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MHUTOXOH/IPHH, KaK HM3BECTHO, OCYMIECTBISIOT CBOK MYJIBTH(OYHKIHMOHAIBHYIO POJIb B TOMJCPXKAHUUA WM PETYJISIHA
KJIETOYHBIX IPOIECCOB BO MHOIOM Oiarojapsi yHHMKaJbHBIM CBOIMCTBaM BHYTpEHHEH MeMOpaHbl, B TMEPBYIO O4Yepelb
CIIOCOOHOCTHIO TEHEPHPOBATh BBHICOKWI TpaHcMeMmOpaHHbIi morteHnuan (AWm). Hapsimy ¢ sHeproobecrnedeHueM, MOIYIISIUSI
A¥m MoOXeT OBbITh 33/ICHCTBOBaHA B CHUCTEME KJICTOYHOI'O CHI'HAJIMHIA M IMPOSIBISTBHCS B BBICOKOAMIUTUTYAHBIX (DIIyKTyarusx
WHTCHCUBHOCTU (PIIYOPECIICHIINU CIECU(PUICSCKUX KpPACHTENEH, MO3BOJISIONIMX JIETeKTUPOBaTh u3MeHeHuss AWYm U rerepanuu
akTUBHBIX (opMm kuciopoga (ADK) Ha ypoBHE MHAMBUAYAIBHBIX OPraHe/Ul B PEKHME pEalbHOTO BPEMEHH, KaK MPaBUJIO, B
CeKYHIHBIX quamna3onax. Jlunamuueckue GeHOMEHbI, Ha3BaHHbIe mynbcanusimu AWm ('pulsing’) , 6buH 0OHAPYIKEHBI C TOMOIIHO
npou3BoaHbIX TeTpamerwiapogamuHa (TMRM) eme B konme 20 Beka [1], Torma kak 4acTo acCOIMUPOBAHHBIC C HHUMH
«Benbimkm» ('mitoflashes’) dbiyopecrieniinn ADK-aeTeKTHPYIONIMX CUCTEM - OTHOCHTENILHO HeaaBHO [2]. Ha maHHBIH MOMEHT
pUPOJIa TUHAMUYECKHX ()EHOMEHOB, B TOM YHMCIIC TPUITEPHBIC MEXaHU3MbI, OCTAIOTCS BO MHOTOM HETIOHSTHIMH.

B nmanHO# paboTe wcciaenoBadd 3aBUCHMOCTh JIMHAMHYECKHX COOBITUH OT MOOWJIBHOCTH MHTOXOHJIPHI; B KauecCTBE
KOHTPOJIBHBIX 00BEKTOB MCCIIEJOBAHUI OBLIM MCIIOIB30BAaHbI KOJICONITHIIM STHOIMPOBAHHBIX MMPOPOCTKOB 03UMOM mieHUIs (T.
aestivum L., copt Muponosckast 808), BeiparieHHbix npu 23-25°C (3 cyT)(KOHTpPOJIB), YaCTh KOTOPBIX MOABEPraUCh X0I0I0BOM
akxmumaru (0-4°C, 5 cyr)(ombir). O6pasisl cpe3o Tkaned okpamuBamd 0.5 uM TMRM wm cosmectno ¢ 10 uM DCF,
npocMarpuBaiu B Zeiss LSM META 510 ¢ nocieayromum MyIbTUTPEKOBbIM aHaimi3oM B ImageJ (Fiji) C moMoIpio mporpaMmmbl
TrackMate v6.0.1 [3]. JIisi KOJUYECTBEHHON OIIEHKH MapaMeTpOB MOOMIIBHOCTH MHUTOXOHIpPUH (CKOPOCTh, HANpaBICHUE U
tonorpadusi TpaHCIOKaluu, TpaHchopmanuss Mopdonoruu) ucmonb3oBanu time-lapse cepum ¢peiimoB (3 MuH) obmacTu

untepecos (ROI) mnomaasio 2000-3000 MKM2 ¢ BpeMeHHBIM pa3pemrenueM 0.8 mc/mukcens (500 mc/dpeiim).

Hcxons n3 JaHHBIX TPEKWHT-aHATTN3a HHIUBUIYATbHBIX MUTOXOHPUH KOHTPOJISI, OPTaHeIIbl OBUIN YCIOBHO OTHECEHBI K 3
CyOmonyJsMsIM MO CKOPOCTH M XapaKTepy JABMKEHHs - «Oeryume», «Opoasuue» u «cuiasuuey». Ilepemernienue opraxenn 3a
3MUH MOHHUTOpUHTA cocTaBmwio Oonee 10 MM y «Oerymmx», 1-10 MM m MeHee | MKM - y «OpOISUHX» U «CHITIHX),
COOTBETCTBEHHO. «CHJIAIINE» OpraHeiibl ¢ MUHUMAJIbHOU IMOJBMKHOCTHIO COCTaBJSUIM MPAKTUYECKH MOJOBHHY OT OOIIEro
yrciaa mutoxoHapuii B ROl u xapakrepusoBanucek 6osiee Beicokoi pulsing-aktusHocThio (80% OT 00II€r0 Ynciia COOBITHIA) IO
CPaBHEHMIO C MOOMIIBHBIMU. VIHTEpEeCHO OTMETUTh, YTO B MOMEHT IYJIbCAIIUH CKOPOCTH JABMKEHHSI MOOMIIBHBIX OpPTaHeN PEe3KOo
CHIDKAJIUCh 10 YPOBHSI TAaKOBBIX «cHUAsf4ei» cyOmomymsiuuu. «O0e31BUKUBaHNE» MUTOXOHJIPUI aHTHIIMTOCKEIETHBIM areHTOM
narpankynud B (300 HM) Takke yBenuuuBaio Pulsing-akTuBHOCTH 00pa3ioB. PakThl YCHICHHS MYJIbCUPYIOIICH aKTUBHOCTH B
MOMEHT OCTAQHOBKM OpraHeyJl I[03BOJISIIOT MPEANONOKUTh, YTO B CYOKOPTEKCE KIETOK MOTYT CYIIECTBOBAaTh CAMThI
peopraHuzanyy ¥/ UIM MOJU(HUKAIMKA MEMOPAHHBIX KOMIIOHEHTOB OOOJIOUKHM MHUTOXOHJPHH, KOTOpbIE BEAYT K OOpa30BaHHUIO
BPCMEHHBIX MOPOBBIX KaHAJIOB, IETEKTHPYEMbIX IO OBICTpOMY M 0OpaTMMOMy XapakTepy BbiOpoca u3 opranemnt TMRM
BCJIEJICTBUE TpPAaH3UTOpPHOro mnaaeHus Aym. Ilocnennee wacto, HO HE BCerja CONPOBOXKIAIOCH — «BCIBILIKAMU»
BHYTpUMHTOXOHApHanbHOTO okucienus DCF, cs3annoro ¢ rerepanueit AOK.

[Tocne nnuTeNbHOM XOJIOOBOM ajanTalMM OTMEYald yBEJIHuYeHHe MHTeHCUBHOCTU ¢uyopecueHunu TMRM noutu B 2
pasa, o0ycioBieHHOe AWm-3aBUCHMBIM HAKOIJICHUEM JTAHHOTO KpacHuTes, Ha (OHEe CHIDKeHHs PUlSing-akTHBHOCTEW OpraHes.
OZHOBPEMEHHO CpeAHsSsl CKOpPOCTh IEPEMEINEHUH MHUTOXOHJAPUHM B KIETKAaX YMEHbIIAJach, TOrJa KakK CTENeHb HX
wieiiomopdHOoCcTH, Ha0060POT, Bo3pacTana. CioxkHble (OPMBI OpraHeul XapaKTepU30BATUCH MPEUMYIIECTBEHHO aMe0OUIHBIM
TUIIOM JBUTATEIbHOIO MOBEAEHUS, MAPAMETPhl TMHAMUYHOCTH KOTOPOTO HA JaHHBIH MOMEHT TPYAHO KOJMYECTBEHHO OLICHUTH.
Takum oOpa3oM, BbICOKas aMIUIMTY[a, KPAaTKOBPEMEHHOCTb M IPOCTPAHCTBEHHAs JIOKAJbHOCTh IMYJIbCAUA MHUTOXOHAPUI
MO3BOJISIET MPEANOIOKHUTh 00 UX CUTHAJIBHOM 3HAYEHUH Ul KJIETOK, TOrJa KaK MHAYKIUS IPH OCTAaHOBKE TBM)KEHUS OpraHesul
IOpU ONTHMAJIBHBIX TEMIIEPATYPHBIX YCIOBUSX WM, HA00OPOT, «KyMUpoBaHHE» PulSiNg-akKTMBHOCTH MPH THIIOTEPMHUH — O
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MPOSIBJICHUHM CHCTEMHOM, a HE CTPOr0 CTOXACTUYECKOH, KaK MOCTYIUPYETCS B JIUTEPAType, MPUPOILI H3yUaeMbIX TUHAMUUECKUX
(heHOMEHOB.
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Abstract

Mitochondria as well-known fulfill a multifunctional role in a maintenance and regulation of the cell processes mainly due to the
unique properties of the inner membrane, first of all the ability to generate transmembrane potential (Aym). Along with energy
supply, fluctuations of Aym might be involved into cell signaling systems because of their transitory high-amplitude, sharp and
short-time (in the second range) character. Such dynamic events termed as ‘pulsings' or' flickerings' of Aym were revealed by the
use of tetramethyl rhodamine derivates (TMRM) at the end of 20th century [1]. Often coupled with these, reactive oxygen
species (ROS) flashes or ‘mitoflashes’ were detected recently [2]. To date, nature of the dynamic phenomena, including
triggering mechanisms, remains mainly obscure.

We researched the dependence the frequency of mitochondrial dynamic events on the motility of the organelles in the
coleoptile cells of wheat seedlings (T.aestivum) that were grown in the dark (23-25°C, 3d) and cold acclimated (0-4°C, 5d).
Samples of tissue slices dyed by 0.5 uM TMRM or/and 10 uM DCFH2 were analyzed bet means of LSM510 META (Carl Zeiss
Microlmaging) with subsequent multi-tracking analysis (ImageJ (Fiji), Track-Mate v6.0.1) [3]. For quantitative estimation of
mitochondrial mobility parameters (traffic velocity, direct and topography of translocation, morphology transformation), we
applied frame time-lapse series received by real-time monitoring for 3 min in 2000-3000 pum? of ROI with temporal resolution
0.8 ms/pixel (500 ms/frame).

According to single-organelle tracking analysis, cell chondriom was conditionally divided into 3 basic subpopulations,
namely ‘running’ (more than 10 pm distance traveled for 3 min), ‘walking’ (1-10 pm) and ‘sitting’(less than 1 pum) ones. The
high pulsing activity (80% from the total events) was inherent mainly for non-mobile mitochondria (‘sitting’), which, in turn,
were 55% from the total number of organelles in ROI. It should be stressed that at the moment when the pulsing events were
happen, velocity speeds of the mobile mitochondria declined sharply and became common with those of ‘sitting’ ones.
Interestingly, mitochondrial 'immobilization’ by anticytoskeletal agent latrunculin (300 nm) also increased the pulsing activity.
These facts allow to propose being of the cell sub-cortex sites of reorganizing and/or modifying of membrane components to
result in a formation of the transient pore channels that detected in a sudden and reversible manner of TMRM emission due to
Awym dissipation. The latter was often, but not at every turn, accompanied by flashing of intramitochondrial oxidation of DCFHa,
widely applicable ROS-detecting indicator.

After long-term cold acclimation, TMRM fluorescence intensity in mitochondria increased up to 2 times that could be
interpreted as A¥Ym-dependent accumulation of this dye besides the pulsing-activity diminished. Simultaneously, average rates of
mitochondrial traffic in cells decreased whereas (pleomorphy???) degree, (vice versa) on the contrary, increased. Irregular-shape,
with complex organization, mitochondria were characterized by mainly amoeboid-type of motility behavior which dynamic
parameters are difficult to quantitatively estimate at the moment. Thus, characteristics of ROS mitoflashes allow to suggest their
role in cell signalling whilst the stopping of mitochondrial traffic before pulsing induction could be indicated on systemic, not
only stochastic as postulated in literature, nature of the dynamic phenomena.
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Takum 00pa3om, HHAYKIIMS MyIbCHPOBAHUS TP OCTAHOBKE JABHKCHHUS OPraHe/UT IPU ONTUMAIIbHBIX TEMIIEPATyPHBIX YCIOBHSIIX
WM, HA000POT, «KynupoBaHue» PulSing-akKTUBHOCTH NPHU TUIIOTEPMUU TTO3BOJISIFOT TPEANIOI0KUTH MPOSBICHHE CHCTEMHOW HITH
JI€TEPMHUHUPOBAHHOM, & HE CTPOr0 CTOXaCTUYECKOM, KaK MOCTYJIUPYETCS B IUTEPATYPE, MPUPOIbl M3YIaeMbIX THHAMUYECKUX
(eHOMEHOB, UTO .
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