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BBEJIEHHE

O6pa3 uenoro pacreHus B yMax GOTaHMEOB HeOOHO3Ha4YeH. [laHHBIC OMNMUCATEIbHOM
aHaTOMMM M MOPQOJOrMM CTAHOBATCS BCE MEHEE TMOJE3HBIMM: IS €r0 YTOYHEHMA.
MuEcHpoBaHHbIE NpenapaTthl B ONTHYECKOH M ICKTPOHHOH MMEPOCKONHH, NOMHMO
NOJIOXUTEbHON PO/MM, UMEIH W OTpHUATeNbHbIN 3¢ derT — chopMHpPOBAIH B CO3HA-
HUM WCC/IENOBATE/ICH CTATHYHYIO M, KaK TENepb BbIACHAECTCH, AAIEKYI0O OT PeaibHOCTH
Mones Lenoro pacteHus. C pa3BUTHEM OYHELUMOHAIBHOW aHATOMMH, TECHO CBS3aH-
HOH ¢ MOJIEBBIMH (DH3HOJIOrHYECKMMH HabmofeHMIMH B CE30HHOM H CYTOYHOH OHHAa-
MHKE, C j1abopaTOpHBIMM PKCNCPUMEHTaMM, MOJIOXKCHUE YaCTUYHO YIydIUWIOCh. Bbi-
SICHWIOCh, YTO peajibHad CTPYKTYpa M, OCOOEHHO, YAbTPACTPYKTYpa PACTEHHWH TIOYTH
CTOJIb X€ AMHAMHWYHDI, KaK ¥ H3KOIOrHYecKre rnpoueccol. [IpUBBIYHBIE CTPYKTYpHBIC
MOJAEAH — MPOAYET ONMCATEJIBHOIO METOAa HAa MEPTBOM MaTepHajie — CTaJM MOoABep-
ratbcs Gosiee rTyboKoMy M KpHTHYECKOMY ocMbicicHuio. Ho panee, mo Mepe norpy-
XKCHHd B MUp MOJIEKY/IpHOI OHOMOrMM, obpa3s LeNoro pacTeHHs HEM3OEXHO pacruibi-
Ba€Tcsi BHOBb.

Llenp 3T10M nyONMKAaLMK — YTOYHEHME CTPYKTYPHOH KOHLIEMUMM BBICUIMX pacTe-
Huil. Hctopus Hayku — OGeckomeuHblii psan omiMOOK W MX McnpaBieHHil. BoBpems He
WCTpaBiieHHble OMIKOKM JIerKo cTaHOBATCS norMaMd. X xoppeklms mnpeBpaliacercs B
cepbeaHylo npobmemy. 3agava 3Tod paboTel — HcnpaBineHWe OLIMOKHM, BO3HMKINEH ¢
NEepBhIX 111aroB KJIETOYHOH TEOPHM M, KaK HH CTPAHHO, NpPOCYLIECTBOBaBlICH OO Ha-
wKx qHeil. OOpas MHOrOKJIETOYHOrO PacTeHus Kak MpPOCTOi COBOKYNHOCTH GOMbIIOro
YMC/Ia KJICTOK Mpearnosiarai, YTo AeTalIbHbIX 3HAaHWI 0 HHUX Oyaer AOoCTAaTOYHO WIS Mo-
HHAMaHHA 3aKOHOMEPHOCTEHM pa3BUTHMA Lenoro pacreHus. OryacTH aTuM oOBscHEeTCH
NOBBILIIEHHOE BHUMAHWE K pa3paboTEe METOOOB KJIETOYHON M MOJIEKyIsapHOH Ouono-
rud. Ux ycnexu nopasurenshsl. Ilporpecc 6uonoriu pacteHuii BO MHOroM o6g3aH MM.
Ho on kKoHeueH, u npeaen yxe ocosHaerca. Korna BooOpaxenue pucoBamo GeicTpoe
peieHre MHOTHX nipob/ieM GHONOMMKM pacTeHMi Ha KJIETOYHON W MOJIEKY/ISPHOM OCHO-
BC W AyMaJioch, YTO 00 OpraHM3aliMM LIEJIOTO PACTCHHS W3BECTHO MOYTH BCE, BBISCHH-
JI0Ch, YTO HeJIb3s ObITh yBEepeHHBIM Jaxe B (pyHIaMeHTaIbHbIX Bornpocax. Heckonsko
npuMepoB U3 obnactTu, 3HAKOMOH MHeE:

1. Hecomuenno sepbie uaen A.C.Qamunupida, K.C.Mepexxoeckoro, B.M.Koso-
[NongHCKOro 0 CUMOMOrEHETMYECKOM MNPOMCXOXKICHUM DPACTUTEIBHOM KJIETKM OKasa-
JIACh TPH3HAHHBIMH W OLICHEHHBIMM B 3HAYHTEJILHOH Mepe dopManbHo. [laxe nocne
ux Gonee COBpPEeMEHHOIO OCMBIC/ICHHS M aHamm3a JI.Maprenuc, nogussieii cumMOuore-
HETHYECKYIO TMIIOTE€3y A0 YPOBHA TEOPHM, NMUIUM VIS pasMbILUIEHHH OCTalOCh [0-
npexHeMy MHoro. Hanpumep, «MojlyaBTOHOMHBIE» OpPraHe/Ulbl — TUTACTHABI M MMTO-
XOHAPUM — SHIOCHMOMOHTBI TOJIBKO MO MCTOPHYECKOMY npoucxoxiaenuio? Wau oum
COXPaHiIOT XOTs Obl YaCTUYHO CMMOMOTHYECKMI XapakTep B3aWMOOTHOIIEHWH ¢ KJeT-
KO U MeXny coboi? Kak KOMNapTMEHTHDYIOTCH, PacripedelSioTcs W PeaM3yloTcs B
pacTeHHW MNPOAYKThI MX MeTaboiuiMa, SBIAILIMECE CUMOHOTHYECKHM BKNAalOM B Me-
TabonnaM uesioro pacrenus? Ha ypoBHe Kaxmoi K/IETKM WIH U3 oflieil pacnipeneiu-
TCJIBHON CHUCTEMBI?

2. KakoBO MPOMCXOXKIECHHE 3SHAOIUIA3MATHYECKOH CETH W APYIMX «BHYTPEHHHX»
MeMOpaH pacTuTeJIbHBIX KJeTok? ['eHepupyeTcs JIM 3Ta CeTh ANepHON 0B0JOMKO#, KakK
3TO CACAOBAIO M3 KOHUENLMH MeMOpaHHOIO NOTOKA B PacTHTeNIbHOM KneTke Moppe M
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Moruienxaypa? MMM ee MCTOMHMK — XJIOPOIUIACTHI? M OHA HE TOMBKO MCTOPHYECKH
BO3HMEACT KAK 30HA MX CMMOMOTMYECKOro KOHTaKTa, HO M B OHTOrcHese SBIMETCH
NPOH3BOAHOM XJIOPOILUIACTOB, H30JHPYS aCCHMWISTH B CAMOCTOSTE/NbHEIA MeMOpaHHBIH
NOTOK OJHOBPEMEHHO ¢ UX cuHTe3oM? He spngerca sm oH obmmM MeMOpaHHBIM MOTO-
KOM paCTeHMs, MEPETEKAIOIMM IO AaBIeHHEM M3 KJIETKH B KJIETKY, OT aBTOTPO(HOI
30HBI K reTepoTpodHOl Yepes ruiaamonecMbi? He BO3HMKIIM JIM aacpHBie 00OMIOYKH (M
3YKapHOThl), HAO0OpPOT, KaK CJIECACTBHC Pa3BUTHE SHAOIUIAZMATHYECKOH CCTH B CHM-
GuoreHese? Pa3BuTHe KJICTEHM WIM pacTeHuS SB/IseTcs cMMOMoreHe3oM?

3. Iossngercs Bce Gompine JaHHBIX 00 MCKIIOYMTENILHOM (OTHOCHTENBHO IPYIHX
KJICTOYHBIX KOMIIOHEHTOB) MOABHXHOCTH 2HAOIUIa3MATHUYECKON CCTH BHYTPH KJICTOK H
mexnay HuMH. Kaxoesl MexanuaMbl 3Toil nogerxHocTH? [TepeMeHHOe B CBA3M ¢ Kojle-
OaHMsIMM My/ia acCCHMWIATOB OCMOTHYECKOE NaBlIeHHe pacTBOpa BHYTPH ceTH? Mens-
joleecs MoA BIMAHMEM MHOIMX (PaKTOpPOB CONMPOTHBICHHME BHELIHETO OTHOCHTENIBHO
cetd 1Mrockenera? To u apyroe Bmecte? HIMeeT M LMTOCKENET PacTHTENBHBIX KiTe-
TOK MPHHUMITHAIBHOE (PYHELHOHATEHOE OTAMYHE OT aKTHHO-MHO3HHOBOIO LIMTOCKEJe-
T4, OTBETCTBEHHOIO 3a MHOrue (opMbi MNOABXHOCTH XHBOTHHX? He ammmerca M
crielM(HEOl NONBHXHOCTH PAacTCHHI €€ pealn3allMi BHYTPh KJICTEM B YCJIOBHAX He-
MOABWKHBIX KJICTOYHBIX 000/I04eK?

4. ['me noxann20BaHbl CHMOMOTHYECKHE IO TPOUCXOXKICHHUIO OpPraHeJUIbl: B LIMTO-
[Uia3Me KJIEeTOK? B HaJKJIeTOYHOM SHOoIviaaMaTudeckol cetH? He reHepHpyerca JiH
3Ta HMIIA OOMTaHMS IUVIACTMAAMH M JCICHEPHUpPYETCs MHTOXOHAPHAMH NAapaUIEibHO C
npoueccaMu orocunTesa U AeixaHus? EcTh HeMano apryMeHTOB B MOJb3y MOCHEAHEH
BepcHH. Ee noaTBepXaeHUe rpo3uT CMEHOM napagurM B OMOJIOIMH pacTeHUM.

5. M sHponnasMaTHyeckas M anorviaaMarvdecKas CeTH NpOBOASLICH CHCTEMBI pas-
fejieHb! Ha JOMEHBl. BTO CTPYKTYpHpPOBaHHOCTbh Goliee BBHICOKOIO M HE MCHEE BaXHO-
ro, YeM KJICTOYHbIi, ypoBHS. ITo-BUAMMOMY, €My COOTBETCTBOBAJIO CTAPOC ACICHHE Ha
rucroreHsl. KaKoBbl B3aMMOOTOILCHHS MEXNy AoMeHaMH? Kakyio poiib MIpaloT B HHX
3aKOHBI ocMoca? \Ocmoruueckre uiaeH Ildeddepa 1 Mionxa zacayxusaior Oosnee
MPUCTAIBHOIO BHMMaHuA M Gonee nIybOKOro TOJKOBaHHS B CBA3H ¢ HOBBIMH AaHHBIMH
O CTPYKTYPHPOBAHHOCTH SHAOILTA3MATHYECKON W aroIvia3MaTHYECKOH CETEH.

6. INpencrasieHus 0 PYHKUMOHHPOBAHUM TPAHCTIOPTHBIX CHCTEM B 3HAYHTEIBHOH
Mepe OasupyloTcs Ha JAHHBIX O PA3sBHTHH B OHTOICHE3C CIICLIMATM3MPOBAHHBIX KJIETOY-
HBIX KOMIUICKCOB, 3arpyXalollHX W pasrpyXaloliMX MPOBOOSIIME IEMCHTHI ITPOTHB
rpaliMeHTOB KOHLICHTpalMK. B KauyecTBe NoKa3aTe/bcTBa OOBIMHO BHIABHIACTCH YIbTpa-
CTPYKTYpHas crnelMdHKa KJICTOK TAKMX KOMIUICKCOB, BO3HMKAIOLIAs, [0 MHCHHIO CTO-
POHHMKOB 3THX NpPEACTABICHMI, KaK pe3ylbTaT MX AuddepeHLMalMy NoJ BIMIHUEM
. peanM3aliMM coDCTBEHHON MeHeTWYecKOoil nporpamMMbl. Teneph BBISCHIETCH, YTO HaMe-
HEHME HallpaBlICHMS TpaHCropTa Ha oOpaTHOE BeeT K MNOJHOH peopraHu3alMM YJIbT-
PacTPYETYPH KJICTOK. BO3MOXHO, HC HanpaBICHWE M EKOHLICHTpalMi TPaHCHOPTHHIX
MOTOKOB fSBIgeTcH ocoboil ¢yHKLMEeH 3THX KJIETOK, a4, HaobopoT, MX YJIbTPacTpyK-
TypHas clieLM(HEA — pe3y/IbTAT ONPEICICHHOIO NOJIOXCHHS B MOTOKaX, ABHKYLIMXCS
yepez HUX. OOHM M TE€ Xe KJICTKHM B paBHOW Mepe MOIYT Y4acTBOBAaTh B 3arpy3ke W
pasrpy3keé IMpOBOAALIMX IVIEMEHTOB B 3aBUCHMMOCTH OT HallpaBlIeHHs [PagUCHTOB
OaR/ICHHUH, T. €. HC HMEIOT crneryalIu3aliuy, JeTepMUHUPOBAHHON Ha KJIETOYHOM YpOB-
He. He spnsgerci M 3KcnpeccHs reHoB, BEAyllias K CTPYKTYPHBIM H (PyHKUMOHAIBHBIM
pazIHuMAM KJIETOK, CeTeBOi, HaakieroyHoi ¢yHEuMed? CnocobHa mu 3C xax npo-
JIOHTUPOBaHHAA 30HAa CHMOMOTHYECKOrO KOHTaKTa y4acTBOBaTh B PEry/iLIAM B3aWMO-
OTHOLLICHUH KJICTOK M OpraHe/UT Yepe3 SKCIPECCHI0 UX INeHOB?

Eci¥ Ha 4acTh 3THX BOINPOCOB YWTATENHh HAHAET OTBETHI M OyAeT YAOBICTBOPEH MX
apryMeHTalMe!, aBTop CMOXET CUMTaTh CBOH 3aMBbiCeJl OCYLIECTRIICHHBIM.

HCTOPHUS HABTIOIEHMII DHAOILUIABMATHMECKOH CETH

[NepBbie ceaHChl JIEKTPOHHONH MMEKPOCKONHH M MEPBOC HCMOIB30BAHWE HCTBIPEX-
OKHMCH OCMHsi B KayecTBe (PMECATOpa M KOHTpacTepa MeMOpaH MNpHBC/IH K OTKPBITHIO
CETH BHYTPHLMTOIUIa3MaTHYCCKMX MemOpaH, KOTOpas Torja Xe Opula Ha3BaHa 3HIO-
rutaamMatHyeckoi cerbio (BC), B JIATHHCKOH TPaHCKPHMUHHK — 3HAOIUIAMATH{CCKHMM
petukyitymom (DP) (Porter, 1948, 1953). INonmbie onucanws MOPQOIOrMH 3TOH CCTH
MOSBWIKChH Ye€pe3 HECKOJIBKO JIET B CHEUHAIBHO TMOCBALICHHBIX el nybnuEalMaX
(Sjostrand, 1956; Palade, 1956; Sitte, 1958: Porter, Machado, 1960; Porter, 1961;
Buvat, 1961,1963). Vxe B nepBbix paboTax BHYTPCHHSH meMmOpaHHas ceThb KJIETEKH
6b11a OLIEHEHA KAK HenpepbiBHasA W MCKMiounTebHO MobwibHas no gopme. Ho B onu-
caTeJIbHBIX LIeJISX OTACNbHBIM ee JIOKycaM ObUiM JaHbl CaMOCTOSTE/IbHBIC Ha3BaHWA:
LIMCTEPHANIBHBIN, TPyOuaTsili, BE3UKYISPHBIH H MOJIOCTHOHN PETHKYJIYM, LICPOXOBATHIM
(c pubocomamu) M rankuii (6e3 HUX), neprdepryccEas CETb M LCHTPAlbHAS BAKYOIIb,
snepHas obonouka u annapar lonsaxu (Porter, 1961: Buvat, 1961,1963). BaxHo,
YTO MEPBBIE MCC/ICAOBATENM HE PACCMATDMBAIM HX KaK W3OIMPOBAHHBIC CTPYKTYDHI,
HaoOOpOT, OHM MOKa3ald HX MOABHXHOCTD W B3aMMONPEBPAliacMOCTh B XOAC KJIC-
TOYHOIO PasBHTHsl. BTO OTHOCWIOCH AaXe K LCHTPaIbHOW BAKYO/IH, KOTOpas paccMat-
pHBaach KaK nojioctHoe pacumpenue ceti (Drawert, Mix, 1961; Poux, 1961; Buvat,
1963). Bpiio OQHO3HAYHO MOKa3aHo, YTO sacpHas o0Oo/IOYKa SBJSETCS 4acThio 3C, u
TOrIa Xe GBI MOCTARIEH BOMPOC O NMEPBHYHOCTH WIH BTOPHYHOCTH SacpHO# obonoy-
KU OTHOCHTeNIbHO octanbHoit DC (Porter, Machado, 1960). HeonHokpatHo myGnMEo-
BAMCh JaHHBle O HempepbiBHOCTH MemOpan 3C ¢ BHemHe#d MemOpaHO# MUIacTHA
(Fisher, Evert 1982; McLean et al., 1986), MUTOXOHApHH (lamaneii, [TaxoMoBa, 198_1;
Bakeesa, Yenuos, 1989), ¢ ToHomiacrom Bakyoneii (Buvat, 1961; Drawert, Mix,
1961; Marty, 1978; Hortensteiner et al., 1991). Ognaxo B xoie AalbHEHIIMX Y3KO-
CHeLMATbHBIX LMTOJOIMYECKMX MccaenoBanuii Jlokycst DC Bee Gonee obcyxaalorcs
K4K CAMOCTOSITE/IbHBIE BHYTPMKJICTOYHBIE CTPYKTYPbl CO CHEUMPUYCCKHMH QyHKLIHS-
MU. Uness X OHTOreHeTHYECKON HEenpepsiBHOCTH M OOpATHMOCTH OTCTYNAaeT Ha BTO-
poit miaH. OnuUcaTenBHO-MOpOIOrMYecKHii NMOAXOA BpeMEHHO Geper Bepx Han OHTO-
redeTudeckuM. JlaHHble, NOMyYEHHBIE METOJAMH TPEXMEPHOH PCKOHCTPYKLMH CEPHH-
HBIX 3/1EKTPOHHO-MHKPOCKOMHYCCKMX CHUMEKOB [AlOT BCE HOBBIC NOKA3aTC/IbCTBA HE-
npepbiBHOCTH oTaebHBIX JokycoB DC (Craig et al., 1980; Robinson, 1980; 'amanei,
Maxomosa, 1981). Hauunaer obcyXnarhcs BO3MOXHOCTH MemOpanHoro noroxa 3C B
xnerke (Morre, Mollenhauer, 1974,1976; Morre, Ovtracht, 1977; Robinson, Kristen,
1982: Harris, 1986). IoTokoBas Mopdosiorus CTaHOBHTCH elle Goee 04EeBUIHOA NoCc-
JIé HCTONIB30OBAHMS BHICOKOBOMBTHOMN 3MCKTPOHHONH MMEpOcKonuu (Harris, 1979; Chan
et al., 1990), Texnuku duuoopecuenTHoro okpamupaius DC (Quader, Schnepf, 19:?;6;
Quader et al., 1987,1989), Buneomukpockonuu (Allen, Brown, 1988; Lichtscheidl,
Weiss, 1988). Ho cuTyalus B L€JIOM MeHSeTcs Majo, (OpMalbHbii aHA/H3 MEPTBbIX
3/1eXTPOHHO-MHK POCKONUYECKHX KAPTHH COMPOBOXAAETCsl Bee Oobliiel AeTaTH3aUKeH
ONMMCAHMI M CBS38HHBIM C HEll TOpPXECTBOM AucriepcHor monenn 3C.

KoHuenumsi ABOHCTBEHHON MPUPOAB! pacTeHUH — HaJIMUYHi B HHMX, KPOMC KJICTOK,
ele M CBS3YIONIEr0 MX CETEBOro KOMIIOHEHTA WHOH NMPMPOAbl — Kak TaKosad 10 CHX
nop He cymectsoBaia. Ho ee mpeainecTBeHHMUB — CHMIVIACTHYECKas M cHMGHore-
HETHYECKasd KOHLEMIMM — MMEIOT OYEHb JIMTE/IBHYIO MCTOPHIO. TEpMHH «CHMIUTACT»
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ObLT BBelcH U8 0003HAYEHHMS HANKJIETOMHOR OGLIHOCTH MPOTOIUIACTOB nociic oOHapy-
XKEHUA WX HENPEPHIBHOCTH Yepe3s crielMgprIEecKre IJid pacTeHUNH MEXKJICTOYHbIE KOH-
TakTel — rutaamonecmsl (Tangl, 1879; I'opoxankun, 1880; Haberlandt, 1914; Miinch,
1930). ABTOpH! NMBITATWCH MOAHATHCE Hal KJICTOUHBIM YPOBHEM M TPakTOBATh pacre-
HUE KaK LIeJIOE, 8 €ro OHTOreHe3 Kak KOHTHHyaibHblH rmpouecc. Cynpba 3TOH KOH-
uenuMy ObUIa BechbMa JpaMaTHYHa: OHA INOCTOSHHO BCTynajna B KOH(QUIMKT C KJIETOY-
HOli Teopuell M nopasnaiack Gosee ycneuHoi conepHuLied. TeM He MeHee, HOBBIE
METOHYECKHE BO3MOXHOCTH M HOBBIC JaHHBIC NPHBOAWIM K HOBBIM pELMAMBAM CHM-
IUTACTHYECKOI KOHLEIIMHA HECKO/IbKO pa3 Ha nporsxeHnH XX BeKa: B €ro Hayaie, B
30-¢, 60-¢ u Teneps, B 90-¢ rogel. M xaxneiit pa3 oHa Bo3poxpaanach B Gosiee mpo-
ABHHYTOM BapHaHTE.

CuMOHOreHeTHYECKas KOHLENUMA BO3HME/IA HE3aBMCHMO VIS OOBSICHEHMS IPOMC-
XOXACHHUS pacTUTenbHOM EKieTkM (Schimper, 1885; @amunumy, 1907; Mepexxos-
ckuit, 1909; Koso-IlonsHckuit, 1924) 1 Ha nepBbiii BARA HEe MMena OOLIMX TOYCK C
CHMIUIACTHYecKOH KoHuemuue#. [axe B ec Ooiee COBpEeMEHHBIX MHTEpIpeTaLMEx
(Raven, 1970; Margulis, 1981) xmioueBoii Bonpoc — cyasba 30HEI CUMOMOTHYECKOrO
KOHTaKTa OpraHe/Ul M KJICTKH — OCTalci B TCHHM. B IIPOTHBONOJOXHOCTH ABTOpaM
CHMILTACTA, aBTOPhl CUMOHOIeHe3a TaK M He MOOHSNIKCh C KJIETOYHOrO YPOBHE Ha ypo-
BEHb PacTeHHI.

[IpHUMNKATEHO HOBBIM, HEM3BECTHBIM aBropaM OOeMX EOHLeENUMA (MoXeT ObiTs,
3a HWckmouyeHKeM [1.Pelieana u J1.Mapremuc) oxa3aloch HAIWYHE BHYTPH IUTasMOecM
TPpYOKH, cBaspiBatowmeit DC xierox B Ooitee oOlyi0 HaAK/JIETOYHYIO CETh, BO3MOXHO
eOMHYI0 [d Beero pacteHus (Buvat, 1960; Robards, 1968, 1971; Harris, 1986; Lucas
et al., 1993). C ofuapyxenueM TpyOxu BC BHYTPM IUIA3MOACCM BO3HHMKJIA ANbTEpHa-
THBA: KaKO#i M3 KaHanoB, Tpybxka BC WiM KoJBLO LIMTOILIA3MbI BOKPYr Hee, ABIIETCH
TPaHCTIOPTHBIM, KAaKOH PEry/JiSTOPHBIM, KOHTPOIHPYIOIUIMM COCTOSHHE TPaHCIIOPTHOrO
kaHana (Lopes-Zaes et al., 1966; Robards, 1971, 1976; Gunning, Owerall, 1983)? H
yTo eule Gonee BAXHO: KaKo# M3 HUX NEpBUYHBIM, 6a30BbIH g 06pa3oBaHHs ILUIA3MO-
necM, Kakod Mpou3BoOHBIH? B 3aBUCHMOCTH OT TOIO, K4K PelIaloTCS 3TH BOIPOCH,
pPagMKaIbHO MCHAETCA HE TOJNBEKO [OHATHE CHMIUIACTAa, HO W O0llas KOHLEMLMA MOp-
choreHesa pacTeHHIA.

SicHocTH Het Oo cux nop. OrpaxenueM pazHooOpa3sus B3rISJoB Ha 3Ty, 6€3 npey-
BCJIMMCHHMA, LICHTPalIbHYI0 npoliieMy aHaTOMWHM PacTCHMIl SBWIMCh MHOTOYHMCJICHHBIC
MOJIE/IM IUIasMOiecM, MNo-pa3HOMy TpakTywolmue Hx cTpykTypy (Lopes-Zaes et al.,
1966; Robards, 1971, 1976; Gunning, Owerall, 1983; Robards, Lucas 1990; Lucas et
al., 1993; Lucas, Wolf, 1993). Ilocine npuMeHeHMs HOBBIX METOOOB (bH3UYECKONH
npeaduxcaumu o0pazloB A/ AMEKTPoHHON MUKpockonuu (freeze-substitution), xoro-
poie Gomnee OBICTPBI ¥ MOTOMY CYMTAIOTCH MCHEEC OTArOICHHBIMM apredakTaMu, ObuUIH
noayyeHsl KazaBlnuecs Oonee yOenuTeIbHBIMK JaHHBIC O CTEPXHEBOM, a He TpyO4aroi
CTPYKTYpe PETHKY/AspHOro Taxa. Ha romM ocHoBaHMM npexrnodyreHue noka Osuto oraa-
HO MOJENH C LMTOIUIa3MaTHYECKMM KOJBLIOM B KayecTBC TPAHCIOPTHOIO KaHaia
(Ding et al., 1992; Lucas et al., 1993; Lucas, Wolf, 1993). Ho e BceMn uccneno-
BaremsiMu. [lo cneayromum npuurHaMm:

1. IlpeumymiectBoM freeze-substitution sB/seTcs BLICOKas CKOpPOCTh (DHECALMHM,
cJ1abocThi0 — HeoOXOAMMOCTE MPENapHUpoBaTh TEAHM OO OYEHb MENKHMX 00pasLoB M
AOCTATOYHO AOATO XPaHUTh B TAKOM BHAC Nepel MrHOBeHHOM ¢uxcauueii. Bepoar-
HOCTh apre¢akToB BO BpeMa MECALMM CHUXAETCs, HO MX BEDOSTHOCTh B XOOE Mpe-
napauyy MaTepyalia pe3KO BO3PACTaeT MNPU HCIONB30BAHWH STHX METOAMK.

2. OcobeHHOCTH Npenapauyi OODKHB OKAa3blBaTh 3HAYMTENbHO Oojiee CHIIBHOE
BIIMIHHC Ha TUIa3MONCCMBI, YeM Ha JPYTUE KJICTOYHBIC CTPYKTYpPHl. TCOPETHYECKH BCE
IUIA3MOJECMBl JIO/DKHBI TNMEPCKPHBATHCE PAHEBOM peakilMeil B MOMEHT [MperiapaluM.

6

Crioco6 ¢hHKcalMK NOc/ie 3TOr0 yXe He WMEET NPUHLMIHAILHOTO SHAUCHHA, I1a3mo-
JleCMbl 3aKPbIThI 40 puKcaumu (TpyOka cxara B CTEPXKEHD).

3. CpaBHeHMe CTPYKTYphbl IUIa3MOecM [0oc/ie Mpenapalyu Matcpralia Oe3 Hee

BO3MOXHO TIPH MCTIOB30BAHHH XMMHYECKOW (PHKCALIMH, [IpoBeas Takoe CpaBHEHME,
MBI yOeAWIMCh, YTO MMEHHO Mpernapalius, a He duKcalms, BbI3bIBAET TPAHCHOPMALIMIO
SHIOILIA3MAaTHUYCCKOI TPYOKH B crepkeHb. (UreaoBaTe/bHO, AaHHBIC freczc-cbﬂxfauﬂﬂ
He MOIYT PaccMaTpuBaThcsi B KauyecTBe Oojiee BECKOrO apryMeHTa B HOJB3Y TOH WIH

APYrol MOIEJIH.

4. Npu 06pa3oBaHKK [U1a3MOAECM B XOe [e/eHUS KICTOK PETHKYIpHad TpyOKa

aBsercs WX mepsHuHoi cTpykTypoii (Pickett-Heaps, Northcote, 1966; Burgess, 1971;
Hepler, 1982). LluToruiaimMardyeckoe KOJIbLO BO3HUKACT Mo3Xe KaK BTOpU4YHas CTPyK-

rypa. CnocoGHOCTb 3HIOMIA3MATHYECKHX TPYOOK MPOTHBOCTOATH JIMMMHALIMM B TIE-
puoa OpMUPOBaHWA KJICTOYHOH IUIACTHHKH oOpCHUMA TOJIBKO HaJIWUKWEM BHYTPHM

HUX OaBICHMH, T. €. UX (PYHKUMOHMPOBAHMEM B KayeCTBE TPAHCMOPTHOIO KaHala A
MMIIOPTHOIO TOTOKa ACCHMWLITOB B [Ae/MlIMXCA KCTKax eic A0 obpazoBaHus

ruiaamonecM (Famanei, 1990).

5. HakoHell, XaK NpeACTaBUTh LIMTOILIa3My B Kau€CTBE KaHala VM MaccoBOIo TO-

Ka NpOLYKTOB hOTOCHHTE3a W3 KJIETKH B KJICTKY? [Toka3aTeJbHO, YTO BCE CTOPOHHHM-

KM TPAHCMOPTa M0 LMTOIUIa3MATHYECKOMY KOJIbly B Ka4iCCTBE apryMeHTallii TIpHBO-
JAT AaHHBIE O TPAHCIOpPTE MO IUIa3MOJecMaM LMTOIUIa3sMATHYECKHX OeJIKOB WIH BHpPY-

cos, a He accumwistoB (Wolf et al,, 1989; Lucas, Wolf, 1993: C}tnvsky, 1993).
Ec/ii TpaHcnopT Ge/KOB M aCCHMWIATOB KOMIapTMEHTHPOBAH KaX/bii B CBOCM KaHa-
Jie, IPOTHBOPEYME MEXAY PasHbIMK MOC/IMHU UIA3MONICCM CaMO coboli cHUMaeTCH.

Takum 06pa3oM, BOMPOC, KAKOH W3 ABYX KOMMNApTMEHTOB ILIA3MOACCM byHKLHO-

HAPYET KaK MEXKJIETOYHbIH TPAHCIOPTHbIA KaH&l, OCTacTCi OTKPBITHIM. Haubonee
BepOATHO, 06a: Tpybka DC — A1 A&IBHErO TPAHCNOPTa ACCHMWIATOB, KOJBLO 1IMTO-
[Uia3Mbl — VIS MEXKJISTOYHOro oOMeHa LMTOIVIA3MarHYCCKHMHA KOMIOHCHTAMH (Gen-
xamu, PHK). CoOTBETCTBEHHO BO3HMKaeT npobieMa M € Ha3BaHWIMH Hﬂﬂﬂﬂ:’fﬂ:ﬂﬂx
KOMIApTMEHTOB: CHMILIAcT? 3HAOIUIACT? BO3MOXHO, HeoOxooumbl 00a TepMuHA? AB-
TOpaM CHMILTACTHYECKOM KOHLIEMIMH ObL1 HEM3BECTEH ¢akT CyIECTBOBAHMS MEXKJle-
TOMHOI SHIOILIA3MATMYECKON CETH, MOITOMY WUIs HMX 9Ta @lIbTEPHATHBA HE CYLICCT=
BOBA/IA M MX TMPHUBEPKEHHOCTh K TEPMUHY «CHMILIACT» HE JO/XKHA JOBICTh HAl HaMH

teneph. IlonpoOyeM MOAOKTH K 3TOMY BOMNpOCY € ApYroi CTOPOHBI.

CUMBHOTHYECKOE IMPOHCXOX/IEHHE

Bo3MOXHBI JIM «BHyTpecHHME» MemOpanbl B wmroruviaMe? Kax 1OBEPXHOCTHbIE
CTPYKTYpbl MOIJIM OKa3aThcss BHYTPH LMTo30/A? TlpHHIMN MeMOpaHHOH OpraHu3aluH
11060 CAMHUIE! KHBOIO HCKJIIOYMTEIBHO MPOCT: OOMH TEHOM — OMH OEIOKCHHTEIM-
PYIOIIMIi allapar — OjHa MNOBEPXHOCTHA MeMOpaHa — O[WH :mnucrrfapumﬁ KOM-
[HAPTMEHT, CAMOBOCIPOM3BOIALIMICS AcicHHEM. Tak yCTPOCHbI TNPOCTEHIIHE MUKPO-
OPraHM3Mbl, Ha 3TOH Xe NPUHLWIKAILHOH OCHOBE CTPOSITCA fosiee CIOXKHBIE KJIETOY-
nbic cuctemsl (puc.l). HUKakux BHYTpeHHMX MeMOpaH, TOIBKO BHEIIHWC M0 OTHOLC-
HUIO, K 00pasylollieMy WX TEHOMY M 1MTO30;110. Kak K¢ BO3HMK/IA B LMTOILTAIMC
PACTHTEJIBHBIX KJIETOK CTO/Ib OOLIMPHAs BHYTPEHHSS meMOpatHasi cucreMa’

Jlaxe HMYErO HC 3Hai O CUMOHMOTHYECKMX uAaesX A..C.®amunupiHa, K.C.Mepex-
KoBckoro, B.M.Ko3zo-TlongHekoro ¥ o passurud ux J1.Mapreane n ucnoissys Tolib-
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Puc.l. [Mpoucxoxiaenne 3HA0ILIAMATUYECKON CETH B XO[€ IHAOLMTO3a OpraHe/ul H

COUPOBOXKIAOLIErO ero cUMOHOreHesa JIMHKUI KJIETOK W OpraHelul.

a — 3/leMeHTapHbIl NPOKAPHOTHYECKHA KOMIApTMEHT, COCTONILNAA H3 reHoMa, Genxosoro 3o
H NOBEPXHOCTHOR MembGpausl; 6, ¢ — nuddepennnauns Ha asTOTpodHbIE H reTepoTpohHble Ale-
MEeHThl, NpeAIICCTBCHHHKH XI0pPOIUIacTOB H MHTOXOHAPHH, N0 HAH Mmocjie 3HAONHTO3A; 2-€ —
SHAOUMTO3: OAHOAKTHOE MNONRICHHE BCEX KOMIOHEHTOB 3YKapHOTHYECKOR KIEeTKH (sulepHOH
060:104KH, BaKyosH, annapata [0/1baXH, KIeTOMHOR CTEHKH) B PC3yJbTaTC Pa3BHTHA KOHTAKTHOH
J0HBI B JH/I0I1a3MATHYECKYIO CEeTh; X, 3 — CHMOHOIeHe3: pa3BHTHE JIHHHA KIeTOK H OpraHeUl
A¢.ICHHEM, @ MX KOHTaKTHOH 3IOHBI NEPETEKaHHEM CETH H3 KIETKH B KieTky ¢ obpazosanneM
ILIaIMOICCM B MeECTax [lepecedeHHsl €0 IUIOCKOCTH JIC/ieHHs; AH(QepcHUHAlHS opraHeul B
JARHCHMOCTH OT HOJIOXCHHS B MEXK/ICTOYHOM 3HAOMIAIMAaTH4YECKOM NOTOKE ACCHMHIIATOB.

KO BBILIEYTIOMSHYTHIM TECT, JIETKO MPUATA K 32K/II0YEHHIO, YTO PACTHTEIbHAS EJICTEA
He MOIJIa BOIHMKHYTb B PE3Y/IETATE CAMOCTOSTE/ILHON 3BOMIOLIMH. 3TO CTANO BOIMOX-
HbIM TO/IBKO B pe3y/bTare OObeJMHCHWS HECKOIBKHX ICMEHTApHBIX KOMIAPTMCHTOB
¢ CaMOCTOSTE/IbHBIMM NeHOMaMM, Oe/IKOBBIMM MaTpMEKCaMi W OrpaHHWH4HMBAIOLIIMMHA MCM=-
6panamu. [TocnenoBare/IbHOCTh CTPYKTYPHBIX npeobpa3oBaHmii B Xole Takoro oobenu-
HeHus ToKaszaHa Ha puc.l. YKC/o y4acTHHKOB cHMOMO3a — TPH, HCXOAs M3 TPEX I€HO-
moB. Ho MX Moo ObITh ¥ [BA; 'eHOMBI IUIACTHA M MHUTOXOHAPHH HE CTO/Nb PaluIHYHBI,
ux auddepennmalms 13 OOLIEr0 NPEALICCTBEHHHEA BO3MOXKHA W [0 M riocie SHIOLIK-
TO3HOIO BE/TIOYEeHMS. X03MMH eBa JIM MOr OTHOCHTBCA K TOH Xe rpyrnne MHKpoopra-
HU3MOB, OTJIMYMA AACPHOrO reHoMa OT IeHOMa IUIacTHI H MHTOXOHIPHH CJTHLIKOM
BEJIMKH.

B Xole 3HIOLIATO3a, MpPEAIECTBYIOLEro cMMOHOreHesy, BOKPYr K&X1oro Mnorio-
[IEHHOIO IEMEHTAPHOIO KOMINApTMEHTa BO3HWKACT 30HA KOHTAKTa, OrpaHH4YCHHAd
elie OxHOM MeMOpaHoi. BHelnHIs No nepBHYHOMY MPOHCXOXICHHIO, TEINCPh OHA CTa-
HOBWTCS BHyTpeHHeil. TakoBa NMpHUpPOOa «BHELIHCH MeMOpaHbI» IUIACTHA W MMTOXOHA-
puii. OUEBHIHO, YTO OHA M HE BHCLUHAN, W HE MX, TAK Kak OHM HE MOTYT y4acTBOBaTb
B ee 0Opa3oBaHMK. DTO IUIa3MaTHYcCEasd MeMOpaHa X03iiHa, HO TeNeps, MOCIE 3aBep-
INeHUS FHOOLMTO3a, YXKe SHIoIUIamMarHyeckas (puc.l). Bor nepBOMCTOYHHK BCei CHC-
TeMbl BHYTPCHHMX MeMOpaH PacTHTENbHOH KJICTEHW. Ee Obl C/AECAOBAIO HA3BaTh 3HAO-
[Ula3ManeMMoii, 210 Gonee TOYHO OoTpaxano Obl €€ MPOWCXOXACHHC, HO OHa Ha3lBaHa
TOHOIUIACTOM.

Sra MembpaHa QO/KHA Gbula Gbi GbIT IMMHHMPOBaHA, €CTH Obl PHIOLMTO3 3a-
KOHYWICH, KaK OObIMHO, NOMHBIM rMapoau3oM. C TOYKH 3peHMA CUMOMOTHYECKON M-
oTe3bl, TaKas Majias AeTalb, K&K crnocoOHOCTh WM HecnocoOHOCTh K epMEHTATHB-
HOMY TMAPO/M3Y 3aXBaYCHHBIX 3HAOLIMTO30M MHMKPOOPraHWIMOB, MOITA MPHBECTH K
CTO/b Pa3HbIM (hOpMaM XM3HM, KaK PacTeHHs M XMBOTHbIC. [IpH CTAHOBJICHMM pacTe-
HMii THOPOJM3 He Moc/ieNoBal 3a 3HaouuTo30oM. HaobopoT, yCTaHOBHIHCH cuMOHOTH-
YeCKWe OTHOLICHMS C 3aXBAYEHHBIM OPraHM3MOM Yepe3 KOHTaKTHYIO 30Hy, oOpasoBaH-
HyIO IByMS IU1a3MaTHYECKMMHM MeMOpaHaMy ¥ BOJHOM cpenoii Mexay HHMH. Dra 30Ha
HATIONIHIETCS MpOAyKTaMW oOMEHa W MO Mepe WX HaKOIUICHHN pa3BMBACTCH B nudpde-

PEHLMPOBAHHYIO CHCTEMY MPOMEXYTOYHOIO MX NCMOHHWPOBAHHA. Tak BO3HMKA&ET BCH
SHIOTUIA3MAaTHYECKas CeTh KJIETKW: ee 4acTh, ofTekawoias sapo ;lﬁciulﬁ
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SLepHOM ODONIONKH, mepuepHyeckas CEThb M BAKYONM, BRIIOYas W LICHTPAIbHYIO,

“IMaiKkWe WIH IEPOXOBATHIC 30HBI, B 3aBUCHMOCTH OT HAIMMMS WIM OTCYTCTBHS PHOO-
cOM, Bech Ha6OP CTPYKTYP, OrPAHMYEHHBIX TAK HA3BIBACMBIMH «BHYTDCHHUMH McMOpa-.

HaMu» (puc.l). B uenu KieTOK, CBA3aHHBIX IUIA3MOACCMaMH, aTa CETh 10 Mepe Hanoj-
Henusi MeTabonuTaMu (B AaHHOM ciyyae (pOTOCHMHTATAMM) OOA3aTe/IbHO AO/IKHA nepe-
TeKaTh W3 KJIETEM B KJETKy OT aBTOTpohHOro nomoca K rereporpogHomy (puc.2).
OpraHesuisl CHMOHOTHYECKOTO MPOMCXOXKACHHA — IUIACTHAbBI H MHTOXOHIPHH — JIOK&-
NK30BaHbl BHYTPU Hee. [lepBbie M3 HUX, MOCTaAB/NA aCCHMWIATHI, y4acTBYIOT B €€ ICHE-
palMM, BTOpbie, NoTpeO/as uX, — B AereHepalmu. Mx pacnpenesieHue UMEET W BHYTPH-
KJIETOYHBIH M 30HAJIbHBIM VI PACTEHHS ACICKTHI.

Hccnenoateny, nepesiMi Habmionasiue W onucasmue 3C, Gblin oueHb GM3KH K
aTuM BarsaaM. Bonpoc o npoucxoxaeruy 3C lMoprep ¥ [lanan peiuniK JOrMYHO M

[POCTO: BHAOIVIa3MaTHYecKas MeMOpanHas cucTeMa oOpa3syercs u3 [U1a3MBTHYECKOH B |

peaynbrare sngoumtosa (Porter, 1953; Palade, 1956). B cepenune 70-x ronos Moppe
u Mosutenxaypom (Morre, Mollenhauer, 1974, 1976; Morre, 1975; Morre, Ovtracht,
1977), 6bi1a BhICKA3aHA e caMOOGHOBISIOLIErocs NOTOKA MeMOpaH B PACTHTEJIbHOH
kaetke. Cepusi NyOGMMKaLMili STHX HKCCIeloBaTelicl CTala 3HAYWTENBHOH BEXOW B
pa3BUTHK KJIETOYHON Mopdonoruu. OHa 3HamMeHOBalla NEPEXon K Bonee AWHAMWYHON
MOJE/IM KJIETKH, K 4-MepHOMY MbluvleHHio B 1Tonoruu. Ilpu abcooTHOH BEPHOCTH
WiEH, B €€ KOHKPETH3allMK ObUIH JOMyLUeHb! [ABE Cepbe3HbIC OWMOKM:
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