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AHHOTALMA

CeKrpeTopHble COUHroMUENHa3bl BbIAENAITCA NPYU AENCTBUM HA KNETKM Pa3fIMiYHOro pofia CTPECCOBbIX CTUMYOB, BKIO-
yasa Bocnanenue [1]. N36bITouHaA aKTMBHOCTb U 0CBOGOMHOEHWE COMHIOMMENMHA3 BbICTYNAeT B KayecTBe NaTosioruye-
CKOro (aKkTopa, YCKOPAILIEr0 BO3pacTHbE M3MEHEHWA B HEPBHOW CUCTEME, HEWPOBOCMajeHWe, HEMPOAereHepaLmio,
a TaKKe MbileyHylo aucdyHkumio [1-3]. C ppyroii cTopoHbl, CUHroMMenuHasbl 6binn 06HapyeHbl B permoHax oKoo
CalTOB 3K30LMTO3a M AEHOPUTHBIX LIMMMKaX, @ MHrMbMpoBaHWe CPUHIOMUENMHA3 NOJABAANO CMHANTUYECKYI0 nepeja-
Uy KaK Ha NMpecHHanTU4ecKoM, TaK MOCTCUMHAMTUYECKOM YPOBHAX B MMMMOKaMManbHbIX CMHancax. HeJoctaToyHocTb Kuc-
Non cOUHroMmenmHasbl Be4ET K HerpoaereHepaTMBHOMY 3aboneBaHuio HuMaHHa—TlMKa TMna A, a HOKayTbl HEMTPaNbHbIX
COUHroMUenuHa3s y MofesibHbIX MbILLEN BbI3bIBAlOT ABUraTeNibHble fedeKThl, @ TaKKe HapyLUeHWs, HanoMUHalLwme Ta-
KoBble npy bonesHn Anburerimepa [1, 2]. Bcé 310 yKa3biBaeT Ha CyLLeCTBOBaHWE MexaHU3Ma perynauMmu CUHaNTUYeCKo
nepenayu, KOTOpbIN 3aBUCUT OT CHMHrOMUENNHAS.

B npencraBneHHom pabote, MCMONb3yA MUKPO3NIEKTPOAHOE OTBEEHNE MOCTCUHANTUYECKUX OTBETOB, 3K30-3HAOLMUTO3HbIE
FM-MapKepbl, a TaKe YyBCTBUTENbHbIE K MEMOPaAHHBIM CBOMCTBAM (yopecLEeHTHbIe 30HAbI, UCCNenoBany 3dGeKT Her-
TpanbHOW CHUHrOMMENMHA3bI Ha HerMponepeaady B AMadparManbHOM MbILULE MbILLW.

bbino obHapyeHo, uTo nobaBneHve chMHroMmenmuHasbl (Ha 15 MUH) B HU3KoW KoHueHTpauuu (0,01 en. akt./mn) Benét
K HapyLUeHWI0 YNaKOBKM SIMNMA0B M30MpaTeNbHO CMHANTUYeCKUX MeMOpaH. B YacTHOCTM, B CMHANTUYeCKMX MeMbpaHax
NPOMCXOAMIO NOABNEHNE CKOMEHWI LiepaMnAaa, NofaBNeH e OKpaLLMBaHWUA MeYeHHoOW cybbeanHMLen B xonepHoro Tok-
cvHa (Mapkep ckonnenur GM1 raHrnmMosuaoB), caBUr B 3eNé€HYI0 YacTb cnektpa dnyopecueHumn F2ZN12S (nokasatenb
3KCMaHCUM NIUNUA-HeynopARoYeHHo dasbl), yBennyeHue dnyopecueHumm 22-NBD-xonectepyHa (MHOUKATOP YBENMYEHUA
TEKY4eCTM MeMbpaH), a TaKMKe BCTPauBaHUA 3IK30MEHHOMO LiepaMmaa BO BHELUHUIA MOHOCNON. 0BbILLIEHWE KOHLEHTpaLum
couHrommenuHassl 8o 0,1 ed. aKT./Mi yCUNMBAET U3MEHEHUA U NPUBOAUT TaKKe K TOMY, UYTO YKa3aHHbIE U3MEHEHWA MEM-
BpaHHbIX CBOMCTB HAYMHAIOT NPOABNATLCA M B MEMOpaHaX MbILLEYHbIX BOSIOKOH. B fanbHeMLWMX 3KCnepuMeHTax 1cnosnb3o-
Ba/M 15 MWH annavKauuio cUHrOMMENMHa3bl B HU3KOM KOHLEHTPALIMKM, OKa3blBaloLLen CUHanc-cneumduyHoe gencrame
Ha CBOWCTBa MeMbpaH.

AMnnuTyna v BpeMeHHble napameTpbl MUHUATIOPHBIX MOCTCUHANTUYECKMX OTBETOB, @ TaKMKe MeMOpaHHbIM NOTeHLM-
an MoKoA He W3MEHANWCh NMpY anniuKauuMmu CPUHroMUennHashl. TakKe CMOHTaHHAA CEKPeLMA, KaK M Bbi3BaHHaA ce-
Kpeuus HeMpoMefmaTopa, B OTBET Ha OAMHOYHbIE CTUMYJIbl HE M3MEHANach Npu AeWCTBUM CPUHroMmenvHasel. OgHa-
KO COMHroMMenuHasa CyLIecTBEHHO YBENMYMBANa CEKPeLMIo HepoMeaMaTopa M TeMn 0CBOOOMKOEHWA 3K30LMTO30M
FM-KpacuTtenein us cMHanTMYeCKUX BE3UKYN NPy CTUMyNAUMKM HepBa ¢ Yactotamu 10, 20 n 70 Iy, CnepyeT oTMETUTD,
YTO MOTEHLMPYIOLLMIA Helponepeaady addeKkT chMHroMmUenuHasbl bbin HeobpaTUMBIM U HECKOMBKO CUIbHEE BbIpPareH
npu 10 T4 CMHANTUYECKOW aKTMBHOCTU. JKCMEPUMEHTBI C NPEPLIBUCTON CTUMYNALMEN HEPBA KOPOTKMMM NadkaMu (no
60 ctumynos) ¢ yactotammn 10 mnm 20 Ty m KopoTkuMmmM 0,5 ¢ MHTepBanamm NoKoA, BbIABIAAN, YTO CHUHMOMUENMHA-
3a yBeNMYMBaET KpaTKOBPeMEHHOe 06eryeHne CeKpeLmMn HelipoMeamaTopa B Hayane Kaxaoro crepyloLliero asnu3oaa
npu 10 'y (Ho He 20 Mu) cTuMynALMu.

OnbITbl ¢ KOMOWMHMPOBAHWMEM 3MEKTPOPU3NONOrNYECKOWA [ETEKLUMM BbI3BaHHbIX MOCTCUHANTUYECKUX OTBETOB, CEMEHWEM
3a 3K30LMTO3HLIM 0cBOGOMKOEHMEM FM1-43 KpacuTens u npuMeHeHueM TywuTens gpnyopecueHummn FM1-43, npoHuKaiowero
yepe3 Mopbl CIUAHWA, NOKa3anu, YTo Npy BbicoKouacToTHOM (70 ') aKTUBHOCTM B HOPMe CyLLECTBEHHAA NOMYNALMA CUHaN-
TUYECKMX BE3UKYN 0CBOOOMIAET HEMPOMeaMaTop Yepes TPaH3UTOpHYto nopy cinsaHua (kiss-and-run MexaHuam) [4, b]. Obpa-
60TKa CGMHroMMeNnHa3om MHrMbupyeT NOAO6HLIN NyTb 0CBOOOHKOEHUA HeipOMeIUaTOpa, B UTOMe OCHOBHAA YacTb COOLITUM
HeMpOCEKPELMM NPOMCXOAMT 3@ CYET 3K30LMTO3a C MOJHLIM BCTPaMBAHWEM BE3UKYNAPHOM MEMOPaHbI B NPECMHANTUYECKYIO
MeMbpaHy.

Pykonucb nonyvena: 14.05.2023 Pykonucb opobpena: 26.11.2023 Ony6nukoeaHa online: 20.01.2024
V-2
ECOeVECTOR Article can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2023


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/gc623292
https://crossmark.crossref.org/dialog/?doi=10.17816/gc623292&domain=PDF&date_stamp=2023-12-15

MATEPNAJTTE KOHOEPEHLIM TOM 8, N2 4, 2023 [eHBI 1 KNEeTHN
CONFERENCE PROCEEDINGS 18 (4) 2023 Genes & cells

CoHmHroMMENMH NPeCMHANTUYECKUX MEMOpPaH U MEMOpaH CUHAMTUYECKMX BE3UKYIT MOMET UrpaThb pasHylo posib B KOHTpose
ocBoboxkaeHuA HelpoMegwmatopa. [nA npoBepKu 3TOM rMnoTe3bl BO BpeMA anmanKkaumMmM cGUHroMMenuHassl NpoBOAMIN
CTUMYNALMIO NPOLLECCOB 3K30-3HAOLMTO3a CUHANTUYECKUX BE3WKYN, TaKUM 06pa3oM, hepMeHT nonyyan Joctyn K MeMbpa-
HaM CMHaNTUYeCKMX Be3UKYM. B aTux ycnoBumAx noteHumpyowmin addeKT chuHroMmennHasel Ha CekpeLmio HepoMeama-
TOpa M TeMn 3K3oumTo3a FM1-43 6bIn cyLlecTBEHHO NoAaBEeH.

Wcxons M3 monyyeHHbIX AaHHbIX, Mbl NPeAnonaraeM, Yto nof BAMAHUEM COUHIOMMENMHA3bI (B HU3KOM KOHLEHTpaLmK)
NPOMCXOAMT HapyLLEHWe LeNoCTHOCTU IUNUAHBIX padToB M 06pa3oBaHMe CKOMEHUI LepaMmia U3bupatenbHo B CUHANTU-
YecKMx MeMbpaHax B MbiLLLe. 3T0 B CBOI 04Yepefb YBENNYMBAET MOOMNM3ALMI0 CUHANTUYECKMX BE3WKYI B CaliTbl 3K30LM-
T03a B xoge 10-70 'y akTMBHOCTY. [IpeanoNoKMUTENBHO, 0COBEHHO aKTUBHO PEKPYTUPYIOTCA B 3K30LMTO3 CUMHANTUYECKUE
BE3MWKY/bl, NPUHAAMNEHALLME K OTHEeNbHOMY Nyny, KOTopbid obecneunBaeT Hemponepegady npu 10 My aktuBHocTW. Bo-
lee TOro, U3MeHeHMe CBOMCTB MeMOpaH Npu AeNCTBUM COUHrOMMENNHA3LI MHIMOMPYET 0CcBOBOXKAEHUE HEMpOMeauaTopa
Yepes nopy CAMAHWA MPU BbICOKOYACTOTHOW aKTMBHOCTM, HampaBNAA 3K30LMTO3 MO NyTWU MOMHOMO cinAHuA. Mvaponus
cPUHrOMMENMHA He TONBKO MNa3MaTUYeCKMX MeMbpaH, HO M MeMbpaH CUHaNTUYECKUX BE3WKYN 0cnabnaeT cTuMynupyio-
wme 3dPeKTbl COUHroMMenrHasbl, yRasbiBad Ha NPOTVUBOMONOKHOE 3HaUYeHNe COUHrOMUENMHA NPECUHANTUYECKON U Be-
3MKYNAPHBIX MEMOpaH B KOHTPOJe 0CBOOOMAEHMA HelpomeamaTopa [5].
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Sphingomyelinase as modulator of neuromuscular
transmission via presynaptic mechanism
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ABSTRACT

Secretory sphingomyelinases are released in response to various types of stress stimuli, including inflammation [1].
Excessive activity and release of these enzymes can be pathological and accelerate age-related neurological changes,
neuroinflammation, neurodegenerative disorders, and muscle dysfunction [1-3]. In contrast, sphingomyelinases were
detected in areas close to exocytosis sites and dendritic spines, and their inhibition reduced synaptic transmission at
both the presynaptic and postsynaptic levels in hippocampal synapses. Deficiency of acid sphingomyelinase results in
neurodegenerative Niemann—Pick disease type A. Knockouts of neutral sphingomyelinases in model mice cause motor
defects and disorders that resemble the Alzheimer's disease phenotype [1, 2]. These findings suggest the existence
of a mechanism regulating synaptic transmission, which is dependent on sphingomyelinases.

In this study, we examined the impact of neutral sphingomyelinase on neurotransmission in mouse diaphragm muscles
using microelectrode recordings of postsynaptic responses, exo-endocytic FM dyes, and fluorescent probes sensitive to
membrane properties.

The researchers discovered that adding sphingomyelinase at a low concentration (0.01 u/ml) for 15 minutes causes disruption
of the lipid packaging of selectively synaptic membranes. This disruption leads to ceramide accumulation, a decrease in
staining with Alexa Fluor 488 cholera toxin subunit B conjugate (a marker of GM1 ganglioside cluster), and a shift to
the green part of the F2N12S fluorescence spectrum (an indicator of the expansion of the lipid-disordered phase). Increased
fluorescence of 22-NBD-cholesterol, indicating an increase in membrane fluidity, and enhanced incorporation of exogenous
ceramide into the outer monolayer were observed in the synaptic membranes. Increasing sphingomyelinase concentration
to 0.1 u/ml intensifies changes in synaptic membranes and leads to corresponding alterations in membrane properties in
muscle fiber plasmalemma. Subsequent experiments used a synapse-specific effect on membrane properties by applying
sphingomyelinase at a low concentration for 15 minutes.

The application of sphingomyelinase did not alter the amplitude and temporal parameters of miniature postsynaptic
responses or the resting membrane potential. Additionally, sphingomyelinase (0.01 u/ml) did not change spontaneous
secretion and evoked neurotransmitter release in response to single stimuli. However, the activity of sphingomyelinase
led to a notable increase in the release of neurotransmitters and the rate of exocytotic unloading of FM dye from synaptic
vesicles during nerve stimulation at 10, 20, and 70 Hz frequencies. The effect of sphingomyelinase on neurotransmission
potentiation was irreversible and more significant at 10 Hz activity. Experiments involving intermittent nerve stimulation
with short bursts of 60 stimuli each at 10 or 20 Hz frequencies, along with brief 0.5-second rest intervals, indicated that
sphingomyelinase elevated the short-term facilitation of neurotransmitter release at the onset of each subsequent episode
at 10 Hz (but not at 20 Hz) stimulation.

Experiments with a combination of electrophysiological detection of evoked postsynaptic responses, monitoring of exocytotic
release of the FM1-43 dye, and the use of FM1-43 fluorescence quencher that penetrates through the fusion pores have
demonstrated that a significant portion of synaptic vesicles release the neurotransmitter through the transient fusion
pore (kiss-and-run mechanism) during high-frequency (70 Hz) activity [4, 5]. Treatment with sphingomyelinase inhibited
the neurotransmitter release pathway. As a consequence, the majority of neurosecretion events went through exocytosis,
completely incorporating the vesicular membrane into the presynaptic membrane.

Sphingomyelin in the membranes of presynaptic and synaptic vesicles is believed to have varying functions in regulating
neurotransmitter release. To investigate this theory, we stimulated the exo-endocytosis processes of synaptic vesicles using
sphingomyelinase, which provided access to the synaptic vesicle membranes. Under these circumstances, the enhancing
impact of sphingomyelinase on neurotransmitter release and FM1-43 exocytosis rate were notably inhibited.
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Based on the obtained data, we hypothesize that sphingomyelinase disrupts the integrity of lipid rafts and selectively
forms ceramide accumulations in synaptic membranes within the muscles at low concentrations. This ultimately leads
to an increase in the mobilization of synaptic vesicles towards exocytosis sites during 10-70 Hz activity. Presumably,
the synaptic vesicles from a distinct pool, which predominantly mediates the neurotransmission at a frequency of 10 Hz, are
the most actively involved in exocytosis under these circumstances. Sphingomyelinase modifies membrane properties and
can inhibit the release of neurotransmitters through the fusion pore during high-frequency activity, redirecting exocytosis
towards the complete fusion pathway. Hydrolysis of sphingomyelin in both plasma and synaptic vesicle membranes reduces
the stimulatory effects of sphingomyelinase, indicating a contrasting role of sphingomyelin in presynaptic and vesicular
membranes for controlling neurotransmitter release [5].

Keywords: neurotransmitter release; neuromuscular junctions; synaptic vesicle mobilization; sphingomyelinase; lipid
rafts; ceramide.
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