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B yuebHHKAX 1O MUKPOOMONOIMH MOXHO HAWTU MHOTO HHTEPECHO-
ro. OrpoMHBIH MHMP MUKPOCKOITMYECKMX XHBBIX CYLLIECTE — BOT IIPE/-
MET IaHHo# Hayk#. ITo cpapHEHHIO CO BIrNAAOM NKOOOIO YEI0BEKa Ha
JKHN3Hb KaK HA SBJIEHME B3IAA OHMONOora, M3y4yalonero 3Ty XH3Hb, by-
JIET OrpaHHuYeH, €C/TM HE YYMTHIBATH XXH3HE MUKPOCKOMHYECKOTO MUPA.

CyIecTBYIOT MHOIME MOOXONbl K M3Y4YEHHI0 MMKPOOPTaHM3MOB,
YTOHYEHHLIE METOAMKM, pa3HooDpa3HEeie crnocobhl aHANIM3a, CXEMBI
onpeaenuTenei IS TeX, KTO MHTEPECYeTCH BbIIENEHMEM HOBBIX BH-
JIOB, M MHoroe jpyroe. Hanucann yuebHUKM, NpeaHa3HayeHHbIE CIe-
LMATBHO U1 MUKPOOHOIOTOB M ITOCBALIEHHBIE Pa3IMYHBIM pa3jienam
MUKPODBHOIIOrHH, KOTopas ceiiyac Bce Gomslile M OONbIlE CTAHOBHTCSA
(yHAaMEHTAILHOM OCHOBOM MHOTMX ITPMKJIATHEIX AUCHHIUINH, TAKHX,
Kak OMOTeXHOJIOTHA, MEAMIMHA M T, .

YyebHMK, KOTOPHII ITpe/iaraeTca BalleMy BHUMaHMIO, MOXeT OBITh
HMCII0Ib30BaH M MMKPODHMOIIOraMM, HO B MEPBYIO O4YEPENb TIPEIHA3HA-
yaeTcsa 6MOIoraM pasmuYHbIX mpoduieil, MOTOMY YTO B HEM NOAYEp-
KHBaeTca cBoeobpasHe criocob0B CylIECTBOBABMS MHKPOOPTaHH3MOR,
KOTOPBIE MOPOI OTIMYAIOTCS APYT OT APyra CBOMM B3aUMO/IEHCTBMEM
C OKpyXaroleil npuponoii ropa3ao GoIbllIe, YeM MO BHEIIHEMY BHOY.

ObO1bekTH MUKPOOHOIOTMM OOBEAVHAIOT NPEXIe BCETO MX YPE3BhI-
yailHO HeOONbIIME Pa3Mephl. 3TO CO3IAET TPYXHOCTH B MX U3YYEHHMH H
JVKTYET HeODXOIMMOCTE CIELMATBHBIX METONOB HAOMIONEHMS, HO B
TO Xe BpPeEMS MO3BONSET MUKPOOPTAaHM3MaM CYIIECTBOBATh B TOHKUX
IUIEHOYKAX BOKPYT YACTHML MOYBHI, KATUIAX BOALI, MUKPOCKOIMUYECKHX
1LIEJISIX B TOPHBIX [IOPOAaX, T.¢. B TAKMX MUKPOKOJIOrHIECKHX YCIIOBH -
51X, KOTOPBIE HEPEAKO KOPEHHBIM 00pPa30oM OTIHYAKOTCS OT MaKpPOIKO-
TIOTUYECKHX YCIIOBMI, XapaKTCPHBIX LT HaLIEH IUIRHETHI B [ETIOM.

CnocobHOCTs MUKPOOPTAHM3MOB CYILECTBOBATh B 3THX YCIOBHSAX,
BO3MOXHO, [I03BOJWIZ UM COXPaHUTHb CBOICIBa, COOTBETCTBYIOLLME
AUIEKOMY TIpOLUioMY Hawlel 3emian. Takum obpasoM, MBI KMeEM AEI0
Kak DBl ¢ «MMpPOM MckKonaembix». st Guonora 310 ODCTORTEIBCTBO
NPENCTAB/SIETCH YPE3BHIYAHHO BAXHEBIM, IIOTOMY YTC OH B CBOMX pac-
CYXIEHMSIX O XHU3HM JOJKeH YYMTBIBATh Te OCODEHHOCTH, KOTOPBIE
XapakTePHb! IS MUKPOOPraHW3MOB, MHa4ye ero B3IJIfAd Ha XHM3Hb
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OyzeTr cnuiIKOM y3KMM. OH He Gyler COOTBETCTBOBATh TEM BO3ZMOXHO-
CTAM, KOTOPLIMM XH3Hb H2 CAMOM [EJIE PACTIONATaeT W KOTOPhIE, MO-
XeT OBITb, SBJISIOTCS OTrONOCKAMM MpOLIEAIIeH 3BOMIOLUMH, HO CO-
XPaHWJIMCh A0 HAlLUIMX BPEMEH MMEHHO MOTOMY, YTO COXPaHMIIMCH W
CYLUIECTBYIOT MUKPOCKOMUYECKHE XXHBBIE OOBLEKTEL.

Hrtak, npepnaraeMolii yueOHHK HE O IMOJb3e, KOTOPYIO NPHHOCHAT
MHKpPODBI, He O TOM Bpelle, KOTOPHI# OHM TaKXe MOryT NPHHOCHTH,
YTO caMo Mo cede OYeHb BaXXHO M M3JIaraeTcs B IPYruX yueOHBIX oco-
ouax. B napHOM yyeOHMKE MBI CTAPaNMCh NOAYEPKHYTH NPEX/IE BCETO
BHONOrMYECKOE 3HAYCHWE MUKPOOPIraHM3MOB, MOATBEPXAAIOIIUX CBOMM
CYILECTBOBAHWEM TEOPUIO DMOXHMHWUYECKOTO eIMHCTBA XHM3HU M OIHO-
BPEMEHHO WUTIOCTPUPYIOLIMX BO3MOXHOCTH JNAICKO HAYILUETO PasHO-
06pas3ua Ha ypoBHe (GH3HO0N0THH M 3KOOrMYECKHUX BO3MOXHOCTEH. BoT
3T0, KAK HaM KaXeTcsl, OCHOBHas uies ydyebHUKa, nojieanas ans 6uo-
noros pa3Heix npodwieit. Y Ham npencrasnsieTcs, YTO TPeThe M3Ma-
HHE, B KOTOPOM MBI YXE MOXEM OITHCAaTh HE TOIBKO HEKHE HOBBIE
dopmEl, HO K faxe HOBOE HAPCTBO XHUBOTO, Halupyiolieecss Ha H3y4de-
HMH MHMKPOOPTA4HH3MOB, aJPECOBAHO HE TOJNLKO W HE CTONIBKO MUKPO-
GuonoraM, CTyleHTaM M acnMpaHTaM, HO U HayYHBIM COTPYIHHMKAaM
BoOO1Ee. MBI HafieeMes, YTO 3Ta LEAb HAMY SOCTUIHYTa, HACKOILKO 3TO
BO3MOXHO.

M. B. I'yces,
J.A. Muneesa



I. BBOAHAA YACTb

nasa 1

WCTOPUYECKUIA OYEPK

Ha npoTspKeHMH INMUTENIBHOTO BPEMEHU YENOBEK XWJI B OKpyXe-
HMH HEBMIMMEIX CYLIECTB, MCHOAB30BAN MPOAYKTHl MX XH3HENEs-
TENBHOCTH (HAanpyMep, NpH BHIMEYKe xX1eba U3 KUCIIOro TecTa, Npu-
rOTOBJIEHMH BMHA M YKCyca), CTpajaj, KOIJa 3TH CYUIECTBA SIB/If-
JIMCE TIpHYMHaMM OONE3HEH HMIIM NMOPTHIM 3amnachl ITHINH, HO He
nmonospeBad 00 MX NpHcyTcTBuM. He momo3peBan mMoOTOMY, 4TO He
BHMJEJN, @ HE BUIET MOTOMY, YTO Pa3sMepbl 3THX MUKPOCYILIECTB JIeXa-
JIM MHOTC HIMX€ TOTO MpelieNia BMAMMOCTH, Ha KOTOphI crocobeH
yenosedeckmii rias. M3BecTHO, YTO 4eIOBEK ¢ HOPMANBHBIM 3PEHH-
€M Ha ONTUMATHHOM paccTostHMM (25—30 cMm) MOXET pasIMuMTE B
BHIEe TOYKM npenmMer pasmepom (,07—0,08 mM. Mensime o6BEKTEI
YEeJOBEK 3aMETHTE HE MOXET. 3T0 ONpefensieTcs 0CO00eHHOCTAMHM CTPO-
€HMS €TI0 OPraHa 3peHMA.

- TTonbITKK NpeofoeTs CO3MAHHBIH MPUPOIoH Dapsep ¥ paCIIMPUTE
BO3MOXHOCTH YEJIOBEYECKOTO I1a3a ObUIM cuenaHbl JaBHO. Tak, Npu
apXeojoruyeckux packonkax B JIpeBHeMm BaBuioHe Haxonwin qBosi-
KOBBINYKJIbIe JIMH3BI — CaMble NMPOCTHIE ONTHYECKUE NMPUOOPEL. JINH3b
OBbLTM M3TOTOBJAEHBI M3 OTIUIMGOBAHHOIO I'OPHOTO Xpyctats. MoxHo
CUHTaTh, YTO C WX M300peTEHMEM YEJIOBEK CICNan IEPBLIA ILar Ha
MYTH B MUKPOMHUD.

JlanbHeilfllice COBEPLIEHCTBOBAHHE ONTHYECKOH TEXHHKH OTHOCHT-
cs1 K XVI—XVII BB. ¥ cBA3aHO ¢ pa3BUTHEM acTPOHOMHMU. B 370 Bpems
rojuraHackue LUMGOBANBIIUKH CTEK/IA CKOHCTPYHPOBAIK NEPBbIE MOA-
30pHEIE TPYOBL. OKa3ai10ck, YTO ECIIHM JIMH3BI PACTIONIOXKHTDb HE TaK, Kak
B TENECKOMNEe, TO MOXHO MOMYUMTh YBeNHYEHHE OYCHb MEIKHX Mpel-
MeToB. MuKpockon nonobHoro Tvna osu1 coznad B 1610 1. I Tamuieem
(G. Galilei, 1564— 1642). U306peTeHe MMKPOCKOIA OTKPHUIO HOBBIE
BO3MOXHOCTH U151 M3Y4YEeHMS XHBOH NPUPOMILL.

OnHUM M3 NMEPBHIX MMKPOCKOIT, COCTOSIIME U3 IBYX IBOSAKOBHI-
NYKIBIX JIWH3, A2BaBIIMX yBeludeHne npuMepHo B 30 pa3, ckoHCT-
PYMPOBaj M UCTIOJIL30BAJ JUTS M3YyYeHH CTPOEHUA PACTEHHMA aHTIIHIi-
ckuii huszuk u uzobpetarens P. I'vk (R. Hooke, 1635—1703). Paccmart-
PHBas cpe3bl MPOOKM, OH OGHAPYXWI NPaBWIBHOE AYEHCTOE CTPOCHUE
IpeBecHOM TKAHW. 3TH siyelKM BNOCIEACTBMM OBUIM HA3BaHBI MM
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«KIIETKaMM» ¥ M306paxeHsl B Kuure « Mukporpadus» (1665). UmeHHo
P.Tyk Been TepMHH «KJICTKA» 151 0003HAYEHNSA TeX CTPYKTYPHBIX AN~
HHMII, M3 KOTOPBIX NMOCTPOCH CIOXHBINA XHBOH opranusM. JansHeiiinee
NPOHMKHOBEHHE B TAHHEI MHKPOMUPa HEPA3pEIBHO CBA3aHO C COBEp-
HIEHCTBOBAaHWEM OTITHYECKHMX MpHOOPOB.

OTKpbITHE MUKPOOPraHU3MOB

ITepBEIM YeNOREKOM, YBHAEBIIMM MHKPOOPTaHU3Mbl, O6BUT rosianH-
Iery Auronu saH JlesenTyk (Antony van Leeuwenhoek, 1632—1723),
manyhakTypumk 3 Jensdral. 3anHTepecoBaBUIMCh CTPOEHHEM JIBHS-
HOTO BOJIOKHA, OH OTHLIM(oBan mis cebs HeCKOJIBKO IPYDBIX JIMH3.
Moannee A. pan JIeBeHTYK YBAEKCS 2TOH TOHKOM ¥ KPONOTIMBOK pa-
BGoroii u jocTUr 6OMBIIOTO COBEPIICHCTBA B IeJie U3TOTOBJIEHUS IMH3,
Ha3BaHHBIX UM «MHKpockorusMu». Ilo BHeuiHeil ¢dopMe 310 6HUIH
OIMHAPHLIC IBOSKOBBIMYKIBIE CTEKNA, ONpaBieHHBIE B CEPEOPO Wi
natydb (T0, 4TO MBI TEMEPHL Ha-
3LIBAEM <«JTYTIBD»), OIHAKO IO CBO-
UM ONTHYECKHM CBOMCTBAM JIWMH-
3bl A. BaH JleBeHryKa, NaBaBILKeE
ysemmueHue B 200—270 pas, He
3HATH cebe paBHbX. ([locTaTOMHO
HATIOMHMTH, YTO TEOpEeTHYeCKMil
Tpeaes yBelMYeHUs JBOSIKOBBIITYK-
no# maH3sE — 250— 300 pas.)

Ob6nanas npuponHoi mobo3Ha-
TENbHOCTBIO, A. BaH JIEBEHTYK C
MHTEPECOM pPaccMaTpMBal Bce, 4TO
Menajaiochk Non PyKy: BOAY U3 Npy-
a, 3yOHO# Haser, Hacro¥ nepia,
CJOOHY, KPOBB M MHOTOe Jipyroe. Pe-
3YILTATEl CBOMX HabmomeHHil oH
Ha4aJl nockLIaTh B JIoHAOHCKOE Ko-
pOJieBCKOE ODIIECTBO, WIEHOM KO-
TOPOr'0 BIIOCIENCTBUN OBLLT M30paH.
Bcero A. Bau JleBeHIyK Harmcan B
A. Ban JleBerryx 910 0bImecTBo ceeme 170 mucem, a

! Tlo maenuo B.J1.OMmenarckoro, ¢nepBeIM HCCeqoBaTeleM, Tiepea M3yMien-
HBIM B30pPOM KOTOPOTO OTKPBUICH TAWHCTBEHHBIM M NMOMHHA Yydec MHUP MHKpOopra-
HU3MOB, 66BN yueHwsiii MeayuT Adpanacuii Kupxep (A.Kircher, 1601—1680), asrop
pAa COMMHEHMH acTpONOTHYECKOro Xapakrepa. C NMOMOLIBIO QOBOJBHO CHTBHOM JIYTIE]
OH Habmogan MeTsYailiiiX «4epPBAIKOB» B 3arHMBLIEM MACE, MOJIOKe, yKCyce, Chipe
¥ B KpOBM GOABHBIX, MPEANONAras, YTo BCE 3TO XWBOE HACENEHUE NPOM3OLLIO U3
Geaku3HeNHBIX OpraHndecKux Matepuanos (B.JI. Omeasnciuii. OcHOBBI MHKpOOHOIIO-
. — M., 1926. — C. 16).
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nosaHee 3aBellag eMy 26 CBOMX 3HA- figd <
MEHMTHIX «MUKpOCKonuit». BoT Brep-

XKa M3 OAHOIO nuceMa: «24 anpensi C i
1676 r. s MOCMOTpPEN HA... BOLy nox fig B<S
MUKPOCKONOM M C DOJIBILMM yAMBIIE-

HHEM YBUIET B HEil OrpOMHOE KOJH-

YECTBO MENTBYANILMX XKUBBIX CYWIECTB. fig- F S fig: G \ame,
HexkoTopbie M3 HUX B JUIMHY OBLTH pasa
B 3—4 Gonblle, 4YeM B LIIMPUHY, XOTA
OHM H He OBbUIH TONIEe BOJIOCKOB, 1O-
KPBIBAIOLLUX TEJO BIIM... . [Ipyrue uMe-

¥ NPaBUIBHYIO OBATbHYIO (hopMy. Bt —
TaM €LIE ¥ TPETHI TUIT OPraHU3MOB —

HauboJiee MHOIOYMCIEHHBIH — Melb- Puc. 1. PucyHox Gakrepuii
Yaifliie CyIIecTBa ¢ XBocTuKamm». Co- A. Bau JleBeHryka

MOCTABMB OINMCAHME, NMPHUBEIACHHOE B
3TOM OTPHIBKE, M ONTHYECKHE BO3MOXHOCTH HMEBIIMXCS B Pacriops-
xeHUHM A. BaH JleBeHrykKa JIMH3, MOXHO CIENATh 3aKJIIOYCHHE, YTO B
1676 r. emy BNepBBIE YIANOCH YBUIAETE GakTeprH (pHc. 1).

A. BaH JleBeHryk nosciony 06HapyXHBaJl MMKPOOPraHM3MEI M TIPH-
UIEN K BHLIBOMY, YTO OKDPYXKAIOWIMI MHDP FyCTO 3acefieH MMKPOCKONH-
yecKuMH obutatenamy. Bce BHIEHHBIE UM MHUKPOOPTraHM3MEl, B TOM
yHcnie W DakTepuM, A. BaH JIeBEHTYK CUMTaN MaJeHBKMMH XHWBOTHEI-
MM, Ha3BaHHBIMM MM «aHVMAIBKYISMH», W ObUT yOeXIeH, YTO OHU
VCTPOEHBl TaK Xe€, KaK M KPYNHBIE OPraHM3MBbl, T.€. HMEIOT OPIaHbI
NHIIEBAPEHMA, HOXKH, XBOCTHKH U T. 1. OTKphITHs A. BaH JleBeHryka
OBLIM HACTOJNIBKO HEOXHIAHHBIMH M Iaxe (aHTacTHYeCKHMH, YTO Ha
npotTskeHUH mout 50 mocnenyrouux JET BRI3LIBAIM Beceobllee M3yM-
geure. bymyun B lNomnanmmm, Ilerp I mocetnn A. BaH JleBeHryka u
becemopan ¢ HuM. M3 a70it noesnxu [lerp I npuses B Poccuio mukpo-
CKOIl, a NO3JHEE B MACTEPCKHMX NPH €ro NBOpe ObLIM M3TOTOBJEHBI
NEepBbie OTEYECTBEHHBIE MUKPOCKONDI.

JanbHeiilnee cMCTEMAaTUYECKOE U3YyYEHHME OKPYXAIOIIEH MPUPOIBI
C TIOMOILBIO COBEPILEHCTBOBABILIMXCA MHMKPOCKOIOB TMOATBEPKIAIO
obHapyxeHHoe A. BaH JIeBEHIyKOM NOBCEMECTHOE PACNPOCTPAHEHMWE
MMKPOOPraHu3MoB. TpH OCHOBHBIE NMPOOIEMBI, BOMHOBABILHE VMBI
YUYEHBIX Ha NPOTAXEHMHM JUIMTEILHOTO BPEMEHM, MOCTYXHWIH MOIy-
YMUM CTHMYIIOM 15 Pa3sBUTHSA HCCHEI[OBHHP[ﬁ, NPUBEOLLINX K BO3HUK-
HOBEHHIO ¥ NOCNEAYIONIEMY HHTEHCUBHOMY Pa3sBMTHIO MUKPODHOIIO-
I'MH: MPHPOIA TPOLECCOB HPOXEHMS M THHEHMSA, NPWYMHB! BO3HHK-
HOBEHMA UHGMEKUMOHHBIX GonesHeil M nmpobiiemMa caMo3apoXKaeHMs
OpraHM3MoB'.

! O pasewruu npeacTasnenumii no NpobaeMe CAMO3ApOXICHHS M. ¢ 184.



PassuTHMe npeacTaBneHui o Nnpupoae Npoueccos
OpoMeHWUA U rHUeHus

MHorue npouecchbl, OCYIUECTB/IIEMBIE MUKPOOPTAHU3MAMH, BBELTH
HM3BECTHEI YENOBEKY C He3aNnaMsATHHIX BpeMeH. B nepByio ouepens 310
THMEHME H OpoxeHue. B couMHeHMsIX IpeBHUX IPeYeCcKHX W PUMCKHX
aBTOPOB MOXHO HAWTH PELENTHI NPHUTOTOBJIEHHMS BUHA, KHCJIOTO MO-
JIoKa, xneba, CBUIETENBCTBYIOMME O LMPOKOM MCTIOIB30BAHMH B BRITY
6poxeHuil. B cpenHue BeKa aIXUMHKH He 0BOLLIM BHUMAHMEM OaH-
HbIE TTPOLIECCH! M M3YYaJH MX Hapsny ¢ APYTMMH YHMCTO XMMHYECKHMHM
npespalueHuAMU. UMeHHO B 3TOT nepuol 6bUTH cAeNaHbl NEPBRIE MO-
MBITKH BEIACHHTH IIPUPONY NMPOUEccOB OpOXeHH,

TepmuH «OpoxeHue» (fermentatio) nnsa obo3HAYEHHS BCEX NpO-
LIECCOB, MIYUIMX ¢ BBIIENCHHMEM rasa, BIIEPBbIE YIIOTPEOWI rojUtaHi-
ckuii anxuvuk A.B. Ban IensmonT (J.B. van Helmont, 1577 — 1644).
[MoznHee OpoxeHKe CTANM BEUIEIATH U3 TPYINEL XHMHYECKHX NPOLIec-
COB, COINPOBOXIAIOLIMXCS rasopbiaelienuemM, Jns obo3HaueHns mate-
PHATBHOM - ABMXYLIeH CWIBl OpOXeHMS, ero akKTMBHOTO Hayala MC-
MONL30BaIH TePMHUH «hepMeHT». Barsn Ha BpoxeHHe ¥ THHEHHUE KaK
Ha YHCTO XMMHYECKHe Mnpouecckl 66L1 copmynupoBaH B 1697 1. He-
MeukuM BpadoM M xumukom [.D. Ilranem (G. E. Stahl, 1660— 1734).
Ilo npencrapnenusm I. Iltang, 6poxeHHe U rHUEHHE — 3TO XMMH-
YecKHE NpeBpallieHHs, MOYLIHE IOoJ BAMAHMEM MoNeKyn «pepmeH-
Ta», KOTOPBIE NePeaaloT MPHCYINEE UM BHYTPEHHEE aKTHBHOE JABHKE-
HHE MOJIEKYNaM cOpaxueaeMoro cyberpara, T.e. BhICTYNAT B Kaue-
CTBe cBoe00pa3HbIX KaTanM3aTopoB peaklMi. OIHAKO 3Ta TOYKA 3peHHA
TNIPUHUMAJIACkL HE BCEMM MCCIENOBATENSIMHU.

OpHa u3 nepBbIX JIOTAN0K O CBA3H onucaHHbIX A. BaH JleseHrykoM
«roByn» (IpoXxoKeil) © SBIeHUAMH OpOXeHWs ¥ THHEHHs NMPUHALIe-
xHT dpaHuysckomy Hatypanucty K. J1.JI. Brodwpony (G. L. L. Buffon,
1707—1788). Becpma 6m3K0 nomomieN K NOHMMAHMIO POJIU POX-
XeH B nmpouecce bpoxeHusi ¢paHuy3ckuit xuMMK A.Jl. JlaByasbe
(A.L.Lavoisier, 1743—1794), u3y4aplumii KOJMMECTBEHHO XWMMYE-
CKHE NpeBpalleHys caxapa NpyM cnyuproBoM bpoxenun. B 1793 r. oH
nucan: «JocraTouHo HEMHOTO NUMBHBIX APOXXKE#, YTOOSI ... HaTh Nep-
BBEIH TOMYOK K OPOXEHHMIO. OHO MOTOM NMPOJOJIXAeTCHd camMo coboii-
A monoxy B npyroM Mecte O AcHcTBUM depmMeHTa B LieioM». OOHAKO
c/ieNaTh 3T0 eMy He yaanoce: A.Jlasyasbe cTan XepTBoii Teppopa dpaH-
IY3CKOH DYPXYa3HOH pPeBOIOLIHH.

C 30-x rr. XIX B. HAUMHAETCA NEPUOI MHTEHCHUBHBIX MUKPOCKOMM-
yeckux HabmoneHuid. B 1827 r. dpaniysckuii xumuk K. B. [lemassep
(J. B. Demazier, 1783—1862) onucan cTpoeHHE OPraHM3MOB (IpOX-
Keif), GOPMHPYIOLUMX IUIEHKY Ha noBepXxHocTy nvba. OpHako B pabote
K. B. Jemazpepa HET HUKAKUX YKa3aHUH Ha BO3MOXHYIO CBA3E NMpOoLec-
ca 6poxeHHUS € pa3BMBAIOILEHCS HA NOBEPXHOCTH Bponsiueii XHUIKOCTH
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wienkoit. Cnycts 10 ner ¢panity3ckuit 6otanuk 1. Kauesap ge Jlatyp
(Ch. Cagniard de Latour, 1777—1859) npeanpHHsUI MONBITKY TIHATETb-
HOT'O MHKPOCKOTTHYECKOTO U3Yy4eHHsI OCaIKa, 0Opa3ylolierocs: mpy crvp-
TOBOM OpPOXEHMM, W NpMILEN K BBIBOAY, YTO OH COCTOMT M3 JXMBBIX
CYNIECTB, XH3HENEATENHHOCTh KOTOPLIX M SIBJISIETCS NMPHYMHOM Opoxe-
HHA. [loytH OnHOBpeMEHHO HeMELKHil ectectBoMcnbiTatens P. Kior-
mmHr (F. Kiithzing, 1807—1893), uccienyss oGpa3oBaHMe ykcyca M3
cnupTa, 06paTiul BHUMaHHME Ha CITM3HCTYIO MAccy, HMEIOLILYIO BUI TIEH-
KM HA NOBEPXHOCTH XHUaKocTH. Mayyaa 3ty mMaccy, ®@. KioTimHr ycra-
HOBWJI, YTO OH& COCTOMT M3 MMKPOCKOMMYECKMX XXMBBIX OPraHM3MOB M
MMEET HEMOCPEACTBEHHOE OTHOLIEHHE K HAKOILIEHUIO YKCYCa B cpele.
K aHanorvyHeiM BBIBOAAM NPHUILEN OPYroil HEMELKME €CTeCTBOMCIIBI-
tarens T. I1Isann (Th. Schwann, 1810— 1882). Takum obpazom, I11. Ka-
Hesap ae Jlatyp, @. Korumur u T.1IBaHH HE3aBUCUMO JIPYT OT Apyra u
MOYTH OXHOBPEMEHHO TPULIUIY K 3aKJIIOUEHHMIO O CBA3HM NpoLeccoB 6po-
XEHUSA C KHU3HEeAESTeTBHOCTHI0O MUKPOCKOMHWYECKHMX XHBHIX CYLLECTB.

Opxako uien o bHonoruueckoil npupone «hepMeHTa» GPOXEHUA,
BLICKA3aHHBIE TPEMSI MCCIIENOBATENAMM, HE NONMYyMMIM NPU3HAHUA.
Bonee Toro, ony 6bUIM NOABEPTHYTH CYPOBO KPUTHKE CO CTOPOHBI
MPUBEPXKEHIIEB TEOPHHU (U3MKO-XMMHYECKOH NpHpoabl OpoxeHus,
OOBMHMBLUMX CBOMX HAYYHBIX MPOTHBHHUKOB B «JIETKOMBICIHHM B BBIBO-
Oax» ¥ OTCYTCTBMHM KaKUX-TMOO IOKA3aTeNbCTB, NOATBEPXIAIOLUIMX 3TY
«CTpaHHy10 runoTe3y». [ocnoAcTBOBaBILEH OcTaBanack TCopua dhu3m-
KO-XMMHYECKOH NPUPOALI NPOLECCOB OPOXeHMA.

dopmmpoBaHMe NMpeacTaBrneHnin o MMKpobHol npupope
MHEeKUMOHHBLIX 3abonesaHunit

Euie npepsHerpeueckuii Bpau I'nmokpar (ok. 460—377 mo H.3.)
BBICKA3BIBAJI MPEANONIOKEHHE O TOM, YTO 3apa3Hbic OONE3HM BHI3LIBA-
FOTCH HEBMIMMBIMH XXMBBIMM cyliecTBamMu. ABuuieHHa (oK. 980— 1037)
B «KaHOHE MEIMIIMHED NMHUCAN 0 «HEBMIUMBIX» BO3DYIUTENAX TyMBI,
OCITH ¥ IpyTux 3a6onepanuii. [lopobHbIE MBICTH MOXHO OOHAPYXUTL U
B TPYIAX HMTAIBAHCKOIO Bpaya, acTpoHoMa M moata Jx Ppakacrpo
(J. Fracastro, 1478—1553). B ToM, yr0o uHbekMOHHbIE DONE3HH BHI-
3BIBAIOTCS XKMUBBIMH MHUKDOCKOITHUECKUMM CYIIecTBaMM, ObUT TIyGoKo
ybexneH pycckuii Bpay-anunemuonor M. C. Camoiinosuy (1744— 1805),
MBITABIIMHCH MON MHMKDPOCKOIIOM OOHADYXWTH BO3OYIHMTENs 4yMEI,
OJIHAKO BO3MOXHOCTH CYLUECTBOBABILHX TOIJIA MMKPOCKOIOB HE MO3-
BOJTWJIM eMy 3Toro czenath. B 1827 r. HTanbsgHCKUMA €CTECTBOMCIIBITA-
tenb A.Baccu (A.Bassi, 1773— 1856), u3yyas zabonepauue ILENKO-
BUYHGLIX YepBel, OOHapy:Xuw1 nepenady 60Ne3HN NPH NMEPEHOCe MUK~
pOocKonuyeckoro rpubka ot GonbHOM ocobu K 3mopoBoil. Takum
obpasom, A. baccH BriepBEIE YAATOCH IKCHEPUMEHTATHHO VCTAHOBUTH
MUKPOOHYIO MPHPOAY 3TOTO 3ab0eBaHMs.



Hecmorpss Ha OnecTfAilne AOTafkKH OTHEALHBIX Y4Y€HBIX M OITBITHI
A.BaccH, B L€/IOM MpeAcTaBleHne 0 MUKpOOHOI mpupone MHGEK-
LIMOHHBIX GOJIE3HEH B TEYEHUE AOJIOr0 BPEMEHU He MoJTy4ano npu-
axanms. [lopaBnsioliee ODOMBIIMHCTBO HCCaenoBaTenei 6uumn yoex-
IeHbl B TOM, 9TO MPMYMHAME BCeX 3a00neBaHUii ABNAIOTCS HapyLle-
HUS TeYeHHs] XMMHYECKHX [MpoueccoB B opranuaMe. OmHako ocTphiit
MHTEpec K M3YUeHWI0 MH(peKIMOHHBIX 3aboNepaHuli M COBepLIEH-
CTBOBaHME MHKPOCKOIMMYECKOM TEeXHUKU MPHBOAWIM K OBLICTPOMY
HAKOIUIEHHIO NAHHBIX, TOBOPAILKX 00 yYyacTMM MUKpOGOB B MH(pEK-
LUOHHHX 3a001eBaHUAX.

Hayunasa pestensHocTs Jl.MacTepa

YenoBeKoM, KOTOPBIM cBOMMM paboTaMK MONMOXUI Ha4YaI0 COBpe-
MEHHOM MHKPODHONIOTNY, 6BUT BHIAIOIIMIACS (DPaHIIy3CKHIl Y4eHBbI
Jlyu IMacrep (Louis Pasteur, 1822— 1895). Hayunas nesrensHocts J1. Ia-
CcTepa MHOIOIrpaHHAa M OXBaThIBaJIa BCe OCHOBHBIE MPOOIEMBL TOT'O Bpe-
MEHH, CBA33aHHLIE C XU3HEIEeSTeJIbHOCTBI0O MMKPOOPTaHWU3MOB.

Y1068I OLIEHUTE rUraHTcKuil HayuHslid TpyZ JI. [Tactepa, aocraTod-
HO MPWBECTH HAAIIMChL Ha OOCKe, MPHOUTOM K HoMYy, TIe MOMeENanach
ero nabopatopus. Hannmuce 31a rmacur: «3aeckh Obula nabopatopus
JI. ITacrepa:

1857 r. — BpoxeHus.

1860 r. — CaMoOIpOM3BONILHOE 3aPOXIEHNE.

1865 r. — BonesHu BMHA U MTUBA.

1868 1. — Bone3nn MeNKOBUY-
HBIX YEPBEM.

1881 r. — 3apa3za 1 BaklIMHa.

1885 r. — INpepoxpaHenue ot Ge-
LIeHCTBa».

TpynHo NepeolieHUTE 3HAYEHHE
HaydYHEIX OTKpeITHIT JI.[lacTepa,
KaXIOTO U3 KOTOPHIX JIOCTATOMHO,
yT0oOB! HABCErna BOUCATh UMSA yie-
HOTO B MCTOpUIO Hayku. Mayuas
MOJIOYHOKHCIIOE, CIIMPTOROE, Mac-
nsiHoKuUcoe 6poxenue, J1. INactep
BBISICHIWI, YTO 3TH ITPOLIECCHI BBHI-
3LIBAIOTCS OMpeneneHHBIMU BUIA-
MH MHKPOOPraHM3MOB M HeNOCpe-
CTBEHHO CBSI3aHBI C UX XU3Henes-
TensHOCTRIO. [lo3aHee, Hayyas «6o-
JE3HN» BUHA, GOJe3HN XUBOTHBIX
W YEITOBEKA, OH 3KCMEePHMEHTANIb-
JI. ITactep HO YCTAaHOBWI, YTO MX «BHHOBHH-
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KaMHu» TAKXKe SIBASIOTCA MUKpOOpranuamel. Takum obpazom, JI. [1ac-
TEp BNEPBHIE MOKa3all, YTO MUKPOOPraHU3MBI — 3TO aKTHBHEIE Gop-
MbI, TIOJIE3HBIE WIH BPEIHLIE, 3HEPTHYHO BO3JECHCTRYIOLIME HA OKpY-
KALYH NPHPONY, B TOM YMCIe U HA YeJIOBeKa.

IIpyHUMNHAIBLHO BaXHBIM HE TOJNBKO JUI MHKPOOHOAOTHM, HO H
wisi 6ojiee myOOKOro IOHUMAHMS CYILIHOCTH XHBOYO B €10 pasHO00-
pasHBIX NposBieHMusX ObUTo oTKperTHe JI. [lacTepoM y MAKPOOpPTraHU3-
MOB HOBBIX THIIOB XU3HU, He TIOXOXWX HAa Te, KOTOphIE UMEIOT MECTO
B MHpe pacTeHWil 1 XuWBOTHBIX. B 1857 r. [Tacrep npu usyyeHun comp-
TOBOTO DpOXEHHs YCTAHOBMII, YTO OHO — Pe3YJIbTAT XKU3HENEATElb-
HOCTHU Apoxckeit 6e3 goctyna kicnopona. [Tosaxee npu M3yyeHHH Mac-
JISHOKHCJIOTO OpoXXeHMs ydeHblil oOHapyxwi, yTo Bo30yauTenu Gpo-
XeHUs BOOOILEe OTPULATENIbHO OTHOCATCH K KUCJIOPOAY U MOTYT
Pa3MHOXATECH TOJBKO B YCJAOBMAX, MCKIIOYAIOLUMX €ro CBOGOAHLIH
moctyn. Takum o6pasom, [TacTep oBHAPYXHIT CYLIECTBOBAHUE «KH3HH
6e3 KucIoponar, T. €. aHaspobHEbIH criocob cyliuecTBoBaHus. OH Xe BBe
TepMHHBI «a3pO0HbII» M «aHA’POOHBIH» IsI O003HAYECHHMSA XHU3HU B
MPUCYTCTBMM WIH B OTCYTCTBUE MOJIEKYJIIPHOTO KHCIOpOJaa.

K ofitactv Teopermueckux oTkpeiTuid JI. [TacTtepa oTHOCsITCA ero
paboTel © HEBO3MOXHOCTH caMo3apoXxieHus. Criop o ToM, OTKya BO3-
HHKAIOT XHBbIE CYLUECTBA, B TOM YHCIe ¥ MHUKPOOPTraHU3MbL: U3 cebe
NMOAOOHBIX WIK U3 JIPYTHX KOMITOHEHTOR XHBOH NPUPOABI, — 3TO JaB-
HUi crnop, npuobperuit K cepenuHe XIX B. GONMBIIYIO OCTPOTY M
JIajieKo BHIUEILINHA 33 pAMKH YHCTO HayYHbiX ANCKyccHil. Ha ocHoga-
HHMH MPOAENaHHBIX IKCIMEPUMEHTOB Y4eHBIH MPUUIEN K CIEAYIOLIEMY
BeiBOALY: «HeTt, ceromHs He MMeEeTCsS HU OHOTO M3BeCcTHOTO (haKTa, C
TOMOIIIBI KOTOPOr0 MOXHO OBLIO OBl YTBEPXKIATE, YTO MMUKPOCKOIM-
YeCKHEe CyllecTBa NOABMIMCH Ha cBeT Be3 3aponsiuieii, 6e3 poaure-
JIed, KOTOpBie MX HAMOMUHAIOT. Te, KTO HACTAUBAET Ha MPOTHBOIIO-
JIOXKHOM, SBJISIOTCS XEpTBOH 3a0MyXIeHHs WIHM IUIOXO MpOJeIaHHbIX
OMBITOB, COAEPXAIIMX OLIMOKM, KOTOPLIC OHM HE CYMEJH 3aMETHTh
WIM KOTOPbIX OHHM HE CYMENIM H30erHyTh».

H nakoneu, paborsl Jl. [TacTepa B obnactu H3y4eHWA HHQEKLINOH-
HEIX DONesHell XUBOTHEIX W yeioBeka (D0Jie3HL LIENKOBMYHEIX Yep-
Beil, cuOUpcKas s3Ba, KypMHas Xonepa, OellieHCTBO) MMO3BONKIIM EMY
He TOJILKO BBISICHUTE [IPUPORY 3TUX 3aboieBaHuii, HO ¥ HAWTH cnocob
6ope6bl ¢ HUMU. ITo3TOMY MBI C MOJHBIM MPAaBOM MOXEM CYHTATh,
YTO CBOMMH KJIaCCHYECKUMHU paboTaMy Mo M3Y4YEHHIO HH(PEKLMOHHBIX
6onesnei n mep 60pbGel ¢ HUMM [TacTep MONOXKUA Ha4YalO Pa3BUTHIO
MEIUIIMHCKOH MHUKPOOHOJIOIMH.

Pa6orsl JI. [Tactepa 6bUTH MO JOCTOMHCTBY OLIEHEHBI €I0 COBpe-
MEHHUKAMH U MOJIYYWIH MeXIyHaponHoe npusHanve. B 1888 r. g
Y4YEHOI'0 Ha CPENCTBa, cCOOpaHHbIE M0 MEXIYHAPOTHOH MOANUCKE, ObLT
nocrpoen B [lapuxke HayYHO-UCCAEIOBATENBCKUIT MHCTUTYT, HOCS-
WHii B HacTosIee BpeMa ero uM4. [Macrep ObUT MepBhiM TUPEKTOPOM
aroro uHcTHTyTa. OTKpEITHA JI. [TacTepa mokasamm, Kak pasHoobpaseH,
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HeOOBIYEeH, AKTHBEH HE BUIIMMEIA MMPOCTHIM TNA30M MHUKPOMHMP M Ka-
KO€ OFPOMHOE IMOJIe NEATENBHOCTH TIPENCTABISET er0 H3yYeHHE.

Ycnexu mukpobuonoruu Bo sTopoi nonoeuHe XiX B.

OnenuBas ycnexu, JOCTUTHyTHIE MHKpOGHONOTHE BO BTOPO 1O~
noeune XIX B., dpanuy3sckuii uccnenorarens I1. Tanuepn (P. Tannery)
B pabore «Mcropuueckunii 0depK pa3sBUTHA ecTeCTRO3HAHUS B Eppomne
(1300—1900)» nucan: «Ilepen NMuUOM GAKTepHOIOTHYECKHX OTKPHI-
T UCTOPMS APYIMX €CTECTBEHHBIX HayK 3a MOCJIEAHME NECATHIETHSA
XIX cronerus xaxeTcs HecKoibKo Giennoil». Ycenexu mMmukpobuomo-
THM B 3TOT TIEPHON HENOCPEICTBEHHO CBA3aHBI C HOBBIMH HIEIMH K
METOIMYECKUMH TIOAXONAMM, BHECEHHBIMM B MUKpPOOMOJIOrHYECKHE
uccnenopanud JI. TlacrepoM. B umcie mepBrix, KTO OLEHWN 3HaYEeHHE
otkpeirui J1. [actepa, 611 anrnmiickniil xupypr k. JIucrep (J. Lister,
1827 —1912). On noHs1, YTO NIpMYHHa GONBLIOTO NPOLIEHTA CMEPTHBIX
CJIy4YaeB ITOC/ie onepalMii — 3apaxeHue paH DaKTepHsIMU H3-3a He-
3HAHMSA, BO-TIEPBBIX, M HECOOJNIONEHWA, BO-BTOPBIX, SJIeMEHTAPHBIX
npaBi aHTHCEITTHKH. JK. JIucTep BIiepRsie BBEN B MENULIMHCKYIO [IPaK-
THKY METOHBl MPenylpexacHusa MoJobHOro 3apaxeHus paH, 3aKilio-
yagiMecs B 06paBorKe BCEX XMPYPIHUHeCKMX MHCTPYMEHTOB Kapbono-
BO#i KMCNIOTOHA M pa3OpRI3rHBaHUY €€ B OMEPAIMOHHOM BO BpeMsi OTie-
pauun. TakuM nyreM oH goOWIICA CylIECTBEHHOIO CHMXEHHMS YHCIa
CMEPTENBHEIX UCXOIOR IMOCNE OIepaLHii.

OnHUM U3 OCHOBONMONOXHHKOB MEIUIIMHCKOM MMKPOOHOIOTMH Ha-
pany c JI.Tlacrepom siBiiica Hemenkwii mukpoGuonor P. Kox (R. Koch,
1843—1910), sanumMaBLuMiica m3yyeHweM BosbGynurteneii unbexkimu-
OHHBIX 3a0oneBanmii. Ceou vccenoBannda P. Kox Hauan, eine 6ynyyn
CelIbCKMM Bpa4YoOM, C usyueHHs cubupcKoil s3esl u B 1877 r. onybnu-
KoBal paboTty, MOCBALIEHHYIO BO3OyIMTENO 3TOro 3aboyeBanHns —
Bacillus anthracis. Benen 3a 3TuM €ro BHMMaHUE NpPUBIEKIa opyras
TSDKENasi ¥ IIUPOKO pacrnpocTpaHeHHas Oolie3Hb TOTO BpeMEHU —
Ty6epkynes. B 1882 r. P.Kox coolumr 06 OTKPHTHH BO3OYOUTENA
TyOepKynesa, KOTOPbI B €ro 4ecTh ObUI Ha3BaH <«najioukoy Koxa».
(B 1905 r. 3a uccnenoBanue TyGepKyne3a YieHOMY ObUTa TIpHCYXIeHa
HobGenesckan npemusa.) EMY npuHAINEXHUT TAKXKE OTKPHITHE BO30Y-
IIMTENA XONepbl.

PononagansHHKOM pyccKoil Mukpobnonoruu sisnsercs JI. C. Len-
KOBCKMi (1822 — 1887). OGBeKTOM €r0 MCCIEIOBAHUWI OHUTH MHKpPO-
CKOTIM4ECKME MpocTeiiude, Bogopociu, rpubsl. JI. C. Henkorckui
OTKPBLI ¥ orvcal GoNbIIoe YKCI0 NPOCTeHIMX, W3ydal ux Mopdomno-
THIO U UHMIJIB PAa3BHTHA. BT0 NO3BOIWIO MY CAENAThH BRIBOM 00 OTCYT-
CTBHMHM PE3KOM IPAHHM1IbI MEXIY MUPOM pacTeHHii ¥ XHuBoTHBIX. JI. C. Len-
KOBCKWI1 MHTEPECOBAICSH NpobiieMaMy METUIMHCKOM MUKpPOOHOIIOTHN,
WM Obina opraHm3oBaHa OfHa u3. MepBhix [TacTepoBcKuX CTaHUMiA B
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C. H. BuHorpagckuii M. BeitepuHk

PoccuM ¥ TIpeUIoXeHa BaKIIMHA IPOTUB CMOHMPCKOI A3BEI (Tak HA3bIBa-
eMas ¥uBas BaKlMHa LleHKoBCKOro).

OCHOBOMOJIOKHUKOM MEIWIIMHCKOH MHKPOGHONIOIHH CIIPaBelTNBO
cuuraior Takke M. M. Meunukosa (1845 — 1916). MeuynukoB Gsut pas-
HOCTOPOHHMM MCCIEIOBATENeEM, HO OCHOBHEIE CBOM Hay4YHBIe HHTE-
PECH OH COCpEenoTo4Yi1 Ha npobiieMe U3YYEHHHA B3aMMOOTHOLIEHHH
X039MHa ¥ MHKpOOpraHi3Ma-napasuta. B 1883 r. yuensiii cosnan daro-
LHTAPHYIO TEOPUIO UMMYHKTeTa. HeBOoCTIpHMMYHBOCTE YETOBEKa K IO~
BTOPHOMY 3apaXcHHIO MOCHe NepeHeceHHOro MHQeKIMoHHoro 3a60-
JieraHus ObUIA M3BecTHA HaBHO. OMHAKO MPUPONA 3TOTO SBJIeHHs OCTa-
BaJlach HEIIOHATHOI ¥ TIOCHe TOro, Kak ObLUIH pa3pafoTaHbl U IIMPOKO
TIPUMEHSUIMCH NPUBUBKHK NPOTHE pAia MHQEKIHOHHBIX 3a00IeBaHMIA.
WM. . MeyHHKOB NOKa3all, 9TO 3allATa OPraHu3Ma OT DOIe3HeTBOPHLIX
MHUKPOOPIraHM3MOB — CJIOXHasA OMOJIOTrMYecKas peakliMs, B OCHOBE
KOTOpOii IEXHT CrocoGHOCTE BeTbix KpOBAHbIX Teiel {(parouuros) 3a-
XBaTHIBATH M PA3pYLIATH IIOCTOPOHHME TeJa, TIONABILHE B opraHnsM. Bxnan
.. MeunukoBa B HAyKy OBUI OLIEHEH ero coBpeMeHHHKaMu, B 1909 1,
3a WccnenoBaHuA no ¢garountoly Meunnkopy Geura nmpucyxaena Ho-
OeneBckag nmpeMus.

bonsioii Bkian B pazsuTHe obiiieli MUKpOOUONIOrMM BHECTH pYyC-
ckuii Mukpo6uonor C.H.Bunorpanckuit (1856—1953) u ronnaun-
ckuif MukpoGuonor M. Beiiepunk (M. Beijerinck, 1851—1931). O6a
MHOI0 ¥ TUIOHOTBOPHO paboTaii B pa3HbIX 00J1acTaX MUKPOOHOIOTHH.
BrourtaB mnen J1. Iactepa o MHorooGpasuy ¢opM XU3HM B MUKDOMH-
pe, C. H. Bunorpanckuii BBen MMKPO3KOJIOTHYECKH MPHHIIMII B KC-
CJAECHOBAHHE MHKPOOPraHM3MOB.
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Jnsi BbimeneHMs B NaGOPATOPHEIXN YCJIOBHAX TPYIIE Gakrepuii C
onpeaeNeHHBIMM CBOMCTBaMKM BuHOrpasckuii npelUioXHl CO31aBarh
crietudryeckue (3/1EKTHBHEBIE) YCIOBHUS, NA0OLIME BO3MOXHOCTE Mpe-
MMYILECTBEHHOTO pa3BHTUS NAHHOM rpynmbl opraHusMoB. [Togcaum
310 ipuMepomM. C. H. BUHOrpaackuii NpefnonoxXui, 410 Cpenu MHUK-
POOPraHU3MOB €CTh BHIbL, CIOCOGHBIE YCRAMBATH MOJIEKYJISIPHEII 230T
arMocdeps!, SBISIOIHICH HHepTHOM (OpMOI a30Ta MO OTHOILEHUIO
KO BCEM XHMBOTHBIM M pacTeHUsAM. {715 BeLIENeHHsI TaKWX MHKpOoOpra-
HM3MOB B [MHMTATEJIBHYIO Cpelly ObUIM BHECEHBI MCTOYHHKM YITIEpOHa,
¢ocdopa 1 apyrue MHHEpPaIbHBIE COMYM, HO He NOOaBJIeHO HHKAKHX
COCTMHEHMH, coepXalvX a3otr. B pe3y/eTare B 3TMX YCIOBUAX HE MOIIH
pacT¥ MHUKpPOOPraHM3MBI, KOTOPHM HeoOXomuM a3oT B (hopMe opra-
HHYECKMX WIN HEOPraHUYEeCKHUX COeNHHEHMI, HO MOTIIH PACTH BHMIKI,
obagaBure crnocobHoCThO hrKcHpoBaTh asoT atMochepsl. UMeHHo
Tak BunHorpasckum B 1893 1. ObUI BBHIZIENEH K3 MOYBHEI aHAIPOOHBIN
asonduKcaTop, HazpaHHBIM uM B uectdb Jl. [lacrepa Clostridium paste-
urianuim.

TMonb3yack U3SAIIHEIMA METOIHMUYECKUMH IMPUeMaMU, B OCHOBY KO-
TOpLIX OB TOJIOXeH MUKpozKonoruyeckuit npunumn, C.H.Buno-
rPaICKHil BBIIETMI M3 MOYBLI MUKpPOOPTaHM3MBI, MpEeACTARJISIOLMAE
co0O0¥ COBEPIUEHHO HOBBIH THI XU3HH M MOJYYMBIINE HA3BAHUE Xe-
MoJuToaBTOTpoGhHEIX. B KauecTBe efHHCTBEHHOTO HCTOYHMKA yrjlepo-
Ja JUtsl IOCTPOEGHMS BCEX BELIECTB KIETKH XEMOJMTOABTOTPOMEI HC-
NOJB3YIOT YIJIEKUCIOTY, a SHEPIHIO MOYyYaloT B Pe3ynbraTe OKUCIe-
HMA HEOPraHUYECKMX COCAMHCHHMI cephbl, a30Ta, Xemne3a, CYPbMBl HITH
MOJIEKYNSAPHOTrO BONOPONA.

MuKposkonoriyeck it IpuHuMn 661 yenewno passBut M. Beide-
PWHKOM ¥ MpUMeHeH IIPU BhIENeHWH PasJIMYHbIX rpyrn MUKpoopra-
HM3MOB. B yacTHOCTH, CITyCcTs BoceMs JieT mocne otkpoitus C. H. Bu-
HOTrpajIckuM aHaspobnoro azordukcaropa, beiliepunk obHapyxun B
MoyBe ellie ONMH BHUI DaKTepHii, ciocoOHBIX K pOCTY ¥ a30TghHUKCAUM
B a3pO0HBIX YCioBusx, — Azotobacter chroococcum. Kpyr HayuHBIX HH-
TepecoB M. beiiepunka 6bin HeoObMalHO mKMpok. EMy nmpunanie-
KaT paboTel MO WcclefOBaHHKD (usHoNori KIyOeHbKOBBEIX Oakre-
pUi, W3y4YeHMIO Mpoliecca MeHUTPU(MUKALMU U CynbhaTpeayKinH,
paboTHI TI0 U3y4YeHUIO (DEPMEHTOB Pa3HbIX TPYIIN MUKPOOPTaHH3MOB.

C. H. Bunorpaackunit 1 M. beliepunk ABISIOTCA OCHOBOMOIOXHH-
KaMH 3KOJIOTHYECKOI0 HarpaBJieHMs MUKPOOHOIOruM, CBA3AHHOIO ¢
U3YYEHHUEM PONIM MUKPOOPraHM3MOB B NPUPOIHLIX YCIIOBHMSX M yyac-
THEM MX B KpPYIOBOPOTE BELLECTB B [PHPOJIE.

Coobuienus 06 aKTHBHOM y4acTHM MHKDOOPTraHU3MOB B MPOLEC-
Cax TMpeBpallleHUs BELUECTE B TIPUPOE CTATM OBICTPO HAKATIIMBATHCA
B 70—80-x rr. XIX B. B 1877 1. dppannysckue xumuky 1. llIneawHr
(T. Schloesing) u A. Mionn (A. Miintz) noxazans MUKpOOHOIOTMYECKYIO
npupony npouecca HUTpudukauyu. B 1882 r. I1. [lerepen (P. Deherein)
o0HApYyXW1 aHAJIOTUYHYIO NPpHPOAY Mpouecca AeHHTPHMUKalMH, a
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JBYMS roflaM¥ Mo3Hee OH Xe yCTaHOBWI MUKPOOHOIOTMYECKY10 MPH -
POy aHa3pOOHOrO pasoXeHMs pacTUTeNbHbIX ocTaTkoB. M. C. Bopo-
HHH B 1867 1. omucan kinyGeHbKOBBIE GaKTepHU, a CITYCTs TIOYTH IBajl-
uars et I'.lenspurens (H.Hellriegel) u I'. Bunsgapr (H. Willfarth)
MoKasatu HX cnocobHoctb K asordwmkcannu. I1.A. Kocteiues coznan
TEOPHIO MUMKPOOUOIOTHYECKOi MPUPOABI NPOLECCOB oYBooOpa3oBa-
Hus., Konen XIX B. 03HaMeHOBAJICA €llle OHHM BaXXHBIM OTKPHITHEM B
obnactn Mukpobuoaoruy. B 1892 r. JI. M. UBanoBckui 0GHAPY X1 BU-
pyc TabayHOH MO3aMKM — Mpe/ICTABUTENns HOBOH IPyNIsl MHKPOCKO-
nuyeckyx cyiecrB. B 1898 r. nesasucumo ot 1. . UBaHOBCKOrO BHpYC
TabauyHoii Mo3aHkM OB onmucan M. bBeitepuHKoM.

Taxum obpaszom, Bropasa monoeuHa XIX B. xapakTepHsyercs BblLIa~
IOLIMMICSH OTKPBITHSAMM B oDitactu Mukpoduoinorud. Ha cmeny onmca-
TeIbHOMY MOPQOJIOro-CHCTEMAaTHHECKOMY M3Y4YEHHIO MUKPOOPTaHU3-
MOB, TOCIMOACTBOBABIUEMY B NepBoii monosrHe XIX B., npuuuio ¢pu-
3UONIOTHYECKOE M3yYeHHUe MUKPOOPraHU3MOB, OCHOBaHHOE Ha TOYHOM
akcnepuMenTe. Pa3BiTHe HOBOIO 3Tana MUKPOOHONOTMM CBSI3aHO B
nepsyio odepels ¢ Tpyaamu JI IMacrepa. K xonuy XIX B. Hameuaercs
auddepeHUHaLUA MUKPODUONIOTHHM Ha psil HANpaBaeHUWil: obias,
MEIULMHCKASA, MOYBEHHAS.

Mukpobuonorus B XX B.

Ycnexu MuMKpobHOIori BO BTOpOi moyioBuHe XIX B. npHBenH K
OOHApPYXEHUIO YPE3BRYAMHOIO pasHOOOpa3us THUIIOB XU3HHM B MHKDO-
mupe. Crefyoiui Bonpoc, 3aMHTepeCOBaBIIMI HCCICAOBATENEH: KaK
OOBACHMTH TAKOE MHOT000pasue, onpeleINTh €70 TPAaHHIb!, BLISBHTD,
Ha 4YeM OHO ocHoBaHO? [locTraHOBKO# 3TOM NMpPOOIEMBI, HMEIOLIEH
001IebHonoTNYecKoe 3HaYeHue, Mbl OOMA3aHEI IBYM KpYIHEHIUHM
MHKpobOuonoraM Haiuero Bpemenu A. Kmwoiteepy (A. Kluyver, 1888—
1956) u K. Barn Hmwmo (C. van Niel, 1897 —1985). A. Kioiisep u ero
yuyeHHMKH (OnHMM u3 HHX 6bu1 K. Ban Hune) nposenn cpaBHUTENLHbIE
OHMOXMMHYECKHE UCCNE/IOBAHMA B OTHOCHTENIBHO AATIEKO OTCTOSIIMX
Apyr oT pyra GH3MONOrHYeCKHX TPYINNaXx MMKPOOPraHHW3MOB. BhuUIo
H3y4YeHO MHOTO ()OpPM MHKPOOPTraHM3MOR M [IPUMEPHO K CepelHHe
50-x rr. XX B. chopMyTMPOBAHO TO, YTO TETEph HA3BIBAIOT TeOpHeH
OHMOXMMHUYECKOTO €NUHCTBA XU3HH. .

B 4yeM e KOHKPETHO COCTOMT GMOXMMHYECKOE ENMHCTBO XM3HM?
Of11ee OCHOBAHO HA EIWHCTBE KOHCTPYKTHBHEIX, 3HEPTETHYECKMX ITpO-
1IECCOB U MEXAHU3MOB Nepeavyu reHeTuyeckoi nadopmMaupi. A. Kmoi-
BEp AOKa3al JBa NePBLIX MOJIOKEHH: BCE XHBbHIE OPraHB3MbI ITOCTPO-
€HHl H3 OMHOTHITHBIX XMMMYECKMX MaKpOMOJIEKY), YHUBEPCAILHOI
enuHuLel 6nonornueckoit aneprum ciyxur AT®, B ocHose dusno-
JIOTHYECKOTO pasHOOOpa3us XHBHIX CYIIECTB JIEXHT HECKOITBKO OCHOB-
HbIX MerabonnuecKux myTeil. YTo kacaercs TOCHEAHErO NOMOXKEHHS,
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To cam A. Kinoiiep usyyenueM 31oit mpobneMe! He 3anuMancsa. Enpn-
CTBO CHICTEMEI TIepelayu reHeTHYeCKOoi MH(pOPMalKMK y BCeX KIeTOq-
HBIX THIOB XHM3HHM OBUTO YCTAHOBJIEHO No3aHee. B HacTosliee Bpems
MBI MOKa HE 3HAeM HCKIIYEHHH, KOTOphIE CTABMIM OBl MOJ COMHE-
HUE TeOpHIo GHMOXMMHYECKOI0 eNMHCTRA XH3HH.

C nayana XX B. pogo/DKaeTcs nayibHeas guddepeHHALMSI MHK-
pobuosioryu. OT Hee OTIIOYKOBLIBAIOTCS HOBBIC HAYYHBIE AMCUMILTHHEL
(BUPYCOJIOTHSI, MHKOJIOTHS) CO CBOUMH OOBEKTaMH MCCIENOBAHHA,
BBLIEJISKOTCS HAMPABIEHN A, PAa3TNYaOLIHecs 3a0a9aMy UCCITeIOBAHHS
(o611asi MUKpOOMOIIOTHS, TEXHHYECKAS, CENLCKOXO3SAHCTREHHAN, Me-
OWLMHCKasA, TeHeTHKa MHUKpooprauuismoB). [lepeuncienune nocTixke-
HUIT MEUKpoOuoaorun XX B. B KPaTKOM CYEPKE MpelCTaBIseTCs He-
00bMafHO CIOXHEIM, B CBA3M ¢ YeM (DAKTUYECKM BCE MOCHERyloLee
M3JI0XEeHHe MaTepyaia (M TO IOCTATOYHO KPAaTKoe W He 3aTparupalo-
1liee BCEX HAMpPaBJIE€HHHA COBPEMEHHON MUKPOOHOIOIUH) €CTh NONBIT-
Ka 0XapaKTepH30BaTh JOCTHXEHHS B HEKOTOPBIX 061acTaAX MUKPOOHO-
JIOTHH Ha COBPEMEHHOM 3Tarne. BKiaa oTne/bHLIX HUcCiaenoBaTeleit B
pellIeHKe ONpeleeHHbIX MUKPODOHONIOTMYECKHX mpobieM MBI crapa-
JIUCh OTMEYaTh 10 Mepe M3NIOXKEHUS MaTepHana.

Hrak, MBI KOPOTKO OCTAHOBMJIMCH HA MCTOPUH MHKDPOOHOJIOTHH,
0cob0 MOAYEpPKHYB POJIb WCCHENoBareneil, paboTsl KOTOPHIX HMENH
3TalHOE 3HaYeHWe JUIS PasBUTHS He TOJBKO MUKPOOMOIOrHMH, HO H
6uonoruy B uienom: A. BaH JleBeHryk — oTKpeITHe MUKpoMmupa, JI. [1a-
CTCp — BBISICHEHHE pOJIM MHKpoopraHnsmoB B npupone, C. H. BuHo-
rpaickuii ¥ M. belleprHk — yTBepxaAeHHE MHOroobpasus GopM XKus-
HH B MUKpoMupe, A. Kmoiieep n K. Ban Hune — nokasareascTso 6Ho-
XMMHWYECKOI'O eIMHCTBA XUIHH.

maBa 2

NONOXEHUE MUKPOOPTAHU3MOB
B CUCTEME XWBOIMo MMPA

Hauwunas ¢ Apucrorens (384—322 rr. a0 H. 3.), KOTOPOMY NPUHAI-
JIEXUT TIEPBas MOMBITKA CUCTEMAaTH3HMPOBATE HAKOTUIEHHEIE K TOMY Bpe-
MEHHU CBEICHHA 00 opraHMsMax, OMOJIOTH NEMMIN XMBOM MUP Ha IBa
HAPCTBA — PACTEHMH M XUBOTHBIX. A. BaH JIeBEHIVK, OTKPBIBILIWIA MUD
MMKPOCKOTIMYECKMX XHBBIX CYLIECTB, OBLT YOeXIeH B TOM, UTO OHM
ABJIAIOTCH «Ma/IEHBKMMH XHMBBIMM 3BepyHIKaMH». C 3TOro BpeMeHu M
no XIX B. Bce OTKpHIBaEéMbleé MHKPOOPraHU3MBI pacCMaTpUBANU KakK
MenbYyalllMe CYLIECTBA XHWBOTHOM NPHUPONLI.

Bo sropoii nonoeuHe XIX B. Hemenkuit 6uonor 3. I'ekkens (E. Hae-
ckel, 1834—1919) npuxomuT K 3aKMIOYEHHIO, YTO MMKPOOPraHU3MBI
HACTOJIBKO CYIIECTBEHHO OTIMYAIOTCA KaK OT J1apCTBa XUBOTHHIX, TAK
M OT LApCTBa PACTEHHIl, UTO He YKIANLIBAIOTCA HH B ONHO M3 3THX
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nongpasnenenuii. 3. 'exkens NpeuIoXun BELIEIUTE BCe MUKPOOPTraHM3~
MbI, ¥ KOTOPEIX OTCYTCTBYeT Au(depeHLMPOBKA HA OPTaHbl U TKaHHU
(npocreiiune, BoOoOpociu, rpubsl, 6akTepuK), B OTAENIBHOE LIAPCTBO
Protista (mpoTHCTB!, MepPBOCYLIECTBA)', BIUIIOYHB B HETO OPraHU3ME,
BO MHOTHX OTHOIIEHHMAX 3aHMMAalolHe MPOMEXYTOYHOE MONIOXeHHe
MEXIY PacTEHMAMH W XUBOTHLIMH. TepMHH «protistas u ceifyac npu-
MEHWM I 0003HAYCHHA 0OREKTOB, HCCAEAYyeMbIX MHKpOGHOIOTAMH.

B HacToduice BpeMs HET E[MHCTBA BO B3MISANAX HA OGLIYI0 CUCTEMY
XHBoro Mupa. CormacHO OOHOM M3 TOYEK 3PEHUS, TIONMBITKH YIIOXHTh
BCe CYNIECTBYIOLIEe pazHoobpasue OpraHM3MoB B XECTKYID CXEMY He-
nenecoobpasHel, IMOCKONBKY M00Be MCKYCCTBEHHBIE pa3srpaHMYeHUs
HapyIIAlT eCTCCTBEHHBIE CBA3H MeXIy oprannsmamu. Cliencrsue 31o-
ro — TeHOEHUMSA HAMMCHBILCTO JAPOOJECHUS OpPraHHYeCKOro MHPpa,
MpU3HAHKE Le1eco0bpa3sHOCTH BBLIENECHHSI TONHKO IBYX napceTs: Plantae
(pacrenus) U Animalia (KMBOTHBIE). DTa TOYKA 3PEHUA AKIIEHTHPYET
BHUMaHHE Ha YepTax CXOJICTBA, COSANHAIOIIMNX PasIMYHBIE TUTIH! Opra-
HHM3MOB, ¥ Ha CYLIICCTBOBAHMH MEepEeXONOB OT OIHOM IPYIITH OpraHu3-
MOB K APYIO#l B TIPOLECCE 3BOMIOLMH. B COOTBETCTBMU C MPOTHBOIIO-
JIOXKHBIM TIPEACTABIEHUEM pa3neieHue BceX XUBbiX (hOpM HA KpYTTHEIE
TAKCOHEI (IIapcTBa) HAKOO/Ee TIONMHO OTPAXKAET CYILECTBYIOIEEe MHO-
roobpasie TUIIOB XH3HM, MOAUYEPKHBAsA 3TY CTOPOHY XMBOrO MUpa.
CornacHo nepBoit TOUKe 3peHMs, BCe MUKPOOPraHM3Mbl paccMaTpH-
BaIOTCA KaK TPMMHTHBHHBIE PACTEHMSA WK XHWBOTHREIE M COOTBETCTBEH-
HO BXOIAT B cocraB napcTB Plantae wiu Animalia. CornacHo BTopoii —
MUKDOOPIraHW3Mbl MOIYT NPETCHI0BATh HA YHHKAIBHOE MECTO B HEPAp-
XUH XHBEIX (hopM, uTO BriepBeie NoHsan 3. ['ekkens. JanpHelmee uay-
yeHHe NeKKE/IeBCKHX «[IEPBOCYIIECTE» BBISIBHIIO HECOMHOPOIHOCTD 3TOM
rpyrmel. Torna ke Crajo SICHO, YTO TIOHATHE «MHUKpDOOPraHU3M» He
WMeeT TaKCOHOMHYecKoro cMbicnia. OHo oORenIMHAET OpraHUu3MBl MO
MPU3HAKY MX MalbiX (KaK NpaBWIO, BHAMMBIX TOJILKO C MOMOLLBIO
COOTBETCTBYIOLLUX TIpUOOPOB) pasMEPOB M CBA3AaHHLIX C 3THM CITELH-
dUUeCKUX METONOB H3Y4YEHMS.

JanHbie 0 pasnyHMK B CTPOEHHH KIIETOK MHKPOOPIaHM3MOB, BXO-
Isuipx B rpynny Protista, Hauyanm HakaruIMBaTecs ¢ Konua XIX B. 31o
MOBJIEKJIO 3a CODOIt AeieHKE TPYTINBL Ha BLICIINE M HH3IUWE IMPOTHCTEI.
K BBICUIMM MPOTHCTAM CTAJIM OTHOCHTh MHMKPOCKOIMMYECKHX XXUBOT-
HBIX ([MPOCTEMIINUX), MHKDOCKOIMMYECKHE BOAOPOCAH (KpOMe CHHE3e-
JIEHHIX) ¥ MUKPOCKOIHYECKHe TPHOBI (TUleCeHH, OpPOXOKH), K HH3-
1IIMM — Bce BaKTEpUH M CUHe3eleHble BOAOPOCHH (MOcieaHMe qallie
HAa3BIBAOT Tenepk IManobakTepuaMu). JleneHne Ha BEICIIME W HH3IIHE
MPOTHUCTH! MMPOUCXONIJIO B COOTBETCTBUHM C ABYMS BBISBJICHHBIMU TH-
MaMK KJIETOYHOI OpraHM3allMH — 3YKAPUOTHOH H NpOKApUOTHOM 2

Tor Tped. «protos» — cambiif MpoCToi.
2 Tepmuuel G Mpennoxersl 8 30-x rr. XX B. nporosconorom 3. lllatrorom
(E. Chatton).
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Briciine npoTHCTH HMEIOT 3YKAPUOTHOE CTPOEHHE KIETOK, T. €. ABJIsI-
OTCHA 3YKapHOTaMM, HH3IUME — MPOKAPHOTHOE.

O0oCHOBaHME TOrO, YTO NPOKAPMOTHBIM M 3YKapPUOTHLIM THITHI
KJIEeTOYHOH OpraHu3alMH ABIAIOTCA Hauboliee CyLIECTBEHHOM rpa-
HULEH, pasfgensolleil Bce KieTo4yHble (DOPMBI XH3HH, CBA3AHO C
paboramu P.Creiinnepa (R.Stanier, 1916—1982) u K. Ban Hwus,
otHocsuMHCA K 60-Mm rr. XX B. [TosscHMM pasHHULYy MeXIy ITpOKapHo-
TaMy ¥ 3yKapHoTamHu. KileTka — 3T0 KyCO4eK IUTOIUIa3MEl, OTTPaHH-
YyeHHblit MeMOpadoii. [TocnemHsaa Non aMeKTPOHHBIM MUKPOCKONOM
HMEEeT XapaKTePHYIO YIBTPACTPYKTYPY: ABa 3JIEKTPOHHO-TUIOTHBIX CJI0A
KaXIei#l TomuuHon 2,5— 3,0 HM, pasnelieHHBIX 31EKTPOHHO-TIPO3pay-
HBIM TIPOMEXYTKOM. Takue mMeMmOpaHbl MOMYYWIM HazBaHHMe 3 JIe-
MeHTapHB X. O6a3aTcIbBHEMH XHMUYECKUMM KOMITOHCHTAMM KaX-
JIOi KJIETKM AB/IAITCA ABa BHIa HyknenHoBbIX kuciioT (IHK n PHK),
Oenku, TMIHIBL, YrieBoinl. llHToIUIasMa H alieMeHTapHasd MeMOpaHa,
OKpYXaolias ee, — HeMpeMEHHbIE H 0053aTENbHBIE CTPYKTYPHBLIE 3J1e-
MEHTBI KIETKH. DTO TO, YTO JIEXHT B OCHOBE CTPOEHHS Bcex Ge3 uc-
KmoyeHMs KieToK. M3yyeHre TOHKOM CTPYKTYPhI BHISBMIIO CYLLECTBEH-
Hbl€ pa3NWyYusi B CTPOEHUM KIETOK TIPOKApHOT (bGakTepHil M 1IMaHO-
OakTepuil) M 3yKapHoT (OCTAIBHBIE MAKPO- M MUKPOOPTaHHM3MBEI).

IIpokapuOoTHAs KNeTKa OTNHMYAeTCs TEM, YTO MMEEeT OIHY
BHYTPEHHIOIO NMOI0OCTh, 00pa3yeMylo 3JleMeHTapHO#i MeMOpaHOii, Ha-
3BIBaEMOI KeTouHoM, wiu nutornasmarkyeckoit (IIITM). ¥ nonas-
Jisitonlero 6onsiuMHeTBa mpokapuot IIITM — enuHcTBEHHAas MeMOpa-
Ha, obHapyxuBaemas B Knetke. B 3yKapMOTHBI X KIeTKax
B OTJIMYHE OT MPOKAPUOTHBIX €CTh BTOPHUYHEIE [IOMOCTH. AepHas MeM-
Opana, orrpaHnumearomiad [IHK ot ocranwHoli iwmronnasmsl, gop-
MHpYeT BTOpHYHYIO TioyiocTh. HapyxHele MeMGpaHH XI0pOIMIacToB U
MUTOXOHAPUH, OKPYXaolMe 3aKMoYeHHble B HUX (GYHKITHOHATBHO
ClieHATU3NPOBaHHbIe MEMOpAHBI, MTPAIOT aHANOTHYHYIO polib. Kie-
TOYHBIE CTPYKTYpBI, OrpaHHYEeHHbIE IeMEHTAPHEIMM MeMOpaHam#u H
BBINOJHAIOIIME B KJIETKE ONMpenencHHbe GQYHKIHH, TIONYIMUIH HA3Ba-
HYe OpTraH el Anpo, MUTOXOHAPHMH, XJIOPOIUIACTH — 3TO KIIETOY-
HBIe OpraHesUisl. B 3yKapHOTHBIX KJIETKaX MOMMMO [epeqyHCIeHHBIX BBILIE
€CTh M IpYIHe OpraHeUibl.

B xieTkax MpoKapMOT OpraHesUibl, TUIIMYHEIC MU 3YKapHOT, OT-
cyrcreyioT. fAnepruas JJHK y nux He oTaeneHa OT LMTOIUIA3MBI MeMO-
paHoii. B uuTormnasMe HaXomATCH (PyHKLMOHAIBHO CENAATH3NPOBAH-
HBIe CTPYKTYPBI, HO OHH HE€ H3OJUPOBAaHEI OT IMTOIUIA3MBI C [IOMO-
11BI0 MeEMOpaH U, clIeqoBaTeNbHO, HE 00pa3y1oT 3aMKHYThIX MTOJIOCTEHN.
BTH CTPYKTYPH MOryT 66iTh chopMUpOBaHEl U MeMOpaHaMH, HO TI0-
ClleJHUEe HE 3aMKHYThI U, KaK [paBuio, 0OHApYXHMBAOT TECHYIO CBSA3b
¢ IIIIM, aenssicy pe3ynbTaTOM €€ JICKAIBHOID BHYTPUKJIETOYHOTO
paspacTaHusg. B KieTkax npoKapMoT ecTh TakKe o6pa3oBaHMs, OKpY-
JKeHHBIe 0cob0il MembpaHO#l, MMelolIell HHOE 110 CPaBHEHUIO C 3Jle-
MEHTapHOH CTPOEHWE M XMMHYECKHIi COCTaB.

18



Taxum obpa3omM, OCHOBHOE paziuiue MeXAY NBYMS THIAMU KIE-
TOK — CYLUECTBOBAHHME B 3YKAPMOTHON KIIETKE BTOPHYHBIX ITOJIOCTEM,
chOPMUPOBAHHBIX C YYACTHEM 3JIeMEHTapHBIX MemOpaH. ConocTasie-
HIE HEKOTOPBIX YEPT KJIETOUHOI1 OpraHu3aiiiy [IpOKapUOTHEIX U 9YKa-
PUOTHBIX OPraHM3MOB TPEACTaB/IeHo B Tabi. 1.

Tabnuna |

ConocrapieHAe HEKOTOPLIX 9€PT NPOKAPHOTHOH
H IYEAPHOTHOH KICTOTHOMH OpranM3anug

INpusnax

Ipokapuorias kKneTka

ByxkapuoTHaA KIeTKa

OpraHun3auus TeHeTHYe-
CKOro MatepHaia

Hykrneoun (JHK ne o
IeNeHa OT LMTONIa3Mbl
MeMOpaHOit), COCTOALIMI
U3 OIHOM XPOMOCOMBI;
MHTO3 OTCYTCTBYET

sapo (IHK otnenena ot
LUTONNAa3Mbl SIepHOH
obonouykoi), comepxa-
1ee BONbIIE OAHOM Xpo-
MOCOMBI, IeIeHHE sIpa
MyTeM MUTO3a

Jokanuzauua JHK B HYKJICOMIE W ILTAa3MM- |B A/Ipe ¥ HEKOTOPHIX Op-
[1ax, He OTpaHM4YCHHBIX |raHCIIax
3aneMeHTapHON Membpa-

HO¥

LlnTonnazMaTuyeckue | OTCYTCTBYIOT MMEIoTCH

OpraHesuUibl

Pubocomul B tmronnas- |705-tuna 80S5-tnna

ME

[BHXEeHHE LUTOTLIASMBL | OTCYTCTBYET 4acTo OBHAPYXHBAETCH

Knerouynas creHka (Tam,
II€ OHa UMEETCH

B DONBUIMHCTBE Cly4ach
CONEPXUT MeNTHAOIMH-
KaH

MENTHIOTIMKAH OTCYT-
CTBYCT

Kryrnku

HHTb XTYTHKA TOCTPOE-
Ha U3 DCNKOBHIX CYOH-
enuHUL[, 0Opa3ylouux
CrUpaib

KAXObIA XryTUK comep-
XMT Habop MukpoTpyGO-
YeK, cobpaHHBIX B rpyIl-
nbl: (2-9)+ 2

B cBs3u ¢ TeM YTO MPOKApHOTHAS M 3YKAPHUOTHAS OpPraHU3aluu
KJIETOK NPHHIMIMHAILGHO pPasiiiHbl, OBUIO TIPEIUIOKEHO TOJNBKO HA
OCHOBaHUH 3TOI0 MPH3HAKA BHIIENHUTH BCE TIPOKAPHOTE! B 0coGoe Liap-
ctBo. P. Meppeit (R. Murray) B 1968 r. mpewioxmun Bce KJIETOUHBIe opra-
HHU3MBI pa3/ieNnyTh Ha JBE TPYIINHI MO THITY WX KIETOYHOI opraHu3a-
UK HapctBo Prokaryotae, Kyna BOLWIM BCE OPraHM3MBI C IPOKapH-
OTHHIM CTPOEHWEM KJIeTKH, W mapcreo Eukaryotae, kyna BKAIOYEHH
BCE BRICIINE MPOTHCTHI, PACTEHHA M XHBOTHBIE.

P.Burrakep (R.Whittaker) mpemwioxun cxemy, mo KOTOpoil Bce
XMBBIE OPraHU3MBI, HMEIOIUE KIECTOYHOE CTPOEHHE, MPEACTARICHDI
pasneNeHHBIMUM Ha NMATh HapcTk (puc. 2). Takas cucreMa KraccudpmrKa-
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LMW XKUBOTO MHpa OTPAXAET TPHU OC-
HOBHBIX YPOBHA €ro KJIETOYHOM opra-
Hu3alyi: Monera BKIIIOYaeT MpoKapu-
OTHHIE OPraHH3MBl, HAXOOAIIHECS Ha
CaMOM NPHMHMTHBHOM YPOBHE KJIETOY-
HO¥ opraHu3aumny; Protista — MHUKpo-
CKONHYECKHE, B DONBIIIMHCTBE CBOEM
ONHOKJIETOUYHBIE, Hemu(depeHLIMpO-
BaHHbie dopMBl XKMU3HH, CHOPMHPO-
BaBILUMECH B pe3yNbTare KauecTBeH-
HOT'O CKA4Ka B MPOLECCE SBOMNIOLIAH,
NPUBEALIErO K BOSHHKHOBEHHIO 3yKa-
Puc. 2. Cxema nsiTi LAPCTB XMBO-  DMOTHBIX KJIETOK, MHOIOKJIETOYHEIE
IO MMpa: NPOKapHOTHl (L@PCTBO  3yKApPHOTH! NPEACTABIEHBI, B CBOK
Monera), OOHOKJIETOYHBIE 3YKa- oyepeab, TpeMsl LApCTBAMM Plantae,
puothl (uapcreo Protista), MHO- Fungi ¥ Animalia.
TOKJIETOYHbIE 3yKApHOTH (uap- Tpu nocneHue TAKCOHOMHYECKHE
ctea Plantae, Fungi, Animalia)  pnonne pasmrgatores no cioco6y mu-
(no Whittaker, 1969) TaHNA: POTOTPODHLI THI MUTAHNUSA 33
cyer npouecca (GoTOCUHTE3A Xapakrepe g pacreduii (Plantae); rpu-
651 (Fungi) B OCHOBHOM XapakKTepH3ylOTcsi OCMOTPOGHBIM THIIOM IH-
TaHHA, T.€. MUTAHMEM PacTBOPEHHHIMM OPraHHMYECKHMH BEILIECTBAMM;
XUBOTHbIE (Animalia) OcylLECTBASIOT I'ONI030HHOe TMTAHKE, 3aKTI0Ya-
0LIeecs] B 3aXBaTHIBAHMH M NEpeBapHBaHWH TBEepAOH nuLM. Criocobnl
NUTaHus, cnetubuieckie Wi pacTeHlid U TpUOOB, BO3HUKIIM B [Po-
Liecce 3poOLIMK Ha ypoBHe Monera. Ha ypopHe Protista oHn nomyammu
CBOE JATbHEMILIEE PA3BUTHE; 31ECh Xe C(DOPMHPOBAIICA TPETHH THIT TTH-
TAHWA — TOJNO30HMHBIN.
He Bepsick cynmuTh 0 11es1ecO0OPA3HOCTH AENIEHUA XKUBOH npUpoaLl
Ha IATh WIK LIeCTh LAPCTB, MOXHO C ONpEfe/IEHHOCTEIO YTBEPXIaTh,
4yT0 060COBNEHHE MPOKAPMOTHBIX MHKPOOPTaHU3MOB B OTAEIBHOE Lidp-
crBo Prokaryotae npaBomMepHO, MOCKOIBEKY OCHOBAHO HA NMPHHIIMITHATL-
HBIX PasM4MsX B CTPYKTYPe NMPOKaAPUOTHBIX U 3YKAPHOTHEIX KIIETOK, T. €.
TeX eMHHMI], U3 KOTOPKIX MOCTPOEHH BCE KIETOYHBIE (hOPMEI XKU3HU.

masa 3
PA3MEPBI MMKPOOPITrAHU3IMOB

Kak nokaspiBaer caMO Ha3paHue, 0OBEKTH, OTHOCUMBIE K MUKPO-
opraHM3Mam, 6bUTH BBLIEIEHH 1O NPU3HAKY MX Malblx pa3Mepos. Ecau
TPHMHATE 33 KPUTEPHI TPaHMIY BHAMMOCTH HEBOOPYKEHHBIM [T1A30M,
paBHyio 70—80 mMxM!, T0 Bce 06beKTHI, KOTOPEIE NEXAT 3a IpefenaMH

1 1 Munnumerp (Mm)= 10? muxpomerpor (Mxm) =108 HanoMerpos (aM) =107 anrcr-
peM (A)=10° nukomerpos (nM).
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3TOM IPAHMIIBI, MOXHO OTHECTH K MHKpOOpraHuamam. Mup mukpoop-
TraHW3MOB — 3TO MPEUMYILECTBEHHO MUP ONHOKIETOYHbIX hopMm. Jua-
MA30H pa3MEPOB MUKPOOPTAHM3MOB BenuK (Ta6:. 2). Bemmunua caMbIx
KPYIIHBIX NpeAcTaBuTe/iei MUKPOMHMPA, NeXalllMX Ha rpaHulle BUAMMO-
CTH HEBOOPYXEHHBIM rna3oM, npubnuaurensHo (00 MxM (HekoTopbie
JIMATOMOBBIE BOIOPOC/H, BhiCIue NpoTucThl). Ha nopsinok Huxe pas-
MEPEl OMHOKJIETOMHBIX 3€JICHBIX BOJIOPOC/IEH H KIIETOK JPOXOKEH, ellle
HWXE pa3Mephl, XapakTepHble 1t OonsluMHCTEA GakTepuii. B cpennem
JMHelHBIe pasMeps bakrepuii nexar B npefenax 0,5—3 MkM, HO ecTb
cpend 6GaKTepHil CBOM <«TMIAHTh» M «Kapnuku». Hanpumep, kmerku
HWTYaTo# cepobakrepun Beggiatoa alba nmelrot muameTp o 50 MKM; Achro-
matiutn oxaliferum, cauTalOLIMICS ONHUM M3 KPYTIHBIX HaKTepHaTbHBIX
OpraHuamMos, uMeer B JUTHHY 15— 100 MKM npu nonepeyHMKe npuMep-
HO 5—33 MKM, a inMHA KJIETKH CIIMPOXEThl MOXeT 6BITh A0 250 MKM.

Tabnuna 2
PaaMepn! pa3iHYHLIX 00LEKTOB
Obbexr JIuneltHblin pasMep, MKM*
OIHOKIIETOUYHEIE 3YKAPHUOTH!
HexkoTopbie AHATOMOBBIE BOIO-
pPOCIIM M BhICIIHE MPOTUCTHI 100
3enenas sogopocns Chlorella 2—10
Knetka npoxckeii Saccharomyces 6—10
IpoKapuOTHEIE OPTAHKH3MBI

Kpynrie
Achromatium oxaliferum 5—33x15—100
Beggiatoa alba 2—10x1-50
Cristispira pectinis 1,5x36—72
Macromonas mobilis 6—14x10—30
Thivovulum majus 5—25
Spirochaeta plicatilis 0,2—0,7x80—250

ObbIyHBIE
Bacillus subtilis 0,7—0,8x2—-3
Escherichia coli 0,3—1x1—6
Staphylococcus aureus 0,5—1,0
Tluobacillus thioparus 0,5x1—3
Rickettsia prowazeki 0,3—0,6x0,8—2

Menkne
Mycoplasma mycoides 0,1x0,25
Bdellovibrio bacteriovorus 0,3x1,2
Haemobartonella muris 0,1x0,3—0,7
Wolbachia melophagi 0,3x0,6
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Oxonyanue maba. 2

O6wekT JInnciineiii pasmep, MKM*
BHpycht
KpynHpie
TabayHoil MO3anKu 0,02x0,3
KOpPOBBEM OCHEL 0,26
Ipunna 0,1
dar T2 0,06x0,2
Menkue
@X174 0,025
JKENTOM JIMXOPaaKH 0,022
BHpYC-CaTEIUTHT 0,018
Tonummua HITM 6akrepuansHOK
KJIETKY 0,01
Pubocoma 0,018
Monckyna rno6ynsiproro 6enka
KpyTHas 0,013
MEnKas 0,004

* IIns chepuyeckHx wim BIM3KMX K HUM GOpM JaHO OIHO JIMHEeiiHoe 3HaYEHME.

CaMbie MENIKUE U3 U3BECTHHIX MPOKaPHOTHBIX KIETOK — OaKTepyu,
TpUHAaUIeXalllie K rpyIne MHKoriasM. Onucalsl MUKOIINA3G! ¢ JHA-
merpoM kinerox 0,1—0,15 mxm. [TockonbKy MONEKYNEI BCEX COENMHE-
HUI UMEIOT OnpeleneHHble (PU3HYECKHE pasMephl, TO, UCXOJis U3 0Dbe-
Ma kjeTkH ¢ puaMerpoM 0,15 MKM, Nerko moacyMrarb, 4TC B HEWH
MOXeT corepxatbes nopsinka 1200 monekyn 6enka M oCyLLECTBIAATELCS
okono 100 epmeHTaTHBHBIX peaknuit. MunuMansHoe yMcno dbepMeH-
TOB, HYKJIEMHOBEIX KMCJIOT M JIDYTHX MAKPOMOJIEKYISIPHBIX KOMITOHEH-
TOB, HEODXOOUMBIX Ui CAMOBOCNIPOM3BEAECHHSI TEOPETHYECKOHN «MH-
HUMANBLHOH KJIETKH», COCTABISIET, MO NMPOBENEHHON OIEHKE, OKOJIO
50. 1o TO, YTO HEOGXOMMMO [IJIS NIOIAEPKaHUS KJIETOMHOM CTPYKTYPHI
u obecneyeHus kieroyHoro Merabomasma. Takum obpa3om, B rpymie
MMKOIUIa3M JOCTUTHYT pa3Mep KIEToK, OJIM3KHIA K TEOpeTHYECKOMY
npefeny KNeTo4YHOro ypOBHS OpraHu3alliM XU3HH. Menpuaiiiiie Mu-
KOIMJIa3MEHHBIE KJIETKH PaBHBI WIH JaXe MEHBbIIIEe YACTHL] IPYTOH TpyTi-
MBI MUKPOCKONIHYECKHX OPraHM3MOB — BHPYCOB.

Ecnu 6akTepuanbHble KIETKH OOBYHO MOXHO YBHIETH B CBETOBOI
MHKPOCKOI, TO BUPYCHl, pasMephbl HONBIIMHCTBA KOTOPBIX HAXOIATCS
B nuanasoHe 16—200 uM, nexar 3a npeaeraMH €ro pasperualoiei
cnocobHocTH. Briepsrie HAbNIOAATE BUPYCH H BBISICHHTB KX CTPYKTYPY
yaanocs nocne u3obpereHUs NEKTPOHHOro MUKpockona. Ilo ceoum
pasMepaM BHPYCHI 3daHMMAIOT MECTO MEXIY CAMbIMH MENKHUMM Dak-
TEPUAIEHBIMU KJIETKAMM M CAMBIMHM KPYITHBIMH OPraHHYECKHMMH MO-
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nexkynamu. PasMep yactul Bupyca-caremnmTa (18 HM) M BenuyuHa
KpYNHO#i Monekynbl rnobynsapxoro 6enka (13 um) 6nuaxu. Takum
obpa3oM, ecTM paHbIlE MEXIY W3BECTHBIMM GUONI0raM opraHuaMaMu
M HEXWBbIMH MOJIEKYJIAMH XMMMWKOB CYIIIeCTBOBANIA NMPOMNACTh, TO Te-
rnepb 37O NMPOIAcTH HET: OHA 3aloNHeHa BUPYCaMM.

Paameps! BCEX XUBLIX OPTAHMU3MOB, BLIPAXEHHbIE B OJIHUX EIHHH-
LaX, HanpMMEp B aHTCTPEMAX, pacrojiaralorcs B AuanasoHe or 107
(camsie menkue supychl) fio 10" A (pasmepsl kuta). Ecnu 3a rpanmny,
pa3eNsoUyl0 MHKPO- U MAakKpOMHMpBI, TIPUHATE Npenes BUIMMOCTH
HEBOOPYXEHHBIM TJ1a30M, T.€. Ipubnuautensio 10° A, TO HA OCHOBa-
HHMM TpUBEJEHHBIX 3HAa4YEHWM Ha JONI0 MUKPOMMPAa NpHXOOMTCS Of-
POMHEIi AMana3oH BEJIMYHH.

Kparkoe paccMoTperne pa3iHdHbIX MpelcTaBHTeNeil MMKpOMKpa,
3aHUMAIOIIMX ONpeNe/eHHbIe «3TaXKH» PAasMEPOB, NMOKA3LIBAET, 4TO,
KaK Npaswio, BETHYUHA 0OBLEKTOB OIpe/ieIeHHO CBA3aHa C MX CTPYK-
TypHO# cnoxHocThio. HykHuil npenen paamMepoB cBOBOIHOXKBYILETO
OHOKJIETOYHOTO OpPraHM3Ma OnpelensieTcs IMpocTPaHCTBOM, Tpebye-
MBIM JUIS YITAKOBKM BHYTPH KJIETKH ANMNApaTa, HeoOXomuMmoro
HE32aBRMCHMOTO cyillecTBoBaHuA. OrpaHHYEHHE BEPXHETO peena pas-
MEPOB MUKPOOPTaHM3MOB ONPEAENAeTCs, 110 COBPEMEHHBIM Npe/iCTaB-
NEHMSAM, COOTHOLIEHHUAMH MEXY KIeTOYHOH MOBEPXHOCTHIO H 06he-
MoMm. Tlpu yBe/lMHeHHH KIETOUYHEIX PA3MEPOB NOBEPXHOCTE BO3PACTACT
B KBajipate, a obbeM — B KyOe, IOITOMY COOTHOLLUEHHE MEXIY 3THMH
BEJIMMMHAMH CABHUIAaeTCsl B CTOPOHY MOCieAHero. ¥ MUKpPOOPraHM3-
MOB 10 CPaBHEHHIO ¢ MAKPOOPTraHM3MAMM O4Y€Hb BEJIMKO OTHOIIEHHE
MOBEPXHOCTH K O0DBEMY. 3TO co3fiaer ONarcripMsirTHeie YCIOBHUSA I
aKTHBHOIO0 oOMeHa MexXy MHKPOOPraHM3MaMHW M BHEIIHEH Cpemoi.
W neiicrBuTenbHO, MeTabonMyeckas aKTHBHOCTh MHKPOOPTaHH3MOB,
M3MEPEHHAS MO pa3HBIM TIOKA3aTe/isiM, B pacyeTe Ha eIMHuLY Ouo-
MAcChl HAMHOTO BhILUE, YeM y Donee KpynHBIX Kierok. [Toatomy npen-
CTaB/sAercqd 3aKOHOMEDHBIM, YTO HHU3IIME (DOPMBI XKM3HW MOLJIH BO3-
HHKHYTh M B HACTOsIIEe BpeMs MOTYT CYUIECTBOBAaTh TONLKO Ha Oaze
MAIBIX pa3MEPOB, TAK KaK IOCIENHHE CO3Jal0T Ienbli psal IMpenMy-
1ECTB, obecrneYrpaloliMX XHIHECIIOCOOHOCTE 3THM (DOPMaM XHU3HM.



I1. MUP NPOKAPUOT

IIpuBenexHble B I1aBe 2 CXEMBI JENEHUA KIETOYHLIX OPraHM3MOB
Ha BEICIIEM YPOBHE TMPELyCMaTpHBaIOT BbLOEJIEHUE BCEX MPOKAPHOT B
oraensHoe uapcrpo. B 70-x rr. XX B. o6HapyXeHBI MUKPOOPIaHM3MBI,
CTPYKTYPHO OTHOCSILI[MECS K NPOKAPHOTHOMY THITY, HO 3HAYHMTENBHO
OTNHMHAIOIIMECH XMMHYECKHM CTPOEHHEM BAXHBIX KJIETOUHBIX MaKpPO-
MOJIEKYNl H CIIOCOOHOCTBI) OCYILIECTBAATh YHUKAIbHBIE GHOXHMMMYE-
CKHE MPpOLECCH. JTH HeOOBIMHBIE TIPOKAPHOTHERIE OpPraHu3Mbl GBUTH
Ha3BaHel apxebakTepuAMH. THUNHYHBIE NPOKAPHOTHI, WK Gak-
TEPHH, TIOAYIUNKH COOTBETCTBEHHO Ha3BaHue 3y6akTe pu il (MCTHH-
HeIX GakTepuit). Yucao M3BecTHRIX apxebaKTepuil IO CPAaBHEHMIO C
3ybaKkTepusMH Ype3BhlYaiiHO Mano.

Marepran HacTOSILIEIO pa3nena NMocBAILeH obIel xapaKTepHCTH-
K€ TNPOKAPHOTHBIX OPraHU3MOB (B OCHOBHOM 3ybaKrepuit), ornuya-
0IHXCA MOPGQONOTHYECKUM M 0COBEHHO (H3HONOrHYECKUM pa3sHo-
obpasuem. B ocHoBe Mmophonoruyeckore pasHoobpasus nexar pasim-
yus B pasMepax v (hopMe OTAENBEHBIX KJIETOK, CNocobax UX JENeHus,
npuposie U Habope IUTOIIa3MaTHYECKHX BKIIOYEHHI, CTPOEHUH KJle-
TOYHOH CTEHKH M CTPYKTYP, IOKAIM30BAHHLIX CHAapyXW OT Hee, Ha-
NUYMH M THIIE JHddeEPEeHIIMPOBaHHBIX opM, 0Bpa3yloiliMXcs B TIpO-
1ecce XXH3HEHHOTO UKKa. BceM aTMM BolpocaM MOCBSLLEHBI I1aBsl 4
u 5. B rnaBax 6 —9 npenacrasiieHa 06lilas KapTHHa (PM3HOIOTMYECKOrO
pasHooOpa3usl NpoxkapyoT, CKIAIbIBAIOLIErCCs M3 Pa3ivyguid B Mexa-
HH3MaxX TONYy4eHHMs 3HEPIHH M MCTOYHWKAX MUTAHHKS, Pa3HOro OTHO-
HIEHWA K MOJIEKYISIPHOMY KHUCJIOpOLY W ApYyruM ¢akTopam BHEIIHE
cpelpl, IPEX/Ie BCero CBETY, TEMIIEPAType, KUCAOTHOCTH cpefkl. B rnase
10 obcyxnalorcs reHeTHMECKHE MEXaHM3MBI, PHBEAIIHE B NPOLIECCE
3BONIOLIMH K CTPYKTYPHO-(DHU3MOIOrMYECKOMY PasHOODOPa3nIo npoKa-
puort. I'napa 11, nocesileHHas npobieMaM CHCTEMAaTHKK M ONUMCAHMIO
OCHOBHBIX TPYIIl IIPOKAPHOT, WITIOCTPUPYET Ha KOHKPETHBIX NMPUMe-
pax marepualn, NpeAcTaBIeHHBI B NpeablaylMX IJlaBax. 3aBepluaer
paszen masa [2, B koropoil uanaraercs Hanbonee obLIENpUHATAS MH-
MOTe3a MPOMCXOXKICHHUS XM3HU Ha 3emie, npuBellias K BO3HHKHO-
BEHHIO TIEPBMYHOM KJIETKH, U UMEIOLIMICs B HACTOSIEee BPEMA 3KC-
NEPUMEHTANIBHBIA MaTe€pyall, NOATBEPXKAAIOIMH 3Ty THNOTE3Y.
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Fmasa 4

CTPOEHME NMPOKAPUOTHOWM KIMETKWU

dopma NpoKapuoT

Jlo HenaBHero BpeMeHK OONBIIMHCTBO MCCIENOBAaTCACH TPaIULIU-
OHHO CYMTAJNH, YTO KJIETKH IPOKAPHOT NOCTATOYHO OJHOOOPA3HEI H B
NoJaBAIONIEM OONBIIMHCTBE MMeT ¢GopMy cdepsl, HWIMHAPAa WIH
crupalin. OHH 6BIBAIOT OIMHOYHBIMM, B MHBIX cnyvasX 0bpa3yior HUTH
wiH KonoHuM. [pokapuorsl chepudeckoi hopMel, HazbiBaeMBie KOK-
KaMu, MOT'YT I10CTIE AEIEHHS HE pacXoluThes. Ecnu AeNeHHe IIPOMeXo-
AT B OJHOM IUIOCKOCTH, O6Gpa3ylorcs Napbi KAETOK (IHIUIOKOKKH)
WIH LENOYKH (CTPENTOKOKKH). B TOM cnydae, Koraa AENEHUE MPOKC-
XOMT OTHOCHUTENBHO PABHOMEPHO B TPeX B3aMMHO IepIeHIUKYIIP-
HBIX HallpaBJIeHWsX M KJIETKH M10CHe AeJIEHNs OCTalOTCs COENHHEHHBI-
MH JIDYT C JPYIOM, BO3HHMKAIOT ITAKETH NpaBunbHON dopmel (capim-
HBI) WK KonoHmu cepuyeckoii popMel. Eciiu xe ieneHue MponucxonuT
B HECKOJIBKMX IUIOCKOCTAX HEPABHOMEPHO, 0Dpa3yloTcsl KJIETOYHBIE
CKOIJIEeHuWsi HenpasuibHOM dopMel (puc. 3, I—5). [Ipokapuors:, uMe-
oume dopMy HMIHHApa (MaT0YKOBUAHBIE), CHIBHO Pa3/IM4yaioTcs Mo
BETMYMHE OTHOILUEHMsI ATMHB! KIETKH K €€ nonepeuHuky. IlpokapHo-
Thl CIIMpaNeBUAHOH (hOPMbLI XapakTepU3ylOTca pa3sHbIM YHMCIIOM BHT-
KOB: ¥ CIIMPWUI — OT ONHOIO HO HECKONLKMX BMTKOB, BHOPHOHBI
BBIMNAZAT Hanogobue W3OTHYTHIX MajJOYEK, TaK YTO MX MOXHO pac-
CMATPUBaTh KaK HENONHBH BUTOK cniMpanu (puc. 3, 6—§&).

3a mocnenHee BpeMs CpPeld NPOKapHOT ODHapy)XeHbl OpPraHU3MEI,
OT/IHYAIOIMECH OT ONMCaHHBIX Bhillle OCHOBHHIX (hopM. Hekoropuie
BHaKTepuKM UMEIOT BHUJ KOJiblia, 3aMKHYTOIO WJIM Pa3sOMKHYTOIO B 3a-
BMCHMOCTH OT cTaguu pocra (puc. 3, 9). ¥V npokapuor, B OCHOBHOM
PasMHOXAIOLUXCA MOYKOBAHMEM, ONMUCaHO obpasoBaHue KIEeTOYHbIX
BBIPOCTOB (TIPOCTEK), YHCIO KOTOpPHIX MOXeT Konebarbes or 1 mo 8
u Oonee (puc. 3, 10). M3 npuponHbIX cyOCTpAaTOB BBLIENEHBI HaKTEPHUH
yepBeobpa3zHoil GopMBI M HANOMMHAKIINE 1IECTHYTONBHYIO 3BE3dy
(puc. 3, 11, 12). [Ins HEKOTOpbIX BUAOB XapakTepHO claboe unu Jio-
BOJIBHO XOpOlLlO BbipaxeHHoe BeTBieHue (puc. 3, 13). OnucaHbl ipo-
KapHOTH, obnagaoume MOpQOoIori4eckoil H3MEHYMBOCTBIO, B 3aBH-
CUMOCTH OT YCNOBMI UMEIOH[ME BUJA IAN0OYEK, KOKKOB UIM obBHapy-
KHBAIOH[}Ee cnaboe BETBICHHE.

@®opMa MHOTOKNETOYHBIX MPOKAPHOT TAKXe pasHoobpazHa: 370
CKOIUIEHHS Pa3IMdHOlN KOH(wMrypalmm, qaiie — HUTH (puc. 3, 14—
16). Coeobpa3ue DakTepHalbHBIM KJIETKaM NPUIAIOT XKIYTHKH, HMe-
IOIIHME PA3IMYHOE PACTIONIOXEHWE HA KNETOYHO noBepXxHocTH (pwc. 3,
8, 15, 17, 18), a taxxke BHAeNEHHS BHEKIETOUYHBIX BEILECTB PasHOI
XMMUYECKO# npuponkl (puc. 3, 19—22).
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13

Puc. 3. Pasnoo6Gpasne GopM npokapHoT:

I — KOKK; 2 — IMTIIOKOKK; 3 — capilMHa; 4 — cTpelTOKOKK; 5 — KOJNOHNs cdepnye-
cKoit ¢opMEl; 6 — nanoykoBMAHBE GakTepMM (OOMHOYHAs! KJIETKAa M LIEHNOYKa Kie-
TOK); 7 — cnupuuibl; & — eubpMoH; 9 — Bakrtepur, UMelowHe GoOpMy 3aMKHYTOTO
WIK HE3aMKHYTOTO Koisua, [0 — OaktepHMH, oOpa3ylomiMe BLIpOCTEl (MPOCTEKH);
11 — bakrepus YepseobpasHoii hopmel; 12 — BakTepyaisHag KieTka B ¢opMe Liec-
THYronbHo# 38e3/ikl; 13 — npencraBUTENs aKTHHOMMLETOR; 14 — TUIOIOBOE TEN0 MUK-
cobaxkTepuu; 15 — HuTyaraa Gaktepus pona Caryophanon ¢ NaTepATbHO PacTIONOXKEH-
HBLIMM XTYTHKaMH; /6 — Hut4atas UMaHobakTepus, obpaszyiomas criopsl (aKWHETHI)
u rerepoumetsl; & 15, 17, 18 — GaxTepuM C pazHBIMM THN2aMH XIYTUKOBaHus; 19 —
GakTepns, obpasywiuas kKancyny, 20 — HuTyaTeie GakTepuu rpynel Sphaerofilus, 3a-
KJIIOYEHHBIE B YeX0/, MWHKDYCTHPOBAHHBIH IMApaToM OKHMCH Xeneda; 2] — Gakrepus,
obpasyiomas wnnsl; 22 — Gallionella sp.
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CTpykTypa, XMMU4YECKWUA cOCTaB U (hyHKUMM KOMNOHEHTOB
NpOKapUMOTHOW KNeTKK

Krnerka npokapnot obnagaer pajaoM NMPUHLHMIIMATBHBIX OCOOEHHO-
CTEeH, KacallllMXCA KaK €€ YIBTPaCTPYKTYPHOH, TaK H XHMW4YECKOH
opranm3aimu (puc. 4). CTpyKTypH!, pacrionoXeHHble cHapyxu oT LIIIM
(x1eToyHas CTEHKA, Karcyna, CIM3MCTBIA 4YeXOJ, XIYTHKH, BOPCHH-
KH), Ha3bIBAlOT OORYHO MOBEPXHOCTHBMH CTPYKTYPaMH.
TepmuHoM «kTeTOYHas 0601 04Ka» yacTo obO3HAYAIOT BCE CIIOM,
pacnonaralimecs ¢ sHeinHei croponsl ot LIIIM (xierouHad creH-
Ka, Kkancyna, cnuaucteii yexon). IITTM Bmecre ¢ nuTonnasmoil Hasnli-
BaeTcad MpoTonnacToM. PaccMOTpMM cHayana CTPOEHHUE, XMMM-
YyecKHil cocTaB M (PYHKIIHM TOBEPXHOCTHHIX KJIETOYHBIX CTPYKTYP.

b B
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Puc. 4. KomBrHMpoBaHHOE H306pakeHne NpOKapHOTHON KIIETKH:

A — NOBepXHOCTHRIE KJIETOYHLIE CTPYKTYphl M BHEKJIETOUHLIE DOpa3osanus: I — xie-
TOYHaN cTeHKa; 2 — Karncyna; 3 — cAM3UCThIE BhUIENeHus; 4 — yeXon, 5 — XIYTHKH,
6 — BOpcHMHKM; b — LIMTOMIa3sMaTHyecKHe KJIETONHBIE CcTpYKTypel: 7 — [ITIM; & —
Hykneoun; 9 — pubocomur; 10 — umrtonnasma; I1 — xpomarodopst, 12 — xiopoco-
Mbl; I3 — maacTMHYaThie THHaKouasl, [4 — dukobunucomsl; 15 — Tpybyarnie THia-
kouabl; 16 — mesocoma; 17 — aspocombl (raszosbie Bakyonu); I§ — namennsprbie
CTPYKTYPHI; B — 3anacHbic pellecTsa: /9 — nomMcaxapMaHbIC TPaHybl; 20 — rpaHyisl
noAK-f-oxcuMaca ol Kucnorsl; 21 — rpanyns nonudocdara; 22 — unaHodHLm-
HOBBIE FpaHyiThl; 23 — KapbokcHcoMEl (MonuanpanpHbie Tena); 24 — BKIIOYEHMs CEpBI;
25 — xupoBHE Karuk; 26 — yrinesogoponHele rpanynsl (o Schlegel, 1972)

Knero4yHan cTeHka

Kierounas cTeHKa — BaxHBblil 1 0bsA3aTeNbHBI CTPYKTYPHBIIA 3J1€-
MEHT [0AaBNg101LEero DONbIIMHCTEA TPOKAPUOTHBIX KIIETOK, pacTioia-
ralolHiica Mo/ KANcyno# UK CIM3UCTLIM HEXTIOM MIIH XK€ Henocpel-
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CTBECHHO KOHTAaKTHPYIOIMHA C OKpyXaloulei cpenoil (¥ KIeTok, He
collepXalllMX 3THX CNoeB KNeTo4yHoit obonouku). Ha nomio kierouHoit
cTeHKH npuxoaurca ot 5 go 50 % cyxux pewects Kietkd. Kieroynas
CTEHKa CIYXKUT MeXaHM4eCKHM 6aphepoM MeX Iy IPOTOILIACTOM U BHELLI-
HeH cpenoit U [pHUAAeT KIETKaM ONPEAENICHHYI0, IIPUCYLIYIO HM GhOopMY.
KoHuenTpalms coneil B KiieTke, Kak MpaBuio, HAMHOIO BRILIE, YEM B
OKpyXalolleil cpeie, W MO3TOMY MeXIy HHMH CYIEeCTBYeT OoMbiloe
pa3Muue B OCMOTHYecKOM jJaBneHun. KnerouyHas cTeHKa YMETO Mexa-
HUYECKH 3alMIIAET KIETKY OT IPOHHKHOBEHUS B Hee M30RITKA BOMBL.

Tlo cTpoeHHI0 U XMMHYECKOMY COCTABY KJIETOYHAS CTEHKA NpoKa-
PMOT PE3KO OTIUYAETCA OT TAKOBOH 3YKapPHOTHRIX OpPraHU3MOB. B ee
cOCTaB BXOAST cneumduyeckre INOJMMEPHBIE KOMILIEKCH, KOTOpbIE
HE COJIEPXAaTCA B IPYTHX KIETOYHBIX CTPYKTYpax. XMMHYECKHI COCTaB
M CTPOEHHE KJIETOYHOM CTEeHKM IIOCTOSIHHEI JJisl ONPEenesIeHHOro BHOa
M SABIAIOTCH BAXHBIM AMAarHOCTMYECKHM IpU3HaKoM. B saBucumocT
OT CTPOEHHMs KJIETOYHOM CTEHKH NPOKAPHOTHL, OTHOCAIMECs K 9ybak-
TEpHAM, IENATCH HA 1Be GONBILIME TPYIne. bbllo 0BHAPYXEHO, 4TO
ecnu QUKCHpOBaHHEIE KIETKH dybakTepuit 06paboTark CHaya a Kpyc-
Ta/VIMYECKUM (DUONETOBBIM, 3 3aTEM Momom, obpasyercs OKpalleH-
HBIi KoMmrekc. Tlpu nocienyloiliei 0b6paborke cIMPTOM B 3aBHCHMO-
CTM OT CTPOEHHS KIETOMHOM CTeHKU cyapba KOMILIEKCa pa3jiMyHa:
¥ TaK Ha3plBAEMEIX PAMIIONOX HMTEJNbHBIX BHAOB 3TOT KOMII-
JNIEKC YAEpXMBAeTCA KIETKOM, W MOCIefHHe OCTAlOTCA OKpailleHHbI-
MH, ¥ TPaMOTpPHMILATENbHBIX BHIOB, Ha060POT, OKpallleHHBIH
KOMILIEKC BBIMBIBAETCH M3 KJIETOK, M OHM obectiBeunBaloTesi!. ¥V HeKo-
TOPBIX 3yGaKTEPHIT MOJIOXKUTENBHAST PeaKI[ys NP OKpalMBaHWH O~
CaHHBIM BBIIIIE CIOCOOOM CBOHCTBEHHA TOJIBKO KIETKaM, HaXoAAIIMMCS
B CTalM¥ AKTUBHOIO pocTa. BeIicHEHO, YTO OKpalleHHBbIH KOMIUIEKC
obpazyeTca Ha NpOTOILIACTE, HO eI0 YIepPXHBAaHUE KJIETKOM MU BBI-
MBIBAHHME M3 HEE IPH Nochenyloueii obpaboTKe CIIMPTOM OIpeIenst-
10TCH OCOBEHHOCTAMM CTPOEHHS KIIETOYHOM CTEHKH.

KiieTounble CTEHKH TPaMIIONIOXHUTENbHBIX W TPAMOTDHIATEILHBIX
3yDaKTepuii pe3ko pasIM4aioTcs Kak 1o XMMHYeCKOMY COCcTaBy (Tabmn. 3),
TaK M 10 YIBTPACTPYKTYpe (pHC. 5).

B coctaB KIETOYHOI CTEHKH 3yDakTepuil BXOOAT CEMb Pa3NHYHBIX
IpYyNn XHMHYECKHUX BELUECTB, TIPH 3TOM MENTHIOIIUMKAH MPHCYTCTBY-
€T TONBbKO B KJIETOYHOH CTeHKe. Y rpaMIloNoXUTeNsHBIX 3y0akTepHii
OH COCTAB/ISIET OCHOBHYIO MAaccy BEIIECTBa KJeToyHoil cTeHKH (ot 40
1o 90 %), y rpaMOTPHILIATENIBHEIX — COEPXXaHWe TIENTUIOT/IMKAaHAa 3Ha-
yurenbHo MeHbile (1 — 10 %). Kietounas crenxa uuaHobaKTepuit, cxon-
Has ¢ TAKOBO#M rpaMoTpUlaTENbHBIX aybaKTepHii, conepxut ot 20 no
50 % aToro reTepononuMepa.

! Bror cnocob 6ewn Bnepshie npewioxeH B 1884 r. narckum yueusim X. [pamom
(Ch.Gram), 3aHMMaBIIMMCs OKpaliMBaiueM TkaHeil. [To3aHee ol GbUT KCITONB30BAH
s BakTepuid.
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TaGnuua 3

XHMAYECKHH COCTAB KICTOYRLIX CTEHOK IPaMioJIOKHATEIbHEX
W rpaMoOTpANATeNbALX 3yDakTepuii (mo Rose, 1971; Freer, Salton, 1971)

. I'pamoTpHLaTenBHEIE 3y6akTEpHH
KomronenTst TpaMmoNOXMTEN- | pyrvoeryii crioli | BrexmHuit ca0i
KIETOYHO CTEHKH Hble 3Y6aKTEPMH | (nepmynornukano- | (HapykHas KieTou-

BhIit) Hast MembBpana)
IMenmiaorMKaH + + -
TefixoeBbie KHCIOTEI + = =
IMonucaxapuakl + - +
benxn F - +
Jlunuael F - +
JIunononucaxapunbl - - +
JIunonpoTenHel - 3 ks

OGo3snaveHMA: (+) — NpHeyteTByioT; (-) — oTcyTerylot; (F) — npHcyT-
CTBYIOT HE y BCEX BMIOB.

Tlon 3nMexTpOHHBIM MHKPOCKOIIOM KJIETOYHAS CTEHKAa IpaMIoso-
KUTENBHRIX 3y0aKkTepuit BLIDIAAMT KaK TOMOreHHBIA 9/1eKTPOHHO-MIOT-
HBI CITOH, TONLIMHA KOTOporo Konebnercs g pa3HbX Buaocs ot 20
Jo 80 HM. ¥V rpamoTpHLIaTENbHBIX 3y0aKkTepHil o6HapyKeHa MHOIOCA0M-
Has KJIETOYHAs cTeHKa. BHYTpeHHUHA 3/1eKTPOHHO-INOTHLIH cioit Ton-
IMHOMN nopsnka 2—3 HM COCTOMT U3 nenTraormikaHa. CHapyku K
HEMY [IpUWIEraet, KakK npapwio, BONHUCTRIA cnoi (8 —10 HM), uMero-
LW XapaKTCpHOe CTPOSHUE: ABE EKTPOHHO-INIOTHRIE NOJIOCKH, pas-
JeNeHHBIE 3JeKTPOHHO-TIPO3PaYHEIM MPOMEXYTKOM. TaKoil BUa Xxapak-
TEepPeH JUIsl 3N1eMeHTapHBIX MeMbpaH. 1103TOMY TPEXKOHTYPHBIM BHEILI-
HMWEH KOMITOHEHT KNETOYHOHM CTeHKHU IPaMOTpHLIaTENbHBIX 2yDakTepuii
TIONIyYM)I HAa3BAHME HAPYXHOW MeMOpaHBH.

A 2 3 4 b

(/
%
Y

(/
%
7

Puc. 5. Kneroynas creHKa rpaMnonoXuTelbHbix (A4)
M rpaMoTpMuaTentHeiX (B) ayBakTepuii:
1 — umronnasMarnyeckas membpana; 2 — NeNTUIONIHKaH, 7 — mnepHIUla3MaTuye-
CKOe€ NPOCTpPaHCTBO, 4 — HapyxHas MeMBpalia; 5§ — UMTONIa3Ma, B HEHTPE KOTOPOil
pacnonoxena JHK
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Puc. 6. CTpyxTypa NOBTOPSIONIECA eMHMIL NENMTHIOITMKAHA
KIIeTOYHON CTeHKM 3yDaKTepui:
Lndpel B Kpyxkax 0603Hayaot: [, 2 — MecTa NOTHMEPH3ALIHM TITHKAHOBOIO OCTOBA
MOJIEKYNBI; J -~ MECTO INMPUCOSAMHEHMA ¢ MOMOIEI0 (ocdonuadMpHOi CBAIN Moe-
KYNbl Teix0eBoif KMCIOTHI B KJIETOYHOH CTEHKE IpaMriofIOXMUTENsHBIX 3yDaKTepumi;
4, 5 — MecTa, Mo KOTOPEIM TIPOMCXOOMT CBA3EIBAHKE MEXTY TTHKZHOBLIME LEMSMH C
TNIOMOIIBIO NENTUAHBIX CBaA3eil; 6 — MecTo KOBRaACHTHOTO CBH3b/BaHUA (NenTUHAS
CBN3b) C JIKNIONPOTEMHOM HApPYXHOK MeMOpaHBbl ¥y TpaMOTPHLIATENBLHBIX 3yDaKTepHii;
7 — MecTo AeMcTBUs JIM30LMMA

KrerouHas cTeHKa rpaMITONOXHUTENBHBIX 3y0aKTEPHIi TUIOTHO MpH-
neraet K 1{TIM B otnuyye oT KNeTOUHOI CTEHKI IpaMOTpuLIATENLHBLX
BHIOB, KOMITOHEHTE! KOTOpOH (nenTHIOTIMKAHOBLIN CJIO U HAPYX-
Hasi MemOpana) pasfeneHbl 371eKTPOHHO-TIPO3PAYHEIM MIPOMEXYTKOM
U YETKO OTHAEeNeHHB! aHanornyHelM obpazom ot LIITM. IlpoctpaHcTBO
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MEXAY LIMTOIUIa3MATMYECKOH M HapyxXHOM MeMOpaHaMMy NOMyYMIO
Ha3BaHUE MepUNNa3MaTHYecKoT 0. OHO, KAK MOXHO BUIETh H3
CTPOEHMS KJIETOYHEIX CTEHOK 0Deux rpynn 3ybakTepmi, XxapakKTepHO
TONBKO IS TPaMOTPULIATENBHBIX hOpM.

Knemounan cmenxa zpamnoioxcumenvibix 3ybaxmepuii. OCHOBHYIO
Maccy KIETOYHOH CTEHKH TPaMIIONOXMUTENbHEIX 3Y0aKTEpUii coCTaB-
Jsger cnelmdudeck it rereponouMep — nenruaornuxad, IMonwcaxa-
PUOHEI OCTOB MOJIEKYJIE NTOCTPOEH M3 YEPeayIoHIUXCSI OCTATKOB N-
aleTMITIOKo3aMMHA ¥ N-alleTHIMyPaMOBO#M KHCIIOTBI, COeIMHEHHBIX
Mexay coboit nocpencteoM B-1,4-rnuko3yaHbEX cBaseit (puc. 6). K N-
aneTUIMYPaMOBOi KMUCIOTE TPHCOEAWHEH KOPOTKMII NenTumHbIi
XBOCT, COCTOsILIIMIA W3 Hebonbloro yucna (o6p1yHo 4—5) aMUHOKKC-
JIOT. ¥ rpaMIioNoXuTeNbHBIX 3ybaxkTepuii o6HapyxeHo 6onee 100 pa3-
JNWYHEIX XMMUYECKHX TUIIOB MENTHAOTNIHKAHA. BoNblIMHCTBO pasnu-
YHH OTHOCHTCH K NMENTHIHOH YacTH ero MOneKyJibl.

JIBe 0coDeHHOCTH MENTHAHOTO XBOCTA 34CHYXKUBAIOT BHUMAHUA:
HanuuyKe amMuHOKHcaoT B D-dbopMme (HenpupoaHas KoHOHIypaius)
Y BEICOKOE CONEPXAHWe AMUHOKMCIIOT C ABYMS aMUHOIpynmnaMu. 3To
MMeeT TIPUHLMITHAILHOE 3HAYEHUEe VIS TPOCTPAHCTBEHHOM OpPraHu-
3alMy nenTuIorkada. Ob6e aMUHOrpYIIIbl 3TUX AMUHOKHCIIOT MOTYT
YYAcTBOBATEH B 00pa30BaHMM NENTHAHLIX CBA3el, MPUYeM BTOPEle aMH-
HOTPYIIIE — B (POPMUPOBAHWK HOTOJHUTENBHEIX MENTHIHEBIX CBSI-
3eil MeXIy reTeporo/IMMePHEIMH HEernoYkamMy. B GonsiHCTBe ciyya-
eB B 00pa30BaHMH NEeNTHIHOM CBA3M YJacTByeT KapOOKCUIBHAA IpyTina
D-anaHuHa ogdHoro Terpanentuna u cBoOofHas aMHHOIpYNna IHa-
MUHOIEMEIHHOBOM KHUCIOTH apyroro (puc. 7, A). UHorpa ceass Mexty
TeTpanenTHIAMH PA3HbIX INIMKAHOBBIX 1eTeil OCYLIECTBASETCs C Mo~
MOIIBIO APYTUX aMHHOKKCTOT (puc. 7, ). HerpynHo cebe npencra-
BHTb, YTO 3TUM CHOCOGOM MOXKHO «CHINTb» MEXIY cob0it MHOXECTBO
reTeponoNIMMEPHEIX Lereii. YacToTa «CIUMBOK» pa3ivyHa, NOCKOILKY
HE BCe MEenTUIHBIE XBOCTH YYAacTBYIOT B (JOPMHPOBaHMH MEXIENo-
yeuyHBIX cBsizeif. Hexkorophle 00pasyloT KOBAIEHTHBIE CBA3U C APYTHMM
XMMHWYECKMMY MOJNIEKyJJaMU, BXOASIUMMH B COCTaB KJIETOYHOM CTeH-
KU, ¥, HAKOHELl, YaCTh TETPaNenTHIHBIX XBOCTOB HaXOOUTCS B CBO-
60IHOM COCTOSHUH,

IenTunornuKaH, OKpyXarowuii NPoTOILIACT IPaMITONOXUTETBHBIX
aybakTepHii, — 3TO [0 CYLIECTBY OJHa TMIAHTCKaA MOJIEKya, «ClUIH-
Tag» ¢ MOMOLIBIO MMIWKO3WIHEIX U NenTHaHbX ceaseil. Umenno mo-
crnegHne obecrieyuBaloT el TpexMepHyr MNPOCTPAHCTBEHHYIO Opra-
HU3aLHIO. ;

Kpome nentuporsiuMkana B cOCTaB KIETOYHKIX CTEHOK TPAMITONO-
XKUTEeNbHBIX 3ybaKTepril BXOOUT APYTOi YHHKANBHbBIN KIace XHMUYe-
CKHX COEIMHEHN T — TeliX0eBble KHCIOTH, MMPEACTARISIONIME CODOI 1o-
TNUMEPE], NOCTPOEHHEIE HA OCHOBe puUOHTA (MATHATOMHOIO CIHUPTA)
WA [IHLEepHHA (TPEXaTOMHOTO CIIUPTA), OCTATKW KOTOPBIX COEMUHE-
HbI Mexay coboit dhochonuadupHeiMu cBsa3simit (puc. 8). Hekotoprie
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Puc. 7. [enTuaHeie MOCTHKH MEXIY IeTepOrnoNMMepHBIMH LIeNOYKaMHu:

I' — N-auerwnrmnokosamui; M — N-aneTHiIMypamMoOBas KHCIOTA; ana — aldHUH;
DTy — INyTAaMUHOBas KMCAoTa; i3 — mu3uH; JIAIT — nuaMyHOTIMMEIMHOBAs KMCJIOTa;
i — rmumi. Ctpenkamy 06o3HaueHo MecTo NefcTBHA MEHMIFIUIMHA

cBOGOAHBIE TMIPOKCHIIBHEBIE TPYHIIIE] B MOJIEKYJIAX CTIUPTOB MOTYT OBITB
3aMeIleHH OCTaTKaMy D-anaHuHa, ITIIKO3E, N-aieTiwirioKko3aMuHa
1 HEKOTOPBIX JIPYTUX caxapoB. TeixoeBrle KMCNOTH KOBATEHTHO MOTYT
coemHHATLCA ¢ N-alleTHnMypamMoBoit kucnoToi (cM. puc. 6). IMockonb-
Ky 3TO JUIMHHbIEe IMHEHHBle MOJIEKYJbl, OHU MOTYT NNPOHU3LIBATE BECh
NenTUAIOINUKAHOBE I CIOH, 10CTHIas BHELIHEH NOBePXHOCTU KJIETOY-
HO¥ cTeHKU. B 3TOM cnyuae, BeposATHO, OHU SIBIISIIOTCH OCHOBHBIMM
aHTHTEHAMH TPaMIIONIOXKTeNbHBIX aybakTepuit. OcTarotiuecs cBobon-
HE€ THAPOKCHIBI (hocGOpHOM KMCIOTH TIPUIAIOT TEHXOEBO KUCI0Te
CBOWMCTBA TONMaHKOHA. Kak MoNMUaHUOHB TeHX0eBhle KMCIOTH ONpe-
IENKIT NOBEPXHOCTHLIH 3apan kietku. CaxapHble KOMIIOHEHTH! Teii-
XO0EBBIX KHCJIOT BXOISAT B COCTAB PEUEINTOPOB JUIH HEKOTOPBIX DaKTepu-
oharoB u ONpeaensAoT BOIMOXHOCTL ancopOiKu ¢ara Ha KJIeTOYHOMI
MOBEPXHOCTHU.

B cocTtaBe K1eToMHON CTEHKM IpaMIlIONOXHUTENbHBIX 3yDaKTepuii B
HeOONBIIMX KONMYECTRAX TAKXe HaWoeHbl noimucaxapuiabl, Oenku u
nunuael. s nonucaxapunoB W THNWA0B MOKa3aHa BOSMOXHOCTE KO-
BaJIEHTHOTO CBA3BIBAHMS C MAKPOMOJIEKYJIAMU KJIETOYHOM CTEHKU B
orvuue ot 6es1KoB, KoTophie (y TeX BUNOB, Ihe uMeroTcs) hopMupy-
IOT HAa €€ BHEWIHEeH MOBEPXHOCTU OTHE/IBHBIN CIOIA.

Taxum o6pa3oM, OCHOBHBIMM KOMIMOHEHTAMM KJIETOYHOH CTEHKU
rpaMIIONOXUTENbHBIX 2Y0aKTEPHIi ABIISIIOTCS TPU THIA MAKPOMOJIEKYI:
TeNTHIOINMMKAHE], TeHXOEBBIE KMCJIOTH M MOMHCAXapUabl, KOTOPbIE ¢
MOMOILBIO KOBAEHTHBIX CBsi3eit 00pa3yloT CNOXHYIO CTPYKTYPY € BECh-
Ma YTIOpsAAOYeHHOH! NPOCTPAHCTBEHHOW OpraHu3aluei.
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KnerouHas creHka ©arumnn,
Hanpumep Bacillus subtilis,
NPUOIM3HTENLHO COOTBETCTBYET
TomuwmHe 40 Monekysa nenTHao-
MukaHa. B uenoMm Kiaetounyio
CTEHKY TpPaMIONOXUTENIbHBIX
3ybaKTEPHi MOXHO TIPENCTABHTE
B BHAEe ryb4yaToll CTPYKTYyphl C
nopamMy IHAMETPOM HPHMEPHO
1—6 HM. Bo3MoXHOCTB mpo-
XOXAEHHS MOJIEKY/T YEpPe3 TaKylo
KJIETOYHYIO CTEHKY OIpeuenseT-
CH ee 3apsAAoM U pa3MepoM Mnop.

Knemounan cmenxa zpamom-
puyamenvibix 3ybaxmeputi, ¥ rpa-
MOTpUUATENbHBIX 3yDakTepuii
CTpOeHKE KJIeTOYHOM CTEHKH Ha-
MHOTO CJIOXHEE, YEM y IpaMIio-
JNoXuTENBHEIX (CM. pUc. 5). B ee
COCTAB BXOIMT ropasio bonbliiee
YHCJIO MaKpPOMOJIEKYJl Pa3HOTo
XMMBYeckKoro Tuma (cm. tabn. 3).
IMenmuaornukad obpasyeT TONb-
KO BHYTPEHHUI CIOH KIETOYHOI
CTEHKH, HEIUIOTHO IpWjieras K
LIITM. [Liist pasHBIX BUIOB FpaM-
OTPUIIATENBHBIX 3yOaKTepHii co-
JEePXaAHVE 3TOT0 reTeponoMme-
pa Konebnerca B LKMPOKMX TIpe-
nenax. Y GONbIIMHCTBA BUIOB OH
obpasyeT 0JJHO- WU [BYXCJIO¥-
HYI0 CTPYKTYPy, XapaKTepusy-
IOIIYIOCS BeCbMa PENKHMHU TI0-
MepeyHbIMU CBS3SIMU MEXY Te-
TEPONOJIUMEPHBIMU LENAMUH
(puc. 9).

XuMuyecKas CTPYKTYpA Tieri-
THIOTJIMKAHA TPaMOTPHLIATENb-
HBIX 2y0akTepuii B OCHOBHOM
CXOHHA CO CTPYKTYPOH THUITHY-
HOI'0 NEeNTUIOMIMKAHA TPAMIIO-
NOXHUTENBHEIX 3ybakTepuit (cMm.
puc. 6, 7, A). CHapyxu oT rier-
TUIOTNIMKAHA pacriosaraercs no-
NONHUTEALHBIN CIIOH KIeTOYHOH

OH 1
HO O——CH

CH,CONH CH,

O=P—O0OH

Puc. 8. CrpyktypHas dhopmyna riu-
uepuHTeiixoesoit xkucnoTel. CoaepxMT
yepenyiomMecs octatkd D-anaHMHa u

CTEHKHW — HapyxHas memOpaHa. N-auerwirmokosammsa (no Rose, 1971)

2 Muanofirannms
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Puc. 9. OnHocnoituaa cTpyKTypa nenTHiormuKana. JInHuAmu 0bo3HaveHbl
reTeponoJiMMepHBIE 11eno4YKy, obpa3oBaHHBIE YepeayIOLUMMHCH OCTaTKa-
mu N-anerunrmokozamuna (I') m N-auerunMypamosoit kucnors (M), co-

eIMHEHHbBIMM Mexay coboii B-1,4-rmMKO3MIHBIMU CBA3AMH. KpykoukaMu
ofbo3HaYeHB aMMHOKHCIOTH NenTHIHOro XBOCTa

Ona coctouT 13 docdonunuios, TANMYHEIX I7I5 3JIeMEHTapHbIX MEM-
©pan, OenKos, MUNONPOTERHA U Iumononucaxapuaa (puc. 10, A). Cre-
nudUIECKHM KOMITOHEHTOM HapyXHOM MeMOpaHBl SB/ISIETCs JIUTIONO-
JEcaxapy CI0XHOTO MOJEKY/ISIPHOTO CTPOEHMS, 3aHMMAIOIIHI 0KO-
J1o 30—40 % ee noBepxHOCTHU M JIOKATH30BAHHEIH BO BHELIHEM CJIOE
(puc. 10, b).

benky HapyxHo#i MeMOpaHbl MOXHO pa3lenuTh Ha OCHOBHBIE U
MUHOpHBIE. OCHOBHBIE Ge/IKK MpeacTaBieHbl HeDOoMbLIMM YHUCIOM pa3-
JIUYHBIX BUAOB, HO cocTaBisiioT moytn 80 % Bcex GeKOB HApyXHOI
membpankel. OnHa 13 GyHKimMi 2THX 6enkoB — hOpMUPOBAHUE B MEM-
GpaHe THAPOGMIBHEIX NOP AMAMETPOM IpUMepHO 1 HM, Yepe3 Koto-
phle OcyllecTBIsieTcs: Hecneluduyeckas muthdy3uss MONexyn ¢ Mac-

B

Puc. 10. A. KnerouHasi cTeHKa IpaMOTPHUATENbHEIX 3y0aKTepuii:

I — umronnasmaryeckasn Membpana; 2 — NeNTHOOINMMKAHOBLINA cnoil; 7 — nepu-

TLTA3MAaTHYECKOE NPOCTPAHCTBO; 4 — MOMEXYIIH BeKoB (3alTpuxosata runpoobuas

yacTh); 5 — docdonunua; 6 — nunononucaxapun. b. CTpoeHHe MOMEKYIIBI JIMITOTIONH-

caxapuna: I — nmunun A; 2 — BHyTpeHHee MONUCAXapUAHOE SAPO; 3 — HapyxHoe
nonucaxapuatoe anpo; 4 — O-aHTHIEH
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coit mo 600—900 [a!, Bto 03HAYAET, YTO 4E€pe3 TAKWE MOPHl MOTYT
MPOXOAWTE CaXapa, AMHHOKHMCIOTEI, HeGOoMNBIIKe ONUIocaxapiibl ¥ mer-
Tuabl. BenkH, NMPOHM3BIBACIINE HApPYXHYI0 MeMmOpaHy HacKBO3b U
obpa3syoiye rTuapodhHIbLHEIE MOPhl, HAa3bIBAIOT MOpMHaM#i. MUHOpPHEIE
GeNKy HapYXHOI MeMOPAHB! MPpeAcTaBeHkbl ropa3ao GONBIIMM YHUCTIOM
BruaoB. Mx ocHOBHasA GyHKIMA — TpaHCcropTHas v peuenropHas. ITpu-
MEpPOM MWHOPHBIX OENKOB MOTYT CIyXHTbh OEnKH, OTBETCTBEHHBIE 32
crierduIecK il TPAHCTIOPT B KJIETKY JKeJe30COoNepxXalliuX COeMHEeHUA.

IToMEMO C10eB KJIETOYHON CTeHKH, THITHYHBIX Ui OONbLIMHCTBA
rpaMOTPULIATENbHBIX 3y0aKTEPHii, Yy HEKOTOPBIX MPEACTABUTENEH 3TOKH
rpynisl 00HApYXeHbl JOMOMHMTENbHbIE CIOM PAa3sHOH 3JIeKTPOHHOMH
IUIOTHOCTH, Pacrofyiaraiolidecs: ¢ BHELWHEH CTOPOHB! OT HAPYXHOM
KIeToYHOM MembpaHEl. OpHako 0 HACTOSIIETO BPEMEHM He SICHO,
OTHOCATCH JIK OHU K KJIETOYHOH CTEHKE, SBJSSACH Pe3y/bTaTOM ee 10~
CNENYIOIUETO YCIOXHEHUs, WIH Xe INPeACTaBIsioT coboil CTpyKTyp-
HEBIE 37IEMEHTHEl MHOTOCIOMHOrO Yexia.

Heobbiurbie kaemoMibie cmenky npoxapuom. HekoTopble CKoNb3dLpe
Oakrepum (MukcobakTepuu, (hrekcubakrepuu) CIOCOOHE! B MpoLec-
ce MepeMeLIEHN 110 TBEPAOMY CyOCTpary NepHOaHUYECKH MEHATE (hopmy
KJIETOK, HAaNpUMep NyTeM U3rMbaHus, YTO roBOPUT 06 3/MACTHYHOCTH
HUX KIEeTOYHOU CTEHKH W B MEPBYIO OYEpElb €€ MEenTHIOTIHKAHOBOIO
CJI05l. DNeKTPOHHO-MHKPOCKOMHYECKOe M3yUeHHe, oaHaKo, o0Hapy-
XKUIO ¥ HUX KJIETOYHYIO CTEHKY, TUNHYHYIO JUIS rpaMOTPHLIATE/IbHBIX
aybakrepuit. Hanbonee sepositHoe o0bsicHeHUe THOKOCTH KJIETOYHOM
CTeHKH 3THX GaKkTepuii — 4Ype3BbIYaiiHO HU3KAs CLIMTOCTh €€ IenTH-
IOTIIKaHOBOTO KOMITOHEHTA.

Haxkonel, obHapyXeHb! NIPOKAPHOTH, KIETOYHAN CTeHKAa KOTOPbIX
I10 CTPYKTYDE ¥ XMMHUYECKOMY COCTABY PE3KO0 OTIIMYAETCS OT OIMUCAHHEBIX
Beulie TUmoB. OHY NpUHALUIEXKAT K TpymnIe apxebakrepuii (cM. r. 17).
KneroyHble cTeHKU mMeTaHOOpasylolyx apXe0aKTepuii cogepxar rer-
TUOOTTIMKAH O0CODOr0 XMMUYECKOTO CTPOEHHs. Y JPYTUX IPeNcTABH-
TeNeil 3TOM IPyNIbl KJIETOYHAas CTEHKA COCTOMT HCKIIIOYMTENIBHO U3
KUCNOro FeTepoIoNUCaxapuad, a y HEKOTOPBIX 3KCTPEMATLHO Tanohib-
HBEIX, METaHOOPA3YIOLMX M auuI0TepMODMIBHLIX apxebakTepuii —
TONMBKO 13 Oenka. ApxebakTepuu ¢ KIeTOYHOH CTeHKoi GenKoBoil mpu-
POAB! He OKpalUKBaloTca o I'paMy, ocTanbHbie THIB! apxefakTepUanb-
HOI KJIETOYHOMH CTEHKH JAI0T [PamMITONIOXUTENbHYIO PeaKLHIo.

Ilpoxapuome: 6e3 knemounod cmerxu. TIpy Bo3neNCTBIM ONpeneNneH-
HBIMM XMMUYECKHMY BELECTBAMY OKA3a/10Ch BO3MOXHBIM MOJIydaTh B
nabopaTopuy M3 pa3HbIX BUAOB 3ybakTepuii HOPMB! € YACTHYHO (cde-
POILIACTHI) WM MOHOCTLIO (IPOTOIUIACTH) OTCYTCTBYIOLUEH KIIETOY-
HO# cTeHKkoit. Bniepsrie 310 00HAPYXWIM NPy aeiicTBUY Ha GakTepu-
anbHble KIETKU JU30LUMOM, (epMEeHTOM M3 TIPYIIE IJIHKO3HMAAas,
coIepXalluMcsl B sIUTHOM Oenke, CNe3HOM XHMIKOCTH M BbUIENIeMOM

! la — paneToH, WIM €OMHMIA ATOMHOIN Macchl, pasex 1,66033-10~% kr.
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HeKoTophIMH GakTepusamu. JIuzonum paspeiBaer B-1,4-rMUKo3UNHEE
CBSI3M B TETEPONOIMCAaXapUIHOit mermu (cM. puc. 6), 4TO B KOHEYHOM
WUTOTE MOXKET MPUBECTH K [MONHOMY YIANEHHUIC MEeNTUIOrIMKaHa M3
KIeToyHoit creHkM. ITonyyeHHble moj AeiicTBHEeM Nu3onuMa chepo-
[U1AaCTHl (M3 rpaMOTPHLIATENILHBIX 3yDaKTepuit) MK NpoToracTsl (M3
TPaMIIONIOXKUTENBHEIX) TIPUHUMAKIT chepuyeckyio GopMy U OYEHb
YYBCTBUTENbHBI K BHELIHEMY OCMOTHYECKOMY NaBneHuio. CyliecTso-
BaTh OHU MOTYT TOJIBKO B YCHIOBHSIX, KOTIIa OCMOTHYECKOE HaBleHHe
MATATENbHOM cpenbl cbanaHCHpOBAHO C OCMOTMYECKMM JaBJIeHUEM
BHYTPH KJIeTKH. B GnaronpusitHeIX ycnoBusix cdeporiacTsl U NpoTo-
IUIACTHI TIPOSABJIAIOT ONpele/IeHHYIO MeTaboIMeCKy 0 aKTHBHOCTb, HO
yTIpayuBaloT crocoBHOCTh K Pa3MHOXEHUIO.

[MpokapuoTEl, He COAEpXallMe KIETOYHOH CTeHKH, oOHapyXeHB!
M B [Tpupojie. BTO rpynia MUKOILIA3M, CAPOPUTOB U BHYTPUKAETOY-
HBIX [apasUTOB PACTEHUl, XXUBOTHEIX M YenoBeka. PopMmbl, CXONHEIE
€ MMKOIUIa3MaMM, ObUIM MONYYEHH TAKXKE OTBITHBIM IyTeM € [O-
MOLUBIO MEHMLIWIIKHA, TH30LKUMa K Apyrux OakTopoB. BTO TaK Ha-
3piBaemMble L-popmel. B GnaronmpusiTHBIX yCIOBHSX OHM 06namaror
MeTaboNHYeCKOl aKTUBHOCTBIO U CIOCOBHOCTHIO K Pa3MHOXEHHIO.
Ipeanonaraior, YTo MUKOIUIA3ME! TIPOU3OLUIH B pe3ynbTare MyTa-
LMY, HApYUIMBUIEH CUHTES BEIIECTB KIETOYHOH CTEHKH, OT OOBIMHBIX
GakTepyanbHpX HGOPM AHAIOTHYHO TOMY, KAK B 3KCMEPUMEHTATb-
HBIX YCAOBMSIX TIONYJAlOT reHeTHYecKu ctabunbHele L-chopMer.

VHUKANBHOCTE XMMUYECKOTO COCTABA KIETOYHOM CTEHKH TPOKapH-
OT, €€ OTNHYME OT TAKOBOH 3yKapHOT CENaIM BOSMOXHEIM CO3IaHHe U
NPYMMEHEHUE JIEKAPCTBEHHBIX TIPEIapaToB, CrielUhMYeCcKH NeHCTBYIONIUX
TOJIBKO Ha MPOKapUOTHYIO KJIETOYHYIo cTeHKy. Ha aTom octioBaHo aeit-
CTBHE NEHUIMIUTMHA U HEKOTOPHIX NPYTHX aHTHOWOTHKOB, TONABASIO-
UIMX pasHbIe 3Tansl CMHTE3a nentuioriukana. [leHvimnvH, Hanpu-
Mep, MHrMOupyeT 00pa3oBaHue CBA3EH MEXIY MEMTUIHBIMU XBOCTAMU
Ha 3Tane «CIUUBAHMA» TTOJIMMEpa, MIPOUCXOLANIEro B KJIETOYHOH CTeH-
K€ B IpoLIecce pocTa NPOKapHOTHOI KieTKH (CM. pHC. 7).

Qynxyuu Kaemouroli cmenky npoxapuom. KnetoyHas cTeHKa npoxa-
PUOT BHITIONHSIET pasHooOpasHbie (yHKUMK: MEXaHUYECKU 3alliuiliaeT
KIETKY OT BO3ICHCTBUI OKpYXAIoLei cpenpl, obecrieyuBaeT Toaiep-
XaHue ee BHellIHeli QOpMEI, JaeT BO3MOXHOCThb KJIETKE CyLLEeCTBOBATE
B TMITOTOHHYECKMX pacTBopax. B nepeyio ouepenr B 3TOM «3acayras
MeNTUAOTIMKAHA.

CrpyxrypHas nuddepeHIHPOBKa KINETOYHON CTEHKH Y TPAMOTDH-
LiaTenbHbIX 3y0aKTepuii, MpuBequIas K GOPMUPOBAHUIO NOTIONHUTEb-
HOTO CN0S B BUIE HAPYXHOW MemOpaHBl, 3HAYWTENIBHO pacIIMpUIA
Kpyr dyHKLUWH K1eToyHoi creHKM. TIpexae Bcero 2To CBA3aHO C Mpo-
bremMaMM MPOHULAEMOCTH M TPAHCIIOPTa BellecTs B knerky. Hapyx-
Has MeMOpaHa umeeT crienmdbHyecKkue U HecnenudUYecKUe KaHabl
(nopel) WISl TACCHBHOTO TpaHCIOpTa BELIECTB M MOHOB, HeoOXomu-
MEIX KJIETKE, T.€. OCYIIeCTRIAeT MYHKUWNH MONEKYNISpHOTo «cHhTa». Ha-
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pyxHass memMOpaHa TakKe NPeNnsATCTBYET TMPOHUKHOBEHMIO B KIETKY
TOKCHYECKHX BEUIECTB, YTO HAXOMUT OTPaXXKeHWe B DONbLICH yCTONYK-
BOCTH [PaMOTPULIATENBHEIX 3yDakTepuit (CpaBHHTENLHO C FPaMITONO-
XHTENILHBEIMY) K NEHCTBHI0 HEKOTOPBIX AJ0B, XUMUYECKUX BEUIECTE,
dbepMeHTOR U aHTHOMOTHKOB.

ITosiBneHue y rpaMOTPULIATENIBHBIX 3yOaKTepUl AONONHHTENBHOMN
MeMOpaHsl B COCTABE KNETOYHOI CTeHKM (PakTHUecKH MpUBENO K CO3-
JHanuio 0bocobnenHoi nonoctTy (MepuIUIasMaTH4ecKoro NpocTpaHcTsa),
OTTPAHUYEHHO#M OT LIUTOINAa3Mbl 1 BHELIHEH Cpelbl CrielMpuIecKMMU
meMOpaHaMK U Hecylleil BAxHy0 QYHKIMOHANBLHYIO Harpy3kKy.

IMepunnasmaTuyecKoe NPOCTPAHCTBO, KyNA NOTPYXEH MeNnTHI0-
IJIMKAHOBBIH CJIOH, 3aN0IHEHO PACTBOPOM, B COCTAB KOTOPOTO BXOIST
cnienuduyeckue OelIKH, oNMrocaxapyuibl ¥ HEOPTaHUYECKHE MOJEeKy-
ab1. [epunnasmarudeckue 6eNkH npe/icTaBIeHE] AByMS THITAMH: TPAHC-
MOPTHBIMM BeIKaMK W THIPONTUTHYECKHUMH depMeHTaMu. Tpaucnopt-
Hble BenkM — 3TO TEPEeHOCYMKH, CBA3LIBAIOLIMECH C COOTBETCTBYIO-
IUMMH cyOcTpaTaMy BHEWHeH cpeibl M TPaHCMOPTUPYIOIIHE UX OT
HapYXHOU MeMOpaHbl K IMTOIUIA3MAaTUYECKO.

BruUio 06HapyXEeHO TakoKe, YTO MHOTHe OaKTepuu crocoOHLL B 60b-
(X KONMUYECTBaxX BeIpabaThiBaTh (hepMeHTHI (IJIMKO3M a3k, MpoTeaskl,
JUmaskl ¥ Op.), THIPOMU3YIOLKME BCE TUIIB! MOMMMEPHBIX MOJEKYL.
IlocnegHMK MOTYT OBITH KK MOJIEKYJIBI, CHHTE3HPyeMBIe CaMoii KieT-
KO#, TAK M YyXXepoJHbIe, [ONAaBILUKe B KIeTKY U3BHe. OTpHLIaTe/bHBE
MOC/IeACTBUS THAPONKU3a COOCTBEHHBIX MOJIEKYJ (caMoliepeBapHBaHIe)
ouyeBMIHBI. B TO Xe BpeMsl MPoKapUOTH HYXIAIOTCS B I'MAPOINTHYE-
CKMX (hbepMeHTax, TaK KaK 3TO pacliMpsieT KPyI' HCIIONL3yeMbIX WUMH
BELLECTB, BKITIOYAas B HETO MOJMMeps! pasHoro tTuna. CTaHoOBUTCS MO-
HATHA HEOOX0AUMOCTH M30IMPOBAHUS 3TUX (PEPMEHTOB OT LIMTOIUIA3MAa-
THYECKOro COAepXUMOoro. I paMItonoxureibHble 3y0akTepri BbLICASIOT
ryugponuTHIeckue hepMeHTE BO BHELIHIOKW CPERY, Y IPaMOTpULIATENb-
HBIX OHM JIOKAIM30BAHE! B NEPUILIA3MATHYECKOM MPOCTPAHCTBE.

PasHoobpa3sHbie QYHKLMY BBITOJIHAIOT MAKPOMOJEKYJIE], JOKaNu-
30BaHHBIE YACTHYHO WM MOJHOCTHIO HAa BHEILUHEH CTOpOHEe KIeTo4Y-
HOH CTeHKM, KOHTAKTHPYIOUIEH ¢ OKpyxamwllleil cpencii; 310 cnenu-
tdhuyeckue penenTophl A GaroB ¥ KONUUMHOB, aHTHTEHE! (JIUIIOIOo-
NHcaxapuA TpaMmMOTpULATENBHBIX 2y0aKTepuii, TeHX0OeBble KHUCIOTH
IPAMIIONIOXHUTENBHBIX); MAKPOMOJIEKYIL], 00eCTeYBaoNIHe MEXKIe-
TOYHBIE B3aMMOJIEHCTBUS NPH KOHBIOTALIMK, a TAKXKe MEXIY NaToreH-
HBIMM DAKTEPUAMM U TKAHSIMH BBICIIIMX OPraHU3MOB.

Kancynbl, cnM3ncTbie Cnov v Yexnbl

CHapyx¥ Kl1eTO4YHas CTCHKA MPOKApPHOT 4acTo OBIBAET OKPYXKeHa
CJIM3UCTHIM BeliecTBOM. Taxue o6pa3oBaHMs B 3aBUCHMOCTH OT CTPYK-
TYPHBIX 0cOBEHHOCTEH NMONYYHIH HAa3BaHME KarlCyJsl, CIU3UCTHIX ClIOeB
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WK 4exnioB. Bce oHu sBNAIOTCA pe3ynsTaToM OMOCHHTE3a MpoKapuo-
TaMH OpTAaHMYECKHX MMOJIUMEPOB M OTVIOXEHMS WX BOKDYT KJIETOK,

IMom kancynoit MOHMMAIOT CIKU3UCTOE 0Dpa3oBaHKe, obBona-
KHBAIOLEE KNETKY, COXDEHHI*OIJ_IBB CBSI3b C KJIETOYHOH CTeHKOMH U UMe-
1on1ee amopdHoe cTpoenue (cM. puc. 3, 19; 4, 2). Ecnm tomyuxa obpa-
3oBaHus MeHble 0,2 MKM M, CheloBaTeNbHO, OHO MoXeT GpITh 0OHa-
PYXEHO TONBKO C TOMOLULIO 3JIEKTPOHHOTO MMKPOCKOIIA, TOBOPST O
mukpokarncyne. Ecnu Gonsuie 0,2 MM, roBopsiT 0 Makpokarcyne. Ilo-
CJICZTHIOI0 MOXHO BUJIETh B 0OBIYHBIN CBeTOBOIM MUKpocKoI. s aToro
npernapaT TPOCMaTpyBalOT B Karlle TYIUM, KOTOpas He B COCTOSHMH
MPOHUKHYTE B Karicyny. Ha TemMHoM hoHe BRIIENSIOTCsI KIETKH, OKpPY-
XeHHbIE CBETNIbIMK 30HaMK. Eciu xe cau3ucroe BelecTBo UMeeT aMop-
GHEBIH, OeCCTPYKTYPHBIIH BMJ M JIETKO OTAENAETCA OT TOBEPXHOCTH
TPOKAPHOTHOMN KJIETKH, FTOBOPAT 0 CMU3KMCTHIX CJOAX, OKpyXa-
onmx Knetky (cm. puc. 4, 3). ]

B oTnuuue o1 Karcyn 4 eXJ1sl MMEIOT TOHKYIO cTpykTypy. Hepenko
B HUX 00HApYXMBAIOT HECKONBKO CJOEB C Pa3HbIM CTPOEHHMEM (CM.
puc. 4, 4). Yexnsl psoa GakTepuii, MeTabonM3M KOTOPHIX CBSI3aH C
OKHCJIEHUEM BOCCTAHOBIIEHHDLIX COEUHEHMIT METAJLIOB, 4AaCTO MHKPY-
CTHPOBaHB! UX OKMCIaMU. Mexny 3TMMU CTPYKTYPAMHU Y MPOKapHoT
O0BHAapyXeHO MHOTO IepeXoAHbIX (POPM, TaK YTO UHOT/A HEJIb3sl YEeTKO
OTrpaHUYMBATL KATICYJly OT CJIM3UCTBHIX KIETOUHBIX BBINENEHUN WIH
KAIcyny oT 4exsa.

Hanuuue KancyJipl 3aBUCHT OT IITAMMa MHKPOOPraHM3Ma W yclio-
BUii ero KyneTusMposaHus. bakrepuu, obpasyiouiye Karcyny, MOryT
JIETKO B pe3y/IbTaTe MYTALIMW NpeBpalareca B beckancy/bHbE dop-
MBI, YTO HE NMPUBOIUT K KaKOMy—J'IHGO HApYILIEHUIO KJIETOYHOH aK-
TUBHOCTY, TIO3TOMY KATICYJIBl HEMNb3sl paccMaTpuUBaTh KakK 00si3aTesb-
HEII CTPYKTYPHBIA KOMITOHEHT MPOKAPHUOTHOMN KIIETKH.

Karncymel, cnu3ucteie 06pasoBaHMs ¥ YEXJIbl MOTYT COIIEPXATh KOM-
MOHEHTHI, OIMHAKOBEIE C KJIETOYHOH CTEHKOH, OfIHAKO MX XAMH4e-
CKHe COCTaBhl He WAeHTHYHBI. KaK TpaBiiio, XMMUYEeCKHil COCTaB Karl-
cyn, obpasyeMblx OakTepusMu, pofo- unu Bujgocnetubuded. OcHOB-
Hble XUMUYECKHUEe KOMITOHeHTHl OONBIIMHCTBA KAallCyn MpoKapuoT —
TOTUCAXapUaBl TOMO- WK TeTeporoaMMepHoi npuponsl. Mckimoue-
HHME COCTABJISIET Kallcysla HEKOTOphiX BUNOB Bacillus, nocTpoeHHas U3
MOJHNENTHIA, ABNAIOLIErocs DONUMepoM D-TIyTaMUHOBOH KHCIOTEI,
Jnst pana GakTepuii Moka3aHa cOCOOHOCTh CHHTE3UPOBATh U BBUIE-
JIATH B OKPYXAIOLIYI0 Cpelly BOJMIOKHA LIS/UTIONO3EL.

Yexnwl kak Oonee CI0XKHEBIE CTPYKTYPB MMeT 00bIYHO U Donee
CJIOXHBIM XxuMuueckuit coctas. Yexon Sphaerotilus natans, Hanpumep,
comgepxut 36 % caxapos, 11 — rekcosamuna, 27 — 6enka, 5,2 —
nuruna u 0,5 % docdopa.

XoTs Karcynel, CIM3KUCTHIE BELIECTBA M YeXJIbl SAIBJAIOTCS Heobsi3a-
TENIbHEIMK CTPYKTYPaMH IIPOKAPUOTHON KNETKH, UM TIPUITHUCHIBAIOT
onpeneeHHble MOJIE3HbIE A KNeTKH (pyHKLIUH. BA3KOCTH BHEKJIETOY -
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HO¥M cpensl, 0OyC/IOBJIEeHHAS HATUYUEM CIM3KCTHIX BELECTB, O4eBU/I-
Ho, OnaronpusaTHa A kneTkd. OHM 3alMAIIAI0T KIETKY OT MeXaHH-
YeCKHUX TMOBPEXJEHUWI, BHICBIXaHMA, CO3TAKT HOTONHUTENBHEBIH 0C-
MOTHYECKHI1 Oapsep, CNYKAT MPensTCTBUEM JUIs MPOHUKHOBEHMA (aroB.
Hnorna cnusucreie 06pa3oBaHUA MOTYT CIYXHThE HCTOYHUKOM 3amac-
HBIX TUTATENBHEIX BelliecTB. C MOMOIIBLIO CU3U OCYIIECTRISETCS CBA3b
MEXAY COCeIHHMH KJIeTKaMM B KOJOHMM, a TAKXE IIPUKpErjeHue
KNeTOK K pasIMYHBIM MoBepXHOCTAM. CriocoGHOCTL OMpEneNeHHbIX
Dakrepuit CHHTE3UPOBaTh 3TH CBOe0Opa3HEIe BHEKIETOYHbIE 0JI1MMe-
pBl HAXOJUT MPaKTHYeCKOe TIPUMEHEHIe: UX UCIONL3YIOT B KayecTse
3aMEHUTENIA IUIa3Mbl KPOBH, a TAKOKE JUISA MOJIyYeHMS CUHTETHYECKHX
MIeHOK.

KryTukn ¥ MexXaHu3IMbl OBUKEHHUA

Ha xsetoyHoil noBepXHOCTH MHOTHX MPOKAPHOT UMEIOTCS CTPYK-
TYpHl, ONpeaensiouiue crnocoOHOCTh KIETKH K JBHXEHUIO B XHMIKOH
cpefe. 910 — XryTHKd. VX uucno, pasmepsl, pacioioXeHue, Kak 1pa-
BWJIO, SIBJIAAFOTCSI MPHU3HAKAMH, MOCTOSHHEIMM JUISI OTMPeae/ieHHOro
BHMJIA, U [TO3TOMY YUUTBHIBAIOTCS MIPU CUCTEMATUKE MPOKApHOT. OnHAKO
HAKAIUTMBAIOTCS [JAHHbIE O TOM, YTO KOJHMYECTBO M PacIONoKeHue
XKTYTHKOB Yy OOHOTO ¥ TOTO € BMIA MOTYT B 3HAYUTENBHOUN CTENEeHU
OMpeNeNaThCsl YCIOBUAMH KyITbTHBUPOBAHUA U CTAIUEH XU3IHEHHOTO
LUKIIE, W, CAe]oBaTellbHO, He CTOUT TEpPeoleHUBATh TAKCOHOMUYE-
CKO€ 3HAYEHME 3TOr0 NpU3HaKa.

Ecny XKIyTHKH HaXOmATCH y TONKOCOB WIH B TONSpHOR obGnactu
KJIETKH, TOBOPAT 00 MX MOASAPHOM MY CYONONAPHOM PacIioNnoXeHUH,
ecnu Baonb 6OK0BO MOBEPXHOCTH, TOBOPST O JIaTepalbHOM PAacIono-
¥XeHHH. B 3aBHCHMOCTH OT YHCIA XIYTHKOB M UX JIOKATU3ALKMY HA MO~
BEPXHOCTH KJIETKH pa3IUyal0T MOHOTIONSIPHEIE MOHOTPUXH (OIMH XTY-
TMK TIPUKPEIUIEH K OJIHOMY TOJIIOCY KJIETKH; cM. puc. 3, &), MOHOmO-
JIIPHEIE MOJIRTPUXH (ITYYOK XIYTHKOB PacIloNoXeH HAa OJHOM IOJIOCcE
KJIeTK1), OUIonfApHbIe MOMUTPUXU (HA KAXOOM MOJIOCe — T10 IYYKY
WKTYTHKORB; CM. pHC. 3, I7) Y epUTPUXH (MHOTOYKUCIEHHBIE XIYTUKH
pPACHoNoXeHE! 10 BCel MOBEPXHOCTU KIETKH WM BIONL €e GOKOBOIM
MOBEPXHOCTH; cM. puc. 3, 18). B nmocnenHem cnyyae YHCIO KIYTHKOB
moxer gocturats 1000 Ha kinerxy.

O6blyHas TonmumHa Xrytuka — 10—20 uMm, mmHa — ot 3 no
15 mxm. ¥V HekoTOpBIX OaKTepuii [UIMHA XTYyTHKA MOXET Ha MOPAAOK
npeBblaTh nHaMeTp KieTki. Kak npaBuio, NoisipHBle XIyTHKH 6o-
Jiee TOJICThIE, YyeM MepuTpHxuaneHele. Kryruk npencrasnser coboit
OTHOCHUTENIBHYIO XECTKYIO CTIpalb, 00BIMHO 3aKPYY€HHYIO IPOTUB Ya-
COBOH CTpenkH. BpallleHue XTyTHKa Takxe OCYLUECTBIISETCs MPOTUB
4acoBO# cTpenku ¢ yactoroii ot 40 no 60 06/c, yTo BHI3BIBAET Bpallle-
HUeE KJIETKH, HO B [IPOTUBONONOXKHOM HanpasieHuu. [TockoibKy kieTka
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HaMHOI'0 MacCCHMBHEE XTyTHMKa, OHa
BpAlllaeTCs CO 3HAYMTEIEHO MEHbILIEH
CKOpOCTBIO — mopsaka 12— 14 06/MuH.
BpallarenbHoe ABMXKEHME XIyTHKa
npeobpasyercs Takke B MOCTYIIATE)b-
HOE JIBUXXKEHHE KJIETKH, CKOPOCTh KO-
TOPOrO B XHWIKOH cpene JUis pasHBIX
BHIOB DakTepuii cocrasnser or 16 mo
100 mMxMm/c.

MzyyeHne cTpoeHHA XIYTHKA IO
9JIEKTPOHHBIM MUKDPOCKONIOM OOHapy-
XUJIO, YTO OH COCTOMT M3 TpeX 4acTel
Puc. 11. Crpoenue xrytnka rpaM- (puc. 11). OcHOBHYIO Maccy XryTuka

OTPHLATENBHEIX 9yBakTepuil:  cocrapisder IIMHHASA CIMPATbHAS HHTh
I — math; 2 — xprox; 3 — GasameHoe ((PMOpMILIA), Y MOBEPXHOCTH KJIETOY-
Teno; 4 — crepxenb; 5 — L-KOMbLO; ol CTEHKU MEPEXOIsIIAs B YTOIIEH-
fd__[(ol;::[‘:;:";"i i[?[ﬁf’“l’g‘f":mi - HYIO M3OTHYTYIO CTPYKTYPY — KPIOK.
TUTA3MATHYECKOT npom]:;aﬂcmo; 11— HHTB C MIOMOLIKIO KPIOKA MPHKPEruIe-
YeIITHCIIMKAHOBBII cofi; 12— na- HA K Ga3ajibHOMY Te)y, BMOHTHPOBaH-
pyxHas membpana (no De Pamphilis, HOMY B LIITM u xietounyio CTEHKY.
Adler, 1971) YV GonplMHCTBA NPOKAapHOT HHTH CO-
CTOMT TONBKO U3 OIHOI'O THIIa beaxa —
¢narennuHa. BenkoBrie cyOheIMHULE YAOXEHH B BHIE CHMPAIM,
BHYTPHM KOTOpO# NMpPOXOIMT MOJbIM KaHan. HapaumBanue Xryruka
MPOMUCXOINUT C AUCTANLHOIO KOHIA, Kyla CyOhelWHHMIIB! NOCTYNaloT
o BHYTpeHHEMY KaHany. ¥ HEKOTOPLIX BUIOB XTYTHK CHapyXu NM0-
TOJIHUTETBHO MOKPHIT YEXTTOM 0c000ro XMMHYECKOro CTPOEHMA MIH
XKe ABIAIOLIMMCA NPOIOXKEHHEM KJIETOYHOH CTEHKH W, BEPOATHO,
TNOCTPOSHHBIM M3 TOTO Xe MaTepuania.

Kpiok (Tomumna 20 — 45 uM) cocTodT u3 Benka, oTIMyajouerocs
oT (hnarenyinHa, ¥ CHyXWT 1A obecrneyeHus THOKOro CoelMHEHHS
HHUTH ¢ OasaisHBIM TeloM. baszanphoe Teno conepxur 9—12 pasnmy-
HBIX OenkoB M mpencTarmsaer coboil cucTeMy M3 JBYX MM YeThipex
KOJell, HAHM3aHHBIX Ha CTEPXeHb, ABJISIOUIMECA IMPOIOJDKEHHEM KpIO-
Ka. /Ipa BHyTpeHHEX Konbua (M u S) — o6GA3aTeNbHBIE COCTABHBIE
yacTH 6asaJpHOro Teja, B TO BpeMs Kak HapyxHble konblia (P u L)
OTCYTCTBYIOT ¥ IPaMITOJIOXMTENBHBIX 3y0aKTepuil ¥, CNeI0BaTeNBHO,
He HeobxoHuMsel 1A pBmwkeHua. M-konbuo nokanmsoBado B L[ITM,
S-konbLO pacnionaraeTcs B NEPHILTA3MAaTUYECKOM MPOCTPAHCTBE FPpaM-
OTPHIIATENBHEIX WIH B MENTHIOTIMKAHOBOM MEIIIKE MPaMIIOIOXHUTE b
HBIX 3yDaKTepHii.

Konsua P 1 L, uMerolinecs T0JbK0 Y TPAMOTPHIATENBHEIX 3yDak-
Tepuii, JIOKATU30BaHbl COOTBETCTBEHHO B MENTHAOMIMKAHOBOM ClOE
¥ B HapyxHoii MemOpane. OcobeHHocTH cTpoeHms HazalbpHOro Tena
OnpeleasioTes, TaKuM obpa3oM, CTpoeHHEM KIeTOYHOM cTeHKH. M-
TAaKTHOCTh MOCHEIHEH HeobXonuMa NS NBWKEHUA XIYTHMKOBBIX Dak-
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Tepuii. ObpaboTka KJIETOK TU30IMMOM, TIpH-

BOZIANIAS K YIANCHUIO MeNTHIONIUKAHOBOTO

CJIOS KJIETOYHOM CTEHKM, BHI3LIBACT U MOTE-

p1o criocoOHOCTH HakTepHili K JIBHXEHHIO, \
XOTS XTYTUKH OCTAIOTCA NpPU 3TOM HEMNo-

BpPEXIEHHBIMM.

INpenmonaraior, 4TO BpallgHWe XIYTHKA
onpepenseTca BpanieHneM M-xonbua. Jpy- A B
I'ME KoJbia 6a3aIbHOro Tejla HENMOABHXHEL K1
CHyXaT JUISl KperUleHMs CTepXH#, mpoxoms- Puc. 12, Knerxa Sal-
1LET0 Yepe3 KIETOYHYIO CTEHKY rpaMorpuua- monella typhimurium v
TeNbHBIX 3ybaKTepil. ¥ rpaMIooXUTeNbHEIX ~— COCTOAHMM moKos (A)
sybakTepuii 3Ty (DYHKIMIO B OCHOBHOM Bbl- ¥ TPY ABHXEHMM (B).
TIONHSIET MHOTOC/IOMHBIH KECTKMiA MenTuo- CTPE/IKAMH 110Ka3aHo
[JIMKAHOBEIH MEIIOK. PR ST

Bonbuiue yenexy JOCTATHYTH B paciuug- o i s v

POBKE MeXaHM3Ma HBUXEHUS MNPOKAPHOT,
MMEIONMX XTYTUKU. EclM B KieTKe MHOIO XTYTHKOB, BCE OHM IpHU
JBIDKEHUM coBMpaloTcsl B MyYOK, Bpallasck B OXHOM HaIlpaBlIeHUH
(puc. 12). BpanieHue XryTUKOB NepeaaeTcs KeTKe, HaYuHAIOLIE Bpa-
1IaTkCH B MPOTHBOIIOJIOXKHOM HalpaBAeHUM, U obecrnieyuBaer adidex-
THBHOE OBIKeHue (IU1aBaHMe) B XUIKOU cpene W Oonee MeaneHHoe
nepeMellieHHe 110 MTOBEPXHOCTH TBEPIBIX CPEL.

Hnst paboTel ABUrATEIBHOIO anTapaTa MPOKAPHOT HeobXomMMa IHep-
resd. YCeraHoBeHO, YTO ABMXKEHMUE XKIYTHKOBLIX [IPOKAPUOT obecneym-
BaeTcs SHEPruei TpaHCMEMOPAHHOIO 9MeKTPOXMMHYECKOTO IIOTEHIH-
ana (Afig+), npudeM obe ero cocrapiiOlIMe — JneKTpUdecKas (AY)
¥ KoHueHTpauoHHas (ApH) — mommepxxusator guxeHue. CKopocTh
BpaL{eHUs] KIYTHKOB NPSAMO 3aBUCUT OT BETMYMHBI MEMOPaHHOTO No-
TeHMata. Takum obpa3oM, MPOKApUOTHAA KIIETKa 061ajaeT MeEXaHu3-
MOM, MO3BOJIAIOIIMM NPeBpallaTh MEKTPOXMMIYECKYIO (DOPMY 3HEpP-
I'MM HEIIOCPEACTBEHHO B MEXaHM4ECKYI0. MonekynsipHoe ycTpoiicTso,
obecnieyMBaIoLIee 3T0 NMPeBPalleHHE, K HAaCTOSILEMY BpEMEHH HE BHI-
SICHEHO, HO MOXHO Nojarark, Y10 OHO NO/DKHO 66ITh BeckMa 3tiex-
TMBHBIM, TaK KakK, MO NPOBEIEHHEIM Pacye€TaM, SHEPrHs, pacXodye-
Mas Ha JBVMKEHHWE, COCTABJIAET NECHATHIE JOJIM MPOIEHTAa OT OOLIEro
KONHMYECTBA SHEPreTHYEeCKUX NoTpeOHOCTEH KIETKH.

Heobpiynan nokanusaims CTpPYKTYpP, OTBETCTBEHHEIX 33 JBUKEHHE,
onucaHa y cnupoxet (puc. 13). TpexcnoiiHad crpykTypa, OKpYXalolas
KJIETKY M Ha3biBaeMas y CIIMPOXET HApYXHBIM YeXJIOM, aHaJorMyHa
Hapy>XHO# MeMOpaHe KIeTOYHOM CTEHKH IpaMOTpMLIATENsHBIX OakTe-
pPHii. 9TOT Yexoy OKPYXAeT TaK Ha3bBaeMBIH IPOTOILIA3MATHYECKHN
HUJIMHAD, COCTOSLUMA M3 NeNTHAOTIMKAHOBOTO CJI0S KJIETOYHOM CTeH-
ku, LIITM n umTornasmarmnyeckoro comepxumoro. [Iporornasmarn-
YecKHH LMIHMHADP OOBMBAETCH MYyYKOM HHTYATHIX CTPYKTYP — aKCH-
aneHbeIX Pubpunn. Yucno ux konebnercsa or 2 o 100. Opun koren
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Puc. 13. Knetka cnvpoxets B npopoabHoM (A) w monepeyiom (5) pa3spese.
Ha puc. A uzobpaxeHa KieTKa, COIep)alias 1o oIHOM aKCcHaipHON GUubpuite y Kax-
IIOro KOHLa, Ha puc. 5 — nonepeyHsbld paspe3, Npoulediidil Yepe3 CpeaHIon YacTh
KJETKHY, Iie NOKa3aHE! B2 MepeceKalouxcs My4Ka, COCTOMLMX U3 MHOXECTBA aKCH-
anpHBIX GUbpWLL: 1 — NPOTOIUIA3MATUYECKHH LIMITMHAD; 2 — HapyXHbIH wexon; 3 —
akcuanbHble GUOGpMANL;;, 4 — MECTO NPUKPeIUleHUs aKCHANBHBIX Gubpunt, 5 —
NENTUACTHKAHOBLIA ol KneTouHol crenky; 6 — LTIM

Kaxnoi akcuanbHoi (pubpruIs NpUKpenieH BOIM3HM MOJ0ca TpoTo-
IUIa3MaTHYECKOrO LMTHHApaA, Opyrod — ceoboauetit. Kierka comep-
XHT o JiBa Habopa pubpuLi, NMPHUKPEIUIEHHEBIX cyONnonsapHo y KaxIno-
ro KJIeToyHoro KoxHua. Tak Kak Kaxjaas akcuanbhas Gubpunna taHer-
CH NOYTH BAOME BCEM JUIMHEBI KIETKH, ITYYKA (PMOPHIUT, HPUKPETIEHHBIX
Y Pa3sHBIX TTOJIOCOB, B LIEHTPAILHONH YacTH NEePeKpLIBAIOTCH.

M3yuyeHue crpoeHMs B XMMHYECKOIO COCTaBa akCHanbHbIX Gubprm
CIIMpPOXeT OOHapYXUIo X BM3Koe CXOACTBO ¢ BaKTepHaIbHEIMM XIy-
THKaMu. OTInype 3aKio4yaercd B TOM, YTO aKCHaNbHBIE (DUOPHILTED
CIIMPOXeT — BHYTPMKIETOYHE € CTPYKTYPBHI, HO Obecredm-
BaIOT ABMXXEHWE KAK B XHIKOR cpele, TaK M 1o TBepaoMy cyOcrpary.
JBrxeHue CIIMPOXET OCYINECTB/IAETCH 3a CYET BpalueHus (pubp B
NePHIUIa3MaTHYECKOM NPOCTPAHCTBE MEXIY TTENTHAOTTMKAHOBBIM CIIO-
€M M HapyXHOoH MeMOpaHoli KJI€TOYHOH CTeHKH, BHI3BIBAIOIIETO 314~
CTHUYHYIO BOJIHY Ha IMOBEPXHOCTH KJieTouHo# creHKH. CIIMpOXeTsl co-
BEPLUAIOT ABVXKEHUSA TpeX THITOB: GLICTPO BpallalOTCs BOKPYT HIMH-
HOI OCH CIIMpasIH, CNOCOOHH K M3rnbaHMK KINETOK W OCYLUECTBISIOT
nepenBHXeHNEe [0 BUHTOBOMY WIH BOJHOOGpazHoMy nyTu. s cnm-
poxer (Tak Xe Kak JUis THIIMYHBIX XTYTHKOBBIX OakTepHil) NoKa3aHo,
YTO ABYXeHue obecrieyuBaerca SHepruei B popMe Afig+.

IMpucyluas CrUMpOXeTaMm JIOKAIM3aMs IBUraTe/ibHOrO arrapara
MHTEPECHA TEM, YTO NO3BOAAET C/IE/IATHL BHIBOJ O BO3MOXHOCTH €ro pa-
©OTBI B YCITOBUAX HAXOXAEHUSA B «3aKPBITOM» KJIETOYHBIMM CTPYKTYDa-
MM COCTOSTHMM. DTO MOXET CIYXKHTh KITIOYOM K TOHMMAHMIO €Le OJTHO-
ro BUJA OBMIKEHWsl, MPUCYLIEr0 YacTh IMPOKapMOT, — CKOJIBXEHHMS.
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IMocnenyuee ONpeRensioT Kak CIIoCOOHOCTL OpraHM3Ma MepeIBUraThes
110 TBEPOOMY MM MOJYXKHAKOMY cybctpaty 6e3 MmoMoLuM HapyXHBIX
JIOKOMOTOPHBIX CTPYKTYP — KIYTHKOB.

CrniocoOHOCTh K CKOJIRKEHMIO 0OHApYXeHa Y pa3HBIX TPYIIN MPOKa-
PHMOT, KaK OJHOKNETOYHEIX, TAK U MHOTOKJIETOYHBIX, HMEIOUIHX HHUT-
YaTOe CTPOeHME: HEKOTOPBIX MUKOILIa3M, MMKcobGakTepHii, 1iMTodar,
HUTYATHIX cepobaKTepHii, LHaHoOaxTepuii M ap. CkopocTh 3TOr0 THNA
JBIDKeHMA HeBennka: 2— 11 Mxm/c. OOILIMM 11d BCEX CKOIB3AIIMX Opra-
HH3MOB ABJIIETCA CMOCOOHOCTh K BRUIENEHMIO ciusu. KpoMe Toro, y
pana ckonb3sAmpx (opM B COCTaBE KJIETOYHON CTEHKH MEXIY IeINTH-
JOIJIMKAHOBBIM CJIOEM M HapyXHOH MeMOpaHoH oOHapyXeH TOHKHM
cJI0i, cocroflMit U3 Genkobeix (pubpun. Hanmpumep, ¥y HUTHaTOMR
nmaHobaktepun Oscillatoria X HapyXHOI MOBEPXHOCTU MEITHIOTIIM-
KaHOBOTO CJIOfl MIPMMBIKAIOT Napajuie/ibHble psaabl Hubpuin nuaMer-
poM 5—7 HM; Ha 1 MKM? IIOBEPXHOCTH MPUXOAMTES 10 55 Takmx Gubd-
pwuL. Y HMUTYATHIX LMaHoOakTepuil (pMOpUIUTEL (POPMHPYIOT EIMHYIO
CHCTEMY, HENPEPRIBHO B BHIIE CAIMPAIA OOBOJIAKMBAIOIIYIO BECh TPH-
xoM (HMTE). CKONBXeHHe HUTYATHIX (DOPM COMpPOBOXIAETCS W OJHO-
BpPEMEHHBIM HMX BpallleHMeM, TaK YTO Jitobasg ToYKa Ha MOBEPXHOCTH
TPHXOMA OIMCHIBAET IPH ABHXEHMH crnupank. Hanpapiesue spaiue-
HMS SIBIISIETCS BMAOOCTELM(EMYECKHM TIPKIHAKOM M KODpEIHUpPYET C
HAIpaBJIeHHEM XONa crMpaiy OeNiKoBRIX (PuGpIII.

MexaHu3M cKONb3s1Ero ABMXeHHs He AceH. CornacHo rurorese
PeakTHBHOrO ABHXEHMA OHO ODYCIOBIEHO BHEUICJIEHHEM CIIM3M 4Yepes3
MHOI'OYMCIIEHHBIE CITM3EBHIE TNOPH B KJIETOYHO# CTEHKE, B pe3y/bLTaTe
Yero KJIeTKA OTTaJAKMBaeTca oT cybcrpara B HalpaBlIeHMH, NPOTHBO-
IIOJIOXXHOM HArpapieHHUIO BeyieneHua cimsy. OpHako aHanMs 310
MOJENH MPUBEN K 3aKTIOUeHHIO, YTO Ui 00eCreyeHus CKONBXEHUSA
MO «peakTMBHOMY» MEXaHM3My Kierke Heobxonumo B TeueHue 1 c
BBIIENIATE TAKOM OOBEM CIM3H, KOTOPHIH BO MHOIO pa3 NMpeBOCXOHMUT
ee IMTOoIUIa3MaTH4eCKoe COIEePXHUMOe.

Tlo mpyroii runortese, NOMYYHMBIIEH pPacNpocTpaHEHUE B IOCIESIHUE
rofbl, CKONbL3SLEe ABMXKEHHE CBSA3aHO € OCODEHHOCTAMM CTPOEHMSA
KIETOYHOW CTEHKH TOOBIKHBIX OE3XIYTHKOBBIX (hOpM — HANMYKEM
6eKoBOro €05, COCTOALLETO U3 YIIOPSIOYEHHO PacllONoXeHHBIX (hib-
PWIUL, aHANOTUYHBIX HUTAM XIYTHKOB, C TOH pasHMLIEH, Y10 HAXOMIST-
csl QUOPHIUIBL «BHYTPH» KJIETOYHON CTEHKH. ¥ HEKOTOPBIX CKOJB3ATIMX
GakTepui ornucaHbl CTPYKTYPBl, BECbMa HAIIOMUHAIOIIKE 6a3aibHEIe Tena
*ryTukoBeiX dopmM. BpatuarensHoe nsmxenne GUbpHILL, «3aITycKaeMoe»
3TUMHM CTPYKTYPaMH, NIPUBOAUT K MOSBIEHUIO HA NMOBEPXHOCTH KNETKH
TaK HA3pIBAEMO# Derylliei BOJIHEI, T. €. JIBMXYIIUXCA MUKPOCKOIUYEC-
KHX BHIIYKIOCTEH KIETOYHOH CTEHKHU, B PE3YJIBTATE 4YEro KJIETKA OT-
TanKMBaeTCs OT TBEPIOro MM BA3KOro cybcrpara. Ha ckonbxeHue
pacxofiyeTcs okosyio 5 % 3Heprum ot o611ero o6bheMa KIETOYHBIX SHEp-
retudeckux 3arpat. Crosib3silee IBYKEHUE B pasHbIX IPymnnax akre-
puii obecnieunBaeTcs 3Heprueii B popMe AT® win Afiy+.
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Heo6xoauMocTh U CKOMEXEHU CJIM3HM IToKa He sicHa. Ckonbxe-
HME MOXET NPOMCXOJMTE B CpEle NOAXONsSUIeH KOHCHCTEeHIMH 0e3
Kakoro-nubo BeuieneHua cnusu. Bonee Toro, BeuieneHue GOJBLIMX
KONAYECTB CJIM3HM, KaK IMpaBWIO, 3aTPYIHSET ABIDKEHHE KIETKH M
NPUBOAMT K MoTepe el noasmkHocTy. ComacHo runorese «beryiiei
BOJIHBEI» BEUIEJIEHHE CIIM3H HEe ABNAeTCH aOCOMOTHO HEODXOIMMBIM JIJIs
CKOJIEXEHHSI, HO 00/1IeT1aeT B ONpeneIEeHHBIX YCIOBUAX OTTAIKMBaHKE
KJIeTKM oT cybcrpara.

TMopBuxHBIE OakTepyK aKTHBHO MEPEMEIIAOTCA B HANPABIEHUH,
ONpeJieNieMOM TEMY MM MHBIMH BHeIIHMMM (haktopami. Takue Ha-
npapjieHHBIE NepeMenieHus 6akTeprii HA3KBaIOT TaKcKUcaMu, B 3a-
BHCHMOCTH OT {PaKTOpa pa3nHyaloT XeMOTaKCcHC (YACTHBIH clyyal —
a’sporakcuc), POTOTaKCUC, MAarHMTOTAKCHC, TEPMOTAKCUC M BHMCKO-
sutakcuc. HanbGoneiee BHUMaHKE NPUBIEKAET H3YYEHUE XEMOTAKCH-
ca, T.€. IBUXEHMS B ONPEAENIEHHOM HaMpPAaBIEHWM OTHOCHUTENBHO MC-
TOYHMKA XMMWYECKOro BeLecTBa. [ KaXIoro opraHu3Ma Bee XMMude-
CKHe Bell[eCTBa B 3TOM IL1aHe MOryT OBITE pa3/ieficHsl Ha [(BE TPYIITH:
MHEPTHHIE ¥ BEI3bIBaloiue Takcuen (a¢ddextopn). Cpenn nocnemHux
BHLIENAIOT aTTpakTaHThl (BeinecTBa, NpUBAcKaloliue GakTepuil) u
penesuieHTs (BEeLIeCTBa, OTIYTHBalONIMe GakTepmii). ATTpaKkTaHTaMH
MoryT OBITE CaXxapa, AMMHOKMC/IOTE, BUTAMHWHEL, HYKJIEOTHIL K IpYy-
rMe XMMHYECKHE MOJIEKYIIBI; PENE/UIEHTAMM — HEKOTOPBIE aMHHOKHUC-
JIOTBI, CIMAPTH], (PeHOMBI, HEOPraHWYECKHEe WOHEL ATTPaKTaHTOM JUTS
a3pobHBIX ¥ PENeIUIEHTOM JI/is 9HA3POOHBIX MPOKapUOT ABJIAETCH MO-
JNEKYNSPHBIN KUCIOPOA. ATTPaKTaHThl YaCTO IPEACTARIEHE MTHALIEBbI-
MH cyDCcTpaTaMH, XOTSl HE BCE BeLeCTBd, HEOOXOMMMEIE JUISl OpraHH3-
Ma, BBHICTYNAlOT B KA4YeCTBE ATTPAKTAHTOB. 1akXe HE BCE SIOBUTHIE
BELIECTBA CAYXaT penejUieHTaMH W He BCe PEerleJUIEeHTHl BPEHHDI.

®doToTaKCHC, T.€. OBHKEHME K CBETY MM OT HEro, CBOHMCTBEH ITpEXIe
Becero (hoToTpoPHEM GakTepusaM. Crnoco6HOCTh NepeMeLIaThCs No CH-
JIOBBIM JIMHMSAM MarHMTHOrO Mons 3eMIM MNM MarHWTa — MarHMTO-
TakcHc — oOHapyXeH y pasHBIX GaKTepuii, 00OMTalOMMX B [PECHOM 1
MOpcKoii Boge. B kneTkax 3Tux GakTepuil HaiiIeHBI HENPO3PaYyHLIe Ya-
CTHIIB! OnpeaeeHHoi reoMeTpudeckKoi (POpMBI — MarHMTOCOMEI, 3a-
TOJIHEHHEBIE Xene3oM B (popme MmarHeruTa (Fe;O,) m Brnonusionye
(yukiumio MarHuTHOM cTpenku. Ha momo MarHeruTa MOXET IpPUXO-
muThes 1o 4 % cyxoro BenlectBa GakTepwii. B cesepHOM Mosyiapum
TaKye MarHUTOYYBCTBHTE/bHBIE OaKTEpMM TUILIBYT B HAMpPaBICHWHA
CEBEpHOI0 Momoca 3eMiIu, B IXXHOM — B HanpaBJIeHUH 10XKHoro. ¥ pana
GaxTepuit 0OHApYXeH BUCKO3MTAKCHC — CMOCOOHOCTE pearupoBaTh Ha
HM3MEHEHMe BA3KOCTHA pacTBOpa M NepeMeliarkcs B HallpaBIEHHU ee
YBEJIMYEHHS WIH YMEHBLIEHMS.

3a YyyBCTBHTENRHOCTE DaKTEpHit K rpanleHTaM onpeneieHHEIX (ak-
TOPOB OTBETCTBEHHBI cHelmMpuueckue peuentoph. M3ayueHune xemo-
takcuca y Escherichia coli nosponino o6HapyXuTs cBbitie 30 pasnmuy-
HBIX XeMOpPeLEeNTOPOB, MpeicTaBsomMX co0ol Benku, CHHTe3Upye-
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MBbIE€ HE3aBHCHMO OT IMPUCYTCTBHA MHIYKTOPA WK TONLKO B PE3yNbTa-
Te uHaykuuu. Penenrop pearupyer Ha >ddexTop M repegaer cHraan
0 onpefeNeHHOMY TIYTH, KOHKPETHBII MEXaHHW3M KOTOPOro HeM3Be-
CTEH, Ha «MOTOp» XIVTHKA. ¥ GakTepHii ¢ NepUTPUXUATBHEIM XKIYTH-
KOBaHMEM BRIABACHE /Ba BUIa JBUraTeIhkHOrO NOBEAEHUS: NPAMONH-
HellHOe JIBVDKEHWE U KYBBIDKAaHMeE, T.€. NEPUOONYECKHE W clly4ailHbie
HM3MEHEeHMs HanpawieHus nBuxenus. Ecnu 6akTepus nepeMelaeTcs B
CTOpPOHY ONTHMAJIBHOM KOHLIEHTpalMK aTTpaKTaHTa, €€ NPAMOIMHE -
HOE IBH)XEHHE, OPMEHTHPOBAHHOE MO OTHOLUEHHIO K XMMHYECKOMY
BEleCTBY, CTAHOBMTCA OoJiee NMMTENBHBIM, a 4acToTa KYBBIPKAHHI
6onee HU3KOM, YTO MO3BOJIAET €M B KOHEYHOM MTOTe IepeMelliaThcs B
HYXHOM HalpaBJIeHHUH.

Bopcurkmn

K noBepxHOCTHBIM CTPYKTYpaM OaKTepuaNbHOi KAETKH OTHOCATCS
Takoke BopcuHky (umbpun, nuwmn) (cM. puc. 4, 6). Ux HacunTHiBaeT-
€5t OT HECKOJILKHX EIMHMLL IO HECKOJILKHX THICSTY Ha KJIETKY. BTH CTPYK-
TYPBl HE MMEIOT OTHOIUEHHMS! K IBHXeHUIo GakTeprii ¥ o6HapyXeHH! ¥
MOOBVXXHEBIX M HEMOABUXHBIX hopM. BODCHMHKH MOCTPOSHBI M3 OHOTO
BHIA Denka — MuaMHa — W NpelcTaRiIsiorT coboi npsaMeie OeIKOBEE
LIFJIMHAPEL, OTXOHSILME OT MoBepXxHoCcTH KieTku. OHM, KaK npaBuio,
TOHBIIIE XIYTHKOB (mrameTp — 5— 10 uM, nmvaa 0,2—2,0 MxM), pac-
MONOXEHE NEPUTPUXMANBHO WK noispHo. Bonblue Beero ceeneHUit
umeercs o BopcuHkax E. coli. V 3Toit GakTEpHM ONUCAHB BOPCUHKH
0011IETO THMA W HOJOBHIE.

BopcuHku obiiero TMna npuianT 6aktepusiM cBoicTBo rmapodob-
HOCTH, 06ECneYyrBalOT WX MPUKPEIUIEHNe K KJIETKaM PacTeHWid, TpU-
60B ¥ HEOPraHMYECKHMM YacTHaM, NPUHMMAIOT Y4acTHE B TDAHCIIOp-
Te MeTabonutoB. Yepes BODCHMHKH B KJIETKY MOIYT IPOHHKATE BUPYCHI.

Haubonee xopouro u3ydeHsl NOJOBBIE BOPCHMHKM, MW F-niuimu,
NPUHUMAIOLLIME YYacTHe B IOJIOBOM rpolecce bakrepuii. F-nuwm He-
0OXOIMMBl KIIETKE-/IOHOPY JUIS oDecrneyeHis KOHTAKTA MEXIY Heil u
PELMIIMEHTOM ¥ B KaYeCTBE KOHBIOTAlIMOHHOTO TOHHENS, 10 KOTOPO-
My npoucxonut nepenaya JIHK. BopcuHky Helb3s cHMTaTE 0DS3aTENE-
HO# KJIETOYHOM CTPYKTYpO#i, TaKk Kak M 0e3 HuX OaKTepuM XOpoilio
PacTyT ¥ pa3MHOXaKoTCs.

MembpaHbi

ConepxiMoe KJIETKM OTAENSETCH OT KJIETOYHOM CTEHKH LIMTOIIA3-
Maruyeckoit MemOpanoi (LIITM) — obsizarenbHBIM CTPYKTYPHEIM 31~
MEHTOM MO0 KIETKH, HAPYIIEHKE LIEIOCTHOCTH KOTOPOTO MPHBOMMT
K TIOTEpe KIeTKoH xM3HecnocobHocT. Ha momo IITTM npuxonwrces
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8—15 % cyxoro BeiliecTBa KJIeTOK. ¥ GONbIIMHCTBA POKAPHUOTHBIX KIIe-
ToK LITTM — emuuctBeHHas membpana. B wietkax ¢dorotpodHBIX 1
psaa xeMOTpoHEIX MPOKAPMOT COAEPKATCS TAKKe MEMOPaHHbIE CTPYK-
Typbl, pAcHONaraloiiMecs B LMTOIMJIA3Me H IMOJyYMBLIKE Ha3BaHME
BHYTPHMIIMTONNA3MaTHIECKHMX MemOpaH. VX mpoucxoxneHue u (hyHK-
1Hy¥ OynyT paccMOTpEeHEI HUKE.

Xumuneckuii cocmae membpar. LLIIM — GeaKoBO-TMIIMIHBLIA KOMII-
JIeKC, B KOTopoM Genky coctaensior 50—75 %, numuns — ot 15 go
45 %. Kpome Toro, B coctase MeMOpaH oOHapyxeHO HeGoblIoe KO-
nMyecTBo yraeponos. Kak upasiio, nunuas 1 6enku coctasmsiot 95 % u
Gonplue BeniecTpa MeMbpaH. [JTaBHLIM TMITMIHEIM KOMITOHEHTOM DaK-
TEPUATBHBIX MeMOpaH sBasiorcs GochoAMUIsl — MPOU3BOAHEIE
3-thochornmuepuHa. XoTs y TPOKApUOT HAHIEHO MHOXECTBO pas/iny-
HbiX (hochonmumumos, HABOP MX B 3HAYUTENIBHOM CTETIEHH POIO- M 1aXe
BunocneurpryeH. [upoko npeacraeneHs! B 6akTepHalbHBIX MEMO-
paHaXx pas/iMyHEe IIMKoMUITabl. CTEpHHBI OTCYTCTBYIOT Y MOAABJIAIO-
nero GOJIBIIMHCTBA MPOKAPHMOT, 33 MCKIIOYEHHEM MpeiCTABUTENCH
rPYIIbl MUKOIUIA3M M HeKOTOphiX 6akrepuit. Tak, B IINIM Acholeplasma
conepxurca 10—30 % xonecrepuna, MormouiaeMoro 13 BHEIIHe cpe-
Jibl, oT 00MIero copepxaHus MeMOpaHHbIX nunuaoB. M3 npyrux rpyno
JIMITUIOB B MeMOpaHax NMpoKapuoT OOHapyXeHbI KapOTHMHOMALI, XH-
HOHBI, YTJIEBOOOPOML.

Bce nunuan 9ybakTepuii — NpPOM3BOAHBIC IUIIEPHUHA — COIEpXar
OIMH WIM HECKOJIbKO OCTATKOB XHMPHBIX KUCJIOT, COCTAB KOTOPHX BECh-
Ma cBoeobpasen (puc. 14). B ocHOBHOM 3T0 HacHIIIEHHBIE FUIH MOHOHE-
HACHILUEHHBIE XHpHble KUC/IOTH ¢ 16— 18 yrnepoaHmMu aToMaMu.
IMonmuHeHacHIeHHBIE XUPHBIE KUCIJIOTH Y 3y6AKTEpHid OTCYTCTBYIOT.
HckiroueHue cocTaB/isiioT LnaHoDaKTepuy, ¥ Pa3HbiX BUIOB KOTOPHIX
HallIeHB! MTOJIMHEHACKILIEHHBIE XUPHbIe KHUCHOTH THIA Cig.0, Cig.o,
Cig-3, Cig.4- [loMHMO OOBIMHBIX XUDHBIX KUCIOT, T.€. 0OHapyXHWBae-
MBIX ¥ B KJIETKAX 3YKapHOT, B COCTaBe MEMOpaHHBIX IMITHIOB 3yDaK-
TEpUiA HAXOIAT ¥ KUCJIOTH, HE BCTPEYRIOILMECH, KAK [TPAaBHJI0, B MEM-
OpaHax 3YKapHoT. DTO LUKIONPONAaHOBEIE XHUPHEIE KUCIIOTHI, CONep-
JXKalKe OHO KX OONBIIe TPEXYIEHHBIX KOJIEl!, TPUCOSIMHEHHBIX BIOIL
YIJIeBOLOPOHOM nenu. JIpyride, peIKo BCTPEYAIOIMECH U OOHapyKeH-
HbIE MPAKTHYECKH TOJIBKO Y 3YOAKTEPHi KUCIIOTEI — 3TO PA3BETBJICH-
Hpl€ XUpHBIe KHCI0TH ¢ 15— 17 yrmepomHBIMK aroMamu.

Ha6op XUpHBIX KHMCJIOT B MEMOPAaHHEIX JIAITHIAX TAKXE YpPE3BbI-
yaiiHo BuaocnelmduueH. ¥ HEKOTOPHIX TPAMITONOXUTENEHBIX 3yDaK-
tepuii C;s-XMpHas KMCI0Ta ¢ Pa3BETBICHHON [EMBI0 MOXET COCTAB-
nsTh 110 90 % BeeX KUPHBIX KUCHOT TUIMMAOB. ['masHas QyHKIMS nUru-
IOB — IMOINEpXailHe MEeXaHHYecKoi cTabmnpbHOCTH MeMOpaHE M
npunanue el ruapodobHEIX CBONCTB.

Ocobplii cocTaB TMNUIOB OOHAPYXKEH B MEMOpaHax apxebakTepHid.
Y HuX He HalineHbl TUIIWYHBIE A5 5yOakTepuii 3()Mphl MMUEpUHA M
XHUPHBIX KUCJIOT, HO NPHCYTCTBYIOT 3()HMPH IMIEPHHA ¥ BEICOKOMO-
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Puc. 14. CrpykTtypa ocHOBHBIX ¢docdominuios MeMOpaH aybakTepuii:

R, ¥ R; — OCTATKM [UTHHHOLIEIOYEYHBIX XHMPHBIX KUCI0T, 06pasyronmx ruapodobHsmii
«XBOCT» MOJIEKY/BI; Ry MoXeT ObITh OCTATKOM IMMULIEPUHA, €r0 MPOM3BOAHLIX, ITAHONA-
MMHa, WHO3MTA ¥ IPYIMX COEOWHEHUIt. BTa YACTh COCTARISIET rUAPOGHIBHYIO «ION0-
By» Monekynsl. [lpocrefiiumMm dochonummooMm ssasercst docdaruaHas KHUCnoTa, He
umelowas Ry-ocTtatka, ceasanHOro ¢ ¢GocopHOil KUCIOTOH CIOXHOPUPHON CBAIBIO.
1 — obuwas cTpykrypa dochonununa; 2 — docaruaunrniuepu; 3 — andocdarummun-
ruuepuH (kapnuonunuu); 4 — docharuammmHoINT, 5 — GochaTHaWIITAHOTAMHH;
6 — docdaTuauncepuH
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TeKYIAPHBIX Cyp-, Cay-CIUPTOB, & TAKKE HENUTPATBLHEIE M30IIPEHOW -
Hb1e Cyy— Csp-yrnesonopons! (cM. ri. 17).

Ha pomo Genkos npuxonutcs Oonplie ITOJOBMHBI CYXOil Macchl
meMOpan. K mMemBpaHaM ¢ Haubolnee BLICOKMM conepXaHuem Benka
orHocATcs Gakrepuanshpie [[IIM. Ipu usyyenun ux Genkosoro co-
craBa He OBUIO 0GHApPYXEHO KAaKoro-1mbo yHMBEPCAILHOIO CTPYK-
TypHoro Genka. IITIM Escherichia coli conepxut 27 0CHOBHBIX ¥ MHO-
KECTBO MMHOpPHBIX 6eKoB, HO HM OOMH M3 OCHOBHBIX GEJIKOB HeE
MPUCYTCTBYET B rpeobnanaroiimx xonudectsax. [lockonsky LIITM npo-
KapyoT MHOrOQYHKIMOHATEHA M YYACTBYET B OCYIIECTBICHHMM Pa3-
Ho0OpasHbIX (epPMEHTATMBHEBIX IIPOLIECCOB, OB CENaH BHIBOM, YTO
MeMOpaHHBIE OenKM —— 3T0, Kak mpaBusio, epmeHThl. [To aMuHO-
KHCJIOTHOMY COCTaBy MeMOpaHHBIC DeIKM HE OTIIMYAIOTCSA OT JAPYT#UX
KJIETOYHbIX OEJIKOB, 33 HCKIIYEHMEM TOr0, YTO B HHX CONEPXHTCS
Masio (MHoOrma cienpl) LMCTeHHA.

B HekoToOpbIX 0aKTepHATBHBIX MEMOpaHaX B 3HAYMTE/IEHBIX KOJIMYe-
cTBax ofHapyxXeHbl yrieBojib. ITo-BUIMMOMY, OHM cojiepXarcs He B
cBODOMHOM COCTOSHMHM, A BXOOST B COCTAB INIMKONMIMWIOB M ITIHKO-
MpPOTEHHOB.

Cmpyxmypa membparn. MeMOpaHHBIE JTMITUIE BCeX dybakTepnid u
yacTi apxebaktepmii obpasyorT Ouciion, B KOTOPHIX TUApodibHbIE
«ro/ioBel» Mojiekysn ofpalleHsl Hapyxy, a runpodobHbie «XBOCTBI»
MOTPYXEHBI B Tomily MemGpase! (puc. 15). Vraesonoponusie menm,
MPUJIETAIONME K THAPO(MIBHBIM «r0jI0BaM», IOBOJIBHO XECTKO (huK-
CUpOBaHbl, a Oonee ygaleHHbIE YACTU «XBOCTOB» 00IajaloT Hocra-
TOYHO#M rH6KOCTEI0. Y HEKOTOPEIX apxebakrepuii (psil METAHOTEHOB,
TepMoaumMnogMIbl) MEMOpaHHBIE NMIMIALI, B COCTAB KOTOPBIX BXO-
muT Cy-crtupt, GOPMHPYIOT MOHOCTOHHYIO MeMOpaHy, Mo TOJHIMHE
paBHYIO Ouciolitoi. MoHocoliHEe TMITHAHEE MeMOpaHE! obnanaroT
GonbLIe# XECTKOCTBIO CPABHHTENEHO C
6ucnoitnoii. Ipu «Guonornyeckux»
TeMIepaTypax MeMOpaHHBIE JTHIHILI
HAXOHATCH B XMIKOCTHO-KPUCTAIIH-
YECKOM COCTOSHHH, XapakKTepH3yio-
IIEMCH YACTUYHON YTIOPAA0YeHHOCTLIO
CTPYKTYPHL. I1py NoHMXEHUH TEMIIepa-
TYpPHI OHH MEepPeXousiT B KBa3UKpPHUCTAN-
JIM4YecKoe cocrosHue. Yem Goree HeHa-
CHIILIEHBI ¥ PA3BETB/IEHB! OCTAaTKM XUP-

Puc. 15. Mozenb CTpoeHus. iy kpenor win yeM GOmbluee YHEIO
aneMeHTapHo#H OHONOrMYecKom IMKITMYECKHX IPYTITPOBOK OHH COJIEp-

MeMOPEIE XaT, TeM HIXE TeMIIEpaTypa Mepexo-
; oanhgﬂ‘;’;y’z;;:g:@g: - ;mr:]’“g' Ja M3 XHIKOCTHO-KPHCTANLIMYECKOro
Gtinadt sawscTe: 2"~ monekyny COCTOSHUSA B KBAaSHKPUCTALIHYECKOE.
GeKOB: & — MHTETpAIbHAN; 2 — Me- «Xunkas» crpykrypa memGpaH
puepHyeckan; @ — TOBePXHOCTHAA obecneynBaeT ONpPEAENEHHYIO CBOGOﬂy
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MoneKy/l GenxoB, YTO ABASETCA HEOOXOMMMBIM IUIS OCYLIECTBICHUS
IPOLIECCOB TPAHCIIOPTa HIEKTPOHOB M BELIECTB Yepe3 MeEMOpaHy. BT1o
e CBOMCTBO OOYC/IOBNMBAET BBICOKYIO 3NACTHYHOCTE MeMOpaH: OHHM
JIETKO CJIMBAIOTCS OPYT € OPYroM, PacTArMBAIOTCA M CKHUMAIOTCS.

B ornuume ot nMIMOoB y MemMOpanHbix 6€JIKOB HET eIMHOrO CIOCOo-
6a cTpykTypHO# opranmzaumn. 30— 50 % Genka MMeeT KOH(UIYpaLHio
Ci-CHHMPAIN, OCTANBHAS YaCTh HAXONWTCH MNPEeMMYILECTBEHHO B BHMIE
6ecniopsizoyHoro knybka. BeposiTHO, yacTe GenkoB nuileHa epMeH-
TATMBHOM aKTMBHOCTHM Y YYACTBYET TOJIBKO B [MOAIEPXaHHUM MeMbpaH-
HOM CTPYKTYpHL. B TO Xe BpeMs NOKa3aHO, YTO NS OCYLIECTBIEHHS
BeskaMK HEKOTOPBIX (YHKIIMII HEoOXooMMa KX CTPOro YIOPSAAOYEeH-
Has B3aMMHad opraHusaumMs B MeMmOpaHe.

B 3aBHCHMOCTH OT paclioNioXeHusi B MEMBpaHe W xapakTepa CBS3H
C JIMNMIHBEIM Cl0oeM MeMOpaHHBIe GeJIKi YCIIOBHO MOXHO pa3AeliiTh
Ha TPH IPYMNBL MHTerpajibHbie, riepuepryeckKie ¥ NOBEPXHOCTHLIE
(cM. puc. 15). MuTerpansHbe 6e1KH TONHOCTEIO IOTPYXXeHb! B MeMOpa-
HY, a MHOI/A [IPOHM3BIBAIOT €€ HacKBo3b. CBA3b MHTEIPalbHBIX GE/IKOB
Cc MEMOpaHHEIMK JIMITHIAMK O4Y€Hb NMPOYHA ¥ OMPEIeNACTCA INABHEM
obpaszomM riuapocdobusiMu BzaumozneiictBusmu. Iepudepuueckue Gen-
KM YaCTHYHO TIOrPYXeHHI B THApodhob6HY10 06J1acTh, 8 MOBEPXHOCTHEIE
HaxoAsTcs BHe ee. B nepBoM ciiyyae cBsi3b C TMIMIAMM B OCHOBHOM, a
BO BTOPOM — HMCK/TIOYUTENRHO OHNpENENsIeTcs EKTPOCTaTHYECKUMH
B3auMozeiicTBuaAMU. [ToMMMO 3T0r0 HEKOTOpPHIE OEIKH M JIMIHIBI B
MemOpane MOryT OBITh CBA3aHbI KOBaNEHTHO.

IpemioxeHo HeCKoONbKO Moaenei crpoeHus MeMOpanel. Hanbonb-
LIee NPM3HAHYE [TOMYYWIA MOIENb, YYMTHBAIOMIAS GONMBIIMHCTBO JaH-
HEIX, M3BECTHBIX 0 MEMOpaHax, COrIACHO KOTOPO# B JIMMHIHYIO OCHOBY
BKJIOYEHB] ACUMMETPHYHO PaciooXeHHEIE GeJIKOBbIe MONEKYIIH (CM.
puc. 15). Hekoroprie 3 HiUX 00pa3yloT CKOIUIEHHS Ha MOBEPXHOCTIX
JIMNUAHOTO 6M- WM MOHOCHOS, HPYrMe YacTHYHO WM TIOJTHOCTHIO
MOrpyXeHsl B HEr0, TPeTBH IMPOHM3BIBAIOT €ro HacKBo3b. B Monenu
MoMePKHYTA ACUMMETPHS CTPOEHUS MeMOpaHEL, OCHOBAHHASA Ha pas-
JAYUSIX B XMMHAYECKOM CTPOSHMM M PAclOJIOXEHMH MOJiekys benka.

Dynxcyuu LIITM npoxapuom. 1ITIM npokapuoTr BBINOJHSET pasHO-
obpasHbie (OYHKIHH, B OCHOBHOM ObecneyrBacMHIe JIOKATH30BaHHbI-
MK B He#i cooTBercTBylommmy epmeHTHEIMU Genxamm. [epBoHavyamsHo
6rina nocTynupoBaHa GapbepHas GyHKIIMS KneToyHoH MeMOpaHbl, 1o-
JYYHBILAA MO3/IHEE JKCIIEPUMEHTANBHOE noarsepxaeHre. C MoMonibio
CreUHaANbHBIX MePEHOCYHUKOB, HA3HIBAEMBIX TPAHCIOKA3aMM, 4YEpe3
MeMOpaHy OCYILECTBIISeTCA M30MpaTeNIbHEIA MEPEHOC Pa3InyHLIX Opra-
HUYECKMX M HEOPraHMYECKMX MOJIEKYN ¥ MOHOB. B Heil TokanusoBaHbl
epMeHTHI, KaTaIM3MpYIOUIMe KOHEYHBIC JTAllbl CMHTEe3a MeMmOpaH-
HBIX JIMITMIOB, KOMIIOHEHTOB KJIETOYHOM CTEHKH M HEKOTOPEIX IIpYTHX
BE1LECTB,

ObwertpusHana pones I[ITM npoxapvor B npeBpallieHMsIX KIeTo4-
HOM 3HEPrUM. Y GakTepuii, MICTOYHUKOM 3HEPIHM JUIS KOTOPBIX CIYXAaT
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NMPOLECCH IbIxaHus unu orocuuTe3a, B LITIM onpeneneHHbIM oﬁpa~|
30M PACIIONIOXEHbl MEPEeHOCYHWKH LENMU 3JIEKTPOHHOTO TpaHCIOopTa,
hyHKIIMOHMpPOBAaHNE KOTOPBIX NMPUBONUT K TEHEPUPOBAHMIO 3NIEKTPO-
XUMUYECKO# 3HepruM (Afly+), MCITONB3YEMOi 3aTeM B KJIETKE IO pa3-
HbIM KaHIaM, B TOM YMCJIE ¥ U1 00pa3soBaHUs XMMHUYECKOM 3HEPTUH
(AT®). LIIIM siBisieTcss OMHUM M3 KOMITOHEHTOB anmnapata reHepupo-
paHuA Ally+. B MembBpaHe pacnonoxeHs! Takke JepMEHTHBIE KOMII-
nekcesl, obecnieyuBaiolIne npespawieHust: Afly+ = AT®. LITIM npn-
HUMaeT yYyacTHe B PEMUIMKALMH ¥ MOCNEAYIOILEM pa3e/leHHH XpoOMOo-
COMBI MPOKAPHOTHON KIIETKH.

B nocnenHee BpeMsi BRIAB/IAETCA ellie ofiHa (hYHKIIMOHANBHAN rPaHb
KJIETOYHBIX MeMBpaH — MX UHTErPUPYIOLLASA POJib B OPraHW3Me, BITONHE
COYETAOLIASICA € JaBHO YCTAHOBJIEHHO# pa3zbenuHAoLei (6apbepHOii)
dyukimeii. Knerka — enuuoe lenoe. B obecrniedeHHA 3TOro MpHHITMITA
KJIETOYHOH OpraHM3aLMi BaXHad ponb NpUHALIeXUT MmemMOpanam. [1o-
KA33H INEPeHOC MEKTPOXMMHYECKOI SHEPTHH M 3NIEKTPOHOB BIOML MEM-
6pan. INocreaHne paccMaTPUBAIOTCH TAK KE KAK BO3MOXHEIE ITYTH TpaHC-
MOpTa XUPOPACTBOPHMBIX CYOCTPATOB U MONEKYJSIDHOTO KUCIIOpPOA.

IIIIM siBnsierca OCHOBHBIM GapbepoM, oGecrieyMBaloUM H36K1pa-
TeJILHOE MOCTYIUIEHHE B KJIETKY W BBIXOM M3 HEE PAasHOODpa3HBIX Be-
wectB ¥ moHoB!. OcylecTBIseTCs 3T0 C UCIOb30BAHNWEM Pa3HBIX Me-
XaHU3MOB MeMOpaHHOTOo TpaHcrnopta. Beuiensior 4 Tuna TpaHcnopr-
HBIX CMCTEM, C y4aCcTHEM KOTOpBIX NMPOMCXOOUT NMpOHWKHOBEHHE
MOJIEKY/I B GaKTepHAIbHYIO XJIETKY: NMAacCHBHYIO IMddysumo, obner-
YyeHHYIO THQd Y310, akTHBHBIN TPAHCTIOPT Y [IEPEHOC XMMUYECKH MO-
IMULHPOBAHHBIX MONEKYJT.

Monekyns Bonbl, HeKOTOpHIX razoB (HampuMep, O,, H,, N,) n
YINEBONOPOAOB, KOHLEHTPalHM KOTOPBIX BO BHEIUHCH CpENE BhILIE,
yem B KIeTKe, poxondar dyepes LITIM BHYTpE KJIETKM MOCPENCTBOM
naccuBHOM AU dy3uu. JBHKyLIei cHIoi 3Toro NpoLecca ciy-
XKWT rpajieHT KOHLEHTPAUK BEIECTBA MO 0be cTOpOHBl MEMOpAHEL
OCHOBHBIM COEAMHEHMEM, MOCTYTAIOIIMM B KJIETKY W NMOKUIAIOLINM ee
TaKWM MyTeM, ABIsfeTCA Boma. [IpuxkeHne sonsl yepes MemOpamy, 1on-
YMHAIOLIEECH 3aKOHaM MacCHBHOM au(dy3ny, NpUBENO K BbIBONY O
CYLLECTBOBaHHN B MeMOpaHe nop. 31H MOpkI ITOKA HE YIATOCh YBHIETD B
3JIEKTPOHHBINA MMKPOCKOI, HO HEKOTOPHIE NAHHbLIE O HIUX ObUIM mony-
YyeHbl KOCBEHHBIMH MeTOIAMH. PacueTHBIM MyTeM YCTAHOBIIEHO, UTO JIOPHI
[OJDKHBI ObITh OYEHB MEJIKUMH M 3aHMMaTh HEDONBLUYIO YacTh MOBEPX-
Hocti LITIM. BricKassiBaeTCs NpeAnoNoXeHHe, YTO OHH He SIBJISIOTCSH
cTabWIBHEIMU CTPYKTYPHBIMU OOpa30BaHHAMM, 2 BOBHHKAIOT B Pe3yiib-
TaTe BPEMEHHBIX NEPECTPOEK MOJIEKYNSAPHO# OpraHu3allii MeMOpaHbl.

'Y rpammonoxutensabix (opm LIMM sBnsieTcs M eIMHCTBEHHEIM GaphepOM TAKOTO
pona, y I'paMoTpHlaTebHBIX 3ybaKkTepuii GyHKUMH nonoaHHMTelbHOro Gapnepa (Mose-
KYJISIPHOTO «CHTa») BEITIOJIHAET HApyXHasd MemOpaHa KIeTOYHOI CTEHKM, YEPe3 KOTo-
PYI0 MONEKYJTH TPAHCMOPTHPYIOTCS TONLKO NO MEXaHU3MY naccuBHON nudbyiuu.
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,  BonbuimHCTBO (ecny He BCe) rulipodUABHBIX BEILIECTB MOCTYIAET B
KIIeTKY 3a c4eT )YHKIMOHMPOBaHUS CUCTEM, B COCTAB KOTOPKLIX BXO-
[SIT CEeLUa/IbHBIE TIEPEHOCYHKH (TpaHCI0Ka3bl, WIIM [IEpMEa3bl), TaK
Kak ckopocTs duznyeckoit nuddy3nn 3THX BeulecTB Yyepes ruapodob-
HBIt clioit MeMBpaHbl oyeHb Heeennka. [lepeHocuukn — BeluectBa
©enKOROi MPHPOJBI, IOKATW30BAHHBIE B MEMOpAaHE U XapaKTEPH3YIO-
Hpecs BBICOKOH cyDcTpaTHO# cneuMUYHOCTbIO, — CBA3BIBASCH C
cybeTpaToM, MoaBeprarTes KOHGOPMaLMOHHBIM U3MEHEHHSIM H BCJIE-
CTBHE 3TOr0 MpUOOPETaloT COCOOHOCTD K NepeMELIEHHIO cybcTparta ¢
omgHOi cTopoHb! LIITM Ha npyryio.

HM3BecreH MeXaHH3M TPAHCIIOPTA, NOIYIMBLIMH HazBaHue 06 er-
YeHHOH nHUdy3nu, Tpebyroluii 118 NepeHoca BEECTB Yyepes
meMOpaHy yyacTusl TpaHcnokas. [lepeHoc BElIecTs B 3T0M ciyyae nmpo-
MCXOIMT 10 FPaTHeHTy MX KOHLIEHTpAIMH U He TpebyeT aHepretuye-
CKHX 3aTpar. JTOT MEXaHH3M TPAHCIIOPTA He MOJIYYIJ IIUPOKOTO pac-
npocTpaHeHusi y mpokapuoTt. OCHOBHEIM MEXaHHU3MOM U30UpaTeNnsHO-
ro nepexoca seutects yepe3 L[ITM npokapror AB/IgeTcA A K THBH B
TPAaHCNOPT, MO3BONAIOLIMI «<HAKAYUBATEY B KIETKY MOJEKYJBl M
MOHBI MPOTUB HX KOHLIEHTPALIMOHHBIX W 3JIEKTPUYECKUX IPaJiMEHTOB.
OT0T TpolEce, TaK Xe KakK M obnerueHHas nuddy3usi, nmpoTekaer
NpH y4acTHH JIOKann3oBaHHbIX B [IITM nepeHocuyHKoB GenkoBoi npu-
poabl ¢ BBICOKOM CELMPHYHOCTLIO K cYOCTpaTy, HO B OTIHYKE OT
obneryenHoM nuddysun A8 ABUXKEHUH NMPOTHB SJIEKTPOXMMHYE-
CKOro rpagueHra Tpedyer 3arpar Merabonnyeckoii 3Heprun. TpaHc-
MOPT TAKOrO pPOJAa JOJKEH OBITh MO3TOMY CONPSIKEH € PeakKLMsIMH,
NPOAYLHPYOIIMMHI 3HEPIUIO B XUMUYECKOH WIH 3MeKTPOXUMHYECKOM
dopme.

Bo Bcex onmcaHHBIX BHillIE MYTAX nepeHoca selnects Yepes LIITM
OHM MOCTYMAIOT B KJIETKY B XMMWYECKH HEM3MEHEHHOM BHE. ¥ mpo-
KapvOT M3BECTHBI CMCTEMBbI TPAaHCIIOPTA, C MOMOIIbI KOTOPHIX OCY-
LUECTBIISIeTCS NMOCTYIUIEHME B KJIETKY psilla caxapoB, NPH 3TOM Mpo-
11ecC MX nepeHoca vepes MeMbpaHy COnpoBOXIaeTc XU MHYEC KO M
Monudukanueid Monekysa. Tak NMpOHCXOOWT, HAaNpHMED, ITO-
CTYIUICHHE B KJIETKH MHOTHX NMPOKAPMOT MOJICKYN IJIIOKO3BI, B ITPO-
1iecce KOToporo oHU (pocopuaupyroTcs.

Buympuyumonaasmamuyeckue memtpans: npoxapuom. Brilie 6uim
OTMEeYEeHb] pa3iIuMMsA MEXAY MPOKAPHOTHON U 3YKapHOTHOH KIeTKAMH
B OTHOLIIEHWH MX MeMOpaHHBIX cucteM (cM. Tabn. 1). Otcyrereue y npo-
KapHuOT THITMYHBIX OPTaHesl, T.e. CTPYKTYP, NOJHOCTHIO OTTPAHHYEH-
HBIX OT IMTOIUIA3MBl 3MEMEHTAPHbIMA MeMmOpaHaMM, — NMPHHLIWUITH-
aTbHASA 0COOEHHOCTD UX KJIETOYHOM OpraHu3aruu.

B kieTKax pasHbIX IPYIIT TPOKApUOT 0OHApYXeHbl MEMOpaHEI, 110~
CTPOEHHBIE MO TPHHLMUIY JJEMEHTAPHOM, MHbIe, Hexenu LIIIM.
CrpoeHne, XMMHYECKHI cocTaB W (GYHKUMH HapyXHOH MemOpaib!
rpaMoTpUUATENILHBIX 3yDaKkTepuif ormucanbl paHee. UMelolnuecs naH-
HBIE TOBOPAT O TOM, YTO HAPYXHYIO MEMOPaHy MOXHO paccMaTpuBaTh

51



Kak MeMGpady npyroro tuma, otnuyHoro ot [IITM. 310 kacaetcsd
KOHKPETHBIX aCMEKTOB €€ CTPOEHMS M (DYHKIIMOHMPOBAHMSA, HO HE
OCHOBHOTO NMpUHIMITA opraHuzaumu. OnHako HapyxHas MembpaHa or-
HOCUTCS K TIOBEPXHOCTHBLIM CTPYKTYPaM KJICTKH 3yDakTepHii.

Tabnuua 4
MembpaHbl NPOKAPHOT
Menm6paHbl
duamonory- BHYTPHMITATONIA3MATIYECKHE
I yeckue napyx- | HHTO-
POKAPHMOTEL ep— Has wie- | A3~ | dorocuH- | Me30- | npouue
Tounan | M™M= | geryye- |comans-
HeeKAn cKue HEIE
I'pamnionoxu- | Xemotpodst - + - + b il
TENAbHBIC
I'pamorpuuia- | @orotpodsl = L + s F -
TeNbHBIE Xemorpodsi 2 o + - F FrEe

* Or1cyTcTBYET ¥ apXebakTepuil, K1eTOUHasA CTEHKA KOTOPBIX MOCTpoeHa U3 benko-
BEIX cYOBEIMHMII M He okpaumeaercs no [pamy.

** OTcyTCTBYIOT Yy 3eneHBIX baxtepuit, umavobakrtepuu Gloeobacler violaceus wu
IKCTPCMANBHO TATOQUIBHEIX apXxcbakTepuii.

*** EcTh ¥ HEKOTOPBIX MeTaHOOpasyiolmx apxebakTepuii.

*¥ee CUIBHO pasBHThl Y HUTPpUGULHPYIOWMX, HEKOTOPHIX a30T(HKCHDYIOLIMX,
METAHOKUC/IHIOLUX DaKTepuii.

Cpeny BHYTPULIMTOIUIA3MATUYECKUX MeMOPAH BBLIEISIIOT HECKOMb-
KO BUIOB (Tadn. 4). Paspurasg cucteMa BHYTPHIIMTOIUIa3MaTUYECKHX
MeMOpaH xapakTepHa JUist SoNblIMHCTBA GOTOCHHTE3NPYIOLITHX 3yDak-
Tepuii. ITockonbky 6bU10 MOKa3aHO, YTO B 3TUX MeMOpaHax JIOKaIH-
30BaH GOTOCHMHTETUYECKHII armmapar KJIETKH, OHH MOAy4YMIH oblee
Ha3paHue dorocuHTeTHYecKkux MemOpaH. Bece doTocuHTeTHYECKNE
MeMOpaHsl (KaK ¥ BCe BHYTPHKJETOUHBIE) — mpousponHeie [IITM,
BO3HMKIINE B PE3YAbTATE €€ pA3pacTaHWs W [NIYOOKOro BNSYMBaHUSA
(MHBarMHAIMH) B LUTOIUIa3My. ¥ HEKOTOPBIX OPraHM3MORB (ITypnyp-
Hble GakTepun) QOTOCHHTETHYECKHE MEMOpaHbl COXpPaHMIH TECHYIO
ceszb ¢ L[TIM, nerko obHapyXuBaemylo NMpu 3JeKTPOHHO-MMKPO-
CKOIMMYECKOM M3YYEHHH YJIBTDATOHKMX CPe30B KJIETKH. Y yuaHobak-
Tepnﬁ 37Ta CBA3b MEHEE O4YEBHIHA. OHHH aBTOPBI CYMTAIOT, YTO CBA3b
dorocuureTnyeckux memopan ¢ LITIM y unanobakrepuii Bcerna cy-
LIECTBYET, HO TPYIHO BBISBJSIETCS, MOCKOJLKY PENKO MONANaeT B
IIOCKOCTh cpe3a mpenaparta. [lo npyromy MHenmio, GOTOCMHTETH-
yeckue MeMOpaHbl HuaHobakTrepHii — CTPYKTYpHl, BO3HUKILIKE Iep-
BoHayanbHo W3 LITIM, HO BrOCNEACTBMM OTAEMUBLIHECS OT HEE U
ABNAIOIIMECS B HACTOSMIIEE BPpEMSI ABTOHOMHBIMM KJIETOYHBIMM KOM-
ITOHEHTAMU.

52



| BuyTpuumronnasMaTudeckue MeMOpaHb! (POTOCHHTE3UPYIOLLMX
3ybaxTepuii MOIyT MMETh BHI TPYGOYEK, My3LIPLKOB (BE3UKYJ, XpO-
MaroopoB) WM YIUIOUIEHHBIX 3aMKHYTBHIX NUCKOB (THI2aKOMIOB),
00pa30BaHHBIX NBYMS TECHO CONVMXXEHHBIMM MeMOpaHHBIMM ILUIACTH-
Hamu (namenamu) (cM. puc. 4). Cucrema GpoTOCHHTETHYECKHUX MEMD-
paH oYeHb ruacTidHa. Ee Mopdonorusa ¥ cTeneHb pa3BUTHS B KJICTKE
orpenensoTcd MHOTUMHK (paKTOpaMH BHELIHEH cpelsl (WHTEHCHUBHO-
CTBIO CBETa, KOHLIEHTpALIMEl KUCNopoaa, cCHabkKeHUeM KJIETKH IMUTa-
TeJlbHEIMKM BEILECTBAMHM), & TAKXKE BO3PACTHBIMM XapaKTEPUCTUKAMM
KYJBTYPBL

¥ NpoKaprHoT, MPHHALIEXALIWX K PA3HBIM IPYTIIaM, OITMCaHkI N0-
KanbHble BrssyMBanug LIIM, nmonyymBinue naszpaHve mes3ocoM (CM.
pHc. 4). Xopolllo pa3sBUTHIE M CIIOXHO OpPraHW30BaHHBIE ME30COMBI Xa-
paKTepHBI I MPAMITOIOXKUTENBHLIX 3y0akTepHii. ¥ rpaMoTpHLIATENb-
HBIX BUWIOB OHM BCTPEYAIOTCH 3HAYUTEJILHO PEXe U OTHOCUTEBHO 11pO-
cro opraHn3oBaHbl. Mesocomsel paznuuaioTcs pasmepaMu, (opMoi 1
JIoKanu3anueil B kierke. Beinensior TPM OCHOBHEIX TUIA ME30COM:
namesuisipHeie (MIacTHHYAaThIe), Be3UKYIApHEIe (MMetotme GopMy my-
3LIPBKOB) M TyOysipHbIe (TpyOuaTkie). YacTo MOXHO HabmonaTk Me30-
COMBI CMELIIAHHOTO THITA: COCTOSILIME M3 NaMe/UT, TpyBoyek M ny3blpb-
koB. Ilo pacronoxenuio B KIeTKe pas3iM4yaioT ME30COMEI, 0bpa3yro-
ujdecsd B 30HE KJIETOYHOIO OeNeHHs W QOPMUPOBAHMS IONEPeYHO
TIEperopoaku (CenThl), ME30COMBI, K KOTOPBIM INPHUKPEIJIEH HYK-
JIeOMl, U MEe30COMBI, cQOPMUPOBAHHLIE B pe3ynbrare HHBarMHALIMH
nepudepuueckux yyactkos LITM.

CylIEcTBYIOT pa3sHble TOYKH 3PpEHHUS OTHOCUTENBHO POJIM ME30COM
B KieTke. CornacHo OIHOM U3 HIUX Me30COMBI He SIBJIAIOTCHA 00s3aTeb-
HOM CTPYKTYPOIii, a CIIYKAT TOJIBKO /11 YCUIIEHHs ONpeNesIeHHbIX KJie-
TOYHBIX QyHKUM, yBeMUuMBas oOLUYIO «pabouyyio» MOBEPXHOCTE MEM-
6pan. ITonyuyeHsl TaHHBIE O TOM, YTO C ME30COMAMH CBSI3aHO YCHIIe-
HHME 3HEPreTyeckoro Merabonuima kietok. Me3ocoMbl MTPaloT posb
B PETUTMKAIIMM XPOMOCOMBI 1 €€ MOCNenyolleM pacXoXIeHUHU Mo 10-
YepHHUM KJIETKaM, YYaCcTBYIOT B MpoLEecce MHILIMALNK ¥ POpMHPOBa-
HHSl MONepeyHOH TIEpeEropoaKy MpH KJIeTOYHOM neneHnu. i Heko-
TOPBIX [PaMITONOXHUTENbLHEIX OaKTEpHii 0OHapYXXeHO y9acTUe ME30COM
B CEKPETOPHBIX MPOLIECCAX.

BhiCKa3LIBACTCH TAKKE TMPEANONIOXEHUE, YTO ME30COMBI HE MpH-
HUMAIOT aKTHBHOI'O YYacTus B MPOLECCAaX KIETOMHOIO MeTabonusma,
HO BBIMIOJHSIOT CTPYKTYPHYIO (hyHKLMIO, o6ecrnedynBasl KOMIapTMeH-
TANTU3ALHID MPOKAPUOTHOH KJIETKH, T.€. [POCTPAHCTBEHHOE pasrpa-
HUYEHHE BHYTPHKJIETOYHOIO CONEPXHMOro Ha OTHOCUTENLHO 060c00-
JIEHHBIE OTCEKH, 4YTO co3JaeT bonee GnaronpusTHBIE YCJIOBUS IUIS PO-
TEKaHUs ONpeNeNieHHLIX MocnenoBaTellbHOCTEH (EepMEHTATUBHBIX
peakumii. OIHOBpEMEHHOE CYIUECTBOBAHHE Pa3IMYHbIX TMITOTE3 OTHO-
CHUTEJIbHO POJIH ME30COM B IPOKAPMOTHOH KJIETKE YK€ YKA3bIBAET HA
TO, 4TO WX (DYHKLMH NMPOAOJKAIOT OCTABATBLCH HESICHBIMU.
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CuUnpHO pa3BUMTAs CHCTEMa BHYTPUUMTOIIA3MATHYECKHX MeMOpaH,
MOpPQOJIOrHYeCKH OTINUYAIOIIMXCA OT ME30COMANBHBIX, ONMHUCAHA Y
NpecTaBUTeneit Tpex rpymn rpaMoTpHULIATENIBHBIX XeMOTPOHBIX 3yDak-
Tepuii (a30TQUKCHPYIOLIMX, HUTPUDULMPYIOLIMX M METAHOKMCIAID-
LX), /U711 KOTOPBIX MOKAa3aHbl BRHICOKAS AKTHBHOCTh ABIXAHWS, & TAK-
*e crnocobHocTh MeTabONMU3UPOBaTh PACTBOPEHHLIE B XWAKOW cpeze
razo0bpa3Hble COENUHEHUS.

Luroszons n pubocomel

Copepxumoe xnetku, okpyxenHoe LIITM, HaznBaeTrca uLmTO-
naa3mo i Opakuus LMTONNA3MBl, UMEIOLIAS TOMOTEHHYO KOHCH-
CTEeHLMIO M conepxaiuasa Habop pacteopumbix PHK, depmenThsix Gen-
KOB, NMPOIYKTOB M CYOCTPaTOB MeTAOONMYECKHX peakuuii, Nnojydymia
HA3BaHHE [T TO3 0. [pyras yacthk HHTOILIA3MEI NPECTABJIEHA Pa3-
HOOOpa3HBEIMH CTPYKTYPHBIMU 3JIEeMCHTAMH: BHYTPHLIMTOIIA3MATHYC-
ckuMu MeMbpaHamu (€C/IM OHM €CThb), FEHETMUECKHM anaparoM, pH-
DocoMaMu M BKITIOYCHHMSIMM pa3sHON XMMMYCCKOM npuponsl 1 QyHK-
IIMOHATLHOIO HA3HAYEHHS,

PubocoMbl — MecTo cHHTe3a Oenka — puGOHYKIEonpoTENHOBLIE
yacTullbl pasMepoM 15—20 um. Mx xonuyecTBO B KJETKEe 3aBHCHT
OT MHTEHCHBHOCTH MpOueccoB OeNKoBOro cuHTe3a M konebnercs
ot 5000 xo 90000. Obiuas Macca pubOCOM MOXET COCTABJATh IPU-
MepHo !/4 KnetoyHoit Maccel, a konuyecTBo pubocomanshoiit PHK
(pPHK) — 80—85 % Bceii baxrepuaneHoii PHK. OtHoenue pPHK/
6enok B pubocomax E. coli cocraBnsier 2:1, y ApYrux MPOKapHOT OHO
MOXeT OBITE HECKOMBLKO COABHHYTO B CTOPOHY Tipeobnananua Genka.
PubocoMbl MpOKapHOT UMEIOT KOHCTAaHTY ceiMeHTarn 70.5, oTue-
ro nmonyuunu Haspauue 70S-yactuil. OHM MOCTPOEHBI M3 IBYX HE-
onuHakoBBIX cybuactuil: 305- u 508-cybrenunui!. 30.5-yacTiua co-
nepXut onHy monekyny 165-pPHK u B GOnbIUMHCTBE CIYYaeB 110
onHOoit Mmonekyne 6enka Gonee 20 Bupos. 505-cyGbenMHMULIA COCTOUT
u3 aByx Monexyn pPHK (235 u 55). B ee cocras Bxomsir Gonee 30
Pa3sTMYHEIX BENKOB, TakoKe IMpeACTaBIeHHLIX, KaK INpaBWio, OIHOMN
Konueii. bonblias yacth pubocoManbHbIX 6€JIKOB BHINOMHAET CTPYK-
TYPHYIO QYHKIIMIO.

Cunres 6esKa oCylUecTBAsSETCSA arperaraMu, COCTOSIIMMW U3 pU-
6ocom, Monexyn uHdopmannoHHoit U TpaHcmoptHeix PHK ¥ Haszwl-
BaeMbIMM TonMpubocoMaMM, WM nonvcoMamu. IlocnemHue moryt
HAXOAMTLCA B LIMTOIUIA3ME WM Xe ObITh CBA3AHHBIMH ¢ MEMOpaHHbI-

MM CTPYKTYpPaMH.

I OBosuaucuus 308, 505, 705 — KOHCTAHTH CEIMMCHTAHMM, XapaKTCPH3YIOLHe
CKOpPOCTh, C KOTOPO# 3TH YACTHIBLI OCAXIAWTCH B LEHTpU(YTE NpH ONpeaeNeHHbIX
CTaHAapTHEIX YCIOBUSX,
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TeHeTWYeCKWA annapaT U pennuMKauuA XPOMOCOMbI

CTpoeHKe reHETMYECKOTO alnaparta MPOKAPHOT AONToe BpeMs ObUio
MpeaMETOM XAPKUX IMCKYCCHIA, CYTh KOTOPLIX CBOIWIACH K TOMY, €CTb
y HHX TAKOE XE sip0, KAK Y 3YKApPHOT, WIH HeT. YCTAHOBNEHO, YTO
reHeTHYEeCKHIl MaTepuan NMPOKAPHOTHLIX OPraHu3MOB, KaK U 3yKapu-
otHeiX, nipeactasied [JHK, HO uMeloTcs cylleCTBEHHBIE pasiuyMs B
ero CTPYKTYypHOIi opranusauuu. Y npokapuot JJHK npencrasiser co-
Boi1 bonee WM MeHee KOMNakTHOE oOpa3oBaHKe, 3aHHMAIOLLEE ONpe-
neneHHyio obnactb B LMTOIUTA3ME M HE OTHENeHHOE OoT Hee MemOpa-
HOM, KaK 3TO MMEET MECTO y 3yKapuoT. YTobbl mogyepKHyTh CTPYK-
TYpHBIE pa3NiMyMAd B TEHETHYECKOM amnapare NMPOKapHOTHBIX W
3YKAPHOTHBIX KJIETOK, NMPEUIOXEHO Y MEPBBIX eI'0 HA3bIBaTh H Y KJI e-
OHMAOM B OTJIMMHE OT SAPA Y BTOPBIX.

Tlpy 3NeKTPOHHO-MMKPOCKONMYECKOM HaOJIONeHWM BHIHO, YTO
HYKJIEOM[ NPOKAPHUOT, HECMOTPS HA OTCYTCTBUE SiIEpHO MeMOpaHBI,
JIOBONBHO YETKO OTTPaHHYEH OT LIMTOIUIAa3Mbl, 3aHHMAET B HEil, Kak
MpaBUiio, LIEHTPaTbHYI0 00nacTh U 3anonHed HUTAMU JIHK nuamer-
poM okono 2 HM. He HCKIII0YEHO, YTO Ha BLISBJIAEMYIO B 3JIEKTPOHHOM
MMKPOCKOITE OpTraHH3aLHI0 MPOKAPHOTHOM XpOMOCOMBI GONBILIOE BJIU-
SIHME 0Ka3biBalOT yenioBus GHkcalmu npenapara. 1o nMeromumMes Ha-
GnroneHUsIM, B XHBOH KIEeTKe HVKIeOoW] 3aHMMaeT Oonblie Mecta B
L{HTOILIA3ME.

Bes reHeruyeckas MHGOpMAaLIUA NMPOKAPHOT COOEPXUTCH B OLHOHN
monexyne JJHK, umeroiueit popMy KOBaTeHTHO 3aMKHYTOIO KOJIbLIA M
nomy4MBilei HasBaHue GakTepuanbHoO# XpoMocomsur'. -
HA MOJIEKYJIb! B Pa3BEpHYTOM BHIE MOXET COCTaB/ATh Gonee 1 MM, T.€.
nouytd B 1000 pa3 npespnuath WIHHY GakTepualbHON kiaeTkH. Jlmi-
TeJIbHOE BPEMSI CUMTAIM, 4T0 B pacnpeneneHnu Huteid JIHK Gaxrepu-
ATLHON XPOMOCOMBI HE TMPOCEXHBAETCA HUKAKOI 3aKOHOMEPHOCTH.
OnHako ecjii MCXOIUTh M3 Toro, 4to Mosekyna JJHK o6pasyer 6ecrio-
PANOYHBINH KIYDOK, TPYOHO OOBACHMTH MPOLIECC PEMNMMKALIMM W TTO-
cleflyioliee pacrnpeaeneHue oopa3’oBaBIIMXCS XPOMOCOM IO JOYEPHUM
KieTkaM. CrelManbHbIC HCCAETOBAHMA MMOKA3AIN, YTO XPOMOCOMBI TTPO-
KApMOT NPEeAcTaBisaioT cob0il BLICOKOYNOPSIOYEHHYIO CTPYKTYPY, HMe-
oIy KOHCTaHTy cemuMentauuu 1300—2000.85 nna coGomioit u
3200—7000S jna ceszaHHOM ¢ MeMOpanoi opmMbl. B ToM U npyrom
cnyyae yacth JIHK B 570# CTpyKType npeacrabieHa cuctemMoi us 20—
100 He3aBHCHMO CYTIEPCITMPAIM30BAHHLIX neTeNb. B obecrieyenuu cynep-
CTIHPATHM30BAHHON OpPraHU3aUmMy XpOMOCOM YYACTRYIOT Moneky/ibl PHK.

XpomMOCOME! BOBUIMHCTBA MPOKAPHOT MMEIOT MOJIEXY/IAPHYIO MACCy
B nipenenax (1—3) - 10° Ha. B rpynie MUKOIUIA3M reHETHYECK Ui MaTepH-

! B npokapwottoit knetke JIHK MOXeT HaXomuTECS M BHE GakrepHanbHOii XpoMo-
COMBI — B TUIa3MHMIAaX, HO MOCHCOHHE HC ABIAIOTCH obsA3aTenpHbIMH  KJIETOUHBIMHM
KOMIMOHEHTAMMH.
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an npencrapjieH MOJEeKY/IaMu, UMEIOLMMH HauMCHbIIEE N KJIeTo4Y -
HbIX opraHusmos koauuyectso JIHK (0,4—0,8)- 10°, a naubonsiuee co-
nepxaume [JTHK o6HapykeHo y HUTYaTHIX LuaHobakTepuit (8,5 10%).
XoTs kaxnas MpoKapHOTHAS KIETKa conepxuTt 1 xpomocomy, 4acto B
3KCMIOHEHUMANBHO pactyiieil kynerype konuuectso JIHK Ha xierky
MOXeT JIocTHraTh Maccel 3, 4, 8 u Gonee xpomocom. Hepenko B kner-
Kax NpH [eHCTBUH HA HUX onpeaeleHHLIX GakTopoB (TeMnepaTyphl,
pH cpensl, HOHU3UPYIOLIErO M3JYYEeHUs, CONeil TAXENbIX METAIOB,
HEKOTOPLIX AHTUOMOTUKOB M JIp.) MPOUCXOOMT 00pa3oBaHUEe MHOXE-
ctBa KOMUii xpoMocoMel. Ilpu yeTpanennn BozneiicTBusi 3tux daxro-
POB, a TaKXe Iocie Mepexona B CTauMoHapHyIo dhaly B KIeTKax, Kak
MpaBuNo, OOHAPYXUBAETCS MO ONHON KOMUH XpPOMOCOMBI!.

A
NH, 1
LK
(I) ® N o ,
O=P—0—CH, 9

Puc. 16. Crpoenne JHK:

A — dparment Huty JTHK, 00pazosaHHO#M 4YepedylOlMMMCH OCTATKAMM [E30KCHPH-

6o3n1 ¥ docdopHoii kucnoTe. K nepsoMy ymiepoaHoMy aTtoMy Ne30KcHpubo3s!l npn-

COEAMHEHO a30THCTOE OCHOBAHHE: | — LWTO3uH; 2 — ryaHuH; b — ABoitHas coMpans

JHK: 1 — nesokcupubosa; @ — docdar; A — anenun; T — mamun; I' — ryaHun;
L[ — uuTo3uH

! Y3 M3n0XeHHOro BLILIE CNEAYET, YTO TEPMMHEI «HYKICOMI» M «XpOMOCOMas He
Bceraa coBranaoT. B 3aBUCHUMOCTH OT YCIOBHII HYK/IeOH MPOKapHMOTHOH KIETKH MO-
XET COCTOATh M3 ONHOMN WX HEKOTOPOIo YMCia KONU XPOMOCOMBI.
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JHK mpokapuoT MOCTPOeHa TaK Xe, KaKk W 3yKapuoT (puc. 16).
Monexyna JIHK HeceT MHOXECTBO OTPHLIATENILHBIX 3apSAI0B, TIOCKONb-
Ky Kaxnelid docharHblit 0CTATOK CONEPXUT HOHH3MPOBAHHYKO TMAPO-
KCUABHYIO Tpyniy. Y 3yKaproT OTpUMLIATENbHBIE 3apaibl HEUTPanu3y-
10TcA obpasopanueM Komiuiekca JJHK ¢ ocHoBHBIME GenkamMm — TH-
croHaMy. B kneTkax mopmapnsioinero OONBIIMHCTBA MPOKApHOT He
06HapyXeHO TMCTOHOB, NNO3TOMY HeHTpaIU3aLMs 3apsi0B OCYIIeCTB-
nsierca BzanmoneiictereM JIHK ¢ nonnamMusamu (CiepMHHOM H CIiep-
MMIMHOM), a TaKXe ¢ HoHaMu Mg?*. B noclieiHee BpeMsi Y HEKOTOPBIX
apxebakTepuii u LMaHobakTepuii 0OHAPYXXEHEBI TMCTOHBI M TMCTOHO-
nonobueie 6enku, ceasanHue ¢ JHK. Conepxanue nap ocHoBaHwui
A+T u I'+ 11 B monekyne JIHK apnsiercs nocrossHHBIM U1 JTAHHOTO
BUJA OPraHW3Ma U CIYXMT BAXKHBIM AMATHOCTUYECKHM TMPH3HAKOM.
Y mpokapuot mongpHas nons I'll 8 JHK xonebnercs B oYeHb 1IKPO-
Kux nipenenax: ot 23 no 75 %.

Hemenne monexynsl JIHK (peruimMkanus) npoMCXOAMT MO TONY-
KOHCEPBATMBHOMY MEXaHU3MY M B HOPME BCErna npelilecTByer aele-
HM10 Ki1eTKH. C MOMOIIBIO WIEKTPOHHOTO MMKPOCKOIA YCTAHOBNIEHO,
yro perutukaumusa JJHK HauvHaeTcs B TOYKe NMPUKPEIUICHHS KOJblIE-
Boi xpomocoms! k IITIM, roe noxanusoBaH depMeHTATMBHEIH arniia-
paT, OTBETCTBEHHBIH 3a perUiHKauuio. Yacto MOXXHO 00HAPYXUTh, YTO
xouTakT JTHK ¢ IIIIM ocymecteisercss nocpencrsom Mezocom. Pe-
IUTMKALMS, HAYABILAACH B TOYKE MPUKPEIUIEHHs, MIET 3aTeM B JBYX
IPOTUBOIOMIOXHBIX HANPABIEHUSIX, 00pa3ys xapaKTepHBIE IS KOMb-
LIEBOI1 XpOMOCOMBI TIPOMEXYTOMHBIE CTPYKTYpHI (puc. 17). BozHukaio-
1ME NOYEePHHE XPOMOCOMBI OCTAIOTCS MPUKPEIUIEHHBIMU K MeMOpaHe.
Permukaums monexkyn JHK nmpoRCXomMT mapa/UleIbHO € CHHTE30M

A b B

Puc. 17. Pennukaums xonelepoi 6akTepuaibHON XPOMOCOMEL B ABYX
HanpagsjleHHMsX:
A — ponutensckas monexyna JHK; b — npoMexyroyHble periMKaTHBHbE (HOPMbI;
B — nouepuue monekynsl JIHK mocne 3asepluieHus npouecca PeTUTHKAIIMHM M PACKOX-
NenMs: | — TOUKA HAYANA PETUTMKALMM; YEPHRIMU CTPEIKaMU NOKA3aHO HANpaBieHue
PEIUTHKALIHM
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Puc. 18. Mexanu3mM pacripeae/ieHus 0aKTepHaabHBIX XPOMOCOM:

A — GakrepuaneHad KNeTKa COOEPKMT HACTHYHO PEMIMUMPOBAHHYIO XPOMOCOMY,
MPUKPETNEHHY0 K MeMOpaHe B TOYKe (MJIM TOYKaX) perumMkapuu; 5 — pennukanus
XPOMOCOMBI 3aBeplueHa. B 6axTepuatbHol KIETKE IBE OO4CPHHUE XPOMOCOMEI, KaXaas
U3 XoTopeix npuxperuiena x LITIM. IMokasan cuHTe3 knetoyroii credky u LIIM; B —
MPOAOJDKAYOIIMIACA CHHTE3 MeMOpaHsl M KJIETOYHOIM CTEHKH MPHUBOLMT K Pa3lesiCHHIO
Ao4yepHUX XpoMocoM. TTokasaHo Hauano OefeHUs KIeTKH nyTem obpa3oBaHuA nome-
peuHoit neperoponky; /| — JHK; 2 — npuxpernieHue xpomocomsl K LIMTM; 3 —
LIITM; 4 — kneToyHas cTeHKa; 5 — cuHTe3upoBaHHLI yuyactox IITIM; 6 — HoBkIi
MATEPHAN KJIETOMHON CTEHKH

MemBpanh B o6nacti koHTakta JIHK ¢ HHITM. 3to npuBonuTt k pasne-
Jnenuto (cerperauuu) modepHux monexkyn JHK u odopmnenuro obo-
cobneHHBIX XxpoMocoM (puc. 18).

Monent cTpoeHus OaKTEpHATBHON XPOMOCOMBI O/KHA OBBACHATH
TAKKe MPOXOXIEHHE B KJIETKE MPOLIECCOB TPAHCKPHUITIMM U TPaHCH-
Y. CornacHo CYIUECTBY IOIIAM IPEACTABICHUSM CYIIEPCITHPATHI0BAH-
HBIC METNM COOTBETCTBYIOT HEAKTHBHBIM B JIAHHOE BpEMs YYacTKam
JHK u naxonsrea B ueHTpe Rykieomua. [lo ero nepudepun pacrnona-
raloTCs NeCTTHPATH30BAHHLIC YYACTKH, Ha KO-
TOPBIX MPOMCXOMNAT CUHTEe3 HHOpMAaLIMOHHOMH
PHK (uPHK), npu 310M, nockonsky y Gak-
TEPUH NMPOLIECCH! TPAHCKPMITLIMKM W TPaHCI-
UMM MAYT ONHOBPEMEHHO, OJIHA W TA XK€ MO-
nexyna uPHK moxer 6uiTh OnHOBpeMEHHO
cessana ¢ JIHK u pubocomamu (puc. 19).

Puc. 19. Mogens oprauu3sauuu
uykiteoruna E. coli:

I — HapyxHasa meMOpaHa KneTouHo#H cTeHky; 2 — nemn-
THIOINHUKAHOBRI cnoit; 3 — I[IIM; 4 — Touka npu-
KpemjeHus DakTepHanbHOW XxpomocoMel k LITIM;
5 — pubocomnel, «cunsiuue» Ha uPHK; octanbHeie
obbAcHeHHs cM. B TeKete (mo I'pomosy, 1985)
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PocT U cnocobbl pazMHOXEHUR

ITon pocTtoM NMPOKapUOTHOM KJIETKM MOHUMAKT COINMAacOBaHHOE
YBEJHYEHME KOJIMYECTBA BCEX XMMUIECKUX KOMITOHEHTOB, M3 KOTOPBIX
OHa noctpoena. PocT ABnsAeTcsa pe3ynsTaTOM MHOXECTBA CKOOPIMHH-
POBaHHBEIX OHOCHHTETMYECKHX IMPOLECCOB, HaXoAAILMXCS TMOI CTpo-
MM PeryISTOPHBIM KOHTPOJEM, W MPUBOIUT K YBEIMUYEHHMIO MACCH (2
ClenoBaTe/lbHO, M pasMepoB) kieTku. Ho poct xierku He 6ecripene-
nen. Ilocne mocTikeHMs oNMpeneseHHbIX (KPUTHMYECKMX) pasMepoB
KIIETKA MMOABEPraeTCH IEeHHUIO.

Jl1sa nopasasomero 60AbIIMHCTEA MPOKapHOT XapakTepHO pa B-
HOBenukoe OMHapHOe NMoOMepevyHOEe AEJeHUE, MPUBO-
Jsuiee K 06pa3oBaHUIO IBYX OIMHAKOBBIX AovepHuX kietok. Ilpu Ta-
KOM criocobe neneHusi MMeeT MeCTO CMMMETPUSI B OTHOLIEHHH Mpo-
JIONLHOM M TONepevyHOi ocH. Y GONBIUMHCTBA rPaMITONOXKTE/IbHBIX
3ybakTepuii M HUTYATHIX IHAHOOAKTEPUI ENEHHE TPOUCXOIUT IyTeM
CHMHTE3a MONEPEeYHOH MEPETOPONKH, MAYILEro oT nepudepuu K LIeHT-
py (puc. 20, A). Tak, y Bacillus subtilis B cepenviHe KJIETKM cHayana
HMMeeT MecTo Konbuesoe srstanBanue LI1TM, conpoBoxnaroieecs thop-
MHMpOBAaHMEM ME30COM pa3HOro BHelurHero Buiaa. OHu obpasylorcs B
MECTe 3aKJIaJKV IONepeYyHOM NMePeroOpoiKH, W TPENIONaraeTcs ux ak-
TUBHOE yyacTHe B NMpOLleccax CMHTe3a NeNTHIOTIMKAHA W IPYTHX KOM-
TIOHEHTOB KJ1eTO4HO# cTeHKH. [TonepeyHas rmeperoponka dopMupyercs
u3 J[IIM ¢ nenTHaOrTMKAaHOBOTO CJIOSA, €€ HApYXXHbIE CIOM CHHTE3HU-
pytoted nosaHee. KneTku GonbliimHCTBA TpaMOTPULIATENBHBIX 3y0aKkTe-
PHIi nenaTcsa myTeM nepersokku. Y E. coli Ha Mecte neneHust 0OHapyxu-
BAETCH MOCTENEHHO YBEIMYUBAIOIIESCS M HAMPARIEHHOE BHYTPb HCKDHB-
nenue HITM u krerouHoii crenku (puc. 20, 5). Curtes HOBO# KIIETOYHOMK

Puc. 20. CrnocoOGrl feneHUs ¥ CHHTE3
KJICTOYHOM CTEHKH Y MPOKAPHOT:

A — penenMe myTem oOpasoBaHus MonepeqHO Neperopofxu; 5 — JeneHne myTeM

NICPETAXKH; B — noukopaHwue, I' — MHOXCCTBEHHOE JeNcHUE; | — KIETOYHAS CTeH-

Ka (Toncto#t muHMEel obo3HaveHa KJIETOYHAs CTEHKAa MaTepHMHCKOM KIETKH, TOHKOW —

3aHOBO cuMHTe3upoBaHHas); 2 — IIM; 3 — memGpanias cTpyxTypa; 4 — UMTOIUIA3MA,

B LIEHTpe KOTOPO#i pacnoNoxeH HYKICOMI; 5 — JOMONHKTENbHbINH GUEpUINapHbL
CNO#M KIeTOYHOM CTEHKH
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CTEHKH MOXET NPOMCXOOHTL B HECKOMBKMX MECTAaX WIIH TOJNBKO B 30HE
dopMupoBaHus NonepeyHoil neperoponku (puc. 20, A, B).

BapuaHToM OMHapHOTO JeneHus SBASeTcd N O0Y KO BaH U e, KOTo-
pOE MOXHO pPacCcMaTpiBaTh KaK HEPAaBHOBENWKOE ODMHApHOE NeNeHHe.
Tlpu rmoukoBaHUHM HA OJJHOM U3 MOJKCOB MAaTEPUHCKOM KJeTKH obpa-
3yeTCs MajeHbKUE BHIpOCT (MOYKa), YBENWYMBAKOIUHKICS B Mpolecce
pocta. [TocTeneHHO roYKa JOCTHIaeT pa3sMEPOB MAaTEPUHCKOM KIETKH,
MOC¢ 4ero OTAeNseTCs OT nocienHeii. KinetouHas creHKa moyuKH mo-
HOCTBIO CHHTE3upYyercs 3aHoBo (puc. 20, B). B npolecce noukoBaHus
CUMMETpHS HabMIOnacTCs B OTHOILCHWH TOMBKO IPOHOILHOM ocH. Tlpu
PaBHOBEMMKOM OMHapHOM AETIeHUH MaTEPUHCKAs KIIETKA, IeNsACh, 1aeT
Hayasio ABYM JOYCPHHMM KIeTKaM W caMa, TAKWM oDpa3oM, ucyesaer.
Tlpu nodkoBaHKWKM MaTepuUHCKas KJIeTKa JaeT Havyallo JodyepHei Kiet-
K€, M MeX1y HUMH MOXHO B GOJIBLIMHCTBE CIy4aeB 0OHAPYXUTh MOp-
¢onoryteckue ¥ PHUIMONOTHYECKHE Pa3IUUK: €CTh CTapas MaTePUH-
CKas KJeTKa W HoBas ago4depHsas. B 3ToMm criyyae MOXHO Habmomarn
npouece crapeHus. Tak, /Uil HEKOTOPHIX mTaMMoB Rhodomicrobium
IMOKa3aHo, YTO MaTepUHCKAs KJIeTKa CnocobHa OTIOYKOBRIBATE HE Donee
4 nouepHux Kaetok. JlouepHue KJIETKH Jiy4lie NpUCIiocablmMBaloTes K
MeHsoumMcs ycinoBusM. [ToukoBaHue oOHapy)XeHO B pasHBIX TPYIIIax
NpoKapuoT: cpenu (oro- U XeMOTPOdOB, OCYILECTBIAIOLMX aBTO- U
reTepoTpohHEI KOHCTPYKTHBHEIH MeTaGonu3am. BepositHo, oHO B po-
I1eCCe HBOIIOLIMK BO3HHUKAIO HECKOJLKO pas.

buHapHoe neneHue MOXeT IPOUCXOMUTDH B OMHOM WK HECKONTBKMX
IUIOCKOCTsIX. B mepBoM ciyyae, eciiu noclie neneHus KIeTKH He pacxo-
ISTCH, 3TO NPUBOLWT K 0DPazoBaHUIO TIENOYEK NATOYKOBUIHBIX WITH
ctepuyecKKHX KJICTOK, BO BTOPOM — K KJIETOYHBIM CKOIUIEHWAM pas-
Ho# hopMsI (cM. puc. 3, 4— 6). PacxoxneHue 06pasoBaBlIMXCH A04YEP-
HUX KJIETOK IPOUCXOOUT B PE3yIETATE JIM3HCA CPETHEro CAOS KIeToY-
. HOH CTEHKM.

Jns onHo# rpynIsl OAHOK/IETOYHEBIX HMaHODaKTepHil onucaHo pas-
MHOXEHUE yTeM MHOXecTBEHHOro geieHwua OHo HaypHa-
€TCA C NpeABapUTENLHOH PETUTMKALMH XPOMOCOMB] ¥ YBEJIMYeHUS pa3-
MEpOB BETETATHBHOU KIIeTKM, KOTOpas 3aTeM MpeTeprieBacT pal Obic-
TPBIX NIOCIEAOBATENBHBIX OMHAPHBIX JEeNEHH, IPOUCXOOSIUUX BHYTPH
JOIMONMHUTENLHOro (PUOPIILISAPHOTO ClI0A Mare¢pUHCKON K1eTO4YHOI
CTEHKH. BTO NPUBOAKT K 0Opa30BaHMUIO MEJIKMX KIETOK, TMONyYIHBILIHX
Ha3BaHHE DacouWTOB', YHMCIIO KOTOPBIX ¥ pPasHEIX BHIOB KOJIEGNIETCS OT
4 po 1000. OcsoboxneHne 6aeOLUTOB IPOUCXOAWT ITYTEM pa3phiBa Ma-
TEPUHCKOI KNeTouHoil creHky (puc. 20, I'). Takum obpasoM, B ocHOBe
MHOXKECTBEHHOTO JEJIEHMS] JIEXXHT MPUHLIMIT PaBHOBEIMKOTO OWHap-
HoTo JeneHud. OTnuuKre 3aKn04aeTca B TOM, YTO B 3TOM CJIy4ae rocsie
OMHApHOrO ZIelIEHUs He MPOMCXONWT pocTa 0Dpa3oBaBILMXCH JOYEP-
HUX KJIETOK, 4 OHWY CHOBA ITOABEPralOTCH JIEIEHHIO.

1 Bae.ouwr B MEPEBOE C IPEHECKOro — MalCHBKAA KIETKA.
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JeneHue NpoKapuOTHOI KINETKH HAYMHAETCS, KaK NPaBUNO, CITyC-
TH HEKOTOPOE BPEMs IOC)e 3aBepIUeHEA IMKIA PEIUIKKALUWM MONeKy-
net JHK. BepositHo, perniukauus 6akTepuanibHON XPOMOCOMEL 3aITyC-
Kaer KaKue-TO IpolLiecchl, BeAyLiHe K KIeTOYHOMY neneHuio. Bonee
JIETaJIbHOE H3YYEHHUE Y PA3HbIX BHIOB NPOKAPHOT B3aMMOCBA3H MEXIY
permmkapueit IHK u neneHueM KIETKH He MPUBEJIO K ONHO3HAYHEIM
pesynprataM. IlonyyeHb! JaHHBIE O TOM, YTO CHTHAJIOM K KJIETOYHOMY
neneHulo ciyxurt Hauano pervukanmu JHK, ee zasepuienve wnwm
PeIUIMKALIHS ONpeNeIeHHOTO JIOKyca baKkTepralbHOi XxpoMocoMel. Ta-
KHMM 06pa3oM, B HOPME CYULIECTBYET BITOJIHE OINpejieNeHHasi BpeMeH-
HAS CBSI3h MEXIY PEeIUIHKa[Heil XPOMOCOMBI M JlefeHueM bakTepHab-
Holl KieTKU. Bo3neiicTBUS pasiMiHBIMH XUMH4YECKHMH BELLECTBAMU U
dusuueckuMu GhakTopaMu, MPUBOASIINE K NOJABIEHUIO PETUIHKALIMH
IO HK, ocranarimuBaioT ¥ KieTouHoe aeneHue. OIHaKo Npy HEKOTOPHIX
YCIIOBHMAX CBSA3b MEXAY ODOMMHM MpOLECCAMK MOXeT ORITh HapylIeHa,
M KJIETKH CIIOCODHBI HeuThes B orcyTersue cuHtesa JIHK. Bro yna-
JIOCH MOJIYYHTH BBEIEHHWEM OMNPEACNCHHBIX MYTAallWi B MEHETHYECKHIT
anmnapar 0akTepuanbHOH KIETKH.

Hapyuurs moclieqoBare/ibHOCT IMPOLIECCOB PEMIMKAlIMK GaKTepu-
aBHOH XPOMOCOMBI H KJIETOYHOIO AENeHUS TAKKE MOXHO, BhIPAIH-
Basg GakTepuu npu pasHoit Temmeparype. KynsruBuposanue Bacillus
subtilis na doraroii nurarenshoil cpene mpyu 37 °C NpHBOAUT K WHTEH-
CHBHOMY [ejIeHHI0 DaKTEpHalTbHOM XPOMOCOMBI M POCTY KJIETOK, B
Pe3yJILTATE YEro B KYJIBTYpe 00pasylorcsl HUTEBUIHBIE KIETKH, CONEP-
XKal|e MHOXECTBO XPOMOCOMHBIX KOTIMH € OTCYTCTBYIOIIMMHE COBCEM
Ul HenocopMupOBAHHBIMK (HE3AMKHYTEIMM) TNONEPEYHBIMH TIEpe-
ropoakamMu. Ilpu 3aMeieHHH CKOPOCTH pOCTa HabIIONAETCs HeIeHHe
HUTEBWAHBIX KIETOK, NpUBOAsLIee K 00pa3oBaHiI0 GaKTepuabHBIX
KJIETOK HOPMAJIBHOM JIJINHEL.

BHyTpULWTONNasmMaTU4eckne BKNKYEHWUA

B wuronnasme npokKapruoT oOHapyXUBAKTCSH pasTHYHbBIE BIUTIOUEHHS.
OpHy W3 HUX CleoyeT pacCMarpuBaTh KaK aKTHBHO (YHKIIMOHUPYIO-
LHe CTPYKTYPHI, ApYrHe — KaK MPOMYKTH KIJIETOMHOTO METabolnu3Ma,
HE BBIICIIOLMECH HAPYXY, HO OTKIANBIBAIOLIMECH BHYTPH KIIETKH.
HekoTtoprie nyuToruiasMaru4eckue BKIIOYEHS HMEIOT SIBHO IIPUCIIOCO-
butensHoe 3HaueHue. M HakoHer, MHOTHe W3 HUX SIBISIOTCS 3aMacHLI-
MH BellleCTBaAMH, OTJIOKEHHE KOTOPHIX KJIETKOH MPOUCXOIUT B YC/IOBH-
s1X U30bITKA MUTATEILHBIX BElLECTB B OKpYyXXalollieit cpelle, a nmoTpebne-
HHe HabmofaeTcsi, KOTa OpraHu3M IOIaJacT B YCIOBHs MOJIONaHMA.

K uuciny BHYTPHIWTOMIA3MATHYECKHX BKIHOUEHHUH, BHIUTONTHSAIO-
LHUX OnpeneeHHY (PyHKIHIO B JOTOCHHTE3e, OTHOCATCS XI0POCO-
MBI 3eneHBIX Oakrepuit 1 Qukobunucomsl nuaHobakTepuii. B aTux
CTPYKTYpax JOKalu30BaHbl IMTMEHTHI, NOIJIOIAKIILHE KBAHTHI CBETA
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U Mepeariive UX B PeakilMOHHBIE LIEHTPHI, T. €. BBITOMHIIOILIHKE POJIb
aHTeHHSI. XJIOPOCOMBI UMEIOT (hOpMY NPONOJIrOBaTHIX MY3EIPLKOB IUTH-
Hoit 90— 150 u wmpuroit 25— 70 HM, OKpYXeHHBIX OJHOC/IOHHOH 2JIeK-
TPOHHO-IUIOTHOM MeMOpaHoii ToMMMHOH 2—3 HM, IOCTPOEHHOI TO/b-
Ko u3 benka. OHW pacnonaraiTcs B HEMOCPENCTBEHHOM bnu3ocT oT
LM, rioTHO K He# puMBIKas (cM. puc. 4). B xnopocoMax IoKaiu3o-
BaHBI DakTepuoXIOpoIIIEI ¢, d Wiy e. BonopacTBOPUMEIE MUTMEHTEI
oenkoBoif npupons! (GHKOOMIMITPOTEHHBI) nMaHobakTepuii comep-
JXaTcd B 0COOBIX CTPYKTYpax — (PUKOOMIMcOoMaX, pacroNoXXeHHbIX Npa-
BWIbHBIMH PAJAMH Ha BHELIHHX [MOBEPXHOCTAX (DOTOCHMHTETHYECKUX
MeMOpaH ¥ Ioj SNEKTPOHHBIM MHKPOCKOIIOM WMENOIIWX BUJ TPAHYI
nuaMerpoM 28 —55 HM (cM. puc. 4).

B Knerkax HEKOTOPBIX NPOKAPHOT U3 Py GOTOTPOQHEBIX ¥ XEMO-
JUTOTPO(HBIX JyDaKTepril COACPXKATCA CTPYKTYPEL, UMemLlue dhopMy
MHoOrorpanHuka ¢ 4—6 cropoHaMu ¥ auamerpom 90— 500 umM, momny-
YMBLIME HA3BAHKE KAPOOKCHCOM, MM ITOJIMIIPANBHEIX Te (CM. puc. 4).
Iox 3neKTPOHHBIM MUKPOCKOIIOM YAANOCh 110Ka3aTh, 4TO OHU 3aroli-
HEHBI I'PAHYNSAPHBIM CONEPXKHMMBIM M OKPYXXEHbI OJTHOCJIOWHOM MEM-
Opanoit GenKoBOi NpUponsl ToNUKHOK npuMepHO 3 HM. Kapbokcuco-
MBI COCTOAT W3 yacTul| pubynozomucdocharkapbokcuiasel, HepMeH-
Ta, Karanrusupylouero ¢gukcanuio CO, Ha pubynoszonudocdare B
BOCCTAHOBUTEIRHOM NeHTo3odocdariHoM Lukie. Jlo HacTosulero Bpe-
MEHW OKOHYAaTeJILHO He BBIACHEHO, B Kakoil (hopme Haxomutcs ¢ep-
MEHT B KapOOKCHCOMAaX: B HHEPTHOM KK (QYHKLIMOHUPYIOIEM COCTO-
ssHuM. MMewTcs naHHeie B MOMB3Y TOMO, YTO B aKTHBHO pacTylieil
KynsType Oonbiie dhepMeHTa HaXoaurcsa B pactBopuMoit copme. Tlpu
[epexone B CTAallMOHApHYIO (a3y yBelMuuBaeTcss 10751 pubyno3onu-
¢docdarkapboKcHIasel B cocrage KapbOKCUCOM. JTH AaHHbIE yKa3biBa-
IOT Ha BO3MOXHYIO posih KapOOKCHCOM KaK CTPYKTYp, obecrneuunBalo-
LuX 3aluMTy epMeHTa OT BO3IEHCTBHA BHYTPHKICTOYHBIMY IIpoTea-
3aMH ¥, TAKUM 00pa3oM, ero KOHCEPBUPOBAaHHE.

IIpuMepoM BHYTPHMIIMTOIUIA3MATHYECKUX BKIIOYEHHUH, MMEIOIIMX
NpUCIOCOOKTENIBHOE 3HAUYEHHE, CJIyKAaT MATHUTOCOMBI M Ta30BLIE Ba-
Kyolu, WK a3pocoOMBbl, 0OHapyXeHHBIE Y BOOHBIX MpoKapuor. ['a3o-
BLIE BaKyOJIM HaliNeHHl y MpeNCcTaBUTeNei, OTHOCSALIMXCA K 15 Takco-
HOMHYECKHM IPYNIaM. D10 CNOXHO OPraHU30BaHHBIE CTPYKTYPHI, Ha-
MOMHUHAIOUIWE MYenuHsie coTel (cM. puc. 4). CocTosT ¥3 MHOXecTBa
PETYISIPHO PACMOJIOXEHHBIX TAa30BBIX MY3LIPHEKOB, MMeIOMmUX GQopMy
BHITSIHYTOrO HWIMH/PA C 3a0CTPEHHBIMK KOoHLaMu (nuametp 65—115,
mnuHa 200—1200 umM). Kaxaelii ny3plpek oKpyxeH oJHocHoiHoK ben-
KOBO¥ MeMOpaHo# TomuuHOH 2— 3 HM, ITOCTPOEHHOH U3 OIHOr0 UK
ABYX BUIOB DEJIKOBBIX MOJIEKYJI, W 3aIlOJIHEH ra3oM, cocTaB KOTOPOTro
WIEHTHYEeH TAKOBOMY OKpyxamlleii cpensl. MeMOpaHa ra3soBbIX my-
3LIPLKOB ITPOHUIIAEMA IS ra3oB, HO He MpoHKIaeMa s sonsl. Yuc-
JIO TA30BBIX ITY3BIPBKOB, COCTABIAKOIIMX a3POCOMY, ¥ Pa3HBIX BUIOB
PA3JIHYHO U 3aBUCUT OT BHELIHKX ycoBuii. OcHosHas QyHKLMsA razo-
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BBIX BaKYOJIEH COCTOHUT B ODECIeUeHUH TIaByYeCTH BOOHBIX OPraHu3-
MOB, KOTOPBIE C UX IOMOLUBK MOIYT pelryliupoBarh [JyOuHY, BeIOH-
pas bonee GrnaronpusATHeie ycnosus. [1pu ysenmyeHun o6beMa M YHC-
Jia ra3oBbIX My3bIPLKOB IUIOCTHOCTD LIMTOILIA3MBl YMEHBLIAETCH U KJIET-
KH NepeMelliaioTcs B BepXHUe cnou Boabl, CxaTHe ra3oBbIX MMy3BIPHKOB,
Hao0OpOT, MPUBOIMUT K IOTPYXEHHWIO KIeTOK. 3a HECKOJBKHMH HC-
KJIIOYe HUSIMH, ra30BEle BAKYOIIH MPUCYLIK GE3XIYyTHKOBBIM BuaaM. Mx,
BEPOSATHO, MOXHO PAacCMaTpPUBATh KAaK ABTEPHATHBY XIyTHKaM JUis
JBHXEHWA B BEPTHKATBLHOH IUIOCKOCTH.

3anacHble BelleCTBa IIPOKAPHOT MpeACTABIeHBl MMOMMcaXapuIaMH,
NUITHAAMM, TIOIMIIENTUAAMHU, NotMdochaTaMu, OTIOXEHUSIMY CEPBI
(cM. puc. 4; Tabn. 5). U3 nonvcaxapuos B KJIETKAX OTKIAIBIBAIOTCA TJ1-
KOreH, Kpaxman M KpaxmaioltonoGHoe BeliecTBo — rpanyiesa. Ilo-
clIeHAsT — cnenrduyecKMi 3aracHO NMoJKrcaxapu i aHa3poOHBIX CII0-
pOBBIX DakTepuii rpynnsl KnoctpuiueB. Ha3BaHHBIE MoMHCaXapuibi
TOCTPOEHEl 3 OCTATKOB MIHOKO3bl. B HEOMaronpuUsiTHBEIX YCIOBUAX OHU
HCITOL3YIOTCA B KA4eCTBE UCTOUYHHKA YIVIEPOOA ¥ SHEPTUH.

JIununbl HAKaTUIMBAIOTCS B BHAE [PaHyn, Pe3Ko MPEeroMIAIIINX
CBET ¥ [03TOMY XOPOIIO Pa3THYUMMEBIX B CBETOBOI MHMKPOCKOI. 3arac-
HEIM BEIECTBOM TAKOTO POAA SIBASETCH TIONUMEP [3-OKCHMACHSHOM KHc-
JIOTHI, HAKATLUTHBAIOLLUEACS B KJIeTKaX MHOTUX NMPOKapHOoT. ¥ HEKOTOPHIX
bakTepuii, OKMCIIAIONIMX YIJIEBOAOPOAR], NOMH-[B-OKCUMAC/sTHAsA KHC-
nora cocrasasier 10 70 % cyxoro BelecTsa kneroK. OTIoxeHHE JIUITH-
IIOB B KJETKE TIPOMCXONMT B YCJIOBMHX, Korla cpena borata HCTOYHU-
KOM yriepoga v beqta azoroM. JIMNMABI ciayXar s KAETKH XOPOLIHM
HCTOYHWKOM YIJIEpOoAa M 3HEPIUH.

Jpyroii LIMPOKO pacnpocTpaHEHHBII TUIT 3aMacHbIX BELIECTB MHO-
VX [pokKapuor — rnonudoctharsl, CONEPKALLIWECH B rpaHyax, Ha3kiBa-
€MBIX BOJIOTHHOBBIMH, FUTH MCTAXpOMaTHHOBBIMH 3¢pHaMu. Mcnonb3ay-
I0TCST KJIETKaMU Kak HcTouHHK (octopa. Tonmudocdars: conepsxar Mak-
PO3pPrUuv4ecKUe CBA3M M, TAKUM 00pa3oM, SBASIOTCH AEN0 SHEPIUK, XOTH
CYMTAETCS, YTO HX POJIh KaK MCTOYHUKA SHEPIUY HE3HAYUTETHHA.

CrenudpuuecKiM 3aMacHbBIM BEIECTBOM [HAHODAKTEPHIA SIBNAIOT-
cA LMaHODHIIHHOBBIC TPaHY /bl XMMWYeCKHH aHATM3 MOKa3aN, YTO OHH
COCTOSIT M3 NOJUIENTUAA, COLEPXALIEro apr¥HHH ¥ acnaparvHOBYIO
KHCJIOTY B SKBUMOISIPHBIX KonudecTBax. OCTOB MONEKYNIBI IOCTPOEH
M3 OCTATKOB ACTaparMHOBOW KWCJIOTHI, COEMHEHHEIX I1eNTHIHBIMH
CBA34AMM, 2 K ee [3-KapBOKCHILHBIM TPYIIaM NPUCOCOMHEHB! OCTATKH
aprunuHa. JIng cuHTe3a yuaHopuLHA HEOOXOMMMEI 3aTpaBKa, MOJie-
kynsl AT®, uoner K u Mg?*. Tlpouece ne 3akoauposat 8 MPHK u ne
cBA3aH ¢ pubocomaMu. [TosieHue HUaHOMUIIMHOBEIX TPAHYII TTPH KYJTb-
TUBUPOBAHWK LMAHODAKTEpWit B Cpelie ¢ a30TOM W MX UCYEe3HOBEHHE
NP UCTOLUEHUKM CPeAkbl MO a30Ty YKa3blBalOT Ha TO, YTO OHM B KJIETKE
CJIYKaT PE3EPBOM a30Ta, MOOWIM3YEMBIM IPH €ro HEIOCTATKE B CPEJIE.

Jlist npokapuor, mMerabosiu3aM KOTOPHIX CBHA3aH C COEOHHEHUAMH
CEpEl, XapaKTepHO OTIOXEHHE B KJIETKAaX MOJEKYISpHOi cepbl. Cepa
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3anacuble BEIECTBA MPOKAPHOT

Tabnuua 5

3anacHoe

CrpykTypHbBIE

XuMuyeckui

4 HM TONMILIKMHOMN

BELLECTBO XapaxKTepHCTHKH cocTaB Tysams | Pacnpocip ancﬂ:ne
I'panynu chepuyeckoii BbICOKOMO- MCTOMHHK |ILMPOKO pac-
rMKoreHa  ((opMbl, IMAMETp |NEKYNApPHBIE |yriepoda  |MpocTpaHeH-
(c-rpany- |20—100 umMm NOMMMEphI M SHEPTrUM | HBIH THII 3amac-
k1) LIKOKO3EI HBIX BELECTB
T'panyne anamerp 100— |98 % nmonu- UCTOYHMK | HIMPOKO pac-
noau-f- 1000 uM; okpy- |Mepa nonu-B- |yrnepona u |npocTpaHeHb!
OKCMMAaCJ/If- | XKeHbl OBHOCTOM- |OKCUMACHA- | SHEPrMM TOJIBKO Y MpO-
HO# KMCTO- (HOHU GenkoBoit HOl KMCJIOTHI, KapHOoT
T Membpauoii 2— |2 % 6enka

3 UM TONLIMHOH
Iuanodu- |pasmep ¥ (hopMa [NOMMNENTHI, |MCTOYHMK |OBHapyXeH®l y
LIMHOBbIE PA3NMYHLI; MO-  |CONEpXallMi  |a3jora MHOTHX BUAOB
TpaHynLl TYT AOCTUTaTLB  |apriHMH M ac- umanobakrepuit
nuamerpe 500 HM | HaparMHOBYO
KHCNOTY
(1:1), mon.
macca — (25—
100)-10° Jla
I'panynbi AuamMerp npubnu- | tMHeHHEBIE MCTOYHHK | pacnpocipa-
nonucoc- | 3utensHo 500 HM, | NOIMMEDEI docopa  |HEHHBLH THN
tbata 3apucuT oT 005- |oprodocara |u, 3anMacHbIX rpa-
€KTa M yCJIoBHii BO3MOXHO, |HYJN
BbIpALLMBAHNSA SHEPruM
Ipanyne muametp 100—  |BrmioyeHus IIOHOp NypnypHbie
CepBI 800 HM; oxpyxe- | XHMAKOH cephl | ICKTPOHOB | cepobaKTepHu,
Hbl MEMOpaHOi MJIM MCTOY- |BeClBETHERIE
HUK 3Hep- |Gaxrepum,
MM OKMCIAIOUHE
H,S
Yrnesono- |muamerp 200 | yrmmeponopons! |MCTOYHMK | MPeACTABUTENH
POOHbBIE 300 uMm; okpyxe- |Toro Xe Tuna, (ymepoda |poaos Arthro-
TPAHYIIBL HBI GeNIKOBO#H YTO 4 B Cpene |u sHepruu |bacter, Acineto-
obonouxoit 2— bacter, Myco-

bacterium, No-
cardia v npyrue
MPOKAPUOTHL,
UCMONB3YIOLIME
YINEeBOAOPOAL!
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HAKAILUIMBAETCH, KOIZIA B CPE/le CONEPKUTCH CEpOBONOPO, M OKHCIIA-
ercs 0o cynbdara, KOTga Bech CEPOBOAOPON Cpellbl OKA3BIBACTCH MC-
yepnauHeiM. JI1s a3poOHEIX THOHOBEIX GakTepuii, okucsiiowux H,S,
cepa CIYXWUT MCTOMHWKOM 3HEPTHH, a JUIA aHa3pobHBIX (DOTOCHHTE-
3UPYIOUIMX cepobaKTePHii OHA ABNACTCA JIOHOPOM 3JIEKTPOHOB.

Ob6pamaer Ha cebsa BHUMaHHe TOT (PaKT, YTO BCE 3alacHbIE Belle-
CTBa IpelcTaB/icHBl B BUIE BLICOKOMOJIEKYJISIPHEIX MOMTMMEPHBIX MO-
JIEKY/, B A€ CIy4aeB OTTPaHUYEHHBIX OT [IUTOILIAZMB] DENIKOBOH MeM-
OpaHoii, T.¢. HAXOHATCH B OCMOTHYECKH HEAKTUBHOM COCTOSTHHH. 3TO
BaXXHO, TaK KaK B MPOTHBHOM CJIy4ae COCPEIOTOYEHHE B IIHTOIUIA3ME
OonbiIOro yKcena MOJIEKY]1 OCMOTHYECKK aKTHBHBIX BELIECTB OKa3auo
OBl Ha KJIeTKY OTpHLATENLHOE OeHCTBHE.

naBa 5

MOP®ONOTMYECKAA QUDOEPEHLIMPOBKA
M YPOBHU KIETOYHOW OPTAHU3ALIUW NPOKAPUOT

Jlns sBoMIOLHE TPOKAPHOTHRIX OPraHW3MOR XapaKTepeH SIPKO Bbi-
paxeHHblii dhuzHonoro-6MoXMMUIECKMIA YKIIOH, T. €. OCHOBHOE Pa3Bu-
THE TPOKAPUOT UDIO MO JHHUK (POpMHUPOBAHUA W ONMpoboBaHUs pas-
JIMYHBIX QYHKUMK, PE3YNLTATOM YEro ¥ ABHJIOCH CETOAHSIIHEE MHOTO-
00pa3ue TUIOB XU3HH B MUKpoMupe. TlopasutenbHoe ¢huanonoruyeckoe
pa3Hoobpasue MpokapuoT c)OpPMUPOBAaHO HA Dase BechMa OrpaHUYeH-
Horo 4ucaa Mopdonoruyeckux ¢opm. JleicTButensHo, Mopdonoru-
YEecKasd 3IBOMIOIMA INPOKAPUOT IPOlINa HE3HAYUTENbHBIH MyTh, TakK
YTO MBI MOXE&M FOBOPHTH JIMIIE O 3ayarkax Mopdonorndeckoit nudibe-
PEHUMPOBKM Ha 6aie NPOKAPUOTHOU KneTouHO#H oprann3anuy. OTHO-
CHUTEILHO «MPOIBHHYTEIMH» B 9TOM HarpaBicHMM OKa3alMCh TONBKO
aybaxtepun. st apxebakTepuii XapakTepHO OTCYTCTBHE CJIOXHBIX MOP-
¢onornucckux GopM K Kakoil-1ubo kierouyHoi nuddepeHunpoBKu,

BereratuBHble KIETKH MHOTMX 3yDakTepuii B onpeneieHHBIX yCIo-
BUSIX IAI0T HA4ano CTPYKTYpaM, MOpP(QOJIOrHYECKH OTNHYAKLIMMCH OT
HUCXOOHBIX. UMK MOryT OBITH BereTaTuBHBIE KJIETKH, HO M3MEHEHHOM
¢opMBI, KIETOYHBIE CTPYKTYPHI C YETKO BHIPAXEHHOM (DYHKIIMOHAIB-
HOW crnepuanu3alueli, pa3TudHble MHOTOKJIETOYHBIE OOpasoBaHMs.
B nomaengomeM GONMBLUIMHCTBE CAyYyacB BCE M3BECTHBIE NPOABICHHA
mMopdonoruyeckoit andpepeHIIMpoBKY 3y0aKTepuil HanmpaBieHLl Ha
MOBBIIIEHWE WX BBDKWBAEMOCTH. 3TO BeIpaXaercs Kak B hopMupoBa-
HUH CNelWaJbHEIX KIETOK, 06/aJaiolluX MOBBILIEHHONH YCTORYuBO-
CTBIO K TepeHECEeHHI0 HeONaronpusaTHRIX YCNIOBMI (3HIOCTIOPE, ITHC-
Thl), TAK ¥ B (HOPMUPOBAHUY CTPYKTYP, ObecieunBaoimx 3¢ dexTs-
HOE pasMHOXEHHEe BHIa (rOPMOTOHMM ¥ 6aeoLMTH LHaHODaKTepwHii).

B ocHose Mopdhonoruyeckoii nudpepeHIIEPOBKY NEXAT ONpeeneH-
Hble DHOXHMHUYECKHUE MTPOLIECCH], KOTOPEIE, B CBOK OYEpeb, SABISIOTCS
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BHIPaXEHWEM COOTBETCTBYIOIIEH reHeTwueckoit uH(popMamu'. Io-
Clie/IHsA 3aMporpaMMUPOBaHA B FEHETHYECKOM alnapare KIEeTKH ¥ pe-
anu3yercs B MPOLIECCE €€ Pa3BUTHS WK KEe B 3aBHCHUMOCTU OT OeH-
CTBHA pa3sIMYHBIX BHEUTHHX (HaKTOpOB.

Mopdronornveckn audpcpepeHUMpPOBaAHHLIE KNETKN

Obpasosanue Mopgonorkuecku auddepeHUHPOBAHHBIX KIETOK ¥
PasHBIX NpeacTaBuTeneil 3ybakrepuil cymmuposano B tabn. 6. Bonb-
LUMHCTBO TAKUX CTPYKTYP OTHOCUTCH K KaTeroOpHK MOKOSAWMXCS (DOPM,
HA3HAYEHUWE KOTOPBIX — oObecreuyuTh MEepeXHBaHKe BHAA B TEYEHUE
JUTATENHHOTO BpEMEHH B HeONaronpusTHLIX YCIOBUSX. BTO 3HIOCIOPHI
psAla rpaMIIoJIOXKUTENbHBIX DakTepuil, HUCTE a30TODAKTEPAa U MUKCO-
DakTepuii, akMHETH HUAaHODaKTepwHil, K30CIOPE OTHENLHBIX Ipel-
craBuTeNneil MeTHnoTpodHBIX ¥ doToTpOohHEIX OaKTEpHid, K30~ U 3H-
Nocniopsl akTuHOMuLeToB. [locne nonaganus B noaxonsiilue yCIOBUsA
MOKosALHecH (OPMEl POPACTAIOT, 1aBas HAYAJNO BereTaTMBHBIM KIIET-
KaM. Jlpyrie Mopgonoruuecku auddepeHIMpoOBaHHEIE KIETKH CITYXaT
Iuis pasMHoXeHus. K HUM OTHOCATCS, HarmpuMep, TOPMOTOHUM U Dae-
ouuTH nuanobakTepumii. Hakoney, TpeTsy (reteponycTsl MaHoOakTe-
puii, bakrepouasl KiIyDeHBKOBBIX OakTepuil) CBA3AHEI C OCYIUECTRIE-
HHMEM YHUKATBHOTO MPOLIECCa, CBOWCTBEHHOIO TONBKO ITPOKAPHOTHBIM
OpraHM3MaM, — (UKcaHeil MOIEKYIAPHOTO a30Ta arMocephl.

Tabnuua 6
Mopdosornseckn nuddepennnposanabie KIeTKH 3yGagTepuii

CrneumManM3HpoBaHHbIe [pencraputeny 3ybakTepui,
KICTKHM ¥ KOTOPEIX OHU ODHApPYXEHB!
SHAOCTIOPH Bacillus, Clostridium, Desulfotomaculum,
Sporosarcina, HEKOTOPBIE aKTHHOMULIETHI
Bk3ocnopsl HekoTopbie BUIbl Methylosinus, Rhodo-
microbium, MHOrMe AKTMHOMMLUETEI
Lncrs MHKCOBaKTepuH, CKONb3AlMe 6akTepuu,
Azotobacter, Bdellovibrio
baktepous KIyOeHbKOBbIE BaKTepUU
TleTepoupcTel, aKuHeTHI, uMaHoDaKTepum

GaeoLMThI, TOPMOITOHHH

1 ®.3Kakob (F.Jacob) u JK.Mono (J.Monod) onpenenuny muddepeHpoBKy
cneaylouxm obpa3oM: «0IHY KIeTKY cleayeT cuuTaTs Audde penippoBanHoil o cpas-
HEHMIO ¢ OPYTOi, eCH NpH OAMHAKOBLIX reHoMax Habop 6enkKoB, cHHTe3MPOBAHHEIX
B 3THX KJIETKAX, Pasi{ieH».
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Mpui paccMOTpUM cilydau Mopdonorudeckoi muddepeHMpOBKY Y
ayGakTepuii Ha TpuMepax (GOpMHPOBAHMSA UMH Pa3HBIX THIIOB IOKOS -
muxes kierok. CpefieHysl 0 ApYTUX TUIaX KneroyHol nuddepeHin-
POBKM MOXHO HaiTH B pasjenax, NOCBsLIEHHbIX KPATKOK XapaKTepH-
CTHKE Pa3fIKUHBIX FPYHI MPOKAPUOT.

lNMokosLiMecsa KNeTku

LucThl BeTpeyaloTes y pa3HbIx rpynn 3ybakTtepuit: asotobakrepa,
CITHPOXET, MHKCODAKTEPHIl, PUKKeTCHIL. Y OONBIUMHCTBA MHUKCOOAK-
TepUii 0Opa3zoBaHue LKUCT, HA3bIBAEMBIX TaKXKe MHUKCOCIIOpaMH,— 3a-
KOHOMEpPHAs cTanus WX XuU3HeHHoro iukiaa (puc. 21, A). llocne okoH-
YaHWUA CTAIHM aKTHBHOTO Pa3MHOXEHHA KIETKM MMKCODaxTepHil co-
bupawTcs BMecTe M 00pasyloT Tak Ha3siBaEMble TUJIOOOBEIE Tela,
npeacrapisiouue coboi Maccy cnusu, B KOTOPYIO MOTPYREHBI KIET-
KH, WIH BecbMa JuddepeHUHPOBAHHEBIE CTPYKTYDPHI, TIOAHUMAIOIIHE-
Csl HAJ MOBEPXHOCTLIO cybCTpaTa Ha MPOCThIX WM Pa3BETBICHHBIX CTE-
benpkax (puc. 21, 5). BHyTpu 1U10I0BBIX Tesl KIETKM TMEPEXOasT B 10~
KOSILIEECH COCTOAHHKE. ¥ OTHUX BMAOB I[UCTHl MOIyT MOP(QOIOTHYECKH
He OTJIMYaTECH OT BereTaTHBHBIX KJIETOK, Y APYTHX UX 00pasoBaHue co-
MPOBOXJAETCA 3aMETHBIMH MOPQOJIOrHYECKUMY U CTPYKTYPHBIMH H3-
MEHEHMAMM. IPOUCXOOUT YTOMUEHHE CTEHKH BEreTaTHBHOH KJIETKH,

1

45

*

A

Puc. 21. llMkn pa3BuTHs ¥ IUIONOBLIE TEJIA HEKOTOPBIX MUKCOBaKTEpHil:

A — uMKA passuTHs Myxococcus: 1 — aKTHBHO pa3MHOXAIOLUIHECST BETETATHBHBIE KIIET-

KU; 2 — CKOIUIEHHE KIETOK, NpealliecTsylomee obpa3oBaHHio IIOLOBOTO Tela;

3 — nnopoeoe Teno; 4 — mukcocnopw; 5 — ruionoswe tema: I — Myxococeus;, 2 —
Chondromyces (no Schlegel, 1972)
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i3 4 15

Puc. 22. CrpoeHne nokosumxca (popM NpoKapuor:
A — Mukcocnops MukcobakTepuit; B — uucTh asotobakrepa; B — aKHHeTH LHAHO-
Gakrepuii; I' — sHaocnopw; § — myxneown; 2 — uwuronnasma; 3 — LIIM; 4 —
KIIeToYHas CTeHKa; 5 — Kancyna; 6 — rpadyNsl 3anacHEX BELUECTR; 7 — BHYTPEHHUE
NOKpOBE! (MHTHHA); & — BHEIIHHE NOKPOBHI (3K3MHA); ¥ — Tunrakouasl; 10 — 4exorn;
11 — puyTtpennsas memGpaHa cniopel; [2 — HapyxHas mecMbBpana cnops; /3 — Kop-
TeKc; f4 — MoKpoBBl CIOPE!, COCTOSIILIME M3 HeCKONBKHMX CNocB; [5 — 3K30cnopuyMm
(no Mdyne, Ilponuny, 1981)

B pe3yibTare 4ero GopMupyoTcs oNTH4eCKU TUIOTHEIE, GoJee cHILHO
TIPEJIOMITSIIOIIHE CBET, OKPYXEHHBIE Karcy/l10i YKOPOYEHHKIE Majioyu-
k1 win chepuueckue dhopMel (prc. 22, A). ObpazoBaHHe MHKCOCIIOP
COMpPOBOXIaeTcs CHHTEe30M Desika, Tak yto cthOpMHPOBAHHAA MUK-
COCIIOpa COIEPXMT OKOJNO /3 3aHoBO curTeaupoBantoro Genka. JHK
HE CUHTE3UPYETCS, 4 MEPEXOAWT U3 UCXOAHLIX BETETATHBHBIX KIETOK.
TeHeTnyeckwii annapar MUKCOCITOP MOXET OBbITh IPECTABNEH TPeMs
WIH YeTBIPbMST KOMHMSMY XPOMOCOMEI BereratuBHON kierku. Llmcrer
MuKcobakTepuit Oonee ycrofMMBBE K HArpeBaHWIO, BBICYLIMBAHUIO,
PasIHYHBEIM (HU3MYECKUM BO3NECHCTBMAM, YeM BEreTATHBHLIE KIICTKH.

VY azorobakTepa 0Opa3loBaHKE LMCT COMPOBOXIAECTCA H3MEHEHUEM
MOp(DOTIOrUM KNETKH, NOTEPEH KIYTHKOB W HAKOIUIEHHEM B LIMTOIUIA3Me
B OOJBIIMX KONUYECTBAX TPAHY/ NOJIK-B-OKCHMACIHONH KHCIOTLL; OfI-
HOBPEMEHHO NPOUCXONUT CHHTES HOMNOIHUTENbHBIX KJIIETOYHBIX TOKPO-
BOB: BHELUHMX (3K3uHA) M BHYTPeHHUX (MHTHHA) [0 OTHOLIEHHIO K
KJieTouHo# creHke (puc. 22, b), paanuualolmxcs CTpYKTYPHO ¥ XUMH-
4ECKHUM COCTABOM.

IMokosuMucs KneTKaMH HEKOTOPBIX npaHobakTepuii, obnanaro-
ILMMH MOBBILIEHHOH YCTOHYMBOCTBIO K PALY HEONaronpusTHBIX Qak-
TOPOB (BHCYIUHBAHUIO, MOHXEHHEIM TEMIIEpaTypaM), SBASIOTCS aKH-
HeTel. OHM, KAk IPaBWJI0, 3aMETHO KpPYITHEe BEreTaTWBHEIX KIETOK,
MMEIOT NPOJIONTOBaTyIO WK chepuueckylo hopMy, rpaHyIHpoOBaHHOE
COMIEPXXHMOE | TOJICTYIO 000m04Ky. O6pa3loBaHue aKMHET NPOHCXOIHUT
B NEPHOM 3aMeJIEHHA POCTa ¥ HAYHMHAETCS C YBEJIMUEHHs KJIETOUYHBIX
pasMepos, NPy 3TOM B LHTOIUIA3ME [IPOUCXOOUT HAKOIUIEHHE IPaHy)l
3aMdCHBIX BelecTs (VIMKOr¢HOBbIX, noiudocdarHbiXx U 0cobeHHO
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KpYIMHEIX HaHO(DHUIIMHOBEIX), @ TaKXe KapbokcucoM. OnHOBpEMEHHO
IIPOUCXONHT YTOMIEHHE MeNTHIOTIHKAHOBOTO C/I0A KIETOYHOU CTeH-
KH W YIDIOTHCHHE CIM3MCTOrO 4EXJia 33 CYCT OTJIOXKCHMS B HEM 3JICK-
TPOHHO-TIOTHOTO (pUOPIWILIAPHOTO MaTeprana nojiucaXxapruaHoH npu-
ponwl (puc. 22, B). OGonouyxu akMHET COAEpPXAT GONbLIE JTHAMUIOB U
NONUCAXapHIOR, & HUTOIUIa3Ma — MEHBIIe BOJIbI, YEM BEreTaTHBHEIE
Kknerku. B uuromnasMe npu GopMupoBaHUK aKMHET OTMEYAETCH yBe-
nuueHue conepxanus JIHK, pubocoM, HO yMeHBLLIEHHE KONMYECTBA
wiopodumia ¥ (GUKODMIMHOBEIX IMUIMEHTOB. THIakoMasl obpasyior
CJIOXHYIO CETYaTyilo CTPYKTYpY. CKOpocTh (DOTOCHHTE3a B aKMHETaX
HUXE, a [BIXaHHWE BBIllIE, YEM B BereTaTWBHBIX Knerkax. [Ipopacranue
aKMHET IMPOUCXOIUT WHOLIA BCKOpE I0c/e UX 06pa3oBaHusa WIH TOJb-
KO TIOCJIE TIEPEHECEHHs B CBEXYIO NMUTATENbHYIO CPEIy M MOXET OCy-
1IECTBAATHCS NBYMA MYTAMY: MHOTAA B aKWHETE Ha OAHOM K3 IOJIO-
cop opMHpYeTCs Iopa, YEPE3 KOTOPYIO BHIXOAUT IPOPOCTOK, WITH XKe
MpOpacTaHue MIPOMCXOJMT B Pe3y/IbTate pa3phiBa 000M0YKHM aKMHETHI.

Ob6pazoBaHue 3HaoOCIiop — IMpoilecC, UMEKILLHK MECTO TOJILKO B
MHpE NPOKAapvoT. bakTepuanbHEIE 3HAOCNIOPBI — 3T0 OCOOBIA THIT
MOKOALIMXCH KIETOK IPaMIIONOXUTENBHEIX 3ybakTepuii, hopMUpyo-
1MXCA 3HAOTEHHO, T.€. BHYTPHM LIUTOIIa3MBI ¢MaTepUHCKOM» KIETKH
(cropanrus), obnagamomux creludHYECKUMH CTPYKTYpaMy {MHOTO-
C/IOMHEIMK OEJIKOBBIMH MOKPOBaMH, HAPYXHOH M BHYTPEHHEH MeM-
OpaHaMK, KOPTEKCOM) M YCTOMYMBOCTBIO K BLICOKMM TeMIIEpaTypam
¥ [103aM pagvalliy, NeTaNbHBIM B HOPME JUISA BEreTaTHBHLIX KJIETOK
(puc. 22, I'). BunocnopaM cBOMCTBEHHO Takke U ocoboe dusudeckoe
COCTOAHME IPpOTOIUIACTA.

K criopoobpasyolimM oTHOCHTCS DOMBILIOE YHCIIo 3yDaKkTepuid IIpu-
OnU3KTENLHO U3 15 pONOB, XapaKTepH3YIOIIMXCH Mop(hONOruyeckKum
¥ (QU3HoNorvyYeckuM pasHoobpasuem (Tabn. 7). Cpeam HUX UMEIOTCH

Tabnuua 7
Dybakrepun, obpaszyomue aunjocnopsl (no dyne, 1982)

", Okpacka OTHOUICHHE

Pon Gaxrepuii @opma BEreTATHRHBIX KIETOK no Fpamy | K xucnopony
Bacillus MAIOYKOBY,IHAA + as’pob
Clostridium TO Xe 3 aHa3pobbl
Desulfotomaculum » — TO Xe
Sporolactobacillus » + aspobbl
Sulfobacillus » — TO XKe
Sporosarcina cihepuyeckas + »
Thermoactinomyces | BETBSILMECH HUTH + »
Actinobifida TO Xe + »
Sporospirillum CITHPMILIBI — aHaspobnl
Ostillospira JIMCKOBKIHBIE KIETKH - TO Xe

B TPHXOMax

Fusosporus CITHPHILIBI — »
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NAaJOYKOBHAHBIE, CEPUYECKHE, MHLENHATLHERE (DOPMBI, CITHPHILIL!
M HHUTHaThle OPraHM3Mbl. Bce OHU MMEXT CTPOESHHE KNETOYHOM CTEH-
KH, XapaKTepHOE JUIS TAKOBOM rpaMINoNIOXUTENbHELY 3ybakrepuii. Hu
B OJHOM CJIyYa€ HE BBIABJIEHA HAPYXHAs JIMIOMNONMCAXapHIHAA MEM-
OpaHa, HECMOTPSI Ha TO, YTO MHOTHEe PONE!l M BHABI cliopoobpa3yo-
1Iux 6aKTepuit He oKpauMearoTes no ['pamy. [To Tuny nuTaHus cpeau
HHX 00HApYXeHEI XeMOOpraHoreTepoTpod !, (DaxyneTaTHBHEIE XEMO-
JMTOABTOTPOME! M NapasuTHyecKHe hopmul. OTHOLLEHHE K KMCIOPO-
Iy Taxoke pasHoobpa3Ho: YacTk cnopoobpasylowmx GpopM npeacTab-
neHa aspobaMm M (aKynbTaTMBHBEIMH ana’pobamu, Apyrasi 4acTb
BKJIIOYAET OONMMIaTHBIX aHa3pobOB — OT a3pOTONEPaHTHBIX HOpPM 1o
BBICOKOYYBCTBUTENBHBIX K O,.

Jlydiue Bcero npoliecc cnopoobpa3oBaHus H3yJYeH Yy [peACTABHTE-
nei ponos Bacillus u Clostridium, xoTs UMerOIIHecs JaHHEIe NTO3BOJI~
JOT CHENATh BBIBOJ O MPUHLIMNUATIBHON OQHOTUITHOCTH 3TONO Ipollec-
ca y BCEX BUIOB, 00pa3youInx 3HHOCNOpEL. B Kaxnoit 6akTepuanbHOR
KJeTKe, Kak npaBwio, (opMupyetcs ogqHa 3Hnocnopal. IlepssiM mia-
roM K cnopooOpa30BaHUI0 ABASETCH M3MEHEHHE MOpGhoNoruu saep-
HOTO BELIECTBA BENeTATHBHOH KIETKH, 00pas3yrouero TSX BIoAL INHH-
HOI OCH criopynupyonieil knetku (puc. 23). IpubnusurensHo /5 Tsoxa
3aTeM OTHENAETCH U NepexonquT B (POPMHUPYIOLIYIOCS CTIOpY. ¥ HEKOTO-
PHIX BHIIOB SIEPHEIA TAX 00pa3yeTcs TOJBKO Ha OIHOM TONIOCE KIeT-
X, B ero (OpMHUPOBAHHHM YUACTBYET HE BECh I'eHETUYECKMIX MAaTEpHA
BETeTATHUBHOI KJIETKW, ¥ BIOCNENCTBUU SHEPHBIM TSOK LIEIMKOM Iie-
pexonuT B hopMHUpYIoLIyIocs ciiopy. Buonoruyeckuii cMbicn opMU-
POBaHKUA AOEPHOTO TSXKA 0 CHX MOP OCTAETCS HEBHIACHCHHLIM.

PopMHPOBAHKE CTIOPEI HAMHMHAETCS C TOrO, 9TO Y ONHOTO H3 IO-
JIFOCOB KJIETKH NPOMCXOAMT YIVIOTHEHME LIMTOILIA3MbI, KOTOpas BMe-
CT¢ C ICHETHYECKHM MATEPHAIOM, NPelCTABRISIOUM coboi onHY HIH
HECKOJLKO MNOJHOCTHIO PEIUTHLIHPOBAaHHEIX XpOMOCOM, obocobisieTcst
OT OCTANBHOIO KJAETOYHOIO CONEPXUMOID C NOMOLIBI) NEPETOPOAKHU.
Tlocnenusis hopMupyeTcs: BnsiyuBaHHUeM BHYTPL kietku LITTM. Mem-
6paHa HapacTaeT OT nepudepUH K LEHTPY, T CPACTAETCs, YTO MIPU-
BOJUT K 00pa3oBaHUIO CNOPOBOii NEPEropoaKu. 3Ta cTanusa GopMU-
pOBaHUsI CNIOPE! HAIOMUHAET KIIETOYHOE NENEeHHE nyTeM obpazoBa-
HHs 1ionepevyHo# neperoponku (cMm. puc. 20, A). Cnenyromuii sTan
(opMHpPOBaHuA CNOpel — «obpacTaHMe» OTCEYEHHOTO YYACTKAa KIe-
TOYHOH LMTOMIA3MEI C SAIEPHLHIM MaTepuaioM MeMOpaHoOli BereTaTus-
HOM KIETKHM, KOHEYHEIM pe3yNITATOM KOTOPOTO sBJsiETCs 0Opa3oBa-
HME NPOCNOpsl — CTPYKTYPHI, PACIIONOXEHHOH BHYTpH MAaTEpHHCKON
KJIEeTK! M ITOJTHOCTBIO OTAENIEHHO OT Hee NByMS 3NeMEeHTApDHBIMH MeM-
BpanaMu: HapyXHOH H BHYTpEHHEH N0 OTHOWWEHHIO K NPOCHOPE.

OrnucaHHBIE BEIIIE 3Tans! GOpPMHPOBAHMA CIIOPE! (BILIOTH 10 obpa-
30BaHus Npocnoprl) obpatumsl. OKa3anock, YTo €CIM K CIOPYIUpY-

| Onucana anaspobuas Gaxrepus, ofpasyomas B KIeTke Ao 3—5 sHioCHop.
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Puc. 23. @opmupopaHye 3HI0CTIOPE CIIOPo0GpasyoMME BAKTEPHAMMH:

I — seretatueHasn kierka; Jf — wuparunanus LIIM; JIT — o6pa3oBaHKe CHOPOBOFH
neperopofku (centel); IV — hopMupoBaHue NBoiiHO#H MeMOpaHHOII cMCTeMBI 0Opasy-
oweiica npocnopsl; ¥ — chopMmuporatHas npocnopa; Vi — ¢opMHpoBaHHE KOPTEK-
ca; VII — dopmuposanue rokpopoB criopei; VIII — nmuauc MaTepUWHCKOl KNETKH;
IX — crobBonnasn 3penas criopa; X — mpopacTtaHue cropel; / — Hykiaeoun; 2 — LMTO-
mnasMa; 3 — LIIIM; 4 — knetoyHas cTeHKa; 5 — cIOpOBas Meperoponka; 6 — Hapyx-
Has MeMmOpaHa crnopel; 7 — BHYTpeHHsAS MeMOpaHa criopsr; & — KOpTeKe; 9 — MOKpOoBb
criopw (o Hyne, 1974)

IoLIei KyneType nobaBiThe aHTHOHOTHK Xiopamdennkon (HHTHOHTOD
OeNKOBOTO CHHTE3a M, CHENOBATEIBHO, MHTHONTOD CHHTE3a MEMOpaH-
HEIX OENKOB), TO MOXHO OCTAHOBHTL «0DpacTaHHe» KIETOUHONR MeM-
6paHoOl OTCEYEeHHOTO CEeNTOH Y4acTKa LUTOIUIAa3MEl, M IPOLECC Cro-
poobpa3oBaHyA NPeBpaTUTC B MPOLIECC KIeTOYHOro aeneHusa. (Mex-
Iy ABYMs mMeMOpaHaMH CeNTH! OTKJIABIBAETCS MATEpPHA KJIETOYHOMN
creHKkU.) Tlocne obpa3oBaHusa NPOCNOPH! AanbHERILIME 3TANkl CNIOPO-
00pa30BaHKs yxe HeoOpaTMel. MEX Ty HADYKHBIM M BHYTPEHHHM MEM-
OpaHHBIMU CIOSIMM TIPOCTIOPH HAYMHAETCS (hOpMUPOBaHHE KOPTHKANL-
HOTO c/10s1 (KopTekca). 3aTeM NOBEpX HAPYXXHOM MeMOpaHs! NPOCNIOPE!
CHHTE3HUPYIOTCS CTIOPOBEIE MOKPOBHI, COCTOSAILME M3 HECKOMLKHX CII0-
€B, UKCJIO, TONMII[MHA U CTPOEHHE KOTOPBIX Pa3/IMYHE! ¥ Pa3sHEIX BUIOB
cnopoobpasyroliux 6aktepuii. B GopMHpoBaHuM CioeB CNIOPOBLIX N10-
KPOBOB IMIPHHMMAET YYacTHe KaK HapyXHas meMOpaHa criopbi, TaKk U
NPOTOIJIACT MATEPHMHCKOMN KIIETKH.
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¥V mHorux 6axrtepuii MoBepX MOKPOBOB CNOPE! (POPMUPYETCH €1e
OJlHA CTPYKTypa — 3K30CNOpPHYM, CTPOEHHE KOTOPOIO pA3JIMYHO B
3aBHCMMOCTH OT BHJIa Dakrepuii. HacTo 3K30CNOpUyM MHOIOCTIOMHEIIA,
C XapakTEepHOM /Ui KakIoro clI0si TOHKOH cTpykTypoi. Bce crnom,
OKPYXalol[ie NPOTOILIACT 3HAOCIIOPEI, HAXONATCH BHYTPH MATEpPMH-
ckoit kieTki. Ha ux nonio NpHUXOOUTCH MPUMEDPHO TIOJNOBHHA CYXOro
peulectea cnopkl. Ilocne chopmUpoBaHKS CNOPHI IPOUCXONMUT paspy-
IIeHHEe (JIM3UC) «MATEPUHCKOI» KIETOYHON CTEHKHW U CNOPa BBIXOIUT
B Cpeny.

CnopoobpasopaHie colPOBOXIAETCH AKTUBHBIM CUHTE30M OenkKa.
benku 3nmocnop B oTJiH4YMe OT OENKOB BEereTATUBHBIX KJIETOK OOraThl
LHMCTEMHOM H ruapodoOHBIMH aMHHOKHCIOTAMH, € YeM CBA3BIBAaIOT
YCTOWYMBOCTE CHIOP K AeHCTBHIO HeGmaronpuaTHex aktopos. Conep-
xanue JIHK B cnope HECKONBKO HUXKE, YeM B HMCXONHOIN BereTaTUB-
HOH KJIETKE, NOCKOJbLKY B CNOpPY NEpPEXOiuT JNHIUL YACTk TEHETHYE-
CKOTO MaTepHaia MaTepuHCKOH KieTku. ['eHeTudeckuii MaTepHan no-
CTYTaeT B CNOPY B BHAE NOMTHOCTHIO PEMLIHIMPOBaHHbIX monekyn JHK.
Cnopsl HEKOTOPBIX BUIOB CONEPXAT M0 2 WIK 3 KONMM XPOMOCOMEI.
Conepxanue PHK B ciopax HMXe, YeM B BEreTATHBHBIX KJIETKAX, H
PHK B 3HauyuTeNbHOMN CTENEHM NPU CNOPOOOPA30BAHUU CHHTE3MPY-
ercs 3aHoBo. ONHMM U3 XapaKTePHBIX NPOIIECCOB, COMPOBOXIAOLIMX
ofpa3zoBaHHe 3HIOCTIOP, SIBJISETCH HAKOIJIEHHE B HHMX NHITHKOIHMHO-
BOI KMCIOTHI U HOHOB KanblUMs B 3KBUMOJISIDHEIX KOJIHYECTBaX. BTy
coeAMHeHus: oDpa3yrT KOMIUIEKC, JIOKANM30BaHHBIA B CEpOLIEBUHE
cnopel. Tlomumo Ca?t B 3HIOCNOpax OGHAPYXEHO NOBHILIEHHOE CO-
nepxaHue Apyrux katuonos (Mg?t, Mn2t, K*), ¢ KOTOpBIMU CBS3bI-
BalOT NpebnIBaHUE CIIOP B COCTOSTHHM NOKOS M HX TEPMOYCTOIYHUBOCTS.

CyliecTBEHHBIE OTIMYMS 3HIOCTIOP OT Bel'€TATHBHBIX KJIIETOK BBI-
SABJIAIOTCS NPH M3YYEHUM XMMHUYECKOro COCTABA OTAEIBHEIX CIIOPOBBIX
CTPYKTYpP. DK30CIIOPUYM COCTOMT M3 TMNMAOB M OENKOB M, BEPOSITHO,
BBINIONMHAET (YHKIHI0 NONOMAHHUTENBHOTO Gaphepa, 3allMiialonero
CIIOPY OT BHEIUHHX BO3NCHMCTBHIL, a TAKXKE PETYIUPYIOIIEr0 MPOHUK-
HOBEHME B HEE pasNMYHbIX BellecTB. ONHAKO HUKAKUX HAaHHBIX, ITOJ-
TBEPXAAIOLIMX 3TH MPeANOI0XeHHs, NoKa HeT. Mexanu4ieckoe ynane-
HHE 3K30CTIOPUYMA HE MPUBOAMT K KaKOMY-NUO0 NOBpEXAEHUIO CIIOP.
Onul 0OHAPYXUBAKT TAKYIO X€ CMOCODHOCTh K NPOPAcTaAHMIO, KaK H
CIIOPH! C HEYHAJEHHBIM 2K30CTIODHYMOM.

CriopoBbie NOKPOBLE!I B OCHOBHOM COCTOSIT M3 GE/IKOB M B HeDONIb-
IIIOM KONMHUYECTBE M3 JIMNKUIO0B H TMHKOMUITHUI0B. Benku TIOKPOBOB 00-
JIafal0T BRICOKON YCTOMYMBOCTEIO K HEONArONpUATHHIM YCIOBUSIM U
obecrneyuBaloT crnopaM 3allluTy OT OeACTBUSA NMUTHYECKHX (PEPMEHTOB,
IPYTUX NOBPEXIAM0LIMX (DAKTOPOB, A TAKXE NPENOXPAHAKT CIIOPY OT
npexaeBpeMeHHOro npopactanus. Oxasanock, YTO CHOPEl MYTAaHTOB,
JIMILIEHHBIE NOKPOBOB, NPOPACTAIOT Cpa3sy Xe Moclie BHIXoNa U3 MaTe-
PHUHCKOH KI€TKU, JaXe eCIH YCIOBUA UId NOCIEOYIOLIEro pocTa He-
OnaronpuaTHei. KopTeKc MoCTpoeH B OCHOBHOM M3 MOJIEKYN ocoboro
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THIAa MENTUIOrNHMKaHa. [1pH npopacTaHMu CIIOpEl U3 YacTH KOPTEKca,
npuieraplieii K BHYTPeHHel cnopoBoii Membpane, dhopMHpyeTcH
KJIETOYHAA CTeHKA BEM€TATUBHOM KIETKH.

B omnvuHe or 3HAOCNOP, 0OpasylolmMXcs BHYTPH MaTepPHHCKOR
KJIETKM U OKPYXEHHBIX OBYMS 2JIEMEHTADHBIMM MeMOpaHaMH, 3K30-
criops! Gakrepuii u3 pona Methylosinus w Rhodomicrobium dbopmupy-
IOTCSL B PE3YNILTATE OTINOYKOBAHMA OT OJHOIO M3 [IOJICOB MATEPHH-
ckoii knetku. O6pa3zoBaHKE FK30CTIOP CONPOBOXAAETCS YIUIOTHEHUEM
M YTOJUEHUEM KJIETOYHOM CTeHKHU. Y 3K30CNIOp OTCYTCTBYIOT HHITUKO-
TMHOBAs KUCNOTA U XapaKTepHEIE [l 3HIOCNIOP CTPYKTYPHI (KOPTEKC,
9K30CNOPHUYM).

Y aKTMHOMHIIETOB CNOPHI ABISIOTCSH TIOKOSILIMMHACH KIETKAMH H
ONHOBPEMEHHO PeNnpOIYKTHBHEIMH cTpyKTypamH. [lo THmy o6pasoBa-
HHSI OHH IeNATCS Ha ABE IPYNNbl — 3HAOTEHHBIE H 3K30TEHHBIE. DH-
IoreHHOe 00pa30BaHKe CIIOp BHYTPU 1[UTONNA3Mbl MATEPUHCKOM T,
obHapyXeHHOe Yy npeacraBuTeneit ponoe 7hermoactinomyces u Actino-
bifida, npoTekaeT aHANOTUYHO ONMHCAHHOMY Bbiile. ¥ BONBIIMHCTBA
AKTUHOMMIIETOB CrIOpEI (POPMHPYIOTCS 3K30M€HHO ITYTEM NEJIEHHUSA TH(bI
MNeperopoakaMi Ha YYACTKH, KAkl M3 KOTOPHIX [IpeAcTaBisaeT coboii
OynyInyo criopy. DK30cnopsl GONBIIMHCTBA AKTHHOMHLIETOB HE COED-
KAT KaKUX-JIHOO NONOJMHUTE/ILHEIX BHYTPEHHMX CTPYKTYP NOMUMO TEX,
KoTOpEIe HabmonaoTCsa B BereraTiBHOMH Knetke. CTeHKa criopel OOBMIHO
3HAYMTENILHO TOJIE, YeM CTEeHKa IHM(BI, U B Heil MOXHO pa3HYUTb
HECKOJIEKO CJIOEB PAa3HOM 3NeKTPOHHOM TuioTHOCTH. YacTo kieTouHas
CTEHKA OKPYXEHA NOTIOMHUTENbHBIMH HADYXHEIMH TTOKPOBAMH.

[MoxosAiMecs KIETKN 3y0aKTepHil XapaKTepHU3YIOTCs HU3KMMH YpOB-
HAMM MeTabonuyeckoli akTUBHOCTH. B nepBylo oyepens 3To Kacaercsi
neixapus. Or cTeneny CHUXeHUd MeTabOIMYECKOi AKTHBHOCTH 3aBH-
CUT IJIMTENBHOCTE COXPAHEHHMA XM3IHECITOCODHOCTH MOKOSIIWXCS KIIe-
TOK. BoOnblliol MHTEpEC MpencTaBisfeT BhIACHEHME MeXaHHM3MOB, OT-
BETCTBEHHBIX 34 NOAIEpXaHNe CIEUNaIM3UPOBaHHBIX KJIETOK B COCTO-
SIHMM NOKo#. B HacTosillee Bpems Haubonkbilee BHUMaHNE NPHBIEKAOT
TpH runoTe3bl. IlepBas OCHOBaHA Ha TOM, YTO B NMOKOsIILMXCS KIETKaxX
HMMEIOTCSl BEIIECTBa, MHTHOMpYIOIHME (EPMEHTBI H, CACHOBATEILHO,
Gnokupyonme Metabonusm. M3 cnop HeKoTOpbIX OakTepHii NelcTBU-
TEJILHO BBUIENIEHB] BELLECTBA, NPENOoTBpaLlaoliie NpopacTaHKue Crop.
CornacHo BTOpPO# TMIOTE3E COXPAHEHHME TIOKOsI CBA3BIBAIOT CO CTPyK-
Typo# cnop, obecneyrBaroIei MOIIEPXKAHHME e CepAIIeBHHBI B 00e3-
BOXEHHOM coctosnuM. Hakowel, nopiepxaHue noxosi OOBSICHSIOT
0cobLIM cocTosiHHEM (epMeHTOB. M3aMeHeHuss uX KOHMHIypanuH,
NPUBOMSIINE K AKTUBHPOBAHHUIK) (PEPMEHTOB, BHIBOOAT NOKOSIILYIOCH
KJIETKY H3 3TOI0 COCTOAHHA. BO3MOXHO, YTO NOMIEpXaHHE CrerMa-
NY3UMPOBAHHBIX KJIETOK B COCTOSTHUM ITOKOSi — pe3ysbTaT COBMECTHOIO
HeHCTBUS BCEX ONMCAHHBIX BBIILE MEXAHU3MOB.

Jina Bcex nokosumxcst HopM XapakTepHa NOBHIUEHHAS 110 CPABHE-
HUIO C BEIreTaTHBHLIMH KJIETKAMM YCTOMYMBOCTE K HeHCTBHMIO pasHO-
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0Opa3HBIX TIOBPEXIAUIMX (PAKTOPOB. BBHICOKMX M HU3KMX TeMIEpa-
Typ, ODE3BOXMBAHHIO, BHICOKOH KUCHOTHOCTH CpENbl, paguaiuu,
MeXaHWYeCKUX BO3ACHCTEMH U Ap. B HauGonklleil cTerneny 3Ta ycToil-
YHBOCTS TIPOSIBJISETCH Y 3HAOCHOp. MexaHH3MEBl YCTOMYMBOCTH B Ha-
CTOSIIIIeEe BpEMSA MAano M3yueHsl. JI1g 3pnocnop ocHOBHEIMM (hakTopa-
MM, oOecrneyMBaoUIMMU UX YCTOHYMBOCTE K NEHCTEMIO HebBnaronpu-
SATHBIX YCNOBMIA CPEIBl, MPENNOJOXHTENEHO SBASIOTCS HAXOXACHME
CNOPOBO LIUTOIUIA3MHE B 00€3BOXEHHOM COCTOSTHMM,, TEPMOCTOMKOCTE
CNOPOBLIX (PEPMEHTOB, a TAKXKE HANMYHME MUIUKOIHHOBOM KUCIOTE! U
OONBIIONO KOJIMYECTBA NBYXBAJIEHTHHIX KaTHOHOB. Bonbiol BKnan B
YCTOHYUBOCTH CIIOP BHOCST NOBEPXHOCTHBIE CTPYKTYPEI (MeMOpaHhl,
KOPTEKC, TIOKDOBEI), MEXaHHYECKH 3alMILAIONINE CONEPXUMOE CIO-
pbl OT NIPOHMKHOBEHMUS M3BHE arpeccHMBHBIX BelllecTB. MexaHM3M
YCTOMYHMBOCTH K HEONMaronpUATHRIM (baKTOopamM, OCHOBAaHHBIN Ha Je-
ruApaTauMy KIeTOYHBIX CTPYKTYD, MMEET MECTO M Y APYTHX NOKOSIIMX-
cs (hopM aybakTepuii, TaKk KaK BCE OHHM XapaKTepHU3YIOTCH TOHWXEH-
HBEIM CONEPXaHMEM BOMNBI CPABHHUTENBHO C BEr€TATUBHBIMM KIIETKAMH.

YcnoBus, cnocoOCTByoline 0O6pa30BaHMIO0 TIOKOSIIMXCH KIIETOK,
N0 CHX Mop U3Y4YeHB! HemocTtaToyHo. K kareropun 61aronpusTCTBYIO-
LMK (HAaKTOPOB OTHOCATCS HAIHYHE WIM OTCYTCTBHE OMNpeHelicHHBIX
NUTATENILHEIX BEIIECTB CpEeNbl, TeMIepaTypa, KHCIOTHOCTh CpEbl,
YCAOBHsI a3pupoBanus. QOpMUPOBAHHIO 1MCT Y MUKCODaKTepHii, Ha-
NpHMEp, CIOCOBCTBYET HANMHYHE B CpPElie IMHIEPHHA, aMHHOKHUCIIOT.
Kon1yecTBO UMCT a30TobaKTepa BO3PACTAET NPH A06ABIEHUM K CpeNe
[f-OoKCUMACIAHON KHCIIOTH! M NOBBIUEHHU KOHIIEHTPAIlMU NBYXBa-
JIEHTHEIX KATHOHOB. B KayecTBe (pakTOpoB, UHAYUMPYIOLIMX HOpMH-
pOBaHHe aKHMHET nMaHoDaKTEepUil, OTMEYEeHbl HU3KAsA TEMNEpPATYpa,
BLICYIIIMBAHUE, OTCYTCTBHE B Cpelleé CBA3aHHOro a30Ta MJIU, Haobo-
pPOT, YBEJIMYCHHE CONEPXAHHS IIIYTAMMHOBON KHCIOTHI.

Tlomumo $akTOpoB BHEUIHEH cpellnl, B HEOAMHAKOBOH CTENEHH
BIMSIOIIMX HA (DOpMHDOBAHME DASHEIX TUNOB TMOKOSIIMXCA KIIETOK,
obHapyxeHbl criellM(pUYeCcKUe BelIeCTBa, OCHOBHAS (DYHKLIMS KOTO-
PHIX 3aK1I0YaETCH B PeryiMpOBaHHM POCTA U PA3BUTUA 3y0aKTepuii, B
YACTHOCTH B MHAYUHMPOBAHUH NpoLeccoB (GOPMUPOBAHUSI TTOKOSIIIIHX-
cs1 KieToK. Takue BelecTBa MOTYT BbIIENSTECH B KYJIETYPAIBHYIO Cpe-
JIy MJIM HAKaIlIMBATLCS BHYTPH KMeTKU. OHH OBUTH BBIIENEHEI, U NO-
Ka3aHa MHAYKIIMS MMH CriopooOpa3’oBaHus.

CiopMupoBasHble MMOKOSAIIHMECS KIETKH B TEYEHUE pa3HOIO Bpe-
MEHH MOTYT HaXONUTBCS B XHM3HecnocobHOM coctosHmu (Tabn. 8) u
TPOPACTATH B NOAXOHALIMX YCIOBHSIX C 06pa3oBaHHEM aKTUBHO MeTa-
OONU3UPYIOLIMX BETeTATHBHBIX KIETOK.

JIns aHaoCcnop Npolecc NpopacTaHUA COCTOMT H3 HECKONLKHX 3Ta-
TIOB: AKTHBAIMK, MHHMIIMAIIMM U BRIpacTaHusg. Kak npaBwiIo, 3HI0CTIO-
Pbl Jaxe B OMaronpHATHEIX YCIOBUSIX MOTYT He npopactath. J1ns 3toro
MX HeOOXOAUMO MOABEPrHyTh akTHRaMy. Havbosee oO1IMM aKTHUBU-~
PYIOLLMM (PaKTOpOM SIBNSETCS TepMOOOpaboTKa CNoOpoBOi CYCIIEH3UH.
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Tabnuua 8§

¥YeroiuBocTh NoKoAImMxcA GopM syGakTepHil
K 3KCTPCMAIbHBIM BO3AelcTBuAM

(no Myne, Iponuny, 1981)

Tun noxosuMxcs KNeToK

Mospexnarowmuii (axrop

BBICOKAS TeMIepatypa

BBICYLUMBaHHE

Mukcocnopbl MEKCO-
GakrepHi

riubens 90 % nocne Bbl-
IepxuBanus npu 50°C
B TeueHHe 20 MUH

rubens 50 % nocne xpa-
HeHUd B TedyeHue 6 cyT

IIucTe! asoTobakTepa

100 %-5 rubens nocie
BLUICPXKHMBAHKUSA TIPY
60°C B Teyenue 15 Mun

100 %-a xwu3Hecnocob-
HOCTh [TPH XPaHEHHUH B
TeyeHue 12 cyr

AXHHETH LMaHObaKTe-
puit

ribens 95 % nocie Bhi-
nepxuBaHusa npu 40°C
B TeyeHte 10 MuH

95 %-s1 Xu3Hecnoco6-
HOCTB IOCIIE XpaHeHHs
B TeueHue 15 mec npu
4°C

BHAOCNOPbl HEKOTOPHIX

rubens 90 % nocne BoI-

KH3HECTIOCOOHOCTh

aybakTepuii nepxuaHus npu 100 °C |coxpaHsanack B TeYEHUE
B TeueHue 11 Mun NpUONHU3NTENBHO
1000 ner
BHAOCMOpPbL AKTHHOMH- |rHGens 99 % nocne Bbl- | XKH3HECMOCOBHOCTh
LIETOB IepxuBaHug Npu 75 °C  |coxXpaHsiach B TeYeHUe
B TeueHHe 70 MMH 14 ner

Ilocne sToro cnopst npuoGperarT cnocoGHOCTL NPOPACTaTh, HO IS
HAayaja [MpopacTaHUsa HEODXOIUM XUMUYECKUI «ITYCKOBOI» MEXaHHU3M.
B kavyecTBe BewieCTB, HHULIMUPYIOUIMX NPOpACTAaHME SHAOCNOP, HAHU-
6onee 3¢dexTHBHE YIIEBONbl, HEKOTOPBIE aMHWHOKHUCIOTH H HEOpIa-
HHUYECKHME HOHEL.

B 11e10M npopacTaHie — 3TO NPoLIecC, CONPOBOXIALIUICS CII0X-
HBIMH (PU3MONIOrMYECKMMH U GHOXMMHYECKHMM H3MmeHeHuaMu. Ha-
YHHAETCSI OH ¢ HHTEHCUBHOIO TNOITIOIIEHUA CNOpoii Boosl ¥ Habyxa-
Hus. Ha nepBoM 3Tane npopactaHusi NPOMCXONUT AKTHBALHSA (hepMeH-
TOB (U B NEPBYIO OYEPENb JMUTHYECKHX), PE3KO BO3DACTAET ILIXAHUE,
T.€. MODWIM3YeTCsl SHEeprus, NPOUCXOMAT U3MEHEHHS B XMMUYECKOM
cocTape (M3 Cnop ynaadeTcs OUNHKOIMHOBAS KUCIOTA), MIET aKTHB-
HHil cuHTe3 Oenka ¥ PHK, no pemnukanuma JJHK naymuaeTcs ne
cpasy, a yepe3 1 — 2 4 rocne Hayana npopacranusa cnopsl. [pexe Bce-
IO ODPOMCXOOAT Npoiecck penapanud nospexnenuit JHK, nponso-
LIEALIMX B NEPHOM NOKOsI CHOpPHI. 3a BPEMSI NpOPacTaHMs CIIOPE! TEPs-
10T 10 !/3 nepBonavansHoii Maccel. Ilochenyioume 3Tanbl COCTOSIT
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B pa3pyllUeHMHM KOpTeKca, pa3phiBe CIIOPOBBIX MOKPOBOB, BhIXoIe chop-
MUPOBABLICHCH K 3TOMY BPEMEHM CTPYKTYpPHI, HA3hiBa€MO# pOCTOBOM
TpyBOUKO, TOCTpaMBaHUHK €K KIETOYHOM CTEeHKHM M IOCHenyIolIeM
neneHuH chOpMHPOBAHHON BETeTaTHBHOM KJIEeTKH (CM. puc. 23).

YpoBHU KNeTo4YHOW opraHM3aumuv

¥ sybakTepMii MOXHO NPOCIeAUTE PA3HBIE YPORHHU KJIETOYHOI opra-
um3aimy. [lopasnsiouiee GONBIIMHCTBO 3Y0aKTEpHil — OTHOKIETOY-
HEI€ Opraiu3Mel. s cBobonHoXuByLMX (opM 3TO MOXET OBIThL OIpe-
HEJNeHO KAK CToCODHOCTh OCYIIECTBAATH BCe (DYHKLHHM, TPHCYLIUE
OPraHM3My, HE3aBUCKMO OT COCEIHUX KIeTOK. B 10 e Bpems st MHO-
rux 3ybakTepuii oTMeYaeTcs TeHAESHIINS CYLUECTBOBATL HE B BUE 0N~
HOYHBIX KJIETOK, a (pOpMHMPOBATE KJIETOYHBIE arperarsl (CM. puc. 3, 5).
Jlnst HETIONBMIKHBIX KJIETOK MOCNENHUE ECTh PE3YNLTAT Psija MOCNENo-
BATENBHBIX ACAEHHH, NPUBONAIIMX K NOSBACHHIO KOJOHMI. OnHako
0Opa3oBaHME arperaTos KJIETOK HaOMIONaeTcs ¥ y MONBYIKHBIX (JOPM.
YacTo KJNETKH B arperarax yAepXWBaloTCH ¢ NOMOLIBK BBIAENSEMOH
MMM cIu3u. TIpoyHOCTS M ONTOBEYHOCTE CYILECTBOBAHMS TAKMX arpe-
rATOB 3aBUCAT OT CBOMCTB CNU3M U YCJIOBUIi BHeluHe# cpensl. Ha 3ToM
3Tajie MOXHO TOBOPMTH JHLIE O CHyYalfiHOM KIeToYHOM o0benuHe-
HHM, KOTOPOE HE NPOTUBOPEYUT JaHHOMY BBHIILE OIPEASTCHUIO OLHO-
KJIeTOYHOCTH.

H3BecTHEl, OOHAKO, CTy4YaH, Korma TaKoe BPEMEHHOE arperupoBa-
HHe ONHOKJIECTOYHBLIX OPFaHM3MOB CBS3aHO C OCYIIECTBIEHUEM OIpe-
nenenHoli pyskuuu. IlpuMepoM MoXeT CitykuTh 0Dpa30BaHKeE MIOI0-
BBIX T€Jl MMKCODAKTEpHMSAMH, KOTOPOE AENAET BO3MOXHBIM CO3DEBAHHE
IIKCT, Ha YTO HE cNocOoDHE!I B OOBIYHLIX YCIOBMSIX €OMHMYHBIE KIIETKH,
B a3po0HBIX yCOBHSX ONMUCAHO OOpa3’0BaHUE CTPOro aHA3POOHBIMH
bakrepusmu U3 pona Clostridium xononuii, 1o BHEIIHEMY BUIY HANO-
MMHAIOLIHX [UTONOBBIE Tena MUMKcoOaKTepuii, B KOTODBIX CNOPYIMpY-
OLIME KIETKU U 3HIOCNOPEI PACNONOXeHb! BHYTPH U 3alIHIIEHE! OT
KHUCIIOpoAAa MIOTHLIM CIOEM CITH3H.

Beinue 0bU10 06CYXAEHO, YTO y ONHOKIETOYHLIX 3yDakTepuii He-
PenKH ciydan obpa3oBaHus MOpDONIOTHYecKH M (DYHKIIHOHATEHO nud-
(bepeHLIMPOBAHHBIX KJIETOK (CM. Tabn. 6).

TeHneHiusa 3ybakTepHii K MEXaHMUYECKOMY OOBEIMHEHUI) KIIETOK
B arperatbl U audpepeHIIMPOBKA OTAENBHBIX KIETOK — HEODXOOHUMEbIE
NPEenrochlIKY [U18 BO3HHKHOBEHUS MNPOCTEIX BAPDHAHTOB HCTHHHOM
MHOTOKJIETOYHOCTH. COINIACHO CYLIECTBYIOMIMM NPEACTABICHUSAM MHO-
FOKJIETOYHOCTh HAYMHAETCS C NOSIBAEHUSA CTPYKTYPHO-(DYHKLIMOHANE~
HEIX PA3/MYHMi Y YIEHOB MCXOOHOMH ONHOPOAHOM Ipynne! KIeToK. s
¢hopMHUpOBAHMS caMOI'0 MPOCTOrO TUIA MHOTOKJIETOYHOTO OpraHU3Ma
HeoOXONMMEI TPH yCIOBHA: 1) arperMpoBaHHOCTL KJIETOK; 2) pa3ne-
nenue QyHKIMH MeX/Ny HUMU B TAKOM arperaTe; 3) HaAWUME MEXIY
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arperypoBaHHBIMH KI€TKAMH YCTOMYMBEIX M CIIEHH(DHUYECKIX KOHTAK-
ToB. C/encTBHeM Xe TAKOro THIIA KIETOYHOMH OPraHU3aLMy TO/IKHO OBITh
NOBBILLEHHE XU3HECTIOCOOHOCTH MHOTOKJIETOMHOI0 KOMILIEKCA [0 CpaB-
HEHHIO C ONMHOYHOM KJIETKOM TOro e BUIa B TeX XE YCIOBUIX.

MHorokneToynsie OpraHu3Mbl BCTPEYAIOTCS B PA3HBIX TPYIINax
oybakTepHit, HO Haubosee BEICOKOOPTraHM30BaHHAA MHOTOKJIETOYHOCTh
MPUCYIIA ABYM TPYNIIAM: aKTHHOMHIETaM M 1MaHob6aKTepuaM. B npe-
Ienax nocnenHeit ocobeHHO XOPOLUO NPOCHAEXKHWBAIOTCH BCE ITAIIBI
thopMHpOBAHUA MHOTOKJIETOYHOCTH, BIUIOTH O HAMDONEE CIOXKHOTO
€€ BBIpAXEHWS B MUPE IMPOKAPUOT.

B npocteifiuem cnyvae, Kak, HarlpuMep, Y NPeACTABUTENCH POIOB
Synechococcus u Chamaesiphon, KJIeTKH NoOCNe NefleHUS UIH TIOMKOBa-
HUA HMEIOT TEHIEHLIMIO pacXonuThed. J1g onHOKIeTOUHEBIX Hano6aKk-
Tepuit, npuHamnexalux K ponam Gloeobacter, Gloeothece vinu Gloe-
ocapsa, HaobOpoT, KIETKM MOCHE NEeNeHUs] OCTAKTCs OOheNUHEHHBI-
MH € NOMOIUBIO OKPYXAIOUIKUX MX yeXoB (puc. 24, A).

BHyTpH CIM3MCTOrO MarepHana Yexia Moryr (GopMHMpOBATECS O-
BOJIbHO KpYTIHEIE KIETOYHBIE arperatsl. B 3TOM cyyae mMexny KieTka-
MH HET HENOCPEICTBEHHOTO KOHTaKTa. Bonpoc o BosMoxHocTH U (op-
MaxX OCYUIECTBIEHHH MEXKIETOYHBIX KOHTAKTOB Yepe3 OKpYXaIolne
KJIETKH YeXJIbl OCTaeTCsl OTKPHITHIM. [loKasaHo, 4YTo yoalneHMe Yexia,
NPUBOAsILIee K pa3obLIeHHIO KIETOK, He OTPAaXaeTcsl Ha UX XKU3HE-
crocobHOCTH.

&
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Puc. 24. Mexxi1eTOYHBIE KOHTAKTHI ¥ PAa3HbIX [IPENCTABUTENEH
uraHobakTepuit (A) M MUKpOMIaMofecMb! Y HUTYaThiX gopm (B):
I — Synechococcus, IT — Gloeothece, IlT — Pseudoanabaena;, IV — Oscillatoria; V —
Anabaena: 1 — 4eXoJl, OKPYXAIOWMH KAXIYI0 KIeTKy; 2 — COXpaHHMBLIMACH Yexosn
MaTepHHCKOH KJIETKN; 3 — MONsIpHLIE TAa30BLIE BAKYonW; 4 — reTEpouMcTa; 5 — aKu-
HeTa; 6 — HapyXHas MeMOpaHa; 7 — IenTHAONIMKAHOBLI cioii; & — KieToyHas
ctenka; 9 — UIMM; 10 — mukponnasMonecMbl; 11 — Tunaxomas; 12 — HyKieoma
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Cpeny HUTYATHIX LMAHODAKTEPHIt MPOCIEXUBAIOTCH B pasHoii cTe-
MEeHU BBIPAXEHHBIE HEMOCPEICTBEHHBIE KOHTAKTEL MEXIY COCENHUMU
KJIeTKaMM, oOpasyloLMMHy TpuxoM. Y npencrasuteneii pona Pseudoana-
baena XJIETKH B HUTH pas3fieNieHb! IIYOOKKMMH NepeTsskKami, a'y Oscil-
latoria nenenue, Npoucxomauee myTeM GOPMHPOBAHUA MONEPEYHO
[I€pErOpOoKH, MPUBOAUT K COXPAHEHUIO IUIOTHBIX KOHTAKTOB MEXIY
KJIeTKaM¥ Ha BONBLIMX YYACTKAX KJIETOYHOM NnoBepxHocTH (puc. 24, A).
YacTo KNeTKH B TPUXOME OKPYXEHBI OBIIVNM YEXJIOM, KOTOPhII MOXET
PACCMATPUBATECH B Ka4eCTBE JIONONHUTENRHOTO daKTopa, YaepXHUBa-
IOLIEro MX B ONPENSACHHOM NOpsiaKe. Y HHUTYATHIX 1HMaHOOakTepwii,
NPpUHAANEXKANIMX K OIIMCaHHOMY TUITY, € TMOMOII[LIO BHEKTDOHHOﬁ
MHKPDOCKOIIHH MEXY COCEIHMMHU BETeTATUBHBIMH KIIETKAMH 0DHapy-
JXKEHB! CTPYKTYpSl, HasBaHHBIE MHKPOMIa3MoAECMaMHM, obec-
[EYMBAOLIME HENPEPBIBHOCTE MEMOPAHHBIX CTPYKTYP M IUTOITa3Ma-
THUYECKOTO COMEPXKHUMOr0 B KJIEeTKaX TPUXOMA.

MuUKpornasmoaecMsl HPENCTABISIOT coboil KaHansl, OKpYXEHHBIE
MeMmbpanoii, HApYXHEBIH AMaMeTp KOTOphIX MeHrwie 200 HM, mpope-
3a0lMe MOMEPEYHYIO TEPEroponkKy MEXIy COCEOHUMM KIETKaMH
(puc. 24, b). KonuyectBo ux pocturaeT 30—40. C nomMolUs0 MHKPO-
TUTa3MOAECM OCYLIECTBIAIOTCH NpsaMble KoHTakTel Mexay LIIM co-
CemHHUX KneToK. TakuM o0pa3oM, MMEOIMecs NAaHHEIE YKA3LIBAKOT HA
CylLIeCTBOBaHMe NyTel, obecrneYrBalOIIMX BO3MOXHOCTE 0OMEHa HH-
thopmarmeit Mexy KnerkaMu B TpuxoMe. OBMeHMBaeMbIMM MOTYT OBITH
BELECTBA, PACTBOPEHHBIE B LMTOIUIA3Me. BTo OBUIO MOKA33aHO TpU
BBEHCHHM BHYTDE KJIETKM KpPacuTeNei, TiocTerteHHO TG YyHIHpOBaB-
LIUX B COCENHHE KJIIETKH HUTH. ana YCTAHOBJIEHA TAK2KE nepenavya no
MeMOpaHaM BOOJIb TPUXOMA SHEPTHH B (DOPME 3JIEKTPHYECKOIt COCTAB-
JIgolIel TpaHCMeMOpaHHOrO noteHMana. TpaHCopT HEPriU Npo-
HCXOOUT OT MecTa ee 00pa30BaHWsA B OCBELUEHHON YacTH TpUXOMa K
HEOCBEUIEHHOMY €0 KOHILY.

HeobxopumocTs B Takom OOMeHe OYEBMIHA, eCJIM KIETKH, (op-
MHPYIOLIME HUTh, HAXOOSTCS B PA3HBEIX YCIOBHAX MM (DU3NONOTHYE-
CKHX COCTOSIHUSAX, KAK 3TO MMEET MeCTO NPH 3KCNePHMEHTANILHO 110~
KasaHHoii nepenaye sHeprvu. B 1o xe BpeMd y iuaHobaKTepUit ponos
Pseudoanabaena wvim Oscillatoria ne o6HapyXeHo KaKoi-nubo yeTKoit
Mopdonoruyeckoii win pyHKIMoHansHoR tuddeperHuposku. Tone-
KO I KOHIIEBBIX KJIETOK HUTH MOXHO WHOITIA OTMETUTH HECKONBKO
OTIMYHYI0 (POPMY, YTO OOBACHSAETCS, BEPOATHO, HAXOXAEHHEM HMX B
WMHBIX YCHOBHSIX, YEM OCTANILHBIX KIETOK B TPUXOME.

JansHeitliee pa3BuTHE B TPYIe UMaHoGakTepwii 1IUIO0 MO OBYM
B3aMMOCBsI3aHHLIM HAIlpaBlICHHAM: NO MMyTH (GOpMUPOBAHKA (QYHK-
IIMOHABEHO NUu(pepeHIMPOBAHHEBIX KIETOK M PA3BUTUS DOMee TECHBIX
KOHTAKTOB MEXJIY COCENHMMH, a Uepe3 HUX W BCeMM KIIETKaMH TpH-
xoMma. OCHOBHBIE THITHL JHU(hepeHUNPOBAHHEIX KIETOK LinaHnobakTe-
pUii — AKMHETHl, CyXalllMe [/l MepeXXuBaHuA B HEONArompusTHhIX
YCIIOBMSIX, H Te€TEpOLIMCTHl, 06ecnieyuBaloLKe (DHKCALIUIO MONEKYAP-
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HOTO a30Ta B a3poOHBIX yenoBusax (puc. 24, A). Mexny rereporycToii U
BereTaTUBHBIMM KJIETKaMM NPOHCXONWT AKTHUBHBIN 06MeH meTabonu-
TAMU: U3 BET€TATUBHEIX KJIETOK B FETepOLMCTY NOCTYIAT JUcaxapa,
rponykThl ¢poTocunTeTHYecKOi pukcaiumu CO,, a U3 reTepoLHCTh —
asorconepxallle Benlectsa. KaHanbl, no KOTOPBIM OCYLIECTBISETCH
obMeH mMeTabonuTraMu, cHavyana ObUIH [MOCTYIMPOBAHEI HA OCHOBAHUH
(bM3HONIOrHYECKMX TAHHEIX, & TIOTOM ODHAPYXKEHE! NIPH 3IIEKTPOHHOM
MUKPOCKONMPOBAaHUHU. BDT0 MHUKPOILIA3MOLECMb], HMEIOLIHME TAKOE XKe
CTPOEHHME, KaK U y Ge3reTepollMCTHBIX (hopm. Mexy coceiHUMM Bere-
TATUBHBIMM KJIeTKamMu HacyMThiBaeTcs ot 100 mo 250 Takux cTpykTyp,
a MeXUTy FeTePOLIMCTO U BereTaTUBHOM KIeTKol — okono 50. ¥ Bunos,
MMeroLIMX QYHKIMOHANEHO JuddepeHIIMPOBAHHBIE KJIETKH, OCYLLECTB-
ns0TCst 60Nee TECHBIE MEXKIIETOYHBIE KOHTAKTE], CO3IAI0IIHE YCIOBHUS
Juis Gonee aKkTMBHOIO obmMeHa meTaboJIMTaMM BHYTPH TPHXOMA.

Taxum 00pa3oM, HUTYATHIE IUAHODAKTEPMH MOXHO CYUTATH MCTHH-
HO MHOTOKJIETOYHBIMM OpPraHM3MaMH, Y KOTOPBIX TPHXOM INPEACTAaeT
KaK LEeJOCTHBIH OpraHu3M, Hekad (DM3HMONorHyecKas eNMHMIA, a He
CKOIIEHHE OTAENBHBIX, YHCTO MEXaHMYECKH OOBEIMHEHHBIX KJIETOK.

FmaBa 6

OBLUAA XAPAKTEPUCTHUKA
KOHCTPYKTUBHOIO METABONU3MA MNMPOKAPUOT

O6pa3 XHM3HU NNPOKAPUOT COCTOMT B MOCTOSHHOM BOCTIPOU3BOI-
crBe cBoel GuoMaccsl. JCOBOKYITHOCTb NPOTEKAIOIIMX B KJIETKE [po-
1IECCOB, ODECNEYMBAIOLIMX BOCNIPOHM3BOACTBO GMOMACCHI, HA3BIBAETCH
oBMeHOM BELLIECTB, WIHM MeTabonK3aMoM. KileTouHbIi MeTabonM3M CKJIa-
NBIBAETCH M3 OBYX IOTOKOB peaklMid, HMEOLIMX pasHyH HANpaBleH-
HOCTb: 3HEPTETHYECKOr0 U KOHCTPYKTHBHOIO MeTabonuama. D He p-
reTUYeCKMi MeTaboNnHM3M — 3TO MMOTOK peaKIIMii, COTIPOBOX-
Hapupxcsd Mobunu3auued sHepTruM H TNpeobpa3oBaHHEM €€ B
MEKTPOXUMHYECKYI0 (Ally+) wiun xumuyeckyrw (AT®) dopmy, ko-
TOpas 3aTEM MOXET UCITONbL30BATECS BO BCEX IHEPrO3aBHCHMBIX MMPO-
meccax. KOHCTPpYKTUBHBIH MeTabonuam (BHOCHMHTE3B) —
MOTOK PEaKLIMi, B PEe3YNbTATE KOTOPBIX 33 CYET NMOCTYTIAIOLINX U3BHE
BELIECTB CTPOMTCS! BEIIECTBO KJIETOK; 3TO MPOLIECC, CBA3AHHLIN C MO-
TpebrenneM cBOOOMHOM SHEPIUM, 3aNaCEHHONH B XMMHYeCKOH hopMe
B Monekynax AT® wiu npyrux GOraTeix SHEPTHEH COSMMHEHMIA.

B mMuKpobHonornyeckoil IMTepatype sl 0003HAYEHUS SHEPTreTH-
YECKHX M KOHCTPYKTHBHBIX IPOLIECCOB INONbL3YIOTCS TAKXKE TEPMHHAMH
«kaTabonM3M» u «aHabGonusmM», HMEIOLMMH OTHOIUEHUE K pacrany
WK CHHTE3Y OPraHM4YeCKMX MOJIEKYI, IIPOMCXOMSIIIEMY COOTBETCTBEHHO
¢ BRIIEJIEHUEM WK noTpebneHeM cBobonHoit sneprun. Creayer MMeTh
B BHAY, YTO TEPMMH «KATa0ONHM3M» MPUMEHHM JUIS 00O3HAYEHHS HE
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BCEX THIIOB 3HEpreTHYeckoro o6MeHa npokapHot. CylliecTByIOT rpyr-
MBI TIPOKAPHOTHBIX OPraHH3MOB, 3HepreTHyecKuit MerabonusM KoTo-
PEIX HE CBfI3aH C NpeBpalyeHUAMH OpPraHHYecKUX coeluHeHUH (mpo-
KapUOTEI € (DOTONMTO- ¥ XeMONUTOTPOMHBIM THIIOM SHEPreTUYecKoro
obmena). ITo oTHOLIEHWIO K TAKOIO poAa 3HEpreTHIecKUM MPOLECCam
TEPMMH <«KaTabOJM3M» HENMPUMEHHM. ¥ 3THX OpPraHuU3MOB (PYHKLMO-
HHpYeT TOJBKO OAMH MOTOK NPEBpaLIEHU GPraHUYEcKHUX COeauHe-
HHUI yriepona — aHaboNnu4ecKHii.

Merabonmueckue yTH KOHCTPYKTHBHOI 1 SHEPreTHYeCKOM Harpas-
JIEHHOCTH COCTOST N3 MHOXECTBa MOCIEea0BaATCIbHBIX (I)epmei-rr ATUBHBIX
peakuuit ¥ MoryT OBITHL pasjeneHnl HAa TpH 3Tana. Ha HayaibHOM —
BO3MIEHCTBHIO TMOIBEPTAIOTCS MOJIEKYNLI, COyXalllie MCXOAHBIMH cyO0-
cTtpatamMu. UHoraa 3ty yacTh MeTabOMMYecKoro NyTH Ha3bIBAIOT TIEPH-
¢epuueckum MeTabonuaMoM, a (hepMEHTE, KaTAIM3HPYIOIHE [epBLIe
3Tab! MpespaleHus cybeTpata, — nepudiepuyeckumu. [ocnenyronme
MpeBpallcHAA BEJIIOYAIOT psill (hepMEHTATHBHBIX PEAaKIMii ¥ MPUBOIAT
K 06pa3soBaHMIO MPOMEXYTOUHKIX TIPOLYKTOB, WK MeTaboNuTOB, a camMa
1enb NpeBpallieHuil o0beNMHAETCS TIOJ Ha3BaHWEM [TPOMEXYTOYHOIo
Merabomusma. Obpasyrouipecs Ha MoceHUX 3Tanax KOHEYHbIe Ipo-
JIYKTHl KOHCTPYKTUBHBIX NMYTEH HCMONL3YIOTCS UL TIOCTPOSHUS Belle-
CTBa KJIETOK, a 3HEPreTHMeCKUX — BBIICIISIOTCSA B OKPYXKAIOLUYIO Cpefy.

KOHCTPYKTHBHEIE ¥ SHEPreTHYeCKHe TIPOIeCChl TIPOTEKAIOT B KJIETKE
OMHOBpeMeHHO. Y DONBIIMHCTBA MPOKAPHUOT OHH TECHO CBA3AaHbI MEX-
Iy coboii. OgHaKo Y HEKOTOPHIX MPOKAPHOTHBIX OPraHM3MOB MOXHO
BLIIEJIUTH TIOCHEAOBATENIbHOCTH peakiiif, CayXKalUxX TONBKO IS Mo-
JNYYEeHHMs 3HEPrUHM WIH TONBKO Ui DMocuHTe3a. CBA3b MeEXY KOHCT-
PYKTUBHBIMH M 3HEPreTHYECKUMH NPOTIeCCaMy NPOKApHOT OCYILIECTB-
JISIETCS TI0 HECKOJIbKUM KaHanaM. OCHOBHOM M3 HUX — 3HEpreTH4e-
ckuii. OnpeneneHHble peakiiiH MOCTABISAIOT IHEPTHIO, HEOOX0THMYIO
A GHOCHHTE30B U IPYTHX KIETOYHBIX 3HEPro3aBUCHMBIX (YHKLIHIA.
brocvHTeTHYECKUE peaKIMU KpoMe JHEePriH HYXIAioTcs 4acTo B T10-
CTYIUIEHHHM M3BHE BOCCTAHOBHMTEJI B BHJE BOAOpOAa (3NEKTPOHOB),
HCTOYHHKOM KOTOPOrQ CIYXAaT TakKXKe PeaklMM 3HEepreTH4ecKoro Me-
Tabonuama. U HakoHel, TecHas CBA3b MEX/IY IHEPreTHYECKMMH U KOH-
CTPYKTHBHBIMH TIPOLIECCAMH TIPOSIBNIIETCHA B TOM, YTO OIpenclieHHbIe
MPOMEXYTOYHbIE ITanbl MIKM MeTabONHTB 0DOMX MyTeil MOIyT ObITH
OIMHAKOBBIME (XOTH HATIPaBIeHHOCTh MOTOKOB PeaKlInii, OTHOCSLMXCSH
K KaXIOMY U3 IMyTeil, pasnuuHa). D10 co3naer BOZMOXHOCTH IS HC-
TIONL30BAHUA 06]].([4)( IMPpOMEXKYTOYHBIX ITPOAYKTOB B KaXI1OM H3 MeTa-
Gomuueckux nyrteil. [TpoMeXyTouHbIE COeMHEHHS TAKOH MPHpOAL!
TIPE/IVIONEHO Ha3BBaTh aMGUOON B TAaMH, a TIPOMEXYTOUHEIE pe-
aKIIMHM, OMMHAKOBLIE Ui 0DOMX TIOTOKOB, — aM(pHOONHYECKUMH.

MeTabonu3M NpoKapHoT, KaK 3HEPreTHYECKHid, TAK U KOHCTPYK-
TUBHEBIA, OTIMYAETCS 4Ype3BRIYANHHBIM pasHoobpa3vemM, KOTOpoe eCcTh
pe3yneTaT crmocobHOCTH 3THX (hopM XH3HH HCTIONB30BaTh B KayecTBe
HCTOMHHUKOB 3HEPIMM M MCXOOHBIX cyOCTpaToB VIS MOCTPOEHMA Be-
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LIECTB Te/la CaMBIi IIMPOKUE HA0OP OPraHUYeCKHX ¥ HEOPTaHHYECKHMX
coenHeHwmii. Takasa criocobHocTs 00yCoBneHa pasnuuusaMy B Habope
KJIeTOYHBIX neprdepruecknx QepMEHTOB, BO3JICHCTBYIOLINX Ha HC-
XOmHBle CyDCTpaThl M BHIOM3MEHSIOIIMX MX MOJIEKYJIBI B Hampapie-
HHH, 1103BOJISIONIEM UM n1ajee MeTabonu3npoBarbes 1o KaHATaM TIpo-
MexyTouyHoro merabonusma. B omnmuame ot nepuepuyecKoro mpome-
XKYTOYHBIN MeTabonu3M NpoKapHOT He OTNHYAeTCs CYIIECTBEHHBIM
pa3Hoobpa3uem, XOTS CPABHHUTEIBLHO C TAKOBBIM 3YKapHOTHBIX Opra-
HU3MOB OH COCTOMT M3 DONBLIEro YHCHa BApHAHTOB.

XuMHUYECKMiA COCTaB NPOKapPUOTHOM KIEeTKU

XMMHYECKHIT COCTAB KJIETOK B NPMHLIKMITE ONMHAKOB y BCEX OpraHu3-
mos. Knerku npokapwrot coneprkart ot 70 1o 90 % sonsl. OcHoBHYIO Maccy
CYXHX BELECTB, Ha JIONIO KOTOPBIX npuxonsTcs octaibHbie 10— 30 %,
cocTaBNAoT Genky, HYKIeHHOBBIE KHCIIOTH, JIMITHIBI M TONMcaxapu-
apl. Heckonbko NpolieHTOB CYXOro BelecTBa KJIeTOK NPHUXOAHTCS Ha
HH3KOMOJIEKYJISIPHBIE OpraHUYecKue BelliecTsa i conm (tabmn. 9).

Ta6bnuua 9
Xumnageckuii coctas knerku E. coli* (no Neidhardt, 1987)
Ob1uee Yucno
KOIMIC | Monexynsip- | Konmwuectso | PasHbIX
KoMrioHe: exno, % BUNIOB
HT OT cyxmx Had Macca, MONEKYn NG
BELICCTB Na 1 EICIRE ot
B KJICTKE
KIETKH
Benok 55,0 4,7-10% 2 350 000 1850
PHK 20,5
238 pPHK 1,0- 106 18 700 1
1685 pPHK 5,0-10° 18 700 1
58 pPHK 3,9-10* 18 700 1
TPHK 2,5-104 198 000 60
uPHK 1,0- 108 1380 600
JTHK 31 2,5-10° 2 1
Jlurmmae 9,1 705 22 000 000
JIunononucaxapmub: 3.4 4070 1430000 )t
IMermrmuoorMkan 25 (904)n 1 1
Inuxored 2,5 1,0- 106 4300 1
IMonuamMeHE 0.4
NyTpecMH 88 5600000 1
CrepMHIKMH 145 1 100000 1
MeTabomuTh, Kodak- 3.5 800
TOPbI, MOHLI

* Auanusuposany Kietkm E. coli, BrlpanieHHEIE B YCNOBMAX a3pMPOBAHMA Ha
CHHTeTHYeCKO# cpelie ¢ rmoko3oit npu 37 °C; spems reHepauum — 40 MuH.
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MakpoMONEeKY)Ibl, COCTABNAIIHE OCHOBHYIO MACCY CYXHX BElIECTB
KJIETKH, — TOJIMMepBl, TTIOCTPOeHHbIe U3 MOHOMEPHBIX egMHHI. Mc-
KJIIOYCHHEM CIYXaT JIUMHOBL, He SBASIOIMECs IToNHMepaMH, TaK KaK
MOJICKY/IBl B HUX HEe COSIMHEHbl MEeX1y coboil KOoBaNleHTHEIMHU CBA3s-
MH. YINeBOojHbIE MONMHUMEDE! MOCTPOEHB! HA OCHOBE MOBTOPSIOLIMXCS
€AMHHI] OAHOro, ABYX WIHM OoNiee TUTIOB, HanpuMep, 3aMMacHON No-
JIMCAXAapU] TNIMKOTEH, MOCTPOSHHBIN M3 OCTATKOB IIKOKO36!, WIH Memn-
THIOTNIMKAH KJIeTOYHOU CTeHKH, 0bpa3oBaHHBIN uYepenosaHueMm N-
aleTUNINIIOKo3aMuHa U N-aueTHIMypaMoBoii KHCHoThl. B kietke yr-
JIEBOIHEBIE TIOJIMMEpPH [1PENCTABIEHbl YACTO OAHHUM BHJIOM MOJEKYJIBI
(cm. Tabn. 9).

INonumepHble MONEKYNbI BENIKOB H HYKJIEMHOBBIX KMCJIOT CHHTE3H-
PYIOTCSI Ha MaTpMile, KOTOpas M OIpeNC/serT MocieA0BATENhHOCTh CO-
CTABJIAIONIHX X MOHOMEpPOB. BO3MOXHOCTH 171 CHHTe3a pazHoobpas-
HBIX 110 PYHKLMAM K CTPYKTYpPE KJIETOYHBIX METADONUTOB pealn3yioT-
cs Ha cTaiuy cOOpKYM MONUMEPOB MYTEM pAa3JIM4HBIX COYETAHMM
HMCXOJTHBIX CTPOMUTEIBHEIX Oi0KOB. B 0CHOBE OrpoOMHOIrO YHCIa BUIO-
¥ GyHKUHOHAJIBHO cnelpdudeckux DENKOB NeXxaT KoMOMHAIMK M3
20 aMHHOKKCIOT, a YToDObl 3ammudposaTh Bech 0GbeM IeHETHYECKOMN
MHpOpMalMKH OTHOM KIeTKH HJIM MHOIOKJIETOYHOrO OpraHM3Ma OKa-
3aJ10Ch AOCTATOYHBEIM KoMOMHalMK U3 4 HykneotHaos. [IpokapuoTHas
KJIeTKa B HopMme couepXHuT npumepHo 2000— 2500 pasnnunbix Gen-
KOB, KaXablit n3 KoTopbix npeacrasneH 400— 1000 monexynamu. Ko-
JNMYECTBO MOJIEKYJT HYKJIEHHOBBIX KHUCNIOT KaXI0ro BH/JIa OTNpeaeisaeT-
Csl MX (DYHKIIHOHANLHLIM HazHayeHHem: JHK — opHoro BMaa u npen-
CTaBlieHa OAHOM WIM HECKOJBKMMH KOTMSAMH; KOJIMYECTBO pa3HBIX
monekyn PHK B xietke xonebnercs Ha HECKONBEKO MMOPSIKOB.

NoTpebHocTH NPOKapMOT B NUTaTenbHbIX BellecTBax

MoHoMepbl, HeobXonMMBbIe WIS MOCTPOSHHS OCHOBHBIX KJIETOYHEBIX
KOMIIOHEHTOB, MOI'YT OBITH CHHTE3HpOBaHbI KJIETKOM WU noctynarthb B
TOTOBOM BHIE M3 cpefibl. Yem Donbliie FOTOBBIX COEJHHEHHI IOMKEH
MONYYATh OPTAHKW3M H3BHE, TeM HIDKE YPOREHE ero OMOCHHTETHYECKUX
crnocobHoCTel, TAK KaK XHMHYECKas OpraHu3alMsl BCeX CBODOIHOXM-
BYIIHMX (hOpM OIHMHAKOBA.

WUcTounukm yrnepona

B KOHCTpYKTHMBHOM MeTabonu3Me OCHOBHasi POIlb MPHHALIEXHUT
YINEepPOoy, MOCKONBKY BCE COEMHEHMS, H3 KOTOPBIX MOCTPOEHEBI XH-
BhIE OPraHM3MEI, — 3TO CO€JIMHEeHMs yriepona. VIX U3BecTHO OKOJIO
MuuiHoHa. [pokapuoTsl ciocobHbI BO3AEIICTBORATEL HA NI0D0E H3BecT-
HOE YINIEpONHOEe COENHHEHHE, T.€. WCIOIb30BaTh €r0 B CBOEM MeTa-
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6omizme. B 3aBHCHMOCTH OT MCTOYHHMKA YIVIEpOa sl KOHCTPYKTHBHO-
ro metabonmM3Ma Bce TMPOKApPHOTHI JEJATCH Ha e IPYNIBLL: aBTO-
Tpo(d bl, K KOTOPHIM NPHHAUIEXKAT OpraHu3Mebl, CriocobHBle CHHTE-
3UPOBATh BCe KOMIIOHEHTH! KJIETKHM M3 YINEeKHCIOTE, U TeTepo-
Tp o} b, HCTONHHUKOM YIJiepolia U1 KOHCTPYKTUBHOTO MeTabosinima
KOTOPBIX CIyXaT opraHuyeckue coenuHeHus!. [ToHATHS «aBTo-» H «re-
TepoTpOhHs» XapaKTEPH3YIOT, TAKMM 00pa3oM, THI KOHCTPYKTHUBHO-
ro metabonuama. Ecam asToTpod s — NOBOIBHO YETKOE H y3KOE TI0-
HSITHE, TO reTepoTpodus — MOHATHE BEChbMa LLIUPOKOe U COBeaHHSIET
OPTaHW3MBI, pPe3KO pa3THYyaIHeC CBOMMU NMOTPEOHOCTAMH B ITHTa-
TeNBHBIX BELIECTBAX.

Hawuboneimas cremens retepotpodHOCTH NMPHUCYINA MPOKAPHOTAM,
OTHOCSAIIUMCH K OBNHUTraTHBIM BHYTPHKIJIETOYHBM Mmapa-
3UTaM, T.e. OpraHH3MaM, KOTOPEIE MOTYT XHTh TONBKO BHYTPH JApy-
X XUWBBIX KieTok. [lapa3uTHyeckuil 06pa3 XH3HKM MPHBEN K pelyK-
MM HEKOTOPLIX MeTabOMMYeCKHX ITyTeil Y 3TUX IIPOKApHOT, 4TO U 0Dy-
CJIOBIJIO MONHYIO MX 3aBHCHMOCTh OT MeTaboJin3Ma KIIeTKH X035HHa.

Jpyrve mapasuTHYeCcKHe MPOKAPMOTHEIE OPraHK3MEl YAAeTCs BEI-
pauyBaTh Ha HCKYCCTBEHHEIX Cpeaax, HO COCTaB TaKHX cpen HCOGH-
yatiHo cnoxeHd. OHM CONEPXAT, KaK IpaBWIo, Oeylku WKW IpoayKThl
HUX HernyOokoro ruaponusa (MenTHHbl), MoiHbI Habop BUTAMMHOB,
(hparMeHTEl HYKJIEMHOBBIX KMCJIOT U T.i. s MpuroToeNeHms MUTa-
TENBHBIX cpe,u TAKOro cocCrasa HC]’IOHLSYIOT MHACHBEIE l"H,I{pOJIHSElTH,
LIeNIBHYIO KPOBb WIH €€ ChIBOPOTKY. POpPMEI, CMOCODHBIE pACTH TPH
CO30AHKH MOOXOAALINX YCJIOBHIT BHE KJIETKH X035WHa, Ha3kIBalOT ¢ a-
KYyJNbTAaTHBHBMH Napa3UTaMu.

Crienyouyio KpyrHy0 Cpyniry npoKapyoT COCTABNSIOT TAK Ha3bI-
Baemble carnpo®ur B — rerepoTpodHBIe OPraiu3Mbl, KOTOPHIE He-
MOCpeACTBEHHO OT APYTrUX OPraHH3MOB He 3aBHCAT, HO HYXIAKTCH B
[OTOBBIX OpPraHM4ecKux coenvHeHusx2. OHM HCTONB3YIOT TIPOAYKTEHI
XKUBHEAEATENHHOCTH APYTHX OPraHU3MOB JIA pasfaralolHecs pacTty-
TeNbHBIE U XKUBOTHBIE TKaHK. K canmpodmtam orHockTesl GOMbILAs YacTh
bakrepuit. CreneHb TpeboBare/IbHOCTH K cyGeTpary y calnpoduTos BECh-
Ma pasnuyna. B 31y rpynmny sXonsT oprasi3mMsbl, KOTOpLIE MOTYT PacTH
TONBKO Ha JIOCTAaTOYHO CIIOXKHEIX cybcTpaTax (MOJIOKO, TPYIILI XUBOT-
HEBIX, THUIOLIHE PACTUTENIBHBIE OCTATKH), T.€. UM HYXHBI B Ka4eCTBE
00s13aTeNTbHEIX 3NEMCHTOB MIMTAaHHS YINCBOABI, OpraHndeckue (hopMEl
a30Ta B BHAe HaDopa aMMHOKKUCHOT, TIENTHAOB, DENKOB, BCE WIH YaCTh
BHTAMHHOB, HYKJIEOTHILI MJIM IOTOBBIE KOMITOHEHTEl, HEOOXOINMEIE

! Brieperle MOHATMS «aBTO-» N «lETCPOTPORHA» GBUIH BBEICHB! JUIS MPOTUBOMIO-
CTaBleHUI PACTUTENBHOIO M XuBoTHOrO obpa3a xu3uu. [ToznHee uX pacnpocTpaHWIM
HA BCE OPYr¥e OPraHM3MBbl, B TOM YMC/IE M Ha [IPOKAPMOTHEIE. TEPMMH <aBToTpOdMS»
0O3HAYaeT MMTAIOLMKCH CAMOCTOATE/ILHO, «TeTepoTpodHA» — MUTAIOLMIACH IPYIHMM;
OT IPEYCCKHMX CNOB: «autos» — cam, «heteros» — npyroi, strophe» - rmuma.

2 TepmuH «canpoduThl» NPOMCXOAMT OT IPEUYCCKMX CJIOB «Sapros» — THWIOH
«phyton» — pactenue.
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U1l CHHTE3a MOCHEIHHUX (A30TUCTBIE OCHOBAHMSA, NATHYIJIEPOAHBIE
caxapa}. YTo0bl yIOBIETBOPUTH MOTPEOHOCTh 3THX reTepoTpohoB B 3J1e-
MEHTaX MHTaHUA, HX OOBIYMHO KyNbTHBHPYIOT Ha CPeax, COmepXKaLIX
MSCHBIE TMIPOJM3ATE], ABTONM3ATHl APOXCKEH, PACTHTEILHBIE 3KCT-
PaKThl, MOJIOYHYIO CEIBOPOTKY.

Ecth npoxkapuoTsl, Tpebyloime Ul pocTa BEChbMa OrpaHUYEHHOE
YHCJIO TOTOBHIX OPTAHMYECKHMX COeMHEHHI B OCHOBHOM U3 YKC/A BU-
TAMHHOB H aMHWHOKHCJIOT, KOTOpPhIE OHH He B COCTOSTHHM CHHTE3MPO-
BaTrh CaMH, ¥ HaKOHEIl, TreTepoTpodbl, HYXIAIOLWECS TOJBKO B Of-
HOM OpPraHM4YeCcKoM HCTOYHHKE yriiepoga. Um MoxeT ObITh Kakoi-nubo
caxap, CIIMpPT, KUCJIOTa WK [pYroe YINepoacoaepXallee CoelMHeHHe,
Onucansl GakTepun u3 pona Pseudomonas, criocoDHEIE HCTTONB30BATE
B Ka4ecTBe eMHCTBEHHOTO HCTOYHHKA YINepoaa U 3Hepruy aoboe u3
200 pa3nuyHEBIX OPraHUYECKUX COeWHEHHWH, u BakTepuu, IS KOTO-
PLIX MCTOYHMKOM YIJIEpPONA M 3HEPrHM MOXET CIYXUTh Y3KHH KpyT
IOBOJIbHO 9K30THYECKUX Oprannyeckux seiiects. Hanpumep, Bacillus
Jastidiosus MOXeT MCTIONIB30BaTh TOJIBKO MOYEBYIO KMCIIOTY ¥ MPONYK-
TEHI €e Jierpafaifiu, a HEKOTopeie npencTaButeny pona Clostridium pa-
CTYT TONBKO B Cpene, colepxauleil mypuHsl Mcnones3osBate mpyrie
opraHy4Yeckne cyOcTparsl misi pocTa OHM He MOTryT. BHoCcHHTeTHue-
CKHe CIMOCOOHOCTH 3TUX OpPraHM3MOB Pa3sBHThl B TAKOM CTEMEHH, YTO
OHHM CaMM MOTIYT CHHTE3MpOBaTh BCce HeoDXOOMMEBlE MM YTlepOOHbIE
COENMMHEeHHSI.

Ocobyio rpynny retepoTpodHbIX TPOKAPHOT, OOUTAOIHX B BOIO-
emax, COCTaB/IsAlT ONUTOTpo G Hele GaKTepuH, CiocobHBIe pacTH
TIpM HHU3KUX KOHLEHTpaHMsX B cpele opraHuyeckux semrecrs. Opra-
HU3MBI, IPEIIOYMTAIOLINE BBICOKHE KOHLUEHTPALMH TTUTATETLHBIX BC-
LIeCTB, OTHOCAT K KonuoTpod am!'. Ecnu y THIHYHEIX KOTIMOTPO-
(OB ONITHMANBHEIE YCIOBHMSA IS POCTa CO3/IAI0TCA MPH CONEPXKAHWH B
Cpe/ie TIUTATENbHBIX BElIeCTB B KonuyecTse nmpumMepHo 10 r/n, To ana
ONMUroTpoHBIX OPraHU3MOB — B npenenax 1 — 15 mr ymnepona/n. B cpe-
Aax ¢ bojiee BBICOKMM COHCPXKAHHEM OPraHMYECKHMX BElleCTB TaKue
DaKTeprH, Kak MpaBwio, pacTy HE MOTYT M MOTHDaloT.

Pasnuuus Mexiy rerepoTpoHBIMH [IPOKAPHOTAMH C BBICOKHMMM
NMOTPeOHOCTAMM B F'OTOBBIX OPTAHHYECKHX COENUHEHHAX H TEMH, I0-
TpeOHOCTH KOTOPHIX MUHHUMANBHEL ¥ CBOAATCS, KaK MpaBuio, K OOHO-
My KakoMy-HHOYIb OPraHMYECKOMY HMCTOYHMKY YINEepoaa, 3aKIoya-
OTCSl, TAKMM 00pa3oM, B CTENEHH pPa3sBHTHS HX DMOCHHTETHYCCKMX
criocobHocTei. KpaiiHsia creneHb pa3sBHTHS OHOCHHTETHYECKUX CIO-
cobHOCTell — CIOCOOHOCTh CTPOUTh BCE KJIETOYHBIE KOMITOHEHTE! U3
YINIEKHUCIIOTE — MPHUCYLIA Ipynmne aBTOTPo(HBIX TPOKapHOT.

Kax MoXHo BHICTH M3 H3MTOXCHHOTO BEILE, B MHPE MPOKApHOT He
CYLLECTBYET PE3KOH IDAHHMLILI MEXAY aBTO- H TeTepoTpothHBIMM Opra-

! Tepmunn npoucxomsat oT rpeveckux ciop «oligoss — Manmii, «copiosuss —
n300UIHEe 1 ¢trophe» — numa.
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HU3MaMH, TaK Xe€ KaK HeT ee B pPALY ONHOYTNEePONHLIX COCOMHEHHMH
(CO,, CO, HCOOH, HCHO, CH;0H, CH,), xaxmoe W3 KOTOPBIX
MOXET CHYKHTh UCTOYHHMKOM YIJICpolia sl OMpenesICHHOM TpyIIb
npoxapuoT. OQHAKO HCTIONB30BAHHE TEPMHHA «aBTOTPOHsA» yIobHO
Jng 0003HaYeHHsI KOHKPETHOIO THIA KOHCTPYKTHBHOro merabonms-
Ma, MOCKOJNIBKY B IPOLECCE 3BONIOUMH OH OKasancs crneuuduyecku
CBfI3AHHBIM C OMpeleieHHBIMH BHIAMH SHEPreTHYECKHX MPOLECCOB,
YTO MPUBENO K TMOSABIEHHIO Y MIPOKAPHOT TAKUX THIIOB, XH3HH, KOTO-
phle OTCYTCTBYIOT y Bosiee BHICOKOOPraHU30BaHHBIX QopM.

AzoT

A3soTt (Hapsay € yIIIeponoM, BOAOPOXOM M KHCIOPOIOM) ABJISETCS
OHUM M3 YeTHIPEX OCHOBHBIX 3JIEMEHTOB, YYACTBYIOIIKX B MOCTpOE-
HHHM KIIeTKH. B pacyere Ha cyxue BellecTBa ero COOepXuTcs mpubim-
sutensHo 10 %. Ilpupoantiit azor 6elBaeT B OKHCIIEHHOI, BOCCTa-
HOBJeHHOH U MonekynsapHoii dopmax. Tlogasnsrouiee 6ONBIIUHCTBO
MpOKapHoT YCBaHBaKWT a30T B BOCCTaHOBIeHHOH dopMme. 3To conm
aMMOHMA, MOYEBHMHE], OpraHMYecKle cOeIUHeHHS (AMWHOKHCIOTHI
WK nentunsl). OKHceHHsIe hopMEl a30T4, TaBHEIM 00pa3oM HUTpa-
THI, TAKXXE MOTYT NOTPeOsSThCH MHOTMMH TIPOKapHOTaMH. Tak Kak asoT
B KOHCTPYKTHBHOM KJIETOYHOM MeTaboNN3Me HCIoNb3yeTcs B (popMme
aMMMaKa, HUTPATHl TIEPe BKIIIOYEHHEM B OpraHMYeCKHe COSIMHEHMS
JOJCKHEI OBITH BOCCTaHOBJICHBI.

BoccranorneHHe HUTPATOB 0 AMMHAaKa OCYLIECTBISIETCS MOCPEN-
CTBOM MOCHIENOBATENBHOrO NEHCTBMA JBYX (DEPMEHTOB — HMTpaT- U
HHUTpHTpenyKTasel. Hutparpenykrasa katanusupyer HAJL - H,-3aBucu-
Moe! BOCCTaHOBNIEHHEe HUTpPATa 10 HUTPHTA:

NO3+ HAJ - H; — NO; + HAIY + H,0,

B pe3yJibTaTe KOTOPOTO ocyliecTBnsieTcs nepesoc Ha NO3 nByx 3Jexk-
TpoHoB. HUTpuTpenykTasa KaTatusHpyer LECTHINEKTPOHHOE BOCCTa-
Hoenerre NO,; no NHjy:

NO; + 3HAJl- H, + H* — NH;+ 3HAZ* + 2H,0.

o momenTa nosisnenns NH; HUKaKux cBODOMHBIX MTPOMEXYTOY-
HEIX POAYKTOB HEe ODHAPYXEHO.

Monexynsl MOYeBHHEI ¥ OPTAHHYECKUX COSIMHEHHH TAKOKe IOJDKHBI
OBITH TOABEPrHYTEH COOTBETCTBYIONIMM (hEpMEHTATHBHBIM BO3ICHCTBH-
SIM, COMPOBOXIAOIINMCS BRICBODOX AeHHeM amMuaka. JlasHo Ok1ia 06-
HapyXeHa CrocobOHOCTh OTAENILHEIX MpeacTaBuTeNell MPOKAPHOTHOIO

L HAN(®)* — oxucnennan, HAI(®)-H,; — socctanoenennas m HAL(®) —
obobuweHHans GopMu KodepMeHTa HUKOTHHAMHIOANEHWHOMHYKNEOTHIA MIH HHMKO-
THHaMMIaneHHHauHykneotundocdara.
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MHPa WCNOIL30BATL MOJEKYJISAPHBIL azor atMocdepsl. B nocnentee
BpEMsI YCTAHOBJIEHO, YTO 3THM CBOHCTBOM 00JIafaloT MHOTHE MPOKa-
PHOTBI, NPHHAIeXALIMe K pa3HbIM rpynmaMm: 3y- M apxebDakTepHw,
a3pobrl ¥ aHaspobel, doTorpodbl 1 XeMmoTpo®dkEl, CBOOOIHOXMBYILHE
¥ cuMbroTHyeckie QopmMbl. PHKCALMS MONEKYIAPHOIO a30Ta Takxe
MPUBOOWT K BOCCTAHOBIIEHHIO €ro 10 aMMHaka.

MoTpeGHocTu B MCTOYHMKaX cepbl U dhocdiopa

Cepa BXOOWT B COCTAaB aMUHOKHCNOT (LIHCTEWH, METHOHWH), BU-
TaMHHOB K KodakTtopor (OHOTHH, THUIIOEBAs KUCNIOTA, KOdepMeHT A
v 1p.), a hochop — HEOOXOAWMBIT KOMIIOHEHT HYKJIEHHOBBIX KHC-
not, dochonunuaoB, kobepMeHTOB. B Npupone cepa HaXOmHUTCH B
¢opmMe HeopraHHYeCcKHX COJICi, THaBHBIM 0bpa3oM cynb(daToB, B BAIE
MOJIEKY/IIPHOI (3NMEeMEeHTHOI) cephl MM BXOOWT B COCTaB OpraHuye-
CKHX coelMHEHHI. BonbIIMHCTRBO NMPOKAPHOT A OMOCUHTETHYECKMX
Leneil moTpebnAT cepy B opme CyibgaTa, KOTOPBIH [IPH 3TOM BOC-
cTaHaBNAWBaeTcs 10 ypoBHs cynbhuaa. OnHaKo HEKOTOPBIE IPYIIHI ITPO-
KapHOT HE CIIOCODHBI K BOCCTAHOBJICHHIO CyJib(haTa M HYXIAIOTCHA B
BOCCTAaHOBJICHHbIX coenuHenusax cepsl. OcHopHol dopmoit docdopa B
npupone sipnAeTcs docdarel, KOTOphle W yAOBIAETBOPSIIOT NOTPedHO-
CTH MPOKApPHOT B 3TOM 3JIEMEHTE.

HeoGxoguMMoCTL MOHOB METanros

Bcem npoKapHOTHBIM OpraHM3MaM HeoOXOIMMEBl MeTalllbl, KOTOphIe
MOTYT HCIIONB30BATLCSA B (popMe KaTHOHOB HeopraHudeckux coneii. He-
KOTOpBIE M3 HHUX (MarHuii, KaTeUHid, KW, Xene30) HY>XHbl B JocTa-
TOYHO BbICOKMX KOHLIEHTpALMX, NIOTPeBHOCTh B APYTHX (LMHK, Mapra-
Hell, HaTpW#, MoONuDaeH, Menb, BaHANMil, HUKENlb, KODANLT) HeBe-
nuka. Ponb nepeyMCcrieHHbIX BhIIIE META/INIOB OIPENeiieTC TEM, YTO
OHM BXOIAT B COCTAB OCHOBHBIX KJIETOYHBLIX METADONMTOB M, TAKHM
0Dpa3oM, y4acTBYIOT B OCYILECTBIIEHHH XU3HEHHO BaXHBIX QyHKLMI
OpraHmsma.

MoTpe6HocTb B thakTOpax pocTa

HexkoTophble TIpOKapHOTE ODHAPYXUBAIOT MOTPEOHOCTH B ONHOM
KaKOM-JIH00 OPraHuyYeCcKOM COSAMHEHWH K3 PYIINEl BHTAMHHOB, AMH-
HOKHMCJIOT MMM a30THCTHIX OCHOBaHWil, KOTOPOE OHH TI0 KAKMM-TO
MpUYMHAM HE MOIYT CHHTE3HPOBAaTh H3 HCMOIB3YEMOr0 HCTOYHHKA
yoiepona. Takve opraHH4eCKHe COSNHHEHUS, HEOBXONUMEIE B OUEHb
HeBOoNbIIMX KOMMYECTBAX, MOJYYHIN HasBaHwe GaKTOpOB pocTa.
OpraHu3MEl, KOTOPBIM B JOMOJIHEHHE K OCHOBHOMY UCTOMHHMKY YITie-
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pona HeoOxonuM oauH Win Goliblle (GaKTOpOB pocTa, Ha3BIBAKOT ay K-
coTpodaMy BOTIMYHE OT MPOTOTP oG 0B, CHHTE3HPYIOIIUX BCE
HeoOXoaUMble OPraHUYecKUe COeIWHEHHA W3 OCHOBHOIO HCTOYHMKA
yTHEPOJIA.

CuHTes npokapuoTaMM OCHOBHbLIX KNEeTO4YHbLIX KOMMOHEHTOB

Kak yxe oTmeyasiiock BEILE, OCHOBHAsA Macca OpPraHHYeCKHX Be-
LIECTB KJIETKH COCTOMT M3 IOJIMCAXApUIOB, JIUMIMIOB, DeJIKOB ¥ HYK-
JIEMHOBBIX KUCHOT, ABISIOUMXCS (332 MCKIIOYEHHEM JIMIWIOB) MOJH-
Mepamu. OOpasoBaHuiO MOJIMMEPOB NMPEnlleCTBYeT CHHTE3 COCTABIIIO-
KX UX MOHOMepoB. B clyyae monmcaxapuJoB — 3TO pasnHyHHeE
MoOHOCaxapa, HYKJIEHHOBBIX KHCJIOT — pubo- U Ie30KCHpHOOHYKIE0-
THJBI, DEJIKOB — aMHHOKHUCIIGTEL

BuocuHHTes yrneBogoR

Ecny mpokapuoThl BBIpallMBaThk Ha Cpeiax, TIe UCTOYHHUK yIrnepo-
/13 — OHHO-, IBYX- WIH TPeXyIJIepOaHbIE COeAVHEHUS, TO Heobxoau-
Mbie caxapa (B neppyio ouepens Cg) OHH MOMKHEL CHHTE3UpPOBAThH H3
HMEIOILHXCS B Cpene HCTOYHHMKOB yTiiepona. Y moaaBnsiouero Oonb-
mpHeTBa aBroTpodoB Ha cpene ¢ CO, B KauecTBe €OWHCTBEHHOIO
HCTOYHHKA YINEPOo/Ia CAXapa CHHTE3HPYIOTCSH B PEAKIIMAX BOCCTAHOBH -
TensHoro MentododocdarHoro HuKia. ¥ rereporpodos Ha cpese ¢
C,- u C3-coeAMHEHUAMH JUISI CHHTE3a HEOOXOIHMBIX CaxapoB MCIONb-
3yI0TCS B 3HAYMTENbLHOM CTENEHH peakllny, QYHKIIMOHHPYIOIIVE B Ka-
TaBONHYECKOM TTOTOKE, HAIIPHMED B INIHKOIUTHYecKoM NyTH. OnHako
MOCKOJIBKY HEKOTophle (pepMeHTATHBHbIE peakiMH 3TOro IyTH Heo-
BpaTHMBI, B KJIETKaX rerepoTpodHBIX NPOKAPHOT, COCOOHBIX HUCIIONb-
30BaTh JBYX- U TPEXYTNIEPOOHLIC CoeUHEHH, CHOPMHUPOBAIMCEH CIIE-
LHa/bHble (DepMEHTATHBHAIE PeaKLIMH, I03BONAIIIKE 0DXONHTh HEO-
OpaTHMEIEe peakliMi KaTabonu4yecKoro IyTH.

INpouecc, obecnieuuparolmit ciHTe? Cy-YITIEBONOB B3 HEYINICBOM-
HBIX MpeallleCTBEeHHHMKOB, HATIPHMep aMHHOKHCIIOT, NIMIIEpHHEA, MO-
JIOUHOM KHMCJIOTBI, MOJYYHJI HajBaHUe TNIOKOHeOoreHe3a. Takum
MyTEM, COYETalOLIMM MCTONb30BaHNe MMEIOIerocs B KieTke katabo-
JIMYEeCKOoro afnnapara ¥ Criel{MaIbHbIX peaKilMii, CITYXalUMX TONbKO IUIH
OMOCHHTCTHYECKHX LIeJICH, peluaeTcsl MpoKapuoTamMu fnpobnema 6Ho-
CHHTe3a HeODXOIMMBIX MOHOCAXAPOB.

BuocuHTEes NMNMBOB

V npokapuoT JMUMUAB BXOOSAT B COCTAB KIETOYHRIX MeMDpaH u
KJIeTOUHOUN CTeHKHM, CJIYKAT 3allaCHBIMH BELLECTBAMH, SBJSIOTCSA KOM-
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IMOHEHTAMH TTUTMEHTHBIX CHCTEM H lienel 3JeKTPOHHOIO TPaHCIopTa.
Huxke MB!I pacCMOTPUM CHHTE3 XHPHBIX KUCTOT W (ochonunmios,
SIBJISIFOLIMXCSA Y GONBIIMHCTBA MPOKApHOT, OTHOCAUIMXCA K 3ybakTe-
PHAM, YHHBEPCAJIBHBIM KOMITOHEHTOM KJIETOYHBIX MeMOpaH.

C,4— Cg-XUpHBIE KUCIOTH CHHTE3WPYIOTCSA ITYyTEM IOCNEN0BATENb-
HOTO MPHCOEIWHEHHS IBYXYITIEpONHEIX (GpPAarMEHTOR K aKTHBHPOBAH-
Hoit C,-rpyiine, BHMOMHAIONEH (DYHKUHIO 3aTpaBKH, M TOCIEAYIO-
1I[Er0 BOCCTAHORICHHMS OKHCIEHHEIX YINCPOAHBIX aTOMOB.

B knerkax 3ybakTepuil KOMIIOHEHTAMH JIMTIMIOB SBISIOTCS B OC-
HOBHOM HaCHIIEHHEIE XXUPHBIE KMCTIOTH WM COAepXallHe O HY ABOH-
Hy10 CBsI3b (MOHOHeHacklillesHble). [TonHHeHachIIEHHEBIE XHPHBIE KUC-
JIOTHI, conepXaiue nse u Dornee NBOMHEBIX CBA3ei, HaliIeHH O CHX
IOp TONBKO y HaHobakTepuii. OOpasoBaHue NBOMHEIX CBA3EH B MONe-
KyJie KHCJIOTBI MOXET NpOUCXOANTh AByMs MyTamMH. OnuH U3 HUX, 06-
HapyXeHHBII y a3pobHEBIX 3ybakTepwii, TpebyeT yyacTus MONEKyIsip-
HOro Kucnopona. ¥ obnuratHo aHaspobHBEIX ¥ HEKOTOPHIX a3pOOHBIX
3yDaKTepuil ABOITHBIE CBA3M BBOASTCH B MONEKYNY KHCJIOTHI HAa paH-
Hell CTaguM ee CHHTE3a B pe3yNibTaTe peakilHH JervMapaTalii.

IlyTi, Beayuiue K cuHTedy thochonunuios, COCTOAT U3 HECKOb-
kux stanos. UcxomaeiM cyberparoM cnykuT pochonnokcuaneron (npo-
MEXYTOYHOE COSIHHEHHEe ITHKONIMTHYECKOTO TIYTH), BOCCTAHOBJICHHE
KOTOpOTo NpUBOAUT K obpazosanuio 3-dochormunepuna. K nocnen-
HeMY 3aTeM TIPHCOEIHHSIIOTCS 1Ba OCTATKA XMpHBIX KHucnoT. [Ipomyk-
TOM peaKkUHH sBseTcs: (ocdarnaHas KMCIoTa. AKTHBHPOBaHHE ee C
oMok LT u nocnenyioniee npucoenuueHue K docdarnoii rpyrme
CEpHHa, HHO3MTA, TMHLEpUHA WK OPYTOr0 COSNMHEHHUS TIPHBOJAT K
cuHTe3y dochatununcepuHa, dochatunuinHo3uTa U docdaru M-
MJIMIEpMHA COOTBETCTBEHHO (CM. puc. 14).

BHOCHHTE3 aMMHOKMCNOT

BonbluHCTBO NIPOKapHOT CMOCODHBEI CUHTE3UPOBATh BCE aMHUHO-
KUCJIOTHI, BXOOAILKE B COCTaB KIeToYHEBIX benkos. B xayecTse ucxon-
HBIX YINEepOAHBIX CKEJIeTOB JUIA OHOCHHTE3a AMMHOKMCIIOT CITY>)KMT He-
OONBILIOE YHUCIIO TIPOMEXYTOYHEIX COEIMHEHHH pa3aUYHbBIX MeTabomn-
yeckux nyreil (rabn. 10). BeeneHue B MOJICKYNY HEKOTOPHIX U3 HHX
(1aBENIEBOYKCYCHOM, O-KeTONYTapoBoil, MHPOBHHOTPaIHOU KHCIOT)
AMHHHOIO a30Ta MPHBOJAMT K 0Dpa30BaHHIO acMaparwHOBOM, TIyTa-
MHHOBOM KUCIOT ¥ anaHWHa. OpHako B DONBIIMHCTBE CAYyYaeB UCXOJI-
Hble COeAHHEHHS IOMIKHBI [IOABEPrHYTHCS 3HAYMTENILHBIM NepecTpoi-
KaMm, 4yToOnl chopMHpoBaTh YINepoAHBIM OCTOB MONeKynbl Oymyureit
AMHHOKHCIIOTHI.

OcobeHHOCTRIO DHOCHHTE3a aMHMHOKHCIOT SBISETCA HWCITOIh30Ba-
Hue obmmx buocuHTeTHyecKmxX myreit. Tak, 19 w3 20 amMmuHoKMCHOT,
BXOISILIHX B COCTAB BeNKOB, MOXHO IO CMOCODY WX TIPOMCXOXACHUA
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Tabnuua 10
Hexoropsie ocoferRoCTH GHOCHATE32 AMAROKHCIIOT

Mmﬁom?.cmﬁ IYTh, | AMUHOKHMCIOTH C oblmrMn
TIpenmecTBeHHUK npuBORAUMEL K obpaso- GUOCHHTETHYECKMMH
BaHHK TIPEOIUCCTBCH- Ty TSMH
HHUKAa
LlapenepoykcycHas | UMK TPUKApOOHOBLIX | acrmaparuHOBas KHCIOTa
KHCNoTa KHCNOT ACTIaparuH
peakuiu KapOOKCHIM- | JIM3WH
pOBaHMs METHOHHH
TPEOHHH
H30IeHLIMH
o-Kerornyraposas UMK TPUKapOOHOBLIX | TIYyTaMHHOBaA KHCJIOTa
KHCNoTa KHCIIOT TIIyTaMMH
ApTUHUH
NPOJNHUH
3-Qochornuuepu- [JIMKOJIH3 CEPHUH
HOBasi KMCNIOTA umkn KanbeuHa [JIMLWH
LMCTENH
IMupoBuHOrpaaHas TIMKOTH3 anaHuH
KHMCJIOT2 nyTh SHTHepa— lyno- | BaiuH
poBa JNeHLHH
DochoeHONNMUPO- CIIMKOJTN3 TpUITTO(haH
BUHOIrpPaHAN KMCJIOTA | OKMCNMTENbHEI MeH- | THpPO3WH
+ TosodocdatHeI NyTe | deHWIaIaHUH
Bpurpoio-4-docdhar
5-Mochopnbosi-1- | OKHCIHUTENbHEIH MeH- | rHCTHUAMH
nupogochar+ ATP® | TozodocdaTHuil NyTh

pasnenuTh Ha 5 rpymn. Tonbko ogHa aMuHOKHCHOTa (FTHCTUIMH) obpa-
3yeTcA Mo OTAENbHOMY DMOCHHTETHYECKOMY NyTH. A30T BBOOWTICS B
MOJIEKYNY AMHHOKHCIIOTHI TIOCPEINCTBOM peaKIMii aMHHUPOBAHUS,
aMMIMpPOBAHHA K [lepeaMMHHpoBaHus. Peakiiny aMMHUpPOBaHMS TIPH-
BOIST K 00pa30BaHHIO M3 MMPOBUHOIPAIHOM KHUCJIOTEl ATaHKWHA, a U3
C-KeTOTIYyTapOBOH — IJIYTAMHMHOBOW KHUCNOTE!, HATIpPHMEP:

Inyramataervopo-
HOOC—(CH,),—CO—COOH + NH; + HAJ® - H, >

reHas’a

———— HOOC—(CH,),— CHNH,—COOH + HAJI®* + H,0.
I'nyrammHOBas Kuci0Ta

JlBe peakiuy aMHIHMpPOBaHUA BenyT K 0OpasoBaHUIO ryTaMHHA M ac-
naparMHa W3 TIYTAMHHOBOH M acrapariHOBOHW KHCIIOT B peakIUax
CIEeNYIOLIEero THIIA:
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TnyraMmuscHHTeTa3a
HOOC—(CH,),—CHNH,—COOH + AT® + NH; -

[nyraMuHoBas KucnoTta
— NH,CO—(CH,),—CHNH,—COOH + All® + @, + H,0,
I'nmytamun

roe @, — HeopraHmyeckwuit ¢ocdar. [myraMUHOBasE KUCIOTa M TITyTa-
MHH IIPAMO WIM KOCBEHHO CIYXAaT NOHOPaMM aMHMHO- M aMHIOIrpyIn
1Py CUHTE3€ NPAKTUYECKH BCEX AMMHOKMCIIOT M IPYTHX a30TCONepXKa-
LI[AX OPraHMYeCKHUX COEMMHEHMH. ACnapariH UCIIONL3YeTCs] TOIBKO [T
CcHHTe3a OeNIKOBBEIX MoJieKyn. Bo Bce ocTanbHBIe aMUHOKMCIOTEI a30T
BBOJIMTCH MOCPENCTBOM DeakiWii nepeaMMHUPOBaHUs, KaTalu3upye-
MBIX COOTBETCTBYIOLMMH aMHHOTpaHcdepa3aMu, [IpU 3TOM BO BCeX
peaKiMsaX OOHUM U3 YYaCTHUKOB SIBJISIeTCS [TIyTAMMHOBASA KMCIOTA:

TIyTaMHHOBAasA KMCJI0Ta + LaBeJIeBOYKCYCHAd KUCIoTa —>
—> acnapardHoBas KHcloTa + Q-KEeTOINIyTapoBas KHCIOTA.

Eilie opHUM MyTeM BKJIFOYEHMS a30Ta aMMMaKa B COCTAB OpraHu-
YECKMX COCMUHEeHUH SABJISIETCA peaKilMs, NPUBOAALLIAA K 0Bpa3oBaHKIO
Kapbamowmndocoara:

NH; + CO,; + 2AT® — H,N—CO—O0—PO;H, + 2AIID + @,
Kapbamoundocdar

HanepHeiuee ucnonb3oBaHKe a3oTa KapbamoundocdaTta npoucxo-
JMT 11O [ABYM IIYTSIM: JUIS CUHTE3a NUDUMWIMHOB M apruHMHA.

BwocuHTes MOHOHYKNeoTHaoB

M3 MOHOHYKNIEOTUIOB 1TOCTPOEHE! HyKJIeuHoBble KucnoTe (PHK,
JOHK) xnerox. Kpome Toro, MOHORYKJIEOTHIBI BXOOAT B COCTAB MHO-
rux KotdepMeEHTOB M yYacTBYIOT, TAKMM 0Dpa3oM, B OCYILECTB/IEHUU
PA3IMYHBIX KAaTAIMTHYeCK X ¢yHkumii. [lenTpansHoe MecTo B BUOCHH-
Te3¢ MOHOHYK/IEOTHIOB 3aHMMAET CUHTE3 MYyPUMHOBBIX M HMUPUMMIU-
HOBBIX a30TUCTHIX OCHOBaHMI. BoiblMHCTBO NPOKapHUOT CNOCOGHO K
CHHTEe3y 3THX CoemuHeHUi de novo M3 HU3KOMOJNEKYNSPHBEIX Mpef-
11eCTBEeHHUKOB. CHHTE3 NYPUHOBEIX ¥ MUPUMUINHOBEIX MOHOHYKIIE-
OTHIOB OCYIIECTBJISETCS HE3aBUCUMBIMU NyTsMu. B pesynbrarte no-
CIieIOBaTe/IbHBIX (hepMEHTATUBHBIX PEaKilMii pHM CUHTE3€e MyPUHOBBIX
HYKJ1e0TUI0B 06pa3yeTcsi MHO3MHOBAS KUCIIOTA, U3 KOTOpOit MyTem
XUMMWYECKUX MOnUQUKALIMI NyPHHOBOIO KOJNbLA CUHTE3UPYIOTCS aie-
nunoBasi (AM®) u ryanunosas (TM®) KucnoTs.

ITepBLIM MUPUMMIMHOBBIM HYKJIEOTHIAOM, CUHTE3UpYeMbiM de novo,
SIBJISIETCS. OPOTHOMJIOBASs KHCIIOTA, NeKapbOKCUIMPOBAHME KOTOPOi
NpUBOANT K 00pazoBannio ypumwiosoit kucnotsl (YM®). ITocnenuss
CNYXHT NpPeAlleCTBEHHUKOM 1[MTHIHIOBBEIX HYKIEOTHIOB, HO COOT-
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BETCTRYIOLIEE MPeBpallieHne NPOUCXONUT TONBKO HA YPOBHE TPH(POC-
tdaros, nosroMy cHayana u3 YM®@ ob6pasyerca VTP, aMmuHupoBaHue
KOTOPOTO MPUBOIUT K BO3HUKHOBeHUI0 LITD.

HezoxcupuboHykiIeoTHAbl 0Opa3yloTCs B pe3yJibTaTe BOCCTaHOBIIE-
HUs1 COOTBETCTBYIONTHX pUOOHYKICOTHAOB Ha ypoBHe nudocdaToB (ans
HEKOTOpPHIX MPOKAPHOT OMKCAHO MonobHOoe MpeBpallieHue Ha ypoOBHE
tpudocharos). Cuntes cneundmueckoro wis THK Hykneornma —
TUMHIHJIOBOM KWCJIOTEI — NPOHMCXOOUT NyTeM (PepMEHTaTHBHOrO Me-
THJIMPOBAHUSA NE30KCUYPHAWIOBOIM KUCIIOTHIL.

MHorue npoKapuoTsl CHOCOOHB! MCIONb30BaTh CONEpXKAll{Mecs B
MUTATENTBHOM Cpee rOTOBBIE MyPUHOBBIE M TUPUMHIMHOBEIE OCHOBA-
HWS, X HYKJIEO3MIObl M HYKIEOTHOBI, UMes (QepMEHTHI, KaTalu3upy-
OLIHE CAenyIOIMe 3TaNbl B3aUMOINPEBPALUEHUI SK30T€HHEBIX ITYPUHO-
BBIX M MUPUMHIMHOBBIX NPOM3BOMHBIX:

a30THCTOE OCHOBAHHE === HYKJIEO3MI == HYKJIeoTHA (MOHO +=
= o == tpudocdar).

naea 7

3HEPIETUMECKWA METABOJIU3M NMPOKAPUOT

BDHepreTHYecKue NMpoLecCH NMPOKAPUOT Mo cBoeMy 00neMy (Maciu-
TabDHOCTH) 3HAYMTENHEHO NPEBOCXOMAT NpoLecCH OMOCHHTETUYECKHE,
M NPOTeKaHWe WX NPUBOAMT K CyLIECTBEHHBIM U3MEHEHMSAM B OKDY-
xarwuieii cpene. PasHoobpa3Hel M HEOOBIYHE! B 3TOM OTHOLLUEHHMU BO3-
MOXHOCTH NPOKApPUOT, CrnoCOObl MX 3HEPreTHYECKOro CyllecTBOBa-
Hus. Bece 3To BMecTe B3ATOE COCPenoTOYMIIO BHUMAaHKe yMccenoBare-
JIeH B NepBylO oYepenb HAa M3YYECHUM 3HEPreTMYecKoro Merabonusma
NPOKAPUOT.

JHepreTMyecKue pecypch!

Opranu3Mel MOIYT MCIIONTE30BATh HE BCE BHUIIBI 3HEPIMH, CYILIECTBY-
wiieH B npupone. HenoCTymHEIMM A1 HUX SBISIOTCS SAEPHAS, MeXa-
HWYecKas, TeryoBas BU/bI 3Heprui. YToOBl TEIUIOTa MOTNIA CIYXXHTh
HCTOYHHKOM - SHEPruM, Heobxomum GonsLIoil nMepenan TeMIepaTtyp,
KOTOPBIH B XXMBBLIX OPraHU3MaX HEBO3MOXeH. JIOCTYITHEIMM [T XKUBBIX
CUCTEM BHELIHMMM MCTOMHUKAMM DHEPrUM (DHEPreTUYECKHUMHU pecyp-
caMM) ABIAIOTCA 3MEKTpomarHuTHas ((Pu3nuyeckas) s3Heprus (CBeT
onpeneNneHHOM MIMHEI BOMHBI) ¥ XMMUYeCcKas (BOCCTAHOBJIEHHEIE XH-
Muyeckue coenuHeHus). CnocoBGHOCTHY) UCNONBL30BATE IHEPTHIO CBETA
obnagaer 6obIIAS rpynna (POTOCUHTE3UPYIOIMX OPraHU3MOB, B TOM
YHUCNe ¥ MPOKAPUOT, UMEIOITHUX (DOTOPELIENTOPHEIE MOJIEKYIIBI HECKOITh-
KHUX TUNOB (X10po(MIB], KaPOTUHOMARL, (huKobununporeunsl). 1ng
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BCEX OCTAJIbHBIX OPraHU3MOB UCTOYHMKaMM 3HEPIrUM CIyXaT MpoLec-
Chbl OKHMCIIEHHUS XMMHYECKHX COeTMHEH M.

YacTo 5HepreTHYeCKMMM pecypcaMm CIyXaT BruononvuMepsl, Haxo-
JISTIIUECs B OKpYyXawiied cpene (nonucaxapuubl, 6eJKH, HYKIEHHO-
BEI€ KMCIIOTHL), a Takxke nunuabl. Ilpexne yeM BBITH MCMONBE30BAHHBI-
MK, BMONOIUMEPEI MOIDKHBI OBITH FUIPOIM30OBAHEl 0 COCTABISIOLIMX
MX MOHOMEPHBIX €OWHMIL. BTOT 3Tall BeCbMa BaXKeH MO CIeAYIOIUM
npuyMHaAM. Benku ¥ HyKJIeMHOBEIE KMCIOTHl OTIIMYAKTCS MCKITHOYN-
TeJILHEIM pa3HoobpaszueM. KonuyecTBo BHIOB OEJIKOB MCYMCHAETCS
TBICSTYAMH, TTOCTIE THAPONU3a Xe obpasyercst TONBKO 20 aMHUHOKUCIOT.
Bce pasHoobpasue nyknenHoBelx kucioT (IHK u PHK) nocne runpo-
JIA3a CBOJIUTCS K 5 BHAAM HYKJICOTHAOB. Takum o6pa3oM, pacliernieHue
MOTMMEPOB 0 MOHOMEPHBIX €NWHMI] PE3KO COKpalllaeT Habop XUMH-
YECKHMX MOJIEKYIT, KOTOPEIE MOTYT GHITh UCTIONB30BAHBI OPraHHU3MOM.

IonuMepHBie MONEKYIbI PACLIETUIAIOTCS 010 MOHOMEPOB € MOMO-
b0 (PEPMEHTOB, CMHTE3UPYEMBIX M BHLIENSEMBIX [IPOKAPHOTAMU B
OKpyXawiyio cpeny (3k3octepMeHToB). KpaxmMan M INIMKOreH rmapo-
JIM3YIOTCS aMMJIa3aM¥, [NIMKO3WIHEIE CBA3M LIENIONO3bl PACLIENAs-
107cs uenmonasoit. MHorve 6akTepun oOpa3yloT NEKTHHA3Y, XUTUHA-
3y, arapa3y M npyrue (epMeHThl, THIPOJM3YIOIHE COOTBETCTBYIOLLME
MONKUCAXapUIbl U UX MPOU3BOIHEIE. BellkK paciieIUsIoTCs BHEKIETOY-
HBIMM MPOTEa3’aMM, BO3NEMCTBYIONIMMHY Ha nenTuiHbie cBsa3u. Hyxne-~
HUHOBBIE KUCITOTHI THAPOJIU3YIOTCH pPIﬁO— n neaoxcnpnﬁoﬂymeasamu.
Obpa3sylouinecs HebonblIMe MOJMEKY/IBl JErKO TPAHCIIOPTUPYIOTCH B
KJIETKY Yyepe3 MeMOpany.

IIpoiiecc pacniaga XXUPHBIX KMCIIOT TOKAIM30BaH B KJIETKE ¥ BKIIO-
yaeT HeCKoNbKOo 3TanoB. Ha nepBoM w3 HMX XMUPHAs KUCIOTA C MO-
MOLIBI0 COOTBETCTBYHOLIEro thepMenTa mnpeBpaniaercs B KoA-npo-
U3BOOHOE, KOTOPOE OKHUCIAETCH B [-IIONOXEHWM € MOCHEOYXOMmINM
oTuieneHMem aueTwi-KoA. JIpyruM nNpoaykToM pPeakiiuM sIBNSeTCs
KoA-npou3BofHoe XHUPHOH KHCJIOTH], YKOPOYEHHOE Ha JIBa YIJIEPOM-
HBIX aToMa. AlleTu-KoA no katabonuyecKUM KaHAIaM UCTIONb3YeTCs
JUTST TIONYJYEeHUS KIETKOMH SHEPrum.

Iporecc paciieruieHns GUONOIUMEPOB HE CBS3aH C 00pa3oBaHU-
eM cBoBGOIHOI, T. €. JOCTYNHOI KieTke, 3Hepruu'. I1poncxonsiiee npu

! Ceo6onnan sneprua (AG) — 3T0 Ta YacTh DHCPIHH, KOTOpas MOXET GbiTh
npespauieHa 8 pabory. [Ipy NpoTekaHHK XMMHYCCKHMX peaKUM B XHUBOM OpraHu3Me
CaMOIPOH3BONBHO HAYT T€ NPOLECCH, B KOTOPHIX M3MEHEHHME CBODOJHOH 3HEPIHH
Oynet otpuuarenbHeiM (—AG). Takie npouecch! Ha3bLBalOTCA 3K3eproHudeckuMH. Ilpo-
LHecchl, A KoTopbix AG ABIAETCH BEIMYHHON MONOXWUTE/BIIOH, HA3BIBAIOTCHA 3HIEp-
FOHHYECKMMHU. BTH NPOLIECCH HE MOTYT NPOUCXOIMTH CaMOnpou3BonbHO. Tlpu npote-
KAHWH 3HICPIOHUYECKUX TMPOLIECCOB HeODXOOMM IIPHTOK 3HEPIUH U3BHE.

Jna kaxaoi XMMHYCCKOH PeakilMM XapaKTCpPHO ONPCOc/IiCHHOE M3MCHEHUME CTaH-
napTHOM cobogHol aneprum (—AGy), T.e. H3MeHeHue cBOBORHOI 3HEPTHM NPU CTaH-
OAPTHBIX 3HAYEHHAX TCMIEPATYPHl M JaBicHuMA, |M KOHLEHTpPALMM HCXONHBIX Be-
piecTd W nponykror peakuwu u PH 7,0, Hanpumep, AG; ruaponusa AT® no AOD
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3TOM pacceMBaHME SHEPTHM Takoke HeBemiko. OBpa3oBaBlIKecs MOHO-
MeEpBI MOIBEPralTcs B KIeTKe manbHeHmM dhepMeHTaTHBHEBIM Npe-
BpAILIEHUAM, KOTOpHIE CBOISATCA K TOMY, YTOOKl IMyTeM NepecTpolKU
XMMHUYECKOH CTPYKTYPb! MOJIYYWUTb MOJNEKYIbl, KOTOPEIE MOIM OBl
BKJIIOYUTHCH Ha KaKOM-JTMOO0 3Tane B KayeCcTBe METAabONMTOB B (DyHK-
LIMOHUPYIOLIUE KIETOYHBIE KaTabomuyeckue CUCTEMEL Takwx B Mpo-
KapUOTHOM xjieTKe HeCKOoNIbKO. OCHOBHBIE U3 HMX: NMyTh DMOneHa—
Meiteproda— [TapHaca (rmuKonu3), oKMCIMTEIBHEII NeHTo30hocdaT-
HBIA NyTh, NyTh DHTHEepa—lymopoBa ¥ MHKN TPUKAPOOHOBLIX KMCIIOT
(ITK). O61uee mist Bcex KatabomuuecKHX MyTeil — MHOTOCTYneHYa-
TOCTH IPOLIEcCa OKHCIEHUs UCXONHOTO cybcTpara. Ha HEKOTOpHIX 3Ta-
nax okucneHue cybecTpara comnpsikeHo ¢ oOpazoBaHHEM 3HEpPrdH B
onpeneneHHoi popMe, B KOTOPO# 3Ta 3HEPIUSI MOXET MCNONB30BAThb~
CHl B CAMBIX pa3HOODPa3HBIX 3HEPTO3aBUCHMBIX TIPOLIECCaX.

Takum obpa3oM, BHELIHME MOCTYMHBICE OPraHM3MAaM WCTOYHMKH
9HEPTUHM (CBET, XMMUYECKHE COCIMHEHHS) NOJDKHBI ObITE TpaHchop-
MHPOBaHB! B KJIETKE B OnpeneneHHyo hopMy, 4Tobb1 obecneurTs BHYT-
PHKJIETOYHBIE NOTPEOHOCTU B SHEPIHH.

O6Lan xapakrepUCcTUKa 3HepPreTU4YecKUX NPoLeccoB

B camom obiiem Buae NPOLECCH], CIIOCOGHKIE CNYXXUTh UCTOYHHUKOM
3HEPIryuH is MpoOKapHuoT, MOXHO NpencTaBUTh CIeAYIOLMM 06pa30M:

A—B+e.
Hanpumep,
Fe?t — Fed* + ¢; (N
—CH,—CH,— — —CH=CH—+ 2H* + 2% 2

B nepBoii peakiiuu OKUCJIEHHE MOHA [BYXBAJIEHTHOrO Xene3a —
3TO MOTEPS 3NeKTPoHA. Bo BTOpOM nipumepe oKMCIeHUe YIIepoaHoro
cybcTpaTa MOXHO B paBHO#M Mepe paccMaTpMBaTh KAK OTPHIB 0T HETO
BOmopona (AerMapupoBaHUe) WM HE3aBUCHMOE yIaleHHE IBYX Mpo-
ToHOB (H*) M 3nmexTpoHoB (€). B GMOXMMMYECKHX npoleccax, Kak
NPaBHJIO, TIEPEHOC BOANOPONA OCYILECTBIISIETCS NYTEM pPazlesbHOro
TPAHCIOPTa MPOTOHOB U 3MIEKTPOHOB: NPOTOHHI BLUIENAIOTCS B Cpely M
NpyY HeoBXOMMMOCTH NMOINOLIAKTCS U3 Hee, 3JIEKTPOHBI 00g3aTeNbHO
JOJDKHEI OBITh NepenaHsl HA COOTBETCTBYIOLIME MoNeKynbl. [osTomy

u @, pasuserca 31,8 k[lx/mMone (npu 1M KOHUCHTPALMH HCXOAHBIX BELECTB M IPO-
IOYKTOB peakumu, Temneparype 37 °C, pH 7,0 B npucyTtcTeun u3bpitka noHos Mg?*).
[ina Buonora BaXHO, 4TO N0 TAKOMY TapaMeTpy, Kak u3MeHeHMe croBomHoli awep-
FMH, OH MOXET OCYILECTBNATH aHANH3 BHOMTOIMYECKHX TPOLIECCOB.
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BCE OKMCIUTEIEHO-BOCCTAHOBUTENBHBIE MPEBPANLIEHHS ONPENENAIOTCH
MO CYIECTBY «IIEPEMEICHMMM» 3NIEKTPOHOB. B nocnenHeM npumMepe
MMEeT MECTO MPUCOENMHEHME aTOMAa KKHCIopoaa K Monekyne cyberpa-
Ta. OKHCINUTEILHO-BOCCTAHOBUTENLHEBIM XapaKTep PEakilHd B 3TOM
CJIyyae He CTONb OYEeBHJEH, KaK B NPENBLIYIIMX, MOCKOJBKY HE MPO-
UCXOIMT OTPHIBA 3JIEKTPOHA (BOpOpona) oT MOJNEKYJ Bl MeTaHa. B maH-
HOM CiIy4ae B Pe3y/IkTaTe OKUCIeHHS METaHA ITPOMCXOIUT 3aMEHA CBA3M
C—H na ceass C—OH, xucnopon oTTArMBaeT 3JIeKTPOHE! OT aToMa
yrnepona, NogBepriilerocs OKUCNeHUIO, CaM MpU 3TOM BOCCTaHAB/IU-
Baschk. TakuMm o0pa3oM, BHYTPU MONEKYJBI MPOMCXOOUT <«OeJeHues
3NEKTPOHHO#M Naphl MEXy AaTOMAMM YIJIepOJia ¥ KMCIOPONa, T-€. OKUC-
JIUTENBEHO-BOCCTAHOBUTENBHEIE NepecTpoliku. Peaklivu, B KOTOpPLIX
MMEETCH BO3MOXHOCTb OTPhLIBA 3JIEKTPOHOB, MOTYT OBLITE HCIOIL30BA -
HBl MIPOKapHOTAMHU IS MOMYy4YEeHUS SHEPTHHU.

PasznoobpasHble coenuHeHUs, CIIOCOOHBIE OKUCIATLCS, T.€. SABJs-
IO1[MEeCH UCTOYHUKAMHM OTPLIBAEMEIX 3JIEKTPOHOB, HA3BIBAKOTCH 11 O-
HOpaM# 371eKTpoHOB. [Tockoneky 3NEKTPOHBI HE MOTYT Cyle-
CTBOBaThb CAMOCTOSTENLHO, OHH 00A3aTeNBHO JIOIKHE] OBITH NEpeHe-
CEHBI HA MOJIEKYJIbI, CIOCOOHBIE MX BOCTIPMHMMATE U, TAKMM 00pa3oM,
BOCCTAHABAMBATLCH. TaKue MOJIEKY/IEl HA3BIBAKOTCA aKIETITOPAMHU
371 K TP O H o B. Kakue orpaHHIeH!A 31eCh BO3MOXHBI? JJOHOpOM 3/1eK-
TPOHOB HE MOXeT OLITh NPeeILHO OKUCIICHHOE BeliecTBO, a UX aK-
LIENTOPOM ~— MPeAenbHO BocCTaHOB/IeHHoe. TakuM obpa3oM, MOKeH
CYLLIECTBOBATh BHEUIHMI 3HEPreTHYeCKHMH pecypc — HMCXOAHBIH cyb-
crpat. C noMoibio (pepMEHTHEIX CHCTEM OpPraHM3M M3BJIEKAET 3Hep-
M0 U3 3Toro cybcTpara B peakiMsix ero CTYMEHYATOro OKWC/IeHMS,
TIPUBOISAILErO K OCBODOXIEHUIO S3HEPTUHN HeOONBLIMMM MOPIHASIMH.

¥ npoKapHoT U3BECTHBI TPH cnocoba MoNyyeH s IHEPrvK: pasHbIe
BUABl OpoXeHuUs, NeiXxaHus B ¢doTocuHTe3a. B nporieccax 6poxeHus
B ONpeNENCHHBIX OKHCIUTEBHO-BOCCTAHOBUTENBHEIX peakiiusax obpa-
3yI0TCA HecTabuIBHBIE MONEKYIhI, (hocchaTHast rpyrina KOTOPLIX Conep-
XKUT MHOTO CBOBOIHOM 3HEpTriH. DTa Ipynna ¢ oMo COOTBETCTBY-
oere gepMeHTa nMepeHoCUTes Ha Monekyny AI®, yto npuBOIMT K
obpazosanuio AT®. Peakuuu, B KOTOpPLIX 3Heprus, 0CBODOXIAI0LIAsI-
Cs Ha OIpeneIeHHbIX OKMCIUTENBHBIX 3Tanax OpoXeHMs 3anacaeTcs B
Monekynax AT®, monyynnu HasBapuve cybcTpaTtHoro docdo-
pun¥poBaHHUs. VX 0coOGeHHOCTEIO ABISETCA KaTAMM3UPOBAHHUE pa-
crBopuMbIMHU (hepMeHTaMu. OGpasylonmiics B BOCCTAHOBMTENbHOM
YacTH OKMUCIUTENbHO-BOCCTAHOBHUTEIILHBIX Mpeobpa3oBanuii chpaxu-
BaeMoro cyberpata BocctanosHTe b (HAJL - H,, BoccTanoBneHHBIA (ep-
PENOKCHH) MEPeHOCUT 3IEKTPOHE HA MOAXOMSIIMHA 3HIOTeHHBIN aK-
LEeNnTop 37IeKTPOHa (MUpyBaT, aueTalsAerH, aleTOH W Np.) WIH oc-
BoboxnaeTcs B BHAe razoobpasHoro ropopona (H,).

Hepenko B npoueccax 6poxeHUs OKACIHUTETBHBIE M BOCCTAHOBH-
TeNbHble NPeobpaszoBaHUs MOTYT MPOUCXOOUTL BHYTPUMMONEKYISIPHO,
T.€. OHA YacTh 0OpasyeMoil MOJIEKYIIEI MONBEPraeTcss BOCCTAHORBIE-
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Tabnuua 11

OxHcIHTeNEHO-BOCCTAHOBATE ThHbIE moTenuuansl ( Fy, MmB) semects,
Y1acTBYIOIIMX B JHEPreTHYECKHX NpONeccax y NPOKapuoT

OKMCIHUTENBEHO-BOCCTAHOBUTE/IBHAA CHCTCMA E;, MB
Iupysar/anerar + CO, -700
H*/1/2H, —420
®eppenoxcun okucn/socer (us Clostridium pasteurianum)* —420
HAJ(D)*/HAI(®P) - H, =320
SU/HS™ -270
SO /HS =220
QAL/PAL- H, -220
OMH/®MH - H, -190
MeHaxuHOH OKMCI/BOCCT -74
Py6penoxcun okucn/BoccT -57
Dymapar/cyKiMHaT +30
wroxpoM b okuci/Bocct +70
Y6uxunoH okucn/BoccT +100
IIuroxpoM ¢ okuca/Bocct +220
IIutoxpoM a okuc/BOCCT +290
NO;/NO; +433
Fe*t/Fe?* +772
1/20,/H,0 +820

* Ey deppenokcutor FepS;-THIa y pajHEIX NPOKapHOT MMEeT 3HayeHus oT —225
no —455 mMB, a Fe;Ss-tuna — ot +350 no —480 mB.

HHIO, IPYTas — oKuciaeHn0. B psane 6poXXeHMit BOCCTAHOBUTEILHOE U
OKUCITHTENLHOE NpPEBpatigHKe CBSA3aHO C pasHBIMM 00pa3yolMMuUcs
npoaykTamMm BpoxeHus, T.€. TPOUCXOOUT MEXMONEKYIISIPHO.

MHorue npokapHoTEl MOJIYYAT SHEPTHIO B Mpoiiecce abixaHus1. OHK
OKHCIAIOT BOCCTAHOBJICHHBIE BEILIECTBA C OTHOCHUTENIBLHO HU3KUM OKHC-
JHUTENBbHO-BOCCTAHOBHUTENBHBIM MOTEHIIHMATIOM (Eg), BO3HHMKAKIIHUE B
peakuuaX MpOMeXYTOYHOro MeTaboM3Ma WK SBIMIOIMIMECH HCXOO-
HbIMM cyGerpatamu, Hanpumep HAJL-H,, cykuunar, makrat, NHj,
H,S v op. (tabn. 11).

Ey xapakrepu3ayer criocOBGHOCTb OMpENENeHHbIX BELIECTR GBITh IOHOpaMM
WM aK1ENTOPAMM 3JIeKTPOHOB. OH MOXeET ObITh M3MEDEH IKCIIEPUMEHTAILHO
I8 060 OKHCIUTENEHO-BOCCTAHOBHTENBHOK CHCTEMBl. B COOTBETCTBHM C
MOMYYEHHLIMH 3HAYEHHSMH Da3IHYHBIE BeLeCTBA 00palyioT OnpeneieH Yo
LIKATY OKMCIUTENEHO-BOCCTAHOBUTENLHAIX MOTEHIHATIOB, KOTOPBIE TIPHHATO
OTCYMTHIBATE OTHOCHTENBEHO OKHCIHTEIbHO-BOCCTAHOBUTENLHOTO MOTEHIHA-
na peakumu H,==2H*+2e. CranpaprHoe 3Havenuve ero npu pH 7 (E;) paBHO
-420 MB.

Bricokas oTpuuaTensHasS BelnyrHa F, BoIopoJa rOBOPUT O €ro aKTMBHOM
BOCCT2HOBHTEILHOM CIIOCOOHOCTH, T. €. CIIOCOBHOCTH OTAABATE 3IEKTPOHLL, YeMm
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Gonpuie orpruarensHas BenuyrnHa Ey OnpeneneHHoH OKUCIKTEIEHO-BOCCTa-
HOBWUTEJLHOM CHCTEMBI, TeM BBHILIE €¢ BOCCTAHOBMTENLHAs CNOCODHOCTh, U
Haobopot. E; cucremul H,O == 1/20,+2H*+2¢ papen +820 MB. Bonbiias
TIOJIOXHTENIBHAS BENHYMHA rToTeHLMana obpsicuser cnabyro criocobHoCTs BOIBI
OT[aBaTh NEKTPOHBI M OIHOBPEMEHHO BBICOKYI) CIIOCOOHOCTL MOJNEKYIApHO-
Io KMCJOpO[a aKlenTHPOBaTh 3/eKTpoHbl. TakuM 06pazoM, B COOTBETCTBUH
CO 3HAYEHMSIMU OKHMCIUTENHO-BOCCTAHOBUTENBHBIX MOTEHIIMATIOB JUS1 ABYX
WIH HECKONBKUX OKHCIMTENN5HO-BOCCTAHOBUTEILHEIX CHCTEM 3NeKTPoHbI 623
MofBEAEHMs 3HEPIrMK W3BHe OyOyT nepeMelarscsa B HalnpasneHHUM ot bonee
SJIeKTPOOTPHLIATEIBHEIX CHCTEM K BONee eKTPOTONOXHTE1EHEIM.

OxkucrneHye NPOUCXONMT B Pe3yJibTaTe NepeHoca 3JIeKTPOHOB Yepes
JIOKAIM30BaHHYIO B MEMOpaHe [AbIXaTeNbHYIO 3JIEKTPOHTPAHCIOPTHYIO
LIENb, COCTOALLYI M3 Habopa MepeHOCYMKOB, M IPUBOOUT B Oolnb-
LIMHCTBE CNY4YaeB K BOCCTAHOBJIEHUIO MOMEKYNSPHOrO KMCIOpoaa [o
H,0. Takum 06pa3oM, B npoliecce AbIXaHUs MOJIEKYJIB OMHUX BELeCTB
OKMCJIAIOTCH, NPYTUX — BOCCTAHABIMBAKTCH, T. €. OKMCIHUTENEHO-BOC-
CTAHOBUTENIbHBIE MPOLIECCH B 3TOM CJIyMae BCEra MeXXMOJIEKYIAPHEL.

Haubonee 111poko pacnpocTpaHeHa cpey MpoKapuoT CocoOHOCTh
OKHCTISATH OpraHu4eckue cyocTpatsl. O6GHapyXeHBI TAKKe BeChbMa CIie-
[TMATM3UPOBAHHbIE IPYINH MPOKAPUOT, CIIOCODHEIE OKMCIIATh pasiny-
Hble Heopranuyeckue cyberpatat (H,, NHY , NO;, H.S, S° S,0%,
Fe?* u 1p.) ¢ CooTBeTCTBYOLIMM BoccTaHOBneHMeM O, Hakowelr,
NPOKapMOTEl MOTYT OKMCHSITh OPraHUYeCKUe W HeOPraHu4ecKue Be-
111eCTBA C MCMOJIL30BAHUEM B Ka4YeCcTBe KOHEYHOro aKllenTopa 3JeKT-
POHOB HE MOJNEKYNSIPHOTO KUCIOPOAA, a LIeNolro Psajia OpraHMyeckux 1
HeopraHu4YeCcKMX coenuneHumit (pymapar, CO,, NOj, S° SO, SO}
U n1p.). KonnyecTBo ocBoboXaaonieics 3Hepruy OnpeneisieTcs: rpaau-
EHTOM OKMCJIUTEIbHO~BOCCTAHOBUTENBHBIX MOTEHLMANIOB NMPU MEPeHo-
Ce BNeKTPOHOB OT IOHOPA K akilentopy. Tak, okucnenue H, Monexy-
JBIPHBIM KHCTIOPOAOM COMPOBOXAAETCH OCBODOXAEHMUEM 3HAYUTENEHO
Oonbliero konuuectsa cBobonHoill 3Hepruu (AGy =-238 xJlx/mMons),
uem okucnenne HAJL-H, ¢pymaparom (AGy =—68 xllx/Monb).

¥ npokapuoT u3BecTHB! TpU Tuna dotocunTesa: 1 — 3aBUCUMEIH
oT bakrepuoxiopodunna beckUcnopolHelil QOTOCUHTE3, OCYIIECTB-
JisieMBIN FpyTINaMHy 3eJIeHbIX, MyPIYPHEIX OaKTepHit U renvobakTepuii;
11 — 3aBucuMEIl oT xnopodunna KMCIOPOHEIH GOTOCHHTES, CBOW-
CTBEHHBIH 1IMaHoGakTepuaM M npoxinopodmram; 111 — 3aBrcuMELi ot
BakTepuopogoncuHa 6ecKUCIOpoAHEIi (POTOCUHTE3, HAWAOEHHBIN y
SKCcTpeManbHO ranodunbHeIX apxebaktepuii. B ocHoBe ¢oTocuHTe3a
I u Il Tunma neXuTt NMOMIOIEHNE COMHEYHON SHEepTrUM pa3iMYyHBIMH
MMUrMEHTAMM, MPUBOMOSILIEE K Pa3NeNieHuI0 3NeKTPUYECKUX 3apsioB,
BO3HUKHOBEHMIO BOCCTAHOBMTENS C HU3KUM M OKMCIIMTENSA C BBICO-
KMM OKHMCJTUTEILHO- BOCCTAHOBUTEIILHBIM 1OTeHIManoM. ITepeHoc anex-
TPOHOB MEXIY 3TUMM [IByMSI KOMIIOHEHTAMU MPUBOAUT K BbUIEJIEHWIO
cBoboaHoi sHeprun. B ¢otocuHTese 111 Tuna okucnuTenbHO-BOCCTA-
HOBUTEbHbBIE NNEPEHOCYUKU OTCYTCTBYIOT. B 3TOM clyyae BHeprus B
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JOCTYIHOM IUTs opraHM3Ma (hopMe BO3HMKAEeT B pe3yJsibTaTeé CBeTO3a-
pucuMoro nepemerenus H* uepes memoOpany.

HaydyeHue y mpoxapuoTr 3NeKTPOHTPAHCMOPTHLIX liemei, QyHKIm-
OHHPYIOLIUX B Mpoieccax asixanusa U (otocuuTesa | u 11 Tunos, BRI-
SBWJIO TIPUHIMITMANTEHOE CXOHCTBO Mexay HUMU. B obemnx cucremax anek-
TPOHHOTO TPAHCIIOPTa CTh (PAaBOMPOTEHHbI, XMHOHEI, IIMTOXPOMEI M
Oenku, copepxaliye HEreMOBOE XEJe30, MO3BOJSIONINE [EPeHOCHTh
3MEKTPOHbI BHU3 MO TEPMOIMHAMMYECKOH necTHulle. Takum obpazom,
IO CyIecTBY 0be 3NeKTPOHTPAHCIIOPTHRIE 1IeNH SBISIOTCS OKHCIM-
TenbHBIMM. Paznoobpasue B ux opraHu3anuu o6HapyXeHO npu Gonee
JIETATEHOM M3Y4YeHUM U BEIpaXaeTcd KaK B LIMPOKOM Habope noOHOPOB
M aKLENTOPOB 3NIEKTPOHOB, TAK M B KOHKPETHOM OPraHM3alyyu CaMUX
Lenei: XMMUYECKOM CTPOEHUM INEepeHOCYUKOB, NMPUHALIEXAlUX K
OMHOMY THITY, MX Habope, pacnoNOXeHUH U T. .

B npoueccax npixanus 1 GoTocHHTE3A OCBOOOXAAIONIASCH NPU Tie-
PEHOCE 3MEeKTPOHOB 3HEPrUs 3anacaeTcs NMepBOHAYAIBHO B (opme
3NeKTPOXMMHYECKOro TpaHCMeMBpaHHOro rpagueHTa MOHOB BOAOPO-
I3 (Afly+), T.€. UMEET MEecTO MpeRpallieHe XMMIWYECKOM U 3MeKTpo-
MArHUTHON 3HEPruM B 37IeKTPOXUMUYecKylo. ITocnenHsst 3aTeEM MOXET
6bITh Mcnosib3oBaHa s cuHTeza ATO. TTockoneky B 0bomx nponieccax
cunte3 AT® obGs3aTensHO CBA3aH ¢ MeMOpaHaMM, peakiliy, NPUBO-
Od1lKe K ero obpa3oBaHU0, TIONYYHIM Ha3BaHUWe MeMOpaH3aBuU-
cumoro ¢ochopunupoBaHus [locnenxee monpasgensiercs Ha
nBa puna: okucnurtensHoe (ATO obpasyercs B mpolecce S/eKT-
POHHOI'O TIEPEHOCA NPH OKUCIEHHM XUMMYECKHX COeIMHEHMI) H ¢ o-
TocUuHTeTUYecKoe (cuntes AT® cBsizaH ¢ HOTOCMHTETUYECKUM
3MEeKTPOHHBIM TpaHcropToM) dochopunupoBanue. Cregyer nopyep-
KHYTh, 4TO NpuHUMNBl reHepaumn AT® npu dorocuHTe3e M OBIXa-
HMH, T.€. MEXaHU3MEI MeMOpaH3aBUCUMOTO (PochOPHITMPOBAHUS, OTU-
HakoBHl. TakuM 06pa3zoM, 3Heprus, nouyvyaeMas B npoueccax dpoxe-
HUS, TEIXaHKHA WK GoToCHHTEe3a, 3aMacaeTCsl B OnpeneleHHbIX (hopMax.

CyluecTBYIOT 1Be YHUBepCalibHble (JOPMBI 3HEPrMM, KOTOPhIE MO-
TYT OBITh MCIIONMBL30BAHEI B KJIETKE MJIS BRIMOJIHEHUS Pa3HOro poia pa-
6OTEI: 3HEPrUs BEICOKOIHEPIeTHYECKHUX XMMUYECKUX COETMHEHHI (X1-
MHYECKAs) ¥ 3HEPrus TpaHCMeMOpaHHOro NMoTeHIIHaNna MOHOB BOIO-
pona (3eKTPOXMMHYECKast).

BbicokoaHepreTuyeckne coeguHEeHus!.
AT® — yHuBepcanbHas opMa XMMUYECKOW 3HEPTUN
B KNeTke

Y npokapHoT CyIIECTBYET HECKOILKO THIIOB OOraThIX 3HepTHEH xum-
MMYECKUX coenuHeHHi. Camyo BOJBIIYIO rpyIly COCTABISIOT COSMM-
HEHMSA C BHICOKO3HEpreTHyeckoii docdarHoit ceasbio: auwidocdarsl,
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¢ochopHble 3¢hupel eHONOB (pocoeHONNUPYBAT), HYKJICOTHAIU- U
Tpudocdate, anenosuHbochocynedhar. Ilpyrags pacnpocTpaHeHHas
rpynna — COeIMHEHMS ¢ BBICOKO3HEPreTUYECKOH THO3(QMPHOM CBsI-
3pI0 — AlMITHO3(DUPHI.

BT coeMHEHHMs XapakTepH3YIOTCs TeM, YTO Mo KpaiiHeil Mepe
OIIHA M3 BXOJISIILIMX B COCTAB MOJIEKYJIBI IPYIT UMEET BBICOKMI 3HEP-
reTuyecknii noreHuman. Ilpu nepeHoce 3Toi rpynnbl NPOUCXOOUT
Pa3’pBIB CBSI3M, COENHMHSIONIEH ee C MOJIEKYNoH, uYTO MPUBOOUT K
pe3KoMy YMEHBLIEHHIO CBODOIHOM 3HEPTrUM, 3aKIIYEHHOH B MOJe-
KyJne XMMUYECKOro coelnHeHUs. Takue CBSI3M HA3BLIBAIOTCH B hIC O-
KO3HEPreTHYEeCKMMH, WM MAKPO3Pruyeckumu. Ilpuco-
€AMHEHHWE IPYyNnel ¢ BBICOKNUM 3HEPrETHYECKUM IOTEHLMANIOM K MO-
JNeKyJie-akKlenTopy MOBBILIAET YPOBEHb €€ CBOBONHON 3HEpPruu,
rnepeBolsl TaKUM 06pazoM MOJNEKYNy B aKTHMBMPOBAaHHYIO ¢OpMYy, B
KOTOPO# 3T0 COoenyHEHHEe MOXET YYyacTBOBaTh B OMOCHHTETHYECKHX
peakLHsIX.

LlenTpanbHoe MecTO B IPOLECCAX MEPEHOCA XMMUYECKOH 3HEPTHUH
npuHamiexut cucreme AT®. AT® obpasyercs B peakiuax cybcTpar-
Horo u MeMbpan3zapucumoro ¢ochopunupoBanus. Ilpu cyberparnom
dochopunupoBaHUK UCTOYHMKOM obpazoBanug AT® crnyxar peak-
LM OBYX TUIIOB:

I. Cybcrpar —®@! + AII® = cybcrpar + ATO;
II. Cyberpar ~X + AIID + @, == cyberpar + X +ATO.

B peakiusax nepBoro TMna OCylieCTBASETCSH MePEHOC BEICOKO3HED-
rerMyeckoil docharHoi rpynnel OT MONEKYAEI-noHOpa Ha AJID, Ka-
TAMM3UPYEMEI COOTBETCTBYIOLIMMI KWMHAa3aMy. PeakilMsamMu TaKoro Tuna
SBIISIIOTCS peakim cydbcTpatHoro ¢ocdopwmpoBaHusa Ha IIYTU aHAa-
3pobHOro npeppauieHus caxapoB. ¥ npokapuot, umernux [[TK, pe-
aKius npesBpalieHus CyKUMHWI-KOA B SIHTApHYI0 KHUCIIOTY COMNpO-
BOX/AETCs 3anacaHueM 3HepruM B (ocatHoii cBs3u ['TD, koTopkrit
3areMm otnaer ¢ocdarnyio rpynny AH®. Bry peaklMio MOXHO pac-
CMaTPMBATh KaK peakiMio cydbcrpaTHoro docdopiinpoBaHUs BTOPOTo
TUMA.

AT® obpasyeTcst Takke 33 CYET IHEPTUU Afly+ B npoliecce MeMG6-
paH3aBHCHMOro Gochoprmposanus. B ob1iMx yepTax 3T0T MEXaHU3M
¢ocopunupoBaHUs M3NOXKEH B CENyIOIIEM pasiene.

Monekyna AT® conepxuT ABe Makpoapruueckue GocharHbIe CBsI-
34, TIPU FUIPOJIN3E KOTOPBIX BEICBODOXIAETCS 3HAYMTENIBHOE KOJTHYe-
CTBO CBODONHOM 3HEPruu:

ATO + H,0 — ALD + D,; AGy = 31,8 kIIx/Monb;
AdD + H;0 — AMO+ @ ; AG; =-31,8 kllx/Mons.

I Cumson «», BBegenHbii aMepuKkaHckuM Guoxumukom @. JTunmanom (F.Lip-
mann), CAyXuT s obozHayeHusi MaKpo3pruyeckoil CBA3M.
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Orweruienue nocnenHei GocdarHoi rpynmns oT MoneKynst AM®
NMPUBOIUAT K 3HAYMTENbHO MEHBIIEMY BhICBOBOXIEHMIO CBOODOMHOM
3HEPIUM:

AM® + H,0 — amenosun + @ ; AGy = -14,3 kJIx/Monb.

Monekyna AT® obnanaet onpeneneHHBIMU CBOHCTBAMM, KOTOPBIE
M NPUBENIM K TOMY, YTO B Npollecce 3BOMOLMH eif Bblna oTBemeHa
CTONIb BAXKHas POJib B 3HEPreTHYECKoM MerabomuaMe KieToK. TepMo-
MMHaMH4yecku MoJekyna AT HectabuiawHa, YTO BEITEKaeT M3 GOJb-
1IOH oTpUUATENIBEHOM BenMuuHE AG ee ruaposnu3a. B To xe BpeMs CKo-
pocTh Hed)epMEHTATUBHOTO THAponKu3a AT® B HOpMAIBHBIX YCIIOBUAX
OYEHb MaJIa, T. €. XuMuuecku Monekyna AT® seicokoctabunbha. [Toc-
JenHee cBoicTBo obecneyrBaeT 3(h(PeKTHBHOE COXPaHEHHME 3HEPTHU B
monekyne AT®, MOCKONBKY XHMMMYecKas cTabuIbHOCTH MOJIEKYIIE]
NpensATCTByeT TOMy, YTOOBI 3amaceHHas B HeH 3Heprus 6ecrnonesHo
pacceuBaiack B Bulle Teruia. Mansie paameps! Monekynst AT® no3so-
oT el merko audyHIMPOBaTE B PasMWYHEIE YYaCTKU KJIETKH, IIe
HeOOXOIUM TONBOA 3HEPTMM U3BHE IS BEINOMHEHUS XMUMUYECKOIA,
OCMOTHYECKOI, MeXaHU4eCKOil paboThl.

H nakowell, eie oIHO cBOMcTBO Monekynb!l ATP, obecneynBliee
el LUeHTPAILHOE MECTO B HepreTuyeckoM merabonusme xkierku. H3-
MeHeHHe cBoOomHOH 3Hepruy npu runpomnuse ATP® cocrtaBnsieT
-31,8 xJIx/Monb. ECu cpaBHUTL 3TY BEMMMYKUHY C aHATOTHYHBEIMU Be-
JIMYMHAMY IS psga opyrux GocopuaMpoBaHHBIX COEOMHEHMI, TO
MBI IOJIYYVM ONpeesieHHyIo nikany. Ha ogHoM M3 ee nomocos OyayT
pacnonoxens! (hochopunMpPoBaHHBIE COENMHEHNS, TMAPONU3 KOTO-
PBIX MPUBOOKUT K BEICBOOOXACHHWIO 3HAYMTETBHOIO KOMMYECTBA CBO-
BonHOI 3Hepruy (BEICOKHKE OTPHIATENBHEE 3HAYeHUs AG). BTo Tak
Ha3BBA€MEIE «BEICOKOZIHEPreTHYECKHUE coenMHeHuMA». Ha ppyrom
nomoce ©ynyTr pacnonaraTeCs (oCOpHWIMPOBAHHLIE COENMHEHMS,
AG THIpOH3a KOTOPHIX MMEET HEBBICOKOE OTPHMIIATENIbHOE 3Haude-
HUe («HM3KO3HEepreTuyeckue» coemrHeHus). [IpuMep BEICOKO3HED-
reTuyecKoro coenuHeHus — GocoeHOMNMUPOBUHOTPaaHAS KHCIIOTA
(AGy =-58,2 k]lx/MOnB), HU3KO3HEPreTHYECKOTO — IHIepo-1-¢oc-
dat (AGy =-9,2 klIx/Monb). ATD Ha 5To# LIKalle 3aHMMAET IIpoMe-
XKYTOYHOE MONOXKEHME, YTO ¥ JaeT €My BO3MOXHOCTb HAWMyYIIHMM
00pa3oM BBINONHATE 3HepTreTHYecKHe (DYHKIIMH: NepeHOCHTh SHEP-
M0 OT BHICOKOIHEPTETHYECKUX K HU3KOIHEPTeTUYECKUM CoefHe-
HHSM.

Ecmu yacto AT® Ha3wBalOT «3HEPreTHYECKOI BATIOTON» KIETKH,
TO, NIPONOJIXAst 3Ty AHAMOIMID, MOXHO CKAa3aTh, YTO «BaJIOTHAS €M~
HHIA» BEIOpaHa KIeTKOH B Mpolecce 3BOJIOMH BEChbMA PALIMOHANIBLHO.
IToprus cBoGoOnHOI 3HEPTHHM B Makpoapruueckoit ¢ochaTHoiM CcBA3U
AT® — 370 KaK pa3 Ta 3HepreTHYeCcKas NOPIHs, UCIIOIBE30BAHKE KO-
TOPOI B GHOXMMHYECKHX PEAKIUAX NENTAeT KIETKY BHICOKOAMDEeKTUB-
HBIM HEPreTHYECKUM MEXaHHU3IMOM.
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Apy+ — BTOpasa yHMBepcanbHasa (hopMa KNeToYHOW 3Heprum

B TeyeHMe JUIHTENBHOrO BpeMeHH cuutand, yto AT® u apyrue
BbICOKO3HEPIeTUYECKME COESIMHEHMS, HAXONSIIKECH B PABHOBECHH C
HUM, TMPENCTaBISIOT coboM ENMHCTBEHHYIO OpMY HEPTUM, KOTOpas
MOXET UCIIONB30BATLCS XYBBIMM KJIETKAMHU BO BCEX HEPTO3aBUCHMBIX
npoteccax. Borpoc o xapakrepe CBS3W MEX/Y TPAHCIIOPTOM 3/€KTpPO-
HOB, C OJIHOH CTOPOHBI, U NpeBpaiieHueM GochopHBIX coeMHEHUI,
C IpYTOii, IONroe BpeMs OCTABAJICH HEsCHBIM, BhIIO YCTAHORNEHO, YTO
HCIMONBb30BAHUE IHEPTETUYECKUX PECYPCOB (OpraHMYeCKUX WM Heopra-
HHUYECKUX COEIMHEHMIT NPU IBIXaHUM, CBETa NpH (POTOCHHTE3€E) CBA3a-
HO C [IEPEHOCOM 3/IEKTPOHOB IO LIENH, COCTOsLIed U3 GeNKOBBIX M
HeBeTKOBBIX KOMNOHEHTOB, CIIOCOOHBIX K 0OpaTHMOMY OKMCICHHIO —
BOCCTaHOBAeHHIO. B pe3ynkTare 31010 riepeHoca ocBoGoXAaiolIAsCs Ha
OTHENbHBIX YUYACTKAX NBIXATENbHOH WIM (DOTOCHMHTETHYECKOR Lienu
3HEPrus TPAHCHOPMHPYETCH B XMMHYECKYIO 3HEPIHIO (hoC(haTHBIX CBS-
3eit AT®. MonekynapHblii mexanusm ¢ochopUIMpoBaHns, COIIPSIKEH-
HBIH ¢ 3NMEKTPOHHEIM TPAHCIIOPTOM, ObLI HEU3BECTEH.

TMo3nHee OBLIM [IOAYYEHB 3KCIIEPUMEHTANbHBIE JIAHHBIE O CYILE-
CTBOBAHUHM ellle OfiHO (DOPMBI 3HEPTUM, TAKXE UCIONB3YEMOM KIeT-
KOl Ui coBepiIeHUA Pa3Horo pojia paborel. OTKpeITHE 3TOI HOPMEI
3HEPIUY [IPHUHAIJIEXUT aHIIMHCcKOMY 6MoxuMHKY Ilutepy Mutyen-
ny (P. Mitchell), paspaGortasiuemy B 60-x . XX B. XeMHOCMOTHYECKYIO
TEOPHIO FHEPreTUHECKOTO CONPSIKEHMs!, 0OBACHSIONIYIO TTPEeBpaLleHUe
(TpaHchopMaLMIO) IHEPrMM, OCBODOXIAIOIUEHCH MPH 3NMEKTPOHHOM

TPAaHCTIOPTE, B 3HEPTHIO hocdaTHol

Bre Iyrromasma- Tiurornasa cBsi3u ATO®. 1. MuTtyenn noctynu-

cpena @) fmm o) poOBaj, 4YTO INpH TEPEHOCE JNEKT-
memGpana POHOB 110 OKHC/IUTENbHO- BOCCTAHO-

2H" C‘AHz BUTENBHOM LIETTH, JIOKATM30BAHHOM

by s il 2 A B MeMOpaHaXx OIpeAeneHHOTo THTIA,

> BH2H™ HA3LIBAEMBIX IHEpronpeobpasyro-

Q LUMMM, WK CONPSITAIOUIHMH, [TPO-

BI?T o HMCXOAUT HEPABHOMEPHOE pacripe-

nenenve H* B mpocTpaHcTee Mo

2H* o06e cropoHs MembBpaHs! (puc. 25).
AP +®, IlpemroxerHHas uM MONEb TIPERY-
CMaTPUBAaeT ONpPENENEHHOE PACIIO-
JIOXEHUE MEePEHOCYUKOB 3NEKTPO-
HOB B conpsrawuieii Membpane,
nanpumep L[IIM, KoTopsie MoryT
ObITL NOrpy:KeHEl B IyOhL MeEMOpa-
P — Hbl WM JIOKATH3OBAHBI Y HapyX-
HOB COOTBETCTBEHHO; [, 2, F — Kommo- HOM W BHYTPCHHEM €€ IOBEPXHOC-

HEHTHI 2NeKTpoHTpaHcnoptHoit uenw. TEH TaK, 4TO OBpa3ylOT «IIE€TIM» B
OB6BACHEHMS CM. B TEKCTE LIETIH NEPEHOCA NIEKTPOHOB. B Kax-

Puc. 25. Cxema nepeHoca 3eKTpo-
HOB M NPOTOHOB MO WEKTPOH-
TPAHCMOPTHOW LENH M MPOTOHHOK
ATO-cunaTasm:
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oM «1nerie» (y NPOKapuoT 3JeKTPOHTPAHCIIOPTHLIE LEMW B COMpAra-
oLMX MmeMBpaHax MoryT (JOpMUPOBATH PA3HOE YHCIIO «IETENb») NBa
aTOMAa BOIOPOHA IBMXYTCH OT BHyTpeHHel ctoponst LIITM k Hapyx-
HO# C ITOMOLUBIO NEPEHOCYUKA Botopona (HaNpUMep, XMHOHA). 3aTeM
JIBa 3MEKTPOHA BO3BpAalalOTCs K BHYTPEHHEH CTOpOHEe MeMOpaHEI C
MOMOIIBIO COOTBETCTRYIOILETO 3MEKTPOHHOIO NEPEHOCYMKA (HATIPUMED,
LIMTOXPOMA), a IBA NPOTOHA OCBOBOXIAIOTCA BO BHEIIHIOW CPedy.

Takum obpa3om, B KaxIoH OKUCAUTENLHO-BOCCTAHOBUTENbHOM
«rietne» nBa H* mepeHOCSTCHS M3 LMTOIIA3MBI KIETKH BO BHEIUHIOIO
cpeny. ObLuee YMCIO NPOTOHOB, NnepeHeceHHBIX yepe3 LIITM u Buine-
JIEHHBIX BO BHEUIHIOIO CPeny, PH NMepeHoce ABYX 3MEKTPOHOB 110 3NeK-
TPOHTPAHCIIOPTHOM LIeNM 3aBMCUT OT YMCIa o0bpa3yeMBIX €0 OKMCIH-
TEeIbHO-BOCCTAHOBUTENBHBIX «E€TeNb>. PACTIONOXEHHUE NIEPEHOCYHKOB
anekrpouos B LIITM npoxapuoT TakoBo, 4To 1ipy pabote n1o6oii anek-
TPOHTPAHCIOPTHOH ueny (hOTOCHMHTETHYECKOH WM JibIXaTenbHOoM)
BO BHEIIHEN cpefie NMPOMCXOAMT HAKOILIEHME MOHOB Boiopona (mpo-
TOHOB), NpUBOAsLee K NONKUCITEHUIO Cpebl, 2 B KIETOYHOH 1IMTO-
rnasMe — HX YMEHBLUEHHE, COITPOBOXAAalolleecs €€ NnoallcnoycHu-
€M, T.€. Ha MeMOpaHe BO3HUKAET OPUEHTUPOBAHHEIH Nonepek (TpaHc-
MeMOpaHHBIH) TPaIMEeHT WOHOB BOAOpOIA.

Iockonbky HY — xumuyecKue yacTHUBI, HECYLIME TIONOXHUTENE-
HBIH 3apsAjll, HEPABHOMEPHOE UX HAaKOIUIEeHUE Mo obe CTOpoHBI MeMb-
PaHbl NMPUBOAMT K BO3HMKHOBEHUIO HE TOJBKC XMMHYeCKoro (KoH-
LEEHTPALMOHHOTO) IPaiMEHTa 3TUX YACTUL], HO U OPUEHTHPOBAHHOTO
norepek MeMOpaHbl 3NEKTPUYECKOTO IoJist (CyMMapHbLH NONOXUTeNb-
HBIH 3apsill, Toe NMPOUCXOIUT Hakomnenue HY, U oTpuuaTensHeiil 3a-
ps0 1O OpYTyIo cTOpoHY MemBpanst). Takum obpazoM, Nipy nepeHoce
snekTpoHos Ha LIIIM posuuxkaer TpaHCMeMOpaHHBINH 3MEKTPOXUMM-
YeCKH rpagueHT MOHOB Bonopona, obo3HavyaeMbl CUMBONIOM Afiy+
¥ n3MmepsieMblil B BonbTax (B, MB), KOTOpEI COCTOMT M3 3neKTpUye-
cKoro (TpaHcMeMOpaHHAs pa3HOCTD 3MEKTPUYECKUX MOTEHLUANIOB Ay)
M XMMHUYECKOTO (KOHLIEHTPALIMOHHOTO) KOMITOHEHTOB (rpaiMeHT KOH-
ueHrpauuit H* — ApH). U3MepeHus nokasanu, YTO HA CONPATAIOLINX
MeMOpaHax npokapuoT npy paboTe ObIXaTeAbHBIX U (HOTOCHHTETHYE-
CKHMX 3MEKTPOHTPAHCIIOPTHHIX Lieneil Afiy+ nocturaer 200—250 mB,
MpY 3TOM BKJIaj] K&KIOTO KOMIIOHEHTA HenocTosiHeH. OH 3aBUCHT OT
(HU3MONOTHYECKUX 0COBEHHOCTEH OpraHM3Ma U YCIOBUI €ro KyabTH-
BUPOBaHM.

HT1ak, B COOTBETCTBMM € XeMHUOCcMOTHYeCKoi Teopueit T1. Muryen-
nia, 3Heprus, oceofoxpaeMast B pesynbrare paGoThl 3NeKTPOHTpPAHC-
MOPTHO# LENU, NEPBOHAYANILHO HAKAIUIMBAETCH B (hopMe TpaHCMeEMD-
paHHOro rpajdeHTa HoHOB Bonopona. Paspsinka oGpasyrouierocs Afly+
MPOMCXOIUT € Y4ACTHEM JIOKANTM30BAHHOTO B TOM Xe MemOpaue npo-
touHoro AT®-cuHTasHoTO KoMiuiekca: H Bosspaluarorcs no rpaiu-
eHTY Afig+ yepe3d HY—AT®-cunTasy, npu 3ToM De3 BOZHUKHOBEHHS
Kakux-nubo MPOMEXYTOYHBIX BBHICOKO3IHEPIETHYECKHX COBJ.IPIHBHPIﬁ
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u3 AIID u Heoprauuueckoro qocdara obpasyercs ATD. (Camu conps-
rarouMe MeMGpaHbl B MHTAKTHOM COCTOSHHHY HEITDOHHLAEMEI IS HOHOB,
ocobeHno H* u OH™.) IlpennonoXxurenbHo, U8 CHHTE3a OOHON MO-
nexynst AT® nocTaToyeH nepeHoc AByX MPOTOHOB, T.e. HY/AT® = 2.
Onuako He uckmoyeHo, 4yro H*/AT® moxer Guith Gonbite.
Jloxanmu3sosanHas B membpane H*—AT®-cuHTasa Karanuaupyer
peakiuu cunre3a ¥ ruaponuia ATD B cOOTBETCTBUM C ypaBHEHUEM:

AID + @, + nHYy, w== ATO + Hy0 + nHbp,

Peakius, nporekawouas cjiesa HaNnpaso, CONPSKeHa ¢ TPAHCIIOP-
toM H* no rpanuenTty Afiy+, YTO NPUBOAMT K €70 Pa3psIKe U CUHTE3Y
AT®. [lporekawuas B NPOTUBOIONOXHOM HANPaBIEHUM pPeaKIlps
ruaponusa AT®, conposoxgarouascs nepeHocom HY npotus rpagu-
€HTa, NPUBOAMT K oOpasoBaHMI0 (MM BO3pACTAHUIO) Afly+ Ha MEM-
Gpane. Takum obpasom, AT®-cuHTazHBIN (hepMEHTHBIA KOMIUIEKC CITy-
XKHT MEXaHH3MOM, ObecreyHBalMM B3aUMHOE MpeBpalleHue IBYX
tdopm KneToyHOoI HepruM (Apy+ == AT®), yCTpOHCTBOM, Conpsra-
IOLIMM TPOLECCH OKMCIUTENBHOM NPUpPoibl ¢ ¢ochopUlTpoBaHUEM.

HM3BecTHO HECKONBKO peaKilMii, TeHEPUPYIOLUUX Allg+. Y PasHBIX
IPyIn npokapuoT oT | o 3 M3 HUX JIOKANU30BaHbl B ALIXATENLHOWN
veny. Ha 2 wim 3 sTanax Afig+ TeHEPUPYETCH B TEMHOBHIX peaKIUaX
repeHoca AeKTPOHOB B (hoTOCHMHTETHYeCKOI ermd. O6pa3oBaHue A+
npoucxomut npu ruaponze AT® s H -3asucumoit ATO-cunTasHoM
peakuuu. K 4yucioy ycTpoiicTB, reHepUpyOmIUX Af+ IIOCPEACTBOM
TpancMeMOpaHHoro nepeHoca H*, orHocutes GakTepHMOpoAoncuH
rajodwisHEX apxebakTepuii. ¥ HEKOTOPBIX IPYIII MpoKapydoT obHapy-
JKEHA JNIOKANM30BaHHasA B MemOpaHe HeopraHwyeckas nupodocdarasa,
KaTANMM3UPYIoLIag paciuervienue U culTes nupodocdara. Paciuerenne
MOCTIEHETO NPHBOIMT K FeHepUpoBaHUIio Afiy+. HakoHel, ucTrouHuU-
KOM A+ Ha LIIIM npokapuoT MoryT 6HTh NPOLIECCH, CEA3AHHBIE C
BBIJIENIEHUEM BO BHEIUHIOKI Cpely NMPOAYKTOB OpOXeHUs, TPAHCIIOPT
KOTOPBIX Yepe3 MeMOpaHy MPOUCXOOUT BMECTE C NMPOTOHAMM.

BHeprus B hopMme Afly+ MOXET UCHOIB3OBATLCS B PA3NMHHBIX 3HEP-
ro3aBMCHUMbIX TIPOlIECCaX, JIOKAIM30BAHHBIX HA MeMOpaHe.

Cunres AT® 3a cyeT Afig+ MOXHO PAcCMaTpMBaTL KAK IIpPUMEpP
XuMHyeckoii pabotel. C ucronb3cBaHUeM IHEPIUM Afl+ MOTYT OCYLile-
CTBISITLCSA U IPYTHE BHIL XMMU4eCcKo# paboTEl B KIEeTKe: CUHTE3 IMU-
podocdara, KaTanu3MpyeMelil CBH3aHHBIM ¢ MeMOpaHoil (epmeHT-
HBIM KOMILIEKCOM; ODpPAaTHBIN MepeHOC 3MeKTPOHOB, NMPUBONSIUMEA K
BoccranoBnenuo HAJI(P)*.

DHeprus B opMe Afig+ ucronb3yercs anst nmornonienus JTHK B
[pOLiecCe TeHeTHYeCKO# TpaHCOPMALMM U ISl epeHoca BeNKoB ye-
pe3 MeMbpany. J[BrKeHHe MHOTHX MPOKapMOT obecneyuBaeTcs JHep-
rueil Ajy+ BaxHasa ponb NpUHAANEXUT Ally+ WIH OfHOM U3 ero co-
CTABNAIOLIMX B OCYLIECTBIEHMU TNPOLECCOB aKTUBHOIO TPAHCMOPTA
Monekyn ¥ uoHoB yepes LIIIM npokapuor (puc. 26).
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Buennsa ; ; LlTomnnama KHCHOTE{_SS cpexa I.Iléno‘man cpema
cpema
1 H* 1A~ = Apa
2A"
Ay
A
AT® 3 o ApH
2 ut A -
0 4 ___Aw +ApH
ATD+Dy, R
—A
3 H B ApH
Hemxynan
3 \ cmna

Puc. 26. TpaHCNOPTHEIC CHCTEMBI B KJIETKAX TIPOKAPHOT:

A — cUCcTeMBl NepBMYHOTO TpaHcnopTa: | — mepeHoc 37eKTPOHOB 0 OKMCIMTEILHO-

BOCCTAHOBUTENRHOM nernn; 2 — npotoHHas ATO-cunHTasa; 3 — GakTepHOpPONONCUHH.

B — cucteMBl BTOPMYHOIO TpaHcmopta: ] — NaccMBHBI TPaHCTOPT HelTpaibHBIX

MOJNeKyn, 2 — aKTHUBHBIA TMepeHoC KaTHOHOB (YHMIOPT); 3 — CUMIOPT aHMOHOB M

NpoTOHOB; 4 — CUMMOPT HelTpatbHbiX MoNekyn M HY; 5 — aHTHIIOPT KaTtHOHOB U
nporoHoB (no Konings, Veldkamp, 1980)

Bce m3BecTHBIE CHMCTEMbl TPAHCHOPTA Y MPOKAPUMOT MOXHO pasfie-
JIMTh HA [[Ba TUIA: MEPBUYHBIE M BTOpUuHbIe. PazobpaHHble BHILLE MTPU-
Mepsl TpaHCcMeMOpaHHOro mepeHoca H* ¢ yyacTHMeM OKHC/IMTEIBHO-
BOCCTAHOBUTENILHOM <«IIeTNH», DAKTEPUOPOIONICHHA WM B Pe3yNLTaTe
ruaponusza AT®, karanusupyemoro HY*—ATM-cuuTa30id, npoucxons-
L[HE 33 CYET XMMMWYECKOH IHEPrUM WM 3JEKTPOMArHUTHOM IHEPrUM
CBETA, OTHOCHATCH K MEPBUYHBIM TPAHCINOPTHHBM CHCTE-
MaMm (puc. 26, A). B pesynrtate UX QYHKLUMOHHMPOBAHUWY Ha MeMGpa-
HE TEHEepUPYeTCH 3Heprus B GopMe Afiy+, KOTOpas, B CBOIO o4epensb,
MOXET CNYXHUTh OBMXYILUEH CUNOM, obecrieyHBaloleil ¢ MOMOILIBIO
WHAMBHAYAIBHBIX OENKOBHIX [1€PEHOCYMKOB MOCTYIUICHHE B KIETKY
HeoOXO/IMMBIX BEILEeCTE Pa3Holl XMMUYecKol Npuponsl ¥ ynaneHue
M3 Hee KOHEYHBIX MPOAYKTOB MeTabonuama. YCTpPOMCTBAa, C IOMO-
1[I0 KOTOPRIX OCYLIECTBIAETCA TPAHCMeMOpaHHLIH NIEPEHOC BELECTB
Mo rpagveHTy Allg+ WIKH OJHOM U3 €ro COCTABJISIONIMX, OTHOCSTCH K
BTOPUYHBIM TPAaHCNOPTHHM cUucTeMmaMm (puc. 26, 5).

Kak u3BecTHO, B cny4yae naccuBHOU nuddy3uu BewiecTsa JIBHXY-
et CHIOH CITY>XKUT TONBKO FPaJIUeHT ero KOHUEHTpaluu (Ap) BHe M
BHYTpH KJIeTKM. Ecnu nomoBHEIA rpaueHT CcyllIECTBYET U B MPOLIECCE
AKTMBHOTO TPaHCIIOPTA BELIECTBA, OH MOXET BHOCUTE OTpeeNeHHBIH
BK/a] B ODLUYI0 OBMKYUIYIO CHIY TIPOLIECCA, ONHAKC 3TOT BKJAI HE
SIBJISIETCS] OTPENe oMM, B GoNbLUMHCTBE CNyvaeB NepeHOC BELECTRA
110 MEXAHM3MY AKTMBHOTO TPAHCIIOPTA MPOMCXOAMT IIPOTUB KOHLIEHT-
PATMOHHOIC IrpaauEHTa 3TOro BELIECTBA.
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BtropuuHble TPAHCNOPTHEIE CUCTEMBI MOTYT OBITH TAKXKE pasjene-
Hbl Ha Tpu rpynnsl. [lepeHoc Monekyn BELIECTBA, HE CONPHXEHHBIMH
C KAKUMH-NM60 BCTPEYHBIMM MY CONYTCTBYIOIUMMM MepeEMELIEHM -
MM MOJIEKYIl IPYTHX BELIECTB, MOMYyYMI Ha3BaHMe YHUnopTa. [lo
MEXaHU3MY CUMIIOPTAa IEPEHOC MOJEKYJ BELIECTBA COMPHXKEH
C MePEeHOCOM TNMPOTOHOB B TOM 3Xe HAlPaBAE€HHM U OCYLUECTBIAAETCH
MpH Y4acTUM OIHOI'O U TOTO Xe DenkoBoro nepeHocyuka. B npouecce
AHTHIIOPTA MEPEHOC BELIECTBA COTIPSKEH ¢ nepeHocoM H* B mpo-
THBOMNOIOXHOM HarnpasneHUH. [locTyrneHye BEleCTs B KJIETKY MO Me-
XaHU3MY CHMMIIOPTA M YHUIIOPTA LIMPOKO PACIPOCTPAHEHO Y NMPOKa-
PHMOT M CIYXMT JUTsl TIOTAOHIEHWA UMK OONBIIMHCTBA HEOBXOMMMBIX
OpPraHMYeCcKUX U HEOPraHMUYECKHUX COeMHEHHUIL.

J1s1 noHUMaHusA EBUXYLIUX CHJI, YYACTBYIOIIUX B AKTHBHOM TpaHC-
MOpTE PA3HBIX TUIIOB MONEKYN (3JIeKTPOHEeHTPaJIbHBIX, HECYLIMX TO-
JIOXUTENbHBIM UMM OTPULATE/NBHBIIA 3aps), CAenyeT IOMHUTE, YTO B
uMTornnasme Bonee 1enovyHas cpena U CYMMAPHBIA OTPULATEIBHBIN
3aps/l. HesapsxeHHble MOIEKYnnl (TMI0K03a, raj1akTo3a, HEWTpanbHLIe
AMUHOKUCIIOTHI) [IEPEHOCHTCS B KJIETKY BMECTE C NMPOTOHAMMU 32 CHET
0DoMX KOMITOHEHTOB Afig+—Ay u ApH.

Monekynbl, UMEIOLIME OTPULATEMbHLIA 3apsn (LIIOKOHAT, IJIyTa-
mar, H,PO;), xorpancnoprupyiorcs ¢ H* B anexktpoHeiiTpanbHoi
¢dopme 3a cyet Tonsko ApH. llonoxurensHo 3apsokeHHbBIE MOTEKYTB U
UOHBI MEPEHOCATCS yepe3 MeMOpaHy B LIMTOMIA3MY IO MEXaHWM3MY
YHUIIOPTA € UCIIONB30BAHUEM B KAYECTBE IBIOKYIIEH CHIH 3NeKTPU-

Oprasmyeckue U Oprarveckue
HeOpraHHIeCKHe i
Caer cyBerpaTar o
~ l
OKHUCTHTETHHO-
BOCCTAHOBMTE/ILHEE CyberpatHoe
LIENH CONPATAIIIAX docdhopumpobarue
MemMbpan '
‘ MewmbpasnHoe

dochopunuposaHne
I'ugponus AT®, \
Wupycm H*—ATW \Cneqe}me
Xunmpveckas

ObpasosaHue TeIUa
Xumuaeckas pabora
(cunres AT®, mupodocdara,
obparubiii mepeHoc
3IEKTPOHOB)

pabota
OcmoTtryeckas paGora (OnocuHTesE)
(TpaHCIOPT BEIIECTB

4epe3 MeMOpaHy)
Mexaimueckas pabora
(nBxCcHHE)

Puc. 27. I1pcobpazopanue 3HEPrHy B KICTKE NMPOKAPHOT
(no Ckynauesy, 1980)
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YeCKOro KOMIOHEHTA Afly+. TAKUM ITyTEM OCYLIECTBIAAETCH MEPEHOC B
KJIeTKy, Hanpumep, HoHoB K* unu nusuna. ITpuMepom aHTUNIOPTHOM
CHUCTEMBI MOXET CIYXHTh OTKAYMBAHUE U3 [UTOIIa3Mbl MOHOB Na®*,
npoucxosiiee B obMeH Ha noctymneHue B Hee uonoB H. Jlpuxyiueit
cunoi npouecca spnserca ApH.

Bce 370 NO3BONSET PpACCMATPHUBATEL 3HEPTUIO B hopMe Afly+ (Haps-
any ¢ AT®) kak IMPOKO HCNONB3yeMylo BHYTpH kKneTkd. Ilpeo6pa3zo-
BAHME IHEPTUM B KJIETKE MPOKAPHMOT CXEMATHYECKHM HM300paKeHO Ha
puc. 27. Kak BuaHO 3 310 cxeMbl, AT® U Afiy+ MOXHO CUMTaTh
JIByM$I B3aMMOIPEBPAIllaeMbBIMU «3HEPTETUMECKUMH BANIOTAMM» KIIET-
KM, KaXIasg U3 KOTOPBIX CIIOCOOHA CIIYXKUTh UCTOYHUKOM 3HEPTUM IUJIA
BBITIOJIHEHMS XUMHUYECKOH, OCMOTHYECKOM, MeXaHWYeCKoil pabor.

IAna yero kneTke Heobxoaumbl aBe (hopMbl IHEPrum

AT® yyacTeyer B peakliMax, NPOTEKAIOLIMX B LMTOIUIA3MeE, T.€. B
tdopme ATD sneprueil obecrnieyuBarOTCs BCE MPOLIECCHI, MPOTEKAIO-
1Me B BoJiHOI cpene. K uucny mocienHuX oTHOCHTCH BONBIIHHCTBO
fuocuHTeTHYecKuX peakuuid. ITomumo atoro AT® cinyXuT UCTOUHM-
KOM 3HEPTUM Ui NPOTEKAHUA psiad MeMOpaH3aBUCUMBIX IIPOLIECCOB.

DHeprus NPOTOHHOIO IPAIMEHTA CBA3aHA HCKIIOYUTENLHO C MEM-
GpaHaMM, KOTOPEIE SIBISIIOTCH K HEOOXOIMHMMBIM KOMIIOHEHTOM A €ro
obpazoBanus. [Toaromy aHeprueid B Gopme Afly+ Moryt obecneduBaThCs
TOMLKO NMPOLECCHI, TOKANTHI0BAHHBIE Ha MeMOpane. Takum obpasom, y
Afiy+ Gonee y3kas 0b1acTb «puaoXeHus». B TO Xe Bpems ucnons3osa-
HHE KJIETKOH 3HEpPruM B (popMe Apy+ MMeeT onpene/ieHHble TIPEUMYy-
uecTsa: Afig+ B (hopMe ero 3JeKTpUYECKO# cocTaBnsiioleit — Gonee
ynobHas dopma 3HEPTUM IA BHYTPH- U MEXKIETOYHOH TPAHCIIOPTH-
poski. CKOpOCTh nepeHoca IHepruM nocpencrsom nugdpysuu ATO B
UMTOMNAa3Me 3HAYHTENBHO MEIUIEHHEE, YEM CKOPOCTE nepeaadu Ay no
MeMbpanam. Juddyszusa AT® moxer 66T CUABHO 3ATPYIHEHA B KJIET-
KaX C pa3BUTOM CHCTEMOM BHYTPHLIMTOIUIA3MATHYEeCKUX MeMOpaH. Ha-
KOHEL[, IepeHoc 3Hepruu nocpencrsoMm auddysuu AT® coscem He-
3¢dexTUBEH, €CNM peub MIOET O MEXKIETOYHOM TPAHCIOPTE 3HEp-
THM, YTO BAXHO J/Isi MHOTOKNETOYHEIX OopraHusMmoB. B sTtoM cnyuae
3 PEKTUBHOCTE TEpenaYyy HEpPruM no meMmOpanaMm Hauboliee oye-
BUJHA.

SHeprus B dopMe Aliy+ HE COUHEPXKWTCH B BUAE OMNpPEHEIeHHBIX
MOPILIMIL, KaK 3T0 UMeeT MecTo B Montekyse ATD. ITpu ruaponmuze Mak-
poapriyeckoit hochaTHoit cBsizn ATP ocBoboxnaercs onpeneneHHoe
konmyectBo 3Heprum (AGy = —31,8 k[l /mons). Ecnu ana conpsxeH-
HOr0 3HIEPrOHUYECKOro npoiecca TpefyeTca MeHblilee KOMHYeCTBO
SHEPrUH, OCTAIbHAS YACTh PACCEUBAETCS B BUE TerUtoThl. I1pu Uconb-
30BaHUH 3HEPTHH B (hopMe TpaHcMeMOpaHHOrO MOTEHUMANA MOTEPb,
0DYCNOBNEHHBIX 33MACAHHUEM FHEPrUM B BUE NMOPUMHI, HE IIPOMCXOINT.
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C 3THM CBSI3aHO M €1LE OIHO MPEUMYLIECTBO MPU UCIICAB30BAHUM KIIET-
KOH 3Hepruu B QopMe Afiy+: HE CYLIECTBYET HIDKHETO Mopora [uls ero
obpaszosanwms. st curre3a ATP HeoOGXoIMMa pa3sHOCTH OKHCIIMTEMb-
HO-BOCCTAHOBHTEJ/ILHBIX NoTeHUMANOB nopsiika 200 mB. Huxe sroro
noporoporo 3uayeHusi AT® He moxeT OpITh CMHTe3HpoBaH. [Lnsa obpa-
30BaHMs IHEPTUM B PopMe TpaHCMeMOGPaHHOrO MOTeHIMaNa nonob-
HBIX orpaHndeHmil HeT. [loaTomy aHeprus Afly+ MoxeT oOpa3oBLIBAThH-
¢ ¥ noTpebnaTees KIeTKoU B yCnoBUAX, Korna cuHtes AT® HeBo3-
MOXKEH.

Takum obpasoM, XOT Kaxaas (opMa KIETOYHOH IHEPTUM MOXET
OBITE MCIIONB30BAHA U OCYLLECTBIEHUS XUMHYECKOH, MEXaHUYECKOMH
M OCMOTHYECKO# paboThl, MeXIy HMMM CYLIECTBYET ONpeleneHHOe
«pasieneHvie Tpyla», Hanpumep, GONBLUIMHCTBO OUOCHHTE30B 06ec-
neyupaercs 3Hepruei AT®, akTUBHBIIA TPAHCTIOPT — IHEPTUEN Afly+.
U3 3toro cnepyer, yto KieTke HeoOXOnMMO Bcerna MMETh OMNpejie-
JIEHHOE KONMYECTBO 3HEPTUM B TOM M Npyroil nerko Mobuiusyemoit
dopme. 310 MOXKET OBITH OTHOM M3 NPUYHH CYIIECTBOBAHUS B KIIETKE
JIBYX B3aMMOCBS3aHHBIX IHEPreTUYECKHUX MyNOB (PE3epBYapoB), MEX-
Jly KOTOpPBIMK IPU HEODXOMMMOCTH JIETKO MOXET OCYLUECTBIIATHCH
nepekauka Hepruu (cM. puc. 27). EMKocTs 060MX 9HEpreTHYeCKUX
ny/aoB HesBenukKa. Hanpumep, BenuuMHA Ajlg+ NONACPXHBAacTCS Ha
yposHe 200—250 mB. BHyTpuknerouHast KoHueHTpanus AT® cocras-
JsieT okoJio 2 MM. BTo Takxke yKasbiBaeT HA KATAJIWTUYECKYHO pPONb
ATD B xnerke. TlopcyuTaHo, YTO MU YABOEHUS KIETOYHOM MACCH
monekyna AT® momkHa okono 10000 pas yyacTBoBaTh B peakuusx
TUAPOIN3a U CUHTE3A.

JHepreTUyecKue 3aTparthb! KNeTKu

B pactyue# GakrepuansHoll KyneType norpebneHue 3HEpruud B
MEPBYIO O4YEpeNb CBH3AHO C NpoLeccaMd DMOCHHTE3a BELIECTB, U3
KOTOPRIX coCcTOMT Kietka. KonuyecTtso 3Hepruu, HeoOXonumoe JUis
OuocHHTETHYECKUX Lienel, B BonbIloH cTeMeHN 3aBUCUT OT COCTaBa
cpellbl KyNbTUBHpOBaHUS. TeopeTHyeCKH pacCYMUTAHO, YTO NMPH BBI-
palMBaHWUU KYNBTYPHI BakTepuil B cpelle ¢ MMHEpanbHBIMM COJIIMH 1
TJIIOKO301 B KayecTBe eAMHCTBEHHOTO MCTOYHMKA yrnepona 1 monb
AT® 3atpaumsaercs IUISI CMHTe3a 27 T BelECTBa KJIeTOK. Ecnu xe envH-
CTBEHHBIM MCTOYHMKOM yrnepopa ciyxut CO,, MCIMoNb30BaHHE TOTO
xe Komuyectsa AT® npusener K CUHTE3y TONLKO 5 I BELIECTBA KJIETOK.

Hns E. coli 6onbias yacts OGMOCMHTETUYECKUX PEaKIMi B HACTOs -
1lee BpeMsl M3BECTHA. DTO MO3BOJIUIIO ONPeAenuTh Konuyectso ATD,
MCTIOJIB3YEMOTO 17151 00pasoBaHKUS OCHOBHBIX KJIIETOYHBIX MaKpPOMOJIe-
kyn. B kynetype E. coli, pactyileil B cpene ¢ rmOKo30ii B KayecTBe
€AMHCTBEHHOIO0 MCTOYHUKA Yrhepoaa, UM cHHTe3a | r KIeToYyHoro
Matepuana pacxoayercs okono 37 mmone AT®. Bonblle NOAOBUHEI
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aroro Konuyectpa (0kosno 20 MMONL) HCIONBL3YETCH B PeaKLMsX, Be-
OYIIMX K CHHTe3y OenkoBsiX Monekyn. CnenyounuMU 1o 3HepreTHye-
CKMM 3aTparaM OMOCHHTETMYECKUMM MpoLieccaMu SIBMIOTCH (hepMeH-
tatuBHble myTy cuHTe3a PHK u JIHK (okono 7 Mmons AT®), a Tak-
Xe peaki UM MoJAMMEPU3aiMKY MoHOcaxapos (okono 2 Mmons AT®).

TTomMuMoO 3HEpreTUYECKMX 3aTpaT Ha OMOCHHTETUYECKHE [TPOLIECCHI,
CBsI3aHHBIE C POCTOM, OTIPENENIEHHAA YAaCTh KJIETOYHOU IHEPTUH BCera
TPATUTCH HA IMPOLECChl, He CB3aHHBIE HETIOCPENCTBEHHO C POCTOM.
HOCJ'[CI[HHC NONYYHIIM HAa3BaHHUE IPOLIECCOB IMOJAEPXKaHHA XU3Heles -
TensHOCTH. K criemmbuyeckum GyHKUMAM NOANEPXaHUA XU3HE/es -
TENBHOCTH OTHOCATCH: OOHOBJIEHUME KIETOYHOIO MaTepuana, OCMO-
THyeckasa pabora, obecnevuBalonias noAAepXaHue KOHUEHTPALIMOH-
HBIX TPaJIMEHTOR MEXIY KIeTKOM M BHeIUHeH cpeloil, MOABUXHOCTE
KJIEeTKH M Ip. DHEePruio, pacxXoAyloUlylOcs Ha OCYIIECTBIIEHUE Tiepe-
YUCNEHHBIX QYHKUUM, 0603HAYAIOT KaKk 3 HEPTrui0 noajaepxa-
HUY XU3HENEeHTEAbHOCTH.

Korna GakTepu HaxonsTCsl B YCIOBHSX, B KOTOPBIX Y HUX [0 Ka-
KUM-JAUM00 NMpUYMHAM OTCYTCTBYET POCT M, CACNOBATE/NBHO, HET Ha-
JIOOHOCTM B 3HEpPIUM JiId BUMOCHMHTE30B, Y HUX M B 3TOM CJIydac He
MpeKpalalTcsd onpefeneHHre MeTabonvyeckue npouecchl. [Npume-
POM KpaifHEero MposiBIEHMS COCTOSIHUS NOKOSI CIYXAaT GaKkTepUaibHBIE
IHIOCIIOPKI, MeTaboNIuYecKas AKTUBHOCTh KOTOPBIX HAXOOHUTCH HA YPOB-
He, He BCerla periicTpHpyeMoM COBpeMeHHLIMM npubopamu. OpHako
¥ B 9TOM ClIyYyae OHA HE paBHA HYJIO.

3nech HeOOXONMMO OCTAHOBUTHLCS HA OJIHOM NPUHUMITHATIEHO BaXK-
HOM MoMeHTe. COCTOSTHUE TOKOS XUBBIX OPTAHU3MOB — BCErna AMHa-
MHYECKOE, B OT/IUYUE OT CTATHYECKOTO COCTOSIHUS HEXHUBBIX CUCTEM.
DTo 03HAYaeT, YTO B NMOKOALIMXCA OpPraHU3Max KOHLIEHTPAIIMU GOb-
IIMHCTBA MOAEKYN NMONIEPXUBAIOTCH HE CTATHYECKH, a JAUHAMHYE-
CKH, T. €. IPOLIECCH PACcIaja OPraHU4YeCKHUX COeTMHEHUH U KOMITEHCH -
pyiouMe uX BMOCHHTETHYECKME MPOLIECCH! NMPOJIOJDKAIOTCS U B COCTO-
SIHUM KaXylIerocst IOKost.

AKTUBHO 0OHOBISIIOIIMMHUCH KJIETOYHBIMM BEILECTBAMM SBISIOTCS
Monekynsl ¢epmeHTHLIX Genkos, MPHK, martepuan KneToyHbIX cre-
HOK 4 MeMOpaH. JIMHAMUYECKOE COCTOSTHUE CBOMCTBEHHO MOYTH BCEM
MeTabonuTaM M CTPYKTYpaM KIeTKH, pasinuyue HabMIoIasTCs TONLKO
B OTHOLIEHHMM CKOpOCTEH MpoLieccoB ODHOBIEHMS pasIMYHEIX KIIETOY-
HbIX KomnoHeHTOB. MckmoueHue cocrasisaior Monekynsl JIHK u He-
KOTOpHIX GakTepuaneHbX OenkoB. B otHomenuu JIHK nouartHo, yro
JIMHAMMYECKOE COCTOAHUE MEHETHYECKOTO MATEPHAJIA IOBBILLACT OMAC-
HOCTh BO3HUKHOBEHMS OLIMOOK NPH €ro OOHOBIEHUH U CBSI3aHHLIE C
3TUM JEeTalbHbIE IIOCNEACTBHS 1151 OPTAHU3MA.

B ycnoeusix akTHBHOI'O POCTA 3HEPTysl, UCIIONB3yeMas B NpoLeccax
0OHOBNEHUS, COCTABISET AU HEOOMBILYIO YacTh ODLIMX IHEPTETH-
4YeCKUX pacxonos KIeTKd. B cocTosinuuM nokos obuiue 3HepreTuye-
CKME 3aTpaTsl KIETKM 3HAYUTE/AbHO IOHMXAIOTCH, U HA 3TOM (boHe
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yIenbHBEIR Bec pacxXonyeMod Ha oOHOBNEHME KIETOYHBIX BEIIECTB
3HEPrvM 3aMETHO BO3pacTaeT. 3HAYUTeIbHAS YACTh SHEPTHM IOJIIEP-
KAHUS XUSHEAESTENbHOCTH PAcXONyeTcs Ha COBEplIeHME OCMOTH-
yeckoil paboTel. B npuBeneHHOM BBILIE PACYETE IHEPreTUYECKHX 3a-
Tpat E. coli Wwig npoueccoB aKTMBHOTO TPAHCIIOPTA HMCMOL3YETCS
npuMepHo 5 mmois ATO®.

BenmuywHa 3HEPTHH NMOJIEPXAHUSA XKU3HEHEATEIbHOCTH B 3HAYM-
TENBHOM CTENeHM 3aBUCUT OT ycnoBui pocta. Tak, ans Azotobacter
vinelandii, ¢uxcupyiouiero azor npu HU3koM (0,02 aTM) 4 BeICOKOM
(0,2 aTM) ypoBHE pacTBOPEHHOIO KHCAOpona, oHa Kojnebnercs ot 22
1o 220 mmonb AT® Ha 1 r GUOMACCEHL, T.€. NPSMO NPOIOPLMOHANBHA
KOHILIEHTpAaLMu pacTBopeHHoro O,. Knerka Tpatur MHOro MOIONHM-
TeNbHON SHEPruM JUTH 3a1UMTHl OT U3DBITKAa KHCIOpOJa, HHTHOUPYIO-
1iero GepMEeHTHYIO CUCTEMY, OTBETCTBEHHYIO 33 (hUKCALIMIO MOJIEKY-
JISIPHOTO A30TA. DHEPTHs MOMIEPXAHUS XUZHENEATENBHOCTH 0OBIMHO
cocrapnser 10—20% Bceit 3HEPruM, pacxollyeMoil B 3HEPIrO3aBUCH-
MBIX Tipoeccax. OnucaHbl, OIHAKO, YCJIOBHSA, B KOTOPBLIX GakTepuu
PACXONYIOT Ha nojjiepXaHue XusueneaTensHocTy 1o 90 % Bhipabarthbi-
BacMOM 3HEPTHU.

KoHcepBupoBaHue 3Heprum

" OHepreTuyecKuil MeTabONMM3M B LIEJIOM CONPsDKEH ¢ OMOCUHTETH-
YeCKUMH M IPYrMMHU 3HECProzaBUCHMMbIMU IpoLeccaMu, MPOUCXOmsi-
MMM B KJIEeTKe, IS NPOTeKAHUS KOTOPHIX OH IIOCTABISIET SHEPIUIO,
BOCCTAHOBMTENb U HeOOXOOMMEBIE MPOMEXYTOYHBIe MeTabonuTel. Co-
MPSKEHHOCTH OBYX TUIIOB KIETOYHOrO MeTabonu3Ma He HMCKITIoYaer
HEKOTOPOro U3MEHEHMSI MX OTHOCHUTEIBHBIX MACLUTAGOB B 3aBUCHMO-
CTH OT KOHKpeTHHX ycnosuii. Ilpokapuotsl, obnanaionme Haubonee
COBEPLICHHBIMH CUCTEMAMM NMOJIYYSHHA 3HEPTUM (npIXxaHue, (POTOCHH-
Te3), CIOCODHBI FTEHEPUPOBATE SHEPTHIO B 3HAYMTENBHO DoJbllleM KO-
JNUYECTBe, YeM HeoOXOmMMOo /st pocTa 1 obecrneyeHHs BCEX 3HEPro3a-
BHCHMBIX KJIETOYHBIX QYHKIMA.

BO3MOXHE! TAKHE YCIOBMs, KOIIa KJIEeTKa 3anacaer 3HepruM Gons-
e, 4yeM TpaTUT. B 3TOM cilyyae oHa CTaIKMBaeTCsa ¢ npobaeMoil KOH-
cepsypoBaHus sHeprurd. B monekynax AT® sueprusi He XpaHUTCS B
TeyeHUe IUITMTENbHOIO BpeMeHH. CpeaHsis NPono/iKUTENbHOCTD «XKHU3-
Hu» Monekyn AT® cocrasnsier okono !/; c. DHeprust B dopme Afiy+
TaKKe He MOXeT Hakarummeatscsl. JIBrxkenue HY nporus rpanuenrta
BO3MOXHO TOJIBKO [0 IOCTHXCHHSH ONpEIeNeHHOro YPOBHS, Nocie
KOTOpPOTO BO3HMKIIASA PA3HOCTHL KOHLIEHTPALME U 3JIEKTPUYECKUX 3a-
psanos Oyner TOPMO3HUTE MOCTYTINEHUE HOHOB BOJIOPOA IIPOTUB Ipaau-~
enTta. Takum obpazom, B Mosekynax AT® u B Bune Ajiy+ 3Heprus
HaxoauTcsa B MoOwIsHOH ¢opMe, NpU3BaHHOH 0OecrieYnBaTh BCE WY~
LME B HACTOHIIHA MOMEHT 3HEPTO3ABUCUMBIE IIPOLECCHI.
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TlpoGnema KOHCEPBMPOBAHUS IHEPIUM peliieHA MPOKAPHOTAMH
ITYTEM CUHTE3A BOCCTAHOBIEHHBIX BEICOKONOIMMEPHBIX MOJIEKY, [JIaB-
HBIM 00Opa3oM MOJAHUCAXAPUIOB, peEXe MUMHIOB MK NOJUMENTHIOB.
Monnekysibl 3aNIaCHBIX BEIIECTB MJIOTHO YIIAKOBAHBI B TPAHYJIAX U YacTO
OKpyXeHs! Genkoroit obonoykoii (cM. Tabn. 5). B Takom Bye oHU Haxo-
OATCS B OCMOTHYECKH HEAKTHBHOM COCTOSIHMU, YTO OYMEHb BAXKHO IS
KJIETKH.

Cnoco0bl CyL|eCTBOBaHUA M TUMNbI XXM3HWM Y NPOKapUOT

B 3aBHCHMOCTH OT TOr0, KaKO#H UCTOYHUK DHEPrUM MOTYT HCITONb-
30BaTh MPOKApHUOTHI, UX nenstT Ha GoToTpod 0B (MCTOYHUK IHEP-
TMH — CBET) U XeMOTpPO (0B (MCTOYHHK 3HEPrHM — OKMCIHUTENb-
HO-BOCCTAHOBRUTENEHBIE PeakiiMM). OpraHu3Msel, ¥ KOTOPHIX UCTOYHH-
KaMH (JIToHOpaMH) 3MeKTPOHOB B IHEPreTHYECKOM NPOLIECCE ABISIOTCH
HEeOpraHUYeCcKUe BEUIECTRA, NPEUIOXKEHO HA3BIBATL JIUTOT PO ¢ H bI-
MH, a Te, Y KOTOPBIX [OHOPAMM 3NEKTPOHOB CIIYXAT OPraHHYecKHE
COeMHEHU, — OpPraHoTpo¢ H eI MU. Torna B 3aBUCHMOCTH OT HC-
TOYHHKA 3HEPTHY W NIPHPOABI IOHOPA 3NEKTPOHOR BO3MOXHBI YETHIPE
OCHOBHBIX THUIIA 3HEPreTUYECKOro mMerabonu3ma: XeMOoIMTOoTpoO-
busn, xemocopranotpodpus, dotonruToTpohus M do-
ToopraHoTpod ui.

VY npokapuoT ¢ XeMOTPOGHBIM THIIOM JHEPIreTHYECKOro merabo-
JIM3MA OJIHO U TO K€ COE/IMHEHHE CIYIKUT JOHOPOM 3/1IEKTPOHOB, 601b-
1Ias YACTh KOTOPBHIX NEPEeMEIAeTCH B COOTBETCTBMM C TEPMOIMHAMM -
YeCKHM TPAIUEHTOM, YTC NMPUBOMUT K BHIIEIEHHIO CBODOIHOMN 3HEp-
TUM, 4 MEHBILAS — UCIIONB3YETCH Jiisi 0Opa30oBaHisa BOCCTAHOBHUTEN,
notrpebnsieMoro B KOHCTDYKTMBHOM MeTabonuame. 3To MonoXeHHe
CIpABEIUIUBC B OTHOUIEHUU NMPOKAPUOT C IHEPreTUKON OpOIMUNBHO-
r0 U ABIXaTeNBHOIO TUIOB, NPU UCNONL30BAHKMU B KAYeCTBe 3HEpre-
THYECKHMX PECYPCOB OPraHMYECKMX U HEOPTAHUYECKUX COSOUHEHUIA.
Y dororpodoB HCTIONBIOBAHKME CBETA B KAYECTBE HCTOYHMKA 3HEPTUH
TpeOyeT NONMOMHUTENEHOTO NOAKIIOHYEHMS XMMHWYECKUX COeMHEHU,
Cy>XallMX JOHOPAMH 3AEKTPOHOB JIsi 06pa30BaHMs BOCCTAHOBHUTES.
3T0 CBs3aHO €O crneuMHKON CBeTa KaK 3IHEpPreTHHEecKoro pecypca
JUISI JKMBHIX CUCTEM.

Kax bl TUI SHEPreTHYeCcKoro MeTabonu3mMa MOXET OCYLIEeCTBIISTh—
cs Ha Ga3e pa3snUuHbIX OMOCHHTETMYECKUX CIIOCODHOCTE! OpraHU3Ma.
Brie yxe obcyxnanoch JefieHUe BCeX MPOKAPHOT B 3aBUCUMOCTH
OT OCOBEHHOCTEH KOHCTPYKTMBHOTO MeTabonuv3aMa Ha JIBE TPYIIILI:
aBTo- ¥ TeTepoTpoctoB. Cnenopare/lbHO, MOXHO BBUIEIATL 8 coyeTa-
HHUil TUIIOB IHEPTETUYECKOT0 U KOHCTPYKTHUBHOTO MeTabonuiMa, Ko-
TOPBIE OTPAXKAKT BO3MOXHOCTU CIIOCODOB CylUeCTBOBAHUS! (MTUTAHUA)
npokapyoT (1abn. 12). Becem cniocobaM nuTaHus COOTBETCTBYIOT pe-
ajbHO CYILIECTBYIOLIUE NMPOKAPHUOTHBIE OpraHu3mbl. OnHaKo 4ucCiIo
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BHIOB IPOKapHOT, OTHOCALIMXCS K TPYIIIaM, XapaKTepH3YHOLIMMCs
Pa3HBIMU criocobaMH MUTaHKA, Janeko He ofuHakoso. [lonapnsioiiee
YHUCIO MPOKapHOT COCPEJOTOYEHO B IPYINE C XeMOOpraHorerepo-
TpodHEIM THINOM NUTaHuA. Takas e HEPaBHOMEPHOCTL B pacnpele-
JIEHWM 110 THNAM IUTaHUs NPUCYILa U (POTOCHHTE3UPYIOLIMM TIPOKa-
puotam. BonbuiMHeTBO (IMaHOGaKTEPUM, MYPNYPHbIE U 3ejeHble Cepo-
GakTepuy) oTHOCHTCS K rpynne ¢ ¢GoToIuToaBToTpOpHEM crnpcobom
nutadus. Yacto A1 XapakTepHCTHKM criocoba MUTaHus MMPOKapuoT
MOJIB3YIOTCs Gonee OBIUME TIOHATHUSAMH, YeM TpUBeeHHbIe B Tab. 12,
YIOTpe6isis AJ1F 3TOTO COYETAaHU TONBKO JABYX NPU3HAKOB. MCTOYHHK
aHeprun (oto-, xemo-) + HCTOYHMK yrjiepona ANs NMOCTPOEHHA Be-
LIECTB Tena (aBTO-, TeTepo-).

IlepeuncnenHsie B Tabn. 12 coueraHus OCHOBHBIX BUIOB 2HEpPIreTH-
YECKOT0 M KOHCTPYKTHMBHOI'O METAOONM3Ma XapakTepH3yioT BCE BO3-
MOXHEIE cNOCcO0H! ITMTAHKSA NPOKApPUOTHBIX opraHu3MoB. HekoTophle
MPOKAPHOTHL MOTYT CYL{ECTBOBATE TOJNBKO Ha ©a3e ofHOro Kakoro-
HUOYOEL crocoba nuraHMg. Hanpumep, ongHoxIeToYHas LHaHobakTe-
pus Synechococcus elongatus MOXeT UCTIOJIB30BATh B KAYECTBE MCTOY-
HHKa 3HEPTMH TONBKO CBET, 4 KaK OCHOBHOM HMCTOYHMK yriepola B
KOHCTPYKTHBHOM MeTaboNu3Me — yIJIeKHCIIOTY. XapaKTepu3ys CIlo-
co6 cymecTopaHMs (06pa3 XW3HM, THMII MeTabonmu3Ma) 3TOro opra-
HHM3Ma, MBI TOBOPHM, 4TO OH O06NHraTtHe i thoronuroasroTpod.
MHorue GakTepus, oTHOCAIIMECS K poay Thiobacillus, — oGnuratHble
XeMOJIHUTOABTOTPOME!, T.€. MCTOYHMKOM 3HEPIMM IS HMX CHyXat
MpoLecChl OKUCIEHUS PasiUuyHBIX COeAMHEeHHI cepbl, 8 HICTOYHHKOM
YILnepoda IS NMOCTPOEHHMS BELLEeCTB Tela — YIIepol YINeKUCIOTHL.
ITonaBngouiee GonbIIMHCTBO OakTepuii — obnurarHele XeMoopra-
HoreTepoTpodbl, HCMOAB3YIOLUE B KaYeCTBE MCTOYHUKA yINepoaa ¥
3HEPIruy opraHNYecKHe COoelMHeHH.

Jns HEKOTOpPBIX TMpeAcTaByuTeNeil IPyInel UMaHobaKTepuil Hapsay
¢ doTonuToasToTpotKell mokazaHa crocobHOCTLE K (OTOMMTO- WIM
xemMoopraHorerepotpoduu. Pan xemonuroasrorpodHbx Buaos 7hio-
bacillus cnocobHBI CylIECTBOBATEL 332 CYET MCMONL30BAHUA B Ka4eCTBE
UCTOYHHKOB 3HEPIMH U YIJIepoia OpraHUYECKHMX COeIMHEHMH, T. €. Xe-
MoopraHoreTepoTpodHo.

B npuBeneHHBIX BhHILE npuMepax MeTabonuyeckhe BO3MOXHOCTH
yKa3aHHEIX [MaHoOakTepuii u sumos Thiobacillus okazanuck ropaiao
Lype, YeM HeoOXoIMMOo IS ocyllecTBneHud Metaboim3ma 110 oqHO-
My TUIy. B 3TOM ciyyae MBI TOBOPHM O TOM, YTO JaHHEE OpraHM3Mbl —
dhakKkynbTaTHBHBLE (OTONUTOABTOTPOMLI WM XEMONUTOABTOTPO-
bl, T.e. OCyLIECTBIEHHE JAHHOrO THIAa MeTabonu3Ma He SBISETCSH
IUIS HUX eIMHCTBEHHBIM H 0Gs3aTeibHEIM (oGnuratHeiM). Opranms-
MBl, C1I0COOHEIE OJHOBPEMEHHO MCIIONB30BATh IBAa MCTOYHMKA yIe-
pona (CO,; + opraHuyeckue BelecTBa) M/UIM 3HEPTMH (HAIIPHUMED,
IHEPIHMI0 cBeTa + 3HEpPIUI0 OKUC/IEHMA XUMHYECKOro COelMHEeHU),
Ha3LIBAKOTCd MU KcOTpodaMu.
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TaGnwua 12

CnocoBbi CYNECTBOBAHMSA TPOKAPHOT

Hcrou-
HHK Honop HUctounuk Cniocob INpencrasutenu
3HEP- | 31EXTPOHOB yInepona CYLUECTBOBAHUSA TNPOKapHoOT
T
o CO, XeMOJMTOABTO- | HMTPHOHMLMPYIOLIHE,
Y
o 8 N Tpohus TUOHOBBIE, BOIOPOJ1-
£ R Hble BaKTepHIL; AlH-
& g F noQUIBHEIE XKele30-
g E 0 GaxkTepHH
s | 2%
E E § & |OpraHMYECKME |XEMONHTOIETepO- MeTaHoOpasyloLme
§ = ez % coequHcHUA | Tpodmsa apxeGakTepuM, BOLO-
Q¥ = 3 PONHEIE BaKTepUI
1 QO
e CO, XeMOOPraHOABTO- |(hakyNbTaTHBHEIE Me-
o o
5 58 Tpodus THIOTpOMLl, OKHCHAA-
E e § IOILME MyDaBBEHHYIO
g =E KUCJIOTY
[ & d
o £ 3 OPraHWYeCKHE | XeMOOPraHOTeTe- |GOMBIUMHCTBO MPO-
coelMHeHus | poTpodus KapnoT*
g ’é CO, (oToNMMTOABTO- |UMAHODAKTEpHH,
P Tpochusn MypypHBIE W 3e/1e-
£S¢ Hble Bakrepun**
9 x
S5 -
g EV,L OpraHMyecKue |(POTOMUTOreTePO- | HEKOTOPLIE LIHAHO-
§ g:'i COeIUHEHUsT | Tpodust DakTepHH, NMypIyp-
B Q HbIE W 3eJIeHBIe bak-
& z T TCpHH
m
© Cco, ¢hOTOOPIaHOABTO- | HEKOTOPLIE MyPITyp-
8 Tpodus Hble DakTepuu
¥ =
§ é opraHuyeckye |(oToopraHoreTe- |MypMypHBIE H HEKO-
IE coeiluHeHUs | poTpodus TOpbIe 3eNieHbie bak-
g b TepuM, ranobakre-
G © PMH, HEKOTOpbIE
LHaHODaKTepHH

* Bce W¥BOTHEIE, TPHOBL
** Bhiciuue pacTeHMA.

B pamkax pazobpaHHBIX BEIIle OCHOBHEIX Crioco0oB [MUTAHMS, OIl-
PeaeNAIonMX BO3MOXHOCTH CYIIECTBOBAHUSA NTPOKAPHUOTHEIX OpraHu3-
MOB, B MHMpP€ IIPOKapHoT 0DHApYyXeHO MHOXeCTBO THIIOB ((DOPM) SKU3HH.
Tun XXU3HH — [OHATHE, OTPAXAIOLLIEE, C OQHOM CTOPOHLI, CIIELMMUKY
IIPOIIeCCOB IHEPTETHYECKOTO MeTA00MM3Ma, ¢ APYroifl — crneinHpuKy
NPOLECCOB KOHCTPYKTUBHOTO MeTabosn3Ma, MPpHCYLIYIO OnpeaelieH-
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Ho#i rpyrne opraHuamos. PazbepeM 3To Ha npUMMepe NPoKapHoT, UIA
KOTOpbIX 0DsizaTeNieH XeMoopraHorerepoTpotHEIN crocod cylecrBo-
BaHKA. DHEPreTHYECKHUE IPOLIECChl 3TUX OPraHM3MOB pa3in4alorcs
HMCXOJHBEIMH cybcTpaTtaMy, criel{i(HUYHOCTEIO TPOMEXYTOYHEIX OKHC-
JIMTEIbHO-BOCCTAHOBUTEJIEHBIX MPEBPAIIEHMI U NMPUPOAOIH KOHEYHBIX
aKLETITOPOB 3JIEKTPOHOR; KOHCTPYKTHBHBEIE — Pa3HOM CTEINeHbIO pas-
BUTHSI DBHOCHHTETHYECKHX criocobHOCTe#, T.e. pasiIMYHBIMH NOTped-
HOCTIMH B I'OTOBBIX IUTATEILHBIX BELLECTBAX.

Haun6Gonee NpUMHUTHBHYIO M JPEBHIOIO IPYIIITY SHEPTETHYECKMX [Tpo-
LIeCCOB COCTABJMIOT Ipolecchl GpoXXeHus, KOra OpraHiYecKoe Be-
IECTBO CHYXHT JOHOPOM M KOHe4YHbIM aKLENTOPOM 3NEeKTPOHOB, a
MOJIEKYJISIPHBIA KUCIIOPO/L B PEaKLMAX OKUCAUTEbHOR NPUPOAB] yua-
cTus He npuHKMMaeT. U3BecTHbl MOIOYHOKHKCIOE, CIIMPTOBOE, NPOIM-
OHOBOKUCIIOE, MAacIIHOKHCIIOE M HEKOTOPHIE NPYIHe BUIbl GpoxxeHus,
KaXmoe M3 KOTOpBIX siBNsieTcs crneuududeckoil QopMoii pellieHus
«3HEepreTMYECKoi NpobneMbl» M OCYLUECTBIAETCH TPYNIOi NMpoKapu-
OT, XapaKTepH3YIOLLIMXCS onpeaeleHHEMH GHOCHHTETUHYECKHUMHM CIIO-
coGHocTamu. M3BecTHBI NMPOKapHOTHHIE OPraHKW3MBbl, MOJydalolliue
3HEPIUIO 3a CYET [IPOIECCOB HEIMYyOOKOro WM IONHOIO OKHCIIEHWS
OpraHuryeckoro cybcrpara MoleKyJasspHEIM KUCIIOPOAOM.

TakuM oGpa3om, Ha Gase xemoopraHorerepoTpodHoro crnocoGa
TMUTaHUs MOXHO BbUIEJIUTL HECKOJIBKO THIIOB JKM3HM, MpPEICTaBleH-
HBIX OIpENeNeHHBIMM TPYINaMH TIPOKAPUOT, OCYLIECTBIAIONIMMM KOH-
KPETHBII THUIN 3HepreTHyeckoro Metabonn3Ma B COYETAaHMHU C MPUCY-
IMMH BM ocobeHHOCTIMM MeTaboJin3Ma KOHCTPYKTHBHOIO.

Fmasa 8

PErYNATOPHBLIE CUCTEMbBI Y NMPOKAPUOT

Perynsiims xu3HeOeaTeNbHOCTH MPOKAPUOTHBIX OPraHU3MOB I11pO-
HCXOJTAT HA PA3HBIX YPOBHAX (TPAaHCKPUITIIMOHHOM, TPaHCIIAIHOHHOM,
MeTabonnM4YecKoM, MOBeIeHYEeCKOM) U OXBaThIBAeT [IPOLECCH], NpoTe-
KAlOIIMe B OMHOM KJIeTKe M B KJIETOYHOM INMONyJIALKM.

Perynnuun KIleTo4yHoro merabonuama

o nociieiHero BpeMeH OCHOBHOE BHUMAHHUE GbUIO yIeJeHO U3y-
YEeHMIO perynsguuy KiIeToyHoro merabonuama npokapuor. ITomydeH-
Hble JaHHBIE NAIT SCHOE TIPEACTaBleHHe O TOM, 4TO Han metabonu-
yeckuMH yHKIMAMM KIeTKH HagcTpoeHa 3th(ekTUBHAA U CIOXHas
CHCTEMA PETYISIHH.

B uHTakTHOM KJIETKE NMPpakKTHYeCKH BCe IpoTekawlllde Metabonu-
yeckue nporecchl perynupytorcsa. OnHa ¥ Ta Xe peakiiys MOXeT OHO-
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BpPeMEHHO TIOMIBEPTAaThCS HECKONBKUM BUIIAM PETyNSITOPHOFO BO3NEI-
CTBM#A, HepaBHOIIEHHBIM IO HaNpaBleHW1o ¥ cuie aeicteust. Cnen-
CTBHMEM 3TOTO SBIAETCS CTPOrasl KOOPOMHALMA aKTUBHOCTH OTAENBHBIX
meTabonuyeckux NMpOoLEccoB, NPUBOAsALIAsA K TOMY, 4YTo Jil00oi opra-
HHU3M B HOpMe IpeficTaBiseT coboii XOpolllo OTIaXEHHOE YCTPOHCTBO C©
CHCTEMOI Pa3BUTHIX PEryNSTOPHBIX cBA3eil. DdhekTHBHOCTE KIeTO4-
HEIX PeryJISTOPHBIX MEXaHU3MOB o4eHb BeicoKa. IMeHnHo oHM 0becne-
4HUBalOT MAKCHMAIBHO 9KOHOMHYHOE MCIONb30BaHHE MMM TATELHBIX Be-
LIECTB CPelibl, MPeaylnpexialoT U30ETOYHEIH CHHTE3 IMPOMEXKYTOYHBIX
M KOHEe4YHbIX MeTaboNMTOB, OTBEYAIOT 32 ObICTPYIO AN1aNTALMIO K M3Me-
HHUBIIHMCA ycaosuaM. CheloBaTentHO, KIETKA B 3aBHCHMOCTH OT KOH-
KPETHEIX YCIOBHI JOXHA OHTh cIIOcOGHA YMEHBLIHUTE WK YBEIHYHUTh
CKOpPOCTE CHHTE3a OIpelleNIeHHEIX MeTabOTMTOB U1K CKOPOCTh 0Opaso-
BaHWA KJIETOYHOI 3HEPIUH.

INocKoNBEKY MpakTHYeCKH BCE peakIMM B KIeTKe KaTalH3HpyloTcs
epmeHTaMM, perynguvsa MeTaboiK3Ma CBOOMTCS K PeTryJlsiuM
MHTeHCHBHOCTH pepMeHTAaTHBHEX peakiyii. CkopocTh
MOCTIEAHUX MOXET PEryMpOBaThHCS IBYMS OCHOBHBIMH cCriocoGaMu:
nyTeM H3MEHEeHHS KONWYECTBa (PEPMEHTOB H/WIHM M3MEHEHHS MX aK-
TUBHOCTH, T.€. CTENIEH! HMCIIONb30BaHMUA UX KaTaIMTHYECKOro MoTeH-
1Mana.

Perynauma akTuBHOCTY (pepMEHTOB

MakTopEl, perynupylolie akTHBHOCTE (hepMEHTOB, pasHoobpasHEb!
no ceoeil npupone (puc. 28). @usuueckue hakTopk! (TemMrepatypa, IaB-
JIEHMEe, CBET, MarHMTHOE TI0Jie, SMEKTPUYEeCKHe MMITY/IbChI) OKa3blBa-
10T MeHee criellu(HyecKoe neicTBye, YeM Xumuyeckue. B cBoio ouepens
JEHCTBYE TOCTEHHUX TAKXKEe MOXeT OBITh pa3iesieHo HA HECKOJIBKO TH-
noB. OoHH XMMHYECKUE BEIIECTBa CBA3LIBAIOTCA C AKTUBHEIM LIEHTPOM
thepmenTa, HanpuMep cybeTpartel, KOQAaKTOpbl, KOHKYPEHTHBIE WHIU-
OMTOPEl, YTO NPUBOIMT K M3MEHEHUIO (hepMEHTATUBHON aKTMBHOCTH.
Jlpyrue BeuiecTsa B3auMONEHCTBYIOT CO CrEUMA/IBHEIMU yYacTKaMK Ha
NOBEPXHOCTH MOJNEKYJIBl olpelelieHHOro Tina (epMeHTa, He MMEIo-
IIMMHM HETOCPEICTBEHHOIO OTHONIEHUS K LEHTPaM KaTaIMTHYecKOW
aKTUBHOCTH, HO TEM He MeHee NMPHBOSIIMMM K €& M3MEeHEHUIO,

HaxkoHel, akTHBHOCTE HEKOTOPBIX (hepPMEHTOB PEryIupyeTcs Iy-
TEM XMMMYECKOH MogudHKalli¥ MX MOJNEKYNEl, B OCHOBE KOTOPOW
JIEXUT KOBaJeHTHoe obpaTuMoe cBsi3biBaHHe ¢ (epmeHTOM omnpene-
JIEHHOMH TPYNIIMPOBKHU, YTO [MPUBOAUT K M3MEHEHWIO ero aKTUBHOCTH.
Y npokapyot U3BeCTHb! 1Be (hepMEeHTHERIE CUCTeMBl, AKTHBHOCTh KO-
TOPBIX perynupyercss TakuM nyrteMm. Inyramuncunterasa E. coli, xa-
TANU3UPYIOLIAA CHHTE3 [NyTAMHHA, CyIeCcTBYeT B IBYX (hopmax, pa3-
JNUYAIOIIMXCS MPUCYTCTBHEM B OJHOH M3 HHUX OCTATKA ANEHWIOBO
kucnorel. [lpucoenuHeHue ero ¢ NMoOMoOUIBI0 KOBANEHTHOH CBA3M,
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Dakroph, Bransl, H2 KOTOPhIX
BIMSAIOLIAE OCYILICCTBIAETCA
Ha aKTHBHOCTH BO3IEHCTBHE Ha
& depmenTa KomM4ecTBo (hepMeHTa
v} " B KJIETKE
9
& CBs3EBAHMNE C
% § \pcrynm-opmm A
£ © " LieHTpoM e
E = _— (AmnocrepudecKas g
V]
- PEryaaims) o 7 p—
B =]
E‘ g = = ™ Cosusanme c i
E BB 3 T garanuTHYecKuM T x|
E§ o E‘/ LEHTPOM M
(#]
3'5 g % o ~—TpaHcsaimsa
g g :
KopaneHTHas >
MOTHGUKALHMA =
E . " C6opka
R Qo —
o 5 5 " tepmeHTa
N R
%3 ﬁ é_ Dusireckue
& GaKTOpHI
& E g £ P
§ E a3pyleHHe
& = ¢epmenTa
A @epMeHT B
Cybctpar IMponykt
uc. 28. PerynsaTOpHble BO3/CHCTBMA HA YPOBEHD KINETOYHBIX METAG0NUTOB
Puc. 28. Pery. p i ¥p 6
(nponykToB)

KaTaJu3upyeMoe COOTBETCTBYIOLIMM MOAM(DHUMPYIONIMM (hepMEHTOM,
OPUBOOMT K 00pa3oBaHMIO MeHee aKTHBHOM aieHWIMPOBAHHOM [TTyTa-
MMHCHHTETA3EI

+ AMO®
Diyramuscuurerasa | Momudmumpyroumit depmenr | [yramurcunTerasa + AM®
(axTuBHAx QopmMa) -AM®

VYianeHue ageHWIOBOM TPYNIIE, Beaylllee K BOHUKHOBEHHIO ieae-
HUTMpoBaHHOM (Gopmbl depMenTa, PE3KO NOBBIIIAET ero KaTaIMTHYE-
CKYIO aKTHBHOCTh. AHAIOrMYHbBIH MeXaHH3M PEeryJMpOBaHMA aKTHBHO-
cti (epMeHTa NyTeM MPUCOEAMHEHHSA M YAaJIeHHs] OCTATKA YKCYCHOI
KMCNOTH (AIETWIMPOBaHHE — JCALETHIMPOBAHNE) OOHAPYXEH JUTS ITUT-
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paTiuasbl y (hOTOCHMHTE3UPYIOLIEH 1
GaxkTepun Rhodopseudomonas gela-

finosa. B 3Tom cimyvae aKTUBHA alle-
THIHpOBaHHas ¢opMa epMeHTa.

HauGonee GbicTphiM, TOuHEIM 1~ Pepment  CySerpar  Depment-
TOHKMM MEXaHU3MOM PErylsaiyn “yf::ﬂp;‘:;’;"‘
aKTHBHOCTH (hepMeHTOB ABIAETCSH A
peryisiliig, KOTOPO# [OJBEepraeTcs
onpeneneHHbld THI (epMEHTOB, 7
MONYYUBIOUX HA3BaHHEe AJIJOC-

Tepudeckux'. Dtu QepmeHTH, @ E? 0 —_
KakK TpaBuio, 3aHUMAIOT KII0YeBLe 2

Mo3uIMKM B oOMeHe BelllecTB, pac-  Awiocrepuie-  Ddexrop
TIONATASICh B «CTPATErHUYECKUX» IyH-  SKWi depMenT (oTpuuaTe/sHIH)
KTax KJaeTodHoro merabonmama —

+ Y7 —

Ha4ase MetabonudecKuX nyrei unu 5
MECTax pa3BeTBJIEHHH, I7ie pacXomsT-
CSl MM CXOOATCS HECKONBKO MyTEH. T
Annoctepuyeckue QepMeHTHI % g =
MMEIOT KATAMUTHYECKUH U peryns- ‘
TOPHBIM (A/UTOCTEPHYECKMIA) LEHT- Debdexrop
pbl, NPOCTPAHCTBEHHO Ppa3o0lleH- (TONIOXMTETLHE)
HEIe, HO (DYHKIMOHAIBHO TECHO B

B3auMocesdaHHbe. Karanurinieckas
aKTHBHOCTb (pepMeHTa MmeHsieTcss B Puc. 29. CeasbiBanie cyberparta c
pe3yJbTare CBSI3BIBAHMS C ero pery-  PepMeHToM (4) M neiictBue oT-
NSTOPHBIM IEHTPOM OTpele/ieHHbX  PHUATensHoro (B) u monoxurens-
MeTaGONNTOB, Ha3blBaeMblx 3 Q- HOTO (B) addexropa na Karam-
dbekropamu. Kpome koHeyHpix  THHECKYIO AKTHBHOCTD A/UI0CTEPH-
NPOAYKTOB JaHHOro myTH, 3ddek- S
TOpaMH MOTYT OBITh cyOcTpaThl dhep- I — KaTanuTHYECKNH LeHTp; 2 —
MEHTOB, 2 TAKXE HEKOTOpbIE KOHey-  PerY/ATOPHBIH 1“57"2';" (mo: Schlegel,
HBIEe [IPOAYKTHl POACTEEHHBIX METa-
Gomyeckux myteii. Ecim peficTsre addekTopa MpHBOAKT K MOHIDKEHHIO
KaTa/JluTUYecKoi akTuBHOCTH (epMeHTa, Takok addekTop Ha3LIBaeT-
Cq OTPUILATENIBHBIM, WK MHTUOUTOpoM. ITonoXuTesIbHBIM HA3BIBAIOT
addekTop, AeHCTBHE KOTOPOTO IMOBHIIIAET KATAIMTHYECKYI0 aKTHB-
HocTh (hepMeHTa. [TonoxuTenbHbIM 3¢beKTOpOM, MM AaKTHBATOPOM,
yallle Bcero GmBaeT cybcTpaT gaHHoro ¢depMeHTa.

CassbiBaHue 3QdeKTopa ¢ pPerylIsSTOPHBIM LEHTPOM HNPUBCIHUT K
M3MEHEHMIO cpoacTBa PepMeHTa K cyOCcTpaTy B pe3yiibTaTe KaKoro-To
KoH(bOopMaUHOHHOTo u3MeHeHUs dhepMenTa (puc. 29).

! Tepmun nopuepxupaeT ocoBeHHOCTEL IAHHOTO THITA dEepPMCHTA, 3aKJIIOYIOLIYI0-
CcA B TOM, YTO BElUECTBa, PErYAHPYIOLIME €ro aKTHBHOCTH, CTPYKTYPHO OTIHYANTCH
oT cybcTpaTa KatarH3upyeMOH UM depMEeHTATHBHOH peakiHH.
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L-tpeonnu Puc. 30. Perynsinus 6uocunTe3a L-u3oneiliiHa rno Me-

qul XaHW3MY OTpPHUATEeNbHOM obpaTHO# CBAIN:
o-Ketomacisnag @1 — TPEOHHHIIE3aMNHA3A; tb;—bs — depMeHTRI, KaTaMM3UpY-
KMCIOTA ONIHE TIPOMEXYTOYHBIE cTaguu OuocHHTe32 L-n3onellMHAa.
Crpenkoit noxasaHo WHrHOHpOBaHHE TPEOHMHOE3aMHHA3ZL!

ld’l L-wzonefiuvuom

1‘133 Hau6onee npocrtoii ciay4ail annocTeprdecKoi
pEerynAauMy — peryfsiiis nepBoro (hepMeHTa Hepas-
l‘i"' BETBIEHHOIO GMOCHHTETHYECKOro IyTH €ro KOHeY-
HBEIM TIpoayKToM. EcnM KOHeYHHIH TIpoIyKT HaKarn-
l‘bs JIUBAETCH B HBGI)ITKG, OH NnogasageT aKTUBHOCTH
| I-wsonefinuu I€PBOrO (hpepMeHTa B Ipolecce, Ha3kIBAeMOM HH-

ruGUpoBaHUEM 110 TIPYHLIMITY oOpaTHoi cBsaau. [1pu-
MEepOM TaKoro TUIIa PerynupoBaHMs SIBISieTCS MHrUOMpoBaHHMe GHoO-
cuHTe3a L-u3oneiinyHa (puc. 30). IlepBriil (hepMeHT Ha IyTH CHHTE3a
L-vzoneiiiyHa L-TpeoHMHIE3aMIiHa3a ABJISETCS aJUIOCTEPHYECKUM 1
MHTUOMpYETCS TONIBKO L-U30NeHLUHOM.

JLis pazeeTRIeHHLIX NyTell 6MocHHTE3a (2 K TAKMM OTHOCHTCH B0Nb-
ILIMHCTBO OMOCUMHTETHYECKHX ITYTeH) MeXaHU3MBl PerylfalMH YCI0XK-
HSTIOTCS, TAK KaX OT aKTHBHOCTH nepsoro dhepMeHTa 3aBHCHT OHOCHH-
Te3 HeCKOJIBbKMX KOHeYHbIX MPoayKTos. O4YeBHIHO Cleaylolee: Mexa-
HU3MBI PErYIUPOBAHMS B 3TOM Cly4ae JOJDKHBI OBITh BUIOM3MEHEHB]
TakiMm obpa3oM, YTOOB! MEPENPOM3BOACTBO OJHOr0 KOHEYHOIO IMpo-
OyKTa He NPHMBOAMIO K MpeKpallleHHI0 CHHTe3a IPYTHX CBsi3aHHBIX C
HUM KOHEYHBIX NPONyKToB. BeipaGoTanock HECKONBKO MEXaHW3MOB KOH-
TpoJif MO NPHHUMITY 00paTHOM CBA3H NPUMEHUTETBHO K Pa3BETRIIEH-
HBIM OHMocHHTeTMYecKUM MyTsaM. OHM CBOASITCH K TOMY, 4YTO B 3TOM
c/Iyyae B PeryJTMpoBaHMM NPUHUMAIOT YJacTHE BCe KOHEYHBIE MPOIYK-
ThI 3THX MTyTeil. Ecii nepBeiii 3Tan OMOCHHTETUYECKOTO MYTH KaTalu3H-
pyeTcs oAHMM (hepMEHTOM, Ha MOBEPXHOCTH MOJEKYB 3TOro (hepMeH-
Ta UMEIOTCS Pa3jIMMHBIE PEryIATOpPHbIE UEHTPbl, C KAXKIBIM U3 KOTOPBIX
CBAI3BIBAETCS OIMH M3 KOHEYHBIX TIPOLYKTOB, BRIMOIHAIOLHX (QYHKIIHIO

A A

Puc. 31. CxeMa pery/isiLiy pasBeTBicH-
l HBIX BHOCHHTETUYECKHX MyTEM:
I — perynsiuys neproro (epMeHTa HECKOMb-

KMMH KOHCYHBIMH MpoaykTamu; 7 — pery-

—-—
oy —

5 JISINA KOHEYMHBIMM TIPOAYKTaMK H3otepMeH-
/ \ / \ TOB. CTpenkami 06o3HaYeHEl (hepMeHTHI; na-
l l payIeNbHEIMH CTpeikaMyu — H30GhepMeHTHI;
\ g \ gy KMPHBIMH CTpENIKaMK — MHrHOHpOBaHKE KO-
l B l HCYHBIMM TIPOAYKTaMH mepeoro ¢epmeHTa
= j M HaodepumenTor; A — ucxonHuli cyberpart;
b — mpomexyTtounsiit MmetaGonut; B, I, 4 —

I s KOHEUHBIE TIPOIYKTh
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sthdexropa (puc. 31, I). Hekoropkle aimocrepuyeckue hepMeHTEI Cy-
ILIECTBYIOT B BHIEe HECKONBKWX MOJIEKYNISIPHEIX (hopM (M3othepMeHTOB).
HaodepMeHTE KaTaNM3UPYIOT OIHY U TY Xe peakiluio, Ho obiagaoT
PasHBEIMKM PETYJISTOPHBIMU CBOWCTBAMHU. DTO CBA33HO C TEM, 4YTO H30-
(hepMeHTHI UMEIOT ONMHAKOBBIE KATATUTHYECKHE, HO PasHble peryis-
TOpHBIE TIeHTpEl. Kaxnbiii n3otepMeHT KOTHPYETCS OTAETBHBIM TeHOM.
CymectBoBanne H30(epMEHTOB IMO3BOJISET KOHEYHBIM TIPOAYKTAM
HE3aBHCHMO APYT OT JAPyra MHHIHOMpPOBAaThL aKTHBHOCTE OTpeNeeHHO-
ro u3odepMeHTa, TaK KaK KaOXIBIH u3o(hepMeHT HHAMBUIYAIBHO KOH-
TPOJIMPYETCH «CBOMM» KOHEYHBIM TIpoaykToM (pHc. 31, IT).

Perynauua cuHTesa hepMeHTOB

PerynypopaHue KOHeYHBIM MPOOYKTOM aKTUBHOCTH alUIOCTEPHYE-
ckoro tepmeHTa onpeelieHHoro OMOCUHTETHYECKOro IyTH obecre-
YHBaeT MIHOBEHHYIO PeaKiIvio, TPUBOMSIIYIO K M3MeHeHHWIO BbLIXOIa
3roro npoaykra. Ecnu nocnenHuit okassisaercs HEHYXHBIM, OTIIA3eT
HanobHOCTE ¥ B (DepMeHTaX, y4acTBYIOIUMX B ero cuHTte3e. Ilpoasne-
HUEeM MAKCHMMANbHOI 3KOHOMMYHOCTH KJIETOYHOro MeTaboauaMa ciry-
XKaT BEIpa0OTAHHEBIE KIETKOH MeXaHM3MBI, peryHpyiollHe ee (epMeH-
THBIH cocTae. OveBUIHA 1eecoo00pa3HOCTE CHHTE3A TONLKO TeX dep-
MEHTOB, KOTOpEIe HeoOXOIMMEI B KOHKpeTHEIX ycnosusx. IlokasaHo,
YTO y MPOKAPHOT B OHUX YCNOBUAX (hepMEHT MOXET CONEePXaThCad B
KonuyecTBe He Gonee 1 —2 MONEKyI1, B APYTHX — COCTARIATH HECKOIEKO
MPOIIEHTOB OT KJIETOYHON MAacchl.

Komyectso onpeneieHHOro (pepMeHTa B KJIETKE MOXET PErYIIMPO-
BaThCs HA HECKOJIBKUX YDOBHSIX: Ha 3Talne TPAHCKPUITLUMM, TPaHCIs-
IMH, @ Takxe B npouecce cOOpKU ¥ paspyiieHus (epMeHTHOro Oenka
(cM. puc. 28). B vepapxunl peryIaTopHBIX BO3IEHCTBII Hauboiee Clox-
HBI MeXaHW3M, KOHTPOIUPYIOLIMHA KOMMYeCTBO (DepMEHTOB B KIEeTKe,
cBsi3aH c MpoueccoM TpaHckpumuuu. Cnenumduyeckue XuUMuyeckKue
CUIHalbl MOTYT MHHMIIMMPOBATh MIHM GJIOKUPOBATh TPAHCKPHITIIHIO
onpeznefienHoro ygactka JIHK B uPHK. B cinyuae vanyxinim obpasosas-
Has MPHK yuacTByer B olpeneneHHoM NOCIeI0BATENLHOCTH PeaKIiuii,
HA3BIBAEMOI TPaHCIIIHeH ¥ 3aKaHYMBAKOIUEHCHa CHUHTE30M TOJIHIIETI-
TUOHBIX Lenei. Peryrsiima 6eKOBOTO CHHTE3a Ha YPOBHE TPAHCIISILIAK
MOXET OCYILeCTBISITECSA Ha JTI000M M3 e 3TanoB, HANpHUMep Ha 3Tarne
WHHIMAIMHM, 370Hralny ¥ ip. He MckimodeHa Takke BO3MOXHOCTD U3-
meHeHus spemeHH xxu3Hi WPHK mon Bo3neiicreuemM pasHbx addekTo-
POB, B TOM 4HC/Ae KOHEYHEIX IPOMYKTOB MeTabOMHYECKHX MyTei. XoTd
MEXaHU3MEI PEryJIsSIy cCMHTe3a OeJTKa Ha YPOBHE TPAHCIAIINY £11I€ TOYHO
HE YCTAHOBJIEHHI, SCHO, YTO HA 3TOM 3Tane HMeIOTCs IIHPOKHWE BO3-
MOXHOCTH JUIS PEry/siLiuK CKOPOCTH CHHTE3a PalTHYHBIX OeNKoB.

HasecTHo, YyTO (hEPMEHT MOXET BHIIOIHATH MeTaG0MYeCKYIO (DYHK-
LHI0 Nnocie TNpuobpeTeHus COOTBETCTBYIOLEH CTPYKTYpHl. CKopocTh
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00pa30oBaHUsA CTPYKTYD BHICILETO [TOPSAAKA TAKXKE HAXOIUTCS IMOJL KOHT-
poneM olpeneneHHbIX MoneKyll. TakuM oOpa3oM, KOHTPOJIbE Ha YPOBHE
cOopky (HYHKIMOHALHO AaKTHBHOTO (DepMeHTa MOXET MIpaTh Cylle-
CTBEHHYIO POk B MeTabonuueckoii perynsiimu. HakoHel, ckopoctk pas-
pylieHus depMeHTa rnoa BosgeicTeueM crielMduyeckux Metabonuye-
CKHX CUTHANIOB OyIeT TakoKe ONpeaeaThk ero KOHLUEHTPALHIO B KJIETKE.

Perynaimmsa cuHTe3a hepMEeHTOB Ha 3Tare TPAaHCKPUIIIMH OCHOBA-
Ha Ha TOM, 4YTO «CYMUTHIBAHWe» OaKTEPHAILHBIX T€HOB MPOMCXOIMT
H30MpaTeNnbHO W cKopocTh 00pa30BaHUSA KOMWI COOTBETCTBYIOLIIWX
nPHK (a orciona u paneHeitnas ux TpaHcnsAuusa B benku) HaxomuTcs
0J], CIOXHBIM KOHTPOJIbHBIM MexaHH3MoM. CKopocTh cHHTe3a (hep-
MEHTOB, OllpeleJisieMas 3TOH cTaaueil, MOXeT MeHSThcs B pa3HoH
creneHu. ITo naHHOMY Npu3HaKyY Bce hepMeHTEl JelaTcs Ha IBa Kiac-
ca. PepMeHTBI, CUMHTE3 KOTOPBIX B PacTyllieidl KJIeTKE NPOMCXOIUT C
MOCTOSHHONW CKOpPOCTBIO B PE3YNLTAaTe NMOCTOSHHOIO TPaHCKpHOMpPO-
BaHK4 COOTBETCTBYIOILIMX FEHOB M, CIEI0BaTENbHO, OHM [PUCYTCTBY-
10T B KJIETKE B OOJee UM MeHee MOCTOSHHON KOHUEHTPAaLMK, HA3BI-
BAIOTCA KOHCTMTYTHBHBIMH. K HUM oTHOCATCS, HAaNpUMep, EH-
KonutHyeckue epMeHTsl. MeTabonuueckue nyTH, QYHKIIMOHUPYIOLLNE
C yyacTHeM KOHCTUTYTHBHEIX (PepMEHTOB, KOHTPOIMPYIOTCS IOCpe-
CTBOM APYTMX Pery/isaTOPHbIX BO3AeHCTBUII, HarlpuMep AJUIOCTEPUYE-
CKOro MHTHOHpOBaHMS.

Kpome 310r0 B GakTepUabHBIX KJIETKAaX HMeIoTCs (hepMeHThI, KO-
JIMYECTBA KOTOPBIX MOTYT PE3KO MEHATLCH B 3aBMCHMOCTH OT COCTaBa
NUTaTeIBHEIX BELIECTB Cpeabl. DT0 MNPOMCXOAUT B pe3ysibTare TOro,
YTO FeHBI, JeTEPMUHUPYIOLIKE 3TH (DepPMeHTHI, BKIIOYAKOTCH WM Bbl-
KIIOMAIOTCs o Mepe HanobHocTH. X Ha3kIBalOT M HAY LM O € J1 6 H BI-
M M. IIpy oTCyTCTBHM B cpejie cyGeTpaToB 3THX JepMEHTOR NOCAETHHE
conepKaTrcs B KIETKE B CNEJIOBRIX KonuuecTrax. Ecnu B cpeny no6aBUTh
BELLECTBO, ClyXalllee cybcTpaToM onpeaeneHHoro gpepMeHTa, Npouc-
XOIUT GBICTPBIA CHMHTE3 3TOTO (PepMEHTa B KIETKE, T.e. UMEeT MECTO
vHIyKuMs cuHresa depMenTa. Eciu Xe B nMTaTe IbHOM cpelie B rOT0-
BOM BHMAE COAEPXKUTCH BELUECTBO, SABJISIOLIEECS KOHEYHbIM IMPOIYK-
TOM KaKoro-iuoo OMOCMHTETHYECKOro NYTH, TPOMCXOOWT OBICTpOE
TnpeKpalleHue CHHTe3a (hepMeHTOB 3TOro NYTH. DTO ABJleHHe MOIYy4YH-
JIO HAa3BaHUE penpeccHy KOHEeYHBIM NpoAyKTom. PepmeH-
Thl, CHHT€3 KOTOPBIX IOIaBJETCS KOHEYHRM ITPOJIYKTOM, MOIYT OBITh
JlepenpecCHpPOBaHEL, T. €. CKOPOCTE UX CHHTE3a MPEBBICUT O0BIMHYIO, ECIIH
KOHIEHTpalUsA KOHeYHOro [MpoayKTa ynajieT 10 O4eHb HU3KOI'0 YPOBHS.
Hepernpeccus 3tHX (DepMEHTOB aHANOTHYHA SBIEHUIO MHIYKLIMH.

Penpeccus koneuroim npodyxmom. Bece OMOCHHTETHYECKHE ITYyTH HA-
XOAATCS MO KOHTPOJEM MeXaHW3Ma pernpeccHH KOHEYHHRM IMpONyK-
ToM. To4HO TaK Xe o6pazoBaHue GOJBIIMHCTBA aHabonuyeckKux dep-
MEHTOB perynupyercs IyTeMm perpeccum ux cuHre3a. Penpeccus ocy-
1LIECTESeTCS OCOOBIMM IIPUCYTCTBYIOLUMMHM B KIETKE BELUECTBAMH —
penpeccopamu. PakTopamy, MoAMGHLMPYIONMMH AaKTUBHOCThE pe-
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IIPECCOPOR, MOTYT OBITE KOHEYHBIE TIPOAYKThI OHOCHHTETHYECKHX ITy-
Tel, a TAKKe NPOMEXYTOYHbIE NIPOAYKThEl HEKOTOPBIX KaTabonHyeckux
Wi ambubonuyeckux nyTeii.

Penpeccusa MoxeT ObITh KOOPAMHMPOBAHHOM, T.e. CUHTE3
KaxI0ro (hepMeHTa NaHHOTO IYTH B ONMHAKOBOI CTENeHH TOJaBIgeT-
C KOHEYIHBIM [poaykKToM. YacTo cuHTe3 (hepMEHTOR OIHOIO MyTH pe-
NpeccupyeTcs B pasHoii cterieHK. B pa3sBersaeHHBIX OHOCHMHTETHYECKUX
MyTSAX MEXaHM3Mbl PENPECCHH MOTYT OBITh MOIUOHUIIMPOBAHE] (KaK U
MexaHH3Mbl MHTHOMpoBaHus), YTOOH Jiyuilie 06ecreduTh Peryasiuio
HECKOJIBKMX KOHEYHBIX [MPOAYKTOB M3 OBIIEro MCXoAHoro cyberpara.
CuHtes MHOruX (DEpMEHTOB B TAKMX MyTAX PENPECCHPYETCH TOJBKO
[pH COBMECTHOM JEHCTBHH BCeX KOHEeYHbIX NponykToB. Ecnu peakiius
Ha o61eM yJacTKe pa3BeTBAEHHOTO MYTH KaTaTu3upyercss usodep-
MEHTAMM, CHHTE3 KAXIOro M3 HUX HAXOMIUTCH IO KOHTPOJIEM «CBOE-
ro» KOHeIHOro TpoaykTa (cM. puc. 31).

MexaHu3M pernpeccuM KOHEYHBIM IMPOAYKTOM HA YPOBHE TpaHC-
Kpumiuu ctan nposicHaTees ¢ 50-x rr. XX 8. Bonplioit BKiag B 310
sHecnu paborel @.XKakoba u K. MoHo. Beuio nokasaHo, 4To Hapsay
CO CTPYKTYPHBIMM T€HaMH, KOOMPYIOLIMMU cHHTE3 (hepMeHTOB, B Gak-
TepUaJIEHOM T€HOME CYIIECTBYIOT cllEUHaNBHBIE PerynsaTOPHbIE TeHEbl.
OnmuH u3 HUx — red-perynstop (red R), hyHKIMS KOTOporo 3akiio-
YaeTcs B PeryJIssLiMU Mpoliecca TPaHCKPHUIIIMKM CTPYKTYPHOIO reHa (MIu
reHoB). I'eH-perynsiTop KogMpyer CHHTE3 crielu(HIecKoro auiocTe-
puyeckoro Oenka-penpeccopa, UMEIOLIETO IBa LIEHTPa CBS3BEIBAHUA:
OOMH y3HAaeT omnpe/esIeHHYIO MOCIeIoBaTelbHOCThE HYKJIEOTHIOB Ha
yuactke JJHK, HaseiBaemoM omneparopom (red O), Apyroit — B3aumo-
nedcTByeT ¢ addexTopoM. I'eH-omepaTop pacmoiokeH pHACM CO CTPYK-
TYPHBIM TeHOM (reHaMM) M CIYyXMT MeCTOM CBSI3BIBAHMS perpeccopa.
B ormnmune or onepaTOpHBIX FeHOB FeHBI-PETYJISTOPE! PACTIONOXEHE! Ha
HEKOTOPOM PacCTOSIHMM OT CTPYKTYPHBIX FeHOB (TNPOAYKTHI peryrs-
TOPHBIX T€HOB — penpeccophl SBIAIOTCH cBobomHO muhdyHIupyo-
HMMK OeNKOBBIMH MOJIEKyJIaMM).

YacTo cTPYKTYPHBIE T€HBI, OTHOCHLIMECH K OZHOMY OHOXMMHYe-
CKOMY NyTH, 0ObeIMHEeHbl B [PYIITY, COCTABISIONIYI0 BMECTE C OIe-
paTopoM eIMHHKILY TPAHCKPUILIMK M PEeTYIISILK — omepoH. Bee cTpyk-
TYpHBIE reHbl, 00beIMHEHHLIE B ONEPOH, MMEKOT OJMH OMepaTOPHHIIL
y4acCTOK, NOKANM30BaHHOH Ha Kpalo OMepoHa, ¥ KOOPIMHHPOBAHHO
PETYIHPYIOTCH OOHUM pelpeccopom. OrnepoH ripenctarnseT coboii Bech-
Ma palnuoHaIbHY0 ¥ 3DOMEeKTUBHYIO CHCTEMY PEryisalMHM MeTabonu-
4eCKOFO MYTH.

Ilporecc Tpanckpunumy HayuwHaercs ¢ npukperenus PHK-mo-
JMMepaskl, Karanuaupytoieit cuares uPHK, k onpenenenHoMy yJacT-
Ky IHK, naseiBaeMomy npomoropoM (P). Koroa monekyna penpecco-
pa «CaJuTCH» Ha OllepaTOpHbIA Y4aCTOK, OHA «3aKPhIBaeT» IPOMOTOP,
TeM CaMbIM MPen4rcTBys cBs3piBaHui0 ¢ HUM PHK-nomimepaser 1 Ha-
Yyally TpaHCKPUIUKK. Y OpOKapuoT IMATh FeHOB, KOOMPYIOLMX CHHTE3
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Puc. 32. Tpunrodanossit onepoH E. coli ¥ MEXaHK3M PEIPECCHM KOHCYHEIM
NPOAYKTOM:
A — nipoaykT reHa-perynsTopa (R) — HeakTuBHas ¢opMa perpeccopa, Hecriocobnas
cBA3HIBATLCH ¢ oneparopoM (O); MpoMoTopHuli yyacTok (P) OTKpHT: Nponcxonur
TpaHckpunuus crpykTypHeix resos (E, D, C, B, A). F — B IpHMCYTCTBMM KOpe-
rnpeccopa obpa3yeTcs aKTHBHEIH KOMIUIEKC KOPETIPeccop — PErpeccop, CBA3HBAIO-
LMiiCA ¢ ONEepaTopoM M 3aKphLIBALIMIL POMOTOpP; TPAHCKPUIILIMM HE TMPOMCXOMMT
(no Lehninger, 1974)

¢epmenToB TpuNTOhaHOBOIO NMyTH, 00pasyioT onepoH (puc. 32). I'en-
PETYNATOP 00ECTIEYMBAET CHHTE3 AJUIOCTEPHUECKOr0 O€JIKa — TPUIITO-
thaHOBOTO pErnpeccopa, He aKTMBHOTO B ¢cBOOOMHOM cocTostHiM. Jlo-
CEHHI B TAKOM BUJIE HE CBSI3BIBAETCH C ONMEPATOPHEIM YUYAaCTKOM H,
CIIEIOBAaTENBHO, HE MOXET TIPENSITCTBOBATh HAYANY TPAHCKPWIILINN.
Korna xoneunstit mpoaykT metabonuyeckoro nytu (TpunrodaH) Ha-
KAIUTHBAETCS BHILLE ONMPENENEHHOrO YPOBHS, OH B3aWMONEHCTBYET C
PEnpeccopoM U aKTUBUPYET €ro. AKTMBMPOBAHHBIH PENMPECCOp NMPUCO-
enMHseTCs K ONEepaToOpHOMY YUACTKY M IMONABIISET TPAHCKPUITLIMIO TPHIT-
To(haHOBOIO onepoHa. Takum 06pa3oM, TpuliTodhaH SABJISETCS KOPEr-
pECCOPOM.

Hudyicyua curnmesa ghepmenmos. B GONBIIMHCTEE CTYy4YaEB PEryaslUms
NyTeM UHAYKLMU XapaKTepHa NI KaTaboMuecKHX MyTei, rie B Ka-
YECTBE MHAYKTOPOB BEICTYIAIOT OOLIMHO cybcTpaThl 91X nyTeid. Knac-
cHUECKUI npumep vHayuubensHoro depmenTa — [J-ranakrosnmasa
E. coli. Okazanoce, 4To ecnu kinetku E. coli BeIpallMBaTh B Cpeac,
copepxalleil IoKo3y, To OHKH HE MOTYT MCIONB30BaTh NakTo3y. Ecau
TAKHE KJIETKU MMOMECTUTH B CpeNy, INE JIAKT03a— E€AMHCTBEHHBIH HC-
TOYHMK YINIEPO/A, TIOCIE HEKOTOPOIO NEepHOId B HUX NPOHCXONHUT MH-
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TEHCHMBHBIIM CHHTE3 (hepMEHTa [-rajakTo3uIasbl, KaTanu3upylolero
THAPOIK3 NaKTo36l Ha D-rmoko3y u D-ranakTo3y. C nmoMolsi 3Toro
thepmenTa E. coli MOXET Tenepb MCIOTb30BATH JIAKTO3Y B KAYECTBE E1H-
CTBEHHOrO WMCTOMHUKA yraepoma. Eciam 3areM KIETKHM, pacTyLIME Ha
Cpefe C NaKTO30M, NEPEeHECTH Ha CPEy ¢ DIIOKO30#, cHHTE3 [-ranak-
TO3MAA3bI NIPEKPALIACTCH.

Hayuenune MHIyKuuu [J-ranakrosunassl y E. coli nossonuiio yctaHo-
BMTB, 4TO POCT KJIETOK Ha CPENE C JIAKTO30M NMPOUCXOIUT HE B PE3YITb-
Tare 0T0OPa MYTAHTOR, Y KOTODEIX CIIOCOGHOCTE UCIIONBL30BATE JIAKTO3Y
ecTb ciencreue Mytalpn. CriocoOHOCTBIO CHHTE3UPOBATL 3TOT (hEpMEHT
obnanaroT BCe KIETKH. BRUIO TAXKE MOKA3aHOo, YTO B MIPOLIECCE MHITYK-
MM MPOMCXOUT HE aKTUBUPOBAHME YXE€ MMEIOLLETOCH B KJIETKax (ep-
MEeHTa [3-TalaKTO3MIas3kl, 4 €ro CMHTe3 de Novo U3 aMUHOKUCIIOT.

HWuaynuposaHHelil ciHTE3 (DEPMEHTOB Y MUKDPOOPTAHU3MOB ObUI
onucaH B 30-x IT., HO MEXaHHU3M 3TOrO Npolecca AONT0e BpEMs OCTa-
Basics HenousaTeH. MHaylimpoBaHHeIil cuHTE3 (EPMEHTOB JIEXUT B OC-
HOBE IIHPOKO M3BECTHOTO SABJAEHUS allaliTal(Mi OPraHK3MOB K pasiuy-
HEIM YCIIOBUAM. YCMEXH, TOCTUTHYTHIE B PACUIM(POBKE MEXaHM3MOB
PEryJsiiing KAETOYHOrO MeTabonu3ma, mo3BOMIN OOBACHUTE MPUPO-
Iy 3TOT0 SBJAEHMS, €0 MEXAHU3M M POJib B KIETKE.

JlakTo3Hbli onepoH E. coli, cocTosiinil M3 TpeX CIPYKTYPHBIX re-
HOB, NMPOMOTOpa M oreparopa, Obul rnepBoil (PEPMEHTHOI CHCTEMOIA,
Ha kotopoii K. Mono 1 @. Kakob uaydyaid MEXaHU3M MHIYKIIHN CHH-
Te3a (hepmeHTOB (prc. 33). B orcyTcTBHE IaKTO3HI MOJIEKYTIA PENpeccopa,

R PQZ Y a

UPI{KJ\NV\J‘\- g gic /

A Penpeccop
P QZ Y
uPHKM\/\J‘ I.IPHK
Permpeccop WO R
5 \“‘ I'Iommemmmme
H}wymp % HHakTHBHPOBAHHLIH
(naxroza) penpeccop

Puc. 33. Uugyxums cuHTe3a epMerTon KatabonuaMma nakroan y E. coli:

A — reu-perynstop (R) obpasyeT penpeccopHulii Oe10K, CEA3bIBaOILMICA ¢ onepa-

topoM (Q) u 3akpriBaollinii npoMorop (P); TpaHCKpHMNUWH CTPYKTYPHBIX TeHOB

(Z, Y, A) ue npoucxomut; b — B NPUCYTCTBMH HMHIYKTOpAa obpasyercs HEeaKTHBHBIH

peripeccop, TepsiolUil cnocobHOCTE CBA3LIBATLCH C OMEPATOPOM; TIPOMOTOP OTKPHIT,
TIPOMCXOIUT TPAHCKPHTILIUS
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aKTHBHasi B CBODOMHOM COCTOSHMH, CBA3LIBAETCA C ONEPAaTOPOM M
MOAABNAET TPAHCKPHIILIMIO CTPYKTYPHEBIX reHoB. Korna B kiieTky mona-
JIa€T NAKTO34, OHA CBA3KIBACTCH C PENPECCOpPOM, B pe3yjabTare obpa-
3yeTcs HEAKTHBHBIM KOMILIEKC PENpEccopa ¢ HHAYKTOPOM, KOTOPBI
HE MOXET B3aHMOJICHCTBOBATL C ONEPAaTOPOM M, CICIOBATENRHO, Tpe-
MNATCTBOBATb TPAHCKPHILIIMK CTPYKTYPHEIX TeHOB. B pesynkrate uHmy-
nupyercsd cuHTe3 hepMeHTOB Kartabonwsma naktossl. [Ipu ynanenwm
M3 KJIETKH MHAYKTOPA PENPECCOP CHOBA MNMEPEXOAWT B aKTUBHOE CBO-
OOnHOE COCTOSHME, CBA3LIBAETCH C OINEPATOPOM, YTO MPUMBOAMT K
MPEKPalleHHI0 CUHTE3a COOTBETCTBYIOWIMX (DEPMEHTOB.

Kamabonumrnasn penpeccus. Kpome pernpeccry KOHEYHBIM TPOIYK-
TOM, XapakTepHO#M s aHabONMMYECKHX ITyTeil, OMMCAH TUIT PENpPEC-
CHM, Ha3bIBAEMOI KaTaOONMTHOH M 3aKN0YalolIeiica B TOM, 4TO
OBICTPO MCIIONbL3YEMBblE KINETKOH MCTOYHHMKM BHEPruyM criocobHe! no-
JIABJATL CMHTE3 (DepMEHTOB APYTMX myTeil kaTaboliu3ma, Y4acTBYIO-
IIHUX B MCTHGOJ]H3HDDBEHHM CPpaBHHMTEIBHO ME/UVIEHHO MCNONB3YEMbBIX
MCTOYHUKOR 3HepTHK. KaTaboNHTHYIO perpeccuio MOXHO paccMaTpu-
BaTh KakK NMpYCNocOONEHHE KINETKH K HCTIONLE30BAHHIO B MEPBYIO O4e-
pens HauboJee Nerko NOCTYIHBIX MCTOMHUKOB SHEpruu. B nipucyreTeuun
TAKOr0 HMCTOYHWKA 3HEPru¥ NMOTpebneHue npyrux cyocrtparoB, MeHee
«ynoOHBIX» AT KJIETKHU, BPEMEHHO TIPHOCTAHAB/IMBACTCS, U ITyTH KaTa-
OONM3MPOBAHUSA 3THX CYOCTPATOB BDEMEHHO BBIKJIIOYAIOTCH.

Briliie ye oTMeuanocs, MTO €ClM B Cpene s BelpawmBanus E. coli
OQHOBPEMEHHO CONEPKATCA IJIIOK03d W TAKTO34a, CHAYaNd MCIONb3YeT-
csl Doko3a. HecMOTps Ha NprcyTCTBHE HHAYKTOPA IAKTOZHOTO OINEPO-
Ha, QEepMEHTHI, YHACTBYIOIIME B KATA0ONHM3IME NAKTO3bl, HE CHHTE3MPY-
101cst. TpaHCKPUIIMS TeHOB JIaKTO3HOTO ONepoHa HaYWHAETCH, KOIna
KOHIEHTPALUA IIOKO3k] B CPENE CTAHOBUTCH HU3KOH. TakuM obpasom,
II0KO3a TIPEMSTCTBYET CUHTE3Y (DEPMEHTOB JIAKTO3HOT'O OIEPOHA.

Kak 210 ocymecrensgerca? Mayuenue mexaHusMa KaTabGoONMTHOM
penpeccHM OOHApPYXWIIO, MTO 3ITOT THUI PETYISALIMH TECHO CBSI3aH C
BHYTPHMKJIETOYHBIM YPOBHEM LIMKInyeckoro AM® (HAM®D), koTophlii
B 3TOM Nnpouecce (pyHKUMOHUPYET B KadecTse 3thdekTopa. On o6pasy-
€T KOMIUIEKC C AJUIOCTEPHYECKHM OENKOM — KaTabOJMMTHEIM aKTHRA-
TOPOM, HE aKTMBHLIM B CBOOOIHOM COCTOSSHHH. BTOT KOMITIEKC, IIPH-
COENMHMBILKCE K ONPENENeHHOMY YYACTKY Ha MPOMOTOpe, obecreun-
B4eT BO3MOXHOCTh cBsizbiBadmsa PHK-nonumepassl ¢ npoMoTopoMm u
MHULMALMIO TpaHckpunuuy. KonutiecTso 06pa3yiomerocs KOMILIeKca
ompenensieTcs KoHneHTpauueil UAM®, kotopass ymeHbILAeTcs NpH
YBEJIMYEHWM CONEPXKAaHMA DIIOKO3bl B cpene. TakuMm 06pa3oM, IMIoKo3a
BHI3BIBAET M3IMEHEHHE BHYTPHKIETOUHON KOHUEHTpauuH HAM®D. Bro
coenquHEeHME OOHAPYXEHO B KJIETKAX BCEX NPOKApHOT. Ero enuHCTBEH-
Hast QyHKLMS — perysitopHas. Lluknuyeckunit AM® obpasyercs uz ATO
B pPEaKIIMM, KaTATU3IUPYEMO# aleHWIaTHMKIIa30i1, cBa3anHoi ¢ LITIM:

ATO —s tAM® + nupodocdar.
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AneHunaTtikiasa obnagaeT BeICOKON aKTHBHOCTBIO, ECITH KOMTIO-
HEHTHI CUCTEMb! TPAHCIOPTA IIIOKO3bl B KIETKY (hochopHiMpoBaHbL.
STO0 MPOMUCXOOKT B OTCYTCTBME DIIIOKO3bl, KOTOPYIO HEOGXOAMMO TPaHC-
nopTUPOBaTh. Takum 06pa3oM, aKTMBHOCTE aleHWIATIMKIIA3k] BO3pa-
CTaeT IMPY YMEHBIIEHUM KOHLIEHTPAIMK TIOKO036! B cpene. Ilocnennee
TIPUEOINT K MMOBHILLIEHUI0 00pa3oBaHusd TAM® y B KOHEYHOM HTOTE K
MHAYKLMK ciHTe3a (pepMeHTOB Katabomiama nakTossl. Haobopor, mpu
BBICOKOH KOHUEHTPAlMH [NIOKO3bl B CPENE CHCTeMa ee TPaHCIopTa
HaxoauTcs B AehocOpPUIMPOBAHHOM COCTOSIHMM, CIENCTBMEM 4YEro
SIRJIAETCH YMEHbIIIEHHE aKTHBHOCTH alleHIIATIIMK/IAa3k] U COOTBETCTBEH-
HO KomyecTBa HAM®. TakuM criocoboM riioKo3a HIepe3 CHCTEMY CBOETO
TpaHCNopTa peryiMpyeT KouueHpanmio tAM® B kierke. [lockonbky
KaTabomu3M rmoKo3bl CBS3aH ¢ 0OpasoBaHKueM MeTab0NMHYECKOId IHED-
MM M 3amacaHveM ec B mosyiekynax AT®, yepes IIOKO3y B KIETKE
cBs3anbl mynel ATO u pAM®: nipi yBenuueHu# konudectsa ATD
YMeHbLIAaeTcsd KOMu4ecTso HAM®, 1 HaobopoT.

OcobeHHOCTRIO BCEX (DEPMEHTHBIX CHCTEM, HAXONSUIUXCS NMOJ KOH-
Tponem KatabONHTHOH PENpeccHy, ABASCTCH Yy9acTHEC B MX MHAYKIUK
VHUBEPCAILHOIO KOMILUIEKCA, COCTOSILIEr0 M3 OeNMKOBOro KarabomuT-
HOTO akTuBaTopa u HAMO.

Perynauwa pasnuyHbIiX MeTabonuyeckux nyten

BHOCHHTETHYECKUE TIYTH PEryJMpyIOTCs NMPEHMYIECTBEHHO [0
MEXaHH3MY AJUIOCTEPUHECKOI0 HHTMOMpOBaHUA NMepBOro GeEpMEHTA W
penpeccuy CUHTE3a (PEPMEHTOB JTOTO NMYTH KOHEYHBIM TIPOOYKTOM.
PerynupoBaHse pa3BeTBIEHHBIX OMOCHHTETHYECKHX IyTeil OCYLIECTB-
JIAETCA € NMOMOUIBIO YCIIOXHEHHBIX BADHAHTOB 3THX e MEXaHHM3MOB.

OCHOBHEIE MEXAHW3MEI, PETYIUPYIOINHE KaTaOONMHYECKHE NyTH, —
MHIYKLIHS CHHTE3a (PEPMEHTOB U KaTaboymTHas penpeccus. Karabonu-
YECKHE ITYyTH, B KOTOPHIX (hYHKIIMOHMPYIOT KOHCTHTYTHBHBIE (hepMeH-
Thl, PErynupylorcs BonbiUel YacTblo MOCPEINCTBOM A/LTOCTEPMYECKHX
BO3JCHCTBHIt HA aKTHMBHOCTE hepmeHTOB. OnHa M3 33034 KaTabonuye-
CKUX IyTeil — obecneyeHne KIETKH 3Heprueii. ¥ GonelIxMHCTEA NpOKa-
PHOT BO3MOXHOCTY FEeHEPALIMH 3HEPTUM HAMHOTO NPEBLILLIAIOT NMOTPE0-
HocTd B Helt knetkd. Konnuectso ATd, koTopoe MOXHO CHHTE3HPO-
BaTh C NMOMOLIBI0 MMEIOLIMXCH B KJIETKaxX aspoOHLIX nMpokapuoT (ep-
MEHTOB [NHUKOIMTHYECKOTO M JIBIXATEBHOTO ITyTei, 3HAYHTENBHO BOIBIIE
konmyectsa AT®, HeobxonuMoro WA Npoueccos OUOCKMHTE3a W TI0a-
nepxaams XusHeneaTensHocTH. [1o3ToMy KIETKM NODKHBI 00namatn
CNOCOBHOCTHIO KOHTPOIMPOBATE NOTPEOIEHHE IHEPIONAIOLIMX cyGeTpa-
TOB M, CJIEA0BATENBHO, BHIPAOOTKY KIETOUHOM ZHepru. OCHOBHO NPUH-
umn KouTposist npoct: AT@ cuHTe3mpyercs TOJNBKO TOIa, KOrna OH He-
obxomuM. MHBIMM €/I0OBaMK, WHTEHCHBHOCTE SHEPIeTHYECKMX NMPOLIEC-
COB Y NMPOKapWOT PETYITHPYETCA BHY TPUKICTOYHEIM comepxarueM AT,

123



ANEeHWITOBBIE HYKJIEOTHABI OTHOCSITCSL K MUCTY BaxHeilinx a¢hdex-
TopoB. AM® 1 AJI® neicTBYIOT KaK MONOXHUTENbLHBIE 3(D¢eKTOpE,
CTHMYIMPYIOLUME CKOPOCTH 3HEPreTHYECKUX NpOLIECCOB M, CIEnOBa-
TeNbHO, noeumapime seixon AT®. HaoGopor, AT® cinyxuT otpu-
uatenbHeM MhEKTOpOM, CHIrHAIUMZMPYIOLIMM O TPEBLIILIEHUN IpO-
rieccos obpazoeanusg AT® Han ero notpebneHueM. B pesynerare pery-
JIALMHK MTPOLIECCOB CHHTe3a U pacrnana AT® B KJIETKE NOANEPKUBACTCS
CTaUMOHAPHOE SHEPIrETUHECKOE COCTOAHUE, XapaKTePU3YIOIIEecH TAK
Ha3bIBAEMBIM FHEPIeTUYECKHM 3aPALOM KIIETKH:

[ATO]+[ 1/2A0P]
[AT®]HAL®]+HAMD]

BemunHa 3HEPreTHYECKOTO 3apsiia TEOPETMYECKH MOXET KONeOaTh-
cq oT | (B KNETKE BCe afeHWIOBBLIE HYKIEOTHIHI TOJNBKO B BUIE ATMD)
10 0 (B xnetke conepxurcd Tonbko AM®). B pactyuieit Kynbrype Be-
JIMYKMHA SHEPreTHYECKOro 3apana KieTKu pagHa npumepHo 0,8. Ymenn-
LICHHE €I'0 CBUICTE/ILCTBYET 00 VXYAOLUICHHWH QHCDIDOSBCHC‘]CHHH opra-
Hu3ma. Korna 21a BenwunBa ctaHoBuTea HUxe 0,5, KieTki norubanot.

IloMuMoO ameHUIOBLIX HYKICOTHIOB B PErYJIMPOBAHWN JHEpre-
THUYECKHMX IMPOLIECCOB aKTHUBHYIO polb urpaiorT cucrema HAII(D)'/
/HAI(®D) - Hy-kodepMeHTOB M BENMWYHMHA TpaHCMEMOPaHHOIO 3NEK-
TPOXHUMMHCCKOIO rpagMeHTa HOHOB BOAOpPONa B BHIC oboux ero co-
crapnsommx (Ay u ApH). TlpeoGnanaHue anioCTepUHeCKOTO B3au-
MOICHCTBUS BOCCTAHOBICHHOMH uny okucimeHHoi dopm HAI(D) c
¢depMeHTaMK KaTabOJMYECKOIO NyTH NPUBOAUT COOTBETCTBEHHO K
TIOHMXEHHUIO WK MOBHIIEHHUIO MX aKTUBHOCTH. [lOCTHXEHKE orpefie-
JIEHHOTO MOPOTOBOro 3HAYEHKA A+ Ha 3HEpPronpeodpasylomei MeM-
OpaHe CIIyXUT ONMPENeNeHHLIM CUTHAIOM, TOPMO3SIIUM TTOCTYTUICHHUE
MOHOB BOAOPOAA NMPOTUB TPAIUEHTA.

Perynsinus npoueccoB aKTUBHOIO TPaHCIOPTa, 00ECneYnBaoIero
MOCTYIUIEHUE MOAABSIONIETO OONBIIMHCTBA HEOOXOIMMEIX TIPOKApH-
OTaM BELLECTB, NPOHCXOAMT HA YPOBHE CHMHTE3a NEPEHOCYMKA M €ro
¢dyHKLMOHUpOBaHUSA. BMOCHHTE3 OENKOBHIX KOMIIOHEHTOB MHOTHX
TPAHCMOPTHLIX CUCTEM DETYIMPYETCH MO THIY WHAYKLMM. [NIoko3a,
TPaHCNOPTHAA CUCTEMAa KOTOPOH y BONBIIMHCTBE NPOKAPHOT KOHCTH-
TYTHBHA, NOJAABASET 00pa3oBaHKWe TPAHCIIOPTHEIX CHCTEM JIPYTHX Ca-
XdPOB M pPsiia OPTraHKYECKHX KUCIIOT MyTEM KaTabONUTHON pEMpECCHIA.
HMcknroueHue COCTaBNAIOT HEKOTOPHIE OONMraTHO a3po0HBIE NPOKa-
PMOTE], ¥ KOTOPbLIX TPAHCTIOPT OPTaHHYECKHX KMCHOT KOHCTHTYTHBEH,
a WHAYIMPYEMOI SIBNAeTCH TPAHCIIOPTHAS CHCTEMA IIEOKO3kL. M30BITOK
cyOcTpara B cpefie MOXET PenpeccHpOBaTh CHHTE3 COOTBETCTBYIONIEH
TPAHCTOPTHOM CUCTEMBL. DTO 0COBEHHO XapaKTepPHO JUIS1 AMUHOKUCTOT.
B aToM cimyyae perynsiuus TpaHCniopTa KOOPAWHMPOBAHA € PEryNsLUeii
MX MOCIeyIoLIero Mertabonusma. OOHapYXeHa TAKKE DEry/ALUs TPaHC-
nopra no TUIY OTPMUATENBEHOH OOpaTHOM CBs3M, KOrAa cyocTpar,
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HAKOIUIEHHEIIT BHYTPHM KJIETKH, NMOAABIAECT COOCTBEHHBIM TPaHCIOPT
U3 BHEIIHEH cpenpl. TakuM 0oOpa3oM, MPOLECCH] KIIETOMHOIO TpPaHC-
NOpTa HaXOOATCH NMOJ KOHTPOJIEM TEX K€ MEXaHM3MOB, YTO M BHYTPH-
KJIETOYHbIE AHADOMHMYECKHME M KaTabOMMYECKHE MPOLECCHI.

IlonyyeHKe MyTaHTOB ¢ HAPYILIEHUAMM B CUCTEME PEeTYIA1UM Kie-
TOYHOTO MeTa00NM3Md, NPUBOJALLIMMU K CBEPXCHHTE3Y OIpEeicieH-
HBbIX META0OJIMTOB, IIMPOKO UCIIONB3YETCA IS MONYIEHUS AMUHOKHC-
JI0T, BUTAMMHOB, MONKUCAXaPHUIOB U IPYTUX BELIECTB, HMEIOLIUX MpaK-
TUYECKOE 3HAYUEHUE.

Perynauusa mMeXxKneTo4YHbIX B3auMOAeACTBUMA

IIpokapHOTEl CHHTE3UPYIOT BEIIECTBA, PETYITUPYIOLIME HE TOJNBLKO
BHYTPUKICTOYHBIH METAb0IH3M, HO M MEXKNETOYHEIE B3aUMONEHCTBHS.
OcobeHHOCTAMHM 3THX BELLIECTB, HA3LIBAEMEIX AYTOPEryIsSTOpaMU, SB-
JISIIOTCH BHIACNEHHME MX B OKPYXAIOLIYIO CpeLy, MpOsABIeHUe Ouosloru-
YECKOM aKTMBHOCTH B OYEHb HM3KOM KoHueHTpauuu (10°—10-12 M)
¥ BO3ACHCTBHE HE Ha OPraHM3Mbl MHOIO BHOd, a Ha JApPyrue ocobu
(KJIETKHM) TOIO X€ BHUJIA. OTH BELUECTBA BHIENSIOTCA KINETKAMM MPOKa-
PHMOT B OOBLIYHBIX YCNOBMSAX KYJILTHBHPOBaHUA 1 O0OHAPYXHBAIOT CTPO-
TYI0 BHAO- WIK pogocnenuthuaHOCTDb.

Kak npagiio, peakius, BH3bIBAEMasl ayTOPEryJAaTOpPOM, CBA3aHA
€ XW3HEHHBIM IUKIOM NpokapHoT. Tak, ctanus (JopMUpOBaHUS MO~
JIOBEIX TEJ B XKH3HEHHOM LIMKJIE MUKCOGaKkTepHii (cM. puc. 21) uany-
LMpYETCsA ayTOPEryisiTOpOM, BELIECTBOM JIMNUAHONU HMpPHpPOABI, BHI-
JENseMBIM BETeTATUBHBIMM KiieTKaMu. Knetku Myxococcus xanthus Bel-
HNENAIOT BEUIECTBA, BBI3LIBAIOLIME CIIOPYNSLMIO 3TOrO BHOA MOPH HX
KOHLEHTpauuu B cpene nopsaka 10719 M. ¥V Streptococcus faecalis ycra-
HOBJIEH NMOJIOBO# nporece. B kneTkax-penunueHTax CHHTE3UPYIOTCs Crie~
uMHIeCKUE ayTOpPEryisiTopsl (IMONOBHIE PEryNATOphl, Wik (hepoMo-
HB1), M0 BO3IEHCTBMEM KOTOPBIX KIETKU-TOHOPE NPUOOPETAIOT CIOo-
cOOHOCTb MPMIMNATbL K pelMnueHTy. B pesynsTare nmosbimaeTcs
BEPOSTHOCTL 00pPa30BaHUS NAphl QOHOP — PCLMITUEHT.

Vibrio fischeri — oGBIMHBI CBETHLIMIACA CUMOMOHT pBIO CceMei-
ctBa Monocentudae. CHHTE3MPYEMBIIA UM ayTOPETYIATOD CTUMYJIH~
pyeT oOpa3oBaHHE HECKOJBKHUX KOMIIOHEHTOB CHCTEMBI CBEYEHMS.
BdibexT oOHapyXuBaeTcsH MPH KOHIEHTpanuu aytoperynsartopa 10 HM,
YTO COOTBETCTBYET MpMMepHO |—2 MoNekynaMm 3TOro CoeiuHEeHUs
Ha OakTepuanbHy0 KIeTKy. OnTHMaibHass KOHLEHTpAIl|Md MNopsiakKa
200 HM (npubmu3uTensHo 40 MONEKYN ayTOPETYIATOPa HA KIETKY).

Heckonbko BUIOB ayTOPETYIATOPOB, KOHTPOMMPYIOLIMX CHHTE3
aHTUOHOTHKA M criopoobpasoBaHue, 0OHAPYXXEHO Y aKTMHOMMIIETA
Streptomyces griseus. HeoObIuHOE HUKINYECKOE COEAUHEHNE, HHAYIH-
pyroiiee 00pasoBaHue crop, HACHTH(HIIMPOBAHO B KJIETOMHBIX BhIIC-
neHuax muanobakrepun Cylindrospermum licheniforme.

125



TakuM 06pa3soM, IPOKAPHOTHLIE OPraHU3Mbl CHHTE3UPYIOT XUMH-
YECKME BEIIIeCTBa-CHTHAIBI, PEryMUPYIOINE PA3NTUUHbIE TIPOLIECCHI,
CBSI3AHHBIE C MEXKJIETOYHBIMHA B3aUMONEHCTBMSIMH B MOMYJISLIAM OJI-
HOI'O BHJ@ WM jaxe wramMMa. MecTo neiicTBMs ayTOpErynsaTopos —
kieTouHbie (hepmeHTl. [IpuMeuaTenpHO, YTO GONBLIIMHCTBO U3YYEH-
HBIX PEryJISTOpOB — BELLIECTBA JIMIIMAHOR NpUpoabl. 3T0 NO3BONAET
M nerko nucdyHIMpoBaTh Yepe3 KIETOUHBIE MEMOpaHb! 6€3 NOMOLIH
CNELMANTBHBIX TPaHCNOPTHHIX ccTem. DepomMoHs! S. faecalis — nenTu-
Jibl, conepXallue 8 aMMHOKUCIOTHEIX OCTATKOB, €IMHCTBEHHAS TUI-
podHIbHas aMMHOKMCIIOTA, BXOAALlas B COCTAB 3THUX MENTHAOB, —
cepuH. TuapoobHbiil XapakTep nenTUIHLX QepoMOHOB S. faecalis Tak-
K€ YKa3bIBaeT Ha BO3MOXHBIM HecnellndnyecKHii MEXaHU3M HX repe-
HOCAa Hepe3 KIETOUHEIE MEMOPaHHI.

BrisiBieHKE HOBOTO KJIACCa BELLECTB — PETYIISTOPOB XU3HENEATE b~
HOCTH TPOKAPHOT Ha MEXKIIETOMHOM YDOBHE — MHTEDPECHO TEM, YTO
MO3BOJISIET PACCMATPHBATE 3TH OPraHM3MEE HE TMPOCTO KAK MOIYJNAIHIO
Pa3pO3HEHHBIX KJIETOK, HO YKA3bIBAET Ha CyluecTBOBaHue Gonee BbI-
COKOTO YPOBHS MX OpraHM3a1lMH.

Fnasa 9
NMPOKAPUOTEI U ®AKTOPbI BHELLHEW CPE[QbI

JInsi npoKapuoT KakK TPYIisl B LENOM XapakTepHa CnocoOHOCTh
CYILIECTBOBATE B rOpa3o GOJEIIEM NUATa30He YCIOBHIT BHEIIHEH cpe-
Jb1, YeM JUTA 3YKapMOTHEIX Oprank3MoB. Cpen NpoKapHoT eCTh Opra-
HH3MBbI, KOTOPEIC MOTYT PACTH B TMOABOAHLIX BYNKAHWYCCKUX HCTOM-
nukax (remneparypa ao 300 °C), kucnoit (pH 1 u HiXE) U 1ICNOYHOIH
(pH 11 u Beiie) cpene, npu gasnenud 1000 aT™, BBICOKMX KOHLICH-
TPaUMsAX TSOKEJIBIX METALIOB, KOHUEHTpauuu coimi no 30 %, BHICOKUX
ypOoRHAX panualuy. O0A3aTENEHEIM YCIIOBUEM JUIS 3TOTO SBJISETCH Ha-
muyve BOAHOM cpensl. TIpokapHOTEl pacTyT NMpH aKTMBHOCTH BOJIHL B
nuanasoxe ot 0,7 o 0,998 1 He MOIyT pacTH B a3pO30MAX U BO JIbAY!.

OTHoLeHHWe K MONEeKyNnapHOMY KuCrnopoay

Kucnopol mMpoko pacnpOoCTpaHeH B NPHpONE, HAXONACH KAK B
CBSI3AHHOM, TaK H CBOOOJHOM COCTOsIHMK. B nepBoM ciyuae oH BXOIUT

! AKTMBHOCTE BOJIBL (A,) CAyXUT Mepoil ee IOCTYIHOCTH M ONPENE/AETCA B COOT-
BETCTBHM CO CJCOYIOLIMM YPAaBHCHHEM:
P n

B n-n’

roe P — pamjcHue napa pactsopa; Py — [aBicHME napa pacTsoputens (YMcTol BOh);
ny ¥ Hy; — YKMCIIO MOJCH pacTBOPMTENA M PACTROPCHHOrO BELUECTBA COOTBETCTBEHHO.
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B COCTaB MOJIEKYJl BOJIbl, OPFaHMYECKMX U HEOPTaHM4ECKMX COEeaUHe-
Huii. Bo BTOpOM — mpuCyTCTBYET B COBpeMEHHOI atMocdepe B BHIE
MonekynsipHoro kuciopona (O,), 00beMHAsA nNONA KOTOPOro COCTAB-
qsiet 21 %. Kucnopon sensieTcsi 0653aTe/IbHBIM XHMHUYECKUM KOMITO-
HeHTOM nioboii knetku. Iloparnsamomniee 60nbIIMHCTBO OPraHH3MOB YIOB-
JIETBOPSIET CBOM NOTPEGHOCTH B 3TOM 27IEMEHTE, HCNONb3ys 06e (op-
Mel Kucioposa. [lpu elpamusaauy Pseudomonas B npucytcrsum 20,
u H,"®0 wcrounmkom npubnusurensHo 10 % kuciopoza, BXomsLIEro
B COCTaB KJIETOMHOIO Marepuana, CIyXWI razoobpa3Hblil KUCIopon,
50—60 % xneTouHoOro KMCIoponaa npoucxonuwio u3 soasi. OcranbHoM
KUCJIOPON B KIETKY NOCTABJISUIA OPraHM4ecKUe U HEOPraHMYECKUE KOM~
TIOHEHTHI NMUTATENBHOM cpensl (rmoko3a, docdaTsl, HUTPaThl, CYJb-
dartel 1 Ap.).

Cpeny NpoKapHoOT CyLIECTBYIOT 3HAYHTENBHLIE Pa3dIMyis B OTHO-
LIEHUM K MOJIEKYNsIpHOMY Kuciopoay. Ilo 3tomy npu3Haky oHU MOTYT
ObITh pasaencHel Ha Heckonbko rpynm (puc. 34). Ilpokapuotsl, ansa
pocta KoTopeix O, HeobxonmM, Ha3eIBalOT 0ONUraTHEEIMU (065-
3aTenbHbBIMHU) a3p0o6amu. K HuM oTHOCKUTCH GONBIIMHCTBO NPO-
KapuOTHBIX opranmsmoB. Cpenu o0ymuratHeix a3po6oB 00HApYXEHbI
CYLIECTBEHHBIE pa3nMuKs B OTHOLIEHMHM K YPOBHIO MONEKYJISPHOIO
Kucjiopoaa B cpene. HekoTopeie NpeacTaBuTeNM 3TOM IPYIILE HE CIo-
coOHBI K pOCTY Tpu KOoHUEeHTpauuu O,, paBHOH aTMocdepHO#, HO
MOIYT pacTu, eciu copepxanue O, B OKpYXalomeid cpene Oynet 3Ha-
yUTENBEHO HHXE (nopsanka 2 %). Takue oOmuratHO aspoOHEIE TPOKa-
PHOTEl TTONYYMWIM HAa3BaHME MU KPO0a3podUIOB.

IloTpebHocTs NpoKapuoT B HU3K0it KoHUEeHTpauun O, B OKpyXaio-
LIIe¥ cpene CRA3aHa ¢ UX MeTabomuaeckuMu ocobeHHOCTHMM. MHOIHe
aspobHLIe a30ThHKCHpYIOlIMe ODaKTepHH MOTYT PacTH B CPEXE C MoJie-
KYJISPHBIM 230TOM TOJBKO MpH KoHuLeHTpauuu O, Hke 2 %, T.€. Kak
MUKpoaspoduibl, a B NMPUCYICTBHH CBS3aHHOIO a30Ta, HalpHMEp
aMMOHMITHOIO, — Ha BO3AyXe. BTO OOBACHSETCH MHTUOMPYIOLLIMM ACH-
CTBHMEM MONEKYJISPHOro KMCNopona Ha akKTMBHOCTb HMTPOI€HAa3bl —
¢hepMEHTHOIO KOMITIEKCd, OTBETCTBEHHOIO 3a (hukcaimo N, Axano-
rMYHasd KapTHHA O0HApYXXeHa Y MHOTMX BONOPONOKMCIAIOIMX OakTe-
pumii. Ha cpene ¢ oprann4ecKMMy COEMMHEHUAMY B KAYECTBE UCTOYHU-
Ka 3HEPTUH OHM XOpOLUO PAcTyT Ipu arMocdepHoM conepkaHud O,.

A3pobs Amnaspobar
O6nurarHnie @axymerarusHeie  O6Gnvraribie

g

Pactyume MuxpoaspoduicHEE CtporHe  A>3pOTONEpaHTHHE
Ha BO3IYXE

Puc. 34. I'pynnbl npoKapyoT B 3aBUCHMOCTH OT OTHOLLUEGHHMSA
K MOJICKYNSpPHOMY KHCJIOPOLY
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Ecnm MCTOYHHKOM 3HEPTHH SIBISAETCS OKUCJICHUE MOJIEKYISPHOTO BO-
nopona, 3TH Xe GakTepuu Uil pocta TpeOyroT HM3KOM KOHUEHTPALMHK
0O,. IlocnenHee CBA3BIBAIOT C MHAKTUBALMCH MONEKY/ISPHEIM KACAOPO-
JIOM TMIPOréHask! — (hepMEHTa, KATAMM3UPYIOLIETo Henonb3oBanue Hs.

Haxkownerr, cpeny o6muraTHex a3poboB CyLIECTBYIOT 3HAYHTENbHEIE
pa3nuyMs B YCTOHYMBOCTH K BHICOKMM ypoBHsM O, B cpene. 100 %-ii
MOJIEKYNISIPHBIA KUCJIOPON MOABJISET POCT BCEX 0ONMIaTHLIX a3po6oB.
Muorue aspobHbie GakTepuu MOryT (DOPMHUPOBATb KONOHUM HA T10-
BEPXHOCTH TBEpHOM MUTATEJILHON cpenpl B atMocdiepe, copepxanieid
40 % 0,, HO pocT KX NpeKpalaercs, Koraa conepxauue O, B aTM0-
ctepe nossinraercs no 50 %.

H3secTHr! npokapHoTel, 11 MeTabonu3ma KoTopeix O, HE HYXEH,
T. €. SHEPIETUHECKME W KOHCTPYKTHBHBIE IIPOLIECCH] Y HUX NPOUCXOAT
6e3 yyacTHs MOJIEKYNISIPHOIO KMciopoaa. Takye opraHM3Mbl NMOMyYHIN
Ha3BaHWE 0ONUTraTHEIX aHa3pobos. K HUM OTHOCATCH METaH-
00pa3yoime apxedakTepuH, CyNbL(HaTBOCCTAHABIMBAIOIIHE, MACISHO-
KUCJIBIE ¥ HEKOTOpPBIE Ipyrue 9ybakTepuy. Jlo cpaBHUTENBEHO HEAaBHE-
ro0 BpEMEHM CUMTAIH, YTO OOIHTaTHBIE aHa3pO0BI MOT'YT MOJIYy4aTh 3HEp-
T'HIO TOJIBKO B TpoLiecce 6poxkeHus. B HacTosiiee BpeMsi K3BECTHO MHOIO
06nUraTtHo aHa3poOHBIX MPOKAPHOT, KOTOPLIE NPOM3OIIUIM OT a3po-
GOB B pPe3yNbTATe BTOPHYHOIO NMPHUCIIOCOOIEHMA K aHa3poOHbIM yCJI0-
BUSIM, MPHUBELIETO K MOTEPE CNOCOOHOCTH UCIONLE30BaTh O, B Kaue-
CTBE KOHEYHOI'O aKLIENTOpa 3JIEKTPOHOB B MpOLIECCe AeiXxanust. Takue
obnuraTHeie aHa3po6Bl NMOJIYYAloT SHEPTMIO B MPOLECcax aHa3p o 6-
HOTO OB XaHMus, T.€. NEPEHOCA NEKTPOHOB MO LENH ITEPEHOCYH-
koB Ha CO,, SO}, dbymapar u Apyrue aknentTophbl.

B psany obnuratHo aHaspoOHBIX NPOKapHOT, He BKIwyamx O, B
MeTabONMYECKHE peakiiuH, CYLIECTBYET WNIMPOKMWIA CIEKTp CTeneHH
YCTOMYMBOCTH K MOJNIEKYNIAPHOMY KMCIIOpOIy, HAaXONAIIEMYCS BO BHEIII-
Hell cpene. MHorue n3 oOMUIaTHBIX aHA3P0O00OB HE BRIHOCAT NMPUCYT-
CTBUSA NAXE HE3HAYMTEIBHEIX KOMMYECTE MOJIEKYJIAPHOIO KMCIOpOIa B
cpene u OrICTpo norudaroT. Takue OpraHu3Mel HA3BIBAKT CTPOTH MU
anaspobamu. K ukcny crporux aHaapobOB OTHOCATCS NMPEACTABH-
Tenu ponos Bacteroides, Fusobacterium, Butyrivibrio, Methanobacte-
rium v ap. MacnsHokucTbie GAKTEPHH OTHOCATCS TAKXKE K TPYITIE 06-
JIUraTHBIX aHa3poboB, HO CPEAU HUX ECTH BMAbI, yMepeHHO ( Clostridium
tetani, C. carnis, C. tertium, C. sporogenes) Wi NOCTATOHHO BEICOKO
(C. perfringens, C. acetobutylicum) TonepantHeie Kk O,. Hakoner, Mo-
JIOMHOKHUCIHE OakTep, obnafannue MeTaboMM3MoM TOJILKO aHad-
pOOHOrO THIA, MOTYT PacTH B MPUCYTCTBUM BO3IYXa W BBHUIEJIEHH B
OTHENBHYIO TPYIIY a2 POTONEPaHTHEX aHaspobosh.

! Hexorophie aBTOphl OTHOCAT MOJIOYWHOKHCHHe GaxTepum popma Lactobacillus k
MHKp0a3podiiaM Ha TOM OCHOBaHMM, YTO B MX KJIETKaX coaepxXarcs (aBorpoTen-
Hbl, KATATM3UpYIOLIME niepeHoc 3nekTpolos ¢ HAJL- H; va Oy, OnHako 310T npolecce
He CBA3aH ¢ NoMydYeHHeM KICTKO# 3Heprun. Cum. Takxe c. 340—341.
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XoTs1 06MMraTHO aHa3pPOOHHE GAKTEPHH B LIEJIOM OYE€Hb YYBCTBU-
TeNbHE K O3, OHM MOIYT B NIPHPOAE HAXOAWUTLCH B a3pPOOHBIX 30HAX.
IlIupokoe pacnpocTpaHeHue npencraeutencii pona Clostridium B mec-
TaX C BLICOKHMM NapiiHalibHbIM JaBJICHUEM 02 O0OBACHSETCH HANIMYHUEM
Yy HHUX 3HIOCNOP, HE YYBCTBHMTEILHBIX K MOJEKYISPHOMY KUCIOPONY.
Onnako v MHOrue He 00pa3syiolliue Crop CTPOro aHa’pobHEIE NMPOKa-
PHOTH OOHAPYXEHBI B ITPHPONE B MECTaX, Ine HAOMIONAETCA aKTHBHOE
pa3sBUTHE OOJIMIATHRIX a3p00oB. BepoaTHO, COBMECTHOE pa3BHUTHE ¢ 00-
JNUraTHhIMM a9p06aMi, AaKTHBHO MOTPEGIAIOLIMMI MONEKYISIPHBII KHUC-
JIOpON, NMPUBOAANICE K OOpa30BAHMIO 30H C HM3KOI KOHLIEHTpaumueil
0,, CO3MAET BO3MOXHOCTH W JUIA PasBHTHSH CTPOTO aHa3pOOHBIX BUIOB.

OnucaHbl MPOKapUOTHLIE OPTAHM3MEl, KOTOPBIE MOTYT DACTH KakK B
49p0o0HBIX, TAK U B aHa3pOOHbIX ycnosuax. MayyeHue 310ro spnenus
MOKA3a710, YTO NMPUpoAa €ro pa3jndHa. bakrepum, HE HYXXIAIOMHECS B
0, (nocnenHuii He y4aCTBYET B OCYIIECTBISEMbIX MMH MmeTabonuye-
CKMX pEaKlIMAX), HO CHOCOOHBIE PACTH B €r0 MPHCYTCTBHM, ABSIOTCH
MO TUITY OCYUIECTRIAEMOr0 MMM METab0IM3Ma ODAUTraTHRIMM aHA3PO-
Gamu, ycToitumseiMi k O, BHetuHe# cpexst. TlpuMepoM Takux opra-
HH3MOB CITYXaT MOJIOYHOKHCNEHE OGakTtepur. MHOIWE NpOKapHOTHI,
OTHOCSIIMECH K 3TOf Xe [Ppynie, MPHCIOCOOMNHCEH B 3aBUCUMOCTH OT
Hanuyusa Wiy orcyTcTBusi O, B cpele NepeKmovaThes ¢ OQHOro MeTa-
G0MMYECKOro NyTHU Ha APYroii, HaNnpUMEP C NbIXaHus Ha Opoxenue, U
HaobopoT. Takye opraHu3MEl NOMYyYKHIN Ha3BaHne G aKyJIbTaTHB-
HuX aHa2po0OoB, Wi GakyneTaTUBHHX a2pobos. [Ipen-
CTaBUTENAMM 3TOM (DM3MOJIOTHYECKOH TPYTITEI OPOKAPHOT SRISIOTCS
3HTEpoDakTeprk. B a3po0HEIX YCTIOBMAX OHH TTOMYY2I0T IHEPrHIO B MPO-
uecce aeixaHua'. B aHaspoOHBIX YCIOBHUSX HCTOYHWKOM JHEDPIUK JId
HUX CIIYXAaT npoueccs OpPOXeHHus WK aHa3pOOHOI0 MbIXaHUA.

IlotpedHocTs B O, ¥ a3po00oB ONpENenseTcs €ro yYaCTHEM B IHEpre-
THYECKHX M KOHCTPYKTMBHEIX Tiporeccax. B nepeoM ciyuae O, CayxXUT
00513aTeNIEHBEIM KOHEYHBIM aKIIENTOPOM 3NIEKTPOHOB, BO BTOPOM — Yy4a-
CTBYET B peakuMaX (WiM eJUHCTBEHHOH pEaKlK) Ha yTU MHOIOCTY-
TMEHYATOro NnpeocopasoBaHMs KIETOYMHBIX METAOONIMTOB MM 3K30reH-
HEIX cyOcTpaToB. ¥V obnmHrarHeix a3pobos 60nbiias yacts O, HCNOb-
3yeTcs B KAayecTBE KOHEUHOIO akIENTOpa 3JIEKTPOHOB B PEaKIUAX,
KaTaIM3UPYEMBIX [IHTOXPOMOKCHAa3aMu. MeHbIag yacTh BK/IIOYAETCS
B MOJIEKYJTEl ¢ MOMOIIEI0 (hEPMEHTOR, MOMYYWBIINX 00LIge HA3BaHUE
okcureHas. B knetkax GakynbTaTHBHBIX aHA3P000B TAKXKE CONEPXATCH
LIUTOXPOMOKCHAA3LL. Y OONHraTHbLIX aHaspo0os HeT (hepMEeHTOB, KaTa-
JTU3NPYIOLMX B3auMoneicTeue ¢ O,.

JlaHHbIE 0 MEXaHM3MaxX B3aUMOICHCTBHSA MPOKAPHOT C MOJIEKYSIP-
HEIM KMCJIOpOJOM, TOKcHUYecKux ¢opmax O, 1 crmocobax 3auiMTel OT
HMX Y MTPOKapHOT W3I0XEHH! B . 15.

! Cpenm QakyneTatMBHEX aHAa3pobOB B YCIOBMAX OCYIIECTBIEHMS MMM MeTato-
JiM3Ma aspobHoro THna Takke MoryT 6biTh MMKpoaspothunl.
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BnuaHue H3ny4vyeHUA

Bce uBble OpraHM3Mbl HAXOAATCS 1107, BO3ACHCTBUEM Pa3HbIX BH-
[OB H3Iy4eHusi. BGQ@eKTrl, BH3bIBAeMbIE 00MYYeHUEM XHWBBIX Opra-
HU3MOB, 3aBMCHT OT JUTMHbI BOJIHBI M3JlydeHHUA M €ro HO3bl, T.€. OT
SHEPruy H KoanyecTsa NoroleHHBIX KBaHToB (pHc. 35). Maayyenue B
obnacty wikH BoaH ot 300 no 1100 HM, npuxoasiyeecs B OCHOBHOM
Ha BHIUMEIH cBeT, obeclneynBaeT BO3MOXHOCTb OCYILIECTBIEHUS YO~
PSAIOYEHHBIX peaKIMil PH MOITIOIEHHH €T0 MOAXOMAIMMY JUIsl 3TOTO
cucTeMaMd. B opraHu3Max uU3iyyeHUe B 3TOM IHana3oHe HHAYLMpYyeT
TaKHe NMPOLECCH, KaK QoTocHHTE3, (PoToTaKCHC, (POTOPEeaKTHBALIMIO
JHK, cuHTe3 HeKOTOPHIX Makpomolnekyn. I1ng uanyyeHuil ¢ UIHHOK
BonHbl 6oneuie 1100 HM K HacTOs1IEMY BpEMEHM He 3aperuCTpHpOBa-
HO Kakux-nubo 6uonoruyeckux 3ddextos. OcHoBHoe neiicterue UK-
U3ly4yeHUsd — YCKOpeHue ABKXeHHs Monekyn (HarpeBanue). [leiicTere
KOPOTKOBOJIHOBOTO M3NTy4YeHMsI Ha OpraHM3Mbl MPUBOOMT K BO3HMK-
HOBEHHMIO MYTALIMH WM BRI3bIBAET CMepTENbHBIN (JeTalbHbIH) HCXON
M3-3a HeoObIuaHO BHICOKOH (QOTOXUMHYECKON aKTUBHOCTH 3TOr0 BHIA
W3J1y4eHUs], FIPUBOAAIIEr0 K MOTUGDHUKALIMH AW pa3spyLIEHHIO NOMIo-
THBLUKX €r0 OpraHMu4eCKUX MOJIeKyJl.

BaxHelllMM UCTOYHMKOM €CTECTBEHHOIO M3NYyYeHUs SBIASETCS
conHewHas paguaima. OCHOBHasA Macca najgalolleil Ha 3eMII0 CoHeY -
HOH 3HepruM (nmpumepHo 75 %) NpuUxomuTCs HA HOJIO BHAMMBIX JTy-
yei, moutH 20% — na MK-obnacte cnexTpa M TONbKO IPUONIH3IU-
TenbHO 5 % — Ha Y@ ¢ mnunoit Bonus: 300—380 M. HipkHuii nipenen
IONWH BOJH COJIHEYHOH paaualivMu, majawileill Ha 3€eMHYIO 1OBepXx-
HOCTB, ONpeNeNsercs IVIOTHOCTBIO TaK Ha3bIBAEMOro 030HOBOTO K-
paHa. Msnyuenue ¢ mnHoi BonHbl 0o 220 HM BRI3BIBAET HOHH3ALIHIO
MOJIEKYJ KMCIopona BEPXHUX YyacTeil armocgepE!, npuBoad K obpaso-
BaHHIO cnosg o3oHa (O;) ¢ MAaKCUMAaNbHOM KOHIIEHTpALMEl Ha BRICOTE

L 4 .
1 3 ;
N S
-
Hmﬂ@- Bﬁ' Bugumuiit ceeT Bavoxnmit UK
L] YD | VO | 1 1 1 1 1 |

200 300 400 500 600 700 800 9200 1000 1100
JmuHa BomMHEL, HM

Puc. 35. Buonorvyeckue 3pekTsl, BLI3LIBAEMBIE U3TYUEHHEM
Pa3HOM JJIMHBI BOMHbBIL:

I — noepexnenus JHK u Geakos; 2 — doropeaktusaima JHK; 3 — ¢ororakcrc
M (POTOCHHTES IYKAPHOT; 4 — (hoToTakcHe U (POTOCHHTE3 ITPOKAPHOT
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npuMepHo 25 KM oT noeepxHocTy 3emnp. O30HoBLIH cnoit a¢dexTun-
HO TOIJIOLLUAET 3MIEKTPOMAarHMTHOE M3IYyUeHHe C IUIMHAMK BOJIH B 00-
nactu 220—300 uM, BeRImONHAS yHKIMIO 3KpaHa. Takum obpasoM,
YO ¢ pauHoi BosHb! 10 220 HM MOJTHOCTHIO TIOTMOIAETCS MOJeKYia-
MH KHclopona armMocdepsl, a B obnactu 220—300 vMm agdexTurHO
3anCPKUBAETCH 030HOBBIM 3KpaHoM. BaxHoll 4acThio COTHEYHOTO CIIeK-
Tpa siBAsgercss obnactk, nmpumbIKalomas ¢ obeux cropoH K 300 HM.
Hauunas ¢ 300 HM ¥ ganelie, U3nydeHHe UHAYLUpYeT (QOTOCHHTETH-
yeckue U (hOToTaKTHYECKHE PeaKIIUMM, TIPH 3TOM Y NPOKapHOT AMana-
30H IJIMH BOJIH, B KOTOPOM BO3MOXHEI 00a Ipolecca, 3HaYHUTENbHO
LIMpe, YeM Y 3yKaprot (cM. puc. 35).

DorocuHTE3, conpoBoXaaoiMics BeiaeneHueM O,, cBOICTBEH-
HEIH BCeM DYKAPHMOTHBIM OpPraHM3MaM ¥ JBYM Ipynnam 3ydaxkrtepuii
(1maHoBakTepuaM M npoxiopoduTam), BO3MOXeH B 1Mana3oHe or 300
1o 750 um. [Ins aybakrepuil, cmocoOHBIX K OCYLIECTBIEHHIO OeCKuC-
nopoaHoro oTocHHTe3a, OUANA30H H3Ny4YeHHi, 00ecrneynBaroHMX
(DOTOCHHTETHYECKYIO AKTHBHOCTh, YBEIMYMBAETCH B CTOPOHY ©Gonee
JUTMHHBIX BOMH, 3axBarniBagd Gmokmioro MK-o6rnacte: mng 3e/ieHBIX
Gakrepuii Bruioth 10 840 HM, nypnypHsix — Ao 920 HM, a JJIS HeKo-
TOpBIX NpencTaBuTeeil 3Toit rpynnel — xo 1100 aM. CriekTpbl aKTHB-
HOCTH (DoTOTaKCHCca Y 3yGakTepHil cOBnajaloT co crekTpaMu Goro-
CUHTETHYECKOH AKTUBHOCTH, TIOCKONBKY oTopenienTopamMy B 060KX
cllydagx CHOyXaT ONHM W T€ Xe MUIMEHTHL. Y 3KCTpeMalbHO Trano-
¢unpHbIX apxebakrepuit popa Halobacterium nurMeHTHI, 3aIlyCKalo-
mue QoTocHMHTE3 U obecneyrBaroliue (HOTOTAKTHYECKYIO PEeakKlMIo,
pasnMYHbl ¥ aKTHBHBI B IManasoHe JUIMH BOJIH npuMepHo ot 450 o
600 HM (cm. . 18).

Cser B mManasoHe ot adbHero Y@ no ganbHeit KpacHo# obnacTu
BIIMAET Ha pa3HoOOpasHLIE XWU3HEHHBIE QYHKIMH (IMOIBUXHOCTS,
LMKIE pasBUTHSA, CMHTE3 KapOTHHOMI0B) HE TOJIBKO (DOTOTPOGQHBIX,
HO ¥ XeMOTPO(HBIX NpoKapuor. PoTopelienTopaMy, 3anyckaoiiuMu
WM KOHTPONUPYIOLIMMHE ONpeneneHHEle MeTaboiudecKue myT, ciy-
JKaT pasHble THIMEl MOJEKYI: (WIABMHBI, KAPOTHHOMAEL, MOpGHUPHHEL
Conueynas panvanus B auanasoHe 220—300 M, gocruramoonias 3eM-
JIY, aKTHBHO TIOMIOLAETCS TAKKE MONEKyIaMU OENKOB U HYKIEHHOBEIX
KHCJIOT. XOTs MOBPEXIEHUE HETEHETUYECKOTO MAaTepHana MOXET IpH-
BOIMTL K OTPMLATENbHEIM 3] dhekTam, ocobeHHO TTpU oBNyUeHHH KiTe-
TOK BEHICOKMMH 03aMH, npu ofyydeHuH Oonee HU3KMMM 0O3aMH OC-
HOBHO# NPHYMHON MHAKTUBALIMU KJIETOK CIyxuT rmoBpexnenue JJHK.

BnusHue Temneparypbl

Temneparypusie yciaoBus B 6uocdepe noctatoyHo pasHooOpasHbl.
Cebiniie 80 % ee NpMHAIUTEXHT K MTOCTOSHHO XOIOAHBIM obnacTsiM. 3Ha-
YUTENBHAS YacTh MOBEPXHOCTH CYWIM, BKIKOYAKOUAS U KOHTUHEHT
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AHTapKTHIY, UMEeT HU3KYIO TeMiiepatypy. CpenHsas Temneparypa mo-
YBBl B YyMEPEHHOM KiTHMaTH4ecKoi 3oHe coctasnser 12 °C. IIpumepHo
75 % nopepxHOCTH 3eMIH NPUXOJUTCS Ha foaio MUpoBoro okeaHna, u
okono 90 % ero obpema uMeeT TeMepaTypy Hiuxke 5 °C. TakoB obniuit
TeMIEPATYpHBIH npoduns 3eMau.

Ho Ha 3emiie ecTh MHOTO MECT, PE3KO Pa3jIMYaIOLIMXCS TI0 TeMITe-
PATYPHOMY PeXHMy. BT0 06JacTH, roe TeMMepaTypa NOCTOSHHO
HU3Kag (noa3eMHble U 0beneHenpie netepsl, rMy0OMHHbIE CIIOH OKe-
aHOB) MM BEICOKas (HeHCTBYWLUHE BYJIKaHbl, BHIXO[AB! Ha TOBEpPX-
HOCTh 3€MJIM CTPYil MapoOB M ra30B M3 pacluelifH WIW OTBEPCTHMH,
KHUITAIIHE WK HEKHITSALIAe TOpAYMe MCTOYHUKH, OTXOOB! Pa3aHYHbIX
TEXHONOTHYECKUX TpolieccoB). EcTe Takxke MHoro obnacrteil ¢ me-
HAIOULKMCS TeMIEePaTYPHBIM PeXHMMOM: ITOBEPXHOCTHEIE CJIOM MO-
peil ¥ OKeaHOB, MENKK€ IMPECHbIE BONOEMBI M PEKH, BEPXHME CIIOH
armMocgepsl, OONBIIMHCTBO MECT HA CYIlE B 30HAX C YMEPEHHBIM U
XOJIOAHBIM KJIMMaToM. Bo MHOTHX obacTsiX € yMepeHHBIM KINMaToM
Temnepatypa konebnercs ot 0 °C u Hmxe no 30 °C u Beiue. B ycnoBmsix
XOJNIOAHOTO KJIMMATa TEMIIepaTypHEIe KonebaHus MoryT ObiTe M Bonee
3HAYUTENIBHBIMH.

Ipu onpeneneHUy BIMSHUS TEMIIEPATYPHI Ha POKAPHOTHRIE opra-
HHU3MBI CJIEAYeT pa3nvyarh IBa MOMEHTA: CIOCOGHOCTL OPraHu3MOB K
BBIXKMBAHUIO MOCAE IVIUTENIBHOTO HAXOXAEHUS B 3KCTPEMAbHBIX TeM-
TIEPATyPHBIX YCIOBHAX M CIOCOBHOCTE MX K POCTY B 3TUX YCIOBMSIX.
Ilpucnocobnenus, chopMUpPOBAHHEIE Y ITPOKAPHOT IS MEPEeHECeHMS
HeOMaronpUsITHRIX YCIOBHEL, B TOM YHCIE U TEMIEPATyPHBIX, — 3TO
CIOPBI, LIMCTHI. XapaKTePUCTUKA MX YCTOHYKMBOCTH K BBICOKMM TEMIIE-
parypaM npHBeneHa B Tabi. 8. YCcToiuMBOCTE BereTAaTUBHEIX KJIETOK U
Pa3NMHHBIX TOKOAIIKUXCS GopM Gonbliie B yCIOBUAX BO3NCHCTBUS HU3-
KAMH TeMIepaTypaMH. Tak, BereTaTUBHBIE KIeTKM U TMOKOSILIMECS
(opMBI COXpaHSUIM XN3HECTIOCOOHOCTE MOCE JNTUTENIBHOIO BLIIEPKM-
BaHH NP Temrieparype, 6Ju3koil K abconotHoMy Hynio. IlocnenHee
HUCNOJb3yeTCd B KayecTBe OAHOro M3 crocoboB, obecreyMBaroiiux
JJIUTENbHOE XpaHeHHE KYJABTYp NPOKapHoT.

Ipu u3yveHUU BIUSHUA TEMIEpaTypbl Ha PoCT NMPOKapHOTHBIX
OpPraHM3MOB BBLAENFIOT TEMIIEPATYPHBI IManasoH, OrpaHUYeHHBIH
MHHMMAJIEHON M MaKCUMANBHOM TeMIlepaTypaMu, MPU KOTOPBIX POCT
NpeKpanaercs, a Takxe 0bJacTh ONTUMANIBHBIX TEMIIEPATYP ¢ MaKCH-
MalbHOM cKopocThio pocTa. [TonoxeHwe Ha TemnepaTypHOH LIKane
OCHOBHEIX TOYeK (MUHMMANbHAS, MAKCUMAIbHASA, ONITUMATLHAS TEM-
neparyphl), a TAKKEe BEJIMYMHA TEMIIEDATYPHOIO [MarasoHa pocTa
NPOKapuOT cuibHo pasnuyarcs. Ha ocHoBanuu 3THX MOKasarenei
NPOKAPHOTH] NENAT HA TPM OCHOBHBIE [PYIIBL: ME30(MILI, ICHXPO-
¢unpl ¥ Tepmodunel. IlocnenHue, B CBOIO OYepellb, NTOAPA3/IENSIOTCS
Ha OTZebHbIe noarpynmnel (puc. 36). J

Bonb1IMHECTBO H3BECTHBIX BUIOB OTHOCHUTCS K ME30(QIWIaM, y KOTO-
PHIX ONTHMANbLHBIE Temreparypsl pocrta Jexar mexny 30 u 40°C, a
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Puc. 36, TemnepaTypiibie rpaimiibl ¥ ONITHMANBHEE 30HE POCTA TPOKAPUOT
M OCHOBaHHAsl Ha 3TOM MX KinaccudmKalms.
I Tlevxpodunet: 1 — obnuratasie; 2 — daxkynbratustble. 1. Mesodunel. I71. Tepmo-
dunp: 3 — TepMOTONEpaHTHEIE; 4 — (PaxKynbTaTUBHEIE; J — oOnurarHeie; 6 — 3KCTpE-
ManbHpic. 2KMpHOH NUHMEH BRIIENEeHE ONTHMANLHEIE TEMIIEPaTYphl pocTa

TEMITEPATYPHbI{ JMAanma3oH, B KOTOPOM BO3MOXEH pOCT, HAXONMTCS
mexay 10 u 45— 50 °C. TunmansiM Me3odmnom seasetca E. coli: mx-
Hs4 rpaHuna pocra +10°C, sepxuss +49 °C, onTHMansHas TeMIiepa-
Typa +37 °C npm pocre Ha Doratoii cpene.

Teuxpoguast u hakmopni, onpedeasiouile 803MONCHOCHL pocma npu
Huakux memnepamypax. QbnacTs TeMMepaTyp pocra NcHxpoduios jie-
xwur B nipenenax or —10 go +20 °C u Buile. B CBOIO 0Yepe/ib, ICHXPO-
dwiel nensgrcs Ha obnurarHele U QakyNnbTaTUBHBIE.

OcHoBHoOE pasnnuue MeXIY NOArPYIIIaMH 32KMI0YaeTCsl B TOM, YTO
obnurarHeie Ncuxpoduisl He cnocoOHBI K POCTY TP TeMIieparype
Boie 20 °C, a BepxHAs TEMMEpPATYpHAas I'PaHMLIA pocTa QakynETaTUB-
HbIX GopM HaMHOrO BhIlE. TakuM o0pa3oM, GakyNETaTUBHBIE MCUX-
podunel xapaktepusylorcs 6onee IMPOKWMM TEMIIEPATYPHBIM fMaria-~
30HOM, NMPU KOTOPOM BO3MOXeH mx pocT. M ecnv B o0nacTi HU3KHX
TEMNEPATYD OHU CXOHHBI ¢ 06AMraTHLRIMU Qopmamu, TO B oOnacTu
MOBHILUEHHBIX TEMIIEPATYP 00NanaT CnocoOHOCTRIO Pa3sMHOXATECS B
3HaYuTENBEHO GoMee BHICOKMX TEMIEPATYPHEIX rpaHuuax. Pazmuyaiorcs
OHU TAaKXe U ONTHUMAaNbHLIMKM TEMIEePaTypPHBLIMH 30HAMHM pOCTa, Ha-
XOOSIUHUMHUCSH Y OOJUTAaTHBIX MCUXPOMUIOB 3HAYUTENBHO HUXE, YEM
y hakynsratBHBIX (cM. puc. 36). [IpMHIMITHATBHOE Xe CXOACTBO MEXIY
HUMHM — cnocobHocTh K pocty nipH 0 °C 1 MHHYCOBEIX TeMMepaTypax.

CymiecTBoBaHUE ABYX TUIIOB MCUXpO(MUNIOB 00bsACHsETCS 0CODEHHO-
cTaMU UX MecT obutanust. O6nuraTHele MCUXpodWIB! MpUcIocobuiIch
K YCTOWYMBBLIM XOJOHHBIM YCJIOBHMAM ([YOHHBI MOPEH B OKEaHOB, Jie-
IsHEIE nenepsl). Hanporue, neuxpodh sl BTOPOro THIA MPUCIocobun-
JIHCh K OOMTAaHHUIO B HEYCTOMYUBBLIX XONOOHbIX yeIoBuaX. B npupone 6oib-
LIMHCTBO NCUXPOQUIOB npencrasieHo dakynbTarMBHEIMU (opMaMu.
Crnocob6HocTh NCUXPOMHIOB PACTH B YCAOBUSIX HU3KHX TEMIEPATYP
CBAI3EIBAIOT B MEPBYIO OQYEPENh C 0cOOeHHOCTAMH MX (depMeHTHEIX
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GenkoB U MeMOpPaHHBIX JIMIIKMAOB. YBeNMYeHUE B NMOCAENHHX COAEpXa-
HHA HEHACBIHEHHBIX XHPHBIX KHMCIOT IMO3BOJAECT MeMﬁpaHaM Haxo-
INTECH B QYHKUHOHANMBHO aKTHBHOM XMIKOCTHO-KPHUCTAJLTHYECKOM
COCTOSSHUM NPHM HU3KHX Temnepatrypax. Obg3aTensHOe yClIOBHE BO3-
MOXHOCTH POCTA MCHXpodUIOB MPU MUHYCOBBIX TEMIepaTypax — Ha-
XOXAeHHEe BOABI B XXKUAKOM COCTOSHUHU.

Tepmodchunst u mexanuzmol mepmoguauy. I'pyriny TepMopunos AeaAT
Ha 4 moArpynisl:

1. TepmoTONEpaHTHBIE BUABI PACTYT B npenenax ot 10 go 55—60°C,
ONTHMAJIbHAS 0bnacth nexuT rnpu 35—40 °C. OcHOBHOE UX OTAHYUE OT
Me30(unoB — cnocoOHOCTL pacTH MPH TOBBLILICHHEBIX TeMIepaTypax,
XOTH ONTHMANBHLIE TEMIEPATYPhl POCTa A 00eHX IPYyIIn HaXomATCs
Ha OHOM YPOBHE.

2. PakynsTaTUBHbIE TEPMOGQUIBI HMEIOT MAaKCUMATBHYIO TEMITEpATy-
py pocta Mexay 50 u 65 °C, Ho criocobHBI TakOke K pa3sMHOXEHHIO ITPH
KoMHaTHoi#t temneparype (20°C); ontaMyM npuxomuTcd Ha obnacrthb
TeMnepatyp, 6MM3KNX K BepXHeil rpaHune pocra. OcobeHHOCTE 3TOI
IPYIB NPOKapHUOT — CnocobHocTh K pocty B obnactu ot 20 o 40 °C.

3. K o6nuratHeIM TepMocdHIaM OTHOCAT BUOBI, OOHAPYXHBAIOILIHE
cnocobHoCTh pacTH Npu TeMmmepatypax okono 70°C u He pactyluue
Hike 40 °C. OnrHMabHag TeMIepaTypHas o651acTh 0bJIUMraTHBIX Tep-
MO(IUTOB MIPUMBIKAET K MX BepXHEl TeMITepaTypHOH IDaHMile pOCTa.
Tpencrasurenu 310 noprpyrmel: ay6axrepun Bacillus acidocaldarius,
Synechococcus lividus, apxebaxkrepum Methanobacterium thermoautotro-
phicum, Thermoplasma acidophilum w np.

4. HakoHeil, HegaBHO OOHapyXeHEl NNPOKAPUOTHI, BLINENEHHEIE B
MOATPYIIITY 3KCTPEMANBLHEBIX TepMODHAOB. J1715 HUX XapaKTepHbI CIedy-
0Ie TeMIlepaTypHEIE napaMeTpel: ontiMyM B obnactu 80—105°C,
MHUHMMaNbHas rpaHuiia pocra 60 °C u Benue, MakeumanbHag — no 110 °C.
K 3kcrpemanbHbBIM TepMo(duIaM OTHOCATCS OPraHHM3Mbl H3 TPYNIIBI
apxeDaKTepHii, He UMEIOLIMe aHAJIOroB cpeny Me30(HIoB, HanpuMep
nipencraBuTeny ponos 7Thermoproteus, Pyrococcus, Pyrodictium v 1ip.

Pa3nbo6pasyie NpoKapHoOT, KOTOPBIC YIAETCA KYIBTHUBHPOBATh MPH
BBICOKHX MJ/IM OTHOCHTENBHO BbICOKMX TeMITEPATYpaXx, IOCTATOYHO Be-
nuko. CrniocoGHOCTE pacTH NMpH Temnepatypax or 50 no 70 °C, csoii-
CTBEHHAs NPEeICTABHUTE/IAM TEPMOTOJIEPAHTHBIX, (PaKyNbTATUBHBIX U 06~
JIMTATHHIX TepMO(QHIOB, He CBA3aHA C OCYyHIECTBIEHUEM MMM KaKoro-
6o onHoro cneuuduyeckoro TMna MetabonuaMa. Cpeau repModuios,
OTHOCHIIMXCH K 3TUM MOATPyNIaM, HahneHb! GOTOCHHTEIUPYIOLIHE,
XeMOJIMTOTPOdHBIE U XeMorerepoTpodHbie GakTepuu. EcTh cpeny HUX
obnurarHeIe a3pobe! 1 aHa3pobel. Tepmodunel, BepxHUE npesen poc-
Ta KoTopeix orpaiuyeH 70 °C, B LieJloM CTPYKTYPHO HallOMUHAIOT CBO-
HMX Me30(MIBHBIX RHANOTOB K IO TUITAM OCYLUECTBISEMOro MMM KOH-
CTPYKTHBHOIO M PHEPreTH4ecKoro Merabonn3Ma OTHOCATCS K TEM Xe
rpynnam, 4yro u MesoduneHsie Biabl. [1o Mepe MoBBILIEHNA TEMIIEPa-
TYPhl YMCJIO BUAOB, CIIOCOGHBIX K pocTy, OGHCTpo yMeHb1naeTcs. TeM-
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neparypHblii nipenen mist GOTOCHHTE3UPYIOIIMX 3y0aKTepuii orpaHu-
yeH 70—73 °C. 310 CBA3BIBAIOT ¢ UX HECNOCOOHOCTEIO (OPMHPOBATH
(hyHKUMOHATBHO aKTHBHBIE (DOTOCUHTETHYECKHE MEMOpaHHL.
TemneparypHas Huuia enie 70 °C, 3aHgTas 3KCTPEMANBLHBIMU TEp-
mounamu, ropasno 6enHee npencraBUTeNs M. BepXHHIA TeMIiepaTyp-
HBIA npenell, NpyU KOTOpoM 3adQHMKCHPOBAaH POCT B BHE 4MCTOMH Oak-
TepHanbHON KynbTyphl B nabopatopuM, coctabnser 110°C. On o6Ha-
pyxeH y apxebaxrepun Pyrodictium occultum, pactyiieil B fManasoHe
ot 82 no 110°C ¢ ontumymom nipu 105 °C. Mmetores Takke coobiiie-
HUA 0 TOM, YTO B TIPUPONHBIX YCIOBMSIX TNPENCTABUTENN TPOKAPUOT
crnocoGHBI K POCTY NMPU 3HAYMTENBHO Oosee BRICOKMX TeMIrepaTypax’.
BKCTpeManbHple TEPMOMMIBI OTHOCSTCS HCKIIOYMTENBHO K apXe-
GakTepusM U NIpeICTABNEHB! MeTaHOOpasyomuMu ¢GopMaMu M BUIA-
MM, MeTaboIM3M KOTOPHIX CBSI3aH C MOJNeKyAspHo# cepoit. IToutH Bce
OHU — CTpOrue aHa’pobrl, HO eCTh CpelM HUX U a3pobnl (npencTaBpu-
tenu pona Sulfolobus). KoHCTpYKTUBHEI MeTaO0ONMU3M aBTO- WIH re-
TepoTpotHOro TMNa. AHaspobHble aBTOTPO(BI MOMYYAIOT 3HEPTHIO B
pesynsTate BocctaHoBneHuss CO, unu S° MonekynsipHbIM BOAOPOIOM
¢ obpaszoBaHUeM B KAYECTBE KOHeYHBLIX MPONYKTOB METaHa MM Cepo-
Bonopona coorBercTBeHHO. ['ereporpodHele 3KCTpeMankHO TepMOQUIb-
HBl€ aHA3poObI UCTIONB3YIOT pa3IMYHbLIE OpraHuYecKue cybcTpaTthl (Ge-
KU, YIJIEBOABI) IS NMOJNyYeHUs HEPrUM B [poleccax OpoXeHus WK
aHas3pobHOTO ABIXaHUS ¢ MOJEKYNSIPHOM CepoH B KaYecTBe KOHEe4YHOro
aKUenTopa 3NeKTPOHOB. A3pobHBble (YOPMBI MOMYYa10T IHEPIHI0 B Mpo-
1eccax, CBA3aHHBIX C OKHMCIIEHMEM MOJEKYJSIPHOM Cepshl, Xejaesa HIH
OpraHMYeCcKVX coeIuHeHUH. BopIMHCTBO 3KCTpeManbHBIX TepMod-
JIOB He CBS3aHO OJIM3KUM pOUCTBOM C HETEPMOMUIBHBEIMH H30/TaMU.
BhisicHeHHe MeXxaHH3MOB, obecre4yBaloniuX aKTHBHOE CYLIECTBO-
BaHHE NPH BEICOKHX TEMIIEpPaTypax, MpensarCTBYIOLIMX B HOPME POCTY
[TOABASIONIETO GONBIUMHCTBA MPOKAPHOT, NPECTABIAET HECOMHEH-
HBIi1 uHTEpec. [IpoBefeHHBIE B 3TOM HanpaB/JIeHHH UCCIeIOBaAHMA MPK-
BN K yOexneHn1o, 94To TepMO(MIUTHS BKIIOYAET MHOXECTBO MOJIEKY-
NSSpPHBIX MEXAaHM3MOB M He MOXeT ObITh O0BACHEHAa TONBKO KaKHM-
HHGYL[]: OOHHM CBOMCTBOM OpraHu3ma. ﬂpe,m]o}i(eﬂo HECKONBKO I'MITIOTE3
isi obbscHEHUs NpUPoAsl TepModunuu. OaHa U3 HUX MOMYePKHBAET

! Mosieunuch ny6mukamuy o6 oBHapyxeHHM GakTepuii, cNOCOBHLIX pacTH NpH
Temiepatype Bomml 250--300°C u paBneduu 265 arM (NpH TOM JaBJEHHH BOna B
KHIIKOM COCTOAHHUM MOXET HaxomuThes 1o 460 °C). BTy bakrepun BBIIEACHH W3 ITpod
BOIE], NMOTHATHIX € ry6HHE 2560 M Hax noBepxHocTh0 Tuxoro OkeaHa, Tac Ipeano-
JIOXMTENBHO OHM CYILECTBYIOT B FOPA4UX CTPYAX, BHIOpachiBacMBIX HA IHE OKeaHa TaK
HAILIBACMEIMM «4CPHEIMM Ieifaepamu». [[aBneHue B padione oGHapyxeHus GakrepHi
0K0/10 250 aT™, a TemMIepaTypa oAbl MoxeT ObiTh Britue 350 °C. B cBA3M € 3THM Hcce-
IOBATENIM HAYHMHAIOT MepeOLIeHUBATE rPAHULLI YCTOBUH, MPH KOTOPEIX CMOCOGHE! pa3-
BMBATECH TIPOKAPMOTH. BBICKA3KIBAaCTCH NPEANOIOKEHHME, YTO NMPOKApHOTEl MOTYT Y-
LIECTBOBATL BE3/IE, [OC ECTh BOOA B XMIKOM COCTOSHMM M IDOCTATOUHOE KOJIMMCCTBO
ITUTATENILHEIX BCLUECTR.
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pons MeMOpaHHBIX TMOUNOB. 3BeCTHO, YTO HACBILIEHHBIE XHPHBIE
KHUCNOTHI, BXONSALIUE B COCTAB JIMMHUAOB, UMEIOT H0oJiee BHICOKYIO TOY-
KY IUTaBJIeHUS MO CPaBHEHMIO C HCHACBHIUCHHBLIMH. YXKe HaBHO ObLUIO
3aMeYeHo, YTO JIMIIMAEI TEPMOOMUIOB UMEIOT 0OJiee BHICOKHE TeMIIE-
paTypsl TaBNeHUs, YeM JIMITUAL! Me30UNIoB, YTO HOCTUTAETCS BO3-
pacTaHHeM comepXaHusA HACHIIeHHBIX XHPHBIX KHCNOT B MeMOpaHax
TIpH MOBBILIIEHWY TEMIIEPATYPEI KYIBTUBHPOBaHUs. Ha ocHOBaHMUM 3THX
IOAHHEIX M OBUIO BBICKA3aHO TIPeNITONIOXEHHE, YTO JIMIIMAB MUIPAKOT
OMpeaeNeHHYIO POJib B MOJIEKYJISIPHBIX MEXaHU3MaxX TepMoGMIMH, CITO-
coOCTBYS TepMOCTADUIBHOCTH MeMOpaH, ¥ 4TO HUXHAA TeMIlepaTyp-
Hasg rpaHuIla pocTa TepMOQUIOB OMNMpeAeseTcs TEMIEepaTypoi Iias-
JieHUs1 MeMOpaHHBIX JTUITHAOB.

MHorre uccienoBaTe/ii CYUTAIOT, YTO ONpPENEISIOLIAS POJIb B Tep-
MOMQWIMK TpHHALAEXUT OeliKaM, B NEPBYIO o4epenb (pepMeHTHLIM.
C 37HX NO3ULIMI OCHOBHBIE TEMITEPATYPHBIE TOYKH TepMOQIIIOB 3aBU-
CAT OT KOH(OPMALIMH ONHOTO MK HEeCKONBKMX KIIOYEBLIX (PepMeH-
TOB: NP MUHUMANBHONM TeMIlepaType pocTa NMPOUCXOAHUT Mepexof oT
YecTKoiH HeakTHBHOM KoHGopMaiu GeJIKOBBIX MoJJeKyi K KoHGopMa-
LMK ¢ OrpaHHYeHHOH rHbKOCThIO; ONTHManbHAsg TeMIeparypa pocTa
onpenenser Haubonee GraronpusTHOe KOHGOPMALMOHHOE COCTOSHUE
depMeHTHBIX O€KOB; NpY MAaKCHMANBLHOH TeMMepaType HavyuHAalOTCs
HapylueHHs KoHbopMaluy DenkoB U CHIDKeHHE UX QepMEHTATUBHOM
aKTHMBHOCTH, a BBIILIE 3TOM TEMIlepaTypEl POCT NPEKpallaeTcsl BChe -
CTBHME TEIUIOBOI NeHaTypaluuu OenkoB.

B onHoit M3 runore3 tepMoUINKU DOCTYJIUPYETCH TEPMOCTAGIITb-
HOCTb CTPYKTYPHBIX KOMIIOHEHTOR KieTKu TepModunos. Oka3sanoch,
YTO KJIETOYHAs CTeHKa, mMemOpanbl, pubocoMbl TepMOMIIOB 3HAYH-
TesibHO Oonee TepMOCTAOMIIBHBI, Y€M COOTBETCTBYIOIIME CTPYKTYpBI
mesohunos. OcobeHHO GoJblIOe BHUMaHHE B 3TOM ILIAHE IIPHBJIEKA-
10T KJIETOYHBIe MeMOpaHbI.

PazobpanHbie Bblllie TMNIOTE3bl, BEPOSATHO, BHOCAT OIpeNeNeHHbIH
BKJIaj B MEXaHU3M TepMOGUINM, TONOMHSA APYT APYra, XOTd HE MC-
KIIOYE€HO, YTO MOJEKYISAPHLIE MEXAHU3MbI 3TOI'O AABIIEHHSA MOTYT OBITL
SHAYHUTENBEHO LTHUPE U 1A X NMOHHMAaHHA HCOBXOI[HM]:I AOTMMONTHUTE b~
Hple cceioBaHusl. B npypone HeT 4eTKoro neneHus Ha TPy, pe-
cTaBlieHHbIe Ha puc. 36. M3 pucynka BHIHO, YTO OTMEYEeHHBIE HA HEM
ONTUMANbHBIE TEMIIEPATYPHBIE 30HBI TSI PA3HBIX TPYIIT 06pa3yioT MOYTH
HeIpePHIBHBIA pAI TeMIIepaTyp, a TEMIEpaTyPHBIC AUAINa30Hbl, JO-
MyCKAaKollMe POCT BRAETEHHBIX IPYII, 3HAYUTENBHO [epeKphIBAIOTCS.

OTHOWEHWE K KWCNOTHOCTU Cpeabl

JlaBHO M3BECTHO, YTO KHUCIOTHOCTL Cpenbl (KOHLEHTPALUS BOMO-
poOHBIX HOHOB, pH) sBNgeTCA BaXHBIM (HAKTOPOM, ONpeness oM
BO3MOXHOCTB CYIIIECTBOBaHUSI NPOKapuoT. KOHLUEeHTpalms HOHOB BO-
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Iopola B OKpyXaloieil cpene neiicrByer Ha OpPraHu3m npamo (Hemo-
cpencTBeHHoe Bo3neiictBue H*Y) mnu koceeHHo (Yepe3 BIMsHME HA
HOHHOE COCTOSIHME M NOCTYIIHOCTE MHOTHX HEOPTAHHMYECKMX HOHOB U
MeTabonuToB, CTaOUILHOCTE MaKPOMOJNEKYJ, PABHOBECHE 3NEKTPH-
YeCKHX 3apsloB Ha MOBEPXHOCTH KIETKY).

Ilpu Hu3KKX 3HaYeHusX pH pacTBOpHMOCTH YINEKMCIOTEI, SIBJISIO-
LIEHCsT OCHOBHBIM MM JaXe eMMHCTBEHHBIM HCTOYHMKOM YIJIepona
I ABTOTPOMHEIX NIPOKApHOT, MOHIDKAETCS, a PACTBOPUMOCTE HEKO-
TOpbIX MOHOB (Cu?*, Mo?*, Mg?*, AI**) Bo3pacTaeT U ZOCTUTaeT YpOB-
Hel, TOKCHYHBIX IS MHOTMX Tnpokapuot. HaoGopoT, Mpu BBICOKMX
3Hauenuax pH pacrBopumocTh MHoruX katioHos (Fe?t, Ca?*, Mg?*,
Mn?"), HeoBXOMHMMBIX KIIETKE, PE3KO MOHUXAETCH, OHHM BHINANAIOT B
0CanoK M, TaKMm 00pa3oM, CTAHOBATCH HENOCTYITHLIMH IS Opra-
HU3MOB.

pH BrusieT Ha cocTosHUE BellleCTB B OKpYXatouieit cpene. Opranu-
yecKie KUCIOTHI B KMCHIOH cpene HaXxooATcs B HeUCCOLMMPOBAHHOMR
c¢dopme, B KOTOPOH JIerKo NMPOHMKAIOT B KJETKY, CTAHOBACH TOKCHY-
HBIMH 115 Hee. KoHuenTpamma H* BHew el cpemst Bausier ¥ Ha paB-
HOBECHE MEKTPUYECKHMX 32pANoB Ha MOBEPXHOCTH KIIETKH: NMPH HU3-
KHX 3HaYeHusix pH yBenuyMBaeTCss CyMMapHBIH MONOXUTENBHEIN 3a-
psil, TIPH BBICOKUX — CYMMAapHbIi OTPHLIATENBHBIN 3apsii.

B MupoBom okeaHe u Ha Gonbiieil 4acTH CYIIN KOHLIEHTPAKS BO-
JOPOIHBIX HOHOB MOANEpPXHMBAETCS B OOBOJBHO Y3KOM IMana3oHe,
ONTUMANBHOM JUIS pocTa GONBILIMHCTBA MPOKAPHOT, NpPEarnoYyuraio-
LMX HelTpanbHBle WM chabouienoytsie ycaoBud. JloBoasHo yacto
BCTPEYANOTCA YMEpeHHO KHMC/IBble NMpUpPOIHbE cpensl, uMmeloiue pH
okoso 3—4. 310 MHorwe osepa, Kucibie 00/0Ta, HEKOTOpPEIE HCTO-
uieHHble mouBbl. Cpenpl ¢ Gonee Hu3kMM pH ype3BbIYATHO penky;
pH 3 ¥ HIXe MMEIOT 0OBMHO TEPPHKOHLI YIOJMBHBIX IIAXT, ApPeHAX-
HBIE€ BOIAbBI, PYIHHYHBIE CTOKH.

K naubGonee KHMCIBIM M3 NPUPONHBLIX CPEHN, BEPOATHO, OTHOCATCH
ropsayye KHCIble HCTOYHUKH ¥ OKPYXAIOIHE HX ropsayMe KUCIbIE Mo-
yBbl, pH koTopsx MOXeT mocturarb 1. M3 3TMX MecT 6bUTH BhIIENIEHBI
OaxkTepuu, SBISIOMIMECH OSHOBpeMeHHo TepMOGMWIaMu M auuaodu-
namu. 3ro Sulfolobus acidocaldarius, dbaxynbTaTMBHO aBTOTpOGdHAs ce-
pookucnAwLan apxebakrepusi, pactymas B obnactu pH or 1 no 5,8
(onTumaneHasg obnacte pH — 2—3). TemnepatypHbiif OIITUMYM Bbillle
70°C. S. acidocaldarius — oGurarenb rops4Mx KHCIBIX UCTOYHUKOB,
pacnonoXeHHbIX B pa3HbIX YyacTax 3eMHoro wapa. Jlpyrue oburarenu
Takux MecT — Bacillus acidocaldarius, Bacillus coagulans, Thermoplasma
acidophilum. V13 tex xe Mect (obnacty, roe TeMneparypa Huxe 55 °C)
BryieneH U Thiobacillus thivoxidans.

Berpeualompecss B MpUPO/IE LENOYHbBIE YCIOBHS OOBIYHO CBA3aHBI
¢ nmousamMu. TakoOBBl MO4YBLI, OOOrallleHHBIE LIEAOYHBIMM MHHEpANa-
MM, IKCKPEMEHTAMH XHBOTHBIX, pa3iaraioiiumMucyg benkamu. B takux
noysax pH moxer nocturate 10. ObHapyxeH»b! TakKe LIETOYHBIE 03epa
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u ucTouHu KK, pH Koropeix § — 11. M3 Takux MecT BblaeNAeHbI NPENCTa-
BuTenu ponos Bacillus, Pseudomonas, Flavobacterium, Streptococcus
u 1np. Hexoropsie U3 HUTpaT- M cyibdaTBoccTaHaBIUBaOMMUX 6akTe-
puit MmoryT cyiecTeoBarh ipy pH eeiie 11. Hnanobakrepuy 06UIBHO
pacTyT B nmpupoiHbix cpenax ¢ pH no 10.

B 3aBUCHMOCTH OT OTHOLIEHHA K KHCAOTHOCTH Cpellbl MPOKApHO-
ThI MOTYT OBITh pa3iesneHsl Ha Heckobko rpymr (puc. 37). Onrumans-
Heli pH ons pocta nmopasnsollero GoNbLIMHCTBA MPOKAPUOT, HA3bl-
BaeMbIX HelTpodunamMu, — obnacte, OnM3Kas K HelTpankHOM, a pocT
BO3MOXEH, KaK NMPaBUIo, B AManasoHe oT 4 1o 9, cyuraroniemMcs Hop-
ManpHBIM. THNMUMYHBIMM HeHTpoQUIaMU ABISIOTCS pa3Hble LITAMMBI
Escherichia coli, Bacillus megaterium, Streptococcus faecalis. Ilpenens-
Hble oOHapyxeHHble rpaHuubl pH 118 pocra npencraBUTeneil Mupa
NpoKapHoT npubnu3uTtenbHo ot 1 no 12. XoTs MHorue crnocoOHEI pac-
TH WIW BBDKUBATh IpH 3HavyeHUsx pH, mexanwix 3a npenenaMu Hop-
MAaJBHOIO MUAIAa30Ha, ONTHMYM KX pocTa 0ORYHO HAXOAUTCS BHYTPH
3TOro Avana3oHa. Takue MpoOKapHOTHI CYHMTAIOTCH KHUCIOTO- WM Lie-
JIOYEeYCTOHYUBRIMY (TONEPAHTHEIMK). K KMCIOTOYCTONYUBEIM OTHOCSHTCH
MHOrue 6akTepum, MpoAYLUPYIOLIUE OPraHHYeCKUe KUCIOTbl, HANpH-
MEp YKCYCHOKMCIIbIE, MONIoYHOKUCEIe K ap. ITlenoueTonepanTHel MHO-
rve u3 3HTepobakTepuii, ycToluuBLle K 3HaYeHusM pH, OaM3kuM K
9—10.

¥V HeKOTOPbIX BUAOB afalTallis K KACTOTHOCTH Cpeibl NpHUBena K
TOMY, 4To onrtiMyM pH mns pocta nepemectincs B kucnyio (pH 4 u
HIKe) unu nienoyHyio (pH ot 9 u Beiuie) 30Hy. Takue NpoKapHOTH
Ha3BaHbl AUKMAOGWILHBIMKM HIM ATKAN0QWIbHEIMKM (KHMCNOTO- WK
menoYentobuBbpIMK) cooTBeTCTBeHHO. Cpenu obenx rpymm BHAENSIOT
obnurarHeie GopmMpl, MoTepsBlLIMe CNOCOOHOCTL pacTH B HeHTpamb-
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Puc. 37. I'panviibl ¥ ONTHMANBLHBIE 30HLI POCTA NPOKapHOT B 3aBUCHMOCTH
oT pH ® ocHOBaHHAas Ha 3TOM MX KlnaccHpPHKALIMA:
I — HeiiTpodunel; 2, 3 — rpynnsl KMCIOTOYCTOMYMBRIX H 11E10YCYCTORYMBRIX MPOKa-
PMOT COOTBCTCTBEHHO; 4 — ammpodune; 5 — ankanoduner; A, b — obnurarHeie M
(paKybTaTHBHEIE (DOpMBI COOTBCTCTBEHHO. 2KHpHOHU NHHUe# BRIIENeH ONTHUMAILHBIN
pH pocta

138



Hoil obnacty, u GakynbTaTUBHBIE, COXPAHMBLIME 3TY CIOCOBHOCTE.
TyunuuHBIMK NTpefCTABUTENSIMY OONMUIaTHRIX aUMAoMUIoB cnyxar 6ak-
tepuM pona Thiobacillus. 3 ankanodunos K oOAUMraTHEIM MOXHO OT-
HECTH HEKOTOpLIX NpenctasuTeneil popa Bacillus.

EcrecTBeHHO, 4TO COCOOHOCTE K pOCTy TIPM HU3KHX MU BBICO-
KX 3HauyeHusX pH obecneuyuBaeT opraHM3MYy ONpeleNeHHbIe Mpe-
MMYLIECTBa, TaK KaK B 3THX YCIOBHSAX PE3KO OTPAaHHYE€Ha KOHKYpPEH-
LIMs CO CTOPOHRBI APYTUX opraHu3MoB. MexaHu3M (MM MeXaHU3MbI),
obecneyMBalolMili CTaOUNBHOCTH KJIETOK M BO3MOXHOCTE WX aKTHB-
HOro pasMHOXEHHS NpPH BBICOKMX M HHM3KMX 3HaYEHHUSX KHUCIOTHO-
CTH, Heu3BecTeH. EcTecTBEHHO, YTO Hanbonee COBepIIEHHBIMH Ta-
KHe MEXaHM3Mbl JOJDKHE OBITh Y OGJIMIaTHbIX anuao- U ankanobu-
JioB. [Inst nepBBIX NMOKa3aHO, YTO OHKM He MPOCTO MEPEHOCT BHICOKME
KoHUeHTpauuu HY, Ho HyXIaloTes B HUX Ui pOCTa U CTAOWIBHOCTH.
Hanpumep, Thermoplasma acidophilum nusvpyercs nipu pH Boiie 5.
B To e BpeMsl BCe M3MepeHUs BHYTpHKIeTOYHOoro pH, npoBeneHHbie
y TIpeacTaBUTENel rpymnn obAMraTHHIX alMao- M alkaloduios, He
OCTAaBJAIOT COMHEHHIT B TOM, YTO OH He cooTBeTcTByeT pH BHeul-
Hell cpeibl. Y BCEX H3BECTHBIX allMAO(HIOB 3HaYeHWE BHYTPHKIIE-
TouHoro pH mopnepxuBaercsi okono 6,5, y HedTpoduios — 7,5,
y ankanodunoB — He Beilue 9,5. [IpokapuoTel, pacTyllyMe pU 3KCT-
peManbHBIX 3HaYeHHaX pH, BeipaGoranu pa3Hble MEeXaHW3MBI IS
MoANepXaHus cTabuibHoro BHyTpUkJieToyHoro pH. O6nuratHo auu-
nobunsHas 1. acidophilum, Hanpumep, MoOANEPXUBaeT rpaaueHT pH,
cocTaBAglOLMA 4,5 eqMHUIBI, BEpOATHO, MACCHBHO, 3a CYET He-
nponuntaemocty IITIM s wonos H* (knerounas cTeHka y 3toro
OpraHM3Ma NOMHOCTHIO OTCYTCTBYET). Y OpyrUux NMpoKapHoOT LOMOJ-
HutenbHo K I[IIM TakuMm GaperepoM CHyXHT KI€TO4YHas CTeHKa.
Y psina auunodunos ApH moanepxuBaercss 61arofapsi akTHBHBIM
MeTaboMMYeCKUM NpoleccaM, B OCHOBE KOTOPBIX JIEXKAT CBA3AHHEIE
¢ MeMOpaHOH MeXaHU3MBbl 3HEPro3aBUCHMOr0 BEITANKUBAHUS HOHOB
Boflopoza (MpoTOHHBIE MOMIILT). ¥ o0MUraTHRIX ANKanoQUIOB B MOA-
IepxXxaHuM nuTonnazMatudeckoro pH, Gonee HU3KOro Mo cpaBHe-
HHMIO ¢ HapyXHBIM, Beayuiasd ponb npuHamiexutr Nat/HT-antu-
NOpTEPY, KATATU3HPYIOILEMY ABMXEHHE BHYTPb KJIETKH NMPOTOHOB
B 0OMeH HAa MOHB! HATPHs, B KOTOPBIX 3TH OaKTEpHMM HYXIAIOTCS
(cM. puc. 26, b).

B nm1060m cnyyae ocHOBHBIMH OapbepaMK, 00ecTIeyHBAIOIIUMH He-
obxonuMeiit ApH y o6nurarHeix almno- ¥ aIKano(UIoB, CAyXaT Kie-
ToyHas creHkKa U [IITM. IMouckn ocobeHHOCTEN CTPOCHHS 3THX Kile-
TOYHBIX CTPYKTYP He MPUBEJIH [10KA K paciuM(poBKe KOHKPETHBIX Me-
XaHHU3MOB MX YCTOHUYHMBOCTH K BBICOKUM KoOHueHTpauumsm H* u OH-.
HewusgrecTHO Takoke, moyeMy oOMHMraTHeIe aluaoUILl M ATKaT0(QUIB]
MOTEPSIA CIIOCOOHOCTE PACTH B HEMTpANTBLHOM cpene, T. €. moYeMy BbI-
COKME KOHIIEHTPAalUM 3TUX MOHOB CTAMH JUIS HUX COBEpLUEHHO Heob-
XONHMBIMH.
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Cpenu 0GMHraTHBIX aLUAO(MMIOB YETKO BEUIEIIIOTCS OBe husnoo-
rayeckue rpynmel. K repBoii OTHOCATCH OPraHU3Mel, PacTylLlMe B KMC-
JICH cpelle TIpH yMepeHHbIX Temrepartypax (Me3doduibHble anuaodu-
JIbi); B 3TY IPYIIY BXOUAT NpeacTasuTe pona Thivbacillus. Bropyio
rpynmny obpasyior TepModuabHbie anuaodhuisl, Hanpumep, Bacillus
acidocaldarius, Sulfolobus acidocaldarius, Thermoplasma acidophilum.
H3yyeHMEe CTPYKTYPHEI M XMMHUECKOTO COCTARa KIETOYHOH CTEHKH H
memOpaH THOGALMAN NMOKAa3alo, YTO OHM MMEIOT CTPOEHHE, THIWY-
HO€ IIId rpaMOTpHLIATeNBHEIX 3yDaxkTepuii. Y tHoGaimin He obHapy-
XKEHO KAKHMX-JIMOO onpeneneHHBIX CTPYKTYP MIH XMMHUYECKUX KOMIIO-
HEHTOB, OTBETCTBEHHbIX 3a allUAO(DWIHIO.

Cpenu TepModuibHbIX anuaodunos HabnooaeTcss 3HAYUTENbHOE
pa3Hoobpa3ne B CTPOEHHH M XMMHMYECKOM COCTaBe KIETOYHOMH CTEHKH
u memOpan. Harmpumep, y sybakrepuit B. acidocaldarius xnerounas
CTeHKa IOCTPOeHA U3 TUITMYHOrO MENTHACINIMKAHA, a Y apXebakTepHu
S. acidocaldarius cCOCTONT K3 PErYNSPHO PACIIONOXEHHEIX Ha KIETO4Y-
HOH mnoBepXHOCTH OenKoBbIX CyObelWHHL], NPOYHO CBA3AHHLIX C
LIITM; nenTyHIorNIMKaHa B COCTABE KNETOYHOH CTEHKH He obHapyxe-
HO. Y MHKouiasMononobHo# apxebaxrepun T. acidophilum soobiie
HET KJIETOYHOM CTEHKH.

B memOpanax TepModUIbHBIX allMaohUI0B OOHAPYXXEHBI THITHAbI
HeOoOBIYHOI0 XMMUYecKoro ctpoennst. Y B. acidocaldarius KoMnoHeH-
TOM JIMOKAOB CIYXaT XHUPHbIE KHCIOTH, COAepXallle 1HKIUIECKUE
rpynnupoBKH; y S. acidocaldarius n T. acidophilum — nunumel, B co-
CTaB KOTOPbIX BXOAST MIMHHbIE YIneponopoatsie uenu (Cyy). Meko-
YWTeNLHBI MHTEPEC B 3TOM IUiaHe npexactasnser 1. acidophilum, LITITM
KOTOPOI{, HEeNocpelcTBEHHO KOHTAKTHPYIOLIAd ¢ BHeIUHEeH cpenoii (ro-
pA4eil M KUCNoi), oTnu4yaeTcs HeoObNalHO MPOYHOCTLIO: HE pa3py-
1aeTc npu HarpesaHuMH noutu oo 100 °C, obpaborke HEHOHHBIMH
JeTepreHTaMH, HeKOTOPEIMU (hepMEeHTaMHM, YIbTpa3ByKoM. CumMTaeT-
csi, yTo MeMbpaHa T. acidophilum HanGonee XecTkas U3 BCEX M3BECT-
HbIX KJIeToYHbX MeMOpaH. B MeMOpaHHEIX Genkax 3Toi apxebakTepHn
He HalieHO HeoObBIYHBIX aMMHOKHCNIOT. OTMEYEHO TOJIBKO PE3KO CHH-
XKEeHHOE KOJIHYECTBO ITOISPHBIX IpyIin, oOyciosinBailiee ruapodot-
Hyio npupony IITTM.

O6HapyXeHHbIe Y TepMODWIBEHLIX alTHICGKIOB 0COOEHHOCTH XH-
MHYECKOTO CTPOEeHHS MeMOpaH Henb3s, OAHAKO, MpAMO CBA3aTh CO
CBOMCTBOM allMAOMDMILHOCTH 3THUX OPraHM3MOB, TaK K4AK OHHM OIHO-
BPEMEHHO HaXOSTCs 1Mo ABOKHBIM CTPECCOBBIM BO3NCHCTBHEM (TEM-
TepaTypbl U KUCAOTHOCTH cpelibl), TeM Donee 4TO MX Me30(hUIbHEIE
aHalory (npeacrasuTenn poga Thiobacillus) HIMeIOT JOBOIBLHO THITHY-
HbI XHMHYECKHI{ COCTaB KJIETOYHON CTEHKH U meMOpaH.

Y obnuraTHBIX aNKaMOMMUIOB MIOKA TAKXKEe HE 0DHApPYXEHO KaKHX-
60 ocobeHHOCTEH B CTPOEHHH M XMMHYECKOM COCTABE HMX KJIETOY-
HBIX cTeHoK U [[ITM. Ankanodumnsl npeAcTaBasd0T O0ONbLIOH HHTEpEC
C TOYKH 3pEHUs MX SHEPreTHMKH, TaK KaK IpH KYJILTHBHPOBAHHH
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B onTuMansHeix yenopusax (pH 9,0—10,5) xouuentpanus HY Bo
BHelIHEH cpelie, KaK IMPaBHIO, HHXE, YEM B KNETOYHOM IMTOIUIA3-
me (pH 8—9) u, crenoparensio, co3naHie NPOTOHHOIO rPajyeHTa B
COOTBETCTBHH C XeMHOCMOTHYeCKo# Teopueit [1. MuTyenna Bctpevaer
onpeleneHHbIe TpyaHocTH (cM. puc. 25). HepasHo GbUIo nokasaHo, YTo
ANKanoToJepaHTHEIE M ankanoduibHHe OakTepuH npy pabore Ablxa-
TeJILHOH 3JIeKTPOHTPAHCIIOPTHON LIENH OTKaYMBAalIOT BO BHELIHIOIO
cpelly He ITPOTOHbI, a HoHBI Hatpus. [TonyyeHo AOKA3aTEILCTBO CyLIE-
cTBOBaHUA B MeMOpaHe, reHepupylollei HaTpueskiii moteHu|an, Na*-
saBucuMoil AT®-cuHTa3kbl, cniocobHoil cuHTesupoBats ATD 3a cuer
Alin,+ Bee nmu ankanoduisHele M aNKAJIOTONEpaHTHEIE ODaKTEpHH MO-
[YT TAKMM IIyTEM ITONY4aTh 3HEpruio, He u3sectHo. OMHAKO €CTh JaH-
Hbi€ O TOM, YTO OGMMraTHeie ankanoduibl COXpaHWIH cIOCOOHOCTB
cuHre3upoBath AT® ¢ yyactem HY—AT®-cunraszsl [ockonsky ApH
Yy HUX MMEET MPOTHUBOITOJIOXHYIO HATPaBIEHHOCTE, ABMXKYIEH CHUIOMH
CIYXHT 3JIEKTPHYECKAH KOMITOHEHT — Ay, 3HaYeHHEe KOTOpOTO MO-
*eT pocturats 150 — 180 mB.

Fmaea 10

FEHETUWYECKWE MEXAHW3MbI 3BONOLIWA NMPOKAPUOT

Bcs uHdopmalys o NpH3HaKax, IMPHUCYLLIHX OpraHu3My, cocpeno-
ToYeHa B ero reHeTuyeckoM annapate. OH obecrieunBaeT COXpaHeHHE
H BOCITPOH3BEAEHHE 3THX MPH3HAKOB B MPOLiecce Pa3MHOXEHUS opra-
HM3Ma, TaK KaK BO3HUKAIOIlHe [o4YepHHe ocobHM oOHapyXuBalOT B
GOJBIIMHCTEE C/IY4aeB MOJIHOE CXOACTBO C POOHTENECKHMHE (hopMaMu.
BT0 roBOpPUT © TOM, YTO reHeTHYEeCKHi anmapaTr obiafaeT BHICOKOM
CTaOMNIBHOCTEID W TOYHOCTBIO MEXaHHM3MOB, 0fecrneYMBaloluX ero
¢dyukumuonnposadye. OoHAKO CTabMILHOCTE FeHETHYECKOIO anmnapara
He abco/moTHa, Tak KakK 370 MCKIIIoYano Obl BCAKYIO BO3MOXHOCTh €r0
H3MEeHEHMI M, CleNOoBaTeNIbHO, 3BOJIIOLHMOHHLIX MpecOpa3oBaHUid,
MpUBEALINX B KOHEYHOM HTOre K BO3HHKHOBEHHIO pa3HO0OpasHBIX
(hopM XU3HH, CBUAETENSIMH (M MPEACTABUTENSIMHU) KOTOPBIX MBI AB-
nsemcsi. TakuM oOpa3oM, reHeTHYeCKH i annapaT nomkeH OHITE opra-
HH30BaH TakK, 4ToObi, C OHHOM CTOpOHLI, obecrieyuBaTh CBOKO CTa-
OWIEHOCTS, C APYTOM — GBITH AOCTATOYHO MUIACTHYHBIM, T. €. o0anarh
CIOCOBHOCTBIO K H3MEHYMBOCTH.

B aT0it raBe MBI OGCYIHM TIPUMEHMTENBHO K MPOKAPHOTAM BO-
MpOCHl, KACAIOIIHECS OPraHN3alil U (DYHKIIMOHHPOBaHUSA TeHeTHYe-
CKOro ammapaTta, ONpede/Aiolero CBOKCTBA HacJIeNCTBEHHOCTH H
H3MEHYHMBOCTH, a TakKe H3MEHEHUsS B reHETHYECKOM MaTepHale M
MPOLIECCEH], MPUBOASIINE K 3THM H3MeHeHHAM. IlocTtapaeMcs Takoke
OLIEHUTH BKJIAA KaXJ0ro M3 MpoLECCOB B 3BOJIIOLHIO NMPOKAPHOTHBIX
OpraHHM3MOB.
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MeHeTUYeCKWI annapaTt NpoKapuoT

Kak 3To HH KaXeTCs B HACTOsLLIEe BpeMs MapagoKCalbHbIM, HO IO
40-X rr. HalIEro CTONETHS HEMHOTHE MUKPOOHOJIONH AyMalu, YyTo Oak-
Tepuu 00/1A0aKT HACHEACTBEHHOCTHIO, OCHOBAHHON Ha TeX Xe MpHUH-
1IMIIaX, KOTOPEIE YCTAHOBIEHK U BRICIIMX opraHu3MoB. [Ipokapuo-
THl HE UMEIOT HH OGOPMIESHHOro S1pa, HH XpOMOCOM, aHATOrMYHBIX
TAKOBBIM 3YKAPHOTHBIX KJIETOK, IMO3TOMY CYMTANM, YTO OaKTepHH B
reHeTUYeCKOM OTHOIUEHHMH NPSOCTABASIOT coboi HeyIopsAno4YeHHYIO
dopmy xmznd. OmHMM M3 MEPBBIX K TIOHMMaHHIO Toro, Y10 OaKTepHu
¥ BBICIIIHE OPraHHU3Mbl MOMYMHAIOTCH ODLLMM reHeTHYeCKUM 3aKOHaM,
nopoiuen M. beliepHHK, OMUCaBIIKK y MPOKAapHUOT cTa6WibHEIE, JIer-
KO pacno3HaBaeMble M HacjeQyeMble H3MEHEHUS,

IeHeTuyeckuii Matepuan nwobok xkneTku npeactasneH THK, un-
tbopMalMOHHBIE CBOMCTBA KOTOPOH OIpEeNensroTes crnelidgpruYecKoin
MOCTENOBATENIBHOCTRIO YETHIPEX HYKJIEOTHIOB B IMOJWHYKIEOTHIHOMN
ueny. ITonykoHcepBaTHBHBIN MexaHnaM pervukanyu JTHK, B peaynn-
TaTe KOTOPOro M3 OJHOW POOUTENILCKOM ABYXIIEMOMHOM MOJNEKY/IbI
06pa3yloTcs ABe JOYEPHUE MOJIEKYNEL, COIepXKalllke 10 OQHON pomu-
TEJILCKOH M OAHOH BHOBL CHHTE3UPOBAHHOH KOMIIEMEHTAPHOMH I10-
JIUHYKJICOTHIHON Lieru, HAaWnyyiuum obpaszoM obecrieYMBaeT HICH-
TUYHOCTh HCXONHON M CUHTE3UPOBaHHEIX MOJEKYN H, CIEIOBATC/Ib-
HO, COXpaHHOCTH BUIOCITEU(DHUYECKOUN HACNENCTBEHHOM MH(OpMaLIH
B PSUTY MOKOJIEHMI KJIETOK M OpraHu3MoB (cMm. 1. 4). HYactora ombok,
BO3HMKAIOLIMX B IIpOLIECCE PeIUIMKALMU, mopsiika 107,

Peanusaims HacieacTBeHHONW MHGOPMAIMK B 1POLIECCE XKU3HEH-
HOIO LMKIA (OHTOIeHEe3a) OpraHu3Ma — [BYXCTYIIEHYATHIH [POLECC.
CHauana c onpeneneHHbix yyacTkoB JIHK undopmarius nepenucei-
BaeTcH (TpaHCKpMOMUpyeTCcHA) B BUIE KOMIUIEMEHTAPHBIX HYKICOTH/I-
HBIX nocaenosarensHocteit Monexyn nPHK, kotopas nepemeiiaercs
B LIMTOILIA3MY, CBsi3biBaeTcs ¢ pubocomamu u B pubocome ¢ uPHK
OCYILECTB/ISETCS epeBo (TPAHCASLKMS) reHeTHYeCKOH MHpopMalun
B OMNpele/ieHHYI0 MOCIeNOBATENEHOCTh aMUHOKHC/IOTHBIX OCTATKOB
Monekynol benka.

Iponecc TpaHCKPHUMIMKU HAXOOMTCA B KJIETKE MOJ CTPOrUM KOH-
TPOJIEM, TIO3TOMY MUMEET MECTO KaK HEOIHHAKOBOE TPaHCKpUOHpo-
BaHHe BO BpeMeHHM pa3HBIX yuacTkos JIHK (reHoB), Tak W HeOOUHAa-
KOBasi CKOPOCTb, C KOTOPO# reHbl MOTYT TpaHcKpubuposatkes. B pe-
3ynsTaTe KonuyecTso MoleKyn HPHK B KieTKe, KoMmiuieMEHTapHbIX
Pa3HBEIM NeHaM, CHWIBHO pa3nuyaercs. XoTs B LieJIOM MEXaHH3MEI CHH-
te3a JIHK m PHK cxomuwl, mpouecc TpaHCcKpunuup He obnanaer
TOM CTEeNeHkIo TOYHOCTH, KOTopas XapaktepHa s perukauuu JIHK.
Opnako nockonsky HPHK He cnocobHa K caMOBOCIIpOM3BEACHHMIO,
BO3HMKAIOLIHE MPH €€ CHHTEe3€ OIIMOKY B MOCEAYIOLIHX KIETOYHBIX
reHepanuax He BOCIPOU3BOIATCH M, CJEIOBATEIbHO, HE MOTYT Ha-
CJIEIOBaThCH.
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Hudopmaumontsie PHK cnyxar MarpruaMu sl cMHTe3a paziny-
HBIX GenkossIx Mosiekysl. Ilepeson reHeTHyecKoil HHGOPMAaLIHH C «I3bI-
Ka» HYK/IEOTUIIOB HA <«H3bIK» aMUHOKMCIOT — CIOXHBIH MHOTOCTa-
JUWIAHBIA mpoliecc, BKIOYAlONMii aKkTHBALMI0 aMUHOKHMCINIOT, 06pa3o-
BaHHMe MMM KoMmIUlekcoB ¢ ocobeiM BuaoM PHK (TpaHcropTHBIMH
PHK, wm TPHK), Bzaumozneiictere 3tnx Komruiekcos ¢ MPHK, ces-
3aHHOI ¢ pHOOCOMOI, IIpUBO/siliee B KOHEYHOM HTOre K (DOPMHPO-
BAHMIO TOJMHUIETITUAHOK lI€NH, aMAWHOKHCIOTHBIH COCTAB KOTOPOM
HM3HA4YalbHO 3anporpaMMUpOBaH B onpencicHHoM ydyactke JTHK.
B ocylilecTBneHHMH KaX(0l M3 cTaaguid, BEMYIINX K CHHTE3Y MOJIEKYJIb]
Oenka, y4acTBYeT HECKOJIBKO Pa3IMYHBIX (hepMEHTOB.

XOTH MeXaHHM3M TPAHC/ALMK OTAHYAETCH BHICOKOM TOYHOCTHIO,
BEPOATHOCTH OLIIMOGKH B [1€JIOM BBIILE, YeM B CIIyYae CHHTE3a MOJIEKYN
JHK u PHK. Haubosee ya3BUMBIH 3Tan — «y3HaBaHHE» C [TOMOIBIO
c¢hepMeHTa aMMHOKMCIIOTH COOTBETCTRYIOLIEH Monekynoi TPHK. Tlo
HMMEIOIIHMCS JaHHBIM, 9acTOTa BO3HHKHOBEHHM ! OIIMOOK Ha 3TOM 2Tare
nopsinka 107, yTo U onpenenseT, BO3MOXHO, YPOBEHE TOYHOCTH ITpO-
1iecca cMHTE3a Oenka B nenoM. OnHako, Kak | B ciiydae cuATe3a PHK,
olMOKH B rpolecce TPaHCASILKMY, MPUBOJSAINKME K CHHTE3y H3MeHEeH-
HOM Monekylibl GesKa, He BOCIIPOU3BONATCH, €C/IM OHHM He 3aKONHPO-
BaHbl HCXOOHO B FeHETHYECKOM MaTepHale.

TakuM o0pasoM, MpoLecckl TPAHCKPUIILMH M TPAHCISIHM, Cily-
XKalllye I BhIpaXeHWs] B OHTOreHe3e IeHeTHYecKoil HH(pOpMaIHK,
HE TIPMBOJAT K HACJIEHOBAHHUIO HM3MEHEHHI, BOSHHUKAIOUIMX MNpPpH MX
DYHKIHOHHPOBAHHH. TOMbKO M3MEHEHHSA, IIPOMCXONIINUE B MOJIEKY-
nax JHK, Moryr coxpaHAThcs B psjy MOKOJEHHH, NMOCKOJNBLKY OHM
BOCIIPOU3BOISTCA B rpolecce pervinkauui. Cnefosare/ibHO, B CCHOBE
3BOJIXOLHMH [MPOKAPHOT JICXKUT crocoOHOCTL K MBMEHEHHMID TONLKO MX
reHETHYECKOI'0 MaTepHasia. ¥ NMPOKAPHOT BeCh FeHETHYECKHMI MaTepH-
an, HeoOXOAMMEBIM NS XH3HENEeATeJIbHOCTH, JIOKAJIM30BaH B OJHOMH
XpoMOcoMe, T.e. DaKkTepuaTbHas KIeTKa rarvionaHa. B onpeneneHHbBIX
YCIOBUSX B KJI€TKaxX BakTeprii MOXeT conepXaThcs HECKONBKO KOIMHUIA
XpPOMOCOMEI.

Y muorux baxrepuii 0OHapy>XeHbl HEXPOMOCOMHEIE FeHEeTHYECKHE
3JIEeMEHTHI: [UIa3MUAbI, YMEPEHHBIE (har ¥ MUTCPUPYIOLIME 3JIEMEHThI
(TpaHcno3oHsl B [S-aneMeHTHI) . [Ins miasMua XapakTepHO CTabub-
HOE CYIIECTBOBAHME B HEXPOMOCOMHOM COCTOSHHHK. TpaHCIIO30HB! M
[S-3neMeHThl BXOOAT, KaK IPAaBUIO, B COCTAB XPOMOCOM, HO CIIOCOG-
HBI IePEXONUTh M3 XPOMOCOMBI B TUIA3MMAY, IOSTOMY TakXe MOTYT
OBITH OTHECEHBI K HEXPOMOCOMHBIM FeHETHYECKHM 3JIEMEHTAM.

H3zyueHne HEXpOMOCOMHEIX FEHETHYECKHX 3JIEMEHTOB OOHapyXH-
10, yto obumit obrem JIHK, Bxonmsinmii B MX cOCTaB, IMpEBBILIAET
o0beM reHoMa Kaxnoi ocobn. Takum obpazoM, y npoKapuoT SofbLuoi
00BeM reHeTH4YecKoit HHPOPMAalMH 0KA3BIBAETCS] PACCPENOTOYEHHBIM

! Ot ayrn. <insertion sequences» — BCTABHHIE MOCTENOBATEEHOCTH.
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B HEXPOMOCOMHBIX 3JIEMEHTAX. BTO 3acTaBJsieT [I0-HOBOMY MOAXOAMTh
K BOnpocy 06 opraHM3aliMi reHeTHYeckoil HH(pOopMalli¥ B MUpPE IIpo-
KapuoT. B GakiepuansHOi XpoMOCOME JIOKAIM30BaHa reHeTUYecKas
HHGopMaL¥A, HeoOXonuMas [UIS CYLUECTBOBaHMS KOHKpPETHOIo BHUIA
OakTepHii B oripee/ieHHOM JHAra30He YCIOBHI BHEIUHEH cpeanl: mpH
HanM4HH HCIIONb3YEMBIX MCTOYHHMKOB yInepona, a3oTd, HOCTYIMHOCTH
HWJIH OTCYTCTBMH MOJIEKYJISSPHOTO KHCIopoga H T. 1. OcobeHHOCTEIO re-
HeTH4eckoil MH(pOpMal[HH, COlepXalleiicsi B HEXPOMOCOMHBIX 3Jie-
MEHTaX, SIBASETCH ee HeobA3aTeTbHOCTh JUIS XXU3HENesTENbHOCTH Gak-
TEpHi, T.€. B €€ OTCYTCTBME DakTepUasbHasa KIeTKa XU3HecrnocoOHa,
HO, KaK BHIHO M3 JalbHeMIlero Matepuana, BaXHas pojib HEXpOMO-
COMHBIX F€HEeTHYECKHX 3IEMEHTOB 3aK/IKYaeTcss B TOM, YTO OHH pac-
LIMPSIOT BO3MOXHOCTH CylecTBoBaHMA GakTepHaTbHOro BMaa, obec-
neyrBaloT oOMeH reHeTHYeCKMM MatepHalioM Ha OonsliMe paccTos-
HHMs 1O FOPH3OHTANM U MIPAKOT ONpeNeNieHHYI0 PONib B 3BOJIOLIMH
IPOKAapHOT.

ITnasmuasr o6HapyXXeHbl ¥ MHOTMX GakTepHit, NpUHALIEXAIINX K
pa3HBIM TaKcOHOMHKYecKHM rpynnam. Komnyectso roiasmuHoi JITHK
B KJIETKE cocTaBmieT 06bi9HO He GoJice HECKOJIBKUX IPOLIEHTOB OT
KJ1e€TOYHOTO FeHOMa, a yucio mnasMun konebnercs ot 1 go 38. Inas-
MHAbI — 3TO JIMHEHHble MY KOJLLIEBbIE KOBAIEHTHO 3aMKHYThIE MO~
nexynsl JHK, conepxammue or 1500 no 40000 nap HyxieoTHIOB.
BonbnMHCTBO TIa3MuEI COCTOMT M3 TpeX IpyImn reHos: yyactka JHK,
OTBETCTBEHHOIO 3a aBTOHOMHYIO PEIUIMKAIHIO TUIa3MHIBl B KIIETKE;
CHCTEMBI reHoB, o0ecrneYnBaloUX BO3MOXHOCTE NEPeHOCa TUTA3MMIL
13 OHOM KJIETKH B APYTYIO; TCHOB, OMNpPEAC/IAIONIMX CBOKCTBA, [TOMNe3-
HBle IS KJIEeTKU-Xo3auHa. OTiHuvTemHas ocoOeHHOCTD TIa3Mun, —
crocobHOCTh K ABTOHOMHOM PEIUTNKALIHK, MO3TOMY MUHHMAJIBHOE KO-
muyectBo JAHK, xoTopoe Moxer GbITh Ha3BAHO IUIA3MHOOK, — 310
(parmeHT, obecreuMBaIOLMii aBTOHOMHYIO DErUTMKALMI0 TUIA3MUI-
Hoii JIHK B KneTke Kak €JHMHOro ILesoro.

O6bI1YHO O NpUCYTCTBHM IUIA3MHKI B DaKTEpHANBHON KIIETKE CYIST
[0 TMPOSIBJIEHUIO OTpeAe/iEeHHBbIX MPH3HAKOB, K KOTOPBIM OTHOCHTCH
YCTONYMBOCTE K OTHENBHBIM JIEKAPCTBEHHBIM IIPErapaTaM, crocob-
HOCTh K MEPEHOCY reHOB MPH KOHBIOTAIMM, CHHTE3 BELIECTB aHTHOH-
OTHYECKO# MpHPOILI, criocOOHOCTH UCIMOIL30BaTh HEKOTOPBIE caxapa
win obecrmeuynBars Aerpajalyio psina seiects. M3 mepeurcieHHOro
BhILIE BHIHO, YTO TUIA3MMIBI JE/Ial0T BO3MOXHBIM CYIECTBOBAHME
OpraHu3MoB B 6oJlee HIMPOKOM JIHAINA30HE YCI0BHI BHELIHEH Cpensl,
T.€. AefCTBYIOT KaK ¢hakTophl ananrtanyu. Bonslnyio rpynny coctaBas-
10T rUIa3MUIbl ¢ HepaclIM(poBaHHBIMH (QYHKIHMAMHU; TAKHE [UIa3MH-
Jibl BLISIBJISAKOT € MCTOJIb30BAHNEM (DH3UMKO-XUMHYECKHMX METONOB.

Murpupyloiiye 37eMeHThI, NPEICTaBIeHHBIE TPAHCIIO30HAMU W
IS-aneMeHTaMH, — 3TO NHUHelHBle Monekynbl AByxHuTeBoit JIHK,
pa3Mepsl KOTopbix Konebmortces ot 200 go 6000 nap Hykneotunos. Ot-
JIMYUTENIbHASA OCOOEHHOCTh MUIPHPYIOIIMX 3JIEMEHTOB — MX HECITo-
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cobHOCTb K aBTOHOMHOM peruiMKaiuyl. MUrpupyionme aneMeHTs MO-
I'YT BCTPaMBATLCS B pa3Hbie YYACTKH GaKTepHAalLHOM XPOMOCOMBI HIH
MUIPHPOBATh ¢ DaKTEpHANILHOK XpOMOCOMBI Ha TUIA3MUAY; MX pPerUix-
KalMsl OCYLIECTBASIETCS M0 KOHTPOJIEM TeX e MEXaHHU3MOB, 4YTO U Y
COOTBETCTBYOIEll XPOMOCOMBI MITH IUIa3MUAbL, JacToTa nepeHocoB
(TpaHCMO3ULMKM) MHIPHPYIOUIMX 31€MeHTOB Konebnercs or 10~ mo
1077, I1S-3neMeHTH! cofepxxaT HH(HOPMaLUIO, HEOOXOAUMYIO TOJIBKO JUIs
HX [MepeHoca BHYTPU KJIETKH, HUKZKHX BBIABASEMBIX [IPH3HAKOB B HUX
HE 3aKOOMpOBaHo. TPaHCIIO30HK! YCTPOEHK G0/iee CIIOXHO: B HUX BKIO-
YeHbl HEKOTOPBIC [EHEI, HE HMEIOLIHE OTHOLUIEHUs K ITpoLiecCy TpaHc-
no3uiMH. M3BecTHBI TPAHCIIO30HbI, COOEPXAIIHE IeHbl YCTONYUBOCTH
K aHTHOHOTHKaM, HOHaM TSIKeJIbIX METAJUIOB M IPYTUM MHrHOMTOpaMm.

st mepeHoca MUTPHPYIOIIMX 3JIEMEHTOB MEXY KIETKaMH HYXeH
IIEPEHOCYMK, KOTOPBIM MOTYT OBITh OIIPEAEIeHHbIE IUTa3MUIbI MITH daru.
BerparBaHue MUTPHDPYIOLLMX 3/IEMEHTOR B HaKTepHaibHYI0 XPOMOCO-
MY OKa3bIBaeT MyTareHHOE JeiicTBHe, TAK KaK MPH 3TOM IMPOHMCXOIHT
BoueHre ¢parmenra JHK, npusonmsiiee K M3MEHEHHIO MOpsIKa
pacrionoxeHHsT HyKJIeOTUOOB B TPHILUIETe M, KakK CHeNCTBHE 3TOIO,
HApPYHIEHMIO Mpoliecca TPAHCKPUMLIHH.

MU3ameHeHne reHeTHYECKOro mMaTtepuana

IlepBoe, 4To mopasune MccienoBaTeNeil, Korla oHM nobmoxe mno-
3HAKOMMWJIHMCE C MHPOM IIPOKapHOT, — OrPOMHOE pa3Hoobpa3He npu-
CYILIMX HM MPH3HAKOB. BTO MOCAYXWIO B CBOE BPEMSI OCHOBAHHUEM JIIS
JHMCKYCCHH O TOM, CYLIECTBYIOT JIM Y IIPOKapHOT pealbHO OYEepYEHHEIE
BHbI, MEXY KOTOPBIMH HET NMEPEXOAO0B, WK XE HMEET MECTO IMOYTH
BeckoHeuHas BapuabenbHOCTH ONHOTO BUA, TAK YTO B KOHEYHOM MTOre
CaMO IMOHATHE «BUM» NMIPUMEHUTEIILHO K 3TUM OpraHU3MaM TepsieT TOT
CMBICH, KOTOPHIM B Hero BkiaaneiBaeTcsa. Criop Obul paspelueH mnocse
pa3spabotku P. KoxoM MeTona YHcTHIX KyAbTYp. BEUIO 10Ka3aHo, 970 U
y 6axTepuit BuI — 3To peansHocTs. [IpencrarneHus o npocrore nepe-
XONIOB MEXOY podaMH H BMAAMH OKa3alMCh HEBEPHBIMH.

B npouecce akcnepuMeHTALHOR paboTH C MPOKapHOTAMM HCCie-
HoBaTe/M YyacTo Habnoaanu, YTo NonyasuMs OJHOrO BHIA NPH KYJb-
TUBHPOBAHUHU B TeYEHHE JTMTEILHOTO BPEMeHH WM B pa3HBIX yCJio-
BHAX MOABEpXeHA M3MeHeHMAM. Hakonuioce orpoMHOE KOJIHYECTBO
GaKToB, WUTIOCTPUPYIOLIHX 3TH HM3MEHEHMs, ONHAKO MEXaHM3MEI,
JIeXallie B OCHoBe HabmooaeMBIX sIBIeHHA, 6bLTH HenmOHATHEL. M Tonb-~
KO yCIeXH, AOCTHIHYTHIC 3a TIocNeqHHE AeCATUNETUS B 00JIacTH HU3Y-
YeHHs CTpoeHUS M QYHKLHMOHHPOBAHUS MeHeTHYECKOrO anmapara rnpo-
KapHoT, MO3BOJIMJIA pa3o0paTecs B 3TOM BOIIpOCE.

IIpexpne ueM mepeXoAuTh K AaNbHelleMy H3N0XEHHIO MaTepHa-
Jia, Leneco0obpa3Ho BBECTH HEKOTOPhIE MOHATHA. '€ HOT M I O M, HIIM
reHOMOM, Ha3bIBal0T COBOKYITHOCTb BCEX [€HOB, MPUCYIIIHX HJaHHOMY
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OpraHusmMy, T.€. ero reHeTHdeckyio KoHctutyiuio. [lon peHoTHnomMm
MOHUMAIOT COBOKYIHOCTD IIPH3HAKOB, NPHUCYILLIKUX JAHHOMY OpPraHu3-
my. Okasanocs, 4YTo Bece HabnoaaeMble H3MEHEHHSA MOXHO pPasfelivTh
Ha aBa Tuna. K nepsoMy OTHOCAT T€ M3 HHX, KOTOpbIE, KaK MPaBUIIO,
NpPOSIBNAIOTCS Y Nofassisitolero 6onblMHCTBA ocobeil B MOIMyIsALHHA
[0pH H3MEHEHUH BHEITHHUX YCJIOBHIA M HabIogaloTcs 10 TeX Iop, MoKa
IeicTByeT (paKTOp, BEI3BABLIHIA 3TH M3MeHeHUA. Takoil THII H3MEHYH-
BOCTH TOJIy4HJI Ha3BaHHE HeHACJEACTBEHHOTrO, WIM MOJIH-
GHUKalKMOHHOTO, 4 CaMO SB/IICHHE HA3BAHO MOAUMDHKAIMEH.

Ko BTOpOMY THIy OTHOCATCHS H3MEHEHMs I[IPH3HAKOB, KOTODPBIC
MEpPBOHAYANBEHC BO3HUKAIOT KAK pelKue cOOBITHS B HOMyNSI[MH OCO-
Geir (c wacrotoit 1 Ha 10— 10" kierox). Eciu msmeHennsle ocobu
HMEIOT HEKOTOPOE MPEUMYLIECTBO IMepel] HeM3MEHEHHBIMM, BbIpaxa-
olfeecd B IOBLILIEHHOH CKOPOCTHM pOCTa WM XH3HecrocoOHOCTH,
OHH TOCTENEHHO HAKATUTMBAIOTCH B MONYNALMKA W BHITECHAIOT HCXOI-
Hble ocobu. M3yyeHre ocobeHHOCTEN BTOPOTO THIIA U3MEHEHMIA TIpH-
BEJIO K 3aKNIOYEHHIO, UTO MOCIeNHHE BO3HUKAIOT cy4aiino. M Hako-
HEIl, 5TH M3MEHEHHUH I[OCTOAHHEI, T.€. IepefarTcs W3 NOKOJICHUS B
MOKOJIEHHE TIPH Pa3MHOXEHHH OpraHu3Ma. Takoil THIT U3MEHYHBOCTH
OLUT HAa3BaH HAcCJ€NCTBE HHE M.

Honroe BpeMs He OBIJIO SICHO, KaKoB MEXaHW3M MOIW(HKALMOH-
HBIX M3MeHEeHH, MOTYT JIH OHM HAaCJe[IOBaTLCA W KaKOBa MX pOJfib B
3BOMIOLMH OPraHU3MoB. B HacTosilliee Bpemsi IToKa3aHo, 410 MOOHUGH-
Kalusa — H3MEHEHHE, [MPOMCXOsllee Ha YPOBHE ¢eHOTHIA U HE 3a-
TparuBawilliee KJIieToYHbIH reHoTHIl. Bece MpHU3HAKK KIETKH OINpencis-
IOTCH €€ r€HOTHMIIOM, HO B ONpENe/IEHHBIX YCIOBUIX OHA IMOJIb3YETCS
HE BCEH 3aMTOXEHHOH B HEM reHeTHYecKod HHcopMallieil, Komuye-
CTBO KOTOpoit ropasno Oonbiile, 4eM HEOOXOOMMO KIIETKE IS Cylie-
CTBOBAHHA B KOHKPCTHBIX YC/IOBUAX. PEBK]_[P[F! KJIETKH Ha UBMEHEHHE
BHEILHUX YCIOBUH TIPHUBOIMT K MPOSIBNEHUIO KAKHX-TO HOBBIX TIPU3HA-
KOB, CBOJCTB, KOTOphle He OGHapYXHBAJIUCh B HMCXOOHOM KYJIBTYpE.
OnHako wHbopMarus, HeoOxonuMas i TIPOSTBJICHHA STHX INPH3HA-
KOB, 00A34Te/NBHO CONEPXUTCH B KJI€TOYHOM reHome. MomuduKaius
€CTh Pe3y/IbTaT IUTACTHYHOCTH KJIETOYHOro MeTaboMmMaMa, npuBoasiie-
r0 K (heHOTHNUYECKOMY HPOSBICHHIO «MONMYAIIMX» T¢HOB B KOHKPET-
HbIX ycnopusax. Takum o6pasom, MonubHKALHOHHBIE H3MEHEHU ST UMEIOT
MECTO B paMKaX HEM3MECHHOIO KJIETOYHOro reHoTHIIA.

CylllecTBYET HECKOJIBKO TUIOB MONHUGUKALIMOHHBIX HM3MEHEHHIA.
Hawubosee n3BeCTHR aganTHBHEIE MOTU(HKALIWH, T. €. HCHACIEICTBEH-
HBIE M3MEHEHMS, ITOJIE3HbIE I OpPraHH3Ma M crocoOCTBYIOLIHE €ro
BBDKMBAHHIO B H3MEHHBIIMXCH yenoBHaX. [IpuuHHbl alanTHBHEIX MO-
IUpUKAIKUA KPoIoTCs B MEXaHM3MaX peryisluy neicTBus reHoB. Anar-
THBHOI MogHdUKaliMeil SBJifgeTcs agfanTalus KieTok E. coli K 1akTo3e
KaK HOBOMy cybcrpary (cM. r. 8). ¥ psina 6akrepuit o6HapyxeHa yHu-
BEpCANIbHAS aNalTHBHAsA PEaKIMs B OTBET Ha pa3IM4yHbie CTPecCOBLIE
BO3/JeicTBUA (BBICOKME M HHU3KHME TeMreparypsl, pe3kuit casur pH u
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Op.}), MPOSABAAIONIAACH B HHTEHCMBHOM CHHTE3¢ HeOONbLUIOH TPYNIH
cxonHbiX Genkos. Takue GelKu nony4uiIu HaseaHue GeNnKoB TEMIOBOro
IIIOKA, a CaMo ABJIeHHe — CHHAPOM TelUIoBoro uioka. CrpeccoBoe BO3-
IeficTBHe HA DaKTepHaNbHYIO KJIETKY BHI3HIBA€T HHIHOUpOBAHHE CHH-
Te3a OOBYHBIX OenkoB, HO MHAYIMPYET CHHTE3 HeOOoNbIIOH rpyrrs
GenkoB, HyHKLUS KOTOPBIX MPEANONOXHTENEHO 3aKITF0YaeTCs: B MPo-
THBOJIEMCTBHH CTPECCOBOMY BO3IEHMCTBHIO NTYTEM 3dLUUTHI BAXKHEHLINX
KJIETOYHBIX CTPYKTYD, B IIEPBYIO OYepenn HyKeona 1 membpan. Eue
HE SICHBI Te PEry/ISTOPHBIE MEXaHU3MEI, KOTOPHIE 3aITyCKAKOTCS B KJIETKE
IIPH BO3/CHCTBUAX, BhI3bIBAIOIIMX CHHIPOM TEIUTOBOIO II0KA, HO O4e-
BHIHO, YTO 3TO YHHBEPCANBLHEIH MeXdHM3M HecTieLMpUYecKUX agar-
THBHBIX MomMbuKanuii. He sce Monubukamn ob6g3aTensHO afanTHB-
Hbl. [1py HHTEHCHBHOM AEHCTBUM MHOTHMX areHTOB HabnmonaloTcs He-
HacJielyeMbLIE U3MEHEeHUS, cy4YaidHble 10 OTHOLUEHHIO K BEI3BABILIEMY
MX BO3NEeHCTBHIO. OHM nposiBNSIOTCS TONBKO B YCJIOBHSIX, KOTOPhIE MX
BHI3BIBAIOT. [IpHYHHE! MOABICHKA TAKHX HEHOTHITHYCCKH H3MEHEHHBIX
KJIETOK cBsi3aHbl ¢ owunbOKamMH mnpoiiecca TPaHCHALMM, BhI3BAHHBIMH
STUMH AreHTaMH.

Takum oOpazoM, MmoaubUKALMOHHAN H3MEHYMBOCTL HE 3aTpark-
BAET [EHETUYECKOM KOHCTWUTYLIMM OpraHH3Ma, T.€. He SIBISeTcH Ha-
cneacTeeHHO. B 1o Xe BpeMsl oHa BHOCHMT ompele/ieHHblil BKNan B
rpoliecc 3BOIIOLMH. AIaNTHBHBIE MOIHGHKAIMK PACLUMPSIOT BO3MOX-
HOCTH OpraHM3Ma K BDKMBAHMIO M pasMHOXeHHIO B bonee HIMpOKOM
JHarna3oHe yCIOBHI BHEIUHEH cpelbl. Bo3HMKalOIIHEe B 3THX YCIOBUSAX
HacleICTBeHHEIE H3MEHEHHMS IMOAXBATHLIBAIOTCS €CTEeCTBEHHBIM 0TOO-
POM M TaKMM [MyTEM MPOUCXONHT OoJiee aKTHBHOE OCBOCHHME HOBBIX
IKOJIOTUYECKUX HUIU M JocTUraercs bonee adhdekTHBHAA MMPHUCHIOCOO-
JISIEMOCTB K HUM.

HacnezncTBeHHbIe U3MEHEHMS MOXHO MTOAPA3NENUTL Ha M3MEHEHU S,
BO3HHKAHILLKWE B pe3yJILTaTE MYTAMA M PEKOMOUHAUMI reHeTHYECKO-
ro MaTepuana. CkaukooOpasHblie H3MeHEeHHS B TeHeTHYECKOM MaTepH-
e KJIETKH, TPUBONAIIME K INOSBIEHUI0 HOBBIX NMPH3HAKOB, NOJIy4H-
JiM HA3BaHWE MY Ta Ly il. Myraimy BO3SHUKAIOT B IIONY/SIIMK ocobeit
BCcera, YacTo 6e3 BUAMMBIX BO3JIeHCTBHI Ha rmonyaum. Takue Myra-
LMW, NPHUYHHBI BOSHUKHOBEHHS KOTOPEIX HaM HEW3BECTHHI, Ha3bIBa-
I0TCH CIIOHTAHHBIMH. [TOBHIIIATE YacTOTY MYTAI[Hii [0 CPaBHEHHIO CO
CITOHTAHHBIM (hOHOM, T.€. HHIYLMPOBATL UX, MOIYT (PU3UYECKHE, XK~
MUyeckue M Guonornyeckue (akTopbl, ASHCTBYIOLME HAa TeHETHYE-
CKHit MaTtepuan kietku. Musnyeckue (HakTopbl — 3TO MPEXIE BCETD
KOPOTKOBOTHOBOE H3anyueHHe (YIbTpadUOIETOBEE U PEHTIEHOBCKHE
Jnyyr). K xMMMYecKMM MyTareHaM OTHOCATCA aHAJIOTH OCHOBAHMI,
MPOU3BOAHLIEC aKPHAMHA, ANKUIKUPYIIIHE U Ie3aMUHUPYIOIIHE areH-
THl. Bronoruyeckue hakTopbl — 370 B EPBYIO OYEpElb MUTPHPYIOLLIME
3JIEMEHTH! (TPaHCIO30HH U IS-351€eMEeHTHI).

MyTaliuy, He3aBHCHMO OT TOro, MMEIOT JIM OHM CIIOHTaHHOE Mpo-
MCXOXIEHUE WIH WHIYLHPOBAHE! KAKMM-JIMOO MyTareHOM, IO Xapak-
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Tepy nepecTpoek, npouciueniumx B JIHK, MoxHO pa3fenuTs Ha MyTa-
LMK, COCTOSILIHE B H3MEHEHHM OJHOT0 HYK/ICOTHMOHOIO OCTATKa MO-
nekynsl JHK, Tak HasbiBaeMble TOYKOBBIE MYTAallMK, B MyTALUH, TIPH
KOTOpBIX Habmomaercs u3MeHeHUe yuacTka Mostexynel JJHK pasme-
poM 0oJibllie O/THOTC HyK/IeoTHAa. TOYKOBblE MyTAL(MH, B CBOIO OYE-
penb, MOryT ObITh pa3feneHbl Ha HECKOJBKO KJIAcCOB B 3aBHCHMMOCTH
OT TOTIO, KAKHe KOHKPETHO XMMHYECKHE IEPECTPONKH IPOUCXOMAIT B
monexysie JIHK B paMkax ogHOro HyK/I€OTHAHOIO OCTATKa: 3aMeHa,
BCTAaBKa WM BeillageHKe. K MyTalmsM, 3aTparusaloliMM cerMeHT Dak-
TEPHATBHOI XPOMOCOMEI, BeIyT BblllajJeHHEe HEeCKOJBKMX OCHOBaHHH
WM [aXe IeHOB, NEpeMelleHne MX B Ipelnesax ojHOM XpoMOCOMBEL,
YMHOXEHHE WIH YABOEHHE YacTH XPOMOCOMEIL.

YacThiM THMOOM CTPYKTYPHbIX noepexaenuid JTHK, srisniBaeMbIX
YM-uanyuenunem, spnsgercs obpa3zoBaHHe MHPUMHMIHHOBBEIX OTUMEDOB
B pe3y/ibTaTe KOBAJEHTHOIO CBSI3BIBAHUS COCENHHX MHPHMHIMHOBBIX
ocHosaHmii. Pexxe YO BrIzbIBaeT pa3phis BOIOPOIHBIX CBA3eit, 06pa3o-
BaHHE MEXLIEITOYEYHEBIX MMOMTEPEYHBIX CIIMBOK M IOMEPEeYHbBIX CIUMBOK
mexay JIHK u 6enkom. MoHu3upyolMe H3Ny4eHHsl BCEX BUNOB BBI3HI-
BalOT IMaBHEIM 00pa3oM omHoLenouyeuyHsie paspeiebl B JIHK; paspbi-
BOB, Mopaxaroiux obe rernu, o6bYHO Ha MOPSAOK MeHbine. Pasmuu-
HEE XUMHYeCKWe MyTareHsl HHIYLHPYIOT 0Opa3oBaHue BHYTPHLIENO-
YeYHBIX M MEXIIENOYEYHRIX MOMEPeYHBIX CIMMBOK H OOHOIENOYeYHbIE
pa3peiesl JITHK.

B npoiiecce 3BOMOIMH MPOKAPHOTHI BEIpaboTanu crnocoOb! 3a1im-
Thl FreHEeTUYECKOro MaTeprala OT TOBpeXaaiolliero Bo3aeicTeus ob-
JIYYEHHMSA U pa3TMYHBIX XMMHYECKUX (akTopoB. B KJI€TKax npoKapuoT
obRrapyxeHbl 3bEeKTUBHBIE CUCTEMBI PErapallMi MyTal{HOHHBIX 110~
BpeXIeHU.

Haubonee M3yd4eHHBIMM MCXaHM3MaMM BOCCTAHOBICHWA MOBPEXICHMH
JIHK saBnsiotcs GoTOpeaKTHBALMS, BRIPC3aHKUE NMOBPCHKACHUA M NMOCTPCI-
JIMKALMOHHOE, WIH peKoMOMHaUMOHHOE, BoccTaHoricHue. PoTopecakiBa-
M — Haubonee mMpOCTOM MexaHW3M, BOCCTAHABNHBAIOLIME NHIIbL WMHIY-
uupoBanHbie Y®-uanyyenmem nospexnennss THK, compopoxpaioiiuecs
06pazoBalueM NUPUMUIANHOBLEIX JMMepoB. OcobelnocTs GOTOpeakTHBALMK B
TOM, 4TO €€ [ACHCTBME PACMpPOCTpaHsuCTCs TONLKO Ha ofuy uens JJHK u He
3aBUCHUT OT TOro, sBisAcTcs M monekyna JHK oono- wnm oByXucno4yeyHOH.
Ocymectensaerca (HOTOpeakTHBAUNA CBCTO3aBUCHMBIM (POTOpeaKTHBHPY-
oM bepMenToM, obecnednpaoluuM crnenrdryecKoe paclUeTieHUe M-
PHMMAMHOBBIX IMMEPOEB (purc. 38, A).

Bripesanuc nOBPEXICHMH — OCHOBHOW TEMHOBOH MEXaHH3M BOCCTAHOB-
JICHKsA pa3inyHbiX omHouemnodedHwix noppexnenuit JIHK, B Tom umcne un
OHUPUMMIMHOBBIX TMMCpoB. OcoBeHHOCTD 3TOr0 MEXaliM3Ma perapalmti B TOM,
YTO BOCCTAHOBAEHHUE OJHOUCMOYEYHBIX MOBPEXISHUH MPOUCXOOUT TOJBKO
TOr[a, KOrua He MOBPEX/eHa KOMIUleMeHTapHas uernb Monekynsl JIHK. B npo-
Lecce TCMHOBOM penapauuy npoMCcXOaMT BbIpE3aHME B OOHOM M3 uenci Mo-
nexkynel JIHK kopotkux cermenToB (iHMHOM oxono 30 HyKIcOTHOOB), coaep-

148



by
~
X X

1 1 P N e e
e T )
1 o~

g YA S04
~h—A—A—I- ¥ |

BTl A e EESTORS
A B B

Puc. 38. Mexanm3aMel BocctaHOBICHKS nospexachuit JIHK:
A — thoTopeakTUBALHA MAPUMHIWHOBHIY fuMepoB: I — doTopeakTuHpyoumii (ep-
MeHT + BUAMMEIH cBeT; 5 — BeIpesaHMe OOHOLICTNOYEYHBIX TOBpeXaeHHi: | — cer-
MeHT MHTaxTHOH JTHK; 2 — nospexneuue B onHol u3 ueneit JHK; 3 — seipesauue
KOPOTKOro CErMEHTa, COEPXALlero MOBPeXICHHEIH yyacToK; 4 — 3anonHeHue obpa-
30BaBLIeicA Bpell HYKIeOTHIaMY, KOMIUIEMEHTApHBIMIA K MHTAKTHOM Lieny, QyHK-
LIMOHMPYIOLIEH B KAYECTEE MaTPULIEI, CIUMBAHMe ux ¢ nomonbio JHK-nonnMepasst u
JHK-nurasu; B — noctpernukaliMoHHoe Boccranopnerue JIHK: 1 — cermeHT nByx-
uenoyeyHoi Monexynel JJHK, conepxauieil nospexneHue; 2 — peruiMKauua MoJje-
KYJBl, TIpHBOOsILAA K o6pasopaHHio IBYX MOJEXYN, OfHA M3 KOTOPHIX CONEPXUT TMo-
BpexneHue H 6peltb B pasHuIX Henax; J — ofMeH reHeTMYCCKUM MaTCpHalIoM MEXIY
MICHTHYHRIMH LIEMSMU CECTPMHCKHMX Monekyn; 4 — obpa3oBaHHe MONEKYN, Kaxnas
M3 KOTOPBIX COAEPXUT OIHY MHTAKTHYIO LIEMb, a B ApYyroil — MoBpeXneHue WiH Gpeis.
KpectukoM 0603HaYCHO MNOBPEXICHME; TOYKAMM — BOCCTAHOBMTENbHEIH CHHTES;
BOJIHMCTOM JIMHMEH — CHHTEe3MpOBaHHBIE Lenmu Aoucprux Monexyn JHK

KalMX TIOBPEXICHHBIM YYacTOK, M mocienyiouee 3anonHenue obpasopas-
wiekcsa 6pel KOMIUIEMEHTAPHEIMKM HYKJIEOTHAAMH C MCIONb30BAHMEM HE-
nospexaernoi uenm JJHK B kavecrse MaTpuum (puc. 38, F).

Mexanuamel, 0GecTieYHBAIOIIME BOCCTAHORICHUE MOBPEXICHUN B 0BeHx
uersix Mosekynel JIHK, 3aBucsT o1 xapakrepa nospexaeHuit. HpuHuunuans-
Has cxecMa 3aKmodaercs B cnenyloiem (puc. 38, B). JHK-nonumepasa, xara-
muaupyiowas perunkaunio JHK, «Bcrpetus» Ha CBOEM 1yTH HOBPEXICHHE,
«[ICPCCKAKMBAET» YEPE3 HETO, W ITPOLIECC periMKalky npopoikactes. Obpa-
3YIOTCA [BE JOYEPHHE MOJIEKYJIbI, O4HA M3 KOTOPBIX COLEPXMUT B OAHOH Lemu
fEPBMYHOE MOBPEXNCHKE, B APYroit — Opeiub, BOSHMKIUYIO PH PEIUTMKA-
UMM ¥ PACIoaraloLyocss HAMPOTHB MOBPEXICHMS.

3agenviBaHMe GpeiuM NMPOMCXOOMT IMYTEM ICHETHYCCKOro ofMeHa MexXay
MIEHTHYHBIME HEMAMHA CECTPMHCKHX IBYXUCMOYEYHBIX MOICKYI. B peaynbrare
KaX(Tad M3 HHUX UMECT TCICDb M0 ONHOM HCMOBPEXACHHOM LICMNHM, KOTOpas
MOXCT CIYXWUTh Marpuucid B npoluecce penapaii MOBPEX/ACHUI pasHoro
THNA, KaK 3T0 u300paxeHo Ha cxeme b TOro xe pUCyHKa,

Deromunuueckoe nposenenue mymayuii. TTOCKONBKY MyTallMst — 3T0
cTabunbHOEe M3MEHEHME HaclleCTBEHHOIro MaTeépHala KJIeTKU, OHa
peanu3syercs 110 TEM Xe€ KaHanaM, 4To U Jirobas apyras reHeTMyeckas
undopmauus. Ha stom myru cyns6a Myraimii pazmnyna. Hekotopeie
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M3 HUX HE BJAMAIOT HA NPHU3HAKM OPraHu3Ma, OCTABAsCh «MOJTHALLU-
Mu». Takde MyTaLMK MOTYT He NMPOSBISITECH B MPOLIECCE TPAHCALMH,
T.€. HE MPUBOAWUTEH K M3MEHEHUIO AMHMHOKMCAOTHOM IT0CIEA0BaTENIBHO-
T cuHTe3upyemMoro Genka. B apyrom ciyuae u3aMeHeHHe MOXeT Npo-
MCXOAMTH BIANW OT aKTUBHOIO LIEHTPA (bepMeHTa U MOTOMY He CKa3hl-
BaThCs Ha ero QyHKUMKM. Ecnm >xe MyTanms MpUBOIHT K U3MEHEHMIO B
AKTUBHOM LIEHTpPE WIM PEe3KO BJIMHET Ha ero CTPYKTYpPY, 3TO Cpasy
ckaseiBaercs Ha GyHkuuax depmenTa. JluanasoH M3MeHeHMS QyHKIM-
OHAJBHOM aKTUBHOCTH (pepMEHTa B 3TOM CJly4ae BENWK: OT HE3HAYH-
TENBHOTO TIOHMXEHUSI AKTUBHOCTH /10 ITOJIHOM ee noTepd. B mocnen-
HEM CJlyyae 3TO 4YacTO NPUBOAMT K rubeny opraHusma.

st nposiBieHus MyTauuM HeobXonumo, YToOkI TpoLLEeN 10 Kpaii-
Heit Mepe onuH LMKA peruukanum JJHK, B xoTopoii McxomnHo MMeno
MECTO M3MEHEHHWE HYKIEOTUAHOM NTOCNenoBaTeNbHOCTH (IIpeEMYTaLMS).
ToJIbKO ecny 3TO MCXOAHOE M3MEHEHMUE 3aKPENUTCH IOC/He pelMKa-
M B goyepHeit monekyne JIJHK, oHo craHoBHTCA cTabWILHEBIM, 2 OT-
CIONA M HACTEeACTBeHHEIM. JLJis BRIpaXKeHus MyTaluK B peHOTHIIE HEOD-
XOOMMO TIPOXOXIEHWE 3TAOB TPAHCKPUITLIMK M TpaHcmsanuu. UHorna
IS TIPOSIBJICHUA MYTALMOHHO M3MEHEHHOI0 MpU3HAaKa, T.e. (PeHoTH-
MHUYECKOrO BHIPAXCHUS MYTALMM, HEODXORMMO HECKOJIBKO KICTOY-
HBIX Aenenuii. Tak, ecnu MyTallua IIpuBelia K HApYIIEHHIO CrIOCOOHO-
CTH CUHTE3MpPOBATh KaKo¥-Nubo BHTaMKH, HANPUMEpP THAMMH, TO B
TeUeHME HECKONBKHX reHepaiuii moTpeOHOCTL B THAMHMHE Y MYTaHT-
HBIX KJIETOK He 0OHapyxXwueBaercs. B 3TOT nepron MyTaHTHBIE KJIETKH
JOUCIIONB3YIOT TUAMMH, COAEpXaIUMHCH B MCXOAHONH HEeMYTaHTHOMH
xierke. Korza xe 3anacei BUTAMMHA UCCHKHYT, MYTAHTEI CMOTYT pas-
MHOXATBLCS TOMBKO MPH A00ABIEHMH 3K30T€HHOTO THAMMHA.

Ha nposineHne MYTaHTHBIX NIPU3HAKOB BIIUSET TAKXE KOJIMYECTBO
KOIMI XpPOMOCOMBI, COAepXalluxcst B KieTke. Bee mpokapmoTsl ramn-
JIOMJIHB, UMEIOT HabOop TeHOB, NOKAIM30BAHHBIX B OIHON XPOMOCOME.
B onpeneneHHbIX YCIIOBMAX B KJIETKE MOXHO 0OHADYXHUTh HECKOIBKO
KOomnuii oHo# xpoMocomel. Eciu B Takoit KileTKe NMpou301iU1a MyTallus,
NMPUBEAIIAS K HApYIUCHUIO CHMHTE3a OIPpEACIeHHOr0 merabonmTa, To
OH2 cpa3sy (roclie OIHOrO LKA PeIUIMKALMM—TPAaHCKPUITLIMH—TpaHC-
JNIALMK) HE MPOSIBUTCS, [TOCKONIBKY CHMHTE3 HEOOXOAUMOIro KJIETKE Me-
Tabomura OyoeT OCYIUECTBIATHLCH B PE3VJILTATE (DYHKUMOHHPOBAHUSA
HEIOBPEXIEHHBIX F€HOB, COMEPXAIMXCA B OCTANBHBIX XPOMOCOMHBIX
konusx. s heHOTUNUYECKOro BEIpAXEHMsT MYTAHTHOTO reHa HeoO-
XOOUMO, YTOOBI OH COEPXKANCH B KIETKE B «HHCTOM» BHJE, T.€. KIET-
Ka MMEJNIa OTHY KOITHIO XPOMOCOMEI ¢ MyTAHTHEBEIM F€HOM, WIM YTOOBI
BCE KOIMM XpOMOCOMEI B KJIETKE MMENIH OAMHAKOBBIM TreHOTHIL. DTO
IIPOMCXOAUT YEPE3 HECKOJIBKO KIeTOUHBIX AeneHutt (puc. 39).

Ko BTropoMmy THIy HacineacTBeHHOH M3MEHYMBOCTH OTHOCHTCS M3-
MEHEHHS, BO3HUKAIOLLME Y MPOKAPHOT B pe3y/ibTaTE pe KoM O M Ha-
MY TeHETUYECKOTO MaTepuasna, MpPU KOTOpOH I[POMCXOAMT Y ac-
THY Hoe obbeauHeHWe reHOMOB JIBYX KJ1eTOK. MI3BECTHBI TPM OCHOB-

150



HBIX criocoba, MpUBOOMIIKX K pe-
KOMOMHAIMY FeHETHYECKOr0 MaTe-
puana MpoKapuoT (KOHbloramws,
TpaHcdopMaLua ¥ TPAHCAYKIIUA),
pPasnUYaLIMXCH MEXaHU3MAMU
nepenaqyy xpomocomuoit JIHK.
Ilpy koHBOTAaOuu, Ang

o L
KOTOpO# HeobXxooMM Henocpes- e e g0y oo
CTBEHHBIH KOHTAKT MeXIy Oakre- & mencHuS
pUANBHEIMU KJIETKAMH, OCyllie- (co c@ CEED)

CTBJIAETCH HalpaBlAeHHBIN Mepe-

HOC FeHETMYECKOI0 Marepuana oT  Puc. 39. [TpoasneHue MyTaLuii B npo-
KJIETKU-ACHOPA B KJIETKY-PELMITH- KapMOTHOM KJIETKE, UMEIOLIEiT YEeThi-
eHT. Kak npaBuio, B KleTKy-pe- PE€ KOIMMM XPOMOCOMBI
LVIHEHT MEPEHOCUTCH TOJBKO (no Schiegel, 1972)

YacTh TeHETUYECKOIO MaTepuana

KJIETKM-IOHOpA, B PE3yNbsTaTe Yero obpalsyeTcs HemoaHas 3UroTa, Win
MEPO3UroTa, COMEepXKAllas 4acTb TeHOMa JIOHOpA M IONHBIH reHOM
KJIETKM-PELIMITUEHTA. Y4YacTKM nepeHeceHHoi ot noHopa JIHK Haxo-
OST roMoyorudHeie yyactku B monekyne JJHK peuumnumenTa, mexmy
KOTOPBIMH MPOUCXOANT reHeTHueckuit oomeH (puc. 40, A). B pesynbta-
Te yacTh aoHopHoit JJHK BcTpavBaercs (MHTErpUpYyeTCs) B FeHOM pe-
LMITMEHTa, a COOTBETCTBYIOIAs yacTh peuunueHTHoi JIHK 13 nero
MCKITIOYAETCH.

Tpancdopmauus Gakrepmii 3aknouaercss B nepedoce JHK,
BBLICJIEHHON M3 ONHMX KJIETOK, B Apyrue. [lna TpaHcdopMauuu He
TpeOyeTcs HeNmocpeACTBEHHOIO KOHTAKTA MeXIy aByms KieTkamu. Crio-
cobnocts JIHK npoHuKaTh B KIETKY-PELMIIMEHT 3aBUCHT KAK OT IIpH-
ponsl camoit JIHK, Tak 1 or pM3Monornyeckore cocrogHmsa KIeTKU-
pemvnuenTa. Tpanchopmupyomeit JIHK Moryt GbiTh TONBKO BBICOKO-
MOJIEKY/ISPHBIE IBYXLIEIOYeYHble (DparMEeHTHl, [IPH 3TOM TIPOHUKATH B
bakTepuansHyio kneTky Moxer JIHK, Beinenennas us pasusix 6uono-
TMYECKHX UCTOYHMKOB, HO BKJIIOYaThes B reHom — Ttonbko JJHK c
OMNpeAENeHHoH CTeNneHplo roMonornyHocTH. Ilocne Toro kak ak3oreH-
Hulil ¢parmenTt JJHK, npoHukimii B KJI€TKY, HAlllell TOMOJIOTHYHBI
¢dparment JHK xieTKH-pelIMAMEHTa, MEXIY HUMM INPOMCXOAUT re-
HeTH4eCKHil OOMEH aHANOTMYHO TOMY, KaK 3TO MMEET MECTO Ha Io-
clienHeM 3Tane KoHblorauuu (puc. 40, A).

______________ e
— —
A ~
‘S
" 7
F——e———— — —e TEmEC_C_CLC Tmr—

Puc. 40. PexomGuHaLIMs MEXIY TOMOIOTMYHBIMHE (4) M HETOMOJIOrMYHEIMU
(5) @pparmenramu JJTHK. O6nsacHeHHA CM. B TEKCTE
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Konrorauus u tpancdopmalms — He eIMHCTBEHHBIE CIIOCOGEHI
Mepenayy reHeTUIeCKoro mMarepuasa. [eHBl MoryT nepeHOCHUTBCS U3
OIHOM DaKTepHATBbHOM KJIETKH B APYTYIO C IMTOMOLIBI0 YMEPeHHEIX ¢haros.
Takoil nepeHoc DakTepuanbHEIX T€HOB MMOMYYUJl HA3BAHUE TPAHC-
AyKuuM. TpaHCOyKIIMS OKa3biBaeTCsl BO3MOXHOI, €CNH B NpoOLEcce
pa3MHOXEHUA ¢ara ofHa M3 YacTMI[ CNy4yaifHO 3axBaTUT (parMeHT
OakTepUaNBHOM XpPOMOCOMBI, KAK IPABUNO, COAEPXKALIMI OYEHE He-
6onsuroe wucno revos. Korna takasn ¢arosast wacTiia 3apaxaet 6ak-
Teputo-perunuenT, bakrepuansHas JHK nmpoHukaer B KIETKY TAKUM
JKe myTeM, Kak aropas. Mexny TpaHCAyLHPOBAHHOMN GakTepHabHOI
JAHK u romonorn4HeIM yyactkoM 6akTrepuansHoi XpOMOCOME! MOXET
IpOM30iTH 0OMEH, M KaK CJIEICTBME €TI0 BOZHHUKAIOT peKOMOMHAHTHI,
Hecylye HEDONbIIYIO YaCTh FEHETMYECKOr0 MaTepHana KJiie TKM-0HO-
pa (puc. 40, A). Ilepenaya npuU3HAKOB ¢ MOMOLIIBIO ¢aros MoKazaHa
Juis DaKTepuii, IpUHALIEXKAIHUX K Pa3sHBIM pPOaaM.

HaxkoHel, ewe OAMH IMyTh MEPEHOCA FEHETMYECKOIO MaTepHaia y
NPOKApHOT OCYIIECTBISIETC ¢ MOMOLIBIO IIA3MKJ ONPeAesIEHHOro
TUNa, o0najaloIMX reHaMM, o6ecreuMBaAOUIMMK 3TY BO3MOXHOCTD.
Takue nmasMUIbI IOMHMO TEPeHOCAa COOCTBEHHOTO TeHETHYECKOTO
MaTepHaia MOTYT 00ecneYMBaTh MEPEHOC XPOMOCOMHEIX T€HOB, [U1a3-
MU, He 00NaJaIMX cOCOOHOCTHIO K CAMOCTOSTENILHOMY MEpeHo-
Cy, a TakXe OCYLUEeCTBIAThL Nepelavyy TPaHCTIO30HOB M3 [UIA3MM/IH B
XPOMOCOMY WJIM IPYTYIO IIIa3MMAY.

Bce u3BecTHBIE CMOCOBH riepeayu reHeTHyeckoit nudopMaluu ¢
NOMOLIBIO TUTA3MM], CO3JAIOT OTPOMHBIE BO3MOXKHOCTH U MHTEHCHB-
HBIX PEHETMYECKMX OOMEHOB MEXJTy KJIeTKAMH PasTMYHBIX OaKTEpHIA.
IInasmMugaM ¥ OPYrMM HEXPOMOCOMHBIM TE€HETMYECKHUM 3JIEMEHTaM
MPUHALIEXHUT OCHOBHAS ponib B nepejaue reHeruueckoid mHdopma-
LMY «I10 TOPU3OHTANH». MOXHO NpeAnonoXHTh, YTO B [PUPOAE MIO-
0Oas reHeTHYecKad MHQoOpManMs MoXeT OBITH MepeHeceHa B MO0y10
KJIeTKy MpPOKApMOT, €clid HE NpsIMO, TO Yepe3 nocpeanukop. Ilom-
TBEPXAECHUEM 3TOr0 MOTYT CIIYXHTh [IAHHBIE 10 BBEIEHMIO C ITOMO-
LUBIO CKOHCTPYMPOBAHHOM IUIa3MHKIbI B DaKTe pUATTEHYIO KIIETKY 3YKa-
puotHoii JIHK u ee penponykiuu Tam.

Kak penkoe cobbitie, rpoucxosiiee ¢ yacroroit 104— 107, nnas-
MMJIBI WIHM OTAENbHBIE TE€HEBI, BXOMALME B MX COCT4B, MOTYT BKIIO-
yaThesl B OakTepuansHylo xpomocoMy. Ilockoneky JHK mnasmunsr 1
OakrepualibHON XJleTKU He MMEKT OIMHAKOBBIX HYKJIEOTHAHBIX MO-
CIIeIOBATEJILHOCTEH, T. €. He ABNSIOTCS TOMOJIOTUYHBIMY, peKOMOHHA-
LIUS MEXAY HMMU IMPOMCXOINT HE 10 MeXaHM3My oOMeHa, a 10 Mexa-
HM3MY BcTpauBaHus (puc. 40, 5). PekombBuUHAIIMK TAKOTO THUIIA MTPOUC-
XOIAT TAKXKE C YYACTMEM TPAHCIO30HOB M I[S-351eMEHTOB NpH HX
nepemMeleHrn (TpaHCno3uIMK) B Mpeaenax XxpomocoMsl. Berpausa-
HMe IUIa3MHJ ¥ MUTPUPYIOLUHX 3JIEMEHTOB [IOMHUMO TOTO, YTO TIPHBO-
JIMT K BBEAEHUIO B XPOMOCOMY AOTIONHUTEILHOTO TeHETHYECKOrO Ma-
TepUaia, MOXET BHI3BIBATh MEPecTPOMKY OakTepMaNbHOIrO TreHOMA:

152



HapyIlaTh LEJIOCTHOCTh TEHOB WM PerysiuMio uX QyHKIMOHMpoBa-
HMS, T. €. BRI3BIBATH MYTALIMM.

Bknag otaenbHbIX reHETU4YECKUX MEXaHU3MOB
B 3BONKLMIO NpPOKapuoT

Beiuie MBI paccMOTpeNM OpraHM3alidio TeHeTHYECKOTO arrapara
MPOKAPpHOT, OCYLIECTBISIONIETO NEPeaaqyy reHeTUYECKoH MHpopManun
OT OAHOTO IOKOJIEHUsI K CNEAYIOIIEMY, T.€. IO «BEPTUKAIH», 00paTUB
BHMMAaHME HA TAaKHE €ro 4epThl, KaK CTabWILHOCTE M TOYHOCTEL (yHK-
nuoHHpoBaHus. OpHako cTabMIbHOCTE FEHETHYECKOro anmapara He
abcoMmoTHA M NPY Beeil HANEXHOCTH M3MEHEHMS SBIBIIOTCS erc He-
OTBEMJIEMBIM CBOMCTBOM. J[ns mpokapuoT xapakrepHa Oonbuias cro-
cOOHOCTb K FEHETHHECKUM M3MEHEHMSM, SBISIOIMMCH PE3YNbTATOM
MYTALMi, 8 TAKXE pasBUTUs NYyTeH «rOPU30HTAIBHOIO» NepeHoca re-
HOB MeX1y OaKTepHabHEIMM KIETKAMH.

3aKOHOMEPHOCTM WM BKJIAJl PAa3IMYHEIX TPOLIECCOB B 3BOIOLIAIO
IPOKAPUOT TPOLIE MPEACTABHTE, ECTU PACCMATPHUBATE MX NPUMEHH-
TeJIbHO K HEKO#l AOCTATOYHO IEHETHMYeCKH OAHOPOAHON MNOMYJISALIMU
opraHu3mos. I'eHeTHyMecKuii cOCTaB TaKoM MOIMyJALMKM HA3BIBAETCH Te-
HO(QIOHIOM M 10 OTHOILEHMIO K HEi 3BOIIOLMI0 MOXHO ONPENE/IUTh
KaK M3MEHEHMS! B TEHOQOHIE, NIPOMUCXOAIIME B PE3YJIBTATE AEHCTBUSA
ONpEAENEHHBIX TeHETUYECKUX MEXaHHU3MOB H 0TOOopa.

HoBeie HacneAcTBEHHbIE NMPU3HAKYA BO3HHMKAIOT B FeHOQOHAE B pe-
3ynbTate reHHBIX MyTanmii. [locnenHue co3naioT QoA HaCHeICTBEHHBIX
M3MEHEHMH, CIYXal|X UCXOAHBIM MaTepuanoM (ChIpbeM) IS 3BOJIO-
uud. BeposiTHO, MyTaLMu SIBIISIOTCS W CAMBIM IEPBBIM BHIOM Haclefi-
CTBEHHOM M3MEHYMBOCTH, BO3HUKIIIMM OJHOBPEMEHHO € HayanoM (pyHK-
umonvposanus JJHK kak nHGopMaliMoHHOR MOJIEKYABL, TIOCKONBKY TS
HMX HE HY>KHO HHKAKHX JIONOJTHATENBHBIX CTPYKTYP M MexaHusMmoB. Cno-
CcOBHOCTh K MYTMPOBAHHIO 34JI0KEHA B XHMHMYECKOM CTPOSHHHM MOJIEKY-
et IHK, a nposieneHue MyTAUMOHHEBIX M3MEHEHWH WMIET IO TeM Xe
KaHamaM, 4T0 K oOkluHasd reHeTHyeckas uHhopmauus kneTtku. Bosmox-
HO, B TEYEHHUE JUTUTEJIBHOIO BpeMEHH MYTAlMOHHEIC M3MEHEHHsS ObuM
eMHCTBEHHOH hopmoii mameHuMBocTH. Ha npoTsokeHM MIWUTHOHOB JIeT
MYTalUH B COYETAHUU C €CTECTBEHHBIM OTOOPOM CHITPAlM peIlaloLIyI0
poJib B MOSIBNEHWM TeX BUIOB GakTepuil, KOTOpHE M3BECTHHI ceHyvac.

CxopOCTh 3BOMIOLMY OTIpeIe/1S1ach YACTOTOMH BOBHUKHOBEHUS MY-
Talwmii. MOXHO TONBEKO MpenrnoiaraTh, YTo B Hayale OMoNornyecKoi
3BONIOLMH 4YacTOTa MYTAlMil Obiia 3HAaYMTENBHO BBILIE, YEM B Ha-
CTOSIICE BPEMS, 2 COOTHOIIIEHHE «IOJNE3HBIX» JUIS OpraHHu3Ma MyTa-
LMH K «BPEIHBIM» CABMHYTO B CTOPOHY repBbiX. B none3y nossiiieH-
HOIl 4acToTbl MyTUPOBAHUS HA PAaHHEM 3Talle 3BOMIOLMH TOBOPMT
TOT (PakT, YTO B TOT MEPMO[ 3HAYMUTENBHO MHTEHCUBHee Obino meii-
CTBME Ha MPOKAPUOTHYIO KJIETKY KOPOTKOBOJIHOBOTO M3MyYeHUS TIPU
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OTCYTCTBMM Y HEE 3aIMTHBIX NPUCTIOCOOIEHHIi B BUJIE COOTBETCTBYIO-
LUX penapalMOHHBIX MEXaHU3MOB.

Crnenyiouiee BaxHoe npuobpereHve — cOpMHPOBAHKUE MEXaHU3-
MOB oOMeHa IeHeTHYeCKMM MaTepHaNoM, NMPUHALIEXAIMM Pa3sHBIM
0CODSIM, «I10 TOPUBOHTANH», i BOBHMKHOBeHUe Ha (a3e a3Toro ocobeit
¢ peKOMOMHAHTHBIM reHoMoM. IIpH reHeTUYecKMX peKOMBMHAIMSIX
HOBBIX TEHOB B TeHO(OHIe, KaK MpaBUio, He mosiBaseTcsa. B stom ux
NPHUHLIMITHAJIIBHOE OTIH4YHE OT My'raum'fi. 3Haqenue TFEHETHYECKHX pe-
KOMOMHALM B TOM, 4TO B pPe3ylbTaTe 3TOTO ODECHEeYMBAETCH BO3-
MOXHOCTH Oﬁ'be,[[HHeHHH PA3HBIX I'€HOB U CO3/IaHNE pa3HBIX BADHAHTOB
TeHHBIX COYeTaAHMI B reHOMe TIpoKapuoTHO# kineTku. Ilockonbky oT-
Dop neiCTBYET HA BCIO COBOKYITHOCTh MPU3HAKOB OPTaHU3Ma, TEHETH-
yecKas peKoMOMHaIMa NMOCTaB/sieT NONOJIHUTENbHbIM MaTepUan mis
neiicTBus oTbopa, YyCKOpss TaKMM 00pa3zoM IMpOLIECC 3BONIOLMH.

OcobeHHOCTL OpraHM3alMK TeHEeTHYSCKOM MH(OpMALIMM B MMpe
MpPOKapHUOT — paccpeAoTouYeHHe GONBIIOro ee 0bBbEMa B HEXPOMOCOM-
HBIX 3NeMeHTax. F3 3Toro cneayior ABe CylIeCTBEHHO pasiiyaroimecs
BO3MOXHOCTH «TOPH30HTAIBHOro» 0OMeHa reHeTHYecKoi uHopMa-
uMeil: neppas CB33aHa C XPOMOCOMHOM, Bropas — HEXpOMOCOMHOI
JHEK. U3 Tpex oCHOBHBEIX ITPOLIECCOB, TIPUBONSIIMX Y TPOKAPHOT K
obmeny xpomocomHoit JIHK, Hanbonee coBepllieHHBIM SIBASETCS MPO-
LIECC KOHBITAlMM, TaK KaK oH obecrneyMBacT BO3MOXHOCTHL Oonee
IMOTHOTO 0OMEHA re HeTUMECKHM MaTepraniom aAByxX kinetok. (I1pu 6na-
TONPUATHBIX YCIOBUAX BO3MOXHO BXOXJIEHHE B PELIMITMEHTHYIO KIETKY
Beell nonopHoil IHK.) Onxako addexTuBHOCTE MEXaHUM3MOB rEHE-
THYECKOH peKOMOMHALMK B 3TUX MPOLIECCAX BEICOKA I GJIM3KOpO-
CTBEHHBIX NIPOKAPHOTHBIX OpraHu3mMoB. OOMeH y4YaCTKaMKH XPOMOCOM-
ol JIHK y 6akrepuii B OONBILIMHCTBE CNy4YaeB OrpaHuyeH MpeaeiaMu
OgHOTO BuAa. BO3MOXHOCTE «TOPH3OHTANBHOW» TEpefayy reHeTHye-
cko¥ MHbopManyu Ha BoJibiiine TAKCOHOMHUYECKHE pacCTOSSHUSA pea-
JIM3YeTCH MpH MepeHoce HeXpoMocoMHBIX Monekyn JTHK, croco6Hbix
K aBTOHOMHOM peIUIMKalyu.

Fnaea 11

CUCTEMATUKA NMPOKAPUOT.
rPYMNNbl NPOKAPUOTHBLIX OPTAHU3MOB

CucrtemaTuka (TAKCOHOMHM ) — Hayka 0 MHOrooOpasum u
B3aMMOCBS35X MeXTy opraHuamamu. OnHa u3 3a8a4y CUCTEMaTUKH —
pacnpeneneHue (KnaccHu@HKall¥a) MHOXECTBA OPTaHU3MOB
no rpynnaM (tTakconam)'. Ho npexne 4eM oCyLUECTBIATH TAKOE pac-

! Takcon — rpynna opraHM3MoB, o6NafalolMX 3a0aHHOH CTENEHEI0 ONHOPOI-
HOCTH.
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npenejeHue, HeoOXOOMMO HOCTATOYHO IMMOJIHO OXapakTepHU30BaThb
OOBEKTH M HA2 OCHOBaHMU OTOOpaHHOM MHOMOPMALIMK UISHTUQPULIM-
posatk ux. [locnenHee MOXET MPUBECTH K BLIIBJIEHMIO OPraHU3MOB
C HEeM3BECTHBIMH WJIM M3BECTHBIMM NMPU3HAKAMM H COOTBETCTBEHHO
IMMOMENIEHHIO UX B HOBBIH TAKCOH Ha ONpe/lIeIEeHHOM YPOBHE HITH XE
OTHECEHHIO K M3BECTHBIM TAKCOHAM.

Jist XapakTepMCTMKM OPraHM3MOB MCIOJNB3YIOT pasHooOpasHble
MpU3HAKK: MOp(OAOTHHECKME, LIUTONOTHYECKHE, KYJIbTYDAalbHBIE,
dusnonoruyeckue, CMOXUMHUYECKHE, MMMYHOJIOTHYECKHE U Ap. Ecnu
o06peM uHbopManuK IUIS XapaKTEpUCTHKKM OOBEKTOB IO CYLUECTBY
Occnpenenen, Kak DecKoHedYeH caM MPoIeCcC MO3HAHMSA NPUPOAEI,
TO WA neneil naeHTUGHUKALUKM MOXeT OBITh MCIIONB30BAH OTrpPaHH-
YeHHEBIA 00beM MHQOpPMaLIMM, NOCTATOMHBIM JUIS pacrpejeleHus
OpPraHu3MOB [0 TAKCOHOMUYECKMM IDYIIIaM.

CrielMa/TbHBIM pa3Ies TAKCOHOMMM — HOMEHKJaTypa — UMe-
€T [eNIO ¢ TIPABHIaMM ITPUCBOEHHA HAMMEHOBAaHMIA OMMMCAHHBIM 0OBeK-
Tam. B cuctemaruke GakTepuii ans HauMeHOBaHUS 0OBEKTa UCHIONB3Y-
o1 6uHoMuanbHy1o Homenknatypy K. JIunnes (K. Linné, 1707—1778),
COTNACHO KOTOpoil OMONOrMYecCKOMY BHAY INMPUCBAUBAIOT Ha3BaHHE,
COCTOMIIICE M3 JIBYX CIIOB: IMICPBOC ONpEAensieT NPHHANIEXHOCTh opra-
HHM3Ma K ONpeaeneHHOMY poay, Bropoe — Buay. Haspanusi Gaktepusim
IIPUCBAMBAIOT B COOTBETCTBMM C npaBwiaMu MexXnyHapoIHoOro Ko-
JEKCAa HOMEHKNATYPH! Dakrepuii.

OCHOBHO#H TAKCOHOMMYECKOI KaTeropueli siBisiercs Bua. Ilo co-
BPeMEHHBIM ITPEACTABNCHUAM, BUI — 2710 rpymna bumakux Mexay coboii
OPraHM3MOB, UMEIOITHX 0011 KOpeHb MPOUCXOXKIEHUSA M Ha JaHHOM
aTane 3BOMIOLMK XaPAKTEPU3YIOILMXCH oNpeleNeHHBIMM Mopdonorv-
YeCKMMH, DMOXMMMYECKUMH U (DU3MONOTHYECKHMMM [IpU3HaKamu, obo-
coONeHHBIX 0TOOPOM OT APYTUX BHAOB M MPHUCIOCOONEHHBIX K ONpene-
NieHHol cpene obuTaHW1.

BaXHBIM IPU3HAKOM, ONPeIeNAIONIMM NPUHALIEXHOCT OpraHu3-
MOB K OZHOMY BHJY, SIBIISI€TCH UX CITOCOOHOCTH CKPEIMBATHCS M Ja-
BaTh XH3HecrnocobHoe noTtomcTBo. OMHAKO Y MPOKAPUOT PasMHOXe-
HME TIOJIOBBIM MYTEM OTCYTCTBYET, MO3TOMY HAHHBIH NPM3HAK IS
onpeneneHUs BUAOBOH MPUHALIEXHOCTH K HUM HernpuMeHUM. OT-
HECEHHUE NMPOKAPUOTHBIX OPraHU3MOB K OJHOMY MJIM pasHbIM BMIAM
OCYULIECTBANAETCH B OONBLIOH CTEIIEHM 3MITUPHYECKHUM IIYTEM HA OC-
HOBE aHAIN3a MHOTHX MPU3HAKOB, IIPU 3TOM FeHeTHYecKas uH(op-
Malusl, Conepkauascsi B HEXPOMOCOMHBIX TEHETHYECKHX 3MEMEHTAX,
IUIs onpelneneHysl BUAOBOM MPUHAMNEXHOCTH HE MCIIOABL3YeTCs.

Buapl 06beIHHSIOT B TAKCOHBI 60JIee BHICOKOTO IMOPSAIKA — POIEI,
ponobi — B ceMeicTBa, Aanee ClenyloT MOPsAKM, KIacchl, OTAENbI,
napcrsa. J{ns BEICIIMX TAKCOHOMMYECKHMX KATEropHii 1Moka HeT yIoB-
JIETBOPUTENIBHOTO ONpeneIeHUS.

B Mukpobuonoruu ynotpebnsitoTcs Takue TePMMHBI, KaK «LIITaMM» U
«xyoH». [Ton 1mrTaMmoM noHuMaloT GaKkTepuaibHbIE KyJIBTYPBI OIHOTO
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BHJIA, BEIIENEHHBIE, HATPUMED, M3 pPa3HBIX MecT obutaHua. Paznmus
MEXIY IITAMMAaMK HE BEIXOAAT 3a npenensl suna. Knon — enie 6onee
Y3K0€ TOHATHUE, 3TO KYIBTYpPa, BRIIENEHHAs M3 OJHOM KIeTKH.

CymectsyloT 2 THN2 CUCTEMAaTHKHU OBHoNornieckux o6BLEeKTOB: (hu-
JIOTEHETUYEeCKasl, WK eCTECTBEHHAS, B OCHOBE KOTOpOH JIEXHT ycTa-
HOBJIEHME PONCTBEHHBIX (FEHETUYECKHUX, IBOJIIOLUOHHEIX) CBSi-
3ell MeX/ly OpraHHu3MaMu, U NpaKTUIeCKas, WIH MCKYCCTBeHHad, Lelb
KOTOpO# — BBISIBJIEHME CTelleHM CXOACTBAa MEXNy OpraHu3MaMu
A5 OBiCTPOM MX MASHTU(MMKALIMM U YCTAaHOBIEHWA TTPUHALIEXKHOCTH
K OonpeliefieHHbIM TakcoHaM. Ecnu cyllecTsyolias cucTeMaTHKa BbIC-
LIMX OPraHU3MOB OTPAXKaeT B OINpEHENeHHO Mepe 3BOJIIOLIMOHHEIE
CBSI3M MEXAY HMMM, T.€. TIPU3HAKH, UCHONb3yeMbIe IS BRIABIEHUS
CTEMEHM CXOJICTBA, OTPAXalOT ¥ CTENEHb POJICTBA MEXAY 3TUMU Oopra-
HM3MaMu, TO MOMBITKA CO3NAHHA HAa 3TOH Xe OCHOBE CHCTEMATHKH
MpOKapHOT He OBLIA YCMETHOMH.

MpobnemMeb! cuCcTeMaTUKKX NPOKapUOT

B XX B. npobnema cucremaTnku OaKkTepuit cTana HACTOATENLHOI B
CBSA3M CO CTPEMHMTENBHO YBEIMYMBABLLMMCH KaK BIUMPb (OMMCAHUE HO-
BHIX BUMIOB), Tak ¥ BryOb (Donee aeTanbHOE pa3HOCTOPOHHEE M3yYeHUE
YK€ OIMCAHHBIX BHIOB) 00beMOM 3HAHUI 00 3TUX OpraHU3IMax.

XpOoHONOIHYECKH MepBbIMY OBIMM MONBITKY MCIOJIL30BATh HAKOMN-
JieHHBIe cBefieHHA 0 GeHOTHITMYECKUX MpU3HaKax OakTepuil Uis no-
CTPOEHHs TPaIULIMOHHOM CHMCTEMEI B BUIIE HEKOET'O «[eHEATOIMYECKO-
ro Apeea». B OCHOBY CO3/IaHUs CUCTEMBI OBLT MONOXEH U TpaAWLIMOH-
HBIi npuHITuIL. Bee Mcnonb3yeMele nPpU3HAKK MBICTICHHO PACTIPEACIIAM
[0 CTeleHu X 3HAYMMOCTH, PE3YNbLTATOM Yero SRASIIOCH CYOLEKTHB-
HOE (OCHOBAHHOE TOJILKO HA OMBITe M MHTYULIMM HCCIEHOBATENIA) CO-
3IAHME MEPAPXMYECKOM CUCTEMEI MPUM3HAKOB. 3aTEM B 3aBUCMMOCTH OT
BaXXHOCTH TIPM3HAKOB 0OBEKTHI pa30uBaJIM HA TAKCOHOMUYECKME IpyIl-
nbl Or Toro, B KaKO# OCNEAOBATENLHOCTH [1PpH KACCU(UKALIMY yIu-
TBIBAIOTCH NPU3HAKW, 3aBHCUT IIyTh, 110 KOTOPOMY OCYUIECTBIISIOT
pasiesieHue MUKPOOPraHM3MOB U B KOHEYHOM CYETE TMONYyYEHHBIE TAK-
COHOMMYECKHE rpynmel. JIErko BUAETh, YTO CTPYKTYpa MepapXu4ecKoi
CHCTEMEI OTIPEAENsieTCs MOPSAIKOM, B KOTOPOM pacllonaralTCH mpy-
3HaKH, 2 MMOCNeAHUI BHIOUpAeTCs IPOU3BOJIBHO.

BHauyane oCHOBHOe BHMMaHMe ymensanyu Moptholorn4ecKum IMpu-
3Hakam bakrepuit. Tak, B 1872 r. ®. Kon (F. Cohn, 1828 —1898) pas-
Oenun GakTepuH Ha TPYIE! 0 MOP(OTOTHYECKHM MTPU3HAKAM: KOK-
KW, KOPOTKHE MIOYKH, YIJIMHEHHBIE nano4ky, crupaind. OnHako
BCKOpE CTaJIo SICHO, YTo MOpdonornyecKue npu3Haky HeOCTATOYHB!
UL YAOBAETBOPUTENBLHOIO pacnpenenenus 6akTepuii 110 TAKCOHOMM-
YECKHUM Ipynnam. Jlns 3Toii uenu cTanu npuBiekaTh (MaMonoruye-
ckue npuszHaku. B 1909 r. C.Opna-Hencen (S.Orla-Jensen) coenan
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HOMNBITKY KJIacCH(UIIMpoBaTh HAKTEPHM HA OCHOBE M3BECTHRIX K TOMY
BpeMeHHU (PU3MONOTrHYECKUX MPU3HAKOB.

BaxHBIM LIArOM B pPa3sBUTHM CUCTEMATHKM MpPOKApHOT ABWIOCH
HCIONB30BAHME MPH3HAKOB, AAOIMX HHOGOPMALMIO 0 XUMHYESCKOM
cTpoeHnM KneTkH: coctas ocHoBanuit JJTHK, JHK—/JHK- u JHK—
PHK-romonorum, aMMHOKHCIIOTHAS MOCHEAOBATENLHOCTE OENKOB,
CTpoeHHEe pUOOCOM, KOMIIOHEHTOB KIETOYHON CTEHKH M T.J.

INepBrie MpelIOXEHHBIE CXeMBI KnaccubMKauuy Gaktepuid OBLTU
KpaiiHe CyOBEKTUBHEL. BTO NPUBENO TPYIILY CUCTEMATHMKOB DaKTepuit
K MCMOML30BaHUIO WHOTO MOAXOAA ISt ONpEeeIeHHs CTENEHU € X O [1-
CTBa MeXIy NpoKapuoTaMKM — HYMEPMUECKOH CHCTeMAaTHKH. B ocHo-
Be ee nexar unew, copmynupopaHHele B cepenuHe XVIII B. dpan-
myackum GoranukoM M.AnancoHom (M.Adanson, 1727 —1806): Bce
Mpu3HaAKU 00BEKTa CHYMTAIOTCS PaBHOLICHHBIMM; MPM OMNHCAHMM HC-
cIe/lyemMoro 00beKTa MCIIONB3YETCH MAKCUMATTBHOE KOMHYECTBO MpH-
3HAKOB, KOTOPBIE MOTYT OBITHL U3YYEHEI M OIpENeNIeHbI; CTEITEHDb CXOJ1-
CTBa YCTaHAB/IMBAETCS HAa OCHOBAaHMM KOJIMYECTBA COBMANAIOIIMX ITPH-
3HAaKOB M BhipaxaeTcs B Buae KoadbuumeHTa cxoncrsa. Iocnennmii
IUIS IBYX CPaBHMBAEMBIX IITAMMOB ITOJNYYal0T IyTEM ONPENENEeHUs OT-
HOLLEHMS YUCIA OIIMHAKOBBIX MIPU3HAKOB K 00L(eMy YMCiTy M3y4eHHBIX
MpU3HAKOB. JHAYeHUe KO3 PHIMEHTa CXOACTBA MEHSETCH B AMAra3o-
He oT | (nonHas uaeHTMYHOCTE) do ( (HecoBlaleHME HHU MO OOHOMY
M3y4YEeHHOMY IPU3HAKY).

Knaccudukanus, moctpoeHnas Ha npuHUMIax M.AnaHcona, —
TPYAOEMKUI npoliecc, MO3TOMY CBOE Pa3BUTHE U [IPAKTU4YECKOE MpU-
MEHEHME OHA NMOJY4YHJIa JULIE B NOC/AeIHEee BpeMA B CBS3H ¢ yCIiEXaMu
B 06NacTH BEIMMCIIATEIBHOMN TEXHUKK, [IpeMyLIEcTBa ee 3aKITI04a0T-
csi B (hOopMAJIBHOM YCTpaHEHUH JEMEHTA CYOBEKTHBHOCTH, ITOCKOITb-
KY BCE MpHM3HAKH o0BeKTa MPUHMMAIOTCH paBHoleHHbIMM. OpHako
O4eBU/IHEI M ee cnabble ctopoHbl. Kak npasuio, IUisi OLIEHKHM CXOACTBA
MpOKapuoT Mcrons3yT nopsaka 100 npu3naxkos, 4TO cocTaBasieT
npubmusutensHo 10 % OT KonuuecTsa NPU3HAKOB, OMPENENSIOIIMX
bakTepuanbubiii peHoTun. Cnenopare)ibHO, YIUTHIBACTCH TONBKO He-
3HAYMTENBHAS YacTh [IPU3HAKOB KiaccuduuMpyeMoro obbexTa.

Kpowme Toro, nockonsky o6beM MHGMOpPMALIMM [TOCTOSHHO BO3pa-
cTaeT, 3HaueHHe KoahPUUMEeHTa CXONCTBA MOXET MEHATHCH B CTOPO-
HY yBenuueHUs (npu oOHapyXeHHHM HOBBIX OIMHAKOBBIX ITPU3HAKOB)
WM YMEHBINEHUA (TIpH YBENHMYEeHUM YMCIIa HeCOBNANakIMX IpU3Ha-
koB). Hymeprieckas TaKCOHOMMS MOXeT BbITh TIONE3HA MPH OLIEHKE
CTENEHM CXOACTBA MEX/Y TAKCOHAMM HEBBICOKOTO paHra (BHIbI, POMBL),
HO TIPSMOTO OTHOLUEHHMS K CO3JAHMI0 (hMIOTEHETHHECKOM CHCTEMBI
MPOKapHOT HE HMEET.

Haubonee noano 3amaya OBICTpOi MOeHTH(OUKAIIMH TTPOKAPHOT-
HBIX OPraHM3MOB pelifaercsi ¢ nomMouisio OnpenenuTtens Oakrepuii
bepru, Beimyckaemoro nepuvonuyeckd OOLLeCTBOM aMepMKaHCKMX
6aKTEPHONOroB C NPUBJIEYEHUEM KDPYITHBIX CrielManucToB B o6nactm

157



M3YUeHMs TeEX MM HHBIX Tpynn 6aktepuii. [epsoe n3nanue Onpenemi-
TeJsist 6BLUTO BeinyuieHo B 1923 r. rpyrinoii amepukaHCKuX 6aKTepHono-
ros nop pykosoacteoM 1. X. Bepru (D. H. Bergey, 1860—1937); neesi-
Toe M3naHue B 4 ToMax Beilwio B 1984—1989 rr.

B nesarom uanaunn Onpepenurens Gaktepuiit Bepru Bce oGHapy-
XeHHBIE Oprasu3Mhl, OTHeCeHHBIe B llapcTBo Prokaryotae, pasneneHsl
Ha 33 rpynmnel TTpu3HaKM, 1Mo KOTOPHIM OCYLIECTBISETCS pasieleHue
Ha TpYNNEBI, Kak NPaBUiIo, OTHOCATCH K KaTeropHM JIerKo onpenens-
€MBIX Y BBIHECEHHB! B HAa3BaHMs IPYIIN, HANpMMEp: TpaMOTpHLIATENb-
Hble a3pobHBle MANOYKM U KOKKHM (rpymnna 4), aHaspobHble rpaMoTr-
puvLaTenbHBle KOKKK (rpynna 8), rpaMmoyioXUTeNIBHEIE MAJIOYKM M
KOKKHM, obpasywmme sHpocriopsl (rpynna 13), ckons3siuiue 6akre-
pHM, oOpa3syiolMe miogossie Tena (rpynmna 24). OcnoBHas waes xinac-
cudukaium «no bepru» — merkocTs MaeHTHOUKALIMK bakTepuil. JUis
OCYILECTBICHMA 3TOTO MCIIOJNb3YIOT COBOKYITHOCTh MPU3HAKOB. MOp-
tonornyeckux (popma Tena; HAUTHMUME WM OTCYTCTBHE XIYTHKORB; Kall-
Cy7bl; CIIOCOOHOCTE K CNOpo0o6pa3oBaHMI0; 0COOEHHOCTH BHYTPMKIIE-
TOYHOTO CTPOEHMSA, OKpalMBaHue o ['pamy), KyAbTypanbHHX (Npu-
3HAKU, BBISIBJISIEMBIE ITPY KYJIETUBMPOBAHKMK B nabopaTopuM 4MCTOMR
KYNBTYpHI), (pU3uonoro-6HoXuMHuyeckux (Crnocolbl NonyyeHus: 3Hep-
UK, NMOTPEGHOCTH B MUTATENbHBIX BELECTBAX; OTHOLIEHME K (paKTO-
pPaM BHeElHE#! Cpedbl; HYKJICOTHAHBIN COCTAB U IOCIeA0BATEILHOCTE
HyKneoTH10B B monekyne JIHK; nanyuue 1 xapakTep MEUHOPHBIX OC-
HoBanuit B JIHK; nyxneoruansiil cocras pubocomansHoi PHK; no-
cleNoBaTeNnbHOCTh AMMHOKHMCIIOT B dhepMeHTHEIX Gelikax ¢ aHalorHy-
HEIMM (QDYHKIIMAMM).

Jlns peesaroro wanauus Onpepmenurens Gakrepuii bepru xapakre-
PEH OTKA3 OT MOCTPOEHMS KJIACCHYECKOH HepapXHU4YeCKOH CHCTEeMBI
knaccupukanuy. OHa 3aMeHeHa CIIMCKOM YITOMSIHYTHIX BBILIE [PYII K
COXpaHMNACh TONbKO (parmentamu. KpaTkas XapakTepuCTUKa 3THX
IPymm AaHa B cnenyioineM pasnene. Llennocre Onpenenvrtens B TOM,
4YTO OH MpeacTapsier coboit Haubosyee IMOJNHYIO CBOAKY M3BECTHBIX
OakrepuanbHEBIX (DOPM M CaMoe COBpeMEHHOE nocobue Ui MIAEHTH-
dukanuu Oaxtepmit.

B 37TOM Xe DYKOBOICTBE MpeEJJIOXEeHa CXeMa IEeNeHUs [1apcTBa
Prokaryotae Ha BEICLIME TaKCOHB! (OTAENEI, KIIAcCH). B ocHOBY nene-
HHUS Ha OTAENEI IMOJIOXKEHO CTpOeHKe KieToyHoM creHku. Haspanme u
KpaTKasi XapaKTepMCTHKA OT/EJIOB M KJIACCOB IpeACTapJIeHbI B Tabn. 13.
Ilpencrasnennas B Onpenenurene Gakrepuit bepru cuctema Kinaccu-
¢UKaLMK ABISETCA CTPOTo MAeHTU(UKALMOHHON M HE pellaeT 3aJ1aqyu
BBISBJIEHUS 3BOMIOIIMOHHEIX CBH3eM MeXAy NpokapuoraMu. B To Xe
BpeMs KOHEYHOM IEeNbI0 SIBASETCH MOCTPOEHUE TaKoit CHCTeMEl, B
OCHOBE KOTOpO# nexany Obl poJICTBEHHBIE CBA3H MEXIY IIPOKapUOoT-
HBIMM opranusmamu. [lepsasi NONBITKa B 3TOM HaNpaBleHUH NpU-
Hamexut C.Opna-HeHceHy, npeioxueilemy QrIOreHeTHYECKYIO
cucTeMy OakTepuit, OCHOBAaHHYI0 Ha (PU3MONOTHYECKHX MpU3HAKaX.

158



"WIHHROQUITIO — <«STSOPLAWS (HIGHXIH ‘HUNIEN — «I3ua)»

‘HEHROU ‘yiUSdd — «SNULYe> UHAHOL — «SI[I0BIS» ‘BXON — «S2IN0» OUD XMNOHHMLEN XHIIOIATALD lo ldHedocedoo mHuUWdo]

ELI2J0BQOABYITY 00BLD €
[HIHHTI90(Q) 'XEHEOLDA XIGHALrBW
-od1ode € 9LUX OI9100HQODOUD
‘WoreedgooHeed WHM0RHI0Q
-B1W M WHNDQhHJIOLONE KOLOIAE
~HdaLiedey ‘HAMLADK LOIOWH 2H]
-OHW '19godeeHe auJIodlo — ouLd
~-HUMIK0q *20HILILMXOKOL MIFK
soH4ararenudio Awed] ou auHed
-umedx(Q) 'gorudexesuronodalal
I rAdorowodXeW xMddodirag
£H 0X9rol eHaodlool 91KQ Lax
-OW BMHALD BEHROLILTY 'BEHEXHILI
-OTMLUIL OJOHRMUML LHxdaroa
9H BHO OH ‘AMH2LD OIAHhOLILMA
LolaWM OHLOHMIMGroq “muddon
-03 QUJOHJA 'MLIHH ‘WXROLUEU
‘wiod clawdod woxeed udLoIy
'MUSTLO [] M | € 9MHHOROILE
‘Iwdod won ‘aMHoTXOXxoModu
99HHEd 20K0Q BH QHMOIATHAL
-adu ‘WIGHHRY EOWHWITIOIOWHM OU
‘lmioudedodu MHIHMI3LGQ

S3INDI[[O]A] WOJJELA WHH
-0 MHardeloTad]] "MWEHAJOLEL
MUK MWeLHeedeu ‘uwelndoduen
41190 LAIOJA "MMHOLOM dele g XHim
-oieloedd ‘XIDIFOW ouHegogedgo
oHdawxedey ‘s0Haralenmkdio
Awed] ou sMHegMmEdAQ "YouN
~B1HOWJIBA(D ‘WOMHEHONROU ‘Wd
=HHAL3T EEIQMISD JUHIXOHW
-ced "1aHddowoaru oHuehaucadh
‘LTI 9HaXAdAO WAL "BHEX
-HIJOTHIUAU WAMHHIEL0omMTadU
BOLOIAdMEDLHMD DH M BIHILD
BEHROLAIM LaAg101A010 X19doLod
A ‘mloudexodu KOLEOOHLQ

(andod woaumpaLad)
BLIDJ0BQO|[RY L ¥ (MLHH BOOWMKE
-1949H ‘UAhOLBL ‘W0 ) BLI0Eq
~JULIf ‘BO0BLA T BH QMHALAY OH
-axorradu MMioropdow Lo MLD
-OWHaHeaee g ‘andod algHgodeEHE
OHHEULIBLIUANEBGD ‘dMHgodegHE
‘aMHQodeER 1BWOXE BUAYLO HELO
-0 g 'MHXHETOLIH O8LOHMMIr0g
'HOMAMLAIX Ol9MONOU 2 KJLOI
-emawada]] 'xsulHedOUD € UM
XepHJ BH Mdoud xuiAdy £ ‘1ad
-0uUd0rHE lolAcedgo amdolodaH
"WIMHIIOT WHHABHHQ WOHHOH
-00 € BOLOIEXOHWERJ 'WONHOLD
WOHRhOLILX WOH4UILUXOLOL
-Wedl 0 AWeMHEIdO LETOXY

qwenHeido (elajoeq
=-0J0ydAxQ ‘eualoeqojoydAxouny)
JUMOIAGHEILHMO0LO( H (BLIDIDEQ
-0j00g) aumoiAduesiHusoLop
=3H JUMOIKHKUT3100 "BOJBI §
BH Kolaslravsedrou :.u._uFO 'MW
-do® aMHQOdERHE OHMEMLELILAN
-8 HI'K 219HQ0dERHE ‘alMHO0deY
‘BHHOXALOND HIUM GONULIAIXK
OIMIMOWOL O MHXHETOU IUIOHTA]
‘LoiAgedgo oH dou)) "WaMHaKwaT
WIHHOELO3XOHN — WOHTO € ‘W2
-MHELOXhOU — XelUUuAds xKdolox
-0H € ‘WaMHIIaT WMHABHHG WOH
-40H20 4 SHHIXOHWEE] 'AAHILD
OIAHKLOLAIA OIART Karemudioneds
AUMOIINK ‘YauJorodow HOH
-ted 5 MWcHHEIdO LoBROINIYG

SOINDISOPUA ‘Al UATLO

SAINOMAUD, “[] KBVLQ

saynaruurd ‘][ waliQ

LSANDNIDRID '] LATLO

(p861 “AeLINIA) IHOJNEL JMIMIII9E BH de)oLieyolg vardden amHILAY

¢] BIHLQR]

(=)

15



C.Opna-HeHceH wcxoomn npy 3ToM M3 TIPEAINONOXEHHs, YTO, IO-
CKOJIBKY Ha NEPROOBITHOR 3eM/I¢ OTCYTCTBOBANIO OPraHHYECKOE BELUE-
CTBO, NnepBeie DaKTepuH NOLKHE! GbUIH ObITH aBTOTpOGaMu. B KayecTse
caMbIX NPUMHUTHBHEIX GakTepuili OH paccMarpuBal a3pobubie GakTe-
puH, okucnsolue MeTaH. [lo3Hee TakMe NONBITKU MPEANPUHHUMA-
JIUCh KpylHeHiuuMy Mukpobuonoramu A. Kioiisepom, K. Ban Hu-
nemM, P.CreiiHuepoM.

BaxHbI# 1ar Ha MMyTH CO3NaHMS ECTECTBEHHON CHCTEMATHKHM MPo-
KapHOT CBS3aH C ycriexaMu MOJeKynsapHoit Guonoruu. B 60-x rr. XX b.
OBLUIO YCTAaHOBJIEHO, YTO BCE CBOMCTBA OPraHHU3Ma OINpeaensitoTCa YHHU -
KATBHBIMH XHMHuyeckuMH Monekynamu — JIHK, noatomy Gaxtepuu
MOIYT 6BITh KNaccHPUUMPOBAHEI ITyTeM cpaBHeHMs ux reHomos. [lo
TAKOMY NPHU3HAKY, KAK [EHETHYECKHI MaTepua, OKa3aloch BO3MOX-
HBIM Ha OCHOBaHHH BLIABJICHMA CTENEHU CXO0OACTBA OCNaTh BBIBOA O
CTETIEHH POACTBA MeXny opraHu3Mamu. [lepsoHavyansHo 1 Tak- -
COHOMMYECKUX [IeIeil CPaBHMBANM MOJSIDHOE CONEPXKAaHKUE CYMMBI I'y-
anuHa ¥ uurTosdua (') B nporeHTax ot 0OLIETO KOMMYECTBA OCHO-
paumii JIHK y pasueix oGnekrtos. BToT nokasaTe/ib y NPOKapHOT KO-
nebnetrcs ot 25 no 75 %*. Onnako I'll-nokasarens AaeT BO3MOXHOCTh
TONBKO 111 rpyboro cpaBHeHuUst reHOMOB. Ecnu opraHuaMbl KMEIOT OOU-
HAaKOBBIHA HyKIeoTtunHblid cocras JIHK, BO3MOXHO M CXOACTBO U pas-
JIMYHE MeXNY HUMHK, NOCKONBKY TeHeTHYeCKOoe KOAMPOBaHHE OCHOBA-
HO HE TOJBKO HA Oonpe/lelIeHHOM COAEPXKAHHU OCHOBAHMH B eAMHHUIIE
KOAMPOBaHUS (TpuIJieTe), HO M Ha MX B3AMMHOM PAaCIIONOXEHUH.

Bonee ToHKMIA MeTon OLEHKH TeHETHYECKOTO CXOJCTBA OpPraHM3-
MOB — CpaBHEHMe HYKJIeoTHIHBIX nocnenosatensHocteit JJHK 13 pas-
Hbix netouHuKoB MetonoM JIHK—JTHK-rubpunuzarimm. Meton Hau-
Oonee moneseH A KnaccudukalMM Ha ypPOBHE BWa, T.€. B Clyyae
BEICOKOH CTENEHU IOMOJIOTWH, B Mano MHGOpPMaTHBEH NSl KIaccH-
¢ukanuu o6LEKTOB HA YPOBHE BBICOKMX TakcoHOB®. B To Xxe Bpemst
YacTO HECOBMNANEHUE BHIROMIOB, CAEIAHHEIX Ha OCHOBaHHHU (heHOTUIH-
yeckux npu3Hakos ¥ JIHK-rubpuauzauun. B uenom sHaueHure AaHHBIX
o crpoenud JIHK misi cucreMaruku NPOKapHOT OTPOMHO, TaK Kak
MO3BOJISIET NEPEHTU OT YCTAHOBNEHUS CTETIEHH CXONCTBA K BBEIBOAAM O
CTENeHH PONCTBa MeXAy OpraHu3MaMu.

[MoMumo aHanu3a Monexkyn JJTHK wig ycTaHOBIeHHS CTENEHU POJI-
CTBa MeXAY NpOKapHOTHBIMH OPraHU3MaMu pa3paboTaHel METOAMYE-
CKHe TOIXONk!, MTO3BONSIIOLINE CPaBHUBATE NMPOAYKTH OTHEN b-
HBIX TI'€HOB, BBLINOJHAKIIHE B KJIETKE OJWMHAKOBBIE (b)’HKL[PIH. BTO

! Konebanus Hyxneotranoro coctasa JIHK y 3yKapHOTHBIX MHKPOOPTraHH3MOR
(Monspuaa ponst, %): rpubsl — 26 —70, ponopocnn — 37—68, npoctefime — 22—
68; y BHICIIMX pacTeHHil M XWBOTHBIX ~— 35—45. KoneGaHusa B cocTaBe OCHOBaHMit
JOHK BHpycoB npubnusvTe/lsHO TAKuEe Xe, KaK Y MPOKapHoT.

2 Meton onucal B kiure ManunaTtucaT., @puua 3., Cambpyka JIx. Mo-
NEKYpHOE KJIOHMpoBaHue. — M.: Mup, 1984,
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MoryT GeITh Genku (heppelOKCHHB, LIUTOXpOMEI U ap.) wiu pPHK.
C ucrons30saHUeM MOCIEAHUX B KayecTBe (DUITOTeHETUYECKHX MapKe-
POB CBA3aHO KpYTIHOE OTKPHITHE, IMO3BOJISIIOLIEe IMO-HOBOMY BATIIS-
HYTh Ha CUCTEMY XUBOIO MHpA.

Beioop pPHK mwis peiienust ipoGnemM 3BOJIIOLIMOHHOM CUCTEMaTH-
KM IIPOKApPMOT OKa3aJicsd YAA4YHBIM 10 DAY NPUYMH: 3TH MOJNEKYIE
00OHApYXXeHB! Y BCEX KIETOYHHX (DOPM XH3HHK, Y4TO YKA3BIBAET Ha KX
JIpeBHeifiee MPOUCXOXIEHKE; MX QYHKIMK BCErNa ONMHAKOBBI; Mep-
BHYHAA CTPYKTYpa B LIEJIOM XapakKTepHU3yeTcs BLICOKOU KOHCEpPBATHB-
HocThio. OcobennocTeio pPHK siBasieTcs HaxoxaeHue BHe cepsl neii-
cTBHA 0TOOpA, NO3TOMY JAHHBIE MOJIEKYNBl IBONIOLUOHUPYT B pe-
3yJABTATE CIOHTAHHBIX MYTALHE, IPOMCXOAALINAX C NOCTOAHHOH
CKOPOCTBIO, M HAKOIUIEHHE TAKHX MYI‘aI.[HI‘:[ 3aBHUCHUT TOJIBKO OT BpeMe-
HH1. TakuMm o6pazoM, MEPOI IBOJIIOLIMOHHOTO PACCTOSHUS MEXJLY Opra-
HU3MaMH CITY>KUT KOMMYECTBO HYKJIEOTUAHBIX 3aMeH B MOJIEKY/IAX CPaB-
uusaeMeix pPHK.

H3secrro, uto B pubocomax npoxapmm ¥ 3YKApHOT MPUCYTCTBYIOT
3 Tuna pPHK, pasznuuaronmxca MoNeKy/ISIpHOM Maccoil U Ko3ddhuim-
eHTOM cenuMeHTauuK. MHpopMalMoHHasA eMKOCTE KPYITHBIX MOAEKYJ
Bonsiue, HO Ux TpyAHee aHanu3MposaTsk. [lo3ToMy HauGonee ynobHEIM
okasancs aHanus Monexyn pPHK cpenseit Benmuuunst: 165 (y mpokapu-
or) H 185 (v sykapuor), cocrosmmx u3 1600 u 2500 HykneoTunoB
cooTsercTBeHHo. K Hacrosemy BpeMeHH nocneaosaTebHOCTH 165 1
188 pPHK u3yuets! 6onee yeMm y 400 opraHu3MoB, NpUHAIUIEKAIIMX K
pa3sHBIM lIapcTBaM XHUBOH npuponasl. Ha ocHoBaHMU TTOMYYeHHBIX AaH-
HBIX paccYMTaHbl KO3(MGUITMEHTR! CXOICTBA CPaBHUBAEMEBIX OpPraHKU3-
MOB, 4TO ITPHBENO K HEOXHIAHHBIM PE3yJbTaTaM: BBISBIEHB! HE NBE
IPYIOBl OPraHM3MOB, Pa3dIMYAIOIIMXCS [MPOKAPHOTHBIM M 3YKapHOT-
HEIM THIIOM KJIETOYHOM opraHu3aluu, a Tpu. OpHy o6pa3yior Bee yKa-
PHOTBI: BBICLIME PACTEHMA, XHUBOTHBIC, NPOXOKH, BOINOPOCHH M T.II.
B 3Ty rpynmy He BOULIM OpraHesuibl 3yKapuoT (MUTOXOHOPHH, XJIOPO-
ractel). TakuM obpaizoMm, mepsasi TpyIa NpeAcTaBlIeHa sifepH o-
MUTONNA3MATHYECKHUM KOMIOHEHTOM 3YKAapUOTHEIX
k1 eTok. Ko Bropoit rpyrine, nonyJyusilieil HA3BaHHE UCTHHHBIX Dak-
TepHid, WM 3yGaKTe p 1, OTHOCUTCS Moaasiisiiollee OOMBLIKHCTBO
nipokapuot. Ciofia Xe nonaid Ha OCHOBAHHH CTEIEHM FOMOJIOTHK 165
pPHK MHTOXOHIPUM M XIODPOTIACTH 3yKapHOTHEIX KieTok. Hakopert,
B TPEThiO TPYNITY BOLWIM HEKOTOPHE MANIOH3YYEHHBIE NPOKApHOTHI,
obUTaIOIINE B 3KCTPEMANBHBIX YCIIOBHAX: MeTaHoDpa3syiomnue Gakre-
PMH, 3KCTPEMANIBHBIE TATOGMIE M TepMoaliaodisl. BTa rpynmna opra-
HM3MOB NMONYyYMIJia Ha3paHKe apxebakTepHu .

XoTa kieTkd apxeGakTepuii CTPYKTYPHO OTHOCATCSH K MPOKAPHUOT-
HOMY THUIIY, OHH MTOCTPOEHE! M3 MAKPOMOINEKY N (TMITUIOB, MONKcaxa-
pvaoB, OenKoB), MHOIME U3 KOTOPLIX ABJSIOTCH YHHUKAJIBHBIMH M HE
CUHTE3UPYIOTCA HM 3yKapuoTaMM, HU 3yDakTepusMu. ApxebakTepuu
OCYILECTBAAIOT psifi OMOXHMMUYECKHX MPOLECCOB, HE CBOMCTBEHHBIX
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OCTAIBHBIM XHUBLIM opraHu3smaMm. Ha ocHoBanuu 3Toro Oeun coenaH
BBIBOM, YTO apxebaxkTepuu, NO-BUIUMOMY, NNPEACTABAAIOT coboi onHY
K13 CaMbIX APEBHUX [PYNII XXUBBIX CYILECTB.

ObHapyXeHue B HeapaXx MUpa MPOKApUOT TPYIIH apxebaxkTepuid
TMOCTABHIIO 3aHOBO BOIPOC O IMyTAX KJIETOYHOK 3BONOIIMH ¢ MOMEHTA
BO3HUKHOBEHHS HEKOEH MMIIOTETHYECKOH NMEPBUYHON KIETKH.

TpanuuuonHas obluas cxemMa KJIETOYHOMR IBONIOLMKM OCHOBBIBAETCS
Ha CHEAVIOUIMX TPEATNONIOXEHUAX: U3 MOMYALNK NEPBHYHBIX KIETOK B
pe3yNbTaTe LEeNIoro psana coGBITHH, MPHBEALIMX K [TOBLILIEHUIO YPOBHS
KJIETOYHOM OpraHu3alMK, IOA AABJIEHUEM ecTecTBEHHOro orbopa Bo3-
HUKJIA TIONYJSILEST MPEAKOBBIX NMPOKAPHOTHEIX KJIETOK, U3 KOTOpPBIX B
KOHEYHOM HTOIe MPOM30OLLUTH Pa3HBIE FPYIIIEI IpoKapHoT. Manosepo-
ATHO, 4TODBI NpEeNKOBble MPOKAPUOTHELIE KIETKM BCEe OBUIM «HA ORHO
nuuo». EnvHcreeHHas ux ofllas yepTa — MpPOKAPUOTHAS OpraHU3aI[Hst
(cm. Tabn. 1). DykapuoTHas KIeTKa BOSHUKIIA B pe3YNILTaTe 3HI0CHMOMO-
3a, B KOTOPOM SIIEPHO-LMTOIUIA3MAaTHYECKMM KOMIIOHEHTOM, T. €. KJIET-
KON-XO3IMHOM, H FHIOCUMOUOHTAMH, MPEBPATUBLIUMUCS BIIOCIEACTBHA
B MMTOXOHIPUHK K XJIOPOMNACTEI, OBITH CYIIIECTBEHHO paldIMYyaloNIHecs
Mex 1y coboit mpokapuoTHkle KieTkH (puc. 41, A). CnencteBreM Takoro
B3TNs0a HA OOLUMI XOA 9BOJIIOLMU SIBUJIOCE NIPU3HAHUE JBYX OCHOB-
HbIX LlapCTB XWBBIX opranu3Mos — Prokaryotae u Eukaryotae.

Byxap‘?or"

Puc. 41. Ilytn xneTouHoH 3BOTIOLMH.

ToukuMH cTpeikaMH obo3HaueHo 3BONIOLMOHAPOBAHHE Pa3HBIX IPYNI NPOKAPHOT, B

TOM 4YMCJIe AABLUMX HAYano MUTOXOHOpHaM (1), xioporutactam (2), 3yKapHOTHOMY Aapy

u nurornasme (7). ’KUpHEIMH cTpenkamMu 0003HA4EHO 3BOTIOLMOHUPOBAHME Pa3HbIX
TPYII 3yKapHOT
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Hogas cxeMa K1eTOYHOH 3BONIOIMH HCXOMMUT U3 MPU3HAHWS CYyLle-
cTBYOIIMX Tpex dhyHIaMEHTANTBHO pa3nuYaloLHXCs TUITOB XHBBIX Opra-
HU3MOB: 3ybakTepuii, apxebakrepuii 1 sykapuot. CornacHo 3Toit cxe-
Me OT ODLIETO TMITOTETHYECKOTO MTPeAKa, MOJIYYMBIIETO HA3BAHUE «IPO-
reHoTa», 3BONIOLUOHUPOBATY TPU pPa3lH4YHLIE BETBW IMPOKAPUOT:
sybakTepun, apxeGakTepuu W ypkapuorel (puc. 41, 5). Ypkapuors
[peJICTaBIeHb! A PHO-IIUTOILTA3MATHYECKHM KOMITOHEHTOM 3YKapH-
OTHOM KIETKM, BKJIIOYMBIIMM B ce0si B KayecTBe 3HAOCHMOGHOHTOB
NnpencTaBATENEH pa3HbIX TPYIIN 3yDaKTepuid, IpeBPaTUBLIMXCA B MH-
TOXOHAPHM M XIOPOILIACTEL.

Ilo uenoMy psiny cBOMCTB Ha MOJEKYJSIPHOM YPOBHE, M IpeXIe
Bcero mno aHanusy 16— 1885 pPHK, BoidBneHHbIE TPH IDYNITBI XXUBBIX
OpPraHM3MOB 3Ha4YUTelTbHO PasnuyarTcd Mexay coboif, 4To TIpUBeNo
HMCCNenoBaTeNeid K BLIBOMY O NPHONM3UTENEHO OIMHAKOBOM «3BOJIO-
LIMOHHOM» DPACCTOSHMU MeXIy HuMd. Ha ocHosanuu aHamu3a 165
pPHK cpenansl Takke nepsble NMOMNBITKH BBISCHUTH (hMIOreHeTHYe-
CcKHe B3aMMOOTHOILEHUs B rpyTine 3ybakrepuii. Bee uayueHHbIe 3ybaK-
TEPUK B COOTBETCTBUU C BEIYHCIEHHBIMH KO3 PUIIHEHTAMHU CXOACTRA
OKasanuce pacnpeneneHHbBIMU Ha 10 a3BomonronHbix BeTBeli. Hanbo-
Jiee HEOXHMIAHHELIH pe3ynsTaT — obHapyXeHHe (POTOCHHTE3HPYIOLLIIX
aybaxrepuit B 5 serax u3 10, no3ponsmoniee caeNaTh 3aKi0YeHHE O
OonblileM UX POJCTBE C ONpedeNieHHBIMH HedOTOCHHTE3UPYIOIUUMH
3yGaKkTepUAMU, YeM MEXIY coD0ii. BTO MO3BOJSIET MO-HOBOMY ITOJIX0-
AUTH K npofieMe TPOMCXOXNEHH pa3HEIX BUAOB hoTocuHTe3a U do-
TOCHHTE3HPYIOIIHX 3YOaKTePHIi.

Wtak, B HacToslee BPeMs OTCYTCTBYET CKONLKO-HHOYIL NETANH-
3MpPOBAHHAA 3BOJIIOITMOHHASA CUCTEMA NMPOKApHOT. Bee onucaHHEIe BLILLE
MONBITKY MOACHUTU K ee CO3/IaHHI0 TTIO3BONSAIOT CENaTh BHIBOI O TOM,
4YTo penieHMe 3Toil mpobneMsl — neno HeGnuskoro Gyayiiero. Oco-
GeHHOCTH IpoKapHoT B 06nacTi Mopdonoruyeckoi, pusnonoro-6muo-
XMMUYECKOM, TeHeTHYECKON OpraHu3aiiu roBOpsAT 0 HENPUMEeHUMO-
CTH K HUM XOpOLIQ pa3paboTaHHEIX NPHUHIIMITOB, MCIIONE3YEMEIX [IPU
[IOCTPOEHHUH CHCTEMBI BBICILIMX OPraHM3MOB. DT0, eCTeCTBEHHO, 3HaYH~
TEJIBHO YCIOXHAET 3a1a4y, HO He IenaeT ee Ge3HanexXHoi. Yxke ceifyac
B MUpE NMPOKapHoOT JU1s Haubonee U3YYEHHOM YACTH 3THX OpPTAHM3-
MOB — 3ybaKTepHii — MOXKHO NPOCTEIUTh OCHOBHEIE HATIDAB/IEHHS 3B0-
JIFOLIHOHHOTO pa3siTHs. OnHa M3 MHoOrooGelaIlKX MeH 3aKmodaeTcs
B TOM, YTO B OCHOBe IPOrPECCHBHOM 2BOHOLMH 3y0OaKTepuid JeXUT
COBEpPLIEHCTBOBAHHE cNOCODOB MONYyYeHUA UMU IHEPTHH.

Ipynnbl NPOKapMOTHLIX OPraHU3MOB
B nessitoM u3gannu Onpenenutens Gakrepuii bepri Bece npoxapu-
OTBbl pacrpefefieHbl o I'PYINaM, He MMEIIHM TaKCOHOMUYECKOro
cratyca. Huxe cnenyer xpatkas xapaKTepUCTHKA 3THX TPyt [pynims
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GakTepuii, Gonee moapobHo pazbuparlHecs B MOCNSAYIOLIUX rasax,
OXapaKTepH30BaHBl HaMEPEHHO NpenenskHO KpaTtko. Haobopor, TeM
IpyIInaM, KOTOpEIE B JANIbHEHIIEM HE ODCYKIAI0TCs, YAEAEHO HECKO/Ib-
KO Gonbille BHUMAHUA.

Ipynna 1. Chupoxemsi. Bxoitoyaer nopsinok Spirochaetales. Tornxue
cnupaneBUIHEIE ONHOKIeTOYHEE (hopMBl, obnajnarmolke cBoeobpas-
Hoi#t Mopdonorueit u ciocobom aBikenus (cM. puc. 13). liuHa knetok
Kosebnerca or 5 go 250 MxM. CKIOHHEL K 00pa30BaHHI0 aHOMAIBHBIX
¢dopM (rpanyn, nuct). PazMHOXaIOTCA MonepeyHbIM JeneHuem. Knet-
KH COCTOSIT M3 MpPOTOMIa3MEHHOIO [[MIMHIpPA, AKCHAIBHOH HUTH U
HapyXHoit obonouku. OboNoyka TOHKasd U ANMacTUYHAasd, 4To ¥ obecre-
YKMBaeT CIMPOXETaM cBoeoOpa3HElil crnocod nepensrkenus. ['pamor-
punatensHel. [lpefcTaBUTENnH 3ITOM TPYNITEI Pa3lIM4HO OTHOCATCH K
kucnopony. Ectb cpeau HuMX oOnuratHo a3pobHble, GaKynbTaTUBHO W
obnurarHo aHaspobusie (popMbl. XeMoopraHoreTepoTpodbl, CYILIECTBEH-
HO pa3MyarlMecs Mo cTeneHu TpeboBaTenbHOCTH K cyberpary. Cpe-
IM HUX ecTh CBOOOMHOXMUBYIIHME (DOPMBI, OCHOBHOE MECTO OOMTaHMS
KOTOPBIX — IIPEecHBbIe U CONeHbIe 03epa, Cpefia C BRICOKMM comepxka-
HueM H,S; komMMeHcanucTel!, 0OMTAIOIINE B XKETYOOYHO-KHUIIEYHOM
TpaKTe MPeCHOBOIHBIX K MOPCKHX MOJUIKOCKOB, H napa3utbl. Hexoto-
phle BUABI maToreHHsl: Treponema pallidum — po36ynurens cudunuca,
Borrelia recurrentis — Bo30ynuTeNs BO3BpaTHOTO THA.

Ipynna 2. A3pobiibie, nodeudichble CRUPAIEBUOHbIE UAL U30SHYMbIE 2DAM-
ompuyamenstbie 6axmepuu. TIpokapuoTsl, BXOEALUMe B 3Ty Ipymnmy,
HMEIOT XKECTKYIO KIETOYHYIO CTEHKY, TaK YTO KIeTKa CBol0 (hopMmy He
MeHsieT. JIBIDKeHUe OCYIIECTB/IAETCS ¢ MMOMOLUBIO OMHOIO WJIH MHOXEe-
CTBa MOJISIPHO PACTIONOXKEHHEIX XKTYTUKORB. XeMoopraHorereporpodsl,
CYLIECTBEHHO pa3Iuyaioirecs MoTpedHOCTAMM B IMTAaTENLHEIX Belle-
crBax. Hexoropele BUIBI MOIyT PacTH Ha MpOCTOi CHHTETHYECKO# cpege,
JUIsi pocTa Apyrux Heobxonumel cnoxusle cpensl. K pony Spirillum ot-
HOCHATCH B OCHOBHOM canpoguTsl, o0HUTAIOIIME B CTOSMUX H 3arpsis3-
HEHHBIX BOIAX, HA MHHIOLIMX DACTHUTENBHBIX M XKUBOTHBIX OCTaTKaX.
Psan ceoGonnoxusyux ¢opM — obuTare/id MOpckux soa. EcTs cpenu
HuUX U Napa3uTel. HexoTopeie BUABI MaTOTCHHLL.

K 3t0i1 ke rpynne otHeceH pop Bdellovibrio. O6HapyXeHHBIH B
1963 r. NpokapHMOTHBIA OpraHu3M, HasBaHHbI Bdellovibrio bacterio-
vorus?, Bei3Ball OTPOMHBIH MHTEPEC, TAK KdK MOXET NMapa3sHTHPOBATh
BHYTPH KJIeTOK Apyrux Gakrepuii. B. bacteriovorus — Menkas, clierka
M30rHyTas ManoyYka ¢ OAHMM TONSIPHO PACIONOXEHHBIM XIYTUKOM.
TlocnenHuit HeCKONBKO ToNLIE OOBMHBIX GaKTepHANBHEBIX XIYTHKOB.

! Kommencanuam — Buj cumB1o3a, Korga onuH OpraHM3M XMBET 34 CHeT ApYyro-
ro, He NPUYHHAA €My, OJHAKO0, KakKoro-nubo Bpena.

2 Bdello — OT NaTHMHCKOrO CIOBA <«[HABKA», VOIUS — «TIOXKHUPAICILNIA», B LIETOM
HalBaHMe, naHHOe 3THMM GakTepusM, MOXHO MepeBecTH KakK <«IUABKO-BHOpDHOHK,
NOXHUpatollHe GAKTEpHH».
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BuyTtpu BMIa oGHapyXeHbl 1UTAMMBI, CYLIECTBYIOIIVE TONBKO B
KIeTKax apyriux GakTepuii, T.e. obNUraTHele Mapa3uThbl, 1 cBOOOAHO-
xmupyiine. [locnegHue MoryT GuITh MONYYEHB! B 1a60OPATOPHEIX YCIIO-
BHSIX M3 MPUPOAHBIX IUTAMMOB, BeyIUHX Mapa3uTHYECKHid 00pa3 Xus-
Hu. HepasHo onucanb! BUIbI, ABSIOLUHEC GaKynbTaTUBHLIMK Tapa-
3UTaMH, T.€. crioco0HBIE CYLUECTBOBATH KAK BHYTPH GakTepHUanbHOM
KJIETKM XO351IKH4, TAK M CANPO(UTHO HA MUTATENEHON Cpeae CIOXHO-
rO COCTasa. c

Ocobuiit uaTEpec nipeacrapnser cnocobHocts Bdellovibrio napasu-
TUPOBATE BHYTPU KAeTOK apyrux Gakrepuil. CnekTp mopaxaeMbix 0ak-
Tepuil OYeHb IMMPOK: 3TO Pa3NMyHBIE BUALI TPAMNOJIOXHUTENBHBIX U
rpaMoTpHIaTensHbIX 3yGaKkTepuii. Bdellovibrio obnanaor crnocobHOCTEIO
IepeMeNaTbes ¢ MOMOLUBI0 CBOEMO Pa3BUMTOrO XIYTUKA 3HAYUTENBHO
GeicTpee MHOTHMX APYrux GakTepuii. 3To JaeT UM BO3MOXHOCTE aKTHB-
HO MCKATh M HAXOOUTh KJIETKH X03AWHa. HacTHrHyB GakrepHanbHYIO
KNeTKy, Bdellovibrio npodHo K Heil pUKpeIUifeTcs, NpobypaBIvBaeT
KJIETOYMHYIO CTEHKY, TMPOHHMKAET B IPOCTPAHCTBO MEXMY KIETOYHOM
crenkoit ¥ HTIM W HayuHaeT TaM pasMHoxaTeca. Kak mpaBwio, B
KJIETKY MPOHMKAKT Cpa3y HECKONBEKO DaKTepHil, MOITOMY LI€IOCTHOCTD
KJIETOYHOU CTEHKH HapyllaeTcd B HeckoinbkKuX MecTax. Konnuecrso
KJIETOK-IIapa3sHTOB, O6pa30BaBIIMXCA B KJIETKE-X03SMHE, MOXET J0C-
turath 20—50 B 3aBHCHMOCTH OT pa3MepoB xo3suHa. KieTka-xo3suH
HanmoOMMHAET B TAKHX CIy4asX «Mellok», HabuTei Bdellovibrio. Tuxn
BHYTPUMKIETOYHOTO pa3sutus B. bacteriovorus mnvrest 3—35 4, nocne
Yero napasuThl 0CBOGOXIAIOTCS M3 PaspyleHHBIX UMH KIIETOK-X034€B.
Yacts kierok Bdellovibrio nepexondT B noKosilieecs cocTosAHKe, Gop-
Mupyst iMcTel. B monxonsiuux yenoBusix (Korna MHOro GakrepuanbHbIX
KJIETOK) IUCTHI GRICTpO NpopacTatoT. baktepuu pona Bdellovibrio uiu-
POKO paclipocTpaHeHs! B ripupoae. Ouu oGHUTa0T B 1104Be, MOPCKUX H
npecHbIX Bopax. Mx ucnone3yor s 6opshbl ¢ BO30YIHTENsMH 3MUIE-
MHYecKHx 3aboieBaHuil, HAIIPUMEDP XONEPhI.

Ipynna 3. Henodeuxchvie epamompuyamensisle usoeHymsie baxmepui.
Bxuitodaer cemeiictBo Spiromonaceae, oGbeaMHsIOILEE OORUIaTHO
a3pobHble GOPMEI C XapaKTepHOH KIeTOYHOK Mopdosioryeii: oT nps-
MBIX MATOYEK A0 KOMell, He IMOJIHOCTHI0 MM TMONHOCTBIO 3aKpydeH-
HEIX; PM 3TOM B KYJIBTYPE OJHOBPEMEHHO MOTYT IIPUCYTCTBOBATH KJET-
KM pa3Hoit (pOPMBL.

Ipynna 4. Ipamompuyamenvtibie a3pobubie narouku 1 kokku. Tpynma
npeacraBnena 8 cemeiicTramu. K cemeiictsy Pseudomonadaceae orro-
CATCA OOWMHOYHELIE NMPAMBIE WIM CJErKa M30THYThIE NOABMIKHEIE Ia-
JOYKH. JIBIDKEHHE OCYIIECTBISETCA C MOMOIIBIO TMONSPHO PACIIONO-
JKEHHBIX XI'YTHKOB. THITHYHBIE NPEACTABUTENN CeMeicTBa oObenuHe-
HBl B pon Pseudomonas. 910 B OCHOBHOM 0OOMMratHo a3pobHbie
xeMooprasorereporpodbl, norpebasionue MUPoOKKit Habop opraHu-
YecKMX coenrHHeHHA. HekoTophle npejscraBHTENH pOA3a MOTYT MONy-
YaTh SHEPIrui0 TAKXKe 33 CYET OKMCAEHHA MONEKYAspHOro Bopopona
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WIM OKHMCH yIJiepona, T.e. SBIAoTcsa (GaKyNbTaTHBHBIMH XEMOJIHTO-
Tpothamu. OnucaHbl BUIBI, MCTTONB3YIOIIKE B KAYECTBE KOHEYHOIO aK-
LIenTOpa 3JIeKTPOHOB HUTPATHI, T. €. CIIOCOOHbIE CYIECTBOBAaTh (DaKylb-
TATHBHO a3poOHO.

Ilpencrasurenu pona Pseudomonas mosceMecTHO pacrpocTpaHe bl
B npupone. OHK MOCTOSIHHBIE OOMTATENM BO3JyXa, MOYB, MOPCKHMX H
MPECHBIX BOJ, WIOB, CTOYHBIX BON, [Ae MM NPUHANIEXUT aKTHBHAs
poNb B MUHEpATHM3aIIMK OPraHMYeCcKrX BenlecTB. Muorue Bunb obpa-
3YI0T BOAOPAcTBOPUMBIE U uttoopectiupyionive murmeHTsl. [locneanue
MPUBNEKIM K cebe BHUMAHKWE B CBA3K C TEM, YTO M3 HMX BBIIEJWIH
BellecTsa, obnanamnme AHTUOMOTUYECKOM aKTUBHOCTBIO TIPOTUB TPH-
60B, ApOMCKel, rPaMIONIONKUTENBHLIX W IPAMOTPUIIATENBHEIX 3yDaK-
Tepuit. Psan sunos Pseudomonas Ucnonb3yioT B MUKPOGHOIOTHYECKOH
MPOMBILUIEHHOCTH JUIA NOMyYeHUs] PasjIMyHBIX OPraHUMYecKHX COeNH-
HeHUI: KMCNOT (MMPOBMHOTPaIHOM, [IIOKOHOBOMH, (-KETOTNYTapOBOii),
aMMHOKHcHOoT (TIYyTaMUHOBOM, acrapalHHOBOM, BalMHA U np.), dep-
MEHTOB (acnaparuHassl, mepokcuassl). HekoTopeie BH/IBl BBI3BIBAOT
3a60neBaHUsI PACTEHHIA U XUBOTHBIX.

CewmeiicTBo Azotobacteraceae oGbENUHSET BUIBI, MMEIOLLKE KPYTI-
HBle KJIETKM, CKIOHHBIE K M3MEHeHHI0 MOPGONOrHK B 3aBHCHMOCTHU
OT BO3pAcTa KyNbTYPHI ¥ YCI0BHl KyneTHBHpoBaHua. Cpeau npencta-
BMTENEl 3TOro ceMelicTBa BCTPe4alOTCs MOABMIKHEIE M HETTOABMIKHbIE
¢opmel. baktepuu pona Azotobacter 06pazyioT LucThl. XeMoopraHore-
Teporpodsl. CocobHbl aKTUBHO (DMKCHPOBATL MOJEKYJISPHBIM a30T.
O6nuraraeie a3pobel. OBUTAIOT B MOYBE, BOJE W HA TMMOBEPXHOCTU pa-
cTeHHMI. A30T0DaKTep — nepBhli a3po0HBII MUKPOOPIAaHU3M, IS KO-
TOpOoro 6bi1a MoKas3aHa crocoOHOCTh (PUKCHPOBAaTh MONEKYJISIPHEIH a30T.

B cocras cemeiictBa Rhizobiaceae BXxoasT BUIBI, BO MHOTMX OTHO-
LIEHHUSIX CXOAHBIE C TAKOBBIMM ceMelicTBa Pseudomonadaceae, Ho oT-
JNMyaolMecs OT HUX [UIeOMOPDU3MOM, a Takke CIOCOOHOCTBIO BhI-
3pIBaTh paspactaHve TKaHeH, NMpusonsdliee K 0O6pa3oBaHUIO KIyDeHb-
KOB M TaNJIOB HA KOPHAX MIH CTeOMAX pa3NIM4HBIX BUJIOB PACTEHHIA.
B pon Rhizobium (xnybeHsKOBbIe DakTepuH) oObeNHHEHB! DaKTepHH,
BhI3bIBaKOIIME 0Opa3oBaHKe KIyOeHBKOB Ha KOpHsX 6000BHIX pacTte-
HHH M criocobHble GUKCHPOBaTh a30T B YCJIOBHSAX CUMOMO032 ¢ HUMH.

Kny6erbkoBrie fakTepuun MPOHKHKAKOT Yepe3 KOPHEBBLIE BOIOCKH B
KOPHEBYIO CUCTEMY pacTeHHsl U CTUMY/IMPYIOT meJieHHE TeTParioni-
HBIX KJIETOK KOPHS, NIpuBonslliee k obpa3oBaHuio KnydeHbka. B HeMm
[IPOUCXOAMT HHTEHCHBHOE pasMHOXeHHe bakTepuii. B Mononeix Kiy-
OeHbKax OONBIIMHCTBO OaKTepHalbHBIX KIETOK MMET (GopMy mano-
yek. B npoilecce nocnenywolero passutua Habnionaerca obpasoBaHue
KJEeTOK HerpaBubHO# GopMul (GaKTeponIoB), B KOTOPBIX U [IPOMC-
XonuT akTuBHag (uxcaumus N, bakreproas! MOXHO pacCMAaTPHUBAaTh
Kak nugdepeHMpoBaHHbie GOPMbI, NPUCTIOCOGNEHHBIE IS HAWIYY-
LIero ocyulecreneHus onpeneneHHoi dyukuun. B nmepsyio ouepens 310
CBAI33aHO C KOHTPOJIMPOBAaHHEM TIOCTYIUleHUS B GaKTepoHIbl MONEKY-
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JISIDHOYO KMCIIOpPOAa, KOTOPOE OCYLUECTBISETCS € MOMOLUBIO HAXOMIs-
1erocsi B Kny6eHBKax nerreMornoouHa, UTONNAa3MaTUHECKOro reMo-
NPOTErHA, B CHHTE3€ KOTOPOro YYACTBYIOT pacTeHHe i GakTepru. Ano-
remornoGun (Genok 6e3 TeMa) CHHTE3HPYET pacTeHKe. 3a CUHTE3 reMa
OTBETCTBEHHBI DakTepouibl. JlerreMornobud, obnagaomuii, Kak ¥ re-
MornmoOHH, BEICOKMM cpoucTBoM k O,, obecneyuBaeT MEpeHOC KHC-
nopona K GakTepouIaM B KoJlMUecTBe, HeoOxonuMom s obecreye-
HHA UX 3HEPrUeii, K B TO Xe BpeMs 3aluiaet GaKkTepouasl oT U30hIT-
ka O, myteM ero cesa3mBaHusi. K ¢ukcanuu N; cnocoGHB! TOMBKO
KNyGeHBKM, conepXalue JIErreMorioOuH.

OrnolieHHs Mexay KiybeHbKoBbIMM GaktepusMu U GoGoBbIMU
PaCTEeHUSMHU MOXHO OIPeAeJHTEL KAK MYTYa/Iu3M, T.€. TAKOI BUI, CUM-
©uo3a, Npu KoTopoM o0a cMMOMOHTA HM3BIEKAIOT BBINOAY U3 COXHU-
TEJILCTBa: PACTEHME TONY4YaeT a30T, KIyOeHBKOBBIE DaKTepUU — yrne-
pOIcoaepXainue selllecTsa U MUHepanbHele conu. [loka3aHa criocob-
HOCTh PasiM4yHBLIX BUNOB KIyOeHBKOBBIX GakTepuii duxkchposats N,
6e3 kakoii-nmubo CBSI3M ¢ pacTUTENILHBIMU KIeTKaMH. JUist 31oro Heob-
XONUMO OGecledyuThs KNyDeHbBKOBbIE DAKTEpUY NMOAXOOALMMYH HCTOY-
HUKaMM yrnepoaa (NpeuMylLeCTBEHHO MEeHTO03aMK), MHHHUMAIBHBIM
KONUYecTBOM (PHKCHPOBaHHOIO a30Ta U MPOMEXYTOUYHBIMM COEIMHE-
Husmu LITK. CeoGoaHoxuByiue KyOoeHEKOBEIE OaKTEPUK CUHTE3U-
pVIOT cBOi cOGCTBEHHBIN reMOmIOOMH, OTIMYAIOLIHIICS CTPYKTYPHO,
HO He QYHKIMOHAIBHO OT NeIrreMoryio6uHa.

Bce GaxTepuu, mpuHaUieXxalliue K pony Agrobacterium, 33 HCKITIO-
yenueM Buna A. radiobacter, BBI3BIBAIOT TKaHEBblE pa3pacTaHWs Ha
cTebnax pa3MyHBIX PAacTEHMIl, HA OCHOBaHUU Y4Eero OHM MOryT pac-
CMAaTpUBaThCA KAK BHYTPHKIIETOYHBIE Mapa3suTel. bakTepyu NMpoHUKa-
10T B TKaHb PacTEHUSA-X039MHA, MCNONB3yd ISl 3TONO NMOBPEXIEHHUSA
Ha ero nosepxHocTH. Kpyr pacteHuii, mopaxaeMblx UMH, OYEHb LIk~
pox. Hanpumep, THIIMYHBIA npencTaBUTENs pona A. tumefaciens BoI3b1-
paeT oOpazoBaHMe FaNNOB Yy pacTeHMi, OoTHOCAIIMXcH Oonee yeMm K
40 cemelicTBaM.

K cemeiictBy Methylococcaceae oTHocsTca GakTepum, OOLIMM CBOMA-
CTBOM KOTOPBIX SIBISETCS CIIOCOOHOCTH MCIONB30BATE METAH B Kaye-
CTBE EQUHCTBEHHOIO MCTOYHUKA YITIEPO/a U SHEPIHMK B a3pOOHBIX HITH
MMKPOa3pOOHEIX YCIOBHSIX.

Ipynna 5. PaxyavmamusHo anaspobrsie zpamompuyamenbHbie HAN0Y-
ku. O6renunseT 3 ceMeiictea: Enterobacteriaceae, Vibrionaceae u Paste-
urellaceae. B cocTas mepBoro ceMeiicTBa BXOJAT MOABHXHEIE MM He-
MoABMXHBIE GeccnopoBele Nanoyky. HekoToprle BUABI 06pa3yoT Kam-
cynel. Xemoopranoreteporpodsl. OTne/bHEIE MPeACTABUTENH XapaKTe-
PHM3YIOTCSl BLICOKMMHM MHILEBBIMHA NTOTPEOHOCTAMU. DHEPIHIO MOITYyYaloT
3a cyer AbiXaHus Win Gpoxenus. [lpencrasurenu 31oro cemeicrsa
UIMPOKO pacnpocTpaHeHs! B nipupofe. Cpeay HUX MHOTO NATOTEHHBIX
M canpoduTHBIX BUAOB. DTO OGHTATENM TOYB, MOPCKMX U TIpECHBIX
BOJl, pa3fiaraflUMxcs OCTATKOB XHBOTHBIX M PACTEHMH, NOCTOAHHEIE
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obuTaTenu KHIIEYHUKA YelOBeKa M MHOTMX BHIOB XMBOTHBIX, ITTHIL,
poib, penTHIHA.

Haubonee u3yuensslit npencraBurens cemeiictea — Escherichia coli.
BT1a GakTepus BCENa CONMEPXUTCA B KMINEYHHKE YeJIOBEKa U XHBOT-
HBIX, MTO3TOMY O 3arpsi3HEHWH BOABI M MUIIEBLIX NPOAYKTOB CYIAT MO
namuumio B HUX E. coli. E. coli oTHOCHTCA K YMCITY YCIIOBHO NATOTEHHBIX
GaxTepHii, T.€. ABIAETCA MOCTOSHHBIM KOMIOHEHTOM MHKPOGIOpEI
KUIIEYHHMKA YeM0BeKa, HO NIPU ocnabieHuy 3aMTHBIX QYHKLMIE opra-
HHU3Ma MOXET IMPOHWKATD B IPYI'ME OpraHbl U BbI3bIBATE CHJIBHEBIE BOC-
nanuTensHble nporeccel. K unceny Bo3GynuTeneil Tsokenbix 3abonesa-
HMIi YeJIOBEKa NPUHALIEXAT GakTepuu U3 ponos Salmonella u Shigella.
Salmonella typhi — Bo36ynutens Opomnoro Tida; pasuble Buabl Shi-
gella — Bo30ynMTENM Tak HA3bIBAEMOI DaKTepHANIbHOMK NU3EHTEPUM.

I'pynna 6. Anaspobuvie zpamompuyamenbhivie NpAMbie, U30ZHYMbIE UAU
cnupasesudnbie naso4xy. OCHOBHAS TAKCOHOMHYECKAS eIHHHMIIA TPYII-
sl — ceMmeitictBo Bacteroidaceae. 310 manoyku nmpasMiabHoOR GOpPME
HJIM CKJIOHHBIE K TUleoMOpP(hU3My, OeccnopoBble, HEMOABIDKHBIE WK
nofBUxHeie. ObnuraTHele aHa3pobbl. XemoopraHorerepotpodel. Ilpu
cOpaXuBaHUM TNIOKO3bI 00pa3yioT cMeck KHMCIOT. OCHOBHOE MECTO
OOMTaHKUA — KHLIEYHUK YENOBEKa U XWMBOTHBIX, MUILEBADUTENBHEIN
TPAKT HacekoMbIX. HeKoToprie BHARI NATOrCHHB! M BBI3BIBAIOT Pa3/iky-
Hble MOPaXEHHUs KOXKHBIX NOKPOBOB, a TAKXKE APYIHMX OPTaHoB M TKa-
Hell Tena.

Ipynna 7. baxmepuu, xapakxmepusyrowuecs OUCCUMUAIRLUOHHBIM 60C-
cmarogneruem cepsl uau cyasghama. B cocrape rpynnsl 3yGakTepHH C
pa3Hoil Mopdornoryeil U crepyiollMMU OOMHAKOBHIMH CBOHCTBaAMU:
IrpaMOTpULIATENLHEIE CTPOTUe aHA3PoOB!, UCIIONB3YIOIKE B KAYECTBE
aKlielmropa 3MeKTPOHOB MONEKYSIPHYIO CEPY WK €€ OKWCNEHHBIE CO~
eNMHEHMs], KOTOphIE BOCCTAHAaBIMBAOTCH npu 31oM 10 H,S. Hekoto-
pbie BUIIB clocoOHbI K 6poxeHuto. EcTh cpein HUX a30T(HHKCATOPEL

Ipynna 8. Ana3pobuvie epamompuyamenshivie kokku. TlpencraBneHa
onHuM cemeitictBoM Veillonellaceae. Kokku, kak npasBiio, coeauHe-
HEI MOMAapHO, HO MOrYT 00pa30BLIBATE LEMOYKM WIH CKOILIEHMS Kie-
TOK. XeMoopraHorerepotpods! ¢ BEHICOKUMU MOTPEOHOCTAMU B ITHTA-
TeNBHBIX BellecTBax. B 3Ty rpymmy BXOAAT TONMBKO MAPA3HThl TETLTO-
KPOBHBIX XXMBOTHBIX, 0OHUTAaTEeIM MULLEBAPUTENIBHOTO TPAKTA, POTOBOM
MONIOCTH M ABIXaTeNBHBIX MYTEeH YelToBEKA M XHUBOTHBIX.

Ipynna 9. Puxxemcuu u xaamuduu. B cocraB rpynnel BKJIIOUEHH /182
nmopsiaka: Rickettsiales m Chlamydiales. INepssiit 00benuusier Gakre-
PHH, XapakTepusywluyecs B OONBIIKMHCTBE CIY4YaeB COBOKYITHOCTBIO
clieyIOLIHX TMPU3HAKOB: IeOMOP(QHbIEe, HENMOABUXHEBIE, IPAMOTPH-
LATENBHBIE, C TUITUYHEIMH JUIS 3yDaKkTepuii KIeTOYHBIMM CTEHKAMHU,
Pa3sMHOXaroIKecs AeleHUEM BHYTPH KIETOK-X0351e8; KYJIETUBHPOBaTh
MOXHO Ha CllellMalbHBIX CpEnax, CONepXalluxX XVBbIE MK IIEPEXHUBA-
OLHE TKAHH, TAKHE KakK KYpHUHBIE 3M6pHOHbl HIIH KYNbTYPBI KIETOK
Mo3BOHOYHEIX. ONHAKO MepeYyUCEHHbIE BhIllE TTPH3HAKH CBOACTBEH-
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HBl HE BCEM MpeicTaBUTENSAM 3TOr0 nopsiaka. Cpenu pMKKeTCHiA UMe-
OTCH TIOABMXHEBIE BHUIbI, Kpacsliuecsl NOJoXuTeNnbHO Nno I'pamy, a
TAKXKe BHJIBI, KOTOPBIE MOXHO BBIpalMBaTh HA OTHOCHTEJIBHO IpPO-
CTHIX MCKYCCTBEHHBIX MUTATE/ILHLIX cpeaaxX. PasnyyHel B3AMMOOTHOIIIE-
HUA MEXY PUKKETCHAMHK M OpraHM3MaMi-xo3geBaMu. [ToMuMo mapa-
3WTH3Ma 3T OTHOIUEHMS] B HEKOTODBIX CAYYASIX MOXHO ONpencNMTh
Jlaxe Kak MyTyanuctudeckue. Cpefi pUKKeTCUi-11apa3suToR Gonbiias
YacTh OTHOCHUTCS K HENAaTOreHHBIM M TONBKO MEHBIUAS BHI3LIBAET 34-
GoNneBaHUS YETOBEKA, TIO3BOHOYHBIX M 6eCIIO3BOHOYHBIX XHBOTHBIX (TaK
Ha3blBaeMbI€ PHKKETCHO3BI). Ycrexu MocjienqHero BpeMeHH, CBI3aH-
HBIE C M3YYeHHEM PHKKETCHUI, TTO3BOMIUTM MHOTOe MOHATH B OMOJO-
TMH 3TUX OPTaHHM3MOB, HO MHOI'OE €lUe OCTAeTCS He BBISICHEHHBLIM.

Bce HecnenosaHHBIE PUKKETCHM OONANAI0T OTIPENC/IEHHOH aKTHB-
HOCTBIO 3HEPreTHYCCKUX M DMOCHMHTETUYECKHX MPOTIeCCoB. Y HUX Hail-
JIeHa LIMTOXpOMHAs CHCTeMa M MoKa3aHo 3alacaHue IHEePriM, OCBO-
Goxparoneiica B niporiecce nbiXxaHus, B sune AT®. Puxkkercum moryr
OCYILIECTBIATE HEKOTOPble OMOCHHTETHYECKHE MMPOLIECCHl, HAIIPUMED
6uocHHTe3 Genka ¥ NANUIOB.

Ilopsimok Chlamydiales Bkitouaet onno cemeiictso Chlamydiaceae
u onuH pon Chlamydia. XnaMuaun — oGnUratHele BHYTPUKIIETOYHBIE
Mapas’syuTel MO3BOHOYHBIX M YEJIOBEKA, XapaKTePU3YIOLIHUECH CIOXHBIM
HMKIOM pa3BuUTUSA. MoryT paaMHOXATHCS TOJNIBKO B [[MTOIUIA3ME KJIE-
ToK. BHe KIeTox UX KYIETHBUPOBATH NOKA HE YAAeTCH.

O6nuraTHsI BHYTPHMKIETOYHBIN NMApa3sUTH3M XIaMHAMM HATOXUI
cnermuyecknii ornedyarok Ha ux MeraGonusMm. [lpexne scero 3to
KOCHYJIOCh MX 3HEPreTHYeckoro MeTabonuama. O6sanas crnocobHOCTEIO
OCYILECTBISTL ONpPEAENEeHHbIE PEeaKLMKM OKHCIHTENBHOTO XapaKTepa
(Hanpumep, npu nobaBleHUU HeoOXOMMMBIX KOGMAKTOPOB OKWCIATH
[JII0KO3Y, MUPOBHHOIPAIHYIO U INYTAMMHOBYIO KHCIOTEI), XJIaMUIUH
HE MOIYT CHMHTE3UPOBAThH BHICOKOIHEPreTHUHECKHE COEIMHEHMS, U B
nepsyio ouepenps AT®, nosToMy OHY NONYYMAH Ha3BaHUe «3HepreTH-
YECKMX NMapa3uTosy. XJIAMHIMM NApa3zUTUDPYIOT B OPraHM3Me pasjify-
HEIX TIO3BOHOYHBIX (TITHIL, YEIOBEKA M APYTHX MIIEKONUTAIONIMX), BhI-
3BIBAIOT ¥ HeJioBeKa psill 3aboneBaHUil, HANpUMEP TPaxoMy M BocHale-
HHS BIXaTeNbHBIX OPTAHOB.

Ipynna 10. Muxonaaamel. K HM oTHOCSATCA (OPMEL, ¥ KOTOPBIX OT-
CYTCTBYET KIeTOYHasi CTeHKa. TakCcOHOMHYecKas 3HAaYMMOCTh 3TOr0
IPHU3HAKA TTO3BOJTIIIA BCE TTPOKAPHOTE], HE MMEIOIIME KINETOYHO CTeH-
KU, BBIIENMTH B TPYIIY, IIDUCBOUB eit paHr otnena (cMm. tabn. 13).
B neBsaToM u3nanuu Onpenenutesnst Gakrepuii Bepru MUKOILTa3MBI OT-
HeceHbl K oTneny Tenericutes, knaccy Mollicutes, mopsiaky Mycoplas-
matales'.

OrcyrcTBie pUTMIHOM KIETOMHOM CTEHKM INOBIEK/IO 33 coboil pal
MopdonoruyeckHx, KyNbTYPalbHEIX, IIMTONOTHYECKUX 0cobeHHOCTEI,

1or rpe4. «myce» — rpub; «plasma» — Iutasma.
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NPUCYILIHX 3THM MHKpoopraHu3mam. {15t HUX XxapakTepeH SipKo Bbipa-
JKeHHBIH nonmuMmopdusm. B KynbType OZHOro BHAa MOXHO OfHOBpe-
MEHHO 00HapYXHUTh KPYITHBIE LIIAPOBMIOHEIE TeJia, MElIKME 3epHA, KIIeT-
KU 3JUIMIICOBMIHOM, AMCKOOOpa3HOM, MajoYKOBUIHON W HUTEBHIHOMN
¢dopmel. TlocneaHue MOTYT BETBHTHCS, 00pa3ysi CTPYKTYpEI, NoA0OHEIE
MMIIENVANTEHEIM, JI715 MEKOIUTa3M ONKMCaHB! pa3sNiyHEIE CIocobb! pas-
MHOXeHHs: OMHapHoe AeneHue, ()parMeHTALUA KPYITHBIX TENl H HH-
Teil, NMpolecc, CXOMHBIH C ITOYKOBaHHEM.

B kyneTypax Mukoriasm obHapyxeHs! GopMBl ¢ HAUMEHBLIMMH W3
BCEX M3BECTHHIX KJIETOYHBIX MMKPOOPTAHM3MOB pasmepami, Iloatomy,
BEPOSITHO, UMEHHO MHKOIUIA3MBI MOXHO CYMTaTh Haubosee MpoCcThi-
MM CAMOCTOSITEJIBHO BOCNPOM3BOIALIMMHUCH cucTeMaMi. [lo nposeneH-
HBIM TNOACYETAM TEOPEeTHYECKHM HAMMEHBLUAS CTPYKTYPHAs enuHMIIA,
criocofHasg K CaMOCTOSITENIbHOMY BOCIIPOM3BENEHUIO HA MCKYCCTBEH-
HO¥ cpeme, HE MOXET MMETh pa3Mephl MeHblle, Yem cdepuyeckoe
Teno auaMerpom 0,15—0,20 MxM WiM HUTH ITMHON NpUOIM3UTERHO
13 Mxm 1 pnameTpoM npumepHo 20 HM. Bee 31U CTPYKTYPHI BCTpeua-
FOTCH B KYNBTYpaX MHKOILTA3M M, BEPOSITHO, MOIYT paccMaTpUBaThCs
Kak Xu3HecnocobHeie penponyuupyoimecs ¢opmel. Ilo obseMy re-
HETMYECKOH WHGOPMAIIMK, comepXaueica B reHOMe, MHKOIUIAa3MBI
3aHUMAIOT MPOMEXYTOUHOe nonoxeHune Mexay E. coli u T-daramu.

OTcyTCTBHE KIIETOYHOM CTEHKH MPUBEJIO K PA3BUTHI0 ¥ MHUKOILIA3M
oonee cTabinsHOM 1 amactuyHoiM IIIIM no cpaBuenuio ¢ I[I1IM 6ak-
TEPUAIBHBIX NMPOTOIIACTOB. BaxHas polib B obecrieyeHUM 3TUX CBOKCTB
MPUHALTIEXUT, TO-BHAMMOMY, XOJIECTEPHHY — OCHOBHOMY KOMIIO-
HEHTY MEMOpPAHHBIX JIMMYIOB MapasuTHYECKUX MHKOIU1a3M. Bonburas
YACTH U3BECTHBIX MUKOIUIA3M U151 POCTA HY>KIAETCS B 3K30T€HHOM XO-
JNiecTepuHe U APYrux crepuHax. OTHOCHTETBHO HEIaBHO ObBLUIH 00HapY-
XeHbl BUABI, He Tpebylolue /1S pocTa 3K30TEHHBIX CTEPMHOB. BTO
pa3jin4Me IOJIOXKEHO B OCHOBY neseHust nopsanka Mycoplasmatales Ha
cemelictBa Mycoplasmataceae u Spiroplasmataceae, B KOTOpbIX 06be-
JHHEHBI CTePHUH3aBHCHMBIE MHKOIUIa3Mbl, ¥ Acholeplasmataceae, kyda
BOLLUTM BMOBI, He TpeOyrollKe Uil pocTa 3K30reHHBbIX cTepuHoB. O1-
CYTCTBHME KJIETOYHOM CTeHKH OOYCIOBIMBAET €1ie OIHY OTIIMYMTENIb-
HYI0 0CODEHHOCTE MUKOIUIA3M — MX HCYYBCTBUTCIIEHOCTE K aHTHOWO-
THKAM, CrielMQUYecK NeHcTRYIOHIMM Ha 3Y0aKTepUanbHYI0 KIeToY-
HYIO CTEHKY, H B IIEPBYIO O4epellb K NEHHLIWUIMHY U €r0 aHANoraM.

MuxkonnasmMe! (ocobeHHO nocne oOHapyXeHUs1 HOBBIX CBODOIHO-
JKUBYIIWX BUIOB) NPeACTABNSIOT cODO rpynny, Yype3BblyaiiHO pasHo-
00pa3Hyl C TOYKH 3peHUs (PU3HONOro-OMOXMMHYECKHX 0CODEHHO-
crefi. B3TH NPoKapuOTEI MOTYT PacTy Ha MCKYCCTBEHHBIX Cpefax pasHoi
CTENMEeHM CHOXHOCTH (OT MPOCTHIX MHHEPANBHBIX Cpel OO CIOXKHBIX
OpPraHMYecCKHX) WM TONBKO BHYTPM OpPraHWU3Ma-XO3fHHa, M3 4ero
MOXHO 3aKJIIOYUTh, YTO OMANa3soH uX OMOCHHTETHYECKMX CITOCOOHO-
cTeil BecbMa LUTHMPOK. Pa3zHooOpa3HBl ¥ CITOCOOB! MONY4YeHW MMKOII-
nazMamu 3Hepruu. Cpeny HUX OMKMCaHBl BHBL, TONY4aioLMe 3HEPTHUI0
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32 CYET OKMCIEHHA WU cOpaXuBaHUs OPTAaHUYECKHMX CoeOMHEeHM
(MOHO- M 1OJIMCaXapH/ioB), a TAKXKe, BO3MOXHO, OKMCIIEHHS HEOPIa-
HUYECKHMX COeAMHEeHM Xene3a. OnucaHbl MUKOILUIA3MBIL, SIBJISIOLLIMECH
CTpOrHMMH a3pobaMu M OBJTUraTHEIMM aHa3pobaMu.

Ecnu pawblile CYMTAIM, YTO MUKOILIa3Mbl — B OCHOBHOM (hOPMBI,
Mapa3suTHPYIOLIKE Ha YEJIOBEKE W BEICLIIMX XHBOTHEIX, TO TETeph Npej-
cTaBjeHue o criocobax CyIIeCTBOBAHKS M PACIPOCTPaHEHMs 3TOM TpyTi-
ITbl MPOKApHOT B NPHPOAE 3HAYMTENBHO pacuiMpeHo. MukomiasMbl
HAXOISIT B MOYBE M CTOYHBIX BOAAX, OHM BBUIENEHBI M3 KaMEHHOTO
yris ¥ ropsurx icToyHWKOB. [loMumo ceo6onHOXUBYTIHX HOpM, CIIO-
cODOHBIX PACTH KaK Ha YMCTO MUHEPAIBHBIX Cpefax, Tak B canpodur-
HO, ONMCAHBI MUKOIUIA3MBl, CYIIECTBYIOIIME B PA3TMYHBIX CUMOHOTH-
YECKHX accolualusax ¢ OaKkTepusiMi, HU3IMIHAMH TpubaMU, pacTeHus -
MH, TITHIIAMH, BBICLIHMM XHUBOTHBIMH 1 YesioBekoM. PopuMbr cumbro3a
TaKxke pasroobpasHu. UHorma 370, BeposTHO, KOMMEHCANIH3M, B H0ms-
IUMHCTBE CIy4YaeB — TUIMYHBIN mapasuTusM. MHorue napasuruye-
cKie GopMbl MMKOILIA3M NatoreHHbl. OHU SBISIOTCS BO30yaMTENSIMK
3aboneBaHUll pacTeHMIA, XXMBOTHBIX M YENiOBEKa, Hanpumep, M. pneu-
monige — BO3DYIUTENIb OCTPHIX PECTTUPATOPHBIX 3aD0NeBaHMIL M ITHEB-
MOHMH y YEJOBeKa.

INpeacraBurenu cemeiicrsa Mycoplasmaiaceae — XeMCOpPraHOTETe-
poTpodbl, XapaKTepH3yIOLIMECH BBICOKHME MOTPeGHOCTSME B [HTa-~
TeJIbHBIX BellleCTBaX. DHepreTHHecKHi MeTabomu3M depMeHTATHBHOIC
WIM OKMCTIUTeNnbHOTre THNAa. Mcnoib30BaHHe [IIOKO3EI IIPOMCXOIUT 110
CMKOMUTHYECKOMY TIYTH. ¥ MHMKOIUIA3M, OCYIIECTBIAIIUX IOJTHOE
OKMCIIEHHME 3HEPreTUdecKoro cybcrpara, obHapyxeH QYHKIMOHHDY-
o IITK 1 niens nepeHOCYMKOB 3JIeKTPOHOB.

B cocraB cemeiicta Acholeplasmataceae Bxonut onuH pox Acho-
leplasma, HacyuTeIBaOLLMK 8 BUIOB CTEPUHHE3aBHCHMBIX MUKOIUIA3M.
Haubonee xopoiwo usyueHa A. laidlawii — niepBas canpoduTHas MH-
KOIruia3ma, BeigesieHHad B 1936 r. u3 crounsix Bog Jlownoua. Ceiiuac B
cocrase poaa oObeIUHEHBl CBOGOIHOXMBYIIHE CANIPOQUTHBIE MHUKO-
IJ1a3MBI, MMKOIUIA3MBl — MAaPa3sHThl MIEKOITUTAIOIIMX W MTHL, HEKO-
TOpbIE K3 HUX, BO3MOXHO, NMaTOTeHHEL.

B 1perse cemeiicTBo Spiroplasmataceae BobiaeneHbl MHKOILIA3MEL,
CXOXUe ¢ TAKOBBIMH cemelictBa Mycoplasmataceae, HO OTTHYAIOLIH-
ecsl cBoeobpasHoi Mmopdonorueii: B cTaguy pocTta cpein pasHoobpas-
HBIX (hopM npeobnanaoT cnupateBuIHbe HUTH. M3 mUcTReB 1IUTPYCO-
BBIX pacTeHMH BblIeneHa Spiroplasma citri. OcoGeHHOCTBIO ee CTpoe-
HHH ABISAETCS YaCcTo OOHAPYXHBaeMBbIH Ha MeMOpaHe HapyKHBIii C/ioi,
KOTOPBI¥, BO3MOXKHO, NpeactasiseT coboit MonuduiMpoBaHHYO Kile-
TOYHYIO CTEHKY HJIM CTPYKTYPY, BECEMa HAITOMHHAIOLIYIO MOCIEIHIO.

Ipynna 11. Indocumbuonme. B 31y rpynny BeUIENEHE! POKAPHOTE —
3HIO0CMMOMOHTEI NMPOCTEHLIMX, HACEKOMEIX, TPHGOB M GeCcrio3BOHOU-
HbiX. 115 GonplIMHCTBA NpeacTaBuTeNeli 3HA0CHMOKM03 06IUraTexd M
HMX He yAanock KyILTHUBHPOBaTh B JIaG0oparOpPHUM B YMCTOM KYJNBTYpe.
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OCHOBHBIE METOIBI M3YYEHHS IHAOCUMOMOHTOBR — IIMTOJOTHYECKHE,
¢ NMpUMeHEHHEM CBETOBONH M 3JIEKTPOHHOI MHKpOCKONUH. BaxHBIM
MPH3HAKOM CJIYKMT XapaKTepUCTHKAa B3aMMOOTHOLIEHHIT C XO3seBa-
MH, a Takke Mopdonorus 3HA0CHMOMOHTOR, UKL PAa3BUTHSA, CIie-
1UIHOCTE JIOKANU3aLMK B KJIEeTKe X03fuHa. CrnexkTp OTHOUIEHWIA
3HIOCHMMOMOHTOR C XO3fleBaMH OY€Hb LIMPOK: OT MYTYanu3Ma JIo Ia-
pa3’uTH3Ma C MPOsBJIEHUSAMHE MatoreHHocTH. HekoTopbiM 3HAOCHMOK-
OHTaM NPHCBOEHH OHHOMHANBHBEIC Ha3BaHUs. Tak, cpelny 3HIOCHM-
OMOHTOB NpoCTENHIIHX ONMMCaHO 5 poaoB U 14 BUIOB.

Ipynna 12. fpamnonoxcumenvhbie Kokku. B cocTaB rpynnel BXOOST
npencTaBuTeNd 15 ponoB, 3HaYMTENBHO paznMuamiuxcs GuioreHe-
THYECKH H (PeHOTUITHYECKH. DTO oOmHMraTHele a3pobkl, aHa3pOOB! MK
cdakynsraTuBHBlE (QOPMBL. DHEPIrHI0 MOMYYAIOT 33 CYET HbIXaHus M/
wiu GpoxeHus. XemMoopraHorerepoTpodbl ¢ pazNIuYHBIMH MoTpebHOo-
CTAMHM B MUTATENLHBIX BELECTBAX.

baxrepun, ofbeauHgeMbie B ceMeiicTBo Micrococcaceae — KOK-
KM, gensaumecs Gosee yem B OfHO¥M IIOCKOCTH, CKJIOHHBIE HE pacxo-
JIMTLCA IOCNe NEJEHHSA M IO3TOMY 00pasyiolliue CKOIieHus chepu-
YEeCKOM WIM HenpaBwisHOM opmel. B ocHoBHOM canpodwursl. Paspy-
1112 MHOTHE COXHBIE OPTaHMYeCKUE BEIIECTBA, BRITOTHAIOT (DYHKLHMIO
«Mycopiuukon». K 3Toit e rpyrnie oTHeceH poi Streptococcus, npea-
CTaBUTENH KOTOPOTO IMOJIYYAIOT SHEPIHI0, OCYILLECTBIIsiA romod)epMeH-
TaTHBHOe MOJIOYHOKHCIOe Opoxenwue, u pon Leuconostoc, GakTepum,
BXOISIHE B €r0 COCTAB, OCYIUECTBISIKOT rerepodepMeHTATUBHOE MO-
nouHokucnoe 6poxenne. Ilpeacrasurenn 3Toi rpynnsl 06HAPYXXEHBI B
ITOYBe, HA TTOBEPXHOCTH 3/1aKOB, B POTOBON ITOJIOCTH, JXEIYIOYHOM
TpaKTe W OBIXATeJILHEIX ITyTAX YeI0BEKA U XXHUBOTHEIX. HekoTopsie BHIBI,
NMPpEXMYILECTBEHHO OTHOCHILMECS K pony Staphylococcus, maToreHHB.

Ipynna 13. Ipamnonoxwcumensrbie na1o¥Ku U KOKKU, o6pasyroujlie 3x-
docnopet. B cocrase rpynnsl npeactasuTtenu 6 ponos. JIsa us uux (Bacillus
u Clostridium) nanborsnee MHorourcnenns v uarepecHsl. Pon Bacillus
00BEAMHSET MOABMIKHBIC MMAJIOYKOBHAHBIC KJICTKH, Pa3MEPHI KOTOPBIX
KOneOMIoTCA B JOBOJIBHO MIHPOKUX Tpeaeiax. 2KryTuku pacnoioXeHb
neputpuxuansHo. OxkpaliiBanue nio ['paMy pasnuyuHO: MOJOXHUTENEHO
WIH IOJOXHTENbHO TOJMBKO B MONONOH KyneType. OGNMMraTrHble HiIN
daxynvraTuBHble aspobel. bakrepuu pona Bacillus cuHTe3upyloT paz-
NUYHBIE TATHYECKHE (DEPMEHTHI, PACLUIEIISIONHE MOMMCAXapUIbL,
OeJku, XUPLI M NpyTHe MakpoMonekynbl. Hexoropeie BUIE! 06pa3yioT
aHTHOMOTHKM, TaKHe KakK OauMTpaluH, cyOoTWIm3uH. BonbUuIMHCTBO
barmut — canpodutsl. OCHOBHOE MECTO MX 0DMTaHMA — TouBa. Ecth
CpedV HUX W MaTOreHHBIe JUISA XXMUBOTHBIX M YeNoBeKa (OpMBI, HaNpu-
Mmep B. anthracis — Bo30youTeNns CHOMPCKOM S3BBI, a TAKXKE BHIBI,
BBI3BIBAIOLIME pa3INyHble 3a00/ieBaHKs YeHHCTOHOIUX.

B cocrae pona Clostridium BxonsaT nanoyku, OTIMYAIONIMECS OT Npe-
Ielayniero poaa gopmoii crnopoobpazoBaHusa M OBNIMraTHO aHas-
pobHBIM cniocoboM cyniecTBoBaHuA. McTOUHMK 2Hepriy B GONBLIMH-
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CTBE CIIy4YaeB — MacnsgHOKHKCIoe bpoxeHwne. bonbumHcTBo Gakrepwmit
pona Clostridium — canpodutsl, obutarenu nouyssl. Hekoropbie Buabl
XMBYT B KHMLIEYHUKE Ye0BeKa U XUBOTHEIX. K 3TOMY poay oTHOCST-
Ccsi BEChMa oIacHbie rmaroreHHile dopmel: C. fetani — BO30yoUTEND
cronGusika, C. perfringens i HEKOTOPHIE OPYTHE BHJIBI KIIOCTPUIMER —
BO30yauTeNM razoBoli raurpeds, C. botulinum — NpoaylLeHT 3K30TOK-
CHHAa, OTHOTO W3 CaMBbIX CHJIBHBIX OHMOIOTHYECKHX SIIOB.

Ipynna 14. IpamnonodcumensHole, He 0bpa3yrouie cnop naio4ku npa-
euavioli opmei. I'pylila — KOHIJIOMEPAT, COCTOSLLMI W3 7 POIOB,
06BbEAMHEHHBIX HECKOJIBKHMHI O0LIIMMH MOP(hONOrHYEeCKUMHE W (PU3HO-
JIOTHYECKHMMH TIPU3HAKAMHU: KJIETKHU MMaToYKOBHUAHONU (HOpPMEI (0T KOK-
KOBMIHBIX IO YAIMHEHHBIX, OAMHOYHBIX WIH 00pa3yloniMX Herno4KH),
Me30(WILL; CTporue WK (hakynbTaTHBHBIE a3po0bl, ECTh MHUKDPOA3pO-
sl ¥ aspoToliepaHTHEIE aHa3po0kl; XeMoopraHoreTepoTpodsl, pa-
CTYLIME TOJIBKO Ha CJIOXHEBIX Cpefax.

Ilpencraputeny pona Lactobacillus, B coctaBe KOTOPOro OKOJNO
50 BuOOB, NOTYYAOT 3HEPTHIO B MpoIiecce roMoepMEeHTATUBHOTO HIIH
retepodhepMEHTATHBHOIO MoNioYHOKHUCHoro Gpoxenus. Hlupoko pac-
NpocTPaHeHs! B NPUPOAE: UX MOXHO 0GHAPYXXUTEH B Io4YBe, Ha pasna-
TAlIMXCA OCTATKAX XXMBOTHOTO W PACTHTENBHOIO IIPOUCXOXICHHUS, B
MOJIOKE W MOJIOYHBIX MPOAYKTAX, B KMIIEYHWKE ITO3BOHOYHEIX, JTHUIIb
eIMHUYHEIe TIpeacTaBuTeny popa Lactobacillus 06nanaioT NaToreHHbI-
MH CBOMCTBaMH.

Ipynna 15. Ipamnosoxcumensibie, He 06pasyiouue cnop RAIOYKU He-
npaeuabHoti gpopmbi. I'pynina pasHoobpasna. bonsiivHcTBo — rpamno-
JIOXHUTENBHBIE NANOYKH HENPaBWILHON (OPMBI, pacTylue B IIPUCYT-
CTBMM BO3AyXa M He 00pasylolMe 3HAOCNIOP, HO €CTh B Ipyime GakTe-
puu, uMeiMe GopMy KOKKOB HIH Najio4eK NpaBHIbHOH (QopMEI,
OKpallMBaIOLIMECs OTpULlaTeNlbHo no ['paMy u sBJISIOIIMECHA CTPOTH-
MH aHaspobaMu.

Tak, x pony Corynebacterium otHOCATCH (QOPMBI, CKIIOHHBIE K MOP-
¢onoruyeckoii uiMeHIMBocTH. KpoMe KOPOTKMX Maiouek B KyJIbType
MOXHO OGHapYXWTh KOKKOBHAHBIE (OPMBI, KIETKH, UMeIoHe Oyna-
BOBHIHBIE BHITIAYMBaHKA, ciaboBersiiuecs dopmel. g npencraBu-
Teyiel 3TOro pola XapakrepHo oOpa3oBaHue (UTYp, COCTOSAILMX M3
PAcNONOXEHHBIX TIOf, YITIOM MJIH MPUMBIKAOUIUX OPYT K APYTY Ao4Yep-
HUX kieTok. HenmoasrxHel. XeMoopraHoreTepoTpodbl. BHEPTHIO MOTY-
Ya0T 33 CYET ABIXaHUs wnu 6poxerus. [IpenMyliecTBeHHO dakynbTa-
TUBHBIE aHA3POOBI, HO HEKOTOPble — a3pO6EL.

B cocraB pona Bxonat cBOGOAHOXHBYILHE BB, @ TAKXKE MaPa3UTEI
4eJyioBeKa W XUBOTHHIX. HeKoTopeie M3 HUX MaToreHHble, HAnpHMeEp,
C. diphteriage — Bo3bynuTtens nudrepun. bornslias rpynmna KopuHe-
bakrepmii — Bo3OyauTenu GonesHed pacTeHHIA.

K rpymnne otHeceHb! u Gakrepumr pona Arthrobacter, N KOTOPBIX
XapakTepHa 60MbLIAs 10 CPABHEHUIO C NPEAbLIYIIAM POAOM TEHAEH-
LM K BETBAEHWIO M 06pa30oBaHMI0 KOKKOBUIHBIX KileTOK. KyJbTypHI,
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HaxoIAUIMeCs B KCNOHEHLIMATbHOH hase pocTa, HelpaBWIbHOM na-
JIOYKOBHIHOM (DOPMBI; KY/IBTYPE] Xe, Tnepelienlie B CTallHOHAPHYH
¢dasy, cCocTosiT B OCHOBHOM MJIM MCKITIOMHMTENEHO M3 KOKKOBMIHBIX
tropm. [pu nepeHeceHNH MOCIEAHUX Ha CBEXYIO MUTATEIBHYIO CPELY
TMPOMCXOIMT «yUIMHEHHME» KOKKOBH/IHBIX KJIETOK IMyTeM 00pasoBaHus
BBITSTYMBAHUIL, ¥ OIHOM KJIETKM MOXET OBITh OT JBYX IO HETHIPEX Ta-
KMX BBINSAYUBAHMUIA, IPUBOASIINX K MOSBICHHIO NATOYEK HENPaBHIIb-
HO# (DOPMBI WK KIETOK € PYIWMEHTAPHBIM BETBACHHEM. BHIBI B MO-
JIopoit KyneType (Ha cTanuu NMajioyek) HETTOABUKHEI HJIM MOABHMIKHBI,
oKpacka no I'pamy B 3T0T nepuol MOXeT OBITE HEYETKOM, HO Y KOKKO-
BbIX (opM OHa nionoxurenbHa. Bece BHMAB — 00nuraTHo a3pobHBIE Xe-
moopraHoretepotpothsl. bakrepuu pona Arthrobacter — OCHOBHBIC
1PeACTABMTENM MUKPOQIOPH! ITOYBEI, aKTMBHO yYyacTBYIOLIME B pas-
JIOXXeHMHM OPTaHHWYECKUX BeLLEeCTB.

Ipynna 16. Muxobakmepuu. O6beiuHeHH B cemelictBo Myco-
bacteriaceae u npencrasneHsl omHUM ponom Mycobacterium. Mukobak-
TEPHH — TPaMIIOJIOXUTENLHEIE, HENOABIIKHBIC ITATOYKH, TIPSMBIE KK
HenpaBWIbHEIX oyepTaHuii (puc. 42, A). B npoliecce pa3sBUTHS IMalIoy-
KOBMIHBIE (DOpPMBI ITPEBPAIAFOTCS B KOKKOBHIHLIE, XapaKTepHBIM MOp-
conoryydeckyuM NpU3HaKoM MHKoDakTepuil siBisiercss obpa3zoBaHue
BeTBALIMXCH popM. CTeneHb BeTBIIEHHS 3aBHCHT OT BUIa DakTepuii U
YCJIOBMiA BBIPAIIMBAHHA, B NIEPBYIO OYepelb OT COCTABa MUTATE/NBHOM
cpenbl. BeTBneHune MoX#HO HabIMIOOATE TOJNBKO B MOJIONLIX aKTHBHO pas-
MHOXAIOLIUXCA KyJIBTypax. ¥ MukoGakTepuii MUulleniii He oGpasyercs.
Ha HexoTophIx cTaniusx pocTa XapakTepHa NoBbIIIeHHAS YCTOWYIBOCTE
K KUCJIoTaM 4 cnupraM. bossumHeTBo MukobakTepuilt — canpoduTss,
XXHUBYIIIME B MOYBE H WCMONB3YHLIHE paziHdHble OPraHUYECKHME CO-
eauHeHus (OenKu, yriaeBoAsl, XMPEI, BOcKa, napaduHsl). Hekoropeie
BUBI MATOTEHHBI, Hanpumep, M. fuberculosis — Bo3bynuTens Tybep-
kynesa, M. leprae — BO3GynuTens npoKasml.

Ipynna 17. Hokapouogopmer. B 3Toii rpynne oGbeaMBeH b OakTepuM,
B LMKJIE Pa3BHTHA KOTOPHIX CYIIECTBYET MULIE/IMATbHAA CTa/lHA. B cra-

Puc. 42. MuxoGaktepuu (4) u Hokapouu (5):
I — posnyurHeiif; 2 — cybGcTparHBIi MMLETHE
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PHIX KyJIBTYpax MHIENHI PACNagaeTcs Ha MaloYKOBHIHBIE WK KOK-
KOMIHBIE 3neMeHTH (puc. 42, ). Hacrosmmx criop Het. ['pynna no-
CTaTo4YHO paszHoobpa3sHa no MopdonoruyeckuM H (GU3HONOro-6ruo-
XHMMHYECKHM NMpU3HaKaM: OONMbLIMHCTBO NMpeacTaBuTeNeil (Ho He Bee)
O0HapYXMBAaIOT B CTapblX KyJIbTypax parMeHTalHI0 MULIETH, 06pa-
30BaHHe BO3OYIIHOTO MULENHs, QOpMHpOBaHHE KOHHMOMIA.

Bce npencraBuTeNn TPYIIEl IpamIloNIoKUTeIbHbIE a3pobel. Monsp-
Has gons I'Ll B cocraBe IHK — 63—79 %. B ocHoBy IeneHus Ha pofpl
ITOJIOXKEHEI TAKME NPU3HAKK, KaK XMMHYECKMH COCTaB KJIETOYHOM CTEH -
K4, Habop NMUIMUOOB.

Ipynna 18. Domomponsie baxmepuu, ocyuecmensrouue beckucio-
Pooubui pomocunmes. B 3ty rpymniy oTHeceHB! (POTOCHHTE3HPYIOLLINE
3yDaKkTepuH, XapaKrepusyloluecs cnenuduyeckumM HabopoM NMUrMeH-
TOB M 0cOGBIM THNOM (hOTOCHHTE3a: TMIMEHTHI TPENCTAB/IEHBI pa3-
JIMYHBIMH BHAaMH DakTeproxnopoduiuia 1 KapoTHHOHAOB; (DOTOCHH-
Te3 He CONpPOBOXIAETCH BbIIENEHUEM KHCIOpOoaa.

Ipynna 19. @omompodrsie baxmepuu, OCYUECMBSIOUIE KUCAOPOOHbIL
gomocunmes. I'pyrina npeacrasieHa 3y0aKTepusMu, COIepXAaIlHMHK pas-
Hble Habopb! (GOTOCHHTETHYECKUX ITMTMEHTOB, HO 0053aTeNIBHO — XJI0-
podi a; (POTOCHHTES COTPOBOXAAETCSH BhIAETIEHHUEM MOJIEKYIISIPHO-
ro KMCJIopoIa.

Ipynna 20. Aspobubie xemonumompoghste bakmepuu u bausKue Kk Hum
opeanusmbi. K 3TOH rpynme OTHOCSTCS NPOKapHOTHI, NMOMYHAIOIIHE
SHEPTHIO 33 CYET OKHMCJIEHUS BOCCTAHOBJEHHBIX HEOPTaHWYECKUX CO-
eIUHEeHWH a30Ta, Cephl, Xele3a, a TAKkKe MOJEKYIAPHOTO BOAOPOIA.
I'pynna pasgenena Ha 4 NoArpynnsl B 3aBUCUMOCTH OT XMMHYECKOIM
MPUPONEI OKHCIIAEMBIX HEOPraHMYeCKUX COeIUHEHH M.

B mepBylo moarpyrity BKIIOYEHBl TPAMOTPHLATENBHBIE GakTepun,
obbvennHeHHBIe B ceMeiicTBo Nitrobacteraceae, MCTOUHHMKOM 3HEPTHH
IUTSL KOTOPBIX SIBJISIIOTCS MPOLIECCH OKHMCIEHMsS aMMOHMIHOrO asoTa
WM HUTPUTOB. Bo Bropoii noarpymnne obbenMHeHbl GakTepuu, Crno-
COOHBIE OKHUCIIAATH HEOPraHWYECKHWE BOCCTAHOBIIEHHBIE COENHMHEHMS
cepbl. Y GONMBLIMHCTBA M3 HUX J0Ka3aHa CIOoCOOHOCTh MCIONMB30BATE
3TOT Npoliecc 1A MonyYeHHs KIeToYHOMH 3Heprun. OOMMrarHo xemo-
JMTOTpOdHBIE BOOOPOAHLIE OAKTEPUH, NMpeNCTABIEHHbIE OOHUM pO-
nom Hydrogenobacter, BrIleneHsl B TpeThio noAarpymniy. B yersepryio
[IOATPYIIIY OTHECEHBbl OaKTEPHH, CITOCOOHBIE OKMCISTh M/ W OTKIIa-
[BIBaTh BHE KJIETKH OKHUCIIE Xene3a U Mapratia. [Nocnaearue Hakarm-
BalOTCA B Kancy/iaX Wik BO BHEKJIETOUHOM MaTepHale, PeiKo — BHYT-
pu kietku. Ilockonbky GONBEIIMHCTBO GakTepHid 3TOM MOATPYIING He
MOJIY4EHO 0 CUX TTOP B YKCTOM KYJIBTYpE, MHOTHE CTOPOHBI UX MeTa-
DonmM3Ma OCTalOTCs HESICHBIMH.

Ipynna 21. Houkyromuecs u/uau cmebenskoesie 6akmepuu. B 31y tpymimy
BXonAT OakTepuu, oOpasyioie COCTOSLIME U3 CINU3H OTPOCTKH (cTe-
Oenbku), HEe CBA3aHHBIE C LUTOIIA3MOM KIETKH, WIH HHTEBHIHEBIE
KJIeTOYHBIe BeIpOCTH — npocteku (puc. 43). bakrepuu pona Nevskia
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Puc. 43. TMoukyiowmmecs u/wm creGesibKoBEIe HaKTepuH:

1 — Nevskia, 2 — Gallionella, 3 — Hyphomicrobium; 4 — Caulobacter
(no Brock, 1970; Lechevalier, Pramer, 1971; Schlegel, 1972)

00pa3yloT CIIM3MCTBIE OTPOCTKM, HE CBA3aHHBIE C LIMTOILNA3MOM KieT-
Ki. Clusb, BHIIENSIONIAACH C OAHONH CTOPOHH KIETKH, UMEET BHJ
crebernbka, Ha KOHIlE KOTOpPOro pacronaraercs kierka. Crebelibku
0OHAPYXMBAIOT JHXOTOMHYECKOE BETRIICHUE, ITOBTOPSIONIEE IEICHHE
3pensix kneTok (puc. 43, I). Ceoeobpa3Heiii BUA MMEIOT CTEOENBKH,
obpasyembie Oaktepusamu pona Gallionella: knetku, umeroiine 6060-
BUIHYO (OPMY, Ha BOTHYTOH CTOPOHE BBIIENSAIOT MHIPOOKHCH Xeme3a
B Ko/nnouaHo#H ¢opMe B BUEe MHOTOYMMCIIEHHBIX TOHKMX (HOpWLI,
06pa3yoilMX ClHpalbHO U3BUTYIO neHTy (puc. 43, 2). Usyyenue Gal-
lionella B yMcCTOM KYNETYpE NMOKA3a70, Y4TO 3HEPTHs, OCBODOX 120115~
Cs IIPM OKUCJIEHUM XeJie3a, HE MCITONb3YeTCH KIETKOM.

BripocThl nipeacTapnsiioT coboii BEINAYMBAHHE KIETOYHOIO COOEp-
XKMMOTO, HE OTAEJIEHHOrO OT LIMTOIUIa3Mbl KiIeTKH. OKpyXeHBl Kie-
TOYHOM CTeHKOHU. B HUX MOXHO pa3/IMuMTh LIUTOILIA3MATHYECKYIO MEM-
Opany, muTOILIasMy ¢ pHGOCOMaMH, MHOTHA SAEPHBIH MaTepHan u
Me30COMEL. BEIpOCTEI MPUBOAAT K YBEIMYEHUIO KIIETOYHOH MOBEPXHO-
cti U L[I[IM u cnyxaTt nns obecrieyeHUs MOBHILIEHHOIO TPAHCIOpPTA
BeLIEeCTB B KieTKy. Jisi npocTekoOakTepuii 3T0 MMEET NEPBOCTEIEH -
HOE 3HaYeHHE, TAaK KaK MHOI'Me M3 HuUX OOMTAIOT B YCIIOBHAX HU3KOI
KOHIEHTpALIWKM OpraHMYecKuX BelecTB B cpefe. OOIMM CBOMCTBOM
npocrekobakTepuii ABIAETCS CMTOCOOHOCTE PAcTH C COXpaHEHUEM TH-
MUYHOK MOPhOIOrHH TONBKO IIPH He3HAYHUTENBHOM COEPXXaHUM Opra-
HH4eckoro cybcrpara B cpene. [pu nedwigiTe NMUTaTENBHBIX BEIECTB
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BBIPOCTHI YUTHHAIOTCA. C yBeIMYEHHEM KOHIEHTPAllMH HeoOXOAMMBIX
IUTSE pOCTa MUTATENEHBIX KOMITOHEHTOB BEIPOCTHI CUJIBHO COKPalllaloT-
Csl WK MCHE3AI0T COBCEM.

V HekoTOpBIX GakTepHii BHIPOCTHI MMEKOT OTHOLeHHe K (QyHKUMH
pasmHoXeHHA. bakrepum, npuHamnexaiuue K pony Hyphomicrobium, —
MaJO4YKH ¢ 3a0CTPEHHBIMM KOHIIaMH, HO MOIYT OBITh OBAaNBHOM, siii-
neobpasHoii win GoGosuaHoM dopmel. [[ns HHMX XapakTepeH cCBOe-
00pasubIi 1k pa3puTus (puc. 43, 3). IlpukpernnenHas K cybcTpaty
MaTepMHCKAA KJIETKa obpasyer HUTEBUIHBIN BbIPOCT, KyJa [IEPEXOINT
OIMH W3 MOAEIMBLIUXCH HYK/IeOMI0B. BeipocT, yuuHssics, GopMHpY-
et ragonoaodHYI0 CTPYKTYPY, Ha KOHLIE KOTOPOM MNOSABIAETCH MOYKa.
B nipoiiecce co3peBaHus MOYKU obpasyercst XryTuk. JlouepHsisa KieTka
{cozpeBluas rodka) OTAENseTCH OT MaTepHHCKON M B TEUEHHE HEKO-
TOpPOro BpeMEHH NOIBWXKHA. 3aTeM OHa MpHMKpeIUiAeTcs K cyberpary
WIH IPYTHM KJIETKaM, TepPSET XIYTHK M (hOpMUPYET BBIPOCT U IOYKY.
HureBuaHbie BEIPOCTBI KJIETKHM MOI'YT BETBUTHCH, M HAa KOHLAX KAXKIOH
BeTBH QOpMUPYIOTCS ITOYKK. B HEKOTOPBIX CIYYAsIX CO3pPEBLIME TTOYKH
HE OTACNSAITCA OT MATEPUHCKOM KIETKU U B CBOIO odepensb (hopMHUPYIOT
BEIPOCTHI M ITOYKU. B pesyrneTaTe uMeer MeCTO CKOTUIEHHE TH( 1 KIIETOK.
BEIPOCTEI MOTYT NOSIBASITECA Ha 0O0MX MOTIOCAX KJIETKH.

V Gakrepuit poga Caulobacter KieTOYHBIE BEIPOCTH HE UMEIOT OT-
HOLIeHUA K penipoaykTuBHoi dyHkumnu (puc. 43, 4). ¥ npencrasure-
Jiel 3TOr0 poAa KJiIeTk GONblIeH Y4acThi0 NATOYKOBUIHOMH (OpMBEI C
OIHUM TOJIAPHO PACIIONOXEHHBIM XTIYTHKOM. [IpHKpENnUBLINCE K Ka-
KOH-HUOYOb MOBEPXHOCTH TCM KOHIIOM, Ha KOTOPOM PAacIiONOXEH
XTYTHK, OHH (OPMHPYIOT BHIPOCT, HMEIOIINI TAKOE Xe NMPOMCXOXKIE-
HMe ¥ BHYTDEHHEe CTpoeHWe, KaK y Gaxktepui pona Hyphomicrobium.
Ha koHie BbIpocTa BELIENsSETCS HeDONBLIOE KOMMHYECTBO KIEHKOIo
BEIIeCTBa, C MOMOIIbI0 KOTOPOro KJIeTKa IpUKperuigeTcs K cybcTpary.
PasMHOXEHUE OCYLIECTBISETCS MONEPEeYHbIM NEACHHUEM, TIPH 3TOM K
KOHLLY JeNleHHS OfHa KieTKa HeceT crebenek, apyrasa — XryTuk. IToc-
Nie pasfeneHus KIeTKa, cHabXeHHasl XIYTHKOM, dopMupyer crebe-
JieK ¢ KIEHKHUM BELIECTBOM, MPUKpEIUIseTcs K cybcTparty u nepexo-
JUT B HENMOABKXHYIO ¢hazy. B 3Ty ke rpynmy oTHeceHBl M OaKkTepuH,
pa3sMHOXalLHUeCs NMoYKOBaHHEeM, HO He 00pa3ylolue BbIPOCTHI.

BoJIBLIMHCTRO pacCMOTPEHHBIX Bhbilile Hakrepuii — XeMOOpPraHo-
reteporpodbl; HekoTopele — onurokapbobwisl. Kak npasuno, o0onu-
ratHeie a3pobbl, ecTb ¥ QakylbTaTHBHBIE a3p0o0bl. ONMucaHBl BUOBI,
TATOTEIOLIME K HU3KUM KOHLIEHTPALMAIM KUCIOpPOAa B cpene (MHUKpO-
a3pOMUIIBL).

Ipynna 22. bakmepuu, ofpaszyiowue causucmyro obonouxy (erazaru-
1ye). B coctaB rpymimel BXOAST HHTEBHAHBIE OaKTEpHH, OKPYXEHHBIE
oM Bnaraniiem (puc. 44). Huru MoryT OBITE CBOOOIHO TUIABAIOIITH-
MU WK TIPUKPEIUIEHHBIMK K Pas/IMuHBIM HAXOAMIIMMCS B Boge Mpef-
MeTaM. Briarasmiiie cCocTOMT M3 rerepornoaucaxapuia, 4acTo MHHKPYCTH-
POBaHHOTO OKMCIIAMHM XKele3a UNK MapraHua. Knerku pasmMHoXarTcs
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BHYTPH BNaraiuiia MnonepevuHbIM
neneHueM. BeIXoIsIme U3 Biaramm-
1113 OAWHOYHBIE KJIETKH MOTYT OBITh
\ CHaOXeHB! XIYTHKaMH, C TNOMO-
LIBK0 KOTOPBIX OHM MNEPEMELAIOT-
Cs1, WIK Xe XTYTHKHA OTCYTCTBYIOT,

¥ OOWHOYHBIE KJIETKU He crnocob-

HBl K aKTHBHOMY IOBIXeHMIO. Bce

GaxTepuu 3TOH Ipynnbl — a3podw

; u xemoopraHorerepotpodel. Hanbo-
3 Jiee pacrpocTpPaHEHbI TIPEICTaBHUTE-
(9 nu ponos Sphaerotilus v Leptothrix.
1 2 Baxrepuu pona Sphaerotilus — Ti-

, NUYHbIE OOMTATENM CTOYHEIX BOL.

Puc. 44. Baktepriu, oGpasyiolme OHM XOpOLIO PACTyT B NPOTOYHOM
CM3HUCTYI0 000N0YKY (Baraimiie): BOJIe, GOraTol OPrAHMYECKUMH Be-

I1— Spkaeron:lus; 2 — Leptothrix IIECTBAMM, a NPEICTABUTEIN polla

(no Lechevalier, Pramer, 1971) Leptothrix — B GEIHBIX OpraHuye-
CKHMH BEIECTBAMH MECTaxX C BBICOKMM CONIEDKAHHEM JKeJe3a.

Ipynna 23. Hehomocunmesupyroujue ckoav3siie bakmepuu, ne obpa-
3yrouue naodosbix mes. K sroit rpynne orHeceHB! MOPQROIOTMYECKH H
¢usronoruyecku pasHoobpasHsle Gakrepun. bonbIMHCTBO 0GBEOU-
HAET crnocoGHOCTh NePeABUTaThCA Mo TBepIomMy cybcrpaty Ge3 momo-
1M XTyTHKOB. BHyTpu rpynnsi BeuieneHs! 3 mopsinka. OcHOBHOI 1O
yucny npencraBurteneit — nopsunok Cytophagales. B Hero nomeuieHs!
rpaMoTpuliaTeNibHbie DakTepuH, MMeLHe NaJoYKOBUIHYIO Gopmy,
yacTto mneoMmopdHbie. CriocoOHBI HCIIONB30BATh Pa3TWYHBIE MONHCAaXa-
puns (arap, UENIono3y, XMTHH, KpaxMai, NeKTHH ¥ Ap.). Ucrounu-
KOM 3HEPrHH CAYXMT ObIXaHHe, HO HEKOTOPbIE MOTYT MONY4YaThk IHep-
THIO 3a cueT OpoXeHH.

B nopsinox Beggiatoales o0benuneHs HuTYaThie hopmel. HutH ama-
CTUYHBI ¥ cIOCOOHBI K CKONb3sALIeMY ABMXEeHHI0. PasieneHue Ha poasl
OCYIIECTB/SETCH B 3aBUCHMMOCTH OT CIIOCOOHOCTH OTKJIAAbIBaTh HIIA
HET B KJCTKC TPaHYJBl CEPHl IPHU poOCTE B IPUCYTCTBHUH CyJlibhuaa
(puc. 45, 1, 2). CxogHoii mopdonorueit obnanaioT bakrepuu pona
Leucothrix. OHu 06pa3syioT JIHHHBEIE HUTH, COCTOSIIHE U3 OBAIbHBIX
MW LUAMHAPUYEeCKUX KieToK. HuTH o6BiuHO MpUKpEIUieHs! K cy6-
CTPaTy U HEMOABUXHE (puc. 45, 3). Pa3sMHOXalOTCA C ITOMOIIBIO OfH-
HOYHBIX ITOABHXKHBIX KJIETOK, BRIXOISAIINX M3 HUTH. Bo MHOTMX OTHO-
LIeHWSX HANOMUHAIOT HUTYAThIe LIHaHOOaKTepHuK, OTIHYaACh OTCYT-
cTBreM (POTOCHHTETHYECKUX MUTMEHTOB.

Ipynna 24. Cronvaawue 6axmepuu, obpasyrowjue niodogsle mena: Muk-
cobakmepuu. Bxrodaer onuH nopsinok Myxococcales, nogpasnensio-
uMiAcs Ha 4 ceMeicTRa. DTo NATOYKOBUAHBIE IPaMOTPHLIATENBHEIE DaK-
TepHH, UMEIOIHMe TOHKHE 3MacTHYHBIE KJIETOYHBIE CTEHKH. JI/st HHX
XapaxkTepHO obpa3oBaHKe CJIOf CIM3KM, OKPYXAaloIlero kKierky. baxre-
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pUM MOTYT TNMEPEABUIATHECA IO
TBEPAOMY CyOCTpaTy CKOJb3s-
IIMMH ABMKeHHsAMH. Jlokomo-
TOPHEBIE CTPYKTYPHI (KTYTHKH)
oTcyTCTBYIOT. MHuKCOGakTepuu
00pa3yloT Tak Ha3bBaeMble
[UIOAOBBIE TeNia, BHYTPH KOTO-
PBIX KJIETKH NEePEXOnsT B ITOKO-
sLeecs cocTostHue (Cum. puc. 21).
IpencraBuresin opsika — 06-
NUraTHo a’pobHEBIE XeMoopra-
Horereporpodsl. DHEPrUK 1Mo-
JNYy4YarT TOJNBKO 34 CYeT AbIXa-
Hust. CHHTE3MPYIOT aKTHBHbIE
nuTudeckKue ¢epMeHTH, CIo-
coOHBIE TMAPONU30BATH TaKHE

Puc. 45. TpencraBureny rpymnisl He-
GOTOCHHTE3UPYIOLIMX CKONB3SITHX
DakTepuil, He 00pa3yloLMX IUIONO-

BBIX TEJT

MAKpPOMOJIEKYJIBI, KaK ToJUca-
xapuap! (LeUTI0N03a, KIeTyarka,
XUTHH), OelKH, HYKJIEHHOBBIE
KHMCIOTBI, 3(hHUPBI XXHPHEIX KMC-
not. C 3TUM cBsi3zaHa poJib MMK-
cobakTepuii B MpUpOIE: OHM aKTUBHO Pa3pyllaloT MEPTBBIE PACTUTENb-
HbIe ocTaTki. MHorue MUKCcoDakTepun criocoOHBI JIM3HPOBATh KIIETKU
MPOKAPHUOTHBIX W 3YKAPHUOTHBIX MUKPOOPTaHU3MOB. XOpOoLII0 pacTyT Ha
MOBEPXHOCTH TBepabix cpel. OcHOBHOEe MecTO ODMTAHUS — MOYBa.

Ipynna 25. Apxebaxmepuu. B cOOTBETCTBHY C COBpEMEHHBIMM ITPE-
CTABJIEHUSAMM B 3Ty [PYINNy BbIIENEeHBb! NPOKAPHOTH, NpelCcTaRIAIO-
1{HE OJHY M3 TpeX JIMHMI 3BOsoLMK XU3HU (cM. puc. 41, B).

B IX uspanuu Onpenemvtens Gaktepuii bepru Bnepeeie caenaHa
NONBITKA KIacCH(ULIMPOBATh M3BECTHHIE apxebakTepun. OHM pasnene-
HBI Ha 5 noarpymn. B I, camyto Gonbluyio, MOArpYIIly BKIOYEHB METa-
HOTeHHbIEe OaKTepHK, TIIABHBIM M XapaKTePHBIM MPH3HAKOM KOTODHIX
sIBJIsSIeTCS CocoOHOCTE 00pa3oBLIBaTh METAH B KAYeCcTBE KOHEYHOro
MNPOAYKTa SHEPreTHYecKoro MetabomusmMa.

Bo Il noarpyiiny OrHECEHBI 3KCTPeMaNbHO TepMODIUIbHEIE, CTPO-
ro aHaspobHbie ¢opmel, obpasytomme H,S u3 cynsdara B npouecce
JACCUMWISIIIMOHHOM cyNbdaTpenyKimnu.

BOKcTpeManbHO ranoduibHble apxefakTepuM, COCTABIAIOLIHE
II1 moarpyniy, npeacTaBAeHbl TPaMITOIOXKHTEIBHBIMH WM TPaMoT-
pularensHeIMK (GopMaMi, a3poOHBIMM WIH (QaKyIbTaTUBHO aHaspo6-
HBEIMH XeMoopraHoTpodamu. XapaKTepHa noTpeGHOCTh B BHICOKHMX KOH-
nenrpauusnx NaCl. Hekoropeie BuaB! comepXar BAKTEPHOPOIOINCHH Y
crocoOHEI UCIONMB30BaTE IHEPrHi0 cBeta g cuHTe3a AT®. B npupose
pacrpocTpaHeHbl B MECTaX C BBICOKOWM KOHLIEHTpalMEH COJIM: B COJie-
HBIX 03€pax, OEIKOBBIX MPOAYKTaX, 3aKOHCEPBHPOBAHHEIX C [TOMOIIBIO
COJIM, HanpuMep B COJIEHOM phIDe.

1 — Beggiatoa; 2 — Viireoscilla;
3 — Leucothrix (no Lechevalier,
Pramer, 1971)
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IV rpynna npencraeneHa apxebaktepusaMu be3 KJ1eTOYHOH CTEHKH.
B ee cocrase onuH pon Thermoplasma, sun T. acidophilum.

K V noarpynne orHeceHbl apxebakrtepHH, XapakKTepH3yOlUHecH
COBOKYITHOCTBIO CHENyIOUIMX TPU3HAKOB: obnuratHeie TepMOQIIILL;
auunodunel 1aK HellTpoduiasl; aspobrl, GaKkylbTaTHBHBIE HAH CTPO-
rie aHaspobsl; aBToTPod sl UK rerepoTpodsl. MeTabomu3aM GONBLINH-
CTBa U3 HHX CBA3aH C MoneKyspHoil cepoit (S°). Ipencrasureny no-
psuika Thermoproteales B riporecce xeMONIMTOABTOTPOGHOrO pocTa 1no-
Jy4al0T 3HEPrHI0 B Peaklluu:

Hz + 80 — HIS.

I1py ucrnonk30BaHuM opraHuyeckux cybectparos S? cnyxur KoHey-
HBIM 28KLENTOPOM 3EKTPOHOB, KOHEYHEIe MPONYKTHl SHEPreTH4YeCcKo-
ro Metabonusma — CO; n H,S.

IlpencraBureny nopsinka Sulfolobales MoryT B a3poBHBIX yCIOBHSIX
okucnate H;S no S§° u nanee no SO,2-, a B aHA3pOGHBIX — BOCCTAHAB-
nuBark SY no H,S ¢ yuactuem Ho.

Tpynnet 26— 33: axmunomuyerns:. CpasHuTenbHbIM anani3 165 pPHK
MPUBEJI K 3aK/II0YeHHI0, YTO BCE TPAMIIONOXUTENbHEIE 3yOaKkTepHu
obpasyior onuy u3 10 OoCHOBHBEIX (uIoreHeTHUeCKHX BETBE, BLISB-
JIEHHBIX Cpeld U3YYeHHBIX MPOKapuoT. B cBolo oyepenp, rpaMImonoxu-
TeJibHBIE 3yDaKTepuy Ha OCHOBAaHHMH NAHHBIX 110 HYKIEOTHIHOMY CO-
crasy JJHK pacnapaiorcst Ha 2 OCHOBHBIE BETBH: K ONHOM OTHOCHTCH
opranu3msl, MoJiapHoe conepxanue I'll 8 JIHK kotopeix cocraBasieT
Goneie 55 %, k npyroi — rpynsl Bacillus— Clostridium— Streptococcus
¢ conepxanueM B JIHK T'Ll menbiue 50 %. B cooTBeTCTBHM C TIpOBe-
JIEHHBIMH MCCJIEIOBAHMSAMM I'PaMITIONOXUTEbHBIE 3yDakTepuu ¢ MO-
napHbIM conepxanueM I'I]-ocHoBanuit Gonblile 55 %, 06HapyXxuBalo-
HIKe POACTBO Ha OCHOBAHMM JNaHHbIX aHanu3a 168 pPHK u rubpuau-
3anuu JIHK, oTHOCAT K aKTHHOMMIIETAM.

Ilpu nocnenyiouieit MX cucTreMarvke OONBIIOE 3HAYEHWE TIPUOAIOT
MOphoNOrHYecKUM MpU3HaKaM. BT1a rpyrma o6beMHsIET OpTaHH3MBI C
pa3Hoii Mopdonorueit: OT KOKKOB H nanoyek no Gopm, obpasyroiuwx
BETBALLMECH HUTH WIKH (POPMHPYIOLLMX Pa3sBUThIA MULenuid. B nocnen-
HeM Cllyyae NpW BBIpAllWBAHMKM AKTHHOMMLIETOB Ha TBEpABIX IHTa-
TEJIbHBIX Cpenax pa3nu4yaloT cyOcTpaTHBIH W BO3AYIIHBIA MHLIENH.
CybcTpaTHBI MHLIENTHI pa3BHBAETCA B TOJLIE arapu30BaHHOM cpelsl,
HaJ| TIOBEPXHOCTHIO KOTOpO# pa3pactalorcst riel BO3AYIIHOTO MHLIE-
A, AKTHHOMMILIETH! XapaKTepH3yIOTCA pasHBIMH ciocofamMH pa3sMHO-
KeHHUsA. BONBUIMHCTBO pa3sMHOXAKTCH ¢ TOMOLIBIO cniop, obpasyio-
LIMXCSA B CTIELMANBHEIX OpTaHaX cIIOpoHOLUeHus — cropaHrusax. ITo-
CHeIHWE pa3IMYaloTCs cTpoeHHEM (JUTHHHBIE WIH KOPOTKHE, IIPAMBIE
WIM CIIMpAIEBHIHBIE C pasHBIM YHCJIOM 3aBUTKOB) M PacIlONOXEHH-
eM (TlocneioBaTeNnbHOe, CYNIPOTHBHOE, MYTOBYATOE U JIp.).

B nocnentee BpeMsi Bce DONBIIME yneNnbHBIN BEC B TAKCOHOMHYEC-
CKHUX LEJISIX 3aHMMAIOT CBeIeHHA O XHMHMYECKOM COCTABE H CTPYKTYpe
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OTAENbHBIX KJIETOYHBIX KOMIIOHEHTOB: Fre HETHHECKOM MaTepuane, Kie-
TOYHOI cTeHke, MemDbpaHax u ap. I'll-moxasatens JIHK akTuHOMM-
ueToB Konebnetcs B npenenax or 58 no 75 %. Ha ocHoBanuu NpucyT-
CTBUS XapaKTepHbIX aMWHOKHUCHIOT TIENTHIHOTO XBOCTA TIENTHAOITMKA~
Ha ¥ caXxapoB, BXOMAIUMX B COCTAB MOMUCAXAPHIOB, Y aKTHHOMUIIETOB
BBIIENEHO HECKONBKO THIIOB KNeTo4yHOoM creHKH. Kpome Toro, B cH-
CTEMATHKE AKTUHOMMIIETOB UCNONb3YIOT KYNBTYpalbHble, (PU3HONO0-
ro-buoxuMuvyeckue, 3KONOTHYECKHE TIPH3HAKU. TONBKO pe3ynbTaTh!
a”anusa 165 pPHK y aKTHHOMMLETOB, OTHOCSIIMXCH K pasHBIM pO-
JiaM, TIO3BOJIM/IM Pa3fneiiuTh MX Ha 7 rpynn. B GonbumHCTBE CiTyyaes
3TH TPYIIIL COBNANAIOT C NpeinoxeHHBIMH B IX uanaunn Onpenenu-
Tens bakrepuit Bepru, XoTs npu KiaccuduKalvy MOCNEAHUX HaPAILY
¢ JaHHIMH ananusa 165 pPHK u nykneotmanoro conepxanus JHK
YUMTBIBATHMCEH Takke MOpGONIoruyeckue, XuMuyeckie ¥ hpusnonori-
yecKue MpU3HaKu. Bonpoc o NpUCcBOeHMH naXe HEKOTOPHIM BhLIENEH-
HBIM TPYIIaM TAKCOHOMMHYECKOIO PaHTa I0Ka He siCeH.

B naneHelineM Npu XapaKTepHCTHKE BHIJENEHHBIX B OTIpenenuTesie
rpyNIl aKTUHOMMLIETOB MBI OCTAHOBHMCH B OCHOBHOM Ha MX KpPaTKO#
MOP(DONIOrHYeCcKO XapaKTepPHCTHKE.

I'pynna 26. Hoxapouonodobuvie axmuroMuyemst. B 3TOil rpyiie
laHa XapaKTepHCTHKA OPTaHU3MOB, YKe onucaHHbIX B rpyme 17 (cm.
puc. 42, F), HO HeckonbKo DONee neTANM3UPOBAHHAS M JOIONHEHHAA
OTHECEHHEM K Helt NpEeacTaBHUTENEH elle ABYX pOLOB.

Ipynna 27. Akmunomuyemnt ¢ MHOZOKAEMOYHOIMUY chopateusmu. B 5Ty
TPYIILY BbleNEHB aKTHHOMMLETHI, XapaKTepH3yIolIHecs cBoeobpai-
HBIM CTPOEHHMEM BereTaTUBHOIO Tena (TajuioMa): MHLETHAIBHBIE HUTH
(ru(bl) neraTcA B NPOACIBHOM M TMONlepeYHOM HarpaBlieHMAX, B pe-
3yNnbTaTe Yero obpasyercs NapeHXUMaTO3HAA Macca KJAeTOK, TIpefcTaB-
nsowan coboit cnopanrum (puc. 46, A). ¥ npencrasureneit ponos

A
Puc. 46. Aktunomuuetsl pona Dermatophilus (A), Actinoplanes (5),
Micromonaspora (B):

I — BozpymHetil; 2 — cyGeTpaTHBI Muuenyit; 3 — cnopauruit; 4 — cnops;
5 — kancyna
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Geodermatophilus w Dermatophilus ctanusa B BWIEe HUTEBMAHOIO MHLE-
JIMS B LMKJIe Pa3sBUTH OTCYTCTBYET WM pyAuMMeHTapHa. B cocras pona
Frankia BXonaT BMAbl ¢ XOpOLIO Pa3sBUTHIM HUTEBUAHLIM MHLIETIUEM,
CIOpaHruy POPMMPYIOTCH TOJBKO U3 YACTH KJIETOK HUTH B BHIE WH-
TepKAIAPHBIX HJTH TEPMUHANIBHBIX «oniyxoneii». ITpu pacriane criopaH-
THeB U3 HUX OCBOOOXKIAIOTCS MONBHXKHEIE WIH HEMOABUXHEIE CITOPHIL.
BosnyliHbIi MHLENHUI OTCYTCTBYET.

Bce npencTaBuTelIH IPYNIBI — XeMOOPIaHOTETEPOTPOhEl C BBICO-
KMMHM NIKLLEBBIME NOTpeGHOCTAMHE, a3po0el (riaBHBIM 0DpazoM MUK-
poaspodunsr), Mesodunel. 1Tpencrapureny pona Frankia passuBaioTcs
B KAYECTBE 3HAOCUMOMOHTOB B KOPHERBIX KIIyOeHBKax HeboboBEIX pa-
creHuid. JInsa knyGeHbKOB NOKa3aHa CIIOCOOHOCTE (DMKCHPOBATh MOJIE-
KyNspHBit a30T. bakTepul 3TOi TPYINBL pacTpoOCTpaHEHBI B IMOYBE,
BOJIe, OGMTAIOT Ha KOXHBIX TIOKPOBaX MICKOMMTAIOIMX.

Tpynna 28. Axmunonasauems. B rpyniy o6beuHeHEl AKTHHOMULIE-
ThI, XapPaKTEpPU3YIOILMECH TPUCTIOCOBIIEHHOCTRIO K OOMTAHUIO B BOJ-
HOH cpene, MMeIOlIMe TIOABMXKHYIO CTalMI0 B TEYEHME XH3IHEHHOTO
uMKia. B npotecce pocta 06pa3yior pa3BUThil, pa3feNeHHBIN Ha Mepe-
rOpoOJKH, yCTOMUMBBIN cyOcTpaTHBIA MMUEAHN, NHOTIA TAKKE M BO3-
AyUIHBIA. [15ia nipeactaBuTeNnei 3TOM rpyIibl XapakTepHo (hopMUpoBa-
HME CIOpaHTUeB pa3HOH (hOpMbI, BOIBHILIAKLIMXCS Hall HOBEPXHO-
CTBIO cyBCTpaTa, BHYTPHM KOTOPHIX 06pa3yioTcs ciophl (puc. 46, F).
@opMa cropaHTHEB, KOMUYECTBO M pACIIONOXeHHEe B HUX CHOp pas-
JIUYHBI; CTIOPH! TAKKE HEOAMHAKOBOH (hOopMBI. DTH NTpHU3HAKH NEry B
OCHOBY Kj1acCH(HKALWH aKTHHOIUIAHET Ha pofibl. ¥ OTHECEHHEIX K 3TOH
Xe rpynmne npencraButeneit pona Micromonospora criopaHTuM OTCYT-
cTByIOT (puc. 46, B). HenonsuXxHble 0OIMHOYHbIE CTIOPHI PACIIOJIATAIOT-
CHl HEMOCPEACTBEHHO Ha rudax MMLENUS WIH Ha OYeHb KOPOTKHX CII0-
poHOCHBIX rudax (cnopodopax). Bce akTHHOMULIETE, BXOOALLME B CO-
CTaB IPYIbL, — a3pobHble xeMoopranorerepoTpodbl, canpoduTs! MK
thakynsraTBHBIE Tapa3uThl. OCHOBHEBIE MeCTa OGHTaHMSA: TIpECHAas BOMA,
[I0YBA, MEPTBHIE PACTUTENILHEIE M XXMBOTHBIE OCTATKH.

Puc. 47. AxtuHoMuLETHI ponia Streptomyces (A), Microbispora (F)
u Streptosporangium (B) (no Lechevalier, Pramer, 1971).
O603HayeHUs TAKKE Xe, KaK Ha puc. 46
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Ipynna 29. Cmpenmomuyems: u podcmeertbie opmbl. AKTUHOMULIE-
TBl 0BpAasyloT XOpPOolIQ pa3BMTHIA BO3MYIUHBIA MHLENHHA, KOTOpHIH B
npolecce NOCIeNyIOIero UMKIa Pa3BUTHA He pacnajaercs Ha ¢par-
meHTs (puc. 47, A). PasMuoxenue criopamu, GoOpMHPYIOILIHMUCH Ha
KOHLAX Tu(d, Win KyCOYKAMM BEreTATHBHOIO MULENUs. AKTUHOMM-
1eTsl, 00BeNHHsAEMEIE B 3Ty Ipynmny, — obiavraTHo a3pobHbie XeMo-
opraHorerepoTpogel. OcHOBHOM pon Strepfomyces HACUUTBLIBAET OKO-
5o 500 BruOB, Ul KOTOPBIX XapakTepHO 06pazoBaHKe Ha BO3AYLIHOM
MMIETMY TIPAMBIX WIH CITHPANBHO 38KPYYEHHBIX IETIONEK, COCTOS-
ILMX U3 TPeX UK Gonee HeMOuBMXKHBIX crfop. MHOrKe CTpernToMULIETH
CHHTE3HPYIOT aHTUOHMOTHKY, aKTUBHEIE TpoTHB Gakrtepuii, rpubos,
BONOpOCHeit, npocreifux, daros, obnanamwllme TAKKE NMPOTHBOONY-
XOJiEBBIM JEHCTBHEM.

Ipynna 30. Madypomuyems!'. A3pobHble akTHHOMHLETHI, hOpMEDY-
olIue pasBHTLIN cybcTpaTHbIH MHLENHI, Ha KOTOPOM CIIOPbl HUKOT-
na He dopmupylorcs. OHH 06pa3syoTCsa TONLKO Ha BO3NYILUHEIX ridax,
audepeHUMPYIOLUMXCS WIH B KOPOTKME LIEMOYKH CIIOp, WK B CIIO-
PaHIMH, CONepXallye ONHY MNM MHOXectBo crnop (puc. 47, b, B).
I'pyrma HemocTaToMHO M3ydYeHa W, MO MHEHHIO CIIeUaANTMCTOB, HyX-
JiaeTcsi B 3HAYUTENBHOH peBU3MH.

Ipyrna 31. Tepmomorocnopu u podcmeenrvie hopmer. Tpencrasurens
3TOi rpynIsl GOPMUPYIOT BO3AYILUHBIA MUIENHH, Ha rudax KoToporo
06pasyloTcst IOABMXHBIE MM HEIOOBMXKHEIE CIIOPE!, OAHHOUYHbBIE WK
B Buae uenovek. Criopanrny y 6onbluMHCTBA TIpENCTaBUTENEH OTCYT-
CTBYIOT. /[N aKTHHOMMIIETOB THIIOBOIO pojia Thermomonospora xapak-
TepHa crocobHOCTL pacTH B TeMIlepaTypHOM auanasone ot 40 no 48°.

Ipynna 32. Tepmoaxmunomuyemn:. ObnenuHseT 1 pos TepMO(IUIBHELX
akTmHoMulleToB. HenasHue uccnenopaHusi oOHapyXIUIHM, YTO CIIOPBI
Thermoactinomyces OTHOCATCA K TUITHMHBIM 3HACCIIOpaM, U 110 3TOMY
TIPH3HAKY OPraHu3M crenyet oTHecTH K baipumam. Ha 6nusocrs k no-
CIIEHMM YKa3bIBAIOT Takxke naHHble ananmmsa 165 pPHK. OnHako no-
JI0OHO HCTHHHBIM aKTHMHOMMLETAM DakTepyu 3TOM rpynimsl obpasyioT
XOPO1LO Pa3BUTHIM MHILIENU ¥ no MopdoaoriK HaMOMHHAIOT [IpefcTa-
Buteneil pona Thermomonospora, 4To B TaHHOE BpeMs TO3BOJIAET pac-
CMATPUBATH MX BMecTe ¢ IPYTHMH aKTUHOMUIIeTaMK. Bee nipesncraBute-
M rpynnsl GOPMUPYIOT XOPOLIO Pa3BUTHIM cyBCcTpaTHRIA M BO3OYy!I-
HEIH MUTIENHA. AspobHble xeMoopraHoreTepoTpodel. OCHOBHOE MeCcTO
obuTaHMsT — TIOYBLI, BOMEBI, PA3JiaraloliMecs: pacTHTENBHEIE OCTATKH.

Ipynna 33. llpyzue hopmor akmurnomuyemos. B mocnenHme Tos ommi-
CaHO HECKOJIbKO HOBBIX aKTHHOMMLETOB, BBHIIENEHHBIX B OTAENbHBIE
ponbl, KOTOPBIE NOMENIEHEl B 3Ty IPYIINY, TaK KaK elle HeJoCcTaTOYHO
H3y4YeHBl M OTCYTCTBYeT HHpOpMauus, HeoOxonvMasi 1 BBIABIEHUS
CTeTIeHM KX CXOICTBA C IPYTHMUH aKTUHOMMIIETAMM.

! Madura — uassauue niposutimyu 8 Muguu, rie Brieppule Buii onucai oaMl M3
npeAcTraBuTeNelt 3TOI rpymnmnel.
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Fmaea 12

NPOBNEMA NPOUCXOXOEHUA U 3BONKOLUWK XU3HW.
BO3HWKHOBEHWE NEPBUYHOM KNETKK

CornacHo cOBpeMeHHBIM TPEeICTABIEHUAM XHW3Hb €CTh Pe3yJbTaT
3BOMIOLMH MaTepuH. Barianel Ha NpoMcxoXIeHHe XU3HH, €€ pa3sBH-
THE M CYUHOCTh HMEIOT JAJMHHYID WUCTOPHIO, HO OBCYyXIeHue 3THX
BOIIPOCOB /10 HEOABHEro BpeMeHM ObU1O npeimeroM (uiocohckux
paaummneﬂuﬁ. JIvms B IocnegHue OECATUNETHS pelleHHE 3THX BO-
rnpocos 6bUIO MOCTABNEHO Ha 3KCNEPHMEHTANTBLHYIO OCHOBY M OTBET Ha
MHOTHEe M3 HHUX TI0Ny4eH B NabopaTopuu.

Pazeutue NpeacTaBneHuin O NPOUCXONASHUN HUIHU

IToneITKy OTBETUTH Ha BOTIPOC, YTO TAKOE XHU3Hb, BEPOATHO, CenyeT
OTHECTH KO BpeMeHHM TosBiaeHuA yenosexka (Homo sapiens). B cambix
PaHHMX JOLIeMIIMX 10 HAC NaMITHHKAX KYBTYDHI IPeBHEeHIUUX LIMBH~
JIM3aLMi B XyZI0XXEeCTBEHHOM (hopMe OTpasKiIMCh CYILECTBOBABIIMeE TOI/IA
NpelcTaB/ieHHa 0 BOSHUKHOBEHUH XKHUBBIX cylllecTB. IIpu packonkax B
Vpyke, ropone, cylllecTBOBapllleM B cepeaute IV Thic. 1o H.3., Gulna
obHapyXeHa Ba3a, Ha KOTOpO# W300paxeHO, KaK M3 MOPCKMX BOJIH
TIOABJISIIOTCH PACTEHUS, HAaJ, pacTeHMSMH paclioNnaraloTcsl XHBOTHBIE,
3aTeM — JIIOJK, & Haj JOJEMH — BOTMHS XW3HH U TUIONIOPOAMSI.

CaefeHHs 0 TOM, KaK pPa3/IiyHble XHBbIE CYIIECTBA BOZHHKAIOT H3
BO/IBI M THHIOWLMX OCTATKOB, MOXHO HaWTH B APEeBHMX KHUTAaHCKUX U
MHIUHACKMX PYKOITUCHX, 00 TOM pacCKasblBalOT erMIleTCKHe Hepor-
madel 1 kmmHonucH IpesHero Basunona. B Jlpeenem Erunre cynie-
CTBOBANO yDeXNeHHUe, YTO JIATYILUKH, XKaOkl, 3MEH M NaXe KPOKONWILI
pOXAa0TC M3 CJION uia, KOTOPHIH ocTaeTcs mocne pasziusoB Huna,
B /lpesnem Kurtae cuutanu, 4To TJis BO3HUKAET Ha MOJIONBIX MoBerax
6ambyka. bonplloe 3HaueHHe MPH 3TOM [PHAABATIOCH TEIUTY, BjIare ¥
CONNHEYHOMY CBETY. YGC}K,[[CHHC B CIIOHTZHHOM 3aPOXIeHHH XHUBBIX
CYLIECTB M3 HEXMBBIX MaTepuanos BbuUio BOCTIpHHATO (unocodaMu
HpesHei I'peunu u Puma Kak HeuTo caMo coboil pasymeroreecs.
HﬂpBOHa‘iaJIbHO BEPa B CaMO3apOoXIeHHE HE CBH3bIBANACE C ornpene-
JIeHHBIM MHpOTNOHMMaHHeM. CaM03apOoXIcHHE BOCTIIPHHHMANHM KakK
OuEeBMIHbIH, TTOCTOAHHO HabnmogaeMsbiil B npupone dakt. U tonbko
3HAYMTENBHO TO3[Hee MOJ caMo3apoXaeHHe CTANH NOABOIUTE OTIpe-
JIeNeHHYIO TeOpeTHYeCKYI0 OCHOBY, TOJIKYH er0 C MaTepHalHCTHYe-
CKUX WIH WICANTHUCTHYECKHX [MO3NLIMH.

IpesHerpeueckuii hunocod @anec Munerckuii (konen VII — Ha-
yano VI B. o H. 3.) NOOXOAWI K NOHHMaHHIO TIPOUCXOXIEHHUS XU3HH
CO CTUXMIHO-MaTEPHATMCTHYECKUX TIO3UIMIA, CYMTASA, YTO XU3Hb ECTh
cBOMcTBO, npHcyLiee matepuu. s @aneca MuieTckoro MatepHaib-
HBIM IMEPBOHAYAIOM, M3 KOTOPOIO €CTECTBEHHBIM IIYTEM BO3HHK MHD,
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6bUta Bona. Ha rosuumMsax MaTepHalMCcTHYECKOTO TOMKOBAHUSA CaMO-
3apOXAEHWsl XW3HW CTOSA W ApYyroi npesHerpedyeckuil dunocod
Hemoxkput (460—370 rr. o 1. 3.). CornacHo ero TeopHH, MaTepHs 1o-
CTPOEHa H3 ATOMOB, MENBMARIINX, HENEIMMBIX, BeYHBIX M HEWU3MEH-
HBIX YAcTHL], HAXOMNAIMXCS B NBMXKEHMH, 2 XW3Hb BO3HUKIA B pe-
3yAbBTATE B3aMMOIEHCTBHA CHWI TNPHPOAbl, B 0cOBEeHHOCTH NnedcTBUA
aTOMOB OTHS Ha aTOMBI BIAXHON 3eMIIH.

ITpoTHBOIIONOXKHOE HIEATHCTHYECKOE TOIKOBAHME MASH CaMO3apoX-
JIeHUS XH3HH CBA3aHO ¢ uMeHeM Ilnarona (428/427— 347 rr. no H. 3.),
CUMTABLIETO, YTO caMa 1o cebe pacTUTeNbHAA M XHBOTHAS MaTepus
He fBAsieTCcH XHMBoH. XKUBoi OHa CTAHOBHUTCH TOJNBKO TOIld, KOTA B
Hee Bcensercs BeccmeprHas aynia — «ricuxesi». Dta uaest IlnatoHa
oOKazaack O4YeHb XusHecrnocobHol. Ee Bocnpursut u Apucrorens (384 —
322 rT. no H. 3.), y4eHHe KOTOpOro JIerNio B OCHOBY BCeif CpeliHeBeKOBOMH
HayYHOH KYJIETYPB! M TOCTIONCTBOBAIO OKONO ABYX ThicAY JieT. B pabortax
ApucToTens OPUBOASTCA MHOTOYMCTIEHHBIE «haKThl» CAMO33pOXAeHHS
JMBBIX CYIIECTB: pAcTeHHIl, HACEKOMEBIX, YepBeif, JATYIUEK, MBILIeH,
HEKOTOPBIX MOPCKMX XUBOTHEIX. HeoOxonumele ycnoBus ajisi 3Toro —
HATMYHE Pa3araioluXcs OPraHMyecKuX OCTaTKOB, HABO3a, HCIIOPYEH-
HOI'0 Msica, PasjIMuHbIX OTOPOCOB, IPA3SH. APHCTOTENL NOABEN MO 3TU
«(pakTe» OMpeneNeHHOEe TEOPETHYECKOe TONKOBaHHE, paccMaTpuBas
BHE3AIHOE TIOSBJEHME JXXUBHIX CYLIECTB KaK pe3ynpTaT BO3neHCTBUA
HEKOEro JyXOBHOTO Hayana Ha OeiXHM3HeHHYIO0, KOCHYIO MaTepHIo.

B cpennue Beka wieH © BOSHUKHOBEHMH XHBBIX CYIIIECTB U3 HEXU-
BOM MaTepuH TIOJAKPeIUIsUIMCh HOBBIMM «bakTaMu». . Ban ['ellbMOHT,
I‘OJT!I&H,[[CKH[‘;! €CTECTBOHUCIIBITATEID, M3BECTHBIN CBOMMH HCCIIenoBa-
HHUAMH 110 TIMTAHHIO pacTeHWH, NMpeisIoxXil criocod nmonyyeHus Mbl-
e, COrMacHo KOTOPOMY, €CJIH OTKPBITEIM KYBIIMH HabDUTh HUXHUM
GenbeM, 3arpsA3HEHHBIM IOTOM, B 106aBHTE Tyla HEKOTOPOE KONHYe-
CTBO TILIeHMLBI, TO NMpHONIU3UTENEHO Yepe3 TPH HeAeNld MOSBIFETCA
MBIllIb, «MOCKONBKY 3aKBacka, HAXOMMBLUAsSICA B Genbe, NPOHHKAET
yepe3 NIUEHUYHYIO HIETYXY W MPeBpaiiaeT MILIeHUIY B MbIIIb».

PaspuTie Hayku B 310Xy Bo3spoxpenus ¢ ee 3KCepUMEHTAIBHBIM
NOAXONOM K M3YYEeHHIO ABJIEHUH IPHPOAB! TOCTaBMIO HA IIOBECTKY
ITHST TIEPECMOTP C HOBBIX TIO3ULIMH KHIeH CaMO32POXIEHUS XUBBIX CY-
wects. UranbaHckuit Bpay @. Pexu (F. Redi, 1626 — 1698) pewunn npo-
BEPHUTH, AEMCTBUTENIEHO JIM, KAK 3TO BCEMH CUMTAJIOCH, «dyepBuU» (M-
YMHKH MYX) 3apOXaaloTcs U3 FHHIOMEro mMaca. g 3Toro oH yaoxl
MsCO B TpH OaHKH, ONHY M3 KOTOPbIX OCTABHJ OTKPHITOH, BTOPYIO
HAKPBL1 TOHKO# Mapnei, a TpeTblo — TNiepraMeHTOM. Bce Tpm Kycka
Msca Hayalu HUTh, HO «4YepPBM» TIOABMIMCE TONBKO B OTKPRITOI Oan-~
Ke. BTHM TPOCTHIM 3KCTepuMeHTOM Peny mokasan, 4To «uepBH» He
BO3HMKJIM M3 IHUIOILIETO MACa, a MOABWIMCH JIILb TaM, TAe MyXH MO
OTKJI4ABIBATh siilla HenocpeacTeeHHo Ha Msaco. Onerret ©. Penu eniep-
BEIE CEPBE3HO NOKONe0aN rOCNOACTBOBABIIYIO HACK CAMO3apOXIeHHUA
MaKPOCKOITHYECKUX OPTaHW3MOB.
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ITocne oTkpblTus A. BaH JleBeHTYKOM MHKPOOPraHU3MOB MMEHHO
OHM CTaJlM OCHOBHBEIM ODBEKTOM CIIOpa O 3apOXICHWM XH3HH, ITO-
CKOJIbKY JIOTHYHBIM TMPENCTAB/ISUIOCH, YTO B TIEPBYIO OvYepelb K CaMO-
3apOXIeHNI0 criocobHBl Haubonee NPUMHTHBHO YCTPOEHHbBIE XHMBBIE
cyuiecTBa. CaM y4eHBIH OTPHLATENBEHO OTHOCHICS K BO3MOXHOCTH 3a-
POX/IEHHA MHKPOOPTaHHU3MOB M3 HEXWBOM MaTepuu.

Anrnuitickuit natypanuet x. Huaxem (J.Needham, 1713—1781)
TIOTIBITANCS 3KCTIEPUMEHTATLHO OTBETHTE Ha 3TOT BOIPOC. YUeHBIH ro-
CTaBIJI CEPUIO ONLITOB, KOTOPBIE CBOIMIKMCE K TOMY, YTO OH I'OTOBHJI B
CTEK/ISIHHBIX KoJIBax pasHble HACTOM, KHISATHI UX B TEYEHHE HECKONb-
KMX MMHYT, 33T€M 3aKpEIBA] ODBIYHBEIMM NpobKaMy. Yepe3 HeECKONBKO
JIHEl B cOCyZaxX NOABISIMCE MUKPOOPTaHW3MEL. BTo npuseno Huaxema
K 3aKJII0YeHUIO O CIIOHTAHHOM BO3HMKHOBEHMH MHKpPOOPraHHU3MOB H3
HEXUBOIo OpraHH4YeCcKoro BelecTBa, T. €. 0 BO3MOXKHOCTH CRMONIPOU3-
BOJIBHOTO 3apOXIeHUA Ha YPOBHE HHM3IIMX XUBBIX CYIUECTB.

Onerrer Jx. HumxeMa nosTopu HTanbaHCKUH €CTECTBOMCIIBLITATEND
JI. Cnamnasuanum (L. Spallanzani, 1729 —1799). Ero onuiThl BHeLIHe He
OTIMMANKCE OT onbIToB Hunxema, 3a uckmoyeHeM toro, yro Cnan-
TNAHIIAHM 3aKpBIBal cocyl Mpobkoil He Mocne, a 0 KWISTMeHWs, a
CaMO KUMAYEHME UIMI0Ch HE HECKOJIBKO MMHYT, Kak B onuitax Hun-
XeMa, a 3HaYuTeNnbHO nonblie — ot 30 muH o 1 4. B Takux cocynax
TIOCJie BBIOEPXXKUBaHHSA B TEYEHHE HECKONBKHX JHeil He bbuio obHapy-
XKeHO HMKakMX MHKpoopranusmos. JI. CnannaHuaH cpienan BBIBOI,
yT0 B oneitax Jx. Huaxema MEKpOOpraHH3Mel B HACTOSX TIOSBIISJIHCE,
WIH Momagas Tyna U3 Bo3ayxa (MOCKONBKY COCY/bl 32KPhIBANH 00bIY-
HBIMH TIpobKaMu mocie KMIISTYeHUs), WK Nornbany He Bce NepBOHA-
YaNbHO COAEPXABIIKECH B HACTOSX KJIETKH M3-3a HEIOCTATOMHO M-
TenpHOro KunsyeHus. (B nepsyio ouepenp 310 0OTHOCHTCS K Haubolee
TepMoycTOHYHEBBLIM hopmam Bakrtepuit — criopam.) JI. CnayutanuaHu
Mo/ MUKPOCKOIIOM yIaloch HabnonaTh JeneHue MUKpoba Ha iBe onu-
HAaKOBBIE IOYEPHUE KIIETKH, KaXasd U3 KOTOPBIX TAKXe NENHIach Ha
nBe KineTku. Bce ckazaHHOe TO3BOMWIO WTANBSHCKOMY YYEHOMY yT-
BEPXIaTh, YTO ¥ MHUKPOOPraHM3Mbl BO3HHKAIOT He B pe3ysbkraTte ca-
MO3apoXJeHMs, a MpoucxonaT ot cebe mopobubix. Beisoaer JI. Cnan-
NaHUaHU, oAHaKo, He nokonebanu sepwl Jx. Huaxema u ero cropoH-
HUKOB B camo3dapoxneHue. JIx. HunxeM 06bscHMN OTpHUATENbHBIE
pe3ynesTaTel, nonydeHHble JI. CnajuiaHiaH|, TeM, YTO TOT TOABEpral
CBOM HAacCTOM CIMILKOM XecTKOM oDbpaborke, B pe3ynabTare KOTOpPOM
pa3pyllanach UX «©KM3HEHHAs CHUIar.

OxkoHuaTenbHBIA KOHEL{ CTIOpY O CAMO03apOXIEeHUH MUKPOOPTAHU3-
moB ronoxuit JI. Tlactep. Cepueil yeTko 1ocTaBlIeHHBIX ONBITOB OH J10-
Kasaj, YTO MHKPOOPraHu3Mbl He BO3HMKAIOT caMonpousBonbHo. Oco-
6eHHO M3ALIHBIME OBUTH €r0 ONMBITHL, NPOBEieHHBIE B Konbax ¢ S-06-
pasHBIMH ropnamMu (puc. 48). B takue konbul Hanupany MoacaxapeHHy10
npoXokesy1o sony. Ecimu kKonObl IPOKUIATHTE, a 33T€M OCTOPOXHO OX~
JaAUTh, TO OHM OCTAIOTCH CTEPHIIEHBIMKM HEOTIpeNeNIEHHO JIONTOE Bpe-

186



Msi, HECMOTPSI Ha TO, YTO He 3aKPHITHI
npobxkamu. Ecinu xe ynanuts S-obpas-

HBIH Y4YacTOK TOpJyia, TO CIIyCTSl He-

CKOJILKO JiHe# B Takoil konbe Gyner

Habmonatecst 6ypHOe pa3sBUTHE MHK-

poopranusmos. Yepe3s S-o0bpasHoe rop-

JI0 HeNporpeThiil BO3MYX MOXET JIErko w
TIOCTYTIAaTh B KOOy, HO copepkalliie-

Cs1 B BO3/IyXe MHKPOOPTaHM3MEI 331€p- 2 2
XUBAIOTCA B U3rubax ropna, ocenast 8 Puc. 48. Onwit JI. Tlactepa B Kon-
ero HyxHeM koneHe. [Tocne ynanenus ~ 6ax ¢ S-obpasubiMu ropiami:
S-obpasHoii yacTi ropia MUKpoopra- I — konfa ¢ noacaxapeHHoOH npox-
HU3MBI IIPSIMO TI0TIAJAI0T B KOJNOY, Ha-  KeBOif BOJOM; mocie CTepuiM3auui 1
YHHACTCH UX ﬁblC'Iprﬁ pOCT STHM l-l-po_ OXJIaXIeHUs OCTaeTCs CTEPHILHOM B

TeYeHWe UIMTENLHOI0 BpeMenu; 2 —
creiM omnbrroM JI. HaCTe[J ONPOBEPT 1) e Konba yepe3 48 y nocne ynane-

BO3paxeHHE O Pﬂpymfﬂﬂﬂ TIpH Ha: HWA W30rHYTOro ropna; Habynopaerca
TPEBAHUHU TAWHCTBEHHOM «KM3HEHHOM poct mukpoopranmamor (no Kenyon,
CHMJIbI», COAEPXKALLEICH B [TUTATENLHOMN Steinman, 1972)

cpene H B ODBIMHOM (HEIIPOIPETOM)

Bo3ayxe. OH HeONIpOBEPXUMO AOKA3AT, YTO «CaM0O3apoXIeHHe» B 6OIb-
IIMHCTBE OIBITOB MPOUCXOJUT B PE3yNETATE TIONMAMAHUSA B CTEPUIN30-
BaHHBIE TIMTATENBEHEIE CPellbl MUKPOOPraHH3MOB M3 BO3/IyXa.

ITo3nree naen o caMo3apoXxIeHUH BO3HHKIIHN yxe B XX B. 110 OTHO-
LIEHHI0 K CYOMHKPOCKOTIMYECKUM XUBHIM YacTulaM — BHpycaM. On-
HAaKO M B 3TOM CJiyuae OBLUIO MOKA3aHO, YTO BUPYCHl HE 3apOXIal0TCH
M3 HEBUPYCHOI'0 Matepuaa, a MpOHCXOOAT TONBKO OT cebe Moao6HBIX
qJacTull, T.e. BUpPycoB. TakuM o6pa3oM, XOTsi TeOpPUs CaMO3apoXe-
HUA Gbuna yGenuTensHO ONMpOBEPrHYTA HA Pa3HBIX YPOBHSIX OpraHu-
34lUM XHBLIX OPraHU3MOB, BOIIPOC O NPOMCXOXIEHUH XU3HH ocTa~
BaIcs OTKPBITHIM. OCHOBHOI# BBIBOJ, KOTOPBIit MOXHO c/ieNaTh U3 pac-
CMOTPEHHOTO BhIIlIe MaTepHalia, 3aKJA4aeTCH B TOM, YTO B HACTOs1lIee
BpeMsa (MMeeTCsl B BHY OTpe30K BPEMEHM JOCTATOYHOH HCTOpHUe-
CKOIl TIPOTSHKEHHOCTH) CIIOHTAHHOE BO3ZHWKHOBEHME XH3HHM HEBO3-
MoxHO. OIHAKO 3TO He OTBET Ha BOINPOC O MPOMCXOXIEHHH XU3HU.

TouHo Tak Xe He ABNsAeTcHd OTBETOM Ha BONPOC W FUIIOTE3A O BHE-
3GMHOM ITPOMCXOXIEHHH XH3HK M 3aHECEHMM ee Ha 3eMNI0 B BUle
CIIOp WM 3aponbilleil ¢ Apyroi riaHeTsl'. S1a runoresa He oObACHSET

! B konue XIX — nHauane XX B. 60/1b1IcH NOMyAApHOCTEIO MOAL30BATACH THIIOTE3A
MaHCIIepMMM, COIJIACHO KOTOpO#M XMBHE OPraHM3Mbl ObLUIM 3aHECEH®! Ha 3eMmmo U3
KocMuYecKoro npocrpadcTha. OcobeHHO NpUBIEKATENRHO BLIIISAENA Kies 3aHeceHUs
MX C METEOPUTAMM WIM KOCMWYECKOIl MeUthio. I'unoTtesa nancnepmuy 6uina chopmymnu-
poBaua B 1865 r. nemelkumM uccaenonareneM I'. Puxtepom (G. Richter) n nonzepxana
C.AppeunycoM (S.Arrhenius) u T Teabmromsuem (H. Helmholiz). B Hawe Bpems 3ty
MIEI0 C YYETOM JNOCTHXEHMI HayK¥ ¥ TEXHMKH, ¥ B NEPBYIO OYepelb OCBOEHHS YeNo-
BEKOM KOCMMYECKOTo IMpocTpaHcTBa, MonepHusvpoBanu @. Kpuk (F.Crick) n JI.Op-
rean (L. Orgel), NpeniionoxuBLUIME OOCTABKY 3aponbliueil Xu3uu (MMKpPOOPraHU3IMOR)
Ha 3eMii0 K3 Opyroii, Golee pasBuTON UMEBHIM3ALUMH HA KOCMHYEcKOM Kopabje.
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[epBoHAYaIBHONO BOSHUKHOBEHHS 3THX CIIOP WM 3apoJibiiiiei, a 1po-
CTO HMICTOKH XXM3HM BBIHOCHT B TIPOCTOPDBI Bcenennoii. B HacCTOALLIEE
BpeMs HH Y KOr0 He BHI3bIBAET COMHEHMS BO3MOXHOCTbH CYLIECTBOBA-
HUSA XXHM3HH B IPYIux yactax BcemeHHo, OMHAKO BEPOATHOCTL 3aHe-
cedus Ha 3eMIo XKHMBBIX OPraHU3MOB U3 KOCMHYECKOTO INpPOCTPAHCTBA
HE HMeeT TTOKa HUKAKHX HU}ITBEp}KlICHMﬁ.

HTak, Ha BOIPOC © BO3MOXHOCTH CAMO3apOXIeHUs B Hallle BpEeMA
XKMBBIX CYHMIECTB M3 HEXHMBOW MaTepyM ObUl TMoJyyeH OTpULATeNb-
HBII OTBET, U B 3TOM OrpoMHas 3acnyra JI. ITactepa. OiHaKO MHOTH-
MH coBpeMeHHMKaMH [lacTepa ero OneITE, ONpPOBEprablie BO3HUK-
HOBEHHE XMBBIX CyllecTB (MMKpOOPraHW3MOB) M3 HEXWBOH Marte-
pHM, OBIJIM BOCIIDHHATEI K4K abCONMIOTHOE JOKA3aTENBCTBO TOMHOM
HEBO3MOXHOCTH 3apOXICHHUS XWUBbIX OPTaHHW3MOB H3 HeopraHuye-
cKOi npupoAH'. B10 NMoCTaBUNO B TYNHK TeX Mccllenosarenei, KoTo-
pBl€ BAOENTH B CAMO3apOXKAECHUH €IWHCTBEHHBIH NyTh BO3HUKHOBE-
HUSA XKH3HH.

B XX B. BHHMaHHWe K 310/ ipobneMe OBINIO MPHUBIEYEHO COBETCKHM
6uoxumukoM A. M. OmapunbiM u anmuiickim uecnenosareneM Jx. Xon-
neittom (J. Haldane), koroprie BEIIBHHYIIH TIPEANOJIOXEHHE, MTO XHW3Hb
BO3HMIKJIA B pe3yibTaTe B3aHMO/IEICTBUS OPTraHWYECKUX COenMHEHHUIA,
obpasoBaBLIMXCS B BECKMCIOPOAHBIX YCIOBUSIX Ha NepBOOBITHOM 3eM-
ne. CornacHo 310#l TUNIOTE3e, BHONMOTMYECKUH CHHTE3 OpraHUYeCKHX
BELIECTB [IPOMCXOAHT TOALKO HAa COBPEMEHHOM 3Talle CYLIECTBOBAHMA
3emnu. Ha nepBobrrTHO# Be3xH3HeHHOH 3emMie MOTIN TIPOUCXONUTE
xuMmyeckre (abuoreHHbIe) CHHTE3b! YIJIEPOAHCTHIX COoeNMHEHHH U UX
nocienyouas npeabHuoioruyeckas 3BoNOUMs. B pesynbtare 3T0# 3B0-
JIOLMH MMENO MEcCTO MOCTEeTeHHOE YCIIOXHEeHWe OpraHuvecKHX co-
equHeHuid, GopMHpOBaHKHe U3 HHX NMPOCTPAHCTBEHHO 060cObIeHHbBIX
CHCTEM M MpeBpalleHue MNOCNeJHUX B NMpellecCTBeHHHKOB XH3HH, a
3aTeM M B MEPBUYHEIE XHBBIE OPTAaHHU3MEL. B mocnenyiolye roasl 3TH
WIEH MOJMYYUITH LIMPOKOE ITPU3HAHME.

KoHeuHo, BOIIpOC O MPOMCXOXIEHHH XU3HU — mnpobnema obure-
6uonornyeckasn. bonee Toro, IJIOAOTBOPHOE €r0 pelleHHe BO3MOXHO
TOJIBKO B KOMIUIEKCE C IPYIMMH HayKaMH, TAKHMM KakK XUMUH, Teo-
JIOrus, NIANEOHTONIOrUs, (husnka. [Movyemy xe 3ToMy BOIMpOCY TaK MHOIO
BHMMaHWA ynensercs B Kypce mukpobuonorun? Ha 3to MoXHO oTBe-
TuThb crioBaMi K. BaH Hunst: «...on (MHkpo6Honor) umeer zeso c 6uo-
JIOTUYECKHM MAaTepUaNioM, T0-BHAWMOMY, NOCTaTOYHO OJNH3KHUM K
«MICTOKaM XH3HHM», M B TO e BpeMsi HECET IIPAMYI0 OTBETCTBEHHOCTD
33 TYIIMK, CO30aBIUWHCH BCNENCTBUE TOrO, YTO €My HE y/Ianoch NOKa-
3aTh CaMOIIPOH3BONBHOE 3apOXKIEHUES.

1 JI.TMacTep nONycKan BO3ZMOXHOCTL CYIIECTBOBAHMA KAKWX-TO HEW3BECTHRIX
YCIOBME, NPY KOTOPLIX MO0 NPOM30ITY CIIOHTAHHOE 3apoXaeHue Xuauu. B 1878 1.
OH mKCcalN, YTO HEe CYMTAET caMo3apoXxieHie B MPUHUMIE HEBO3IMOXHBIM.
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YcnoBus Ha gpeBHel 3emne

Bospact Bunumoit Hamu Beenennoit onpenensiior Kak 10— 15 mupn
ner, a 3eMis BO3HWKIZ MpubnusurensHo 4,5—5,0 mapn ner Hazan.
CornacHo pacnpocTpaHeHHBIM IIpecTaBlIeHUsIM, obpazoBaHue 3eM-
JIY TIPOU3OLNIO NYTEM aKKYMYSILMH XOJNORHBIX TBepakiX Ten. [lepro-
HavyanbHO 3emig Oblla NOBONBKHO ONHOPONHOH M ee Iocienylolee
M3MEHEHHE MPOMCXOAWIO B HarpapieHUH auddepeHuUHauy HCXoi-
HOTO rOMOT€HHOIO BEIECTBA Ha KOPY, MaHTHIO M IpO. OTOT Neprol,
B T€YeHHE KOTOPOro npoycxomuio (popMupoBaHKe 3eMIIH KakK eHHO-
ro TBEpIOIO TeNa, 3aBeplumics npumepHo 4,6 mapa ner Haszan. s
MOHMMaHHs TIpoLlecCa BOHMKHOBEHWS ¥ 3BONIOIL[MH XHU3HH HeobXxo-
JIMMO TIPEICTAB/INATh, KAKOBBHl OBUIM yCIOBMSI Ha 3emyle, B KOTOPBIX
O0Ka3a/10Ch BO3MOXHBIM «CaMO3apoXxIeHHe» XU3HH. B rocienyonuii
nocne chopmupoBatius 3emid [EpUOA Ha Hell NPOMCXOAMAM AKTUB-
HBIE reoIOrHYeCKHe IIPOLeCChl, MEHSBIIKME ee 00K ¥ MPUBOMBIIIHE
K (hOpPMUPOBAHHIO 36MHOK KOpBI, ruapocdeps ¥ atMochepsl.

Ha nepsobriTHOI 3eMle OCHOBHAS Macca BOOB! HAXOMMIACH B CBSA-
33HHOM I'MAPaTHPOBAHHBEIMK MMOPOAAMH COCTOSTHHH, [O3TOMY ITepBO-
HayanbHO MupoBoit okeaH conepxan meHelie 10 % Toro konuuecTsa
BOIBI, KOTOPOE COJIEPXAT cOBpeMeHHBIe okeaHsl, OctanbHblie 90 %
obpaszoBasMch M031HEE 33 CYET BHLUIEJICHUA MApOB BOIBI U3 BHYTpPEH-
Hux cnoeB 3emau. Cuuraercs, yto pH MupoBoro okeala Ha npoTsDxe-
HUH Bcedl uctopum 3emiiv 6bim HOBONBHO CTaOMIBHBIM, B Ipenenax
8—9. ®opmuposanre MUpOBOro OKeaHa NPOUCXOINIO, TAKUM 06pa-
30M, [IOCTENEHHO, B TECHOU CBM3U ¢ (POPMHUPOBAHHEM 3eMHOM KOPHL.

C dbopmupoBaHMeM nocnenHel cBsa3aHo M 0bpasoBanmne aTMocqepsl
MepBOOKITHOM 3eMNH, KOTOpasl NPUHLMIIHAIBHO OTIMYANIack OT COBpe-
MeHHO# atmMocdepsr. ITo cymecTByoMM npeAcTaBaeHusiM atMocdepa
npeBHe# 3emiH, T.e. Ta atMoctepa, B KOTOPOH pa3BMBANACH XXW3Hb,
MMENa BOCCTAHOBUTENbHBIM xapakTep. OHa coiepXxana rnaBHbIM 06pa-
30M BOOPOJl H €T0 COeIMHEHMs (METaH, aMMMAK, TIapbl BOJBI), B MEHb-
1IeM KOJIMYECTBE — CEPOBONOPON, a30T, JIBYOKHCh yInepona U Onaro-
pOnHEIE rassl. 3ta arMocdepa OblIa THIleHa cBODOIHOIO KMCIOpOa.

BosnukHoBeHue arMocepsl, conepxauieit O,, Mpou3oLINO 3HA-
YHTENBHO MO3/[HEE W CBA3AHO C XM3HE/IeATeNbHOCThIO (POTOCHHTE3M-
pyowmx opranu3Mos. OtcyrcTBHe cBODOJHOrO KUCIOpOAa B MepBO-
6mTHOM atMocdepe 3eMIM MMeJNI0 TIPUHUMIIKHANBHOE 3HaMeHHe, I10-
CKOJNbKY OpraHHYecKHe BellecTsa, obpa3yioluecs B 3TOT Nepro, He
MOITI¥ OBl CHHTE3HPOBATECA M COXPAHATLCA Ha IMPOTSOKEHKM FeoioTH-
YECKHX MEePHOJOB B IIPMCYTCTBMHM KHcHoponal.

! Monyuenu manmbie o ToM, yTo Y@-natydenue CONHLA B NepBbil MULIHADL JIET
ero cywecteoBaHus 6eio B 100000 pas uHTeHcuBHee, yeM B HawmM nHU. [losTOoMy
[epBUYHBIA MeXxauu3M obpasosanus O, B npenbuonoruyeckoit armocdepe 3emnn Mor
ObiTh OOYCNOBNEH pa3NoXEHUeM MONEKYN BogsHoro napa u CO; H3 ByNKaHWYECKHX
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HWcxonHblM MaTepuaioM IS CHHTE3a OpraHM4YecKUX BELLECTB Cly-
JKHJIM 1IMPOKO pacrnpocTpaHeHHee BO BeeneHHOH XMMUYECKHE Srie-
MEHTBL: YIJIepoa, Bonopoa, KMCIopod, a3oT, cepa ¥ dochop. OnHako
CHHTE3 GHONIOrMYECKH BAXKHEIX MOJIEKYJT U3 3THX 3JIEMEHTOB MOT Ipo-
MCXOIMTH TOJBKO MPH ycnoBuK obecriedeHus peakiyii ceobonHoil aHep-
ruel, MCTOYHHKOM KOTOpO# Ha nepBobbIiTHOM 3emie (KaK ¥ Ha coBpe-
MEHHOM) OLUTM CONHEYHOE M3NTyUYEHHUE, EKTPUYECKHE pa3psaabl, Ter-
JIOBasi 9HEPIHUA 36MHBIX HEAP M pAaIuoaKTUBHOE udnydeHue. Haubonee
MOIIHBIT U3 HUX — collHeyHoe M3nydyeHue. ITockonsKy MONeKynsp-
Hblil KUciopon B NepeoObITHON aTMochepe 3eMIM NMPaKTHYECKH OT-
CYTCTBOBaJI, He OBUIO W G30HOBOTO 3KPaHA, CYILIECTBYIOLIErO B COBpE-
MEHHOI aTMocdepe Ha BEICOTE MPUMEPHO 25 KM OT IMOBEPXHOCTH 3eMu
M CWJIBHO MOLJOLIAIOIIETO KOPOTKOBOJIHOBYIO 4acTh YD-u3ydyeHUs .
MOXHO npeACTaBUTh, YTO 3HAYUTENILHAS YaCTh KOPOTKOBOIHOBOTO Y@
MpOHUKaa 4yepe3 atMocdepy NepBoOBITHON 3eMiu M mOCTUraia ee
[OBEPXHOCTH, [I03TOMY B YCIOBUSX ApeBHEH 3eMNu IIMHHOBONHOBAS
YACTh COIHEYHOTO M3NYYCHMA Urpaia HeOoNblIYI0 POIb.

Bo3amoXHOCTL obpa3oBaHus OpraHMYecKux BelecTs
Ha nepBobbLITHOW 3emne

HOCHCILOBHTCJIBHDCTB NMpoLecCcOB BOSHMKHOBCHUA OPraHM4YeCKHUX
BCLUECTB Pa3HOi CTENEHM CJICXHOCTH MOXHO NPEACTABUTH CIENYIOLTHM
obpasoM. B pesynbrate neficTBIS Beex BUOOB 3HEPTUMH U3 XMMHYECKHX
37IEMEHTOB CUHTE3UPOBATUCH MIEPRUYHEBIE COSAUMHEHMS: YITIEBOAOPOAb!
(B mepBy10 oYepenb METAaH), aMMHAaK, [IMAHUCTHIH BOIOPO/, OKHCH YI-
Jiepoja, CepOBOIOPON, MpocTellliie anbaerinbl (1 npexie scero dop-
Manpierun) 4 T.1. 3Tu coemuHeHUs camu 1o cebe He UMenu Guoxu-
MHUYecKoro 3HayeHHA. OCHOBHBIM MX CBOHCTBOM ObLIa BBICOKAS peak-
LIMOHHAsA cnocobHOCTE. [lepBUYHBIE COEAMHEHMS CIYKMTH UCXOAHBIMU
BeLIECTBAMM JUIsE 00pa3oBaHUst OMOXMMHYECKU BaXKHBIX OPraHMYECKHX
COEIMHEHNH — MOHOMepPOB. M3 MOHOMEPOB IyTEM KOHIEHCALIMK BO3-
HUKANH IMMONHUMEPL] — OCHOBHbBIE COCTaBHbBIE KOMITOHEHTEI BCEX XK BHIX
OpraHU3MOB.

B croe Bpemsi A.HU.Onapun ¥ JIx. XosneilH BrICKa3any npearno-
JIOXKEHWUE O BO3MOXHOCTH MOIAEIIUPOBAHHUA NPOLECCOB, MPOUCXOAHE-
LIMX Ha IpeBHeR 3emile. BTO MOXHO J€NaTh MyTEM CO3/1aHKA B abopa-
TOPUM YCNIOBHIA, UMMUTHPYIOLMX TAKOBBIE, CYLIECTBOBABIIME HA Mep-
BobGBITHOI 3emne. BRIBMHYTOE IMONOXEeHWE CTUMYNHMPOBANIO pa3pa-

u3BepkeHumit mon neficTBreM Y@-uanyvenns Mononoro Comiila. A 3HauMT, npeabuo-
noruyeckas atMoctdepa 3emnu Morna cofepxarh B MWUTHOH pa3s Gonsiue O, yeM 310
npennonaraercs. ECMU 9TH naHHBE NOJyYyaT NOATBEPXACHKE, BO3HUKHET Heobxomm-
MOCTb TICPECMOTPCTH HCKOTODBIC M3 CYLICCTBYIOIUMX MICH O cOCTaBe ICpBOOBITHOM
arMocdepsl 3eMIM U YCIOBUHX BOIHMKHOBEHMS XM3HH.
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60TKY IKCMEPUMEHTAIBHBIX ITOAXON0B
K u3y4aemoii npobnemMe u 0Ka3anock
BECbMa TUIONOTBOPHBIM. B HacTosiiiee
BpeMSI psJl NpolieccoB abuoreHHoro
CHUHTE3a CIOXHbBIX OpPraHH4YeCKHX MO-
JIEKyJl, BXOHOSIIUX B COCTaR KIETOY-
HBIX OPraHM3MOB, OCYILUECTBJIEH B
NabopaTOPHBIX YCIIOBHSX. H,0

OnaHuM u3 nepBbIX B 1953 r. npo- r
BeEJl OMNbITHl N0 aOMOTEHHOMY CHHTE-
3y OBMOXMMUYECKH BaXXHBIX COeUMHE-
Huit C. Mumnep (S. Miller). Yepes ra-
30BYI0 CMECH, COAEPXALIYI0O METaH,
aMMHaK, MONEKYISpHBIA BOOpoa U
napbl BOAbL, T.€. UMUTHUPYIOILYIO aT-
MochepHblil cocTaB nepBOOLITHOIM 6
3eMnu, OH NPOMYCKan 3JeKTpuyec-

KWME pa3psiibl, a 3aTeM aHATM3UPOBA Puc. 49. Cxema npubopa
obpasyiomnmecs MPONYKTH PEAKIIMH. C. Munepa:

Cxema npubopa C. Muynepa npuse- 1 —:::::;“:;‘“;“:";:_6? 2 —H;‘:J';'
nena Ha puc. 49, B peakMOHHYIO KON~ Sﬁ; emin :_pxﬁnéa : Kﬂmu':eﬁ
0y, comepXauylo CMeCh ra3oB, ObUIn B § — e = S
BMOHTHDOBAHBI BONIL(PAMOBBIE 3/IEK-  pymrka; 7 — Kpall, Yepe3 KOTOPEIA
Tponbl. B TeyeHue Hepeny NMPOMYCKa- B anmapar TOZAeTcs rajopas cMecCh
JIM MCKPOBBIE pa3psi/ibl HAIIPSDKEHU- (no Kenyon, Steinman, 1972)
eM 60000 B. Conepxatuyiocst B apy-

roii Manoii konbe Booy MONNEPXHBAIU B COCTOSHUKR KumneHus. 1lapn
BOJIbI TIPOXOMIM YEPE3 PEAKIIMOHHYIO KONOY M KOHIEHCUPOBAIUCH B
XONoAMIbHMKe. B npoliecce UMPKYIAIMY OHM 3aXBATHIBAIA U3 PeaKLi-
OHHO¥H KOJIOBI MPOIYKTEI pEAKIMHK W ITEPEHOCHIM KX B JIOBYLIKY, I1I¢ U
OCYHIECTB/IIOCH UX KoHLeHTpupoBaHue. IIpu uneHTHdUKAIIMK IpO-
JYKTOB peakluy ObUTM oOHApYXE€HBl aMUHOKHUCIOTH (IJTMLIVH, O- |
p-anaHuH, rIyTaMHHOBAg, aclapardHOBasg KUCIOTH W Jp.) W opra-
HUYECKHE KHMCIIOTHI (MypPABBMHAS, YKCYCHAS, TPOIMUOHOBAS, TIIMKO-
nesast, monoyHas). [lo ganukiM C. Munnepa, OCHOBHBIMM TepPBUYHBI-
MU TPOAYKTAMM pPeaKLUK B 30HE paspsia ABISIOTCH AMLIeTHADL U 1[H-
aHMCTBIA Bopopon. BropuuHble peakliMi, TMPOMUCXOOSLIME B BOIHOM
¢aze, npuBOAAT K 00pa30BaHUI0 U3 HUX AMHHOKMCIOT M OpraHuye-
CKHX KHCJIOT.

B nacrofllice BpeMsl B pa3sHBIX JlabopaTopUax ocyulccTBACH abuo-
FCHHBIN CUHTE3 MHOMX OMOIOrHYeCKH BaXXHBIX MOHOMepPOB. Bonbuias
UH(DOPMALIKS MTONYYEHA OTHOCUTEIBHO abUMOreHHOTO CUHTE3a AMUHO-
kucnot (tabn. 14). Ilepeyucnennsie B Tabnuie aMUHOKHMCIIOTEH 00pasy-
IOTCSI B ITPOCTHIX IO COCTABY FA30BBIX MM BOJAHBIX CMECSIX B PE3Y/ILTATE
BO3NEHUCTBUA Ha HUX pPa3HBIMU UCTOYHMKAaMM 3Hepruu. Ilpu HekoTO-
POM YCIIOXKHEHHMHM peaklMOHHOH cmecH BBeacHueM B Hee C,-, Ci-

191




VYITIEBOJOPOAOB, YKCYCHOIO anbieruiaa, THIPOKCUIAMUHA, TMApa3un-
Ha U ApYrUX coeAMHEHUIl, 00pa3oBaHUE KOTOPBIX JIETKO NMPOMCXOAUT
B YCIIOBUAX NEPBOOLITHOM 3eM/IM, CUHTE3UPYETCH 3HAYUTENBHO GoJb-
llee YUCI0 aMMHOKMCIIOT, B TOM YMCIE W TAKMX, KOTOPble HE GBUIH
o0HapyxeHbl B KA4eCTBE NMPOAYKTOB peakIlMM B ra3000pa3HbIX U BO/-
HBIX CMECHX MPOCTOIO COCTAaBa. DKCIEPUMEHTANBHO JIOKA3aHO, YTO
MOYTH BCE AMUHOKHCIIOTHI, BXOASALIME B COCTAB NPUPOIHBIX GENMKOB,
MOXHO IONYYHUTH B JaGopaTOpuy INpU MMUTAIIMK YCIOBHH TiepBO-
OBITHOI 3eMau.

Tabnuia 14
AOHOr¢HBBIH CHHTE3 AMHHOKHC/IOT

Pearupyiomue @ Hcrounuk O6HapyXeHHbE
BEILECTRA = 3HEPTUH AMUHOKHCTOTEE

CH,, NH;, H,, H,O | raszosas | 3neKTpUYecKUe | aclilapariHOBasi, ana-
pa3psasl HWH, TTIULMH, IMaMH-
HOSHTAPHAS, BAIWH,
TMCTHIMH, TPOIUH,
JIM3WH, CEPUH, acnapa-
TWH, apTUHHH, OpHM-
THH, [NYTAMHWHOBasd,
LMCTENH, TAYPHH, LM~
CTaMUH

CO,, NH,, H,, H;O | 10 xe | 1O Xe
CH,, NH,, H,0, H,, » PEHTreHOBCKUE

CO,, CO, N, Y9

CH,, NH;, H,0 » ynbrpagHoser

NH;, HCN, H,0 BoaHas | teruio (70 °C)

CH,, NH;, H,0 razoeas | PB-myuu

CH,0, N,, H,0 ROJIHAA | COJIHEYHHIH CBET

H,S, NH;, H,0 TO Xe | GeICTpble 3MeKT-
POHEI

B pasHBIX yCJIOBUAX M TIPY BO3AEHCTBUM Pa3HBIMH HCTOYHHKAMH
SHepruM u3 dopManbiernaa abMoreHHbLIM MyTEM YAalOCh CUHTE3U-
poBath TipubmMUanuTensHo 30 BMAOB MOHOCAXapoB (rekco3s, MEeHTO3,
TETPO3, TPHO03). ADMOTeHHBIH CHMHTE3 HU3LIMX XHUPHBIX KUCIIOT GbUI
obHapyxeH yxe B onblTax C. Muutepa. CuHTE3 XHUPHBIX KUCIIOT, CO-
aepxaiupx ao 12 yrnepofHsIX aToOMOB, NPOAEMOHCTPHPOBAH IOCHE
BO3/IEACTBHS 3NEKTPUYECKUMU pa3psiiaMi HA CMECh METAaHa U BOMKL.
AbuorenHoe 06pa3oBaHUE TTYPHHOBBIX OCHOBAHUIT BBHUIY OTHOCUTETb-
HOW CJIOXHOCTH CTPOEHUS X MONEKYILI NPEACTARISJIOCH BECEMa CO-
MHHMTENbHBIM. OgHaKo ucrmaHckuit uccnemoBatenns . Opo (J. Oro)
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M0Ka3aJl BO3MOXHOCTh CUHTE3a aJIeHUHA [PU HArpeBaHWK BOOHOIO
pacteopa cmecu HCN u NH;. [To3nHee ObLTH nonyyeHb! aOHOreHHEIM
MYTEM U IPYTUE IMYPUHOBBIE OCHOBAHMSA. ¥Y1aN0Ch TAKKe CHHTE3UPO-
BaTh YPAIWI M3 MPOCTHIX OPTraHHYECKHX MOJIEKYIL.

BaxHbIi 1Uar Ha MyTH XMMHYECKOH 3BONIOLIMHA — CHHTE3 HYKIIEO-
3UIOB U HYKIEOTHIOB, ¥ B MEPBYIO OYepeb afeHMHOBLIX. AMEPMKaH-
ckomy Ouoxumuky K.Iloumnammepyma (K.Ponnamperuma) ypamock
MoKa3ath, 410 npu YP-0bnyyeHun CMECH BOIHBIX PACTBOPOB aleHM-
Ha ¥ pubo3bl npu Temnepatype 40 °C B npucyrcreum dochopHoil Kic-
JIOTHI TIPOUCXOAUT PeaKlus KoHOeHcalliy, NpUBoagiai K obpasoBa-
HUIO ameHo3uHa. Ecim peakiidio nmpoBOAUTE NMPU Jjo0aBAEeHUM K peak-
IHOHHOI cMecH aTUNMeTadochara, UMEeT MeECTO 0Bpa3oBaHHe TAKXe
u Hykneortuaos: AM®, AIID, AT®. Qyuxuus docdopHBIX coeauHe-
HHMH B 3THX XMMHYECKMX CHMHTE3aX [BOAKAS: OHU WrpaloT KaTAnHTH-
4YECKYIO POJIb M MOTYT HEMOCPEICTBEHHO BKIIIOYATHCH B NMPOAYKTH! pe-
akuuu. AbuoreHHbid cuuTe3 ATQ@, npencraBnsmouHil coboil pe3yib-
TAT HECKOJIBKMX OTHOCHTEJIEHO IMPOCTHIX XUMIYECKHX PEaKilMii, TOBOPHT
0 BO3MOXHOM pPaHHEM ITOSBIEHUU 3TOT0 coenuHeHusA. [lepBhle XuBhIe
CTPYKTYphl Moru mony4ath AT® u3 okpyxaroiieil cpeisl.

Crenyiommii 3ran npendbuonorMyecKoii 3BoMoLMH — JaibHei1iee
YCNOXHECHHUE OPraHUYCcCKMX COEﬂHHGHHﬁ, CBA33aHHOE C IOJIUMEpPH3a-
uuel MoHoMepoB. Bce XMBBIe KIETKH COCTOSIT U3 YETHIPEX OCHOBHBIX
TUIIOB MaKpOMOJIEKY: GENKOB, HYKIEMHOBBLIX KHCJOT, JUIHIOB U
ronucaxapunoB. M3 HuX 6enku U HyKINeMHOBBIE KHCIOTH! SBISIOTCA
CAMBIMK CIIOXHBIMH BEHIECTBAMM KIETKH.

C.®Doxkc (S.Fox) ocymecTBwi aOHOreHHbIii CHHTE3 NOIUIENTH-
JIOB, COCTOSUIMX M3 18 MpUpPOAHBIX aMUHOKMCIOT, ¢ MOJEKYIAPHOMI
maccoit or 3000 o 10000 Ja. OcobeHHOCTBIO TEPBUYHOI CTDYKTYPEL
3THX NONUMEPOB ObU1a 0bHapYyXeHHasA Y HUX ONpeAcieHHAsA nocieno-
BaTEIBHOCTH AMUHOKHUCIOTHEIX OCTATKOB B IIeNK, 00yCIIOBNEHHAsI, Be-
pPOSITHO, CTPYKTYPHBIMHA 0cODEeHHOCTAMM caMux aMuHokHcnoT. [omy-
YEHHBIE MOMMMepBI 00JIaaa/id MHOTMMH CBOMCTBAMH, COMMXAIOIMMHU
HX C IPUPOAHBIMU GenxaMu: CIIYKHUITH UCTOYHUKOM ITUTAHUSA IS MUK-
POOPTraHM3MOB, TMAPOIIM3CBATICH MPOTEHHA3ZAMM, TPH KUCIOTHOM
TMAPONU3E JaBallu CMECh aMHHOKMCHIOT, o0Nanaid KaTaIMTHYECKOM
aKTUBHOCTBLIO M CITOCOOHOCTEHIO K 00pa30BaHKMI0 MUKPOCHUCTEM, OTTpa-
HWYEHHEIX OT OKpYXaKoUlci cpelbl MeMOpaHononoOHBIMU MOBEPXHO-
CTHBIMH cyioaMH. M3-3a GONbIIOro cXoncTBa ¢ NpupoaHsiMK BenkamMu
nonunentTuasl, cuHTesupoBarusie C. PokcoM, ObUIM HA3BAHEL I P O-
TeMHouaaMu (BenKoBONOMOOHBIMM BellleCTBAMU).

TlpuHIMIIHANEHAS BO3MOXHOCTE 0Opa30BaHUA MOJHHYKIIEOTHIOB
6e3 yyacTus pepmeHTOB ObUTa NokasaHa I, IllpammomM (G. Schramm).
Obpasyowmecs monuMeps! conepxanu ot 60 no 200 HYKTeoTHNOR B
Lenu ¥ uMenu monekynapaylo maccy 15000—50000 [da. Tak oObun
[ONIYYEHEBl MOMHANCHWIOBASA, MOMMYPHIWIOBAS, MOMULMTHIWIOBAs
KWUCTOTHL U UX COIOJIMMEDSL.
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TaxuMm 06pa3oM, IKCMEPUMEHTANBHO MOKA3AHO, YTO B YC/IOBMSX
rnepBobnITHON 3emiau GbLI1 BO3MOXEH XUMHYECKHE CHMHTe3 OMonoru-
YeCKH BaXXKHBIX COEIMHEHHH (MOHOMEDOB U MOJIMMEPOB), MOCIYXHUB-
LIMX UCXOOHBIM MATEPUAIOM Ul MOCTPOEHHA BCEX OPIraHU3MOB.

Bo3HMKHOBEHWE NPOCTPaAHCTBEHHO 060CO0NEHHbIX
MUKPOCUCTEM

XuMuyeckuii CHHTE3 COeIMHEHMIT YTTIepo/ia Pa3HOii CTENEHM CIIoX-
HOCTH MOT' NPUBECTU TONBKO K HAKOIUIEHHIO OPraHMYeCcKOTO Belle-
cTBa B tuapochepe npepHeit 3emnn. IS KIETOUYHOM XH3HM XapaKTep-
HO, YTO OHa BCEIMa NpeACTABNEeHAa B BHIE ONpPEAENeHHBIX CTPYKTYD,
MPOCTPAHCTBEHHO 060Cc00IEHHBIX OT BHEILIHEH Cpefibl, HO MTOCTOAHHO
B3aUMOJIEHCTBYIOLINX C Hell 1o TUNY OTKPBITLIX cucTeM. IToaToMy MoX-
HO NPEAnonaraTh, YTo CJIEAYIOLIMM 3TAlOM 3BONIOIMK HA MYTU BO3-
HUKHOBEHMS XU3HU ObLT0 (hOpMUpPOBaHUE ONpEneIeHHON CTPYKTYp-
HOM opraHuzaliuy abUOreHHO CHHTE3MPOBAHHBIX OPTAHMYECKHX CO-
€IUHEHUWI. DTOT 3Tan BOMIOLIMH TAKOKE HE ABTAETCA B HACTOSLIEE BpeMs
IUIOAOM YMO3PUTENIBHBIX NocTpoeHuit. IIpocTpaHcTBeHHO 000CcObIEH-
HBIe OTKPBITHIE CUCTEMBI MOXKHO MOMYYUTHh 3KCHEPUMEHTANBHBIM Iy~
TEM U3 Pa3TUYHBIX UCXOAHBIX KOMIIOHEHTOB.

C.Dokc, oxyaxnasi paCTBOPEeHHBIE B BOJE MPOTEHMHONE, ITOMYJHI
MUMKPOCKONMHYECKHE YACTHUIIL], Ha3BaHHBLIE UM MHUKpoctpepaMH, KOTO-
phle obnamanu onpeleleHHOM BHYTPEHHEH OpraHu3anueil M psamoM
HHTEPECHHIX, ¢ OMOIOTMYECKOH TOUYKH 3peHUS, cBoitcTB. CMelIMBaHue
pacTBopa ryMMHapabuka W XelaTUHBI MPHBOIUT K (HOPMUPOBAHUIO
JIDYTOrO BHa MUKPOCKOITHYECKHX CTPYKTYD, Ha3BaHHBIX Koalle p-
BATHBIMHK KannfaMu. JTozgHee 6bUIO MOKA3aHO, YTO KOAIEPBATHI
BO3HUKAIOT B pe3ynbTare o0beAMHEHMS Pa3IMYHEIX [TOJIMMEPOB, Ha-
MPpUMEP MOJUIENTHIOB U MOMMHYKIEOTHAOB, DU 3TOM IUIS TTONy4e-
HHS KOALEPBATOB OCHOBHOE 3HAYEHHE MMEET HE CTelM(HYHOCTb BHYT-
PHUMONEKYJSIPHOIO CTpoeHUS oDpa3youX UX KOMIIOHEHTOB, a CTe-
NcHb UX NouMepusaluu. Takue npocTpaHCcTBeHHO obocobneHHBIE
OTKPBITHIE CHCTCMBI, MOCTPOEHHLIC U3 MOJIMMEpPOB, 6BUIM HA3BAaHBL
NpOTOKJAETKaMu'.

PaceMOTpUM KOpPOTKO HEKOTOPEIE CBOMCTBA MUKpocdep, B3SB HX B
KayecTBe MOJIENH MpoTokNeTKH. [IporenHoOUIHBIE MuKpocdephl UMe-
10T cheputieckyo dopMy, MUaMETD MX B 3aBUCHMOCTU OT YCIOBUHA
nonydeHuss konebnercsa ot 0,5 mo 7 mxm (puc. 50). Ilo BenuuuHe M
dhopMe 0HM HANMOMMHAKIOT KOKKOBBIE (hopMEl GakTepuii, nHorna obpa-
3YIOT LIENOYKH, MOX0XKHE Ha LENMOYKH CTPENTOKOKKOB. Kaxnas Muk-
poctepa conepxut okono 10" monexyn nporeunonna. Ipotentoun-

! Tepmun «IpoToK/eTKy», 110-BUAUMOMY, MOXHO PACCMATPUBATE B Ka4eCTBC aHa-
7OTA HA3BAHKS <«[IPOFEHOTHI».
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JIEHHOM CTaGMIBHOCTHIO: HE pa3pylia-

Hble MuKpocdepsl obnanaoT onpene- oo 9
(o)

10TCS TIPY [IEHTPUGYTUPOBAaHMU, B CO- o o
JIEBBIX PACTBOPAX YCTOMYMBEE MHOTHX o O q
NpenapaToB KoalepBaTHAIX Kanels. Mx O o (o]

cTabMNIBLEOCTh TIO3BOMMIIA [IPpHIoOTO-

BUTH Mpenaparhl Ui 3J€KTPOHHOI @) OQ)
MMKPOCKOITUM, HA KOTOPBIX YIaJIoCh (o) (@) Vo)
paccMOTPeTh HEKOTOPHIE IETAIM Yiib-

o]

TpacTpykKTyphl. IIpH u3aMeHeHUH yc-

JIOBMI BHEIIHEN cpennl Habnwopanu

ABHXEHHE MaTepHaia BHYTPH YacTH- Puc. 50. [TporeHOMIHEIE MUKPO-
LBl OT LIEHTPa K nepudepuu, aene- copeps C.Dokca (mo Fox, 1965)
HHE MMKDOYACTHIIBI W oOpaszoBaHue

JIBoiiHOro norpaHuyHoro cnos. OxpaumBarue o I'pamy obuapyxu-
70, yT0 MUKpocdephl, obpa3oBaHHbBIE U3 KHUCILIX MPOTCUHOMIOB,
rpaMoTpULIATEABHEL;, MUKpOChEphl, B COCTAB KOTOPBIX BXOOAT B A0-
CTATOYHOM KOJIMYCCTBE OCHOBHBIC ITPOTEMHOMIB], TPaMITOIOXUTENBHEI,
W3 npyrux cROMCTB, NpUCYLMX MuKpochepaM U INpeacTABNAIOMMNX
HMHTCPEC € 3BONIOIIMOHHON TOYKH 3peHHA, MOXHO YKa3aTh Ha cylile-
CTBOBaHHE Y HUX 6apbepOB ¢ M30MpaTeNbHOM MPOHHIIAEMOCTBIO; CITO-
coDHOCTD K JIENEHUIO U NOYKOBAHUID, MOABHXHOCTD, BO3PACTAIOLIYIO
nocne nobaeneHus K cycrieHsum Mukpochep AT®; criocobHocTh
K HapalllMBAHMIO0 MACChl MMKPOYACTHMIIB, TEHIEHLMIO K KOHTAKTH-
POBaHMIO NPYT C ApyroM. B mpoterHomaHeix Mukpocepax HalaeHa
depMenTOnONOOHA AKTMBHOCTbL, KOTOpOH oGnamanu obpasynouiue
ux npoteuHounasl. OfHAKO 3TOT Bonpoc 1A MUukpocdep HyXIaeTcs B
JNanpHEeHllIeM HMCCIEAOBAHKUM, MO3TOMY NpobieMy KaTaauTHYeCKOMH
aKTHMBHOCTU B MPOTOKJIETKAX Mbl pa3bepeM Ha MOJENM KOallepBaTHBIX
Kanens.

M HTEeHCHBHEIE MCCIEN0BAHNUS 110 U3YYEHUID KOALIEPBATHBIX KAMenhb
KaK MoneNld AOKJIETOYHOM opraHnusaniu obutu npoBeneHH A. M. Oma-
PHMHBIM € coTpynHuKamu. OBBMHO KoalepBaTHbIE KaIlld IONydaloT,
ClIMBasi PacTBOPHI NPOTUBOIOJNIOXHO 3apsDKEHHBIX KOMIOMAOB, Ha-
npuMep XenaTuHbel W rymMMmuapabuka, ructoHa u PHK, rucroHa u
xKenatuHbl U T.1. Ilpu cMelIMBaHUK HCXOOHO TOMOTEHHBIX PACTBOPOB
KaXJI0ro KOMIoHeHTa obpa3syiorcs cdhepudeckue yacTuipl. KoHIeHT-
panus MONMMEPOB B YAaCTUIIE HA OIUH-JIBA MOPHIKA BBIIE, YEM B
OKpYXamleM pacTeope. KoanepeaTHble Karuii OTAe/EHEl OT pacTBOpa
YETKO BBIPAXKEHHOH MOBCPXHOCTHIO, CrIocOOHBI H30OMpAaTENbHO MOrNo-
ATk U3 CPe/ikl HEKOTOPHIC BELIECTBA (aMUHOKKCIIOTH!, caxapa, Mo-
HOHYKJIEOTH/IB) M BBIAENSATE B cpeay NPOAYKTHl NPOTEKAIOIIMX B HUX
peaKLMiA.

OnuH 13 Haubornee HHTEPECHBIX ONBITOB € KOAlEPBATHHIMK KaIUTs-
MU COCTOSLT B TOM, YTO B KOZLIEPBaThl, 0Opa30BaHHbIC U3 TMCTOHA M
rymMmmuapabuka, BBogwid epMeHT hochoprnasy, a 3aTeM 3TH KaIUU
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TMOMEIIATH B pacTBOp NM0K030-1-hocdaTa. KoanepsaTHbie Kamimu no-
IIOLUAIM M3 pacTBOpa IMOKo030-1-thocdaT, 1 B HUX OCYILECTBIISLIOCH
depMeEHTATUBHOE NpeBpalleHue IMoKo30-1-dochara B KpaxMan, 3a
CYET CKOIUIEHMS KOTOPOIo YBEIWYMBAJIMCh pa3meps! Karuid. Ecnu B
KoallepBaTHBIE KaTlln BBONMTL NBa (pepmeHTa ((bocdopriasy u B-amu-
71a3y), TO B HMX MMEET MECTO MOCTEA0BATENBHO (hepPMEHTATHRBHOC Mpe-
BpailleHHe MoKo30-1-dochata B Kpaxman u KpaxMaia B MalbTo3y,
koTopasa nHdpyHIHpYeT 13 Karu B pactBop (puc. 51). M3 npupeneH-
HOTO MpUMepa BHIHO, YTO KOoallePBAaTHBIE KAIUIH SBJIIOTCA Xopolueit
MOZENBI0 OTKPHITOM cucTeMbl. OHU ¢cIOCOOHE! MOTNIONATE U3 OKPYXa-
1o11eii cpenbl BELECTBAa M 3HEPTHio, Mpeobpa3oBBIBATL X B MPOAYKTH
CHHTE3a WM pacrana; NMpoayKThl CHHTE3a BXONAT B COCTAB KaIllu,
obecrnieyuBas HapalllMBaHUe €€ Macchl, 4 MPOAYKTHI pacnana BBIIe/A-
iotcs B cpeny. CkopocTH hepMEeHTATUBHBIX peaKlMii B KOALIEpPBATHBIX
KaruUisix CyleCTBEHHO BEIIlIE, YeM B TOMOTeHHEIX pacTeopax. OcobeHHO
YeTKO pa3iuyHe B CKOPOCTAX NMPOSBISETCH NMpM COYeTaAHUM NefiCTBUS
JIByX bepMeHTOB. OMEITH € KOAlePBAaTAMHK MOKAa3alid BaXHOCTb HAAMO~
JIeKYNAPHOH CTPYKTYPHOH OpraHM3allii W, B YACTHOCTH, €€ 3HAYCHWE
I GYHKIIMOHUPOBAHUSA KJIETOYHBIX KATATH3ATOPOR.

Ha momenu xoallepBaTHBIX Kamenb ObUIA IMOKa3aHa CBA3L MEXIY
YPOBHEM BHYTPEHHeil opraHuM3aliuy Kamelb U MX cnoco0HOCTBIO K
HapalmMBaHHIo Macchl. OKa3anock, YTO B OIMHAKOBBIX YCJIOBHSAX Karl-
M, obnanaronMe Oosnee COBEpIICHHON 3KCIIEPHMEHTANIBHO CO3[aH-
HO¥M BHYTpEHHEH opraHM3anueil, HapalUBaiOT Maccy OwicTpee, YeM
KarUlM, BHYTPEHHSS1 OpTraHM3aliMsl KOTOPhIX MEHee copeplueHHa. Jns
MOCAEAHMX XapaKTepHE! TAKXKE MeHb1UasA cTaOMIBHOCTE U Bonee OBICT-
puiit pacnan. EctectBeHHo, 4TO fanpHeiiiuas cyasba oborx TUIIOB KO-
allepBaTHBIX Kanens HeonMHaKora. OYEeBMIHO MPEUMYLLECTBO KOALIED-
BaToB, oOnagawiux Gonbilei cTabUIbHOCTHIO B YCIOBUAX OKPYXKAK0-
e cpenbl M bonee NTUTENEHEIM BPEMEHEM CYLIIECTBOBaHUS.

MABTO33

Puc. 51. CunTe3 ¥ r’ugponm3 Kpaxmasa B KoalepBaTHOM Karuie:
@, — docdopunasa; ®, — B-amunaza (no Onapuny, 1976)
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IlpocTpascTBeHHO 060CObNEHHBIE CUCTEMBI C ONPEAeIeHHbIM YPOB-
HEM CTPYKTYPHOH OpraHM3zalluu npuobpeny HOBLE CBOMCTBA, OTCYT-
cTeylouiye y obpasyomux Ux opraHM4ecKkuX CoequHeHuH. 3Tu cBoii-
crBa (3a4aTKy MeTabonmuaMa, crocobHOCTE K CAMONIOAAEPXKAHHIO CTPYK-
TYpEl M HapamMBaHUI0 MaccChkl) mpHcylld Gonee BRICOKOMY YPOBHIO
OpraHM3alMKM MaTepHu, TO3TOMY MX MOXHO paccMaTpWUBaTh Kak 3a-
YaTKH TeX CBOMCTB, JanbHeillee pasBUTHE KOTOPEIX B COBOKYIHOCTH
NPHBENO K BO3HUKHOBEHHUIO XUBBIX KJIETOK.

SBeonNoLUUA NPOTOKIETKH Ha NYTHU BO3HUKHOBEHUA
nepBUYHON KNETKU

Kaxk M3 rUmoTeTM4ecKol NpoTOK/IETKM BO3HUKIIA MEPBUYHAN KJIeT-
Ka, cnocobHas K caMOBOCTIPOM3BENEHHIO, 10 CHX NOP He W3BECTHO.
B nabopaTopHEBIX YCIOBMSX HE YOQTOCHh MONY4MMTH CAMOPEIUIMLIMPYIO-
LIYIOCH CHCTEMY M3 MPOCTHIX npealecTBeHHUKOB. IlosToMy MBI MO-
XEM OCTAHOBUTHCS TOJNLKO HA HEKOTOPBIX MpOLEccaX, MMEIONIUX Ofl-
pEENIeHHOE TeOPETHYECKOE MJIM 3KCTIEpUMEHTaNsHOe 0DOCHOBAHME,
HeOOXoMUMBIX /LI 3aPOXICHUS MEpBUYHON KNETKU: MOABACHUK acCUM-
METPHH JXHBBIX OpPraHM3MOB, BO3HHKHOBEHUH W 3BOJIOLIMM KaTATH-
THYCCKOI aKTHBHOCTH M MAaTPHYHOTO CHHTE3a.

Bo3HWKHOBEHWE ONTUYECKOW aKTUBHOCTW

B npupone cyluecTByeT HECKOJIEKO BHAOB MNPOCTPAHCTBEHHOM U30-
MepuM (crepeorsomepun). OAMH U3 HMX OCHOBAaH Ha NPUCYTCTBUH B
MGJIEKYNe ACMMMETPHYECKOT0 ATOMA YITIepo/iad, CBA3aHHOTO € YETHIPEMA
pAa3’NUYHBIMM rpynmaMy. Takue cTepeorM30Mephl XapaKTepU3YIOTCs OflH-
HAaKOBBIMH (PU3UYECKMMH M XMMHYECKHMU CBOMCTRaMM, HO oBnagatoT
crocobHOCTEIO BpallaTh IUIOCKOCTH TONSIPM30BAHHOTO CBETA BIIPABO
Win BaeBo. B 3aBucHMOCTH OT 3TOTO paznuyaioT paBo- H JIEBOBpallla-
owmue (D- u L- cooTBETCTBEHHO) ONTHYECKHE CTepeou3oMephl. SBne-
HHE ONTHUYECKON M30MEPHM XUMHUYECKMX COCOHHEHHI OBUTO OTKPBITO
OCHOBOTOJIOXHUKOM COBpeMeHHO#l mukpobuonoruu JI. Tlactepom,
KOTOPBIi UMEN XUMUYecKoe 0OpasoBaHue.

OtnuyuTenbHasi OcODEHHOCTH BCEX MWBBIX OPTaHU3MOB COCTOHT
B TOM, 4TO OPTAHUYECKHE COEAMHEHHSA, U3 KOTOPBIX OHH IOCTPOEHEI,
MPENCTAaBNEHR! OIHUM M3 BO3MOXHBIX ONTUYECKH aKTHBHBIX CTEpeo-
nzomMepoB. Hanpumep, 3a MCKnioyeHMEM TNUIKMHA, CaMOU MPOCTOM
AMMHOKMCIIOTHI, He 007Iaialonieil ONTHYeCKOH aKTHBHOCTHIO, BCE aMM-~
HOKHMCJIOTBI, BXOASIIME B COCTAB MPHUPOAHEIX Oe/lKOB, COCTOAT M3
L-, caxapa, obpa3syroue nonucaxapuasl, — D-opm. B TO Xe Bpems
MpY CHHTE3€ OPTaHMYECKUX BELIECTB B IaGopaTOpHAIX YCJIOBHAX BCe-
Tna TMOoNy4YaeTcsd paBHOMcpHas cMcch 00emx ¢opM CTepeoH30MEpDOR,
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Ha3bIBaeMas palieMUYecKoit cMecnio. B 3ToM nposiBisieTca IPHHITHITK-
anbHOE PA3HYHE MEXIY CMHTE3aMH OpraHMYecKHX BelllecTB, [1POMC-
XOASIIMMH B XHBOH KleTke U B NaboparopHbix ycmoBusax. B mepBoM
Cly4ae MpoAYKT OMOCHHTETHYECKOI peakiinu NpeicTaBngeT coboil Be-
LIECTRO B ompeaelcHHOH onTuieckoi (opMe, BO BTOPOM — NPOOYK-
TOM peakiluu SIBNSETCH CMech OOeHX ONTUYecKHX (POpM CHHTE3MPO-
BaHHOTO BeIeCTBa.

ACHMMETPHYHBIH CUHTE3 KJIETKOH OPraHM4YeCKMX BEHIECTB MPOMC-
XOmUT Ha 0ase yXe CylecTByIolUeil B HUX acuMMeTpHH. Takum obpa-
30M, BONPOC CBOAMTCS K TOMY, KaK BIEpBble BO3HUK AaCHMMETpHY-
HBI cMHTe3. B COBpEeMEHHOMN IMTEpaType MOXHO HANWTH 3HAYUTEIBHOE
KOMYECTBO IUIoTe3, OOBACHAIOIINX MPOUCXOXACHHE ONTHYECKOI
akTuBHOCTU. COTTIACHO OHO U3 HUX BOSHMKHOBCHHIO XH3HU OMK-
HO OBUIO IpenlecTBOBATL CHILHOE HAPYIIEHUE 3epKaTbHOH CHMMET-
pHUM B BHOE CKAaYKOOOpa3Horo nepexona (Kak 3TO UMEET MECTO NpH
kpuctaviMzanui). Ilo npoeeneHHBIM pacyeTaM, B YCIOBHSIX MEPBO-
6pITHOM 3emiM cka¥KooOpa3Hbi Nepexoll CYLIECTBOBABIIMX OpraHH-
YECKMX MOJIEKY M3 CHMMMETPUYECKOIO COCTOSHHWS B acHMMeTpUde-
CcKoe — cobbITHE BecbMa BeposiTHoe. OCHOBHBIE 3Tamnbl ApoLiecca, Mo
3TUM MPEACTABIEHUSAM, CIEAYIOLUIME: MEpBBI 3Tanm — abuoreHHoe
00pazoBaHMe U HAKOTUIEHUE OPraHWYecKrX MOJIEKYNl B BHAE palieMu-
YECKHUX CMecell; cnenyoluil 3Tan — HapyllieHHe 3¢pKAjbHOI CUM-
METPpUM B paLEMUYECKOM «OyiboHe» M (DOPMHPOBaHUE TOJIBKO ONHOTO
TUIA aCUMMETPHYECKUX MoneKyn: L-amuHokucnor u D-caxapop, u3s
KOTOPBIX 06pa3yloTcs KOPOTKHe LENOYKH MONeKYT — 610KoB Gyayimmux
OHK, PHK u 6enkoB. IIpMHUMIIMAIEHOE 3HAYEHHE CTEPEOM30MEPUH B
BO3HUKHOBEHUHM XH3HM 3aKIII0YAETCA B TOM, YTO CIMOCODHOCTBIO K TOY-
HOil pellTUKallMK (caMOBOCIIPOM3BENEHHIO) H, CleAoBaTe/bHO, K Ie-
penave To4HOH uHGOpMALTHK 00Ia1ai0T TOJBKO [MOJTMMEPHBIE MONIEKY -
JIBl, TMOCTPOCHHBICE M3 ACHMMETPHYCCKHMX MOHOMEpDOB ONHOTO THINA,
T.€. ToNpKo L-THna mis aMMHOKHCOT M D-Tuna ans caxapos. [losu-
HYK/IEOTOMIB, CHHTE3HPOBaHHbBIE U3 MOHOMEPOB Pa3HOro TMIMa, CIo-
cOOHOCTBIO K TOWHOH peluTHKaluu He obanaior.

BO3HMKHOBEHME U IBONIOLUMA KaTaNUMTUHECKONH akTMBHOCTH

¥xxe npocTpaHcTBeHHO 000COGNEHHBIE OTKPHITEHIE CHCTEMEI 06na-
Jany NPUMHTHBHEIM MeTabONMU3MOM B TOM CMBICHE, YTO MX CTPYKTYD-
Had OpraHM3alMs co3naBana GAaronpusATHLIE YCIOBHUS JJsS MPOTEKa-
HUA OMNpe/IENIEHHON TMOCNENOBATENIBHOCTY DHMOXUMKYECKHX peaKIlUii.
B ocHoBe MeTaboNnu3Ma COBPEMEHHBIX KJIETOK JIEXHT COBEPIIEHHEIH
KATAMMTUYECKMII anmnapart, no3ToMy 3BOMOIUOHHOE PA3BUTHE MPOTO-
KJIETOK CBA3AHO TAKXE C Pa3BUTUEM M COBEPILIEHCTBOBAHMEM UX KATa-
nuTHyeckux akTMBHOcTel. [lepBrIMH KaTanusaTopamMu, OOCTYIIHBIMH
JUIS TIPOTOKJIETOK, GBUIM OTHOCHTENBHO TMPOCTHIE OPraHUYECKUE M
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HEOpraHH4YeCKHWe COENMHEHWUA BHEILLHEH Cpenanl. Xopomo HU3BECTHA CIIO-
COOHOCTB coJI€ll psila METAJUIOB YCKOPATH PEaKLIUK NEPeHoca BoAOpo-
nga. Karanutuyeckas akTUBHOCTb 3TUX HEOPTaHWYECKHX COeNMHeHUIt
OueHb HeBhIcOKa. OKa3anock, YTO €€ MOXHO CYLLECTBEHHO IOBLICHTh
MpU COYETAHUM HEOPraHWYEeCKUX COEIMHEHUI C HEKOTOPLIMU Opra-
HHYECKMMU MoneKyinaMi. HanmpymMep, HOHEI Xene3a MOTyT B HE3HAYU-
TEJILHOH CTeNeHU YCKOPATE peakliuu repeHoca Bonopona. Ecnu xene-
30 BBECTH B MOPMUPHUHOBOE KONbLIO, KATATUTHYECKAS aKTHBHOCTD 3TOI0O
komILiekca 6yner B 1000 pa3 Beilie, YyeM HOHOB Xenes3a. MoXHo npen-
CTABUTH, HTO AHAJIOTUYHEIN MYTH YCOBEPLUEHCTBOBAHUSA MPOCTLIX Ka-
TANM3aTOPOB MMEJl MECTO B TNMPOLIECCE IBOMIOLMM MPOTOKIETOK.

IlpuMepoM KOMIUIEKCOR, BO3HUKIUNX B PE3YIBTATE COYETAHUS pas-
JWYHBIX MONEKyn (OpraHMYeCKUX W HEOPraHUYEecKHX), MoryT OBITh
COBpeMeHHbIE KO(epMEHTHI. UHCI0 H3BECTHRIX KOEPMEHTOB HEBENK-
KO, HO OHHU SBJISIOTCA YHUBEPCATBHBIMM, TPUCYLHHMMU BCEM KHBBIM
OpraHM3MaM KaTalnu3aropaMu'. YHUBepCATbHOCTh COBPEMEHHBIX Kodep-
MEHTOB I'OBOPHUT 00 ux paHHeM BO3HUKHOBEHHMHM B Mpolecce GopMu-
poBaHKsa MeTabONMYeCcKOro anmapara, a Ux cTabUABHOCTh Ha NPOTS-
XEHUM CTOJb JUIMTENBHOIO Mpoliecca 3BONMIOLMKM — O HAWIYILIEM K3
BCEX BO3MOXHBIX BADMAHTOB COOTBETCTBUH BBITTOMHAEMBIM (DYHKIIMAM.
Ilporoxnerku, Oynyyu npenensHo rerepoTpodHbBIMU, BHAYAJE, BEPO-
SITHO, MPOCTO 3aUMCTBOBAJIM CIIOXHEIE KO(EPMEHTH! U3 BHELUHEH Cpesibl
M TOJNBKO 3HAYMUTEIBHO MO3IHee ¥ HMX (Uiu y Oolee cOBEpPILEHHBIX
KJIETOK) pa3BUJIaCh CIIOCOBHOCTH K CAMOCTOSTE/IBHOMY CHHTE3y KO-
¢hepMeHTOB.

JlanbHeiilee ycnoxHenue Metabonuama norpeGorano Gonee yer-
KOTO COITIacOBaHMSA MOCIEA0OBATEIBHOCTEN COCTABISIIOLIMX €0 Onoxu-
Mudeckux peakuuii. KothepmeHTsl, 00anarmiime KaTanuTiYeckoii ak-
THBHOCTBIO, 3HAYUTENEHO Golee HU3KO#, YeM COBpEMEHHbIE hepMeH-
Thbl, ¥ He obnanaroume cBoicTBOM cyGcTpaTHOM crielM(pUYHOCTH, HA
OTPENEJIEHHOM YDOBHE PA3BUTHS KJIETOUYHOTO MeTabONKM3Ma HE MOTTIH
OTBe4aTh HeoOXonUMEIM TpeboBanusam. TToaToMy OHH OBUIM 3aMEHEHBI
WM JIONONHEHK! Gonee MOUHBIMU W COBEPLIEHHBIMH KATATH3aTOpa-
Mu — depmenTamu. CKOpoCTH peakiuif, KaTanu3upyeMelx (hepMeHTa-
mu, ipumepHo B 10'° pa3 Beille, YeM CKOPOCTH HedepPMEHTATHBHBIX
peakumuii.

BeposTHO, NMEpBBIM B NPOLIECCE 3BOMIOIMH Y NPENIIeCTBeHHUKOB
COBPEMEHHBIX (PEPMEHTOB MOSBUIOCH CBOMCTBO KATATMTHYECKOI aKTHB-
HOCTH, a CBOMCTBO CYDCTpaTHO#M CIellMhHIHOCTH BOZHUKIIO 3HAYHTEIBHO
no3nxee. B KayecTse NpeMIeCTBEHHHKOB COBPEMEHHBIX (DEPMEHTOB MOX-
HO paccMaTpPUBAaTh NMPOCTHIE NMENTHUIbI, IJI KOTOPBIX MOKa3aHa criocob-
HOCTb YCKODSITb ONPENE/ICHHbIE PEAKIMK, B YACTHOCTU, PEaKIUM T'H]i-
pOJIM3a, aMUHUPOBAHUA Pa3NMYHBIX COEAMHEHHUI, a TAKXKE PeaKIluu
KapOOKCUNUPOBAHUS (-KETOKUCIIOT. DBOMIONMs (hepMEHTHBIX OeTKOB

! MickmoyeHne cOCTaRIgIOT HEKOTOPhIe MpeacTaBMTeNnM apXebaKTepmii.
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M3 NPeAIECTBEHHUKOB — IMPOCTBIX MENTUAOB — MPOILNA JUTUTENBHBIH
[yTh B HAMPABAECHUM HAMIYYILIEr0 MPUCMOCOONeHU UX MEePBUYHOIA,
BTOPHYHOM W TPETHHHOM CTPYKTYP K BEIMNOJTHASMBIM (QDYHKIIHAM.

Bo3HWKHOBEHWE MATPU4YHOro CMHTEe2a

Kak uagectHo, B coBpemenHbiX Kinetkax dyuxkuuu JHK saxmoua-
I0TCSL B TOJIy4eHHMM, XPaHEHWH U Nepenaye MHGpOPMALIMK MOCHENyI0-
mumM rokonenusaM. bes JJTHK u PHK HeBo3MOXHO TOYHOE BOCIIPOM3-
BelleHHe BCEX CBOMCTB KJIETKM, B OCHOBE KOTOPHIX JIEXKHT (QYHKIIHMO-
HUpOBaHUe cneluuduyeckux benkos. B MonenbHbIX onbitax GblIa
NOKa3aHa OTHOCHMTENTbHAS MPOCTOTA U JIETKOCTh BOSHUKHOBEHMA ITPO-
CTPaHCTBEHHO 000COONEHHBIX CUCTEM, MOCTPOSHHBIX U3 MPOTEHHOK-
JIOB, XapaKTepH30BaBLIMXCH ONpene/ieHHBIM [10CTOAHCTBOM aMMHOKHC-
JIOTHBIX MOCIEN0BATENBHOCTEH. STO MOIJIO CIYXXMTH YKa3aHHMEM Ha TO,
Y710 HHQOPMALMA 0 NOJHMENTHIAX THUIIA NMPOTEeHHOUIOB ObUTa 3aKITIO-
YyeHa B HUX CaMMX, a CIEeNOBATENbHO, MOABOMIO K CICHYIOIUEMY BhI-
BOAY:. Ha HA4ANTBbHOM 3Tare 3BOJIOIHH ITPOTOKJIETKH MOITIH BOCITpPOM3-
BOAUTLCS U Mepenasats MHGOPMALIMIO MOTOMCTBY 6e3 yHacTs HyKie-
HHOBBIX KHCIIOT.

JansHeiiiee ycnoXHeHUe CTPYKTYPHI M COBEpIICHCTBOBaHME (hyHK-
LU TONHUIIENTHAOB MPUBOAWIO K MOABJEHUIO B HUX OIpEeNeiIeHHbIX
AMMHOKHKCIOTHBIX IPYIIIIMPOBOK, KOTOPEIM B KaKOK-TO CTEMeHH Obiia
npucyila Iojie3Hasl Wi NPOTOKIeTKM KaTAIMTHYECKash aKTHBHOCTE.
OnuHako BO3HHKHOBeHMe GoJiee «COBEPILIEHHOTO» ITONHIIENTHAA CO3/a-
BAJIO NMPEUMYILECTBO UIS MOPOIMBILEH ero MPOTOKIIETKH TOIHKO B TOM
ciyyae, €CJIK MOSIBUBIIEECs OMpele/ieHHOe CoOYeTaHWe AMUHOKHCIIOT-
HEBIX OCTATKOB B IOJIMTIENITUAE MOTJIO OBITH epefiaHo N0YEPHUM Mpo-
TorieTkaM. Ilpu oTcyTCTBHM TaKoiM cOCOGHOCTY BO3HHKIIEE «ylau-
HOE» COYETAHHE AMUHOKHMCIOTHBIX OCTATKOB B [OJUNEITTHIE TEPSAOCH
IpY NOCENYIOLIEM Pa3spacTaHMM NPOTOKIETOK. Takum obpasoM, s
JanpHEeHIIeH 3BOMIOLUMM MPOTOKIETOK HeobxomuMo ObLNIO co3maHue
creManbHOrO arnmnapaTa, KOTopblit obecriesuBan Gbl B pAmy HX IO-
KONEHWH TOYHOE BOCHNPOU3BEACHUE NONUIENTHAOB C OIpeseNeHHO
3AKPETUIEHHBIM PACONIOXeHWEM AMUHOKMC/IOTHBIX OCTATKOB. 3TO Nmpu-
BeJIO K ()OPMUPOBAHUIO MPUHIUITHANEHO HOBOIO MEXaHH3Ma CHHTe-
3a — MATPUYHOTO CHHTE33, B OCHOBE KOTOPOTO JIEXUT MCITOIB30Ba-
HHE CBOHCTB HOBOrO KJIACCA OpraHMYeCKHX COeMHEHUH — MONUHYK-
JIEOTHIOB. '

CBOIICTBOM MONMHYKJIEOTHIOB, ChOPMUPOBAHHEIX U3 OHOIO THITA
aCUMMETPUYECKUX MOJIEKYJI, SBIAETCH CIOCOBHOCTbL K TOYHOMY BOC-
IIPOU3BEEHHI0, OCHOBaHHAsA Ha NMPUHIUIE CTPYKTYPHON KOMIUIEMEH-
TapHOCTH. B MOZIENBHEIX ONBITaX GBUTO MOKA3aHO, YTO MONUHYKIEOTHI-
Has LeNb MOXET CIIYXUTH MATPUIICH, CBA3BIBAIOLLCH CBOOOAHEIE HYK-
neotuasl. Ilpu cmemmmBanuun AM® ¢ nonnypunulioBOH KHCIOTOH
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cpobonHble MOJIEKyNBI AMQD CBA3RIBAIOTCSI ¢ OCTATKAMM TOJHYPUIM-
JIOBOM KMCJIOTHL NPH MOMOIIY BOAOPOAHBIX CBA3€H MEXIY KOMILIe-
MEHTApPHBIMA OCHOBaHMAMH. B pe3ynesrare BO3HMKANA cNMpalbHas
cTpykTypa. To4HO TaK ke Habmonami (POpMHPOBaHKME YCTOMYMBOMH KOM-
TUIEMEHTAPHOH CIMpANH IMPW CMEIUMBAHUM MOJMUMTHIWIOBOH KHUC-
J0TH! © TyaHo3uHMoHodocharom. s cuHTe3a KOMIUIEMEHTAPHEIX
MOJIMHYKJIEOTHIOB HeoDXoauMo OBUTO, YTOOB MeXIY CBS3aHHBIMHM C
MATPHULIEH MOHOHYKJIEOTHAAMH 00pa30BA/IMCH MEXXHYKIEOTHIHEIE CBA3H.
OKCcrepUMeHTANEHO ObUTA MOKa3aHa NMPUHUUITMAIBHAS BO3MOXHOCTH
BO3HUKHOBEHUSA TaKKX CBsA3eil 6e3 kakoro-mbo yyactus (epMeHTOB.
Takum 0b6pazoM, NMOJUHYKNEOTHIB MOIJIM CIYXHUTh MATpPULEH ns
HeepMEHTATHBHOTO CHHTE3a KOMIUIEMEHTAPHBIX MTOJIMHYKJIEOTHAOB.

Bornpoc 0 TOM, KaKuM ITyTeM B MOJIEKY/aX MOJIMHYKIEOTHIOB BO3-
HUKJIA M 3aKpeInuiack MHGOopManus o CTpykType OejIKOB, OCTaeTcs
Haubonee HesicubiM. MIMerores nannble 06 u3bupaTeNsHOM B3aUMO-
JIEHCTBUY MeXAY NIBYMS THUIIAMM ITOJIMMEPOB — MOJIMAMUHOKHUCIIOTA-
MH M IIONIMHYKJIEOTHAAME — B 3aBUCMMOCTH OT MX AMMHOKHUC/IOTHOTO
M HYKJIEOTHITHOTO COCTAaBOB, HA OCHOBAHHMU YEr0 BEICKA3BIBAETCS TIPEN-
MONIOXEHHE, YTO B MPHUHIIUIE MOJTMAMMHOKKCIIOTE M TTOJIMHYKIIEOTH-
JIBl MOTJIM «y3HABATH» JPYT Ipyra B ripotokietkax. ObpasoBanue crie-
1M IYECKMX KOMIUIEKCOB MEXIY 3THMH [0JIMMEPaMH MOXHO paccMaT-
PUBaTh KaK NMEPBBIi HEOOXOMUMBII 1UAT HA MYTH YCTAHOBICHUS MEXITY
HHMH OIpefeSieHHbIX «nHDOopMaTUBHBIX» cBsideil. He mckmoueHo Tak-
e, YTO Ha IMEepPBbIX 3Tanax IMOTOK WHGOpMalMM 10e B JHoOOM Ha-
npaBieHUH (MOJIMHYKICOTH == NpOoTOBENOK) M, TakuMm obpa3om,
YCTAHABIMBAJIMCH B3aMMHBIE CBA3U MEXIY ONpene/IeHHbIMU [TOCHEN0-
BaTeIbHOCTAMM AMUHOKHKCIIOT B MPOTOGENKax W HyKIEOTHAOB B MOJTH-
Hykieotynax. IlosgHee nMoTox MHQOPMALUK CTAT OMHOHATIPABISHHEIM
(TONMHYKIIEOTH/L — MPOTOHENOK).

Takum o6pa3oM, MHCKYCCHMOHHBIM OCTAae€TCS BOMPOC O TOM, Ha
KAKOM 3Tale 3BOJIIOLHOHHOIO [MPOLECcca HYKJICHHOBBIC KUCIOTEI cop-
MUPOBANKCE KaK WH(OpMALMOHHBIE MOJIeKynbl. CorylacHo ONHMM Mpefi-
CTaBJIEHUSIM Ha HAYaNbHOM 3Tare 3BOJTIOLMY POJIb ITOCTCAHUX BBIMTOI-
HU OenKoBononobHbBIE MONEKY/B, U MEPBEIC NPHMUTHBHBIC KIETKI
¢yHKIHOHKpPOBaNU 6e3 HYKICHHOBBIX KKCIOT. Jlpyras rumoresa uc-
XOIMT U3 TOTO, YTO MEPBEIMM BOZHUKIH HYKJIEWHOBBIE KMCIOTHI, a
nosaHee, Ha Oase comepXkaiueiics B HMX uMHODOpMAUMM, BO3HMKIH
fenky (TUIoTe3a «reHHOM XN3HMU»).

BTa runoTesa NpMHALIENHMT aMepukKaHckoMmy reHetuky . Meémnepy
(H. Muller), Bricka3aBlleMy MPEINONOXKEHHE, YTO «KM3Hb» HAYaIach ¢ abuo-
reHHoro 06pa3zoBaHMs reHa WaM Tpynnb reHoB. [ogenerme memGpan u Ges-
KOoB, 00saalolyX KaTATMTMYCCKUMY CBOMCTBaMM, MMEJO MecTo Ha Oonee
Mo3gHUX 3Tanax. B none3y 31oif rmnoress npHBogATCA coobpaxkeHua, neEpBoe
W3 KOTOPBIX OCHOBaHO Ha COBPEMEHHOM TPEACTABIEHUH O MONEKYJISPHOM CIPYK-
TYPE ¥ CaMOBOCTIDOM3BENCHHY BHPYCOB, 4 BTOPOE — Ha NOJHGYHKIMOHAIL-
HBIX CBOMCTBAX MOHOHYKJICOTHIOB. XOpOILQ M3BECTHO, YTO HYKJIEOTHAH,
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NOMMMO TOIO YTO COCTAB/SIOT eHEeTHYECKMM anmapaT KIETKH, NPUHUMAIOT
Y4aCTHE B pa3HOOBPA3HBIX METAGOIMYECKIX PeaKUMIX: CAYXAT MEPEHOCYMKA -
MH 3HepruM (AP, AT®), 3nexTpoHoB M aToMOB Bojopona (HAJL, HAI®D,
®MH, PAI), caxapos, alMIBHLIX IPYIN M Ap.

MopMBl XKH3HM, BO3HHKIIHME Ha «0e/IKOBOi ocHOBe», ObLIM He-
YCTOMMMBBIMM M3-3a OTCYTCTBMS CHCTEMEI Nepefadun MHQOpMaLuH,
HUCIIOJIL3YIONEi CBOMCTBA HYKICMHOBBIX KHCIIOT, 4 «[€HHAaA XH3Hb»
HE MOIJIa NMPOTPECCHBHO IBONIOIMOHMPOBATL Oe3 yyacTusi Oenkos,
oblanaIMX KaTanUTHYECKUMH CBoMcTBaMM. Kak MmpoM3oLno BoO3-
HUKHOBeHHWe (QOPMBI XXM3IHHM, B OCHOBE KOTOPOMH sieXaT DelKi U HyK-
JIEMHOBBIE KUCJIOTHI, MTOKA HE M3BECTHO. SICHO TONBKO, YTO «BCTPEYa»
000MX THIIOB COEIMHEHMIT MOJIOXKHIA HAYAJIO MYTH 3BOJIOLUM, HA
KOTOPOM IMpOK301LI0 GopMUPOBaHUE MEXaHM3MOB CHHTe3a Oenka u
HYKJICMHOBBIX KHCJIOT MU KOOOBBIX B3aMMONEHCTBUI MEXNY 000MMU
MEXaHH3MaMH.

[aHHbIe NanNneoHTONorMnu O NPOUCXOIKOEHUM XKU3HN
Ha 3emne

ComracHo COBpeMEHHBIM MPEICTABICHUAM OKOHYATENBHOE (hOpMH-
POBaHUE 36MHOM KOPHI NPOU30ILI0 0KoJO 4,6 Mipa sieT Ha3ad. Hamwm
cBefieHHus 00 MCTOPUM BOSHUKHOBEHHS M PA3BUTHA XM3HU Ha 3emie
OrpaHHYeHbI MPEHMYLLECTBEHHO MOCJIEOHHM NMEPUOAOM, JUTUTEIEHOCTE
koroporo nopsaka 600 muH ner’. OcransHoi BpeMeHHOH IepHo, Co-
crapmssioMit npumepHo 90 % Bceil HCTOPHMM CYILECTBOBAHKA 3eMIIH,
¢hakTHYEeCKH SBJISIETCH YMCTON CTPAaHUWIEH B M3YyYEHWM BO3HUKHOBE-
HUA ¥ pa3puThs Xu3uK Ha 3emiie. [losromy Donpluoil HHTEpeC rpen-
CTaB/SIOT JaHHBIE MOJICKYJIAPHOMN MaTEOHTONIOI MM, H3y4aloIIeil opra-
HMYECKHE BELUECTBAa APEeBHEHIIMX OCATOYHEBIX OTIOKeHUH. TpyqHoCcT
3aKmoyaeTcs B HHTepNpeTaiuy ITOyYeHHBIX Pe3y/ILTaToB, T.€. B OT-
CYTCTBHH HAACXKHBIX KPDUTEPHUEB, HA OCHOBAHHWH KOTOPBIX MOXHO ObLTO
OBl IenaTh BEIBOMBI O MPOUCXOXIEHUH 0OHAPYXeHHBIX OPraHHYeCKuX
OCTAaTKOB: OUOTEHHOM WK abuoreHHoM. B 3TOM CBfA3M UHTEPECHRI Ha-
XonkH, caenadHeie B FOxHO# Adpuke B 0CaTOYHBIX TOpPOAAX, BO3-
PacT KOTOPBIX COCTABJISIET OKONO 3,5 mipn sieT. B 3THX nopoaax xHaiige-
HEI 33KJTIOYEHHBIE B HUX OKaMCHEJIbIE OCTATKU IMATOYKOBUIHEIX CTPYK-

1 B reonoruu (cM. puc. 52) NpuHSTH CHEIyOMME HAIBAHNA BPEMEHHBIX MHTEPRA-
JIOB: 30H, 3pa, MIEPHO, 3nmoxa, Bek. CaMoe KpPYIHOE reoXpoHoJIoTHYecKoe obpa3osa-
HME — 30H. DOHEl MOAPa3feNAIOTCA Ha 3phl ¥ T.A. PaHepo3oli, camMblii NOCTENHMH 1
HauboJiee M3YYEHHBLH 30H, BKIIOYAeT TPH 3P Maneo30H, Me3030i H KaltHo30i. [lep-
BB MIEPHOA NANe030MCKOM 3pH — KeMGpuit (Hawano npumepro 580 MuH et Haszal,
mmrenbaocTs — 80 Miu net). XapakTepmiyercs NOSBICHHEM XHBOTHBIX, HMEIOIMX
CKeJIeTHRIE 3/1eMeHTE. bonee parHMe 30HBI YacTO OOBENMHAIOTCS o4 HA3BAHWEM JO-
xembpus WM nodaneposos.
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Typ pa3mepom 0,5 X 0,25 MKM, HAMOMUHAIOIIUX COBpEMeHHBIE DaKTe-
pumn. [pu 371eKTPOHHO-MUKPOCKOMMUYECKOM M3YUYEeHHU Y HHUX BEHISIBIIE-
HA JIBYXCNOifHAsl KJIeTOYHAd CTeHKa, nojobHas KIETOYHOU CTeHKe
MHOTHMX COBPEMEHHBIX DakTepwuii.
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Puc. 52. Dranb 6uonornyeckoi spomoumu (no Onapuny, 1976;
Fox, Dosel, 1975; Lehninger, 1974)
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B mopogax, BO3pacT KOTOPEIX Taloke OKoJo 3,5 miipn net, obHapy-
JXEHBI CTPOMATONIMTHI, CBOe0Bpa3Hbie M3BECTKOBbIE 00pa30BaHus, sB-
TNAONIHEcHd MPOJAYKTAMY XH3HENCATEILHOCTH NPEBHUX (POTOCHHTE3HU-
PYIOUIHX OpPraHU3MOB — IMaHODAKTEPHA, WM CHHe-3e/eHbIX BOIO-
pocneit. Ecliu MpUHATS, YTO HAIEHHBIE B [TOPOJAX HCKOIMAEMbIE OCTAaTKH
AEHCTBUTENILHO NPHHALIEKAT APpeBHEHIINMM NPOKapHUOTaM WIH SBJIA-
OTCH MPOOYKTAMH HX XU3IHENEATSIbHOCTH, TO ClIeOyeT MPU3HATh, YTO
K 3TOMY BpeMEHH YX¢ ObUTH cPOPMUPOBAHEI HEKOTOPBIE THITHI XH3-
HM, KOTOpbIe JOLUTH IO HAC B BUIE ee «cnefos». OTciona NpUXoaUTCs
clenarhk BRIBON, YTO BICPBRIC 3€EMHAS XH3HbL NOIKHA ObiNIa BO3HUK-
HYTh B MpOMEXYTKe MeXay 3,5 u 4,6 Mapa neT ToMy Ha3all, OTHAKO y
Hac HeT HMKakKo#l uudopmaimu 06 3roM nepuone. CxeMaTudeckoe
H300paxeHue BO BpeMEHHU OTAENIBHEIX 3TANOB 3BOJIIOLMM MPEACTABIIE-
HO Ha puc. 52.

IIuanobakTepusm MBI 00653aHEI MOABICHUEM MOJIEKYNSPHOIO KMC-
nopofa B arMocdepe 3emnu. OnHako BHaYale BECh BhIIESeMbId HMU
O, nornowancs 3eMHOI KOpo#, B KOTOPOIH MPOMCXOIUIH MHTEHCHB-
HBIE MPoLecChl OKHCeHMs. [10 MMEOIMMCH Te0TOTHYECKIM JaHHBIM,
conepxaHue Kucnopoaa B atMoc(epe nocrurno 1 % or ero cogepxa-
HHS B COBpeMeHHOM atMocdepe TONLKO B CPENHEM MPOTEPO30e, U K
3TOMY BPEMEHHM MOXHO OTHECTH BO3HMKHOBEHHE IepBLIX a3pobHBIX
npokapuoT. B nonp3y 310ro cBUAETENLCTBYIOT 0OHADYKEHHBIE B OTJIO-
JKEeHMSIX, BO3pACT KOTOPBIX OKOMO 2 MIpH JIeT, 3Be3r4aThie 06pa3oBa-
HM#, CBOMCTBEHHEBIC ODIMIaTHO a3poOHOi CBODONHOXHBYIEH GakTe-
pum Metallogenium. DToT OprafnvsM oTKIAOkIBAET HA MTOBEPXHOCTH KJIe-
TOK OKMCJIBI Xene3a. B mpupone BCTpeyaeTcs NpH pa3HbIX KOHLIEHTPALMSIX
0O,, HO Bcerna B a3pOOHBIX YCNOBMSX, TAaK YTO MOXET CIYXHTh MHOU-
KarTopOM MOJIEKYNISPHOTO KUCIOpOaa.

IMepBbie 3yKapHOTH MOSBHIKCH [pUOIM3UTeNBHO 1,5 MIpn neT Ha-
3an. Takum obGpa3om, ﬂpOKBpHOThI ObUTH eNMHCTBEHHBIMU 0BuTaTENA-
MM Hallleil IUIAHETHl B TeYEHME 2/; BpeMEHU SBOJIOIMH Guocdephi.
KusuenearebHOCTS MPOKAPHOT MPUBENa K HAKOIUIEHHIO B atMocde-
pe MOJIEKYJIIPHOTO KMCIOpOAa ¥ K oforallieHUIO IUTO- ¥ riapocdephl
OpPraHHYeCKHM BEILECTBOM.



1. 3BONKWOUUA SHEPTETUYECKUX
NMPOLUECCOB Y 3YBAKTEPUH

B 1. 11 1 12 Gsutu obcyxaeHbl MpobJieMbl BOSHUKHOBEHUS MEPBHY-
HOM KIEeTKHA U3 THMOTETHYECKOM MPOTOKJIETKH M ITOCHEAYIOLIEro myTH
MPOrPECCUBHOM 3BOJIIOLMHU [TEpBHYHOM Ki1eTKH. Kak 6bUt0 0bHapyxe-
HO B 70-x rr. XX B., Ha paHHEM 3Talle 3TOro IyTH MOTIJIO NMPOU30HTH
BBEIZEJIEHUE TPEX OCHOBHBIX BETBEM, KaXIas K3 KOTOPBbIX CAMOCTOSI~
TENILHO M HE3aBMCHMO 3BONKIMOHMPOBANA, PEe3yIbTaToM 4YErc ABM-
JIOCHh CYIIIECTBOBAHME B PaMKaX MPOKAPHOTHOMN KIETOYHOM OpraHM3a-
MM IBYX KPYMHbIX TAKCOHOMWYECKHUX IPyIi: 3yDaKTepuii u apxebax-
TEPHIL.

TMopaBnstoniee GONBIIMHCTBO H3BECTHHIX [POKAPUOT OTHOCHUTCS K
aybakTepuaM. IMeHHO Yy HUX TOCTATOYHO XOPOILUO U3Y4YeHbl OCHOBHEIE
3Tanbl IPOrPECCUBHOM 3BOIOIMH, CBSI3aHHEIE C COBEPLUSHCTBOBAHK-
€M 3HEepreTHYECKHUX MpoLEeccoB. ApxebaKTepHH IIpeacTaBagoT coboi K
HACTOSILIEMY BPEMEHHM Pa3pO3HEHHBIE [PYINBI cO crieuMdUYeCKUMMU
TMIAMM 3HepreTUYeckoro Merabonusma. iMeronerocs Marepuana siBHO
HEJIOCTATOYHO AN CO3JI[aHHs KaKuX-JIMO0 3BOJIIOLMOHHBIX MMOCTPOE-
HMI BHYTDM IDYIIEI apXeOaKTepuid.

Fmaesa 13

BPOXEHMUE. TUMNbI XXW3HW, OCHOBAHHLIE HA CYECTPATHOM
©OCPOPUITMPOBAHUN

Haubonee NnpyUMHTHBHBIM CITOCOGOM IMTOJTyYeHUs 3HEPTUH, MTPUCY-
IIMM OTIpENENICHHEIM TPYNNaM 3ybakTepuii, ABIIOTCA NpoLEecch! bpo-
JKCHHS.

O6wan xapakTepMcTvKa npoleccos GpoXxeHusn

«bpoxenue» — 310 cyrydo Mukpobuonoruyeckui TepmMuH. OH Xa-
PAKTEPU3YET 3HEPreTHYECKYIO CTOPOHRY cnocoba cyliecTBOBaHUS He-
CKOJIBKHX TPy 3yOakTepuil, MpU KOTOPOM OHM OCYLIECTBISAIOT B
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aHA3pOOHLIX YCIOBUSX OKUCIMTEILHO-BOCCTAHOBMTEIbHbIE TIpeBpalle-
HUSA OPraHMYECKUX COSIHHEHHH, COMPOBOXIAIONINECS BLIXONOM JHED-
MM, KOTOPYIO 3TH OpraHH3Mel Mcnonas3yior. [lockonsky Gpoxenue
rporekaer 6e3 yJyacTus MONEKYIAPHOTO KHCIIOPOAa, BCE OKHCITHTE b~
HO-BOCCTaHOBUTENBHBIC [IpeBpallleHUsA CyOCTpaTa MpOMCXONAT 34 CYET
ero «BHYTpeHHVX» Bo3mMoxnocreil. Ilpouecc 6poxkeHus cesi3aH c Ta-
KMMH ITepecTpoiiKaMM OpPTraHMYeCKHMX MONEKyNn cyOCcTpara, B pesysib-
TaTe KOTOPBIX HA OKMCIUTENLHBIX ITaMax Mpoliecca BRICBODOXAaeTCA
yacTh CBODONHOM 3Hepruu, 3aKIIOYeHHOM B Monekyne cybcrpara, U
NPOKMCXONUT ee 3aracaHue B Monekyinax AT®. B nmpouecce Gpoxenus,
KaK MpaBHJIO, MPOMCXOOMUT PaclliellieHHe YIJIEpOIHOTO CKEIeTa Mojie-
KyJibl cybcTpara.

Kpyr opranr4eckuX coeqUHEHUH, KOTOpbie MOTYT cOpakuBaThCH,
JOBOJIEHO IHPOK. BTO YINEBOOBI, CITHPTHI, OPraHuMecKHe KHCIIOTHI,
aMUHOKHMCIIOTHI, MYyPHHbB!, THPUMUINHLL. XHMHYECKOE BEIIECTBO MO-
XKeT OBITh MOABEPTHYTO COpaXXBaHMIO, €C/IM OHO COMNEPXUT HEMOJIHO-
CTBIO OKHCIIEHHBIE (MM BOCCTAHOBJICHHEIE) YITIepPOTHEIE ATOMEL. B 3TOM
cliyyae ecTh BO3MOXHOCTE JUJII OKHMCJIMTELHO-BOCCTAHOBHTENBHBIX
lpeobpasoBaHMil MEXNY MoJieKynaMu (MM BHYTDH OJHOIO BHJa MO-
JieKyJ1), BO3HUKAIOLIMMHM U3 cybeTpara. B pesynbrare ofiHa YacTsb Apo-
OykToB Bpoxenusa Oyner Gonee BoccTaHOBJIEHHOI, npyras — Oosee
OKMCNIEHHOM Mo cpaBHEHHMIO ¢ cybcTpatoM. Tlpomyxramu GpoXxeHwmid
SIBJIIOTCS. pa3/IMIHbIC OPTaHYeCKUEe KUCIOTH (MONOYHAS, MaclsiHasd,
yKCycHad, MypaBbMHas), CIMPTEl (3THIOBKI, OYTHIOBBIA, MpPOITKIO-
BEIiT), aueToH, a Takke CO,; u H,. O6wyHO B mponecce OpOXeHUs
oOpa3syeTcs HeCKOJLKO NMpoAyKToB. B 3aBHCMMOCTH OT TOTO, KaKoii oc-
HOBHOMH NPOOYKT HAKAIUIMBAETCA B cpele, padiMyaloT MOJIOYHOKHUC-
Ji0€, CIIMPTOBOE, MACISIHOKKCIIOE, MPOIIMOHOBOKHUCIIOE U APYTHE BUIbI
OpoXKeHMI.

CrenoBatenbHO, B KaXI0M BHIE GpOXeHHS] MOXHO BLIIEJIMTE [IBE
CTOPOHEI: OKMCIHTENBHYIO M BOCCTaHOBUTETBHYIO. Tlporiecce okucne-
HUSI CBOOATCH K OTPHIBY 3JIEKTPOHOB OT OMpelesieHHBIX MeTaboJIMTOB
€ MOMOUIBIO crielMbIYecKUX hepMeHTOB (IeruaporeHas) U akUemm-
POBaHMIO UX IPYIHMH MONIEKYNIaMH, oOpa3ylolliMMHUCA U3 cOpaxupae-
moro cyberpara, T.e. B Mpouecce OpOXEHUS MPOUCXOAMT OKHKCJe-
HYe aHa’poOHOTO THIA.

SHepreTu4eckan cTopoHa

CobcTBeHHO 3HEpreTHYECKOI CTOPOHOM NporieccoB OpoXxeHUs B~
JigeTcd UX OKMCIWTENbHAs 4YacTh, MOCKOJNLKY peakiiuH, Belyllue K
BBIIEJIEHU) 3HEPTMM, — 3TO peakuuM okucieHus. CyluecTByeT He-
CKOJIBKO MCKJIIOYEHUIT M3 3TOTC NPABIUIA: HCKOTOPBIC aHA3PO0B! YacTh
3HEPrMM mpu cOpaxwuBaHuK cybCTpaTa Mony4yarT TAkKKe B pe3yibTaTe
ero paciervieHs. IIpuMUTHBHOCTE npoLieccoB GpoXeHUA 3aKII0YaeT-
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Csl B TOM, YTO M3 cyDcTpara B pe3ynsTaTe ero aHaspobHoro npeobpa-
30BAHUS M3BJICKAETCS JIUILbL HE3HAYMTENbHASA NONs TOH XUMHYeCKOM
3HEPIuM, KoTopas B HeM copepxurca. IlponykTei, obpasyolliecs B
npoliecce OPOXEHMs, BCe ellie CONepXar B cebe 3HAYUTENBHOE KOJK-
YeCTBO HEPruM, 3aKTI0YaBILeiics B MICXOTHOM cyberpare. YTobnr yer-
ye TIPeJICTABUTL Pa3sHULLYy B SHEPreTHYECKOM BBIXOIE IpoLieccoB Bpo-
XKEeHHA W AbIXaHUA, PUBEeM JaHHbIE MO U3MEHEHMIO YPOBHEH craH-
JHapTHOM cBOOOMHOI 3HEPTUM 111 NMPOLECCOB roMO(epMEeHTATUBHOTO
MOJIOYHOKUCIOro OpOXeHHA U AbIXaHUS [IPY ONMHAKOBOM HMCXOJHOM
3HepreTUYecKomM cyberpare (rnoKo3a):

GpoxeHue

CeH30¢ 2C3HgO3; CgH a0 + 60,2 6CO, + 6HR0,

AG,=-196,65 kJIx,/mMon; AGy=-2870,22 k]Ix/Mob.

B npouecce roMohepMEHTATHBHOIO MOJIOYHOKMCIOTO OpOXeHHs
cuHTe3upyioTcs 2 Monekynbi AT® Ha 1 Monekyny cOpoXeHHOH rimo-
KO3BI, B IPOLIECCE BIXaHM [pK [MOJIHOM OKMCIEHUH MOJIEKYJIBI TJI0-
k0361 06pasyercs 38 monekyn AT®. B oboux cnyyasx 3¢pheKTHBHOCTE
3aracaHus BBLIEJISIOIIEHCA SHEPTHH B MaKpO3PrHyecKuX cpsizsax AT
NpUONTUIUTENEHO OJUHAKOBA.

Ilpu 6poxXeHNK HEKOTOpHIE PEAaKLIMM Ha MYyTH aHa3poDHOIO Iipe-
obpa3zoBanus cyOcTpara CBf3aHBEI ¢ Haubonee MPUMHTHBHBIM THIIOM
dochopunupopanus —cyb6cTpaTtHeM bochopunupoOBaHU-
eM. K cuntesy ATD o Mexanusmy cyberparHoro docdopunuposa-
HUS BEYT KaTtaboIMYecKue peakluy, KOTOphIe B 3aBUCUMOCTH OT CBOSH
XUMMYECKOH MPUPOIBLI MOTYT OBITH pasaesieHsl Ha ABa TMINa. boneiuH-
CTBO OTHOCHTCS K OKUCIIMTEILHO-BOCCTAHOBUTENEHEBIM peakiuam. bo-
rarbie 3HEPrueil COeNMHEHUS BO3HHMKAIOT B Ipolecce GPOXEHMA Ha
3Tanax aHaspobHoro okucienus. Hanpumep, okucnenue gocdhornu-
uepuroboro anbaeruna (PI'A), karamuzupyemoe P A-nermaporeHa-
306, NpUMBOAUT K 00pa3oBaHuio GoraToro 3Heprueil merabonura —
1,3-nmudochornuiepurosoii kucnors! (1,3-PI'K). AnaspobHoe okuc-
JIeHME MTAPOBMHOIPATHOM WIH O-KETOIIYTaApOBOM KUCJIOT MPUBOIMT K
06pa3oBaHMIO BLICOKO3HEPTETHYECKHX MeTabOoNMUTOB — aleTHiI-KoA!
WIH CYKUMHII- KOA COOTBETCTBEHHO.

Bropoit TMN peakiHii cBA3aH C pacHierUieHHeM cyOCTpaToB WM
MPOMEXYTOYHBIX [IPOAYKTOB, 06pasyouuxcs u3 Hux. Karanusupyior-
CA TH peakuM (epMeHTaMU, OTHOCSUIMMHUCA K Kiaccy nua3. Hanpu-
Mep, ¥y rerepo(hepMEHTATHBHBIX MOJIOYHOKUCIILIX OaKTepUil BHICOKO-
3HepreTuyeckuii anernwhocdar obpaszyerca U3 KCuyno3o-5-tocda-
Ta B peakuuM, Katanusupyemoil docdokeTonasoii:

keunynoso-5-gocgpar + O, — OTA + auerundocdar + H,0.
! Cumpon «KoA» 0603nayaeT KOhEpMEHT A, CBA33HMBIA C aUWIBHOM Ipynmnoj

(R—CO~5-KoA), «+KoA—SH» — nHaxopgiIuiics B cBOBOOHOM COCTOSHWM.
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K peakumsaM rnonobHOro Tuna OTHOCHICS TAKXe PAaclICIUICHUE LIWT-
DPY/UTUHA, NPHBOAAILEE K CHHTE3Y Kapbamonndocdara — coeilHHEeHHA
¢ Makpoaprudeckoii docdaTHOi CBA3BIO:

uuTpyuH + @, — kapbamowndocdat + OpHMTHH.

borarsie 3ueprieit coemMHeHHs, 00pasyoLMecs B peaKi{HiIX PaCCMOT-
PEHHBIX BBILIE TAMOB, NPEACTABISIIOT B DONBIIMHCTBE Clly4YaeB aHTH]I-
punbl ochopHoi KUCHOTH WM THO3(DUPLl OpraHWYeCKHX KHUCIOT.
INocnepuue nenonb3yiores: i cuaTe3a AT yepes depMeHTATHBHYIO
cTanuio obpas’oBaHUA COOTBETCTBYOIMX atwidocdaros:

auun-KoA + ®,, — auundocdar + KoA—SH.

VI3 ipyTHX BEICOKO3HEPrETHYECKHNX COSMMHEHHNI BAXHOE MECTO B 3HEP-
reTHKe npoieccoB BpoxeHHsa MpUHALIEXUT (ochOeHONITHPOBHHOTPA -
Hoii kucnote (PEIT). B1u coepMreHUs XapaKTepU3yIOTCs TEM, YTO CBO-
Gonnas 3Heprus, ocpoboXIalon@ACT NPM MX TMIpONU3e, HAXONUTCA B
obnacTH 3Ha4eHmit or —35 no —88 k/Ix/Monk U C MOMOIIBIO COOTBET-
cTByIOLIMX hepMEHTOB MOXeT ORITh MepeHeceHa Ha MoieKynbl AJID.

Hecmotpst Ha 60bIII0E YUCIIO YINIEPONHBIX CYyOCTPATOB, NOCTYITHBIX
IUis cOpaxyvBaHKs, KONUYECTBO PEaKIMi, NMPUBOASIIMX HErocpel-
CTBEHHO K CUHTe3y AT® npu OPoXeHMIX, CPABHUTEIBHO HEBEIIHKO.
Haubonee pacnpocrparens! Clenyomue U3 HUxX:

1) anermndocoar + AP — ayerar + ATO;
2) 1,3-pocdhormuuepu- + AI® —  3-dbochornuuepu-+ATD;

HOBasi KHCIOTA HOBas KMCIOTa
3) dochoeHonmuposuno- + AP — nuposuHorpamHas + ATO.
rpaxHas KMcuoTa KHCnoTa

JIpyrue peakumm cybcrparHoro docdopunupoBaHus OrpaHHYEHb Ka-
kumu-ubo crnenubuyeckumu Broamu Opoxenns. Hanpumep, copa-
XKHUBaHUE HEKOTOPBIX MUPUMMIWHOB M APrMHWHA, OCYLUECTRIISIEMOE
OTAENbHBIMM BHIAMK GakTepuii U3 pona Streptococcus, IPUBOOUT K
ofpazoBanmio kapbamomndochara, docdarHas rpynna KOToporo ne-
peHocutcs Ha AJID B peakumm, KaranuaupyeMoii kapbaMaTKUHA30ii:

KapBaMonngocdar + AP — kapbamar + ATO.

Onun Bua xnocrpunueB (C. cylindrosporum), cOpaxxuBaroLIMil mypH-
HEI, cniocobed o6pasoBeBath opmuar ¥ Terparuapodonar (TTOK)
U3 hopMHATETParUIpohONHEBONH KKCIOTE B PeakLiMM, COMPOBOXIA-
ouleiica Gochopunupoparuem AJID:
dopmun-TTPK + AJI® + O, — dopuuatr + TTOK+ATD.

Jlnd 3TOro BMIa yKa3aHHAS peaKiMsl CIIVKUT OCHOBHBIM IYTEM IOy~
yeuusa ATD.

Bce peakimu cyberpatHoro ¢hocdopiipoBaHus TOKATH30BAHE B

LMTO30/€ KJIETKH. JTO YKA3LIBAET Ha MPOCTOTY XMMHYECKHX MeXaHM3-
MOB, JieXalllUX B ocHoBe cyberparHoro dhocdopuimpoBaHis.
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Mpobnema akuenTopa 3NeKTPOHOB

OcHoBHas rpobneMa Beex nMpoueccoB OpoxeHusa — npobnemMa ak-
LIENTopa 31eKTPOHOB. B KOHeYHOM HTOre CTEMEHb OKHCIICHHUS U COTIPSi-
XCHHOE C 3THM KOJIMYECTBO BBIZEJIAEMOM CBODONHOI 3HEPIUH, 4 TAK-
Xe xapaktep oOpasyionIUxcs NPONYKTOB OMPENeNsioTcs] Mpupoaoi
KOHEYHBIX aKLENTOpoB 371eKTpoHOB. [Ip1 6poXeHMIX KOHEYHBIMU aK-
LHenTopaMy 3JieKTPOHOB CIIYXXaT B OCHOBHOM OpraHUYeCKHE COeIMHE-
HHUsi: MeTaboMUTHI, ofpasyionMecs W3 MCXOMHBIX cybcTparop (mupo-
BMHOIpaJHag KMCIOTA, aleTanbleln/l), WK BEeleCTBa, UMEIOILHeCS B
cpelie KyNTbTUBHPOBAHUA (HEKOTOPble AMUHOKHMCIOTH M IPYTHE Opra-
HUYECKHE COeNMHEHMS, CIIocoDHbBIe BOCcCTaHaBIuBaTecA). B psane 6po-
XEeHUM aKLenTopaMH 3JIEKTPOHOB cayxar Monekynsi CO,, a Take
uoHk Bonopona (H*). KpoMe Toro, B oTAeNBHEIX CAyyasx JOMOMHM-
TEJILHEIMM aKLENTOpaMU 3/IEKTPOHOB MOIYT OBITh HEKOTOpEIE AOCTa-
TOYHO OKMCJIEHHBIE HeOpraHWYecKMe COeNMHEHHA, TaKhe KaK HHT-
paT, MOJIEKyNiApHast cepa. EcTM KOHEYHBIM aKLENTOPOM 3JIEKTPOHOB
SIBJIETCH alleTanbAerui, 00pa3yeTcsa 3TaHOJ, eClU NMMPYBaT — MoO-
JIoyHAs KUeaoTa. AKIENTUPOBaHWe 3eKTPOoHOB MoytekynamMu CO, npu-
BOIUT Y pPa3sHBIX BUAOB K BO3HUKHOBeHHI0 (popMMara MNM anerara,
eCITHi Xe 3Ty (HQYHKUKIO BRINONHSIOT HOHBI BONOpona, 06pa3yercs Mo-
nexkynsipHblid Bomopon (H,).

BoccTraHOBIEHHBIE COSNMHEHHA, AKUENMTHPOBABIIKME 3JIEKTPOHEL,
BHIIENAKOTCH M3 KIIETOK 3yDaKTepHil B OKPYXAIOLLyK CPeay M HaKalr-
JMBAIOTCA B Hell B 3HAYMTEILHBIX KonuyecTBaX. M3-3a HU3KOro 3HED-
IeTUYECKOI0 BBIXOMa ITpoLeccoB BpoxeHus L1 obecnieyeH s I3HEPTU-
eif Bcex pyHKIMIA 1 OMOCHHTETHYECKHMX MTPOLECCOB KIIETKE MPUXOAHT-
cs nepepabarbiBaTh OTPOMHEIE KO/IMYECTBA CyOCTpPaTOB.

Wrax, Opoxenne — 310 croco® NonyvYeHUs IHEPTUM, OPU KOTO-
poM AT® obpa3yercst B lipoliecce aHA3POOHOI0 OKKCIEHMS OpraHu-
YecKHuX cyOCcTpaToB B peakiusx cybcTtpaTHoro gocdopunipoBaHus.

FomodhepMeHTaTMBHOE MONo4HOKUCNOe GpoxeHne

IocnenoparenbHOCTE HUOXMMHMYECKHX PEaKIUiA, JieXanMX B Oc-
HOBE roMOdepMEHTATUBHOIO MOJIOYHOKKCIOTO OpoXeHus:, NOny4Yu-
Jla Ha3BaHHE TMTUKOIMTHYeCKOro myrtu (ImuMkonmsa)!, ¢pykrozonu-
docdarHoro nytu, unmu nyrd BmbaeHa—Meiteproda—Ilapraca
(H. Embden, O.Meyerhof, fI.0.Ilapnac), no uMeHaM HCCenoparTe-
neit, BHecluux Donwoil BKIAN B M3yuyeHMe 3Toro mpouecca. Oburas

! CobcTBenHo IMKONK3 — 3TO ONpedeNeHHas MoceloBaTe bHOCTE (epMenTa-
THBHBIX PEaKIMil OT YIIEBO[@ N0 NMMPOBMHOIPANHOW KHCIOTH!, NO3TOMY, CTPOTO TO-
BODPHA, «INIMKONH3» HE ABIAETCH CHHOHHMOM 4TrOMO()EepPMEHTATUBHOTO MOJIOYHOKHC-
Jioro Gpoxerus», HO 10 u3 11 peakuuii y 3THX NMPOLECCOB MOEHTHYHEL.
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cxeMa rOMO(hepMEHTATHBHOIO MOJIOYHOKMUCIIOTO OPOXEHUs MpeiCcTaB-
JieHa Ha puc. 53.

OCHOBHBEIMM 3HEpPreTUHYECKMMHM pecypcaMu JuiA 3yDaKTepuii, ocy-
IUECTRISIOINX roMOGEPMEHTATHBHOE MOJNIOYHOKHCIOe OpoxeHHe,
CIyKaT MOHocaxapa (B MepBYI0 oYepenb III0K03a) M aAucaxapa (Majib-
TO3a, JIaKT03a). B Ipolecce MOATOTOBKM K 3HEPreTUYECKHM Tipeobpa-
30BaHMAM AHcaxapa ¢epMeHTaTHBHBIM ITyTEéM PACIIETUIAIOTCS 0 MO-
HOcaxapoB. PasnuyHbie MOHOCaXapa, NpeX/ae YeM TOBEPrHYTECS ITpe-
06pazoBaHMsIM, NOJDKHEI MPEBPATUTECH B INII0K030-6-ocdat. MomeHT
YHu(HKALMY, T.€. MpeBpallieHs pa3TuYHBIX cyDCTPaToOB B OJIMH, MC-
XOJIHEIN JUIA panbHeilero ero MeTabonuanpoBaHus Mo JaHHOMY MYTH,
o4eHb BaxeH. OT TOro, YTO CIYXHWT MCXOAHBIM 3HEPIeTHYECKHM pe-
CYPCOM, 3aBHMCHT ob1umil 3HepreTHYecKHii banaHc npotiecca.

Ecnu vicXomHBIM 3HEpreTHMecCKMM cyOCTpaTOM CIYXWT [NIIOKO03a,
MepBoe TMpeBpallleHye, KOTOPOMY OHa IojBepraercs, — tochoprim-
poBauue. B pesynekraTe o6pasyerca roko30-6-dochar — merabonu-
YeCKM aKTHBHas ¢opMma IJIOKO3bl. Eciy MCXOOHEIH 3HepreTUYecKHil
cybcTpaT — 71aKT03a, TIepBBIM 1IaroM Ha MYTH MeTaboNMH3HpOBaHMS
apysieTcs epMEHTATUBHOE pacllleIUieHue JIAKTO3b! C MOMOIIEI0 [-ra-
nakTo3uaasel Ha D-ranakrosy U D-rmoko3sy. D-ranakrosza 3arem Noi-
epraercs ¢ochopUIMpOBaHKIO, MPUBOMSILLEMY K 00pasoanuio D-ra-
naKT030-1-ocdara. [locnenuwmit mogsepraercs cepun GepMEeHTATHR-
HEIX TIpeBpaiienuit ¢ yyactwemM YTQD B KayecTBe Ko(hepmeHTa, B
pe3yJikTaTe KOTOPBIX MpEeBpalllaeTcs B ITIOK030-1-¢docdar.

VY uexoroprix 6akTepuid w3 pona Lactobacillus nmeetcs ¢epmenT
ManbsTo30(hochopriasa, KaTAIM3HPYIOIMH peaKiluio;

manero3da + HiPO, = rmokoszo-1-gochar + rmokosa.

B peaynkraTe 3T0# peakiMH OCYLIECTBIAETCS paclleIUIeHHEe JUcaxapH-
Jla MallbTO3H Ha JIBE MOJIEKYITRI ITTIOKO3k], OJHA U3 KOTOpEIX 0bpasyeT-
cq B docthopunupopannoii popme. 3nech BAXHO MOMYEPKHYTh, YTO B
3TOM peaklMK MONeKyna (GocGOpHIMPOBAHHOM ITIIOKO3bl CUHTE3UPY-
etca Ge3 3atparel ATO.

Ecnm ¥cxonHBIM 3HepreTM4ecKyM cyOcTpaToM, BOBJIEKaeMBIM B
npouecc IMHUKOJIK3a, CIIYXXHUT MOoNHUcaxapMl TUIla IMHKOreHa WiK Kpax-
MaJla, ero MCHOoNb30BaHKe HauuHaeTcs ¢ ¢ochopoIUTHIECKOro OT-
HIeIUIeHHs [JII0KO3HOIO0 OCTAaTKa, MPOTeKAloIIero 1o CXeMe:

(rmokosa), + HPO} — (nmioko3a),; + nnokoso-1-gocdar.

I'moxo30-1-dociaTt, obpasywiriics B pe3y/ibTaTe NOATOTOBHTEb-
HBIX NpeBpalleHuil YIJIEBOJAOB, MHBIX, YeM [IJII0K03a, NpeBpaliaer-
cs 3aTeM B [MoK030-6-¢ocdar. [Nepemelnetne pochaTHON TPYIIILI
M3 nosioxeHud 1 B monoxenue 6 kKatanusupyercs depmerToM doc-
dormokoMyTasoii. JanepHeiiee npeppalleHKe roko30-6-¢ocdara
OJIMHAKOBO HE3aBHCHMO OT MCXOJHOTO 3HepreTudeckoro cybcrtpaTta
(cMm. puc. 53).
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Monekyna rnoko30-6-docdata u3oMepu3yeTcs B MONEKYITY (PpyK-
T030-6-(ocdara. [Tocnemuuii pocdopunupyercs B nonoxenuu 1. [o-
HopoM docgara cnyxut AT®. Bropuunoe dpochopuiHpoBaHue MOJie-
Kynbl QPYKTO3El PUBOAHT K €€ JajbHEHIIeMYy aKTUBHPOBAHUIO.

Obpasopasuiuiicst QpykT030-1,6-nudocdar paspeiBaeTcd Ha JIBE
TpHo3bL: (oconuoKeuaueTol u 3-OT'A. Paspris Katamusupyercs Gpyk-
T1030-1,6~-nmdochatanbaonasoil (anbIona3oi), ABIAOLIENHCA KIIOYe-
BeiM (hepmenToM 3TOro INyTd. JocTarouHo oOHapyXUTh anbIosasy,
YTODEl [OJIY4YMTE CBHIETENIBCTBO CYIIECTBOBAHMS [NIMKOJIHUTHYECKOIO
TyT! y opranusmMa. B nocnemyiolime peakiiMi MOXET BKJTIOYATHCH TOJILKO
3-@OT'A. ®oconuokcuaiieTon npespaii@ercs B 3-OT'A B peakiiuu u3o-
MEpH3AIMH, KaTATH3UpyeMoii TpHo3odocdaTuzoMepasoii.

Ha 3TOoM 3Tame 3akaHYWBaeTCd IMOATOTOBHMTENIBHAA CTAIMUS INM-
KOJIMTHYECKOTO IMyTH: MOJIEKYJIa [IIOKO3bI MOC/e aKTHBUPOBaHMUS M
pacuiervieHuss Ha 2 Qoc¢OTpHO3El ITOATOTOBIEHA JUIA MOCNEAYIOLIMX
npeBpalueHuii. Jns akTHBUpOBaHuUsI 1 MOJIEKYJIBI ITIIOKO3LI TPATATCH
2 monekysl ATOL Takum 06pazom, I0 CHX MOp MPOLECC MPOTEKAET ©
3aTpaToit axHepruu. OnHAKO ero CMBIC/H U HA3HAYEHUE 3aKII0YAIOTCH B
obecrneyeHHMH KIETKH 3Heprueil. DTa 3a/aua pellaeTcs Ha Clenylolei
CTAOMH.

Oxkucnenne 3-®OTA o 1,3-nudochornuiepyHOBOH KUCIOTH —
OIMH M3 Haubosee BAXHBIX 3TAIIOB ITIMKOJIHTHYECKOrO ITyTH, ITOCKOJIBKY
MMEHHO Ha 3TOM 3Talle IHEeprus, ocBoboXIaoUAICs IIPH OKHCIEHHH
anpneruaHoi rpyrnel 3-@TA, 3anacaercs B monekyne 1,3-®I'K. Pe-
akums Katamusupyercs gepmerToM 3-DTA-nernaporeHasoit:

3-®T'A + HAO* + @, — 1,3-OT'K + HAJ - H,.

3-@OTA cnyXuT JOHOPOM 3MEKTPOHOB, KOTOphle MmepeXxomsT Ha HAJL',
GYHKIHOHMPYOLUKMI B KaYecTBE MepeHOoCYMKa AMEeKTpoHOoB ot 3-OrA
K [MpoBKHOrpaaHoit kucnore. O6pasosaHue mocneaHeil mporUcXonUT Ha
fonee MO3AHMX ITArNax MKONMTHYeckKoro myTH. MTak, anbaerunanas
rpyina 3-®T'A okuciisiercs 1o KapboxkcunsHoi rpymisl. OnHako BMEC-
TO cBoGoO/IHOIT KapOOHOBO KMCIIOTE 0BpasyeTcsl CMeLaHHbIil aHTua-
puz ¢ooopHoit KUCnoTh M KapbokcunbHO# rpymuibl 3-PI'K—1,3-OI'K.
Peakuus okucnenusi 3-OT'A no 1,3-OI'K ¢ nomomsio HAJI-3aBucu-
MOt 3-PTA-nerunporeHasbl COCTOMT M3 HECKONBKUX 3TANOB, B Pe3y/ib-
TaTe Yero Heprus, ocsoboxaamiascsa mpu okucneHun 3-OTA, 3amna-
caeTcs B MaKpoapruyeckoit ¢rocgarHoil cBA3M y MEPROro YIJIEPOIHOIro
atoma 1,3-®T'K. 1,3-OT'K pearupyer nanee ¢ AIID, oTmasas BHICOKO-
JHepreTHYecKy1o gocdarHyro TPyIiy, YTO MPUBOIUT K CHHTE3y MOJie-
Kynbl AT®. Takum 06pasom, IHEPrHs, BEICBOOOIUBIIASCA ITPY OKHCJIe-
HHMM aJlbJETHIHOM I'PYIIIE], OKa3biBaeTCA 3allacCeHHOM B MoJiekye ATO.

! Ecrm mcxonHuiM cyBCTPaToM CIYXHT MOTMCAXapui, HANPUMED [NMKOrCH WM
Kpaxman, Ul aKkTHBHPOBaHMS TNIOKO3HOrO OCTATKa HA MOArOTOBMTENBHON cranvu
IMKOTMTHYECKOrO IYTH 3aTpayMBacTcs ToNkKo | Monekyna ATd.
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Urak, nponsouwio o6pasosasne 3-@I'K. Teneps MOXHO MOABECTH
HEeKOTOpHie uTOrH. KileTka Ha 3TOM 3Tare «BepHysa» CBOM IHEPreTH-
yeckue 3atpathl: 2 Monekyinbl AT@® OvliM 3aTpayeHBl U 2 MOJIEKYJIbI
AT® cuntearposanick Ha | Monekyny rmioko3bl. Ha aToM xe aTamne B
peakiuu okucnenus 3-OT'A no 1,3-@T'K u obpaszosanus AT® umeer
MecTO TepBoe cybcrpaTHoe docdopmwinpoBanue. DHeprus 0cBobOX-
JaeTcs | 3anacaeTcs B Makposprudeckux ¢ochatarix ceazax ATO s
MpolLiecce MmepecTpoiiku copaxuBaeMoro cybeTpaTa pH y4acTuu dep-
MeHTOB. Peakuus, Bemyiiasd K cybcTpaTHoMy (hocOopHIMpOBAHHIO,
MOXeT ObITh MpoBegeHa B npobupke. Bce HeobOXomuMEle A 3TOTO
KOMIIOHEHTEl M3BECTHRI U MONYYeHbl B YMCTOM BHAe. Bo3aMoXHOCThL
OCYILECTB/IEHUS peakLK B MpOoOUpPKe YKa3bIBaeT Ha TO, YTO (PEPMEHT,
KaTallM3MPYIOILMIT ee, He CBA3aH € KIeTOYHbIMM cTpykTypamu. Ilep-
Boe cybcTpaTtHoe (hochOpHIMpOBaHE HOCHUT €llle Ha3dBaHue ¢ocdo-
pUIHpOBaHMA Ha yposHe 3-OTA.

Ilocne obpasosanus 3-OI'K dochartHas rpynmna M3 TPETbETO MO-
JIOXKEHHs TIepeHOCUTCsl BO BTopoe. Jlanee MpoMCXOmuT OTIIEILIEHHE
MOJIEKYJIBI BOAEI OT BTOPOr0 ¥ TpeThero atomos yrnepoga 2-OTK,
KaTanuaupyemoe (pepMeHTOM eHONa3oil, 1 obpasyerca docdhoeHON-
MUpPOBMHOTPanHas Kuciora. B peaynbTate npouciueaiieil peruapara-
1uu monekynsl 2-@OT'K cremenb OKHC/IEHMS €€ BTOPOro YIJIEPOIHOIO
aToMa yBeJIMYMBaeTCs, a TPeTherc — yMeHsbllaerca. Takum obpasom,
JaHHAaSA peakKlMsA IO CYIIeCTBY TpeacTabiser coboil BHYTPHMOJEKY-
JISIPHEIH OKUCTUTENBHO-BOCCTAHOBUTENBHEIH nponecc. dernnpataiys
monekynb! 2-OTK, npusopsiias K obpaszosaHuio @EII, conposox-
JlaeTcs TepepacrnpeieNeHueM JHepruy BHYTDH MOJIEKYNEl, B Pe3ysib-
Tate 4yero ¢hocdarHas CBS3b Y BTOPOro YrJiepoIHOr0 aroMa M3 HM3K0-
3HepreTHyeckoii B Moniekysie 2-@TK npespauaercs B BEICOKO3HEpTe-
THYecKyio B Monekyne DEII.

Monexyna @EII cranoBuTcs moHopomM Ooratoil 3Heprueii docdar-
HOIl IpYNIEI, KoTopas nepeHocktcs Ha AJI® ¢ momorisio depMenTa
nMpyBaTKuHAa3el Takum 06pa3om, B mpouecce npespaiienus 2-OT'K B
MUPOBUHOTPANHYK) KHUCJIOTY MMEET MECTO BBICBODOXKIEHME IHEPIUH M
3amacanue ee B monekyne AT®. B1o Bropoe cybeTpaTtroe docdoprmm-
poBanue. [To psny yepT oHO OTIMYaETCA OT MepBoro cyberpaTHoro doc-
dopuiupoBanus: 1) ecan B mepBoM ciyyae o0pa3oBaHye MaKpO3pru-
yecKoii (pocchaTHOIT CBSA3KM MPOTEKANO OJHOBPEMEHHO C MPHCOEOHHE-
HUeM K cybctparty docaTHO# Ipyminel, T0 BO BTOpoM — ¢pocdarHas
rpynna Geula pUCcOeIMHEeHa K MOJeKysie cybcTpaTa 3anosiro a0 31oro
cobeiTust; 2) mepBoe cybcTpaTtHoe (hocOPHIMPOBaHKME CBS3aHO C pe-
akumelt OKHUC/IeHUs, TIPUBOMOSAIIEH K TOMY, YTO OT MOJeKyianl 3-OTA
OTpPBIBAKOTCS JiBAa 3NEKTpoHa M nepexonsT Ha HAIIY, 1.e. monekyna
3-@OTA cnyXuT JOHOPOM 3JIEKTPOHOB, HO BOIMPOC 0 KOHEYHOM aKLer-
TOpe MX Ha 3TOM 3Tarne He perieH. HanpoTtus, npu BTopoM cyGcTpaTHOM
¢ochoprTHPOBAHKHY, CBA3AHHOM C peakUMed Jerujparaliid MoJe-
kynel 2-OTK, peraercs npobnema M JOHOpa M aklenTopa. 3/1eck B
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pPe3yLTaTe BHYTPHMOJIEKYIISIPHOTO OKHCTUTETbHO-BOCCTAHOBHTEIBHOTO
TMpolecca OIHA MOJIEKYJIa U JOHMPYET M aKLEeNTUPYET JeKTPOHE.

B npouecce BToporo cybcrpaTHoro docthopunMposaHus obpasyeT-
cs eie Monekyna ATQD; B utore obLIMIT IHEPTETHYECKHI BEIMIPHILI
rnpolecca cocrapiser 2 MoJiekyisl AT® na 1 Monekyny [okKo3sl. Ta-
KOBa 3HEpreTHYecKasi CTOPOHA Tpoliecca roMoepMEHTATUBHOIC MO~
JIOYHOKHCIOTO OpOXeHus.

OpnHako ocranach elle nmpobieMa BOCCTAHOBIEHHOTO MEPEeHOCHH~
ka — HAJL - H,, o6pa3sosantoro B peakiuu okucnenus 3-@TA. Yrobe
npouecc Mpoaonkaiacsa, B MetaboJiMyecKUi MOTOK HeobXoauMo Bep-
HyTb 310T MeTabonuT B okHcaennoM Buae (HAILY), T.e. peruTs nmpo-
GneMy KOHeYHOro akyenTopa. Kak xe oHa pelaeTcs B JaHHOM CIy-
yae? Pe3ynsTaTOM pacCMOTPEHHOIO BBILIE Tpolecca, MOMHMO €ro
JHEPreTHYECKOro WUTOTa, ABJseTCAa obpajoBaHue 2 MOJEKYN IMHPOBH-
HorpaaHoi kucaotel U 2 monekyn HAL- H, Ha 1 monekyny cOpoxeH-
HO# rekcossl. Monekyna MUpoBUHOTPAIHON KMCIOTEI TI0 CBOEMY XHMK-
YECKOMY CTPOEHMI0 — HOCTATOYHO OKHWC/IEHHOE COSAHMHEHHE U MOXET
CTYKHTh aKIIENITOPOM 3MTEKTPOHOB. B 3TOM Ciyvae nOHOp-aKIEenTopHAaA
npobrnema pellieHa caMBIM MPOCTRIM cIIOCOBOM: 2 3/eKTpOHA MepeHo-
carcst ¢ HAJL - H, Ha Monekyny NMHPOBHHOIPAIHOK KUCIOTHEI, 4TO TIPH-
BOAMT K 00pa30BaHMI0 MOTOYHOM KHCHOTE. CyMMAapHO MPOIECC MOX-
HO BEIPA3UTh B BHIE CIEAYVIOIIErQ YpaBHeHUS:

rmiokosa + 20, + 2A1P — 2 monoyHan kuciora + 2ATO + 2H,0.

T'oModepMeHTaTHBHOE MOJIOYHOKKCIIOe OpoXeHHe MpeacTaBiseT
c0b0ii 3HepreTHYECKY0 CTOPOHY 00pa3a XU3HU IPYNITE TOMOGhEpMEH-
TATHBHBIX MOJIOYHOKUCTEIX DakTepuii. HepTel ApeBHOCTH 3TOM IPYTITEI
BHIIHEI HE TOJIBKO B Mpolecce mOOLIBaHUS ee MPeACTaBUTENSIMU IHEep-
MM, HO M B IPYTMX CTOpOHAX WX meTabonuama, o yem Oyner cKas3aHo
B pazjaene, MOCBALIEHHOM KpaTKOH XapaKTepHCTHKE 3THX OGakTepuii.
Ceiiyac xe ocTaeTcsi MOABECTH HEKOTOPHIE UTOTH pPacCMOTPEHHOTO
Mpoliecca U OLEHUTH ero «cyasby». B mporuecce roModepMeHTaTHBHOTO
MOJIOYHOKHCIOrO OpoXeHMs CylLIecTBYIOT 3 TUIIA XMMHMYECKHX IIpe-
BpallieHHH:

NMepecTPoiiKa yIIepoaHOro CKeieTa HCXOAHOro cybeTpara;

OKHMCNMTENIBHO-BOCCTAHOBMTENBHEIE TIPeBpallleHHS;

obpazosanue ATO.

DHepreTHYecKMi BEIXOH MpoLEcca TAKOB: 00pasoBaHue 2 MOJEKY
AT® na monekyiy [MokKo3el!. SHepreTidecKas 3p(peKTHBHOCTh IIPO-
Lecca, 1. €. 3(QPEKTHBHOCTE 3alacaHus BblnesisieMol CBODOMHOM 3HEp-
rum B monekynax AT®, cocrabnser npuMepHo 40 %. Dueprus 3anaca-
€TCS TONBKO B peakiusax cybcrpatHoro hochoprnuposanus. Kak MoxHO
BHJIETh M3 CYMMMPOBAaHHMA 3HEPreTHYeCKHUX XapaKTepUCTHK TMpollec-

1 Ecnu ucxonmeiit cybeTpar — nonucaxapua, obpasyiorcs 3 Monekynsi AT Ha
1 monekyny cGpOXeHHON MIOKO3BL.
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ca, HU3KUI 3HEPreTHYECKMH BBIXOJ COYETAETCHS B HEM C BEICOKOH
IHEPreTHYECKOM 3()(PEKTHBHOCTEIO, 3 B OCHOBE BCEr0 JIEXAT IMpo-
CTEIC MEXaHM3MBI NToNyYeHUs IHeprHi. OKHCINTENEHO-BOCCTAHOBH-
TeJIbHEIE TPEeBpallleHUsT MMEIOT MECTO Ha ABYX 3Talax Mpollecca,
MMEHHO OHM TIPHBOAAT K MOJNy4YeHHIO KNeTKOW 3Hepruu. Ecmu one-
HUTE ODLIME OKHMCIHTENLHO-BOCCTAHOBHTENBHEIN BanaHc mpoliecca
(C¢H 5,05 — 2C;H¢O5), MOXHO BHIETH, YTO CYyMMapHOTO M3MEHEHMUSH
CTEMEHM OKHUCICHHOCTH NMpPH 3TOM HE IMPOWCXOAMT (eC/i CPAaBHUTH
CTeITeHb OKHCIEHHOCTH OTAENBHEIX YITIEPOAHBIX aTOMOB IJIIOKO3H M
MOJIOYHOM KUC/IOTHI, TIOMYYAETCH Apyrad KapTuHa). 9To pe3ylbTaT Toro,
YTO MPOLIECC «3aMKHYT Ha celsi», T.e. cyOCTpaT sIBJSeTCS M MCTOYHM-
KOM Bell[ecTB — JOHOPOB 3MIEKTPOHOB H UCTOYHHKOM BEIIECTB — HX
aKLenTopoB. «3aMKHYTOCTE» [Ipoliecca MPUBOAKWT K OTPAHHYEHHIO €ro
OKWCITHUTENBHBIX M, CIIeJOBATENIBHO, 3HEPreTHYECKUX BO3MOXHOCTEH
(HO B JIaHHOM KOHKPETHOM Cliydyae ellle He HcuepIikiBaeT ux). Bee ato,
BMECTE B3SITOE, ONMPENENHIO «cynbby» roModepMEeHTATUBHOIO MOJMOY -
HOKMCNOTo DpoxXeHus.

Bo3HWKHYB KaK NMepeBHH, naJekui OT COBeplIeHCTBA IHEpPTeTHYE-
CKHi TIpoLiecc, roMo¢epMeHTaTHBHOE MOJIOYHOKHUCIIOE DpoXeHUe He
6sUTO [IOTOM OTOpOLLEHO B INpolecce 3pomonuu. HaobopoTt, oHo 3a-
KPEeNMWIOCk M CYLIECTBYET ceifyac B BUIE [TMKONKU3a Y MOJaB/BIIONETD
OONBLIMHCTBA MPOKAPUOT, APOXOKeid, rpuboB, a4 TaKXke y BEICIIHX
XHMBOTHBIX M pacTeHul, HO TOJBKO KaK IMepBbli 3Tan Oosnee cosep-
LIIEHHOTO 3HEPTeTHYECKOTO MpoLecca, c(hOPMHPOBABILIErocs B pe3y/ib-
TaTe MOCHEAYIOIET0 Pa3sBUTHA cOCODOB MONyYeHUS SHEPTHY XKUBBI-
MU opraHu3sMaMi. Yem oObscHAETCS Takas cynbba roMmodepMeHTaTHB-
HOTO MOJIOYHOKHCIOro DpoxeHnsa? BeposiTHO, OKa3ajiock BEITOIHEIM
HCIIONTB30BaTh €r0 B KAa4YeCcTBe [ePBOro MOAroTOBMTEILHOIO ITama 1o
Cleny1olmmM npuyrHam: 1) BeicoKas aHepreTnyeckas 3¢ heKTUBHOCTD
(He myTaTh ¢ 3HEPreTUYeCKMM BRIXONOM Mporeccal); 2) mpocrora mMe-
XaHHM3MOB TIOTYYeHUsT IHEPTHH; 3) MepecTpoiika ucxonHoro cyberpara
B (hopmy, MeTabonuuecku ynobHYIO U1 MOCHENYIOLMX MTpeBpauleHMii.

FlomochepMmeHTaTUBHBbIE MONOYHOKKCNbIE GakTepun

T'oMoepMeHTATUBHOE MONOYHOKHCIIOE GpoXeHHe, B OCHOBE KO-
TOPOTO JIEXUT ITTMKOIMTHYECKHI YTk Pa3JIOXKEHMS [NIOKO3EI, SBJd-
€TCSI MMHCTBEHHBIM CITOCODOM MOIYHEHMS IHEPIHH JUIS TPYIIE! 3y0aK-
TEpHii, KOTOPHIE TIPK COpaXXMBAHKMH YITIEBOIOB MIPEBPALIAI0T B MOJIOY-
Hy0 kucjoty oT 85 no 90% caxapa cpemsl. Bakrepuu, Bxomsiume B
JAHHYIO IPyILy, MOPGhONOrH4YeCKH pPA3THYHBL BTO KOKKH, OTHOCH-
muecs K ponam Sireptococcus u Pediococcus, a Takxke JUIMHHBIE WIK
KOpoTKue nanoyku u3 poaa Lactobacillus. Ilocnenuuii moppasnensercs
Ha TpH Moapoja. baktepuu, BKItoYeHHble B nBa u3 Hux ( Thermobacte-
rium, Streptobacterium), Taxke OCYIIECTB/SIOT TOMO(MEPMEHTATUBHOE
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MOIIoYHOKHMCIoe Opoxenne. Bee DakTepuu 3TOM rpyNIbl MOJOXUTEb-
HO oKpaumsaTcs no I'paMy, He 0OpasyioT cniop, HEMOABIDKHEL. I'pyTi-
Ma BechMa reTeporeHHa B OTHOLIEHMM HYKJeoTuiHOro coctasa JIHK:
moJsipHoe conepxanue I'Ll-nap ocHoBanuii Konebnercs ot 32 no 51 %.
3HayuTesnbHele KoiebanuA MO 3TOMY [PH3HAKY XapaKTepHBI M IS
OaKTepwmii, 06beIMHEHHBIX B POABI Y JaX€ MOAPOEL.

JlakTaTneruporeHasa, KaTaIM3UPYOLIAs MpeBpallieHKe MUpyBaTa
B MaKiat, crepeocneluduyya. ¥ pa3HEIX BHIOB OHAa CONEPXUTCA B
BUJIE OMpe/IeNeHHEIX ONTHYECKUX M30MEDPOR; B 3aBUCHMMOCTH OT 3TOI0
OakTepun nponyuupyor D- unmu L-dopMy MosiouHoM-KucnoTe!l. Te u3
HHX, KoTopeie obpa3syior cmeck D- u L-¢hopm, comepxkar unm siBe
¢opMEL (hepMEHTA, pa3IMYaIIMECHT CTepeocnelMdUIHOCTRIO, MITH
JNaKTaTpaliemMa3y. HekoTopele MpH3HaKK, XapaKTepHEle Ui 3ybakTe-
PHMH, OCYILIECTRISIOIMX FOMO(MEPMEHTATHBHOE MONOYHOKHKCIIOE Bpo-
XKEeHWe, MpeAcTaBieHkl B Tabm. 15.

Tabnuua 15

XapakTepHCTHKA TAKCOHOMHYECKMX Ipynn
roMoepMeBETATHBHBIX MOJOTHOKKCIBX DakTepuii

Monsapsoe | Kondury-
Pon 1 nonpon Mapdonorss ¥ (;Oﬂep)faune pa?.llu:y Hautmpe
ocobeHHOCTH pacrnpocTpa-
BakTepuit iR i I'll B %HHK, MojouHOH | o et
KHCAOThI
Pon Strepfococ-| chepudeckue mau 33—44 D S. faecalis
cus OBaNbHEIE KNET- S. lactis
KU; OeNSTcs B
OIHO# IUIOCKO-
CTH, B DE3YJIbTAaTe
obpa3yloTcs naphl
KM LIETOYKH
KJIETOK
Pon Pediococ- | KOKKM, HCASATCH B 33—44 DL P. cerevisiae
cus OBYX TUIOCKOCTSIX,
B pe3ynkiate
0bpa3yioTes TeT-
PajkEl KJIeToK
Pon Lactobacil-| nanoyku; penarca | 3551 L L. delbruckii
lus B ONHOH IIJIOCKO- D L. bulgaricus
ITonpon Ther- | ctu, oBpa3syior D L. lactis
mobacterium Mapel WIK LETOY- | 3246 DL L. jensenii
Tlonpon Strep- | kK1 KIETOK DL L. plantarum
tobacterium* L L. casei

* Buanl, OTHOCSILUMECS K 3TOMY MOOPOAY, PACIUENAKIOT NEHTO3LI MO OKHCAMTENb-
HOMY neHTO30(gochaTHOMY MyTH, OCYLIECTBINA reTepo)ePMEHTATHBHOE MOJIOYHO-
kucnoe Gpoxenue. Io3TOMY OHM He ARMMIOTCH ODAMraTHO romothepMeHTaTHBHBIMH
MOJIOYUHOKHCIBIMH ﬁaKTCPHHMH.
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VY 37011 rpynmel 3ybakTepuii MONMEKYIAPHEIA KMCIOPOA HE BKJIKOYa-
€TCS B 3HEpPreTHYECKHMU MeTabomu3M, HO OHM CrIOCODHBI pacTH B MpH-
cyrctBUH O,, T.€. SBIFIOTCS a3pOTONEePaHTHBIMK aHaspobamu'. B mx
KJIETKAX B 3HAYMTENBHOM KONMMYECTBe colepxkarcs (hnasuHOBEIE dep-
MEHTEI, ¢ ITOMOIIBIK KOTODPBIX MTPOMCXOOUT BOCCTAHOBIEHHUE MOJEKY-
nsiproro kucnopona no Hy,O,. M3-3a HeclmocoGHOCTH MOTOYHOKHUCIIBIX
OakTepuil CHHTE3MPOBATh TEMOBYIO TPYIIILY Y HMX OTCYTCTBYET KaTaja-
32 — (epMeHT, KaTATM3UPYIOIIHA pasnoXeHue NMepeKucH BOI0poa,
MO3TOMY MOCIEIHSS MOXET HAKAILTUBAThCA B KieTKe, CyllecTBylolHe
MEXaHH3MBI 3all[UTE OT MONEKYIAPHOro KHCIOpona H ero Tpon3BoJ-
HBIX y 3TOH rpyisl 3ybakrepMii H310XeHE B 1. 15,

OcobeHHOCTIMH KOHCTPYKTHBHOTO MeTabonmu3ma romodepmeHTa-
THBHEIX MONMOYHOKMCIBIX Dakrepuil siBnsrotcs ciabo pa3surhbie bHo-
CHHTETUYECKHE CIOcODHOCTH, YTO BEIpaXaercsa B Oonpluoit 3aBHCH-
MOCTH MX pocTa OT HAJIMYMA B MHUTATENIBHOU Ccpelleé rOTOBEIX OpPraHH-
YECKHMX BElecTB (AMHHOKHMCIOTH, BUTAMMHBI IPYNNE B, MypHHEL
MMPUMUINHEL). B KauecTBe HCTOYHKKA yIylepoaa MOTIOYHOKHUCIIbIE DaK-
TePUM UCIIONB3YIOT JIAKTO3y (MOJIOUHEIH caxap) WiM MajibTo3y (pac-
TUTENbHEIN caxap, obpa3sylolluiics IIpH IMIpou3e Kpaxmana). Moryr
OHM TaKXe UCITOMB30BaTh HEKOTOPBIE TIEHTO3b], CAXapOCIIHPTH M Opra-
HHMYECKHE KMCIOTEL. M3 Bcex M3BECTHBIX HEMAaTOTEHHBIX IIPOKapHOT
MOJTIOYHOKHCIIEIE 6ax’reppm OT/IMYAIOTCA HauboIb1Lei TpeﬁOBaTBJIbHO—
CTBIO K cybcTpaTy. 3aBMCHMOCTD 3THX DakTepmil OT HAJIMYMS TOTOBBIX
OpraHMYeCcKHX BELLUECTB CPeAnl YKA3hIBaeT Ha MMPHMHTHBHOCTE B IIEJIOM
UX KOHCTPYKTHBHOIO MeTabonu3mMa,

MonoyHokucrnble 6aKTepU pacnpocTPaHEeHBl TaM, [JI€ OHU MO-
ryT obecreuyuTs CBOM BEICOKME MOTPEOHOCTH B MUTATENBHEIX Belle-
CTBax ¥ [1e UMeI0TcH DOoNbLIKE KOJHYEeCTBa YIJIeBOJIOB, NnepepaboTka
KOTOPBIX JAeT MM HEeODXOMMMYIO I pocTa dHepruio. Ux mMHOro B
MOJIOK€ M MOJIOYHBIX IPOAYKTaX, HAa MOBEPXHOCTH PACTEHHMH M B
MECTAaX pa3/IoNEHHUs pACTHTENbHBIX OCTATKOB; 0DHAPYKEHbI OHH B TTH-
LEBAPDUTENNEHOM TPAKTE W Ha CAM3HCTBIX 000JI0YKax XUBOTHEIX M
YeJIoBeKa.

MonoyHoKHCIBIM BaKTepHaM NMPHUHALTEXHT [NaBHAS POJib B OCY-
LUECTBJIEHHH PAa [IPOLECCOB, UCIOIB3YEMBIX C JaBHMX BPEMEH IUis
MOJyYyeHUS pasIuYHEIX KHCHOMOIOYHEIX TPOAYKTOB, B IpoLIECCaX
CONieHHMsl M KBallleHHsI OBOLIEei, cuiocoBaHus KopmoB. Kedup —
MpOOYKT COBMECTHOM NEATENBHOCTH MOJIOYHOKHUCIBIX OakTepuil u
Jnpoxckeil. U3BecTHO MHOIO HALUMOHANBHBIX KUCIOMONOYHEIX MPO-
OYKTOB (KyMBiC, HOrypT M 1p.), IS NPUTOTOBIEHMS KOTOPHIX HMC-
MONb3YIOT KOOBIIbE, BepOIioXEe, OBeYhe, KO3be MOJIOKO, a B Kade-
CTBE 3aKBaCKH — €CTECTBEHHO BO3HUKIIWE M COXpaHAEMBIE KOMII-
JIEKCHl MOJIOYHOKHCNKIX Gaxtepuil m apoxckeit. MomodHOKuUCTEe

! Hekotoprie aBTOpsI npenctasureneit poga Laciobacillus OTHOCAT K MUKPOA3poO-
¢dunam (cMm. cHocKy Ha c. 128).
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DaKTepuH WUIPalOT TakKe BONBLUYIO PONb B MPOLECCE IIPUIOTOBIEHMSA
CHIPOB M CJIMBOYHOTO Macsa. IlepBelit 3Tan MpoM3BOACTBa CRIPOB (CTBO-
paxxuBaHye 6eIKOB MOJIOKA) OCYLIECTBISETCH MOJIOYHOKMUCIIBIMM Bak-
TEPHAMMU.

Ckucanue CIMBOK, HeoDXxoauMoe 14 MOJy4eHU CAMBOYHOIO Mac-
7a, TAKXe BEI3BIBalOT GakrepHu popa Strepfococcus. [lomMuMO MoOMmOY-
HOM KHCHOTEI HEKOTOPBIE M3 HHX 00pasyloT aueToMH ¥ AMAlETHI,
NMPUIAKIIKE CIMBOYHOMY MAaCcly XapakTepHblit 3anax u Bkyc. Cydctpa-
TOM CIYXXMT JTMMOHHAS KKCI0Ta, COAEPXAHNE KOTOPOH B MOJIOKE MO-
XKeT moctvratk | r/n. Peakiumu, BenyiiMe K oBpa3oBaHHIO 3THUX Be-
LIECTB, HAYMHAKOTCS C PACILETUIEHUA TUMOHHON KMCIOTEI:

JIMMOHHASA KHCIOTa —» YKCYCHAs KHCNIOTa + 1aBeJIeBOYKCYCHAsA KHCIIOTa.

VKcycHas KMCHIOTa BRIIEIAETCA B Cpelly, a laBe/ieBOyKCYCHas KUCHO-
Ta (IIIYK) nekapGokcuiaupyeTcsi, 9YTO [IPUBOIMT K 0Opa30BaHMIO MH-

pyBarta:
HIYK — nuposusxorpagHas knciora + CO,. (N

HanbHeiiiee MeTabonu3MpoBaHUE MUPYyBaTa OCYILECTBIIAETCH 110 TPEM
Pas’NUYHEIM IIYTAM: YaCTh MOJIEKYJT BOCCTAHABIMBAETCH A0 MOJIOUHOM
KMCIIOTEL; Apyras YyacTk nojasepraercs JeKapOoKCHIMpOBaHHMIO, TIpH-
BOASAIIEMY K BOSHHKHOBEeHHIO pazHeIX C,-uHTEpMeaHaTOB (aueTii-KoA
M «aKTHBHEI{» alleTAJIbIEriI) U B3aUMOIECHCTBHIO MEXAY HUMH, 3a-
KAHYMBAIOLIEMYCH CHHTE30M MOJeKynbl aualeruna. BoccraHoBneHue
MOCie HEero IMpUBOAMT K 00pa3oBaHMIO alleTOMHA:

CH;—CO—CO—CH,+ HAJI- H, ==> CH;—CHOH—CO—CH,+ HAJI*. (2)

AHaneTun dAUeTONH

DT1a MocneaoBaTeNbHOCTE PEaKLIHil He cBsi3aHa ¢ MTOyYeHUeM KIIET-
Koit 3Hepruu. CMEBICT €€, BO3MOXHO, B JOMOJIHUTENIBHOM CBOE0b-
PazHOM pEellleHHH «aKLEeNTOPHOM npobreMbl», TaK KakK, BO-TIEPBBIX,
obpazoBaHye IMUPYBAaTa B peakiMy | HE CONMpPOBOXIAETCA CHHTE3OM
HAJ - H,, 1, BO-BTOpBIX, CUHTE3 aLETOMHA U3 JMaueTana (peakuus 2)
TpeOyeT nonmonHUTENbHBIX Monekyn HAIL - H,.

HUcnone3yiolye MaNkTO3y MOIIOYHOKHCIIEIE DaKTepHy y4acTBYIOT B
KBalleHWH OBOIIEi, B Menko HapesaHHbIe OBOIUH nobasnsor 2—3 %
COJIM U CO3JaK0T YCIOBMS, MCKJIIOYAIOIMe CBODOIHEIHN JOCTYII BO3AyXa.
Hauunaercs cnoHTaHHOE MOJIOYHOKMCNOE OpoXeHHe. AHATOrHYHEIH
rpoliecc MPOTeKaeT MpH CHUII0cOBaHKMU KopMoB. [penHasHauyeHHAs nist
CHJIOCOBAHMSA PACTHTENbHAS Macca IUIOTHO 3arpy;KaeTcs B CHIIOCHEIE
OanrHu wid aMel, YTOOB MOBLICHTE NMUTATENBHEIE CBOWCTBA CpEMbl,
no0aB/IsII0T MENACCy, a B LIENAX co3nanus Oosee BIaronpUsaTHBIX yCio-
BHI N7 MONOYHOKUCTBIX BaKTepHil pacTHTEJIBHYIO Maccy MOAKHUCHS-
10T. B 3THX ycnoBMAX TAKKe NPOTEKAeT CIOHTAHHOE MONOYHOKKUCIIOE
OpoxeHue.

218



CnupToBoe 6poxeHue

Britie Mel pazobpanu Haubonee npocToii crnocob perieHysa JOHOP-
aKlenTopHOi NpobrnemMel, KOTOPHI peanu3yeTcs B BUJIe MONOYHOKKC-
JI0ro GpoXeHMs y IpyInel roMOQepMEHTATUBHEIX MOJOYHOKHMCIIBIX
GaxTepuit. JlanbHeillne MOMCKH HA MyTAX 3BOMIOLMH NIPHBENH K Qop-
MUPOBaHHIO APYTUX METAOOMHMYECKHX BO3MOXHOCTEH U151 pellieH s ITOH
npobnemel. OyiHa U3 HUX 3aKJII0YaeTcs B TOM, YTO M3 MUPOBHHOIPA/-
HOM KUCJIOTHI B pe3yNbTaTe €€ OKUCINTENBHOTO JIeKapOOoKCHIIMpOBa-
HHUA 0Dpa3syercs aleTanbIernjl, KOTOPEI CTAHOBHUTCH KOHEYHEIM aK-
enropoM Bojiopoaa. B mrore u3 1 mMomeKyNbl reKco3kl 00pasyloTcs
2 MONEKYJIB! 3TWIOBOIO CIIHPTAa M 2 MOJIEKYJE yrnieKucnoTel. [Ipolece
TOAYYHI Ha3BaHKe crnupToBoro OpoxeHusa. CriupToBoe OpoXeHHe pac-
TPOCTPaHEHO CpeaH NMPOKAPHUOTHEIX (pa3muyHble 00mMraTHo M (haKyib-
TATMBHO aHadpobHEIE 3yDaKTEpHH) H 3YKAPHOTHEIX (Apoxoku) GopM.
B aHa3po6HEIX YCIOBHSAX Y BEICIIMX PACTEHUI TAKXKe OTMEYEHO HAKOM-
JIEHHE 3THJIOBOIO CITUPTA.

IIpouecc cruproBoro OpoOXeHMs, OCYLUECTBISIEMBIH NPOXCKAMH,
JI0 MocnenHel peakiMH HOET 10 TOMY Xe IIYTH, YTO Y OIMHCAHHEIN
BBILIE MPOLIECC MONMOYHOKKUCIIOTO BpodkeHMs], HO TIOC/HEAHSA peaKilMs
3aMeHeHa [ByMs IpyruMH (epmeHTaTHBHEIMM peakllusimu. CHavana
TMMPYBAT C TIOMOIILIO MUPYBaTAeKapboKcHIa3kl, KIOYeBoro hepMeH-
Ta CIIUPTOBOTO OpOXeHMS, HeKapOOKCHIHPYETCH A0 alleTalbAeTHIA
n CO;y:

CH,— CO—COOH — CH;—COH + CO,.

OcobenHOCTh peakiMM 3aKi04YaeTcs B €€ MOJIHOM HeoBpaTMMOCTH.
Obpa3oBaBIIMiics aUeTalblIerH] BOCCTAHABINBAETCH 10 3TAHOJA C
yuyactiueM HAJI"-3aBucHMOll aJIKOrONbAeTMIpOTeHASEL:

CH,—COH + HAJl - H,— CH,—CH,0H + HATI*.

Honopom Bojopona cayxat 3-@T'A (kak M B ciiy4yae MOJIOYHOKHMCIIOTO
OpoxeHMs).

Tporiece criMpTOBOro GpOXKEHUS CYMMAapHO MOXHO BbIPa3UTh CIiE-
IOYIOLIUM YPaBHEHHEM:

CeH 206+ 20, + 2AND — 2CH;— CH,0H +2C0O, +2AT® +2H,0.

Kak BUIHO M3 ypaBHEHHS, C TOUKH 3peHHs 3HEPIeTHYECKOTO BEIXOMA
oba mporecca (roMmochepMeHTATHBHOE MOJIOYHOKHUCIIOE U CIIMPTOBOE
bpoxenue) onuHakosbl. B oboux cnyyasx cOpaxuBaHue 1 MOJMEKYJIEI
DJIIOKO3EI MPUBOAUT K 00pasosanuio 2 monekyn ATQ@. Ipoliecchl pas-
JMMYAIOTCH NPMPONOIA KOHEYHBIX AKIIETITOPOB 3eKTpoHOB. KpoMme Toro,
ecnmy Tpu roModepMEHTATHBHOM MOMOYHOKHCIIOM OpoxeHuH obpa-
30BaBIIASCS MOJIOYHAS KHCJIOTA B [[EJIOM TIO CTENIEHH OKUCIIEHHOCTH-
BOCCTAHOBJIEHHOCTH HE OTIHMYAETCS OT MOJIEKYJIBI TeKCO3b! (MMEET MECTO
JIMIIE BHYTPMMONEKYJAPHOE MEpepaclpeielieHne OKHCIEHHOCTH H
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BOCCTaHOBIEHHOCTH OTHAEBHBIX YIJTIEPOAHBIX aTOMOB, BXOISIIMX B €€
MOJIEKY/Y), TO B CIy4ae CIIMPTOBOIO OpOXEHUS NMPOHUCXOOMT MEXMO-
JIEKYNSIPHOE Pa3MeXeBaHKie Ha BOCCTAHOBJICHHBIE (3TWIOBBIN CIMpPT)
U okucieHHsle (CO,) Monekysnl.

CnuproBoe OpoXeHHE, OCYLIECTBISEMOE APOXOKAMH, HWHTEPECHO
TeM, YTO Ha HeM BrepBble OHIIM CHENAHBI OTKPHITHH, MMEIOLIHE
NpHHLUMNHANBHOE 3HaYeHue. iMeHHo Npu U3yYeHHM CIIHPTOBOTO Opo-
xeHus JI. [TacTep mokasan, YTO OHO ABASETCA IMPOLIECCOM, CBSI3aH-
HEIM C XM3HEEATEIIEHOCTEI) ONpEleleHHBIX MHUKPOOPTaHH3MOB —
npoxokeid. JI. [Tactep OTKphLI, YTO B YCNOBMAX CBOBOTHOTO JOCTYTIa
KHCJIOpOJA BO3IyXa NPOLECC CTIMPTOBOIO OpPOXEeHUS MHIHOHpYETC M
aKTHBHPYCTCA ABIXaHHE. JTO HBJIeHHE MOIYyYHno HaspaHKe «addekra
ITactepar. «3¢dexT [lacTepa» ecTh pe3ynbTaT OHpPEAEIEHHOTO B3aH-
MOACHCTBUSI MEXIY PA3NHMYHBIMM IHEPTreTHYCCKHMH TIYTSMH, CyLIe-
CTBYIOIAMHU y Apoxckeli. OnHUM U3 NpoSRIEHH TaKoro B3auMoIeii-
CcTBuS sBNSeTcH KOHKypeHuus 3a AJ® u Heopranmyeckmit docdar
Mexay mpolieccaMu cybeTpatHoro GochopUIHpOBaHKs TIMKOMHTH-
YEeCKOro IYyTH M OKUCIMTENBHOTO (hocOpUNHPOBAHMS B [BIXATENb-
HOM LienH.

B 1897 r. 6parbsa I. 1 3. Byxuepun (H. Buchner, E. Buchner) ony6-
JIMKOBANM NEPBOE COODLUEHHE 0 BO3MOXHOCTH OCYILECTBIEHHSI CITHP-
TOBOTO OpOXeHusi BHe kieTkH. Oxas3anoce, YTo GeCKIeTOYHBIE IKCT-
PaKThl JIDOXCKEH NpeBpalualoT YINIEBOAB B 3TAHOJ. 3TO MOCHYXHUIO
OTIpaBHEIM NYHKTOM A# JAETATBHOIO H3YYeHHMS XMMH3Ma mpoliecca.
BriepBrie OBLIO MOKa3aHo BKJIIOYEHHEe HeopraHuyeckoro docdopa B
3TOT npoliece U ponk $hochopunuposaHHbix coeauHenuit (J1. A. MBa-
HoB, 1905; A.Harden, W.Young, 1905). YcraHoBneHna npupolia ot-
NENBHBIX PeaKiMil, KaTau3UpyoliMX ux (EpMEeHTOR, MPOMEXYTO4-
HBIX NMPOAYKTOB MeTabomM3Ma, KODepMEHTOB, IHEPIETHYECKHMX B3au-
monpespaiuenuit. B 1933 r. I'. 5monen u O. Meiieprod npenioxuiaun
TIOJNHYI0 CXeMy cniupToBoro OpoxeHusi. Hakonern, pabotw K. HoiiGep-
ra (K. Neuberg) no uayyeHH10 MexaHH3Ma CIIMPTOBOTO 6pOXeHUS TIPH-
BEJIM K yCTAHOBJICHHIO €lile OAHO BaXHOUH ocobeHHOCTH MeTabonimna-
Ma HH3LIMX GOPM XU3HH — €ro0 Ype3BblYaiHOH rHOKOCTH.

K. HoitGepr o6HapyXul, 4T0 B 3aBUCHMOCTH OT YCJIOBHIY TIpOLIECC
CTIMPTOBOTO OPOXEHMSI MOXET MITH ¢ 0Dpa30BaHMEM IPOJIYKTOB, KO-
TOphHiE B HOpMe He obpa3yioTcs. Ecni K IpoXxokaMm, cOpaXXuBaolHM
[MOKO03y, 100aBUTh BUCYTBQUT, TO OCHOBHBIM TPOAYKTOM GPOKEHMS
6ymer rnuuepud. Oxa3zanocek, 4To 6MCynbhHT 06pa3yeT KOMIUIEKC C
aleTanbIeruIoM, M NMocneqHuii He MoxeT bonblie QYyHKIIMOHHPOBATh
KaK aKLeNTop 3JIEKTPOHOR:

O OH
V4
CH,—C + NaHSO, —=CH,;—C—S0O;Na
\ X
H H
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CrnencTBHeM 3TOro siBjisercs nepenada aekrpoHoB ot HAJIL - H,
Ha ocdhonHokcHAlIETOH, BOCCTaHOBNeHKE ero no 3-docdormuuept-
Ha ¥ nedochopunpoBaHKe TMOCHENHETD, NpHBoOAsLEe K obpa3oBa-
HHIO [HuepuHa. KpoMe rnuueprMHa B CPefie IPOMCXOIUT HAKOIUIEHHE
aueTanpieriaa (B KoMruiekce ¢ oucynbsdurom), atanona u CO,, HO
00pa3oBanHe TIOCAEAHUX ABYX MPOIYKTOB 3aMeTHO noxasneHo. Korna
OpoxeHue UIEeT B IIPHCYTCTBHU OUcyNbhUTa, 3HepreTHIECKHi BBIXOM,
TIPOLIECCA B JIBA pa3a MEHBINE IO CPABHEHHIO ¢ HOPMANbHBIM CITUPTO-
BbIM OpOXeHHeM, TMOCKONBKY OflHa TPMO3a He TOJBEPraeTcs OKHUcie-
HMIO, 2 BOCCTAHABIIMBAETCH JIO MOJIEKYJIBl [IHLIEPHHA.

Cnuprosoe 6poxenune nporekaer obsyHo npu pH 3—6. Ecnu ero
MPOBOIWTE B IENOYHOW cpene, HanpuMep B npueyrciBuu NaHCO;,
TAKXKe NPOMCXOOMT HaKOIUIeHHe B COpaXuBaeMOM pacTBOpE MTHLEPH-
Ha. Okazanoce, 4TO B IUENOYHBIX YCITOBMAX alleTAILASTH HE MOXET
AKIETITUPOBATE INEKTPOHBI, TIOCKOJIBKY B 3THX YCIOBHSX OH y4acTBY-
€T B peakliuy AHCMyTalluK ¢ 00pa30BaHHeM YKCYCHOM KUCIOTH M 3TH-
JIOBOTO CIIMPTA. AKIIEITTOPOM 37EKTPOHOR, KaK ¥ B ApEABIAYLIEM CITy-
yae, cayxuT ¢ochoumokcuaiieToH. [Tponece GpoxeHrs B 1ETOYHOTH
cpeJie MOXHO TIPEACTABMTEL B BHIE C/IEAYIOLIET0 YpaBHEHMS:

2C¢H ;05 —» 2C,Hz0, + CH;—COOH + CH;—CH,0H + 2C0,

[II0KO32 THUEPHH YKCYCHAST KUCNOTA ITHIOBLIA
CrupT

Mukpoopranuambl, OCYLLECTBNAKLWMWE CNMPTOBOE
OpoxeHue

HakoruleHue 3THIOBOTO CIIMPTa B Cpelie B aHaspobOHBIX YCIOBUSAX
HabmonaeTcs y pa3HbIX TPYNI 3y0aKTepHid M TPYIHB 3YKapHMOTHBIX
MMKPOOPraHH3MOB — HPOICKEH.

Jybaxrepum

CnocobHOCTL OCYLIECTBNATL B @HAIPOOHBIX YCIOBUAX CIIMPTOBOE
GpoxeHue Mo IYTH, ONMCAHHOMY B IIPEIbLIYIIEM pasiene, IpUucylia
HEKOTOpPHM 3ybGakTepusaM, NPHHAAIECKAIKMM K pasHBIM TaKCOHOMM-
YeCKUM IpyIiaM, Hanpumep Sarcina ventriculi, Erwinia amylovora.

S. ventriculi OTHOCUTCSI K IpYTINe IPaMIOIOXHMTENBHBIX aHA3po0-
HBIX KOKKOB. KJIeTKH HenoJ(BMKHEIE; IEATCA B TpeX MJIOCKOCTAX, T0-
3TOMY B KyJILTYpe 4acTo 0Opa3yioT MakeTH, cocTosuue u3 8 u 6onee
kneToK. BenecTBoM, CEBA3BIBAIOIIMM KJIETKU B MAKETaX, CIYXUT Lien-
Jnono3a. OnucaHa cnocobHOCTE 0OpPa30BLIBATE IHIOCIOPH. A3POTONE-
paHTHBIN aHa’pob. EnMHCTBEHHBIN COCOD MOMyYeHHsT IHEPTHH —
copaxkuBaHue caxapoB. [ToTpebHOCTH B MTATENBHBIX BELIECTBAX O0-
BOJIBHO BLICOKa (MHOTOYMCNEHHBIE AMUHOKMCIIOTEI M Psill BUTAMUHOB).
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E. amylovora OTHOCHTCS K IpyIIIe 9HTepoOaKkTepuil. DTO rpaMOTPH-
LiaTebHBIE MOOBHXHBIE MANTOYKK. OCcoBEeHHOCThIO BUJA SIBNSIETCH €T0
MATOreHHOCTH MU1s pacTeHuil. QakynsTaTHBHBIH aHaspo6. B aspo6HbIX
YCIOBHSIX NIONY4YAET IHEPTUIO B IIPOLECCE MbIXaHMS.

IToMumMo atunoporo cniuptra 1 CO, B KaYeCTBE NPOAYKTOB DpoXke-
HuA §. ventriculi B cpene HaKaTUIMBaeTCH YKCYCHasi KMCIIOTA M BBIAENS -
eTCsT MONIEKYNSIPHEIH Bogopon, v E. amylovora HakarnnusaeTcsi MOJIOH-
Has Kuciora. PasHooGpasue KOHEYHBIX MPOOYKTOB y 3TMX DakTepHid
CBs3aHO € TEM, YTO MUpyBaT, oOpasyloLLHiics Npu cOpaXXuBaHHMH TJO-
KO3BI MO TJIMKOTMTHYECKOMY IYTH, Najiee MOXET MeTaboJI3UpOBaTh-
CHl pa3IMyHO: BOCCTAHABIMBATLCS N0 MOJIOYHOM KHCIIOTHI; MOJBEPTATHCS
IeKapOOKCHIMPOBAHHIO U TIOC/IEAYIOLIEMY BOCCTAHOBIEHHIO, KAK OIH-
CaHO B NpefkIIyLieM pa3sfiese; NouBeprarscsi (hepMeHTaTHBHOMY pac-
WEIUVIEHHIO, TIPUBOAALLEMY K 0Opa3soBaHHMIO alleTaTa, H Ip.

V MHOTHX KIOCTPHIKEB K 3HTepobaKTepHii cpey NMpoayKToB Opo-
XeHHs 0DHAPYXMBAIOT THIOBHIN CIMPT, HO MYTs €ro o0pa3oBaHUs
OTITMYEH OT ONMCAHHOro B npesiayLieM pasaene. COpaxuBaHue caxa-
pOB II0 MMHPOBHHOTPAHOM KUCIOTHI MPOUCXOOMT IO TITHKONHUTHYE-
CKOMY IIyTH, HaibHEillee Xe MpeBpalieHHe TIMPYBaTa UIET HEe Yepe3
nupysataekapbokcuiazy. Y HasBaHHBIX Py 6akrepuit NHpyBaT Mox-
BEpraeTcsl pacllelUIEeHHIO, IPUBOAAIIEMY K 00pa3oBaHMIO alueTuI-KoA.
Peakuus xaranusupyercs NUpyBaTieryiporeHasoi. Anerun-KoA 3a-
TEM BOCCTAHABNMBAETCS JIO AlleTANBACTH/IA:

CH;—CO~S—KoA + HAJl - H, —» CH,—COH + HAIl* + KoA—SH,

a TOCNEAHUH — JIO 3TAaHOIA.

I'erepoepMeHTaTHBHEIE MOIOYHOKUCTBIE DaKTEPUH HAKATUTMBAIOT
B cpefie CIMPT, METADOMU3UPYS [IMOKO3Y [0 OKUCIUTENBHOMY IIEHTO-
sodocharHoMy nyTH. B pesynerate psina epMeHTATUBHBIX IIpeBpalle-
HUI1 obpasyercs aueTuwidhociar, BoccTaHOBNEHKHE KOTOPOTO B JIBa 3Talna
MPUBOAUT K MNOSBACHHMIO MOJIEKYNEL 3THIOBOTO CIIHMPTA.

Hakownell, v 6akrepuii Zymomonas mobilis ¢ HESICHBIM CHCTEMATH-
YEeCKHUM TIOMIOXKEHHEM, UCIIONB3yeMbIX B MeKcHKe JUTA MoJydeHs Ha-
LMOHABHOTO CIIMPTHOTO HAIIMTKA <IIyJIbKE», PA3JIOKEHHUE TIIOKO3bi
[0 TIHPOBHHOTPATHOM KHCIOTHEI WIET Mo nyrd SHTHepa—Jlynoposa.
HanpHeillliee npeBpaleHHe MMPYBATA IIPOMCXOAMT C YYACTHEM TIHpY-
BaTOekapDOKCHTa3e M aNKoToNbIervaporeHassl. Brixon NpORyKTOR
OpoXeHus TakoH Xe, Kak TpH CIIHPTOBOM OpOXEHUH T10 TIMUKOIUTH-
YyeckoMy NMyTH: 1o 2 Monekyne cnupta B CO, Ha 1 Monexkyny c6po-
XEHHOMH [MOKO3kl, HO 3HEpPreTHYECKUIl BEIXOJ B IBA pa3da HUXKE, YEM
npu rmukonu3e: Beero 1 momexyna AT® Ha 1 Momekyny cO6poXeHHOI
[JIFOKO3EL.

Z. mobilis — rpaMoTpHULaTeNbHBIE TIOIBXHEIE GAKTEPHH, HMEI0-
mue (GopMy KOPOTKHX MaloYeK. XapaKTepH3yloTCsl BhICOKMMH OHo-
CHHTETHYECKHMH CITIOCODHOCTAMM. AHa3pO6hl, EAMHCTBEHHHBI C11ocoD
TIONYYEeHHUsI IHEPTHH IS KOTOPBIX — criupToBoe Gpoxenwe. OmgHako
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3TH GaKTepUM CNOCOOHBI PACTH B MPHCYTCTBHHM MOJIEKYNSPHOIO KMC-
nopona. IlocneaHuit B 3TOM Clyyae MCIOJIL3YeTCsl U OKMCIIEHUA Ya-
CTH 3TaHoNa A0 YKCYCHOU KMCIOTHl B COOTBETCTBHH C YDABHEHUEM:

1 rmoxoza + 10, — 1 atunossit + 1 ykeycnag +1,7C0,+ 0,2 monounas.
CnupT KHCJIOTa KHCNOTA

TakuMm obpasom, MONEKYJISPHBIN KUCIOPOA CYLUECTBEHHO HE Me-
HSET Xapakrepa 3HepreTHYeckoro Merabonusma Z. mobilis. B xietkax
Hakrepun obHapyxernl dparments LITK, 1iuToxpoMe b, ¢, a,, kaTa-
naza. Haubosee BeposSTHBIM NIpeACTABNASTCS, YTO NIpSAKH Z. mobilis —
a3pobbl. Ciocob MOMyYeHHUS 3HEPTUM 33 CUYET CIIMPTOROTO OpOXeHMI —
Donee no3aHee NpUcnocobieHWE K YCITOBUSIM OOMTaHMA.

JyKapuoThl

OCHOBHBEIMH TIDOAYLIEHTAMM 3THJIOBOTO CIMPTA, MMEIOLIMMH 1IMPOKOE
MPaKTHYECKOE NIPHMEHEHUE, ABIAIOTCS OPOXOKU — ONHOKIETOUYHKIE 3yKapH-
OTHBIE MUKPOOPIraHU3Mbl, NPHHALIEXALIME K PA3HBIM KJI1ACCaM BBICLLUX [pU-
6oB. Haubonee pacripocTpaHeHHHII cniocob pa3MHOXeHHs! JPOXCKel — mod-
xopanue. Jpoxku — azpobul co chopMHPOBAHHLIM ANIAPATOM JILIXaHHS, HO
B aHa3pOOHEBIX YCIOBHSX OCYLIECTBAAIOT CIMPTOBOE BpokeHue o nyTu, pac-
CMOTPEHHOMY B IpEBIAYILEM pasfieie, T.¢. NoIy4aioT 3Hepruio 3a cueT cyb-
crpatHoro ¢ochopuiuposanms. KOHCTpYKTHBHEIH MeTaboan3M APOXCKEH oc-
HOBAH Ha WX XOPOLIO Pa3BUTHIX OMOCHHTETHYECKHX cnocobHocTaX. Ecth BIOK
JPOXCKe#, pa3BUBAIOIIUECS HA MPOCTHIX CHHTETHYECKHX CPENax; 3TH APOXCKH
criocoOHBI CMHTE3MPOBATh BCE HeoDXOMMMBbIE MM CHOXHEIE OpraHMYecKue
coequHeHms. CyllecTBYIOT BUABI, HYXAQIOHIMECS B ONMpEAC/IeHHBIX BUTAMH-
Hax rpynnsl B. J[lobarneHue K NUTATENBHOM CPENE BELLECTB, CONEPXALLINX KOM-
MIeKC BUTAMMHOB, aMMHOKHKCIOT, Caxapos, NPUMBOAWUT, KAK NpaBHIIO, K 3a-
METHOMY CTHMYNMPOBAHMIO POCTA APOXCKEil.

Psin oTpacneit MpOMBILIUIEHHOCTH OCHOB3H Ha XWU3HEEATENLHOCTH IPOX-
Xeil (BMHOmE Me, NPOM3BONCTRO CIIUPTA, MMBOBAPEHHE, X1eboneKapHoe npo-
u3eoncTeo). CHIpbEM I NMPOM3BOJACTBA CNHPTA C MCIONL30OBAHUEM APOXK-
3Keil CTYXaT YIJIEeBOAbI PACTUTENLHOIO Nporcxoxaenus (Kaprodenb, 3naku},
OTXOJbI MHILEBOH (MEJACCHI) M LE/UTIONO3HO-GyMaxHOo# (1Ie/10Ka) MpoMEBIILi-
JIEHHOCTH, Pa3MYHbIE CETLCKOXO3SMCTBEHHBIE OTXOMbI, 2 TAKXe rMaponu3a-
Thl NpeBecHHbl. COpaxHBaHue APOXCKaMM BUHOTPATHOIO COKa JIEXUT B OCHO-
Be BHHOMAEIHs; cOpaxyBaHue MUBHOTO CYC/ia, MPUINOTOBIEHHOIO M3 NMpPOpoc-
LWIMX 3€pPeH SAYMEHs, CNEeLHATbHBIMM NMUBHBIMM OPOXCKAMM — B OCHOBE
MUBOBAPEHHUS.

O nyTtax o6pa3oBaHKA 3TUNOBOro cNUpTa

H3noxeHHbIe JTaHHBIC TIO3BOJSIOT COCTABUTE ONpE/IeNeHHOE TIpe-
CTaBJICHHE O TOM, HACKOJIBKO IIHPOKO pacmpocTPaHeHo oOpa3oraHue
ITUIIOBOTO CIIMPTA CPEM PA3HEIX TPYNN 3YDAKTEPHH M HACKOJIBKO
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pasnMuYHbl MeTaboNKYeCcKHe MyTH, Bedylive K ero cuHTedy. M3 sroro
CliellyeT, YTO HaKOIUJIEHHE B KYJILTYPAILHOM cpelie 3THIOBOTO CIIUpTa
camo 1o cebe He MOXKET CIYXHUTh YKazaHHEM Ha MECTo Ipollecca, NpH-
BOZALIETO K €ro 06pa3oBaHMIO, B S3BOMOLIMH. STUIOBBIM CIIMPT y 3ybak-
TEpPHil MOXET OBITH OJTHUM M3 KOHEYHBIX TIPOAYKTOB KAK IBOJIIOLMOH-
HO Donee paHHUX (ITMKONK3), TaK ¥ GoJlee NMO3THUX (OKMCIMTENbHBIH
nexTo3odochaTHuil LMK, MyTh SHTHepa— JlynopoBa) KaTtabonuye-
CKMX TnpoLeccoB. JIo cux nop cpeau 3ybakTepuii He oBHapyXeHEBI Opra-
HU3MBbl, COXpAaHMBIIHE Y€PTHl TIPMMHTHBHOCTH 3HEPreTHYECKOTO H
KOHCTPYKTHBHOIO MeTaboiu3Ma, Yy KOTOPBEIX CIIHpPTOBOE OpoxeHue
CJIYAKWIO OBl EIHHCTBEHHEIM CIIocoboM nonyyeHrs 2Heprum. Tot dakT,
YTO B CAMOM «KJIACCHYECKOM» BHE CIIHPTOBOE OpoXeHHe NPOSBIIET-
cA y apoxckeil, GOpM 3yKapHOTHBIX, HE MOXET, KAK HaM KaXeTcs,
CTABUTE MO COMHEHHE €r0 MECTO B 3BOMIOLIMKM aHAIpOOHBIX 3HEPIE-
THYECKHX MPOLECCOB.

MponuoHoBOKUCNIOE GpoxeHne

W3 paccMOTpeHHBIX ABYX TUITOB OpOXEHUsI BUIHO, YTO KITIOYEBBIM
cOeIMHEHHEM B 0DOMX Tpoleccax SBISETCH MHUPYBaT, NMOCKOJIBKY B
KOHeYHOM wuTore cnielbuka OpoxeHus onpefensercs JansHeiiei
cyabboii nupysata. OCHOBHAA 3aa4a NOCNENYIOUIMX peakiMid — pere-
HepupoBanue Monekyisl HAlY u Bo3BpalueHHe ee B KIETOYHBIA Me-
tabonusM. [IpsiMoe BoccTaHoBNeHKe nMpyBaTa ¢ nomowsio HAJ - H,
JI0 MOJIOYHOH KHMCHOTHI PEATM3YeTCH B MOJIOYHOKHCIOM OpOXeHMH.
JIpyras BO3MOXHOCTE pereHepupobanus HAJI" — «c6paceiBanue» Bo-
nopora ¢ HAJI-H, Ha dparmeHTs, obpa3dyeMeule IIpH METabOJM3Me
NUpyBaTa, — MMEET MECTO B CIIMPTOBOM OpOXEHHH, OCYIICCTBISE-
MOM JIPOXCKAMM M HEKOTOPBEIMM BMJaMH Daktepuil. TpeThsi BOZMOX-
HOCTb CBSI338HA C CMHTETUYECKUM TPOHECCOM — YCIOXHEHHEM MOIe-
KYJIBl IMPYBaTa, B pe3y/ibTaTe KOTOPOIo co3aaeTcH Honee OKMCIEHHAS
MOJIEKYJIa aKLIenTopa, cnocobHas NpUHATE GOMBLIIE 3TEKTPOHOB € BOC-
CTaHOBJCHHBIX NEPEHOCYHUKOB. BTO NMPOHCXOMUT NPH NMPUCOEIMHEHHH
K Monekyse nupypara CO,, npuBoasileM K (pOpMUPOBAHHUIO YEThIDEX-
yriepogHoro ckeneta. IIpoliecc Nonydun Ha3BaHue retepoTpo b-
HOU AaCCHUMHWUISALUMHM YTIEKMCIOTHL

Brieperie rerepotpodHas acCHMHISLIMA YIJIEKHCIOTH Obina obHa-
pyxena B 1936 r. X. Bynom u K. Bepkmanom (H. Wood, C. Werkman)
MPpH HM3y4YeHMH cOpaxXuBaHUs IMHLEPHMHA NPONMOHOBBIMH DakTepusi-
MHU. KapOokcunupoBaHUe THpYBara, NpHBoOAsiiee K 0Opa3oBaHHIO
L[ABEJICBOYKCYCHOM KHCIOTEI, MOJYYIIO HadBaHWe peakiuu Byma—
Bepxkmana. ¥V ayGakrepuii oGHapyXeHB pasiHYHEBIE peakiiiM Kapbo-
KCHJIMPOBAaHUS NMHpyBaTa WK ero ¢ochOopIMpOBaHHOTO NMPOUM3BOI-
Horo. IlokasaHo, 4YTO peakliui KapOOKCUWIHPOBAHHA MMEIOT MECTO ¥
BCEX reTepoTpodHBIX NMPOKAPHOT, 2 TAKKE B KJIETKAX BCEX 3YKAPHOT-
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HBIX OPraHW3MOB, BKJII0YAS BBICIUME PACTEHMS M XMBOTHBIX. KpoMme
Toro, B Gomeuiux Maciurabax B npupoie peakuuu cBaAspiBaHus CO,
OCYLUECTBIISIOTCS ABTOTPOMHBIMH OPTaHH3MaMH B NMPOHECCE XEMO- H
thoTocuHTE3A.

B nponuoHOBOKHCIOM OpoXeHUHM MBI UMEEM JEN0 C peanusaluei
TPeThE BO3MOXHOCTH IpeBpallieHHs MUpyBaTa — €ro KapOOKCHIM-
pPOBaHHUEM, TIPHBOISIIMM K BO3HHMKHOBEHHIO HOBOTO aKI[ENTOpa BO-
nopoza — IYK. BoccratosneHne MMPOBHHOTPAIHOMH KUCIOTEI B PO~
IMMOHOBYIO ¥ NPONUOHOBOKUC/IBIX OaKTepHii NMpOTEKaeT CASoYIONIHM
obpazoMm (puc. 54). ITupoBuHOIrpaaHas KUCIOTa Kapbokcuiupyercs
B peakl[iM, KaTalu3HpyeMOil ODMOTHH3AaBHCHMBIM (DEDPMEHTOM, Y KO-
TOporo OMOTHH BHIMONHSAET QyHKUHIO nepeHocumka CO,. JloHopoM
CO,-rpynst cayxut MetinmanoHun- KoA. B pesynbrate peakiuy Tpatc-
kapboxcunupoBaHus obpasyiorcs IIIVK u mponnonmn-KoA:

CH, -
MeTHIManoHiI- KoA
CH;—CO—COOH + COOH—CH—CO ~S—KoA = >
MHpyBaT MeTHaManoHuT-KoA KapBokcunTpatchepasa
<—— COOH—CH,—CO—COOH + CH;—CH,—CO ~§—KoA
LIIYK nponnoHnI-KoA

IMupyBuT

D,

S6moaHas
KMCIIQTa

P3N\ 1,0 i
‘DyMaponazn
KHMCIIOTa QM'HZ
MPIN oA
ATD Had
KHCJIOTa
(cyxumHaT)

[ ponmmonoBasn|
KHCI0TA

Puc. 54. TIpespailieriie NUPOBMHOIPalHON KHACIOTEH B IPOIMMOHOBYIO NPH
NPONYOHOBOKKCIOM BpoXeHMH:

@, — mernManonun-KoA-kapbokcunrpanctepasa; @, — manartnernaporcHaia; @; —
¢yMapaza; ©, — dymaparpenykraza; ©; — KoA-tpancgepasa; Oy — MeTHIMAano-
Hun-KoA-myrasa (no Dagley, Nicholson, 1973; Rose, 1971)
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PaccMoOTpuM Teneph AabHEHIUYIO cynp0y KaKmoro u3 AByX Mpo-
OYKTOB peakiliy, a TAKXKe BOMPOC O NMPOUCXOXIASHUHM OfHOro M3 cy6-
CTPaToOBR peakuiuy — MeTWIMaJoHMI-KoA. (OCHOBHBIM HCTOMHWUKOM
MHPOBUHOIPANHON KHUCIOThHI CIY>XXUT NPOLECC TUKOTUTHYECKOTO pac-
IIETUIEHMS TEKCO3 WM OKHCITMTENbHBIE NMpEBpallieHns, eCIK B Kaye-
cTBe cyDcTpata OpOXEHHMS HUCIMONB3YIOT, HAlpUMep, JTHOKCHALIETOH
MW TIIMIIEPHH.)

IIVK B pesynbrate Tpex (epMeHTATHBHBIX 3TANOB (AaHANOTHYHBIX
peakuusiM 6, 7, 8 1ukna TPHKapbOHOBBIX KHCJIOT, CM. pHC. 92) nipe-
BpalllaeTCs B AHTAPHYIO KUCIOTY:

Manatae-
COOH—CH,—CO—COOH + HAJl - H,
YK THApOreHasa

— COOH—CH,—CHOH—COOH + HAIT*;

AGnOYHAA KMCIOTA

dymapaza
COOH—CH,—CHOH—CO0QOH ———=

<=—= COOH——CH—CH—COOH + H,0;
thymapoBas KucnoTa

tymapar-
COOH—CH—CH—COOH + DA - H,

penykrasa

=—= COOH—CH,—CH,—COOH + ®AI*

AHTapHas KMCNoTa

Crnenyouas peaklius 3aKmnouaetcss B nepeHoce KoA-rpynmsl ¢
nponuoHwI-KoA Ha SHTApHYI KHCIOTY (CyKLMHAT), B pe3y/ibTaTe
yero 06pa3yioTcs CykuMHMNI-KOA M NponyoHOBas KUCITOTA:

KoA-tpanc-
COOH—CH;,—CH,—COOH + CH;—CH,—CO~S—KoA
nponuoHI-KoA

depasza

<~—— COOH—CH,—CH,—CO~5—KoA + CH,— CH,— COOH

cyKuunun-KoA TIPONTHOHOBAS
KHCIoTa

O6pa3zoBapBilagcsd MPOTMOHOBAA KMCIIOTA BLIBOJMTCH M3 MpOLEcca U
HakaruiMBaeTcs BHe kieTkH. CykunHun-KoA npeBpaiaeTcs B MeTHII-
ManoHun-KoA:
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METHIMATOHMII-
COOH—CH,—CH,—CO~ 5—KoA =—78M—
KoA-MyTaza

CH,

=———= COOH—CH—CO~S—KoA

MeTHIManoHI-KoA

B cocrae kothepMeHTa MeTHIMaNOHWI- KOA-MyTasbl BXOAUT BHTAMWH
By;. [TeperpynnupoBky THIIA, YKa3aHHOTO B IIPMBEJCHHOM BBIILIE YpaB-
HEHMM, XapaKTEPHB! JUIS peaklivii, KaTalu3upyeMbiX (epMeHTaMmH,
copepXalluMy BUTaMiH By,. B onucaHHOU BRlLUe PEaKiUM MPOHCXO-
OAIIHEe TICPEMEICHKSI aTOMOB B MOJIEKYJIE CBOAATCS K IBYM THIIAM:
M3MEHEHHI0 YINIEPOJ-YITIePOIHBIX CBsI3el M nepepacnpeneieHKIO BO-
JIOPOIA MEXITY YIIEponHEIMK aroMaMi (pyc. 55). Peakuus, katanusu-
pyeMas MyTa3oi, — K/o4eBasi B IIPOIMOHOBOKHCIOM OpOXeHMH, TaK
KaK B Heif TIOATOTaBNUBAETCs cyOCTpaT, ABAMOIMICH NpealIecTBeH-
HUKOM TIPONIUOHOBON KHUCIIOTHL.

M3 cxeMsbl, npeicTaBIeHHoM Ha puc. 54, MOXHO BUIETh, YTO 0Dpa-
30BaHME TPOIMOHOBON KHCJIOTHEI M3 NMHPOBHHOIPAAHOM — pe3ynbnTaT
B3aMMOCBA3aHHOTO (DYHKUMOHMPOBAHHMS JBYX IIMKJIOB: LIMKIA lIepeHo-
ca OfHOYTNIepomHOTO ¢hparMeHTa M UUKIa NepeHoca KodepMeHTa A.

KodepmeHT A, NPUHAMAIOLINI aKTHBHOE YYACTUE B MPOIMMOHOBOKHCIOM
OpOXEeHHH, OTHOCUTCA K TPYIIE MOHOHYKIeoTHaoB. OH CONEpXMT aleHHH,
D-pubo3sy, nupodochatHyio rpynny ¥ nenTHaononobHoe CoeguHEHHE, B
COCTaB KOTOPOT0 BXOAUT NMAHTOTEHOBAsA KHMCIOTA — €LUE OJIUH BUTAMMH IpyTi-
nbl B. Oyukuus xodepMeHTa A 3aKI1I0MAETCA B MEPEHOCE ALMJIBHBIX TPYIIT
(RCO7). AunnbHas dopma KoA npencraenser coboii Tmoadup. TuoadupHan
cBsI3b, obpasyomascsa Mexay KapboKCHJIBHOM rpynmnoi kKUCIOTBI M THONO-
Boit rpynnoi KoA, SiBIseTCS BBICOKO3HEPreTHYECKOH.

Hrak, pazobpaHHEBIi BeIlle NMOTOK peaklipif NPMBOIUT K CHHTE3Y
TMPOMUOHOBOM KUCHOTH. OOHAKO TMpOTHOHOBOKHMCIOE OpOXeHHe —
fornee CNOXHBIM Mpolece, TIOCKONBKY Hapsily C MPONMOHOBOH KHCTIO-
TOH B KaYyecTBe MPOOyKTOB HpoxeHns 00pa3yioTcs YKCycHas, AHTapHas

1

1

\

e, -

o of*

KoA-S~C—C—H

\H—=C—H)
- COOH
®:|:200H @
cyximHw- KoA MeTiwManoHun-KoA

Puc. 55. MexaHuam peakiyy, Katanu3vpyemoit MetanManoHuwT-KoA-MyTaszoi.
Hudpamu B KPyXOUKaX MPOHYMEPOBaHBI ATOMB YINEPOAa
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kucnorsl ¥ CO,. B cxeme, uzobpaxeHHOW HA pUc. 54, AHTApHASA KUC-
JioTa 0bpa3syeTcs KakK IIPOMEXYTOUYHOE COEIMHEeHMe Ha IYyTH, Bely-
LIEM K CHHTE3y IPOINHOHATA;, HO OHA MOXET HAaKaIUIMBATLCS B cpene
M Kak KOHeYHBIA nmpoaykr. K obpa3zoBaHMIO CyKIIMHATA, KOJTHYECTBO
KOTOpPOTro 3aBMCHT OT cofiepxkanus CO, B cpene, BexeT MocienoBa-
TENBbHOCTE peaklMil, HauuHalowascsa ¢ kKapbokcwinporanus OEI]
(puc. 56), B koropoit octatok dochopHoit kucnotrsl @EIT nepeHocHT-
cs HA Heopranuyeckuil (ocdar, YTO NPUBOAKT K 00pa30OBaHMIO TIH-

podocara:
®@EII + CO, + @, == YK + mupodocdar.

Hanereiiuine npeppateHus LHIVK no sHTapHOi KMCJIOTHE aHANOIHY-
HbI peakiusaM 2—4, u3obpaxeHHBIM Ha puc. 54,

Muorre NponuOHOBBe OakTepru COPaXkWBAIOT [IIOKO3Y TaK, YTO
Ha KaXIyi0 MOJICKYJY TIMPYBaTa, OKHCIEHHYIO JI0 YKCYCHOMH KHCIIOTHI
u CO,, npuxonstcs 2 MoJieKynbsl IHUPYBaTa, BOCCTAHOBIEHHBIE IO
NMpONHOHOBOM KUCIOTH. [1yTh npeBpalueHus MupysaTa, 1IpUBOALILMIA
K 00pasoBanMio ykcycHoM kucnotel 1 CO,, npenctapied Ha puc. 56.
Ha 3toM 1yTH MMEIOT MECTO OKHCINTEIbHO-BOCCTAHOBUTEIbHEIE pe-
aKI{MM, MOyLHe ¢ BoBaedeHneM HoBbeIx Mosiekyn HAJLY. [Nupysar non-
BEpraeTcs OKHCIHTEILHOMY JEKapOOKCHIMPOBAHHIO ¢ YYACTHEM KO-
thepMenTa A:

NUpyBaT-

CH3—CO—COOH + HAL" + KobA—SH —
RErMIporeHasa
— CH;—CO~S—KoA + CO, + HAJl - H,

areTun-KoA

Ilpouecc kaTanmM3upyeTcs MUPYBAaTAETHIPOTeHAIHBIM KOMILIEKCOM
M NpakTHyecKH HeobpatuM. B pesynerate obpasyercss auetun-KoA,
COMEPXaITHil BHICOKO3HEPreTHUECKYIO0 THOI(PUPHYIO CBA3b, AlIETHIb-
Has rpymIa ¢ KOTOpOTO MEPEeHOCUTCS Ha Heopranudyeckuil cocdar,
YTO IPUBOJWT K oOpazoBaumio alletwidocdara u pereHepHpoOBaAHUIO
KodepmeHTa A

CH,—CO~ S—KoA + @, === CH,— CO~(®)+ KoA—SH

B 370l peakuuy 3HEprus, 3aKnodeHHas B THOhHpHOU CBs3M, pea-
JIM3yeTCsl B BUJE BbICOKO3HepreTuyeckoi ¢ocaTHoll cBsA3K alleTU-
docdara.

H naxownetl, aternndocdar nouupyer pocdaruyo rpynny Ha AIID
¢ obpasopanneM AT® 1 yKcycHOM KHCIOTHI:

aleTaTKMHa3a

CH,—CO—O~(@)+ Al® AT® + CH;— COOH

aueTar
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I'nioxosa

* 1
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D
an :
ITipysar W
- s
HATTY
KoA-SH~D: +2H
[lyTs, Bemynmut K HAJIL-H2
obpasoBaHio co sl6noman
IIPOIHOHOBOH 2 KHCIoTa
KHCIIOTH Anetun-KoA
(cMm. pHc. 54) \ H,0
@ KoA-SH Pymapobas
KHCJIOTAa
@,
+2H
Averundochar
ALD SnrapHan
D, KHCTIOTa
ATD
Axnerar

Pwc. 56. Ilyru obpazoBanms siHTapHO#M, YKCycHO kucnot U CO,
NpONHOHOBLIMY BakTepusMuU:
®, — OEI-kapbokcutparchochopunasza; ®, — nupysarpernaporenasa; ®©; —
docdhorpancanerunasa; @, — aleraTKuHasa

HTtak, Ha yyacTke OT MMpyBara Jo alierata obpasyerca | Monekyna
HAJI - H; u 1 monekyna AT®. SHepreTHyecKoe 3HaYeHHe JUIS [IPOTIH -
OHOBBIX HaKTEpMH 3TOTO YJacTKa MeTaboIHYEeCKOoro IMyTH OYEBHUIHO M
He TpebyeT 0bcyxaeHu .

Kpome OCHOBHBIX MPONYKTOB B Pa3HBIX KOJIHYECTBAaX B KyNbETYPaib-
HOH XWJIKOCTH NMPOMMOHOBLIX OakTepHii OOHapyXeHBbl MOJIOYHAA, My~
PaBbLMHAs, W30BAJIEPMAHOBAS KHCJIOTHI, STUNOBBIH W TPONWIOBBIA
CTIMPTHI, YKCYCHBIH M MPOTIMOHOBBIN aNbAETHAB!, ALETOMH, JHALIETIL.
CocTaB KOHEUHBIX NMPOAYKTOR DpOXEHH 3aBHCUT OT KYNLTYPH DakTe-
PWIA, COCTaBa Cpelkl M YCIIOBHI KyJNETHBHPOBAHHSA. STO KAcaeTcs Kak
BUIOB HAKarUIMBAEMBIX NPOAYKTOB, TAK M KOIHMYECTBEHHBIX COOTHO-
LUEHHMHA MeXIY HUMH.

TeopeTuyecky TpPONMMOHOBOE OPOXKEHHE JONXHO NMPHBOIMTE K
obpaszoBanmio 4 Mmonekyn AT® npr cOpaxypaHuM 1,5 MONEKYBI LIO-
k03b1. OnHaKko 60 OGHAPYXEHO, YTO BRIXOJI SHEPTHH HECKOIBKO BHILIE,
HcrounuxkoM nonoiHATeNbHbIX Moiekys AT®, Bo3MOXHO, sBiseTcsa
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3Tan BoccTaHoBNeHus (GyMapoBoil KUCNOTEL A0 SIHTAPHOM, KAaTATM3K-
pyemblid dymapatpenykrasoll (cMm. puc. 54). TTonyueHsl 3KCIIEpUMEH-
TANBHBIE AaHHBIC B IIONb3y TOr0, YTO BOCCTAHOBJIEHUE (DyMapaTa Jio
CYKIIMHATA — IIPOLIECC, B PE3yJILTaTe KOTOPOIr0 HEKOTOPHIE MEPBUYHO
aHaspoburle aybakTepuu MOryT cuHTE3WpoBaTk AT® no MexaHusMy
dochopUnKpoBaHNs, CONPSDKEHHOTO ¢ MepeHocoM 3exTpoHoB. Ilo-
Ka3aHo, YTO ¢hymapaTpenykrasa cBsizaHa ¢ MeMmbpaHoil u obpa3yer
KOMILJIEKC C NIEPEHOCYMKOM 3JIEKTPOHOB XMHOHOM. B cocTaBe KoM~
nexca obHapyxeH 1uToXpoM b. @ymapaTpenykrazHas cucTema Haii-
IeHa y MpoNMMOHOBKIX baxTepuii. BT0oi cHcTeme npuaaeTcsa 6osplioe
3HAYEHME B 3BOJIIOIMK KAaK, BO3MOXHO, NMEPBOMY lUAry Ha ITyTH CO3-
IaHUs MHOTOKOMIIOHEHTHBIX 3NIEKTPOHTPAHCIIOPTHERIX LIETEH y 3y0aKk-
Tepuii (cM. I71. 15).

BuepreTryeckas 3QHEKTUBHOCTE NPOITHOHOBOKHCIOIO BPOXEHMs
CBfi3aHa TaKXe C BeIpabOTKOH IpOIIMOHOBEIMHM DaKTepHsIMH HOBBIX
MeTabonryeckux cnocobHOCTEl: peakuuii TPaHCKapOOKCHIIHPOBaHMS
H IIEperpyInUpoBKy, yyacTus B npouecce KoA-npouseonusx. Obpa-
30BaHME NUKapOOHOBOH KHCIOTH M3 MMHPOBHHOTPAIHON C HCIIONE30-
BaHHMEM MeXaHKH3Ma TPaHCKApDOKCHIMPOBAHHMS BMECTO NPSIMOTO Kap-
OOKCHIIHMpOBaHMA IHPYBaTa ITO3BOJIsieT M30eXAaTh NOIMOMHKTENBHEIX
3HEpPreTHYECKMX 3aTpaT Ha 3TOM 3talle bpoxenus. Bce ato BmMecTe B3sI-
TOE [IO3BOJIAET PACCMATPHUBATE MPOMMMOHOBOKHUC/IOE DpoxeHue Kak Gonee
COBEPLUEHHBIH U3 PACCMOTPEHHEBIX IO CHX ITOP CIOCODOB NMONYYEHUA
3HEPIrUM B aHa3pODHBIX YCIOBHMSIX.

MNponnoHoBoOKUCNbIe GakTepun

B aty rpynny, o6venuHseMyto B pon Propionibacterium, BXOfISIT rpam-
MOJIOXHTENBHBIE, HENIOABHXHEIE, HE 00pa3ylollie CIop MaloYKOBHI-
HbIe DaKTEpHH, PasMHOXAIOIIHecs OMHApHBIM fienenreM. B 3aBucuMo-
CTH OT YCIIOBUI KyNbTHBHPOBAHUA M LIMK/IA pa3sBUTHA (opMa KIETKH
MOXET MEHSTECS N0 KOKKOBHIHOM, M30THYTOM WM Oyl1aBOBMIHOM.
Tunosoii Bun — P. freudenreichii.

BonBLUKMHCTBO MPOIIMOHOBOKHCNEIX GaKTepHii — a3pOTONepaHT-
HbI€ aHa3pOORI, MMoNyYalie 3HEPIMIO B Mpolecce OpoXeHHUs, oc-
HOBHBIM TIPOJAYKTOM KOTOPOIO SIBASETCS NMPOIIHOHOBAas KHCIOTA.
A3pOTONIEPaHTHOCTE MX ODYCNIOB/IEHa HAMTMYMEM TONHOCTHIO chop-
MHPOBaHHOH ¢GEpPMEHTHOM CHCTEMBI 3allMTH OT TOKCHYECKHX (hopM
KHcIopoaa (CYIEepOKCUIHBIN aHWOH, TIEpeKKch Boropona). ¥ mpo-
TIHOHOBOKMCNBIX OaKTepuii O0OHApyXKeHBl CyIepOKCHIANUCMYTa3HAasd,
KaTanasHasd W TEpPOKCHAa3Hasi aKTWBHOCTH. BHYTpM rpynmsl oTHO-
menune K O, pasnuyno. HekoTopsle BUIABI MOIYT pacTi B a3pOOHBIX
YCIIOBMSX.

Bpoxetue He MCYEPIIEIBAET BCEX BO3MOXHOCTEH MONMYyYEHHS IHEP-
TUK 3TOH rpynoi sybakrepuil. XoTs IMMKOMUTHYECKOE PACILIETLIEHHE
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[JIIOKO36I ¢ 00pa3oBaHHeM B KadecTBE 00s3aTeIEHOrO NPOMEXYTOY-
HOTO COENMHEHHUS NMHPOBHHOIPATHON KHCIOTHI SIBNSETCS OCHOBHBIM
MYTEM pPAa3IOXKEHUS TIMIIOKO3BI, KPOME 3TOI0 IYyTH B TPYIIE IIPOIKMO-~
HOBBIX GakTepuili oOHApDYXEH OKMCIMTENBHBINH NeHTo30(hochaTHRII
nyTts, peakuuu LITK, akTuBHOE «hIaBUHOBOE ObIXaHWE» W OKHCIH-
TeNbHoe (ochopUNIKPOBaHHE, CONPSIKEHHOE C 3JIEKTPOHTPAaHCIIOP-
THOM cucTeMoii. Bknan Kaxmoro U3 3THX IyTeil B oDILIKi IHEpTEeTHYE-
CKHMif MeTaboNu3M 3aBHCHT KakK OT BUJa OakTepuil, TaK U OT KOHK-
PETHBIX BHEIIHWX YCNOBHI. DBOMIOLMSA IPONHOHOBHIX OaKkTepuid
OTIpe/ieNIEHHO LITa 110 IYTH TPUCIIOCOONeHH K a9pODHBIM YCIIOBHSAM.
V HekoTOpEIX BHIOB oOHapyxeH «adekt [Nacrepa»: B npucyrcTBUM
KHCIIOpoAa BO3AyXa INPOUCXOOHT TepeKIoueHne ¢ BpoXkeHHA Ha AbI-
xanue. [IponuoHoBeIe DaKTEPHK MOTYT CHHTE3MPOBATE TEMCOEPXa-
nue 6enxu. B px xieTkax obHapyXeHbl LMTOXPOMEI.

BaxHyw pons B a3pobHOM MeTaboNnu3Me NPOITMOHOBRIX DakTepHit
urpaet «hMaBHHOBOE ABEIXaHHE», KOTOPOMY IPDUITHCHIBAIOT OCHOBHYIO
CBA3b 3THX BaKTepuil ¢ MOJIEKYIPHBIM KHCI0ponoM. B npoliecce «na-
BHHOBOIrO ABIXaHHS» TMPOMCXONMT TEPEHOC ABYX 3JEKTPOHOB ¢ (na-
BollpoTerHOB Ha O,, conposoxnawiuiica obpasoBaHHEM TIEPEKICH
BOIOPOJA, KOTOPAA pa3naraercsi 6aKTEpPHATLHOM KATAMa30i U NEpOK-
cugasoit. OnmHako «(hnaBHHOBOE NBIXAHHE» HE CBS3AHO C MOJMYYEHUEM
KJIeTKOH 3Hepruu. TpaHCIIOPT 3/MEKTPOHOB B NBIXaTEeNBHOM I He-
KOTOpBLIX IIPOITHOHOBHIX OakTepuii COIpOBOXIAeTCA OOpa3soBaHUEM
AT®, yT0 MOXeT yKa3slBaTh HA TTOAKIIOYEHHE K 3TOMY MPOLIECCY LK~
TOXPOMOB, OOHAKO 3(Q(EKTHBHOCTE OKHCIMTENEHOrO (HochopruIUpo-
BaHHA Hu3ka. [locnegHee, BepOATHO, OOBIACHSIETCS HECOBEPLIEHCTBOM
MEXaHH3MOR CONpsDKeHHA. B TO BpeMs Kak B a3poOHEIX YCIOBHMSX KO-
HeYyHHIM axuernrropoM 3nexTporoB ¢ HAJl - H, sengerca O,, B aHas-
pOBHBIX YCIOBUAX MM MOXeT OBITE HUTpaT, (hymapart.

Taxum obpa3oM, B IpyIlie NPOIMOHOBEIX OaKTEPHIl MBI BIIEDBEHIE
NpY PaccCMOTPeHMM 3YDaKTepHaTbHBIX (OPM CTAJIKHBaeMcs C BOMb-
LLIKM pa3HooOpasieM 3HEPreTHYeCKUX BO3MOXHOCTEH. B Lenom y npo-
[IHOHOBREIX DaKTepuil NOCTATOMHO YeTKO IPOCMATPHBAKOTCS JIBE TEH-
OEeHLMKU: C OOHOM CTOPOHBI, YCOBEpPILIEHCTBOBAHWE OCHOBHOIrO aHa-
apobHoro crniocoba Mnony4eHusi IHEPrUM, ¢ APYTOoH — IONBITKM
npucriocobnenus ¥, Gonee TOro, palUOHATHEHOrO HCIIOAB30BAHUA MO-
NEKYJIIPHOTO KHMCIopoaa.

KoHCTpYKTHBHBIA MeTabo/KH3M IPOTTMOHOBLHIX DakTepuil mperep-
TeJ JanbHEeHIIYI0 3BOMIOIMI0 B CTOPOHY DOJbLUel He3aBUCHMOCTH OT
OpraHMYecKUX coeuHeHu BHeluHe cpensl. [TponuoHoBkie GakTepuu
XapaKTEPH3YIOTCH XOPOLUO pa3BUThIMU BHOCHHTETHYECKMMH CIIOCOD-
HOCTSIMH M MOTYT DACTH Ha IPOCTOH CMHTETHYECKOH cpele ¢ aMMo-
HHHHBIM a30TOM B Ka4Y€CTBe €IWHCTBEHHOTO MCTOMHMKA a30Ta IPH
noOaBIeHMH K CPENe MaHTOTEHOBOM KUC/IOTH H BWOTHHA, a ISl HEKO-
TOPBIX BHAOB ¥ THAMHKHA. ¥ psia IIPOITMOHOBLIX bakTepult obHapyXeHa
CIIOCOOHOCTE K a30T(hHKCAIIMH.
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MectoobuTaHKMe TPOIUOHOBHIX DaKTepuili — KHIUEYHBIR TpakT
XBa4yHBIX XUBOTHBIX, MOJIOKO, TBEPABIE CHIPH], B IIPUIOTOBJIEHKHH KO-
TOPBLIX OHM NMPUHMMAIOT yuacThe. [Tocne MoIoYHOKMCIOro OpoXeHus,
KOIja JIaKkTo3a IpeBpallieHa B MOJIOYHYIO KHCIOTY, HauYMHAlOT pa3-
MHOXATHCS NIPONMKMOHOBBIE BaKTepuH, COpaXUBaOIIKE MOJTOYHYIO KUC-
JIOTY ¢ 06pa3oBaHKMEM YKCYCHOM W ITPOIIHOHOBOM KMCIOT. BTH KHCIIOo-
THl TIPUAAIOT ChIpaM crielubuYeckuit ocTpelii BKyc. [IpormmoHoBble
OaKTepuUM HCIOJNB3YIT B MHKPOOHONOIMYECKON MPOMBILIIEHHOCTH B
Ka4yecTBe MPOAYIIEHTOB BUTaMuHA B,.

Macnsivokucnoe 6poxeHune

Crenyioliuii BApHaHT pellieHns JOHOP-aKIIeNTOPHOM IpobneMsl Ha
Dase rmuKoNIUTHYECKH 00pa30BaHHOIO MUpYBaTa MpeacTaBisieT coboi
MacisHokucoe 6poxenne. Hosoe B MacnsHOKHMC/IOM OpoXeHHH —
BO3HWKHOBEHME peakiiuii koHAeHcauuu tuna C, + C,— C,, B pe-
3yasTaTe yero obpasyercs C,-akitenTopHas kuciorta. Cyasba 370l Kuc-
JIOTBI pas’NuYHa W OIpeleiAeTCs HEOOXONMMOCTEIO aKLENTHPOBAHMA
popopona ¢ HAJI - H,;, oceoboxnamluerocs B npoiecce GpoXeHus, a
3TO, B CBOK O4Yépeab, TECHO CBA3aHO C OTTOKOM BOZOPOAA Ha KOHCT-
PYKTHBHEIE TIpoliecchl. B kayecTse xoHeYHBIX Cy-TIPOIYKTOB B ITPOLIEC-
ce GpoXeHHMs BO3ZHMKAIOT COENMHEHMs PAa3iMYHOH CTEneHH BOCCTa-
HOBJIEHHOCTH. XapaKrepHEIM C,-NpoayKToM OpOXeHHA ABIAETCI Mac-
ngHad kucnoTa. OcyliiecTBs0T TaKoH Tui OpoxeHus MHOrHe 6akTepuH,
otHocsuecs K pony Clostridium.

TUDMYHBIME TIPEACTABUTENAMU KIOCTPHAMEB, OCYLIECTBISIOIIMX
Mac/asHoKucnoe opoxenue, ssisiorcest C. butyricum u C. pasteurianum.
Onu cOpaxuBaloT caxapa C 0Dpa3oBaHHEM Mac/ISTHOM M YKCYCHOMN KuUc-
not, CO, u H, (puc. 57). [IpeBpaiuenue [MIOKO3E 1O MHPYBaTa ocy-
IIIECTB/IeTCs M0 MMMKOIUTHYecKoMy myTH. Crenymoiuas peakius —
paznoxeHue nupysara 1o auetTi-KoA u CO,, conpoBoxnalomeecs
obpaszosanuem BoccraHoBneHHoro deppenokcuta (On). Peakinsa xa-
TANU3UPYETCS (DEPMEHTOM ITMPYBAT: PepPENOKCHH-OKCUIOPEIYKTA30i
M SIBJISIETCS KIMIOYEBOH B MacaAHOKMCIoM BpoxeHnr. OCobeHHOCTH pe-
aKIMM — yyacTue B Hell Oenkos, comepXaliuX HEreMOBOE XENe3o H
KHCIOTONabUnsHyIO cepy (FeS-6enkn)!.

K FeS-Genxkam oTHOCUTCH Tpynna OeNKoB, YYACTBYIOUIMX B MpoLeccax
3NEKTPOHHOrC TpaHcnopra {(QeppeloKCcUHBI), M pAl (QEepMEeHTOB, KaTalu-
3UPYIOLIMX OKMCIMTEIEHO-BOCCTAHOBUTENbHEE peakKiuu, Y CTAHOBIEHO, YTO
FeS-6enku sBMAIOTCS KIIOYEBBIMUA B TAKHMX BAKHBIX KIETOYHLIX polLEccax,
KaK dorocuHTE3, OBHIXaHKE, asoThukcauua, ¢pukcauua CO,.

! KucnoronaGuasHoi oHa HAa3BaHa NIOTOMY, YTO NpyU KHMCnoTHON obpabotke Gemka
NPOKCXOIONT ee Bhyteneline B BHae H,S.
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Puc. 57. TlyTu npeepallieHHs UpyBaTa B MACTSHOKHCIIOM OPOXEeHHH,
ocywecteisiemoM Clostridium butyricum:
@, — nupysat: eppenokcHH-okcHaopenykrasa; @, — auetun-KoA-tpancdepasa (Tno-
nasa); @; — P-oxcubyrupun-KoA-nerunporenasa; ®, — kporonasa; @s — Gyrupui-
KoA-peruaporenasa; ®; — KoA-tpancdepasa; @; — docdorpancanernnasa; Oy —
anetatkvHa3a; Oy — ruaporenasa; O, — oxkucnenuerit, ©n - H; — soccraHomieHHbIH
teppenoxcun; @, — ueopranuueckuii docar
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OrnuuutensHas ocobenHocTs FeS-6enkos — cTpoeHMe MX aKTHBHOIO
LIEHTpa, CONEPXAIIEro HEreMOBOE XeJe30, CBA3aHHOE HEKOBANEHTHLIMU CBA-
38MU ¢ XMCIoTonabunLHOl cepoli W cepoii, BXoasdlleH B COCTaB LIMCTEMHOBKIX
OCTATKOB NenTHAHOM uerny. PasHbie Tunst XenelocepoueHtpos (FeS-ueHTpsr)
LUMPOKO pacmpocTpaHeHsl B kiaeTtkax. IIpocreiflinit U3 HMX CONEPXKMT OOUH
aTOM 3eJie3a, HEKOBAJIEHTHO CBA3aHHOTO B Monexylie Genxa, MONydMBLIEro
Ha3paHue pYOpeJIOKCHHA, C YeTBIpbMA OCTATKaMM LucTewHa (puc. 58, A).

O6napyxeHnntit y C. pasteurianum pyOpemOKCUMH MMEET OKHCIHTIEILHO-
BOCCTAHOBHTENBHBIH MOTEHLMAN OKOMNO —57 MB ¥ yyacTeyeT B peakuusax OgHO-
3JIEKTPOHHOTO MEPEHOCA, B OCHOBE KOTOPOTO JIEXHT repexol Xene3a:

Fe?* == Fe’*.

Ocrannibie FeS-6enkn umetot Gonee cnoxHo opranuiopanHeie FeS-uent-
PHI, B COCTaB KOTOPBIX BXOMMT TAKKEe HEOPraHMYECKas KHCIOTONabuibHas
cepa. UaeecTHb! Fe,S,-LeHTpHI (COOEPXAT MO IBA aTOMa XeJje3a M HeOpraHu-
uyeckoi cephl), Fe;S;- v Fe,Sy-uertper (puc. 58, b, B). FeS-Genkn Moryt
couepxark OnuH Wiy bonee LeHTpoR B Mojexkyne. ¥ Gonbiuimncrea FeS-co-
nepxaimx GepMeHTOB noMuMo FeS-LeHTpoB B MONeKysie HMEIOTCs M WHbIE
kotakroper: MeTanel (MoNubaeH, ceneH), xpomoopHee rpynnsl (GnasuH,
reMbl, NTEPUANMHLI), BUTaMUHBI (Tadi. 16).

Knocrpuanu conepxar teppenokcutbl ¢ 1—2 uentpamu Fe,S,-mHra u
MOJeKy/sspHOH maccoit 6000—7000 a.

B 3apucumocTH ot ocoberHocTel ctpoenus FeS-1eRTpor dheppemoKcHHbL
MOTYT OCYIIECTBJISATH OMHOBPEMEHHBIH MEpeHOC OTHOTO WM ABYX 3MEKTPO-
HOB. OKHCTHTENLHO-BOCCTAHOBUTENBHEIN MOTCHIMA (HeppeqoKCHHOB HAX0-
nuTcs B guarnasone ot —490 no ~310 mB, ogHako onucamb! FeS-6enku, okuc-

Tabnuua 16
Kenesocepocopepxanme dhepmenTsl sydaxTepuii

IMpocTaTudeckas rpymnna DepmeHTH

FeS-uentpnr THIpOreHasa u ap.

FeS-uentpnt + Tuamunnupodocdar | nupysat: deppenoKCHH-0KCHIO0-
penykrasa

FeS-uentprt + dnasun cykumHartgeryaporeHasa, HAJ(D)x
X Hy-neruaporenasa, rmyTaMaTrcUHTE-
Ta3a ¥ Op.

FeS-uentphl + reM MMCCUMMIALIMOHHAR CY/ILOUTPEIyK-
Tasa

FeS-uenTpe! + MonmubneH HUTpPOreHa3d, TMCCMMMISLHUOHHAA
HMTPATPENYKTA34, (POPMHUATIErUAPO-
reHasa ¥ zp.

FeS-ueHTpH + nBa u Gonee mornoni- | acCHMHISLMOHHAs CyNibdHTpeRyKTa-
HHUTENLHBIX KOdaKTopa 33, KCaHTHHIErHJporeHasa M Ip.
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Puc. 58. XKenesocepoueutpst FeS-6enkor. XKenesocepouenTp pyobpeaokcuHa
(A); npenrnonaraeMble Mofenu xejesocepouenTpor Fe,S;-tuna (5) u Fe,S,-
Tuna (B). 3Be310YKOil OTMeYeHa HeopraHW4YecKas KHCIoToNabuibHasg cepa;
NpepeBUCTON MuHKeH obo3HaYMeHa NONMIENTHAHAN LEeNb; LNC — LKCTEeHMH

JIMTEbHO-BOCCTAHOBHUTENbHBIM MOTEHLIMANT KOTOPLIX BLICOKO INONOXHUTENEH
(okono +350 MB).

®eppeNOKCHHB! UTPAIOT LEHTPAILHYIO POJib B META0ONH3ME KIOCTPYM-
€B, conpAras karabonuyeckue npolecchl ¢ GHOCUHTETHYECKMMM PeakLHsIMH
(puc. 59). ObwacHAETCA 3TO TEM, UTO Y KNOCTPHAMER (KaK M IpPYTHX OGMMIaTHBIX

NH;

ITupysar

HAI(®)- Hr'@“'

},)/ AleTHI- K0A+C02
HCOOH NO;
ITupysar

ITypunn

NO;

Puc. 59. Ponb deppenokcuta B MeTabOMI3ME KIOCTPUAMEB:

1 — mupysat: d)eppenOKCHH-OKCHAOPENYKTa3a; 2 — ruaporeHasa; 3 — deppenokcuH:
HAJI(®)-okcunopeaykTasa; 4 — GopMUaTHeruaporeHasa; 5 — KCaHTHHIETHAPOTeHa-
33; 6 — uuTporenasa; 7 — deppenokcun: CO,-oxcHaopenykTaza (BOZMOXHO, 3TO
topMuaTnernnporeHasa, KaTaTU3MpYIOIIan peakuuio 4 B oOpaTHOM HANpapieHMH);
& — peaknms 3, nporekaouras B obpaTHOM HanpaBneHuu; 9 — cynwdarpenykrasa;
10 — peaxuma 1, npoTekawluas B oGpaTtHOM HanpamieHuM; 1] — HMTpaTpedyKTasa
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aHaspo6os) QU3MONIOTHYECKNE PeaKkLMM B KJIETKE BCErga NMpOTEKAoT MpH
OTPHULIATENLHBIX OKHUCIHTENLHO-BOCCTAHOBUTENBHEIX MOTEHUMaNaX. B 3THX
ycnoBusix FeS-benku, umeomue oOmuil OTpULIATENbHBI OKMCIMTENbLHO-
BOCCTAHOBHMTENBHBIN MOTCHIIUAN, OCODEHHO NPUrOAHB! WIS (QYHKIMOHUPO-
BAHUA B COCTaBe (PEPMEHTOB M B KAYECTBE MEPEHOCYMKOB 3JIEKTPOHOB.

ObpasyoIuuiicss B peakilii BOCCTAHOBIEHHBIH (heppelloKCHH ITo-
CTaBIsIET 3JIEKTPOHEI M BoccTaHoBneHust N;, mpotonos (H*), CO,
u HAI®*, a mocnenyioiee npeppailenue auetn-KoA npuBoguT K
cuHTe3y AT® B peakiuuu cyberpatHoro dochopuinpoBaHus.

IlyTe, Benyliuit K CHHTE3Y Mac/IsgHOW KHCIIOTHI, HAYWHAETCS C pe-
aKilUM KOHJEHCALWK ABYX MoneKyn auetnin-KoA (cum. puc. 57). Obpa-
3oBaBlUMiics aneToaueTri- KoA BoccTaHaBIHBaeTCs B f-OKCHOYTHPMIT-
KoA. MICTOYHMKOM 37IEKTPOHOB B 3TOM pEakLMK W JaNblie Ha HYTH
CHHTE3a MacisiHOM KHCIOoThI cimyXaT Monekynsl HAJL - H,, obpasyio-
umecs: rpu okucnernnn 3-PrIA B 1,3-OI'K (cM. puc. 53).

JlansHeiilee npespanieHue 3aKII0YaeTCs B OTIIEIIEHHH OT MOJIe-
Kynsl B-okcubyTvpna- KoA mMonexynsl Bomsl, YTO NPHBOAKT K oOpa-
30BaHHIO COENUHEHUs C NBOHHOMK yrnepoyHoi cBs3eio. Kpororuwn-KoA
(hepMeHTAaTUBHO BoccTaHaBMBaeTcs B OyTupun-KoA. Macisinas kuc-
nota obpasyerca B peaxkiiiy TiepeHoca KodepMeHTa A ¢ MOJTEKYIH
Oyrupwi-KoA Ha auerat. 3Ta peakuusa bonee «BLITOIHA» JUIST KITETKH,
Tak KaK He IIPHBOMUT K TOTEpe 3HEPrHM (B OTIMYHE OT peakuMK mpo-
croro ruaponu3a). Obpasyromumiics B peakuum anetwn-KoA sosepa-
HaeTcs B MeTaboNMYECKHIl TIOTOK M MOXET OBITE MCIIONL30BaH IS
cuHTe3a ATD (peaxuus 7 Ha puc. 57) WiM Xe BHOBb yJacTBOBaTh B
NOCJIeNOBAaTENBHOCTH peakKUMid, BEAYIIUX K CUHTe3Y MacasgIHOM KUCIO-
ol (peakiuu 2—6, TaM xe).

Pa3obpaHHeIl BHIIIE ITYTH, 3aBEPIIAIOIIMICH CHHTE30M MAacIIgHOH
KHCJIOTHI, HE CBSI3aH C ITONYYEHWEM KIIETKOI IHEPIUH, ITOCKONBKY HH
Ha OJHOM K3 3TallOB HE IIpoMcXoauT obpasosaHus AT®. EnuncTreH-
HOE Ha3HauyeHHe MeTaboamyecKux IpeBpalleHuil anetun- KoA no stomy
MyTH — aKLENTHPOBaHKE INEKTPOHOB, NepeHockMbix Ha HAJL* B mipo-
1ecce IUKONMTHYECKOr0 MeTaboNM3HUPOBAHUS TIIIOKO3BI: IBE MONE-
kynel HAJI - H; obpasywTcs Ha 3Tale IMMKOJM3a, ¥ HA OBYX 3TAnax
npeppalllenyit aleTwi-KoA 10 MachsHON KHCNOTH IIPOKCXOOMT HO-
Tpebnerue sopopona ¢ HA -H,.

B cBg3u ¢ 3THM 0c060 BaXHOE 3HAUYCHWE NIPHOOPETAET IIpeBpallle-
Hue aleTwi-KoA, Beayiee K CWHTE3y alleTata, IIOCKOJILKY UMEHHO
C 3THM ITyTEM CBSI3aHO AOIONHUTENBEHOE ITONYIEHHE KIOCTPHIHIMH
SHEPIHH B NIPOIIECCE MacasTHOXKCIOro 6poxeHus. ITpolecc BKIOYa-
€T HECKOJILKO (hepPMEHTATHBHbIX peakLiuii (cM. puc. 57). CHavana ume-
€T MECTO OKHCIIUTENBHOE NeKapOOKCHIHPOBAHKE MHPOBUHOTPAIHOM
KHCJIOTHI, KaTANU3UpyeMoe IIUPYBaT: (heppedoKCHH-0KCH IOPEAYKTa~
30ii. [lamee c MOMOIUBIO THAPOTeHa3bl IPOKCXOOUT BhIIEIEHHE MOJIe-
KYJSIPHOIrO BOAOPOAAa ¢ BOCCTAHOBIEHHOrO (peppenokcuHa.
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I'vaporenassl — ogHa 13 rpymn FeS-conepxamux epMeHTOB, KaTan13u-
PYIOLUX peakiuu¥ MOrMOLMEHWA ¥ BBUIEACHHS MONEKYJISPHOro BONOPOIA,
oBHapyXeHB! Y pasHbIX rpynn 3yGaxrepuit: obimratHbIX aHaspobos u a3pobos,
(dakynbTaTHBHBIX $OpM, Y XeMo- B (PoTOTpoGHEIX OpraHM3MoB. Painmvuatorcs
CTPOEHHMEM MONEKYJIbI, MPUPONOH NOHOPOB M AKLENTOPOB 37EKTPOHOB, C KO-
TOPBIMM B3aWMOIEHCTBYIOT, IOKANU3ALMEHR B KIIETKE, BLITONHAECMBIMH (QyHK-
uuamu. Ho Bce rMoporeHass! Katanu3upyior peakumio H; == ZH* + Ze.

TI'mnporenasa C. pasteurianum, OMMH U3 Haubonee NETAILHO M3YUYEHHBIX
depmenToB, — GeOK ¢ MONEKYJIAPHOI Maccoil npumepHo 60 000 a, npexn-
CTamIEHHBII ooHO#H cyGremuuMLIeit. B Monexyne cogepxXartca TpY LeHTpa THHa
Fe,S,. loHopom (akiuentopoM) BAEKTPOHOR KIIOCTPMAMATBHON TMAPOreHa3bI
CIYyXUT GeppenoKCHH.

Ilpu paspywenun krerok C. pasteurianum TMIPOreHasHas aKTUBHOCTb
NPOABIAETCH TONLKO B PACTBOPUMOI (DPAKIIMK: B MEPHILIA3MATHYECKOM TIPO-
CTpaHCTBE ¥ uMTOormasMe. ['MaporeHasa, noKanM30BaHHas B NepUILTa3Mary-
YECKOM IIPOCTPAHCTRE, KaTalU3upyeT HeOOpaTUMYIO PEAKLIHMIO IMONIOIEeHHS
H,. Haxogsasics B LXTONNA3ME TMIPOreHasa crnocobHa KaTanu3HMpPOBAThL pe-
AKLMM KaK nornowenus, Tak u seuenenns H,. ¥ knocrpuaver OHa BXOOMT B
cocTae (PEPMEHTHOrO KOMILIEKCa, OCYIIECTRISIOIIETO OKMCIHTEILHOE nexap-
SoxcHIMpoBaHue nupyeara (cM. puc. 57).

OcHoBHaA QyHKUMSA rHIPOreHas KIoCTpuaues (M Apyrux obIMraTHbIX aHa-
3poboB) 3axmioyaercs B u3barneHuy ot u3bbTKa obpasyloluxca B Katabo-
JIMYECKMX PEAKUMSAX BOCCTAHOBUTEILHBIX 3KBUBANIEHTOB (3IEKTPOHOR), KOTO-
poie nepeHocarcs Ha HY v ymansiorcd M3 KIETKHM B BHIE MONEKYJIAPHOIO
BOAOPOAA.

I'naporenass! Ipyrux 3ybakTepiilt MoryT uMeTh Dosee CIOXHOE CrpoeHue:
COCTOSITh M3 HECKOJIBKMX HEMIEHTHYHBIX CYOBEIMHMI, CONEpPXKAaTh MOMHUMO
FeS-ueHTpoB diaBMHE B KajecTee npocteTideckux rpymm. [Tommumo deppe-
JOKCHHOB THMAPOreHa3bl Pa3sHblX OpraHM3MOB MOFYT B3aUMOIEHCTBOBATH C
HOBOJIBHO LIHPOKUMM HAaOOPOM MEPEHOCUMKOB EKTPOHOB:. LIMTOXPOMAMHM C,
HA(®D), xuHOHAMHY U Jp.

B To BpeMsa Kak nornowenue H, mpoucxoauTt ToNbKO C yYacTHEM FUIpOre-
Ha3, BHIE/JEHHE MONEKYJ/IAPHOIO BOAOPOAA Y 3ybakTepui, cnocobHbIX K (uK-
cauuu Ny, HapsaLy ¢ THIPOreHa30i MOXET KaTANM3MPOBATHCA M HUTPOreHa-
30i1. CornacHo OnHOM U3 TOYEK 3PeHMs, THAPOreHA3kl BOSHHMKIM B PEe3YJIbTATe
YCIOXHEHHMA CTPYKTYPHl (heppeqoKCHHOB.

Anerun-KoA npeppamiaercs B auetwigocdar, a 3atem B alleTar,
NIpH 3TOM CHHTe3upyerca monekyna AT®. Jlse mocnenHue peaknum
aHATOTMYHEBI TEM, KOTOPBIE NMPOUCXOAAT NpH 0DpasoBaHKMU YKCYCHOMN
KHCJIOTEI B IIPONTHOHOBOKUCIIOM BpoxeHuu (cM. puc. 56).

OCHOBHEIM MCTOYHWKOM BBHIIENSEMEIX IIpM OpoxeHum razoobpas-
HeIX TpoaykToB (CO, 1 H,) cnyXuT peakiusi OKMCIMTENLHOIO IeKap-
GOKCHIMPOBaHMS NKPYBaTa. ¥ KJIOCTPHIMEB ONMCAHLI U ADYTHE [IyTH
obpa3oBaHUA MONEKyngpHoro sogopona. B yacthoctu, HAJI - H,, BO3-
HUKAIOIMNA HA [TMKONMTHYECKOM MYTH, MOXET BOCCTAHABNMBATD (hep-
peNoOKCMH B peakiuu, Katamusupyemoin HAJIL-H,: deppenokcus-ok-
CUIOPENYKTA30i, a ¢ BOCCTAHOBNEHHOro deppenokcrHa H, seinenser-
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cAl IPH y4acTuu riaporeHassl. Kak BUIHO, NpUpoda HAlIa pasiiyHbIE
nyTH 1U1st u30aBIeHMsT OT H30BITKA BOCCTAHOBUTEIBHBIX 9KBUBATIEHTOB
H U PEreHEpHPOBAHUS H TOCJEAYIOLUEro BO3BPALUEHUA B KJIETOY-
HEI MeTabONU3M MPOMEXYTOYHBIX ITIEPEHOCYMKOR BOOOPOA.

BhiBeneHue ypaBHEHMs MAacCIAHOKHUCIOro OpoxeHMs ¥ Onpenene-
HHE ero 3HEPreTMYecKOro BHIXOJA 3aTpYAHUTENBEHO KU3-33 JabWIBHO-
CTH MPOLIECCA, COCTOSILErO M3 OBYX OCHOBHBIX OTBETBJIEHHH. OOHOID —
OKMCJIMTENIBHOro, Benyuiero K obpasosaHuio anetata ¥ ATO, npy-
roro — BOCCTAHOBHTENBHOrO, (DYHKILMSA KOTOPOro — akKLenTHpOBa-
HHe BOIOpoa, o6pa3oBaBilierocs B IpoLiecce [MuKonu3a. Konuyectsen-
HO€ COOTHOILIEHUE MeX1y O0OMMY OTBETBJICHMSIMM 3aBHCHUT OT MHO-
X BHEIUHKX ¢haxTOpOB (COCTAB CPEAbl, CTAAMA POCTa M Ap.).

PacueTsl nokasanu, 4To B LIEJIOM Ha 1 MONE cOpaXMBaeMOI INTIOKO-
38 B MacasHOKHCIOM Opoxenunu obpasyercd 3,3 mong AT®. B1o nau-
Oonee BHICOKHI 3HEPreTHYECKH BBHIXON OPOXEHHS, T.€. IONy4YeHMA
3HepruM 3a cyet cybcTpatHoro dochopUIHpOBaHMS, U3 BCEX PaCCMOT-
PEHHEIX BbIllle TUIIOB OpOXEHHIA.

Hexkoropsie knoctpunuu (C. acefobutylicum, C. bejerinckii, C. cello-
bioperum wu np.) npu cOpaXWUBaHWM CAXaPOB HAPSAY C KHUCIOTAMHU
HAKAIUTHBAIOT B CPEe HEMTpanbHBIE MPOAYKTHI (BYTHAOBBIH, H30IpO-
ITHJIOBBII, 3TUIOBBIR CIMPTHI, aleToH). OcobOEHHO MHOTO HEMTPATH-
HEIX IIpoAyKTOB oBpalyercs Kynerypoit C. acetobutylicum, yto nano
OCHOBAHKE B CBOE BPEMs BBHUIEIWTL KaK BAPMAHT MAaCIHSHOKHCIIOrO
OpoxeHus aeroHo-0yTHIoBOe GpoXeHMe. Y KIOCTPHIAMEB, OCYLIECTB-
JISTIOIIMX ALlETOHO-0YTII0BoE OpoxeHue, 06pasoBaHUe MACHISHOM KHUC-
JIOTHI IPOKCXONMT Ha IepBoM 3Tare OpoxeHus. Ilo mepe nmomkmce-
Husg cpensl (Do pH Huxe 5) M NOBRIIIEHHS B HEH KOHLEHTpaLWK
XKUPHBIX KMCIOT MHAYUMPYETCS CHHTE3 ()EPMEHTOB, NPHUBOMAIIKX K
HAKOTUIEHUMIO HEUTpalbHBIX MPONYKTOB, B MEPBYI0 oyepens H-Oyrta-
HOJIa M aleToHa. H-byranon obpasyercs u3 6ytupuin-KoA, npentue-
CTBEHHHKA MAC/SiHOW KUCIIOTHI, B PE3YNLTaTe OBYX MOCIENOBATENb-
HBIX (hepMeHTaTHBHEIX peakimii (puc. 60). ITepsag u3 HUX 3aKMIOYaET-
CA B OTILEIUIEHHH KohepMeHTa A M OIHOBPEMEHHOM I'HIPDUPOBAHHH,
npHBoAAieM K oOpa3oBaHUIO MacagHoro amsuerwna. Ilocnenyroniee
ero BoccraHornenue ¢ nomousilo HAJl-H; npusoauT x nossneHwo
H-Oytanona. Ilyre, Bemyuuii kK oO6pa3oBaHKIO allETOHA, HAYMHAETCS C
nepenoca oT aueroauetwn-KoA kodepmenta A Ha auerar. Jlekapbo-
KCWJIMDOBAHHE AlIETOYKCYCHOM KMCIOTHI MPHBOOMT K 00pa30BaHKIO
alierona. Obpa3zoBaHue 3TaHONA TPOKCXOOUT B PE3yNnbTaTe IBYXCTY-
TIEHYATOTO BOCCTAHOBNEHHA aueTun-KoA.

(Du3HoNorudecKUil CMEBICT JONOIHUTEIBHBIX (DEpMEHTATHBHEIX 3Ta-
noe y C. acetobutylicum, Benyiuyix K HaKOILIEHUIO B cpene H-OyTaHO-
J1a, 3TAHOMNA W AlleTOHA, 3aK/IoYaeTcsa B 00pa30oBaHUM KOHEYHBIX MPO-
JIYKTOB HelTpansHOro Xapakrepa. IleppoHavyansro HeiiTpansuuit pH
cpenbl BCNENCTBHE HAKOIUIEHMs MaclHOW M YKCYCHOM KHCIOT OBICT-
po nanaet. HexoTopeie KnocTpuauk BEIpaboTany MexaHu3M 60pb6EI C
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Puc. 60. OBpazopaHue HelTpATBHBIX MPOIYKTOB MPH MACIATHOKMCIOM
GpoxeHuH:

@, — OGyrupunansaernanernaporeHasa; @, — OyraHonaernnporenasa; ®; — KoA-
TpaHchepasa; O, — aneroauerarnekapGokcunasa; ©; — HIONPONAHONIETHAPOreHA4;
@, — auetaneierunagernaporenasa; @; — ankoronablernaporenzia
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HapacTawlieil KMCIOTHOCTbIO, KOTOpPBIHM HauyMHAEaeT (QYHKLIMOHHPO-
BaTh NpH HKU3KoM pH cpenbl ¥ NPHBOIMT K MOABJICHMIO MIEPEYHCTIEH-
HBIX BEBILIE€ HEHTPATIBHBIX ITPOAYKTOB. OMHOBPEMEHHO IIPOUCXOMMUT 10~
HUXKeHUE oblle#t KMCNOTHOCTH Cpellbl, YTO TAKXE CBUAETENbCTBYET
00 aKTHBHOM TIPOTHBOACIHCTBUMH 3THX DakTepHit HeOMaronpHATHBIM
YCIOBUAM.

Hsyyenue ¢usmonoruu rpynisl KJIOCTPUAKEB, OCYLIECTBIAIOLINX
aleToHO-0yTHIIORoe GpoxeHue, nmpuBeno K oTkpuTHio B. H. Illanom-
HuKoBEIM (1884 —1968) sipnedus aByxdasHocTH 3TOro MPOIIECCA, KO-
Topoe no3aHee ObI0 0OHapyXeHO B BONBIIMHCTBE TUIIOB OPOXEHMUIA,
XapaKTepHU3YIOLIMXCS CIOXHBIM HADOpOM KOHeYHKIX ITpoaykKToB. B oc-
HOBE SIBJIeHU# NBYX(ha3HOCTU NEKHUT TECHAS CBA3b MEXTY KOHCTDYK-
TMBHBEIMHM M 3HEPreTHYeCKMMH MpolieccaMHd. BHayane, korma uMeer
MECTO aKTHBHI pOCT KYJbTYDPbI, CONPOBOXAIOIINICA HHTEHCHBHBI-
MM OMOCHHTETHYECKMMM IMPOLECCAMM, IPOUCXONMT 3HAYMTENIbHBIN
oTToOK obpasywlierocsi npu OpoXeHWH BOCCTAHOBUTENS Uil KOHCT-
PYKTHBHBIX 1IeNei. D10 conpoBoXaaerca npeobnaaionmM CUHHTE30M
bOonee OKHMCNEHHEBIX KOHEYHBIX npoaykToB bpoxenus (I dasa). Ilpu
3aTyXaHUU pocTa ¥ [epexonc KynsTyphl B CTALMOHAPHOE COCTOSIHHE
yMeHEIaeTcsi NoTpebHOCTh B BOCCTAHOBUTENE JUIS KOHCTPYKTHBHBIX
ueneil. Mocnenree npMBoaUT K BONLIIEMY €10 HCIIONB30OBaHMIO B 3HED-
reTHYECKHX ITpoLieccax u, ClenoBaTelbHo, K o0pasoranuio Gonee Boc-
CTAaHOBJIEHHBIX KOHEeYHbIX NpoaykTos Opoxenus (II dasa). Takum
ofpasoMm, MaciITabbl KOHCTPYKTHBHOTO MeTaboim13Ma OIIPEAE/ISIOT Xa-
paKTep ¥ HallpaBJieHHEe SHEPreTHYECKUX MPOLECCOB.

Kak MOXHO oLieHWTh BOZHHKINIYI0 Y MaCASHOKHCIBIX Oaxrepuii
MOCAEAOBATENEHOCTE (DEPMEHTATHBHEIX PEAKIMIi, BEOYyIIUX K CHHTE3y
MaCJIgHOH KHMCIIOTEI, & TAKOKE JoNonHUTeNkRHbIE (hepMEHTATHBHBIC 3Ta-
bl, BEOYIUHE K CUHTe3y #-GyTaHona u auetona? Ha nyTu or auetwn-
KoA 5o MacyisiHOM KMCNOTH! B JIBYX TOYKAX HMEET MECTO aKIIENTHPO-
BaHue Boaopona ¢ HAJl - H,. Cunres #-6yraHona us 6ytupun-KoA ces-
3aH elle C IBYMs BOCCTAHOBHMTENbHbIME 3TanaMu. Mtak, obpasosatue
H-OyTaHONa BBI3BAHO HE TONBKO INPOTHBOACHCTBMEM HapacTaroliei
KHCJIOTHOCTH. STOT AOTIONHUTENLEHO PA3BUBLUMIACSH Y4aCTOK [TyTH BECEMA
a¢gdeKTUBEH B KayecTse (hepMeHTATHBHBIX MpeobpasoBaHuil, CBsA3aH-
HEIX C yTUIM3alldeli BO3HMKAIOL(MX B Iipoliecce OpoXeHHs MOJIEKYN
HAH - Hz.

PaccMOTPMM MOK 3TUM XK€ YIJIOM 3pEHUS MyTh, BEAYLIMII K CHHTE-
3y anetoHa. MerabonuarpoBanue YacT anetoauetii-KoA yepes ane-
TOYKCYCHYIO KMCJIOTY B alleTOH IPHMBOAUT K OlpeneNieHHON IoTepe
IMOTEHIMANBLHBIX aKUENTOPOB BOIOPOIa, KOTOpEe MOTIM B61 Ha NyTH
K 00pa30BaHMI0 MAaclIsTHOM KUCIOTHl WK KH-DyTaHONa NpUCOeTHHHUTL
COOTBETCTBYIOIIEE KoJMYecTBo Bomopona ¢ HAJI - H,. OnHako 370T 1yTh
sBIsieTCA Bonee KOpOTKUM MyTeM 0Opa3oBaHUs HEUTPATBHBIX IIPOIYK-
TOR, YTO, BEPOATHO, I/ DaKTepHii B ONPENENeHHBIX YCIOBUSIX BHITOI-
HO. KpomMe Toro, MnoneITKoki KaK-TO KOMITEHCUPOBATE 3TOT HEIOCTATOK
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MOXHO OOBSCHUTE BO3HUKHOBEHME Y HEKOTOPHIX BUIOB KIOCTPHINER
criocoBHOCTH (hepMEHTATHBHO BOCCTAHABIMBATE AlIETOH B M30IpoIa-
HOJI ¢ ucnoias3opanueM sonopona ¢ HAJL - H,.

C Touku 3perud penleHus obenx npobnem (HelTpaMzalus Cpebl U
aKLENTUPOBAaHWE BOCCTAHOBHUTENLHBIX SKBUBAJIEHTOR, 0Bpa3ylommXcs
IIpU INHKoNu3e), Hanbonee 3ghdekTHBEH IMyTh, BEAYIMit K CHHTE3y
3TaHOJa, Ha ABYX JTariaXx KOTOPOTO MPOMCXONMT aKLEeNTHPOBAaHKHE BO-
nopona ¢ HAJT - H,. Hexoroprie KIOCTpHANY B KAYECTBE OIHOIO K3 Heli-
TPAILHBIX NPOAYKTOB 00pasyioT 3HA4YMTENbHbIE KONHYECTBA 3TaHONA.

Bakrepum poga Clostridium

K xnoctpuumusaM oTHocAT OoJbilioe KONMWYECTBO BHIOB GakTepuid,
YHCJIO KOTOPBIX MOCTOSTHHO BO3PAcTaeT. BT0 ONMH U3 CAMBIX KPYTTHBIX
ponoB cpenr 3ybaktepuii. [IpMHamiexxHOCTE K POy onpenenserca Ha
OCHOBaHMM TONBKO TpeX NMpu3HakoB: 1) crioco6HoCcTH 06pa3oBHIBATE
3HAOCIOPHL; 2) obaHraTHO aHadpo6HOTO XapakTepa 3HepreTHYeCKOoro
meTabomuama; 3) HecrmocoOHOCTH OCYIIECTBIATE AUCCUMMISLIMOHHOE
BOCCTaHORNEHueE cynbdara. OTcioga MOHATHO, YTO 5Ta TAKCOHOMHYE-
cKas rpymna 3ybakrepuii YpesBbIYallHO reTeporeHHa, 0 4YeM, B 4acT-
HOCTH, CBHICTENECTBYEeT MHTepBan 3HaveHuil I'll-ocHoBanuii JIHK,
MOJISIPHOE COAEPXAHUE KOTOPBIX C YYETOM OIMMCAHHBIX HOBBIX BHIOB
3aHuMaeT obmacts ot 21 no 57 %.

W3 310T0 MOXHO TaKXe CIENaTh BBIBOM, YTO OPraHW3MBI, 00BenH-
Hsaemsie B pon Clostridium, Henk3s pacCMaTpuBaTh KAK 9BOJIIOIIMOHHO
oaHomviHEE. Tlocnenyiomas XapaKTepuCTHKA KX MeTab0THYECKIX 0CO-
GeHHOCTEH HaeT NOCTAaTOYHO YE€TKOoe npeacraBieHue ob 3tom. HMay-
yeHHe 3yDaKTepmii, OTHOCHUMBIX K KJIOCTPUAMAM, HaobopoT, yKassl-
BaeT Ha paHHee pacXoXIeHHe BUIOB poia B IPOIIECCE 3BOJIOLIHH.

3a mcxmouenneM C. coccoides, pereTaTMBHEIE KNETKH Gakrepuii u3
pona Clostridium wMeloT GopMy TIPAMBIX WM CJIETKa W30THYTBIX 11AN0-
YeK C 3aKpyINeHHbIMU KoHLAMK (puc. 61). BonsllivHCTBO BUIOR rpaM-
TONOXUTENBHBIE, IMONBMXXHEIE. [IBHOKEHHE OCYIIECTBIIAETCS C IIOMOIIIBIO

10 bo lﬁ l
0%

2 3 4 5

Puc. 61. TTpouecc criopoobpa3oBaHus ¥y KIIOCTPHIKEB:

I — Mononkie BETETATUBHEIC KIETKH; 2 — KJIETKM, HAXOMALIHECH B CTaLMOHAPHOIN
daie; 3, 4 — craguM crniopooOpa3oBaHus; 5 — KIETKH ¢ CO3PEBIIMMM CITOpaMH
(o Uepycanumckomy, 1963)
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NEPUTPHXHANILHO paclojioKeHHBIX XIyTukoB. [lo Mepe crapeHus B
npouecce IMKIa pasBUTUA KIETKH TepsloT INOABMXKHOCTH, HaKaIUIU-
BalOT rpaHyJie3y (3aracHOoe BeLIECTBO THIIA KpaxMana) U MepexoisT K
criopooOpazopanuto. O0pasyonyecs Criopsl OBalbHOM WM cepHde-
ckoii hopMel. luaMeTp UX, KaKk NpaBuIIo, IIPEBHILIAET IHaMETP Berera-
TUBHOI KJIETKH, [IO3TOMY, ecini (GOPMUPYIOLLASICS CIIOpa pacio/ioXeHa
B LIEHTPE KJIETKH, MocaenHue MersorT GopMy, CTAHOBACH BepeTeHO-
BUIHBEIMHE (cM. puc. 61); ecnu ke criopsl 0OpasyioTcsi y 0HOTO U3 KJle-
TOYHBIX KOHLIOB, KJIeTKH npuobperant dGopMy 6apabaHHBIX Nanoyek.

Kioctpuwun — obnvrataele aHaspobel. OjHako creKTp HX 4yB-
CTBUTENBHOCTH K MOJIEKYJ/IIPHOMY KHUCJIOPOAY AOCTATO4YHO IIMPOK, Y4T0
CBfI3aHO C ODHapyXeHUeM B KieTkax DoNbIIHHCTBA KJIOCTPHAMER CY-
MEPOKCUAAUCMYTA3Bl M C JAPYIHMH NpucrocoOneHusIMU Ha YpPOBHE
KJIETOYHEBIX ITOMYJIIIWH, MOMOTAINTMMHE HEeHTpann3oBaThk TOKCHYE-
ckue 3¢ dekTsl O, 1 ero npousBogHbx. UMenHo npu pabote ¢ xioc-
tpupusamu JL. ITactep B 1861 1. oTkphUT hopMy Xu3HH Ge3 KMCTOpoIa.

3HepreTuyeckmin Merabonusm

B 3aBncuMocTH oT BUIa cOGpaxuBaeMoro cyOCcTpaTa BELISISIOT He-
CKONBKO (PU3HONOTHYECKUX TPYIIT KIOCTPUWIMEB: CAXAPONUTH Y e-
CKH € KIOCTPWIMM, UCHONB3YIoLlKe B Ka4ecTBe cyGeTpaToB OpoXkeHns
BEILIECTBA YIMEBOAHOH Npuponsl (MOHOCaxapa, Kpaxmal, KJIETYATKa);
IPOTEONMUMTUYECKHUE KIOCTPUAMU, cyOcTpatamyu OpoXeHHs KO-
TOPBIX SABNAIOTCH OENKH, TENTUIBl, aMUHOKHMCIIOTEL, MY P K HOJH-
THYECKHWE KIOCTPUINH, crielnduyecku npucnocobmeHHEe K cOpa-
KUBAaHHI0 FETEPOLMKIMYECKHX COSNUHEHMI (NTypMHBI U MUPHMHIN-
Hel). Cpeiv HUX €CTh BUIEI, 06yanaonme J0BOIBHO IUKPOKUMU BO3-
MOXHOCTAMH (cyDcTparaMu OpoXeHHs CNyXaT KakK YIJeBOIpl, TaK M
OenKu), ¥ y3KoCIenHATH3UPOBAaHHEIE BHIbI, CriOCOOHBIE HCITONEL30-
BaTh B KauyeCcTBE MCTOYHMKA JHEPTHU M yriepona Kakoe-Jubo OmHO
WK OYeHE HEDoMBIIOEe YHUCTO COSTUHEHMI.

Cy0ctpaTaMu OpOoXeHUA CaxapoNIMTHYCCKUX KIOCTPHAHEB CIIYKAT
TaKVe MOHOcaxapa, KaK IJIIOK03a, (pyKT03a, JIAKT03a, KCHWIo3a | Jp.
Hexoropbie BMOBI MOIYyT HCIIONL30BaTh KpaxMali, LIENNIONo3y, K-
THH, XMTHH, NpeABapuMTeNbHO THAPONW3YEMBIE COOTBETCTBYIOLIMMH
3aK3o¢epMeHTaMu. TUITHYHBIMY [IPENCTABHTENSIMM CAXapONHTHYECKHX
KIIOCTPUIMER, OCYIIECTRISIOIINX pa3obpaHHoe B MPEALIAYIIEM pasie-
Jie KJIAaCCHYeCKOe MacngHoKucnoe Gpoxenue, aenmorca C. butyricum
u C. pasteurignum. W3BecTHEI cpey KIOCTPUAHER BUABI, cOpaxupa-
I0LIMe caxapa 10 IIMKOMMTHYECKOMY ITyTH, Ho Ge3 obpazoBaHUSA mac-
JistHOM KuenoTs! (Tabu. 17). Iy, Benyime K 6UocHHTE3Y BONBIIMHCTBA
nepeyucaeHHsIX B Tabmile nponykToB GpoXeHuit, OCYIECTBISEMBIX
KJIOCTPUIUAMHU, YXe o0CcyXIanvck HAaMU pu pa3bope MacJITHOKUCO-
T0 ¥ APYTUX BUIOB OpOoXeHHIA.
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Tabnuua 17

OcuoBHBE NPONYKTH GPOXKEHAA HEKOTOPBIX CAXAPOIHTHIECKHX
KIOCTPHAHES, He o6pa3ylomux MACSHON KRCI0TH

Opranuam OcHOBHEIE ITPONYKTH GpoXeHMA

C. sphenoides 3TaHOJ, YKCycHasa Kucmota, CO,;, H,

C. glycolicum

C. cellobioparum 3TaHOJN; YKCycHas, MypaBbHMHas, MO-
nounas kucnotel; CO,, H,

C. clostridioforme yKcycHas, MonouHas kucnorsl; CO,, H,

C. oroficum 3TAHOJ; YKCYCHAS, MOJIOYHAS, MYPaBbi-
Has kucaothl; CO;

C. coccoides AHTapHAas, YKCYCHAs KHCIOTHI

C. durum 3TAHOJ, MPONAHON; MypaBBHHAas, YK-
CyCHasl, MOIOYHAas KHUCJIOTHI

C. nexile 9TAHOJI, MypaBbHHAS, YKCYCHas, MO-
JIoyHasi, AHTapHas kuciaorel; H,

C. guercicolum yYKCyCHas, MponuoHosas Kuciorsl, H,

C. ramosum MypaBbHHAas, YKCYCHasl, MOJOYHAas,

AHTapHas KHUCJIOThI

C. aceticum YKCYCHAsI KHCIIOTa
C. thermaceticum
C. formicaceticum
C. spiroforme

Jnsa Hekotopeix Knocrpummes (C. aceticum, C. thermaceticum,
C. formicaceticum w Ap.) XapakTepHo cOpaXuBaHUe caXapoB, IIPHUBO-
[slliee NpakTUYeCKH K 00pa3zoBaHMIO TONBKO OHOTO KOHEYHOTO Hpo-
IYKTa — YKCYCHOMH KHMCJIOTHI (romoalieTaTHoe OpoxeHue); u3 | Mone-
KYJibl COpOXEHHOMH reKCo3bl CUHTE3UpyeTcHa 3 MoNlekynel aletarta. May-
YeHHe TIOCTIEe0BATeIbHOCTH GHOXMMUYECKUX peaKiuil, IPUBOASILIMX
K 3TOMY, NOKa3aJlo, 4To cOpakuBaHHE 1 MONEKYNHI reKCo3bl Mo INH-
KOJIMTUYECKOMY IyTH INPUBOAMT K 0Opa30BaHUIO TOJBKO 2 MONEKYI
arterata. OnHoBpeMeHHO 00pa3syiorcs u 2 monekynsl CO,. Tpetsst Mo-
neKyna anerata cuHTeaupyercsa u3 2 monekyn CO, npuHUMITHANEHO
MHBIM 1TyTeM. (PUKCAIMS YTIEKHUCIIOTH Y TOMOALETATHBIX KIIOCTPHIH-
eB' POMCXONNT 10 HELMKJIHYECKOMY MEXaHH3MY, MONyYHBIlIEMY Ha-
3paHue aueTHI-KoA-IyTH, MOCKONBEKY ero KIo4YeBRIM MeTaGonuTom
asjuzercs aueTwn-KoA (puc. 62). Onna u3 monekyn CO,, ciyxaunias

! Buawl, oCylUecTRIAIOIIME TOMOALETaTHOEe OpoXeHMe, HALBAIOT TAKXKe aLeTo-
TEHHEIMM.
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Puc. 62. Auerin- KoA-myts (uxcaiin CO; y roMoaleTaTHbIX KIOCTPHIHEB:
@, — topmmatperunporeHassa; ©; — dopmun-TIOK-currasa; ©;—Qg-hepMeHTHI,
Katanuaupyioiime npespaiticiue ¢GopMwi-TIOK no merwi-TTOK; ©y — xopputo-
uaHel depment; @; — CO-pernaporerasa (depMedt M30bpaxeH B BHAE 3alUTPHXO-
BAHHBIX CTPENKKM M 3/utMnca); Oy — docdorpancaeriiasa; Py — aleTaTKMHAa3a

MCTOYHHMKOM METHIBHOW TPYIIIbl alleTaTa, Ha IIEPBOM 3Tarle BOCCTa-
HaBnMBaercsa ¢ obpa3soBaHueM (OpMHATa, a 3aTeM IPU YYACTHU TeT-
paruapodoNreBoii KUCIOTHL B KayecTBe KO(epMEHTA B HECKONBKO 3Ta~
noB BoccraHaBnuBaeTcsa 10 MeTHa-TI'®K. C mocnenHero MeruibHas
rpyTina repeHoCUTCS Ha epMeHT, cogepxauiuii BuTamuH B, B Kade-
cTBe KodepMeHTa (KOpPHHOUIHBIA depMeHT), NPUBOIS K pereHepu-
poBanuio TT®K. C xoppuHounHoro ¢pepmeHTa CH;3-rpynmna mocryrna-
et Ha CO-geruaporeHasy.

Bropasa monexyna CO,, yraepon KOTOPO CAYXWUT MCTOYHHKOM
KapOOKCHIBHOM Tpymnbl auetata, npu ydactuu CO-mersaporeHassl
BoccTaHaBnupaeTcs 1o CC, octaBasick CBA3aHHOM € 3TUM (EpMEHTOM.
CO-perujporeHasa, KnoyeBoii ¢epMeHT 3TOIO IIYTH CHHTE3a alleTa-
Ta, uMeeT 3 ueHTpa, cea3pBarolive CH;-, CO-rpynmner u kodep-
MEHT A. 3ateM Ha ¢epMeHTE OCylLlecTBAgETCS KapboKCHANpOBaHUE
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METHJIbHOM I'PYIIEL M B3auMoneiicTBre obOpa3oBaBlleiics aleTWIbHOM
rpymisl ¢ KodepMeHTOM A, npuBomsiiee K oOpa3oBaHUIO alleTHI-
KoA. Tlo xapakTepy npespalleHuii, katanusupyembeix CO-nerunpore-
HAa30i1, hepMeHT npaBUiibHee HaskiBaThk aleTil- KoA-cunTazoii. Jans-
Heliniue MnpespauieHna aueTwa-KoA mo auerara, COXIPOBOXAAIOLIME-
cs1 obpazoeanuem AT®, onmcaHsl paHee.

K npoTeonuTHHEeCKUM OTHOCSTCS KIOCTPMAMH, MMEIOLIHE AKTHB-
HEIE MpOTeONUTHYECKUEe (JEPMEHTH M MO3TOMY CriocoBOHBIE HCITONBL30-
BaTh B KayecTBe cyOCcTpaToB OENKK M MEeNTHABL, THAPOIM3YS UX 10 aMH-
HOKMCIIOT M IIOmBEpras 3aTeM IocnenHue cOpaxusanuio. B 31y rpymy
pxonsrt C. putrifitcum, C. histolyticum, C. sporogenes v npyTie carpoQHT-
HEIe Buabl. BiM3KKM K 3TMM BMJaM ¥ HEKOTOPHIE IIATOTeHHbIE (hOpMBIL:
C. botulinum — npopayueHT 60TYTMHAa — 3K30TOKCHHA, SBJIMIOIErOCs
OJTHUM M3 CaMbIX CHJIbHBIX 6uonorudeckux ssnow; C. fetani — cronbHAY-
Hag nanoyka, obpasyolias B opraHu3Me YEJIOBeKa CTOMOHAYHLIH TOK-
cuH. K npoTeonuTHiyeckuM KIOCTPUIMAM [IPUMBIKAIOT BUIE], HCIONb-
3yIOlIMEe B KAYECTBE MCTOYMHMKA YITIEpOJa M 3HEepPruM orpaHU4eHHOE
yucno ceobonHeix amuHokucaoT. Hanpumep, C. cochlearium pacrer
TONLKO Ha cpefe ¢ IIIYTaMUHOBOM KUCIOTOM, TNMyTAMUHOM W THCTH-
nunoM; C. sticklandii Mmoxer cOpaXuBaTh M3uH, aprUHUH, deHUTaa-
HUH, cepuH, a C. propionicum — TPeOHUH, allaHWH, CEPUM, LIMCTEHH.

H3BecTHBI IBA THITa COpaXXBaHUA AMUHOKHUCIIOT KAOCTPMIHAMM. JI1st
MHOTUX KJIOCTPUIMEB OJHA aMMHOKHUCJIOTa MOXKET CIYXHUTh MCTOYHHK-
KOM JHEpPIUH U yIJiepoia, HalnpuMep, TIyTaMHHOBAs KMCIOTa — IS
C. tetanomorphum, ymave — pna C. sticklandii. B aToMm cayuae ee quc-
CUMWISILIMSA NPUBOJUT K BO3HMKHOBEHUK) MeTaboNMTOB, XapakTep-
HBIX JUTS [JHKONHMTHYECKOIO IMYTH, ¥ B NEPBYIO O4Yepenb IHMpyBaTa,
IanbHeHIINe NMpeBpanieHus KOTOPOoro HIYT [0 ONHOMY U3 NyTei, ony-
caHHeIx Boiiie. Y C. sticklandii cOhpaxuBaHue Nu3KHA MPUBOIMT K
obpa3oBaHu0 MaclnaHoi ¥ ykcycHo# kucnoT u NHi, a y C. fetano-
morphum tipu cOpaXuUBaHWH TNYTAMHHOBOH KMCNOTHL B JOIIONHEHHE
K Nepe4yucIeHHEIM BEIlIe MPOAYKTaM obpa3yeTcsi HEKOTOpOe KOoJIM4e-
cteo CO,.

Psin aMHHOKUCIIOT MOXET MONBEPTaThCH COPaXMBAHHIO KIIOCTPH-
IMSIMHM TONEKO napamMu., Mexanuam npouecca O0vu1 pacrimdgpoBaH
JI. Ctuxnennom (L. Stickland) B 1934 r., nokasaBuiuM, 4YTO IPH 3TOM
MPOMCXOIHUT CONPSDKEHHOE OKMCIIEHWe-BOCCTAaHOBIEHHE Iaphl aMu-
HOKUCJIOT, OIHA W3 KOTOPLIX OKUCIISETCS, Apyrasd — BOCCTaHABIAMBa-
erca. Takoit TMIT COpaXUBaHMA AMUHOKUC/IOT TOTYYWA Ha3BaHUE pe-
akuun CrukneHNa. OKUCIAeMBIMU aMUHOKMCIOTAMH, T.€. JOHOPaMU
3NIEKTPOHOB, CIYXaT acllapalWH, alaHuH, BaJlWH, CEPHH, TMCTHIMH
u ap. BoccranaBnuBaemele aMHHOKHCNOTE — [IHIMH, NPONHH, Op-
HUTUH, aprYHUH ¥ Op.

HauGonee obcTogTennbHO M3yUeH IIPOLIECC CONpsikeHHoro cOpa-
XUBAaHUSA AJIaHMHA ¥ TJIHIWHA, KOTOPbIE, KaK MPaBH/IC, MOOAHMHOY-
Ke BONBLIMHCTBOM KIIOCTPUAMEB He Hcrionb3yiotcs. [lepBeiM aTamom
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TIpeBpalleHuIt alaHHA ABAETCA €r0 OKHCAHTENBHOE IE3aMHHUPOBa-
HHE, NPUBOsIEe K 0O6pa3’oBaHHI0 COOTBETCTBYIOLLEH (-KETOKMUCJIO-
Thl, B JAHHOM CIlyYae IHpyBata:

CH;—CHNH,—COOH + HAAQ* + H,0—
anaHuH

— CH;—CO—COQOH + NH; + HAL - H,
MHPYBAT

ITuposuHOrpanHas KHCAOTa 3aTeM IMOABEPTacTCH OKUCIHTEILHOMY
nexapbOKCHIMPOBAHUIO B peaki[M#, KaTaiu3upyeMoil nupyear: cgep-
PENOKCHH-OKCHIOPEAYKTA30H, MPMBOJAIIENA B KOHEYHOM MTOIC K CHH-
Tezy monexkynbl AT u anerata. Ha IByX 31anax OKMC/IHTE/IBHOIO Npeot-
pasoBaHV4 AlaHMHA BO3HHMKAIOT BOCCTAHOBJIEHHEIE MEPEHOCYHKHU, KO-
TOPBIE MCITONB3YIOTCH JIA BOCCTAHOBJIEHUS! BTOPO# aMUHOKMCIOTHL —
runuHa. BoccranoBUTENBHOE e3aMHHKUPOBAHKE TIHMIIMHA JI0 alleTa-
Ta — IOBOJIEHO CIoXHasA peakumsa. Katamusupyroiias ee (hepMeHTHAs
cucTeMa CBsi3zaHa C MeMOpaHOM M COCTOMT M3 HECKONLKHX OCIKOB,
BKJTI04as Genok, conepxXauliuii ceyieH:

CH,NH,—COOH + HAJ - H,—> CH,—COOH + NH; + HAIl*
TIIMOMH auerar

B nenoM conpsikeHHbIE OKMCIMTENbHO-BOCCTRHOBUTEBHEIE IIPEBPa-
IIeHHS ATaHMHA W [NHMLKHHA MOTYT OBITH BBIpaQXEHBI CHEMYIOLIMM
obpazom:

amanuH + 2H;0 — averar + NH; + CO, + 4H;
2 pmuun + 4H — 2 auerar + 2NH;

Tlonyyenue sHeprun npu cOpaxuBaHUKM 3TOM Mapbl AMUHOKUCIIOT
CBSA3aHO C OKMCJIEHHEM allaHvHa M cootBeTcrByeT 1 monexyne ATD
Ha MOJNEKYIy OKMCIIEHHOTO aJJaHWHA.

O6HapyxeHbl KJIOCTpUAMH, cnelH(uyecKH npucnocobneHHbe K
COpaXMBAHUIO TETEPOLMKINYECKUX A30TCOAEPXKALIUX COEMHEHMH,
B TCM YMCJI€ TYPUHOB U MUPHMUIWHOB, — IMYPHHOJIMTHYECKHE KIIO-
ctpuauM. OTHOCAUIMECA K 3TOM PYIIe BUIBL YACTO y3KOCIIEMATH-
3MpOBaHE B OTHOLIEHWH NHUIIEBBIX cy6crpatoB. Tax, C. acidurici u
C. cylindrosporum MoTyT pacTu, cOpaXuBas TOJIBKO HEKOTOPHIE ITYPHHEL
(ryaHuH, KCaHTHH, TMIIOKCAHTWH, MOYEBAd KHCIIOTAa) MO YKCYCHOH H
MypaBbuHOM KucnoT, rnMuuHa, NH,; u CO,. C. uracilium v C. oroticum
MoryT cbpaxupath mUpUMUIKHEL. C. oroficum UCIONE3YET OPOTOBYIO
KMCJIOTY, BBIIENSS B Cpefly YKCYCHY0 U AuKapboHoByo Kucnotel, CO,
u NH;. C. wracilium wcrnions3yeT ypaupl, KOTOPBIA pacriajaetcs o
B-ananuna, CO, u NH;. CobpaxupaHue IMypHHOB ¥ MHPUMHIHHOB —
CIIOXHEIR Tpolecc, COCTOAIIMIA M3 MHOIHMX TIOCJIEOBaTeILHBIX Peak-
1Hii, B HEKOTOPHEIX M3 HMX ITyTeM cyOcTpaTHOro docdopuinpoBaHus
cuHTesupyerca ATO.
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CopepiieHHO ocolOblii THIT BpoxeHus ocymiecTBnsier C. kiuyveri,
cOpaxuBaroLIMil cMech 3TaHONIAa U YKCYCHOM KUCJIOTHI IO MacCjsHOM,
KanpoHoBoii kucioT 1 H,. [Ipespanierue atanona ¥ YKCYCHOM KHCTIO-
THI B MACNAHYIO W KaNPOHOBYIO. KUCIIOTBI MOXHO OIIUCATh CNELYI0IIM-
MM YpaBHEHHAMHU:

CH;—CH,0H + CH;—COOH — CH;—(CH,),—COOH + H,0;

3TaHOJ auerar MaclgHaa KHCIOTa

2CH,—CH,0H + CH;—COOH — CH;—(CH,),—COOH + H,0

KalnpoHOoBaa KHClIOoTa

OHaKOo HE o[HA M3 3THX peaKIMit He NpuBOIMT K cuHTe3y AT®. DHep-
reTMyecKad CTOPOHA MpoLecca HOAroe BPeMs OCTaBaiach HEsSICHOWM.
Oxasanoch, YTO IONYYeHHe 3HEPTHH CBA3aHo ¢ oOpasoBaHMeM Mone-
KYJIMIPHOTO BOJIOPOJia B [IPOIIECCEe OKUCIEHUMS 3TAHOMNA, NeTHIPUPOBa-
HMe KOTOPOTO Ha JIByX 3Tanax IPUBOAUT K cHHTe3y aueTHi-KoA:

1) CH;—CH;OH + I’m+—PCH3—COH + l’m‘ Hz;

aleTalbaCTHA

2) CH;—COH +KoA—SH + @y, —> CH;—CO~S—KoA+ @i, e

auneTun-KoA

BnexTpoHH ¢ deppeacKCuHa MOTYT NepeHOCUTHCA naliee Ha HAILY
unu Ha H*, 4T0 npuBOIMT B ITOCHEAHEM Cllydae K BblOeneHuio H,.
CrencTBieM nepeHoca YacTu 3MexrpoHos Ha HY 6ymer napyiieHHe
COOTHOLICHUA MeXTy kosudecTBoM aleTui-KoA u HAJ - H,, Heo6-
XOOHMMBIM JUTA CHHTE3a MAclsSTHOW KHMCJIOTE (CM. puc. 57), B cTopony
OTHOCHTENBHOIO HEJMOCTATKA MONEKYJ BOCCTAHOBIEHHOIO KothepMeH-
ta. BosHuKIlIKeE «H3BBITOYHBIE» MOIEKY I alleTHI-KoA HernonsayoTes
Juis cuHTe3a AT® B peaknusx, orvcanHbIx paHee. Ilo npoBeneHHBIM
NojcYeTaM, SHEPIreTUYECKHH BHIXO 3TOTO BHJAa 6poXeHHsA COCTaBIIA-
et oxkono 1 mong AT® na 6 moneit ataHona.

Takum oGpa3zom, TUIE GPOXEHUI, OCYIIECTRIIIEMbIX KIOCTPUINAA-
MM, HeoBbMailHO pa3HooOpa3Hbl Kak B OTHOLUEHWH HCIIOAB3YEMBIX
cyBCTpaToB, Tak H CHHTE3MPYEMbBIX KOHEYHBIX IMPOAYKTOB, M BMIBI,
ocyuiecTBIgOUHe cOpaXMBaHHUE YIVIEBOIOB IO IIMMKOIUTHYECCKOMY
[YTH C HAaKOIUIEHWEM MacisAHOM KMCIIOTH B KA4YeCTBE ONHOID M3 OC-
HOBHBIX ITPOAYKTOB, SABAAIOTCA TONBKO OMHON W3 IPYIN OPraHU3MoB,
oTHocuMEIX K pony Clostridium.

OcobeHHOCTH KOHCTPYKTMBHOro MeTabonusma

HO’I‘I)EGHDCTH KJIIOCTPUIMEB B NMHUTATENBHBEIX BEUIECTBAX OTIIMa-
10Tcs GonbliMM pazHoobpasueM. Kax mpaBuno, KIOCTPMAMM MOTIYT
PacTH TONBKO Ha CIOXHBIX, BOTaThIX OpPraHUYeCKUMM COeIMHEHUSMU
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cpenax. MHoTue KIOCTPHINM BBIIENAIOT IK30(EePMEHTEI, paciiernis-
IOLIHME MAKPOMOJIEKYNBl (YrneBoHdbl, GeNKu) Ha COCTaBAAIOLIHE MX
MoHoMepHL. JIo cHX mop ToNpKO Hebonpllioe YHCIIO BMAOB YIANOCh
KYJILTUBHpPOBaTh B NabopaTopuyu HA CUHTETHYECKOH cpene. Jlns Hux
BbIfIBJIEHA 110TpeOHOCTD B BUTaMMHaX (IMaBHEIM obpa3oM rpyrinkl B)
1 HaGope aMHHOKMCOT.

Hurepecnast ocobenHocTs 3ybakTepuii na pona Clostridium — nans-
Helilllee pasBUTHE CriocoBHOCTH BOBIEKATE YIVICKHUCIIOTY B KJICTOUHEIH
meTabomuaM. ¥ C. kluyveri, pacTyuiero Ha cMecH C,-coenMHeHUE
(3taHon + auetart), 1o 30 % ymiepona KIeTKH BO3HUKAET U3 yIJIEpO-
na CO,. Ins C. aceticum v IpyTuX BHIOB, OCYIIECTBISIIONIMX TOMO-
aleraTHoe OpoXeHMe, NI0KA3aHa CIIOCOOHOCTh K XeMOJIUTOABTOTPog-
HOMY pOCTY Ha MHHepalbHO#M cpene 3a cyeT npepamenns CO, u H,
B auerar:

4H, + 2C0;,— CH,—COOH + 2H,0

B rpynny romoaneraTHbIX faKkTepyii, NOMHMO HEKOTOPBIX NpEICTABHTE~
neit poga Clostridium, BxomsT OpraHM3Mbl, MpUHALNEXALIWE K pogam
Acerobacterium, Acetogenium, Eubacterium, Butyribacterium v np. Ilpu pocre
HA MWHEPATBHOM Cpelle 3HEpPrul0 aleToTeHBl MOMYYaloT B MpOLECCe aHa-~
3pobHOro gpxaHuA ¢ ucnonb3oBaHueM H; B KauecTBe HOHOpA SAEKTPOHOB,
a CO, — xoHeyHoro ux akuerrropa (cM. m. 16). HcxoparimMu Metaboamramu
s OMOCHMHTETHYCCKHUX IMyTeld ciayxar auetHi-KoA (xkmoyesoit Merabomut
nytu $uxcanun CO; ancroreHamu) 