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Kperosuu B. Jl. MojekyasipHbie MEXaHH3MbI YCBOCHHSI a30Ta PACTEHHSIMH.
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PaGora nmocBsimiena ojHOI 13 nanbogee BamHLIX npodjaem GHOXHMBEN 1 (pi-
3HOJIOTHH PACTEHHH — YCBOCHHIO PACTEHHAMIL a30Td 1 MOJCKYIAPHLIM MENXanis-
Mam, JemalliM B OCHOBe 3TOro npc)uu‘ca. B IICI"I AeTadbHO pﬂCC)IOTpCH fnpouece
GduKcALHI MOJEKYASPHOro a30Ta CHMOHOTHUECKHMII CHCTEMaMH, B YacTHOCTH
000OBBLIMH KYJIbTYPaMH, KOTOPEIM yaeasa Goapmoe suumanie K. A. Tnvmupsses.
HzsarawTes naHHBE 1O H3YUeHHIO (DEDMEHTHEIX CHCTEM, KaTAJH3HPYIOUIHX pas-
JHYHBIE 3TANbl YCBOEHHS PACTEHHAMI CBS3aHHOTO HEOPraHHYeCKOro a30Ta H Ipe-
BPALIEHHA €r0 B OPTaHHYECKHe A30THCTHIE COeIHHEHHA.

Kuura paccuurana na (u3HoJ0roB u GHOXHMHKOB pacTeHHdH, a Takxe Ha
CTYIEHTOB GHOJOTHYECKHX (aKyJIbTETOB.
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Ilpex e BCEro MO3BOJbBTE MHE BLIPA3HTDb IJYOOKYHO MpU3HATENb-
HOCTL THMHPSI3€BCKOMY KOMHTETY 3a NpejoMeHHe BBICTYNHTb C
39-m TumupsaseBckHM utenueM. Elle B mKOJbHbIE FOAB f YBACKAJICH
cratbaMi K. A. TuMupsiseBa H B yHHBEDCHTEeTe MOCTYMHJ Ha CHelH-
aJbHOCTh «(DH3HOJOrHS PACTEHHH» HMEHHO MOJ BIHAHHEM €ro COuH-
HEeHH.

17 nexa6ps 1890 r. Kaument ApKajabheBHY BBICTYIH/ C TOMyJafp-
Hoit sekuneil «MCTOUHNKH a30Ta pacreHuii». Aty Jekuuo KiaumeHT
ApKajabeBHu MOCBSITHI I1aBHLIM 00pasoM BONPOCY 00 yCBOGHHH MO-
JeKyJIApHOro as3ota GoBosbiMu pactenusmu. Om ropopun: «Maio
HafigeTca NPUMepoB, Tie Obl TaK SCHO ONpeje/Haach B3aUMHAs POJb
TeopHH U MPAKTHKHU, KaK B T€X HCCJACNOBAHHAX, B KOTOPLIX HayYHBIH
BOTIPOC O MPOHCXOMKIEHHH a30Ta PACTEHHs HEpPasphIBHO CIJIEJCA C
YHCTO NPaKTHYECKHM BONPOCOM O MO0Jib3e BO3/E/bIBAHHA KJjeBepa H
BoobOnle 6060BLIX pacreHnii». Kacasch cyllecTBa YCBOEHHH MOJEKY-
JspHOro asora 6000BEIMH pacTernaMu, KauMeHT ApKaibeBHd TOBO-
puJi; «...6umDKaiiias CyIHOCTL [IPOIecca ocTaeTces /s Hac elle He-
scHOl. MBI He 3HaeM, Te H KaK NPOHCXOLHT 3TOT ellle 3araI0UHbIH C
XHMUYECKOll TOYKH 3peHHs MpPOLEcC YCBOEHHS CBOOOJHOro a30-
Tay [1].

C Toro BpeMeHH, Korja THMHps3eB NpodYes CBOH JIEKLHIO, JO-
CTHrHYTH GoJbIINE yenexu B MOHHMAaHHHA CYUIHOCTH H XHMA3Ma GHO-
Joruueckoii huKcauun MoJeKyaspHoro asora. Kpyr pacreHui, nns
KOTOPHIX MOKasaHa (HKcalus MOJEKYJsiPHOro asoTa BO3JyXa, 3HA-
ypTebHO pacmupuics. Okaszanoch, uro KpoMe GOOOBBIX 3TOH CTO-
cOBHOCTEI0 06/4a1al0T TAKMKE JHIIAAHUKY, MXH H BLICIUHE pPacTeHHA,
NpHHAAJEKALIHEe K CAMBIM Pa3/i4yHBIM CeMeficTBaM, HampHMep O0Jlb-
Xa, BOCKOBHHIA, 0b/ienuxa, HEKOTOPbIe NMANOPOTHHKH, NHKANOBHe H
PO3OIBETHbIE PACTEHHS, HEKOTOPble 371aKH H OCOKOBbIe {2].

BLIJI0 YCTaHOBIGHO, UTO, TaK JKe Kak M B cayuae GOOOBHIX, CIO-
COBHOCTRIO K (pHKCALHH MOJEKyJspPHOTO azora obiafaer He caMmo
pacTeHle, a HaXoJAsLIHEeCH ¢ HUM B CHMOHO3e MHKPOOPTaHH3MBl —
GakTepHH, aKTHHOMHIETH HJIH HnanoGakrepuu [3].

Mouiekyna ra3006pasHOro a3oTa Upe3BLIYaiiHO MPouHA. ATOME
B MOJIEKyJie a30Ta COEJHHEHB TpeMsf CBA3SMH, IJs paspblBa KOTO-
peix Tpebyercs 3aTpaTHTh 225 KKaJj/MoJb. Ilo3TOMY B TeXHHKe He-
06XOANMBEl OUeHb GOJbIINEe 3aTPATH HEPrHH AJsf TOro, 4TOOH OCy-
UIECTBHTH TIPeBpalleHne MOJEKYJAspHOro azora B amMmuak. Tak, npu
TeXHHYECKOM CHHTe3e aMMHaKa, HecMOTpsl Ha NpHMeHEHHe CIelH-
abHBIX KATaJH3aTOPOB, TpeGyercsi Temmeparypa mopsizka 500°
nasaenne oxosio 300—350 atm.



MHKpPOOPTaHH3MbI-230T(MHKCATOPH CNOCOOHB (hHKCHPOBATH a30T
OpH OOBLIYHOM aTMOChEepHOM MaBICHHH H KOMHATHOH TeMIIeparype.
Sra ux cnocobHOCTh 06BACHAETCS TEM, UTO OHH COJZEPKAT clelndu-
ueckiHe H BecbMa 3(deKTHBHbe (epMEeHTbl, KaTalH3UpPYyIOIIHE OT-
JAeJjbHbIe peaKIlHH 3TOTO CJ0XHOro mpolecca. Ilostromy He yaHBH-
TeJbHO, YTO BO BceM Mupe u ocobenno B Coenunennerx lllrtarax, B
YCJIOBHAX IHEPTETHUECKOT0 KpPH3HCA, Vaeasercs 60JblIoe BHHMAHIE
npobiemMe OHOJOrHYECKOH (HUKCAIHHM a30Ta, KOTOpas OCYLIECTBJIA-
eTecsl 32 CUET PASJIHYHBIX OPTAHHYECKHX COCMHHEHHH GHOJIOTHUECKO-
ro MPOHCXOXKIEHHS, T. €. B KOHEUHOM CUeTe 3a cUeT (OTOCHHTE3a, 3a
CUET SHEPrHH COJIHIIA, TIPH O0OBIYHOM AABJEHHH H TeMmepatype. He
YAMBHTENLHO, YTO BO MHOrHX JaboparopHiX MHpPA BeayTcs Hccle-
HOBaHHS, MBITAOUIHECS HMHTHPOBATL (DHKCHpPYIOILHE asor (epmen-
THl IAaa co3manus GoJdee 3h(EKTHBHBLIX KATAJI3ATOPOB JJAS XHMH-
YECKOil MPOMBIIIIEHHOCTH.

3ameuaTeJbHLIM SBIAETCS TO, YTO ¥ BCEX CAMBIX Pa3HOOOPA3HBIX
a30TMHKCHPYIOIIHX MHKPOOPraHU3MOB COJNEDHUTCS OfHA H Ta Ke
(dhepMeHTHAA CHCTEMA, KaTAaJU3HPYIOllas IpeBpalleHUe MOJeKyJsp-
HOTO a30Ta B aMMHAK. JTa (epMeHTHAas cHcTeMa, MoJyuyHBllas Ha-
3BanHe HHTPOreHashl, COCTOUT H3 ABYX OelKOB — asodeppenoKcHHA
i moaubnodeppenokcura. [lepBulit U3 HUX HMeeT MOJIEKYJIADHYIO
maccy oxoso 60000, sBasercss AHMEPOM H COHEPXKHT HereMHHOBOE
XeJie30, T. €. JKeje30, CBA3AHHOE HEMOCPEACTBEHHO ¢ cepoll Beaka;
BTOpPOfl MpeacTasiaser coboio TeTpaMep, HMeeT MOJEKY/IApPHYI0 Mac-
cy okosio 220000 u conmep:KHT HEreMUHOBOE 2KeJ/le30 U ABa aroMa
MonubaeHna.

Jlna ocyliecTBeHHS Npoliecca BOCCTAHOBJIEHHS a30Ta A0 aMMH-
aka HyxHbl ATP, Mg** u norox snertponoB (puc. 1). ATP B3a-
MMOJIefiCTByeT ¢ a3odeppefoKCcHHOM, npHueM Bhoineasercs ADP.
B pesyabraTe asodeppelOKCHH mNpeTepleBaeT KOH(QOPMAaLHOHHYIO
mepecTPOiiKy, BCJIEACTBHE YEr0 €ro PeNOKCNOTeHIHAJ INOHHMKAGTCA C
—280 mo —400 mB. Tako# BoccTaHOBJIEHHBIH a30(epperoKCcHH ITe-
pefaeT S/EKTPOHH Ha MOJHOO(DEPPENOKCHH, Ile H IPOHCXOXHT
goccraHoBaenre N, no NH,.

CymiecTBeHHOH 0cOOeHHOCTbIO HHTPOTE€HA3Bl SIBJASETCS ee LIHPO-
Kas CHelH(pUIHOCTL MO OTHOLIEHHIo K cyberpary. Kak mokazaHo Ha
puc. 2, HUTPOreHasa BOCCTAHABJHBAET He TOJIBKO a30T, HO H LEJBIH
pAL OPYTHX cyOCTpaTOB — LMHAHHIBL, 3aKHCh a30Ta, aleTHJIeH H AD.
Jro umeer GoJblloe MPAKTHYECKOe 3HAUEHHE, MOCKOJBLKY AJAA OI-
peleseHHs HHTEHCHBHOCTH a30TGUKCAIHH HCHOJb3yeTcH UYPE3BHI-
yalHO YAOOHEIH U YYBCTBHUTE/ALHBIH rasoxpoMaTtorpa@Hueckuii me-
TOJ KOJHUECTBEHHOTO yUeTa 3THJeHa, 00pas3ylollerocsi B pesyJbrare
BOCCTAHOBJIEHHSI HUTPOT€HA30H alleTHJIeHa.

§l xouy oOpaTHTh Ballle BHHMaHHe Ha TO, UTO HHTpOreHasa IpH
yuactua ATP kaTtanusupyer TakxkKe BOCCTAHOBJIEHHE HOHOB BOJOPO-
Ja ¢ ob6paszoBaHueM MOJEKyJsIpHOTO BOZOpoma. ¥ psza asoTdHKca-
TOPOB 3TOT IIpollecc HpOTeKaeT ONHOBPEMEHHO C INpPOIleccOM a3o0T-
dukcanun, 1 o6pasoBaHie MOJEKYJAPHOTO BOAOPOAA HCHOJbL3YHOT
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IaXKe B KauyecTBe MOKasaTens HHTEHCHBHOCTH azoTdukcaunn. Bos-
MOKHO, YTO 3TO CBOHCTBO a30T(HKCHPYIOIIUX MHKPOOPTaHH3MOB, B
YACTHOCTH, IHAHOGAKTEPHH, MOKHO OyIeT HCNOJAL30BATH M MOJIY-
YeHHs JEIIeBOro TOIUIHBA B BHAE MOJeEKyJisipHOro Bomopoxna [4].

Bakuefllyo poib B GYHKIHOHHPOBAHHH QEPMEHTHOH CHCTEMBI
HHTPOreHassl urpaer MoJuOLeH. OH BHIOJHAET CTPYKTYPHYIO DOJIb,
NOJLEePKHUBAS ONPEJIeIEHHYI0 KOHQOPMAIHI0 MOJEKyJbl HHTpOreHa-
3bl, Y4aCTBYET B CBA3HIBAHHH a30Ta H NePeHOce 3JeKTPOHOB, MPOHC-
XOJIAMIeM IIPH BOCCTAHOBJEHHH €ro MOJeKyJ/ibl, HHIYUHPyeT CHHTE3
HUTPOTEHa3bl H Mosaubponepmeas (cM. puc. 3).



OpHo¥ M3 Ba)KHEHIIHX 3amad gajbHeAmHX paboT no OHOXHMHH
H @I‘IBHOJ]OI‘HH EiSOTd)HKCHHHH ABJISIETCA BbIACHEHHE BCEX CTOPOH
(YHKUHOHAJLHOH POJH MOJHOJEHa B HHTPOreHase.

CyliecTBEHHBIM SIBJSIETCS BOIPOC O TOM, KaKUM o6pazoM MoJau6-
Zled cBA3aH ¢ OenkoM B MonuGaodeppenokcure. Hamu paGoTsl, npo-
Bepennsie coeMectHo ¢ H. T1. JIbBoBrM H paoTaBIIAM y Hac aMe-
puxanckuM npodeccopom Y. MakKeunna, mokasanu, uto MoaubaeH
MOXKeT GBITH OTHAETEH OT HHTPOTEHA3b! B BHAE CPABHHTENLHO HH3KO-
MoJiekyasipHoro MonuGaonentuia (MoKo) ¢ moaekyaspHofi mac-
co#i okozo 1000.

‘Cesaptsanne N, Puc. 3. Poabr MoamnGaena B
;I (DYHKIHONHPOBANNH JHTPOreHa3bl

IMepenoc b
T Mo = CTpPYKTypHas pons "
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Hunyxuus 6uocuuTesa Hunykuus GuocuaTe3d
Mo —nepmeas HHTPOreHA3Hl

Ianbuefiliee passuTie pa6or no GHoXMMUE MOJIHGAEHA B HalleH
naBoparopuu u daGoparopuun Y. Bpuaaa B CIIA nokasalo, 4To
poieneHublit Mo-nenrun (Mo-xodaxTop) HHTpOreHassl OTJIHYAETCH
OT TAKOBOrO y APYrHX MOJHOAEHCOAEpKAIIUX GEPMEHTOB; TAKHM
o6pasom, cymecTByer aBa THma KodakropoB: FeMoKo — pas Hur-
porenassl 1 MoKo — mis Bcex mpyrux MoaubreHcomepzKallux ¢hep-
MeHTOB. ¥l MMEW B BHAY HHTpaTpeldyKrady, KaTaJH3HPYIOLIYI0 BOC-
CTAaHOBJIEHHE HUTPATOB M0 HHTPHUTOB, U KCAHTHHOKCH[a3y MOJOKA,
KaTaJH3HPYIOULYIO OKHCJeHHe KCaHTHHa H aJblernfos. M3 stux mo-
auGaopepmerros Moxer Gbirh BEeneH MoKo, Boccranapanparo-
LIHE akTHBHOCTh nedekTHo# mo MoKo HETparpeayKTasnl MyTaHTHO-
ro mramma rpuba Neurospora crassa [5, 6].

TTocKOJABKY MOJIeKyJa a30Ta Ype3BbYaiflHO npouHa, MHKPOOHI-
a30T(IKCATOPEl 3aTpauuBaIOT OOJbIIOe KOJHUECTBO 3JHEPruu JJIs
NpeBpalIeHNA MOJEKYJSIPHOrO asora B aMmuak, Tak, wmanpumep,
Azotobacter momxen nepepaforare B Ipollecce AbIXaHHA OLHH
rpaMM caxapa IJsi TOro, 4To6nl cBsi3aTh 15 Mr asora, a Clostridium
pasteurianum npu 3arpare TaKOro e KOJHYeCTBa caxapa B Mpo-
necce GPOXKEHHsI CBSI3HIBAET BCEro JHIIb 2—3 Mr azora. Takum 00-
pasoM, MHKpOOpraHHaMaM, (HKCHPYIOLIHM MOJEKyJSpHHIH asoT,
NPHXOMHTCS PacX0f0BaTh 3HAUHTEJbHOE KOJHUECTBO «OHOJIOrHYe-
CKOTO TOWAHBa». J1g Ki1yGeHbKOBHIX GaKTepHH, IpeBpallaouHXCs
B KJyOeHbKax O0OOBHIX pacTeHHII B TaK HasblBaeMble DaKTepOH b,
TAKHM «OHOJOMHYECKHM TOMJIHBOM>» SBJISIOTCS NPOAYKTH (DOTOCHH-
Te3a, TPAHCHOPTHPYeMble W3 JHCTheB B KOpHeByIo cHcTemy. Kak
TONLKO (QOTOCHHTE3 MpeKpaliaercs, celyac ke IpeKpamiaercs H
(huKcanus asora B KJybOeHbKaX.
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Yacrs nocrynalomux B KaAyOeHbKH MPOAYKTOB (OTOCHHTE3a pe-
3epBupyercs B GakTepouHaax B BHIAE THIOKaHOB [7, 8] u, IJIaBHBIM
o6pasoM B BuIe noJauMepa B-okcuMacasHo#t kucaore ([IOM), oT-
Jarajpouierocss B 0aKTepoHLax B BHIE KPYNHBIX 3€DeH, KOTOpPLIE XO-
polo BHJHBEI Ha puc. 4. Kak nokasaau Hauy paGoTH, NPOBEIEHHBIE
cosMectHo ¢ B. M. PoMaHOBLIM, 3TOT mosuMep sSBJsieTCA BaXKHell-
UM  «OHOJOTHUECKHM TOIMJHBOM», MOTpefiasieMbiM OaKTepoHLAMH
B Ipouecce abixanus u redepanun ATP, neobxopumoi ajas paboTs
HUTPOTEHA3bl. ITO NOJIOMKEHHe NPEeKPAacHO HIAJIOCTDHDPYET pHC. 5,
MOKA3HIBAOLINE, UTO TpeKpameHie npoiecca huKcanuu azora Gak-
TepoHaaMHi KJyOeHbKOB JIIOMHHA BCJEACTBHE NMPEKpalleHHs mpolec-
ca (OTOCHHTE34 CONPOBOKIAETCH OIHOBPEMEHHBIM HAKOIIEHHEM B
anx [IOM u, mao6GopoT, BO30OGHOBJEeHHEe a30T(HKCALHA BLIBLIBAET

i



Puc. 6. PacTenus JONUHA, HHOKYAHPOBAHHEIE 3QDEKTHBHEIM (@—8) U HeahhekTHB-
HbIM (2—e) wTammami K/1yBeHbKOBHX GaxTepmil
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pacxogoeanue ITOM u cHHxeHHe ero comepxanus B GaKTepOHZAX
[9—11].

Posip TIOM B KauecTBe «GHOMOTHYECKOTO TOMAHBA», MOTPpebisie-
MOro B nponecce asoT(HKCALHH, MOXKeT ObITh NPEKPACHO NPOHJI-
JIOCTPHPOBaHA NMpPH U3YYEHHH PACTEHHUH JIONHHA, HHOKYJ/HPOBAHHBIX
3 dexrHBHLIME H HesQdeKTHBHbME InTamMMamu Rhizobium lupini.
I perTHBHBE MTAMME 06Pa3yIOT HA KOPHAX KJAYOeHBKH, KOTOpPEIE
(HKCHPYIOT a30T, a He3h(eKTHBHBIE, XOTS H 00pasyioT KAyOeHbKH,
HO He cnoco6Hbl K asordukcauun. [TosroMy pacTeHHS JIONHHA, HHO-
KyJHPOBaHHBE 5(P(EKTHBHBIM IITAMMOM, XOPOLIO pasBHBAIOTCH, a
HHOKYJIHPOBAHHbBIE Hes(hHeKTHBHLIM — oueHn caabo (pue. 6).

Onpenenenne comepxanus [IOM B Gakreponnax «shdexTHs-
HBIX» H «Hea(p(eKTHBHbLIX» pacTeHHH mokasaso [12, 13], uto B mep-
BBIX H3 HHX, (GDHKCHDPYIOIIHX MOJIEKYAAPHBIH a30T, COAEPIKHTCS MaJo
[I0JIEMEPa, TIOCKOJBKY OH pacxoayercsa Ha cuHTe3 ATP, B To Bpems
KaK B 6aKTepOHJaX, He CIOCOOHBIX K (PHKCALHH 430Ta, CONEpKAHHE
IoJlEMepa BecbMa Beauko (pHC. 7).

HUcrounnk ATP, HeobxoniuMoH s OCYIIIeCTBJCHHSA Tpollecca
a30T(HKCALNH, y Pa3HLIX MHKPOOPraHH3MOB-a30T(HHKCATOPOB pas-
AnyeH. ¥ (QOTOCHHTESHPYOWHX OakTepHii H LHaHOGaKTepHH 3TO
Gborocuures u porodocdopuIHPOBaHHE, Y aHA3POGHHIX asoTduKca-
TOpPoB — Gpoxkenue H GocdOPOKAACTHYECKOe DaClIeIeHHe NHPyBa-
Ta, y a3po6oB, NOL0GHEIX a30T0GAKTePy H KIyGeHbKOBLIM GaKTepH-
AM,— Tpouecc NbIXaHusd. 3a MOCJelHHe TOAbl MOK43aHO, 4TO MOJe-
KyJsapHEIH BOAOPOJA, 06pasylolluiics MOX JeHCTBHEM HHTPOTeHAasHl,
MOXKET Cpasy e yCBaHBaTbCi MHKDOOPraHH3MaMH-a30T{HKCATOpa-
MH (peunkausanus Bogopoma). IIpn sToM BakHYIO pOJb Hrpaer
rHAporenasa, B nafbHedlllee OKHCJIeHHe BOZOPOAA ABJSETCS HCTOU-
HHKOM 3HepruH A/s cHHre3a ATP. ¥V ki1yGeHbKOBBHIX GaKTepHil COH
5 {eKTHBHOCTb a30TGHKCALHH TecHefmuM 06pa3oM CBS3aHA C HX
CIOCOOHOCTBIO K YCBOGHHIO H OKHCJGHHIO Bojopoaa [14].

IlpoBesiennoe B Hamel 1a6opaTOPHH CPaBHHTEIBbHOE HCCIELOBA-
HHe HHT@HCHBHOCTH ABIXAHHS H aKTHBHOCTH Psija OKCHAOPEAYKTa3 y
0aKTepOHAOB, BHIENEHHLIX H3 «3(D()EKTUBHEIX» H «Hed(hDeKTHBHHX>
Ka1y6enpkoB JionuHa {15], nokasamno, uro y MepBHIX H3 HHX CIIOCO0-
HOCTL (PHKCHPOBAThH MOJIEKYJAAPHBI 430T TeCHEHIINM 06pasoM cBs-
3aHa ¢ ropasnao GoJbllell HHTEHCHBHOCTBIO IBIXAHHS H 3HAYHTEJbHO
GoJiee BHICOKOI aKTHBHOCTBIO OKHCJIHTE/IbHO-BOCCTAHOBHTEIBHBIX CH-
creM (puc. 8).

Takum obpasom, sHeprus, HeoGXoxuMas AJasA (HKCALHH a30Ta,
FeHEepPHPYeTCs B MpoLecce AbIXaHHA GaKTEpOHIOB.

OnHako «agderTuBHEe» 1 «Hed(hHEKTHBHEIE» GAKTEPOHIE OT-
JIHYAIOTCS HE TOJbKO M0 YKA3aHHLIM KOJHYECTBEHHBLIM MOKa3aTeNsaM,
HO H N0 KaueCTBEHHOMY COCTaBY OKHCJHTEJbHO-BOCCTAHOBHTEJIbHBIX
cucreM. dnnae6y 0 Beprepcen [16] ycranosuau, uro B «3pdeKTHB-
HBIX» GaKTEPOMJAX COH OTCYTCTBYeT LHTOXPOMOKCH/1A34d, B TO BpeMs
KaK B «Hesdh(hekTHBHLIX» GaKTepounax oHa HMeeTcsd. AHaJOTHYHBIE
NaHHble ObLIH NOJydeHbl HAMH A JitonuHa [17]. BMecTe ¢ TeM HaMH
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Prc. 9. Kpueraaisl MaxpoKOMIOHEHTOB Jerorao0uxa

a — perorao6ud I; 6 — aeroraoGuB II

comectHo ¢ rpymmnoii C. C. Memuk-CapKkucsin Obio mokasamno {18],
4T0 B «3(PdeKTHBHLIX» OaKTEPOHJAX JIONHHA COAEPIKHTCH LUHTOXPOM
P.o, B TO BpeMsi Kak B «He3()EeKTHBHBIX» OH NPaKTHIECKH OTCYyT-
creyer (puc. 8). Taknm 06pasoM, cnocobGHOCTb OaKTepPOHIOB K (DHK-
calii MOJEKyJsipHOTO a30Ta TecHeilluM 06pasoM cBfizaHa C IVIy-
60KOil HE TOJBKO KOJHMUECTBEHHOH, HO H KAaYeCTBEHHOH MEPECTPOH-
KOH HX OKHCJ/IHTEJBHO-BOCCTAHOBHTENBHEIX CHCTEM.

Dra mepecTpoiika HMeeT MECTO He TOJBKO B LHUTOXPOMAax, HO Ka-
caeTca TaK¥Ke CHelH(HUECKOro AJs CHMOHOTHYECKOH a30T(HHKCH-
pymoliefi CHCTEMb FeMONPOTeN1a, OTKPHTOro B 1939 r. AMOHCKUM
uccaenosarenem Ky6o {19] u nonyunBiIero BIIOCAeACTBHE Ha3BallHe
«jerorno6uHay. DTOT TeMONpPOTeHI NPHUCYTCTBYET TOJBKO B Kay-
GeHbKax, 06pasoBaHHbX 3Q()EeKTHBHLIMH WITAMMAMHU KJIyOeHLKOBBIX
GakTepuii, 1l TPAKTHIECKH OTCYTCTBYeT B <«HE3(()EKTHBHBIX» KJy-
Genskax (puc. 8).

B nacTrosiee BpeMs MOKa3aHO, UTO JIerorJOGHH COCTOUT H3 He-
CKOJIbKHX KOMIOHeHTOB [20—25], pas/HyalolHXcsd IO CBOHM CBOH-
creaM. JIBa ryaBHBIX KOMIIOHEHTa JIErorJoOHHa IOJAy4YeHbl HaMH B
KpHCTaJaHIeckom cocTosHHH (puc. 9) [26, 27]. YcraHormera mep-
BHUHASI CTPYKTYpa JerorJo6HHOB H3 KiIyGeHbKOB HECKOJbKHX 00-
Gopbix pacTeHui [28—34]. C moMolIbi0 PEHTTeHOCTPYKTYPHOTO aHa-
Jii3a yCTaHOBJEHAa TPEeTHUHAsI CTPYKTypa MOJEKYJH nerorJio6HHa
u3 Kay6eHsKOB afonnHa [35, 36].

KakoBa ke (pyHKUHOHAJbHAS POJb 3TOrO IeMONpoTeHjAa B TOH
CHIOMHON CHMOHOTHUECKOH CHCTEMe, KOTOPYyIo TpejcTaBjsfer co0olo
gayGenex 6060BOro pacTeHHs, BOSHHKIINI B pe3y/bTaTe €ro HHOKY-
AALHd 5bPEKTHBHBIM 1UTAMMOM KayOeHbKOBBIX GaKTepHit?

I1. Kefiaun, H3 JabopaTOPHH KOTOPOTO BEIIIEJ Psif pador, mo-
CBSILIEHHBIX H3YUeHHIO Jierorao6HHa, BrepBbie BHICKA3a/ MBICAb O
TOM, YTO 3TOT TE€MONPOTeHJ, TaK e KaK IeMOTJIOGHH H MHOIIOOHH
B JKHBOTHOM OpraHH3Me, BBINOJHSET POJb NepeHOCYHKa KHCIopona
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Puc. 10. Bimsanne OKCHreHHPOBaHHOrO JIErOrJoGHHA H €ro e )
KOMIIOHEHTOB Ha a30TQHKCHPYIOUIYI) AKTHRHOCTh GakTe- Z
pouzos Rhizobium lupini (B uamonsx CoHs B MuH ma 1 Mr é
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K 0OakTepoMjaM, HaXONAIHMCA B KIYOEHbKe B §
YCJIOBHAX 3aTPyAHEHHOTO J0CTyma KHcJopoga 7z
[37, 38]. O6 3TOM CBHIETEILCTBYET TaKiKe HC-
KJIIOUNTeJIbHO BBEICOKOE CDOJCTBO JIErorsofHHa K
MOJIeKyIapHOMY KHcjaopony [39]. Haromenm, B P

NOJIb3Y 3TOH TOUKM 3PEHHS TOBOPST ONLITH IO
hHuKCcalHH MOJEKYJNSIPHOTO a30Ta GakTepoHIaMH
B NPHCYTCTBHH JeroraobnHa [40—44]. Oxasanoch, 4To f06aBKa OKCH-
FeHHPOBAHHOTIO JIETOTJIO0HHA K CYCNeH3HH GAKTEPOHI0B 3HAYHTEIbHO
IOBLIIAeT HHTEHCHBHOCTh (PHKCAlHH a3ora. Pes3yabTaThl OQHOTO M3
TAKMX HAIIHX ONBITOB C OaKTepoOHZAMH JIONHHA [NOKA3aHH HA
puc. 10.

Taknm o6pasoM, Jierorno6un obecneynBaer AbiXaHHe GaKTepOH-
JOB W, CIeloBaTe]bHO, TeHeDALHK 3SHeprud, HeoO6XomuMoil I
asoTukcauun. Ha 3T0 yKasLIBalOT TaKikKe DPe3yJsbTaTH 3JeKTPOHHO-
MHKDOCKOTIHUECKHX H IIMTOXHMHUECKHX HcclefoBaHmi [45—48], mo-
Ka3aBlIHX, YTO JIErOrJIOOHH pacrmosaraercsi BOKPYT GaKTepOHIOB
(puc. 11).

JlerorJIoOHH, TAK Ke K4K IeMOrJIOOHH H MHOTJIOOHH 3KHBOTHLIX 4
YeJIoBeKa, CBA3LIBACT KUCJIOPO] TOJLKO B BOCCTAHOBIEHHOM COCTOS-
HEM — B Buae (pepponerornobuna. Okasajoch, uTo B KAyGeHbKe OH
IPUCYTCTBYET HMEHHO B BHAe (eppodopmel [49—52]. Oxguako aero-
ryobuH, nogo6HO reMordo6HHYy H MHOTJOGHHY, MOXKET Jerko OKHC-
JATHCA, NpPeBpalllasick B HECHOCOOHBIH K CBSA3HIBAHHIO KHCJIOPOAA
deppuaerorJo0HH, KOTOPHIE MBI, IO AHAJOIHH C METTeMOrJOOHHOM,
Ha3BaJgH MeTJerorJobunoMm. EcTecTBeHHO, BO3HHKJO NpeanooxKe-
HHE O TOM, 4TO B KaAyOeHbKax nMeercs (epMeHTHAs CHCTEMAZ, TOJ-
MEPKUBAIOIIAA Jerorjo0HH B BOCCTAHOBJIEHHOM (DH3HOIOrHYECKH
AKTHBHOM COCTOSIHHN, H AeficTBHTe/JbHO, HaMH B rpymme C. C. Me-
auk-Caprucsan Oblla OTKpHITA B GaKTepoHnax Takas (epMeHTHas
CHCTEMa, KOTOPYH MHl HasBaJH MeTJerornoGHHpenyKTasoh [53].
Oxkasasoch, uTo 3Ta (pepMeHTHAs CHCTeMa KJIyOEHBKOB JIONHHA Pa-
Goraer B mpucyrerBin NADH u BoccTaHaBiHBaeT He TOMBKO OKHC-
JEUHLIH JICTOTJOOHH, HO H JPYTHE TeMONPOTEHAB — reMOrJao6uy,
MHOrJI00HH H HHTOXPOM ¢. OnBITH MOKa3aJH, 4TO A06aBKa MeTJero-
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