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BBEOEHUE

buosnexTporenes, T.e. CrOCOOHOCTh TEHEPUPOBATh SNEKTPHUYECKHE TO-
TEHUUATbl — OJHO M3 YHMBEPCAJIbHBIX CBOMCTB JKHBBIX CHCTEM, KOTOpOE
UrpacT Ba)KHYO0, BO MHOT'OM €LI€ HE PACKPLITYIO, POJIb B UX JKH3HEAEATE/Th-
HOCTH. BTioJIHe 3aKOHOMEpPHA TNOCTaHOBKA BOMpOCAa O OHMO3JIEKTPOTEHE3e Ha
TumupszerckoM uteHun. TUMHUPA3EB BCErna B CBOMX UCCIEAOBAHUSX TArO-
Tel K (QU3UKO-XUMUYECKOMY TMOAXOAY B HHTEPIPETALMH OHOJOrHYeCKUX
SABJIEHUNA.

[Ipobnema OwmossiekTporeHesa IpuBJeKaeT BHHMAHWE HCCIIEAOBaTENEMH
CO BPEMEH OTKPBITHA «KHBOTHOTO 3JieKTpuuecTBa» JIyuwmxu [anbBanu B
1791 r. OnHako XWBOTHBIE U PACTEHHA HCCJIECHOBAINCE HE B PAaBHOMN Mepe.
PacTeHHs 3Ha4YWMTENBHO Clabee W3yYeHB! B 3TOM OTHOINEHMH. MHTepec du-
3MOJIOTOB M OMO(HU3IMKOB PacTeHHU K TaHHOM MpoOieMe HenocTaToueH. Jleno
HE TOJBKO B METONMYECKUX TPYNHOCTAX (MeJiKue KIETKH, Haluyue 000J10-
HEK, TPYAHas NpernapoBKa TKaHEH), HO U B TOM, YTO N0 CUX MOp HE BMOJHE
ICHO, KaKylO0 pOJib UTparoT OHo3siekTpuyeckue noteHuuans! (B3I1) y pacre-
HUH. Asmsniorcs m B3I gakropomM, conpoBokaarouiuM 0OMEHHBIE NPOLEC-
CHl (NpoIIE roBops, OTOPOCOMY KXH3HENEATENLHOCTH) WU OHU MMEIOT Ca-
MOCTOATENIbHOE QU3H0IOrHYeCcKoe 3HaYeHHe? OTBET HA 3TOT BONPOC MPHH-
IUOHANTBEHO BaXCH, MO3TOMY MBI [MOCTaBWIM €ro B Ka4€CTBE OCHOBHOIO B
JAaHHOM 4TeHWM. OTBETUTHL HA HEr0 HE Tak MPOCTO: CAUIIKOM MAJIo eme Ha
KOIUTEHO AaHHBIX. OJJHaKO MbI MOCTapaeMcs 3TO CHENATh.



TWUMNbl BUOIANEKTPUHECKOU AKTUBHOCTH
Y BbICLUMX PACTEHUW

H3BeCTHO, 4TO Kak W y *KHBOTHBIX, b2I1 y pacreHuit moapasaensoTcsa Ha
JIBa OCHOBHBIX TUNa — 3T0 noTeHuuaisl nokos (IN1I1) u noreHumans Bo30y-
xneHus [Bentrup, 1985; Onpuros u ap., 1991]. III1 — 310 pasHocTh NOTEH-
[lMa0B Ha MeMOpaHe B MOKOALIEMCS COCTOSIHMH, a NMOTEHLMabl Bo30yxKae-
HUA — u3MeHeHue I1I1 npu Bo3Oyxnenun. I1I1 y pacTeHui, Kak 4 y XKHUBOT-
HbIX, COCTOMT U3 ABYX KOMMNOHEeHT [Bentrup, 1985; Omnpuros u mp., 1991].
1) Juddy3uoHHas KOMIIOHEHTa, KOTOpas BO3HHUKAET IMPU NACCUBHOM Au(-
(dy3MOHHOM IepepacnpeaencHUd HOHOB Ha MeMOpaHe 3a cYeT paHee cdop-
MUPOBAHHBIX HOHHBIX IPpaaueHTOB. [IpU 3TOM B COOTBETCTBUM C YPaBHEHUEM
lNonbamana, UMEIOT 3HaY€HUE ABa (akTopa — IPAgUCHT KOHLEHTPaLlUK HO-
HOB M KOI(DDULMEHT UX NPOHHULAEMOCTH Yepe3 MeMOpaHy. [lepeHOoC HOHOB
yepes MeMOpaHy MPOUCXOOMT 0 KaHajlaM WJIM MOCPEACTBOM KUHKOB. 2) Me-
Taboaudeckas KOMITOHEHTa, KOTOpas, Kak U Y JKMBOTHBIX, FEHEPHUPYETCS C
TTOMOIIBIO 3MEKTPOTEHHOr0 Hacoca. OnHaKo, y pacTeHUH MOCIENHUN npen-
craned He Na',K'-AT®azoii, a npeumymectsenHo H'-Hacocom. OcHOBY
H™-nacoca Beicmux pacteHuii cocrasiser H -AT®a3a, TpaHCIOPTHPYIOLIAS
H’-noHBI U3 KIETKH Hapy)Xy 3a cueT 3Hepruu ruaponusa AT® [Kanuuux u
ap., 1979 a6, 1982; Serrano, 1989; Briskin, 1990, Michelet, Boutry, 1995].
HekoTopsiMu aBTOpaMH 0OCY)KIAeTCs BO3MOXHOCThL ydyacTus B pabore H'-
nacoca DTIL] [Ivankina, Novak, 1988; Dahse et al, 1980], oanako, 3T0T BO-
IIPOC HOCHUT OWCKYCCHOHHBIA Xapakrep. H -AT®a3a — 3T0 MHTErpajbHBbIiA
benok, monunenTuaHasa lens koroporo 10 pa3 nepecekaeT NOBEPXHOCTHYIO
mMeMOpany. MousekynsipHas Macca oaHol cyosenuuauisl 104 xJ1 . [lonarator,
yto B MeMmOpane H -AT®a3a (pyHKUMOHUPYET B BUIE OJIMTOMEPOB H COCTOMT
u3 AByx cyOwenuuui. XOpowo u3ydeHa Kak repsuuHas crpyktypa H'-
AT®a3sl, Tak U CTPYKTYPHI 60j1€€ BBICOKHX MOPAAKOB (BTOpUYHAsNA, TPETHY-
Has). B Monexysne H -AT®a3sl paznu4aroT HeCKOJILKO JOMEHOB, U3 KOTOPHIX
OCHOBHBIE — 3TO JOMEH, CBA3BIBAIOIINN AT® 9eTBIPbMS MECTaMH CBS3BIBA-
HUS, U JOMEH, MMEKIUUNA OTHOLIEHUE K TMEPEHOCY MPOTOHA, BKIIKOYAKIIUH
kanan. Mctunnsim cyGerpatom H-AT®assl apngerca Mg-AT®. B nponecce
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paboThl OHA MNOABEpPraeTCs pochopunuporanuio-redochopunupoBaHuo U
00paTUMO MeHAET CBOK koHdopmauww. [Ipu 3tom H-AT®aza nepexoaut
u3 opmei E; B popmy E; u 06patHo. B popme E| oua cea3biBaeT npoTon Ha
BHYTPEHHEN CTOpOHE Meuﬁpanbr a B opme E; ocBoboxkaaeT ero Ha Hapyx-
HOU cTopoHe. Ha 1 MKM” MOBEPXHOCTH MeMOpaHsl npuxomurcs 10* monekyn
H -AT®a3si. Kaxnas monekyna paboTaeT co ckopocTbio oT 20 10 100 06o-
pOTOB B cexyHny. [1pu stom nepenocurcs ot 10° 1o 10° npoToHOB B cekyHy
Ha 1 Mkm”. Kak MPaBMJjiO, OTHOLIEHUE KOJIMYECTBA MEPEHECEHHBIX MTPOTOHOB
K KOJNMMECTBY MUAPOIU30BaHHbIX Moslekyn AT® pasho 1. Jlng HopmanbHOro
¢yHkuuonuposanus H'-AT®asbi, kak u Apyrux TpaHcnopTHeix ATdas.
HeobxoauMo npucyrctere dochonununos. Ontumym pH 310l depmenTHoi
CUCTEMBI JIEXKUT B cnabokucnoi cpene (pH 6,3 — 6,5).
CxematnyHo padoty H -AT®da3sl MOXHO MPEeACTaBUTL B BUIE ypaBHe-
HUSA:

JH' BHYTpPH
Ei+AT® >H E,~P+AJl® > H"E,—P > E,+P,
¥ H' cHapyxu

HTO KacaeTCs NOTEeHHMANOB BO30YXKIAECHHS, TO OHM NPENCTABICHbI y
BBICLIMX PAaCTCHHU B OCHOBHOM ABYyMSA Tumnamu: I1J] — noreHuuan neiictaus
(MecTHBbIN W pacnpocTpanstomuiics) u BI1 — BapuaGesnbHbiil MOTeHLHAN
[OnpuroB u ap. ,1991; Ren et al.,1993]. [Ipupona I1J] paciuudposaua, B oc-
HOBHOM, YCWIMsIMH Haule#d jadoparopuu [Onputos, Permsun, 1982: PeTu-
BuH, Onputos, 1986; Onputos u np., 1988, 1991: Pyatygin et al., 1992]. Tak
K€, KaK M y XXMBOTHbIX OOBEKTOB, Y BBICUIUX PACTEHHUIA B Er0 OCHOBE JICHKUT
BO3HHKHOBEHHE MAacCUBHbIX HOHHBIX MOTOKOB. TOJLKO B OTJIHYME OT XKUABOT-
HBIX, 3€Ch Y4ACTRYIOT He Na" u K", aCl u K". [Tog BnusHueM pasnpaxeHR
oTkpsiBatoTes Ca’ -kaHasL. I{am:unn BXOQUT BHYTPL KJIETKHU U CIIOCOOCTRY-
eT oTkpbiBaHmo Cl-xananos. CI' BeixoauT Hapyxy, Gopmupys bazy nero-
Jpu3auyu. Jlenonsapuzauus npuBoauT K Bhixony K™ yepes K'-kamanel, uro
obecniednBaer a3y penonspuzaunu. enepauus [1]] o6HApy)eHa Y MHOTHX
BBICLIMX pacTeHuH, He obNanaromux ObICTPEIMH JIOKOMOTOPHBIMHY (DYHKLHS-
mu. Pacnipoctpanenue I1]] y pactennii mpouCXOmUT Tak XKe, KaK U y HBOT-
HBIX, C MOMOILBIO MECTHBIX TOKOB, MpuueM TeHepupoBaTh [1][ MoryT Bce
KJIETKH CTEONs, 8 MPOBONTH — TONBKO MEJIKHE KIeTKH (hJI03Mbl U TIPOTOK-
CHJIEMbI NPOBOAALIETO My4ka [Sibaocka, 1962; Cunroxun, 1964, 1972: Petu-
BUH, Onputos, 1987; Onputos u ap., 1991].



BapuabenbHbie MOTEHUMANb! Y BbICIIMX PAaCTEHHMI MMEOT Oojiee CIIOXK-
HYI0 npupoay, yem [1/1, u BOZHUKAKOT B OTBET HA BECbMA CHUJIbHbIE BHELUIHUE
dbakTtops! (oxor u ap.) [Roblin, 1985; 3auenuna, Konomuew, 1990; Onpuros
u ap., 1991; Ren et al., 1993]. Oun xapakTepusyioTCsl Y€TKO BbIPAXKEHHOI
CTagMed nenonspusaluy, B TO BpeMsA KaK CTaaus penojispusaliu y HUX
CUIIBHO pacTsaHyTa. [lonarawoT, 4To B redepaunu Bll npunumaroT yyactue He
TOJIbKO MOHHbBIE, HO U XUMHYeckue (paktopsl. B nekuuu mMer Oygem paccMmar-
puBaTh QYHKUKOHANbHYIO posib [1/1, MOCKOJIbKY OHW BO3HHMKAIOT B OTBET Ha
00Jiee eCTECTBEHHBIE Pa3ApAKUTEIU U UMEIOT, MO-BUAUMOMY, OOJIbLLIEE 3HA-
YEHUE B HKU3HEASATENBHOCTH PACTEHNI.

OCOBEHHOCTWU BUOIJNIEKTPOINEHE3A
Y BbICLLUX PACTEHUW

Cxoxnctso B renepaumu [1I1 u 1 y )KUBOTHBIX U pacTEHUH UMEET MPHH-
LUNUHAILHOE 3HaueHHe, TMOKas3biBasg YHUBEPCAIbHOCTL W OAHOTHITHOCTEH
(byHKIIMYU SJIEKTPOreHe3a Y BCeX XHUBbIX OpraHu3smMoB. BMecrte ¢ Tem, CieayeT
OTMETUTh, YTO SJIEKTPOreHe3y BbICIUUX PaCTEeHUH CBOMCTBEHHbI HEKOTOPLIE
OTAUYUTENbHBIE 0co6eHHocTH. B oTHoweHuu 111 — 310 3HauuTensHo dosee
BBICOKUE BEJIMUMHBI, HAMHOTO MPEBBIIIAKILNE TE, KOTOpPbie HAOMOJAOTCS Y
BHICILIMX XMBOTHBIX. Tak, Hanpumep, MeMOpaHHbIe NOTEHLHATLI HEKOTOPbIX
KETOK BBICLIMX pacTeHuit pocturatot 250-300 MB [Bentrup, 1985; Onpurtos
u ap., 1991]. Takue Bbicokue 3HayeHus I1I1 oOycnmoBieHbl OOJILUIMM BKJIA-
70M MeTabonuueckoi koMmoHeHThl (H'-momibl), KOTOpHIH HOCTUraeT rmo
Hamum aanabiM 60-70% ot obuero 3HayeHus [IT1 [[Iateirun, OnpuToB,
1987a; [saTsiruy u ap., 1989; OnpuroB u ap., 1991]. D10 HaMHOroO OOJIBLLE,
yeM BKJaA merabonnueckoi koMonoHeHTsl B III1 y BbeICHIMX JKHUBOTHBIX
(puc.1). CymecTBeHHo, 4yTo H'-Hacoc, ABAAACH MOLUIHOHM 3JIEKTPOreHHOM
CUCTEMOM, HE TONbKO obecrneynBaeT Hanmuuue OONbLIIOK METa0OINIECKOH
KOMITOHEHTHI, HO co3aaeT aBToctabunuzauuto [1I1. Tak, no Halum JaHHBIM
[Opnosa u ap., 1997], ecnu Ha Besukynax [IM cozpats K'-auddy3nonHsiii
nmoTeHuWan ¢ nomouiblo K M BaJMHOMUWIIMHA, TO 3TOT MOTEHLHAN BeCbMa
obicTpo auccunupyet. [loaknouenue kK AMpQy3HOHHOMY MOTEHLMANTY MeTa-
foauyeckoi KOMMOHEHTH nmyTeMm nobasneHus AT HE TOMBKO MOBBLILIACT
yposeHsp [1, HO 1 obecrieunBaeT ero CTaOMIbHOCTb B CTALIMOHAPHBIX YCHO-

BUAX (puC.2).
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Puc. 1. Bkaan merabonuueckoit komnonents! (E,) B B, KJIETOK psijia )KHBOTHBIX U
pacTHUTENbHBIX 00beKkTOB, Ey — nuddy3nonHas KoMIoHeHTa By,
1 — akcoH kaneMapa,
2 — dhoTopelenTop MOPCKOTO XKEMy s,
3 — HEHPOH MOJUTIOCKA,
4 — 3NMUACPMUC KOPHA KYKYPY3bl,
5 — napeHxXuMa TMMOKOTHIIA BUCHBL
6 — JIUCT 3repum

Takum oOpasom, Gonbinod BKJaj MeTaO0ONMYECKOW KOMMOHeHTh 1111,
obecrneuuBaroliieit Beicokue 3Havedus IIT ¥ ux aBToCTaOUIIM3aALUIO, ABIACT-
Csl OTIIHYKWTENbHOM 0COOEHHOCTBIO BBICHIUX PACTEHUH.

XapakTepHbie 0coOeHHOCTH uMeroTest U B reHepanmu I1]1 y Beicimx pac-
TeHuil. Xota 1o csoed dopme [1]l y HAX CXOIEH C TAKOBBIM Y MXHBOTHBIX
(HanpUMep, y aKCOHa KajibMapa), eMy CBOMCTBEHHA OonblIas JUIUTENBHOCTD
(0,5 — 1 MC B HEpBE U HECKOJBKO €OHHMIL UIH JECATKOB CEKYHI B 1IPOBO-
AKX ITYYKax pacTeHUM). Hoammy, Py MMPUMEPHO TOM K€ UHTEHCUBHOCTH
MOHHBIX MOTOKOB (MOJIB.CM ~.C ) o0liee KOJHYECTBO HOHOB, KOTOPOE BBIXO-
IOWT U3 BO30YIMMBIX pacTUTEJIBHBIX KJIETOK Ha E,H,HI-{H[[}’ UX TOBEPXHOCTHU 32
BpeMs reHepanuu oaHoro 11 (MoJb. cM™ UMITYJIBC ) OKa3bIBAETCS BEJIMKO.



(a) Topuu [OnputoB 4 ap, 1988 1991; Onpuros, Ilarsirux, 1989], nonyuuna

MOATBEPKACHUE B OMNBITAX MO U3YUCHHIO CKOPOCTH M3MEHEHUS MEMOPaHHOTO
MWW noteHunana (E,) Bo Bpems reuwepauuu I1]] (To ects dE,/dt = f(E.)). Kak
p i BUAHO U3 puc.3, I1]I, oTBefeHHBIN MUKPO3IEKTPOMHLIM CIIOCOGOM, HMMeEeT
CIIOKHYKO 1O KHHETHUKE CTaliuio penosispu3audv. KoMmblOTEpHBIH aHamu3
w0 dEy/dt = f(E,,) no3Bo/ini 4eTKO BEIUIEHNUTD JBE (ha3bl — NEPBOHAYATBHYIO,
Y KOTOpas ¢j1ado YrHETaeTCsi HU3KOM TeMMepaTypoil U sSBIseTCS, OYEBMIHO, Ka-
an JIACBOM MO NPUPOAE, U MOCIIEAYIOLLYI0. KOTOPasi Pe3KO YTHETAETCH XOJIOI0M.
(D) HTO CBHAETEJIBCTBYET 0 ee MeTabojuyeckod npupone. Cxopee Bcero, oua
A ol AN AN s tssastion ot A N s p A AN P oOyciioBneHa paboroit H -nommel (H -AT®a3el) koTopas “BeITArHBaET” CTa-
] AUIO PENOJIAPHU3ALINK UMITYJIbCA A0 UCXOOHOH BemnunHsl T1I1.
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Pyc. 2. TumuaHbIE KPUBbIE H3MEHEHUS HHTEHCHBHOCTH dryopecuenniy AHC i (B)
MpY reHepaLiiy Ha BE3UKYyIax M1asMaTuteCkux mMeMOpaH KJIETOK CTEDIst THIKBbI I
K'— nuddy3nonsoro noreHuuana (a), AT®-3aBHCMMOro MoTeHIMaNa (6), nure- 3 126°
rpaibHOro noTeHuuarna (B) T O 4
-q“"'-
Kak 6su10 HaMM riokasaHo [Ompuros, Peruun, 1982; QBITPHTGE i ap, I Z
1991], /U1 HOHOB XJIOpa 3Ta BENWYHHA nupﬂﬂﬂi(oal-i'@:z) 13 oo i ‘LE;:E | 1040
myasc”, a nna woo kamas — (0,5+1,2)107 MOk CM “HMITYJIBC seid /\/\
cpaBHEHMS — B XOJ€ HEPBHOTO UMITYJIbCA TIOTOKH BXDﬂﬂ]HPEE B HEPBHOE BO- n . g e | ‘
JTOKHO MOHOB HATPHA U BHIXOAJILMX U3 HETO MOHOB KaJjlnA COCTaBJISIFOT BEJIU- 90 40 60 80 100 120 #0 160
- b e :
aumy mopsiaka (3+4)10™% Monbem™ nvnyasc”) [OnpuTos, PeTHBUH, 193_2& ~Em , mB
Omnputos u 1p., 1991]. ChopmMnpoBaTh UMITYNIHC [1]] npy TakoM CHIIEHOM Prc. 3. 3aBHCHMOCTB CKOPOCTH (POPMUPOBAHMS [IOTEHIMANA NEHCTBYS B BO3GYAUMOSH
HapyIeHHHM FOMEO0CTa3a HE MPCACTABRIIACTCA BO3MOXXHBIM 0€3 Hﬂniiﬂm'{eﬁﬂﬂ KIETKE CTEONS THIKBbI OT BENUYMHBI E,. a — THNMYHEI no GopMe noTeHuMan geicT-
MOHHOUW NOMIIBI (H+ -Hacoc). 3rta uzaes, BrepBble pasBuTasd B HALICH nabopa- BUs, O — THNMYHAS KPUBAS 32BUCHMOCTH, B — BIIMSHHE MIOHMKEHAS TEMIIEPATYPhI Ha

dopmripoBanue (assl pernoastpusauun UMNyasca
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Hrak, renepauus I1I1 u [1]1 y Beiclunx pacrenuii cBga3aHa ¢ bonee Molll-
HBIMH MOHHBIMHU MPOLECCaMHU, YEM Y BBICIIHX KHUBOTHbIX, U 3TO o0ecneuupa-
€TCS 3HAYUTEJIbHBIM MOAKIIOUYEHNUEM K JJIEKTPOreHe3y MeTal0oIMUeCKH 3aBU-
cuMoii noHHOM nomrisl (H -AT®azm).

ITOT (AaKT UMEET NMPUHUMUNHANLHO BaXKHOE 3HAUYEHHUE S MOHUMAHKS
byHkuroHanbHO M 3HauuMmoctH I1IT u T1J1 y Beicluux pactenuii. Pacrenus no
CPaBHEHHIO C BBICIIMMHM XUBOTHLIMY Oosnee rnoaBepxeHbl HeOIaronpHUsTHbIM
BHEIUHWUM BJIHUAHUAM U, B TO XK€ BpeMs, 00JilafalOT MEHEE COBEPIUECHHBIMHU
CUCTEMAMHU ynpasneHus. Mbl noJjlaraéM, 4To pojib YHHBEPCANbHOTO YIpaB-
nsALEro Gpaxkropa y HUX, B 3HAUYMTENIbHOMN Mepe, OepeTt Ha cebs OHo3NeKTpo-
rege3. Otcrona Takas Oonbluas €ro CUEMIEHHOCTh ¢ METaboIu3MOM, MO-
CKOJIbKY aKTHMBHbIE METaDOJNIMYECKH OMNOCPEIOBaHHbIE npolecchl DoJjiee ja-
OUJIbHBI NIPH U3MEHEHUU ycnoBui. Hapsay ¢ 3THM, OHM NPOSBAAIOT CMOCOD-
HOCTb K CaMOperyiupoBanuio. UHTEpECHO OTMETHUTh, YTO Y BbICHIUX KHBOT-
HbIX (PYHKUHA OMO3JIEKTpOreHe3a 3BOJIIOUMOHUPOBAia B APYroM HamnpasJiie-
HUU, & UMEHHO, B HaNPaBNCHUM YMEHBUIEHUS CBA3U C MeTabOAUIMOM. DTUM
pocturaercss 0onbiluas HaAESKHOCTh TMPOLIECCOB, HETNMOCPEACTBEHHO CBS3aH-
HbIX € OHO3JIEKTPOTEHE30M (MbILLIEYHOE COKPAlIEHWE, HEPBHBIH HMITYJIbC U
T.4.). BnonHe o4eBUAHO, UTO NPOLECC DVIET TEM HA[EKHEE, YEM MEHbLIE Ha
HeM OyayT CKa3biBaThLCA MOCTOPOHHUE BAUAHUA. DTO KaK pa3 ¥ I0CTHraeTcs
MUHHMAIbHOMW COMPSIKEHHOCTLIO ¢ MeTa00Nu3IMOM. [IpuMepoM MOXET Cly-
)KUTh MOTEHLMAJ AEHCTBUS aKCOHA, KOTOPbIH SBASIETCS YKMCTO MACCHBHbBIM 110
[pyupoae, NpUYeM B HEPBHOM BOJIOKHE Takux I1]] 3a cueT yxe UMEIOLIUXCS
WOHHBIX I'PaJIUEHTOB MOXET BO3HMKATh HECKOJbKO Thicsay [HMoct, 1975]. D10
CBSI3a8HO C T€M, YTO B r€HEpaUMM KaKI0ro HEPBHOI0 WMMIMYJbCa NMPUHHUMAET
yuacTHe OYeHb HeOoubinoe konuyecTBo HoHoB K u Na'. Kak rosopun Bae-
AEHCKHH, HEPB MOXKET padoTaTh B HOJIT.

[Ipu paccMoTpeHUM (DYHKLIMOHAJILHONW PO OHO3NEKTPOreHe3a y BbiC-
[IMX pACTEHUH HEODXOAMMO YYMTBHIBATH, YTO OH HENOCPEACTBEHHO CLEIUIEH
C MEMOpaHHBIMU CTPYKTYPAMHU KJIETKU, B YACTHOCTH, C IMOBEPXHOCTHOU MEM-
Opano¥ [OnpuToB U ap., 1991]. DTuM B 3HAUUTENHLHON CTENIEHU MOXKET Of-
PEenessiThCA €ro BIUSHUE Ha NMPOTEKAHUE MeMOpaHO3aBUCUMBIX IPOLIECCOB,
TakHX, Kak MeMOpaHHbIH TpaHCHopT, paboTa MeMOPAHOCBA3aHRbIX (epMeH-
TOB, peUenTOpoB, U T.A. IIpH 3TOM HEOOXOOMMO YYWTHIBATH CHEUUPUKY
dopMm Ouo3nekTporeHesa. MemOpauHbiii notennuan (E;) — 3T0 craimuoHap-
Has TpaHcMemOpaHHag pa3HOCTb MOTEHUWAJIOB, OHA AENOKAJIM30BaHa MO
MeMOpaHe, HOCUT HE CKaNSPHBIN, a BEKTOPHbBIN XapakTep, ABJISETCA OIHON U3
(opM KOHBEPTUPYEMOIl IHEprUM B KieTtke [OnpuroB u ap., 1991]. Ee dyHk-
[IMOHAJILHOE 3HAYEHHWE MAO/KHO COCTOATh B OOECIiEYEHUM ONpENEIEHHBIX
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YCIOBUH ANA MPOTEKaHUs MEMOpPaHO3aBHCUMBIX MPOLIECCOB. B To ke BpeMs
I — 370 usmeHenue E,, npu Bo30YKAEHUH, HOCHT JIOKaTbHBIH Xapakrtep W
cnocobed K pacnpoctpaHeHuto [Onputos u ap., 1991], NO3TOMY CileayeT
OXHIATh, YTO, KAaK U Y XKHBOTHEIX, €ro (OYHKUMOHAIBHAA 3HAYHUMOCTb COCTO-
UT B Niepeaaiye UHQopmalUri OT OJHONH YacTU OpraHusMa k apyroi [Davies,
1987; OnputoB u np., 1991; Ren et al., 1993]. B coOTBETCTBHH ¢ 3THM,
yHKUMIO 6WO31EKTPOreHe3a y pacTerH il MOKHO YCIOBHO Moapa3AeinuTh Ha

yNpasjifiomyto U CUrHaIbHY0. K nepBoil UMEET OTHOUIEHHE TIPEUMYILECT-
BeHHO [1II, a ko BTOpoOit — T1]1.

®YHKLUUOHAIIBHASA POIb NOTEHUUANOB
NMOKOA Y PACTEHUA

I'oBopst 00 ympasnstowieit ponm [, HeOBXOAMMO OTMETHTH, 4YTO OHA
MPOMCTEKACT HE TOJIBKO M3 BEKTOPHOIO XapakTepa MeMOpPaHHOIr0 MOTEHIIMA-
jla, HO TAKXKE U3 OOJNbINMX BEIHYMH HANMPSKEHHOCTH SNEKTPHYECKOrO TMOJis,
C0311aBaeMOro UM Ha MeMOpane. Tak, ecnu naxe NPUHATH, YTO BenuuuHa E,
cocrasisfeT 100 MB (xoTa peanbHbie BennduHbL MOTYT ZOXOANTE 10 200-300
MB), To npu TosmuHe MemOpaHbi, pasHoit 100 A, HanpsKEHHOCTE INEKTPU-
9ecKoro rnonis Ha memOpane cocrasut 10° B/cm. Takue OTPOMHBIE HaMNps-
KCHHOCTH SJIEKTPHIECKOTO MOJSA HE MOrYT ObiTh O€3pa3/IMYHBIMU KaK IUIf
COCTOSHUST MEMOpaHbl, TaK ¥ JUIs NPOTEKAIOIIMX B Heil NpoLecCcoB [Koues,
1987; Kones, Kanep, 1988; Yusmamkes, [TacTymenko, 1989].

IHEPIETUYECKAA PONb NOTEHUMANOB NOKOSA

MOXXHO BEIACTHThL HECKOJIBKO HaNpaBJIcHHiA ynpasasiomes poam I1I1.
JTO, TPEXJE BCErO, posb I1I1 kak sHepreTuueckoro (GakTopa, cocTosmas B
TOM, HTO SNIEKTpUYECKas Gopma SHEPTUU MOXKET PACXOOBATECSA Ha MPOTEKa-
HHE KaK1X-T100 MeMOPaHO3aBUCHMBIX TIPOLIECCOB, T.€. EPEXOAUTH B ApyTrHe
dopmbr 3uepruu. HawubGonee sipko nanmHas POJib NPOSABISETCS B MPOLECCAX
TPaHCTOPTa BemlecTs. Ha MakpoypoBHE 3TO HaMm yAanock MOKa3aTh paHee,
UCMIOJIb3Ys pa3spabOTaHHBIM HAMK NMpWeM LIyHTHpoBaHUs [ONpuTos, Muay-
puH, 1973]. OH cocToUT B NpuUnoKeHuw K TKAHU UHAU(pDEPEHTHOTO MaTe-
pHalla, CMOYCHHOrO COJIEBHIM YpaBHOBEIICHHBIM PacTBOPOM (pacTBOPOM
KHonmna) pasHoro pa3BemeHus u, ClIENOBATENBHO, pasHOM 3JIEKTPONPOBOIHO-
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ctu (puc.4). [Tpu 5TOM TKaHeBas pa3HOCTb MOTEHLMAIOB YMEHbIIANACH NPO-
MOPLHMOHAJIBHO YBEJIHYEHUIO 3IEKTPONPOBOAHOCTH LIYHTA, W B TAKOH JKE
3aBUCHMOCTH TPOUCXOAHJIO YMEHLIUEHUE [AJIbHErQ0 TPAHCHOpPTa BEUIECTB
(bocara, accumunaToB U ap.). [Ipyaunbl 3Toro ¢geHoMeHa, BEpOATHO, Je-
KaT B CHWXKEHWH BEJIMYHH MEMOPaHHBIX MOTEHLMAIOB U YPOBHA MeMOpaH-
HOTO TPAHCIIOPTA, B TOM YMUCJIE W B KJIETKaX MPOBOAAIINX TKaHel. Mexanuszm
TAKOro BJIMAHHWS HEOIOHO3HAY€H, HO OH, HECOMHEHHO, BKJIIOYAET KOMIIOHEH-
TY, CBA3aHHYIO C HEMMOCPEACTBEHHLIM HCMONb30BaHWEM 3Hepruu E, Ha ocy-
[IECTBJIEHUE TPAHCOPTA.

(a)

DIl mb Hn-fn/mua Ha
; ( 0 ) 202 cyx.macey; ( 6)
20F 500}
12 F 300}
Nr 100}
0 T 70 0 : *
=4 1 s i 20
10, Oni*cm- I Bt
dE10, Onicrm Fe-10 " Or o

Puc. 4. BiimgaHue )KUAKOTO MIYHTA Ha BEAUYMHY PA3HOCTH NMOTEHUHUANOB (0) U UHTEH-

CHBHOCTH 2KPONETANbHOIO NEepe/IBIKeH s ° P (B) B MPOBOASLIMX MMYYKax CaXapHoi
CBEKIILL, (2) — CXeMa HAJIOKEHHUS )KUIAKOr0 IIYHTA

HenocpencrtBeHHoe yuactue E; B MeMOpaHHOM TpaHCOPTE MOXKET ObITh
pa3nuuHbIM. [Ipy NaccUBHOM TPAHCIOPTE 3apSKEHHBIX BellecTB (MOHOB) E
MOXET YCKOPSTh WK 3aMEISTh MX MEPEMEHIEHUE YEpe3 KaHallbl WU MO-
CpeACTBOM KWHKOBOH nporoaumMoctu [Uribe, Liittge, 1984; OnpuroB 1 np.,
1991]. 3aeck 2HEPrus MEKTPUIECKOTO MO HEMOCPEACTBEHHO PACXOAYETCH
Ha TIEpeMELIECHNE 3apMHKEHHbIX YacTull, Takas ke KOMIIOHEHTa, COCTOAIAs B
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HEMOCPEACTBEHHOU peanu3aunu sHeprun E, nmeer Mecro, ouesuano, u npu
fpoLeccax BTOPUYHOrO aKTUBHOTO TPaHCMOpTa BellecTs. 110 coBpeMeHHBIM
MPEACTABJICHUAM, IEPEHOCUMKH, YYacTBYIOLIME BO BTOPUYHOM AaKTHBHOM
TpaHcnopTe (HampuMep, MEPEHOCYUK Caxapo3bl) Y pacTeHHi, NPOTOHUPYVSICH
W CBA3bIBAas TPAaHCNOPTHPYEMOE BELIECTBO Ha OJHOH CTOPOHE MeMOpaHb,
MPHOOPETarOT MONOKUTENbHbIN 3apsijl, KOTOPhIi CHOCOGCTBYeET [IEPEHOCY
BCIIECTBA TIEPCHOCHHUKOM TIO rpaaueHTy E,, Ha Apyrywo CTOPOHY MeMOGpaHbI
[Opnosa, Hleen, 1986; Kanuuun, Onpuros, 1989; Bush, 1990:; Kanuuun u
ap., 1991; Onpuros u ap. 1991; Buckhout, 1994]. Vuactue E,, B TakoM me-
PEHOCE MOATBEPKAACTCS (DAKTOM JETIOASPU3ALIMM TKAHH MpH J00aBICHUN K
HEH MEPEHOCHMOro BEIIeCTBA (HanpUMep, caxaposbl), MPUYEM CTENeHb ne-
MONIAPU3ALINN TEM OOJIbIlie, YeM OoNbIie KOHUEHTPALMs CaXapos3bl, T.e., 4eMm
Gosbille HHTEHCHBHOCTE NepeHoca (puc.5) [De Boch, 1985: Opuiioa, 1987].
VIHTEPECHO, 4TO HETPAHCMOPTHPYEMOE BEMECTBO (MAHHHT) HE BbI3bIBACT
NENOJIAPHU3AIIHH.

MB
A (@)
15 F
SAHOHKO3O
10 cax ﬂpﬂ-ﬂﬂ
5
MAQHHUIm

o

— 50 MM

10 MM
100m M

S mM
] — e f M Ml—
a 1 2 3 4 5 & MLH
Puc. 5. brosnexkTpuyeckue peakuuy YacTHIHO H30MHEPOBAHHEBIX ITPOBOASUINX TKAHEIH
OOpLIEBUKA B OTBET HA ACHCTRIE: FTIOKO3Bl, Caxapo3bl H MaHHUTA (a); (6) — paznuu-
HBIX KOHILECHTpALKH caxapo3bl
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