb, HA3bIBAEMbIE
coorBercTBeHHO  pubonyxknemmosbiMH  (PHK) wmm  aesoxcHpHGo-
HywienHosbiMH (JTHK) kucnoramu.

Monexyna JTHK coziepxuT ne3oxkcHpn003y M OCHOBaHMS ~ afCHHH,
ryaHMH, THMEH, tuTo3ud. Cornacko moaenn Vorcona-Kpuxa Monekyna
JHK cocToMT H3 ABYX MPaBO3AKPYIEHHBIX MOIMHYKICOTHIHBIX LETeH,
obpasylomux oHy ABOHHYIO crvpans. ITypHHOBBIC M MMPUMHINHOBEIE
ocHOBaHMs OOpauleHBl BHYTPh cCuupanu, a ocrarkn docdara u
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Je30KCHPNOO3bE HAXOAATCA CHAPYXM. JlBe Lien: yHepIiKHBAIOTCA BMECTe
BOJOPOAHAIME CEA3AMU MEXLY ONPSASNEHHBIMH NapaMH OCHOBAHHIA
AJISHUH BCSTAA CMAPHBACSTCH C THMHHOM, TYaHHH - ¢ LHTO3HHEOM. Llenu
JAEBOHHON CIUPaTH B2aMMHO KOMIUIEMEHTAPHH W CTYXXAT MATPHLUAMU
npy pernuxaunn JTHK.

Monexyna PHK cogepknt caxap pubo3y H OCHOBAHWI ~ aCHHH,
ryaHur;, uMTosun, ypauwn., [IpoxapHorts comepakat TpH tHna PHK:
wurdopmaimotnyro (Matpuumyro) - wPHK, Ttpancnoprayro - TPHK,
puGocomanshyio - pPHK. Ylputiem nmeercs tpH ThHna pREOCOMANbLHBIX
PHX. Oxy paznudaroTcs 10 MMCY EXOASLINX B MX COTAB HYKJICOTHAOB H
xoshdrumenty cemuMenTawku. Jro 23S-, 16S- m 5S-PHK. B
prGOCOMAX COUSPIKITCH MO OAHOI MONEKYAE KaXKIoH H3 31 PHK.

Tlo KONHUECTEEKHOMY CONCPIKAHHIO B KIeTKAX mnpecdnauaer
puSocomaneras PHK (y E. coli no 80 %), sarem cnenyet TpancnopTHas
FHK (me 15 %) & medbpie Boers conepxures uHpopMawostoii PHK
(1o S %ej.

Bee rput vuna PHK yuacteyroT B CHHTe3e Senka, BBINOIHAT STPOIS
oimopenenssie Qgyunosm. MPHK cmyxnr maTpuueii jma caresa Geriks;
TPHK - goCTapnaeT AKTHRHPOBAHHBIE AMHHOKHCNOTH ¥ pHBOCOMAaRs,
PPHE - cuimoBHoli koMrionett pubocom. Pone se B cunrTese Ganka noks
TOSHG HE ONPEACHEHS.

7.4.4. Byocunmes amiioKiucnom

BONLIIHACTBO MHKPOOPTaHF3MOB, NMONOGHO BBICIIHEM PACTSHIAM,
cnocoBHBI CHATS3MPOBATE BCS AMMHOKICIOTHI, BXOASINHE B COCTAB
KNeTOMHbIX  Oenkor. VicxkonHpimM  MaTepHanoM  JUIS  HOCTPOSHMS
YIMEPOAHBIE CKENCTOB aMHHOKHCIIOT CIIYKAT MPOMEXKYTOUHBIE MPOAYKTH
0OMEH2 YTTIGBOZOB B PEAKUHAX INHKONM32 H UHKIA TPUKapOOHOBBIX
xaicnioT. HanGonee BakHbIMH M3 HEX ABAAIOTCH KeToxuchors. [lepeson
a307T3 B OPraHMMeCcKHO COSAHHCHHA OCYLIECTBILACTCA “SPes aMMHAaK.
HurpaTsi, HHTPHTE, MOJCKVIAPHBIA 230T BOCCTAUABNMBAIOTCH O
aMMHaKa B Pesy/bTare aCCHMIULILMOENON HWIPDATPeAYKUHH H
BKTIOUAIOTCA B COCTAB OPraHHYecKHX COSANHEeHN.

HexoTopble aMMHOKHCIOTHI  OOPA3yIOTCs  MyTeM  MPSIMOTo
AMHHMPOBAKMA KETOKMCIIOT AaMMOHHEM. AMHHOIPYIIIbI BBOMATCS ITYyTOM
MpAMOrO AMMHHPOBAaHHA WIM TYPAaHCAMHHHMPOBaHHMA. TaKHM mMyTeM
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TIPOHCXONUT TMIEPBHYHAA ACCHMHIALMA aMMHAKa H  TOCTPOCHHE
NePBHYHLIX AMHHOKHCINIOT, KOTOpbieé CNYXKAT HCTOYHHKOM AMHHHLIX
pymn mm obpazoBanHA APYTHX  aMHHOKHMCJIOT nyTeM
NePeaMHHHPOBAHHA, T. ©. NMEPOHOCA AMHHOIPYNN ¢ AMMHOKHCIOT Ha
KeTokucloTH. B peakuuax npsMOro aMWHHDPOBAHHA NPHHHUMAIOT
yUacTHe IITyTaAMaTACrHAPOTEHA3a M anaHuHAeruagporesasa. Tak, <~
KeTOTJIyTapoOBas KHGIOTA NPH YJYacTHH IIyTaMAaTHACTHAPOreHasH
pearHpyeT ¢ aMMOHMEM, OOpa3yf YJYTAMHMHOBYIO KHCNOTY, ANMAHHH-
ACTAODOTOHA3A  KATANHIHPDYeT BKIIOYEHHE AMMOHMN B  MHPO-
BHHOTPAJHYIO KHCIOTY H 00pajoBaHHe aNnaHKHA, aCNapTaTaMMBAKIHAZS
KATAMAZHPYET CHHTE3 aCraparuAoBoi aMHHOKHCIOTHL

HOOC-CH;-CO-COOH + NH; + HAII® ' H =2
Q-OKCUTYMGPOBAS. KUCROM

= HOOC-CH-CH:-CH-COOH + H:0 + H' + HA®
i
NH;
2IVMAMUHORAS KUCIOMaQ

CH3-CO-COOH + NH; + HAZl'H &= CH;-CH-COOH + H,0 + HAJZ{ + F
nupyaam |
NH;
ananun

HOOC-CH=CH-COOH + NH; £—— HOOC-CH,-CH-COOH + H'
coymaposas Kxucroma |
NH,

Y 2

Mnorne  rereporpodHnie  Gaxrepum  obpasyror  HOBIS
AMHHOKHCIIOTR B OCHOBHOM wepes TPAHCAMHHHPOBAHHES HIH1
NePeaMHHUPOBAHHE AMHHOKHCNOT, NOTpelseMblX H3 MHTATEbHOH
cpensl. BaxkHEIM B GHOCHHTETHYOCKHX PEAKUMAX ABAAETCH MPEBPALIOHAO
OJHHX SMMHOKHCIOT B HPYrHE. HANPHMED, I[JIyTAMAaTa B apriHUH H
NpPONHH, ACHAPATHHOBOM KHCIOTH B JIH3WH, MOTHOHMH, TPOOHMH,
TPEOHHHA B TIMOKOKO H T. A,
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OcoBeHHOCTBIO GHOCHHTE3d AMHHOKHCNIOT SHBIACTCE HANHYHE
obmux metabomryeckux myTeli. Bcero BEAEIAIOT MMECTh TAKKX MyTel B
COOTBETCBEHHO MM Bce 20 aMHHOKHCIOT OCHOBHOrO KaGopa pasaeimior
Ha IHECTHL GHOCHHTETHUCCKHX cemelicTs (Ta6n.3). H3 Hux TONbKO THCTHH
MMEST CaMOCTONTETHHbIH ITyTh OHOCHHTE3R.

ITys GuoCHHTE3a aMHHOKICIOT NPHBOAAT TAKKE K GOPASOBAHMIO
HHBIX 230TCOACPMKAMMX COSAMHEHHH, TAKUX KAK MONHAMRIEDL, ITyPHHBL,
¢onenas KUC/IOTA H APyIve BEIECTBa, HEOGXOAUMBIE 11 KJIETKH.

Tabma 3

OcofennocT GHoCERTe33 AMBHOKECICE

[pemuecTsennuk MeraGamgecksi AMMEOKVICOTB! c
nyTH obpazopaniin | cOmmuMI MY TAME
[PEAIIeCTBCHHHKA Metabonrama
Lilarenesoyrcycras MK TPpHKApPGOROBBIX | ACIAPArHHOBAY KUSIOTA
KHCROTE KHCHOT CTIBPATTH
peakiy KapOOKCHIMpO- | JIHsHE
Bag METRHNR
TpeoHE:
M30NCHLIAE
Kerornyraporss GUKE  TPHKAPOOHOBHLX | IIyTaMEHOBAY KWCHOTS
RECTIONS KHCROT CNYTAMUR
apruHuy
OpOIIE
3-pochormmeph- TIURKOINS CeprH
HOBAA KECNOTA maxor Kasmbplna TIHLMH
JACTEHH
TinposusorpagHas FHUKOIS aIaHHe
KHCHOT3 nyTe SurHepa-Aynoposa | Banur
neHnuH
Docdoeromnposr- THRONA3 TpanTodan
HOpajHan KHCIoTa + OKHCIUTEBHBIl IeHTO- | TUPOSHH
3pHTpOo30-4-hochar 30-ochaTHRH MyTH denunanaHan
5-thoodoprGosnn-1-ms- | OKBCTHETEBHEIN TVICTH/(HH
pobocdat + ATO nenTosodocdaTanil
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7.4.5. Buocunmes 6enkos

AMHMHOKHMCIIOTHl, CHHTE3HMPOBAHHLIE  BHYTDHKIETOUHO UM
noTpeGNeHHbIEe H3 BHEMHEH Cpeibl, MOJTUMCEPHIYIOTCA B MOJIEKY Ty Genka.
MexaHH3M NOIMMEPH3AIMK JIOBONBHO CJIOXKHLIH M OCYmIeCTBIAETCS B
HECKOJIBKO 3TaNoB NPH HEMOCPEACTBEHHOM YYACTHH BCEX BWJOB
HYKNCHHOBBIX KMCJIOT, KOTOPBIC MTPalOT PEIalonyio ponb B GHOCHHTE3e
Genka. B THK saxoaupoBana HHGOpMAUKA O CIPYKTYpe KAXKAOTO THIIE
Genka, XapaKkTepHOro I ONpPEACNEHHOro OpraHusma. Pazmvusie
yuactkn JIHK (yHKHMOHANEHO HEONHOPOAHEI, H OJIHA €€ MOJIEKY)ia
MOXET ONpefelisTh CHHMTE3 Oonbmoro uwHcna (YHKUHOHAJILHC M
XHMHYECKH paznMyHbix Genkor knerkd. Yuacrok JIHK (ueckonsko nap
HYKJICOTHAOB), OnNpeleNifiomMit CHHTe3 OaHOro THHa Oenxa,
oboznavaercs xak red. e nepepaer mmdopmanmic ocobod PHEK
KOTOPa® CHHIE3MPYETCA HA HEM KaK Ha MaTpMie H HAIBBIETC
wHbopManHorEo#i, Homi MaTpuaHoii, PHK (MPHK). Ilpx cumreze MPHK
KOMMPYETCH  HYKIeOTHIHAA  NOCNC/0BaTC/IBHOCT  HHPOPMAaNHEK,
sakomupoaunol v JIHK, mnasbmaemas Tpaucxpuimuedi. Ilponecc
nepesona HYKCOTHIHON NOCAEAOBATETBHOCTH MPHK B
NOCICIOBATEIEHOCTE  BMMHOKMCIOT B NONHNENTHAC HA3HIBAETCR
TpaHcasuueli. Takum oOpa3om, CHHYE3 NONHNENTHAG BKMIOYAET [ABA
FIPOMECCA « TPAHCKPHITHHIO M TPAHCAALHIO:

»n S

n

TPAHCKPHITIMS TPaHCHSAHY
ey MPHK ———————5 pomunenTun

JHK

BxiioueHVe KOHKpeTHOH aMHHOKMCIOTHI B CHHTE3HPYEMYIO
MENTHAHYIO  Lerb  ONpexensiercs  KOMOHHaumel  TpexcocemHux
Hykeotvaoe B Mostexyne MPHK - TpuiieTom.

Tpatterst  JIHK  HaseBalores  KOgoHaMu.  BOJIBLIIMHCTBO
AMHHOKHMCJIOT KOZMPYETCH HECKONLKMMM TPHIUIETAMH. 3TO 3HAYWT, 9TC
reHeTHYeCKIH Koz BRpoacIcH (Tabn.4).
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Tabmaua 4

Teneruriecknit Kox
Heprasx Bropes Gykea
Oyrea v [ 1 | A [ T
Vv VVV Gex’ VLIV Cep VAY Tap VTV Liuc
VVL Gen VI Cep VAL Tap VI Lnc
VVA Jleit VIIA Cep VAA (ner)’? VT A (ner)?
YVT Jick VLI Cep VAT (ner)’ VIT Tpn

i LYY Jleit LY Tpo LAY Tuc LIy Apr
LV Jleit LI Fipo AU Tuc LI Apr
LEVA Jleit 1A INMpo LIAA Trm LITA Apr
LIVT Jlekt T Tipo LIAT T LT Apr

A YV Hne ALY Tpe AAY Acr ALY Cep
AVI{Hne AL Tpe AALT Acn AT Cep
AYA N AUA Tpe AAA Jiumz AlA Apr
AVT Mer AL Tpe AAT Jims AAT Apr
r VY Bax YUY Ana TAY Acn ITYYmm
I'Vi[Ban VLT Ama TALT Acn T U
I'VABan YA Asa VAA Ty YTAVga
I'Yi Bag $L0° Ana CAI' Ty I'TT Crs
SoH - PeHananatEH Tpe - TpeoHHs Acht - aCHAPATVHOBAT KHCNOTA
Jleki - nefirym Auna - anaunn Try - Iy taManRoias KECKoTE
Hne - mzoneuyn Tup - THPOIUE e - macrers
Mgt - MeTHOBNH Yuc - rucTHAHR Tpu - Tprnrodax
Bai - sanas i - PsagiE Apr - aprusEs
Cep - cepun Acn - acnaparan  Cep - ceprH
Tlpo - npormn Jiuz - ruzem

Hpusevorus: 1. OGozpavenma amMmmoxncaor; 2. BecoMmpicneHmsie
KG/IOHBI ~ BLI3HBAIOT NPEXKAEBNEMEHHYIO TCPMHRALHIO CHHTE32 Oenxa.

Bece monexynmt MPHK cozeprizar curHansl H24ana H KOHLA
xopupyemoro umMu Genka. Marpuunas PHK ceasmsaerca ¢ manci
cySuactuueli pubocomsl, 06LeaNHIA TPYTITY PHOOCOM B MIOTHCOMBI.

Ciimres Genxa v BOSX OpranM3MOB TIDOMCXOAMT HA pubocomax
(prc.7.8). JoctamKy aMMHOKHMCIOT X pHOOCOMAM OCYLISCTRIAIOT
rpancnoprasie PHK (rPHK) Kaxaan aMMHOKHCIOTa AOCTaBNAETCA K
pubocomanm crienuuurol ma seo TPHK.
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TMeperiv  >TanoM cHETE3a Oenka SABNASTCA AKTHBHPOBAHHE

Puc. 7.8. Cxema Guocunresa Genxa

AMHHOKHCNOT M ofpasomanse amuuoammn - TPHK. Sror nponecc
KATAMUIHPYeTCA  CHeuHQMUHMBIMH  JUIA  KAXOOH  AMUHOKHCHOTH
depmenramu amunocauun - TPHK-canrerazamn npu yuactiu AT® B
COOTBETCTBHH CO CIEAYIOIHM YPaBHOHHEM:

R-CHNH,-COOH + AT® —> R-CH-NH,-CO ~ AM® + PP
nupogpocgam

Tpancnioprune PHK nepenocsaT amuHOKHCIOTH kK phbocomam, rie
OHH NENTHIHBIMU CBAIEMH COSIHHAIOTCS B NENTHAHYIO LIeTh.

IMepeHoc amuHOkucnoT kK pubocomam mnocpenctsom TPHK
HeobxomuM, noToMy uTO camMH No cefe aMHHOKMCIOTH He CrocobHb
yanasars kogons B MPHK. Mix ysmaior TPHK Gnaroaaps mamwuno s
cocTaBe CBOSH MONOKYM AHTHUKOAOHOB. KpoMe TOro, MpHCOSAHHOHNE
amMHOKMCNOTH Kk  puOosnomy ocrarky TPHK  axmaeupyer
kspOOKCHNIBHYIO rpynny OMHHOKHCIOTHM H OHAa cnocobHa K
ofpasonaHmio mENTHAHOH CBA3K. Y3HABAHHE KOJOHA ANTHKOIOHOM
(rPHK) xosrTponmpyerca pubocomamu. PuGocoMH mBHKYTCRE BAOMTb
MPHK B mHampaepmenmmu 5'— 3, cyuTBIBAY KOOOHB NYTeM
OPHCOSAHHEHHS K HHM cooTeTCTBYIomeH amunoanmn-TPHK. C wanpin
MPHCOSANHOHHEM AMMHOKHCIOTHI PHGOCOMA NIGPONBHracTCs Ha ONUH
Tpunner aome MPHK, «camrnisasy mar 3a marom ecio madopManmio.
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Korma pubocoMa ZOXOAHT MO NOCIGAHErO TPHIVIET2, TO MOCHE
MPHCOSAUHEHHS CCOTBETCTBYIOMEH eMy AMWHOKHCNOTHL K PacTyme
DOTEINSITTUAHON LenH CuHTes Genka MpeKpaLlacTea.

[lpouecc TPsHCAAUMM, & CREACBATENEHO, M 0OpPA3OBAHHA
NOJVIMEITHAHON UeTH, ovekb CnoskeH. B HeM pasnmuuaior Tpw cTagmu:
FHHLMALMIO, 3MIOHIALHIO ¥ TSPMHHALIKIO.

HMununauns CHHTE3& BeeX OONKOB HAMHHASTCA CO CEASHBAHHUA
N-tdopmuan-siernosnn — TPHK ¢ nentuamersim ueatpom (T1) 30S-cy6-
HACTHUN PHOOCOMBI, KOTOPas NPHCOSAWHEHZ K HHHMLHHPYIOWEMY
spurnery PHK (AVI wnu T'VT). 3arem mywnas amunoaunt-rPHK
TIOAKOAMT # EMHHOALIANBHOMY USHTPY {A) 50S-cySuactnus: pubosombt
v ofpasyercs nepead KenTHAHAsA CBA3b. Takym oBpazcM, cragus
HHHIMAUHR BKDOY26T BCe pearia. obecneuuparomue QopmuposaHne
TISITUIMHOH CBA3H MEXAY NEPRLIME ABYMH AMHHOKHCHITAMY,

Hanes cneayer cragma aonHrauHy. Ora BKIIOUZST Ppesiumh
CESIEBAEMS  COOTSeTCTravewmmx  ammmoaumn-TPHIE,  ofpazosanne
TEETRIHGIN  chstel: 1 roamcnokapno. Tlemrumeas uen: pacver B
mHonpaeackn OF He-ronuesod ammrBoxHCncTs K C-KOHUESBOE, T. €. OF
AMETHORMCNOTE ©¢ cBOSOANGE aMMHOMYONR ¥ AMHEOKHCIGTS G
csobonpon «apGOKCRNEKHON rPVNTION.

Hz cramip  repMuBaLiB  OONHOCTHIO  CHHTCIMPOSSNIRE
ronmenyy  ooeoboewpgastex o1 koHuesoit  TPHK  PuGocomm
oegenmoncs 07 MPHEK 1 uccouMMpyioT Ha WEXOAHBIG CYOuaririn.
TepMEEALIIG CHHTE3a €O OCYHIECTBRAIOT TaK Halbipacmele danToper
ocBobokaema.  Jro Gamk (RF-1, RF-2), cnocolmzie ysuasats
reprunvpyrowme koronn (YA, V1A, VIA). Cessupaine daxropa
oonoBonaenns ¢ TEOMUHRPYIOHIFM KOIOHOM SKTUBHDYET
nerrraaaTpancdepasy B OHa rYIPOHAYET CBA3D MOXKAY NOMHNSITHAOM
w TPHK.

Ha pubocomax cuaTesnpyercs Cellok NepsHYHON CTPYRTYPH, NMOX
KOTOPOH NOBMHMAIOT NOCIAOBATENIBHOCTD AMHHOKHCAOT B YIOMTHIHOM
weri. [Mocne sapeplueris CHHTE3E TIONHIENTHAHAS LETb CBOPTRIBASTCH,
FIPHOGPSTAA BTOPHMHYIO H TPETHHMHYIO CTPYKTYPY, & A PAAe ClyHaes
OOBOAMHASTCS ¢ APYTHME NOMHNENTHAHBIMH LONAMH ¥ B PESYNbTaTe
obpazyerca Genok uereeprrdHON cTPYKTYPH. Cnnres 6K MPOUCXOAHT
¢ pacxogosamiHeM GomsmIoro Konmdectsa 3HepruH. Tomeko mns
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ofpajoBanns OAHOH NENTHOHOH CBA3H 3aTPAuHBAOTCA KONHYECTBO
JIHEPTHH, IKBHBANCHTHOS 4 MoniexyrnaM AT®.

7.4.6. Buocunmes aunudoe

Muxpoopranusmel  cniocoBHBI  OCYIIECTBNATL OHOCHHTEZ Kak
CIOKHMX, TaK H NPOCTHX JIMITHAOB, KOTOPBI® BXOIAT B COCTaB
K/IOTOYHOW CTeHKH H LMTONNAIMATHYGCKOH MeMOpaHm, ABISIOTCH
3ANMAaCHEMH BOLIECTBAMH, KOMIMOHEHTAMH ITMIMEHTHBIX CHCTeM M Henel
3/IeKTPOHHOT'O TPaHCHOPTA.

HcrounukoM i CHHTE3a NIMNMHAOB MHMKPOOPTRHM3MAMH CIY)KaT
YITIEBONEI, CIIHPTH, OpraHHYeckue kuchnorh. Kpome mmx, HeoSxomumo
HanuaHe B cpeae docdaror mia obpazosammsa PochopHAHPOBAHHEIX
NpeAIeCTBOHHHKOB GHOCHHTe3a.

O6pasoBaHMIc JMIACE NPENSCTBYeT CHHTE3 3(MPOB KHPHBIK
KHCNIOT H KOOH3INMMa A. 3aTeM CNEAYIOT POAKUHH KOHIOHCALIMHY JKHPHBIX
KHCJIOT C IALEPHHOM, TNPUBOAAINME K NOsBieHHio munupos. [Myru
CHETe3a NHIHMAOE CNONHEG, POAKUHH KSTANHZHPYIOTCE MEOIHME
depmenTadm H mporexalor ¢ 3aTPATON  IHAUMITUHHHX KONMYECTS
auepruk. Hanpumep, Ha CHHTES TOMBKO CTEAPHHOBOH KHCIIOTBI M3
rINOKO3H 3aTpauusaerca 945,7 xan.

Imoxo3a MOXeT CTyXuTh TAKIKE HCTOYHHKOM IITHLEPMHA:

THDEPHH
caxap/, \mnm
\mpmemnmu}

I'nuueprH nonywaeTcs s nponecce aRaspobeoro paciyernnenns
Yri1eBOJOB IyTeM BOCCTAHORIEHHM: IIIMLIGPHHOROrO ansaeruaa. XXupune
KACIOTH  00pasyiorcs M3 MPOMEXYTOIHHIX NPOAYKTOB pacnana
YrReBOAOB, THABHEM OBPAa3OM  YKCYCHOH KHCMOTH, YKCYCHOro
anbAervAa, THPOBMHOTPANHOH KHCNOTH H  3THIOBOTO  CIHpTA.
Baxxneimei U3 HHX ABIIOTCH YKCYCHAR KHCNIOTA:

2CH;COOH —_— CH;COCH,COOH ——» CH;CH,;CH,COOH
YKCY ay. YKCYCHAR KucAoma MACRARGR KuCIoma
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Ho He caMa yKkcycHas KMCIIOTA Y4aCTBYET B GROCHHTESE JIMIIMIOR,
a ee MPOH3BOKHOE ~ ALUCTWIKOIHIUM A, KOTOPhIH ABIACTCH MCTOYHHKOM
AUETIIBHHX PAJHKANOB M 3aHUMACT LICHTPANbHOS NOAOKCHHE B
MeTaGonm3Me JIHTTHAOB:

s Purpsie AcHare
PuETHT - , WO Nt o d
KOR~—__

STERY 1

-—-M%M o

PGP \Wm
RAREROT R THOBAY
Someweess

Makposprugeckan  tmoadrpHas  cBase  anetun-KoA mpu
rHzpoInse BRcBoSOKAaeT 8200 kan, JlaHHas SHEPrus HCNORL3YeTCH s
NEPEHOCA BLCTHABHEIX OCTATKOB, HeoOXoMMeix mid GHOCHHTEsa
IKUPHBIX KHCMOT. AHETWIKOSEIHM A 33 CYET Pas/iMUHEX CPraHadecKEx
KHCOT MPH NOMOIRY PAAa UKIMYCCKUX MPOLECCOB ~ KOHACHCHPOBARHKSA,
THAPOrCHEIAIAE M jJermipavauuys - olecrieunmBaeT ofpascRulne
IUTHHEBIX [eTieH ZMPHBIX KMCNOT, ARJMIOMMECE KOMIOHEHTAME JIHIVAOR
B KNeTKax zyGaxrepnii.

V  nuaHoGaxTepnii BRISRIEHH TIONMHEHACHUNEHHHE JKHPHEIC
KHCHOTH, MMeronpae ise ¥ Gonee mBoMEbix cesaeli, ans ofpasosamma
EOTOPHIX a3poSHbIM GakTepHaM HEOOXOMHMM MONCKYIAPHEIH KHC/IOPOZ,

CH3{CH1-CO ~ S-KoA + O, + HAII® " H, —>
navwsmeanur-KoA

~——» CH3-(CHy)s-CH = CH-(CHp);-CO ~ S-KoA + 2H,0 + HAZI®"
nanesumoseun-KoA

Bropoik nym BeeicHHs ApoliHOi CBAIM B MONCKYJY KHCJIOTH OpH
€2 CHHTE3e OCYHICCTBINETCS ¥ OO/MPRTHO aHASPOGHEIX H HEKOTOPLIX
a3pobHEIX SyGakTepHii B pe3yJILTaTe peaxipiy NeTHIPATAIHA.

Cuures  $ochomHNMAOB COCTOMT M3 HECKOIBKAX  3ITanos.

Hcxomueii cyGerpar dochomuorcHanierod (MpoMeXyTCIHEHA mponyxT
FIMKONMTHYCCKOTO MYTH) BOCCTAHABIHBAETCA 40 3-pochornmiepnna x
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NPHCOCAMHMIOTCA ABA OCTATKA JKHPHBIX KHCIHOT ¢
oﬁpasolmmeu docharnmmoit kucnotu. [Mporcxoaut akTUBMpoBaHMe ee
c nomompio I[T® B npucoesmpente x docdarnolt rpynne cepuna,
HHO3HMTA, [NHUEPHHA NPHUBOJAT X cHHTesy QochaTHICepHKa,
“dochaTHavmHROINTE M QOCOATHIWIIHIIEPHHE.

7.5. PErYJIAIHA METABOJH3IMA

B3anMocea3p H MOCNEHOBATENBHOCTh METADOIHIECKHX NPOLECCOn
B KKTKe OOYClIORICHA HAJHTHEM CJOXKHON CHCTEME! PEryIsiHH.
Perynarophbic MEXAHH3IMbI oGecnieanBaioT npHcHocoblieHHe
MHKpDOODraHH3MOB K YCJIOBHAM CpPERBL, JKOHOMHMYHOE moTpedieHue
MAHTATENLHBIX ~ BEMECTB, NPENOTBPAMAIOT H3OBITOUHBI  CHHTES
meraGonnToB. TIOCKONBKY BCE PEAKIHH B KIETKE OCYIECTRIAIOTCH MPH
Y9acTHH (epMEHTOR, TO pery s MeTabonusMa CBOAKTCH K PEryJistiii::
CHHTE3A H AKTUBHOCTH (epMeNTOB. MexaHN3MBI pery/sups AcHCTRYIOT
OPH  YY4CTHH  HH3KOMONEKYJIAPHBIX COSOMHEHMH H  KIETOYHBIX
MeTaboTHTOR, KOTOPhie 0BPA3YIOTCA B KIIETKE, & TaKike MOCTYNAOT b Hes
n3 okpyxaiome#t cpemnl. CYHICCTBCHRYIO PpOib B 3TOM MIpasoT
annocrepuyeckme Gexu. Iro0 ocoGrili kmace GenKkos, comepXammx uea
axTMBHLIX LeHTpa. Cpemi HHX Pasnuqaior annocTepudecie GepMertn
H  PperyJHITOpHEIE  alocTepHbdeckne Oenku, He obnajaomue
(epmenTaTHBHON AKTHBHOCTDHIO, HO PETYJIMPYIOIEVE CHHTE3 (EPMEHTOB.

7.5.1. Mexarusms: pezynnyuu cunmesa epmenmos

DepMenTs pasieIsioT Ha KOHCTHTYTHBHBIE H HHIYUHMGENLHEE.
KOHCTHTYTMBHBIMH  HA3BBAIOTCH  (EPMEHTH!, CHHTEIMpYEMBiE
ONHHAKOBOK CKOPOCTBIO M COICPXAIHECE B KICTKC B NOCTOSHHOH
KOHUEHTPAlHH HE3ABHCHMO OT ycnoBHli pocTa Kynetyphi K Tarosem
OTHOCATCA  epMeHTH IMKOMM3a. MHIYUMOENBHEIMM  HA3LIBAIOTCS

- (PEPMEHTEI, CHHTE3WPYCMBIC TOJILKO B OTBET Ha NPHCYTCTBHE B CpeJe
peobxomuMoro juiax kierku cySerpara - mmayxropa.  Kommuectso
MHAYUMOCIBHEX (PEPMEHTOB MOKET HM3MEHNTHCS B 3aBHCHMOCTH OF
KOHKPETHRIX (H3HONONMMECKHX YCIOBHH pocTa.

Perynauyus cuURTE3R  (CPMEHTOB  OCYHIECTBIMEICH  ITyTeM
HMHAYKIHY, PEIIPECCAH H aTTCHYAUHH.
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Hugyxnen cuETesa ¢epmenToB. HunynuGeneHsii  cuHTes
bepMenToR B KNETKE HIST TOMBKO JO TEX NOp, MOKA B cpene
npucyTcTByeT HEAYKTOp. IlpH 9TOM (pepMEHT CRHTE3HPYETCH 3aHOBO M
OHOBPEMCHHO B OONBIIMHCIBE KICTOK Ky/wtypsl. Huayxropamu
CHHTe3a (EPMEHTOB SBJSIOTCH MHOrHME CyOCTpaThi, ChyKaume
UTaTeNbHEIMH - BemectBamu. K HMHAYUMGENbHBIM  OTHOCHMTCH
GConbImMHCTBO MHAPOIMTHYCCKHX BEPMEHTOB,

KnaccHueckiiM TIpHMEpOM MHIAYIMOSALHEIX GEpMEHTOR SBRIAETCH
B-ramaxrosuaasa E. coli, ruzponusyiomias nakToly Ha TaJNAKTO3y H
rnokosy. Ilpn spipanwBanuy E. coli va cpene ¢ naxro3oi knerxu 3ok
Gaxreprm cosiepaaT MHOXECTBO MOJICKYN B-rajakTosuaase:. 1Tpu samene
JAKTO3B FBGKO30H B KIeTKax OOHAPYKMBAIOTCA CAMHHIHLIE MOJICKYJIhE
3roro depMenta. Ecan KneTxu CHOBa MOMECTHTS B CPEY, CONEPACANTYIO
TOASKO MAKTO3Y, 10 B HWX NPOHCXOOWT HHTCHCMBHBIN CUHTeZ P-ranak-
TOSMIRTH ~ EyLmbensaei pepment.

OnmnoppeMeHno ¢ PB-ranakrosHpazof B ierxex B, coli
CHETSINPYRICH  P-TalaxroeyalepMensa, HEOOXOIHMAY JUiS  NEpowHoss
SAETO R KIETRA, H P-ransiknosupipaHcaleTringis, PpH3BoorHGecksst
POITE HVTOPOH NOKS HE BLICHEHS.

Mexanw3n  EmNAYKEMH  Pranakrosmpases S H3yaeH
DpanyscrrRa yaersivr . Makobom 1 XK. MoHo, paspaGorasmmmvs
MOAeHs onepova. I'CHETHUECKHME SNEMEHTAMH MONCRH  Onepoda
ADAOTCA: POYIATOPHBIY Ten, oneparop, HaGop CTPYKTYPHHIX TeHOR,
NPOMOTOPHEE y4acTOK. OHit NOKANTH3OBAHE! B XPOMOCOME M BCE BMECTE,
33  HCK/MDOYEMHEM  PEryJSTOPHOrO  vena,  o0pasyor  onHy
GYHKIHOHANRHYIC €AHHUILTY - oniepoH. Tak, nakrosnsiit onepoH (puc.7.9)
E. coli rinodaer TDH CIPYKTYDHBIX I'€Ha - Z, ¥, &, KOJHPYIOIHUE CHATES
Tpex drepmenTor - B-ranaxrosmaases, B-ranaxrosuanepmeasit H PB-mso-
CAMKTOIM-TPancateTHIa3E. Panom pacnonoxen ren-oneparop (O),
KOTOPHIH BHRIMONHAET (PYHIIMIO MYCKOBOIO MEXAHH3MA, KOHTPONHPYS
paboty crpykTypHbix resos. Ilo cocencTsy ¢ HUM RaxXOJMTCH NPOMOTOP
(P) pns ceaseipanua PHK-nommmepa3s! ¥ MHHIHAIMH TPRHCKPHIIMH.
Perynaropunii red (R) womupyer cueres penpeccopa. Penpeccop -
annocTepuieckuit GeNIOK, OMMH HEHTP €ro CIAYXHT i CBA3HBANAL C
ornieparopoM, Apyroli - ¢ cyScTpaTOM-MHIYKTOPOM (B JaHHOM NPUMEpE ¢
annonaxyo30if, Koropas ofpalyercs W3 JIAKTO3ME MW SBNAETCH
daxTHUECKUM HHIYKTOPOM B-FaylaKTo3ua3%5).
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Roxzosmsit  omepow

Pac. 7.9. Kapra naxrossoro onepona E. coli

IMpy OTCYTCTBHH B Cpele NAKTO3M PENpeccop AaKTHBeH B
CBOOO/HOM COCTOAHHH H, CBE3HBAACH C ONIEPATOPOM, [PENOTBpAINAET
BOIMOXHOCTh npticoembenns PHK-nonmmepasbi x nmpomoropy um B
pesyJibTaTe CTPYKTYPHBIE reHbl He Tpanckpubupyiotces B MPHK u cHrTes
depmentor Be npowcxonur. Korpe B KAETKY NOCTYNAET JaKTo3d, To
05pasoBABINGACY AUTONEKTO32 CEASHBACTCH C GEIKOM-Pepeccopon.
Konpopmamis Gemka mpy 3TOM MEHAETCA TAK, WTO NMPHBOAMT K DASPHIBY
CRa3M C omeparopoM. IlpM CRODONHOM ONEPATOPS HAYMHAKOTCH
rpanckpumss MPHK & cunres depmenrer karaGommsMa naKiosk:
AHANOIHYHBM NYTeM PEryAHPYSICs CHHTES H APYIHX HHRyRHGe BB
depmenron.

Karaboanrnas penpeccun. Cunres ¢epMeHTOB perysmipyercss He
TOIBKO MYTEM MHAYKUHH, HO M (IyTCM PEIIPEeCCHH. PavBgaloT ABa BHA
PENpPeccHH: KATAGONHTHYIO H PCAPECCHIO KOHEUHBLIM NPOAYKTOM.

Hamrawe weraGomutnol penpeccum 6bUIO YCTAHOBNEHO HpH
HM3Y9CHUH ABNCHUA [HAYKCHM, OOHapyxeHHOH MoHo npu aHanuse pocta
Bac. subtilis Ha cpene, conepxameli rmoxo3y u apaGHHO3y B Ka%ecTBE
HCTOYHMKA 3HEPriv M yriepoaa. Buauane WieTKH noTpeSisum TombKe
[JIOKO3Y, & 38TEM N0 e¢ McuepnaHum - apabunozy. Taxoe Xe smuenue
Habmonanock A y E. coli: akTuBHO ycBauBaemas IymoKo3a mojaBiasia
norpebieHHe JAPYTHX caxapoB. JT0 sBJEHHE OBUIO HA3BaHO
xaraGomurHoli penpeccheli. CyIIHOCTS, €€ 3aKMOUAETCH 5 ToM, YTO
TIETKOYCBAHBACMEIH KIETKOH HCTOYHMK 3JHEPIMH NOJABIACT CHHTES
(epmenTOB KATAbOTHIMA APYTHX MEHEe IOCTYNHBIX cyGeTpaTos. Tak, Ha
cpene, copepxamel rwokosy u sakrosy, wiersu E. coli cmavana
notpebnsior rmoxosy. HecMoTps Ha Hamwuse B cpene MHAyKTOpa
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NIAKTO3HOrO ONEpoHa (JIAKTO3b) CTPYKTYPHBIE I'eHBl HE §YHKIHORUPYIOT
H {epMeHTH KaTaGoNK3Ma JIAKTO3b! He CHHTEIHPYIOTCH. TpaHCKpHITIHA
TEHOB NAaKTO3HOTO OMNEpOHa HAYMHAeTCs NPH KpaliHe HH3Kol
KOHUEHTPalUHH MNOKO3E B cpene. HsydeHne Mexannsma KaTtaGonuTHoOM
PEnpPEcCHH  NMOKazaio, 9T0 OHA C©BA3aHA C YPOBHEM COZACPXAaHHA B
KIieTKax LukEnueckoro AM®, koropbiif HEOOXOAMM UL TPAHCKPHIILIHE
naxrossoro onepora. Ifuxmuueckuti AM® (3ddexrop) cessnBaerca ¢
GenkosrimM  axTuBaTopoM Katabonszma (BAK), WiH KaTaGOMHTHBIM
AKTHBATOPOM, KOTOPBIM ABTIAETCH NO3HTHBHO-PErYASTOPHBIH
annoctepudecknit Geslox, HO B OICYTCTBHE HHKIH9Ieckoro AM® o
HEAXTHBEH. OGpazyiomubics  kommexe (UAM® +  BAK)
B3aHMOMICHCTBYET € YUaCTKOM MPOMOTOPHOH OOJACTH JAKIOZHOIO
oriepora M obecmiedHBaer NPHCOCAHHCHME K npomoropy PHK-
NOJiMMEPaski H MHHLHAUMIO TpaHcKpunuuu (prc.7.10). 3Brtor THHN
perynsupM NoMyYs1 Ha3BaHHE NO3HTHBHON.

KaraGonreas penpeccus  (QyHKili  JAKTO3HONO  ONEPOHA
MMOKO30# YIDH HaNHWHH B Cpcle JIAKTO3bI MOXET OBITh CHSTA fIpH
BHECCHUH B cpeny uMropyecxoro AM®. 3710 cosnuHeHHE BRINOIHACT
TOMBKO pPeryiqrophyio ¢yHxipno. Hamiuke B KIETK&X IIHOKO3BI
NOHMXACT BHYTPHIUIETOYHYIO KOHLEHTPAKIO IfpiuvYeckore AMD,
H3BecTHO, UTO CONEPIKAHHE €r0 B KIETKAX ONPEAS/ACTCA AKTHBHOCTBIO
aeHMIaTHUKNA3E] - (PepMEHTa, KaTanusHpylomero obpasopanne HAM®
H3 AT®:

ATO —> uAM® + mupodochar

AZleHHISTIHKIA3A CBA3aHA ¢ HUTOIUIAZMATHIECKON MeMbGpanoli 1
AKTHBHA B TOM Cy4ae¢, €CIM KOMIIOHECHTH CHCTEMBlI TpaHcnopTa
TNOKO3BI B wieTKy (ochopriHpoBansl. OCBIYHO 3TO HMEET MECTO TOTAA,
KOr/la B Ki€TKeé INOKO3bl HET ¥WIH HM3KOS COACPKAHME H €€ Hau0
TPaKCNOpTHpOBaTh 4epes MeMOpany. Ilpm HanmuMM Xe IMOKO3N B
AOCTATOYHOM U KJIETKH KONMUECTBE CreneHb (pochOpHIIMpPOBaHHS
CHCTEMB! TPAHCNIOPTa CHMDKaercs 3a c¥er (HocopHaHpOBaHHS MONEKYI
nocTynaiouel #/IOKO36 H COOTBETCTBCHHO CHHIKAETCH AKTHBHOCTH
ANCHWIATIMKNA3E]. JT0 NPHBOAMT X YMEHBLIEHHIO KonHYecTsa HAM®D u
PasBHTHIO B KJieTKe KATACONHTHOM penpeccuH.
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Puc. 7.10. Perynitusx cumresn gepMeHTa Ha VposHE
TPAHCKPHINIBA, A - zem-pezynamop /R/ obpazyem
penpeccopubiit benok, csszweaiouwuiica ¢ onepamopom 0/ u
3axpoieaiowuii npomomop /P/; mpaxckpurpuy crpyKmyprex
2eno¢ /2,y,a/ ne npoucxooum; B - e upucymemsuu undyxmopa
obpazyemics  Heaxmmeniti  pempeccop, He  cnocobHbidi
CEA3LIBAMLCSH € OMEPAIOpOM;  NPOMOMOp  OMKPLIN:,
FPOUCXOOUTN IMPAHCKPUNYUS.

Takum oOpazoM, DHOKO3a c¢aMa N0 cebe He BHIRBIRAEK
KaTaOONMTHYIO PENPECCHIO, @ 9EPE3 CHCTEMY CBOENO TPaHCHopTa
perynupyer KoHueHTtpanHio nAM®, Tlocneminii, ces3bBascs <
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KaTaGoNHUTHBIM AKTHBATOPOM, OOPA3yeT YHHBEPCANBHEIH KOMILIEKC,
HHAyLMPYIOWM CHHTe3 (DEPMEHTOB, HAXOANWMXCA MNMOA KOHTPOJNEM
xarabonuTHOH perpeccuu.

Hayuentie paboTer aKTO3HOrO ONEPOHA TMOKAIANO, UTO PerymALHA
ero (QyHxkumi wMokeT OBITh ABOAKON: HEraTHBHOH H TIO3UTHBHOMN.
HeratuBHas perynaums ocymecrsnsercs Ha YPOBHE B3aHMMOAeHCTBHI
penpeccopa ¢ MHAYKTOPOM, IOSHTHBHAA - Ha YpPOBHE B3aMMOZEHCTBHA
CHCTeMB GeKoBOro KaTaGoMUTHOrO aKTHBATOPa H HuKIHUeckoro AM®
C NPOMOTOPOM.

Y 1punTodaHOBOro ONEpoHa2 OTKPHIT €LIe OAWH PEryJIATOpHHI
KOMIIOHEHT - aTTeHI0aTop (OT aTTeHyauusi - ocnabneHue). 1o y4acTox
IHK, xoropeii perynupyer TpaHCKPHITLIHIO TPHTNITODaHOBOTO ONEPOHA M
cuHTes TpHnTodaHa.

B tpunTodanoBoM orepoHe NMpPOMOTOP H OTEPaTOp OTAENEHH! OT
CTPYKTYPHBIX FeHOB YHaCTKOM mmHoi 166 HyxneorwaoB. Jto -
nHaepHas TIOCTeAOBATE/IBHOCT, KOTOpai B CBOKO O4EPenb COMEPIKHT
ocnabamouLyro NMoCIeaoBaTeIbHOCTD, MK aTTeHIoaTop. OH pacnonoxed
Mexay 123-150 nykneorunamu. Ha arrenioarope oxono 90 % PHK-
TOMHMEpa3 NMpeKpPaAT TPAHCKPHILIKIO, He AOXOAA AC CTPYKTYPHEIX
TEHOB. JTO MMEST MECTO NPH BBICOKOM KOHLEHTpauuH TpuntodpaHa B
kxnetke. [lonmxenue yposHs Tpuntobana npHBOAHT K ocnabneHmo
Aedctena arreHioaropa ¥ PHK-nomumepasza oCymecTBIIAeT MNONHYKIO
TPAHCKPHIIHIO Onepona. B pesynetate ocywecrsnserca cuures ep-
MEHTOB TPHNTOQPAHOBOrO NyTH K oOpasosanue npoaykra (Tpunrodana).
Orcioga 6B caenaH BEIBOA, HTO TPAHCKPUNLMs TPHNTOPAHOBOrO
OMNepoHa PeryNUpyercs YYaCTKOM KOHTPOIHPYEMON TEPMHHALIHH, HAIB-
BaeMBIM aTTCHIOATOPOM.

PenpeccHf KOHeuHbiM mpoAyKTOoM. CuHres GonewuHCTBA
tdepMEHTOBR aHaBONU3IMAa HAXOAMTCH TMOZ KOHTPONEM MEXJHH3IMA
PenpeccHy KOHeHHbIM npoAyKkToM. CyIIHOCTb €r0 COCTOHT B TOM, YTO IO
MEpe HAKOIJICHHA B KJIETKe KOHeYHOro NPOAYKTa GHOCHHTE3a CHHXKAETCA
CKOPOCTh CHHTE3a (DEPMEHTOB, KaTANH3IHPYIOLIMX ero oOpa3oBaHHe.
Hanpumep, ecm BhipalmuBaTs KHUIEYHYIO NAMOYKY Ha MHHHMAIBHOMN
cpepe, T0 (hepMeHTHI, yHacTByrOIIHE B OHOCHHTE3¢ aprHHHHA, HAXOAHTCA
B HEOOXOAMMOM JUIS KJIETKH KONHYECTBE H aprHHHH CHHTe3Hpyerca Io
mepe HanoSHocTH. Ecn »e B cpeny BHecTH roToBeiii apruHuH (20 mr/n),
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TO CHHTE3 (HEPMEHTOB, YHACTBYIOWIMX B ero 00pa3oBaHHH, IPeKPALIAETCA
(penpeccupyercs).

HayueHre Mexanysma penpeccHy CHHTE3a (DePMEHTOB KOHEUHBIM
MPOAYKTOM TMOKA3al0, 4YTO CIPYKTYPHBI€ TeéHBl MHOTHX (DepMEHTOB
anabonK3Ma OPraHHIOBaHE B XPOMOCOME Taloke B BUJE omepoHa. Korna
KOHEYHBIH TMPOAYKT HAKAIUTMBAETCA B KJIETKAX BhilIe HYXXHOro ypoBHS,
OH B3aHMOZIEHCTBYET ¢ GENIKOM penpeccopoM, akTHBHDYA ero. AKTHBH-
POBaHHBIM DEIpeccop NPHCOSNHHACTCA K ONEPATOPHOMY YYacTKy H
6noxupyer wnmumawiro Tpackpurmumy MPHK. Cumtes depmenton
npexpauiaerca. Takum o0pa3’oM, KOHEYHBIl NMPOAYKT HEHCTBYET Kak
xomnpeccop. Tlpy ero oTcyTCTBHM penpeccop HeakTHBeH. XOTS reHbl,
kopupytoure GrocunTes depmenTos omHoro merabomuueckoro mMyTH,
MOryT GpITh pacTonoxeHsl B pasHBIX y4acTKax XPOMOCOMbI, BCE PABHO,
obpazoBanne fgaHHEIX (EPMEHTOB pErynmupyeTcs ONHMM KOHEUHBIM
npoAykToM. Tak, B KIeTKax KHIIEYHOH NaNouKH TeHbi, KOmHPYIOLHe
deprienTsl OHOCHHTE3a APrUHKHA, JOKANHIOBAHBI B PasHBIX YYaCTKax
XPOMOCOMBI, HO BCE OHH PENPECCHPYIOTCHA OAHHM H TEM K& KOMIUIEKCOM
-- Gemox-peripeccop + aprumun. Bonee cnokHoi smnsercs perynsyus
cuHTe3a (EPMEHTOB MyTeM panpecCHH KOHEYHHIM TNPOAYKTOM B
pa3seTBieHubix nyTax aHaGonuama. Kak M npu perynsuuu akTHBHOCTH,
cuHTe3 (JePMEHTOB PEryNHPYETCH TAK, STO KA KOHEWHBIH MpOAyKT
MOXKeT PenpeccHpoBaTs 00pasoBarHe (lepMEHTOB TONBKO «CBOEro» ITyTH
6rocHHTE3a. B paseerBneHHBX MyTax GHOCHHTE3a MOYXKET HMETh MECTO B
MynTbTH(IEDMEHTHAA pPENPECCHs, AHANOrMYHAA TAKOBOLL perynsumq
AKTHBHOCTH (PEPMEHTOB.

7.5.2. Mexanuamol pezynsnuu axmuenocmu deprenmos

Komeunnle npogykTet OHOXHMMYECKHX PEAKUHE OKA3BIBAIOT
Peryyivpyiomee AeHCTBHe He TONBKO HA CHHTE3, HO M Ha aKTHBHOCTH
(pepMEHTOB, KATANUIHPYIOWHX AaHHBIE PEAKUVH. UyBCTBHTENBHOCTHIO,
HIH CPOACTBOM K KOHEYHOMY MNPONYKTY OBNajalor amiocrepHueckHe
(epmenTsl. Onp OGBIMHO HAXOAATCH B Hauane GHOCHHTETHHMECKOrO MyTH
HJIH B MECTAaX Pa3BCTBJICHHA HECKONbKMX NyTeH, 3aHMMafi KIIOYEBHIS
nosuupy. B ommiume or apyrux depmenTor annoctepumeckue depmenTn
coaepxat He TOJIBKO KaTalTHTHYECKH AKTHBHBIH LIEHTD,
NPeAHA3HAYEHHBH 171 CBA3BBAHHA C CyOCTPATOM, HO JAOMOIHUTENBHO
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HMEIOT BTOPOH LEHTP - peryNaTopHbil (annocreputeckuii). Mix moxer
GBI HECKOITBKO HA OfHOH Monekyne depmenTa. Perynaropueii uentp
BHIMONHAET (YHKUMIO CBA3BIBAHHA MOJEKYNB KOHEYHOr0 NPOAYKTA
HA3MBaEMOro 3PPeKTOPOM, HITH MOLYIIATOPOM.

KaTanuTHuecKas axkTHBHOCTh  AJUIOCTEPHUECKOro  (hepMeHTa
MeHseTca B pesysbTaTe ceA3biBaHMA ¢ HuM 3ddexTopa: B cinyuae
TIOHHDKSHYA - HA3BIBACTCA OTPHLATENBHBIM, MK HWHIHOMTOPOM, B CiTy4ae
TIOBBIUIGHHS! - HOCHT HAa3BaHHE TIONOXKHTEIBHOrO, MM AKTHBATOPA.
Ompuyarensupimu  adibexropamy, Kak NMpaBuno, SBAAIOTCS KOHEMHBIE
MpOAYKTH  METaCoNH3Ma, TONOKHTENBHBIMH - CyGCTpaTel  JaHHOro
epmenTa.

Hurubupoane no wuny ofparnoii cmsam. Tlonasnenue
aKTHBHOCTH nepBoro QiepMeHTa GHOCHHTETHHECKOTO MYTH KOHEYHBIM
MPOLYKTOM HOCHT Ha3BaHHE HHrHOMPOBaHMA 1O THNY OOpaTHOM CBA3M,
HIM  peTponHrHGHpoBa-

nua.  TlpuMepom  moxer L- Tpeormn

CITYXKHTh perynauus [ l i ¢

aKTHBHOCTH depmenta L - Keromacamnaa xwcxoTa
L-Tpeonnnae3aMuHa3bi, s
OCYILECTBASIOWEr0  nep-

suidt swalE # Budcunree L~ Ausrcoxcunncasmas xuciore
L-usonefiumna (puc.7.11). l ¢

JHaunas aMMHOKHCIOTA , JK' Auoxou- f- uermasaxepua~
cuHTesupyercs u3 L-tpeo- HOBAA KUCAOTA

HHHA, BIJUOYax  IATh 3,
d’eEMe""'am‘:m peax: o~ Hero- - wermxmaxepuano-
uuii. Tepsmiit depmenT Ha BaR KMCAOTA

myty GuocunTesa L-Tpeo- Py

HuHae3aMuHala (Oy) sB1s- 3

©TCA  AaNIOCTePHHECKHM. /- Usoxeftuun

AxTeBHBE  UeHTp  ero
ceadpiBaeTcs ¢ 3bdek-
TOPOM, KOTOPBIM ABIACTCA
L-vsonefiypy - xoHe4HbiH

Puc. 7.11. Perynsuma GnocHHTE3a
L-m3onekuuna no MEXAHH3MY
OTPHLIATEILHON o0OparHoi CBS3H:
@, - mpeonurdesamunasa; OrOs -

npoaykr GuocunTeaa. Tlpu depmernmut buocunmesa L-usonetiyuna.
HaKoreHus L-tpeonuna B Cmpenkoli  noxazano  uHzubuposanue
HEOOXOAMMOM IUIA KIIETKH mpeonuroesamunasvl L-uzoneliyunom
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KkonuuecTee  L-p3onmeliumH CBA3bIBAETCA C PEry-NATOPHBIM LIEHTPOM
¢depmenta u cumres L-tpeommna npexpamaercs.  JToT MexaHM3M
HHrHOMpOBaHMsA MO3BONAET OBICTPO NMPHBECTH B COOTBETCTBHE CKCPOCTD
CHHTE3a KOHEYHOro NPOAYKTA C NOTPeOHOCTAME KJISTKEH.

B omHOwenuw  pasBeTBNGHHBIX  OGHOCHHTETMYECKMX  myTeil
CYLIECTBYET HECKONBKO MORM(UKALMH MEXaHH3MOB KOHTPONA MyTeM
perponnrubuposanus. OHM CBOAATCA K TOMY, YTO B peryisuuH
MPHUHMAET yMacTHEe BCe KOHEHHbIE NMPOAYKTH 3THX rmyTel. Ecny nepswiii
3Tan OGHOCHHTE3a KATANHMIHPYeTCS OAHHM  (POPMEHTOM, TO Ha
TOBEPXHOCTH €r0 MOJICKYJIbl HMEETCS HEeCKONBKO aJLIOCTEPHUeCKMX
LEHTPOB H K2KOBE H3 KOHEYHBIX NPOAYKTOB CBA3BIBAETCH C
COOTBETCTBYIOLUMM €MY LIEHTPOM («CBOHMMY» LEHTPOM). [Tpu 3ToM, Moxer
CBA3BIBATLCA OAHH MNPOAYKT, HO €CIH OH HE MEHSeT aKTHBHOCTH
(hepMeHTa, TO C aJIOCTEPMUECKMMHM LEHTPAMH CBA3BIBAIOTCA BCE
KOHEUHBIe MPOAYKTH KAXKAOrO H3 Pa3BeTBIEHHII OCHOBHOrO MyTH. JTO
MYITBTHBAJICHTHOE HHIHOHPOBaHHe.

HawnConee pacnpoCTpaHEHHBIM TUIOM perymfpuu  (epMes-
TATHBHOW AKTHBHOCTH B PasBETBNGHHHIX OHOCHHTETHYECKHMX ITyTSX
ABJIASTCA PEerynvpOBaHHE aKTHBHOCTH H3odepmentoB. Hanuume »
M30(EPMENHTAX PASHBIX PEry/IATOPHBIX LEHTPOB [O3BONAET KOHEYHBIM
MPOAYKTaM HE3ABHCHMO APYI' OT APYra MHrHOHpOBaTh aKTHMBHOCTE TOro
HITH BHOTO (hepMeHTa.

MexaHH3M  alIOCTSPHYECKOTO  HHTHOMPOBaMMsi — aKTHBHOCTH
(hepMEHTOR COCTOMT B TOM, YTO KOHEYHEIi MPOAYKT GHOCHHTETHYECKOrO
MyTH, CBA3BIBA’ACH C PEryNATOPHEIM LEHTPOM, BBBbIBaeT KoHGop-
MALMOHHOE H3MEHEHHE CTPYKTYPHM (hepMeHTHOro Genka. B pesynprate
3TOro CyOCTPaTHBIN LEHTP CTAHOBHTCA HEAKTHBHEIM M (DEPMEHT Tepser
CPOACTBO K Cy5CTpaTy, KaTaauTHHECKas AKTHBHOCTh PE3KO CHHXKAGTCS.

KopanenTtnas  monupHKAUMA.  AKTHBHOCTE  HEKOTOPBIX
KIOYEBRX (DOPMEHTOB PEryfiMpyeTcs yTeM KoBaneHTHOH MoapuKamm
uX CTpyxTypet. KosanenTnoe wuameHeHme CTpykTypel iepmerTa
MeTabonMyeckoro mMyTH NPOHCXOAMT B PEAKUHMH, KaTANM3UDYeMOMH
creLHaMbHBM - MoauGHUMpYIOHM  depMeHTOM -  MOAHQHKATOPOM.
lNon soazekicTenem depmenTa-MoaudukaTopa ONpEAGNEHHAN XHMH-
4ECKafd TPYNNHPOBKA KOBAJIGHTHO CBA3WBACTCS C  (DEPMEHTOM,
KaTAMH3HPYyIompM GHOCHHTES TOro MMM HHOro mpoaykta. E pesymerare
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(epMeHT TeEpexoAMT B HEAaKTHBHYIO (opmy. Ortwmennenie 9ol
TPYNIMPOBKH BO3BPalIaeT (hepMEHTY aKTHBHOE COCTOAHHE.

V OGaxrepuii noka OOGHAaPY’KEHBI ABE CHCTEMEB! KOBANGHTHOMH
MozanQHKaUHK: aKTHBHOCTB riyraMHHcHHTeTassl y E. coli, y 6aktepnii
pona Rhizobium perymupyerca myTeM aaeHMIHPOBAHUA—NEANSHHITH-
POBaHHA ¥ AKTHBHOCTh UMTpaTiHasel y ¢ororpodmnix Gaxrepmii poua
Rhodopseudomonas - mnyreM aLETHIMPOBaHHA-AEAUCTHIMPOBAHHS.
TlpucoenuneHne afeHHNBHON H AUETHILHOH rpynmer X (hepmeHTaM
FJIYTAM3TCHHTOTA3e M LHTPAT-HA38 COOTBETCTBEHHO PEIKO CHIDKAET MX
aKTHBHOCTb.

B 3akmoueHHe cnegyetr OTMETHTb, HTO MHAYKUMA CHHTE3a
tepMeHTOB M KaTaGONMTHAs pENPECCHA  ABIAETCH  OCHOBHBIMH
MEXaHH3MAMH, DETYNHDYIOIHME KaTaGoNUTHYECKHE ITYTH, KOTOpbIS
ofecnieunBaloT KNeTKy >Hepruel M HCXOAHWNMM MATEPHANIAMH N3
rpoueccos GHoCHHTE3A.

AnabonuTHHeCKHe MYTH PEryJHPYIOTCS A/IOCTePHYOCKHM HHIH-
OupoBanueMm, peripeccHell CHHTe3a m  akTHBHOCTH  (hepmeHTOB
MPOXYKTaMHM MeTaGonusmMa H B HEKOTOPOH CTENEHM - KOBaleHTHOH
mMozudrkauneH depmeHTOR.
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IF'aasa 8

IMPOKAPHOTBIL.
OCHOBHEIE I'PVIIIIEI

Llapcteo Procaryotae nNpeacTaBneHO BHICIIHME  TaKCOHAMH
(orpenbi, xnaccer). B ocHOBY neneHus Ha OTHENbI TIONOXKEHO CTPOCHHE
KNeTo4HOM crenxn. Haseamus v KpaTkas XapakTepPHCTHKA OTAEIOB H
K1accos npuBeaeHa B Tabnuue 5.

Lapcreo Procaryotae oGbeammser MHOXECTBO pasHOOBpa3HBIX
MHKPOOPrann3mos. Jt1o pasnooGpasne seipaxaercs B Mopdonorns u
CTPYKTYPHOH OpraHM3auHH, B (PHIHONOrHMYECKUX M OHOXMMHYECKHX
(QYHKLMAX, KOTODME ONPEJenfioT HX y4acTHe BO BCEX OHOreo-
XHMHHECKHX IMPOLECCcax, HMEIOIHX MECTO Ha Haliel riaxere.

Cpean npokaproT ecTh aBTOTPOdEL K reTePOTPOdEL, NCHXPOPHIE
U TepMOQHMLI, a3pobul H amaspobel, ranodunm, azorduxcaToper u
APYTHE MHBKPOOPIraHH3MBI C YHHKAIBHBIMH CBOHCTBAML.

8.1. OTAEJ 1. GRACILICUTES

B cocrae oraena sxopaT rpamoTpHuaTenbHEE (GOTOTPOPHEE H
HeporotpodHbie Gaxrepum, He obpasyrompe crop. [Noxsmksbie
OPraHH3MBI OCYWIECTBAAIOT ABHXXEHMHE € IIOMOLUBIO KTYTHKOB MM
cxonwyennem. Cpert HUX M3BECTHBI OGNHraTHBIE adpobbl U aHA’POGHI,
dakynbTaTHBHBIE aHAPOORL, CaNPoQHTLI i TATOTEHBI.

Bce muxpooprammamer ormena Cracilicutes moapaspensiorca ma
TpH knacca: knacc Scotobacteria oGsespmHser MHAUHPEHTHBE K CBETY
Hedorotpodubie Gaxrepun; Knaccer Anoxyphotobacteria, Oxyphoto-
bacteria Bxmouaior (orotpodisie Baxreprin.

8.1.1. @omompodpusie Gaxmepuu

310 noBONBHO OGUMpHAN TPyNnna npeMMYLIECTBeHHO BOAHBIX
TPOKAPHOT, CNOCOGHBIX NOTIIOWaTh JHEPTHIO CBETa, npeobpasys ee B
GHOXHUMHMECKH ROCTYMHYIO SHepriio (AT®) u BoccTaHOBHTENBHYIO
ciny [HATI(®)H,), . e. ocymecranars dorocumres. K doroSaxrepram
OTHOCATCH: MyPrypHbIE H 3enenbie Oaxreprn (ki1acc Anoxyphotobacteria),
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Tabmuua 5

Boicmue Takconsl napcrsa Procaryotae (Murray, 1984)

Oraen 1 Otpen I Orgen I Orpen IV

Gracilicutes* Firmicutes Tenericutes Mendosicutes
Tpokapuotst ¢ pas- | OprauusMel ¢ | F'pamorpsna-~ I'pamorpsuia-
Holt  mopdonoruel, | rpaMronoxu- TENbHHIE TMPOKA- | TENLHHIE H
TpaMoTpHLIATENbHE | TelbHOW KneTou- | puoTel 6e3 Kne- | rpaMnosioxm-
Krnerounbie CTeHKH | HOM CTeHKOM. TOYHON CTCHKH, M | TE/IBHLIC KOKKO-
HMEIOT HapYXHYI0 PasMHOXalOTCA B | HE CHHTE3HDPYIOT | BHlE, MNAJOIKO-
MeMOpaHy, BHYTpeH- | OCHOBHOM OMEap- | npemiiecTBeHHH- | BHAHBle H HHTE-
Huit cro¥i M3 nenTH- | HBIM OeNeHHeM. KOB MENTHAOINH- | BHAHBIE MHKpPO-
nornuxana. PaimHo- | Hekoropeie o6pa- | xama. Knerkn | opraHH3MBI.
HKEHHE B OCHOBHOM | 3yIOT 3Hnocnopsl. | okpysens: L[ITM, | Muorue
OuHapHbIM  peneHH- | ¥V npyrux CHiope! | reomopdHB. TeoMOopdhHLL
€M, [ouxkoBaHHeM, B | Ha rudax wm 8 | Pasmuoxkenue BorpmuHcTBO
OiHOK rpynme - | CHOpaHrHsX. GuHApHBIM JieNte- | HMEIOT KJIETOu-
MHOXECTBEHHBIM Momswxkunie W | HHeMm, IIOYKOBa- { Hylo CTeHKy 6e3
neneHneM. CHop He | HENoBIDKHBIE HHeM, (parMes- | MEeNTHIOTIHKA~
obpasytor. [Tomsmx- | opmbl. Tauuel. H3a, H[OCTPOeH-
Hbl€ M HemoaBiDKibie | A3pobw, anaspo- | Moryr 6niTs | Hylo 3 Genkos-
dopmer.  [epemsu- | 661,  daxynsta- | canpoduTamu, BIX MakpoMoune-
TAIOTCA C MOMOIMIBIO | THBHO aHadpoG- | mapaswTaMy WIH | Kyl WiH rere-
WTYTHKOB WIH CKOMTb- | Hbie (OPMBI. TaTOreHaMH. POMOHCAXapH-
weHHeM. AspobGHuie, | Otaen sxmouaer | IlpoxapuoTsl JI0B.
anaspobusie win da- | 2 knacca: NpEACTARNCHR BonblMHCTBO -
KymbTaTHBHO  aHa- | Firmibacteria KJIaCcCoM cTporue  aHa-
3pobanie QopMbl. (xoKkkH, nanogxH, | Mollicutes. 3pobul, HMEIOT
Otnen  mogpasnens- | nepersiMecs KTYTHKH, CTo-
erca Ha 3 knacca, | HMTH) H COOHM XHTB B
obvenunsiomme  me- | Thallobacteria IKCTPEMATBHEX
¢$orocuuTesmpyo- (peTBALIMECH YCTOBHSX,
mue (Scotobacteria) | dopml). O0sennHeHH B

H (OTOCHHTE2HpYIO-
mme  (Anoxyphoto-
bacteriae, Oxyphoto-
bacteria) opraHu3MB

Knacc Archaeo-
bacteria.

* Tepmurvl 06pasosans: om namuHckux cos: cules - xoxca; gracilis -
mowxuti; firmus - Kpenxuii, npounwits; tener - mazxuii; mendosus - ourubounbiit,
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LHaHOGAKTEpHH
Opranuzms!

KaxxaoH

H  TIPOXJIOPOQHTHL
rpynnst

(xnacc
XapaKTepH3YIOTCH

Oxyphotobacteria).

HaJIHIHEM

OlpeAENeHHOro THNa XJIOPOPHIUIOE H KAPOTHHOMIHEIX MHIMEHTOB, MX
yokanusaiueii B Kierke U ocoberrnocTamu porocuuTesa (1abn.6,7).

Tabnuua 6
OarvenTs! orocEHTESHPYIOIAX GaxTepal
It Ocob.
.Y 2P C {p i ni Peaxyuon- Hocmu
HO20
xropoghurnivt OCHOBHBIE yewmpa gomo-
KapomuHouds cunmesa
Mypnypueie | Gaxrepuo- amvdarmiec- Gaxrepuo- Ge3
Gaxrepun xnopodun KHe wiH | xnopoduin BBLICTICHHA
awm b BPWIBHSIE awm b (o3
3enensic GaxrepHo- Apumebie ¥ | Bakrepno-
Gaxrepun xiopobuis amumkauyec- | xnopoduu a -« -
ate, atd ate | kue
LinanoGak- Xnopobumna | Anvmknu- Xnopopun | C seueneHu
TepHH i a em O
Tpoxnopo- Xnopodmns! Anviunknayecs- | Xnopoduan -« -
GuTH atb KHe a
Tabma 7
Jloxamsanus OTOCHHTETHYECKOr0 ANMIAPATA B KJIETKAX NPOKAPHOT
Komnonenmot
¢ Iypryp 3enenve Luanobaxme- | Hpoxno-
Yeckoeo Oaxmepuu baxmepuu puu podumup
anngpama
Ceerocobupaio- | LIIM u  ee | Xnopocoms: u | Puxobmmuco- Tunaxou-
MME MATMEHTH NPOH3BOL~ LM MBI, THIAAKOMOB | Ak
HBle
DoToXHMHYEC~ IIM u ee | IUIM Tunakonom Tunakou-
KHe PpeaKuMoH- | npous- Bl
HHE NeHTpsl M | BomHnie
3IIEXTPOHTPAHC~
MOPTHBIE  CHC-
TeMbl
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Nypriypubie ©  3eneHpie GakTepUM COACPMAT OCOOBIC THIIBI
xnopodunos, He BcTpeuaromHect y Apyrux (GororpodHbIX OPraHWIMOB.
Onn nonyamnu wassamns OGaxrepuoxnopodmmnos (m. V. K
HaCTOAIEMY BPeMEHH OIKCAHO NATh THNOB GakTepHoxnopoduios: 4.
b, ¢, d, e. ORH Pa3THYAIOTCS 110 CTPYKTYPE K CNEKTPATIBHBIM CBOHCTBAM.
Bomemuscreo nypoyphex Gakrepnii conepsxur Gaxreproxnopodrnn a,
MaKCHMYM TOIJIOWEHNA KOTOPOro NeXHT B obnactH 830-800 mm. ¥V
OTHENBHBIX npencraeurenei 3TOi FPYIIBL Gaxrepuii
(Rhodopseudomonas virides, Thiocapsa pfennigii 1 apyrue) oSHapyxen
xnopodmin b ¢ MakCuMyMOM nornowenus 8 obnacrtu 1020-1030 um.
OCHOBHBIME NHrMeHTaMH 3eMeHBIX GaKTepHi ABAKIOTCH
Baxrepuoxnopodsuie €. d, e, rMaBHBI MaKCHMMyM KOTOPBIX HaXOAHTCK
B AuanazoHe JANHHe Boyu  750-760, 720-740, 710-720 HM
cooTeeTcTBEHHO. Kpome HuX B KneTKax 3THX ke Gaxrepuil npucyrcreyer
Hebonbwoe xommdectso (5-10 %) Gakrepuioxnopodmina a
MakcuMymoMm rnoriomersd npy 810 HM y 3eneHbiX CepHbIX GakTepui M
808 1 868 HM y 3e/ICHBIX HECEPHBIX.

IlypriypHbie v 3enennie GakTepHH OCYLIECTBAMIOT AHOKCHTEHHBIEH
doTockHTes, T. €. (OTOCHHTE3 HE CONMPOBOXKAACTCH BHIACTCHHOM
KHCIopoja. TO HALWIO CBOE OTPaXXEeHHWe B HA3BaHWK KNACCa AAHHBIX
Gaxrepnii.

[uanoGakrepuy 1 NPOXIOPOOMTHI COAEPMAT T€ JKE THMBI
xnopodwinos, 4ro u pacrerns. Ho y upanoGaxrepHii HMeSTCH TONBKO
xnopodunn a, y npoxnopoduros - a u b. Nomumo xnopodmna
UMaHODAKTEPHH  COAEPIKAT KPaCHB® H  CHHHME TIMIMEHTH -
(ukobunmunporensbl: QuKonHaBHH, (PHKOIPHTPHH, ANNOPHKOLMAHHH,
oOTCyTCTBYIOINE Y ApyrHx mpokapror. OHH OnpenensioT CHHE-3aIeHBH
user yHaHOOaKkTepui. ITH NHMrMEHTB, a TaKKe TNOJABIMOLIeS
GonpLUIMHCTBO MOJIEKYN XJIOPO(HINA H KAPOTHHOMIL OTBETCTBEHHKI 33
HOrnameHHe CBeTa 1 pacnpenencHHe SHeprHH: OHH YIaBMHBAIOT CBET H
nepesaloT 3JHEPrHiO XJopodH/ULy peakuHoHHOro wueHTpa (Tabn. 6).
OHKOOMMHNPOTEMHN  JIOKAJIHIOBaHbBI B OCOOBIX  CTPyKTypax -
PukoBunucoOMax, PACTIONOKEHHBIX HAa  BHELOHEH  MTOBEPXHOCTH
THNAKOKHAOB. Y LHaHOGakTepuil H MPOXJIOPO(PHTOB, NMOAOCHO PACTEHHUAM,
(BOTOCHHTE3 NPOTEKAET C BHLIENEHHEM KHCNIOpOAa - OKcHreHro. OpHako,
MHOFHe LMaHODaKTepHH B 3ABHCHMOCTH OT yCNOBHH CnocoOHbI ¥ K
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BHOrCHreHHOMY (DOTOCHHTE3ly, XOTA NPOAYKTHBHOCTb TOCHEAHETO
3HAYHTENBHO HHIKE, 1€M KHUCIIOPOIHOTO.

uanobaxcrepun. 1o HaubGonee npesnas rpynma asTOTPOYHBIX
muxpoopranuiMoB. Jfo 60-x ronos XX 8. LlnaHOBaKTepHH OTHOCHIHCH K
BOAOPOCHAM, CocTaeyias camoctosTenprbiit otaen Cyanophyta - cune-
3eNIGHBIE BOAOPOC/TH. YCTAHOBICHHE Y HHX NPOKAPHOTHOrO THNA
KJIETOYHOH OpraHHM3auHH MOCTY)XANO OCHOBAHHEM Ui MEPecMoTpa HX
CHCTEMATHYECKOrO NONOXKEHHA M BKIIOMEHUA B LapcTBo Procaryotae.

Tlo wmopdonormm uuanoGaKTepHH  TIPEACTABIUCT  BEChMA
pa3HOpOnHYIO0 rpymny, OOBEIHHAIOLIYIO ONHOKJIETOYHEIE,
MHOTOKJIETOUHbIE M KONMOHHanbHbie (opmbl. Beretatnenbie knerku
UMEOT  CEepHHECKYIO, LMNHHAPHYECKYIDO M H3IOTHYTYI0 (OPMBI,
HexoTophle OAHOKNETOYMbIE OPraHH3Mbl JKHMBYT B BHIE OOMHOYHBIX
Knerok (Synechococcus, Synechocystis), y apyrux kneTku o5beaMHeHs! B
xonount (Gloeobacter, Gloeocapsa). Muorum umanobakrepuam npHCyLy,
CKOMb3AMKA THN ABHXeHnsA. Pa3MHOXeHHe TMPOKCXOAUT B OCHOBHOM
OHHApHBIM NEfiCHHeM B OAHOH MJIM Pa3HBIX IUIOCKOCTAX H JIHMIb
OTHEbHBIE BHABI PA3MHOXKAIOTCH MHOMKECTBEHHBIM ENIOHAEM, JTO PEAKO
BCTPEUAOILIMHCA 0COObIH Cnoco0 pasmuOkeHus. OH xapaktepeH A
OIHOKJIETOuHOH wnuanobaxrepun Dermocarpa. Ilepen pasmuoxkenuem
KNeTKa CHIBHO YBENHHMBAeTCS B pa3Mmepax, a 3aTeM ObICTPO H
MHOTOKPATHO AENHTCA Ha MHOMXECTBO MENKHX nouepHux knetok. Ilo
OKOHYAHHH JENEHMS CTEHKA MAaTEPHHCKOH KIOTKH pPAIphIBASTCH M
Ao4epHMe  kneTkM  ocsoSowgmatorca.  [lpyroit  mpeactaBurens
OAHOKJIETOYHEIX nuaHobaxrepui Myxosarcina pa3MHONKaeTCA
MOCYEPEAHO TO GHHAPHBIM, TO MHOMKECTBEHHbIM NENCHHEM.

Muoroxserounsie LMaHOGAKTEPHH HMMEIOT HHTHaTYIO (opmy.
HHUTH COCTOAT M3 OTAENBMBIX KIETCK, KOTOpble coobmaroTcs ApYyr ¢
OPYroM dYepe3 TOHKUE KJIETOYHBIE CTeHKH - IutasmomecMel. Liemowxw
TAKMX COSAMHEHHI KJIETOK ¥ACTO OKPYXEHbL CIM3UCTBIM YEXJIOM H HOCHT
HassaHHe TpuxoMa. TpwXoM sABIAETCA €AHHOH (DYHKLHOHANBLHOMH
cucTeMOH. Y onHHX UMaHODAKTEPHI! TPHXOM TMpPOCTOH ONMOPAAMbI
(Anabaena), y apyrux - passerenennmiit (Stigonema). Hwuruatbie
uxanobaxrepuH Pa3IMHOXKAIOTCH (hparmeHTauneH TPHXOMOB,
NPOPACTAHMEM AKHHET M C IOMOLIbIO FOPMOroHHeEB (CM. ri1. 4).

Hna 230TOUKCHPYIOILUX unanobaxrepnii XapakTepHa
Anddepernpanys TPHXOM2 H2 CTIELMATHIHPOBAHHEBIC KIETKH, 6A0LHThHL
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¥  TOPMOTOHEM, CHYXaIgke 1A PasMHOXKEHHs, AKHHeTBl - Jif
BBKHBAWHMA B HEONaronpuaATHBIX YCIOBHSX, TeTEPOLMHCTHl - nns
asorduxcaunn. Fereponrcrsl 06pasyroTcs M3 BEreTaTHaMbBIX KIETOK B
pasueix  y4acTkax Tpuxoma. OOpasoBamHe MX CONMPOBOMKIAETCH
CTPYKTYPHBIMH H (YHKLHOHANIBHBIMH MEpECTPOHKAMU BEreTATHBHBIX
KIIETOK, HamnpasJIECHHbIMHM Ha NOAAECPKAHHO BHOOKOﬁ AKTHBHOCTH
azordukcupyromero ¢epmeHTa HUTPOTeHa3sl - Ha 3alAMTY €ro OT
TOKCHHECKOTO AGHCTBHSI MOJIKYJIAPHOrO KHCIOPO#A. 1O JOCTUTAETCA
(GOpMHPOBAHKEM YTOMNEHHOM KIETOMHONM CTEHKH H nerpagaumen Il-i
(dorocrcTeMsl, ¢ AeHCTBMOM KOTOPOH CBA3AHO palIOKEHHe BOAbI H
BoifeneHke kucriopona. [losromy B rerepoumcrax  Kucnopon He
06[.')23)’61‘(32 H H3BHE TAKOKE HEe MOXKET NPpOHHKATh H3~3a HAJIH4HA TONCTOH
Knetoqroil crenku. TakuM 06pa3oM, B reTepoLMCTaX CO3AAIOTCH
ycinoens, GnarompusTHbie A (PHKCANMM MONEKYNAPHOro a3oTa. B
BEreéTaTUBHBIX KIETKAX 3TOT MPOLECC He MpOHCXOmMT. B cBs3n c atHM
obpazoBanpe TIeTEPOLMCT PpPacCMAaTPHBAETCH KK  3BOMIOLHOHHOE
npHcnocobnenne nuanobakTepuii K (QHKCALMH MOJEKYITAPHOro a30Ta B
a3pOBHBIX yCIOBHAX

INpeoSnamaromee GonpmKKCTA0 LHAHOOAKTEPHH OCYIUECTBILAIOT
pacTHTenBHBIH  TAN  (BOTOCHHTE3a, JUIA  KOTOPOTO  XapaKTepHO
HCITONBb30BAHHE BOALI B KAYECTBE AOHOPAa 3JJIEKTPOHOB H BBLIEMTEHHE
MojieKynisipHoro kucnopona. OGpasyiompecs B mpouecce (oTOCHETE3a
AT® n HAZI® "H; Henonbaylores KIETKORH ns aCCHMMIALHHE YrTeKHC-
noro raza. OcHoBHEIM mnyTeM, MO KOTOPOMY unaHobakTepHH
ACCHMMIIMPYIOT YFIeKHCIbiH ra3, ssnsercs unkn Kanesnna, B otniune
OT LKA APHONMA, KOTOPBIH (YHKLUHOHHPYET y 3eNEHBIX CepobakTepHii,
AKLETITOPOM VYIIeKHCIoro rasa B LHKIe Kanbenne ABJACTCA
AKTHBHPOBaHHAS MOJeKyna neHTossl. B pesyneraTe 6 oboporos umxna
Kampenna w3 ¢uxcupoBammod nsyokHcu yrnepoma obpasyercs 1
Monexyna ryrokodsl. B oBobimenHoM BHae 3TOT mpouecc Moxer GEITh
NPECACTAB/ICH CIeAYIOMHM YpaBHeHHeM:

6CO; + ISAT® + 12HAJ(®) H, ——>
—> CgH120; + 180y + ISAZIP + 12HAI(D)”
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O6nanas  cnocoBHOCTEIO Kk (OTOCHHTEly M (DHKCALAM
MOJIEKYJISPHOTO 23073, LHAHOOAKTEPHH HENMPHXOTIIMBEL K CONEPIKAHKIO B
.Cpefie CNOXHBIX NMHTaTeMeHbIX aemects. Onn criocoBubr pasausaTbos
MIPH MUHHMAJIBHOM COZCPAHHH NPOCTHIX MHHEPAIbHBIX COSAHHEHHH
IT0 OOYCIOBNMHBACT UX IIHPOKO® PACHIPOCTPAHEHHE B MPHPOAS ~ NOYBAX
Pa3HBIX THIOA, BOAOEMAX, Ha CKANBHLIX NOpOAax.

Npoxnopodurer  (mop. Prochlorales) - cumBnoTHueckHe
OIHOKIIETOUHBIE dororpodusie TIPOKAPHOTHI. Ipencraenens
SAHHCTBEHHBIM ponom M BuaoM - Prochloron didemni. B nassamum,
NPEeANOKEHHOM NepBOOTKPhiBaTeIeM ux P. A. Jlesunmm (1975),
OTPaXeHa BOIMOX(HAS CBN3b TNpPOXIOPOPUTOE ¢  IYKAPHOTHBIMM
senensiMi  Bopopociimu  p.  Chlorophyta. Kak u  umanobaxrepum,
NpOXAOPOGMTH OCYIECTBAAIOT HOTOCHHTE3 C BBLECHMEM KHCIOPOAA.
DOTOCUHTETHYECKHIl annapar NPeACTABNEH CTONKaMK (MIH napaMu)
THAZKOMJIOB, B KOTOPBIX COASPXATCA XJIOpodsnsl g H b, KAPOTHHOMIMI.
PuKOOHITHNPOTEH AL H  Guxobmincomml, XapaKTepHble s
uuanobakrTepnit, y npoxnopoduTos He OCHapyxeHn. @OHKCALHIO
YITIEKUCIIOrO rasa OCyWecTBusuoT 4eped umkn Kanesuwa, ofpazys B
Ka4eCTBe KOHEUHOro MPOAYKTa MOJHCAXapHA, aHANOTHYHBIH [VIHKOTeHY
uuHaHobaKTepuil.

INpoxnopoduTe: umeroT cheputeckyro HopMy KreTkn pasMepom Ot
6 no 25 MKM, rPaMOTPHUATENBHLI, HENOABHAHBI. Pa3MHOMXAIOTCH
OunapueM nenenneM. OMM ABNAIOTCH OGNMTaTHHMH BHEKITETOYHBIMH
CHMOHOHTAMH MOPCKHX XHBOTHBIX - KOJIOHHAIBHBIX acuuanii. B uncroi
KynbType 6e3 cuMGrOTHTA npoxniopoduTel He pasereaiorca. [lonararor,
4TO npoxaopoduTel  OBECMeMMBAIOT CBOMX X035€3 TNpPOXYKTaMH
¢doTocHHTE3a, PpONb ACUMAMH B 3TOM CHMOHO3e HEM3BeCTHA.
TlpoxyiopoduTsl PaCCMAaTPHBAIOTCA KAK BO3MOXKHBIE NPEALICCTBEHHHKH
X0pornacToB (hOTOCHHTEINPYIOLIHX IYKAPHOT.

8.1.2. Xemorumonmpoghst u memunompod sl

HNypnypHbie Baxrepum (porn Rhodospirillum) -
NPeHMYWECTBeHHO BOAHBIC OAHOKNETOuHble oOpraHuambl. Kierxu
chepHHecKHe, MaOMKOBHIHBIE, M3OTHYTHE MJIH H3BHTHIS, [UIHHOH OT 1
#o 20 mxm, mmpyHoi or 0,3 no 6 mxM. PasMHOXAIOTCS B OCHOBHOM
GuHapHbIM eNeHHeM H TONBKO OTAepHbIe BHAK - Rhodopseudomonas i
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Rhodomicrobium - nouxosaxueM. JBHkeH¥e OCYIIECTBIAIOT C NOMOLIBIO
OZHOrO MM  My4YKa  MONAPHO  PACNONIOMEHHBIX  JKTYTHKOB.
TlepuTpHXHANBEHOE KIYTHKOBAHHE HMEIOT TONBKO BaKTepHyu OgHOTO BHAA
- Rhodomicrobium vannielii. EcTe H HemOABHKHBI® OPraHH3IMBl CPOAH
myprypHeIX GaKTepHii.

TMypnypusie GakTepuy OCYECTRISIOT aHa3pobueiii dorocuHTes
Ge3s BHAGNEGHHA KHCHopoaa. B kavecTse OHOPOB  3NEKTPOHOB
HCMONB3YIOT BOCCTAMOBHTENBHBIC COONMHEHHN CePbl (B OCHOBHOM
CEepoBOAOPON), MONEKYNAPHbIN BOAOPOA HJIH OPraHWYECKHS BEUIOCTBA.
ACCHMHALIHIO YITIEKHCIIOrO rasa OCyLISCTEIAIOT uepes uHist Kanpsuna.
Bee mpencTaBUTENH MypPIypHRIX Oakrepuit oBIanAioOT CHIOCOBHOCTEIO
(PMKCHPOBATb MOJIEKYJIAPHBIH a30T.

Tlo HCronB30BaHKIO HOHOPOB 3MEKTPOHOa MpH (OTOCHHTE3e H
MEXaHH3MaM OKHCIeHuA CynbGUIos MyprypHbie GakTepuH pa3fensoTes
Ha HEeCopHbIe MyprypEbie GakTepuH ¥ CepHbie MypIypHLIe GaKTepHu.

INyprypHsie HecepHbie OakrepHH  sBIAIOTCH  (POTOOPraHo-
rereporpodamu. B  kauecrse HOHOPOB 3NEKTPOHOB H HCTOWHHKOB
yrieposa Jjuis  QOTOCHHTE3Aa HCMONB3YIOT NPOCTHIE OPTraHHYECKHe
coenviHerus (cM. rn. 7). Crnocobbl MONy4eHHs OSHEPrHM Yy HHX
pa3Hoobpasune: GorocunTes, a3pobHOoe M aHA3’pOOHOE JBIXaHKE,
SpoceHue.

IypnypHpie HecepHbie GakTepHy OOHMTAIOT B MPECHHIX O3epax M
APYrHX BONOEMaX NPH HOHIDKEHHBIX KOHUEHTPALMAX NHGO MOMHOM
OTCYTCTBHH CyNnb(HAOB, KOTOPHIE OKA3bIBAIOT HA JaHHMe Oakrepuu
TOKCH4ECKO® NSHCTBHE.

Nypriypusie cepobakrepnu sBnalorcs  (PoToNUTOaBTOTPODAMH.
Ouun MOIYT pPa3sHBaTbCs Ha Cpenax, rne COAHCTBEHHbIM HCTOYHHKOM
YIJI6poAa ABIASTCS YIJIEKHCIIBIA ra3 H JOHOPOM 3MIEKTPOHOB - Cynb(HA.
Hexoropble BHAB MOTYT HCNONBIOBATh TAKXKE MONEKYNAPHYIO CEDY,
BoAcpox, cynsdHUT ¥ THOCYb(aT. [TosTomy THIHYHEIM MecTOOOHTaHHEM
MypIypHBIX cepobakTepHii ABIMOTCA GoraTbie Cynb(HAAMM BOROSMSIL.
Oxucnenve CynmspHAOB OHH OCYIIECTBISIOT B aHA3POOHBIX YCROBHAX
qepe3s CTanHIO OGPA3OBAHKA BJIEMEHTAPHOH CPefbl, KOTOPYIO BPEMEHHO
OTKIAAbIBAIOT BHYTPH KIETKHM B BHAE rpaHyl. 3aToM OKHC/IAIOT €€ NO
cynepata. Cnocobrocrs x  (QoroaccCHMWIAUMH — OPraHH4eCKHX
coemvHeHHH y MypmypHbix cepoBakTepmii Gomee orpaHuueHa, wem y
HECOPHbIX, H CBOAMTCA 38 OCHOBHOM K MOTPeONEHHIO YKCYCHOH KHCIOTHL.
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EauHCTBeHHBIM (HaKTOPOM POCTA, B KOTOPOM HYKAAIOTCA IMyPHypHbIS
cepobaKTepuy, SBNACTCA BUTAMUH By,

B  33BHCHMOCTH OT HHTOHCHBHOCTH CBETa, KOHLIHTPaLHH
cyns(uaa, TeMnepatypei, pH myprypHbie 6akTepuy MOTYT pa3BHBATBCH
HJH B BHJP® OTAENBbHBIX KNETOK, HIIH B BHAE HENMONBMIKHBIX KIETOMHBIX
arperaToB, 3aKIOYEHHBIX B CITH3b,

3enenwie Gaxrepruu (pos Chlorobium) coctasmsor HeGonmpLIyO
rpynmy dororpodrbix BakrepHii, OTIHYAIIMXCA OT BHELIHE CXOAHBIX
LpaHobaKTeprii NO MATMEHTHOMY COCTABY H MEXaHu3My (POTOCHHTE3a,
MpOTEKAOUIEro 6e3 BBIIENEHHA KUCIOPOAa. PainHuaior 3eneHsle cepubie
Baxrepru H 3enerbie HecepHbIo GaxTepuy.

3eneHbie cepoGAKTEPHHM - OAHOKIETOMHBI® H HEMOXBIHEBIC
OPraHM3MBl  MANOCMKOBMAHOW,  cepuueckol,  AMUEBUAHONW M
3Be3006pasHoi dopmul. Pasmepsnt knerox 0,3-1,2 x 0,5-2,7 mxm. Orm
AB/UIOTCH  CTPOrMMH  aHa3pobamu k  obnuraTHeiMH  QOTONHTO-
aBTOTPO(aMK, T. e. PasBHUBAIOTCA B GHCTO MHHEpaNbHEIX cpemax. B
Ka4ecTBE AOMOPOB 3MIEKTPOHOB HCIIONB3YIOT CEPOBOAOPON H [APYrHe
BOCCTaHOBHTEITbHbIE HEOPraHHYECKHE COSAHHEHHA CePbl MM BOAOPONA.
Ob6pasyiomascs npy OKHCIEHHH CEpPOBOAODOAA 3NEMEHTapHas cepa
OTKITAbIBAETCA BHE KJIETKH, 33TeM OKUCHAeTcs 10 cynbdara. OCHOBHBIM
HMCTOYHHKOM YTJICPOHA ABIACTCA YIJIEKHCIOTA, KOTOpas (PHKCHPYeTCs
4EPEe3 BOCCTAHOBUTENbHAIH LMK KapOOHOBBIX KMCNOT - LHKIT ApHOMA.
Cymmapryio peaxumio ¢oTOCHHTE3a 3e6HBIX CepobakTephii MOXNHO
MPEACTaPUTD B CIISAYIOLIEM BEJE:

CO; + 2H,S —— CH, O+ H,O + 28

Tlo (H3HONOrHYECKHM CBOHCTBEM M NHIIEBBIM NOTPEBHOCTSM
3eeHble CEPOBAKTEPHM BECHMa CXOAHBI C IMYPINYPHBIMH CEPHEIMH
Gakrepusamu. OHn Takke HYWOAIOTCS a BHTaMHME Bp, B Kauecrse
WICTOYHHKA CEpPhl MCIIONB3YIOT cynbdHA, O0ONagalT crnocoBHOCTHIO
(UKCHPOBATL MONEKYNAPHBIF a30T, (OTOCHHTES Me COMPOBONKAACTCA
BuiziegnenneM kucnoposa. Ha oSmmocts MeraGonmueckix npoueccos
yKa3bBACT WX COBMECTHOE Pa3BHTHEe B OAHHX H TeX ke TNPHPOAHBIX
YCIOBHSAX - B OCBEilleHHO#H, GoraToli cepoomoposom aHa3poBHO# 30He
pogoemos. Ho B 7o ke BpeMa 2t mBe rpynnml Gakrepmii ueTko
Pa3nM4alOTCA MO THOY IHIMEHTOB, CTPYKTYPe (POTOCHHTEIHPYIOILEro
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annapata, MeXaHH3MaM (HKcauMM yriekuciore rasa (rabn. 8).
IMyprypHeie 6aKTepHn cofepxar oCHOBHEIE GaKTepHOXIOPOPHILTH @ 1 b,
KOTOpHIE JIOKATTH30BAHH B XpoMaTodopax BE3HKYJIIpHOro, TyOymspHoro
HAu JIaME/UBDHOIO THIIOB, OKpPYXKCHHBIC MApodiHOH MemGpaHo#,
ceasanHol ¢ I[IM knerxu. 3enenbie Gaxrepusi B KavdecTBe INABHBIX
KOMNOHEHTOB GOoTONHrMenToB coaepxar Sakrepuoxsiopoduutsi ¢, d v
€ ¥ HeGONBIOe KOMHIeCTRO xyopodmiia a. [THrMeHTh PacoNoXeHs! B
0cobBIX CTPYKTypax - XJIOpOOGHyM-BE3WKynaX, WIH XJIOpOCOMaXx,
naxoasmuxca noa LTIM u npHKperUieHHBIX K NOCHEAHeH ¢ MOMOIIBI0
opuHapro¥ Oenkopolf MemOpaHbi, okpyxatomed xpomocombl. Kpome
TOro, HH OfiMH BHJ 3€eHNIX cepobaKTepuit HE MOXET MCIIONB3OBATL B
KaYeCcTBE EAHHCTBEHHOrO WM OCHOBHOIO HCTOSMHHKa YIJiepona
OpraHHYeckue coeauHeHus. OTAQIBHBIC BHAN MOTYT noTpebnars
YKCYCHYIO KHCIIOTY, HO TOJIBKO IDH HAJIHMHH B Cpelle CEpOBONOPOAA M
YINCKHCHAOTO Fa3a.

Tabnuua 8
OcHoBHEBIE PAlIN9EN MESAY NPOKAPHOTAME PONOB
Rhbodospirillum = Chlorobium
Tlpusnax Rhodospirillum Chlorobium
Jloxanusaius LIIM u ec npoussogubic  XuopocoMul H LIIIM
TIMTMEHTOB 8HTCHHB!
IMarmeeHTH @HTEHHBI Baxrepwoxsiopodmn Bakrepuoxnopodrn
awm b a+tc at+d ate
ITarmMeHTsl Baxrepuoxnopodu Bmepnoxndpo(bmm
PEAKIMOHHOTO HEHTPa awm b a
Mexannsm  Quxcawpmm Lot Kanepuna Lluxn ApHona mmm
YTIIEKUCIIOTO Fa3a ok Kanbsuna
Otnoxenne BHyTpH BIM BHE KNeTKH BHe xnerkn
OKMCJICHHO# CepHl
TTonBIDKHOCTE C NOMOIMEIO XXTYTHKOB CKONbXKCHHEM

215



Jenenbie HecepHble OAKTEPHH - HMTHYaThle OpPraHH3MBI, Y
KOTOPhIX NATOMKOBMAHbIE KIIETKH OObEHHEHBI B JUIHHHBIE TPHXOMEI - 110
300 mxm. OHu 001282)0T CKONB3AIIMM THIOM nesakenus. [lo
MeTaGOoH3MY HMEIOT CXOACTBO € HECEPHBIMH ITyPIYPHBIMH GaKTepHAMH.
Onu TarKe sBAAIOTCA (aKyNbTATHBHBIMH a3p00aMu, CHOCOOHBIMH K
rereporpodromy (u ¢ororpodromy) pocty. B kauecrBe nomopa
3JEKTPOHOB MOFYT HCIONB30BaTh Ppa3sHooOpasmbie  OpraHHYecKHe
COCMHEHMA: Caxapa, CIHMpPTbl, OpPraHWYecKHe KHCIOTHL. OJTH IXKe
aemecTBa mnpy pazeuraM  Gakrepui B TeMMOTE CiyXar JUIE HHX
HCTOYMHMKAMH 2Hepru¥ H yrnepoga. Ha cBery Oakrtepum nomyuator
3HEPryIo B Nnpouecce GOTOCHHTE3a, B TEMHOTE - B MPOLECCce AbIXAHHA.
[losToMy B TeMHOTE OHM MOCYT pa3sBMBATBCA TONBKO B a3pOOHBIX
YCIOBMSAX 32 CYET OKHCJIEMMA OpPraHHYecKHX seiulecTs. B aHaspobubix
YCIOBUSX B TEMHOTE HaXe MPH HATHYHM OPraHHYeCKHX BeIEeCTB 3TU
Gakrepun He pa3puBaioTci. Ha CBeTy OMH MOFYT pa3BHMBAaTBCS KaK B
aspoOHBIX, Tak H B aHad’poOHbix ycnoausax. IIpH KCIONb30BAaHHH
CEpOBO/IOPOSia B KauecTBe AOHOpA 3NEKTPOHOB oOpazyiomascs cepa
OTKIANBIBACTCH BHE KIETKH. B omimuve or 3enenbix cepobakrepwmii
3eeHble  CKONb3AlME Oakrepuu uwe crnocoOubl  (HKCHPOBATH
MOMNEKYJIAPHBIA 230T, ACCHMHIIALMIO YIJIEKHCIIOTHl OCYLIECTBISIOT B
uvne Kaneeuna (3enensie cepoSakrepun - B uniie Apuona). Cocras
MHCMEHTOB, HX JIOKAJH3aLMA H THMI (POTOCHHTE32 COOTBETCTBYIOT
TAaKOBBbIM Yy 3eNieHbIX cepobakrepuii. B mpuponmHeix cpenax GakrepHu
Chloroflexus wacro pasBHBAIOTCS & TECHBIX accOLMALMAX ¢
nuaHobaxTepuaMy, o0pasys opaH)keabie M 3elieHble ruieHkd. OcoGeHHO
3TO xapakTtepuo i TepmodmubHbeix OGaxrepuii C. aurantiacus,
BBIIENOHHBIX U3 TEPMMHANBLHBIX MCTOYHHKOB C TEMIIEPATYPOit 45-75° C,
oOpa3yromux CMEHIAHHbIE MOy AL MH < TepMOPHIBHBIMY
uuaHobaxrepusmMu pona Synechococcus.

Crnocobrocts ¢ororpodrbix Gakrepuii YTHIIM3MPOBATH
COJTHEYHYIO JHEPrHiO M HCNONb30BaTh €€ JYId MpoLeccoB GHOCHHTE32
obecneuMBacT UM NMPESHMYLIECTBA niepes] reTepoTpodHLIME GaKkTepuaMu
TpH HCNOSBR30BAHMH KX B Ka4ecTBE TNpPOOYwEHTOB O6mnoMacchl M
GHONOrMYecKy AaKTHBHBIX BeulecTB. buoMacca MX MOMKET CIyXKHTh
MCTOYHHKOM BBICOKOKAYE€CTBEHHOIO KOPMOBOIO M [HMINEBOro Oeuika.
TTomuamo Guomaccer GoroTpodnbie GakTepru NPOLYLMpPYIOT @MMHaK H
BOOpOA (roprovdMid ra3d), OCYMECTB/ISIOT OYHCTKY CTOMHBIX BOJ,
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NPOMBIILIEHHBIX Fa30B, TpaHCHOpPMAlMIO pavIHYHBIX COCHMHEHHH,
cnocobersyior  GHonerpanauuM  TOKCHYeCKMX Bemects. Bce 910
YKa3piBaeT Ha MHorooOpasHe myTel NPAKTHHECKOTO HCIIONb3OBAHHA
¢ororpodHbix Gakreprii B GHOTEXHOMOIHH.

8.1.3. I'pamompuyamenensie xemozemepompoghs

K cxorobakrepusm (Scotobacteria) ornocstea unmnddepentasie k
CBETY FpaMOTpHLATeNbHbiE, He obpasylommue crop Oakrepun. [Ilo
MOP(ONIOTHH OPraHH3MOR M pa3HOOOPa3HIO (HIHONIOrHYECKHX IPYII 3T0
campiti o6mmpHEIit knacc B uapcTBe Procaryotae. On sxonouaer Bce BB
XeMOMHTOTpOPHEIX Gakrepuit, GIH3KMX K HHM 1O (PH3HOIOIHH -
METHIOTPOHBIX M 3HAYHTEIEHYIO HACTh XeMOIeTEpOTPOdHBIX BHUIOB.

Xemomurotpopunie Gakrepuu nonydaloT HeobXomuMmyio Juif
JKHIHEJICATENPHOCTH JHEPrHH 3a CHeT OKMCJICHHMA HeopraHHIecKHX
cybGcTparoB. B 3aBHCHCMOCTH OT okmciIseMoro cybcTpara OHH ACIATC
Ha HecKOJILKO (pH3HOJIorHYeckuX rpynn (1aGn.9).

Tabnnua 9

DEIHMIOrEYEeCKEE FPYINLI XemMoauaToTpodaEbIX SakTepil

Tpynnn Oxucar- | Oxucrs- Ipedcmasumenu
emuiti emviti

cybempa | npodyxm
m

Hutpudnuupyionme
Gaxrepun: ]
leppas aza nutpudu- NH; NH, Nitrosomonos europoea
KaIms
Bropas daza HuTpHpH- NO; NO;~ Nitrobacter winogradskyi
KA
CepoGaxrepuu H,S, S, SO% Beggiatoa atba

$,0%-
Jenesobaxrepuu Fe** Fe** Sphaerotilus natans
Bozopomuste Gaxrepuu H, H,0 Paracoccus denitrificans
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Xemonutorpopuble Gaxrepun pasHoobpasHbl o Mopdonoruu M
(pH3IHONOrHH, MHUPOXO PACTIPOCTPAHEHE! B MPUPONE H MIPAIOT BERYIHYIO
PONb B KPYroBOpoTe GHONEHHBIX SNEMEHTOS.

Metuniorpodnbie GakTepHH NOMYHaOT HEPIHIO M YTIIEPON B XONE
meraGonniMa OHOYrTIepONHEIX COSAHHEHHH, CONEPKANMX METHILHYIO
rpynny. 910 THNHYHBE obnurarHeie Metwiotpods. Hapsny ¢ mumu
CYmecTBYIOT H (aKyJbTaTHBHBIE METHIOTPOOBL, KOTOpbIE KpoOMe
C,-coemuuennit ucnonb3ytor Takke Cr-Ce-coenunenns (Tabn.10).

Tabnuua 10
Mernnorpodanie Gaxrepun
Memabonusupye-
Ipynna Poo Dopma kremox Mble COeOUHEeHUR
yanepoda
O6nuratasie  Methylosinus INanmoukn ¢ monapro Meras,
METHIOTPOdH PacTiOVIONKEHHBIMI JHMETHIOBBIHM
HKTYTHKAMM; 3dup, MeTHIOBLI
oBpasyloT 3K30COpH  CIHPT
Methylocystis Henonsmxusie
TNAM09KH, 3K30CNOp
He obpa3ytoT
Methylomonas  IManoukn ¢ noyspHO
PACTIONIOKEHHBIMH
HKIYTHKAMEH
Methylobacter IManoaku H  KOKKH,
00pasyloT UMCTHI
Methylococcus ~ HemnoarinkasIe KOKK
Qaxynstatie  Hyphomicro- ITanouxn c 3moctpen- Merunopsiit, 31a-
HHEe MeTwio- bium HBIMH KOHUAMM, 00- noBBiM CIMPTHI;
Tpodn pasylor rubsl M MypaBpMHAs  KuC-
NOIKH JIOTa, YKCyCHas M
Pseudomonas IManoukn ¢ nonspHo PB-oxcEMacnsEas
(He Bce BHIBI) PACIIONOXEHHNMH KHCJIOTB, METHI-
JKTYTHKAME AMHHB
Mycobacterium  Ilanouky, HHOIZIa
BETBALIHECH
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Kak sMaHo u3  Tabmuust 10, Kpyr  coeaMHeHHi,
MeTaboNH3MPYEMBIX METHAOTPOGAMH, HEBEITHK.

Pon Pseudomonas ofbefuHser NaJOYKOBHIHEIE, Hecnopoobpa-
3yIOlME NOJBHXHBIE GakTepuu C TONSAPHO PACTIOJIOKEHUBIMH KTy~
Tukamu. Kiierku umeior BHJI NpAMBIX MIIH CJISrKAa M3OTHYTBRIX NANOMEK
pasmepom 1,0-0,5 x 1-4 Mxm. B GonbuimmcTBe cBoEM - CTporue aspobsl,
Pa3sBMBAIOTCA B IIMPOKOM [Manasome Temmnepatyp - or 4 mo 43° C.
Muorue nceBnoMoOHAamBI He HyXjaaloTcs B (axropax pocra. Onu
obnajaloT peaKol CHOoCOOHOCTBIO HCNONB30BATL LIMPOKHH  KpYr
HCTOYHHMKOB nHTAHMA - 00 150 HauMeHOBaHMET NPMPOAHBIX M
CHHTETHYECKHX COEAMHEHHIE. VHMKa/IbHOH 0COGEHHOCTRIO NCEBAOMOMAN
ABJETCA CNOCOOHOCTD NOTPEONATE apOMAaTHYECKHE COCIHHEHHA, TAKHE,
Kak Oenzoar, enon, wuadpranuy, xambopy, CANMLHIAT, HE
YTHIH3HpYeMbie ApyraMH OakrepusimMu. OHu MOryT TakKe paviaraTh
HEKOTOpBIE TOKCHYECKME COEJUHCHHMA, B TOM Y9HCIC TIECTHLMIBL,
CoIepKamue B CBOEM CoCTaBeé xiop, ¢mrop, pryTs. Hexoropeie
ncepgoMonansl, Kkak Ps. saccharophila, Ps. facilis, ssisorca
bakynETaTHBHEIME XEMOJIHTOTPO(PAMH, B KAYECTBE HCTOYHHKA IHEPTHH
MCTIO/IB3YIOT BOIOPOI MM YITIEKMCIBIA ras, OPYr#e - CrocoGHB K
AEHUTPHMKALME, T. €. HOOBIBAIOT MEPrHiO IYTE€M BOCCTAHOBJICHHA
HWTpAaTOB, Hanpumep, Ps. denitrificans, Ps. stutzeri.

XapaxrepubiM CBOHCTBOM TICEBJIOMOHA SIBJISIETCH YTHIM3ALMA
caxapos 1o myTH uTHepa-Jlynoposa, T. €. 4epes oGpa3oBanme 2-xero-3-
Ae3oxcH-6-ocdormoxroroBokH kucnorsl  (KA®I-myrs). Cpemw
NpPOKAPHOT [CEBIOMOHAE! ABJAIOTCH YHHKANBHBIMHM TIETEPOTPOdaMH,
TaK KaK HEH3BECTHO HHM OJJHOIO NPHPOAHONO WIM NOYYECHHOro MyTeM
XMMHYECKOrO CHHTE3a COSAMHEHHSA, KOTOPOe He NOTPetaIocs Gbl STHMH
Gaxrepusamu. Hapagy ¢ norpeGnenuem ncesnoMouanst CHOCOOHBI H X
BuocHHTEsy PpaTMYHBIX coeaumeHMN. Boicoxolf GuocHHTETHYEeCKOMN
CIOCOOHOCTBIO  OTIHYAIOTCH  (PIIyOpecUMpYIOIe  NICEeBJIOMOHAZBI:
Ps. fluorescens, Ps. aeruginosa, Ps. putida. MHorue sHAB CHHTE3HDPYIOT
psin (Gonee 30) aHTHOMOTHKOB AKTHBHMBIX B OTHOLIEHHH IpuboB,
rPaMIONOXKHTEBHBIX M TpaMoTpuuaTeNbHbix Oakrepuit. Ilo crniocob-
HOCTH NPOAYUHPOBATh 3TH OMOJIOTHMECKH AKTHBHBIE BEIIECTBA OHH
YCTYHaioT Tonbko akTHHomuueram. IIpakTuseckoe npuMmeneHHe yxe
NOMyIH)l aHTHOHOTHK IMMPPONHHTPHY, NPOAYUHMpPYEeMBIH Ppa3sHbIMH
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Bugamu Oakrepuii poga Pseudomonas (Ps. purrocinia, Ps. aureofaciens,
Ps. acidula u zp.).

ITnpponauTpHH obnanaer BBICOKOM aHTHQYHrabHOM
AKTHBHOCTHIO, & TaKXkKe OKashiBaeT 6aKTepHUMAHOE ACIHCTBHE Ha CAbMO-
HE/UIBl, KHMLIEYHYIO HAIOYKY, 30JOTHCTOro CTaQMIOKOKKa H Ap.
IIpumensercs ans neveHus aepmarommko3oB. B 1976 r. u3 Ps. sorbistini
NOV. Sp. BBUIEJEH KOMILIEKC AHTHOMOTHKOB aMMHOITIMKO3HIOB -
copbucTHHEL. OHHM XapaKTepH3YIOTCH LWMPOKHM CIIEKTPOM AEHCTBHSL:
MOAABNSAIOT POCT  IPaMIOJIOKMTENbHBIX M FPAMOTPHLATENbHbIX
bGakTepuii, B TOM wuHMcne OaKTepHH, PpE3MCTCHTHBIX K [pYrUM
aMHHOITHKO3KIaM.

INoyts BCe npencraButTenH poxa Pseudomonas oGnaparor
cnocoOHOCTBIO K  CHHTesy OakrepHonmHOB. BOiBLIONH  HHTEpEC
MPEICTARNAIOT TICEBAOMOHANBI JJIA TEXHHYECKOH MHKPOOHONIONHH M
GHOTEXHOJIOMHH KaK MPOLYLECHTBI OPraHHYecKHX KHCJIOT, AMHHOKHCJIOT,
¢epmenToB. PAn mTaMMOB yxe HCHOIB3YeTCH Ui NOJy4YeHMs
TIHPOBHHOIPaHOMH, IIOKOHOBO¥, O-KETOFJTy TApOBO# KHCNOT,
FIIyTARMHHOBOH M acnapariHOBOH AMMHOKHCIIOT, THAPOIHTHYECKMX
(epMeHTOB - fMma3bl, 3cTepa3bl W ap. IICEBAOMOHAMBI 3aCITyXMBAIOT
BHHMaHusi H KAK NPOJYLIHTHI 6enka Ha OXHOYIMEPOAHBIX COCHHEHHUAX -
METaHe, MeTaHoJle, HOpMANbIACIUAE, KOTOPblE OHH MOIYT KCHO/Ib30BaTh
KaK €AWHCTBEHHbBIC HCTOYHHMKH YIJIEPOZa H SHEPIHH.

Bakrepun pona Pseudomonas - o0wMpHas rpynna MUKpo-
OPraHHU3MOB, KOTOPEIC IIOBCEMECTHO PACIIpOCTPaHEHE! B MIPHPOJC: TIOMBE,
MOPCKHMX H TNPeCHBIX BOJAX, HjaxX, CTOYHBIX Bojax. Cpeay HMX MHOIo
canpodHTOB, HO €cThb TaKie BHAbI, TATOreHHLIE UIS YeJOBEKAa H
xuBoTHoiX (Ps. aeruginosa, Ps. mallei) u nna pacrennii (Ps. syringae,
Ps. solanacearum).

DeHOTHITHYECKOe CXOINCTBO ¢ OakrepusMHM popa Pseudomonas
umeior Oaxrepnr pona Xanthomonas. XapaxkrepHbIM IPH3HAKOM
Gakrepuii pona Xanthomonas sBisercs o0Gpa3oBaHHe  MeNThIX
BHYTPMIKJICTOYHBIX ITHIMEHTOB - OpOMMpPOBaHHEIX IPOM3BOAHBIX
apHIIOKTaHOB, He OOHApYIKEHHBIX y ApYrHX BBIOB Gakrepmii. Bxoasmme
B coctaB pona Xanthomonas GaxrepHH ABNAIOTCS NMATOTCHHBIMH JULA
pacTeHHH.

Pox Azotobacter coCTaBIfIOT KPYIHEIC TOABHXXHBIE KJIETKH,
CKJIOHHBIE K HM3MEHEHHIO MOpPDQOJOrHH OT NaJOMKOBHAHON A0
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KOKKOBHIHOH B 3aBHCHMOCTH OT BO3PacTa KynbTypsl. [iia asorobakrepa
XapaxTepHO 0OPa30BAHHE MOKOAIMXCA (POPM LIHCT, KOTOPBIE YCTOMYHBEL
K BBICYIUHBAHHIO W O0ECTIeYHBAIOT BELKHBAHHE a30TobaKTepa B 1104BE B
nepHoabl ee nepeceixaHMA.  A3orobakTep -  CBOOOAHOXHBYIIHI
a30TQUKCATOP, KOTOPBIi B OTIHUKE OT BCEX APYrHX A30THMKCHPYIOWEX
Gakrepuii npoHzeOAMT  azorduKcALMIO B a3pobHBIX  YCIOBHMAX.
AszorpHKCHPYIOWHH (PePMEHTHBIH KOMIUIEKC HHTPOTEHE3a 3aU{HIIACTCA
OT TOKCHYECKOrO ROHCTBHA MOJEKYNAPHOro Kuciaopoaa Gnaromaps
BBICOKOH HHT@HCHBHOCTH JBIXaHUA.

C azorobaxrepoM cxoaHm GakTepun poga Azomonas, HO OHM He
00pa3yioT LHCTBl H OCHOBHBIM MECTOOGHTAHHEM HX SIB/IAETCH BOAA.

Bakrepuu posa Beijerinckia pacnpoctpaHeHBt B TPOMH9ECKHX
KHC/BIX NoyuBaX. OHH TaKKe He CrocoOHBL K 00pa3oBaHMIO LIMCT.

Poa Rhizobium (x1ySenbkorbie GaxTepuH) - NOABMXKHBIE, HE
obpasyrompe cnop nanouxoeuaube GakrepHy. OGHTAIOT B NOMBE MM
KOPHEBBIX KiyOeHbKaX GOGOBBIX paCTeHHMH, € KOTODBIMH Yy HHX
CNOXKHMIAKMCL  CHMOHOTHHECKHE  B3auMmoorHowenMs. Haxomsce B
KITyOeHbKaX PacTeHHH, OHH aKTHBHO (QUKCHPYIOT MOJIEKyNApHBIH asor. B
CBOOONHOM COCTOAHHMH (B TIOMBE MM [MTATeNBHOW  cpene)
a30TPHKCHPYIOLIAs CIOCOBHOCTE KITYGEHBKOBBIX OGakTepHil BbIpaMEHA
cnabo. Jins nposenenus ee Heobxommo obecneunts 5TH GakTepum
FOAXOAAUIHMHE HCTOYHHKAMH YTTIEPOAa, MPEeMMYIMEecTBEHHO MeHTO3aMH,
IPOMEXYTOUHBIMH CoemMHenuaMH 1ukna KpeGca M MHHHMAanNbHBIMH
KOJIMHMOCTBaMH CBa3aHHoro asora. Jlo 1975 r. Boobie oTpuuanach
CrnocobHOCTE KITyOCHBKOBMX OakTepuii B HHCTOH KyNbType CBA3WBATh
MOJIEKYNApHBIH a30T. B kauecTBe HCTOYHHKA yriepoaa H 3SHepruu
KnyGeHpKoBbIe GakTepuH rOTPeSIAIOT WIMPOKUH KPYr OPraHM4ecKHX
COCAHHEHHH: YIJIEBOABI, CIHPTHI, OPTAHHYECKHE KHMCJIOTBI H MX COIH
HcTounnxoM a30Ta, KpOME MONEKYNSPHOTO, CIY)KAT HHTDAThl, COMH
aMMOHHA, aMMHOKHCJIOTBI, a30THCThlE OCHOBaHHMA. B 3aBHCHMOCTH OT
YCAOBHH a3paLMH HHTPaThl MOrYT CIY)KHTb HE TOJIbKO HCTOYHHMKOM
a30Ta, HO H AaKUenTopoM 3IeKTPOHOB. B  anaspoOHEIX ycnoeusx
GO IIMHCTBO ~ BHAOB  KIyDEHBKOBBIX  GakTepuil  OCYINECTBILIIOT
pexykiHio HHTpaToB, Tonbko R. lupini He oGnanaror HUTpPaTpeAyKTa3HOM
axTHBHOCTBIO. Knaccuukaumo knyGeHbKoBbIX GakTepuil npouseoast
0 PaCTeHHIO-X03AHHY, Ha KOTOPOM GakTepuu oOpasyroT KITyOeHBKH.
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KnyGenbkorste OakTepHi - a3podel, HO CIIOCOOHBI pacTH rpH
TIOHVDKEHHOM TNAPLIMATbHOM HaBneHus kmucnopopa (menee 0,01 aTw)
Onrumansnas Temneparypa pocra 25-30° C, npeaens pH 5,0-8,5.

OTHOmEGHHA MEWAY KIyOeHbKOBbIMH CakTepuamu u GoGoBBIMYE
PacTeHUsAMM ONpPENeNnAloTCs KaK MYTYanmH3M, KOrma o06a cHMOHOHT:
M3BIIEKAIOT BHIFOLY M3 COXHTENLCTBA. PACTeHME NOIYyYZeT As30T,
KnyOeHpKOBBIE OaKTepHM -  YINEPOACOAEPIKAIIME  BELIECTBA M
MHHBEpaNbHBIE COTH.

Baxrepum poaa Agrobacterium no wmopdonormMecksM H
KYJBTYPAITBHBIM CBOHCTBaM CXOAHBI ¢ KybeHskossiyu Gaxrepusmt. Ho
B OTIHYNE OT MOCNEAHHX arpobakTepuy He CMNOCOOHE! (PHKCHPOBATE
MONSKYIAPHEIH A30T, BH3LIBAIOT OOPa30BaHME IANIOB, HIIH ONyXoJieli Ha
crefsX 3 KOPHAX PpACTeHHH pa3HbiX  ceMeficts. THnEumbii
npencrasuTens poaz A,  tumefaciens umaynupyer obpasoBante
KOPOHYATHIX rannor Gonee yem y 40 cemeticrs. Baxtepuu BHeAPsIOTCS %
TKAHb PACTEMHEN %epei NOBPE/KACHKS H BRIZHEAIOT PAa3pacTanke credns

Pon Canlobarter BxmouaerT CaxkrepHH OPVIrMHANEHOH DopME: ¢
VHHKANEHBIM  3II3HEHKEIM  LMKIOM.  ITH  Oarrepwu  ofpazyior
HHTSBHAHDIE XNSiOUHBIC BRIPOUTH - fPOCTOKH, KOTOPHE IPeACTIBmT
coGOli  BHIMIYHEAHME KJISTOYHOrO COIGPIKUMOTO, COGOMHEHHOTO C
uHTonnAasmMol knevks. Ha KoKUE BBPOCTA  CONSDKMTCE  KWiedixoe
BSLIOCTBO, C© FIOMOHIBK KOTOPOrO KaysioDaKTep NPHKPErUIseTss
TBEPAOMY CYOCTPaTy MM KNeTKaM Apyrex MHUKpoopranHsmor Knerku
KaynoSakTepa MMeIOT NanouKkoBHAHYIO (OPMYy © OZHWUM NONAPHG
PRCNIONCKSHHBIM KTYTHROM. Paamuoarorea GuHapHeiM aenexrem. Ipu
3TOM 00pasyIOTCs AES HEOMMHAKOBKIE NOUSPHER KNETKY. OIHA H3 KIETOK
HeceT npocrexy (crebemex), apyras - oxryimk. Knerxa, mecymas
TIPOCTEKY, HEMOABHIKHA, £Pa3y MOCNE ACNSHHA HAa IPOTHEOMONOKHOM
npocTexe Momoce (POpMHPYSTCE KIYTHK, H IKJISTKa CHOBA MOMET
AGTHTBCA TakuM ke criocoCoM. Knerka, cHabmeHHAN KIyTHKOM,
nperepneeacT MOPHOJOrHYSCKHE NPeoOPa3oBaHHA: TepPseT MTYTHK M Ha
ero Mecre obpasyer creGenek. 3arem NpHEpermsercs x cyScrpary #
TIGPOXOAHT B BETSTATHBHYIO dazy.

Bakteprn poza Asticcacaulis otnmaarorcs ot SakTepHii poga
Caulobacter cySnonspHsiM PACTIONOKEHHEM XTYTHKZ M MPOCTEKH.
CreBenpkoBbie GaKTepHH TPYNNB KaynoGakTepa BCTPEYArOTCHS KaK B
NPECHOH, TAK H B MOPCKOH Boze. Pa3BHBAIOTCA B OCHOBHOM 38 CHET
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NOTPEONeH A BELIECTB, CEKPETHPYSMBIX HPYTHMH MHKPOOPTaHHIMAMY, K
KOTOpBIM Orx mpukpernennl. B topgsnukax u mnax obHapyxeHsr
GaxTepHy  38€31000pasHOH  ¢opmbi, nomyunBLMe Hassampe Stella
gumosa.

Cnnpoxerst. 910 cpaHmMTensHo — mebonmbwas  rpymna
OHOKJIETOYHbIX MHMKPOOPTaHHIMOB, HMEIOLIMX CHHPANBHO H3BHTYIO
¢$opmy. Hazeanue nonyqunH 3a dopmy knerku (or nart. Spira - uark6).
Crimpoxets: otHOCATCH K miop. Spirochaetales, Brniouatomemy 8 pogos:
Spirochastae, Serpulina, Cristispira, Treponema, Brachyspira, Borrelia,
Leptospira, Leptonema. Knerku criupoxer oues touxue (0,1-0,6 Mxm) u
AnunHpe (5-50 MKM) B pa3jensioTCi Ha TPM OCHOBHBIE CTPYKTYPHI
MPOTON/IA3MEHHBIN LMIHHAD (Te0 KIOTKH), AKCHAJBHYIO (ONOPHYIO)
HHTb - 8KCOCTHIb W TPEXCIOHHYIO HapYxHyro obonouxy. AkcHanmbHas
HHTb COCTOUT M3 OTAENBHLIX (JHOPHILT, YHCIO KOTOPHIX ¥ PA3HBIX BHIOB
PA3NHYHO’ y TperioHeM W nenTocnup - 4, y kpuctrenHp Gonewne 100, y
Gopperuit - po 18, Kawmas u3 ¢ubpunn  saxpennsercs B
TPOTOIIA3MEHHOM LIH/HHAPE. XMMHYECKHH COCTAaB AKCHANIBHOH HHTH
BHAJIOTHYEH COCTABY NIYTHKOB 3SyOakTepuii. B CTpyxType KNeTkM
CIIUPOXeT PadIMYAIOT KIETOYHYIO CTCHKY (B OTIHYHE OT KIETOYHHX
CTeHOK sybakTepuii oHa smacTMYHa M He obnajgaer PMIHOHOCTHIO),
LHMTOMNIA3MATHYECKYIO MeMOpaHy, HYKIEOHZ W ME30COMBI. JHIOCIOp,
Xaricyrl M JKTYTHKOB CHHpOXeThl He ofpasyior. PasmHoxaiores
FIONePEeHHBIM ACNCHHEM KIIeTKH.

Hseutas ¢opMa KIETOK CHHPOXET HOAASPIKHMBAETCA HATAHYTOM
AKCMaNnbHOH HHUTHIO, KOTOpPas y MNENTOCIHP M TPENOHEM HAXOONTCH
MEXAY HApYXKHON OOOMOYKON W NPOTOIUIA3MEHHBIM LMIMHAPOM, Y
KPHCTOCHHD OHa BUHTOOOPAsHO 0GBKBACT KIETKY B BHAE TOHKOH KaHMsl,
ofpaiys KWIEBHAHBIE BBICTYMH - KPHCTHL. EcaM axcHanbHaa HHTh
Pa3peBaeTcs, TO KIeTKa BRIMPAMIIAETCA M NMPUMHHMaeT (POPMY TOHKOH
Anunnoll  HuTH. JIBYOKGHHE CNMPOXET OCYIUECTBJIACTCA 33  CHeT
coxpaweHus  GuOpwin  akchaneHoii  HuTH, (QoOpMA  ABKKEHHS
BHHTOOOpasnaa. Cpenn cnupoxer ects campodwuribie ¢opmul (pox
Spirochaetae), obmuTaloue B HIOBRX 3AaCTOHHBIX BOZAX INpH
FIOHVKEHHOM COJIEPIKAHHH KHCJIOPOAA, H NMATOrEHHBe MM YeNIOBeKa H
KHBOTHBIX. Tak, crmpoxera Borrelia recurrentis - Bo3Byaurens
BogspatHoro Tha, Treponema pallidum (Gnegnas crmpoxera) -
cudmnca.
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Crnvpuanst ¥ Apyrue H3orHyThie OGaxrepun. Cnmpanpryro
(JopMy B HECKONBKO 3ABMTKOB HMerOT Oaxrepum podoe Spirillum u
Azospirillum. dopma xnerku obecrieumBaercs HaNM4YHEM PUIHIHOM
knerodHol creHkd. Ha ofHOM miH OBOMX MOMMOCaX KIETKH CIMpPHJIUIE!
MMEIOT Ny4OK JKIYTHKOB, OOnagaloT Oonbluod TOABHIKHOCTBIO.
Hcrounnkom yriepoaa ¥ SHEPrhH CIIYXKaT OTACNbHBICE AMHHOKHC/IOTH H
OPraHHYECKHE KHCJIOTHl, YINEBOABl I1IOYTH HE  HCMOMb3YIOTCH.
(Du3NOTOTHYECKHM CBOHCTBOM CIIMPHIUT  SBJSETCH CKJIOHHOCTb K
mukpoaspobunbHocTH. HecMotps Ha obnuratHyro aspobHOCTe OHH
MPEANOYMTAIOT CPeMEl C HH3KHM COAEpIKAHHEM Kuchaopoaa (B 2-7 paz
HIXKe, HeM COnepxuTes B Bo3ayxe). IpeacrapureneM sensercs Spirillum
volutans, BRI ¢ O4YeHb KPYMHBIMK KieTKaMu - zo 60 MM B [UTHHY,
KOTOpBIE NPH JOCTYNE BO3AYXa HE PASBHEAIOTCA B YHCTOH KyIIbType.

Baxrepun pona Spirillum - canpodurel, pacnpocTpaHeHbl B
3arps3HEHHBIX MPECHBIX W MOpCkMX Bomax; Azospirillum - genmorca
KOMTIOHOHTAMH MHKPOOHBIX COODINECTB PAITHYHBIX THIOB TIOYEB,
pusocheprl ¥ pH3orUIaHb pacTerMil. A30CHUPHIUTEL OGNANAIOT BBICOKOMH
a30TQUKCHPYIOLIEH AKTHBHOCTBIO, 32 HTO POA NOJYYHSI HAa3SBaHHE
Azospirillum. <Pukcaumo a30Ta OHH OCYWIECTBAMIOT B IIMPOKOM
nmanosone pH (5,4-8,5) u Temneparypsr (10-40° C). Ha nuratemsHeix
cpenax ofpasyioT NUrMEeHTHPOBAHKEIE KOJIOHHH KPAaCHOr0, PO30BOro HiH
3KEJTTOro LIBETA.

Hiornythie wiaM cnMpanshble KIeTKd HMeIOT Oaktepuu poaa
Campylobacter, natoresHoro ans xusoTHbiX. PakynbTaTHBHbBIE a3pOGHI.
DHEPruI0 NONYHAlOT 3a CueT AbIXaHus MWIH Gpoxenus. Cpeau
BMOPHOHOE eCTh MaToreHH»ie BHAbI - Vibrio cholerae - BosGyanrTens
asuaTckoil xonmepmt. BakTepHH Ipyrux pomoB, kKak W GONBHIMHCTEO
BHOPHOHOB, canpodHTH - COWTaTEIH NOYBK, NMPECHHX H MOPCKHMX BOA.

Pox Bdellovibrio npeacrarnsior GakTepru cnerka H3OTHYTOM
topmal, pasmepom 0,3-0,45 mxm B auamerpe H 0,8-1,2 MM B nauny.
BaxrepHy cHabkKeHBI OAHHM NONAPHO PACTIONCKEHHBIM, OJETEIM YE€XJAOM
xrytuxkoM (puc. 8.1), ABnmorcs OONMIBTHHIMH MAPAa3UTaMH APYTHX, B
OCHOBHOM IrpaMOTPHUATENbHEIX, GakTepuii. THNMHUHEIM NpeacTaBUTENEM
cayxur Bdellovibrio bacteriovorus, ¥ro B mnepesose ¢ JaTHHCKOIO
O3HAYAeT NMHABK2, noxcHpaiowmas Gakrepmii (bdello - rmseka, vorus -
TIOXKHPAIOLIHH).
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Brennosnbpuon obnanaer
HEOOBIMHBIM  LHKIOM  pPa3BHTHA,
BKTIOHAOIHAM MHOMECTBEHHOE
nenenue.  IIpv  CTONIKHOBEHMM C
xnerkol-xepreoli  GueivioBubpuon
npukperuigercs cBonM  GeaxryTu-
KOBBIM KOHIIOM K KIETOYHOM CTCHKE
JKEPTBHl, HadnHaer OBICTpo apa-

Prc. 8.1. Baxrepus-mapasur IL@ThCS BOKPYT cBOeM ocH (CKOPOCTB
Bdellovibrio bacteriovorus ~ ppaimenns oxono 100 06/c) u B
pesyneTate npobypaBiHBaeT KieTo4-
HYIO cTeHKy. YIpu 3TOM KiIeTKA-KEPTBA OKDYITISETCA, @ NAPA3IMT uepes
OTBEPCTHE MPOHHMKACT B MNEPHIUIA3MATHYICCKOE MPOCTPAHCTBO, IHE
TNpPOMCXOIMT ero paseutHe. JKIyTMK B npouecce MPOHUKHOBEHHS
Tepaercs. OnHOBPEMEAHO B WIETKYy-KEPTBY MOXET BHEAPATHECH
HECKONBKO  OneyioBuGproroB. TIpM  BHYTpHMKIETOYHOM  pa3sBHTHH
NMMTaHHe NAapa3suTa OCYHICCTRIAETCS 38 CYET BEUIECTB, NMOCTYHAIOMHX H3
TIpOTOMNIACTa KIETKH-XepTBH. PacTymas xnerka napasura ymiuHA€TCH,
ripuoOperaeT GopMy INIMHHOM HHTH. 3a8TEM MPOMCXOIHT MHOMKECTBEHHOE
JIeTiCHHE HHTH: OHA CErMEHTHPYETCA HA MHOXKECTBO BHOPHOHONONOOHEIX
KJIETOK €O XKIYTHKOM KaxKas. YHCAO TAKHX KIIETOK MOXKET JOCTHTATE 20-
SO B 3aBHCMMOCTH OT pasMEpPOB  KIETKH-KEPTBH.  Llmkn
BHYTPHKJIETOMHOrO pPa3BHTHA JUIHTCA OKOJIO 4 4. 32 3TO BpeMsi KieTKa
paspywiaerca ¥ napasut ocsoGoxaaerca. BaemioBnOpHOHE! o6Gnapaior
BHICOKOH IPOTEOIMTHYECKOR AKTHBHOCTBIO. B KA4eCTBE HCTOMHMKOB
YTNiepoia H 3HEPrHH MCHONb3YIOT NENTHAL H aMHHOKHC/IOTH, KOTOPEIE
PacIlennsIoOTCs B MpoLecce ABIXAHHA Yepes LHMKI TPMKapGOHOBBIX
kucsior. K notpebnenuio yrieBofoB OHM He cnocoOHBL JKHpHbie
KHCJIOTHl KIIETKH-2KEPTBEI MOFYT MPAMO BKMIOYATH B SHITHILL, 4 TAKOKe
npeBpamath B HyXHele s cebn coenuuenws. Kpome tunosoro suaa B.
bacteriovorus H3BecTHO emie jBa BMAR - B, stolpii u B. starri, naspaHHBIe
B 4ecTs MX mnepeooTKpeiBarenedi H. Stolp, M. Starr (1962).
BrennosnGprOHE! IMPOKO PacTipOCTPaHEHE B NMOYBAX, CTOMHEIX BOJAX,
NPECHBIX H MOPCKHX BOJIAX.

MuxcoSaxTepHr B uHTOMpars chuzeobpasyiomue CKOML3sgIHE
GaxTepun, OTHOCAIMECA COOTBETCTBEHHO K NopAnkam Myxobacteriales u
Cytophagales.




310 rpaMOTpHUATENbHEE, IANOYKOBM/IHBIE WIH  BEPCTCHO-
obpa3Hbie Gakreprin. KieTkH 4acTo BHITAHYTB M 3a0CTPEHB Ha KOHIAX,
IUTHHA Hx Konebaercs B mpenenax 0,7-10 Mkm.

Knerku muxcoOaxkrepuli He MMEIOT THIMYHOH  pMIUIHON
KieTouHo# cteHkH. KnerodydHas creHKka y HHX TOHKas, 3NacTHYHas,
TO3TOMY TpH ABHXEHWH OHH MOryT H3rnOarhes, mexas QopMmy Tena.
JiBrokeHHE MHMKCOOAKTEpHHl OCYINECTB/ISETCH MO THIY CKONBKEHUS H
BO3MOXHO TOJILKO Ha TBEpJoM cybcrTpare.

Msuorue muxcobakTepus oOpasyloT IUIOZOBHE TENa, KOTOpbie
MOryT OBITh SIPKO OKPAHICHHBIMH B OpaHXEBbIH WJIM JpYrol IBeT.
IInonoebie Tena MMEOT pasHylo ¢GopMy ©  pa3Mepe: OT
MHKPOCKONHYecKkoro Gyropka fo CIOXHBIX AEPeBONOAOCHBIX CTPYKTYP
(puc. 8.2). Oum
MPENCTaRNAIOT  CO-
6oii CKOIICHHe Cim-
3 C NOrPYKEHHBIMH
B HEC NOKOSIHMHCH

Tlocne mepuopa mo-
KOS NPH HAIMYUH
BIarM ClIu3p  pas-
MAM4aeTCH, KICTKH
BHICBODOXKIAIOTCH M
JeIATCA  NOneped-

HBIM JIENEeHHEM
EPETIKKOMH).
(o of) Puc.8.2.Mukcobaxkrepuu:
11 paseu- 13 X .
& i ,3 - Myxococcus; 2 - Podangium;
THA. M F 4 - Chondromyces

COCTOMT M3 IBYX

cTamMi: CTAagMH pOCHHS, NAH TMCEBAOIUIA3MOAMA, H  CTajuu
IUVIONIOHOIEHHY, WM oOpajoBaHHs LHCT. B crague  poeHHs
MHKCOGSKTEpMH pAMHOXKAIOTCS M BBUEISIOT CJAM3HCTHIA MaTpHKC
(xenatHrOOOpas’Hyl0 Maccy), B KOTOPOM IMXHBYT M NEPEIBHralorcs
xnerky. IpopomkurencHocTs nanuolf cramum 7-8 puedt. Jin craguu
IUIOZICHOMICHHA ~ XapaKTepHo o0pa3oBaHpe CKOIUIEHHH KIeTOK B
pPalIHIHbIX TOMKAX MATPHKCA. OTH CKOIUIEHHS BO3BBILIAIOTCH HAJ
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cybcTpaToM, odpasys HHOTAA OKPYTIIbie KONOHHH, HHOTAR K€ C/TH3HCTRIN
MaTpPHKC HEPaBHOMEPHO BBUTAMHBAGTCS, BETBHUTCS H [aeT CJIOXKHOE
IUIOAOBOE TEJIO.

IpeoGnagaromnee uncio MHkcoGakrepHit - campodmrnl. OHH
pacrnpocTpaHeHs! B NOYBE, HABO3e, Ha pajnaraiomeiics APeBeCHHe, B Hie
BOJAOEMOB.

IMpencrasntesin poga Polyangium - akTHBHBE pa3pyLIHTeAH
uesrutionoas. BakrepHu poga Myxococcus skHBYT B nOYBe 38 CHeT APYTHX
GaKTBpHﬁ, BBISbIBASA Hx JIU3HUC BBRIACIIICMBIMHA JIMTHYECKHUMH
depmerTamu.

HuTodark B otiHYKEe OT MHKCOGAKTEPHH HE 00pasyloT IUIOIOBBIX
Ten. Ho rnaeHbpiM OTnH4YHEM MOpPGOTOrHYECKH CXOAMBIX 3THX ABYX
rpynr Gakrepuii aeasiorTca Hykneornassiii cocrae JIHK. Copepaxanse
I'll y umrobpar 30-50 %, y MukcobakrepHii 3HAYMTENBMO Bbillle -
67-71 %. Ipymna umrodar sxmouaer TpH pozna: Cytophaga,
Sporocytophaga, Flexibacter. OpransaMel nepeeIX ABYX POROB OOMTAIOT
B NOYBE H BHI36IBAIOT aKTHBHOE pacmieruieHue uemonosel. Hexoroprie
euabl pona Cytophaga sctpeuatores kak B nouse, Tak B B MOPCKOIi BOze.
OHu BHISBIBAIOT FHAPOJIN3 XHTHHA H arapa.

IMpencrasutenun popa Flexibacter pacnpocTpaHeHsl B TOuBe,
npecHo# 1 Mopckoil Boge. Cpear HUX eCTh BHIbI, NATONGHHbIE IS PHEG.
Tak, F. columnaris 4acTo sBAseTCs HPUUMHOH MaccoBOi THOSnH pbid B
PEIOOPA3BOAHBIX NPYAAX.

Durepobaxrepun (or rped. entero - KHIIEUHHMK) - CBOMM
HazBaHHEM OOA3aHBI TOMy, 4TO OONBLIMHCTEO BHOOB MX #ABJIACTCHA
MOCTOSHHBIM OOHTATENEM KHIIEYHOro TPAKTZ TMO3BOHOYHEIX. Krerkn
nano4KkoBHAHON (POPMBL, TOABHXKHBIE W HerofBmwkHbe. JBrkeHHe
OCYWECTBAAIOT € [OMOIIBIO  MNOMAPHO HMAH  NEPHTPHXAILHO
PacHONOMEHHBIX JKTYTHKOB. JHTEPOOAKTEPHAM CBOliCTBEHHA
(paxynbraTHBHan aHa3poOHOCTE. B aHa’POOGHBIX YCIOBHAX 3SHEPTHIO
NONYHAaT MyTeM COPaXKHBAHHA YTJIGBOAOE, B a’POOHMX - myTeM
KHCOPOAHOro JAbixaHHs. [IpuueM B kauecTBe CyOCTPaToOR ABIXAHHA
MOryT HCMONB3OBAaTh PA3IHOOOPA3HBIE OpraHMHeckHe coeauHeHus. s
3HTEPOBAKTEPHE XapaKTepHO OCyUlecTBNeHHE OpoXKeHMs CMeAaHHOro
THNA, NPH KOTOPOM o8pasyloTcsi MOJIOUHAS, SHTAPDHAH, YKCYCHas H
MypaBBMHAaA KMCJIOTHI, STHIOBBA CNWPT (WMAH YrIEKWCHEIH ras) u
BOJOPOA.
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JKOnoruHecKH CpeaM 3SHTEPOOAKTEPHH MOXHO BBUIEAHTL TPH
rpynner  GaKTepHM HOPMANbHOW MHKPOQUIOPH MIIEKONHTAIOMX M
Bosbynurens xumeunerx wmHbexumii (pomst Escherichia, Salmonella,
Shigella), snuduThHbie ¥ ¢uTonaToreHHsnie Gakreprn (pox Erwinia),
oburaTenn Boas B noussl (pomer Enterobacter, Proteus, Serratia). Bee
OHH COCTABIIAOT KHIIEUHYIO rpyTirty OaKTepHii.

Pox Escherichia - Tunmassii npencrasurens E. coli (xuimeuHas
Mano4kKa), BXOOHT B COCTaB HOPMANbHOH MHKpO(JIOpE KHLIEYHOrO
TPAKTa YEIOBEKA H NO3BOHOYHLIX KHBOTHHIX. Boi3eieBaer 2abonesanns B
MCKITIOYHTENBHBIX CHY4asX - NPH OCHabneHHH 3aHTHBIX QyHKMH
OpraHa3Ma.

E. coli - nogsikHas nanowuxa, pasmepom 1,1-1.5 - 2,0-6,0 mxm.
Xopomo pacter Ha NpPOCTHIX NUTaTENBHBIX cpeaax. C6paxmpaer
YT€BOABL, CITHPTEI, HEKOTOPbIE KHMCIOTH. ANETAT MOXET MCMOJb30BATE
K2K EAHHCTBOHHAIH HCTOYHMK Yriepofia, HO LIUTPAT HCNONB3OBATE HE
MoxeT. OTIHYMTeNBHHM NPHIHAKOM KHINETHON MAaNOuKH OT APYTHX
3HTepobaxTepHii sBnsercs cnocobHocTh GeicTpo (B TedyenHe 48 u)
ofpaxciBaTe nakTo3y ¢ OOpA3SOBAHMEM KHCIOTHI M ra3a, a Taike
obpasoswBars wHOOA W3 Tpunmodana. E. coli We Hyxamaercs B
AOTIONIHHTENbHBIX  (hakTOpaXx pocra. Ha nHTaTeNsHBIX Cpenax oHa
CHHTE3IHPYeT BCE HEOOXOAHMAIC AMHUHOKHCIOTHI.

E. coli mHpoxo menonssyercs B canuTapHO# GaKTEPHONOTHH Kak
HHOWKATOP Ha 3arpssHeHHe cpezibi hexanHem.

B TecHoM rereruneckoM poacrse ¢ pogom Escherichia maxonsres
6axrepun pozos Shigella 1 Salmonella. OCHOBHBIM OTIHUHTEHLHBIM
NMPU3HAKOM MX SBJAETCA naToreHHocTs. bBaxrepum pona Shigella
ABILAIOTCH lOﬁyﬂﬂWMH HAH3ICHTCPHH, pas3Hbleé BHObI CaJIbMOHEI
(S. typhi, S. paratyphi) - BosSyzurenu 6promnoro Tuda; S. typhimurium,
nonagas B NHINEEBIC MNPOAYKTEI, ABIJETCS NPHUHHOM MNHINEBHX
‘TOKCHKOnH(pEeKLHiL.

CanbMOHeUTH = NOABIKHBIE NANOYKH, CHAGKEHE! NEPHTPHUXAIBLHO
PaCrONIOKECHHBIME XKTYTHKAMM, WIHIEMTE NOABHIKHOCTHIO He 00Nanaor
BoblumHCTBO IOTAMMOB  canbMOHENT COPaXcHBAIOT  YrNOBOABL C
oBpazoBaHHeM KHCIIOTH H ra3a, Tonbko S. typhi Huxorza e obpasyer
ra3. llurenns: cGpaxHBaloT yrieBoAs! TONLKO ¢ 06Pa30BAHHMEM KUCIOTEI
(6e3 raza).

228



K sHTepobaKTepHAM, MaTOreHHBLIM JUiA HENOBEKa H IKHBOTHBIX,
OTHOcsTCA Gaktepun pona Jersinia, paHee BXOZMBIUHE B COCTAB poaa
Pasteurella. INo 6noxiMuueckuM cBOHCTBAM OHM CXOHHBI C LIHNEJUTAMH.
Oraenehsie Buap (J. pestis) senoaswsknbl. Pox Jersinia sxmodaer Boero
TPH BHJ3, KOTOPEIE SBIAIOTCH BO3OYAMTENIMU 2a00N16BaHHA IPBI3YHOB, a
J. pestis Moxer nepenaBarbCs OT FPBI3YHOB K YENOBEKY H BLI3bIBATh
octpoe mHexuHoHHOe 3abonesanme - GybGoHHyro uymy. [Mocneanas
XapaKTepH3yeTCs BBICOKOH CMEPTHOCTBIO H OTHOCHTCA K rpymmne ocobo
onacHbIX HHPEKIHH.

Pop Erwinia cocrasmmor ¢uronatoreHHnie W canpoduTHHE
SNHQHUTHBIE OakTepHH, HacuuThBalomHe Gonee 60 BHAOB. 31O OueHB
FETEPOreHHas rpPyImna, NPEACTABMTENIH KOTOPOH CXOOHBI C JAPYTHMH
3HTePOOAKTEPHAMH HE TONBKO 1O MOPDONOrHH H OHOXHMHUYECKHM
CBOICTBAM, HO TPOSAB/IAIOT HEKOTOPYIO COCOOHOCTE K rubpnavzauuH
AHK, T. e. HaxoAsTca B ONpPeAcieHHOM reHeTHueckoM poxacrtee. Ha
OcHoBaHKH OHOXHMHMECKHX KpurepHes pon Erwinia pasgensioT Ha TpH
noarpyrnei: E. amylovora, E. carotovora, E. herbicola, Hazsanus
KOTOPBIM A&HBI IO THINOBBIM BHAAM.

Bakrepyil, BXOAAIHE B COCTaB ISPBOH HOATPYIIBI, HCIONb3YIOT
OrpaHNYeHHBIH Habop caxapor (HM OJHH BHA HE HCIIONb3YeT MalbTo3y,
uerwtoSHo3y, NaKTo3y), HYKAAKOTCA B (aKTopax pocTa, MTO He NpHCye
ApyruM OaxTepusM 37oro poaa. Tak, XapakTepHbiii NPEACTaBUTENb
rpynnet - E. amylovora ucnmrsiBaer 6GONbLIyI0 NOTPEOHOCTE B
HHMKOTHHOBOH KHCNOTe, JpYyrHe¢ BHIB pa3sBHBAIOTCA Ha Cpejax,
comeplKalGHX JPONOKEBOHW OSKCTpakT. BakTepHH 3ToH nOArpynnbi
HABRAIOTCH BO3DYAMTENSIMH OXOroB H HEKpPOTHYeCKHX 3aboneBanuii
TUIOAOBBIX ASPEBLEB. .

Tlogrpynna E. carotovora (tunoeodi Buz E. carotovora)
OTNHYaeTcd OT MAPYrMX TEM, 4TO TNpPeACTaBHTeNH ee obOnajaior
CrOCOGHOCTBIO CHHTE3MPOBATH MEKTONHTHYECKME (JOPMEHThbI, KOTOpHIE
AKTHBHO pa3pyWialOT MEKTHHM PAacTeHHH, CriocoOCTBYS ITHM CaMbiM
pacripocrpaHeHio 6akrepuil BHyTpH pactennii. E. carotovora mopaxaer
MHOTHE PaCTeHUsA, BBI3BBAA MATKYIO THH/Ib KOPHETUIOAOB.

Baxrepuu rpynmet E. herbicola (tunosoii Bua E. herbicola) ne
ofpasyloT NeKTONHTHYECKHX (OPMEHTOR, HBIMIOTCH  THITHYHEIMM
canpopuramH. B OCHOBHOM ©ODHTAalOT Ha TIOBEPXHOCTH JIHCTHEB
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HekoToprie aHTHMUKPOOHBIC BEIIECTBA MNOJNYYHIH IOHMPOKOE
MPaKTU4ECKoe MPUMEHEeMHe A TOAABJIEHHS pOCTA MAaTOreHHBX
mukpoGos. OnHu maseiBaloTcs mesHHOMUUDYOWMMHE BemiecTBamu, a
MPHEM MCTIONb30BaHHA uX - nesnHdexuneii. Hanboneinee npaktuaeckoe
NpHMEHEHHe HAXOAWT xyopHas wu3BecTh (0,5-5 %-Hbie BogHbIE
pacteopsi), fion (2 %-Huii pacTsop), ABYXNOPHCTAs PTYTh, WIH CyJeMa
(1:1000), ¢eron u ero npoussonusie (1-5 %-Hele pacTBOPEI), ITHIIOBBIH
¥ H3ONPONMIOBHIH CIUPTH (70 %-uble pacTBOpHL).
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KJIETKaX MO3BOHOYHBIX M WIEHUCTOHOTMX - KieweH, O6nox, suei.
HaubGonee nayuenn asa pona: Rickettsia u Coxiella.

Puxxercnu Obimd OTKpEITEE B 1909 r. aMepMKauCKAM YUEHBIM
TovapaoM PuxkercoM npu w3ydemMn 3a6OnNeBaHWMsA NATHUCTOM
muxopaaku Cxanucteix rop. Fomom nosxe, paGoras B Mekcuxe, on
YCTAaHOBHI, MTO CXOmHMH MHKPOOPraHHM3M Bbi3biBaeT 3aboneeanue -
ChHIMHOM TH.

HayueHne puxkercuii ObiIO NPOHNOIDKEHO YELICKHM YHEHBIM
Cranmcnasom IpoBagexkom, koTopsiit, Tak xe kak u I. Pukkerc, noru6
or cemnuoro THda, n GpasunscxkuM yuensim JI. Poxa-Jluma, npemio-
SKHBLINM OOBEIMHHTE 3TMX HEH3BECTHBIX Bo3OyanTener B pon Rickettsia
(B HeCTh NEPBOOTKPHIBATENA), a BO3OYAHTEMO ChinHOro TH(a aAan BHAO-
BOE Ha3BaHHe N0 (HaMITHH YOLICKOr0 HCCIIENOBATENIA.

Bosbyautens cemmoro tada Rickettsia prowazekii napasutupyer
B KJ®TKAX 3NMTENH KHITeYHAKa BIOCH.

Pon Coxiella HazsaH umeHeM amepHxaHckoro yueHoro . Kokca,
oTkpeiBuiero ero. Ilpencrasurenu 3TOro pofga OTHMYAOTCA OT mpe-
ABIAYLIEr0 MEHBLIMMH PasMEpaMH H CMOCOGHOCTBHIO HPOXOAHTH 9epes
Gaxrepuansibie GuisTphl. OHM HBIAIOTCS BO3OYAMTEONAMH IpHNMNO-
nogobHoro 3aboneBanni, NMOPaXkaIOLIETO ABIXATENBHHIC IMyTH, H3BECT-
HOro nox Ha3sanueM JuxopaaxH Q (o anrn. Query - uesCHHIH, HeoTpe-
AenerHbIi). JT0 3a60neBaHWE PaCMpPOCTPAHEHO MO BCEMY 36MHOMY
mapy.

Pukkercuu popoe Bartonella u Anaplasma napasutspyior B
3PHTPOLIMTaX HE/IOBEKA ¥ APYTHMX NO3BOMOMHEBIX, ABNAIOTCA ONHOW W3
MpHYUH aHeMHH (ManoOKpOBKE).

Hapsajgy ¢ naTOreHHbIMM H3BECTHBI H HETIATOrGHHbBIE PHMKKETCHH,
AAaNTHPOBAHHBIC K CYIHECTBOBAWMIO B YWICHHCTOHOIMX B OCHOBHOM B
kaugecrse cumbnonToB. Hampumep, opranmsmMmt pona Symbiotes
obHTalOT B MHLETOMaX KIOnos, poaa Blattabacterium - B Muueromax
OpIOLIHOro HHPOBOrO TEla TAPAKAHOB. PHKKETCHH HE KYNTbTHBUPYIOTCA
HA CHHTETHYECKHX IHTaTenbHBIX cpemax. Mx MOXHO BHIPAIHBATL B
IKE/ITOYHOM MEILLKE KYPHHBIX 3MOPHOHOB M B KYJBTYPE KIETOK.

Xnamuauu npexcrasnenst onauMm popoM Chlamidia, mmeror
chepueckyio (OpMY KHETKH, pa3sMep KOTOPOH 3aBHCHT OT CTAAHH
pa3euTHi, Pa3sMHOMKAIOTCA TONBKO B HTOIUTA3Me KJIOTKH XO3MHHA, H TAK
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Ha3bIBAEMOH IMTOIUIA3MATHYECKOH BaKyONH, KOTopas obpasyercs B
pesynsrare naparuHauun LITTM.

Undexumonnodt GopMoi ABNMOTCH MENKHe KIETKH, AHAMETPOM
0,2-0,5 mxm, HA3bIBaEMBIE 3EMEHTAPHBIMH Tenbuamu. [locne MpoHuK-
HOBGHHA B KJIETKY XO34MHA OHM YBENHYHBAIOTCH B pasMepax, mpe-
Bpamasck B KpynHsi¢ cdepuueckue xnetkn (0,8-1,5 mxm) -
ununuanerble Tensua. [Mocnennme aenarca ppo6neuneM Ha poYepHHE
wierkn. Lluxn 3asepmaercs NpeoGpa3ocBAHMEM ACHEPHUX IJIETOK B
SNEMEOHTAPHBIE TENbLA. YMEHBLIAIOTCA Pa3sMePbl KIIETOK, YIUIOTHAETCS
ANEpHBI MaTepuan, (QOpPMHPYeTCs TPeXCNOiHAaA KeTodYuas CTeHkKa.
Tocne paspymenus KIETKH XO3THHA S1IEMEHTAPHBIE TENbLA NMPOHHKAIOT
B HOBBHIC XJICTKH M UHKN pa3suTHA nosropsercd. Hexoropoe spemsa onm
MOFyT COXPAaHATb JKH3HECHOCOOHOCT:E BHE KIETKH XO3AMHA, 33TEM
HHQHUAPOBATL ero. B OTIHYHe OT pHXKeTCHI XTAMUAHH He MepenaroTes
gepes Gecro3BOHOYHEIX, A HENMOCPENCTBOHHO NEPEXOAAT OT OHHOTO
TIO3BOHOTHOTO XO3AMHA K Apyromy. CymeCTBEHHBIM OTIHYHEM XJja-
MHJHE OT PHKKETCHH MBIAETCH TaKKe HecnocoGHOCTE CHHTEIHPOBATD
MaKPOIPrUYeCKHe COSARHEHMsA, B nepByio ouepeas ATP. B cassm ¢
3THM MX Ha3BaNH (QOHEPIETHYECKHMM rapasHTaMn». XIaMuaHn
Napa3sHTHPYIOT B OPraHW3ME PasTHYHHEIX NOIBOHOYHMBIX, B TOM YHCNE W
YeNoBeKa, BeI3bIBAd HH(eKuMOHHOe 3aGoneBanHe - TpaxoMy (mocma-
JIEHHEe CNH3UCTOH O0ONOYKM rnas), NCHTTAKO3, MIIH NONyTakHyIo
Gonesne (BocraneHHe NLIXATENBHBIX OPIaHOB, TNIEPONAIOLICECH YENOBEKY
OT 6ONbLHKIX NONyTaes).

8.2. OTAEJ IL FIRMICUTES

B cocras orpena BXOAAT IPAMIMOHOXKHTEIBHBIC Garcrepma
pasHooOpazHol MOP(QONOrHH: KOKKH, NanOuYKH, BETBALLMOCH HITH
HCKPHB/ICHHBIE KIETKH. Y OAHHX QOPMHDYIOTCH SHAOCHIOPHI, ¥ APYTHX
CnOpsl HAaXOOATCA Ha rudax MIH B CMOPAHTHIX, A& HEKOTOPHE -
acmoporeHHble. Pa3sMHOXAKOTCA OHHADHBIM JENEHHEM H CIIOPAMH.
BossmmacTEO OpraHH3MOB HETIOABHIKHAI. v TOABMXKHEBIX
NpenCTaBHTENEH ITOT TPOLECC OCYLISCTBAACTCA TONBKO 3@ CHET
JTYTHKOB, KOTOPBIE BCErZla MHOTOYHCIIGHHB! H PACIONOXEHB No BCeii
TIOBGPXHOCTH KJIETKHM ~ NepUTpHxHanbHO. MHoli THn pacnonosxenus
KTYTHKOB, Kak W HHbie (OPMB JBHXEHWHA, OTCYTCTByeT. Cpemm
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Gaktpenit  pgamHOro othena Her  asrotpodmHEIX  (oro- M
XEeMOCHHTEIHPYIOWKX Binos. Bee apnsrorcs xemorereporpodamu.

Ornen Fermicutes cocrouT us mByx wmaccoe: Firmibacteria u
Thallobacteria.

8.2.1. Kaacc Firmibacteria

XapaxTepHHMH MPOACTABHTENAMH A3HHOrO KIACCa ABJIAIOTCS
FPaMIIONOXKHUTENEHEIC  CIIOPOOSPasyIoWHe NanouKOBMAHbIE GakTepHy,
ACTOPOreHMBbIE MANOYKH ¢ KOKKH, HHTHaThieé MHOIMOKIeTOUHEIe
Oakrepun.

CoopooGpasysoinue Garxcrepun (cem. Bacillaceae).

Cemeiicreo  Bacillaceae  Bxmouaer  oBwupuyro  rpynmy
syBaxrepuii, obpaszyroinmx TEPMOYCTOHYHBBIE 3HAOCNOPHI.
TperMywmecTBEHHO BCEe NPEACTABMTENN 3TOrO CEMEHCTBA ABJIAIOTCA
rPaMnoONOKHTENbHBIME  ManoukaMu. MckmroueHue cocrasnser pox
Sporosarcina, ieTke Kotoporo MMeior opMmy Kokka, Mo oGpasyioT
criopsi (S. ureac). Hauboneinee 3naveHue umeroT apa pona: Bacillus u
Clostridinm.

K poay Bacillus orHocaTca aspoBHBle, rpaMNONOXXHTELHBIES
nanoukH, GONBIIMHCTBO M3 HMX NOABIKHBI, Cropsi ofpasylorcs B
LCHTPE KNeTKH, KJETKA MPH 3TOM COXPaHseT [PEeXKHHEe PAaiMepel
dopmy. B KauecTBe 3anacHbIX ABIXATENbHBIX BEIECTB B KJIOTKAX SaLput
OTKIAABIBAIOTCA KanenbkH kHpa. DBaummnie HerpeGosarenbHH k
HCTOYHHKAM MNHTAaHUA, XOPOLIO PACTYT HA OOBIYHBEIX OPraHHYECKHX
cpenax. Bonbwmkcreo WX aBamOTCA  canpoduTaMu,  MIMPOKO
pacnpocTpaHeHsl B NpHPOAe, OCOOSHHO B no4YBaX, OGoraThix
opraHuvecKuMM BeinecTsamMu (Bac. cereus, Bac. subtilis, Bac.
megaterium, Bac. mycoides).

TMarorennsiMu  cBolicrsamn  obmagaror Bac.  anthracis -
BO30ynuTens cuOupckoii s3ms, Bac. thuringiensis - Bo3Bymurens
Gonesnn macekommix M np. Xapaxrepumm mns Bac. thuringiensis
ABNAETCA OOpA30BaHHE B CMNOPAHTHAX PALOM CO CNOPOH KPHCTAILIOB
GenkopOro TOKCHHA, M3BECTHRIX KAK INApOCTiopanbHeie Tenmsua. K
TOKCHHY 1yBCTBHTEVIBHEI JTHIHMHKH MHOrUX BHAOB 6aGouek u Myx. JtoT
BHA Caumun MCnonb3yercs AJIA MPHFOTOBNEHHMA 3HTOMOTIATOrSHHBIX
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npenaparos. HexoTopsie BHAB GaLMiUT HCMONB3YIOTCA KAK MPOAYLIEHTHL
aHTHbHOTHKOB (Bac. brevis, Bac. subtilis u p.).

K poay Clostridium orsocsaTca obnuratHo aHaspoGHBe
cniopoobpasyromne nanodkd. B ommmike or Gamwin y Hux npu
oOpazoBaHHM CrHOP NPOKCXOAMT yTONWEHWe kieTku. Cnopsi
PacrionaraioTcs LEHTPANBHO MM TeépMHMHANTBHO. B 3aBmcuMocTa or
3TOr0 KJIETKA MOXKET MMETh (JOpPMy BepeTeHa - KIOCTPHAMANbHMBIN THII,
umu GapaCaHHON nanouykH - mekTpPUAManbHet TEn (puc. 8.3).
Baxrepun popma Clostridium nomy4alor 3HEPrHIO 32 CYeT MACIAHO-
KHCIOro Opoxkernst.

Prc.8.3. Cnopoobpa3syiomue 6akrepun:
a - bayunwt; 6 - knocmpuouu; & - nieKxmpudu

BosbyautensMu  KIaCCHYECKOrO MACIAMO-KHCIIONO OpoXeHms
asmmores Cl. butyricum, Cl. pasteurianum, CL. rubrum u gp. B xakecrse
OCHOBHbBIX MPOAYKTOB OOPa3yloT MaCHAHYIO H YKCYCHYIO KHCJIOTHI,
YrreKucnsii ras, Bonopoa. [pyrHe npencraBuTenH poaa OCYIECTRIIAIOT
aueToHobyTHNIOBOe CPOXEHKe, NMPH KOTOPOM KPOME MACSHOMH KHCIOThI
ofpa3syorcs HelTpanbyble NPOAYKTHI anETOH, GYTHUIOBLIA, STHIIOBEIH,
H3OMPONTWIIOBEIH  COMPTBI.  JTO  XapakTepHO puis  Gaxrepmii
Cl. ncetobutylicum, Cl. felsineum, Cl. sporogenes u ap. CEpakuBaeMpi-
MH CyGCTpPaTaMH MOrYT CITyXHTb Pa3lMUHBle OPrauMuecKHe COSOuHe-
HHA, B 33BHCHMOCTH OT KOTOPBIX KIOCTPHAMH NOAPASAEAAIOT Ha Psid
¢uzBonoreckux rpyrn: caxaponuTHYecKHe, cOpaXHBAIOWIME NPOCThIE
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YIneBoAsl, Kpaxmas, nextuH, uesmonody (Cl. felsineum, Cl. pasteu-
rianum). OTmHuHTENPHON OCOBEHHOCTHIO OGakTepuii 3TOM rpynnm
ABNAETCA CNOCODHOCTD (PHKCHPOBATE MONEKYIAPHBH a3or. Bropyro
Fpyfny COCTAB/IAXOT  MNPOTEONMTHYECKHE  KIOCTPHIHH, KOTODbIE
MCIIONb3YIOT B KAa4eCTBe CyOCTpaToB GeNKM, NENMTHAB, AMHHOKHCIOTHI
(Cl. putribicum, Cl. sporogenes, Cl. botulinum u zp.). B ormensuyio
Ipynny BBIAENAKOT HyPDHHONHTHYECKHE KIOCTPHAWH, COpakHBAIOLIHE
FSTEPOLIMKIIHYECKHE  a30TCONEPXKALIHE COGAMHEHMS -~ NypHHBI H
nupumuauns (Cl. acidiurici, Cl. cylindrosporum).

Mo cpaBHenMio ¢ Gaumiutamu KJIocTpuanu Gonee TpeGoBaTenbHLL
K COCTaBy ITHTATENBHEIX cpel. DONMBIIMHCTBO M3 HHX, OCOBeHHO
TNAaTOreHHBIC BHILI, HYXKOAOTCH B CJIOMKHBIX OPraHHYeCKHX cpeaax.
K narorenneim ornocarcs Cl. tetani - BosByaurens cronbHaka. OH
BLIJENSAET CHIbHOACHCTBYIOUMH TOKCHH, MOPaXkKAIOLIUHE IBIXATENBHBIE
HepBHpie weHTpul. Cl. botulinum - Bo3ByauTenp NHEBBIX, YacToO
CMepTeNbHbIX OTpaBnenuH. Cniopa ero pacnonaraerci B KOHUE KIIETKH,
KOTOpasi MMEET BHJI TeHHMCHONH pakerku. Cl botulinum - mupoxo
pacripoctparen B nouse. OOpasyeMblit MM TOKCHH SBJIAETCH CaMbIM
cHIbHBIM OGHonorudeckuM suoM. B nouse Taxke 4acTo BeTpedaercs
BO30ynuTens rasoeoii raurpenst Cl. perfringens. Ou we o6napmaer
NOABKDKHOCTBIO. ITO OfHH M3 PEOKHX HpPeACTABUTENSH NO AAHHOMY
NpPU3AAKY.

Hapsiny ¢ natoreHHsiMu ¢opmamu
Cpeny XIOCTPHAMI BCTPEHASTCS MHOro
canpodwros (puc. 8.4). Hexoropmie u3
nux (Cl. pasteurianum) obnanaior
CrIOCOGHOCTEKD  (PHKCHPOBATH  MOJIOKY-
nsapHbii asor; ampyrue (Cl. butyricum)
HCTIONB3YIOTCA A4 NPOMBILLICHHONO
nosny4eHHs FIPOAYKTOB OpoxeHHs:
MAaCNAHON KHCIIOTH, OyTaHONa, auneToHa.
Arnaspobubie GauHmisl  NPHMEHAIOTCH
NpH MOYKE JNbHA, KOHOIUIH M JPYTHX
NPAAUNBUBIX PACTEHMH.

- AcrioporeHHble  TANIOYKOBHAHBIE
Prc. 8.4. BrpocTs Ha ciope  OaxTepuu - HeGonpiias rpynna Gakrepuii,
NOYBEHHOM 6L XapaKTepHBIMH POAAMM  KOTOPOH ABIf-
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1oTcA  MonouHokucnme Gakrepun poma Lactobacillus m  HuTuateie
MHOFOKJIeTOYHBbIC ~ OAaKTEepHH, TMPEACTABIEHHBIE ONHMM  POIOM
Caryophanon.

Baxrepuu pona Lactobacillus - nanouxu passodi mmuusr: or
AJMHHBIX H TOHKHX A0 KOPOTKHX THIa KokkoSawwut, Xapakrepusyrorcs
CTIOKHBIMH TMHIIEBBIMH TIOTPEOHOCTAMH: HYKAAIOTCA B BHTAMHHAX,
AMHHOKHCIIOTaX, H36HpaTeIleH B OTHOLUECHHH NenTHAOB, NMPOHU3IBOOHBIX
HYKICHHOBBIX KHC/IOT M COpa)KHBaeMsiX yriesonos. Tak, MHOrHe BHasl
He (epmeuTHPYIOT apabuHO3y, pubosy, padumosy, MaHHMT, copbHT U
Ap. Juepruio NONY4alOT 33 CHET TOMOJEPMEHTATHEBHOTO MM
reTepo)ePMEHTATHBHOTO MOJICYHOKHCIOTO OpoxeHus (cM. rn. 7).
Mpencrasuremu popa Lactobacillus mmpoxo pacnpoctpauerst B
NMpHUpoAe. ©a PACTeHHAX, B BOAeE, ToYBe, COAEPMKATCA B MOJIOKE H
MOJIOYHEIX NPOAYKTAX, B POTOBOH NONOCTH H KULICHHHKE NOABOHOYHBIX.

Pon Caryophanon npexncraenen omsmm suzom C. latum. Dto
MHOrOKjieTo4Has GaKTepua KPYNHBIX pasMepoB - OKONO 4 MKM
TonWHHOK 1 40 MKM mnHHOH. BakTepAyu MMEIOT BMA JUTMHHBIX HHTelH
(TPHXOMOB), COCTOAIIMX H3 XUCKOBUAHBIX YIUIOWEHHBIX KJIETOK,
KOTOpBI€ OTAEIEHE! APYT OT Apyra nonepevnbiMu cteHKamu (puc. 8.5).
C1porvie aspobel, BHLACCHHBIO M3 KOPOBBETO HABO3a, BCTPEMAIOTCH B
nouse.

AcrioporeHnbie KOKKH -
Gaxrepun chepuaeckoii popmer. Onu
0o0pa3yroT pasHbie COYETAHHS KNETOK
¥ B 3aBHCHMOCTH OT 3TOTrO HOCHT
Ha3BaHHA AHIUTOKOKKOB, CTPErITo-
KOKKOB, CTA(MJIOKOKKOB,  CapLMH
{cm. rn.4).

B cocrase rpynnei paanuuaror
TPM  cemeHcrea:  Micrococcaceae,
Streptococcaceae, Peptococcaceae.

Cemeiicreo  Micrococcacene
NPEeACTABMNSIOT TpH poxna:
Micrococcus, Staphylococcus, Plano-
coccus. Knerkn OGaxrepuii  popa

i Puc. 8.5. Muoroxierousas
Micrococcus  chepuueckue, 0,3-3,5 6axrepus Caryophanum
MKM B JOHameTpe, BCTPeHAalOTCA
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NOOAMHOYKE H B BHJE HempaBWIbHBIX ckorulenuii. HenpurszatensHel x
HCTOYHHKAM MMHTAHMA. HMCIONB3YIOT PalIHuHBIE YTJIEPOACOACPIKALIME
COEIUMeHMs, MOryT pacTH Ha Cpefax C IYyTAMHHOBOH KHCJOTOH,
HCTIONB3Ys €€ KAK €IMHCTBEHUbIH HCTOHHHK YTJIePOAA, A30TA U DHEPryu.
A3pobepl OOHTAIOT B 1104BE, MPECHBIX BOAAX, HA KOKE HEJIOBEKA,

Oprasusmbl pona Staphylococcus ofpasylor rposaesMaHbIC
ckomnieHus  Knerok.  DakynprarMBHbEe  aHa’pobsi  obnamaroT
ApIXatenbHBIM W OpoamnbHeiM MeTaGonuamom. Hcnonssyior MHOrue
yrnesopsl. [Ipi paseuTHM B a3pOBHBIX  YCTIOBHSAX  HY)KAIKOTCA
AONOTHATEIIBHO B AMHHOKHCIIOTaxX H BHTAMHWHAX. Cpep.u
cTaUIIOKOKKOB €CTh natoreHHbie BHAbl (S. aureus). O6uraror Ha
KOXHBIX NIOKPOBAX H CIIHM3MCTBIX 0DO/IOUKaX Ye/IOBEKA M TeIUIOKPOBHBIX
HHBOTHBIX, BCTPEHAIOTCA B BO3AYXE M NMO4BE.

Baktepun poxa Planococcus B oTaHvMe OT MPEAbIAYLIMX KOKKOB
ABJIAIOTCA CTPOTHMM 23p00aMu, OOHTaIOT B MOPCKO# BOZE.

B cemeiictBo Streptococcaceae obneavneHsl QaKynbTATHBHBIE
anaspoOnble  Xemorereporpodsl €O CNOKHBIMH  HHIIEBHIMHA
notpeSuocTAMu H CpomubHBIM THIIOM MeraBommama. Ilo mpoayxram
OpOKeHHA OHM OTHOCATCS K MONIOYHOKUCIBIM Oakrepusm: poast
Streptococcus, Pediococcus, Aerococcus - K roMOQEpPMEHTATHEHBIM, POA
Leuconostoc - k rerepotdepmentarrerbiM. Hapsaay ¢ 3THM, cpeam poaa
Streptococcus ormeneubie Buasi (S. pyogenes, S. pneumoniae) -
NaTOTOHHBIC, BHISHIBAIOT OSHAOKADAWT, AWCHHY, MEMHHrur. Tak
HA3bIBAEMBIN TEMONUTHYECKHH CTPENTOKOKK HB/ISETCH BO3OyawWTeneM
CKAPNIATHHBIL.

CemeiicTro Peptococcaceae cocTapnstorT OONHraTHo aHa3poBHbIE
KOKKH ¢ OpomunsubiM TunoM MeraGommsma. Cpean npooykToB
OpokeHMA MONOYHAs KUCNOTa He obpasyercs, 4Ualle HAKATLTHBAKOTCH
HUBIIHE XXHPHBIC KHCIIOTHI - NponHUOoxoBas, MaciaiHasi, pexe xm‘a’pﬂaﬂ.
XapakTepHeiMM  ponamu  sBIIIOTCA  Peptococcus 1 Sarcina.
Tpencrasurens nepeoro pona PacnpocTpauéHsl B POTOBOM NONOCTH,
ALIXATENIBHBIX MMyTAX H KOIYAOYHOM TPaKTe HEeJOBEKAa H MKHBOTHBIX,
BTOPOro - B BO3LyXe, MOYBe, HAa NOBEPXHOCTH pacTenmi. Bakrepuu poxa
Sarcina OTIHYAIOTCA OT APYrHX MPEACTABHTENEH IPYTNBI KOKKOB TeM,
9TO [fEJIHHEe KJIETOK FIPOHCXOAWT B TPeX NEPUEHAMKYNAPHBIX
TUIOCKOCTAX M B pely/bTarte o0pa3ytoTcs ABYCIOHHBIE NakeTsl U3 8 wn
Bonee knerok. Onuu u3 BHAOB (S. ventriculi) cuHTE3UpYeT LEMTIONO3Y,
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KOTOpasi BXONUT B COCTaB BHELIHETO CNOA KJIETOYHOM creHku. [pyrue
NPOKAPHOTHI, 3a HMCKModeHueM Acetobacter xylinum, we crnocoGHBI
CHHTE3HPOBAaTh JAHHbINH NOJIHCAaXApH].

8.2.2. Kracc Thallobacteria

K panuomy Kiaccy HpHHAamIeXkat SyaKTHHOMHUETH W
POACTBEHHBIE HM OpraHM3Mel - KopHHedopMubie OaxtepHn
mpoaktTHHOMuLeTsl. [lo  cIpykrype KiIeTkM OHH CXOZHHI C
IpaMInoONOXHTILHBIMH Gameplumn, OAHAKO OTNHYAKOTCA OT NOCIACAHUX
no mopdonorun. Y 3yaKTHHOMHLICTOB KJIETKA MHOrOKPaTHO BETBHTCH,
obpasys Muuenmii, y xopuHedpopMHbIx Baxrepuii Habmonaercs cnabo
BbIpaXkKeHHas TEeHOCHUHA K BeTBJICHUIO, y MPOAKTHHOMHLOTOB
oGpa:syen:x pynmeﬂ'rapnun Mﬂuetmu Ha PaHHEH CTaJuH Pa3BHTHA.

TR DyaKTHHOMKUETDI, Kak
HCTHHHBIC AKTHHOMHIICTHI, L
HEMOABHIKHBIC IPaMIIOJIOXKHTEIbHBIE
BaKkTepuu, XOTOPHIE Pa3BMBAKOTCH
HCKINOYHTENPHO B BHAe muiuenus. B
OONpIIMHCTBE CITyMaeB MHLEIHH HOe
HMEEeT Nneperopoaok, T. €. npeéa-
craBaser coboit omHY pa3sBers-
JNIEHHYIO LEHOLHTHyIo (MHOrosmep-

Puc.8.6. Mopgonorns Hyr0) knerky (puc. 8.6). Ilpu pocre
AKTHHOMHUETOB (KAIMWULIPHAR Ha IUIOTHHRIX Cpelax 3yaKTHHO-
MHKPOCKOITHS) MuLeTBl 00pa3yioT BO3AYLOHBIK H

e
cyGcTpatamifi  Muuenuii.  Braroaaps W

nocneaHeMy KONOHHHM TIPOYHO Bpac-
TaloT B cpeay (puc. 8.7).

HauGonee «pynHbiM H THIHY-
HEIM POAOM 3YAKTHHOMHLIETOB ABJIA-
ercA poa Streptomyces, COmepKauHiH
Gonee 500 Bupoe. PasmHOXaOTCH
cnopamu, Koropbie (hopmupyIOTCa 1O R
OZHON MM UENoYKamMHu Ha BEpXywkax Puc.8.7. KonoHHH aKTHHOMH-
rud. Pa3BuTHE CTPEITTOMHUECTOB Ha4YM-  LETOR HA  QrapH3OBAHHOH
HAagTCA € npopacranug ciop. B pazueix  cpene
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YUYACTKAX CNIOPHI BRPAcTaloT Ot 1 10 4 rud. OHuM yUTMHAIOTCS, BETBATCA
¥ paspacTaroTes B MHLENHH, M3 KOTOporo (QOPMHPYIOTCS IUIOTHBIE
KOMNAKTHBIE KONOHMH. JTOT MULIENMM Ha3biBaeTCA CyDCTpaTHBIM, MIH
neperunsiM. Ou Bpacraer B cpeay u cosnaer OcHOBY konoHmu. Ha
NOBEPXHOCTH KOJOHHMH Pa3BHBaeTCst Oonee pHIXJIbIF BO3AYLIHBIN, HITH
BTOpuuHbiii Muuenuit. ['ndsr ero noxpeiter rumpodoSHbIM yexsoM,
HMeIOT CONbLIHE TOJIHHY M CBETONPEIOMIISEMOCTb [0 CPaBHEMHIO C
rudamu cyScrparHoro muuenns. Cnopst ¢GopmupyioTcs Tomeko Ha
Cnopynvpyrolux  ruax (CnopoHoclax) BO3LYLIHOTO  MHLEJNHA.
O6pasoBaHue Mx MOXET UATH ITyTeM (PArMEHTALMY MM CerMEHTALIHH.
B oboux cirysasx BHaYalle NMPOMCXOAUT PEIUTMKALIMA OXHOro uim Gonee
HYKNEGOMZIOB, H OHM PAaBHOMEPHO pacnonararorcs Baons rudsr. Boxpyr
HHX 000cabnuBacTCa UHMTOIUIA3MA, H KaXAbiM 060COONEHHEIH y4acToK
TNOKPBIBAETCA HHBATHHUPYIOWEH LMTOMIASMATHYECKOH MeMOpaHoii.
OG6pasyiores mpocnopst. Ipu $parmenTaumonsoM cnocobe mpocnopst
NOKPBIBAKOTCA BTOPOH coOCTBEHHON OBONMOUKOIH, NMPEBpaInasch B 3pensie
criopsi. OGOIOYKA CHOPaHrys HEKOTOPOE BPEMA COXPaHAETCH, OKPYXas
cnopsl. 3aTeM OHa pacnanaeTcs W OCBOBOKIAIOTCS LENouxku cnop. B
COOTBETCTBYIOLINX YCITOBHAX OHMH NMpopacTaroT ¥ AAFOT HAYHAJIO HUOBBIM
OprauM3MaMm.

Cywecreyer wu apyrodi cnoco§  cnopooSpasopamusa y
AKTHHOMHLIETOB - CerMeHTanuouHsii. OH OTIMMAeTCA OT MPEeABAYINEro
TeM, 4TO cpasy nocne oOpazosaHusA mpocrnopsl cneayer GopMupoBaHue
MONEPEYHEIX NEPeropoioK, Pa3AeNAIOIIMX CIOPOHOCEN Ha piX
paBHOMepHBIX KJietouek - crop. Ilpu cospesaHuu crnop cnopomocen
PacnafacTcs ua OTHEIIbHBIC CEIMSHTHI - CTIOPHL.

Passsie npeacrasureny cTpenroMuneToB pasnuyaores no gopme
H paCnoONOKEHHIO crnoponocues. Onm  Moryr OwmiTe  npamsie,
CnupaneBuaHble, H3OCHYTHIC, HMMETh MyTOBYATOS, TNOCNENOBATAILHOE
WIH CYMPOTHBHOE pacnonoxeHus, ITOBepXHOCTHAs CTPYKTypa Crop y
pa3uBIX BHAOB HeoxuHakoea. Criops! GBIBAIOT rMafKHe H C Pa3HbIMH
BLIDOCTAMH B BHJE LWIMNMKOB, BOPCHHOK. JTtH Mopdonornieckue
FIPH3HAKH HCTIONB3YIOTCS B KIaCCH(PHKaH AKTHHOMHLIETOB.

Bee ctpenromulierst - ofnuratusie aspoSei. Onu Herpebo-
BaTeNbHB B OTHOUWIGHWM MMTATENbUBIX BELIECTB, HE HYXIAIOTCA B
¢daxtopax pocra, mnpenmymectsenno canpodutsl. CrperrromuueTsi
XOPOLIO PACHPOCTPAHEHB! B MOYBAX PA3HBIX THIIOB ¥ HIPAIOT GoNBLIYIO
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PONb B MHMHEpANM3ALHOHHBIX rpoueccax. Mix Hanuume obycnosiupaer
cneunduuecknit 3anax enaxeo# nousel. M3 S. griseus 6euto eeinenesio
Macllo, Ha3BaHHOS reOCMHHOM, OGIazaloee TaKHM 3anaxoM. B ornmdue
or 3ybakrepmii CTPENTOMHLETH XOPOLIO Pa3BUBAIOTCA MPH HHIKOM
BII2XXHOCTH IOYBBI. I'Ioa‘romy B NOYBaxX 3aCYULIHBLIX KIMMATHYECKHX
30H OHM YHCIEHHO NPEeotIaAAOT HAl BCEMH MHKDOOPTaHH3IMAMH.

[MoBcemMecTHO®  pPacmpoOCTpPAHeHM®  SKTHHOMHLETOB  poja
Streptomyces CBA3aHO C HAJMYHEM y HHX AKTHBHBIX (DePMEHTHBIX
CHCTeM, MO3BOJLIIOIUMX  PaspyllaTe #d  MCIONb30BaTh  Camble
pa3zHooOpa3HuHe coeaMHeHHs. Tak, y AKTHHOMMLETOB BBISBIICHA
CrocOGHOCTs MPOAYUHPOBATh TAKWE THAPONHTHYeckHe (PepMEHTBI Kax
NpOTea3kl, aMUIIa3bl, KOPATHHA3, XHTHHA3M], AKTHBHBIE OKHCIHTENBHO-
BOCCTAHOBHTENbHHEE  (pepMeHTH! rpynnst nonucdeHONOKCH a3,
obecneunBaonme PacLISIUICHHE YCTONYMBBIX (GEHONBHBIX COSAHHEHHIH,
BXOAAINMX B COCTAB rymyca. HekoTophie aKTHHOMHMLIETH OCYLIECTBIIAIOT
TpancHOPMALMIO MONHIHKINYSCKUX COSAMHEHUN - CTepOMIOB - B
GHONOrHYECKH aKTHBHbIE COSOMHEHHS - CTEPOHIHBIE TOPMOHBI
(npeanu30noH, KOpTH30H). Cpean CTPeNTOMMLIETOB OCOOSHHO MHOIO
FpoAyLEeHTOB aHTHOMOTHKOB. Hanpumep, Str. aureofaciens - npoayLesT
TerpauMiimHa, Str. griseus - NPOAYUEHT CTpernToMmiluna, Str.
venezuelae - npoayueHT xnopambpenuxona u ap. OAHOBpeMeHHC ¢
obpa3oBaHueM TeTpauMknuHa Str. aureafaciens cuHTe3HpyeT TaKKe
ButamuH By, u ero aunanoru. Buramunb rpynnel B criocobum
NpOAYLMPOBaTh MOYTH BCe cTpenToMuLeTsl. Muorue u3 Hux ofpasyior
KAPOTHHOMAHBI® MHIMEHTbl, YEPHO-KOPHYHEBBIE MENaHHHbl M CHHe-
(,]Jnone'mnue AHTOLIHAHMI .

CTpenToMMUeTsl - THNHYHBE T[IOYBEHHBIE MMHKPOOPTEHM3MBI.
Cpen HHX  U3BECTHB  OAHHWYHEE (DHTOMATOrEHHBIE  BHIMI,
BhI3bIBaKOLOHe Napiny xaprodens (Str. scabies).

AKTHHOMMUETBI poaa Streptosporangium OTNHYAIOTCA KO
MexaHH3My criopoobpasoBanus. Bepxyiks rud so3ayumiHOrO MHLIENHS
Pa3aysaloTces B LHapoobpasHble, OAETH® YeX/IOM CIIOPaHTHH, AHAMETPOM
po 20 mxm. Hecymas cnopanruit raga Bpacraer B Hero, CrHMpanbHO
3aBMBAETCH BHYTPH U OT HEE OTLIHYPOBBIBAIOTCS HENOABHMIKHBIO CIIODSI,
KOTOPBI® OCBOBOXKIAIOTCS NMPH PA3PLIBE YEXTN1a.

Y axruHomuueroB poma Actinoplanes cniopel Takke obpasyrorca
BHYTDH CNOPAHTHeB, HO CTIOPH NMOABHXKHBIS, ABH)KEHHO OCYLISCTBIACTCH
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C NMOMOUIBIO ITy'Ka XKTYTHKOB., B OoTnHYHe OT mpeabiayiuero pona BUAbI
Actinoplanes se ofpasyer BozxymHoOro mMuuenus. MecToobuTaHueM HxX
SBJIAFOTCA MPECHbIe BOAOSMBI, H3PEAKA BCTPEYAIOTCH OHU U B ITOYEE,

AxTHHOMHUETHI popa Micromonospora Tak ke Kak M
npeacrasuTeny poaa Actinoplanes, He o6pa3yioT BO3AYLIHOrO MHLEMMSA.
Kononuu cocrost uz spko oxpawensioro cyBctparsoro muuenus. Ha
MOBEPXHOCTH HX PA3BHBAIOTCA PA3BETBACHHBIE, HE MOKPHITHE YEXJIOM
rader. Ha Bepxymkax rud obpasyerca tonsko no oasHoit crope. Ilpu
cnopooGpasoBaHHu HPOHCXOAHT U3MEHEHHE uBeTa KOJIOHHH.
Tpeacrasurenn pona Micromonospora - olbnuraTHbie aspobbi, 3a
MCK/IIOYEHHEM BHAOB, BBUIENCHHEIX H3 COAGPXKHMOrO KHLISUHHKA
TEPMHTOB, KOTOpPbIE MABIAIOTCA E€IMHCTBEHHBIMH MPeACTABHTOIIAMH
aHaspOOHLIX 3yaKTHHOMHLETOB. MHKPOMOHOCIIOPEL PACIPOCTPAHEHE! B
roYBe, THHIOWEM FJTe U mpecHOoil Boxe. OHH paanaraloT LEUTON03Y,
XHTHH, KCHIIAH H HEKOTOPBI® APYTHE MOMMCAXapHLL.

Kopunedopmnnie Gaxrepun - cbopHas rpynna Gaxrepuii ¢
TEHJGHLMEH K 06pa3oBaHui cnabo pasBeTBNeHHEIX WU HCKPHBISHHBIX
xnetok. B cocras rpynmer BxoasT poast Corynebacterium, Arthrobacter,
Propionibacterium.

K pony Corynebacterium orHocsTCs S5aKTepuH ¢ HenpaBHNBLHOM
M M3MeHUMBOH (opmoli krmerok. B passuBaoweiica  KynbType
OZHOBPEMEHHO  MOrYT  HAXOAHTBCA  KIETKH  MaJIOYKOBHAHOM,
KOHycooOpasHoi 1 Gynasosmanoii popmei. Paamepwn xnerox 0,3-0,5 x
1,0-5,0 mxm. Hemopemokubl, PasMHOXAOTCA GHHAPHBIM AENGHUEOM.
Cpasy mnocne zeneHHs AOMEpHHE KIETKH, HMMEOMHE OynaBoBHIHYIO
topmy, npeTepresaoT BHeE3arHoe «IAMENTKHBAIOWIEON
(«paanamMbIBAIOLIEE)) NEPEMEIEHHE, KOTOPO® MPHBOAKT K XaPaKTEPHOMY
HX PACION0OKEHHIO NOA YTJIOM APYT K APYLY.

Kopunebakrepuu - (axyneraTHBHBIE a3pobbl.  IJHEPrHwo
NONY4ArOT 33 CHET ABIXAHMA MM OpoceHns. OCHOBHBIM KOHEYHBIM
NPOAYKTOM TIpu cOpPaXMBAaHMH CaXapoB fIBIACTCA  NPOMHOHOBAA
kHcnota. BonmbiMHCTEO mpencraBuTenell  kopuueBGaxkTepuii  MMeroT
CNOXKHble NMHUIEBkIe noTpebHocTH, Hanpumep, C. diphteriae Hy>naercs B
BHTaMHEAaX rpynmnsi B.

Cpeny  kopuueBakrepuii umerorcs carpoduTel u  BHAR,
TIATOreHHBI® [UIA 4ENOBEKa, XKHBOTHBIX K pacTeHHil. THMOBKM BHAOM
canpoduTHBIX KopuseGakrepuit sensercs C. glutamicum - npoayueHT
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ryTaMuHoBOH kucnotsl. Bonemmsicteo wrrammor  C. diphteriae
HOMATOreHHbI, ABJIAIOTCA HOPMAJBHBIMM OCHTATONAMHM HABIXATe/bHBIX
nyreii. Ho nocne a3apaxkenms wux cneuubmueckuM Gaxrepuodarom
npuoBpeTatoT cnocoGHOCTE BeI3biBATE AMBTEPHIO, T. 8. NPHOOPETAIOT
MaTOreHHoe CBOWCTBO. JTO CBOHCTBO ©Oycnosneso TeM, 4To dar,
BHEADMBIUHCE B TSHOM  KNETKH, MHAyuupyer obpasoBanue
audTrepuiinoro TokcuHa. [llpyrve BHAB 3TOrO poaa NATOreHHB! A
pacrennit. C. sepedonicum - BO3OYAHTENb HEPHOH KONbLEBOH THHJIH
kaprobens; C. betae - BBISBHIBAET NATHHCTOCTE JMCTBEB CREKJIBI,
KopuseGakrepun WHPOKO pacnpOCTPaHeHRl B TMOYBE, MPECHbIX
BOJOEMaX, Ha OBOLIAX U PpyKTax.

Pox Arthrobacter Bxmouaer ofnuraTtHo aspoGHele GaKTepHH,
CNOCOSHBIS (3A1UEITKMBATBC ) ITOCIe JeneHns. Y HuX Sonblue BhIpaxeHa
crnocobHOCTE K OOpa3oBaHMIO  KOKKOBMAMBIX  Kietok.  Pocr
COMPOBOXAAETCA TIOCHEAOBATENbHOM CMEHHON (hOpMBI  KIETOK: B
3IKCTIOHECHLUHANBHOH tasze KITeTKH HMERoT HETIPABHIILHYIO
nanouxoeuaHyio  ¢opMmy, nmnepexox B crayuoHapuyio  (aay
CONMPOBOXKAAETCA  TMPEBPaHIeHHEM  MANIOYKOBHAHKWX  KJIETOK B
KoxkkoBpaHbe. OCpa3oBaHHe NOCHEAHMX MPOMCXOAHT HIM B Pe3ynbTaTe
MOCTEMEHHOrO  YKOPRYMBAHWUA  FANOYEK, MM JKe  BCHIEJCTEHE
MOC/IeIOBATE/ILHOTO OTACNIGHHA OT HHX YKOPOYEHHBIX KOKKOBMIHBIX
Kknetok. OCpa3’oBaBIMEcd KOKKH MPEBPAWIAIOTCA B NOKOAUHECA (hopMBI
- aptpocnopel. [Ipu mepeHeCeHHH B CBEXYIO NHTATENBHYIO Cpeay
MPOHCXOAMT MPOPACTAHHE MX B NANOYKOBHAHL® WU cnaboperBsalumecs
KJISTKM H LMK passuTHA noetopaercd. Ipopactanue ocymecrsnsercs
MyTeM 0Bpal0BaHMA POCTKOB, KOTOPHIX MOXET GBITH OT OAHOTO A0
yersipex Ha knetky. Y GombumsHcTea apTpoGakTepMii MONHBIN LUK
Pa3BKTHA (KOKK - MaNo4Ka - KOKK) 3aBepuiaeTci B Tedesiue 1-2 cyt.
AptpoBakTepuH OTNHYAOTCA OT KOpuHEBakTepmii 1O COCTABY
xnerouHon crenxn. OHu He cuHTesHpyloT apabusoranakrasa u
MHKOJIOBbIX ~KHCIOT, OfpasyloT MHOMXECTBO XHMHYECKHX THIOB
NeNTHAOTIIMKAHOB.

INo croMM nHIGEBBIM MNOTPECHOCTAM apTPOGAKTEPUM HMEOT
CXONCTBO C INCEBAOMOHajaMu. DONBIIHHCTEO BHAOBR  MOXET
HMCTONB3OBATh B KAYECTBE MCTOYHHKOB YTNEPOAA M 3HEPTHH LIHPOKHI
KpYyT pa3sHoobpa3HBIX OPraHHMeCKHX COSJMHEHMIA. YINeBOAb, CIHPTE,
KapOOHOBBI® KMCIOTHI, NeKkTHHB, JUrHud. OsM crnocoBHe painarate
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Takue CyOCTpaThl, Kak IUIaCTMAacChl, YITEBOZOPONbl, NECTHLIHIE,
ankanonapl. Hexotopbie BH/IBI HyXKAa10TCA B GaKTopax pocra.

Mmuoroo6pasna GHOCHHTETHYECKAS JIEATENIGHOCTh apTpobakTepuii.
OuH aKTHBHO TIPOAYLHMPYIOT AMHHOKHCIOTH, ayKCHHB], BHEKJIETOYHEIE
HONHCaXapHAbl H MHIMEHTBL. JTO MOCHYXWIO OCHOBAHHMEM JUIA
MCTIONBL3OBAHHA HX B MHKpoOuOnorwyeckoil NMpPOMBILUIEHUOCTH Kak
MPOYLEHTOB GHONOrHYecky AKTHBHLIX BELIECTB - IPEAIIECTBEHHHKOB
HYKJIEHHOBBIX KHCJIOT, CBODOIHBIX aMAHOKHCIOT, TAKMX KaK FMCTHIHH,
TpHIITOPAH, CepHH W Zip., DPOTEOTMTHHECKHX  GEepMEHTOB,
BHEKJIETOYHOrO Genka. € NOMOIBIO  BYKCOTPODHBIX ~ MYTAHTOB
aprpoGakrepuii ma napadunOBBIX M ra3000pasHbIX YIJIEBONOPOAAx
(3Tan, OyTaH, NpoflaH) OCYMIECTBINETCS NPOMBIIUICHHOE NOMyUeHHE
L-rayramuHoBO# KHCIOTH (MpogyueHTs Art. paraffineus, Art. simplex),
L-nv3ausa (npomynedtsl Art. paraffineus, Art. citreus u ap.),
AHAMHHONIMMEIMHOBOM xucnorsl (npomyuents: Art. globiformis, Art.
roseoparaffineus m ap.).

Bakrepuu posa Arthrobacter mmMpoko pacrnpocTpaHeHbl B
npupope. Ocobernro GoraTe! UMY NOYBEL, 7€ OHH BBINOMHAIOT BAXHYIO
POk B MPOLECCAX MHHEPATTM3ALNN OPTaHU4eCKUX BEILECTB,

Pon  Propionibacterium  mpencrapien  a3poronepaHTHHIMHM
aHaspoGaMme, OCYHMIECTRIAIONIMMM  NPOIMOHOBOKMCIOE  GpoXeHHe
(cm. 1. 7).

I'pynna  NpOAKTHHOMHIETOB  xapakrepusyerca  Gosnee
BBIDAXEHHBIM MHLETHANILHBIM THIIOM Ppa3BMTHSA, XOTS OH HMEET
BPEMEHHbIH W  4HacTo oOrpaHH4enHbIl  Xapaktep. PasMHOMXeHHe
TPOHCXOAMT TPEUMYMIECTBEHHO MyTeM (parMeHTalMu MHIEIHA Ha
KOPOTKHE MANOYKOBMAHBI® KNETKH. XapaKTepHBIMH MPEACTABUTEIAMH
rpynns! ABAI0TCA posbt Mycobacterium, Nocardia u ap.

MuxpoopranusMe poga Mycobacterium BpeMeHHO 06pasyloT
PYOMMEHTAPHBIN MMLENHH, KOTOpBIH OBICTPO pacnafaercs Ha TOHKHE,
HHOTJIA Pa3BETBRIICHHBIS HA09KH. MuKobaKkTepHH rpaMIIONOXKHUTE/bHSL,
HEMOABMKHB H, B OTnHYMe OT KOpHHeDakTepHii, He «3aIEIKHBAIOTCHD)
nocie jiesienMs, ABJIAIOTCA KHCHoToycTolunebeiMu. TTocaennee ceolcTBo
OOYCJIOBIEHO BBICOKHM CONEPIKAHHEM CNOXHBIX JHNMHAOE (3dmpoB
MHKONIOBOH KHCJIOTBI) B KJICTOYHOM CTEHKE, KOTOpble MNpHAAIOT
TIOBEPXHOCTH KNETKH CHIBHYIO FHAPO(HOGHOCT.
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MukobakTepHH - ofnmratHele aHa3poOBl, IHEPrui0 MONYYAlOT B
npouecce aeixaHua. CpelM HHX €CThb MATOreHMbIE M canpodMTHBIC
¢opmel.  TlaToreHHbIC  XapaKTEpM3YIOTCA  3aMEIUISHMBIM  POCTOM,
Hykpatorca B daxropax pocta. K uHM oTHocuTca BO3GyaWTENH
TybGepkynesa (M. tuberculosis), Bo3Gymurens mnpokase (M. leprae).
CanpodurHble MHKOGAKTEpHM ILIHMPOKO PpPACHPOCTPAHEMBl B IIOYBAX,
HeTpeGOoBaTENEHEl B OTHOLICHHM WCTOYHHKOB NMUTaHMA. Hexoropeie u3
HHX HCIONBE3YIOT MapaduHbl ¥ apOMATHUECKHE YrneBomoponbl. Jlns
MHKODaKTepuii XapaKTepHO OOpa3oBaHHe MKEATHIX WM OPAHXKEBBIX
KapOTHHOHJIHEIX ITHIMCHTOB.

Pox Nocardia cocTaBnsioT opraHusMbl ¢ Gonee BBIpaKeHHOM
crocobuoCThI0O k  O0pasoBaHMIO Muuends. Hekoropele M3  HEX
dopMupyIOT XOpOHIO pa3BUTHIl CyGcTpaTHBIM (pexe - BO3XYLIHBIH)
MHLIEIHH, KOTOPBIH 3aTE€M pacHafaeTcd HMa YKOPOYEHHEHIE MaNOYKH.
PasmyoxxeHne npoucxomuT GparmeHTanuell Muuenws. BonbIHHCTBO
HOKapymi ABJIACTCA MOYBSHHBIMH MHMKDOOPraHH3MaMH H Y4YacTBYeT B
paclielUIeHHH YCTOMYHBEIX OpraHudeckux coeauHeHui. OThenbHbie
BH/BI - NTATOr€HUHbI JUIA X XHBOTHBIX.

8.3. OTAEJI . TENERICUTES

Ctpen DpepctapieH onHuMM knaccom Mollicutes®, B koTopriit
BBIICTICHBl MMKOIUIA3MBI = FNPOKAPHOTHEI® MHKPOOPTRHHM3MBL, HE
uMmeomue puruaHol  kieroymodt crenku. OHM  HecnocoBuel
CHHTE3UPOBaTh  MEOTHAOIIIMKAH H €0  NpPEAWECTBEHHUKOB,
HMEYYBCTBHTEJIbHEl K NEHHIMUTHHY M €r0 28HaloraM, a TakkKe K JApPyruM
aHTHOMOTHKAM - uHIMOWTOpaM CHHTe3a KierodHol cTeHku. C
OTCYTCTBHEM KJICTOYHON CTeHKHM CBA3AR NONMHMOPPU3IM MHKOIUIA3IM.
Kynbtypa OmHOro BHOa MOXET ONHOBPEMEHHO COJIEPXATh K/IETKH
pasHoll GopMBI: KpYNHBIS HIAPOBHAHBIE WIH rpylIeBHAHbIE, HHOIZA C
HHMTEeBHIHBIMH OTPOCTKAMH, MEJIKHEe 3€pHa (3NEMEHTapHble TeNbLa),
KJIETKH HeNnpaBHILHOH dopmel, CIHPaIeBUAHEIE, TOHKHE
pa3BETBIICHHbLIE MM  uepasBeTBienHble uuTH (pHc. 8.8). Hs-3a
OTCYTCTBHSA PHTHIHOH

* Or nammcionx cnos: mollia - ruGui, cutes - koxa.
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KNETOYHOM CTeHKH KNETKa MHKOIUIA3M TUIACTHYHA, MOXET BB TATHBATBCA
B TOHYaHOHE CTPYKTYPbl M MPOXOAMTL 4Y6pe3 MOpPH OakTepHaNbHBIX
Gunetpop. Pasmepel knerok, Kak u (OpMa, HONOCTOAHHBI KPYITHbIE
chepuyeckre Tera gocturaror 10 MKM B AMaMETpe, «3JIEMEHTApHbBIE

Puc. 8.8. Muxoruiasms! (371eKTpoHHAS MHKpodoTorpadus)

Tenb@» - 0,1-0,2 MM, svuTuaTeie popmbi 0,3-0,4 MKM B lMaMeTpe H L0
40 mxM B guHy. PasMHOXAIOTCH OMHAPDHEIM JENIEHMEM H NOYKOBAHHEM.
Ha Teepmsix NHTAaTeNBHBIX CpPEAax OGPa3yrOT XAPAKTEPHLIS KOMOHMM:
LEHTPa/bHas YacTb KONOHHH HENPO3payHas, YacTHYHO TOrPYyXeHa B
cpeny, Kpail TOHKHH, npocseurBarommiics. Kononsn odenp menkue -
0,5-2,0 uM B guamerpe.

MukonnasMel  MMEOT MPOKAPHOTHYECKMH THIN  KIETOYHOHR
opranu3saydH. CHapyx# KIeTKa OKpy»KeHa NPOYHOM M IMaCTHUNMHON
LIMTONUIa3MaTHYECKOH MeMOpasoi, Tonmmuo#t 7.5-9,0 Hm, BHyTpH
HaXOAWTCA LHMTOMNA3Ma, ColepXkalias puOOCOMEI H  HYKJIEOHA.
Hyxneoun mnpencrasnes KonbLEBOH XPOMOCOMOH, COCTOSIEH M3
monexynel  asyautdatoin JHK. Perumakayus JHK npoxoaur no
NOTYKOHCEPBATHEBHOMY MEXaHH3MY, T. ©. TaK ke, KaKk H Yy HApYTHX
npokapuot. Ogsako, JJHK-nonumepasa MHKOMUIa3M, OCYLUESCTBIIAIOMAA
peruiakauyio, otnnuaerca Pynkumonanpto or JHK-nonmmepas apyrux
npokapuoT. ITono6Ho TakoBeiM 3ykapHoT, osa He obnaaaer 3’ - 5'-
3K30HYKIEa3Ho# (yHKumei. ITO JNHIaeT MHKOMNA3MbI MEXAHH3IMOB
toTopeakTHPOBaHKMs M TEeMHOBOH penapauuu nospexaeHuit JIHK
ynerpadHonerom. Jlanuas o0COSeHHOCTh XapakKTepHa /[JiA F2pa3HTOB,
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PasBUBAIOLIHXCA B JAPYTHX OpPraHH3MaxX ¢  3AU[MINEHHBIX OT
HEMOCPEACTBEHHOTO BO3ASHCTBHA ynbrpaduonera.

OcoBeHHOCTBIO MHKOILIA3M SBJIAETCA MAllas BeNHYMHA TEHOMAa -
0,5-1,0 x 10° ganpToH u Hu3KOE coapepaxanue I'Ll-nap - or 23 no 41 M%.
Ilo obwvemy reHeruueckol HHGPOPMALIMM MUKOIIAZMBI 3AHHMAOT
npoMexyTouHoe nonoxkernne mexay E. coli w T-garamu.

MuxorasmMbpl  XapaKTepH3YIOTCH  CHOXKHBIMH  ITMIUSBBLIMM
norpeSHocTAMU. MHOrHe M3 HHUX PpaCTYT TONBKO Ha Cpefax,
COASPIKALOMX CHIBOPOTKY KPOBHM, THAPOMSATH M OTBaph APOXKXKENt,
IKCTPAKT M3 OpPraHoB JKHMBOTHHX (redeHs, cepaue). Hekoropme
HYXAAIOTCA B TOTOBHIX HYKISGOTHAAX KaK NPENIECTBEHHHKAX JUis
cunre3a JIHK u PHK. Beicokue tpeGoBanHs GoMBIIMHCTEA MHUKOMNA3M
K COCTaBy NMHUTATEeNbHLIX CPEA OOYCNOBIeHbl MAPa3HTHYECKAM 00pasoM
JKH3HH, MPH KOTOPOM HX OOMEH BEINECTB 3aBUCHUT OT MeTabomiaMa
opraHHama-xo3suHa. MssecTHr canpoduTHiie MIKONIA3ME!.

MHoOruM MHKOIUIA3MaM MPHCYLNAa BBICOKaA NOTPeGHOCTE B
XOJIECTEPUHE, YTO HE XAPAKTEPHO [T APYTHX MNPOKAPHOT. ITO BEINECTRO
y max pmouaercs B LITIM, noBmiwas e¢ 3nacTH4HOCT M OPOUYHOCTS.
Kpome Toro, crepuHel NPMHHMAIOT Y4aCTHE B TPAHCTIOPTE NMHTATEIBHBIX
BEIUECTB M  yNajieHMH TPOAYKTOB oOOMeHa depea meMGpawy.
Xonumscrepasa MHKOTIIA3M AEHCTBYeT KK NEPMEa3a MIHTPAHCAMMHASA
Y APYTHX MPOKAPHOT.

IpusHak CTEPHH3ABHCHMOCTH MCNONB3YETCH Ana KnaccHbUKauHu
MHKOILUIA3M.

8.3.1. Xapaxmepucmuka maxcoHoMempusieckux zpynn
xiacca Mollicutes

IMepBuii npeacraeurens xinacca Mycoplasma mycoides 6win
OTKpHIT (panuysckumu yuensimu A. Hokapom u B. Py B 1898 r. B
TUICBPANbHOH XKHAKOCTH KOPOB, ConbHEIX mesporyesmonuel. Bekope
noAoGHbe MUKPOOPTAHHIMB! ObLTH OGHAPYXEHB! Y APYTHX JKHBOTHBIX -
oseL, ko3, cobak, KPBIC, & TAKXKE Y YeNOBEKa, U UM GbLIO JaHO obmee
nassanne PPLO (or anrn. Pleuropneumonia-like organisms -
TeBPONHEeBMOHUENONO0HbIe opranusMel). B 1967 r.  onucamm
MHKOrIasMul - Bo30yautenu 3abonesanuii pactenmii. Teneps H3BECTHO
oxono 200 Bupmo Takux 3aGonesanuii. OGuapyxenn canpoduTHHIe
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MUKOIIA3Mbl B FIOYBE M CTOYHBIX BOHJAX, CUMOHOHTHI rpHbOB,
HaCEKOMBIX, TTHI B ropsumx HCTOYHHKAX BBLIEIEHBI
TEPMOAUHAO(DUNbHBIE MHKONIA3MB - TEPMOILIA3MEI, KOTOpHE IO
COBOKYNMHOCTH MOJIEKYAPHO-OHOXMMHYECKMX CBOHCTB OTHECEHB K
apxebaKkTepusM.

Knacc Moliccutes no cBoum cBoiicTBamM OueHb TreTeporeHHast
Tpynna MHKPOOPraHHM3MOB, DPAa3AQIeHHAN HA TPH  COMEHCTBa:
Mycoplasmataceae, Acholeplasmataceae u Spiroplasmataceas.

Cewmeiicreo Mycoplasmataceae npeacTasneHo ABYMS poaaMu:
Mycoplasma u Ureaplasma. Pasmuunsa mexay HHMH COCTOAT B
cnocobuocTu oprasusmoB poaa Ureaplasma pasnarats mouepnHy. Bee
NpPEeACTAaBUTENIH  OAHHOIO  CeMeHCTBA  SBIAIOTCH MCTHHHBIMH
MHKOTUIA3MaMH, XapaKTepH3yIOTCH TPEAEenbHO MANoH BETMUYHHOM
retioMa - 0,5 x 10° mansTon, uTo B 4 pasa messuwe resoma E. coli;
UCTIBI THIBAIOT BBICOKYIO HOTPBGHOCTB B XONEeCTEPHHE, HYMXOAIOTCA B
CIIOMHBIX TTHTATEeNbHbIX BELIECTBAX. Oun SBIIIIOTCA
XEMOOPTaHOreTepoTpodamMu. JHEPruoO NONYUAIOT ITYTEM OPOXNKEHHA HITH
abixaHud. Y Hux pynxunoanpyrot LITK u aeixatenbsas uens.

HexoTopeie u3 npeacTaBHTENel CeMeHCTBA NOJBHICHEI, ABHIKEHHO
OCYIIECTBAASTCA N0 THNY CKONbxeHMsA. TToABHKHbIE OPraHH3MBl HMEIOT
HEOOBIUYHYIO I8  MOJUTMKYTOB ¢opMy KNeTOK: Ha TOBEPXHOCTH
MeMOpaHbl COEPIKATCA TEPMHHANBHBI® CTPYKTYPBI B BHIAS NY3WPbKOB
(M. gallisepticum) ¥ mmnosHaAnbx BeipocTtos (M. pneumoniae). Dt
CTPYKTYPH OOSCNeuUMBAIOT CLEIUIGHHE MUKOIUIA3M C MNOBEPXHOCTBIO
arapa WM APYTOro yBIAXHEHHOro cybcTpata M SBIAIOTCA BOAYLISH
HacTLIO KIETKH BO Bpemsa aswkeHus. JlBrkeHue xierok poaa
Mycoplasma BO3MOMHO TONBKO HAa YBIAKHEHHBIX TMOBEPXHOCTAX; B
WHAKOH CPEle M Ha CyXMX MOBEPXHOCTAX OHM Henomerxkhel. [Toreps
CrocoGHOCTH K OOpPA3OBAHHMIO TEPMHHANBHBIX CTPYKTYP NPHBOAHT K
rorepe NMOABKOKHOCTH M BHPYJIGHTHOCTH.

BonsiiuscTBO mpeacTaBHTerneli poaa Mycoplasma  ssnsercs
BBICOKOCMOLMANH3NPOBAHHEIMH  Mapa3HTaMH  YENOBOK3, JKHBOTHBIX,
HACEKOMBIX H PACTeHHH,

IMaTorenupie MukonasMbl B3auMOASHCTBYIOT C PELISNITOPHBIMH
Yy4acTKaMH MeMOpaHbl KNETKU-XO3HHA, BHAYAI® NPUKPEIUIAIOTCH Kk Hel
crneunputueckuMu  ydacTkamu  cobcrBeHHOH — MemOpamm  (Tax
HA3LIBAGMbIE MECTAa MPHKDPEIUIGHHS), 33aTéM MPOHCXOAHT CJIHAHHE
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MemBpaH MHKOIIA3Mbl M KIETKH Xo3auHa. Popmupyerca ocobwii Tun
1iTyGOKOro B3aHMOAEHCTBHA NMapasHTa M X03AHHA Ha KIIETOYHOM YPOBHE,
MPUBOAAINMH K Pa3BUTHIO NATONOrHYeckoro mpouecca. B Takom
COCTOSHUM MHKOIUIa3MBbl rNoJsry4aior u3 KNeTKH-XO3AHHa BCO
HeoOXxOquMBle ANA Pa3BHMTHA BEWIECTBR, @8 TAKOKE HEMOCPSACTBEHHO
anusaioT Ha (QYHKUHH €ro reserHuyeckoro ammapata. [lomaraforT, uTo
MHKOMNIA3MBbI MPH4YACTHBI K paanwrmo HEKOTOPBIX 3NOKAYSCTBECHHBIX
3aboneBaHHH.

Cemeiicteo Acholeplasmataceae comepHT ORHOHMEHHBIH pon
Acholeplasma. OpraHnaMbl  OaHHOrO POAa HE HYKIAIOTCA B
XONECTEpPHHE, HO NIPH HAJIMMHH €ro B CPeae NOTPEOIMIOT H BKIIOYAIOT B
mem6paHy noaobHo knetkaMm poaa Mycoplasma. AxonennasMbl HMEIOT B
2 pasa Sonpuinii reHOM, YeM OpraHu3Mbl NpeasAywmero cemeHcTsa. On
pases 1 x 10° panmbTon. OHH COmEpIKAT PRI THAPONHTHYECKHX
depmenTor (nakraTaermaporeHasy, audocharanbaonasy), criocobHsl K
CHMHTE3y JKHPHBIX KHCIOT H3 auyerata. B cBasm ¢ 3Tum MeHee
TpeOoBaTeNbHE K COCTAaBY IDHTaTeNbHBIX cpea. Y  oAHOrO w3
npeacraeureneit  A. laidlawie BbiABIeHO gBa  TMNA  BHPYCOB!
GaxTepuodaru ¥ BHPYCH, CXOAHBE C BUPYCAMH HEHOBEKa M KHBOTHBIX.
INopaxeHHe MNPOKapHOT BHMPYCAMH, THNMMHBIMM [N BBICIIMX
OpraHusMoB, - HeoDbiYHOE saBNeHMe, HpeACTaBIMOWEs obwWweduono-
rHYecKHii HHTepec.

B cocras poma Acholeplasma Bxoasr cBOGOZHOXHBYLUHE
canpobuTrHble MUKOMIA3ME! M TIAPA3HTH MISKONHTAIOLINX M MITHIL.

CewmelictBo Spiroplasmataceae npeacTaBnesHo OJHMM POAOM
Spiroplasma. INepsbiit npeacrasnTens cemeiicTea Spiroplasma citri 61
puyenes B 1971 r. 13 nucTbeB uuTpycoBBIX pactesuil. OTnHumMTensHBIM
OPH3HAKOM CHMPOIUIA3M SIBJIAETCA HAJIHYME CPEeAl PasHoo0pasMbix
MopdonorHYecKHX KIETOK CHHPRNeBHAHBIX HHTeH. Bemnumuna renoma
coctasmser 1 x 10° gameTos. CriMponiiaaMel HyAAIOTCA B XONECTEPHHE,
HO TONBPKO Ha MEPBEIX 3Tanax pa3puTHs. B paneweiimem y Hux
MHAYLMPYETCS CHHTE3 KAPOTHHOHAOB (THNAa HEHPOCTIODHHA), KOTOPHIE B
memOpaHax CrHporiasM (M axoNeruiasm) BBIFIONHAIOT Te ke QyHKuMY,
YTO M XONECTePHH Yy MHKOIUIa3M: ODeCrneYHBaroT MPOYHOCTE H
3NACTHYHOCTE MeMOpaHbl, TPRHCNOPT THTATENBHBIX BEUIECTE U
yaanesue npomykToB ofmeHa. CnHporiasmMaM npucymid Te  Ke
cBOKMCTBa, 4TO H APYruM mnpeAcTapHTesnsMm Kiacca Mollicutes. Ho B
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OTNHMYHEe OT APYTMX MHKOINA3M CIIHPOIUIa3MEl OOIafaloT aKTHBHOIM
NOABHKHOCTBIO, KOTOpasA o0ECIeYrBAETC HATHYHEM JOMOTHHTENBHOIO
GenkoBoro (PUOPHINAPHOrO CHOs, HENOCPEICTBEHHO MNOACTHIAIOLIErO
memGpaHy. 3ToT cnoii obecnedHBaeT HE TONMBKO NOABHIKHOCTB, HO M
crnivpaneBuaAnyIo (opmy knetok. OH uMeercs y Bcex crimpornasm. Ho y
noABHKHBIX (hOPM OH IKOCTKO NPHKPEIrUteH K MeMmOpawHe nocpeacTBoM
aKTHHOMOAOOHOro Genka, HA3BAHHOTO CMHPANMHOMY. ¥V NOABMIKHBIX
(opMm cIHpanuH cocTaBnseT koo 22 % OT CyMMB BCEX MeMOpaHHbIX
Genkos. V HenoammxkHeix - 3ToT Genok orcyrcTeyer. Hna cnmporuiasM
XapaKTEPHO BPALIATE/IHHOE ABHIKEHUE BCICACTBUE COKPALUSHHA OTOSNTb-
Hbix (pubpunn. Tak Kak COMPONNA3MBl ABISIOTCA BHYTPHKIETOYHEIMM
lapasuTaMHi, TO NOABHOKHOCTDE MO3BOJIAET UM MCHATh MECTa onrrax-mx
IIyTEM MEPEeXoja M3 OAHON KNETKH XO3SMHA B APYIYIO H YBOTHYHUBATH
LIaHCE HAa BbKHBAGMOCTb. ¥ CHHPOIUIa3M OOHApYXEHbl BHPYCHI,
cxonreie ¢ Gaxrepuodaramu. Bonpoc cymecrsosanns u aacopbuun
GakTepHodaros y MHKpOOPraHM3MOB, JIMIICHHDIX KIeTOYHOH CTeHKH, Ha
KOTOPOii  pacroNOXKeHsl  PeHenTtopsl Ans MX  [PUKPEerUieHus,
NPEACTABNAST 3HAYHTENBUBIH HHTEPEC, HO MOKA OH HE peHeH.
BombuiMHCTBO  MI3BECTHBIX  CTIHPOTUIA3M  ABAACTCH  BO3BYAHTONAMM
3abonesaHuil PACTeHHA.

8.4. OTAEJ IV. MENDOSICUTES

Orpen  npepcrasnen  oAmuM  kinaccom  Archaebacteria,
OOBEAMHAIOLUM FPyHTy GakTepHil C yHHKANbHBIMH CBOHCTBaMH. JTH
GakTepuM NOMyYWNH Ha3BaHWe apxeGakrepuid. Bmepsbie oHH cramH
u3ssectHbl B 1977 r., Gnarogaps paboram aMepukaHckux yuensix K.
Byza u I'. Pokca no H3y4eHHIO MOIEKYIAPHO-OHOXHMHYECKHX CBOHCTB
KOMINOHEHTOB KJIETOK pa3HhIX BHOOB Oakrepuii. Bemymyro poms B HX
OTKPBITHH CHIDAJ AHAJIM3 COCTABa H MOCISAO0BATENLHOCTH HYKITGOTHIOB
16S pPHK. Onpepenense creneHu romonoruu pubocomansubix PHK
BRIABIIO  OONMBIIYIO  HEOAHOPOAHOCTE  cpemu  Oaxrtepmid. K
apxebakTepuam OTHECOHBI Meranobpasyromue, aspobHble
CEPOOKHCIMOLHE, AHAIPOOHBIE CEPOBOCCTAHARNIMBAIOIME, KpaiiHe
ranodunshsie Gaxrepun u TepMoaumaodubHEe MHKOIUIAZMBL OHu
uMEIOT psg ODWMX CBOMCTB: OTCYTCTBHE MYP2MOBOH KHCIOTH B
KJIETOYHOH CTeHKE, HANMYHE CreUHpHYecKHX ITHMHAOE B COCTaBe
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memBpaH; HanHMune OCOOBIX KO(AKTOPOB, OTCYTCTBYIOMMX y APYTHX
OpravM3MoB; crieuuduyecKHe TpPaHCHOPTHbIE U pubocomamerble PHK,
HEOOLIMHEIE BBICOKOCTICLIMANINIHPOBAHHBIE SKONOTMYESCKHE HHLITH.

ApxeBakTepuH WMEIOT IPOKAPMOTHHUECKHH THN  KJETOUHOI
OpraHH3aLMH, HO KIETKH COCTOAT H3 MAaKpOMOJEKYNn (THITHIOSB,
MONMUCAXAPHAOB, BesIKOB), MHOrHE H3 KOTOPBIX ABIIOTCS YHHKANbHBIMH
M HE CHHTEIHPYIOTCA APYTHMH MHKPO- H MaKPOOPraHH3IMAaMH.
MonaratoT, 4To apxeGaKkTepHH ABMSIOTCA OAHOH M3 CAMBIX APEBMHX
(OpM KH3HK H COCTABNAIOT CAMOCTOATENBHYIO 3BOMIOLMOHHYIO JIMHHIO
MPOKAPHOT,

Mopdornorus knerox apxebaxrepuii OenHee, ueM sybaxrepuii.
Cpeau HHX Her MUUSTHANBHBIX, CTEBENBKOBEIX H TPHXOMHBIX (dopM.
Tlpeo6nanalor IWAPOBHMAHBIE M LMIMHAPMYECKHE KIETKH, 3 TAKKe
HEOOLIHBIE IUIOCKHE KJISTKH, HMEIOME BHJL MJACTMHMOK M KOpoGouex
pa3nooBpasHol reoMeTpiueckoii GopMbl, CXOAHBIE C KYCOYKaMH GHTOro
crexna. Takue GopMer MpHCYIIM TONBKO apxebaKTepHAM.

Tlo ctpoeumio Kkaerku apxefakTepMH CYIIECTBEHHO He
OTNHMYAIOTCA OT IPBMIONOXHTENbHEIX  dyGaxtepuii.  Hyxmeomz
ripeactasnen monexynor JIHK, pBCHONOXEHHOH HENOCPeACTBOHHO B
uuronasme. TloBepXHOCTE KJIETKH IMOKPBITA KIETOYHON CTEHKOM, MO
koropoli Hexogurca LITIM. Mmorue sumsl spxeBaxrepuit uMeror
KryTHky M pumBpuu GaxrepuansHOro THNA, y HEKOTOPBIX OBHAPYKEHB!
ra3oBBle BAKYOIH M 3aaCHOe BEWIECTBO - INHKoreH. IIpHHLMMHATBHEIE
omHuHa apxeBaxTepuli OT 3ySaKTepuii 3AKNIOUAIOTCA B GHOXHMHUYECKOM
COCTBBE KIICTOMHBIX CTPYKTYP M MaKDOMONEKYN, B MeXaHUH3Me
HEKOTOPBIX MOJEKYJISPHBIX mnpoueccos. OAHMM M3 HHX HBIIAETCS
OTCYTCTBHME MypeuHa. B cocras knerousoft cremxu apxeBaxrepuii
BXOMAT KHCNbIe NOMHMCAXapHAbl, GEIKH HITH NCEBAOMYPEHMH, KOTODhIH B
OTNHYHE OT MYPEHHA HE COACPIKHT MYPEMOBOM KHCIIOTH! M B IENTHAHBIX
MOCTHK2X OTCYTCTBYIOT JI-aMHHOKHCIOTHE. BMECTO MypBMOBOIH KHCHOTH!
B COCTaB MCEBAOMYPEHHA BXONMT TANO3OMHHYPOHOBAas KHCIOTA.
MemOpannble JHNuas apXeOaKTepHI He CONEPIKAT INIMLEPHHMOBLIX
3(QHPOB MUPHLIX KHCIOT, 2 COCTOAT M3 OCOBHIX AH(PHTAHHIBHBIX H
nubuduTaHMIbEEIX  rMUepHEOBBIX  3HPOB  (mpocTeie  3dmpH
rauuepnHa U ¢urona). YV HEKOTOPHIX BMAOB apxeSaxrepuii JHMEIb!
TPeACTaBNEeHb AububHTAHUN-rIHLEPONEHEIMU Tetpashupamu,
oBpazyroumMH OAHOCIONRHYIO IMITHAHYIO MEMOpPaHY, B TO BpeMA KaK BO
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BCeX Ouonorvueckux meMOpaHax JIMIHAB paciioNaraloTcs B BHOE
OumosieKynapHoro crof. Ilosaraior, 9T0 MOHOCHONHBIE JNMIHIHEIE
mMeMOpanbl 061a0aloT HOBHIMIEHHON XKECTKOCTHIO. JT0 obecneunBaer
MPOYMOE  KPETLIEHHE IKIYTHKOB M MX  (YHKUHOHHUPOBaHME Y
alMAOCPHIBHBIX TEPMOILIAM, JIMIIEHHBIX KIETOMHON CTEHKH.

ApxebaKkTepHH OTMUMEIOTCA OT JAPYrMX OpPraHM3MOB MO
HYK/ICOTHIHOMY COCTaBy M MEepPBHYHOH CTpYKType pHOOCOMABHBIX M
TpaHcnopTHeix PHK. KosgduuneHT cxoacTsa (Sap), Xapaxrepu3yomui
nofgobue cpaBHHUBaeMbIx opranusmos (ro romosiornn pPHK) noxasan,
4YTO apxeDaKTepMH OuYEHB CWIBHO OTNHuAIOTCA [0 COCTaBy M
MOCEAOBATEIBHOCTH HYWIEOTHIOB pHbGocomansHex PHK or Beex
npyrux Gaxrepuit. Tak, ans GruskoponcTeenHsix syGakrepuit Sap paneH
1,0; pna oueub Jpanekux opraHMsmos (pasHeix kinaccos) - 0,2; A
apxebakTepuid W 3yGakrepull S, pasen 0,1. Takum o6pazom, no
noxasaremo Sap apxebakrepuu B OOHHAKOBOW MEpe Oaleku Kak OT
gyGakTepuii, Tak ¥ OT 3yKapHOT. CyLIECTBEHHBIE OTIMYMSA HMEIOTCA M B
OpraHM3anul FeHETHYeCcKoro anmapata apxebakrepuii. Ilpexne Bcero
3T0 Maleld  pa3smep reHoma. lak, gna  Methanobacterium
thermoautotrophicum om pasen 1,1 x 10°, ana Thermoplasma acidophila
0,8 x 10°, uro cocrabnger mememe 0,5 resoma E. coli. Tonsko y
ranobakrepuii renom mMmeer Gonbumme pasmepsl - 2,5 x 10°. Bropas
OCOOCHHOCTD FEHOMa apxebaKTepHit - HaJHYHE B HEM MHONOKDATHO
MOBTOPSIOLIHXCH HYKINEOTHTHBIX nocienoBaTeNbHOCTeH, 41O
xapaxrepHo i xpomocomHol JIHK sykapuor. Tperea ocobennocts -
HanMYMe B reHax, kogHpyomux TPHK, HHTpoHOB (BCTABOYHBIX
MOCNENOBATENHHOCTEH), KOTOPBIC TalkKe COHEPXAarcs TONMBKO B
FEHETHYSCKOM amnmnapare SyKapuor. Apxebakrepum wumeorT Gonee
CIOKHYIO CIPYKTYpY AannapaTtos TPaHCHAMH M  TPAHCKPHILHH.
®eprienr JIHK-3apucurdas  wPHK-nonuriepasa, ocymecTBismommi
NPOLIECC TPAHCKPHITIMK y apxebakrepuii, cocToHT K3 9-12 cyGveaunun,
y 3yGakrephit - B3 4-8 cy6benunun. PHK-nommmepassl apxeSaxrepHii
MofgoGHO TAKOBBIM SYKAPDHOT He MHTHOMPYIOTCA PHQaMIMIMHOM,
CTPENTTOHANIHHOM H O-BMAHHTHHOM, AKTHBHOCTb MX CTHMYNHpPYETCA
CHIIHOHHOM.

Crpykrypuoe u ¢yHkuuonanbHoe cxoncreo PHK-nomamepas
apxeGakTepuii 1 S3yKapHoT JaeT OCHOBaHME MPEINOIOKHTE, YTO JaHHBIE
(epMeHTB!  3YKapHOT, BO3MOXHO, HMMelOoT apxebaxrepHanbHOS
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TPOUCXOXK/ICHHE, HJIH apxeGaKkTepiy U 3yKapuoThi 3BOMOHHOHMPOBAIH
OT 00LLEero npenka.

Pubocompl apxebaktepmii comepxar Gonbme 6enka, uem
pubocomsl syGakrepuii, mpuuem OGenkm XapakTepusyroTcs Gonbiueii
KHCJIOTHOCTBIO IO CPABHEHHIO ¢ GenkaMu pubocoM 3yGakTepHii.

Hexoroprie apxebakTepmn, B YacTHOCTH MeTaHOGpasyiomue,
CHHTE3MpYIOT crneunduueckue KOPaKTOPbl, HE BCTPEHAKOLIMECH Y
APYIMX CYIIECTB, Hanpumep, KodpepdeHT M (2-MepKanTo3TaHO-
cynedonosas kuciora), xpomodopusie pakTopsl - Fag (HEKeTbCOmED-
xamuii Terpanuppon) H Fas (cTpykrypa noka ue uzyuemua).

ApxebaxkTepyaM  NPHCYIM  YHHKAJBHLIE  (PH3HONOTHYECKHE
coiictea. Tak, ranobaxrepun o0671analoT YHMKATEHBIM MEXAHHIMOM
dorocunTesa, crocoGHEI K a’poOMOMy M aHa3POGHOMY MBIXAHMHIO.
Apxebaxrepun  pomoB  Sulfolobus u  Thermoplasma cnocobHBI
Pa3BMBATECA KaK 32 CUET a’polHOro NBLIXAHHS, TaX U OpoxeHHA.
Onnaxo, wauGonee pacrnipoctpaneHHoif (OpMOH  uEPreTHUSCKOro
meraGomama  apxebaxTepuii sBiAeTCs aHaspoOHOe [bIXaHME, TIPH
KOTOPOM aKLUENTOPOM 3JIEKTPOHOB SIBJIIOTCA TPEHMYILECTBEHHO Cepa H
OJIHOYINEPOAHbIE COSAMHEHHUA, PEXEe HUTPATHl U IPYrHe BEIIECTBA.

OcoleHHOCTHIO KOHCTPYKTHBHOrO MetabonHsMa apxeGakTepuii
ABJIETCA OTCYTCTBME HMKIa Kankeusa. OCHOBHBIM NyTeM aBTOTPOdHOM
duKcalMM YIIEKHCIOrO rasa JBISETCH BOCCTAHOBHTEIBLHLIA myTh
KapOOHOBLIX KMCJIOT B PaliM4HLIX ero MOAM(HKALMAX, NPHCYWHH K
HeKOTOpbIM SyGakTepyaM (Chlorobium limicola 1 np.).

Apxebaxrepuu HeCIocobHBI HCNOJIB30BATH CIIOXCHBIE
BBICOKOMOJIEKY/IspHBEle coeauuenma. CpeaM HHX He OOHApYMkeHO
TPOAYIIEHTOB AKTHBHBIX MHIPOIHTHYECKHX (PEPIMEHTOB, YTO, BO3MOXHO,
ABJIAETCS OTHOH M3 MPMUMH OTCYTCTBHMA NBTOMEHHBIX M NAPA3HTHYECKHX
tdoprs.

8.4.1. Taxconomuueckue zpynne: apxebaxmepuii
K xnaccy Archaebacteria OTHOCHMTCS NATh TAKCOHOMMYECKHX M

(u3MONOrHYeCKHX TPYTNI, BKMOYAIOWMX 3HAYHTENEHOE KONMYECTBO
PonoB M BuJioB apxebakTepwmii (Tabn.11).
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Tabnuua 11

Ipynne: apxeGaxcrepuii

I'pynna Pon Tox DUIHONOrHHECKHe
onu-~ OCOOEHHOCTH
CAHHA
MeranooOpa~ | Methanobacterium 1936 O6pasyior Meran u3 H;
3yromue Methanococcus -« - + CO,; auerar, dopmu-
Methanosarcina —«- ar, MeraHon. Crporue
Methanospirillum 1976 ana’pobul. ABTOoTpOdB
Methanogenium 1979 # rereporpods. Me3o-
Methanomicrobium -« - H TEPMODRIIEL
Methanobrevibacter -«- Heitrpogmus:  (pH 6,0-
Methanoplasma 1981 7,0). Hmerorca rano-
Methanolobus 1982 rums
Methanothermus -«
Methanococcoides 1983
Aspobrsie Sulfolobus 1972 OKHCISOT cepy B Ka-
CEPOOKHC- 4HECTBE MCTOYHHKA
JSOLIHE IHeprav.  Pakymera-
THBHBIE  ABTOTPODHL
Aspobel.  Tepmodmmn,
onTumansHas t 70-80°
C. Amumodpnnm (pH
3.0).
Anaspobubie Thermoproteus 1981 Boccranasnmsaior ce-
CepoBOCCTa- Desulfurococcus = py ao H,. Crporue ana-
HAB/IHBAIO- Thermophilum 1982 3pobul.  ABTOTpOd:
mue Thermococcus 1983 rereporpodsl.  IxcTpe-
Thermodiscus -« ManmbHee  TepMObHIN
Pyrodiction - = 85 - 105° C). Aumno-
(usi 1 HeHTPO(HIIRL
Tanobakre- Halococcus 1935 IKCTPCMATIBHRIE a0~
pun Halobacterium 1957 buwm,  QaxyaLTaTHB-
«KpaaparHas 1980 asie (ororpodrr. Ao-
Gaxrepuoy 1983 pobul u daxyrsTaTHB-
Haloarcula HBIC @HAIPOOHIL.
Tepmoaummo- | Thermoplasma 1970 Iereporpods.
dansabe Tepmopum (60° C).
MHKOMIA3MBI Amgropwmr (pH 1-2).

A3poGHL
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Metaunobpasyromine Gaxrepun. Camas MHOrOMMCIIEHHAS rpyNa
apxebakrepuii. Mopdonorua knerok pasHooGpazHas: KOPOTKHE U
JUIHHHBIE NAJIOYKH, CTMPHIUILI, KOKKH M CapuMHbl. CTPOSHHME KIETKH
THIMYHO Juisi  apxeOaxTepuit. OOnuratHeie aHa’pobei, c€nop He
obpasytor. Bakrepuu GONbLUMHCTEAR BHIOB HEMOMBHIKHEI, NOABYIKHBIE
$OPMEI HMEIOT FTIONIAPHEIE XKIYTHKH.

Meraunobpasyromue apxeGaKTepHH - BHICOKOCHELMATH3HPOBAUHAS
duauonormaeckas rpynna, koropas He norpebnaer yrnesoasl, Genxu
WIH JApyrHe COXHble opraHu4eckHe seulectsa. Mcerounnkom sueprum
CHAYXAT IPOLESCCH OKHCICHHsA MONEKYISAPHOro BOHOPOAA, OKUCH
YITIEPOAA, METaHONA, MYPABBHHONH M YKCYCHOM KHCINOT, aKLENTOPOM
SJICKTPOHOB ABJIAETCS YTNEKUCIIOTa, KOTOpas BOCCTAHABNMBAESTCA [0
meraHa. [Tocneanuil ABNA€TCH OCHOBHBIM MPOAYKTOM METabomM3Ma RCEX
merauoBpasyrommx Bakrepuit. Omnu us mux  (Methanobacterium)
oOpasyror MeraH ~NpH OKWCIEHMH BOAOPOAa, ¢opMmaTa, HpyTHe
(Methanosarcina) - mnyrem cOpaxcMBaHUs aueraTta, MeraHona. B
OPHPONHbBIX Cpeéaax MeraHoOpasyrolnue OakrTepuH passBHBalOTCs B
accouMagMu € APYTMMH MHKPOOPraHM3MaMH, BBINOAHAS QYHKUMIO
KOHEYHOro 3peHa B Tpoduyeckol UenM - MPEeBpPalfaloT TPOXYKTHI
OpOXEHHs 3THX MHMKPOOPraHu3MOB B MeraH. (OCHOBHBIE MECTa
obutanua: Topdsnbie Gomora, WM HAa AHE BOACSMOB, OYHCTHBIE
COOPYKEHHA CTOMHBIX BOJ, MHLIEBAPHTENIBHBIA TPAKT KHBOTHBIX.

Aspobubie CePOOKHCANIOLIHE 6aKkrepHH. I'pynna
HOMHOrOYMCNEHHAs, TpeAcTaBjeHa oanum pomom  Sulfolobus,
cocToAWMM U3 Tpex BHAoB: S. acidocaldarius, S. brierley, S. solfataricus.
Knerkn umetor cbeputeckylo, noOfbYATYIO WIH NONACTHYIO (POopMsl
pasmepom 0,8-2,0 mxm. [pamMOTPMUATENBHBI, HETIOABIDKHBI H HE
obpasyror cnop. Ha noBepxHOCTH KIETKH umerorcs rmneoBpasHoie
OTPOCTKH, ObecnieuuBaoIque NpUKperieHue Gaxrepuii K KpUCTAMLIam
Cepbl WAM APYTHM TBepABIM cySctpatam. [lpu paseuTim Ha cpene €
cepoit knerkn Sulfolobus ObiBaioT B CBOGOAHOM COCTOSHNMH OAMHOYHLIE
M B BHOE TFPO3AECBHAHBIX CKOMNEHHIi, a TaKke mNPHKPEIIeHHbIE K
HACTHUAM Cepbl B BHAE OOpacTaHHi, AKTHBHO DACTBOPAIOMIHX 3TH
YacTHUBI M okucimomme cepy Ao H,SO, Crpyxrypa knerxu
apxebaxrepuit pona Sulfolobus B 0cHOBHOM cxonHa € TaKOBOH HpyTHX
apxebaxrepuii. Pa3muuns KacaioTcs GHOXMMMYECKOro COCTaBa NHITHIOB
u puGocomHbix OGenxos. B knerkax Sulfolobus u Thermoplasma
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OOHapyxeHEl Ppa3BeTBiEHMHbIE AaNnKWMGeH30Mel. V  CyMecTBYIOLOMX
OpPraHU3MOB TAaKOH THN COGAMHeHMH HaizeH srnepsuie. Panee
ankunOeH3ons ObIIM H3BECTHBI TONBKO KAK COCTAaBHEIE KOMIOHEHTH
CcuIpOii HedTH, CHNAaHLES M APYrMX OCAAOYHBIX TIOpoA. 1O JHaer
OCHOBaHHE IPEANONaraTh, WTO HIONPEHOMAHBIE COGMMHEHHsA ANKHI~
GeH30Mbl, ABNAIOIIHECA BAMKHOH COCTABHOH YACTHIO He(TH, ClaHUES M
Ap., OBINM CHHTE3HPOBAHLI apXeGaKTepHAMHM H GNH3IKUMH K HHM Opra-
HH3MaMH, MPOLBETABIINMH B apXeiCcKyrO 3py.

PuGocome knerox Sulfolobus ananoruano pubocomam ApyrHx
apxeBaxrepuii Auccoumupyior Ha 308 u 50S cyGreaMHHUL U COAepxaT
23S, 16S u 58S pPHK. O6mee xamuuectso Senkos B pubocome 61-64
Tuna. Cpeau HUX npecGnagalor Oenkm ¢ OCHOBHBIMH CBOHCTBAMH B
OTNHuYMEe OT MEeTAHOreHHbIX o ranobumeHEIX apxebakrepuii, B
prbBocomax KOTOPbIX coaepakuTcs 6onbiie Kucbix GenKos.

Baxrepun poga Sulfolobus - askcrpemaneHmie  TepmodmunbL
Bepxuuii TemnepaTypHuIA Mnpesell WX XKU3HEAEATENBHOCTH JOCTHIAeT
90° C, Temmepatypubiii ontamym - 70-87° C, munumym - 50-60° C.
TemriepaTyps pocTa HAXOAHTCA B NMPSMOH 3aBUCHMOCTH OT KHCIOTHOCTH
cpenel. HauGonee sbicokve TeMnepaTypHble OITTHMYMBl XapPAaKTOPHBI A1
Bhoicoknx 3Havennd pH (3,0-4,5), mpu nommxennu pH no 1,5-2,0
ONTHMYM TeMNEpaTypbl pOCTa NOHIKAETCA MO 70° C. Bce Bmam
Sulfolobus sBIATOTCH IKCTPEeMANBHMMH aUMAOPHIAMH, CIOCOGHBIMH
pactu ripu pH 1,0-5,9. IpH nossiwesnu pH no 7,0 xierku OTHeNbHBIX
s (S. brierley) musupyiores.

B ornomennu xuicnoposa Bce BHael  Sulfolobus sBasorca
aspobamu. Opusko, B ycrnosuax pepHUHTA KHCITOPOA2 MOryT
CYINECTBOBaTh Kak (pakynbTaTHBHBEIE aH23pOOLI, HMCNOMB3YA B KaYueCTBo
8KLENTOopa 2MEeKTPOHOB OKHCHOE ene3o. OKucneHHe copbl OaxTepuaMH
S. acidocaldarius u S. brierley MoxeT OCyIecCTBASTBCH B AHA3POGHBIX
YCIOBHAX TAKXKe B MNPMCYTCTBHH Monubaenara HATpHs, KOTODPHBIH
aB/IAETCA aKLENTOPOM 3JIEKTPOHOB.

Bce u3secrnrie Bumbn Sulfolobus sensrores GakymbTaTHBHEIMK
astorpodpamn. B mmHepansHOH cpeme OHH pa3BHBAIOTCA  KaK
XeMOIUTOTPOE], HCHONb3YA YITIEKHCIBIH ra3s B Ka4ecTse HCTOYHHKA
YINeposia, a MHHEPaNbHYIO Cepy WK CynbdUAb B Ka4UeCTBe MCTOMHHKOB
sHeprav. B 10 ke Bpems pasibie suan Sulfolobus B kauecrse
MCTOYHHKOB IHEPTHH H YTNIEPOAa MOTYT HCITONIb30BaTh INHPOKHI CHEKTP
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OPraHuYeckux cyocTparos. JlyduHMH M3 HMX SBJAIOTCA APONOKEBOM
3KCTPaKT, NEMToM, IMAPOMM3aT KaseHHa, a TAKKe Caxapa: TioKo3a,
caxapo3a, pu6o3a npu KoHueHTpauuu 0,1-0,2 %.

Apxebaktepuu poaa Sulfolobus siBnsmoTca aGoprresamMy BBICOKO-
TEPMANBHBIX KUCHLIX MCTOYHMKOB BYNMKAHHYECKOrO MPOMCXOMACHMA.
B TMPaKTHICCKOM IUIaHe B HacToauee BpeMsA TMpPHBJIEKAST BHHMaHHE
S. brierley, cnocoGHbtH BHILIENAYMBATE MOTAJLIB MPH BHICOKHX TeMiie-
paTypax W3 TakMX TPYAHOOKHCIseMBIX cynbduaos, kak nupHT (FeS,),
xanbkormmput (CuFeS;) u monnGaennt (MoS;). TTpu TeMreparype 60° C
S. brierley moxeT H3BNEKATs H3 MOMHGAEHHUTOBOrO KOHLEHTPATA A0 6,6
Mr monuOaena Ha 1 n pactsopa B ZieHb. JTH GakTepHB MOryT GhHITH
HCIMOJ/IB30BaHbl TaKXe I YaasieHHss CepPHBIX KOMIIOHEHTOB H3
KaMeHHOro yrns.

AHazpobubie ceponoccTaHaBaMBaomue baxrepun. OTxprITEE
B Hauane 80-x r. XX B. sBHaspoBHbIE CEPOBOCCTAHABIMBANOLIHE
6aKTepHH COCTABIMOT JAOBONBPHO MHOFOMHMCIEHHYIO TIDYINy apxe-
Gakrepuii, npeacTaBNEHHYIO 6 POAAMH, KOTOPEIE OSBEIHHEHBE! B HOBBIk
nopsanok Thermoproteales.

Hapsay ¢ nanouxoBMIHBIME M CHEPHUSCKHMH KIETKAMH B
COCTaBe NAHMOH rpYNilbl HMEIOTCH KIETKH C HAPYLIOHHOH CHMMeTpHest
Onu conepxxat BbIpOCTE! pPB3HOI (opmel u anuHE (poa Pyrodiction). o
CTPYKTYpE KNeTKH He OTAMHMAIOTCA OT APYTHX apxebaxtepui. Bcee
HM3BECTHBIE BHOB SBMSAIOTCH OOJHraTHBIMH aHA3pOdaMH M JKCTpe-
ManbHBIMH TeépMobunami. Hanprmep, sbiaencHHbii H3 NPHAOHHBIX
MOPCKHX ropa4Mx ucrousukos Pyrodiction occultum aktusHo
pa3BHBaeTCH B Cpemax mpu Temmneparype Buime 100° C, onrumasnbHOR
sBnAeTca Temneparypa 105° C, npu 80° C poct maHHOM Gaxrepuu
TIpeKPaIIaeTCs.

OcHosroli  ¢opMoii  3HepreTuueckoro Merabomusma ABISETCS
aHaspobHOe Amixanue. J{OHOPOM BNEKTPOHOB Ans  GOMBLUMHCTEa
npencrasureneli  popos  Thermoproteus, Thermodiscus, Pyrodiction
SBIIAETCA BOJAOPOA, AKLENTOPOM - 3EMEHTAPHAs cepa, KOTOpasi NpH
3TOM BOCCTAHABNUBACTCA HO CepoBomoOpona. ApxebakTepHH Ppoios
Desulfurococcus 1 Thermococcus cnocoGHEI HCHOMB30BATh B Ka9YECTBE
JAOHOPOB 3MEKTPOHEI H 3HEPruio Genxa.

256



OCHOBHBIM MecToOOMTaHHEM CEPOBOCCTAHABIIMBAOMINX
apxeSaxTepHil ABIMIOTCA FHAPOTEPMANIBHBIO HCTOYHHKH, B KOTOPBIX OHH
BBI3LIBAIOT AKTHBHOE BOCCTAHOBNICHHO CEpHI.

I'anobaxrepr. B cocrae rpynmnel BXxoauT 4 poaa 3KCTPeManbHO
ranodpunpHex  (conemoOmebix) apxebaxrepuii (cm.  Tabn.11).
Mopédenorus knerox pasnsix ponos Heoaunakoea. K poay Halococcus
OTHOCATCA TPAMOTPHLIATENbHBIC HETIONBIDKHBIC KOKKH, K POXY
Halobacterium - nomBrXHble MajJOYKH € NOMAPHO PACNONIOKEHHBIMH
wryrukamu. Bakrepun pona Haloarcula u «xsagpaThas Gaxrepus» (poa
HE OMpejeNeH, Tak KaK B YHCTOM Kynbrype GakTepHH He BBIAG/IEHH)
umeeT (GopMy TUIOCKHMX KBAAPATHHX TUIACTHHOK H KOPOBOYKOBHIUHBIX
xietToK. Jna HUX XapakTepHa TUNHYHaA apxebakrepuanpHas CTPyKTypa
KIIETKM CO BCEMH €€ OCOOEHHOCTAMH.

TanoBakrepru obnanaror YHHKANBHBIM MeXaHH3MOM
thoToCHHTE32, CrIOCOOHBI K a3POGHOMY ANXAHHIO, 2 HEKOTOPBIe IUTAMME!
- K OpOXKeHHIO U MMTPATHOMY JBIXaHHIO. YHHKANBHOCTh (POTOCHHTE3a
ranobaxrepuii cocroutT B TOM, YTO OH mnpoucxoaur 6Ges yuacTus
xnopobunna, - Tak HasKBaeMHi dorocuHTes SecxnopodrnsHOro THNA.
[ornouenHe KBAHTOB CBETA OCYIIECTBIASTCS IYPIYPHBIM IHIMEHTOM
KapOTHHOMZHOM mnpupomst  6akrepuopomoncurom. 3ro  Benok,
KOBAJIEHTHO CBA33aHHLIM ¢ kaporurounom C - permsonem. TIurmeHt
comepxutca B LIMIM. TMon pelictenem ceera mnpoucxomutr obecuse-
uyusaHue OaxrepuopoaonchHa (CNOXKHOe (OTOXHMHUUECKOS IPeBp-
alleHKe), CONMpoBOKAAIOLIEeCS BHICBOOOXKNeHMeM mnporonos. Mewxny
HApYXHOH W BHYTPeHHeH CTOpOHaMH MeMOpaHbi CO3IaeTCA IPaAUeHT
KOHUEHTPallMd TMpOTOMOB, KOTOPLIM MNOAHNEPXKHBAETCH BECh NEPHOA
OCBEHICHHA. JTO MPHBOAHT K TOMY, YTO B OCBOIUSHHBLIX KJIETKax
cunresHpyerca AT® Ge3 nepeHoca 3/1eKTPOHOB B TPAaHCNOPTHOH LOIH.
K HacroswmeMy BpeMeHH 3TO NTOKa eIHHCTBEHHEIH MPHMED NPEBPALIEHUS
CBETOBOI IHOPrHU B SHEPrHIO XHMH4eckux cBazeH AT®, Ges ysactus
NEKTPOH~TPAHCIIOPTHOM LIeTH.

Taxum oOpasom, Onaromaps HamuuHlo 6GakTepHOPOXONCHHA
ranobakTepHH criocoBrbl cHHTesnposats AT® ¢ NOMOLIBIO MEXaHH3MA
torodochopunuposanna, B KOTOPOM HE yHacTBYIOT xXJopodmu-
collepKaiHe PEAKLMOHHBIE LIeMTPBI, KAK 3TO NPOHCXOAMT Y BCEX APYIHX
(hOTOCHHTEIHPYIOIOMX OPTBHHIMOB.
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Fanopunbaele apxebakTepUM  XapaKTEPHIYIOTCH  CROMXHBIMH
MUUIEBBIMH  NOTPeOHOCTAMU. B  KavecTBe HCTOYHUKOB 3HMEPrHM H
yrneposa OHH MPEANOUMTAIOT MCHOMB3OBATb AMHMHOKUCIOTH. O6BIYHO
HX KyfbTUBHPYIOT B CPEAAX, COASPMKALIMX MEIITOH.

Fanobakrepur OOMTarOT B Cpefax C BHICOKOH KOHLEHTpaimei
XJIOpUCTOrO HATPHA. CONEHBIE MOpPs, ©3¢pa, paccon. MuHHUManbHas
KOHUEHTPALHUA XJIOPHCTOro HATPHs, NpH KOTOPOH BO3MOXEH HX pPOCT,
cocraenser oT 2 A0 2,5 M, ontuMmansHas - 4-5 M. OHU MOryT pactH
TaKkKe B HACHIEHHOM pacTeope Xyopucroro Harpusa - 5,2 M. Kpome
XJIOPHCTOro HaTpHsA IS pa3BHTHA ranobaxrepHil HEOOXOMMMEI HOHBI
maruna (0,1-0,5 M) u xanua (0,025 M). Beicokas KOHLEHTPALMA CO/IH
oBecricusBaeT CTPYKTYPHYIO UENOCTHOCT M IKECTKOCTh  KJTETKH,
aKTMBHOCTP M craOmnbpHocTe ¢epmenTos u pmubocoM, KoTOphle
dyHxuMOHHDYIOT 3(P(EKTHEHO TOMBKO B pacTBOpaX C IIOYTH
HACHIACIIMMH KOHueHTpauuamu (cM. ri. 8).

Tepmoaunaoduibunic MuUKomiasmel, [pynna npeacTasneua
€AUHCTBEHHbLIM poaoM u BuaoMm Thermoplasma acidophila. Ilepsrie
NpenCTaBMTETH TepMoriasM, ebigeneHuele B 1970 r. w3 camopa-
30rpeBaKINEHCA MACChl CKOIUICHHH KaMEHHOro yriis, ObUTH OTHECEHBbI K
MHKOIUI23MaM Ha OCHOBAaHMH OTCYTCTBHA KIETOYHOH  CTeHKH,
nneomopdu3Ma M KynbTypanbHmXx cBokictB. OnHako nposeneHHoe
noyxe u3ydeHue CTpyxTypel maxkpomonexkyn IHK, PHK, nunmzos
MOKa3aJI0 HX HECOOTBETCTEBHE C AHAJOTMYHEIMH MaKPOMOJEKYJIaMH
APYTHX MUKOIUIA3M M TOMXIECTBEHHOCTB C TaKOBLIMH apxeBaxrepuii. B
CBA3H C 3THM, TepMoauuaodIbHbie MUKOIIIA3Mbi OTHECEHB K apxe-
Gaxrepusm B 1980 ¢

Knerku repmonnasm no ¢gopme sapsupyror ot chepuueckux (0,3-
2,0 MxM) ao HHTeBHOHBIX. B ormnmune or apyrux apxeGaxrepmii,
TEPMOIUIA3MBI HE HMEIOT KIeTOUHOH cTeHku. KieTku oxpyxeus
TpexcnobiHon MemOpawoi, TommummHoM 10-12 nM, MMerOT KryTuky,
cxofHule ¢ GakTepHasibHEIMH. TepMoOnmasMbl XapaKTEPHIYIOTCA CaMbIM
ManbiM pasmepoM reHoma - 0,8 x 10° pambTon. VeMkamsuoii 0coSen-
HOCTBIO HX sBnserca csadp saepHoit JHK ¢ rucroHononobabiMu Gen-
KaMH, YTO NPHUCYILE TONBKO 5YKAPMOTHBIM OPraHH3IMaM.

TepMmornasMer - reTepoTpodbl CO CIONKHBIMM NUINEBLIME NOTPEs-
HOCTAMHM. POCT MIX MpPOMCXOAHT B KHAKHX CONEBHIX CPelaxX, COHep-
KalIWX OPONOKEBOH 3KCTPAKT H MIMOKO3Y. JHEPruHio NOMYHAroT Kak 3a
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cYeT a’pobHOro AbIXaHWs, TaK M 33 cuer Opoxenma. O6nuraTHsie
Tepmoauraodmmel.  TemmeparypHblii  ONTHMYM  KyIIbTHBHPOBAaHMSA
coorsercrayer 60° C, a ontumym pH nexwr s npemenax 1,0-2,0.
Hazsanue TepMOmIasM YYMTHBAET 3TH ABe OCODGHHOCTH -
Thermoplasma acidophila. EcrectsennnM MecTooBHTaHMEM HX CIyXaT
CaMOpPa3orpeBarOIHEcs  OTXOAB KaMEeHHOro Yyl H  KHCHbe
TEPMUHANBHEIE HCTOYHHKH.
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ITFaaesa 9
BHPYChbI

Bupycer uasectrb! Hayke ¢ 1892 r. Gnaronaps paGoram pycckoro
yaeroro . Y. iBaHOBCKOro no H3yHeHHIO MO3aH4HOM Oonesun tabaka.
VM ObO yCTAHOBIEHO, YTO BO30OyAuTENeM 37Ol GonesnH sBmsercs
MembHYAHIIME «MHKPOGY, MPOXOASIIHI Yepe3 CAaMBIE MEIKOMNOPHCTHIS
Oakrepuanenne GHIBTPL H HE CNOCOOHBIH pacTH Ha NaCOPaTOPHBIX
rmHTaTeNbHEIX cpenax. HaspaHue «BHpYC» NpeanoxeHo ro/UIaHICKHM
yuensiM M. BelieprHkoM, KOTOpEIF TOATBEPOHT pe3ynbTarsi onsrros J1
H. HieanoBckoro M CuHHTA)N, 4TO MpH4YHHONH Oonesnu Tabaka asnserca
OKHIKOE 3apasHoe Hauason - contagium vivum fluidum, wiu supyc (or
nar. virus - sa). B nocneayromme 20-25 ner Obum OTKPBITBI BHPYCHI
surypa (1898), capxomser Payca (1911), 6akrepuit (1915-1917). Takum
obpazom, k Havamy XX B. CranH HM3BECTHE BHPYCE! PaACTEHHI,
JKHBOTHBIX H 6aKTepuii.

9.1. CBOICTBA ¥ IPOMCXOXAEHHE BHPYCOB

Bupycel npencraensior coBod  OHONOrHYeCKH  aKTHBHbI®
CIMPYKMYPbl HEKAEMOUHO20 CMpoeHus, 33HHMAIOLIHE NPOMEXYTOUHOe
TIONOKEHHE MEXAY MCHBOH M HexmBoH npupoaok. OmHO H3 BaKHBIX
CBOHCTB BHPYCOB, HE [MO3BOJIAIONIES OTHOCHTB HX K ITONHOLIEHHBIM
JKHBBIM CYWIECTBAM, ~ 3TO Omcymcmeue camoCmoslmenbHoco obmerna
Seyecms - BaXHEHIIEro CBOWCTEAa XHBOH Matepnu. Bupyce B
CcBOBOAMOM COCTOSIHHH MPEACTABIAIOT COOOM GeJKHIHEHHBIE, HHEPTHEBIO
YACTHLL, OTOXNASCTBIAEMBIE C BELUECTBOM (@ HE CyuHIECTBOM).
Bronoruyeckas aKTHBHOCTB BHPYCOB INpPOABNAETCS TONBKO B
3apaXKEHHBIX MMM IJIOTKaX. Bupycsl - obOnuraTHeie BHYTPHK/IETOYHBIC
napasurei. Ho B8 oOmmMuMe OT NApPa3sHTOB KNGTOMHOro CTPOSHMA
(6axTepuu, rpuOEI) BHPYCH Mapa3suTHPYIOT HA FEHETHYOCKOM YPOBHE.
He snmes cobcTsenHoro merabonnima, OHH BHEAPSIOT B KJIETKY XO39HHa
CBOHM TIeHETHHYECKHIH MaTepuasi, KOTODPBI Hanpaeisier wetabonusm
KIeTKH Ha PENPOAYKLHIO BUPYCHBIX 9acTHU. TakK KaK [UIA PenpOAyKUHH
BHPYCOB HYXHBI H@ TONBKO MeETabOmUTH KNEeTKH, HO W
dysxiumonnpyromas Metabonueckas CHCTEMa, BHPYCH HE MOTYT
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Pa3MHOMATHCA BHE KJIETKH AAKE HA CAMBIX CIOXHEIX MO COCTaBY
MUATATSNbHBIX cpenax.

Kak 0Ka3asioce, OTAHMHEM BHPYCOB OT KJIETOYHBIX OPTaHH3MOB
CIIY)KHT M HAJIHYME TONBKO OJHOrO THMINA HYKIEHMHOBBIX KHCIOT - JHG0
AHK, nuGo PHK. Jr10 TOKE B 3HauMTENBHON Mepe onpenesser
HEMO/THOLUEHHOCTE BHPYCa KaK )KHBOI'O OpraHM3Ma.

BmecTe ¢ TeM BHPYChl OONAAXOT ONMPENENEHHBIMK CBOHCTBaMH,
KOTOPBIC CTABAT HX B OAMH PAA C KHBBIMH CyLliecCTBamu. BHPYCBE
COCTOST M3 CTPYKTYPHl YIOPAJAOYEHHBIX MAaKPOMONEKyn Oenka u
HYKJIEMHOBOH KHMCJIOTHI, 2 OTAENbHBIE M3 HHX ( BHPYCH XXHBOTHbIX, (haru
Gaxrepuii poma Pseudomonas) comeprxat numuant 1 yriesoas:. Bupycst
nopgoOHO  KMBBIM  CYIUECTBAM  KJIETOMHOM npupogsl  oBnajaior
CrOCOOHOCTRIO K H3MEHYHMBOCTH M NEPEAYe HACTEICTBEHHBIX CBOHCTB
noromctBy. JUIsi HUHX XapakTepHO ABNEHHE CaMOPENpPOAYKUHMH, T. €.
Pa3MHOXEHHA, HO 3TOT MNPOLECC NPOHCXOHAHT TOMBKO 33 CHYET
3HEPreTHYECKHX PecypcoB u OOMEHa BemecTs KISTKH. Takum obpasoM,
BHPYCBL ~ MPEACTAB/IOT  CBOeOOpa3meiii  mup  crieumduueckux
BHYTPHIJICTOYHBIX napasHToB. JIHiueHHbIE COOCTBEHHOM CHCTEMbI
meTaConu3ma, BHPYCEL B MPOLECCE 3JBOMIOLMHM MNPHCNOCOOWIHCE K
NOMMHMHEHHIO M MCMONB30BAHHIO MeTabonn3ma  MHULMPOBAHHOM
KkieTkn. o CpaBHEHMIO OAHOrO M3 KPYMHEHIIHX BHPYCONMOroB AHape
JIsBOBa, «BHPYC - 3TO BHPYCH, T. €. BHPYCH ABJIAIOTCH SAMHCTBOHHBIMHE
B CBOEM pOJE «CYWIECTBAMHY, HE MOXOXKHMH HHM HAa PACTeHHIH, HH Ha
KHBOTHBIX, HH Ha KJICTOYHBIC MHKPOOPI-AHH3MBI.

BHpycbl cnefyeT pacCMaTpHMBBTh KaK HEKNETOUHyO  (opmy
CYILECTBOBAHHA JXUBOH MaTepuM, oOnaaarouyro COOCTEBEHHBIM FeHOMOM
H CrOCOCHOCTBIO K CAMOPSTNPOAYKLME B K/ISTKAX KHBHIX OPraHH3MOB.
CTpyxTypHEIE H (PYHKLIHOHANBHEIE OTIHYHS BUPYCOB OT BCEX H3BOCTHBIX
MHKPOOPT2ZHH3MOB COCTORT B TOM, YTO: 1) BUPYCE HE HMEIOT KJIETOMHOrO
CTpOeHHS;, 2) NHIueHB! COOCTBEHHBIX CHCTeM MeTabomusma; 3) He criocob-
HBl K POCTY W PasMHOMSHHIO ITyTeM OHHAPHOro meneHus; 4) Conepxar
TOIIBKO OAHH THI HYKIEMHOBON KHMCNOTEI, 5) AUl CHHTE33 CODCTBEHHBIX
KOMITOHEHTOB HCIIONB3YIOT 3JHEPreTHHUECKHE M OenoKCHHTEIHpYIomHe
CHCTEMBI KJIETKH-XO03%HHA.

BupycaM mUpuCyuli ABE  KaueCTBEHHO  pasHeie  (QopMul
CYLUECTBOBAHMSA - BHEK/NOTOYMHAs H BHYTPHMKNerouHad. Buexnerounas
dopma npencrasnena B BHAE MOKOSMENCA HMQDEKUHOHHOH HYacTHIH -
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BHDHOHA, BHYTPMKJIETOYHAN MOXET OBITh B BHAE PETUIHLHPYHOEHCH
MOJIEKYNSl  HYKAGHHOBOH KHCIOTBI, WM HYKJICHHOBOH KHCNOTSI,
BKJIIOYEHHOH B FEHOM KJIETKH-XO3MHHA M OOpasyloeH KOMIeKe
(BHPYC-KNETKAY.

TIpoucxoXaeHHE BHPYCOB HEM3BECTHO, XOTA BOMPOC 3TOT HMEST
Gonbuioe 3HAUEHHE s pemeﬂun MHOIMX aKTyalbHbIX 3aaa4
COBpEMEHHOH OHONOTHMHM: NPOHCXONKACHHME JKH3HH, YCTAHOBJICHHE
BO3MOXKHBIX (POPM  JKuBBIX CYMECTB HEKJIOTOUHOM CTPYKTYpPHl H
POACXOMOCHHE KNETOYHBIX OPI'BHH3MOB, Pa3BHTHE H H3IMEHYHBOCTDH
MHKPOOPraHM3MoB H Ap. Jlo HACTOALUEr0 BPEMEHH O MPOMCXOKICHHH
BHPYCOB CYUIECTBYIOT JTHIIb FHITOTES3bI.

Hauboneo pacripOCTPBHEHHBIMHM SBIISIOTCA THIOTE3bI IK3O0MeH-
HOTO K 3HAOreHHOT'0 MPOHCXO0XKACHH BHPYCOB MO OTHOLIEHHIO K KJITKE-
x03anHy. COIJIaCHO 3K302eHHOU 2unome3se, BUPYCBI NPOH3OLIIH OT
OPEBHEMIIHX AOKICTOYHBIX (JOPM M B MPOLIECCE SBONIOLHMH TPHMCIO-
COOHMNHCE K NAapasUTHPOBAHHIO B MEPBHYHBIX OZHOKIETOYHBIX OpPraHH3-
Max, a B AanbHeHIIeM 3BOMIOLHOHHPOBANH EMECTE CO CBOHM XO3AHHOM.
EcnH 310 ACHCTBHTENEHO TaK, TO CAEAYST CHMTATh, YTO TNEPBBIMH IO-
SIBHJIHCh BHPYCbI OAKTEpPHH, 3aTéM BHPYCBI MHOFOKIETOMHBIX Opra-
HHU3MOB - PACTeHHH H XHBOTHBIX.

CTopoHHUKH 5HOOZERHOUN ZUNOME3bl CUHTAIOT, YTO BHDYCH
MPOH3OUITH H3 FEHOTHYECKOro MAaTepHaNa KICTOK-XO3f6E. JTO Bhiilie-
MHUBLUMECH CAMOCTOATENIBHBIE PEHbI, KOTOPBIC, TMPOHUKHYB B KJETKY
XO3AHHA, HANPABMAIOT €0 OHOCHHTETHYECKYIO HESTeNbHOCTh HA CBOE
cobereenHoe Bocmpon3ssencHHe. OCHOBaHHEM U1 TAKOrO MPEATIONO-
JKEHHS CHYXHUT NPHHUMITHAIBHOE CXOJICTRO BHPYCOB C HEKOTODBIMH
TeHEeTHYECKHMH JJIEMEGHTAMM KJIETKH, B w4actHocrH, ¢ F-daxropom.
C. Jlypus u Ix. Japuenn (1970) cuauTaior, 4TO BUPYC €CTh HE YTO MHOE,
KaK YacTh KIETKH, T. €. €9 KOMIIOHEHTHl, OONajaomue QOoCTaTOMHOH
CTENEHBIO HE3IABHMCHMOCTH 1A TOrO, ‘n’(ﬁﬂ nepenaBarbCA OT KIOTKH K
knetke. He HCIITIOMEHO TaKOKe, YTO BHPYCH! - 3TO PErpeccHBHbie (HopMBI
NATOreHHEIX OakTepuil, y KOTOPEIX B PE3yNpraTe NapasHTH3Ma mpe-
AENTBHO YNPOCTHIICA XMMHHECKHH cOCTaB H (epMEeHTaTHBHBIL anmapar.
Brionme pgomycrumo, wro PHK- u JIHK-conepxaume BHpychl HMEIOT
Pa3H0e TMPOHCXOMK/ICHHE.

BHpYCHl IOHPOKO pPacmpOCTPaHEHB! B NpPHPOAe H NPHYHHSIOT
OFpOMHBIH Bpen wenosedecTBy. IlapaswTHpys B KIOTKax IKUBBIX
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OpPraHH3MOB, OHH BBISHIBAIOT paviuumbic 3aboneanmsa. Bupychi
SBAAIOTCS BO3OYIMTENSMM rpunna, OCHbL, KOPH, [MOJKOMUENHT2 |
npyrux 3abonepanuii y 9eNOpexa; sufypa y KOPOB H KO3; OPHHTO3a Yy
OTHL, 2 TalKe CIYXKaT MpHanHoii 00pasoBaHHA HEKOTOPBIX 3/0Ka-
YECTBEHHBIX OMyXoJicii. Bechbma MHOrouHCneHHB! BHpychl 3a6omeBanuii
pacTenufi. 3TO paiiH¥HMble MO3aMkM, NOJOCATOCTH M Kyp4aBOCTH
JINCTBEB, HEKPO3bl H MATHUCTOCTH, XKENTYXH B CaMbic pa3snooOpasHbie
TIOpaKeHHs L[BETOB, IUIONOB 1 ¢pykroB. B HacTosllee BpeMs H3BECTHO
Gonee cra 3aGoneBaHuii 4Yenopeka, HMEIOIMX BUPYCHYIO NpHpONY, 2
KO/MYECTBO  BHPYCHBIX  3aComeBaHuii PpacTeHMii M KHBOTHBIX
3HAUHTENbHO Gonbiie. Bupycamy nopaxaloTces B MHKPOOPTraHU3MBI.

9.1.1. Mopgonozus u pasmepsi supycos

@opma ¥ paMepbl BupycoB BecbMa pasHooOpasmbl (puc. 9.1).
Paznuuaror chepuueckylo, LMMHIPMYECKYIO, HHTEBHOHYIO, HKOCA3Jl-
pudeckyio, GynaBosunmyro u gpyrue Gopmbi. Cepuaeckas ¢opma
XapakTepHa Jyis BuMpyca rpanma, repmeca, capkoMbi Payca,
UMIHHApHYecKas - id GonplunHcTBa BHPYCOB pacTeHmii. Hanpumep,
;;?' » b oo Ry £ e > e

Puc. 9.1. Mopdosorns BHpYCOB )KHMBOTHBIX M PacTeHui:
1 - eupyc ocnosaryune; 2 - zpunna; 3 - 6UpYc NONUOMUEAUMA;
4 - padyxcneiii eupyc dorzonodicku; 5 - eupyc mabavroi
Mosauku; 6 - 8UPYC KGPIUKOEOiE KyCmucmocmu
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BHpyc TabauHoi mosamkn (BTM) mmeer dopmy npamoro umnmeapa
HHoM o 250 uMm, mupHiiod 20 HM. Hurtepunuas dopma ceolicracHna
HEKOTOPBLIM BHpycaM pactenmii W Gaxrepuli, GynaBoBMIHAN - B OCHOB-
HOM Bupycam Gaxrepuii. Popma ONpeaesIAeTCs THIIOM CHMMETPMH.

Ilo pasmepaM paznmM4aloT KPYIHEE, CPEIHHE H MENKHE BUPYCHI.
HexoToppie M3 HHX, HanpuUMep BUPYC OCAOBaKUHHBI, MO BEJMHHHE
npubmkaerca K Gakrepuam -~ 250-300 HM. K kpymHEM BHpYCaM OTHO-
cHTcA BHpyc GemencTea - g0 150 Hm. Cambie Menkwue - BHpyc suxypa,
FIOJTHOMHENHTA, JKEITOM MO3aHKH TypHENca - He npeBprmaior 10-30 Hm.
K BHpycaM cpefHHX pa3sMepoB OTHOCATCH: BHpYc rpumma (80-120 um),
capkomst Kyp (70 HM), T-uetnrie darn kuneunoi nanogku (75-150 mm).

9.1.2. Cmpoenue u xumuuecKuii cocmas supycoe

3penas wacTHI]a BHPYCOB HOCHT Ha3BaHME BHpHOH. Y MpOCTO
OpraHM30BAHHBIX BHPYCOB BHUPHOH BKJIOYAeT JIBA KOMIIOHEHTA:
HYKIEHHOBYIO KHCIOTY H Genox. HywiewHoBaa Xucnora cocraBiser
BHYTPEHHEE COJAEPKHMMOE BHPDHOHA, @ Oelok oOpasyerT HapyXHYIO
obonouky - kancux (OT rped. capsa - Qyrnsp). BHPHOHEI CJIOXHO
OpPIrBHM3OBBHHEIX BHDYCOB M2 FOBEPXHOCTH KANCHAZ  HMEIOT
IOFIONIHUTEIbHYIO BHEUIHIO OOONOYKY - CYNEPKANCHA JIHNONpPOTCHI~
HOH NMPHPOIBL.

Kancun BHpHOHOB coctouT u3 Genkoeeix cyGweauHuy -
Kancomepos. YHC/IO MX B KancHIax PazIHYHbIX BHPYCOB HEONHHA-
KOBO€, HO MOCTOAHHOE UM BHpycoB ofmHOW w Tod jke rpymnmsi. OHo
onpezenserca OOMHM KOIMYIeCTBOM GEIKOBBIX CYOhEMHIL], BXONAIUX B
COCTaB KaliCH/A, M Xapakrepom Kancomepos. Hanpumep, npu Hanmuue 8
Kancu/e 60 GenKkoBbIX CyOheHHHL, TAe KOKIbIA KANCOMEDP COCTOHT H3 4
cyOvemunmm, T. €. TeTpaMepoB, WHCIO Kancomepos Gyder pasuo 15
(60 : 4). CnoxHble H3OMECTPHYCCKHE KANCHAH (KANCHIbl, HMEIOIIHE
(GopMy MHOTOrpaHHHKA, HANpHMEP, MKOCA3Apa) Kak IpaBWIo
06pa3soBaHEl KanCOMEpaMH JBYX THIIOB - TICHTAMEPAMM, PACHIOIONKEH-
HBIMH B BCPIIMHAX MKOCA3Mpa, B INEKCAMEPaMH, 3ANOIHAIOLHMH ero
TpeyroisHble rpaHi. Tax, kancua ajeHoBHpYCOB MMeeT 252 Karcomepa,
M3 Koroperx 12 neTamMepoB m 240 rekcamepos. Pasmep kancuia
OnpeAesieT pa3Mep BuproHa. HanpHMep, Kancua BHPyca MOJIMOMMENNTA

264



uMeeT 60 xancomepoB, BHMpyca repmeca - 162 xancomepa, Bupyca
TaGaunoi Mo3aukH - okono 2000 kancomepon.

BupuoHs! CONBIIMHCTBA BHPY-
COB  XapaKTEpM3YyIOTC CHMMETPHY~
Holi yKIaaKol KancOMepoB B KanCH-
ae. OcobeHHOCTh YIIANKH Karncome-
poB onpejenser Tun cummerpun. OH
MoxeT ObiTh crnMpaibHei, KyOuuec-
KkuH wiH cmeinaHHbii, Ilpu cnupamb-
HOM THIIe KaricoOMephl pacnonaralTes
B BMJIE CIIHPAJIH BOKPYI BMHTOOOpa3-
HO YJIOKEHHOH HYKNEWHOBOM KHCIO-
TH (puc. 9.2). Takodt TMN cHMMETpHuU
HMEIOT LMIHHIPHYECKHE W HHTEBH/-
Hble BHpychl. [Ipu KyGudeckoM THne
CHMMETPHH KAaMncoMepsl pacnoJjara-
I0TCH MO FpaHAM KancHa@ W MpHoG-
peraior (QopMmy HMKocadmpa (aBanua-

ca TaGaqroM MO3EHKA:  TyrpaHHMKa). ITOT THI CHMMETpHU
I - PHK; 2 - Gemosve yyeior pHpycH MONHOMHMENHTA, SIIy-
oylvedunpe pa, Hekpo3a TaGaka. CmeinaHHbIH THIT

CHMMETPHH XaPaKTEPEH Uik CIOKHBIX
BHPYCOB: FPHIINA, KOPH, HEKOTOPHIX (haros.

Karcuz BHpHOHOB BHIOAHSET 3aMUTHYIO (yHKIMIO - NPeAoXpa-
HSET HYKIIEHHOBYIO KHMCJIOTY BHPYCa OT AeHCTBUS HyKieas H (HM3HIecKHX
(axTopoB, a TakKe ONpeACNAET XeMOCOPOLHIO BHPYCa Ha FOBEPXHOCTD
KIETKH XO3MHa. 3Ty QYHKUHMIO OH BHIMONHAer Glaropaps HAIHYHIO B
€r0 COCTaBe PeLenTopoB, KOMIUIEMEHTAPHBIX PELENTOpaM 3apakaemoit
KIIETKH.

XHMMYECKHH COCTaB BHPYCOB HECIOKHBIH. BONBUIMHCTBO H3 HMX
BKJIOYAIOT TONBKO HYKIEHHOsylo Kuciaotry u OGenox. Kak ywxe
OTMEYaJIoCh, BHPYCH COACPIKAT JIMIIb OMH THN HYKJIEHHOBOH KHCJIOTHI ~
JHK mmu PHK. H Tor w apyro¥i TUN SBNAETCS HOCHTENEM HACNEACT-
BeHHOH HH(OPMALUH, BHINOIHAA TakHM o0pa3oM (QYHKUMH TIeHoMa.
Bupycel OTIMYAOTCS OT  KNETOYHHIX OPraHH3MOB  HATHYHEM
YHHKaIBHEIX (POpM HYKJICHHOBBIX KHCNOT - JBycnupansuol PHK
(BHPYCH HEKOTOpEIX omyxoneH pacreHmit) W oaHocnmpanesod JHK
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(mesikve 1 HuT4aThie Garv). HyKkienHoBBIM KHCIIOTAM BHPYCOR TTPHCYIL
paa  cneuuduyueckux ocobeHHocTell. Monekynsi uX MoryT GbiTh
JMHeHHEIMH B KOJBLEBEIMH, HETIPEPHIBHBIMH 6 (JparMeHTHPOBAHHBIME
(puc. 9.3, 9.4). Tak, supuousl scex PHK-cofiepkammx BHDYcOB
Gonpmmncrea JHK-copepxaimx obnafaior nMHEHHBIME MONEKYNIaMH
HyKIeHHoBOH kuciorsl. Komeuesyro dopmy JHK mmeior  BHpYych:
NAMALIOME], noikdombl Gar X174. V nanuoro dara momexkyna JTHK
nnneﬁna, HO MOCJIC NPOHHKHOBCHHA B lcnency OHA 3aMBIKAETCH B KOJIBLO.
Oro  OOYCNOBIEHO  HAIHTHEM  (UIHNKHX»  (KOMIUIEMEHTAPHBIX)
OIHOLIENMOYEYHEIX KOHLOB, KOTOphie Boccoeaumsmores, # JIHK
3aMbikaeTcs B KOMbLO. O6pasoBaHHe KOABLA NMPEMIIECTBYET HHTErpalHk

JAHK dara B reHoM KIETKH.

¥ 5

Nap3osupycw

C: Kossuewas oanouenowevsas Far ¢ X ITh

I[]IHD]DIDI Junewnan npyxuenowewnas  Muorme Qaru u pupycs

WABOTHUK

Riiguiign n a NHAS far T3

C pa3pmBamy B QUHOW Uenn

BamMkHyTan Konsuemras Ranozaeupycs, @ar P2
ABOHHAR crnvpand

Puc. 9.3. Paznyanbie Gpopmer Monexyn BupycHo# JIHK
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Brpyo Camxcac

Puc. 9.4. Pasnmansie dpopmu Monexyn Bupycrol PHK

JHHK psina supycos (dar PM2, Bapyc mo3anku LBeTHOH KarycTsi)

cnocobHa K  cymepcnMpanu3amum,

9T0  O0CCMEYHBACT  YNaKOBKY

3HauMrTenbHoro xonyuectea JIHK s kancuz neGoismoro obbema.
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AHK supycoB xapakTepusyercs OGombiluM  pa3sHooOpasueM
KOMIEBBIX Yy4acTKoB (pHC.9.5). 3710 pazmuuubie TUME HIOLITOUKOM
NOCJIEOBATEIBHOCTH HYKJICOTHIOB, KOHLEBBIE FIOBTOPHI (MOBTOpeHKE B
KOHLE MONEKY/bl HYKICOTHAOB €€ HaYaJIBHOro (PparMeHTa) mpsMbiXx H
WHBEPTHPOBAaHHBIX (MEPEBEPHYTHIX B OOpAaTHOM  HANpaBJIEHHH).
PasmuyHs B MOBTOPAIOLIMXCS MOC/IENOBATENLHOCTAX HYKNEOTHAOB Ha
kxonnax mosnekyn JIHK wrpaior onpeiencHHy:0 pone B HHHIMALMM
TPaHCKpHNLMK K periukauuy JIHK.

Nipumepu
arc ol HHpeprup P, Rap Dy
OXBOUNOENHAA
aBc o' o' Hiuneprap pH, A Py

T ===
L.} (3 ena
anmo emo
TIIIIIT o oo s
a's'of en'c
apg

f | Jnnkne KoRUM @arA.
o'y

Puc. 9.5. Tune! koibueBbIx ygacTkos BHpycHoil JTHK

HHK sHpycos, B 4acTHOCTH GakrepHodaros, COAEpPXHT 3aMETHbIE
KOJIMYECTBa HETHNHWYHLIX ocHoranuii. Hanpumep, JTHK T-uernpix ¢a-
TOB BMECTO LIMTO3HHZ CONEPMHT 5°- OKCHMETHILMTO3MH, YacTO TIIHMKO-
swmposan.  [IpucoenMHeHne oOcTarka IMOKO3bI K THIPOKCH-
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METHIILMTO3MHY npensarcrayer paspymenuro HK ¢ara bepmenramn
KJIeTkH X03auHa. Merunnposanue darosoit JIHK Takoke 3auyinaer ee or
pekcTBrs OaKTepPHANBHBIX PECTPHKTA3, KOTOPHIE PACLIEIIIAIOT YyKEpPOa-
Hyio HK. Cywecrteyior Gonbuive paiiuuud B pasMepax BHPYCHBIX
HHK. Tak, Monexynapsas macca JJHK ¢ara xogupyer Tonpko 9 6enkos.
V T-uerneix daros, eupycos ocniosakumme! u repneca macca JHK no
2,5 10° pansTon. Ona mosxer kogmposate Gonee 100 Gemkos (y dara T,
yKe HaeHTH(uLHpoBano Gonee 100 renos).

YV mexoropeix  PHK-copepammmx  BHPYCOB  BBISBICHBI
COrMEHTHPOBAHHBIC OJHOLICTIOHEUHBIE H ABYXLENOYEYHBIE MOINEKYIIE!
PHK (cm. puc. 9.4). IMpuuem, y onHmx Bupycos Bce ¢parmentst PHK
HAXOAATCA B ONHOH uacTHLE (HEKOTOpbIE PEeOBHPYCHI, MHKCOBHPYCEI,
PETPOBHPYCH), Y JAPYTHX - B PasHbiXx 4YacTHUax. TakuWe BHPYChI,
HYK/IIEMHOBAS KHCJIOTZ KOTOPBIX «PACIPEAENCHE» TI0 HECKONBKHM
YacTHLAM, HAa3bIBAKOTCA KOBHPYCAMH  (KOMIUIEMEHTAPHBIE MHOFO-
KOMITOHEHTHBIE BHPYChi). [IpeacTaBuTenaMu sSBIAIOTCA BHPYC MO3AHMKH
KOPOBBETO ropOXa, MO33aHKH JIIOLEPHbL!, NOFPEMKOBOCTH Tabaxka u
spyrue. Hanpumep, PHK Bupyca mMosauxi KOpPOBBEro ropoxa COCTOMT M3
ABYX (PparmMeHTOB, KaxAbill H3 HAX HAXOOMTCA B PasHbiX wacTHUax. [To
OTAEJIBHOCTH HM OIHA YACTHLA He O0Nanaer HH(EKLHOHHOCTBIO, TaK KAK
H3-33 OTCYTCTBUA MNOJIHOFO IEHOMa HE CNOCOOHA K PEenpoOayKLHH.
Hugopmaums. neobxomuman s 06pa3oBaHHA MOSHOLEMHEIX BAOPHO-
HOB, pacnpejenesa mMexay monekynamu PHK obeux wacruyg. INozromy
AnA PenpoAYKLHY BHPYCa HeoOxomHmo, uToObl B OAHY M TY XKe KNETKy
nomany obe wacTHupl. Y BHpyca mosauk: orypua (parmentsr PHK
pacnpegeneHsl 8 TPeX HacTHLAX, M /T8 PENPOAYKUHH €ro HeobxoanMo
HAIMYHE B KIETKE BCEX TPex 4acTuil.

Bupycsl  coNEpKAT  HEOOMHAKOBBIE B  (YHKUHOHAIBHOM
OTHOLIGHHH FeHOMHBIE oxHouenoueunsie PHK. Oann w3 Hux moryT
BBITIOMHATD (yHKLmI0 Hrdopmaunonnoi PHK u ciyxute Matpuueii ans
Tpauciaunm. Takoi Tnn PHK nomyuun Hassaune «uroc»-uens. pyroi
THI BUPYCHBIX onxouenodedusix PHK, tak HaseiBaeMbIe «MHHYC»-LIETIH,
B TPaHCIALUHH Henocpencrnem-loro y4acTrhd MNPHHAMAaTh HE MOryT,
MatpHueii Ans TPaHCIALHY Y TAKHMX BUPYCOB CIY)KHT KOMIUIEMEHTAPHASA
«uHycy»-ueny uxpopmaunonnas PHK.

Bupycel, comepikauue «MHHYCH»-LIEMH, NPH WHQHLHPOBIHHH
Kierky npuBHOcAT B Hee diepmeHt PHK - zasucumyio PHK-nonume-
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pasy, KOTOpBIi B KieTke oTcyrcTByer. M3BecTHBI Tak Ha3mBaembie
BHDPYCBHI-CATONNIHTEI, KOTOPHI® OTIHHAIOTCH KpaWHe HHIKHM COAEPKa-
HHEM HYKIIGMHOBOH KHCJIOTHI, H PENPOAYKUHA HX NOTHOCTBIO 3aBHCHT OT
APYTHX HEPOACTBEHHEIX BHpYycoB. IlpHMepoM MOXer CHyKHTb BHpPYC-
CaTe/UTHT FOJHOLEHHOrO BHPYCa HEKpO3a Tabaxa. 310 OucHb Menkuii
nedexrunii supyc, PHK kxoroporo cogepxur scero 1200 HykneoTuzos,
9TO  AOCTATOMHO TONMBKO JUIA  KOAWPOBaHWs Oeska  Kancmaa.
Camocrosrensio o Ho criocober k penpomykumu. PasmuoxeHHe ero
MPOMCXOIHT TONBKO B TOM Cly4ae, ©CIM B 3TOH XK@ KIETKEe PaCTeHHs
HaXOAWTCA ©rc «IOMOMIHHK» - BHPYC HeKkpo3a taBaka. Ilocnemwmnii
HHAYLHpYeT obpasoeanne PHK-rioniMeéepassi m Opyrmx KOMIOHEHTOB,
HeoGxomuMeIX nnia perutukaunn PHK supyca-carenura.

B 1971-1973 rr. sbisBnens HOBBe, ewme Gonee Menkne HHpek-
UHOHHBIE areHTH - BO3dymuTenH ©GonesHell pacreHufl, Ha3BaHHBIO
BHPOHAAMH. 3TO «rOfBIe», T. €. JHINCHHBE OenkoBoi OBGOIOYKH,
HeGOnbIIME  KONbLEBBIE  MONEeKyms  omHouenoweuroii PHK ¢
monexynaphoi maccolr 10° mameron. HMx «renom» comepur 300-400
HYKJIGOTHIOB, 4TO JOCTATOMHO TONBKO JUIA KOAUPOBAHMA Oenka ¢
MOJIeKynspHo# maccod 10000. OxHako MeCMOTpS Ha HH3KOe COZep-
JKAHNE reHeTHYECKOH MHQOPMALIHY, BHDOHE! PEILTULMPYIOTCA B KIETKS
CaMOCTOSTENbHO (He HYKOAIOTCA B FOMOWIHHKAX). Pennukaums wmx
MPOHCXOAUT B AAPe MH(HUMPOBAHHOH KIETKH NPH NOMOIIH €2 e
aKTHBHpOBaHHBIX (epMenToB. Bupouam sEmOTCA  BOIBYAMTENsSMH
Gonesneli xaprodens, Orypuos, LHIDYCOBHIX, KOKOCOBBIX MalbM H
APYTHX PacCTeHHH.

Benky BCeX HCCNIONOBAHHBIX BUPYCOB OTHOCHTCS K INOBYNMHaM K
€OoCTOAT W3 ObbrMHbX L-amuHokucnoT. Cpean HAX npeoBnagalor kucnsie
AukapboHoBsle aMHHOKHCIOTH. OCOBGEHHOCTHIO BHPYCHEIX 6enkos
AB/IAGTCA BHICOKAA  YCTOHMMBOCTE K HOHCTBHIO TPOTEONHTHYECKHX
depmenToB. 10  OOYCNHOBNEHO  CTPYKTYPHEIMH  OCOBEHHOCTAMH
cBOGOMHAIX KOHLEBEIX AMHHO- H KAPOOKCHIBHLIX IPYNN B YOMTHAHBIX
uersix. BonmbUrMHCTBO KOHUEBBIX aMHHOIPYNN aUETWIHPOBAHO, a
KapOOKCIIIBHBIC HAXOAATCA B 33MACKHPOBAHHOM COCTOSHMM Gnaromaps
0coBOMY pacnONOEHMIO NENTHAHBIX LeneH. Bupychse Genxn
OGMaZaloT BBICOKOM YCTOHYMBOCTBIO K ACHCTBHIO duzmueckux H
Xumudeckux (pakropos. Paynuuaror ase rpyrnnel  Genkos, cuHTEs
KOTOPBIX KOAHPYOTCH BHPYCHBIM FéHOMOM: CTPYKTYpHBIO Benkn - BXoaaT
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B COCTaR BHPYCHOM HacTHLE, HECTPYKTYpHble GelKH - OOCITyXKHMBAIOT
MpOLECC BHYTPHIJIETOYHOM penpoNyKIMH BHPYCa, HO B COCTaB
BHDPYCHBIX HACTHU HE BXOmAT. CrpykrypHbie Genku B CBOWO Ouependb
JeNATCA Ha KarcCHAHBIE W cynepKancHiaueie. K KancCHambIM OTHOCATCA
Genku, 0OpasylOmMe KANCH, a TaKKe renoMHble Gesikn ¥ depMeHTs,
BXOJSIIHE B COCTaB KaricHaa. ['eHoMHEle Genku KOBANEHTHO CBA3AHLI C
KOHLIOM BHDYCHOH HYKJICHHOBOM KHCJIOTHI H YYAacTBYIOT B perysiaLHH
GyHkimit reHoma. I'enomHBIe O€iky BBIABJIEHH! B COCTABE KamnCHIa
8JCHOBHPYCOB H Ip.

Y HEKOTOPHIX CIIOXHO YCTPOCHHBIX BHPYCOB B COCTABE KaIllCHIA
HMEIOTCS $EpMEHTH TPAaHCKPHNLUME M PEIUIMKALMH HYKIEHHOBBIX
kucior — PHK- u JIHK-nionmmepassl, ¢epMeHTsl, MOAHGHUHMpYIOLHE
xonuust HPHK.

Cynepkancuansie Gelku HBISIOTCA INHKONPOTEHIAMH, pacno-
NaraloTCca B Cynepkanicuae, (OPMHpYs «IMIED Ha FOBEPXHOCTH
BUPYCHOH HacTHibl. OWH BBINONHAIOT QYHKIHMIO PELENTOpPOB, OCY-
HIECTBJIAS PACIIO3HABAHME A/IGKBATHBIX KJIETOYHBIX PELENTOpoB, HEOO-
XOMUMBEIX JUIs ancopOuuH BHpyca Ha KIeTKe. JTH INIHKONpPOTEHIp!
TIOJTY 4HJIH Ha3BAHHE BHPYCHBIX NPHKPEIIMTEBHBIX Ge/TKOB.

Bropoii ¢ynxuuedl cynepKancHIHbX [AMKOMPOTEHNOB ABIIAETCS
ydacTHe B COMSHMH BMpycuod W KieTouHoif MemOpaH, B npomecce,
06ecreuHBaroNIeM NPOHHKUOBEHHE BHPYCa B KIIETKY.

K  mecTpykTypHBiM GenkaM  oTHOCATCS — NPEAUIECTBEHHHKH
BHPYCHBIX GEKOB, KOTOPHIC OTMMAIOTCS OT APYTHX OIKOB HecTa-
GHABHOCTBIO B 3aPAXCEHHON KJIETKE B CHIY GBLICTPOro Mape3aHus HX Ha
CTpYKTYpHhIe Gemku. K a1oi e Kareropuu GenkoB oTHOCATCA (epMen-
Thi CHHTe3a HYKICHHOBHIX kuciorT — PHK- u JJHK-nosmmepassl, gep-
MEHTE, MOAHMOMIIHPYIOIHE BHPYCHbIE Geik, - FPOTeHHA3El i NPOTEHH-
KkuHa3pl, Genku-perynsropst. THEBI CTPYKTypHBIX M HECTPYKTYpHBIX
GenkoB BMPYCOB pa3sHOM CNOXHOCTH OPraHH3aUMH TOKa3aHel Ha
pHc. 9.6.
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A. Beaxm NpocTe FCTPOOMHNK BNPYOOR
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E?.Ypy:fypm» M“ E::Tp’"n" ]
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‘1“:“” |_reannue P——
oaan Boazn camaman PHX, AMH
PopuoHTY, MO- Byuxum ue
Audnuupynmne MEOHTIN~
Geaxi e

Prc. 9.6. Berxu npocTo M CIIOKHO YCTPOSHHBIX BHPYCOB

Kpome Genka B HyKIEHHOBON KHCIIOTSI CIOKHO OPraHH30BaHHBIE
BHDYCH! COHEPKAT NMIMAEI B yriieBojnl. JIHNMHAB BXOIAT B COCTAaB
cynepkancuia, (OpMHpys ero nMNUaMbIE OWCIOH, B KOTOpBIK
NOrpyXeHsl CynepKancuanbie 6enkH. JIMNuAB NPOHCXCHAT H3 MeMOpaH
KIETOK-x03%9¢8. OHM CTaGHIH3MPYIOT CTPYKTYPY BHPYCHOH HACTHIIBL
O6paboTka BHPYCHOM HYacTHLBI JMNA3AMH NPHBOOMT K AETPANALHM K
noTepe HU(PEKIHOHHOCTH.

VInesoss! BXOJAT B COCTAB [IMKONPOTEHIOR CIOXHO OPraHH3o0-
BaHHLIX BHpPycoB. Kak © JIMNMABL, OHH HMEIOT KIETOYHOE Npo-
HCXOXZCHHE. YIJICBO[IHBIH KOMIOHEHT IJIMKONPOTEUJOB ODecrieumsaer
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coxpanenue KoH(opmaumm OGelKOBOH MONEKyNbl, 3ALIMILAET €€ OT
ACHCTBHA MPOTEa3.

9.1.3. Dopmbi 63aumoeiicmenn supyca ¢ Kiemkoit

Bsaumopelcrerie BHPyca € KIETKOM MOXET BBIPAXATHCS B ABYX
¢opmax: npoxykTHenoii M HHTerparueroil. [lpoxykrusmas ¢opma
B3aHMOJGHCTBHA MPOSBIAETCH B OOPa3OBAaHHH BHPYCHONO NOTOMCTBA.
Ilpu 3toM xmerka moxker nubo mnorubhyrb, obpazosas Gombuioe
KOJIHYECTBO BHPYCHBIX HacTHL (IMTHYeCKHMM LMK pas3pHTHR), JHGO
MPOJIOMXATh PAaCTH, Pa3MHOXKATBCA, NPOJYLIHPOBaTh BHP HOHBI.

Hurerparuenass  ¢opma  B3anMONGHCTBHA  BHIPAXaercs BO
BIJHOYCHHH FCHOMAa BHPYCa a FOHOM KieTKH-Xo3auna. [lpu sTOoM
BHPYCHa# HYKJIEHHOBAs KHCJIOTA MOXXST POIHLHPOBATBCH B COCTAaBe
sierounon  JIHK Ges ofpasosamms eupycHOro mnotomcrtsa. 310
XapaKTepHO JUIA yMepeHHBIX ()aroB, BBIIBIBAIOLIHX JIM3OTOHH3ALMIO
Bakrepuit. Hexkoropeie BHPYCEI JKHBOTHBIX TalOKE CHIOCOOHB K
MHTErpalHi ¢ FeHOMOM KIIOTOK-XO3AEB.

TMocne BHempeHHA BHPYCHOTO TOHETHYECKOTO MAaTepHana BHYTPB
KJIETKH BHDHOHR NEPEeCTAlOT CYLIECTBOBATh KAK OPraHH3OBAHHEE
cTpykTypel. Bo B3aMMOpeHCTBHE ¢ KETKOH BCTYNAET BHPYCHAA HyKNCH-
HOBasi KHCNoTa. MudekuuoHHOCTs CBOOOAHON HYKJIEHHOBOH KHCJIOTHI
fPH 3TOM CHYIKAETCS MM HCHE3AeT MONHOCTHIO. D710 senenue (yrpara
HHQCKUHOHHOCTH H, KAK PE3yNbTaT, - CKPBITOS COCTOAHHE BHPYCA)
MONYYMIO HA3BAHWE BKIMICE, a IEPHOL BPEMEHH MeXIy aacopOuHeit
BHPHOHA H MOSBIGHMEM B KJIETKE HOBBIX BHPYCOB HaspiBaerca (a3oif
aimnca. [lpoueccsl, npouncxoaduuye B KIETKE, NOC/Ee BHEAPCHHA B HO®
BHPYCHOM HYKJIEHHOBOH KHCJIOTBI, 33BHCHT OT NPHPOAR BHPYCA M, B
NEPBYIO O4EPEb, - OT THNA MYyKIeHHOBOH KucaoTsl. Ecnu reHom supyca
npeacrasien JAHK, 1o npn rmogyxtHeHoil mudexuuH eupychas JHK
CNYXHT MaTPHUEH Ana coDCYBeMHOH pennMKAHH M Jis CHHTea
eupycnoit  PHK, koropas Heobxomuma mna oSpasoeamms BHpYC-
cneumduuecknx Genkos. Ecnu e resom BHpyca coctout w3 PHK, to
monekynst PHK BrinonHsioT nBOZKYIO MaTPHUHYIO  (YHKLUHIO!
ofecreqyHBAalOT CHHTE3 HoBbIX konwui Bupyckeix PHK, kommupytor cunres
MOBHIX BHUPYCHBIX Genkoa. B pennukanmm BHPYCHOrO renomMa MOryT
COBMECTHO Y9aCTBOBATh M KJIeTO4SHHE,  BHpycHue depmentn. Habop
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KNETOYHBIX (DEPMEHTOB MOMKET HOMONHATLCH 33 C4eT (DepMEHTOB,
NPHBHOCHMMX BHPHOHOM (DETPOBHPYCHl, BHPYC OCHOBAKLUHHBE) B
KIETKY, MII BHOBb CHHTe3HPYEMBIX YO BIIMSHHEM NEHOB BHPHOHA.

B cnyuae mpoaykruesol nnekunn, pexymen k obpazoBanuio u
OCBODOMKACHHMIO HOBBIX BHPYCHBIX WACTHL, BCNEA 334 PeIUTHKALMEH
HYKJEHHOBOH KHCJIOTHI HA4YMHAETCS CHHTE3 BHPHOHMHBIX OenkoB. B
pe3yneTaTe CHHTe3a Hakarnueaercs (OHJ NMPeLIECTBEHHHKOB, KOTOPHIE
CITy)aT HCXOFHBIM MaTepuanoMm mna obpaszosanms kancuaoe. [lanee
CNEMYIOT MPOLEce CaMOCOOPKH BHPYCHBIX YacTHL B ocBobONIeHHE HX U3
KJIeTKH,

OCHOBIBIMH MEXaHH3MaMH OCBODOMKIEHHA BHDHOHOB M3 KNETKU
SIBISGTCH NH3NC KIETOK-X03%eB, NnHOO OTIOYKOBBIBAHHE BHPHOHOB
BMECTE C yHacTKaMH MeMOpansl nHGHUMpoBauHBIX KiaeToK. [locheanwii
criocob npHCYyw BHPYCaM, HMEIOIMHM JIHTIONPOTEHAHYIO MeMOpany.
Knetka rpn 3TOM COXPaHAST XH3IHECTIOCOOHOCTE M MOXET JUTHTEIBHOE
BpeMA IMPOAYLIMPOBATD BHPYCHOS rOTOMCTEO.

9.1.4. Hpunyunsl Kraccupukayuu eupycos

Knaccuduxaims BHpPYCOB OCHOBAHA Ha CBOWCTBAX BHPHOHOB, H3
KOTOPBX BEAYIHHMH SBJIAIOTCS MPU3HAKH, XapaKTePH3YIOMMKE HYKIEHHO-
BYIO KHCIOTY, CIOCOD penpomyKuHH, aHTHreHHME cBoiictea. B uensax
KIACCHQHKALMH HMCNONB3YIOTCA CHEAYIOUWIHe XapakTepHCTHkH: 1) Tun
HYKJICHHOBOH KHCIIOTH, €2 MONEKYNSPHAs MACCA, YNC/IO HHTeH B Hed;
2) cniocob penpomyKUMK, MM CTPaTerus BHPYCHOTO reHoMa; 3) ocoben-
HOCTH CTPYKTYPHOH OPraHH3aLMH I'eHOMa - Hanuuue BHeLHeH obonou-
KH, CHMMETPHA KAncCHIA, pasmMep Kanchiia, ¥ YHCNO KATICOMEPOR B HeM;
4) Kpyr BOCHPMMMYHBHIX XO3i€B; 5) maroreHHoCcTs M OOpasoBamme
BHYTPHKJICTO4YHBIX BK/IOUEHHI; 6) aHTHreHHbie Cceoicrea. Ha ocHoBa-~
HHH TBPeYHCNEHHHX TNMPH3HAKOB BHPYCHL AENSTCH HA CoMEHCTBA, TIOA-
CeMeiiCTBa, POABI H THITHI.

Cornacro cymecTeyrowieil xaccubukauyuy sHpycsl oGbeAHHEHN
B camocTosTensnoe uapcrso Vira. Ilo Tunmy HyxnenHOBOH KHCNOTH,
COepXKalneHicA B BHPHOHE, BHpYCH moapa3gensmor wa JHK- u PHK-
conepxamue, JlanbeeHiuas kiacCHQUKAUMA Ha COMEHCTBA M POAB
HCXOANT H3 COBOKYITHOCTH IIEPEYHCIIOHHEIX BbiIlE CBOHCTB BHPHOHA.
HarpuMep, BHPYCEL HeNOBEKA H >KHBOTHBIX N0 YKA3aHHBIM KPHTEPHAM
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pacnipenencHbl B 19 cemelicTs, Bunioyaomux 43 pona. B coorBercTeum ¢
KPYrOM XO3sI€B Pa3jIM4aloT BHPYCH! JKMBOTHBIX M HEJIOBEKa, BHPYCHI
pacTensii 1 BHPYCH GakTephii.

9.2. BAKTEPHO®ATH

Bupycsl GaxTephii nocsT masBaHue Gakrepuodaroe Win MpOCTO
taroe. Bneperie srnenne Gaxreprodaruu B 1915 r. onucan Tyopr y
cradpunokoxkor. Hesasucumo ot mero, B 1917 r. J{'3penns coobuma o6
OTKPHITHH JIHTHYECKOFO @r¢HTa B KYJBTYpe HH3EHTEPHIHON NaJouKH,
BBUIETICHHON oT GonbuBIX mM3eHTepuMel mionel NpH WX BHI3ZIOPOBIEHHH.
Oun wu3yyun Ouwonorwdeckue OCOGEHHOCTH 3JTONO  areHIa, €ro
B3aMMOOTHOIEHHE ¢ GakTepUAMM ¥ a1 eMy na3BaHue Gakrepuodar, 410
03HhataCT (NOXHpPaTeNb GakTepmin.

Cpa3y nocne OTkpeiTHa OakrepuodaroB K YCTAHOBIECHHA HX
BHICOKON NWTHYECKOH CNOCOOHOCTH YYEHble 3aHAUIMCh pa3paGorKoii
BONPOCOB MPAKTHIECKOrO XapaKTepa: HCnoab3oBaHue Gakrepuodaroe
Als nedeHHA W npoduiaktiku  HH(exuHonHBiX 3abonepanmit. Ho
TepaneBTHYeCKHi 3ddekr npumenenns Gaxrepuodaros ne Bcerna Gbul
NOJIOXKHTENBHBIM, H C OTKPHITHEM AHTHOHOTHKOB MHTEPEC K HHM KaK K
JIEKapCTBEHHBIM NpenapataM ociab. INosxe darn 3aHANH BEAyLIee MECTO
B PEHIEHWH BaXHBIX oOmebuonordueckux npobnem. Ilpocrora
CTPYKTYpHOM opraHmsaimu ¢arop, BHICOKMH BEIXOJI NOTOMCTBA B
KOPOTKHIi NIPOMEXKYTOK BPEMEHM, AOCTYNHOCTH paGoThl ¢ HHMH AEAI0T
¢ar BecbMa ynoGuoii MOTENBIO Ui M3yHeHUs pasnoobpasHBIX BONPOCOB
mMonekynaprolf  Gmonormd. Omm Craii  OCHOBHBIM  OGBEKTOM
PCHETHYECKMX HCCJICAOBaHWHA, B NepByl0 ouepenr B oOnacT
Monexynsproll reretHku. Ha mozmesm ¢ara npoBeleHs! KIacCHYecKHe
HCCTIEIOBAHNS NO HM3YYECHHMIO TOMKON CTPYKTYpsl reHa, pacmmbpoBKe
HaC/IECTBCHHOIO KOJIa, M3Y9YCHHIO MEXAHH3MA NEPEJAYH HAC/ICACT-
BeHHOH WH(POPMALUH, MONEKY/IAPHBIE OCHOBH! MYTALHOHHBIX MPO-
LIECCOB.
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9.2.1. Cmpyxinypa 6akmepuogazos

Puc9.7. Mopdonoras

taroe ¢ orpocrkamu
T-¢parn, xoropsie paspensiorcs
Ha uernpie (T, Ta Te) m
neyernnvie (T,, T, Ts) darn.
HauGonee cnoxsoe crpoeHue
nabmomaercs y  T-ueTHEIX
taroB. ¥V Hux paznuyanor ro-
JIOBKY MKocas/puieckodt ¢op-
Mbl H OTpocTOK (pHC. 9.8).
Orpocrok mpeacTaBisier coboik
CJIOKHYIO  CTPYKTypY, COCTOS~
Y0 M3 HapYXHOI0 wexina,
BHYTPH KOTOPOr0 MPOXONMT
ToHKAs nonas  Tpybka -
cTepaeHb. Yexon ofnajgaer
CROCOOHOCTBIO  COKPAINAThCH.
Orpocrok  ¢para  sHINONHsET
OYHKIHIO KaHana, IPOBOAS-
mero JTHK B 6axtepmnansuyio

HauGosnee
¢ard KumeTHOH

Ry Hzyuenne Moponoruy tharos
4 HANAIOCK € BBENCHHA B MPAKTHKY
4. OWONMOrMYECKHX HCCIe[IOBAHUH  3NeKTpon-

Horo mukpockona. B 1941 r. I'. Pycka
BrEPBHIE NOKa3all, 910 Gakreprodarn npen-
CTaBAIOT COOOM YacTHLK  ompeaesIeHHON
¢opmur (puc. 9.7). Hanuueiimee wusyuenne
(arop nO3BOJMIO YCTAHOBMTH, ¥TO OHH Go-
nee pasnoobpasHel no dopme, HeM BHpYCH
XKHBOTHBIX M pacreHHil. CpemH HHX ecThb
tdarn nuTeBBIHON GopMBI ¢ KOpOTKHM W
ANAHHLIM  OTPOCTKAMH,
pocrxa u zp. Pasmeprr ¢aros or 20 mo 200

C aHajJoramMH orT-

H3Y4YCHHBIMH ABNAYOTCH
NaJIO4YKH, TaK Ha3lbIBaCMbIC

Puc. 9.8. Cxema crpoerms dara T,:
- obonouka; 2 - Hyxneunosas

xucioma; 3 - cmepocens, 4 - kanan;
3 - vexon; 6 - bazarvuan niacmunxa;
7 - waner; 8 - numu
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Kknerxy. Jlnama ortpoctka ¢ara T, oxono 110 mM. OtpocTok
3aKkan4MBaercs Oasanbmolft nuacTMHKOM, Hecymiel BBIDOCTBI B BHJE
wunoe. OT HUX OTXOAAT TOHKHE JUTHHHSIE HUTH. Basanenas nuiacTHHKa
H HATB YJacTBYIOT B npolecce aacopOUHH H MpHKpEILieHua ¢ara Ha
GaKTepHaILHON KIeTKe.

OCHOBHBIMM  XHMHYECKHMH KOMIIOHEHTaMH (aroe sBJISIOTCA
berku u Hykneunogvie xkucnomvi. HyiIeHHOBBIC KHCJIOTHI COCTaBIAIOT
comepxuMoe ronoBkd ¢ara. bomemmrcTeo daros BKIIOHAET OgyHum-
vamyio JTHK, HO Hapaay ¢ mHMH CyulecTBYIOT (ard ¢ ooHonumuamon
JHK. 31o Menkune chepuaeckue i nuresnansie darn. Hexoropsie daru
comepxar PHK (dar 7S Ps. aeruginosa, MS2, R17 E. coli). Orroci-
TE/IBHOE CofiepXKaHHe HYKIICHHOBBIX KHCJIOT y ¢arop Gonee BhICOKOE, HEM
B Gaxtepuanbheix Kietkax. Tak, dar kuimieusol nanouku T, comepxur
50-54 % JTHK, B T0 Bpems KaK KJeTKH >To#l Gakrepuu - 5,2 %. HauGonee
BBICOKMH ITPONEHT HYK/IEHHOBOH KHCJIOTHl OTMEYAeTCs Y aros CCKHOH
crpykrypst (30-50 %), y wWTeBMIHBIX (DAaroB copmepxkaHue ee
3naumTensuo Menbitee (11-14 %).

Pary pasnMyaloTcs MeXTy coboii no xumHieckomy cocrasy JIHK.
Tak, B8 IHK wmexotopbix ¢haroe BLUIBJIEHO HAIMYME HECTAHHAPTHBIX
ocnosanmii. B JIHK T-uernsix ¢aros BMECTO HHTO3MHA COHNEPIKHTCS
S-okcumeTruroskn. B JIHK ¢aros Xanthomonas oryrae coaepkuTcs
JApyroe MpoH3BONHOE LIMTO3MHA - S-merwnumrosnn. B JTHK mexoropsix
¢aroe Bac. subtilis TumHH 3aMEHEH 5-OKCHMETHITY PALIHIIOM.

H3 GenkoB cocroMtT ©00M0O4YKa TONOBKH, HEXOJ K CTEPXKEHB
mmHApa, OasaibHas IUTACTHHKA, HUTH H mmnel. Kpome 3THX
CTPYKTYpHBIX GenkoB, B oTpocTke ¢ara obHapykeHbl ¢epMEHTHbIE
Genkn. B BacTosuee BpeMs JiokalaHO HaJH4He B (aroBelx HacTHUax
depmenma nuzoyuma u ATd-azbr. PasmHyYaloT CTPYKTYpHBIH H
cBOGOAHBI daroesti TH3oLHM. CTpYKTYPHBIH JIH30LHM OTIHYAETCS OT
cBoGoaHOro GonbiiuM MONEKYNSPHBIM BECOM H  (QYHKLHOHAJIBLHO.
CrpyXTypHBIH NTH30LHM NpOosBIAET CBOIO aKTHBHOCTE B nayase ¢arosol
MH(QEeKIMH - pPACTBOpPseT CHApYXH KICTOMHYIO CTeHKy OGakrepuii, Ha
KoTopoit aacopbupopaincs dar. CBOOONHBIH JIH3OLHM JIMIUPYET KIETKY
H3HYTpH H CNOCOBCTBYET OCBOGMKIEHHIO 3peibiX GaroBblX HacTHIL, T. €.
3apepiaeT nporece Garosoit HE(PEKUHM.

AT®-aza comepxurcs B yexie (aroporo oTpoctka H obecne-
YHUBAET €ro COKpAllleHHe.
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9.2.2. Biaumodeiicrmasue paza ¢ Gaxmepuamu

Bsaumopelictsue Bupyca ¢ xiaerkol, npuBoaiuiee K 00pa3oraHuIo
CAMOCTOATEALHOrO GHONOrHYECKOro KOMIUICKCA BHPYC - KIETKa H K
PaZMHOXEHMIO BMpYCa, - CJIOXKHBIE HNpowecc, CcOCTOANMA M3 pana
NOCJIGIOBATEBHBIX ITAIIOB: aACOPOLIHYH, BHCAPEHHI, Pa3MHOXKEHHS, HITH
PENPOAYKLIMH, CO3PEBAHNA 1 ocBODOMICHHA (puc. 9.9).

.1
/@ —"’-\
e e oy
\( ) j 4‘@?@}; )/

Puc.9.9. Cxema B3aumopelicTsun BupynieHTHOro ¢ara ¢ KieTkoii:
1 - adcopbyusn; 2 - sHedpenne; 3 - HAYATGHLIE IMAN SHYMpPUKIe-
mouroii  penpodykyuu; 4 - o00pazoeanue CMPYKMYPELIX KOMRO-
Henmoe paza; 5 - cospecanue ghaza; 6 - oceoboxcdenue uz Kremiy

VY HexoTOopbix 6aKTEpHOPATroB CYHISCTBYET ABa BO3MOXHBIX ILYTH,
NO KOTOPEIM MOXET NOTH WX pa3sBHTHE HPU 3apaKCHWH 9YBCTBHU-
TeNEHBIX GaKTepHii: OHH MOTYT Pa3SMHOXATHCA M JIH3UPOBATH KIETKH -
nuTHUeCKHi myTs passuTHA, WiIH HX JIHK Moxer BRIIOYATECH B IEHOM
3apAXKEHHOH KICTKH, HE MPOSRIAA CHOCOGHOCTH K PA3MHONKCHHICO M
JIH3MCY, - TM3OTeHKEH myTs passuTHA. HagansHele s3Tans nwrwaeckoro
H JIM30NEHHOTO My TeH He OTHYAI0TCA [PYT OT Apyra.

Ilepariti 3Tan p3aumozelicTeua dara ¢ GaxrepuamsHoli KneTxok -
adcopbyus. OH OCYIIECTBAACTCS B PE3YNbTaTe CiydaliHBIX CTONKHOBE-
Huli dara ¢ GaxTepHIMH ¥ TIDHKPEILICHHH €ro X KJIETOYHOM moBepx-
HOCTH. AncOpOImHs SBISETCH BBICOKOCHEUHM(HYIECKHM IPOLIECCOM.
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Kaxcaeibi Bun ara aacopOHpyeTcs TORBKO Ha ONPEECHHBIX GaxTepuax
M HA ONpENCNCHHBLIX YUACTKAX KICTOYHOM NOBEPXHOCTH, TaK
Ha3LiBaeMBIX  (PAarOIYBCTBHTSIBHEIX pELENTOpax. 3JTO0 CIPYKTYpSL,
OTBCTCTBEHHBIE 3a CBA3BIBaHME para. OHM PacroNoOXKeHbl B HAPyKHBIX
ciosx Kierosdodi cremku. Tak, peuemrropst g daros To u Te
PACNONOMEHBI B JIMIONPOTeHHOM cnoe, A daroe T;, T u Ty - B
JANONOJMCaXapuIHoM cioe KierouHod crenkn E. coli. Mpouecc
aAcopOIMK COCTOMT M3 JIBYX CTa/sl: nepeas CTamua Hecneuuguueckas.
OHa CBOEHTCS K DPHKXPEIUIEHHIO (AroReIX HacTHML, OOycjoBjieHa
INEKTPOCTATHISCKUME CHIIAMH H HOCHT 00paTuMslil xapaktep. arosoie
YACTUIH MOTYT OBITH YORJICHSI C TIOBEPXHOCTH KIICTKH HPH NCPEHECEHHN
€€ B Cpeiy, HeOnAronpHATCTRYIOLLYIO aacopOLMy, Wi npx ofpaboTke e
aprudaropol  cmmoporkoli. Bropas  cTamui - cnenndMuYecKas.
peoSpatumas - obycrorneHa ¢OpasoBaHreM CBA3CH MeXITy peuenTopamMy
thars, PACNONOKSHHEIMY HR FIOBEPXHOCTH OTPOCTKA, M COOTBEICH-
PYOIMME peienropamu  IieTkd. Penenropsl ¢ara, Tak we ka¥ W
DOHENTOPB KIETKH, - 210 CTPAHSNGHHBIS XHMMYECKHE [PYIIEPOLEH
ROBCPRHOUTHBIX CIPYKRTYP. B CBiSH ¢ HATAIMEM MHEO/KECTS? pefiariopos
112 OFHOM KNETHS MOKEYT AACOPDAPOBATECE GONLHOE KomTwecive fiaron
(vanpumep. w» E. coli - mo 300 ¢Qaropst: gactun). fHa nporecs
GEOPOURM NRKE3BMBAIOT BIMAHME KAK YCIOBHA CPEAbi, OcCORMBL &
conesod coctas, pH, Tak ¥ (QH3NONOIAYECKOS COCTOSHME KIeTsH. b
NepHOK MHTSHCHBHOrO pocta Gaktepuil cmocobucers ancopbupoeatt
(par ypenwsHBacIcs. 3a aicopOumeH ¢ara CACHyer 3Tall BHEAPCHEA
(MUREeKIIHN) AroBoli WYKIEMHODOM KHCIOTHL B KIeTKy. Ilpoliecc
HAYLUHAREXs C  cokpamenus wexna  orpocrka.  Cokpainenue
CTHMYAMpYeTcH  GazanbHoll  TUIaCTMHKOM, — M3MCHMIOmMEH — CBOIO
KoRPOPMALIO Nof BAMAEMEM HuTell OTpocTKa. IlpH 3TOM NM3OLMM,
pecnonoxedHbiil B obnacTn Ga3ambuol IIACTHHKY, Pa3pyinaer MyPeHH
KJIETOYHON CTCHKM M BHYTPSHHHH CTEKEHb XBOCTOBOIO OTPOCTKA
NPOXOMHT HePe3 PaspHNJICHHYIO KIETOUHYIO CTeHKy. Korna aucrantHeiH
KOHEIl €ro MOCTHMraeT MuToinasMaruyeckoii memOpausn, JHK ¢ara no
KAHATY CTeP)KHA BIPHICKMBAETCA B GakrepuayibHyio KieTky. bejikopsie
nycThie oGonouik (remn dara) OTPHIBAIOTCH OT KIETOYHOH CTEHKH M
Pa3pyLIaloTCA.

Tperu#i 5Tan - BHYTPHKIETOMHCS pPASMHOMCHHE, HIH Pepo-
Ayxumus ¢ara - 3aKNOYaeTCs B CHHTE3E KOMIIOHEHTOB BMpYyca:
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HYKNEHHOBOH KHCIOTH H Genkop. CHHTESHPYIOTCS OHH HEOJHOBpe-
MCHHO, a pa3lielbHO B PAa3HBIX YWacTKaX KIETKH, 3aTeM creayer
camocGopxa ¢aroBsx sacTuil.

C sHenpenneM B Kierky ¢aropoit JIHK npoucxonuT nepecrpoiika
MeTaboi3MAa KIIETKA B HAMNPABICHMH CHHTe3a KOMIIOHEHTOB (ParoBbix
gactui. Cpasy nocie unbexitun ¢aropoii JIHK npexpamaercsi cuures
Gaxrepuansubix JIHK, PHK u Genka, HaumHaercsi cuHTe3 (aros
HyKJIeHHOBOH kucnorei M Genkos. Ilpu 3rom. PHK-nomMepasa knerka
TpaHCKpuOHpyeT rennl garosoit JIHK B nudopmawmonnyio PHK ¢ara.
Ona cmyXHT MaTpuuieH [nd CHHTE3a «panHux» Oenxos - darocie-
nHpUIecKrx (epMeHTOoB.

Kpynsuie B CJI0XHO OPraHM30BaHHEIC MOC/E BHEAPDCHHA B KIETKY
$arn HHAYLMPYIOT CHHTE3 O KpaliHeil Mepe Tpex THNOB (PepPMEHTOB:
nepeslil THN - 3T0 HyKIeasw, GYHKLHA HX CocTouT B paspymenun JIHK
KNETKA-XO3HHA; (EPMEHTH BTOPOro THIA KATAIM3NPYIOT 00pa3oBaHue
MPEAMECTBEHHUKOB CHHTE32 HYKNEHHOBBIX kucior ¢ara. Tperu#t twa
pepmenror - 310 JIHK-nomumepasnl, PHK-perinkassl H Tpasckpmn-
Tasbl. OHM KaTAIM3HPYIOT PeaKkiiH, OCYUISCTRANIOUE PETUIMKALIAIC H
aKkcnpeccrio Qarosoro redoma. JIHK dara ofmapyxuBaercs B Kierke
qepes 8-10 mMuH mocse 3apaxenms. B 370 BpeMs  HauMHAOY
CHHTE3UPOBATECH CTPYKTYpHBie Gema dara.

Yersepreidl 31an - cospesanue. B ITOT NEPHON NPOHCXOAWT
cOopka ¢aroeolt uwacrHim, coemusenne JIHK dara ¢ GenxosoH
oGonouxoii. Co3peBaHHEC HATHHACTCA C YILIOTHEHHA MoseKyas! JIHK, ee
KOHJEHCaUU# H yKIaaku. Bckope Ha NOBepXHOCTH 3TOH  KOHJEH-
cuposannoli JIHK wsaumpaior coGHparscd Monekymsl CyOwnemuHun
(xancomep) Genkoroit oGonouku dara u obpasyercs kancun. K cdop-
MHPOBaHHOH rOJIOBKE MPHCOSIHHAIOTCA OTPOCTOK H €r0 KOMIOHEHTHL
Tax o6pasyercs 3penas sacrunia ara.

OTtpe3ox BpeMEHH C MOMEHTA mpoHMkuoBeHms ¢arosoit JTHK s
GaKTepHATLHYIO KNETKY B [0 NONHOTO CO3peBaHus B Heli uactuu (ara
HA3HBACTCH JIATCHTHHIM, MM CKPHTHIM, nepuojsoM. Kaxpas cucrema
Gaxrepus—~par HWMeer CBOH ONpENENCHHEH JNaTeHTHHE nepuon. Jina
KONH-JM3EHTepHIiHEIX (aros OoH cocraBnser 15-20 muH, mia daros
MuKOOaKTepuH - Ao 75 MHH. B KOHIle NaTeHTHOIO nepHoma fIOA
JieficTeHeM CBOGOIHONO IM30LHMa MPOUCXOANT PACTBOPEHHE KIETOUHOK
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CTeHKH OGaKTEpHH M3HYTPH, KIeTKa pa3pbiBaeTcs ¥ NOTOMCTBO (ara
BHICBOOOKAAETCS B OKPYKAIOLIYIO CPEAY.

®ard, KOTOPhIE B MPOLIECCe B3AHMOICHCTBHA C KIETKOH BH3IHBAIOT
ee rubenb, Ha3WBAIOTCA supynenmuvivy. Hapsny ¢ HHMM CYLIECTBYET
apyroi THn (daros. OHu TakKe 3apaxatoT GaAKTEPHANBHYIO KIETKY, HO HO
PasMHONAIOTCA B HOHf ABTOHOMHO H HE JHM3WDPYyIOT ee. ITH (darH
HMA3BIBAIOTCA YMEPeHHbIMIL WM cumbuomuweckumu. B wux B3aumo-
OTHOUICEHHKH C xne'rxoﬁ OTMO4AIOTCH TOIPKO TICPBHIC ABa 3JTana;
aacopbumna u pHempenne. Ilocne BHempeHMs HYKNEHHOBas KHCIOTa
yMEpeHHOro ¢hara BCTPAHBAETCA B XPOMOCOMY OAaKTEpHH W B TEUEHHE
JUTMTENBHOrO BPEMEHHM MOXKET PEIUIMLIAPOBATECS BMECTe € Hel H
NepesaBaTscA NOTOMCTBY. Par B HHTErPUPOBAHHOM C XPOMOCOMOH
COCTOSHHMH HA3MBAIOT npodarom.

Hrax, paammuaior 1pu cocrosuus Gara: 3pensii dar {(dar
HaXOHHTCA BHE KJIETKH H CIIOCOOEH K 3apa)XOHHIO HyBCTBHTEbHRIX
Gaxrepui), npobar (JHK ¢ara exmoueHa B GakrepHalibHYIO XpOMO-
comy), Bereratussbiit dar (par HaxOAUTCHA B KISTK® B COCTOSHHH pas-
MHOXCHHA).

BaxrepuaneHbie KJIETKH, Ccoaepkamme mnpodar, Ha3bIBAOTCH
J302eHNbIMY, A TIPOLIGCC BITIOYeHUH reHoMa dara B resom Gakrepmn -
NUI0CENUIAYIETi, CAMO Ke ABJICHHE - Ju302enueli. JIH30reHHs paccMar-
PMBAETCA KAK HACNEACTBEHHO CEOHCTBO OakTepuii mpomyumposars dar.
Muorna npodar cnomtanno ¢ wactoroll 10°-10° moer nepefith »
BereTaTHBHBIH (ar, T. €. MPOHCXOAHT €ro Pa3sMHOXKEHHO [0 THIMY BHPY-
nenTHOro (ara. B pesynbraTe KieTKa JH3MPYeTcs M YaCTHUm (ara
BBICBOBOXAANOTCA H 3apaXkaloT HOBbI® BaKkTepHH.

OcoBeHHOCTBIO JTM30reHHBIX CaKTepHH SIBNAETCA HX HMMYHHTET K
3aPAXKOHHMIO TeM (HaroM, MO KOTOPOMY OHH JIM3OTEHHEl, T. €. KOTOpbik
COAGPIKUTCH B HAX B COCTOAHMH nipodara. B 0CHOBe HMMYHHTETA JIEKHT
ofpasoBanHe B LUMTOIUIA3ME KNETKH ocoboro sewectsa Oenxooi
NPHPOXB - PEnpeccopa, NMpENsATCTBYIOMEro npespalieHnio npodara s
BEreTaTHBHOE cocTosHMe. Pempeccop MHrHOMPYeT PperUIHKALMIO H
cospesanHe ¢dara. CuHTe3 penpeccopa KOHTPONMMPYETCA TOHAMH
npodara. Opnako ngeitcTeue perpeccopa Moxer OwTh CHATO myTeM
065paboTKH NH3OreHHLIX SakTepril crieuH(pHIECKHMH aTeHTAMH, KOTOPLIe
160 B3aHMOABHCTBYIOT C HYKJIGHHOBBIMH KHC/IOTaMH, B TOM YHCHE H C
reHeTHYeckoit  oBnacTei0  mpodara,  KOHTPONHMPYIOEH  CHHTE3
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peripeccopa, JHOO BO3NEHCTBYIOT HENMOCPSACTBEHHO HA MOMEKYIBI
penpeccopa M HHakTUBMPYIOT ux. 1 B TOM H B apyroM chydae
nponykumus $ara NU3OreHHBMH GakTepuamy ysenmuusaerca. [lanHoe
SBJICHNE HAa3HBAIOT MHAyKUMeH dara, a aresTsl - HHOynupyiomumi. K
MHAYLHPYIOIHM areHTaM OTHOCATCH ynerpadmHonerossie nyuu (YOP),
ANKMTHPYIOIHE COSTMHEH NS, TEMIEPATyPa 1 Ap.

Hunykuns nusoreHHOM KymeTypn ¢ oOpasoBaHueMm (aroeoro
MOTOMCTBA MOXKET NPOHMCXOAMTP NPH KOHBIOraUHH, €CliM JOHOPCKAs
KJI€TKA JIN30TSHHAS, & PELIHIMEHTHAA -HeMM30reHHas. ITO 3HAYHT, 4TO B
PELIIIHEHTHOR KieTKEe OTCYTCTBYET PEnpeccop pennukaunH (arosoi
JHK. TTosTomy cpasy nocne nepeHoca npodara B COCTABS XPOMOCOME! B
PEUMINHMEHTHYIO KJIeTKy M OOpasoBaHMs MEPO3HIOTH HAYHMHACTCH
HHOYKUUs nepeHeceHHoro mpoara B (ar u obpazosanue (arororo
NOTOMCTBA. JTO SBIEHHE FOTYYHIO HA3BaHHUE 3UTOTHON MHAYKUMH.

CriocoBHOCTE yMepeHHBIX (haros K JIM3OreHHM3aLMH OnpeaenieTcs
CrOCOGHOCTBIO HHAYLIMPOBATh CHHTE3 COOCTBEHMHOrO perpeccopa.

MHorne mi30reHHble KyNbTypel comepiar No 2-4 ymepeHHbIX
¢dara, T. 6. ABLIOTCA MOMMUIM3OreHHeIMH. Hamiuwe Takmx KynbTyp
M3BECTHO CPeAM AKTHHOMMLIETOB, KJIYOeHPKOBBIX OakTepmi, HEKOTOPbIX
cnopoBex Oaxtepuii. B cBA3M € TeM, 4TO NpH  JKH30reHM3aUMH
yMepeHHbili (har, TOYHE® €ro HyKIeMHOBasd KHCNOTA, BKIIOYAETCA B
reHeTHYEeCKHH alnapaTr KIeTKH, B [ocleaHel MoryT wuabnromatses
HM3MEHeHHs HEKOTOpHIX cBoiicTs. Hanpumep, npw nusorennsauun darom
B nanouka mudrrepHH mprobperaet crocoSHOCTE OOpasOBLIBATD TOKCHH,
TOKCHYHOCTD CANBMOHET TaKXkKe CBA3aHA C HANHYMeM B KIETKaX
onpenenenHsix aros. HlameHenus csoiicta GakTepHi, NMPOHCXOAALLME B
Pe3yNbTATe JIH3OreHHW3aUMH KIETOK, MNONYYHIN HAa3BaHMe JL3I0CCHHOM
xougepeni. ITH HIMEHeHHA HaGmMONAIOTCS TONBKO AO TeX IOp, MOKa B
knerxe ectb mnpodar. Ecnu xnerka repser npodar, Ona TepEeT H
npHOOpeTeHHbIe CBOHCTBA.

9.2.3. Bakxmepuogdazu, codepcaniue oonogenovewnyio JHK

Hapsgy ¢ daraMH, reHOM KOTOPBIX TNpPEACTABNEH JBYXuE-
noueunoit JIHK, cymecreyer rpynma Menkux aros, comepikamqpx
onnouenodeunyo [JHK. 3o dar &X 174, umeromuii CHMMOTPHYHYIO
HKocasppudeckyio dopmy, nuteruansie haru fd, fl, paamuoxaromuecs
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TOJILKO B MYmCKHX Knetkax E. coli, necynmx nonoeoii ¢axrop. I'eHom
3THX ($aros NpeacTansieH KAnbLeBol monekyno# omsonenouessoi JIHK,
pasmep Kotopoii 0,6 miM, MonexynspHas Macca 1,6-2,0 x 10° mansTon.
HecmoTps Ha o4eHb MasieHBKHH IEHOM, 3TH (JarM MCMONE3YIOT €ro
BeckMa  3QQexTHBHO. 70 OfecTieTMBAETCH HANMIHEM NEPEKpb-
Balomuxcs reiop. Tak, y dara @X 174 omHa M3 HYKICOHIHBIX
nocaenoparensHocTed JIHK comepxur uHopMaiio He OIHOro, Kax
00BIaHO, a ByX MM Tpex renos (prc. 9.10). Ten E pacnionoxen BHYTpH
reHa [l (mepekphiBacIcs), HO CUMTHIBAHME 3AKMIOYEHHOM B HHX
nHGOpMALMH HAYHHAETCH C IBYX PasHBLIX TOYEK, OTCTOSUTMX APYT .OT
Apyra Ha oauH Hykieotha. CunThiBahme wndopMalMu C reHa Haum-
HACTCA €lle IO OKOHYaHHA CYHTBIBaHKA C reHoB J{ H E.

Mevkue $aru HCNIOMB3YIOT NEPEKPLIBAHHE FEHOB JUIS TOrO, YT00K!
B MAJICHEKOM I'€HOME BMECTHTE Gonbine HHpOopMaLyH,

Hawane penmvkauux

[T

Puc.9.10. Tenermdeckas kapra ¢ara X174. Byksamu
0603HA9EHBl  IeABI,  SAINTPHXOBAHHBIC  YYaCTKH  He
TpaHCKpUOMpPYIOTCS
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B nponecce pennmkanud Garosol opmouenoueuHod JIHK
PaxnTHUAIOT TPM 3Tana: BHavase Ha ¢darosoii JIHK-Matpuie ob6pasyercs
KOMIUIeMERTapHas e wMuHyc-nemb. B pesynbrare ¢opmupyerca
ABYXUENOYCYHBH NPOMEXYTOTHRIH NPOMYKT, NOJYYHBIIMH Ha3BaHHE
perummkaTuBROM opmul JTHK (PD). 3ta QpopMma CHyKUT MaTpuuel s
cunresa JIHK mupronnoro noromcrsa. Ha mmHyc-ltenu, xoropas
seasercs Gonee sdpexrupHOM MaTpHUEH, SeM NIIOC-LElb, ¢ YYacTHEM
JHK-nonaMepastt H wierodnbix GemxoB (E. coli) ocymectraserca
cunres daroeod JJHK no mexawmsMy Katsimerocs Kombiia. Ilpnu 3TOM
CHHTE3HDPYIOTCA TOJbKO opHouenodednnie JIHK (mwmoc-uenu). Ilenn
BKJTIOYAIOTCH B GeiikoBble 060/I04KH H OPMHUPYIOTCS 3peibie BHPHOHEL.
BricBOGOKAEHHE MX M3 KJIETKH HE CONPOBOXIACTCH €€ JIH3HCOM. JTO
00yCIOB/IEHO TeM, YTO haroBsie GEIKM pacnonaraloTca He B LIHTOILIA3ME,
a na [{IIM. B nepuon cospesanna ¢ara ero JHK Brmrankupacrcs w3
KISTKH W, Npoxoxs depes memOpaHy, onesaercs Genkoolt oGonoukoit.
Tax BpICBODOKIAETCA H3 KIETKH OTOMCTBO HUTEBHAHLIX daros.

9.3. PENPOAYKIIHSA BHPYCOB KHBOTHBIX

BupyChl JKMBOTHBIX, KaK H (ary, crnocobHe! K penpoaykiuu (or
anrn. reproduce - BocnponsBoncTo). Bo Bpema penponyxumm cuHTE3
HYKJICHHOBHIX KHCIOT M OCIKOB BHpYCa NPOWCXOAHMT pasobieHHo, B
PAa3HBIX YacTAX KJIETKH, 3aTeM ciieyer cOopka supHonos. Takoii cniocob
PEMPOAYKIIHH MONYYH HA3BAHHE JU3IBIOHKTHBHOTO.

B penpoaykitis BMpYCOB MKHMBOTHBIX, Kak H GaKTepii, 4HeTKO
BHIJICIETCS PS/T MOCNECAOBATEIbHEIX CTa M.

I cmadus - ancopbuus. Ilpouece HAYHHAETCA C TOrO, YTO MEXIY
y9acTkamu ancopOuMM (penenTopaMH) BHPHOHA H  DELENTOPAMH,
PacCTONOKEHHEIME HA TOBEPXHOCTH KJIETKH, OOpA3yIOTCsi HEKOBAIEHT-
Hble CBA3H. B pesynbrate BUpHOH aCcOpOHpYETCA HA MOBEPXHOCTHBIX
CTPYKTypax KJICTKH.

V pasHBIX BHPYCOB PElIENTOPH! HEOMMHAKOBEI 110 CBOEH FIPHPOZIE W
PAacCIONIOXKEHUIO HA BUPHOHE. TaxK, Y aeHOBHPYCOB PELIEIITOPAMH CITYXKaT
HHTH, paclio/IOKEHHbIE Ha BEPIIHHAX MKOCAadapa. ¥ CIONKHBIX BHPYCOB,
HMEIOHMX BHEIIHIO ©060N0tKy, peuenTopaMe SBISIOTCH MHOINOYMC-
JieHHBIE IIMNWKA M BOPCHHKH, KOTOPHIMM YCeAHa MOBEPXHOCTE
obonouxn.
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Ha noBepXHOCTH KIIETOK >KHBOTHBIX M YEJIOBEK2 TaKKe HMEIOTCH
passeie peuenTopHsie y9acTki. Hanpumep, penenTopryio GyHKUHIO AT
ancopbuuy MMKCOBHMPYCOB BBHINONHAIOT MYKONpOTeHMAN ObonouYex, ans
ancopOLUNH MHKOPHA- H apGOBHPYCOB — AMIIONPOTEHAN.

II emaous - NPOHHKHOBEHHE BHPYCa B KIEYKY X03HHA. B xnerku
JXKHBOTHBIX M [eJIOBEKA BHPYCbI npounxam p83HMMH Iy TAMH. OAHH H3
HHX - [TyTEM IHHOLHTO32 (BHPOrieKcHca), CYLIHOCTb KOTOPOrO COCTONT B
TOM, YTO B MecTe ancopbumm BHpYCa NPOHCXOAHT BIIAYHBAHHE
KnerouHoli MemOpaHbi, oBpasyercsi NHHOLMTApHAH BaKyONlb, 3aXBa-
THIBAIOIIAR BHPYC H (@IEPEHOCAWan» ero BHyTPh KIeTKH. BHPHOHSEI,
HMEIOMHE BHALIHION 0BOOUKy, CAMBAIOTCA C KISTOYHON MeMOpaHOH u
TakK MPOHHKAIOT B HTOMIa3My.

III cmaous - ocBOGOXKAEHHEe BHPYCHOM HYKIIEHMHOBOH KHCIOTH OT
KAancHaa, WK azaesanue» supyca. B ornuune or supycos Gakrepus,
BHPYCHI BBICIIMX OPTaHM3MOB LIETHKOM NPOHHKAIOT B kieTky. Ho cpa3sy
K€ TI0CIIe MX BHEAPEHNA NOJ AeHCTBHEM MPOTEONHTHYOCKHX (PePMEHTOB
KJIeTKH-XO3AMHA MPOHCXOAMT PaspyIueHHE Karcuaa, T. €. Pa3fesaHns
sHpyca. Hexoroprie BHPYCH HauHMHAIOT OCBOGOMAATECA OT KarcHaa BO
BpeMs CIMAHHUA BHPYCHOH M KIETOYHOH MeMOpaH, passieBaHHE APYTHX
MPOHCXOIUT B CHELHANHIUPOBAHHEIX CTPYKTYpax KJISTKH - JIM30COMAX,
SAEPHBIX Nopax B saepHoR MemOpawe, CTPykTypax annapara Ionbmicu.
B pesynerate pajneBaHus OCBODOKAAETCS AHYTPOHHMH KOMITOHEHT
BHPYCa, KOTOPBIH CrI0Co6eH Br3BaTh HH(PEKUHOHHEIH IPOLecC.

IV c¢maous - pennuKaunMs HYKIEHHOBbIX KHCIOT H CHHTE3
BHPYCHBIX 6enkos. IJTH mMPOLECCH HMEIOT CBOM crneumpuieckse
ocobennoctr y JJHK- 1 PHK-conepxxatumx sHpycos (CM. HHXKe).

V cmaous - cospepanme win cOopka pupuona. Cosperanne
BHPHOHA 33KITIONAETCS B CTPOro YTIOPSAOYSHHOM COSNHHEHHUH BHPYCHBIX
GenKkoB B HMX HyKNEHHOBBIX KHCAOT. DTOT CIOXKHBL M HeoOpaTumbiii
MPOLECC HAeT NYTEM MOMHMEPH3auHH OeNKoBHIX CYOBEAMHHL M HX
YNOPAAOYESHHONH  YKNAAKH  BOKPYr  HYKNEHHOBOH  KHCIOTH €
obpalosanmem xancupa. COopka OOHMX BHPYCOB, TakKHX Kak
MHKOPHABUPYCH, FOKCBHPYCH M GONMBLIUMHCTBO BHPYCOB PACTCHHH,
OCYLISCTRIIAETCA B LIHTOTUIA3ME KISTKH, APYTHE K¢, TAKHe KAK aAeHO-,
nanosa-, repriec- M MUKCOBupYChl, (opmupyioTcs B Azpe. Y mpocto
OpPTaHH30BaHHBIX BHPYCOB NPOLIECC CaMOCOOPKH, T. €. MPOLECC camo-
NPOH3BOABLHOIO COSAHHEHMA BHDYCHBIX HYKNEUHOBBIX KHMCIOT H Gernkos,
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COCTOMT B PACIONOKEHHR YMOPAAOYEHHBIX COSAHMEHHIT cyObeanHuL
Genka BOKPYT HyKNIEWHOBOH KHCIOTH. Boauane gopMupyroTcs npo-
BHPHOHEI, KOTOPHI® B pe3ynesTate MOAM(HKaLuii GenkoB npespaniaioTcs
5 BupHOHbl. CEOpKa CNOKHO YCTPOGHHBIX BHPYCOB OCYLUECTBINETCH
MHOTOCTYNEHYATO, B HEH NPHHHMAIOT YYACTHE KIETOMHBIE CTPYKTYPHI,
SAePHAA B LHTONNA3MATHYCCKAN MeMOpDaHbl, KyNa HE3aBHCHMO APyr OT
ApyTa npHOBIBAIOT BCE KOMITOHEHTH BHPYCHOMR uacTHub. TIpH BhiXOze M3
KJIETKH 3TH BUPYCH! NPHOCPETAIOT HAPYXHYIO OBOMOMKY ~ CyTISPKATICHA.

VI cmadus - seixonm BHpHOHOB M3 KneTkH xosamHa. [locne
3aBEPLIEHHA COOPKM 3peNbieé BHPYCHbI€ HACTHLB NOKHIAOT KIETKY.
10T NPOLECC Y PazHBIX BHPYCOB OCYWIECTBIAETCH MO-PA3HOMY.
BombLUHHCTBO MPOCTO yCTPOSHHBIX BHPYCOB (MIMKOPHA-, Peo-, MapBo-,
a0eHOBHPYCH) OCBODOMIAIOTCA H3 KIETKH B PE3yNbTarte paspyLieHHs
MeMOpaHbi, OecTpykuuH KieTku. CIOKHO YCTPOSHHBIE BHPYSH
ocBoboxaaloTc nytem mouxkosanmsA. Hanpevep, BHPHOHBI reprieca
NPOHHKAIOT B LMTO-NMAA3MATAYECKYIO BaKyollb H C €€ IOMOLIbIO
BBIBOIATCA M3 Krnetkd. Ilpu 3TOM KeTka HeKOTOpOe BPEMA COXPAHACT
MKH3HECHIOCOOHOCTS H NPOMYLHPYET BUPYCHOS NOTOMCTEO.

JAHK-copepxainne BaApychl. Permkaums resoma JIHK-conep-
)amyx BHpycoB ocywecrsnsercs JJHK-nonumepazamm kax xneTku-
XO3AHHA, T2K H BHPYCHOH YacTHLbL.

VY supycos ¢ msyxuenosedro JHK renerndeckas vmdopmanus
Ppeanu3yeTcs TOM K8 ITyTeM, YTO H Y KJIETOYHBIX OPraHu3MOB’

TPAHCKPHITUHA TPAHCIIALHA
JHK — 3y yPHK —————— Benok

PazBaTHE BHpYCa HAa“HHAETCH C TPAHCKPHILHH PAHHUX TIEHOB,
OTBETCTBEHHBIX 32 CHHTe3 (EpMeHTOB ((PaHHMX» BMPYCHBIX Genxos),
HeobxomuMbIX AN peruimkanuy supycroi JTHK.

BHpycH, PENPONYKLHA KOTOPBIX MPOMCXOAHMT B AOPE KIETKH,
MCHONB3YIOT UIA TPAHCKPUIIUMH KIETOUHYIO mMOJHMepasy (namoeo-
BHPYCHI, 83CHOBHPYCHI, BHPYCH reprnieca). JIpyrue »ke, KaK NOKCBHPYCH!
(BHpYCHl OCHIBI), MPHAOBHPYCH (BMPYCH JIATYLIEK), PenpOAyKLHs
KOTOPHIX OCYINECTBJISIETCA B LMTOMNA3Me, HE MOFYT HCHOMb30BATH
tepMenT, HaxomMwniics B sape. OHM comepikar coBcreennyro JHK-
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NONUMEpasy, KOTOpas B COCTaBe BUPHOHA NPOHHKACT B KIETKY M
YUYACTBYET B TPAHCKPHIIIUH BHPYCHOIO TeHOMA.

O6pazoeasmascs uPHK TpaHcnHpyercs pubGOCOMAMM KJIETKH-
X037uHa B BHpycocnenHprdeckue QepMeHTH, ObecnedHBaIONIHE PEILIH-
xaumio supycsoii JJHK. B pesynerare obpasyercs «donn» JIHK,
HMCnonb3yemblit s GopMHpOBaHHME BHUPYCHBIX wYacTHL. Pernmmxauus
BupycHo# JTHK uzeTt ro oGbIMHOMY NOXyKOHCEPBATHBHOMY MEXAHU3MY.

Ipun periuxanyu  omuonurebix JIHK sHauaie NPOMCXOIMT
ofpasoBanHie ABYHHTEBHIX (OpPM, KOTOPHIE ABJIAIOTCA NMPOMENYTOIHBIMH
PENVIHKATHBHBIMM (opmamu. B fanbHeiieM ouM CiayXar MaTPHLAMK
1A CHHTE3a BHPYCHBIX omHonnTessix JIHK.

PHK-coaep:xamuae BHpPYChi. Perummxauys HyKI€HHOBOH KHCIOTHE
PHK-comepxammx BHPYCOB MMEET psiji OCOGEHHOCTel, CBA3AHHBIX C TEM,
49T0 B Ki€TKax-xo3seBax Her depmentoB mia curresa PHK B PHK-
matprie. [lostomy PHK-comepkamme sHpycol B nensx oOeCHEuCHHA
coBeTBeHHOM penpoNyKUME JOIDKHE! HECTH reHeTHYecKylo HHbopManuio
s cunTtesa PHK-zasrcumoli-PHK-nommumepassr (PHK-penmmkassl) u
PHK-3asucumMoit-[THK-nonnmepasst (06paTHOlH TpaHCKPHTITa3bl).

Penpoxyiuus PHK-coaepkatimx BHpYCOB TaKke HAYHHAETCH C
cHuTesa Matpuanoif PHK, xoropas tpamcmmpyerca puGocomamu c
obpazoBaHHeM (EpMEHTOB PpCIUIMKALHA W KancHaHeix Oeskos. B
3aBHCHMOCTH  OT

(<) PAR (2)pax
NPHHAUIEKHOCTH
2 3 BHpyca K TOH HJH
:aﬂnonupyeu Peosvpycu MHOH [pynne CHH-
i Te3 MPHK mMoxer
OCYIXECTBIATLCA
€o) PHK > (=€ PHK-—{Go) wPHK | (2) RHE-+—(-) RHK——Ce) PEK PaSHEIMH - TIYTAMH,
mncpo;aaupycu mp:m”“ HzsecTHO HEThIpe

MYTH BBIPAXCHHA
resos PHK-copep-

HKaLex BHPYCOB
(pHe. 9.11).
MuxopuasEpycsl (0T pico - ManeHbkHi, RNA - puboHyk-
neHHoBas KucJoTa) - rpynna menkHx PHK-comepkammx Bupycos.
FenoM copmepxuT OOHY Monexyny ofHouenodedHoit (+H)PHK (mmoc-
uens). OHa OKpykeHa uxocasnpiueckolt Genkopodt  oBonoyxoi.

Puc.9.11. ITytu Beipaxenns reaos PHK-conepikaimmx
BHPYCOB
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IlpencraBMTensMid  SABJIAIOTCA BHPYC TONHOMMEIHMTA, PHHOBHPYC
(BeI3BIBACT OOBIYHOE MpocTyaHOe 3aGonepanne), Bupyc guypa. ¥V nm-
kxopHaBapycos PHK BupnoHa BHIIONHAST pOJib MATPHLBI VIS CHHTE3a
BupycHoro Genka. IlomaB B KNETKY-XO34MHA, OHa OCBOOOXaeTcs W3
Kancuza w cpasy TpaHcaupyercsi puOocomamu ¢ obpasosammem
THraHTCKOrO NMOJMIENTHA - NPEAIECTBCHHUKA BHPYCHBIX Ge/lkoB. DTOT
MOMHIENTHA Pa3pe3acTcs NpoTeasaMH KIIETKH-XO3MHHA Ha HEeCKONbLKO
supycocnelpuyeckux GekoB, CpeaM KOTOpHIX HMEIOTCH  Genkd
kancuzaa H PHK-pennnkasa. Jror ¢epmenT cunTesHpyer (—) uenH PHK
Ha matpuue (+)PHK suprouna. (-)PHK B cpoo odepens  CIy»uT
MaTpHueH /1A CHHTe3a MHOXECTBa (+) Lienel, KOTOpBIe HCTIONL3YIOTCH B
CcHHTe3e OeTKa HIH YKNaIbIBalOTCH B KANCH/B! H IAI0T HOBHIE BHPHOHNL.
Paboosupyce: (or rhabdo -nanouxa) - rpynna Kpynaeix BHpYCOB,
HANOMHHAOUMX 10 ¢opme mymo. ['eHomM npeacraBned oOAHOM
MoeKyso#t opHouenoveuHoit (—)PHK, koropas ynoxeHa B CUpasiHbIH
Kanmcun. Kamcun  nokpeit  nBycnoiiHol  nmrmaHoR  memOpawoil.
TpencTaBHTENIMyU SBJISIOTCS BHPYC BEIHKYJHPHOTO CTOMATHTAa M BHPYC
GemerictBa. B cocrase BupHoHa coftepiuTcs depment PHK-pernukasa.
Onnouenoueunan (—)PHK srprona He Moxer ciyurTh MaTtpHueH s
CHHTe3a BHpYCHbIX Gesikon. T103TOMY nepBbiM 3TanoM KCNPECCHH FEHOB
(-)PHK sBnsercs cuures (+)PHK. 3ror npouecc ocymectsaser
supycHas PHK-pennukasza. B cnyuae Bupyca Be3HKyJIAPHONO CTOMATHTA
¢ resomioii PHK BHpyca TpaHCKpHOHpYETCH NATH MOHOLIMCTPOHHBIX
MPHK (mououmcTpoH - nocnenoBatenshocTs B JIHK, koaupyomas onue
NIO/IMNENTHA), KOTOpLIE TPAHCIMPYIOTCH pubocoMaMu ¢ 06paszopaHHem
MATH BHPYCHBIX O€/IKOB, BXOIAUMX B COCTAB KANCHAA, IUMIOB, MeMb-
pansl. BupnonHas PHK-pennmkasa CHHTesmpyer Takke H JUIHHHYIO
uens (+)PHK, conepxaiuryio scio reserideckyio HHGopManuio supyca.
Ota (+)PHK B CcBOIO Odepenb CIY)XHT marpuuieli 1ns curresa (-)PHK,
KOTOpBI® HCHIONB3YIOTCH 4115 (POPMHPOBAHHSA HOBBIX BUPYCHBIX YaCTHIL-
PaGnoBHMpyChl BXOIAT B IPYTIIY BHPYCOB C HETATHBHBIM F€HOMOM.
Taxoe ma3BaHWe OHH NONYUHIH 33 TO, yro PHK BHpHOHOE naxe ¢
BBICOKOH MoneKynsproli Maccoii He obnanaer MHGEKUHOHHOCTHIO. JTO
ofycnoeneHo TeM, 4To paGmoBHpyckl comepxar MMHyc-en» PHK,
Koropas B orcyrcreue PHK-pennakasel He cnocobua k peruukaipmu. Kax
OTMEYaloCh  BbIILiE, 3TOT (epMeHT colepxutcs B BHpuome. s
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TIPOABNIEHHA HMH(PEKUHOHHOCTH HEOOXOAHMO HHPHUMPOBAHHE KIETKH-
XO39HHA LIEJIOCTHBIM BHPHOHOM.

Peosupyce (0T nepebix Gyke aHrn. cnos respiratory enterie
orphan, uTo O3Ha4aeT IHTEPO-PECHHPATOPHBIN BHPYC-CHPOTa, T. €. «HE
NPHCTPOSHHBIH» HH K Kakoil Oome3sHM) - KPYMHHE, 4YacTo
BCTpEHAIOIMECA BUPYCH, HO ABHNX OonesHed He Bmi3biBaror. I'eriom
pEOBHPYCOB COCTOHT K3 10 paiTHYHBIX MONEKyn ABYXUEMOYe4HEIX
(HPHK, 3aKmoYEHHHBIX B MKOCA3APHYECKHIl KarCHA, He COnepKaImmi
oBonouxn. PHK resHoma accouumnpopana ¢ 6enkamu. B Bupuoue Taioke
conepxurcss PHK-pennnkasa. IpoHHMKHYB B KIETKY-XO3AMHA, BMPHOH
ocBoBOkaeTcs or kancuza. Fro aktuempyer PHK-perumuxasy w oma
HayuHAeT TpaHcKpubupoears Bee 10 monekyn PHK ® (+)MPHK).
TpaHCKPHILIMA HAET ACUMMETPUYHO - TONBKO ¢ obpasoranuem (+)MPHK
(«muHycoBbie» wern He obpaayiorcs). HMcxomumie wenn (H)PHK
pazpywarorcs. Kaxcaas u3 10 sHoBe oBpaszoBannbix MPHK gpaer mpH
TpaHcnsmy onuH Genok. B wrore obpazyercs 10 pasuux Genkos. 3arem
Bce 10 MPHK COSAMHMIOTCH C HEKOTOPHIMM BHMPYCHBIMH OenkaMu M
o0pasyloT NpeAmecTBeHHUK CEPALUCBHHbBI BHPHOHA, B KOTOPOM CHHTS-
3UPYIOTCA KoMmieMenTapHule Matpuanbie PHK munyc-uenn, B pesysns-
Tate wero (opMHpYIOTCH AByxuenoueunnle monexynm PHK eupycos
3TOH rpynmnbl.

Perporupycnt  (oT anrn. reverse transcriptase - obparHas
TpaHckpurrraza) - PHK-comepxamme omyxonepoamsie BHpycm. 310
eHHCTBeHHas rpynnma w3 unrcna PHK-comepxammx  Bupycos,
MPEACTABHTENH KOTOPOH cnocobum Bbi3siBaTh pax. MasecTHbiMu
NPEACTABUTENAMH PETPOBHPYCOB SBJIAETCS BUPYC Capxkomsl Payca,
orkputeiii IT. Paycom B 1911 r. npH u3y4eHMH 3THONOrHH OIMYXOAH
COSHAHHHTENTBMON TKaHH Kyp. OH nokaszan, YTO mpUroToBNGHHWH H3
ormyxon# GecKkneToHHIH 3KCTPAKT, NPOMYISHHHI Yepes GaKTepHATBHBIH
GunBTp, NpH BBEAEHHMH 3NOPOBBIM LBITUIATAM BHI3BIBAET Y HHX
obpasosanue TakoH ke onyxomu. Brno ouesmammo, uwTo onyxons
BBI3BIBACTCA BHPYCOM.

FeHom peTpOBHpYCOR mNpPEACTABIEH JABYMS OXHHAKOBBIMU
monexynamu oxnouenoyeanoll (+)PHK, koroprie saxmodeHN B Kancup
HKOCa’ApHYecKoH (popmul. Kancua okpyxeHr obanoukoH, cocTosmei H3
MOJIEKYJ1 TIHMKONpPOTSHHA, KOAMPYEMOrO BHDYCOM, U JBYCIOHHOH
TIHITHAHOH MeMOGpaH L, IPOHCXOAALIEH 13 MOMOPaHE KIeTKH-X03iHHa. B
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BHPDHOHE COMGPXHTCA crmendrdecknit (epMeHT, HEOOXOAHMBIN AMA
PenpoaykunH BHpyca - o0paTHas TPaHCKPHNTA3a, OTKpsITas TeMHuHnM 1
Bamrumopom (se3asucumo apyr or apyra) B 1970 r. OcobeHHOCTS 3TOr0
depMenTa COCTOMT B TOM, YTO OH OCYWIECTBASET OOpaTHyIO
Tpanckpuniio PHK — JTHK, 1. e. cunTesupyer asycnupamsuyio JHK,
HCTIONb3yA B KauecTse MatpHum (+)PHK BuproHa.

Tlocne NpOHHKHOBEHMA BHPHOHA B KNeTky BupycHas (+)PHK
ocsoboxknaerca or obonoukn. 3arem oOpaTHas TPAHCKPUNTA3A HCHOTb-
syer BupuonHyio PHK kax matpuuy m cumresumpyer (—uerme AHK.
OGpasyercs rubpuanas monekyna JIHK: ogna uers - PHK BuprHoHa,
Apyras - BHOBb cHHTesmpoBanmas uens JHK. Jrtor xe Qepment
pacwmennser yenk BupronHoii PHK B ruGpuanoit monekyne PHK-JHK
(puc.9.12). IMocne 3Toro oGpaTHas TPBHCKPHITTA32 CHHTEIUPYST BTOPYIO
KOMIUIeMeHTapHyi0 Lens mnpoeupycHoii JIHK, marpuueii cmyxwur
ocraewmancs neppas permb JHK. Taxum obpaizom, obpartHas TpaHCk-

Puc9.12. Cuures OHK no PHK-marpuue c

MOMOIIBIO obpaTHoi TPAHCKPHITA3EL
1 - eupycras PHK; 2 - zubpud JHK-PHK: 3-
JHK-mpancxpunm eupycron PHK; 4 -
ogyxyenovennas eupycras JHK

pHITAa’a  OCYLIECTBNACT TPH MOCIENOBaTebHbie peakuun: PHK-
3asucumelii cuaTes JHK, ruaponus PHK uw JIHK-3aBucHMBIE cHHTE3
AHK. B pesynsraTe obpasyerca JJHK-conepxamuii npoBupyc, KOTOpKIit
HBMIRETCS MPOMEXNYTOUHOH (POPMOIi B PErIHKALITH OHKOF@HHEIX BHPYCOB.
Ofpasoeasmasca neycnupamsmas npoedpycHas JIHK nepexomur B
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KONMbLIEBYIO (opMy, NPOHHKAeT B SAPO KJIETKHM M HHTSIPHPYET ¢
xpomocomuoit JJHK. Ilocne umeTerpauwy HawMHaercs TPAHCKPUNLHAL
JHK-npoeupyca, koropas ocymectsasercs PHK-nonumepasoit, orsercr-
BeHHOI 3a cuntes MPHK B xnerxe. INepBHYHBIM TPAHCKPHIITOM ABNIASTCA
35S PHK, cunrsisaemas ¢ munyc-uend JHK-nposupyca. Ita we PHK
ABJIAETCA H MATPHUEH IUIS CHHTe3a BUPHOHHEIX Benxos.

DopMHPOBAHHE BHPHOHOB MPOHCXOAMT Ha KIETOYHOH MeMOpaHe
nyreM noukosaHud. [lpu 3tom, remomHas PHK u BupycHbie Genku
nepeMeIarTCi K TA3MATHYECKOH MeMGpaue H BIKMOYAIOTCA B HeEeE.
3aTem uacTh H3IMEHEHHOM MeMGpaHBl OTTIOYKOBBIBAETCE H obpasyer
HOBbI€ BHMPYCHBI® HACTHLb, KOTOpble MOIryT HH(}UIHMPOBATL HOBhIE
ierkd. B otnmuumne or urdexumu onxorennsimu JIHK-copepiaimmmu
BMPYCaMH MPOAYKTHBHAA PETPOBHPYCHas HH(EKUHA HE ABIACTCA
nuTHueckoil. PerpoBupycel OBeMHO He yOMBaioT KieTok-xo3dseB. Pix
JAHK ocraercs B reHoMe 3apaKeHHOM KIETKH, HHTerpHpOBaHHAA -
peruisuMpyeTca Bmecte ¢ knerouroit JIHK, mostoMy poueprmne kneTkH
HBCNEAYIOT BHPYCHbI reHoMm. Taxkue BHPYCHl HA3HBAIOTCA 3SHAOC-
reHHbiMH. Bupychas wnexums Ha YpPOBHE KIeTKH M Ha YDOBHe
NONyNAUHH HOCHT XPOHHYeckui xapaxrep. IlpH 3TOM, 3apaXkeHHBI®
KJIeTKH MOTyT NOABEpraTeCs MOpPQONOruyeckuM H (PHIHONOrHYECKHM
H3IMEHEHHAM, MOARGHLMPOBATLCSH, T. €. TPHOOpeTaTs PHA HOBHIX
HAaCNGACTBOHHBIX CBOHCTB, B TOM YHCI® H CTOCOGHOCTh K HEOrpaHu-
yeHHOMY pocty. Momnbuimposannse kieTku ofpasyioT O4arn aKTus-
HO JENAMXCA KJIETOK, KOTOpbIE MMOO MpPeBpaljaloTcs B OMYXOJEBHIE,
OO ABNAIOTCA CTafMeH HA MYTH NPEBPAlNeHHA HOPMANDBHOH KJIETKH B
onyxoneeyro. Ho Tonbko HemMHOrHe WTAMME OHKOreHHBIX BHPYCOB
CnocobHM BEIBHBATE TPAaHCHOPMALMFIO KIETOK. BOMBIIMHCTBO M3 HUX
ABIMOTCH AePEKTHRIMH - HECYT MOBPEXIEHHS B OTHOM H3 '¢HOB MeHOMA.

lesiom PHK-copeprxaumix OmMyxoOneBhIX BHPYCOB, B TOM HHCHe H
BHpyca capkoMe! Payca, conep)xHT yeThpe reHa.

len gag KomMpyeT CHHTe3 BHYTPEHHMHX OeiIKoB - Ipymno-
cnenmHYecKHX AHTHIEHOB, red pol Koaupyer ofpaTHYIO TpaHCK-
pHNTaly, reH env KOAHPYeT IIMKONPOTEHAR ODONOUKH, HeoOXoAWNMELe
ANS MPHKPEIUIeHHS BHPYCa K NOBEPXHOCTH KJIETKH-XO3SHMHA, reH Src
(OHKOreH) - OTBEUAET HCKIIOYMTONLHO 33 TPaHCPOPMALHIO KIETKH.
MyraHThl, MMEEHHBE TeHa Src (OT BHIN. Sarcoma), MOryT HOPMajabHO
pasMHOXATHCA, HO He CrocoOHE BRI3BaTh TpaHchopmaumro. B To xe
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BPEMS, MCTIONb3Ys HIIb OAVH FeH STC, MOXKHO BbI3BaTh TPAHC(HOPMALIUIO
KJIETOK H 0Opa3oBaHHE OITyXOIH, T. €. 5o/bImAasn YacTh BUPYCHONO reHoMa
B 3TOM HE NMPMHHMAET YYaCTHS.

PHK-conepxawmme Bupycel oOnajaior Oonee CHIBHBIM TpPAHC-
¢dopmupyrommm  peficrenem, wem JIHK-conepkamue, a B npemenax
rpyrmat PHK-cogeprxamux perpoerpycoB - HamnGonee 3ddexTHBHE
EHPYChI CapKOM. YV HHX IUHPOKMI KPYT XO356B M OHM TPaHC(HOPMHpPYIOT
MHOXECTBO THNOB Kierok (Gubpobnacts, muobnacrel, 3mmTenmit
pazyxHOH 0DONIOYKH M ADYTHE). )

MexaHu3M neliCTBHSA NPOAYKTOB OMYXONEBRIX EHOB OHKOTSHHBIX
BHPYCOB €I0€ HE M3BECTeH. YCTAHOB/EHO, YTO MPOAYKT FEHa SIC BHpyca
capkomei [1. Payca sniseTcsa NPOTeHHKHHA30M - epPMEHTOM, KOTOpHIil, B
OTrHuMe OT APYTHX KHHA3, docopunupyer Genku He nO TPEOHHMHY H
CEpHHY, a MO THPO3HHY. JTO OAHA M3 M3BECTHBIX OCOGEHHOCTEH
npomyKkTa, Koaupyemoro reHom src. Hackombko 3HauwTenbHa 9Ta
0OCOBEHHOCTD B 0OPA30BAHMH OMYXONEH - NOKa HEH3BECTHO.

K perpoeupycam orHocutes w Bo3Bymarens CITHM[a - eupyc
“MMyHoae(HuKTa yenosexa, hnn BHY. Fenom BHY npeacrasnes PHK,
nOpudeM, B 33PAXKEHHBIX KJIETKAX BBIABJICHO TPH KNacca BHPYCCRELH-
duueckux PHK ¢ pasHoit monexynsapHo#H Maccoii.

Perummkauns PHK npoxonmr 1epes crazmo ofpesosanus JHK-
TPAHCKPHIITA, KOTOPHIH HHTErpHpyeTca C reHomoM knetku. BUU xoporno
penpoayunpyercs B T-numomrax yenosexa.

9.4. IPOTHBOBHPYCHEIHi HUMMYHHTET. HHTEPGEPOH

HeBOCPHHMUMBOCTD OPraHHM3Ma K BHMPYCHBIM  HH(EKIMAM
COCTaBNfeT CYLIHOCTh MPOTHBOBHPYCHOrO MMMyHHTeTa. B OTnMume ot
OaKTepHANBLHOrO BHPYCHBRINT HMMYHHTET HMEET CBOH OCODEHHOCTH,
ofycnoenernbie cneunduioii BHPYCOB Kak Bo3OymuTeneii Mmpek-
LIHOHHBIX 3300neBaHHi.

Pasnp4aror rymopansHEl M KJICTOMHBIN  [POTHBOBMPYCHEIH
nvmyHuTer. ['yMopanbHmii pMMysuTeT oOBecrmeuMBaeTcs HeHTpamH-
3auueli  MHQEKUMOHHOH AaKTMBHOCTH BHpyca  crieumdemeckumu
MMMYHOrNOOYMHAMY - aHTHTeNaMM, KOTOpHE BupabaTHIBAIOTCA B
MaKpoOpranu3Me B OTBET Ha BHeapenue Bupyca. Heiitpanusauus
OCYLIECTBIISETCS MYyTeM HeOGPaTHMBIX KOHQOPMALMOHHBIX H3MEHEHMI
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CTPYKTYphi Geikos BHPHOHE Y CAOKHO YCTPOCHHBIX BHPYCOB, B
OCHOBHOM TJTHKOIIPOTEHIOB, M/ myTeM GIOKABI aHTHTEIAMH BHPYCHBIX
npMKpenuTenbHbiX Genko. B nocneanem ciydae aHTHTENa CBA3LIBAIOTCA
¢ @HTHBHPYCHOM WacTHLeH H mpenoTBpalIaloT TaKHM o0pasoM
NpHKPEIUIeHHe BHPHOHOB K PELIENTOPAM KJIETKM.

Bonee BaxHyi0 poOJik @pH BHPYCHBIX MHOEKIHAX Mrpaer
KJICTOMHBIH MMMYHHTET, KoTophi#i oGecneunsalor T-mamdoumTel. OnK
pacroZHAIOT 3aPaXeHHYI0 BHPYCOM KJIETKY B OPraHM3Me H BLI3bIRAIOT €e
rubenis  (uMTonMs). B pesynsrare opraHMsm ocsoboxpaercs  oT
3aPAKEHHBIX KIETOK, NPOAYUMPYIOMMX HHOEKIHOHHOE BHPYCHOS
TIOTOMCTBO.

BecbMa CymiecTBeHHBIM B NPOTHBOBHPDYCHOM MMMYHHTETE
spiserca nclicreue Makpodaros. OHM YuYacTBYIOT B pacnoO3HaBAaHHH
BHpYCa, KaK aHTHIeHa, peryasauun npoaudepanyn n auddepeHnHposKH
numpOLMTOB, NPHHEMAIOT aKTHBHOE Y9aCTHE B Ppa3pylleHHM H
yOANEHUM M3 OpraHu3Ma 4Y)XXepONHBIX AHTHreHoB. LlMTOTaKCH4ecKas
AKTHBHOCT, MaxpoaroB HocuT HecnenMpudeckuii Xapakrep H
MPOABNACTCA Ha PaHHHX CTAAMAX HH(EKIIHOHHOTO MPOLecca.

HMurepdepon. Hapany ¢  UMTONMTHYECKHM  AEHCTBHEM
numMpoLHTOB B MakpobaroB kK ocHOBHBIM (haKTopaM, cnocobCTBYIOLMM
H30aBICHUIO OPraHU3Ma OT BHPYCHOH HMHGQEKIHMN, OTHOCMTCA HHTEep-
depon, orxpurteiil A. Afisekcom u XK. Jlunaemadom B 1957 r.

Hurepdepon (or nart. interfere - npensTcTBOBaTE) NMpENCTABIAET
coGoM Ipymiy HH3KOMONEKYAPHbIX OEKOB C MONEKYNSpHOH maccol
22x10* - 94x10* paneToH. OHY MPOAYUMPYIOTCA PAIMIHBIMA KIETKAMH
MaKpOOpraHu3Ma H KyHIbTypol KIETOK Ipn HHQHUMPOBAHMM HX
moOpiMH  Bupycamn. OGpasosaHHe HHTephEpOMB  MHIYLMpYeTCH
BHPYCHOM HYKIEMHOBOM KHCNOTOHM, npuueM, GConee AKTHBHBIM
uHIyKTOpoM sBisieTca asyxuenodeunas PHK. HMuayxropamu mHTEp-
epora, Kpome BHPYCOB, MOryT ObiTh MHOTHE MHUKDOOPraHH3MBI H HX
TOKCHHE!, RpocTeiiluMe, 3KCTPaKThl M3 rpHOOB, pacTeHHdi, a TaKke
HEKOTOpHIE CHHTETHYECKHE COCAMHENHA, TaKHe KaK NOMHKApOOKCHNATEI,
monuCynibGaThl, NEKCTPAHb! H MEOTHE PYTHE BELIECTBA.

Paanuuaior Tpu THRA HHTEpdEpOHa YeNloBeKa: O-HHTEPHEPOH, WY
nefikouMTapHEIH HHTEpGHEPOH, KOTOPBIH MpPOAYLHpYeTCA nelKOLUTaMH,
06paGoTaHHEIME HHAYKTOpaMH, B-umHTepdepoH, unn (uOpoONacTHLIH
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AHTepdEepoH, KOTOpEI nponyuxpyerca pubpobnactamMu, y-uHTepdepon,
WM HMMYHHBIH, npoayuupyerca T-numdountamu u asnserca sanbonee
CHJILHBIM, HEM JIBA NMPEABIAYILMX THIA.

Hurtepdepon He obnajgaer BHpycocnemuduanoctsio. OH  3dibex-
THBEH NPOTHB CaMBIX pa3’HOOOpaszHHIX BUpycos. Cam no cebe oH He
BUIHAEeT Ha PENpolyKUMIO BHPYCOB, a MHAyLMpyeT oOpazoBaHHMe H
AKTHBHOCTb (JEPMEHTOB, KOTOPBIE PA3HBIMH ITYTAMH MHIHOMpYIOT CHHTES
Gemxa. K TakuMm ¢depmeHTAM OTHOCHTCA ONHIOHYKIIEOTHI-CHHTETA3a,
HJIoHYyKIea3a M kuHala. [Tpymuun pelicTBua Mx rokasaH ma puc. 9.13.
OnHroHyKIeOTH/-CHHTeTa3a o6pasyeT 2,5-OlHroa/ieHIIOBYI0 KHCHOTY,
KOTOpas  aKTHBHpyer 3HuoHykiealy. [Ilocnemusa  ocymiecTmiser
pacmeruienne HPHK Ha HykneoTH/bl, npegoTspamas €€ TPAHCIALHIO M
CHHTE3 BUPYCHOTO Oevtka.

Hureppepon

-+

AByxuenoveusag PHK

LN

Cuvteraza HeakrusHas Ha s
A1% m ®iHaza — KMHAZ2
AT MO /
Heakruawas
HyKneasa Bawop Farvop
1 MHULRA iamanu( P
AxTheMan ofF =2 Ame AN obF 2
MyKneasa Axryeunit Huaxruaupo-
I BAKHEH
MPHH—— o Hyxreomyun

Puc.9.13. Cxema murubupytomero nedcrsua (epMeHTOB, axTH-
BHPOBAHHBIX MHTEplepOHOM Ha CHHTe3 Genka (A. Jlpadep, 1985):
A - pacwyernenue mampuunoii JHK; B - noo. ue puayuu
curmesa benxka

HeticTBre aKkTHBHPOBAHHOK MPOTEHHKHHA3HI BRIPAXKAETCA B TOM,
YTO OHA MHAKTHBHMpYeT oJiuH M3 dakropor (elF-2) uHuiHauuy cuHTe3a
BupycHoro Genka myrem ero ¢dochopumposanus. B pesynbrate
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6nokupyerca Tpancnauma supycHsix HPHK. Taxum cnocobom HiTep-
(epoH 3alMIIAeT KIIETKH OT PErpOAYKUHMH B HMX BHMPYCHBIX YaCTHILL
Axrusauns bepMenToB, GNOKHPYIOWHX PENPOAYKLMIO BHPYCOB, IPOHC-
XOANT He TOMBLKO B TEX KJIETKaX, rae obpasyercs uHTEpdepoH, HO U B
COCeAHHX, Kyma oH aubdyHaupyer. 3TO mnpensTcTByeT pacmpocT-
PAHEHHIO BHDPYCa B OPraHH3Me.

Bnokuposanne HHTep GEPOHOM CTAAHH HHULMALMH TPAHCIALHM H
paspywenue BHpyCHRX MPHK oOOGycnoBnHBaiOT ero yHHBEPCANBHBIH
MEXAHH3M AEHCTBHA NMPH HHQPEKUNAX, BHIZBAHHBIX BHPYCaMH C pa3HmM
TFeHOTHYOCKHM MATOPHAIIOM.

OcoGeHHOCTBIO MHTepdepoHa SBISeTCA €ro BHAOTKAHERas
cnenubuunocts. Hanpumep, wemomeueckuit umtepdepoH axTusen
TONbKO B OPraHH3Me “IeJIOBEKA H HE MPOSABJIAET CBOSIO AHTHBHPYCHOTO
HeHCTBHA B OPraHH3Me >XHBOTHWX, a HHTepdepon, obpasyroumpiica B
KIETKAX XKHBOTHBIX, He ({YHKUHMOHHDYeT B OpPraHH3IMe HeNoBeka. ITo
3aTPYAHSAET MPOMABOACTEO NPENapaTa B 3HAYHTANILHBIX KOIIHYECTBaXx.

Hrrepdepon nomysaior u3 neiikOLIHTOB KPOBH YENOBEKA H KIIETOK
KOCTHOr0 Mo3ra. B HacTosiiee BpeMs METOAAMH T'eHHOH HHKOHEPHH
YAJIOCh NMEPeHECTH TeHn HHTep(epoHa H3 NEHKOUHTOB KPOBH HENOBO-
Ka B knerxu Gakrepun E. coli B Takum nyTeM CKOHCTPYHPOBATH LUTAMM
KHINEYHO#H NanoYKH, NPOXYLHPYIOmeH NeAKOLHTapHbI# MHTEpdEpOH.
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IT'nasa 10
IEHETHKA BAKTEPHNA

Fenernka (OT nat. geneticos - NPOHCXOXHEHHE, POXICHHE) -
HayKa O HACNeACTBEHHOCTH M H3MEHYMBOCTH OPraHH3MOB - H3y4aer
MEXaHH3MB! MePeAat i reHeTH4ecKol MH(opMaLMH;, aHANHINPYET MeXa-
HH3MBI, KOTOPBEIE KOHTPONMPYIOT Pa3sBHTHE H MPOABNEHHE MEPENaHHOR
nugopmauuu (CBOACTB, MAH MPHIHAKOB); HCCIELYET 3aKOHOMEPHOCTH
H3MEHEHNA CBOHCTB OPraHn3Ma.

Tonom poxnenuns resHervku cuurtaerca 1900-#, xoTs OCHOBHEIE
3aKOHB! reHeTHKH Onlnn oTkpeiTH B 1865 r, I'peropom Menaenem, HO B
TéYeHHe 35 NeT OHM OCTaBalMCh HEH3BECTHBIMU Jisi 6Honoroe. Ha
MPHMEPE TOPOXa OH YCTAHOBEUT OOLUHE 3aKOHOMEPHOCTH HACIEHOBAHHSA
MPH3HAKOB, CHOPMYTHPOBANT KOHUEMLMIO, COIJIACHO KOTOPOH KaXKIbli
MPHM3HAK KOHTPONHPYETCA POAMUTENBCKHMH TeHaMH, KaK MATePHAbHOR
€ANHHIEeH HACISACTBOHHOCTH, OTBETCTBEHHBIMH 33 IEePenayy MpH3HAKOB
H3 MOKONEHHA B NOKOJIEHHe, H 3aJIOXHJI OCHOBH IHOPHIONOrHYECKOro
aHanp3a.

HccnepoBarns B ©o6NacTH reHETHKH MHKPOOPraHH3MOB CTajH
MPOBOAHTECA 3HAYHTENBHO TO3KE, HEeM IeHeTHKH MaKpPOOPraHH3MOB.
Hauano 6mio nonoxkeno B 40-x romax XX B. KIaCCHYECKUMH
akcnepumenTtamu I Bugina v 3. Taryma (CHIA) no nonyyeHuro u aHa-
M3y HHIYUHMPOBAaHHBIX MyTaumi y rpuba Neurospora crassa. Pesymn-
TaThH IJKCIEPHMEHTOB TMO3BOJIHIIM MM CHOPMYITUPOBATh KOHLEILIHIO
«OOMH tel, - ONuH (GepMeRT», UTO MOCYMCHIO OCHOBOH AN Pa3BHTHA
OHMOXHMHYECKOH TIEeHETHKH, H3y4aiolleH MEXaHH3MB TreHEeTHYECKOro
KOHTPONA KNeTouHOro metabonHima. Bekope MHKPOOPraHHaMEI 3aHATH
BEAYLLOE MECTO B FeHETHHYECKHUX MCCEAOBAHHAX.

B KOPOTKHI CPOK I€HETHKa MUKPOOPraHH3MOB, KaK HAayKa, BHECHa
OFpPOMHMBII BKJIAJ B MOHUMAHHE KpaiiHe 3aryTaHHLIX MPeACTABIEHHH 00
H3IMEHYHUBOCTH H HaCHCACTBOHHOCTH. BerMa LHEHHBIMH SIBMIINCH
JAOKa3aTeNIbCTRA MASHTHYHOCTH TeHETH4eCKHX J[ETEPMUHAHT
HACNEACTBOHHOCTH y BCEX JKHEHIX CYHIECTB, HAXOOANIMXCA HA PasHBIX
CTyneHAx opraHHsauMn. CXOZCTBO 2TO BHIPAXAaeTCA B XHUMHYECKOH
npUpoAe HNETEPMHHAHT, HX OpPraHH3auMK, cnocobax ynpasBneHus
MPOLEcCaMH PasBHTHA BCEX CBOHCTB OpraHH3Ma.
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Onokupyerca Tpanchsuusa Bupychsix MPHK. Taxum criocobom mHTEp-
thepon 3aupiaeT KIETKH OT PENPOLYKUMH B HHX BHPYCHBIX $aCTHL,
Axtneaums depmeHTOB, GNOKHpYrOIMX PENPOAYKIMIO BHPYCOB, IPOHC-
XOOHT HE TONBKO B TeX KAOTKAX, rae obpasyercs mHTepGepoH, HO H B
cocemuux, kyna oH mubdyrmupyer. Iro npensarcreyer pacripocT-
PaHEHHIO BHPYCa B OpPraHU3Me,

BnoxupoBanie MHTEPGHEPOHOM CTAAHH HHULMALWA TPAHCIALHH H
paspymenue Bupychbix HPHK ofycnoBmusaior ero yHHBepCaIBHBIA
MEXAHW3M JHEHCTBHA nPH HHQEKINAX, BH3IBAHHHX BHPYCAMH C PA3HBIM
TEHETHYSCKHM MATEPHANIOM.

OcobBernocTeio  MHTepdEpOHAa ABISETCA €ro BHAOTKAHEBas
cneuupuarocts. Hanpumep, uenoBedeckuH MHTEPGEPOH AKTHBEH
TOJILKO B OPraHu3Me 4elOBeKa H HE MPOABNSAET CBOEr0 aHTHBHPYCHOIO
JEHCTBHA B OpraHM3Me »MBOTHBIX, a HHTepdepon, obpasyiommuiics B
KIIETKAX HBOTHBEIX, HE (YHKLHOHMPYET B OPraHH3Me 4GNOBEKa. JTO
3aTPyAHAET MPOUIBOACTBEO MPENAPATa B 3HAUUTSNLHEIX KOTHHECTBAX.

Hurepdepon nonyqaror u3 NeHKOLHTOR KPOBH HENOBEKa M K/JISTOK
KOCTHOro mo3ra, B HacToAlee BpeMs METOAAMH TEHHOH HHKCHOPHH
yAanoch MEpeHscTH reHil MuTepdepoHa M3 NMElKOLHUTOB KPOBH HeJoBe-
Ka B knerku Gakrepun E. coli 1 TakuM ryTeM CKOHCTPYHPOBaTh LITAMM
KHIIEYHOH NANOYKH, MPOAYLIHMPYIOWEeH NeHKOUHTapHKE HHTep(depoH.
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3apaXeHHH KJISTOK PACTeHHH HM3ONMPOBAHHON HYKIGHHOBOH KHCIOTOH.
AnxanoryuHsie pesyneratel nonyueHs A. KopeOGeprom ¢ cotpyaHukamu
(1963) mpwu sapaxenun knerok JHK, cumresmposansoit in vitro (BHe
OpraHH3Ma) B CMeLHANbHO pa3paboTaHHON MMH GeCKIETOYHOH CHCTEMS,
cojepxalmeil BeCh («CTPOMTENbHBIH MaTepHai» H  HeoOXoNUMbIe
(epmenTn. B cucreMy noSaBianock HEOONBIOE KOMHYECTBO TOM HITH
nnod JIHK, xoropas ciyxmina MaTpHueH, ONpeasiaioume CTPyKTypy
cunTesupyemoii [IHK. B kauecrse JIHK-3atpaexu ncnons3osanace JHK
¢ara kumeuroii manouxn ®X174. IMonyuennas Taxum obpazom JHK
COOTBETCTBOBAIA O BCeM CBOKHCTBaM npHMeHenHo# darosoii HK. Mpu
3apaxceHHH e Oaxrepui  xuIDeduod mnanouxd Habmoaanock
thopmuposanne nonxouenHex 4Hactuy ¢ara ®X174. CnemosarensHo,
HCKyccTBeHHO CHHTesnpoBaHHad JIHK Hecna B cebe BCIO reHeTH4ecKyio
uHbopmaLmio dhara JaHHOrO THNA.

10.1, OPTAHHM3ALIAA TEHETHYECKOI'O AHNTIAPATA
BAKTEPHH

OcHoBHO# reHeTHueckOH CTPYKTYPOH MpOKapHOTHOM KJIETKH
aBnAeTCa xpomocoma. OHa npeacTaBiAeT Coboil MMraHTCKYIO MONEKYSy
JHK, samxuytyio B kombuo (cM. rn. 3). XpoMocoMa COZEepIKMT
(byﬂnmouanbﬂo HEOAHOPOAHBIE IEHETHIECKHE HACTEPMHHAHTH - T€Hbl H
TEHETHYECKHE PeryNATOPHBIE NOCEAOBATEIbHOCTH.

Fen - 3710 CTPYKTYpHas, (GYHKUHOHANLHO HEAENMMAS ejMHHLA
HacneacteeHHOH  wuopmaumn. Tlo  xummgeckodl mnpupome OH
npencTaBnser coboi yuactok monekynm  JHK  (xpomocomsi),
exmouaromeir 1 000 - 1 500 nap HykneoTunos. Xpomocoma Gaxtepuit
coziepaxuT okonro 3 500 - 5 000 renos. OHA pacnonararoTCs IHHEHHO Ha
Xpomocome. MecTo nokamH3aLMH KaXKIOro reHa YCTaHABIMBAETCH
cxpeupipanpeM GaxTepHii M MOCNEAYIOUIMM FEHETHYECKHM AHAJIH3IOM
obpasosamimerocsi moroMctsa. (Cxema, oTpakaromas PacnoNOKeHHe
reHOB Ha XPOMOCOME, HA3bIBAETCA IeHOTHYECKOM, WIH XPOMOCOMHOM
KapTOoH.

Bce TpOKapHOTH, B OTHHYHME OT 3YKAPHOT, raIUIOMAHBL, T. €.
reMeTHYECKHIA MaTePHAN y HMX MPEeACTaBNeH OAHON Xpomocomoi. Kpome
FEHOB, MMEIOWHX (HKCHPOBAZHHOE PACHONIOKEHHE HA XPOMOCOME,
M3BeCTHO GONBINOS KONMYECTBO HX, PaCHPOCTPAHEHHEIX CPeaH
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MHOMECTBA BHEXPOMOCOMHBIX TE€HETHYECKUX CTPYKTYp, ABJAIOLIHXCA
YacThIO reHoma opranuama. Crnemyer OTMETHTB, YTO Y€M CIOXHEE
opranMaMm, Tem Oomsmwe reHermyeckol HHPOPMALHH OH COAEPIKMT.
Hanpumep, y uenoeexa B cpensem HacumtmiBaerca 50 000 rewos, y
Gaxrepuii - okono 5 000, y memxux PHK-conepsxaumx ¢aros (MS2,
P17) Tonsko 3 rena. Henaero oTkpeiThie BHPOMME! COCTOAT H3 ONHOM
monexysbl PHK, conepaxamneli Menbiue HyxieoTHAOB, HeMm Tpebyerca ana
onHoro rena (y PHK-conepxaumx BHPYCOB réHBl MpeACTaBnAioT coboit
yaactku PHK, a e JJHK).

10.2. HIMEHYHUBOCThE MEKPOOPTAHH3MOB

BHONMOrH4ecKHe CBOHCTBAa KaX/A0ro OPraHH3Ma ONpenevIAloTcs ero
reHeTH4YeCKHM annapaToM, KOTOphIH COCTOHT M3 JAHCKPETHHRIX
CTIPYKTYPHBIX eavHMU - reHoB, Kaxxami#i reH merepmunupyer (onpene-
NSEeT) pa3sBHTHE OMNPEUEJeHHOr0 CBOWMCTBA (NPH3HAKA) OPraHH3MA.
CoBOKYNHOCTE BCEX FeHOB OPraHN3Ma COCTABIISET 8ro0 reHOTHI, T. . ero
FeHETHYECKYI0 KOHCTHTYmIo. OfHako B CWIy pasHBIX YCIOBHH mpo-
ABJISTHCA MOTYT HE BCE CBOHCTBA, réHBl KOTOPBIX HMEIOTCA B OPraHH3ME.
COBROKYNHOCTE BCEX MPOSBIEHHBIX CTPYKTYPHBIX H (YHKILMOHANBHEIX
CBOMICTB OpraHu3Ma coctaenser ero (enorun. [enmoTun opranusma
SIBIAETCH €r0 HACNGACTBEHHOH OCHOBOM, a (eHOTHN - BHIPAXOHHS
TeHOTHIA B KOHKPETHBIX YCIOBHAX cpenbl. B 3aBHCHMOCTH OT ycnoBuit
oco6M  OQHOrO reHOTHNa MOFYT XapaKTePH3OBATECA  Pa3HBIMH
(peHOTHNHIECKUMH TPH3HAKaMH. TakHe H3MEHEHHS, BO3HUKAIOLIHE MO
BNMsSHHEM BHEOIHHMX YCNOBHH M He Iepejalomuecs NOTOMCTBY,
HA3KBAIOTCH POHOTHIHUSCKHMH, HITH MOAN(PHKALIMOHHBIMH.

deHOoTMNHMECKHE H3IMEHEHHMS HE 3aTparHBaloT TIeHOTHI, He
HACNEAYIOTCA, HO KOHTPONHPYIOTCA ¥ OrpaHHUHBaioTCs reHoTHrioM. OrH
HOCAT BPEMEHHBIH XapaxTep, Mcue3as MpPH YCTPAHEHHH BEI3BABINErO MX
daxkropa. Hanpumep, nurmenTauus 6axrepuit. OHa 3aBHCHT OT YCNOBHH
CpeAbl: IIMPOKO pPACHPOCTPAHEHHHIH TMOYBOHHAEIA MHKPOOPIaHHIM
Azotobacter chroococcum, ofpasyromuii B ONTHMAIbHBEIX YCIOBHAX
KMCIIOTHOCTH KOpHMu4MeBhiii nurMeHt, B Kucnoi cpege (pH 4.5) we
nurmenTapyerca. Ho orcyTcTBHE CocoBHOCTH K MArMeHTO05paloBaHmIo
MPOABIAETCA HUIb AO TeX MOpP, NOKa AeHCTBYeT AanHb (paxTop (kucnas
cpena). [Ipyu mepeHeceHHH ITOrO ke OPraHM3Ma B HEHTPABHYIO CPeny
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NPOKCXOAHUT HOPMANBHOE MMIMEHTOOOpa3oBaHMe, T. €. BOCCTaHAaBIHMBa-
FOTCA €ro NPexKHHe CBOHCTEA.

K denorunmueckoll MIMEHYMBOCTH OTHOCHTCH (PM3HOJIOrHUECKas
a4arTauud - WIMEHCHHA, CBA3AHHBIC C MPHCMOCOGIEHHEM TIOMYNALKH
MHKPOOPraHW3MOB K Ppa3BHTHIO B M3MEHWBLIMXCA YCIOBHMAX. Tak,
GOTOCHHTE3UPYIOIINE HECEPHBIE MyPITypHble OaKkTepHM Ha CBeTy MOryT
Pa3BHBATBCA 33 CHET MHHCPANbHBIX BELHECTB, HCIMOMb3YA ANA NPOLIECCOB
JKM3HEACATEIIPHOCTH SHEPIHIO CollHewHoro ceera. [Ipu nomemeHuy ux B
TEMHOTY KICTKH He nomﬁam, a4 TCPEeKmOo4AIOT CBOH MEXAHH3MBI
(chnTe3upyroT MHAYyLHOEnbHbie GEPMEHTH) HAa MOMYHEHHE 3HEPrHH
MyTeM OKHCIGHHZ opraHuueckux Bewmects. CnepoBarensHo, B
meTaGonH3Me KIeTOK IpoHCXOAAT (H3vonorydeckue wimenenns. Ilpu
BO3BPALISHHH KYJBTYPbl B NPEXHHE YCIOBHA, T. €. Ha CBET, KIETKH
OnATh HAYHHAIOT BRIPAGATHIBATE MUIMEHT W PAa3BHBATBCA 33 CHET
3HEPrHUH CBETA. JTO CBHMASTENBCTBYET O TOM, HTO BHI3BAHHEIE Ompene-
NEeHHbBIMM YCNOBHAMH Cpembl H3MeHenHa B ¢usHosorun  Qoro-
CHHTE3UpYIOIMX GaKTepuii He 3aTParHBacT reHETHYECKHil annapat, a
CBA3aHB NHUE ¢ OOPa30BaHMeM H AKTMBHOCTBIO aJanTHBHBIX (ep-
MEHTOB, MH(POPMALIHA O CHHTE3e KOTOPHIX COAEPIKHTCS B FOHETHYECKOM
annaparte KneTok.

Y rereporpodrnix OGaxrepuii ¢H3MONOrHUecKas  ajanrauHs
NPOHCXOAAT MpPH 3aMeHe B IHTAaTENbHOH Cpefe OmHOro cybcrpata
zpyrum. Tlocnenuuit mHayuupyer cHETEs HeobxomuMBEIX (epMEHTOB, H
KJISTKH HAYHHAKT YTUIH3HPOBATE 3TOT OCHOBHOMK cyOcTpar. K npumepy,
MpH BHECCHHH B cpeny naktossl kinerkd E. coli  Haummaior
CHHTEIMPOBATh [3-rajakrosnaasy, B TO BpeMA Kak MMPH PA3BMTHH 3TOH
Gaxrepun B o0praHoM MIE, rae naKkTo3a OTCYTCTBYeT, 3TOT QEepMEHT He
BBIpaOaTEIBAETCS.

XapaxTepHoli 0COGEHHOCTBIO MUKPOOPraHH3MOB HBJISETCA TO, 4TO
opy  (DM3HONOrHYecKol amanTalHH OJHOBPEMEHHO H3MEHAIOTCA BCe
KNeTKH KynbTypss. Takum o0pa3oMm, ajzantauda 3aKIOYaeTcs B
HETOCPENCTBEHHOM PeakuMH KyJIbTyPsl Ha H3MEHEHHE YCIIOBHH CPeasl.

B cBa3H ¢ TeM, MTO (PeHOTHMHYECKHE H3IMEHOHHA He MepeAaroTca
0 HACNeACTBY, B SBOMOLMH MMHKDOOPraHM3MOB CYLISCTBEHHONO
3HaueHHs OHH He mMeror. HMx ponbk cBoguTcA K 0OGCHEYeHHIO
BBDKHBAEMOCTH MHKDPOOHBIX TONMYNMALHH B W3MOHHBLUIMXCA YCIOBHAX
cpeasl.
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HlameHeHHAM MOJBEPXNEH TAIOKEe W TEHOTHIN, MO0 TeHeTHYMEecKas
undopMauus, 3akomupoeannas a JHK, se smusercs abcomorso
crabunbroii. IT10 Tak HasbiBaeMasn zeHomuNuyeckas yuamenyueocme. Ona
HIpaeT GOMbIIYIO PONib B 3BOMIOLMH OPraHH3IMOB: €CTH Obl KIETKH He
obmanane  CrioCOGHOCTBIO K HM3MEHEHMIO TreHOTHNa, TO moboe
HeBNaronpuATHOE ycnoBHe NpHBeNo Gbl K BBIMHPAHIIO BHAA. Hanpumep,
TOABJISHHE B KynsType GaktepHodara BmsBano Ol MONHyO rubens ee,
ecnH  Obl  reHs, onpesenmoHe  (ArouyBCTBHTENBHOCT,  HE
MOABEPTATHCL HUIMEHOHMAM H KWIETKH B CWUIy 3TOr0 He npHobpenu
CBOHCTBO (haropesHCTeHTHOCTH. CHENOBATENBHO, OTCYTCTBHE abCoMmOoT-
HOH CTAGHMIBHOCTH TréHETHYECKOrO MATEpHaNa SBIAETCA MONE3HBIM
CBOVICTBOM Il CoxpaHeus BHaa. [ToseneHne H3MeHEHHOro (HOBOro)
reHoTHna oBecreYMBAaeT MIACTHYHOCTE BHJA, CO3JAET HOBYIO HOPMY
POAKLMH HA HIMCHHBLUIHECS YCIOBHA CPEXBI.

B ocroBe reHOTHMEuEcKON W3MEHUMBOCTH I@XAaT MYTAaUMH H
pexomOunatun. Onu npoucxonst B ctpykrype JHK - B renernueckom
annapare KIeTKH - U MPOSBISIOTCA B CTaOHIBHOM H3MEHEHHH KaKOro-
6o ceolicTea. BrONOrHIecKas ponk MyTaLHil COCTOHT B TOM, 9TO OHH
ABITAIOTCA HCTOYHHMKOM MACJIEACTBEHHON H3MEHUHUBOCTH OPraHM3MOB.

10.2.1. Mymayuu

TIo onpenenenwio ne ®puza (1901), myrammm (or nar. mutare -
HM3MEHATb) - 3TO BHEIAMHBIE, CKAYKOOOPA3HBIE H3MEHEHHA HACIEACT-
BeHHBIX CBOHCTB. B COBpEMEHHOM MOHWMAHHH MYTALWH TNPEACTABIISIOT
COBOH CTPYKTYpPHBIE H3MEHEHHMA TIEHOB, TPHEOAALIME K TIOABICHHIO
HOBOTrO NpH3Haka. MyTauMu y MHKPOOPraHW3IMOB JONI0e BPEMA He
MPH3HABANIHCH, M BCE H3MEHEHHS, B TOM YHCIE H HACIENCTBeHHLIE,
HCTOJKOBBBAJHCh KAk MPAMOe MPHCNOCOONEHHE OpraHH3Ma K Cpefe
(amantaums). Cuntanoch, wYTO H3IMEH4YHBOCTP MHUKPOOPTAHHIMOB
ONpEAeNAeTC: MCKTIOYMTEILHO YCNOBHAMH CPeAbl M HOCHT HANpaB-
neHusiit xapaxtep. OcHOBaMHMeM OJiA TAKHMX YTBEDHHEHHH CITyXHIA
cnabas 3aLIMINEHHOCTE TFEHETHYECKOrO MATEPHANA MHKPOGHBIX KIETOK
OT BIIMAHMA CPEJbI.

Tonanobumucs BeckHe AOKa3aTeNbCTBa HEIABHCHMOCTH MyTALHil
o7 BHEIHUX (aKTOPOB, T. €. AOKA3ATANILCTBA MX CNOHTAHHOIO (Camo-
TPOU3BONBHONC) XapAKTepa. ITO GHUIO CAENAHO PAKOM HCCIENOBaTeNneii:
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C. Jlypua u M. densGproxom (1943), I'. Heroxombom (1949) u apyrimu
YUYEHBIMH, HCTIO/IL30OBABIIHMH IS BBIUSIBJIEHUS MYyTAHTOB METON PErUIHK,
npegnomxensbiii E. u  Jbk. Jlemepbepramu (1952). C. Jlypua u
M. JensOprok H3y4allH yCloBHA MOABIEHHA ($aroyCToHYHBEIX MyTaHTOB
B KynMpTYpe KHINDOYHOH MANOYKH, YYBCTBHTENbHOH Kk  dary
(Qnyxryaumonneii Tect). Ceexyro Oynsomuyio kymeTypy E. coli,
NPEABAPHTEbHBE  3HAJMM3  KOTOPOH HE  BBIABHN  HATHYHA
(aroycTOIMHBHX MYTAHTOB, PA3BOMHNM O KOHuEHTpaumu 10° knerok
Ha 1 MJT ¥ QGUHITH Ha [Be JACTH: B OAHY npobHpky nomewany 10 mm, a B
20 npo6Gupok paympans no 0,5 mn. Iocre HHKyGaLuH B TeueHHe CYTOK
B TEPMOCTATE M3 KAXKAOH NPOSHPKH NPOM3IBOAWICH BHICEB paBHBIX
o6bemMOB KynbTypul Ha arap, comepxammii ¢ar. Ilpu 3rom npeanona-
ranock, 4TO €clH (JaroyCTOH4YHBBIE MYT2HTH BO3HUKAIOT B PE3yibTaTe
KoHTaxTa Gaxrepuii ¢ arom (rMnoresa aganrauuy), TO HA BCEX YALIKAX
JOIKHO OBITP NPHMEPHO OXMHAKOBOe uHWCHO kosnommit. Ecmu xe
MYTaHTBl BO3HHKAIOT CIOHTAHHO, TO YHCIO MX B KaXmoH npobupke,
conepxameri nmo 0,5 Mn KyIbTYpH, a CHEAOBATENIBHO, U KONOHMH Ha
vamke OyneT pasHoe., D710 3aBHCHT OT BPEMOHH BOIHMKHOBEHHA
MyTalMM. YHCIO MYTaHTOR Oymer GConsmkM TaMm, TAE MyTauMH
TNPOHIOHLTH PaHble, COOTBETCTBEHHO H KOJIOHHIT 31eck Oyner Gonbine.
Ilpu amanmuse KymaeTypsl M3 OZHOH npobupks Gonmswmx koneGaHuwii B
yucjie (GaroyCTONYHBLIX KJIETOK HE AOIDKHO HAGMOAaTECS.

INMoncuer Bepocmux ¢aroycTONYHMBHX KOMOHMM MOKA3aN, HTO
9HCNIO KOJOHMI B mpobGax M3 pasHeiX npobupok (o 0,5 mm) cHiabHO
kxonebanock ((pryxTynposano), Toraa Kak YHCIo MX M3 Npodel, BIATOMH U3
onxoH nmpobupky (10 mn), Gs110 NPUMEPHO OAMHAKOBHIM. JTH AAHHEIE
MO3BOIMIH 3AKIIOHHTD, YTO MyTauuH (GaroycToHuHBOCTH MPOUCXOMWIH
CTIOHTAHHO, ZO KOHTakTa ¢ (aroM M B pa3HOe BPEMA pa3BHTHA
KYJIbTYpPSL.

AHanoruvHele pesynsTaThl ObLIH NOMy4veHtl B ewe Gonee npocToM
orneire Hetoxomba (nepepacripeaenurensunii rect). Kynbrypa xumeunoit
ManovKH, 4YySCTBUTENEHAs K (ary, BHICEBANACk HAa YaDKHA C
MHUTATENBHbIM AFAPOM M MHKyOHMpoBamuch 6 u (10 MOSBIEHMA MHKPO-
KONOHMH). 3aTeM Ha psle YALIEK NMPOHIBONHIOCH MNEpepacrpencieHne
(nepepaccen) KONOHHI LITIATENIEM, OCTANBHBIE OCTABANHCE HOTPOHYTHIMH
(kontpons). ITocne 3T0r0 BCe HANIKM 33CeBanych (haroM, rMOBTOPHO
HMHKyOMpOBaNyCh M TMOACHHTHIBAIIOCE YHCIO KONOHHH, BBIPOCIIMX H3
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tharoycroitumesix knerok. Oka3anoce, YTO HA YAMKAX, raAe ObuUIO
MPOH3BEACHO TEPEepacHpesesieHHe, OHO ObiNo 3HAYMTENbHO GonbIXHM,
HeM Ha KOHTpOJbHBIX. Ecne Obl (laroycToMMHBBIE MYTaHThl BO3HHMKAMH
TONBLKO NPH KOHTAKTe ¢ (parom (mpsMas ananTaLms), TO HKCIIO KOMOHUI
HA OMBITAX M KOHTPOJIHHIX HaUIKaxX ORIO Obl MPHMEPHO ONMHAKOBEIM.
Ecsi k¢ OHH BO3HHKAIOT CaMOMPOM3BOMBHO (CMIOHTAHHO) A0 KOHTAKTA C
tharom, TO B 33BHCHMOCTH OT BpeMEHH KX OOpA30BAHHMA MOXET
MOSIBUTBCA KOJIOHHS MYTAHTHRIX KJETOK, NpH TepepacnpeneneHuH
KOTOPBIX KaXJas M3 HHX JacT KONOHHIO (ParoyCTOMYHMBBIX KIIETOK.
TlosToMy Ha uawkax, roe ObUI0 NPOM3IBEAEHO MEPEPACTIPEAETIEHHE, HHCIO
TaKHX KOJIOHHMH 0Ka3aJI0Ch SHAYHTEIBHO COMBLIIM.

Pesymvrarel onsitoB I'. HblokomBa, kak H Gonee paHHHE OIBITH
C. Jlypua u M. JensOproka, noKa3amm CriCHTAHHOCTS MYTALHN Y MHKPO-
OpPraHH3MOB H HECOCTOATENBHOCTD FHIOTE3h (TIPAMON aAanTalfumny.

MyTauyuH y MHKPOOPraHH3MOB BOIHHKAIOT HEHANPABIEHHO, A0
BO3NEGHCTBMSA CONEKTHPYIOIIEro areHTa. B oxHoit GaxrepmansHol
KYbTYPe MOFYT COAEPIKATBCA MYTAHTHl, YCTOHYMBBIE HIH 4YyBCT-
BHTENbHDIE K pa3HbIM areHTaM. JTO IIErKO BBIABHTB METOAOM
OTMEIATKOB, HJIH PEIUIMK, HCKIOYAIOLIUM BCAKHE KOHTAKT KIETOK €
CeneKTHBHLIM arenToM. CyllHOCT METOAA COCTOMT B crneayiomem. Ha
UWMAIHHAD € OHAMETPOM, HEMHOro MeHbIIMM AHameTpa uawnku Iletpwm,
3akperuisercs crepuneHbii Gapxar (sopcom Hapyxy). Ha mero cnerka
HAKJI3ABBACTCA MaTpH4YHAs Hallka (Yallka, U3 KOTOPOH NPOH3IBOAMTCA
TNEePeCcEeR MM (TePeneyYaTka» KOIOHHE), H B PE3yNbTAaTe Ha BOPCHHKAX
Gapxara ocraercs d4acth KIETOK. 3areM Ha OapxaTHmid wramn
HAK/IAZBIBAIOTCA YALIKM-PEIUVIMKH (MALIKH, HA KOTOPHIE FEPeceBaIOTCs
KOIIOHHMH) H IKJIETKH C BOPCa MOMAajaloT Ha IMHMTATeNkHYIO cpeay. B
33aBHCHMOCTH OT COCTaBa CPeAbl HA HEl MOryT PasBHBaThCA HO BCe
KOJIOMMH MCXOHOM uawiky. Hcrons3ys paaniiHbie CeNeKTUBHBIE CPeabl,
M3 KONIOHMH, BHPOCIIMX HAa MATPHYHOH uamIKe, MOXHO OTObpaTh
pasnuuHble MyTaHTH: (POTOYCTOH4YMBBIE, AHTHOHOTHKOYCTOHYMBBIE,
aykcorpodsbie. Ho npu 3ToM HaZ0 OfHOBPEMEHHO NPOH3IBOOHTEL MEPECeB
HA CENEKTHBHYIO M MNOJIHOLEHHYIO Cpefy M TOYHO (PHKCHpOBaTh MECTO
PacriofioykeHMs KONOHHMH B Halke. TakuM MnyTeM MPOM3BOAMTCA
HenpsMoii 0T00p MyTAHTOB.

IMpuMeHeHre OpPSMBEIX W KOCBEHHLIX METOAOB IOKAa3ano, YTO
ycrolunpocts Gaxtepuil k daram, anTHOMOTHKAM, aykcoTpodHOCTb
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MYTareHHbiMH, a MyTal{iiH, BOSHHKAIOLINE B Pe3y/bTaTe HX JACHCTBHSA, -
HAHAYUHPOBAHHBIMH.

BO3MOXHOCTE ~ HCKYCCTBEHHWOTO  MHAYHHPOBAHHA  MyTaLMi
Briepsbic Obula nokasana I'. A. Haaconom u I, C. @umanmossim (1925).
OnH nepebiME OBHapY WM MyTareuHoe neiicreme siyueit Penrtrena ua
Apoxokn. 3arem B 1927 r. I'. Mewiep noaTsepani MyTareHHOCTH
PCHTTEHOBCKHX JIyYeH H BO3MONHOCTH HHIYLIHPOBAHHOIO MYTarcHesa Ha-
apozopune. Mosanee, 8 1938 r., 1. Pannonopr ycTaHOBMI, YTO XHMH-
YeCKHe BEIECTBa TAKKE BH3BIBAIOT MyTareHHbil rpoiecc.

MyTarensl no ¢Bocil NPAPOIE ACHATCH HA ABE CONbHINE IPYIITH:
dusuueckne B xuMmuveckue. K dusideckum MyTareHaM OTHOCAT PeHT-
FEHOBCKME JIyYM, O- M [-YacTHUBI, Y-JIy9H, MCI[yCKAacMbie pajuo-
aKTHBHBIMH JJIeMEHTamMK, HeHTpOHE, ynsTpadmonerosnie nyuu (Y@),
HU3KHE H BBICOKHE TEMIICPaTypbi; K TPYIIEe XHMHYECKHX MYTareHoB -
a30THCTYIO KHCIIOTY, aHAlONH A30THCTHIX OCHOBaHMH, ANKHIIMPYIOULHE
BEIIECCTBA M PAA APYTHX COCAMHEHHMH. 3T0 Gonee «(MATKHE» MYTareHbl,
yeM Qu3MUECKUE, OHM peXe AT netaibHblii 3Qdekt, Tak Kak
AEHCTBYIOT H3ICHPATENLHO.

B ocHOBE MeXaHH3MA NIEliCTBHS MYTAreHOB JIEKUT MX NPAMOE WIH
xocBeHHOe Brmanue Ha JTHK win Ha ee npeamecTBeMMHMKOB ~ OCHOBA-
HHA. MHOrMe XMMHYECKHE areHThl H3MEHSIOT coctas ocuoBanmid JIHK,
Bhi3biBas TEM CaMbiM OLIMOKM NpH perutHkaiuy. Hanpumep, azotucras
KHCNOTa NE3aMMHHUDYET 8JCHMH, TyaHHH, LMTOSMH. ANCHWH YIpH 3TOM
[IPEBPALIACTCA B THIOKCAHTHH H CIAPHBACTCH HE ¢ THMHHOM, a C
uMTO3MHOM. B pesymerate moseasercs mapa He AT, a 'Ll (nypum-
QICHHH 3aMCHACTCA ITyPHHOM-IYaHHHOM; MUPHMHOKH MOXET 3ame-
HATECA APYTHM NHPMMHAHHOM). Takoro pona W3MEHCHHS, T. €. 3aMeHa
O[IHOTO OCHOBAHHMA JAPYTHMM, OJAMHAKOBBIM NIO THITy, HA3LIBAIOTCH
mpan3tyuImu.

AJIKHIMPYIOIHHE arcHThi (HanpHUMeEp, 3THJICHMMHH, a30THbIE H
CEPHHIE AHANOIM HNpMUTA), SBJIOIMEcs Haubonee CHABHHIMM
MyTareHams,  OOYC/IOBIMBAIOT  OOpA3ZOBAaHHE  ATKHIMPOBAHHBIX
MPOH3BOJHEIX A30THCTHIX OCHOBaHHH. [loceiHNe OTHIENIAIOTCH OT LICHH
JHK, scnencteHe wero BosHHKaioT Opemun  (mponycku). ITlpu
PEIIMKALMHE B 3TO MECTO MOTYT BCTABIATBCH HECOOTBCTICTBYIOIHE HM
(GENPABHIIBHBIC) OCHOBAHHA.
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V®-o6nyuenus npuBofaT K oOpazopauuio B JIHK mumepos
TUMHIHA {cMm. T 6).

Tenol myTanmiil. Kak cOooHTaHsbiE, TaKk H HHAYLHPOBARHHBIC
MYTaUHH SBISIOTCH Pe3yibTaTOM HapylieHus HYKJICOTHAHON Mocieao-
parensroctd B JIHK. Onu MoryT 3azparuBate MO0 TONBKO OXHH reH
(reHnbie MyTaumH), AH00 GoMbUICE KOJHYCCTBO IEHOB (XPOMOCOMHBIC
MYTalWH).

Ecmi M3MEeHEHMA NPOMCXOMST B OXHOM HYKIEOTHAC, MYTauMy
Ha3bIBAKOTCH TOMKOBbIMH. TOYKOBbIE MyTaLMH TI0 XapaKTepy M3MeHeHu
B JTHK MOXHO pasieHTh Ma TPaH3HILIMM, TPAHCBEPCHH, MYTAllMM CO
COBMIOM paMKM (BCTaBK2 JHILHETO HYKIEOTMIA WIH BHMAAeHHEe -
Ieneium).

Kak yxaspiBajnioch Bbillle, NPOCTHIE 3aMEHBI, MM TPAHIHLUH,
3aKTIONAIOTCA B 3aMEICHHH OJHOH Naphl NypHH-NMPKEMHIKH Ha APYTYIO
Mapy NypHH-IIMPHMHAKH, T. €. NporHcxoauT 3amemeHue AT na I'Ll unu
I'll Ha AT. 3ro 3HAYHT, YTO NYPHUH B ONHOH W3 Licneii 3aMmewiacrcs
APYTHM TYPHHOM, 8 MHPMMHJHH B KOMILIEMEHTAPHOM uenH - APYrHM
NHPHMHIHHOM.

Tipu mpanceepcunax (NEpeKpecTHrE 3aMEHLI) napa INMypHH-
THPUMHJMH 3aMelnaeTcs napol mupAMHIUR-ypuH. TpaHCBepCHM, Kak
H TPAH3HIIHH, IaCTO BO3HHKAIOT CIIOHTAHHO.

Mymayuu co cosuzom pamxu, OOYCNOBNEHHLIE BCTABKOM WM
BHINAJICHHEM HYKICOTHS, HAPYLIAIOT HOPMATLHYIO MOC/IE0BATENBHOCT,
«CIMTHIBAHHA» HYKICOTHIHBIX TpHILIETOB. B mpoutecce pernmxaums
JHK B HOBoOOpasOBaHHYIO KOMILUIEMEHTADHYIO LeNb «HAMPOTUB»
BCTABJICHHOIO HYIUICOTHJE TAIOKE BKJIIOYAETCS JIMHuH Hyteoru. Ipu
nocaexyiomeif pPEIUMKAUMH [IPONO/DKAIOT CHHTEIHPOBATHCA HEMH C©
JTHIIHHM OCHOBAHMEM.

Jeneyuu OTHOCATCA TAKKE K MYTAHHAM CO CABHYOM PaMKH, HO B
OTNHYHE OT MOCJCAHMX OOYCJIOBICHK BHINANACHHEM OFHONO OCHOBAHHS.
JenenMn MOTYT BO3HMKATh B PE3yNbTare FHAPONTHTHIECKOTO
OTIHETUTEHHA MYPMHOBOTO OCHOBaHHMsA (HanpHMep, NP MNOBBILCHUH
TeMnepaTypsl), a TAaKKe nol AeHCTBHEM AQNKWIHPYIOWHX WM
IEe3aMMHMPYIOIMHMX BEINECTB, KOTOPHIE MPHBOAAT Kk OOpa3oBaHMIO
a30TUCTBIX  OCHOBAHHH,  HECrOCOOHBIX K  KOMILUIEMEHTapHOMY
CrapHBaHMIO.

306



Ha »u3HecnocoBHOCTH KASTKH TOUKOBLIE MyTALHH CKA3BIBAIOTCA
To-pasHoMy. TPaH3HUHH M TPaHCBEPCHH - CDAaBHMTENBHO (MATKHED
MYTaLHH, NOCKOMbKY B XyAlIeM Cily4ae oOycIIOBIHBAIOT 3aMEHY TOJBEKO
OJHOM aMHHOKHCIIOTBI B COOTBETCTBYIOWNSH NOMHMMENTHIAHON LENH @
HMHOrZa B CHNY BBIPOXKJSHHOCTH TFEHETHYECKOrOo KOAa Boobime He
TMPOHCXOAMT aMHHOKMCIOTHOI 3amenm). [edextnmii Benok ¢ ommoit
33MEHECHHOH aMHHOKHCIIOTOH (DYHKUHOHANbHO HE OTNHYAETCA OT
HopmankHoro Genka. Taxwe MyTaiuH, NPy KOTOPBIX HE MPOHMCXOXHT
(GYHKLUHOHANBHBIX HUSMCHEHHH, HA3BIBAIOTCA MOTYAUGUMU  MYMAYUAMU.
BeraBkM W zeneuHM Hame BCEre METANBHBL AJA KJIETKH, TAK Kak
BEI3BBAIOT  HenpaeuibHOe cuMThiBanve JIHK 33 npeaenom
MYTHUPOBABLIEro Y4acTKa. :

VY MHKPOOPraHH3IMOB € TOYKOBBIMH MyTAUHAMH Habmonaworcs
OBpBTHBIE MyTaLMR, NPUBOASALINE K BOIBDATY HCKXOAHBIX CBOMHCTS, T. 6. K
nukoMy Temy. OOpaTHsie MyTalMM MOryT HPOHCXOHHTH ITyTeM
MCTHHHOH PEBEPCHH, HANPHMEp BOCCTAHORIEHHEM TMEPBOHAYANBHOMN
napel ocHoBawuil. Ecnu npsmas MyTauys NPOM3OIUIA B pe3ynsTaTe
samensl AT ma 'Ll To pesepcus cmomutcs k oBpatroii aamene I'L| Ha
AT. Taxse oprasH3MB HasbIBarOTCA pesepmanmamy. OmHAKO MYTaHThI
MOTYT PEBEPTHPOBATL K AHKOMY THIY H B pE3YNbTATE BTOPHUHOMN
MYTAaLHH, MPOH3OLIEAIEH B APYroM, OTAAJIEHHOM OT MEPBOH MyTaLHH,
ysactke JIHK. Takaa wmyraums Mmoxker OKasaTs MOZAaBIAIOLICe
(cynpeccopHoe) nefiCTBHE Ha CBONHCTBO, BOHUKILGE B PE3YNBTATE NEPBOi
myrauud. Takue MyraumM HasmBaKOTCA  Cynpeccopuoivu. B
NPOTUBOMONOXKHOCTL HCTHHHMM PEBEPCHAM OOpPAa30BABIIHECS TAKHM
TIyTEM peBepTaHTh (PEHOTHITHUMECKH OTITHUYAIOTCA OT OPraHU3MOB JAHKOIO
THIA MEHBLIEH BBIPAXEHHOCTBIO HCXOMHBIX (pyHKUMH.

MyTalHH, BO3HMKAIOWHE B Pe3ynbTate NENCHHN, HPE3BRMAHHO
cTabuneHBl. YV HeNeLHOHHBIX MyTAHTOB HI HCTHHHBIE, HH CYTIPECCOPHbie
PeBEPCUHH HEBO3IMOXKHbDI.

BnuaHue MyTanumii Ha cBOiCTBAa (POHOTHNA MPOSBISETCH OGBIUHO
4Yepes H3MEeHEHHe CTPyKTypsl Oenka BCllencTBHE — HApyLIEHHH
TPAHCKPUMNLMH HMNH TpaHcnaumH, [lo xapakrepy M3meHeHHil (eHOTHNA
pa3nuuaior mopdonornyeckue, (HaMonoruueckHe M OGHOXHMHYECKHE
mytauus. K mopdonoruuecknm OTHOCATCE MyTauMH, (PMBOAZILME K
BH/IHMBIM H3MEHEHMAM - QOPMBI KJIETOK, KOJIOHHH M THrMEHTALMH; K
dH3uONIOrMYECKHM - MyTanHM, BIMSIOLIME HA JKM3HECNOCOBHOCTB,
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CKOPOCTh POCTA;, K OHOXHMHYECKMM - BCO MyTalWM, Hapylalomue
CHHTEl W AaKTUBHOCTE (DPMEHTOR, BLI3BBAIOIONE HAPYIIEHHS B
merabonmecknx myrax. Pesymsratom nposBreHHs GHOXMMHHECKHX
MyTauHi ABNseTCH OOpazoBaHHe ayKCOTPOQHBIX MYTAHTOR, KOTODHE B
OTNHYHE OT MHKPOOPraHW3IMOB HHMKOro THna - npororpodos -
HECTOCOOHLI CHHTE3HPOBAaTE HEODXOAMMBIE I8 KHIHEACATELHOCTH
BELUECTBA - BMHHOKMCIOTH, BHTaMHHB H T. 4. K Guoxummueckum
MYTALHAM OTHOCATCA TaKXKe BCE M3IMEHEHHs, HaPYIAOLHE CHHTe3
depmenTos, yuwacTsylommmx B perymkauun  JIHK, penapauum
MOBPEXACHUH, TDAHCKPHITUHY U TPAHCIIALIKH.

HekoTopuie reHHEle MyTauMH MOTYT BM3BaTh H3MEHOHHA Cpasy
HECKOJIBKMX  CBOMCTE opraHM3Ma., OHM MOMYYHNH  Ha3BaWHE
IUISHOTPONHBIX - MHOXECTBOHHRIX. [IPUMEPOM MOXeT CHyXuTh
MyTalHsi, MHAKTHBHMpyomas (epMeHT OHOCHHTE3a KanCyNBHOrO
nonucaxapraga Gaxtepuit. Crieacrsuem ee SBNAETCA MOTEPH KIETKOM
CrocoGHOCTH K  OCPa30BaHMIO KANCYNBl, H3MEHEHHe MOpdONOrHu
KOIOHHH M, B ClIydae NaToreHHsix GaxTepHii, NOTeps BUPYNEHTHOCTH.

Tneiforponroe feficTBHE MyTanua OKA3HIBAET B TOM C/Ty4ae, KOra
3aTparuBaeT TeH, MNPOAYKT KOTOpPOro (6eNok) BHIMONAMIET HECKONbKO
ynxuii.

INpumepoM nneHOTPONHBIX MyTauwii ABNAETCA TAKKE MYTALHA
FeHa, KONHPYIOWIErO CHHTE3 OAHOrO MH3 MHHOPHMX OCHOBAaHHMH,
Bxopamux B cocras Tpancnoptanix PHK. B pesynsrare Takoit myranuu
NPH MOBBIIEHHON TEMIEPATYPe CHHTe3HpYroTeA AedextHme TPHK, wto
MOXOET MpPHBOCTH K HapYIUSHHIO TPAHC/MIMH H THOGNMH MyTaHTHBIX
KIIeTOK.

Tennnie MyTauuH SBIAIOTCA TPMYMHOI GONBIIMHCTEA H3MEHEHHI
MopOTOrHyecKuX, (PUIHONOrHUECKUX M OHOXMMHMYECKHWX CBOCTE
MHKPOOPraHH3MOB.

Penapauus nospexaenui, Bombuunctso noepexaennii JHK,
BHIKBAOMBIX (PHIUYECKUMH H XHMHHYECKMMH SreHTAMH, HCTPABIAIOTCH
€ MOMOWIBIO CHELMANBHBIX MEXAHH3IMOB PenapaliiM, HanpaBleHHBIX Ha
BOCCTaHOBNEeHHe nenocTHOCTH C1pyktypst JAHK. HelicTeHe Mexanu3MoB
penapauny 00OCreUMBAETCS KOHCTPYKTHEHBIMH H HHAYLMGENbHEIMH
tdepmenTamu.
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Jlyume Apyrux wu3yueHb! NPOLECCH PeENapalldi NOBPEXICHHI
JHK, sbisBanHble nelicteuem Y®-06mydenus. Eme B 1949 r. 6suto
YCTaHOBJIEHO, NTO OCBEIEHHE BHAMMLIM CBETOM (C IMHOM BOJHBI
Gonbuie 400 mm) gposoxedl, OOMyueHHBIX neTaNLMON no30it Y,
BOCCTAHAB/IMBAECT MX JKM3HECNIOCOOHOCTE Ha 25-50 %. JTo sBieHHe
NOTY4HNO0 HazBaHue POTOPEeaKTHBALIHEL.

B ocHoBe (oropeakTHBaiMu nexuT AelicreHe  (epmeHTa
N€30KCHPHOOTHAMHPHMHIHH(OTONHA3bI, KOTOpLI  CBS3BIBAETCH C
MPHMHIWHOBBIM IHMEPOM M, MCTIONB3Ysi IHEPIHIO OrTOMAeMOro CBeTa
(Haubonee s dextnBeH ronyGoli cBer), paclienser €ro Ha MOHOMEpHL.
DoTopeakTHBALMA PacnPOCTPAHAETCS TONBKO KA OnHY wpems JIHK,
HE3aBHCHMO oT TOro, OHO- MM ABYXLIENOYE€IHAA MOJIeKysia
NMOBPEX/IEHA.

Bonee YHUBEPCATLUBIM MEXaHH3MOM BOCCTaHOBJIEHHA
MOBPEX/ICHHH SBIACTCA TeMHOBas penapaims. OHa HMMEET MECTO He
TONmbKO nocie Y®P-o0myuenus, HO M Nocie AEHCTBHA HOHH3MPYIomeH

panvauyM, AanKuiIHpy-
JOLUHX COeAHHEHWH |
np- B omuame or doro- ”HH HHIHHHH

PEAKTMBALIAH TEMHOBAS l T
penapaius He HYXaa-

Cymooors & cocromt n [Ty I
BHIPE3aMHUH JIHMEPOR H ‘

BOCCTAHORJEHHH  Lie-
HOSTHOCTH. HORpeRRL- Hl HHHIHII] l l

voli uHtH. [loaromy
TEMHOBYIO penapaLmuio
Ha3biBAIOT 3KCLM3HOH- T T ]
G ——— [T
3auue). TemHoBas pe- 1

napauHs MMEET CBOIO
OCOOEHHOCTh - BOCCTa- ,';;-;Iii
HOBJICHHe  ONHOLENO- H I [ | [AERERRNENE l l HJ

YEYHBIX TMOBPEXKICHHH
NPOMCXOMMT NHIIb B Puc.10.1. Penmapauns ywacrka JIHK,
conepxKaluero AHMep THMHHA

TOM Cliydae, KOrma ue
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MOBPEX/eHa KOMILIEMEHTapHas uelb. J[BYXLENOYEUHBIE MoBPEXICHHS
KJIETKA He CIIOCOOHA perapupoBaTh.

B TeMHOBOH penapaumu BeAyLIyI0 pPO/e HIPaloT 4eTbipe ¢ep-
MCHTATHBHAIE PEaKLiH, KOTOpble ONPEACIAIOT YETHIPE ITana penapauuH
(puc. 10.1).

Ha nepsom 3Tanme skcimanoHHas Hyknreasa UVRABC (or anrn.
ultraviolet radiation - UVR, A, B, C - 0Go3HaueHus GekoB, KOAHPYEMBIX
renamu UVR), obnanaiomas 3HAOHYK/IeasHOH aKTHBHOCTHIO, «y3HAET»
nospexieHns M Hagpesaer uHTh JIHK no oGe croponn B6nm3u
NEPUMHAHMOBOTO JMMepa. 3aTeM, NOA AeicTBHEM 2TOro xe ¢epMeHTa
HaJpe3aHHbIH y4acToOk HHTH, BKIoqaoumii 12-13 HykneotHaoB BMecTe
¢ pumepom, ynansworea. OCpasopaBmascs Opems 3anonHsercs ¢par-
meHTOM KoMIviemenTapHoi Huth JIHK, oSpasyiomeiics B xope pena-
PATHBHOTO cHHTe3a (pecuHTe3a). DTy peaxumio KaTamusupyer JTHK-
nonumMepasa I, xoropas Ans cuHTesa HeoOGxommmoro ¢parmenta JIHK
HCIIONB3YET B KAYECTBE MATPHILIEI HETIOBPEXICHHYIO KOMILIEMEHTAPHYIO
uens. HoBocuuTesupoBansblii ¢parMenT M HENOBpEKIEHHBIH OCTATOK
uern  coepuHmores  JIHK-murazofi. IlenoctHocte monexyns JIHK
BOCCTRHAB/IMBAETCH.

Penapupyioias cnocoGHOCTE KIETKM B 3HAYUMTENILHOM CTEIeHH
ONpefeseT MCXON NEpBMYHBIX TMIOBPEAICHHH H, TakWM oOpasom,
PE3HCTEHTHOCTE KIETKH K OONyYeHHIO.

MyTanTei, yTpaTuBIIHE CNOCOGHOCTH K TEMHOBOH perapaLMH,
o61aza0T NOBBINEHHOH YyBCTBHTEIBHOCTBIO K NETRJIPHOMY AEHCTBHIO
ynsTpadHonera.

HSy‘{eHlle MEXaHA3SMOB peflapalii T[CHETHYeCKOro annaparta
HMmeer obuwebHonoraueckoe 3uaueHHe. He TOIbKO MHUKPOOPraHHU3MbL, HO
M KJICTKH BBICHIMX OPIaHM3MOB - YENOBEKA M JKMBOTHBIX - 00JamaloT
penapupyiouliMH CHCTEMaMHM, KOTOpbie CHOCOOHBI BOCCTAHABIMBATH
TIOBPEKACHHUSA, BO3HHKAIOWHE B pe3ynbTarte ACHCTBHA paanauH¥ |
JIpYrHx MyTareHHsIX aKropos.

10.2.2. Ipaxmuseckoe npumenenue Mymanmos
MUKDOOP2anUIMOe

Tonydenre HOBBIX (POPM MHKPOOPraHM3MOB C MAC/IEICTBEHHO
3aKPEIUICHHBIMU [1I0JIE3HEIMH CBOHCTBAMH HMeeT GONbiIoe 3HaueHHe s
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NPaKTH4eCKOH MMKpoOHonoruu. Takas ao3MOXHOCTL BriepBbEe Oblna
orkpeita I'. A. HancomoMm. OH auncs OCHOBOMONOKHMKOM panMa-
uHOHHOH MuKkpoGHonoruu. Eume B 1925 r. COBMECTHO CO CBOMM
yuesnkom I C. QmmunnoesiM, BO3feiCTBYs Jiydamu PeHTreHa Ha
Hu3uKe TYPUOBI, OH NOMY4Hs HOBBIE Packl, OmHUaKHecs mopdo-
JIOTHYECKMMH ¢ (DM3HONOTMMECKUMH TPHM3HAKAMH, CTOHKO COXpa-
HAFOLIMMMCSA B PSAE MOKOIICHHH.

OpHako WHpPOKOe NPH3HAHME MCCHEAOBaHMA Hancowa nomyummd
nuub B 40-X rogax, Korzia B pe3yJibTaTe BO3ACHCTBHS PEHTIeMOBCKMMH M
V®-nyyaMH Ha MpooyUEHT NeHuwwrmea - Pen. chrysogenum GeutH
MOMY4EHBI LITAMMBI, OBnanaoLme B 2 paza 60nbiue NMPOAYKTHBHOCTBIO
MO CPaBHEHHIO C MCXOAHBIM IITammom. Janeeeiinee npuMeHeHHe
MYTareHHbX (JaKToOpOB B COUETAHMH C TIHATENbHBIM OTOOPOM NO3BOIMAO
B 100 pa3 nomeicuTe npoaykTHEHOCTE rpuba. Ecnmu  camme
TIPOAYKTHBHBIE M3 HUKUX mraMMmoB Pen. chrysogenum B onTHManpHBIX
YCIHOBHAX Aasayi okono 100 MKr/MA MeHWUM/UTHHA, TO MYTaHTHbBIE
IHTaMMBI 3TOro rpuba obpasyior 20 100 000 Mxr/MN NEHHLHATHHA.

Kpome noeeitueHs 6HOCHHTETHYECKOI CIOCOGHOCTH MPOAYLIEHTa,
npriMenerre Y®-myqel fano BO3MOXHOCTE MOMYHHMTB ero Oecrmr-
MEHTHBIH MYTAHT. JTO Chirpano Gomeillyio pons B NMEHHLHJUTHHOBOH
MPOMBILIIEHHOCTH, TaK KaK CYLIECTBEHHO OOMeryHiio IpoLecc XMMH-
HECKO# OYHCTKH MOTOBOIO MPOAYKTA.

3HaYHTENbHOE YBONMYCHHE MNPOAYKTHBHOCTH HOCTHTHYTO TIpM
CeneKUMH JPYrHX HpOAYUSHTOB aHTMGMOTHMKOB, TaKux Kkak Act.
streptomycini - nPOAYUeHT CTpenToMHMUMHB, Act. aureofaciens -
NPOAYLECHT XIOPTETPALMKITIHA H Ap.

B Hacrosinee BpeMs MOYTH BCe aHTHOMOTHKH BmipabaTmBaloTcs
MyTeéM INPHMEHEHHSA MYTAHTHBIX IUTAMMOB. YCneXH MyTauHOHHOH
CENeKUMH NpPOAYLEHTOB AHTHOHMOTHKOB IJIerIM B OCHOBY pa3paboTKH
HOBBIX METONOB CONEKUHH HPYTHX MONe3HBIX (POPM MHKPOOPraHU3MOB:
MPOAYLUECHTOB aMHHOKHC/IOT, BHATAMHHOB, (hepMEHTOB.

Cpeay mNPOAYUEHTOB AMUHOKUCIOT 0C0B0e MECTO 3aHHMaer
6HMOXHMHUYIECKMH MyTaHT TpoAyueHTa yu3uHa. Ol cunTesnpyer B 300-
400 pa3 Gosbiue NHM3MHA, YeM OOBIMHBIC €CTECTBEHHBIC LUITAMMBL, B TO
BpeMs K3K CaMbl€ JTydqiMe H3 H3Y4YEHHBIX HNPHPOJAHBIX LITAMMOB B
ONTHUMAJBHBIX YCIOBHAX (POPMEHTALMM CHHTE3HMPYIOT He Gonee 0,4-0,6
MT MTH3HHa Ha 1 M cpeasl.
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Moz neiictemem Y®-nyueH U paauoaxTHeHoro kobansra Gwumu
noyHenbl aykcotpodubie Myranth Bac. subtilis 1 M. glutamicus,
0bnajAoLHe BBICOKOH CNOCOBHOCTBIO K OMOCHHTOly AAHHOH AMHHO-
xucnore (o 25 r/m). Hlupokoe mpHMeHeHne B NMPOM3BOACTBE MYTAHTA
M. glutamicus (ayxcorpodbHsii TO FOMOCEPHHY) NpHBENO K 3HAYHM-
TENBHOMY CHMMKOHHIO cbﬁecmuuocm NH3IHHA, U €ro Ha4YanH HCnoiib~
30BaTh B KauecTBe AODAaBKM B pPaCTHTENBHBICE KOPMA JKHBOTHBIX.
TMpuMeHeHHe MYTAHTOB B IPOM3BOACTBE AMHHOKHMCIOT MMKPOOHO-
IIOTWHeCKHM METOZIOM BBITECHAET CTapble NPOMBLINUICHHBIEC METOIbI
XHMHYECKOro CHHTE3a M BBASNCHHA HX M3 FHAPONH3ATOR GesrkoB.

HBayuMpoBaHHHNE MYTaHThI 3AHHMAIOT BERYyLIEe MECTO B Pa3sHbIX
oTpacnax MHKpOoBHONOrHHYeckoH npomebiuuieHsHoctu. OynnamentaneHse
AOCTHXKGHHA TEOPETHHECKOH TIeHOTHKM NO3BOIMIM B KODOTKHH CpOK
ROOHTBCA HBUMTENBHEIX YCIIEXOB B 0GACTH CENeKLMH NPOMBILIITEHHBIX
MHKPOOPTaHH3MOB TIyTEeM COBEPLIGHCTBOBAHMA TPAMHIHOHHBIX METOZOB
MOIy4eHHA MYTaHTOB B COYETAHHM C METOAAMM reHHOM HIDKEHEPHH.

10.3. PEKOMBHHAIIMA ¥ BAKTEPHI

HacneacTeeHHble M3MEHEHHA MOABIAIOTCA HE TOTBKO B PE3YJILTATE
MyTauui, HO H BCIEACTBHE pEKOMOMHAUMI, T. € H3IMEHEHHUA
KOMOMHALMH TeHOB XPOMOCOMBI HUIH Tulasmuasl, PexoMGuHauus umeer
MECTO B TeX CHOydasX, KOrZia B PEUMITHeHTHYIO KIETKY NpOHHKAET
dparmenT wuyxeponnord JHK u B3aumonedcTsyer ¢ reHoMoM 3ToH
KJeTKH. PeaynbTaToM B3aHMOZEHCTBHSA ABIATCA BCTpausanue dbparmen-
1a JJHK B resom (JHK) winerxu u oOpa3oBaHHe pPexOMOMHAHTHOIM
monekynet JIHK, vnu pexoMOGHHaHTHON XPOMOCOMBI.

Pexombunauns y Gaxtepuil MPOHCXOAHT npd TpaHC(opMaLyy,
KOHBIOrALIMH U TPAHCAYKLHMM. ITH TPH cnocoba reHeTHuecKkoro obMena
obecneunsaror mnepesoc JIHK wus 6Gaxrepun-noHopa B Gaxrepmio-
peunnuent. @parment JHK, nocrynarowmmii OT ZOHOPCKOH KJIETKH,
HA3bIBAETCA 3K30TEHOTOH, a IEHOM peLHnueHTa - 3HAoreHoroi. Ilpu
pekoMOHHALMH TPOMCXOAMT OOMEOH WM HHTerpauus 3K3OTEHOTH C
3HAOreHOTOH, OfpaszoBaHHEe pPeKOMOHHAHTA, a B TOCIEAYIOLIEM, NPH
NENSHHM KIeTKH, - pekoMOHHAHTHOrO notomcrsa. PexomOBunanTsr obia-
BAIOT NPHIHAKAMH PELMINMeHTHON M AoHOpHOH Kknetkn. Ho Tak kak B
PeLHITHEHTHYIO KJIETKY TNEPEHOCHTCE M Y4YaCTByeT B peKOMOHMHALH
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JHiup HeOONBLIAA YaCTh IEHETHUECKOro marepHana (OT OOHOrO ZO
HECKONMBbKHX I¢HOB, TO, Bo-nepnux, PELMITMEHTHAA KIeTKA CTAHOBHTCHA
AUTUIOMAHOM (BPEMEHHO) TONBKO B OTHOLUEHMH HEOONbLIOH YacTH CBOEro
reHoMa - oOpasyeTcs HEMONHAA 3HroTa - Mepo3urora (OT Nar. meros -
4acTb), BO-BTOPBIX, PEKOMOHHAHTHI COXPAHMIOT B OOCLIEM TEHOTHIL
peuunyeHTa, npHoGpeTas MHins OTAENBHEIC IMPH3IHAKH AOHOPA.

V BaxTepHil pasnHtarOT TPH THIA TeHETHUYECKOH PeKOMOHHALHA:
1 - ofmas romonormiMas, 2 - caliT-cienudHyeckas, 3 - HEroMOIOTHY-
Has.

Ipu oOweit romonoruwuHoi pexombumanun JHK zowopa
pexomBunmpyer ¢ JJHK peumnueHTa myTeM peuHNpPOKHOro (B3auMo-
AononHsowero) ooMena. Ilpu 3ToM B3aHMOAEHCTBYIOT FOMOMOTHYHBIE
yaactkn [JHK, T e. ydacTky, MMEIOHE OAHMHAKOBYIO HYKJICOTHAHYIO
nocnenoearensroctTs. [sorusie mutu JHK cOnmkatorcs u obMeHu-
BAIOTCsl OMHOHHTEEBIMH FOMOJIOTHYHBIMH YHACTKaMH, @ 33TEM B Pe3ylib-
TaT¢ pennukauuud obpasyercs pexombumanTHas wMonekyna JIHK.
FomonoruyHas pexoMOHHaLMA KOHTPOMHPYeTCs reHoM rec A, MyTanTe,
Ze(heKTHbIE MO ITOMY reHy (rec’), He CNOCOOHE! K TOMONOIMHHOH PEKOM-
OuHaLHu.

CymnocTts caliT-criennuyeckoii peKoMBUHALIMM COCTOHT B TOM,
410 (pparMenT AoHopHoH Apyxuenodeuroi JTHK ecrpausaercs B ctporo
onpezenenHbli yuactok penunuentaod JIHK. Hanpumep, dar A Bceraa
BKJTIOU3ETCA B XPOMOCOMY Oakrepuii Tonbko Mexay gal-oneporom w
6HoTHHOBOH obnmacTeio (resom bio). 310 EKmoueune obecneumsaeT
Koaupyemelii ¢arom Genox-wmrerpaza. Ilpu yuactmu pawHoro Genxa
xomeuesas JIHK dara csouM ywactkoM att’B mpucoemuHsercs k
COOTBETCTBYIOIIEMY YHACTKY att A OGaxrepuanemoii JIHK, pacniono-
JKeHHOMY Kak pa3 Mexay remamu gal u bio. 3atem myTem paspeisa u
TIEPEKPECTHOrO BoCCOoeAHHeMHs JaoiHex HureH JIHK ¢ara v xnetkn-
xo3suHa (E. coli) ocyimecrenserca pexomOunaums, 1. €. JJHK dara
BKJLIOYAETCs B FeHOM KIOTKH-XO3AHHA.

PexoMOuBauus no crnocoby pazpbBa M TEPEKPECTHOrO
BoccoemHHerns HHTeH JIHK aHanoruuHa KpOCCHHTOBepY y dyxapuor. B
Hayane npoluecca B OONAacTH reHeTHYeCKOH roMoJIOrHM Mexuy (par-~
mentroM JJHK ZOHOpa H XPOMOCOMOH PELMITHOHTZ OCYLIECTBIAETCH
CHHANC - CNapHBaHHe. 3aTéM B 3TOM ke YUACTKe NMPOMCXORHT paspeie
zeorubix Huted JHK u nx TIEPEKPECTHOE COSAMHEHHE. Hegnocratomue
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cermertst JIHK mns coemiHenws Huted cuHresupyiorcs JHK-
normmepasoii wierkn. Coepnnenne konuos Hured JJHK ocywmecrs-
NAeTCA; MNONHHYKIGOTHATHTA3aMH, 33aBePIIAKOINHMH  PEKOMOHHAMIO.
OGpasosaBuiascs PeKOMOHHAHTHAas JHAOIEMOTA PEIUTHUMPYeTCs H
MPH3HAKH HACIeNYyIOTCA B TIOKOJIEHHAX, 8 PeKOMOHHAHTHAA 3K30reHOTa
PaspyluaeTcs KeTOUHOH 3K30HYKIIea30H cpa3ly rmocie o6pa3loBaHuA.

K neroMonormurol pekOMOHHanMH OTHOCAT PEKOMOUHALMOHHEIE
npoueccel, mpoucxoasmue Mexcay dparmenramu JIHK, ne umerowmmn
3ameTHON reHeTwieckod romonormy. Kak M caiit-cneumputieckas
pekoMOHHANHA, OH2 OCYMIECTRISETCA IyTeM PasphiBa M IEPEeKPeCTHOro
Boccoemvnenua JIHK, 1. e. sBnserca uHrerpauvonHoi. Hdaummiii Tan
pekOMOHHAUMM DNPHCYLX TPAHCIOIOHAM, BCTABOYHHIM MOCIEAOBa-
TenmsHOCTSM (JS-3meMenTam) u dary p (Mio).

PexomOuBauWs B 0pHpoOse MrPaeT CYUIECTBOHHYIO pOTb B
ssomouH Oaxrephii, Tak KaK YBEIMYHBAET “HCIO pPazHOODpa3sHbIx
KOMOHHaLMI reHOB AN 8CTECTBEHHOrO oTbopa.

10.4. MEXAHH3M NEPEHOCA H OEMEHA
TEHETHYECKOI'O MATEPHAJIA Y BAKTEPHH

Bakrepur  momobHO  BmcIMM ~ oprauMamam  obnamaror
CNOCOGHOCTBIO K OOMEHY NMeHETHYECKOrO MATEPHANA, HO CYLIECTBEHHO
OTIHYAIOTCA OT MOCAEAHMX Crocobamy repenaud ero OT AOHOPHOH
KIeTKH K peuunuentHol. O6men renerHueckoro Matepuana y Gaxrepuii
HMOET MECTO NpM TpaHC(OPMAaLMH, KOHBIOTALMM M TPaHCAYKLIHH.
Hcropuiecku y OakTepuii paHblI® APYr¥X ONMCAHO SBNGHHE
TpaHcdhopMaLHH.

10.4.1. Tpanchopmayus

Tpancopmanua (peBpaLIeHHEe, NEPECTPOHKA) - 3TO H3MEHEHMe
reHoma BakrepuM-peLnHEHTa NOJ BIUAHHOM TOTJIOWIGHHOH H3 CPEAN
csoboxmoit [IHK, ewaenennod n3 Gaxrepun-noHopa. Tpanchopmawso
moxer ocyuecrsaaTs tTonsko JIHK, Bxmouatomascs B reHOM
peumnenTa. Ee ucrousnkom moryT 6eite cBexeyBHThie Saxrepuy wnu
HMACTHE NpenapaTl, 3KCTparuposanHele K3 Gakxrepmii. INostoMy ans
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TOSIydeHHs TPaHCHOPMAHTOR PEMIHEHTHEIE GAKTEPHH BRIPALHBAIOT Ha
cpenax, conepxxampx yucTyo JIHK mnu yéuThie KieTkH SJOHOPOB.

Tpancpopmaums Obuta oTkpeiTa B 1928 r. aHMIHACKHM yHEHBIM
@. TIpuddurcom. OH ycraHoBHNT mnpeBpalueHHe GECKATICYNBHONO
MHeBMOKOKKAa R-THNa B KancynbHbBi BUpyneHTHBIE S-THn. 3apasxas
MBILUCH CMEIIAHHOH B3BECHIO »KMBBIX GECKANCYNbHbIX ABHPYIEHTHBIX
THEBMOKOKKOB H YOMTBIX HAIrpEBAHHEM KATICYNBHBIX BHDYICHTHBIX
nuesmokokkos, ®. Ipuddrrc mabmonan rubenp KHBOTHBIX, M3 KPOBM
KOTOPBIX  aBpAe/Lil  Hapsgy C OeckanCynbHEIMH M KANCYJIbHBIC
TIHEBMOKOKKH. ABTOpP NPHIUGN K 3aK/IOYEHHIO, YTO OECKANCYMbHBIE
BapuaHTe npHOOpemM CrocoGHOCTE OOpa3soBLIBATD KanCyly IO
BIIHAHHEM KaICyJibHBIX ITHEBMOKOKKOB, HECMOTDPA Ha TO, YTO MOCIGAHHE
61 MepTEBIMH. OmHako rpHpoay TpaschopMHUpYOLIEro Beiuectsa @.
Fpuddurc He ycranoBun. Owm cuMTAN, YTO OTBETCTBEHHBIMH 32
oOpasoBaHHe  KanCynbl  SBIAIOTCA  NOJHMCAXAPHABl  KATCYJBHBIX
ITHEeBMOKOKKOB S-THna.

Onbitet @. I'pudpdurca mo Tpanchopmauu Kancynst y neHeB-
MOKOKKOB MOATBEPAHIHCE Hecneaoparensmu. Tak, B 1931 r. M. Jlaycon
u P. Cua onmcany ananoruiHyio tpaschopmaimio in vitro, BeIpalasas
Knerkd R-tuna B 6y/bOBe, conepaxkaineM KIeTKH NMHEBMOKOKKOB S-THna,
yoursie HarpepaaneM. [osanee C. Annoenii (1933) nokasan, 4ro Takue
we mnpespamieHMs R-Tina B S-Tn MOXHO NONYYHTB, HCIONB3OBAB
GecKIIeTOUHBIE IKCTPAKTHL KAMCYIEHBX MHEBMOKOKKOB.

Xora TpaHcHOpMALHIO GecKarncysbHbIX TTHEBMOKOKKOB
Habmonany MHOTHE HCCNeAOBATENH, TPHPOAA TpaHC(OPMHpYyOmero
arenTa ocrapanack HemssectHom. M Tomvko B 1944 r. O. Jmepu ¢
COTPYAHHKAMH BHIAEITHIT TPAHCPOPMHUpYIOLIEe BELIECTBO M3 KATNCYNbHBIX
yOHTBIX NHEBMOKOKKOB M MCCNSAOBan ero csoiicrsa. OHO Okasanoce
uysctsurensibiM kK JIHK-aze. TlpuMenenue  BBHICOKOOHMINEHHOrO
npenapara JIHK-a3sm nokazano, uTo OH TNOAABNAET aKTHBHOCTb
TpaHcHOPMHUPYIOIIEre BELIECTBA. 1O ABHJIOCE HEOCMOpHMbIM (akToM
T0ro, uro TtpanchopMapuio eeisweaer JHK.  HonomuureneHsie
BoKazaTenbcTBa ObUTH MomydeHhl B onuTax ¢ mcnonb3oBanmem JTHK,
MaKCHMMaJIbHO O4YHUIGHHOH OT npuMeced Oenka, NONHCAXapuuoB H
HPYTMX KJIOTOYHBIX KOMIMOHeHTos. Jra JIHK mposeana BBICOKYIO
aKTHBHOCTB: B passesenmd 1: 600 mnH oma cnocobra Oeina BHI3BATH
crieyuUIECcKyO TPaHC(HOPMALIHTO.
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Ycranosnenue Tpascdopmupyroweit porm JHK seunock pewaro-
LM apryMeHTOM B MOJb3y TOrO, YTO IéHeTHYeCKas HHGOopMaLHa Haxo-
nmurcs 8 [THK, a He B Genxe, kak npegnonaramy.

BoamoxsHoCTs nepeaat ripu3sakors nocpeacrsom JIHK ot morop-
HOH K POLMIHEeHTHOH Knetrke Obina mokasaHa M Ha APYrUX Buaax
Gaxrepuii u 6aunmn: Rhizobium, Neisseria, Bac. subtilis.

TpancopMHpyOLWIEH aKTHBHOCTHIO OONANAET NHIOL BBICOKO~
monexynapaas (M > 10%) meyxuenoyeunas JIHK, xors B renom
PeUMIMEeHTa BKIIOYACTCA TOJBKO OFHA WLEMb, a [pPyrasd paspyliaeTcs
JIHK-a30# perHnueHTHOM KNETKH.

BakrepuanbHeie KIeTkH PaATHYUAIOTCS NO CNMOCODHOCTH K TpaHC-
(hopMauHH. ITO 3ABHCHT OT HX FEHETHUECKHX CrIOCOBHOCTelH: OT BhIzene-
uua JIHK-asw, o6pa3oBaHmsa Kamncyrybl, MPENATCTBYIOIEH MNpOHHKHO-
senmio JIHK, or cocraa cpexm, Bnmsiomed B CBOIO O4Yepear Ha
(bHSHOJIOI‘K‘IeCl(OQ COCTOAHHEC KICTOK, M Hp.

OrnrrumansHoe (QM3HONOTHYECKOe COCTOSMHE KIETOK, B KOTOPOM
OMM CrOcOBHBI k mornomeHnio wyxepogHost JIHK, Hasmsaercs
KOMIIETeHTHOCTBIO. KOMTIeTeHTHOCTL OOYC/IOBIEHA TNOABIEHHEM HA
TOBSPXHOCTH KJIETKH Ocoboro aHTHreHa - (akropa KOMIIETEHTHOCTH,
KOTOPBIH SBJAETCA HHM3KOMONEKYNSPHHIM OeNKOM M Hrpaer pone
cneuntrieckoro  JAHK-cesssiBatomero  peuerrropa.  Mumummpyror
KOMIIETeHTHOCTh TpH Oenka: avronusun, JTHK-cessmBaomuii 6enok u
angoHykneaza [ B nepuos paseuTHS KOMIETEHTHOCTH NPOUCXOAAT
H3MEHEHHA CTPYKTYPBI KJIETOYHOH CTeHKH, B Pe3yNbTaTeé Hero CTeHKa
cTaHoBUTCA Bonee nopHcToi H nponkuaemoii ans JHK.

Ipouecc Tpascdopmanmy pasnenmioT HAa HECKONBKO CTaxui:
1) npucoeannenne JJHK k NOBSPXHOCTHBM pelenTopaM peLHMITMEHTHORH
knetky; 2) npounkaosenue JIHK B knetky; 3) npespainesise npoHHKLIeH
nsyxuerioueusioit JJHK B onxHouenoueanyo; 4) pexombuuarms NPOHMK-~
wek OHK ¢ [JHK peurnuenTa; 5) ¢eHoTHNHUECKOE BHpaXeHHE TOIIO0-
wmeHHoro rena (e renos). Ha nepeoii cramum panchopMupyioutas
neyxuenoueuras JIHK cBasbiBaeTcs © NOBEPXHOCTHHIM PeLETTOPOM
KOMIIETEHTHOMH KIeTKH. B 2TOoT mepuog ona uyscrsurenbHa k JJHK-aze.
3arem, cpasy nocne NpHCOSAMHEHMs MEpen MPOHUKHOBEHHEM B KIETKY
SHIOHYKIEasbl, HAXOAAMMKECHd B NEPUITIASMATIMECKOM HNPOCTPAHCTES
KIETKH HagpesawoT nooyepearo obe uerm THK ¢ obpazosanuem Gonee
KOpoTkHX (parmenTor asyxuerioveusoi JIHK (5 © 10° - 1' 107 n. n).
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Ot ¢parMeHTH NOABEPraloTCA ACHCTBMIO 3K3OHYKNGA3, KOTOPBIC
pazpymator oany wnems JHK. B wierky mnponukaer ¢parment
onxouenoyeynod JHK. Jlna npOHMKHOBEHHA HCTIONB3YeTCs IHEPrHA

TpaHCMeMOpaHHOro NOTeHLAAA (Au H+). JHanee crnenyer

pexoMbuHanns oxHouenoyeyHoro @parMenTa ¢ asyxuenoueusoi JJHK
peunnuenTa Hu oOpasoeaHme TpaHchopmanToB (pexombunautor). Tak
KaK mpu TpaHchopMaumu nepepaercs HeOompmok dparment JHK
EOHOpa, TO obpa3syiomuecs TpanchopMaHTH OOBIIHO OONANAIOT OXHHM
HoBbiM mpusHakoM. Huorma wmoryr TpaHchopmupoBathci M aBa
NpU3HAKA. JTO HMMEET MECTO B TeX C/Iy4asdX, KOrma TNOTIOINEHHBIH
¢parment JHK CORMEPIXHT TECHO CLEMICHAbIC TEHH IIH KIeTKa
TpanchopmupoBasa gBymsa ¢parmentamu  JIHK-nonopa. UYacrora
Tpaichopmany  Gonee BHICOKA, ©CAH MHOHOPOM M PELMITHEHTOM
serores GaxTepun oxtoro BHAa. TpaucdopMaLus MOXKET MMETh MECTO
M MeXAy GakTepHAMH PasHBIX BHHOB, MO C O4YEHb HHM3KOH HacCTOTOM
obpasoeanns TparchopmanToe. Tak, Yacrora TpanchopmanTos Haemo-
philus influensae, ycroffaueeix k CTpemromuummy, npu TpaHchop~
muporasnu Gakrepuii JIHK, monyweHHON M3 KNeTOK 3TOro e BHAQ,
cocrarnser 1 10”, npu Tpancdopmuposanuu GakTepHil APYToro BHAA
(H. suis) Bbixox pexomBunantos & 10* pas sinxe.

Tyrem Tpanchopmanuy NepesaroTCs pa3uble CBOHCTBA: obpaso-
BAHHUE KaTCyJl, YCTOHYHBOCTE K aHTHOHOTHKAM, CIIOCOOHOCTD K CHHTE3y
AMHHOKHCNOT, BHTAMHHOB H Ap.

To ceoeki npupoge k Tpaschopmanun Gnuska Tpancdexuus. dto
TIEPEHOC TeHeTHHECKOH MupopMauaH (hara KOMNETEHTHRIM KiIeTKaM Gak-
Tepuii mocpeacresom [JHK, euizenensoit u3 uacruy ¢ara. B Taxkux xner-
Kkax, undrupposannnix daroeoii JHK, nporcxoauT passuTre HOpMATb-
HBIX, TIOMHOLEHHHX ¢aros. Tpancdexpno yAanoch OCYIECTBIATE HE
Tomeko ¢ nomompio JIHK daros, Ho u IHK supycos xuBoTHBIX.

10.4.2. Konvtozayusn
Konsiorauus (criaprisatue) - nepeaata reHeTHYeCKOro MaTepHana
OT AOHOPHOH K PELIMIMEHTHOH KJeTKe NpPH HX HErNoCPeNCTEeHHOM
KkoHTakTe. Kowplorauns oOCyImEeCTBAAETCS TONBKO MEKAY KISTKaMM

pasdoro mnoma. Ilon y Gaxrepui onpenensercs HANMYMEM WITH
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orcyrcTeuem nonoeoro taxropa — F-axropa, xoTopeiii npeacrasnser
cobor xonenesyro monexyny JJHK u orsocures k xareropum nnasmua.
Baxrepun, koroprie comepxat F-thaxrop, ssamorca GakrepuaMu Myxc-
KOrO THAA M CNYXaT OOHOPaMH TeHETHYecKoro marepuana. [pyrue
Gaxrepur ue umeror F-akropa - ato Gaxrepun xenckoro tuna. Onu
ABJIIOTCH PELHIHEHTAMH TEHETHUECKOro MAaTopHania, TepeaaBaeMoro
JHOHOPHBIMH INTAMMAaMH.

Konsrioraums rpokapHoT ABISETCA aHAJIONOM TOJIOBOIO IMPOLECCa
AYKAPHOT.

OrTxpriTie KoHBIOrauH Gaxrepuii npunamnexut k. Jlenepbepry
u E. Tarymy (1946). Oun ucrionbzoBanu aBa ayKCOTPO(HBIX MYTaHTA
E. coli K-12, kaxapiii B3 KOTOPBIX B OTACPHOCTH He 06najgan criocod-
HOCTBIO CHHTe2HPOBATh ZBE aMHHOKHCIOTE., OnHH 6bin aykcoTpodhHbIM
no amuHokucnoraM A m B, Ho cunTesupoBan kucnotet C u D
(A"BC"D"), mpyroii myrant 6bin xommiementapen (A”B'C D). Ha
MUHHMANLHOH Cpefie 3TH MYTaHTHI pasnensHo ue pocmi. Ilpu Beicese
CMECH HX Ha Ty CPeAy MOSBJIAIKCH KOJMIOHHH, KJIeTKH KOTOphIX ofnaaanu
CNOCOOHOCTBIO CHHTE3HPOBATh BCE 4 aAMHMHOKMCIIOTBI, T. €. 3TO OBUIH
reHeTHYeCKHe PeKOMOMHAHTRL fayx perunpokuo gedexranx (B3anMo-
FOTIONHAIOLINX) POAHTENBCKHX KieTok. OHAKO B 3TOM ONBITE HE HCKITIO-
49anach BO3MOXKHOCTH TOABICHHA PEKOMOMHAHTHOTO NOTOMCTBA MNOX
BJTHSAHHEM BeLIECTB, 06nafaoiumx TpaHchOPMHUPYIOLISH aKTHBHOCTEIO.

HauGonee  yGemurensHbie  noxasaTenscTsa  OGpasoBaHHA
TEHETH4ECKHX PEKOMOMHAHTOB B PEIyNbTaTe KOHBIOTALMH  ObinK
nonyuensl B. Jiseucom. B omHo xonmeno U-obpasHoii Tpy6ku, pas-
FENeHHOH CTEKIAHHBIM TNOPUCThIM GakrepHanbHBIM JHUIBTPOM, NOMe-
Lancs OnHH aykcotpodrbii mramM GakrephH, B apyroe - apyroii. Ha-
JHYHE TIOPUCTOro GUIBTPA MCKIOYaN0 HMIHIECKHH KOHTAKT OakTepHii,
HO He NpensTcToBano Ju(dysru tpaHcHOPMHPYIOLIIX BEINECTB H3 OF-
HOro KoneHa B apyroe. CrycTs HeKOTopoe BPeMs M3 COXEPIKMMOro Kax-
HAOro KONEHA MPOM3BOIMNCA BhiCeB GakTepHii HA MUHHMANBHYIO CPERyY,
OAHAKO HH B OJHOM M3 HHX npoTotpodhoB He GBu10 OGHApYKEHO, T. €. pe-
KoMbuHaHTH He 0BpasosriBaHCch. Korna ske 06a pOANTENsCKHX IITaMMa
33CEBAITH B OAHO M TO K€ KONGHO TPYOKM, YTO MOIROIANG KJIETKAM
BCTYTaTh B OPAMOH KOHTAKT, PeKOMOHHAHTH MOSBIIAIHCE.
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Hanuume Takoro xoHTak-
Ta MeXIy KIETKaMd ylIanoch
Habmonats B 1957 r. memno-
CPEACTBEHHO C TIOMOILBIO 3JIEK-
TPOHHOrO MHKpockona (puc.
10.2). Tloske Gwulo ycraHoB-
JIHO, YTC KOHBIOTHPYIOLIHME
KIETKH  COEIMHAIOTCA  Hepes
KOHBIOTalIHOHHbIH MOCTHK, 06-
pa30oBaHHBIY MOJOBOM BOPCHH-
KO# F-mam NoHOPHOM KneTkH.

CO6vnKeHRIO KITETOK CIIO-
COOCTBYET COKpAlleHME MONO0-
BOM BOPCMHKH MM BTATHBAHHE
€ BHYTPP MOHOPHOH KIIETKH.
Peuunuentuas Knerka mnoars-

Puc.10.2.Konsioraums  k1eTok
E. coli

THBAETCA K MACHOPHOH 1O HENOCPENCTBEHHOrO0 KOHTAKTA KIETOYHBIX
cremok. Pernmkaums JIHK ocylecTsisercs no MeXanM3My «KaTsiierocs
woneua» (puc. 10.3). Korna KIeTK BCTYNHIH B KOHTAKT, B MOJIeKyJie
JIHK noMOpHOM KJIETKH FPOMCXOOMT ORHOLETIOYEeuHUbIit Hajpe3, 4YTO
CO31aeT YCNOBHA JIJif pacCKpYYMBaHus NBOHHOK uenu. OnHa w3 nenei,

HauMHas ¢ 5'-KOHIa, mepe-
[ACTCA B  PELIMNMEHTHYIO
KJIETKY, Hpyras OCTaerca B
Jiouoproit. OnHOBpeMeHHO
C mepejauelt MPOHCXOANT U
perunkauus [THK. Tlo mepe
niepefauM M pacKpy4YHBaHMA
ueru ¢epmentsr  JIHK-no-
nuMepasbl B JIOHOPHOH M
PELHMITHEH THOM KJIETKaX
OIHOBPEMEHHO CHHTE3HpY-

Puc.10.3. Tlepenasa JHK or aomopHoi T KOMIUIEMECHTapHBIC Lie-
KIETKH B PEIMIMEHTHYIO ¥ peluTKaima no Ii. Taxum obpasom, or jo-

MeXaHHIMY KATAUIErocs KOJbLA
Vorcon, 1978)

(Ix. HOpa K PEIMIMEHTY mnepe-

J[aercs OflHA Uelb, HO B
Tpouecce TepefaYyd  oHa



AOCTPaHBACTCA M KOBAJICHTHO 3aMBIKACTCA B KOJBLUEBYIO CTPYKTYpy.
3ateM [@yTeM TIeHETHYeCKOH pEKOMOHMHAILIHH OHa BKIIOYAcTCH B
XPOMOCOMY DEl{MITUEHTA, PEIUIHUHPYETCA ¥ B PE3YNLTATE NEJCHUS KieT-
K# obpasyercsi pekoMOMHAHTHOE NOTOMCTBO. AHANH3 PEeKOMOMHAHTOB
MOKAa3aJl, 9T0 KIE€TKa-AOHOp NEpeaeT PELHNHENTHOR KiIeTKe INIb HacTb
CBOEr0 FEHOM2 H TONBKO B PEKHMX CIy4¥asX BO3MOXHA IEpeaauya €ro
uenukoM. B cBasm c 3tHM ofpasyercs Meposurora. Ona cCOOEpXHT
NOJIHBIA FEHOM PELMITHEHTA H JIHIIL (ParMeHT reHoMa JOHopa.

Korbloranms - oHOHaNpaBjieHHbIH, WM acCHUMETPUYHBIN Npo-
Lecc, T. €. NEPEHOC FeHETHYECKOro MaTepHalia IPOMCXOAMT B OHOM
MANpaBlIeHHH - OT JOHOPHOH (MYMCKOM) KIETKH K peHHNHeHTHOH
(aKEeHCKOIH).

10.4.3. Tuns: donoprsix K1emox

B 3aBHCHMOCTH OT cocTosHMA F-(pakTopa M €ro mnojokeHus B
KIETKE PasfiMyatoT TPH THIIa JOHOPHLIX Kiterok - F', Hfr u F’. B xierkax
nepeoro Tuna F-¢akrop Haxomutes B cBoGomHoM cocroamuH. Ilpu
CKPEIMBAHHH MX C PELIMINHEHTHLIMH KIETKAMH IIPOMCXOLHT Tiepesiadya
F-pakropos #u F -KIeTKH NpeBpamaioTcs B IoHopHbie. F-(akrop
PEIUIHIMPYETCA H N€PENacTCs IpH CKPEIIMBAHHHM, HE3ABHCHMO OT
perMKalun  XpoMocoMul kinetku. [Tostomy moctarouno weGonbmoro
aucna F'-knerox s nomynsuum, 4To6b1 B KOPOTKHH cpok Bee F-KkneTkn
MpEeBpaTHIACE B JIOHOPHBIE.

BTopoif THN [OOHOPHBLIX KIeTOK mpoHcxoaMtT or F'-kmetok B
pesynsrare rmroyeHns F-dakropa B Gaxrepmanshyio xpomocoMy. 1o
ocyuecTsisierca caenyromM obpasom. JIHK F-daxropa, mopobeo
GaxrepuanbHOM XpoMOcOMe, sfBAeTcA Konbueso. B F-gakrope
CONCPAKUTCA HECKOJIBKO YIACTKOB, I'OMOJIOTHUHBIX (IO HYKI€OTHIHOH
MOCTIEIOBATENLHOCTH) PAAY YJACTKOB XPOMOCOMBL 3Ty IOMOJIOTHIO
obecnieunBaior IS-3neMeHTHl, KoTOpHIe conepxarcs B F-gakrope H
xpomocome. Beero B F-akTope coniepautes oftHa konus IS2, nee konuu
183 u tparcnozon Tn 1000, B xpomocome E. coli - no apenamuaTy xomuit
IS2, mecte konmit IS3 u B HEKOTOPBIX LUTAMMAX HE MEHBINE OMHOM
konu# Tn 1000. 3T MHrpHpYIOIIHE FeHETHYECKHE 3NIEMEHTH CIYXaT
criendmieckuME calitamMu sHTerpaunn F-¢gaktopa B xpomocomy. o
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OHOMY M3 HHX MOXET COBEpIIATHCS CIIOHTAHHOE CrIapHBaHMe (cuHanc)
F-baxropa M xpomocomm. 3areM myrem Kpoccuurosepa F-ghaxrop
BKJTIOYAETCA B NOCIIEIOBATEIEHOCTD XPOMOCOMBL.

Tak B mpouecce caiT-crienmduyeckoit pexoMGMHALEHH, Onocpe-
nosannol IS-anementamu, obpasyerca wramm Hfr. Hfr-trramme obna-
Aai0T TOoH 0COGEHHOCTBIO, 4TO NPH CKpellMaaHuu ¢ F-KieTkaMH nepe-
DT MM XPOMOCOMHEIE Mapkepn (reHbl) ¢ wgacrorod, B 1000 pa3
Gombme#, yem xierku F', T. € a 3TOM cCiyyae B JIOTOMCTBE
oOHapyxHBaerca ropasfio Gojbiue peKOMOHHAHTOB, Y€M IPH CKpELlu-
BanvH F'u F~. Orcrona ux nassanune Hfr, npoucxoasiee or HaYanBHEIX
Gyxe Beipaxenns High frequency of recombination, aro B mepesoge ¢
aHrNYMACKOTO 03HAYACT (BBLICOKAA YACTOTa PEKOMOMHALIMMY.

XapakTepHbiM U NaHHONO THIIA KIETOK SBAETCA M TO, 9TO
obpazyromuecs pekoMOHHAHTEI NOYTH BCETia SBJIAIOTCH IEHCKHMH, T. €.
F-dakrop nepenaerca upe3spriaiiio peaxo. 1o 00ycnoBIeHO OCOOEH-
HOCTAMM niepeHoca xpomocoMH y Hfr-inraMMoB. Pa3peiB XpoMocombl H
Hadano mnepeHoca ompenensrorca F-daxropom. Tlepenoc HaumHaercs
BCerJia ¢ [POKCHMAIBHOrO O-KoHIa (OT aHIy. Origin - HAYANO) H MACT B
HATPARJIEHHM, IPOTHROMOIOXKHOM MECTy BiIoueHus F-dakropa.

Tlepenaya MapKepoB OCYIIECTBISETCS IOCIEOBATEILHO MO Beed
pnaune xpomocomet. Tlocneaunm nepenaercs F-gakrop. Jina mepemauu
Beel XpomMocoMbl HE06X0mHMO 90-120 mMHH. Tak KaK KOHDBIOraLHOHHBIH
MOCTHK HenpodeH (K TOMY e B NpPOLIECCe CTONb MIMTENbHON nepenaun
MOXET HAPYINMTHCH LEJIOCTHOCTL XPOMOCOMBI H3-32 €€ XpYNKOCTH),
F-daxrop or Hir-6akrepuii k F -KJIeTKaM MOYTH HE NEPEAACTCH.

Tperuit Tn ponopueix kierok (F) npomcxomur or Hfr-urrammos
chaexyiomuM ofpazom: F-akrop MOXET CHOOHTAHHO OTAENATBCH, OT
XPOMOCOMBI, NEPEXCAs B CBODOAHOE COCTONHHE, YHOCH NpPH 3TOM
xpomocoMubie Mapkephl. Tlpn konsorauun ¢ F-kierkamn F'-xnerxu ©
BBICOKOH yacToTol nepeparot F-haxrop. Kpome T0ro, nepeaaiorcs u e
XPOMOCOMAIEHbIE MapKephl, KOTOphie cTaiH 4acthio F-hakropa. 3ro
ABNEHHE - TIEPEHOC XPOMOCOMAJBLHBIX TEHOB OT JIOHOPHOM K pelyuny-
eHTHOM KieTKe F-paKropom - nomy4nno HaszBanHe cekcaykumn, Knerxu,
B KOTOpBIX BrmoyHncs F-dakrop, npuoOperaior crOCTBO AOHOPHBIX, HO
B omnHaue or F'-kieTok oHu cnocoGHBEI MepefaBaTs PEHMITHEHTHEIM
KJIETKaM He TombKO F-hakrop M coOCTBEHHYIO XPOMOCOMY, HO M T¢ FE€HEE,
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KoTopkie npuBHeceHbl F-gakTopoM, T. €. OHM 06J1aaloT CROMCTBAMM KaK
F', Tax n Hfr-mraMmMamy, 3a 4TO M NOMYYWIM HA3BAHHE MPOMEXY-
TOYHEIX JIOHOPOB.

10.4.4. Tpancoykyus

TpaHcAYKUHA - ITO HEPEHOC FEHETHIECKOrO MarepHasia u3 oxHol
6axkTepuanbHOl KieTkH B Apyryio Gakxrepuodarom. Tpaucaykius Oslia
orkpeita B 1952 r. H. Ilwmnepom u E. JlenepGeprom Ha asyx
aykcoTpodHBIX MyTaHTax Salmonella typhimurium. OnpiT npoBoIMICA B
U-obpasHoft  TpyOKe, pasfeleHHOM CTEKISHHBIM  YJIETPATOHKHM
nopucteiM $uiIETpoM. B oy hacTe ee mnoMemanM TIMCTUIMH -
3aBHCHMBIH mITaMM 2A, B ApYTYyi0o - TpUOTOQaH - 3aBUCMMBIH LITaMM
22A. CnycTs HEKOTOpOe BpeMs B KYNbType mwTaMMa 22A NOSRIAIHCh
npoToTpodkl, CHHTE3MpYIOIiHe TpMOTO(aH. BHJO YCTAHOBJIEHO, YTO
nrraMm 22A conepxan ¢ar (P22), cnocoOHblit JIM3MPOBATh KIETKH
mrramMma 2A. Ilponukas aepes crewHubil Guisrp, dar P22 nusuposan
wietkn mramma 2A. Tlpu 3TOM BHICBOOOXKIAICS HEHW3BECTHbIY areMr,
Ha3BaHHBIH QHIBTPYIOIMMCH. DTOT areHT MpPOXOIMa 4epes PUIBTP M
coOOIIAN HEKOTOPbIM KiIerxaM inTamMMa 22A cnocoOBHOCTH K CHHTE3y
Tpurrrodana. IlosToMy npu BeiceBE KyasTyps 22A Ha cpedQy, He
COACPIKALIYIO TPHIITO(AH, MOABJIAICA POCT 3TOH KYNMETYDHI.

Hsyuenue menvuunnl (Mo pasMepaM nop GHIBIpa), CKOPOCTH
CETUMEHTALIHM, YYBCTBHTCILHOCTH K HAIPEBaHHMIO 3TOro QHILTPYIO-
INErocs areHTa NoKa3ano, YTo OH MAEHTHYEH TaKoBbIMH ¢ara P22. Ha
OCHOBaHHM 3TOro OBUIO CHENaHO 3aKIIOYEHHE, YTO coAepkauuiics B
KyneType 22A ¢ar nmpoxomwn depes GwibTp, HHOMILHMpOBAN YyBCT-
BHTE/ILHBIE K HEMY KICTKH IUTAMMa 2A M B MpoLiecce penpoiyKiMy B
COCTAB CBOETO TeHOMa BKTIOuasi (pparmMeHT xpomocomn Gakrepuit 3Toro
wraMMa. BeICBOGOAMBIINCE M3 JIM3MPOBaHHEIX KIETOK, dar npoxomun
obparHO B KOJ€HO TpyOkm, rae Geum knerku wramma 22A. Tlpu
HHOMIIHPOBAHHH 3THX KIETOK dar nepefaBal HM yHeceHHsIH QparmeHT
XPOMOCOMBI KJIETOK MUTaMMa 2A, KOTOopnie OBUIM HE3aBUCHMBI IO
Tpunrodany. B pesynbTaTe HHTErpauHH 3T0r0 GparMeHTa B XpOMOCOMY
Knetok mraMma 22A 0Gpa3oBBIBAHCE NMPOTOTPODHBIE PEeKOMOMHAHTEL
B kynetype mTamMMa 2A npoToTpodsl HE MOSBIIANIMCE, TaK KaK KIETKH
JIH3HPOBANHCH.
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@ar MOXET NEepPeHOCHTh IeHbl, OTBETCTBEHHHIC 33 PAIHMYHBIC
CBOFCTBA KJIETKH: YCTOHMMBOCTD K AHTHOHOTHKAM, TOKCHHOODpasoBa-
Hue, npororpodHocTs. IpH TpaHCAykuMM, Kak M MpH TpaHcdopMmary,
nepeHocsTcs Tonbko mebonbmime ¢parmenter JHK - He Gonee 1/100
IAEBl GAKTEPHANBHOM XPOMOCOMBI.

TpaHcaAyUMpYIOITHMH CBONMCTBAMM OBNAAAIOT TONBKO HEKOTOPHIE
ymepenHble Qarn, a umenHHO: ¢arH, XKOTophle HeCYT B COCTABE CBOEro
reHoma (parMeHT GakTepHambHOM XpoMocoMbl. 3t (harm nedexTH.I:
OHH HE COoAepar NonHeIH Habop cobcTBeHHBIX reHoB. YacTs ux reumos
OCTaeTCH B XPOMOCOME GaKTepHit (BMECTO B3ATHIX IEHOB XPOMOCOMBI).

Pa3nuualor TpM THNA TPAHCAYKUKM: oburyro, WK Hecneuuduaec-
Ky, cneunduieckyio n aboprusnyio.

THO TPaHCAYKUMH ONpEeRenseTcs yCroBHsAMH (OpMHpPOBaHMA
TpaHCcAyuMpyromux ¢aros.

Obwan mpancoykyus ocymectBnsercs ¢araMm, KOTopsie oGpa-
3yIOTCA B XOAE€ JIMTHYECKOro Lukna. IlpM BHYTPMKIIETOUHOM pPa3MHO-
skeruM dara mpoHCxomuT paspymeHue 6aKTepUMANBHON XPOMOCOMEI M
oTfiebHbIe CyuaiiHele (parMeHThl €e BKIIOYAIOTC B COIPEBAIOIIHE
vacTvubl (ara. Pasmep sxmodenHoro dparmeHTa onpepensercs em-
xocrero ronoskn ¢ara. Hanpumep, tpancayumpyiommii  ¢ar Pl
Bsrmoyaer 2,3 % xpomocomnl E. coli, ¢ar P22, resom koroporo B 2,3
pasa menbwe, 4eM y Pl (crnemoBarensHO, B €MKOCTh IONOBKH TaKXkKe
meHbe), skmouaer | % xpomocommr cansmorenn. V  ormensHbIX
TpaHcayuupyromnx ¢aroa sca ux HHK Moxer ObiTe 3aMeHeHa Ha
Oakrepuansayio. IToaromy TakHe (arm MOryr mnepeHOCHTh mobbie
XPOMOCOMHBIE TeéHbl M BKIIOMaTBCA A JHOBOH Yy4acTOK XpOMOCOMBE
peunrmienTa. Parn, obecneyHBAIOIME TAKYIO TPAHCAYKUHIO, MOLYT
NSPEHOCUTb FeHBI, KOHTPOMHPYIOLIHE NMULIeBble noTpebuocTH GakTepuii,
depmenTaTHBHEIE  CBOHCTBA, YCTOHYMBOCTE K  JIEKAPCTBEHHBIM
npernapaTaM, CEPONOrHHYeCkHe W BHPYNCHTHbIE CBOHCTBA, T. €. ymobble
CBOMCTBA NOHOPHOI KNETKH.

Creyupuueckas  mpancOyxyus  ocymecTsaserca  (haramu,
oOpa3oBaBUIMMHCA a pe3ylbTaTe MHAYKUMM JTM3OreHHBIX Oaxrepuil
(Hanpumep, oBnyuernnem ux V@), nubo npu CNOHTAHHOM OCBOBOXKASHHH
npodara 13 xpoMocomsl. B oBumux cnysasx Gopmupyromputics dar npu
MCKJIIOYEHHH M3 XPOMOCOMEI MOXET BKJIIOYaTh B CBOH I8HOM TONBKO
PAAOM PaCHONOXKEHHBIA CerMEeHT XPOMOCOMBI, OCTABHMB 4YAacCTh CBOEro
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reHoma B xpomocoMe. B ommiraHe or (arop, OCyLISCTBIMIOMMX o0y
TPAHCAYKLHIO, B réHOME KOTOphIX mpeobnagaer Gakrepuanenas [JHK, y
daros  creuugHUecKOH TPAHCAYKLMH OCHOBHYIO 4YacTh reHOMa
cocrasnser o¢aropas JIHK. Tlpu mM30oreHMsanuy 9yBCTBHTENBHBIX
GaktepHii renom ¢ara cneuudHYECKOH TPAHCOYKUMH COEAHHAETCH
TONBKO C OMPENeNIeHHbIMH YHACTKAMH i XPOMOCOMBI BakTepmii, T. €. dar
HMEST ONpPEeENeHHYI0 TOHKY MPHUKPEnneHHa Ha xpomocome. Iloatomy
MpH OCBODOXKIEHHM TaKOH (par 3axBaTHIBAET TOJBKO PSIOM Pacrosyio-
JKEHHYIO CTpOro onpefeeHHylo obnacte xpomocomnl Oaxrepmit M
MepeaacT e¢ PeLMITHEHTHOM KIIeTKe. ITa CNOCOOHOCTD K CHELH(HISCKOH
TPaHCAYKUMH Gbima ycraHoBneHa y ¢ara A E. coli, korophiit mpu
JIA3OTEHH3ALIMHE KNETOK BCerna PUKCHpyeTcs Ha OakrepuaibHON XxpoMoc-
OMé PHJIOM C reHaMH, KOHTPONHPYFOIMHMMH (EPMEHTALHMIO FAlaKTO3bl
(ranakToxHHa3bpl M ranakrosuntpaHcdepasbl), H TPAHCHAYLMPYET MX B
KneTky peumnHenta gal . Ilpn cneuHHYECKOH TPaHCAYKUMM KIETKa-
PELHMHEHT MOTy4aeT CTPOro OMPEAENEHHEIE FeHEI.

Abopmuenas mpancOykyus TPOACXOMKT TaK e, KAK U HecreLy-
duyecKas, HO PparMeHT XPOMOCOMBI JIOHOPA, NPHMBHECCHHEBIN (aroM B
PELMITHEHTHYIO KIIETKY, HE BK/IHOYAETCH B XPOMOCOMY H He PEruTHLIH-
pYeTcs, a pacrionaraerca B LMUTOMNA3Me KISETKH. J1oT (parMeHT npH
JIGNICHHH KIIETKH MEPEeAaeTCA TONBKO OZHON JOYEPHEH KIIETKE, H TONBKO
3Ta KIeTKa HECET HOBOE CBOMCTBO, KOHTPOIHPYEMOE [PHBHECEHHBIM
FeHOM JIOHOPHOMN KIeTKH.

Tpancayxumio HeoOXOAMMO OTIHHMATE OT (ParoBOH KOHBEPCHH.
IlpH TpaHCAYKUMH MOOOr0 THNAa M3MEHEHHH MPOHCXOIAT JMUIb B TeX
vabuUMpoBaHHbIX (aroM KieTkax, B KoTopme 6pina BreceHa JJHK
GakrepHi-nOHOPOB, T. €. KOTOpeie GbUTH HHOWULHPOBAHBI TPAHCLYLIH-
pyromuMH daraMH. 3TO BeCEMa HeGONBLIOE KOMHUYSCTBO BakTepHanbHOR
rnonynauuy. Mamexenms, BhI3BaHHble TPAHCAYLHPYIOWUMMH (araMu,
OYEHB CTOMKHE, NEPeialoTCA MOTOMCTBY H COXPAHMOTCA AAXE TOrHA,
KOrfa KneTka tepser ¢ar.

¢azoea}z. WUAU JU302CHHAS, KOHBEPCUR - ITO HIMECHEHHS d)enc'mna
(ceolcTBa KWieTKH), OOYCNOBNEHHBIE 3apaXKEHHEM KIETKH YMEpPEHHBIM
tdarom. HameHennsa 3gech Bui3biBaroT reHsl Qara. OHH MOryT Hero-
CPEACTBEHHO KOHTPONHPOBAThH CHHTE3 OTACNABHOrO (parMeHTa MM,
B3aHMOREHCTBYd C OaKTePHANBHLIMM, MNPHBOAUTD K H3IMEHEHHIO
dexnornna knerkn. Yame acero ¢aroBas KOHBepCHS 3aTParuBaeT CHHTE3
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HIM  3KTHBHOCTD  (PEPMEHTOB, KOHTpO/Mpyiomux  ofpasosaHme
KJIETOYHEIX KOMITOHEHTOB, HTO COMPOBOMXAAETCA W3IMOHEHHAMH Mopdo-
noruH xonoHui. Tak, NM3IOreHU3auus LIEPOXOBATHIX HITAMMOB MHKO-
Gaxrepnii NpHBOAAT K OGPa3OBAHMIO TNALKUX KonoHHH. VlimeHenwe
MCTIBITHBAIOT BCe MHGHUMpOBaHHEIe daroM KkineTkn (pH TPAHCAYKLHMH -
opunouHsie). Ilpu darosoit korpepcnyu Hamerenns ¢enoruna Gaxrepuii
COXPAHAIOTCA 0 TEX NOp, NOKa B KJIETKE MPHCYTCTBYeT dar.

10.5. ILIASMH AN BAKTEPHIA

Kpome xpoMOcoMBl, reHeTHueckui Matepuan y MHOTHX Gaxrepuii
MpPEJCTAaBNeH BHEXPOMOCOMHLIMH MACJEACTBEHHBIMH CTPYKTypaMM -
rnasmuzame. Kak H XpoMOCOMa, rmasMHAB! - CynepCrHpaiH30BaHHBIE,
KOBANEHTHO 3aMKHyThle konsieBele Monexynbl JHK. Oxu cnocoBHst
ABTOMOMHO PEIUTHLINPOBATECS B LIMTONA3Me KneToK. Pasmephl nnasmuz
pasneie. Camas MeJIKAaA H3 M3BECTHBIX B MPHPOAe NNa3MHA -
Kpuntiayeckas mmaimuaa E. coli Ne 15 - cocramaser 1,5 meranansToH,
4TO TNO3BONAET € KOoOupOBaTh BCero nuiNe Jsa Oenka cpemHed
BerunHbpl,  [InasmMuam  cpegnux  pa3mepoB  cocrasasior  S0-70
merazansron (F-baxrop). HUzsecrHn M Gonee xpynHsle riasMHAbl.
Hanpumep, ruasmuael pusobuii - pasmep okono 600 MeranansroH, a
TAKKe KIIace KPYIHBIX IIa3MHJ TICeBAOMOHA.

B xnerke mMIasMHABI MOryT HAXOAMTHCY B ABYX B3AHUMHO
HCKJIIOMAIOMMX  COCTOMHHAX: @BTOHOMHOM KM  MHTErPHPOBAHHOM
(BKIO9EHHOM B xpoMocoMy). [Tnaammani, crniocobHBlE K HHTErPaLMH C
XPOMOCOMOH KITETKH-XO3AHHA, HA3bIBAIOTCH ANHCOMAMM.

Ans OCylecTBICHHS MHTErPaLHH MUIa3MHBIEI B XPOMOCOME KIIETKH
HOJDKEH CYIIEeCTBOBATh CrelHQUYECKHH CaHT (Y4acTOK HYK/IGOTHIHOH
MOCHEAOBATENBHOCTH) MHTerpauvu. [IpH HanHuHM B Ma3MANE KOMIUIE-
MEHTApHOH HYKJIEOTHIHON NOCNEJOBATENbHOCTH IyTEM KPOCCHHIOBEpa
OHa BKITIOY2eTCA B XpoMocoMy. Takum 06pa3oM, CHOCOGHOCTE MIa3sMHAR
BecTH cebs Kak 3MHCOMA BO MHOrOM ONPENENAETCH KIOTKOH-XO3SHHOM -
HAJTHHHEM B €9 XPOMOCOME COOTBETCTBYIOLIHX CAliTOB HHTETPaLHH,

CeoficTsamu 3nHcoM 0OManaoT pasHele MIA3MUAB. FITO NONOROH
(daxTop, pan ¢paxkTopoa KONHUMHOreHHOCTH H (PaKTOPOB JIEKAPCTBEHHOM
YCTOHYHBOCTH.

325



F-pakrop (or awmrn. fertiliti - nmopoBurocT) MO pasmepam
coctasnser 1,3-1,9 % GakrepuambsHOH XPOMOCOMSB!, CONEPIKAT OKONO 5 °
10* myxieoruasbix nap. B Knetke MONKET HAXOAWTBCA B ABTOHOMHOM
HIIH MHTETPHPOBAHHOM C XpOMOCOMOH cocTosuMH. Hamrine F-dakropa
TIPHAAeT KJIETKE He TOMBKO CrocoOHOCTD (PYHKLMOHHPOBATh B KAUECTBE
JOHOPA TFEHEeTHHECKOro MAaTepHana, HO OOSCreYHMBAeT HMMMYHHUTET K
3apaxceHHI0 BTOphIM F-hakropoM, merepMuHupyer oSpa3zpBaHHe mono-
BEIX BOPCHHOK - F-mineii, HeOOXOAMMBIX [T OCYLLECTBIEHHMA KOHBIOra-
UMM, a Takke agcopOumm poxopeneundmueckux darop; F-pakrop mo-
OHnu3yeT 11 KOHBIOTATMBHOIO TMEPEHOCA XPOMOCOMHMEIE [EHBI H
HEKOHBIOIATHEHDbIC NMTA3MHALI.

Col-paxTopel oTBeTcTBeHHBL 32 ©0OpasoBaHue KJIETKOH GaxTe-
puouuHos. Pasmep Col-paxropos cocrasnser 3 ° 10° - 7 ° 10* myxueo-
THaHbix nap. [logoBuo F-pakxropy Col-paxropsl mpHIalOT KieTkam
CBOMCTBA JOHOPOB, MPH 3TOM MOXxer nepesasarscs M Col-akrop
Ocobennoctsio Col-hakTopoB ABNAETCA MX NOTEHLMAIIBHAA CIIOCOGHOCTH
BBI3bIBATH FHOENb KiIeTOK-x035eB. OOBIYHO 3TO CBS3aHO ¢ 0BpaszoBaHHeM
Kknetkoii GaxrepHounHOB. CriocOOHOCTBIO kK CaMOCTOATENBHOMY IMiepe-
Hocy obnaparor He Bee Col-rnasmuanl. Tak, nmasmuast Col E, u Col E;
moSrnmsyrorca nu6o TpancmuccuSenpusiMn Col-nmasmuaamm, muGo F-
¢axTopom.

R-(axrops! (OT aHrn. resistance - ycTOHYHBOCTE) NMpUAAIOT Hakre-
PHATBHOH KJETKE YCTOMYHMBOCTE K aHTHOHOTHKAM M APYTMM JIEKapeT-
BeHHBM npernapataM. OHH TaKKe AETEPMHHHPYFOT OGpa3pBaHHe II0M0-
BBIX BOPCHHOK, HO B TO >X€ BpEMSA COAEPXAT reHbl pPerpeccopos,
perynapyiousx obpasosanne BopcuHok. Ioatomy B nomynauuys R’ -kne-
TOK TONBKO HEMHOrHe KjieTky obpalyior monosbie BOPCMHKH (R-BOp-
CHHKH) H #BAMOTCA AaKTHBHBIMH JOHopamn. Hexoropme R-gaxropmi,
nozobuo F-hakropy, criocobuel obecneunBaTh MEPEHOC XPOMOCOMBI
(nanpumep, y E. coli). Ipu konproraumyu R-gakTop ¢ BEICOKOE yacToToi
nepefaeTca PeUMNHOBTHEM KieTkam. [IpiieM, on MOXxeT nepesasarTbes
He Tonsko 6aKTepHAM OXHOro BWIR, HO H pasHniM suaam. PesyibraTom
TAKOro axkTHBHOND mepenioca R-paKkropa sBNAETCA HAPACTAHHE YMCHA
FEKAPCTBEHHO-YCTOHUMBBIX (hopM Bakrepwii,

MexanusM NIeKAPCTBEHHOH YCTOMYHBOCTH OGAaKTepHii, ACTOPMH-
HUDYSMBIH NIASMHAHBIMM I€HAMH, OTIMYAETCH OT MEXAHW3IMOB, KOTO-
poie 0BecneuMBAalOTCA XPOMOCOMHBIMH reHaMM. [InasMugsnie remmbi
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KOAMPYIOT CHHTE3 (JePMEHTOB, KOTOPHIE HEMOCPEACTBEHHO MHAKTH~
BUDYIOT JIEKADCTBEHHBIE MPENAPaThi, & XPOMOCOMHBIE TIeHbl YCTOM-
HHBOCTH H3MEHAIOT MHINEHb NEMCTBMA NEKAPCTBEHHOro Mpernapara Ha
GaKTepHaabHYIO KIeTKy. Tak, reH NeHHUWITHHA3HBX mnasmua (p')
KOmHpyeT CHHTe3 (epMmeHTa meHHLWINHHA3M (B-naxTamassl) cradwmno-
KOKKa. DepMeHT ruaponH3yeT B-naKraMHOe KOMBLO, paspymias TAKHM
ofpa3oM Momekyny neHHipuLMHA. MHorve mwramMmbr GakTepHil MOryT
comepXxaitp B KIETK® OAHOBPEMEHHO HECKOJIBKO MIasMHA, AeTep-
MHHHDYIOLIMX Pa3Hble CBOHCTBA.

Tlo cnoco6HoCTH nepesaBaThcs OT OAHMX KIETOK K APYTHM IYTEM
KOHBIOTALUWH Pa3sivualoT KOHBIOraTHBHBIE, WIH TPAHCMHCCHBHBIE, H
HEKOHBIOraTUBHBIE I1asMnabl, KoHbloraTHeHble miasmMuasl obmaaaror
cobcreeHHbIMU  cHCcTeMamM mepenoca. OHM  conepxkar tra-OrnepoHsl,
oBpecrieunparomue ux nepesoc (or awrm. transfer - neperoc). K
CODCTBEHHOMY [IEPEHOCY CrOCOOHBI TOMBKO KPYINHbIE ILUIA3MHIBL,
paiMepoM He MeHee 25 MerajanbToH, HanpHmep, F-(axtophl.
HexoHBIOraTHBHBIMH ABIIAIOTCS MENKHE, JHILEHHBIE tra-reHOB IUa3MH-
Axl. K HUM oTHOCATCH HekoTopkle komuuuHorenssbie (Col El, Col E2) n
MHOTHE KDMITHYECKH® TIiasMuibl. KpMNTHUYECKHMMH (CKPBITHIMH)
HAIHIBAIOT IUIASMHABI, Y KOTOPBIX OTCYTCTBYIOT TIeHBl, KOAHPYIOLIHE
(deHoTHNHYECKHe NpH3HAKH y GakrepHH-x03iHHA. HeKOHBIOraTHBHEIE
TIa3MHABI MOTYT TMEPEAABaThCA W3 ONHOMN KIIETKH & APYryrO COBMECTHO C
KOHBIOrATUBHEIMK HIIN NEPEHOCHTBCA TPAHCAYUHPYIOKMY aramu.

B ocroBy knaccHHKAUMH TIMASMHA  NONOXEHBI HX (yHK-
LMOHANBHBIE CITOCOBHOCTH, T. €. KOAMPYeMbie MMM CBOFiCTBa Gakrepmii-
xo3%eB H OcobenHocTH perutnkaumm. ITo QPyHKUHOHANBHBIM CHOCOD-
HOCTAM pA3IHYAIOT IUIASMAE! JEKapCTBEHHOH YCTOHYMBOCTH, NMPOAYK-
upy 6aKTEepHANBHOrO CHHTE3a TOKCHHOB FEéMOJTH3MHOB, OMyXONEpOAHEIE
I1IasMiabl, a8 TAaKKe MHOXOCTBO runasMuag 6“0}18!?3}18“““. nocne):mmm
ocobenuo Gorare Gaxrepuu pona Pseudomonas.

Bnaroaaps nanuumo nmasvua GHoxerpafaliMM MCEBAOMOHAMIB
crocobHsl  KaTaGoNM3HpoBaTh HEOOBIYHHE OPraHHYEeCKHE COSMHHEHMS,
Takve Kak xambopa, Tonyon, HadTalMH, OKTaH M HCIONb3OBATh HX B
K2YecTBe €OHHCTBEHHOrO MCTOYHMKa yriepona. DepMeHTh:, HEOOXOXH-
Mble JUIS PACINENUieHHMs KaKAOrO COSAHMHEHHS, AeTOPMHHHDYIOTCH
TUIA3MHAHBIME =~ reHaMi. 'Tak, d¢epMeHTBl PacilenieHus Tolyona
KOAHMPYIOTCH «tonyonorod rmutasmupon» (Tol-nnasmuna), ¢epmenTs:

327



pacierienss Kampops! - «kampopHoi rnasmuaoi» (CAM-nnasmuza),
YTHIH3aUMH camuuuaara - SAL-nnaamunoii. Hanwune pasusix rnasmia
oBecrieunsaer GakTepusM SBHOS IPEMMYLIECTBO B  ONPENENEHHBbIX
YCNoansX BHEUIHEH CPeabI.

Hcxonsn u3 0cobGeHHOCTER pErUTMKAUHM, WIBECTHBIE ILUTA3MHIBI
KNacCHPHLHMPYIOT 1O IpyIraM HecoBMecTUMOCTH. HecoBmecTHMOCTD
O3HAYAET HECMOCOOHOCTL MBYX MiIa3M#i cTabuibHO CYIIECTBOBATE B
OnHOM KreTke-Xxo3sHHe. HecoBMecTHMBIMI aBsiOTCA OBBIYHO GrH3KO-
POACTBEHHBIE TUIA3MHIAI, XapaKTepH3ylouMecs OMMIKHMH pa3MepaMH,
romonornedt JAHK, manuimem onHOro cafita y3HaBaHus 3HIOHYKNeas.
OHH OTHOCATCA XK OAHOH rpynmne HecoBMecTuMocTh. [lnazmmnst
3HTepOGaKTepHit coctaBnsror 40 rpynm HeCOBMECTHMOCTH, cradmio-
KOKKOB - Gomee 10 rpynmn, CTOMBKO e rpyrn HACHMTBHIBAIOT KIA3MMABL
ncesaoMonaa. Tlonaraior, 4T0 HECOBMECTHMOCTE GIHMIKOPOACTBEHHBIX
ruta3mpn oOyCrIOB/NEHa KOHKYPEHLHOH MeXIy HMMH 32 OLHO M TO XK€
MeCTO NpHKpervieHya Ha MeMmOpaHe [s OCYLUECTBIEHHS PEeruTMKALMH,
CosMecrumble IUTA3MuABl HECYT PasHble JIOKYChl, oBecrneunBaomme
OPHKPENJICHHE HX K Pa3HBIM Y4aCTKaM MeMOpaHbl H He3aBHCHMYIO OpyT
OT ApYTa PEIUTHKaLMiO. PermuMpyioTcs TONBKO MNasMHMABL, MPHKpEn-
JieHHBle K MeMOpaHe, a HEeMPUKPEIUICHHBlE NMMMUHHPYIOTCA B poLEcce
POCTa KynbTYyphl.

Ina3sMuael He ABNAIOTCA MKH3HEHHO HEOOXOAUMBIME mna Gakre-
pHH, pasBUBAIOLIHXCH B OBbIYHEIX ycnoBuax. Ho npu M3meHeHnM ycio-
BHIA CPEBI, HATIDMMEP, 3AMEHE HCTOYHHKA NHUTAHMA WM (PH IONB/ICHHH
B cpege CakTepHMLMAHBIX BELIECTB, MPHCYTCTBHE IUTA3MHA B KIIETKE
MOXeT obecreYyHBaTh BBDKHB2EMOCTh HE TONBKO OTAENBHBIX GaxTepwui,
HO B NOMYJIALUNH B HEJIOM.

InasMuabl MpeacTaBnsoT CONBLIYIO LEHHOCTD JUIA FEHETHYECKHX
H MOnexynspHO-Gronornueckux HechaeaoBannit. Onu npuoSpenm nepso-
CTENEHHOE 3HAYOHHE B TEXHHKO CO3A3HHMA PEKOMOMHAHTHBIX MOJIEKYIH
JAHK. B Hacrosguiee BpeMs rnasMuIsl YCHEUIHO MCTIONB3YIOTCH KAk
BEKTOPH! (FIGPEHOCYMKH) MeHOB B MAHHITYIIALIMAX TOHETHYECKOH MHXKe-
HEpHH, Pa3BHTHE KOTOPOH CBA3AHO C H3Y4eHHEM TUIa3MHI,
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10.6. MMI'PHPYIOIIME FTEHETHYECKHE 3JIEMEHTBI (MI'3)

B cepeaune 70-x r. XX B. OTKPBITHI NOOBHKHBIE FEHETHUECKHE
3jemenTel. OHM npeacrasnmior coboit cermentn JIHK, crnocoGHble K
TPAHCNO3HIMK (NEpPEMELEHMIO) B TNpeAenax OfHoro nu0o pasHBIX
reHoMoB. TI0 CTeeHM CIOXHOCTH CTPOGHHA PpA3NMHAIOT TPH THHA
MHUIPHDYIOLIMX TCHETHUYCCKHX 3JjeMEHTOB: [S-3aementst (ot aHmmL
insertion sequence - BCTABOYMEIE MOCIEIOBATENEHOCTH), TPAHCIIO3OHBI
(Tn-31emMenTEr) M HekOTOPhie GakrepHodaru, B 4acTHOCTH dar M.

IIpocTeHinHMH FCHETHIECKUMH CTPYKTYP8MM, CHOCOBHBIMH K
TpaHcno3uiMH, sBimorcs I[S-snemenTsl. PasMep Mx cocraBnser B
cpeadem 750-1500 nap Hykneorwuoe (m. H.). OHM COAEPXKAT TOJBKO
rensl, ofecneamBaiomme HX cobGcTBeHHOe nepemelnenne. B cTpykType
IS-3neMeHTOB pa3NMualOT WEHTPASLHYI0 YacTh M OrpaHHYMBAIOLIHE
(dbnanxupyromue) KoHLEBbie NMOBTOpH. B nEeHTpambHON 4YacTH pacnio-
JIOKEHB! TeHBI, KOAMpYIOLIHE CHHTe3 OCIKOB, HEOOXOmMMBIX s
TpaHcno3MLMH. KoHIieBEIe ydacTKu NpeJCTABNEHBI NOBTOPAOLIMMUCA
HYKJIEOTHIHBIMH MOCJICAOBATENBHOCTAMH, JUTHHOMN 8-40 n. u. Tlosro-
peHHS HMMEIOT MPOTHBOMONOMKHYIO OPYr HOPYry OPHEHTALHIO M
HA3HBAKTCA MHBEPTHPOBaHHBIMK (NIepeBepHYTHIMH) nmoBTOopaMu. OHu
CAYXAT OTMYUTEIEHEIM NPHIHAKOM PasiMYHBIX  MHIPHMPYIOIIHX
FEHETHYECKHX DNIEMEHTOB.

CTpykTypa  KOHLEBEIX MOBTOPOB  OMpeieisieT  pa3mepel
Aynnukauuit (yasoenne) JIHK B mecrax BHegpenua IS-snemenros. Taxk,
IS1-anemeHT, OGHapyxeHHBIHt B cocTaBe xpomocomsl E. coli-K12,
cocrouT u3 768 m. H., oBpasyromMXx Ha KOHLAX HHBEPTHUPOBAHHBIE
noBTOpEl Ao no 30 . H. Kaxabii, Begkull [S-351eMenT HMeeT cBolo
HYKICOTHJIHYIO TNOCNEIOBATENLHOCTE U MOXeT B o000l OpHeHTauuM
soniowatecs B JIHK Gaxrepmii, mnasmmg u  ¢aros, BripiBas
MHAKTHBALUMIO OTACABHBIX CTPYKTYPHBIX I€HOB M, KaK CJEICTBHE,
MYTallid FeHOMA WIH Mapyllias peryiaropebie QyHKUMH omnepoHa. B
GaKTepHANEHOM  XPOMOCOME MOXET CONEPXKATHCA  OXHOBPEMEHHMO
HECKONBKO KOmmit Opnoro M Toro ke IS-anemenra. Tlepememenne IS-
3/IEMEHTOB MHOYLMPYET pa3sHble BHIbI XPOMOCOMHBIX TNEPECTPOEK -
IYNUTHKALYH, HHBEPCHH, JIENELBH.

Tpancnozonbr, ¥ Tn-3MeMEHTHl - TOABHIKHBIE T'€HETHYECKHE
3NeMeHTHI cofepxar reuel GeHoTHMueckux cBOMCTB GakTepHii M rems!
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coOcTBeHHOM TpaHCmo3HUMH. OHH CIOCOGHBI BHEPATHCH B pasHbIE
YYACTKH XPOMOCOMBI HUIH BO BHEXPDOMOCOMHEIE FeHETHYECKHE CTpYK-
Typsl. TpaHCcno3oHs! OmHualoTca or IS-anemeHTOB Gonee CnoxHOM
opraHH3auyel, a HEKOTOPBIE COLEPMKAT B CBOCM cocTaBe IS-3nieMeHThI.

TpaHcno30HbI pasfemiioT Ha fBa kiacca: A u b (puc. 10.4).
Tpaucnozonst Kkacca A (Tn 5) B ueHTpasibHOM 4acTH comepxar
CTPYKTYPHBIE I€Hbl, KOTOpEIE NETEPMHHHPYIOT GEHOTHIIMYECKHE CBOACT-
B4, HaMpHMep, YCTOWYHBOCTE GaxkTepuii K aHTHOMOTHKAM, a TeHE! TPaHC-
MO3HIHH COACPKATCA B COCTaBe KOHLEBBIX HHBEPTHPOBAHHBIX MOBTOPOB,
KOTOpbiMM aABIAIOTCA IS-3nemenTri. ¥ TpancnosoHoB knacca b (Tn 3) B
UEHTPAILHON YaCTH COMEPHKATCY He TONBKO TeHHl (PEeHOTHNHYECKHX
NPH3HAKOB, HO M TreHBl TpaHcno3uuuM. KOHIEBBle NOBTOPH HX
SHAYMTENIBHO KOPOY€e ¥ HE MOIYT BHINONHATH (YHKUMH TPaHCIIO3MLIHH.
OrH QyHKUMH BHOOMHAIOT [BA FeHa WEHTPaNbHON wacTH. Paznuaus
MEeX Ay TPaHCTIO30HAMH Kjacca A M kiacca b COCTOAT Takxke B pasMepax
ofpasyemsix AyIUIHKaUMi NpH BHEJPCHMHM HX B MNAa3MHIBI KM
XPOMOCOMEI: MEPBBHIE O0pasyloT MyNUIMKauuu 9 HYKNCOTHIHBIX [Map,
BTOPHIE - TOJILKO 5.

A

VLTI —— 77D =
| S |

rén

B

] i
Vrzrermera—e— ™
T ren

Prc.10.4. Cxema CTPYKTYpHl TPAHCTIO30HOB knacca A M Kiacca bB:
HIT - uneepmupoeannwie noemopwr, I'T - zenvl mpancnosuyuii;
I'®Il - zenvi b KUX np 08

TpaHCHO30HBI HMEIOT 3HAYHTENIbHO Gonbiume paszmep, 4dem IS-
3/IEMEHTE! W COCTABILIOT B cpeadeM 3 500-15 000 map HyKN€OTHIOB.
Tak, obias NPoTMHKEHHOCTH TPAHCNo30Ha Tn S cocrasnser 5 800 n. w.,
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H3 HHX no 1 500 m. H. MPHXOAHTCA HAa HHBEPTHPOBAHHBIE KOHLEBBIE
noeropel. Tn 5 kozupyer nats Genkos. Mz Hux oaux Genokx kooupyer
UEHTPANbHAA 4aCTh M no ABa Genka - KOHLEBBIE NOBTOPEL. TpaHCNO30H
Tn 5 peTepMHHHPYeT YCTOMYHMBOCTD K KaHAMHUHHY, HEOMHLHHY H
JAPYTHM POACTBEHHBIM BHTHOHOTHKAM.

CriencrereM rnepeMelueHus TPAHCNO3OHOB, Kak M IS-anemeHTOB,
MOTYT OBITh Pa3IHYHEIE XPOMOCOMHBEIEC MEPECTPOHKH: ACTEUHH, HHBEP-
CHM, TpaHCIOKauMy, Ayrumkawud. [loMHMO HEX, NMepeMelneHne TpaHC-
FO30HOB MEXAY ABYMS PATH4HBIME PEMIHKOHAMHE (ABYMS IUIasMHAAMH,
HITH TIa3MUACH M XPOMOCOMOH) MOXET BBI3BIBATH CIHAHHE ITHX PEruiv-
KOHOB ¢ OOpa3zoBaHueMm xommTerparos. [locnemyromas caiir-cneumdu-
yeckas pexkoMOHHALMA NMPHBOAHT K Pa3feNeHHIO KOMHTerpata Ha ABa
PEIUTHKOHA C BIUTIOUEHHEM B KaXKABLH PETLTAKOH M0 OAHOH KOIMHH TPaHC-
nosoHa. Perynslus TpauCrnoOZHLMK OCYINECTRIAETCS COGCTBEHHBIMH
reHamu MI'D B XpoMOCOMHBIMY reHamH Gakrepi-X03ses.

Vwmepernnii dar M, BbigeneHHeii B 1963 r. W3 KymbTypel
xonepHoro euBpuona, Taxke obmagaer csolicreamu MI'D. Opmako, B
oTnuyHe 0T IS-0NEMERTOB M TPAHCNO20HOB OH HE CONEPIKHT Ha KOHLAX
FEHOMA HH MPAMBIX, HM HMHBEPTHPOBAHHBIX HYKICOTHAHBIX MOCIENO-
BarensHocTel. Koruessie nosroper dara M,, cocramnaior dparMenTst
JHK xnetku-xo3sura, B Kotopoll passmsanca ¢ar. JHK xnerxn
MPHKPETUINETCH K resoMy dara npu ero pasMHOMEHHH H TEPAETCH B XOze
€ro MATerpaudd B HOBBIE calit. VHukamsHOH criocobnocteio Gara M,
SIBJIAETCH TEPEHOC PeHOB GakTepii B PAIIMUHBIE YIACTKH XPOMOCOMEI
MM MIasMHABI KieTKd-penuneieHTa. @ar M,, ocywecTsnser nocrofH-
HYIO TPAHCIMO3MIUMIO B XOAS BCEro nuTHueckoro uukna. On ve obnazaer
cneuyPHYHOCTHIO B OTHOLIGHHMH JIOKYCA XPOMOCOMBI H  MOXET
CNOHTAHHO BHEAPATBCA B PA3HBIE YYACTKH BIONE BCEH XPOMOCOMEI,
BHIHIBAA MYTALHH XPOMOCOMHBIX FEHOB. 38 BEICOKYIO AKTHBHOCTH
HMHIYLUMPOBATH MYTALMH OH NOJIYYHI HasBarHe My, (0T anrn. mutator).

HecMOTps Ha HEKOTOPHIE Pa3THYHA B CTPYKTYPHOH OpraHH3and,
obummM crolicteom MI'™D sBrnsercs ux CHOCOGHOCTS BHENPATHCH BO
MHOXECTBO YYACTKOB XPOMOCOMHOH Wi rinasmupgHoil JJHK, sri3miBan
MYTaUMH H PAIHYHKE reHHue nepecrpoiiku. MI'Q cmyxaT Takke
cneypdudeckuME calTaMH BHOAPEHHMA mia3MKi B Xpomocomel. Yepes
nocpeacreo M ocymecTmisercs peKoMOHHALUHA MEXIY HEroMo-
normureime JJHK. Bpemenryro obnacte romonorsu cossaior MITJ,
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BKJIFOYAACh B TOT M/IH MHONM Y4aCTOK XPOMOCOMHON WIH IUIa3MHIHON
JHK.

Murpupyrouse reHeTH4YSCKHE 3MEeMEHThI, HHAYUHPYs TeHHbIE H
XPOMOCOMHBIE MEPECTPOHKH, BHOCAT CYLISCTBOHHEIN BKNIaA B mepepac-
TpeAeneHle TeHOTHHYOCKOH HHpopmauuy, obecneunsaror Gakrepusm
CENEKTHBHBIE NPEHMYLIECTBA B ONPEAGNGHHBIX YCIOBHMAX CyINECT-
BOBaHH#, OKa3HBAKT CYLIECTBEHHOS BIHAHHE HA PAa3BHTHE M 3BOIOLHIO
MHKPOOHBIX BHIOB.

10.7. TEHETHYECKAA HHXXEHEPHSA

Hnen w meronsl, paspaboraHHBle FeHETHKOH MHKPOOPTAHM3MOB,
MONICKY/IADHOH FeHETHKOH ¥ OHOXHMHEH HYKNEMHOBBIX KHCAOT,
COCTABHJIH HAYYHYIO OCHOBY ZUTA Pa3BHTHA ISHETHHECKOH HHXESHEPHH -
HAayKM © KOHCTPYHPOBaHMH OPraHH3MOB C 33aZAMHBIMH HACIEACT-
BEHHbIMH cBoHcTBaMH. Hadano pa3ssMTHA reHETHYMOCKOM WHXEHEPHH
otocures k 1972 r. u cBasano ¢ paborams I1. Bepra 1 ero corpyansikos
(CLIA), cKOHCTPYHPOBAaHHBIX in Vitro (BHE oOpranMsma) nepeyiO
pexombrnanTHyio (rHbpuanyro) monekyny JHK. B cocrae monexysm
BXOAMNY FEHBI PASHOr0 NMPOMCXOM(EGHHA: MOSHbIM FEHOM OHKONGHHOrO
Bupyca oOespsH SV40, uacts reHoMma ymepeHHoro ara ® reHb
ranakrosHoro onepoHa E. coli. Xoras 3ta wMomexyna He OGsbuta
MCCleZioBaHa Ha (QYHKIHMOHANBHYIO AaKTHBHOCTB M3-33 ONACeHHs
MEPEHECTH OHKOr¢HHBIE BHPYCH B OPraHH3M “€OBEK3a, YCMELIHBIE
3KCMEPMMEHTEl IO €€ CO3JAHMIO TOCHYKHIH OCHOBAHMEM  ANA
aKTHBH3ALWH paboT B OGACTH FreHETHYECKOH HEDKEHEPUH.

CymHOCTE reHeTHYeCKOH HHXKEHEPHHM 33KIIOYMAaeTcd B Harpas-
JIEHHOM KOHCTPYHpPOBaHuM pekoM6uHaHTHBIX Monexyn JHK in vitro ¢
NOCNEAYIOUIHM BBEACHHEM HX B JKHEOH oprarmsm. Ilpu atom, Hekycer-
BeHHO cosgaHHaa Monekyna JIHK cTaHOBHTCA COCTAaBHOM 4acTeio
FEHETHYECKOrO aNmapaTa PeuMIHeHTHOrO OPraHH3Ma M NPHUAJET eMy
HOBBIE FOHETHUECKHe CBoiicrea. PexomOuHanTHmie monexynm HHK c
33AaHHBIMH CBOHCTBaMH NOJTy4alOT ITyTeM OOBEAHHEHHA ABYX HNH Gonee
dparmenTos JTHK (reHor) pasHOro NMpOMCXOMKIEHHS, 33T€M € NOMOMIBLIO
CTIGHMANBHEIX TIEPEHOCYHKOB, TAK HA3BIBAEMBIX BEKTOPOB, BBOAAT MX B
PELHITHEHTHYIO KJIETKY. TAKHM MYTeM IéHbl M3 OZHOTO FeHETHYECKOro
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OKPYXEHHA FEPeMEIIAIOTCA B APYroe. JT0 NPHBOAMT K Pa3IHIHBIM
(heHOTHIHUYSCKHM H3IMEHEHUSM KIETKH.

B renernueckol MHXKEHEPHH BBHLAENAIOT ABE OONACTH - FEHHYIO M
reHomHyro. Kaxzads w3 HHX npecieiyer pa3Hbie LENH: TIeHHas -
NOYHeHHe OPraHH3MOB € HOBEIMH, HOCBOWCTBEHHBIMH NAHHOMY BHIY
MpH3HAKaMH. Buoeasd NPHHAUIEKHOCTS OPraHH3MA MpPH 3ITOM HE
MEHAOTCA.

TeHOMHAd WHXEHepHA mNPEAyCMaTpuBaeT Oomee riybokoe
BMELIATEIBCTBO B F8HOM BILNOTH A0 CO3MAHHA OPraHKM3MOB HOBOIO BHJA.

VcenewHoe npoBeNeHHE 3KCMEPHMEHTOB NO KOHCTPYMPOBaHHIO
HMCKyCCTBEHHBIX IeHETHUOCKHX CTPyKTyp - pexombunanTHeix JHK -
CTaIo BO3MOXKHEIM FIOC/E TOrO, KaK B PaCMOPSIKEHHM HCCneaoBaTenei
OKa3a/KCh COOTBETCTBYIOUIHE (PSPMEHTH ~ PECTPHKLHOHHEIE JHIOHYK-
neasw, pacwervimowne monekynsi [JHK B crporo onpeaenessbeix
y4acTkax, W Jswurass, cumsaiomme d¢parmentsi JJHK B eaunyio
MOJIEKYIY.

KoHetpyuposaHne wITAMMOB MHKPOOPraHMIMOB €  HOBBIMH
CBOWCTBAMM METOJa reHOTHYOCKOH WHXKOHEpHHM BKJIOYAeT Psifi 3TanoB:
nomy4eHne otmenbHeix reHoB (dparmerror JIHK), nprHcoeaHHEHHE
FEHOB K BEKTOPHBIM MONEKYNaMm, 7. ©. NO/ly4eHHe peKoMOHWHaHTHOH
monexyns JIHK, seesenne pexomOnnantaoii JHK B peummuentHyro
KIIETKY.

Jna cosmanmsa pexomBunantaeix monekyn JIHK moryr Gwite
MCMONB30RaHEl  reHbt npuponsod JJHK, BeaeneHHOH M3 pa3Hpix opra-
HHU3MOB, WIH FeHBl, NONYHEHHBIE MyTeM XHMHYeckoro HiH ¢epmen-
TAaTHBHOro CHHTe3a. Beigenenue HyxHbix revos u3 JJHK ocymecrsnstor
€ nomowpIo GEPMEHTOB PECTPUKLHH (PACLIOIUICHHA) ~ PECTPHKTa3, HIM
PECTPHKTHPYIOWMX 3HAOHYIuTeas. OHH y3HaloT B AByxuenodesHoi JHK
cneunduIecKre NOCHeAOBATETBHOCTH (MHINEHN), CBA3BIBAIOTCA C HHMH
u pacmerimior JJHK B camMoM MecTe-MHuieHH. PecTpukTasm, pacwien-
nmougie JIHK B CTPOro onpeieNieHHuIX CaiTax, OTHECeHBl KO BTOPOMY
knaccy (tun Hind I1). Onn B OCHOBHOM M TPHMEHSIOTCH B FeHHOI
MHXeHepyMH. PecTtpukTasm criocobHsr pacnosnoeate B JJHK mnocneao-
BATONLHOCTE H2 4-6 n. H. W paspesars ee nHOo nononaM, nHOO Ha
HEPAaBHBIE YACTH C OOPA3OBAHHEM BEICTYTAIOIIHX ONHOUENOUETHBIX
koHUoB. OnHa ¥ Ta ke pectpukTasa paspesaer pasune [IHK ¢ obpaso-
BaHKEM KOHLOB C ODMHAKOBOI MOC/SAOBATENBHOCTBIO HYKJIGOTHAOB. JTH
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KOHUB MONMYYHSIM HassaHHe «HHNKUX». B cuiy OaHHAKOBOMH
HYKJISOTHAHOIH MOCNEI0BATENBHOCTH OHH KOMILTEMEHTAPHBL APYT APYTY
1 MoryT rubpuan3osatbcs mexay coboit. Jro nozsonser obpeauHATD
¢parmerTer [IHK pas3nH4HOro NpOHCXOXKACHHA, @ TAKOKS BKTIOYATh FeHbl
B COCTaB BEKTOpA.

Xumnueckuit cunTe3 reHoB ofpasyercs Ha CBEAEHHAX O
MEpBHYHOH CTPYKTYPE KOAMpPYeMbIXx HMH OenxoB (NnociieaoBaTeNbHOCTH
AMHHOKHCIOT B Monekyne Oenka). Bnepsrie xvMUUSCKHIA CHHTE3 reHa
6eu1 ocywectenen B 1969 r. T. Koparoi#t ¢ cotpyanukami. 3o 6bin reu
ananunopoii TPHK nposoxeit, conepxxamuit 77 n.H. Ho on He oBnagan
dyHaxunonansHOM akTuBHOCTHIO. IlosaHee wmm 6bin  CHHTEIHPOBaH
¢$yHkuHoHaNBbHO aKkTHBHLIE reH THposuHoeoit TPHK E. coli amwmnoit
okosio 200 . H.

B HACTOALNEE BpPEMA XWUMHUYECKHM CHHTCIHPOBAHHBIC I'CHbI
MCTIONB3YKOTCA JUIA MONMYHMEHHA MHOTHX TNENTHAHBIX I'OPMOHOB, B MX
YKCIe FOPMOHA POCTA HEJIOBEKa ~ COMATOTPOrmHa. I'eH, KOAHpYyromui
3TOT ropMOH, umeer LnuHy 584 n. 1. OH BKTIOUEH B MNasMudy U BBEAEH
8 E. coli, rne penmmumpyercs B COoCTaBe NnasMuIbl NOA KOHTPONEM
npomoropa TpunTodanosoro onepora. MeToaOM XHMHUYSCKOro CHHTE3a
MONMYHEH TAKXKEe FeH MHCynuHa uvenoseka. HMckyccTBeHHOe mnomydenwe
FEHOB OCYLLIECTBIIACTCHA TAKXKE NMyTeM (PEPMEHTATHBHOTO CHHTE3Aa NpH
yuactud PHK-zaBucumoit JIHK-nomumepass: unu ofpaTHOi TpaHck-
puntassl. B nprcyrcTBHmM coorsercreyrommx HPHK aror depment
MOXKET KaTaNH3WPOBaTh CHHTE3 moboro reHa. Takum cnocobom 6bin
CHUHTE3WpPOBaH reH MHTepdepona yenoBexa. s ero BBEAEHHS B KIETKU
Gaxrepmii CKOHCTPYHPOBaHA PeKOMOMHAHTHAA IIA3MHAA, BKITIOMAOWAS
reH uHTepdepOHa M CHIHAJIBLHBEE MOCICAOBATENPHOCTH, HHHLMMPYIOLIHE
cunres WPHK u Oenka, Tak Hasweaemas xumepHas nnasMupa (He
BCTpevarou@iacs B npupoae). [nasmuaa seegena B E. coli. Momyuennnii
wraMm OGakrepmii cuHTe3Mpyer [0 5 Mr wmHrepdepona Ha 1 n
Gaxrepuanerol Cycnenamu, uTo B 5 000 pa3 npessimaeT ero COAEPIKAHNE
B 1 11 poHopcKkoH KpoBH.

[enpl, Nomy4eHHBbIE MOGEM CrIOCOGOM, BBOAATCA B PELMITHEHTHYIO
KNeTKY € NOMOWBIO BEKTOPOB, TAK KAK OHH HE HMEIOT CHCTEMBl
CHMIHAJIOB, YNPaBNAIOMICH HX AGHCTBHEM B KIETKE, B HE CIOCOOHB K
CaMOCTOATENbHOM permmikawuu. Bexrop - 310 monexyna [HK, crioco6-
Haf NEPEeHOCUTh B KIETKY “yxepoauyio JIHK u oBecneuvieats tam ee
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pasMHOMEHHEe M HacneaoBaHue. Bektop aomken oGnanaTe CBOHCTBOM
ABTOHOMHOH PETTHKALIMH, T. €. OBITh PEMIMKOHOM, HECTH CE/IEKTHBHEIE
Mapkepsl (HAMPHMEP, reHsl YCTOWYHBOCTH K aHTHOHOTHKAM) Ans
oBHapyxeHus  TpaHCPOPMMPOBAHHEIX  KIETOK, COZepXkaTh  CaWr
V3HABAHHs PECTPMKTA30i B HECYIIECTBEHHOM MJIA PErUTMKa#y O0nacTH.
B KauecTBe BeKTOPOB HCIONb3YIOTCH I1aaMuzel, Garu H CO3NaHMbIE HA
HXx ocHoBe Bonee crokHEle CHCTEMEL - (aro-rTasMuzKbie BEKTOPbI, HIH
dasmune (HanpHMEP, KOCMHAE - npoH3eonHsie mnasmuas Col, E1 u
dara 1).

BKIIOUCHHE NEHOB B COCTAB BEKTOPA OCYILECTBIIAETCA NO-PA3HOMY.
Ecru knoHWpyeMelil réH ¥ MOJIEKysna BEKTOPa CONEPIKHT HACHTHYHbIE
UTHITKHE» KOHLBI, TO OHH COCAHHAIOTCH BONOPOAHDBIMH CBA3IAMH. nPH
OTCYTCTBHH TaKOBBIX, AByXuenouedHeie KoHp ¢parmenros [HK (rena
M BEKTOPA) COSAMHMOTCA (PEPMEHTATHBHBIM IMTyTeM NpH yuactuu JHK-
nuraser. ‘CoueraHHe reHa ¥ BEKTOPa A3eT PEKOMOHHAHTHYIO MOMEKYITy
JHK.

CriocoS sBenerms pexombunantaoH JIHK B peunnueHTHYIO
KIeTKy OnpefensieTcAa npHpomoH Bexktopa. Ilpu mcrons3oBaHHM B
kadectee Bextopa ruiasmua JHK BBoauTcs myTeM TeHeTH4eCKOH
Tpanchopmaumu. Ecnm ke Bexropom smnserca ¢dar, To Beesenne JJHK
OCYIIECTBAACTCA IyTem TpaHCchekumu. [ nossienns 3¢ dexrusrocTH
TpaHCeKUMH B KA4eCTBe PELHIHMEHTOB MCNONB3YIOTCA CheporacTu
Gaxrepmi, wiM Gakrepui, 0OpaGOTaHHBIX Ha XOJIOOE XJIOPHCTHIM
KAJIBLHEM.

MeTtoas reHSTHYECKOH HWHIXKEHEPHH YCNOIIHO NPHMEHAIOTCH He
TONBKO Ui KOHCTPYHPOBAHHA OPraHH3IMOB C HOBBIMH CBONCTBAMH, HO M
BnA pemieHna (QyHABMEHTaNbHEIX rpobnieM. IexeTHueckas HHxeHepUs
MOMOIJI2 TOHATh CYIIHOCTh HENIOCTOAHCTBA TreHOMA, CBA33AHHOTO C
MPUCYTCTBHEM MHIPHPYIOWHX FEHETHYOCKHX B/IEMEHTOB, OTKphLIA
HOBBIE BO3MOXKHOCTH /18 M3Y4€HHA MOJICKYJIIPHBIX OCHOB OHTOr¢He3a M
3BOMIOLMOHHOr0 NPOHCXOXIEHHS Ppa3HBIX OPraHM3MoB, paspaborana
MyTH TNEPECTPOHKM HACNGACTBEHHOrO anmapara MHKPO- M MaKpo-
opranu3Mos. Peann3aums nOTeHUHAIBHEIX BO3MOXKHOCTOH IeHOTHYECKOH
HMIDKGHEPHH NO3BOJMT YCMEUIHO YCTPAHATE HAcieACTBeHHbIE 3aboe-
BaHHA HEJIOBEKA ITyTeM HCNPaBIEHHs FreHeTHYeCKHX AeeKTOB.
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T'nasa 11
IKOJOTrusA MUKPOOPTAHA3IMOB

Jxonorua (or rped. oikos - JAOM, MECTOOOHTAHME) MUKPO-
OpPTraHH3MOB H3y4YAET Pa3sBUTHE ¥ QYHKIHOHUPORAHHE OTHENBHBIX BHIOB
MHKPOOPraHH3MOB H HX €CTECTBeHHBIX cOODwecTs (MuKpOBOLIEHO30B) B
npupoaHoH cpexae. MukpoopranusMbl OOHMTAIOT BO BCEX NPHPOMHEIX
CcpeJax M SBISIOTCH O0A3aTeNIbHBIM KOMITOHEHTOM IOB0H 3KOIOrHYeCcKomi
cucteMsl u Guochepst B uenom. 1o OOycnoOBAGHO HX LIHPOKHMH
MeTabONMUeCKHMH  CIIOCOOHOCTAMH, Onarogaps KOTOPBIM OHH MOrYT
UCMOMB30BATh I8 DHEPreTHYECKHX M KOHCTPYKTHBHBIX  LeMei
MPaKTH9eCKH BCE NMPHPOAHBIE H CHHTETHYECKHE COBHHEHNA.

Ha nopore XXI B. Kak HHMKOIZa, BO3POC MHTEPEC K IKOIOTHMH
MHKPOOPTraHU3IMOB B CBS3H C PACLIHPEHHEM NPOH3IBOACTBEHHO-OBITOBOMN
ZeATENILHOCTH HeJIOBKA M €ro aKTHBHLIM Bo3ieiictemem Ha GHocdepy.
Mexanu3auus, MEJHOPANHA, XHMH3ALMA M Paguauus NPHBEIM K
rnoBaneHEIM rpeobpa3oBaHUAM BHELIHEH CPefs, BBIPAIUBLIMMCH B
HapYIIeHNy CKIAABIBAIOLIHXCS MMJLTHOHBI JIET MPMPOAHAIX GHOLEHO30B,
B TOM “MCNe M MHKpOOHmIX. KonmHuecTBeHHbE MW KaueCTBOHHBIE
H3MEHEHHA MHKPOOHBIX 8cCOLMAUMI BO MHOTOM OTPA3HIHCh HA
IKOJIOrHH IUIAHETH B LENOM.

HsyueHHe pacTpOCTPaHEHHA MUKPOOPraHHWIMOB B MPHMPOIHOH
cpeae TecHeHmMM obpa3oM CBA3aHO ¢ HPobremMamu 3KONOFMH, OXpaHbI
OKpyXawmoweii Cpensi, € BHIABICHHEM MCTOYHHKOB M MyTeil pac-
npocTpanenns Bo0ymHTeNnel MHpEKUHOHHBIX 3a0G0neBaHMil HenoBeKa,
JKABOTHBIX ¥ PACTEHHI, & TAKIKE C HCTIONB3OBAHKEM MHKPOOPraHH3MOB B
KayecTBe MHIHKATOPOB COCTOSHHSA NPHPOAHOH Cpeas! H B IOPYrHX
MPaKTHYOCKHX LENAX.

11.1. MHKPO®JIOPA NTOYBBI

XnsueneaTebHOCTS MHKPOOPTaHH3MOB B NOUBE, HX YHCIEHHOCTE
H pasHooOpa3He BCELNIO ONPEeAeNAIOTCA NOYBEHHBIMH YCIOBHAMH:
HATHYHEM M AOCTYTNIHOCTHIO MNHTATC/IIbBHBIX BELISCTB, BIAXHOCTHIO,
aspauweli, peakumeli cpexsi, Temneparypol u 1. A. [Mousa xak cpena
obuTtaHKn BeckMa reTeporeHHa. COCTABHBIMH HaCTAMH €€  CITYXKAaT
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OPraHUYECKHE ¥ MHHEPANbHBIE BEINECTBA, MOYBOHHBIA PacTBOp, BO3AYX.
XHMHUYOCKHIT COCTaB M COOTHOWIEHHA AAHHBIX KOMIIOHEHTOB HENoc-
TOSHHEL B Pa3HBIX TUNAX MOYB M AKE B OAHMX U TeX K6 ropM3OHTAaX.
Bee 310 ompepsiier pasHOOOpa3He MMKPOOPTAHHIMOB, HACEISIOLHX
nouBy.

IMo cpapHeHHIO C JPYTHMH NPUPOAHBIMH CpeAamu  (BOAOH,
atMocepoii), nouBa upe3BbMaHHO 6OraTo HacelneHa MHKPOOPTaHH3~
MamH, 0COOEHHO ee BEpPXHHH ropu3oHT riyoHHO#H 2,5-15 cm. 3pech Ha
1 r nOYBEl MPHXOAMTCH OT HECKONBKHX JECATKOB MIJUIMOHOB JO
MHUTHEPAOB MUKPOOHBIX KieTok. C rIyGHHOM 4HCIO MX YMEHBILAeTCH,
TAK KaK CHHIXAeTCA KOIHHYECTBO MHTATONBHBIX BELISCTB M YyXyHINAKOTCA
YCIIOBMSA A3PALHH,

I'peobnanaromum MHKPOHACSNIEHHEM ITOYBE SBILIOTCH GaxTepuH
u Gaumnnsl. Onu coctaBnsmor 70-90 % Bceit muxpodnopsl. Bropoe
MECTO N0 “4MCIEHHOCTH 33aHHMMAloT akTHHOMHLETH - 10-30 %.
YucnesHocTs rpubos HeBbicokas - A0 1 %, xors GHOMacca mMx 3a cyer
MHLENHA MOXET OBTb O4YEHb 3HAYHTEIBHOH, OCODEHHO B LIGTHHHBIX
KHCIbIX MO4Bax.

Bonbuioe BOHsAHMEe KaK Ha OOLYIO YHCIEHHOCTh, Tak M Ha
COOTHOLIGHHE OTAEbHBIX CHCTEMATHYECKHX IPYIN MHKPOOPraHH3MOB,
OKa3bIBACT THI NO4BbI, PasnHuasck no QHIHICCKHM M XHMHYOCKMM
CBONCTBAM, TOYBHI APKTHYOCKHE H 3a00M04eHHBe (30HA TYHIAPHL),
JAEepHOBO-TIOA30NHCThIE (30HA Talri), CEpO3eMel, HEPHO3EMBI, KalITAHO-
Bbie (30HHI JIECOCTENH, CTEMH H IIyCThiHB) MPEACTABAAIOT BEChMA
PANHUHYIO CPEAy JUIL JKHIHEAEATENBHOCTH MHKPOOPraHH3MOB. Pa3BH-
BaroIascis MuKpodnopa B pasHbiX THMAX IMOYB HMEST 3HAYHTAIBHEIE
pa3nHYHA KaK B KAYeCTBEHHOM, TaK M B KOJIHYECTBOHHOM OTHOWICHHH.
HauGonewmee Komuuecrso GakTepHil ¥ AKTHHOMMUETOB HaXOAWTCA B
4YepHO3eMax, COpo3eMax M KALITAHOBIX ro4Bax. JlepHOBO-MOA3ONHCTEIE
NMOYBBl XapakTepu3yloTcs Oonee HHU3KHM CONCPIKAHMEM MHKPOOpra-
auamos (8 10-100 pazs).

TTonoXHTENBHOS BNHUAHHE HA PA3BHTHE NMOYBEHHBIX MHKPOOpra-
HH3MOB OKZ3BIBAET OKYNBTYPUBAHHE MOMB. ATrpPOMEPONPHATHA, NPOBO-
AMMBEE B 3eMiefenuM, - obpaboTka nO4YBHL, BHECEHHE YAOOPeHHH,
M3BECTKOBAHHE, MOIHOPALHA - CIOCOGCTBYIOT M3MEHEHHIO MNMOYBEHHBIX
yCaoBHi B 6naronpusTHYIO 418 MEKPOOPTaHH3MOB CTopoHy. Ilosromy B
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OKYNbTYPEHHBIX MOYBAX YHCIEHHOCTb MHMKPOOPIAHM3MOB 3HAMHTEIbHO
BHIIIE, YEM B LENHHHEIX (B 2-10 pa3s).

MHUKPOOPraHH3MBl MEPBRIMH  TIOCEINAIOTCA HA  MATEPMHCKOMH
ropHoli mopose ¥ OOYCIIOBNHBAIOT NMOYBOOOPA30OBATENBHEIe MPOLISCCHL.
O6paays B NPOUECCS KH3IHEACATENBHOCTH MHHEPATIBHBIE M OPraHMYecKue
KHCJIOThI, MHKPOOPraHH3Mbl YCKOPSIOT HPOLECCH PacTBOPEHHA U
BHIBETPMBAHUA FOPHBIX NOPOX, BOBIEYSHHS OCBOGOMAEHHBIX MHHEPAJIOB
B Guonoruveckud kpyroeopor. Kpome paspywieHHs ropHOH MOpOARI,
MHKPOOPraHH3Mbl JAIOT Hauano oOpa3oBaHHIO MEPerHos, HIM ryMmyca,
ONpenensIoMero OCHOBHOE CBOHCTBO noussl - rogopoaue. Ocoberno
BETMKA 3[€Ch pONb BOAOPOCHTEH, KOTOPHE BMECTE C XEMOCHHTE3H-
pYIOIIMME GaKTEPHAMH ABNAIOTCA MHOHEPAMI OCBOSHHS NOPHEIX MOPOM.
310 rNaBHbIE HAKOMUTEIM OPraHHYECKOro BELUECTBa, CrocobCTByIOHe
MpPEBPaLIEHHIO FOPHO# NMOPOABL B NOYBY.

B cdopmupoBaBuieiics noO4UBé HEKOTOPEIE MHKPOOPTaHH3MBI
(kancynbHele 6aKTepHH, AKTHHOMMUETH, MHLEIHANBLHEE FPHOB) y4acT-
BYIOT B OGPa30BaHMH MPOYHOH KOMKOBATOH CTPYKTYPHL, YTO YITy4LUAET
BOAHO-BO3AYLIHbIHN PEXHUM €.

OcoleHHO CYU[eCTBEHHA PO MHKPOOPTAHH3IMOB B CO3AAHMM H
MHHEpAIM3ALMHA OPTaHHYeCKHX BEINECTB, B OCYIIECTBIEHHH HETPEepEIB-
HOrO KpyroBopoTa OHOMGHHREIX 3N@MEHTOB, B oODOramesHus MovBEl
CGHONOTrHYECKH AKTHBHBIMH COSAHHEHHAMH, TakHMH Kak (epMeHTH,
BUTAMMHBI, aMHHOKHCJIOTBEI, KOTOPHIE TOBHILAKOT HANPANKEHHOCTH
6HONOrHYeCKHX MPOLIECCOB B MMOYBE M TEM CaMbiM 0DeCHedHBAIOT ee
MIOJOPOAHE.

11.2. MHKPOD®JIOPA BOJIhL

Bomoemsr - Takke OnaronpHATHas €CTeCTBGHHas cpena And
pasBuTHA MEKpoOprauusMos. B sozxe B pacTBOpEHHOM BHAE COAEPMATCH
pa3Hele XHMHM4OCKME BEIIECTBA - KHCIOPOA, 30T, YTJIEKHCIOTa,
COBAMHEHNA COPBL, XxKenela, hocdopa u ap. Iro obycnosnusaer passuTre
pa3nHaHBIX (PH3HONOrHYOCKHX IPYIIT MHKPOOPraHH3MOB, OKHCJIAIOUIHX
AMMHAaK, Cepy, Keme30, (QUKCHPYIOWMX MONEKY/IAPHBIH  a30T,
BOCCTaHABIUBAKOIHX HHUTPAaThi, CyNbQaThl, MUHEPANK3YIOLINX OPraHu-
HE€CKHE COSAMHEHHA,
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I'naBHBIM GAKTOPOM, ONpPEAEIAIONIAM MacCcOBOS Pa3BHTHE MHKpO-
OpPraHM3MOB B BOJIE, MBJIAETCA Halu4uHe B Heli MHTaTeSbHBIX BEINECTB.
Konuyectso MEKpo6OB NpsiMO NPONOPLIHMOHAIBHO CTENeHH 3arPA3HEHHS
BogoemMoB. OcobeHHo GOraTtel MHKpOOpraHW3MaMHM TIPYARhl, pY4YbH H
03epa ryCTOHACeICHHEIX OPOAIOB M JICPEBEHb.

B Bopoemax saxpwToro THma (mpynmel, o3epa) muabmonaercs
onpejeneHHas 3aKOHOMEPHOCTb B  pacnpelesicHHH Gaxrepuii: B
npHOpexHol  30He, cONMpHKacalomelics ¢ TOYBOM, HX Oonbime.
HabmoaaioTcs CyiiecTBEHHBIE paxIM4HMA B YHCNEHHOCTH MMKPOOPra-
HH3MOB M B BEPTHKAILHOM paspesc BoZoeMa: HaHGomee obmnbHO
3aceneHa He caMa MOBEpPXHOCTh Boxawl, a 10-100-casThMerpoBas
ryOuna. B Gosee rnryGoKMX CnOSX KOJNHYECTBO MHKPOOPraHH3MOB
3MAYMTEIBHO CHHXKAETCH, YTO BUAHO H3 TPHMEpe MOpeH, oxeaHoB (Ha
ry6unre S M B 1 Ma Boabl HacuMThIBaeTCs a0 300 Ki€ToK, Ha TITyOuHHE XKe
200 M OHM NPaKTHISCKH OTCYTCTBYIOT).

KmoueBbie BOIbI ¥ BOIbl aPTE3HAHCKHX KOJMoALeB HanGonee
gHCTHL. 371eCh KOMHYECTBO MUKPoGor ne npessmuaer 10 na 1 i Beana
MHKpoOaMH W Joxzesas Boja. Boma nryGOKHX NMHTHEBBIX KOJIOMLEB,
NMpoXonRs “epe3 (HIBTPYIOLIHE CIOH INOYBBI, OYMINACTCH H IO3ITOMY
TaKKe OTIM4aeTes Bhicokol uyncroroif. Ilpasaa, nmpocaunBanke nosepx-
HOCTHBIX BOJi MOXET NPHUBECTH K YBEIHUCHHIO B Hell MHKPOGOB.

11.2.1. Ponv muxpoopzanuimos 6 npodyKmusnocmu
U CaMOoUUEER UM 80D0EMOE

MHMKpOOpranu3Mei MIpaloT CYINECTBEHHYIO POJb B MPOAYKTHB-
HOCTH BOZIOEMOB, OCOODEHHO 03¢p M BOAOXPAHHIMIL, IOCTOSHHO
oBoramaIMxca  AONOJHATEIBHBIM OPraHHYeCKHM BEMECTBOM M3
CTOKOB BoA ¢ cymH. JecTpyKuHs 3TOro BemECTBa OCYIeCTBISETCS
GaxrepuaMH. UKcyio MX B prGOBOAHBIX NPYAaX cocTaraseT 3-6 mmn/mMa,
a Guomacca 2-8 r/M’. HO npH BHECEHWH B mpy[sl OpraHHYecKHX
ynoBpennit (naBo3, TpaBa) Onomacca baxTepuHii MOXET 3HAUMTENIBLHO
Bospactars (o 30 r/m’). Ilpupocr Guomaccet Gaxrepwii 3a CyrxH B
npynax coctasisger 5-10 r/mM’ IpH ckopocTy pazMHOXeHua 10-15 4.

HcTounmxom smeprum s passHTus Gakxrepuii, Xxpome 3K30TeH-
HONO OPraHHYecKOro BEIIECTBA, CJYXHT OPraRHYecKOe BEIECTBO
OTMHPAOINEro GHTOMIAHKTOHA (BOJOPOCHH) M BOAHBLIX pacTeHHii. Ora
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3HEpPrvua yepes GaKkTepHaNbHOS 3BEHO BKIIOMACTCH B NMHILEBYIO LENb W
npAMO KM 4YEpe3 MOCPENCTBO GeCro3BOHOYHBIX KMBOTHBIX (HadHuwm,
6GOCMHHEI, KOMOBPATKH, OJIHIrOXeTHl W JAPYrHe TaKk Ha3biBaeMble
$unpTpaTopel) HCnonb3yercs peibamM. IMo3TOMy, 3Mas ONTHMAIBHBIC
YCNOBHA aKTMBHON JKM3HENEATENBHOCTH OaKTepHii, 3THM NpoLEeccoM
MOXHO YNpaBJATE, YBEIHYHBAaA ux OGHOMAaccy M, cneoBaTensuo, puibo-
TIPOJyKTHBHOCTb BOAOeMOB. Taxum obpasoM, pone Gaxrepuii B nponyk-
THBHOCTH BOAOEMOB CBOIIMTCA K TEPENaye SHEPrvH, 3aKTOYEHHOH B
OpPraHH4ECKOM BEINECTBE OTMMpAalOmErc (QHTOIUIAHKTOHA M B MNpH-
BHECEHHOM OPraHM4YeCKOM BELIECTBE CyuM, Yepes undysopuit H Apyrux
(HNLTPATOB K MAKPO3OOIUIAHKTOHY - HCTOMHHKY NMHTAHHA PhIb.

Benuka poik MHKpOOPraHH3MOB B KPYroBOpOTe GHOFEHHEBIX 3J1e-
MEHTOB B BOAOEMaX, KOTOPBIH OCYILECTBIAETCA IO TOMY XK€ [PUHLMITY,
YTO H B NOYEBE.

B Ham BeK, B BEK YCKOPEHHOI0 HHOYCTPHANLHOTO Pa3BHUTHS,
BOAOEMBI, K&K TIPECHBIE, TAK H MOPCKHE, MCIBITHIBAIOT OrPOMHYIO
HArpY3Ky NPOMBIULUIEHHEIX H OBITOBBIX CTOUHBIX Bozi. OxXpaHa BooeMOoB
OT 3arpsA3HEHKAA CTAHOBHTCS OAHOH H3 BaKHeH KX npoGneM.

Pa3nu4aloT ecTecTBCHHBIE 3arpA3HEHMA, NMPOMCXOAALIME HE3aBH-
CHMO OT 4e/I0BEKA, H 3arpA3HeHMs, CBASAHHEIE C AEATE/HHOCTBIO YeIoBe-
Ka (OTXOIbl NPOMBHIUIEHHOCTH, PalMOaKTHBHBIE BEIECTBa, HedTenpo-
IYKTBI, NECTHUMAB! B Jp.). XOTA €CTECTBEHHBIE 3AIr PA3HEMHSA NPOMCXOAAT
MOCTOAHHO, OHH MEHEE CYIIECTBEHHBI B CPABHEHMM C TEMH 3arPAIHEHHA-
MH, KOTOPBIE BHOCHT 4€JIOBEK.

B nocnennee BpeMs 3HAYHTENBHO BO3POC MHTEPEC K H3YYEHHIO
TpoLecCOB BHOIOrMMECKOr0 CAMOOYMHIICHHA BOZOEMOB OT 3arPS3HEHHA.
Ioa caMOOYMIIEHHEM NOHHMAIOT CHONOTHYECKHE H (PH3HKO-XHMHYECKHE
NMPOLECCH, TPHBOJANINE K BOCCTAHOBIEHHIO KauecTBa BoAbl. MHIHKO-
XHMHYECKOS CaMOOYMILEHHE OCYILECTBIIIETCH TNYTeM  OCaXICHWA
B3BEIUICHHBIX BCLIECTE M OKHCICHHA PAaCTBOPEHHBIX COCAMHEHMH
KHCJIOPOZIOM.

Bronoriieckoe caMOOMHINEHHE BOAOEMOB SBJISETCH Pe3ynbTaToM
HKHU3HEICATENBHOCTH LIE/IOr0 KOMILIEKCA BOIHBIX OPraHH3MOB, KOTOpBIE
BBINONHIIOT (QYHKUHIO NO 00e3BpeXyBaHHIO H OKHUCIHTENBHON nepe-
paboTKe nOCTYNAOLIMX B BOAOEM 3arps3HsIOMMX pemjecTs. Hauamunie
JTallbi NpPOLIECCA CAMOOYMINEHHA OCYHIECTBIAIOT OPraHH3MBI, IHTAK0-
D{MEeCs PaCTBOPCHHEIMM OPraHNYeCKHMH BEIIECTBAMH. 3TO B OCHOBHOM

340



Gakxrepun, rpubbl M psAg npocTeiitunx. MHOrMe BOAHBIE JKHBOTHBIC -
HM3LIME PAKOOOPA3HbIC B KOMOBPATKH - HOWKHPAIOT BakTepuu, npocreii-
LUMX JKHBOTHBIX H MEJIKHIl OPraHHYeCKHil NEeTPHT, T. €. BCE TO, 4TO CO-
JIBPFKHUTCA B 3arPASHEHHBIX BOAOCMAX.

Otmmeaﬂe BOARI, B TOM YHC/I€ ¥ CTOYMHBIX BOA, OT opraﬁprqecxm(
M HEOKHC/IEHHBIX MUHEPANBHBIX 3arpA3HEHHH C MOMOLHBIO MMKPOOP-
raHH3MOB Pa3feifeTcs Ha aHaspobrnoe U aspobuoe. OT yuacTHs Kuc-
nopoAa 3aBUCHT MHTEHCHBHOCTb M CTENIEHb OYHCTKH. A3pobHBIM
npoueccaM pacnaza, Kak H aHaj’POGHBIM, NMOABEPrarOTCA Pa3HOro poaa
OpraHHYecKHe BellecTBa, cOpacklBaeMeie B BOAOEMBI. JTO KIETHATKA,
teronel 1 Kpesomnsi, yrnesogopoas HedTH M Ap. B a3pobHBIX yenoBHAX
FAPOUECCHl PA3NIOKEHHA HX TNPOHCXOAAT Hanbonee HHTEHCHBHO M TONHO,
Hawe BCEro AC NPOCTLIX MUHEPANBHBIX COSAUHEHHIH. BOABI, YTNEKHCIONO
rasa, BOAOpOaa, HUTPATOB M Cynb(daTos.

AnaspobHbie NpoLeccs MPOTEKAIOT B 3aMEICHHOM TEMIE, PACHAL
OPraHHYecKuX BEMIECTB, a CNeAOBATENbHO, M OYHCTKA BOAL! NMPOHCXOAAT
3HAYUTENBEHO AONBLIS, Y€M npH a3pobHoit ouncrke. OGpasyrommecs
MPOAYKTH 4acTo 60onee TOKCHYHBI, 46M MCXOAHbIC. JTO CEPOBOACPOMBI,
MEpKanTaubl, aMMHAK, HH3KOMOJIEKYISPHBIE KUPHBIE KUCIOTHI.

Buonoruueckas O4HUCTKA CTOMHBIX BOZ NMPOU3BOAMTCA Ha CrELM-
ambHO NMPHCNOCOONEHHBIX 36MEBHBIX YHACTKAX - MONAX OPOLeHHA H
nonsax (UIBTPALMK, KyAa CIYCKAIOTCS HOMISKALIME OYHCTKE BOABL,
IpocauuBascek uepes CIOM NOYBHI, OHU NOABEPraiOTCA OKHCIIUTENLHOMY
BO3JEHCTBHIO LEJIOrO KOMIUIEKCA NOYBEHHBIX MHKPOOPraHH3MOB, B
pPe3yNbTaTe 4YEro COMAESPKALIMECR OPraHMYECKHE BEIISCTBA HOMHOCTHIO
MMHOPaNH3YIOTCA. AHaNOrHuHblH npouecc Habmozaercs npu cOpoce
CTOMHBIX BOA B BoAoeM. Muxpodopa BogoeMa OKHCIIAET BeCh KOMILIEKC
PacCTBOPSHHBIX COEAHHEHMH A0 MUHEPANILHBIX NPOAYKTOB.

Onsako B HacTOAUIEe BpeMsA IPH BBICOKOM YPOBHE PasBHTHA
NPOMBIUIIEHHOCTH M OFPOMHOM KOIIMYECTBE OOpa3yIOLIMXCA CTOYHBIX
BOA OCTECTBEHHBIE METOAbI OYMCTKM B BOAOEMAX He MOryr Obith
HCNOJb30BAHBI, TAK KaK 3TO MNPHBCHAET K peaxouy nedmum'y KHCI0pOoaAa B
BojoeMax (H3-3a noTpebneHus KHCIOPOaa Ha OKHCITHTENbHbIE ITPOLIECCH)
Y, CIENOBAaTeNnbHO, K BHIMHPAHHIO Beero Xxuporo. Ilostomy cosnarorcs
CrieLMankHble COOpPYXEHHA aspoOHOH Ouonorvieckoi OYMCTKH -
Buocdepss, a3podunpTphl ¥ 23poTeHKH. [IPHHLNMN OMUCTKH CTOMHBIX BOA
Ha 3THX COOPY)KEHHMAX TOT e, 4To Ha nomix ¢unerpammu. Ho
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Gnarozapsa CO3AaHHIO AlA MHKPOOPraHH3IMOB Hanbonee OnaronpHATHBIX
IKOJIOTHUYECKUX YCIIOBHii - 8d9pALMH, TEMIMEpaTyphbl, PeakuUHH Cpexsl,
CONEPKAHMIO HEKOTOPBIX CONell - mpouece GHONOrH4ecKoro OKHCIEHHs
HIET ropa3fo HHTEHCHBHEe.

11.2.2. Canumapuo-mukpobuonozuveckuii Konmponn

Hapsay ¢ nonesHo# porsio, KOTOPYIO HIPAIOT MHKPOOPTaHHIMEL B
GHONOriYeCKoH OYHCTKE BOABI, OHH ONHOBPEMEHHO SIBJIAIOTCH M
3arPA3HHTENIAMH BHEUIHEH cpeani. B Bome MOryr HaxoZMTbCA BO3-
Synurenu padiH4HBIX 3a6oneBaHui: THOA, Xonepsl, AHICHTEPHH, TYnA~
pemun H ap. OcobeHHO wuacTo OHM OBHapyxHBalOTCA B OBITOBBIX
XO3AHCTBEHHO-(EKATBHBIX CTOMHBIX BOJAX HACENEHHBIX MECT M PAAA
NPOM3BOACTE. MACOKOMOMHATOB, KOXKEBEHHBIX 3aBOAOB, 6oecH. YUtobm
MPeAOTBPATHTL NOTIAfaHHE NATOreHHBIX MHKPOOPTaHM3MOB B €CTECT-
BEHHbIe BOJAOEMbBl M HCTOMHHKM BOAOCHAOKEHUA, HEOOXOAMMO 3HATh
METOI CAHHMTAPHO-DAKTEPHONIOrHYEeCKOro MccaenoBanns u obessapa-
HKHBAHHSA BOABI.

Bri6op addexrrsroro cpeacrea n meroaa nes3nHGEKLIHA NIPOU3IBO-
JHTCA HA OCHOBAHHM OCODEHHOCTeH GMONOrMM naToreHHLIX MMKpOOpra-
HH3MOB H y46T1a 3KONOTHYECKOH Cpe}:lbl.

O61HM CaHUTAPHO-6aKTEPUONOrHYECKHM NMOKA3ATENEM COCTOSIHHMA
Cpensl AB/IAETCA KONHYecTBO Muxkpoopranuamor B 1 mu Boxsi. Ho Gonee
BaXKHO C CAHHTAPHO-THIMEHHYECKOH TOYKH 3DEHHs BHISBJICHHE B Cpene
niatoreHHpix GakTepuid. OOHAKO HEMOCPEACTBEHHOe OOHAPYXEHHe naTo-
reHubIX GakTepmii B TaKHX Cpefax, Kak BOAA, 3aTpymHEHO M Tpebyer
Anurensroro epemeru (10-12 cyr). 1o CBAIANO C TEM, YTO YHCJICHHOCTD
NAaTOreHHHX MMKPOOPTAaHHIMOB B €CTECTBEHHOM Cpelie No CPABHEHHIO €
YHCNGHHOCTBIO HEMATOreHHuIx (canpoduros) mama. [pu BriceBe npobet
HA NHTATENbHME CPEAbl COIAAIOTCA YCJIOBHA KOHKYPEHLHH MeXAy
canpodHTHRIMH M NATOreHHBIMH OGaKTEPHAMH, HEBBIFOAHBIE IS
NOCNEeAHHX H3-32 HX ManourcneHHoCTH. [ToaToMy OCHOBHOM LensiO
GaKTepHONIOrHHYeCKOro HCCIENOBAHHA CPeOsl ABIAETCA OCHAPYKOHHE
dekansuoro 3arpasHenus. Ilokazarensmu  (¢exanbHOro 3arpsaHEHHS
CMy>aT OOHTATeNH KHIUEYHHKA Ye/IOBeKa, B MEPBYIO OYEPeNb KHINSYHAS
nNAano4Ka.
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JAnsi KOMHYECTBEHHON XAPAKTSPHCTHKH COACPIKAHHA KHIISYHOM
Manouk¥ B CPene CyXKaT HBA MOKA3ATeNs: KOMM-THYP M KOJIU-MHAEKC.
TMoa XOMM-THTPOM NOHHMAIOT HAHMEHBILES KONHYECTBO HCCIEAYEMOrO
MaTepuana, B Koropom coepkurca | kumeunas nanodka. Komi-uHaekc
~ 3TO KOJIMYECTBO KHUIEUHBIX nanodek B 1 rm Bogel. Jlns nepeBosa KOmu-
THTPa B KOMU-uBAekc Hano 1000 paspenuTs Ha BENMUMHY KONMH-THTpA.
Hanpumep, npu konu-tatpe 333 (mnd MHTHEBOH BOABI) KONH-MHIECKC
paeen 1000 : 333 =~ 3. Oro osHauaer, yro B 1 1 BOAM comepxwmrea 3
KHlueuubIx nanoukH. Boga cunTaercs npuroaHON AMA NKTbA NPH KONH-
THTpE He MeHee 300 u Konu-HEAeKce paBuoM 3.

Ilpr Gonee BBHICOKOM  COAECPXKAHMU  KHLIEYHOH  MANOYKH
TMPAMEHTIOTCA BieTOAR! 00e33apaxmBauus. CaMbIM PacIpPOCTPAHEHHbIM
M3 HHX ABNIAETCH XJIOPHPOBakye BoAsl. OHO OCHOBAHO HA TOM, YTO XJIOp,
nonazas B OakTepHambHYIO KJETKy, BHI3BIBAET B Hell CHIbHBE
OKHCITUTEeJIbHBIE NPOLIECCH], NPUBOAAING K HHAKTUBaLHy (epMeHTOB 1
rubemu ee. Taxoii ke 3ddexr naror U Apyrue okucaurTeIM -
nepMaHraHart, 030H, nepekHch Bopopoaa. Kpome Hux, ana mesunbexuuu
MOr'YT NPUMEHATHCH IMOOBIE aHTHMHKPOOHBIE CPEACTBA.

11.3. MUKPO®JIOPA ATMOC®EPH

Hecmorpss Ha TO, uto armocdepa sBiseTcs HEGIATONPHUATHOIN
Cpeioi AnA pa3sBUTHA MUKPOOPTaHHM3IMOB, MOCTEAHHE HAXOAATCS B HeH
MOCTOAHHO, YCNOBHA, CYIECTBYIOIME B aTMOC(hEpe, HE HCKIOHYAIOT
MOJTHOCTHIO BO3MOXKHOCTH OOHTaHHS B HeH MHKPOOPraHH3MOB, OCOBEHHO
B HIDKHUX CJIOAX - Tporiochepe. 3neck MOCTOAHHO COAEPIKATCH BOASHEIC
napsl, ra3oobpasHbie a30T H yrnepoa M ApyrHe anemeHTsl. B arMochepy
MHKpOOPraHH3MBl MONAafaioT BMecTe ¢ muinbto. OHM maxonarcs TaMm
HEKOTOpPOC BpEeMs BO B3BEIWICHHOM COCTOAHHHM, a 33aTeM 4YaCTHYHO
OCEHAIOT Ha 36MJIIO, HEKOTOPbie e nornbaioT OT HeHCTBHA NPAMBIX
CONHEUHBIX ITydeH M BBICYIIMBAHHA. B CyXyl®O COMHEYHYIO MOromy
MHKpoOB rHOHYT Maccamu. Brnaropaps 3Tomy Muxpodnopa sosayxa
HeMHoroyucnenHa. OHa 3aBHCUT OT MHKPOQUIOPBI ¥ COCTOSHHA TO4YBHI,
Ha4 KOTOPOH pacnonoxeH MCcneayeMblii cnoii  soamyxa. Hax
OKyNbTYPEHHOH, GoraTol OpraHMYECKMM BEIUECTBOM TMOMBOH ropaszo
Gonbe MuKpoGOB, ueM Hax nouBOH OeCrNOAHBIX IMYCTEIHbD WIH HAZX
3aCHEKSHHBIMM MOMAMH.
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Ilo xauecreemmoMy coCTaBy cpen Mukpodropsl BO3TyXa
npeobnanaloT pasiMuHEe NMHIMeHTHbIE (OPMBI, AAIOUIHE HA TUIOTHBIX
CpesaxX OKpaleHHbIe KOJIOHHH. 310 CBA33HO C TeM, YTO GocuBeTHBIE MUK~
poOer Gonee HyBCTBHTENbHBI K GAKTEPHLHMIHOMY AECHCTBHIO CONMHEYHBIX
JIy4eH, B TO BpEMA KaK y MUFMEHTHbIX (POPM KADOTHHOMAB CHAYXAT
3aUMTOH OT ryOHTENLUHOTO AcHeTRMA ynbTpadHoIeTosoii paguanmy.

HauGonee uacTeiMu OBHTATENAMHM BO3TYX2 ABJAIOTCA APONOKH,
rpubei, CapumHbl, CTa(HIOKOKKH M PA3IHYHBIE CIOPOBBIE TNAJIOUKH.
HecnoposocHbix nanoukoBuarsix 6axTepuii B BO3AyXe HEMHOrO, TaK KAK
y HMX HH3KAas YCTOHYMBOCTE K BHICYLIMBAHHIO. B BOaayxe KHJIBIX
MOMELIEHHIT H B OCODEHHOCTH B OKPYXeHHH BONBHEIX MOFYT HAXOHHTHCH
u Bone3HeTBOpHBIE MHKPOOHI.

Komiiectso MUKPOOPraHH3MOB H HX COCTAB B BO3AYXE MEHAIOTCH
B 33aBHCHMOCTH OT MHOrHX ycnoBHii. CyXocTk NOYBBI, PACTILIIEHHOCTh 6¢
M BETPBI Pe3KO MOBHIUIAIOT CTEneHb 3aTPASHEHHOCTH BO3AYXa MHKPO-
Gamu. Beinapaiomee OCaAKH 3HAYHTENLHO OMMINAIOT BO3AYX. MeHbwie
BCEro MHUKPOBOB B BO3AYX® Hax NnEcaMH, MOpAMH U cHeramu. [lo
uccnenosanuam B. JI. Hcauenko, BOsAyx Hag MectaMu, MOKPHITHIMH
KPYTNBEIH TON CHErOM, MOYKHO CuMTaTh abcomoTHO umcThiM. B Takux
YCNOBMAX Ha GaKTEPHABHYIO YALIKY 32 Yac ocenaer 1-2 mukpoba

PaGothukn nonapuoit skcneanunu O. K0, Ildmugra B 1930 r
YCTaHOBHIH HCKITIOYHTEIbHYIO YHCTOTY Bo3nyxa Kpaiisero Cesepa. Tak,
eo3nyx Homoii 3emnn nouru ceoBomeH or muxpooprarusmor. Boneiwe
BCEro MUKPOOPTraHH3MOB NPHXOAMTCA HA CJIOH BO3AYXa, PACHOIOKEHHEE
HaJi MPOMBILIIGHHEIMH FOPOAAMH, HAJ KOTOPBIMM CTOHMT MHOTIO HbLITH, HO
o Mepe NoaAbOMa BBEPX KOIMYECTBO HX CHHIKAETCH.

Conepxanne MHKPOOOR B BO3MyXe 3aBHCHT M OT BPEMEHM roza.
MeHbiie BCero MX 3MMON M GOnblue NETOM, TAK KAK 3HMOH nouyBa
MOKPBITA CHEroM M BO3AYX HEMNOCPEACTBOHHO C HEH He CONpPHKACaeTcH.
JleroM k€ BeTep MOAHHMMACT C 3€MJIH MBI, 3 BMECT® C HEll H Maccy
MHKpOGOB. 3acefleHHOCTE BO3NYXa BECHOM M OCOHBIO 33HHMAET CpeaHee
TIONIOXKEHNe MEOXAY JleTHell H 3UMHEH 3aCeNeHHOCTHIO, TaK KaK B 3TO
BPEMA HacTO HAYT NOMNAY M BETOP NONHHMAET MEHbIUE NbUTH C BIAXKHOH
MOYBbI.

Boaxgyx sakpeITeIX noMemenmit 3umoil, HaoBopor, Goraue
MHKPOOPraHH3MaMH, Y6M JieToM. I10 OOBACHAETCA TeM, YTO 3UMOH
uenoBex GonbiTyIO UBCTE BpPEeMeHU NPOBOAMT B noMewyekuu. OcoBerHo

344



BEIMKO HHCJIO MHMKPOOPraHH3MOB B MHOTONIONMHBIX OOLIECTBCHHBIX
NOMEIIEHMAX - B KHHOTeaTpax, LIKOJAX, 35eCh BO3AyX HArpeBaercs,
oforamaercs Bnaroii, sarpasHAercs NeUIBIO H MIPUMECHIO ra3006pasHbIX
H napoobpasHeX npoayKToB. Menpualiine KamnM JKHIKOCTH MOTYT
angcopOMpoBaTs PalIMYHBIE OPFaHUYECKHe BEILeCTBA, MNONAJAOIME B
BO3yX, M JaBaTh, TAaKMM OOpA30M, BO3MOXHOCTE MHMKPOOPraHW3IMaM,
HAXOAAIUMMCA B KalUliX, Ppa3sMHOKAThCA. Tak BO3OyIIHas cpena
ofecrieYHBaET He TONHKO BpeMEHHOE NpeOhBaHHME TAM MHKpOOPraHW3-
MOB, HO HHOIAa Jjaxke GIaronpusTCTBYET HX Pa3sBHTHIO.

MHuKpOOpPraHHiMel, coaepiKammuecds B BO3AYIIHOH cpeae, MOTyT
ABMTHCA NPUYKHOM PAIHBIX HH(EKUHOHHBIX 3a60MeBaHMii - IpUINa,
aHTHHBI, KOPH, CKapJIaTHHBI H Ap.

MukpoSronoruueckoe HCCIENOBaHHE aTMOC(EpHOro BO3dyxa, a
TAKKE BO3JyXa 3AKPHITHIX NOMEINCHUH 3aHMMAET BAXKHOE MECTO YIPH
OCYIUECTBIIEHHH OYMHCTKM €ro OT GaxTepHaNbHOIO 3arpsA3HEHHs KaK Mepa
Gopu6El C A3POTeHHBIME HHGEKLMAMH,

B HacTosIee BpeMs H3YYCHMIO MMKpOOMONOrMM  armocdepst
ynesnserca GOMbHIOS BHUMAHKE B CBS3H C OCBOCHHEM KOCMOCA.
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Fanasa 12

BHOI'EOXHUMHYECKAS NEATEJIBHOCTD
MHKPOOPI'AHM3IMOB

MHUKpPOOPraHH3MaM NMPHHAJICKHT HCKTIOYHTENBHO BAXHAA pPOJb
B KPYroBOpOTE B NpHpoHe, B O0pa3oBaHHMM H pa3spymICHHM MECTOPOK-
[eHHH MOJIE3HBIX MCKONAEMBIX, MHHEPATIOB M FOPHBIX NOPOI, a TaKKe B
MUTPAIMH OTASILHEIX 3JIEMEHTOB.

OcCHOBBI NOHHMAaHHA OHOXHMHMYECKOH PO Mmcpooprarmauon
GrutH 3anoxensl Ha pybexe XIX n XX Be. mccnenopaHMsAMM BBUIAKO-
mmMxca pycckux mukpobuonoroe C. H. Bunorpaackoro, T. A. Hapacomna,
B. JI. OmensHckoro, a Taloke B. K. BepuacKoro, KOTOpBIH yKa3siBasl Ha
Gonpmryio posib MHKPOOPFaHH3MOB B IEPEMEILICHHM, KOHLCHTPALMH H
pacceMBaHHH XMMHYECKHX 3JIEMEHTOB B GHocdepe.

HawuGosee orueTHMBO OHOreoXwMH4YECKas AEATESNBHOCTH MHKPO-
OPraHW3MOB MpOSBIISICTCA B PEAKLHAX PalIOXKEHMS OpPraHMYECKOro
BEIIECTBA, B OKWCIICHHM BOLOpOZA, MCETaHa, 3INICMEHTapHOH cepel, B
BOCCTAHORJIEHHM Cynb}aToB m MHOIMX JHpYTHMX mpomeccax, obecre-
YHBAIOMHX HENPEPHIBHEIN KPYroBOpOT GHON€HHBIX 3/ICMEHTOB.

BymydH HHMpOKO PpaclpOCTpaHCHHBIMH B mipupoie w obnamas
aKTHBHBIM GEepPMEHTHBIM aNnaparoM, MMKPOOPraHH3MbI OCYIIECTRIAIOT
FPOLIECCH]  PACIICIUIEHMS M CHHTE3a CAMBIX CIOKHBIX OPraHM4ecKUX
BemiecTe. bnarozapa MuHepaymsylomeH JeATENBHOCTH MMKpOOpra-
HHU3MOB TNPOMCXOAHT IIOCTOAHHOE OYHIIEHHE NOBEPXHOCTH 3€MJIM OT
TPYNOB JXHBOTHBHIX M ocTaTkoB pacreHHi. ITo crmosam B. JI. Omensn-
CKOr0, MHKpPOOPraHM3Mbl SBJISIOTCA HACTONIIHMH MOTHJIbIHKAMH
opraHHyecKkoro MEpa. OpraHuyeckue BELECTBa PACTEHHI H XHBOTHBIX
noxy AelicTBMEM MHKDOOPTaHHM3MOB  paijIaralorcs Ha  NpPOCTHE
MHHEDAJIBHBIE 93/IEMEHTHI, KOTOpBIE€ pACTBOPHIOTCH B BOIE H
HCRONB3YIOTCA PACTCHUAMH B KaY€CTBE HCTOUHHKA TTIUTAHHS, BOBNEKANCH
TakuM obpasom B Mastbiii GHonorudyeckué Kpyropopot. CleoBaTeNsHo,
GuonorudeckHii KpyroeopoT oObeMHACT NpOLEecch CHHTE3a M pacrafa
OpPraHHYecKHX BeillecTB H ODYC/IOBJIGH [EATENBHOCTHIO  KHBBIX
OpPraHA3MOB.
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TlomiMO GHONOrM4eCKOro KpyroBOpOTa 3JIEMEHTOB, B NPHPOAE
dysxuponupyer Gonpwoii reonoruyeckuit Xpyrosopor. Ou ocyuecrs-
naetcs ASHCTBHEM (PUBHKO-XHMMIYeCKHX (haKTOPOB H BK/NOHMAET MpPOLEC-
Chbl BEIBETPMBAHHA TOPHBIX NOPOJ, PACTBOPEHHA MHHEPAIbHBIX IMPOAYK-
TOB BBIBETPHBAHHA M BBIHOC MX B MOps M okeaHn. IlpeoBnazarowas
YACTD BEIHECEHHBIX MHHEPAJILHBIX 3IJIEMEHTOB MCTIONb3YETCA BOAHBIME
OpraHM3MaMH M IOCIE HX CMEPTH YaCTHYHO TNEPEXOAHMT B COCTap
OCafOYHbIX MOPOA, BBHIKITIONAACh TEeM CaMbiM H3 GHONOrH4ecKOro
xpyrosopota. Ecnu 6b1 3T0T npouecc 611 Gkl MOCTOAHHO, TO XKH3Hb Ha
3GMHOH MOBEPXHOCTH He Morna Obl pa3suBaTbhca. OOHAKO 3TOro He
MPOHCXONHT, TaK KaK OMOIOIMYECKH BaXKHBIE 3MEMEHTH HEMPEPHIBHO
32KPEMJIAIOTCA B NO4YBe Gnaroiaps AeATeNBHOCTH 3EVIOHBIX PACTEHHHA H
HEKOTOpPBIX ABTOTPO(HEIX MHKPOOPFaHH3IMOB, HMCMOMb3YIOLIMX MHHe-
panbHBie 3NEMEHTHl A4 CHHTE3a opraHuyeckoro pemectea. Ilocne
OTMHPAHHA PACTEHHA M >XHBOTHBIE MHMEPAIH3YIOTCH MHKPOOPTaHH3-
MaMH4 M B 33BUCHMOCTH OT YCHOBHil nOCTYNaoT B GHONOrH4ecKHH MIM
reonoruyeckuii xpyroeopor. Kpyroeopor BemecTs coeepumaercs Mo
ANHHHOH LMK MOCHEAOBATEIbHEIX H TECHO CBAIAHHBIX MEXAy coboit
peakuuit.

12.1. KPYT'OBOPOT A30TA

B umxn npespainemMuil a30Ta BXOMAT PEAKLHH CHHTE3A CIIOMKHBIX
A30THCTBIX COSQHMHEHHH H
peaKuui MHHEPaNH3aLHH
OPraHHHYEeCKOro as3ora mo
coneH a3orHOH M a30THC-
TOH KHCJIOTH HIH MOneKy-
JIAPHOrO a30Ta,

Liuxn asora cocrouT
M3 YETHIPEX 3TanoB (pHC.
12.1). Nepyetit 31an - 370
(uxcaums MosTeKynISpPHOro
azora. OH ocymecTeiseTCA
HEKOTOPBIMH  a3pOBHMBIMHU
¥ aHAIPOOHRIMH MHKPOOP-
rasEn3mMamMH, OTOCHHTE3H- Puc. 12.1. CxeMa KpyroBopoTa asota
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pyromumy GakrepHAMH U CHHe-3¢NeHBIMHM Bopopocnami. K xakon Owl
rpyTIne HY OTHOCHJICH 330TPMKCATOp, KOHEHMHBIM MPOAYKTOM a30TdhuK-
CalMy BCEraa AB/IAIOTCH a30TCOAepKALIHE OPTAHHYECKHE BeIleCTBa.

OprasmueckHii a30T MHKPOOPTaHU3MOB, NOAOOHO a30TY PacTeHHit
M JKHBOTHRIX, noaeepraetca Munepanmsauun. KonewHsIM npoayxrom
J[QHHOrO MpoLecca ABJAETCA aMMHAaK. DTO BTOPOIl 3Tan LUKJIA a30Ta,
NOTYYHBLIMIA Ha3BaHHe aMMOHH(UKALIMH.

Ha 1peTtheM 3Tane o0pa3oBaBLIMFiCA B NPOLIECCE AaMMOHH(HKaLHMU
AMMOHHHMHBIH 430T OKHCNAETCH A0 HHUTPHTOB H HHTPATOB, NMPOHCXOAMT
npouecc uuTpudukauuy. Hatparsr wacTHUHO yCcBauBaKOTCA KOPHEBOMH
CHCTEMOH pacTeHHi, a 4aCTH4HO BOCCTAHABIHBAIOTCA N0 AMMHAKA H
MOJIEKYJIPHOTO a30Ta. JTOT NPOLEcC NONyJYH Ha3BaHHe aeMHTpHuKa-
uuH. Fim 3aBepinaeTcs MK NPeppaLleHUs a30Ta.

12.1.1. Qukcayus monekyrsprozo azoma

Buonoruteckas PpuKcaina MONEKyISPHOIO a30Ta - OfHA U3 CAMBIX
BaXKHBIX npobrieM nouBeHHON MukpoBuosioruu. Paspewenme ee umeer
GonblIOe NMPAKTHYECKOE H TEOPETHYECKOS 3HAUCHME.

A30T - 3170 BaxcHeH1uMiI GHOreHHBIH 9/IEMEHT, BXOAALIMUIL B COCTaB
GenkoBOH MONEKYNBl KaXIOro >HBOro cymwectsa. Ero HCTOYHHMKOM
CIY)KHT MuMepanbHBlH aszor atvochepei m noussl. Ho 3amacer
MHHEpanbHOro a3ora B MOYBE CPABHHTENBHO HEpoNHMKM - 10 150 xr Ha
FeKTap MaxoTHOro CJioR, B TO BpeMA Kak B atMoc(epe KONMUYECTBO
cpobogHOro  (MONEKYMAPHOIO) a30Ta HEHCHEPnaeMo: OkoIo  4/5
OKPYKAIOLIEro MAC BO3AYXa NPUXOMHTCA HAa AOMO CBOBOAHOro asora.
Cron® Bo3ayxa Haj reéKTapoOM MO4Bbl COAEPIKHT ero xo 80000 T. OQnuaxo
B CHJy CBOEH MHEPTHOCTH M OFPaHHMYEHHOH CHOCOOHOCTH BCTYNaTh B
XHMHYECKHE pPEeakiMH C HPYFHMHU 37IEMEHTAMM 5TOT a30T HENPHIOAeH
ANA NPTAHHA pacTeHuH M XHBOTHBIX. FIMOHHO moaTOMY OH M mOmyuYmn
CBOE Ha3BaHHE «a30T», YTO O3HaYaeT «BeBKHIHEHHEHIN.

Pacrenss, BEIpAaIIMBAOMBlE Ma NOYBAX, OEAHBIX MHHEPAIBHBIM
a30TOM, OTNHYAIOTCA CNabbiM pocTOM M GBICTPO rHGHYT, HECMOTPA Ha
HAHYHE OFPOMHOIO KOJMHHECTBA MONEKYHPHOrO 430Td B BO3AYyXe. ITOT
a30T ocraBanca OBl MEPTBBIM KANMMTAllOM TNpHPOgBI, eciu Gbl He
MHuKpoopranuamel. Crietmuueckass rpynna MUKPOOPraHU3IMOB, NOTY-
uyMBlIAs Haspanue asordHKCaTOpoB, ObBmazaer cnocobHocTRIO (k-
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CHpOBaTh aTMOC(EPHEBIH a30T H NEPEBOAMTL €r0 B CBA3AUHOE COCTONHME,
3a cuer HeATeNBHOCTH A30TQMKCATOPOB B MOUYBY €KErOAHO MOCTYTAEeT
60-75 % aszora or obwero comepxkamua ero B nouee. COrNAacHO
roACYeTaM, TONBKO KyNnkTypHBIE PacTeHMA 3eMHOrO Iuapa 3a roa
norpednaor okono 100 MAH TOHH a3oTa, B TO BPEMA KAK B BHIE
MUHEPaNBHBIX yAoOpeHuii B MOYBY BHOCHTCH NPHOIM3HTENBHOrO JIHLUB
32 MaH TOHH, a OCTANBHOH a30THEIH AeHLHT NMOKPHIBAGTCA 3a CHET
Gronorideckoii a30TQUKCALIHN.

Hsyuenune npupoast Guonoruyeckoit dukcaimu asora Hauaro C.
H. Bunorpanckum s 1893 r. u npopomxero B. JI. Omensrckum, C. IL
KocrbiuerniM, M. B. ®enoposeim, E. H. MmaycrussiM ¥ MHOrHMH
3apyGexcHBIMU yueHbIMU. B pesynpTaTe MHOrOYMCREHHBIX HCCEAOBAHMI
YCTAHOBJICHO, YTO CnOCOOHOCTbIO (DMKCHPOBaTh MONEKYNSPHBIH a30T
obnan210T He eAUHUYHEIE BHMABI, KAK 3TO Hpeanonaranocs ao 1949 r., a
MHOIrME MHKPOOPTaHH3MBI, MPHHAIJIEKAIMHe K PAVMHHBIM [PYMIaM
[POKAPHOT.

Asordukcupyrowpe MHKPOOPTAaHU3MbI MOXKHO PAa3feHTh HA ABE
rpynnei: cBOCOOHOMHMBYIIME M CHMOHOTHYECKHE, T, €. BCTYNaowHe B
COMHMTENBCTEO C BBICHIMMM PACTEeHHAMU.

Csobonnoxusymne asor¢puxcaropst. Knaccruecknmn npeacra-
BHTeJIAMY 3TOH IPYNIkl MHKPOOPraHHIMOB MBIAIOTCHA OakTepuu poza
Azotobacter u axaspoGuas nanouka Cl. pasteurianum. AzoroBakrep Okl
BBIAE/IEH B YHCTYIO KyNLTYpy romtasackuaMm yuenoiM M. Befiepusikom B
1901 r., xoTopelit onuca ero Moponoruio ¥ puzrosoruro. B Monoaoit
KynbType a3orobakTep npeacraBnser coboii kpynHele (3 x 6 MkM),
HHOTAA CLEMICHHBIE MOMAPHO NAJIOMKH C 3aKpyrneHHbiMu KoHuamu. C
BO3PACTOM OHH MOCTENEHHO YKOPAMHBAIOTCA ¥ MPEBPALIAIOTCA B KOKKH,
HOKPLITLIE TONCTON cnu3ncTod Kkancynoit (puc.12.2). Kokku - uacro
GrIBAIOT CORNMMHEHBI B CAPLIMHONOAOCHBIE HAKETHI ~ LMCThI, XapaKTepHbIS
JJIA NOKOALEHCs CTaiuH a30TobaKTepa.

Mononpie xnetku asorobakrepa Graromaps pacroNOKeHHbIM MO
BCceii TMOBEPXHOCTH TEeNa IKTYTHKaM OOnMafaloT  NOABHIKHOCTHEO.
TocnenHas nmpu cTapeHuM KJIETKM B PE3yNbTaTe YMEHbLIGHHMA 4YHCJA
KI'YTHKOB H NOAANCHMA KancCynbl MCYE3aeT.

A30T06GaKTep XOpowo pacTeT Ha 6e3a30THCTRIX MHTATENIBHEIX Cpe-
max. Ha nnoTHeix cpemax KONMOHHMM MMEIOT BHA T'YCTOCTH3HCTBIX
NOMYNPO3paYHBIX BHIMYKIBIX Kanenb. B 3aBuMcuMOCTH OT BHIa a30To-
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GakTepa OHu OkpawmBaioTrca B okenTeii (Az. vinelandii), Temumo-
kopuunessiit  (Az. chroococcum) umu  dnyopecuupyromuii  xenrTo-
3enenniii user (Az. agile).

Puc.12.2.  Asorpuxcupyrommue  Gakrepum:
a - Az. chroococcum (yeenuwenue x 1 800):
6 - Cl. pasteurianum (yeenuueriue x 3 500)

Yrnepoa M 3HEPruio asoTobaKTep NOMyHaer U3 PasHooOpasHbIX
OpPraHHYeCcKHX BELUECTB! YTNIEBONOB, CHHPTOB, OPraHM4eCKHX KHCIOT U
ux coneii. Mcrounmkom a3ora, kpome aTMOC(EPHOro, MOryT CIYKHTb
MHHEepanbHbie (COTH aMMOHHSA, HHTPAThl H HHTPHTH) H OPraHHYecKHE
(aMuHOKHCNOTH, MOuYeBMHA) coeamHenns. Ho B Tex cmyuasx, Koraa
a30TobakTep PA3BHBAETCA HA A30TCOACSPKALIMX CPeaax, oH He GPuKcupyer
MOJIEKYNAPHBbIH 430T H NPH IJIHTEJIBHOM KyJIbTHBHPOBAHHH HAa TaKHX
cpejax Boodie yTpauuBaeT  a30THHKCHPYIOWYID CHOCOGHOCTD.
Konuuectso azora, pukcHpoBaHHoe Ha 1 r noTpeSneHHOro MCTOMMHMKA
3HEPrHH, HA3LIBAETCA a30TQHKCHPYIOMIEH CIIOCOOHOCTHIO. ITa BEIHUHHA
HOMOCTOAHHA, OHAa 33aBHCHT OT WHIMBHAYANbHEIX CBOHCTE INTAMMA,
COCTaBa IHTATENBHON CPeAbl, e¢ KHCJIOTHOCTH, YCIOBHH BBIPALIHBAHHA
KynbTypsl (TeMnepaTypa, aspauus) 4 B cpeaseM pasHa 10-15 mr.

Asorobakrep - cTporuii aspob. OnTuManbuas TeMnepaTypa A
wero 28-30° C, pH 7,2-8,0. XoT a30T06aKTep B ECTECTBEHHEIX YCIOBHAX
setpetdaercs mpu pH ot 4,5 g0 9,0, Kak B KHCIBIX, TaK M B CHJIbHO
LLENOYHBIX Cpesiax, OH TEPAeT AKTHBHOCTb M CHOCOOHOCTE CBA3BIBATHL
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MOJIeKYNAPHbIH a30T. AsorobakTep TpeBoBaTeneH K HaNW4uIO B CpEAE
ocdopa, KambLHA H MHKPO3JIEMEHTOB - MOJTHOZEHa, Kere3a, KobanbTa,
B MEPBYIO O4YEPeAh HEOOXONMMBIX Mis OCYLISCTBAGHMS TmpoLecca
a30ThHKCALIHH.

Asorobaxrep OGnazaer CrocOGHOCTBIO CHHTE3HPOBATH 3HAMH-
TeNBHOE KOIUYECTBO Gnonormecm AKTHMBHBIX BEIIECTB -~ BHTAMHUHbI
rpynnsl B, HUKOTHHOBYIO M MAHTOTEHOBYIO KHC/IOTHI, FETEPOAYKCHH,
ruboeperie M GyHrucTaTHYecKuid (3afepKMBaOWKWi poct rpuboB)
aHTHOMOTHK rPyTINbI AHHCOMHLIHHA.

AzorobaxkTep IIMPOKO PACTPOCTPAHEH B MO4MBAX H BOAOEMAX,
HMEIOWUX HEeHTPanbHyl0 Wi CNaCOLIeNOYHYIO PEeaKUHIO Cpeabl H
CONEPI AKX JIErKONOCTYIHBIE OPraHH4YeCKHe BEIeCTBa.

Mopdonornyeckoe cXoacTBO C a30TOGaKTEPOM HMEIOT adpobHrle
asordpuxcupyromme ©Oakrepuy popa Beijerinckia. Knerku mmeror
NaJOYKOBHAHYIO, KPYTNyl0 MM oBansHylo ¢opmbi. Ha GesazormcTeix
MIOTHBIX CpeJax OHW o0pa3yloT BBIMYKIBIE, HHOrAA CKJIag4YaThie
cnusucToie XonoHuH. Ilpoaykrusrocts azorduxcanuu 15, 20 mr asora
Ha 1 r caxapa. Or azorobakrepa 3tH GakTepHH OTIIHYAIOTCA MeUICHHEIM
POCTOM, BBICOKOH KHCIIOTOYCTOMYHBOCTBIO (passHBalorca npu pH 3,0),
OTPHLIATENBHBIM OTHOINEHHEM K HAJIMYMIO B cpene Kambums. Baxrepuu
pona Beijerinckia IIMpOKO pacrpOCTPaHEHE! B IOXKHOH M TPOIMMHMECKOH
30HAaX, Pe’ke BCTPEUAIOTCA B 30HE YMEPEHHOro KIHMATa.

K cBoBoaHOMUBYIMM 230T(HKCATOPAM OTHOCHTCA UM aHASPOOHEIH
mukpoopraausm Cl  pasteurianum, KIe€TKH KOTOPOro HMEKOT BHI
nanouku miueoi 1,5 - 8 MrM, mupuHOi 0,8-1,3 MKM C OKpyTNEHHBIMH
kouuamu (cM. puc. 12.2). I'lpu obpazosaHHH CNIOP KIETKH YTONLIAKOTCS
nocepeauHe M npuHMMAIOT QopMy BepereHa. ITH GakTepuH - rpaMmrio-
JIOXKHTENBHBIE OONUraTHhIe aHa3poObi, mpesensHoe pH fna HUX pasHO
5,5-8,0; criops: seuepmBaroT Temneparypy 96° C, a npu 100° C nors-
Baror. TogobHo azorobakTepy AaHHbIE MHKPOOPTAHM3IMBI HCIIOIB3YIOT
pa3fHYHbIe HCTOUHHKH yrnepoaHoro nmutanud. Ha Ge3azorucrsix cpenax
oHuU (QHKCHPYIOT MOJIEKY/ISAPHBIH a30T.

Cl. pasteurianum HIHPOKO PacIpOCTPAHEH BO BCOX MO4BaAX
OcobeHHO B CONbIMINX KOJHUECTBAX OH BCTPEMAETCHA B MJIOXO ajpupye-
MBIX CNEXaBLUMXCA WM 3aJIATBIX BOZOH mousax. Pucosbie nons oBo-
raujaroTCA a30TOM B OCHOBHOM 3a cuer gestenbHocTH Cl. pasteurianum v

351



BOIOPOCHEH M ANMHMTENBHOE BpeMs HE HYXJAIOTCS B a30THMIX ypobpe-
HHAX.

Cea36/BATE MONEKYNAPHBIH a30T BO3AYXAa MOTYT M HEKOTOPHIE
ApyrHe MMKpoOprammsms - Azotomonas fluorescens, Azotomonas
insolita, MukobakeTprH, (HDOTOCHHTESHPYIOIHe GaKTepHH, B TAKOKE a30-
crHpWIs, obxTaomue B pusocdepe maxoenx pacrennii. Onnako azor-
(uKCHPYIOIIAS AKTHBHOCTD y ITHX MHKPOOPTaHH3IMOB FOPAa3lo HHKE,
4eM y MePBBIX ABYX IPyTim.

Cumbuornueckne azordguxcaropnl. Hapsxy co csoBognoxusy-
WHMH a30T(}UKCHPYIOIOMMH MHKPOOPraHH3MAMH B Mo4Be OOHTAalOT H
cuMOHoTHYeCKHE a30ThMKCATOPBE - KITYOEHBKOBBE BaKTepHH, OTKPBITHIE
pycckum yuetiniMm M. C. Boponnneim B 1866 r. Boporns oSnapyxwn Ha
KOPHAX JIONMHA H ONbXH MEeNKue KIyDeHbKH, 3arfoNHeHHbIe Majo4KO-
BHAHBIMH OpPTaHH3MAMH B3AYTOM H/IH BeTBUCTOH (opMBI, omucan Mop-
donoruio u pasMepbi 3THX OPraHM3MOB, CUHTas MX MPHYHHONH obpa-
30BaHHA KITyOeHBKOB.

Yepes 20 ner 310 oTxpeITHE GBiN0 noaTeepxacHo M. Befiepunxom.
Bonee Toro, I'. Ienbpurenem 1 I'. Bunbgaprom Gwuno foKa3aHo, 4TO
BakTepHH, HAXOAALMECH B KITyOeHbKAX, BINONHSIIOT BAXKHYIO GHONOrK-
yeckyio GyHkumo Gukcaluu MonekynspHoro asora. (JaHHas runoresa
6ni1a BricKasama ewme B 1838 r. XK. Byccenro). I'. Fenspurens u . Buns-
¢apr ycraHoBWIM, WYTO KiIyDeHbKU
obpa3syloTca TOMbKO Ha KOpHAX GoBoBbix
PACTEHHI H TONBKO B HECTEPHMIBHOH NOY-
Be. OTMmerIeHo, UTO B ITOl Xe rouBe Ha-
KarUIHBaeTCA 3HauHTeNbHO Gonblue asora,
4yem ero Opio mo BHpaiHBaHHA GoGoBbix
pacrennii. Tak 6pina mokazaHa ponb Kiy-
GenbkoB GOOOBBIX pacTeHHt B accu-
munsunH arMocdepHoro asora. Yucras
KYJIbTYpa KiyGeHBKOBHWIX GakTephii, Bhije-
newHas B 1888 r. M. DBeiiepunxom u3
KimyGeHbKOB ropoxa, Gpina Ha3sBaHa HM
. Bacillus radicicola. 3arem 6mino npenno-

Puc.123.  Kiybenrkosme *<€HO naspanue Rhizobium ( ot rpeq. rhizo
6Gaxrepun (yBemmiense x 1 800) = KOpeHs, bios - xaans, T. e. xu3HB Ha
KopHax). B macTosmmee Bpema 3TH
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GaxTopuu o5penHHenbl B caMocTosTenbrbli pox Rhizobium.

KnyGenbkoseie Gaxrepuy mnpeactasnmor coboit rpamoTpuua-
TenbHbIe, He oOpasyrolue Crop, MOABKKHEIE NANoMKH pasMepoM 1,2-3 x
0,5-0,9 mxm (puc. 12.3). B knyGenbkax KkneTku oObMHO 6onee KpyIHbixX
Pa3MepoB, ¥acToO HMEIOT Pa3AyTylo HITH BeTBHCTYIO (opMBl, Haromu-
Harompe OGyxksnt V, L, X, Takwe ¢QopMbl mNpHHATO HA3biBATH
6axreporaaMH.

KiryGenbkossie Gakrepuu Jaue BCEro OGHAPYKHBAIOTCA TAM, TAE
pacTyT OoCoBbie pacTeHMA, XOTS MOryr BCTPEYAaTbcd B MCYBE H B
ceobomsom coctosHHH. B KOpDHM pacTeHHii OMHM TNPOHHKAIOT uepe3
KOPHEBBIE BOJNIOCKM, Trae o0pa3ylor WHQeKUHOHHBIE HHTH, KOTOpBIE
npeacTaBAAoT CoOOH GaKkTepHH, 3aKTIOYMEHHBIE B BBLAENAEMYIO HUMH
cnusk (puc. 12.4). 3TH HMTH MPOHWKAIOT 4YEPe3 CTeHKH KIIETKOK JO
BHYTPEHHHX MOKPOBOB KOpbI kopHs. [Tox neiicTenem B-HHAON-YKCYCHON
KHCJIOTBl FITH APYTHX KaKHX-TO (axTopoB, CBA3aHHbIX C HH(pekuued,
KJIETKH KOPH HAYHHAIOT OECTOpSAOUHO AEITHTHCS H B PE3YNBTATE BO3HH-
KaeT MepBHYHASA, 3aTeM BTOPHYMas MepHCTeME! Kityberbka. HMHpekLnon-
Hasi HHUTh, PA3BETBJIAACK,
MPOHU3LIBAET KNeTKH
MepHcTeMBl K GakTepun
nox aeHCTBHEM BHyTpeH-
Hero ZaBleHusi, BO3HH-
KAIOLEro BCIESACTBHE HX
HHTeHCHBHOTO  Pa3MHO-
SKeHHSI, BBIXOAAT U3 HATH
B LHTOIIA3MY KIETOK
PacTeHHA-X034HHA. 3a6Ch
OHH TMPOJOIKAIOT Pas-
MHOXATBCH, a KIJIETKH
PBCTEHHH,  HANONHAIO-
mueca GakrepusmH, Ha-

HMHAIOT YCHICHHD JAC- Pric.12.4. Cxema 06pa‘oBanus TyGCHbKOB
matbes. Tak npoucxomuT y 60BOBAIX pacreHuii:
dopmupoBaHLe KTy~ 1 - unguyur ifi KOpHeeoti 8010COK;
Genbka (puc. 12.5). 3ona 2 - uHgbeKyuOHHAR HuUMBb; 3 -
KITyOeHbKa, 3aroJIHeHHASA OeNAUECA KAEMKU KOPHA

GakrepusME, HAIBIBAGTCS
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6GaxrepHanbHOI 30HOH. OHa 3aHHMAaeT LEHTPANBHYIO 4aCTh KITyOeHBKa,
OKPY)XeHa MEPHCTOMOH, MOKpbITON KnyOeHbkoBoM kopoH. Hu knerxm
MEPHCTEMb, HH KJIETKH KOPbI He COIEPKAT BaxrepHii.

Cesisb knyGeHbKa C KODHEM pacCTeHHMs OCYIUECTEISETCH 4Yepes
COCYOHCTO-BONIOKHHCTBIE My4YKH, KOTOpbIE OOpasyroTcs M3 KIeTOK
NMepHKamOHA LEHTPaNbHOrO UHIMHAPA KopHA. [To 3THM nyukam B
KIyOEHEKH MOCTYNAlOT [MHTATENLHBIE BEIUECTBA, CHHTEIHPYeMbIe
PAacTeHHAMH, H BBIBOAATCS NPOAYKTHl KHIHOACATENBHOCTH Gakrepui.
Tak wmexay GakTepHAMH H pacCTEHHAIMHM YCTaHABIMBANOTCS TECHBIE
CHMOHOTHYECKHE OTHOILEHHS.

KnyGeHbxoBble GakTepuM XapaKTepH3ylOTCs CTPOrOH  Crienu-
(uuHOCTBIO B OTHOWGHHK pacrenuH. OHW MoryT BCTymaTh B CHMOHO3
TONBKO C ONpEAENEeHHbIM BHIOM 6060BOr0 pacreHus.

Creupnduirocts K1ybenskosbix Gakrepuil onpenensercs npepo-
[OH KaNCyMbHBIX JIHIOMNOIHCaXapHAOB, KOTOpbie M3OHpaTenbHO pearu-
pyior ¢ nextHHaMH (dHTOremarrnoOTHHUHAMKM) GOGOBLIX paCTeHHH.
lMocneanne npencrasnsmor coboii Genxu, npoayuupylorcs GoGoBbiMH
pacTeHHAMH, KOHLIEHTPHPYACh Ha MOBEPXHOCTH KOpHe#. OHH HecyT
OTBETCTBEHHOCTh 33 «y3HaBaHHE» cCrellHHYeCKHX KITYyOeHBKOBbIX
Gaxrepuii. BaaumMonelcTeue ¢ GaKTepHAMH OCYLISCTBIIASTCA AHANIOTHYHO
B3aHMOZEHCTBHIO aHTHIeH-aHTHTENO. JIEKTHHBI UrPaIOT POIb aHTHreHa,
JIMMONOIHCAXAPHADbI KAMNCYNbl 6axTepui - ponb aHTHTea. B peaynbrate
UX  B3AaMMOCBA3M  KITyOeHbkOBbIe OakTepHn  (QHKCHPYIOTCA  Ha
MOBEPXHOCTH KOPHEH M muuUUpYroT pacterue. MyraHTh Gaktephi ¢
HAPYLIEWHOH CrIOCODHOCTBIO K CHHTE3y JIMIIONO/IMCaXaPHOOE HECIOCo0-
HbI 3apakaTh paCTeHH:A H OOPa3OBHIBATE KITyOSHBKH,

Iockonexy nexTun xaxaoro Bupa GoOOBOro pacTeHHs CBS3bl-
BAETCA TOMBKO C ONpPENeJeHHBIM nunononucaxapuaom Rhizobium,
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obpasyerca BHAOCHEUM(PHIHBIH KOMIUIEKC, NPHCYIIHH KOHKPETHOMY
Buay 6axTepuit u pacreHui. CrnieLH(HYHOCTE KITYBGEeHBKOBbIX Baxrepmit
NOJIOXKEHA B OCHOBY HX KlacCHpHKALHH.

Pazmraror Gaxrepun knesepa Rh. trifolii, 6axtepun dacoms Rh.
phaseoli, 6axrepun monuua Rh. lupini, Bakrepuu cou Rh. japonicum,
Gaxrepun mouepss! M foHHMka Rh. meliloti, Gaxrepuu ropoxa, Bukm,
60608 Rh. leguminosarum.

Mpr unnadexumu  kopresoM cucTeMbl GoGOBBIX  paCTEHHM
KITySeHbKOBRIME GaKTepuAMH GONbLIOE 3HAYEHHE HMEET BHPYNIEHTHOCTH
nocneanux. [log BHPYNERTHOCTBIO CleAyeT MOHUMATh CIIOCOBHOCTE
GakTepuil NPOHKMKATh B PACTEHHE U BECTH TaM AKTMBHbIM obpa3s KH3HH,
T. €. pa3sMHOXAThCA M Bbi3biBaTh oOOpa3oBaHue kKiyGenskoB. Ecam
crnenM(pHYHOCTE  KIyOeHbKOBbIX OGakTepuH oOnpesenser CrneKkrp Hx
JAeNCTBHA, TO BUPYNIEHTHOCTh XapaKTePH3YeT X aKTHBHOCTb B IPeAEiax
JIaHHOTO CITEKTPa,

Opnsako He Bce G0GOBbIe pacTeHHMs CMOCOGHBI OGpPa3OBBIBATH
knyBenbks. U3 usyuennbix 1 200 eunoe 133 se dopmmpyior ux. Ecrs
OPEATNIONIOKEHHS, HTO NPHYHHOH fBJASTCA OTCYTCTBHE GaKkTepHi,
crieli(pPUIHBIX U1 3THX BHIOB PaCTeHHI.

Cpenyt  knyDeHbKOBRIX GaKTepHi paVHMAIOT AKTHBHBIE M
HEAKTHBHBIC pachi, KOTOpble ©OpasyoT pasHbie no 3¢dexTHBHOCTH
knyGenbkn.  JddexTurrbie KIyOeHMBKH  XapakTepusyrorca  Gomee
KPYNHBIMH pa3sMepaMH M  HHTEHCHBHOH aszordukcaumeii. Head-
(hexTHBHBIE, KaK NMPaBHIO, JHIUEHBI a30THKCHPYIOLIEH CrOCOCHOCTH.
IMprunna 3ddexTHBHOCTH a3oTdHKCALMH AONITOe BpeMs OCTAaRanach
HensBecTHOH. K BBIAACHEHMIO €€ MOOXOAWIM MO-PasHOMY: paccMar-
puBanuck Mopdodu3nonornieckne, OCHOXHMHUYECKHE H [EHETHYECKHE
ocoberHocTH Gakrepuii. OnHAKO BCKOpe MPHINNH K YDeXXISHHIO, HTO,
OCHOBBIBAACh JNHLIB Ha CBOMcCTBax Gakrepuii, paspelunTs ITOT BOMPOC
HEBO3MOMKHO, TAaK KaK OKa3aJioCh, 4YTO HH KyNbTypibHadA, HH
¢usnonornueckas creunduka, HH AHTHIEHHAs CTPYKTYpPa HX He
cBasanbi C 3(dexTHeHOCTEIO KiayGeHskoB. M Tonmeko m3yuenne
BHYTPEHHEr0 COJOPIKHMOro KIyOeHbka B OaKTEPHONIOrHYOCKOM H
B6HOXMMHYEOCKOM OTHOILGHHM MO3BONKIIO YCTAHOBHTE, YTO 3d(heKTHBHDBIE
KTyBeHbKH 3amonHeHsl Gaxrepusamu B craguym Gaxrepowmos. Bropoit
ocobenHocTsio 3(pEeKTHBHEIX KITyOeHBKOB HBJIAGTCA HAJIHYHE B HHX
reMornobHHa, KoTopbiil HAa3hIBAKOT NerreMornobuHoM (OT «reMornobHm»
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Leguminosae»). OH 6nn BhigeneH U3 KnyOeHbkoB B 1939 r. snoHckHM
yuedniM I'. Ky6o. JlaHHOe OTKpeITHE HMENO COMbIIoe 3HAYEHHE, TaK KaK
MO3BOJIHIIO YCTAHOBHTh XHMHYOCKHE pa3nu4us Mexay 3¢dexrusabivu u
neaddexTuBHEIMH KTyGeHbKAMH.

JlerreMorno6HH paccMaTpMBaeTCs KakK HeoOXOomuMbli  dakTop
cumbHoTHYeckol (HKCaUHKH 230Ta, TAE OH BHINONHAET (YHKUMHU
peryniTopa TapUHaJbHOrO JMaBleHHs KHCIOPOAZ M TPaHCOoOPTa
3NeKTPOHOB B asoThukcupyromyio cucremy. Ipeanonarator ratoke, uTo
JIErreMornoSHH MOXKeT OCYLUECTBIATh NMpeBpalieHHs IHAPOKCHIAMHHA B
aMMHaK, 230T KOTOPOro BKJHOYAETCA B COCTAB OPraHMYeCKHX BEIECTR.

B nepuon MakcHMambHOM aszordukcauuu, obsuHo HaGmoparo-
1eHcA B cragny OyTOHH3aLuK H UBETEHHSA PAaCcTeHHi, B HAX INOCTyNaer
oo 90 % a3ora, QPHKCHPOBAHHONO KIyOeHbKaMH. YCTAHOBNEHO, YTO
6060Bsie pacTerHA B cHMOHO3e ¢ 3(HEeKTHBHBIMH LITAMMAMH KITyOeHb-
KoBbIX GaxTepuit (rkcupyioT or 50 po 200 kr asora Ha 1 ra nouss!.

Kpome 6GoGoBmx pacreHHii CrnocoBHOCTBIO K 0Opa3oBaHMIO
knyGeHbkor M cumBuoTHYeckol asordmkcaumu obnaazer Gonee 200
BHaoB Hebo6oBbIX. CpeAn BHX NPEeACTABHTENH rONOCEMEHHBIX (caros-
HWKH, FMHKIOBBIE, XBOWHBIE) H TMOKpBITOCeMeHHBIX (Oepesa, onexa,
obnermxa). U3 tpapseucTEIX HEGOGOBBIX pacreHuil kiyBeHvku oGHa-
PYKeHBl y JAHKOPAcTYWIMX 3NMAKOBEIX (JIFICOXBOCT MNYTOBOH, MATIHK
JNYTOBOH, ABA BUAA BOJIOCHELA ~ CHOMPCKHHA H COJIOHYAKOBBIH).

B xnyGenpkax HeBoGOBEIX pacTeHHil BuisBneHb rpubel QHko-
MHLETBl y XBOHMHBX, AKTHHOMHUETH Yy ONbXM, GakTepHH Yy 3MAKOBLIX.
Boe nepeuncreHHBIE TpeAcTaBHTENH criocobHbl k cuMBHOTHHECKOM
asordukcaunn. Hanpumep, powa onbxk (8 cpeanem 5 pacrenmit na 1 M%)
3a 7 ner paet npubasxy asora 700 kr Ha 1 ra.

Msrorue Tpomuueckue pactreHHs (okono 400 eHaoe) oSpasyior
KIyOeHBKH Ha JIHCTBEX, TaK HA3IBIBAEMbIE JIHCTOBMWE KiyGeHvku. OHH
PAcnonaraloTCE Ha HIDKHEH MOBEPXHOCTH NHcTa. Tak, BoabyaurensiMm
(hopMupoBaHuA THCTOBEIX KTYGEHBKOB y pacrenHii Pavetta u Psychotria
senmorca Gaxrepuu popa Klebsiella. 3tu Gaxrepun (puxcupyior asor
KaK B CHMOHO3¢ C PaCTeHHAMM, TaK H B 4YHCTOH Kynstype. [lonararor,
YTO OHH 00eCreyHBalOT Pa3BHTHE PACTeHHI HA nouBax, GeAHBIX 230TOM.
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12.1.2. Mexanusm puxcayuu MoaeKynaApHOZo azoma

HMayuenne mexanH3Ma GHonornyecxkol GHKCALHE MONEKYIPHOroO
a30Ta [pPOBOJMICA CO BPEMCHU OTKPHITHA M BBIAGIICHHA a30TQHK-
CHpYIOIIMX MHKpoopraiMsMoB. B pesynsTaTe BBIACHCHBl MHOTHE
BAKHBIE CTOPOHbBI 3TOr0 CHOXHoro OmHoxmMmHMueckoro mnpouecca. B
HacTHOCTH, H3YYEHO CTPOEHME H CBOHCTBA  a30T(HKCHPYIOIEro
(EPMEHTHONO KOMIUIEKCA - HHTPOr€Ha3bl; YCTAHOBINEHBI EJHHCTA
cTpyKTYphl ¥ GyHKuni 3Toro depmeHTa y pasHbix a3cTHMKCHPYIOUIMX
MHKPOOPFraHH3MOB, €r0 BBICOKas 4YBCTBHTG/IPHOCTE K KHC/IOPOMY;
JIOKa38H €HHBIH BOCCTAHOBHMTEbUBIH NyTh CBA3BIBAHMA 230Ta y BCeX
a30ThHKCHPYIOIMX  MHKPOOPraHM3MOB;  ONpENeNieHbl  (EpPMEHTHEIE
CHCTEMBI, KaTATH3IHPYIOIHE PeaKUMH BOCCTAHOBIEGHHA MONEKYJISPHOTO
23074 K MYTH €I'0 NaibHeilnero npespameHus.

Kak H3BeCTHO, MONEKYNSPHbIN A30T BECEMa CTAGHIIEH U [IOYTH HE
BCTYNAET B XHMMYOCKHE CBA3H C APYTHMH 3/IEMCHTaMH (HCKIIOYMCHHE
COCTARJIACT META/LTHYECKHH MHTHH, ¢ koTophiM N; 06pasyer B 06bmtEbIX
ycnoBuax (LisN). AToMbI B MOJIEKyTe 830Ta COE/MHEHbI TPEMSA CBA3SMI
(N=N). OHeprua auccouyaiMi ux pasHa 225 xkan/mons. HauGonbsmei
3Heprueit obnanaer neppas cBass - 127 kxan/mons, BTopas - 60, TpeTss -
38,

TIpo4HOCTE CBA3EH ONpeseNnseT HHEPTHOCTE MOMEKYJIIPHONO A30Ta.
[TosToMy IS XMMHHECKOrO CBS3BIBAHHA A30Ta C APYFMMH 3NICMEHTAMH
HeoOxonMma IMpelipapHTepHAA  AKTHBM3aUmA Kaxzaore 3 HuX. Ha
XHMHYECKOM AKTHBHPOBAHHH MOJEKYJIIPHOro a3jora Gazupyercs
U3BECTHHIM Crocob cuuTe’a amMMHaka U3 aTMOC(EpPHOro a3ora XHMH-
YHECKHM IyTeMm, npeaioxeHusiit A, aGepom-bomem. CuHres ocymect-
Basercs npu Temueparype 400-500° C 1 nasnenmu 200-1000 at™. .

B kneTkax e MHKPOOPraHM3MOB J@HHBIH MPOLIECC IPOHCXOMHT B
oOBIYHBIX ycnoBUAX. Buonormueckas (HMKCaLMfs MONEKYIAPHOro asora
HIET BOCCTAHOBHTENBHEIM MyTeM. [lepsbiM CTAGHIILHBIM MPOAYKTOM
a30TQHKCAluH NB/IAETCA aMMHAK. AKTMBHPOBAHHE MOJCKYJISPHOFO
a307Ta H BOCCTAHOBHMTENIS OOYCIIOBJIEHO ZIEATEbHOCTBIO CIICLH(HYECKOro
(epMEHTHOTO KOMILIEKCA - HHTPON¢Ha3bi. JTO OCHOBHOM KOMIOHEHT
as’oTHKCHpYromed cHeTeMBl. OH COCTOMT M3 JBYX Oenkos, T. €. ABYX
(pepMEHTHBIX KOMIIOHEHTOB, OAMH M3 KOTOPbIX CONEPXHT MOnHOAEH m
JKeneso, BTOPOM - TONbKO xeseso. Hurtporemasa obmamaer ruapo-
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FeHa3HOH AKTHBHOCTBIO, MO3TOMY MONEKY/IAPHEIH BOJOTIPOBOA MOXET
NOAABNATE GMKCALMIO 830Ta, KOHKYPMPYA C HMM 3a AKTHBHBIH LEHTD
¢epmenTHOl cucTemsi. JIOHOPOM 3/EKTPOHOB, T. €. BOCCTAHOBHTEIEM,
CIYXHT HENeMRHOBBIH Xejesoconepamuii Genok ¢eppomoKCHH, WM
(raBOAOKCHH, HCTOYHHMKOM 3Hepruu - AT®, sensiomuiics obszaTens-
HbIM KOMIIOHEHTOM a30TduKcHpyromeif cucreMsl. [lorpebrocts B AT® y
230TQHKCHPYIOHIHX MHKPOOPFaHH3MOB OYEHb BeJHKA. JUIs BoccTa-
HOBJIEHHA ofHOH Monexynbi N;, Ha KoTropoe Tpebyercs WHIECTh 3/eKT-
poHOB, 3atpaumBacrcs 12 monexyn AT®. CymmapHoe ypasuenue
PeaKUHH HMeeT CleAyIoinHi BU;

N, + 6€ + 12 AT® + 12H,0—> 2NH,' + 12 AI® + 12 Oy + 4H".

O6pasopapuiniics  aMMoOHMIT  HCNOMb3yercss IJIA  CMHTe3a
TJIyTAMHHOBON KHCIOTE M TiyramuHa. KinoueBylo poms B 3TOM
MPOLIECCe HIpaeT DIyTaMHHCHHTeTa3a. OHa KaTaM3HpYeT peakiMio
CHHTE3a IIyTAMUHA K3 ITYTAMHHOBOM KHCIOTH H AMMUAKA, CHIDKAS TEM
CaMBIM KOHLCHTPALUMIO aMMOHHA B KJIeTKe. IJTO HMeer Gonbimoe
3HaYCHME [UIA  TOBBINICHHA  a30TQHKCHpyiome#  CriocoGHOCTH
MHKPOOPTaHH3MOB, HOO HOHbI AMMOHHA HIM €ro IPOM3BOAHbIEC -
AMHHOKHCIOTH - MOAABJMAIOT MPOLECC a30TQPHKCALMH, PeNpeccHpys
CHMHTE3 HMTpPOreHasbl. MYHKUMM IJIyTAMMHCHHTCTa3kl B (MKCALHH
MOJIEKYJIAPHOTO 430Td HE O PAHUTIHBAIOTCA CBA3biBaHHEM aMMHaka. Ona
BHINOJIHAET OCHOBHYIO PETYJATOPHYIO POJb B CHHTE3€¢ HHTPOICHA3LI,
aKTHBH3UpYA paboTy nif-onepoHa, a TAKKE B CHHTE3€ APYTrUX QepMEHTOR
a30THOro Merabonusma.

Onumsl, mpoBelicHHBlE Ha OeCKIETOMHBIX HIperaparax H ¢
OYMIEHHBIM (EPMEHTOM, MOKA3aJH TOKCHYecKoe HelcTBHE KHCIOpoaa
HAa AKTHBHOCTb HHTporeHassl. Ho Bmecte ¢ Tem xmcnopon Heobxonmum
IVIA AbXaHHA a3poOHEIX a30TGUKCHPYIOMHX MHKPOOPTAaHH3MOB, TaK KaK
NOTyYeHre SHEPriH U3 OPraHMIeCKHX COSTHUEHHH K ee TpaHchopmaLHs
B maxpospruyeckne cesizu AT® ocymecTaiaiores y HHX B TIpomieccax
[bIXAHHA H CONPAKEHHOINO OKHCIHTEIBHOTO (ocdoprnuposanua. YroGb
NPEeJOXPAHHTL HHTPOreHa’y OT TOKCHYecKOro nelcTBUA KHCIOpona
BO3JyXa, Y MMKPOOPraHM3MOB BbIpaGoTanuch paiiHdHbC 3AIHTHBLIE
MEXaHHIMBI. CWIRHAA pecnupanms y ajorOakrepa, oOOWisHOe
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ciuseobpasosanpe y PpH3OOHH B  YHCTOH  KyJibType, HalM4He
JIerreMornoOHHa B KITyGeHbKaX.

Jlerremornobys B KIyGeHbKaX HAXOAMTCS MEXZY KIETKaMH
CaKTepOMACE H OKPYMAIOLMMH MX MeMOpaHamu pacreHuit, CHHTEs
NIerreMorsiobHHA OCYLISCTBIISETCS PACTHTENBHON KIGTKOM, 2 CHHTE3 HC-
XOAHOIO BelieCTBa - MpoTOremMa - mpou3BoguTcs B Gakreponpax. B
OTAENbHOCTH HH ©GOCOBEIG pacTeHHMs, HH KIyOeHbKOBble GakTepuH
HecnocoBbHbl K cuHTedy nerremornobuna. IMpu crMGuoTIMeckol azor-
¢$uxcauun pacreHus H Gakrepuy QYHKLHOHHDPYIOT KAK GAMHAS CHCTEMA
(puc.12.6). Boicime pacTeHHA MIPAlOT PONB IIOCTABIGMKA 3HEpre-
THYECKOI'O MaTEpPHaNa ANs aKTHBAUMH M CBA3BIBAHHS 230Ta M B TO XKe

L
DPOAYKTS!
'OCUHTE3a

pacrenue

KnyGenex

GanTapona

Puc. 12.6 Cxema cHMOHOTHYECKOH a30T(hHKCALMYU

BpeMs nOTPeOHTENA  A30TCOAGPXAIMX  COSAMHEHHUM.  INEKTPOH-
TPAHCTIOPTHYEO (YHKUHMIO BBIMOJHAIOT JIGFTEMOTNIOOHH; OH  xe
perynupyer copepXaHHe KHCIOpOLAa B CHMOHOTHUYECKOH CHCTeMe,
KOTOpBIH, C 0AHOH CTOPOHBI, HeobxoauM uia obpazosanus ATO (nyrem
oKHCIHTenpHOro Gocthopunmposanus), a ¢ APYrol CTOPOHBI - ABJAETCH
TOKCHYHbBIM NS HUTPOTEHAS.
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Fpouece azorduKCalHH OCYymIECTBINETCA B GaKTepoHZax.
KomeuHsIM NMpPOAYKTOM €ro, Kak OBUIO OTMEueHO, SBJIAETCS AMMOHHIA.
PacrennamMu ke HCNONB3yIOTCA AMUHOKHCNOTH, oOpazoBaBlnpecs B
pe3ynbTaTe COGOMHEHHS aMMOHHA C KETOKHCIOTaMH. BhiACHEHHE
(yskumnit Gaxrepuii M pacTeHHii B CHMOHOTHUECKOM a30TdMKCALHU
MIO3BONIHJIO  BOCIIPOM3BECTH YCMOBHA JUIi  pasBUTHA  GakTepui,
aHANOrHYHHE TAKOBHIM B KiTyGeHbKe BakTepHii, U nokasate cnocobHOCTD
KiTyOeHBKOBRIX ~ GakrTepHii pasHBIX BHAOB K  CaMOCTOSTENILHOM
a30ThHKCALHH. ObszaresabiM  ycnoBueM — ans duxcanmn
MONEKYNAPHOrO A30Ta YUCTHMH KY/bTYpaMH KIyOeHbKOBBIX Gakrepmit
ABNSETCA HANMHYHe B CpeAe MNOAXOASNIHX MCTOYHHKOB yrnepona,
NPEeUMyLIECTBEHHO MeHTo3 (apabmuro3a, pr6o3a), NPOMEXKYTOUHBIX
coequHenuii umiia KpeGca (CykuHMHAT, NMapyBaT) M MHHHMATbHBIX
KONTHYECTB CBS3AHHOTO asora. HeobxoauMbi Takke BHTAMHHBI M
MHKPO3EMEHThI (Mo, Co). Becxnm AOKa3aTeIbCTBOM
a30TQHKCHPYIOWEH CNocoOHOCTH CBODOAHOXMBYIIHX KITyOSHBKOBBIX
Oaxrepuii NOCHYKHIO OOHAapyXeHME B HX KIeTkax (a He B
PaCTHTENBHBIX) MEHOB a30T(PUKCALHH.

CumbuorHueckas asordukcaims  0OecriedMBaeTCH  CIOKHOM
CHCTeMOH reHOB KiyDeHbkoBnix Oakrepuil. OgHM M3 HHX - reHbI
cum6r03a (nof - reHbI) - KOHTPONIMPYIOT CNELMPHIHOCTE KITyGEHBKOBBIX
Baxrepuii u 0OpasoBaHye KTyGeHBKOB; APYTHE - reHsl asordukcanun (nif
- reHbl) KOOHPYIOT CHHTE3 a30ThUKCHPYIOWHX POPMEHTOR, B TOM YHCIIE
M HHTPOreHA3L!;, TPEThH I'EHB IPHHHMAIOT B a30ThHKCAUMM KOCBEHHOE
ydacTHe - perynupylor MerabonnsM B HampasneHHn obecrneueHMs
npouecca asordukcawnn sHeprued. lewsl cumbuoza u GonbuMHCTBO
TeHOB a30THHKCAUMH HAXOAATCA Ha IUIA3MHAAX, TONBKO HEKOTOPLIE M3
nif-resos (nif-3, nif4, nif-7) pacnionoxers Ha xpomocome. [Tnasmmmer
xnyGeHbKOBEIX GaKkrepmit MBIAOTCA COCTABHOM HacThIO I'EHOMA,
oTnHualoTCA Gonbiuol MONEKYNAPHOH Maccoi (2 ° 10* u cnocoBub
NepPesaBaThCA U3 KIETKH B KNETKY.

12.1.3. Baxkmepuanvrvie yoobpenun

CrocoGHocTs  asoroBaktepa W KryOeHPKOBBIX  Gakrepmit
¢bukcnpoBaTs a3or atmocdepm u oforamaTs WM MOYBY HALLIH
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NPaKTHYECKOE MPHMEHECHHE B H3rOTOBNCHHH OakTepHanbHEIX YAOOpeHHit
- HUTParvHa M a3orobakTepHna.

Humpazun - 310 npenapar, COAEPXKALUHI YHCTYIO KYyIbTypy
iybenbkoseix Gakrepuii. Bnepssie on 6bin u3roroenes s 1897 r. u3
CcMecH KiTyOeHbKOBBIX Gairepuit, cnieunduutsix mis 19 Bugos 60608bIx
pacTeHHii. V BaC B CTPaHe NOYBEHHLIN HHTParHE e nomyqen 8 1911 r.
H yxe B 1929 r. Hayancs ero Maccossiil BEITYCK.

B HacTosiee BpeMA OCYLIECTBASETCS LIMPOKOE MPOH3BOACTBEHHOS
H3roToBNeHHe Topdasoro matpsruna. Jina 3tux ueneil ucnombsyercs
pasnoxusiuniics, Heftpanusosanuelii 1o pH 6-7, Topd ¢ BraxHOCTEIO
40-45 % or nomsoli BnaroemkoctH. Topd) 3apaxaercs JHCTOM
KynbTypo#  ki1yGeHpKOBBIX GakTepHil ONMpeneNneMHoOro BHAA, 3aTeM
BhIZEpKMBaeTca Mpu Temneparype 25-28° C mo Tex nop, noKa THTR
igieTok He gocturner 100-200 mns/r nousw. O6paborka cemaH 6060BbIX
pacTeHmil NPOM3IBOMNTCA HENOCPEACTEBEHHO NEpes BEICEBOM HX B TOYBY.
Ipu stom ctporo cobmomaerca creumdu4yHOCTs OGakTepmii, T. e.
MMTPArHH BHOCHTCS MOJ, ONpeAe/ieHHbIe Bkl GOGOBBIX.

IlpumereHre HUTParHHa nOBBIUAET ypoXkail pacTeHHil Ha
30-40 %, SHAUHTE/PHO YIYIIAST €r0 KA4eCTBO 32 CHET YBENHUCHHA
copepkaHus GenKoBOro a3oTa H BHTAMHHOB rpymmul B. Kpome Toro,
HHMTPAarHH OKa3BIBACT MOJOXKHTEIBLHOS BIHAEHE HA POCT MOCHEAYIOLIHX
3a GoGOBBEIMH KyNBTYP, 3TO TaK HA3bIBAEMOE MOCIEACTBHE HUTPArHHA.

Aszomobaxmepun - 6GakTepHaNBHMEIA npenapar, coaepIKAlLEl
4HCTYIO KynbTypy asorobaktepa. B IpOM3BOACTBOHHBIX YCIOBHAX
HM3rOTaB/IMBAETCA ABAa BHAA 3TOro Mpenapara: arapoBbIF M NOYBEHHBIN.
TexHOMOrHs HIrOTOBNCHHA TaKas 3Ke, KAk M HUTParusa,

A30TODaKTEDHH INPHMEHAETCA mNOA OBOLIHBIE H TEXHHHECKHO
kyneTypei. CymectsenHoe BnusiHue Ha SQQeKTHBHOCTE HAeHCTBHA
a30TO0AKTSpHHA OKa3bIBAIOT THN MOYBEI H BHA pacTeHmil. Bonee
MOCTOAHEBI® M BhiCOkMe npubaexn (B cpearem 15-20 %) B ypoxae
XapaKTEPHb! AT OBOLUHBIX KyNbTyp, Kaprodens, KyKypys3bl, caxapHoii
CBEK/IbI, 3HAa4YHTeNBHO cnabee neficTByeT as30oToOakTep HA 3NAKOBhIE
Ky/pTyps! (mpubaska B cpearem 7,5-10 %).

TMonoxurensHoe AeHcTBHE a30TOBAKTEPHHA ONPENENAETCS PAAOM
UeHHBIX OHonornueckux ocobeHHOCTelM asorobakrepa: ero azoTdhHK-
CHPYIOLIGH CrocOOHOCTBIO, NPHBONALIEH K yBenuueHmio obuwero
COHEPIKAHMA 230Ta B MIOYBE;, CNOCOCHOCTHIO OOpa3oBEIBATH (QHIHONO-
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rM4ECKH aKTHBHBIC BEINSCTBA (BHTAMMHEL, ayKCHHBI), CTHMYMHpYIOLIVe
POCT PacTeHHii; aHTATOHHCTHYECKHMHM CBOMCTBAMH FO OTHOIICHHIO K
HEKOTOPBIM (HTONATOFSHHBIM rpHGaM H GakTepHAM, CHHXKAIOLMM
3a6oneBaHHs PACTOHUH; €ro CTUMYIISALIVEH Pa3BHTHSA MOYBEHHBIX MHKDO-
OpPraHM3MOB 1 MHTEHCH(}HKaLUHeH MHKPOOHOIOrHYECKHX MPOLIECCOB.

Hambornbiusit 3¢exr OT NpHMeHeHHs a30T00akTePHHA NONYAIOT
MPH NPABWIBHOM COYETAHHH ©r0 C OPraHH4YeCKHMH M MHHEpPATbHBIMH
yIOOpEHHAMH MITH MPH HCMONb3OBAHHH €r0 Ha XOpOILO BO3JENAaHHBIX
TIOMBAX.

12.1.4. Amsonudpuxayusn

TMoutn Becr 2307, MNOMAZAIOMMA B NOYBY B IPoLECCe
a30T(PHKCAUMHA, A TAKIOKe A30T PACTUTENIBHEIX H JKHBOTHBIX TKaHeH,
3eneHBIX ynoOpeMuii, HaBO3a, ryMyca CONEPIKHTCA B OPraHMUYECKHX
OenkoBEIX CoemuHHeMMAX - o 99 % or Bcero 3amaca asora B IOMBE.
OmRako 3TOT a30T He MOXKET YCBAaHBaThCa pacTeHusamu. Vim seobxoaum
MHHepanbHBiH a30T. M Tombko 6narosaps AesTenbHOCTH MHKPOOpra-
HH3MOB - OakTepHH, axkTHHOMHLIETOB M rpHbOB - B rMouBe H BOAC
MNOCTOAHHO MPOHCXOAHT PaINOKEHHE OPraHWUEeCKHX  a30THCThIX
coemunesuH Ha Oonee ImpPOCTHE BEWECTBa, B pPe3y/bTaTe Hero
BHIAE/IAETCA aMMHaK. JTOT TpoUecC, TNONYHHBIIHH  Ha3BaHHME
aMMOHH(DHKALHH, NPpeacTaBiseT cobok BTOPOH 3Tan LMKiA a30Ta.

AmMoHHpHKaHH MoABEpPraioTCs BELISCTRA caMoii
pa3Eoo0pa3HON CTPYKTYpel - OeIKOBBIE COSOMHeHHS, aMHHOCaxapa,
HYKNEWHOBBIC KHUCIIOTHI, aJKaOWAR, MOYEBHHA H JpPYyTHE, NpHYEM
OCBOOOXKAAIOIIMICA aMMHUaK pacxoAyerca no-pasHoMmy. Yacre ero
ancopOupyeTcs B OOMEHHBIX Peakuusx IOYBH, HACTb HCIIONB3YETCH
reTepoTpodHBIMH MHKPOOPraHH3MAaMH H rpespaiuaerca B Oenkn ux e,
HEKOTOPOe KOJHYECTBO AMMHAKA OKHCIAeTCA aBTOoTpodaMH OO HMTPHTOB
M HUTPATOB; WJIH K€ OH MOMET OCTATbCH B CBOGOJHOM COCTOSHMH M
BBIAGNATBCA B aTMochepy.

B amMoHHHKAUHH NPHHMMAIOT YYACTHE MHOTHe MHKPOOpra-
HU3IMBI, BK/IOYas Hecriopoobpazyiomue 6Gakrepun, Gaupuiel, akTHHO-
MHLIETH, MHKPOCKOMH4YOCKHe rpubel. B 3aBHCHMOCTH OT CTaauH
MHHEPATH3ALMH OPraHH4YeCKOro BEeINecTBa JNOMHHHMPYOT T€ WIIH ApYTHe
npencraBMTenH. AXTHBHBIMK BOOYZHTONAMH NPOLECCa  SBNAOTCH
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Gaxreprn poos Pseudomonas u Bacillus. B passutin ammonndrkaimn
Habmoaercs ONpeleNeHHas 3aKOHOMEPHOCTh, XapAKTEpPHIYIOINAACH
TIOC/IE/AOBATENILHOH CMEHOH JIOMMHHPYIOUIMX Py MEKPOOPraHH3MOB.

AMMOHH(HKALMIO CBEXEro MaTepHAIa HAYMHAIOT HECTIOpoospa-
3yrouHe GakTepHH B aCCOLMALMHA ¢ HEKOTOPHIMH MHKPOCKOMHYECKHMH
rpubamMu. Ilo mepe mnOTpeG/EHMA NETKOAOCTYMHBIX  COEIMHEHMI
pa3ssBMTHe HX 3aMEIIAETCH, YHCACHHOCTh CHHXKaeTca. JIOMHHMpYIomHe
TONONEHHE HAYHHAIOT 3aHAMaTh Oauwumbl. OHH  NPOM3BOIAT
pacuieniense Goiee CROKHEIX coeMHeHui. OAHAKO HCYEpNAHHE
JAHHBIX COE/THHEHHH M NOABICHHE IryMyca G/1aronpHsTCTBYET Pa3BHTHIO
AKTHHOMHIIETOB, KOTOPBIC B 3HAYHMTEILHOH MEpe CAEPKHBAIOT pA3BHUTHE
6anwin. B MHKpoGOIeHO3e MHCIEHHOCTh AKTHHOMMLIETOB M€ YCTynaeT
YHCICHHOCTH  Oalml.  3aBepmialoT  npouecC  MHHEPATH3ALMH
OPraHM9eCcKOro BEUIECTBA MHIE/IHATIBHBIE TPUObI.

XuMH3M aMMOHH(HKAIIHH COCTOMT B CE/YIOIIEM. PacienuieHue
MOJEKyJibl Genka HAYMHAETCA C MPOLECCa rUAPOJiN3a, OCYUIECTBIIAEMOro
BHEK/IETOUHBIMH  THAPOAMTHYECKHMH  (epMEHTAMH, BBHIAENSIEMbIMHI
aMMonruQuKkaTopamy. B pesynstate oOpasyerca Gomee mpocTeie npo-
AykTe: Genok —» ©MemToHel —» NENTHABI —> AaMHHOKHCIOTSI.
AMHHOKHCNOTB! ACCHMHITHPYIOTCsi GaKTepHAMM KaK HMCTOUHMHKH fIMTa-
HHA, H 07 AcHCTBHEM BHYTPHKIIETOUYHBIX (PEPMEHTOB [i€3aMHHA3 OT HHX
OTINCIVIAETCS AaMMHMAK - KOHEYHbIH IpOAYKT aMmoHubpmkaimun. Yaime
BCero HabMIoNaeTcs IUJPONMTHYECKOE H OKHCIHTENBLHO® NAE3aMMHHUPO-
BaHHE, pexe - Ae3aAMHHHPOBAaHHE, NPHBOAAIICE K 00pa3oBaHHIO HEHACHI-
LIEHHBIX COETHHEHMH; /I aHa3POOHBIX YCnOBHI XapaKTepHO BOCCTaHO-
BHTENBHOE JIE3aMHHHPOBaHME.

Kpome amMMHaka, npoayKTaMH N€3aMHHHPOBAHWS AMHHOKHCIOT
MOryT OBITh OpPraHHYECKHE KHCTOTHI, & TPH COUETaHMHu C neKapbokcH-
JIMPOBaHKEM ~ CTIMPTHE M YTTIEBOAOPOABL.

Tak, nps OKHCIIMTENBHOM [€3AMMHHPOBAHWM CIIyTaMHHOBOI
KHCJIOTH  DJIyTaMaTAerHaporeHasoil  obpasyroTcs  o-KeTorsiyTtapoBas
KHCJIOTa H aMMMaK:

HOOC - CH- CH, - C-COOH == HOOC - CH; - CH, - CO - COOH + NH,3
Q-KEeMOo2ymapoeas Kucioma
NH,
27YMAMUHOBAR KUCIOMQ
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AcnaparHHOBaA KHMC/OTa JE3aMHHHPYETCA achBpra3oM M aaer
¢$ymaposyio KACIOTY:

HOOC - CH - CH; - COOH &= HOOC -CH=CH- COOH + NH;
| dymaposas xucroma
NH,

T'HOPONHTHYECKOMY He3aMHHHPOBAHMIO TOBEPralOTCS MHOIHE
AMHHOKHMCIOTH. Peakius uaer no cxeme:

+H,O
R - CHNH; - COOH~——— R - CHOH - COOH + NH,
2udpookcuxucroma

BoccTraHOBHTEILHOE NE3aMHHHPOBAHHE NIPHBOAMT K 0Opa3oBaHHIO
XKHPHBIX KHCIOT.

+H,
R - CHNH, - COOH——— R - CH, - COOH + NH;
Hcupras xucroma

Jle3aMHHHPOBaHUIO MOMABEPralOTCs BeWIECTBA M HeGeNKoBOi
npuponsl. MHorHe GakTepMH B KaYeCTBE HCTOYHMKA a30Ta MCHONB3YIOT
MOueBHHY. PacinensieHHe MOYE€BHHBI OCYHIECTB/IACTCA FHAPOIMTHYECKHM
MyTeM C y3acTHeM depMeHTa ypeassl:

(NH,),CO + H,0 —» 2NH; + CO,

AMMOHH(DHKALMA MOYEBMHE, KAK M OGEIIKOBEIX BEUIECTB, HMEET
MONOKHTENILHOE 3HaueHHE I obecnedeHns Gakrepuii M pacTenmit
AMMOHHHHBIM 830TOM.

Hapsany ¢ ne3saMHHHpPOBAHHEM MOXET MPOHCXOHTL M JeKapGoK-
CHIMpOBaHMe aMHMHoKHcnor. OGbrHO B Kucnol cpege Habmopaercs
IexapGOKCHIHPOBaHHE, B IENOYHOMN - nesamunmposarre. O6e dpepmeHT-
HBIE CHCTEMBI ~ JIE3AMHHA3 H ieKkapOoKcHIa3 - AeHCTBYIOT Kak MEXaHH3-
MBI HeHTpaJM3alku CPefbl, B pe3ynsTaTe 4ero pH nopiepkuBaercs Ha
yposHE, OGecredMBarOmeM HOPDMANBHYIO MXKH3HEIEATEBHOCTh KIETKH.
Tlpu  nexapGoxcHiHMpoBaHMH AMMHOKHCIOT 00pasyloTcsi IepBHYHBIC
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8MMHBI, TAKHE, KaK KaZiaBepHH, MyTpecLMH (TPymHbe Sifpbl), ¥ BHAENS-
€TCA YIJIEKHCIBbIH ra3 (pue. 12.7).

Tipoveasu

Nozenenruau
OxuronenTesu

Tlenranasy
I ANMREOKECIOTH |
Nocryiiown RFSOJOBIG
B mOuBY MMXDOOPIaNK SHAKN
AxcopSums noy-~
Bol, BOBIBNSHME Buyrpuxxerounuve npempauenma
B XENNVOCENS l '
peexuxx
K Hexap Tlep Cawres
P p P axa
RETOKNOXOTM, n&uu, HOBHS asw- Olomao-
ou:luemm. 2 HORHOXOTH C& MK~

poo]
HMBMOD

Puc. 12.7. Cxema aMmmonuuxaimu Genkon

12.1.5. Humpupurxayus

AMMHaK ¥ aMMoMuilMBIe conM, ofpasylomHecs B npoueccax
aMMOHH(HKALMY, TOJABEPraloTCA B 1104BE H BOOOEMAX OKHCICHHIO B
COJIH A30THCTOH (MMTPHTHI), M 3aTEM A30THOH KMCIOTBI (HHUTPATEI).
Tpowecc okncneHHs aMMHaKa H aMMHAYHBIX CoMel JIo A30THOM KHCNOTHE
Ha3pBacTCA HHMTpHQHKauuel. CymHOCTP mpouecca HHTPH(HKALMH
6uina BeisicHeHa B KnaccHueckux uccnenosaunsx C. H. Bunorpanckoro.
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B 1891 r. on segenwn Bo3OyauTenel HUTPUQHMKALUMH B HHCTYIO
KyJAsTypyY M TIOK&83al, YTO [MpOLecC HUTPU(HKALHH HBISETCH
nByx(da3HBIM H OCYIIECTBIIAETCA PA3IHYHBIMH BHAaMH GaKTepuil.

B nepeyio ¢asy uepes paa NPOMENYTOUHBIX 3BEHBEB MPOHCXOIUT
OKMC/IEHHE aMMHAKa 10 HUTPHTOB:

+H0 -2H -2H -2H
NH; — NH,OH — NH,OH-—— HNO —— HNO, + 65,6 kixan
eoxuii 2udpoxcun- HUMpo- Humpum
ammonul aMun Kewun

OcBoGoXIeHHAS NPH 3TOM 3HEprud OOYC/OBIMBAIOT pa3BUTHE
uuTpuHIMpytomux  Gakrepuii. BosOymurensmMu  mepmoit a3l
HMTpHHKALMH ABJInoTCA Gakrepuu posos Nitrosomonas, Nitrosocystis,
Nitrosolobus (puc. 12.8 (I)). Onu paztnuaioTes Mo MOpdPoNoruu M yno-
PROUEHHOCTH BHYTPHKJIETOUHBIX MEMOpaH, TOHKas CTPYKTypa KOTOpBIX
6b11a onmcana XK. Barconom B 1971 r. HanGonee 3HaYMMBIM B IpoLec-
ce HHTpHHKaUuH spisercs pon Nitrosomonas. Baxtepuu 3toro pona
HMMEIOT NAICYKOBHAHYIO TTAIOYKOBHAHYIO (OpMy pasmepom 1,5 x 1 MKM.
OHM rpaMOTPHIIATENIBHEI, NOABHXKHEL, CIIOP He 06pasyior.

Jina propoit ¢a3pl XapaKTEPHO OKMCIEHHE HUTPHTOB JI0 HATPATOB:

+1/2 0,
HNO, ———> HNO; + 20,9 kxan

Bo3byaurenamu  BTOpoii  da3el  HHTPHOMKAUMH  ABJIAIOTCH
Gakrepun popoB Nitrobacter, Nitrococcus, Nitrospina. IIpeacraBurenu
pona Nitrobacter - menkue (1 x 0,8 MkM) OBasIBHBIE FPaMOTPUMLIATENIEHBIE
nanoikH (12.8(11)).

Kak #© Bo3Oynurenu meproii ¢assl, 3T0 THIHYHEIE
XEMOABTOJIMTOTPOdEL, T. € OHM Pa3BMBAIOTCH HA YHMCTO MMHEPAJIBHBIX
cpefax, HCOONL3YA VIS CHHTE3A OPraHHYECKHX BEIECTB 3HEPrHIO
peakuuii OKHCNEHHA HUTPHTOB, & YITiepoll - H3 YIIIEKHCIOro rasa.

HurprdukaTops! sBAmOTCA OOAMraTHHMH a’pobamu. OnTHMaTE-
HAA TeMIEpaTypa MX passuTHA paeHa 28-30° C. Hutpuduumpyonme
Gakrepud oveHE crieLH(UYHEI B OTHOLIGHWH OKMcCseMoro cy6crpaTa.
‘Nitrosomonas oxHcnser ToNbKo amMMHax, a Nitrobacter - Tonsko conm
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A30TUCTOM KHCAOTHL.
Hu opmH H3 3THX
OpraHH3MOB HE MO-
2KET MCNONB3OBATh B
KaYeCTBE HCTOMHMHKA
SHEPrHH  COSAHHE-
HHA CEPBI UJIH Opra-
HHUUECKHE BEeUIeCTEa.
EouHCTBEHHBIM HC-
TOYHHKOM YIJIEpoAa
Ui HUX ABSIAIOTCH
YITIEKHCIIOTa W Kap-
©GoHaThI.

Kpome ™-
MUYHBIX ~ HATPH(H-
KaTOpPOB MHOrHE re-
Teporpodusie  Hak-
TEpHH popoB Pseu-
domonas, Xantho-
monas, Arthrobac-
ter, Bacillus crioco6-
MBI OKHCHATH aMm-
MMaK M JApyrHe
BOCCTaHOBHTE/IbHBIE
COeAUHEHHA  a30Ta
0O MMTPUTOB M HHT-

A
Puc.12.8.
I - Bo3OyauTenn nepsoi Qailpl HuTpHGHKAIME: o
- Nitrosomonas europea; 6 - Nitrosomonas sp.;
@ - Nitrosocystis; ¢ - Nitrosolobus; 1I -
BO36yauTCH BTOPOH (a3hl HUTPHPHKAIMH: g -
Nitrosospira; 6 - Nitrobacter; & - Nitrococcus;
2 ~ Nitrospira

paTos. tor THN HUTPHOHKALHH NOMY4HI Ha3BaHHe rerepotpodroil. B
OTIHMYHE OT HUTPHQHMKAUMH, ocywecTsnseMol OaxrepusMu Nitroso-
monas H Nitrobacter, rerepotpodHas HUTPHDHKAIMA HE ABIAETCA HCTOY-
HHMKOM 3HEpri aus GaKrepuil.

Fereporpodmas uMTPHOHKALMA IIHPOKO pPaCMpPOCTPAHEHA B
rpHupone, ocobeHHo TaM, rae aMMHaK oOpa3yeTcs B YCIOBHAX BHICOKOrO
COfepKAHHA OPraHM4ECKOrO BEWICCTBA, HAaNpHMep, B KOMIIOCTAX,
crouHsrx sopax. OGpasoBaHHEe HMTPaTOB NAPANIENbHO OKHCIEHHIO

OPraHM4eCKOro BewecTsa.
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12.1.6. Jlenurnpugpurayus

Cynnba obpasoBaBmIMXCA HHMTPATOB BeChM2a padnuuna, OsH
YaCTHYHO MCTIONB3YIOTCA BBHICWIMMH PACTEHHAMH, YaCTHYHO BbIMbIBa-
KOTCS BOJOH, HEKOTOPOE K6 KOIHIOCTBO HX PACXOAYETCA HA NOCTPOSHHE
camux Gaxrepuii. Pan GaxrepHii HCNONB3YIOT KHCIOPOA HHMTPATOB JUIA
OKHCIEHHA OpraHMHecKHX BemiecTs. TIpH 3TOM MPOHCXOAMT BOCCTaHO-
NeHHe HUTPATOB B HHTPHTEHI, MONEKYIAPHLINA a30T H APYyTrHe raloobpas-
Hbie npoaykTh. [Tporiecc BOCCTAHOBNEHNS HUTPATOB NOMYYHT HAZBAHHE
AevutpHMKALWH WIH HuTpaTpenykuud. O6mas cxema neHHTpHbHKA-
UHH MOXeT BHTh MPeaCTaBcHa B BHAS NOCIENOBATENBHOCTH PaKLIML:

NG; - NO; 5 NO - N,O - N,

raie NO;, NO u N;O saBnnorcs oOOBnHraTHbIMH  CBODOAHBLIMH
HMHTEPMEIHATAMM, 3 PEaKLHH KATAIHIHPYIOTCA COOTBETCTBEHHO YETHIPh-
M PaVIHYHEIMH PEAYKTA3aAMH.

Jina 3aMbiKAHHA KQUKNA a30Ta HMEST 3HAYEHHE JIMIUL CTAIHA
MOIEKY/IAPHOrO A30T4, TaK KAK MPOMEXYTOMHEIE MPOAYKTH MOryT 6bITh
HCMONB3OBAHK B OOMEHHBIX DEAKLMAX, B TO BPEMA KaK BHIAGICHHE
MOJIEKY/IAPHOrO a30Ta NMPHBOAWT K PEANpHOH MOTOPE €ro no4usoil HnH
BOJOIA.

Hensrmpuduumpytomye GakTepun OTHOCATCA K 23pobaM  Hnu
(dakyneraTusueiM anaspoGam. HanGonee axTuBHBIC ReHHTPHQHKATOPDI
M3BeCTHR cpeau Gakxrepuii ponos Pseudomonas, Paracoccus, Alcaligenes,
Bacillus. CrniocobsocTsio BoccTanasmusaTe HuTPaThi obnanaer cepobax-
Tepun Thiobacillus  denitrificans. B npouecce oxncnenns ceper oHa
HCIONb3YeT HUTPATH KaK AKLEITTOp 3NEKTPOHOB, H MPOLECC NpOTeKAeT
AHAJIOrHYHO 8HAPOGHOMY ABIXAHHIO.

Tlo yuacTHIO MHKPOOPraHM3MOB B BOCCTAHOBJICHHHM HMIPAaTOB
Pa3HYAIOT NPAMYIO H KOCBEHHYIO HeHurtpHbHkanuwo. ITox npamoit -
TOAPa3yMesaroT GHOMOrHHeCKyHO PEAYKIHIO HHTPATOB, MOA KOCBEHHOM ~
YHCTO XHMMYECKOS BOCCTAHOBJIGHHS, OCYLNECTBIMIOLIEECS B3aHMOHCHCT-
BHEM HUTPHTOB ¢ aMHMHOKHCIIOTAMH, KOTOpPHie oOpasyiorca B mpouecce
YKHIHEACATENBHOCTH MHKPOOPTaHH3MOB:

HNO, + RCHNH, — COOH — RCHOH - COON + N, + H,0.
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Kocennas nenuTpumKaums HMEeT MECTO TONBKO B KHCIOH
cpene.

bonee pacnipocrpaneHa B npsipose npsmas, Win Guonorvueckas,
JNEeHMTPHGHKALUA, OOYCNOBICHHAS HENOCPEACTBEHHOH OEATENbHOCTHIO
MHMKPOOPraHM3MOB.

Baxrepun-nenntpudukaropst HMel0oT nBe ¢lepMeHTHBIE CHCTEMBI
HUTPATPEAYKUMH: LUTOXPOMHYIO (JHCCHMMIALHOHHAA) M (UaBompo-
Teuanas (PAJl, accummwisumonuas). [Ilocneanss xapakrepua Jyis
MHOrHX MHKDOOPraHM3MOB M BCeX 3eJIeHBIX pacreumii. O6e cHcreMbl
HUTPATPEAYKIa3 y THNHMYHBIX aeHHTpHGHKaTopos (Ps. denitrificans)
akTMBHEL. Hanmuue stux cHereM ofecnedmBaer ABa IyTH BOCCTa-
HoBJIeHHA HUTpatoB. [losroMy pasmmuaror mBa Tuma GHONOrHUYECKoM
JEHHTPHDUKALMH: aCCHMHUIALHOHHYIO, HECTIEIH(DHIECKYI0, H NHCCHMH-
JAUHOHHY10, creuuuuecKyo.

AcCHMHNAUMOMHAS NCHUTPHQHKALMA, WIH HHaude aMMOHHGH-
KalMsa HHTpaTa, MPHBOAHT K 00pa3oBaHNIO aMMHaKa, KOTOPBIH aCCHMH~-
JIMPYeTCs OpraHM3MamMH H BKIouaercs B MeraGomusMm. Hutpatwml 31ech
HCMOMB3YIOTCA KaK HCTOYMHHK &30Ta. JTOT BHI JCHHTPHMQHKALHHA
MPHCYI BCEM 3€/ISHBIM PaCTeHHAM H HEKOTOPEIM bakTepusaMm.

JIMCCHMWISIIMOHHAA NEHHTPHGUMKALIAS, WIH HUTPATHOE NbIXAHHe,
OCYIECTBIIAETCA MUKPOOPraHHU3MaMH JU1s NOJTyYeHus 3ueprun. Hurpatsi
B AaHHOM CJly4Yae BBICTYNAIOT B KA4YeCTBE KOHEYHBIX AKLETOPOB
Bojiopoia (€) B LieNH TPAHCMOPTa 371eKTpoHOB (CM. rn 9). KowueanniM
NPOAYKTOM [IUCCUMWISIHMOHHMON NEHHWTPH(GHMKALMH SIBJISETCA  Molie-
KyJIAPHBIM a30T:

TunPOKCHAAMMH
NH,0H ~——+NH; ACCAMMASLIADHHAR
AEHNTPAPHKALNA
(DAR)
NOy——NO;——NO
Hutear Hutenr O W‘;"""" ’
<3

Ne
Jaxnce BEHRTPHPAKAURR
AICTA

JaccumunaionHas AeHUTPHQHMKALMA NPOHCXOMT HHTEHCHBHO
B aHa’pobHBIX yCnoBMAX, XOTH BO3OYAHTENH €€ H HE ABIAIOTCH
obnuraTHeIME anaspobamu. Kucnopoa mojaBnser cuHTe3 M QYHKUHO
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HHTPATPEAYKTa3, ABIAACH Gojice CUIbHBEIM KOHKYPCHTOM (TIO CPaBHEHHIO
C HUTpaTaMH) 32 3JIeKTPOHbI B IbIXaTeNbHOM LernH.

JuccumunanuonHas aeHUTpHbHUKALUMA [PHBOAMT K OGEQHEHKIO
BOJIOEMOB H MOYB CBA3AHHBLIM 330TOM, TaKk Kak oOOpasyiommiica N;
yneryunBaerca B armocdepy. OnHako M 3ToT mpouece meobxoamm s
ofecrnieueHHs PaBHOBECHA B KPYTOBOPOTE a30Ta.

12.2. KPYTOBOPOT YTJIEPOJA

Vrneposi, TaK e Kak M a30T, ABJIAETCA BaXKHEHINHM 3IEMEHTOM
opraumyeckod  xkusnu.  Ilepomcroummxom  yrnepoma  moboro
OpPraHHYecKOro BELIECTBAa CILY)KMT YIJIEKMCIOTa BosgyXa (puc. 12.9).
Conepxanne ee 8 Bozayxe cocrasiser 0,03 % or obiero ooneMa razos U
ABJIAETCA JOBONBHO NOCTOSHHOH BenMuMHOM. DTO  MNOCTOAHCTBO
MOAJICPXKHBAECTCH KakK (H3MKO-XMMHYECKHMH, TaK H OHONOrHHEeCKHMMH
npoueccamd. K mepBeIM  OTHOCATCA  HM3BEDKEHHS  BYNKAHOR,
CONpPOBOX/AAIOIHEC BLLICTICHHEM OIPOMHROrO KONMHYECTBA yTIIEKHCIIOTEHL,
CHKHIaHHE TOTUTHBHBIX MATEPHANOB JUTA NPOMBILUIEHHBIX LIE/EH.

NYenosex M

Opranuvec~
KMit yenepoz |

OpraHmsec~
Kil

yraep

Tereporpoghue
MHKDPODPT aHM3NH

raNu3MH

Puc.12.9. Cxema xpyroeopora yriepona
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Hanpumep, TONBKC OT CXKMrayms KaMEHHOTO VI €XEerogHo B
atMochepy Bosspauaerca okosio 4,7 % yrmekucnoTel oT ee obuiero
3anaca B mnpupoge. K OmonoruueckdM npolieccaM OTHOCATCA BCE
Guoxumieckre peakuuu (HOTOCHMHTE3a, XEMOCHHTE3a, MAbIXAHUA W
OpoiKeHHs, COMPOBOXNAAMOIOMECH TIOTPeONieHHeM ©  BbiAENeHHeM
YITIEKHCIOro ra3a.

Kpyroeopor yrnepona HaunHaeTcs ¢ (HMKCALMH YITIEKHCIIOTH
3e/MeHBIMH  PAaCTeHMsAMH M aBTOTPOPHBIMH  MMKDOOPraHHM3MAaMH.
OfpasoBaBmmecs B mnpouecce (oTo- M XEMOCHHTE3a OPraHH3MOB
YTTIeBOAB! MM APYTHE YITIePOACOASPIKALIME OPFaHHMECKHE COSAHHEHMS
YAaCTHYHO HCTIONB3YIOTCH 3THMHM )K€ OPraHM3MamH ANd MOMyHerHs
3IMEPr¥, INPH ITOM yrnekucnora (MPOLYKT peakuuH OKHCIISHHA)
BhigenAeTcA B cpeay. Yacte (PHMKCHPOBAHHOrO pPacTeHHAMM Yriepona
NOTPednserTcs 4eNOBEKOM H JKHUBOTHBIMH, KOTODPBIE BLIAGNAIOT €ro B
¢opmMe yrnexHcnoTEl B NpoLecce ALIXAHMA. Y TNepoA, BBLASNAIOWMIHCA B
PE3YyNIBTaTe PA3NIOKEHHA OTMEPLIHX PACTEHHH M )KHBOTHBIX, OKHCIIAETCH
JI0 YTIEKHCNOTBI M TOXE BO3BpatnaeTcsa B armochepy.

Beaymas pome B BospamienMH yrmepona B atMocdepy
NPHMHAVISKAT MHUKpoopramysMam. B npoueccax AbiXaHHA ¥ OpOMXeHHs
OHM pa3NAralOT CaMble Pa3HOOOPa3HBIE OPraHMYECKHE COSAMHEHUS.
Bosee pocTynHBIMHM ¢ SBAAIOTCA  YIMECPOACOACPIKALIME COSAMMEHES,
pacteopuMeie B Bome (yrmeeomei, cnmpthi)). Ho B ecrecTBeHHBIX
ycnoBusix - B IOYBEe M BONe -~ B Tropasao GOII.blBeM KOJIHYeCTBS
BCTPEHAIOTCS  TPYHHOPACTEOPHMBIC COGOHHEHHWS YTJIEPOAa, TaKme,
HanpuMep, KaK KpaxmaJl, NeKTHMOBbIe BEIIECTBa, KIIETHaTka, muruuu. B
HHMX COCPEAOTOYEHa OCHOBHAs Macca yrnepopa. Paznoxenue wx
HMAa4YHHACTCA C rHAPONM3a, B pe3ynbTare 4ero obpasyrorcs Gonee npocTeie
COeAMHEHHA THNa yrieBodoB. JlaneueHuiee mnpespalieHHe KaHHBIX
CcoeiuMenHi OCYILECTBIIAETCS B PEAKLHAX ABIXAHUA KITH Op OXKeHwMs.

12.2.1. Pacijennenue Kkpaxmanda

Kpaxman obGpasyercsi 3¢/eHbIMH PACTEéHHAMH NPH aCCHMHIIALME
YIMeKMCNOTH M B MOYBY MOMafaer B COCTaBe ceMsm, KIyOHeH u
pacTHTeNnbHBIX TKaueil. Paciueruienye kpaxmana MHKpoOaMy HaIHHAeTCH
c ero ruaponusa. [lon meicTerMem aMmia3bl KpaxXxMan NpespallaeTrcs B
JIEKCTPHH, 3aTéM B MAJIETO3Y M H3omanbTody. OcaxapuBinmics Kpaxman
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NIerko TOABEpraeTcs AEHCTEMIO MMKPOGOB M B aHa3POOHBIX YCIOBHMAX
pasnaraeTcs 10 OQHOMY M3 THTOB OpoxeHHA yrnesojos. B aspobueix
ycrnopusax kpaxman okucnsierca udeped LITK unm newrosodocdathbiit
LUK AO YTTEKHCIOTH.

AMHJIOMMTHYECKOH aKTHBHOCTBIO OONAJal0T MHOFHE MHKPOOpra-
uu3Mbl. B 2aHA3POOHBEIX YCNOBHSAX pPAaCLieruieHHe KPaXMalia OCYyLUeCTB-
nsercs  crnopoobpasylomumMu  MHKpoopraumsmamu poga  Clostridium.
CrieunanusupoBanubie Brasl ero (Cl.  amyloliticum) pacmennsor
Kpaxman A0 CTaAMH KHCJIOT, CTIMPTOB M Fa3os.

PacuieruieHse xpaxmajia MHKPOOPraHH3MAaMH HAUUIO IPAKTHYEC-
KOe INpHUMEHEHME B CIHUPTOBOM H TEKCTHIBHOM [POMBILIIGHHOCTH
(ymaneHue Kpaxmana W3 TEKCTHIIA), a TAKKE B XJ1e50MNeueHnH.

12.2.2. Pacuyennenue nexmuHo8blx Belecmes

TleKTHHOBEIC, WIIH MEXKJIETOMHBIE, BELIECTBA PA3HBIX PaCTEeHMH
HMEIOT CITH3HCTYIO KOMCHCTEHLHIO M CNOKHOE XHMHYEcKkoe CTpoexue. B
cBoeM coctaBe OHH coaepxar Gomee 40 yrmepoaumix atomoe. Cropa
BXOIAT B 3HAYHTE/ILHOM KOMMHECTBE KANbLUHMEBHIE CONMH TEKTHHOBOH
KHCNOTE! ¥ Pa3NMHYHBIE MPOH3BOAHBIE FEKCO3 M TMEKTO3. ITH COSAMHEHUS
OOnajaloT KOJIOMAHBIMM CBOWCTBAMH H  INPOYHO  LEMEHTHPYIOT
pacTHTenbHbIE KIETKH B TKaHH. [ToaToMy ans MHHepanw3auwu pacTH-
eNbHBIX TKAHEH HAu pAaCIIeTIeHHs HX HA OTACNbHBIE KIETKH
HeOOXOAMMO pa3pylieHHe MEKTHHOEBIX BEINECTB. JTO paspyuleHHe B
FIO4BE OCYLIECTBJIETCH CMELMATbHBIMKI NEKTHHPA3IAraIOMMMH MUKpPO-
oprasuamaMi. B aspobreix ycnoBuax 3zece nmpHHEMAaKT yuactue Bac.
subtilis, Bac. mesentericus, B aHa’poBueix - Cl felsineum u
Cl. pectinovorum. Pa3noxeHHe NMEKTHHA HaYHHAETCA C €ro FHAPONU3A
rnoa paeiicreueM depmeHTa nekTHHa3b. B pesynstate obpasyrorcs
TaNaKTYpOHOBAA M YKCYCHa#d KHCIIOTb, METHIIOBEIH CIHDT, KOTOpBHIe
Aarnee OKHCIRIOTCA JO YrNeKHClIOTH M Boabl. B aHazpobubix ycrnoBHAX
cOpaXXHBAaHHIO TIOABEPralOTCA TONMBKO TranakTosa W apabuHosza ¢
00pa3oBaHHEM MACIHSHOH KHCNOTH, OCTalbHbie BELIeCTBA HaKarUIH-
BAIOTCA B CYOCTPETE LM pa3nararorca aspobaMu:

CsH,00s —> C3H,COOH + CO, + K,
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Bosbyaurenem Opoxenns seaserca Cl. felsineum - xpynnas
rPaMIIONOXKHUTENbHAS FIOABHIKHAA MAJIOUKA.

AXTHBHOE yHacTHE B Pa3NMOMKEHHM MEKTHHOBBIX BEIIECTB B
adpOCHBIX YCITOBMAX MPHMHUMAIOT HEKOTOpHEe rpHbEr ~ Asp. niger, Penic.
glaucum, Mucor, Cladosporium, Sclerotinia libertiana. OcoBenno Benuka
pOHB HX B paspymeuun NEeKTHHOBBIX BEIISCTE B NECHBIX MO4YBax, rae
ridb rPHOOE NPOHM3BIBAIOT BCIO MACCY OMABLIMX JHCTBEB M GRICTPO
MAaLECpUPYIOT HX.

PaspyiieHne KIETOYHBIX BELIECTB HIrpaer BaXHYIO pons B
MIOYBEHMBIX MPOLECCaX, TaK Kak onpexensier GbICTPOTY MUMEpaNH3aLMH
pacTHTenbHBIX TKanel. Korna tkame pacnanaerca Ha OTHENbHEIE KIETKH,
TO co3gaercd Oonblnas MOBEPXHOCTE ANA BO3ACHCTEBHA LEUTIONO30-
pasnararomux OakTepuii, OOBIYHO 33KAVMMBAIOIHX MHHEPANHU3ALHIO
PACTHTENBHBIX OCTATKOB.

Ha pgeatenbHOCTH  MEKTHHPA3NArarOMHX  MHKPOOPraHHM3MOB
OCHOBAaHA TaK HA3bIBAEMAas MOYKA JTPHA M KOMOIUIM, MMeroliasi Sonpwoe
MpakTHYeCKoe 3HaueHHe. Mo4YKa NMPOH3BOAMTCS C UENBIO Pa3pPyLIeHUA
MAapeHXHMMHOH TKAaHH, NPONHTAHHOH HNEKTHHOBBIMH BELISCTBaMH, H
OTHENeHHst ITyOAHBIX BONIOKOH OT KOMMIbI, APYr OT Apyra M OT
APEBECMHHOH YacTH cTebna - «xocTph». Mauepauus nNPsaUIBHBIX
pacTeMMH NPOM3BOAMTCA HX CTNaMbeM («POCAHAA MOYKA») HIM
norpyxeHueM B BoAy («moasHaz Moukan). Ilpu pocaHoH Mouke meu
paccTHnaeTcs Ha OTKPBITOM MECTE M NoAaABepraercs neﬁc-r BHIO IMI2BHBIM
00pa3om MyKOPOBBIX TLIECEHOH M Pa3HOOOPa3HBIX (PHIHKO-XMMHYECKHX
tdakTopos: pocH, AOKAA, TemriepaTyphl, ceera u ap. [lpouecc wuer
MeaneHHo, ocobenyo B xonoamoe Bpems. Ilpu BomsHOH MoOuke nem
MOrpyKalOT B BOZOEMHL 3OeCk B OCHOBHOM IMPHHMMAIOT YHaCTHE
aHadpobuble MacnsauOKHCHbie GakrepuH. AspobHas MOYKA JIBHa,
koHoruM M kexada BBeneHa y Hac B mpaktuky M. A. Maxkpsmossim,
KOTOPHIE MPUMMEHAN ANA 3TOro BhASNEHMHBIN MM MukpoO Pectinobacter
amylovorum.

CriocoBHOCTEIO  pa3fiaraTh TMEKTHHOBBIE BeWIECTBa oObOnaaaror
MHOrpe ©akrepuH, rpubbl u B TMepByIO ouepens Bo3Oyaurens
3abonesanuii pacrennit. ITekronuTHuyeckHe (EPMEHTHl BLISRICHH Y
Gaktepwii posa Erwinia, y rpmbos Fusarium, Botrytis, Aspergillus.
AXTHBHBIE 1O0TAMMbI rpHOOB HCHOMB3YIOTCH B NPOMBIILIEHMOCTH JJIA
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TMONYYEHNA TEKTONUTHYECKHX (DEPMEHTOB, KOTOPBIE NPHUMEHSIOTCS C
LENTbIO OCBETNOHHA (PPYKTOBBIX COKOB.

12.2.3. Pacwenaenue yeantonosnt

OrpomHoe 3HaYeHHE B KPYTOBOPOTE yrnepoaa HMeeT PaculeruieHue
uemono3n (knerdarku). B cocras uemmonosm Bxoaut Gonee 50 %
BCEro opraHuueckoro yrmepoma Omocdepsi. Llemmonosa - HauBonee
WHPOKO PACMPOCTPAHeHHOE BEUWIECTBO pac'rm'enhmx KNeTOK. Ol'la
coctasnseT 45-80 % cyxoro Beca pacrennii. ITo xuMuueckol npupozne
LEIUTIONO3a ~ NOJMCAXapHA, COCTOAINME M3 LIEroYeK rmokolsl ro 100-
200 wmonexyn. Onm obsenumsrorcs B myuxd OuGpunn, xoropwie
nokpeisalores obmei obonoukoH, NMPOMHTAHMOH BOCKOM M NEKTHHOM,
COCTaBJIAA LUEIUTIONIO3HBIE BOJIOKUA.

Uenmonosa mpexacrasnser coboH O4eHb CTONKOE OPraHMYeCKOe
COEAMHEHHE U MOXET ObiThb PA3pyIIeHa TOMBKO NMPH AEHCTBMH CHJIBHBIX
XuMH4eckuX okucnureneii. Ho B nmpupose OHa mOBONBHMO MHTEHCHBHO
paspywiaeTcs IIMPOKO  PaCNPOCTPAHEHHBIMH  MHKPOOPraHH3IMaMH,
BriepBbie onucanHbivu B. JI. Omenanckum B 1899 r. It Muxpoopra-
HH3MBL 06pa3yIoT depmentnr LerLmono3sl. OHE PACILENNSIOT LELTIONO3Y
/O FIOKO3BI HITH A0 AMCAXaPHAA LETLIOOHO3HI,

Paznuuaror aspobuoe w aHaspobHoe pacinernienye HeLmonolsl. B
a’pobHeix ycnoBUAX GonblUas 4HACTE LEJUTONO3B OKHCIAETCA M0
YINIEKHCNIOTEL ¥ BOABI M JIHIOb HEIHAYMTENBHOS KOJMHYECTBO €¢
OKHCIIHETCA HE MOAHOCTBIO M BXOAMT B COCTAB rymyca. B a3pobmmix
YCOOBHAX BeAYWAA POJIb B PAVIOKCHHH LIGJUTIOJIO3bI NMPHHAONCHKHUT
rpuGam. 3TO YACTO BCTPEHAETCH B KHCNBIX MOYBAX M NPH PAIOIKESHHH
UEJUTIONO3bl APEBECHBIX PECTEHHH, Ile OH2 MHKPYCTHPOBAHA JIMIHHUHOM.
BhiCOKOH LEMIONONHTHHUECKOH aKTHBHOCTBIO XapaKTEPH3YIOTCH FPHOBI
poaos Fusarium, Chaetomium, Botrytis, Rhisoctonia. Boa6ymerrensmu
a3poGHOr0 OKHCNCHHA LEJUTONO3bl #ABNIOTCA M Baxrepum  poaos
Cytophaga wu Sporocytophaga (riop. Cytophagales), MuxcobakTeprm
pomos Myxococcus, Archangium u Polyangium, a Taxke cxomuble c
ncesnomonanamu  Gaxrepum rpynmmt  Cellvibrio. Bce omm  mmpoko
PacrpocTpaHeHs! B MPHUPOAS.

Baxrepun pona Cytophaga Osumi BeigeNieMbl B YHCTYIO KyNBTYPY
C. H. Bunorpanckum B 1919 r. OrH umeror (hopmMy ROBOMBHO ITHHHBIX
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(3-8 MxM) manosex € 330CTpeHMBIMM KOHLam#, Ilpu passuTHE ua
knetuatie (GunpTpoBaneEMOl Gymare) oHM OBpa3yIOT JKENThIH MMMIMEHT
pa3nbix orrerkos. B ornuune or atex Gakrepmii mpenctaBHMTenH popa
Sporocytophaga o6pasyroT LHCTH.

Llesumronozopaspymaromue 6akrepuy criccobHbI BBIIBIBATH THAPO-
NTM3 LIeJUTIONO3bI TONBKO MPH HEMOCPEACTBEMHOM KOHTaKTe C Hel. Bue-
KJIETOYHBIX LIG/UTIONA3 B KynbType AaHMBIX OaxTepuit He 0OHapyxeHo.

B aHa3pO0HBIX YCIOBHAX Pa3NokKeyye KIeTIaTKH OCYLIECTBISIOT
mesobunsreie Gakrepun Bac. omelianskii, nexoropeie kokkn M TepMo-
dunbabvie KnocTpHauH. OMH XapakTePH3YOTCA CTPOroH INpHYPOYEH-
HOCTBIO K Hcronms3osamMio Lienmonosel. Hampumep, Cl. thermocellum
pa3arBaeTCs HA CHHTCTHHECKHX CPEAax TOJNBKO INPHM HAJTHYMHM LEJUTO-
1036l MMM UEnnoOHOo3bl; FMIOKO3y M APYTHE YTIIEBOABl 3TOT MHKPOOP-
raHH3M He UCToNB3yeT. Paanoxkenye UENUTIONO3BI B aHA3POBUBIX YCIOBH-
SIX MIET 1o Tury Opoxenusa. BHauane noa neficTBreM LIE/UTIONA3 IMPOMC-
XOAHMT BHEKJIETOYHBIH rHAPOAN3. 3aTéM MPOXYKTH! FHAPONH3A - LIIOK03a
¥ uemnobuosa - copaxusarorcs, oOpalys pasnH4HbIe BELIECTBA: YKCYC-
HYIO, MacifHyl, MOJIOMHYIO H MYPaBBHHYIO KHCIOTBI, YTIEKHCIOTY H
MOMNeKynspybli BOAOPOA. B cMewaHHBIX KyNbTypaX 3TH KHCIOTHI TIOX
nercTemeM meramobpasyromux 6akTepuil NOABEPraidTCE METaHOBOMY
Gponennto, B pesynbTaTe uero obpasyercs MetaH. Meranosoe Gposxcenne
4HACTO NMPOTEKAST OAHOBPEMEHHO C GPOKEHHMEM LIETUTIONO3BI.

AraspobHBIe LIEMUTIONO30paspymaomue Gakrepyuy MHUPOKO pac-
MpOCTpaHeHsl B npHpoge. Pa3sHTHe HX HMACTO OCYINECTBIIAETCS B CHM-
OHO3€e C APYrHMH MHKPOOPraHH3MaMH, Ha3kIBaGMBIMM CITyTHHKaMH.

12.2.4. Ilpespausenue yen1e6000podos

Vrnesoxopoas: OuoreHHoro u abuoreHHOro (reoXxHMMH4ecKoro)
TNPOMCXOMKACHHA KOHLIEHTPHPYIOT 3HAYMTENBHYIO 4acTh Yrnepoia.
ToaTomMy paznoXerHe MX COCTAaB/IA€T BaXKHEIH 3Tanm B KPYroBOpOTe
yrnepoaa. BOnBIIMHCTBO NPHUPOAHBIX YTNEBOAOPOMOB HACTHYHO WIIH
MOTHOCTBLIO OKHMC/IAETCH MHKpoopraHu3aMamH. Jlaxe Takme XHMHUECKH
YCTORUMBEIE COSOWHEHMA, Kak HedTh, Kayuyk, napadyH paznararorcs
oA AeHCTBHEM MMKpoopramyamos. M3 Bcex mpupoambix coemmHeHHit
HaHOonbUIeH YCTOM4YMBOCTBIO K MHMKPOOHOMY Ppa3viOMNEHHIO OOnamaroT
apOMATHYECKME YITMIEBOAOPOAb. - (EHHNNPOMAHOBBIE COSHMMEHHN.
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Buonorudeckoe paspyumenne HX NPOMCXOAHT B a3POGHBIX YCIOBHSX, TAK
KAK Juis paspbiBa apOMaTHYECKOrO KONbLA Tpebyerca KHCNOpOA.
Peaxupm paspeisa xaTamusupyroTcs HHAYLMOeNbHBIMM (EPMEHTaMH -
OKCHIeHa3amM, IOA JCHCTBHEM KOTOPHIX HNPOMCXOOHMT BKJFOMEHME
OOHOr0 HIM JABYX AaTOMOB KHCIopona B APOMATHYECCKOE KOJBLIO
yrneponopoaa. B pesynbsrare 3Toro mpu onHOM MM ABYX yTMepOAHBIX
aTOMaxX apOMAaTHYECKOro KOoibLa OOpasyroTcs FHOPOKCHIBMBIE IDYTIFIBL.
Paspuis xombua MOMET NPOMCXOAWMTD MEXAY ABYMA FHIDOKCHIM-
POBaHHEIMM aTOMaMH Yrrepoaa (OPTOpPAaCIIETUICHHE) WA MEXZY
FTHAPOKCHIHPOBAHHMEIM M COCEAHHM HEerHApPOKCWIHPOBAaHMbIM C-aroma-
My (Merapacineruienne). MssecteH ewe TpeTwil ryrs paciyeruieHus -
Pa3phiB KOMbLA MEXAY rMAPOKCHIHPOBAHHBIM C-atoMoM M C-aToMOM,
COEAHHEMHBIM NHOO rHAPOKCHNBHOH, MHOO TOH WM WHOM amubaTu-
ueckolt rpynmnoit. Tax pacuieruiserca (eHnnananyH, geHmmMponaHoBas
KHCJIOTa, THPA3vH.

TMyTy MukpoGHOro pacinenenus apoMaTHHECKHX YTIEBOAOPOAOE
mHorooBpasubl.  [pouecc 3ToT wWe sBRseTCA  y3KOCHELHQPHIMBIM.
CriocoGHOCTRIO K PACIIEIUIEHHIO  apOMATHHYeCKHX  YIJISBOLOPOLOB
obnanalor MHorue Gaxrepuu M rpubhl: ncesaoOMOHANK, MuKOBaKTEpHHM,
6armmnsi u apoxoku. TPy COOTBETCTBYIOIIMX YCNOBHAX OHH IPOHIBOAAT
MIOJIHO® OKHCJICHHE ONpEeAeNerHOrO YIrIeBogoposa 0e3 HaKOIIeHHs
MPOMEXYTOUHBIX Npoaykros. Hanpumep, Hexoroprie mrammer moxap-
Ani, B yactHoctH, Nocardia corallina, moryr pacTH Ha GeH3one unM
TOJlyONIé KAK CAMHCTBEHHBIX MCTOMHHMKAX yrnepona 6e3 HaKoIuieHHs
NpoMexyTouHerx mpoxykros. Hadramun u antpaueH taioke Mmoryr
YCTIONIb3OBATBCA OTAENEHEIME WTammamy Nocardia u Corynebacterium.

MuxpoGHoMY npeBpaweHmio NOABEPraloTcs M ra3soobpasHbie
YTNeBOAOPOABI: MeTaH, 3ran, nponaH, Oyran. Omm wmcnonsayrorcs
MHKDOOPTAHH3MAMHM KAK MCTOYHHKM yryiepopa. MukpoopraHH3mer,
OKHCHSIOIME ra3ooBpasHuie YIIeBOAOPOMbl, OOBEAHHMOTCS B OCOBYIO
rpymnny - MerunoTpodsl - u XapaxTepH3yroTcs CyScTpaTHON crieLmdiy-
HOCTRIO. Ilo OTHOWIGHHIO K HCTOMHHKY yrnepoma MeTHIOTpodsI
pasgensorcs Ha JBe rpynmne obnuraTHele ¥ (Qakyneratussbe. K
TIPEBIM OTHOCATCA METAHOKHCIISIOUIME MMKPOOPTaHH3MBI, KOTOPBIE,
KPOMe MeTaH2 M METaHONA, He ACCHMWIMPYIOT APYTHe MCTOMHMKH
yrnepoza. B ornyune or Hux (akynbraTHBHBIE METHNOTPOGBI, OMHMO
ra3oofpasHbix yrnesoaOpORoE, CrOCOBHEI YCBAaWBAaTh Yriepoj pasfHy-
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HBIX OpPraHyv4eCKHX COEIMHEHmit: KHCJOT, CaXapoB, CIHPTOB, JTa
€nocoBHOCTs WHMPOKO pacrpocrpaneHa y Gaxrepuii pona Pseudomonas.
Tax, Ps. radiobacter u Ps. liquefaciens mapsay c pasznmuaHbiMé
OPraHH4eCKHMH  HCTOYHHKAMH  YFTICPOAHOrO  HNHTAHHA  MOIYT
HCTI0NB30BaTh MeTaH; Ps. methanica u Ps. fluorescens - 3tan; ua Gyraune
paseuBaercs Ps. scissa. OrnesbHBIE  NPENCTABHTENM  POJOB
Mycobacterium, Nocardia, Corynebacterium rnpoussosT mnommoe
OKHCIeHHe sTaHa, Oyrama wu nponaHa. C ymMHeHweM Lenu
YTJIEBOJOPONOB  YBEJMHYLBACTCS YMCIO BHMIOB MHMKPOOPraHHW3IMOB,
€rocOBHbIX HCTIOMNB30BATh 3TH COSAMKCHHUA.

O6miratHbte MerHnoTpods - cneuuduUHbIE MeTaHOKHCIAIOLHE
Gakrepum - oGwvemuuenni B ceM. Methylomonas, Methylococcus,
Methylobacter u zp. OcoGeHHoCTEIO MeTaHOKHMCHsIOmMX Gaxrepuii
CITYXHT MX TECHOE COKMTENIBCTBO ¢ GaKTepusiMK, HE aCCHMIIHPYIOLMMI
METaH, C KOTOPHIMH OHH 00pa3yioT MHKPOOHEIC acCOLMalHH. 31O
YCTIOXKHSAET MOTyYeHHE HMCTBIX KyIBTYP OOJMIATHBIX METHIOTPOdOB u
H3YuEHHe HX GHONOrnIecKuX CBONCTS.

OrmuumrensHOl 4epToil BCEX M3YHEHHBIX HITAMMOB METaHOKHC-
ngomKx  GakrepHit SB/IMETCY HanMIM€ Y HHMX BHYTPHIMTOIUIA3-
MaTHYECKHX MeMOpaHHBIX CTPYKTYp, MOZOOHBIX aHAaIOTMYHbIM 00pa3o-
BAHWAM y HUTPHOHIMPYIOUHX ¥ (GOTOCHHTE3HpYIomHX Oakrepnil. OH
MeMOpaHE! pacrionaraiorcs wa Inepr(epHH HIH NPOHH3BIBAIOT BCIO
uuTonsasMy. Xopoiuo pa3sutas MmemMOpaHHas cucrema, oSpaszoBaHHas u3
UMTOILIa3MaTH4ecKOi MeMOpaHbl, 00YCNOB/IHBAET BBICOKYIO METaHOKHC-
Jsouyio crocobmocts Metwiotpodo. OKHCAGHHE MeraHa OCYLUeCTB~
NAETCA Yepe3 MeTaHoNn, (GopManbaerHi ¥ MypaBbHHYIO KMCIOTY JO
YTJICKHCIOTBL.

MeraHokucnsomue GakTepsy NPHYpodeHbl K NPHPOAHbIM cy6eT-
param, rac ofbpa3oBaHue METAHAa MPOHCXOAMT OGHONOTHYECKHM MyTeM B
fpoLiecce aHa3poOHOr0 PA3IOKEHMs OPraHHIeCKHX BEIIECTB.

MuKpoopraiu3mel, KCMOAB3YIOLIHE Ta3000pasHLe YTIEBONOPOLEL
B Ka4€CTBE eIMHCTBEHHOI0 MCTOYHNKA YTJIEPOJHOrO NMHUTaHMA, HAXOIAT
MIPHMEHEHHEe B padIMvMHLIX O0ONacTAX HAPONHOrO XO3AHCTBA: A
pa3BeaKH HaroproMMe raskbl U uedTh, 113 60puObl CO CKOMIEHUEM MeTaHa
B UIAXTAX; OHH TakKe NpPEACTABIAIOT HHTEPEC KAK MEPCICKTHBHbIC
CHHTETHKH KOpMOBOro Gesika M 61oIornieckn aKTHBHBIX BEILECTB.
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12.3. KPYTOBOPOT CEPHI

B npupone no-

Y ERUFE CTOAHHO HPOHCXOAAT

N\ %EQWQIOVQ c & MHOrooGpasHble rpeBpa-
Y worobiyy, © IUEHHs CEpHI, [/Ie OCHOB-
SIS wromaliy, As, 4 .
> 4 %0, HYIO POMb MIPalOT MKk

4"3?9 k4 2 pooprasmsmel. L{ukn mpe-

§ %, ‘%, BPAIIEHHI CEPhI COCTAB-
‘§ / konaugADHAS S) o B JISET KPYroBOPOT, 8HAJO-
§ Aaposo Thiobaciffus R THYHBIH  KpyroBopoTam

o e _
b Arnapos_Sporovibrio = o asora u yrmepoza. Cxe
desulSuricas g MaTHYeCKH OH  Ipea-
xz

BOCCTAHOBAEHUE CEpti /= & mﬂne:dﬂa puc. 12.10.
Yusorie  Pactenig & MKPOOPTaHH3MbI
Baxresu Bakrep OCYILECTBIAIOT TPH Bax-
Opranuyeckas § HelilMx oSTana B Ipe-
: BpAINEHUM CEpBI: MHHE-
Puc.12.10. Cxema xpyrosopora cepel PaIH3aLAI0  OpraHMvYec-

KOM Cepbl, OKHCIeHHe
MHHEpaIbNOH Cepsl M BOCCTAHOBNIEHME MMMEPALHON cepbi. ITH TpH
3Tana ONpeleNfloT TpPH OCHOBHBIC (OPMBI  MPHPOMHOH  CephI:
opraHH4ecKy1o cepy (Genxe, aMHHOKMCHOTHI); CynshaTsl M CynbhuTHL;
CepoBoIOpon H CynmehHIbL.

12.3.1. Munepanusayus opzanusecxoii cepel

B 3TOM npouecce Y4acTBYIOT MHOIOMHMCTICHHBIC
MECTICLIMAIM3KPOBAHHBIE  FeTEpOTpodHBIE  MHMKpOOpraHusMbel. OmnmM
OCYIUECTBISIOT MHHEPAIH3alMIO CEPOCOAEPIAIUX COeJMHeHHH ¢
o6pa3oBaHHeM pasIMMHBEIX KOHEYHBIX MPOAYKTOB. PaHbime cepoBonopon
CUMTAIH YyTh Nu HE EJMHCTBEHHbIM KOHEYHHIM TpoaykToM. B
MACTOALICE BPEMs YCTAHOBJIEHO, YTO NIOMHMO CEPOBOJIOPOAa, OCOBEHHO B
a3pobHBbIX YCTOBHAX, OOpa3yloTCs M JPYrHe COEHHEHHA: MEPKANTAHEL
MUHEPATLRAS Cepa U CynbdaTst.

B paciienneHnn OpraHWYeCKMX COCAMHEHHH CEpbl Y9acTBYIOT H
MHOrooOpasHbie adpoOHEIE ¥ aHa3poOHbie Gawrepun, rpubbl M
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HEKOTOpbie akTHHOMHLETh. B aHazpobxeix ycnosmax Proteus vulgaris,
Bac. subtilis ofpasytor H,S w3 muerssa u nucremHa. Ipubu
Microsporum u Asp. niger o6pa3ylor MeTHaMepKanTaHel ¥ Cynsdarsi;
AKTHHOMHMLIETH MPH Pa3pylIensy METHOHHHA 00pa3ylOT OKHCITHTEIBHbIE
coenmuenus cepsr 1 cymsduabl.

Cepa, ocBODOXKIEHHAS M3 OPraMM4eCKHX COCAMHEHHH, HCIIONb-
3yeTcs CreUMaNH3MPOBAHMBIME OaKTepHsAMH, B GONBIDHHCTBE CIIYHAOE
asroTpodamu, KOTOPBIe MpeBpainaioT ee B cynbdatel. B onsMx cnyuasx
cepa sBIsETCA AOHOPOM 3/IEKTPOHA ¥ MCTOMMHMKOM 3HEpriu (IIPOMCXOAT
MPOLECCH OKHCNEHMS Cephl); KOraa K€ OHA WIPaeT Poib aKuenTopa
BOJOPOAA, TO HAYT BOCCTAHOBUTEIbHBIE NMPOLIECCHL.

12.3.2. Oxuchrenue MunepanibHoil cepbt

OKHCNenHe MHHEPANbHOM Cepbi, MOJYYMBLIEe HAa3Baume Cynbgho-
(uKauHy, BKIIOYAET MPOLIECCHl OKHCIEHHA CEPOBOACPOAA, 3NEMEHTap-
HOH cephl, THO- M TeTPACOSAMMEHHH. JTH NPOUECChl BbIIBIBAOTCH
ocoOpiMH rpymnams Gakrepuii - cepobaKkTepHAMH H THOHOBBIMH HakTe-
PHAMH, LIMPOKO PAaCPOCTPAHEHHBIMYU KAK B MIOYBAX, TAaK M B BOAOSMAX.

Oxncrnetire CepOBOAOPOAA CEPOBAKTEPHAMN OCYLIECTBASETCA B ABA
stana. CHavana mpoMCXOAHT BHYTPHIJIETOMHOE OKHCIIEHHE CEpPOBOLO-
poma mo snemenrapsol cepui. Ilocneausas wakaruuBaercs B (popme
rpaHy/l KafiebHO-XXHOKOH CEPhl B NMPOTOILIA3ME KIETOK, YTO M onpe-
HENHIO HA3BaHME NaHHbIX GaxrepHH. OTKmagmBaemas B MpOTOMasMe
KIeTOK cepa #ABJACTCA 3aracCHbIM T[MHTATe/IbHBIM MATCPHAJIOM. Ecnmu
cpena obenmsercs CEPOBOACPOAOM, TO 3T2 CEPa HAYMHAET OBICTPO
OKHCNATBCH JO0 cepHoit kucnotrel. O0a 3Tama OKHACNEHMS MOXHO
BBIPA3HTE CIEAYIOUMH YPABHEHHAMH:

2H,S + O, = 2H O + §; + 65 xxan
Sg + 307_ + 2H20= 2H2504 + 283 xkan

O6pasyiomancs CcepHAs KHCIIOTA BCTYMAaeT B PEAaKUHIO C
6uxapBoratamy kanbus M npespamaerca B runc (CaS0,), koropsrit

andpdyHaupyer H3 KIETOK B oOKpyxawmyro cpeay. Ilostomy ans
pa3BHTHA cepoBaKTepHil HEOGX0AMMO MaTH4YHE B cpene OukapGomaTos.
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Cepobaxrepnn. Cepobakrepun NPEeACTABIIAIOT cobor
(usHonoruueckyro rpynny GecLBETHBEIX M FYPHYPHBIX MMKPOOpra-
HM3MOB, JOBOJIbHO Pa3HOOOPA3HEIX O CTPOEHHIO H paisuTmio. OnHM
KYNBTHBMPYIOTCA TONBKO B CPEAE, CoAepxaieit ceposopopon. s
THOMYHBIX  CEPOBAKTEPHII  OKHCIEHHE  CEPOBOAOPONA  SBIAETCA
sHepreTuyeckum npoueccoM. OcHoBmas xapakTepHcTHka (HapONOrMK
cepoBaxrepuii nana C. H. BuHorpanckum (1888): «31h Gakrepum He
MoryT xHTh 663 cepsl, KOTOpas OTKIaAbBaeTcs B UX Knerkax. Cepy oxu
MOTYT MOMy4aTh TONBKO NPH OKMCIEHHH CEPOBOAOPONA, KOTOPBIi
BCRIOACTBHO 3TOro0 Heobxomum Juix MX passutua. CBOK cepy oHM
OKHCINAIOT B CEPHYIO KHMCNOTY M EBIAENAIOT HapyXKy W3 KIETOK B BHIE
CEPHOKMCNBIX COfIeH, rnasHBIM oOpasoM runca. Ecim ke npouecc
OKMCIIEHHs M3-33 HEAOCTaTKA Cephl MpMOCTaMOBINIEH, TO cepobaxTepym
YTHETAIOTCH B CBOHX KHM3HEHWbIX (PyHKuUMAX M ckopo mnormGaror. YHro
KacaeTCA MHTAHAA 3THX CPraHH3MOB OPravHH¥eCKHMH DELOCCTBAMH, TO B
3TOM OTHOUWIEHWH OHHM COBEPLIEHHO HetpebOoBaTeNBHBI B  BHICLUICH
CTENEHH HHUYTOXHBIC KOMHMMECTBA OPraHMHYECKMX BELIECTB, KOTOPbIE HE
MOTYT fOAACPKHBATE POCT OONBIIMHCTBA OPravM3MOB, BIIOMHE KX
YAOBNETBOPAOT. XOPOIIHE TNHTATENLHBIE BELIECTBA, T. €. JIErKO
cOpacuBaeMble, He OKa3MBAIOT NPH KYJILTHBHPOBAHHH MX GraronpusT-
HOTO JefiCTBHA, HalIPOTHB, OHH MOT'YT OKa3aTbCA KOCBEHHO Hebsaronpy-
ATHBIMH, BEI3EIBAs Pa3sBUTHE PANTHYHBIX FHHUJIOCTHBIX GakTepsii.

K Gecumernpim cepobaxTepuaM OTHOCATCA HuTuaThie (OPMBI,
NpeACTaBICHHBIE TpeMa pomamu: Beggiatoa, Thioploca, Thiothrix
(prc.12.11). K mepBoMy npHHamiexar cBOBOAHO MNABAIOINME TNOA-
BrokHbie dopmbl 1o 1 oM gnuHoi,

e

Puc.12.11. BecuBeTHnie  CCpODaKkTepHH, OKHCDOINME  CEpY:
a - Beggiatoa, 6 - Thiovulum, & - Achromatium
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Cpenn vux cnexyer ykasats Beg. alba (qmamerp 3 mxwm), Beg.
media (quameTp 1,5 MKM); 0co6eHHO GONBIIMMM pa3MEPaMH OTITHYAETCS
Beg. mirabilis, koTopas gBIfeTCA HACTOSINMM BENHKAHOM Cpenu
6ecrpeTHBIX cepobakTepuii (ameTp 110 45 MKM).

Bamsok k Beggiatoa pon Thioploca, Ho ornM4aeTcs TEM, YTO HHTH
Y HEro nNO HECKONBKO INTYK 38K/HOYEHHl B TOJNCTHIE CIH3HCTHIE
snaraymuma. CepoGaxrepun poaa Thiothrix menoasrxasie. Ipu nomonm
CJIM3HCTHIX MOAYHICYEK, PAcONAraloMMXCA Ha OJHOM KOHIIE HHTH, OHH
0OBIMHO MPHKPEIIAIOTCA K KAMHAM, crebisamM, Bopopocism. OrmiavuneM
CIYXWT TaKke HaluyHe y Hureli Thiothrix ocoboro uexna, Gnaromaps
4eMy OTMEpIIas HHTb HE PACNANRETCS HA OTACIBHBIE WICHMKH.
PasmMHOeHMe y 3THX GaKTepHil MPOHCXOAMT TPH MOMOIIM MOMBHAKHBIX
KOHM M.

K GecuBeTHbIM cepobaKTepuaM MPHUHAMNIEKAT HE 00A3aTENBHO
auTaaTsie Gopmer. Knerxkn Thiospirillum, Harpumep, HMeoT criHpabHO
H3BHTYIO QopMmy.

Bce GecuperHpie cepobakrepHs OKHCISHOT CEPOBOAOPON 10 CepHOH
KHCJIOTB! Y€pe3 NMPOMEXYTOYHYIO CTaIHIO 3JIEMEHTAPHOMH cephl Mo cxeMe
BBILECNIPHBEACHHBIX YpaBHEHHH. becLiBeTHBIe cepoGakTepHM OTHOCATCA K
XEMOCHHTEHPYIOIHM aBToTpodaM. OHH CrocOOHB! BOCCTAHARIMBATE
yrnexncnuﬁ raz po OpraHHveCKHx COCIMHEHHH H MCIONb30BaTh UX Ans
MOCTPOCHHS MPOTOILIA3MBI TeNa:

COZ + 2H,S —— 1/6CgHy,O0p + Hzo + S;

Boccranosnense maer no nentodopochaTHoMy LMKy ¢ o6paszo-
BaHHEM IMepBOro CTaCGHIILHOIMG TPOAYKTA ACCHMHILILIMH YIJIEKHMCJIOrO
rasa - 3-hocdornmuepHHoBoit KHCIOTH, KOTOpas Yepe3 CepHIo peaKLiuii
npeppamaercs B ¢pykrozopudocpar. CrocobHocts cepobakrepuit
ycBaMBaTh YITIEPOJ, M3 YrolIbHOH KHCJIOTHI [Aa€T BO3MOXHOCTh MM
Pa3BMBATLCA B YHCTO MHHEDAJIBLHEIX CPEaX.

ITypnypueie cepobakrepun cem. Chromatiaceae owmuaoTcs or
Gecupernbix  MoponorHel M HanMuMeM mnurmenta. Ormcanme MX
npuBesieHo Bemie (cm. . 8.8). Oxmcnense cepoBomopona OHM
OCYIIECTBINIOT B nponecce (JOTOCHHTE3a, Fae CEpPOBOAOPON SBJACTCH
JIOHOPOM BOAOPOJA.
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CepobakTepyd IIHPOKO pacnpocTpaHeHsl B npupogse. OsHu
MOCTOAHHO BCTPEYAIOTCH B CEPHBIX MCTOYHHKAX, B CHIOKOMHBIX CTOSYMX
pofax, B mno4se. JiiA WX MacCOBOro Pa3sMHOXCHHA OOA3aTelBHO
MPUCYTCTBME KHCIOpona ¥ cepoBomopona. B pesynbrare okucieHus
MOCNIEHEr0 OHM TOJIYHalOT HEOOXOMUMYIO JUIA IKH3HEAEATENHLHOCTH |
IHEPIHIO.

TrouoBuIe GaxTepum. B ornmmume or cepobGaxrepmii, THOHOBEIE
6GaKTepHH CrOCOOMBI OKHCIATh CEPHHCTHIE COSAMHEHHA Ge3 OTNOXKEHHA
ceprl BHYTpH KieTkn. Cepa uakanupaerca sHe KierkH. Hanpumep,
OKHC/IEHHE FHIIOCYJTb(]HTA MPOHCXONT M0 CHEAYIOWEH cXeMe:

N;S,0; + HyO + O, —» Na,SO, + H,SO, + S, + 500 xxan

3a cuer ocBobGoxaaomieiicas snepruy GaKrepHM acCHMMIMPYIOT
yrexucsii ras (puc. 12.12). ACCHMHIALIMA YIJIEKHCIIOTH COBEpPLIASTCA
rno wukIy KanbBuma, NofoGHO TOMY KaK y 3e/€HbIX pacTeHMi npu
¢orocunTese.
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Puc. 12.12. Cxema obMeHa THOHOBERIX GaxTepmii:
MOHKUE CImpenku - nyme Inep K020 OB, ; moicmule -
KOHCMPYKmugHo20 obmena
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K mpencraBurensm THOHOBBIX GakTtepmii otHocsitcs Thiobacillus,
Th. thiooxidans, Th. thioparus u ap.

TuoHoBble GakTepyy sBmIOTCA JuTOTpodamy. Muorue passu-
BAIOTCA NpH HU3KHX 3Hadenunx pH (ontumym pH 2,2). Cpeau BMX ecTs
Tepmodmmer (Thiospirillum pistiense). Onm pactyr npu Temmepatype
sire 80°, 3HAUMTEBHOS KOIMYOCTBO HX OTMEMACTCH B TEPMHHANIBHEIX
MCTOYHHKAX BYJIKAHHYECKOro npoMcxoxaeHus. Hamiumne MHHepansHOH
ceprl BONMHM3H BYNKAHOB M CEPHOH KHCJIOTHlI B BODHEIX HCTOMHHKAX
O0yCNIOB/IEHO AEATENLHOCTEIO THOHOBEIX GaKTEpMii.

TuoHoBeie GaKTepHM B NPHPOAHBIX YCMOBHAX MPOMSBOAST
OKHCJIeHME CynbOHAHEIX MHHEPAIIOB, CrIOCOBCTBYH TeM CaMBIM BhIUIE/A-
YHBAHHIO HaXOAAILMXCH B pyne mertautoB. [IpH yHaCTHH THOHOBBIX
Gakrepuii OkHCneHMe CyNbGMACE M BLINENAYHBAHHE METAIUIOB HIET
GbicTpee, ueM NPH HX OTCYTCTBHM H, KPOME TOro, CONPOBOMXIAAETCH
GombLumM BEIXOAOM MeTa/utoB. TuOHOBHE Gakrepum, B HactHocta Th.
thiooxidans, HCHONB3YIOTCS B FHAPOMETAIUTYPFMM A/A BHIOCTAYHBAMMA
PEAKHX METaJUIOB. TePMaHMA, FajiHA, CejieHa, MHAMA, KOTOpHiE COmep-
KaTCA B CyNbhHIAX HUHKA, CBHHUA, MEIH.

12.3.3. Boccmanoe.aenue Murnepansrnoii cepsi

TIpouecc BOCCTAHOBIEHMA COSUMHEHHH MHHEPANbHOH CepH O0
CEpOBOROpOAa MOY4MN HassBanHe gecynbdoduxamuu. On mpoucxoauT B
aHa’poOHbIX YC/IOBHAX: B BONOSOMAaxX Ha 3HAYMTONBHBIX TyOHHAX, B
NOYBAX, HACKIINEHHHIX BOAOH, TopdsHuKax (06 3TOM roBOpHUT M HX
HEepHas OKpacka, OOyClOBIeHHas HaTHYHeM CyibhHI0B Keneaa).

Boccranosnenue cynb(haToB OCYWECTRIIAETCA IPYNIIOH CIIOLUAIb-
HBIX akyneTaTuBHbIX aBroTpodHEix Aecymbdhodrumpyromux Gaxrepuit.
Opna u3 3Tux Gakrepuii 6bina seiaenesa M. Beitepuakom B 1895 r. u3
CTOuHOH Boasi ¥ HaseaHa Vibrio desulfuricans. 1o anazpobHas rpam-
oTpuuaTenbHEas GakTepua, Hmelomas GopMy BHEPHOHA.

Cymedarpenyumpyiomue GakTepuy ABIAIOTCA OOHTAaTHEIMH aHA-
apobamb. B kauecTBe KOHEHHOro aKLEMTOPa BOJOPOLA OHM MCIIONbB3YIOT
cynedatel. JJoHOPOM BOXOPOAA MOFYT CJIYXKHTh Pa3nHuUHbIE OPraHH-
YECKHME COSAMHEHHA (CIIHPTHI, KHCJIOTHI) M MOJCKYMAPHBIH BOAopon. B
Kauectee moGoyHoro npoaykra cymbdartHoro pmeIxaHus obpasyercs
cepopopopoa. Boccrarornenue cysnbghaToB mpOMCXOANT FO YPABHEHHIO:

383



2CH;CHOHCOOH + Na;SO; —» 2CH;COOH + CO: + H,S + NaOH

Opranudeckre COSAMHEHHA Cynb(aTpeayuHpyomHe OGakTepHH
OKHCNIAIOT He 10 KOHLIA, YalIe BCero A0 YKCYCHOH KHCIOTHI.

Cynedarpeaynupyrompe Gaxrepun npeacTaBieHst  HeGOIbLIOH
CPYNNOH MHKPOOPraHH3MOB, OTHOCAIIHXCH K AByM poaam: Desulfovibrio
u Desulfatomaculum. Baxrepun popa Desulfovibrio mmeror dopmy
BHOpDMOH2 C NONNPHO PpaCMONOXKEHHEIM XryTHkom. Crop OHM He
o0pa3yioT, COAEPKAT OpaHXeBblH IUrMeHT AeCynbQOBHPHAMH M
uuroxpom Ci. Jlonopom Bopopoaa Cnyxat nupysar U Masiart.

Poz Desulfatomaculum Bxmodaer 4ersipe BHaa cropoodpa-
3yIOIMX DANOYKOBHOHEIX OaxTepuii, comepxKamMx LMTOXpOM b.
TunedHeiM npeacrasuTenem ero seasercs D. nitrificans. B xauecrse go-
HOPOB BOACPOAa OH MCMONb3YeT NHPOBMHOIPAAHYIO M MOJIOYHYIO KMC-
noThl. ITO TEPMODHN, ONTHMANBHAA TEMNEPATYPa ANis ero pocra 55° C.
Ocranbusie BHas — mesodwnbl. Hamrime uLMTOXPOMOB B KieTkax
cynedarpeayurpyomux Gakrepuii  OOyC/IOBNMBAET OKHCTUTENBHBII
XapakTep OOMEHA BOIECTB. JHEPrHIO OHM [OAYHAIOT B Pe3ynbTaTe
OKHMCHTENBHOro (HocOopHIHPOBaHHA. ITO 0GECIIEHUHBAET BO3MOIHOCTD
ACCHMHIALMM OPraHWYECKUX BEeUIeCTB,

Tpoueccnt  cymbhaTpesykumm  WIHMPOKO  PacnpoCTpaHeHsl B
MPHPOAE H NPY HALNIOKAMHX YCIOBHAX MOFYT MPHBECTH K HAKOMJIEHHIO
B Cpene 3HAuMTeNbHBIX KONHYECTB CEpoBOAOPOaa. B Hexoropmix
BOZIOEMAX €ro MOMeT ObITh HECKONBKO MHJUIMIPaMMOB HA JTHTD BONBL.
Hanpumep, 8 Ueprom Mope ma rnybume 2500 ™ copeprxanue
ceposonopoAa nocturaer 6,5 mMr Ha 1 n. O6paszosarenem ceporonopona
Tam seasercs Desulfovibrio. 310 ouens axtuBHBII MMKpOOpraHM3M.
AHaNOrH4HOe HAKOIJIEHHE CEPOBOAOPOAa HABMoOAaeTcs M B pacTsOpe
FOYBEI, €C/IH OHA NPOO/DKUTENBHO® BPeMs 3aaMTa BOAOH. B aspoGHBIX
YCNIOBMAX CEPOBOAOPOA HEYCTOHYMB H  Npespamlaetcs nubo B
3NIEMEHTAPHYIO cepy, TG0 OKHUCNASTCH CepOBAKTEPHAMH B CYNbhaThL.

12.4. KPYTOBOPOT KEJE3A

HKeneao — onvH H3 BAXHEHIINX 3NEMEHTOB OPraHHYECKOH KI3HH.
Ono BXOAHT B COCTaB TeMOrNIOOHHA H MHOPHX OKHMC/MTEJIBHBIX
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(epMeHTOB, TaKkHX, HanpHMep, KaK KaTanasa, NepOKCHAA3a, LHTOXPOM-
OKCHZa3a, BCErna OOHApY)KHBAaeTcs B 3euIeHKIX pactenmsx. Ha mousax,
JIHLICHHBIX COSAMHEHHH XKeJ1e3a, PaCTeHHA O4YEHb CKyAHB!, Habmonaercs
HX xn0pos. Jln1a MHMOrux MHKpOOOB NPHCYTCTBHE COMeH ienesa B
MTHTATEIBHOMN cpefie — HEeOOXOAHMO® YCIIOBME NI HOPMANBHOM JKHIHE-
AEATENBHOCTH.

B npeepaimeHHH COSAHHEHWH )JKene3a TNPHHHUMAIOT YyuacTHe
CrICLMAIH3MPOBAHHBIE H HECNCLHATIM3HPOBAHHBIC MHKPOOPraHH3MbI.
MeuHepanusauus  OpPraHHYeCKHX  KeNe3oCOACPKAWMX  COSOHHEHMI
OCyiecTeaseTca rereporpobHbiMu Gakrepuimu. Ilpa atoM ocBoBox-
AAeTCS MMHEPAIbHO® OKHCHOe MM 3aKHMCHOe jkeneso. [lpespawienue
MHHEPANBHOIO JKEe3a OCYLUESCTBIACTCA Jkene3obakrepusmu. Ha
HATH4HE KX B NpHpoae Briepesie ykasan X. pentepr B 1836 r. IToaxe, B
1888 r. C. H Bunorpanckuii NOQTBEDAMI CYINECTBOBAHHME 3TOM
¢rsuonoruteckoi rpynnel GakTepHit. YCTAHOBIEHO, HTO OHA MONY4aeT
3HEPrHUIO NYTEM OKHCJIEHHS 3aKHCHBIX COeNMHeHuii xeneza. OxucneHue
IKENe3a PACCMAaTPHRACTCA KAK OBIXATENBHBIN aKT xene3obakrepuii, npx
KOTOPOM KJIETKH MOJTy4aloT 3HEPrHiO, HEOOXOAHMYIO Wi XeMOTPodHOro
BOCCTAaHOB/IEHHS YTIEKHCIIOTO rasa.

K TunuuneiM skenesobaxrepuam orHocatca pops Crenothrix u
Leptothrix, Gallionella v HexoTopbie MPEACTABHTENM NOYKYIOUIHXCA
Baxrepuit.

HauGonee wWMPOKO pacnpoCTpavéHbl B NPHPONE HHTYATBHIE
Gaxrepuu Leptothrix ochraceae. IanouxoBHaHbe K1eTKH 3TOH GakTepHy
obpa3yior HHTH HauHOH 0,5 CM, TMOKPEITBIE HEXJIOM H3 THAPOOKHCH
ene3a. B jkenesHcTeix HCTOUHMKaX - pyubsx, Bonorax - onu ofpasyior
CKOTLIIEHHA OXPSHOTO LBETA.

OG6pazoBaHHe B NPUPOAHBIX YCTOBHAX OFPOMHBIX KOJHYECTB
rHApaTa OKHCH JKenesa, TaK Ha3biBaeMOH OOMOTHOH pyasi, sBIAETCA
Pe3yNbTaTOM JEATENIBHOCTH KEne300aKTepHH.

TMonaraior, w0 GONMBIIHHCTRO xeneiodakrepuit MUKCOTPodHSI, T.
€. Hapagy C aBTOTPOQHOCTHIO OHH MOFYT IIHTATBCH OPraHHYECKHM
pewecTBoM. (DH3IHOJOrNA XKee3obakTepHil H3ydeHa HEAOCTATOYHO, XOTH
AUIA HEKOTOPBIX M3 HUX YCTAHOBJIGHA BO3MOXKHOCTE XEMOCHHTE3a 3a CYUeT
OKHC/IeHHs Jkenesa. Takoit cnocoBHocTeio obnagaer Thiobacillus
ferroxidans. OH OTHOCHTCA Kk THOHOBEIM OakTepwsM. 3ITH nanoy-
KOBHIHBIE, HECTOpoobpasyromue Gaxrepun - obnuratHeie aBTOTpOdEL.
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Vrnepon nns croero pasBMTHA OHH MOMYYAOT M3 YIJIEKHCIIOTHI
armochepsl, a 3HEPrMIO - NpPH OKHCIGHHW 3aKHCHOrO IKeJNe3a,
2NIEMEHTAPHOMH cepbl ¥ CynbGHIAOB pasnu4HEIx MeTa/IoB. Th. ferroxidans
OKHC/ISET TNPaKTHYECKH BC® M3BeCTHele CymbQMIHBE MMHEPALL.
OxmucI1eH e 3aKHCHONO JKENO3a HAET NO CXeMe:

4F8504 + 02 + 2H2SOQ—‘—) 2 Fe (S04)3 + ZHzo + 11 kxan

Baxnoit ¢m3uonorudeckoii  0COGEHHOCTBIO 3THX  BakTepuit
SIBJIAETCS TO, YTO OHM PAsBHBAKXTCA MpPH OueHh HM3kux pH (orrumym
1,7-3,5).

Jlurotpodubie muxpooprannsmer Thiobacillus ferroxidans m Th.
thioxidans urparor GonbuIyl0 pons B BBINGNAYMBAHMM LBETHBIX H
POAKHX METAIUIOB B MECTOPONKACHMAX CyNb(HIHBIX PYA.
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IFnasa 13
B3IAMMOOTHOIIEHHAS B MHPE
- MHKPOOPIrAHH3MOB. AHTHBHOTHKH.

B ecrectmennoii cpese MHKPOOPraHM3MEI pa3BUBAIOTCH B
CIOXKHBIX MHKPOOHBIX COODIIECTBAX - MHKPOOOLIEHO3aX, COCTOAIMMX W3
pasnu4HBIX BHAOB, MXXAY KOTOPBIMH YCTaHAB/IHBAIOTCA ONpPeAENneHHEIe
B3aHMOOTHOIICHHS. XapaKkTep 3THX B33HMQOTHOLICHHH 3aBHCHT OT
Gmonoruueckux OCOBEHHOCTEH Pa3BUBAIOLIMXCA BHJOB, KOJMYSCTBA M
AOCTYNHOCTH MNHTATVIBHBIX BOLIECTB, (DHIAUECKOrO M XHMHYECKOro
COCTOSAHHA CpeAbl. B3aMMOOTHOWIEHHA MEXKAY MHKPOOPraHHIMaMH
MOryT ObITB pa3zeneHsl H2 CUMOHOTHYECKHME - CHMOMO3, Merabmoz M
CATEJUIMTH3M M KOHKYPEHTHBIE - aHTATOHH3M, MNApasuTH3M M
XHIGHUYOCTBO,

13, 1. CAMBHOTHYECKHE B3AMMOOTHOILUEHHSA
MHKPOOPTAHH3MOB

13.1. 1. Cumbuos

CumOHO3 - 3T0 BIaUMOOTHOLIGHHA HBYX PAIMYHBIX BHIOB
cymecTB (CHMOHOMTOB), NMpHHOCAIHE HM B3aMMHYIO noabsy. Ilpu
CHMOHMOTHYECKOM COXKHTONIBCTBE CHMOMONTH CTHMYJIHDYIOT H Noazep-
J)KMBAIOT PasBMTHE APYr APyra M COBMECTHO  pa3BHBAIOTCA
NPONYKTHBHEE, YeM Ka¥blii B OTAeABHOCTH. Mexay Huamu
YCT2HABIHBAETCH M 3aKPEIUINETCH Takoe paspeneHune GyHKumi, npH
KOTOPOM  B3aMMHBIH OOMEH NPORYKTAMH  KHIHEOESTENbHOCTH
CTAHOBHTCH HEH3DEIKHBIM.

Asnenne cumMOMO3a B MHpe MHKPOOPTaHH3MOB HabmomaoTeH
MEXIY Pa3nHYHBIMH CHCTEMaTHYECKMMH rpymrami: Gakrepuamy, akTa-
HOMHLETAMH, TLISCHEBHIMH rpubamu, BogopociMu. Ilpumepom Gaxre-
pPHANBHOro CHMOHO3a ABJISETCA COBMECTHO® PasBHTHE a’poboB ¥ aHa-
3poboB B ecrecTBeHHOM cpene, onHcanHoe ewe JL IMacrepom B 1863 r.
AspoGHple MHKPOOH NOINOWAIOT KHCIOPOA H TeM CAMBIM CO3AAIOT
YCIOBHA AN Pa3BHTHA aHA3poOoB. AHa’pobel,, B CBOIO Ouepens,
NPERCCTABIAOT a3posamM MPOAYKTH CBOEH KHIHETEATETBHOCTH.
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B cuMOHOTHYECKHE OTHOLIGHHSA C MOJOYHOKMCIIBIMM H YKCYCHO-
KHCBIMY GakTeprAMM BCTYNAIOT Aposokesbie rpiHOkn. MonouHoKkHCIbIie
GaxTepyM MOAKHCNAIOT CPEAY M CO3AAIOT OnaronpuATHBIE YCNOBHA AN
aponokeii. Tlocneanue ke NPOAYLHPYIOT aMHHOKMCIIOTHL M BHTaMMHEL,
HeOOXONHMBIE JJIA HOPMAJTBHOHM KH3HENOATENIBHOCTH MOIOYHOKHCIIBIX
Gaxrepuii. B pesynsraTe 310r0 Coxutenvcrea obpasyrorcs Tak Hasbl-
Baemble KepHpHEIe 3epHa.

VKCyCHOKHCTBIE 6aKTePHH C JpOXOKaMH Takke 0OpasyioT Kak Obl
ONMH LENOCTHbIH OpPraHM3M, HanoMHHalowWHA Mo ¢opme rpub, ussect-
HBbIH TIOA HAIBAHHEM (CHaliHbIH rpHO», C/yXaluHH /A IPHIrOTOB/ICHKA B
ZoMalIHeM O0HXOJe OCBEXAIOLIEro HAITHTKA C MPHATHBIM BKYCOM.

IInpoko pacnpoCTpaHEeHHBIE B NPHPOAE NHIUAMHHKH TaKoke
MPEACTaBNAOT COOOH CHMMOMOTHYECKOS COXHTENBCTBO MHULISTHAIBHBIX
rpubos u pomopocnell. I'pubel oBecneunsaior BOZOpOCHAM Blary H
MHHEPAIbHLIC BEIECTBA, @ BOJAOPOCNH CHAOKAXOT rpHOB! a30THHIM H
YTIIGPOIHBIM [IHTAHHEM.

Bakrepuu u rpubel MOryT BeTynarh B CHMOMOTHYECKHE B3aHMO-
OTHOWLIEHHMA M C BEICLTHMH PacTeHHIMMU. Takol cnocobHOCThIO 0BnaaaoT
KTyOeHbKoBbIe GakTepus, obpasyowmue Ha KOpHAX GOoGOBBIX pacTeMui
KITyOeHbKH, H MHKOPH3HbIe rPHOBI, 06pasyiomue Ha KOPHAX APEBECHBIX
PpacTeHHii MHKOPH3Y.

13.1.2. Memabuos, uau cunmpoduimn

Ssnenue merabuosa, BecbMa Onu3koe CHMOMO3y, Ompenenser
B33UMOOTHOIIEHHA, NPH KOTOPBIX NPOAYKTH OOMEHA OZHOTO BHAA
MHKPOOPraHM3MOB CIIY)AT [HTATENBHBIM MAaTEPMANOM Ijis HAPYTOro.
Tak, aMMHak, BBIACIAIOIMICA B PE3YSIbTATE IKHIHENEATENIBHOCTH
aMMOHH(DHKATOPOB, MPEACTABIAIOT COOOH HE3aBMCHMBIH cybcTpaT A
passuTHa HHTpHOHKaTOpOB. Hutprdmumpyomee 6Gakrepuu nepBoit
(azpl, oxucnss aMMKaK [0 HHTPHTOB, CO3AAIOT YCIIOBHA A/If Pa3BHTHA
autpudukaropos Bropol ¢a3w. [locnemmwe, npojomxas HauaThIH
MPOLECC, PEATH3YIOT NPOAYKTh XKUIHSASATENNBHOCTH MPEALISCTBEHHUKOB
H TEM CaMbIM CTHMYNHPYIOT HX JalbHEflnee pa3zBHTHE. AHATIOrHYHOE
ABNeHHE HabMonaeTcs MexAy a30TOOAKTePOM H  WENLTON030pasna-
rarommMH Gakrepuamu. TTPOAYKTE PAINOKEHHA UEIUTIONO3bL - YTIICBOAM,
CHHPTHI, OPraHHuecKHe KUCJIOTHl - HCTIONB3YIOTCH a30TOBAKTEpPOM Kak
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MCTOMHHKH YTTIEDOIHOTO MHTAHHA. B CMEILAHHOW C NELTIONO30pas-
naraiomumMy 6axrepuaMu KyneType azorobakrep SHepPruuHO PasMHO-
xaeTcs, obpasys KnerkH wopmasbHOH ¢opmpl M pasmepor. B npm-
CYTCTBHH a30TO08KTEpa paspyllicHMe KJIETYaTKH TaKkKe HACT MHTCH-
CMBHEE. JT0, BO3MOXKHO, OOBACHAETCA OCBODOMIACHMEM LIEUIIONO3HBIX
6axrepHii OT POAYKTOB UX HKH3IHEACATE/ILHOCTH.

MerabuoTHyeckue B3AHMOOTHOLLIEHHA BECbMa LIHPOKO
pacnpocTpaHe#bl CpeAH MHKPOOPraHM3MOB H JIKAT B OCHOBE
KpYTOBOpOTa BEILECTB B MPUPOAE, O0YC/IOBNBAd ITAMHOCTE NPOLIECCOB
M CMeHY OfHMX $OpM MUKPOOPTaHH3MOB APYTMMH.

Cuntpodmsm npencrasinser coboll sBNEHHE COBMECTHOTO pocTa
ABYX M Gonec BMAOB MHKPOOPraHM3MOB Ha CpeAe, MEAOCTYIHOH Kax-
oMy BHAY B OTAENBHOCTH. PAcnpOCTPaHEHHBIM THMOM CHHTPO(QHOro
B3auMopeicTBux ABNIAeTCA oOMen ¢akTopamu (cyGerpaTopamMu) pocta,
HIH YAAICHHE TOKCHYCCKHX mpoxykros. Hanpumep, paspymeHue
MEHWLWLTMHA GakTepusMy, oOpasyiomMMH TIeHHIpUUMHA3y, obecre-
9MBAET BO3MOKHOCTE PasBHTHA IEHWIWLUIMHOYYBCTBHTENbHbIM Oakre-
puam. CHHTpoQHBIC B3aHMOACHCTBHA INHPOKO pacrpoCTPaHEHb! B
6MoTHYECKHX coobILecTBaXx.

13.1.3. Camennumuszm

PasnoBuaHOCTEIO MeTaGHO3a ABMAETCA CATEUIMTH3M  (CTHMY-
naunA). Jna pnaHrof (popMBI B3ZMMOOTHOIUEHHH XapaKTepHO TO, ¥TO
MHKPOG-CAaTeJUTHT BBLNE/ISET B CPEfy POCTOBEIE BEIECTBA - BHTAMHHEL,
AYKCHHbI WM aMHHOKHCJIOTBI, KOTOpHIE CTHMYJMpPYIOT pa3sBHTHE
COXHTEJIbCTBYIOILEr0 ¢ HMM fpyroro Buaa. Taxoif cnocoGHocThIO
06121ai0T APONOKH, CAPUMHEL. ITOT THM B3AHMOOTHOLIICHHH XapaKTepeH
JUIS COBMECTHOM KynbTyphl Aposokel M MOJOYHOKHMCHBIX Gaxrepmii,
ocobeHHO Ha HaYaNbHBIX 3Tanax paseuTHsd nociaegHux. Ha Gonee
NO3HEM 3Tane CaTE/UIMTH3M MOXET CMEHHTECS HOBBIM THIIOM
B3aHMOOTHOUICHHH - CHHEPTH3MOM, FPH KOTOPOM Y “WIEHOB MHKPOGHOi
accolHalMH YCHIMBAOTCH (msnonoruveckue ¢yHkumuy, obpasyiorcs
MHbIE MPOXYKTH MeTaGonuama, 9eM B THCTOH KynbType. Tak, APodOKH B
9MCTOH KynbType cOpacMBalOT caxap A0 CHMpTa, B CMENIAHHOH ¢
MOJIOYHOKHC/ILIMKH 6GaKTepHasMH - JI0 [HPOBMHOIPAIHOM KHCIOTHL,
okucngemol 3ateM 10 monogHOH kuenorel. OrcyTcrBmHe CnMpTa B
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NPOAyKTax GpoXKEHHUA CTUMYNMpPYeT pasBHTHe Apoxokell, a focnegHHe
CBOMMM MPOAYKTaMH MH3HEJCATENIBHOCTH AKTMBUSHPYIOT pa3BHTHE
MONOMHOKHCNIBIX Gaxrepuil.

13.2. KOHKYPEHTHBIE B3AMMOOTHOHNIEHM A
MHKPOOPIAHH3MOB

13.2.1. Aumazoriuzm

AHTaronmsm - a1o $opMa B3BHMOOTHOUIEHHH MHKPOOPraHH3IMOE,
KOrjia OAMH M3 HHUX MO/BJIAET Pa3sBHTHE HIIN BBI3BIBACT IOTHYIO rubeirn
Apyroro. Pa3BHTHEe RHTATOHHCTOB OCYINECTBISETCS 10 npUHIENY: «Mos
JKH3HB - TBOA CMEPTHY.

OrxphiTHE MUKPOOHOT0 aHTaronu3ma npunamiexwr JI, Macrepy u
XK. dXKyGepy (1877), obCHapyxmpumiuM OvicTpylo rubens najouku
CHOHPCKOI A3BEI B CMEIIAHHOM KyNBIype ¢ CMHErHOMHOM nanoukoii. JI.
IMacrep oxapakTepH3oBal 3TO ABNIEHHE Kak «Gopb0y 3a CyluecTBOBaMuE
MEXIY CHOMpES3BCHHBIM OPraHM3IMOM M €r0  COPOJHMYaMM».
A. JI. TaBroBcKMif B 9TOM K€ rOfly 3KCIEPMMEHTAIBHMO YCTAHOBH
CrocoGHOCThL MHEBMOKOKKOB TPEAOXPAHATH JKHBOTHBIX OT 3a60/€BaHHA
CHOHpCKO# A3BOH.

B nuTeparype TOrO BpeMEHM BCTpeuaeTCs M Pad  APYTHX
coobmeunit 06 anTaroHHsmMe MuKpoGop. HHTepecHsr HaGmofeHHA
pycckux ppaveii B. A. Manacceiina u A. TI. TlonoreGuoro wuajn
@HTArOHMCTHYECKHM JNEHCTBMEM 3€N€HOM TUIECeHH NEeHHLWUIMYM KO
OTHONICHHIO K FHOCpoAHBIM Oaxrepuam. Hcxoma w3 aroro A, T.
TTonoTefHOB MCMIOMB30BAJI NEHHIWUTHYM IJIS JTe4eHUs THOMHBIX paH M
JAPYrHX KOXHBIX 3abonepaHmif. AHTArOHMCTHHYECKHE B3AUMOOTHOLIEHHA
B MHpE MHKPOOpraHuamMos Habmonaim mMHorne mccneaoparen. OmHaKo
3TH HabmoneHus wame Bcero ObIH  ClIyYalHBIMH M HOCHMNTH
onHcaTe/bHEbIH XapakTep, XOTa B natbHeHIIeM oMM MOCYX UM HEHHbIM
MaTCpPHAJIOM JUIA CO3JaHHA YYeHHA 00 aHTaroHM3Me M aHTUOMOTHKAX.

B ocHOBe MHMKpOOHOrO 8HTAIOHHM3M2 JEKAT PA3HEIE NPUYHHMBL
MCHEepNaHHe IHTATSIBHBIX BEUIECTB, (MIHKO-XMMHYECKOS M3MCHEHME
cpeibl (TOAKMCIEHME MM TMOANIENaYHBAHHE, NOTPEO/ICHNE KUCIIOPOaa),
BBIGNEHHE B Cpefly DPOTEONHTHYECKHX (DEPMEHTOB, TOKCHUYECKHX
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BemgectB. Yuuteisas 310, H. C. Eropor pasfenser aHTaronHmsM Ha
NaCCHBHbIA H aKTHBHEIH.

Taccuenviit aumazonuam npossisercs B asyx (popmax. K nepsoit
OTHOCHTCA AHTaroMH3M, OOYCNIOBACHMEIH HCIIONB3OBAHHEM COXHTENTb-
CTBYIOLIHMH OPraHH3MaMH OJHHX H TeX XK€ NHTaTenbHeIX BewmecTs. Ipu
HaJIM4HH UX B CPEAC B OFPaHHUYCHHOM KOJIMHECTBE NMPeuMYIIECTBO MOIy-
HaeT TOT BHA MHKPOOPraHH3Ma, KOTOpHIii oGnazaer Gonswei GHonoru-
YecKoH aKTHBHOCTBIO. Tak, npPH ONHOBPEMEHHOM BHICEBE B Cpeay
GakTepHii M aKTHMHOMHUETOB, mepshie, Kax Gonee OGrICTpOpa3MHO-
IKAKOINECA, MOAABIIAIOT PAIBHTHE BTOPHIX.

Bropaa dopma - 3T0 HACKIBCTBEHHBIH aHTaroHH3M, OCHOBAHHbIMH
HA TOM, 4TO MPH HEAOCTATKE B CPeAe MHTATEIbHBIX BELIeCTE GakTepi,
obpasyromnue nporeonHTHYeckne (PEPMEHTHI, HCTMONBIYIOT B Ka4eCTBe
MHIM KIeTKH ApyrHx Gakrepuii. JT10oT npouecc MAeT B JABa 3Tana:
BHaYale FPOHCXOAMT pa3lpyimeHHe OakTepHil NPOTEONMTHHECKHMH
tbepMenTamMH, BBIOENSAEMEIMH AHTATOHHCTOM, 33aTeM nNOTpebneHHe
06pazoBaBIINXCs [POAYKTOB pacHiafa M HANbHEHINee BHYTPHKISTOYHOS
npespamieHHe BX. JTa (opma aHTaroHM3Ma Obia YCTaHOBNOHa
yuennkom . . Meunukosa H. I, Illwnnepom (1914). On nabmonan
rubens CTPeNTOKOKKAZ B COBMECTHOH KyibType C anuaodmibHOH
nanoukoid. IMocneands mpH HEAOCTaTKe YrNGBOLOB B CPEAE BbIAEILIA B
NPHCYTCTBHH CIPENTOKOKKA aKTHBHBIE NPOTEONHTHYECKHe (hepmeMTel,
JIH3HPYIOLIHE ero.

Axmuensii aHmazoHu3M TAKKE TOxpa3znensercs Ha ase dhopMsl.
1O aHTArOMM3IM, ODYCNOBJIEHHBII HAKOMIGHHEM B Cpelie MPOAYKTOB
obMena (CMHPTOB, KHCIOT, IIENOMEH), KOTOPBIE PE3KO H3IMEHSIOT
AKTHBHYIO KHCJIOTHOCTh CPEAB! H TEM CaMbiM MOJARIAIOT Pa3BHTHE
OpPraHM3MOB JpDYTEX BHIOB. I[IpHMEpPOM MOXET CHYXHTh pa3BHTHE
mukpodnoper Monoka. B CBEXEBEIIOGHHOM MONIOKE OXHOBPEMEHHO
CONEPXKATCA MOJIOUHOKHCAbE H THHIOCTHEle OaKTepHH, KOTOphIe
BHauane pa3BHBAIOTCA HE3aBHCHMO APYT OT Apyra. 3aTéM B HPOLECce
IKHIHSAEATENBHOCTH MOJIOYHOKHCITBIX Gaxrepuii NPOHCXOANT
HAKOIUICHHE MOJIOYHOH KHCIOTH. B pesynsTare MONOKO MOAKHCIAESTCA
HAaCTONBKO, YTO pa3BHTHe TIHHIOCTHHIX OakTepuii  MONHOCTBIO
nonaeBnserca. Hekoropele mnnecHessle rpubsl o8pasyroT JHMOHHYIO
KHCIIOTY, KOTOPasA TAKKEe NMOZABIACT KHIHOACATEAbHOCTh GONBUIHHCTBA
campodursrx Gaxrepuit. Ypobakrepuu, Haobopor, pa3suBasce Ha MITA
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C MOYEBHMHOM, BBLIENAIOT TAKOE KONHYECTBO ammuaka, 4dro pH cpexast
nomena4yuBaeTca a0 9,3 H passHTHE OONBIIHHCTBA MHKPOOPTaHH3MOB B
TaKOH Cpesie MPEeKPaaeTca.

Pa3anuuaor ¥ aHTaroHu3M, oOyCHOBJEHHBIH HAITHYHEM B cpexe
aHTHOMOTHHUSCKHX BemecTs. HeKoTopele MHKpOOpraHH3Mbl BhIpabarsi-
BaloT Ocobble BemecTsa - AaHTHOHOTHMKH, koTOphle TYOHTENBHO AEHCT-
BYIOT H3 POCT H PA3MHOMXEHHE APYTHX MHKPOOPTaHH3MOB.

DddexT REHCTBHA AHTATOHHCTOB MOXeT ObiTh OaxrepHocTaTH-
YOCKHM, T. €. 33AEPKHMBAIOLIAM POCT, M GAKTePHLINAHBIM - BbI3BIBAIOLIHM
rubensb KIETOX yrHeTaeMoro MHKpoGa.

SIBneHHe aHTaroHW3Ma IIMPOKO PaCrpOCTPaHEHO CPeaM pasiyy-
HeIX rpynn MHKkpoSos. Hambonsioee WHCIO aHTArOHHCTOB € LIMPOKHM
CHEKTPOM OeHCTBHA OGHAPYKEHO Y aKTHHOMHLIETOB.

3HauMTeNbHBIA  yOENbHBIH BEC
CpeiM  AHTarOHHCTOB  COCTABJIAIOT
necHesbie rpHObI. OCOBEHHO B 3TOM
OTHOLIEHHH BBIAENAAIOTCA TEHHIIHILIBI
(25 %) u acneprunns (40 %). Fpubul
obnagaror aHTarOHHCTHYSCKHMH
CBOHCTBAMH B OTHOWIEHHH MHOFHX
rpynn opraHHM3MOB: GaxTepui, akTH-
HOMHIETOB, APOHOKEBBIX H APONOKE-
nogobHeIX rpubos (puc. 13.1).

- Haubonvbinee uxcno Gaxrepuii-
Puc.13.1. Amnraromncrimeckoe 3HATATOHHCTOB NPHXOJAMTCA HA CHO-
nedicreme  meHmmwiuna wa POBbie  dopmei, Takwe, kax Bac.
asoroBaxrep subtilis, Bac. mycoides, Bac. brevis u

apyrde (oxono 25 %). AHTArOHHCTBI

BCTPEHAIOTCA TAKXKe H CPEeAH HOCOPOBOH rpynrinl BakrepHil, XOTA OHa B

ITOM OTHOLUCHHH MEHEee H3Yy4YCHa.

Briepsrie GaKTepHH-AHTArOHHCTh BBIABNEHBI CPEAM MHIMEHTHBIX
dopm (Ps. pyocyanea, Serratia marcescens), sarem Epins OGHapy»eHbI
AHTarOHKUCTHYECKHE CBOHCTBA MOJIOYHOKHCHIBIX OaKTopHi, ypobaKkTepuii,
azorobakxrepa, CTadUIOKOKKOB, CTPENTOKOKKOB M HEKOTODBIX APYTHX
BHIOE.

B ectecTBeHHOH cpeae aHTaroHH3M MHKPOOOB Hrpaer GOmbLIYKO
pomb B camoounieHuy nousk. Eme B 1889 r. I'. Tapp u E. ®peiinen-
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peiix MoKasa, 4TO noussl Onarogapa HANHYHIO B HHX AHTarOHHCTOB
CTAHOBATCA OaKkTepHUMAHBIME NO OTHOWEHHIO X BO3DyAHTENSIM
xumeuHplx 3abonesammii: Thda, xomepm, ausemrepHn u ap. [lo
HaOmogernam H.A. KpacunbHHKOBA2, THOEPOAHbBIE KOKKH, BBIACIEHHBIS
H3 paH, Nor4GaoT B NOUBE AOBOIBHO BBICTPO, HO CTENEHb MX OTMHPAHHIA
3aBHCHUT OT KyJbTypsl MuKpoOa M Tuna nowssel. Ilomsonxcras mnousa
OKa3anack MeHee GakTepHUMAHOH, yeM KamTaHoBad. Hexoropeie asTopsl
OTMEHAIOT MOOBONBHO ObiCTpyro rubens B nouBe MHOrHX (uTO-
MaTOreHHbIX MHKPOOPraHH3MOB. B 4aCTHOCTH, MMUENHH HEKOTOPBIX
rpuboB, NAaTOréHHBIX M pacTeHHWil, nH3upyerca OGakrepusmu-
AHTArOHMCTAMH.

Hayuenne MMKPOOHOro aHTaroHH3Ma 3aJIOKH/IO OCHOBY NOIy-
YEHHS MPAKTHYECKOro FPHUMEHEHHA AHTHOMOTHKOB B MeIMLHMHE H
CeNIbCKOM XO3AHCTBe.

13.2.2. ITapazumuszm

flenevre mnapasuTH3ma, HaOmopzalomieecs Cpeaw MHKpoOopra-
HH3MOB, MOXKHO Pa3NenyThs HA ABa THIA: NapasHTH3M 0e3 KOHTakTa C
KJIETKOH-3KEPTBOH H Napa3uTHIM NPH KOHTAKTe C KIETKOH-MKEePTBOM.
K nepsoMy THMy OTHOCHTCA JIH3HC TPHOOB MHKCOOAKTEPHAMH,
OCYIIECTBNAGMBIA THAPONUTHYECKMMH 3K3o(bepMeHTaMu. Bropoi Tun
MapasHTU3Ma [PEAYCMATPHBAET ODA3ATENbHOS BHEAPCHHe NApa3HTa B
ApYroii opraHu3m. JIo HenasHero BPEMEHM 3TOT THN Napa3HTH3Ma Obin
FIDEACTABJIGH TOJBKO B3aMMOOTHOLUICHHEM BHUPYNEHTHRIX ¢haros ¢
Gaxrepusamu. Ha nporsixeHHH nocnemHux Jer GHUIH BHIABNEHBI HOBBIE
BHYTPHKNETOMHBI® NAPA3HTH MHKpoopraHu3mos: B 1963 r. I'. Ilironsn
onucan 3uzonapa3wnt Gakrepuii Bdellovibrio bacteriovorum; s 1966 r.
B B. I'pomos - mpoTo300nogoOHEIH 3HAOMAPA3MT BOHNOPOCNEH poxa
Scenedesmus - Amoeboaphelidum.

Bdellovibrio - Becbma noasrkHbBIH MHKPOD, NapasHTHPYOWMH Ha
rpamoTpruaTensHeix Gakrepuax (puc. 13.2). IlpH KOHTaKTe C KNeTKOH-
JKEPTBOH OH NPHKPEIUIAeTCS K HEH IKIYTHKOM, BPallaTeIbHBIMU
IBIDKOHHAMH MpoOYypaBIHBAET KIETOYHYIO CTEHKY H BHEIPSETCA BHYTPb.
3necs oH MHTOHCHBHO pa3mHO}kaetrca (Jo 20-50 napasHTOB Ha OXHY
KJIeTKY) U uepes 3-5 u KIeTKa nu3upyercs H napasuT ocsoboxaaerca.
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Puc.13.2, ITapasur
Bdellovibrio bacteriovorus

IMNapazurnueckue Bascrepun
pacrnpocTpaHedsl B nouse, soge. Oru
obnanaoT CnocoGHOCTBIO MEPEXOAHTh
OT Mapa3uTH3IMa K canmpodUTU3MY, YTO
obecneunBaer HM Oonblnyo BLDKH-
BaeMOCTb B MPHPOZE.

13.2.3. Xuwnuvecmeso

Ocoboe  monoxeHse  cpeau
MHKPOOPTaHH3MOB 3aHHMAIOT XHINHEIE
rpubsi-HemaTtodary, nUTarOLHeEcs He-
MaTogaMH  (6ecno3BOHOUHBIE JKUBOT-
Hole). Ilo obpasy X H3HH HX HENb3A
OTHECTH K NAapa3uTaM, TaKk KaKk OHH

YMEPIIBAAIOT JKEPTBY B  TOUEHHE
KOPOTKOrO  BPEMEHH, TOrOa  Kak
napasHThl  MOCENAIOTCA B )KHBOM

OpPraHH3IMe H YHHUTOXKAIOT CBOIO 2KEPTBY MOCTENEHHO.

XumHbie rpudsl nOBAT
JKHBOTHBIX €  MOMOWBIO
CHIELMATEHBIX JTIOBYMX KONTel
(xoney muuenus) ¥ yGusBaroT
ux (puc. 13.3). B ommike ot
canpoduTOB OHM MHTAIOTCH
TONMBKO CBEXEYOUTHIMH KM~
BOTHBIMH.

Xumusie rpuber  pac-
POCTPaHEHBl Cpeau OrpaHH-~
YeHHOro 4HCNa BHACB rHGo-
MHLETOB H IPHYPOUSHB! K
cpene, GoraToit HeMaTONAMH.

Puc. 13.3. Jlopuue KOMbLA XHIUHBIX
rpuboB-HeMarodaros

XnmuuH oBpa3s xu3nH eexyr Gaxrepun poxa Caulobacter,
KOTOpEI® C TMOMOIILIO CTeOANIBKOB MPHKPETUIAIOTCA K BOAOCPOCIAM,
MPOCTEHIIMM HIIH APYrHM GaKTepHAM M HCHONb3YIOT HX KaK MCTOMHHK

nuuy (pHc. 13.4).
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Puc.13.4. Tpuxpeniense xumHbx Oaxrepuit

poza Caunlobacter k Gaxrepusm pozos Bacillus (a)
u Azotobacter (6)

13.3. AHTHEBHOTHKH

AHTHOHOTHKH - CHeNHAIH3INPOBAHHBIE NPOAYKTBl >KWIHEAEA-
TENBHOCTH Pa3NMHYHBIX OPraHHU3MOB, Obnajamowue CcrocobHOCTHIO B
HE3HAYHTENIbHHX KOHLUEHTPAUMAX M3OHpaTeNsHO MOJABNATE Pa3BHTHE
MMKPOOPranM3MoB. TepMHH (@HTHOHOTHKHY O3HAYAET (TIPOTHB KHIHK»
(ot rpeu. anti -~ nporus, bios - »xu3He). C. BakcmaH, npeanoxusmit
3TOT TEPMUH, HME B BHAY NarySHOe AeHCTEHE BAIIECTE HA MUKPOOHI.

AHTHOHOTHKH, KaK XHMHOTEPANOBTHUECKHE BOLISCTBA, TOMy-
YEHHDbI® Ha OCHOBE KM3HENEATENIHHOCTH MHMKPO- H MAaKPOOPTraHHM3MOB,
OTNHYAIOTCA OT OOBIUHBIX METAGONHTOB CreUH(HUHOCTBIO H HCKITO-
YHTEIPHO BBEICOKOH OHONMOrHYeCKOH AaKTHBHOCTBIO B  OTHOLIGHHH
HYBCTBMTEJIBHBIX K HM MHKPOOPraHH3MOB,

Cnocobroctsio BhpabaTsiBaTe aHTHOHOTHKH OBNANAIOT HEKOTO-
pele BHABI PACTeHHH, XXMBOTHBIX H MHKPOOPTaHH3MOB. JTO creuy-
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ueckoe (PH3HONOrHvecKoe CBOMCTBO BOZHHMKIO Y HHMX M 3aKpernunoch
©CTECTBeHHBIM OTOOPOM B PE3YNBTaTe THTENBHOrO 3BOIOLHOHHOIO
passuTusa. C obmeOuonornyeckoil TOuks 3peHHs OGpazoBaHMe aHTH-
GHoTHKOB ABIAETCA NPHCNocoSUTenbHOM QyHKUMEH opraHuama, oBecre-
YHBAIOLIECH BEDKHBAHHE BHAA.

BakHBIM 3TancB B HCTOPHH NOMYHEHHS AHTHOHOTHKOB ObINO
OTKPBITHE AHTNHMHCKHM yueHbIM A. Dnemunrom nenupmuHa (1928).
Otxpeitie Gbimo menom ciydas. ITlpocmaTpsBad 4alKd € NOCEBOM
cradunokokka, A. OnemHHr 3aMeTH, YTO HA 4YAIIKE, 3ArPA3HEHHOH
mnecenso Penicillium, pocr cradmmoxokka orcyrcTeyer. Bmipenenue
KONMOHHH TUIECEHH B YHCTYIO KyNbTYPY M TOBTOPEHHE OIbITa
MOATBEPAMAO NpexkHue peaynsTatel. Okazanock, 4TO rneceHs noaasnana
POCT He TONBKO CTAaIJIOKOKK2, HO H BCEX IPAMMNONOMHTEIBHBIX
MuKpoGoB. Bekope A. (DnieMHHr NMOMY4HI NPO3PAYHYIO KYIBTYPATBHYIO
KHAKOCTE 3TOro ke rpuba, obnajaromyio aHTHOGAKTEpHATBHBIMH
CBOHCTBAMH MO OTHOIIGHHIO K THOSPOLHBIM KOKKaM, KOTOPOH Aai
HA3BaHMe (MeHMIWINHHY. OnHaxo neHHITHH A, @nemsuHra se Hawen
MPHUMEHEHHs H3-3a MajlOH CTOHKOCTH H OONEe3HEeHHOro BBEAEHHS B
OpraHH3M.

MouspiM CTHMYJIOM IUIA HM3BICKAHHMSA aHTHOMOTHUYECKMX BEILECTB
ABUIIOCH NONyuYeHHe MUKpoSHonorom P. hobo mupompuyuna (1939) us
cnopoeod mamouk# Bac. brevis. THPOTPHLIHH B  HHYTOXMBIX
KOHLEHTpaUHsAX yOHBaI naToredusix 6akrepuii Kax B npobUpKe, Tak H B
OpPraHH3Me 3apaKeHHOro >HBOTHOro. C OTKPHITHEM THPOTPHLKHA
BO300HMOBHNIHCh paboTsl MO COBEPLISHCTBOBAHHIO METOROB MONYYEHHA H
OUMCTKH NMeHHIpUHHA, OCOOGEHHO HHTEHCHBHBIE HCCNENOBAHMA HAYATH
TPOBOAHTLCA Ha poauHe A. PdneMHHra okcGOpACKOH Ipynno yueHbIX,
KOTOpYIO BO3rnaBunH Bpauy-Oakrepuonor X. @nopu u Guoxumux I
Yetin. B 1941 r. umu Obil nomyded HHCTHI KPHCTAIUIHYOCKHM
KOHUEHTPHPOBaHHbIH CyXOH npenapar - nedHipuunH. [Ipenapar obna-
JIaN BHICOXOH AKTHEHOCTHIO! B HHUTOXHOH KoHuewtpaumu (1 : 5107)
ryOHTeIBHO  [eHCTBOBAI HA  THOEPOAMBIX  KOKKOB, OCTaBasCh
HETOKCHYHBIM U1 uenoBeka., bDBonblioe mnpaxkTHveckoe 3HAUEHHE
NEeHNUMUTHH2 [PHBENIO B O4YeHb KOPOTKOE BpPEMA K CO3TAHIIO
TNeHHLMJUTHHOBOH MPOMBILIJIEHHOCTH.

Benen 3a  meHMUMWUIHHOM 6bL1a  OTKPHITA  CEPMS  APYTHMX
aHTHGHOTHKOB, 0GpasyeMEIX rpubamu, GakTepHAMH, AKTHHOMHLIETAMH H
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Apyrumu opranusmamu, Tak, B 1942 r. I, ®. Fayze u M. I'. Bpaxuuxo-
B2 TONYYHIH AHTHOHOTHK cpamuyudun coeéemckuii (rpamuupane C).
lNpoayueHrom ero oxazanacs crnoposas namouka Bac. brevis.
Fpamurzns C otmrdaercs or THpotpHuMHa P, [Ji060 1o XUMHYECKOMY
coctasy u OHonorkdeckomy JmeicTBuio. OH mnpexpcraBnser coboil
NONMUNEIYTHA, COCTOSAMIMH H3 IMATH THIOB AMHHOKHMCIOT. THPOTpHUMH
BKTIOYAET ABA PA3NIMYHBIX MONHUTIENTHAA - THPOLMINH H IPAMULHAHH.
MNocrneawmit cogepuT 24 aMMHOKMCTOTHBIX OCTaTKa. Kpome Toro,
rpamunuans C xapaxrepusyercs Goriee MPOKHMM CHEKTPOM aHTHBak-
TEPHANBLHOrO ASHCTAHS,

B 1944 r. C. BakcMaH C COTPYAHHMKAMH M3 JY4YHCTOro rputka
Streptomyces griseus nNOMYyYMNIH AHTHOHOTHK CTPENTOMHLHH. 7O
OTKPBITHE ABMIOCH MOIIHBIM TOMYKOM K BCECTOPOHHEMY H3YYeHHIO
AKTHHOMHLIETOB H TOHMCKY CPefH HHX MNPOAYLEHTOB HOBBIX AHTH-
6HOTHKOB.

B nacroamee Bpemsa n3sectHo Gonee 1500 paznHuHbix aHTHOHO-
THHECKHX BELIECTB, HO B MEAMLIMHCKOH MPAKTHKE IPHMEHASTCS TONBKO
oxono 50 (3-4 %). 1o CBA3AHO € TEM, 9TO HEe BCE OHHM OTBEYAIOT
TpeboBaHHAM, KOTOPbIC NPEIbABIAIOTCA IPH BHEAPEHHH HX B NPaXTHKY.
AHTHOHOTHKHM HOMXHBI COYETaTh HM3IKYIO TOKCHHYHOCTh K MAKPO-
OPraHH3My H BBICOKYIO TOKCHYHOCTb K MHKPOOPraHHM3MYy, AeHCTBOBATh
Ha GaKTepHH B MalbIX KOHLEHTPaLHMAX, COXPAHATb AKTHBHOCTD B
NPHCYTCTBHH HOPMANbBHBIX H MATOJOIHYECKHX »HAKOCTeH (KPOBB, FHOH
M 7p.); He HHAKTHBHPOBATBCA TKAHEBbIMH (EpPMEHTAMH M He pa3py-
WAaThCH B BOCMANMTONBHBIX 3KCCyAaTax; He oOnajaath aHTUINeHHBIMH
CBOMCTBaMH, 9TODBI MOBTOPHOE BBECHHE HE BbIIBAJIO AJUTEPTHYECKHX H
aHAQHNAKTHYOCKMX SBJGHMI, XOPOLIO PACTBOPATECH B BOJE NPH
KOHLEHTPaLKH BOJOPOAHBIX HOHOB, COOTBETCTBYIOWEH TakoBOH B
snakoctH Tena (ana auddysHu nexapcTsa M3 KPOBH B IMOPAXEHHBIS
TKaHH).

IMo xuMHYeCKOMY COCTaBYy aHTHOHOTHKM npeacTaBAMOT Ccobok
caMele pa3sHOOOpa3Hbie BOIECTBA — OT NMPOCTAIX COSAHHEHHH MO O4YEHb
CNOXKHBIX MOJUNENTHAHBX CTPYKTYP. XHMHYECKOE CTPOSHHE H3Y4OHO Yy
BonsIIHHCTBA AHTHOMOTHKOB M MONOXKEHO B OCHOBY MX K/TaCCH()HKALHH,
Cornacio M. M. Lllemsaxnny 1 A. C. Xoxsiosy, pasiHuaoT aHTHOHO-
THKH aLMKIHYECKOr0 H apOMaTH4eCKOro CTPOEHHMA, XHHOHBI, KHCJIOPOA-
COofiepKatiHe reTepPOLHIUTHYOCKHE COSNHHEHHSA, NeHNIHIUTHHBI, CTPenTo-
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MHLHHBI, aHTHOHOTHKH-TIONHIENTHADB], aHTHOHOTHKH ¢ YCTaHOBNSHHOH
M HOYCTaHOBNEHHOH cymmapHO# (opmynoi. C XxHMHYeCKOH CTPYKTYpOil
aHTHOHOTHKA CBA3AHBI MHOTHE €ro CBOMCTBA: PaCTBOPHMOCTB, CTOM-
KOCTb, TOKCHYHOCTb.

BaxxHo#i OCOOEHHOCTBIO AHTHOHOTHKOB fABNAETCAs H3OHpaTene-
HOCTh HEMCTBHSA. KAXIBIH M3 HUX AKTHBEH TONBKO MO OTHOLIGHHIO X
ONPEAENICHHON TIpynne MHKPOOPraHH3MOB M HHrHOHMpyeT CIporo
onpeneneHHele OuoxumuyeckHe GyHKuun. HarpHmep, NeHHIMIMH
AeHCTBYET TONBKO HA PacTyLlHe KIETKH rPaMIIONIOKHTEIbHBIX GakTepHii,
B TO BPEMs KaK rPaMOTPHLATE/IbHBIE K HEMY MeHee HMyBCTBMTENbHbI. B
3TOM COCTOMT OZHO M3 CYLNECTBEMHBIX OTIHYHI AHTHOMOTHKOB OT
OOWEeOHONOTHYECKHX AAOB — CyNEMBI, MpllbfKa, (eHoma, KOTophie
MOA3BAMIOT >XUIHEAEATENBHOCTS MIOOOro OpPTaHH3Ma, BCTYIHBILErO C
HHMH B KOHTAaKT.

Xapakrep geiicTBHA aHTHOHOTHKOB pasnnueH. BonbiwMHCTBO H3I
HUX OaKTepHOCTATHUYHBI, T. €. 33JEPKHBAIOT POCT HYBCTBUTENIBHBIX
MHUKpOGOB, Apyrue, obnanas GakTepULIMAHBIM CBOICTBOM, BBI3BIBAIOT
rufenb  COOTBETCTBYIOIMHX  MHKPOOOB.  3HAYMTENLHO  MEHBLUE
aHTHOHOTHXOB, OBnamaroWMX GaKkTePHONHTHUYSCKHMH  CBOHCTBaMII.
DPpdexTHBHOCTD AHTHOMOTHKOB 33aBMCHT OT HO3B H IUATENLHOCTH
BO3AEHCTBHA. KPATKOBPEMEHHOE BO3NEHCTBHE B MANBIX M03aX 3anep-
skuBaer poct, a Gonee BHICOKHMES KOMUEHTPALMH M TNPOACIDKHTENBHOS
BO3AEHCTBHE BbI3BIBAKOT rHOENB TEX 3Ke MHKPOOOB.

Tempayuxnunel — TPyNNa XUMHYECKH ONMH3KHMX AHTHOHOTHKOB.
Oun 06nagaoT WHPOKHMM CHEKTPOM ASHCTBHSA. AKTHBHBI B OTHOLICHHH
rpaMnoNOKUTIBELIX M IPaMoTpuuaTenbHpX Oaxrepuii, pHKKeTCHH H
pAAa KPYIMHEIX BHPYCOB. TETPaUHKIHHBI UIHMPOKO TNPHMEHAIOTCA B
MEIUUHHCKOM TPaKTHKe, B 2KHBOTHOBOACTBE KaK CTHMYIATOPHl pOCTa
AMBOTHBIX M NTHL, B MHUIEBOH NPOMBILULISHHOCTH KAK KOHCEPBAHTHI
CKOPOMOPTALIMXCA NPOAYKTOB.

K nactrommeMy BpeMeHH M3BeCTHO IOECTh  [PENapaTos
TeTpauHKaHHOB. IlepBbiM  Obln  NOMydeH  XJNOPTETPAUMKIHH — —
aypeomuums (1949) un3 kynbrypanbHoil >kxuakocTH Str. aureofaciens,
KOTOPbIH BLIPAIMBAETCA TINYyOHMHBIM METOOOM [pPH HEMPephIBHOR
aspaunn’. OUHINEHHBIH TpENapaT HMEOT CBETIIO-KANTHEH LBET, MIOXO

* TlpoaylieHT XI0pTeTpaIMK/BHA oSpasyeT Takxe BUTaMuH Biy.
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pacTBOpHM B BoJie. XJIOPTETPALMKIHH BBIILYCKAETCS TIPOMBIHLIEHHOCTBIO
[I0/] pa3nM4YHbIMA HA3BAHHAMH — OHOMHLIMH, aypeOMHLHH, TYOMHIMH —
U MPHMCHSETCA NPH JIeYeHWH IMEBMOHMH, Opyue/nesa, Ty/sipeMuM,
PHKKETCHO30B H HEKOTOPHIX BHPYCHEIX 3aGonepaHui. HeoumineHHbIH,
TaK Ha3bIBAaEMBIA KOPMOBOH, OHOMMUMH HCHONB3YeTCA B MMBOT-
HOBOJACTBE.

M3 aHTHOKMOTHKOB AKTHHOMHMLIETHOIO IMPOMCXOMIEHHA 3aCILyKH-
BajOT BHHMAaHH XIopaM(beHHKOI, HIH XJIOpPOMMIIETHH — TIPOAYLIEHT Act.
venezuelae W rpynna aKTHHOMHUMHOB, MNPOAYHEHTAMH KOTOPBIX
ABNAKOTCA MHOTHE BHIbI AKTHHOMMLETOB. Xnopamgbenuxon (JeBomu-
LIETHH) OTHOCHTBLCA K 2HTHOMOTHKAM LUMpOKO cneKipa ACHCTBHA H B
OYCHBb MallbIX KOHLEHTpauHusX IOAaBiseT pocT MHOrux Oakrepmit. B
OTNHYHE OT NEHHUMLIMHA M CTPETTOMHLIMHA OH HEHCTRYET Ha KDPYIHBIE
BHpychl — Bo3bynuTeneil Tpaxomsl, BeHepyueckol nuMGOrpaHynoMEl, a
TaKkKe Ha PAA PHKKETCHH — Bo3OyauTess chinuoro THa, muxopamku Q
U NATHHCTON NMxopaakH CKaJUCTBIX FOp.

Spumpomuyun  nNpUHAVIOKAT K Ipyniie  aHTUGHOTHKOB-
Makponuaos. Jna HuX XapakTepHa Kpynuas, CJIOKHO NOCTPOeMHAas
monexyna. IlpomyueHTom spurpomMuumua cuyxur Saccharopolospora
erythreus, BeiieneHHbi 13 11048 QUIMNITHK. DPUTPOMHULIMH ABRJISETCA
aATHOHO-THKOM LIHPOKOro CneKTpa NeHcTBHA, Mo Gornee akTMBEH TO
OTHOIIEHHIO K IPAMNONOKHTENBHBIM MUKpobaM. OH neHcTeyer Takxke
H2 PHKKETCHH, KpyTHBie BHpPYChl H wMmukoGaxrepun. HauGonbmee
fIPAKTH4ECKOE 3HAYEHHE HMEST JieHCTBHE €ro Ha  30JIOTHCTHIA
CTadhHIOKOKK, OCOGEHHO Ha HITAMMEL, YCTOWYMBBIC K ICHALIILTHHY.

IomuMo  aHTHOHOTHKOB, KOTODble NOABBJIAIOT  Pa3BHTHE
6Gone3neTBOPHBIX MHKPOOPIraHH3MOB, HEKOTOpHIE AKTHHOMMLETHI MOTYT
IPONYLHPOBATE BELECTBA, 33 AP KHBAIOIIHE PA3BHTHE 3JIOKATECTBEHHBIX
omyxoneif. 3170 TaK HA3ILBaeMble IPOTHBOPAKOBHI® AHTHOHOTHKH,
Axmunomuyun — TIepBbiY H3BECTHBIM NPOTMBOPAKOBBLIH AHTHOMOTHK,
eoigenennsit C. Bakcmanom u I'. Byapedom u3 Str. antibioticus 8 1940
r. Ou obnagaer cuaLHLIM aHTHGAKTEPHAIBLHBIM NEHCTBHEM, NOJABIIAET
pa3BHTHE AKTHHOMHLIETOB H HEeKOTOpeIX npoxokel. [Iporusopakoroe
neificreue ero Opuio orkpuTo B 1952 r. OH TOPMO3HT pa3sMTHe
KapLHHOMBI JpJiiHXa H PaKOBbIX 3aGoieBaHNH NTHM(ATHHECKOH CHCTEMBI.
IIpuMeHeHHe aKTHHOMMIMHA OrPaHHYEHO H3-332 €ro BBICOKOH TOKCHY-
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HocTH. K macTosmemy BpeMEHHM NONydYeH uenbiif psf aKTHHOMHLHHOB.
OHM xopomo H3y4eHbl, yCTaHOBjieHa cofepa KX KIHHHYECKOro
NPHUMEHEHHS.

B CCCP B 1963 r. Gbu1 nomyuey NPOTHBOPAKOBBIH aHTHOHOTHK
Opyneomuyun. Tpomyuentom ero sasunca Str. albus var. bruneomycini.
BpyHeomMumy nonaBaseT POCT HEKOTOPRIX ONyxonel denoseka M
NEPEBHBAEMBIX OIyXonel nabopaTopHBIX HHBOTHBIX. OH HICHPaTE/IBLHO
uHrubupyer cuHtTes JIHK M BBI3bIBaeT ee lerpajjauio B KJETKax
Gaxrepuit. K mnpormBopakoBeiM aHTHOHMOTHKAM, IOyYEHHbIM M3
AKTHHOMHMLIETOB, OTHOCATCA DYOOMUYUH, ONUGOMUYUH, CIIPENMOHUSPUH,
OayHoMuyur U Op.

Himeromuecs NpOTHBOPaKOBble AHTHOHOTHKY NMOKa He JAloT TAKHX
YCMEMHBIX Pe3yNLTAToB, KaK aHTHOHOTHKY, npMMeHseMble JUTS JI€HeHHs
Gakrepuancuneix 3a6onesanuil. UccneioBaHMA TIO H3BICKAHMIO HOBBIX
3pdexkTHBHBIX  aHTMOMOTHKOB  NPOTHB  pakoBbIX  3aGoneBaHui
NPOAOIIKAIOTCA.

13.3.1. Mexanusm Oedicmeun aHmubuoOmuKos

Biaumopeiicreye aHTHOHOTHKA ¢ MHKpoOHOH xieTkoi Moxer
BBI3BATE JIH3KC KACTKH B Ppe3ysbTaTe HapPylIeHHA €¢ OCMOTHYECKOro
Gappepa, MOXKET HIMEHMTH IIPOHHLIAEMOCTE KIIETOuMOM CTEHKH,
HApYIIMTh OAMH MM  MECKOIBKO 3H3WMATHYECKHX IPOLIECCOB,
OKa3pIBRIOWIMX BIHAHHE Ha META00IHIM KIICTKH.

Venexu B obnacty  wmonekynspuod GHONOrMM  MO3BOJMIH
BEUACHHTH MOJIEKYJIIDHBIE MEXaHH3Mbi JelcTBHA  GONBIIMHCTBA
AHTHOMOTHKOB M OINpPEAETHTh HX KOHKDPETHYIO POJb B HapylleHHH
KHIHERSATENLHOCTH  UYBCTBHTENbHONH KieTKH. B 3aBHcHMocTH  oT
obimero GHOXMMHYECKOro MpoLecca WIM OTAENBHOIO 3Bena B LIENH
peakiivif, T. €. OT MMIICHH, Ha KOTOPYIO HEACTBYIOT aHTHOHMOTHKH, MX
pasfensioT Ha HUrHOMTOPBI CHHTE3a KIETOYHOW CTEHKH, QYHKLH#H
mHUTOIUIasMaTHieckol MeMOpaHbl, CHHTE3a HYKIEHHOBBIX KHCJIOT,
yHKImiA pubocom.

HauGonee yummBepcambHBIM MHIHOMTOPOM CHHTE3a KIETOYHOH
CTeHKM OGakrepHil ABNACTCH MEHMUWUIMH, akTHBHO YyOmsaommuit
pactymue  KymsTypHl. Mumenslo  MHruOGMTOpHOro  nelcTBus
NEHHLMUTHRA COyXHT (EpMEHT TPaHCNENTHa3a, KaTaJIK3HpPYIOmH
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o0pasoBaHHe MOMEPEYHBIX CLIMBOK MEXAY LENSMH B  MOJIEKyne
raukonentHaa. MexaHu3m AeHCTBHS MEHULIULUTHHA CBOIMTCS K TOMY,
YTO OH CBA3BIBACTCH C OJIHMM M3 AKTHBHBIX LEHTPOB (epMeHTa M
HeoOpaTHMO HHaKTHBMDYeT ero. B pesynbrate B pacTymiel KymeType
GaxTepuil B NPHCYTCTBHHM MEHMLWUIMHA MOSBNAIOTCH MOHOMEDEI
rAMKONeNTHAA B BHAe OAWHOYHBLIX (mGpumwi. CuHTE: HeCIWHTOro
TNHKONENTHAA NPHBOOMT K (POPMHPOBAHMIO ae(eKTHOM KJIETOMHOH
CTEHKH, B Pe3ynbTaTé 4ero B NEHHUWIUMHOBOH KyneType nmbo
ofpasyiorcs NpOTOIIACTEl, nHGO KIETKH NMHIHPYIOTCA NoA HEHCTBHEM
8BTONMTHYECKHX (DEPMEHTOB, KOTOPHI® HE WHAKTHBUPYIOTCH NeHHLM-
nuHOM. 31H  (ePMEHTBI WrPalOT BECBMa CYyMECTBEHHYIO pPOib B
JINTHYECKOM ACHCTBMM MNEHHWWUIMHA. B CBA3M ¢ TeM, YTO CHHTE3
MaTepHana KIEeTOYHOH CTeWkH Haubonee AaKTHBHO IIPOHCXOAMT B
obnactu menenua kneTky (T. . B obnactu oSpasyrowelcs nonepeuHoH
NIEPEropOAKHK), BIOJIHE NOHATHO GaKTEPHUMAHOS AeHCTBHE NOHULIHIUTHHA
TONBKO HA PACTYLIHE KIIETKH.

B HacToslee BpeMs M3BEeCTEH M PsA OPYTHX AHTHOHOTHKOB,
MHrHOMPYIOIHX CHHTe3 rnuKonenTHaa. Tak, BHTHOHOTHK D-uuxmo-
CepHH HWHrHOHpyer (epMeHTH, KATANH3UPYIOLHE BKMOYeHHe D-anma-
HUHA B TINHKONENTHI, H BH3bBaeT 0OpasoBaHWe CTabHMLHBIX
NPOTOMNACTOB MK C(eponnacros.

MonekynapHele  MeXaHuU3MbI  AGHCTBMS  AHTHOHOTHKOB  Ha
(yHKUHOHHMPOBAHHE LHTOILIA3MATHYOCKOH MEMOpaHBl HyBCTBHTENIbHBIX
KIeToK HWaydeHwl cnabee. [lpennmonararor, 4TO aHTHOMOTHMKM 3TOMH
rpyrmsl - rpamuupaud C, THPOLMOMH, HUCTATHH, NOJHMHKCHHBL -
B3aHMOACHCTBYIOT C GeNKOBO-NHMHAHBIME KOMIUTIEKCAaMH MeMOpaHE,
BHI3BIBAA AE30PraHU3alMI0 MX CTPYKTYPH. B pesynmetate memGpasbl
YTPauMBAIOT CHOCODHOCTL CNyxuTh OGapbepom nponmunaemocrd: Ha
npuMepe HeHCTBHA MOJMMMHKCHMHA OBLNO NOKa3zano, YTO HobaBneHHe
3TOro aHTHOMOTHKAa B GakTepHLMAHBIX KOMLEHTPALMAX K KyNbTypaM
YYBCTBMTENbHBIX GakrepuH NPHUBOAMT K OCBODONKAGHHIO H3 KIIOTOK
A30THCTHIX OCHOBAHKI, NEUTO3 H APYrHX HU3KOMOJIEKYIAPHEIX BOLUOCTB.
BBUIO YCTAHOBNIEHO, YTO NMONKUMHKCHE, MEYEHHBIH (IOOpecLUpyIOmHM
BOLIECTBOM, B3aumopeiictayer ¢ docharnmmu rpynnamua  docdonu-
nnpos. PasseTeneHHas KOHUEBas LEMb MKHPHON KHCIOTH, BXOAAIICH B
COCTaB MONHMHKCHHA, NPOHMKAST B HeronspHeie obmactu docho-
NUTHAOB MeMOpaHBI, B3aHMOZCHCTBYeT € HMMH, BHI3BBAas RE30pP-
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raHM3aUUIO H PEOPHEHTALIMIO NUNHAOB MeMOpanbl. B xoHeuHoM utore
HapylaeTcs NPOHUIIAEMOCTh MOMOPaHEI W K1eTka norutaer.

K anTHOHOTHKAM, MOAABNAIOIUMM CHHTE3 HYKIEHHOBBIX KHCIIOT,
OTHOCATCA BCE MPOTHBOOIYXONEBHIe AHTHOMOTHKH, XHMHOTEPANHs PaKa
Ha JIaHHOM 3Taneé OCHOBaHA TITIABHBIM OOpPa3oM Ha 9TOM CBOHCTBE
aHTHOHOTHKOB K30MpaTensHO WHrHGHPOBAThP CHHTE3 HYKIIOHHOBBIX
KHCJIOT, TNpPHYeM  HEKOTOPEI® M3  aHTHOHOTHKOB  O0najaror
MHOXECTBEHHOCTBIO MEXaHH3MOB ASHCTBHA.

IMporuBoonyxonessle  AHTHOHOTHKH, TOAABIAIOLME  CHHTE3
HYKJIGOTHIOB, SBJIAIOTCH CTPYKTYPHBIMH AHANOrAMH AMHHOKMCIOT M
aMHHOB (232CepHH - IITyTAMHHA, XAAALMHAWH - aCNaparnHOBOH KHCIOTH)
H KOHKYPHMPYIOT C HHMH 33 COOTBeTcTBYomue (hepmerThl. CrsbiBanue
aHTHOMOTHKA ¢ (PepPMEHTOM NPHBOLUT K HEOOPaTHMOM HHAKTHBALMH
NOCNEAHEr0 W  ONOKMPOBAHMIO HEOOXOAMMBIX  GHOCHMHTETHHUECKHX
peakunit. Tak, a3acepHH NOAABIAET CHHTE3 IyPMHOB Ha CTaA¥M
tdocdopnbozunopMunr NHIHHAMHAWHCHHTETAa3bl, XOTA K €ro ASHCTBHIO
YyBCTBMTENBLHEL M JAPYTHe PEaKUHH CHHTE3a, KOTOpbie HYXAAIOTCS B
rnyramusie. AHTHOHOTHK XaZaUHAWH TOABJIAET CHHTE3 aJeHHHOBBIX
HYKJIEOTHIOB NyTeM ONOKHPOBaHHA aNeHHIOCYKUHHAaTCHHTeTassl. Pix
anTubuornkoB (popmuumy, TyGepumaus ¥ Op.) npeacrasasor coboi
aHAJIOTH a30THCTHIX OCHOBAHMI M B KJIETKE MOryT BKmouaTscs B PHK
BMECTO HOPMAJIBHBIX HYKIeoTUI0B. B pesynbraTe H3MeHSIOTCS CBOHCTBA
HYKNEHHOBBIX KHCJIOT M HapywamoTcs MX GyHKuum B CHHTele Oenka
BHelwnre 3TO NMPOABNAECTCA B UHTOTOKCHYECKOM ACHCTBHH aHTHOHOTHKOB,

Hexkoropbie aHTHOHOTHKH MOTYT NOAABJIATL CHHTE3 HYKIIOHHOBLIX
KMCIIOT nyTeM HapyineHus matpuurod dyuxumn JHK. INpuuem onxn u3
HHX OKa3HMBAlOT NpsaMoe aeHcreme, ceasniBasck ¢ JIHK B xoMmnexc
anTHbroTuk-JIHK: apyrre - kocBeHHOe, BBI3EIBAs H3MEHEHHS CTPYKTYPHI
MyTeM PaspeIBa LENH, YAAJICHHA OCHOBAHHH HIH 00pa30BaHMs CLUMBOK.

HenocpeacTsennoe aeiicreve Ha ¢Qynkuva JIHK kak matpuus
OKa3biBaeT AHTHOMOTHK AKTHHOMHLIMH, HCTIONBIYSMBIH B XHMHOTEPATHH
onyxoneii. AKTHHOMHUHH obnanaeT criocoBHOCTHIO craAsnBaTECH ¢ JJHK-
MAaTpHUEH, nNogaBjAs 3THM cambiM aktuBHOCTs PHK-nonumepsaw,
Koropas katanusmupyer cuHTez MPHK. MexanusMm aeiicTeHa COCTOMT B
TOM, YTO aKTHHOMHUMH, CBA3HBaAch ¢ Monekynoit JIHK, oGpaayer
xoMmruieke anTnbunoTrk - JIHK, koropeiil sBnsercs csoero pona 6noxom,
NPENATCTBYIOUM npoasmxkerHio ¢epmenra PHK-nonumepaser saons
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MaTPHULLI H «CHMTBIBaHHIO» HubopMauun. B pesynetaTe mabmopaercs
3aMENIGHHE IITH NONHOE NpeKpaieHye cuHresa MPHK.

OGpaszosanne cummeox B Mmonekyne JIHK, xoropme mnpenor-
BPaLAOT pacxoxaenne HuTeH, poawrensckoH JHK w perumukaruo,
BHI3bIBAET AHTHOMOTHK MUTOMHLHH C.

Mmuorne anTHOHOTHKY, TaKkKe, KaK CTPEITTOMHMUMH, TeTPALHKIIHNH,
SPUTPOMHUMH, XNOpambenukon, unzubupyrom Qyrxyuu pubocosm, a
CIIeIOBATENbHO, CHHTe3 Oenxa. Kamaeiit W3 HHMX B3aUMOAEHCTBYET C
onpenenennol cybuacthiel pubocombt (Gorbinoii nnm Manoif), Hapyuas
ee HopmanbHoe G(yHKuHOHHpoBaHue. CneuxdHueckHM HHrHEGHTOPOM
GenkoBoro CHHTe3a sBnsercs xiuopamdenukon. UyBCTBHTENBEHBM
y4acTkoM mHa pubocome ans  xnopamdeHukona sensercs  50S-
cybuacruna. CBA3bBasCch ¢ Hed, aHTHOHOTHIK NONABNSET NEMTHAW-
TpaHchepa3Hyi0 PeaKuMIO, MPEAOTBPAIAA OOpa30BaHME NENTTHAHBIX
CBS36H M POCT MONMNENTHAHOH LIENH, 3 TaKKe MNepeMeweHne prbocom
Boone MPHK. Kak & MHOorve apyrme WHrubMTOpH CHEHTe3a Oenxa
xnopamdennkon obnamaer GakTepHOCTATHHECKHM OOHCTBHOM, OXHAKO
npu Goriee BBLICOKHX KOHUGHTPALIMAX MOXKET NPHBOAWTE K rubend
HYBCTBHTEJIbHBIC KJIETKH,

AHTHOHOTHKH TeTPALUMKINH H CTPENTOMHMUMH CBA3BIBAIOTCH ©
MasioH cyOuacrrueii pubocomat (30S) 1 Toxke nonaenAOT CHHTE3 Benka,
Terpaunianel HHrHOHPYrOT CBA3biBanHe amuHoauwt-TPHK ¢ pu6oco-
Mamu (A-y4acTKOM), CTPENTOMHLIMH, NOMHMO 3TOH PeaKUHH, BHI3LBACT
oumnbku Tpancasumy MPHK (owmGkm camTeiBanis) W nojaeaser BCe
PeakiuHK cHHTe3a Genka. AHTHOHOTHK OGO NpUpoas (HE3ABHCHMO OT
€ro XHMHUECKOH CTPYKTYpHI), B3aHMoneHcTsytommit ¢ puBocomamy,
ofycnoBnuBaeT OQHHAKOBBIH KoHeuHbH 3Qdekr - nomasnenme Guo-
CHHTe32 GenKa M KaK CIeACTBHE - MPEKPALIGHHE POCTA MHKPOOPraHH3Ma.

13.3.2. Ycmoiinueocmp MUKpoopzanuimos k anmubuomuxam

MHEKpOOprasHaMe! pa3IHUAIOTCS MO CBOEH HYBCTBHTEIBHOCTH K
anTHOHoTHKaM. CymecTByroT 8HTHOHOTHKOPE3HCTEHTHBI® BapHAHTHI
MexaunaMh, obecreurpaompe aHTHOHOTHKOPEIHCTEHTHOCTD, Pa3HO0E-
pa3sel. 910 Moxer GbTh cnocobHOCTD BHpabaTsiBaTh WHAYUHOEIBHBIO
tepMenTH, paspywalompe npenapar. Hampumep, psx  wraMMoB
cTadHIOKOKKA W CHOPOHOCHBIX GakTepuii B Cpese ¢ NMEHHLMUTHHOM
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ofpasyior (epMEHT NEHHMLWLINHAZY, KOTOPHIH Ppa3pyliaeT MONeKyny
NeHMUWUTHHA 1O NAKTZMHOMY KOJNbLl, OOpa3ys NEeHHLHLTHHOBYIO
kucnory. Ilocneanss He oBnagaer aHTHOAKTEPHANBHOH AKTHBHOCTBIO.
TMeMHUMLIHH BHICTYTIAET 306Ch KaK MHAYKTOP CHHTE3a NEeHHLWUIMHAbL.

ABTHOHOTHKOYCTOHYHBOCT  MHKPOOPIaHH3MOB MOXKET ObiTh
OOyCioBNeHa CNOCOBHOCTBIO KISTKH K 3aMEHe OAHHMX 3BEHBEB OOMena
BolecTE Ha JpyrHe (deHoTHnMYECKas M3MEHYMBOCTB), a TaKke
HANM4YHEM B KJICTKaX TICHETHYECKHX (DAaKTOpOB  NeKapCTBEHHOM
yerorunBoctH (R-akropa. VeTolumBocTe X aHTHOHMOTHKAM MOXKET
NOABJIATHCA B PEIYNLTAT® MyTaLHH H peKOMOHHALH.

AHTHOHOTHKOYCTOHYMBBIE IITAMMBI MUKPOOPTaHM3MOB OTNHMYa-
KOTCS OT HCXOAHBIX PAZOM OHOXHMHMYECKMX H  (H3HONOrHYECKHX
npusHakos. Hanpumep, y cTadmiokoKKkOB HAOMIOAAETCs NOHHXKEHHAA
aKTHBHOCTh K (PpepMEHTALMH YTNeBONOB, Yy a30To0akTepa U Kiy-
GeHbKOBBIX GakTepHiH MOHMKEHHBIH TEMIT POCTa, Y NMAaTOreHHbx (opm
CHEDKAGTCH  BHPYNEHTHOCTb, IlpmoOpereHHas yCTOHYHMBOCTB, Kak
npaswio, cneuspuyHa: YCTOHUMBOCTD MUKPOGA K OHOMY 2HTHOHMOTHKY
HE HCKIIOY2eT YyBCTBHTENBHOCTH K AGHCTBHIO APYrHX. ITO XapaKTepHO
Ans  aHTMOMOTHKOB, MMEOMX pa3HOe XHMHYECKOE CTPOSHHME U
pasnsuHble MpoxyueHTh. J14 aHTHOHOTHKOB, 6IH3KHX N0 XHMHUECKOMY
COCTaBy, NPHCYLI2 NEPOKPECTHAA YCTOHUHBOCTD MHKPOOPraHH3MOB, T. €
MHKPOOPTaHH3MBI, NPHOOPETIUNE YCTOHYHBOCTE K OOHOMY M3 aHTH-
OHOTHKOB, CTAaHOBATCS YCTOMHMBBIMM M K JGHCTBHUIO APYTHX,
POLCTBEHHEIX HM. JTO OTHOCHTCS KO BCEM NEHWLMLTMHAM M TeTpa-
LIHMKJTHHAM.

OcCHOBHEIE TyTH NPEONONEHMs NEKAPCTBEHHOH YCTORMMBOCTH
MUKPOOPTAHM3MOB K aHTHOHOTHKAM - 3TO H3BICKAaHKMEe W BHEAPEHME B
MPakTHKY HOBHIX aHTHOHOTHKOB, KOMOHHHDOBAHHOE HPHMEHEHHE
ONHOBPOMEHHO HECKOVIBKHX AHTHEMOTHKOB C Pa3NHYHBIM MEXAHHA3MOM
NeACTBHA, YyHOaleHHe W3 KIETOK MHKPOOpraHuaMos  (GaxkTopos
NIEKAPCTBEHHOA YCTOMYHBOCTH.

13.3.3. Anmubuomuxu MuKkpobRO20 npoucxoncoenus
Tepeemm  Boicokoo(dexTuBHBM  aHTHOHOTUKOM, NOMYHHBIONM
IOMPOKOS NPHMMEHEHMe B MEAULIMHe, WBJISeTCS ANTHOHOTHK TPHOHOrO

MPORCXOXIBHHS - nerutpuinun. TlpoayuerTamm ero ciyxar rpubsl poaa
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Penicillium (P. notatum, P. crustosum, P. chrysogenum). B nesebuoi
MPaKTHKE NPHMEHSIOTCH NPUPOAHEIe M NOMYCHHTETHYECKHE AHTH-
Ouorukn. M3 mnpupozHeix NEeHHIGUUIHHOB Haubonee AKTHBHBIM ¥
CTOMKHM ABNACTCA OSH3IWINEHHILFUUIAH, WIH NOHULWUIHH ( MPORYLEHT
P. chrysogenum). OcHoOBOM A1 NPOH3BOACTBA NOMYCHHTOTHUYECKHX
NMEOHHUM/UTHHOB CIY)XXHT 6-aMHHOMEHHIMILIHHOBAA KHCIOTa, KOTOPYIO
NONYYaloT W3 KyabTypanbHOW »uaxoctH P. chrysogenum ® myrem
ruaponusa GensunnenuupumHa, K nMOmycHHTeTHYOCKMM neHHLMI-
JIKHAM OTHOCATCH aMINHULUHIUIHH, OKCALIWIUTHH W ap.

IMeruuWUTMH - OOMH H3 HAHMEHE® TOKCHYHBIX AHTHOMOTHKOE,
obmanaromux BBICOKHM nedebnmM pericteuem. OH maer xopoune
pe3ynbTaTsl TNpH JeYeHuW cencHca (oOmas rHofiHas WHbekuMs),
KPYNO3HOH [HEBMOHHWH, CTPENTOKOKKOBBIX M  CTa(HIOKOKKOBBIX
3abonesanni. [leMMUHIIMH 2KTUBOH NPOTHB rPAMIONOCKHTEIBHEIX
GaxTepmii.

Hexoropmie BHAB NEHULIWUTHHOB NPOAYLUMPYIOT AHTHOHOTHK
rpu3eodynbBHH ¥ €r0 a3HANOTH, AKTHBHBHIE NPOTHB TIPHOKOBBIX
HHGOKLHH - NHIuaA, Napuiy.

KpoMe mnenuumuinHa | rpuseodynbBUHa K aHTHOHOTHKAM
TPUGHOrO NPOMCXOMACHHS OTHOCATCA uedanocnopuHsl (MPOAYUEeHT
Cephalosporium  salmasynnematum) ® HX  DONYCHHTCTHYECKHE
NpPOH3BOAHBIE, OONajalomHe IIHPOKHM CrekTpom jpedicteus. Ouu
NOJABNAOT  MHKPOOPraHM3Mbl, YCTOWYMBBIE K  NEHHUIUIMHY.
LledanocropuHbl CHHTEIUPYIOT TAaKKe HEKOTOPH® AKTHHOMMLISTH -
camasn oBunbHAA rPpynna MPOAYLEHTOB aHTHEHOTHKOB.

M3 axkTuHOMHueToB nosyuaior okono 70 % uM3BecTHRIX B
HaCTOALISE BPEMS AHTHOHOTHKOB. OrpOMHYIO NOMYyASPHOCTS B MUPE Kak
MPOTHBOTYOEPKYNE3HBIH npenapaT NOAy4Hn cmpenmomuyur. Briepsue
atot antubuoruk seigened C. 3. Bakcmanom B 1944 r. u3 Str. griseus.
OH aKkTHMBEH KaKk B OTHOLUGHHH IPaMITONIOKHTENbHbIX, Tak H B
OTHOLUEHHM rPaMOTPHLATENbHBIX GakTepHii, B ToM uncne Bo3byanTenei
TyBepKynesa, 4yMsl ¥ gPYTHX NaTOreHHbIX OaKkTepuii.

HassectHo oxono 60 anTHOHOTHKOB GakTepHANBHOrO MNPOKC-
XOKACHUN, OAHAKO HEMHOrHE H3 HHX HALUUIA  IPAKTHYecKoe
NPHMEHOHHE, JTO CBAAHO B OCHOBHOM C HX TOKCHYHOCTRIO MiA
MaKpoOpraHnama. B MeaHuMHCKOI NMPAaKTHKE HCMOMBIYSTCS TPAMHLIHAHH
C, NONHMHKCHHEI, Gaumpaunﬂm, MHOLUMAHHH H ApP.
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I'pamuyuoun C - BewecTBO NonuNenTHANOH npuponst. Iomyyuaror
ero W3 KymbTyp aspobHOH cnopoBoii manouku Bac. brevis. O He
pacTBOpUM B BOAE, KHCIOTAX M LIENOYaX, PACTBOPHM B CHHPTE.
I'pammumane C obnajsaeT BHICOKOH aHTHOHOTHHUECKOH AKTHBHOCTBIO B
OTHOMIGHHH FPaMNONOKHUTENBHEIX M HEKOTOPBIX rPaMOTPHLATEIbHBIX
Gaxrepuii: NozasnseT pa3BHTHE (PEKAIBHOrO CTPENTOKOKKA, HA KOTOPBII
HO HACHCTBYST HHM NOHHUWLUIMH, HM CynbQaHHIaMWIHBIC NpenapaTsl
I'pamuupaun C npuMensercss npH nedendy HHGULMPOBAHHBIX PaH,
OXMOroB M FPYTHX THOMHEX nponeccos. C 1956 r. ¢ ycraHoBnenmem
XHMHY6CKOH NPMpOAbl AHTHOHOTHKA OCYLIOCTBIGH €ro XMMUYECKHH
CHHTE3, ;

Hu3sunb: Boifemensl U3 KyRbTYPaJibHOH JKHAKOCTH Streptococcus
lactis ® nDpeaCTaBRNAIOT CMECh HECKONbXMX aHTHOMOTHKOB. Hu3MHBI
AKTHBHBI MO OTHOIUGHHIO KO MHOI'HM IPaMIMONOKHTEIBHEIM Bakrepusm,
WHPOKO NPHMEHAIOTCA B MNMINGBOH NPOMBILLIGHHOCTH B Ka4yecTBe
KOHCEPBAHTOB, B BETEPHHAPHH JUIH NIEYEHHs MACTHTA Y KOPOB.

Msorue Gaxrepun posa Pseudomonas sBASIOTCH NPORYLEHTAMH
Pa3HYHBIX MO CTPYKTYPE® H MEXaHH3MY AeHCTeMs aHtHOHoTHKOB. Ha
NPAKTHKE IS NOUEHHS NEPMATOMHKO3OB NMPHMEHAETCA NMUPPOIHHTPUH.
OH aKTHBEH TakKe B OTHOIUEHHH GakTepHii TPYNNB! KHINEIHOH NManoyuKy.
W3 Ps. sorbistini nomy4eH KOMILIEKC aHTHOHOTHKOB aMHHOITHKO3HIOB
LIHPOKOrO CreKTPa JAeHCTBHE copOucrnuel. OHM MNIaBONAIOT POCT
GaxTepuil, YCTOHUMBHX K HOPYTHM aMHHOIJIMKO3WLAM, 4YTO Aaer
OCHOBAaHHE CYHTATh HX MEPCNEKTHBHEIMH AJIA MPHMEHOHHA B KIIHHHKE,

13.4. BAKTEPHOLITHHR

BaktepvonmHe! - aHTHGaKTepHANbHBIE BeWECTBa OenKoOBOH
npHponsi, OOpA3yeMEI® OTHENBHBIMH IOTAMMAaMH  pa3HBIX  BHJIOB
Gaxkrepuii. B ommume or  anTHOHOTHKOB — BaxTepHOLIMHEL
XAPAKTEPHIYIOTCA OUCHb Y3IKHM CHOKTPOM JeHCTBHS - MOAABNAIOT
pasBuTHe Gaxrepuil TONBKO CBOEro BuAAa WIH GIH3IKOPOACTBEHHEIX
Bugos. Knerkn, npogyumpyromne 6akTePHOLHHBI, PEIHCTEMTHH K
BIHMSHMIO CODCTBEHHBIX, & TAXOKe rOMONOrHMuYMBIX GakTepHOLMHOB, T. €.
obmapator  cneumbmueckod  ycrodumeocTsto. Ho  obpasoeanue
6aKTOPHOLIHHOB BCErfia HMOET NETAIBHBIA HCXO[ - 3aKAHYHUBAETCH
rubeneIo KIETKU-POAYLIeHTA.
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HawBonee w3yuenneMu sBAmOTCH Gaxtoproumnm E.  coli,
Briepemie BeisBneHHbe [1. Ipawna B 1925 r. u Ha3BaHHEIE KOHLMHAME.

KonuumHer ancopGHpyiOTCA MOBEPXHOCTHEO YYBCTBHTENBHBIX K
HyM GaxTepHii ¥ HAPYWAKOT PA3NHYHEE OOMEHHBIO TPOLIECCHI, BbI3BIBAs
rubenp xnerok. K Hacrosmemy BpemeHH onmcaHo Gonee 25 Tunom
xomupHOoB. OHM pa3mHaloTes NO PU3HKO-XHMHIUSCKHM CBOMCTBAM, NO
AQHTHIOHHOH CTPYyKTYpe H cnocoBHOCTH  aacopbupoBaThCs  Ha
ONpPEAGNSHHBIX PELIGNMTOPHHIX YJacTkax knerkH. CHHTE3 KONMHLKHOB
nerepmunnpyercas  Col-dakropaMi, OTHOCAIIMMHCA K  KATeropHH
nna3mea (eM. ra. 10).

BaxrepHourHN, BhigeneHHbe M3 apyrux Gakrepuit (Pseudomonas
Erwinia), npencraBmmor coboii B OCHOBHOM BbICOKOMONEKYJLAPHBIO
COBAMHEHHA, YACTO CJIOKHOrO GeNKOBO-MHIONONHCAXaPHAHOTO COCTABA,
umeromuHe pasHyio Gopmy H pasmepni. Hexoropeie n3 HuX moryT GmTs
knaccuuumposansl  kak  «nebexthme (Qarm». Ilo dopme ouu
HAaMOMHHAIOT XBOCTOBEI® OTPOCTKH (aroBeix yacTHL (puc. 13.5).

Puc. 13.5. Bakrepwonmus: E. carotovora

(ysemruenue x260 000) (doto npeacrasnero B.B.
JIricakom)

CnocobHocTts GaxTepHanbHbIX KJISTOK NPOAYUHPOBaTH
ONPeJENOHKK THIT GAaKTEPHOLHHA ABNSETCS CTAOHIBHBIM CEBOHCTBOM,
KoHTposupyeMuiM daxropamu Saxrepuounarensoctd. Ho B Hexorophix
CJIy4adX  TreHel, OTBETCTBEHHbIE 33 CHHTE3 OGaKTepHOLMHOB,
TIOKANTH30BaHB B xpoMocome. Hanpumep, reHeTHueckue JETEPMHMHAHTHI
R L, R 2, R 3, npoxyunpyemsie mrammamu Pseudomonas aeruginosa,
CBA3aHB C TPUNTOQAHOBBIM JIOKYCOM H PACHONONKEHB B XPOMOCOM®
KJIETKH-NPOAYLeHTa, TaxkWe IUTAMME! XAPAKTEPU3IYIOTCH KOHCTHTY-
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THBHBIM CHHTE30M OAKTGPHOLMHOB H INPH ONPONENIEHHBIX YCIOBHAX
KyNbTHBUPOBaHMs N0Gas KIETKa CriocobHa HX MPOAYLMpPOBATS.

Bronormueckas ponb GakTepHOUMHOB 3aKITIOUAETCH B TOM, HTO
OHH NPHAAIOT LUTAMMY-TIDOAYLCHTY COICKTHBHO® NMPEHUMYIIECTBO MEPEN
6IH3KOPOACTBEHHBIMH INTAMMAMM, KOTODMX OHM ybusaior. Xora
HefonpImas HACTh KJIETOK-TPOAYLEHTOB GaKTEPHOLMHOB TP  3TOM
noruGaer, HO KJIOH B HEITOM Pa3BHBAETCA AKTHBHO.
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Fanasa 14

B3AMMOOTHOIIEHAA MHKPOOPFAHU3IMOB
C BRICHHIHMM PACTEHHUSAMHU

MHUKPOOPraHM3IME! ABAIOTCA NOCTOAHHBIM COYTHHKOM HE TO/IBKO
YENnOBEeKA H XKHBOTHBIX, HO B PaBHOH Mepe W BHICUIHX pacrenuii. Onu
MIOCEJFOTCA M BEAYT aKTHBHBIN 00pa3 M3HHM KAk Ha NOBEPXHOCTH, TaK
M BHYTPH 3€NEHHBIX 4acTel pacTeHHH, HX KOpPHEH, CeMAHM, MIOAOB.
Haxonsce B TeCHOM KOHTaKTe C PACTOHHAMH, MHKDOOPTaHHIMBI
OKA3BIBAIOT HA HHX KaK NOJIE3HOE ACHCTBHE, OOSCIIeuHBas MHHEPasb-
HBIMH 3NCMCHTAMH NMHTAHHA H POCTAKTHBHPYIOINHMMH BOLIECTBAMH, TaK
M BpeJHOS, EBHI3HBAA pa3dHuHbe 3abonepanus. Pacrenna B cBoo
OuepeAp TAKKe BIHAIOT HAa CBOHX CHYTHHKOB. Crenesb B3aHMHOrO
BNMAHMSA BBIPRXACTCH TOM CMibHee, 4YeM OGONbIIE KOHTAKT MEXIY
A2HHBIMK OPraHH3MaMH.

14. 1. MHKPO®JIOPA PH3OCPEPH

30Ha MOYBH, HAXONAINAACA B KOHTAKTe C KOPHEBOH CHCTEMOH
PacTeHHH, HOCHT Ha3BauHe Ppr3ocdepsl, 8 MHKPOOPraHH3MBI, PA3BHBAIO-
WHeCs B MOAHHOM 30He, HA3ILBAIOTCA PHIOCPESPHBIMH MMKpOOpra-
HU3MaMH. YCIOBHO pPa3nMyaoT JABa THna PpH3ochepr: GIHXHIOK
(puzonnaHy) W ornanenHyio. BmkHan puzochepa pacrionaraercs
HEIOCPEACTBEHHO Ha MOBEPXHOCTH KOPHEH W H3BJIEKAeTCA BMECTe C
HHMH, OTAAJCHHAA HAYMHAETCA HA PACCTONHHHM HOCKOJBLKHX MHJUTH-
METPOB OT KOpPHeii i pacnpocTpanseTcs B paguyce 50 cMm oT HHX. .

BmwkHAs W oTnaneHHas pu3ochepsl Pa3NHHAIOTCA NO KOMHYECTBY
MHKpooprannamos. Hanpumep, B nouse, B34Tol Ha paccTOAHHH 15 cM oT
KOpHeil, uucno GakTepHil cocTaEnser A0 5 MIH, 2 HAa NOBSPXHOCTH
xopwueit - or 50 mnn no 10 mapa. Cornacio H A. Kpacuneauxosy, 1kcno
MHKpoOpranu3mMos B pusochepe 8 100 pas Gonsiwe, 4em B nouse, rae
pacteHHs He npouspacraior. CnefoBaTeNnsHO, BIHSHHE PH30ChSPEI
GArONPHATHO CKASKMBAETCA HA YBEIMUCHHH HHCIEHHOCTH oOieH
MHUKPOGNOPE, KOTOPas 3ABHCHT HO TOJIBKO OT 30HK! PH30C(EPH], HO H OT
BHA2 W CTafuM Pa3BuTHA pacTeHHH. Tak, B puiochepe kaprodens u
xnesepa B 100, a mennup Tonsko B 7 pa3 Gonsine MukpoboB, ueM B
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oxpykaroweil nouse. Cxonnenne MHKpPOOOB BONM3H KOpHEH CBA3aHO C
BBbIJETIGHHEM TIOCTIEAAHHMH PazIMYHBIX NMTATENbHBIX BELIECTB - C TakK
Ha3bIBAGMBIM 3K30CMOCOM. B KOPHEBBIX BBIACICHHAX YCTAHOBJ/IGHO
HA/MYHe OPraHHMYeCKHX KHCIIOT - AHTApHOH, LiaBenesoi, sGnouwof,
¢ymapoBoili: YTNEBOAOB THIA aNibA03 M KETO3, aMHHOKHCIIOT H HYKJe0-
THAOB; (H3IHONOTHYECKH BKTHBHBIX BOLUECTB - ()ePMEHTOB, BMTAMIHOB,
anKaIoMaoOB M ApYrMx coeauuenuii. Kopnesme Bmiaenenus Moryt
CNY’KMTh Ba)KHBIM CEJIOKTHBHBIM (aktopoM B (OPMHDOB2HHH B
pusochepe oOTAeNEHMX MHKPOOHbIX accoumaumii. Kpome kopHeseix
BbLICIICHHH, MHKPOOPTaHHIMBI HCRONB3YIOT B KAY€CTBE HCTOYHHMKOB
NUTaHMs OTMEPLIHe KOPHEBBIE BONIOCKH, 3nuaepmuc. Kpome Toro, B 3oHe
KOpHeH ynyqinarorcs (GH3HKO-XHMHYECKHMO® CBOMCTBA [OYBHI, €6 CTPYK-
TypHOCTb, BiaxkuocTb, pH. [Tostromy mnoTHOCTE MHKPOOPraHM3MOE B
prsochepe 3HaUNTEIBHO BHILIG, YEM BHE KOPHEBOH 30HBI.

OchoBHasi Macca NPUKOPHEBOM Mukpodnopsl npeactasneHa
HecnopoHocHbIMK Gaxrepuamu pona Pseudomonas. Opmako B 3aBUCH-
MOCTH OT BHAZ PpAacTeHMH B MHKPODHBIX accoUMauusXx MOryT
TPOHCXOANTD 3HAMHTENBbHBIE H3MEHEHMA BHAOBOrO cocTtapa. [To nanmbiM
M. ®epoposa, HanmpuMep, Beayuiee Mecto B pHiochepe TumobecBku
3aHHMAIOT MHKODakTepuH, B TO Bpems kak B pusochepe Knesepa
npeobnagaror dumoopecuupyromue Gaktepud W Ps. radiobacter, B
pu3ochepe KpecTOLBETHBIX B 3HAUMTENbHBIX KOIMMYECTBAX OOGHAPYXM-
BaeTca asorobaxrep. B cBasu ¢ Bo3pacroM pacTeHus M ero QH3HONO-
rMYeCKMM COCTOSHHEM CrielH(pHKa MAOMHHMDYIOLUHX BHAOB MOXKET
CHIIbHO H3MEHATbHCA, HO 0Bmas 3akoHoMepPHOCTh, nprcymas pusocdepe
TOro WUIH MHOrO pacTeHHs COXpaHsercs. JIMHaMHMK2 YHCIIEHHOCTH
pu3octepHbix GaxTepHit H3MEHSETCH MO NEPHOAAM pocTa pacrenwii. B
HMX Ppa3BUTHHM HaOMFOAAlOTCA AB& MaKCHMyMa: TEPBBIH NMPHXOMMTCH HA
MIEPHOA KYILEHMS, BTOPOH - Ha NMEPHOA HBETSHHMA W IVIOZOHOWeHHA. B
3TH e NEPHOAb! MPOMCXOAWT MAKCHMYM KODHEBHIX BhiAeneHuii. B
MEPHOA CO3PEBaHHA W 3aBsIaHHA aKTHBHOCTD M SMHCIIEHHOCTb
pu3socthepnbix Gaxkrepuii CHIIKAETCA.

TakuM 06pa3oM, BEICLIHE PACTEHHS OKA3BIBAKOT 6ONBIUOS BIMAHUE
Ha Pa3BHTHE OTAE/ILHEIX BHIOB Gakrepuil U (GOPMUPOBaHHE MHKPODHBIX
eHO30B B mnouse. bBakrepun puHiochepsl B CBOIO OMEpedb TAKXe
BO3JOHCTBYIOT HA PACTEHMSA: OfHM CTHMYNHPYIOT PA3BHMTHE KX, ADYTHE
K@ YTHETAIOT M NPHBOAAT K CHIDKEHHIO YPoBHA, CreMynupyromee
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MEHCTBHE CKA3piBaeTCi Ojarofaps yBeIMYEHHIO B prsochepe
MHHEPATBHEIX 3MEMEHTOB MMHTAaHHA B CBA3H C MHHEPaNH3aLHeH MHKPO-
OpPraHM3MaMH OPraHHYECKMX BeleCTB (PACTHTE/IBHbIX OCTATKOB M
TPYTIOB KHBOTHBIX); OOpA30OBAHHIO M BBIASJIEHMIO BUTAMAHOB M APYTHX
pocToBeix BewecTs (Hanpumep, azorobakrep M xyOenbkoBBIE BakTepHu
CHHTE3HPYIOT H BhIACNsIOT 6HOTHH, BHTaMuubl Bs, Bz, rerepoayxcum);
YITyHIIEHWIO CTPYKTYPH! riouBsl (OCHOBHas poib B 3TOM TpoLiecce
MPHHAUTEXUT MHLEIMAnbHbiM rpubaM u  KancynbHbBIM OakTepHam);
CHIDKEHHIO MOPAX@AEMOCTH pacTeHHi CakTepHaNpbHBIMH M rpHOHBIMH
3a6oneBaHHAMH, ODYCITOBJIEHOMY HAaNMUUHEM CPean MHKPOQIIODBI PH30-
cepnl akTHBHBIX AHTAroHHUCTOB. M3 MpaxTHke M3BECTHO, YTO MHOrHe
naToreHHble IPHOB NPOAB/LUOT OONBIIYIO BHPYJNEHTHOCTb, KOrja
HaXOMATCA B KOHTAKTE CO CTEPHIbHBIMU KOPHAMH PACTOHUI.

Vrreraiomee peiicteue mukpodniops pusochepsi Ha BeiCLIME
PACTEeHHA CBASAHO C OOPA3OBAHHEM W BBIAGNICHHEM B NOHBY TOKCHYECKHX
BEILECTB OTAEIBHBIMM BHIAMH MHKPOOPIaHU3MOB, a TAKKe HAIHIUEM
cpeau Hux Bo3ByauTeneil 3aGonepanmii. A yCTpaHeHHs YCNOBHH,
GnaronpHATCTBYIOLIHX 3THM ABJICHHAM, HOOOXOAUMO MPOBOANTD YEPOAO-
BaHHE KyNbTyp B CeBOOGOpOTe, UTO OOecredHBaeT CMEHY MHKPOOHHIX
accouMaLHi B IIOYBe.

14.1.1. Muxopuza

Tepmus «MHKOPH3a» OOO3HAYACT ACCOLHALMIO MHLUEAHANBHBIX
HHTEBUOHBIX rpHbOB ¢ KOpHAMH XnOpOdHIUIOHOCHBIX pacreHmii. B
HacTosmee BpemA H3BecTHO okono 2 000 eHioB pacTenHid, COCOBHBIX K
o6pa3oBaHMIO MHKOPH3bI. ITO IJIBBHEIM OOPasoM APEBECHBIE PACTEHHA,
TMRANOPOTHHKH, XBOImM, M3 TPaBAHHUCTBIX OPXHAHBIE M IUNGHHbIE.
Hexoropeie KynbTypHBlE pacTeHHs TaKke ODpasyloT MHKOpH3y
(xaprodens B BHICOXOropHbIX paioHax Kaskasa, muensua Ha Ypane).

SlaneHHe MHUKOPH3EI GBITO OTKPHITO M OCHOBaTENbHO H3yyeno .
M. Kamenoknm B 1880 r. K MukopusnmM rpuGam OTHOCATCA B
ocHoBHOM Gaauauanbebie rpuObi, XOTs pAn APYTHX (ACKOMHLETHI,
uxomuueTs) TOXE criocoBubl 06pa3loBEIBATE MUKOPH3Y. MuxopuaHeie
rpubel, KaK NMpaBHNO, NMPHYPOYEHB K ONpPENeIeHHOMY BHAY PacTeHHil,
Harnpumep, nonbepe3osukH K Gepese, MONOCHHOBHKH K OCHHE.
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B saBucumoct  OT  MOpQONOrHUecKHx - OcOoOeMHOCTEH
COXHTONBCTBA IPUOOB C PACTEHHAMM DA3NTHYAIOT 3KTOTPO(HBIE W
3HAOTpOdHBIE MHKOPH3bi. JKTOTPOdHBIE - 3TO ACCOUMAUMH, IIPH
KOTOpBIX TIpub He NPOMHMKAET BHYTPh KOPHEH, a mnocenserca Ha
MOBEPXHOCTH WX, OOpa3ys CBOero poaa 4exom uix MHuenHs. Ilpu
aupoTpodHBIX MUKOPH3aX MHueauii rpuba pacrosnaraercs B KieTkax
KOPHI KOpHeit pacTerHit. MHKOpH3B 3TUX ABYX THIOB OOHApYKMBAIOTCHA
Ha KOPHSIX MHOTHX JIECHBIX NOPOJ KaK XBOHHBIX, TaK H JINCTBEHHBIX.

MuxkopHsa paccCMaTPHBAaeTca Kak CHMOMOTHUECKOE COKHTENbCTBO
¢unoreneTryecky manexux opraHu3moB. OCOOEHHO 3TO COXKHTENBCTBO
OnaronpuATHO ANs Pa3BUTHA pacTemvii. MuKOpM3a mNpexae BCEro
YBEJMYHBAET  NOrJOLIAIOLYIO NOBEPXHOCTE  KOpHeH 3a  cuer
paspersiienHa rud rpuba, KOTOphiE BBINMOJNHAIOT (GYHKLUMH KOPHEBBIX
BOJIOCKOB, OTCYTCTBYIOUIMX Y JIeCHBIX JepeBbeB. Ilormamas u3 nouss
BOLy M pacCTBODEHHBIE B HEli THTAaTeNbHBIC BewecTsa, TrpPHOHI
CroCOOCTBYIOT OOSCNeHEHMIO pAcTeéHHH MHHEpanbHON mHImeH |
ocobento azotoM u (ocdopom.

O6nanas aKkTHBHBIMM TPOTEONUTHUECKUMH (epMEHTaMH, TPHOHI
pasnarator Oorarsie a30ToM BECbMa CTOHKHE OPraHM4ecKHe COSAVHEHHA
(rymaTtel W yneMaTh) M BBAENSIOT aMMHAK B HENOCPEACTREHHOM
61M30CTH OT KOPHS, CO3AABAA ITHM CaMBIM GnarONpUATHEIE YCIOBMA A5
nuTaHusA pacreruit. Ha 3Ty, onHy u3 BaxseAIIMx QyHKLMil MHKOPH3HBIX
rpu6oB, He pa3 obpawan Baumanue B. P. Bunsamc (1947): «...rpubnnua
MHMKOpPH3bl, Kak GecxmopodHIbHEIl OpraHH3M, paspyluaeT OpraHHYecKoe
BEIIECTBO, YIbMHHOBYKO H @NOKPEHOBYIO KHCI/IOTHI, CaMa MCIONb3yeT HX
GoraToe comepiaHHe a30Ta H CHAbKAET HM CBOEIO COXKHTENS - AECPEBO.
Kucnas peaxuus ynsMHHOBOIH KHCIOTHI HE BpegHa rpubamy.

Mukopuanbie rpubbl CHabXalOT pacTeHHs TaKKe HEKOTOPHIMH
pOCTOBBIMH BeémecTsaMy (HHKOTHHOBAS KHCIIOTA, T'ETEPOAYKCHH), YTO
umeeT GonbLIOe 3HAYESHHE AJI4 FIPOpacTaHHA H YKOPEHEHHS CETHLEB,

PacTesvie B CBOKO O4epelb BBIAENAET PHIA POCTOBBIX BEILUECTS,
CTUMYNHpyromuxX passutne rpuba. Tak, B GomsumHcTee BOAHBIX
SKCTPAKTOB M3 JleCHOH mNOYBHI OOHAaPY)KHBAETCA THAMHH, KOTODBIH
ABJIAETCA CHMIIbHBIM AKTHBAaTOpPOM pocTa psjpaa rpuGos. Kpome Toro,
rpHGhI NMOJTYAIOT OT PACTeHMA YTAEPOAUCTYIO MHIOy B (JopMeE YTIEBOAOB,
CAYXKaLIyIo HCTOYHHKOM PHEPrHH.,
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CrienoBaTenbHO, B3AaMMOOTHOIUEHHA MEXAY PACTEHHAMH H
MHKOPH3HBIMH rpUbaMH BHONHE MOIYT PaCCMATPHBATBCA KAK CHMOBHO-
Trueckue. [lomb3a, npuHOCHMMas MHMKOPM3HBIMH rpUOAMH  MHOTHM
JICCHBIM AEPEBbAM, HE BhI3bIBAET COMHEHMI, M IO3TOMY MHKOPH3HBIE
rpubhl HALLTH TIPAKTHYECKOS NMPHMEHEHHE B MHOKY/ALUMM CEMAH M
C2CHLUEE COOTRETCTBYIOM[MX APEBECHbIX MOPOA NPH BHICAAKE HX B
TIOYBY.

14.2. ITADPHUTHAA MHKPO®JIOPA

SnudHTHOI HaspBaeTes MUKPOQIOPA, HAXOAAAACA HA TOBEPX-
HOCTH Haa3eMHbIX 4acteil pactenui. Ilo xavecTBemHoMYy cocTaBy OHA
AOBONBLHO OAHOOOpa3Ha M HE 3aBMCMT HH OT BHIA PACTOHHI, HH OT HX
reorpadueckoro npouspacranva. THNHUHBIME NpeaCTABHTENAMMU SMTH-
¢utHoM muxpodrioper smasercsa Xanthomonas herbicola aureum -
rpaMOTPHIIATENIbHAY KOPOTKasA TMOABIDKHas mnanouka M Pseudomonas
fluorescens - rpamoTpuuaTenbHas nanouka, obpasylowas Ha arape
(moopecuHpyrOmHe KONOHHHM. JTH [Ba BHAA GAKTEPHH COIMYTCTBYIOT
PacTeHHIO Ha NPOTHKEHWM Bceli ero xwu3uM. Pacrenue ang Hux,
ocobeHHO nna mepBoro, - OcHOBHOe Mectooburanme. K asmadurHoi
MHKPOCNIOPE OTHOCATCA H APYTHE GaKTepHH, BCTPEHAIOLIHECA HA 340PO-
BBIX PacTeHHAX, OQHAKO OHH He crosb criexmbuunsl, kak X. herbicola
aureum, M MOIyT Pa3BHBAThCH B MHBIX YCNOBHMAX. JMA(DHTHAS MHKpO-
dinopa coxpaHAeTca Ha CEMEHax H NPH HX NPOPacTaHHH MEPEXOAHT Ha
NOBEPXHOCTb PACTEHHH.

Bonbiumoi WHTSpEC NpPeACTABNAIOT B3AHMOOTHOILEHHS MENCILY
snupuTHoll Muxpodnopoit u pacrenuem. Hmeroimuics HeSompioit
3KCTIEPHMMEHTANBHBIH MaTePHan NOKA3bIBAET, YTO CpeaM 3HITHLIX
Gaxrepmii BCTPEHAIOTCA TAKKHE, KOTOpHE OBpa3yloT AHTHMHKPOOHHE
BELIECTBA. JEHCTBYIOUIHE OTPMLIATENBHO Ha (hHTONAaTOreHHbie GaKTepsy,
M TeM CcaMbiM [MPEXOXPAHAOT pacreHua ot 3abonepanmii. Tak,
X. herbicola cnocobra nogasisTe poct BoaGyanTens 6akreprosa pacomu
X. phaseoli. AHTaroHMCTHYeCKHM IEHCTBHEM OONanaloT M HEKOTOpEIE
kymsTypoi Ps. fluorescens. Ho Hapsay ¢ 3tim oTmeqaeTcs Takke crnocob-
HOCTh OTAENBHBIX MpEACTaBHMTENeH NHQUTHEMX OakTepHH nopaxaTh
pacrenus. Bonee TOro, BEICKA3bIBAETCA NPEATNONOKEHHE O IPOHCXON-
nmenvu uTonaToreHHeix Gakrepui or smupuTHEX. B momssy aroro
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NIPEATIONOKEHHS CIYXAT HaiileHHBIe NPOMeXyTOdHsie (OPMBI, 3aHH-
MAIOLIHE NONIOKEHHE MEXIY CanpoPUTHBIMH, IMHGHTHBIMH H Napa3HTH-
pytomumMH  (uronatorenHbiMH Oaxrepuamu. Tak, M. B. Topnenxo
(1966) ycraHoBMI, HTO CBA3YIOU[MM 3BEHOM MexAy anHbpUTHOH
Gaxrepueii X. herbicola aureum u guronatToreHHbiMu GakTepHAMM 3TOTO
pona saenserca X. heterocea, napasuTHPYIOWas HA MHOrHX PACTCHHSX.
Ipopomxaror napazutiyeckuii psa 6axrepun X. translucens, ganee uayr
Gonee y3KO CreLHAaNM3UMPOBAHHbIE BHAb - X. campestris Ha
KpecToupeTHbIX, X. vesicatoria va Tomatax u ap. BeposaTHo, ocHOBHOI
npuyHHOH 3Bomoumm 3nuuTHEIX GakTepuii B HanpaBneHHM Napasu-
TH3MA JABWIOCH TNMTAHHE DPACTHTENBHBIMM TKaHaMH. [locensiace Ha
TIOBPEXACHHKX PacTeHMAX, OaKTePUH BHAYANE NMTAMCh MEPTBHIMH,
32T€M OTMMPAIOIIHMH TKAHAMH H MIOCTENEHHO JaBaJIH HA4aN0 Pa3sBUTHIO
napasuTHpyiowsx popm. bricTpas HIMEHUHBOCTE H MPUCIIOCOOIAEMOCTE
MHKPOOPraHu3MOB K (pakTopam rutamms oSycnOBIHBAET BOIMOKHOCTE
IBOIOUHM canpouTHBIX GakTepHil B HAaNpaBeHHH MAPA3ATH3MA.

14.3. BAKTEPHAJIGHEIE BOJIE3HM PACTEHME

Hapsiny ¢ mone3oil, NpHHOCHMOI pacTeHHsM pu3ochepHBIMH |
srubuTHbiMH  GaKTepHIMH, MOCIEAHHE NPHYMHAIOT M Gombiuoii Bpex,
BBI3bIBAA PAINMMHOIC pona 3aGonesaHna wx. 3abonemarus pacTeHwmii,
BEI3bIBAaEMbIE GaKTepPHAMH, HasbiBaloTcs Gakrepuosamu. Bakrepum B
ITOM CJTYyHae CUMTAIOTCA (PUTONATONEHHBIMY,

Bnepehie Ha BOSHHMKHOBEHHE mATONOIMYECKHX H3IMEHEHM B
PaCTHTENBHBIX TKAHAX NoA BHsnueM Gaxrepuii ykasan M. C. Bopouun
B 1866 r. HabGmoman 3a oOpa3oeanuem  KiIyOSHBKOB Ha KOpHAX
60GOBEIX pacTeHHil, OH BBICKAa3all HAEIO O BO3MOXHOCTH MApa3sHTHIMA
Gaxrepuit B TKkanAX pacrenmit. Bonebluas 3acnyra B cozmaHMm yueHus o
GaxTeprosax npuHamnexkuT 3. CMHTY, KOTOPBIH 3KCIEPHMEHTANBHO
JAOKA327 CYLISCTBOBAHHE MHOrHX GaKTepHanbHEIX Goneaseit pacToHui.
Ocropnsie Bo30yauTenn GaKTOPHO3OB PACTeHMI OTHOCATCA MPEMMY-
mEecCTBeHHO K  pojam  Pseudomonas, Xanthomonas, Erwinia,
Agrobacterium, Corynebacterium. duronarorenssie 6akrepuu obnagaror
pa3H4HOM CTereHbIO MaToreHHOCcTH. OgHHM M3 HUX BBI3HIBAIOT oGIHEe
HJIH COCYNHCTOE MOPAKEHHE PACTeHHH, APYTHE - MECTHOE NAPEHXH~
MaTo3HOe, TpeThu OFpasylor onyxomu. Ilpu obmem mnopasxenun
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BO30yAHTENs MPOHHKaeT B KOPHH HIH COCYAHCTYIO cHctemy. Bonesms
CONpPOBOXIAETCA YBSAaHHEM JMCTbEB, creGneil M MpHBOAMT K rubemm
pacrenua. THUNUYHBIM NPUMEPOM COCYAHCTOro OakTepHO3a CIyXHT
GakrepraneHBIH pak ToMaTos (Bo3dyauTene Cor. michiganense), a Taoke
v kxonbLeBas ruunb Kaprodens (Cor. sepedonicum).

BHemHHMM NPU3IHAKAMH MOPAXEHWA TOMATOB GakTepHanbHbIM
pakoM SBNAIOTCA YBAZAHME OTASNBHBIX JIMCTBEB HJH  BETBEH,
ofpa3oeaHHe TEMHBX NPOACNBHBEIX TATEH Ha CTeOnsAX, HMepelkax M
rnopax (puc. 14.1). Tlpm pansem nopaxenuu noruGaer go 96 %
pacrenmii. 1O Pe3KO CHIKAET YPOXkaH, Tak Kak OONbHBE pacTeHHA
JIAIOT HEKAYSCTBOHHBIE FUTOMIBL.

Mot 1T
i T

A % :
Puc.14.1. BaxrepHo3bl paCTEHHH: a - KOpHE&O# PaK Cugkl;
€ - pax momamoe

IMpu xombuesoil ruAmm Kaprodens HaGmoaaerca CKpy4HBaHHE
nHMCTBEB M yBsZaHwe pacrenuil. TIpu namHom 3abGonesanuH Gakrepmm
3aKyNOPHUBAIOT COCYAB! M MPENATCTBYIOT T€M CaMbIM IOCTYILICHHIO BOILI
BBepx mo crebmo. I[lopaxemmue cocynor B KmybHsx xaprodens
NposBIseTCs B BUAe 0Bpazosaxua TeMHoro komeua. Cocymucraie 3aborne-
BAHHS HA3BIBAIOTCH TAKXKG M HEKOTOPHIMM [ADYTHMH BHIAMH pPOIOB
Xanthomonas, Pseudomonas u Erwinia.

Kpome cocyaucThix CyINECTBYIOT NMapeHXHAMATO3HbIC GaKTepHO3bI,
XapaKTEPH3yIOmWecs NMPOHHKHOBeHHeM OaxTepHii B TKaHH, Iie OHH C
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noMoLpIo (EepMEeHTa NPOTONECKTHHA3E! IPOM3BOAAT Manepaumo ux
(oTcnanBaHiKe APYT OT APYTA).

INapeHxuMAaTO3HBIE TOPAKEHHs BBIIBIBACT psn  OaKTepHi.
E. carotowora (ruuns mopkosn), Ps. syringae (oxor cupenu), Ps. tabaci
(pabyxa Tabaxa), X. malvacearum (BHJTT XJIOITYATHHKA) M AD.

Onyxonessie 06pa3oBaHus Ha PaCTeHHAX, BhI3biBaeMble Oakre-
pHAMH, GBIBAIOT paKoBEIe M TyOepKynesHbie.

B omyxomsx TyOepKynesHoro xapaxTepa BHYTPu OOpasyrorcs
ILIOCKOCTH BCNEACTBHE CrHUBAHHA TKaHeH. JTH MOIOCTH 3AMORHAIOTCA
GaxrepnanbHoit Cnu3p0. TUMMYHBIM - NpHMEpOM 3TOro 3aboneeaHus
sBnsercs TyGepkynes ceekssl (Bo3Oyautens X. beticola).

Pakossie OryxomH npencraBnsiOT CoOOH paspoCIIyIOCA TKaHb,
BHYTPH KOTOpO#i Her monocreit. Hanpumep, xopHesoit pak mioaoBeDX
KYJIbTYP, Bhi3biBaeMbiii Gakrepusmu pona Agrobacterium.

ArpoBakTepu HHAYUHPYIOT Ppa3BHTHE Tpe€X BHIOB paKa y
pacTeHHii: KopoH4aThid ramn (so3byamrens A. tumefaciens), Gopoxarsiit
Kopesb (Bo3Oyaurens A. rhizogenes), TPOCTHHKOBBII rajn (Bo3OyauTens
A. rubi).

MornekynapHoH OCHOBOH HMHIYK-
IMH OMYXOMH KKOPOHHATHIM rajum, Kak
M APYTHX OITyXONeH, ABNAETCS BKJIIO-
yenne JIHK onyxoneobpasyroueit
rnasmuap Bakrepuii (B JaHHOM citydae
JHK Ti-rinasMupgsi) B reHOM KIETOK
BEICIDHX pacreHHH. [pomecc obpaso-
BaHHA KOPOHYATHIX ra/ioB 3aKIrO4a-
€TCA B CRCAYIOWEeM: arpO0aKTepHH,
comepkamme Ti-nnasMuny, npoHHKa-
10T 4Yepes TIOBPEeXZEHHYI0 TKAHb M 3a-
paxator pacrenne. Ilnasmunuas JHK
nepenaeTcs B PacCTHTANIBHYIO KNETKY H
onpeaeneHHbii (parMeHT ee BCTpaH-
BaeTCA B XPOMOCOMY. DTO NMPHBOAHT K
HMHAYKUHH mpouecca omyxoneobpa-
3oBanuA. Hopmansmas knerka pac-
Prc.14.2. Baxrepuos TeHHA, comepxamas ¢parment JAHK
KOPOHHATHIH FaswT Ti-mmaamuass,  «rpanchopmupyercay,
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T. €. mepepoxkaaerca B paxosyro. Juddepenurposanssiil poct KieTok
MpekpawaeTcs, HayuHaerca Ge3ayaepikHoe, HEKOHTPOIHPYEMOe OeJeHHe,
B pesynbTaTe uero nposudepupyole TKaHH PacTeHHs oOpasyror
OMYXOIH - KOpoH4aTsbie rayuel (puc. 14.2).

CymecTByloT H CMEINaHHBIE THIBl NOPAKEHHA, TaKHe Kak,
HanpuMep, NMpH GaKTepHANbHOM PaKe TOMATOB, OXKOre FUIOZOBBIX HIHM
HEKPO3¢ LMTPYCOBBIX. 31€Ch ONHOBPEMEHHO MPOHCKOAAT YBAJAHHE H
OTMHPAHHE THCTbEB M MOYEK, HAbmoAaeTca NATHHCTOCTE FUIOA0B.

Fopaxkenne pacTeHMii GaKTEPUAMHM HApyIIaeT HOPMANBHBIA XOX
(bH3HONOrMYECKHX NMPOLIECCOB M Mpexae BCero POTOCHHTE3a M AbIXAHHS.
IatHuCTEIE BaKTepPHO3b MPHBOAAT K YMEHBLICHUIO KOMHYECTBA XJIOPO-
(I3 ¥ CHHXXEHHIO NMPOAYKTHBHOCTH (poTocuHTe3a. nsa GonpuuscTsa
GAKTEPHO30B XAPAKTEPHO YCHIGHHE MHTEHCHBHOCTH IBIXAHHS M
MOBBILICHHE AKTHBHOCTH OKHCIKTEIbHO-BOCCTAHOBUTENBHBIX (PSPMEHTOR
B MOPa>KEHHBIX TKAHAX pacTeHHit. DTO cBoeoOpa3Has 3IMHTHAS POAKLHA
pacTeHmii, HanpaBlieHHas Ha HEHTPaIM3aLMIO TOKCHYECKHX MeTabo-
JAHUTOB 8036ynl'l‘l‘e.ﬂ}l. Onxaxo TIOBRILIEHHE HHTEHCHBHOCTH XABXaHHA
NPHBOJUT K HApPYLIEHMIO COMPSDKEHHOCTH AwIxanHs u  (ocdopmn-
posanmi. B pesymbrare 3Heprus IbIXaHWUS HE MOXET ObiThb AKKyMY-
NHPOBAaHA M HMCNONb3oBana Kierkoil. Ona Boigensercs 8 BHAE Tera.
VYcranosneHo, uTo TeMnepaTypa GONbHOR TKaHH BHILE, YEM 3AOPOBOIL.
Topaxenue pacrernii GuTonaToreHHBIMH GAKTEPUAMHU BBI3BIBAET HaPy~
LWIEHHE B YTNEBOAHOM H GermxoBoM OOMEHe, pacCTpaHBaeT KOOPAMHH-
poBamHoe peiicteue (epmeHTHOro anmapara. Hapywmesnne (uanonoru-
YECKHX NMPOLIECCOB B KOHEYHOM CHETe MPHBOAMT K CHIDKEHHIO MPOAYK-
THBHOCTH PACTEHHHI M K HX HENOIHOLICHHOCTH.

Hcrounnkamu 3apaXkeHHs PaCTeHHil OCaKkTepHO3aMH SBIAIOTCA
BOJ2, HaceKoMbie, rousa. OcoGeHHO GOMBLIYIO ONAaCHOCTh MPEACTABNAIOT
CeMEHa, TOCaA0YHbIN MATEPHAN M OCTATKH MOPAXKEHHBIX PacTOHU#. ITO
OCHOBHOH pe3epByap (MHTOMATOreHHMX CaKTePHH, SBNAIOWIHACA He TOIb-
KO MECTOM XpaHeHHs Bo30yamurenel, HO M CPEACTBOM MX PacrpocTpa-
HeHHs. 3apakeHHe CeMsH MpPOMCXoAMT MpH yBopke ypoxas (moBepx-
HOCTHOE 3apakeHue), NHGO BO BpeMsa pOCTa pPacTeHHi (BHYTPEHHe®
3apakeHue), Koraa GakTepHUH MPOHHKAIOT B CeMeHa C OONBHKIX OPraHoB
TUIOAOHOICHH A MJIH 110 cocynau, THATAOMHM HX.

T'poMagHoe 3HaUYeHHE B PacnpOCTPaHEHHH GaKTePHO30B NpHHAA-
nexur HacekoMbiM. Hanpumep, Bo3Oymurems TyOepkynesa MaciHH
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Ps. savostjanovi sumyet B MacnuaHoi Myxe, E. carotovora - Bo3Gyaurens
rHwieir - B KanycTHX Myxax. Hacexompie MHQHUmMpPYIOT pacTeHHs npu
NOENaHMM WX, 4Yepe3 3KCKPOMEHTH MM KIaAKy sul. B pacrexHms
GakTepuu TNPOHHKAIOT 4EPe3 ecTecTBeHHbie (YCTBHLA, HEKTAPHHKH,
YEeUeBMYKM M THAATOAN) H MCKYCCTBEHHBIE XOABI (MExaHHJeckue
NOBPEXACHHA PACTEHHII ~ PaHKH, HapanuHb). Yepes ecrecTBeHHBIE XOMbL
OOBIYHO INPOHHKAIOT Y3KOCTICUHAMHIMPOBAHHKE OaKTepHH, HanpHMep
BO3OyauTeny Gonesseit smucthes - X. malvacearum (roMmo3 Xnomuat-
Huka), X. vesicatoria (NATHHCTOCT TOMATOB); 4epe3 HMCKYCCTBEHHBIE ~
pasniiHbie GaKkTepyH C LIMPOKHM CIIEKTPOM Napa3vTHYeCKOro ACHCTBHS,
HanpuMep Bo3OyanTenmu Mokpoit rHunmu  E. carotovora u E. aroideae.
Pacnpoctpanennro Gakrepuo3oB cniocobeTByeT peska KiyOHeill xapro-
¢ens npy NOAroTOBKE NMOCAAOMHOr0 MATEPHATA, NMACHIHKOBAHHE H YEDPEH-
KOBaHHE pacTeHuH (MaXopKa, TOMATE H Ip).

14.3.1. @axmoper supyrenmuocmu pumonamozen Hbix
Baxmepuii

Crenenb, MIH Mepa, MATOTEHHOCTH ONPEAENAEeTCA BHPYNEHT-
HOCTBIO. DaKTopaMH BHPYIEHTHOCTH (DHTONIATOreHHBIX NBAAIOTCS
moxcunst u hepmenmol. TOKCHHBI B3aMMOACHCTBYIOT C KIETOYHBIMU
¢epMeHTaMH pacTeHHil, HHAKTHBUPYIOT WX, B PE3yNIBTAaTe Yero KIeTKH
OTMHDAIOT.

W3 epmenToB, OnpepessIOIMX BHPYICHTHOCTh OaKTepuid,
Haubomnee BRKHYIO POJib HIPAIOT FTUEPOTHTHYECKHE 3K30EPMEHTHI - TeK-
THHA33, LE/UTONI03a M PeMULELTIONasa, nporeasa. IlexruHasa eeisbiBaeT
THAPONH3 MEKTHHA, YTO GNaronpHATCTBYET PacpOCTPaHEHHIO BO3CYAH-
Tenell BHYTPH pacTeHHs. CrnocoBHOCTBIO OOpa3OBBIBATE MEKTOMHTH-
ueckHe (epMEHTHI OONAAAIOT BOIYAHTENH MATKOH FHHIJIH, COCYMMCTBIX
GakxTeprosos, onyxonei. IlpoTeasa, uenmonasa M reMuUE/UTIONas3a pac-
eS0T BEIeCTBa KNETOYHOH CTEHKH PacTeHMil, B pesyseTaTe BO3OY-
OMTENb MPOHHUKAST BHYTPb KIIETOK H BRI3bIBAET HX rubens.

JlocToBepHBEIE JaHHBIE O CBA3H CTOMNEHM BHPYJIEHTHOCTH (uTO-
naToreHHbix OaKTepHil ¢ HX CHOCOOHOCTHIO NMPOLYIMpPOBATb MEKTOH-
THYECKHMe, [POTeOJMTHHUECKHE H  LC/UNONOIHTHYECKHE (hepMeHTHE
NOMYYSHH ITyTEM CPAaBHMUTEJBHOrO M3Y4YEHHA BHDYNEHTHBIX JHKHX
IITAMMOB ¥ HX aBHPYJIEHTHEIX MYTaHTOB. Tak, aBUPYNEHTHbIH MyTaHT
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E. carotovora omnmuancs OT MCXOAHOTO BHPYJIEHTHOFO LOTAMMA
OTCYTCTBHEM CrOcOBHOCTH OOPa3OBEIBATh MEKTONMTHHECKHE (hepMEHTHI.
VYV  Bobyamrens wuepmoit Hoxku kaprodens Pect. phytophtora
BHPYJIEHTHOCTD KOPpEJIMpyeT C aKTHBHOCTBIO IEKTONHTHHMECKHX M
nporeormTHYeCKHX bepmenTOoB.

Opnako pacTends OGNajalOT 32MMTHBIMH MEXAHH3MAaMH OT
Nopa)keHHA (PHTONATOreHHBIMH GaKTEPHAMH. JTO Npexae Bcero obpaso-
BaHHE OHONOrHYeCKH AKTHBHBLIX BOLIECTB - (PHTOHUHAOB, CIIOCOBHOCTD K
AETOKCHKALIMM TOKCHHOB, K OTASICHUIO NPOBKOBBIM CJIOEM NOPAXKEHHOMN
TKaHH OT 3A0POBOH, BBICOKas KHCIOTHOCTh COKa, NMOAABJIAIOwWAs pa3su-
THe BO3OyAHTeNIA.

14.3.2. Mepei 6opvbbi ¢ Gaxmepuozamu

[pasunbyas opraHu3aLHs 3aLIHTH PaCTeHHH OT GaKTEPHAJILHBIX
6oneaneli 1 paspaborka mep 60pbObI ¢ BOBYAHTENSIMH OCYLISCTBISIOTCA
H2 OCHOBAaHHMHM KOMIUIEKCHOrO HM3yd4eHHA OHONOrHH BO3OyauTens,
YCIOBHIH BO3HHKHOBOHHA M PA3BUTHA 3a00/I6BaHHA W HHIHBHIYAIbHbIX
ocobeHHoOcTell pacteHud. K Hacrosimemy BpeMeHH XOPOLIO M3y4eHb
Hanbonee pacnpPOCTPAHEOHHHE OGAaKTEPHO3W KYNMBTYPHBIX PACTeHMI M
pa3spaGoranbl Kak NPOdHIAKTHYECKHE MEpONpHATHA, Tak H 3ddex-
THBHBIE cpencrsa Oopebe ¢ BosOyaurensmu. BaxHeHIAMH H3 HHUX
ABNSIOTCA  Oe3uHpexyus  (npompasnueanue) CemsH U NROCAOOYHOZO
mamepuara (YepeHKu, cadxceHlyby), OeFUHPEKYUR NOYBbY, CMEHA KYRbmyp
8 cespobopome, ceoespemMeHHaA YBopxa u YHUYMOOICEHUE pacmu-
mensHbix Ocmamkoe nocie cbopa ypoxcas, 6bleeOeHue UMMYHHBIX
copmoe pacmeHuti.

Jeaundexums cemMAH NPOBOAWTCH XHMHYECKHM, (Qu3WuEcKHM H
6uonoruueckuM  cniocoBamu.  Ilpu  xumumeckom cnocobe  cemena
00pabaThiBAIOTCA PANIMMEBIMM XHMHYECKHMH OaKTOPHUHIHBIMM BE-
mecTBaMH. B npaxtike wamie BCEro npumeHseTcA cnabbiil BOAHBIH
pactsop ¢opmanuna (1 : 90), ouens cnabuii pacreop cynems: (1 : 1 000),
rperapatsl HHyu(Q-1 (BoxHkil pacTsop 3THnmepkypdocdaTa) u Huynd-2
(rpaso3an) - cephiii NMOPOLIOK, COCTORMIHA M3 3THIMEPKYPXJIOPHAZ HNH
ITHIMEPKYPOPOMHAa M TanbKa, ¥ Ap.

Du3MuecKHil Crocod 3aKIIOHAETCA B NMPOrPEBAHHH CEMAH TMpPH
Temneparype 50-60° C s reuenne 10-20 mun.
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Tpu 6nonoruueckom cnocoBe Gopvbei ¢ Bo3Byautenamu Gaxte-
pHO30B cemena oOpaGartbiBatorca GaktepHodaramm, (PHTOHUMAAMH H
anTubuoruxamu. OBpaborka Gaxrepuodarom nposogurcs obpiuno BO
BpeMs APOBH3ALMH CEMSAH IIyTeM 3aMadHBAHUSA MX B BORE, COAepKaiieit
GaxTepuodar onpeneneHHoro Buaa BoO3ByaMTENs. DTO OKA3aniock OCO-
6eHHO 3 dexTHBHBIM B GOpBGE C rOMMO30OM XJIOMYATHHKA.

TlepcniexTuBHEM sBNAETCA DpUMEHEHHE QHTOHLIMAOR - HPUPHBIX
MACEN BBHICLIMX PaCTeHHME, OONMajarolmHMX aHTHMHMKPOOHBIM NEHCTBHEM.
BricokoakTHBHBIMH NpenapaTamMH NPOTHE MHOrux Gakrepuosos (Gaxre-
pHaneHbil pak TOMAaTOB, COCYAHCTHIH GakTepHO3 KamyCTsl, GaKkTepHO3bI
6OGOBEIX M FHp.) CIYXKaT apeKkapuH M MEeKOTODHIE AHANOTH [ICeB-
HOANNMLMHA,

He wmenee addexrnero neiicTeHe HeKOTOPBIX aHTHOHOTHKOB
MHUKPODHOro mnpoHcxokaeHHs. VayueHue YyBCTBUTENBHOCTH in Vitro
psama Guronaroremseix Gakrepuil K aHTHOMOTHKAM MOKA3amoO, XTO
TETPAUHKIHHBI, CTPENTOMHLHMHEI, HEOMHLMHBI IOAABIAIOT Pa3BMTHE
GonpluiMHCTBA BHAOB BOBYAMTENEH GaKTEPHOIOB PACTEHHMIX B KOHLIEHT-
pauuu, menbuneit yem 0,001 mr/mn. B 3Tom ortHowmenmm 3acmyxusaer
BHHMaHHE aHTHOHOTHK (HTOOAKTEDHOMMLIMH, NONYYEHHBIH M3 aKTHHO~
muperor rpyrnet Act. lavendula. Ox aBnsercs BecbMa aKTHBHBIM MPOTHE
Gaxreprosos ¢aconm u rommosa xnomuarHuka. OBpaborka Cemsan
XNOMYATHUKA 3THM NpenapaToM O0ecresHBaeT yCTOMYMBOCTh K 3360-
NIEBAHHMIO HE TOJIBKO B oA OOpabOTKH, HO M NPH BHICEBE CEMsH,
cobpannbix ¢ 00paGoTaHHEIX pacTeHHH B CIEAYIOWEM rOAY.

MeToan npuMeHeHHs AaHTHOHMOTHKOB B Gopwbe ¢ Gakrepnozamu
BHIOHPAKOTCA B 3aBMCHMOCTH OT BHAAa 3aboneBaHus, CTaiMH Pa3BHUTHA,
pa3MepoB M MECTa NMPOH3PaCTanHs pacTenMi. Yame scero nponssomures
CMauHBaHHE COMAH KODHEH M IPYTHX OpraHOB pacTBopamH aHTHEHO-
THKOB, ONPHICKHBaHHE pacTenuii, 00paborka mousbl. AHTHOMOTHKH
4epe3 NHMCTbA WM KOpHH (B 3aBMCHMOCTH OT crocoba obpaborku)
NPOHHMKAIOT B PACTEHHE M NOBOMEHO OBICTPO PACHPOCTPAHAIOTCA MO
OopraHaM H TKaHAM, COXPaHAA ITHTENILHOE BpeMA AHTHOMOTHYECKYIO
aKTHBHOCTb. Tak, (PMTOOAKTEPHOMHIMH B 3aBHCHMMOCTH OT KOHLIEHT-
paLvH aKTHBeH B TKAHAX pacrenmii ot 9 no 38 nmeit. AntubHoTHkH
0o0nafaloT TeM NPEeHMMYLISCTBOM NEPeA XHMHYECKAMH MPOTPaBHTENIAMH,
YTO NOJABNAIOT BO3GYAHTENS He TONBKO HA NIOBEPXHOCTH PACTEHHS, HO H
BHEAPHEIIErOCA B TKAHH, T. €. OHH AEHCTBYIOT HE TONBKO MPOdHNAKTH-
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YECKH, HO M TepamesTHueckH. Hanbonee nepCrieKTHBHBIM B MpaKTHKe
PaCTeHHEROACTBA MBIAIOTCS PUTOBAKTEPHOMHILMH, CTPENTOMHUMH, IPH-
3e0dyNbBYH, TETPAUMKIHH, OKTHAHOH. IToMMMO OYHMINEHHHIX Npena-
patoB aHTHOMOTHKOB, LEITECOOOPA3HO NPHMEHATh KYIBTYPATEHYIO
JKHAKOCTh APOAYLIEHTOB, a Takke oBpabarTniBaTh cemeHa U BHOCHTE B
nouBy MuKpoBGos-anTaronucToe. Bee aru MeponpuaTHA crnocobCTByIOT
MOBBIIEHUIO HMMYHHOOHONOrHYECKHX CBOWCTB PACTEHHIA.
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IF'aasa 15
B3IAMMOOTHOUNIEHHA MUKPOOPI AHUIMOB
C YEJIOBEKOM H XHBOTHLIMHA

YenoBek 1 MKHBOTHBIE C MOMEHTA CBOETO POXAEHHA NONAJAIOT B
MHKPOOHOE OKDPY2KeHHE, KOTOPOE€ CONyTCTBYET MM HA BCEM JKH3HEHHOM
myTH. Mukpobel nocensioTcs He TONBKO HA NMOBEPXHOCTH TENa MAKPO-
OpPraHMiMa, HO H NPOHHKAIOT BHYTPb, 3acenan Pa3iiHBE OpPraHbl H
TKaHH.

Mexxay MAKPO- H MAKPOOPraHH3MaMK YCTAHAB/IMBAKOTCA OMpene-
JIeHHBble B3aHMOOTHOLIEHHSA, XaPAKTep KOTOPHIX onpeaensercs GHonoru-
YeCKOH MPHPOAOH OPraHM3MOB H YCIIOBHAMH HX Pa3BHTHA.

15.1. HOPMAJIbHAAL MHKPO®JIOPA YEJIOBEKA H
KHBOTHRIX

Muxpodnopa, nocrossHo obuTaOmas B OPraHH3Me HENOBEKa U
JKHBOTHBIX M HE BbOIMBAIOLAA HAPYWICHHH €ro (QuIHONOrHYeCKHX
@yrKuuii, HazeipaeTcs HopMansHOH. Hopmanbnas muxpodnopa nomxHa
paccMaTpHBAaTBCA B EOHHCTBE C LEINOCTHHM opraHusmoM. Owla
chopMHpOBaNaCk B NPOLECCE IBONIOLMH KHBOTHBIX H JENOBEKA KAK
cuMbuoTHyeckas mukpodaopa.

Hopmanenas wmuxpodnopa npeacTaBneHa nNpeHMYIIECTBEHHO
Gaxrepnamu. OHH OBHITAIOT Ha NOBEPXHOCTH KOXKM, B NMOJOCTH PTa, B
>KQITYAOYHO-KHMIIEYHOM TPAKTe H ABIXATENBHBIX MyTaX. B 3asHCUMOCTH
OT MECTOOOHTaHHA KONHMYESCTBEHHBbIE COOTHOLIEHHS OTHENbHBIX BHIOB
MOHAIOTCA, XOTA Kaxcaas obnacTs opraHM3Ma HMEST CBOIO CTaGHIIBHYIO
mukpodnopy. Ha noBepXxHOCTH KOXH COAEPKATCA B OCHOBHOM KOKKOBbIE
opmul: CTAQHIOKOKKH, CTPENTOKOKKH, capuunn. Ho Hapagy ¢ Humu
MOryT ObiTh nanouKoBHAHBIE OaKTePMM M OPOXIKEBBIE IPHOKH.
HcTOUHUKOM NMUTAHUA ONA HHX CITYXAT BELACIEHHS NOTOBbIX M CANBMBIX
»xenes. [NoaToMmy 3arps3neHHas koxa B Gombueii creneHn obcemeHeHa
MHKPOOPIaHH3MaMH.

Bornee obunbHa u pasHooBpasHa mukpodnopa nonoctu pra. 3o
CTPONTOKOKKH PA3HBX BHIOB, JIAKTOOALMIUTHI, BEIJIOHEIUTH!, XMOBOIBHO
4acTo obHApyXHBalOTCA apoxoxenoacOHele rpubm posa Candida u
KopunebaxTepun.
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H3 nonoctu pra Yepe3 MHINEBOA MHMKPOOPraHHM3MBI NONAJAIOT B
xenynok. Ho mmkpodnopa xenmyaxa Oonee Oeana, Tak kak KHcnas
peaKuMs JKeTyAOYHOr0 COKA He GnaronpHsTCTBYeT pa3BHTHIO Gomb-
HIMHCTBa MONABLINX B HETO MHKPOOOB. B jkenmyaxe B OCHOBHOM pa3B-
BaIOTCA BHABI, XOPOIIO NEPEHOCAINHE KHCTYIO CPERY - MONOYHOKMCIIBIEO
CTPEITTOKOKKH, OHTEPOKOKKH, CapIMHBbI, ApONokH. Betpeuarorcs mu
Apyrue MHKpOOb - CMOPOHOCHBIE NANOMKH, a3pobaxrep, KHIEWHAN
Nano4Ka, aKTHHOMHULIETHI.

Becema pasnooBpasna u MHOrouncnenHa wmukpodropa pybua
(mpemKenyaKa) XKeavHBIX KHBOTHHX. KonuuecTBo MHKPOOpraHuaMoe B
1 r cozep>xumoro pybua aoxomut ao 20 MIpA., B TO BPEMS KAk B
KEeNMyAKE OHH HCHYMCIAIOTCH TOJBPKO HECKOJbKHMH ASCATKAMH TBhICAY,
3HAYHTE/IBHOE KONHYECTBO MUKPOPOPH pydLa COCTaBNAIOT LE/LTON030-
paspymaroue Gakrepun. OHHM HMIparwT BAaXHYIO PONb B YCBOCHMH
PaCTHTEbHOH IMHMIOH JKBA4YHBIMM >KHBOTHbIMH (KODOBBI, KO3BI, OBI[bI),
KOoTOpble He o0pa3yor (GepMeHT wuemonasy, HeoOXoauMbiH [k
rugponusa kneryatku. [losroMy ucxopHoe Guoxumuueckoe mMpespa-
MECHHE KIIEeTYATKH H YCBOCHHE XHBOTHBIMH oSpaaoBanmuxca NpoOaYKTOB
OCYWIECTBIISIOTCS MCK/IOYHMTEIbHO Onarojaps Hanw4rio B pybue
uerosolopaspywaopx Gaxrepri. BiaumoorHowenus Mukpodops:
pybua ¢ opraEu3MaMH )KHBOTHBIX OTHOCATCS K THITY CHMOMOTHYECKHX.

B TOBKOM KMILEYHHKE HENIOBEKA M KMBOTHBIX CONEPIKAHHE MHKDPO~
OpraHu3MOB HHYTOXHO, XOTsA pPeakums cpensl Tam menounas. Ilpearro-
JIararoT, 4TO CIH3HCTas 00ONOYKa TOHKOro KHUIeyHHka obnagaer Gakre-
pyuumaabiME  cBolicTBamu. OCHOBHHIMH OOHTATENsMH 3TOH TIONOCTH
ABJIAIOTCH SHTEPOKOKKH, KHINSYHAS H alriaodHIbHAS MATOYKH, JPONIKH.

HawnGonee Gorara mukpotiiopoli obnacte ToacTeix kumok. Ona
BKTIOYAeT Okorno 240 BHAOE MHKPODOB, CpeaH KOTOPBIX, nd HaHHbIM
JI. T. Tlepern (1962), snrepokokk cocraenser 49 %, a xmwedHas
nanoyka 42,4 %. 3to obs3aTenbHBie MPEICTABHTENM HOPMAIBHOM
MHKPOGIIOPE! TONCTOro KHIISYHHKA. BONMbIIMHCTBO 143 HHX KOMMEHCaNB!,
B CBA3H C YeM B3aMMOOTHOWICHHA MX C MaKpOOpraHM3MaMH NOJXY9IHIH
Ha3BaHHE KOMMEHCanu3Ma (DasHOBMIHOCTE CHMMOMO3a). ITO TakoH THI
B3aMMOOTHOIIEHHKH, KOrAa OAMH U3 CHMOUOHTOB NOJy4aeT MHTATEBHEE
BELUECTBA MM KaKHe-IHOO Apyrue NMpeMMyInecTBa 3a CYET ApYToro, He
MPHYUHAA eMY HHKaKOro Bpeaa.

423



Hopmanbtiaa Mukpodopa Hrpaer B OpraHmsMe NONOKHTEIbHYIO
ponb, uTo OOYCNOBNEHO €6 ARTArOHHCTHYECKOH, GepMEHTATHBHOH U
BHUTAMHHOOOpasyrowe#t GyHkumamu. 10 GBINO KOKA33HO HA IKCMEPH-
MEHTAallbHO BBIPAIIEHHBIX B CrELMAIBHEIX KaMepaxX >HBOTHBIX, CBO-
GomHEIX OT MHKPOOPraHu3MOB. TakHe «CTepuibHBIeY, WM «Beamuk-
pobCHBIE», OT POXNAEHHS M HA NPOTHKEHMH BCEH JXH3HH JKHBOTHBIE
Ha3BBAIOTCS THOTOOHOHTaMM (OT rped. gnoto - H3BeCTHhiM, bios -
JKH3HB), M/IH aKCeHHYHBIMH JKHBOTHbIMH (OT rpeu. a - Bes, kseno -
nocroponnmii). CyinecTBenHOH 0COGEHHOCTBIO TaKWX KUBOTHBEIX ABAA-
€TCA NMOBRIIISHHAS YYBCTBHTCIBHOCTh K AEHCTBHIO MMKDOOPTaHHM3MOB,
3apaxenHe HMX COBEPIIGHHO OEIBPENHBIMH A ODBIMHMBIX IKHBOTHEIX
MHKPOOPraHH3MaMH HEPeJKO MPHBOAHT K CMEPTENIHOMY Mcxoxmy. Tak
6buia ycTaHOBAGHA 3alUHTHAA QYHKOMS HOPMAaNbHOH MHKPO(IOPsI
mukpooprannsma. K npumepy, B OOMUMBIX YCNOBHSX IKHBOTHBI®
HEYYBCTBHTEIbHB K BO3OYAHTENIO XONEPbl, OH ONACEH TONBKO s
moneH. OAHAKO, €CMH MOPCKHX CBMHOK, BBIDALIEHHBIX B CTEPUIIBHBIX
YCNOBMAX, 33Pa3UTh ITHM MHKPOOPraHH3MOM, OHH 3aboneBasoT XoNnepoit
u vepes 6-9 pmeit mormGaloT. 3HAYAT, OTCYTCTBHE HOPMAJILHON
MHKPOQNIOpPEI B KHIIEYHMKE MOPCKHX CBHHOK 6naronpuarcreyer
pasBuTHIO BO3DYAMTENA, B TO BPeMsA KAK B €CTECTBEHHBIX YCIIOBUSIX 3Ta
MHKpO(}IOpa OKA3LIBACT AHTATOHHCTHHECKOE AEHCTBHE Ha XONEPHOTO
BMOpuoHa. Kuineunas manouka obnazaer aHTaroHHCTHYECKHMH CBOMCT-
BaMH MO OTHOLIEHWO K Bo30ymurenam ausenrepuu, napamda, cradu-
JIOKOKKaM H CTPENTOKOKKAM, a TaKkKe K Pa3IHYHBIM FHEUIOCTHBIM
GaxtepusiM. KokxoBbie $OpMBI NONOCTH HOCA M MHHAANHH TIONABJISIOT
pa3suTHe 6akTepnii AudrTEPHH U O3EHbI.

Maxpodiopa KHENEYHHKA HMTPAeT BaXKHYIO pOib B OOeCrieYeHHH
MaKpoopraHHiMa ButamuHamH. [Tonaralor, 9To KHiImeuHas Muxpodopa
obecneunsaer nOTPESHOCTH XKMBOTHEIX B GHOTHHE 1 (honuesol KuCoTE.
Ona cuHTeznpyer Taioke ButaMuubl C u K.

B ofimem HopManbsHas MUKpOOdIOpa BBINONHAET NONOXHTEIBHYIO
ponb. OnHako B ONPERENeHHBIX YCIOBUAX OTACbHbIE NPEACTABUTEH €e
MOryT CTath Bo3Oyaurenamu 3abonesanmii. K npumepy, xumevnas
TEAJIOUKA HACTO OKA3KBACTCA BOIOYAHTENEM NEPHTOHUTA, anNEHINUMTA,
3a60neBaHMi JKETTHOrO Iy3BIPs; 3ENEHAINMA CTPENTOKOKK BBI3BIBAECT
3HAOKAPAHTH H OpyrHe 3aCosieBaHus;, ODMTAIOMHE HA KOXKE CTPENTO-
KOKKH HEPenKO Bbi3nBaIOT QypyHkynes. Bce atu 3abonepamma mocsr
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Ha3salue ayroumndexuuu. B oOCHOBE MX JexaT  HM3MEHEHHs
MaKpoOpraHu3Ma - TMOBPEXJEHHE OpPraHoB H TKAHEH, CHIDKEHHME
HMMYHHTETA, a TaAOKe IeHETH4YeCKHE u @eﬂo'mnm(ecxue H3MCHOHHSA
npeacTaBHTenell HopmanbHON Muxpodniopei. Mrak, mpm BoapeicTsuu
MaKpPOOPraHu3Ma M ADYTHX HEKOHTPOIMPYEMBIX YCJIOBHi M3 OOBIMHBIX
WTAMMOB MOryT 00pa3OBBBaTbCA BHpYNEHTHHEe. [loaToMy oOTnenbHEE
BHIbl HOPMAJIbHOH MHKPOQIOPHI - KHLIEYHAS NBJIOUKA, CTA(PHIOKOKKH,
CTPENTOKOKKH, 3HTEPOKOKKH - TNOMYYHIH HA3BaHHE  YCIOBHO
NAaTONCHUbIX.

B oraenbHBIX cny4asx MOXeET HMETb MECTO HapylICHHE B COCTaBe
HOPManbHOH MHKPO(}IOpSH!, MpUBOAAIMEe K H3MEHEHHIO COOTHOLICHHA
MEXIY OTneNbHBIMH BHIAMM. 3’!‘0 ABJICHHE NOIYYHJIO Ha3BAHHE
aucbakrepuosa. Passutie nucOaxTepro3a Moxer ObIThb CneacTBHEM
NpUMEHEHHA aHTHOHOTHKOB, XHMHONPENapaTOB, CHHKOHHA HMMYHHTETa
B Pe3yNbTaTe Pa3MHYHBIX NPHEHH,

BoznukHoBenue nucOakTepuo3a CBA3AHO €  IMOHABIEHHEM
Pa3BUTHA MHKPODOB-aHTaTOHHCTOB, PETYMPYIOLIMX COCTAB HOPMANBHOH
muxpodiopel. B pesyneraTe aKkTHBHO PasMHOXKAIOTCH DATOTEHHBIE H
YCIOBHO  MNATOrGHHBE MHKPOOPraHM3Mbl. Pe3Ko  yBenWdHBAaeTCH
konudectBo Oaxrepuit pomoe Pseudomonas, Proteus, sABIIOLIMXCH
NPHYHHOH BHYTPUOOMBHMUHBIX HH(exuudi, rpuGos poma Candida,
BBI3pIBAIOIINMX Kaeauzosel. IlocneacTsmem AMcOaKTepHO3a SBILSIETCH
SHAYHTCIIBHOC BO3pacTaHue an'mﬁuornxopeaucreunmx 1TaMMOB
GaxTepuii, HapymeHue BHTAMHHOOOpasylowMX H (EPMEHTATHBHEIX
¢yakLMi  HOpManbHOH MHKPO(UIOPH, OCnableHHe WMMYHOPE3HC-
TEHTHOCTH OPraHH3MA.

Jleyenne nuCOaKTEPHO30B HAMPABIGHO HAa BOCCTAHORJIEHHE
HOPMANBHOro CocTaBa MHKpodops! opranusma. C 3Tol nensio npous-
BOANWITCH MPHMEHEHHE MNpenapaToB, COAEPXKALIMX CYCNGH3IHH »KHBBIX
MHKDOOPraHH3MOB - [PEACTABHTENEH HOPMAanbHOH MHKpo(IOpH
yenoBeka, Tak¥MH npenaparaMu SBISIOTCH JIAKTODAaKTePMH, H3rOTaB-
NMBaEMBINi HAa OCHOBE JKMBBIX KYNBTYP MONOYHOKHCNBIX OGaxrepwii,
KONMOAKTEPHH, COAEPMALUMH KHBYIO KYJIbTYPYy KHLIOYHOH Mancoyku
(wramMm M-17), Gudukon - accouHHpoBaHHBIA Npenapat u3 Gudmumo-
6akTepuii M KHIIEYHOH nanoukn u apyrue. Hcnonesosamme 31X
MpenapaTos PacCYMTAHO Ha TO, YTO BBGACHHEIE MHKPOOPTaHH3MBI,
6narozaps CEBOMM aHTATOHHMCTHUHECKHM CBOHCTBAM BBITECHAT naTo-
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rennsie Gakrepuy u obecnevar YCNOBHA PA3BHTHA H BOCCTAHOBJICHHH
HOPMAJIbHOH MHKPO(IIOpbI.

15.2. TATOIrEMHBIE MUKPOOPI"AHHU3IMBI

Tatorenneimu (OT rpey. patos - GonesHb, CTPaJaHKe) Ha3KIBAIOTCS
MHKPOOPraHU3Mbl, NOTEHIHANBHO CriOCOOHBE BBI3BIBATD HH(PEKLHOH-
He¥l mpouecc. JTO IeHOTHNMHMECKHME MPH3HAK, XAPaKTePHM3yIOLiHi
BMAOBYIO CROCOOHOCT: GakTepuii MPHXXKHBATLCA B TKAHAX W TONOCTAX
OPraHH3Ma H Pa3MHOKATBCA B HHX. [1aTOreHHOCTb ABAAETCA MOTEH-
UHMANBHBIM TIPH3HAKOM OakTepHH noTOMY, HTO OHa MOXeT ObiTh
MpPOABNEHA TONLKO B ONPENENCHHBIX YCNOBHAX - B BOCHPMUMYMBOM
OpraHu3Mme.

TIaTOreHHOCTE KOHTPONTMPYETCA MHOIHMH T€HAMH, OTBETCTBEH-
HBIMH 33 MPOSBIEHHE BCEX CBOHCTB, ONPEAGNMOIIMX NATOMEHHOCTH,
TAKHX KAK CHHTE3 NMPOXYKTOB MeTabomuaMa, (PpepMeHToB, 0OpazoBaHHE
MOp(PONIOrHYECKHX CTPYKTYP MHKPOOPraHH3Ma, B HACTHOCTH KanCysbl.
XapaxTepHOli OCODEHHOCTBIO MATOFGHHBIX MUKPOBOB  sBAsercs
cne@UIHOCTE aeficTBHA, T. €. CrnoCODHOCTb BHMAA BBI3BIBaTL CTPOTO
onpeneneHHoe 3abonepaHre. Taxk, NMHEBMOKOKKHM BBI3BIBAIOT TONBKO
ITHEBMOHHIO, TOHOKOKKH ~ FOHODEFO, NAIOUKH TybepKynesa - TyGepkynes.
Ho ne Bce MMKPOOBI OAHOrO M TOro XK€ BHAA B OJHHAKOBOHM CTENEHM
oBnaaaoT CBOHCTBOM NaToreHHOCTH. OnHM WTamMMel 6onee NaToreH s,
y APYTHX NaTOreHHOCTh BhipaxkeHa cnabee. Crenens wnn mepa marto-
TOHHOCTH MHMKPOOPTaHM3IMA HA3WBAeTCs BHPYNEMTHOCTRR (OT nar.
virulentus - spoBuThii, GonesneTBopHbIil). BUPYNEeHTHOCTh MpeaCTaBisieT
coBoki COBOKYNHOCTh pAia Gone3HeTBOPHBIX CBOHCTE MuKpoba: uH(pek-
UHOHHOCTb HJIH 33pa3HTeNBHOCTB, HHBA3HBHOCTB (CNOCOGHOCTD BHEA-
PATHCA B OPraHU3M M PacNPOCTPAHATBCA B €70 TKAHAX), HHTEHCUBHOCTh
PA3MHONKEHHA H CHOCOOHOCTh BhIpaGaTHIBATE ANOBHTHIE BELIECTEA.
Crenenp BHPYNEHTHOCTH M3MEPSeTCs YCJIOBHO IMPMHATOH EAHHWLEH -
MHHUMAaTBHON cMepTensHoi no3okn (DLM - dosis letalis minima), T. e.
HAHMEHBIIAM KONHYECTBOM MHKPOOOB, KOTOPOe mNpH  3apakéHHu
BOCIIPDHHMYHBBIX K HHUM J>XMBOTHHX Bbidbiraer 95-100 % rubGenu ux.
Hnorna wcnomesyror 50 %-Hyro neramsuyio posy (LDs). Do
KONH4eCTBO MuKpoOOB, BHidmBaromee THOem» 50 % moACNBITHRIX
JKHBOTHBIX.
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BupysneHTHOCTE MUKPOGOB ~ He CTaGUNbHBIN BHAOBOH MpPH3HAK, a
HHIOMBHAYaJbHbI. OHa MOXET H3MEHATHCA B 338BMCHMOCTH OT YCJOBHH.
Tak, KynbTHBMPOBAHHE MHKPOOPraHM3MOB HAa HCKYCCTBEHHBIX MNHTA-
TENBHBIX CPEAAX, HA CPEAAX, CONEPMKAMK ACIUHPHULIMPYIOLIHE BOLISCT-
B3, BBICYLUMBAHHE, NACCHPOBAHHE YEPE3 ©CTECTBCHHO HEBOCIPHMHMUN~
BbIH OPraHi3M CHIDKAeT BHPYNeHTHOCTb uX. [lon BimaHueM MyTareHHBIX
(paKTOPOB MOXKHO NOMYUHTH BOOOLUE aBHPYJIEHTHBIE MYTAHTBI.

BHPYNEHTHOCTP MaTOrEHHBIX MHKPOGOB MOXKET HU3MEHSTLCH U B
CTOPOHY NOBBILNCHHSA. HO HMCKYCCTBEHHO NOBBICHTh BHPYSJICHTHOCTH
ropasne TpyAnee, vyem ocnabutk ee. Hanbonee coBepimeHHBIM METOHOM
NOBBILIEHMS BHPYIEHTHOCTH MHKPODOB sBMNsSETCS nacCHpOBaHWE HX
4Y€pe3 OpraHu3M BOCITPHHMYHBEIX )XHBOTHBIX.

HckyccTeHHOe 0cnabente BHPYIEHTHOCTH NAaTOreHHBIX MHKPO-
OpraHH3MOB Ha3BIBAETCH ATTEHYaUMeH, a INTAMMBI MaTOrEHHBIX MHKPO-
OPraHHM3MOB C HMCKYCCTBHHO CHHOKEHHOHM BHPYJNEHTHOCTBIO, HO
COXPaHAIOLME HMMYHOIOHHBIE CBOWCTBA - BAKIIMHHBIMH LITAMMAMH,
MM JKHBBIMH BakLHMHAMHU. [IPUHLMN NMONYYEHHMA KHBBIX BAKOMH GBI
paspaGoran 8 1880 r. JI. Tacrepom. OpHaKO OCHOBOMONOXHHKOM
NMPUMEHEHHA HX seajsercs J. JhxeHHep, KOTOpBIA eme B 1795 r.
TIPEAJTONHIT METOA NPEAOXPaHHTENbHBIX NMPUBHBOK NMPOTHE OCTIbI.

B Hacrosiee spemMs »uBBIE BAKUVMHBI LIHPOKO NMPHUMEHAIOTCA 1A
NpodMIAKTHKN OCnbi, TyDepKyse3a, IMOJHOMHENHTa, KOPH, CHOHPCKOA
#38bl. KpoMe *HBBIX BakLiHH B NpaKTUYeCKOH MENMLKHE HCMOIb3YyIOTCH
BaKL{HHBI, IPHIOTOBJIEHHBIE U3 YOHTEIX KyJbTYD MHKPOOPraHH3MOB.

BHpPYNEHTHOCTs - CIIOXKHO CBOHCTBO NATOMEHHBIX MHKpOOOB,
onpejensiomeecs pAnoM (paxTopos, HA3BaHMBIX (PAKTOPAMHM BHPYMEHT-
Hoct. HanGonee CylnecTBEeHHBIM H3 HHMX ABJACTCA 0OOpa3oBAHHME Be-
LIECTB, CNOCODCTBYIOLIMX BHEAPEHHIO MUKPODOB B Opranusm. Takwue
BeLecTsa Ha3WBaIOTCs (PaKTOpaMH UHBA3MK, MM (aKTOpaMH pacmpocT-
panenna. K HuMm omocarcs (epMeHTR ruHamypoOHKIa3a, KOJUIareHasa,
GubpuHonu3uy.

I'anypoHnzasa pacLieruiieT rHanypoHOBYIO KHCIOTY, BXOASILYIO
B COCTAaB COSAMHHTENBHON TKaHH M ODecnesuBalomyo ee MpOYHOCTh H
HEMPOHMLIAEMOCTb ana MHKpoBos. Pacuwenienue ruamypoHOBOH
KHCIOTHl  YBEJIMMHBAET TNPOHMIIAEMOCT: TKaHeH H  cnocobersyer
PAacripoCTPaHEHHIO MUKPODOB MO OPraHuaMy.
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Hanuumne rnanypoHngassl y MHKPOOOB JSIErkO BBISBIAETCH B
MpocToM NAGOPaTOPHOM ONBITE Ha JKMBOTHHIX. KPONMKY TNOAKOXHO
(NMOBEPXHOCTh MPOABAPHTENBLHO BRICPHTA) BBOAAT B OJHH Y4ACTOK TYIlb,
B OPYTOil - Tyllb, CMEIIAHHYIO C OyNBbOHHON KyNbTYpPOH BHDPYIEHTHBIX
Gaxrepmii. B pesynbTaTe yHacTOk NOABMAIOLIErOCH MOAKOXKHOrO OKpauIy-
BAHHA B MECTO BBOACHWSA YHCTONH TYIIH MeHbINE, YEM TAM, rié BBOIWIACH
cMeck ee ¢ MHKpPoBamH. IO yKa3biBaeT Ha YBEJIHHEHHUE MPOHHLAEMOCTH
TKAHH TOA ASHCTBHEM MHKPOGOB.

IuanypoHuaa3a OOHAPYXKEHA Y MHOrHX NATOMGHHBIX MUKPOBOB: y
MajoMeK ra3oBOM TaHrpeHbI, c-ra@rmoxommn H CTPEeNTOKOKKOB, y
Bo3byanTeneit audrepun, Gpyneruiesa u ap.

DepMEHT KONMNAreHa3a paspyllaeT TKAHEBbe Ge H BBIZBIBACT
pacnaj, MeiL. 3TO TAKIKE CMIOCOBCTBYET PacpOCTPaHEHHIO MEKPOBOE B
opranu3Me. Konnarenasa obHapyxesa y Nanoyxku rasoBo¥ raHrPEeHbL.

OuOPHHONM3HH PACIIEIUIAET CrycTKH GubpHHa, koTopeie 0Gpaay-
IOTCA B KPOBH B MpOLECCe BOCTIANIMTENbHLIX PEakuni H NpensTCTByer
pacnpoCcTpaHeHuIo MUKpoOos. DHOPUHONKINHE ampabaTHIBAaETCH CTpen-
TOKOKKaMH u CTaduIoKOKKaMH, Bo3ByauTenemM dyMbi 1 fap.

BupynenTHocTe MHKPODOB OnpenenseTca TakkKe 0Opa3oBaHHEM
MMH CneuHdHYUEeCKHX BemecTs GenkoBOH mNpHPOAs - arpeccHHOB.
ArpeccHrsl camu 1o ceBe Ge3BpenHb! [T OPraHH3Ma, HO NOJABNISIOT €ro
3aumTHBC QyHKUKH. Tak, HecMepTenbHas 1032 NATOTEHHBIX MHKPOSOB
NOJ BIMAHHEM ArPeCCHHOB BBI3bIBAOT I'HOGIB KHBOTHOTO.

CymecrseHHyIO pOJib B BHPYIEHTHOCTH MHKPOGOB Hrpaer Kan-
cyna. Kancyna BbinonsMseTr B OCHOBHOM 3alMTHYIO (YHKLHIO,
Kancymensie Gakrepun Gonee yceroiuuesl k darouwrosy, k Baxrepu-
UMIHOMY HEeHCTBHIO KpoBH. OHH HONBINE COXPaHAIOTCA B OPraHU3MeE,
uem OeckancynepHele. YTpara CnocoOGHOCTH K OOpazoBaHMIO KAanCysibl
BEET K CHEDKEHHIO MJlu Norepe BUpyneHTHOCTH. [lonyuennsiii 8 1942 r.
H. H. I'naabyprom GeckanCynbHEIH LITAMM IAJOMKH CHOHPCKOM A3BhI
HACTOJILKO CHM3HJI BHPYJIEHTHOCTb, 9T0 CTaJl COBEPHIEHHO Ge3BpeiHbIM
JUIS OKMBOTHHIX. JTOT GeCKancynbHBIH IOTAMM HCMONB3YyeTCH 4NN
H3rOTOBJIEHHSA BAKUHHE POTHB CHOMPCKON A3BBI.

CaMeim BaxHEIM (haxTOpOM BHPYIEHTHOCTH SIBNAETCS CHOCOB-
HOCTb MHKPOGOB BBIDaGaThiBaTh SAOBHTEI® MPOAYKTH Mertabonuima -
TOKCHHBI. Tlonazas B TOK KpOBM, OHH PA3HOCATCH NO OPraHH3IMy H
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BHI3bIBAKOT PAsNIM4HbIE OTPAaBACHHA. MEXaHH3M JISHCTBHA OONbINHHCTAA
TOKCHHOB H3Y4€H €1I€ HEAOCTATOUHO.

Cpeny MHKPOOHBIX TOKCHHOB Pa3iMHalOT 3K30- M 3HACTOKCHHHEI.
JK30TOKCHHBI, WJIM MCTHHHBIE TOKCHHE, mOnoBHO 3K30(epMeHTaM,
MPOAYUMPYIOTCS KJIETKOH M BBUIENAIOTCA B OKPYXKAIOINYIO Cpexy,
3HJOTOKCHHB MPOYHO CBS3aHBI C KJIETKOH H OCBOGOXKHAAKOTCS TOMBKO
nocne rubenu ee.

OHOOTOKCHHBI OGPa3ylOTCS TNMABHBIM 00pPa30M IpamMOTPHLATENb-
HBIMH NAaTOTeHHbIMU MHKpoopranusmamu. OHH npeacrasiasor coboi
KOMILJIEKC MONMMCAXAPHICE H JIMNOMPOTEHI0a, XAPAKTEPHIYIOTCS TEPMO-
CTaGHNBHOCTEIO, MeHBIIEH SAIOBUTOCTHIO, 4YeM 9K30TokcuHbi, Kpome
TOrO, OHK He OONAAAIOT CNELMAHUYHOCTLIO ASHCTBHS M NMPH NOPAKEHUH
MAKPOOPTaHH3Ma JAKOT OAHOTHITHYIO KAPTHHY MaTONOIMHECKOro IpOLEC-
ca: cnabocTh, OABIIKY, FONOBHYIO GOnb, PaCCTPONCTBO KHILEYHHKA.
Mansie no3bi SHIOTOKCHHA BHI3WBAIOT NOBBILICHUE TEMIEPATYPH,
GoNbinHe - NOHMKeHHE H MHOeb JKHBOTHOTO.

B ornmume OT 3HAOTOKCHHOB 3K30TOKCHHBL BHIPabGaThBAIOTCH
TOSbKO HEKOTOPHIMH [PaMNONIOKHTENbHBIMH MHKPOOpraHH3MaMu -
Bo30yauTensmu cronbuika (Clostridium tetani), 6orynuama (Clostridium
botulinum), mudrepun (Corynebacterium diphteriae), ra3oBoii raHrpeHs
(Clostridium perfringens). Onn Gonee Tokcuuns H Gonee onacHsr, ueM
IHIOTOKCHHB. JTO Camble CHIBHBIE GHONorHyeckne sapl. CMmeprenbHas
033 TOKCHHA nanoyk# Sorynuama s MOPCKOH CBHHKH paBHa 1 ° 107
i, mudrrepHEHOR - 2710 M.

OK30TOKCHHAM CBOHCTBEHHA ABICOKAA crieyupUYHOCTL AEHCTBHA,
T. €. OHH MOP3XKAKOT ONpEIesiCHHbIE OPraHbl H TKAHH, YTO MPONBIAETCH B
xapakTepHo# dopme kmuHudeckoro 3a6onesanus, Tokcun cronGHITHON
NANOYKH, HANpPHMEP, NOPaXaeT ABHUIaTelbHbIE HEHPOHE! CTHHHOFO MO3-
ra, BRI3BIBAs CyAOPOrH, mapanuun. ToxkcuH nanouku Gorynuama pedct-
ByeT Ha OKOHYaHMA ABUraTeNbHuIX HepeoB, 002 3TH TOKCHHA OTHOCAT K
HepBHBIM snaM. [ludrepuitneiii TOKCHE NOPaxaeT CEPASHHYIO MBILULY H
H3/ANO4YeYHHUKH. BONbIIMHCTBO 3K30TOKCHHOB TEPMONACMIBHLI ~ HHAK-
TusMpyroTcs npu 58-60° C. IKIOTOKCUMEI IPOACTABISIOT COBOH Genkw,
Ha ocHoBaHuu BBICOKOH aKTHBHOCTH J2)K¢ HHYTOXHO MAafbiX KOHLEHT-
Pauuii K30TOKCHHBI OTOKAECTRAMOT ¢ QepmenTamu. K 310 B OTHOIIE-
HUH HEKOTOPBIX TOKCHHOB YK€ AOKA3aHO. Y CTAHOBJIEHO, HaNPHMEP, HTO
o-TokcuH BO3OyauTens rasoeoil ranrpenni Cl. perfringens seaserca
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tdochonunaszosi (neumrumazoli C), BH3NEBAIOIIEH B  ONpEAENEHHBIX
YCNOBHAX rHApOMM3 neuuTiHa. JJH(TepuiHBI TOKCHH ABIIAETCS MPOAYK-
TOM HE3ABEPLIEHHOrO CHHTE3a LIHTOXPOMA O M KATAITH3HPYET OKMCITH-
TeNBHBIC PEAKUYH B OPraHu3Me,

JeficTBre 3K30TOKCHHOB TIPOABIIAETCH epe3 OINPeIeNeHHBIi
HHKYOALMOHHBIM NEPHOA, KOTOPBIH ANMTCA OT HECKONBKHX HaCOB A0
CYTOK. D70 OAIHO H3 OTSIMHMII 3K30TOKCHHOE OT SI0B HEOHONOrH4eckoki
TPHPOIB. IKIOTOKCHHBI OONAAAIOT CBOHCTBOM aHTUMGHHOCTH, T. €. MpH
BBEJCHHH B OPraHH3M OOYCIOBHBAIOT OOpa3oBaHMe AHTHTEN, HeMTpa-
ITH3YIOWINX TOKCHHBI, BecbMa BaXkHO TO, 4TO, Tepss TOKCHHHOCTB, OHH
COXPaHAIOT aHTHIeHHOCTh. Tak, TOKCHHM GakTtepuit andrepem, cronb-
usKa, GorynusMa npu obpaborke ux dopmanusom (0,2-0,5 %) npu
Temnepatype 37-38° C B TeueHue MeCALa yTPauMBAIOT SAOBMTHIE
CBOHCTBA, COXpaHsfl MPH 3TOM aHTHIEHHOCTb. TakHe Obe3BpEXEHHBIE
TOKCHHBI Ha3LIBAKOTCA aHATOKCHHAMHK. OHU HCNONB3YIOTCH KAK BaKLIMHK
B NPOoQMNaKTHYSCKHX LENAX, & TAIOKE JUTA MONYYEHUS AHTHTOKCHYeCKHX
neueburnix crBopoTOK. Bee nepeuncnennsie Bbille (GakTOpPsl BHPYNIEHT-
HOCTH ONpeaeNAoT OONe3HETBOPHOCTE MHKPOOPTAHHIMOE M (QopMy
TSOKECTH BbI3bIBAEMOT0 HMH HH(PEKLIHOHHOrO 3a60neBanus.

15.3. HHOEKIIHA H AMMVYHHTET

Undexuus (or nar. infectio - 3apaxenue), wiu MHpEKUMOHHEIE
TIPOLIECC - COBOKYTHOCTh GHONOrMYECKHX MPOLECCOB, MPOHCXOAALINX B
MaKpOOPraHH3Me NPH BHEAPEHHH B HETO MATOTeHHBIX MHUKPOOPTAHH3-
MOB, KOTOPbi€ BBI3HIBAIOT HAPYLUEHHE €ro (PUIHONOrHYeCKHX QYHKIHH H
NOCTOAHCTBA BHYyTpeHHeH cpeaw. Kpaiineit crenensio s3auMoneHcTBHA
BOCIIPHHMYHBOIO MAKPOOPraHHM3Ma W IATOFEHHOr0 MMKPOOPraHm3ma
sapseTca uHpexHoHHOe 3aGoneBanue. BosnuxHosenme 3aGonesamms,
OCODGHHOCTH €ro KIMHHYeCKOro MPOSBIGHMA H TCUCHHE 3aBHCAT HE
TOIBKO OT BHPYNEHTHOCTH MHKPOOPraHH3Ma, HO H OT OKpyKarouei
cpean » obmeH GpHIHOTOrHYeCKoH PeakTHBHOCTH MAKPOOPTaHU3Ma, T. €.
6ro CrocOGHOCTH BCTYNATh BO B3AMMOAEHCTBME C MHKPOOPTAHH3MOM.
CymnecTeHHOe 3HAYEHME NPH 3TOM HMEIOT COCTOSHHE HEPBHOM,
SHAOKPHHHOH, MMMYHHON CHCTeM, YCJIOBHA Tpyma u ObITa, BO3pacT
HenoBeKa.
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Bcee daxropei, ofycnoBnHBalowme oclabneHHe OpraHn3Ma, MOHH-
Kal0T OOUIYIO PEIMCTEHTHOCTE €r0 K NATOTEHHBLIM MHKpOGaM H crio-
cobeTByior paseuTHIO MH(EKHIMOHHOro 3abonepanus. HamGonee pax-
HBIMH H3 HHX AB/IAIOTCH T'OJIOJIAHHE, HEMOJNHOLEHHOE [MTAHHE, nepe-
YTOMJIEHHE, TTEPEOXIIaXICHHE, HEPBHEIE H NCHXHYECKHE pacCTpolicTsa.

OcoGoe 3HaueHHe B BO3HMKHOBEHHH M PA3BUTHH HH(pEKLHOHHOTO
npolecca HMEIOT BUTaMHMHbL TIpH HEOCTaTKe BHTAMHHA A, HanpHMep,
TIOHWIKAKOTCH 3aIHTHO-6aphepHbie (PYHKUMYU OPrauH3Ma, H B Pe3ysibTaTe
BO3HHKAIOT BOCHAIEHHSI KOHBIOKTHBHI H POrOBHLB! [11a3, HOCOIJIOTKH,
BEPXHHX JBIXaTeNbHbIX ImyTei. TlpH nedunmre BHTamuuom rpymmnsl B
HabMIONAETCA CHHMEHHE DPE3MCTEHTHOCTH OPraHM3Ma K CradMiOKOK-
kopoH uEpexuuH. C-aBHTAMMHO3 CHIOCOGCTBYET MOBBHINEHHIO HYBCT-
BHTEIBHOCTH K BO30ymuTemo nuesMonuu. [Ipu npoctyne Habmopaercs
HapYIIEHHE KPOBOOOpALIEHHs, pa3sphIXJIEHHE CHHIHCTBIX 0BGONOYeK
JABIXaTENBHBIX MyTel M Npoune HeGJIArONPHATHLIE H3MEHEHHA, CHHXAI0-
K€ CONPOTHRIEMOCTE OPraHu3Ma K Bo3Gymurensm Gonesueii.

BonemIyto pons a TedeHHH M Hexone HHQEKUMOHHON Gonessu
MIPaeT COCTOAIHME HEPBHON CHCTEMBL, KOTOpas PEryJIMpyeT BCe XKH3HEH-
Hbie QYHKUMM, B TOM YHCIe H 3amUTHHE. ECiH natoreHnuit MHKpoG
nonafaer B yCToW4MBHIM opraHusm, OH norubaer nox AeHCTBHEM
SAIUMTHEIX CHJT €70,

CHCTeMa 3aIIKTHI OpraHMiMa IPOTHE HHGEKUMOHHEIX 3aGoseBa-
HHH NEXUT B OCHOBE HMMYHHTeTa. Elle 3205110 10 pasBuTHA yueHus o6
HMMYHHTETE Obi/I0 H3BECTHO, YTO NPH STHACMHSX TyMBI, OCIIbI, XONEPbI
3a60/1€BRIOT He BCE JIOAH, HAXOIAIIHECS B 30HE 3apANEHHA, a NpH
HEKOTOpbiX HHGEKUHOHHBIX Gonesnsx onuaxapl nepeGosnesnii yenopek
HEBOCIPHHMYHB B MOBTOpPHOMY 3aGonepaHmio. HEBOCIIPHHMYMBOCTE K
MHpEKLHMOHHbIM 60Ne3naM CTanM HaspBaTh HMMYHHTeTOM (OT JIaT.
immunitas - ocBoGoxieHHe, H3bapneHue). B cBere COBpeMEHHBIX
JaHHBIX N[O MMMYHHTETOM INOHHMAIOT COBOKYTIHOCTH GHOJOrHUeCKHX
MPOLECCOB H MEXAHM3MOB, HAIIPABRICHHBIX HA COXPaHEHWE NMOCTOAHCTBA
(romeocta’a) BHYTpeHHe#i cpesiyl WM 3allHTY OpraHH3Ma ot HH}ek-
LHOHHEIX H JIDYTMX FeHEeTHYECKH Fy>KEPOHBIX LIS HEro areHToR.
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15.3.1. Buov: ummynumema

Ilo npoucxomieHHIO HMMYHWTeT ObIBaeT BpPOXIEHHBIN M
NPHOOpeTeHHBIA. BpooicOen bt uMMyHUmMem ABIIETCA BUIOBBIM FeHe-
THYECKHM CBOHCTBOM OPraHM3Ma, T. €. OH NepeAaercsd Mo HacjleacTBy U
oTyHYaeTcs BHICOKOH ycrolfuuBocTeio. [Io3TOMy €ro HaspBawOT BMIO-
BBIM, WIH HACJICACTBEHHbIM. ¥ Y€/I0BEKA, HRIIPHMED, OTMEYACTCH HEBOC-
MPHUMYHBOCTE K IyME POraToro cKora, cobak H ApyrumM 3ab0IeBauMIM,
XapaKTEPHbIM JUIA JKHBOTHEIX. B CBOIO OY€pesib, KMBOTHBIE HE 3apa-
warorca Gonesnamu, NPHCYIKMH 9E/I0BeKy: OpIomHBIM THGOM, CHOH-
JIHCOM, KOPEIO.

Ipearionaranocs, 4To BpOKAEHHBI HMMyHHTET HOCHT aGcomor-
Hbli xapaxtep. Ho eme JI. [MacTep 3KCHEPHMEHTAILHO JOKA3AJl HECOC-
TOSTENBHOCTL 3TOI0 NpeanoioKeHns. Tak, B OOBIMHBIX YCNOBUAX Kypbi
HEBOCTIPHHMYHBB! K BO30YZMTENI0O CHOMPCKOH A3BHI, OHAKO €CIH MX
3apasuTh 3THM BO30yauTeneM, a 3aTeM MOMECTHTb B XOJIOOHYIO BOZY,
CHH3HB Temueparypy Tena 1o 37 ° C (HopMankHas TeMneparypa y kyp
42 ° C), 10 oun 3abonesaior. INonoGHbH 3KCIIEPHMEHT MOXHO TIPOJAENAaTh
H C JIArymKo#, KOTopas TakKe obnasaeT BpOMIEHHBIM MMMYHHMTETOM K
BOo30ynuTemo cuOHpCKoli s3Bbl. B HacTOsilee BpeMA JOKA3aHO, 4TO
NEPEOXJIAXACHHE WM TMEPErpeBaHHe OpraHH3Ma, MEpeyTOMIEHHE,
OTPaB/IEHHE aJIKOTroJIEM H NOpaKeHHE HOHH3MPYIOmEH paananueH
CHHXXAIOT €CTECTBEHHBII HMMYHHTET.

Ilpuobpemennviii ummynumem no HacneacTBy He nepeaaercs. Ou
BHIpabaThBACTCA K HEKOTOPHIM 3a60/IEBAHNAM MHIMBHAYATBHO KAjN(IBIM
OpraHH3MOM B TEYEHHE €r0 XKHM3HM M MEHee CTOeK, Y€M BpPOMIACHHBIM
(uepea onpeaenieHHBIE CPOKM yTpa4MBaerca). Jiid Hero XapakrepHa
cnenMpHIHOCTE: 4eiIoBeK, MNepeboneBmuit nudTepued, npHOGpeTaeT
MMMYHMTET TONBKO NMpoTHBOARG TEpHitHLI, T. €. NOBTOpHOMY 3a6onena-
HHIO B TEYECHHE KAKOTO-TO BPEMEHH OH HE MOJBEPMKEH,

Paznu4alor MMMYHHTET €CTECTBEHHO NIPHOOpETEHHBIH H
HCKYCCTBEHHO mpHOOperenHuii. IlepBhilf - 310 MMMyHmTeT, BHIpaGo-
TaHHBIH B PE3yNLTATE NEPEHECCHHA OPraHH3MOM HHQEKLHOHHOTO 3a60-
JICBAHHA; BTOPON - BHI3BAHHBIH PHBHBKAMH, T. €. BBEJEHHEM BAKLHH U
ceiBopoTok. EcrecTBeHHBIN HMMYHHTET NepesaeTcs OT MaTepH K pebeHKy
(oy) B meEpHOA  €ro  BHYTPMYTpOOHOrO pasBMTHA. AHTHTENA
OpraHM3Ma MATEpH MOCTYNalT B Iioa 4Yeped mnauedty. CospaHubii
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TaKuM [[yTEM HMMYHMTET Ha3bIBAacTCH MialeHTapHeiM. OH coXpaHseTcs
Y HOBOPOMIEHHBIX [O IIECTH MECHIEB.

HckyccTBEHHO NMPHOGPETEHHBIT HMMMYHHTET B CBOIO Ouepenb
NOAPA3JENACTCH HA AKTHBHBI H NacCHBHBIM. AKTHBHBIH BhIpabaThi-
BAETCA NPH BAKUKWHALMH OPraHM3Ma JKMBBLIMM HIH MEPTBBIMH Bak-
UHHAMH, NAacCHBHBIN - NMPH BBEJCHHH IOTOBBIX 3AMMUTHBIX (haxKTopos -
AHTHTEl, B3ATHIX O JpPYroro HMMYHHOro oprauusma. [laccHBHO
TIPHOOPETEHHBIA MMMYHUTET B OTJIHYME OT 8KTHBHOTO BO3HHKAET O4eHb
6picTpo (depes 1-2 4 mocrie BBEOEHHS CHIBOPOTKH), HO COXpaHAETCH
Heponro (15-20 pgue#t), mo Tex nop, moka NPHCYTCTBYIOT BBEIECHHBIC
anTHTe/1a. OpraHusM B CO3MAHHH NMACCHBHOTO MMMYHMTETa HHKAKOro
YHaCTHA He IPHHHMAET.

Ocoboti dopmoii NpHOGPETEHHOrO HMMYHHTETA ABIACTCA MH(pEK-
UHOHHBIH HMMMyHHTeT. OH BHIpaGaTHIBaeTcs B pesyyierare HHQUUM-
POBaHHs OPraHH3Ma NATOreHHBIMH MHKPOGaMH H He yTPauWBaeTCH, MoKa
HMeloTcs 3TH MHMKpoObl. C npekpamenueM uHbEKUHH HcYe3aeT H
HMMYHHTET.-

Hudexuuonnas popma HMMyHHTeTa GbUla yCTAHOBJIEHA B ONBITAX
C MBIIIAMH, 3apPa)XCHHBIMM CTPENTOKOKKOM. IIpH BReICHHM HeGOMBIION
03B! CTPENTOKOKKA MBIIH HE nornbanu, Ho 3a6oneBanH xponnyecku. B
HansHeHieM OHH OKa3bIBAHCH YCTOMYVMBBIMH K ZOTIOJHMTEIEHOMY
3apaxeHHIO ©onee BHICOKOM 030, CMEPTENIBHON JJIS MCXONHBIX
37I0pOBBIX MbinteH.

HndexiMoHHBIi  HMMYHHTCT pa3sBHBaerTcss mpH  TyGepkysese,
napatude, paziHIHBIX BUPYCHBIX 3a0oneBaHuax. B omimume OT Apyrux
¢dopM MMMYHHTETa, NPH KOTOPBIX OpraHM3M MOTHOCTHIO OcBoGOKAaeTCH
OoT MH(EKIHH, 3TOT HMMYHHTET He obnanaer Takoil CrIOCOGHOCTHIO M
HOCHT Ha3BAHHE HECTEPHIIEHOTO. .

KnaccHdukanmioo HMMYHHTETA MOXHO NpPEJCTaBHTL B BHAE
caenyiomedt cxems! (prc. 15.1).
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MamuymnroT

NpuoCpeTeHuKi Bpomaeunuit
(uacxezorreuuui)

HoxyccTpennul BorecTronubR

Axrusuul lacousus®  [accmpuui AxTHBHEE
(oxanen-
rapunit) Cre~ ¥udex-
PiAB~  HMOH-
:1%) HER

Puc. 15.1. Knaccuduxaums MMMyHUTETa

Taxum oBpa3om, Kax b BMI HMMYHHTETa SBIETCH PE3YIIBTATOM
JUTHTENEHOM  3BOMIOUMH  B3aHMOOTHOMICHHIT MeXIy MHKpPO- M
MaxKpOOpraHH3MaMH.

15.3.2. Mexanuizmo: ummynumema

MexanuaMe! HMMYHHTETa JOBOJILHO MHOrooGpasusl. OIHH M3 HEX
MOCTOAHHO AeiiCTRYIOT B OpraHMsMe - KOHCTHTYTHBHBIE MEXaHH3MBI,
ApYrHe BO3HHKAIOF B OTBET Ha BO3JCHCTBHE BHEWIHMX ArEHTOB -
HEIyuHGensHble MexanuIMbl. K 4MCITy MOCTOSHHO NeHCTBYIOHHX MeXa-
HH3MOB OTHOCATCS KOXKHEIE M CIIH3HCThIE Gapbepsl, 3amuTHas ¢yHKiH
JMMpATHIECKHX YI0B, BocnaneHHe M (arouuros, TryMOpasbHBIE
¢daxropel. MHIy1MOe/IbHAS PE3HCTEHTHOCTS CBS3aHa ¢ OOpaloBaHHEM
aHTHTE]l, WIH HAKOILICHHEM CEHCHOWM3HPOBaHHBIX JIHMGOLMTOB (OT
nar, sensibiltas - 4yBCTBHTENLHOCTD).

KOHCTHTYTHBHBIE MEXaHH3MBI JIEXKAT B OCHOBe HecrieuupHuecKoii
PE3HCTEHTHOCTH OPTaHH3MAa, KOTOpas COCTABIAET CYNIHOCTH BPOMIEH-
HOrO  HMMMyHuTera. HHIyuHOEnbHBIE  MEXAHH3MBI  SBISIOTCH
MeXaHH3MaMH TIPHOOPETEHHOro MMMYBHTET2 M ODeCIeYHBaOT
crnenHdHUECKyl0 3aMTY OT NPOHHKIIHX B OpPraHH3M MN&TOreHHLIX

MUKpOoO6OB.
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3amHTHAY QYHKHHR KOMXKH, CJAM3HCTLIX 000N09eK H JIMM-
taragecknx yuioB. Koxa sBisercs OCHOBHLIM Oapsepom, 3auiu-
LHAIIHM OPraHH3M OT BHEAPEHHA paiNHuHbIX MHKpoGoB. Kpome Toro,
Kkoia obnanaer GakTepHLIMAHBIMH CBOFMCTBAMM, KOTOpbie O0YCJIOBIICHbI
MOJIOYHOH M JKMPHBIMHM KHCJIOTAMM, BBIAC/IEMBIMHM CANBHBIMH M
MOTOBBLIMH JkenesamH. HanpHmep, S. marcescens Ha 3J0poBOH Koxe B
TedeHHe neppbix 10 MuH norubaer Ha 90 %, a wepes 30 MuH - Ha 100 %.

3ammrHas QyHKUMA CIH3HCTHIX GapbepoB - KOHBIOKTMEBI IJ1as3,
CAM3HCTLIX ODONOYEK HOCAa, pTa Cas3aHa C HAJMIHEM B MX CeKpere
(BbigenieHHSX) QepMeHTa JIH30LMMA, O0NaNalomero GaKTepHUMIHBIMH
csoficrBamu. JInzoumm, otkpeiteii B 1909 r. [1 K. JlamenkosbiM,
pacieruiseT MyKONIOJHMepB! KICTO4YHOH CTeHku Oakrepuii, 4o B
TeYeHHE KOPOTKOro BPeMEHH NPHMBOIMT K MX IHOENH.

Jlnzoumm oGpasyer BHICIIHE OpraHn3Mbl. Y YenoBeka Hanbonbiee
KOJIHYEeCTBO €0 COACPKMTCA B C/I€3aX, CIIOHE, IUIa3Me H ChIBOPOTKE
KDOBM, MATEPHMCKOM MOJIOKE H JPYTHX JHMIKOCTSX OPraHM3Ma.
3amuTHBIM fefiCTBHEM NTH30LMMA OIpEACIIACTCE HMMMYHHTET KOHBIOK-
THBBI H POrOBHIIBI I71a3, NOJIOCTH PTa, HOCa H IIIOTKH.

OfHAKo HEKOTOpbie MHKPOOPraHH3MBbI IIPEOZOJIeBaloT 3TH Gaph-
epbi H NPOHMKAIOT BHYTPEL OpraHusma. B ciyuac nonajasus HX B JIHM-
(aTvyecKre COCy/ibi OHH C TOKOM JIHM(GBI BHOCATCA B NHMbaTHyYecKHe
y3ibl, [O€ YHUYTOXKAIOTCH JHMPOLWTAMH M  AHTHMHKPOOHBIMH
BEIECTBAMMH.

BocnageHse s (paronuTo3. [Ipn BHeApeHHH MHKPOOPraHH3MOB B
TKAHM HA MECTE BHEAPEHHS DAa3BHBACTCH BOCTIANMTENBHBIN Mpolecc -
3alUMTHAS peakuMs opranusma. OHA HHIYLHMPYETCH HE TONBKO MHKPO-
OpraHH3MaMH M MX TOKCHHAMH, HO H palIHYHBIMH (QH3HYECKYMH M
xuMHYecKkuMH dakTopamu (yJap, OXKOF, TOKCHYECKOE ASHCTBHE XHMH-
YCCKHX BBIL[CCTB). Buenmum NPOABJACHHEM BOCHAJIMTEILHOI'O npouecca
SABJISETCA OTEYHOCTh M KpacHoTa. K ovary BHeApeHus Mukpoba HiH
JAPYToro MHOPOJHOTO areHTa CTPEMMTCH YCHIICHHBIN NPHTOK JHMbE! H
KpPOBM, TKAHb OOHJIBHO cHaGcaeTcs JEHKOLMTAMH, KOTOpbie YHHYTO-
JKAIOT MPOHUKIIHX MHMKPOOPraHH3MOB (darouuros). Kpome Toro, B 30HE
BOCHANEHMs MPOMCXOAMT CeepThiBaHMe yMbl, oOpazyercsa numbaru-
yeckas ONOKada, NPENATCTBYIOUaA PaclpOCTPAHEHHIO MHKpOOOR H3
oyara BocnaieHus. Takum oGpa3oM, BocnajuTeNbHas Peakiusi ABIsCTCs
cBoeoOpasHbiM M CIOKHBIM 6apbepoM, NOKATH3YIOMMM MHKpPOGH B
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MecTe MX BHEAPEHMS, NPENATCTBYIOMHM PaclHpOCTPaHEHHIO IO
OpraHM3My M yHMYTOXKAIOLIMM HX B O98TE JIOKATH3ALMH.

OCHOBHEIM MEXAHH3MOM 3aIMTHO-TNPHCIIOCOOHTENBHON peaKumu
oprasu3Ma, OOYC/IOBIHBAIOIMM OCBOGOM(IEHHE €ro OT MHKpoGoB M
OPYTMX HHODOAHBIX Tel, sBisercs ¢arouuros (or rpedi. phago -
noxuparens, cytos - KieTka). Yuenue o ¢arounrose paspaborano H. H.
Me4YHHKOBBIM H BOHUIO B JIATEPATYpPy NOA HasBaHHeM ¢arouuTapHoH
TeopuH Meunmukopa. DarolMTo3 - mMpolecc NOMJOIIEHWS H TMEepeBa-
pMBaHMS MHKPOOOB H [PYTrHMX HHOPOZMBIX 4YacTHL (B TOM YHCIEe M
COBGCTBEHHBIX OTMEPIUMX KIETOK) KIETKaMH opranuima. DarouuTapHoi
CrocobHOCTEIO 00NafaloT pasiuyHbie KISTKH OPraHH3Ma - JICHKOLIHTHI
KPOBH, KJIETKH PETHKYJIO-3HIOTSIHAIEHOH CHCTeMBI (TICICHH, CE/IC3CHKH,
MHMGETHYECKHX Y3108, KOCTHOrO MO3ra) H 2ip. OHH NOJMY4HJIH Ha3BaHHE
gazoyumu. 1. 1. MeuHHKOR pasnesivyl X Ha MHKpodard - MHOro-
saepHBIe JICHKOLMTH H Makpodary - KIETKH PeTHKYIO-9HIOTETHAIBHOM
cucTeMbl. HawGonblueli  ¢arou#TapHOii 8KTHBHOCTHIO  0oDjazaioT
NeHKOLHThL

[poiecc ¢aroLHTosa COCTOMT H3 TPeX JTANOB: BBIXOX (arouuTos
M3 COCYAOB H TPOABHMCCHHE K BHEAPHBIIEMYCH areHTy (MuMKpoOy MM
HHOPOAHOMY TeNy), YTO OCYIUECTBIISETCH B pe3yisTaTe XeMOTAKCHCA,
KOTOpBIM 00nagaloT ¢arouuTsi; ancopbuus M NHOINOIIEHHWE AreHTa;
nepepapHBaHHe. 3akaHuHBacTCs (ArolMro3 TMOJHBIM YHHYTOXKEHHEM
qyxkepoauoro tena. Taxoli (arouHTo3 HazpBAETCH 3aBEPIISHHBLIM.
Opnako B npouecce ¢GaroLuTo3a He BCe MHKPOOH! NOBEPraloTcA ruGenH.
Tax, Bo3GyAHTETH TOHOPEH, MPOKa3bl H APYTHE BHYTPH $arouuta Moryr
CcoXpaHATh xu3HecriocobHocTs. Taxoii darounTos Haspmaercs Hesasep-
LICHHBIM M NPEACTABIANET ONACHOCTE U1 OPraHu3Ma, TaK Kak MHKPOGHI,
HAXOAACH BHYTPH (haroLMToB, 3aIUUIIEHb] 0T GaKTepHIMAHOTO AeHcTBUS
JIEKBPCTBEHHBIX NPENapaToB H BelecTs opraHu3Ma. OH MOXET ABHTHCH
MPUIHHON BO3HMKHOBECHHA HHGeKUHOHHOro 3abonepanmi. OpmHako
He3apepiueHHEIH (aroLuTo3 - ABNEHHE NOBOJILHO PelKoe.

darouurapHas AKTHBHOCTH JIEHKOLMTOR YCHIMBAECTCH CIIELMANb-
HbIMH BHTHUTEJIAMH - ONCOHHHAMH (OT Iped. OpsSOno - HNPHTOTOBMAA
MHOLY), CONEPMKALIHMHCA B HOPDMAIBHBIX H HMMYHHBIX ChIBOPOTKAX.
ONCOHHHB CBA3BIBAIOTCHA C AHTHTEHHBIMM KOMMNOHeHTaMH GaKTepHauis-
HOM KieTkH, Onokdpyomume ¢arouuros, HeHTPaNH3YIOT MX H
MPEBpamialoT KIeTKy B YYBCTBHTENLHYIO K (aroluTosy.
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I'ymopajabHbie  ¢gakTopbi  HMMyHHTeTa. ['ymMopanbHBIMH
¢daxtopamH, oBecreMHBaIONHMH HEBOCMPHHMYHBOCTD OpraHH3Ma K
uHpexLMOHHBbIM 3a6oneBaHuaM, ABIMOTCH Bakxmepuyudnvie éewecmea
coigopomry kpoeu (ot nat. humorus - ceiBoporka). Bakrepuipayoe
[e¥cTBHE KPOBH Bnepebie Obu10 ycraHornieso XK. donopom B 1887 r. Ilo
OTHOLIEHHMIO K CHOMpes3seHHEIM GawuiaM. 3arem B 1889 r. I'. Byxnep
yCTaHOBUN OakTepHLMAHOS MOGHCTBHC CHIBODOTKH KpoaH. AreHT,
0OyCNOBIMBAIOINKH 9TO AoHCTBHG, OBl Ha3BaH anekcHHoM (OT rpeu.
alexo - 3ammmaro) M nodxe MepeHMeHOBaH B Komruiement (OT nar.
complementen - aONONTHEHHE).

Komnneamenm sBRseTca COCTABHOM HaCThIO CHIBOPOTKH KPOBH BCEX
KHBOTHBIX M uenioBexa. KommnemenTt xapaxrepmsyercs tepmonaGusib-
HOCTBIO, BHICOKOH HYBCTBHTENBHOCTHIO K ynbTpathHONETOBBIM H peHTre-
HOBCKHM JiyuaM. Harperarue npu 56 ° C B Teuenne 30 MMH BRI3BIBACT
paspyweHHe KomruieMenTa. CaM no cebe KoMIutemeHT obnanaer cnabbiM
GaKTepHIMAHBIM NSHCTBHEM, HO OH YCH/IMBA€T W NONONHAET NEHCTBHE
crenpdideckHX aHTHTeN M Apyrux  (AKTOPOB  AHTHMHKPOOHBIX
taxTopos.

Hapsizy ¢ KOMIUIEMEHTOM B CHIBOPOTKE KPOBH OOHapyXEeHBI
ApyTrHe aHTHMHKPOOHbIE BELUECTBA - Jeiikunbl ¥ B-ausunvl. OHH TepMO-
CTaGHIBHBL M Pa3PyLIAIOTCA TONBKO mpH 75-80 °. Jlelikumbl coxepiatca
B JNIEFAKOLHTAX H OCBOBOXKAAIOTCA nMpu uX ruben; B-Nu3HHBl Haxomarcs
B CHIBOPOTKE B CBOGOJHOM COCTOAHMH. B OTIN4YHE OT JENKHHOB OHM
obnamaror Gonee CHIbHBIM GAaKTEPHLMAHBIM ACHCTBHEM B OTHOIICHHH
aHa3poboR H cTahHNOKOKKOB.

Kpome nepeumciieHHbIX rymopanbHbix GakTOpOB, OrpOMHYIO POib
B CO3JaHHH HMMYHHTeTa HIPalOT aHTHTeNa, MOCTOAKHO NMPHCYTCTBYIO-
He B OPTrAHM3ME B HE3HAYMTENBHLIX KONHYECTBAX. JTO TAK HA3LIBAGC-
Mbl® HOPMaJibHbie aHTHTeNa. s HHuX XapakrepHa cnabas aKTHBHOCTb M
Manas cneLHpuaHOCTS.

15.3.3. Huoyyubenbuvie Mexanusmovl uMmynumema

IlpoHukHOBeHHe BO30ymUTENs B OPraHM3M HHAyUMpPYeT MOsBIe-
HMe cneuM(IYEcKHX 3alHTHBIX PEAKUHH, KOTOpbieé B COBOKYMHOCTH
Ha3bIBAIOTCA MMMYHHBIM OTBeToM. [losBNeHHe HWMMYHHOrO OTBeTa
obecneyHBaeTCs HMMYHHOH CHMCTEMOM, KoTopas mnpexcTaenseT coboi
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COBOKYTHOCTD JIMM(OHMAHBIX OPraHOB M KIIETOK: BWJIOYKOBAs, WM
306Has xene3a (TMMYC), ceneseHka, TMMparuueckue yansl, TUMPOLHTHL
KOCTHOIO Mo3ra M nepudeprieckoll KDOBH.

I'naBHble KOMNOHEHTBI MMMYHHOH CHCTEMBI - JHM(QOLMTH H KX
noromcTBo. OHM CNOCOGHB! PACNO3HABATL UY)XKEPOAHBIH AHTHIEH W
peardpoBaTh HA €ro NPHCYTCTBHE CrelpHIECKHM HMMYHHBIM OTBETOM.
JTO MOXKET BRIPAXATBCA B CHHTE3¢ aHTHTEJ, (POPMHPOBAHMH MMMYHO-
JIOTHYECKOH MaMATH, THHEPYYBCTBHTENBHOCTH H ap. DopMa HMMYHHOTO
oTReTa onpeaenserca AupepeHLHPOBKOI HMMYHOIOTHHECKHX KIIETOK U
HX MEXKJICTOYHBIMH KOONepaluiMH (KOHTAKTaMHu).

K umMyHOKOMIIeTeHTHBIM K1eTKaM oTtHocsres T- v B-mamorprs
H knerku-Maxpodaru. INpexwmecreennuxamu T- B B-numdounTos ses-
YOTCA CTBONOBBIE NHM(OHIHBIE KIETKH KOCTHOro Mosra (puc. 15.2).
Onsu 13 HUX MHTPHPYIOT B THMYC M mpeobpazyiores B T-nuMbouuTs
(ot «ramyc»), npyrue - B 6ypey (cymka Pabpuumyca y nTHL) HaM ee
AHANOT Y MJIEKONMTAKOLMX H co3peBaloT B B-muMdouuTs (HassaHue or
cnoea «Oypcan). T- u B-mumdonursl, npowenune audepeHumuposky,
sacenmor numQOHAHBIE OPrasHB, B KOTOPDBIX MPOMCXOAMT HX
nponMpepauus. T-MHMPOLMTH NpPeBPamAIOTCs B  CEHCHOMIM3HPO-
panusie (3ddexropHbie) numbornTh, a B-mumdormTH - B KIOHBI
MJIa3MATHYECKHX KJIETOK, IpOAYUMPYIOIOMX aHtutena. T- u  B-
nHMbounThl cHaGweHn crnequrvMeCKHMH peuenTopaMH, Gnaropaps
KOTOPBIM OHM Y3HaIOT M (huKkcHpYIOT cooTBercTBYIOmME aHTHrens, Ha
MOBSPXHOCTH B-kieTox peLierropaMi ABIAIOTCH MMMYHOIJIOOYNMHE! -
anTHTena. CnelHH4YECKHe K HIM aHTUIeHbl MOTYT CTHMYJIHPOBATh 3TH
KJIETKH K JVICHHIO H IOCneAyromeMy 06pa3OBﬂHH}O AHTUTeN.

T-KIeTKH HE HOCYT AHTHTEN, NPUPOAA HX PELIENTOPOR HEU3BECTHA,
HO OHHM Y4YacTBYIOT B AHTHTeJIoOOPAa30BAHHM B KAYECTBE MIOMOLIHHKOB
B-mmbonuntoB. 1y GyHKUMIO BEIMONHAET NOMYNALMS KIETOK-XENIEPOR
(or anrn. help - nomorars). Bsammopetictene T- u B-numdourTos
COBMECTHO ¢ MakpodaraMH 05ecrieaHBAIOT BCS BUABI HMMMYHHOTO OTBETA
OpraHH3Ma Ha aHTHIeH.

B KOHTaKT ¢ AHTHréHOM MNEPBBIMH BCTynaiorT Makpodaru. OHM
npespamaeT ero B dopMy, nocrynuyio ms T- u B-nampounros. [Mpu
3rom OConbluas 4HacTh aHTHNeHa THApPoONH3yercs. OCTaBWAACH YacTs,
HECYyIlas NETEPMHHAHTY CrelHPHYHOCTH, COeNHHSAETCH C MOBEPXHOCT-

438



HOH MemOpaHOM Makpodara M BBINOIHAET CBOH AHTUTEHHBIE (YHKIMM

HMMYHOTEHE32a,
CTRONIOBAA KIICTKA . #apo
B XKCIATOYHOM MCLUKC { LHTONNAIMa

CTBONOBAA KNCTKA
B NCHCHH 11042

CTBO.IOBBIC KJIIETKH MO
TAKKC [IPOXCAHTE HCPE3 €C! IC’iL‘I K
M KOCTHbIH MO3T Y B3POCALIX KHBO I)\

CO3PCBAHHC

CO3PCBAHKHC

T-nerok B-kiacrox B

B THMYCC (adpHumc-
BO# CymKe

nicpudicprsieckii

nepudeprueckuii
B-anmdoumt

TepumdormT

AHTHICH @

naa3Mathi-
HCCKas
KICTKA

AKTHBHPOBAHHAS \‘
T-xnetka
(mmodnact)

I ANMQOKHH bt l L AHTHTCNA -]

l KIACTOYHBI 1 UMMYHHTCT ] TyMOpaibHbiH HM\:IyHMTCﬂ
1}

Puc. 15.2. Cxema obpa3zosanus numbouuros B- u T-Tema my-
TeM auihepeHIHPOBKE CTBONOBLIX KiecToK (JIK. YHTcon, 1878)
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Cucrema B-muMponuuTor oGecneqmBaeT ryMopanbHbiii HMMyHHTET
npotis GonpmmncTBa OakrepuanbHbix HHbekunit. Cucrema T-numdo-
HHUTOB Hrpaer BEAYINYIO Ponb B KJICTOYHOM HMMyHHTeTE. T-TMMpOLMTS!
BBICTYNAlOT KaK <«@TAKyiouiue» areHTel. Bcrymas B peaxipio ¢
UY)KePOAHBIMH KIETKAMH, OHM MOTHOAIOT, OCBOOOXKAAA MPHU 3TOM JIMM-
¢oLrThl, KOTOPBIE OOECHIEYHBAIOT YHHYTOXEHME YY)KEPOOHOTO BELIECTBA
myTeM npusnedeHus Maxkpodaroe. KnerouynsiH HMMYHHTET, Hapagy ¢
oOpa3oBaHMEM AHTHTeN, HIPaeT BAXKHYIO pONb B NOANEPKAHHM
roMeocTasa OpraHH3Ma M HMEeT NEPBOCTEINCHHOE 3HAYECHHE B 3aLHTE £ro
OT HEKOTOPBIX IPHOKOBBIX, GaKTePHANBHBIX M BUPYCHBIX HH(pEKLIHEL.

HmMyHosorHueckan namMate. B npouecce MMMYHHOrO oTBeTa
TNPOMCXOAHT (POPMHPOBAHHE HMMYHONOrHYeckoM mamarn. Kierkamu
naMaTH cayxart T- H B-mumbormtai. [Toce B3auMoneHcTBHA © aHTHIe-
HoM HacTe T- H B-knerok coHcuGunmsupyercs. Ouu MOTYT UTHTENBHOE
BpEMA HaXOAHTBCA B NHMQpOHIHOH TKAHH, COXPAHAA B MAMSTH CIELLH-
(UYHOCTD KOHTAKTHPOBABLIEro C HUMH aHTureHa. Ha noeTopHoe BBene-
HHE TOro K& AHTHICHA NaXke Yepe3 MHOrMe roabl OHH OBecneYHBaroT
BTOPHHHbIN MMMYHHBIH OTBET, BBIPA>KAIOIMHCS B MHTEHCHBHOM obpa-
30BAHWH AHTHTEL.

Takum obpa3oM, Bce GOPMBI HMMYHHOrO orBeta (MMMYyHO-
JIOTH4eCKHX PpEaKuHH) HHIYLUHMPYIOTCH BEWIECTBaMH, MOMY4YMBIIHMH
HA3BaHHE AHTHI €HOB.

AnTureHs: (0T rpeu. anti -mpoTHB, genos - poa) - FeHETHYECKH
YyXKEpPOAHBIC AJIA OPraHM3Ma CIIOXKHBEIC OPTaHH4YECKHE BELIECTBA, Ha
BBEJIGHHE KOTOPBIX OPTAaHH3M OTBEYAET OOpA3cBaHMOM AHTUTEN HAU
JApyTOiH GopMOi HMMYHHOrO OTBETA.

AHTHreHHbBIE CBOHCTBA IDHCYLUH MHKPOGaM M HMX TOKCHMHAM,
GenkaM pasnAYHOrO NPOMCXOXKACHHA, HEKOTOPHIM MONHCAXAPHIAAM M
JAPYTHM OPraHW4ecKHM BeLiecTBaM (JIHIHAbI, HYKIEHHOBBIE KHCIOTE]) B
cMecH ¢ GenkamH.

AHTHIeHBl  Xap8KTepPH3YIOTCA  ABYMS  (PYHKIMOHANBHBIMM
OCOBEHHOCTAMH: CIIOCOCHOCTBIO BBI3BIBATE OOPa3’OBaHHE B OPraHHIMe
crieunHUECKHX AHTHTENI M CNOCODHOCTBIO BCTYNaTh € HHMM B
OMPEeASNOHHbIE PEAKLHH - peakuHW HMMMYHHTeTa. TakWe AaHTHIeHBI
HAa3bIBAIOTCA NOTHOLGHHEIMH,

HisecTen psin BemecTs JIMIIbL C OJHOH AHTHreHHON ¢yHKuMed.
Onn BeTynaror B peakuMu ¢ yxe OOpa3OBABLIMMHCS AHTHTEIAMH.
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CaMOCTOATENBHO BHI3LIBATh OOPA30BAHHE AHTHTEN JTH BELIECTEA HE
MOIYT, HO MPH CMELIHBaHHH ¢ OenKoM NpHOOPeTaioT 3Ty CnocoGHOCTS.
Hanmpumep, npH HMMyHHM3allMH KPONMHMKAa JHNMAARMH aHTHTENA He
obpasyrorcs. EC/H e THITHABI CMeLaTh ¢ 6eMKkOM H BBECTH KPONHKY, TO
npon3oiaer obpasoeaHue aHTHTen M K GenkaMm W Kk ymummaaMm. Takue
AHTHIeHB TOTYYHIH HASBaHHE HENOJHOUEHHbIX, WM ranteHoB. K uum
OTHOCATCSA JIMNHAB, YrIEBOABI H Apyrvie Gonee MpoCThieé XHMHHMECKHE
BEINECTBA.

Onnako He BCe YINEBOAb ABNAIOTCA ramtewamu. Hayuenue
MO/THCAXAPHIOE, BBUIENCHHBIX H3 KaNCyllbl THEBMOKOKKOB, IMOKA3asio,
HTO OHH MOTYT He TONbKO PEearHpoBaTh ¢ FOTOBBIMH @HTHTENAMH, HO M
HHIYLMPOBaTh OOpa3oBaHHe aHTHTEN y MBILIEH H YenoBexa. Ho B To xe
BpEMA Y KPOIMKOB M0, HEHCTBHEM JAHHBIX NOMHCAXAPUAOR BHTUTENA HE
obpasyrorcs. BoaMoxkHO, MPHUHHON 3TOrO SIBJNAETCS HANMHYHE B TKAKAX
KPOJTHKA (PEPMEHTOB, pa3pyLIAIOIKX MONKUCAXaP HAbE THEBMOKOKKOB.

OCHOBHBIMH YCIIOBHSMH, OMPEAENSAIOIHMH aHTHIeHHBIE CBOHCTEA
BELLECTE, SBJIAIOTCS CIIEAYIOLIHE:

— IeTEPOreHHOCTb, T. €. MYXKEPOOHOCTb JUIA HMMYHHIHPOBAaH-
Horo xHBOTHOro. bBenkn, OnH3KHE MO XHMHUYECKOMY CTPOEHHIO H
BHINONHSAIOMKE ONHH H T€ K& (PYHKIHH, 4TO H 6eNKH HMMYHH3HPYSMOro
KHBOTHOro (reMorjiobHH, HHCYTHH), 06nanaoT cnabhiMH aBTHMCHHBIMH
CBOHICTBaMH;

~ MaKPOMONEKYJIAPHOCTD - AHTHICH AO/MKEH HMETb MOICKYJIbl
CJIOXKHOTO CTPOEHMS C MONEKYIIpHLIM BecoM He memee 10 000. Taxoi
Genok, Kak KenaTHHA, H3-32 IPOCTOTHI CTPOSHHMs OKasbiBaer cnaboe
BHTHI€HHOC AEHCTEHE; .

— KOWIOMIHOCTE H PacCTBOPHMOCTb - AHTHIEHBI OOJDKHBI
0Opa3oBHIBaTh KOMIOHAHBIE pacTeophl. KpucTaimumdeckHe H A€HATY-
PHPOBaHHBIE BELIECTBA HE ABAIOTCA aHTULTEHAMMH.

BcemH ceolicTBaMH, XapaKTePHBIMH IUIA TMOJHOLIEHHLIX aHTHIre-
HOB, obnajaior Oenk¥, AHTHTEHBI CTPOro CHEUH(HYHEI, 4TO OOYCIOB-
JIeHO OCOBeHHOCTIMH CTIPYKTYpbI Oenkoeoit monexymsi. Ilpuponnsie
AHTHIGHB COCTOST M3 OBYX kKomnoHeHToB. OmMH H3 HHX -
BBICOKOMOMIEKYITAPHBIA GelioK, ONpeaeNArOHi KOUIOHAHYIO TNPHPOARY
aHTHreHa M autureHHsle OyHkumu. Bropol, kax nonarawor,
npeacTasnser cobod aMHHOKHCIOTHBIE OCTATKH, PaCHONaralolHecs B
orpeeneHHOR KOH(HrypauHH Ha rnoSynapHOH NMOBEPXHOCTH Genka u
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ABILAIOIHECH AETEPMHHAHTHBIMM rpynnaMH crenuduusoctn. Ha
[OBEPXHOCTH aHTHreHa ux OmBaer Heckonbko. CauTaloT, YTO ZHETep-
MMHAHTHas IPYNNa AaHTHIeHAa HHAYLHPyeT 0Opa3OBaHHE aHTHTEN,
TI03TOMY OHHM OGMNafaloT CRELM(HMYHOCTBIO MIH POACTBOM K HaHHOMY
amrureny. JlerepMUHaHTHAA rpynna Moxer OBITb OTAeneHa OT
GenkoBOro HocHTeNA, Torma OHa (yHKUHOHHMpYyeT kak ranteH. HMamenss
JOETEPMHHAHTHYKO TIDPYNIy, MOXHO MEHATh BHIOBYIO CreuH(QHUHOCTE
AHTHIeHa.

AnTHreHnl 4acto OOpa3ylOTCSH HENOCPEACTBEHHO B CaMOM
opraHusMe Oe3 mnocropoHHero wux BeBeaenHd. OHH  Ha3HIBAIOTCA
ayroanturetiaMH. Tkamu modex, TMEYEHH, XPYCTaNHK Fylasa INpPH MX
TMOBPEXMACHHH  MHKpOOPraMMamMaMH  HMJH  JAPDYTHMH  areHTaMH
NMPOAYUHPYIOT ayTOAHTUreHHBIE MAKPOMONEKYJIB, TYXAbIC AN JGHHOrO
opranvamMa. B OTtBer Ha ©x TIOABNEHMHE OpraHM3M BbIpabarteiBact
COPTBETCTBYIOIIME aHTHTeNna - ayroaHTurena. Hanwume ayroanThTen
BBI3LIBAET B OPraHM3aMe MaTOJOrH4YeckHe mnpouecchl. C  ayTOHMMYy-
HHM3aUMEH CBA3AHO pa3BHTHE TAKHX 3a00neBanMii, Kak peBMaTH3M,
peaMOKapAMT,  KpacHas ~ BOMMaHKa.  HanpHmep,  peBMOKapaHT
pasBHBaeTCH B pe3ysibTate OOpa3OBaHMA aHTHTEN K COBCTBREHHOM
cepneunoli mbmmue. Meimeunas arpobus ceszaHa ¢ 0OpasoBaHHeM
aHTHTeN MPOTHE GENKOB CKEIETHON MYCKYNaTyphi.

[Mon BrasHneM (QU3HYECKHX H XHMHHYECKHX (akKTOpOB avTHIOHBI
CHIDKAIOT HITH MONHOCTBIO YTPaYHBaiOT CBOIO AKTHBHOCTb. JTO CBA33aHO
¢ AieHaTYpaLMei i xoarysumei Genka.

Anmumena - crienugHueckye ramma-rnoOynuHsl, obpasyromHecs
B  MaxKpOOPraHHiMe€ roa BJIHAHHEM aHTHI6HOB H BHIOIHAIOHE
sauuTHeie QyHkuHM. OGpasoBaHHe aHTHTE HMEET MECTO NPH HHGEK-
LMOHHBIX 3a00neBaHHMsX M NPH HCKYCCTBEHHOH HMMYHM3aUMH Opra-
H{3Ma MHKPOOPraHH3MaM¥, TOKCHHAMH HIH APYTMMH AHTHTECHaMU.
Takue aHTHTeNa, KOTOPHE NOABISIOTCA B OTBET HA BBGACHHE AHTHIGHA,
HA3BIBAIOTCS HMMYHHBRIMH AHTHTENAMH, B OTIIH4YHME OT HOPMANBHBIX
aHTHTEN, BCTPEYAIOMMXCA B CHIBOPOTKE KPOBH HETOBEKA H MKHBOTHBIX,
He nepeHecumX HHpEKUNH H HE NOABEPraBIIMXCA HMMYHH3ALUHH.

HMMyHHBIE aHTHTEN2, HWIH HMMYHOrNOOYNHHEI, MPEACTaBIAIOT
coboii rereporenHyio rpynny Genkoe, KOTOpeie nO CBOMM (PH3IHKO-
XHMMHYECKHM CBOHCTBAM MOAPA3IENIAIOTCA Ha MAThb knaccos : IgG, IgM,
IgA, IgE, IgD (Ig - mMMyHOrnoSynuH).
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IgG - cocraBnsmoT ocHOBHYIO Maccy (okono 80 %) chiaoporounsix
HMMyHOrnoOyminos. XapakrepHas OCOGEHHOCTE MX - BBICOKAA CKOPOCTB
CBA3bIBAHHA C OaKTePHANMBHBIMU H BHPYCHBIMM aHTHreHaMy, Crocob-
HOCTB IIPOHMKATH 4EPe3 IUIALIEHTY B OPraHH3M IUIOAA.

IgM - nepBRIMH TMOSBNAIOTCA B CHIBOPOTKE KPOBH MoOCHe
HMMYHH32UHH H NEPBEIMH CHHTE3MPYIOTCA B OpraHasme ruiopa. [lo
aKTHBHOCTH BO MHOro pas npeesimaior IgG, Tak xax copepaar okono 10
AKTHBHEIX LIEHTPOE.

IgA - nogpasnersmorcs Ha ABa BuAa: IgA - CHIBOPOTOMHEIH H
IgAS - cexperopHpiii. OHH pazIHHMAOTCH N0  (PHIUKO-XHMHUECKHM
CBO#iCTBaM, MecTy cHHTe3a H ¢yuxumaM. CexperopHmiii  BeipabaThi-
BaeTCs NHM(POUAHBIMH KJIETKAMH POTOBOH MONOCTH, KHIUEYHHKA, PeCTTH-
PaTOPHBIX H MOYEBBIACNHTSIBHBIX ITyTeH, COOEPMKHT CEKPETOPHEBIH
KOMTIOHGHT H BBIMONHAST 33WHTHYIO (YHKUHIO NMPH KHINEYHBIX H
pecrHpaTopHbIX HHpEKLHAX, obnajaer oTueTnHBol SaKTePHMLMIHOCTBIO.
CriBoporounbie IgA HelMTpanu3ytor MHKPOOBI H MX TOKCHHBI TONILKO B
KPOBH.

IgE uma pearHHBI - KOXHO-CEHCHOWIH3HPYIOLUIME aHTHTENA,
HIPaIOT BaXKHYIO POb B Pa3BUTHHM AJUIEPTMYECKHMX PeakuHd Hemen-
nenHoro Thna (GpoHXHaIbHAA aCTMA, AJUIEPrHHECcKH HaCMOPK).

IgD - ¢ysxumm nonHocTHIO Me M3ydeHBl, CYMTAIOT, HTO OHH
0ByCIOBNHMBAIOT HEKOTOPHIE ayTOaLIepruvecKue nopaxeHus npu 3abo-
JIEBAHMAX IHTOBHAHON Wenesl.

BaxHeitiee CBOHCTBO aHTHTEN - 3TO MX CHeUH(H4HOCTS.
AHTHTENA BCTYNAIOT B PEAKIMH TONBKO C TEMM aHTHTEHaMH, KOTOphIiE
BBI3BANK ux OBpazoBanue. CrielmUYHOCTD AHTHTEN ONPEACIASTCSH
TPeTHYHOH CTPYKTYPOii GenKkoBo# MONEKYIB, FIaBHBM 00paioM, KoH(pH-
rypaumer KOHLUEBBIX Y4aCTKOB noOIMMENTHIHEX uerei. Ha xonuesmx
Y4aCTKaX HAXOMATCA aKTHBHbIE LIEHTPBI, C KOTOPHIMH B3aHMOAEHCTBYIOT
anruredsl. [Ipu HanMWYMH OAHONO LIEHTPA aHTHTIO HA3BIBAGTCH
MOHOBANGHTHBIM, HECKONBKHX - nomusaientHeiM. IomueanesTHOCTH
AHTHTE] TNOIBONIAET MM OXHOBPEMEHHO PEAarHpoBaTh C HECKONBKHMH
TFOMOJIOTHYHBIME aHTUI'eHaMH, 00pa3ys KPynHEI€ KOHTIOMEPAThI.

B orsomennn 06pazoBaHMs aHTHTena obwee NMpHU3HAHHE INOTY-
YHIIA KIOHAIBbHO-CENIEKUHOHHAA TeopHsa bepHeTa. CornacHo 3ToH TeOpHH
B OpraHu3Me CymecTByer (RO KOHTAKTa ¢ aHTHreHom) Gonsinoit Habop
mubdeperunposannpix  B-mumdommros. TlosBnemne anTHreHa u
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CaASEIBAHHE €ro C AHTHTENOM, HAaXOHAIIMMCE Ha MemOpaue cooT-
BeTcTBYIOMero B-mamouuTa, CTHMYNHPYET POCT H Pa3MHOXEHHE ITOr0
JmmboumTa. O6pasyerca KioH (IPYNnNa MOSHTHYHEIX KIETOK, HPOHC-
XOAIMX OT OAHOW KIOTKH) GONee KPYMHBIX INAIMATHYECKHX KIIETOK,
KOTOPbIE AKTHBHO CHHTe3HPYIOT H BBIIENSIOT COOTBETCTBYIOLIHE
anTHTena. Kanabli KIOH 3THX KIETOK criocobeH o0pa3oBaTh TOMBKO
Kakoi-HuOyns ONHH THNI aHTHTEN, TaK Kak npu auddeperumposke B-
KIIOTOK B K2XKAOH M3 MHX AKTHBH3HPYeTCA TONBKO OAHH HaBOp reHos,
ACTEPMHHUPYIOLIHX CHHTE3 HMMYHOITIOGYIHHOB,

OGpasoBarHie aHTHTEN - CAMOCTOATENBHBIH NpOLECC, HEe 3aBH-
CAUIMiT OT CHHTE3a HOPMANBHBIX IJIOOYJTHHOB.
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AstonmusnH 316
AsTtotpodusm 23
Arpo6Gaxrepun 416
Amarrramms 300
Axncopbums 284
AsoroGakrep 349
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Ajzorduxcaropul 349
Axunern 86
AxTHHOMMLUETH 240
AxTABHEE TpaHCcopT 134
Annocrepuieckue depmentsl 202
AMuHOKHCTIOTH 172
AmMornduxaums 362
Anabuos 108
Anabomasm 145
Amnaspobuos 14
AmnaspoGHoe npixanue 159
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---- 8KTHBHBIH 391

--=- HACHITbCTBEHHNIH 391

~— maccueublt 391
Aurubuoraku 395
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AHTHMHKpOOHBIE BeinlecTBa 128
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Apxebaxrepun 249
Arrermnoatp 201
A3poGHoe muixanme 155

AspocoMei 66

Baeomprrst 211

Baxrepyu 42

Baxrepuosu 414
Baxreprocrarmasocts 392
Baxreprodaru 275
Bakrepuonmus: 406
BaxrepHocraTHueckuit 127
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BupynesTHocTh 426
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HKryTuxm 79
WupHuie kucnoTs 364
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Menunnrokokku 40
Mera6uos 388
Mera6onusm 145
MeranoGpasylomue Gaxrepun 254
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--~- 0OmuraTHble 376

—---~ daxyneTaTHBHBIE 376
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Camosapoxnenne 14
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Carermrrusm 389
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Cum6Guos 387
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Cynepkancuy 264, 286
Cynepokcnuniif aHHoH 125
Cdeponnacra 55
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Terpakoxku 40
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