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3051 AJIEKCAHAPOBHA IIOAJTYBHASI —
TAJIAHTJIMBBIA YYEHBIU 1 OPTAHU3ATOP HAYKH

3.A. INoany6Has
(24.03.1937 - 26.03.2018)

3o0s Anekcannposna IlommyOHast poamnack B TBepu. Tam mpounm ee
JIETCTBO M IOHOCTh. MaTh paboTana BOIUTENEM TpamBas, U CeMbs jkuia Ooiee
yeM ckpoMHoO. [1Ikomy 30s 3akoH4mna B 1955 roay ¢ 3071010 MeAalbio U B 3TOM
JKe TOLy TIOCTYIIIa Ha XUMHUYECKuil paKyapTeT MOCKOBCKOTo rocy1apcTBEHHO-
ro ynusepcurera uMeHu M.B. JlomoHnocoBa.

3akoH4MB yHUBepcUTET B 1960 romy ¢ KpacHbIM AMIIJIOMOM, OHA TOCTY-
IAJIa B acIIUpaHTypy Xxummudeckoro ¢akynsrera MI'Y Ha kadenpy BeIcOKOMOIIE-
KyJISpHBIX COEIMHEHWH, pykoBoaumyro akagemukoM B.A. Kaprunsim. Ceon
HayuHble uccienoBanus 3.A. IlommyOHast cocpenorounia Ha U3y4eHUH OHOIO-
JMMEpOB, B YaCTHOCTH, OEJKOB, U B 1965 rogy ycremHo 3amuTHia KaHIuAaT-
CKyIO JuccepTanuio Ha TeMy «[Ipoleccsl acconmanuy M AMCCONMANNU OENIKOB
P MHOTOKaMEPHOM 3JICKTPOAUAIN3EY.

B 1965 rony akagpemuk I".M. ®@pank npuriacun 3010 AneKkcaHAPOBHY Ha
paboty B [lymmno, B Uactutyt Guonoruueckoit pusukun AH CCCP, ¢ koTopbm
OKa3aJINCh HEPa3phIBHO CBA3aHBI BCA €€ JajlbHeHInast )Ku3Hb U Hay4Has Kapbepa.
Ilon ee pykoBOACTBOM OblIa OpraHU30BaHa Hay4Has TIPyINNa 10 H3yYEHHUIO
CTPYKTYPHO-(YHKIIOHAJIBHBIX CBOMCTB MBIIIEYHBIX OEJIKOB, BXOJUBIIAS B CO-
ctaB nmaboparopun ®Ppanka. B Hnacturyre 3.A. IloanyOHas mpomia myTe OT
MJIQIIET0 HAY9HOTO COTPYAHHKA JI0 3aB. JabopaTopueil, crtala OJHAM U3 Beay-
X CTICIHAINCTOB B O0JIACTH MBIIMIEYHOTO coKpamieHus; B 1990 roxy Omectsme
3alIUTHIIA JOKTOPCKYIO AncCcepTanuio Ha TeMy «CTpyKTypHO-()yHKIMOHAIbHbIE
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MCCIIEJIOBAaHNSl COKPATUTEIBHBIX HUTEH M MX OTAEIBHBIX OCJIKOBBIX KOMIIOHEH-
TOB B MONIEPEYHO-TOIOCATHIX MBIIIIAX NO3BOHOYHBIXY.

B nepsbie roasl pabotsl B rpynne 3.A. [TomryOHOI ObUIM BBINOITHEHBI
MHOHEPCKUE HCCIECJOBaHMs (parMeHTa MHO3MHA — JIETKOTO MEPOMHO3MHA — U
€ro YIaKOBKH B CTBOJIE TOJICTOM HUTH. B nanpHemem ObII0 MOKa3aHo, YTO TOJ-
CTast HUTh — CJIOXKHBII MYyJIFTHOCIKOBBIM KOMIUIEKC, B KOTOPOM PSJ] MHUHOPHBIX
OEnKOB BBIMIONHIET KakK (pepMEHTAaTHBHBIC, TaK M PETyIATOPHBIE (YHKINH.
Ycnexy uccnenoBaHuii cioco0CTBOBANIO TO, YTO 305 AJIeKCaHIpOBHA ObLIA Tak-
K€ TPEKPacHBIM CIEHHANTNCTOM B AJIEKTPOHHON MHUKPOCKONHH, YCIICIIHO HpH-
MEHsIS Ha TIPAKTUKE CBOM HABBIKK U YMEHHUSL.

I'pymma 3.A. [omty6Ho#t B 1991 romy Obina mpeoOpa3oBaHa B 1abopaTo-
PHIO CTPYKTYpHI U (DYHKIMH MBIMIEYHBIX OelKoB MHCTUTYTa TeopeTHYecKoi u
JKcrepuMeHTanbpHo Onodmsukun PAH, obpazoBaBmerocs npu pasnene MHcTH-
TyTa Ononornieckoit pu3uku. OCHOBHBIMM HAIPaBICHUAMH pabOThI 3TOH J1a60-
paTopuy CTaIM CTPYKTYPHO-(QYHKIHOHAJIBHBIE HCCIECAOBAHUS COKPATHTENBHBIX
HUTEH U COCTABIIAIONINX UX OCJIKOB CKENETHBIX, CEPACYHBIX M IUIAAKUX MBIIIII;
BBISICHEHHE UX POJIM B MEXaHU3MaxX MBIIIEYHOTO COKPAIICHUS.

TeopeTndeckuii ¥ SKCIIEPUMEHTAIBHBIN OIBIT, HAKOIUICHHBIH NPH U3yde-
HUH CKEJETHBIX U CEPACUYHBIX MBI B HOPME, IIO3BOJIMI B JajbHEHIIEM repeii-
TH K W3y4YEHUIO aJalTAOHHBIX U MAaTOJIOTUYECKUX N3MEHEHUH B COKPATHTEIb-
HOM arapaTe CKeJICTHBIX MBI 1 MHOKap/a U TIOMCKY BO3MOXHBIX ITyTeH KOp-
peKLIMY MUONIATUI.

3051 AJeKcaHIpPOBHA Y4YacTBOBaJla B COBMECTHBIX MCCIIEIOBAHHSIX HE
TOJBKO C COBETCKMMH/POCCHMCKUMH YYEHBIMH, HO W C Koyieramu u3 [lombmy,
Benrpun, I'epmannn. OHa oTAM9anach UCKIIOYNTEIBHON pabOTOCTIOCOOHOCTBIO.
Jaxe Haxomsicb B KOMaHIMPOBKAX, OHa 9YacTO CHJENA 3a MHUKPOCKOIIOM [0
MO3THETO Bedepa. Y’Ke B 3pejoM BO3pacTe BPEMEHAaMM CETOBajla Ha TO, YTO
Oosble BpeMEHH yrensia Hayke, yeM ceMbe. CaMOTBEpKEHHOCTh [0 OTHOILIE-
HHIO K HayKe CTaJ0 CBOETrO poja 3aBelllaHHeM JUIs MOJIOJIEKHOM J1abopaTopuy,
KOTOPYIO OHa C(hOPMHUPOBAJIA B KOHIIE CBOEH )KHU3HU.

3051 AnekcaHIpOBHA TPOBOAMIA AKTHUBHYIO pabOTy 1O MOATOTOBKE MOJIO-
JBIX CIICIMAIIICTOB, PYKOBOAS CTa)KepaMu U acnupaHTamu. IIpakTuueckn Bce OHH
B JTAJIbHEHIIIEM YCTICIITHO 3allUIIaIy AUCCEPTALMN U IPHOOPETaIN U3BECTHOCTD B
Hay4yHOM cooOrecTBe. 3a koHcynbranmsaMu K 3.A. TlomryOHON M ee yueHHKaM
PEryJsIpHO 00paliaaich Kak OTCYSCTBCHHbBIC, TAK U 3apyOCIKHBIC CICIHATUCTH B
00JIaCTH MBILICYHBIX UCCIIC0OBaHHH.

ITocne o6pazoBanus IlymmHCKOTO TOCYyIapCTBEHHOTO YHHBEPCHTETA
3051 AnekcaHIpoBHa IIperojaBana B HEM B KadecTBe mpodeccopa Kadeapsl
TEOpPETHYECKOH M MPUKIaTHON IuToTexHonornn. OHa Oblla M30paHa WIEHOM
Hayunoro Coseta no npo6iemam 6uonorndeckoit pusuku PAH u pykoBoamna
B HeM ceknued «buomornyeckas moABMXHOCTE». Ee Ooipmas HaydHO-
OpraHu3aIoHHas paboTa Kak IpejcenaTess 3Toi cexiuu Oblja HarpaBlieHa B
MEPBYIO OouYepeb Ha OOBEANHEHNE YCWIMH yYEHBIX pa3HBIX MHCTHTYTOB Poc-
CUM JUIsl PELICHUS] aKTyaJbHBIX NMPOOJIEM MBIIIEYHOIO COKpAIIECHUS B paMKax
00BeAMHEHHBIX IPOEKTOB.
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305 AnekcangpoBHa [lomnyOHas mmena ydyeHoe 3BaHHMe Hpodeccopa
(1993 ron), 3acoyxeHHoro aestens Hayku Poccuiickoit ®eneparmm (2009 roxn).
Brina HarpaxaeHa NpaBUTENbCTBEHHBIMY HarpaiaMH.

Crpemnienne 3.A. I[TomryOHOH K pa3BUTHIO MOJIHOIICHHOTO HAYyYHOTO 00-
IICHUS yYEHBIX, OOBEIMHEHHIO YCHIIMI YYEHBIX Pa3HBIX MHCTHTYTOB Poccuw,
CTpaH OJIMKHETO W JaJbHET0 3apy0eXbs MPUBENIO K Hee MPOBEICHHUS Peryisip-
HBIX HAYYHBIX BCTPEY, 0OBEINHEHHBIX MOHATHEM OHMOJIOTHYECKON TTOIBHKHOCTH
BO Bcex ee acrektax. Hamo 3ameruts, uto ¢ pacmagom Coerckoro Coro3a mpe-
Kpartuia (yHKIMOHHPOBATh HaJlA)KEHHAs] CHUCTEMa PETyISpHBIX KOH(EpeHIHH
1o OMOJIOTMYECKOW MOJBIKHOCTH M HEMBIIICYHBIM ()OpMaM IOABMKHOCTH, B
pesyibrare 4yero B Hauyaie 90-X roZioB BOZHUK ONPEIEICHHBIH «BaKyyM» B Hayd-
HBIX KOHTakTax. [lostomy B 1994 romy B [lynmHCKOM HaydHOM IIEHTpe Oiaro-
napst yeunusim cotpyaaukoB UTOb PAH u UBK PAH coctostncs MexxayHapo-
HBII cuMno3uyM «bronornyeckast MoABMKHOCTEY, B paboTe KOTOPOr0 y4acTBO-
Baio okoJo 160 yueHsix u3 Poccum, OMMKHETO U AainbHETO 3apyOeKbs, B TOM
yncie u3 ABcTpum, AHrnuu, AsepOaiimkana, benopyccun, Benrpuu, ITompmmn,
CIIA, ®pannun, [lIBenun u apyrux ctpad. Ero riaBHBIM OpraHH3aTOpoOM H
npencenarenem OprkomuteTa O0bu1a 3.A. Ilomny6Has. Cumnosnym ObUT IPUYpPO-
4yeH K 90-yneTuro co nHA poxjaeHusa akagemuka .M. ®dpanka, yaensBIIero mpu
JKM3HM OOJIbIIOE BHUMAaHHWE HCCIEAOBaHUSAM MBIIIEYHOH U npyrux ¢opm mo-
JBIDKHOCTH. DTa Hay4Hasl BCTpeya Npounia ¢ OOJIbLUIMM yCIIEXOM, a €€ Y4aCTHH-
KaM# ObUIO MPUHSATO PEUICHUE CAENATh MyNIMHCKUE CUMIIO3MYMBI 110 OHOJIOTH-
YECKOHW MOABMKHOCTH PETYJIIPHBIMH.

W3 mocnemyrontix MEeponpHsATHIA CIIeLyeT 0c000 OTMETHUTH COCTOSBIIUICS
B 2004 roxy V cuMIio3uym 1mo OHOIOTHYecKoi NOABMKHOCTH. OH OBIT MOCBSIIECH
100-netuto co must poxxaenus [.M. @panka. 3.A. [lomryOHas cMoria pa3pICKaTh
POICTBEHHUKOB HE TONBKO IO OTITy 1 71e6a Muxaiinosmda — Muxamia Jlrogsuro-
BUYa, HO M IO JMHUHK Opara ortua ['ne6a Muxaitnosuya — Cemena Jlronsurosuya.
JKuBst 3a rpaHuleil, MHOTHE U3 HHUX YK€ HE BIAJEIH PYCCKUM S3bIKOM, HO OHU
COXpaHWIN MHOTO BOCIIOMHUHAHMH, JEMOHCTPHPOBAIN ceMeiiHble (ororpadum.
Bce poncrBennnkn I'meba MuxaiinoBuda ropsuo Omarogapwimm 3010 AJekcaH-
JPOBHY 3a Takod cBOeoOpa3HbIM Hpa3nHuK. Ecian omeHMBaTh ¢ HaydHOH TOYKH
3pEHUS, CaM CUMIIO3UYM MPOIIENT Ha BBICOKOM MEKAYHAPOIHOM YPOBHE.

OPPEKTUBHOCTD PETYIIPHOT0 HAYYHOT'O OOMICHHS Ha MyIIUHCKUX CHM-
MO3WyMax IMOATBEPKAAIachk M TeM, 4TO Oilarogaps STHM BCTpedaM BO3HUKAIH
HOBBIC HAYYHBIE KOHTAKTHI, TIEPEXOIAIINE B IUTEIHHOE M IIOJOTBOPHOE HAyd-
HOE COTPYIHHYECTBO. Y CIICIIHBIM IIPUMEPOM €T0 MOXKET CIIY)KUTh MHOTOJIETHEE
B3aUMOJieiicTBUE 11abOpaTOpuu CTPYKTYPbl M (DYHKLIHH MBIIIEYHBIX OEJIKOB
HUTOb PAH ¢ UHcTuTyTOM Menuko-Ononornueckux mpobieM u Kapanomoruye-
CKUM Hay4YHBIM LIEHTPOM.

Opranuzatopsl ouepeanoro, XII cummnosznyma, NOCBSILAIOT €ro CBETIION
mamsaTa 304 AnekcanpoBHBI [1omryOHOM.

k.0.H. 3.11. BurineBckas,
k.0.H. C.H. Y nanenos



ZOYA ALEKSANDROVNA PODLUBNAYA —
TALENTED SCIENTIST AND ORGANIZER OF SCIENCE

Z.A. Podlubnaya
(24.03.1937 — 26.03.2018)

Zoya Alexandrovna Podlubnaya was born in Tver. There she spent her childhood
and youth. Mother worked as a tram driver, and the family lived more than modestly.
Zoya graduated from school in 1955 with a gold medal and in the same year entered the
chemical faculty of Lomonosov Moscow State University.

After graduating from university in 1960 with a red diploma, she entered the post-
graduate course of the chemical faculty of Moscow State University in the department of
high-molecular compounds headed by academician V.A. Kargin. His research Z.A.
Podlubnaya focused on the study of biopolymers, in particular, proteins, and in 1965
successfully defended her thesis on "The processes of association and dissociation of
proteins in multi-chamber electrodialysis."

In 1965, academician G.M. Frank invited Zoya Alexandrovna to work in
Pushchino, at the Institute of Biological Physics of the USSR Academy of Sciences, with
which her entire future life and scientific career were inextricably linked. Under her
leadership, a scientific group was organized to study the structural and functional
properties of muscle proteins. This group was a part of the laboratory of Frank. In the
Institute Z.A. Podlubnaya had a career from a junior researcher to the head of laboratory
and has become one of the leading experts in the field of muscle contraction. In 1990, she
brilliantly defended her doctoral thesis on the topic "Structural and functional studies of
contractile filaments and their individual protein components in the striated muscles of
vertebrates."

8



During the first years of work in the group of Z.A. Podlubnaya the pioneer studies
of a fragment of myosin - light meromyosin - and its packaging in the thick filament were
performed. Later it was shown that the thick filament is a multi-protein complex in which
a number of minor proteins perform both enzymatic and regulatory functions. The success
of research was promoted by the fact that Zoya Aleksandrovna was also an excellent
expert in electron microscopy, successfully applying her skills in practice.

Group of Z.A. Podlubnaya in 1991 was transformed into the laboratory of the
structure and function of muscle proteins of the Institute of Theoretical and Experimental
Biophysics of the Russian Academy of Sciences, which was formed during the division of
the Institute of Biological Physics. The main areas of this laboratory were structural and
functional studies of the contractile filaments and their constituent proteins of skeletal,
cardiac, and smooth muscles; finding out their role in the mechanisms of muscle
contraction.

Theoretical and experimental experience gained in the study of skeletal and
cardiac muscles in normal state, allowed to proceed further to the study of adaptation and
pathological changes in the contractile apparatus of skeletal muscles and myocardium and
the search for possible ways of myopathy correction.

Zoya Alexandrovna participated in joint investigations not only with Soviet /
Russian scientists, but also with colleagues from Poland, Hungary, Germany. She had
exceptional performance. Even on business trips, she often sat behind a microscope until
late in the evening. At a mature age, at times she complained that she devoted more time
to science than to her family. Selflessness towards science became a testament of sorts for
the youth laboratory that she formed in the last years of her life.

Zoya Alexandrovna was actively involved in the training of young specialists,
supervising trainees and graduate students. Practically all of them later successfully
defended dissertations and gained fame in the scientific community. Both domestic and
foreign specialist in the field of muscle research regularly contacted with Z.A. Podlubnaya
and her students to obtain some consultations.

After the formation of Pushchino State University, Zoya Alexandrovna taught
there as a professor in the Department of Theoretical and Applied Cytotechnology. She
was elected a member of the Scientific Council on the Problems of Biological Physics of
the Russian Academy of Sciences and chaired the section “Biological motility”. Her great
scientific and organizational work as the chairman of this section was aimed primarily at
combining the efforts of scientists from various Russian institutions to solve actual
problems of muscle contraction in the framework of joint projects.

Zoya Alexandrovna Podlubnaya had the academic title of professor (1993),
honored worker of science of the Russian Federation (2009). She was awarded
government awards.

The longing of Z.A. Podlubnaya to the full-fledged scientific communication of
scientists, the unification of the efforts of scientists from different institutions of Russia,
countries of near and far abroad led to the idea of holding regular scientific meetings,
united by the concept of biological motility in all its aspects. It should be noted that with
the collapse of the Soviet Union, the established system of regular conferences on
biological motility and non-muscle forms of motility ceased to function, as a result in the
early 1990s a certain “vacuum” arose in scientific contacts. Therefore, in 1994, due to the
efforts of the staff of ITEB RAS and IBK RAS, an international symposium “Biological
motility” was held in the Pushchino Scientific Center, in which about 160 scientists from
Russia, the near and far abroad, including Austria, England, Azerbaijan, Belarus, Hungary,
Poland, USA, France, Sweden and other countries participated. Its main organizer and



chairman of the Organizing Committee was Z.A. Podlubnaya. The symposium was
dedicated to the 90th anniversary of the birth of Academician G.M. Frank, who during his
life paid much attention to the study of muscle and other forms of motility. This scientific
meeting was a great success, and its participants decided to make regular Pushchino’s
symposia on biological motility.

Of the follow-up activities, the V Symposium on Biological Motility held in 2004
should be particularly noted. It was dedicated to the 100th anniversary of the birth of G.M.
Frank. Z.A. Podlubnaya could find relatives not only after Gleb Mikhailovich's father -
Mikhail Lyudvigovich, but also through the line of Gleb Mikhailovich's brother - Semyon
Lyudvigovich. While living abroad, many of them no longer knew Russian, but they
retained many memories, showed family photos. All relatives of Gleb Mikhailovich
warmly thanked Zoya Alexandrovna for such a kind of holiday. Scientifically evaluated,
the symposium itself was held at a high international level.

The effectiveness of regular scientific communication at the Pushchino’s symposia
was also confirmed by the fact that due to these meetings new scientific contacts arose,
turning into a long and fruitful scientific cooperation. A successful example of such
contactsis the long-term interaction of the laboratory of the structure and function of
muscle proteins of ITEB RAS with the Institute of Biomedical Problems and the
Cardiology Research Center.

The organizers of the XII symposium dedicate it to the blessed memory of Zoya
Alexandrovna Podlubnaya.

Z.1. Vishnevskaya,
S.N. Udaltsov
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COUYETAHHOE JIEUCTBUE KO®EUHA 1 UOHOB MATHUSA
HA KAJIBIIUEBBIE JIEIIO CKEJIETHBIX MBILII]
O.M. AsekceeBa
Hucmumym 6uoxumuueckoti pusuxu PAH um. H-M. Omarnysns
Poccusa, 119334, Mockea, yn. Kocvleuna 0. 4
(495)939-74-09, gharc (499)137-41-01, e-mail: olgavek@yandex.ru

B pabore paccMaTpuBaeTcs poiib SHAOTEHHBIX M HK30TE€HHBIX (haKTOPOB
Ha paboTy OCHOBHOTO KAJIBIIEBOTO JIETIO0 CKEJETHBIX ITONEPEYHO MOJOCATHIX
MBIIII — capKoruiasMarudeckoro perukyinyma (CP). Beibpansl 2 BemiecTBa, KO-
TOpBIE B MPUPOJIC MOTYT BO3JEHCTBOBATh Ha PETYIHILHUIO (pYHKIMOHUPOBAHHS
CP. Kodenn, xak 5K30reHHOE BELIECTBO, AOCTYIEH ISl )KMBOTHOI'O OpraHU3Ma,
TaK KaK IIUPOKO PacHpOCTPAaHEH B PACTHTENBHBIX MIPOAYKTaX, MOTPEOIISIEMBIX B
numy. Ero ananorm teoOpomuH, TeodwmiuinH, kKamdopa Takke, Kak U KopeuH
aKTHBHPYIOT 0CcBOGOsKIeHHe HOHOB Ca’' uepe3 puaHOAMHOBEIA penentop (PuP)
u3 CP [1] u PuP B snnonnasmaTudeckoM peTHKYIyME B APYTUX THIAX TKaHEHl.
ITostomy dparmentupoBannsiii CP (DCP) sBhsieTcsl akTyalbHBIM U TOCTYITHBIM
JKCIIEPUMEHTALHBIM 00bekTOM. ®DCP ObLT BbIIENEH W3 OENBIX CKEIETHBIX
MBIIII] KPOJIMKA, C OBICTPBHIM TIIUKOIUTHYESCKIM ITyTeM oirydeHus sHeprun. Co-
OTBETCTBEHHO COJIep)KaHWE MHUTOXOHJAPHUH CHIDKEHO, U mpemapaTsl PCP, npak-
THYECKU HE COJIEPKAT MUTOXOHIPHUHA B X (PparMeHTOB. DHAOTEHHBIE (PaKTOPHI -
Mg* u Ca’" urparor Beaynryio posb B mporeccax peryssii GepMeHTaTHBHOI
axktuBHOCTH Ca-AT®a3sl [2] u padotsl PuP [3]. B xone ¢pepMeHTaTHBHOTO ITUK-
na Ca-AT®assr (Ca*'-nacoca ®CP) u axrusarmu PuP Mg™ u Ca®" koukypupy-
FOT 332 MECTa CBA3BIBAHUS B 3aBUCHMOCTU OT KOHLIEHTPALIUKU Mg2+ u Ca* [2, 3].
Kodenn cumxaer Ca/AT® - >dpdexrusHocTs Tpancnopra Ca® (COOTHOILICHHE
KOIIMYECTBA MEPEHECEHHOro uyepe3 MeMOpany Ca’’ K KOJMUECTBY THAPOIH30-
BauHOro AT®), T.k. kopenn ycunmpaer Bbixox Ca’ uepes PuP-Ca’ kanan, yse-
JIMYMBask 9yBCTBUTENbHOCTS PHP k Ca’’ [4]. BoszaeiicTBre KodenHa yCHIHBaETCS
pU yBeIHueHHH KoHueHTpani Mg®' n cBoGoaubIx xupHEX kucnor (CXKK) B
®CP u camxkaercs npu skcrpakiuu CXKK nz @CP (tadm. 1).

ITony4yennple maHHBIE O TOM, 4TO 3¢(deKkT kKodenHa Ha CHHKCHHE
Ca®'/ATP ycmmmBaercs B npucyrereun CKK B ®CP, ¥ CHIDKAeTCs PH 9KC-

Ta6muua 1. Bousaue Mg u CXKK B ©CP na Ca*'/ATP

CP MM Mg 4 MM Mg**
- 5 MM kodenna - 5 MM kodeunna
0,3+0,05 0,8+0,05
ES bl > > >
®CP 0,8+0,05 630 1,840,05 570
0,25+0,05 0,35+005
®CP 0,7+0,05 iy, 1,240,05 0%

Ipumeuanne: ®CP* - mem6Opansl, ocBoboxaennsie ot COKK npu sxcTpakiym
CBIBOPOTOYHBEIM ATEOYMUHOM YeJIOBEKA.
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tpakiuu CXKK n3 ®CP, a taxke yBeaMdeHHE KOHIEHTPAIMH Mg2+ YCUJIUBAET
a¢p¢exT KodemHa, YKa3BpIBAIOT HA COYETAHHOE BO3/ACHCTBHE Ha Ca* -cBsi3bI-
Barowe reHtpsl Ca’ -ATP-asel u PuP xodenna n Mg® B MexaHmsme (yHKIH-
OHUPOBAaHUSA Ca**-geno CP u ero HapyuleHUsIX. BiusiHue u3MeHeHus: colepika-
nust CXKK B memOpanax ®@CP ykaspiBaeT Ha BKJIaJ| TaCCUBHOM MPOHUIAEMOCTH
MeMOpaH B 3TO COYCTAHHOE BO3JICHCTBUE HJOTCHHBIX U YK30T€HHBIX (PaKTOPOB.
VYuuTeiBasg HEOOXOIUMOCTh MOAJCPKAHUSA OIPEICICHHOTO Ca2+-rpauMeHTa ye-
pe3 mMemGpany ®CP s pysxumonuposanus Ca’-neno [5], CKK u Mg®" mo-
TYT SBIATHCA PErYyJIATOpaMU IpoLiecca.

HeobxoauMo OTMETHTh, 9TO 3PPEKTH KaTHOHOB Mg2+ u Ca®" u xodenna
SIBIISTIOTCST oOIIiME 1711 PUP Kak CKeJIeTHBIX MBI, TaK W CepAeYHBIX [4], 9TO
TaKXKe MoTICPKUBACT HEOOXOAUMOCTh MCCIIeIOBaHNH Ha TIPOCThIX Moaemsix DCP.
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COMPLEX ACTIONS OF CAFFEINE AND MAGNESIUM IONS
TO THE CALCIUM DEPO OF SKELETAL MUSCES
O.M. Alekseeva
N.M. Emanuel Institute of Biochemical Physics RAS, Russia, 119334, Moscow,
Kosygin St. 4, +74959397409, e-mail: olgavek@yandex.ru

At our investigation of the roles of endogenic and exogenic factors to the
function of basic calcium depot of rabbit skeleton muscles - sarcoplasmic reticu-
lum (SR) were being considered. Two substances are used. These substances
may have any effects to the regulation of functioning SR. Caffeine; the as exog-
enous substance was accessible to animals, since it is present at many plant
products, and it is common in consumption as food. The methylksantins - ana-
logues of caffeine: theobromine, theophylline, the camphor, also, as caffeine
activate the Ca'-ions releasing through the ryanodine receptor (RyR) from SR
[1] and through the RyR contained at endoplasmic reticulum membranes at other
types of tissues. By these the fragmented SR (FSR) is topical and available ex-
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Table 1. Influence of Mg®* concentrations and FFA to Ca**/ATP at FSR

FSR ImM Mg™ 4 mM Mg™"
- 5 mM caffeine - 5 mM caffeine
FSR * 0,3+0,05 0,8+0,05
0,840,05 630 1,8+0,05 S0,
FSR 0,25+0,05 0,35+005
0,7+0,05 iy, 1,240,05 0%

Comment: FSR* - membranes, which were treatment by the human serum al-
bumin for FFA extraction.

perimental object. FSR was prepared from white rabbit skeletal muscles,
with have quickly glycolytic pathway of energy generation Respectively mito-
chondria content is diminished, and the preparations FSR, in ractlce contaln no
mitochondria and their fragments. The endogenic factors - Mg®" and Ca®" play the
leading roles during regulation of enzyme activity of Ca-ATP-ase [2] and work of
RyR [3]. At the processes of enzymatic cycle of Ca ATP-ase (Ca* pump of FSR)
and of RyR actlvatlng Mg competes with Ca®" at the binding ions sites in de-
pending of Mg and Ca®" to concentration [2, 3]. The caffeine addition reduces of
value of Ca’ /ATP which is mirrored of the Ca®" transport effectiveness (the
amount of Ca*"ions transported through the FSR membrane/to amount of ATP that
was hydrolyzed) This phenomenon was take place because the caffeine increase
the Ca’ -releasmg through the RyR- Ca’*-channel, by increasing the sens1b1hty of
RyR to Ca” ions [4]. Caffeine action increased when concentration of Mg®" ions
raises and free fatty acids (FFA) in FSR presence. And caffeine action reduced
when extraction FFA from FSR was provided (table 1).

Obtained data about the caffeine action to the lowering of Ca**/ATP value
was increased at the presence of FFA at the FSR membranes, and caffeine effect was
reduced when extraction FFA ﬁom FSR was provided, and when also were in-
creased the concentrations of Mg®" ions the caffeine effect were 1ncreased too. These
facts indicate that comblned actions of caffeine and Mg”" and Ca*"ions to the Ca®'-
binding points at Ca’ —ATP ase and RyR molecules and its combined roles in func-
tioning mechanism of Ca*"-depot of SR at normal and pathology. Influence of FFA
changing at FSR membranes indicates the contribution of membrane passive perme-
ability to that combined actlons of endogenic and exogenic factors. Taking into ac-
count the need of certam Ca®"-gradient mamtamlng through the FSR membrane for
functioning of Ca*"-depot [5], FFA and Mg may be the controllers of these pro-
cesses. It should be noted that the effects of Mg”" and Ca”" cations and caffeine are
common for RyRs at mammalian skeletal and cardiac muscle [4]. That fact also in-
creased the researcher’s interest of investigations of endogenic and exogenic factors
actions to the Ca*"-depot functions by using of simple models - FSR.
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OPEKTHI JOHOPA OKCHUJA A30TA U BJIOKATOPA
NO-CHUHTA3BI HA QJIEKTPUYECKHUE XAPAKTEPUCTUKHU
HEWPOHOB BUHOT'PA/THOM YJIMTKH
B.B. Aﬂnpnanonl, T.X. Borommnl’z, JLLH. Mypaﬂonal,

W.B. Jlepsiouna’, X.JL. Taiinyraunos’

YWnemumym gynoamenmansroii meduyunsr u 6uonoeuu Kazarckozo
gedepanvroco ynueepcumema, Kazamw, yn. Kpemnescras, 18
2Akademus usuueckoil Kyibmypbl, CROPMA 1 Mypusmd,

Kazanw, oepesna Yuusepcuaowl, 35, Poccus

AHann3 MexaHU3MOB O0y4EHHs U TIaMSATH JIEMOHCTPHUPYET, YTO CYLIECTBY-
0T KJIETOYHBIC KOPPEISTHI, KOTOPBIC BBIPAKAFOTCSI B TTOBBIIICHIN HEHPOHAIBHOM
BO30YAMMOCTH TIpH (OPMHUPOBAHUH YCIOBHBIX pediiekcos [1]. Haiimeno, uro cy-
IIECTBYET NpsMas B3aUMOCBSA3b MEXKTy MEMOpPaHHBIMH XapaKTEPHCTUKAMU KO-
MaHIHBIX HEHPOHOB OOOPOHHUTENBHOTO MOBEICHNUS U INIACTHIECKIMHU MOAN(HKa-
LOUSAMH TOBEJCHHS, YTO CBUAETENBCTBYET O CIOKHOW TMHAMHKE W3MEHEHUH 3THX
napameTpoB npu o0ydenuu [1]. Cucrema oxcuna azora (NO) siBiseTcs: OTHOH 13
HauboJiee N3y4aeMbIX cucteM opranusmMa. OHaKko, HECMOTPsI HA TO, YTO Ha CEro-
JHSIIHUAN 1eHb HAaKOMIIOCh OTPOMHOE KOTMYECTBO JAAHHBIX O CUTHAJIBHBIX MMUIIIE-
HSIX OKCHJIa a30Ta, OJJHO3HAYHOE MHEHHWE Ha ATOT c4eT oTcyTcTBYyeT [2]. OOHapy-
*keHo, 4T0 NO KOOpAMHHPYET psiJi MOBEIECHUECKUX INPOTPaMM Y MOJLIIOCKOB,
HaiiaeHo, uto NO yuacTByeT B nporneccax oOyueHus u namaru [3, 4]. NO xoHTpo-
JUPYET TaKKe IDIACTHYCCKHAE CBOWCTBA HEHpOHOB: Onokatop NO-cHHTa3Hl cHo-
cOOCTBOBAN Pa3BUTHIO NPHBEIKaHWSA, a JOHOPEI NO maBamu 3¢ ¢eKT ceHCHTH3a-
. [Tokasano ydactie NO B IIaCTHYECKHX M3MEHEHHSX CHHANTHYECKOH mepe-
Jla4y B Pa3IMYHBIX CUCTEMaX, B TOM YHMCIIe JUIs HepBHOIT cucteMsl Helix. B skcre-
PUMEHTax Ha Ipernapatax BUHOTPAJHOM yIWTKH IOKa3aHo, 4To JoHOpsl NO yBe-
JMYMBAIOT YaCTOTY CTIAHKHUPOBAHMS W CHIDKAIOT JIATEHTHOCTH CIAHKOB B MICHTH-
¢unupoBaHHBIX HeifpoHax [5]. B manHO# paboTe MBI IPOBEJH HCCIIEIOBAHUE POJIH
NO B (yHKIMOHMPOBaHMH HEPBHBIX KJIETOK Yepe3 W3MEHEHHs DJIEKTPUYECKHX
XapaKTepUCTUK KoMaHIHbIX HelpoHoB LPa3 m RPa3 BuHOrpamgHol ynmuTku npu
neiicrun noHopa NO u 6nokaropa NO-cunTassl L-NAME.

Jlist akcriepuMeHTOB OblIa BeIOpaHa BHHOTpaaHas ynutka Helix lucorum,
HEepBHas CUCTeMa KOTOPBIX Xopoulo omucaHa. [lepen HauaaoM SKCIEPHIMEHTOB
MOJUTIOCKH HE MeHee 2-X He/eNb HaXOIWJINCh B aKTUBHOM COCTOSIHUM. AHaN3
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JJICKTPHUYECKUX XAPAKTEPHUCTUK TPOBOJIMIM Ha KOMaHIHBIX HeipoHax LPa3 u
RPa3 oboponuTensHOTO MOBeAeHMs. V3MepeHus: POBOIMIIHA C TIOMOIIBIO BHYT-
PUKIETOYHBIX CTEKJSIHHBIX MHKPOAJIEKTPOJOB comnpoTuBicarneM 3-10 MOw.
PerucrpupoBaiim MeMOpaHHBIN MOTEHIHAI NOKOS — Vm (MCXOJHOE 3HAauYeHHe
nepeJ Ha4ajloM CEpPHUU TAKTWIIBHBIX Pa3ApaXCHUH WU 3JIEKTPUUECKON CTUMYJIS-
MM ¥ €ro BEeJMYMHA B XOJ€ SKCIEPHMEHTAa) M MOPOT I'eHEepalH IOTEeHIHana
nevictus - Vt. MccaenoBanm addexrsl anmmmvkanuu (B Teuenue 30 MuH) Ooka-
topa NO-cunrassl L-NAME (L-NG-nitro L-arginine methyl ester, Sigma, USA)
B KoHuentparmu 10™ Mons/n u HuTponpyccuma Hatpus (SNP) - nonopa NO (8
koHueHTpauuk 10™ Monb/1), B pacTBOp, OMBIBAIOLIMIA TPEMApPaT HHTAKTHBIX
yIuTOK. B aKcmepuMeHTax He OBUIO HAlIEHO JOCTOBEPHBIX OTIMYMHA 3HAUCHUI
Vm u Vt Mexay TpynmnamMu IpeMOTOpHBIX nHTepHelpoHoB LPa3 u RPa3. An-
mmkamus L-NAME B konmentparuu 10-4 MOJB/IT B pacTBOp, OMBIBAIOIIHMA
M30JIMPOBAHHEIN TpenapaT YINTOK, BRI3EIBAJIA MOCTETICHHOE CHIDKCHUE B Tede-
mue 30 MuH MeMOpaHHOro moteHnmaia ¢ -60.2+0.8 MB mo -55.4+1.7 mB, n=5
(p<0.05). Yepe3 30 muH MeMOpaHHBIA HOTCHIHAN CTAHOBHJICS CTAaOWMIBHBIM.
V3meHneHnii mopora reHepanyy MoTeHnua€a JASHCTBUS NpU 3TOM He Halirona-
nock. Anmnukanus aoHopa NO SNP B koHueHTpanuu 10™* mons/n B pactBop,
Hao0OpOT, BBHI3BIBAET HAPACTAIOLIYI0 T'MIEPIOJISIPU3ALMIO MEMOpaHbl KOMaH/-
HBIX HelipoHOB Ha 5.5 MB k 10-it MunyTe (p<0.05). Takum o6pazom, pe3yabTaTsl
TOBOPSAT O 3aBHCHMMOCTH MEMOPAaHHOTO IMOTEHIHANA TIOKOS MPEMOTOPHBIX HH-
tepreitponos LPa3 u RPa3 Helix lucorum ot yposus NO.
Pa6ora moxnepxana PODOU (rpant Ne 18-015-00274).

THE EFFECTS OF A DONOR OF NITRIC OXIDE AND INHIBITOR
OF NO-SYNTHASE ON THE ELECTRICAL CHARACTERISTICS
OF NEURONS OF TERRESTRIAL SNAIL
V.V. Andrianovl, T.Kh. Bogodvidl’z, L.N. Muranoval,

L.B. Deryabina', Kh.L. Gainutdinov'

YInstitute of fundamental medicine and biology, Kazan Federal University,
Kazan, Kremlevskaya str., 18
?Academy of physical culture, sports and tourism,

Kazan, Universiade village, 35, Russia

Analysis of the mechanisms of learning and memory demonstrates that
there are cellular correlates, which are expressed in increasing of neuronal excit-
ability in the formation of conditioned reflexes [1]. It is found that there is a di-
rect relationship between the membrane characteristics of the command neurons
of defensive behavior and plastic modifications of behavior, which indicates the
complex dynamics of changes in these parameters during learning [1]. The sys-
tem of nitric oxide (NO) is one of the most studied systems of the body. Howev-
er, despite for today has accumulated a huge amount of data on the signaling
targets of NO, a clear opinion on this matter is missing [2]. It is discovered that
NO coordinates a number of behavioral programs in mollusks, it is found that
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NO is involved in the processes of learning and memory [3, 4]. NO also controls
the plastic properties of neurons: an inhibitor of NOS contributed to the devel-
opment of habituation, and the NO donors caused the effect of sensitization. It
was shown the participation of NO in the plastic changes of synaptic transmis-
sion in various systems, including the nervous system of Helix. In experiments
on preparations of Helix it was shown that NO donors increased the frequency of
spikes and reduced the latency of spikes in identified neurons [5]. In this paper
we investigated the role of NO in the functioning of nerve cells through changes
in the electrical characteristics of the command neurons LPa3 and RPa3 of the
terrestrial snail under the action of the donor NO and the inhibitor of NO-
synthase (NOS) L-NAME.

The terrestrial snails Helix lucorum, the nervous system of which is well
described, were used for the experiments. Before the experiments, the mollusks
were in the active state for at least 2 weeks. The electrical characteristics of the
command neurons LPa3 and RPa3 of the snail’s pneumostome closure reflex
were analysed. The recordings of the electrical characteristics were carried out
using intracellular glass microelectrodes with resistance of 3-10 MoM. The fol-
lowing parameters of nerve cells were recorded: membrane resting potential -
Vm (initial value before the beginning of each electrical stimulation), and a
threshold of generation of AP - Vt (threshold potential). The effects of the appli-
cation (during 30 min) of NOS inhibitor L-NAME (L-NG-nitro L-arginine me-
thyl ester, Sigma, USA) (at a concentration of 10 mol/I and sodium nitroprus-
side (SNP), a donor of NO (at a concentration of 10 mol/l), into the solution
bathing the preparation of intact snails, on the membrane and threshold poten-
tials of the command neurons were studied.

The measurements of electrical characteristics were curried out on premo-
tor interneurons of defensive behavior of snail LPa3 and RPa3. In the experi-
ments it was not found significant differences in the values of Vm and Vt of
premotor interneurons LPa3 and RPa3. Application of NOS inhibitor L-NAME
at a concentration of 10 mol/l into the solution bathing the preparation of the
intact snails, caused the reliable decrease of the membrane potential of the pre-
motor interneurons from -60.2+0.8 MB to -55.4+1.7 mB, n=5. The reliable differ-
ence from the control snails is p<0.05. There are not observed the changes of the
threshold of the action potential. Application of NO donor SNP at a concentra-
tion of 10 mol/l, in opposite, causes the increasing hyperpolarization of the
command neurons membrane by 5.5 mV by 10 minutes, n=12. This results make
a suggestion about correlation between the level of NO in the neuron and its
membrane potential.

Supported by RFBR (Grant No. 18-015-00274).
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POJIb PETPOT'PATHO JEMCTBYIOIINX MUOKUHOB
B PET'YJISIHUU MOTOPHBIX CUHATICOB
O.I1. Bane3una
Kagheopa gusuonocuu uenogexa u scusomuuvix 6uono2uyecko2o axyiomema
MI'Y um.M.B.Jlomonocosa, Jlenunckue eopwi, Mocksa, Poccus

OO0menpu3HaHHBIA TIOCTYJIAT CHHANTHYECKOW (U3N0NIOTHH 00 OJHOHA-
MPaBJICHHOM JICHCTBHH MEANATOPOB B XUMHUYECKHUX CHHAIICaX B HACTOSIIEE Bpe-
M mepecMoTpeH. OOHapyXWJINCh MHOTOUYHMCIICHHBIE PETYJISTOPHBIE KOHTYPHI
00paTHOM CBSI3U C BOBJICYCHHEM CHI'HAIN3ATOPOB, 00Pa3yIONIUXCs B IOCTCHHAI-
THYECKHUX CTPYKTYpax, CIIOCOOHBIX BBICBOOOXKIATHCS U PETPOTrPaHO PETYINPO-
BaTh CHHANITHUECKYIO Iepeiavy. SIBieHHe MOJIyduso Ha3BaHHE pempozpaoHoll
cuenanuzayuyu B cuHarcax. [IepBbIMH pPeTpOrpajHBIMK PETYJIsITOpaMu, OOHapy-
xeHHpIMU B cuHancax IIHC, cramm T.H. ’nmoxanHabuHouawl (Castillo et al.,
2012), x KOTOPBIM CO BpeMeHeM A00aBUIHCH Tra3000pa3Hbie MeauaTopsl (NO,
CO, H,S), aktuBHbBIe opmbl Kuciaopona(ADK), netiporpodunsr (BDNF, NT3/4,
TGFp) u apyrue. Uto KacaeTcs MBIIII, TO CKEJIETHAs MYCKyJlIaTypa «IepeoT-
KpbITa» HEAABHO KaK CBOCOOPA3HBIN «9HIO- U MAPAKPHUHHO AKTUBHBIN» OpraH,
BBICBOOOKIAIOIIMM OOJIBIION CIIMCOK LIUTOKMHOB U MUOKUHOE, - OMOJIOTHYECKU
AKTHBHBIX BEIIECTB, MPEJHA3HAYECHHBIX KaK JUISi CUCTEMHBIX, TaK U JIOKAJIBHBIX
(MapakpHHHBIX M CHHANTHYECKHX) PErYJSTOPHBIX Bo3aelcTBuil. Cpemu Takmx
MHOKWHOB - HHTepIIeHKuHbl, HeripoTpodunsl - BDNF, IGF1, FGF1/2, razer (NO,
H,S, CO), ADK, sunokaHHaOMHOUIBI, MUOTCHHBIC MypuHbl (AT®) u apyrue
(Pederson, Febriano, 2007). VX poip Kak JIOKaJbHBIX OBICTPOJECHCTBYIOIINX
TPaHCCHHANITHYECKUX PETYJSITOPOB BbIOpoca MeauaTopa AX nuOO0 MBIIICUHBIX
XOJIMHOPEIENTOPOB B OOJBIITMHCTBE CIIydaeB MaJo JIN0O BOOOIIe He U3BECTHA.

B namreit pabote MeTogaMu 31eKTPO(U3NOIOTHH UCCIIEAOBAaHA CIIOHTAH-
Hasl ¥ BbI3BaHHAsl AKTHBHOCTh HEPBHO-MBIIIEYHBIX CHHAIICOB CKEJIETHBIX MBIIIII]
MBIIIA C LEIbI0 OOHAPYXEHHS BO3MOKHBIX M3MEHEHHH IO/ NeHCTBHEM JBYX
BBICBOOOXKJAEMBIX M3 MBIIIIFI MHOKHHOB — T.H. MO3TOBOTO (pakTopa pocTa He-
pBoB - BDNF u mypuna AT® - kax BO3MOXHBIX H30HPaTENbHBIX U OBICTPOACH-
CTBYIOIIIMX PETYJISATOPOB IIAPAMETPOB HEPBHO-MBIILICUYHOH ITEpeaaydH.

[IpoBeneHHBIE HCCIIEOBAHMS BIEPBbIE IMOKA3AJIM, YTO AKTUBALUS MBIIICY-
HBIX perienTopoB TpomOuHa (PARI1-THNA) 3amyckaeT B MBIIIIE BBHICBOOOXKIECHHE
muorenHoro BDNF u ero panbHeliiee peTporpaiHoe JeicTBUE Ha COHTaHHYIO U
BBI3BaHHYIO ceKpernio AX B MOTOPHBIX CHHAIICaxX . BriepBble MokazaHo, 4TO MpH-
POCT aMIUIMTYABl MMHHATIOPHBIX IOTEHIMAJIOB KOHLEBOW miacTuHku (MITKII)
noj aerictBueM TpomOuHa (10HM) mpemoTBpaimaeTcss GJIOKaIOi MpecHHANTHYC-
ckux TRkB-peuentopoB. YcraHoBieHo yuactue mbiniednoro gpepmenra OJIC (Ho
He IIKC) u BoOpoca nenonupoBanHoro Ca, B Kackaje peakiiuii, MPUBOIAIINX K
BbICBOOOX IeHHI0 MutieuHoro BDNF. BriepBeie moka3aHo, 4TO aKTHBAIUS TPECH-
Hantraecukx TrkB-penenropos nox neiicreuemM BDNF nprBomuT K yBeIMUYEHHIO
ammuty s, yactotel MIIKII, a Takxke ammututyns! Bor3BaHHbIX [IKII. braarogaps
UCTIONB30BAaHMIO CHEU(UUECKUX OJIOKaTOpOB (PEpPMEHTOB, BIIEPBBIC BBISBIICHBI
KWHAa3bl, YIaCTBYIOIIUE B peann3anuy npecuHantindeckux 3¢ dextoB BDNF (ato -
npecunantraeckas [IKA, @JIC, AKT %2).

17



Hapsiny ¢ aHanM30M akTHBHOCTH 3pENbIX CHHAICOB, Y HOBOOOPAa3yeMbIX
MOTOPHBIX CHHAIICOB MBIl TOJEHW MBIIIM - B XOAE NOCTACHEPBALIMOHHOW
pereHepanyy MBILIEYHBIX BOJOKOH M BOCCTAHOBJICHHUS MX WHHEPBAIUH,- TAKXKe
BBISIBJICHA CIIOCOOHOCTh TPOMOMHA, NeHCcTBYS Ha PAR1-penienTopbl MBIIIEYHBIX
BOJIOKOH, BEI3BIBATh OBICTPOE W CTOMKOE BO3PACTAHUC BEIMYUHBI aMIUTATYTHBIX
napameTpoB MIIKII u TTIKII (B cpennem, Ha 20%), aHAJOTHYIHO HAOIIOAAEMBIM Y
HMHTAKTHBIX, 3pPEJIbIX CHHANITHYECKUX KOHTAKTOB MBIILILIBL.

BrepBbie ycTaHOBIIEHO, YTO B CiTydae MPOJIOHTUPOBAHHS MPUCYTCTBHS KaK
MUOTEHHOH, Tak U 9K30reHHo AT® B MOTOpPHBIX CHHAICaX, BMECTO TOPMO3HIO
MIPECHAHNITUIECOKTO TPOSIBIISIETCS MMOCTCHHANTHYECKOE TIOTSHIMPYIOIIee mepesa-
yy neiictBue AT® B BUIe yBETHMUEHUS! AIUTEIBHOCTA U aMIUIUTY bl CTIOHTAHHBIX
U BBI3BAHHBIX TIOCTCHHANTUYECKHX TOTCHIMAJIOB KOHIEBOW  IUIACTHHKH
(Bogacheva, Balezina, 2015). BmepBpie packpbiTa pOib BBICOKOIPOBOMSAIINX
TPAHCTIOPTHBIX OETKOB — MBIIIEYHBIX TAHHEKCUHOB - B BHICBOOOXKICHHMH MHOTEH-
HOM AT® U3 MBILIEYHBIX BOJOKOH B MOKOE U B XOJ€ PUTMHUYECKOW AKTUBHOCTH
quadparMbel MM, baarogapsi UCMOMb30BAaHHIO B pabOTE MBIIICH-HOKAYTOB IO
reHy Oenka maHHeKCHHAl, TTOTydeHBI TOKa3aTelIbCTBA BEAYIEH POITH MBIIICYHBIX
OEJIKOB MAaHHEKCHHOB B BBICBOOOKIECHUU MHUOTE€HHBIX aneHo3uHa/ATd u ux no-
MUHHPYIOIIEM YYaCTUH B MyPUHEPTHUECKON PETYJSIIMKA CUHANTHYECKOH mepesa-
Y B MOTOPHBIX CHHAIICAX CKeNIeTHBRIX MbI (MuteBa u coasT. , 2017).

Pabota nonnepsxana rpantom PODU Ne 19-04-00616a.
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ROLE OF RETROGRADE ACTING MYOKINES
IN REGULATION OF MOTOR SYNAPSES
O.P. Balezina
Department of Human and Animal Physiology, Biological Faculty
of M.V. Lomonosov State University, Leninskye gory, Russia

The generally accepted paradigm of synaptic physiology postulating the
unidirectional action of mediators in chemical synapses is currently being re-
vised. Numerous regulatory feedback loops have been discovered with the in-
volvement of signaling agents formed in postsynaptic structures that can be re-
leased and retrogradely regulate synaptic transmission. The phenomenon is
called retrograde signaling in synapses. The first retrograde regulators found in
the CNS synapses were the so-called endocannabinoids, to which gaseous me-
diators (NO, CO, H,S), reactive oxygen species (ROS), neurotrophins (BDNF,
NT3/4, TGFp) and others have been added over time. As for the peripheral sys-
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tem, the skeletal musculature has been recently “rediscovered” as a kind of “en-
do- and paracrine-active” organ, releasing a large list of cytokines and myokins,
which are attested now as biologically active substances intended for both sys-
temic and local (paracrine and synaptic) regulatory influences. Among such my-
okins are interleukins, neurotrophins - BDNF, IGF1, FGF1/2, gases (NO, H2S,
CO), ROS, endocannabinoids, myogenic purines (ATP) and others (Pederson,
Febriano, 2007). Their role as local high-speed trans-synaptic regulators of me-
diator release or muscle cholinoreceptors is little or not known at all.

In our work, the electrophysiological methods were used to investigate
the spontaneous and evoked activity of the neuromuscular synapses of the skele-
tal muscles of the mouse . We try to reveal possible changes of synaptic activity
under the action of two myokines released from the muscle - the so-called brain
nerve growth factor — BDNF - and purinergic agent ATP - as possible selective
and high-speed regulators of neuromuscular transmission parameters.

Studies have shown for the first time, that the activation of muscle throm-
bin receptors (of PARI1-type) triggers the release of myogenic BDNF and its
further retrograde action on spontaneous and induced secretion of ACh in motor
synapses of the diaphragm muscle. For the first time, it has been shown that the
increase in the amplitude of miniature end plate potentials (mEPPs) under the
action of thrombin (10nM) is prevented by the blockade of presynaptic Trk-B
receptors. We established the involvement of the muscle enzyme PLC (but not
PKC) and the release of deposited Ca in the cascade of reactions, leading to the
release of muscular BDNF. It has been shown for the first time, that the activa-
tion of presynaptic TrkB receptors under the action of BDNF leads to an increase
in amplitude, frequency of MEPPs, as well as amplitude of evoked EPPs. Due to
the use of specific enzyme blockers, we identified for the first time the kinases
involved in the implementation of the presynaptic effects of BDNF (there were
presynaptic PKA, PLC, AKT '%).

Along with mature synapses, we analysed the newly formed motor synap-
ses of the mouse tibial muscle, during its post-denervation and regeneration of mo-
tor innnervation. We found the ability of thrombin, acting on the PAR1-receptors
of regenerated muscle fibers, to induce a rapid and sustained increase in the ampli-
tude of MEPPs and EPPs parameters (on average, by 20%), similar to that ob-
served in intact, mature motor synaptic contacts. It was established for the first
time, that under condition of prolonged presence of myogenic or exogenous ATP
in motor synapses, instead of presynaptic inhibitory, the postsynaptic potentiating
effects of ATP appear in the form of an increase in the duration and amplitude of
the spontaneous and evoked EPPs of the end plate (Bogacheva, Balezina 2015).
For the first time, the role of highly conducting transmembrane transport proteins -
pannexins,- in the release of myogenic ATP from muscle fibers was revealed, un-
der the conditions of resting or rhythmic active synapses of the mouse diaphragm.
Thanks to the use of mice knockout with the gene of pannexinl, evidence has been
obtained of the leading role of muscle pannexins in the release of myogenic adeno-
sine/ATP and their dominant role in the purinergic regulation of synaptic transmis-
sion in skeletal muscle synapses (Miteva et al., 2017).
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POJIb HEWPOHHBIX U MEXAHUYECKHUX BO3JEMCTBUI
B NOJJJAEP’)KAHUU ®YHKIIMOHAJIBHBIX CBOMCTB
MBI 3ATHEX KOHEYHOCTH Y KPbICHI
M.3. baaTun, A.O. ®easinud, M.A. 3aiinen, O.A. CayeHKoOB,
A.A. Epemees, T.B. Baaruna
Kazanckuii @edepanvusiil ynusepcumem, yi. K.Mapkca, 76, Poccus

Bompoc cooTHomeHHs HEHPOHHBIX M MEXaHMYECKHX BO3JAEHCTBUI Ams
nojiep)kaHus (YHKIIMOHAIBHOTO COCTOSHHSI MEJJIEHHBIX M OBICTPBIX MBILII Y
JKMBOTHBIX WJIM YEJIOBEKAa OCTACTCS O CHX MOP OTKPHITBIM. UTOOBI PELINTh 3Ty
npobaeMy, MBI H3Y9IITH 3G ekTsl 7 u 14 THEBHOH pas3rpy3KH 3aJHUX KOHEYHO-
creii (HU) ¢ wim 6e3 TeHOTOMHH U / HITH JEHEPBAIlMK Ha TTapaMeTPhl BEI3BaHHBIX
OTBETOB MBIIIII 3aJHEH KOHEUYHOCTH KPBICHL. Bce 3KCIIEpHUMEHTHI BHIOIHEHBI C
coOmoieHreM ONO3ITHIECKUX HOPM.

IIpu Hapymenun onopHoit adpdepenraym, Ha 7 1 14 cyTKH aMIUATyIA
MOTOPHOT'O OTBETA JIaTePajbHOW MKPOHOXKHOW MBIl OblIa HHXKE KOHTPOJIb-
HOM, aMITUTyJ]Ja MOTOPHOTO OTBETa MEIUATbHOW WMKPOHOMKHOW MBIl OblLIa
paBHa KOHTPOJBHBIM 3HAYEHUAM. AMIUTUTYAa MOTOPHOTO OTBeTa KaMOaloBUA-
HOW MBIIIIBI TOCTOBEPHO CHIDKajdachk. MBI IpeAroiaraeM, 4To BEPOSTHBIM Me-
XaHU3MOM TaKOT'O CHIDKEHHS aMIUTUTYAbl MOTOPHOTO OTBETA, SIBJIACTCS BIHSHUE
HapyIIeHUs ONOPHOW addepeHTanuy W pa3BUBAIOLICHCS IIPU 3TOM aTtpodun
CKEJICTHBIX MBIIIIII.

B ycnoBusx OZHOCTOPOHHEH TEHOTOMHUH (TIepepe3ka axHIUIOBOTO CyXO-
KWJIMS) aMIUIATYZa MOTOPHOTO OTBETA MIICHIIATEPaIbHOW MKPOHOXKHOW MBIIIIIBI
Ha 7 CyTKH yMeHbIImnach Ha 22%, Ha 14 cyTkM aMIUIMTyJda HE OTIMYanach OT
KOHTPOJS. AMIDIATYIa MOTOPHOTO OTBEeTa KaMOalOBHIHOW MBIMIEI Ha 7 u 14
CYTKH OblJIa MEHbBIIIE, YeM B KOHTPOJIE B 2 pasa.

B ycnoBusx nepepesku axuuioBa CyXOKWINS IPH aHTHOPTOCTATUIECKOM
BBIBCIIMBAHUN TPOUCXOANIO YBEIWYCHUE aMIUIMTYIBl MOTOPHBIX OTBETOB Kak
JaTepagbHOM, Tak M MEIHAJIBHON TOJIOBOK MKPOHOXHOM MBIIIIEI, B Kambaio-
BUAHOM HIICHIATEepaIbHON MBIIIIE, aMIUITyJa MOTOPHOTO OTBETa yMEHbIIa-
Jach 1O OTHOWICHHWIO K KOHTPOINIO, M3MEHEHHs OBUTH aHAJIOTHYHBI YCIOBUSIM
BBIBEIIUBAHUSL.
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B yclioBHSIX aHTHOPTOCTATHYECKOTO BBIBEIIMBAHUS, OTHOBPEMEHHOE TIe-
pexaTHe CelalHIIHOTO HepBa (meHepBalys) K 14 cyTkam MpuBeENO K yMEHbIIe-
HHUIO aMIUTUTYJBl MOTOPHBIX OTBETOB BCEX MCCIEAYEMBIX MBIIII, MAJCHUE aM-
TUTUTYJIbl OTBETOB MKPOHOKHOM MBIIIIIBI OBLIO JOCTOBEPHO BBIIIE, YeM B Kamba-
JIOBUHOM.

Takum 00pa3oM, MOJyYCHHBIC PE3YNBTATHI MOKA3alH, YTO IPaBUTAIUA,
KaK BHCIIHUN MEXaHWYeCKHi (hakTop HeoOXoauMma JJisl COXpaHeHHs (yHKIwi
MEJJICHHBIX M OBICTPBIX MBIIII], OJHAKO MPEJCTABISICTCA OOJice BAXKHOW IS
(yHKIMOHAJIBHOTO O0ecreYeHus] MeIeHHoH (kamOanoBuaHOW) Mblmnsl. [lo-
BUANMOMY, MEIJICHHBIE MBIIIIEI UMEIOT OOJBIIYI0 3aBUCUMOCTh OT HapyIICHUS
oropHoii addeperTanmy, HeXXeITH HEUPOHHOH aKTUBHOCTH, YeM OBICTPBIC MBIIII-
IBL

HccnenoBanue BBINOIHEHO 3a cueT rpanta Poccuiickoro Hayunoro ®@os-
na (mpoekt Ne 18-75-10027).

THE ROLE OF NEURAL AND MECHANICAL IMPACTS
IN MAINTAINING THE FUNCTIONAL PROPERTIES
OF THE MUSCLE OF THE BACK LIMB IN THE RAT

M.E. Baltin, A.Q. Fedianin, M.A. Zaytsev, O.A. Sachenkov,

A.A. Eremeev, T.V. Baltina
Kazan Federal University, K. Marksa str. 76, Russia

The question of the ratio of neural and mechanical effects to maintain the
functional state of slow and fast muscles in animals or humans is still open. To
solve this problem, we studied the effects of 7 and 14 days of unloading of the
hind limbs (HU) with or without tenotomy and / or denervation on the parame-
ters of the rat's hind limb triggered muscle responses. All experiments were per-
formed in compliance with bioethical norms.

When the support afferention was violated, on days 7 and 14 the amplitude
of the motor response of the lateral gastrocnemius muscle was lower than the con-
trol one; the amplitude of the motor response of the medial gastrocnemius muscle
was equal to the control values. The amplitude of the motor response of the soleus
muscle was significantly reduced. We assume that the probable mechanism of such a
decrease in the amplitude of the motor response is the influence of the disturbance of
the reference afferentation and the skeletal muscle atrophy developing with it.

Under unilateral tenotomy (transection of the Achilles tendon), the ampli-
tude of the motor response of the ipsilateral gastrocnemius muscle for 7 days
decreased by 22%, for 14 days the amplitude did not differ from control. The
amplitude of the motor response of the soleus muscle on days 7 and 14 was 2
times less than in the control.

When the Achilles tendon was transected, the amplitude of motor re-
sponses of the lateral and medial heads of the gastrocnemius muscle increased in
the soleus ipsilateral muscle, the amplitude of the motor response decreased rela-
tive to the control, the changes were similar to the conditions of hanging.
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Under conditions of antiorthostatic hanging, simultaneous clamping of the
sciatic nerve (denervation) by 14 days resulted in a decrease in the amplitude of
motor responses of all the studied muscles, a decrease in the amplitude of re-
sponses of the gastrocnemius muscle was significantly higher than in the soleus.

Thus, the obtained results showed that gravity, as an external mechanical
factor, is necessary to preserve the functions of slow and fast muscles, but it
seems more important for the functional support of the slow (soleus) muscle.
Apparently, slow muscles are more dependent on impaired support afferentation,
rather than neural activity, than fast muscles.

This work is supported by Russian Science Foundation, grant 18-75-
10027.

BJIMSAHUE UHT'UBUTOPA THCTOHJAEALIETHUJIA3BI 1
HA 39KCIHIPECCHIO KJTIOYEBBIX E3-YBUKBUTUHJIUT A3
ITPU ®YHKIIMOHAJIbHOM PA3I'PY3KE M. soleus KPbIC
C.I1. Beaoga, E.I1. Mouanosa, b.C. lllenkman, T.JI. HemupoBckasi
THI] P® Hucmumym meduro-ouonocuieckux npoonem PAH,
123007, Mocksa, Xopowesckoe wocce, 76a, e-mail: swetbell@mail.ru

B nocnennee Bpems cTanu MOSBIATHCS PabOTHI, HCCIEAYIOMNE BO3MOXK-
HocTh THUcTOHAcaneTnina3 (HDAC) B3aumoneHCTBOBaTh ¢ pa3iMdHBIMH TpaH-
CKPUIIMOHHBIMH (pAKTOPAMH, YTO AAET BO3MOXKHOCTh KOOPIUHHUPOBATH U PETY-
JIMPOBATh SKCIIPECCHIO TEHOB B CKEJIETHBIX MBIIIIAX B OTBET HAa (DyHKIMOHAIb-
HYIO pasrpy3Ky. B nomnonHeHue Kk peryIupoBaHHIO TPAaHCKPUIIMK I'eHa HOoCpes-
CTBOM alleTWJIMPOBAHUsI FMCTOHOB, katanutudeckas akTuBHOCTh HAT u HDAC
perynupyer 3KCIPECCUI0 I'eHa MyTeM HM3MEHEHHs cTaTyca aleTHIMPOBAaHUS U
(YHKIMH TPaHCKPHUIIIIMOHHEIX (hakTopoB, Takux kak FoxO. B Hacrosimee Bpems
CYIIECTBYET orpaHu4eHHass nHpopmarms o koHkpeTHbIx HDACSs, koTopbie pe-
TYJIUPYIOT cTaTyc aneTwinpoBaHus FoxO B CKeNeTHBIX MBIIIIAX NPH HOPMab-
HBIX YCIIOBHSAX M TE€X, KOTOPHIE CIIOCOOCTBYIOT CHM)KEHHIO allETHIMPOBAHMS H
aktuBarm FoxO Bo BpeMs karaboimdeckux cocTosHuil. OOHapyXeHO, dTo
HDACI! axtuBupyet FoxO. ABTOpB HHTHOHPOBa K paboTy Pa3ITUIHBIX THCTOH-
JeaneTias BKyIbType KiIeTok U oOHapyxman, uto HDACI sBisercs wiroue-
BbIM peryasitopoM FOXO 1 MOXeT 3aITyCKaTh MBIIICYHYIO MPOTpaMMy aTpodu.
Henpro Hamrelr paboTwl ABIsUTACH TpoBepka, kKoHTpoupyeT i HDACI1 paboty
FOXO3a u skcnpeccuro E3 nuraz (MuRF-1 u atrogin-1/MAFbx) npu ¢pyHK1mo-
HaJIbHOU pasrpyske Mbimi. WMurubupys pabory HDACI uarnburopom CI-994
MBI OTIPEAeIIIN B3aUMOCBA3b MEXIy ae3arernia3zHoil aktueHocThio HDACI u
UHJYKIUel nporpamMmsel arpodun mbimn. CyniecTBeHHas skcnpeccust E3-nmura3
HaOJoaeTcs y)Ke Ha MepBble CYTKH (PYHKIMOHAIBHOM Pasrpy3KH MBILII, U K
TPETBUM CYTKaM JJOCTHTaeT CBOEro muka. [103ToMy MBI IIpoBeNN HCCIEI0BaHUE C
TPEXCYTOYHBIM BBIBEIIUBAHUEM KPBIC.

Jis mpoBeneHUs SKcniepuMenTa 24 camma Kpbic i Bucrap (195-215
r) BozpactoM 10 Henenb ObLIH CITy4aliHBIM 00pa3oM pasJieNIeHbl Ha TPH TPYIIIIbI
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(n=8): mHTaKTHBIN KOHTpOJH (C), BEIBemuBaHue B TeueHue 3 cytok (HS) u BbI-
BEIIMBAHUE B TEUCHUE 3 CYTOK C BBEACHHEM MHTHOMTOpA TMCTOH/ICALETHIA3EI |
— CI-994 (HS+CI). BeiBemeBanue MpOBOAWUIIOCH COTJIAcHO Mojnenu WipuHa—
Hogukosa B Monuduxanuu Morey-Holton.

Bec kpoic coctaBnsan 195-215 r u He pasnugancs Mexnay rpynnamu. MH-
JIeKC MBI (BeC MBIIIIBI, HODMUPOBAHHBIN Ha Bec KpbICH) B rpynmne HS Obut
JIOCTOBEPHO MEHbILIE, YeM B rpymmne koHTtpoust (Ha 10%, p<0,05). B rpynme c
BBE/ICHHEM Mpernapara JOCTOBEPHOTO CHIDKEHHMSI MHJEKCAa MBIIIIBI He HaOuoa-
JIOCK.

VYposenr pAkt u pFOXO3 ObuH CHMXEHHI B OJMHAKOBOW CTEIICHU Y
00enX BBIBEUIEHHBIX TPYIIT OTHOCUTENBHO Tpynibl KoHTpous (p<0,05). Yposens
rucrorgeanetmiazel 1 (HDACI1) B snepHO# ¢paknmuy OKas3aics CYIIECTBEHHO
moBbITIeH B Tpymmne HS otHOCHTenpHO KOHTpoIs (p<0,05). B rpymme, koTopoit
mpu BeIBemnBaHNH BBOIMICH mHrHONTOp HDACI, ee comepkaHme He OTiHYa-
JIOCh OT YPOBHS KOHTPOJIS, U OBUIO CYIIECTBEHHO HUXKE, YeM Y )KMBOTHBIX HS.

Okempeccuss MPHK yOukBuTHHA OBLTa MOBBIMIEHA TOJBKO B IPYIIE BHI-
BEIIEHHBIX 0e3 MpernapaTa KUBOTHBIX, TOTAA KaK B TPYIIIE C BBEJCHUEM HHIHU-
O6utopa ero ypoBeHb HE OTIMYAICA OT KOHTpOJs. MHTEpecHO OTMETUTh, YTO
ypoBeHb E3-nmurasst MuRF1 Obu1 011HAKOBO TOBBIIIEH B 00€UX BBIBEIICHHBIX
rpymnmax, B To BpeMsi, kak ypoBeHb E3-nura3st MAFbx ObLiI CyIIeCTBEHHO yBe-
mudeH Toibko B rpynmne HS (p<0,05), torma kak B rpymnmne HS+CI on He oTin-
Yajics OT YPOBHS TPYIITBI KOHTPOJIS.

Beisogsl: 1. Msl nokasanu, uto HDAC1 xonTponupyet skcnpeccuro E3
murassl atrogin-1/MAFbx npu QyHKIHOHANIEHOW pa3rpy3ke mbi. 2. MHrudu-
poBanne HDAC] cHmxaeT ckopocTb pa3BUTHS aTpoduu.

Pabora BrImosiHeHa Ha cpeacTsa rpanTa PH® Ne 18-15-00062

INFLUENCE OF HDAC1 INHIBITOR ON THE E3 LIGASES
EXPRESSION IN RAT SOLEUS DURING HINDLIMB UNLOADING
S.P. Belova, E.P. Mochalova, B.S. Shenkman, T.L. Nemirovskaya
Institute of Biomedical Problems RAS, Moscow, Russia

Muscle unloading leads to its atrophy development. The MuRF-1 and
MAFbx E3-ligases expression is increasing under this condition. FOXO3 was con-
sidered to be the only transcription factor that triggers E3-ligases expression.
Beharry A.W. et al pinpoints HDACI1 as a primary regulator of FoxO in skeletal
muscle that is both sufficient and required for skeletal muscle atrophy. We aimed
to determine the role of histone deacetylase 1 (HDACI) proteins in activation of
MuRF-1 and MAFbx E3-ligases expression at the early stage of muscle unloading.

We investigate it by CI-994 (inhibitor of HDAC1) administration in male
Wistar rats (180-200 g) upon 3-day hindlimb suspension. The method of hindlimb
suspension was described in Morey-Holton E & Globus R (2002). 24 animals were
divided into 3 groups (n=8 in each): C-control, CI - hindlimb suspension with CI-
994 (i.p. 1 mg/kg/day), or placebo (HS group) administration. The animals were
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anaesthetized with an i.p. injection of tribromoethanol (240 mg/kg), soleus muscles
were surgically excised, frozen in liquid nitrogen.

The Western blot and RT-PCR analyzes were done. The statistical
analysis was performed using REST 2009 v.2.0.12 and Bio-Rad CFX Manager
programs at the significance level set at 0.05. The significant differences
between groups were statistically analyzed using Mann-Whitney test. The
evaluation of the levels of mRNA expression of MuRF-1 and MAFbx showed
that CI-994 treatment inhibited unloading induced up-regulation of MAFbx in CI
group but had no effect on mRNA expression of MuRF-1. After unloading,
mRNA expression of MAFbx increased 2.12-fold (p < 0.05) in HS group. There
were statistically significant differences in MAFbx mRNA expression between
HS and CI groups. When compared with the control, unloading increased MuRF-
I mRNA expression 1.67- and 1.56-fold in HS and CI groups, respectively. CI-
994 treatment also inhibited unloading-induced up-regulation of mRNA
expression of ubiquitin. The levels of ubiquitin mRNA expression when
compared with the control were 4.21- and 2.32-fold in HS and CI groups,
respectively. We did not find any differences in the content of phosphorylated
anabolic signaling system components (Akt/mTOR/S6k) between both
suspended groups (CI and HS).

Therefore, HDACI inhibiting prevented hindlimb suspension-induced up-
regulation of MAFbx and ubiquitin, but did not any effect MuRF-1expression.
This work was supported by Russian Science Foundation (grant Ne 18-15-
00062).

OCOBEHHOCTHU CTPYKTYPbI U ®YHKIUU BEJIKOBOI'O
KOMILJIEKCA Ca*-YHUIIOPTEPA B MUTOXOH/IPUSIX
NEYEHU KPBIC C PA3HON YCTOMYABOCTHIO K THITIOKCHUHA
K.H. Benocnynuenl’z, H.B. BenocnyuueBal, K.C. TeHLKOBz,

E.JO. Tananos', B.C. Crapunen’, M.B. {ly6unnn’
lI/IHcmumym meopemuueckol u IKcnepumenmanvHo ouoguzuxu PAH,
Ihywuno, yn. Uncmumymcras, 3, Poccus
Mapuiickuil 2ocydapcmeenHtbill YHUgepcumen,

Howrap-Ona, nn. Jlenuna, 1, Poccus

lumoxcust/umeMus — 9pe3BBIYAHHO IIMPOKO PACIIPOCTPAHEHHOE SBJICHNE,
BO3HHKAIOIIEE KaK B YCIOBUAX AepUIINTa KHCIOPOIa BO BHEITHEH Cpelie, TaK U B
pe3ynbpTaTe CaMBIX Pa3HBIX MATOJIOTHH, MPUBOMIIMINX K CHIDKCHHIO JOCTaBKH
KHCIOPOJa K KJIETKE JI0 YPOBHs, HEIOCTATOYHOTO ISl TOANCpKaHus ee (PYHK-
WA U CTPYKTYpHL. [ MIIOKCHYECKHE COCTOSIHUS B OpraHU3ME HAOJIFOMAIOTCS MPH
HAPYIICHUSIX TEMOIUHAMUKY, UIIEMHUYSCKUX U perep(y3nOHHBIX TOBPEKICHHU-
SIX OPTraHOB, KPOBOIOTEPSX, apTepUaIbHOW TUIEPTEH3UH, JETOUYHON HeHOoCTa-
TOYHOCTH, TIOCIEACTBHUSIX TPABMATUYECKOTO IIOKA, BO3JCHCTBUN HEOIAronpusT-
HBIX JKOJOTMYECKUX (DAKTOPOB, IKCTPEMATBHBIX COCTOSHHSX, CHHIPOMAx CH-
CTEMHOTO BOCTIAJIUTEIHHOTO OTBETA U IPYTUX CTPECCOPHBIX BO3ICHCTBHSIX.
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BHyTpuKIIETOUHOW MHIIEHBIO TUIMOKCHUM PA3JIMYHON STHOJIOTHU SIBIIS-
I0TCSI, B IEPBYIO OYEPEb, MUTOXOHAPUH U a3pOOHBII 3HEPreTHIECKIH OOMEH.
Ha ceropssmHuil 16Hb MOXKHO BBIZACIHUTH HECKOJIBKO KIIFOUEBBIX MUTOXOHAPH-
ANBHBIX MHIIEHEH, NOBPEXKICHNE WM HapylleHHe (YHKIMOHHPOBAHUS KOTO-
PBIX IPU THIIOKCUH ¥ HOCJEIYyIOUIed pPEOKCHI'MHALMKN 00YCIaBIUBaeT rudeib
KJIETKHU, OpraHa U opraiuzMa. K HUM MOXHO OTHECTH MOBPEXKJIEHUE KOMILIEK-
COB JIBIXaTeJIbHON LIEIH, yBEJIHUYEHHE CKOPOCTH 00pa3oBaHUs aKTUBHBIX (hopM
KHCIOpOoJa NPH PEOKCUIeHAllMM TKAaHU U HapylleHHEe MUTOXOHJIPHAIBHOTO
Ca’"-romeocrasa.

HccnenoBanus, MOCBSIICHHBIE ONPEAEICHNIO POJIN MUTOXOHIPHATBHBIX
cucteM Tpancropra Ca’” B pasBUTHH TMIOKCHH, BEIyTCS JOBOIBHO NABHO.
Bmecte ¢ Tem, 10 CHX MOp OCTaeTcsl HE HEBBISICHEHHBIM BOIIPOC, KaK CTPYK-
TypHO ¥ (YHKIHOHAIBHO PETYIUPYETCs paboTa MUTOXOHIPHATBHON CHCTEMBI
TpaucropTa uoHoB Ca’’ MpM Pa3BUTHH THMOKCHYECKHX COCTOSHMH. OTBET Ha
9TOT BOIPOC MOJKET OBIT HalJE€H NpPH NMPOBEACHUH HCCIIEJOBAaHUN Ha KHBOT-
HBIX, UIMEIOLINX TeHEeTHYECKH 3aKPETJICHHBIE OTJIMYNUS 110 CTENIEHH YCTOHYNBO-
CTH K 'MIIOKCUH. V3BECTHO, YTO B MOMYJISILIMU KUBOTHBIX, Pa3HbIE OCOOM MMe-
10T HEOJMHAKOBYI0 PE3UCTEHTHOCTh K HEIOCTAaTKy kuciopona. Ilpu stom xu-
BOTHBIE, KOTOpPbIC NMPHHAMIEKAT K JABYM MPOTHUBOIOJIOKHBIM, KpalHUM (heHO-
TUNaM: BbIcOKoycToiunBeiM (BY) m HuskoycroiuuseiM (HY) k rumokcun,
AMEIOT CYIIECTBEHHO pa3inyHble "(YHKIMOHATHHO-MeTabomndecKkue mpodu-
mn" [1]. Tak, panee HaMu OBUIO MOKA3aHO, YTO MHUTOXOHApPWHU TredeHH BY u
HY kpeic UMEIOT pa3HyI0 PE3UCTEHTHOCTh K 00Pa30BaHHIO MHUTOXOHJPHAIb-
HBIX Top nByX tumoB — MPT (mitochondrial permeability transition pore) u
munuaHOW mopsl [2]. Llenpro HacTosme paboTHl OBIIO OMpPENeTnTh, OTIHYa-
IOTCSl JTM JKMBOTHBIE C Pa3INYHON yCTOWYMBOCTHIO K TMITIOKCHM IO KHHETHKE
Bxona HoHOB Ca’’ B MUTOXOHIpHH, H €CIH Ja, TO KAKHe CTPYKTYpHBIE Iepe-
CTPOMKH MOTYT OBITH 32 3TO OTBETCTBEHHBI.

OKCHEepUMEHTHI TPOBOJMIINCE Ha MUTOXOHIPHSIX IEUSHH KPBIC JIMHUHU
Wistar, 0TOOpaHHBIX 110 YCTOMYMBOCTH K HOpMOOApHYECKOH I'MIIOKCHH B KaMepe
C TIOHWXEHHBIM cojiepkaHueM kuciopona (pO, 3.1%). B kauectBe BBICOKO-
YCTOWYMBBIX )KUBOTHBIX OBLIN OTOOPAHBI KPBICHI, KOTOPBIE BBIACPKUBAIH THIIO-
KCHIO (0 BTOPOTO aroHaNbHOTO Broxa) Ooinee 10 MHHYT; B KadecTBe HH3KO-
YCTOMYUBBIX JKUBOTHBIX - HE Oonee 1-2 MUHYT.

B pesynbTare npoBeneHHOW pabOThl HAaMK OBLIO YCTaHOBJIEHO, YTO CKO-
POCTh TIOTJIOIIEHUSI HOHOB Ca* mutoxoHapuamu neueHu BY u HY xuBoTHBIX
JIOCTOBEPHO pasiHyanach mpu nobasnennu 200 mxM Ca’" B npucyrctsun 1
MKM nmkmtocrioprna A. Ckopocts Bxoxa Ca’’ B MutoxoHmpun nedernn BY kpbic
Obuta B ~ 1.3 pasa Beie TakoBoit y HY skuBoTHBIX. BaskHO oTMeTHTB, 4TO Ha-
pameTp muToxoHAprasHoi Ca’’ emxoctn Gbit Takxke B ~ 1.3 pasa Beime y BY
JKMBOTHBIX, MO CpaBHEHHIO ¢ HY KpbicaMM, 4TO COOTHOCHTCSI C pe3ylbTaTaMH,
MOJTyYeHHBIMHU HaMHu panee [2].

B ocHoBe HaOmIOMAaEMBIX HAMH W3MEHEHHH MOXKET JIEXKATh pPa3HOE COOT-
HOIIIeHHE CyObeMuHUI (KaK KaHATBHBIX, TaK U PETYIATOPHBIX) MYJIbTHOCIKOBO-
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ro KoMIuieKca MUToOXoHApuansroro Ca’’ yaumoprepa (MCU) y HY u BY kpsic.
MeTto10M MMMYHOOIOTTHHTA OBIJIO MOKa3aHO, YTO Yy HCCIEAYEMbIX TPYIIT >KH-
BOTHBIX HE M3MEHACTCS KOJMYECTBO KaHaNbHON cyOwpenuHmubl MCU, a Takxe
MCUDb — neakruBnoro napanora MCU. Bmecre ¢ Tem, y BY kpsic, konuyecTBo
peryiastopHoii (BopoTHoi) cyobeanHuisl MiCU1 ObIIIO IOCTOBEPHO BBILLE, IO
cpaBHenuo ¢ HY kpwicamu. BeposiTHO, IMEHHO 3Ta CTPYKTYpHasi 0COOEHHOCTh
JNIEKUT B OCHOBE 0ONee GBICTPOrO MOTIOMEHHs HOHOB Ca’ MHTOXOHIPHUAMH
neueHu BY XUBOTHBIX.
Pabota BbInosiHeHa 1pu prHAHCOBOM moyepxke PODPU (18-315-20011
MOJI_a_Ben).
Jlureparypa
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pore: tissue specificity, age profile and dependence on the animal adaptation to
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FEATURES OF THE STRUCTURE AND FUNCTION
OF THE Ca** UNIPORTER COMPLEX OF LIVER MITCHONDRIA
OF RATS WITH DIFFERENT RESISTANCE TO HYPOXIA
K.N. Belosludtsev'?, N.V. Belosludtseva', K.S. Tenkov?,
E.Y. Talanov', V.S. Starinets’, M.V. Dubinin’
YInstitute of Theoretical and Experimental Biophysics RAS,
Pushchino, Institutskaya st., 3, Russia
Maria State University, Yoshkar-Ola, pl. Lenina, 1, Russia

Hypoxia/ischemia is a widespread phenomenon that occurs both in condi-
tions of oxygen deficiency in the environment and as a result of a number of pa-
thologies leading to a decrease in oxygen delivery to the cell to a level insuffi-
cient to maintain its functions and structure. Hypoxic conditions in the body are
observed in hemodynamic disorders, ischemic and reperfusion injuries of organs,
blood loss, arterial hypertension, pulmonary insufficiency, traumatic shock, ex-
posure to adverse environmental factors, extreme conditions, syndromes of the
systemic inflammatory response, and other stress effects.

The intracellular targets of hypoxia of various etiologies are, first of all,
mitochondria and aerobic energy metabolism. There are several key mitochon-
drial targets, whose structural damage or dysfunction during hypoxia and subse-
quent re-oxygenation can lead to the death of cells, organs, and the body. Dam-
age to the respiratory chain complexes, an increase in the rate of formation of
reactive oxygen species during tissue re-oxygenation, and disruption of mito-
chondrial Ca*" homeostasis can be attributed to these factors.

Studies dedicated to determining the role of mitochondrial Ca**
transport systems in hypoxia have been conducted for quite some time. At the
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same time, the question of how the mitochondrial Ca" transport is structurally
and functionally regulated in hypoxic conditions still remains unclear. The
answer to this question can be found in studies on animals with genetically
determined differences in the body’s resistance to hypoxia. It is known that in
the animal population, different individuals have unequal resistance to oxygen
deficiency. At the same time, two opposite phenotypes, animals with high re-
sistance (HR) and low resistance (LR) to hypoxia, have significantly different
functional-metabolic patterns [1]. Thus, we have previously shown that liver
mitochondria of the LR and HR rats differ in their resistance to the formation
of mitochondrial pores of two types - MPT (mitochondrial permeability transi-
tion pore) and lipid pore [2]. The purpose of this work was to determine
whether animals with unequal resistance to hypoxia differ in the kinetics of the
entry of Ca*" ions into the mitochondria, and if so, which structural rearrange-
ments may be responsible for this difference.

The experiments were carried out on liver mitochondria of Wistar rats se-
lected for resistance to normobaric hypoxia in a chamber with a reduced oxygen
concentration (pO, 3.1%). Animals with high resistance suffered hypoxia (up to
the second agonal inhalation) for more than 10 min; rats with low resistance — no
more than 1-2 min.

It was found that the rate of accumulation of Ca®" ions in liver mitochon-
dria of HR and LR animals differed significantly when 200 pM Ca®" in the pres-
ence of 1 uM cyclosporin A was added. The rate of Ca®" entry into the liver mi-
tochondria of HR rats was approximately 1.3 times higher than that in LR ani-
mals. It is important to note that the parameter of the mitochondrial calcium re-
tention capacity was also 1.3 times higher in HR animals, compared to LR rats.
The latter is consistent with the results obtained earlier [2].

The rate of mitochondrial Ca*" uptake in HR and LR animals can be regu-
lated by a ratio of subunits (both channel and regulatory) of the mitochondrial
Ca®" uniporter (MCU) multiprotein complex. The immunoblot analysis revealed
that, in the studied groups of animals, the level of channel-forming subunits of
MCU does not change, as well as the inactive MCU paralogue, MCUb. At the
same time, in HR rats, the level of the regulatory (gatekeeper) subunit, MiCU1
was significantly higher compared to that in LR rats. This structural feature ap-
pears to underlie the more rapid accumulation of Ca®" ions by liver mitochondria
of HR animals.

This work was supported by the Russian Foundation for Basic Research
(grant # 18-315-20011 mol_a_ved).
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OCOBEHHOCTHU ®YHKIIMOHUPOBAHUSA MUTOXOHIPUAJIBHBIX
CUCTEM TPAHCIIOPTA NOHOB KAJIBIIUS Y KPBIC
ITPU PABBUTUU CAXAPHOI'O JUABETA I TUIIA
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CaxapHblii 1uabeT — OIHO M3 CaMbIX PAacHpPOCTPaHEHHBIX MeTaboiude-
CKHUX 3a00JIeBaHUH, KOTOPOE CBA3aHO OO C HapyLIEHUEM CEKPELMH WHCYJIUHA,
00 ¢ TONEPAaHTHOCTHIO KIETOK OpraHm3Ma K 3ToMy ropMoHy (mamaber I u II
THTA, COOTBETCTBEHHO) [1]. B 00omx cimydasx, oOmKUM MaTOIOTHYECKUM H3Me-
HEHHEM SIBIIICTCS MTOBHIIIEHNE YPOBHS TIIOKO3BI B KPOBH - THITEPTIIMKEMUS, KO-
TOpasi CO BPEMEHEM IIPUBOJUT K CEPbE3HOMY IOBPEXKICHUIO MHOTHX OPTaHOB M
CUCTEM OpraHusma. VM3BECTHO, YTO OJHOM M3 OCHOBHBIX MMILEHEH CaxapHOIO
mrmadeTa Ha BHYTPHKICTOYHOM YPOBHE SBIISIOTCS MHUTOXOHApHH. [Ipm 3TOM
HaOJII0AAI0TCST HAapyLIeHUs] pabOThl CHCTEM OKHCIIMTEIBHOTO (ochopHiInpoBa-
HHSI MUTOXOHAPHH, THIEPIPOAYKIHS aKTHBHBIX (opM kuciopozaa u ap. [2]. Tlo-
Ka3aHo, 4TO (papMakKoJIOrH4yeckasi U FeHeTHYecKasi KOPPEKLHs 3TUX IMPOIECCOB
MNpUBOAUT K KICTOYHOMY W OpPraHu3MEHHOMY ICPCIPOrpaMMUPOBAHUIO U
0CJ1abJICHUIO MOCJIECTBUII caXxapHOro auadera.

Onaumu 13 3)(GEKTOPHBIX CTPYKTYpP, OTBETCTBEHHBIX 32 MHUTOXOHIPH-
ANBHYI0 TUCQYHKIHUIO TPH CaxapHOM AuadeTe, MOTYT SBISITHCS MUTOXOHIPH-
aNbHBIC KAIbINH-TPAaHCIIOPTHPYIOUIHE CHUCTeMBl. Kak M3BECTHO, 3TH CTPYKTYPHI
00eCcTIeunBar0T HE TOJBKO IMOANCpKaHHE BHYTPHUKIETOYHOTO KAJBIIEBOTO TO-
MeOCTa3a M PETYISIHI0 SHEPTeTHIeCKOTO MeTab0In3Ma, HO U 3aITyCK KICTOUHOM
rubenyu dyepe3 HHIYKINI0 MUTOXOHPHUATHHBIX HECEJICKTUBHBIX mop [3]. BmecTe
¢ TeM, jgaHHbIe 00 yuacTuu Ca’ -TpaHCIOPTHPYIOMMX CHCTEM MHTOXOHAPHil U
MHUTOXOH/IPHAIBHBIX TIOp B PAa3BUTUH CaxapHOro AuadeTa J0CTaTOYHO IPOTHUBO-
peuuBsl. B Hacrosimiel paboTe MBI NPOBENIN CPaBHHUTEILHOE HCCIIEIOBAHHE KH-
HETHUECKHX TapaMeTpos Tpancropra Ca’', a Take HHayKiun Ca’ -3aBHCHMBIX
nop (MPT mopsl u aunuaHo#, MHAYHUPOBAHHON NaJIbMUTHUHOBON KHCIOTOH M
Ca’") B MUTOXOHIPHSX IIEUCHH KPbIC IIPU PA3BUTHH CaXapHOro auabera I Tuma.

Caxapusrii nuaber I Tuma OB CMOAETMPOBAaH y KpBIC JHHHUU Sprague
Dawley maccoit 100 T myTeM BBeI€HHUS XUBOTHBIM BHYTPHOPIOIIMHHO CTPENTO-
30ToIMTa B JI03¢ 80 MI/KT Beca JKUBOTHOTO. Uepes HeNeNro Mociie BBEICHUS K-
BOTHBIX 3a0WMBAaJIH, NIPEIBAPUTEIFHO YCTaHABINBAS YPOBEHb TIIFOKO3BI B KPOBH.
JKuBOTHBIX ¢ HHAYIIMPOBaHHEIM auabeToM | Tma oToOpany mo KOHIEHTPAIluu
TIIFOKO3EI B CBIBOPOTKE KPOBH > 25 MMOJIB/J (Y KOHTPOJIBHBIX JKHUBOTHBIX COZIEP-
JKaHUE TIIOKO3bl He MpeBblano 8 MMoub/i). Ilocnmenyromue SKCrepuMeHTHI
MpOBOAWIN HA MUTOXOHAPUAX, U30JIMPOBAHHBIX U3 IMCYCHU KPLIC.

B pesynbprare mpoBefeHHOW pabOThl HAMK OBLJIO YCTAHOBIICHO, YTO IPH
pa3BUTHM caxapHoro nuabera | THma y KpbIC HMPOUCXOIUT PEeMOIEITHPOBAHUE
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MUTOXOHJIPHAJILHOM CeTH B remarouutax. [Ipu 3ToM KOJIUYECTBO MUTOXOHAPUM
B KJIETKaX CYIIECTBEHHO YBENMYHMBAeTCSA. B MHUTOXOHIpHAX HabmromaeTcs Ie-
(hopMarms KpUCT W HapyXHOM MeMOpaHsl. IlokazaHo, 9TO Uepe3 OgHY HEIeiro
MMociie MHAYKIMU CcaxapHOro auadera | TWma y KpbIC, CKOPOCTh BXOJa MOHOB
Ca’" B MHTOXOHIPHH, OKHCIISIONINX CYKIMHAT, IPAKTHUECKH HE M3MEHSCTCS, 10
CPAaBHEHUIO C KOHTPOJIBHBIMH 3HAYCHUSIMHU.

Jis oLleHKH mapaMeTpoB (HYHKIIHOHUPOBAHUS MUTOXOHIPHATEHON ITHUKIIO-
criopuH A-uyBcTBUTENBHON TOpsl (MPT) OblIM mpuMeHeHBI 2 Toxo/a: onpeie-
JIeHHEe KaJlbLMEBOW €MKOCTH MUTOXOHAPHUI U U3MEPEHHE CKOPOCTH MUTOXOHPHU-
ambHOTO HabyXaHms, MHIyrmpoBauHoro Ca’’ u HeoprammaeckuMm (ochaTom.
YCTaHOBIIEHO, YTO B MUTOXOHIPUAX MEUCHN AUAOETHIECKUX KPBIC CTATUCTUIECKH
3HAYUMO YBEJIMYHUBAJICS MOKA3aTellb KAIbLUEeBON eMKOCTH (~ 1.4 pa3a), a CKOpocThb
MHUTOXOH/IpHAIBbHOTO HaOyxaHus, nHaynupoBanHoro 100 MxkM Ca® ul MM Pi,
JIOCTOBEPHO CHIKaJachk. [1oMydeHHbIN pe3yinbTaT TOBOPHT O TOM, YTO MHUTOXOH-
JpUH TIeUYeHH KPBIC ¢ MHAYIHPOBAHHBEIM auabeToMm | Twma obmamarorT Ooublreit
PE3UCTEHTHOCTHIO K MHAYKIMH B HUX MPT mopsl, 0 cCpaBHEHUIO C KOHTPOJIbHBI-
MU KUBOTHBIMU. MOXKHO TPENOJIOXKUTh, YTO B OCHOBE STUX W3MEHEHHH JISKUT
CHIDKCHHUE YPOBHS JKCIpeccru OeNKOB, BXomamuX B coctaB MPT mope! (Hampu-
Mep, mukiIodwirHa J| Wwin ajeHWIaTTpaHcIoKaropa). Bmecte ¢ TeM, CKOPOCTB
IUKJIOCTIOPUH A-HEYYBCTBUTEIBHOTO MHUTOXOHIPHAILHOTO HAOyXaHWs, WHIYIH-
poBanHoro 20 MKM manbMUTHHOBOM KUCIOTON U 30 MKM Ca2+, y THa0CTUICCKIX
JKUBOTHBIX JOCTOBEPHO yBelamuuBasiach (~ 1.5 pasza). [lomydeHHbIi pe3ynbTaT MO-
JKeT OBITh CBSI3aH C M3MCHEHHEM JKUPHOKUCIOTHOTO COCTaBa MeMOpaH MUTOXOH-
Ipuil mpu JaHHOW mnartosiorud. IIpoBeneHue AOMOIHUTENBHBIX 3KCIEPUMEHTOB
TIO3BOJIUT YCTAHOBHUTH MEXaHU3MBI YKa3aHHBIX H3MEHEHHH.

Pa6ora BrrmosHeHa npu puHaHCOBOM ogaep:kke PODU (19-015-00117-a).
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FEATURES OF FUNCTIONING OF MITOCHONDRIAL
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Diabetes mellitus is one of the most common metabolic diseases, which is
associated either with a disorder of the secretion of insulin, or with tolerance of
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cells to this hormone (type I (insulin-dependent) and type II (non-insulin-
dependent) diabetes mellitus, respectively) [1]. In both cases, an overall patho-
logical alteration is the increase in serum glucose level - hyperglycemia, which
eventually leads to serious damage to organs and systems. It is known that at the
intercellular level, one of the main targets of diabetes mellitus is mitochondria.
Indeed, disturbances in the system of oxidative phosphorylation of mitochondria,
hyperproduction of reactive oxygen species, etc. are observed [2]. The pharma-
cological and genetic corrections of these processes were found to result in cellu-
lar and organism reprogramming and to reduce the severity of the pathological
consequences of diabetes mellitus.

One of the effector structures responsible for mitochondrial dysfunction
in diabetes mellitus can be the mitochondrial calcium ion transport systems. As
known, these structures provide both maintenance of intracellular calcium ho-
meostasis and regulation of energy metabolism, and the initiation of the mito-
chondrial pathway of cell death via the induction of the non-selective mitochon-
drial pores [3]. At the same time, data on the involvement of Ca®" transport sys-
tems of mitochondria and the mitochondrial pores in the development of diabetes
are quite contradictory. In this work, we conducted a comparative study of the
kinetic parameters of Ca®" transport, as well as the Ca®’-dependent pores (mito-
chondrial permeability transition pore (MPT pore) and palmitic acid/Ca*'-
induced lipid pore) in liver mitochondria of rats with type I diabetes mellitus.

Type I diabetes mellitus was induced in Sprague Dawley rats weighing
100 g by intraperitoneal injection of streptozotocin at a dose of 80 mg/kg of ani-
mal weight. One week after the injection, the rats were sacrificed, and the serum
glucose level was preliminary measured. The animals with experimental type |
diabetes were selected for the glucose level > 25 mmol/l (in control animals, this
parameter did not exceed 8 mmol/l). Subsequent experiments were performed on
isolated rat liver mitochondria.

As a result of the work, we found that with the development of type I dia-
betes in rats, mitochondrial network remodeling in hepatocytes occurs. At the
same time, the number of mitochondria in the cells increases significantly. In the
mitochondria, there is a deformation of the cristae and the outer membranes. It
was shown that one week after the induction of type I diabetes mellitus in rats,
the rate of entry of Ca>" ions into the mitochondria oxidizing succinate remained
almost unchanged compared with the control values.

To estimate the parameters of functioning of the cyclosporin A-sensitive
mitochondrial pore (MPT), two indexes were measured: the mitochondrial calci-
um retention capacity and the rate of mitochondrial swelling induced by Ca*" and
inorganic phosphate. It was established that in the liver mitochondria of diabetic
rats, the calcium retention capacity increased (by ~ 1.4 times), and the rate of
mitochondrial swelling induced by 100 uM Ca*" and 1 mM P; decreased signifi-
cantly. The result suggests that the mitochondria of the liver of rats with type I
diabetes are more resistant to induction of the MPT pore, compared to control
animals. It can be assumed that the mechanism of these changes is related to a
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decrease in the expression level of the proteins that form the MPT pore complex
(for example, cyclophilin D or adenylate translocator). At the same time, the rate
of cyclosporin A-insensitive mitochondrial swelling, induced by 20 pM palmitic
acid and 30 uM Ca?", significantly increased in diabetic animals (by ~ 1.5 times).
This may be due to shifts in the fatty acid composition of mitochondrial mem-
branes in this pathology. To elucidate the mechanisms of the changes obtained,
further investigations is needed.
This work was supported by the Russian Foundation for Basic Research
(grant #19-015-00117-a).
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CTPYKTYPHO-®YHKIIMOHAJIBHBIE U3BMEHEHUSA
MUTOXOH/IPHWI MEYEHU KPBIC IIPU TUITEPTUPEO3E
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[oBblmeHHas cekpenys TOPMOHOB IUTOBHIHOM Keje3bl, OCHOBHBIX 3H-
JOKPUHHBIX PETYJSTOPOB B OpPraHM3Me, IPUBOAUT, K CEPbE3HBIM MeTadoiye-
CKUM M3MEHEHHSM, OCHOBHBIM M3 KOTOPBIX, KaK U3BECTHO, SIBIISICTCS] HAPYIICHHUE
sHepreTudeckoro oomena [1]. HecMoTpst Ha TO, 94TO pa3BUTHE MATOJOTHIECKOTO
nporecca B OpraHu3Me NPU THHEPTHPEOUIHOM COCTOSHHU B HACTOSILEE BPEMs
U3y9ICHO JOBOJBHO AETAbHO, MOJEKYISIPHBIC MEXaHU3MBI B3aUMOACHCTBUS H3-
ObITKa TUPEOUIHBIX TOPMOHOB C BHYTPUKIETOYHBIMH CTPYKTYpPaMH, B JaCTHO-
CTH, MUTOXOHJPHUSIMH, OCTAIOTCSI IO KOHIIA HE BBIACHEHHBIMH. Jlonroe Bpems
YCHIIMSI MCClIeloBaTeNel ObIIM HaIlpaBiieHbl HA n3yueHHne 3(Q(PEeKTOB THPOKCHHA
Ha MUTOXOHJPHUAJIbHYIO SHEPreTHKY U, IVIABHBIM 00pa3oM, BBI3BIBAEMOTO 3THM
TOPMOHOM TIpoliecca pa3o0LIeHUs] OKHCIHuTeNnbHOro (ochopuiauponanus. He-
JIaBHUE UCCIICJ0BAHMUS MOKa3al, YTO MEXaHU3M Pa300ILaroNero IeHCTBHS rop-
MOHOB IIIUTOBHJIHOM Ke€JIe3bl OCYIIECTBISICTCS KaK C OMOIIBIO OBICTPBIX MeXa-
HHU3MOB TPU WX HEMOCPEACTBEHHOM B3aUMOJAEHCTBUU C MUTOXOHAPHSMHE (Yepe3
3¢ dexTsr Ha pa3oOmiatomniie OeKH), TaK ¥ IyTeM BKIIOYCHHS JOJITOCPOYHBIX
MEXaHHU3MOB Ha ypoBHe reHOB [2]. B HacTosmmeit pabote ObIIO IPOBEICHO KOM-
IUICKCHOE HCCIICI0BAHUE MUTOXOHIPUAIBHON NUC()YHKINU IPH THHEPTUPEO3E,
BKJIIOYAIOIINX M3yYEHHE DHEPreTHUECKOT0, HOHHOTO M OKUCIHUTEIBFHOrO o0Me-
HOB B MUTOXOHJPHUSX BO B3aWMOCBSI3M C M3MEHEHUSIMH HMX YJIBTPacTPYKTYpHI,
HaOJII01aeMBIMH TIPH JTAHHOH TTATOJIOTHH.
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B Hacrosime#t paboTe THIEPTUPEOUTHOE COCTOSIHAE Y KPBIC OBLTO BBI3BA-
HO IIyTeM BHYTPHUOPIONIMHHOTO BBEICHHS XMBOTHBHIM TOPMOHA THPOKCHHA B
nmo3e 100 mxr Ha 100 T Maccel Tejla B TEYEHHE IISITH JTHEH, B COOTBETCTBHH C 00-
LIENPUHATON METOIUKON. bbio ycTaHOBIEHO, YTO Yepe3 24 yaca mocie mnocies-
Hell MHBEKUUU TUPOKCHHA, KOHIEHTpPAlMU TUPEOUAHBIX ropmoHoB T3 u T4 B
CBIBOPOTKE KPOBH KPBICHI 0oJiee YeM B JIBa pa3a MPEBHIINANI0 TAKOBYI Y KOH-
TPOJIBHBIX JKUBOTHBIX, YTO COOTBETCTBYET JIUTEPATYPHBIM JaHHBIM 00 yBelHue-
HUU YPOBHSI TOPMOHOB MPHU KIIMHUYECKOM TUIIEPTUPEO3€ U YKa3bIBAET HA Pa3BU-
THE Y OMNBITHBIX KUBOTHBIX JaHHOU maTojioruu. C MOMOIIBI0 METOA AJIEKTPOH-
HOW MHUKPOCKOIINH, OBLIN OTIPEIEIICHB! YIBTPACTPYKTYPHBIE OCOOCHHOCTH MHUTO-
XOHIpPHM, BBIIEICHHBIX U3 IEUYEHH, CEpALA, U TOJIOBHOIO MO3ra KpbIC C U3Me-
HEHHBIM THPEOUAHBIM cTaTycoM. [Ipn aHamm3e MOppoMETPHIECKUX TapaMeTpOB
MHUTOXOHJIPHHA BBISBICHO, YTO THIIEPTUPEO3 IIPUBOANUT K HaOYXaHUIO MHUTOXOH-
JIpUii, CHI)KEHUIO IJIOTHOCTH MHUTOXOHJAPUAIBHOIO MAaTpUKCA, CTENEHH YIaKOB-
KU KPHCT, TUIOIIAN BHYTPCHHEH MEeMOpaHbI, a TAKKE CIIOCOOCTBYET BO3SHHUKHO-
BEHHIO HEOOBIYHBIX MEMOPAHHBIX CTPYKTYpP KOHIIEHTPHYECKOH (GOopMBI — Jlamen-
nspHbIx Tenel. [lokazano, 4To Haubosee BBIpaKEHHBbIC MATOJIOTHUECKHE H3Me-
HEHUS B CTPYKType MUTOXOHJPHUI HaOIIOAAIOTCS B TKAHU TEUEHH, TOT/1a KaK B
TKaHAX CEep/lla U KOPhI TOJIOBHOTO MO3ra MOJ00HBIC M3MEHCHHS BBISBICHBI HE
obuti. C TIOMOIIBIO MOJIAPOrpahHUECKOr0 METO/a YCTAHOBICHO, YTO JKCIICPH-
MEHTaJIbHBIA THIEPTUPEO3 COMPOBOXKIAETCS YBEIMUEHHEM CKOPOCTU JbIXaHMS
MUTOXOHIPHUI TIEYSHHU KPBICH BO BCEX (PYHKIIMOHAIBHBIX COCTOSHUSX U CHIDKE-
HUEeM 3((EKTUBHOCTH OKHUCIUTEIHFHOTO (OChOPHUINPOBAHIS MPH UCIIONB30Ba-
HUU Kak cyOcTpaToB KomIuiekca I, Tak u komruiekca I gprxatenmsHOW menm. B
OCHOBE YBEJIHMUYEHHUSI CKOPOCTU MUTOXOHAPHAIBHOIO JIBIXaHUS B COCTOSIHMU V4
TIPU TUIEPTUPEO3€E MOXKET JIEKATh YCUIIEHUE TOKA YTEUKH MPOTOHOB YEpe3 MeM-
Opany mutoxonapuidl. OJHUM M3 BO3MOXKHBIX MEXaHU3MOB pa3oOlueHusi, QyHK-
[IMOHHUPYIOIAM B MUTOXOHIAPUSX, SIBISETCS PEUUKIN3alldsg OCHOBHOTO HOHA
KIIETKU - Kanus. B HacTosmiedt paboTe moka3aHo, YTO MPH THIEPTHPEO3e CKO-
POCTh TpaHCHOPTa Kajdusl B MUTOXOHJPHUSAX, PETUCTpUpPYEMas IBYMs HE3aBUCH-
MBIMU METOAaMH (C TIOMOIIBI0 HOH-CEJIEKTUBHOTO MHUKPOAJICKTPOJIa U CIIEKTPO-
(hoTOMETpPHUYECKH) JOCTOBEPHO YBEIMYMBACTCSA. AKTHBAIUS KaJIHEBOTO IIHKIIA,
HaOIogaeMasl B YCJIOBUSAX CTHUMYJBILUH MPOIECCOB BXOAA W BBIXOAAa MOHOB Ka-
nvsi B OOMEH Ha MPOTOH, MOXKET MPUBOAUTH K MATKOMY pa3o0iieHuro. OOHapy-
JKCHO TAKXKE, YTO THIICPTUPEO3 IPUBOIUT K YBEITHYCHHUIO CKOPOCTHA 00Pa30BaHHUS
MEPEKUCH BOAOPOJA B MUTOXOHAPHUSIX MEUEHU KPBIC, [0 CPABHEHUIO C KOHTPO-
nem. B pabore obcyxmaercs posis AT®-3aBrcHMOro KajaneBOro KaHajia B MOJ-
Jlep KaHUM aJanTUBHBIX U3MEHEHH MUTOXOHAPUM NPU TUIIEPTHPEO3E.

Pabora moxnep:xana rpantoMm PODU Nel8-34-00297mon_a.
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ULTRASTRUCTURAL AND FUNCTIONAL CHANGES IN RAT LIVER
MITOCHONDRIA OF RATS WITH HYPERTHYROIDISM
N.V. Belosludtseva, L.L. Pavlik, N.I. Venediktova,
N.V. Khmil, E.Yu. Talanov, G.D. Mironova
Institute of Theoretical and Experimental Biophysics RAS,
Institutskaya st., 3, Pushchino, Russia

Increased secretion of thyroid hormones, the main endocrine regulators in
the body, leads to serious metabolic changes, the main of which is a disturbance
of energy metabolism [1]. Despite the fact that the development of the pathologi-
cal process in hyperthyroidism is currently studied in some detail, the molecular
mechanisms for the interaction of excess thyroid hormones with intracellular
structures, in particular, mitochondria, remain poorly understood. For a long
time, the efforts of researchers have been focused on studying the effects of thy-
roxin on mitochondrial energy and, mainly, the process of uncoupling of oxida-
tive phosphorylation caused by this hormone. Recent studies have shown that the
uncoupling action of thyroid hormones is mediated both by their direct interac-
tion with mitochondria (via the effects on uncoupling proteins) and by long-term
mechanisms at the level of genes [2]. In this work, a comprehensive study of
mitochondrial dysfunction in hyperthyroidism was carried out, including the
study of energy, ionic and oxidative exchanges in mitochondria in conjunction
with their ultrastructural changes observed in this pathology.

In the present work, the state of hyperthyroidism in rats was provoked by
intraperitoneal injection of thyroxin at a dose of 100 pg per 100 g of body weight
for five days, in accordance with the generally accepted methodology. It was
found that 24 hours after the last injection of thyroxin, the concentrations of thy-
roid hormones T3 and T4 in the rat serum were more than two times higher than
those in control animals, which corresponds to the literature data on an increase
in the level of the hormones in clinical hyperthyroidism and indicates the devel-
opment of this pathology in the experimental animals. Using electron microsco-
py, ultrastructural features of mitochondria isolated from the liver, heart, and
brain of rats with altered thyroid status were identified. An analysis of the mor-
phometric parameters of mitochondria revealed that hyperthyroidism leads to
mitochondrial swelling, a decrease in the density of the mitochondrial matrix, the
degree of cristae packing, the area of inner mitochondrial membrane, and also
induces the formation of unusual concentric membrane structures - lamellar bod-
ies. It was shown that pathological changes in the mitochondrial structure were
more pronounced in the liver, whereas in the tissues of the heart and the brain
cortex of the thyroxin-treated rats the same changes were not found. Using the
polarographic method, it was established that experimental hyperthyroidism is
accompanied by an increase in the respiration rate of rat liver mitochondria in all
functional states and a decrease in the efficiency of oxidative phosphorylation
using both substrates of complex I and complex II of the respiratory chain. The
increased mitochondrial respiration in hyperthyroidism could be due to basal
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leakage of protons across the inner mitochondrial membrane. One of the possible
mechanisms of mitochondrial uncoupling is the recyclization of the main ion of
the cell, potassium. In this work, it was shown that in hyperthyroidism, the rate
of potassium transport in mitochondria, recorded by two independent methods
(using an ion-selective microelectrode and by spectrophotometry), increases sig-
nificantly. Activation of the futile potassium cycle, observed in the simultaneous
stimulation of entry and release of potassium ions in exchange for a proton, may
lead to a mild uncoupling in mitochondria. It was also found that hyperthyroid-
ism leads to an increase in the rate of formation of hydrogen peroxide in rat liver
mitochondria, compared with the control. This paper discusses the role of ATP-
dependent potassium channel in the maintaining of adaptive changes in mito-
chondria in hyperthyroidism.
This work was supported by the Russian Foundation for Basic Research
(grant Ne18-34-00297mol_a).
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MOP®O-BUOXUMHNYECKHUE N3MEHEHUSA
B MBIIIEYHOM TKAHM KPBIC
MOCJIE AJUTEJBHOI'O BBEJEHUSA CUMBACTATHUHA
E.C. Beaoycona, 3.1. Mukammnnosu4, O.I'. Capkucsu,
T.[. JloceBa, B.IO. Ma:xxyrun
Pocmosckuil eocyoapcmeentvitl MeOUYUHCKUU yHugepcumen,
Pocmoe-na-/jony, nep. Haxuuesanckuu, 29, Poccus

CratuHbl npu3HaHbl Hanboyiee d(HGEKTUBHONW TPYNIOW THHOIUITHICMH-
yecknx cpeactB. OAHAKO WX MPUMEHEHHE aCCOLUMPYETCS C Pa3BUTHEM CIIELH-
(ugaeckoro mo6ouHOTrO 3 (PeKTa CTaTHHOBOW MUOIIATHH.

Lenpto paboThl sIBWICS aHAIU3 MOP(O-MOJICKYIAPHBIX HM3MEHEHHH B
MBIIIIAX SKCIEPHUMEHTATIbHBIX XMBOTHBIX INPU JJIHUTEIFHOM BBEJCHUM CHUMBa-
cTaTHHA (30K0pa).

HccnenoBanue NpoBOAMIOCH Ha OECHOPOMHBIX KpbICaX-caMIlax B BO3-
pacte 12-14 mecaueB. KontponbsHas rpymnmna — 35 UHTaKTHBIX ’KMBOTHBIX, KOTO-
PBIX coleprKaili Ha OOIIeM parfioHe BHBapHs. [ pymma cpaBHEHUS — 35 KHBOT-
HBIX C BepHU(UIIMPOBAHHOW SKCIICPUMEHTAJIBHON THIEpXOIecTepuHEMUeH, 1o-
JTydaBIINX PALUOH 0e3 N100aBICHUs JIEKAPCTBEHHBIX BEIIECTB; SKCIIEPUMEHTAIb-
Hast Tpynma — 35 KMBOTHBIX C BepUGHUINPOBAHHON HKCIIEPUMEHTAILHON THIIEp-
XOJIECTEPUHEMHUEH, MOTyYaBIINX B T€YEHHE 3-X MECSIEB cuMBacTaTuH (Zocor,
20 mr) o 0,001 r/ 100 T Maccel OMH pa3 B CYTKH B BHJE BOJIHOW CYCIEH3UU
yepe3 NMUILEBOAHBINA 30H1. /s uccnenoBanus oTOMpann GparMeHThl CKEIEeTHBIX
MBI U3 3a/{HEH JIalbl )KMBOTHOTO. B roMoreHarax MbIIIEYHON TKaHU OIpese-
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JSUIM aKTHBHOCTB ajeHo3uHTpH(pochaTHOro depMentHOro xomruiekca (Mg?' u
Ca®" - 3aBucumoii Na'/K" - AT®-a3p1). Muroxonapuu Boixemsii auddepeHim-
IBHBIM EHTPU(PYTUPOBAHUEM IIOCJIE TOMOTEHHM3AlMH B COJIEBOM DPACTBOpPE
(0,15 M KCl u 10 MM tprc-HCI). Onpenensim akTHBHOCTb IMTOXPOMOKCHIa3bl
(IXO) u mermaporenas numkina Kpebca: mupysatnermaporenasst (ITI0), a-
kerorayraparaeruaporenassl (a-KI'-/1I'), cykiunaraerunporenasst (CI).

Jns mpoBeneHust MOp(OIOrHYECKOro HCCIENOBaHUS (PArMEHTHl MBbI-
me4yHoi Tkanu ¢pukcupoBanu B 10% HelTpasbHOM (OpMaNnHE B TEUEHHE CYTOK.
ITocne okpacku cpe3bl MOMEIIANU IOJ MOKPOBHBIE CTEKJIAa M OCYILECTBIISIN
MHKPOCKOIIHIO € HCIIONIb30BaHneM Mukpockomna Nikon eclipse 50i.

B panHHX HccienoBaHMSAX HaMH YCTAHOBJICHO, 9TO ()OPMHPOBAHUE T'H-
MepXxoJieCTepUHEMHUH (TPYyIINa CPaBHEHHS), IPUBOJMIO K HapyLIEHUIO WHTErpa-
LIMF OCHOBHBIX META0OJIMUECKHX ITyTell IHEPreTHIecKoro oOMeHa, KOTOpoe Xa-
PaKTEepHU30BaJIOCh HAKOIICHHEM HEIOOKHCICHHBIX INPOAYKTOB — IHPYBaTa H
nakTarta, noBblmieHHeM aktuBHocTd IIJIT Ha 119% (p<0,001), o-KI'-AT" Ha
94,12% (p<0,001), axtuBHOCTH, IIXO m C/I' He oTiMuanack OT mokazaTeyen
KOHTPOJIBHOM rpynisl. IIpy 3T0M, B MBIIIIAX >KMBOTHBIX C HKCIIEPUMEHTAIbHON
THIIEPXO0JIECTePUHEMHUEH BhISBIICHO MOBHIEHHE 001ei ATd-a3H0N aKTHBHOCTH
Ha 28% (p<0,05), AT®-a3er Ca*" ma 98% (p<0,001) u AT®-a3er Mg Ha
113,5% (p<0,001) oTHOCHTENEHO KOHTPOJIHHOM TPYIIIIEL.

Ilocne BBeneHMsI CUMBAcTaTHHA B MBIIINAX KUBOTHBIX HAOMIOAIHN CHH-
skenue aktuBHocTH [IJIIN Ha 27,9% (p;<0,05), o-KI'-JAI" Ha 54,6% (p;<0,001),
CAI Ha 67,62% (p;<0,001), LIXO =a 69,44% (p;<0,001) OTHOCHUTETHHO TPYIIIIEI
cpaBHeHwUs. [Ipy 3TOM OBLIIO yCTaHOBJICHO CHIDKeHHE 00melt ATd-a3H0i akTHB-
HocTH Ha 68,00% (p;<0,001), ATD-a3sr Ca*" na 64,51% (p;<0,001) u ATD-a3b61
Mg2+ Ha 45,13% (p;<0,001) oTHOCHTENBEHO TPYIITEI CPABHEHUS.

IIpu wuccnenoBanuM 00paslOB TKaHM >KUBOTHBIX 3KCIEPUMEHTAIbHOU
IpyInsl ObUIO BBISIBICHO HApyIICHHE XapakTepa pPacllOJIOKEHUS MbIIIEUHBIX
ki1eToK. OOHapyKMBAJIMCh YYacCTKM C OJHOHAIIPABJIEHHBIM pAaCIOJIOKEHUEM
MHOIUTOB, KOTOPBIE YePEAOBAIUCH C YIaCTKaMH C pa3HOHAIPAaBIECHHBIM paclo-
noxenueM kieTok. [Ipu Oosiee cunbHOM yBenmyeHuu (B 880 pa3) oTMedanoch
HaJIMYNE YyIaCTKOB PE3KO THIOTPO(GHPOBAHHBIX MHOINTOB C Y3KHMH BEPETCHO-
BUIHBIMH SAPAMH, 9acCTb SIACP UMENN BHYTPHSAACPHBIC BKIIOUCHHUS U BBIPAKCH-
HOE CHM)KEHHE ONTHYECKOH MIOTHOCTH SIpa, CMEHSIOLINXCS Y9aCTKaMH C OTHO-
CHUTEJIbHO HEM3MEHHBIMH MHOLIMTaMHU. B MHonmTax oTMedanoch Haludue ydacT-
KOB C OTHOCHUTEIIBHO COXPaHHBIMH CapKOMEPaMH, KOTOPbIE YEePEIOBAIICH C PE3-
KO MPOCBETJICHHBIMH 32 CUET CHIDKEHHS MHO(GHOPHILUT 1 MHOTIIOOMHA B KIIETKE,
BU3yaJIbHO OTMEYaJIOCh OTCYTCTBHE HONEpeyHOl ucdepueHHocTH. [lomyueHHbIe
JIAaHHBIE CBU/ICTEIICTBYIOT O HAIMYMHU METa00INIECKONH MUOTIATHH.

ITonmy4yeHHbIe HAMH JTaHHBIE CBHJICTEIILCTBYIOT, YTO B OCHOBE AETpafallui
MBIIIEYHONH TKaHW JISKUT AE3UHTETpalus Kak SHEProNpoAYILMPYIOUINX, TaK U
OHEPro3aBUCUMbIX MEXaHHW3MOB. MOXHO Mojiarath, 4TO JAC(GHULUT IHEPTHH B
MBIIIEYHON TKaHH (OPMUPYET «IIOPOUHBIH KPYr», B KOTOPOM HapylleHHE T'0-
MeocCTa3a BaKHEHIINX KaTHOHOB NPHBOANT K M3MEHEHUIO PAa3HOCTH MOTEHIUA-
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JIOB 110 06¢ CTOPOHBI MeMOpAHbI, HAKOIUICHHIO HOHOB Ca’’, HCKa)KEHHMIO perylisi-
TOPHOM pPOJM BAXKHEUIINX KAaTHOHOB. MHTEpEeCHO OTMETUTh, YTO H3MEHEHUS
OMOXMMHYECKUX IapaMeTPOB OIMEPEKAIOT CTPYKTYpPHBIE CABHTH, KOTOPHIE TO-
CTETIEHHO HAKAIUTUBAIOTCS B MBIIIICYHON TKAHU.

MORPHO-BIOCHEMICALS CHANGES AT RATS MUSCLE
TISSUE AFTER PROLONGED SIMVASTATIN INTAKE
E.S. Belousova, Z.1. Mikashinowich, O.G. Sarkisjan,
T.D. Loseva, V.Y. Mazhugin
Rostov state medical university, Rostov-on-Don, 29 Nakhichevan st., Russia

Statins are known as the most effective medicine with hypolipidemic ef-
fect. But their intake is associated with statin myopathy side effect promotion.

The task of the work was to study the morpho-molecular changes in mus-
cles of experimental animals at prolonged simvastatin intake (zokor).

Our investigation was done on purebred male rats at the age of 12-14
months. Control group - 35 intact animals which were contained on general diet
of vivarium. Group of comparison - 35 animals with verified experimental hy-
percholesterolemia, receiving a diet without the addition of medicine; experi-
mental group - 35 animals with verified experimental hypercholesterolemia who
received simvastatin (Zocor, 20 mg) at a dose of 0.001 g/ 100 g once a day for 3
months as an aqueous suspension through the esophageal probe.

Fragments of skeletal muscles from the hind leg of the animals were se-
lected for the study. The activity of adenosine triphosphate enzyme complex
(Mg*" and Ca*" - dependent Na'/K" - ATP-ase) was determined in homogenates
of muscle tissue. Mitochondria were isolated by differential centrifugation after
homogenization in salt solution (0.15 M KCl and 10 mM Tris-HCI). The activity
of cytochromoxidase (CCO) and Krebs cycle dehydrogenases: pyruvate dehy-
drogenase (PDG), a-Ketoglutarate dehydrogenase (a-KG-DG), succinate dehy-
drogenase (SDG) were determined.

To conduct a morphological study, muscle tissue fragments were fixed in
10% neutral formalin during the day. After painting, the sections were placed
under cover glasses and microscopy was performed using Nikon eclipse 50i mi-
croscope.

In early studies, we found that the formation of hypercholesterolemia
(comparison group), led to a violation of the integration of the main metabolic
pathways of energy metabolism, which was characterized by the accumulation of
underoxidized products - pyruvate and lactate, increased activity of PDG by
119% (p<0.001), a-KG-DG by 94.12% (p<0.001), the activity of CCO and SDG
did not differ from the control group. At the same time, in the muscles of animals
with experimental hypercholesterolemia there was an increase in total ATP-ase
activity by 28% (p<0.05), Ca>* ATP-ase by 98% (p<0.001) and Mg”>*-ATP-ase by
113.5% (p<0.001) relative to the control group.

After administration of simvastatin in animal muscles, there was a de-
crease in PDG activity by 27.9% (p;<0.05), 0-KG-DG by 54.6% (p;<0.001),
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SDG by 67.62% (p:1<0.001), and CCO by 69.44% (p;<0.001) relative to the
comparison group. At the same time, a decrease in total ATP-ase activity by
68.00% (p;<0.001), Ca**-ATP-ase by 64.51% (p;<0.001) and Mg”—ATP—ase by
45.13% (p;<0.001) relative to the comparison group was found.

In the study of animal tissue samples of the experimental group revealed a
violation of the nature of the location of muscle cells. Discovered segments with
a unidirectional arrangement of myocytes which are alternated with areas with a
mixed arrangement of cells. For more severe increase (up to 880 times) noted the
presence of sites dramatically hypothropic myocytes, with a narrow spindle-
shaped nuclei, part of the nuclei had intranuclear inclusions and a marked de-
crease in the optical density of the nucleus, alternating with areas of relatively
constant myocytes. The presence of sites with relatively preserved sarcomeres,
which alternated with sharply enlightened due to a decrease in myofibrils and
myoglobin in the cell, the absence of transverse striations was visually noted in
myocytes. The data obtained indicate the presence of metabolic myopathy.

We have obtained data evidence that the basis of muscle tissue degrada-
tion is the disintegration of both energy-producing and energy-dependent mech-
anisms. It can be assumed that the energy deficit in the muscle tissue forms a
"vicious circle" in which the violation of the homeostasis of the most important
cations leads to a change in the potential difference on both sides of the mem-
brane, the accumulation of Ca®" ions, distortion of the regulatory role of the most
important cations. It is interesting to note that changes in biochemical parameters
are ahead of structural changes that gradually accumulate in muscle tissue.

CPABHEHME BJIMSIHUSI OMECAMTIV MECARBIL
HA B3AUMO/JIEMCTBUE CEPJEYHOI'O U CKEJIETHOI'O
MHUO3HUHA C TOHKUM ®UJITAMEHTOM
B.1O. Eeprl, C.P. Ha6ues', O.1. Komeesa'?, MLA. I[lapononal’z,
JL.B. Hukuruna', C.JO. Bepmnumlifll, JI.B. lenxun’', I'.B. KonbLiosa'
lI/IHcmumym ummyrnonoeuu u gusuonoeuu YpO PAH,
Examepunbype, yn. I[lepsomaiickas, 106, Poccus,
2Yp®y umenu Ilepsoco Ipezudenma Poccuu b.H. Envyuna,
Examepunbype, yn. Mupa, 19, Poccus

OmekamTB MekapOun (omecamtiv mecarbil, CK-1827452; OM) Obin
pa3paboTaH Kak crerupuIecKuii MOTyIATOp QYHKIMH cepaedHoro Mruo3nHa [1].
B ckeneTHBIX MBIIIIAX 3KCIPECCHpyeTCs MeuIeHHas n3odopMa I TsokensIx 1e-
neri muozuHa (TIIM) amanormunast B-mzodopme TILIM cepaedHoro MHO3WHA.
[Tokazano, yto OM BiMsAET Ha MEXAaHU3M T'€HEPAlUU CHIIBI BOJIOKHAMH u3 M.
soleus [2]. MeI uccienoBamu Bimsiaine OM Ha Ca®’ perymsiuuio B3anMoneiicTBus
CEepAEYHOr0 M CKEJICTHOTO MHO3WHA C aKTHHOM B iN VIitr0 mOABIKHOI cucTeMe
(UIIC) u ontHueckoil JOBYyIIKe, a TAK)KE HA XapaKTEPUCTUKH COKpAILEHUS BO-
JIOKOH U3 ObICTpoi (M. PSOAS) 1 MeAIeHHOH (M. SOleUS) CKEeTEeTHBIX MBILIIL.
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JlanHble UIIC aIlIPOKCUMHUPOBAIIU YpaBHEHHEM Xunna:
V = VipaX(1+10"PCPC30) T prie V11 Viay — CKOPOCTb CKOIBKEHHS] TOHKHX (DH-
JaMEHTOB W WX MaKCHMajbHasi CKOPOCTh IPH HachIMAaromed KOHLEHTPAIHH
Ca2+; pCas, — 3Hauenue pCa, IPU KOTOPOM JOCTHIAETCS MOJOBUHA Viay; N — KO-
sppuument Xwria. McenonszoBancst OM ¢upmsr Selleck Chemicals. Cepaeu-
HbII MUO3WH BBIACIIAIN U3 KEITYJOUKOB U MpeAcepanit CBUHbU. MHO3UH U3 M.
psoas coxepxan 6picTpbie n30hopmsl 1Ix u IIb TLM u 2% uzodopmer I TLM.
Muosun u3 M. soleus comepikan npenmymiectBeHHo u3opopmy I TILIM. Jlerkue
uend Muo3uHa (JILIM) uz m. psoas u m. soleus coxepxanu u30(popMel, COOTBET-
ctBytomme nzopopmam JILIM 3TuX BOJIOKOH.

O6Hapyxeno, uto OM ymenbIinaeT Vi, 1 h 3aBucumoctu pCa-CKOpocTh
Bcex MHO3MHOB (puc. 1). OM yBenmumnBaer Ca®" 4yBCTBHTENBHOCT (pCas) 3a-
BucuMocTH PCa-CKOPOCTh CEPACYHBIX MHO3MHOB U He BiusieT Ha pCasy 3aBUCH-
MocTr PCa-cKOpoCTh MHO3HMHA U3 M. PS0as.

B ontrueckoit noBymke 0.5 MkM OM yBenn4uBaeT MpoI0IDKATENEHOCTD
B3aUMOJICHCTBUSI MHO3HMHA TNpejacepAnii ¢ TOHKMM ¢uiameHToM B 1.6 pasa,
JKETyA0uKoB — B 1.3 pasza, 4uTo corjacyercs ¢ JaHHBIMH, nosrydeHHbIME B UTIC
M0 MaKCHMaJIbHOM CKOPOCTH CKOJIB)XEHHS TOHKUX (DHMIIAMEHTOB IO CEPACHYHBIM
MHo3uHaM. TakuMm 00pa3oM, CHIDKEHHE CKOPOCTH (PMIaMEHTOB B NPUCYTCTBHU
OM 0ObscHsIETCSl YBENUUEHHEM TPOAOJIKUTEIBHOCTH aKTHH-MHO3WHOBOT'O
B3aUMOJECICTBUA.

A

CropocTs (Miw'c)

Puc. 1. Bousaue OM Ha 3aBucuMocTh PCa-CKOPOCTh MHO3HMHA KETYAOUYKOB (A),
npencepauii (b) u muo3zuna w3 m. psoas (B). DxcnepuMeHTaNbHBIE TOUKU IPEICTaB-
JIeHBI Kak cpenee = SD 1o TpeM dKCepruMeHTaM.
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Brusane OM Ha XapaKTEpHCTHKH COKpAICHHS OJUHOYHBIX JeMeMOpa-
HU3UPOBAHHBIX BOJIOKOH HCCIIEIOBAHO HA MHKPOMEXaHOMETPUIECKONH YCTaHOB-
K€ C MCIIOJIb30BaHUEM TEXHHUKHU ckadka Temnepatypsl [3]. [Ipu 5°C 1 MM OM
YMEHBIIAeT KECTKOCTh BOJIOKHA M3 M. PS0as, mpu ckauke TemmepaTypsi OM
yBEJIMYMBaeT XecTKoCTb Ha 20% u cHukaeT HanpsbkeHue Ha 20%. Panee
MOKa3aHO, YTO YKECTKOCTh BOJIOKOH U3 OBICTPBIX CKEJIETHBIX MBIIII] IIPH CKayKe
TEeMIlepaTypbl MEHSETCS HE3HaYMTEeNIbHO, W CHJIOreHepauusi obecneynBaeTcs
MEepeX0Z0M MONEPEYHBIX MOCTHKOB W3 HECTEPEOCHelH(UIIECKOTO0 B CTEPeo-
cnenupuueckoe cocrosiaue [3].

Ipu 5°C OM yBenuumMBaeT XECTKOCTh BOJOKOH n3 M. soleus na 40%, u
KECTKOCTh HE MEHSETCS IIPU CKauke Temmeparypsl. [locie ckauka TeMmepaTypsl
OM Ha 50% cHWXaeT MaKCUMaJbHOE HANpsKEHUE BOJIOKHA W3 MEIJIEHHOU
MBIIIIBI, ¥ 3HAYUTENBHO 3aMeuIsieT ero pocT. bes OM mpu ckauke TemnepaTypsl
JKECTKOCTh BOJIOKHA M3 M. SOleus 3HaumTenbHO yBenamumBaercs [4], TO ecTb
CHJIOTEHepalusi JIOCTHraeTcss 3a cueT oO0pa3oBaHMsl HOBBIX IOIEPEYHBIX
MOCTHKOB.

Takum o6pazom, OM BiusfeT Ha KaJIbLUEBYIO PETyIALUI0 aKTHH-
MHO3MHOBOT'O B3aUMOJICHICTBHA B MHOKap/e ¥ Ha MEXaHU3M CHJIOT€HEPAIlUH KaK
B BOJIOKHAX OBICTPOM, TaK M MEJUIEHHON CKeJIEeTHBIX MbIII, U 3ddexr OM 3aBu-
CHUT OT U30()OpM MUO3HHA.

Pabora BemmomHena mpu moanepxkke PODU (Nel8-015-00252) u Ipo-
rpaMmmbel AAAA-A18-118020590135-3 ¢ ucnonszoBanneM obopynoBanus [[KIT
NN® YpO PAH.
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COMPARISON OF THE EFFECT OF OMECAMTIV MECARBIL
ON THE INTERACTION OF CARDIAC AND SKELETAL MYOSIN
WITH THE THIN FILAMENT
V.Y. Bergl, S.R. Nabiev', O.1. Koshcheeva'?, M.A. Sharonova'?,
L.V. Nikitina', S.Y. Bershitsky', D.V. Shchepkin', G.V. Kopylova'
YInstitute of Immunology and Physiology of the RAS,
Yekaterinburg, St. Pervomayskaya, 106, Russia;

?Ural Federal University, Yekaterinburg, St. Mira, 19, Russia

Omecamtiv mecarbil (CK-1827452; OM) was designed as a specific
modulator of cardiac myosin function [1]. In skeletal muscles, the slow isoform I
of myosin heavy chain (MHC) is expressed similarly to the § isoform of cardiac
MHC. It was shown that OM affects the mechanism of force generation of fibers
from m. soleus [2]. We studied the effect of OM on the Ca”" regulation of the
interaction of cardiac and skeletal myosin with actin in an in vitro motility assay
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(IVMA) and an optical trap, as well as on the contractile characteristics of single
skinned fibers from fast (m. psoas) and slow (m. soleus) skeletal muscles.

Data obtained in IVMA were fitted to the Hill equation:
V = Vi< (1+10"PCPC0Y T - where V and Ve are the sliding velocity of thin
filaments and the maximal velocity at the saturating concentration of Ca**, re-
spectively; pCas, (Ca®" sensitivity) is pCa at which the velocity is half maximal;
h is the Hill coefficient of cooperativity. We used OM of the Selleck Chemicals
LLC. Cardiac myosin was obtained from ventricle and atria of a pig. Myosin
from m. psoas contained fast isoforms IIx and IIb of MHC and 2% isoform I of
MHC. MHCs of myosin from m. soleus were present predominantly isoform I.
Light chains of myosin from m. psoas and m. soleus contained isoforms corre-
sponding to the myosin light chain isoforms of these fibers.

We found that OM reduces the maximal sliding velocity of thin filaments
and the Hill coefficient of the pCa-velocity relationship (Fig. 1). OM increases
the Ca”" sensitivity (pCasy) of the pCa-velocity relationship of cardiac myosins
and does not affect the pCas, of the pCa-velocity relationship of myosin from m.
psoas.

In the optical trap, 0.5 uM OM increases the duration of atrial myosin in-
teraction with the thin filament by 1.6 times, of ventricular one — by 1.3 times,
which is consistent with data obtained in IVMA on the maximal sliding velocity
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Fig. 1. Effect of OM on the pCa-velocity relationship of ventricular myosin (A), atri-

al myosin (B), and myosin from m. psoas (B). Experimental data are presented as

mean + SD for three experiments.
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of thin filaments over cardiac myosins. Thus, a decrease in the filament sliding
velocity in the presence of OM is explained by an increase in the duration of the
actin-myosin interaction.

The effect of OM on the contractile characteristics of single skeletal fibers
was studied using a micromechanical setup with the joule temperature jump tech-
nique (T-jump) [3]. At 5°C, 1 uM OM reduces the stiffness of the fiber from m.
psoas. After the T-jump, OM increases stiffness by 20% and reduces tension by
20%. It was shown previously that after the T-jump, the stiffness of fibers from fast
skeletal muscle changes slightly, and the force generation is provided by the transi-
tion of cross-bridges from a non-stereospecific to a stereospecific state [3].

At 5° C, OM increases the stiffness of fibers from m. soleus by 40%, and,
after the T-jump, the stiffness does not change. After the T-jump, OM reduces
the maximal tension of the fiber from the slow muscle by 50%, and significantly
slows down its rise. After the T-jump without OM, the stiffness of the fiber from
m. soleus increases significantly [4], that is, the force generation is due to the
formation of new cross-bridges.

Thus, OM affects the calcium regulation of the actin-myosin interaction
in the myocardium and the mechanism of force generation in both fast and slow
skeletal muscle fibers, and the effect of OM depends on myosin isoforms.

This work was supported by RFBR (Ne 18-015-00252) and Program
AAAA-A18-118020590135-3. This work was performed using the equipment of
SRC IIP UrB RAS.
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BJIUSAHUE SKCIIEPUMEHTAJIBHOI'O JUABETA 1 TUIIA
HA ®YHKIHWIO MUO3UHA U3 JIEBOI'O U ITPABOI'O
)KEJIYI[O‘{KOB KPBIC
B.1O. Bepr , A.B. ]Jlemmn A Xoxmosa'? I'.B. KonblioBa®
I/IHcmumym ummyrnonoeuu u gusuonoeuu YpO PAH,
Examepunbype, yn. I[lepsomaiickas, 106, Poccus,
2Yp®y umenu Ilepsoco Ipezudenma Poccuu b.H. Envyuna,
Examepunbype, yn. Mupa, 19, Poccus

Caxapusbiii auader (C/I) 1 Tuma mpuBOAUT K Pa3BUTHIO JHA0ETHUECKOM
kapauomuonatuu. Jlesstit (JIXK) n npassiii sxenynouku (ITXK) pasnuuarorcst mo
CBOEHl CTpyKType M (YHKIMHM Kak B 3JI0POBOM CepJlle, TaK M HPH IaTOJOTHU
[Belin et al., Pflugers Arch. 2011]. MsI uccnenoBanu ¢pyHkuuo Muosuna u3 JK
u IDK npu sxcniepuMenTansHO Bei3BaHHOM CJ 1 Tuma.

HccnenoBaHue NpoBOIMIIOCH B COOTBETCTBHU C MPHHIUIAMH, W3JI0KEH-
veiMu B [Jupextuse 2010/63/EU. C/I 1 Tuna MHAYIUPOBAIN y CaMIIOB KPBIC JIH-
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HUM Buctap B Bo3pacte 12 Hemenmp IMyTeM TPEXKPaTHOTO BHYTPHOPIOLIIMHHOTO
BBeJIeHUsT aJlokcana B jo3e 100 Mr/kr Beca B TedeHHWe OgHOW Hemenu. Yepes
MISATh HEJEeNIb 00pa3Ibl IIa3Mbl KPOBY OBUTH B3ATHI A1 aHanu3a, u CJ1 ObuT mo-
TBEPIKJCH YBEINYEHHEM KOHIIEHTPAIIMH TIIIOKO3bI M YPOBHS TIIMKO3MIMPOBAHHO-
ro remorjo6uHa. KaibiueByoo peryisiuio B3auMOACHCTBUSI MUO3HHA C HATHB-
HbIMU ToHKUMH (unamentamu (NTF) uszyyanu ¢ momomuipto in Vitro moaBuxHOR
cuctembl [Matyushenko et al., Biochemistry 2017]. NTF, conepxaruue F-aktus,
TPOIIOMHO3MH W TpomnoHuH, Obutn BeiAeneHsl n3 JIOK u IDK 3m0poBEIX KpbIC
[Spiess et al., J. Struct. Biol. 1999]. KampuneByro 3aBHCHMOCTb CKOPOCTH
ckonpxenusi NTF mo Muo3uny B in Vitro noasmxnoii cucreme (PCa-CKOpocTb)
aHATM3UPOBAIIN C TIOMOIIBIO ypaBHEHUS XA,

Ckopoctu ckosibkeHus: NTF mpu Hacelaromieil KOHUEHTpauuu Ca*’
(MakcuManbHas ckopocts) U F-aktnna mo mmosuny u3 JOK u IDK ne otnmua-
JHCh, KakK y kKpbic ¢ CJl, Tak W y HHTaKTHBIX )XUBOTHBIX CKOPOCTH CKOJIBKEHHS
F-axtnna no muosuny u3 JIK u IIK kpeic ¢ CJI Oblna mpuMepHO B 11Ba pasa
MEHBIIIE, YeM [0 MHUO3MHY 3/I0POBBIX Kpbic. MakcHMalibHasi CKOPOCTb CKOJIbXKE-
Hust NTF no muosuny kpeic ¢ CJ| cauzunacs Ha 30% 1O CpaBHEHUIO C KOH-
TpOJIbHOM Tpynnoiil. Kanbipesas 4yBCTBUTENBHOCTS 3aBUCUMOCTH PCa-CKOpPOCTh
muo3uHa kpeic ¢ CJ1 6puta Huoke Ha 0,2 pCa.

Taxum ob6pazom, CJI oka3bIBaeT CyIIECTBEHHOE BIIMSHUE HA KaJbLUEBYIO
PEryISLMI0 aKTUH-MHUO3MHOBOr0 B3aumoencTBus kak B JDK, tak u B IDK. Ilo-
JYYeHHBIA pe3yJbTaT MOXXHO OOBSCHUTH W3MEHEHHEM OJKCIPECCHH H30(POpM
TSOKEJNBIX 1enei muosuna [Paulson et al. J.Mol Cell Biochem. 1992] u ero okuc-
nuTensHbM noBpexaenueM [ Yudkin et al. Diabet Med. 1988].

Pabota BemomHeHa mpu moaaepkke rpanta PH® Nel8-74-10059 ¢ wuc-
rons30BarneM obopynoBanus LIKIT N® YpO PAH.

THE EFFECTS OF EXPERIMENTAL DIABETES TYPE 1 ON THE
FUNCTION OF MYOSIN FROM THE LEFT AND RIGHT VENTRICLES
V.Y. Berg', D.V. Shchepkin®, A.D. Khokhlova'?, G.V. Kopylova®
YInstitute of Immunology and Physiology of the RAS,
Yekaterinburg, St. Pervomayskaya, 106, Russia;

?Ural Federal University, Yekaterinburg, St. Mira, 19, Russia

Diabetes mellitus (DM) type 1 leads to diabetic cardiomyopathy. The left
(LV) and right ventricles (RV) differ structurally and functionally. These inter-
ventricular differences exist in both nondiseased and diseased cardiac muscle
[Belin et al., Pflugers Arch. 2011]. We studied the function of sarcomeric pro-
teins from the RV and LV in experimental DM type 1.

The study followed the Directive 2010/63/EU. DM type 1 was induced in
male Wistar rats at 12 weeks of age by three intraperitoneal injection of alloxan
in a dose 100 mg/kg during one week. After five weeks, blood plasma samples
were collected for analysis, and DM was confirmed by increasing the glucose
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concentration and glycosylated hemoglobin level. The calcium regulation of the
myosin interaction with native thin filaments (NTF) was studied using an in vitro
motility assay [Matyushenko et al., Biochemistry 2017]. NTF containing actin,
tropomyosin, and troponin were extracted from LV and RV of healthy rats [Spiess
et al., J. Struct. Biol. 1999]. The calcium dependence of the sliding velocity of
NTF (pCa-velocity relationship) was analyzed by Hill equation [Matyushenko et
al., Biochemistry 2017].

No significant differences in the sliding velocity of NTF at saturating calci-
um concentration (the maximal sliding velocity) and F-actin were found between
the ventricles in both control and diabetic groups. The sliding velocity of F-actin
over myosin from LV and RV of diabetic rats was about two times slower as
compared with healthy rats. The maximal sliding velocity of NTF over myosins of
DM rats decreased by 30% compared with the control group. Calcium sensitivity
of the pCa-velocity relationship of myosin of DM rats was lower by 0.2 pCa.

Thus, DM significantly effects on the calcium regulation of the actin-
myosin interaction in the LV and RV. The results may be explained by a shift of
the myosin heavy chain isoforms [Paulson et al. J.Mol Cell Biochem. 1992] and
oxidative damage of cardiac myosin [Yudkin et al. Diabet Med. 1988].

This work was supported by the Russian Science Foundation Ne 18-74-
10059 and performed using the equipment of SRC IIP UB RAS.

BJIMSIHUE JJUCYJIb®UJTHON CIIMBKHU LIENEA TPOITOMUO3UHA
HA EI'O CTPYKTYPHBIE U ®YHKIIUOHAJIbHBIE CBOMCTBA
C.10. Bepummmiil, I'.B. KonbuioBa', H.A. Kyﬁaconaz,

JA.N. ﬂeBHHKHﬁ3’4, AM. MaTIOlHeHK03, C.P. Haﬁnenl,

JL.B. Huknruna', JI.B. llenknn', A.K. I_laTypm-l2
1HHcmumym ummyHonocuu u gusuonocuu PAH, Examepunbype, Poccus
2HHcmumym mexanuxu MI'Y, Poccus
3HHcmumym ouoxumuu um. A.H. Baxa, ®UI] buomexnonocuu PAH,
Mockea, Poccus
4HHcmumym usuxo-xumuuecxou ouonocuu um. A.H. berozepckoeo, MI'Y, Poccus

TpomomMmo3nH nomnepeyHo-monocaTelx MbIII (TM) comepXUT ocTaTKu
Cys190, koTopbie 00BIYHO HAXOMISTCS B BOCCTAHOBJIICHHOM COCTOSIHUH, HO TIPH
CepIeYHON HEIOCTAaTOYHOCTH O00pa3yroT AUCYTb(GUAHBIE MOCTHKH. V3MeHeHHS
CTPYKTYPHBIX W (DYHKIIHOHAJIBHBIX CBOWCTB TM, BBI3BAHHBIX AHUCYITH(GUIHON
CIIMBKOM, U3y4Yajy C UCIOJIb30BAHUEM PA3JIMYHBIX HKCIIEPUMEHTAJIbHBIX MOAXO0-
JIOB ¥ MOJIeKyJIsipHOM tuHamuku (MD).

Jnst cpaBHEHUS] CTPYKTYPHBIX CBOMCTB CIIUTOIO W BOCCTAHOBJIEHHOI'O
Tpm wucnons3oBanu audGepeHIUATPHYI0 CKAHUPYIOIIYIO KaTOPUMETPUIO, KPY-
roBoii quxpousm U MJI. B3aumopeiicTBie CIIMTOr0 M BOCCTAHOBJIEHHOTO TM C
AKTUHOM H3Yy4Yajl METOJAaMH KOCHMEIHAIMM W CBeTopaccesHus. V3rudHyro
JKECTKOCTh PEKOHCTPYMPOBAHHBIX TOHKHX HHUTEH M3MEPSUIH C MOMOIIBIO IBYX-
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Jy4eBOM ONTUYIECKON JIOBYIIKH, a NX (DYHKIIMOHAIBLHBIE CBOMCTBA — C IIOMOIIBIO
aHAJIN3a TIOIBIDKHOCTH IN Vitro.

CmmBKa BBI3bIBaJIA TIOBBIIIEHHE TEPMOCTAOMILHOCTH TM (TJIaBHBIM 00pa-
30M B C-KOHIICBOW YaCTH) C OJJHOBPEMCHHBIM CHMKCHHUEM TEPMOCTAOMILHOCTH
€ro HaMMEHEC CTA0WIBPHOW LECHTPAILHOW YaCTH M KOMIUICKCOB TM C aKTHHOM.
Iocne cummBku cpoacTBO TM K aKTHHY CHHKAJIOCh B 3 pasa, a U3rHOHAs KECT-
KOCTh TM-TPONOHMH-aKTUHOBBIX HUTEW yBenuuuBajach Ha 44%. CrinBKa Takxke
BbI3bIBAJIA YBEJIMUEHHE CKOPOCTH CKOJIBXKEHHS iN Vitr0 peKOHCTPYHUpPOBaHHBIX
TOHKHX (DUIIAMEHTOB IO MMOBEPXHOCTH, OKPHITOH MUO3UHOM CKEJICTHBIX MBIIIILI,
Ha 20-30% wu yBenmuueHue B 2 pa3a, €CIHM CKOJBKEHHE BBI3BIBAJIOCH MHO3HHOM
JKeMyI0uKoB (HO He Tpencepanii) cepana. M/I-monenupoBaHue cpeaHel 4acTh
TM ToOKazajo, YTO CIIMBKA BBI3BIBACT YBEIMYEHHE HM3THOHOM >KECTKOCTH Ha
~40% npu 27°C, B TO Bpems kak mpu 40°C, Ha000pOT, IPHUBOAUT K CHUKECHHIO
JkecTKkocTH Ha ~ 20% M, 94TO MHTEPECHO, CHIDKAET 3aCEIEHHOCTh BOJOPOIHBIX
cBaseit octatkoB 129-138 Twm a-cnupaneil. IlocnenHue pesynbTaThl XOPOIIO
COTJIACYIOTCSl C JaHHBIMH MO TEPMOCTAOMIBHOCTH W OOBSCHIIOT HAOIIONCHUS
Yampolsky u ap. [Biophys J. 2011. 100: 112a], kotopble OOHapYXWJIH, YTO
CIIMBKA YCKOPSIET paclleluieHHe TM TpUIICMHOM Mexay ocTatkamu Argl33 u
Alal34 npu 40°C, Ho =e npu 26°C.

[lomyueHHbICe HaHHBIE CBHUIETCIBCTBYIOT O TOM, 9YTO AWCYIb(GHUIHAS
cumBka TM OKasbIBaeT AajbHOACHCTBYIOLICE BIHMSHUAC HAa CTPYKTYpY 3HAUH-
TENBHO yJANICHHBIX YacTed MOJEKyNbl TM M MOIYIHpYET ero peryysTOpHBIC
CBOWCTBA B 3aBHCUMOCTH OT THUIIA MUO3HHA.

Pabora BemonaeHa npu nogaepxkke PODU 17-00-00066 (AKL), 17-00-
00070 (CHOB) u 17-00-00065 (JJWJT) oobeaunenHOTO nipoekta 17-00-00071.

EFFECTS OF DISULFIDE CROSS-LINKING OF a-TROPOMYOSIN
ON ITS STRUCTURE AND FUNCTION
S.Y. Bershitskyl, G.V. Kopylova', N.A. KoubassovaZ,
D.I Levitsky™, A.M. Matyushenko®, S.R. Nabiev ', L.V. Nikitina',
D.V. Shchepkin', A.K. Tsaturyan’
YInstitute of Immunology and Physiology RAS,
Yekaterinburg, Russia
%Institute of Mechanics, Moscow State University, Russia
A .N. Bach Institute of Biochemistry, Research Center of Biotechnology RAS,
Moscow, Russia
“Belozersky Institute of Physico-Chemical Biology, Moscow State University,
Moscow, Russia

Striated muscle tropomyosin (Tpm) contains a Cys190 residue. These res-
idues Cys190 of two Tpm chains are normally in the reduced state, but in failing
hearts, the form an interchange cross-linking. Changes in structural and func-
tional properties of Tpm induced by the disulphide cross-linking were studied
using different experimental approach and molecular dynamics (MD).
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Differential scanning calorimetry, circular dichroism, and molecular dy-
namics simulation were used to compare the structural properties of cross-linked
and unlinked Tpm. The interaction of cross-linked and unlinked Tpm with actin
was studied with cosedimentation and light scattering methods. The bending
stiffness of the reconstructed Tpm-actin filaments was measured using a two-
beam optical trap. Functional properties of cross-linked and unlinked Tpm was
studied with the in vitro motility assay.

The cross-linking induced an increase in general thermal stability of Tpm
(mainly in the C-terminal part) with a simultaneous decrease in thermal stability
of its less stable middle part and of the actin-Tpm complexes. Upon the cross-
linking, Tpm affinity for actin decreased 3-fold and the bending stiffness of the
actin-Tpm-troponin filaments increased by 44%. The cross-linking induced a 20-
30% increase in the in vitro sliding velocity of reconstructed thin filaments over
the surface covered by skeletal muscle myosin and a 2-fold velocity increase if
the sliding was driven by ventricular (but not atrial) cardiac myosin. MD simula-
tion of the middle part of Tpm showed a ~40% increase in its bending stiffness
upon the cross-linking at 27 °C, while at 40 °C the cross-linking caused a de-
crease ~20% in the stiffness and, interestingly, in the occupancy of the backbone
hydrogen bonds in the region of residues 129-138 of the Tpm a-helices. The last
findings agree well with our thermal stability data and explain the observations
of Yampolsky et al. [Biophys J. 2011. 100: 112a] who found that the cross-
linking accelerated Tpm trypsin cleavage between residues Argl33 and Alal34
at 40 °C, but not at 26 °C.

The data suggest that the disulphide Tpm cross-linking has a long-range
effect on the structure of quite distal parts of the Tpm molecule and modulates is
regulatory properties in a myosin-dependent manner.

Supported by research grants 17-00-00066 (to A.T.), 17-00-00070 (to
S.B.), and 17-00-00065 (to D.L.) of the collaboration project 17-00-00071 of the
Russian Foundation for Basic Research.

CAPKOMEPHBIE BEJIKN MUO3UH U o-AKTUHUH BBIXOJAT
N3 AKTUH-COJIEP)KAIIIUX CTPYKTYP IIPH NIEPECTPOMKE
COKPATUTEJBHOT O ATIITAPATA KAPAUOMHNOLIUTOB

H.b. buasator
Hnemumym yumonozuu PAH,
Canxm-Ilemepoype, Tuxopeykuii np., 4, Poccus
e-mail: nbildyug@gmail.com

B mpouecce KynbTUBHPOBaHHS KapAHOMHOLUTOB MPOUCXOAUT oOpaTnmast
NEepecTpoiika MX COKPAaTUTENBLHOIO armnapara ¢ IpeoOpa3oBaHHEM THUIIMYHBIX
MHOGUOPWIT B CTPYKTYpBHI, HAllOMHHAIONIME CTpecc-(QUOPHUILIEI HEMBIMICUHBIX
KJeTok. JlaHHbIe Hamel npepLTyIeii padoThl yKa3bIBalOT Ha TO, YTO Takas Iepe-
CTpOIiKa BBI3BaHA 3aMEIICHUEM CEPIIEYHOr0 aKTHHA — OCHOBHOTO Oeika MHO(pHO-
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pWILT — Ha ero Tiankombieunyo uzodopmy (Bildyug et al., 2016), kotopas B
HOpME XapakTepHa JUIsl TJIaIKOMBIIICYHBIX KIETOK U MHOGHUOpOOIacTOB, a TaKkkKe
JKCIIPECCUPYETCS B KAPIMOMHOIIMTAX B X0JIe SMOpHOoHaNbHOTO pa3sutus (Ruzicka
and Schwartz, 1988) u mpu mnatonmormyeckux wu3MeHeHusx (Suurmeijer et al.,
2003). Llenpro HacTOsIIEH pabOTHl OBUTIO BBISICHUTH, YTO MPOUCXOIMT HPH Tepe-
CTpOIKE COKPAaTUTENHHOTO amnmnapara KapJAUOMHUOIIMTOB C KIIOUEBBIMU B3aUMOIEH-
CTBYIOIIIUMH C aKTHHOM OeJIKaMu MHO(DHUOPHILT — MHO3UHOM U ab(ha-aKTHHUHOM.
Paboty mpoBomuiaM Ha TEPBUYHOM KyJNbType HEOHATaJbHBIX KapIHOMHOIIMTOB
KPBIC C HCIOJIb30BAHUEM METOJ[a HEempsiMoii uMMyHodIyopecteHnun. JJo Hayama
MEPECTPOMKH COKPATUTENBHOIO amnmnapara MOHOKJIOHAJbHBIE AHTHTENA HPOTHB
CepAeYHBIX N30(hopM MHO3WHA U anb(a-aKTHHUHA BBISBILUIN YKa3aHHBIE OCITKU B
cocTaBe MHOGHUOPIILI, TOTAA KaK Ha CTaUH ITOJTHOM TepecTPOUKH ATH OCIKH BBHI-
SIBISUIMCH B LIUTOIUIa3ME KJIETOK B BUJE HE CBSA3aHHBIX C MOJIMMEPHBIM aKTHHOM
BKIFoueHHH. Takum 00pazoM, OBUIO TIOKA3aHO, YTO CMEHa M30(OpPM aKTHHA CO-
MPOBOXKIACTCS BBIXOZOM KITFOUEBBIX CAPKOMEPHBIX OCITKOB U3 aKTHH-COJCPIKAIINX
cTpykTyp. IlonmydeHHble JdaHHBIE MOATBEPKIAIOT HECOBMECTUMOCTH TJIaJIKOMBI-
IIEYHOTO aKTHHA C CApKOMEPHBIMU M30(opMamMu OETKOB, B3aMMOACHUCTBYIOIIUX C
AKTHHOM, ¥ MUOGHOPHILISIPHOM OpraHu3alueil B LeIoM.
Pabora BeinosHeHa npu puHaHCcOBO# noanepxkke rpanta PH® No 18-74-
00129.
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SARCOMERIC MYOSIN AND a-ACTININ RELEASE
FROM THE ACTIN STRUCTURES DURING THE REARRANGEMENT
OF CONTRACTILE APPARATUS IN CARDIOMYOCYTES
N. Bildyug
Institute of Cytology RAS, Saint-Petersburg, Tikhoretsky ave. 4, Russia
e-mail: nbildyug@gmail.com

Cardiac myocytes in culture undergo reversible rearrangement of their
contractile apparatus with conversion of typical myofibrils into the structures
resembling stress-fibers of non-muscle cells. Our previous data suggest that this
rearrangement is induced by the replacement of cardiac actin, the main protein of
myofibrils, by its smooth muscle isoform (Bildyug et al., 2016), which is nor-
mally restricted to smooth muscle cells and myofibroblasts, and is also expressed
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in cardiomyocytes during embryonic development (Ruzicka and Schwartz, 1988)
and pathological changes (Suurmeijer et al., 2003). This study was aimed to
learn the fate of the key actin-interacting sarcomeric proteins, myosin and alpha-
actinin, during the rearrangement of contractile apparatus in cardiac myocytes.
The primary culture of rat neonatal cardiomyocytes and the indirect immunofluo-
rescence technique were used. Prior to the contractile apparatus rearrangement
cardiac myosin and cardiac o-actinin were detected within myofibrils using
monoclonal antibodies, whereas at the total rearrangement stage these proteins
were detected in cell cytoplasm as inclusions non-bound with actin polymeric
structures. Thus, actin isoform replacement was shown to be accompanied by the
release of key sarcomeric proteins from the actin structures. The data obtained
confirm that smooth-muscle actin is incompatible with sarcomeric isoforms of
actin-interacting proteins and myofibrillar organization, in general.
Supported by the Russian Science Foundation (grant No. 18-74-00129).
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BO3MOJKHASI ®U3UOJIOTMYECKAS POJIb OBPATUMOM
AMMWJIOUTHOM ATPETALIMMA TUTUHA
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Arperaiusi OSIIKOB H, B 4aCTHOCTH, ()OPMHUPOBAHHE aMUIIOHUIHBIX arpera-
TOB, PAaCCMaTPUBAETCS, B OCHOBHOM, KaK HETaTHBHBIH MPOLECC, COMPOBOXK/IA0-
NIMACS Pa3BUTHEM MATOJOTMYCCKUX W3MCHCHHMH. HakomieHue aMuIouaHbIX
OTIIOKEHUH (HEPACTBOPUMBIX OCTKOBBIX arperatoB) CBS3BIBAIOT C Pa3BUTHEM
aMHJIOUJI030B — KOH(OPMAIMOHHBIX 3a0oseBanuid. OHAKO BCe OOJBINE HCCIIC-
JoBareneil oOpamfaloT BHUMaHME Ha JPYroll THUI aMWJIOWAHBIX arperaroB —
(yHKIMOHAIBHBIE aMUJION b, (OPMUPOBaHUE KOTOPBIX OOPaTHMO M HE CBSI3aHO C
3a00JICBAHUSIMH, a HAa00OpOT, HEOOXOMMMO [UIS BBIMOJHEHHS OMNPEISICHHBIX
¢byHkuuit B opranmsme. Teopusi 00paTiMoii arperaiuu Oeiika B MOCIeHee BpeMs

47



CTala HOBOW KOHIETIIMEW KJICTOUHOW perymsaiuu [1]. XoTs peryiasTopHbie
MEXaHU3MBI, JIeKallie B OCHOBE 0OpaTHMMOW OENKOBOI arperamum, eme He
WACHTU(PUIIMPOBAHBI, oOpaTtuMas arperamus Oejika MOXKET MpPEACTaBIATh co00it
¢u3nonornyeckyto GopMy naToOrnuecKor arperanyu oenka.

OOBCKTOM HAIIETO UCCIICIOBAHUS SBISCTCS MBINICYHBIH OSIOK THTHH [2].
Tutun (M.m. 500-3700 x/la) sBiasieTcs caMbiM OOJNBIIMM W3 W3BECTHBIX Ha
CEerOJHSIIHUK JIeHb OenkoB. Jlokamu3anus TUTHHA B TJIQJKUX MBIIIIAX OCTASTCs
HEeu3BeCTHOH. B capkoMepax MOmepeyHo-NoI0CaThIX MBI TUTHH B3aUMOJEH-
CTBYET KaK C MHO3HMHOBBIMHU, TaK M AKTUHOBBIMH HHUTSMH. Ero MOJEKyIbI
JUTMHON OKOJI0 | MKM 1 1uaMeTpoM 3—4 HM MepeKphIBAIOT MOJIOBHHY capKoMepa
oT M-30HHI 10 Z-aucka, GOpMHUPYS TPETHH THI HATEH, MOTYYMBIINX Ha3BaHUE
SJIaCTUYHBIX.

PesymbraThl Hammx wWccleAoBaHWM, omyOmmkoBanHbie B 2016 roxy,
MMOKa3aJld, YTO THUTHH TNaAKux Meimn (modopma ¢ .M. 500 k/la) crocoden
(bopMHUpOBATH aMIIIOUAHBIC arperaThl iN Vitro, KOTOpbIe OKa3bIBATH TOKCHIECKOE
JeficTBUEe Ha KyJIbTYpY IVIaAKOMBIIIEUHBIX KieTok [3]. Tawke ObL1o Mokas3aHo,
YTO TJIaJKOMBIIICYHBIH TUTHH CIOcOo0eH (OpMHUPOBaTh IN VItro amuiouaHbie
arperarsl pa3iiuyHoro tuna. OHU UMeNIM Kpocc-0eTa CTPYKTYpY, HO OTIMYAINCh
MO CIIOCOOHOCTH CBSI3bIBaThbCA C KpacuresneM tuodiaaBuHoM T, mpu 3TOM Yy
OJTHOTO W3 THUIIOB aMHJIOWJIHBIX arperatoB Oblia BBISBIEHAa CIIOCOOHOCTH K
nezarperauu [4].

Juiss  BBIACHEHHS BO3MOXKHBIX MPHYMH OOpaTUMON  aMWIOHTHON
arperanii TUTMHA, HaMW OBUIM TIPOBEICHBI JalbHEHININE WCCICIOBAHUS
CTPYKTYPHBIX HW3MCHEHHH B 3TOM Oellke B Tporecce ero arperanuu. [lpm
WCCIICIOBAaHUN arperatoB THTHHA METOAOM HH(GPAaKpACHOH CIIEKTPOCKONUHU C
npeoOpazoBanneM @ypbe ObLT0O 00HAPYKEHO, YTO B Mporecce GpopMUPOBAHUS
aMHJIOMTHBIX arperaToB JIByX THUIIOB M3MEHEHUI BO BTOPUYHOW CTPYKType Oelka
He mpoucxomuT. lIpM H3y4eHHH CTPYKTYpBl arperaroB TUTHHA METOIOM
MaJIOyTJIOBOTO PEHTTEHOBCKOTO paccesHHs Takke He ObUIO  BBISBICHO
3HAYUTEJbHBIX KOH()OPMALMOHHBIX OTIMYMH y JABYX THUIOB aMHJIOUIHBIX
arperaToB BBIIIEYKa3aHHOW M30(OPMBI TIaJKOMBIIIEYHOT0 TUTHHA. [Ipu 3TOoM
ObuTM OOHApY)XEHBI OJMHAKOBBIE paamycsl uHepuuu (18,4 HM u 19,5 HM),
MOJYYCHHBIC JUUIsI MOJICKYJISIPHOTO TUTHHA M €r0 arperaToB, chOpMUPOBAHHEIX B
yenoBusax 200 mM KCl, 10 mM umunaszona, pH 7.5, coorBerctBeHHO. CpenHuit
panuyc (Rg) arperaroB TutHHa, copmupoBaHHbIX B ycsoBusx 0,15 M I'muiun-
KOH, pH 7.0, 6pu1 paBeH 14,0 HM, YTO CYIIECTBEHHO HE OTIHYAJIOCh OT
BBIIIICYKA3aHHBIX 3HAYCHHIA.

Takum 00pa3oM, Ha OCHOBAHHWHU PE3YJIbTATOB, MOJYYCHHBIX C HCIIOJIB30-
BaHWEM HH(PaKpacHON CHEKTPOCKOIHUH ¢ TpeodpazoBanneM Pypbe W Majoyr-
JIOBOTO PEHTI'€HOBCKOTO PACCESHHUS, MOKHO 3aKIIOYUTh, U4TO TpU (GopMHpOBa-
HuH arperatoB B ycnosmiax 200 mM KCl, 10 mM umunaszona, pH 7.5 He nmpowc-
XOJIUT W3MEHEHUH BO BTOPUYHOW CTPYKType TUTHHA. IIOCKOJIBKY IO JaHHBIM
JMHAMUYECKOTO CBETOPACCESHIS THTUH Yke B TeueHue 20 muH popmupyet 06-
parumble arperatsl [3,4], MOXKHO HPEAIOI0XUTh, YTO CIIOCOOHOCTH THTHHA K
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arperani MO>KeT UMeTh (YHKIIMOHAIbHOE 3HAa4YeHHWE B KIIETKe. B wacTHOCTH,
arperanysi TATUHA MOYKET UTPaTh POJib B CO3/IaHUU JOTIOJHUTEIHLHOHN JKECTKO-
CTH, HalpuMep, TPH NepepacTsDKSHIH FIIN YCHICHHOW paboTe MBI, 3a CYEeT
(hopMUpOBaHHS BPEMEHHO OOpPATHMBIX KPOCC-0eTa CTPYKTYPHPOBAHHBIX Y4acT-
KOB MEXKIY COCCTHUMH MOJICKYJIaMH OeITKa.

Pabora BeimonHeHa B pamkax [ocyaapcTBeHHOro 3amanus VHcTHTyTa
TEOpeTHYECKOH 1 dKcrepuMenTansHoit onopusuku (MTI6) PAH npu ¢punanco-
Boi mojyepxke rpanta POOU (Nel8-04-00125) ¢ ucnonbp3oBaHHEM 000pyIO-
BaHMS KOJUICKTUBHOTO nosb3oBanus MTOb PAH u UBK PAH.
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Protein aggregation, especially the formation of amyloid aggregates, is
generally recognized as being a negative process accompanied by development
of pathological changes. The accumulation of amyloid deposits (insoluble pro-
tein aggregates) is thought to be linked to development of amyloidoses - confor-
mational diseases. At the same time, more and more scientists turn their attention
to another type of amyloid aggregates — functional amyloids, the formation of
which is reversible and do not lead to disease, and their presence is needed to
carry out specific functions in the body. In recent years reversible protein aggre-
gation has become a new theory for cellular regulation [1]. Although regulatory
mechanisms that underlie reversible protein aggregation have yet to be identi-
fied, reversible protein aggregation can be considered to be a structure that exerts
a physiological function in pathological protein aggregation.
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The object of our study is titin, a muscle protein [2]. Titin (molecular
weight of 500-3700 kDa) is the largest currently known protein. The localization of
this protein in smooth muscles remains unknown. In the striated muscle sarcomere
titin interacts both with myosin and actin filaments. Molecules of titin about 1 um
in size and 3-4 nm in diameter overlap the half sarcomere extending from the M-
band to Z disc, forming the third filament system called elastic connections.

The results of our studies published in 2016 showed that smooth muscle
titin (isoform with molecular weight of 500 kDa) is able to form in vitro amyloid
aggregates which have the toxic effect on smooth muscle cells [3]. It has also
been shown that smooth muscle titin is able to form in vitro different amyloid
aggregates. They all have cross-beta structure but distinguish by the ability to
bind the dye thioflavin T. Herewith it has been found that titin amyloid aggrega-
tion has disaggregation ability.

For better understanding of possible causes of reversible amyloid aggre-
gation of titin, we further studied structural changes in this protein during its
aggregation. By exploring titin aggregates with the use of Fourier-transform in-
frared spectroscopy, we found that there were no changes in the secondary struc-
ture of the protein during the formation of two different amyloid aggregation
types. Also, while studying the structure of titin aggregates by small-angle x-ray
scattering, no significant conformational differences were revealed in two differ-
ent amyloid aggregation types of the smooth muscle titin isoform. However, it
has been found that radii of inertia were equal (18.4 nm and 19.5 nm) for molec-
ular titin and its aggregates, formed in the presence of 200 mM KCI, 10 mM im-
idazole, pH 7.5, respectively. The average radius of gyration, Rg, of titin aggre-
gates formed in the presence of 0.15 M Glycine-KOH, pH 7.0 was equal to 14.0
nm, that did not significantly differ from the above values.

Therefore, on the basis of data obtained with the use of Fourier-transform
infrared spectroscopy and small-angle x-ray scattering, we may conclude that
during the formation of aggregates in the presence of 200 mM KCI, 10 mM im-
idazole, pH 7.5 no changes occur in the secondary structure of titin. Taking into
account that according to the dynamic light scattering data titin is able to form
reversible aggregates for 20 min [3, 4], we may suggest that the ability of titin to
aggregate can have a functional role in the cell. Notably, titin aggregation may
have a role in the development of extra stiffness, for instance in hyperextension
or intensive work of muscles by virtue of the formation of temporally reversible
cross-beta structure sites between neighboring molecules of the protein.

The work has been done under the State task of the Institute of Theoreti-
cal and Experimental Biophysics of the Russian Academy of Sciences, funded
by the Russian Foundation for Basic Research, grant number 18-04-00125 with
the use of research equipment of the centers for collective use at ITEB RAS and
ICB RAS.
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Arperanusi OCIIKOB SIBISICTCS JOCTATOYHO PACHPOCTPAHCHHBIM IPOIEC-
COM, MPOUCXOIANIMM B KIIETKaX >KMBOTO OpraHu3ma. Arperaius, B CBOI Oue-
penb, MOXKET pasfensiThCs Ha aMHIOHAHYI0 M HEaMHJIOWAHYIO. AMMIOHIHAS
arperansi BEI3bIBaeT OONBIION MHTEpEC CPeIH UCCIIENoBaTENeH BO BCEM MHpE, B
CBSI3U C IIUPOKUM PACIIPOCTPAHEHUEM y YeJIOBEKa M )KHBOTHBIX aMHJIOMIO30B —
3a00JeBaHAMN, MIPH KOTOPHIX B Pa3HBIX OpPraHaX M TKaHSIX HAXOIST aMHIJIOWIHEIC
OTJIOXKCHHS, B COCTaB KOTOPHIX BXOJSIT HEMPABWIEHO CBepHYTHIEe Oenkn. K amu-
Joumo3aM OTHOcATCs Oone3Hb Aubireiimepa, Ilapkumucona, mmaGer II Twma,
MPUOHHBIC 3a00JICBaHMS, a TaKKE CHUCTEMHbIC ammionno3bl [1,2,3,4]. Onxnako
Bce OoJiblile UccieoBareell o0paaoT BHUIMaHUe Ha APYTOi THIT aMHIIOHTHBIX
arperatoB — (QyHKIIMOHAJIbHBIC aMIJIOU b, (HOPMUPOBAHUE KOTOPHIX HE CBS3aHO
¢ 3a0oneBaHUsIMHU, a HA00OPOT, HEOOXOJUMO IS BBHITIOJHEHUS OMPE/ICICHHBIX
¢dbyHkmii B opranusme. OyHKIIMOHATIBHBIC aMUJIOU Bl (POPMHUPYIOT TaKKe OCIIKH,
kak kypmuH (curli, E. Coli) [5], Tadu (tafi, Salmonella spp.) [6], warmmuas! (chap-
lins, Streptomyces coelicolor) [7]. K ¢ yHKIIMOHATEHEIM aMHATIONIaM OTHOCSATCS H
(buOpMILTBI CHUIPONHA, KOTOPBIE BXOAAT B COCTAaB NAYTHHOBBIX HHTEH [§8], a
taxke puopmmsl Pmell7 y mmexonuraromux [9].

ITockonbKy, Bce aMHIIIONIHBIC arperatbl UMEIOT OOIINe CBOWCTBA, W, B
YaCTHOCTH, CBOMCTBCHHYIO BCEM aMIJIOMJaM Kpocc-0eTa CTPYKTypa, coBep-
[ICHHO HE SICHO, KaKHe MEXaHHM3Mbl PETYIHUPYIOT MPOIECC 00pa3oBaHUsI MaTo-
JIOTHYECKUX M (YHKIIHOHATHHBIX aMHJIOHIOB B opraHu3me. OTBEThl Ha 3TH
BOIPOCHI MOTYT JaTh PE3yJbTaThl HCCIACIOBAHUN aMUJIOUIHBIX CBOHCTB MYJlb-
THAOMEHHBIX MBIIICYHBIX OCIKOB CEMEHCTBA THTHHA (THTHH W MHO3HWH-
cBasbiBaromuit 6enok C). [IpennonaraeTcs, 4To THTHH UMEET BBHICOKYIO CKIIOH-
HOCTh K arperaiiy, HeCMOTPS Ha HU3KYIO HUIACHTHYHOCTH B aMHHOKHCJIOTHOM
MOCIIEAOBATEIHLHOCTH MEXIY coceTHUMH JoMeHamu Oenka [10]. TlomydeHHbIe
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METOAOM MOJICKYJSIPHOW IWHAMHKH JaHHBIC Ha JBYX MMMYHOIJIOOYJTHHOBBIX
JOMEHOB THTHHA CBHJIETEIbCTBYIOT O BO3MOXXHOCTH (DOPMHPOBAHHS ITHMHU
JOMEHAaMH CTPYKTYp C Pa3HBIM THIIOM YKJIaJKH, CPEAH KOTOPBIX ObIIa OTMEUE-
Ha TpyImna KoHpOopMaluii, IMEIOLHUX CTPYKTYpy amuionHoro tuna [11]. AB-
TOpBl Ha3Ban MX «intramolecular amyloid» [11]. B Hammx uccnenoBaHusx,
NPOBE/ICHHBIX Ha TJIaJIKOMBIIIEYHOM TUTHHE in Vitro, oOHapyXkeHa CcIoco0-
HOCTBh 3TOro Oenka (opMHUpoBaTh aMmiIouIHble CTPYKTYpbl [12]. Ilpun sTOoM
ObUIM BBISIBJICHBI CIIEAYIOIINE 0COOEHHOCTH arperamuy 3TOro Oeika: BBICOKas
CKOPOCTH arperaiuu (HabJIoJaroTcs KPYIHbIE YaCTHLBI YK€ B TIEPBbIE MHUHYTHI
arperamnun), o0paTUMOCTh arperanuy, OTCYTCTBHE M3MEHEHHH BO BTOPHMYHON
CTpyKType npu (OpMHUpPOBaHHU Kpocc-OeTa cTpyKTypsl [13]. YVuuTeBas 31tn
JaHHBIE MOXKHO TOBOPHUTH O BO3MOXHOH (DYHKIMOHAJIBHOHM pOJIM arperanuu
TUTHHA.

B nmannO# paboTe MBI McciaenoBald OCOOCHHOCTH aMMIIOMIHOHM arpera-
KM Muo3MH-cBs3biBatoniero C-6enka (MyBP-C) ckeneTHBIX MBI MIICKOIH-
tarormux. MyBP-C — Gestok capkOMEpHOTO ITUTOCKENETa OMEPEYHO-IT0I0CATHIX
mbin. OH pacroyiokeH B A-IUCKEe capKoMepa U CBs3aH ¢ OeNKaMH TOJICTBIX H
TOHKHMX HUTed. Taxke kak u TutuH, MyBP-C coctout u3 Ig-nono6usix u Fnlll-
no00HbIX JoMeHOB [14]. JIBe ckeneTHbie M30(OPMBI 3TOr0 Oelika IKCIPECCH-
pPYIOTCS B MEJICHHBIX U OBICTPBIX MBIMICYHBIX BOJIOKHaX. [Toka3aHo, yKOpOUeH-
Has popma cepaeuHoro MyBP-C MoxeT ygacTBoBaTh B (POPMHUPOBAHUHU OCIKO-
BBIX arperaTtoB NPH Pa3BUTHU TrunepTpoduueckor kapauomuomnatau [15]. Uc-
CJICIOBAHMsI, TIPOBE/ICHHBIE HAMHU C TIOMOIIBIO 3JIEKTPOHHON M aTOMHO-CHIIOBOM
MHKPOCKOIIHH, TIoKa3asu, 4To MyBP-C ckeneTHBIX MBI KPOJIMKa B YCIOBUSIX
¢ Huskoit nonnoi cwioit (0,15M I'muua-KOH, pH-7,0) dopmupyer amopdHsie
arperatsl 1 (GuOpHUIBL. V3ydyeHHe KMHETHKH arperanydd METOJOM JIHHaMH4Ye-
CKOTO CBeTopaccesHusl BBIIBUIO criocoOHocTh MyBP-C nono6Ho TuTHHY (hop-
MHpPOBaTh KPYIIHBIE arperaTsl YK€ B MepBble MUHYTH NPU HMOHIKEHHN HOHHOU
cuibl. [Tomumo kpymHbIX arperatoB MyBP-C ¢opmupoBan oimroMepsi, cocTo-
SIUX U3 5-7 MoJieKysn Oenlka, KOTOpble Habmoganuch u depe3 12 gacoB mocie
HauaJla arperamuu.

CrpykTypHble uccinenoBanus arperatroB MyBP-C, nmpoBeneHHble MeTO-
JIOM PEHTI'€HOBCKOW Nu(paKuny, BEISIBUIN HAINYUE PEQIICKCOB, KOTOPHIE Mpe-
M0JIaraloT HaJW4YHe YETBEPTUYHOW Kpocc-0eTa CTPYKTYpbI, CBOWCTBEHHOI aMu-
JIOUJHBIM arperaraM. MeTosoM KpyroBoro AMXpous3Ma IMOKa3aHo, 4TO B MpoIec-
ce arperanuu MyBP-C He mpoucxoIuT M3MEHEHHH BO BTOPUYHOH CTPYKType
Oenka. [lomy4yeHHbIe pe3ysIbTaThl YKa3bIBAIOT Ha TO, YTO B IPOLIECCE arperanuu
MyBP-C npoucxonsT BHYTPUMOIIEKYISIPHBIE TIEPECTPOUKH, KOTOPHIE MPOTEKa-
10T 0e3 3HAYHUTEeNBHBIX YHEPTeTHICCKHUX 3aTpar Ha (opMmupoBaHHe Kpocc-OeTa
CTPYKTYpBl. MOXHO MPEIIONOKHTE, YTO (POPMUPOBAHIE KPOCC-O0€Ta CTPYKTYPHI
MIPOMCXOUT KaK 3a CYET YACTUYHOTO WIIM MOJHOTO Pa3BOPOTA JIOMEHOB BHYTPH
0enka, Tak 1 MEXLy JOMEHAMH COCEAHUX MoueKyn Oenka. [TomydeHHble pe3yb-
TaTbl PACIIMPSIOT TMPEJCTaBJICHHS O TMPOLECCe arperalud MYJIbTHIOMEHHBIX
MBIIIEYHBIX OEJIKOB.
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Pabota BeITIoNHEHAa B pamkax [ocymapcTBeHHOro 3amanus HMHCTHTyTa
TEOpeTHIEeCKON H 3KcniepuMeHTanbHoli onodmukn (MTOB) PAH npu ¢dunranco-
Boi moguepkke rpanta PODOU (Nel8-015-00268) ¢ mucmonszoBanneM 000pymo-
BaHUs KoJuleKTUBHOTO nosib3oBanusi UTOb PAH u UBK PAH.
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MYOSIN BINDING PROTEIN-C FORMS
AMYLOID-LIKE AGGREGATES in vitro
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N.N. Salmov', .M. Vikhlyantsev'"?, A.G. Bobylev'
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Protein aggregation is a widespread process that occur in cells of a living
organism. Protein aggregation can be amyloid and non-amyloid. Amyloid aggre-
gation is of great interest among researchers around the world because of wide
occurrence of amyloidosis in humans and animals, the disease in which amyloid
deposits with misfolded proteins was found in different organs and tissues. There
are a variety of amyloidoses including Alzheimer’s and Parkinson’s diseases,
type Il diabetes, prion diseases, and systemic amyloidosis [1,2,3,4]. At recent
time, more and more researchers focus their attention on functional amyloids, the
other type of amyloid aggregates, the formation of which is not associated with
diseases, but rather serve specific functions in the organism. There are different
types of functional amyloids such as curli created by E.coli [5], tafi formed by
Salmonella spp. [6], Chaplins produced by Streptomyces coelicolor [7]. Spidroin
protein fibrils in spider web silk [8] and fibrils from the Pmell7 protein in
mammalians [9] are also referred to functional amyloids.

While all amyloid aggregates have general properties, for instance, all
amyloid fibrils share a common cross-f structure, it is unclear what mechanisms
regulate the process of the formation of pathological and functional amyloids in
the organism. The answers to these questions could be found with the results of
studies of amyloid properties in multidomain muscle proteins of the titin family
(titin and myosin-binding protein-C). It is suggested that titin has high aggrega-
tion propensity regardless of low identity in amino acid sequence between adja-
cent protein domains [10]. The findings obtained by molecular dynamics method
on two Ig-like domains of titin show that these domains may most likely form
structures with different types of packing, among which a group of confor-
mations with amyloid-like structure is revealed [11]. Authors described them as
“intramolecular amyloid” [11]. In our in vitro experiments, smooth muscle titin
was found to be able to form amyloid aggregates [12]. Simultaneously, the fol-
lowing specific features of aggregation of this protein were identified: high rate
of aggregation (large particles were observed from the first minutes of aggrega-
tion), reversibility of aggregation, the lack of alterations in the secondary struc-
ture during the formation of cross- § structure [13]. Taken all together the results
suggest a potential functional role of titin aggregation.

In this study we explored particularities of amyloid aggregation of myo-
sin-binding protein-C (MyBP-C) of mammalian skeletal muscles. MyBP-C is a
protein of the striated muscles. This protein found in the A-band of the sarco-
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mere. Similar to titin, MyBP-C comprises Ig- and Fnlll-like domains [14]. Two
skeletal isoforms of this protein are expressed in slow and fast muscles. It has
been shown that the truncated form of cardiac MyBP-C may participate in the
formation of protein aggregates during development of hypertrophic cardiomyo-
pathy [15]. Our experiments done with the use of transmission electron micros-
copy and atomic force microscopy showed that MyBP-C in rabbit skeletal mus-
cle at low ionic strength (0,15M glycine-KOH, pH 7.0) forms amorphous and
fibrillar aggregates. The study of the kinetics of aggregation by dynamic light
scattering method revealed the ability of MyBP-C similar to titin to form large
aggregates from the first minutes after reducing the ionic strength. Moreover,
MyBP-C was capable of producing oligomers which were composed of 10-12
molecules that were still present in 12 after the beginning of aggregation.

Structural investigations of MyBP-C aggregates carried out with the use
of x-ray diffraction showed the presence of reflexes which suggested the pres-
ence of a quaternary cross-f3 structure typical of amyloid aggregates. With circu-
lar dichroism it has been found that during MyBP-C there are no alterations in
the secondary structure of the protein. Our findings indicate that in the process of
MyBP-C aggregation intramolecular rearrangements occur without considerable
energy demand for the formation of the cross- B structure. We may conclude that
the formation of the cross- B structure is the result of partial or full unfolding of
domains inside the protein as well as between the domains of the adjacent pro-
tein molecules. Data obtained expand knowledge of the aggregation pathway of
multidomain muscle proteins.

The work has been done under the State task of the Institute of Theoreti-
cal and Experimental Biophysics of the Russian Academy of Sciences, funded
by the Russian Foundation for Basic Research, grant number 18-015-00268 with
the use of research equipment of the centers for collective use at ITEB RAS and
ICB RAS.
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TPOMBHUH NOTEHIHUPYET CHHAIITUYECKYIO IIEPEJAYY
B MOTOPHBIX CUHAIICAX MBI
C PABHBIM ®YHKIINOHAJIBHBIM CTATYCOM
I1.O. Borauesa, E.O. TapacoBa, A.C. MuteBa, E.C. [IpaBiuBueBa,
A.E. I'aiinykos, O.I1. bane3una
Mockosckuii I'ocyoapcmeennuiii Yuusepcumem umernu M.B. Jlomonocosa,
Mocxea, Jlenunckue eopwvt 1/12, Poccus

TpomOMH — ceprHOBas MpoTeasa, CriocoOHast, HOMUMO y4acTusl B TeMOCTa-
3e, IeWCTBOBATh M KaK CUTHAJBbHASI MOJIEKyIa. B 3ToM ciayuae TpoMOMH BBI3BIBAacT
OrpaHUYCHHBIH IPOTEOIN3 BHEKJIETOYHOTO Y4acTKa CBsi3aHHBIX ¢ G-Oenkamu pe-
nentopos - PARs (Proteinase-Activated Receptors), BeICBOOOK 1ast «[IPUBSI3aHHbIH
JUraHay», KoTopslil u akTuBupyet peuentop. B IIHC nokasana sxcnpeccust TpoM-
OnHa Tpy (PU3MOJIOTHYECKUX YCIOBHAX M BO3MOXKHOCTh y4YacTHsl TPOMOHMHA H
PARS B perymsnuy CHHaNTHYECKOW Mepelaud U ee MIACTUYHOCTU KaK B HOPME,
tak W npu matosormm [1]. IlpucyrcrBue axtuBupyemsx TpombOumHOM PARI-
penenTopoB 0OHAPYKEHO B 3PEJIbIX M Pa3BUBAIOIINXCSI MOTOPHBIX CHHAIICAX, TIPH-
yeM PARI nokanm3oBaHbl Ha MeMOpaHE MBIIICYHBIX BOJIOKOH M IIBAHHOBCKHX
KJeToK [2,3]. Dkcrpeccnst M BO3pacTaHUE KOHIEHTPAIMK 3HAOTEHHOTO TpoMOnHa
JI0 ypoBH:, akTuBHpYIoniero PAR1, moka3aHo npu BocHajeHUH WM IOBPEXKICHU-
SIX MBIIIEYHOH TKaH| [4]. [Ipu 3TOM BO3MOXKHASI POJIb TPOMOMHA KaK YHJOT€HHOTO
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akTuBaTopa PAR1 B perynsuun cuHanTH4YeCcKOil nepeaadyn Kak B CHHAIICAX, HOBO-
00pa30BaHHBIX TP PEMHHEPBAIMN MBIIIIE], TAK U B 3pEIIBIX MOTOPHBIX CHHAIICAX
MJICKOTIUTAIOIINX, OCTACTCSl MPAKTUYECKH HeuzydeHHOW. Llenpio paboThl ObLIO
U3y4eHHEe MOIYIMPOBAaHMS KBAaHTOBOH CEKpelry aneTwixoanHa (AX) B 3penbIX U
HOBOOOpa30BaHHBIX MOTOPHBIX CHHAIICaX MBIIIM IOA JercTBHeM TpomOuHa (1
HM) u cpaBHEHHE OCTPHIX 3((HEeKTOB TPOMOWMHA C BHIABICHHBIMI HaMHU paHee d¢-
¢exramn menrtuga-aronucra PAR1 [5]. DkcriepuMeHTHI MPOBOIWIN HA HEPBHO-
MBIIIEYHBIX Tpermaparax M. diaphragma - n. phrenicus (3pensie cuHArCBI) © M.
extensor digitorum longus (m. EDL) - n. peroneus (3peinbie 1 HOBOOOPa30BaHHbIE
cuHarcel Ha 11 cyTku moclie epeaaBIuBaHus HepBa) B3pocibix Mblmiei (30-35 1)
oboux monoB muHUE BALB/c. Vcmonp30Banu CTaHIAPTHYIO MHKPOAJICKTPOIHYIO
TEXHHUKY A1 BHYTPUKICTOYHON pETrHCTpallii MUHHUATIOPHBIX MOTECHIIHMAIOB KOH-
neBoif rutactuHkH (MIIKIT) 1 MHOTOKBaHTOBBIX BBI3BAaHHBIX MOTEHINAJIOB KOHIIE-
Boi tutacTuHKH (ITKII). JIocTOBEpHOCTH pa3nuyuii MEXIy BEIOOPKAaMH OILICHUBAIIH
C HUCHoyb30BaHueM t-kputepusi CTblofieHTa M JBYX(aKTOPHOTO JWCIIEPCHOHHOTO
aHaiaM3a. YPOBEHb 3HAYMMOCTH OTIMYMHA MEXAY IBYMS BBIOOPKAMH COCTaBIIST
0.05. Tpom6uH (1 HM) B 3peibpIX AuadparMarbHBIX CHHAIICAX PABHOMEPHO YBEIH-
yuBan ammuutyny kaxzaoro [IKIT B kopotkom 3anme Ha 25-30% (p<0.05). Ilapain-
nensHO Bo3pactana amruntyaa MIIKII. Pacder kBaHTOBOro coctaBa mokasall, 4To
npupoct ammutyasl [TKII B 3anme He compoBoskaaeTCcs BO3PACTAHUEM MX KBaH-
ToBoro coctara (p>0.05). DddexT TpoMOHHA B OTHOIICHUH aMIUIUTY/IbI OCTCHU-
HAITHYECKUX MOTEHIMAIOB OBbUI yCTOIYMB K OTMBIBKE B TedeHue | waca. Peru-
CTpawnus TOJNBKO CIIOHTAHHON aKTMBHOCTH Ha HEPACCEUCHHBIX HEPBHO-MBIIIECUHBIX
npenaparax auadparmel BeISIBHIA yBenudeHHe cpenHerd amrumTyasl MITKIT xHa
30% mox neWicTBueM TPOMOMHA TP OTCYTCTBHHM CTATUCTHYECKH 3HAUMMBIX M3Me-
HeHui Bo BpeMeHHOM xoje MIIKII u ux yactoTel. AHaIN3 KyMYJISITUBHBIX BEPO-
arHocTed pacnpenenenust ammuutya MITKIT BeisiBII MX caBUT BIpaBo, B 00J1aCTh
Oomee BpIcOKMX 3HaueHMH amrumtyx MIIKII mox nedicTBueM TpOMOWHA, W 3TOT
CABUT coxpaHsics npu oTMeiBke. [Ipupoct ammmuryn MIIKII ycrpansncs npen-
BapUTENbHON ammmkamued | MKM Be3aMHKolIla — WHTHOWTOpa BE3UKYIISIPHOTO
TpaHcriopTepa AX. COBOKYIMHOCTb MOJYYEHHBIX JaHHBIX MO3BOJSET TOBOPHUTH O
TOM, YTO BBI3BIBAEMOE TPOMOWHOM BO3PacTaHHE AMIUTHTYZ MOCTCHHANTHYECKHX
MOTEHIUAJIOB CBA3aHO C YBEJIHMUCHUEM pa3Mepa kBaHTa AX Ha IPECUHANTHYECKOM
YPOBHE 3a cyeT yBenuueHus Hakauku AX B Be3uKyIbl. Jlanee vccrneaoBanu aei-
crBue 1 HM TpoMOMHa Ha CHOHTaHHYIO aKTHBHOCTb B (DYHKIJHOHAIIBHO 3pEIbIX U
HOBOOOpa3zoBaHHBIX cuHaricax M. EDL. B 3pemsix cunancax m. EDL tpomOun
OKa3bIBall JeCTBUE, AHAJIOTUYHOE JICHCTBHUIO HA CIIOHTAHHYIO aKTHBHOCTD 3PEITbIX
CHHAITCOB auadparmsl MbId: Ha poHe TpombmHa ammumntyaa MITKII Bo3zpacTtanma
Ha 28% 1o cpaBHeHHIO ¢ KoHTpoiseM (p<0.05). B HOBoOOpa3oBaHHBIX cHHAICAX
addexr TpomOuHa Obul emie Oonee BbipaxkeH — ammuutyaa MIIKIT ycroiiunBo
yBenmmuuBaiachk Ha 41% (p<0.05). Takum 00pa3om, Kak B 3pembIX, TaK U B (yHK-
[[MOHAJILHO HE3PENbIX HOBOOOPa3yeMbIX CHHAICaX HaOIIONAETCs CXOJCTBO (-
(hexTOoB TPOMOMHA B OTHOIICHUH IAPaMETPOB CIIOHTAHHOW CEKPEIMH, BBIPAXKaIo-
meecs B cToiikoMm noteHiuposanuy aMIuiuty el MIIKII. YuureiBas mogydeHHbIE
HaMH paHee JaHHBIE [5], 3TO MO3BOJISIET MPEATIONAraTh CyIIECTBOBAHNE OJMHAKO-
BOTO CHT'HAJBHOTO MEXAaHU3MAa, 3aIlyCKaeMOIo aKTHUBAalMeH TPOMOMHOBBIX perer-
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TOPOB KaK B 3pEIIbIX, TAK U B (DOPMUPYIOIIMKCS 3aHOBO CHHAIICAX, HECMOTPSI HA HX
pasHbIii PYHKIIMOHAIBHBIA CTATYC.

Pabora moxnep:xana rpaatom PODU 19-04-00616.
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THROMBIN POTENTIATES SYNAPTIC TRANSMISSION IN MOUSE
MOTOR SYNAPSES WITH DIFFERENT FUNCTIONAL STATUS
P.O. Bogacheva, E.O. Tarasova, A.S. Miteva, E.S. Pravdivceva,

A.E. Gaydukov, O.P. Balezina
Lomonosov Moscow State University, Leninskie Gory 1/12, Moscow, Russia

Thrombin is a serine protease that can, in addition to participating in he-
mostasis, act as a signaling molecule. In this case, thrombin causes limited pro-
teolysis of the extracellular region of G-protein-coupled receptors - PARs (Pro-
teinase-Activated Receptors), releasing the “bound ligand”, which activates the
receptor. In CNS, the expression of thrombin under physiological conditions and
the possibility of participation of thrombin and PARs in regulation of synaptic
transmission and its plasticity are shown both in normal conditions and in pa-
thology [1]. The presence of thrombin-activated PAR1 receptors was detected in
mature and developing motor synapses, with PAR1 localized on the membrane
of muscle fibers and Schwann cells [2, 3]. The expression and increase in the
concentration of endogenous thrombin to a level that activates PAR1 is indicated
after inflammation or muscle damage [4]. At the same time, the possible role of
thrombin as an endogenous PAR1 activator in regulation of synaptic transmis-
sion both in synapses that are newly-formed during muscle reinnervation and in
mature mammalian synapses remains largely unexplored. The aim of this work
was to study the modulation of acetylcholine (ACh) quantal secretion in mature
and newly-formed mouse motor synapses in presence of thrombin (1 nM) and to
compare the acute effects of thrombin with the effects of PAR1 agonist identi-
fied earlier [5]. Experiments were performed on neuromuscular preparations of
m. diaphragma - n. phrenicus (mature synapses) and m. extensor digitorum lon-
gus (m. EDL) - n. peroneus (mature and newly-formed synapses on day 11 after
the nerve crush) of adult BALB/c mice (30-35 g body weight, male and female).
A standard microelectrode technique was used for intracellular recording of min-
iature endplate potentials (MEPPs) and multiquantal evoked endplate potentials
(EPPs). The significance of differences between the samples was evaluated using
Student's t-test and two-way analysis of variance. The level of significance of
differences between the two samples was 0.05. Thrombin (1 nM) in mature syn-
apses of m. diaphragma uniformly increased the amplitude of each EPP in a
short train by 25-30% (p <0.05). This was accompanied by an increase in the
amplitude of MEPPs. The calculation of quantal content showed that the increase

58



in the amplitude of EPPs in short train was not due to increase in their quantal
content (p> 0.05). The effect of thrombin on the amplitude of postsynaptic po-
tentials persisted after 1 hour of washout. Registration of only spontaneous activ-
ity from untreated neuromuscular preparations of the diaphragm revealed an in-
crease in the average amplitude of MEPPs by 30% in presence of thrombin with-
out any significant changes in their time course or frequency. Analysis of the
cumulative probability curves of MEPPs amplitude distribution revealed their
shift to the right, towards higher values, under action of thrombin, and this shift
was maintained during washout. The increase in the amplitudes of MEPPs was
eliminated by preincubation with vesamicol (1 uM), an inhibitor of ACh vesicu-
lar transporter. The data obtained suggest that the increase in the amplitude of
postsynaptic potentials caused by thrombin is associated with an increase of ACh
quantal size at presynaptic level due to enhanced loading of ACh into vesicles.
Next, the effect of 1 nM thrombin on spontaneous activity in functionally mature
and newly-formed synapses of m. EDL was studied. In mature synapses of m.
EDL thrombin had an effect similar to its effect on spontaneous activity of ma-
ture synapses of mouse diaphragm: in presence of thrombin, MEPPs amplitude
increased by 28% compared to control (p <0.05). In newly-formed synapses, the
effect of thrombin was even more pronounced - the amplitude of MEPPs steadily
increased by 41% (p <0.05). Thus, both in mature and functionally immature
newly-formed synapses, thrombin has similar effects on parameters of spontane-
ous secretion, causing persistent potentiation of MEPPs amplitude. Considering
the previously obtained data [5], this suggests the existence of the same signaling
mechanism triggered by the activation of thrombin receptors in both mature and
newly-formed synapses, despite their different functional status.
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BJIMSIHUE ADPOBHOM TPEHUPOBKH HA PET'YJISIIIUIO
9KCIHPECCUU MUTOXOHIPUAJIbBHBIX BEJIKOB
B CKEJIETHOM MBIIIIIE YEJIOBEKA
P.O. Boxonl, E.N. I[[amMapnaHOBa", T.P. Fa3n303a4, B.T'. 3r011a3,
I.A. Maxuoscknii', E.A. JIbicenko'?, O.A. I'yces®, I.B. Monos"*
'rHI] PO-UMBII PAH, Mocksa, Xopowesckoe wiocce, 764, Poccus
MI'Y umenu M.B. Jlomonocosa, Mockea, Jlenunckue eopwi, 1, Poccus
SUBMX PAH, Mocxsa, Ilocoounckas ynuya, 10, cm. 8, Poccus
‘K @YV, Kaszauw, Kpemnesckas ynuya, 18, Poccus

W3BecTHO, 4TO perymnspHbIe a3pOOHbIE TPEHUPOBKU IPUBOAAT K yBEIHUC-
HHUIO COJEp)KaHHMS MHUTOXOHJIPHAIBHBIX OEJIKOB B TPEHHPYEMBIX CKEJIETHBIX
Mblax. Lenb padoTel — M3y4nTh Ha YPOBHE TPAHCKPUIILIMKA MEXaHU3MBI, pery-
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JIMPYIOIINE YBEIHUCHUE COACP)KAaHNUS MUTOXOHJPUAIBHBIX OCJIKOB B CKEJICTHOM
MBIIIIIE YETOBEKa.

CeMb MOJIOJIBIX HETPEHUPOBAHHBIX MY)KUYMH B TeueHue 8 Hen (5 pasz/men,
1 9/neHnb) BBITIOJHSAIN a3poOHYI0 TPEHUPOBKY Ha BeJodpromeTpe. bruoncmueckne
ob6pasusl u3 M. vastus lateralis 6panu B mokoe 10 U mocne nepuoaa TPEHUPOBKH.
J71s OLICHKM M3MEHEHUH B COEPKAHUM MUTOXOHIPHUAIBHBIX OEIKOB MOCIHE Tpe-
HUPOBOYHOIO MEPHOAA MPUMEHSIN METOJ NaHOPAaMHON MPOTEOMHKH C HCIOJIb-
30BaHHEM H300apu4ecKkoil MeTKH. {1 OIeHKN W3MEHEHUH B HKCIPECCHH T€HOB
OBl UCIIOJIB30BaH METOJI BeIcokonponsBourensHoro PHK-cekBeHnpoBanus.

Hamu Opiio oOHapyxeHo okojio 200 MUTOXOHIpHATBHBIX OenkoB. Bock-
MHHEJIeNIbHAs. TPEHHPOBKAa INpHBENa K 3HauyMMoOMy yBenmueHuto (Ha 20-50%,
p<0,05) conepxkanus 120 Genkos. [Tpu 3TOM HU SIS OTHOTO MHUTOXOHIPUATBHOTO
Oenka He OBIJI0 0OHAPY)KEHO 3HAUMMOT'0 YMEHBIIECHUS coaepxanus. [lomumo 3to-
ro, He OBLIO OOHAPYXKEHO 3HAYMMBIX M3MEHEHUH 0a3albHOW JKCIPECCHUU T€HOB,
KOJIMPYIOIINX 0OHapy>KEHHbIE HAMH MUTOXOHJpHaIbHbIE Oekn. MOoXHO Ipenmno-
JIO)KHUTh, YTO OTCYTCTBHE YBEIMYEHUS SKCIPECCHH STHX T€HOB CBSI3aHO C yBEJH-
YeHHOH ckopocThio nerpaganyu nx MPHK. OngHako aHanm3 JOCTYNMHBIX 0a3 JaH-
HbIX [Schwanh&usser et al., 2011] mokasai, 4To nepuoa mojaypacmnaza o0HapyKeH-
HBIX B HamreM uccinenoBannu MPHK, xoaupyromux MHUTOXOHIpHAIBHBIE OCIKH,
3HAYMMO BBIIIE, YeM cpenHui nepuoa nomnypacnana Bcex MPHK. Io-Bunumomy,
YBEJIMYCHNE COZACPKAaHHUS MUTOXOHIPHATBHBIX OENKOB, Mpoucxozsmiee 6e3 yse-
nnyeHus copepkanus ux MPHK, cBf3aHO ¢ MOBBIIIEHHON CKOPOCTBIO CHHTE3a
W/WIY TOHWKEHHOW CKOPOCTBIO Jerpafaiyu 3Tux OenkoB. [locrmenHee KOcBEHHO
MOATBEPKAACTCS TEM, YTO, COTJIACHO JOCTYMHBIM 0a3aM maHHbIM [Schwanhdusser
et al., 2011], MuTOXOHApHANEHBIE OSIKA UMEIOT 3HAYNMO OOJBIIHHA MEPHO MOJTY-
pacnaja (T.e. 3HAUUTENHHO CTa0UIIbHEE), YEM BCE OCTATILHBIE OENIKH.

Takum 00pa3oM, BEI3BaHHOE §-HENEIbHOM TPEHUPOBKOW YBEIHMUYCHHE CO-
JepIKaHUsT MUTOXOHJPUAIBHBIX OCJIKOB B CKEJICTHOW MBIIIIE YEIOBEKA MOXKET
OBITH CBA3aHO C YBEINYEHHEM CKOPOCTH MX CHHTE3a W/HIIM CO CHIDKCHHEM CKO-
pOCTH X Jierpajaliiii B OKOE.

UccnenoBanue QuuancupoBaioch 3a cuer rpanta PODU  Nel7-00-
00308K (17-00-00242).

Jlureparypa
1. Schwanhéusser B. et al. Global quantification of mammalian gene expression con-
trol // Nature, 2011. — Vol. 473. — P. 337-342.

EFFECT OF AEROBIC TRAINING ON THE REGULATION
OF THE EXPRESSION OF MITOCHONDRIAL PROTEINS
IN HUMAN SKELETAL MUSCLE
R.O. Bokov', E.I. Shagimardanova®, G.R. Gazizova®, V.G. Zgoda®,
P.A. Makhnovsky', E.A. Lysenko"?, O.A. Gusev*, D.V. Popov'?
YIBMP RAS, Moscow, Khoroshevskoe shosse, 76A, Russia
?Lomonosov Moscow State University, Moscow, Leninskiye gory, 1, Russia
IBMC RAS, Moscow, Pogodinskaya ulitsa, 10, st. 8, Russia
*KFU, Kazan, Kremlovskaya ulitsa, 18, Russia
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Regular aerobic training increases the content of mitochondrial proteins in
the trained skeletal muscles. We aimed to study the mechanism regulating the
increase of mitochondrial proteins content at the transcription level in human
skeletal muscle.

Seven young untrained males performed aerobic training on a cycling er-
gometer for 8 wks (5/wk, 1 h/day). Biopsies from m. vastus lateralis were taken
before and after the training period at baseline. The changes in the content of
mitochondrial proteins after 8-wk training were evaluated by the panoramic pro-
teomics with isobaric labeling. To evaluate the changes in gene expression after
training the high-throughput RNA sequencing was used.

We identified about 200 mitochondrial proteins. The content of 120 pro-
teins significantly increased (by 20-50%, p<0.05) after 8-wk training. No de-
crease in the content of any mitochondrial protein was found. In addition, there
were no changes in the baseline expression of genes encoding mitochondrial
proteins. It can be assumed, that the absence of increased expression of these
genes is associated with high mRNA degradation rate. However, an analysis of
the available databases [Schwanh&usser et al., 2011] showed that the half-life of
the mitochondrial proteins mRNA is higher than the average half-life of all
mRNA. Apparently, an increase in the mitochondrial proteins content, which
occurs without an increase in their mRNA content, is associated with the in-
crease in protein synthesis rate and/or with the decrease in protein degradation
rate. The latter is indirectly confirmed by the fact, that the mitochondrial proteins
half-life is greater than that for all other proteins [Schwanhéusser et al., 2011].

In conclusion, the 8-wk training-induced increase in the content of mito-
chondrial proteins in human skeletal muscle may be associated with the increase
in protein synthesis and/or with the decrease in protein degradation rate.

This work was supported by the Russian Foundation for Basic Research
Ne17-00-00308K (17-00-00242).
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HOABUKHOCTD ERES B IUTOIIJIASME YBEJINYUBAETCS ITPU
OTXOJE OT HUX TPAHCIIOPTHBIX BE3UKY.I
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B sykaproTHdeckmx KJIETKaxX CEKPEeTOPHBIH MYyTh TpPaHCHOpTa OEIKOB
HAUMHAETCS B CICLIIBHBIX TOMEHAaX dHJOMIAa3MaTHYECKOro peTukyiayma (OP) —
B caiitax skcropra (ERES endoplasmic reticulum exit sites). Ha ERES mpowuc-
XOJHUT 00pa30BaHUE TPAHCIIOPTHBIX KOHTEHHEpOB ¢ momoinkio OenkoB COPII
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okaiimniennst pu yyactun manoi I'Tdassr Sarla, kotopast B 'T® ¢dopme npu-
BIIEKaeT OENKM BHYTPEHHETO cJos okaimienus: Sec23 m Sec24, ¢ KOTOPBIMH
CBsI3bIBAIOTCS Oenku BHemHero ciost: Secl3 u Sec31. OTmoukoBaBInecs TpaHc-
MOPTHBIE KOHTEHHEPHI [0 MUKPOTPYOOUKaM HAINpaBiIAIOTCS B ammapat 1 oiboku
JUISL TATBHEWIIEro MpOIECCHHIa CEKPETOPHBIX OelKoB. MOJICKYIISApHBIH Mexa-
HHU3M HAIpPaBJICHHOTO MEepeMEeNIeHHs TPAHCIIOPTHRIX KOHTEHHEPOB OCTAETCS Ma-
JIOU3y4YeHHBIM. V3BECTHO, YTO MMHYC KOHLIEBOH MOTOPHBIH OEIOK AMHEHH He-
00X0aUM UL ZOCTHKEHHS TPAHCTIOPTHBIMHU BE3WKYJIaMH LIEHTPAIBHONW 00JacTH
KJIETKH, TJIe PacHoJIOKeH anmnapaT [ oybmKkm.

Camu ERES sBRSIOTCS MaJIONMOABI)KHBIMHU CTPYKTYPaMH B KIETKE W B
OCHOBHOM TIIPETEPIEBAIOT (UIYKTYHPYIOIIUE IEPEMEIICHUs] BOKPYT HCXOIHOU
Toukd. OIHAKO NMPH MPWKU3HEHHBIX HAOIIOACHUSIX MpUMepHO B 1 % cimydaes
MOXHO HaOJII0aTh MepeMelleHHs paBHbIe MK 0oJiee HAOII0AaeMOTo AUaMeTpa
ERES (>0,6 mxm). IIpu 3TOM AaHHBIE IepeMELICHNUs UCUE3al0T MPH JIeTOoINMe-
pH3ai MUKPOTPYOOYEK MM MHTMOMPOBAaHUH JTMHEWHOBOTO MOTOpa. B Hamei
paboTe MbI MCHOJIB30BaJM MOJIENBHBIH CeKpeTopHbId Oenok VSVG, KoTopblii
MIPY aKTHBUPYEMOH CEKPEINN HAUMHAET HAKAIUIUBATHCS B CEKPETOPHBIX BE3HKY-
nax. IIpu oJHOBpEeMEHHBIX MPHXHU3HEHHBIX HAOIIOACHUAX 3a MepeMEICHUIMU
VSVG u ERES namu 6bu10 3a(MKCHPOBaHO, YTO YacTO 3HAYMTEINIBLHBIC TEepeMe-
wenust ERES conpoBoxnatores pacxoxaeHueMm ¢ VSVG KOHTEHHEPOM.

B npyroii 3kcniepuMeHTanbHOU CUCTEME IIPU HUCIOJIB30BAHUU KOHCTUTY-
TUBHO- akTHBHOW (hopmer ['Tda3er — Sarla[H79G] mpu cradmmuzammu COPII
okalimienus mpoucxoaut arperanuss ERES B 1ieHTpanbHON 007acTH KIIETKH,
JaHHAsl arperamys 3aBHCUT OT HAJINYUS MHUKPOTPYOOUKOBOTO IMTOCKENIETa H
ABJsIeTCS 00paTHMOW NPU BOCCTAHOBICHHHM MHKPOTpyOOuek. JleificTBUTENBEHO
n3BecTHO B3ammoxercTaue oguoro n3 6eaxoB COPII oxadimienus ¢ C- xoHIe-
BBIM Y4YacTKOM OejKa TUHEH-AMHAKTHHOBOro komruiekca pl50Glued. Onxnako
cBepx-poayknus C xonneBoro gpparmenta pl50Glued He BIMsAET HA arperaruro
ERES B ycnosusx Sarla[H79G].

Taroke MaHHBIA GparMeHT He HHrHoupyeT B3anmopeiicterue camux ERES
C MHUKPOTPYOOYKaMH, YTO MOXET CBHJIETEILCTBOBATD O yYaCTHH JPYTHX OEIKOB
B aKTHMBAI[MM MEpPEMEINEHHUs TPAHCIOPTHBIX KOHTEHHEpOB B KieTke. OmHaKo
HaOroaemMast cxoaHas HarpasieHHocTh nepemerienns ERES u tpancroptHoro
KOHTEIfHEpa MOXXET CBHICTENbCTBOBATH 00 aKTHBALMM AWHEMHOBOTO MOTOpA
ellle 10 MOMEHTA MOJIHOTO OTIOUKOBBIBaHUS ero oT ERES.

PaboTa BhIONIHEHA TTpH (UHAHCOBOH Moanepkke rpanta PODU 18-04-
00742.

CARGO LOADING INCREASES ERES MOTILITY IN CYTOPLASM
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In eukaryotic cells secretory proteins exit endoplasmic reticulum (ER) in
special cites called ERES (ER exit sites). ERESes are covered with COPII coat
consisting of inner layer formed by Sec23-Sec24 heterodimer and outer layer by
Sec13-Sec31 proteins. Post-ER transport containers represent either vesicles or
membrane tubes and they move to Golgi area. The mechanism of their movement
remains rather illusive. It is assumed that ERES-derived containers are driven by
dynein to the Gogi. ERES itself also moves chaotically and sporadically, and such
a movement was confirmed in our experiments with live cell imaging.

We have found that ERESes undergo chaotic low-amplitude movements
in cells. They are located along the microtubules, and the destruction of microtu-
bules or the inhibition of dynein leads to a further decrease in their mobility. Us-
ing VSVG release assay we have shown that ERES long range movements are
frequently compelled with transport container formation and departure.

Sarla[H79G] GTPase expression induced COPII coat stabilization, and
ERESes formed a cluster. Formation of the cluster depends on microtubules and
on dynein activity. After microtubule disruption or dynein inhibition cluster dis-
persed and spread in cytoplasm. Restoration of microtubules lead to discontinu-
ous movement of vesicles to central part of the cell and cluster rebuilding. What
is the basis for such discontinuity of motion? Indeed, Sec23 in known to bind
transitory to p150Glued dynactin protein. Inhibition of p150-Sec23 interaction
with C-terminal fragment of p150Glued didn’t influence ERES clustering in
Sarla[H79G] expression. C-terminal fragment of p150Glued also didn’t inhibit
ERES MT interaction suggesting another protein should be responsible for
ERES MT binding,

Increase of ERES motility in the same direction of cargo carrier dis-
placement can be caused by the fact that dynein may start pushing transport car-
rier prior to its full detachment from ERES. It seems that in this situation dynein
is activated also by other than dynactin cofactor.

This work is supported by RFBR grant 18-04-00742.

BJIUSTHUE MEXAHUYECKHUX YCJIOBUI JTE®OPMALIMA
HA COKPATUTEJIbHbIA OTBET MUOKAPJIA
K.A. Byrosa'?, O.H. Jykun'?
YYpansexuii pedepansrwiii ynusepcumem umenu nepgozo Ilpesudenma Poccuu
b.H. Envyuna, 2. Ekamepunbype, Poccus
2 Unemumym ummynonozuu u gusuonozuu YpO PAH, 2. Examepunbype, Poccus

XapakTep MexaHH4eckoi aedopManuy CepAEHHOW MBIl B XOJIE Te-
KyILEro LUKJIa COKpAllleHHs OKAa3bIBAIOT CYLIECTBEHHOE BIHUSHHME Ha IIPOLECC
CHJIOT€Hepaluy Kak B IIEPBOM COKPAIEHWH Cpa3y Iocie NpeKkpaiieHus aedop-
Manuy (MTHOBEHHBIH 3(eKT), Tak ¥ B IMOCIEYIOMNX UKIaX COKpaleHus (0T-
CpOUYeHHBIH 3P eKT). ITH N3MEHEHHST Ha MOJIEKYJSIPHOM YPOBHE 00YCIOBJICHBI
KOOIEPaTUBHBIM B3aUMO/ICHCTBUEM MHUO(DHIAMEHTOB U KaJbLIUEBOH peryisnuen
3TOTO B3auMOJEHCTBHA. MHOTO(MAKTOPHBI (EHOMEH BIUSHHUA TUHAMHUYECKOM
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nedopManny Ha COKpAaTHMOCTh MHUOKapAa HY>KAaeTcs B pa3paboTKe KOMILIEKC-
HOT'O METO/a JJIsl aJIeKBaTHOM KOJIMYECTBEHHOW OLEHKM U3MEHEHUH COKpaTUMO-
CTH C YIETOM Pa3INYHBIX apaMeTpoB Ae(opMaIiiH.

B pamkax MOCTaBICHHOW IENM HAMHU OBUIM Pa3pabOTaHbI CICIHATIBHBIC
OMOMEXaHMUYCCKHE TECTHI, B KOTOPBIX MBIIIIIE HABA3BIBATIACH CEPUs TOTyCHHYCO-
UJIHBIX MPOQUICH YKOPOUYCHHUSA-YIUIMHCHUS, TPUYEM B XOJIC OJHOTO COKpPAIICHHS
MBIl TPUMEHSIICS OJMHOYHBIN NPO(QWIb JUIS MMHUTALUH ayKCOTOHHYECKOTO
pexuMa cokpaileHus. B cepun 3aiaBany pa3iMYHOE YHUCIO TMOCIEN0BATEIHHO
HUAYyHIUX HUAKIOB YKOPOUCHUSA-YAJIMHCHUS. Memy ABYMS CEpUSAMU JTUHAMUYCCKUX
nedopmanuii MBIIIE TO3BOLSUTH COKPAIIAThCA B M30METPUYECKOM PEXHME JI0
HACTYIUICHUS CTAIIHOHAPHOTO COCTOSHMSA. MTHOBEHHOE W OTCPOYCHHOE BIIFISTHUS
Pa3TUYHBIX MTapaMeTPOB TUHAMHYECKOTO BO3ICHCTBUS (aMIUTUTYIBI U IITUTENHHO-
CTH BO3JCHCTBUS, a TaKXKE UKCIa [IUKIOB B CEpPUN TUHAMUYECKOHN IedOpMaIin)
OLICHUBAJIOCH M0 W3MCHEHHIO XaPAKTEPUCTUKU HM30METPHICCKUX COKPAIICHHUH
HETIOCPEZICTBEHHO TIOCJIE BO3JIEHCTBUS M B XOJIE MEPEXOHOTO Ipolecca 1Mo OTHO-
LICHUIO K BEJIMYMHE KOHKPETHOM XapaKTEPUCTUKU B CTALIMOHAPHBIX COKPAILCHUSIX
JI0 BO3JICUCTBUs. B KauecTBe XapaKTEPUCTHK COKPATUTEIBHOTO OTBETA ObLIHM BbI-
6paHI)I BCJIMYMHA paSBHBaeMOﬁ AKTUBHOM CUJIbI, BpEMA NJOCTUKCHUS IMUKa CUJIbI U
BpeMsl paccnalieHus 0 ONpeleIeHHOT0 YPOBHS CHilbl. AmpoOarus OnomMexaHu-
YEeCKHUX TECTOB OCymlecTBIIack npH Temmepatype 250C u 300C u mpu pasnud-
HBIX 9aCTOTAaX AJIEKTpUUecKkoii crumymsmuu (1, 2 u 3.5 I'm).

Hamu mony4eHbl HOBBIC JaHHBIC, KacaroIIWECs CTCIICHU BIUSHUSI pa3-
JTUYHBIX (PaKTOPOB MEXaHWYECKOH AedopMaruu Ha mposBicHHE PEeHOMEHA [UTH-
HO3aBHCHMOW (MH)aKTUBAIIMA COKPATUTEILHOTO OTBETa CEPACYHOMN MBIIIIIHI.
MexaHnueckoe BO3ICHCTBHE Ha aKTHBHO COKPAINAIOIIYIOCS CEPICUYHYIO MBIIIIY
B 3HAYHUTEIBHON CTCIICHW MOJIYJIHPYET €€ COKPATHTEIBHBIA OTBET IOCIE Mpe-
KpalleHHs BO3ACHCTBUS, IPUYEM HE TOJIBKO B IIEPBOM IIOCJE BO3ACHCTBUS CO-
KpalmieHU, HO U B MOCICAYIOMUX IMUKIIaX COKpalICHUA. 9Ta MOAYJIAIIUA B 3aBU-
CHUMOCTH OT YCJIOBHUS BO3ACHCTBHS M YCIOBHH SKCIIEPUMEHTA MOYKET IPOSIBIIATH-
CS B YMCHBIICHUH CHJIBI COKpAIIEHUs (MHAKTHUBAIMH) WK MPHPOCTE CHIIBI CO-
kpameHust (akTuBaruu). Kak mpaBmiio, 3a Ha4aJlbHOM WHAKTUBAIIMEH B MEPBOM
HM30METPHUYCCKOM COKPAIICHUH MOCIIC BO3ICHCTBUS CIIEAYET CYIISCTBCHHO Ooiee
3HauMMasi aKTUBALUsl COKpAIICHUsI B XOJ€ MEPEXOJHOTo Mpoliecca Mocie Impe-
KpalieHus BO3AeHCTBUSI.

YcTaHOBIIEHO, YTO YUCIIO LUKIOB BO3JCHCTBUSL U, B MEHBLIEH CTENEHH,
aMIUTUTYZa BO3JCHCTBUS SBISIFOTCS CaMbIMU I(PQPEKTUBHBIMHU I[TapaMeTpaMHu,
CHOCOOHBIMHU CYIIECTBEHHO aKTHUBHPOBATH COKPATUTEIBHBIA OTBET MHOKap/a,
T.€. 00ECIICUYNTh JOMOTHUTENBHBIA PHPOCT CHITBI Ha ACCATKH % OT HaYaIbHOTO
ypoBHS. J{TUTETHHOCTh BO3JCHCTBUS NIPH YCIOBUH e¢ (U3NOJOTHUSCKH pelre-
BAaHTHBIX 3HAYCHWHA OKa3hpIBae€T MHHHMAIFHOE BIHSHHE Ha (QCHOMEH
(MH)aKTHBAlMA W30METPHYCCKOTO COKpAIIECHHS CEepPIEeYHO MEBIMIEI TOoCcie ce-
pun gedopmaruii.

BrusHre mapaMeTpoB MEXaHHYECKOTO BO3ICHCTBHS HAa COKPAaTUMOCTH B
340POBOM MHOKApJC KPBICHI MPOABIACTCA TOJIBKO B YCIOBUAX KBa3I/I(bI/I3I/IOJ'lOFI/I-
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YECKMX YaCTOT COKpAIIEHHsS CEePACYHON MBIMIIBI, 9TO O3HAYAeT YPE3BBIYANHO
BaYXHYIO POJIb MCXOJHOTO COCTOSIHUS (BHYTPH)KJIETOYHOT'O KAIBIHEBOIO TOMEO-
CTa3a M IUACTOJIMYECKOTO WHTEpPBAla B BOCCTAHOBIICHHH OajaHCa COKPATUTEIh-
HOTO ¥ PETyJISITOPHOTO arnapara Cep/ieuHbIX KIETOK, HapyILIEHHOTO NPH IIUKIH-
4ecKoW TMHaMU4YecKoi nedopmannu.

PesynbraThl HalIMX UCCIIENOBAaHMMN MMOKA3bIBAIOT, YTO JAWHAMUYECKAS JIe-
(dopmarys cepAeYHON MBIIIIBI XOTh M IMIPUBOJUT K MOCIEAYIOIIEH HHAKTHBAIIUN
€e COKpaTUTEIBHOTO OTBETa, HO 3Ta MHAKTHBAIMS KpaTKOBpEMEHHas (Kak Impa-
BWJIO, HanboJiee BBIpAXKEHA B MEPBOM COKpAIIECHHWHU I0CJIE BO3JCHCTBHA) M 110
BBIP2)KEHHOCTH 3HAYUTEIBHO YCTYIAET MOCIEAYIONIe aKTHBAUU COKPAIICHUS.
B manpHelimeM cymiecTBEHHO OOJBIIMK WHTEpEC NMPEACTABISIET M3YYCHHE BO3-
MOXKHOCTEH JTOTOJHHUTEIFHOW aKTHBAIMM COKPATHMOCTH MHOKapaa (B 0coOeH-
HOCTH, MATOJOTHYCCKH W3MEHCHHOTO) ITyTeM OOecIeueHHs aaeKBaTHBIX MeXa-
HUYECKUX BO3ICHCTBHU, HSXKEIHN YeM U3ydeHre ()eHOMeHa HHAKTHBAIIHH.

Pa6orta BeimonmHeHa B paMmkax rocsaganus U@ YpO PAH (perucrparu-
onnabiii Homep HUOKTP NeAAAA-A18-118020590031-8) u moanepxkana Poc-
cutickum @ongom OynnamentanbHbix UccaenoBanuii (rpant Nel8-04-00572-a).

THE EFFECTS OF MECHANICAL CONDITIONS OF DEFORMATION
ON MYOCARDIAL CONTRACTILE RESPONSE
K.A. Butova'’, O.N. Lookin"’
Ural Federal University, Yekaterinburg, Russia
?Institute of Immunology and Physiology UB RAS, Yekaterinburg, Russia

The shape of mechanical deformation of cardiac muscle during a contrac-
tile cycle significantly affects the process of force development, both in the first
cycle immediately after the end of deformation (instant effect) and in subsequent
cycles of contraction (delayed effect). At the molecular level these changes are
due to the cooperative interaction of myofilaments and calcium regulation of this
cooperativity. The multifactor phenomenon of the effect of deformation on myo-
cardial contractility raises the need to develop the comprehensive method for
adequate quantitative assessment of contractile variability taking into account
various parameters of deformation.

To achieve this aim we have designed special biomechanical tests. In
each test a series of half-sinus shortening-relengthening profiles was applied to
muscle, and, during one contraction cycle, a single profile was used to imitate
auxotonic contraction. In the given series, a number of consecutive shortening-
relengthening cycles can be varied. Two series of dynamical deformation were
separated by isometric contractions of the muscle until its force reached steady-
state. The instant and delayed effects of various parameters of dynamic defor-
mation (the amplitude and duration of deformation cycle as well as the number
of cycles in a series) were estimated by the changes in characteristics of isomet-
ric contraction immediately after deformation and during the transient process
relatively to the value in steady-state contraction before deformation. The magni-
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tude of active force, time-to-peak and time-to-relaxation were chosen as charac-
teristics of the cardiac muscle contractile response. Biomechanical tests were run
at sub- and quasi-physiologycal temperatures (25° C and 30° C) at different pac-
ing rate (1, 2 and 3.5 Hz).

We obtained new data about the influence of certain parameters of mechan-
ical deformation on the extent of length-dependent (in)activation of cardiac muscle
contraction. The deformation applied to actively contracting muscle modulates in a
great extent its contractile response not only in the first isometric twitch after the
deformation but also during transiently developed changes in contractility. This
modulation depends on the deformation parameters as well as on experimental
conditions and can be either inactivation (a decrease in contractility) or activation
(an increase in contractility). We found that the initial activation in the first isomet-
ric twitch after the end of deformation is followed by more pronounced activation
during transient changes occurred after the end of deformation.

It was revealed that the number of repetitive deformation cycles and, in a
lesser extent, the amplitude of deformation are the most effective parameters in
terms of activation of myocardial contractility after the end of deformation,
providing extra force up to several tens of % relatively to the initial pre-
deformation isometric level. The duration of deformation assuming its physio-
logical relevant values plays minimal role in the extent of deformation effects on
further post-deformation contractility.

The influence of the parameters of mechanical deformation on contractili-
ty of healthy rat myocardium is pronounced only under quasi-physiological pac-
ing rates. This indicates an ultimate significance of the initial state of (in-
tra)cellular calcium homeostasis and diastolic interval in regards to how the bal-
ance of contractile and regulatory proteins of cardiac cells is reestablished after
cyclic dynamical deformation.

The results show that the dynamic deformation of cardiac muscle leads to
a subsequent inactivation of its contractile response, but it is short-term (general-
ly, most pronounced in the first contraction after a series of deformation) and
significantly smaller then the subsequent activation of the contraction. We con-
clude that the additional extra activation of myocardial contractility (especially,
under pathological conditions) by providing adequate mechanical deformations
is of greater interest for further studies compared to the phenomenon of shorten-
ing-induced inactivation.

The study was carried out within the framework of the IIF UrB RAS
theme No AAAA-A18-118020590031-8 and supported by Russian Foundation
for Basic Research (#18-04-00572-a).

BJIMSIHUE COOTHOIIEHUSA AT®/AM®D
HA SKCHIPECCHUIO MEJJIEHHOT'O MUO3WHA
BO BPEMSI TPABUTAIIMOHHOM PA3I'PY3KH
H.A. Buibunnckas., .. llapamonosa, b.C. lllenkman
T'HI] P® — Hucmumym meduro-ouonozuyeckux npoonem PAH, Mocksa
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B ycioBUsSX rpaBUTAIIMOHHON Pa3rpy3Kd BMECTE ¢ aTpouel CKEIEeTHBIX
MBI HAOJIOIAETCsl CIIBUT MHO3UHOBOTO (DEHOTHIIA MBI B OBICTPYIO CTOPO-
Hy. [IpyurHON TakMX N3MEHEHHH SBJISIETCS CHM)KEHHE DKCIIPECCHU TeHa, KOJH-
pytomero TIIM MenneHHOro THIa, U YBEJIUYEHHUE SKCIPECCUM T'€HOB, KOIUPY-
fomux TIIM OwicTporo Tuma. VM3BeCTHO, 4TO TaKWe CHUTHAJIBbHBIC KacKaJIbl Kak
kanblHepuH/NFAT n AM®-3aBucnumas NMpOTEMHKHHA3a CIIOCOOHBI peryJsu-
pOBaTh HKCIPECCHIO T€HOB, KOAUPYIOINX MEIJICHHBIE N30(OPMBI TSHKEINBIX IIE-
neil Muo3nHa. Panee HaMu OBIJIO TIOKA3aHO 3HAYMTENBHOE CHIDKeHHE (ochopu-
nupoBanusi AM®-3aBucumoii nporennknHaszbl (AMIIK) B m. soleus Ha paHHHX
STamax rpaBUTAIlOHHON pasrpy3ku (Vilchinskaya et al., 2017). beuto o6Hapy-
JKEHO, 4TO MpH cTUMyJsiuuu akTuBHOCTH AMPK Ha panHeill ctaauu rpaBuTanu-
OHHOM pa3rpy3Kd He HaOI0JaeTCsi CHHKEHUs DKCIIPECCHH MEJICHHON M30(op-
Mbl TIIM. MBI npennonoxuiy, 94to cHmwkenue aktuBHoctd AMPK B kambano-
BUJHOW MBILIIE KPBIC HA paHHEN CTaJuM I'PaBUTALMOHHOMN pa3rpy3KH CBS3aHO C
W3MEHCHUSMHU COOTHOIICHUS Makpodpruueckux docdaros (ATD / AJ D). lensb
Hanield paboThl COCTOSIa B MCCIEIOBAHUH BIIUSIHUS W3MEHEHHH COOTHOLIEHUS
Makpospradeckux gocgatoB (ATD / AIID) na aktuBHOCTH AMPK 1 skcnpec-
curo MemeHHo n3opopmbl TIIM B kamMOalOBHIHOW MBIIIIE KPHIC HA PaHHUX
3Tanax rpaBUTAIIMOHHON pa3rpy3KH.

Jns mpoBepKM 3TOM T'MIOTE3bl MPOBOAMWIOCH 24-4. aHTHOPTOCTaTHYE-
ckoe BeiBemmBaHue (HS) 3amHux xoHewHOcTeH Kpblc Mo Metoxuke MmbuHa-
HoBukoBa B Moaudukanuu Mopeii-Xonton Ha ¢GoHe BBelneHHS [3-
ryaHUJIUHIPONHOHOBON KUCIOTH (BGPA). B-ryaHHMIUHIIPONTMOHOBAS KUCIIOTA,
SIBISISICH  KOHKYPEHTHBIM WHTHOMTOPOM MBIIIEYHOH KpeaTHH()OCHOKHUHAZBI
casuraet cootHonieHne ATD/AIDO/AM® cropoHy 6ojiee HHTEHCHBHOTO pac-
naga AT® (Mahanna et. al., 1980). Coxepxanue pocho-AMPK, dhocdo-ACC,
¢docpo-PKD, HDAC4 / 5 B m.soleus kxpbIc ompeaensiin MetonoM Bectepn-
omorturra. Komnuectso npe-MPHK MyHCI (B) u MPHK onenuBanu ¢ momo-
o OT-TILP.

Iocne 24-4. HS nabnromanocs cHmkenue (p <0,05) comepxanus Gocdo-
AMPK 1o cpaBHEHHIO ¢ KOHTPOJIBHOU Ipymmoi, a B Tpyme HS + BGPA mocro-
BEPHBIX OTIMYMI OT TPYIIBI KOHTPOJIS He oOHapysxeHo. [locie 24-4 rpaBuraim-
OHHOH pa3rpy3ku 0OHAPYKEHO 3HAUWTEIbHOE yBenuueHue conepkanus HDAC4
B sinepHO# dpakunu OenkoB, a B rpynne HS + BGPA conepxxanne HDAC4 B
snepHod (ppakmuu OETKOB HE OTIAMYAIOCh OT KOHTPOJIBHOW Tpymisl. 24-4. HS
npuBoawio K ymensmenuto skcrpeccun MPHK MyHCI (B) 1 MPHK 1o cpaBhe-
HUIO ¢ KOHTPOJIGHOH Trpynmoid. YposeHb dkcnpeccun npe-MPHK MyHCI (B) u
MPHK B rpynne HS + BGPA He otnnyancst oT KOHTpOJIS.

Takum obpaszom, BBenenne PGPA Ha paHHeM 3Tare TpaBUTAITMOHHON
pasrpy3ku npenoTpamaer cHmwkeHue (ochopunuposanus AMPK, snepHsrit
umnopt HDAC4 1 penyKiuio 3KCIPECCHH MENJICHHOTO MHO3MHA. DTH JTaHHBIC
MOATBEPXKJAIOT HAlle MPEII0JIOKEHNE O TOM, YTO HAKOIUIEHHE BBICOKODHEpIe-
taeckux (ocdaroB (ATD, A/ID) Ha paHHUX dTarax TPaBUTAIIMOHHON pasrpys-
KM IIPUBOJIUT K CHIDKeHUIO akTHBHOCTH AMPK 1 caBury Muo3smHoBoro ¢eHoTH-
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na Ml B Oosee OBICTPYIO cTopoHy. VccinenoBanue ObLIO MOJAEPIKAHO TpaH-
ToM PH® Nel8-15-00107.

THE INFLUENCE OF THE ATP/AMP RATIO ON THE EXPRESSION
OF SLOW MYOSIN DURING GRAVITATIONAL UNLOADING
N.A. Vilchinskaya, L.I. Paramonova, B.S. Shenkman
SSC RF-Institute of Biomedical Problems, RAS, Khorochevskoe Shosse 76 a,
Moscow, 123007, Russia

Gravitational unloading leads to postural muscles atrophy and a slow to
fast fibre type transition. The reason of such changes is a decrease in slow-type
MyHC isoform expression and an increase in fast-type MyHC isoform expres-
sion. It is known that calcineurin/NFAT and AMP-activated protein kinase
(AMPK) can regulate the expression of genes encoding slow isoform of
MyHCI(B). Previously we showed that AMPK phosphorylation is significantly
decreased in rat soleus after 24 h of hindlimb suspension (HS) (Vilchinskaya et
al., 2017). We hypothesized that a decrease in AMPK phosphorylation at the
early stage of gravitational unloading could be associated with changes in the
ratio of intracellular high-energy phosphates (ATP/ADP). The goal of the study
was to estimate the impact of high-energy phosphates ratio changes on AMPK
activity and slow-type MyHC isoform expression in rat soleus muscle at the ear-
ly stages of gravitational unloading.

Wistar rats were treated with B-guanidinopropionic acid (BGPA) for 6 d
before HS as well as during 24-h HS. The content of phospho-AMPK, phospho-
ACC, phospho-PKD, HDAC4/5 in rat soleus was determined by Western-
blotting. The amount of MyHCI(B) pre-mRNA and mRNA was evaluated by
RT-PCR.

After 24-h HS we observed a decrease (p<0.05) in phospho-AMPK con-
tent vS. control group, but in HS+ BGPA group didn’t differ from the control.
After 24-h unloading we found a significant increase in the content of nuclear
HDAC4 in the HS group, but in the HS+ BGPA group the content of nuclear
HDAC4 didn’t differ from the control group. 24-h unloading resulted in a de-
crease in MyHCI(B) pre-mRNA and mRNA expression Vs. the control group.
The expression level of MyHCI(B) pre-mRNA and mRNA in HS+ BGPA group
didn’t differ from the control.

Thus BGPA administration prevents a decline in AMPK phosphorylation.
Therefore, we can conclude that at the early stage of gravitational unloading an
accumulation of high-energy phosphates (ATP, ADP and creatine phosphate)
takes place and leads to reduced AMPK activity and a slow to fast myosin fibre
type transition. The study was supported by RSF grant # 18-15-00107.
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MPEOBJAJIAIOINNA CUHTE3 THTAHTCKHX BEJIKOB
CAPKOMEPHOTI'O HUTOCKEJIETA B IONEPEYHO-ITIOJOCATBIX
MBIIIIAX JJIAHHOXBOCTOI'O CYCJHMKA (Spermophilus undulatus)

B IEPHUO/Ibl 3SUMHEN AKTUBHOCTH
.M. annﬂnuenl’4, C.C. Hononal, Al Ynaﬂonal, 10.B. Fpmn,mal,
H.H. CaJIMOBl, B.B. POFaquCKﬂﬁz, Ir.3. Mnxaﬁnosal, AT, Boﬁl,mésl,
A.A. IOuxesuu’, 0.C. Mopenkos’, H.M. 3axapopa’
lI/IHcmumym meopemuueckol u sxcnepumenmanvHou ouoguzuxu PAH
2I/IHcmumym buouzuxu kremxu Poccuiickoil akademuu Hayk —
obocobaennoe noopazdenenue QUL «Ilywunckui nayunwlii yenmp
buonozuueckux uccreoosanuii PAH»
*Ky6anckuii 2ocyoapemeentbiil yHusepcumem
Ihywunckuii 20cy0apcmeenmbiii ecmecmeeHHo-HAYYHbLIL UHCIUMYM

MomnekynsipHble MEXaHU3MBI, JISKAIIUE B OCHOBE IPEIOTBPAIICHHUS MBbI-
MIeYHOH aTpo(uu WIIM yMEHBIICHUS] CTENEHU €€ Pa3BUTHA Y TMOCPHHPYIOIINX
JKUBOTHBIX, IMHPOKO obOcyxkmarorcs B mocneanne roasl [Chang et al.,, Comp
Biochem Physiol Part D Genomics Proteomics, 2018]. B wactHOCTH, 006CYyX1a-
ercs poib CaZ+—KaHBHHHCﬁpHH-NFAT CHUTHAJILHOTO TYTU B Pa3BUTUM THUIEP-
Tpouu MHUOKapJa U B CHWKEHUH Pa3BUTHS aTpOQHU CKEJIETHBIX MBI y TPH-
HaauaTunonocHoro cycnuka (lctidomys tridecemlineatus) B mepuon rudepHaiun
[Zhang, Storey, Mol Cell Biochem., 2016; Zhang, Storey, Cell Stress Chaper-
ones, 2016]. BaxxHyto ponp B aKkTHBAallUM 3TOTO CUTHAIBHOIO KacKajga WUIpaeT
KaJb[IaH-OTIOCPEIOBaHHAsl aKTUBalus KanbluHedpuna [Wu et al., J Biol
Chem., 2004]. M3BecTHBl NaHHBIE O TUIEPAKTUBAIIMA OEIKOBOIO CHHTE3a
[Zhegunov et al., Cryo-Letters, 1988] n axtuBammun mTOR-curnansHOTO IIyTH
cunTeza Oenka [Wu, Storey, J Exp Biol., 2012] B MbImmax 3uMHECISIIAX B
MEPUOBl BBIXOA M3 COCTOSHUS TMIIOTEPMHU U KPATKOBPEMEHHOM «3HMHEW»
aKTUBHOCTH (HOpMOTepMuH). Henb3s HCKITIOUNTD, YTO BAXHYIO POJIb IIPH 3TOM
UTPArOT KaJb[IAHHOBBIE IMPOTEA3bl, KOTOPHIE MPOTEOIU3UPYIOT OCIKH CapKo-
MEpPHOTO IUTOCKEIETa M, TEM CaMbIM, 3aIlyCKaroT OENKOBBIH OOMEH B CapKo-
Mepax.

KanpmanHel — LWTO30JIBHBIE KaJbIWH-aKTHBUPYEMbIE LHCTCHHOBBIC
npoteassl [Goll, et al., Physiol. Rev., 2003]. [Toka3aHo, 4To psig capKOMEpHBIX
0eNIKOB, B TOM YHCIIE, THTAHTCKHE OEJIKM CApKOMEPHOTO IIUTOCKENETa THTUH U
HeOyNUH, MOJBEPTaloTCs MPOTEOJU3y KaJlblIaMHAMH, B YaCTHOCTH, KaJIbIlau-
HOoM-1 [Mohrhauser, Underwood, Weaver, J. Anim. Sci., 2011]. Bsickazano
MPEIIOIOKEHHE, YTO OSITKOBBIN OOMEH B MBIMICYHBIX KJICTKaX MHUIUHPYETCS
KaJblIanH-3aBUCHMBIM TIPOTEOJIN30M TUTHHA, HEOYIHHA M APYTHX CapKoMep-
HBIX OCJIKOB C MOCIEXyIome nerpaganueil X GparMeHToB 10 aMUHOKHCIIOT-
HBIX OCTAaTKOB 10 YOMKBUTHH-TIpoTeacomHoMy mytH [Goll et al., J. Anim. Sci.,
2008].

Lenp Hamiero uccieoBaHUs 3akKiiodanach B IPOBEPKE IMPEIOJI0NKE-
HUs, YTO TUINICPAKTHUBALUA 0eIKOBOTO CHHTE3A B TMEPUOJbI «3UMHEN» aKTUBHO-
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CTH JIOJDKHA CONPOBOXKIATHCS YBEIMUYEHHEM aKTHBHOCTH KajbllanHa-1 B more-
PEUYHOTIONIOCATHIX MBIMIIAX JUTMHHOXBOCTOTO cycimka (Spermophilus undu-
latus).

OKCHEepUMEHTHI MPOBOAMINCH HA XXMBOTHBIX CJIEIYIOIINX SKCIIEPHMEH-
TaNBHBIX TPyMI: «JIeTHA akTHBHOCTEY» (HOpMoTepMmus, 38°C, maii—utonb); «['u-
notepMus» (TIyOOKOe OLEeNeHEeHue, JeKaOpb—MapT, TeMmIepaTypa ceplaedHOn
MbIbl 1.5-2.0°C, mpomoKUTENBHOCTh Tepuona rumorepmud 4-11 cyTok);
«3UMHSSA aKTHBHOCTHY» (HOpMoTepMmusi, 36°C-37°C, mepHoamIecKu TOBTOPSIO-
IIHecsl BpeMEeHHBIC TIPOMEXYTKH (He 0oJiee CyTOK) MEXIY IepHOJAaMH THIIOTEp-
MUH, B34THE MaTepuaia NpoBoAuiochk uepe3 10-14 4. 3yTepMHOro COCTOSHUM
ocyie MpoOYKICHS).

Mertonom BecrepH-6moTTrHTa 00HApYkeHO moBHITIeHHOE (B 1.5-1.6 pa-
3a, n=7) coliep)KaHHUE ayTOJUTHUECKUX (parMEeHTOB KajbllanHa-1 B MUOKapje
JIEBOTO XKeIyIodka cepana, m. longissimus dorsi u m. soleus aKTHBHBIX «3UM-
HUX» CYCJINKOB. Pe3yiapTaThl CBHACTENBCTBYIOT 00 YBEIWYEHHUH aKTHBHOCTH
KaJblanHa-1 B IIONEPEYHO-TIOJIOCATHIX MBIIIIAX CYCIIMKOB B IIEPHOL «3UMHEH»
AKTUBHOCTH. 3HAYMTENbHBIX CE30HHBIX Pa3IMYMid B COJCPKaHMU KallbllaMHa-
3/p94, xamenactaTrHa (MHTHOUTOpa KaibmanHoB), Hsp 70 u Hsp 90 B mccne-
JIOBaHHBIX MBIIIIAX HE BbIABIEHO. C MOMOIIBIO HEPaJHMOAKTHBHOTO METOAA
ompenenenust ckopoctu cunreza Oenka (SUnSET) oOHapykeHO yMeHbIIEHHE
(B 2-3 paza, n=3) ckopocTu cuHTE3a odmero Oenka (B auamasone M.M. 15-180
k/la) B Bccne0BaHHBIX MONEPEYHO-IIONOCATHIX MBIIIIAX AKTUBHBIX «3UMHHX)
cyciukoB. CKOPOCTh CHHTE3a TSDKEJbIX nernedt Muosuna (M.M. 205 k/la), HeOy-
muHa (M.M. 700 k/la) u tatrHa (M.M 3000-3700 x/la) B MBIOIIAX aKTUBHBIX
«GUMHHUX» CYCIIMKOB HE OTJIMYaJach OT TAaKOBOH B MBIIIIAX AKTUBHBIX «JIET-
HUX» KXUBOTHBIX. OOHapyXeHO BOCCTAaHOBJEHHME Macchl m. soleus u oObeMa
MBIIICYHBIX BOJIOKOH m. longissimus dorsi, aTpoupoBaHHBIX B MEPHOA CIITU-
KM, a TaKKe BBIABICH TPEHI K YBEIMUCHHIO MAcChl CEpACYHON MBIIIIBI y aK-
TUBHBIX «3UMHUX» )KUBOTHBIX. [Ipy 3TOM HaOII0alI0Ch BOCCTAHOBJIEHUE HOP-
MaJIbHOT'O COJIEP)KaHUsl TUTHHA, CHUKEHHOT'0 B HCCIIEAYEMBIX ITONIEPEYHOIIONO0-
CaThIX MBIIIIAX B MEPUOJ THIIOTEPMHHU. BRIBOA: THnepakTHBanus KajdbllanHa- 1
B IOIEPEYHOIOIOCATHIX MBINIIAX IMHHOXBOCTOro cycimka (Spermophilus
undulatus) B mepuoj «3UMHEH» aKTUBHOCTH CONPOBOXKAaeTcs mpeolianaro-
MM CHHTE30M THTaHTCKHX OEJIKOB CapKOMEPHOTO IUTOCKENIETa, YTO BHOCHT
BKJIaJl B MPENOTBpAIlEHHE MBIIICYHON aTpodUu WIN YMEHbIICHHE CTEIICHH ee
pa3BUTHSL.

Pabora BhImosHeHa B pamkax l'ocynmapcrBeHHoro 3amanust Mucruryta
TeopeTHIecKoil U 3kcrepuMeHTansHoN onopusuku (MTOB) PAH npu punanco-
BoM momnepxkke rpaHta PODU (Nel7-04-00326) ¢ ucnons3oBaHueM 060pyno-
BaHMA KoJuleKTHBHOTO noJib3oBanusa UTOb PAH u UBK PAH.
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THE PREDOMINANT SYNTHESIS OF GIANT MYOFIBRILLAR
PROTEINS IN STRIATED MUSCLES OF LONG-TAILED GROUND
SQUIRREL (Spermophilus undulatus) DURING INTERBOUT AROUSAL
.M. Vikhlyantsev“, S.S. Popoval, A.D. Ulanoval, Yu.V. Gritsynal,
N.N. Salmov', V.V. Rogachevsky’, G.Z. Mikhailova', A.G. Bobylev',
Y.A. Yutskevich®, 0.S. Morenkov’, N.M. Zakyarova’

YInstitute of Theoretical and Experimental Biophysics RAS,
Pushchino, Moscow Region, Russia
’Federal Research Center “Pushchino Scientific Center for Biological Research
of the Russian Academy of Sciences”; Institute of Cell Biophysics RAS;
Pushchino, Moscow Region, Russia
*Kuban State University, Krasnodar, Krasnodar Krai, Russia
*Pushchino State Institute of Natural Sciences, Pushchino, Moscow Region, Russia

The molecular mechanisms underlying muscle mass retention during hi-
bernation are extensively discussed in recent years [Chang et al., Comp Biochem
Physiol Part D Genomics Proteomics, 2018]. In particular, the role of Ca*'-
calcineurin-NFAT signaling pathway in the development of myocardial hyper-
trophy and in reducing the development of skeletal muscle atrophy in thirteen-
lined ground squirrels (Ictidomys tridecemlineatus) during hibernation is dis-
cussed [Zhang, Storey, Mol Cell Biochem., 2016; Zhang, Storey, Cell Stress
Chaperones, 2016]. Calpain-mediated activation of calcineurin plays an essential
role in activation of this signaling cascade [Wu et al., J Biol Chem., 2004]. There
are data on the hyperactivation of protein synthesis [Zhegunov et al., Cryo-
Letters, 1988] and activation of the mTOR signaling pathway of protein synthe-
sis [Wu, Storey, J Exp Biol., 2012] in muscles of hibernating animals during
arousal from torpor and interbout arousal. It is possible that calpain proteases
play an important role in this.

Calpains are cytosolic calcium-activated cysteine proteases [Goll et al.,
Physiol. Rev., 2003]. It has been shown that a set of sarcomeric proteins including
giant proteins of the sarcomeric cytoskeleton, titin and nebulin, can be cleaved by
calpains, in particular, by calpain-1 [Mohrhauser, Underwood, Weaver, J. Anim.
Sci., 2011]. It has been suggested that muscle protein turnover is initiated by cal-
pain-mediated proteolysis of titin, nebulin and other sarcomeric proteins with sub-
sequent degradation of their fragments to amino acid residues by the ubiquitin-
proteasome pathway [Goll et al., J. Anim. Sci., 2008]. The aim of our study was to
test the assumption that hyperactivation of protein synthesis during interbout
arousal should be accompanied by an increase in the activity of calpain-1 in the
striated muscles of the long-tailed ground squirrel (Spermophilus undulatus).

The experiments were carried out on animals of the following experi-
mental groups: “Summer Activity” (normothermia, 38°C, May-July), “Hypo-
thermia (deep torpor, December-March, temperature of cardiac muscle, 1.5-
2.0°C; duration of hypothermia, 4-11 days), “Winter Euthermia (normothermia,
36-37°C, the periodic interbout arousal (no longer than a day) between bouts of
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torpor (hypothermia), samples were taken 10-14 hours of interbout euthermic
state after arousal).

Western blot analysis detected the increased (by 1.5-1.6 times, n=7) content
of the autolytic fragments of calpain-1 in the left ventricular myocardium, m.
longissimus dorsi and m.soleus of ground squirrels during interbout arousal. The
results indicate that activity of calpain-1 in the striated muscles of ground squirrels
increases during winter euthermia. No significant seasonal changes in the content
of calpain 3/p94, calpastatin (an inhibitor of calpains), Hsp 70 and Hsp 90 were
found in the muscles. SUnSET, a non-radioactive method for measuring rates of
protein synthesis, was applied and it was determined that in the striated muscles of
ground squirrels during winter euthermia the rate of total protein synthesis declined
by 2-3 times (n=3, molecular weight range 15 to 180 kDa). The synthesis rates of
heavy chains of myosin (molecular weight 205 kDa), nebulin (molecular weight
700 kDa) and titin (molecular weight 3000-3700 kDa) in the muscles during inter-
bout arousal were not different from those in muscles of active ground squirrels in
summer. Recovery of soleus mass and recovery of volume of muscle fiber of m.
longissimus dorsi were found, as well as a trend towards an increase in the mass of
the heart muscle during interbout arousal was revealed. At the same time, there
was observed a restoration of the normal titin content, reduced in the muscles dur-
ing hibernation. Conclusion: hyperactivation of calpain 1 in striated muscles of
long-tailed ground squirrels (Spermophilus undulatus) during interbout arousal is
accompanied by the predominant synthesis of giant sarcomeric cytoskeleton pro-
teins, which contributes to the muscle mass retention during hibernation. This work
was supported by the Russian Foundation for Basic Research (grant No. 17-04-
00326) using the equipment of the Centre for Collective Employment of ITEB
RAS and IBC RAS.

OCOBEHHOCTHU I'OMEOCTA3A HOHOB XJIOPA
B PAHHEM ITOCTHATAJIBHOM OHTOTI'EHE3E:
CXOJICTBO KJIETOK COCYJIUCTOM CUCTEMBI 1 ITHC
K. T aﬁﬂymmnal, J.C. Kocnonmial, A.A. IIIBeuonal,
B. Mauxos?, O.C. Tapacosa'®
"Wockosckuii eocyoapcmeennwlll yuugepcumem umenu M.B. Jlomonocosa,
Mockea, Poccus.
Department of Biomedicine, Aarhus University, Aarhus, Denmark.
°r HI] PO — Unucmumym meduro-ouonozuueckux npoonem PAH, Mockea, Poccus

CIl', xoTopbIif sBIAETCA CaMbIM PACHPOCTPAHEHHBIM HEOPTaHHMUYECKUM
AQHMOHOM B OpPTaHHM3ME YeJIOBEKa M KXHMBOTHBIX, YIAaCTBYET B PEryJIILIMNA MHOXKE-
cTBa ()YHKIMH PA3INYHBIX OPraHOB M CHCTEM, BKJIIOUAs CEPACTHO-COCYIUCTYIO
cucTeMy. XOpOIIO M3BECTHO, YTO HOH-TPAHCIIOPTHBIE (DYHKUIMH KICTOK Opra-
HHU3Ma MOTYT NpeTepreBaTh 3HAUUTENbHbIE H3MEHEHUS B XO/I€ PAHHEr0 MOCTHA-
TaJIbHOTO OHTOreHe3a. B wactHocTH, B Heliponax LTHC B mpouecce co3peBaHust
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OpraHu3Ma MPOUCXOJUT M3MEHEHHE BIMSHHUS XJIOPHOTO TOKA HPU aKTHUBAIMH
T'AMK, penentopoB ¢ ACMOJSIPU3YIONIETO Ha THUIIEPIOISAPHU3YIOIIEe, YTO OTpa-
JKaeT M3MEHEHHUs B YPOBHE dKCIpeccur MeMOpaHHBIX nepeHocunkoB Cl' (Ben-
Ari et al., 2007). B rimagKoMbIIIEYHBIX KIETKaX COCYIOB B3POCIOrO OpraHu3Ma
CIl' urpaer npoCcOKpaTHTEIFHYIO POJIb: OTKPBITHE XJIOPHBIX KaHAJOB BBI3BIBAET
Beixoq Cl” u3 xietok, nenosspusaimio u cokparienue (Boedtkjer et al., 2016).
[Jannas paboTa Oblla HampaBiieHa Ha MPOBEPKY THIIOTE3bl, YTO CO3PEBAHUE CO-
CyIUCTOr0 pyclla B X0Ji¢ paHHEr0 NOCTHATAJIbHOIO OHTOTEHE3a CBA3aHO C U3Me-
HerreMm posn Cl' B perymsiunu MeMOpaHHOTO IOTEHIMAada M COKPAaTHUTEIbHBIX
XapaKTePUCTHK TIIaIKOMBIIICIHBIX KIETOK.

Jis rccneoBaHuMs ATOTO BOTIPOCA MBI M3y4alld COKPATHTEIHHBIE OTBETHI
MOJKOKHOU apTepun (a. saphena) ¢ ymaleHHBIM HIOTENHEM Ha aroHUCT -
aJPEHOPELETITOPOB METOKCAMHH B H30METPHYECKOM PEXHUME Yy NBYX TPYIII
KphIC: B Bo3pacte 1-2 Henmenu u 2-3 mecsna (B3pocibie). Y nanenne Cl° u3 pac-
TBOpa (myreM skBuMoisipHOi 3ameHbl NaCl u KCI Ha cooTBeTcTBYyIOIIME COIH
acnaprara; CaCl, na CaSO,) nIpHUBOAMIO K YMECHBIICHHIO COKPATUTEIBHBIX OT-
BETOB apTepuil 00enX IPyII )KUBOTHBIX, O/IHAKO 3TO YMEHBIIEHHE ObLI0 HAMHO-
ro cuibHee y 1-2-HeienbHBIX KphIc (Ha 66 + 2%) 10 cpaBHEHHIO CO B3POCIBIMH
(ma 31+ 4%). Bxuag ClI” ToxoB B (opMupoBaHHE MEMOPaHHOTO IOTEHIHAA
TJIaAKON MBIl apTepuil UCCIEA0BAIU ¢ MOMOIIBI0 MUKPOIIEKTPOAHOU Tex-
HUKH. YMEHBIICHHE COKPATUTENBFHBIX OTBETOB HA METOKCAMHH B OECXJIOPHOM
pacTBOpe OBUIO CBA3aHO C 00JIee BEIPAYKEHHBIM CHIDKCHHEM BBI3BIBAEMON METOK-
CaMHHOM JCTIOJIIPU3AIHNN TIANKOH MBIIIIB Y 1-2-HENENbHBIX JKUBOTHBIX IO
CPABHEHHMIO CO B3POCIBIMH. Brokama Ca’ -3aBHCHMBIX XJIOPHBIX KAaHATIOB C TO-
motpio MONNA B koHIeHTpauu 3 MKM Takke B OOJbIIIEH CTETICHH TIOIaBIs-
Jla COKpPAaTUTENBHBIE OTBETH y 1-2-HenenpHBIX Kpbic (Ha 39+ 5%) mo cpaBHEHHIO
co B3pocnbIMH (Ha 22+3%)).

BaxHo, uto 6onbimii Bkiaan Cl' B peryssiunio cOKpaTuTeIbHBIX OTBETOB
aprepuil 1-2-HefeNbHBIX KPBIC CONPOBOXKJAJCS MOBBIIMIEHHEM JKCHPECCUH Ie-
HOB, Komupyiommx Oenkn Ca’’-3aucumbix Cl° kamamos (Gectpodus 3 1
TMEM16A). CornacHo nanubeiM [1L[P B peanbHOM BpeMEHH YPOBEHB JKCIpEC-
cuu MPHK 6ectpoduna 3 6611 B 16 pa3 Beime, a TMEMI16A - B 1.6 pa3a Beiie B
aprepusix 1-2-HeZeTbHBIX KPBIC TI0 CPABHEHHIO CO B3POCIBIMH.

COBOKYITHOCTh MOJYYCHHBIX ITaHHBIX yOEIWTENEHO CBUIETEIBCTBYET O
ToM, uto Cl” Gonee BakeH ISl PETYJSAINHMHA TOHYCa apTepHUATbHBIX COCYIOB B
paHHEM NOCTHAaTaNbHOM nepuoae. Taxum obpazom, kak B [IHC, Tak u B cocynu-
CTOH cHCTeMe B TIPOIeCCE€ CO3PEBaHMS OpTaHM3Ma MPOMCXOOUT yMEHBIICHHUE
nenossipusytorero Biusiaus Cl', 4To MOoXkeT obecrneynBaTh ONTHMalbHOE (PyHK-
LIUOHUPOBAHME ITUX CUCTEM Ha KaXKJOM U3 TAlOB IIOCTHATAJILHOIO OHTOIEHE3a
W JIOJDKHO YYUTBIBATHCS IPH (HapMaKoJIOTHUECKON KOPPEKLUMH HapyIIeHHH Kile-
TOYHBIX (yHKIHUH.

Pa6ota BeimonHena npu nognepxke POOU (rpant Ne 18-015-00216-a).
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HOMEOSTASIS OF CHLORIDE IONS
IN EARLY POSTNATAL ONTOGENESIS:
THE SIMILARITY OF VASCULAR SYSTEM AND CNS
D.K. Gaynullinal, D.S. Kostyuninal, A.A. Shvetsoval,
V. Matchkov?, O.S. Tarasova'”
! _omonosov Moscow State University, Moscow, Russia.
Department of Biomedicine, Aarhus University, Aarhus, Denmark.
®Institute for Biomedical Problems RAS, Moscow, Russia

CI', which is the most common inorganic anion in humans and animals,
is involved in the regulation of the many functions of various organs and sys-
tems, including the cardiovascular system. It is well known that the ion-transport
functions of the cells of the organism can undergo significant changes during
early postnatal ontogenesis. In particular, in the neurons of CNS during matura-
tion of the organism, the effect of the chloride current induced by GABA, recep-
tor activation changes from depolarizing to hyperpolarizing, which reflects alter-
ations in the expression level of membrane CI' transporters (Ben-Ari et al.,
2007). In vascular smooth muscle cells of an adult organism, CI plays a procon-
tractile role: the opening of chloride channels causes the efflux of CI” from cells,
depolarization and contraction (Boedtkjer et al., 2016). This work tested the hy-
pothesis that maturation of the vascular bed during early postnatal ontogenesis is
associated with a change in the role of CI in the regulation of membrane poten-
tial and contractile characteristics of smooth muscle cells.

We studied the isometric contractile responses of the endothelium-
denuded saphenous artery to the a,-adrenoreceptor agonist methoxamine in two
groups of rats: 1-2 weeks old and 2-3 months old (adults). Removing of CI" from
the solution (by equimolarly replacing NaCl and KCI with the corresponding as-
partate salts; CaCl, with CaSQ,) resulted in a decrease in the contractile responses
of the arteries of both groups of animals, but this decrease was much stronger in 1-
2 week old rats (by 66 + 2% ) compared with adults (by 31 + 4%). The contribu-
tion of CI currents to the smooth muscle membrane potential was investigated
using microelectrode technique. A decrease in the contractile responses to methox-
amine in a Cl'-free solution was associated with a more pronounced decrease in
smooth muscle depolarization caused by methoxamine in 1-2-week-old animals
compared with adults. The blockade of Ca” " -dependent chloride channels using
MONNA (3 uM) also more strongly suppressed contractile responses in 1-2 week-
old rats (by 39 £ 5%) compared with adults (by 22 + 3%).

Importantly, the greater contribution of CI to the regulation of the arte-
rial contractile responses of 1-2 week old rats was accompanied by an increase in
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the expression of genes encoding the proteins of Ca® " -dependent CI” channels
(bestrophin 3 and TMEM16A). According to real-time PCR data, the expression
level of bestrophin 3 was 16 times higher, and TMEM16A was 1.6 times higher
in the arteries of 1-2 week old rats compared to adults.

These data suggest that Cl” is more important for the regulation of arte-
rial tone in the early postnatal period. Thus, during maturation of the organism
both in the CNS and in the vascular system the depolarizing effect of CI" de-
creases, which can ensure optimal functioning of these systems at each stage of
postnatal ontogenesis and should be taken into account when pharmacologically
correcting cellular dysfunctions.

This work was supported by the Russian Foundation for Basic Research
(Grant No. 18-015-00216-a).
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BBIPABOTKA YCJOBHOI'O OBOPOHUTEJIbBHOT' O PE®JEKCA
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Kasanw, oepesns Yuusepcuaowl, 35, Poccus

Wzyuenne ponu MEeMOpaHHBIX XapaKTEpPUCTHK HEWPOHOB WM IapaMEeTPOB
CHHANTHYECKON Tepefayn B MEeXaHU3Max OOy4deHHs, IpeICTaBIsIeT OOIbINON HH-
tepec [1]. Peub naer o MeMOpaHHBIX CHCTEMaX KJIETKH, YTO OMpPEICNAeTCS, BO-
MIEPBBIX, KIFOYEBOM POJIbI0 HEUPOHA B MHTETPATUBHOM JEATEILHOCTHA MO3Ta, a BO-
BTOPBIX, TEM, YTO B OCHOBE KJIETOYHBIX MEXaHW3MOB OOY4YEHHs M MaMATH JieKatr
Onopusnyeckre 1 OMOXMMHYECKHE XapaKTEPUCTHKA HEPBHBIX KJIETOK. DTH Xa-
PaKTEepUCTHKU JAI0T Ba)KHOE 3BEHO JUIS MEepexojia KPaTKOBPEMEHHBIX IUIacTHYe-
CKHMX M3MEHEHUI B JIOJITOBPEMEHHBIE. B 11e10M, BBIIEISIOT IB€ OCHOBHBIE CTpaTe-
THH MCCIIC[IOBAHUM KJIETOYHBIX MEXaHW3MOB: 1) MpoBeneHHE OOyueHHS U 3aTeM
aHaJM3 Ha KJIETOYHOM YPOBHE, 2) HCTOJIb30BaHUE KIETOYHBIX aHAJIOTOB 00yUeHHS,
KOT/Ia 3KCIICPUMEHTHI TPOBOJATCS Ha M30JIMPOBAHHOM HIIM MOJYHHTAKTHOM TIpe-
mapare, a TaKkke B JUCCOMMPOBAHHON KIIETOYHON KYbType. JlaHHBIe THTepaTyphl
MOKA3bIBAIOT, YTO Ba)XKHYIO POJIb B MEXaHM3MaX aCCOIMATHBHOTO OOYUYCHHS, BBHI-
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MOJIHEHHOTO KaK Ha Tpernaparax OOy4eHHBIX KHBOTHBIX, TaK M B KJICTOYHBIX aHa-
Jorax oOy4eHHWs1 WrpaloT MeMOpaHHBIe mporiecchl [1, 2]. MHTepecHO! Monmenpio
SBIISIETCSI YCIIOBHBIM OOOPOHHUTENBHBIH pediekc Ha 0OCTAHOBKY Yy BHHOTPaTHOM
yiutkd [3, 4]. C ogHON CTOPOHBL, 3TOT YCIOBHBIN pedJekc sBisieTcsi 000pOHHU-
TEJIbHBIM, T.€. B HEM 3aJIeHCTBOBAHbI CHCTEMBI OOOPOHHUTEIHHOTO TOBEACHHUS [4,
5]. C apyroit cTOpoHBI, B 3TOT pedlicKC BKIKUCHA MOIYJISIUS CCPOTOHUHOM, KO-
TOPBIIl BBIAENSAETCS U3 CEPOTOHMH-COJCPIKAIIMX HEMPOHOB IMEAANbHOTO TaHIJIUS
[3]. IToaToMy B aHHOM pabOTe MBI IPOBEIN CPABHUTEIBHOE HUCCIEOBAaHUE U3Me-
HEHU 2JeKTPUYECKUX XapaKTepUCTUK KOMaHHbIX HelipoHoB LPa3 u RPa3 Buno-
TpaHON YJINTKH, a TAKKEe CEPOTOHUHCOAEPIKAIINX HEHPOHOB MEAATEHOTO TaHT IS
Pd4 u Pd2, xotoprie 3aneficCTBOBaHB B MOAYJIITOPHOM BEIOPOCE CEPOTOHWHA TIPH
(hopmupoBaHUH JaHHOTO pedrekca [3].

VY KUBOTHBIX BbIpa0aTHIBAIN YCIOBHBIH OOCTAHOBOYHBIN peduiekc To
KOHTEKCTyaJIbHOW IMapajurMe «Ha IIape» B CHTYaIllH, KOTAa KHBOTHBIE ObLIN
JKECTKO 3aKperuieHbl 3a pakoBHHY. OOyueHHe 3aKIIo4aloch B INPEIbsBICHUH
0€e3yCIIOBHOTO CTHMYJa (3JEKTPUYECKOE pa3ApakeHue) NPH HaXOXKJICHUU YIIUT-
KU B OIPE/ICIICHHOM KOHTEKCTE - Ha mape. JKMBOTHBIX KaXK/ABIH JICHb Ha MPOTA-
JKEHUM 5 JHEell moMeriand B IKCIEPUMEHTAbHYI0 OOCTaHOBKY (Ha ImIap) H
MPEIBSIBISUIM 10 5 INEKTPUUECKUX pasapakeHui B neHb (1-2 MA, 1 ¢, 50 T'n)
MIPUKOCHOBEHUEM JIBYX MAKpO3JIEKTPOJOB — K JOP3aIIbHON NepeaHeil YacTH HOTU
u X xBocty [5]. [lo Hawana BEIpaOOTKH YCIIOBHOTO peduiekca U IMociie MPOoLeayphl
00y4eHHUs] TPOBOJWIM TECTUPOBAHHE YPOBHS OOOPOHWTENHHON pEakmHMu Kak
rmokaszatelsi c(OPMHUPOBAHHON JOITOBPEMEHHON MaMATH. [ 3TOTO M3MEpsIIn
aMIUTUTYAy BTSATHBAaHUS OMMAaTo(OpOB B OTBET HA TAKTWIBHYIO CTHMYJIIIUIO
nepefHed 4acTH HOTHM B THpoLeHTaX. lIpm 3TOM MaKCHMalbHOE BTATHBAHHE
oMmMmarodopos npuauMany 3a 100% u 3anuceIBanm, Kak CHIBHO YJIUTKA OTAEP-
ruBasia ommaTodopsl (Ha 0%, 10%, 25%, 50%, 75%, 90% wumu 100%). Tectupo-
BaHME ITPOBOAMIN B JIByX 0OCTaHOBKaxX — IPH CBOOOJHOM MOJI3aHUH JKUBOTHBIX
Ha MJIOCKOM MOBEPXHOCTHU (CTEKJISTHHAS KPBIIIKA aKBapHyMa), a TaKXKe B CUTya-
K o0cTaHOBKM 00yveHus (Ha 1ape). B mpenaparax oOy4eHHBIX YIUTOK U3Me-
PN 3JIEKTPUYECKUE XapaKTePUCTUKH KOMaHIHBIX HEHPOHOB 0OOPOHHUTEIBHOTO
noBenenus LPa3 u RPa3, a takike cepoTOHUHCOIEPKATUX HEHPOHOB TIeAabHO-
ro rarrmusa Pd4 u Pd2. Beuto HaiineHo, 4to mocie o0y4eHuss MeMOpaHHbBIH I10-
TCHIMAJl CHU)KACTCs, a TIOPOTOBBIN MOTEHIMAT, HA000OpPOT, YBEINUMUBACTCS H, B
WTOTE, MPOHUCXOIUT JTOCTOBEPHOE CHIDKCHHE KPHUTHYECKOTO YPOBHS JETOJISIPH-
3anuu HeliponoB Pd4 u Pd2. B xomannseix Hefiponax LPa3 u RPa3 mponemon-
CTPHPOBAHO JIOCTOBEPHOE CHI)KEHHE MEMOPAHHOTO ¥ TOPOTOBOTO MMOTEHIINAIIOB.
Takum 00pa3zom, MOKa3aHO, YTO IMMOCTE BHIPAOOTKE YCIOBHOTO OOCTaHOBOYHOTO
pediexca IPOUCXOMT MOBBIILIEHHE BO30YIMMOCTH HCCIIEI0BAHHBIX HEHPOHOB.

Pabota nonnepxana POOU (rpant Ne 18-015-00274).
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ELABORATION OF CONDITIONED DEFENSIVE REFLEX
TO THE ENVIRONMENT IN THE TERRESTRIAL SNAIL CAUSES
AN INCREASE IN EXCITABILITY AS OF COMMAND NEURONS
AND SEROTONINERGIC NEURONS OF THE PEDAL GANGLION
Kh.L. Gainutdinovl, V.V. Andrianovl, T.Kh. Bogodvidl’z,
LI.B. Deryabina', L.N. Muranova', D.I. Silantyeva'
!Institute of fundamental medicine and biology, Kazan Federal University,
Kazan, Kremlevskaya str., 18,
?Academy of physical culture, sports and tourism,
Kazan, Universiade village, 35, Russia

The study of the role of membrane characteristics of neurons and parame-
ters of synaptic transmission in learning mechanisms causes the great interest [1].
We are talking about the membrane systems of the cell, which is determined, first-
ly, by the key role of the neuron in the integrative activity of the brain, and second-
ly, by the fact that the biophysical and biochemical characteristics of nerve cells lie
in the bases of cellular mechanisms of learning and memory. These characteristics
provide an important link for the transition of short-term plastic changes in the
long-term. In general, there are two main strategies for the study of cellular mech-
anisms: 1) training and then analysis at the cellular level, 2) the use of cellular ana-
logues of learning, when experiments are conducted on an isolated or semi-intact
drug, as well as in dissociated cell culture. The literature data show that membrane
processes play an important role in the mechanisms of associative learning per-
formed both on the preparations of trained animals and of cellular analogues of
learning [1, 2]. An interesting model is a conditioned defensive reflex on the envi-
ronment in the terrestrial snail [3, 4]. On the one hand, this conditioned reflex is
defensive, i.e. it involves systems of defensive behavior [4, 5]. On the other hand,
this reflex includes modulation by serotonin, which is released from serotonin-
containing neurons of the pedal ganglia [3]. Therefore, in this paper we conducted
a comparative study of changes in the electrical characteristics of the command
neurons LPa3 and RPa3 of terrestrial snails, as well as serotonin-containing neu-
rons of the pedal ganglion Pd4 and Pd2, which are involved in the modulatory re-
lease of serotonin during formation of this reflex [3].

The conditioned situation reflex in contextual paradigm "on the ball" was
developed in a situation when the animals were rigidly fixed through their shells.
In so doing it was preserved the freedom of movement of snails over the surface of
a ball floating in the water and the snails was completely elongated out of the shell.
The training consisted in the presentation of the unconditioned stimulus (electrical
stimulation) when the snails were placed in a different context, such as on the ball.
The 5 electrical stimulations per day (1-2 mA, 1 s, 50 Hz) were presented to snails
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within 5 days at their location on a ball for contextual learning by touching of two
macroelectrodes: dorsally to the front of the foot and to the tail [5]. Before the start
of elaboration of the conditioned situation reflex and after learning the testing of
the level of defensive reaction as an indicator of formed long-term memory was
performed. To do this, the amplitude of retraction of ommatophores in response to
tactile stimulation of the anterior part of foot in percentage was measured. The
maximum retraction of ommatophores was taken as 100% and it was recorded how
much the snail withdraw ommatophore (0%, 10%, 25%, 50%, 75%, 90% or
100%). Testing was carried out in two contexts: during the free crawling of ani-
mals on a flat surface (glass cover of the aquarium) and in the situation of learning
context (on the ball). In preparations of learned animals it were measured the elec-
trical characteristics of command neurons of defensive behavior LPa3 and RPa3,
as well as the serotonin-containing neurons of the pedal ganglion Pd4 and Pd2. It
was shown that after this training the membrane potential decreases, and the
threshold potential, on the contrary, increases and, as a result, there is a significant
decrease in the critical level of depolarization of neurons Pd4 u Pd2. It was also
found that the command neurons LPa3 and RPa3 significantly reduced membrane
and threshold potentials. It is concluded that after the development of a conditioned
reflex on the situation there is an increase in the excitability of the studied neurons.
Thus, it is shown that after the elaboration of a conditioned environmental reflex,
the excitability of the studied neurons increases.
Supported by RFBR (Grant No. 18-015-00274).
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CYUIECTBYET JIA JIBOMHAS CIIUPAJIb AKTUHA? HOBAS
MOJEJb YKIAJAKA MOHOMEPOB AKTUHA B ®UBPUJIJIE
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AKTUH SBISICTCS CAMBIM PAcPOCTPAHCHHBIM OCJIKOM B OpPraHH3ME JyKa-
pHOT. B KiIeTKke akTHH MOXKET CyIIecTBOBAaTh B IBYX (hopmax: rimoOymspHoi (G-
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aktuH) U ¢ubpwuapHon (F-aktun). /[mnHa TIOOYIAPHOTO aKTHHA COCTABIISET
375 aMHHOKHCIOTHBIX OCTAaTKOB, a MoJeKyisipHas Macca 42 k/la. Ilepexon ax-
THHA MEXAY TIoOyIsapHOH M GuOpmUIsIpHONH (opMaMU OCYIIECTBISETCS MO
BIIMSTHUEM DPa3IM4YHBIX (PaKTOPOB (MOHOB, aKTHH-CBSI3BIBAIOIINX OEJIKOB W T.[.)
[1]. AkTHH y4acTBYeT BO MHOXECTBE OEJIOK-O€JIKOBBIX B3aUMOACHCTBHM [2], 4TO
MO3BOJISIET €MY UrPaTh BaXKHYIO POJIb B MOJBIKHOCTH KJIETOK W TOAJCPKAHUU
UMH cBoel (opmbl. BiaumosneiictBue GUOPHILISIPHOTO aKTHHA C MHO3UHOM $IB-
JsieTcst OCHOBOH B cokpamieHn Mpimn. C 1950-TbIX TO0OB BeayTCs HHTCHCHUB-
HblE HCCIIEJOBAHUSI CTPYKTYphl MOHOMEpHOro W (ubOpwuisipHoro aktuHa. Ha
OCHOBAHMHW JTAHHBIX PEHTTCHOCTPYKTYPHOTO aHalN3a MOJMMEPHOTO aKTHHA Jie-
JIaeTCs TPENNOJIOKECHNE, YTO aKTHHOBBIE (PHOPIILIBEI MOTYT OBITH CIIHPATLHBIMHU
[3], a cormacHo gaHHbIM DM aHallM3a U JaHHBIX [3] BOEpBbIE YTBEPKAAETCS, YTO
(uOpMIUTBI aKTHHA TMPEICTABISIOT CO00# aBoitHyro cmupanb [4]. C 3THX TOp
JAaHHOE MPEICTABICHHE O JBYCIUPATBHON OpraHn3aluil (HOPMILIIPHOTO aKTHHA
SBJISIETCS OOILETPH3HAHHBIM.

Iepen HamMu cTOsUTa 3a/aua MPOAHATM3UPOBATH PA3HUILY MEKAY (HUOPHII-
JIOr€HEe30M HOPMAJILHOTO U MATOJOrHYeCKUX (JOPM aKTHHA, JJIsSL Yero ObUIN NpH-
MEHEHbI TEOPETUYECKUE M IKCIEPUMEHTAIIbHBIE ITOIXO0/bl, & TAKXKEe aHalu3 Cy-
HIECTBYIOLIUX TAHHBIX.

MOHOMEpPHBIN aKTHH, BBIICICHHBIA W3 CKEJICTHBIX MBI KPOJIUKA, ObLI
mepeBeqicH B (uOpwLIIpHOE coctostHne myTteM nobOasieHms KCl. Meromom
OTPaHUYCHHOTO TIPOTEOJNM3a W MAaCC-CIIEKTPOMETPHUYCCKOTO aHalm3a ObUIH
OTIpENICIICHBI 3alUIECHHBIC OT BO3JICHCTBHSA MPOTEa3bl yYaCTKH B CTPYKTYpE
¢ubprmsipHOTO aKTHHA [5]. DKClepUMEHTalbHBIE JaHHBIE 10 o0pabotke F-
AKTHUHA CMECBIO MpOTea3 (TPUIICHH, XUMOTPHUIICHH U npoTenHaza K) mo3Bonmim
OIIPEIeTINTh AMHUHOKHCIIOTHBIE OCTATKH, COCTAaBIISIOIINE OCTOB aKTUHOBOH (hno-
pHILTEI (HyMepanus IpuBeIeHa 1Mo rnocieaoBareasHocTn): 97-107, 130-155, 164-
171, 307-312, 331-339 u 343-348. CnenyeT oTMeTUTh, 4TO ydacTku 130-149 u
164-195 saBnsroTCST aMWIOWAOTCHHBIMH IO  TPEACKa3aHUSM  MPOTPAMMBI
FoldAmyloid (http://bioinfo.protres.ru/fold-amyloid/).

JloruyHO TIPENNOJOXKHUTH, YTO IUIOMAAb MOBEPXHOCTH AOCTYIHOH pac-
TBOpHTENO (ASA) JUIS 9THX Y4acTKOB B (huOpHILIe, TODKHA OBITH MEHBIIE, YeM
B OZIMHOYHOM MOJIEKYJI€ aKTHHA. DTOT IapameTp ObLI pacCyMTaH JAJsi MOHOMEp-
Holi (2zwh) u dubpumsapusx (2w49, 1m8q, 3g37, 3j8k, 6bnp) cTpykTyp akTu-
Ha, cocTosmmx u3 16, 14, 12, 10 u 8§ MoHOMEpOB, COOTBETCTBEHHO. BhIIO Ompe-
JIENICHO, YTO IS BCEX yJ4acTKOB KpoMme omgHoro (164-171) mromans moBepxHO-
CTH TOCTYITHOHM pacTBOPHUTEIIO OJMHAKOBA KaK /I MOHOMEPHOTO aKTHHA, TaK H
JUISL aKTHHA, BXOJSILIEro B CTPYKTYpY puOpmuiel. To ecTh, B JaHHBIX CTPYKTY-
pax oty yyactku (97-107, 130-155, 307-312, 331-339 u 343-348) sBusrorcs 10-
CTYIHBIMHU IJIsI B3aUMOjieiicTBUsl ¢ mporeasamu. Cleayer OTMETHTb, YTO BCE
paccMOTpPEHHBIE BBIIE CTPYKTYPHI (PMOPHIUIIPHOTO aKTHHA IPEICTaBISIOT CO-
001 1BOIHYIO criUpalib. METOAOM JIEKTPOHHOW MUKPOCKOIHMH OBUIN MOJTYy4EHBI
MuKpodoTorpadun GUOPHMILIIPHOTO aKTHHA, M3 KOTOPBIX OJHAKO HE CIIEAYET,
YTO aKTWHOBBIC (UOPIILIBI SBISIOTCS NBOMHOW crmpansio. Ha OM m3obpaxe-
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HUSAX BUIHO, 9TO (pHOPHMIUIBI aKTHHA HEOJHOPOIHBI IO TUAMETPY U B IIUPOKOU
YacTH UMEIOT pa3Mep OKOJO 7-8 HM, B y3KOW — OKOJIO 5-6 HM, 4TO, C y4ETOM
paspenieHnss OM, MPHUONIU3UTENEHO COOTBETCTBYET pa3Mepy aKTHHOBOTO MOHO-
Mepa. [lomydeHHBIE pe3ynbTaThl HE COTJIACYIOTCSI C OOIICTIPHHSATHIM MPEICTaB-
JICHWEM O JIBYCIHPAILHOU OpraHu3aiuy GUOPHIUISIPHOTO aKTHHA.

B Hactosmielt pabote mpeanaracTcs HOBas MOJECNb YKJIAJIKH MOHOMEPOB
aKTUHA B (pUOpMIIC: MOHOMEPHI aKTHHA B3aUMOJICHCTBYIOT MEKAY COOON TaKUM
00pa3oM, 9TO TEPEKPHIBAIOT APYT Ipyra, o0pasysl paioHbI, HEAOCTYITHBIC IS
B3aUMOJEICTBUA C MpoTeazaMu. JlaHHAas MOJeNb HE NPEMSITCTBYET B3aUMOACH-
CTBHIO (GUOPHUIIPHOTO aKTHHA C €ro MHOTOYHCICHHBIMU HapTHepamu. Pabota
BBITIOJTHEHA TIpH (puHAHCOBOH nonepxkke PH.
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IS THERE ACTIN DOUBLE HELIX? NEW MODEL
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Actin is the most abundant protein in eukaryotes. In a cell, actin can exist
in two forms: globular (G-actin) and filamentous (F-actin). The length of the
globular actin is 375 amino acid residues, and the molecular weight is 42 kDa. In
vertebrates, depending on the isoelectric point, there are three actin isoforms: a,
B and y. a-actins are mostly located in muscle cells, while f and y-actins — in
non-muscle cells. a-actins are divided into three types: a-actin of the smooth
muscles, a-actin of the skeletal muscles, and a-actin of the heart muscles. The
transition of actin between its globular and filamentous forms is carried out un-
der the influence of different factors (ions, actin-binding proteins, etc.) [1]. Actin
is involved in a variety of protein-protein interactions [2], which allows it to play
an important role in the mobility of cells and in the maintaining of their shape.
The interaction of actin filaments with myosin is the basis for the muscle con-
traction. Since the 1950s, intensive studies of the structure of monomeric and
filamentous actin have been conducted. According to the X-ray data analysis of
polymeric actin, it was suggested that actin filaments can be helical [3]. Based on
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the EM analysis and data from paper [3], for the first time was stated that actin
filaments are a double helix [4]. Since then, the idea of the double helix organi-
zation of filamentous actin is generally accepted.

Our task was to analyze the difference between the fibril formation of
normal and pathological forms of actin, for which theoretical and experimental
approaches were used, as well as the analysis of existing data.

Monomeric actin isolated from rabbit skeletal muscles was transferred to
the filamentous state by adding KCI. The regions protected from the action of
proteases in the structure of F-actin were determined [5] using the limited prote-
olysis technique and mass spectrometry analysis. Thus, experimental data on the
treatment of F-actin with a mixture of proteases (trypsin, chymotrypsin and pro-
teinase K) allowed us to determine the amino acid residues that make up the core
of actin filament (numbering is given by sequence): 97-107, 130-155, 164-171,
307-312, 331-339 and 343-348. It should be noted that regions 130-149 and 164-
195 are amyloidogenic according to the predictions of the FoldAmyloid program
(http://bioinfo.protres.ru/fold-amyloid/).

It is logical to assume that the accessible surface area (ASA) for these re-
gions in the F-actin should be less than in a single actin molecule. This parameter
was calculated for the monomeric (PDB file: 2zwh) and filamentous (2w49,
1m8q, 3g37, 3j8k, 6bnp) actin structures consisting of 16, 14, 12, 10, and 8 mon-
omers, respectively. It was determined that for all regions except one (164-171)
this parameter is the same for both G- and F-actin. Thus, in these filamentous
structures, these regions are accessible for interaction with proteases. It should be
noted that all the filamentous actin structures discussed above are organized in a
double helix. The micrographs of actin filaments were obtained using the elec-
tron microscopy technique. However, from these micrographs, it does not follow
that actin filaments are a double helix. From these EM images we can see that
actin filaments are heterogeneous. In diameter and in a wide part they have a size
of about 7-8 nm and in a narrow part about 5-6 nm. Taking into account the reso-
lution of EM, these sizes approximately corresponds to the size of actin mono-
mer. The obtained results do not agree with the generally accepted view that F-
actin is in the form of a double helix.

In this paper, a new model for stacking actin monomers in filaments is
proposed: actin monomers overlap in such a way to form regions that are inac-
cessible for interaction with proteases. This model does not contradict the inter-
action of F-actin with its numerous partners. The reported study was supported
by the Russian Science Foundation.
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BUOJIOI'NYECKAS MOJABUXKHOCTH MOYEBOTI'O ITY3bIPS
KPBIC C HH®PABE3UKAJBHON OBCTPYKIIUEN
B.1O. I'no6a, I'.A. bo:xok, T.I1. bounapenxko, E.W. Jlerau

Hnemumym npobaem kpuodbuonoeuu u kpuomeduyunvt HAH Yrpauno,

2. Xapvwkos, yn. Ilepescnasckas, 23, Ykpauna

Mouegoii my3bips (MII) npeacTaBiseT co00ii MHOTOKOMIIOHEHTHYIO JIH-
HaMHMYECKYI0 cucTeMy. JIMHaMHUeCKue CBA3M MEXIy BHYTPEHHUMH 3JIEKTpHUe-
CKUMH, XMMUYECKUMU (HEHPOropMOHANBHBIMU) U MEXaHUYECKUMHU IPOLIeCCaMU
MIPY HaKOTIJICHUH U BBIBEJICHHE MOYH HEOOXOIMMBI MOYEBOMY ITy3BIPIO VIS TOTO,
9TOOBI OpraH (YHKIHOHHUPOBANI Kak (Gu3HoIormdeckmii oovekt [1, c¢. 13]. Muo-
TOYHCIICHHBIE TIATOJIOTHYECKHE COCTOSHMSA, MaTOTCHETHYECKHM MeEXaHH3MOM
KOTOPBIX sBJIsIeTCS MH(paBe3ukanbHas ooctpykuus (MBO), MoryT cymecTBeHHO
HapyIMUTh pabOTy MOUYEBOTO Iy3bIps. [IpM 3TOM M3MEHSETCS COKpaTHTEIbHAs
CHOCOOHOCTH TJIAJKUX MBIIII, YTO BIMSET Ha Ba)KHEWIITHE MPOIECCHI CI0XKHOTO
B3aUMOJICHCTBHE MEXIY CTPYKTYPHBIMHM M QaHATOMHYECKHUMM YacTSIMU MOYEBHI-
BOJAIINX MyTel U MEXJy HEpBHBIMU CUCTeMaMH KOHTpoi [2, ¢.937]. B HacTo-
diiee BpeMs, npoOieMa HCCIIeOBaHU MPOIECCOB, MPOUCXOAAIINX B MOYEBOM
my3bIpe, aKTyanbHa, 0COOCHHO B MOJIEIISIX iN Vitro.

Llenbro mpencTaBieHHOM pabOThl HA HAa4YaJbHOM JTale SIBISUIOCH U3yde-
HHE OCOOEHHOCTEW COKpaTHTeNbHOW akTHBHOCTH naeTpy3opa (CAJl) kpeic c
HBO.

Martepuansl 1 meronsl: UBO MonmenupoBanu Ha OECHOPOIHBIX OENbIX
caMKax KpbIc 6 MECSYHOrO BO3pacTa JUraTypHbIM MeToqoM [3, c. 415]. Bec xu-
BOTHBIX KosreOancs ot 180 mo 340 r. JKuBoTHBIC OBLTH pa3/IeieHbl Ha 3 TPYIIIIHL:
1-1 — 8 kpoic ¢ UBO u cHsATHEM JMTaTyphl Nocie 6 Helelb 00CTPYKINH, KOTO-
pbie OBLITM BBIBENIEHBI U3 dKCTepuMeHTa Ha 9-if Henene (n=8); 2-1 — 3 KPBICHI C
MBO 6e3 cHATHS TUTATYPHl, aHATOTUYHO 1-if rpyIIe BEIBEIEHBI U3 KCIIEPHMEH-
Ta Ha 9-# Hexene (n=3); 3-1 — 11 KpbIC, MHTAKTHBIA KOHTPOJIb, KOTOPHIX HE MOJ-
Beprainm kakoMmy-nu6o BosnerictBuio (n=11). CAJl uccrenoBaiyd Ha H30JIHPO-
BaHHBIX mosiockax MII o merony [4, c. 2, 3]. MccnenoBany CIOHTaHHYIO CO-
KpaTUTEIbHYIO0 aKTHBHOCTb, a TAKXKE €¢ M3MEHEHHe B 0TBeT Ha BozneiicTere KCl
B KoHIIeHTparuu 80 mM ¥ XOJHMHOMHMETHKA MIIoKapmuHa B o3¢ 0,03 Mr/mir.

B 1-ii u 2-#1 rpynnax crnonTanHas CAJl He3HAuUUTENbHO YBEIUYMIIACh HA
1,84 u 2,04%, COOTBETCTBEHHO, 110 CPABHEHUIO C MHTAKTHBIM KOHTpOJIEM. YcTa-
HOBJICHO, 4TO B 0TBeT Ha Bo3xeiictBue KCl B koHuentpanuu 80 mM monydeHo
yayumenne CAJl B 1-if rpynne Ha 43,86% u ee yxyauieHue Bo 2-if rpymnme Ha
34,27% ot xoHTpOIIs. IHTEpeCcHO, YTO MPH MPIMEHEHHH XOJIHMHOMUMETHKA TTHIIO-
KapruHa B 1-# 1 2-if rpynmax HaOIIOAAINCh aHAIOTUYHBIC Pe3yJbTAThl: yBEIUIe-
aue CAJ] ma 27,35% u camkenue ee Ha 40,6% 10 CpaBHEHHIO C KOHTPOJIEM, KO-
TOPOE BO3MOXKHO OOBSICHSETCS MOSIBICHHEM JIONOJHUTEIBHBIX MEXaHU3MOB, CBS-
3aHHBIX C U3MEHEHHEM CcTPyKTypsl MII 1 ero (GyHKIIMOHATBHOW aKTHBHOCTH.

Pe3ynbraThl 3KCIEpUMEHTa CBUAETENBCTBYIOT 00 M3MEHEHHWH CIIOHTAH-
HOM coxpatuTenbHoll akTuBHOCTH pu MIBO B cTOpOHY yBenndeHUs B 3aBUCH-
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MOCTH OT CPOKOB TTaTOJIOTHH, YTO XapaKTepu3yeTcs Kak HecTaOmibHOCTs MII B
OTBET Ha 0OCTPYKIMIO. MEHAeTCs TakKe CUCTEMa PeryIIIIiH akTHBHOCTH MII.
Tak Ha HavaneHOM STane UBO ormedanock ycmienne CAJ] B oTBeT Ha BO3-
nericteue KCl 1 numokaprnuHOM, 94TO OOBSACHSIETCS MOSBICHHEM TaK Ha3bIBac-
MOU THMIIEpaKTUBHOCTH NE€TPY30pa, U aKTUBALMEN XOJIMHIPIrUYECKOTO 3BEHA B
nHuIManuu cokpatumoctu MIL. B mocneayromem npu yBeIMYEHUH CPOKOB
HNBO u nporpeccupoBanuu natoyiornueckux uameHeHudt CAJl cHuxaeTcs Ha
(hoHE YMEHBIIICHUS BIUSHUS XOJIUHIPTHUECKOTO 3BEHA PETYIISIIIMH, YTO CBUJIC-
TEJIBCTBYET 00 aKTHBAI[MK JAPYTUX MEXaHHU3MOB PETYISIMH C IICJBIO MOIACP-
KaHU QyHKIHOHANRHON momHoneHHoCTH MII. [TosrydeHHbIe pe3ynbTaThl MO-
TBEPIKIAIOT TMOJIOKEHHUE O HAMYUHA MHOKECTBEHHBIX OMOIMHAMHYECKUX TIPO-
neccoB B MII, MexaHU3Mbl KOTOPBIX HYKIAIOTCSl B JaJIbHEHIIEM H3Y4EHHH.
OTO MO3BOJHT B AalbHEHIIEM MPUMEHUTH Ha CICAYIOMIHNX JTamnax paboTsl Me-
TOABI Bo3AeWcTBUsA Ha ¢GyHKIUI0 MII s MONHOTO ee BOCCTAHOBJICHUS MPH
HBO.
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BIOLOGICAL MOTILITY OF THE URINARY BLADDER
OF RATS WITH BLADDER OUTLET OBSTRUCTION
V.Yu. Global, G.A. Bozhokl, T.P. Bondarenko, E.I. Lehach
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The urinary bladder (UB) is a multicomponent dynamic system. Dynamic
connections between internal electrical, chemical (neurohumoral) and mechani-
cal processes under accumulation and excretion of urine are necessary in order
for the organ to function as a physiological object [1, p. 13]. Many pathological
conditions that engage bladder outlet obstruction (BOO) can significantly disrupt
the bladder. The contractile ability of smooth muscles change, which affects the
most important processes of complex interaction between the structural and ana-
tomical parts of the urinary tract and between the nervous control systems [2,
p.937]. Currently, the problem of studying the processes occurring in the bladder
is impotent, especially in vitro models.
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The research aim was to investigate the contractile activity of detrusor in
rats with BOO.

Materials and methods: BOO was simulated by the ligation in 6-month-
old white breedless female rats [3, p. 415]. The weight of animals ranged from
180 to 340 g. Animals were divided into 3 groups. Group 1 (n = 8) with BOO. In
group 1 the ligation was removed after 6 weeks. Group 2 (n = 3) with BOO,
without removing the ligature. Group 3 (n = 11) was a control. All rats were sac-
rificed by week 9. The detrusor contractile activity (DCA) was studied in isolat-
ed UB-strips according to the method [4, p. 2, 3]. The spontaneous contractile
activity was investigated under normal and pathological conditions. The change
in spontaneous contractile activity in response to 80 mM KCl exposure and cho-
linomimetic pilocarpine at a dose of 0.03 mg / ml.

In groups 1 and 2, the spontaneous DCA increased by 1.84 and 2.04%,
comparing with control. It was shown that using 80 mM KCI causes an increase
in DCA in the group 1 by 43.86% and its decrease in the group 2 by 34.27% of
the control. Interestingly, when cholinomimetic pilocarpine was used, similar
results were observed. The DCA was increased by 27.35% in group 1 and was
decreased by 40.6% in group 2 compared to the control. This may be explained
by appearance of additional mechanisms of detrusor functional activity.

The results of experiment shown that spontaneous DCA increases with
BOO. It depends on the duration of the pathological process and is characterized
as instability of the UB in response to obstruction. The system of regulation of
UB activity is also changing. There was an increase in the DCA in response to
exposure of KCl and pilocarpine in initial stage of BOO. This is due to the ap-
pearance of the detrusor hyperactivity and activation of a cholinergic link in the
initiation of UB contractility. DCA decreases with a weakening of the choliner-
gic regulation, with an increase in the duration of BOO and the progression of
pathological changes. This indicates the activation of other regulatory mecha-
nisms in order to maintain the functional usefulness of the UB. The results con-
firm multiple biodynamic processes in UB. The mechanisms of these processes
need further study. This will allow in further studies to apply methods of influ-
ence on the function of MP with the aim of recovery.
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OCOBEHHOCTH TPAHCIIOPTA KAJIBIIUA U UTHAYKINWN
KAJIBIIAM-3ABUCUMOM ITOPBI B MUTOXOHJIPUAX CKEJIETHBIX
MBI JUCTPODPUH-IEPHUIIUTHLIX MBIIIENR MDX
M.B. Ilyﬁmmnl, K.C. Tenskos', B.C. CTapm-leul,

E.}O. Tananos’, K.H. Berocayanes'”
1Mapudcmn? 20CY0apCmeenHblll yHusepcumen,

Howrap-Ona, nn. Jlenuna, 1, Poccus
2I/IHcmumym meopemuueckol u IKcnepumenmanvHo ouoguzuxu PAH,
Ilywuno, yn. Uncmumymcras, 3, Poccus

HepBHo-MbIIIeYHbIE 3a00/1€BaHKs, B YaCTHOCTH, OOYCIIOBIICHHBIC T'€HE-
THYECKMMH Ae(eKTaMd MHUONATHH, SIBISIOTCS Haubojee 4YacThIMH M HEPEIKO
(aranbHBIMM HAcJEJICTBEHHBIMU 3a00JIeBaHMAMH 4denoBeka. OQHOM M3 Takux
MaTOJIOTHH SBJISETCS MPOTPEcCHUpyromasl MelieyHas auctpodus JlromeHHa.
[IprunHO# 3TOTO 3ab0NEBaHMS SABIACTCS MyTalWs B eHE AUCTPO(HUHA, PaCIo-
J0XKEHHOTO Ha X-XpoMmocome. ['eH nmuctpoduHa sKCpeccHpyeTcs, B OCHOBHOM,
B MBIIIEYHBIX KJIETKaX, B KapAMOMHOIMTaX M B KieTkax IlypkuHbE B MO3re
(Muntoni and Ferlini, 2003). B pe3ymsraTe MyTaIuii HapymaTCs dKCIIPECCus,
CTpYKTypa U (pyHKIHs Oerka AUCTpOQHHA, KOTOPHIA MPUHAMAET yJacTHe B 00-
Pa30BaHUU CJIOXKHOW (PYHKIIMOHAIBHOW CETH, HEOOXOIUMOMN ISl MOJIePIKAHUS
CTPYKTYPbI MBIIICYHOMH KIETKH, — TaK Ha3bIBAEMOr0 IHCTPO(HH-aCCOLUUPO-
BaHHOTO OEJIKOBOTO KOMIUIEKCA. DTO MPUBOAUT K Pa3BUTHIO CUMITOMOB, 3aTpa-
THBAIOIINX JKCIPECCHPYIOIIUE AaHHBIA OENOK TKaHH: MPOTPECCUPYIOLICH MbI-
HIEYHOU CcJIabOCTH, KapIUOMHOIIATHH U YMCTBEHHO# oTcramoctu (Muntoni and
Ferlini, 2003). BonbIioii uHTEpeC B MCCIENOBAHMSAX MATOTCHETHYECKUX MeXa-
HU3MOB MHONATHH NpUBIeKaroT MuToxouapun (Vila et al., 2017; Kennedy et al.,
2017). W3BecTHO, 4TO TpU MEIIMICYHOW AucTpoduu JJfomeHHa 3TH BHYTPHKIIE-
TOYHBIE OPraHeJUIbl MPETEepIeBAOT 3HAYMTENbHBIE MOpQosornueckne 1 GyHK-
LMOHAJIbHBIE n3MeHeHus. [Ipennonaraercs, 4To B OCHOBE 3THX M3MEHEHHH Jie-
KaT, B TOM YHCIJIE, HapyIICHHS B MUTOXOHIPHAIBHBIX CHCTEMaxX TPaHCIIOPTA
noros Ca”'. YcranosieHo, uro npu gedumure aucTpodrHa HAGTIOIASTCS H3ME-
HEHUE MPOHHMLAEMOCTH KJIETOYHOH MeMOpaHBl, YBEJINYMBACTCS KOHIIEHTpaLus
Ca’' B UTONIA3Me KIETKH, 4TO, B CBOK) OUEPE/Ib, IPUBOIUT K AKTUBALIMHI Kaslb-
navHa W JIerpajaliy KJIETOYHBIX OENKOB. DTH IPOLECCHl acCOLMHMPOBAHBI C
HakoruieHneM A®K B MUTOXOH/IPHSX, CHUKEHHEM aKTUBHOCTH OKUCIIUTEIEHOTO
(dochopunrpoBaHusl, NEPEKUCHBIM OKHCIEHHEM MeMOPaHHBIX JIMIUI0B, OTKPHI-
teM MTP nopsl, 4To, B KOHEYHOM cUeTe, MPUBOAAT K Hekpo3y kieTku (Vila et
al., 2017). o cux mop He M3yYCHHBIM OCTAETCS BOIPOC, YTO JIEKHUT B OCHOBE
M3MCHEHWH B (DYHKIMOHWPOBAHWUM MHUTOXOHIAPWUN TPH PA3BUTHH MBIIICYHOMN
nuctpoduu JJfomenna — ypoBeHb CyObEeANHHI KATbIIUEBOTO YHHIIOPTEPA U IPY-
TUX KaIbIUH-TpaHCHOPTHPYIOHX OenkoB, 6enkoB MPT mopsl.

B nacrosmeit pabote HaMH MPOBEJAECHO CPABHUTEIBEHOE HCCIICIOBAHNE KH-
HETHYECKHUX TapameTpoB Tpancropra Ca’', a takke mumykiuu Ca’' -3aBHCHMOIL
HOpPBI B MUTOXOH/IPUSIX CKEJIETHBIX MBI JUCTPOPHUH-ISPUIUTHBIX MBIIIEH JIU-
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Hur C57BL/10ScSn-Dmdmdx (mdx meimwm) 1 meimeir C57BL/10 «aukoro Tumay,
HCIIOJIb30BAHHBIX B KAUECTBE KOHTPOJbHBIX XKHUBOTHBIX. B pe3ynbraTe MpoBencH-
HOW pabOThl HAMH YCTAHOBJICHO, YTO JJISI MUTOXOHAPUH mdX MBIIIeH, OKHUCIISIO-
[MX TIyTaMaT | MaJiaT, XapaKTEePHO CyIIecTBeHHOE (0oJiee ueM B 2 pasza) CHUXKE-
Hue ckopocti Ca®* YHHIOPTA, a TAKXKE PE3KOE YMEHBIICHHE KalbIIHEBOI EMKOCTH
(~3,5 pa3a) 1Mo CpaBHEHHUIO C MBIIIAMH «IUKOTO THIay. CX0XKUEe H3MECHEHUS 00Ha-
PYXCHBI M B Cllyyac NMPUMCHEHUs CYKIMHATA KaK CyOCcTpaTa OKUCICHHUS, B 3TOM
ciyuaae ckopocth Ca®” yuuropra B MuTOXOHAPHsX mdX Mblieil cHIKAmach B 3,8,
a KaJIbI[UeBasi EMKOCTb B 3 pa3a 1o CPaBHEHUIO C MBILLIAMH «IUKOro TUMa». B To
JKe BpeMsI MBI He OOHapYKWJIM CYIIECTBEHHBIX Pa3lIMuiii B KHHETHKE Na'/Ca®'-
AHTHIIOPTA, OCYIIECTBIISIOMEro BhIxo1 Ca’’ M3 MaTpHKca MHTOXOHIPHIl B OOMEH
na Na'. Kpome Toro, MeTonoM MMMyHOONOTTHHTZ HAMH OLEHEHA JKCHPECCHS
cyObemuHuIl KanbimeBoro yaunoprepa (MCU, MCUb, MICU1, MICU2, EMRE)
1 Na'/Ca®*-anrTunoprepa, 6enxos MPT mops! (mkinoduiisa [ i aIeHHIaTTpaHc-
JIOKaTopa) B MUTOXOHAPHUSX CKEJIETHBIX MBIIIILL IBYX IPYIN KUBOTHBIX. Y CTAHOB-
JICHO, YTO B MUTOXOHJAPHAX mMdX MEbIIIeH HAOMIOIaeTCsl CHIDKCHUE KCIPECCHU
KaHaIbHOW cyObeauHuIEl MCUD KalbIIMEBOrO YHUIIOPTEPA, a TAKKE CYIIECTBEH-
HOE CHIDKEHHE IKCIPECCUH pPeryisaTopHoii cyorenunauiipl MICU mo cpaBHEHHIO ¢
KOHTPOJILHBIMH YKMBOTHBIMH. DKCIPECCHS IPYTHX U3ydaeMbIX OEJIKOB HE MpeTep-
mena CyIIeCTBEHHBIX U3MeHeHuU. OOCy)maeTcs, Kak HaOIoqacMble M3MCHEHUS
MOTYT BJIHMATh Ha (YHKIMOHHPOBAHWE MHUTOXOHJAPHHA CKEIETHOH MYCKYIaTyphl
TIPU Pa3BUTUH MBIIIEYHON tucTpodrH JfomeHna.
Pabora moxnep:xana rpantom Poccuiickoro HaygHoro ¢onma (Ne 18-75-
00011).
Jluteparypa
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FEATURES OF CALCIUM TRANSPORT AND INDUCTION
OF CALCIUM-DEPENDENT PORE IN SKELETAL MUSCLE
MITOCHONDRIA OF THE DYSTROPHIN-DEFICIENT MDX MOUSE
M.V. Dubinin', K.S. Tenkov', V.S. Starinets',
E.Yu. Talanovz, K.N. Belosludtsev'?
"Mari State University, Yoshkar-Ola, pl. Lenina, 1, Russia
%Institute of Theoretical and Experimental Biophysics RAS,
Pushchino, St. Institutskaya, 3, Russia

Neuromuscular diseases, in particular, myopathies caused by genetic de-
fects, are the most frequent and often fatal hereditary human diseases. One of
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these pathologies is Duchenne progressive muscular dystrophy. The disease is
caused by a mutation in the dystrophin gene located on the X chromosome. The
dystrophin gene is expressed mainly in muscle cells, cardiomyocytes and
Purkinje cells in the brain (Muntoni and Ferlini, 2003). As a result of mutations,
the expression, structure and function of the dystrophin protein, which takes part
in the formation of a complex functional network necessary to maintain the
structure of the muscle cell, the so-called dystrophin-associated protein complex,
are violated. This leads to the development of symptoms affecting the tissues
expressing this protein: progressive muscle weakness, cardiomyopathy and men-
tal retardation (Muntoni and Ferlini, 2003). Much of the interest in the studies of
the pathogenetic mechanisms of myopathies involves mitochondria (Vila et al.,
2017; Kennedy et al., 2017). It is known that in the case of DMD these intracel-
lular organelles undergo significant morphological and functional changes. It is
assumed that the basis of these changes are, in particular, violations in the mito-
chondrial Ca®" transport systems. It is known that in the case of a deficiency of
dystrophin, a change in the permeability of the cell membrane is observed, the
concentration of Ca>" in the cytoplasm of the cell increases, which in turn leads
to the activation of calpain and the degradation of cellular proteins. These pro-
cesses are associated with the accumulation of ROS in the mitochondria, a de-
crease in the activity of oxidative phosphorylation, peroxide oxidation of mem-
brane lipids, MTP pore opening, and they ultimately lead to cell necrosis (Vila et
al., 2017). It is still not known what causes the change in the functioning of mi-
tochondria during the development of Duchenne muscular dystrophy - the level
of subunits of calcium uniporter, other calcium-transporting proteins and/or MPT
pore proteins.

In this work, we carried out a comparative study of the kinetic parameters
of Ca®" transport, as well as the induction of MPT pore in skeletal muscle mito-
chondria of C57BL/10ScSn-Dmdmdx mice (mdx mice) and C57BL/10 wild-type
mice used as control animals. We found that mitochondria of mdx mice, which
oxidize glutamate and malate, are characterized by a significant (more than 2
times) decrease in the rate of Ca®" uniport, as well as a sharp decrease in calcium
capacity (~ 3.5 times) compared with wild type mice. Similar changes were
found when succinate was used as an oxidation substrate; in this case, the rate of
Ca®" uniport in the mitochondria of mdx mice decreased by 3.8 and the calcium
capacity by 3 times compared with wild-type mice. At the same time, we found
no significant differences in the kinetics of the Na’/ Ca*" antiport, which releases
Ca®" from the mitochondrial matrix in exchange for Na'. In addition, we evaluat-
ed the expression of calcium uniporter subunits (MCU, MCUb, MICU1, MICU?2,
EMRE) and Na‘/Ca®" antiporter, MPT pore proteins (cyclophilin D and adenyl-
ate translocator) in the skeletal muscle mitochondria of two groups of animals
using the Western blot method. We found a decrease in the expression of the
MCUDb channel subunit of the calcium uniporter, as well as a significant decrease
in the expression of the MICU1 regulatory subunit in mitochondria of mdx mice,
compared with control animals. The expression of other studied proteins did not

87



undergo significant changes. It is discussed how the observed changes can affect
the functioning of skeletal muscle mitochondria during the development of Du-
chenne muscular dystrophy.
The work was supported by grant from the Russian Science Foundation
(Ne 18-75-00011).
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HCCJEJJOBAHUE B3AUMOJENCTBUS JECMUHA
C MUTOXOHJPUSAMM in vitro
C. Ayxanun, H. MeaBeaesa, T. HexpacoBa, A. [lasja, A. MUHUH
Hnemumym 6enxa PAH, Poccus

MUTOXOHAPUN HUTPAIOT KPUTHYECKYIO POJb B (U3HOJIOTHH KIETOK.
OHHM OTBEYAIOT 32 MHOTHE MpoLecChl, Takue Kak npous3Boiactso ATD, pery-
AU KOHIEHTPAIMU KalbIN WX WHHUIMAIHS aroITo3a, M03ToMy (axTo-
PBI, perynupymomue uX (yHKIUH, BaXXHBI JII HOPMaJbHOTO (DYHKIMOHHUPO-
BaHMs TKaHeill. OMHUM U3 TakuxX (PaKTOPOB SABISIOTCS MPOMEKYTOUHBIC (PU-
nameHTH (I1®), oquH U3 Tpex KOMIOHEHTOB ITUTOCKENIETa B )KHBOTHBIX KJIET-
kax. Panee B Hamel nabopaTopuu OBIIO OOHAPYXKEHO, YTO BUMEHTHHOBHIC
[1® cBSA3BIBAIOT MUTOXOHJAPHUH, W IIPH ITOM CHIDKACTCS UX BHYTPHUKJICTOYHAS
MOJBW)KHOCTh W YBEIWYHMBAETCS MeMOpaHHbIA motenmuan [1,2]. Jlecmus,
6emnok I1d B MBIIEYHBIX KIETKAX SBISAETCS OIU3KAM POJCTBEHHMKOM BHMEH-
THHA, U MYTallid B HEM MPHUBOJAT K HAPYHICHUIO (QYHKIHMIA MHUTOXOHIPUH,
KaK B CEpJCYHOI, TaK M B CKEICTHBIX MbIIIax[3], ABIAACh NPUYUHAMH HE-
KOTOPBIX HACIEACTBCHHBIX Oone3Hed. McXoas u3 3TUX NaHHBIX, MBI IIPEIO-
JIOKHITH, 9TO NecMHUHOBBIE [1D Takyke MOTYT CBS3BIBaTh MHUTOXOHAPHUHU. [y
MPOBEPKHU ATO¥ TMIIOTE3BI MBI UCIIOIH30BAN CO-0CAKICHUE PEKOMOUHAHTHO-
ro JIeCMHHA C MUTOXOHAPHUSIMH U3 IIE€YEHU KPBICH Yepe3 TPagieHT TUNIOTHOCTH
caxapossl. OKka3ajgoch, YTO JECMUH CBS3BIBAETCS C MUTOXOHAPHUIMH W OCa-
JKJaeTcsl C HUMH Yepe3 caxapo3Hyro «moaymkyy». OaHako, B MPOIEecce UHKY-
0amuu ¢ MUTOXOHAPHUAMH 9acTh MOJICKYI IE€CMHHA YKOPAdYUBACTCS B PE3YIIb-
TaTe MPOTEOJIN3a U TEPSAET CIIOCOOHOCTH CBA3BIBATHCS. VIHTHOMTOPHEIN aHa-
T3 TOKa3aj, 4TO 32 YaCTUYHYIO JAerpajalyio IeCMUHA OTBEYaeT CBSI3aHHBIN
C MUTOXOHJIPUSMHU ATUIHYHBIA KaJblauH, [UCTEUHOBAsl MpoTeas3a, aKTHUBHU-
pyemas xanpliueM. Hamm mgaHHbIe TO3BOJISIIOT IPEAMOJIOKHUTH, YTO B3aUMO-
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neiictBue necMUHOBBIX [ID ¢ MUTOXOHIAPUSIMH PETYJIUPYETCA KaJlbI[UM-
3aBUCUMOM MPOTEa30il KaJIbIauHOM.
PaboTta BeImosHEHA npu (UHAHCOBOM moanepkke rpanta PODU Ne 17-
04-01775.
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ANALYSIS OF DESMIN INTERACTION
WITH MITOCHONDRIA in vitro
S. Dukhalin, N. Medvedeva, T. Nekrasova, A. Dayal, A. Minin
Institute of Protein Research, RAS, Russia

Mitochondria play a critical role in a cell physiology. Since they are re-
sponsible for such processes as ATP synthesis, Ca”" concentration, and apoptosis
initiation, regulation of their functions is important for normal functions of tis-
sues. One of regulatory factors are the intermediate filaments (IF), a cytoskeleton
component in animal cells. We have previously demonstrated that vimentin IFs
bind mitochondria resulting in a decrease of their motility and an increase of
their membrane potential [1,2]. Desmin, an IF protein specific for muscle cells is
closely related to vimentin, and its mutations result in the disturbance of mito-
chondria functions in skeletal muscles and a heart [3]. We supposed that like
vimentin desmin might also interact with mitochondria. To test this we used sed-
imentation through a sucrose gradient. It turned out that desmin binds to mito-
chondria and co-sediments with them through the "cursion". However, an incu-
bation with mitochondria leads to a partial degradation of desmin resulting in the
loss of its binding ability. An inhibitory analysis showed that the enzyme respon-
sible for this degradation is Ca*"-dependent cystein protease which belongs to the
atipical calpains. These data indicate that interaction of desmin IFs with mito-
chondria is regulated by calpain.

This work was supported by Russian Foundation for Basic Research
(RFBR) grant #17-04-01775.

References
1. Nekrasova, O. E., et al. (2011). Vimentin Intermediate Filaments Modulate the Mo-
tility of Mitochondria . Mol Biol Cell 22(13): 2282-2289.
2. Chernoivanenko I. S. , et al. (2015). Mitochondrial membrane potential is regulated
by vimentin intermediate filaments. FASEB J 29(3):820-827.
3. Capetanaki, Y. (2002) Desmin cytoskeleton: a potential regulator of muscle mito-
chondrial behavior and function. Trends Cardiovasc. Med. 12, 339-348.

&9



PE3UCTEHTHOCTbD KJIETOK OCTPOI'O MUEJIOUTHOT'O
JENKO3A K TRAIL-UHIYIIMNPOBAHHOMY AIIOIITO3Y,
OIIOCPEJIOBAHHASA AITE3UEN K BHEKJIETOYHOMY MATPAKCY
SI.B. EBcrpaToBa', M.]. KoGsikoBa' A.C. Cenoros’,

A.M. JIlomogcknii', B.C. Akatos'?, P.C. ®azxees'”

YUnemumym meopemuueckoii u sxcnepumenmanvhoii Guodusuxu PAH,
Ihwuno, Poccus;
zﬂyu;uHCKud Tocyoapcmeennblii ecmecmeenHO-HAYYHbII UHCIMUMYM,
Iywuno, Poccus, e-mail: yannaevstratova@gmail.com

Panee HaMu OBITIO TTOKa3aHO, YTO MOHOOIACTHBIE KIETKH OCTPOTO MHEIIO-
unHoro Jeiikoza (OMJI) moryr npuobOperats (heHOTHIT OoJiee 3pebIX Makpo-
(aromno00HBIX KJIETOK Ha ()OHE COXpaHEHUs MpoJdepaTUBHON aKTHBHOCTH U
nprobperenus ycroitunBoctd kK TRAIL-unaymuposanHoMy amonro3y. OcHOB-
Has XapakTepUCTHKa, OTIMYaroIas takue makpodaromnonobHeie kiaetku OMJI
oT MoHOOMacTHBIX KieTok OMJI, siBnsieTcst CrIOCOOHOCTh K aAre3uu K BHEKJIe-
TogHOMY MaTpukcy (BKM).

M3BecTHO, uTo aare3ust k BKM omnocpenyercs MHTETpUHAMH, a UX JIUTH-
pOBaHUE aKTHBHPYET NMPOTEHMHKHHA3Y (okanmbHOl anesun (FAK) u Src-xunazy,
YTO TIOBBIINAECT BEDKHBAEMOCTH OIyXOJEBBIX KJIETOK ITyT€M HHUIMAILMH aHTHA-
MOTOTHYECKUX CHTHAJIBHBIX KAacKaJlOB, CBA3aHHBIX C aKTUBalMEH MyTH
PI3K/AKT, yBenmueHHEeM aKTHBHOCTH TpPaHCKpUIIIMOHHOTO (akTopa NF-kB,
CHIDKEHHEM aKTHBAIMK P53 M IOBBIICHHOW 3KCIPECCHH AHTHAOTOTHYECKUX
6enxoB BCL- 2 u FLIP. OcHoBHbIMH KoMmnoHeHTamMu BKM, 3a cueT KOTOpBIX
OCYIIECTBIIIETCS ~ KJIETOYHas  ajire3us, sABJsoTcs mentunasl ¢ RGD-
MOCJIEIOBATEIEHOCTRIO, YYaCTOK paclo3HaBaHMUA KOTOpPOH, MPUCYTCTBYeT Ha
MHTETPUHOBBIX perenropax ¢ oV cyOoseauHured. Xopomo HU3BEeCTHO, YTO IO-
BBIIIICHHAST YKCIPECCHss HHTETPHHOB VB3 u aVBS5S xoppenupyeroT co 3jioKaue-
CTBEHHOCTBIO MHOTHX OIYXOJIEBBIX 3a0oneBanuil [1, 2] u omocpenyeT BbIKUBa-
€MOCTb U yCTOHYMBOCTh K MHIYKIMH KJIETOYHOH TMOenn MHOTHX OITyXOJIEBBIX
KJIETOK, BKJIFOUYasl KJIETKH I'eMaTOJIOTHYECKHUX 3JI0KaYeCTBEHHBIX HOBOOOpa3oBa-
Huii [3].

Takum oOpa3zom, anaresus JeWKo3HBIX KieTok k BKM moxer omocpemno-
BaTh pe3ucTeHTHOCTh K TRAIL-mHIynmpoBaHHOMY amonTosy, a, clel0BaTellb-
HO, TpeOyeTcs BELICHUTh KaKHe MHTETPUHBI ¥ MaKpo(haronogo0HbIX JICHKO3HBIX
KJIETOK y4acTBYIOT B aare3uu Kk BKM u ux pons B GopMUpOBaHHH yCTOWYIHBO-
ctu k TRAIL-uHAOyIIMpOBaHHOMY amonTo3y. PaccMaTtpuBas criocOOHOCTH Mak-
podaromnoao0HbIX KIeTOK K aare3ud k BKM kak ¢akTop, omocpemyromunuii jre-
KapCTBEHHYIO yCTOHYMBOCTH, OBLIO C/ENAHO MPEIIOJIOKEHHE O TOBBIIICHUH
YyBCTBUTEIHHOCTH KJIeTOK K TRAIL-MHAynIMpoBaHHOMY arornTo3y Hociie WHIH-
OMpoBaHUS B3aUMOJACUCTBUSA UHTETPUHOB ¢ WX Turangamu B BKM.

MBI ipoBeny OLEHKY AEHCTBUS Ha aAre3UI0 JIEMKO3HBIX KJIETOK arOHUCTa
aV wunrerpuHoB — Cilengitide, koTopsrii mpenctasnser coboit RGD-nenrtuna,
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OJIOKHPYIOIINI CBsI3bIBaHUE OV — CyOBEAMHUIIBI HHTETPUHOB KIETOYHOW MEM-
Opansl ¢ 6enkamu BKM [4].

Bruto BersicHeHO, uTo ipuMeHeHne Cilengitide moTHOCTBIO TIOAABISAET af-
Te3ur0 Makpo(]aromno00HBIX JEHKO3HBIX KIETOK W CIIOCOOCTBYET MX OTKpEILie-
HUIO 0T moBepxHOocTH BKM B TeueHue 24 4acoB mocie ero 1o0aBICHUs K KIIeT-
kam. TakuMm oOpaszom, aaresus maxkpodaromnono6ubsix kinetok OMJI k BKM oc-
HOBaHa Ha aKTMBALIMM MHTEIPUHOB Tpymmsl aV. B To xe BpeMs, IpU LUTOTOK-
cuueckoM aHanmse neiictBus Oenmka iZTRAIL coBmectHo ¢ Cilengitide, Obu10
MOKa3aHo, YTO OJOKUPOBaHUE aare3uu y Makpogaronogo0Heix kietok OMII He
MOBJIMAJIO HA ycToMunMBOCTh K TRAIL-uHAynupoBaHHOMY anonTo3y. BepositHo,
TAHHBIA YQQEKT CBA3aH ¢ TeM, 4To ycToiunBocTh K TRAIL-uHAyIHpoBaHHOMY
anonTo3y y makpodaromnono0usix kietok OMJI ocHOBaHa Ha (YHKIIMOHUPOBA-
HUU CUTHaJbHBIX IyTEH, accoUMUpoBaHHBIX ¢ penentopamu TRAIL, HO He ¢
aaresueil kK komrnonentam BKM.
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RESISTANCE OF ACUTE MYELOID LEUKEMIA CELLS
TO TRAIL-INDUCED APOPTOSIS MEDIATED BY ADHESION
TO EXTRACELLULAR MATRIX
Y.V. Evstratova', ML Kobyakoval, A.S. Senotov',
A.L Lomovsky', V.S. Akatov'?, R.S. Fadeev "
YInstitute of Theoretical and Experimental Biophysics RAS,
Pushchino, Moscow Region 142290, Russia;
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142290, Russia, e-mail: yannaevstratova@gmail.com

We previously showed that monoblastic cells of acute myeloid leukemia
(AML) can acquire the phenotype of more mature macrophage-like cells, main-
tain proliferative activity and acquiring resistance to TRAIL-induced apoptosis.
The main characteristic of macrophage-like AML cells is the ability to adhere to
the extracellular matrix (ECM).
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It is known that adhesion to ECM is mediated by integrins, and their liga-
tion activates protein kinase of focal adhesia (FAK) and Src kinase, which in-
creases the survival of tumor cells by initiating antiapototic signaling cascades
associated with activating the PI3K / AKT pathway, increasing the activity of the
transcription factor NF-kb, decreased p53 activation and increased expression of
the anti-apotic proteins BCL-2 and FLIP. Cell adhesion is carried out by the
main components of the ECM, they are peptides with the RGD sequence, the
recognition site of which is present at the integrin receptors with aV subunit.
There is data that increased expression of aVB3 and aVP5 integrins correlates
with the malignancy of many tumor diseases [1, 2] and mediates survival and
resistance to the induction of cell death of many tumor cells, including leukemic
malignant cells [3].

Thus, the adhesion of leukemic cells to ECM can mediate resistance to
TRAIL-induced apoptosis, and therefore, it is required to find out which integrins
in macrophage-like leukemic cells are involved in adhesion to ECM and their role
in the formation of resistance to TRAIL-induced apoptosis. We proposed that the
ability of macrophage-like cells to adhere to ECM is a factor mediating drug re-
sistance, therefore, it is possible to increase the sensitivity of cells to TRAIL-
induced apoptosis after inhibiting the interaction with their ligands in ECM.

We analysed the action of an aV integrin agonist, Cilengitide, on the ad-
hesion of leukemic cells. Cilengitide is an RGD peptide that blocks the binding
of aV, the integrin subunit of the cell membrane to ECM proteins [4].

It was found that the use of Cilengitide completely suppresses the adhe-
sion of macrophage-like leukemic cells and contributes to their detachment from
the surface of the ECM within 24 hours after treatment. Thus the adhesion of
macrophage-like AML cells to ECM is based on the activation of oV integrins.
At the same time, it was shown that with the combined use of izZTRAIL and
Cilengitide, blocking adhesion in macrophage-like AML cells did not affect re-
sistance to TRAIL-induced apoptosis. Probably, this effect is due to the fact that
resistance to TRAIL-induced apoptosis in AML macrophage-like cells is based
on the functioning of signaling pathways associated with TRAIL receptors, but
not with adhesion to ECM components.
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N-AODETHWJIHNUCTENHAT-2-9THI-6-METHAJI-3-T'UAPOKCUIITNPUINH
MPEJOTBPAINAET JJUC®YHKIIAIO MUTOXOHIPUAI
B YCJIOBHUSAX CTPECCA
W.B. )Kurauesa', 1.®. Pycuna’
lI/IHcmumym buoxumuuecxou guzuxu um. HM. Omanysns PAH,
2. Mockea, yn Kocwvieuna, 4, Poccus
2HHcmumym xumuyecxou ¢usuxu um H.H. Cemenosa PAH,
119334 2. Mocksa, yn. Kocvleuna, 4, Poccus

MutoxoHApuH, SBISSACH OJAHUM M3 LIEHTPAJbHBIX 3BEHBEB DHEPreTHYE-
CKOro OOMEHa, BHOCST 3HAYUTEIbHBIN BKJAJ B OTBETHI OPraHW3Ma Ha CTPECCO-
Bble Bo3zeicTBUsL. OJTHAKO, MPU CUIIbHBIX WM JUIUTEIbHBIX CTPECCOBBIX BO3/EH-
CTBHSIX 3TH OPTaHEJUIbl CTAHOBSITCSA OJHHUM M3 OCHOBHBIX UCTOYHHUKOB U30BITOY-
HOW reHepammu akTUBHBIX ¢opM kucnopona (ADPK) [3opor A.b. u ap., 2007].
BzaumoneiictBue A®K ¢ NOIMHEHACHIIIEHHBIMY KUPHBIMU KHUCJIOTaMU, BXOIS-
OIFMA B COCTaB JIMMTUIOB MeMOpaH, BO3MOYKHO, IMEET CIICICTBHEM aKTHBAIIHIO
repekucHoro okucieHus mununoB (I10JI), mpuBoaAIIero K HAPYIICHAIO OCMO-
THYECKOro OarxaHca MEXIy MaTpPUKCOM M MEXMEMOpaHHBIM MPOCTPAHCTBOM
MUTOXOHJIPHH, YTO, BEPOSATHO, COMPOBOXKIAETCS HAOyXaHHEM MHTOXOHIpPUH,
BBICBOOOK/ICHHEM aIONTOICHHBIX OCJIKOB M3 MEXMEMOPaHHOTO MPOCTPAHCTBA B
LUTOIJIa3MY W aKTWBallMed MUTOXOHJIPHAILHOTO MYyTH amomnrto3a [Ps3aHieBa
H.B. u np.,2009]. Tlo-BuauMomy, mpemnapatbl, cHrKaromue rerepanuio ADK
MUTOXOHIPHUSMHU, OYAYT MOBBINIATh YCTOWYMBOCTH OpPraHU3Ma K JCHCTBHIO
CTpeccoBbIX (hakTopoB. Ha 3Ty poinb, B epBYIO O4Yepeab MPETCHAYIOT aHTHOK-
CUIaHTHl. B KauecTBe 00bEKTa UCCIICAOBaHMS ObLTH BHIOPAHBI AHTHOKCHIAHTHI -
npousBonHble 3-okcummpuauHa (3-OI0). M3eectHo, uyro mpomsBomubie 3-OI1
AKTUBHO PEarUpPYyIOT C THAPOKCUIEHBIMU pPaldKaIaMi, IEPBUIHBIMHA CBOOOIHEI-
MU paJrKajJaMH OCIKOB U MEePEKUCHBIMH CBOOOIHBIME panukanaMu [CamnexuH-
ckuit .1 u np., 1980]. B cBsi3u ¢ 3TUM OBLITO MCCIETIOBAHO BIHSAHUE CTPECCa U
HOBOTO CHUHTE3UPOBAHHOTO BOJIOPACTBOPHMOTO COCIIMHCHUS N-
AICTIINUCTEHHAT 2-3THA-6-MeTun-3-ruapokcurupunnnaa (3-I'T1), sBusromeecs
MPOU3BOIHBIM 3-OKCHITUPHINHOB, Ha ()YHKI[MOHAJIHHOE COCTOSHHE MUTOXOH-
Ipuit megeHn kpbic, HHruOupoBanue 110JI KOTOPEIM MOXKET OBITH 00YCIOBICHO
HaJIM4MeM THAPOKCHIA (DEHOIBHOTO THIIA TIPHU COMPSDKEHHOM IMKIMYECKON CH-
creMe cBsizeil. B kadecTBe CTpPEcCOBOrO BO3JEUCTBUSI HCIOIB30BAM MOJENb
octpoii runobapudgeckoit rumokcun (OI'T). Berbop nanHo#i Momenu o0bacHASTCS
TEM, YTO YHEPTETUUCCKUI OOMEH SABJISICTCS MUIICHBIO JIJISI TUIIOKCUU M OJTHUM W3
MEPBBIX CPEIU JPYTUX META0O0NIMYCCKHX IMPOIECCOB HAPYMIACTCS B YCIOBUAX
nedunuta kucnopona [JlykesHosa JI.J[., Bmacosa W.T'., 1991].

Jns mpoBeeHUsT UCCICOBaHUA HEOOXOIUMO OBLTO TOA00paTh KOHIICH-
TpaIUIo mpenapara 3PPEKTUBHO CHIDKAMOITY0 HHTeHCUBHOCTH [1OJ], T.K B ycio-
Busix OI'T HabmromaeTcst MEPOKCHIALUS JIMITUIOB MEMOpaH, B TOM YUCIIC U MEM-
OpaH MUTOXOHApHHA. JJIT 3THX TIeTe UCIIOIb30BaI MOJEh «CTapEHUS» MHTO-
XOHIIpHH (MHKYOAIMs MUTOXOHIIPHH ME€UYeHH KPhIC B THIIOTOHUYECKON cpee TpHu
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KOMHAaTHOM Temrieparype). «CTapeHne» MpuBOAMIO K pocTy reHeparun ADK, uto
HAIIJIO OTPaKCHHE B YBEIMYCHHM WHTCHCHBHOCTH (NIyOPECIEHIIMH TPOIYKTOB
TTOJI B MemOpanax mutoxoHapHii B 3-4 pasa. [Ipenapat 3-I'TI B KOHIIEHTpAITHOH-
HoM uuTepsaie ot 10°-10""M cHixan renepammo AOK MHTOXOHIPHAMH H, Clie-
JoBartesbHo, npenorTpaman akrusanuio [1OJI. Ilpu uccnenoBaHusIX MPOTEKTOP-
HBIX CBOHCTB GbLIa BRIOPAHA KOHLEHTpAIHs nperapara - 10°M.

OIT compoBoxaanack 1,5-3-KpaTHBIM POCTOM MHTEHCHBHOCTH (iryopec-
neHuuu nponaykros I1OJI B MemOpaHax MUTOXOHAPHH medeHu Kpbic. [Ipu aTom
npoucxoamino 29,5% CHUXKEHHE MaKCUMAaNbHBIX cKopocTei okucieHuss HAJI-
3aBUCHMBIX cyOcTpatoB M 35% cHmwkeHHE 3(GQEKTUBHOCTH OKHCIUTEIHHOTO
docoprmposanms. Beenenne kpsicam 10° M 3-T'TI 3a 45 muHyT 10 BO3/CH-
CTBHS NPEJOTBPAIIAIO U3MEHEHUS (DyHKIIMOHAIBHBIX XapAKTEPUCTUK MUTOXOH-
Ipuii TedeHu: mpenynpexaanack aktusanus [10JI m BoccTaHaBIMBAINCH OHO-
9HEPreTUYECKUE XapaKTEPUCTUKH MHUTOXOHAPHUH (MAaKCHMAalbHBIE CKOPOCTH
oxucienus HAJl-3aBucuMbIX cyOCTpaToB HE OTJIMYAIUCH OT KOHTPOJILHBIX 3HA-
YEeHU, a BEJIMYHMHA JBIXaTEJIbHOTO KOHTPOJs OblIa COMOCTaBMMa C COOTBET-
CTBYIOIIIMHU 3HAYCHUSIMU B KOHTPOJILHOH IPYIINE )KUBOTHBIX).

U3meHeHHs B CTPYKTYpHO-(DYHKIMOHAIBHBIX XapaKTEPUCTHKaX MHTO-
XOHJPHUI OTPA3HINCh U HAa (PU3HOJIOTHYCCKUX TOKa3aTensax. MHbeKIus 10°M 3-
I'TI B 1,8-4,5 pa3a yBenuuuBanga NpoJODKUTENLHOCTD KU3HU U Ha 12-40% mo-
BBIIIA/IA BBKHBAEMOCTh MBIIIEH B YCIOBHUSX PA3JIMUHBIX BUIOB THIIOKCHH.

Vcxonst 3 MOTydeHHBIX JAaHHBIX MOKHO IPEIOIOKHUTh, YTO. 3aIIUTHBIN
a¢¢exr 3-I'TT 00ycI0OBICH €T0 aHTUPATUKATFHBIMI H aHTHOKCHIAHTHBIMH CBOM-
ctBamMH: d(QPEKTUBHAS KOHCTAaHTA WHTHOHUPOBAHHA CBOOOTHOPAINKAIBHOTO
oxucnenns (kInH) stunbensona (60°) cocrasiser ot 3,3 mo 3,84 x 10* (Mc) .
IpenotBpamas akruBaruio [10J1, 3-I'Tl, mo-BunuMoMy, CriocoOCTBYeT moaaep-
JKaHUIO (PYHKIMOHAIBLHOTO COCTOSHUS MHUTOXOHJAPHH, YTO OTpa)kaeTcsl Ha II0-
BBILIEHNH YCTOWYHMBOCTH OpraHu3Ma K CTPECCOBBIM BO3/ICHCTBUSM, B YACTHOCTH
K Pa3IMYHBIM BU/IaM THIIOKCHH.

N-ACETYLCYSTEININATE-2-ETHYL-6-METHYL-3-
HYDROXYPYRIDINE PREVENTS MITOCHONDRIAL
DYSFUNCTION IN STRESS CONDITIONS
I.V. Zhigacheva', L.F. Rusina’

'Emanuel Institute of Biochemical Physics RAS,

street Kosygin, 4, Moscow, Russia
’N. Semenov Institute of Chemical physics RAS,
street Kosygin, 4, Moscow, Russia

Mitochondria, being one of the central links of energy metabolism, make
a significant contribution to the body's responses to stress. However, under
strong or prolonged stress, these organelles become one of the main sources of
excessive generation of reactive oxygen species (ROS) [Zorov D. et al, 2007].
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The interaction of ROS with polyunsaturated fatty acids that are part of mem-
brane lipids may result in the activation of lipid peroxidation (LPO), which leads
to disruption of the osmotic balance between the matrix and the intermembrane
space of mitochondria, which is probably accompanied by swelling of mitochon-
dria, the release of apoptogenic proteins from the intermembrane space to the
cytoplasm and activation of the mitochondrial pathway of apoptosis [Ryazantse-
va N. In. et al., 2009]. Apparently, drugs that reduce the generation of ROS by
mitochondria will increase the body's resistance to stress factors. This role is
primarily claimed by antioxidants. Antioxidants - derivatives of 3-
hydroxypyridine (3-HP) were chosen as the object of study. It is known that 3-
HP derivatives actively react with hydroxyl radicals, primary free radicals of
proteins and peroxide free radicals [Sapezhinsky II et al, 1980]. In this regard,
the effect of stress and a new synthesized water-soluble compound N-
acetylcysteinate 2-ethyl-6-methyl-3-hydroxypyridine (3-AHP), which is a de-
rivative of 3- hydroxypyridine, on the functional state of the liver mitochondria
of rats, inhibition of lipid peroxidation with this drug may be due to the presence
of phenolic hydroxyl type with a conjugated cyclic system of bonds. A model of
acute hypobaric hypoxia (AHH) was used as a stress effect. The choice of this
model is explained by the fact that energy metabolism is a target for hypoxia and
is one of the first among other metabolic processes that is disturbed under condi-
tions of oxygen deficiency [Lukyanova L.D., Vlasova I.G., 1991].

For research it was necessary to choose the concentration of the drug ef-
fectively reduces the intensity of the LPO, because in the conditions of AHH
there is peroxidation of membrane lipids, including lipids of mitochondrial
membranes. For these purposes, a model of mitochondrial "aging" was used (in-
cubation of rat liver mitochondria in a hypotonic medium at room temperature).
"Aging" led to an increase in the generation of ROS, which was reflected in an
increase in the fluorescence intensity of LPO products in mitochondrial mem-
branes by 3-4 times. The drug 3-AHP in the concentration range from 10°-10°
"M reduced the generation of ROS by mitochondria and, consequently, prevent-
ed the activation of LPO. In studies of the protective properties, the concentra-
tion of the drug was chosen - 10 M.

AHH was accompanied by a 1.5-3-fold increase in the fluorescence inten-
sity of LPO products in rat liver mitochondrial membranes. In this case, a 29.5%
decrease in the maximum oxidation rates of NAD-dependent substrates and a
35% decrease in the efficiency of oxidative phosphorylation occurred. Introduc-
tion to rats 10° M 3-AHP 45 minutes before exposure prevented changes in the
functional characteristics of liver mitochondria: prevented activation of LPO and
restored bioenergetic characteristics of mitochondria (the maximum rates of oxi-
dation of NAD-dependent substrates did not differ from the control rates, and the
respiration control rates were comparable to the corresponding values in the con-
trol group of animals).

Changes in the structural and functional characteristics of mitochondria
affected the physiological parameters. Injection of 10°M 3-AHP increased life
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expectancy by 1.8-4.5 times and increased survival of mice in different types of
hypoxia by 12-40%.

Based on the data obtained we can assume that the protective effect of 3-
AHP is due to its antiradical and antioxidant properties: the effective inhibition
constant of free radical oxidation (kInH) of ethylbenzene (60°) is from 3.3 to
3.84 x 10* (Ms)™. Preventing the activation of lipid peroxidation, 3-AHP, appar-
ently, contributes to the maintenance of the functional state of mitochondria,
which is reflected in an increase in the body’s resistance to stress, in particular,
to various types of hypoxia.

HE®POITPOTEKTOPHBIE D®@D®EKTHI AIEMETUOHUHA
P PABIOMUOJIUTUYECKOM OCTPOM MOBPEKJIEHUU ITOYEK
N.N. 3amopckuii, B.M. [Ipauyk, T.C. llyaposa, A.M. I'opouiko
Byrosunckuii 2ocyoapcmeennulii MeOuyuHcKull yHusepcumenn,
Yepnosywl, Teampanvuas na., 2, Yepauna

HecMotpst Ha 3HaYUTENBHBIE JOCTHKEHHUS B MEAUKAMEHTO3HOM JICUCHUN
U BHEIPEHHE COBPEMEHHBIX METOJOB MOYEYHO-3aMECTHTEIHLHON Tepammuy,
CMEPTHOCTH OT ocTporo nospexiaenust nodek (OIIIT) ocraercst BBICOKOH M co-
craBiseT okojo 25—70% [1]. OcHOBOM maToreHe3a MoYeYHOW MaToJOTUU SIBIIS-
€TCsl pa3BUTHE OKCHIATHBHOTO CTpecca, KOTOPBIM XapakTepu3yeTcs MpPOOKCHU-
JAHTHO-aHTHOKCHUAAHTHBIM aucOanancom [2]. [loatomy, cpeacTBa peHONPOTEK-
LUK JTOJDKHBI OBITH HAaNpaBlieHbl HAa YCHJIEHHE aHTHOKCHJIAHTHOM 3allUThl, WH-
JOYKIUIO MEMOPaHO- U IUTOIPOTEKTOPHBIX MEXaHU3MOB. AJIEMETHOHHH — aK-
THBHBIH CEpOCOIEPKAIINX METAOOIUT METHOHNHA, IPUPOTHBIA aHTHOKCUAAHT U
AHTHU/ICTIPECCAHT, CO/IEPXKUTCSI BO BCEX TKAHIX opranm3ma. Kak jekapcTBEeHHOE
CPEACTBO OTHOCHTCSI K TPYIIIE TeTaTONPOTEKTOPOB, OJHAKO Oiaromapst mieio-
TpomHBIM 3(dekTaM 007TaJaeT UTOMPOTEKTOPHBIM, NTPOTHBOBOCHIAIUTEIBHBIM,
aHaJIBI€3UPYIOIUM, aHTHICTIPECCAHTHBIM, HEHPOIIPOTEKTOPHBIM M IIPOTHBOSIIH-
JIETITUYECKUM JIecTBUEM [3].

Llenb paboThl — H3y4YEHUE BIUSHUS 3IEMETHOHMHA Ha (DYHKIIMOHAIBEHOE
COCTOSIHAE TOYEK M INPOOKCHIAHTHO-aHTHOKCHIAHTHBIM OanaHc B TOYKax B
YCIIOBUSX dKCTIEpUMEHTANBHOTO padgomuonutuieckoro OIIIL.

Matepuansl u Meroabl. VccnenoBanue mpoBeaeHo Ha Oenbix Oecro-
POJHBIX TOJIOBO3PENBIX KpbIcax-camiiax maccoi 120-180 r, koTopble HaxX0Iu-
JMCh B CTAHAAPTHBIX YCIOBUSIX BUBApHs CO CBOOOIHBIM JOCTYIIOM K BOJE M ITH-
mie. JKuBoTHBIE OBIIIM pa3/iesieHbl Ha TPU Tpynnbl (n=7): mepBasi — KOHTPOJIbHAs,
BTOpasi — XHUBOTHBIE ¢ pabmpomuomuruueckuM OINII, TpeThst — KHUBOTHBIE, KOTO-
peiM BBOmwiM anemernonuH npu OIIIl. PabGnommonmTHdeckoe MOBpeXICHUE
MOYEeK BOCIPOM3BOAMIIM ITyTEM BBEAEHHs KpbicaM BHyTpHMBIeuHo 50% pac-
TBOpa TJMLEpUHA B 103e 8 MI/Kr. AnemernoHuH («lentpam», «Abbott S.p.A.»,
Wranus) BBoamwM B 03¢ 20 MI/Kr BHYTpHUOpIOMKUHHO Yepe3 40 MuH mociie Mo-
nenupoBarug OIIII u mpogomkanyu BBOOUTE B TeueHHe 6 nHei. 3abop marepua-
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Jla OCYILIECTBIISJIM HAa 7-€ CYTKH 3KCIEPHMEHTa B YCIIOBHUSX BOAHON HarpysKu.
[IpoTexTopHOE HAEWcTBHE MperapaTa OICHHBAIM II0 IOKa3aTeNsIM (YHKIIHO-
HAJIHOTO COCTOSTHHSI TIOYEK, aKTUBHOCTH JINIHIHOW M OEIKOBOI MEPOKCHIAIIH
¥ (pepMEeHTOB aHTUOKCHJIAHTHOM 3alHTHI.

PesyabTaThl M 00cy:xkaeHue. B pesynbrare skcnepuMeHTa Ha 7-i IeHb
pasButus padromuonutudeckord Gopmel OINIT BEISBISUIMCH IPHU3HAKK MOBpE-
JKACHUS MOYEYHON TKaHM, YTO MPOSBIUIOCH CHUXKEHHMEM auypes3a Ha 33,4%,
ckopoctH Ki1yboukoBoit ¢punsTpaiun (CK®) — B 2 pasza no cpaBHEHHIO C XKHU-
BOTHBIMU MHTAaKTHON rpynnbsl. HecMOTps Ha TEHJASHIMIO K BOCCTAHOBJICHHUIO
9KCKPETOPHOH (YHKIIMH IMOYEK, COXPAHAIACh THIIEpa3oTeMus (ypOBEHb Kpea-
THHUHA B TUIa3Me KPOBU MPEBBIMIAN TOKa3aTeNb KOHTpois B 1,7 pasa) u mpo-
TenHypHus (KOHIEHTpaIus Oenka B Mode BbIpocia B 3 pasa). Kypcosoe 7-mu
THEBHOE BBEICHHE aJCMETHOHHHA CIIOCOOCTBOBANO YIYYIICHUIO (PYHKIIHO-
HaJbHOTO COCTOSIHUS MOYEK, YTO MOJATBEPKAAIOCH BO3pACTaHHUEM AUype3a A0
ypoBHS KoHTpous, yBenuueHueM CK® B 1,6 pasza. Kpeatununemus y yedeH-
HBIX )KHBOTHBIX CHIDKAJIMCH 0 MOKa3aTeleil HopMbl B cpenHeM B 1,4 paza. Ilpu
3TOM OTMEYalloch 3HA4YMTEIbHOE (B 2,8 pasza) yMEHbIIEHHE KOHIICHTPAIHH
6enka B Move. Kpome TOro, aneMeTHOHHH CIIOCOOCTBOBAJI HOpPMaJIH3aIMH Ka-
HaJIbIeBOM (QYHKIMH, YMEHbIIAs MoKa3aTelb GpakiMOHHOI IKCKPEUU HOHOB
HaTpus B 2,9 pasa.

YV KpbIC IpyIIibl NaTOJOTHMH COXpPaHsIach BbICOKAs UHTEHCUBHOCTD IMPO-
LIECCOB IMEPEKUCHOTO0 OKUCIICHUS HapsAly C HCTOLIEHHEM CHCTEMbBI aHTHUOKCH-
JMAHTHOW 3aIUTHL: COJEpXKaHWe MajoHOBoro muaipneruga (MIA) um okuciu-
TeNbHO MoMU(HUIUpoBaHHBIX OenkoB (OMB) B TkaHU MOYEK JOCTOBEPHO Tpe-
BBIIIANIO MOKa3aTenu KoHTponst Ha 23,6% u 46,1% coorBercTBeHHO. KypcoBoe
NpUMEHEHHE aJeMETHOHMHA COAECMCTBOBAJIO YMEHBIIEHUIO OKHUCIUTEIbHBIX
mporeccoB: conepkanue MJIA ymensmmanoch Ha 19,3%, a conepxanue OMb —
Ha 31,7%. Kpome Toro, npumMeHeHNEe aJeMETHOHNHA CITIOCOOCTBOBAJIO yBEJHYeE-
HHUIO aKTUBHOCTH TIIyTaTHOHIEPOKCHIa3bl Ha 58,8% ¥ BOCCTaHABIMBAJIO aKTHB-
HOCTb KaTaja3sbl 10 YPOBHs KOHTPOJIS.

BbIBOABI. AZEMETHOHHH B YCIOBHSAX PabJOMHOIMTHYECKOTO OCTPOTO
MTOBPEXKICHHS IOYEK MPOSBISIET He()POIPOTEKTOPHBIE CBOWCTBA, NoBbImas CK®
U [uypes3a, a TaKKe CHIDKas MPOSBICHUS TUIEPa30TEMUH, NPOTEUHYPHUH, BOC-
CTaHaBJIMBAasl peadCOPOLMOHHYIO CIIOCOOHOCTh HE()POHOB M HOPMANU3Ys IIPOOK-
CHJIaHTHO-aHTHOKCH/IAHTHBIH OaaHc.
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NEPHROPROTECTIVE EFFECTS OF ADEMETIONINE
IN ACUTE KIDNEY INJURY INDUCED BY RHABDOMYOLYSIS
I.I. Zamorskii, V.M. Drachuk, T.S. Shchudrova, O.M. Goroshko
Bukovinian State Medical University, Chernovtsy, Teatral’naya Sq., 2, Ukraine

Despite significant advances in treatment and introduction of the modern
methods of renal replacement therapy, the lethality from acute kidney injury
(AKI) remains high, at about 25-70% [1]. The background of renal pathology is
the development of oxidative stress, which is characterized by prooxidant-
antioxidant imbalance [2]. Therefore, methods of renoprotection should be aimed
at enhancing antioxidant protection, induction of membrane- and cytoprotective
mechanisms. Ademetionine is an active sulfur-containing metabolite of methio-
nine, a natural antioxidant and antidepressant found in all tissues of the body. As
a drug, it belongs to the group of hepatoprotectors, however, due to pleiotropic
effects it has a cytoprotective, anti-inflammatory, analgesic, antidepressant, neu-
roprotective and anti-epileptic effect [3].

The aim of this study was to investigate the effect of ademetionine on re-
nal function and the prooxidant-antioxidant balance in rat kidneys in experi-
mental AKI induced by rhabdomyolysis.

Materials and methods. This study was conducted on white mature male
rats weighing 120-180 g, maintained under the standard vivarium conditions
with free access to food and water. The animals were divided into three groups
(n = 7): the first group included the control subjects, the second group included
animals with rhabdomyolysis-induced AKI, and the third group was the animals
that received taurine for AKI. Rhabdomyolysis-induced renal injury in rats was
modeled by intramuscular injection of a 50% glycerol solution at a dose of
8mL/kg. Ademetionine (Heptral, «Abbott SpA», Italy) was administered at a
dose of 20 mg/kg intraperitoneally for 7 days after modeling of AKI. The mate-
rial was taken on the 7th day of the experiment under water load conditions. The
protective effect of the drug was assessed by the indices of the functional state of
kidneys, intensity of lipid and protein oxidation and activity of antioxidant en-
Zymes.

Results and discussion. As a result of the experiment, on the 7th day of
the rhabdomyolytic AKI development the signs of renal tissue injury were de-
tected, which was manifested by a decrease in diuresis by 33,4%, glomerular
filtration rate (GFR) by 2 times comparing to animals of the intact group. De-
spite the tendency to restoration of the excretory kidney function a significant
hyperazotemia (plasma creatinine level was 1,7 times higher than the control
value) and proteinuria (urine protein concentration increased by 2,8 times) was
observed. The 7-day administration of ademethionine contributed to the im-
provement of the functional state of kidneys, which was confirmed by an in-
crease in diuresis to the level of control and an increase in GFR by 1,6 times.
Creatininemia in treated animals declined to normal values by an average of 1,4
times. It was noted a significant (3-fold) decrease in urine protein level. In addi-
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tion, ademetionine contributed to the normalization of tubular function, reducing
the fractional excretion of sodium ions by 2,9 times.

In rats of the pathology group, a high intensity of peroxidation processes
was found along with the depletion of the antioxidant defense system: the levels
of malondialdehyde (MDA) and oxidatively modified proteins (OMP) in kidney
tissue significantly exceeded the control values by 23,6% and 46,1%, respective-
ly. Treatment with ademetionine contributed to the reduction of oxidative pro-
cesses intensity: the level of MDA decreased by 19,3%, and the level of OMP -
by 31,7%. In addition, the use of ademetionine caused an increase in the activity
of glutathione peroxidase by 58,8% and restored the activity of catalase to the
level of control.

Conclusions. In conditions of rhabdomyolysis-induced acute kidney inju-
ry ademethionine exhibits nephroprotective properties, increasing GFR and diu-
resis, as well as reducing the manifestations of hyperazotemia, proteinuria, and
restoring the reabsorption ability of nephrons along with normalization of the
prooxidant-antioxidant balance.
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YCWJIEHUE AKTUBHOCTHU AHTUOKCUJIAHTHOW CUCTEMBI
HEPYJOIJIASMHUHOM B YCJIIOBHUSIX PABJOMHNOJIN3A
N.N. 3amopcknii, T.M. Yurypsau
bykoesunckuii cocyoapcmeenHblii MEOUYUHCKUL YHUBEPCUTEM.
Yepnosywi, ni. Teampanvuas, 2, Ykpauna

PabnomMuonn3 — yrposkaroniuil KU3HU CHHAPOM, BO3HUKAIOIIUHN BCIIEI-
CTBHE TIOBPEKICHUS CKEJIETHBIX MBIIII ¥ MPHUBOIAIINNA K OCTPOMY pEHAIHLHOMY
TyOyIsIpHOMY HEKpo3y U ocTpomy moBpexaeHmio nodek (OIIII) u3-3a Bo3meit-
CTBHSI MHOTJIOOMHA, BBIMIEIIETO M3 pa3pymeHHbIX MuonuToB [1]. Heanexnar-
HOCTh OIICHKU COCTOsTHHsI ManueHtoB ¢ puckoMm OIIIl mpuBOmUT K TOMY, 4YTO
okon0 60% ciydaeB ero pasBHTHsS IOCIEC TOCIHUTAIU3ALNUU MOXHO OBLIO OBI
npesckasars, a 21% — u3bexats [2]. AkTHBHBIE (OPMBI KUCIOPOJA W OKUCIIH-
TENBHBINA CTPECC, KaK MOJIAraloT, SBIAIOTCS NBIKYIUME (aktopamu mpu OIIIT u
XPOHHYECKHUX 3a00JICBAHUSAX, TAKHX KaK CEPACYHO-COCYIHCThIC 3a00JICBAaHUS U
caxapHslif quabet, kotopsle npeapacnonararot k OIIII [3, 4].

CucremMa €CTECTBEHHOW 3aIUTHl B YCIOBHAX OKHCIHUTEIHFHOTO CTpecca
COCTOWT W3 He(hepMEHTATHBHBIX aHTHOKCHIAHTOB, TAKUX KaK BOCCTAHOBJICHHBIN
rirytatuoH, sutamuH E, Butamun C, depputs, TpanchepprH, HepyIomia3sMuH
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U anbOyMUH, a TaKXKe TaKUX (DEPMEHTOB, KaK CyNepOKCHAMNCMYTa3a, KaTaiasa,
TIIyTaTHOHIEPOKCHA3a U Ap. Bce 3TH aHTHOKCHIAHTEI TECHO B3aNMOIEHCTBYIOT
Ha pa3HbIX 3Talax pa3INYHBIX MAaTOJOTMYECKUX MpoueccoB. B mmazme kposu
IJIaBHBIM aHTHOKCHUAAHTOM SIBJISIETCSl LIEPYJIONJIa3MUH, OOJNaiaromuil MHOXe-
CTBOM (DM3HOJIOTHYECKUX (YHKIMH, BKJIIOYast pOJib B TPAHCIIOPTE MEAU U MeTa-
6osm3me xene3a. Kpome Toro, nepysomia3MiH UMEET HECKOJIBKO JAPYrHX KaTa-
JUTUYECKUX akTHBHOCTeH. Kak cooOmanock, IepynomiasMuH o0janaer Kak
NO-okcuaa3Hol, Tak U TITyTaTHOH-TIEPOKCUIA3HON aKTUBHOCTBIO, Y4aCTBYET B
OKHCJICHUH JIMTIONPOTEHHOB HU3KOM IJIOTHOCTH, CIIOCOOEH OKUCIATH OOIIMPHYIO
TPYIILY OPraHMYECKHX CYOCTPaTOB, BKIIIOYAs KCEHOOMOTUKU U OMOTEHHBIE aMU-
HBI, TAaKHE KaK a/IpeHalINH, HOPaJApEeHAINH, cepoToHuH, fodamuH [5]. [Toatomy
LeNbI0 Hamled pabOoThl CTANO M3YYCHHE BIIMSHUS LIEPYJIONIa3MHUHA Ha WHTEH-
CHBHOCTb JIUNTUIHON TIEPOKCHIAIINU U aKTHBHOCTHh AHTHOKCHIAHTHON CHCTEMBI B
TKaHH TI0YEK U KPOBU KPBIC B YCIIOBHAX OCTPOTO MOBPEXICHUS MOYEK, BHI3BAH-
HOTO PabIOMHOIHN30M.

Matepuansl 1 MeToAbl. OTBITHI TIPOBECHBI Ha OEIbIX HETMHEHHBIX TO-
J0BO3peNbIX Kpbicax BecoM 160-200 1, comepKaBIIUXCS B CTaHIAPTHBIX YCIIO-
BusAX BUBapus. JKuBOTHBIX pazmenuiu Ha 3 rpynnsl (n=10): 1 rpynma — KoH-
TPOJIb, KOTOPBIM COCTABISUIM MHTAKTHBIC XKUBOTHBIC, 2 TPYyIMNa — XHBOTHBIE C
skcnepuMeHTabHeIM OINI, KoTOpoe MoaenHpoBanyu OJHOKPATHBIM BBEACHHUEM
50% BOIHOTO pacTBOpa IIHMILEPHUHA B MBIIIIIBI 3aJHAX JIAIOK, U3 pacdyera § MII/Kr
Macchl TeNa; >XHMBOTHBIM 3 TpPYIIIBl NPHUMEHSIM LEpYyJOIUIa3MHH B JI03€
7 MI/KT/CyTKHM Ha TPOTSHKCHHUU TpeX AHed 1o moxpenmpoBanus OIIIl. C menbro
B3ATHS MaTepuana JUIs HCCIEJOBAaHWN OCYIIECTBISUIM SBTaHA3UIO JKMBOTHBIX
MyTEeM JIeKalMTaluy 0] JIETKUM 3(pHUPHBIM Hapko3oM Ha 24 4 pazsurus OIIII.

Pe3yabTaTsl n 00cy:knenue. B pesynbraTe sKCIIepUMEHTAIBHBIX HCCIIe-
JIOBaHUI YCTAHOBIIEHO, YTO IEPYJIOIUIa3MHH B MIPOPUIAKTHIECKOM pEXUME BBeE-
JICHHSA, yMEHBIAeT MPOOKCHAAaHTHEIE nporiecchl B yenoBusax OINII, o uem cBune-
TENILCTBOBAJIO YMEHBIICHUE COJAECP)KAaHHUS MaJOHOBOTO IMANbAETHIA B KPOBU B
1,8 pasa, a Taxke B TKaHH MoYeK B 1,5 paza B cpaBHEHUH C MOJICIILHOM MATOJIO-
rueil. B To jxe Bpems1, ypoBEeHb LIepyJIOIIa3MUHA B TIa3Me KPOBH MOBBIIIAJICS Ha
24%, a monexyn ¢ SH-rpymmamu Ha 38%. Taxkue naHHbIE yKa3bIBalOT Ha
YMEHBIICHUE MPOSBICHUI OKHCIUTENIBHOIO CTPECCa B OPraHU3ME >KUBOTHBIX,
YTO CIIOCOOCTBYET MOBBIMICHUIO 3aIIUTHBIX MEXaHU3MOB KJIETOK M IPOTHBOJIEH-
CTBHIO TIOBpEXJalomMM QakropaMm npu pabdpomuoinusze. Kpome toro, npu uc-
CJIC/IOBAaHUH SKCKPETOPHOHW (PYHKIMHU TOYEeK OOHAapyKeHO, YTO MpoUIIaKTHIe-
CKO€ BBEJICHHE LIepyJIONIa3MUHA YBEIUYMBAIO AUYpe3 y )KUBOTHBIX B 1,9 pa3a u
YMEHBIIIAJIO SKCKperuio Oenka B 1,5 paza B cpaBHEHHH C TPYIIION MATOJOTHH,
YTO CBHICTEIBCTBYET O HE(PPONPOTEKIHH B YCIOBHSAX paOZOMHOIH3-
naayrposanHoro OINII.

BeiBoabl. llepynomnasMuH B THpO(MIAKTHIECKOM pPEXHME BBEICHHS
YMEHBIIAET MPOOKCHIAHTHBIE MPOLECCHl M TOBBIIIAET AKTUBHOCTh aHTHOKCH-
JAHTHOM CHCTEMBI, CIIOCOOCTBYSI HE(QPONPOTEKIMH B YCIOBUIX pabIOMMOIIH3-
HMHIYIUPOBAHHOTO OCTPOTO MOBPEXKICHUS MOYEK.
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THE STRENGTHENING OF THE ACTIVITY
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Bukovinian State Medical University, Chernovtsy, Teatral’naya Sq. 2, Ukraine

Rhabdomyolysis is a life-threatening syndrome that occurs as a result of
damage of skeletal muscles and leads to acute renal tubular necrosis and acute kid-
ney injury (AKI) due to the impact of myoglobin released from destroyed myo-
cytes [1]. The inadequacy of assessing the condition of patients with the risk of
AKIT leads to the fact that about 60% of cases of its development after hospitaliza-
tion could be predicted, and 21% could be avoided [2]. Reactive oxygen species
and oxidative stress are moving factors for AKI and chronic diseases such as car-
diovascular diseases and diabetes mellitus, that predispose to AKI [3, 4].

The system of natural protection against oxidative stress consists of non-
enzymatic antioxidants, such as reduced glutathione, vitamin E, vitamin C, ferritin,
transferrin, ceruloplasmin and albumin, and enzymes, such as superoxide dis-
mutase, catalase, glutathione peroxidase, etc. All these antioxidants interact at dif-
ferent stages of various pathological processes. Ceruloplasmin is basic antioxidant
of blood plasma, that has many physiological functions, including its role in copper
transport and iron metabolism. In addition, ceruloplasmin has several other catalyt-
ic activities. It also has NO-oxidase and glutathione-peroxidase activity, partici-
pates in the oxidation of low-density lipoproteins, and is capable of oxidizing a
large group of organic substrates, including xenobiotics and biogenic amines, such
as adrenaline, noradrenaline, serotonin, dopamine [S5]. Therefore, the purpose of
our work was to study the effect of ceruloplasmin on the intensity of lipid peroxi-
dation and the activity of the antioxidant system in the tissues of the kidneys and
blood of rats in conditions of acute kidney injury due rhabdomyolysis.

Materials and methods. The experiments were conducted on white non-
linear adult rats weighing 160-200 g that were kept in standard vivarium condi-
tions. The animals were divided into 3 groups (n=10): 1 group — control, that
was composed of intact animals; group 2 — animals with experimental AKI, that
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was modeled by a single injection of 50% glycerol solution into the muscles of
the hind legs, at the rate of 8 ml/kg body weight; 3 groups of animals were treat-
ed with ceruloplasmin at a dose of 7 mg/kg/day for three days prior to the AKI
simulation. In order to take material for research, animals were euthanized by
decapitation under light ether anesthesia for 24 hours development of AKI.

Results and discussion. As a result of experimental studies, it was estab-
lished that ceruloplasmin in the prophylactic administration regimen reduces
prooxidant processes in conditions of AKI, that evidenced by a decrease in the
content of malondialdehyde in the blood by 1.8 times, as well as in the kidney
tissue by 1.5 times in comparison with the model pathology. At the same time,
the level of ceruloplasmin in the blood plasma increased by 24%, and of mole-
cules with SH-groups by 38%. These data indicate a decrease of the manifesta-
tions of oxidative stress in the organism of animals, that contributes the increase
of cells protective mechanisms and counteracting against the damaging factors in
rhabdomyolysis. In addition, it was found that prophylactic administration of
ceruloplasmin increased diuresis in animals by 1.9 times and reduced protein
excretion by 1.5 times in comparison with the pathology group, that indicates
nephroprotection in conditions of rhabdomyolysis-induced AKI.

Conclusions. Ceruloplasmin reduces prooxidant processes and increases
the activity of the antioxidant system in prophylactic administration, promoting
nephroprotection in conditions of rhabdomyolysis-induced acute kidney damage.
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3AIIATHOE JEMCTBUE MEJJATOHUHA ITIPU PABJIOMHOJIN3-
NHAYHUPOBAHHOM ITOBPEXXJIEHHWUU ITOYEK
N.N. 3amopckuii, T.C. Hlyaposa, E.A. lyaka
bykosunckuii cocyoapcmeennulii MeOUYUHCKULL YHUBepcumen,
Yepnosywl, Teampanvuas na., 2, Yepauna

PabnoMuonu3 — 3T0 HapyIICHUE ETOCTHOCTH CKEJICTHBIX MBIIIII, IPUBO-
Jisiliee K MOMaJaHuI0 COAEPKUMOIO MBIIIEUHBIX KJIETOK, BKIIOUYAs dJIEKTPOJIUTHI,
MHOTJIOOWH, KpeaTHHKHHA3Y, JIAKTATAETHAPOTeHa3y U IpYyrHe BHYTPHKICTOYHEIC
OeJKM B CHCTEMHBII KPOBOTOK M BHEKJIETOUYHOE TPOCTPAHCTBO. Pabmommomni3 mMo-
JKeT OBITh BBI3BAH PA3IMYHBIMU (PU3NIECKUMHU VI XUMITYCCKAMH TTOBPEKICHUS-
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MH, TaKUMH Kak NPSAMOE TpaBMAaTHYECKOE MOBPEKACHME, (HU3MUECKasi Harpyska
WM JUTATENBHBIA TTOCTENbHBIN PEKIM, MBIIIEYHAs HIIEMHs, HHYEKIUH, JIEKTPO-
JWUTHBIE ¥ METa0O0INYECKHE PACCTPONHCTBA, TEHETHIECKHE 3a00I€BaHMUS, TOKCHHEBI
U JIEKapCTBEHHBIE CPEJICTBA, a TAaKXKe TEeMIEepaTypHO-MHIYL[HPOBAaHHBIE COCTOS-
HUsI, TaKU€ KaK 3JI0KaueCTBEHHBIH HEHPOJENTHUECKUN CUHIPOM U 3JI0Ka4eCTBEH-
Has runeprepmus [1-3]. Kimaudecku pabaomMuonu3 BappHpyeT OT OSCCUMIITOM-
HOTO, C MOBBIIIIEHUEM YPOBHS KPEaTMHKUHA3BI, 10 YTPOXKAIOIETO KU3HU COCTOS-
HUSL, CBSI3aHHOTO C OCTphIM MoBpexaeHueM nouek (OINII) u qucceMHHIpOBaHHBIM
BHyTpHcocynucThiM cBepThiBanueM (/IBC). OINIl sBnsiercs Hambosee pacrpo-
CTPaHEHHBIM OIACHBIM JJISI XH3HH CHCTEMHBIM OCJIO)KHEHHEM pabJIoMHOINN3a,
KOTOPOE BCTpedaeTcs ¢ yacToToi ot 10 10 55% u conmpoBoXKIaeTcs IIOXUM IIPO-
THO30M, OCOOGHHO NP HAIMYUK TOJIMOPTaHHOM HENOCTaTodHOCTH. PasButme
OIIIT o6ycnoBiaeHO HAaKOIUICHHEM HEe()POTOKCHYECKOTO MHOIJIOOMHA B MOYKaX, a
TaKoKe TUronepdysueit moueKk B pe3yabTaTe CUCTEMHOM TMIoBojeMud. B HacTos-
mee Bpems siedyenue OINI], BbI3BAaHHOTO PabIOMHOIM30M, OCHOBAHO Ha IOIJIEP-
JKUBAIOIIEH Tepamuu, a CMEPTHOCTh ocTaeTcsi BbicOKou [1-3]. T'opMOH mIuimiko-
BU/IHOM JKeJe3bl MEJIATOHWH M3BECTEH KaK OCHOBHOH perymarop GHOpHUTMOB, 00-
JAJAONTNH ITUTONPOTEKTOPHBIMH, aHTHOKCHIAHTHBIMH, MUMMYHOMOIYJIHPYIOIIH-
MH U IPOTHBOBOCIIAIUTEIbHBIMU CBOMCTBAMH B YCJIOBHSAX PA3TUYHBIX MATOJIOTHH,
B TOM YHCJIE MOYEYHBIX, YTO CIIOCOOCTBYET €ro akKTHBHOMY H3YYEHHIO C IEJIbI0
pacCIIMpEeHus CIEKTpa KIMHUYECKOro IpuMeHeHus [4, 5].

MartepuaJs u MeToabl. VcciaenoBanue ObUIO IPOBECHO HA 24 HEJIHMHEH-
HBIX 3peNIBIX OeNBIX KpbIcaxX, PaHIOMU3UPOBAHHO pa3/eliCHHBIX Ha 3 paBHbIC
rpynmsl: rpymma I — koHtpons, rpynma II — pabxomuonus-unnynmposanaoe OI1I1,
BBI3BaHHOC BHYTPHMBIIIEYHOH MHBeKIMed 50% pacTBopa rimmepona (8 MIV/Kr),
rpynma III — BBenienne menatonut B 03¢ 5 Mr/kr («Sigmay, CLIIA) uepes 1 1 u 24
4 mocye BBeACHUs riuieposia. Kpbic ymMepmisuin yepe3 48 4 mocie MHbEKIIUU
mmtepona. CTaTUCTHYECKYI0 00pabOTKy JaHHBIX MPOBOAMIM C TMOMOMIBIO MPO-
rpammHoro obecriedennst SPSS Statistica 17.0 u Tecta MaHHa-Y UTHH.

Pe3yabTaThl u o6cyxnenue. Pabgomuonns-unaynupoBannoe OINIT xa-
PaKTepU30BaIOCh MOBBIIICHHBIM YPOBHEM KpEaTHHHUHA M Kalus B IIa3Me KPOBH,
3HAYUTENBHON NMPOTEUHYpUEH, THNepHAaTpUypueil, TuepKanuypueii 1 CHUKEHU-
em pH moun. IloBpexxaeHne MOYEUHBIX KaHAIBIEB MOATBEPHKICHO 3HAUUTEIb-
HBIM YBEJIMYEHUEM YPOBHA ramma-riayramunrpancnentuaassl (y-I'TII) B moue.
Taxoke OBUIO YCTAHOBIICHO YBEIMYEHHE COAEP)KaHUSI MaJOHOBOTO JUAlbIETUaa
(MIA) u oxucnutenpHO-MoauunrpoBanHbx 0enxoB (OMB), Hapsny co cHH-
JKeHMEM aKTUBHOCTHU IiyraTHoHnepoxcuaassl (I'Tl) u cyknuHaTaeruaporeHassl
(CAI) B moukax.

BBenenune MenaTOHMHA 3HAUUTEIBHO YITydIIano (YHKIHIO IMTOYEK y KPBIC
¢ OIIII. urompoTekTOpHOE AEHCTBHE METaTOHWHA MO OTHOIIEHUIO K MPOKCH-
MaJIbHBIM MOYEYHBIM KaHaJIbL[aM MOJATBEPXKICHO 3-KPaTHBIM CHIDKCHHEM YPOBHS
v-I'TII B moge (p<0,05), 9To mpUBENIO K yBETMUEHHUIO KIHPEHCA KPEeaTHHHHA B
1,4 paza (p<0,05) ¢ COOTBETCTBYIOIIMM CHM)XCHHEM PETCHIIMOHHOI a30TeMUH,
THNEpKAINEMHH, YMEHbIIEHHEeM npoTenHypuu B 1,5 pasza (p<0,05), 2-kpaTHbIM
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CHI)KEHHEeM (QpakIUOHHON dKkckpennu Hatpus (p<0,05). PeHONpOTeKTOpHBIH
3¢ dexT MeraToHnHa MOXKET OBITh YACTUYHO OOBSICHEH €T0 MOIIHBIM aHTHOKCH-
JIAHTHBIM JCHCTBHEM, UTO TIOATBEPKIACTCS 3HAUNTENbHBIM (p<0,05) cHIKEeHHEM
conepxanuss MJIA u OMB B TkaHM 1modek, Hapsily C yBEIUYEHUEM aKTUBHOCTH
I'Tl mo cpaBHEHHIO ¢ HEJCYCHHBIMH KUBOTHBIMU (p<0,05), a Takke CIOCOOHO-
CTBIO TIOJJICP)KUBATh KJICTOYHBIN JHEPreTHUYCCKUIl OalaHC MyTEeM COXpPaHCHHUS
aktuBHocTu C/I'.

BreiBoasl. [TonyueHHble 1aHHBIC 00 3GEKTHBHOCTH MEJIATOHUHA B YCIIO-
BUsIX pabnomuonu3-uHaynuposanHoro OIIIl cBHIETENBCTBYIOT O €ro PeHONpo-
TEKTOPHON aKTHBHOCTH, OOYCIIOBJICHHOH BIIMIHUEM Ha KIIIOYEBBIE 3BEHbBS MATO-
reHe3a. Pe3ynbpTaThl HCCIIEAOBAHUS MTOITBEPKIAIOT IMEPCIIEKTUBE JaIbHEHIIEro
SKCIIEPUMEHTAIBHOTO M3YYCHUS MEJIaTOHHHA B YCIOBHUSIX NMOYCYHON MAaTOIOTHH
Pa3IMIHOTO TeHE3a.

PROTECTIVE EFFECT OF MELATONIN AGAINST
RHABDOMYOLYSIS-INDUCED ACUTE KIDNEY INJURY IN RATS
I.I. Zamorskii, T.S. Shchudrova, Ye.A. Dudka
Bukovinian State Medical University, Chernovtsy, Teatral’naya Sq., 2. Ukraine

Rhabdomyolysis is the disruption of skeletal muscle integrity leading to
the leakage of muscle cell contents, including electrolytes, myoglobin, creatine
kinase, lactate dehydrogenase and other intracellular proteins into the circulation
and extracellular space. Rhabdomyolysis can be caused by different physical or
chemical damages such as direct traumatic injury, physical exertion or prolonged
bed rest, muscle ischemia, infections, electrolyte and metabolic disorders, genet-
ic disorders, toxins and drugs, as well as temperature-induced states such as neu-
roleptic malignant syndrome and malignant hyperthermia [1-3]. Clinically rhab-
domyolysis ranges from an asymptomatic with elevation in the creatine kinase
level to a life-threatening condition associated with kidney injury (AKI) and dis-
seminated intravascular coagulation. AKI is the most common systemic life-
threatening complication of severe rhabdomyolysis which occurs at an incidence
ranging between 10 and 55 % and is associated with a poor outcome, particularly
in the presence of multiple organ failure. Development of AKI is caused by ac-
cumulation of nephrotoxic myoglobin in the kidney and renal hypoperfusion as a
result of systemic hypovolemia. Current treatment for rhabdomyolysis-induced
AKI relies on supportive therapies (IV fluids, bicarbonate, hemodialysis) and the
mortality remains considerably high [1-3].

Pineal hormone melatonin is known as a main regulator of biorhythms,
possessing  cytoprotective, antioxidant, immunomodulatory, and anti-
inflammatory properties under the conditions of various pathologies, including
renal, which contributes to its active study in order to expand the range of clini-
cal use [4, 5].

Materials and methods. Research was conducted on 24 nonlinear mature
white rats randomly divided into 3 equal groups: group I — control, group II —
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rhabdomyolysis-induced AKI caused by intramuscular injection of 50% glycerol
solution (8 ml/kg), group III — administration of melatonin at a dose of 5 mg/kg
(“Sigma”, USA) 1 h and 24 h after glycerol administration. The rats were sacri-
ficed 48 h after the glycerol injection. All interventions were conducted in ac-
cordance with the criteria outlined in the European Union Directive 2010/63/EU
«On the protection of animals used for scientific purposes» (2010). Data were
compared by SPSS Statistica 17.0 software and Mann-Witney test at p<0.05.

Results and discussion. Rhabdomyolysis-induced AKI was characterized
by increased plasma creatinine and potassium level, significant proteinuria, hy-
pernatriuria, hyperkaliuria, and decrease in urine pH. Severe tubular injury was
confirmed by a marked increase in gamma glutamyl transpeptidase (y-GTP) level
in urine. An increase in renal malondialdehyde (MDA) and oxidatively modified
proteins (OMP) content along with a decrease in glutathione peroxidase (GPx)
and succinate dehydrogenase activity (SDH) in kidney tissue was also estab-
lished.

It was found that co-administration of melatonin significantly ameliorated
kidney function in rats with AKI. Cytoprotective effect on the proximal renal
tubules is verified by 3-fold decrease in urine y-GTP level (p<0.05), and resulted
in an increase in creatinine clearance by 1.4 times (p<0.05) with subsequent re-
duction of retention azotemia, decrease in plasma potassium level, reduction of
proteinuria by 1.5 times (p<0.05), 2-fold decrease in fractional sodium excretion
(p<0.05). Renoprotective effect of melatonin may be partially attributed to its
potent antioxidant effect, verified by a significant (p<0.05) reduction in renal
MDA and OMP content along with an increase in GPx activity comparing to
untreated animals (p<0.05), as well as an ability to maintain cellular energy bal-
ance by preservation of SDH activity in kidney tissue.

Conclusions. The obtained data on the effectiveness of melatonin under
the conditions of rhabdomyolysis-induced AKI indicate its potent renoprotective
activity resulting from the influence on the key links of pathogenesis. The results
of the research confirm the prospects for further experimental study of melatonin
in conditions of various renal pathologies.
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MMPOCTPAHCTBEHHAS OPTAHU3AILIUSI POCTA MUKPOTPYBOYEK
B KJIETKAX C MESEHXUMAJIBHBIM THUIIOM ITOJABU/KHOCTH
E.M. 3Bopsikuna’, A.B. Teoporosa’, H.A. Bopo6ses'”
YBuonoauueckuii gaxyremem Mockosckoeo I'ocyoapemeennoco Yrnusepcumema,
2Hayuno-ucciedosamensekuil uncmumym usuko-xumuyeckoti 6uonozuu Moc-
kosckozo T'ocydapemeennozo Yuusepcumema®,

*IIIxona Hayx u mexuonozuu Hazapbaes Ynueepcumema

Jyist OOJIBIIMHCTBA TUIIOB JKUBOTHBIX KIICTOK MPEIIOJIATaeTCs, YTO BEIy-
MM IIEHTPOM opraHuzanuu Mukporpybouek (LJOMT) sBisieTcs meHTpocoma.
OpHaKo HWCCIeOBaHUS TOCIEAHNX JIET YKa3bIBAIOT Ha TO, YTO Ha KPalo KICTKH
BO3HHMKAET OOJBIIOE YHCIO pacTymux MuUKpoTpybouek (MT), He3aBHCHMO OT
eHTpocoMEl. Panee Hamu ObLTO TIOKa3aHO Ha KieTkax 37T3, 4to B obnacTu meH-
TPOCOMBI TTOCTOSIHHO IPUCYTCTBYIOT B cpenHeM Ooiee 30 xomer EB-Oenka, on-
HAaKO PacTd U3 3TOW 00JIaCTM HAYMHAET 3HAYUTEIBHO MEHBIIEe YUCIIO HPOJ0I-
)kuTenbHbIX MT.

B nacrosieii pabore OblT NPOBEJEH aHAIKM3 IPOCTPAHCTBEHHOW OpTraHH-
3anuu pocra MT B ¢ubpobnactononoOusix kierkax (uauu 3T3 (n=89) u
Vero(n=60)) u TtpancopmupoBanubix kierkax (nmuHun HT1080 (n=50) wu
A549(n=50)). Pactymue xoHupsl MT BuzyanuzupoBanuch B pe3yjbTaTe TPaHC-
(hexum KIETOK TIa3Muaoi mmoc-koHeBoro oenmka MT EB3. JIBmkeHne «ko-
MeT» (QIIyopecIUpyIomero 0eika B KIETKE OIEHHBAIOCH C MOMOIIBIO IEeHTpa-
(epHOU cheMKH Ha (PIIyOPECIECHTHOM MHUKPOCKOIIE 0 Z-ocH ¢ maroMm 0,5 MKwM.
Hentpocomansrerit IOMT ObuT BHIOCH Ha MOMYyYSHHBIX (QHIBPMax KaK CKOILIC-
HUE KOMET C NOCTOSIHHBIM cBeueHueM B kaHasie cBeueHus EB3-RFP na 3-5 mno-
CJIEZIOBATENFHBIX KaJpaX MPH ChbeMKe M0 Z-0CH. MBI OIpeelsiin IpKOCTh IIeHT-
pocomansHOoro [IOMT depe3 MIOTHOCTH CKOTMJIEHHS ONWHOYHBIX komeT EB3-
RFP B 3T0i obmacTu i KaXkaoil paccMaTpuBaeMoW KIETKH OTAEIbHO. Takke
MBI OIICHHBAJIHM HYKJICHPYIOIIYI0 aKTHBHOCTH IeHTpocoMaibHOro LIOMT mo
KOJINYECTBY MPOAOIDKUTEIBHO pacTymux MT u3 3T0#t 061acTu B MUHYTY.

Ms1 cpaBHuBanu cucreMy MT B pubOpob1acTonogoOHbIX KIeTKax (JTMHAN
3T3 u Vero) u tpanchopmupoBanHbsx kietkax (muauu HT1080 m A549) mo
JUHAMUYECKUM Tapamerpam pocta MT: ckopocTh, BpeMs W JJIMHA MEPUOJOB
pocra. JIunamuka MT B paccMaTpuBacMbIX KIETOYHBIX JIMHUSAX Pa3lididajach.
Haubonee BhICOKME 3HAYEHUS JJIHUHBI, CKOPOCTH M BPEMEHH IIEPHOIOB POCTA
OBUTH XapaKTEPHBI IS KJIETOK ¢ HaWOOJNbIICH Tuomanbo (kieTku muann 37T3).
Onu cocraBuiu 6,1+£3,6 MM, 20,64+8,1 Mkm/mMuH, 18,6£9,6 cek, COOTBETCTBEH-
HO. B pa3nmuuHbIX 00JIACTAX UTOIUIA3MBI THHAMUYECKUE MapameTpsl pocta MT
TaKKe HECKOJIBKO pa3inyasinchk. Tak, Ha Kparo KIETOK I BCEX KJICTOYHBIX JIH-
HUW JOCTOBEPHO CHWXAJIACh JUTMHA MepuojoB pocta. [t knerok 3T3 oHa co-
craBuna 5,1+2,6 MxM, mia kietok Vero 3,5+1,6 mxm, mis kinetok HT1080 -
3,7£1,6 Mxm, miaa knetok A549 - 3,9+1,4 mxMm. B kinerkax nmuauii Vero u A549
JOCTOBEPHO OTJIMYAJIHCH, B TOM YHCIIE, 1 CKOPOCTh POCTa, M BpeMs pocTa Ha
kpato. Jlns kinetok Vero oHu cocTaBwian: 16,6+6,4 MKM/MHUH Ha KParo KIETKH VS
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17,5+8,5 mxm/mun B nmromrasme u 13,0+£3,0 cex vs 14,5+9,6 cek, cooTBer-
cTBeHHO. B kneTkax smann A549 ckopocth pocta coctaBmia 17,9+4,9 MkM/MuH
Ha Kparo vs 21,7+£5,5 MKM/MUH B IIUTOIIIa3Me, a Bpems pocta - 12,24+4,0 cex Ha
Kpato u 14,2+4,5 cex COOTBETCTBEHHO.

OTtMmeTHM Takke, 4To s GudpobimacTonoo0HBIX KIETOK ObLTa Xapak-
TepHa OoJIbIIAas IUIOIIAs U 00Jiee BEICOKas APKOCTh eHTpocoManbHoro [JOMT.
Ero sipkocts Oblma HauOoJbIIEH B KIeTKax Vero W coctamisuia 6onee 50 omau-
HouHbIX koMeT EB3-RFP. B knerkax 3T3 spxocts nentpocomansHoro [JOMT
cocraBisina 31,5+18,2 onuHOYHBIX KOMeT, B KieTkax HT1080 15,6+5,2 xomer
EB3-RFP, a B knerkax A549 - 23,5+7,5 onuHouyHbIX KoMeThl. Hykneupyromast
aKTUBHOCTH IIeHTpocoManbsHoro LIOMT Habmromanack B KJeTKax C HamOolee
SPKUM CBEUCHHEM B 3TOW 00JacTh M Ui KIeToK Vero coctaBmina 34,0+1,2 co-
ObITHs B MUHYTY. Torma kak B kieTkax 3T3 HykJewpyromias aKTHBHOCTH CO-
crapisuia 18,0+7,0 coObiTHil B MUHYTY, B KieTkax HT1080 - 25,346,0 coObiTuii B
MHHYTY, a B KineTkax AS549 - 18,2+4,0 coObiTiii B MUHYTY. CleyeT OTMETHTS,
gto B KieTkax 3T3 nearpocomanbabiii [[OMT ¢ BBICOKOM SIPKOCTBIO HAOJIIOMaI-
Csl TONIBKO B TOJIOBMHE aHAM3UPYEMBIX KICTOK. B HEOONBIIOM YHCIE KICTOK
auann A549 (n=5) m HT1080 (n=7) Ha Kpaio KJIeTKH HaOII0AaInch 00NacTH
pocta MT c nocrosiHHbIM cBeueHHeM B kaHaie EB3-RFP.

Takum 00pa3oM, Ha LEHTPOCOME IOCTOSHHO IPHCYTCTBYET OOIBIIOE
YHUCIIO OJMHOYHBIX KoMmeT Oenka EB3, oqHako pacT W3 Hee HauMHAET 3HAYU-
TEJBHO MEHBIIIee YUCIIO MPONOIDKUTENBHBIX MT U HyKIleupyromas aKTHBHOCTb
neaTpocoManbHOTo LIOMT MOKeT omnpenemsTcs IIOTHOCTEI0 KOMET B 3TO 00-
nactu (ee ApKOcThI0). UMcIo KoMeT B 00JIaCTH EHTPOCOMEI, B CBOIO OYEPE.b,
3aBHCHUT OT (PYHKIIMOHAIBEHOTO COCTOSHUS cucTeMbl MT U KJICTKH B IIETIOM.

SPATIAL ORGANISATION OF MICROTUBULES IN CELLS
WITH THE MESENCYMAL TYPE OF MOTILITY
E.I Zvorykina', A.V. Tvorogova’, I.A. Vorobjev"*
'Biological Department, M.V. Lomonosov Moscow State University, 1-12
Leninskie Gory, Moscow, Russia
AN. Belozersky Institute of Physico-Chemical Biology, Department,
.V. Lomonosov Moscow State University, Moscow, Russia
*Department of Biology, School of Science and Technology,
Nazarbayev University, Astana, Kazakhstan

Centrosome is considered the major microtubule organizing center
(MTOC) in fibroblast-like cells. However, growing body of evidence indicates
that a significant number of growing microtubules (MTs), are nucleated at the
cell margin in centrosome-independent way. In our previous studies we demon-
strated that in 3T3 cells the region of the centrosome accumulates more than 30
EB protein comets at a time. Nonetheless a few long MTs start to grow from it.

In the recent research, we analysed spatial organization of MTs growth in
fibroblast-like cells (3T3 lines (n = 89) and Vero (n = 60)) and transformed cells
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(HT1080 lines (n = 50) and A549 (n = 50)). The assay was performed on cell
lines expressing EB3-RFP (MT plus-end tracking protein). We analyzed the dy-
namic parameters and distribution of MT growing plus-ends on time-lapse and z-
stack movies of interphase cells. The centrosomal MTOC was presented in EB3-
RFP channel as a cluster of comets with a high brightness visible at 3-5 consecu-
tive frames at a z-axis movie. We defined the brightness of the centrosomal
MTOC as a number of single EB3-RFP comets presented at a time in the MTOC
region. We also evaluated the nucleating activity of centrosomal MTOC as the
number of persistently growing MTs from this area per minute.

We compared the MT system in fibroblast-like cells (3T3 and Vero cell
lines) and transformed cells (HT1080 and A549 cell lines) by the MT growth
parameters: speed, time, and length of growth periods. The dynamics of MTs in
analysed cell lines varied. The highest values of the length, speed and duration of
growth periods were observed in the cells with the largest area (3T3 cells). They
were reckoned as 6.1 £ 3.6 um, 20.6 + 8.1 pm/min, 18.6 £ 9.6 sec, respectively.
Somehow in the dynamic parameters of MT growth also varied in different areas
of cytoplasm. So, the length of growth periods for all observed cells was signifi-
cantly reduced at the cell margin. For 3T3 cells, it was 5.1 + 2.6 um, for Vero
cells 3.5 £ 1.6 um, for HT1080 cells - 3.7 = 1.6 pm, for A549 cells - 3.9 + 1.4
um, respectively. The growth rate and growth time at the cell margin in Vero and
A549 cells were also significantly different in comparison to other areas in cyto-
plasm. For Vero cells, they were defined as 16.6 + 6.4 pm/min at the cell margin
vs 17.5 £ 8.5 pm/min in the cytoplasm and 13.0 + 3.0 sec vs 14.5 + 9.6 sec, re-
spectively . In A549 cells, the growth rate was 17.9 + 4.9 pm/min at the edge vs
21.7 £ 5.5 pm/min in the cytoplasm, and the time of growth was 12.2 + 4.0 sec at
the cell margin and 14.2 + 4.5 seconds, respectively.

Note also that the fibroblast-like cells were characterized by a larger area
and a higher nucleating activity of the centrosomal MTOC. The centrosomal
MTOC brightness was the highest in Vero cells and was reckoned as more than
50 EB3-RFP comets. In 3T3 cells, the brightness of the centrosomal MTOC was
31.5 £+ 18.2 single comets, in HT1080 cells 15.6 £ 5.2 EB3-RFP comets, and in
A549 cells - 23.5 £+ 7.5 single comets. Interestingly the nucleating activity of the
centrosomal MTOC increased with the brightness of the centrosomal area in
EB3-RFP channel and for Vero cells it was 34.0 + 1.2 events per minute. While
in 3T3 cells, the nucleating activity was 18.0 + 7.0 events per minute, in HT1080
cells - 25.3 + 6.0 events per minute, and in A549 cells - 18.2 + 4.0 events per
minute. It should be noted that we observed bright centrosomal MTOC only in a
half of the analysed 3T3 cells, In some A549 (n=5) and HT1080 (n=7) cells,
non-centrosomal MT growth local areas with permanent brightness in EB3-RFP
channel were observed at the cell margin.

Thus, centrosomal MTOC accumulates a significant number of single
comets of the EB3 protein, but the number of persistently growing MTs from
this area is low. The nucleating activity of the centrosomal MTOC can be deter-
mined by the density of comets in this area (brightness parameter). The number
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of comets in the centrosomal region of the centrosome, in turn, depends on the
functional state of the MT system and the cell type.

HUHTEHCUBHOCTD PENNIONIYJISAHUU BUOMATEPHUAJIOB
HA OCHOBE CEPO3HbBIX OBOJIOYEK 3ABUCHUT
OT MMOJIAPHOT'O UHAYHUUPYIOWEI'O DODEKTA
HNUX BHEKVIETOYHOI'O MATPUKCA
AN. 3BSIFI/IH31, A.C. CeHOTOBl, I1.O. Knpcaﬂosal,

0.A. Oaunnosa'?, B.C. Akaros'”, U.C. ®azeeBa'’
lHHcmumym meopemu4eckou u sKcnepumenmanvhou ouogusuku PAH,
Ilywuno, Poccus;
ok yabcKul eocyoapemaennulil yuusepcumem, Tyna, Poccus,
3Hyu4uncr<ut? 20Cy0apCcmeeHHblll eCmecmeeHHO-HAYYHbLI UHCIUMYM,
Ilywuno, Poccus

JlucToBble OMOMaTepuaibl Ha OCHOBE CEPO3HBIX O0OJIOYEK LIMPOKO HC-
OJIb3YIOTCSI B KQUECTBE OCHOBHBIX MaTE€PHAJIOB ISl U3TOTOBJIEHUSI OMOIIPOTE30B
COCYJIOB M KJIallaHOB Cepjilla, a Takke O0apbepHBIX MEMOpaH Ul HYXJl PEKOH-
CTPYKTHBHOH Xupypruu. OcoOblli MHTEpeC B JaHHOW 00JacTH HPEICTaBISIET
KCEHOIEPHKap/l, KOTOPBII XapaKkTepu3yeTcs HHU3KOH KIETOYHOH IUIOTHOCTEIO,
BBICOKHMH MEXaHWYECKUMH XapaKTEPHCTHKAMU M YIZOOCTBOM IIPUMEHEHHS B
KIIMHUYECKOW IPAKTUKE.

Panee B JIaboparopuu TkaneBoi mmkeHepun UTOb PAH mpn mmroian-
TaINH MTePUKAPAUATBHEIX OMOMaTepHaIoB ObLT 0OHapYXeH 3((HeKT MOIIPHOCTH
OHMOIIOTHYECKOTO IeHCTBHA, 00YCIOBICHHOM MPUPOTHON CTPYKTYPHOH IOISAPHO-
CTBIO Ccepo3HOit (P.serosum) u ¢udposuoit (p.fibrosum) nmoBepxuocreit mepukap-
na [1]. Takum o6pa3oM, BO3HHKIA HEOOXOJUMOCTh JETAIHLHOTO HCCIIECTOBAHHUS
0COOEHHOCTEH IMPOIIECCOB OMOMHTErpanuu (KJISTOYHOW MUrpPalMy, PEromyJis-
IIUHM U BacKYJISpU3aIK) TOJSPHBIX [TOBEPXHOCTEH JEBUTAIU3UPOBAHHBIX MaTe-
pHaIOB HAa OCHOBE KCEHOIIEPHUKP/Ia, 00padOTaHHBIX B COOTBETCTBUU C aBTOPCKHM
MeTtozoM [2, 3].

B uccnenoBanusx in Vivo Ha MOJENH IMOJKOXXHOI MMIUIAHTaLlMK KpbIcam
Ha JUIMTEIBHBIX CpPOKax ObUT OOHapy>KeH MOJPHBIN MHAynupyommi s¢dekr
MOBEPXHOCTEH IKCIIEPUMEHTAIBHBIX MAaTEPHAJIOB, TPOSBIISIOIINICS KaK B CaMOM
MaTpHKCe MaTepHaJoB, TaK M B KOHTAKTHBIX TKaHAX perunuenta. Co CTOPOHBI
p.fibrosum wabaroganuce MpU3HAKK MEPECTPOWKH (GHOPO3HOH KarcyJbl, IO-
CPEICTBOM KOTOPOW OCYIIECTBILUICS IUIOTHBIM KOHTaKT Marepuaia ¢ TKaHIMH
perunuenta. Tawke Ha GUOPO3HON MOBEPXHOCTH HAOIIOAJIOCh TOJSIPHOE pe-
MOJICTIMPOBaHNE MaTpHKca MaTepuana ¢ (GOpMHpPOBaHHEM HEOAIACTHHOBBIX
(ubpMILUT ¥ TIIMKO3aMHUHOTIINKAHOB. Permomynsamnus MaTepuana KISTKaMH pPEeIi-
M1eHTa OblIa pABHOMEPHOM, OJTHAKO MHUTPAIHs KJIETOK HAOII0anach UCKITIOYH-
TeJIbHO ¢ PUOPO3HON CTOPOHBI, B TO BpeMs KaK Ha CEPO3HOUN MOBEPXHOCTH OBLIT
oOHapyXeH TOHKHH «CTOM-CIO» W3 OJHOTO psifia KIETOK, MPEMsSTCTBYIOMIMHA
KJIETOYHOW MHIPAllMU U IUIOTHOMY KOHTAaKTy MaTe€pHasa ¢ OKPY)KAIOIIUMH TKa-
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HaMu. KpoMe TOro, B OKpyXkaroIIMX TKaHAX, KOHTaKTUPYIOLIUX € P.Serosum
Ha0II0AaIach MHAYKINS HEOBACKYISIPH3AIINH.

Taroke B rpymme oOpasioB ¢ yAaJeHHBIM (pHOPO3HBIM ClIOeM (HEHoJsIp-
HbIC MaTEePHAJIbl) HAOIOIAIOCH MTOJIHOE TIOJIABJICHUE MOJIIPHOTO HHIYIUP YIOIIE-
ro 3¢¢dekra. [noTHOrO CpacTanus 0Opas3IOB ¢ TKAHIMHU PEHUIUCHTA HE HAOIIO-
JIAJI0Ch, C 00CUX CTOPOH MaTepuaia Ol OOHAPYKEH UHTCHCUBHBIN HEOBACKYIIO-
reHe3 KOHTAaKTHBIX TKaHEH pelUINeHTa, a TAK)KEe aKTUBHAS KJIETOUHAS] MUTPALIUS
C IIpU3HAaKaMU PEMOJICINPOBAHUS MaTpUKca IIEpUKapaa.

Takum 00pa3om, IpeACTaBICHHBIC PE3YJIbTAThl CBHICTECILCTBYIOT O 3HA-
YUTEIHHOM BISTHAN OOHAPY)KEHHOTO TOJSIPHOTO WHAYIHPYOMEro 3G ¢exTa Ha
WHTCHCUBHOCTh PETIONYILIINN OHOMaTepraJoB Ha OCHOBE KCEHOIIEpHUKap/a.
JampHe#niM 3TarmoM padoT B TaHHOM HAIPaBICHUU CTaHYT JeTaJbHBIC HCCIe-
JIOBaHMUsl CTPYKTYPHBIX KOMIIOHEHTOB IMOJIAPHBIX IOBEPXHOCTEHW NepUKapia,
o0yciaBmuBarOmuX oOHapykeHHBIC () ()EKTH.

Pa6ota Beimonnena npu noanepxkke LIKIT UTOb PAH u ®onna coxeii-
CTBUSI ”THHOBALIUSAM.
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THE INTENSITY OF REPOPULATION OF BIOMATERIALS
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INDUCING EFFECT OF THEIR EXTRACELLULAR MATRIX
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*Tula State University, Tula, 300012, Russia;

*Pushchino State Institute of Natural Sciences,
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Biomaterials based on serous membranes are widely used in reconstruc-
tive surgery as the main materials for the bioprostheses of the heart valves and
barrier membranes fabrication. In this field, xenopericardium is of particular
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interest because of its low cell density, appropriate mechanical characteristics
and clinical manageability.

In our preliminary studies of pericardium biomaterials, it was reviled that
the natural structural polarity of the p.serosum and p.fibrosum surfaces exhibit
polarity biological effect in the recipient body [1]. Thus, it is necessary to inves-
tigate in detail the features of biointegration processes (cell migration, repopula-
tion and vascularization) of the polar surfaces of devitalized materials based on
xenopericardium, processed by the author's method [2, 3].

Subcutaneous implantation in rats demonstrated the polar inducing effect
the surfaces of experimental materials which was found in both the matrix of
materials and the contact recipient tissues. On the p.fibrosum was observed rear-
rangement of the fibrous capsule, as a result material formed dense contact with
the recipient's tissues. Also on the p.fibrosum was observed polar remodeling of
the material matrix with the formation of neoelastin fibrils and glycosaminogly-
cans. The repopulation of the material by the recipient cells was uniform, how-
ever, cells migrated through the fibrous layer only. At the same time p.serosum
was covered with a thin “stop layer” of cells which prevented cell migration and
close contact of the material with the surrounding tissues. In addition, it was
found induction of neovascularization of recipient tissues in contact with
p.serosum.

Also in the group of samples with the fibrous layer removed (non-polar
materials), complete suppression of the polar inducing effect was observed.
There was no dense contact of samples with the recipient tissues. Intensive neo-
vasculogenesis of the recipient tissues, as well as active cell repopulation and
remodeling of the sample matrix was detected on both sides of the material.

Thus, the presented results indicate a significant effect of the detected po-
lar inducing effect on the intensity of the repopulation of biomaterials based on
xenopericardium. The further step in this direction will be detailed studies of the
structural components of the polar surfaces of the pericardium, causing the ob-
served effects.

This work was supported by centre of collective usage of ITEB RAS and
Foundation for Assistance to Small Innovative Enterprises (FASIE).
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TPAHCO®OPMAIVISI MUO3MTHOBOTI'O ®EHOTUIIA B MBIIIIIIE,
BBLITIPAMJIAIONIEN IIO3BOHOYHUK, ITPY XPOHMYECKIUX
HECHEINUO®UYECKHUX BOJIAX B CIIMHE
O.E. 31/IHOB]>eBal, J.0. Pomlconz, JLT. Bo6bLieBa® ,

C.C. IlonoBa’, B.A. SIummu®, I'.3. Muxaiinosa®
lHepeblﬁ Mocxosckuil eocyoapcmeennviy ynusepcumem um. .M. Ceuenosa,
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Knunuxa nepsHuix bonesne um. A.A. Kooicesnurxosa, Mockea, Poccus
3HHcmumym meopemuiecKkol u 9KcnepumgﬂmaﬂbHoﬁ ouoguzuxu PAH,
ywuno, Mockoeckas ooxa., Poccus
*Dedepanvubiii uccgedoeameﬂbcmﬁ YyeHmp ”Hywunﬁuﬁ HAYYHLL YeHmpP
uono2uyeckux ucciredosaniiu PA
142290, e. I[Iywyuno, Mockoeckas 00.1., Poccust

[Ipobmema maroreHe3a XpOHHYECKOH OONHM B CIIMHE W PaIlMOHAIHLHOTO
00e3001MBaHUs COXpaHsIeT aKTyaJbHOCTh B TE€UEHHE MHOTHX JeT. [Ipenmomnara-
JIUCh Pa3UyYHBIE TEOPHUH XPOHM3ALMU MBIIMICYHON 001M, HO HambousblIee pac-
MPOCTPaHEHUE TOJyYmiIa Teopuss MHO(DacCIHaIbHOrO O0NEeBOTO CHHApoMma. B
JAHHOH padoTe MPOBOIUIIN aHATN3 Pa3MePOB MOMEPEYHOTO CECUCHHS MBIIICUYHBIX
BOJIOKOH, & TaK)Xe OINpeessUIi COOTHOIEHHE N30(opM TSDKEINBIX 1Iereil MUO3H-
Ha (TUM) I u I Tuma B MBIOIAax MAIMEHTOB C XPOHUYECKAM OOJIEBBIM CHHIPO-
MOM B HIDKHEH "acTu criiHBI. C 3TOI HeJbio MoTydann cepuiiHble (pOHTAIHHEIC
Cpe3bl 3aMOPOXKEHHOW MBIIIIBI, BBIIPSIMILIONIEH MO3BOHOYHHK, C ITOMOIIBIO
KpHOMHKpOoTOMa (TomuiuHoi 15 Mxm). [ ompeneneHHs COOTHOIICHHS H30-
tdopm TLM kpuocpe3bl HHKYOHPOBAIH C aHTUTEIAMH MPOTHB TSDKENBIX LETeH
muo3uHa Osictporo (II) wim mennennoro (I) tunos (1:400 npu 37°C B TeueHue
yaca). Maky0Oanuio co BTOPUYHBIMHU aHTUTEIaMU, KOHBIOTUPOBAHHBIMU ¢ Alexa
Fluor (1:200), mpoBommmu B TeueHne 40 MHH NpW KOMHATHOH TemIieparype.
Cpe3bl aHATU3MPOBAIM C HCHOJB30BaHUEM (DIIyOPECIEHTHOTO MHKPOCKOIa
Leica DM 6000B ¢ BcTpoeHHO# nmudpoBoii kKamepon. AHamu3 M300pakeHUH
npoBoawIM ¢ oMomisio nporpammsl Igl Trace SEM Align. M3mepsiin nuamerp
MIOTIEPEYHOT0 CEYEHHs, @ TAK)KE YHCIIO BOJIOKOH ME/UIEHHOTO U OBICTPOTO THIIOB.
[TockoabKy cpe3sl OBLIM CEPUHHBIMU, MOYKHO OBIIIO JOCTATOYHO YETKO CYAUTH O
TOM, K KaKOMY THILy OTHOCSITCSI OKpallleHHbIe BOJIOKHA. bputo oOHapyxeHo, 4To
y 8 n3 10 obcnenoBaHHBIX HAOIIONACTCS YBEIMYEHUE KOJIMYECTBA MEIJICHHBIX
BOJIOKOH B 1,4 pa3a 0e3 M3MeHEHHs AUaMeTpa MONEePEeYHOro CEUYCeHUs BOJOKOH
naaHOTO THNA. KoMyecTBO OBICTPHIX BOJIOKOH CHHUXAIIOCHh B 3-4 pa3a, 4To CBH-
JIETENILCTBYET 00 M3MEHEHHWM MHO3MHOBOTO (DEHOTHIA y JAHHBIX IMAlMCHTOB.
JunameTp momnepeyHoro ceueHus] BOJIOKOH OBICTPOTO THUMA CHrpKaics ¢ 351+£8,9
1o 243+15,9 MxM. Pe3ynbTaThl MO3BOJSIOT TMPEAIONOKUTE, YTO ITH H3MEHEHHUS
SIBIISTIOTCSI HETATUBHBIMU U, HECOMHECHHO, BHOCST BKJIJ B HapyIIcHHE (DYHKITHO-
HAJTBPHOH aKTHMBHOCTH CITMHHOW MBIIIIHI MAIIMEHTOB C XPOHUYECKOW OOJIbI0 B
CIIIHE.
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TRANSFORMATION OF THE MYOSIN PHENOTYPE
IN THE MUSCLE STRAIGHTENING THE SPINE
WITH CHRONIC NONSPECIFIC BACK PAIN
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S.S. Popova’®, V.A. Yashin®, G.Z. Mikhailova®
11.M. Sechenov First Moscow State University, Moscow, Russia
’A.Ya. Kozhevnikov Moscow Clinic for Nervous Diseases, Moscow, Russia
®Institute of Theoretical and Experimental Biophysics RAS,
Pushchino, Moscow Region, Russia
*Federal Research Center “Pushchino Scientific Center for Biological Research

of the Russian Academy of Sciences”, Pushchino, Moscow region, Russia

The problem of the pathogenesis of chronic back pain and rational pain
relief remains relevant for many years. Various theories of chronic muscle pain
were suggested but the theory of myofascial pain syndrome was most prevalent.
In this work, we analyzed the size of the cross section of muscle fibers and also
determined the ratio of isoforms of heavy chains of type I and II myosin in the
muscles of patients with chronic pain syndrome in the lower back. For this pur-
pose, serial 15 um-thick frontal sections of the frozen muscle straightening the
spine were obtained using a cryomicrotome. To determine the ratio of isoforms
of myosin heavy chains, cryosections were incubated with antibodies against
myosin heavy chains of the fast (II) or slow (I) types (1: 400 at 37°C for an
hour). Incubation with secondary antibodies conjugated to Alexa Fluor was per-
formed at a dilution of 1: 200 for 40 min at room temperature. Sections were
analyzed using a Leica DM 6000B fluorescence microscope with an integrated
digital camera. Image analysis was performed using the Igl Trace SEM Align
program. The diameter of the cross section was measured, as well as the number
of fibers of the slow and fast types. Since the sections were serial, it was possible
to quite clearly judge what type of dyed fibers is. It was found that in 8 patients
out of 10 examined there was an increase in the number of slow fibers 1.4 times
without changing the cross-sectional diameter of fibers of this type. The number
of fast fibers decreased by 3-4 times indicated a change in the myosin phenotype
in these patients. The cross-sectional diameter of the fast-type fibers was reduced
from 351 + 8.9 to 243 £ 15.9 microns. The results suggest that these changes are
negative and undoubtedly contribute to the impairment of the functional activity
of the spinal muscles of patients with chronic back pain.

CPABHUTEJIBHBIN AHAJIN3 PUTMOWHOTPOITHBIX
XAPAKTEPUCTHUK B MAIMUIJIAPHOM MBILIIE CEPILIA
CYCJIMKA 1 YACTOTbI CEPJEYHBIX COKPAILIEHUM
HUHTAKTHBIX )KUBOTHBIX

J.A. UrnatbeB, A.C. ABepuHn, JI.C. Kocapckuii, O.B. Hakunosa
Dedepanvrvlil ucciedogamenvekuil yewmp "llywunckull HayyHolil YyeHmp
buonozuueckux uccreoosanuti PAH" 142290, e. [Iywuno, Mockoeckas 001.,

npocnexm Hayku, 0.3

113



YacToTa cepaneOMeHN — >KU3HEHHO BaXKHBIM MOIYJSATOp, OOecredu-
BaIOMMH CHOCOOHOCTH Cepila BIHATH HA CEpACYHBIH BBIOPOC M CHIIy COKpa-
MICHUN W ONpEeAeIIIONNI ero aJanTaliOHHYIO0 CIIOCOOHOCTh K H3MEHCHHIO
BHEIIHUX ¥ BHYTPCHHUX (akTOpoB. MOHaM KailbIUs MPHUHAMICKUT BEIyIIas
pOTb B peaiu3alid CBSI3U «4acTOTa-CHIa» (PUTMOWHOTPOITHBIC OTHOIICHUS).
W3meHeHns nuHammudeckoro Oamanca woHOB Ca2+ B HUTOIUIA3ME SIBISIOTCS
OCHOBHOH NPUYMHON HapyLIEHUI 3aBUCHMOCTH YacTOTa—CHJIAa MPHU MAaTOJIOTHIX
MHUOKapJia, OJHAKO SICHOTO M OJHO3HAYHOI'O IMOHUMAHMS MEXaHU3MOB OTHX
HapYIICHU 10 CUX MOP HE CIOXKUIIOCh. B cepiiie 3MMOCTISIIMX KUBOTHBIX JIOJIS
Y4acTHs Pa3IMIHBIX UCTOYHUKOB KaJbIUs B aKTHBAIIMH COKPAIEHUS 00paTUMO
MEHSETCSl TP CMEHE CE30HHOTO COCTOSIHUS JKUBOTHBIX (AaKTUBHOCTb, CIISIUKA,
npoOyxacane). [lokazaHo, YTO TpPH STOM TaKKEe H3MEHICTCS M XapakTep
putMmonHoTpomHbIX oTHomeHui (Kondo, Shibata, 1984). OxgHako mMerommecs
JMaHHBIE 00 OCOOCHHOCTSIX YACTOTHOW PETyJAIHN CHIIBI COKpAICHHs Ccepaia
3UMOCISIIMX JKMBOTHBIX MAJOYHUCIEHHBl M MPOTUBOpeuYuBHl. IlpoBeaeHo
HCCIIeIOBaHHE OCOOCHHOCTEH 3aBHCHMOCTH CHIIBI COKpAamieHUs (HM30METpH-
YECKUU PEeXHUM) OT YaCTOThl CTHMYJISAIMH MANWIISPHBIX MBIIII] MPABOTO Ke-
JyJ0YKa Cepla CyCAMKOB MPH M3MECHEHUH MX ()YHKIIMOHAIHLHOIO COCTOSIHUS Ha
MPOTSKEHUH TOJJOBOTO ITUKJIA B HIMPOKOM TUATIA30HE YaCTOTHI CTUMYJISIIUH (OT
0.1 mo 6.0 I'r). BriepBrie moyuYeHBI JaHHBIC 00 0COOCHHOCTSAX PUTMOUHOTPOII-
HBIX SIBIICHHH B TpOIlECCe BXOXKICHUS B CIDTUKY W TpoOyxnaeHus. [Iposemeno
CONOCTAaBJICHUE C pe3yJbTaTaMH, MOJTYYEHHbIMU HaMHU pPaHEE HAa HMHTAKTHBIX
*uBOTHBIX (MrHateeB u ap., 2001). B pesynpTare mpoBEeaeHHBIX HCCIIEIOBaHUI
MIOKa3aHO, YTO B 3aBHCHUMOCTH OT XapaKTepa PEeakUUM NanWUBIPHBIX MBIIIL Ha
W3MEHEHHE YacTOThl CTHUMYJISIUH, CYCIMKOB MOKHO YCJIOBHO paslieluTh Ha 2
TUIA: C OTHOCUTENbHO cJab0il M BBIPAXKEHHOH YacTOTHOM 3aBUCHUMOCTHIO
(Nakipova et al., 2007). ITepBbIii THII pPHTMOMHOTPOITMH UMEET MIPEHUMYIIIECTBCH-
HO OTPHIATENFHYIO HAIPaBICHHOCTh BO BCEil 00JacTH MCCIIEIOBAHHBIX YacToOT,
a 2 tun — nAByX(a3HYIO: PE3KO-OTPHUIATEIFHYHO B O0JACTH HU3KHX YacTOT
CTHUMYJIALUH U TIOJIOKUTEIBHYIO — B 00JIaCTH BBICOKHX 4acTOT (cBbimie 1.0 I'm).
Haubonee BbIpakKeHHBIC YaCTOTHBIC W3MCHEHHUS HAONIOIAIOTCS Y JKUBOTHBIX
MEPEeXOIHBIX MmeprooB. OOCYXKIAeTCs, YTO U3MEHEHHUS TUIIOB PUTMOHHOTPOITUH
B cep/lie CyClIMKa MPOUCXOSIT B COOTBETCTBHUM C OCHOBHOM CTpaTeruen ce3oH-
HBIX W3MEHEHUN COOTHOIICHHS BKJIaJla BHEKJIETOYHBIX M BHYTPHKJICTOYHBIX
WCTOYHUKOB Kaibliusg B akTuBaiuio cokpamenus (Kondo & Shibata, 1984;
Heinis et al., 2015; Nakipova et al., 2017).
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Federal Research Center “Pushchino Scientific Center for Biological Research
of the Russian Academy of Sciences” (PSCBR RAS). 142290, Pushchino,
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Heart rate is a vital modulator that provides the ability of the heart to
influence cardiac output and the force of contractions and determines its adaptive
ability to change external and internal factors. Calcium ions play a leading role in
the implementation of the force - frequency relationships (FFR). Changes in the
dynamic balance of Ca2 + ions in the cytoplasm are the main cause of FFR
disorders in myocardial pathologies; however, a clear and unambiguous
understanding of the mechanisms of these disorders has not yet been established.
In the heart of hibernating animals, the share of various sources of calcium in the
activation of contraction changes reversibly when the seasonal state of the animals
changes (activity, hibernation, awakening). It is shown that this also changes the
nature of FFR (Kondo, Shibata, 1984). However, the available data on the
characteristics of frequency regulation of the force of contraction of the heart of
hibernating animals are few and contradictory. The features of the dependence of
the contractile force (isometric mode) on the frequency of stimulation of papillary
muscles of the right ventricle of a ground squirrel’s heart when their functional
state changes during the annual cycle in a wide range of the frequency of
stimulation (from 0.1 to 6.0 Hz) have been studied. For the first time, data were
obtained on the characteristics of rhythmo-inotropic phenomena in the process of
hibernation and awakening. A comparison is made with the results obtained earlier
on intact animals (Ignatiev et al., 2001). As a result of the research, it was shown
that depending on the nature of the papillary muscle response to changes in the
frequency of stimulation, ground squirrels can be divided into 2 types: with a
relatively weak and pronounced frequency dependence (Nakipova et al., 2007).
The first type of FFR has a predominantly negative directivity in the entire range of
frequencies studied, and type 2 has a two-phase mode: sharply negative in the low-
frequency region of stimulation and positive in the high-frequency region (above
1.0 Hz). The most pronounced frequency changes are observed in animals of
transitional periods. It is discussed that changes in the types of FFR in the heart of
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ground squitrel occur in accordance with the basic strategy of seasonal changes in
the ratio of the contribution of extracellular and intracellular sources of calcium to
the activation of contraction (Kondo & Shibata, 1984; Heinis et al., 2015;
Nakipova et al., 2017).
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MMAJIBMUTUHOBASI KUCJIOTA BBI3BIBAET
KAPBOHWIBbHBII CTPECC U UBMEHSIET BAPLEPHBIE
CBOWMCTBA SHJIOTEJMAJBHBIX KJIETOK HUVEC
O.A. KazakoBa, M.B. Camconos, H.B. Iloakyiiuenxo,

C.C. Muuypuna, 10.C. Cradees, E.E. E¢ppemos, T.H. Baacuk,
B.3. JlankuH, A.B. Boporuukos, B.II. llupunckmii
HUH sxcnepumenmanvhoil kapouonozuu,
Hayuonansnuiil meduyunckuil ucciedo8amenbCcKull YeHmp Kapouoio2uu,
ya. 3-a Yepenxoeckas, 0. 15a, Mockea, Poccus

TToBbImIeHHBIH YpoBEeHb CBOOOTHBIX KUPHBIX KUCIOT (CXKK) B kpoBOTOKE
SBIISICTCS OCHOBHBIM (DaKTOPOM PHCKa Pa3sBUTHSA NepreprIecKoil MHCYINHOBOM
PE3UCTEHTHOCTH, TUHEpTIuKeMun U auabeta 2 tuma. COCyAHCTHIH SHAOTENHI
BeIcTynaeT nepsuuHoi mumeHpo CXKK, KoTopblie BBI3BIBAIOT JUCHYHKIUIO CO-
CYAMCTOTO SHJAOTENUS W CepAeYHO-COCYAUCThIE OCJOXXKHEHHs Npu jauadere.
Kpome Toro, snnorenuii obecneynBaeT 6apbep MeX/y KPOBOTOKOM U MOJIEKa-
IIMMH TKaHSIMH, 0JJHAKO MaJlo u3BecTHO, BiusitoT u CKK, u kakum obpasom, Ha
SHIIOTENUATIBHBIA Oapbep. MBI HCMONB30BaM MIPUKU3HEHHYIO BUICOMHUKPOCKO-
IIHMIO JUIsl aHaJIM3a OTJEJIbHBIX U COBMECTHBIX 3((PEKTOB NMaTbMUTHHOBOW KHCIIO-
THI (B kKoHIeHTpanmsix 0,3, 0,5, 0,8 u 1,0 MM) u runeprimkemun (28 MM rimoko-
36 IPOTHB 3,5 MM B HOpME) Ha KU3HECTIOCOOHOCTh M OaphepHBIE CBOMCTBA dH-
JOTENHANBHBIX KIeTOK ImynouHo# BeHsl denoBeka (HUVEC). Mb1 oOHapyxumy,
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YTO MATBMUTAT U3MEHSET TUITMYHO "OpycuaTyro" MOpQOIOTHIO SHI0TSIHAIBHO-
o MOHOCTIOS Ha "cokpaturenbHBIR" (penoTun. Hu BMecTe, HU MO OTIOEIBHOCTH,
MAJIEMUTAT W BBICOKAS TITIOKO3a HE BIISUIM Ha 0a30BYIO MMPOHHUIIAEMOCTH HIOTE-
JIMAITBHOTO MOHOCJIOS, HO OCHAOMSIId TPAaH3UTOPHOE YCHIICHHE MPOHHUIIAEMOCTH
(runepriimkeMus) ¥ BoccraHoBieHue Oaprepa (> 0,8 MM nanbmuTaTta) mox Jei-
cTBHEM TpoMmOuHa. [lanbMuTaT, HO HE THUICPIIIUKEMUS, BBI3BIBAJ HAKOIUICHUC
MajoHoBoro nuanbaeruaa (MIA), npoaykTa nepeKucHOro OKUCIEHUS JINMUIOB,
u MJIA-3aBucumyro moaudukanuio Oeika B kiaetkax HUVEC. Dx3oreHHIH
MJIA ycunuBaj NpoHHLAEMOCTh, Hapyllas SHJIOTENHaIbHbIH 0apbep, 4TO yKa-
3piBaeT Ha MJIA Kak BO3MOXHOI'O yYaCTHHKA MOBPEXIAIOLIETO NEHCTBUS Majlb-
MUTaTa Ha COCYIAUCTBIN 3HAOTEIUM.

Pa6ora nognepxxana POOU 18-315-00377 mon_a u PHD 14-15-00245;
19-15-00361.

PALMITATE INDUCES CARBONYL STRESS AND ALTERS BARRIER
PROPERTIES OF HUVECS
0.A. Kazakova, M.V. Samsonov, N.V. Podkuychenko,
S.S. Michurina, I.S. Stafeev, E.E. Efremov, T.N. Vlasik,
V.Z. Lankin, A.V. Vorotnikov, V.P. Shirinsky
Institute of Experimental Cardiology, National Medical Research Center
for Cardiology, Moscow, Russia

Increased level of free fatty acids (FFA) in circulation is the major risk
factor for periferal insulin resistance, hyperglycemia and type 2 diabetes devel-
opment. Vascular endothelium is the primary target of the bloodstream FFA that
cause endothelial dysfunction leading to cardivascular complications in diabetes.
The endothelium also provides a barrier between circulation and underlying tis-
sues, however little is known whether and how FFA affect the endothelial barri-
er. We used the live cell time-lapse microscopy and transendothelial electric re-
sistance assay to investigate the effects of a typical FFA, palmitate (0.3, 0.5, 0.8
and 1.0 mM), hyperglycemia (28 mM vs. normal 3.5 mM glucose), and both, on
viability and the barrier properties of human umbilical vein endothelial cells
(HUVEC). We find that palmitate induces the loss of the cobble-stone morphol-
ogy of HUVEC monolayers leading to 'contractile'-like cell phenotype. Neither
palmitate, nor high glucose, nor both, altered the basal endothelial barrier integri-
ty, however decreased the transient permeability response (hyperglycemia) or the
barrier recovery (> 0,8 mM palmitate) after thrombin stimulation. Palmitate, but
not high glucose induced production of lipid peroxidation adduct malone dialde-
hyde (MDA) and MDA modification of a cellular protein. Exogenous MDA de-
teriorated the HUVEC barrier, suggesting it may mediate damaging effects of
palmitate.

Supported by RFBR 18-315-00377 mon_a, RSF 14-15-00245; 19-15-
00361.
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MEXAHHM3MBbI MBIIIEYHON JJAC®YHKIUA ITPU TOYEYHBIX
MYTALNUAX B TPOIIOMUO3UHE
O.E. Kapnnqesal, B.B. Cnpemcol, A.O. Cumonsin™, E.A. Porozosen,
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*Vuusepcumem Oxcopoa, Bonsnuya Jlocona Proxnupaa,
Oxcghopo, OX3 9DU, Benuxobpumanus

ToueuHble MyTary B TeHAX, KOAUPYIOIIUX H30()OPMBI CKEIETHOMBIIIEYHO-
TO TPOTIOMHO3MHA YEJIOBEKA, ACCOLMMPOBAHBI C PA3BUTHEM HECKOJIBKUX IMATOJIOTUH
MBIIIEYHON TKAaHH, CPEI KOTOPBIX BBIIEIAIOTCS HeMannHOBas muomatus (NM),
«xam»-muonatus (Cap), BpOXKACHHAs JUCTIPONOPIMS THIIOB MBIMICYHBIX BOJOKOH
(CFTD) u aucramsselit aptporpumnos (DA). MonekynspHble MEXaHU3MBbI MBIIIEU-
HOM AMCHYHKLMM TIPU THX MATOJOTHMSAX OCTAIOTCS HEM3BECTHBIMHM, JHArHOCTHKA
3aTpyJJHEHA, a TepareBTUUECKUEe TI0JIXObI K UX JISUSHUIO BCE ellie He pa3padoTaHbl.
Ienpto pabOTHI CTAO WCCIEIOBAHUE BIMSHHS aMHHOKUCIOTHBIX 3ameH E173A,
RO0P, E150A u A155T B y-tponomuosuse (Tpm3.12), CBSI3aHHBIX ¢ pa3THYHBIMU
MBIIICYHBIMU 3a00JICBaHUSAMH, Ha MO3MIMI0 Tpm B TOHKHX HUTSIX MBIIICUHOTO BO-
JIOKHa W Ha KOH()OPMAIMOHHBIE ITEPECTPOHKH aKTOMHO3WHA B IMKJIE THAPOIH3a
AT® ¢ momomIpro MeToa MOJLIPH3AIMOHHOM MUKpodyoprmetpun. P-aktuH, Tpm
7 ronoBkrd Muo3uHA (S1) Opum crermduaeckn MOIU(UIMPOBAHEI (ITyOPECICHT-
HBIMHU 30HJaMH U BCTPOCHBI B TCHEBBIC MBIIICYHbIEC BOJIOKHA. CpaBHUTENIBHBIIN aHa-
713 KOH(OPMALOHHBIX MEPECTPOEK MBIIIECYHBIX OENIKOB MOKa3al, YTO BCE TOYEU-
Hbl€ MyTallUU NPUBOJAT K aHOMaIbHOMY noBelieHHIo Tpm B AT®a3zHoM 1uKIe U K
CBSI3aHHBIM C 3THM OTKJIOHEHHSM B pabOTe COKpaTHUTeNFHON cructeMbl. OOHapyxe-
HO, uTo 3ameHbl E173A, RO0OP u E150A mpuBOAsT K 3HAYUTEITHHOMY CMEIISHHIO
Tpm K BHYTPEHHUM JOMEHaM aKTHHA M YBEJIMYHUBAIOT OTHOCHTEIHHOE KOJIHMIECTBO
TOJIOBOK MHO3WHA B CHJIBHOI (hOpMe CBSI3bIBAHUSI C aKTHHOM IIPU Pa3HbIX KOHIICH-
Tpauusax Ca’" B capkomepe. Uckmouenue cocrapisiet 3ameHa A155T, kotopas BbI-
3pIBacT cMeleHne Tpm K BHyTPEHHNM JJOMEHAM aKTHHA U YBEIHUECHHE KOJIMIECTBA
CHJIPHO CBSI3aHHBIX C aKTHHOM TOJIOBOK MHO3HHA TOJIBKO MPH HU3KOW KOHIIEHTpa-
i Ca”". TlonmyuenHbie B 3T0H paboTe U paHee JAHHBIE TO3BOHITH BBIBHTH TE 0CO-
OeHHOCTH (DYHKIMOHHUPOBAHMS PETYISITOPHOM CHCTEMBI MBIIIEYHOTO BOJIOKHA, KO-
Topbie xapaktepssl 111 NM, Cap, DA u CFTD na monexymsapHoM ypoBHe. OOHa-
PYKEHO, 9TO XapakTep W3MEHEHUsI KOJIMYECTBA MHO3HHOBBIX MONEPETHBIX MOCTH-
KOB B KOH(OPMAIIMM CUJILHOTO CBSI3bIBaHMS ¢ akTHHOM B AT®azHoM 1ukie npu
BBICOKOH KoOHIeHTparmy Ca”" MOXKeT ObITh OJHHM M3 KPHTEPHEB KiIacCH(DUKAIMU
muonatuil. [Ipu CFTD u DA konu4ecTBo TaKUX TOJOBOK MUO3UHA 3HAYUTEIHHO
yBenIuuuBaeTcs, Toraa kak npu Cap u NM ymeHblaercs, 4To, HECOMHEHHO, CKa3bl-
BAa€TCS Ha FEHEPALH CUJIbI MUO3UHOBBIM MOTOPOM.

Jns Bcex MccieqoBaHHBIX MYTaHTHBIX (opMm Tpm, BHE 3aBUCHMOCTH OT
JOKAJIN3AlMK MYTallMu U XapakTepa MHUONATHH, Obl1a 00HapyKeHa KOppessaus
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MEXIy H3MEHEHHEM KOJMYECTBA HOMEPEYHBIX MOCTHKOB B KOH(POPMAIIUH CHIIb-
HOTO CBSI3BIBAHMS C AKTHHOM TP HH3KHX KOHIEHTpamusx Ca’ M H3MCHCHHEM
Ca’'-4yBCTBUTENBPHOCTH TOHKHMX HHTEH. YBenmuenue dyBcTBATEIbHOCTH K Ca’’
MOXET OBITh CBSI3aHO KaK C TEM, YTO TOJIOBKM MHUO3WHA MHTMOMPYIOT BBIKIIOYE-
HHE TOHKOW HUTH TPOIIOHWHOM, TaK ¥ C WHTMOMPOBAHUEM BKJIIOUCHMS TOHKOH
HUTH caMoil roJI0BKOH MHO3HMHA. YMeHbineHne Ca’ -u4yBCTBUTEIBHOCTH KOppe-
JMPYET C aHOMaJIbHOM JIOKanu3anue MyTaHTHOro Tpm Oimke K BHELIHUM J0-
MeHaM akTHHa. HecMOTps Ha TO, YTO KOJHMYECTBO I'OJIOBOK MHO3HMHA B KOH(OP-
MAlMM, XapakTepHOW JUis CHIBHOrO CBA3bIBAHMA C akTmHoM, u Ca’'-
YyBCTBUTEIHHOCTh MOTYT yYBEIMUUBATHCS WIM YMEHBIIATHCS B 3aBUCUMOCTH OT
MyTauuud B Tpm, pe3ynapTaT 3TUX HapyLIEHUH OJUHAKOBBIM — MBILIEYHAs Cla-
6octh. g a3pdexTuBHOI PabOTHI MHO3WHOBBIX MOCTHKOB, TIPOXOXKIECHUS UMH
TIOJTHOTO IMKJIA ¥ TEHEPAIlNH CHJIBI BA)KHO HE TOJIBKO CHIBHOE CBSI3BIBAHHUE MHO-
3WHA C aKTHHOM, HO U pacciabienue. [losBieHre aHOManbHO BRICOKOTO KOJIIYe-
CTBa IIOTIEPEYHBIX MOCTHKOB, 00pa3ylOLIUX ¢ aKTUHOM CHJIBHYIO ()OPMY CBSI3bI-
BaHus, B LUKIe ruapommsa AT® mpu BeIcokuX KoHmeHTpammsax Ca’’, a Taxke
IPH pacciaablIeHHH MBIIIEYHOTO BOJIOKHA, MOTYT IIPUBECTH K HaJJCHUIO COKPaTH-
TEJILHOM CHOCOOHOCTH MBILIEYHOH TKaHW, BOZHHUKHOBEHHUIO pUropa U TOsBIIE-
HHIO Pa3pbIBOB MHO(UOpHILUT 1 MOP]OIOTHYECKUX U3MEHEHUH MBIIIEYHOH TKa-
HY, TunuaHelX s Cap wiu DA. C apyroit cropoHsl, ¢ukcanus Tpm BOIHM3M
OJIOKHMPYIOMIEH TO3UIINH BBI3BIBACT YMEHBIICHHE KOJIMYECTBA MOTEPEYHBIX MO-
CTHKOB, CYIIECTBEHHBIX AJISI PAa3BUTHSA MBIIICYHOTO HAIPSDKCHUSA, UTO TaKKe
MOJKET MPUBECTH K MAJCHUIO COKPATUTEIHHON CIIOCOOHOCTH MBIIICYHOH TKaHH,
TUIAYHOMY JUIsi OOJIBIIMHCTBA HACIEICTBEHHBIX MHOTIATHH dYenmoBeka. llomy-
YeHHBIE MaHHbIE MOTYT OBITH WCIOJNB30BaHBI MPH KIACCH(DHUKAUN MHOIATHH,
NPA TECTUPOBAHHU HEKOTOPHIX (DapMaKOIOTHYECKHX arceHTOB W TPU BBHIOOpE
MHIICHEH ¢ 1Iebl0 Pa3padOTKH CTPATEruu JICUSHUS! Pa3IMYHBIX HAcJe]CTBEH-
HBIX MBIIICYHBIX MATOJOrui. PaboTa BhINMOIHEHA NpU (HUHAHCOBOW MOIICPIKKE
Poccuiickoro Hayunoro ¢onnaa (nmpoekr 17-14-01224).

MECHANISMS OF MUSCLE DYSFUNCTION
IN THE PRESENCE OF POINT MUTATIONS IN TROPOMYOSIN
O.E. Karpicheval, V.V. Sirenkol, A.O. Simonyanl’z, E.A. Rogozovetsl,
S.V. Avroval, C.S. Redw00d3, Y.S. Borovikov'
! Institute of Cytology RAS, Tikhoretsky Av., 4, St. Petersburg,194064, Russia;
2Saint Petersburg State University, Universitetskaya nab., 7-9,
Saint Petersburg, 199034, Russia;
University of Oxford, John Radcliffe Hospital,
Oxford OX3 9DU, United Kingdom

Point mutations in genes encoding isoforms of skeletal muscle tropomyo-
sin are associated with the development of several pathologies of muscle tissue
among which are nemaline myopathy (NM), «cap»-myopathy (Cap), congenital
fiber-type disproportion (CFTD) and distal arthrogryposis (DA). The molecular
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mechanisms underlying the muscle dysfunction in these pathologies remain un-
clear, diagnosis is ambiguous, and therapeutic approaches to their treatment have
not yet been developed. The present work aims to study an impact of several
amino acid substitutions E173A, R90P, E150A, and A155T in y-tropomyosin
(Tpm3.12) associated with different myopathies on the position of Tpm in thin
filaments of muscle fiber and on the actomyosin conformational changes during
the ATP hydrolysis cycle using polarization fluorimetry technique. F-actin, Tpm
and the myosin heads (S1) were specifically modified with the fluorescent
probes and incorporated into ghost muscle fibers. A comparative analysis of con-
formational rearrangements of muscle proteins in the presence of mutant forms
of Tpm showed that all point mutations lead to abnormal behavior of Tpm in the
ATPase cycle and to the associated abnormalities in the work of the contractile
system of the muscle fiber. We show that the E173A, R90P, and E150A Tpms
produced abnormally large displacement of Tpm to the inner domains of actin
and a transition of a higher number of the myosin heads to the strong-binding
conformation at different Ca>* concentrations in sarcomere. On the contrary, the
A155T mutation induces a displacement of Tpm to the inner domains of actin
and increase in the number of the strong-binding myosin heads only at low Ca®".
Taking into account the data obtained earlier, we tried to highlight the features of
functioning of muscle fiber regulatory system that would be typical for CFTD,
Cap, DA and NM at the molecular level. One of the criteria that allows an accu-
rate identification of the disease can be the nature of the change in the number of
myosin cross-bridges in the strong binding conformation in the ATPase cycle at
high concentrations of Ca®". The increase in the number of such bridges was typ-
ical for mutations associated with CFTD and DA. In contrast, under similar ex-
perimental conditions with Cap and NM, a decrease in the number of such cross-
bridges was observed.

For all studied mutant forms of Tpm, regardless of the location of the mu-
tation and the nature of myopathy, a correlation was found between the change in
the relative amount of myosin cross-bridges in the strong-binding conformation
at low concentrations of Ca®* and the change in Ca**-sensitivity of thin filaments.
An increase in sensitivity to Ca®" ions may be due both to the fact that the myo-
sin heads inhibit the switching off of a thin filament by troponin, and to the inhi-
bition of the switching on of a thin filament by the myosin head itself. The de-
crease in Ca®’-sensitivity correlates with the abnormal localization of mutant
Tpm closer to the outer domains of actin. Despite the fact that the number of
myosin heads in the conformation characteristic of strong binding to actin and
Ca’'-sensitivity may increase or decrease depending on the mutation in Tpm, the
result of these disorders is the same — muscle weakness. For effective work of
the myosin cross-bridges, the passage of a full cycle and the generation of force,
not only the strong binding of the myosin heads to actin, but also relaxation is
important. The appearance of an abnormally high amount of myosin cross-
bridges that form a strong binding form with actin in the ATP hydrolysis cycle at
high concentrations of Ca®’, as well as the appearance of rigor bridges during
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muscle fiber relaxation, can lead to a decrease in muscle contractility, the ap-
pearance of rigor, breaks in myofibrils and morphological changes in muscle
tissue typical of Cap or DA. On the other hand, the fixation of Tpm near the
blocking position causes a decrease in the number of strongly bound cross-
bridges essential for the development of muscle tension, which can also lead to a
decrease in the contractility of muscle tissue typical of most human congenital
myopathies. Our work on identifying the features of the functioning of the con-
tractile system in the presence of various mutations in Tpm is, in our opinion, an
important step towards the early and accurate classification of skeletal myopa-
thies and the correct choice of pharmacological agents for the normalization of
muscle function. This work was supported by the Russian Science Foundation
(grant 17-14-01224).

HOBASI MOJIEJIb ®YHKIIMOHUPOBAHUS AT®a3Horo
MOJIEKYJIAPHOT'O MOTOPA
9.A. Kacymos, P.J. Kacymos, 1.B. KacymoBa
Hayuno-npouszsoocmeennwviii yenmp « KOPBET»,
dep. Yynnanoso, cmp. 1, 2-o0 JJomodedoso, Mockosckas 06.1., Poccus

B kuBBIX opraHm3Max OONBIIMHCTBO KIEeTOYHHIX AT® cuHTEe3mpyercs
MOJICKYISIpHBIM MOTOpOM - FoF; ATP-cunTretasoii n3 AJI® 1 HeopraHu4IecKoro
tdbocoara (Pn). Ilpennonaraercs, uro [1] ATD-cuHTEeTa3a COCTOUT U3 BYX MO-
TOPOB, T'JIe POTOPHI OOOMX IBUraTeNeil KOHCTPYKTUBHO CBS3aHBI JIPYT C APYTOM
1 BPAIIAIOTCSI COBMECTHO B IPOTHUBOIIOIOXKHBIX HAMPABJICHUAX B 3aBUCHMOCTH
oT uctouyHuka sHepruu. Kommureke F; (conaepxammii cyObeIUHUIIBI 03, B3, ¥, € H
0) sBISETCS BpalaTelIbHBIM MEXaHOXUMHYECKMM MOTOpOM, paloTaromuM Ha
ocHoBe AT®a3H0il aKTMBHOCTH M COCTOSIIIUM M3 OcHU (y-CyOBbEIUHHUIBI), KOTO-
past Bpamaercsi BHyTpu cBoero (af);-koJsbleBoro craropa. (of3);-KoJiblo ¢ Kara-
JUTUYECKUM yYacTKOM, PACIIOJIOKEHHBIM MEXIy TpeMs o- U B-cyObeuHUIIaMU,
OKpYXaeT JOMEH CO CIIMPAIBHO CKPYYEHHOW Y-CyObeanmHuLbl. [Ipuneraroniuii
JOMEH - «HOTa» Y-CyOBEIMHHIB NPHUKPEIIEH K C-KOJBIYy M3 C-CyOBEIMHHI] B
Fo. Berpoennsiii B MeMOpaHy asekTpomMoTop - Fo (TparcmopTupyromiee IpoToH
C-KOJIBIIO M @, by-CyOBEIUHUIIBI) HCTOIB3YET DHEPTHIO DJIEKTPOXUMHUECKOTO
noteHnuana - AuH + B kauecTBe NCTOYHHMKA SHEPTUH JUIS BPAILICHUSI C-KOJbLA B
MPOTHUBOMOJIOKHOM HaNpaBlIeHNH OT BpameHus F; moropa. OnHako, MBI HE CO-
TJIACHBI C TeM, 4TO Fo sBifeTcs 3JIEKTPOMOTOPOM, M TpEIaracéM MeXaHo-
xemocMmoTuueckuit MexanuszMm cuHte3a AT® [2]. CornmacHo Hameld monaenau
AT®-cunTerasa npeacrasiser coboit Ca”/H' - K - Cl -macoc-nopa-(epment
KOMILIEKCOM, B KOTOPOM Y-CyObequHuIa Bpataercs va 360° ¢ maramu 30° u 90°
u3-3a CBA3BIBAHUS MOHOB (pocdara ¢ MOJOKUTEIHHO 3apsSDKEHHBIMU aMUHOKHC-
JOTHBIMU OCTaTKaMHM B N-KOHLIEBOM YacTH Y-CyOBEIMHHIBI B 3JIEKTPHYECKOM
nosie. CriupaJibHO CKpy4YeHHBIE b,-CyOBbEeIMHUIIBI, KaK Mbl IpeAroaraem, aei-
CTBYIOT KaK KaHaT, KOTOPBIH yKOPAadHBACTCS MPH CBSI3BIBAHMN HOHOB (ocdarta ¢
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MIOJIOKUTEJIBHO 3apsKEHHBIMU JIN3MHAMU WM aprMHUHAMH, B PE3yJbTaTe Yero
03B;-TekcaMep MpUTATHBAETCS K MeMOpaHe BO BpeMsl IpOIecca SHEPrH3allni.
AT® 3ateM CHHTE3UpyeTCSI BO BpeMs OOpaTHOTO BpamIeHHUS Y-CyObeTMHHII
npu nedocdaruzanny N-KOHIEBOH YacTH Y-CyObeAMHHUIBI U b,-CyObeanHHMIL
noa jeiictBieM moHoB Ca’" KOTOpbIE NEPEKAYMBAIOTCA M3 XPAHWIHMIIA -
MEXKMEMOPAHHOTO MPOCTPAHCTBA BO BpeMs HaOyxaHus opraHeiur. [Cchuika Ha
annmanuio: http://www.youtube.com/watch?v=PgKoKnVvBi4].

CnengyeT OTMETUTh, UTO, MO HAlllEMy MHEHHIO, MPOTOHHUPOBAHHUE IOJIO-
JKUTEIBHBIX aMHHOKHUCIIOTHBIX OCTAaTKOB, WX (hocdarusanus u aedocdarusaus
MOTYT JIe)KaTh Ha OCHOBE MHOTHX IPOIIECCOB OHMOIIOTHYECKOH MOOMIFHOCTH,
BKJIIOYAsl COKpalleHue MBI, MBI IpeanonaraeM, 4To TAKOW MEXaHU3M MPUTSI-
TUBaHUS b,-CyOBEIMHNI] K MEMOpaHE MOJXET SIBIATHCS 3BOJIOIHMOHHO CaMbIM
[IEPBBIM IPUMHUTHBHBIM COKPATUTEILHBIM MEXaHU3MOM.

Jluteparypa
1. Junge W, Sielaff H, Engelbrecht S (2009) Torque generation and elastic power
transmission in the rotary FoF1 — ATPase. Nature 459:364-370
2. Kasumov EA, Kasumov RE, Kasumova IV (2015) A mechano-chemiosmotic mod-
el for the coupling of electron and proton transfer to ATP synthesis in energy-

transforming membranes: a personal perspective //Photosynthesis Research, Vol..
123, Pp. 1-22.

A NEW MODEL OF FUNCTIONING
OF THE ATPase MOLECULAR MOTOR
E.A. Kasumov, R.E. Kasumov, I.V. Kasumova
Research and Production Center «kKORVET»,
Chulpanovo village, building 1, Domodedovo, Moscow region, Russia

In living organisms, the majority of cellular ATP is synthesized by the mo-
lecular motor FoF; ATP synthase from ADP and phosphate (Pi). It is assumed that
[1] the ATP synthase consists of two motors, where the rotors of both the motors
are constructively linked with each other and rotate jointly in opposite directions
depending on the energy source. The F; complex (comprising subunits ¢, B, v, €
and 0) is a rotary mechano-chemical motor powered by ATPase activity and is
composed of an axle (the y-subunit) that rotates within its (of3);-ring stator. The
(aP);-ring, with a catalytic site located between three - and B-subunits, surrounds
the y-subunit coiled-coil domain. The adjacent y-“foot” domain docks to the c-ring
of c-subunits in Fo. The membrane-embedded electric motor — Fq (the proton
transporting c-ring and a, b, subunits) utilizes energy of the electrochemical poten-
tial - AUH" as an energy source to rotate the c-ring in the opposite direction from
that powered by the F; motor. However, we do not agree that Fo is an electric mo-
tor and we offer a mechano-chemiosmotic mechanism of ATP synthesis [2]. Ac-
cording to our model ATP synthase is a Ca’'/H'- K" - CI' -pump-pore-enzyme
complex, in which y-subunit rotates 360° in steps of 30°, and 90° due to the binding
of phosphate ions to positively charged amino acid residues in the N-terminal y-
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subunit in the electric field. The coiled-coil b, subunits, as we suggest, act as ropes
that are shortened by binding of phosphate ions to positively charged lysines or
arginines; this process is suggested to pull the aff5-hexamer to the membrane dur-
ing the energization process. ATP is then synthesized during the reverse rotation of
the y-subunit by the phosphatization N-terminal y-subunit and b,-subunits under
the influence of Ca** ions, which are pumped over from storage - intermembrane
space, during swelling of the organells. [A link to the animation:
http://www.youtube.com/watch?v=PgKoKnVvBi4].

It should be noted that, in our opinion, the protonation of positive amino
acid residues, their phosphatization and dephosphatization may lie on the basis of
many processes of biological mobility, including muscle contraction. We assume
that such a mechanism of attracting b,-subunits to the membrane may be the evo-
lutionary very first primitive contractile mechanism.
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MOBBIIIEHUE YCTOMYUBOCTH KJIETOK
OCTPOI'O MUEJIOMJHOTI'O JIEMKO3A
K JIEMCTBHUIO AHTPAITUKJIMHOB ITPA AKTUBAIIUA
T'OMOTHUITMYECKON MEKKJETOYHOM ATE3UN
M.WU. Koﬁmconal, A.C. CeHOTOBl, S1.B. EBCTpaTOBal,

K.C. Kpacuos'?, B.C. Akaros'”, P.C.®aneeB'”
1HHcmumym meopemuueckou u sKcnepumenmanvrol ouogusuxu PAH,
Ilywuno, Poccus;
ok yabckul eocyoapemeennslil ynusepcumem, Tyna, Poccus;
SIywuncruii T'ocyoapemeenibiii ecmecmeeno-Hayunblii uHCmumyn,
Ihwuno, Poccus

B Hacrosimee BpeMs OZHOW M3 OCHOBHBIX IPUYUH HEIOCTATOYHOM
3¢ GeKTHBHOCTH Tepanmuu OCTPOTO MHUENOHAHOTO Jeiko3a (OMIJI) cumraetcs
(hopMHupOBaHHE JIEKAPCTBEHHON YCTOMYMBOCTH Y JIEHKO3HBIX KIETOK. PaHee
HaMH¥ OBIJIO TTOKA3aHO MOBBIIIEHHE YCTOHYHUBOCTH KIETOK OCTPOTO MHEIIOUIHOTO
JefKO3a MpHU AaKTHBALMM TOMOTHUIIMYECKONW MEXKIETOYHOM aiare3uu B MHOTIO-
KJICTOYHBIX CTPYKTypax (arperarax) K JIEHCTBHIO aHTPALUKIMHOBBIX aHTHONOTH-
KOB, TaKUX KakK JOKCOPYOWIIMH, SMHPYOWIIMH, uaapyOunuH. B nanHO# paboTe
00CYXTAIOTCSI HEKOTOPBIC MEXaHU3MBI, JICKAIIKE B OCHOBE JAHHOTO ()eHOMEHA.

B MHorokneroussix arperarax xietok OMJI He IPOHCXOIUT CHHXKEHUE
MPOHUKHOBCHUA HU3KOMOJICKYIAPHBIX BCUICCTB, U IMOBLIIICHUE HeKapCTBeHHOﬁ
yCTOﬁ‘IMBOCTM HC CBsA3aHO C UBMCHCHUEM TPAHCHOPTAa BEIIECTB B HEHTPAJIbHYIO
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4acTh arperara. B MOBBIIIEHWN JIEKAPCTBEHHOW YCTOMYMBOCTH B MHOTOKJIETOY-
HBIX arperatax He TNPHHUMAIOT YYacTHs OCHOBHBIE OEIKM MHOXKECTBEHHOM
JIEKapCTBEHHOW yCTOitumBOCTH, Takue Kak P-mimkomporenn, MRP1 u BCRP. B
CBOIO Oue€pellb, B MHOTOKJIETOYHBIX arperarax MpOUCXOAUT aKTUBAIUs TpaHC-
kpunuuoHHoro ¢aktopa NF-kB u moOBbINIEHHE SKCOPECCHUH OCHOBHBIX
aHTHarmonToTuueckux 6enkoB Mcl-1, Bel-2 u XIAP.

TakuM 00pa3oM, TOJYYCHHBIC pE3yJIbTaThl YKa3bIBAIOT HA TO, 4YTO
MEXaHU3M TOBBIIICHUSI YCTOWYMBOCTH Yy KiIeTok OMJl B MHOTOKJIETOYHBIX
arperarax K )leﬁCTBHIO AHTPAIUKIIMHOBBIX aHTl/l6I/IOTl/lKOB, MOXKET 6I)ITI) CBs3aH C
akTHBanueil TpaHckpunuuoHHoro ¢akropa NF-kB, c¢ mocnemyromeit TpaHc-
KPHUIIIHOHHOM peryisinueil SKCIPecCHy aHTHATIONTOTUIECKIX OEJIKOB, TAKUX KaK
Bcl-2, Mcl-1 u XIAP.

INCREASE RESISTANCE OF ACUTE MYELOID LEUKEMIA CELLS
TO ANTHRACYCLINES TREATMENT UPON ACTIVATION
OF HOMOTYPIC INTERCELLULAR ADHESION
M.IL. Kobyakova', A.S. Senotov', Y.V. Evstratova',
K.S. Krasnov'’, V.S. Akatov'”, R.S. Fadeev'”
YInstitute of Theoretical and Experimental Biophysics RAS,

Pushchino, Moscow Region 142290, Russia;

“Tula State University, Tula, 300012, Russia;

*pushchino State Institute of Natural Sciences,
Pushchino, Moscow Region 142290, Russia

One of the main causes of low efficiency of the therapy for acute
myeloid leukemia (AML) is drug resistance of leukemic cells. Earlier, we
showed the increased resistance of acute myeloid leukemia cells upon
activation of homotypic intercellular adhesion in multicellular aggregates to
anthracycline antibiotics, such as doxorubicin, epirubicin and idarubicin. In
this work, we have discussed some mechanisms underlying this phenomenon.

Decrease of small molecular substances penetration does not occur in
multicellular aggregates of acute myeloid leukemia cells, and increase in drug
resistance is not associated with changes in the transport of substances into the
central part of the multicellular aggregate. The main proteins of multidrug
resistance, such as P-glycoprotein, MRP1 and BCRP, are not involved in the
increase of drug resistance in multicellular aggregates. In turn, the transcription
factor NF-kB is activated and the expression of the main anti-apoptotic
proteins Mcl-1, Bcl-2 and XIAP is increased in multicellular aggregates.

Thus, the obtained results indicate that the mechanism of increasing
resistance of AML cells in multicellular aggregates to anthracycline antibiotics
may be associated with the activation of the transcription factor NF — kB,
followed by transcriptional regulation of the expression of antiapoptotic
proteins, such as Bcl-2, Mcl -1 and XIAP.
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N3YYEHUE MEXAHU3MOB BJIUAHUS TASOTPAHCMUTTEPOB
U TUITOKCHUU HA T'JIAAKUE MBI bI
N.B. KoBaunes, }0.I'. Bupyauna, C.B. I'ycakoBa,
JL.B. Cmaramii, A.B. Hocapes, I1.B. IlerpoBa,
B.C. Poiquenko, T.H. 3aiineBa, M.A. MenBenen
Cubupcruii ocyoapemeennviii meouyunckull yuugepcumem, Tomck, Mockog-
ckutl mpaxm, 2, Poccus

Hapsiny ¢ TpaguuMOHHBIMM (MOHBI KalbIMs, LUKINUYECKUE HYKICOTUIBI
(IIH), npoxyxTs! pacnana ¢pochonHO3UTHAOB U MpoTeHHKHHA3a C) MexaHU3Ma-
MH DEryJisillMM COKPaTUTENbHOH (DYHKIMH IiafkomblmedHbix kietok (I'MK),
BCE Yallle PacCMaTPUBAETCSI BO3SMOXKHOCTb Y4acTHUsI B 3TOM IIpoliecce ra3oTpaHC-
muttepoB (H,S, CO) [1, 2]. MHOrouuciaeHHble JaHHBIE O 3aBUCHMOCTH YPOBHS
UX COZEpPX aHUS OT psifa (HU3HOIOTHUECKUX U MATOJOTHYECKHUX IIPOLECCOB Tpe-
OyeT u3ydeHus ra30TPaHCMUTTEPOB HE TOJIBKO B KAYECTBE YUACTHHUKOB CHI'HAJb-
HBIX 3BE€HBEB IIATOTCHE3a, HO ¥ BO3MOXHBIX IIEPCIICKTHB UX MPUMEHEHUA B (ap-
MakoTepanuu [3, 4]. Kpome T0oro, OCyIIeCTBIISISI CBOM BHYTPUKIETOUHBIE Y QeK-
TBI, OHHM HOABEPTarOTCS BIMSHUIO MAapIUAIbHOTO NABICHUS KHCIOpona. B sTom
cilydae, JONOJTHUTEIBHOE BOBICUCHHE BHYTPUKICTOYHBIX CHUTHAIBHBIX H 3(-
(EeKTOPHBIX CHCTEM, 00YCIOBIEHHOE OCOOEHHOCTSIMH UX COOCTBEHHOTO BIIUSIHUS
Ha KJieTkH, BKimodas [’ MK, MOXXeT npu rHIoKCHU U3MEHSTHCS ¥ OBITh JIOTIOJTHH-
TEJBHBIM yKa3aHHEM Ha MOJIEKYJISIpHBIE MUIIEHH, ONIEPUPOBAHHE KOTOPHIX Tpe-
OyeT KOpPPEKINH B IEPBYIO OUEPEIb.

MeTo10M JIBOMHOTO Caxapo3HOr0 MOCTa M MeXaHOrpaduu H3ydasoch
BIMsAHUE NOHOpoB razoTpaHcMmutrTepoB (H2S — NaHS u CO — CORM-2) Ha
JNEKTPUYECKYIO0 W COKpaTHTeNnbHYI0 akTHBHOCTH MK B HOpME M B yCIOBHSX
rumokcun. Yposerb Ca2+ u [IH mMomynupoBamuch BrusHEEM Ha 3¢ (deKTopHBIe
CHCTEMBI, OTpakarolie COKpaTuTesnbHble cBolcTBa ' MK: penentopynpasise-
Mmerid Bxox Ca2+, agenmnat(ALl)- u ryanmnat(I'Ll)-mknaser, pochoandcrepasy.
MexaHn3MBbl BIHASHHS I'a30MEJUATOPOB M I'MIIOKCHU HAa WOH-TPAHCIIOPTHBIE CH-
CTEMBI HCCIIEAOBAIHM C TIOMOINBI0 OJOKaTOpOB KAIMEBOH NMPOBOAMMOCTH MEM-
OpaHnbl, UHTUONTOPOB Na+-3aBUCUMBIX HOHOOOMEHHBIX CHCTEM M MOJIU(PHUIIUPO-
BaHHBIX 110 HOHHOMY COCTaBY PacTBOPOB.

boutn 00HapYKEHBI pa3iIudus B HAIPaBICHHOCTH MHOTEHHBIX 3((}eKToB
ra3oTpaHcMuUTTepoB U runokcun Ha MK cocynoB m moderounuka. Tak ObuIO
MOKa3aHO, YTO aKTHBAIMS peIenTopynpasisieMoro sxoma Ca2+ denmwmndpunom
B KJIETKY yCHJIMBaJIa PEJIAKCUPYIOIEe BIUSHHUE Ta30TPAHCMHUTTEPOB U THIIOKCHH
Ha cocyauctbie I MK. HaoGopor, yraeTeHne npoueccoB, CONPSDKEHHBIX C Kalli-
€BOH M HAaTPHEBOW NPOBOJMMOCTBIO MEMOpaHBI, OCIAOMUI0 3TH HPPEKTHI.
Hao6opor, 'MK MoueTrouHHMKa OTBE4alM Ha HOHIXCHHE YPOBHS KHCIIOPOZA
YBEIMYCHUEM aMIUIUTYIbI cOKpameHnus. Ha ¢oHe Bo3pacTaHus BHYTPHKIETOY-
HOro ypoBHd HAM® akTuBHpYIOIIEE BIMUSHUE THIIOKCHUHM CHIDKANOCh, HO Ha
(oHE yrHETEHUs KaJIWeBOW TPOBOIUMOCTH MeMOpaHbl Tpu momom TOA
nAM®-3aBUCHMBIE IPOLIECCHI, HHAYIUPOBAHHBIE (DOPCKOINHOM, aKTHBHUPOBAIIH
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DJIEKTPAYECKYIO M COKPATUTEIbHYI0 aKTHUBHOCTH IVIAJKOMBIIIEYHBIX CErMEHTOB
MOYETOYHHUKA MOPCKOW CBUHKH.

Bmusane ypoBHs IIH Ha cTemeHs m HampaBiieHHOCTH 3 (EKTOB Ta-
30TpaHcMHUTTEPOB Ha cokpauieHue I'MK, no3ponser cunrate tAM®- u nfl MO—
3aBHCUMYIO KaJIHEBYIO IIPOBOJUMOCTh MEMOpaH UX HEMOCPEACTBEHHOH Mulle-
Hbto. [Ipumenenne Oe3HaTpueBoro pactBopa, MHruOuTopoB Nat+/H-+-oOmeHa,
Na+,K+,2Cl-—koTpaHcropTa U3MEHSUIO HalPaBJICHHOCTh COKPATHTENLHBIX OTBE-
ToB (st CO), mubo mpakTHyecku uX oTMmeHsuto (it H2S), mokassiBas HaTpuii-
3aBHCUMBIN XapakTep BIMSHUA ra30TpaHcMUTTEpoB Ha [ MK.

Ilony4yeHHble pe3ynbTaThl CBUIAETENIBLCTBYIOT O BO3MOXKHOCTH Pa3HOHA-
npaBJeHHOTO BMemtaTenbeTBa LIH B MuoreHHbIe () (heKTH THIIOKCHY Ha TTIA/IKHE
MBIIILBL. B oTiinuMe OT COCYyIUCTBIX INMAaJKUX MBILIL, MOIYJSLUS BHYTPHUKIE-
TouHoro yposss L{H HuBenupoBana akTUBUPYIOLIEE U KOHCTPUKTOPHOE BIUSHUE
runokcu Ha 'MK MouerouHHKa, BBI3BAHHOE YBEJIMYEHHUEM KaJUEBOW IPOBO-
JUMOCTH MeMOpPaHbl MBIIIIEUHBIX KJIETOK.

HccnenoBanue BbIoJHEHO TpH (rHaHCOBOM noanepxkke PODOU u Tom-
cKoli obiacTu B paMKkax HayuHoro npoekra Ne 18-44-700009, POOU B pamkax
Hay4yHoro npoekra Ne 16-34-00419.
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MECHANISMS OF THE ACTION OF GASOTRANSMITTERS
AND HYPOXIA ON SMOOTH MUSCLES
L.V. Kovalev, Yu.G. Birulina, S.V. Gusakova, L.V. Smagliy, A.V. Nosarev,
L.V. Petrova, V.S. Rydchenko, T.N. Zaytseva, M.A. Medvedev
Siberian State Medical University, Tomsk, Moscow Trakt, 2, Russia

Along with the traditional mechanisms of regulation of the contractile
function of smooth muscle cells (SMC) (calcium, cyclic nucleotides, phospho-
inositides products and protein kinase C), the participation of gasotransmitters
(H,S, CO) is shown in this process [1, 2]. Numerous data on the dependence of
their content on a number of physiological and pathological processes requires
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the study of gasotransmitters as participants in pathogenesis signaling units, as
well as in the future their use in pharmacotherapy [3, 4]. Through their intracel-
lular effects, they are exposed to oxygen. In this case, the involvement of intra-
cellular signaling and effector systems, due to the peculiarities of their influence
on SMC, may change during hypoxia and be an additional indication of molecu-
lar targets that require correction.

The effect of donor gasotransmitters (H,S - NaHS and CO - CORM-2) on
the electrical and contractile activity of the SMC in normal and hypoxic conditions
was studied using by the double sucrose bridge method and mechanography. The
levels of Ca** and cyclic nucleotides were modulated by the action on effector sys-
tems that provide the contractile properties of SMC: receptor-operated Ca®* entry,
adenylate (AC) - and guanylate (GC) cyclase, phosphodiesterase. The mechanisms
of the effect of gasomediators and hypoxia on ion-transporting systems were inves-
tigated using potassium conductivity blockers, inhibitors of Na+-dependent ion
exchange systems, and solutions modified by ionic composition.

We found differences in the direction of the myogenic effects of H,S, CO
and hypoxia on the SMC of the vessels and the ureter. We have shown that acti-
vation of the receptor-operated Ca®" entry into the cells by phenylephrine in-
creased the relaxing effect of gasotransmitters and hypoxia on vascular SMC. On
the contrary, the inhibition of the processes associated with the potassium and
sodium conductivity of the membrane, reduced these effects. With an increase in
the intracellular level of cAMP, the activating effect of hypoxia decreased, but
with a decrease in the potassium conductivity of the membrane using TEA
cAMP-dependent processes activated the electrical and contractile activity of the
guinea pig ureter.

The effect of cyclic nucleotides on the action of gasotransmitters on the
contraction of SMC allows us to consider cAMP and cGMP-dependent potassi-
um conductivity of membrane as their direct target. The use of a sodium-free
solution, inhibitors of Na+/H + exchange, Na',K",2CI— cotransport changed the
direction of contractile responses (for CO), or eliminated (for H,S). T This indi-
cates that the gas transmitters have a sodium-dependent influence on the SMC.

The results suggest the possibility of multidirectional action of cyclic nu-
cleotides on the myogenic effects of hypoxia in smooth muscles. Unlike vascular
smooth muscles, the modulation of the intracellular level of cyclic nucleotides
eliminated the activating and constricting effect of hypoxia on the ureteal SMC,
caused by an increase in the potassium conductivity of the SMC membrane.

The reported study was funded by RFBR and Tomsk Region according to
the research project Ne 18-44-700009, and RFBR according to the research pro-
ject Ne 16-34-00419.
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POJIb MUKPOTPYBOYEK B IUHAMUKE ®OKAJIBHBIX
KOHTAKTOB ITPH PACIIJIACTBIBAHUU ®UBPOBJIACTOB
A.B. KOBaJ'leBal, A.B. TBOpOl‘OBaz, A.A. Canuonal, H.A. BOpOﬁbeBl’2’3
"Mocroscruii 2ocyoapemesennviii ynusepcumem umenu M. B. Jlomonocosa,
Mocksa, Jlenunckue 2opet, 1-12, Poccus
2Hayuno-ucciedosamensekuii uHCMumym usuko-XuMuieckoti Guono2uu uMenu
A. H. benosepckozo mockosckozo 2ocyoapcmeenno2o ynusepcumema, Mockea,
Jlenunckue eopwi, 1-40, Poccus
lIkona Hayk u mexnonoeutl, Hazapbaes Ynuseepcumem,

Acmana, npocnexm Kabanbau Bamwvipa 53, Kazaxcman

Junamnunsie Mukpotpyoouku (MT) urpator BakxHyIo posib B KICTOYHOH
MUTPALH, TOAAEPIKUBAs TTOJISIPU3ALMIO U HANPABICHHOCTD JIBU)KEHHS KIIETOK.
[Ipeanonaraercs, uto auHamMuuHble MT MOryT HalpsMylo peryJiMpoBaTh AWHa-
MUKY ()OKaIbHBIX KOHTAKTOB.

B skcnepumente OpumH mpoaHanu3upoBaHbl mapameTpsl MT u dokans-
HbeIX KoHTaKTOB (DK) B mporecce pacmacTeiBaHuA (C MOMEHTA IIPUKPEIUICHUS 1
B mocnenyomue 60 MUHYT) B HOPME W IIPH TOAABJICHUN TUHAMHYECKO HecTa-
omtpHOCTH MT coueranusiM Bo3neiicteuem 100 #M HOKomaszona m 50 HM Tak-
cona. Kunernka pacrumacteiBanus puopodiaacto 3T3 onmceBaeTCsl HEWHEHHO,
BKJIIOYAasi OBICTPYIO M MeieHHYI0 (a3bl. 1o Bo3aeiicTtBueM MHrHOUTOpOoB MT
KWHETHKA pacIlIacThIBAHUSI MPUOOpETaeT JIMHEHHYI0 3aBUCUMOCTH (Mcye3aer
(haza OBICTPOrO PaCIUIACTHIBAHMS).

CpenHsisi cKOpocTh pocta mioc-koHoB MT (mMapkepHsiii 6enok — EB3) B
OblcTpoii (ase pacmacteiBaHus coctaBisieT — 34.0+£1.40 mxm/mMuH u 48.0+2.77
MKM/MUH B MeIUIeHHOH (a3e pacmuiacteiBaHusa. Cpemasas amuaa Tpeka MT B
opicTpoii ¢aze pacruacteiBaHus — 4.02+0.21 mxM, B MemienHod — 5.05+0.33
MkM. Ilon Bo3zmeicTBHEM HMHIMOMTOPOB CPEOHAS [UIMHA TPEKOB COCTaBIISCT
2.17+0.23 u 2.24+0.22 MKM B Hadaje U yCIOBHOM KOHIIE (a3bl pacIuIacTHIBAHH
COOTBETCTBEHHO (KOHEI| PACIUIACTHIBAHHS COBIAJAeT C OKOHYAaHHEM CHhEMKH U
cocraBisieT 60 MuHYT). CpemHie CKOpocTH pocTa IuTroc-KoHIoB MT cocraBmstor
B Hayajie U KOHIIE paciutacteiBanust 16.37+1.15 u 20.674+2.13 MKM/MHUH COOTBET-
cTBeHHO. Takum oOpa3om, mojaBiaeHNe TUHAMUYECKON HecTabuipbHOCTH MT
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Tabmuna 1. Craguu cymecrBoBanus OK B HopMe 1 IIpH NOAABICHUH AUHAMUYIECKOM
HecrabunpHocTH MT (aHHBIE IpHBEIeHE! B popMaTe cpeHee+onmOKa CpeIHero)

I Menkue ®K Kpynusie ©K
Apametp Kontposs OmnbIT Kontposs OmnbIT
Cranus cOOpKH, MUH 5.58+0.76 | 4.11+0.53| 8.58+1.76 | 7.00+1.75
CrabmipHoe cymecTBoBanue, MuH | 6.27+0.89 |3.384+0.55% 5.58+1.33 | 2.00+0.82*
Craaus pa30OpKH, MUH 7.79+1.12 | 7.224+0.66| 10.25+1.72| 9.13+2.01

*-CTaTUCTHYECKH JOCTOBEPHbIE OTINYHSA, KpuTepuii MaHHa-YUTHH.

TPUBOIUT K YMEHBIICHHUIO MPOJODKUTEIHFHOCTH (ha3bl pocTa M CKOPOCTh POCTa
oc-KoHIoB MT.

®oxkanpabie KOHTAKTHI (PK) (MapkepHbIil Oe0K — BUHKYJIMH) B paciuia-
cTeiBaromuxcs Guobpodmacrax 3T3 auHaAMUIHBI (BOZHUKAIOT, PACTYT, YMEHBIIIA-
rorcs U ucuesart). OK Obutn paszesieHpl 0 MaKCHMaIbHOH IJIONIAIN HA MEl-
ke K (mromans Menee 3 MkM) u kpymHbie OK ¢ miomansio 3 U Goubie
MKMZ. ITnomans kpynuerx K Beerna 6onpiie miomanu menkux OK (B 2.3 pasza
B MoMmeHT mnosiBiienus, p=0.0006; B 2 paza B MoMeHT ucue3HoBeHus1, p<0.0001).
Cpennee BpeMs >ku3HU KpynHelx KU Menkux DK (24.42+3.48 munyTt u
19.85£1.95 MUHYT COOTBETCTBEHHO) CTATHCTUYIECKH HEe oTiaudaercs. [Ipoaomkmn-
TENBHOCTU CTaAui COOpPKH, CTAOMIIBHOTO CYIICCTBOBAHHS U Pa300PKH KPYITHBIX
u Menkux OK craructuuecku He OTIMYAIOTCS.

MakcumanbHOe 3HaU€HHE MHTETPalbHON SIPKOCTh (hiyopecueHmu (0oT-
pakaeT KOJMYECTBO BHHKYJIHHA) COOTBETCTBYET BPEMEHHON TOYKE MaKCHMAllb-
Hoi momaan PK: xak kpymHble, Tak u Menkue ®K B MoMmeHT o0Opa3zoBaHUA
MUMEIOT OOJBIIYIO TUIOMIANb U SPKOCTh, UM B MOMEHT HCYE3HOBeHHA. KpymHbIe
©®K sBnsrorcst Bcerna Oonee spkumu, yeMm Menkne PK. IInmoTHOCTE Monekyn
BuHKyMHA B ®K (M3MepeHa mo cpemHeit sprocTr (IyopecleHITNN) MUHUMAITb-
Ha B TOYKE C MaKCHMaJIbHOM IUIOIIA/bI0, ¥ Beeria OoJblie B MOMEHT HUCYE3HO-
BEHUs, 4YeM B MOMEHT mnosiBiieHus. Ilpu 3tom mnotHocTs Menkux @K Bcerma
OoupIe, YeM IIOTHOCTE KpymHBIX OK.

ITox Bo3neiictBuem 100 HM Hokomazona u 50 HM Takcoia Taxke Takke
BeIestoTCs 2 Tpynmbl K mo mmomany (Menkue U KpymHbe). B mpucyrcTBin
UHruouTOpoB MT yMeHbIIaeTcsl MPOAOIIKUTEIHLHOCTh CTAJIMU CTAOMIIBHOTO Cy-
LIECTBOBAHMS KaK MEJIKUX, TAK U KPYIHBIX KOHTAKTOB.

Takum 06pa3om, nuHamudabie MT raBHBIM 00pa3oM y4acTBYIOT B (op-
MHUpOBaHUH (a3l OBICTPOTO paCIUIaCTBIBAHUS W, BO3MOXKHO, 33J€HCTBOBAHBI B
HOoJIep’KaHUM CTa UM cTabuipHOTO cymiecTBoBanmus OK.
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ROLE OF MT’S IN FOCAL ADHESION DYNAMICS DURING
FIBROBLASTS SPREADING
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! _omonosov Moscow State University, Moscow, Leninskie Gory, 1-12, Russia
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Moscow, Leninskie Gory, 1-40, Russia
3School of Science and Technology, Nazarbayev University, Astana Kabanbay
Batyr ave. 53, Kazakhstan

Dynamic microtubules (MTs) maintain cell polarization and play a crucial
role in targeted cell migration where cell spreading represents its initial stage.
MTs are thought to directly regulate focal adhesion dynamics in spreading cells.

The dynamic parameters of microtubules (MTs) and focal adhesions
(FAs) were assessed simultaneously in spreading cells (during 60 minutes after
attachment). Control cells were compared to cells with suppressed MT dynamic
instability (simultaneously treated with 100 nM nocodazole and 50 nM taxol).
The process of spreading of 3T3 fibroblasts is normally non-linear and includes
the fast and slow spreading phases. MT inhibitors diminish the fast spreading
phase and thus promote linear spreading.

Average MT growth speed (assessed by plus-end protein EB3) during fast
spreading is 34.0+1.40 um/min and 48.0£2.77 um/min during slow spreading.
Average MT track length is 4.02+0.21 um during fast spreading and 5.05+0.33
um during slow spreading. MT inhibitors decrease average MT track length to
2.1740.23 and 2.244+0.22 um during initial and late spreading phase respectively
(late spreading phase correspondes to 60 minutes after cell attachment time
point). Average MT growth speed is 16.37+1.15 and 20.67+2.13 um/min during
initial and late spreading phase respectively. Thus, suppressing MT dynamic
instability decreases the growth phase duration and MT growth speed.

Focal adhesions (FAs) (assessed by vinculin) in spreading 3T3 fibroblasts
are dynamic (form, grow, shrink and disappear). FAs were segregated by maxi-
mal area into small FAs (area less than 3 um?2) and large FAs (area over 3 um?2).
Large FAs are always larger than small FAs (x 2.3 larger area at formation time,
p=0.0006; x 2 larger area before disappearing, p<0.0001). Average lifespan for
large and small FAs is 24.4243.48 and 19.85+1.95 minutes respectively (the dif-
ference is not significant). Durations of formation, stability and shrinkage phases
is not significantly different for large and small FAs.

Maximum integral fluorescence intensity (amount of vinculin in FA) cor-
responds to FA maximum area: both large and small FAs have larger area and
fluorescence intensity upon formation than upon disappearing. Large FAs always
have higher fluorescence intensity than small FAs. The density of vinculin mole-
cules in FA (measured by the average fluorescence intensity) is minimal at the
point with the maximum area, and is always greater at the time of disappearance
than at the moment of appearance. In this case, the density of small FAs is al-
ways higher than the density of large FAs.
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Table 1. FA dynamics in control cells and after treatment with MT inhibitors
(mean+SEM).

Small FA Large FA
Control Experiment Control Experiment
Assembly, min 5.58+0.76 4.11+0.53 8.58+1.76 7.00+1.75
Stabilization, min | 6.27+0.89 3.38+0.55* 5.58+£1.33 | 2.00+0.82*
Disassembly, min | 7.79+1.12 7.22+0.66 10.25+1.72 | 9.13+2.01
*statistically significant differences, the criterion of Mann-Whitney.

Parameter

Large and small FAs can be distinguished after 100 nM nocodazole and
50 nM taxol treatment. MT inhibitors decrease the duration of FA stability phas-
es for both groups.
Thus, dynamic MTs mainly participate in fast spreading phase and possi-
bly maintain FA stability phases.
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BJIUSHHUE CEPJAEYHOI'O MUO3HUH CBSA3BIBAIOIIETO BEJIKA C
HA KAJBIIUEBYIO PETYJISIIAIO B3AUMOJIEMCTBUSI MUO3UHA
MEJUIEHHOHN CKEJIETHOM MBIIIIBI (M. SOLEUS) C AKTHHOM
I'.B. KonslioBa, C.P. Hadues, JI.B. llenkun
Hnemumym ummynonoeuu u gusuonoeuu YpO PAH,
Examepunbype, I[lepsomatickas, 106, Poccus

BaxHast posie B perymisnuu akTHH-MHO3WHOBOTO B3aMMOJICHCTBHSI B MHO-
KapJie, KpOMe TPOIIOHHWHA U TPOIIOMHO3WHA, TIPHHAJICIKUT CEPACYHOMY MHUO3HH-
ceszbiBatonieMy Oenky C (cMyBP-C) [1-2]. cMyBP-C nmeer crepxueo0pasHyto
dbopmy mrHOM 48 HM 1 MONeKyIsApHYIO Maccy okosio 140-150 k/la. Monekyna
cMyBP-C cocrout n3 8 nMMyHOrI00y IMHOBBIX U 3 (DUOPOHMKTHHOBBIX JOME-
HoB 0T CO Ha N-koHue g0 C10 Ha C-konue. cMyBP-C B3aumoneicTByeT ¢ MUo-
3MHOM B Heckosbkux Mectax: C-xonen (momensl C7-C10) cBsA3bIBaeT CTepiKHE-
ByIo gacTb Muo3nHa; N-koren (momeHsl C1-C2) — S2 gacts Muo3una, a CO mo-
MeEH — PETYITOPHYIO JIeTKYI0 Ienb Muo3uHa [3]. N-konueBsie qoMeHs (C0-C2)
1 TUHKEPHBIE YYaCTKH MEXIy HUMH CBS3BIBaOT akTHH [4]; Cl momMeH MOXeT
HETIOCPEIICTBEHHO B3aWMOJICHCTBOBATh C TPOIIOMHO3MHOM [5]. B MemmeHHBIX
CKEJIETHBIX MBIMIIAX KCIIPECCHpyeTcs Ta ke camas (-m3opopMa TsDKENBIX Iie-
meil MMo3uHa, 4yTo M B MMOKapae. Msl uccnenoBanu BiausHue cMyBP-C Ha
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KAJIBIIUEBYIO PETyJSLHUI0 B3aUMOJCUCTBUS MHUO3MHA MEUICHHOW CKEJIeTHOMN
MBIIIIEL (M. SOleus) ¢ akTHHOM, WCTIOB3YS IN VItro MOABMXHYIO CHCTEMY U OTI-
THYECKYIO JIOBYIIKY.

cMyBP-C 6bu1 monydeH U3 KypuHbIX cepzen [2]. Muo3uH BbIIeIsuICs U3
m. soleus, akTHH, TPOTIOHUHOBBIN KOMILIEKC U TPOTIOMHO3UH — U3 M. PSOAS Kpo-
JMKOB. MHO3MH coJiepiKal NPEeHMMYILIECTBEHHO MEJICHHYI0 n3odopmy | Tsbke-
JBIX 1ereil MUO3MHa ¥ U30(OPMBI JIETKUX IETeil, COOTBETCTBYIOLINE MeJJICHHO-
My CKEJEeTHOMY MHO3HMHY. Perynupyembie TOHKHE (HIaMEHTHI OBUIH PEKOH-
CTpyHUpOBaHbl U3 F-akTHHA, TPOMOHMHOBOIO KOMIUIEKCA M TPOINOMHUO3HMHA. DKC-
NEPUMEHTHI B iN Vitro MOJBIKHON cHCcTeMe NPOBENCHBI KaK ONUcaHo paHee [2].
Konuentpaunu muosuna u cMyBP-C, 3arpyxaemblx B IPOTOUHYIO KaMepy, CO-
ctamsum 300 mxr/mi (0,65 MmxM) u 20 mxr/mi (0,13 MkM), 9TO COOTBETCTBYET
WX OTHOIICHHIO B MBIIIIIE.

B ontrueckoii nmoBymke oOHapyxeHo, uro cMyBP-C He Biuser Ha pas-
Mep IIara MHO3MHA, HO YBEJIMUMBAET MPOJODKUTEIBHOCTh €TI0 B3aMMOACHCTBUS
¢ aktuHOM B 1.8 pasza. B ortnmuume ot cepmeuHoro muosuHa [2] cMyBP-C He
BJIMSIET Ha KOO(QQPUIMEHT KOONEepaTUBHOCTH XMUIula 3aBUCUMOCTH pCa-CKOpPOCTh
MHO3KMHA 13 M. SOleus u yBeIuvnuBaeT CKOPOCTh CKOJBKEHHS TOHKUX (hHIaMeH-
TOB MO MHO3WHY W3 M. SOleus B in Vitro moJBMXHOI cucTeMe: MakCHMAllbHAs
cKopocTh Bbipocia ¢ 3.2+0.2 mxm/c 1o 4.2+0.2 mxm/c (puc. 1). cMyBP-C yBe-
JMYUBACT KaJbLHEBYI YyBCTBUTEIBHOCTH CKOPOCTH MO MHO3HMHY U3 M. Soleus ¢
6.80+0.01 no 7.13+0.08, Takxe, Kak U O CEPACUYHOMY MHO3HHY [2].

Taxum o6pazom, cMyBP-C oxka3sbIBaeT cylecTBEHHOE BIMSHHE Ha Kajb-
LHEBYIO PETYILLMI0 B3aUMOJCHCTBUS MUO3HMHA U3 M. SOleuS ¢ akTHHOM, a TaKkKe

© 0cMyBP-C

CropocTh (MKM/C)

45
pCa

Puc. 1. Bousaue cMyBP-C Ha kanbimeByl0 3aBHCHMOCTb CKOPOCTH CKOJIBKECHUS
TOHKHMX (DUJIAMEHTOB 110 MHO3MHY, BBIJECICHHOMY M3 MEICHHOH CKEJICTHOH MBIIILIBI
(m. soleus). CkopocTh mpejcTaBieHa Kak CpefiHee 3HaUCHHE + CTaHJapTHOE OTKJIOHE-
HHE 110 TPeM dKCIepHMeHTaM. JIMHNS perpecchn COOTBETCTBYET YPaBHEHHIO XUILIA.
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MIPOJOIHKUTEIHFHOCTh aKTUH-MHUO3UHOBOTO B3amMoeicTBus. Ddpdekr cMyBP-C
Ha KaJBIUEBYIO PETYISAINIO B3aUMOACHUCTBHUS CEPACYHOTO MHO3WHA M MHO3MHA
13 M. SOleus ¢ akTHHOM Pa3INYArOTCS, YTO MOXKET OOBSICHITHCSA OTIHIHEM H30-
(hOpMHOTO COCTaBa JIETKMX LIeNel ITUX MHO3WHOB, C KOTOPBIMU cBsi3biBaeTcst CO
nomen cMyBP-C [3].

PaGora BeimonHena npu noauxepxkke POOU (rpant Nel8-04-00122) un
IIporpammbr AAAA-A18-118020590135-3 ¢ ucnone30BaHUEM 00OPYIOBaHUS
LIKIT UMD YpO PAH.
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EFFECT OF THE CARDIAC MYOSIN BINDING PROTEIN C
ON THE CALCIUM REGULATION OF THE INTERACTION OF MYOSIN
FROM SLOW SKELETUS MUSCLE (M. SOLEUS) WITH ACTIN
G.V. Kopylova, S.R. Nabiev, D.V. Shchepkin
Institute of Immunology and Physiology of the RAS,
Yekaterinburg, St. Pervomayskaya, 106, Russia

Except troponin and tropomyosin, cardiac myosin-binding protein C
(cMyBP-C) plays an important role in the regulation of the actin-myosin interac-
tion in the myocardium [1-2]. cMyBP-C has a rod-like shape 48 nm in length
and a molecular weight of 140-150 kDa. The cMyBP-C molecule consists of 8
immunoglobulin and 3 fibronictin domains from CO at the N-terminus to C10 at
the C-terminus. cMyBP-C interacts with myosin in several sites: the C-terminus
(C7-C10 domains) binds the rode of myosin; the N-terminus (C1-C2 domains)
binds the S2 part of myosin, and the CO domain interacts with the regulatory
light chain of myosin [3]. N-terminal domains (C0-C2) and linker sites between
them bind actin [4]. The C1 domain can directly interact with tropomyosin [5].
In the slow skeletal muscles, the same B-isoform of the myosin heavy chain is
expressed as in the myocardium. We studied the effect of cMyBP-C on the cal-
cium regulation of the interaction of myosin from slow skeletal muscle (m. so-
leus) with actin, using an in vitro motility assay and an optical trap.

cMyBP-C was obtained from chicken hearts [2]. Myosin was extracted
from m. soleus, actin, troponin complex and tropomyosin was obtained from m.
psoas of the rabbits. Myosin contained predominantly the slow isoform I of the
myosin heavy chains and the isoforms of the light chains corresponding to slow
skeletal myosin. Regulated thin filaments were reconstructed from F-actin, the
troponin complex and tropomyosin. Experiments in the in vitro motility assay
were carried out as previously described [2]. The concentrations of myosin and
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Fig 1. Effect of cMyBP-C on the calcium dependence of the sliding velocity of thin
filaments over myosin from slow muscle (m. soleus). Each data point represents mean
+ SD from three experiments. Data are fitted to the Hill equation.

cMyBP-C loaded into the flow cell were 300 pg/ml (0.65 puM) and 20 pg/ml
(0.13 uM) that corresponds to their ratio in muscle.

In the optical trap, it was found that cMyBP-C does not affect the step
size of myosin, but increases the duration of its interaction with actin by 1.8
times. In contrast to cardiac myosin [2], cMyBP-C does not affect the Hill coef-
ficient of the pCa-velocity relationship of myosin from m. soleus and increases
the sliding velocity of thin filaments over myosin from m. soleus in the in vitro
motility assay: the maximal sliding velocity increases from 3.2+0.2 pm/s to
4.2+0.2 um/s (Fig. 1). cMyBP-C increases the calcium sensitivity of the filament
sliding velocity over myosin from m. soleus from 6.80+0.01 to 7.13+0.08, as
well as over cardiac myosin [2].

Thus, cMyBP-C has a significant effect on the calcium regulation of the
interaction of myosin from m. soleus with actin, as well as the duration of the
actin-myosin interaction. The effect of cMyBP-C on the calcium regulation of
the interaction of cardiac myosin and myosin from m. soleus is different. This
can be explained by the difference in the isoform composition of the myosin
light chains, to which the CO domain of cMyBP-C interacts [3].

This work was supported by RFBR (Nel18-04-00122) and Program
AAAA-A18-118020590135-3 and performed using the equipment of SRC IIP
UrB RAS.
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BJIMSTHUE TI' HA CHOHTAHHOE COKPAIIIEHUE
CEPIEYHOM MBIIIIHI 1 HA SHEPTETUYECKHE ITPOIIECCHI
B MUTOXOHAPUAX KAPAUOMUOIIUTOB
C.M. Koportkos, B.I1. Hectrepos, K.B. Co6o.1b
Huemumym seomoyuonnotl usuonozuu u ouoxumuu um. U.M. Ceuenoea PAH;
Canxm-Ilemepbype, Topesza 44, Poccus

Tl sBustercs  pammMo(apMaKoJIOTHUECKHM —IIPENapaTtoM, Haubosee
anpoOMPOBaHHBIM B OLIEHKE >KH3HECIIOCOOHOCTH M mepdy3uH MuOKapjaa Ipu
WCTIOJIb30BaHUN KOMITbIOTEpHO# TomMorpaduu [1]. OqHako TauTUi U €ro coeau-
HEHHS BBICOKOTOKCHYHBI. TSKECTh TOKCHYECKOTO TTOPaXKCHUS 3aBHCHT OT JO3HI,
BPEMEHH SKCIIO3UIHNH, CKOPOCTH abcopOunu Tajutus, Bo3pacTa U MHINBUAYaIIb-
HOW UYYBCTBHUTEIIFHOCTH. YUYHTHIBas BBICOKYIO aOCOPOIMOHHYIO CIOCOOHOCTH
TaJUTHSI B MAOKap/e, €To INPOKOE MCIIOB30BaHNE B MEIUIIMHCKON MPAKTHKE, B
YAaCTHOCTH B KIMHMYECKOHW KapHMOJIOTHH, Mbl HCCIICIOBAJIM BIMSHHE TAJUINS Ha
CIIOHTAHHBIE COKPAIIEHUS MHOKap/a JISTYIIKH.

HccnenoBano uHOTponHOe feiictre uoHoB T1™ Ha cepjieuHyro MBIMIILY
narymku Rana Ridibunda. Kpome toro, usyueno neiicteue T1' Ha apixanue mu-
ToxoHApui cepaua kpbicbl (MCK), Haxoagmuxcs B pa3IndHbIX YJHEPTeTUYECKUX
COCTOSIHHSIX, U TIOTEHIIMAN HX BHYTpPEHHeil MeMOpaHbl B yC10BUsX u30biTka Ca®'
u Na' Bo BHeIIHel cpene. MeToauka omicasa B [2].

IIpemapatel w3 cepama JATYIMIKH MPEACTABIUIM  COOOM  CerMeHTHI
TpeacepaAnii, UCIIONB3YeMBIX U CTIOHTAHHBIX COKpamieHui [3]. YcTaHOBICHO,
uTo nonbl Tl B KoHUIEHTpamuy 2,5 MM B pacTBOpe PHHrepa CHIKaIM aMILTHTY-
Iy CIIOHTaHHBIX CepeUHBIX cokpamenuii (Fmax) ua 15 [12% (n = 3). IIpu sTom
3HAYMTENBHO YBEINYHBAJICS MEpHOA Toiaypacciabnenus Ha 47 []5%, 9ro cBu-
JIETEJILCTBYET O CHIDKCHUM yAAJICHHs Kanblus u3 nuro3oss. Kpome Toro, BO
BCEX OKCIIEPUMEHTaX ObUI0O OOHApyXEHO J0303aBUCHMOE YPEKEHHE pPUTMa
cep/IeuHbIX COKpalieHuit. YacToTa coKpalleHus Npy JaHHOM koHueHTparmu T1°
ymenblianace Ha 39 [] 6%. Ilpu OTMBIBAHMM TIpemapara HOPMAaJbHBIM
pactBopoM PuHrepa HaOmoJaay HEKOTOPOE BOCCTAHOBJICHHE aMIUIUTYbI
cokpameHusi. OHaKO OTPUIATEIBHBIH XPOHOTPOIHBIN 3 dekT He ucuesan. Ilo-
JTydeHHBIE JJaHHBIE CBUJIETENLCTBYIOT 0 ToM, 4To T1' OKa3sIBaeT oTpHIaTETbHOE
WHOTPOIHOE ¥ XPOHOTPOITHOE ACWCTBUE HA MHOKap/I.

He WCKITIOYEHO, 9TO OTPHUATETBHEIH HHOTPONHEIH 3ddekt TI™ Mor 6BITh
00yCJIOBJICH HE TOJBKO €r0 KOHKYPEHTHBIM JIEHCTBHEM Ha KaJbIIMEBHIC KaHAIIBI
TUTa3MaTHYECKOW MeMOpaHBI, HO W BIMSHHEM Ha KaJbIHEBHIE TPAHCIIOPTEPHI
MHUTOXOH/IDUH KapAMOMHUOLMTOB. B 93TOH CBSI3M INpECTaBIIsUIOCH Ba)KHBIM
onpenenuts Bausuue Tl Ha SHEpreTHYECKOe COCTOSHHE MUTOXOHAPUI M ycTa-
HOBUTH ero aerictBue Ha apixanne MCK, Haxonsmuxcst B coctosiHuu 3 o Yancy
(AA® u cybeTpar B cpene) win pazodiieHHbIx 2,4-quauTpodenonom (JJHD) B
yenoBusx m3bbitka Ca”” u Na™ Bo BHemHeli cpeze. Bbuto oGHapyskeno, uro Tl
yBeJMUHMBal TPAHCIOPT HMOHOB Na' B MHUTOXOHAPUH 4epe3 BHYTPEHHIO MEM-
Opany. Harpyska MCK kanpumem B cpeze ¢ 25-75 MM TINO; u 125 MM NaNO;
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CTHMYJIPOBANIa OTKPHITHE B NX MeMOpaHe KaJbIMii-3aBUCUMOH TOPHI, 9TO IpHU-
BOJWJIO K 3aMETHOMY CHIDKEHHIO TIOTEHIIMATa WX BHYTpEHHEW MeMOpaHbl. OTH
s¢dexrsr Ca’’ 3aMeTHO CHIDKAINCH B IIPUCYTCTBHH CICHH(GHYECKIX HHIHOHTO-
PpOB nopsl - nukiaocnopuHa A u AJ[®.

[TonmyuyeHHBIC JaHHBIC BaXKHBI JUIS JIYYIIETO IIOHMMAHUS MEXaHU3MOB TO-
Bpesxaatontero geiictaust T1™ Ha Ca’ -3aBHCHMBIE TIPOLIECCH B MHOKAp/E MO3BO-
HOuHBIX. Ilpemmonaraercs, uyTo HHAyHupyemas uoHamu T1' kanbluesas
neperpyska KIETOK Cep/Illa MOKET BHOCHTh CBOM BKJIAJ] B TOKCHUYECKOE JICHCTBHE
T1" Ha MHUOKap/I.

HccrnenoBanus 10 ONpEAENICHHIO MHUTOXOHAPHAIHHOTO TOTCHIMANIA
npoBoawii Ha 6aze IleHTpa KoyuteKTUBHOTO Toab30Banus B UDDB PAH. Pa6o-
Ta BBITIOJIHEHA B paMKax rocynapctBeHHoro 3amanuss ®AHO Poccun (Tema Ne
AAAA-A18-118012290142-9).
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EFFECT OF TI' ON SPONTANEOUS CONTRACTION
OF THE HEART MUSCLE AND ON THE ENERGY PROCESSES
IN THE HEART MYOCYTE MITICHONDRIA
S.M. Korotkov, V.P. Nesterov, K.V. Sobol
Sechenov Institute of Evolutionary Physiology and Biochemistry, RAS, St. Pe-
tersburg, Thorez 44, Russia.

2171 is the radiopharmaceutical preparation, the most used in assessing
the viability and perfusion of myocardium using computer tomography [1].
However, thallium and its compounds are highly toxic. The severity of toxicity
depends on the dose, the duration of the exposure, the rate of absorption of thal-
lium, the age and the individual sensitivity. Considering the high absorption of
thallium in the myocardium, its widespread use in medical practice, in particular
in clinical cardiology, we examined the effect of thallium on the spontaneous
contractions of myocardium of the frog.

The inotropic action of T1" ions on the heart muscle contraction of the
frog Rana Ridibunda was examined. In addition, the effect of T1" on respiration
of rat heart mitochondria (RHM) at different energy states and the inner mem-
brane potential under conditions of an excess of Ca’" and Na" into a medium
were studied. Method was described in details [2].

Preparations from the heart of the frog presented by the atrium segments
were used for spontaneous contractions [3]. It was shown that TI" ions at a con-
centration of 2.5 mM in the Pinger solution reduced the amplitude of spontane-
ous contractions (Fmax) by 15 [[]2% (n = 3). At the same time, the period of half
relaxation was significantly increased by 47 [[]5%, which indicates a decrease in
the removal of calcium from the cytosol. In addition, in all the experiments, a
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dose-dependent reduction of heart rate contraction was observed. The frequency
of contraction at a given TI" concentration was decreased by 39 [16%. After
washing the preparation with the normal Pinger solution, a certain increase in the
amplitude of contraction was observed. However, the negative chronotropic ef-
fect did not disappear. These data indicate that T1" has a negative inotropic and
chronotropic action on the myocardium.

In this connection, it was important to test the effect of T1" on the mito-
chondrial energetic state and to establish effect of TI" on state 3 or 2,4-
dinitrophenol-uncoupled respiration of RHM under Ca®" and Na" excess into the
medium. It was found that T1" increased Na" transport into mitochondria across
the inner membrane. Calcium load of RHM, injected into the medium containing
25-75 mM TINO; and 125 mM NaNO;, did stimulate the permeability transition
pore (MPTP) opening in the inner membrane that led to a visible decrease in the
inner membrane potential. These effects of Ca®>" were decreased markedly in the
presence of specific MPTP inhibitors, cyclosporine A and ADP.

The data obtained are important for a better understanding of the mech-
anisms of toxic action of TI” on Ca**-dependent processes in the myocardium of
the vertebrae. Calcium overload of cardiac cells induced by TI" ions is supposed
to play some action in toxic action of TI" on the myocardium.

Studies on the mitochondrial potential were carried out on the basis of the Center
for Collective Use in the IEPhB RAS. The work was supported by the Federal
Agency for Scientific Organizations of Russia (topic no. AAAA-A1S8-
118012290142-9).
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SJIEKTPOCTUMYJISIIUS MBI B YCJIOBUSAX CHUKEHHOM
AKTHUBHOCTH U EE BJIUSAHUE HA APXUTEKTYPY U ®YHKINIO
IO.A. Kopsix
Hucmumym meouxo-ouonoeunecxkux npoonem PAH, Mocksa, Xopowesckoe ut.,
76-a, Poccus

OO0men3BecTHBIN (PaKT BO3MEHCTBUS MUKPOTPABUTALIMH — 3TO CHUKCHHE
COKPATUTEIEHBIX CBOWCTB MBIIII] ¥ aKTUBHOCTU TOHHYECKOW MycKynatypsl [Ko-
zlovskaya et al., 1988; Bachl et al., 1997; Koryak, 2003]. Haubonbmemy neii-
CTBHIO MUKPOTPABHUTAIIMH TTOJIBEPTAIOTCS MBIIIIBI-pa3rudaresiu oepa u 0COOCHHO
cromnbl [I'puropneBa, Kosmosckas,1983; LeBlanc et al., 1988; Akima et al., 2002],
BEPOSITHO M3-32 OOJBIICH MEXaHUUECKON HArpy3Kd WX B ycJoBusax 3emun. bonee
TOrO, OTMEYAETCS HEIPOIOPIIMOHANLHO OOJNbINAs MOTepPs] CHJIBI COKPALICHUS
MBIIIIEL TI0 CpaBHEHUIO ¢ ee pasmepoM [Kawakami et al., 2001], yka3piBas Tem
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CaMBbIM, 9TO KpOME aTpo(HH CYIIECTBEHHBIH BKIIA/ B «C1AOO0CMbY MBIIIIBI BHOCST
apyrue ¢axkTopsl. BaxHbIM AeTepMHUHAHTOM (YHKIMOHAIBHBIX XapaKTEPHCTHK
MBIIIIBI SBISIETCS €€ BHYTpeHHssI apxurekrypa [Gans, Bock, 1965; Alexander,
Vernon, 1975; Fukunaga et al., 1992]. ApxuTeKkTypa MBIIIIBI YEIOBEKa MOXKET
OBbITH HM3ydYeHA B YCIOBHAX iN VIVO B pealbHOM BPEMEHH Kak B YCIOBHSX TOKOS,
TaK M BO BEMs COKpAIEHHs MBIIIIIBI, HCHOJIB3Ys yibTpasxorpadmuto (Kawakami et
al., 1993; Kuno, Fukunaga, 1995). OCT, kak MeTo]] MOBBIIICHNS ()YHKIIMOHAIb-
HBIX BO3MOXKHOCTEH CKEJIETHBIX MBIIII] y YeJO0BeKa, 3aHMMaeT 0co00e MECTO M
IMpOKO Hcnoib3yercst B knunuke (bpenukac, 1979; Kern et al., 2005), B cucreme
noaroroBku crioptcMeHoB [Kom, 1971; Selkowitz, 1985; Kopsxk, 1993; Koryak,
1995]. Lempro HACTOSIIIETO MICCIEAOBAHUS OBUIO W3yYUTh M3MEHEHHUS apXUTEKTY-
pBI MequaabHON MKpoHOXKHOH (MUM), natepanbsroit (JINM) MKpOHOMKHBIX MBITIIT]
n kam6anoBuaHOH (KM) MBIIIIEI B yCIOBHUAX MEXaHMYECKON PasTpy3KH ¢ IpHMe-
HenueM anekTpoctuMyssinin (OCT). B mccnenoBanny NpHHUIIN ydacTHE TpyIIa
MY)X4YMH 0€3 CHMIITOMOB 3a00JICBaHMH MBIIIEYHO-CKEJIETHOW cucTeMbl. B kaue-
CTBE MOJIENH, UMHUTHUPYIOLIEH MHUKpPOTPaBUTAINIO, HCIIOIB30BAIU «CYXVi0» BOJ-
Hyto ummMmepcuto (UM) [Illynexenko, Buns-Bunbsmc, 1976] nmurensHOCTBIO 7
cytok. OCT MbImn nepeaHeil u 3aHel MOBEPXHOCTH HIKHUX KOHEYHOCTEH Mpo-
BOJWIN C HCIIONb30BaHUEM CTUMYIATopoB («CTUMYVYIJI HU-01», Poccus), rene-
PHUPYIOIINX IBYXIMOJSPHBIE CHMMETPHUYHBIE MPSMOYTOIBHBIE AJIEKTPHUIECKUE HM-
MyJIBChl JUIUTENBHOCTRIO 1 Mc, yactoTol 25 I'n u ammuutynoit 1o 45 B B pexume
1 ¢ cokpamenne u 2 ¢ nay3a. OCT BbImonHsAIack Ha NPOTSLKEHUU 6 CyTOK 1O 3
Yaca B JGHb C MPUMEHEHHEM «cyxux» dIeKTponoB («Axelgaard», USA). Maxkcu-
MaJIbHBII CyCTaBHOM MOMEHT (MakcuManbHasi npousBosbHas cuita — MIIC), pas-
BUBAaeMBIN TpexriaBod Mermied roixeHu (TMI), peructpupoBain Ha N30KUHETH-
yeckoM quHamometpe («Biodex», USA). lnst onpenenenus apxurektypst MUM,
JIMM u KM wucnons3oBanu B-pexuM n300pakeHUST yIbTPa3BYKOBOW CHCTEMBI
«SonoSite MicroMaxx» (USA) nuHEHHBIM 3JIEKTpOHHBIM AatdukoM 7.5 Ml u
aneptypoit 60 MM. Buzyanu3zaiusi OCyIecTBISsIIaCh B YCIOBHAX TTOKOSI (ITACCUBHOE
coctostane) U npu yerwnd 50 % MIIC (akTUBHOE COCTOSIHHE) C HEUTpPaIBHOM yT-
JOBO# mo3HIMeit (~90) B KOIEHHOM M FOJIEHOCTOMHOM CycTaBax. I1o coHOrpam-
MaMm onpeaesuich JumHa (L) 1 yron (@) Hakiona BojokoH [Kawakami et al.,
1993; Fukunaga et al., 1997]. YupTpa3BykoBsle n300pakeHIsT 00pabaTHIBAIICE C
WCTIOJIb30BaHUEM raKeTa TIPOTPaMMBbI «Dr. Reallyvision»
(000 «Anpstac-Xonauar», Poccus). Ilocme UM MIIC TMIT yBenmumiace B
cpereM Ha 11 %. B maccuBHOM cocrosHmm L Bomokon MHUM, JIMM u KM
ymenbmmiack Ha 12, 13 u 13 %, a mpu ycwmm 50 % MIIC — na 18, 22 u 21 %;
© HakJIOHA BOJIOKOH NP MaCCUBHOM COCTOSIHUM yYMeHbIwiIcs Ha 22, 20 u 16 %; a
NpU aKTUBHOM cocTosiHur — Ha 17,22 u 17 %, cooTBercTBeHHO. TakuMm obpaszom,
OCT mbiun B yenosusix UM criocobetByet yBenmmdenuto MIIC mbimin, Toraa Kak
OTCYTCTBHE TPEHHPOBOYHBIX MEPONpPUATHI NMpuBoauT K cHikeHuto MIIC Gonee
gyeMm Ha 30 % [Koryak, 2001; Kopsik, 2006]. CuHmxernre L u @ HakI0Ha MBIIICYHBIX
BOJIOKOH YKa3bIBaeT, NO-BUIMMOMY, Ha IOTEPIO HE TOJBKO MOCIEA0BATEIBLHO pac-
TIOJIOXKEHHBIX, HO M TIAPAJIIENBHO PACIOJIOKEHHBIX CAPKOMEPOB, YTO OTPA3HUTCA Ha
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B3aMMOOTHOIIECHUH CUla—OUNA Y CUNA—CKOPOCMb. Y MEHBIIIEHHE YNCIIA MOCIIe-
JIOBATEIBHO COCAMHEHHBIX CAPKOMEPOB CIIOCOOCTBYET CHIKCHHUIO BEITMIMHBI Pa3-
BHBAEMOT'0 MEBIIIEYHOTO cokpaimenus [Tabary et al., 1972; Narici et al., 1998].
Menbmumit @ HakJIOHa BOJOKOH BO BpeMs COKpalleHus MbIIs! nocne UM, mo-
BUJIIMOMY, YaCTUYHO KOMIIEHCUPYET MOTEPIO CHIIbl, Oiaronapst 6osee 3¢ pekTus-
HOHM Iepefiaud CHUJIbI OT BOJIOKOH K cyxoxkunuio. YBemumueHne MIIC mo3Bossier
npennonoxuts, 4to ICT B ycnoBusax MM sBusietcs JONONHUTENIBHBIM adde-
peHTHBIM pazzapaxureneM [MapTesaHoB, Kopsk, 1973], noBslmas IeHTpalbHYIO
pOJb B MOJAEPKAaHUU aKTUBHOCTHU CHCTEM YIPABJICHUS MPOU3BOJIBHBIMU JBIKE-
HusiMu. [loBbrmenHas kopkoBast Bo30ymumocts crumyimpyer LIHC [Heckman et
al., 2005], obnerdast KOpKOBYIO aKTUBHOCTB TIPH MIPOU3BOJIEHOM aKTHBAIIUH MBIIIIII.
W3 npuBeneHHBIX pE3yNbTATOB CIEIYET, BO-NIEPBBIX, YTO APXHTEKTypa Pa3HBIX
rosioBok TMI 3HaYMTENBHO pa3nudaeTcs, OTpaXkas, BEPOATHO, X (PyHKIHOHAIIb-
HBIC POJIN, BO-BTOPBIX, PA3INYHbIC M3MEHEHNS L 1 @ HaKIOHA MEX/Iy MBIIIIAMH,
BO3MOJKHO, CBSI3aHBI C Pa3IMUMAMM B CHJIOBBIX M YIPYTUX XapaKTEPUCTUK CYXO-
JKWJIMH WJIM MBIIIEYHO-CYX0XKHUIIBHOTO KOMIUIEKca U, HakoHel, B-TpeTbux, DCT-
TPEHUPOBKA, B 1IEJIOM, OKa3bIBaeT MPO(HIAKTHYECKOE ACHCTBHE HA CTUMYIUpYe-
MBI€ MBI YACTHYHO YMEHBIIAET MMOTEPI0 CHUJIBI MBI, BBI3BAHHYIO JIHTEIb-
HOM pa3rpy3Koi.

ELECTROSTIMULATION IN CONDITIONS
OF MICROGRAVITATION AND ITS INFLUENCE
ON ARCHITECTURE AND FUNCTION OF HUMAN MUSCLE
Yu. Koryak
Institute of Biomedical Problems RAS,
Moscow, Khoroshevskoye Shosse 76-a, Russia

Studies simulating microgravity have shown that exercise countermeasures
can attenuate, but not completely prevent the loss of muscle mass and force [Kor-
yak, 2000; Kawakami et al., 2001]. The muscle groups most affected by exposure
to microgravity appear to be the antigravity extensors of the knee and ankle [Gri-
gor’eva, Kozlovskaya, 1983; Akima et al., 2001]. Most notable after exposure to
microgravity is a disproportionate loss of force as compared to that of muscle size
[Kawakami et al., 2001], indicating that factors other than atrophy contribute to
muscle weakness. The internal architecture of a muscle is an important determinant
of its functional characteristics. The purpose of the present study was to investigate
the internal architecture of the triceps surac [medial (GM) and lateral (LG) and
soleus (SOL) muscles] in relation to the functional characteristics of the plantar-
flexors after 7 days of «dry» water immersion (DI) with exercise countermeasures
[neuromuscular electrical stimulation (NMES)]. To simulate microgravity the DI
model has been used [Shulzhenko, Vil-Villiams, 1976]. Six healthy males aged 20
to 24 years (22.3 + 0.6) volunteered for the study. Their average height and mass
were 1.78 £0.4 m, and 78.3 + 3.4 kg, respectively. NMES is applied to 4 muscle
groups of both lower extremities. “Dry” electrodes (Ltd. «Axelgaard», USA) are
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placed on the skin above the quadriceps femoris muscles, the hamstrings, the tibial-
is anterior, the peroneal, and the triceps surae muscles. The synchronous stimula-
tion of antagonistic muscle groups prevents unwanted joint movements. The elec-
trical stimulus was provided by the «STIMUL LF-1» stimulator (Russia). The
technical equipment consists of electrode trousers carrying stimulation electrodes
for the 12-channels, and 2 interconnected 6-channel stimulators carried on a belt.
NMES-training of muscles of the examinee was carried out directly in a bath. The
intensity level stimulation is determined by a threshold of bearableness of subjects.
NMES-training continued for six days, during which daily five days on end (from
Monday to Friday inclusive) including one day of rest (Saturday). Duration of
NMES-training was 3 hours per day with 1 s « on » and 2 s « off » trains at intensi-
ty levels of 20-30 % of maximum tetanic force and with a frequency of 25 Hz and
amplitude of stimulus from 0 up to 45 V for training. Used biphasic rectangular by
1 ms pulse width. Each subjects instructed "increase amplitude stimulation pulse
during training". Subjects performed of the plantar flexors on the isokinetic dyna-
mometer («Biodex», USA) at ankle angles of 0" (neutral ankle position) following
instructions to “push down as if you were pressing a gas pedal, increase force to a
maximum” with the subsequent measurement of the maximal torque moment
(maximum voluntary isometric contraction — MVIC). Each subject performed
between two and four MVICs. There was a 1—min rest between the set. The MVIC
was determined as the highest value of voluntary force recorded during the entire
contraction. A real-time B-mode ultrasound apparatus (“SonoSite” MicroMaxx,
USA) with a 7-5 MHz linear-array probe was used to obtain sagittal images of the
GM, GL and SOL at rest and at 50 % of plantarflexor MVIC at the neutral ankle
position. The fascicle pennation angle ( @) was measured from the angles between
the echo of the deep aponeurosis of each muscle and interspaces among the fasci-
cles of that muscle. The length of fascicles ( L) across the deep and superficial
aponeurosis was measured as a straight line [Abe et al., 2000]. After DI with by
NMES-training, maximal plantar flexion torque by three subjects has increased on
the average by 11.3 % and at one has decreased for 9.6 %. After DI, in the passive
condition, L fibres in the MG, and LG, and SOL has decreased for 12, 13, and
13 % but in the active condition by 18, 22, and 21 %, respectively. @, in the pas-
sive condition, was decreased by 22, 20 and 16%; but in the active condition by 17,
22 and 17 %, respectively. After DI a considerable increased of force, was ob-
served in the exercise groups whereas absence of preventive actions results in re-
duction in MVIC more than on 30 % (Koryak, 1996-2006). Efficacy of NMES-
training for increased the contractile properties of skeletal muscles during un-
weighting has been suggested in previous studies [Mayr et al., 2000; Koryak et al.,
2002]. NMES may lead to a reorganization of brain structures and descending mo-
tor outputs. It is known that afferent stimulation implicated in a focal increase of
motor cortical excitability of the trained muscle [Ridding et al. 2000]. In a recent
study, Khaslavskaia and Sinkjaer (2005) demonstrated that motor evoked poten-
tials of the muscle (tibialis anterior) elicited after the training were increased in
conditions rest by 38%. Thus, increasing cortical excitability of the triceps surae
muscle, stimulating CNS further at voluntary activation triceps surae muscle would
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facilitate cortical activity, as well as it is shown in this study. Both @ and L were
reduced after DI, this strongly suggests a loss of both in-series and in-parallel sar-
comeres, respectively. The loss of in-series sarcomeres would mean that this is
likely to have implications both on the force-length and force-velocity relationships
of the muscle. The observation of a smaller @ during contraction after DI will par-
tially compensate for the loss of force, because of a more efficient force transmis-
sion to the tendon. The reduced initial resting @ probably, grows out reduction
decreased tendon stiffness or of the muscle-tendon complex [Kubo et al., 2000].

CTPYKTYPHO-®YHKHUOHAJIBHBIE XAPAKTEPUCTUKHN
KOHHEBBIX IJIACTUHOK ITPU PA3JIMYHBIX ®OPMAX
HAPYUIEHUS IBUT'ATEJBHOM AKTUBHOCTH
B.B. Kpasuosa, E.A. Cadyposa, U.!. KpuBoii
Canxm-Ilemepbypeckuil 20cy0apcmeeHHblil YHugepcumenn,
Canxm-Ilemepbype, Yhusepcumemckas nao. 7/9, Poccus

MortopHas KOHIIeBas INTACTHHKA TPEICTABISIET COO0H BHICOKOCTICTINATI3H-
POBaHHYIO 00J7acTh CapKOJIEMMBI, JIEXKAIIYI0 HEMOCPEACTBEHHO MO IBUTATENb-
HBbIM HEPBHBIM OKOHYAaHUEM M XapaKTEPHU3YIOLIYIOCS BBICOKOM IUIOTHOCTBIO pac-
npeaeNieHuss HUKOTHHOBBIX XoJduHOpelenTopoB (HXP). Baxxuemumu dakTopamMu
HaJIeKHOCTH U IJIACTUYHOCTU HEPBHO-MBIIIEYHON Mepeaadn sIBISIOTCS CTPYKTYp-
Has OpraHM3alys KOHIIEBOM IUIACTUHKM M €€ 3JIEKTpOreHe3. YIbTPacTpyKTypa
KOHILICBOH IUIACTUHKH CYILECTBEHHO 3aBUCUT OT JBHTraTebHON akTUBHOCTH. CHU-
JKEHUE JIBUTATEJIbHOM aKTUBHOCTU CONPOBOXKJAETCS M3MEHEHUEM IUIOIAaU KOH-
LEBBbIX IUIACTMHOK M yCWiIeHHeM (parMmeHTauuu B pacnpeneneHud HXP. Cpean
Pa3IMYHBIX MEXaHU3MOB MOJAEP’KAHUS MBIIMICUHOTO 3JIEKTPOreHe3a U COKpaTH-
TENBFHON (DYHKIMHM BaKHEHIITYIO poib UrpaeT akTHBHOCTH Na,K-AT®dazpr. B cke-
JIETHBIX MBIMIIAX KO-3KCTpeccupyroTes ainbdal- u anpda2-n30hopMel KaTanuTh-
yeckoit anbpa-cyoreauantpl Na,K-ATdazer. Xoporio U3BeCTHO, YTO caMble pas-
HOOOpa3HbIe (POPMBI YCHIICHHS ABUTATEIHHON aKTHBHOCTH XapaKTEPU3YIOTCS PO-
cTom obmrero xoimmdectBa Na,K-AT®dazsr B capkoieMMe CKEIeTHBIX MBIIICTHBIX
BOJIOKOH; JJINTENIFHOE CHIDKCHUE BUTATEIbHON aKTUBHOCTH BBI3BIBACT IPOTHBO-
noJIoXHBIN 3¢ dekT. VceaenoBanue caMpIX Ha4YaJIbHBIX 9TAINOB JIBUI'ATEIBHON pa3-
rPy3KH [10Ka3ajo, 4To HapymieHus GpyHkimonupoBanus Na,K-ATda3b1 oTHOCITCS
K HauOoliee paHHUM COOBITHSM, MPEALIECTBYIONIUM MBIIIEYHONH aTpoQuH, BbI-
3BaHHOW JBHTaTeNbHOM muchyHKIMed. [lepcneKTHBHBIMH JUIsSt U3YYEHHUS! HU30-
¢dopm-cnetupuuHocTH GyHKIMOHMpoBaHus U peryisinuu Na,K-AT®da3br B cke-
JICTHOH MBIIIIE MOTYT OBITH SKCICPHUMEHTATBEHBIE MOJCIH pPa3IHIHBIX (HOpM
HapyLIEHUI JBUTaTeIbHOW aKTUBHOCTH.

Hamra pabora npoBeneHa Ha auadparManbHOW W KaMOAJOBUIHOMN MEBIII-
max Meieil nuauii Bla/J] u mdx, meimun C57B1/6 Oblin MCIIONIB30BaHBEI B Kaye-
CTBE KOHTPOJIBHBIX. Mbltm Bla/J siBnsitoTcst omHON M3 Mojeneit auchepanHomna-
THH, pa3BUBAIOIIMXCS NpHU AedunnTe IuchepinHa, KIOYeBOro 0erka MyJbTH-
MOJIEKYJISIPHOTO KOMIUIEKCA, OTBETCTBEHHOTO 3a IMPOIIECCHI BOCCTAHOBJIICHHS

141



LIEJIOCTHOCTH CapKOJIEMMBbI TIPH COKPAaTHTEIBHOM aKTUBHOCTU. Mbimm mdx sB-
TSAFOTCA TabopaTOpHOIT MoAebio MuoAuCTpoduH [lioenHa, BRI3BIBAEMON yTpa-
TOW CBSI3M MEXIY LMTOCKEIETOM, JUCTPO(MUHIINKAHOBBIM KOMIUIEKCOM M Oel-
KaM¥ BHEKJIETOYHOTO MaTpHKCa BCIEJCTBUE CHIDKCHMSI CHHTE3a Oejika JUCTpPO-
¢una. Takum oOpazoM, 3TH MOJENM XPOHUYECKHX HAPYLICHUI JBUraTelbHON
AKTUBHOCTH NPUHIMNUANBHO OTIMYAIOTCA IO MOJIEKYJIIPHBIM MEXaHH3MaM HUX
pa3zButus. Kpome Toro, B kauecTBe MOAEIM KpPAaTKOBPEMEHHOTO HApyIICHUS
JIBUTATEIbHON aKTUBHOCTH B KaMOaJIOBUAHOW MBIIIIE ObLI UCIIOJIB30BaH METOJ
BBIBEIIMBAHUS 3aJHUX KOHEUHOCTEH KpBICH B TeueHue | — 3 cyTok.

Bce nccneioBaHHbIe MBIIIIBI, B 3aBUCUMOCTH OT MOJICTH ABHTATEIbHBIX
HapyIIeHUH, XapaKTepH30BAINCh Pa3INIHBIM ypOBHEM M3MEHEHMH (pparmMeHTa-
IIMM KOHIIEBBIX IUIACTHHOK M WX IJIOIIA/HM, a TAKXKE IUIOTHOCTH PACIPECIICHUS
HXP B MemOpane. OnHaKO BCE MBIIIIBEI JEMOHCTPHUPOBAIN CXOJHOE CHIDKCHHE
IUIOTHOCTH pacrpeneneHns B MemOpane anmbga2-modopmer Na,K-ATdazmr.
[MpeanonoxuTeapHO, HapyIIeHHe MEMOPaHHO JIOKaIU3aluU STOT0 TPAaHCIIOPT-
HOro Oenka SBJISETCS PE3yNbTAaTOM aJaNTallMOHHBIX IEPECTPOeK B CKEJETHOM
MBIIIIIE B YCIOBUAX JBUTaTeIbHON TUCHYHKINH.

Pa6ota BeimonHeHa mpu nogaepxke rpaata PH® Ne 18-15-00043.

THE STRUCTURAL AND FUNCTIONAL CHARACTERISTICS
OF THE ENDPLATES UNDER DIFFERENT FORMS
OF MOTOR ACTIVITY DISORDER
V.V. Kravtsova, E.A. Saburova, L.I. Krivoi
St. Petersburg State University, St. Petersburg, University emb., 7/9, Russia

The motor endplate is a highly specialized sarcolemma region that lies
just below the motor nerve terminal and is characterized by a high density of
distribution of nicotinic acetylcholine receptors (nAChRs). The most important
factors of reliability and plasticity of neuromuscular transmission are the struc-
tural organization of the endplate and its electrogenesis. The ultrastructure of the
endplate is highly dependent on motor activity. A decrease in motor activity is
accompanied by a change in the area of the endplates and increased fragmenta-
tion in the distribution of nAChRs. Among different mechanisms involved in
maintaining skeletal muscle electrogenesis and contractile function, the activity
of Na,K-ATPase plays a crucial role. In the skeletal muscles, the alphal and al-
pha2 isoforms of Na,K-ATPase are co-expressed. It is well known that increase
in the motor activity is characterized by an increase in the Na,K-ATPase abun-
dance in the sarcolemma of skeletal muscle fibers while a prolonged decrease in
the motor activity causes the opposite effect. The study of initial changes during
muscle unloading demonstrated that functional disturbances of the Na,K-ATPase
are among the earliest events preceding the muscle atrophy caused by motor dys-
function. The experimental models of various forms of disturbances in motor
activity will be important for studies of function and regulation of different
isoforms of the Na,K-ATPase in the skeletal muscles.
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Our study is carried out on the diaphragm and soleus muscles of Bla/J
and mdx mice lines, C57B1/6 mice were used as control. The mice of the Bla/J
line are one of the models for dysferlinopathy induced by a deficiency of dysfer-
lin, the key protein of multimolecular complex responsible for the repair of the
integrity of sarcolemma during contractile activity. The mice of the mdx line are
the laboratory model of Duchenne muscular dystrophy, caused by loss of integri-
ty between the cytoskeleton, the dystrophin-glycoprotein complex, and extracel-
lular matrix proteins due to decreased synthesis of dystrophin protein. So, these
models of chronic disturbances of motor activity differ fundamentally in their
molecular mechanisms. In addition, the method of hind limb suspension of the
rat during 1 — 3 days was used as a model of short-term disorder of motor activi-
ty in soleus muscles.

All studied muscles were characterized by different level of changes in
the endplate fragmentation and their area, as well as the density of the membrane
distribution of nAChRs, depending on the model of motor activity disorder used.
However, all muscles demonstrated similar decrease in the density of the mem-
brane distribution of alpha2 isoform of the Na,K-ATPase. Presumably, impaired
membrane localization of this transport protein is resulted from adaptive skeletal
muscle remodeling following motor dysfunction.

This work was supported by RSF Grant #18-15-00043.

MUKPOJJIEKTPOJHOE KAPTUPOBAHUE U30JIMPOBAHHOI'O
CEPJLA KPBICHI TIOCJIE HEPEHECEHHOI'O
SKCINEPUMEHTAJIBHOI'O TH®APKTA MUOKAPJA
N.B. Kyb6acos, M.T'. lo6penos, IL.I1. BioBkun, A.A. [1anos
HUnemumym seonoyuonnoii gusuonocuu u ouoxumuu um. U.M. Ceuenosa PAH,
Canxm-Ilemep6ype, np. Topesa, 44, Poccus

B psime Hammx NOCIEIHUX UCCICAOBAHUNA OBLIO MOKA3aHO, YTO HCIONb-
30BaHHE BHEKJICTOYHOU MHKPO3JeKTpoaHOU peructpanuu (loose patch meron)
MPENCTaBIsIeT COOOH TEepPCIEKTUBHBIN HEWHBAa3WBHBIM METOJ| WCCIIEIOBaHUS
3JIEKTPOTCHHOW AaKTUBHOCTH CKEJIETHBIX MBI W KapJHOMHOILUTOB B COCTaBE
WHTaKTHBIX mpermapaToB (1, 2). B wacTHocTH, HAMU OBLJIO TIOKAa3aHO, YTO YKa3aH-
HBIA METOJI MTO3BOJISAET A(P(HEKTUBHO PETUCTPUPOBATH AIIEKTPOTeHE3 B BHJE BHE-
KJIETOUHBIX moTeHImanoB aeicteus (I1/]) B GyHKIIMOHATBEHO Pa3sTHYHBIX KOM-
nmapTMEHTax KapauoMuonuToB (B T-cucTemMe W HapyXHOW IJIa3MaTHICCKOH
MeMOpaHe) JKeJTyIOYKOB U30JHUPOBAHHOTO CEep/Iia KpbIChl. [Ipu Mcmosb30BaHUH
MHUKPOAJICKTPOIOB CTAHJAPTHOI'O TUAMETPAa 5 MKM OT KapJIMOMHUOIIUTOB KEIy-
JIOYKOB U30JIUPOBAHHOTO CEeplla peructpupyrorcs mMHorodasueie [1]], y koTo-
PBIX BTOpasi, HEraTUBHAs M HanboJice BhIpakeHHas (a3a, KaK MPaBUIIO, COCTOHT
U3 JIBYX IHKOB, 3aBepIIAOMIMXCs (a30i MEIJICHHOro craja (Mo3IHeH Aernos-
pusanmn) (2). ®apMakoIOTHUSCKUI aHAIN3 MIPUPOJIBI ITHX CUTHAJIOB TACT OCHO-
BaHU N0JAraTh, 9TO MEPBBIH HETATUBHBIN MUK 0OYCIOBIICH aKTHBALMEH HATPH-
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€BbIX TOKOB Hapy>KHOW TUIa3MAaTHYECKON MeMOpaHBI, TOT/Ia KaK IOCIICTyFOIIHHA
HEeTaTHBHBIN UK ¥ (a3a mo3gHel Aemospu3anni 00yCI0BICHEI, COOTBETCTBEH-
HO, aKTHBaIMeH KaJbIIMEBBIX TOKOB W HATPHl-KalbIHeBOro oOMeHHHMKa T-
CHCTEMBI KapJJUOMHUOLIUTOB.

M3BecTHO, 4TO, MO CPAaBHEHHUIO C HKEIyAOYKAMH CEpAla, B KapAUOMHO-
UTaX MpeACepauil cepaa Kpeickl T-cucTema BhIpaxeHo ciado. B coriacuum ¢
9TUM, B IJaHHOW paboTe Ha mpernapaTrax M30JUPOBAHHOTO M PETPOTPAIHO Iep-
(hy3upyeMoro cepana KpbIChl MBI HAOJIOJAIA BRIPAXKEHHOE pa3indyue (OPMBI
BHEKJIETOYHO peructpupyembix [1J[ mpeacepaHbix U >KeNTyAOYKOBBIX Kapauo-
MHOIIMTOB. DTH Pa3IUINs 3aKII0YAINCh B MEHEE BRIPAKCHHOM BTOPOM ITHKE H
B OTCYTCTBHH, XapaKTepHOW IJisi OONBIIMHCTBA BHEKIETOUHBIX I1]1 kemymod-
KOBBIX MHOIIUTOB, (a3sl mo3aHei mo3utuBHOW (a3er [1]] nmpemcepaHbix Muo-
LUTOB.

Psig aBTOpOB mMonaraer, 4To BXOISIININ KaJbIIUEBBIH TOK U TOK HATPHii-
KaJbIIIECBOr0O OOMCHHHKA B 3HAYUTEIHLHON CTCIICHH MOXET U3MEHSITHCS TP pe-
MOJAETUPOBAHUU T-CUCTEMBl KapJAUOMHOLUTOB, COMYTCTBYIOIIEM CEpACYHON
HenocTaTouHOCTH (3, 4). i1 MPOBEPKU ITOTO MPEIIOTI0KECHNS HAMU OBLIO BBI-
MOJTHEHO BHEKJIETOYHOE AIIEKTPO(U3NOIOTHYCCKOE KAPTHPOBAHUE JICBOTO JKEIY-
JIOYKa M TpeIcepIuil M30JIMPOBAHHOIO CEpAlla KPBICHI uepe3 3 Mecsua nocie
JKCICPUMCHTAIBHOTO HH(BAPKTa MHOKAp/a, BBI3BAHHOTO NMEPMAHCHTHBIM JIUTHU-
pOBaHHEM JIEBOW BETBM KOPOHAPHOM apTepUU.

TTokazaHo, 9TO 3KCIEPUMEHTANBHBINH WHPAPKT WMEN BBIpAXEHHBIA d(¢-
(exr, xak Ha popmy I1/] KapIMOMHUONIMTOB JIEBOTO JKEIYIOUKA CEpIIia, TaK M Ha
I11 HEmocpenCcTBEHHO HE OXBAYEHHBIX WH(APKTOM IMPEICepAHBIX KapIHOMHO-
mutoB. [Ipenmonaraercs, uto (yHKIMOHANBHBIM »¢¢exT wuHpapkra Ha T-
CHCTEMY CepICYHON MBIIIIEI HOCUT TII00aIbHEII XapakTep.

HccnenoBanue BBINONHEHO NMpH (pUHAHCOBON moxanepkke PODU B pam-
kax Hay4Horo mpoexra Ne 19-015-00139 u temsl I'oc3amanus Ne AAAA-A18-
118012290371-3.
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EXTRACELLULAR MICROELECTRODE MAPPING OF THE RAT
MYOCYTES IN NORMAL AND POST-INFARCTIAL HEARTS
L.V. Kubasov, M.G. Dobretsov, P.P. Vdovkin, A.A. Panov
Sechenov Institute of Evolutionary Physiology and Biochemistry RAS,

St. Petersburg, Russia.

Our recent studies demonstrated extracellular recording (loose patch
clamp method) utilizing narrow-tipped pipettes as useful technique for non-
invasive evaluation of focal electric activity of intact heart or skeletal muscle
fibers. Specifically, we have shown that this method allows easy and efficient
evaluation of activity of electrogenic mechanisms located in t-tubular and super-
ficial plasma membrane compartments of ventricular cardiomyocytes of isolated
rat hearts.

As a rule for this preparation, with standard, 5 pm-outer tip diameter elec-
trodes multi-phase action potentials (AP) are being recorded, which second, neg-
ative and most prominent phase has usually two peaks followed by the period of
slow decay (late depolarization) (2). Pharmacological analysis of these signals
suggests that the first negative peak can be attributed to activation of voltage-
dependent Na channels of the myocyte superficial sarcolemma, while subsequent
negative peak and the phase of the late depolarization represent, respectively,
activity of Ca channels and Na/Ca exchangers of the T-system of the cardiomyo-
cyte.

Cytological data show that T-system of rat heart atrial cardiomyocytes is
much less developed than that of ventricular myocytes. In a good agreement with
these data, in the present study of preparations of isolated rat hearts we have ob-
served clear-cut difference between AP waveforms of atrial and ventricular car-
diomyocytes. First, compared to ventricular, atrial cardiomyocytes’ AP had rela-
tively weak to absent second negative peak in its waveform. Second, the great
proportion of waveforms of ventricular but none of atrial myocyte extracellular
APs, recorded in this work, ended with well-pronounced positive phase.

Existing literature data suggest that inward Ca and Na/Ca exchanger
currents substantially change during structural remodeling of the T-system
progressing in cardiomyocytes during heart failure. To test this suggestion we
conducted experiments with extracellular recordings from the left ventricles
and atriums of hearts isolated from rats after 3 months of experimental myo-
cardial infarction induced by permanent ligation of the left coronary artery.
Interestingly, that experimental myocardial infarction had well appreciated
effect on the waveform of extracellular APs of both, ventricular and atrial car-
diomyocytes. As atrium is the part of the heart not directly affected by infarc-
tion, the latter finding suggests global character of the effect of infarction on
T-system of the heart muscle.

The reported study was funded by RFBR according to the research project
Ne 19-015-00139 and the Government Contract topic Ne AAAA-A1S8-
118012290371-3.
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BJIUMAHUE TOYEYHbBIX AMUHOKHNCJIOTHBIX 3AMEH
B C- U N-KOHHEBBIX ®PATMEHTAX MOJIEKYJIbI
TPOIIOMUO3UHA HA EE CBOMCTBA
H.A. Ky6acosa', I'.B. KonblioBa?, A.M. Mariomenko’, C.P. Haéues’,
JI.B. HI/IKI/ITI/IHaZ, J.B. ]J_Iemmﬂz, C.10. Bepummmﬁz,
A.K. HaTypﬂHI, JILH. Jlesumicnii ™
Hnemumym mexanuxu MI'Y, Poccus
2HHcmumym ummyHonocuu u gusuonocuu PAH, Examepunbype, Poccus
3HHcmumym ouoxumuu um. A.H. Baxa, ®UI] buomexnonocuu PAH,
Mockea, Poccus
*Unemumym @usuxo-xumuueckoii 6uonozuu um. A.H. Benosepckozo, MI'Y, Poccus

Tpomomuosun (Tpm) — WIMHHEIA CynepcUpaIbHbI OEIOK MBILIEYHBIX
KJIETOK, KOTOPBIN pacroyiaraeTcsi Ha HUTU aKTHUHA U BMECTE C TPOIIOHMHOM DEry-
JUpyeT cokpaieHue Ml CocelHrne MOJIEKYJIbl TPOIIOMUO3MHA CBA3BIBAIOTCS
JIPYT C APYroM “TOJI0Ba K XBOCTY’ Uepe3 MePEKPHIBAIOIINECS COSAUHEHUSI CBOUX
N- u C-KOHIIOB, 00pa3ys MOTYKECTKUH TAK, KOTOPBIA CIIOCOOEH MEPEeKAThIBATh-
Cs 0 CIUPAJbHOW MOBEPXHOCTH aKTHHOBOW HUTH. BhICOKas M3rmOHas kKecT-
KOCTb TsDKa, HE0OXOANMAs U BBICOKOW KOONIEPATHBHOCTH MBIIICYHOMN perys-
uu [Gordon et al. 2000. Physiol. Rev. 80: 853—924], o0ycioBieHa He TOJIbKO
JKECTKOCTBIO CaMOM MOJICKYJIBI, HO M JKECTKOCTBIO OOJNACTH TEPEeKpHITHS. MBI
HCCIIEIOBANIN CTPYKTYpHBIE U (YHKIIMOHAIBHBIE CBOMCTBA OOJIACTH MEPEKPHITHS,
u3ydasi 3PEKThl BHECCHHBIX TOYCUHBIX MyTanuil. Toueunbie myranuu M8R u
K15N B N-koHueBo# yactu Tponomuo3uHa u A277V B C-KOHLIEBOW YacTH CBs-
3aHbl C JUJIATAIMOHHON KapJIMOMHOIATHEH, B TO BpeMs kak mytauud M281T u
1284V cBsi3anbl ¢ runeprpoduyeckoil kapauomuonarieid. Heckonbko skcnepu-
MEHTAJBHBIX TOAXO0JOB, BKJIIOYas NUGPEPECHIUATHHYI0 CKAaHUPYIOUIYIO Kayo-
PUMETPHIO, U3MEPEHHUE BSI3KOCTH, KOCEIUMEHTAIMIO0 M KOJUYECTBEHHBIN 2JIeK-
Tpodopes, paccessHue CBETa, METOA IBYXJIYIEBOW ONTHYECKOHN JIOBYIITKH, aHAJIH3
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TIOIBIKHOCTH IN VItr0 ¥ MOJIEKYJIAPHO-TMHAMHYECKOE MOJICITHPOBAHUE, OBLIH
WCTIOJIb30BaHBI IS BBISIBJICHUS MOJICKYJISIPHBIX MEXaHU3MOB, JIEKAIIUX B OCHOBE
3TUX NATOJIOTHUH.

Msl obHapyxumy, 4ro N-koHueBble Mmytanun M8R n K15N ocnabnsior
B3aumoyeiicteue Mexxay N- u C-koHnamu Tpm B 00JacTH NMEPEKphITUS U CHH-
JKaloT cpoAcTBO Tpm K akTHHY. DTH M3MEHEHUs], BO3MOXKHO, ITPUBEJIN K CHIDKE-
HHIO KOOIEPaTUBHOTO peryaupoBaHusi. C-KOHLIEBbIE MYTAI[{ BbI3BIBAIH TOJIBKO
HeOOJIbIIME M NMPOTHBOPEYMBBIC M3MEHEHHs CBOMCTB Tpm M ero Komiuiekca ¢
aKTHHOM. Hamm pesynbTaThl COTacyloTCs C JIaHHBIMH, ITOKa3bIBAIOLIIMMHU Pa3-
muaHoe ¢QyHKImonupoBanne N- u C-xonmoB Tpm, m moarBepxknparor, 4to C-
KOHIIEBasl 4acTh HE SIBIIETCS KPUTHYECKOW JIJIsl B3auMoieicTBus Tpm "rososa
XBOCTY" M UMEET He3aBUCHMBbIC (YHKITHH, KpoMe (HOPMHUPOBAHUS TEPEKPBIBAIO-
merocs coemmaeHus [J. Moraczewska, S.E. Hitchcock-DeGregori. 2000.
Biochemistry 39:6891-6897].

Pab6ora BeimosaeHa npu nmonaepxke PODU 17-00-00066 (AKIL), 17-00-
00070 (CHOB) u 17-00-00065 (JJWJT) oobeaunenHOTO nipoekta 17-00-00071.
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Tropomyosin (Tpm) is a long coiled-coil protein of muscle cells that locates
on actin filament and together with troponin regulates muscle contraction. Adja-
cent Tpm molecules bind each other via overlap junctions of their N- and C-
termini thus forming a semi-rigid strand that rolls over the helical surface of an
actin filament. The high bending stiffness of the strand essential for high coopera-
tivity of muscle regulation [Gordon et al. 2000. Physiol. Rev. 80:853-924] is due
not only to the stiffness of the molecule itself but also to the stiffness of the overlap
regions. We probed structural and functional properties of the overlap region
studying effect of point mutations in the junction. Point mutations M8R and K15N
in the N-terminal part of the junction and the A277V one in the C-terminal part are
associated with dilated cardiomyopathy, while the M281T and 1284V mutations
are related to hypertrophic cardiomyopathy. Several experimental approaches in-
cluding differential scanning calorimetry, viscosity measurements, cosedimenta-
tion and quantitative electrophoresis, light scattering, two-beam optical trap tech-
nique, in vitro motility assay and molecular dynamic simulation were exploited to
reveal molecular mechanism(s) underlying these pathologies.
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We found that the N-terminal mutations M8R and K15N weakened the in-
teraction between the N- and C-termini of Tpm in the overlap region and reduced
the Tpm affinity for actin. These changes possibly led to a reduction in the regula-
tion cooperativity. The C-terminal mutations caused only small and controversial
changes in properties of Tpm and its complex with actin. Our results are in agree-
ment with data showing different functioning of N- and C- termini of Tpm and
confirm that C-terminal part is not crucial for head-to-tail Tpm interaction and has
independent functions beyond the formation of the overlap junction [J. Mora-
czewska, S.E. Hitchcock-DeGregori. 2000. Biochemistry 39:6891-6897].

Supported by research grants 17-00-00066 (to A.T.), 17-00-00070 (to
S.B.), and 17-00-00065 (to D.L.) of the collaboration project 17-00-00071 of the
Russian Foundation for Basic Research.

N3MEHEHUE N30®OPMHOI'O COCTABA TUTUHA B PAHHEN
CTAJIMA XPOHUYECKOM CEPAEYHOM HEJOCTATOYHOCTH
B.JIL. .]IaKOMKPIHI, A.A. AﬁpaMonl, Al Y.naﬂonaz, Hn.M. BHXJ‘[SI]—[].[CBZ,
A.B. IIpoceupnun’, E.B. Jlykomxkosa', B.A. Kanensko'
1Hauu0uaﬂbezit MEOUYUHCKUL UCCTIe008ameNbCKull Yyenmp kapouonocuu Mun-
30pasa Poccuu, yn. 3-1 Uepenkoeckas, 15a, Mockea 121552, Poccus
2®edepanvroe 2ocydapcmeennoe Giodxcemnoe yupesicoenue Hayku Muemumym
meopemuueckoll u sxcnepumenmanvHou ouoguszuxu PAH; Ilywuno, yn. Un-
cmumymckas, 3, 142290, Mockosckas obaacme.

Huactonmueckas qucynkmwst (/) sBnsercs HadanpHo# craaueir XCH,
OHA XapaKTepU3yeTcs 3aMEJICHHBIM pacClabiIeHWEM M MOBBIIICHHBIM JNACTO-
JIUYECKOM JABICHHUEM, HO HOPMAJIbHOM COKPaTUMOCTBIO MHOKapaa. [locinenussa
MOXET IOJJIEPXKUBATHCS 3a CUET JIYYIIEero HAINOJHEHHs JICBOTO IKeTyA0uKa
(JIK). Anacromnyeckas MoAaTIMBOCTh MHOKap/a B (PU3HOJIOTHYECKOM IHara-
30HE JUITMHBI CAPKOMEPOB TJIaBHBIM 00pa3oM OIpeessieTcsl COCTOSIHUEM THTHUHA
[1]. B cepaeunoii Mblie TUTHH B HaX0AUTCs B [-11icke capkoMepa M CyIECTBY-
eT B IByX H3o(opmax —anactuaHoit N2BA u xectkoit N2B.

3amada naHHON pabOTHI COCTOsUIA B OTPEACTICHUN COACPKaHU N30(popM
TUTHUHA ¥ ypOBHs (ochHOpPHINPOBAHNS B MHOKAp/I€ KPBIC C OHOBPEMEHHON Xa-
PaKTepUCTHUKOM COKpaTUTENhHON (QyHKIMHU cepana npu JJI, Bo3HUKaromeH mo-
cie 4 Henenb BBeAeHMs HokcopyonmmHa (JOK).

MarepuaJjibl 4 MeTOAbI. B paboTe Mcronp30BaHbI KPBICHI-CAMIIBI MOITY-
nsiimu Wistar Becom 250-300 r. IOK (2 MI/KT IOJIKOXKHO) BBOJMIIA pa3 B HeJle-
1o B Teuenue 4 Henelb. TpaHcTopakanbHas aXokapauorpadus Oblia BHIIOIHEHA
Ha anmapare ¢upmbel VUJIFILM Visual Sonic monens Vevo 1100, a katerepu-
3anus JOK - npu nomomu crangaptHoro PV-katerepa FTH-1912B-8018 u ycu-
mutenst ADV500 (Transonic, Kanana) mon 30JeTHIOBBIM Hapko3oM (5 Mr/Kr).
Omnpenenenne u30opM TUTHHA U cTeneHn (HochOpUIMPOBaHMS OeKa BBITION-
HSUIM B 3aMOPO’KEHHBIX 00pasliax MHOKapja, B3STHIX IOCJE OCTPOTrO OMbITA MO
Metony [2]. Pesymprarer nmpencraBiuenst kak M+SEM.
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PesyabTaTsl u 06cy:kaeHne. Opakuus U3rHAHUA depe3 4 HeAeIH Mocie
Hagana npuMmeneHus JJOK okasamace B mpenenax HOpMBI (64+2%, KOHTpOIb -
67+3%). Ungekc paccmabuenns y 3Tux kpbic (6746 ¢) 6bu1 cHmken Ha 19%
(p<0.05), a maBicHME B TCUCHHUE BCEH MUACTONBI OBUIO MOBBINICHO MPUOIU3U-
TEeJIbHO BABOE. DTH MpU3HAKU XapakTepusyrot JI/] cepaua.

CozepxaHue TUTHHA B MHOKapjae Kpbic, momydaBmux JJOK, O6put0 cHU-
JKCHO HE3HAYMTENIbHO, HO COJIEPXKAHUE ero METabOJIUTOB JOCTOBEPHO YBEIUYH-
noch Ha 74 + 11%, 9TO CBUACTENHCTBYET 00 MHTCHCHBHOM METa0O0JIM3ME ITOTO
6enka. Coornomenne N2BA/N2B n30(opM THTHHA B KOHTPOJBHBIX OIBITaxX
cocrasmio 14/86%, a'y IOK xpsic comepkanne N2BA cocraBuio 26+2%. Ypo-
BeHb (ocdopmmpoBanust THTHHA ObUT yBenuueH Ha 60+18% (p<0.05) mo cpas-
HEHUIO ¢ KOHTPOJEM W OTIMYHO KoppenupoBan (r=0,94) ¢ comepkaHueM H30-
dhopmer N2BA, 4T0 mMO3BOJSACT MPEAoNarath, 4to ¢pochopminpoBaHue Hampas-
JICHO Ha CHIKCHHE XXCCTKOCTH MOJIEKYN TUTHHA. C TakUM IPEInoiIoKeHUEM
COIJIaCyeTCs U CHIKEHHE AUACTOIMYECKON YIPYTOCTH MHOKapa.

AHanm3 M3BECTHBIX TAHHBIX O cooTHomeHnH N2BA/N2B-m3odopm TH-
THHA TMPU PA3IUYHBIX BHIAX KapJIMOMHOIATUHU IMOKA3bIBAET HIMPOKYIO Bapua-
6empHOCTE. [loBBIIEHHOE cooTHOmeHne N2BA/N2B xapaktepHo s Anjara-
LIMOHHOW KapJAMOMHOIATHUH, XPOHUYECKOM HIIEMHUYECKON KapAMOMHOINATUU U
XCH co cumwkenHolt ¢paknueit Beiopoca [3], a HOHIKEHHOE — IPH KOHIIEHTPH-
YecKOW KapJIHOMHUOTIATHH WJIM THUIEPTOHUH [4]. DTH JaHHBIE TOKA3BIBAIOT, YTO B
CUTYaIUsAX, KOTAa TpeOyeTcss MOOWIH3aHs PAaCTSKCHIS, COOTHOIICHUE CIBHUTa-
etrcst B ctopoHy N2BA, a korna tpeOyeTcst yCuiIeHne COKpalleHui, mpeodaagaer
yBenmaeHue m3opopmsr N2B.

Pa6ora moxnep:xana rpaarom PODU Ne 18-015-00271.
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Diastolic dysfunction (DD) is the initial stage of the chronic heart failure,
it is characterized by slowed relaxation and increased diastolic pressure but nor-
mal myocardial contractility. The latter may be maintained due to facilitated fill-
ing of the left ventricle (LV). Diastolic myocardial distensibility in physiological
length range of sarcomers is determined by the status of titin [1]. Titin, a spring-
like protein, is situated in I-disk of sarcomers and exists in two isoforms - elastic
N2BA and rigid N2B.

The objective of this work was to determine the content of titin isoforms
and the level of phosphorylation in the myocardium with simultaneous character-
istics of the cardiac contractile function in rats with DD arising after 4 weeks of
doxorubicin (DOX) introduction.

Materials and methods. Male rats of Wistar population weighing 250-
300 g were used. DOX (2 mg/kg subcutaneously) has been injected once a week
for 4 weeks. Transthoracic echocardiography was performed in VUJIFILM Vis-
ual Sonic model Vevo 1100 and LV catheterization with standard PV-FTH-
catheter 1912B-8018 and ADV500 amplifier (Transonic, Canada) under zoletil
anesthesia (5 mg/kg). The content of titin isoforms and degree of protein phos-
phorylation were determined in frozen samples taken after an acute experiment
by method [2]. The results are presented as M + SEM.

Results and discussion. The ejection fraction 4 weeks after DOX admin-
istration has been found within the normal range (64+2 %, control - 6743 %).
The relaxation index in these rats (67+6 s) was reduced by 19 % (p < 0.05) and
LV pressure throughout the diastole was elevated approximately twice showing
cardiac DD.

Titin content in the myocardium of rats received DOX was reduced
slightly, but the content of its metabolites reliably increased by 74 + 11% that
testifies to intense metabolism of this protein. The ratio of N2BA/N2B titin
isoforms in control experiments amounted 14/86%, while in DOX rats the N2BA
part increased to 26 + 2%. Titin phosphorylation level increased by 60 + 18% (p
< 0.05) compared to the control and perfectly correlated (r=0.94) with N2BA
isoform content suggesting that phosphorylation of N2BA was predominant thus
decreasing the rigidity of titin molecules. Such assumption is consistent with
lowering myocardial diastolic stiffness.

The analysis of known data of the ratio N2BA/N2B titin isoforms shows a
wide variation for different types of cardiomyopathy. Increased ratio of
N2BA/N2B is characteristic for dilated cardiomyopathy, chronic ischemic cardi-
omyopathy and chronic heart failure with reduced ejection fraction [3] while
lower N2BA/N2B ratio is associated with concentric cardiomyopathy or hyper-
tension [4]. These data suggest that in situations when myocardial distensibility
should be mobilized the ratio shifts toward N2BA, and when myocardial con-
tractions should be strengthen the ratio shifts toward N2B isoform.

This research was supported by Russian Foundation for Basic Research
grant number 18-015-00271.
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CPABHUTEJIBHBIE UCCJIEJOBAHUSA CTPYKTYPHBIX
U ®YHKIIMOHAJIBHBIX CBOMCTB PA3JIMUHbIX U30®OPM
TPOIIOMUO3NHA CKEJIETHBIX MBI YEJIOBEKA
.. ﬂeBHHKHﬁI’z, AM. MaTIOlHeHKOI, J.B. ]J_IemmH3,

I'.B. Konbuiosa®, C.YO. Kieiivenos"*, C.}O. Bepmuuknii’
1HHcmumym ouoxumuu um. A.H. Baxa, ®UL] 6uomexnoroeuu PAH,
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M3odopmer Tpormomuosuna (Tpm) o (Tpm 1.1) u vy (Tpm 3.12) skcmpec-
CHUPYIOTCA B OBICTPBIX M MEIJICHHBIX CKEJICTHBIX MBIIIIAX YeJOBEKa, COOTBET-
CTBeHHO, TorAa Kak B-Tpm (Tpm 2.2) sxcrpeccupyercst Kak B OBICTPHIX, TaK U B
MEJICHHBIX MBIIIIAaxX. B pe3ymbraTe OHM MOTYT O0Opa3oBBIBATH KakK OO~ M YY-
rOMOJIMMEPBI JUMEpPHBIX MoJieKy1 Tpm (BB-romonumeps! HeCTaOMIbHBL U IIOTO-
My BCTpEYaloTCsl KpaliHe penKo), Tak u aff- u yB-rerepoaumepsl. CBoiicTBa oot
roMoauMepoB Tpm XOpoIIO M3ydeHbl, TOra KaKk MOYTH HUYEro He U3BECTHO O
CBOMCTBaX Yy-rOMOJIMMEpPOB U yB-reTepoaumepoB. MeronoMm auddepeHuaib-
HOHM ckanupyrouieid kanopumerpun (JICK) Mbl mokasanm, 4To TEpMOCTaOMIIb-
HOCTB YYy-roMoauMepoB Tpm ropa3fo BEIIIE, 4eM y 0-TOMOANMEPOB, a BB-Tpm
— caMble HecTaOmIbHBIE ToMoanMepbl Tpm. [Ipu 3ToM mokazaHo, 9TO cTaOMIIb-
HOCTB YB-reTepoauMepoB Tpm ropasno HIXKE, YeM Y YY-TOMOAUMEPOB, a TETIO0-
Bas JeHaTyparus of-rerepoaunMepoB Tpm BO MHOTOM HAllOMHHAET JIeHATypa-
uuro ao-romoaumepoB Tpm [1]. MeTonoM HCKYCCTBEHHOM MOJABHKHOM CHCTEMBI
(in vitro motility assay) moka3aHo, 4TO CKOPOCTb CKOJIBKEHHS PEryIHpPYEMbIX
TOHKHX (PHUITAMEHTOB, COJEPXKAIIUX YY-TOMOIMMEPBI WM YP-reTepoaruMepsbl
Tpm, Mo NOBEPXHOCTH C UMMOOMIIN30BaHHBIM OBICTPBIM HMJIM MEJICHHBIM MHO-
3MHOM 3HAYHUTENILHO HMXKE, YeM y (DMIIAMEHTOB, COJEPIKAIINX (L0-TOMOMMEPBI,
BB-romoanmeps! wim ofi-rerepoaumepsl Tpm. IIpu 3TOM Kak yy-roMmoaumepsl,
TaKk M YyP-rerepomumepbl Tpm 3HAYUTENBHO CHMXKAIHM KaJbIIMEBYIO YyBCTBH-
TEJILHOCTh CKOPOCTH CKOJIB)XEHHsI (DUIIAMEHTOB 10 TOBEPXHOCTH, HOKPHITOM
MHO3MHOM W3 OBICTPBIX CKEJIETHBIX MBI, HO YBEIWYHBAIH CKOPOCTh WX
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CKOJIBXEHHA I10 NOBEPXHOCTH C MHO3MHOM W3 MEJICHHBIX CKEJIETHBIX MBIIIII.
Takum 006pazoMm, HaM BIIEPBBIE YIAIOCHh TIOKA3aTh, YTO CTPYKTYPHBIC W (QYHKIH-
OHAJBHBIE CBOHCTBA YY-TOMOJMMEPOB H YP-reTepoanMepoB Tpm CyIIECTBEHHO
OTJIMYAIOTCS OT CBOMCTB Kak oo- u PP-romomumepoB Tpm, Tak u af-
rerepoauMepoB Tpm. Ha ocHOBaHMHM 3THX JAaHHBIX CAEJIAHO 3aKIFOUEHHE, UTO Y-
nenb Tpm SBISICTCA OJHUM M3 BaXKHBIX (DAKTOPOB, OMPEICISIIONIUX CBOMCTBA
MEIJIEHHBIX CKEJIETHBIX MBIIIILI.
Pabora BeimonHena mnpu noaxepxkke Poccuiickoro Hayunoro ®onna
(rpant Ne 16-14-10199).
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The tropomyosin (Tpm) isoforms o (Tpm 1.1) and y (Tpm 3.12) are ex-
pressed in fast and slow human skeletal muscles, respectively, while B-Tpm
(Tpm 2.2) is expressed in both fast and slow muscles. This results in formation
of ao- and yy-homodimers (BB-homodimers are unstable and occur rarely) of
dimeric Tpm molecules as well as af- and yp-heterodimers. The properties of
ao-homodimer are well studied, whereas nothing is known about the properties
of yy-homodimer and yp-heterodimer. Using differential scanning calorimetry,
we showed that the thermal stability of yy-Tpm homodimer is much higher than
that of a-Tpm homodimer, and BB-homodimer is the least stable Tpm. The sta-
bility of yB-Tpm heterodimer is much lower than that of yy-Tpm homodimer, and
the thermal unfolding of af-Tpm heterodimer is roughly similar to that of aa-
Tpm homodimer [1]. Sliding velocity of regulated thin filaments containing ei-
ther Tpm yy-homodimers or yB-heterodimers moving over fast or slow skeletal
myosin measured in an in vitro motility assay was significantly less than that of
the filaments with ao- or BB-homodimers, or ap-heterodimers. Both yy- and yB-
Tpm dimers significantly decreased the calcium sensitivity of the sliding velocity
over fast myosin but increased it over slow myosin. Thus, in this study we show
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for the first time that structural and functional properties of yy-Tpm homodimer
and yB-Tpm heterodimer are quite different from those of ao- and BB-Tpm ho-
modimers and af}-Tpm heterodimer. We conclude that the Tpm y-chain is one of
essential factors that determine the properties of slow skeletal muscles.
Supported by Russian Science Foundation (grant 16-14-10199).
References
1. Matyushenko A.M., Kleymenov S.Y., Susorov D.S., Levitsky D.I. “Thermal un-
folding of homodimers and heterodimers of different skeletal muscle isoforms of
tropomyosin”. Biophysical Chemistry, 2018, Vol. 243, No. 1, p. 1-7.

BJIMSAHUE AMUHOKUNCJIOT HA DKCITPECCHIO I'EHA IGF1
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CHmKeHHe TOBPEKIAEMOCTH MBIIII IPH BBITIOMHEHUH (PU3HMYECKUX HArpy-
30K SIBJISIETCSl BaKHOM 3ajadeii. HCymuHOMOMO00HKIH (akTop pocta 1 (IGF1) pe-
TYJIUPYET 3KCIPECCHIO KOJUTATEHOB M OEJIKOB BHEKJIETOYHOTO MaTpukca. Mccneno-
BaHMS Ha JKUBOTHBIX U C YIaCTHEM TOOPOBOJIBIIEB MTOKa3aiH, 4To ypoBeHb IGF1 B
KPOBH, PETYJUPYEMbIH TI€UEHBIO, YBEIMYMBACTCS IIOCIE Kypca NpHeMa CMECH
AMUHOKHCJIOT WJIH TONBKO Jeiunna [1-3]. M3BectHo, uto addextsr IGF1 crszanb
TJIaBHBIM 00pa3oM ¢ ayTo- M ITapakpHHHOM peryisinueid. [loatoMy 1ebi0 paboTh
OBbLIO MCCIENOBATh BIMSHUE MTpUEMa aMHHOKHUCIIOT Ha aKcrpeccuio reHa IGF1 n
IGF1-3aBUCHMBIX T€HOB B CKEJIETHOM MBIIIIE YETIOBEKa.

B mepBoM sKcHEpHMEHTE HMCCIIEAO0BAJIOCH BIMSHUE aMHHOKUCIOT U UX
coueTaHUil ¢ MHCynMnHOM Ha 3kcmpeccuio m3opopm MPHK IGF1 B kymeType
Muoty0 genoBeka. [locie crapBarum (48 9) knetkn nHKyOnpoBanu (24 1) B pac-
tBOpe Kpebca-Punrepa ¢ nobaBieHnem neiiiHa, apruHUHA ¥ WHCYJIHHA B pas-
JUYHBIX COYETAHHSX.

Bo Bropoii wactu paboTsl mccaenoBanmn 3((GeKTsl KypcoBOTO HpHEMa
AMHHOKHCIIOT JIIOABMH, PETYJISIPHO BBIMONHSAIOMNME (U3MUECKHE HATPY3KH.
ects monoapix (18-22 roga) My>XYHH CIIOPTCMEHOB-JIBDKHUKOB Ha MPOTSDKE-
HUM 2,5 Mec. eXeIHEBHO MOTPeOIsUIM HEe3aMEHHUMBIE aMMHOKHCIOTH (JIeH-
nuH:n3onennuH:Banul 2:1:1, 0,1 T/kr Macchl Tena B CyTKH); 6 CIIOPTCMEHOB U3
KOHTPOJBHOM TIpymmel moTpelmsu mianebo (MampromekcTpuH). Jlo u mocie
Kypca Opanau mpoObl TKaHu m.vastus lateralis ¢ MOMOIIBIO UTOIBYATON OHOIICHH.

Wuky6anust MUOTYO C pa3iWYHBIMH aMUHOKHCIOTaMU U C MHCYJIMHOM
MpuBeJa K CONOCTABIMOMY W HeOOJIbIIOMY yBemmdeHuo (B 1,2 — 1,8 pasa) skc-
mpeccun uzopopmel MPHK IGF-1Ea. Tlpu stom ammutuBHOTO 3ddekra mpu
KOMOMHAIMN aMUHOKHUCIIOT C MHCYJIMHOM HE HaOJII01aJI0Ch.
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E>xenHEeBHBIN MPUEM aMUHOKHUCIIOT MOCHe (GU3HYECKON HArPy3KH TIPHBEI
K pocty 6a3ansHOro ypoBHs 6enka IGF1 B xposu B 1,5 paza (P<0,05), mpu 3Tom
skcrpeccust TeHa |IGF1 B ckeJIeTHBIX MBIIIIAX YBEINYWIACH HA YPOBHE TEH/IEH-
un (P<0,1). [IprieM aMUHOKHCIIOT BBI3BAJI CHIDKCHHE 0a3abHOTO YPOBHS MHO-
roouHa u aktuBHOCTH KDOK — MapkepoB MOBPEKICHUS MBIIICYHBIX MEMOpPaH B
wiazme KpoBu. [1ogo0HbIe 3¢ (eKTh MOTYT OBITH CBSI3aHBI C HAOIIOJABIIMMCS B
HAIllEeM 3KCIIEPUMEHTE POCTOM JKCIPECCHH T'€HOB, PETYIUPYIOIIUX OHOTeHE3
MBIIICYHBIX MeMOpaH u BHekjeroynoro wmarpukca (HMGCR, COLI1AL,
COL3A1, COL5AL u LOX), B CKeJIETHOM MBIIIIE. DKCIPECCHs 3TUX TEHOB KOP-
pemuponana (r = 0,79 — 0,94; P<0,002) c skcmpeccueii rena IGF1 B ckeneTHo#
MBIIIIIE U He 3aBHUceNa oT 0a3anpHOTO ypoBHA Oenka IGF1 B mra3me kposu.

HUccnenoBanus in VIitro u in Vivo cBUIETEIBCTBYIOT O TOM, YTO JKCIpEC-
cus reHa |GF1 moxer perynupoBaTbcsi aMHHOKUCIOTaAMH depe3 WHCYIIHHHE3a-
BUCUMEBIN MeXaHM3M. BO3MOXKHO, yBelIHYCHHE NO3UPOBKH/IUTEIFHOCTH TpHe-
Ma aMHHOKHUCIJIOT MPHUBEICT K 00Jiee BBIPAKCHHOMY YBEIMYCHUIO SKCIIPECCHH
IGF1 u IGF1-3aBHCHMBIX TCHOB B MBIIIIIAX YEJIOBEKA.

HccnenoBanune moanepxkano IIporpammoii mpesuanyma PAH «®ynna-
MEHTaJIbHbIE UCCIEOBAHUS JIJIsI OMOMEIUIIMHCKIX TexHojoruity 2018-2020 rr.
u rpanToM OKP Ne JT 378-2015.
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EFFECT OF AMINO ACIDS ON IGF1 GENE EXPRESSION
IN HUMAN MYOTUBES AND SKELETAL MUSCLE
E.M. Lednevl’z, LV. Kravchenk03, V.A. Furalyov3 ,
E.A. Lysenkol’z, V.E. Dubrovz, D.V. Popovl’2
'Russian Federation State Science Center — Institute of Biomedical Problems
of Russian Academy of Science, Moscow, Khoroshevskoye rd., 76A, Russia
?Lomonosov Moscow State University, Faculty of Fundamental Medicine,
Lomonosovsky ave., 27, 1, Moscow, Russia
A.N. Bach Institute of Biochemistry of Russian Academy of Science,
Moscow, Leninsky ave., 33, 2, Russia

Preventing of exercise-induced muscle damage is an important task. Insu-
lin-like growth factor 1 (IGF1) regulates expression of collagens and extracellu-
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lar matrix proteins. Studies in animals and volunteers have shown an increase of
IGF1 level in blood (which is regulated by liver) in response to mixed amino
acid or leucine administration [1-3]. It is known that effects of IGF1 are mostly
related to autocrine and paracrine regulation. Therefore, the aim of our study was
to investigate the effect of amino acids on expression of IGF1l and IGF1-
dependent genes in the human skeletal muscle.

In the first experiment, effect of treatment by amino acids and their com-
bination with insulin on expression of mRNA isoforms of IGF1 was examined in
human myotubes. After starvation (48 h), cells were incubated for 24 h in Krebs-
Ringer buffer with leucine, arginine and insulin in different combinations.

In the second part of study, effect of amino acids administration was in-
vestigated in males. Six young cross country skiers (18-22 yy) consumed essen-
tial amino acids daily during 2,5 months (leucine:isoleucine:valin 2:1:1,
0,1 g/1 kg of body mass daily; experimental group); six other athletes (control
group) consumed placebo (maltodextrin) in the same manner. M. vastus lateralis
tissue samples were taken before and after amino acids course using small using
needle biopsy technique.

Incubation of myotubes with amino acids and insulin led to comparable
and mild (1,2-1,8-fold) increase in IGF-1Ea mRNA isoform expression. Combi-
nation of amino acids with insulin did not lead to additive effect.

Amino acids intake after physical activity led to increase of baseline IGF1
protein level in the blood (1,5-fold, P<0,05), whereas IGF1 gene expression in
skeletal muscles showed upward trend only (P<0,1). Amino acids administration
decreased the baseline level of myoglobin and the activity of CPK — markers of
muscle membrane damage. This effect may be associated with an increase in
expression of genes related to muscle membrane and extracellular matrix
(HMGCR, COL1Al, COL3Al, COL5ALl and LOX). The expression of these
genes correlated with the expression of IGF1 in muscle (r = 0,79 — 0,94,
P<0,002) and did not depend on the IGF1 level in the blood.

In vitro and in vivo studies suggest that IGF1 gene expression may be regu-
lated by amino-acids via an insulin-independent mechanism. An increase in the
dosage/duration of amino acids intake may induce a more pronounced increase in
expression of IGF1 and IGF1-dependent genes in human skeletal muscles.

The study was supported by the Program of the RAS Presidium “Funda-
mental research for biomedical technologies” 2018-2020 and by the ROC grant
Ne D 378-2015.
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AHAJIN3 PAHHHUX OTAIIOB
SIMMUTEJUAJTBHO-ME3EHXUMAJIBHOI'O ITEPEXO/IA:
MEXAHU3MbI ®OPMUPOBAHUSA MUTPALITMOHHOT'O

GOEHOTHUIIA Y SIIMTEJINAJIBHBIX KJIETOK
H.HN. JIutoBka, C.H. Py6nosa, I.10. Kutnak, H.A. I'nymankosa
HMUI] ouxonoeuu um. H.H. Broxuna Munsopasa Poccuu,
Mocxsa, Kawupckoe wocce, 24. Poccus

DnuTennanTb,HO-Me3eHXUMaNbHBIN nepexos (OMII) urpaer BaxHYIO pOib
B OMOpPHOHAJILHOM Pa3BUTHH W BO B3POCIIOM OpPraHM3Me IPH 3a)KMBJIEHUH PaH.
OMII Takxe sBISETCS IIaBHBIM JpaliBEpoM OIMyXoJeBOW mporpeccuu. Pakosle
KJIEeTKH Hcnonb3ytoT OMII g MHBa3UM U METacTa3UPOBAHUSA, IPU BCTYINICHUH
B OMII wieTku KapuuHOM HPUOOPETAIOT PE3UCTEHTHOCTh K XMMHOTEpalud U
CIOCOOHOCTH MOJABISTh MMMYHHBIH OTBET OpraHu3Ma.

B xone OMII snurtenuanbHble KISTKH YTPAuUBAIOT CTAOUIIBHYIO MEXKKIIe-
TOYHYIO aATe3UI0 W MPHOOPETAIOT CHOCOOHOCTh K MHUTpanuu. B KymbType amu-
tenrounToB IAR-20 Hamu ObuTH BIlepBEIC U3y4YeHBI panHue dtansl OMIL, nHmy-
UpOBaHHOTO 3mrAepMansHeIM pakropom pocta (EGF). Ilpu Bumeomukpocko-
MUYecKoM HabmrogeHnu Obio oOHapyxkeHo, uto EGF yxe wepes 5-10 mun un-
JOyIUpOBaJ OBICTPBIC M3MEHEHHsS B KJIETKAaX — yTpaTy KOHTAKTHOTO Iapajudya,
MOSBIICHUE IICEBAONOINH Ha MEXKKJIETOYHBIX I'paHHIax U depe3 15-20 muH -
paspyllieHie CTaOWIbHBIX MEXKJIETOYHBIX KOHTAKTOB U PACXOXKICHUE KIIETOK.
Kierku IAR-20, o6padoranusie EGF, nproOperanu ruOpuaHbIi STHTENHATIBHO-
ME3eHXMMaIIbHBIH (EHOTHIT: Ha MPOTHKEHUH 24 Yac COXpaHsUIM dKcrpeccuio E-
KaJIXxepuHa ¥ MUTPHPOBAIH, KaK KOJUICKTHBHO, TaK U MHAUBHIyadsHO. Kak mo-
Ka3zajga KOoH(OKaJbHAs BUACOMHKPOCKOMUS, uepe3 5-10 MuH mocie Havyaia WH-
kybammn ¢ EGF Ha MeXKJIETOUHBIX TpaHUIAX MPOUCXOAMIM JpaMaTHUECKHe
W3MEHEHHS CTPYKTYpPHl M JTUHAMHKH aKTHHOBBIX CHCTEM, a TAKXKe MEXKJIIEeTOY-
HBIX aJre3MOHHBIX KOHTakTOB (AK): paspymiancs KoJblieBOil aKTHHOBBIH ITy4OK,
ACCOLMMPOBAHHBIM CO CTaOMJIBHBIMU TaHreHUuanbHeIMH AK, MHAynmposanack
momuMepu3anus Rac-Arp2/3-3aBUCHMOI aKTHHOBOH CETH BO BHOBBH 00pa3yro-
IIUXCS TICEBIONOIMSX, MOSBIUICS PETPOTPAHBIN TOK aKTHHA-MHO3MHA, TAHTCH-
muaneHele  AK  3aMemanuce IMHAMAYHBIME @ W HecTaOmnbHeIMH — E-
kagxepuHOBBIME paananbHeIMH AK. C momombio BectepH-6iioTTiHra uepes 5-
15 mun nocie Havyana uakyoamuu ¢ EGF 6buto merektupoBano Ghocopumpo-
BaHME aKTHH-CBs3bIBatomiero Oenka EPLIN, cTaOmiamsupyromero CTpykKTypy
KOJIBIIEBOTO aKTHHOBOTO mydka; (ochopumupoBanusiii EPLIN moaBepraercs
MIPOTEaCOMHON aerpajanud. B ycnoBHAX KOHKYPEHIHMH AaKTHHOBBIX CHCTEM
KJIeTKH 32 G-aKTUH BBICBOOOK/IEHHE MOHOMEPHOTO aKTHHA M3 Pa3pyIIatoIierocs
KOJBLIEBOr0 My4yKa MPUBOJUIO K €r0 BCTPaMBAHUIO B aKTHHOBYIO CEThb ICEBHO-
noguid. [Ipy umMMyHOQuTyopeceHTHOM okpamuBanuu kietok IAR-20, o6pabo-

156



tanHbIX EGF, 66110 00HapykeHo, 4TO alb(a-KaTeHUH, BEICBOOOXKIAIONTHICS 13
paspymatomuxcs TanreHnuanbHeix AK, Bmecte ¢ pl15RhoGEF nHaunnan xos-
HEHTPHPOBAJICS B MEPHUHYKIICAPHOW 00JACTH, YTO MOTJIO MPHUBOIUTH K aKTHBA-
1y Rho B snmTenuanbHBIX KIeTKaX M BO3HHKHOBEHHIO y HUX IEpeaHe-3a Hen
MOJISIPU3AIIUY U HATIPABICHHON MUTPAIIHH.

Pabora nmognepxxana rpantoMm PH® Nel6-15-10288 u rpantom PODOU
Ne18-54-16005.

STUDY OF THE EARLY STAGES OF EPITHELIAL-MESENCHYMAL
TRANSITION: MECHANISMS OF ACQUISITION
OF THE MIGRATORY PHENOTYPE BY EPITHELIAL CELLS
N.L Litovka, S.N. Rubtsova, 1.Y. Zhitnyak, N.A. Gloushankova
N.N. Blokhin National Medical Research Center of Oncology, Moscow,
Kashirskoye shosse, 24, Russia

Epithelial-mesenchymal transition (EMT) is a process that plays the key
role in normal embryonic development and wound healing in adult organisms;
however, EMT is also the main driver of tumor progression. Tumor cells under-
go EMT to invade and metastasize to healthy tissues. EMT also promotes re-
sistance to chemotherapy and ability to suppress the body’s immune response
against tumor cells.

During EMT, epithelial cells lose stable cell-cell adhesion and acquire
migratory properties. Early stages of epidermal growth factor (EGF)-induced
EMT were first studied during this project in IAR-20 epithelial cells. Live cell
imaging showed that treatment with EGF induced rapid response in the cells —
loss of contact paralysis, appearance of pseudopodia at cell-cell borders within 5-
10 minutes and disruption of stable cell-cell adhesion and scattering of the cells
wihtin 15-20 minutes. As a result of treatment with EGF, IAR-20 cells acquired
a hybrid epithelial-mesenchymal phenotype: during 24 hours of treatment, the
cells retained the expression of the main epithelial adhesion protein E-cadherin
and migrated either individually or collectively. Confocal microscopy revealed
that 5-10 minutes of incubation with EGF resulted in dramatic changes in struc-
ture and dynamics of the actin cytoskeleton and adherens junctions (AJs). Spe-
cifically, the circumferential actin bundles associated with stable tangential AJs,
were disrupted; induction of the Rac-Arp2/3-dependent actin network polymeri-
zation was detected in newly forming pseudopodia; actin-myosin retrograde flow
appeared at the cell-cell borders; stable tangential AJs were replaced by dynamic
unstable E-cadherin based radial AJs.

Western blot analysis detected phosphorylation of an actin-binding pro-
tein EPLIN after 5-15 minutes of treatment with EGF. Non-phosphorylated
EPLIN stabilizes the circumferential actin bundles, while phosphorylation of
EPLIN leads to its proteasomal degradation. In competition for the limited
amount of the G-actin between the different actin cytoskeleton elements, release
of the monomeric actin from the disrupting circumferential bundles immediately
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led to its incorporation into pseudopodial actin network. Immunofluorescent
staining of the IAR-20 cells treated with EGF revealed that a-catenin released
from the disrupting tangential AJs, concentrated in the perinuclear region togeth-
er with pl15RhoGEF. This could lead to activation of Rho in epithelial cells and
their subsequent front-rear polarization and directional migration.

This work was supported by the Russian Science Foundation (grant Nel6-
15-10288) and the Russian Foundation for Basic Research (grant Nel8-54-
16005).

CPABHEHUE BA3AJIBHOI'O TPAHCKPUIITOMA
B HETPEHUPOBAHHOM U B AJATITUPOBAHHOM K CHJIOBBIM
HAT'PY3KAM CKEJIETHOM MBIIIIE YEJIOBEKA
E.A.ﬂblcenxol’z, H.A.Maxnoncxmﬁl, E.N. IIIarnMapnaHOBa3,
I'.P. Fa3n3osa3, 0.A. cheB3, I[.B.HO]'[OBM, O.JI.Bm{orpazu)Bal’2
Y Ynemumym meouro-6uonocuueckux nporem PAH,
Mocxsa, Xopowesckoe wocce 764, Poccus

MI'Y umernu M.B. Jlomorocosa, Mockea, Jlomonocosckuii npocnexkm 27-1, Poccus
*Kazancruii gedepanvuwiil yHusepcumem, Kazanv, Kpemnesckas ynuya 18, Poccus

CkeneTHast MBIIIIA afaNTUPYETCsl K CUIOBOM TPEHUPOBKE MOCPEICTBOM
YBEIMYEHUS] MBIIIEYHON MacChl M CHIIBL. B mpomecce TpeHHPOBKH MOXKET H3Me-
HATBCS 0a3anbHOE COJEPKaHNE PErYISATOPHBIX U CTPYKTYPHBIX OCIIKOB, a TaKKe
SKCIpeccHsi TeHOB. PaHee MBI OOHApYXWIH Oolblliee colepKaHue N30(POPMBI
muo3nHa MHCIIa u Mensmee coxepxkanue m3odopmer MHCIIx, Gomsmiee co-
nepxanne 6enxa FOXO1 u mensiree comepkanue Oenka eEF2, a Taxke 00ib-
mmi ypoBeHb 0a3ajbHOI SKCIPECCHH MHUOCTAaTHHA B MPo0aX MBIMICYHON TKaHH
TpeHupoBaHHBIX noOpoBoibieB (Lysenko et al. 2018). MbI npenoa0KIIH, 4TO
aJlanTanys CKEeJIeTHON MBIIIIBI K PETYJISIPHBIM CUJIOBBIM Harpy3kam NpHBEJET K
BBIPR)KEHHOMY N3MEHEHMIO TPAHCKPUIITOMA B 0a3a1bHOM COCTOSIHHH.

Y 8 noOpoBOJIBIIEB, TPEHUPYIOUIMX CHIIOBBIE TOKa3aTeIn/BO3MOKHOCTH
MBI, U Yy 8§ HETPEHUPOBAHHBIX JOOPOBOJIBLIEB C IMOMOIIBIO MIOJILYATON MHK-
pobmonicun (Hayot et al. 2005) B mokoe ObUIM B3ATHI MPOOBI W3 m. vastus
lateralis. PHK-cexBenupoBanue npoBoamin Ha npuoope [llumina HiSeq 2000 c
riryouHOH oT 40 mo 50 MIJLTHOHOB TpouTeHH Ha oOpazen. Auddeperunansao
skcrpeccupyemsie reHsl ([217) onpenensimm npu Padj < 0,01 (P-3Hauenwue ¢ mo-
npaBkoii bermkamMuHa-Xox0epra) v Ipu KpaTHOCTH U3MeHeHus 1,25.

[Ipn cpaBHEHMM TPAaHCKPUITOMAa MBIIII TPEHUPOBAHHBIX M HETPEHUPO-
BaHHBIX JJOOPOBOJIBIIEB ObLITO BhIsIBICHO 662 JIDI'. [{i1st reHOB, KOTOPhIE CHU3MIIN
CBOIO IKCIPECCHIO B TPEHHUPOBAHHOM CKEJIETHON MBIIIIE, OTHOCUTENHLHO HETpe-
HUPOBAHHOM MBIIMIIEI, 3HaUUMO oOorameHHbIX GO-TepMUHOB HE OBUIO BBISBIIC-
HO. Hampotus, ressl ¢ yBEeIMYEHHON 3KCIPECCUEH B TPEHUPOBAHHOW MBIIIILIE
OBUTH acCOLMUPOBAHBI C PETYJALUed pubocoManbHBIX (45 T€HOB) U MHUTOXOH-
JpuanbHeIX 6enkoB (51 ren). C mOMOIIBI0 METOAa TTO3UITHOHHBIX BECOBBIX MaT-
pun u 6a3el qaraeix HOCOMOCO ObLT MpOW3BEJCH MOUCK KITFOUEBBIX TPaH-
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CKPHITLIHOHHBIX ()aKTOPOB, ACCOIIMUPOBAHHBIX C yBEIMUCHHEM T'€HHOH dKCIpec-
cuu. YBenuueHue 0a3aibHON KCIPECCHH PHOOCOMABHBIX OCIKOB B TPEHHPO-
BaHHOH MBIIIIIE MOXKET OBITH ACCOIMMPOBAHO C aKTUBHOCTBHIO TPAaHCKPHITIIHOH-
HeIX ¢aktopoB FLI1, TYY1, TYY2, ELF2, KAISO, ZBED1 u ETV6. Yeenuue-
HUe 0a3albHOM 3KCIPECCUH MHUTOXOHIPUANBHBIX OCJIKOB B TPECHUPOBAHHOM
MBIIIIIE MOXET OBITh aCCOI[MMPOBAHO C AKTUBHOCTBHIO TPAHCKPHUIIIIMOHHBIX (ak-
topoB GLI3 u HSFY1.

Takum o00pa3oM, amanTUpPOBaHHAs K CHJIOBBIM HArpy3kaMm CKeJeTHas
MBIIIIA XapAKTEPU3YCTCs YBEIMYCHHUEM 0a3adbHON JKCIPECCHU psiia T'CHOB,
KOAMPYIOUINX pUOOCOMABHBIE 1 MUTOXOHAPHAIIEHBIE OCIKH.

Pabora BrmosHeHa nipu oaepkke rpanta PODU Nel7-04-00878.
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Lysenko EA, Popov DV, Vepkhvadze TF, et al (2018) Moderate-intensity strength
exercise to exhaustion results in more pronounced signaling changes in skeletal
muscles of strength-trained compared with untrained individuals. JSCR 00:1-10

COMPARISON OF THE BASAL TRANSCRIPTOME IN UNTRAINED
AND STRENGTH TRAINED HUMAN SKELETAL MUSCLE
E.A.Lysenkol’z, P.A.Makhnovskiil, E.L Shagimardanova3,

G.R. Gazizova’, O.A. Gusev’, D.V.Popov'?, O.L.Vinogradova'?
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Moscow, Khoroshevskoye sh. 76a, Russia
ZLomonosov Moscow State University, Moscow, Lomonosov av. 27-1, Russia

®Kazan Federal University, Kazan, 18 Kremlyovskaya Street, Russia

Skeletal muscle adapts to strength training by increasing muscle mass and
strength. In addition, the baseline content of regulatory and structural proteins, as
well as gene expression, may change during training. In skeletal muscle samples
of trained volunteers, baseline content of the MHCIIa isoform, FOXO1 protein
and myostatin gene expression were higher and content of the MHCIIx isoform
and eEF2 protein were lower compared to untrained (Lysenko et al. 2018). We
assumed that adaptation of the skeletal muscle to strength training markedly
changes the transcriptome at the baseline state.

Muscle samples were taken from m. vastus lateralis using needle micro-
biopsy (Hayot et al. 2005) in 8 trained and 8 untrained volunteers. RNA sequenc-
ing was performed by an Illumina HiSeq 2000 instrument with a depth of 40 to
50 million reads per sample. Differentially expressed genes (DEG) were deter-
mined at Padj <0.01 (P-value with the Benjamin-Hochberg correction) and at
fold change of 1.25.

After comparison of the transcriptome in muscles of trained and untrained
volunteers, 662 DEG were detected. For genes with reduced expression in
trained skeletal muscle, no significantly enriched GO terms were identified. In
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contrast, up-regulated genes in the trained muscle were associated with regula-
tion of ribosomal (45 DEGs) and mitochondrial proteins (51 DEGs). To predict
the transcription factors associated with DEGs the transcription factor binding
sites in the promoter region of each DEG were identified using HOCOMOCO
database. An increased baseline expression of ribosomal proteins in a trained
muscle was associated with the transcription factors FLI1, TYY1, TYY2, ELF2,
KAISO, ZBEDI1 and ETV6. An increased baseline expression of mitochondrial
proteins in a trained muscle was associated with the transcription factors GLI3
and HSFY1.

In conclusion, skeletal muscle adapted to strength training is character-
ized by an increased baseline expression of a number of genes encoding riboso-
mal and mitochondrial proteins.

This work was supported by the RFBR grant Ne17-04-00878.
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DOAKTOPBI, THULIUUPYIOIIUE OFPA3OBAHUE JIAMEJLJIBI
Y TPOMBOLIUTOB YEJIOBEKA
M.C. Makapos
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Mocxsa, b. Cyxapesckas na., 0.3., Poccus

IIpu KOHTaKTe ¢ aATe3UBHBIM CYOCTPAaTOM B TPOMOOLIMTAX YeIOBEKa MPO-
MCXOJNT aKTUBHAsI pEOpraHnu3alys JIEMEHTOB LIMTOCKEJIETa — aKTO-MHO3MHOBBIX
KOMIIIEKCOB, CIIEKTpUHA, MUKpOTpyOouek. B mponecce aaresmn nambonee ax-
THUBHBIE TPOMOOUNTH (POPMHUPYIOT OOMIMPHYIO JIAMEJUTy TO BCEMY IEpPUMETPY
kietku. ChopMupoBaHHas JlaMelUla 3HAUYUTEIBHO PaclIMpsieT IUIONa b KOHTaK-
Ta TPOMOOLIUTOB C CYOCTpaTOM M C JPYTMMHU TPOMOOLMTAMH, YTO YCKOPSIET UX
aKTHBAaIMIO U 00pa3oBaHME arperatroB. Takum oOpa3oM, pOCT JaMeIbl BIUSET
Ha MHTCHCHBHOCTH ()YHKIMOHAJIBHOTO OTBETa BCEH IMOIMYISAIMH TPOMOOLUTOB.
BwMmecte ¢ TeM, gaxke y 300pOBBIX JIIOJEH B HOpME HE BCE OHOIOTHMYECKH ITOJHO-
LEHHbIE TPOMOOLUTHI aKTUBHO (POPMHPYIOT JIaMEIUTy NPHU aare3un. JDTO CBSI3aHO
¢ paboTOH OTHENBHBIX JJIEMEHTOB BHYTPUKJICTOYHOI'O CHUTHAIMHIA, KOHTPOJIH-
pyrommx mepecTpoiky nurockenera. (paxtopsl RhoA, Rac, PTP18). B Hopme
9TH (haKTOPHI 3aIyCKArOT pasHbIC IMYTH AKTHBALUK TPOMOOLMTOB, HO TIPH 3TOM
CIIOCOOHBI OrpaHMYMBATh NOJMMepH3aluio akTuHa. Tak, dochopunrpoBanHas
¢dopma RhoA cTuMynHpyeT 3K30IHMTO3 TPOMOOLMTAMH CEKPETOPHBIX BE3HKYJ
(rpanyn), torma kak nedocdopmimpoBanHas RhoA cTumynupyer akTHBHBIN
poct saMeiutsl 6e3 gerpanyianud. [losTomy, B yCIOBHUAX, KOraa Tpedyercs co-
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31aTh TPOMOOUNT-HACHIIIIEHHBIH MAaTPUKC, HEOOXOIMMO CTUMYJIHPOBATH aire-
3UI0 TPOMOOIIMTOB 0€3 WX NErpaHyJIANNHU, T.€. HHUIIMHPOBATH JaMeIIooopaso-
BaHre. B HOpMme momamienue pocrta yameuibl daktopamu RhoA, Rac, PTP18
MHHALUMpYeTCcsl cnenuduyecknumu Oeskamu KaibnanHaMmu. IlokazaHo, 4To ak-
THUBHOCTB 3THX OEJIKOB Pe3KO MajaeT MoJ| ACHCTBUEM CIelM()UIECKOro HHrHOu-
Topa kanbnanHoB MDL. B npucyrctsuu MDL cpennss minomanb aare3upyro-
MUX TPOMOOIMTOB Bo3pacTaeT mo4tu B 3 pasza. OgHako in vitro adpexr MDL
TpeOyeT UCTIONb30BaHMs CHIIBHBIX JAETEPIeHTOB, KOTOPBIC HE BCET/Ia MOTYT OBITH
NPUMEHUMBI B pereHepaTHBHOM MeauiuHe. Hamm ucciieoBanusi mokasbIBaor,
YTO aKTUBHBIH POCT JIaMEJUTBl MOXKET OBITh MHUIIMUPOBAH 1101 ACHCTBHEM HEKO-
TOPBIX HEKAHOHWYECKHX (PaKTOPOB TPOMOOIMTApHOW aKkTHWBamuu. Tak, 3HAYH-
TENBHOE yBEIMUYSHNE TUIOMAAN TPOMOOIIMTOB HaOMIOIaeTCs Mpy ASHCTBHH Clia-
6o-runotorndeckux pactsopoB (0,10-0,12 M xmopunma Hatpusi), BO3ACHCTBHH
JKUBOTHBIX WM PACTHUTENHHBIX JIGKTUHOB, a TaK)XKe HEKOTOPHIX HAHOYACTHII, B
MEepBYIO0 OYepeib, HA OCHOBE OKCHIAa KPEMHHMs. YCTaHOBJIEHO, YTO CYOCTparThl,
HACBILICHHBIE OKCHUAOM KPEMHHS, PE3KO YBEJIMUMBAIOT POCT JIaMEJUIbl OHOJIOTH-
YECKU aKTHBHBIX TpoMOoIuToB. KpoMe Toro, ycraHoBiieHa BO3MOXKHOCTh MPE-
CTUMYJISLIMK TPOMOOILIMTOB YEJIOBEKa C MOMOIIBbI0 HU3KOMMITYJIbCHOTO JIa3€PHO-
ro M3JIyYeHHs] B KpacHOM auanasone. I1o HammM HaOIIOAEHHUSM, IIPU BO3JEH-
CTBUU JIA3€PHOTO CBETa C JUIMHOM BOJHBI 630-637 HM B TedeHHE KOPOTKOTO Bpe-
MeHH (10 5 MUH) in Situ TPOMOOIMTEI, HACKHIIIICHHEIC TPaHyJIaMH, MCHSIOT CBOIO
(hopMy, cTaHOBSCH OoJiee pacIiacTaHHBIMH, W TPU HAHECCHUH HA aTre3WBHEIN
cyOcTpat akTUBHO (DOPMUPYIOT JIAMEILTY, IIEPEX0Isl B COCTOSHUE PaHHEH CTaIun
aktuBand. [Ipu 3TOM OBICTPOW AErpaHyNISIHANA TPOMOOIIMTOB HE MPOUCXOMIUT.
Panee Hamu OBLIO TIOKA3aHO, YTO TPOMOOIMTHI PAHHEH CTAJAHU AKTHBALIUU MOTYT
OBITH CTAOMIM3MPOBAHBI B TAKOM COCTOSHMM M MOTYT COXPaHSTh CEKPETOPHBIE
rpaHyJibl B CBOEM COCTaBe B TEUCHHUE JIMTENHLHOIO BpeMeHH. [IpencTumynsius
TPOMOOIIMTOB C MOMOIIBIO OOJYYSHHUs] KPACHBIM CBETOM MO3BOJISIET YCKOPHUTH
aAre3uro TPOMOOIMTOB Ha cyOcTpaTe, UTO YIPOIIaeT MpoIenypy UX NalbHeH-
mel crabmnu3amuu. B oTCyTcTBHE CTaOMIM3AIlK BBICOK PHCK BBEIMBIBAHHUS H
MOTEepH KOMIIOHEHTOB rpaHyia. IlosTomMy mipm co3maHuM  TpOMOOUHT-
HaCBIIEHHBIX MAaTPUKCOB HEOOXOIMMO COBMENIaTh MHHUIMALMIO JIAMEII0o00pa-
30BaHUS M CTAOMIIN3AIMIO TPaHyJl B COCTaBE TPOMOOIIUTOB.

FACTORS, INITIATING LAMELLA FORMING
IN HUMAN PLATELETS
M.S. Makarov
N.V. Sklifosovsky Research Institute for Emergency Medicine of Moscow
Healthcare Department, Moscow, B. Sukharevskaya, 3, Russia

Human platelets’ contact with substrate is followed by active cytoskeleton
reorganization, involving actin-myosin complex, spectrin, microtubules. During
adhesion the most effective platelets form wide lamella around cell perimeter.
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Lamella enhances platelet attachment with substrate and other platelets, uprais-
ing velocity of common platelet activation and aggregation. Even though, that
platelet lamella has functional necessarily, many normal platelets do not form it
fluently. This effect is based on work of different factors (RhoA, Rac, PTP18).
controlling cytoskeleton reorganization. In norm these factors stimulate major
ways of platelet activation, but, on the other hand, they may reduce actin
polymerization. Thus, phosphorylated form of RhoA stimulates exocytosis of
platelet secretor vesicles (granules), whereas non-phosphorylated RhoA stimu-
lates lamella growth without rapid degranulation. So, creation of platelet-rich
matrixes needs to stimulate platelet spreading without degranulation, i.e. needs to
initiate lamella forming. In norm anti-spreading effect RhoA, Rac, PTP18 is reg-
ulated by calpain proteins. Calpains may be inhibited by specific drug agent
MDL. In presence of MDL mean square of spreading platelets rises at 3 times.
But in vitro MDL treatment needs detergent using, that may be rejected in bio-
medicine. According to our study, one could find different non-canonic factors
of platelet activation, which could enhance lamella growth. For example, low-
hypotonic measures (0,10-0,12 M of sodium chloride) significantly increase arca
of platelet cover. Similar effect is proved by mammalian and plant lectins and
several nanoparticles, especially silicate oxide. It was shown, that silicate oxide —
filled matrixes mainly enhance platelet lamella growth. What is more, human
platelet could be pre-stimulated with low-dose laser excitation at red zone (630-
637 nm). Human platelets, irradiated with red laser at about 5 min, change their
shape and form prominent lamella without rapid degranulation, becoming plate-
lets at early activation stage. We found, that such platelets could be stabilized
and maintain their granules for long time. Laser pre-stimulation allows to in-
crease velocity of platelet spreading, conforming their stabilization. In absence of
stabilization platelet granules could be lost and disappeared. So, creation of
platelet rich-matrixes for biomedicine cases needs combining lamella initiation
ant platelet granule stabilization.

®YHKIIMOHAJIbHOE B3AUMO/JENCTBUE
Na,K-AT®a3s1 U KJIAYJIUHOB
A.I'. Mapkos, U.U. KpusBoii
Canxm-IlemepOypeckuii 20Cy0apcmeenHulil yHugepcumen,
Canxm-Ilemepoype, Ynusepcumemckas nao. 7/9, Poccus

Na,K-AT®aza — ¢depmeHTHasE cucTeMa, IMOIACPKUBAONIAs TPAHCMEM-
6pannbie rpaauentsl Na~ u K’ 3a cdeT akTHBHOTO TPaHCHOPTA THX HOHOB, YTO
obecrieunBaeT MEMOPAaHHBIN MMOTEHIHAI M BO30YIMMOCTB, a TAKKe PsI APYTHX
TpaHCTIOPTHBIX MexaHu3MOB KieTku. Na,K-AT®da3za cocTouT M3 TpaHCIOPTHOMH
anbda-cCyObeIMHALEI, OeTa-CyObeIMHUIIBI, a TaKKe BKIIIOYAeT OEJOK ceMeicTBa
FXYD, sBasromuiicst MoaynsitopoM aktiuBHOCTH (epmenta (Clausen et al., 2017).
Bnaronaps psiny crpykrypubsix nomeHoB Na,K-AT®daza ciocobHa oO6pa3oBbIBaTh

162



MYJIBTHMOJIEKYJISIPHBIE KOMIUIEKCHI C MEMOPAHHBIMHU M IIUTOCKEIETHBIMH O€IKaMu
W yJacTBOBaTb B KadecTBe ckaddonma B (OpMHUPOBAHHHN (PYHKIIMOHATBHBIX
MHKPOKOMITAPTMEHTOB KJIETKH 1 B MEXKKJICTOUHBIX B3aUMOICHCTBHUSX.

WurerpanbHble O€NIKK M1a3MaTHYECKOH MEMOpaHbl CeMecTBa KiayIu-
HOB (24 uieHa ceMelCTBa) BXOJIIHME B COCTAB CTPYKTYPHI IUIOTHBIX KOHTAKTOB,
SIBJISIFOTCSL OCHOBHBIMH MOJIEKYJIIPHBIMH JICTEPMHHAHTAMH, ONPEACIISIOIINMHE
MapaneUIIoJSIPHYI0 POHUIAEMOCTh M OaphepHBIC CBOMCTBA SIUTEIHAIBHBIX
TKaHeW: snuTenus, sHporenust U Mezoresus (Zihni et al. 2016). MccnenoBanue
(GyHKIMIA 3THX OENKOB JICKUT B OCHOBE NOHMMAHMs BEKTOPHOCTH TPaHCIIOPT-
HBIX IIPOIIECCOB B IUTEINH, a TaKkKe B (DyHKIMOHHMPOBAHWM TKAHEBBIX Oaphe-
POB, KOTOpPBIE OTAENISIOT BHYTPEHHIOIO Cpely OpraHW3Ma OT OKpY’Karomen cpe-
I ¥ 00eCIIeunBa0T KOMIAPTMEHTAIN3AIMIO MPOLIECCOB, MPOTEKAIONINX B pa3-
JWYHBIX OpTraHax.

Hogelimue nannele cBuaerenbcTBYIOT, yTo Na,K-AT®a3za HE TOJIBKO
KPUTHYECKH BaXKHA JJIS MOAJEPKAHUS MOJSIPHOCTH U TpaHCIOpTa yepe3 AIHTe-
JMabHbIE KIIETKH, HO Y4aCTBYET TakKe B ()OPMUPOBAHUH TUIOTHBIX KOHTAKTOB H
B PEryJSILUH UX CTPYKTYpBl U IPOHUIIAEMOCTH 32 CUeT (PYHKIIMOHAIBLHOTO B3aH-
mozeiictBus mexay Na,K-ATdazoit u knayaunamu (Dietze et al., 2015). Oc-
HOBHBIM HMHCTPYMEHTOM HCCJICOBAHHS 3TOTO B3aMMOACHUCTBHS SIBJISETCS CIIe-
muduueckuit narnouTop Na,K-ATda3pr yabanH. BHekiieTouHble Y4acTKH ajb-
ta-cyorenuaumpl Na,K-AT®Dazer popMupyIOT crienu(pUIeCKAN pelenTop s
JUTUTAIMCONIONO00HBIX JIMTAH/IOB PACTUTEIBHOTO M )KUBOTHOTO MPOUCXOKACHHS
(yabauH, MapuHOOy(areHMH W 1p.), KOTOPBIE HMEIOT CXOAHYIO CTEPOHIHYIO
ctpykTypy (Lingrel, 2010). 13 pa3nuyHbIX TKaHEH 1 OMOIOTHIECKUX KUAKOCTCH
JKMBOTHBIX M YEJIOBEKA BBIZEICHBI SHJIOTCHHBIE aHAIOTH yabanHa U APYTUX clie-
muduueckux muranaoB Na,K-ATdaze1. KoHneHTpaIys 3HI0TeHHOTO ya0anHa B
TUTa3Me KPOBH M IepeOpOCTIHHAIBHOM KHUIKOCTH B HOPME JISKUT B HAHOMOJISIP-
HOM JMalla30HE KOHIICHTPALNii, HO BO3pAcTaeT MpH Pse MaTO(PU3NOIOTHIECKUX
COCTOSIHMH. DHAOTEHHBIH yabauH CHHTE3UpYyeTCS B KOpPE HAANOYCYHUKOB U B
TUIIOTAJIAMyCE M MPEAIOIaraeTcs, YTO 3TOT LUPKYIUPYIOIIUHA JIUIaHA MOKET
JeficTBOBaTh Kak TopmoH (Blaustein, 2018).

B ombiTax ¢ kymeTHBupoBanueM kietok IPEC-J2 mokazana croco0-
HOCTb yabanHa B HAaHOMOJISIPHBIX KOHLEHTpALUsIX 3()(EKTHBHO BIUATH HA IPO-
HHUIIAEMOCTh JIHTEINIUS HE TOJBKO B YCIOBHUSIX YK€ C(HOPMHPOBABILIETOCS MOHO-
CJIOS KJIETOK, HO M Ha caM Iporecc GOpMHUPOBaHUS OapbepHBIX CBOWCTB AIHTE-
must. Ilockoneky xnetku guaun IPEC-J2 skcnpeccupyroT KiaayAHHBI, IpeUMY-
LIECTBEHHO YMEHBIIAIOIUE MPOHUIIAEMOCTh SIMUTENNS], 3TU KIETKH MOXKHO pac-
CMaTpuBaTh KaK MOTCHIIMAJIBHO IEPCHEKTHBHYIO MOJENb IS M3ydeHus (QyHK-
nnoHanpHOro B3auMoaeicteus Na,K-AT®da3bl 1 0THOPOAHOIO CHEKTPA YIUIOT-
HSIOIIUX KJIAYHHOB.

OO6cyxgaeTcss BO3MOXKHOCTh peanm3alud dPPEKTOB HAHOMOISPHBIX
KOHIIeHTpanuii yabamna gepe3 aktuBanuio Na,K-AT®da3sl 1 n3MeHeHHe HOHHO-
ro Oamanca. OpHaKo WMEIOIIUECS IaHHBIE TIOATBEPXKIAIOT CKopee Src-
3aBUCHMBIH CUTHAJIBHBIF MEXaHN3M perysisiiuy (EeHOTHIIA STUTENHS yaOanHOM.
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FUNCTIONAL INTERACTION BETWEEN
Na,K-ATPase AND CLAUDINS
A.G. Markov, LI Krivoi
St. Petersburg State University, St. Petersburg, University emb., 7/9, Russia

Na,K-ATPase is an enzyme that maintains Na+ and K+ ion gradients across
plasma membrane by active transport thus providing membrane potential, excitabil-
ity and the number of other cell transporting mechanisms. Na,K-ATPase consists of
transporting alpha-subunit, beta-subunit and includes FXYD protein considered to be
a modulator of enzyme activity (Clausen et al., 2017). Owing to a series of structural
domains the Na,K-ATPase is capable of forming multimolecular complexes with
membrane and cytoskeletal proteins and participating as a scaffold in formation of
functional cell microcompartments and in intercellular interactions

The integral proteins of the plasma membrane of the claudins family (24
family members) that form the tight junction are the main molecular component
that determines the paracellular permeability and barrier properties of epithelial
tissues: epithelium, endothelium and mesothelium (Zihni et al., 2016). Investiga-
tion of claudins function is necessary for understanding of transport process in
epithelium and functioning of tissues barrier, which act as a surface structure
between environment and internal milieu and form the basis for compartmentali-
zation of processes.

While the Na,K-ATPase is critical for the polarity and vectorial
transport across epithelial cells, modern data indicates an additional role in the
formation of tight junctions and in the regulation of tight junction structure and
permeability due to functional interaction between Na,K-ATPase and claudins
(Dietze et al., 2015). Ouabain, specific Na,K-ATPase inhibitor, serves as the
main tool in such investigations. Extracellular loops of the alpha-subunit of
Na,K-ATPase form a specific receptor for digitalis-like ligands of plant and ani-
mal origins (ouabain, marinobufagenin etc), which share a similar steroid struc-
ture (Lingrel, 2010). An endogenous analogs of ouabain and other specific lig-

164



ands of Na,K-ATPase have been isolated from various tissues and biological
fluids of animals and humans. The concentration of endogenous ouabain in the
blood plasma and the cerebrospinal fluid is normally in the nanomolar concentra-
tion range, but can increase under a number of pathophysiological conditions.
Endogenous ouabain was found to be synthesized in the adrenal cortex and the
hypothalamus raising the possibility that this circulating ligand may act as a
hormone (Blaustein, 2018).

In experiments with the cultivation of IPEC-J2 cells, the ability of oua-
bain in nanomolar concentrations to effectively influence epithelial permeability
was demonstrated. This effect was observed not only in the conditions of an al-
ready formed cell monolayer, but also in the process of formation of barrier
properties of the epithelium. Since IPEC-J2 cells express claudins, which pre-
dominantly reduce the permeability of the epithelium, these cells can be consid-
ered as a potentially promising model for studying the functional interaction of
the Na,K-ATPase and the uniform spectrum of sealing claudins.

The possibility that effects of nanomolar ouabain concentrations are re-
alized via activation of the Na,K-ATPase and changes in the ionic balance is
discussed. However, the available data confirm the Src-dependent signaling
mechanism of epithelial phenotype regulation by ouabain.

Supported by RSF grant Ne 18-15-00043.
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BJIMSIHUE B-HEIU TPOIIOMHUO3UHA
HA CBOMCTBA TOHKOI HUTU U XAPAKTEPUCTHKHA
AKTHH-MHO3UWHOBOI'O B3AUMOJIEMCTBHSI B MBIIIIE
AM. Manomemcol’z, A.C. .JIOFBI/IHOBal’z, J.B. I[lemcvml,

I'.B. Kom,monal, JA.HN. ﬂeBHHKMﬁz, C.I10. Bepun»uucmﬁ1
lI/IHcmumym ummyrnonoeuu u gusuonoeuu YpO PAH, Examepunbype, Poccus;
2I/IHcmumym ouoxumuu um. A.H. Baxa, ®UL] 6uomexnorocuu PAH,
Mockea, Poccus

Henpro paboThl OBLIO WCCICAOBAHUE TOTO, KaK [3-IIEMb B COCTaBE MOJIC-
Kylnbl  TPONOMHO3WHAa MOAW(MUIMPYET CBOMCTBA TOHKOH HHUTH H
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XapaKTePUCTUKH aKTHH-MHO3HHOBOTO B3amMmopeiictus. st atoro B in Vitro
TTOJIBHKHOU cucreme 3apETUCTPUPOBAHEI CKOpPOCTH CKOJIBXKCHUS
PEKOHCTPYHPOBAaHHBIX TOHKHX HHTEH, COCTOSIMNX W3 (PUIaAMEHTapHOTO
aKTHHA, CKEJIETHOTO TPOIIOHWHA U TPEX Pa3HBIX TUMEPOB TPONOMHO3UHA, O- U
B-romomumepoB u of-reTepoarMa, MO MOBEPXHOCTH C MMMOOHMIN30BAaHHBIM
CKEJIETHBIM MHO3WHOM. Pe3ysbTaThl NOKa3bIBAIOT, YTO NPUCYTCTBHE [-LIeNU B
MOJIEKYJIE TPOINOMHO3HMHA, KaK B TOMO-, TaK M B TE€TEPOJMMEPE CHHKACT
MaKCUMaJIbHYI0 CKOpPOCTb CKOJIBKEHHMS TOHKHX HHUTEH TI0 CKEJIETHOMY
MHO3MHY W €€ KalbIIMeBYI0 WYYBCTBUTEIBHOCTb. lIpM 3TOM KanblueBas
YyBCTBHTEIBHOCTD O -TreTepoaumepa u B3-romoaumMepa OIHHAKOBA.

C mnoMoIpio JBYXJIy4eBOW ONTHYECKOW JIOBYHIKH M pPa3pabOTaHHOTO
Hamu Metona (Nabiev et al., Biophys. J., 2015) 6bu1a u3mMepeHa U3ruOHast xect-
KOCTh TOHKMX HHUTEH C TEMH K€ AUMEpaMu TPOIIOMHO3WHA. YCTAaHOBIICHO, YTO
HanOoubIIei N3rMOHOM KECTKOCTBIO M MAaKCUMAJILHOH CKOPOCTBIO CKOJIBKEHHUS
o0JIalaloT TOHKHME HWTH, COJCpKalle O.-TOMOJVMEpP TpPOIIOMHO3MHA, a
HanMEHBIINMH — B-roMouMep. TOHKHE HUTH ¢ Of-TeTepoauMepOM ITOKa3bIBa-
0T IPOMEXYTOUHBIE 3HaYEHHsI 000MX 3TUX ITapaMeTPOB.

MexaHuyeckasi IPOYHOCTh aKTHH-MHO3UHOBOTO KOMILIEKCA U JUIUTEIb-
HOCTh OJMHOYHOTO B3aMMOJICHCTBHS TOJIOBKM MHO3HHA C PEKOHCTPYHPOBAH-
HOE TOHKOHM HHUTHIO C MCCIEIyEMBIMH AUMEPaMHU TPOIIOMUO3HMHA, H3MEPCHHBIC
ONITHYECKOH JIOBYHIKOH, NMPSIMO KOPPEIUPYIOT ¢ M3TMOHOMN >KECTKOCTHIO TOH-
KOH HHUTH, KOTOpasi, B CBOIO OYEPE/Ib 3aBUCHT OT XapaKTEPHUCTUK TPOIOMHUO3H-
Ha B €€ CoCTaBe.

HccnenoBano BiusHME MHonatudeckux myranuii R133W u N202K B
B-menu TporOMHO3MHA Ha XapaKTEPHCTHUKH B3aUMOJICWCTBHUS TOHKHX HHUTEH
CO CKEIICTHBIM MHO3MHOM. B skcriepuMenTtax B iN Vitro moaBmxHOW cucTeMe
oOHapyXeHO, YTO 3TH MyTalMu Kak B Pf-romomumepe, Tak U B Of-
reTepoAuMepe IpaMaTHYeCKHd CHIDKAIOT MaKCHMAaJbHYIO CKOPOCTh CKOJBXKE-
HUSI TOHKUX HHUTEHl MO OBICTPOMY CKEJIETHOMY MHO3HMHY M €€ KaJbLUEBYIO
YYBCTBUTEIHHOCTD.

[omydeHHble TaHHBIC MOKA3bIBAIOT, YTO CBOMCTBA Of-rerepoiuMmepa c
MHONATUYECKHUMU MYTalMsAMHM 3HAYUTEIBHO OTIMYAIOTCS OT CBOWMCTB [f3-
roMoZHuMepa ¢ TaKMMH e 3aMeHaMH. Pasnnune B cBoiicTBax off-rereponumepa
1 0L0-TOMOANMEpPA YKa3bIBaeT Ha (PU3UOIOTHUECKYI0 HEOOXOIMMOCTh 00pa3oBa-
HUSI TeTepoanMepa. Pe3ynbTaThl JEMOHCTPUPYIOT TakKe, YTO OLf3-reTepoaumMep
OTJINYACTCS OT OLO-TOMOJMMEpA IO PETYJIITOPHBIM CBOMcTBaM. MakcumaibHas
CKOPOCTB CKOJILKCHHSI TOHKUX HUTEH C Of-reTepoanMepoM TPOIIOMHUO3HHA H €€
KaJbLMeBasl YyBCTBUTEIBHOCTh OBUIM MEHBILE, YEM C OL0L-TOMOJMMEPOM. DTH
pas3yInygus MOTYT UMETh BaXKHOE 3HA4EHHE JUIs PaOOTHI CKEJIETHBIX MBIIIL, KOTO-
pBIe TIOJBEPraloTCcs Pa3lUYHBIM Harpys3kam. PasHuiia B cofaepKaHUU TeTepoIH-
Mepa B CKEJICTHBIX MBIIIIAX MOXET ObITh OJHMM M3 MEXaHHW3MOB, KOHTPOJIUPY-
oKX (QYHKIIMOHUPOBAHNE UX PA3HBIX THIIOB.

PaboTta momnepsxana nmporpammoit AAAA-A18-118020590135-3.
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THE EFFECT OF THE TROPOMYOSIN B-CHAIN

ON THE PROPERTIES OF A THIN FILAMENT
AND THE CHARACTERISTICS OF THE ACTIN-MYOSIN

INTERACTION IN MUSCLE
A.M. Matyushenko'?, D.S. Logvinova"?, D.V. Shchepkin',
G.V. Kopylova', D.L Levitsky?, S.Y. Bershitkiy'
'Institute of Immunology and Physiology RAS, Yekaterinburg, Russia;
*A.N. Bach Institute of Biochemistry, Research Center of Biotechnology RAS,
Moscow, Russia

The work aimed to study how the -chain in the tropomyosin molecule
modifies the properties of a thin filament and the characteristics of the actin-
myosin interaction. For this, the sliding velocity of reconstructed thin filaments
consisting of filamentary actin, skeletal troponin, and three different tropomyosin
dimers, a- and B-homodimers and af3-heterodimer, over the surface with immo-
bilized skeletal myosin was recorded in an in vitro motility assay. The results
show that the presence of the B-chain in the tropomyosin molecule, both in the
homo- and in the heterodimer, reduced the maximum sliding velocity of thin
filaments along the skeleton myosin and its calcium sensitivity. The calcium
sensitivity of the af-heterodimer and Bf-homodimer was the same.

Using a two-beam optical trap and the method we developed (Nabiev et al.,
Biophys. J., 2015), the bending stiffness of thin filaments with the same tropomyo-
sin dimers was measured. It has been established that thin filaments containing
tropomyosin o-homodimer have the highest bending stiffness and maximum slid-
ing velocity, and those containing 3-homodimer have the lowest one. Thin threads
with af}-heterodimer showed intermediate values of both of these parameters.

The mechanical strength of the actin-myosin complex and the duration of
a single interaction of the myosin head with the reconstructed thin filament con-
taining the tropomyosin dimers measured by the optical trap, directly correlate
with the bending stiffness of the thin filament, which in turn depends on the
characteristics of tropomyosin in its composition.

The effect of myopathic mutations R133W and N202K in the -chain of
tropomyosin on the interaction characteristics of thin filaments with skeletal my-
osin was studied. In the in vitro motility assay experiments, it was found that
these mutations both in the Bf-homodimer and in the af-heterodimer dramati-
cally reduce the maximum sliding velocity of the filaments over fast skeletal
myosin and calcium sensitivity of the velocity.

The data obtained show that the properties of the af-heterodimer with
myopathic mutations are significantly different from the properties of the Bf3-
homodimer with the same substitutions. The difference in the properties of the
af-heterodimer and the o.a-homodimer indicates the physiological necessity of
the formation of a heterodimer. The results also demonstrate that the of3-
heterodimer differs from the oa-homodimer in its regulatory properties. The
maximum sliding speed of thin filaments with tropomyosin afj-heterodimer and
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its calcium sensitivity were less than that with a.o-homodimer. These differences
may be necessary for the performance of skeletal muscles that are subjected to
various stresses. The difference in the heterodimer content in skeletal muscle can
be one of the mechanisms controlling the functioning of their different types.

The work is supported by the program AAAA-A18-118020590135-3.

POJIb TPAHCKPUIIIINU B PETYJISIHUU COAEPKAHUSA
BBICOKOITPEACTABJIEHHBIX BEJIKOB
B CKEJIETHO#M MBIIIIIE YEJTOBEKA
ILA. Maxnoncxm‘il, B.T. 3r01132, I.P. Ta3u3oBa’ , E.A. I[laruMapnaHOBa3 s
E.A. JIbicenko"*, O.A. I'yces’, /I.B. ITonos"*
YUnemumym meouro-6uonozuueckux npotiem PAH,
Mocxea, Xopowesckoe wocce, 76A, Poccus
2HUH 6uomeduyuncroti xumuu umenu B.H.Opexosuua,
Mocxea, Tlocoounckas ynuya, 10, Poccus
3Kaszanckuii pedepanvhpiii ynusepcumen,
Kaszanw, Kpemnesckas yruya, 18, Poccus
*MTY umenu M.B. Jlomonocosa,
Mocxea, Jlomonocosckuii npocnexkm, 27-1, Poccus

Lenp paboThl — COMOCTaBUTH BBbI3BAHHBIE adpPOOHON TPEHUPOBKOH M3Me-
HEHUsl TMpoTeoMa C M3MEHEHUSIMH TPAHCKPUIITOMa B CKEJIETHOH MBIIIIE
YeJIoBeKa.

CeMb HETPEHHPOBAHHBIX MYXYHH B T€UEHHE 2 MECSILEB TPCHUPOBAINCH
Ha BesodpromeTpe (1 dac/meHs; mATH pa3 B Hemento). [lociae TPpEeHUPOBOYHOTO
neprosia, B 0a3anbHBIX MpobOax m. vastus lateralis ObITH OllEHEHBI M3MEHEHUS
IpoTeoMa W TpaHCKpunToma. JIisi OIEHKHM TPAHCKPHUITOMA HCIIOIB30BAIN
BBICOKOIIPOM3BOUTENIbHOE cekBeHnpoBanne MPHK, nist onenku mporeoma ObL1
NPOBEAECH NMaHOPaMHBIN MacC-CHEKTPOMETPUYECKUI aHaIN3 C MCIOJIb30BAaHHEM
n3obapudeckoit Metku iTRAQ.

Msl obHapyxuau okoio 800 OeskoB (IIaBHBIM 00pa3oM, BBICOKOIIPE-
CTaBJIEHHBIX), CPEIM KOTOPhIX OKoJO 400 3HAaUMMO YBENMYMIM COJCpIKaHHE
HocIie TPEHUPOBOYHOTO Teprosa. ToNbKO JUIs 4acTH U3 HUX YBEIMUYEHUE CO/Iep-
JKaHWA OeJIKa COMPOBOXKIAIOCH MOBBIIIeHHEM ypoBHS MPHK: 3Ta rpymma Osmia
CBs3aHa ¢ OelKaMy BHEKJIETOYHOTO MAaTpHKCA. 3HAYMMOE YBEIHMUCHUE COAEpIKa-
Hus Oenka rmpu Hem3MeHHoM ypoHe MPHK Habmromamoch ais TeHOB, KOAUPYIO-
WX MUTOXOHIPHAIBHBIE OSJIKH.

Taknm 06pa3oM, comepkaHHE BBICOKOIPEICTABICHHBIX MBIIICYHBIX Oe-
KOB, BBITIOJIHSIFOIMX Pa3IHIHbIC (DYHKIHH, PErYIHPYETCs MO-Pa3sHOMY: yBEIIHUe-
HHE COJCP)KaHUsI MUTOXOHJIPUAIBHBIX OCITKOB HE 3aBUCHT OT M3MEHEHUsSI COAEp-
xanust MPHK, To ecTb He peryiaupyercsi Ha ypoBHE TPaHCKPHIILIUH, B TO BpEMs
KaK YBEIIMUCHHE COJIEpKaHHs OEJKOB BHEKJICTOYHOTO MaTpUKCa PEryIHpYeTcs
Ha TPaHCKPHUIILMOHHOM ypOBHE.

Pabora nonnepxkana rpanrom POOU Ne 17-00-00308K(17-00-00242).
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THE ROLE OF TRANSCRIPTION IN REGULATION
OF HIGHLY ABUNDANT PROTEIN CONTENT
IN HUMAN SKELETAL MUSCLE
P.A. Makhnovskiil, V.G Zgodaz, G.R. Gazizova® , E.L Shagimardanova3,
E.A. Lysenko', O.A. Gusev®, D.V. Popov'*, O.L. Vinogradova*
YInstitute of Biomedical Problems of the RAS,

Moscow, Khoroshevskoe shosse, 76A, Russia
?Orekhovich Research Institute of Biomedical Chemistry,
Moscow, Pogodinskaja str., 10, Russia
®Kkazan Federal University, Kazan, Kremlyovskaya st., 18, Russia
*M.V. Lomonosov Moscow State University,

Moscow, Lomonosovsky Prospekt, 27-1, Russia

The aim of the study is to compare the changes of the proteome caused by
aerobic training with transcriptome changes in human skeletal muscle.

Seven untrained men performed aerobic training program for 2 months (1
hour / day; five times a week) on a cycle ergometer. After the training period, in
the baseline samples of m. vastus lateralis changes in the protecome and
transcriptome were estimated. High-throughput mRNA sequencing was used to
evaluate the transcriptome, and panoramic mass spectrometric analysis was
performed using the iTRAQ isobaric label to evaluate the proteome.

We found ~ 800 proteins (mainly highly abundant), among which about
400 significantly increased expression after the training period. Only for a part of
them, an increase in the protein content was accompanied by an increase in the
level of mRNA: this group was associated with extracellular matrix proteins. A
significant increase in the protein content with a constant mRNA level was
observed for genes encoding mitochondrial proteins.

Thus, the content of highly abundant muscle proteins that perform various
functions is regulated differently: an increase in the content of mitochondrial
proteins does not depend on changes in the content of mRNA, i.e. is not
regulated at the transcription level, while the increasing content of the
extracellular matrix proteins is regulated at the transcriptional level.

This work was supported by the RFBR grant No. 17-00-00308K (17-00-
00242).

BJIUSHUE L-APTUHUHA HA KAJIBITAUH-3ABUCUMYIO
JAET'PAJALIUIO BEJIKOB IUTOCKEJIETA U )KECTKOCTb
M.SOLEUS B YCJIOBUAX MOJEJIUPYEMOM HEBECOMOCTH
N.10. Mem,Hmconl, K.A. ]Jlap.nol, WM. Buxisinues™’ 5
C.A. TLIFaHOBl, B.C. lllenkman’

' 0Cy0apcmeeHHbIll HAYYHbLIL YeHmp POCCULICKOU pedepayuu
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B mocTypanbHO# MycKyIaType MIEKOIUTAONINX Ha (OHE PEeaTbHOW WIIH
MOJIEIMPYEMOIN TPaBUTAIMOHHON PA3rpy3KH MPOUCXOIUT Ma€HUE MBIIIEYHON
JKECTKOCTH. V3BECTHO, YTO OCHOBHBIM HCTOYHHKOM MBIIICYHON 3TaCTHIHOCTH
CUNTAETCS TUTUH U IPYTUE CTPYKTypHbIe Oesku (HeOynuH, anbda-aKTHHUH-2 U -
3, necmuH, TenetoHuH). [lokazano, yro NO,CHIKAFOIIUICS IPU BHIBEIIMBAHUY,
MOXET y4acTBOBaTh B PEryJsLMH OEIKOBOroO OOMEHa B CKEJICTHBIX MBIIIIAX
IyTeM MHTMOMpPOBAaHUS KalbNanH-3aBUCHMOM nerpananuu Oenka (Kanzaki K. et
al 1985, Y.N. Lomonosova et al. 2011). B cBsi3u ¢ TUM MBI IPEAIIONOKNIN, YTO
NO MoxeT ObITH CBsI3aH C peryisueld Meradoiau3Ma CTPYKTYPHBIX OEJIKOB B
YCIIOBHAX BBIBEIIMBAHUS 3aTHUX KOHEYHOCTEH. UTOOBI MCCIIeIOBATh ATY THUIIOTE-
3y, MbI 00pabaThIBaIM XUBOTHBIX MpenniecTBeHHUKOM NO L-apruamHOM BO
BpeMs (PYHKIIMOHATBHOW PasTpy3KH W OLEHUBAIN KOTHUYECTBO KapKacHBIX Oell-
KOB m. soleus.

Cawmpl kpeic Buctap Becom 180-200 r ObITH pa3/ieiieHbl Ha TPH TPYIIIIHL:
1) BuBapusiii koHTpOuIs (C), 2) 7HS — rpynmna 7-cyTouyHOro BBIBELIMBAHMS H 3)
HSA - rpymna 7-cyTOYHOTO BBIBEIIMBAHUS C €XKEJHEBHBIMH HHBEKIUSIMU L-
apruauHa (500 MI/Kr) B TeUeHHE mepuoja npoBeneHus skcnepuMenTta. C momo-
LIbI0 BECTEPH-OJIOTTUHIA OTPENENIIN coJlepKaHie OENKOB: anb(ha-aKTHHUHA-2
anb(a-aKkTHHUHA-3, HeOyJIMHA, a TaK e C MOMOIIBIO AeKTpodopesa - coaepxKa-
HHUE TEJCTOHMHA M JIECMHMHA B TOTAJIbHOW MbleyHol (pakuuu. ['pynmam C u
HS exemHeBHO BBOAMIM SKBHBAJICHTHYIO 103y (pu3pacTtBopa. [laccuBHYyIO *%ecT-
KOCTh MBIIIIl H3MEPSUTH ¢ MOMOIIbI0 ycTaHOBKH Aurora Scientific 1310A: mis
HM3MEPEHUH JKECTKOCTH Ha CYXOXKHJIHMSX MBIIINA TPUKPETUIAETCS K JATIHKY CHITBI
C OIHOTO KOHIIA ¥ K (DUKCHPOBAHHOMY KpETexy ¢ Apyroro. TOHYC MBIIIIBI M3~
MepsUICs MYTEM pacTsyKeHUs: MbILbl Ha 15% oT ontumanbHOU JuinHbL. Mcnoms-
30BaINCh MAKCHUMAaJbHBIE TOKa3aTeNHd CWIbl mocie 10 MoBTOPOB i KaKmOi
MBIIIIBI, TTOCIE Yero Opajyicsi CpeiHHH MOKa3aTelb CHJIbI, COOTHOCHUBILHUMCS C
TUTOIA/IBIO TIOTIEPEYHOT0 CEUCHHUS MBIIIIIBL..

[Tocne 7-cyTodHOro BHIBEIIMBAHMS MOKa3aHO, uyTo B rpymnne HS maccus-
Hasl )KECTKOCTh KaMOaJOBUIHOW MBIIIIEI cHU3mIachk (p<0,05) na 28% mo cpas-
HEHUIO ¢ KOHTPOJbHOU rpymnmnoit. st rpynmet HSA He HaOnromanoch CHIKEHUS
YKECTKOCTH TI0 CPaBHEHUIO C TPYMIIOi KOHTpoIs. [locie 7 cyToK OBLTO BBISBICHO
noctoBepHoe cHikeHne (p<0,05) ypoBHS comepxaHus anb(a-akTHHHHA 2 Ha
55% B TpyIIe BRIBEUINBAHUS 110 CPABHEHUIO C TPYMIIOH KOHTPOJSI, KOTOPOE OT-
CYTCTBOBAJIO B Irpymme ¢ BBeaeHueM L-aprunmHa. [Ipy 3TOM He OBLIO BBISBICHO
pa3iHumii B YpOBHE COJCPIKaHUS alb(ha-aKTHHUHA 3 MEXKIy BCEMHU IKCIICPUMEH-
TalbHBIMH Tpymmamu. Takxke, He ObUIO 0OHAPYKEHO AOCTOBEPHBIX Pa3IHUYUil B
YPOBHE JIECMHHA y TPYII KOHTPOJIS, BEIBEUINBAHUSA U C BBEJCHNEM L-apriuHnHa.
Opnaxo OBUTO BBISIBIEHO TOCTOBepHOE cHInkeHue (p<0,05) comeprkaHus TeneTo-
HuHa Ha 35% B rpymme BBIBEMIMBAHUSA MO CPABHEHHUIO C TPYIOW KOHTPOJIS.
JlaHHOE CHMXEHHuE MpeAoTBpalaioch BBeaeHueMm L-aprunuHa. Takke, BBeje-
HUe L-apruHMHA NPEenoTBPATWIO IMPOTEOIH3 THIAHTCKUX OEIKOB CcapKoMepa
THTWHA W HeOynmHa. beuto orMedeHo mocroBeprHoe cHmxkenune (p<0,05) comep-
xanust T1 m3odopmel TuTuHa Ha 20% B Tpynme BhIBEMIMBaHWS Ha (DOHE KOH-
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TpPOJIsi, KOTOPOE MPEeNOTBpaIaioch BBeAeHHeM L-aprunmna. Cogepxanue T2
n30(OpMBI TUTHHA JOCTOBEpHO yBenmuuBanoch (p<0,05) na 48% B rpynmne HS.
s neOynuna B rpymmne HS nabmromanocs (p<0,05) cHmkenune Ha 38%.

Takum 06pa3oM HamHu BIEpBbIe OblIa MOATBEPIK/IEHA THIIOTE3a O TOM, YTO
UCIONIb30BaHUE L-apruHuHa, 3a CYeT MPEJOTBPALICHUS KalbIIAMH-3aBUCHMOTO
pacra/sia IUTOCKEJIETHBIX OEIKOB IT03BOJIAET COXPAHHUTh XKECTKOCTh m.soleus.

Pabota nonnepsxana rpantom PODU 16-04-00529.

AN EFFECT OF L-ARGININE ON CALPAINE-DEPENDENT
DEGRADATION OF CYTOSKELETAL PROTEINS AND A STIFFNESS
OF M.SOLEUS UNDER GRAVITATIONAL UNLOADING CONDITIONS

LY. Melnikov', K.A. Sharlo', .M. Vikhlyantsev’”,
S.A. Tyganov', B.S. Shenkman'
YInstitute of Biomedical Problems, RAS, Moscow, Russia
%Institute of Theoretical and Experimental Biophysics RAS,
Pushchino, Moscow Region, Russia
*pushchino State Institute of Natural Sciences, Pushchino, Moscow Region, Russia

Passive stiffness was found to be decreased in mammals soleus muscle
under unloading conditions. It is known, that titin and other structural proteins
(nebulin, alpha-actinin-2 and -3, desmin, teletonin) is considered to be the major
source of muscle elasticity. It is shown that NO which decreases during unload-
ing may be involved in regulation of protein metabolism in skeletal muscle by
the inhibition of calpain-dependent protein degradation (Kanzaki K. et al 1985,
Y.N. Lomonosova et al. 2011). Therefore, we have supposed that NO can be
related to the regulation of structural protein metabolism upon hindlimb suspen-
sion conditions. To investigate this hypothesis, we treated animals with the NO
precursor L-arginine during functional unloading and estimated the content of
soleus muscle scaffold proteins.

Male Wistar rats weighing 180-200 g were randomly divided into three
groups: 1) vivarium control (C), 2) 7HS — hindlimb suspension for 7 days, and
3) HSA — hindlimb suspension for 7 days with daily L-arginine injections (500
mg / kg). Groups C and HS was treated with daily equivalent dose of saline. Al-
pha-actinin-2, alpha-actinin-3, teletonin and desmin content was measured in
total muscle fraction using Western blot. Nebulin and titin content was measured
using gel-electrophoresis. The passive muscle stiffness was measured using the
Aurora Scientific Dual-Mode Lever System: muscle was attached to a force
transducerwith one tendon and to a fixed hook from the other end. Muscle stiff-
ness was measured by stretching the muscle by 15% of the optimal length.The
maximum strength was measured after 10 repetitions and then normalized to
muscle CSA.

After a 7-day HS the passive soleus muscle stiffness was significantly
(p<0,05) decreased by 28% compared to control group, and there was no chang-
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es in HSA group compared to control group. After 7 days, there was a significant
(p<0,05) reduction in the of alpha-actinin 2 content by 55% in the HS compared
to control, which was absent in the group with L-arginine. It was also found a
similar decrease in the content of teletonin by 35% in the HS group compared
with the control group, which was tooprevented by the L-arginine treatment.
However, there were no differences in the alpha-actinin-3 and desmin content
among all experimental groups.

Also, the L-arginine injection prevented the proteolysis of giant sarco-
mere proteins titin and nebulin. A significant (p<0,05) decrease in the T1 titin
isoform content by 20% was noted in the HS compared to control, which was
also prevented by the L-arginine treatment. The T2 titin isoform significantly
increased (p <0.05) by 48% in the HS group. For nebulin in the HS group, a de-
crease of 38% was observed (p <0.05).

Thus, we confirm the hypothesis that using of L-arginine allow to main-
tain soleus muscle stiffness by preventing calpain-dependent degradation of cy-
toskeletal proteins.

This work is supported with RSSF grant 16-04-00529.

TAJTONNEPUI0J MOAYJIUPYET BJIMAHUE I''TYTOKCUMA
HA TPAHCIIOPT Na' B KOKE JISITYILIKH
A.B. Meabuunkas, 3.1. Kpyreukas, H.H. Kpyreukas, B.I'. AuToHoB
Canxm-Ilemepbypeckuii 2ocyoapcmeeHHblil YHugepcumem, Yrnugepcumemckas
nao. 7/9, Cankm-Ilemepoype, 199034 Poccus

Koxa amdpuOuii — K1accCHuecKuii MOJIEIbHBIA 00BEKT JJIST UCCIICOBAHUS
MEXaHU3MOB TPAHCIIOPTa MOHOB uepe3 OuosiorHueckue MemOpanbl. TpaHcmopT
Na“ B 0CMOpEryIHpyIOIIHUX MUTEIHUIX OPEACTABISET COOOH CIOKHYIO, MHOTO-
KOMITOHEHTHYIO CHUCTEMY, pad0oTa KOTOpOi oOecredrBaeT CO3JaHue M MOAJep-
JKAQHHUE JJICKTPOJIMTUYECKOTO ¥ BOJHOTO TOMEOCTa3a. PasnmuuHble OEIKOBEBIC
KOMIIOHEHTBI 3TOW CHCTEMBI MOTYT SIBIISTHCS MHUIIEHBIO JJISI OKHCIHTEIBHOTO
crpecca. Panee [1] Hamu Gb1I0 06HAPYKEHO, YTO TpaHCTIOPT Na~ B KOXKe JIATYII-
KA MOIYTHPYETCS Pa3INIHBIMU OKHCIIFOIIAMH M BOCCTAHABIMBAIOMIMMHU areH-
TamMH. BriepBeie Ob1TO TIOKa3aHO, 9TO OKHCICHHBINA riryTatnoH (GSSQG) u mpema-
par tayrokeuM® (auHatpueBas cons GSSG ¢ HanomoGaBko# d-meTana,
“O©APMA-BAM”, Poccusi), mpuiiokeHHbIe K 0a30JiaTepalbHOM MOBEPXHOCTH
KOXKHU JIATYIIKH, UMUTUPYIOT NCHCTBHE MHCYJIMHA U CTUMYIUPYIOT TPAHCAIUTE-
muanbHEI Tpaacnopt Na'. Curma-1 penentops! npeicTaBisioT co00il yHHKAb-
HBIC JIMTAHJIPETYIUPyEeMbIe MOJICKYIISIPHBIC IIATICPOHBI, JOKAIH30BaHHBIC KaK B
I1a3MajeMMe, TaK U B MeMOpaHe IHOIUIA3MAaTHYSCKOTO PETHKYIIyMa Ha TPaHu-
[Ie ¢ MUTOXOHJPUSMHU. ITH PEIENTOPHI MIUPOKO IKCIPECCUPOBAHBI B IICHTPAIb-
HOW HEPBHOW CHCTEME W B MEPUPEPUUCCKUX TKAHIX, B TOM YHCJIC B KIETKaX
MTOYKU W TiedeHH [2]. VX nuranmamu sSBISAIOTCSA SHAOTCHHBIE CTEPOMIBI, aHTHIe-
MIPECCAHTHI, AHTUIICHXOTHYECKUE, TPOTHBOCYIOPOKHBIE ¥ AaHAJIbIECTHUCCKHE
cpenctBa [3]. Curma-1 pementopsl B3aWMOJCHCTBYIOT C MHOTOYHMCIICHHBIMH
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OeKaMU-MHUIICHSAMH, BKJIIOYas HOHHBIE KaHANBI M PEHENTOPhl, a TaKXKe yJ4acT-
BYIOT B MOAYJISILIMN MHOTHX KJIETOYHBIX TporieccoB [4]. Panee nHamu Ob1IO MOKa-
3aHO, YTO aHTATOHHCT PEUENTOPOB CHIMa-1 TalonepuIoI MOIaBIsIeT TPAHCIIOPT
Na' B koxe asarymku [5]. B cBS3M ¢ 3TMM, IPEICTABIANOCH 1IEIECO0OPa3HBIM
UCCIIEIOBATh y4acTUE CUTMa-1 perenTopoB B PEryysiliUM TIYTOKCUMOM TPaHC-
nopra Na' B KOXe NArymky. B skcrepuMeHTax MCIONb30BaId AHTArOHHCT CHT-
Ma-1 penenTopoB — HEHWPOJIENTHK TAJOIECPUIOI, IMIUPOKO HCIOIb3YEMBIH MPHU
JICUCHUH IIU30()PECHUH.

Matepuajbl 1 MeToAbl. ONBITH POBOIMIN Ha caMIlax JIATYIIKH Rana
temporaria. [[ns peructpaimu BOJBT-aMIIEPHBIX xapakTepucTuk (BAX) koxu
JTYIIKA FCTIONB30BAIM aBTOMAaTH3UPOBAHHYIO YCTAaHOBKY (PMKCAIIMU TTOTCHIU-
ana. B uaTepBanax mexmay n3MepeHusMu BAX TpaHCIHUTEHANBHBIA TTOTCHIU-
an (V1) xoxu nogaepxuBanu npu 0 MB (pexuM KOPOTKOTO 3aMBIKaHHS) HIIH
Mpu noTeHuuane oTkpeITod nenu Voc (Voc = V1 Ipu TpaHCOINUTETUATILHOM TO-
ke It = 0). U3 BAX onpenensii 3JeKTpHIeCKHe MapaMeTpbl KOXKH: TOK KOPOT-
koro 3ambikaHus Igc (Isc = It mpu V= 0), Voc U TpaHCOINHUTENHAIBHYIO TPOBO-
auMocTh gr. TpascmopT Na' OIeHHMBamM Kak aMHIOPHI-UyBCTBUTENBHBIN Igc.
CraTHCTUYECKUH aHAIHW3 MPOBOIWIN ¢ puMeHeHHueM kputepus t CThromeHTa.
JlaHHBIEC TIPECTABIICHBI B BUJE X * Sy.

Pe3ynbTaThl M 00CyKIeHHe. 3HAUCHUS DIICKTPUICCKUX XapaKTCPUCTHK
KOXH JIATYIIKA B KOHTPOJIE COCTaBHIM (TI0 MaHHBIM 10 skcniepuMeHTOB): Igc =
24,46 + 4,08 MxA, Voc =— 80,67 = 12,35 MmB, gr = 0,27 + 0,12 MCwm. I'myTokcum
(100 MKr/™MIT), MPUIIOKEHHBIN K 0a30JaTepadbHOW TIOBEPXHOCTH KOXKH JISTYIIKH,
10106HO MHCYIIMHY, CTHMYIHpoBai TpaHcropT Na'. Ilocie nmpunoxenus riy-
ToKcuMa, Igc Bozpoc Ha 41,13 + 8,01 %; Voc — Ha 49,31 £ 8,34 %; BenmuunHa g
He u3MeHmIack. OOHapYKEHO, YTO 00pabOTKa KOXKH JIATYIIKH TaJIONePHI0IOM
CHIKAET CTUMYJIHpYIOIee BIUSHHUE ITyTOKCHMA Ha TpancropT Na'. B cpennem
(o mauHBIM 10 SKCIIEPUMEHTOB) MOCIE 00PaOOTKH AUKAIBHOW WK Oa3oare-
paNbHOHN TMOBEpXHOCTH KOXU 100 MKr/mi rajomepuaonia B TedueHue 30 MUHYT
mepe]] MPUIIoKEHHEM K 0a3oiaTepanbHON MOBEPXHOCTH KOxH 100 MKr/Mi rity-
TokcuMa Igc yBenmmuwmcs Ha 25,34 + 7,12 wmum 30,02 + 9,34 %, Voc yBenmuuics
Ha 32,19 + 8,41 unu 29,76 = 7,48 %, a gr — Ha 6,37 + 2,07 wiu 9,13 £ 2,09 %,
TIPU TPUIOKEHUH TaJIONEPUI0TIa CO CTOPOHBI allMKaIbHOW WK Oa3zoiaTepalib-
HOW MOBEPXHOCTH KOXH, COOTBETCTBCHHO. TakuM 0O0pa3oM, B HACTOSIIEH paboTe
BIIEPBBIC HA SMUTEIUH KOXHU JITYIIKM MMOKa3aHO, YTO AHTAarOHUCT PEIETITOPOB
curma-1 Trajmonmepuoa CHIDKACT CTUMYJIHPYIONISe BIHMSHUE TIYTOKCHMA Ha
Tpancriopt Na', uTO CBHIETENLCTBYET 00 yJacTHM PElenTopoB curma-1 B cur-
HAJIBHBIX KacKaJax, 3aIyCKaeMBIX TNIyTOKCUMOM B SIUTEIUH KOXH JISATYIIKH, U
IIPUBOIAMIMX K CTUMYJISIUK TpaHcropta Na'.
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HALOPERIDOL MODULATES THE EFFECT OF GLUTOXIM
ON Na" TRANSPORT IN FROG SKIN
A.V. Melnitskaya, Z.I. Krutetskaya, N.I. Krutetskaya, V.G. Antonov
Saint-Petersburg State University, 7/9 University emb.,
Saint-Petersburg, 199034, Russia

The skin of amphibians is a classic model object for studying the mecha-
nisms of ion transport through biological membranes. Na™ transport in osmo-
regulatory epithelia is a complex multicomponent system whose functioning
ensures the creation and maintenance of electrolytic and water homeostasis. Pro-
tein components of this system may be a target for oxidative stress. Previously
[1], we found that Na" transport in the epithelial cells of the frog skin is modulat-
ed by oxidizing and reducing agents. In the cited paper, we for the first time
showed that oxidized glutathione (GSSG) and drug glutoxim® (disodium salt of
GSSG with a nano additive of a d-metal, PHARMA-VAM, Russia), when ap-
plied to the basolateral surface of the frog skin, mimic the effect of insulin and
stimulate the transepithelial transport of Na'. Sigma-1 receptors are unique lig-
and-regulated molecular chaperones localized in endoplasmic reticulum mem-
branes at the interface with mitochondria. These receptors are widely expressed
in the central nervous system and in peripheral tissues, including kidney and liv-
er cells [2]. Their ligands are endogenous steroids, antidepressants, antipsychot-
ics, anticonvulsants, and analgesics [3]. Sigma-1 receptors interact with target
proteins, including ion channels and receptors, and modulate many cellular pro-
cesses [4]. We have previously shown that the sigma-1 receptor antagonist
haloperidol significantly decreases Na' transport in the frog skin epithelium [5].
In view of above, it was reasonable to study the possible involvement of sigma-1
receptors in the effect of glutoxim on Na' transport in the frog skin epithelium.
In experiments, we used the sigma-1 receptor antagonist neuroleptic haloperidol,
which is widely used for the treatment of schizophrenia.

Materials and methods. Experiments were performed on frog Rana tem-
poraria males. Frog skin electrical characteristics were measured with the auto-
matic device for voltage-clamp and registration of current-voltage relations (I-V
relations). To measure -V relations, transepithelial potential V1 was changed
periodically to a series of nonzero values. From skin -V relations the electrical
characteristics of frog skin were determined: the short — circuit current (Isc), the
open — circuit potential (Voc = V7 at the total transepithelial current - It = 0), and
transepithelial conductance (gr). The transepithelial Na' transport was measured
as amiloride — sensitive short — circuit current (Isc). Statistical analysis was per-
formed using Student’s t-test. The data are presented as X =+ s,.
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Results and discussion. The mean values of frog skin electrical charac-
teristics in control (from 10 experiments) are: Isc = 24,46 = 4,08 pA, Voc = —
80,67 = 12,35 mV, and gr = 0,27 £ 0,12 mS. Glutoxim (100 pg/ml), applied to
the basolateral surface of the intact frog skin, stimulated Na' transport. After
glutoxim application Igc increased in average by 41,13 + 8,01 %; Voc — by 49,31
+ 8,34 %; and gy did not change (the data from 10 experiments). We found that
the pretreatment of the frog skin with haloperidol (100 pg/ml) for 30 min before
the addition of glutoxim inhibited the stimulatory effect of glutoxim on Na'
transport. On average (the results of 10 experiments), after the preincubation of
the apical or basolateral skin surface with 100 pg/ml haloperidol for 30 min be-
fore application of glutoxim to the frog skin basolateral surface, Isc increased by
25,34 £ 7,12 or 30,02 + 9,34 %, Voc increased by 32,19 + 8,41 or 29,76 + 7,48
%, and gr — by 6,37 £ 2,07 or 9,13 + 2,09 % for the apical or basolateral applica-
tion of haloperidol, respectively. Thus, using frog skin epithelium, we have
shown for the first time that sigma-1 receptor antagonist haloperidol attenuates
the effect of glutoxim on Na" transport, which indicates the possible involvement
of sigma-1 receptors in the signaling cascade triggered by immunomodulator
glutoxim and leading to the Na" transport stimulation in the frog skin.
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TPULIUKJIMYECKHUN AHTUJAEINIPECCAHT AMATPUIITUINH
MOAYJHUPYET Ca’*-OTBETHI, UHAYIUUPYEMBIE
TTYTOKCAMOM 1 MOJIUKCAHOM B MAKPO®AT AX
JI.C. Muaenuna, 3.1. Kpyreukas, H.. Kpyrenkas, B.I'. AHTOHOB
Canxm-IlemepOypeckuti 20cy0apcmeennblil yHugepcumen,
Yuusepcumemckas nab., 0. 7/9, Cankm-Ilemepoype, 199034, Poccus

Peuenropsl curma-1 mpeacTaBisoT cOOOH YHUKAIbHBIC MOJCKYISPHBIC
HIalepoHBl B MEMOpaHe SHIOIUIA3MATHYCCKOTO PETHKYIyMa, MMEIOIINE YHU-
KaJbHYIO CTPYKTYpPY H (apMakoJorumdecKuii mpoduib. BeimonmHsas (yHKImH
IIANIEPOHOB, PELENTOPhl CUrMa-1 B3aUMOICWUCTBYIOT C O€JIKaMH-MHUIICHIMHU
(MOHHBIMH KaHaJAMH, PELENTOPAMHU U JIP.) U MOIYIHPYIOT MHOTHE KICTOYHEIC
MPOIIECCHI, BKIFOYAs IPOIIECCHI CaZ+-CPIFHaHPISaLII/IPI [1].
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Panee [2] mHamMu OBUTO BHEpBBIE MOKA3aHO, YTO AMCYIbPHUACOIACPKAIINC
MMMYHOMOJIYIISTOPH! TIYTOKCHM® (IHMHATpHEBAs COJb OKHUCIEHHOTO TIyTaTHO-
Ha ¢ d-meTtayioM B HaHOKOHIeHTparuu, «DAPMA-BAMy, Poccus) 1 MoJHK-
caH® (KOMIUIEKC TIIyTOKCHMa M Hykieo3uaa nHoznHa, «DAPMA-BAM») yae-
NIMYMBAKOT BHYTPHKJIETOUHYI0 KOHIeHTpauuo Ca>’, [Ca’'],, BbI3bIBasS MOOHIIU-
sammio Ca®’ w3 TancurapruruyBcTBUTEIbHBIX Ca’ -[€M0 U IOC/IeIy omHii 1ero-
3aBucuMsbIii Bxoa Ca’’ B mepuToHeanbHble Makpogaru Kpeic. B cBssu ¢ oTum,
NPE/ICTaBIUIOCH 1EJIECO00Pa3HBIM HCCIIEI0BaTh BO3MOKHOE y4acTHE PELeNTo-
poB curma-1 BO BIMSHMM TIyTOKCHMA M MoJuKcaHa Ha [Ca’'; B mepuToHeas-
HBIX Makpodarax.

B skcneprMeHTax HCMONIB30BAM arOHUCT PEIENTOpPOB curMa-1 — Tpu-
MUKITAYECKUA aHTHACTIPECCAHT AMHUTPUNTIIMH, IIHPOKO HCIIONB3YEMBIH IS
JICYEHHSI TPEBOXKHO-ICTIPECCUBHBIX COCTOSHUM [3]. DKCIepUMEHTHI TPOBOIIIII
Ha KYJIbTUBUPYEMBIX PE3UACHTHBIX IEPUTOHEATBHBIX Makpodarax KpwIC IOIy-
s Wistar, s u3MepeHus [Ca®"]; ucmonb3oBamm (hIyopecleHTHBIN 30H]
Fura-2AM («Sigma-Aldrich», CIIIA). [lonpoGHO mponenypa KyJabTHUBHPOBAHUS
MakpodaroB M OIHMCaHWE aBTOMATH3MPOBAHHOW YCTAHOBKU JUISI HM3MEPEHHS
[Ca®']; Ha Gase QuyopecuenTHOro MuKpockoma Leica DM 4000B («Leica Mi-
crosystemsy, I'epmanust) u3noxxeHsl HaMu panee [4].

B KOHTpOJBHBIX SKCIEPUMEHTaX OBbLIO MMOKa3aHO, YTO MHKYOAIMs Makpo-
(baros B Teuenne 20 muH ¢ 100 Mxr/mMi rryTokcuMa w100 MKT/MiI MOJIIKCaHa B
GecKaITbIHeBOIl Cpeie BBI3BIBACT MEUICHHO HapacTaiomee yenmuenue [Ca’']; ,
orpaxaromee Mobmmanmio Ca’ W3 BHYTPHKIETOUHBIX 1eno. IIpy BBEICHHH B
HapyXHYyI0 cpeny 2 MM Ca’" HaGmonanocs nampHeiimee mnoseimenne [Ca’']; |
otpaxaromee Bxox Ca’' B 1UTO30/1b. B HAIIMX SKCIEPUMEHTAX BIIEPBBIE OBUIO
oOHapyXeHO, 4TO MpenHKyOarus MakpodaroB ¢ 20 MKI/MJ aMHTPHUNTHINHA B
TeueHne 20 muH 1o BBegeHus 100 MKI/MII MIyTOKCHMA MPUBOJIIA K 3HAYUTEb-
HOMY MOJIaBICHMIO KaK MoOmmm3aiuu Ca’ 13 1eno (B CpeTHEM 110 JaHHBIM 7 SKC-
nepuMeHToB Ha 39,6 + 9,2%), Tak U MOCIEAYIOETO BXO1a Ca’'B KJIETKY (B cpel-
HEM IO JaHHBIM 7 3KCHEepUMEHTOB Ha 46,3 + 10,1%), uHAynHpyEeMBIX [ITyTOKCHU-
MoM. Cxo/iHbIe JaHHbIE OBUIM TOJy4EHbI B OIBITax 10 BIMSHHUIO 20 MKI/MII aMHUT-
purriimHa Ha Ca’'-oTBeTsl, BhI3bIBaeMbie 100 MKT/MI Monmkcana. Kpome Toro,
HaM¥ OBUTO MOKa3aHo, YTO nobaBieHue 40 MKT/MJI aMUTPHUNITHIMHA HA GoHE pas-
BuBIIerocs Bxoaa Ca’', MHIYIMPOBAHHOTO IIyTOKCHMOM HJTH MOJHKCAHOM, BBI-
3BIBAET 3HAYUTENFHOE (B CpEIHEM IO JaHHBIM 12 skcriepuMenToB Ha 67,8+15,0%)
T0IaBJICHHE [ICTI03aBUCHMOT0 Bxoaa Ca’’ B Makpodari.

Takum 00pa3oM, B HacTOSIIEH paboTe MBI BIIEPBHIE Ha MEPUTOHEATEHBIX
Makpodarax KpbIChl [T0Ka3ajH, YTO arOHHCT PEIENTOPOB CUrMa-1 TpUIMKINYe-
CKHil aHTHJIEPECCAHT aAMUTPHITHINH HojaBser o6e da3s Ca’-0TBETOB, BbI-
3bIBAEMBIX TIIyTOKCHMOM HWIIM MOJIMKCaHOM B Makpodarax. [ToiyueHHble Hamu
JIAHHBIE CBUJIETEIIHCTBYIOT O BO3MOYKHOM Y4YacTHH PELENTOpPOB CHrmMa-1 B KOM-
TUIEKCHOM CHUTHAJILHOM KackKaJle, 3allyCKaeMOM TNIyTOKCHMOM M MOJIMKCAaHOM M
npuBoAmEM K yBenuuenuio [Ca’']; B mepuTOHEAnbHBIX Makpodarax Kpeic. Pe-
3yJBTATHl YKa3BIBAIOT TAK)Ke HAa HEXKEIATEIHHOCTH COBMECTHOTO IPUMEHEHHS B
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KJIMHUYECKOW MPaKTUKE MPENaparoB INIyTOKCUM WM MOJIMKCAH M aHTHJIEIpec-
CaHTa aMHTPHUIITAIINHA.
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TRICYCLIC ANTIDEPRESSANT AMITRIPTYLINE MODULATES
Ca’ RESPONSES INDUCED BY GLUTOXIM AND MOLIXAN
IN MACROPHAGES
L.S. Milenina, Z.I. Krutetskaya, N.I. Krutetskaya, V.G. Antonov
Saint-Petersburg State University, University emb. 7/9, Saint-Petersburg,
199034, Russia

Sigma-1 receptors—molecular chaperones of endoplasmic reticulum
membranes—have unique structure and pharmacological properties. When func-
tioning as chaperones, sigma-1 receptors interact with the target proteins (ion
channels, receptors, etc.) and modulate many cellular processes, including Ca**
signaling [1].

Previously [2], we have shown for the first time that the disulfide-
containing immunomodulators glutoxim ® (disodium salt of oxidized glutathi-
one with an additive of a d-metal at a nanoconcentration, PHARMA-VAM, Rus-
sia) and molixan® (a complex of glutoxim and nucleoside inosine,
PHARMAVAM) increase the intracellular concentration of Ca®" ([Ca'];), caus-
ing Ca®" mobilization from the thapsigargin-sensitive Ca®" stores and subsequent
store-dependent entry of Ca®' into rat peritoneal macrophages. In this connec-
tion, it was reasonable to study the possible involvement of sigma-1 receptors in
the effect of glutoxim and molixan on [Ca?']; in peritoneal macrophages.

We used the sigma-1 receptor agonist, tricyclic antidepressant amitriptyline,
which is widely used to treat anxiety and depression [3]. Experiments were per-
formed on cultured residential peritoneal macrophages of Wistar rats. [Ca*']; was
measured using the Fura-2AM fluorescent probe (Sigma-Aldrich, United States).
The procedure of macrophage culturing and an automated system for [Ca>]; re-
cording with the use of the fluorescent probe Fura-2AM were described earlier [4].

It has been demonstrated in control experiments that incubation of mac-
rophages in the presence of 100 pg/ml molixan or 100 pg/ml glutoxim for 20
min in a medium without calcium causes a significant increase in [Ca®'];, which
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reflects mobilization of Ca®" from intracellular Ca*" stores. Addition of 2 mM
Ca®" to the external medium induces entry of Ca>" into the cytosol, which is me-
diated by depletion of the Ca®" stores. We found that the preincubation of mac-
rophages with 20 pg/ml amitriptyline for 20 min before the addition of 100
ng/ml glutoxim significantly attenuated the glutoxim-induced Ca*" mobilization
from the stores (on average by 39.6 + 9.2%, according to the results of seven
experiments) and subsequent Ca’" entry into the cell (on average by 46.3 =+
10.1%, according to the results of seven experiments). Similar data were ob-
tained when studying the effect of 20 pg/ml amitriptyline on the Ca> -responses
induced by 100 mg/ml molixan. The addition of 40 pg/ml amitriptyline on the
background of developed Ca®" entry induced by glutoxim or molixan caused a
significant (on average, 67.8 + 15.0%, according to the results of 12 experi-
ments) inhibition of the store-dependent Ca®" entry into the macrophages.

Thus, in this study, we have shown for the first time that the sigma-1 re-
ceptor agonist tricyclic antidepressant amitriptyline inhibits both phases of the
Ca*"-response induced by glutoxim or molixan in rat peritoneal macrophages.
The results obtained in the present study suggest a possible involvement of sig-
ma-1 receptors in the complex signaling cascade triggered by glutoxim or
molixan and leading to an increase in [Ca”]; in rat peritoneal macrophages. The
results also indicate that a combined use of drugs glutoxim or molixan and the
antidepressant amitriptyline in clinical practice is undesirable.
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B Hacrosiiiee BpeMsl IOBCEMECTHOE PaCIPOCTPAHEHUE B PEKOHCTPYKTUB-
HOHM XUPYPruu KOCTHOM TKaHU IOJYYHJIO UCIIOJIb30BAHUE CUHTETHUYECKOIO THM-
pokcuanaruta (I"’Am) B KadecTBe OCTEOIIACTHIECKOTO MaTeprata Jisl 3aroJHe-
HUs pa3nuyHbIX jgedekToB. OcCOOBI HMHTEpeC MPEACTABISCT CHHTETHYCCKUI
HAHOpPa3MEpPHBIH ruapokcuanatut (HI'Am), TOCKOIBKY OH Hanboee CX0xX ¢ MU-
HEepPaJIbHBIM KOMIIOHEHTOM KOCTH H CIIOCOOCH CTUMYJIHPOBaTh AuddepeHIupos-
KY ME3CHXHMMAJbHBIX CTBOJIOBBIX KJIIETOK B OCTCOOJIACTHI KOCTHOW TKaHH.

OpHaKo MpH BCEX CBOMX MpeumMylnecTBax HI Am Taxxke o0namact psiioM
HeZoCTaTKOB. Tak, B MPOBEICHHBIX HAMU HCCIIEOBAHHUSX OBUIO BBISBICHO He-
CKOJIBKO (paKTOPOB, OTPAHMYMBAIONINX OHWOMHTETrpamuio HI'Am B opraHusMe,
TaKWX KaK c1a0ble OCTEOKOHAYKTHUBHBIC CBOWMCTBA U arjioMepanus gacTull HI An
B OpraHu3Me.

B wuccrnenoBanusx in Vitro Obuio mokaszaHo, uyro HI'Anm He ob6namaer
OCTEOKOHAYKTHBHBIMHU CBOMCTBAMU M IPOSIBISET KOHTAKTHYIO TOKCHYHOCTbH 10
OTHOIICHMIO K KJIETKaM MOCPEICTBOM aHOMKHUCA.

I[pu mpoBeneHUH MCCIeOBaHMil IN VIVO B MomenH CyOKyTaHHOW MMILIAH-
TaI|H KpbicaM ObLTO 0OHapyxeHo, uto HI A B ycimoBusx in Vivo o6pasyer cimabo-
Pe30pOUPYIOIHIACS arjioMepar, OJIOKMPYIOIININ are3ni0, MUTPAIIMIO M poJIude-
panmio KJIeTOK Ha MaTepHuaje, a Takke MPOLeCcChl HEOKOJUIareHe3a Ha HeM, BKITIO-
yasi obpazoBaHue (uOpo3HO# Karcynbl. [Ipu 3ToM BOKpyr arjomepartoB HI'An
MIPOUCXOAMITO (POPMHUPOBAHKE TUIOTHBIX CIIOEB MEPTBBIX KIETOK (KIETOYHOTO Je-
Opwuca), moruOmux mpu akTUBHOM (arouuro3e dactunl HI'AIL. B To ke Bpewms,
J00aBJICHUE OCTCOKOHIYKTUBHOTO KOMIIOHECHTA, HAIPHMED, IEMUHEPATH30BaHHO-
ro KOCcTHOro Kojuiarea, K H ATl crmocoOcTBOBaO 3aceeHHI0 MaTepraia KIeTKa-
MU, IOCTPOSHHIO HEOKOJUIATCHOBOTO MaTpHKca U pe3opOru H-[' A1,

Takum 0o0pa3om, MpeJCTaBICHHBIC PE3yJIbTaThl yKa3bIBAIOT Ha HE00XO-
quMocTh Moaudukanuu H-I' ATl OCTEOKOHTYKTUBHBIM KOMIIOHEHTOM JISI TIOBBI-
IICHHUS €r0 OMOUHTETpaIMU B opranu3me. [Ipr 3TOM 0CTaeTcst OTKPBITHIM BOIIPOC
WCIOJb30BAaHUS PA3JIMYHBIX CUHTETHUUYECKUX IOJMMEPOB, HANPUMED, TAKUX Kak
MOJIMTMIPOKCHAJIKAHOAThl, B KAUYECTBE OCTEOKOHAYKTOPOB, YTO SIBJISETCS Jajlb-
HEHIINM 3TaroM B IUKJIE paboT.

Pa6ora Bemonuena npu noanepxkke KT UTOb PAH u ®oux coneii-
CTBUSI UHHOBALIHSM.
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Currently the use of synthetic hydroxyapatite (HAP) as an osteoplastic
material for filling various defects has become widespread in reconstructive bone
tissue surgery. Synthetic nanosized hydroxyapatite (n-HAP) is of particular in-
terest because of its obvious similarity to the mineral component of bone and
ability to stimulate the differentiation of mesenchymal stem cells into osteo-
blasts.

However, with all its advantages, n-HAP also has several disadvantages.
In our studies several factors which limit the biointegration of n-HAP in the or-
ganism were identified, such as weak osteoconductive properties and the ag-
glomeration of n-HAP particles in the organism.

In vitro studies it was shown that n-HAP doesn’t possess osteoconductive
properties and exhibits contact cytotoxicity by means of anoikis.

It was found in vivo that in a model of subcutaneous implantation in rats
n-HAP forms a weakly resorbable agglomerate which blocks adhesion, migra-
tion and proliferation of cells in the sample as well as neocollagenesis processes
in it, including fibrous encapsulation. At the same time formation of dense layers
of dead cells (cell debris) around the n-HAP agglomerates, which died during the
active phagocytosis of n-HAP particles, was observed. Also, the addition of an
osteoconductive component to n-HAP, for example, demineralized bone colla-
gen, contributed to cell migration into the sample and formation of the neo-
collagen matrix and n-HAP resorption.

Thus the presented results indicate the need for modifying the n-HAP
with an osteoconductive component to increase its biointegration in the body. At
the same time, it remains an open question to use various synthetic polymers, for
example, such as polyhydroxyalkanoates, as osteoconductors which is a further
step in the work cycle.
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MEXAHU3MbI AJAIITAIIUU OPTAHU3MA K T'HIIOKCHUU,
POJIb MUTOXOHAPUAJIBHOTI'O AT®-3ABUCUMOI'O
KAJIMEBOI'O KAHAJIA
I'.I. Muponosa, H.B. Xmuis, H.B. Besiocayauesa
Hnemumym meopemuueckoti u sxcnepumenmanvioi ouogusuxu PAH,
Ihywuno, yr. Uncmumymcras, 3, Poccus

W3yueHnne MexaHW3MOB ajanTalMd OpPraHW3Ma K TMIOKCHU B HACTOS-
Iiee BpeMs BeIETCsl BO MHOTHUX J1aboparopusix mupa. Jlroboe matonoruyeckoe
COCTOSIHUE, a TaK)Ke NOBbIIIEHHAs (PU3NUeCcKas Harpy3Ka, IpsMo MM KOCBEHHO
CBSI3aHBI C HapylIEHHEM KHCJIOPOJHOTO I'OMEOCTa3a W Pa3BUTHEM TMIIOKCHH,
YTO 3a4acTyl0 CONPOBOXAAETCS Pa3BUTHEM IIaTOJOTHUYECKUX H3MEHEHHH B
oprasu3Me. MHOTOYNCICHHBIMH HCCIICAOBAaHUSAMU YCTAHOBJICHO, YTO OCHOB-
HBIM MATOTCHETHYECKUM 3BCHOM IIPH Pa3BUTHH B OPTaHW3ME T'MITOKCHH SIBIISI-
eTcsl MOBPEXXJCHNE MHUTOXOHAPHUH, MPUBOJIIEE K HAPYIICHUSIM 3HEproodec-
nedeHus TKaHH. CBsI3aHO 3TO C HAKOIUIEHHEM B MUTOXOHIAPHSIX MPU THIOKCUU
MTOBBIIIEHHOT'O KOJMYECTBA aKTUBHEIX (opM kucioponaa (ADK). UzeectHo, 9T
10 85% TepeKHCHBIX COeIMHEHUI o0pa3yloTcss B MUTOXOHApHsX. Kak Oblio
HAM paHee MOKA3aHO OHHM, B Manoii kouuenTpamun (10° M), HeoGXoauMb! 1st
HOPMaJIBHOTO ()YHKIIMOHHPOBAHHS JBIXaTEIbHOW LIENH, OJHAKO OOJBINOE HX
HaKOIICHHE, KaK W3BECTHO, NPUBOJHUT K Pa3BUTHIO OKUCIIUTEIBHOIO CTpecca.
B Hacrosimiee Bpems mosioxutenbHas ponb ADK kak CUTHaJIBHBIX MOJIEKYII
JUISl 3aIlycKa pa3sIndHbIX (QYHKIHH YK€ He BbI3bIBaeT coMHeHHs. OOpazoBaHus
B MHUTOXOHJIPHSX IEpEeKUCH, Kak Obuto mokazano Kamnan Bpecmep eme B
1966r., cBs3aHO ¢ COCTOSHHEM ABIXaTEIbHBIX MEPEHOCYUKOB. ABTOPHI TIOKa3a-
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JIM, YTO KOJMYECTBO MEPEKHUCH B MHUTOXOHAPHUAX YBEIMUMWBACTCSA NPHU MHTHOH-
POBaHHUM IBIXaHUS AHTUMHIIMHOM A, YTO SMUTHPYET COCTOSIHHE TUIOKCHH, H
pPE3KO CHWXaeTCs MpH pa3odmennn Mutoxouapuid. [Tozmuee B pabortax nabo-
patopun CkynaueBa, OBUIO YCTaHOBJICHO, 4TO ciaboe (Msrkoe) pa3oO0IneHue
JIBIXaHWs 3HAYUTEIBHO CHUXKACT CKOPOCTh 0Opa3oBaHME nepekuceil. B Hacto-
smeil paboTe, UCMONB3Ysl COBPEMEHHBIC METOJIbI ONPEACICHUS CKOPOCTH IIO-
TpeOJICHMs KHCIOPOIa U CKOPOCTH 00Pa30BaHUS MEPOKCUIA B MUTOXOHIPHUSX,
Ha U3BECTHOM MOJIeNH KoJIcOaHHUs HOHHBIX TOTOKOB U JPYTHX MapaMeTPOB MU-
TOXOHJIpUH, B JWHAMHKE, MOKa3aHa PELUIPOKHAS CBSI3b MEXIY CKOPOCTHIO
IBIXaHWS U CKOPOCThI0 oOpazoBanust H,O, B MUTOXOHApHIX. M3 MOTydeHHBIX
JAHHBIX CJIEIYeT, YTO JIto0as aKTUBAIUS JbIXaHUs CHIDKAeT CKOPOCTh 00pazo-
BaHns ADK B MUTOXOHAPHSIX, W, MO ONpPEAEICHHUIO, CHUXAET BEPOSTHOCTH
Pa3BHUTHS OKHUCIHUTEIHHOTO cTpecca. PakTopamu, MOIAESPKUBAIOIINMH Cl1aboe
pa3olmieHne, B HOPMaJIBHBIX YCIOBHAX MOTYT SBISATHCS: paszoOmarommii Oe-
nox- UCP-3 u mutoxoHapuanbHblii AT®- 3aBUCHMBIN KanueBbIN kKaHal (MU-
ToKATe). AKTHUBAIUS WIH SKCIPECCUS KOTOPBIX, MOXCET YCKOPSATH JBIXaHHE
MHUTOXOHJIPUH M, TEM CaMbIM, CHHXXaTh CKOpPOCTh oOpasoBanne APK. Hamu
paHee OBLIO YCTaHOBIIEHO, YTO aKTUBHOCTh MUTOK,r¢ KaHala, KOTOPBIA ObLI
BIIEPBbIC OOHApYXCH WM BBIICICH M3 MHUTOXOHAPWUN B Halled JrabopaTopuw,
3HAYUTEJIbHO BBIIIE Y YCTOWYMBBIX K TMIIOKCHH >KMBOTHBIX IO CPAaBHEHHIO C
HeyCTOMUMBBIMHU. B TO ke BpeMms ajantauus OpraHu3Ma HEYCTOMYMBBIX >KH-
BOTHBIX K THIIOKCHU CONPOBOXKIAETCS aKTWBanuel 3toro kanana. [IpoBenmeH-
HBIC B HACTOSAMICH paboTe CpaBHUTEIBHBIC HCCIIETOBAaHUS CTPYKTYPHEBIX U OHO-
XUMHYECKHX Pa3IMduil MEXAY yCTONYNBBHIMH M HEYCTOMYMBEIMHU K THIOKCHH
JKUBOTHBIMH, BBISBIIIN CYIIECTBEHHBIC Pa3NIMUMsI MEKIY HAMH, KOTOpPHIEC HCUe-
3a10T Y HEYCTOWYHMBBIX JKUBOTHBIX MPH CO3JaHUH HEOOIBIIONH THIOKCHH, UMe-
olel alanTalluOHHBIN XapaKkTep, TaK KaK MPU 3TOM Y )KUBOTHBIX MOBBIIIAETCS
TOJIEPAaHTHOCTh K TUMOKCUH. C 3THM COTJACYIOTCS JIMTEpATypHbIE JaHHBIE O
TOM, YTO MPEKOHIUIIMOHUPOBAHME (CO3/IaHHUE SIU30/I10B TUIOKCHH, YTO MOBBI-
IaeT YCTONYMBOCTH K HEH) CHUMAETCs HHTUOUTOPOM MUTOK A1, @ aKTHBATOP
KaHaja SMHTUPYET NPEKOHIUIMOHUpOBaHue. M3BecTHO Takke, 4yTo (papMako-
JIOTHYECKHE aKTHBATOPHl MHTOKare 007amaroT KapIHONPOTEKTOPHBIM Jei-
CTBHEM. YCTaHOBJICHO, YTO OHHM CHIDKAIOT IOBBIIIEHHOE 00pa3oBaHHE B Opra-
HuzMe A®K u, TeM caMmbIM, 3aMIHUIIAIOT CepAIle OT THIIOKCHYECKOTO MOBpe-
KaeHns. Panee Hamu ObII0 mOKa3aHo, uTo ypuauaaudpochar (YD) seusercs
MeTtabormaecknuM akTuBaTOpoM MHTOK-AT®. B Hacrosmeit paboTte ycraHOB-
JIEHO, YTO BBEACHHBI B OPTaHU3M YPUAUH, KOTOPBIA B oTauuue oT YD npo-
HUKAaeT B KIETKY, yBEJIMuYMBas B Hell koHueHTpauuro Y /D, npenynpexgaer
pa3BUTHE OKHCIMTEIBHOIO cTpecca. beuio BocmpousBeneHO 6 3KCHEpHUMEH-
TaJbHBIX MOJIEJICH PA3IUYHbIX 3a00JICBaHUM, CBI3aHHBIX C PA3BUTHEM OKHCIIH-
TEJILHOTO CTpecca, a MMEHHO: OCTPBIH MH(ApKT MHOKap/a, HIIOKCHYECKOe
HOBPEXJCHUE Cep/ilia IPU HCLIeMUU-penepdy3nn, OakTepruanbHOe BOCIIaIeHNE
y MBILIEH, OTEK JIETKOT MPH TsDKENoi HopMpOapuueckoit runokcuu (7% O, Bo
BIBIXa€MOM BO3/yXe€), IUIABaHWE KPBIC C HATPY3KOHW 10 M3HEMOXKCHHUSU U TIO-
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BpEXKIACHUE CepJIla MPHU TSKEIOW HOpMpOapruiyeckoi Tumokcuu. B padorte nc-
MOJIb30BAJIUCh JJIEKTPOHHO- MHUKPOCKOIIMYECKHE, OMOXUMUUYECKue, Onodu3n-
YecKHe W MMMYHOXHMHYECKHEe MeToAbl. Ha mepedncieHHBIX BBIMIE MOICISX
MOKA3aHO, YTO YPUIMH 00JIaJlacT aHTUTHIIOKCUYESCKUM JICHCTBUEM, MPEAYIpe-
kaast B kieTkax HakomieHue A®K. 3amuTHbiil 3G ¢GekT ypuamHa NOJTHOCTHIO
WIA OTYACTH CHUMAJCS crnenupuueckuM HHruoutopoM MHUTOK-ATD 5-
TUAPOKCHUICKaHOATOM. [loJydYeHHBIC TaHHBIC TOITBEPKIAIOT CYIICCTBCHHYIO
posib MUTOK-AT® B 3amuTe TKaHEH OT THIIOKCUU U TTOKA3bIBAIOT, YTO MOYJIs-
TOp KaHajla- YPUUH, MOXKET ObITh HCIIOJI30BaH B METUIIUHCKOM MPAKTUKE IS
3aIIUTHl PA3IMYHBIX TKaHEH, TAaKUX KaK CepJIle, MBIMIIEI, JETKHE U Celle3eHKa
OT Pa3BUTHA B HUX OKHACIUTEIHFHOTO CTpecca.

Pabora momnep:kana rpantamu Poccuiickoro Hayunoro gporma (Nel6-15-
00157) u Poccuiickoro ¢onma ¢yHmaMeHTaTbHBIX HcciemoBanuii (Nel6-04-
00692a).

MECHANISMS OF ANIMAL ADAPTATION TO HYPOXIA, THE ROLE
OF MITOCHONDRIAL ATP-DEPENDENT POTASSIUM CHANNEL
G.D. Mironova, N.V.Khmil, N.V. Belosludtseva
Institute of Theoretical and Experimental Biophysics RAS,
Pushchino, st. Institutskaya, 3, Russia

The study of the body's adaptation mechanisms to hypoxia is currently
being conducted in many laboratories around the world. Any pathological con-
dition, as well as increased physical activity, are directly or indirectly associat-
ed with impaired oxygen homeostasis and the development of hypoxia, which
is often accompanied by the development of pathological changes in the body.
Numerous studies have established that the main pathogenetic link in the de-
velopment of hypoxia in the body is mitochondrial damage, leading to disrup-
tion of tissue energy supply. This is due to the accumulation in mitochondria
during hypoxia of an increased number of reactive oxygen species (ROS). It is
known that up to 85% of peroxide compounds are formed in mitochondria. As
we have previously shown, in low concentrations (10-6 M), they are necessary
for the normal functioning of the respiratory chain, but their large accumula-
tion, as is well known, leads to the development of oxidative stress. At present,
the positive role of ROS as signaling molecules to trigger various functions is
no longer in doubt. Formation in peroxide mitochondria, as was shown by
Kaplan Bresder back in 1966, is associated with the state of respiratory carri-
ers. The authors showed that the amount of peroxide in mitochondria increases
with the inhibition of respiration by antimycin A, which emits a state of hypox-
ia, and decreases sharply with the dissociation of mitochondria. Later in the
work of Skulachev's laboratory, it was found that weak (mild) breathing disso-
ciation significantly reduces the rate of formation of peroxides. In the present
work, using modern methods for determining the rate of oxygen consumption
and the rate of peroxide formation in mitochondria, the known model of fluc-
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tuations in ionic fluxes and other parameters of mitochondria, in dynamics,
shows a reciprocal relationship between the respiration rate and the rate of
H202 formation in mitochondria. From the data obtained, it follows that any
activation of respiration reduces the rate of ROS formation in mitochondria,
and, by definition, reduces the likelihood of oxidative stress. Under normal
conditions, factors supporting weak dissociation can be: uncoupling protein,
UCP-3, and the mitochondrial ATP-dependent potassium channel (mitoCATP).
activation or expression of which can accelerate the respiration of mitochon-
dria and, thereby, reduce the rate of ROS formation. It was established by us
that the activity of the mitocapt channel, which was first detected and isolated
from mitochondria in our laboratory, is significantly higher in animals resistant
to hypoxia compared to unstable animals. At the same time, the adaptation of
the organism of unstable animals to hypoxia is accompanied by the activation
of this channel. Comparative studies of structural and biochemical differences
between resistant and hypoxia-resistant animals conducted in this work re-
vealed significant differences between them, which disappear in unstable ani-
mals when creating a small hypoxia, which has an adaptive nature, as this in-
creases tolerance to hypoxia in animals. The literature data agree with this that
preconditioning (creating episodes of hypoxia, which increases resistance to it)
is removed by the mitocATF inhibitor, and the channel activator emits precon-
ditioning. It is also known that pharmacological mitocATP activators have a
cardioprotective effect. It is established that they reduce the increased for-
mation of ROS in the body and, thereby, protect the heart from hypoxic dam-
age. Earlier, we showed that uridine diphosphate (UDP) is a metabolic activa-
tor of mitox-ATP. In the present work, it was established that uridine intro-
duced into the body, which, unlike UDP, penetrates the cell, increasing the
concentration of UDP in it, prevents the development of oxidative stress. Six
experimental models of various diseases associated with the development of
oxidative stress were reproduced, namely: acute myocardial infarction and
chronic (ischemia-reperfusion), hypoxic heart damage in rats, bacterial in-
flammation in mice, damage to heart, pulmonary edema with severe hypoxia
and swimming rats under loades in rats. In this work, electron microscopic,
biochemical, biophysical, and immunochemical methods were used. The mod-
els listed above show that uridine has an antihypoxic effect, preventing the
accumulation of ROS in cells. The protective effect of uridine is removed by a
specific inhibitor of mitok-ATP 5-hydroxidecanoate. The obtained data con-
firm the significant role of mitoc-ATP in protecting tissues from hypoxia and
show that the canal-uridine modulator can be used in medical practice to pro-
tect various tissues such as the heart, muscles, lungs and spleen from the de-
velopment of oxidative stress in them.

This work was supported by grants the Russian Scientific Foundation
Nel6-15-00157, and the Russian Foundation for Basic Research Nel6-04-
00692a.
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AKTHUBAINIIUSA P2X7-PEHENITOPOB NIOTEHIIUPYET
CHUHAIITHNYECKYIO NIEPEJAYY 1 @YHKIHIUOHAJBHO
IMPOTUBOJENCTBYET P2Y13-PEIIEITOPAM B MOTOPHBIX
CUHAIICAX MBI
A.C. MuteBa, A.U. MosiuanoBa, A.E. I'alinykos, O.I1. basiesuna
Mockosckuii cocydapcmeennulil yHugepcumem um M.B. Jlomonocosa,
Mockea, yn. Jlenunckue Iopot 0.1, cmp. 12

Ha npecunantuyeckoid MeMOpaHe HEPBHO-MBIIICYHBIX CHHAICOB IIPH-
CYTCTBYET HECKOJbKO TUIOB IypuHopenentopos ansi AT® u ageHosuna, cmo-
COOHBIX OKa3bIBaTh Pa3HOHAINPABIEHHOE BO3JEHCTBHE Ha CEKPELHIO alleTHIIXO-
muHa (AX) [1-3]. [TarHekcuHBI 1 00eCTIeUNBAIOT TOSBIIEHUE B CHHANTUYIECKOMN
IIENN 3THX IyPUHOB, IPEUMYIIECTBEHHO TOPMO3AIINX CHHANTHIECCKYIO TIepeaa-
4y uepe3 aktuBaruio Ai- u P2Y13-penentopos [4]. Perymsaropnas poxs P2X7-
pELenTOopOB, HECMOTPSI HA WX HMPECHHANTHYECKYIO JIOKATH3ALHI0O B MOTOPHBIX
CHHAICaX, MPAKTUYECKH He M3ydeHa. Llenpro JaHHO# paboThl CTalo BHISBICHHE
YCIOBHH W TOCHEACTBHI akTHBanuu P2X7-penenTopoB y MBI TAKOTO THIA
(WT) u mbliieit, HOKayTHBIX 110 F'eHy MaHHEKCHHa | (Panx'/'), a TaKXe YyCTaHOB-
Jenue (QyHKIMOHaIbHOW CBsi3u P2X7-penentopoB ¢ JpyrUMU TUIIAMH ITypHHO-
BBIX PELENTOPOB.

PaboTy npoBoanIM Ha HEPBHO-MBIIIEYHBIX Mpenaparax aAuadparmbl MbI-
meit WT u Panx”". PerucTpipoBany COHTAHHbIC MHHHATIOPHBIX MOTEHIHANOB
koHneBoil mractuaku (MIIKII) u Be3BanHBIe cTuMmyssimueit Hepsa (50 I'm, 1 c)
MHOTOKBAaHTOBBIC TMOTEeHIMANLI KoHIeBOUW miuacTuHKU (ITKIT) B puTMudeckux
3ammax.

OtcytcTBHE (Panx™) i GIOKMPOBaHKE MAHHEKCHHA | ¢ IOMOIIBIO [PO-
6ernnnmaa (500 MxM) y Memmerr WT He W3MEHsIIO 3HaUeHHs MapaMeTpoB CIIOH-
TaHHOM M BBI3BaHHOM cekpenuu AX 10 CpaBHEHMIO C TaKOBbIMU y Mbled WT.
Aronuct P2X7-peneniropoB BZATP (30 MkM) He n3MeHsU1 HapaMeTpbl CeKpeuH
AX y meimeit WT. B cunancax Mblei Panx” u mpueit WT Ha ¢one npodeHu-
muaa aktuBanus P2X7-pelientopoB BbI3bIBaa CTATHCTHYECKH 3HAUYMMOE YBEIH-
yeHue KBaHTOBOro coctaBa kaxjoro IIKII B 3amme Ha 30-40%. IIpupoct xBaHTO-
BOT'O COCTaBa 00ecIeuMBajICs 3a CYET BO3pACTaHMs ITyJla TOTOBBIX K BHIOPOCY Be-
3MKyJ, HO He BepositHocTH BhIOpoca AX. IloteHumpyrommit spdexkr BzATP
npexoTBpamancs oiokaropom P2X7-penenropoB A740003 (1 mxM). Takum 00-
pa3oM, BIEpBBIC IOKAa3aHO, YTO B YCJIOBUSX OTCYTCTBUS BbIOpoca AT® uepes
TAaHHEKCHHBI | MOKHO BBISIBUTH NOTEHLUpYIoliee cekpenuto AX Bnusinue P2X7-
peuentopoB. Bospacranue kBanToBoro cocrasa I[IKII npu akruBanum P2X7-
PelIenTopoB B CHHarcax Mpiieit Panx” mpenorspamanocs Grokuposaruem Ca” -
KaHatoB L-tuma HutpenaunmuHoM (10 MKkM), a Takke MHTHOMpPOBAHHUEM KaJIbMO-
nynusa ¢ nomonpio W-7 (10 MxkM) n CaMKII ¢ momompsio KN-93 (3 MxM). Ta-
KM 00pa3oM, MBI YCTaHOBWJIM, 4TO cpabareiBaHne P2X7-penentopoB MoXeT 1o-
TEHIMPOBATh Cekperrio AX He IPOCTO 3a CYeT IONMONHHTETbHOro Bxoga Ca’' B
TEPMHUHANIb 10 KaHaJlaM 3THX pelentopos, a 3a cuer CaMKII-omocpenoBannoro
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pacropmaxuBanust Ca’ -kaHanoB L-ruma. Heo6X0QuMO GBIUIO YCTAHOBHTH [IPHUH-
Hy orcyrcTtBus y BZATP motenmmpytomero s¢dexra B cuHancax meimeid WT.
Brokarop npecnHanTrdeckux MetaboTponHbix P2Y 13-pementopos MRS2211 (10
MKM) B cunarcax mbimieii WT BBI3bIBaJI pABHOMEPHBIA MPHUPOCT aMIUIATYABI U
KBaHTOBOTO cocTaBa kaxaoro [IKI1 B KOpoTKOM pUTMHUYECKOM 3aJIIie, aHATIOTHIHO
neiicterio BzZATP B cunancax Panx”-Mpireit wim y mbimeir WT Ha ¢oHe mpobe-
auza. lpegsapurensroe 6rokuposanue Ca’ -kaHanoB L-THIIa HUTPEHIUITHHOM
ycrpansuio noteHiupyromui dpdexkr MRS2211. B cunancax wmermeit WT Ha
¢done Onokaropa P2X7-penientopoB (A740003) Gmokatop P2Y13-penentopos
(MRS2211) yrpaunBay CIoCOOHOCTh YBEIHMYMBATH aMIUIUTYAY M KBaHTOBBIH CO-
craB [IKII B 3anme. COBOKYITHOCTh MOJTy9IEHHBIX JTaHHBIX MO3BOJISET CHENATh BEI-
BOJIBI, 9TO B MOTOPHEIX cHHarncax Ca’’-kamamsl L-THIma sBISIOTCS 0OIIEi MHuIe-
HBIO TOMUHHPYIOIIEH HETaTWBHOW peryisinui co ctopoHsl P2Y13- u mpotuBo-
JEUCTBYIOMIEH €if MO3UTHBHOW peryisimuu co cTopoHsl P2X7-penenrropos. Briep-
BbIC TIOKA3aHO, YTO B YCIIOBUSX KPATKOBPEMEHHOW PHUTMHYCCKOM BBI3BAHHOW aK-
TUBHOCTH CHHAIICOB MOKET MPOMCXOAUT aKTUBAIKs dHAoreHHoi AT® noHotpor-
HBIX P2X7-perientopoB, cTpeMsimxcs pactopmosuts Ca’ -kananst L-tuma, obec-
MICYMBAIOIINX BOBJICUYCHUE B CEKpEIMi0 AX BE3UKYJI B COCTABE paHee MOTYABIIIX
aKTHBHBIX 30H. [loTeHIMpyrolee ASHCTBUE HA CHHANTUYECKYIO MIepeiady CoO CTO-
poHbl P2X7-penientopoB MacKupyeTcs 00Jiee MOIHBIM HETaTHBHBIM BIIASTHUEM Ha
L-tun Ca’'-kaHanoB co cropors! P2Y 13-perentopoB, pearnpyommx Ha Gojee
HU3KYIO KOHIIEHTpaIwio H10reHHoi AT® [5].
PaboTta momnepxana rpantoM PODU Ne 18-34-00189.
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ACTIVATION OF P2X7 RECEPTORS POTENTIATES SYNAPTIC
TRANSMISSION AND FUNCTIONALLY COUNTERACTS P2Y13
RECEPTORS IN MOUSE MOTOR SYNAPSES
A.S. Miteva, A.I. Molchanova, A.E. Gaydukov, O.P. Balezina
Lomonosov Moscow State University, Leninskie Gory 1/12, Moscow, Russia

At presynaptic membrane of neuromuscular junctions there are several types of
purinoreceptors for ATP and adenosine, which are capable of providing multidi-
rectional effects on acetylcholine (ACh) release [1-3]. Pannexins 1 provide the
appearance of these purines in the synaptic cleft, mainly inhibiting synaptic
transmission mediated by activation of A; and P2Y13 receptors [4]. The regula-
tory role of P2X7 receptors, despite their presynaptic localization at motor syn-
apses, has not been poorly investigated. The aim of this research was to identify
the conditions and consequences of P2X7 activation in the motor synapses of
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wild type mice (WT) and mice with knock of pannexin 1 gene (Panx™), and also
reveal a functional connection of P2X7 receptors with other types of puri-
noreceptors. Experiments were carried out on the neuromuscular preparations of
the diaphragm of WT and Panx” mice. Spontaneous miniature endplate poten-
tials (MEPPs) and multiquantal endplate potentials, evoked by rhythmic train of
nerve stimulation (50 Hz, 1 s) were recorded using intracellular microelectrodes.
The absence (Panx”" mice) or blocking of pannexin 1 by probenicide (500
puM) in WT mice did not change the values of the parameters of either spontane-
ous or evoked ACh release compared with those in WT mice. P2X7 agonist
BzATP (30 mxM) did not alter the ACh release parameters in WT mice. Howev-
er, in the synapses of Panx”" mice and when probenicide was preapplied at WT
synapses, activation of P2X7 receptors induced a statistically significant increase
in quantal content of each EPP in a train by 30-40%. The increase in EPP quantal
content was provided by increasing the size of readily releasable pool of vesicles,
while the release probability did not change. The potentiating effect of BZATP
was prevented by the blocker of P2X7 receptors - A740003 (1 uM). Thus, for the
first time it was shown that in the absence of ATP release via pannexin 1 chan-
nels, it is possible to reveal the P2X7-mediated potentiation of evoked ACh re-
lease in motor synapses. The increase in the EPP quantal content during the acti-
vation of P2X7 receptors in the synapses of Panx”™ mice was prevented by block-
ing the L-type calcium channels with nitrendipine (10 uM), as well as by inhibit-
ing calmodulin with W-7 (10 uM) and CaMKII with KN-93 (3 uM). Thus, we
established that the activation of P2X7 receptors can potentiate the evoked ACh
release not just due to the additional calcium entry into the nerve terminal via the
channels of these ionotropic receptors, but due to the CaMKII-mediated potentia-
tion of L-type calcium channels. It was necessary to find out the reason for the
lack of BZATP-induced potentiation of synaptic transmission in WT mice. At the
synapses of WT mice, blocking of presynaptic metabotropic P2Y13 receptors
with MRS2211 (10 pM) caused uniform increase in amplitude and quantal con-
tent of each EPP in the short train, similar to BZATP action in the synapses of
Panx”" mice or in probenicide-treated synapses of WT mice. Preliminary block-
ade of L-type calcium channels with nitrendipine abolished the potentiating ef-
fect of MRS2211 on synaptic transmission in WT mice. In the presence of P2X7
receptor blocker (A740003), the P2Y13 receptor blocker (MRS2211) lost the
ability to increase the amplitude and quantal content of EPPs in the train. All of
the obtained data allows to propose that the calcium channels of L-type in motor
synapses are the common target of the predominant negative regulation by
P2Y13 and the counteracting P2X7-mediated positive regulation. In summary,
for the first time, we demonstrated that ionotropic P2X7 receptors may be acti-
vated by endogenous ATP during short-term evoked rhythmic activity of motor
synapses, leading to upregulation of L-type calcium channels ensuring the re-
cruiting previously silent active zones and their vesicles to ACh release. The
potentiating effect of P2X7 activation on synaptic transmission seems to be
masked by a more powerful inhibition of the L-type calcium channels by P2Y13
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receptors, which, in turn, may be activated by lower concentrations of endoge-
nous ATP than P2X7 [5].
This study was supported by the Russian Foundation for Basic Research
grant 18-34-00189.
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NENTH TSKY, BBIAEJTEHHBIA U3 MO3TI'A 3SUMOCIIAINX
CYCJIMKOB Spermophillus undulatus, TOJITMMEPU3YET AKTUH
B YCJIOBMSIX in vitro
r.3. Mnxaifmonal, JIL.T. BoﬁleIeBal, C.H. Yuam,uosz,

P.X. 3uranmun’, JLU. Kpamaposa'
lHHcmumym meopemuueckol u IKcnepumenmanvHo ouoguzuxu PAH,
Ilywuno, Mockosckas obnacme, 142290, Poccus
2Hnemumym nayku usuKo-xumuseckux u Guon02uteckux npobnem
nousogedenus PAH, Ilywuno, Mockosckas obnacme, 142290, Poccus
3HHcmumym buoopeanuveckol xumuu um. akaoemurxos M. M. Illemaxuna
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Panee Obuio ycranosieno, uto nentun Thr-Ser-Lys-Tyr (TSKY), Boiae-
JICHHBII M3 MO3Ta KpPbIC, NPOSBIISAET IUTOIUTHYECKYIO aKTUBHOCTD B OTHOLIEHUH
OIlyXOJIEBBIX KJIETOK [1]. MexaHu3M AeHCTBUS NENTUAA OCTAETCs HEU3BECTHBIM.
VY4uThIBas, 4YTO NMPU MAIMTHU3ALUH KJIETOK OCHOBY LIUTO30JIS1 COCTABIISET IJIO-
OyJISIpHBIN aKTHH, HECTIOCOOHBIH MOJMMEPU30BaThcs M (GOPMHUPOBATH NPOYHBIC
MEKKJIETOYHBIE KOHTAKThl M LIUTOCKENET [2—4], MBI IPEINOI0KMIN, YTO HETTH]
TSKY moxer BimuATs Ha TpaHchopmarmro aktuHa. Llemsio naHHO# paboThl OFI-
JI0 TIPOBECTHU 3JIEKTPOHHO-MUKPOCKOTINIECKUH aHaIN3 B3aNMOACHCTBUS TIENTHA
TSKY wu aktuHa in Vvitro METOIOM HETaTUBHOTO KOHTpacTHpoBaHHs. Beuto moka-
3aHO, YTO MPU WHKYOMPOBAaHWU MBIIIEYHOTO AKTHHA C MOJEKYJISIPHBIM aKTHHOM
(B KOHIIEHTpALHAX 5x10* M u 10°® M, COOTBETCTBEHHO) B Cpefle, coaepiKaiei
10 MM KCIl, npoucxoamuno oOpa3oBaHne OAUHOYHBIX HUTEH. OHH TOSBISIOTCS
yepe3 1,5 yac ot Havasna MHKYOUPOBaHMS U COXPAHSIOTCS Ha NPOTSHKEHUU BCETO
CpOKa IpoBeJIeHUs KcriepuMenTa. [Ipu 3 ToM oueHb Maiiasi 10J1s1 aKTHHA OCTaeT-
csi B roOyssipHO# ¢opme. [lo mopdosorun JaHHbIE HUTH HE OTIMYAIOTCS OT
HUTEH (DUIAMEHTO3HOTO aKTHWHA, COPMHUPOBAHHBIX ITOJUMEpH3aled TriIo0y-
asipHoro aktuHa B npucytctBur 100 MM KCl. Takum obpaszom, nentug TSKY
CIIOCOOEH TTOJIMMEPHU30BaTh aKTHH B YCIOBUSX in vitro. Habop coeanHenuid, BbI-
JEISIEMBIX M3 JKMBOTHBIX M PACTHTEIBHBIX OOBEKTOB, CIIEIM(UIHO B3aUMOICH-
CTBYIOIIIMX C aKTHHOM, C OZHOW CTOPOHBI, M UCIIOJIb3YIOIINXCSA KaK IPOTHBOOITY-
XOJIEBBIE areHTHI, orpaHudeH [5—7]. Tem akTyaspHee pacIIMpEHHE CITHCKA Tpe-
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MapaToB, CHOCOOHBIX OOPAaTHMO W HETOKCHMYHO JIeHCTBOBAThH Ha KIETKY. [laHHbIE
mo ucnonb3oBanuio nentuaa TSKY, BeIIeNeHHOTO W3 MO3ra 3UMOCIIIINX CYC-
JIUKOB, B OKCIIEpUMEHTAX in vitro u in vivo [8,9], CBUIETEILCTBYIOT O TOM, YTO
MEeNTH MOXET JONOJHUTH apceHall MpenapaToB, CIIOCOOHBIX AEHCTBOBAaTH Ha
AKTUHOBBINA IIUTOCKENET JICHIPUTOB HEHPOHOB. Pe3ynbTaThl HacTOSIICH PabOTHI
OTKPBIBAIOT BO3MOXHOCTh HcIoNb30Banus nentuaa TSKY amnst paspabotku mpo-
TUBOOITYXOJIEBBIX CPEJICTB, NEMCTBHE KOTOPBIX HAIIPABIECHO HA IUTOCKEJIET.
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PEPTIDE TSKY ISOLATED FROM THE BRAIN OF THE GROUND
SQUIRREL Spermophillus undulatus POLYMERIZES ACTIN in vitro
G.Z. Mikhailova', L.G. Bobyleva', S.N. Udaltsov?,

R.H. Ziganshin®, L.I. Kramarova'

YInstitute of Theoretical and Experimental Biophysics RAS,
Pushchino, Moscow Region, 142290, Russia
%Institute of Science for Physicochemical and Biological Problems
of Soil Science, RAS, Pushchino, Moscow Region, 142290, Russia
3Shemyakin and Ovchinnikov Institute of Bioorganic Chemistry RAS,
Moscow, 117997, Russia

It was previously established that the Thr-Ser-Lys-Tyr peptide (TSKY)
isolated from the rat brain exhibits cytolytic activity against tumor cells [1]. The
mechanism of action of the peptide remains unknown. Considering that cytosol
actin of malignant cells is unable to polymerize and form strong cell — cell con-
tacts and cytoskeleton [2—4] we assumed that the TSKY can influence the actin
dynamics and tumorigenesis. The purpose of this work was to carry out an elec-
tron microscopic analysis of the interaction of the TSKY peptide and actin in
vitro using the negative contrast method. It was shown that the incubation of
muscle actin with molecular actin (at concentrations of 5x10™* M and 10° M,
respectively) in a medium containing 10 mM KCI resulted in the formation of
single strands. They appear after 1.5 hours from the start of incubation and per-
sist throughout the duration of the experiment. At the same time, a very small
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proportion of actin remains in globular form. These filaments do not differ from
filaments of actin filament formed by polymerization of globular actin in the
presence of 100 mM KCIl. Thus, the peptide is capable of polymerizing actin in
vitro. The set of compounds secreted from animal and plant objects specifically
interacting with actin and used as antitumor agents is limited [4-6]. The more
urgent is the expansion of the list of drugs that can reversibly and non-toxicly act
on a cell. Data on the use of TSKY isolated from the brain of hibernating ground
squirrel in vitro and in vivo experiments [7-8] suggests that the peptide can
complement the arsenal of drugs capable of acting on the actin cytoskeleton of
neuronal dendrites. The results of this work open up the possibility of using the
peptide for the development of antitumor agents that act on the cytoskeleton.
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MOBUJIBHOCTb MEMBPAHHBIX PELHEIITOPOB —
OJAWH U3 MEXAHNU3MOB U3BMEHEHUS
XOJMHOYYBCTBUTEJBHOCTU HEMPOHOB
I'.b. Mypsnﬂal, A.C. ITuBoBapos’
'Unemumym evicweti nepenoii desmenvrocmu u netipogpusuonoeuu PAH,
Mocksa, yn. Bymneposa, 0.5a, Poccust
2Buonozuueckuii paxynsmem Mockoscko2o 20Cy0apemeenozo yuusepcumend
um. M .B. Jlomonocosa, Mockea, Jlenunckue eopwl, 0.1 c.12, Poccus

HccnenoBanus MOCIEAHUX JIET MOKA3alIH, 9YTO B OCHOBE JCTIPECCHU XOJIH-
HOYYBCTBUTEIBHOCTH HEHPOHOB JIEXHUT YMEHBIICHHE KOJINYECTBA MEMOPAHHBIX
pELEenTOpOB, KaK IOJIAraloT, BCACICTBHE UX 3HAOIMTO3a, 3 BOCCTAHABICHHUE OT-
BETa HEWPOHA CBS3BIBAIOT C PEIMKIMPOBAHUEM PELENITOPOB MYTEM HX 3K30IUTO-
3a. OHako kpome sHjonMTo3a (OHP) U 9k30mmTO3a (OKP) peuentopoB Ha KO-
4eCTBO MEMOpPaHHBIX PELENTOPOB B KAKIOM OTAEIBHOM JIOKyce MEMOpaHbl MO-
JKET BIUATH TaKXKe MX jarepanbHas nuddysus. Jlatepanprnas quddysus peuen-
topoB (JI/IP) Ha mocTcMHanTHYecKOl MeMOpaHe MOXKET SIBISITHCS. OJJTHUM U3 Me-
XaHU3MOB, IPUBOJAIMIMX K M3MEHEHHIO KOJUYECTBA PELENTOPOB MpPHU CHHANTHU-
9YeCKOH IIaCTUYHOCTH. DTOT MEXaHU3M Ha HEeHpOHAX THINOKaMIIa MOKa3aH MpU
TaKUX HIMPOKO MCCIIEAYyEMBIX B HeHpoOmosornu (opMax CHHANTHYECKOH IuIa-
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CTHYHOCTH, KaK JJWTENIbHAs NMOTEHIMAalMs W JuinTenbHas aenpeccus [1]. Ha
JaTepalibHYI0 MOJBIKHOCTE MEMOPAHHBIX PENENTOPOB BIUSIOT KaK TEKY4eCTb
MeMOpaHbI (3aBHCAIIAs] OT COOTHOMICHUS X0jecTepoit/hoconunuasl 1 yMeHb-
IIAIOIIAsICS TPH YBEIWYEHHH XOJIECTEpOIIa), TaK M COCTOSIHHE MPUMEMOPaHHOTO
AKTUHOBOTO IIUTOCKENETA.

IIpoBeneHHBIN C MOMOIIBIO MaTEMAaTUYECKOTO MOJEIHPOBAHUS CpPaBHU-
TenbHbIA aHanu3 BausHus JIJIP, OHP u DxP Ha usmeHeHue yuciaa MeMOpPaHHBIX
peLenTopoB IpU PUTMHUYECKHUX JIOKAJIBHBIX MOJBEACHUSIX Meauaropa K come
HEeMpoHa BBIIBIII BO3MOYKHOCTh 3aBUCUMOCTH XOJIMHOYYBCTBUTEIHHOCTH HEHPO-
HOB He ToibKko oT OHP m DkP, Ho m ot JI/IP Ha memOpane [2]. Beruucnenus
MPOM3BEACHBI C MOMOIIBI0 MAaTEeMaTHYECKOW MOJEIH, CoJepKalieil omucaHue
JIJIP na memOpane, mpomeccoB DOHP, DOkP, mporekaromux mpu pUTMHYIECKOH
aNMUIMKaIMA MeAnaTopa Ha cOMy HEHpPOHA, C y9€TOM I'e€OMETPHUCCKHUX XapaKTe-
PHUCTHK HEHPOHA, OCHOBHBIX BHYTPHKIIETOUHBIX IIPOIECCOB, BIUSIOMMX Ha H3-
MeHeHus ckopocteit DHP u DkP, u 3aBucumocts ko3 duruenta JIJIP ot cocto-
SIHUSI IPUMEMOpPaHHO# «aKTHHOBOH pemeTkn». ComMa HeHpoHa MOJEIHPOBaIach
B BHJIE IIOCKOIl MOBEPXHOCTH, B IIEHTP KOTOPOIl aNIUIUIIMPOBAIIH AIlleTHIXOIUH
(AX). V3meHeHus KOHLIEHTPALIUI peLenTOpOB HAa MeMOpaHe, B IpUMeMOpaHHON
001acTH W BHYTPHUKJIETOYHOTO MyJa B 3aBUCUMOCTH OT PAcCTOSHHMA OT MecCTa
anIUIMKAIMY MEAMaTopa U OT BPEMEHH IOCie MoJauyl MEIUaTopa OMHCHIBACTCS
cucrteMoi nu¢pepeHnnanbHbIX ypaBHeHH. B Moaenn monaranock, 4To CKOpo-
cti OHP u OkP m3MmeHsroTcsd mpu anmiuKanuy MeAMaTopa BCIEICTBHE aKTUBa-
MM psiila NPOTEHMHKHWHA3 M TpoTenH(ocdaras, U yIUTHIBAIACH BO3MOKHOCTH
n3MeHeHus ko3 durmenra JIAP.

Hcnonp3oBanue 3TOH MOJENH JJIsl aHAJIU3a SKCIIEPUMEHTAIbHON 3aBUCH-
MOCTH HAapHOTO OTHOIIEHHS BBI3BAHHBIX ALlETWIIXOIMHOM BXOISAMIMX TOKOB KO-
MaHIHBIX HEHPOHOB BUHOTPAJHON YIUTKH OT MHTEPBAJa MEXIY alIUTHKAIIUSIMH
MearaTopa MO3BOJIMIIO ONPENEIUTh BPEMEHHBIE XapaKTEPUCTHKN TPAHCIIOPTHBIX
MPOLIECCOB (PHIOMMTO3a U IK30IMTO3a) PEerenTopoB u kKodPduruent JIAP mis
HEHPOHOB BUHOTPATHON yIUTKH [3].

MozenupoBaHue 3KCIIEPUMEHTAIBHBIX KPUBBIX, MOIYYEHHBIX MPU HU3yde-
HHH BIIMSHUS Psijia BEIIECTB HA TEKY4eCTb MeMOpaHb! (BCIEICTBUE BO3ACHCTBHS
UX Ha IIPOLIEHTHOE COJepKaHUe XOJeCTeposa B MeMOpaHe KJICTKH MM MHIHOH-
pOBaHMsI €ro CHHTE3a) M AHTHUTEJ NMPOTHB aKTHHCBS3BIBAIOIIMX OENIKOB (Criek-
TPHUHA W MEpJIMHA), 0Ka3ano, 4YT0 U3MeHsI0TCs Kak koaddunuent JIJIP, tak u
ckopoctu OHP u OkP. Uro yka3eiBaer Ha yuactue JI/IP B nempeccun AX-Toka
Ha KJIETOYHOM aHAJIOre MPUBBIKAHUS. DNEKTPO(PU3NOIOTHIECKIE IKCIIEPUMEHTHI
OBLTH BBITIOJTHEHBI HA KOMaHJHBIX HEHPOHAaX OOOPOHHUTENIFHOTO ITOBEACHUS BH-
HOTpafHON yNUTKH. PerncrpupoBann TpaHCMEMOpPaHHBIE BXOISIINE TOKH, BbI-
3BaHHbBIE JIOKAJIBHBIM HOHO(OPETHIECKUM PUTMUYECKHM ToxaBeneHHeM AX K
come HeillpoHoB. [IpoTokon ctumyssinuu HeiipoHa AX MMUTHUPOBAI CXEMY BbI-
paboTKH MOBENCHUECKOTO MPUBBIKAHMUSA [4].

AHanu3 SKCIIEPUMEHTAIBHBIX KPHUBBIX, NMPOW3BEACHHBIH C IOMOIIBIO
YIPOIIEHHON MaTeMaTUYeCcKOi MOJIENH MoKa3all, 4To yBeaudeHue AX-Toka npu
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BO3/ICCTBUU HAa HEUPOHBI BUHOTPATHOM YIUTKH TAKMX HOOTPOIOB, KaK HOOTIETIT
W TIMpaneTama, MOXeT OBITh CBS3aHO C M3MEHEHHSIMH AMHAMHUKHU SHIO- U HK30-
OUTO3a, TMPHUBOAAIINMH K YBEIHMYEHHIO IUTOTHOCTH MeMOpaHHBIX AX-
peuentopoB. OAHAKO, €CIIU JJIsl HOOMEMNTa 3TO MOKET SBJISTHCS CIEACTBHEM €ro
B3aMMOJICHCTBHS C OCIKaMH MPUMEMOPAHHOTO TPAHCIIOPTa, TO JUIS IHpalerama
— CJIEZICTBHEM €T0 BO3MOXKHOTO B3aMMOJICHCTBUS ¢ (oconumunaMu MeMOpaHBbI,
MPUBOJIAIIECTO K U3MECHCHHUIO CBOWCTB MEMOpaHbI [5].
Pa6ora mognepxana PODU (rpant Ne 17-00-00052).
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MOBILITY OF MEMBRANE RECEPTORS - THE NEURON CHOLIN
SENSITIVITY CHANGE MECHANISM
G.B. Murzina', A.S. Pivovarov’
YInstitute of Higher Nervous Activity and Neurophysiology RAS,
ul. Butlerova 5a, Moscow, Russia
“Biological Department, Lomonosov M oscow State University,
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Recent research showed that the decline in membrane receptors' number,
caused possibly by endocytosis, underlies the depression of neurons' choline sensi-
tivity. Consequently, restoring of the normal neuronal reaction is believed to occur
due to membrane receptors' recycling by exocytosis. However, the number of re-
ceptors in a certain small part of the membrane can be affected not only by their
endo- (EnR) and exocytosis (ExR) but also by their lateral diffusion. Lateral diffu-
sion of receptors (LDR) on the postsynaptic membrane may be one of the mecha-
nisms leading to a change in the number of receptors in synaptic plasticity. This
mechanism has been observed in hippocampus in two of the most thoroughly stud-
ied neural plasticity forms —long-term potentiation and long-term depression [1].
The lateral mobility of membrane receptors is influenced by both membrane fluidi-
ty (depending on the cholesterol / phospholipid ratio and decreasing with increas-
ing cholesterol) and the state of the under membrane actin cytoskeleton.

A comparative analysis of the effect of LDR, EnR and ExR on the change
in the number of membrane receptors upon rhythmic local application of a media-
tor to the neuron soma, which was made by the mathematical modeling, revealed
the possibility of the neuron cholinergic sensitivity dependence not only on EnR
and ExR, but also on the membrane LDR [2]. The mathematical model contains a
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description of the geometric characteristics of an edible snail neuron, the main in-
tracellular processes influencing the changes in EnR and ExR rates, and the de-
pendence of the coefficient of LDR on the state of the near membrane «actin grat-
ing». The neuron soma was modeled in the form of a flat surface in the center of
which the acetylcholine (Ach) was applied. Changes in the membrane receptor
concentrations, in the under membrane region and in the intracellular pool depend-
ing on the distance from the place of the mediator application and on the time after
the mediator application are described by a system of differential equations. It was
assumed that the rates of EnR and ExR change when the mediator is applied due to
the activation of a number of protein kinases and protein phosphatases. The possi-
bility of changing the coefficient of LDR was taken into account too.

Using this model to analyze the experimental dependence of the paired ra-
tio of acetylcholine-induced inward currents of command snail neurons on the
interval between mediator applications allowed us to determine the temporal
characteristics of transport processes (endocytosis and exocytosis) of receptors
and the coefficient of LDR for snail neurons [3].

Modeling the experimental curves obtained by studying the effect of a
number of substances on membrane fluidity (due to their influence on the choles-
terol percentage in the cell membrane or inhibiting its synthesis) and antibodies
against actin-binding proteins (spectrin and merlin) showed change as the coeffi-
cient of LDL so EnR and ExR speed. This indicates the participation of LDR in
the Ach-current depression on the cellular analogue of adaptation. Electrophysio-
logical experiments were performed on snail command neurons. Transmembrane
inward currents caused by local ionophoretic rhythmic ACh-application to neu-
ronal soma were recorded. The Ach neuron stimulation protocol imitated the
behavioral adaptation scheme [4].

An analysis of experimental curves with a simplified mathematical model
showed that an increase in Ach-current may be due to changes in the dynamics
of endo- and exocytosis, leading to an increase in the density of membrane Ach-
receptors, when the snail neurons was expose with nootropes (noopept and pi-
racetam). However, if for noopept this may be as the result of its interaction with
proteins of under membrane transport, that for piracetam it may be as the result
of its possible interaction with membrane phospholipids, leading to changes in
membrane properties [5].

This work was supported by the Russian Foundation for Basic Research
(grant Ne17-00-00052).
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HCCJEIOBAHUE PETUOHAJIBHOM HEOJHOPOJHOCTH
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Muokapa sBIS€TCS INEKTPUUECKH U MEXaHWYEeCKH HEOJAHOPOIHOU CH-
CTEMOIl Ha BCeX YPOBHSX €ro OpraHu3allui — OT MOJIEKYJIIPHOIO 10 TKaHEBOIO.
Taxasi KOMIUIEKCHasI perMOHalIbHasi HEOJHOPOIHOCTh HE00XO0MMa JII KOODPIH-
Hanuy paboThl KapJHOMHOLMTOB M ONTHMH3AIMHU cepiedHoro BiOpoca. Ilaro-
JIOTUYECKUE COCTOSHHS NMPHUBOIAT K IEPEPACHPEACICHHIO HATPY3KU MEXKAY pe-
THOHAaMH MHOKap/a, TO3TOMY MOXKHO INPEZIINOJIOKHUTh, YTO aAaNTaI[IOHHOE pe-
MOJICTIMPOBAHNE Pa3HBIX PETHOHOB CEPALIA B HOBBIX YCIOBHAX (PYHKIIMOHHUPOBA-
HUsI OyZAET Mo-pa3HOMY HPOSBIATECS HAa KIETOYHOM YPOBHE OPTaHHM3ALUH MHO-
kapna. Takoe commanpHO-3HaUNMOe 3aboneBaHmne Kak caxapHbiii nuabdet (C)
MPUBOJUT K FHIIEPIIMKEMUN U BBI3BIBACT MHOXECTBEHHYIO OPTaHHYIO HeJloCTa-
TOYHOCTh, B TOM YHCJIE TIOPAXaeT CePIeYHO-COCYAUCTYIO CUCTEMY C Pa3BUTHEM
nuabeTnyeckor kapauomuonatuu [1]. OmHako B JIUTEpaType UMEKOTCS TOJBKO
€/IMHUYHbIE pabOTHI 10 OLIEHKE COKPATHTENLHON (QYHKIUH KapAHOMHUOIUTOB U3
pa3nUYHbIX Kamep cepAua npu pazsutun C/I.

[enbto naHHOW PabOTHI SBISUIOCH HCCIEAOBAHHE OCOOCHHOCTEH COKpa-
LIEHUS] OANHOYHBIX KapIHOMHOIMTOB JIeBoro xenynouka (JIXK) n mpaBoro sxe-
nynouka (ITDK) cepama nmpu CII 1 tuma.

OKCHEPUMEHT BBINOJIHEH B COOTBETCTBUH C NPUHIUIIAMH, W3JI0KCHHBIMHU
B [Jupextuse 2010/63/EU. Mupykuus CJ] 1 Tuma npogoDKUTETBHOCTHIO 6
HeJleNIb TIPOBOJMIIACE ITyTeM BHYTPHOPIOIIMHHOTO BBEAEHHS AIIOKCaHA HATO-
mak B cymMmmapHoit mo3e 300 mr/kr [2] Ha TOJTOBO3pENBIX KphICaX-CaMIlaX JIMHUN
Wistar, B Bo3pacte 12 Henens maccoit 250-350 T.

Opunounsle kapauoMuonuTs! JOK u IDK Gy mosrydeHs! pu npuUMeHe-
HHUH CTaHIApTHOW METOAMKH peTporpanHoii (mo Jlanrennopdy) nepdysuu uzo-
JIMPOBAHHOTO CEePIa KPBICHI PACTBOPOM C T0OABIEHHEM KOJIIAreHOIUTHIECKOTO
(hepmeHTa, pacIIeTIIAIONIET0 BHEKIIETOUHBINA Kapkac [3]. Bce uaMepeHus BoImoi-
HSUTKCH Npu Temrepatype 36-37°C 1 4acToTax BHEIIHEH 3JIEKTPHYCCKOM CTHMY-
jauun 0.5, 1,2, 3 '

HccnenoBanne W3MEHEHHS COKPAaTHTEIbHON (YHKIMM (aMIUTHTYIBI CO-
KpaIIeHNs] 1 BPEMEHHOTO XO0Jja BPEMEHN COKPAIIEHHS - pacciallieHus) capKoMe-
POB M30JIMPOBAHHBIX KapIHOMUOIMTOB 1pu CJI MPOBOAMIOCH C MCTIONB30BaHUEM
koH(pokasHOTO MEKpockoma (LSM-710, Carl Zeiss, I'epmanms), reaepatopa cTH-
MYJIUpYIOIMX UMITYIbcoB MyoPacer, natumka temnepatypsl mTCII (IonOptix
Corporation, CIIIA) u crieruaiu3upoBaHHOTO MPOTPAMMHOTO 00CCIICUCHHSI.
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Bbuio oOHapyXeHO, YTO aMIUTUTY/Aa COKPAICHNS CAapKOMEPOB JTOCTOBEPHO
HE pa3jinyajach MEXAY JKEJIyJAOYKaMU KaK y MHTAKTHBIX YKUBOTHBIX, TaK U IIPH
amokcanoBoM CJI, ojiHaKo, mapaokcanbHO OblIa BBITIIE s )KUBOTHBIX ¢ C/I.

MakcuManbHble CKOPOCTH COKpalleHHus U pacciabieHus: Obuld BhINIE B
IDXK no cpaBrenuto ¢ JIK u y >KUBOTHBIX UHTaKTHOW rpynmnsl, u npu CJI, onHa-
KO, TOCTOBEPHO pa3iuyusi ObUTH OOHAPYKEHBI I CKOPOCTH pacciabicHUs y
>KMBOTHEIX ¢ CJI.

Bpemst mocTikeHusT MakcMMyMa COKpAIEHUS OKa3zajoch Ooublie s
capkomepoB JIK no cpasuenuro ¢ ITXK, HO mocroBepHO pasnuuusi ObLIM BbIpa-
skeHbl st KUBOTHBIX ¢ CJI. Taxoke OBLTO MOTYYCHO 3aMeUIEHHE BPEMEHHBIX
XapaKTepUCTHK pacciIaOiieHus Ui JKUBOTHBIX C ajutokcaHoBeiM CJI, mpuyem
ocobeHHOo 3ameeHne Ob1To BeIpaxkeHo B JIK.

Takum 00pazom, MBI TIOKa3aiH, 9yTo awtokcaHoBblit CJI 1 Tuma mpuBOIUT
K YBEIMYCHHUIO PETHOHAIBFHOTO TPAINEHTa COKPATHTEIbHON (YHKIHUH OJWHOY-
HBIX KapanomuormToB JDK u IDK.

Pa6ora monnepsxana PH® Ne 18-74-10059.
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AN INVESTIGATION OF REGIONAL HETEROGENEITY OF
CARDIOMYOCYTE CONTRACTION IN EXPERIMENTAL TYPE 1
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Khokhlova'?
YInstitute of Immunology and Physiology RAS, Yekaterinburg, Russia
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The myocardium is electrically and mechanically heterogeneous at all lev-
els of its organization — from molecule to tissue. This complex regional hetero-
geneity is necessary to coordinate the cardiomyocyte work and to optimize car-
diac output. Pathological conditions lead to a redistribution of a load between the
myocardial regions, so it can be expected that the adaptive remodeling of differ-
ent heart regions under new conditions manifests itself differently at the cellular
level. A socially significant disease such as diabetes mellitus (DM) leads to hy-
perglycemia and multiple organ failure, including dysfunction of the cardiovas-
cular system with the development of diabetic cardiomyopathy [1]. However,
there are only a few studies devoted to examine the contractile function of cardi-
omyocytes from different heart chambers in the development of DM.
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The aim of this work was to study the contractile function of single cardi-
omyocytes from the left ventricle (LV) and the right ventricle (RV) of the heart
in type 1 DM.

The experiment was conducted in accordance the Directive 2010/63 / EU.
For induction of 6 weeks of type 1 DM in male adult Wistar rats weighted 250-
350 grams (12 weeks of age) alloxan was injected intraperitoneally on an empty
stomach in a total dose of 300 mg / kg [2].

Single LV and RV cardiomyocytes were isolated using a standard Langen-
dorff technique of retrograde perfusion of the isolated heart with a solution con-
taining collagenase to degrade extracellular matrix proteins [3]. All measure-
ments on isolated cardiomyocytes were performed at temperature of 36-37°C and
at frequencies of electrical stimulation of 0.5, 1, 2, 3 Hz.

A study of changes in the contractile function (the amplitude of sarcomere
shortening and the time course of sarcomere shortening and relaxation) of isolat-
ed cardiomyocytes in type 1 DM was carried out using confocal microscope
(Carl Zeiss LSM-710), electrical field stimulator MyoPacer and temperature con-
troller mTCII (IonOptix Corporation, USA) and specialized software.

We found that the amplitudes of sarcomere shortening was not significant-
ly different between the ventricles in control animals and in DM, however it was
unexpectedly greater in animals with alloxan induced type 1 DM compared with
the control group.

The maximum velocities of sarcomere shortening and relaxation were
higher in the RV compared with the LV as in control animals as in DM, however
significant differences were found for the velocity of relaxation in animals with
DM.

The time to peak of sarcomere shortening was greater for the LV as
compared with the RV; however, differences were significantly different in
animals with DM. We also observed the prolongation of relaxation in animals
with alloxan induced type 1 DM, especially the prolongation was expressed in
the LV.

Thus, we have shown that alloxan induced type 1 DM leads to an increase
in regional gradient of the contractile function between the single LV and RV
cardiomyocytes.

The work was supported by the Russian Science Foundation Ne 18-74-
10059.
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PA3BPABOTKA U TIPOI'PAMMHAS PEAJIN3ALINA
AJITOPUTMA OIPEJEJIEHUS CPEJTHEN JIJIMHBI
CAPKOMEPA KAPJIJMOMHUOLIUTA
T.A. Msiunna'?, O.H. JTykun'?

YYpanscuii pedepansiviii yuusepcumem umenu nepeozo
Ipesudenma Poccuu b.H. Envyuna, 2. Examepunbype, Poccus
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AKKypaTHasl OLICHKa COKPATUTENbHON (DYHKIMN KapJHOMHOLNTA 3aBUCHUT
OT TOYHOT'O OIPEAEICHHIS MEXaHMIECKOH aKTHBHOCTH CapKOMEPOB B X0JI€ IMKJIa
COKpalieHust. MeToibl TaKMX TOYHBIX M3MEPEHHH/BBIYMCIIEHUH OTpaHWYEHbl U
OoJIbIIMHCTBO GasupyeTcs Ha ONpENeJICHUH IPOCTPAHCTBEHHOM YacTOTHI II0
npoduiTo nonepeyHoi HCUEPUSHHOCTH N30JIMPOBAHHON CepACYHON KIeTKU. MBI
pa3paboTaii HaCTPaWBaEcMBIN aITOPUTM OINPEEICHUS CPEOHEH [UIMHBI CapKo-
Mepa B COKpaIIalolIeics KIETKe, KOTOPBIi OCHOBaH Ha NMPHUMEHEHWH METOZa
IucKpeTHOTo mpeodpasoBanus Oypee (AI1D) u peanm3oBaH HaAMH B BHIE CaMmo-
CTOSATENFHO Pa3paboTaHHOTO MPOTPAMMHOTO 00eCTICUSHHS.

VicxonHBIMM TaHHBIMHU AJIS1 BBIYMCICHUH SIBISETCS Cepusl N300pakeHUH
W30JMPOBAHHOTO KapJHMOMHOLMTA, 3aperHCTPUPOBAHHBIX C HHTEpBaIoOM 2-3
Mcek. Kaxnoe nzoOpaxeHHe OpPHEHTUPOBAHO BIOJbL JJIUHHOW OCH MHOIUTA,
MOATOMY CTPOMTCS MPOQHIb IPKOCTH U300pakeHMsI KIETKU Kak (pyHKIMHU pac-
CTOSIHMS OT Kpasi u300pakeHus. Ecim kpast KIeTKH MeXaHW4eCKH (PUKCUPYIOTCS
KapOOHOBBIMHM BOJIOKHAMH, QJITOPUTM HCKIIIOYaeT U3 PacCMOTPEHHs 00JIacTh
npoduis SPKOCTH, JIOKAJIM30BaHHBIE 32 Mpe/ielaMy BOJIOKOH. HenocpencTBeHHO
BOJIM3M BOJIOKOH MOXKET HAOJIOAaThCsSl MCKaKEHHWE CApPKOMEPHOW HCYEPUYEHHO-
CTH, MO3TOMY JITOPUTM IPEILyCMaTPUBACT IapaMeTp, 331AI0IINIl BEIINUYNHY OT-
CTyINa OT Kpast KapOOHOBOTO BOJIOKHA B % OT PacCTOSIHUS MEKIY BOJIOKHAMH.

Hanee ¢ nomompto HAIID onpenensercss cnekTpaibHas XapaKTEPUCTHKA
CUrHaja npouirs SPKOCTH, T.€. CTPOUTCS paclipeaeieHie HHTCHCUBHOCTH Tap-
MOHHKH OT €€ IPOCTPAHCTBEHHOH «4acTOTHD) (YaCTOTHI BBIYHUCIAIOTCS B €ANHH-
Iax JUIMHbBI). B anroputMe B KadecTBe mapaMeTpoB 3aJaroTCsl OJIM30CTh K MHUKY
OCHOBHOM TapMOHHKH (HaCKOHBKO MOJKHO OTKJIOHSATBCS OT ITMKa DTOU TapMOHH-
KW ISl ONIPEZCJICHUs Juana3oHa JUIMH CapKOMEpPOB) M MaKCUMAaJbHOE YHCIIO
TapMOHHUK, KOTOpPBIE aJTOPUTM OyIeT ONpeAessITh B NEPHOTUYECKOM CHUTHAJIE.
Taxoke 3aJar0TCd MUHHUMAJIbBHOC W MAaKCHUMaJIbHOC MOITYCTUMBIC 3HAUCHUA «4Ya-
CTOT» (3KBHBAJICHTHO BBIYHCIIIEMOMY JIMANa30Hy IJIHH CAPKOMEPOB).

Jlo 3amycka pacueTa cpeaHel JUTMHBI capKoMepa MOXKET OBITh IPUMEHEHO
HCKIJIIOYEHNE HU3KOYACTOTHOW KOMIIOHEHTHI M3 NMpoQuis SPKOCTH (BO3HUKAIO-
IIel, HanmpuMep, U3-3a HAINYUS HEKOTOPBIX CTPYKTYP B 0OJNAcTH perucTpanuu
n300pakeHNs1) C MOMOIIBIO MTyOOKOH (PMIIBTPAMU C YIPABISIEMBIMH HACTPOH-
kamu ¢mibTpa. Ilocne 3amycka pacyera anroputma merogom JIID k momyden-
HBIM MAacCHBaM pEaJbHBIX M MHUMBIX YHCEN JUI YaCTOTHOTO CIIEKTpa MOXKET
OBITH TIPUMEHEHA pa3/ieibHas QUILTPAHs, OTPUILTPOBAHHBIC MACCHUBBI peaib-
HBIX ¥ MHUMBIX 9HCEI JUIT YaCTOTHOTO CIEKTPa MCIIOIb3YIOTCS AJIsI TOBTOPHOM
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«COOPKM» ATOTO CHEKTpa W BBIYUCICHHS CpPEeXHEH MIMHBI capKkoMepa yXe Ha
OCHOBE 3TOTO CIIEKTpa. 3aTeM MOKET OBITh BBITIOJIHEHA (PHIIBTPAIMS aMIUTHTY/I-
HO-9aCTOTHOTO CIEKTpa, HAlPUMeEp, €CIIM 3TOT CIEKTP CONEPKHUT JBa OIM3KO
PACTIOJIOKEHHBIX MTHKA WM MMEET OTKJIOHCHUS BOJIM3U OJHOTO MHKA. 3aBeplia-
IOIUM OTafoM SIBJISIETCSl OIpeJeieHre MUKOBOTO 3HAUCHHUS AaMIUIUTYIHO-
YaCTOTHOTO CIIEKTpa M BCE MOCIEAYIONINE BHIYMCICHUSI CPEIHEN NITMHBI CapKO-
Mepa (C y4eTOM OMUCAHHBIX BBIIIE MapaMeTPOB) MPUBSI3BIBAIOTCS K 3TOMY THKY.
Ilpu wucnonp30BaHMM BCeX TpeX (UIBTPOB (HU3KOYACTOTHBI KOMIIOHCHT,
(WIBTP MAaCCHUBOB pCallbHBIX M MHHUMBIX YHCENI YaCTOTHOTO CIIEKTpPa, (QUIBTP
AMIUTUTYAHO-YaCTOTHOTO CIIEKTPa) BBIYUCISIOTCS TPH Pa3IHYHBIX 3HAYCHHS
CpelHeN NJIUHBI CapKOMepa, KOTOPhIE MOXHO COIOCTABIATH APYr € APYroM H
OIICHUBATH CTENCHb HCKAXCHHS BBIYUCICHHS TIPH BKIFOYUEHIH/BEIKIIOUCHIH
¢unpTpa. AnroputMm peanm3oBaH B Buie nporpammaoro monyis (IDE Borland
Delphi 6, s381x iporpammupoBanust Object Pascal).

D¢ dekTUBHOCTL aNropuT™Ma U BO3MOXKHOCTh €TI0 MPHUMEHEHHS B 3aBHCH-
MOCTH OT KadecTBa UCXOIHBIX JaHHBIX MPOJEMOHCTPUPOBAHBI Ha psijie HAOOPOB
M300paXKeHU N30TMPOBAHHBIX KapAUOMHOIUTOB. KadecTBO paboThl anropurma
OBUIO COTOCTaBICHO C paHee ONMyOIMKOBAaHHBIMH IPYTUMH HCCIEI0BATEISIMH
MeTtoaamu [1,2], 6bUTO YCTAHOBIICHO, YTO JUISI HEKOTOPBIX HCXOIHBIX HaOOpOB
JIAHHBIX HAIll aJITOPUTM JaeT 6oJiee TOUHYIO OIIEHKY CPEIHEH JUTMHBI capKoMepa.
Pa3paboTaHHBIIT HAMH HaCTpaMBaEeMBI alTOPUTM, OA3UPYIOMIUICS HA TPUMEHE-
Huu Metona AIID, BanuaeH uid OUEHKM MEXaHMKH CapKOMepa B COKpallaro-
EeMCS KapIMOMHOLIUTE.

Pabora BeImonHeHa B pamkax roc3aganus M@ YpO PAH (perucrparm-
onnblii HOMep HUOKTP NeAAAA-A18-118020590031-8) u nmogneprkana Poc-
cuiickum ©@onom Oynnamentansubix UccmenoBanuii (rpant Nel8-04-00572-a).
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THE DEVELOPMENT AND SOFTWARE IMPLEMENTATION
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The accurate evaluation of contractile function of cardiomyocytes is
based on precise determination of sarcomeric mechanics during the contractile
cycle. The methods for such precise measurements/calculations are limited and
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most of them are based on the retrieval of spatial frequency of sarcomeric stria-
tion pattern of isolated cardiac cell. We developed adjustable algorithm to re-
trieve mean sarcomere length in a contracting cell, based on the method of Dis-
crete Fourier Transform (DFT) and implemented in our custom-made software.

The raw data for the algorithm are a series of cell images acquired every
2-3 msec. Each image is aligned along the cell so the intensity profile as function
of distance from the edge of the image is obtained for all images. If cell edges
are mechanically attached to carbon fibers, the algorithm excludes these regions
from the sarcomeric striation pattern prior to the calculation. As sarcomeric stria-
tion can be distorted nearly to the carbon fibers, the algorithm provides a param-
eter which set how much it should indent from the edges of carbon fibers when
constructing intensity profile (in a % of the distance between carbon fibers).

Next, DFT makes spectral signal of the intensity profile, i.e. the intensity
of frequencies is plotted against spatial “frequency” (the frequencies are calcu-
lated in the units of length). The algorithm provides the parameters to define the
proximity to the fundamental frequency (how much it can go away from the peak
of fundamental when determining the mean sarcomere length) and to define the
maximal number of frequencies which are calculated in the periodic signal. Also,
minimal and maximal available values of “frequencies” are preset (equivalent of
calculated range of sarcomere length).

Before the running of the algorithm, one may apply the low-frequency fil-
ter to exclude instabilities in the intensity profile (e.g. if some non-sarcomeric
(sub)cellular structures exist in the profile) using deep filtering with adjustable
settings. After DFT calculation of the algorithm, the arrays of real and imaginary
numbers can be filtered separately and then the filtered arrays are used to recon-
struct the frequency spectrum and to calculate mean sarcomere length on the
basis of this new spectrum. After that, the filtering of amplitude-frequency spec-
trum can be run, e.g. if the spectrum has two closely packed peaks or inconsist-
encies around a single peak. The trailing step of the algorithm is the determina-
tion of peak of the amplitude-frequency spectrum and further retrieval of mean
sarcomere length with preset parameters is related to this peak. Using three fil-
ters (low-frequency filtering, filtering of arrays of real and imaginary numbers,
filtering of amplitude-frequency spectrum), one get three different values of
mean sarcomere length which can be compared in terms of highest accuracy de-
pending on using of the filter. The algorithm is implemented as software module
(IDE Borland Delphi 6, Object Pascal programming language).

The effectiveness of the algorithm and its applicability depending on quali-
ty of raw data is demonstrated using several sets of cell image series. The quality
of our algorithm was compared to the previously published methods [1,2] and for
some raw data sets we found that our algorithm provides more accurate calculation
of mean sarcomere length. The developed configurable DFT-based algorithm is
valid for evaluation of sarcomere mechanics in a beating cardiomyocyte.

The study was carried out within the framework of the IIF UrB RAS
theme No AAAA-A18-118020590031-8 and supported by Russian Foundation
for Basic Research (#18-04-00572-a).
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MEXAHUYECKHUE XAPAKTEPUCTUKU OJAUHOYHBIX BOJIOKOH
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CkeJeTHbIC MBIILIBI COCTOST U3 OBICTPBIX M MEIUICHHBIX BOJIOKOH, KOTO-
pBI€ pa3InyaroTcs MEeXAy coOoii, B TOM 4HCie, CKOPOCTBIO OTBETA Ha BO30Y K 1e-
HHUC M Pa3BUTHs HapsDKeHHs. 3BECTHO, 4TO OBICTPBIC M MEUICHHBIC BOJIOKHA
UMCIOT Pa3IM4YHBIN COCTaB OEJKOB, B YACTHOCTH, MHO3WH MEJJICHHBIX MBIIIII
OTIMYAETCS OT MHO3WHA OBICTPBIX MBI H30(OPMaMHU TSHKETBIX mernei. [losTo-
My MEXaHWKa aKTHH-MHO3MHOBOTO B3aUMOJCWCTBHUS B ITHX BOJIOKHAX MOXKET
OBITh MHOW. BONBITIMHCTBO SKCIIEPUMEHTAIBHBIX PE3YIHTATOB, JEKAIINX B OCHO-
BE COBPEMEHHBIX INPEICTABICHHH O MOJCKYJISIPHON MEXaHHUKE MBIIICYHOTO CO-
KpareHus, OBIIN MOIydeHB! Ha OBICTPBIX BOJIOKHAX JIATYIIKH WM Kposmka. Lle-
TR0 JaHHOWH pabOTHl SBIACTCA HCCICIOBAHHWE DPA3MUYNN MEXaHWKH aKTHH-
MHO3HHOBOTO B3aUMOJICHCTBHUS B PA3HBIX THIIAX MBIIICUYHBIX BOJOKOH U U3yYe-
HUC UX CBSI3U C PYHKIUOHAIBHBIMA OTIIHIHSIMH.

DKCIepUMEHTHI ObLIM BBIMIOJIHECHBI HA OJJMHOYHBIX BOJOKHAX MCIJICHHOM
MbIIsE SOleus kposrka. DKCriepuMeHTaIbHAST METOIMKA TOAPOOHO OMUCAaHA B
paborax [1, 2]. M3y4ann MexaHn4ecKHe OTBETHI BOJIOKOH, aKTUBUPOBAHHBIX IIPH
Hu3koi Temmeparype 5 °C, Ha J[KOyJIeB CKa4OK TEMIEPATypbl, aMIUTUTYIY
ckauka BappupoBaimm oT 5 mo 25 °C. Oka3zanock, 4TO aHaJOrM4HO padote [3],
WCCIIeTOBaHHBIC 00pa3Ibl MOXKHO Pa3/IeIUTh HA JBE TPYIMIBL. MeIeHHBIE BO-
JIOKHA TIEPBOH TPYIITBI pa3BUBAIM HadaibHOEe HampspkeHue ~50 kPa, kotopoe B
OTBET Ha CKaYOK TemrepaTypsl Bo3pactaio jo ~130 kPa mpu puHAmBHBIX TeM-
neparypax Boie 25 °C. U3MeHeHns TuHAMUYeCKO )KEeCTKOCTH, U3MEPEHHOH 110
W3MCHCHUSM HAIPSDKEHUSI B OTBET HA MPUIOKCHHBIC CHHYCOHMIAbHBIC H3MCHE-
HUS JUTUHBI ¢ 4acTOTON 0Kko0Jo 1 K[, OBLIM HE3HAYUTEIBHBIC, YTO COOTBETCTBY-
eT pe3ynbTaram [1], morydeHHBIM Ha OBICTPBIX BOJOKHAX. OTIIMYHs OT OBICTPBIX
BOJIOKOH COCTOSUIM B CYLIECTBEHHO Oojiee MEIJICHHON KHHETHKE YBEIUUCHMS
HAINPSDKCHUS B OTBET HAa CKAYOK TeMIIEpaTyphl. BookHa BTOPOM IpyIIBI pa3Bu-
Bay O0Jiee HU3KOE HavalbHOC HanpshkeHue ~ 25 kPa. YBennueHue HarpsoKeHHs
B OTBET Ha CKaYOK TEMIIEpaTypsl cocTaBsuio He Oosee 50% nawampHOTO. IlO-
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JyBpeMsI pa3BUTHA CHIIBI B OTBET Ha OOJBIINE CKaYKH TEMIIEPATypHl HE 3aBHUCEIIO
OT MPHUHAUICKHOCTH K 1 wim 2# rpymme u coctaBisuio oT 8 Mc 10 30 Mc, B TO
BpeMs KaK B OBICTPBIX BOJIOKHAX ITOJIYBPEMsS Pa3BUTHS CHIIBI COCTABIISIO 2-
2,5 mc.

DKCIIEPUMEHTHI MOKA3aJIH, YTO B OTJIMYUC OT OBICTPHIX BOJIOKOH, JHaria-
30H MEXaHMUYECKUX XapaKTEPUCTUK MEUICHHBIX BOJIOKOH ropas3fo LIMpE, U UX
UCCIICIOBAaHHE HEOOXOIUMO MPOJOJDKHTh Ha OOJBIIEM YHUCIE OOpasloB U M0-
MOJIHUTh U3MEPCHUEM COJICPXKAHUS PA3IUYHBIX H30()OPM TSDKEINBIX IIeTIeH MHO-
3HMHA C TIOMOIIBIO I'eb-3JIEKTpodopesa.

PaboTa BemonHeHa pu noaepxkke PODU, rpant 18-04-00599.
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MECHANICAL CHARACTERISTICS OF SINGLE FIBRES
FROM SLOW SKELETAL MUSCLE
S.R. Nabievl, N.A. Koubassova’
YInstitute of Immunology and Physiology of RAS,
Yekaterinburg, Pervomayskaya ul., 91, Russia
%Institute of Mechanics, Lomonosov Moscow State University,
Mitchurinsky pr., 1, Moscow, Russia

Skeletal muscles consist of fast and slow fibres, which differ from each oth-
er by a number of characteristics, including the time course of response to excita-
tion and of the tension development. It is known that fast and slow fibres have a
different composition of proteins, in particular, slow muscle myosin differs from
that of fast muscle by heavy chains isoforms. Therefore, the mechanics of the ac-
tin-myosin interaction in these fibres may be different. Most of the experimental
results underlying modern concepts of the molecular mechanics of muscle contrac-
tion were obtained on the fast frog or rabbit fibres. The purpose of this work is to
study the differences in the mechanics of the actin-myosin interaction in different
types of muscle fibres and to study their connection with functional differences.

Experiments were performed on single fibres of soleus rabbit muscle. The
experimental technique is described in detail in [1, 2]. The mechanical responses
of fibres activated at a low temperature of 5 °C to a Joule temperature jump, the
jump amplitude varied from 5 to 25 °C, were studied. It turned out that, similar
to [3], the studied samples can be divided into two groups. The slow fibres of the
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first group developed an initial tension of ~ 50 kPa, which, in response to a tem-
perature jump, increased to ~ 130 kPa at final temperatures above 25 °C. Chang-
es in dynamic stiffness, measured from tension changes in response to applied
sinusoidal changes in length with a frequency of about 1 kHz, were small, which
corresponds to the results of [1] obtained on fast fibres. Differences from fast
fibres consisted in a significantly slower kinetics of tension increase in response
to a temperature jump. The fibres of the second group developed a lower initial
tension of ~ 25 kPa. The increase in tension in response to a temperature jump
was no more than 50% of the initial one. The half-time of force development in
response to large temperature jumps did not depend on belonging to the Ist or
2nd group and ranged from 8 ms to 30 ms, while in fast fibres the half-time of
force development was 2-2.5 ms.

Experiments have shown that, unlike fast fibres, the range of mechanical
characteristics of slow fibres is much wider, and their research should be contin-
ued on a larger number of samples and supplemented by measuring the content
of various isoforms of myosin heavy chains using gel electrophoresis.

Supported by RFBR grant 18-04-00599.
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HUCCIEJOBAHUME BJIUAHUSA ®OCPOPUIUPOBAHUSA
CYIIECTBEHHBIX JIETKUX LENEX MUO3HUHA
HA AKTUH-MHUO3UMHOBOE B3AUMO/IEMCTBUE
C.P. Ha6ues', JI.C. JlorBunoBa’, A.M. Maromenxo’, JI.B. Huxuruna',
I'.B. Kom,mosal, J.B. ]Jlemcpml, C.10. Bepumuumﬁ1
1HHcmumym ummyHnonoeuu u gpusuonocuu YpO PAH,
Examepunbype, Ilepsomaiickas, 106, Poccus
2HHcmumym ouoxumuu um. A.H. Baxa - @®UI] Buomexnonocuu PAH,
Mocxea, Jlenunckuii npocnexkm, oom 33, cmpoenue 2, Poccus

B «cymectBennbix» jnerkux uemnsix (ELC) muosuna mmerorcs nBa caiita
tdbochopunupoBanus (Arrell et al., Circulation Research. 2001). He usBectHo,
kak ¢pocpopmnmpoBanne ELC Muo3uHa BiIMsSeT HAa aKTHH-MHO3MHOBOE B3aHMO-
neiictBue. Ml uccnenoBanu 3¢ ¢extsl Gochopunuposanus ELC muosuna Ha
XapaKTePUCTUKH aKTHH-MHO3MHOBOTO B3aMMOICHCTBHS, UCTIONB3YsI iN Vitro mo-
nmekHY0 cucteMmy (MIIC) n onTHgeckyro JOBYIIKY.
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Mmuo3uH, aKTHH U TPOIIOHHHOBBIM KOMIUIEKC OBUIM BBIJEICHBI U3 OBICT-
PBIX CKEJIETHBIX MBI KPOJWKa. PEeKOMOWHAHTHBIA YeIIOBEYECKHH  O-
TPONIOMHUO3HMH OBLT SKCIPECCHpPOBaH Kak ommcaHo panee (Matyushenko et al.,
Biochemestry, 2017). PexomOunanTasie npenapatsl ELC aukoro tuma (WT), a
taoke ¢ Mytauusmu T65D, S193D u nBoiiHoit myranueir S193D/T65D, koto-
prie umuTHpyet Qochopmmupoanne ELC Muo3uHa, ObUIM MOJTyYEHBI C TIOMO-
IIBIO CalT-HampaBlIEHHOTO MyTareHes3a, U 3areM HaTtuBHble ELC B ckeneTHOM
muo3uHe Obun 3ameniensl Ha 9T ELC. B UIIC MBI U3Mepsiin CKOPOCTh CKOJIb-
eHust F-akThHa W perynmpyeMoro TOHKOTrO (uilaMeHTa HO IOBEPXHOCTH I10-
KPBITOH, CKEJIETHBIM MHO3WHOM ¢ uccneayembiMu ELC. B onrtnaeckoit moByrike
ucronb3ys cxemy Tpex mapukos (Finer et al., Nature, 1994) mb1 m3mepsum pas-
Mep pabouero mara OAMHOYHONH MOJIEKYJIBI MHO3HMHA, COIEPXKAIIEro HCCIIemye-
Mbie ELC, npu B3aumopeiicTBuu ¢ F-akTHHOM, a Takke UIUTENBHOCTh 3TOIO
B3aUMOJICHCTBYSL.

Msr obHapyxumu, uro ELC T65D cHmxaeT cKopocTh CKOJbXeHus F-
aktuHa B UIIC B 2,5 paza u yBenMuMBaeT MPUMEPHO B 5 pa3 MPOAOIKUTENb-
HOCTb OJIMHOYHOI'O B3aUMOJCHCTBUS MHO3MHA C F-aKTMHOM B ONTHYECKOH JIO-
BYIIKE, M0 CPaBHEHMIO ¢ MHO3MHOM, conepxaumM WT ELC, HO He MeHser
cpenHuit pazmep pabodero mara muosuaa. Kpome toro, ELC T65D 6Gonee yem B
3 pa3a CHMXaeT MaKCUMAaJIbHYIO0 CKOPOCTh CKOJIBKEHUS PEryIUpyeMOro TOHKOTO
(mmaMenTa, a Tak)Ke CHIIKACT €0 KaJBIEeBYIO UyBCTBUTENBHOCTE Ha 0.14. ELC
S193D u S193D/T65D yBenmuuBaroT MPOJOKATSIFHOCTh B3aUMoAeHcTBUS F-
aKTHHA C MHO3MHOM B 1,4 pa3a u B 2.5 pa3a COOTBETCTBEHHO, TOTJa KaK APYTrHe
XapaKTEePUCTHUKU B3aUMOJICHCTBHS HE H3MEHSIOTCSI.

dochoprmmpoBaHue JICTKUX IIeTIeH MUO3UHA B IBYX MOJOXKEHUAX Thr65
n Ser193 okaspiBaeT pasHOHANpaBieHHBIC YPPEKTH HA XapaKTEPUCTHKH aKTHH-
muo3nHoBoro B3amMopencTBus: ELC T65D wHruOupyer B3amMoaeicTBHE, a
ELC S193D yctpanser 3to narnouposanue. @ochopminpoBaHie JETKAX ENeH
MHO3MHA MOKET SBJISITHCS JOTIOJHUTEIPHBIM MEXaHU3MOM PETYISALUH COKpaIle-
HUSI B TIOTIEPEYHOIOIOCATHIX MBIIIIIAX.

Pabota BemonHena npu noaaep:kke POOU (rpant Nel8-04-00122 u 18-
34-00804) u IIporpammbr AAAA-A18-118020590135-3 ¢ wucnonbp30BaHUEM
obopynosanus [IKIT UN® YpO PAH.

STUDY OF THE EFFECTS OF PHOSPHORYLATION OF ESSENTIAL
LIGHT CHAIN OF MYOSIN ON THE ACTIN-MYOSIN INTERACTION
S.R. Nabiev', D.S. Logvinovaz, AM. Matyushenkoz, L.V. Nikitina',
G.V. Kopylova', D.V. Shchepkin', S.Y. Bershitsky'

YInstitute of Immunology and Physiology UB RAS,

Ekaterinburg, Pervomayskaya St., 106, Russia

?A.N.Bach Institute of Biochemistry RAS, Moscow, Leninskiy Av., 33, Russia

Essential light chain (ELC) of myosin has two sites, which can be phos-
phorylated (Arrell DK et al Circulation Research. 2001). However, how the my-
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osin ELC phosphorylation can affect the actin-myosin interaction at the molecu-
lar level remains almost unclear. Here, we studied the effect of the myosin ELC
phosphorylation on the properties of the actin-myosin interaction in an in vitro
motility assay and an optical trap.

Myosin, actin and troponin were obtained from fast skeletal muscles of
the rabbit. Recombinant human a-tropomyosin was prepared as described in the
work (Matyushenko et al., Biochemistry, 2017). Recombinant myosin ELC con-
structs with mutations T65D, S193D, and S193D/T65D, which mimic naturally
occurring ELC phosphorylation were produced using site-directed mutagenesis
and these ELC mutants were then inserted into the molecule of skeletal muscle
myosin. In the in vitro motility assay, we measured the sliding velocity of F-actin
or regulated thin filaments over the flow-cell surface covered with skeletal myo-
sin containing studied ELC constructs. In the optical trap using three-bead assay,
we measured the average step size of single myosin molecules including studied
ELC constructs with F-actin and the average duration of their interaction.

We found that the T65D ELC mutation decreases 2,5-fold the sliding ve-
locity of F-actin in the motility assay and increases 5 times the duration of single
actin-myosin interactions but does not change the myosin step size. Moreover,
the T65D ELC mutation decreased more than 3 times the maximal sliding ve-
locity of thin filaments and shifted its calcium sensitivity 0,14 lower. The S193D
and double S193D/T65D ELC mutations increase 1,4-fold and 2,5-fold respec-
tively the duration of myosin interaction with F-actin while the other characteris-
tics do not change.

The phosphorylation of Thr65 and Ser193 of ELC renders differently di-
rected effects on the actin-myosin interaction in skeletal muscle: the T65D muta-
tion inhibits the interaction and the S193D mutation eliminates this inhibition.
The myosin ELC phosphorylation might be an additional mechanism of regula-
tion of contraction of striated muscles.

This work was supported by RFBR (Ne18-04-00122 and Nel18-34-00804)
and Program AAAA-A18-118020590135-3. This work was performed using the
equipment of SRC IIP UB RAS.

IK30DPOCPOANICTEPA3A HUKINYECKUX HYKJIIEOTHIOB
IJIA3MOAUsI PHYSARUM POLYCEPHALUM
A.P He3peuknii, O.B. llerpyxun, H.51. Opsos
Hnemumym meopemuueckoii u sxcnepumenmanvhoi buogusuxu PAH,
Ihwuno, yr. Hnemumymcxas, 3, Poccus

Csemnoui namsmu Cogou Unvunuunst betlnunoi
noceaujaemcs

IokazaHo, 4TO (QU3MKO-XMUMHUUYECKHE M (DEPMEHTATHBHBIC XapaKTepH-
CTHKH OOHapyXeHHOI Hamm paHee [1-3] sKCTpakiIeTOYHONH HUKIOHYKICOTHA-
cnenuduunoii pocdoaudcrepassl miazMoaus MukcoMuiiera Physarum poly-
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cephalum 1omoGHBI CBONCTBAM IUMKIOHYKIEOTUA-CrIel(prIHON (ocdomudc-
Tepassl-1 mposxokeit Saccharomyces cerevisiae [4]. Ilpexnonaraercs, 4ro ¢oc-
dommrcrepasa miasmoaus Physarum polycephalum, xak u ¢ochoauscrepasa-1
apoxokeit Saccharomyces cerevisiae, 0THOCUTCS K MaJOU3y4YEHHOMY H JBOJIO-
LIMOHHO JIPEBHEMY CEMEHCTBY IMKIOHYKICOTHI-CIieIupuyuHbIX (pocdoauicre-
pa3 knacca II [5]. JlanHble, MOSyuYeHHBIE METOJAOM MAaCC-CIEKTPOCKOMHH, HE
HCKJIFOYAIOT TaKOW BO3MOKHOCTH.
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CYCLIC NUCLEOTIDE-SPECIFIC ECTOPHOSPHOESTERASE
OF PHYSARUM POLYCEPHALUM PLASMODIUM
A.R. Nezvetsky, O.V. Petrukhin, N.Ya. Orlov
Institute of Theoretical and Experimental Biophysics of RAS,
Pushchino, St. Institutskaya, 3, Russia

To memory of Sonya Beilina is devoted

It is shown that physico-chemical and enzymatic characteristics of the
extracellular cyclic nucleotide-specific phosphodiesterase from the Physarum
polycephalum myxomycete plasmodium, which we described earlier [1-3], are
similar to those of the cyclic nucleotide-specific phosphodiesterase-1 from
yeast Saccharomyces cerevisiae [4]. We suppose that both phosphodiesterase of
plasmodium Physarum polycephalum and phosphodiesterase-1 of yeast Sac-
charomyces cerevisiae do belong to the evolutionary ancient and poorly under-
stood family of class II cyclic nucleotide-specific phosphodiesterase [5]. It was
confirmed by the investigations of the enzyme by analytical mass spectrometry
technique.
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OKHMCJHUTEJBHBINA CTPECC HE ABJSAETCS OBA3ATEJbHBIM
ATPUBYTOM AINIONITO3A Y PAHHEI'O DMBPUOHA MbIIIA
A.T'. IIoropenos, A.W. Ilanaut, B.H. IToropenosa
Hucmumym meopemuueckoii u sxcnepumenmanvrou ouogusuxu PAH, ITywuno,
yn. Unemumymcrxas 3, Poccus

B mponecce anekTponusa B KaTOQHOH KaMepe HAKAIIMBAETCS DJEKTPO-
XUMHYEeCKH BoccTaHoBiIeHHas Boga (ERW)). Ora meracrabuwibHas Gpakuus Bo-
Jbl XapaKTepU3yeTCs OTPULATENbHBIM 3HAYEHHEM OKUCIUTEIbHO-BOCCTAHOBU-
tenpHOro norexuana (OBII), uTo o3HauaeT BO3MOXKHOCTb HEHTpanU3allUU aK-
TUBHBIX (opM Kuciopoaa. I'mnore3a o0 aHTHOKCHAAHTHBIX cBoicTBax ERW
OYEHb NpHBJIEKATENbHAs, HO CIEIyeT YUYUTHIBATh, YTO IIPH MPUTOTOBICHUU Oy-
(epHOTO pacTBOpa CONEBOH COCTaB MOXKET 3HAYMTEIHFHO MOIM(UIMPOBATH 3a-
sapieHHbIe XapakTepuctuku ERW. TlosTomy mems maHHOH paboThl cocTosia B
TOM, 9TOOBI ONPENeINTh, KaK 3aMeHa OOBIYHOW BOXBI Ha €€ (DPaKIMi0O M3MEHUT
OBII nHKYyOaMOHHOW cpenbl. AHTHOKCHIAHTHBIE CBOHCTBA IMOJIYYCHHOTO (H-
3HOJIOTUYECKOTO PAacTBOpa HM3Yy4YalH, HCIOJB3Ys JKCHEPHMEHTAIbHYI0 MOJEIb
aronTo3a, NHIYIUPOBAHHOTO y KJIETKH PAaHHETO SMOPHOHA MBIIIH MTOCPEICTBOM
Jo0aBneHus IepoKcuia BOJOPoa.

Marepuansl n MeToabl. OMOproHb! 1 oouuTsl MII BbLIEAIM M3 sline-
Boga NMRI wmpimeid. AnonTo3 MHUMUpPOBanK WHKyOanuen (40 MuH) situekie-
TOK ¥ 3MOpHOHOB B cpeze JynpOexko mocie 100aBieHust IepoKCHIa BOIOPOa
(0.2 MM). Hanune anonToTHYECKUX M3MEHEHUH OLIEHUBAIN 110 XapaKTEPHHBIM
MOP(OJIOTHYECKUM IPU3HAKAM M YMEHBIICHHIO KJIETOYHOr0 00beMa, KOTOPBI
M3MEPSUT METO/IOM JIa3epHOH MUKpoToMorpaduu ¢ mocuenyommm 3D pekoH-
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Cpena unkybOarmu pH OBII, MB rH,
Jyns0exko 7.4 300 27,8
ERW Jlyns0exko 7.4 60 21,2
Hynsbexko + H,0, 7.4 270 27,0
ERW Jlynsbexko + H,0, 7.4 120 23,1

O603nauenns: ERW - cpena unky6arun, npurotoinenHas Ha ERW, +H,0, — B cpe-
Iy mHKyOanuu nobasieH mepoxcux Bogopoxa (0.2 MM), pH — KHCIOTHOCTB cpexsl
nHKyOauuu, rH, — MHIEKC OKCHIAHTHON aKTUBHOCTH, KOTOPBII BEIYHCIIAIOT MOCPEa-
ctBoM Beipakernst FH,=0.026*(E, + A) + 2pH, rze: A (0.026 MB) — SMIUPUYECKUI
ko3¢ duruent, A - monpaska (200 mV) Ha Cl-Ag 371eKTpo] CpaBHEHHSI B HACHIIICH-
HoM pactBope KCl npu komHaTtHoit Temnepatype (~22°C).

cTpyKuuen kieTku. UToObl COXpaHUTh MPHKU3HEHHOE CTPOCHUE, GOpMY U pas-
Mep KIETKH HCIOJb30BaJTH KOMIUIEKC KPHOTEHHBIX ITOJXO0J0B MHKPOCKOINH.
Kpatko, nocne xpuopukcanuu B xuakom npomnane (-188C), obpasern noasepra-
mu HuskoreMmreparypHoit (-100C) nerunparanuu B Bakyyme (~10-3 Pa). JIno-
¢unu3rpoBaHHBIe 00pa3Ibl 3aKIIOYAIM B 3JIMBOYHYIO CPEy Ha OCHOBE JMOK-
CUAHON cMOJBI DpoH §12.

PesyabTaThl. B Tabnume mpenctaBieHs! JaHHBIE, KOTOPHIE MO3BOJSIOT
OILICHUTh W3MCHCHHE CBOWCTB MHKYOAlIMOHHOW cpenpl J[ymTbO0eKKO MpH 3aMeHe
OOBIYHON OMAMCTHIUIMPOBAaHHON Boabl Ha ee ERW dpakuuto. [lapamerp rH,
oIpesieNsieT Kak aHTHOKCHAATHBIN cTaTyc pacTBopa B mpeaenax 0 < rH, < 28, npo-
OKCHIaHTHBIA B mipenenax 28< rH, < 42 u meltpanbublii npu rH, = 28, HanpumMep
JUTs 0OBIYHOI BogonpoBoaHO# Bogb! (pH 7.2, E, = 320 MB).

BeiBoabl. PaccmaTpuBast Bce TOXydeHHBIE JaHHBIC, MBI IPHUILIA K CIIe-
nytomemy 3axmroueHuro: (1) Cpema [dynpOekko, mpuroroBineHHas Ha ERW
(bpakuuu, coxpaHSET AHTHOKCHAAHTHBIN moTeHmman, (2) Cpema JymnpOekko,
npurotosneHHass Ha ERW ¢pakiyn, KoMIeHCHpyeT OKUCINTENBHBIN CTpecc, HO
HEe MpPEeNOTBpaIlaeT pa3BUTHE aloNTO3a, WHAYIHPOBAHHOTO J00ABICHHEM IIe-
pOKcuia BOJOPOa, Y KIETOK paHHEero SMOpruoHa MbIIH, (3) Halnu4Yne akTHBHBIX
¢opM KuciIOopoga He SBIAETCS O00s3aTelNbHBIM YCIIOBHEM amonTosa. llo-
BUANMOMY, B HCIIOJB3YEMOH 3KCIIEPHUMEHTAIFHON MOJCITH JEHCTBHE HK30TCH-
Hoit Monekynsl HyO, ocymiecTBisieTcs depe3 ee CUrHaimbHble GyHKIHUA. B 3TOM
cilydae MHUIIECHBIO EPKOCHIA BOJOPO/Ia MOTYT OBITH THOJIOBBIE TPYIIIBI IIUCIIET-
JeBBIX penentopos, K, kananos, VSOAC-nono6usix Cl” TpancnopTepos, THpO-
3MHKHHA3HBIX PELENTOPOB WK THpo3uHpochoTas.

HUccnenosanue nogaepxkano Poccuiickum HayunsiM donnom, mpoext Ne
16-16-00020.

PRO-OXIDATIVE CONDITIONS ARE NOT A GENERAL
PREREQUISITE FOR APOPTOSIS IN EARLY MOUSE EMBRYOS
A.G. Pogorelov, A.l. Panait, V.N. Pogorelova
Institute of Theoretical and Experimental Biophysics, RAS, Pushchino, St. Insti-
tutskaya 3, Russia

Upon water electrolysis, electrochemically reduced water (ERW) is accumu-
lated at the cathode chamber. This metastable fraction is characterized by the nega-
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Incubation medium pH E,, mV rH,
Dulbecco’s solution 7.4 300 27,8
ERW Dulbecco’s solution 7.4 60 21,2
Dulbecco’s solution + H,O, 7.4 270 27,0
ERW Dulbecco’s solution + H,O, 7.4 120 23,1

Comments: ERW is incubation medium prepared with ERW fraction, +H,0, is hy-
drogen peroxide (0,2 mM) in incubation medium, pH is medium acidity, E;, is redox
potential (mV) measured with a platinum electrode, rH; is the index of the oxidative
activity calculated from Eqn. rH,=0.026*(E,, + A) + 2pH, where: A (0.026 mV") is
empirical coefficient, A is a correction (200 mV) for a silver chloride reference elec-
trode with saturated KCl at room temperature (~22°C).

tive redox potential that allows the quelling of reactive oxygen species to be pre-
dicted. The proposed hypothesis about ERW antioxidant activity is very attractive
but the following consideration should be taken into account. Before ERW impacts
a cell, its properties can be changed in an unpredictably manner, when ERW inter-
acts with the salts composition buffering physiological solutions. Therefore, this
work was focused to explore how the replacement of ordinary water by the ERW
fraction can modify the redox potential of the incubation medium. The antioxidant
talent of such medium was investigated applying the experimental model of H,O,-
induced apoptosis in early mouse embryos and eggs.

Materials and methods. The early embryos and oocytes MII were isolated
from the oviduct of a NMRI mouse. Apoptosis was induced by the incubation (40
min) of eggs and embryos in Dulbecco’s medium containing hydrogen peroxide at
a concentration of 0.2 mM. The distinctive morphological characteristics and cell
shrinkage were served as apoptotic criterions. The cellular volume of oocyte, zy-
gote or two-cell embryo was measured by laser scanning micro tomography fol-
lowed by quantitative 3D reconstruction. Briefly, after a cryofixation in liquid pro-
pane (—188°C), frozen oocytes and embryos were freeze-dried under vacuum (~10—
3 Pa) at low temperature (-100°C). Then, samples were immersed in embedding
medium (Epon 812). The use of cryogenic approaches enables us to preserve the
shape, size, and structure of cells, as close as, to in vivo state.

Results. Table represents the impact of hydrogen peroxide on Dulbecco's
solution in modeling the oxidative stress. Redox potential and index of oxidative
activity (rH2) of Dulbecco’s medium prepared with the bidistilled water or its
ERW fraction befor and after the hydrogen peroxide addition According to the rH2
index scale, a solution is consider as being antioxidant in the range 0 < rH2 < 28
and as prooxidant in the range 28< rH2 < 42 [2]. The state with rH2 ~ 28 is consid-
ered as a redoxneutral, for instance, ordinary tap water (pH 7.2, Eh =320 mV).

Conclusions. Taking together, we can conclude the following: (1) ERW
incubation medium compensates redox potential changes induced by the addition
of hydrogen peroxide (0.2 mM), (2) ERW incubation medium compensates oxi-
dative stress but does not prevent the apoptosis induced in early mouse embryon-
ic cells, (3) the apoptosis develops in antioxidant conditions it implies that oxida-
tive stress is not obligator attribute of apoptosis. We suggest that the action of
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exogenous H,O, molecules via redox-sensitive mechanism. In this case, the tar-
gets for the H,O, molecule are probably the thiol groups of Cys-loop receptors,
Ky, potassium channel or VSOAC-like CI" transporters responsible for the com-
pensatory cell volume decrease.

Acknowledgments. This work was supported by Russian Science Founda-
tion, project no. 16-16-00020.

POJIb JTUABET-ACCOIIMNPOBAHHBIX TUKAPEOHUJIOB
B IUCO®YHKIUU SHAOTEJUAJIBHBIX KJETOK in vitro
H.B. Iloakyituenko, M.B. Camconos, O.A. KazakoBa,

C.C. Muuypuna, 10.C. Cradees, E.E. E¢ppemos, T.H. Baacuk,
B.3. JlankuH, A.B. Boporuukos, B.II. Illupunckmii
Hayuonanenuiii meouyunckuil ucciedo8amenbCkuii yeHmp Kapouoio2uu
Munszopasa Poccuu, ya. 3-a Yepenkosckas, 158, Mockea 121552, Poccus

[arorenes caxapuoro auabdera 2 Ttuma (CH2T) TecHO cBsi3aH C HOBpe-
JKJICHUEM CTCHKH MaKpO- H MUKPOCOCYJIOB U HApPYIICHUEM OapbepHBIX CBOMCTB
COCYIUCTOTO J3HIOTENHs. [IPpHHATO CUMTATh, YTO B YCJIOBUSIX NUAOCTHUCCKOM
TUMEPIIIMKEMUN TUCPYHKIUS SHAOTEIUS Pa3BUBACTCS BCIICACTBUE OKUCIUTEIb-
HOTO cTpecca W He()epMEHTATHBHOTO TJIMKUPOBAHHS 3HOTCIUANBHBIX OCIKOB,
YTO BeIET K HAPYIICHHIO OapbepHBIX CBOWCTB AIHIOTEIHAIBHOTO MOHOCIOS,
nmucOaNaHCy B CHHTE3€ Ba30JUIATHPYIONUX M Ba30KOHCTPUKTOPHBIX (haKTOPOB.
B yacTtHOCTH, yCUNIMBAaeTCS CUHTE3 U CEKPELUs SHAOTENNHA- 1, KOTOPBIN CIIYKUT
MOIIIHBIM Ba30KOHCTPUKTOPOM. B TO ke BpeMs moAaBisieTcs aKTUBHOCTh 3HIIO-
tenranbHO NO-CHHTa3BI, KOTOpasi B HOpME IIOJJCPKHUBAET BBICOKHE Oaphep-
Hbl€ CBOMCTBa 3HAOTENUSA. B pesynbraTe NOBBIIAETCS COCYIMCTasl MPOHULIAE-
MOCTh, Pa3BUBAIOTCS TPOMOOTHUYECKHEC OCJIOKHCHHS, YCHIUBACTCA Ba30KO-
HeTpukuus. Mel npennonaraem, uro npu CH2T noBpexgaromuM 3HAOTENUN
(hakTOpOM HapsIy C TUMCPIIUKEMHEH W OKUCIUTEIHHBIM CTPECCOM SBISCTCS
JUCIUTIUEMUS, TAK)KE XapaKTepHasi IS 3TOM MaTOJIOTHUH.

Ha monenu KynbTUBUPYEMBIX SHAOTENUANBHBIX KIETOK U3 MYMOYHOH Be-
Hel yenoBeka (HUVEC) mbl ucciieoBany BKJIal THIIEPTIUKEMUAN W JUCITATIHIC-
MUH B pa3BUTHE TUCOYHKINH SHAO0TeNN. C IOMOIIHI0 IMMYHOOJIOTTHHTA OBLIO
ycraHoBieHo, 4To mnpemHKyOamms HUVEC B mpucyTcTBHM NadbMHTHHOBOM
KHCJIOTH WHAYIHPYET HAKOIUICHHE B HUX OENKOB, MOAUMDHITUPOBAHHBIX Mao-
HOBEIM AuanbaeruaoM (MIA) - mpoIyKToM MepeKHCHOTO OKHCICHHUS JIUIHIIOB.
Hcnonp3ys aBa MeTona W3YyYEHHUS SHAOTEIHANBHON MPOHUIIAEMOCTH in Vitro
(M3MepeHne AIEKTPUUIECKOr0 UMIIEAaHca IHIOTEINATBHOTO MOHOCIOS M HU3Me-
penrie aupdysun yepes monocion 70 kJla ®UTL-nexcTpana), Mbl MOKa3aiy,
yro MJIA B xonnenrpamusx 100-250 pM, BbI3pIBa€T THIEPIPOHUIIAEMOCTD JH-
norenusi. B To e BpeMsi, KOHEUHbIE POAYKTHI TTTUKUPOBAHUS, TaKUe KaK TJIH-
okcanb 1 Metuiaranokcans (MI'O), B cpaBHuMBIX ¢ MJIA KOHIEHTpausIx He
WU3MEHSIOT MPOHUIAEMOCTh IHAOTENIMAIBHOTO MOHOCHOS. Jlanee, ¢ MOMOIIbIO
(yopecueHTHOTO HHIUKAaTOpa okcuaa azota DAF-FM MbI uccnenoBany akTHB-
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HocTh NO-cuuTa3zel B HUVEC 1 Bo37ciicTBHE HA HEe MepeIrCIeHHBIX JUKapOO-
HWI0B. bBUTO pogemoncTpupoBano, uro 100 uM MJIA, o He MT"O, nmogasser
WHCYJIHH-CTUMYTHPOBaHHBIN ciHTE3 NO B 3THX KIIETKaX.

HccnenoBanusle koHUEHTpauu M/IA COOTBETCTBYIOT pacueTHOMY CO-
JEp)KaHUIO 3TOrO JUKapOOHWIIAa B COCYAHCTOM CTEHKE NPU OKHCIUTEIHHOM
CTpecce U 3HAYUTENBHO MPEBBINIAI0T MAaKCUMAIIbHBIE YPOBHH TNIMKOANIBCTH/IOB,
peructpupyemsie in vivo. Takum o6pa3om, TUCHYHKIHIO COCYJUCTOrO SHAOTE-
must ipu CJI2T, BeposiTHO, BbI3bIBalOT MJIA 1 apyrue nNpoxyKThl MEPEKUCHOTO
OKHCIICHHS JIUITHOB HEXEIU KOHEYHBIC NMPOIYKTHI TIHMKHPOBAHUS, U IPOUCXO-
IIUT 3TO Ha paHHUX CTaausAX 3a00JieBaHU, a HE Ha TO3JHHUX, KOTJa Pa3BUBACTCS
THMEPTINKEMHS, U B OPTaHU3ME HaKaIUTMBAIOTCSI METHITIIMOKCANIb U TITHOKCAIB.
HerartusHoe Bo3neiictBue MJIA Ha WHCYNIMH-3aBUCHUMYIO aKTHMBHOCTH 3HAOTE-
nranbHON NO-CHHTA3bl MO3BOJISET MPEAIIOIOKUTH POJIb 3TOTO TUKAapOOHMIA B
Pa3BUTHH WHCYJIWHOBOH PE3UCTEHTHOCTH B PHIOTEINH M B Ba30KOHCTPHKIIWH,
nockoibpky NO cyuTaeTcsi KIIF04EBbIM Ba30PEIaKCaHTOM.

B uenom, cocrosinue nucnununemun npu CA2T u, B yacTHOCTH, HAKOI-
nenue MJIA B KieTKax COCYIMCTOW CTEHKH HPEICTABISIETCS BEIYIIUM (hakTo-
POM B maToresese AnabeTH4ecKuX BacKyJIONaTHH.

Pabota noxnepxkana POOU mon_a 18-315-00377 u PH® 14-15-00245;
19-15-00361.

ROLE OF DIABETES-ASSOCIATED DICARBONYLS
IN ENDOTHELIAL CELL DYSFUNCTION in vitro
N.V. Podkuychenko, M.V. Samsonov, O.A. Kazakova,
S.S. Michurina, L.S. Stafeev, E.E. Efremov, T.N. Vlasik,
V.Z. Lankin, A.V. Vorotnikov, V.P. Shirinsky
Institute of Experimental Cardiology, National Medical Research Center
for Cardiology, 3-rd Cherepkovskaya St., 15a, Moscow, 121552, Russia

Pathogenesis of type 2 diabetes mellitus (T2D) is tightly linked to the dam-
age of macro- and microvascular wall and alteration of vascular endothelial barrier
function. It is accepted that in conditions of diabetic hyperglycemia endothelial
dysfunction develops due to oxidative stress and non-enzymatic glycation of endo-
thelial proteins leading to alterations in endothelial monolayer barrier capacity and
the dysbalance in synthesis of vasodilators and vasoconstrictors. In particular, the
synthesis and secretion of the powerful vasoconstrictor endothelin-1 is increased
while the activity of endothelial NO-synthase that maintains high endothelial barri-
er state, is suppressed. As a result, vascular permeability is increased, thrombotic
complications are developed, and vasoconstriction is augmented. We hypothesize
that dyslipidemia, which is also typical for T2D, contributes along with hypergly-
cemia and oxidative stress to endothelial dysfunction in this disease.

We utilized the model of cultured endothelial cells from human umbilical
vein (HUVEQC) to elucidate the contribution of hyperglycemia and dyslipidemia in
the development of endothelial dysfunction. Using immunoblotting we established
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that preincubation of HUVEC in the presence of palmitic acid induces accumula-
tion of cellular proteins modified by malondialdehyde (MDA), the product of lipid
peroxidation. Using two approaches to assess endothelial permeability in vitro such
as measuring 1) electric impedance of endothelial monolayer and 2) diffusion of 70
kDa FITC-dextran through the monolayer, we demonstrated that 100-250 uM
MDA causes hyperpermeability of endothelium. At the same time, end glycation
products such as glyoxal and methylglyoxal (MGO) do not alter endothelial per-
meability when used in similar concentrations. Next, we elucidated the activity of
NO-synthase in HUVEC and the effects of abovementioned dicarbonyls using
fluorescent NO indicator DAF-FM. We found that 100 pM MDA but not MGO
suppresses insulin-stimulated synthesis of NO in these cells.

Concentrations of MDA used in this study are in range with the estimated
levels of this dicarbonyl in vascular wall during oxidative stress. Noteworthy,
these MDA levels substantially exceed maximum levels of glycoaldehydes ob-
served in vivo. Thus, endothelial dysfunction during T2D is likely caused by
MDA and other lipid peroxidation products rather than by end glycation prod-
ucts. Conversely, endothelial dysfunction likely takes place at early stages of the
disease rather than at the late stage manifested by hyperglycemia and methylgly-
oxal and glyoxal accumulation. Negative effect of MDA on insulin-dependent
activity of endothelial NO-synthase allows suggest the role of this dicarbonyl in
the development of insulin resistance in endothelium and in vasoconstriction
since NO is considered a key vasorelaxant.

Overall, dyslipidemia associated with T2D and, in particular, accumula-
tion of MDA in the vascular wall appears the leading factor in the pathogenesis
of diabetic vasculopathies.

Supported by RFBR 18-315-00377 mon_a, RSF 14-15-00245; 19-15-
00361.

TPAHCKPUIITOMHBINA OTBET HA OJJHOKPATHYIO
N HA PETI'YJISAPHBIE ADPOBHBIE ®U3UUYECKHUE HAT'PY3KHU
B CKEJIETHO#M MBILIIE YEJIOBEKA
JA.B. Hononl’z, ILA. Maxnoncxni&l, E.N. ]JlamMapnaHOBa3,
I'.P. T'azusora’, E.A. JInicenxo?, O.A. I'yces’

Y Ynemumym meouro-6uonocuueckux nporem PAH,
Mocxsa, Xopowesckoe wocce 76A, Poccus
2MTY umenu M.B. Jlomonocosa,

Mocxea, Jlomonocosckuii npocnexkm 27-1, Poccus
*Kaszanckuii pedepanvvlii ynusepcumen,

Kasanw, Kpemnesckas ynuya 18, Poccus

CHW)XEHHUE YPOBHS TOBCCIHEBHOU (DU3NYECKOIN aKTHBHOCTH HPUBOIUT K
HApPYIICHUSIM B OOMEHE BEIIECTB, TOT/[a KaK PEryJIsipHBIC adpOOHbIC (PH3HUYCCKIE
TPEHUPOBKHU 3(DGEKTUBHBI JJIs MPEJOTBpAICHUs 3TON mpobiemel. [lenpro naH-
HOTO HICCJIEIOBaHUS OBIJIO BBISBIICHHE T€HOB, CBSI3aHHBIX C COKPAaTHTEIBHOM aK-
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THUBHOCTBIO B CKEJIETHBIX MBIIIIAX YEIOBEKAa, HE3aBUCHMO OT ypPOBHS (HU3MUe-
CKOH MOATOTOBKH.

s atoro ¢ nomouisto PHK-cexBeHnpoBaHus y ceMU My>KUYHH OLICHUBA-
7M1 N3MEHEHHS TPaHCKpUNTOMA 4epe3 | ¥ 4 9 mocie 0JHOKPATHOTO yIPaXXHEHHS
“pasrnbaHue HOTHM B KOJICHHOM cycTaBe” B paboTaBiiedl m. vastus lateralis u B
OJTHOMMEHHON HepaOOTaBIIei MBIIIE KOHTpaIaTepabHON (KOHTPOJIBHOM) HO-
ru. [ToMnMo 3TOro OLEHMBAIM M3MEHEHHE TPAHCKPHUIITOMA B 0a3aibHOM COCTO-
STHAW TIOCIIE IBYX MECSIIeB a3po0HOM TPEHUPOBKH (5 AHE/Hen, 1 1/neHs).

[Toce ofHOKPAaTHOTO YNpaKHEHHS! W3MEHEHHs B TPaHCKpHUNTOME pabdo-
TaBILEH MBIl ObUIH CBS3aHBI C PA3IMYHBIMU (hAKTOPAMH, BKIIIOYAsl CyTOYHbIE
IUpKagHble pUTMBI. UTOOBI BBIIBUTH CIEIU(DUIECKUH U1 COKPATHTEIBHOM aK-
TUBHOCTH TPAHCKPUITOMHBIN OTBET M depeHInanbHO IKCIPECCUPYEMbIe TeHBI
OTIpeNesII MEeXAy paboTaBiueil n HepaOOTaBIIEH MBIMIIEH KOHTpalaTepab-
HOM Horu uepe3 1 u 4 yaca mocne okoHYaHHs ynpaxHeHus. Cneuuduyeckuit
JUISL COKPaTUTENIbHOW aKTHBHOCTH TPAHCKPUITOMHBIN OTBET OBUI aCCOIMMPOBaH
TOJIBKO C YBEJIMYEHHEM OHKCIPECCHH T'€HOB U PEryJIHpOBajJCs B OCHOBHOM
CREB/ATF/AP1-, MYC/MAX- u E2F-cBsi3aHHBIMH TPaHCKPUIIIMOHHBIME (aK-
Topamu. Oka3ajock, 4TO M3MEHEHHE (YyBEIMYEHHE M CHIDKCHHE) T€HHOH JKC-
npeccu B 0a3aJIbHOM COCTOSIHUH MOCJIE TPEHHPOBOYHOTO Teproa Obl1o Ooree
BBIP@XXEHO, YEM M3MEHEHHs TPAHCKPUITOMA IOCJIE OJHOKPATHOTO YIPaKHEHHSI.
V3MeHeHHns TpaHCKpUNTOMa B 0a3albHOM COCTOSHHM MOCJE TPECHHPOBOYHOTO
neprosia ObUIN CBSI3aHbI C OMOJIOTMYECKUMH MPOIIECCaMH, 3HAYUTEIILHO OTIHYa-
IOMIMMHCSA OT OMOJOTHYECKHX IPOIECCOB, CBS3aHHBIX C M3MEHEHHEM TI'C€HHOM
9KCIPECCUH T10CIIE OHOKPATHOTO YNPa)KHEHUsI, U ObLIM acCOLMUPOBAHBI C JIPY-
TUMH TpaHCKpUNIoHHBIME (pakTopamu (IRF- u STAT-poncTBeHHBIE (haKTOPHI).

B 3akiroueHue ciieyer OTMETUTh, YTO aJlanTalys K peryisipHbIM (u3nue-
CKHMM Harpy3kaM CBs3aHa HE TOJBKO C KPATKOBPEMEHHBIM (B TEUCHHE HECKOIBKUX
YacoOB) YBEINUCHHUEM DKCIIPECCUH MHOKECTBA T€HOB, CHIEU(DUYHBIX JUIsl COKpaTH-
TEIBHON AaKTUBHOCTH, HO TAKXK€ C BBIPQKCHHBIM HM3MCHEHHEM (YBEIMYCHHUEM H
YMEHBIICHUEM) IKCIIPECCHH OOJIBIION0 YHCIIA TEHOB B 0A3aJIbHOM COCTOSIHUH.

UccrenoBanne ¢(uHaHCHpoBaiock 3a cueT rpanta POOU Nel7-00-
00308K (17-00-00242).

TRANSCRIPTOME RESPONSE TO ACUTE AND REGULAR
AEROBIC EXERCISE IN HUMAN SKELETAL MUSCLE
D.V. Popovl’z, P.A. Makhnovskii', E.I. Shagimardanova3,
G.R. Gazizova3, E.A. Lysenkol’z, 0.A. Gusev’

YInstitute of Biomedical problems RAS,

Moscow, Khoroshevskoe shosse 76A, Russia
M.V. Lomonosov Moscow State University,

Moscow, Lomonosovsky Prospekt 27-1, Russia
®Institute of Fundamental Medicine and Biology,

Kazan Federal University, Kazan, Kremlyovskaya street 18, Russia

Reduction in daily activity leads to dramatic metabolic disorders, while
regular aerobic exercise training is effective for preventing this problem. The
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purpose of this study was to identify genes that are directly related to contractile
activity in human skeletal muscle, regardless of the level of fitness.

Transcriptome changes after the one-legged knee extension exercise in
exercised and contralateral non-exercised vastus lateralis muscle of 7 males were
evaluated by RNA-seq. Transcriptome change at baseline after 2 months of aero-
bic training (5/wk, 1 h/day) was evaluated as well.

Post-exercise changes in the transcriptome of exercised muscle were as-
sociated with different factors including circadian oscillations. To reveal tran-
scriptome response specific for endurance like contractile activity, differentially
expressed genes between exercised and non-exercised muscle were evaluated at
1 and 4 hours after the one-legged exercise. The contractile activity-specific tran-
scriptome responses were associated only with an increase in gene expression
and were regulated mainly by CREB/ATF/AP1-, MYC/MAX-, and E2F-related
transcription factors. Endurance training-induced changes (an increase or de-
crease) in the transcriptome at baseline were more pronounced than transcrip-
tome responses specific for acute contractile activity. Changes after training were
associated with widely different biological processes than those after acute exer-
cise and were regulated by different transcription factors (IRF- and STAT-related
factors).

In conclusion, adaptation to regular exercise is associated not only with a
transient (over several hours) increase in expression of many contractile activity-
specific genes, but also with a pronounced change (an increase or decrease) in
expression of a large number of genes under baseline conditions.

The study was funded by RFBR grant Ne17-00-00308K(17-00-00242).

OBJIETYEHUE CHOHTAHHOM CEKPELIMA MEJUATOPA
B ®YHKHUOHAJIBHO PABJIMYAIOIIIUXCA TUITAX
CKEJIETHBIX MBI MBIIIW MO JEHCTBUEM AT®
A. Ilpo3uca I'apcus, I1.0. Borauesa, O.I1. baie3una
buonoeuueckuii paxynomem MI'Y um. M.B. Jlomonocosa,
Mocksa, Jlenunckue I'opet, 1/12, Poccus

B xommHepruueckux MoTopHbIX cuHancax AT® sBusercs komenuaTopom
anermiaxoirHa (AX) 1 BBICBOOOXKAAETCS BMECTE C HUM IIPH 3K30I[UTO3€ CHHAI-
THUYECKUX Be3ukyl. Hecmorps Ha Obictpoe paciierienne AT® B cuHanTuue-
CKOH IIeNM ¢ MOMOIIBI0 3KTOHYyKIeoTuaas [1], B nuTeparype onmcaHa ee CIIo-
COOHOCTBH BO3/ICHCTBOBATh HA HEPBHO-MBIIICYHYIO IIepeady depe3 crenudude-
ckue mypuHoperenopsl [2]. Hanboxee nzBectHsM 3 dexrom ATD mpu ee sk30-
TEeHHOW alIlIMKaluy SIBJsETCS nojaBieHue cekperuu AX B MOTOPHBIX CHUHAIl-
cax [2,3]. OmHako, ecTh JaHHBIE M O BO3MOXKHBIX MOTECHIMPYROMUX 3¢ddexrax
AT®, B crryyae ee HaKOIUICHHS B CHHANITUYECKOM e [4].

IIpu sTOM ypoBEHB peanu3alMu PEryIITOpHBIX Bo3jeicTBuil ATD un
BO3MOXHBIC OTIINYHA €€ 3(1)(1)CKTOB B MOTOPHBIX CHUHAIICAaX Pa3HbIX TUIIOB MBbIIIII,
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OCTAOTCSl HE N3YyYCHHBIMH. B CBSA3M C 3THM, LIENbIO JaHHOW paboTHI OBIIO COMO-
CTaBJICHHE W3MCHEHHH IMapaMeTpOB CIIOHTaHHOW cekperu AX B MOTOPHBIX
cunaricax 0sicTpoit (m. EDL) u cmemanHo# (m. diaphragma) ckeJIeTHBIX MBITIII
MBIIIH NPH BO3JEHCTBUM Heruaponausyemoro ananora AT® u BeIsICHEHUe mpe-
WY TOCTCUHANTUYECKON PUPOABI STUX U3MEHEHUI.

Perucrpanuio ClOHTaHHBIX MUHHUATIOPHBIX MOTEHIMAJIOB KOHLIEBOM Ia-
ctuaky (MIIKIT) B H301MpoBaHHBIX HEPBHO-MBILIEYHBIX TIpENapaTax OCyIIECTB-
JSUTH BHYTPHUKJIETOYHO C MOMOINBIO CTAHAAPTHOW MUKPOAIIEKTPOIHON TEXHHUKHU
OTBe/IeHHs] OMONOTeHINAIOB. [laHHbIe PUBENICHBI B BHJE CPEAHUX 3HAYCHUH +
CTaH/apTHas OMINOKA CpeAHETo (N - KOJIWIECTBO HCCIICIOBAHHBIX CHHAIICOB).

Jnst co3maHus yCTOWYMBO TOBBIIEHHOTO ypoBeHss AT® B cuHanTuue-
CKOM IIeNH, MBI MCTIOJIF30BANIA HeTHaponu3yeMbrid anaaor AT® — y-S-AT® (10
MKM).

B MoTopHBEIX cuHancax OwsicTpoii, (hazHoit Memel m. EDL anmmumkarus
v-S-AT® npusoauina k yenudenuto amMrutyast MIIKII Ha 22% no cpaBHeHHIO
¢ kouTposieM (n=75, p<0,05). [TapamienbHO ¢ POCTOM aMILIMTYIbI HAOJIIOAATICS
3HAYUTEIbHBIH JIOCTOBEPHBIM TNPHPOCT BpPEMEHH HapacTaHWs M IOJIyclana
MIIKII na 14% wu 39%, cootBerctBeHHO (n=75, p<0,05). Cpennss dactoTa
MIIKII B xouTposne u moxa BozneicTBueM Yy-S-AT® cocrapmsma 0,8+0,1 u
0,7540,1 T'u, cooTBeTCTBEHHO. MEeMOpPaHHBIM MOTEHIIMAT MBIIIEYHBIX BOJOKOH
TaK)Ke JOCTOBEPHO HE M3MEHSUICSA U cocTaBisil 69,9+1 MB B koHTpone u 67+1
MB nocne ammumkamun y-S-AT®. B cunancax cmenranHoi auadparmaibHON
MBIl TIPH JUIMTEIIHHOM BO3JCHCTBHM HeTuaponu3yemMoro ananora AT®
HabOmomamuch cxonuble m3MeHeHus: amruutyna MITKII Bo3pacrana Ha 21% 1o
CpaBHEHHIO ¢ KOHTposeM (n=84, p<0,05), 4T0 COPOBOKIAIOCH TAKIKE yBEIHUC-
HUEM M BpPEeMEHM HapacTaHus, 1 BpemeHu noaycnaga MIIKIT wa 22% (n=84,
p<0,05). Cpenuss gacrora MIIKII B koHTponie u Ha ¢oHe aeicTBuA y-S-ATO
cocrapisia 0,66+£0,07 I'm. MemOpaHHBIN TOTEHITHAT MBIIIEYHBIX BOJOKOH JIHa-
¢bparmMel B KoHTposie paBHsuics 68,71 MB, a mocne makyOanuu ¢ y-S-ATD —
67,4+0,9 MB.

HaOmonaemsblii B ()yHKIIMOHAIBHO PA3IMYAIOMINXCSA THNAX MBIIIEYHBIX
BOJIOKOH cxoAHbIi npupoct ammuntyasl MITKII nox gelicTBueMm Heruaponusye-
Moro aHainora AT® mor peanu3oBaThCsi KaK Ha MPECHHANTHYECKOM YPOBHE (3
cueT yBeIHueHHs pa3Mepa kBaHTa AX), Tak M Ha YpOBHE MOCTCHHANTHYECKOU
MeMOpaHbl. B monp3y mocnegHero BapHaHTa TOBOPUT 3apEerHCTPUPOBAHHOE B
000X THIAaX MBI yBennyeHue BpeMeHHoro xoxa MIIKII. [{ns npoepku 3To-
ro MpeanojoXKeHus, nepea ammiukanueil y-S-AT® mpoBoaunu mpeaBapUTeib-
HYI0 WHKYOAI[II0O HEPBHO-MBIIIEYHOTO MpenapaTa ¢ HHrHONTOPOM BE3UKYIIAPHO-
ro Tpancmopra AX BeszamukonoM (1 MxM). Hu B mpemapatax m. EDL, uHu B
mpenaparax AuadparMbl MBI, BE3aMHKOJI HE OKa3ajlcs CIIOCOOEH MpenoTBpa-
TUTh NIPUPOCT aMIUIUTYAHO-BpeMeHHbIX napameTpoB MIIKII nox aeiictBuem y-
S-AT®, uro yOeAUTENEHO MOATBEPKAACT UMEHHO IMOCTCHHANTHIECKYIO TPHPO-
oy oOHapy>KEHHOTO OOJIErdaromiero CHOHTaHHYI0 cekpemmto AX addexra He-
ruaponuzyemoro anaigora ATO.
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M3BectHa cnocobHocTh AT®, neiictBys Ha wmeTtaboTpomnHble P2Y-
peNenTophl MOCTCHHANITHYECKOH MeMOpaHbI, TIPOJIOHTUPOBATH OTKPHITOE COCTO-
STHAE KaHAJIOB MBIIIEYHBIX HUKOTHHOBBIX XOJUHOPEIENTOPOB [S]. DTO U MOXKET
OBITh TPUYHMHOW OOHAPYKCHHOTO HAMHU YBEIMYCHUS aMIUIUTYIHO-BPEMEHHBIX
napameTpoB MIIKII B QyHKIIMOHAIEHO PA3UYAOIIMXCS MBIIIIAX MBIIIA O
neictBueM y-S-AT®. OueBuIHO, OJHAKO, YTO TaKOW THUIOTETUYECKUN Mexa-
HU3M TOCTCHHANTHYECKOTO NEHCTBUS Heruapoauzyemoro anainora AT® Hyxna-
€TCs B JaJbHENUIIEM IKCIIEPUMEHTAIIBHOM MTOATBEPKACHUU.
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POTENTIATION OF SPONTANEOUS NEUROTRANSMITTER
SECRETION IN FUNCTIONALLY DIFFERENT
MOUSE SKELETAL MUSCLES BY ATP
A. Proensa Garsiia, P.O. Bogacheva, O.P. Balezina
Biological Faculty, Lomonosov Moscow State University,
Leninskie Gory 1/12, Moscow, Russia

In cholinergic motor synapses, ATP is known to function as a cotransmit-
ter of acetylcholine (ACh) and is released along with it during exocytosis of syn-
aptic vesicles. Despite the rapid cleavage of ATP in the synaptic cleft by ectonu-
cleotides [1], its ability to affect neuromuscular transmission via its specific pu-
rine receptors [2] is described in literature. The most well-known effect of exog-
enously applied ATP is the suppression of ACh secretion in motor synapses
[2,3]. However, there are also data on possible potentiating effects of ATP, in
case of its accumulation in the synaptic cleft [4]. At the same time, the level of
manifestation of ATP regulatory effects and possible differences of these effects
in motor synapses of functionally different muscle types remain poorly studied.
The aim of this study was to compare changes in the parameters of spontaneous
ACh secretion in motor synapses of rapid (m. EDL) and mixed-type (m. dia-
phragma) mouse skeletal muscles when exposed to a non-hydrolyzable ATP
analogue and evaluate the pre- or postsynaptic nature of these changes.

We performed intracellular registration of spontaneous miniature endplate
potentials (MEPPs) in isolated neuromuscular preparations using standard mi-
croelectrode techniques. The data are presented as mean + s.e.m (n is the number
of synapses studied).

To create an elevated ATP level in the synaptic cleft, we used the non-
hydrolyzable ATP analogue, y-S-ATP (10 uM).

In motor synapses of fast, phasic m. EDL application of y-S-ATP led to
an increase of MEPPs amplitude by 22% compared to control (n=75, p<0,05).
This increase in amplitude was accompanied by a pronounced significant in-
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crease in the rise and half-decay times of MEPPs by 14% and 39%, respectively
(n=75, p<0,05). The average frequency of MEPPs in control and in presence of
v-S-ATP was 0,8+0,1 and 0,75+0,1 Hz, respectively. The membrane potential of
muscle fibers also did not significantly change and was 69,9+1 mV in control
and 671 mV after application of y-S-ATP.

In synapses of mixed-type diaphragmal muscle, upon exposure to a non-
hydrolysable ATP analogue, similar changes were observed: the amplitude of
MEPPs increased by 21% compared to control (n=84, p<0,05), which was also
accompanied by an increase in the rise and half-decay times of MEPPs by 22%
(n=84, p<0,05). The average frequency of MEPPs in control and in presence of
v-S-ATP was 0,66+0,07 Hz. The membrane potential of diaphragm muscle fibers
was 61,71 mV in control and 59,4+0,9 mV after incubation with y-S-ATP.

The similar increase of MEPPs amplitude observed in functionally differ-
ent types of muscle fibers in presence of a non-hydrolysable ATP analogue could
be realized at the presynaptic level (due to an increase of ACh quantal size) or at
the level of postsynaptic membrane. Prolongation of the MEPPs time course,
observed in both types of muscles, speaks in favor of the latter. To test this as-
sumption, neuromuscular preparations were preincubated with ACh vesicular
transporter inhibitor vesamicol (1 uM) before the application of y-S-ATP. Both
in m. EDL and in diaphragm preparations, vesamicol failed to prevent the poten-
tiation of the amplitude and time parameters of MEPPs by y-S-ATP, which con-
firms the postsynaptic nature of the facilitating effect of non-hydrolysable ATP
analogue on spontaneous ACh secretion.

ATP is known to prolong the open state of the muscle nAChR channels
via its postsynaptic metabotropic P2Y receptors [5]. This may be the reason for
the observed increase in the amplitude and time parameters of MEPPs under the
influence of y-S-ATP in functionally different mouse muscles. However, this
hypothetical mechanism of postsynaptic action of non-hydrolyzable ATP ana-
logue needs further experimental confirmation.
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AYIT APXEJJVIMHOB CTABUJIN3UPYET CTPYKTYPY KIT'YTUKA
ML.T. lIaTuéparos, A.C. Crotkun, T.H. MeabHuK,
A.K. Cypun, A.B. I'anea, O.B. ®enopos
Hncemumym 6enxa PAH, Ilywuno, yar. Hnemumymcxas, 4, Poccus

ApxennyMm (apXeHHBIH KI'YTHK) UMEET JHUIIb (QYHKIIMOHAIBFHOE CXOJCTBO
¢ OakTepuaNbHBIM aHAIOTOM. BHemHss crupaibHas HUTH apxeinl ((humameHT)
MOCTPOCHA U3 OEIKOBOTO MPOTOMEPA, APXCIUIMHA, U BBIMOJIHACT POJIb TPEOHOTO

216



BUHTA. Y OOJBIIMHCTBA IBPHAPXCH MMEETCS HECKOJIBKO KOIMHU apXeJUTHHOBBIX
T€HOB, ¥ MX POJb JO HACTOSALIECr0 BPEeMEHH ocTaeTcs HescHoil. ['amoduibHbie
apxen u3 rpymnsl Halorubrum xapakTepu3syloTcs HalW4HeM eIMHCTBEHHOTO
orepoHa u3 1AByXx reHoB apxeiunHa flaBl u flaB2. AMuHOKHCIOTHBIE TIOCIIENO-
BaTenbHOCTH apxeiumHoB FlaB1 u FlaB2 cymecTtBeHHO oTinMyaroTcsi Ipyr ot
JIpyra U UMEIOT TOJbKO 0K0yio 40% WAEHTHUYHBIX OCTaTKOB (B OCHOBHOM B N-
KOHIIEBOH 00xacTh). UTOOBI NPOSICHUTH POJIb KAXKIOTO M3 APXCIUIMHOB, MbI
CpaBHWIM apxeJulbl JABYX mpupomabix mrammo Halorubrum lacusprofundi:
mramma DL18, umeromero reasr oboux apxemmmmHoB U mrtamma ATCC49239,
TEHOM KOTOPOTO coAepkuT Tosbko red flaB2. O6a mpupomHbIX mTaMMa CHHTE-
3UPYIOT (PYHKIHMOHABHBIC apXeJutsl, Ipu 3ToM mrtamMM DL18, rae oba apxemnu-
Ha TPE/ICTAaBJICHBI B COMOCTABUMBIX KOJIMUYECTBaX, Oosiee monBikeH. Kpome To-
ro, ¢ MOMOIIBI0 TeTepOoNOTHuHOl sKcnpeccun B mrtamme Haloferax volcanii ¢
WHAKTHBUPOBAHHBIMH COOCTBEHHBIMH T€HAMH apXEJUIMHOB, MBI MONYYHIA TPH
THIIA PEKOMOMHAHTHBIX (DHIAMEHTOB, COCTOSIIMX TOJIBKO M3 OTHOTO HJIH 000UX
apxemtuaoB Hrr. lacusprofundi. Bece Tpu mtamMmma, sKcipeccupyromiue apxesim-
HbI, OBUIH MOJBMKHBIMH, YTO YKa3bIBaeT Ha (YHKIHMOHAIBHOCTh PEKOMOWHAHT-
HBIX apXesl. DIEKTPOHHAs MUKPOCKOIIUS HATHBHBIX (PUIIaMEHTOB MOKa3ana, 4To
apxemnsl u3 FlaB2 gacto ckpyd4eHbl B HETIH U KIyOKH, 00pasysi IpHUYIAIUBbIC
y30pBI, B TO BpeMsl KaKk ABYXKOMITOHCHTHBIC apXelulbl MeHee THOku. PexomoOu-
HAaHTHBIC (DUITAMEHTHI HAIOMHHAIOT HATypajibHbIe. [IpH 3TOM JBYXKOMIIOHEHT-
HbIC apXeJUTBI BRITJLIAT KaK THIIHYHBIE CyllepCcripalbHble (puilaMeHTHI 10 CpaB-
HEHUIO C OJIHOKOMITIOHEHTHBIMH apxeiiamu u3 FlaB1 u FlaB2, ¢opma xotopsix
Oonee n3menunBa. Kak HaTHBHBIC, TAK H PEKOMOMHAHTHBIC JBYXKOMIIOHCHTHBIE
(bIITaMEHTBl OTJIMYAIOTCS TOBBINICHHOW TEpMOCTaOHIBHOCTBIO U Goyee yCTOM-
YHBBI K BO3ICHCTBHIO IOHW)XEHHOI COJICHOCTH, YeM OJHOKOMIIOHCHTHEIE (uia-
MeHTHL. [lonyueHHbIe TaHHBIC CBUICTENBCTBYIOT O B3aUMO3aBUCUMOCTH ITPOLIEC-
coB TepMuuecKkoi neHarypanun apxeumHoB FlaB1 u FlaB2, uro moxert cBune-
TENbCTBOBATh O TECHOM B3aMMOJICHCTBHU ITHUX CYOBEIUHHII B HAIMOJCKYJISP-
HO#t cTpykType. Takum obpasom, GyHKIHOHANBHBIE apxeiutsl Hrr. lacusprofundi
MOT'YT OBITH IOCTPOEHBI U3 eHCTBeHHOTO apxeiuinHa FlaB2 wmu FlaB1. Takum
00pa3oM, AByXKOMIIOHEHTHBIH COCTaB He HY)XCH IS CHUpaIn3anuy (HiIaMeH-
toB Hrr. lacusprofundi. IlpucyTrcTBHe ABYX pa3NUYHBIX CYOBEAMHHMI, IIO-
BUIMMOMY, TpeOyeTcs Ul ONONHUTENBHON CTaOMIN3alul CTPYKTYPBI apXeyll
U UX aJanTaluio K 6oiee IUPOKOMY JHAIa30Hy BHEIIHHUX YCIOBHIL.

Pabora mognepxana Poccuiickum GoHIOM (GYHIaAMEHTAIBHBIX HCCIIEIO-
BaHui (Tpant Ne 19-04-00613 A).

THE DUO OF ARCHAELLINS STABILIZES THE Halorubrum
ARCHAELLAR FILAMENT STRUCTURE
M.G. Pyatibratov, A.S. Syutkin, T.N. Melnik,
A.K. Surin, A.V. Galeva, O.V. Fedorov
Institute of Protein Research of RAS, Pushchino, St. Institutskaya, 4, Russia

Archaellum (archaeal flagellum) has only functional similarity to bacteri-
al counterpart. The archaellar outer helical filament built from the protein pro-
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tomer, archaellin, and serves as a propeller. In most euryarchaea it is encoded by
a multigene family and the role of multiple archaellin genes remains mysterious.
The halophilic archaea from the Halorubrum group are characterized by the
presence of single operon from two archaellin genes flaB1 and flaB2. Amino
acid sequences of FlaB1 and FlaB2 archaellins differ significantly from each
other (about 40% identical residues, mainly in the N-terminal region). To clarify
the role of each of the archaellins, we compared the archaella of two Halorubrum
lacusprofundi natural strains: the DL18 strain having both archaellin genes and
the type strain ATCC49239, that genome contains the flaB2 gene only. Both
natural strains synthesize functional archaella, while the DL18 strain, where both
archaellins are represented in comparable amounts, is more motile. In addition,
using heterologous expression in the Haloferax volcanii strain with inactivated
own archaellin genes, we obtained three types of recombinant filaments consist-
ing of only one or both Hrr. lacusprofundi archaellins. All three archaellin ex-
pressing strains were motile, indicating the recombinant archaella functionality.
Electron microscopy of native filaments has shown that the FlaB2 archaclla are
quite flexible and often twisted in loops and tangles forming bizarre patterns,
while the two component archaella are less flexible. Recombinant filaments re-
semble natural ones. FlaB1FlaB2 archaella look like typical supercoiled fila-
ments in comparison with FlaB1 and FlaB2 archaella, whose shape is more vari-
able. Both native and recombinant two component filaments have much greater
thermal stability and are more resistant to low salinity stress than single-
component filaments. The data obtained indicate the interdependence of the pro-
cesses of thermal denaturation of the FlaB1 and FlaB2 archaellins, which may
indicate a close interaction between these subunits in the supramolecular struc-
ture. Thus, the functional Hrr. lacusprofundi archaella can be built from a single
archaellin FlaB2 or FlaB1. Therefore, the binary composition is not necessary for
supercoiling Hrr. lacusprofundi filaments. Double archaellin subunits, apparent-
ly, are responsible for additional stabilization of the archaellum structure and
adaptation to a wider range of external conditions.

This work was supported by the Russian Foundation for Basic Research
(grant Ne 19-04-00613 A).

BJIMSAHUE MOAYJISINUU AKTUBHOCTHU
AT®-3ABUCUMBIX K'-KAHAJIOB
HA YJIBTPACTPYKTYPY TKAHU MPOAOJITOBATOI'O MO3T' A
IMPAU SKCIIEPUMEHTAJIBHOM MAPKUHCOHU3ME
E.B. PosoBal, H.H. MaHLKOBCKaﬂl, A.A. MOCCHHOBz, I.1. Muponm;a2
YUnemumym @usuonoeuu um. A.A. Bozomonsya HAH, Kues, Yipauna
2Unemumym Teopemuueckoii u sxcnepumenmanvhoil 6uogusuxu PAH,
Ihywuno, yn. Uncmumymcras, 3, Poccus

W3ydeHnue BO3HUKHOBEHUS W pa3BuTus Oone3Hu [lapkuHCOHA YacTo ocy-
HIECTBJSIIOT B MOJEIBHBIX HccnenoBanusax. OmHoil u3 Hambosiee afeKBAaTHBIX
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MoOJIeTIel dKcIepuMeHTanbHoro napkuHconnsma (OI1), mpu koTopol HabIrOAa-
eTCsl HUTPOCTpHabHAsS JCTCHEpaNus, CX0Kas M0 MaTOTCHEeTHYSCKIM MeXaHH3-
MaM B CHMITOMaM C 3THM 3a00JeBaHHEM, SBISETCS POTEHOHOBas Mojenb. W3-
BECTHO, 4TO 00Jie3Hb [IapKUHCOHA CONPOBOXKAACTCS PA3BUTHEM OKHCIUTEIBHOTO
CTpecca U HapyIICHUEM JHEPTeTHYECKOro MeTaboim3ma. B CBs3u ¢ 3TUM, HUC-
CJICJIOBAHUS, TIOCBAIICHHBIC M3YYCHUIO YJIBTPACTPYKTYPHBIX IEPECTPOCK B MHU-
toxoHapusax (MX), sBIsIIOTCA aKTyalbHbIMU. Pa3BuTHE OKUCIUTENHLHOTO CTpEC-
ca MOXET OBITh 00YCJIOBIICHO PAa3JINYHBIMU MIPUIMHAMY, B TOM YUCIIC U3MCHCHH-
AMM AKTHBHOCTH MHTOXOHApuanbHbIX ATd-3aBucumerx K'-kamanos (Muro-
Karo), 3aIIUTHAS POE KOTOPOTO MPH THIIOKCHH M3ydasach paHee Kak B Hamei
nmaboparopuH, Tak u 3a pydexxom. B HacTosmeit paboTe u3ydanoch BIUSHUAS MO-
IyJSTOPOB aKTUBHOCTH MHUTOKaTe HA CTPYKTYpHBIE MEPECTPONKH TKAHM MO3Tra
NPY SKCTIEPHIMEHTAIIFHOM NapKWHCOHU3Me. VccmemoBaHus mpoBeneHH Ha 34
MOJIOBO3PENBIX KpbIcax-caMIlax JIMHWU Bucrap, maccoit 200-220 T (B Kakmou
TpyIIe mno 7 >KUBOTHBIX): | TpyImIia - )XUBOTHBIM MOJKOXKHO (II/K), €KETHCBHO B
TeueHue 2-X Hejenb BBoMwIM poreHoH (P); 2 rpymma — uepe3 15 muH. mocie
BBCJICHUST POTCHOHA, JKUBOTHBIM C€)XKCJHEBHO B TEYCHHUC 2-X HEICIb BHYTPH-
OpIOIIMHHO BBOAMJIM akTUBAToOp Kare-kaHanoB - nmasokcun (3); 3 rpymma —
yepe3 15 MHH. TOCIe BBEICHUS POTCHOHA XUBOTHBIM €XKCHCBHO B TCUCHUE 2-X
HEJleIb BHYTPUOPIOIIMHHO BBOIWIN akTHBATOP Karo-kKaHaoB - ypunus (Y /]1); 4
rpymnma — 3a 15 MUH. 10 BBEACHUS POTEHOHA KUBOTHBIM €)KECIHEBHO B TCUCHUE
2-X Hedelb BHYTPHOPIONIMHHO BBOIWIM WHTUOMTOP Kare-KaHamoB - 5-
ruapokcu-nekanoata (SHJI). KontponpHas rpynma, BiItodaronas 6 >KHBOTHBIX,
KOTOPBIM TI/K, €XKEITHEBHO B TedeHHe 2-X Henenb BBoaman JIMCO. DneKkTpoHHO-
MHUKPOCKOTIMYECKHE MpernapaTsl MPOCMATPHBAIN C IIOMOIIBIO DJIEKTPOHHOTO
mukpockomna [TEM-124C (Ykpanna). MopdomeTpudecknue TOACUYEThl BBITOJIHS-
JIM C IOMOUIBIO0 KOMITbIOTEepHOM nporpamMmsel Image Tool (CILA).

Beenenue P conpoBoxkIacTcs pa3BUTUEM BBIPAKCHHOW MHUTOXOHIPUANb-
HoW mucyukuuu (M/I), a cregoBaTenbHO, U OKCUAATUBHOTO CTPECca B TKAHSX,
MOCKOJIBKY P crmocoben akkymynupoBatbes B MX M03ra, Iiec HHTUOUPYET Tepe-
HOC DJICKTPOHOB B JIBIXaTEJBHOM LIEMH, YTO BEJACT K HAKOIUICHUIO CBOOOIHBIX
panukanoB. [TokazaHno, 9to mpu 3ToM B MX Mpoa0IroBaToro Mo3ra Ha0JIto1aeT-
Csl YaCTWYHAs WM TOJIHAS BaKyOJSpU3aIls, AUCKOMIUIEKCAIUS KPHCT, MOBpe-
xkaeane MX memOpan, kommaptMmeHnTtapuzamus MX. Bbomee 40% MX Oputn
CTPYKTYPHO TIOBPEKACHBI, IIPH 3TOM 00IIee KOJTHIECTBO OPTaHENI OKa3hIBAIOCH
Ha 34,5% wmmwxke, 9eM B KOHTpojde. Kpome 3TOT0 BBIABISINCH 3HAYUTEIHHEIC
yaacTk# (o 30-35% miomanay B mose 3peHus] MUKPOCKOIIa) MTOBPEXKICHAS MUe-
JIMHA C OTEKOM W JIECTPYKIMEH MHEIMHOBBIX BOJIOKOH, YTO SIBIIICTCS XapakTep-
HBIM TPU3HAKOM PAa3BHUTHUS MAPKUHCOHH3MA. BBIABISIIUCH TAKKE CTPYKTYPHBIC
MPU3HAKY DHIOTEIHAIbHON nucynkuuu (D/]) ¢ rumepruaparanuei reMaTodH-
nedanuaeckoro Oapbepa — OCOOCHHO €ro 3HIOTCIUANBHOTO CJOs (TOJNIMHA
cJlos Bo3pacTajia B cpeqHeM Ha 25-28%) M ¢ BBIpaKCHHBIMHU DJIEMEHTaMH Jie-
ctpykuuu nociennero. AxktuBanusi Kare ¢ momompio /I3 cyliecTBEHHO yiyd-
mrajga yapTpacTPyKTypy TKaHEH mpomonroBaToro mosra. IIpm sTom, cymiecTBeH-
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HO YMEHBIIAIIOCH KOJMIECTBO MOBPEKACHHBIX MX — MX KOJMYECTBO HE MPEBHI-
mrasio 20% ot obmero konndectBa opraneiul. [Ipuyem BEISIBICHHBIE W3MEHEHUS
YIBTPACTPYKTYPHI IPEHUMYIIECTBEHHO 3aKITIOYAINCH B YaCTHYHON BaKyOIH3aIluN
6e3 mectpykimu MX memOpan. Takas TMHAMHUKA W3MCHCHHUI HE TACT OCHOBAHHS
TOBOPHUTH O pa3BuTUU M/I, a MHIIIb O peakiui MUTOXOHAPUAILHOTO ariapara Ha
HEOJIaronpusTHOEC BO3ACUCTBHE. | MnepruapaTanus 3HIOTEIHAIBHOTO CIOs Tre-
MaTOdHIE(PATNIECKOro Oapbepa COXpaHsuach (YBEJIMYCHUE TOJNIIMHBI CIOS Ha
15-18%), ogHako 0e3 mposiBIeHUH ero aectpykiuuu. CylIeCTBEHHO yMEHbIIa-
JIach BBIPAXXCHHOCTh W CTCIICHBH MOBPEKICHUI MUCIUHOBBIX CTPYKTYP B TKaHU
npojonroBaToro Mo3ra. Beeaenne YP ycrpansuto nposisnenus M/l u O/ B aToi
TKaHU U yBenmuuBayio Ha 12% obmiee kommdecTBa MX, 9T0 yKa3pIBacT Ha aKTH-
Banuto Mmopdoreneza MX. Kpome Toro, B UCCIIelyeMOi TKaHHU BBISIBIISLUTACH TIPH-
3HAKM aKTHBALMU CHHTE3a Oellka, 0 YeM CBHICTEILCTBYET yBEeIHUEHHE (B Cpel-
HeM Ha 15%) xonmmuectBa cBOOOMHBIX prOocoM. Takxke MONHOCTBIO yCTpaHs-
JICh CTPYKTYPHBIC MOBPEXKJCHHUS MHCIMHOBBIX BOJIOKOH, M YJIBTPACTPYKTypa
TKaHU HE OTJIMYajach OT CBONCTBEHHOW KOHTPOJIbHBIM >KUBOTHBIM. MHUTOXOH-
JIPUU CTaHOBIIUCH 0OJice 3JICKTPOHHO-IUIOTHBIMHU, AK€ IO CPABHEHHIO C KOH-
tposieM. Ilpu Gnokane Kare ¢ momompio SH/I, u3MEHEHUS yIbTPacTpyKTyphI
W3y4aeMbIX TKaHEW HECKOJIbKO OTIUYAIHCh. Tak, B MPOIOJIrOBATOM MO3TE CO-
xpassuach nposiieHus D) u Ml u npu 3ToM HaOMIOAAIOCh U30OBITOYHOC
HAKOIIJICHNE KUIKOCTH B MEXKICTOYHOM MPOCTPAHCTBE W BHYTPH MUEIHHOBBIX
BOJIOKOH, T.€. HaOmromancs oTek TKaHH Mo3ra. Clie1oBaTeNbHO, [0 HAIIAM J1aH-
HbIM, O110kania MUTOK A1 ¢ MOMoTIIBIO SHJI ipu D11, criocoOGcTBOBaNa Pa3BUTHIO
MPOIIECCOB HEMPOAETeHEPAIINH B TIPOIOITOBATOM MO3TY, a TaK)Ke OTeKa TKaHEH,
KJIETOK, W KJICTOYHBIX CTPYKTYP.

Pabota moxneprkana rpanramu PH® Nel16-15-00157 u PODU Ne 16-04-
00692A

THE EFFECT OF ATP-DEPENDENT K'-CHANNELS ACTIVITY
MODULATION ON THE ULTRASTRUCTURE OF THE MEDULLA
OBLONGATA TISSUE UNDER EXPERIMENTAL PARKINSONISM

E.V. Rozoval, LN. Mankovskayal, AL A. Mosentsovz, G.D. Mironova’

'Bogomoletz Institute of Physioligy NAS of Ukraine, Kiev, Ukraine
“Institute of Theoretical and Experimental Biophysics RAS,
Pushchino, ul. Institutskaya, 3, Russia

The study of the occurrence and development of Parkinson's disease is of-
ten carried out in model studies. One of the models of experimental parkinson-
ism (EP), in which nigrostrial degeneration which is similar in pathogenetic
mechanisms and symptoms to this disease is observed, is the rotenone model. It
is considered the most adequate, since it reproduces the main symptoms of
movement disorders, as well as the histopathological features of this illness (for
example, the formation of Levi bodies). It is known that Parkinson's disease is
accompanied by the development of oxidative stress and impaired energy me-
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tabolism. In this regard, investigations of the ultrastructural rearrangements in
mitochondria (MC) are relevant. The development of oxidative stress may be
due to various reasons, including changes in the activity of mitochondrial ATP-
dependent K" channels (mitoK s1p), whose protective role during hypoxia was
previously studied both in our laboratory and abroad. In the present work, we
studied the effects of modulators of mitoKrp activity on the structural rear-
rangements of brain tissue in experimental parkinsonism. Studies were carried
out on 28 mature male Wistar rats weighing 200-220 g (7 animals in each
group): Group 1 — Rotenone (R) was subcutaneously administered daily for 2
weeks; Group 2 - in 15 minutes before the introduction of R, the activator of
mitoKrp - diazoxide (DZ) was intraperitoneally daily for 2 weeks injected to
animals; Group 3 - in 15 minutes before the introduction of R, the activator of
mitoK z7p - uridine (UD) was intraperitoneally daily for 2 weeks administered to
animals; Group 4 - in 15 minutes before the administration of rotenone, an inhib-
itor of mitoKtp, 5-hydroxy decanoate (SHD), was intraperitoneally daily for 2
weeks administered to animals. The control group consisted of 6 animals, which
were subcutaneously daily for 2 weeks DMSO was administered (0.2 ml per an-
imal, which corresponded to the volume used to dissolve rotenone). Electron
microscopic preparations were examined using a transmission electron micro-
scope PEM-124S (Ukraine). Morphometric calculations were performed using
the computer software Image Tool (USA).

The administration of R is accompanied by the development of pro-
nounced mitochondrial dysfunction (MD), and consequently, oxidative stress in
the tissues, since R is able to accumulate in the MC of the brain, where it inhibits
the transfer of electrons in the respiratory chain, which leads to the accumulation
of free radicals. It has been shown that in the MC of the medulla oblongata, par-
tial or complete vacuolization, cristac uncomplexing, disturbances of the MC
membranes, compartmentalization of the MC are observed. In more than 40% of
the MC were structurally damaged, while the total number of organelles was
34.5% less than in the control. In addition, significant areas (up to 30-35% of the
area in the field of the microscope view) of myelin damage with oedema and
destruction of myelin fibers were detected; it is a characteristic feature of the
development of parkinsonism. Structural signs of endothelial dysfunction (ED)
with hyperhydration of the blood-brain barrier — especially its endothelial layer
(layer thickness increased on average by 25-28%) and with pronounced elements
of destruction of the latter were also detected. Activation of mitoKtp by using
DZ significantly improved the ultrastructure of the medulla oblongata tissues. At
the same time, the number of damaged MC was significantly reduced - their
number did not exceed 20% of the total presence of organelles. Moreover, the
revealed changes in the ultrastructure mainly consisted in partial vacuolization
without destruction of the MC membranes. Such dynamics of changes does not
give grounds to speak about the development of MD, but only about the reaction
of the mitochondrial apparatus to an adverse effect. The hyperhydration of the
endothelial layer of the blood-brain barrier was maintained (an increase of the
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layer thickness by 15-18%), however, without manifestations of its destruction.
It was shown the significantly decreased in severity and extent of damages of
myelin structures of the medulla oblongata tissue. The introduction of UD elimi-
nated the manifestations of MD and ED in this tissue and increased by 12% the
total amount of MC in comparison with the control number of organelles, which
indicates the activation of MC morphogenesis. In addition, signs of the activation
of protein synthesis were detected in the examined tissue, as evidenced by the
increase (on average by 15%) in the number of free ribosomes. Structural dam-
age to myelin fibers was also completely eliminated, and the ultrastructure of this
tissue did not differ from that of the control animals. Mitochondria became more
electron-dense, even compared to control. When blocking mitoK tp using SHD,
changes in the ultrastructure of the studied tissues were somewhat different.
Thus, in the medulla oblongata, manifestations of ED and MD remained, and in
this case there was an excessive accumulation of fluid in the intercellular space
and inside the myelin fibers, i.e. swelling of the brain tissue was observed. Con-
sequently, according to our data, the blockade of mitoKsrp with the help of SHD
under experimental parkinsonism, promoted the development of neurodegenera-
tion processes in the medulla oblongata, as well as edema of tissues, cells, and
cellular structures.

This work was supported by grants of the Russian Science Foundation
No. 16-15-00157 and the Russian Foundation for Basic Research No. 16-04-
00692A

TMOJABUXHOCTH IJIAHAPU U MOJLJTIOCKOB
YYBCTBUTEJIbHA K BBIJIEJJEHUSIM XAPOBBIX BOJIOPOCJIE,
COAEPXKAIIUX XOJNHICTEPA3Y U BUOT'EHHBIE AMUHBI
B.B. Pomuna, H.J. IlIBupct
Huemumym 6uousuxu knemxu PAH, Uncmumymckas ya., 3,
Ilywuno, Mockosckas obnacms, 142290, Poccus

B3anmozeiicTBusl OpraHn3MoB B OHMOLIEHO3€ CBSI3aHBI C BBIICICHUSIMHU
pacTeHuil 1 KMBOTHBIX. HelipoMeauaTopsl aneTHIIXOJUH U OMOTEHHBIE aMHHBI,
CONIEPKAIIMXCS B PACTUTENbHBIX BbImeneHusx (Pomwmma 2001; 2010), moryt
y4acTBOBaTh B KOHTAKTaX MEXIy >KUBBIMH OpraHM3MaMmH. [loaxonsdmumu Mo-
JETbHBIMU CHCTEMAaMH Ul UCCIIEIOBaHMS TaKUX KOHTAKTOB MOTYT OBITh B3aH-
MozeHcTBHA Bopopocie n xuBOoTHBIX (Pommmaa; 2019; Pommna et al. 2019).
Ota paboTa MOCBsINIEHA MOICIH KOHTaKTOB akBapuyMHOW Bomopocnu Chara
vulgaris u BoJHBIX KHBOTHBIX YepBeil mianapuit Girardinia tigrina u mosmrroc-
koB Bulimus tentaculatus. C momomisio azoxpacureneit FAST RED TR conu u
DTPDD (xpacHBlii aHaJoOr peareHTra ONJMaHa) IMOKa3aHO NPUCYTCTBHE XO-
JIMHACTEpa3bl KaK MapKepa alleTHIIXOJIMHA Ha TIOBEPXHOCTH MCCIIEOBAHHBIX JKU-
BOTHBIX U Bogopociu. C MOMOIIBIO MIMOKCHIIEBOM KUCIOTHI U (hTaJICBOTO ajble-
THJa y HUX HaONI0Jaiy Takke THCTOXMMHUYECKHE (DIyOpeceHTHbIE peakuny Ha
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noaMuH ¥ THCTaMUH COOTBETCTBEHHO. TecTHpoBaHHME Pa3IMYHBIX KOHIIEHTpA-

IUHA HEHPOTPAHCMUTTEPOB HA MOTOPUKY IJIaHApPUH M MOJUIIOCKOB II0Ka3ajo

HEraTHBHOE BIMSHHE BHICOKUX KoHUeHTpammii (10*-10° M) mobamuna u rucra-

MUHA ((KUBOTHBIX MaJajy Ha JHO cocyna B TeueHHe 12-24 4 mociie Havyama dKC-

MCPUMEHTOB). ANCTHIXOJUH HUKAKUX 3aMETHBIX 3()(eKkToB He mposBmII, BO3-

MOYHO, U3-332 aKTUBHOCTH XOJIMHAICTEPA3bl HA IOBEPXHOCTHU ITUX KUBOTHBIX.
Jlureparypa
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MOTILITY OF PLANARIANS AND MOLLUSKS
SENSITIVE TO CHARA ALGAE EXCRETIONS
THAT CONTAIN CHOLINESTERASE AND BIOGENIC AMINES
V.V. Roshchina, N.E. Svirst
Institute of Cell Biophysics RAS, Institutskaya Str., 3,
Pushchino, Moscow Region, 142290, Russia

Interactions of organisms in biocenosis are connected with the excretions
from both plants and animals. Neurotransmitters acetylcholine and biogenic
amines contained in plant excretions (Roshchina 2001; 2010) may participate in
contacts between living organisms in biocenosis. Suitable model system of sig-
naling between the aquatic inhabitant organisms appears to be in particular algae
and animal (Roshchina 2019; Roshchina et al. 2019). This work devoted to the
model of contacts between aquarium algae Chara vulgaris and water-living ani-
mals- worms planarians Girardinia tigrina and mollusks Bulimus tentaculatus.
Azo dyes Fast Red TR salt and DTPDD (Red analogue of Ellman reagent)
demonstrated color reactions to show a location of cholinesterase as a marker of
acetylcholine in both animal and algae surfaces. DTPDD —staining has most seen
coloration in muscle surface. Fluorescent reactions for the observation catechol-
amines and histamine in situ were studied using glyoxylic acid and o-phthalic
aldehyde, relatively. The occurrence of dopamine and histamine on the surface
of Chara (cell wall and plasmalemma) and in their excretions was shown, espe-
cially in high amounts of dense population of the algae. The testing of various
concentrations of neurotransmitters on the motility of planarians and mollusks
showed the negative influence of higher amounts (10*-10”* M) of dopamine and
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histamine (animals fall on the bottam during 12-24 h after beginning of experi-
ments). Acetylcholine had no effects, perhaps due to active cholinesterase activi-
ty of the animal surface.
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®OYHKIIMOHAJIBHBIE U3BMEHEHUSA CIIMHAJIBHBIX IEHTPOB
OPU PA3JIMYHBIX BBEJEHUAX METUJINPEJHU30JOHA
Y KPbIC C TPABMOI CIIMHHOI'O MO3Tr'A
J.3. Cabuposa, b.3. baatun, 3.U. AmanurauHosa
Kasanckuii @edepanvuviil ynusepcumem, ya. K.Mapkca 76, Poccus

Octpas TpaBMa crnimHHOTO Mo3ra (TCM) sBisieTcsl CIOXHOW OMoMenu-
IIUHCKON TpoOJIeMOH. AKTyallbHOCTh MPOOJIEMBl CIIMHHOMO3TOBBIX TOBPEKIC-
HUH 00ycioBIeHa OOJBIIOI UX PacIpOCTPAHEHHOCTHIO, MHBATMAN3ANEH 1 BHI-
COKOW CMEpPTHOCTBIO TTocTpamaBmux. ek TuBHBIX MeTo10B Jeuenus TCM Ha
CETrOJHAIIHUKI JIeHb HE CYIIECTBYET. JTO CBS3aHO C TEM, YTO JIEKAPCTBCHHBIE
CPEICTBa MPH MX BBEJCHHH CTAIKHBAIOTCSA C ONPEACICHHBIMH mpoOiiemMamu. B
HACTOSIIEe BPEMsI SIMHCTBCHHBIM O(MHUIIMATBHBIM MPENapaToM, ¢ HEHPOIPOTEK-
TOPHBIM JICHCTBHEM, KOTOPOE PEKOMCHIOBAHO JUIs PUMEHCHHUS B KJIIMHUKE T10-
CJIC TpaBMbl CIIMHHOI'O MO3Ta, SABJSACTCA MCTUJIIPCIHNU30JIOH. MCTI/IHHpeﬂHI/BO-
JIOH SIBIISETCS CHJIBHBIM CHHTETHYECKHM TIIOKOKOPTHKOMAHBIM IIpenapaToM.
[Ipu cucTeMHOM MPUMEHEHHWH OKa3bIBaeT IMPOTUBOBOCHIANUTENHHOE, IPOTHBOATI-
JIeprudeckoe W MPOTHUBOUIOKOBOE jAeicTBHe. OIHAKO B TIOCIEIHHUE TOIBI OBLITH
MIPOBE/ICHBI MCCIEOBAHNUS, KOTOPHIC MOCTABIIIHN 0] COMHEHHE Y(PPEKTUBHOCTD
U paIOHAIFHOCTh HCIOJIB30BAHUS METWIIIPETHU30JI0HA Ha TpaKTHKE. BbuTo
BBISIBIICHO, YTO TIOJIOKUTENBHBIH dQQEeKT mocturaercs Juimb B 34% ciydaes.
OcranbHble cay4dan ObLIM CBSI3aHBI C MOOOYHBIM BO3JIEHCTBHUEM METHIIPEIHH-
30JI0HA. 32 CUET HEIEJEBOr0 paclpeaeieH!s] U HeCTaOMIBbHON CTPYKTYphI MOJIie-
KYyJIbI METUJIIPEIHNU30JIOHA €TO0 HeﬁCTBHe MPUBOJAUT K YTHETCHHUIO mnod)ma,
noTepe Kaiusi, apTepUaIbHOW THUIEPTCH3UH, NHa0eTOoreHHOMY 3P QexTy u T. 1.
[TosToMy, HabOrOIAEeTCsl 3HAYMTENILHBI WHTEPEC K HCIOJIb30BAHUIO TOJUMEp-
HBIX CUCTEM B KQYE€CTBEC CUCTEM JOCTABKH JICKAPCTBEHHBIX CPEACTB, B YaCTHOCTU
METHJITIPETHA30JI0HA B CIIMHHOW MO3T MPH TpaBMe. Bce 3KCIepiMeHTHI BBITOI-
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HEHBI C COOJIFOJICHHEM OHMOATHYECKHX HOPM. 3ajadyeil HaIlero HCCIleIOBaHUs
ObIIO0 TPOAaHANM3UPOBaTh (DYHKIHMOHATIbHBIE M3MEHEHMS CIIMHAJIBHBIX LEHTPOB
IpU TpaBME CIMHHOTO MO3Ta HCIOJNB3Ys Pa3lHUYHbIE CIIOCOOBI BBEICHUS Me-
THJIIPETHU30JI0Ha MaKCHMalbHas aMIUIUTy/a OTBeTa KamMOaJIOBUIHOW MBIIIIIBI
MIOCJIE TPaBMBI 113/1a71a ¥ HE BOCCTaHABJIMBAJIACH HA NMPOTSDKEHUH 6 4acoB. Y KH-
BOTHBIX B TPYIIax ¢ Teparueld METWINPEJIHN30I0Ha U KOMIUIEKCa METHIIIPE-
HHU30JIOHA W TIOJIMMEpPa, a TaKKe C HAHECEHHEM MOJMMepa aMIUIUTYAa OTBETOB
Bo3pactasia. OfHAKO B IpYIIE C alUIMKaIMeil moauMepa 6e3 METHIIPEaHN30-
JIOHA MBI TaK)Ke HAOJIIOIAJIN YBEJIMUECHUE aMIUTUTYAbI oTBeTa. JJIsl OLIeHKH BIIUSI-
HUS MI0JIMMepa Ha HEPBHBIE KIETKH OBUIM MPOBEIEHBI AOTOJHHUTENIBHBIE IKCIIE-
PUMEHTHI Ha yJIUTKaX, IJe ObIJIO MOKa3aHo, YTO CaM IOJIMMEP MOXKET OKa3bIBaTh
Jenossipu3ytomuii 3 dexr, 9To BO3MOXKHO M MPUBOIWIO B HAMINX SKCHEPHMEH-
Tax K 00JIErYeHNIO OTBETOB.

HccrnenoBanme BhIMONHEHO Tpu (prHAHCOBOU momuepkke PODU B pam-
Kax Hay4qHoro mnpoekrta Nel8-315-00267.

FUNCTIONAL CHANGES OF SPINAL CENTRES
WITH VARIOUS APPLICATION OF METHYLPREDNISOLONE
IN RATS WITH SPINAL CORD INJURY
D.E. Sabirova, M.E. Baltin, E.I. Yamalitdinova
Kazan Federal University, K.Marksa str. 76, Russia

Acute spinal cord injury (SCI) is a complex biomedical problem. The ur-
gency of the problem of spinal injuries due to their high prevalence, disability
and high mortality of victims. Effective methods of treatment of SCI today does
not exist. This is due to the fact that medicines, when administered, face certain
problems. Currently, the only official drug with a neuroprotective effect that is
recommended for use in the clinic after spinal cord injury is methylprednisolone.
Methylprednisolone is a strong synthetic glucocorticoid drug. With systemic use
has anti-inflammatory, antiallergic and anti-shock effect. However, in recent
years, studies have been conducted that have questioned the effectiveness and
efficiency of the use of methylprednisolone in practice. It was found that a posi-
tive effect is achieved only in 34% of cases. The remaining cases were associated
with side effects of methylprednisolone. Due to the inappropriate distribution
and unstable structure of the methylprednisolone molecule, its action leads to
inhibition of the pituitary, potassium loss, arterial hypertension, diabetic effects,
etc. Therefore, there is considerable interest in using polymer systems as drug
delivery systems, in particular methylprednisolone in the spinal brain injury. All
experiments were performed in compliance with bioethical norms. The goal of
our study was to analyze the functional changes in the spinal centers during spi-
nal cord injury using various methods of methylprednisolone administration. The
maximum amplitude of the response of the soleus muscle after injury fell and did
not recover for 6 hours. In animals in groups with therapy of methylprednisolone
and complex methylprednisolone and polymer, as well as with the application of
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the polymer, the amplitude of the responses increased. However, in the group
with the application of the polymer without methylprednisolone, we also ob-
served an increase in the amplitude of the response. To assess the effect of the
polymer on the nerve cells, additional experiments were conducted on the coch-
lea, where it was shown that the polymer itself can have a depolarizing effect,
which is possible and in our experiments facilitated answers.

The study was performed with financial support RFBR, research project
Ne 18-315-00267.

MNPUJIOKEHUE MHOTOMACIITABHOM MOJAEJIA JIEBOTI'O
KEJYJOUKA VIS U3YUEHMUS BJIUSIHUSA KJITAITAHHBIX
IMMOPOKOB U APUTMHUU HA TTPOU3BOJIUTEJBHOCTD CEPJIIIA
B CUCTEME KPOBOOBPAILIEHUS
®D.A. Cémun, A.I. Ocensn
HUnemumym mexanuxu MI'Y um. M.B. Jlomonocosa,

Mockea, Muuypunckuu np-m, 1, Poccus

Jnst onucanus u aHanu3a paObOTHI cepila B CHCTEME KPOBOOOpAIIEHHs
IIMPOKO HCHOJIB3YIOTCS MHOroMacltaOHble MOJEIH CepAEYHO-COCYANUCTOU CH-
CTEMBI, KOTOPBIE BKIIIOYAIOT B ce0s OIMICaHUE MIPOLECCOB, MPOMCXOSIINX Ha pa3-
HBIX YPOBHAX: OT MEXaHOXMMHUYECKHX U JJIEKTPOMEXaHHUYECKHUX B3aUMOJECHCTBUM
B KJIETKE CEpACYHOI MBIIIIBI (MAOKapAa) 0 MaKPOCKOIMYIECKHX HAINpPsHKEHUH 1
nedopmanuii cepana kak oprana. HecMoTpst Ha Hanuaue OOJBIIOrO KOJIMYECTBA
pasIUYHBIX MOAENEH, IUIIb HEMHOTHE U3 HUX KOPPEKTHO OMHCBHIBAIOT MEXaHHUKY
MHOKap/ia ¥ yIUTHIBAIOT 0OPaTHOE MEXaHORIEKTPHUECKOE COMPSIKEHHUE B MBIIIIIIE.
Bepst Bo BHHMaHME BBIYHCIMTEIBHYIO CJIOKHOCTh HMPOCTPAHCTBEHHBIX MOJENEH
cepAlla WK ero OTAEIbHBIX KaMep, COCYIUCTYIO CUCTEMY OOBIYHO OMHCBHIBAIOT C
MIOMOIIBIO HYJIBMEPHBIX MOJIENIEH C COCPEOTOUEHHBIMU ITapaMeTpaMu, B KOTOPBIX
ee OTJeJIbl pacCMaTPUBAIOTCA Kak yIpYyrue pe3epByaphbl ¢ 33JaHHOI MONaTIHBO-
CTBIO, a TEYEHHE KPOBU MEX]y pe3epByapaMu ONpeessieTcs] BI3KUMU U HHEpLU-
OHHBIMHU COIIPOTHUBICHIIMH. KaMeps! cepana B MOJOOHBIX MOJEISX MOTYT OBITh
NPEACTABICHBl KaK TPEXMEPHBIMU TENAMH, COCTOSIIUMH W3 MHOKapIUaIbHOU
TKaHY, TaK U HyJIbMEPHBIMU PE3€pByapaMH ¢ aKTHBHBIMHU HANpPSHKEHHUAMHU, OIIpe-
JETAIOIMINMACS 3aIlaHHOH (DYHKIMEH BpEMEHHU.

B noxnazne npeactaBneHa HOBast MOAEb CEPAECYHO-COCYAUCTON CHCTEMBI,
B KOTOPOH JIEBBIN XKeIyJO4YeK Cep/la, alIpOKCUMHUPOBAHHBIN TEIOM BpaIllCHUs,
OTIMCHIBAJIM C TOMOIIbI0 MHOTOMAcIITabHON Mozenu. CTeHKY >KelyJlouka pac-
CMaTpHUBAIU KaK aHM30TPOIHYIO HECKHMAaeMYyIO CIUIOIIHYIO Cpedy, OCH CHM-
METPHUU B KOTOPOH 3a/laHbl OPUEHTALMEN BOJIOKOH CEPAECUHON MbllIbl. B cooT-
BETCTBHE C JKCIIEPUMEHTAJIHHBIMHU JaHHBIMH BOJIOKHA HANPaBIIIM BAOJB CIH-
pasieif, yroa HakJIOHa KOTOPBIX JMHEHHO MEHSUICS MO TOJIIMHE CTEHKH JKeIy-
JOYKa. YUYHUTHIBAJIM, YTO B MBIIICYHBIX BOJIOKHAX Pa3BHBAIOTCS KaK ITACCHBHBIC
HaIpsOKeHUs. B OTBET Ha JedopManuy, Tak W aKTHBHBIC HAlpsDKEHUS, BHI3BAH-
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HBIE B3aUMOJICHCTBHEM COKPATHTEIBHBIX M PETYIATOPHBIX OEIKOB Ha KJIETOY-
HOM ypoBHE. /|11 ommcaHMs 3THUX IPOIECCOB HA YPOBHE KJIETKU MBI HCIIOJIB30-
BaJIM HaIly HOBYIO Mojaens Muokapaa [1]. Cokpamierne Bcex KIETOK MHOKapAa
3aJaBali OJHOBPEMEHHBIM NEPHOANYECKUM BXOJSIIMM B KIETKY IIOTOKOM
MOHOB Kajblus. JleTaipHoe omnncaHne MOCTaHOBKU M PELICHUS 33/1a4M O COKpa-
IIEHUHU JIEBOTO JKEIyAOUYKa CepAla C MpelblAyIeil Bepcrueil Hamiell KIeToYHON
MOJIETIM CEepJeYHON MBIIIIBI TpenacTaBieHo B [2]. OcranpHble KaMepsl cepiua
(IpaBBIii XKeTyAoueK W Tpelcepans) pacCMaTpUBAIM KaK BS3KOYIPYTHE pesep-
BYyapbl, JaBJICHUA B KOTOPBIX 3aBHUCCIIN OT o0BeMa KaMEphbl U YPOBHS aKTHUBAlUH,
OTIMCHIBAEMOTO 3a/IlaHHOHN (yHKIHEH BpeMeHH. B KpoBEHOCHOH cucTeMe BhIJe-
JSUTA a0pTy, KPYITHBIE apTepHH, CHCTEMHBIE BEHBI, JICTOYHBIE apTepPHH H JIETOY-
HBIe BeHBI. Takas MOJeNb TeMOIMHAMUKH OIIHCHIBAJIACh CUCTEMOW OOBIKHOBEH-
HBIX nu(depeHINanbHbIX YpaBHEHUH 11 o0beMa Kamep cepama Vs, pacxoqoB
Q- 1 naBieHuit B pezepByapax P: Buga

dv. dQ- dp,

I =Q; — Qo L*E‘FR*Q* = Pl_PZJC:LE: Q: — Qo
rae L« u R« — nHEpIMOHHOE M THAPABINIECKOE CONPOTHUBICHHE, a Cx — MOATIIN-
BOCTh y4acTKOB pycyia. UToObI ommcaTh TeUEHHE KPOBU dYepe3 HE MOITHOCTHIO
OTKPBITBIA WM 3aKPHITHIN KJIallaH MpH KIaaHHBIX MOPOKaxX, B BEIpAKEHUE IS
mepenana AaBJCHHUS Ha KJIalmaHaxX BKITFOYAJIHM KBaJPATWYIHBIN WIEH COMPOTHBIIE-
HUS, 3aBHCSAIINNA OT OTHOUICHHMS IUIOIIAAX OTBEPCTHS KIalaHa K IDIOMIAaIH Kila-
MaHa B HOPMe.

W3MeHsIs nepruoAnYHOCTh (PYHKIMH BXOISIIETO NOTOKA HOHOB KaJIbIHS U
(YHKIMIA aKTUBALMK TPEICEPANit 1 PABOTO HKEITyI0YKa, MBI TIPOBEJIN PACUETHI
CepJICUHOr0 IIUKJIA IPU HEKOTOPHIX THIAX apUTMUU B IIOKOE U MO Harpy3koit (c
YYAIIEHHBIM CEpPACYHBIM PUTMOM W YMEHBIICHHBIM IEepU(EPUUECKHM COIPO-
TUBJIeHHEM). Jaxke He ONMMCHIBas JIEKTPUUYECKUE MPOLECCHl U DJIEKTPOMEXaHU-
YECKOEC CONPsHKEHUS B MHUOKap/J€, Mbl CMOIJIM OLCHHUTH BJIMSAHUC AapUTMHU Ha
TeMOJMHAMHUYECKUE XapaKTEPUCTUKU CEpACYHOTO IMKIA. MBI Takke MpOBEIH
MOJICIIUPOBAHIE CTEHO3a M HEIOCTATOYHOCTH a0PTAIBHOTO ¥ MHTPAIBFHOTO KIIa-
MaHOB. Pe3ynbTaThl pacyeToB MpH pa3HBIX 3HAYCHUAX IUIOMIAIN OTBEPCTHUS Kila-
MaHa Jaid aJeKBaTHBIC OIICHKH BEIMYWH, XapaKTEPHU3YIOMIHX TsDKECTh JTHX
KJIAITAHHBIX TIOPOKOB: CPEAHETO W MaKCHMAJIBHOTO Teperaga JaBJICHAN MEXKIY B
JIEBBIM KEJTY/ZI0OYKOM U aOpTOHl IPH CTEHO3€ a0pTAJIbHOTO KiIallaHa U JKeJlyl104-
KOM H JIEBBIM IIpEJCEepIUeM MPU CTEHO3€ MUTPAJIbHOrO KJIalaHa, a Takxke (pak-
IIUH perypruTanud (OTHOCHUTENBHBIN 00BEM KpPOBH, BEpHYBIIHICS uepe3 He
IIOJIHOCTBIO SaKpLITLIf/'I KHaHaH) IIpU HEAOCTATOYHOCTH KJIaIIaHOB.

Pabora BeimosHeHa npu nojaepxkke rpanta PODU Ne 18-31-00065.

Jlureparypa
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APPLICATION OF A MULTISCALE MODEL OF THE LEFT
VENTRICLE TO THE EXAMINATION OF EFFECTS OF THE
VALVULAR DISEASES AND ARRHYTHMIA ON THE HEART

PERFORMANCE WITHIN CARDIOVASCULAR SYSTEM
F.A. Syomin, A.Sh. Osepyan
Institute of Mechanics MSU, Moscow, Mitchurinsky pr., 1, Russia

To describe and analyze the heart function within the cardio-vascular sys-
tem (CVS) multiscale models are widely used. The models contain the descrip-
tions of processes taking place at different scales — from mechanochemical and
electromechanical interactions within a cardiac muscle cell to macroscopic stress
and strain of the heart as whole organ. Although there are many different models,
only a few describe the myocardium mechanics accurately and take into account
mechanoelectrical feedback. Considering the computational complexity of 3D
models of the heart or its chambers, the CVS is commonly described by lumped
parameter models, in which the parts of the CVS are supposed to be elastic res-
ervoirs with given compliance, while the blood flow is specified by viscous and
inertial resistance. The heart chambers can be approximated either by 3D bodies
of myocardial tissue, or by null-dimensional reservoirs with active stress defined
by a given time-function.

Here a new model of the CVS is presented. The left ventricle of the heart,
approximated by a body of rotation, was described by a multisclale model. The
ventricular wall was treated as anisotropic uncompressible continuous medium in
that the symmetry axes were specified by the orientation of cardiac muscle fi-
bers. In accordance with experimental data, the fibers were aligned with helices
with the helical angle changing through the wall linearly. We considered both the
passive stress of strained tissue and the active stress generated by an interaction
of contractile and regulatory proteins at the cell level. To describe these process-
es we applied our new model of the myocardium [1]. Cell contraction was initi-
ated by simultaneous periodical influx of calcium ions. Detailed description of
the problem with the usage of an earlier version of our cell model of cardiac
muscle and the methods of its solution were presented in [2]. Other heart cham-
bers (the atria and the right ventricle) were treated as viscoelastic reservoirs with
the blood pressure depending on the chamber volume and activation level speci-
fied by a given time-function. The following sections of the CVS were de-
scribed: aorta, major systemic arteries, systemic veins, pulmonary arteries, and
pulmonary veins. This hemodynamics model was set by a system of ordinary
differential equations for the chamber volumes V:, flows Q- and pressures P+

dv. dQ- dP,
Gt @ CQoLl-m -t RQ =P =P, G == Qi — (o,

where L« and R« are inertial and hydraulic resistances, and Cs are compliances of
bed flow parts. To define the blood flow through partially open valve in cases of
valve diseases we included a quadratic term of hydraulic resistance that depend-
ed on the relation of the valve orifice area to its normal value.
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Varying the period of the activation functions of the atria and ventricles,
we performed simulations of heart-beats for some types of arrhythmias at rest
and during exercises (accompanied by more frequent heart rate and decreased
peripheral resistance). Although we did not simulate electrical processes and
electromechanical coupling in myocardium, we were able to estimate the effects
of arrhythmia on the hemodynamics of a hear-beat cycle. We have also simulat-
ed stenosis and insufficiency of the aortic and mitral valves. The results of the
simulations for different values of the valve orifice area showed adequate values
of the features of the valve diseases: mean and maximal pressure gradient be-
tween the left ventricle and aorta in case of aortic valve stenosis, and between the
left atrium and the left ventricle in case of mitral valve stenosis; the values of
regurgitant fraction, i. e., relative volume of blood returned through the incom-
pletely closed valve, in case of valve regurgitation are also corresponded to med-
ical data.

The work was supported by RFBF grant 18-31-00065.
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JABUT'ATEJBbHBIE ®YHKIIUU CTIOPTCMEHOB
MOJI BO3AEMCTBUEM T'MIIOKCUYECKOI'O CTUMYVY.JIA
J.A. Ceunn, P.B. TamooBuEBa
Poccutickuii cocydapcmeennulil ynugepcumem Qusuueckoil Kyibmypol, CHOpma,
monodedicu u mypusma, Mockea, Cupenesviii 6ynveap, 4, Poccus

V3MeHeHus ra30BOT0 COCTaBa OKPYXKAIOIIEH Cpe/ibl CIIOCOOHBI BBI3BIBATH
PS KOMIICHCATOPHBIX W aJalTallMOHHBIX pEaKknuil opraHusMa dyejoBeka. -
(eKTHBHOCTh (DYHKIIMOHHPOBAHMS YEIOBEKA MPU MONAAaHUH B HOBBIE YCIIOBHS
BHEIIHEH CpeJibl HAXOAMTCS B 3aBUCHMOCTH KaK OT CaMHX YCJIOBHH, Tak U eHO-
TUIHYECKUX ocobeHHOocTeH. MHTepec kK (heHOTHIMHUECKIM OCOOEHHOCTSM 4eyo-
BeKa 0OYCIJIOBJIEH BO3MOYKHOCTBIO BBISBJICHHUSI HOBBIX CTOPOH, yX€ M3Y4EHHBIX
(hM3NOTIOTHUECKUX MEXaHW3MOB (DOPMHUPOBAHUS YCTOHYMBOCTH OpraHM3Ma K
(hakTOpaM BHEIIHEW Cpebl, a TaKKe€ MEXaHU3MOB IOBBIIICHNS PE3yJbTaTHBHO-
CTH ACATCIIBHOCTHU IPHU MONMaJaHUH B HOBBIC YCJIIOBUS. HpI/I 9TOM, TUIIOKCHYCCKUC
BO3JICHCTBHS ITOJTyYHIIM JIOCTATOYHO IINPOKOE PACIPOCTPaHEHHE B criopTe, Oma-
rofiapsi BO3MOYKHOCTH TMOBBIIIEHUS] (PU3NUECKON PaOOTOCIIOCOOHOCTH CIIOPTCMeE-
HOB, OJTHAKO BOIPOCHI BIIMSHUS TUIIOKCHH Ha JBUTATeIbHBIE (DYHKIMH HE pac-
CMaTpUBAIOTCS IOJDKHBIM 00pazom [1].

Lenpro HACTOSAIIETO MCCIENIOBAHUSA SABJLUIOCH ompeneneHue BiusHus 30-
TH MHHYTHON HOpMoOapuyeckoi rumokcuu (10% conepxaHue Kuciopona BO
BJIBIXaCMOM Tra30BOM CMECH) Ha MMOKA3aTeId ABHUraTeIbHBIX (HYHKIUH CrOpTCMe-
HOB BBICOKOH KBaTH(HUKAITUH.

OKCIIepUMEHTAIBbHOE HCCIIEIOBAaHNE MPOBOIWIOCH C Yy4acTHeM 16-Tu
CIIOPTCMEHOB BBICOKOM KBaHI/I(bI/IKaHI/II/I, 06na)1a}0umx BBICOKMM YPOBHEM IIpU-
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CHOCOOIEHHOCTH K BBIMIOJHEHUIO ABUTATEIBHBIX (DYHKIIHMHA B CTPECCOBBIX YCIO-
BUSX OOYCIIOBIIEHHBIX COPEBHOBATENHEHOW NESTEIHHOCTRIO. VccienoBaHme IBU-
raTelbHBIX (YHKIMI CHOPTCMEHOB OCYIIECTBISIOCH C MCIOIB30BAaHUEM alllia-
PaTHO-NIPOrPaMMHOT0 KOMIUTIeKca «CIIOPTUBHBIN IICUXO(MU3IUOTIOTY.

[Iporpamma uccienoBaHus npeamnoiaraia npoBeaeHue:
* MPEIBAPUTEILHOTO MCUXO()HU3HOIIOTHIECKOTO HCCIICOBAHUS, HATPABICHHOTO
Ha MMOJTyYeHHE TIOKa3aTesel IBUraTeIbHBIX (DYHKIUN B OOBIYHBIX YCIOBHSIX;
* JKCIEPUMCHTAIFHOTO BO3ICHCTBUS HOPMOOAPHUECKOW THIOKCHEH (ra3oBas
cMmech ¢ coaepxkanneMm 10% kucimopoaa) B CTaHIApTU3HPOBAHHBIX J1abOpaTop-
HBIX YCIIOBHSX;
* MIOBTOPHOTO IICHXO(PHU3UOJIOTHIECKOTO MCCIICIOBAHNS, HAIIPABICHHOTO HA BHI-
SBJICHHE M3MEHEHHH B ABUTATEIBHBIX (QYHKIHUIX, CIIPOBOLUPOBAHHBIX THTIOKCH-
YECKHM CTHMYJIOM.

[To pe3ynpTaTamM HCCIEHOBAHHSA OIPEICICHO MOJOXHUTEILHOE BIHSIHUE
TUIIOKCUYECKOI0 CTUMYJIa HAa CKOPOCTb IIPOCTOM U CJIOKHOW JBUTATEIBHOU pe-
aknuid. OTMedaeTcsi CHIKEHHE BpEMEHH 3aTpayuBaeMOro He pearnpoBaHHE Be-
NyIed PyKOW Ha OCHOBHBIE Pa3IPAKUTENH W BBIOOP (CHUKEHHE MOKA3aTes
SIBIISIETCSl CTATUCTUYECKH JOCTOBepHBIM Tipu p<0,05, mokaszareiasr BpeMEHH peak-
IIMU Ha CBeT cHU3WICA Ha 11%, mokazatenh BPEeMEHH PEakliy Ha 3BYK CHUZHICS
Ha 16,6%, moka3aTens BpeMeHH peakIiuu Beroopa cHusmics Ha 10,5%). [Tomumo
CHIDKEHHS BPEMEHH, 3aTPadylBacMOro Ha pearnpoBaHUE, MIPOM30ILIO CHIDKCHIE
BPEMCHHU IEHTPAIBLHON 33aJCpKKU TPH CIOKHBIX peaKIusaX (CHIDKCHHE IOKa3a-
TeNs COCTaBIsIeT 9,7% MO CPaBHEHHUIO C MCXOMHBIMH TOKA3aTENSIMHU), BHITTOIHS-
EMBIX B COCTOSIHUH, BEI3BAHHOM ITIPEIBAPUTEIBHBIM THIIOKCHYECKUM CTUMYJIOM.
Jis He BemyIel pyKH TaKKe OTMEUYACTCs MOJOXKHUTEIbHAS TCHICHIIHS, 3aKITkO-
YarOIIascs B CHIKCHAW BPEMEHH, 3aTPAYMBAEMOr0 Ha PEarnpoOBaHUe (CHIDKCHUE
TOKa3aTesel: BpeMs peakiuu Ha cBeT 4,5%; Bpems peakiuu Ha 3BYK 2%; BpeMms
peakiu BeiOOpa 5,7%). [Ipu paccMOTpeHNH TIOKa3aTeNe HHKHIX KOHEUHOCTEH
TaKXKe OTMEYAETCs MACHTUYHAS TCHACHINS JJIs1 00enX KOHEUHOCTEH.

AHanu3 mokasaTteNed WHANBUAYAIbHONW JWHAMHUKH TEMITa JBUKCHHUH PY-
KaM{ M HOTaMH TT03BOJIMII BBIIBUTH HETaTHBHYIO TEHIACHIHNIO 3(deKra OT rurmo-
KCHUYECKOTO CTUMYJIA, 3aKJIIOYAIOUTYIOCS B CHUKEHHE UHIUBUIYaIbHOW TUHAMU-
KM TEMIIa JABW>KEHUH.

IToka3zarenu MHAMBUAYATbHOW TUHAMHUKU TE€MIIAa JIBXKEHUH pyKamH IO-
CJIe TUIIOKCUYECKOr0 CTUMYJIa CHU3HINCH B 6-U 10-TH CEKyHIIHbIX UHTEpBaJIax B
muanaszone ot 0,5 1o 5,5% 0e3 u3MeHEeHHH KaueCTBCHHBIX XapaKTEPUCTHK THIA
JIUHAMUKH.

Jns nokazatenell NMHAMUKM TeMIA ABM)KEHUH HOTaMM IOCJE TMIIOKCH-
YEeCKOTO CTHMYJIa CBOMCTBEHHA MIACHTHYHAS TCHICHIWS, OIHAKO CHIKCHHUE TI0-
Kazatenei Bappupyerces ot 0,5 1o 9,1%.
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MOTOR FUNCTIONS OF ATHLETES AFTER EXPOSURE TO
HYPOXIC STIMULUS
D.I. Sechin, R.V. Tambovtseva
Federal State Budgetary Educational Establishment of Higher Education «Rus-
sian state university of physical education, sport, youth and tourism (SCOLIPE)»
Moscow, Sireneviy boulevard, 4, Russia

Changes in the gas composition of the environment can cause a number
of compensatory and adaptive reactions of the human body. The efficiency of
human functioning in contact with new environmental conditions depends on
both the conditions themselves and phenotypic features. The interest in the phe-
notypic characteristics of a person is due to the possibility of identifying new
aspects, the already studied physiological mechanisms of formation of the body’s
resistance to environmental factors, as well as mechanisms for increasing the
effectiveness of activity when it enters new conditions. At the same time, hypox-
ic effects are fairly widespread in sports, due to the possibility of increasing the
physical performance of athletes, but the issues of the effect of hypoxia on motor
function are not considered properly [1].

The purpose of this study was to determine the effect of 30-minute nor-
mobaric hypoxia (10% oxygen content) on the indices of motor functions of
highly qualified athletes.

An experimental study was conducted with the participation of 16 highly
qualified athletes with a high level of fitness to perform motor functions under
stressful conditions caused by competitive activity. The study of the motor func-
tions of athletes was carried out using the “Sports Psychophysiologist” hard-
ware-software complex.

The research program involved:

* preliminary psychophysiological research aimed at obtaining indicators of mo-
tor functions in normal conditions;

* experimental exposure to normobaric hypoxia (gas containing 10% oxygen)
under standardized laboratory conditions;

* repeated psychophysiological research aimed at identifying changes in motor
functions provoked by a hypoxic stimulus.

According to the results of the study, the positive effect of the hypoxic
stimulus on the speed of simple and complex motor responses was determined.
There is a decrease in the time spent not responding with the leading hand to the
main stimuli and choice (the decline is statistically significant at p <0.05, the
response time to light has decreased by 11%, the response time to sound has de-
creased by 16.6%, the time selection reactions decreased by 10.5%). In addition
to reducing the time spent on response, there was a decrease in the time of the
central delay in complex reactions (a decrease of 9.7% compared with baseline),
performed in the state caused by prior hypoxic exposure. For the non-leading
hand, there is also a positive trend, which consists in reducing the time spent on
response (reduction of indicators: response time to light is 4.5%; response time
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to sound is 2%; selection response time is 5.7%). When considering indicators of
the lower extremities, there is also an identical trend for both legs.

An analysis of the indices of the individual dynamics of the pace of move-
ments with arms and legs made it possible to reveal the negative tendency of the
effect from the hypoxic stimulus, which consists in reducing the individual dy-
namics of the rate of movements.

The indices of individual dynamics of the pace of hand movements after the
hypoxic stimulus decreased in six 10 second intervals in the range from 0.5 to
5.5% without changing the qualitative characteristics of the type of dynamics.

For indicators of the dynamics of the rate of movement of the legs after the
hypoxic stimulus, an identical tendency is characteristic, but the decline in indi-
cators varies from 0.5 to 9.1%.
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MMPOAYKTBI METABOJIN3MA TPOBMOTUYECKUX BAKTEPHI,
CTUMYJINPYIOT MBIINEYHOE COKPAIIEHUE
U KAJIBIIMEBBIA TOMEOCTA3
K.B. Co6o1b
Hucemumym seomoyuonnot usuonozuu u ouoxumuu um. U.M. Ceuenoea PAH;
Canxm-Ilemepbype, Topesza 44, Poccus

HccnenoBanm 3¢ (hekThl, BhI3bIBAEMBIC aNTUIMKAIIUEH MPOAYKTOB MeTabo-
m3Mma nipobrotnueckux Oakrepuit (ITI1, ocoOblii meron QepMeHTaIH, MAaTEHT
CIIIA [1]), Ha cokpaieHHe OJTUHOYHBIX CKEIETHBIX BOJIOKOH JIATYIIKH U B KYJIb-
TUBHPYEMBIX CKeneTHbIX MuonuTax KpsIchl. I1I1 mpu 10% koHLEHTpanuu MOTEH-
[IUPOBAJT MAKCUMYM OJTMHOYHOTO COKPAIIECHHUS CKEJIETHOTO BOJIOKHA Ha 62+4%, u
CKOPOCTh HapacTaHWs HampsbkeHust Ha 73+4%, n=6, p<0.01. OcobeHHOCTBIO SIB-
JSIOCH TO, 9TO HpH oTMbiBaHuM [1I1 ykasaHHBIE XapaKTEpPUCTHKH OJMHOYHOTO
COKpAILIEHUs] OCTAaBAJIICh YBEJIMYEHHBIMH, B T€UE€HHE 2-X 4acoB. B ocHoBe, 1mo-
BUIUMOMY, JISKHUT JTUOO YBEITHMUYCHHUE YYBCTBUTEIHLHOCTH COKPATHTEIHHOTO ara-
para K KaJbIHIO W/WIN yBETMYEHHE BBICBOOOXKIAEMOTO KaJbIMS M3 CapKOIUIa3Ma-
THYECKOTO PETUKYIyMa BO BpeMsl OJMHOYHOTO cokpamieHus. OmHako, BpeMs J0-
CTI)KCHHSI MaKCHMyMa, KaK OJMHOYHOTO COKpAICHHUS, TaK M TETaHyca, MaKCH-
MaJlbHasi CKOPOCTh YKOPOYEHHS, BEJIHMYMHA TETaHyca M XapaKTepUCTHKa CHIIa-
ckopocTb 1pu amumikaryy 111 octaBaick Hen3MEeHHBIMH. B ckesleTHBIX MHOLH-
Tax KpbIChl I1I1 BBI3bIBAN yBENMUYEHUE BHYTPUKIIETOUHOrO Kanblus. [Ipudyem, npu
ormbiBaHuy [111 HaGroqaMM 3HAYUTENBHBIA BXOJI BHEKICTOUHOTO KaJIbIUs B MHO-
IIUTHI, KOTOPBIH MOXET UMETh MPUPOY EMKOCTHOTO BXoja Kaiblwd. J{urensHas
TIOTEHIMANS OJMHOYHOTO COKpAIICHHUs CKEJIETHO-MBIIICYHOTO BOJIOKHA TIPH arl-
rukarmu 111 no3BossieT NpUMeHATh yKa3aHHbIE MPOAYKTHI MIPU PAa3IMYHbBIX CKe-
JIETHO-MBIIICYHBIX MATOJOTHSAX M CHHIPOME XPOHHYECKOH YCTaloCTH, a TaKkKe
MPY HapYIIEHUSIX KaJIbI[MEeBOI0 TOMEOCTa3a B KJIETKaX.
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SPECIAL METABOLIC PRODUCTS OF PROBIOTIC BACTERIA
STIMULATE SKELETAL MUSCLE CONTRACTION
AND CALCIUM HOMEOSTASIS
K.V. Sobol
Sechenov Institute of Evolutionary Physiology and Biochemistry, RAS,
St. Petersburg, Thorez 44, Russia

The effects caused by the application of metabolic products of probiotic
bacteria (PP, a special method of fermentation, US patent [1]) on single skeletal
fibers of the frog and in cultured skeletal rat myocytes were studied. The PP at
10% concentration potentiated the maximum of a single skeletal fiber contrac-
tion by 62 + 4%, and the rate of single contraction by 73 + 4%, n = 6, p <0.01.
The peculiarity was that during the washing out of PP, the indicated characteris-
tics of a single contraction remained increased, for 2 hours. This affects appear to
be due to an increase in the sensitivity of the contractile apparatus to calcium
and/or an increase in the release of calcium from the sarcoplasmic reticulum dur-
ing a single contraction. However, the time to achieve the maximum of a single
contraction and tetanus, the maximum speed of unloaded shortening, the ampli-
tude of tetanus, and the force-velocity characteristic during the application of PP
remained unchanged. In rat skeletal myocytes, PP increased intracellular calci-
um. Moreover, during the washing out of PP, a significant entry of extracellular
calcium into myocytes was observed, which may have the nature of the capaci-
tive entry of calcium. Unusual, long-term potentiation of a single contraction of
the muscle fiber after application of PP allows the use of these products in vari-
ous muscle pathologies and chronic fatigue syndrome, as well as during violation
of calcium homeostasis in the cells.

The author is grateful to G.B. Belostotskaya for the cultivation of myo-
cytes.

The work was supported by the Federal Agency for Scientific Organiza-
tions of Russia (topic no. AAAA-A18-118012290142-9).
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PETYJIAIUS CEPJAEYHBIX COKPAIIIEHU YEJIOBEKA
IPU TUIIOKCUYECKOM BO3JIEVCTBUU
K.B. Co60ab, B.I1. Hecrepon
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Canxm-Ilemepbype, Topesza 44, Poccus

Cepaeunococynucteie 3a6oneBanus (CC3) ocTaloTcs OJHOW U3 BEAYIIHX
INPUYUH CMEPTH B OOJIBIIMHCTBE Pa3BUTHIX CTpaH. BaXkHyI0 posib B X mMaToreHe-
3€ UrpaeT NOBBIIICHHE JKECTKOCTH KPYIHBIX apTepuil, MOCKOIbKY, YBEJIUUYEHUE
JKECTKOCTH (PUTHUAHOCTH) COCYIOB — OJWH M3 IVIaBHBIX (DaKTOPOB MPOrpecCH-
pOBaHHUA KapAUOBacKyJIsApHOH maTtonoruu [1]. YBenudeHue K€CTKOCTH COCYAOB
OKa3bIBaeT BCe OOJBIIYIO HArpy3Ky Ha Cepjle, B pe3ysbTaTe HaUWHAIOT IPOUC-
XOJUTh MPOLECCHl PEMOJSNUPOBaHU MHOKapaa. [loaToMy, CHUXKEHHE KECTKO-
CTH COCYIOB MOXXET YMEHBIIATh PHCKU 3a00JIEBaHUH CEPAECTHOCOCYIUCTON CH-
cremsl (CCC).

C moMouipi0 HEMHBA3UBHOTO ITyJILCOMETPUYECKOT0 MeToja [2] m3ydyanu
XapakTep BEreTaTUBHON (aBTOHOMHOM) PEeTyJIsiIMU CeplICUHBIX COKPAILICHUH NpH
runokcuueckoM BozneiictBuM Ha CCC, KOTOpoe co31aBajioch HaTY>KHOM 3a-
nepxkoit merxarusa (H3/]) Ha rirybokom Broxe. ObciemoBanne MPOBOIUIOCH HA
onoM 3 aBTopoB (K.B.C.) ¢ momMoImipio apTepuaisbHOr0 MbE30MyJIhCOMETPA,
uzroroBieHHoro B OO0 «BACA-ITYJIBC» (Cankr-IletepOypr). Buauane nzme-
psUIN cepieyHBbIe COKpAIlleHHs B TeUeHHe 2 MHUH NPH HOPMAJIbHOM JBIXaHWH.
3arem npu H3Jl B Teduenue 30 cekyHI M NPH HOCIEIYIONIEM BOCCTAHOBICHUHU
HOPMAaJIbHOTO IBIXaHHS B TEUCHHUE 3 MUHYT.

KpatkoBpemeHHas WM yMEpeHHAs! THIIOKCUS BBI3BIBAIOT BKIIOYCHHE KOM-
MIEHCATOPHBIX aJalTallMOHHBIX MexaHn3MoB. [Iponenypa H3/l, B Hamewm ciyuae,
OKaspIBalla BIMSHME Ha Oa3asbHBIH TOHYC cocymoB. HabGmronmanmock HekoTopoe
YMEHBIIICHHE XECTKOCTH CTEHOK COCYIIOB C COOTBETCTBYIOIIMM YMEHBIICHHEM
CKOPOCTH PacIpOCTPaHeHus IMyIbcoBOi BoHbI (Ha 6[_J| %). YacToTa cepaednsix
COKpAIlleHnH B HauasbHOW (hase H3/] ymeHbIIanach Mo BIMSIHUEM CTHMYJISLIAN
Baryca. Ilpu sTom aopranbHbiil kinanaH B nepuoj H3Jl 3akpbiBancst paHblle Ha
15[ B mc, 4yem mpu HOPMAIBLHOM PUTME JBIXaHHWS. YUYHUTHIBAS, YTO OCHOBHOE KO-
JIMYECTBO KPOBH IOCTYIAeT B KOPOHApHBIE apTePUU BO BpPeMs JUACTOJNBI, a HE
CHCTOJBI, MOKHO MPEAIOJI0KNTh, YTO paHHEE 3aKPHITHE AOPTAJHHOTO KilaraHa
MO’KET JIOTIOTHUTENBHO yBEJIMUMBATh IUTaHKUE cepAla kuciaopoaom npu H3/1.

Takum 00pa3oM, B JaHHOM HCCIEAOBAHUHU C IOMOIIbIO HEMHBA3HBHOTO
MyJIbCOMETPHYECKOro MeTo/Ia Tokasano BimsiHue H3/] na padoty CCC uenose-
ka. He mckiroyeHo, 4TO J0O3MpOBaHHAS 3allepiKKa ABIXaHHUS MOXKET o0nerdarsb
pabotry cepaua, yMeHbllas Harpy3Ky Ha JIEBBIH JKeIyJOuYeK cepAla, Iocpel-
CTBOM CHIDKEHUS KeCTKOCTU cocynoB. ITomumo storo, Bo Bpems H3/[ ysenuuu-
BaeTcsl BpeMst CHa0KEeHHsI KPOBBIO KOPOHAPHBIX apTepHil, YTO YMEHBIIAET PUCKU
UIIeMHUYecKol O0JIE3HN cep/ilia, BO3PacTaroIHe C BO3PACTOM.

PaGora BrImoHEeHA B paMKkax rocyaapcrBeHHoro 3agaansi ®AHO Poccun
(tema Ne AAAA-A18-118012290142-9).
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HEART RATE REGULATION DURING HYPOXIC EXPOSURE
K.V. Sobol, V.P. Nesterov
Sechenov Institute of Evolutionary Physiology and Biochemistry, RAS,
St. Petersburg, Thorez 44, Russia

Cardiovascular disease (CVD) remains one of the leading causes of death
in most developed countries. An important role in their pathogenesis is an in-
crease in the stiffness of large arteries, since an increase in the stiffness (rigidity)
of the vessels is one of the main factors in the progression of cardiovascular pa-
thology [1]. An increase in the stiffness of the vessels exerts an increasing load
on the heart, resulting in remodeling of myocardium. Therefore, reducing the
stiffness of blood vessels can reduce the risks of diseases of the cardiovascular
system (CAS).

Using a non-invasive pulsometric method [2], we studied the nature of the
autonomic regulation of heart contractions during hypoxic effects on the cardio-
vascular system, which was created by a strained breath-hold (SBH) during a
deep breath. The survey was conducted on one of the authors (C.V.S.) with the
help of an arterial piezo pulsometer, made at VASA-PULS (St. Petersburg).
First, heart contractions were measured for 2 minutes with normal breathing,
then, with the SBH within 30 seconds and with the subsequent restoration of
normal breathing for 3 minutes.

Short-term or moderate hypoxia causes the inclusion of compensatory ad-
aptation mechanisms. The SBH procedure, in our case, had an effect on the basal
vascular tone. There was a slight decrease in the stiffness of the vessel walls with
a corresponding decrease in the pulse wave velocity (by 6[_]1%). The heart rate
in the initial phase of the SBH decreased under the influence of vagus nerve
stimulation. At the same time, the aortic valve during SBH period was closed
earlier by 15[ B ms than with a normal rhythm of respiration. Given that the
main amount of blood enters the coronary arteries during diastole, it can be as-
sumed that early closure of the aortic valve may further increase myocardial ox-
ygen supply during SBH.

Thus, in this study, using the non-invasive pulsation method, the effect of
SBH on the work of human CAS is shown. It is not excluded that the dosed
breath can facilitate the work of the heart, reducing the load on the left ventricle
of the heart, by reducing the stiffness of the vessels. In addition, during SBH, the
time of blood supply to the coronary arteries increases, which reduces the risks
of ischemic heart disease, which can be increased with age.
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BJIMSTHUE OCTPOM T'MIIOKCHAU HA ITOJABUKHOCTH KPBIC
B «OTKPBITOM HOJIE»: HOAKPEIIVIEHUE BUOXUMHNYECKUMHA
JETEPMUHAHTAMHU T'NITOKCUYECKOTI'O BJIMSHUSA
B BA3AJIBHBIX SI/IPAX MO3TI'A
N.10. ComnoBa
Byrosunckuii 2cocyoapcmeennlil MeOuyuHcKul yHusepcumenn,
Yeprosywl, Teampanvhas niowaos, 2, Ykpauna

W3yyany MoIBMXKHOCTB KPBIC B YCIIOBHSIX OCTPOH TMIIOKCHHM B TECTE
«OTKpBITOE TOJe». Pabora BhIIOJIHEHa Ha 32 IOBEHWJIBHBIX KpbICax-camuax.
IIpenBapuTensHO YacTh KUBOTHBIX TMOABEPTali JIEUCTBUIO OCTPOM THIIOKCHUU B
MOIU(UIMPOBAHHON MPOTOYHON Gapokamepe ITyTeM MMUTALUH II0JbeMa KPBIC
Ha BbIcOTY 12000 M. [Tocie 4ero B «OTKPHITOM IOJIE)» B TCUEHHUE 3-X MHUHYT pe-
THCTPUPOBAIN TTOKA3aTENN: TOPU3OHTAIBHYIO aKTUBHOCTh, BEPTHUKAIBHbBIE JIBU-
raTeJibHbIe PEaKIH, HOPKOBBIA pediiekc. 3aTeM NMPOBOIMIN ACKAIHUTALNIO JKH-
BOTHBIX C U3BJICYCHHEM TOJIOBHOTO MO3ra. II0CKOIBKY B ()OPMUPOBAHUN ABHXKE-
HHS aKTUBHYIO POJIb UTPAIOT Oa3ajibHbIC S/pa, IS UCCIIEA0BaHUS Opaj clieny-
IOIIME CTPYKTYpPBl MO3ra: XBOCTaTO€ SIpO, OJEIHBIH Inap, Mpuiekalmiee sjapo
Neperopoiki, MUHIAINHY. B romMoreHaTax ompeneiisuin Takue OMOXMMHYECKHE
JIETEPMHUHATHI TUTIOKCHYECKOTO BIIMSHUS KaK YPOBEHb IPOLECCOB MEPEKUCHOTO
okucnerusa munmuaos (I10JI) mo comepskaHUIO NEPBUYHBIX MPOAYKTOB - TUECHO-
Bble KoHBIoraTH (1K), BrOpH4HBIX - ManoHOBEIH nuansaerun (MIA), a Takxke
YPOBEHb OKHCIICHHO MoAu(uIMpoBaHHBIX O0enkoB (OMB) no conep:kaHHIO alb-
JETH]I- © KETOH- TUHUTPO(EHIITHAPA30HOB HEUTPAIBHOTO XapaKTepa, KOTOphIe
peructpupoaiu rnpu 370 HM, 1 OCHOBHOTO XapakTepa (430 HM).

Kak mnokaszanu Hamm WHcCcienoBaHHs, AEHCTBHE OCTPOH THIIOKCHU
CONPOBOXKAAJIOCH MOIIHBIM  YTHETAIOIIMM  JIeHiCTBUEM Ha KOMIIOHEHTHI
JIBUTATENIbHBIX PEAaKLUil KPbIC B «OTKPHITOM TIoJiey. Tak, ropu3oHTalbHAas
JIOKOMOLIMSI ObllIa HIDKE YeM y MHTaKTHBIX )KUBOTHBIX B 4,8 pa3a, BepTUKalIbHAs
— B 9,6 pa3a, HOpKOBBEIH pediekc — B 5,7 pas3a, 9TO CBHICTEIHCTBOBAIO O
CYIIECTBEHHOM HM3MEHEHUHM (PYHKIHMOHAIBHOTO COCTOSIHHS — LEHTPalbHOU
HEPBHOI CUCTEMBI KPBIC, TIOIBEPTIINXCS JEUCTBHIO THIIOKCHH.

BnusiHMe  ocTpoil  TMIIOKCHMM  Ha  HOABHMXKHOCTH  JKMBOTHBIX
MOJKPEIUISUIOCh M3MEHEHMsIMU B OasajbHBIX sipax ToJIOBHOro mosra. Tak, B
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0a3ampHBIX  SIpax  THUMOKCHYECKMX  KPBIC ~ 3HAUYWTENFHO  BO3pacTaia
KoHmeHTparmst MA (B cpemnemM Ha 63%). Ypoenp JIK Opur Oombmie B
mpriIekameM spe neperoponku (55,0%), 6nexnom mape (31,3%), MuagannHe
(21,7%). Taxoxe ocTpast TMIIOKCHS CONIPOBOXKAAIAch pocToM conepxanuss OMb B
0azaibHBIX SAPax MO3ra: NPUPOCT aJbJETUI- U KETOH- JUHUTPO(DEHUITHAPA30-
HOB HEHTPaJIbHOTO M OCHOBHOT'O XapakTepa HaOJIoJaJICsl B MPUIIEKAIIEM SApe
MePEeropoKu cooTBeTCTBeHHO — Ha 20,6% u 28,5%, 6neanom mape — Ha 30,6%
u 48,2%.

Takum o0pa3om, aHaiIM3 pPE3yNbTATOB HCCIEIOBaHMS II0Kas3al, 4YTO
0CTpOe THIIOKCHYECKOE BO3ICHCTBHE MPHUBOANUT K BBIPAKEHHOMY TOPMOKEHHIO
IBUTATEIIFHOW  aKTHBHOCTH KPBIC, CONPOBOXKIAIOMIEMCS  CYIIECTBEHHBIM
HapylIeHHEeM HEWPOXMMUYECKHX IMPOIECCOB B 0a3albHBIX SApPax TOJIOBHOTO
MO3Ta KHUBOTHBIX.

INFLUENCE OF ACUTE HYPOXIA ON THE MOBILITY OF RATS
IN THE «OPEN FIELD»: VERIFICATION OF THE HYPOXIC
DAMAGE TO BRAIN BASAL GANGLIA BY BIOCHEMICAL

DETERMINANTS
L.Yu.Sopova
Bukovinian State Medical University, Chernovtsy,Teatralnaya pl., 2, Ukraine

In the present study a mobility of rats in conditions of acute hypoxia in
the «open field» test was studied. The experiments were performed on 32 juve-
nile male rats. Previously, part of animals was subjected to acute hypoxia in a
modified flow pressure chamber by simulating the lifting of rats to an altitude of
12000 m. Then, in the «open field» test, indicators of the horizontal activity, ver-
tical motor responses, and mink reflex were recorded for 3 minutes. After that a
decapitation of animals with the extraction of the brain was performed. Since the
basal ganglia play an active role in the movement control, the following brain
structures were taken for the study: caudate nucleus, globus pallidus, nucleus
accumbens, corpus amygdaloideum. In tissue homogenates the following bio-
chemical determinants of the hypoxic influence were determined: the intensity of
lipid peroxidation (LPO) processes by the level of primary — diene conjugates
(DC), and secondary products — malone dialdehyde (MDA); the level of oxida-
tive modification of proteins (OMB) by the level of aldehyde and ketone dinitro-
phenylhydrazones of neutral character, registered at 370 nm, and of basic charac-
ter (430 nm).

As it was shown in our research, the effect of acute hypoxia was ac-
companied by a powerful inhibitory effect on the components of the motor reac-
tions of rats in the «open field». Thus, horizontal locomotion was decreased by
4.8 times compared to intact animals, vertical — by 9.6 times, mink reflex — by
5.7 times, indicating a significant change in the functional state of central nerv-
ous system of rats subjected to hypoxia. The influence of acute hypoxia on the
mobility of animals was verified by changes in the basal ganglia of brain. Thus,
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MDA level in the basal ganglia of hypoxic rats significantly increased (by 63%
on average). DC level was higher in the nucleus accumbens (55.0%), globus pal-
lidus (31.3%), and corpus amygdaloideum (21.7%). Acute hypoxia was also ac-
companied by an increase in OMB level in the basal ganglia of brain: aldehyde
and ketone dinitrophenylhydrazones of a neutral and basic character increased in
the nucleus accumbens by 20.6% and 28.5%, respectively, in the globus pallidus
— by 30.6% and 48.2%.

Thus, the analysis of research results has shown that acute hypoxia
leads to marked inhibition of the motor activity of living beings, accompanied by
a significant disruption of neurochemical processes in the basal ganglia of brain.

IT'EHETUYECKASA JETEPMUHALIAS MBIINEUYHBIX
BOJIOKOH I TUITIA U CHOPTUBHBIN PE3YJIBTAT
Y CHOPTCMEHOB-JIETKOATJIETOB
P.B. Tam06oB1EBA
Poccutickuii eocyoapcmeennvlil yHugepcumem usuieckoll Kyismyposl CHOpma,
Mmonooedcu u mypusma, 2. Mocksa, Cupenesuiii 0yvseap 4, Poccus

B Hacrosmmiee BpemsI JOCTaTOYHO aKTYaJIbHBIM SBISIETCSI BOIPOC O TEHE-
THYECKOH IPEIPACIIONIOKEHHOCTH K MBIIIEYHOH PaboTe y CIIOPTCMEHOB Pa3iInd-
HBIX crniennanu3anuii [1]. CocTaB MBIIMIEYHBIX BOJIOKOH IpenomnpenenseTr GpyHk-
OMOHAIBHOE COCTOSIHWE W «TpaHUIbI HOpMBED [2,4,5]. CriemyeT oXuaaTh, 4TO
COOTHOIICHHUE PA3IMYHBIX THIIOB MBIIICYHBIX BOJOKOH OYIET OMPENENATh CIO-
COOHOCTb BBINIOJHEHMSI (pru3n4ecKol padOTHl Pa3IMYHON MOIIHOCTH W MPOJOJI-
KUTENBHOCTH. L{esiblo HACTOSIIIEro MCCIIe0BaHus SBUIOCH U3YYEHHE B3aUMO-
CBSI3M COOTHOLICHUS Pa3UYHBIX THIIOB MBIIICYHBIX BOJOKOH CO CIIOPTHBHBIM
pe3yJIbTaToOM y CHOPTCMEHOB JIETKOATJIETOB. B sKcrepuMeHTe NpUHUMaIM y4a-
CTHE BBICOKOKBAJIH(UIIMPOBAHHBIE CIOPTCMEHBI-JIETKOATIIEThl (n=12) B Bo3pacrte
oT 18 no 25 ner. MetooM MyHKIIMOHHON OMOICHM Yy UCHBITYEMBIX MOIydaIu
OGuomnTaThl JaTEepaNTbHON TOJIOBKM YETHIPEXIIIaBOW MBIMIIBI Oeapa. C moMoIbo
KaJbIUI{-KOOAbTOBOIO METOAAa Ha KPHOCTAaTHBIX Cpe3ax TOJIIMHOW 12 MKM
onpeensanu akTuBHOocTh AT®a3pl Muo3una npu pH=4,6 [3].

B Tabmune 1 mpencraBieHsl MoKazaTedn KO3QQPHUIIMEHTa KOPPEISIIH - T,
CO CIIOPTHBHBIMH PE3yJIbTaTAMU CIIOPTCMEHOB-JIETKOATIIETOB.

Tabnuna 1. KoppensunoHHbIe B3aUMOCBSI3U BOJIOKOH OKHUCIUTEIBHOTO
trna (I) cnopTcMEHOB-JIETKOATIIETOB U HX CIIOPTUBHBIX PE3yJIbTATOB
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Jucrannuu | % MBI | t (MuH.CEK) | r (% MBI-t)
JlerkoatneTs (cpefHIe TUCTaHINN
100 58,4243,21 11,8 0,64%**
200 15,37+11,03 24,2 0,65%**
400 52,42+8,93 51,6 0,30
800 57,34+6,27 1.55,2 0,12
1500 58,42+6,32 3.34,1 -0,11

[Mpumeuanue: *** - p <0,001.




Bb110 BBISBIEHO, YTO PE3YIbTAThl CIOPTCMEHOB, HE KOPPEIUPYIOT 1OCTO-
BEPHO C IPOLEHTHBIM COJIEP>KAHUEM MBIILIEYHBIX BOJOKOH I Tma. Mexny Tem,
Ha TeX JUCTAaHIUAX, KOTOPBIE HE SBIAIOTCS I CIIOPTCMEHOB COPEBHOBATEIIb-
HBIMU (HampuMep, KOPOTKUE JUCTAHIMU JUIS BCEX OCTYHOB) MEXKIY COJCpIKAHU-
€M MBIIIEYHBIX BOJOKOH | THUIIa M BpeMeHEM MPOXOKIEHUS JUCTAHUUU TOJIyde-
HBI MTOJIOKHUTEIBHBIC KOPPEISIUOHHBIC 3aBUCUMOCTH. YeM OOJIBIIE B MBIIICYHOM
TKaHU CIIOPTCMEHOB OCTYHOB MBIIICYHBIX BOJOKOH | THIa, TeM MeIJICHHES OHU
6eryt Ha quctaniuax 100 u 200 m.

Takum 00pa3oM, MOyYEHHBIC PE3yIbTAThI TOKA3BIBAIOT, YTO COACPIKAHHUEC
MBIIIEYHBIX BOJOKOH OKHMCIMTENIBHOTO Tuma | mpenonpenenser ux reHeTuye-
CKYIO IIPEIpacoIOXKEHHOCTh K (U3NIECKOi paboTe ormpenereHHOH MpoIoKu-
TEJIIBHOCTH U MOIIHOCTH.
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GENETIC DETERMINATION OF MUSCULAR FIBER I TYPE
AND SPORTS RESULT OF ATHLETES SPORTSMEN
R.V. Tambovtseva
Russian State University of Physical Culture, Sport, Youth and Tourism,
Moscow, Sirenevy Boulevard 4, Russia

Currently, the issue of genetic predisposition to muscular work in athletes
of various specializations is quite relevant [1]. The composition of muscle fibers
predetermines the functional state and the "boundaries of the norm" [2,4,5]. It
should be expected that the ratio of different types of muscle fibers will deter-
mine the ability to perform physical work of different power and duration. The
purpose of this study was to study the relationship of the ratio of various types of
muscle fibers with a sports result in athletes run. The experiment involved highly
skilled athletes run (n = 12) aged 18 to 25 years. Using the method of puncture
biopsy, the subjects received biopsies of the lateral head of the quadriceps femo-
ris. Using the calcium-cobalt method on cryostat sections of 12 pum thickness, the
activity of myosin ATPase was determined at pH = 4.6 [3]. Table 1 presents the
indicators of the correlation coefficient - r, with sports results of athletes run.
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Table 1. Correlation interrelations of the oxidative type fibers (I)
of athletes and their athletic results

Distances | % MBI | t (min.sec) | r (% MBI-t)
Athletes (middle distance)
100 58,42+3,21 11,8 0,64%**
200 15,37+11,03 242 0,65%**
400 52,42+8,93 51,6 0,30
800 57,34+6,27 1.55,2 0,12
1500 58,42+6,32 3.34,1 -0,11

Note: *** - p <0.001

It was found, that the results of athletes do not correlate significantly with
the percentage of type I muscle fibers. Meanwhile, at those distances that are not
competitive for athletes (for example, short distances for all runners) between the
content of type I muscle fibers and the time taken to complete the distance, posi-
tive correlation dependences are obtained. The more muscle tissue runners I have
in muscle tissue of type I, the slower they run at distances of 100 and 200 m.

Thus, the obtained results show that the content of muscle fibers of oxida-
tive type I predetermines their genetic predisposition to physical work of a cer-
tain duration and power.
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HetiponereneparuBHbie 3a00seBaHus 00BEIUHAIOT OOIIMPHBINA TIepedeHb
MATOJIOTHH, CBSI3aHHBIX C IMMOCTENIEHHON JIerpaganueil u rudeIbio OnpeaeIeHHbIX
TUNIOB HEHpoHOB. OfHA W3 TPYNII TaKWX NATOJIOTHH, MOJHITIYTaMHHOBBIE 00-
JIe3HH, BKIIOUaeT OoJe3Hb [ eHTHHITOHA (Xopes [eHTuHTrTOHA Wi XaHTUHTTOHA)
— TSDKEJIOC U Ha HACTOSIIUN MOMEHT HEU3JICYUMOE HACIICACTBEHHOE ayTOCOMHO-
JIOMUHAHTHOE HEHpOJEereHepaTHBHOE 3a00JIeBaHUE, MPHUBOMAAIICE K CMEPTH
coyctst 8-15 mer or MoMeHTa MaHH(pECTAllMM KJIMHUYECKHX CHUMIITOMOB.
Knunnueckas kaptuna Ooje3HM [CHTHHITOHA CKJIAQIbIBACTCS U3 KOMILICKCA
JIBUTATCIbHBIX  (XOPEHYCCKUE THIICPKHHE3BI), HSMOLMOHAIBHO-BOJICBBIX U
KOTHUTHBHBIX PaCCTPONCTB, HEN30EKHO MPUBOIANINX K THKEION (PU3NIECKON H
NICUXUYECKOW WHBANUANM3ANMN TanueHToB. [IpwumHa pa3BuTHA OOJIE3HH
I'entunarrona - skcmancus CAG-moBTopoB B reHe Oenka xaHTuHrtuHa (HTT,
huntingtin, rearunartun). Yame Bcero 0one3Hb [E€HTHHITOHA TMPOSBISETCS B
CpeIHEeM BO3pacTe, OFHAKO IIOKA3aHO, HYTO BO3pacT AebioTa 3aBHCHUT OT
KOJIMYCCTBA IMMOBTOPOB M MOXKET NPUXOAUTHCS HA NETCKUM WM FOHOIICCKHIMA
nepuoj Ku3HM yenoBeka. Ha mopdomorudeckom ypoBHe Oone3nb ['eHTHHITOHA
TPOSIBIIACTCST TPOTPECCUPYIOIIECH THOCTbIO CPEAMHHBIX IIUIMTUKOBBIX HEHPOHOB
cTpuaryma. HecMOTpst Ha TO, 9TO HaUOOJIbILICE BIMSHUE 3Ta MyTallUsl OKAa3bIBACT
Ha HEpBHBIC KICTKH, moka3aHo, uro HTT skcmpeccupyercs Bo Bcex KiIETKax W
TkaHsx miekonuraronmx. Oyukius HTT y yermoBeka He siCHA; HE W3BECTHO,
KaKkye HapyIIeHHUs MPOUCXOAAT B KJIETKAaX M TKAHAX OOJBHBIX Ha KIETOYHOM H
cyoxmerouHoM ypoBHe. OmHako mokazaHo, uro HTT B3ammopeWcTByeT c
Oenxamu, ydacTByrOIUMH B (1) TpaHckpummmy, (2) mepenade CUTHAJIOB B KJICTKE
# (3) BHYTPUKJIETOYHOM TPAHCIIOPTE.

B nacrosmeii padote uccnenoBann MophodyHKIIMOHATBHBIE HAPYIICHNUS,
MPOMCXOMAIIAE Ha KJICTOYHOM YPOBHE U 3aTparWBaionive CyOKIETOYHEIC
IUTOCKEIICTHBIC CTPYKTYPBl (MHUKPOTPYOOYKHM M AKTUHOBBIC KOMITIOHCHTHI) B
KJICTKAX, MOJYYCHHBIX OT MAIMEHTOB ¢ Ooie3Hprd [eHTMHrTOHa. B KauectBe
00beKTa HCCIeOBaHMs ObLIa HKCIOJb30BaHA IICPBUYHAS KyJabTypa (QuOpo-
OnacToB, MONMyYCHHAs U3 OMOMNTAaTa KOXKH MalUeHTOB. [ Momy4YeHus KyJIbTHBH-
pyeMbIx (QuOpOONTACTOB HCHOJB30BAJCS MaTrepual OT OOJNBHBIX C pPa3HBIM
konmmaectBoM CAG-noBropoB B rene HTT (42, 44 u 76). B kauecTBe KOHTPOJIA
OBLTH B3ATHI (PUOPOOIACTHI M3 OMONTATOB KOXH 3I0POBBIX JOHOPOB, COOTBET-
CTBYIOIIMX OONBHBIM MO TONY W BO3pacTy. MI3MeHeHusI BHYTPUKIETOYHOM apXu-
TEKTYpbl KOMIIOHCHTOB ITUTOCKENIeTa B KIETKAaX, IOIYYEHHBIX OT OOIBHBIX
Oome3npl0 [eHTHHITOHA, WCCIIEAOBAIM METOJAMH WMMYHO(MIyOpEeCIeHTHOTO
aHan3a, ¢ MOMOIIBI0 (PIyOpPEeCIeHTHOH KOH(OKAIEHOW MUKPOCKOIIMHA W MHUKPO-
cKommuu CcBepxBbIcOKoro paspemenus (SIM, Structural Illuminational Micro-
scopy). Jnst oneHku mponug)epaTUBHOTO MOTEHIMANA W KOJUYECTBA KIICTOK B
Go-dpaze xmerouHoro nukia Obu1 ucrnons3oBaH Mapkep Ki-67. CpaBHeHne
COOTHOIIICHHST U30()OPM aKTHHA B KICTKaX MPOBOIWIMA TPU MOMOINU METOIa
BecTepH-OnoTTHHra. J[1si M3ydyeHus (QyHKIMOHATBHBIX HAPYIICHUH KIETOYHON
MOJBIDKHOCTH, XapakTePHBIX JUis Oone3Hu [CHTUHITOHA, WCHOJIB30BAJH
CTaHOAPTHHIE KIETOYHO-(PI3HOIOTHIECKIE TECTHI (paciulacThIBaHUE, BIKEHHUE
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Mo cyOCcTpary, BBITIOI3aHUE B IKCIIEPUMEHTAIBHYIO PaHy).

Oxkazayioch, 4T0 B muToImiazMe (GpuoOpoOIacToB, MOMYyUYEHHBIX OT IallUeH-
TOB ¢ OoJNe3HBbIO [ eHTHHTTOHA, CTPYKTYpa CETH MHUKPOTPYOOUEK KPUTHUECKH HE
U3MEHSIETCS, OJTHAKO M3MEHSCTCS apXUTCKTypa aKTHHOBOM CETH W HapylIaeTcs
B3aUMHOE PACIIOJIOKEHHE Y- U B-aKTHHOBBEIX CTpyKTyp. [Ipn aTom obmiee xomu-
YeCTBO OEIKOB Y- M [3 -aKTMHA HE OTIMYACTCA OT TakoBOro B (huOpobiacrax
3JI0pPOBBIX JOHOPOB. B KieTkax OONBHBIX Hapylaercsl mporecc GOpMHUPOBAHUS
MEPBUYHBIX PECHUYCK: KOJIMYECTBO PECHUYCK OBLIO HUXKE, a UX CPEIHSS IJINHA
MeHblIe, 4eM B (uOpodnacTax 370pOBBIX JOHOPOB. DHU3MOIOTHUECKUE TECTHI,
BBITIOJTHEHHBIE B XOJI¢ KOPOTKHX W IJITMTENBHBIX NMPIKU3HEHHBIX HaOMIONeHUH,
moka3aju, 4To GuOpoOIacTsl MAMEHTOB ¢ 00JIe3HbIO0 [ CHTHHITOHA UMEIOT WHBIC
XapaKTePUCTHKHU PACIUIACTHIBAHUS M JIBIDKSHHS 10 CpaBHEHHIO ¢ pubpobmacTa-
MH OT 37I0POBBIX JOHOPOB — OHH MMEIOT 0oiiee KOPOTKYIO CTaaHI0 pacIUIacThI-
BaHMS, COCOOHBI K MOJISIPU3AaLUH 10 JTOCTIIKEHHUS TIOJHOTO PACIUIACTHIBAHUS H
HAUUHAIOT JIBUTaTbCsA JIO 3aBEpIICHHS CTaJWd Mojsipusanuu. B mpomecce
MIPUKPEIUICHU W paclulacThiBaHUs Ha cyOcrpare (uOpoOnacTel OOJNBHBIX Ha
CTaJIu¥ MOJSIPU3AIUU He (POPMUPYIOT BBIPAKCHHBIN BEAYIIUN Kpal W XBOCT, UX
JaMeluta o0pa3yeT MHOTOYMCIICHHBIE TOHKHE BBIPOCTHI Ha TepeaHeM Kpae. [Ipu
BBITIOJI3aHUH B OKCIIEPUMEHTAJIBHYIO paHy (pUOpoOIacThl NAMEHTOB ¢ OOJIE3HBI0
I['eHTHHTTOHA MBUTAIHCh OBICTPEE, YeM KOHTPOJIbHBIC KIICTKH, OJJHAKO UX JIBU-
JKeHre OBIII0 MEHee YIOpSAOUeHHBIM U 0oJjiee XaOTHIHBIM — OHH 9aCTO MEHSIIN
HalpasJieHHE ABIDKEHHS IO CPaBHEHHIO ¢ HOPMAaJIbHBIMH KIICTKaMHU.

Taxum 06pa3oM, OTydeHHBIE PE3yIbTaThl BIEPBBIE JEMOHCTPHPYIOT, YTO
npu Oone3nn [eHTHHTTOHA MOP(QOJIOTHYECKHE HApYIICHWs, BHI3BaHHBIC MYyTa-
et B cene HTT, 3aTparuBaroT CTPYKTYpPHI, COCTABIISIONINAE IIUTOCKENIET KIIETOK,
YTO MPHUBOAXT K (PYHKIIMOHAIBGHEIM HAPYIICHHASAM — U3MEHEHUIO XapaKTePUCTHK
pAaCIUIACTHIBAHUS M KICTOYHOW IMOJBHKHOCTH IO CPaBHEHHIO ¢ (puOpodIacTaMu
OT 3JI0POBBIX JJOHOPOB.

Ilonnepxano PH® (rpant Nel9-15-00425) u IIporpammoil pas3Butus
MockoBckoro rocyaapctBeHHoro yHuBepcurera (Moscow State University
Development Program PNR 5.13.).

CYTOSKELETAL MORPHOLOGICAL DISORDERS LEADING
TO THE CELL MOTILITY CHANGES IN SKIN FIBROBLASTS
DERIVED FROM PATIENTS WITH HUNTINGTON'S DISEASE
A. Taranl, 0. Zubkovaz, A. Kharitonovz, M. Lagarkovaz, I. Alieva®
! Biology Faculty, Moscow State University, Moscow, Russia
2 Federal Research and Clinical Center of Physical-Chemical Medicine
of Federal Medical Biological Agency, Russia, 119435, Moscow, Russia
®A. N. Belozersky Institute, Moscow State University, Moscow, Russia

Neurodegenerative diseases combine an extensive list of pathologies
associated with the gradual degradation and death of certain types of neurons.
One of the groups of such pathologies, polyglutamine diseases, includes
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Huntington's disease (Huntington's chorea) — a severe and currently untreatable
hereditary autosomal dominant neurodegenerative disease, leading to death after
8-15 years since the manifestation. The clinical picture of Huntington's disease
consists of a complex of motor (choreic hyperkinesis), emotional-volitional and
cognitive disorders, inevitably leading to severe physical and mental disability of
patients. The reason of Huntington's disease development is an expansion of
CAG repeats in the gene of huntingtin protein (HTT). Most often, manifestation
of this ailment occurs in middle age, but it is shown that it depends on the
number of repeats and can occurs on the child or adolescent period of human
life. At the morphological level, Huntington's disease is effected by the
progressive death of the median spiked neurons of the striatum. Despite the fact
that this mutation has the greatest impact on nerve cells, it is shown that HTT is
expressed in all cells and tissues of mammals. The function of HTT in humans is
not clear and it is not known what disorders occur in the cells and tissues of
patients at the cellular and subcellular level. However, it is revealed that HTT
interacts with proteins involved in (1) transcription, (2) signal transmission in the
cell and (3) intracellular transport.

In this research we investigated morphofunctional disorders occurring at
the cellular level and affecting subcellular cytoskeletal structures (microtubules
and actin components). The primary culture of fibroblasts obtained from the skin
biopsy of patients was used as the object of the study. Material was taken from
patients with different amounts of CAG repeats in the HTT gene (42, 44 and 76).
Fibroblasts from skin biopsies of healthy donors corresponding to patients by sex
and age have been applied as control. Changes in the intracellular architecture of
cytoskeleton components in cells were investigated by immunofluorescence
analysis using fluorescent confocal microscopy and super resolution microscopy
(SIM, Structural Illuminational Microscopy). To estimate the proliferative
potential and the cell cycle (percentage of cells in Gy-phase) we used Ki-67
marker. Comparison of the ratio of actin isoforms in cells was performed using
the Western-blotting method. To study the functional disorders of cellular
motility characteristic of Huntington's disease, standard cell-physiological tests
(spreading, movement on the substrate, experimental wound-healing) were used.

It turned out that in the cytoplasm of fibroblasts obtained from patients
with Huntington's disease, the structure of the microtubule network does not
change critically. But the architecture of cytoplasmic actin network changes and
the mutual arrangement of y - and B-actin structures is disturbed. Herewith the
total amount of y - and f -actin proteins does not differ from that in fibroblasts of
healthy donors. In the cells of patients the process of formation of primary cilia
is violated: the number of cilia was lower, and their average length was less than
in fibroblasts of healthy donors. Physiological tests carried out during short and
long-term in vivo observations showed that fibroblasts of patients with
Huntington's disease have different characteristics of spreading and movement
compared to fibroblasts from healthy donors — they have a shorter stage of
spreading, are capable to polarized befor complete cell spreading and start the
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movement befor then polarization stage is fully completed. In the process of
attachment and spreading on the substrate fibroblasts of patients do not form a
pronounced leading edge and tail at the stage of polarization, their lamella forms
numerous thin outgrowths on the leading edge. During the healing of the
experimental wound fibroblasts of patients with Huntington's disease moved
faster than control cells, but their movement was less directed and more chaotic
— they often changed direction of movement compared to normal cells.

Thus, our results had shown for the first time that in Huntington's disease
morphological disorders caused by mutations in the HTT gene affect the cell
cytoskeleton structures, which leads to functional disorders — cell spreading and
motility characteristics are changed compared to healthy donors fibroblasts.

Supported by RSF grant (#19-15-00425) and MSU Development Program
PNR 5.13.

MHOXECTBEHHBIE MEXAHW3MbI YCUJIEHUSA
CUHAINITUYECKOM MEPEJAYM ITOJI AEHCTBUEM BDNF
B MOTOPHBIX CUHAIICAX MbIIIN
E.O. TapacoBa, A.A. MosiuanoBa, A.C. MuTteBa,

A.E. I'aiinykos, O.I1. Bane3una
Mockosckuii 2ocydapcmeennulil yHugepcumem umenu M.B. Jlomonocosa,
Mockea, Jlenunckue eoput 1/12, Poccus

BDNF (mefiporpoduyeckuii (axTop Mo3ra) XOpOIIO HU3BECTEH Kak
HEeWpoTpoUH, perynupyrouui pocta u 1uddepeHIpoBKy HEHPOHOB M CHHAII-
COB, B TOM YHCJIe MOTOPHBIX, B paHHEM oHToreHe3e. B nocnennue roast BDNF
paccMarpuBaeTcsl B Ka4eCTBE BO3MOXKHOI'O PETpPOrpagHoro Qakropa, peryaupy-
IOLIET0 CHHANTHUYecKyro miactuuHocTs. BDNF skcnpeccupyercst B ckeiaeTHOM
MBIIIIE U MOXET OTTYJd CEKPETUPOBATHCS IPH AIICKTPHUYECKOI M/UIM COKpaTH-
TEJIbHOM aKTUBHOCTHU MBIIIEYHBIX BOJIOKOH [1]. B MOTOpHBIX HEpBHBIX TepMHHA-
nmsax ommcanbl TrkB-penenrropsr BDNF [2], criocoOHBIE 3ammycKaTh CHTHAJIbHEIC
KacKaJlbl C y4aCTHEM pa3JIMYHbIX BTOPUUHBIX IOCPEIHUKOB U MullleHel. PaHee B
MOTOPHBIX cuHarcax 3¢ ¢ekTsr sk30reHHoro BDNF onmceBammchs B BHIE II0-
TEHUMPOBAaHUSI YacCTOThl MHUHHUATIOPHBIX IOTEHUUAIOB KOHLIEBOM IJIACTMHKH
(MIIKII) wnm Bo3pacTaHHs aMIUTUTYABl MYJIBTHKBAHTOBBIX ITOTCHIIHAIIOB KOH-
nesoit mmactuHkH (ITKII) [2], omHako KBaHTOBBIN aHATU3 MPU 3TOM HE IPOBO-
JWJICS U JI0 CHX IOp He ObLI YCTQHOBJIEH MEXaHU3M, JIeKAlIUli B OCHOBE ITUX
3¢ pexroB. MBI BriepBble 00HAPYKIWIHM paHee He M3BECTHBIH CrIoco0 MHAYLHPO-
BaTh BBICBOOOXKIeHHne MuoreHHoro BDNF — 3a cueTr akTUBamuu mocTCUHANTHYE-
ckux penenrtopo tpombuna PARI [3]. B nmanHoii pabore Ha HEpBHO-
MBIIICYHBIX TpenapaTax auadparmsl Meinieii BALB/c ¢ ucnonb3oBanneM BHYT-
puxsietogyHoro Mukpoanekrpoguoro orseaerus MIIKII u IIKII uccaenosamn
MEXaHHU3MBbI PEryJIALUN CIIOHTAHHOW M BBI3BaHHOW cekpenun AX mon AelcTBH-
em sk3oreHHoro BDNF (1 HM). BDNF BrI3bIBal MOTEHIIMPOBAHUE BBI3BAHHOM
cekpenuu AX 3a cuet Bo3pactanus amruatyn Beex [TKIT B kopotkom 3amme (50
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I'm, 1 ¢) ma 30-32% (p<0.05). Ha ¢one BDNF mapanensHO Bo3pacTaia U am-
mwmrtyna MIIKIL. TIpu stom 3Hauenme kBaHTOBoro coctaBa IIKII ma done
BDNF cratucTideckd 3HA4MMO HE OTIMYAIOCh OT KOHTPOJBHBIX. D ekt
BDNF B OTHOWmIEHWH aMIUIMTY/ABl IOCTCHHANTHYECKUX ITOTEHIHAIOB ObLI
YCTOMUUB K OTMBIBKE. Perucrpanus Ha HepacCEUEHHBIX HEPBHO-MBIIIEUHBIX
npenapaTax Tosusko MIIKII BrisiBuna yBenuuenue cpenneit ammintyast MITKII
Ha 25-30% wu yacrotsl MIIKII Ha 25-40% na ¢one BDNF, nmpuuem 3nauenue
yactoTsl MIIKII, B oTnuume OT aMIUIMTYIbl, BO3BpAIlAlOCh HMPU OTMBIBKE K
KOHTpoJIbHOMY. Bo3pactanue amrmuutyabl, Ho He yactoTsl MIIKII non aevictBu-
eMm BDNF momHOCTBIO TNpenoTBpamanoch HWHTHOWPOBAHHUEM BE3UKYISPHOTO
Tparcnoptepa AX BesaMukosoM (1 MkM), 9TO CBHAETENBCTBYET B MOIB3Y TOTO,
YTO YBEIMYEHHE AMIUIMTY bl MOCTCHHANTHYECKUX MOTEHIHAIOB CBSI3aHO C BO3-
pacTaHueM pasMepa KBaHTOB AX Ha NMPECHHANTUYECKOM YpPOBHE. MBI ycTaHO-
Buiy, 4to npupocT ammautryasl MIIKII nmox nedictBuem BDNF He cBsizan ¢
TrkB-omocpenoBantoii aktuBanueit ¢pochonumnassr C (PLC) B MOTOpHBIX Tep-
MUHAJISIX, MOCKoNbKy Onokatop PLC U73122 (5 MxkM) He mpemoTBpaiian yBe-
mmuenne ammutyx MIIKII mox nedicteuem BDNF, npu atom Ha ¢one U73122
BDNF mnonHOCTBIO yTpaThui crnocobHocTs yBenuuuBath yactory MIIKII. Hc-
cnenoBanue npyrux TrkB-omocpenoBaHHBIX CHTHAJBHBIX IyTeH, obecrednBa-
IOIIUX TPUPOCT pa3mepa KBaHTOB AX, BBIIBIIIO, 4TO dK30TeHHBIH BDNF Tepsn
CIIOCOOHOCTH yBEIMYMBATH aMIUIUTYy, HO He yacToTy MIIKII npu unruGupo-
Banuu PKA ¢ nmomompro H-89 (1 MxM), wm npu OnokupoBannun MEK1/2-Erk
CUTHaJIbHOTO myTH ¢ romonipio U0126 (20 MmxM). B mpucyTcTBum aHTaroHucra
MPECHHANITHICCKAX aJCHO3UHOBEIX A2A-pemnentopoB ZM241385 (10 HM)
BDNF B 3HauUTENbHON CTENCHH YyTPAaYMBaJ CIIOCOOHOCTH YBEIHMYUBATH AMILIHU-
tynxy MIIKII. D10 MOXeT CBHAETEIbCTBOBATb O CONPSIKEHHOCTHU CHTHAIIBHBIX
myteit — PKA-onocpenyemoro (3amyckaemMoro npu aktuBanun A2 A-perentpos),
n MEK1/2-onocpenyemoro, 3amyckaemoro mpu akTuBanuu TrkB sK30reHHBIM
BDNF, u obecrnieunBarmux, B KOHEYHOM HTOTe TMPUPOCT pazmepa kBaHTa AX.
Takum 00pa3oM, MBI BIIEPBBIEC MTOKA3ald, YTO B MOTOPHBIX cuHamncax BDNF nHa
IIPECUHANTHYECKOM YPOBHE 3aIIyCKAaeT HECKOJIBKO CUTHAIIBHBIX ITyTEH, yBEIUYH-
Baromux kak yactory MIIKII (¢ ysactuem PLC), tak m ammuuryny MIIKII (c
yuactueM MEK1/2). [lns npossnenuss BDNF-ungynupoBaHHoro Bo3pactraHus
pa3mepa kBaHTOB AX OKa3ajach HE0OX0oaMMa TOHWYEcKas (TO eCTh UMEIOIIasCs
Jlake B TIOKOE, IIPU OTCYTCTBUU BBI3BaHHOU cekpenuu AX) aKTUBHOCTH aJi€HO-
3uHOBBIX A2A-penentopos, ctumynupyomux PKA, kotopas Hapsay ¢ TpaHc-
nokanuei u knacrpupoBannem TrkB-penentopos miss BDNF, moker oGecrieun-
BaTh AONOJTHHUTENbHYIO akTuBanmio MEK1/2. Takoe compspkeHre IBYX CHTHAIb-
HBIX MyTeH paccMaTpUBaeTcs Kak OJWH M3 CIOCOOOB MOMYJSIIMU CHHAIITHIC-
ckoif mepemaun B Heifponax LTHC [4].
Pabora moxnep:xana rpaatoMm PODU Ne 19-04-00616A.
Jlutepartypa
1. Hurtado E. et al. // Front. Mol. Neurosci. 2017. 10. 147
2. Garcia N. et al. // J. Neurosci. 2010. Ne 30. P. 16514-16552.
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MULTIPLE MECHANISMS OF SYNAPTIC TRANSMISSION
UPREGULATION BY BDNF IN MOUSE NEUROMUSCULAR JUNCTIONS
E.O. Tarasova, A.I. Molchanova, A.S Miteva,

A.E. Gaydukov, O.P. Balezina
Lomonosov Moscow State University, Moscow, Lenin Hills 1/12, Russia

BDNF (brain-derived neurotrophic factor) is widely known as a factor in-
volved in growth and differentiation of neurons and synapses, including neuro-
muscular junctions, during early ontogenesis. Lately, BDNF has been studied as
a possible retrograde signaling factor in synaptic plasticity regulation. BDNF is
expressed in skeletal muscles and can be secreted from there during electrical
and/or contractile activity of the muscle fibers [1]. TrkB-receptors for BDNF are
described in motor nerve terminals [2], and their activation triggers various sig-
naling cascades with diverse targets and second messengers. Previously it was
shown that exogenous BDNF causes miniature end plate potential (MEPP) fre-
quency upregulation or multiquantal end plate potential (EPP) amplitude in-
crease in motor synapses. Nevertheless, quantal analysis has not been conducted
yet and the mechanism underlying those effects still remains unknown. In our
previous research we discovered a new way of BDNF release induction - by ac-
tivating postsynaptic thrombin receptors PAR1 [3]. This work was conducted on
BALB/c mice diaphragm preparations using intracellular microelectrode tech-
niques of MEPP and EPP registration. The focus of this study was the mecha-
nism of spontaneous and evoked acetylcholine (ACh) release regulation by ex-
ogenous BDNF (1 nanoM). BDNF lead to a potentiation of evoked ACh release
in form of an about 30-32% increase (p<0.05) in amplitude of each EPP in train
during short rhythmic synaptic activity (50 Hz, 1 sec). At the same time BDNF
caused an increase in MEPP amplitude. Therefore, EPP quantal content re-
mained at control levels. Those BDNF-mediated effects on EPP amplitude were
maintained during washout. Recording of only spontaneous synaptic activity
from untreated mice diaphragm preparations revealed an increase in MEPP am-
plitude by 25-30% and an increase in frequency by 25-40% following BDNF
application. While this rise in amplitude persisted during washout, MEPP fre-
quency returned back to control levels. The increase in MEPP amplitude but not
frequency increase caused by BDNF was completely abolished by blocking the
vesicular ACh transporter with vesamicol (1 uM), which is fully consistent with
the idea that the upregulation of postsynaptic potential amplitude is due to the
increased size of single quanta on presynaptic level. We found that BDNF-
mediated increase in MEPP amplitude is not linked to TrkB-mediated phospho-
lipase C (PLC) activation in motor terminals, since PLC inhibitor U73122 (5
pM) did not prevent MEPP amplitude upregulation by BDNF. At the same time
BDNF lost its ability to increase MEPP frequency in the presence of U73122.
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Research of different TrkB-mediated pathways involved in upregulation of the
size of ACh quanta showed that exogenous BDNF lost its ability to increase
MEPP amplitude but not MEPP frequency when PKA was inhibited by H-89 (1
uM) or when the MEK1/2-Erk signaling pathway was blocked by U0126 (20
pM). In the presence of presynaptic A2A-type adenosine receptor antagonist
ZM241385 (10 nanoM) BDNF pronouncedly lost its potentiating effect on
MEPP amplitude. This can be due to an intercross of two signaling pathways —
the PKA-mediated (during A2A-receptor activation) and MEK1/2-mediated
pathway, which is triggered by TrkB-receptor activation by exogenous BDNF.
Both of those pathways lead ultimately to an increase in the size of ACh quanta.
Thus, we were the first to show that in motor synapses BDNF induces
multiple signaling pathways on presynaptic level, resulting in both MEPP fre-
quency (PLC-dependent) and amplitude (MEK 1/2-dependent) upregulation. The
increase in the size of ACh quanta caused by BDNF requires a tonic (present
even in resting conditions, without evoked ACh release) activity of adenosinic
A2A-receptors, which stimulates PKA activity. This PKA activity can involve
both TrkB-receptor translocation and clustering and an additional activation of
MEK1/2. Such a crosstalk between two signaling pathways is regarded as one of
the ways of synaptic transmission modulation in central neurons [4].
This work was supported by RFBR grant Ne 19-04-00616A.
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V nmapa3suTH4eCKUX IUIOCKHX Y€pBEW - TPEMaToMd, LIECTOJ U MOHOTEHEeH
MYCKYJIaTypa Tella CIYXUT Ul 3apaKEHHs MPOMEKYTOYHOTO HJIM OCHOBHOI'O
XO35MHa, IPUKPEIUICHHST K TKaHSAM XO3s5IMHA, 3aKPEIUICHUs TaM, a TaKKe s JIO-
KOMOIIUH, B TOM 4YHC/Ie iaBaHus. OU3HOIIOrHYECKHE MEXaHU3MBI JIBUTATEIBHON
AKTUBHOCTH JIHYMHOK MApasHTHYCCKUX YepBEl HENOCTATOYHO H3y4YeHbl. B
HacTosieil paboTe UCCeI0BaIN JEHCTBHE CEPOTOHUHA HA MOJBIXHOCTD JTHYH-
Hok Cryptocotyle lingua (Trematoda, Platyhelminthes) pasHbix cTamuii OHTOTE-
HETUYECKOTo pa3BuTHs. [lokazaHo, YTO MATTEPH AMCKPETHOTO IIaBaHUS JIHYH-
Hok C. lingua cocTouT u3 KpaTKuxX MEPHOA0B OBICTPOTO ABMXEHHUS — OPOCKOB U
GoJiee TUTENBHBIX IEPHOIOB — MapeHust B Tojiie Boabl. st oneHKH dddekra
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CEpOTOHHMHA Ha JIOKOMOTOPHYIO aKTHBHOCTb JINYMHOK TPEMATO]l MCIIOIb30BAIN
HECKOJIbKO TIOKa3aTeNeil: IIUHY IMyTH, CPEJHIOI0 CKOPOCTh IIIABAHHSA, UHCIIO
OpOCKOB, ¥ UX TUTEIHHOCTb.

Metona. Jluuunku C. lingua GbUTH BBIACICHBI U3 3apaXKEHHBIX MOJUTIOCKOB
Littorina littorea. JIuuunku passoro Bospacta - 1, 6, 12, 20 u 24 4 noce 3Muc-
CHM OBUTM MCIOJIB30BaHBI Ul SKCIIEPUMEHTOB. Ha KaXkIylo BPEMEHHYIO TOYKY
Opan He MeHee 10-Ti ocobeil. Kaxxayro ocoOb moMerany B akBapuyM JHaMeT-
poM 3 MM W TIyOMHOH 2 MM, HalOJHEHHBIH (QUIBTPOBAHHOH MOPCKOH BOJOM.
Temneparypa Bousl Obiia B mpenenax 18-20°C. [IBurarenbHyr0 akTHBHOCTB
HepKapuii PEernuCTPUPOBAIMA C MOMOINBI0 mH(ppoBoi Buaeokamepsl VEC-535
MPUKPEIUICHHOW K MHKPOCKOITy. Bo Bpemst Buaeo3amucH HCIIOIb30BaJIM OCBE-
meHue 6emoro ceera B 70 BaTT. Y KOHTPOJIBHBIX JINUNHOK ABHXECHUS 3aITUCHIBA-
JHCh B TEYEHHUE 2 MUH B YHCTOW MOPCKOH BoJie. 3aTeM BOMY 3aMEIlaly Ha CBe-
*ui 1pM pacTBOp CEpOTOHHHA M HAOIIOAECHHE IPOBOIMIN B TCUCHUE CIEAYIO-
MUX 2 MUH. JIBUTaTEJbHYIO aKTUBHOCThH JINYMHOK HCCIIEJOBAIIM NPH MOMOLIN
nporpammbl Ethovision XT (Hunepnaunusr). DneMeHTH TIOBEICHHUS, TaKHe Kak
YHCJIO aKTHBHBIX W MACCHBHBIX ()a3 IUIABaHUS YUUTBHIBAJIH, POCMATPUBAs BU-
JIC03aITUCh U aHAJIM3HUPY4 (CpeiHee NepeMelleHre B MM MeXly KaJapaMH yMHO-
sxeHnHoe Ha 30 kanpos/cek). CTaTUCTHYECKUI aHAIN3 TPUMEHSUTH JUIs Bepudu-
KaIllii BO3MOJKHOTO BIIMSHUS CEPOTOHMHA Ha Pa3IMYHbIC MapaMeTphl JOKOMO-
TOPHOTO TOBEJICHNS TUIMHOK. Y YUTHIBAIM KOJUYECTBO 3IM30/0B IUIABAHMS, UX
MPOJOJDKUTEIHHOCTE B TeueHUe 2X MUHYT (N=10, B KaXXI0# TOYKE), CKOPOCTH,
MIOBOPOTHI, KOJIMYECTBO AKTHBHBIX U NMACCUBHBIX (a3 IIaBaHMUS.

Pe3yabTaThl. AHaIU3 JIOKOMOTOPHON aKTHUBHOCTH B KOHTPOJBHOM IpyII-
ne ocoOell Mmokaszai, YTO [UIMHA TPOHAEHHOTO 3a 2 MHH ITyTH CYIIECTBEHHO
yMenblnanace y qnunHok C. lingua ¢ yBennuenueM ux Bospacta (Puc. la-c), ¢
BO3PAaCTOM TaK)K€ YMEHBIIAJIOCh M KOMUYecTBO «OpockoBy» (Puc. 1d, p<0.0001),
a TaKk)Ke CPeHsS CKOPOCTH JBVDKEHUS TMINHOK.

Y 3KCIIepUMEHTAIbHBIX JKUBOTHBIX, HAXOSIIUXCS 10J] BO3JICHCTBUEM Ce-
POTOHMHA, NETAIBHBIA aHAIU3 MOJBHKHOCTH JINYMHOK B KaKAOH BO3PaCTHOMN
rpymmne ocoOeil Mmokas3ana 3aMeTHOE W3MEHEHHME MX JBUTATEIbHOW aKTHBHOCTH.
Craructnueckuii anann3 (ANOVA) BBISIBHII CYIIECTBEHHOE YBEIWYEHHE YHCIIA
OpPOCKOB NpY JIBM)KCHUHU JIMUMHOK B Bo3pacte 1 4, 6 4 u 20 u (p<0.05), (Puc. 1d).
[Ipu 5TOM AAMTENHHOCTH CAaMHUX OPOCKOB HE OTIIMYAJIACh y HOAONBITHBIX M KOH-
TPOJILHBIX 0cobeil (p>0.05), a Takke y JIMYMHOK pa3HBIX Bo3pacToB (p>0.05).

Takum o0pazom, HalllM JaHHbIE TTOKa3alH, YTO NPUCYTCTBUE CEPOTOHHHA
B Cpefie BEACT K M3MEHEHHIO JIOKOMOTOpHOro moseaeHus auunHok C. lingua,
WHAYIHPYS YBEINYEHUE YaCTOTH aKTUBHBIX (pa3 miaBanms (OpockoB) Oe3 cyre-
CTBEHHOTO M3MEHEHUS JTNTEILHOCTH OPOCKOB, a TAKXKE CPEIHEH CKOPOCTH IIIa-
BaHUA. DTOT 3P PeKT ObLT HanboIee BEIPaXeH Y MOJIOJBIX 0co0eH W yMEHbIIal-
Csl C YBEIMUCHHEM BO3pacTa JMYUHKH. [10 HameMy MHEHHIO, XapaKTep CepoTo-
HHUH-UHIYLHPYEMbIX U3MEHEHHH JIOKOMOLMH y JUcKpeTHo miaBaromux C. lin-
gua yka3bpIBaeT CKOpEe Ha OMOCPEOBAaHHOE BIMSHAE CEPOTOHNHA HA KOMAH/IHBIE
HEUPOHBI LIEHTPAILHOM HEPBHOU CUCTEMBI, KOTOPBIE OPraHU3yIOT BCHO JIOKOMO-
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TOPHYIO AKTHBHOCTH JINYMHOK, YEM Ha €ro MPsSMOE ACHCTBHE HAa MOTOHCHPOHBI
WIIK MYCKYIIaTypy.

Pabora mommepkana rpantamu PODU Nel8-04-00349 m Nel9-04-
01154a.

EFFECT OF SEROTONIN ON MOTILITY OF FLATWORMS LARVAE
0.0. Tolstenkovl, N.D. Kreshchenko®
AN. Severtsov Institute of Ecology and Evolution RAS, Moscow,
%Institute of Cell Biophysics RAS, Pushchino, Moscow region

In parasitic flatworms — trematodes, cestodes and monogeneans muscula-
ture of its body wall provides their locomotion, swimming, the ability to infect
definitive and intermediate hosts and to attach to the host tissue. Physiological
mechanism of larval locomotion activity is practically unstudied. In present work
the effect of serotonin on motility of larval developmental stages of Cryptocotyle
lingua (Trematoda, Platyhelminthes) has been investigated. The pattern of discreet
swimming of C. lingua larvae is consisted of short phase of fast swimming — the
spurts and the more prolonged period of relaxation. To evaluate the serotonin ef-
fects on larvae locomotion several characteristics have been used: the total track
length, the average swimming velocity, the number of spurts, and its duration.

Methods. C. lingua larvae were obtained from the mollusks Littorina lit-
torea. Trematoda larvae of different age (1, 6, 12, 20 and 24 h from emission)
were studied. At least 10 animals were used in each experiment for each time
point. Individual was placed into aquarium with a diameter of 3 mm and depth of
2 mm filled with filtered seawater. The water temperature was 18—-20°C. Video
recording of larvae motility was carried out using digital video camera VEC-535
attached to a stereomicroscope. During video recording a 70W white light source
was used as an illuminator. For investigation of control pattern of locomotion the
larvae’s movements were recorded for 2 min in pure seawater. Then water was
replaced by fresh 1uM seawater solution of serotonin and observations were
resumed for the next 2 min. Larval locomotor activities were analyzed using
software Ethovision XT (The Netherlands). The behavior elements - the number
of active and passive phases were calculated frame by frame (average dislocation
in mm between frames multiplied by 30 frames/s), viewing of video records.
Statistical tests were applied to investigate the effect of serotonin on different
parameters of locomotion.

Results. Analysis of the locomotion of C. lingua larvae in control group
showed that the length of track per 2 min decreased appreciably with the age of
the larva (Fig. la-c) and a decrease in the number of spurts with age (Fig. 1d,
p<0.0001). The average swimming velocity has also decreases with the larvae’s
age. In experimental group of animals the detailed analysis of motor activity in
each age time points showed a pronounced alteration in larva’s locomotion pat-
tern under the serotonin treatment. Two-way ANOVA analysis revealed a signif-
icant (p<0.05) serotonin-induced increase in the number of spurts for the larval
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C. lingua,
N number of spurts

-a- Control
—a— Serotonin

Age. h
Fig. 1. (a—c) Locomotion tracks of larvae of different ages (1, 12 and 20 h) during 2 min
of experiment; (d) Changes in behavioral pattern of C. lingua larvae depending on age
and the presence of serotonin in the medium, number of spurts for 2 min.

stages of 1h, 6h, and 20h of age (Fig. 1d). The duration of spurt was indistin-
guishable between experimental and control series (p>0.05), remaining unaffect-
ed with age (p>0.05).

Thus, our data indicate that the presence of serotonin in the medium leads
to changes in the locomotion pattern. In C. lingua larvae serotonin induced an
increase of the frequency of active swimming phases (spurts) without significant
changes in the spurt’s duration and larvae velocity. This effect is most apparent
in young individuals and quickly decreases with its age. The character of seroto-
nin-induced changes in locomotion of intermittently swimming C. lingua larvae
indicates rather an influence of serotonin on command neurons, which organize
the locomotor activity, than its direct effect on muscles or motoneurons. Addi-
tional researches are required.

Supported by RFBR grants No.18-04-00349a to N.K. and No.19-04-
01154ato O.T.

OTBET KAMBAJIOBHUHOM MBbIIIIbI KPHICHI HA TEHOTOMMIO
O.B.TymecOBal, H.A. Buibunnckas', I.H. Ilapamonosa’,
K.A. IHapnol, I/I.I[..]ILBOBaz, B.C. Illenkman’
THI] P® - Hucmumym meduko-6uonozuueckux npobnem PAH,
Mockea, Xopouwiesckoe uiocce 76-a;
Kasanckuii (Ipusonsicckuii) hedepanvhbiii yHugepcumen,
Kasanw, yn. Kpemneeckas, 18
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TernoTomus MbII (HapyIICHHE IEIOCTHOCTH CYXOXKIITUS) UMEET 3Hade-
HHUE KaK MMOCTTpaBMaTHYECKOE M MOCIIeoNepaioHHOe cocTosTHIe. B To ke Bpe-
Msl, I3yUCHHUIO MEXaHU3MOB TOIIeP)KaHUs OEITKOBOTO TOMEOCTa3a, a TakXKe IycC-
KOBBIX MEXaHW3MOB aTPO(UUECKHX IPOLECCOB NMPHU TEHOTOMMHU MBIIII HE yIe-
JSIeTCS JOCTaTOYHO BHUMaHMS.

Lenpto paboThl OBUIO OLIEHUTH M3MEHEHNE OCHOBHBIX ITapaMeTPOB CHHTE-
3a M pacmnaja Oenka B KaMOaJIOBHIHOI MbIIIIE KpbIC nocie 14-CyTouHO# TeHo-
Tomuu. MBI uccnenoBanu 3xcrnpeccuto MPHK Helipotpoduueckux (hpakropo u
pelenTopoB K HUM, aKTUBHOCTb OCHOBHOTO JHEPIeTHUECKOT0 CEHCOpa KIETKU
AM®-3aBucumoii nporenHknHa’sl (AMPK) n ee mumenn ACC, comepkaHue
KIIIOYEBBIX MapkepoB cuHTe3a Oemka (p70S6k, p-p70S6k), mporeonmsa
(FOXO03a, Murf2, Atrogen) n ayrodarnu (ULK-1) B kaMOamoBHIHON MBIIIIIE
KpeIC Tocie 14 cyTodHOW TEeHOTOMHUH. BpuTH cHOpMUpPOBAHBI TPYMITEI JIOKHO-
OTIEPUPOBAHHBIX W TCHOTOMHPOBAHHBIX Kpbic. OmepHpoBaiy IMpaByl0 KOHEU-
HOCTB, OCTaBJISIsI JICBYIO MHTAKTHOM.

Okcnpeccust MPHK anbda-1 cyosenunnnsr AMPK yBennunnacs B 2,03
pasa, (p<0,01), a anpha-2 cyObeAUHUIIBI — HE U3MCHHJIACH. DKCIPECCHUS MPHK
Heliporpoduna BDNF B kamOanoBWIHOW MBIIILE KPbIC HE M3MEHHJIACh, a pe-
uentopoB k BDNF - TrkB B pesynbrare TeHoTOMMHM MOBBICHIAcCh B 1,5 pa3za 1o
cpaBHeHHIO ¢ KoHTposieM. Comeprxanue dochopuinpoantoit AMPK B m. so-
leus mpu TEHOTOMUM YBEIHYIIOCH B 3,12 pa3a 1Mo CpaBHCHHIO C KOHTPOJIBHOU
rpymmoit (p<0,001), mpu 3ToM comepkanue ToTambHO AMPK noctoBepHO He
n3menminock. Conepxxanue pocdopmmmposannoit kunassl p70S6K yBenmmuniocs
B 1,94 pa3za no cpaBHenuro ¢ kouTponeM (p<0,01). Coxepxanue Gpocopunupo-
BanHoro FOXO3a nossicunock B 3,09 pa3a mpu TEHOTOMHMHU 1O CPaBHEHUIO C
KOHTposIbHOHM rpymmo# (p<0,01), mpu sToM TortanmbHOe conepkanne FOXO3a
n3MeHusock HezHauntenbHo. Conepykanne ULK-1 yBenmuunocs B 1,77 pasa mo
cpaBHeHHIO ¢ KoHTpodeM (p<0,05), a dochopumupoBannoro ULK-1 — B 2,59
paza o cpaBHEHHIO ¢ KOHTpoJieM (p<0,05).

Me1 o6Hapyxwnu nosbinienne sxcpeccud MPHK TrkB B m.soleus mocie
14 cyrounoii TeHOTOMIM; BeposiTHA cBs3b TrkB u ero muranna BDNF ¢ atpodu-
eif. OOpamaer Ha ceOs BHHUMaHHE aKTHUBalWs aHAa0OJIMYECKOro Kackana (poct
tbochopuupoBanus p70S6K) Ha GoHE CHHIKCHHS MBIIICYHON MACCHI, MOBHIIIIC-
Hust aktuBHOCTH AMPK, aktuBanmu nporeonusa u ayrogaruu. M3sectHo, uTo
BDNF (reviewed in Sakuma, Yamaguchi, 2011) uepe3 TrkB penentop moxer
axktuBupoBath m-TOR-p70s6k, TeM camMbIM, CTHMYITHPYS cCHHTE3 Oenka. B To xe
Bpems, BDNF yBemmunBaer ¢pochopmmposanne AMPK u ACC in vitro and ex
vivo, a AMPK nonasnser mTOR u cunte3 6enka (reviewed in Thomson D.M.,
2018). Atpodust OT Oe3eiCTBUS CKEIETHBIX MBIIII TPBI3YHOB Tocie 1-4 Hexenb
BBIBEIIMBAHUS 110 Pa3HBIM JaHHBIM yBEJIMYHMBACT, COKPAIACT WM HE M3MEHSIET
tdbochopumupoanue AMPK (rewieved in David M. Thomson, 2018). Takum
00pa3zoM, HEOOX0AUMO JaNbHElHIee U3y4eHHe MEXaHU3MOB aTpOo(UK IIPH TEHO-
Tomuu, nposicierus ponu BDNF u AMPK B sTom npornecce.

IToanep>xano rpantom PODMNe17-04-01970
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RAT SOLEUS RESPONSE TO TENOTOMY
0.V. Turtikoval, N.A. Vilchinskayal, LL Paramonoval,
K.A. Sharlo, L.D. Lvova’, B.S. Shenkman'
YInstitute for Bio-Medical Problems of Russian Academy of Science,
Khoroshevskoe hwy, 76A, Moscow, Russia;
’Kazan (Volga region) Federal University, Kazan University,
Kremlevskaya st., 18, Kazan, Russia

Muscle tenotomy is important post-traumatic and postoperative condition.
At the same time, insufficient attention is paid to the mechanisms of maintaining
protein homeostasis, as well as triggering atrophic processes during muscle te-
notomy. The goal of this study was to evaluate changes in the basic parameters
of protein synthesis and breakdown in rat soleus muscle after 14-day tenotomy.
We investigated the expression of mRNA neurotrophic factors and their recep-
tors, the activity of cell energy sensor AMP-dependent protein kinase (AMPK)
and its target ACC, the content of key markers of protein synthesis (p70S6k, p-
p70S6k), proteolysis (FOXO3a, Murf2, Atrogen) and autophagy (ULK-1) in rat
soleus muscle after 14 day tenotomy. Control (sham-operated) and Tenotomized
group were formed. Right limb was operated, leaving the left intact.

The mRNA expression of AMPK alpha-1 subunit increased 2.03 times (p
<0.01), and the alpha-2 subunit did not change. The BDNF mRNA expression in
rat soleus muscle did not change, and TrkB (BDNF receptor) mRNA expression
increased 1.5 times as a result of tenotomy as compared with control group. The
content of phosphorylated AMPK in tenotomized soleus muscle increased 3.12
times as compared with the control group (p <0.001), while the content of total
AMPK did not change significantly. The content of phosphorylated kinase
p70S6K increased 1.94 times compared with control group (p <0.01). The con-
tent of phosphorylated FOXO3a increased 3.09 times in tenotomy compared
with control group (p <0.01), while the total content of FOXO3a changed slight-
ly. The content of ULK-1 increased 1.77 times as compared with control group
(p <0.05), and that of phosphorylated ULK-1 increased 2.59 times as compared
with control group (p <0.05).

We found an increase in TrkB mRNA expression in m. soleus after 14
day tenotomy; TrkB and its BDNF ligand are likely to be associated with atro-
phy. Attracts attention the activation of the anabolic cascade (increased phos-
phorylation of p70S6K) on the background of reduced muscle mass, increased
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AMPK activity, activation of proteolysis and autophagy. It is known that BDNF
(reviewed in Sakuma, Yamaguchi, 2011) via the TrkB receptor can activate m-
TOR-p70s6k, thereby stimulating protein synthesis. At the same time, BDNF
increases AMPK and ACCP phosphorylation in vitro and ex vivo, while AMPK
inhibits mTOR and protein synthesis (reviewed in Thomson D.M., 2018). Atro-
phy from inactivity of rodent skeletal muscles after 1-4 weeks of hindlimb sus-
pension according to various sources increases, reduces or does not alter AMPK
phosphorylation (rewieved by David M. Thomson, 2018). Thus the mechanisms
of skeletal muscle atrophy during tenotomy, the role of BDNF and AMPK in this
process requires clarification.
IToanepxano rpantom PODVINe17-04-01970
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BJIUSHUE BBICOKOUMHTEHCHUBHBIX COKPAIHEHI/II?'I
HA AHABOJIMYECKHUE ITPOLECCHI B M30JIUPOBAHHOM
M. SOLEUS HA ®OHE I PABI/ITAHI/IOHHOFI PA3TPY3KH
C.A. Triranos, C.B. Po:xkkoB, T.M. Mup3oes, b.C. lllenkman
UMPBII PAH, Mockea, Xopowesckoe wocce 76a

Ha mamsbBIf MOMEHT, B JHTEpaType OOCYKMAIOTCS HECKOIBKO MOTCHIIN-
ANBHBIX MOJICKYJI, KOTOPBIC MOTYT SIBIISIThCS MEXaHOCCHCOPOM CKEJIETHOM MBIIII-
bl WJIM yYaCTBOBATh B MEpelaue MEXaHUIeCKoro curuaia. Mcnonp3oBanue 0110-
KaTOPOB CTPETY-aKTHBUPYEMBIX KAHAJIOB (XJIOPHUJIA TaJ0JIMHUS U CTPEIITOMHUIIU-
Ha) TOKa3ajo, YTO 3TH KAaHAJIbl B YCJIOBUAX 3KCIICHTPUYCCKOTO COKpAIICHUS,
aktuBupyroT Akt/mTOR curnanbaslii myTh (Spangenburg and McBride 2006). B
CBSI3U C Y€M, LEJBI0 JaHHOTO HCCIECNOBAHHUS SIBILUIOCH M3YYEHHE MEXaHM3MOB
BIUSHUS CTPETY-IyBCTBHUTENIBHBIX KAaHAJIOB HAa CHCTEMY DETYJLAIUU CHHTE3a
Oenka B CKENETHOHN MBIIIIE MIICKONUTAIOINX Ha (OHE 7-THEBHOHM TpaBHUTAI-
OHHOM pa3rpy3ku. Mozenupyemas TpaBUTAIlOHHAS pa3rpy3Ka 3aJHHUX JIall KPbI-
CBI MPOBOJAMIIACH C TIOMOIIBI0O AaHTHOPTOCTATHYECKOTO BhIBemmBaHWsA (Morey-
Holton, Globus; 2002). ITocne uero, n3onmpoBaHHas m.soleus momemnianach B
a’pupyeMyIo KapOOTEHOM €MKOCTb, cojiepkalyto pactBop Kpebca-Xaunzensiita,
U1 NIPpOBEACHUSA CCPUN BBLICOKOMHTCHCHUBHBIX COKpaIlIeHPIﬁ. BTOpaﬂ MBIIIIa
coliepKaiach B aHAJIOTMYHBIX YCJIOBHSX, U MOCIEAYIOMIETO COMOCTABICHHS
pe3ynbTaToB. i1 MHTHOMPOBAHUS CTPETY-aKTUBHUPYEMBIX KaHAJIOB B PacTBOP
KpeOca-Xan3engiita 100aBIsIM XJIOPUI TagOJdHHUA B KOHHIEHTparuu 20 puM
(Sonobe et al., 2008). ITo 3aBepieHHIO CEPUX COKPAICHHUIA MBIIIIIA 3aMOPaXKH-
BaJIach IS TIOCJIEAYIOMIETO aHAIH3a aHA0OIMIECKUX MapKEPOB U YPOBHS CHHTE-
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3a 6enxa. [TapaMeTpsl cOKpalieHnuss N30IMPOBAHHON MBIMIIBI (PUKCHPOBAINCH C
MIOMOIIb JaT4yrKa HampspkeHus: Aurora Scientific Dual Mode Lever System 305-
C. K cempMBIM cyTKaM BBIBemHMBaHUS nocToBepHO (p<0,05) cHm3mmMCH Macca
KaM0aoBHHOM MBIIIIEI HA 28% M CHJIa ©30METPUYECKOTO COKPAILEHHs U30JIU-
poBaHHOW MbImbel Ha 18%. Ilocne cepun BHICOKOMHTEHCHUBHBIX COKPAIIEHHH
MBI HaOJIOJANM JOCTOBEPHBIN NPHUPOCT YPOBHSI CHHTE3a Oeiika, M3MEpEHHOTOo
meronoM SUNSET, Bo Bcex aKcIepUMEHTAIBbHBIX Tpynnax. [Ipu aToMm, HHruOu-
TOp CTPETY-UyBCTBUTEJIBHBIX KaHAJIOB Ha CHMXAJ JOCTOBEPHO HTOT IPUPOCT B
MBILILAX KPBIC, MOCNIE 7-CYyTOYHOTrO BhIBemnBaHus. Cxoxuil apdekr Habmoaan-
cs it pocopunupoBarus MapkepoB padboTel Akt/mTOR curHamsHOTO mMyTH:
p70S6k u RPS6. Mcxons U3 pe3ynbTaToB UCCIIEIOBAHUS, MOXHO CIIENIaTh BBHIBO/,
YTO CTPETY-UyBCTBUTENbHBIE KaHalbl (YHKIMOHAIBHO WHAKTHBHUPOBAHBI B
YCIOBUSIX MOAEIHPYEMOH I'PaBUTALMOHHON Pasrpy3KH, MOCKOJBKY MX WHTHOH-
pOBaHME He NPHUBENO K JajdbHEHIIEMy CHIDKEHHIO YPOBHS CHHTe3a Oenka u ¢oc-
¢dopumposanus p70S6k u RPS6.
Pabota monnepxana rpantom PODU Ne 16-34-60055.

AN INFLUENCE OF HIGH-INTENSITY MUSCLE CONTRACTIONS
ON ANABOLIC RESPONSE IN SOLEUS MUSCLE AFTER 7-DAY
GRAVITATIONAL UNLOADING
S.A. Tyganov, S.V. Rozhkov, T.M. Mirzoev, B.S. Shenkman
IBMP RAS, Moscow, Khoroshevskoe Highway 76a, 123007 Moscow, Russia

It is widely recognized that mechanical tension plays a key role in the
regulation of skeletal muscle mass. To date, there are several potential mechano-
sensitive molecules transducing mechanical signal in skeletal muscle. It was
shown that stretch-activated channels (SACs) are activated during stretch-
induced contraction and induce muscle hypertrophy via Akt/mTOR pathway
(Spangenburg, McBride; 2006). Therefore, the aim of the present study was to
assess a possible role of SAC in the propagation of a mechanical signal to
mTORCI in the soleus muscle following hindlimb unloading (HU). Gravitation-
al unloading was simulated using hindlimb suspension model (Morey-Holton,
Globus; 2002). To perform high-intensity muscle contractions (HIMC), rat so-
leus muscles were isolated from the hindlimbs and mounted between a lever arm
of a position feedback servomotor and an immovable pin in a thermo-regulated
organ bath contained Krebs—Henseleit buffer. 20 uM (Sonobe et al., 2008) of
GdCl; was added to the medium to inhibit SAC function. After HIMC, muscles
were subjected to Western blot analysis in order to determine the content of
phosphorylated forms of the key anabolic markers and the rate of protein synthe-
sis. Contracted muscle was compared to resting muscle that was treated the same
way, but without contractions. Maximal isometric force and muscle stiffness
were measured using Aurora Scientific Dual Mode Lever System 305-C. After
7-day HU m.soleus mass was significantly decreased by 28%, as well as maxi-
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mal muscle isometric force and stiffness. Also, the rate of the protein synthesis
(PS) in the resting muscles of the unloaded rats significantly declined (-40%,
p<0.05) compared to the control values. HIMC caused a significant increment in
PS an all stimulated muscles compared to the resting muscles. More importantly,
SAC blocker attenuated this increment. Similar effect was observed for the
phosphorylation of the key Akt/mTOR pathway targets - p70S6k and RPS6. The
results of the study suggest that attenuation of mTORC]1-signaling and PS in
response to HIMC in the unloaded soleus muscle may be associated with func-
tional inactivation of SAC.
The study was supported by RFBR grant #16-34-60055.

BJIUSHUE UHT'UBUPOBAHUSI THCTOHAEALIETHUJIA3BI 1
HA COJEP KAHUE TUTUHA, YPOBEHbD ET'O
D®OCPOPUIUPOBAHUSA U SKCIIPECCHUIO TEHA TTN
B M. SOLEUS KPbICBI IIOCJIE TPEXCYTOYHOM
CDYHK].[PIOHAJII)HOFI PA3I'PY3KHAN
Al y.]IaHOBal, 10.B.T pmn,mal, A.T. Boﬁbménl, 2.U. ﬂKynOBal,
B.K )KaJmmosz, C.II. BeJmBa3, E.II. MoanmBa3,

T.JIL Hemnponcxaﬂ3, B.C. lllenxkman’, U.M. Buxasinues™
Y Ynemumym meopemuueckoii u sxcnepumenmanshoii 6uogusuxu PAH, 142290
Ihywuno Mockosckoii obaacmu, Poccus, e-mail: ivanvikhlyantsev@gmail.com
2 Unemumym 6uodusuxu knemiu PAH — 060co6aennoe nodpasdenenue OHL]
ITHI][FU PAH, 142290 Ilywuno Mockosckoii obracmu, Poccus
STHI] P® — Hucemumym meduko-6uonocuueckux npobiem PAH,
123007, Mocxkea, Poccus
4Hyu;uH0KuL7 20CY0apCmEen blll eCIMecmeeHHO-HAYYHbIN UHCIUMYM,
142290 Ilywuno Mockosckoii obnacmu, Poccus

HUccnenosano BiusiHUEe MHrHOUpoBaHus ructonaeaneruiassl 1 (HDACT)
Ha COJep)KaHWe TUTHHA, YPOBEHb €ro (pocopminpoBaHus, SKCIIPECCHIO U allb-
TEepHATUBHBIN craiicuar reHa TTN B m. soleus KpbICHI mocie 3-X CyTOYHOI
(hyHKIMOHATIBHOHN pa3rpy3kd. JKUBOTHBIE OBUIM pa3ieieHbl Ha 3 TPYIIIBL: KOH-
TponbHas rpynmna (C, n=7); rpymma 3-x cyrounoro BeiBemmBanua (HS, n=7);
rpymma 3-x CyTOYHOTO BEIBeIIMBaHHA ¢ BBeaeHHeM nHruOnTopa HDACS Kimacca
I CI-994 B xonuentparmmu | mr/kr/cytkn (HS+CI, n=7). B rpymnme HS ob6napy-
eHo ymenblienue Ha 13.8% (p<0,05) mHAekca «Macca m. soleus/macca Tena
JKUBOTHOTO», MO CpaBHEHHIO ¢ Tpymnmnoi C, 4yTO CBUAETENBCTBYET O Pa3BUTUH
aTpoduyecknx HU3MeHEeHUH B Mbimie. [Ipu 3ToM HAOIIOIAIOCh CHI)KEHUE HA
28.5% (p<0,05) conepxaHus camMOil BEICOKOMOJIEKYJISIPHON M30(OPMBI MHTAKT-
Horo tuthHa-1 (NT) u yBenuuenue B 1,81 paza (p<0,05) sxcnpeccuu rena TTN.
OTH U3MEHEHHs CONPOBOXKIAINCEH yYBenudeHueM Ha 42.9% (p<0,05) coneprxaHus
KaJbllanHa-1 — KaJdbIUi-aKTHBUPYEMOH MpoTeasbl, CyOCTpaTOM KOTOPOH SBIIS-
ercst THTHH. CTaTHCTHYECKH 3HAUNMBIX Pa3IHIui B ypoBHE (ochOpHINPOBAHUSA
tutrHa Mexay rpynmamu C u HS He oOHapyxeHO. Takke He BHISIBICHO H3Me-
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HEHUH ambTepHATUBHOTO criaiicuara npe-MPHK TutHHA (B muamazoHe SK30HOB
oT 50-ro 710 111-ro) B m. soleus >KMBOTHBIX 3TUX TPYIIIL.

WNurubmposanne HDACI1 npu QyHKIIMOHAIBHOW pa3rpy3ke MpernoTBpa-
a0 pa3BuTHE aTpoduu m. soleus u CHIDKeHUe cozepxanus TutuHa. [Ipu sTom
HaOmonanock cHmwkenne Ha 10.3% (p = 0.132) ypoHs dpocopunuposanust NT-
tuTHHA. CTaTHCTHYECKU 3HAYMMBIX Pa3IMuuil B SKCIPECCUH U AJIbTEPHATHBHOM
craiicunre reHa TTN mexny rpynnamu C u HS+CI He 3apeructpupoaHo.

BeiBogbl: TpexcyrouHas (yHKIMOHANbHas pa3rpy3ka COIPOBOMKAACTCS
CHIKEHHEM COJIep)KaHHs TUTHHA B M. soleus Kpbicbl. CHIDKEHUE COAEpKaHUs
THUTHHA TPOMCXOAMT M3-32 MOBBIIICHHOTO €ro MPOTEOoNn3a, M YBEINUEHHE JKC-
mpeccun reHa 11N He KoMIeHcHpyeT 3To cHibkeHue. Marno6uposanne HDACI
MIPEAOTBpAIIAET HHAYIHPYEMBIH Pasrpy3Koi MOBBIICHHBIH MPOTEONIN3 THTHHA.
Tpexcyrounas ¢GyHKIMOHaNIBHAs pasrpy3ka u naruouposanne HDACI nHa done
pasrpy3Kd HE CONPOBOXKAACTCS N3MEHEHHEM aJbTEPHATUBHOTO CIUTAHiCHHra TeHa
TUTHHA (B JUana3oHe 3k30HOB oT 50-ro 70 111-ro) B m. soleus kpsic.

Pabota BhImosHeHa B paMkax ['ocynmapcrBeHHoro 3amanust MHcruryrta
TEOPEeTHYECKOH 1 dKcrepuMenTanbHoit onopusrku (MTI6) PAH npu dunanco-
BO¥ momiepikke rpanta Poccuiickoro Hayunoro ¢ouma (Ne 18-15-00062) ¢ wuc-
MOJIb30BaHWEM 000PYJ0BaHMs KOJIEKTUBHOTO Monbk3oBanus MTOb PAH, MBK
PAH u T'HI] P® — UMBII PAH).

THE EFFECT OF INHIBITION OF HISTONE DEACETYLASE 1
ON THE CONTENT OF TITIN, THE LEVEL OF ITS
PHOSPHORYLATION AND EXPRESSION OF THE TTN GENE
IN RAT SOLEUS AFTER 3 DAYS OF FUNCTIONAL UNLOADING
A.D. Ulanova', Yu.V. Gritsyna', A.G. Bobylev', E.I. Yakupova', V.K. Zhal-
imov’, S.P. Belova®, E.P. Mochalova®, T.L. Nemirovskaya3 , B.S. Shenkman®,
.M. Vikhlyantsev"*

YInstitute of Theoretical and Experimental Biophysics RAS, 142290 Pushchino,
Moscow region, Russia; e-mail: ivanvikhlyantsev@gmail.com
%Institute of Cell Biophysics RAS, 142290 Pushchino, Moscow region, Russia;
*Institute of Biomedical Problems RAS, 123007 Moscow, Russia;
*Pushchino State Institute of Natural Science,

142290 Pushchino,Moscow Region, Russia

The effect of inhibition of histone deacetylase 1 (HDACI) on the titin
content, phosphorylation level of the protein and expression and alternative
splicing of the TTN gene in rat soleus muscle after 3 days of functional unload-
ing was studied. Animals were divided into 3 groups: control group (C, n=7); a
group of 3 days of hindlimb suspension (HS, n = 7); a group of 3 days of
hindlimb suspension with the injection of inhibitor of HDACs class I CI-994 at a
concentration of 1 mg/kg/day (HS + CI, n = 7). Reduction by 13.8% (p<0,05) of
the ratio “mass m. soleus/animal body mass was found in the HS group com-
pared with group C, which indicates the development of atrophic changes in the
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muscle. At the same time, a decrease by 28.5% (p<0,05) in the content of the
highest molecular weight isoform of intact titin-1 (NT) and an increase in 1.81
times (p<0,05) of TTN gene expression were observed. These changes were ac-
companied by an increase (by 42.9%, p<0,05) in the content of calpain-1, a cal-
cium-activated protease, of which titin is a substrate. No statistically significant
differences in titin phosphorylation level between C and HS groups were found.
There are also no changes in alternative splicing of titin gene (from 50" to 111®
exon) in rat m. soleus of these groups. Inhibition of HDAC1 during functional
unloading prevented the development of atrophy and decrease of titin content in
soleus muscle. At the same time, a decrease by 10.3% (p = 0.132) in level of
phosphorylation of NT-titin was observed. No statistically significant differences
in the TTN gene expression and alternative splicing between C and HS + CI
groups were found. 3-day functional unloading and inhibition of HDACI against
the background of unloading is not accompanied by a change in alternative splic-
ing of titin gene (from 50" to 111™ exon) in rat m. soleus.

Conclusions: Three-day functional unloading is accompanied by a de-
crease in the content of titin in rat soleus muscle. The decrease in the titin con-
tent is due to its increased proteolysis, and an increase in the expression of the
TTN gene does not compensate for this decrease. Inhibition of HDACI prevent-
ed the increased proteolysis of titin induced by disuse.

The work was performed as a State assignment of the Institute of Theoret-
ical and Experimental Biophysics (ITEB) of the Russian Academy of Sciences
with the financial support of grant of the Russian Science Foundation (No. 18-
15-00062) using the collective equipment of ITEB RAS, IBC RAS and State
Scientific Center — Institute of Biomedical Problems RAS).

N3MEHEHWUE KOHIEHTPAIIUA MAJIOM I'T®a3s1 ARL4C/ARL7
B KYJIbTYPAX KJIETOK HELA ¥ VERO ITPH BO3JEMCTBUA
JUT'AHAAMU TPAHCKPUIIIIMOHHOT'O ®AKTOPA LXR/RXR

E.B. Vaac!, E.C. Hanexauna’, A.B. BypaKm;3
' Buomexnonocuueckuii Gaxyromem MI'Y um. M. B. Jlomonocosa,
Mocrkea, Jlenunckue eopwt 1 cmp. 51, Poccus
2I/IHcmumym benxa PAH, Ilhywuno, yn. Hncmumymckas, 4, Poccus
SHUH usuro-xumuueckoii ouonozuu um. A.H. Benosepckozo MI'Y,
Mocksa, Jlenunckue eopwi, 1 cmp. 40, Poccus

Cetb MukpoTpyOouek (MT) mpencrapnser co00i OJUH U3 KOMIIOHCHTOB
IIUTOCKENIETa 9yKapUOTHUECKUX KJIETOK. B KJIeTKax >KMBOTHBIX B KayecTBE OC-
HoBHOTrO neHtpa opranuzaiuu MT (LIOMT) Beictynaer neHrpocoma. B uHTep-
¢aze anprepHatuBHbIMH LIOMT Tarke MOTYT CTAaHOBUTHCS IUIa3MaTH4YecKas
mMeMmOpana u memOpansb! anmnapata ['onpmxu (Al'). MonekynsipHble MEXaHU3MBI
opranmnzanuy MT Ha AI' u3ydeHsl ¢parmMeHTapHO, HE BCE BOBJICUCHHBIC B JIaH-
HBI Tporiecc Oenku uaeHTHGHUIUpoBa—HBL. DOKMHBIM ¢ coaBTopamu (2017)

257



ObIT TIPOBEAEH CPAaBHUTEIBHBIA aHANN3 TPAHCKPUITOMOB KYJBTYpP KIETOK 3IH-
TeNHs MOYKHU 3eJeHON MapThIKn Vero u BS-C-1, cymecTBeHHO pa3nndaronux-
cs aktuBHOCTRIO Al B kadectBe [IOMT. Brino ompeneneHo HECKOIBKO HOBBIX
0eJKOB-KaHIMIATOB Ha ydyacTue B opranmzaiuu MT Ha AI, B ToM unciie — mMa-
nas ['Td-aza Arldc/Arl7, sxcnipeccus rena kotopoir B kietkax BS-C-1 okasa-
Jack BbIlIe B 4,6 pa3a 1o cpaBHEHHIO ¢ KieTkamu Vero. Panee Oblsio oOHapysxe-
HO, uTo Arldc/Arl7 B3aumopetictByet ¢ TyOymmaom MT (Wei et al., 2009).

Mp! nokaszany, 4to conepykanue 6enka Arldc/Arl7 B BS-C-1 npubauzu-
TeJNBHO B 4 pa3a MpPEeBBIIIAeT €ro ypoBeHb B Vero, 4T0 COOTBETCTBYET JaHHBIM
TPaHCKPUNTOMHOTO aHann3a. CoryiacHO paHee OIyOIMKOBAHHBIM JAHHBIM, WH-
KyOanusi ¢ nmragamm X-penentopa medeHHm (LXR) m permnommnoro X-
penentopa (RXR) mo3BossieT m1oOUTHCS MoBBIIeHUsT KoHIeHTpauu Arl4c/Arl7
B KynbType kietok HeLa (Engel et al., 2004). MpI mOmBITaIACH BOCTIPOU3BECTH
onmcaHHbI ¢ ¢ekT B Hela, a 3aTeM mpuMeHUTH JaHHBIA THII BO3ACHCTBHUS Ha
ypoBeHb Arldc/Arl7 B KynbType KIETOK Vero W MpOCICIUTh 32 BO3MOXKHBIMH
W3MEHCHUSMHU B OpraHM3alliu UTOCKeeTa. KileTku mHKyOupoBanu ¢ Oexcapo-
teHoM U T0901317 — nurangamu RXR u LXR cooTtBeTcTBeHHO. bHIITO ycTaHOB-
JeHo, 4to npu Bo3aelcTBun Ha HeLa murangamun LXR/RXR B Teuenue 2 cyTok
cTeneHp noBeiieHus ypoBHs Oenka ARL4C/ARL7 He 3aBUCHT OT KOHILIEHTpa-
uuun aurannos B guanasone 0,1-10 MmxM g T0901317 u 0,5-2,5 MxM 1 Oek-
caporena. OnHako HabIronaIoCh OoJiee BBHIPRKCHHOE YBEJIMYEHHE KOHIIEHTpa-
o ARL4C/ARL7 nipu mpoasieHHH BpEMEHH BO3IEHCTBUS IO 7 CYTOK, a TaKXKe
Tpu COBMECTHOM Bo3zfeiricTBuu nuragaamMu LXR/RXR no cpaBHeHmio ¢ ux pas-
nenmsHBIM TpuMeHeHHeM. CoBMmecTHas oOpaboTka xierok HelLa T0901317 u
0eKkcapOTEeHOM B T€UEHHE 7 CYTOK MPUBOJMIIA K MPUOIU3UTEIBEHO TPEXKPATHOMY
noBbIIeHHI0 KoHIeHTpauuu Oenka ARLAC/ARL7. Onnako B kietkax Vero npu
YCIIOBUSIX BO3JEUCTBHUS, UIACHTUYHBIX Bo3aelcTBuI0 Ha Hela, yBenuueHus kos-
ueHtpaimu 6enka Arldc/Arl7 e nabnronanock. IIpu 3TOM mpoucxonuna akTH-
Baimss LXR/RXR, 0 yeM MOXHO OBUIO CyIUTh HAa OCHOBAHUH IOBBIIICHUS B
KneTkax ypoBHs Oenka ABCAI, reH KOTOpOro HaXOAWTCS MO/ HEMOCPECTBEH-
Holt perymsamueir LXR/RXR (Wagner et al., 2003). B Vero addexr yBenmueHus
KoHUeHTpanuu Oenka Arldc/Arl7 npu uaky6anun kiaerok ¢ T0901317 u Gekcap-
OTEHOM OTCYTCTBOBAJ JlaXKe IPU NPOAJIECHUU BpeMeHH Bo3aencTBus 10 10 cyTok.
Jnst mpoBepku runoressl 00 ydactun Manoit I'Td-a3er Arl4c/Arl7 B npoueccax
opranusanuu MT Ha A’ MBI IPOBOAMM JaNbHEWIINE UCCIEAOBAHMS B KJIETOY-
HeIX JymHEAX Hela m Vero ¢ ucronbp3oBaHHEM IMOJOOpPaHHBIX ONTHMAJIBHBIX
ycIoBUiA HHKyOamu kineTok ¢ aurangamu LXR/RXR.

PaboTta momnepsxana rpantom PODU 18-04-00742.
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THE INFLUENCE OF TRANSCRIPTION FACTOR LXR/RXR
LIGANDS TO SMALL GTPASE ARL4C/ARL7 CONCENTRATION
IN HELA AND VERO CELL CULTURES
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Leninskie Gory, 1 bld. 51, Moscow, Russia
%Institute of Protein Research of RAS, St. Institutskaya, 4, Pushchino, Russia
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The microtubule (MT) network is one of the most important component of
the eukaryotic cell cytoskeleton. In animal cells centrosome acts as the major
microtubule-organizing center (MTOC). In interphase the nuclear membrane and
the membranes of Golgi apparatus (GA) can also act as alternative MTOCs. The
molecular mechanisms of MT organization on the GA are not well studied yet
and not all proteins involved in this process are identified. Fokin et al (2017)
performed a comparative analysis of Vero and BS-C-1 cell cultures transcrip-
tomes, which are both obtained from the epithelium of the green monkey kidney,
but significantly differ in activity of the GA as a MTOC. Several new proteins
were identified as the candidates for participation in the organization of MTs on
the GA, including the small GTPase Arl4c/Arl7, which expression is 4.6-fold
increased in BS-C-1 cells compared to Vero cells.

As the part of our study, it was shown that the protein concentration of
Arl4c/Arl7 in BS-C-lis approximately 4 times higher than its level in Vero,
which approximately corresponds to the data of these cell cultures transcriptome
analysis. According to previously published data, treatment with activators of
liver X-receptor (LXR) and retinoid X-receptor (RXR) leads to increasing of the
Arldc / Arl7 concentration in HeLa cell culture (Engel et al., 2004). We tried to
reproduce the described effect in HeLa and then to apply this type of influence at
the level of Arldc/Arl7 in Vero cell culture and to identify possible changes of
the cytoskeleton organization. Cells were incubated with T0901317 and bex-
aroten, which are activators of nuclear receptors LXR and RXR respectively.
After treatment of HeLa cells with LXR/RXR ligands for 2 days, there was no
dependence of the increase in the ARL4C/ARL?7 protein level on the ligand con-
centration in the range of 0.1-10 uM for T0901317 and 0.5— 2.5 uM for bexaro-
tene. However, there was a more pronounced increase in the concentration of
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ARL4C/ARL7 when extending the exposure time to 7 days. The severity of
ARLA4C/ARL7 concentration rice also was more expressed when combining
LXR/RXR ligands compared to the effect of their separate use. The cooperative
treatment of HeLa cells with T0901317 and bexaroten for 7 days resulted in the
approximately threefold increase in the ARL4C/ARL7 protein concentration.
However, under conditions identical to HeLa, in Vero cells the increase in
Arl4c/Arl7 protein concentration was not observed, in despite of the LXR/RXR
activation detected by the increase in ABCA1 protein, which gene is known to
be under direct regulation of LXR/RXR (Wagner et al., 2003). The effect of the
Arl4c/Arl7 protein level increasing after cell treatment with T0901317 and bex-
aroten was absent even with an extension of the exposure time to 10 days.

To test the hypothesis of the involvement of the small GTPase Arl4c/Arl7
in microtubule organization processes in the Golgi apparatus and in the actin
cytoskeleton rearrangements, we perform further research in HeLa and Vero cell
lines using selected optimal conditions for incubating cells with LXR/RXR lig-
ands. It is also planned to conduct research using alternative variants of exposure
to cells, which also lead to an increase in the level of Arl4c/Arl7 protein in them.

This work was supported by a grant from the Russian Foundation for Basic
Research 18-04-00742.
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OCBOCHUIO YEIIOBEKOM JAJTBbHETO KOCMOCA, TIOMUMO TCXHUYCCKUX TPYIHO-
CTeI7[, NpenATCTBYET HeHLIﬁ pAA MEAULIMHCKUX HpO6J’IeM, CBA3aHHBIX, B YaCTHOCTH,
C HCraTUBHBIM HeﬁCTBHeM HEBECOMOCTH, B TOM YHUCJIC U Ha KIICTOYHOM YPOBHC.
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V3MeHeHne BHEIIHETO MEXaHWYECKOTO IO MIPUBOAUT K PEOPraHU3alui LIUTOC-
KeJsieTa ¥ (POPMUPOBAHMIO €TO aITAIMOHHOTO MAaTTEPHA B PA3INYHBIX THIAX KIIE-
TOK, KaK COMaTHYECKHX, TaK ¥ MOIOBBIX [1-4]. OqHaKo, JaHHBIX 00 U3MEHEHHUSIX B
MYXCKHX TOJIOBBIX KJIETKaX B YCJIOBHSAX T'PaBUTALMOHHOMN pasrpy3Ku B JIUTEpaTy-
pe mpencraBiieHo Maino. [loaToMy 1ienbl0 JaHHOM padOTHl OBUIO HCCIIEIOBaHUE
cojiepykaHusl UTOcKeneTHbIX OenkoB 1 MPHK konupyromux Mx IeHOB, a Takxke
OIICHKA MapaMeTPOB criepMorpaMMsbl Meiiiei tuaun CS57Black6, HaxoquBIIHXCS B
ycnoBusix 30-CyTOUYHOTO aHTHOPTOCTATUUECKOTO BBIBEIIMBAHUS U MOCIEIYIOIEro
12-4acoBOT0 BOCCTAHOBJICHUS, W IOJYYaBLIMX CCEHHIANbHBIE (ochomuias! B
nozuposke 500 mr/kr/cytku (rpymmsl 30HSE n 30HSE+12h) unu ananormdaayro
no3y mranebo (rpymmsl 30HS u 30HS+12h). CooTtBercTBeHHO, ObLTH chOpMEPO-
BaHBI KOHTpossHBIE Tpynns! (Tpynma CE u rpymma C).

KonmaectBo ciepmaro3onnoB B rpynme 30HS u B rpymme 30HS+12h cy-
IIECTBEHHO CHIDKAJIOCh 10 CPABHEHHIO C TPYMIOH KoHTpois. bonee toro, momns
MO/IBMKHBIX CIIEPMAaTO30M0B B ATHX I'pYNIax CHIKaJach Oosiee 4eM B 5 pa3 1o
CpaBHEHHUIO C KOHTpoJieM. [IpuMeHeHne scceHIMaNbHbIX (OChOIUITHIOB NPUBO-
JMJI0 K ToMy, uto B rpynne CE uucio 3pensix ¢popm Obi10 yBenudaeHo Ha 34% 1o
cpaBHenuto ¢ rpymmoit C (p < 0.05). Cnenyer otmeruts, yro B rpymnmne 30HSE
CHIDKEHHUE JIOJIU MOJBIYKHBIX CIIEPMATO30110B ObUIO aHaNorn4HeIM rpymie 30HS.
Tem He MeHee, napameTpsl ciepmorpammsl B rpymnmne 30HSE+12h He otinyanicek
OT TAKOBBIX B KOHTPOJIBHOH rpymnme. Bo Bcex ncciaegoBaHHBIX TPyNNax 3HAYCHUS
JIOJTH YKU3HECTIOCOOHBIX CIIEPMATO30MI0B M CIIEPMATO30HI0B C HOPMAIBHOI MOp-
(homorueit KOppennpoOBaIN C YUCIOM TTOJBIKHBIX CEPMaTO30MI0B. TakiuM oOpa-
30M, MCCIIEIOBaHHAs CIIEPMOTPaMMa M COIEPKaHUE CIIEPMATO30UA-CIIEU(PUIHBIX
OenkoB, Taroke kKak 1 MPHK komupyrommx nx TeHOB, CBUAETEIHCTBOBAIN O CHU-
JKEHUHN YHCIIa 3peNbIX (OpM CIIEpPMaTO30MI0B TI0CTE BBIBEIIMBAHMSA, KOTOPOE ObI-
JIO TIPEIOTBPAIICHO MPUMEHEHHEM 3CCEHITHATBHBIX (HOCHOTUITHIOB.

OtHocuTenbHOE colepkanue n30(popM akTuHa (Oera-, ramMmma-) u anbda-
akTMHUHOB (1 M 4) ocTaBanoch Ha OJJHOM YpPOBHE BO BCEX I'pYIIIax HCCIIEI0Ba-
Hust, kpome rpynnsl 30HS+12h, rne yposens anbda-akruauna-4 Ha 13% (p <
0.1) mpeBsbIan KOHTPOIb. OTHOCHTENLHOE CO/IEPkKAaHUE M30()OPM aKTHHA OBIIO
Ha OJHOM YpoBHE. Bo BCeX 3KCIIEpUMEHTAIBHBIX IPYIINAX OTHOCHTEIBHOE CO-
JepkaHne Oera-TyOyJnHAa CHIDKAJIOCh OTHOCHTENBbHO KOHTpoisd. Ilpm sTom oT-
HocutenpHoe cogepxanue MPHK reHoB, koaupyromux Hcciaea0BaHHbIE [IUTOC-
KeJIeTHbIC OeJIKM, MEHSIOCH 00JIee BBIPaKEHO, YTO MOXKET CBUAETEIHCTBOBATH O
PETYISIIH coAepKaHnsl OEIKOB MPEUMYIIIECTBEHHO Ha YPOBHE TPAHCIAINH [5].

Pabora mommepxaHa mporpaMMoii (yHIaMEHTAIBHBIX HccnenoBannii [ HI]
P® — UMBII PAH, nporpammoii [Ipesnauyma PAH «MosnekyssipHas v KJI1€TO4Hast
Ouonorust», [IpoeKTOM MOBBILIEHHS KOHKYPEHTOCIIOCOOHOCTH BEIYIIMX POCCHH-
CKHMX YHUBEPCHTETOB CPE/IM BEAYILIMX MUPOBBIX HAyYHO-00pPa30BaTE/IbHBIX LIEHTPOB.
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In addition to technical difficulties, the development of deep space by a
human is hampered by a number of medical problems associated, in particular,
with the negative effects of weightlessness, including at the cellular level. A
change of the external mechanical field leads to a reorganization of the cytoskel-
eton and the formation of its adaptation pattern in various cell types, both somat-
ic and germ [1-4]. However, data about changes of male germ cells under mi-
crogravity conditions are presented in the literature a little. Therefore, the pur-
pose of this work was to study the content of cytoskeletal proteins and mRNA of
their encoding genes, as well as to estimate the parameters of spermogram of
C57Black6 mice under conditions of a 30-day antiorostatic suspension and sub-
sequent 12-hour recovery, and receiving essential phospholipids at 500
mg/kg/day (groups 30HSE and 30HSE + 12h) or a similar dose of placebo
(groups 30HS and 30HS + 12h). Accordingly, control groups (group CE and
group C) were formed.

The sperm count of the 30HS group and of the 30HS + 12h group was
significantly reduced compared with the control group. Moreover, the proportion
of motile spermatozoa in these groups decreased by more than 5 times compared
with the control. The use of essential phospholipids led to the fact that in the CE
group the number of mature forms was increased by 34% compared with group
C (p <0.05). It should be noted that in the 30HSE group, the decrease of the pro-
portion of motile spermatozoa was similar to the group of 30HS. However,
sperm parameters in the 30HSE+12h group did not differ from those in the con-
trol group. In all the studied groups, the values of the proportion of viable sper-
matozoa and spermatozoa with normal morphology correlated with the number

262



of motile spermatozoa. Thus, the investigated spermogram and the content of
sperm-specific proteins [5], as well as the mRNA of the genes encoding them,
indicated a decrease in the number of mature spermatozoa after suspension,
which was prevented by the use of essential phospholipids.

The relative content of actin isoforms (beta, gamma-) and alpha-actinins
(1 and 4) remained at the same level in all study groups, except group 30HS +
12h, where alpha-actinin-4 level was 13% (p <0.1) exceeded control. The rela-
tive content of actin isoforms was at the same level. In all experimental groups,
the relative content of beta-tubulin was reduced relative to the control. At the
same time, the relative mRNA content of the genes encoding the studied cyto-
skeletal proteins was more pronounced, which may indicate that the protein con-
tent is regulated mainly at the level of translation [5].

The work was supported by the basic research program of the State Re-
search Center of the Russian Federation - IMBP RAS, the program of the Presid-
ium of the Russian Academy of Sciences "Molecular and Cell Biology", Russian
Academic Excellence Project 5-100.
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I®PEKTHI TSAKEJTONU THITIOBAPUYECKOM TMITOKCUI
U MTHTUBUPOBAHUSA MHIYIIUPYEMOI'O TUTIOKCUEN
DAKTOPA HIF-1 HA CEPJEYHYIO U CKEJIETHBIE MbILIIbI
IL.A. ®enopos, M.IO. ®pooBa, U.E. Kpacosckas, H.B. Kyziesa
Canxm-Ilemep6ypeckuii 2ocydapcmeentvlii ynugepcumen,
Canxm-Ilemepbype, Ynusepcumemckas nab., 7/9, Poccus

XOpol1I0 U3BECTHO, YTO HAPYLIECHUE CHAOXKCHUS TKAaHW KHCJIOPOJOM OKa-
3BIBACT MOBPEKIAIOLIEE BO3ACHCTBUE IPEXK/IE BCErO Ha HEPBHBIE KIIETKH, 3aTEM
Ha cepzle, a Py JUTUTEIFHOM BO3JICHCTBHU M Ha CKeJIeTHbIEe MbIIIbL. [Tono6H0-
ro poJia HapyIIeHUs] HaOIII0AAI0TCS TaKXKe TPH 10IbeMe Ha BBICOTY, TO €CTh IIPH
runo0apuyeckoil runokcuu. Mojenb THIo0apuyeckoil TMIIOKCHU LIHUPOKO HC-
MONB3YETCs] NP M3YYEHHH MOJICKYIAPHBIX MEXaHM3MOB IMOBPEXICHHS HEHpo-
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HoB ITHC ( Rybnikova et al., 2012 ). UanyupyemMplii THIIOKCHEH TPaHCKPHUTIITH-
onnbiit Gaxtop HIF-1 MoXeT BHOCUTH CBOW BKJIaa B (hOPMHUpPOBAHHE ITOCTTHIIO-
Kkerdeckux marojyoruii (Vetrovoy et al., 2015).

B npencrasienHoi paboTte MCIIoIb30BaHa MOJIENb TSKENION runodapuye-
ckoii runokcun (TT) — TpexuacoBoi ceaHc NpeOBIBaHHS KPHIC-CAMIIOB JIMHUU
Wistar maccoit 200-250 r mpu 180 mm pT. cT. (5% O, ) (Rybnikova et al., 2006).
Jns ouenku posn HIF-1 ucnonp3oBanu unruburop tpancisiun HIF-1 — Tomo-
tekaH (Ban et al., 2011), kotopsrit B cmecu IMCO — 0,09% NaCl u BBOAMIH
BHyTpHOprommHHO (5 Mr / xr Beca ) 3a 10 MMH 10 Ka)JOr0 THMIIOKCHYECKOT'O
ceanca. B xadecTBe MHBEKIIMOHHOTO KOHTPOJIS BBOIIIH cmech IMCO — 0,09%
NaCl. TTocme ceanca TT y kpsIc ObUIH B3SATHI 00pa3Ibl KPOBH JJIS W3MEPEHUS
OmomMapKkepoB cepIeuHbIX (TporoHuH I, kpeaTnHKHHA3a MB ), ckenmeTHOMBIIICY-
HBIX (KpeaTHMHKHHA3a CyMMapHas, MHOTJIOOMH) ¥ CYMMAapHOW KOHIICHTpPAIlUH
Oenka B tutazme kposu. [Tmasmy kpoBu 3amoposkuBanu npu -80 rpaxycos Llens-
CHsI O MOMEHTA OTIPE/ICICHUS 3HAUCHHUI OMOMAapKEPOB C MOMOIIBIO MPUOOPOB:
aHanuzatopa nmMMmyHoxemuitroMuHucieHn DXI ¢upmbr «Beckman Coultery
(Muorno6uH, TpornonuH ) n onoxumuueckoro ananuzaropa DXC Unicell dup-
Mbl «Beckman Coulter» ( o0mmuii 6esok, a Takke GpepMeHTaTHBHAS aKTHBHOCTD
KpeaTHMHKWHA3bl 001Iel 1 kpeaTnHKHHA36l MB ). 3HaueHus GHOMapKepoB OTHO-
CHJIM K KOHIEHTpauuu obmiero Genka. J[aHHBIE 1Mo GHMOMapkepaM IMOJydaid B
IBYX HE3aBUCHMBIX CEpHAX HCCIEIOBaHMH, KakK IPaBWIO, OT 6 >XHBOTHBIX B
Kaxaoi cepun. JlaHHble 00padaThIBaIM METOJAMH IUCTIEPCHOHHOTO aHAJIH3A.

CorlacHO TIOJIy4EHHBIM pe3yJIbTaTaM, ObIJIO TOJy4EHO JOCTOBEPHOE IO-
BBIIIICHUE YPOBHS CepJeYHOro Oenka TpornoHuHa I mpumepHo B 5 pa3 nocne TT,
YTO CBHUETENILCTBYET O MOBPEXKACHNH MUOKap/a rnocie TI; B To e Bpems Kpe-
aTnHKMHA3a MB noctoBepHO He M3MEHsIach. JJOCTOBEPHO 3HAYMMBIX M3MEHE-
HUH CKEJIETHO-MBIIIEYHBIX OMOMapKepoB 0OHAPYXKEHO He OBLIO.

OKcnepuMeHT ¢ ucroib3oBanueM uHruouropa HIF-1 Tonorexana mokasai,
YTO KOJMYECTBO MHOTIIOOMHA B miazmMe kposu mnocie TT u3 ombiTa ¢ OJ10KHpOBa-
aueM HIF-1 6p110 mprmepHo B 2,5 pasza MeHbIIIE, YeM B OTCYTCTBHE MHTHOHUTODPA.
Takum 00pazom, MOKHO TIoJaraTh, 4To TI' Oka3bIBaeT MOBPEKIAIOIIECE BIUSHIE
Ha cepiue, a OnokupoBaHue TpaHCKpumronHoro ¢akropa HIF-1 Bo Bpemst TI
YMEHBIIAET MOBPEKACHHE CKEJIETHBIX MBI, DTH Pe3ybTaThl CTOMT PaccMaTpH-
BaTh KaK IpeBAPUTEIBHBIC U ClIelyeT IIOATBEPAUTH APYTUMHU METOIAMH.

W3BecTHO, YTO B MBIIICYHBIX TKaHAX UMEIOTCSI KOMIIOHEHTEI, 3aIlHUIIai0-
ye UX B YCJOBHUSX HEJOCTaTKa KHciopoja. K TakMM KOMIOHEHTaM Npexie
Bcero otHocutcs Muornooun (Kynesa, Kpacosckas, 2015), a Taxoke psia Apyrux
0€1KOB, KOTOPBIC B YCIOBHUSX T'MIIOKCHH HPOSBISIOT HUTPHUT-PELYKTa3HYIO aK-
THBHOCTb WM TPEBPAIAIOT HEOPTaHMYECKUH HUTPUT B MOHOOKCHJ a30Ta. MOHO-
OKCHJI a30Ta, B CBOIO OYEPE/Ib, CIYXKHUT Ba30AUIATATOPOM COCYIOB MBIIII] U yBE-
JMYUBAET CHaO)XXEHHE TKaHEH KHUCIOpoJaoM. B opraHmsme HHTpUT MOXKeT oOpa-
30BBIBATHCSI IPH OKUCICHWH MOHOOKCHZA a30Ta, KOTOPBIH CHHTE3HMPYETCS B
YCIOBUSIX HOPMOKCHH pa3nudHbIMH NO-CHHTa3aMH TpH MOTPEOJICHUN MHIIH,
OoraToil HUTpaTaMu, U MCIOJIE30BaHUM JIEKAPCTB, HAIIpUMEP, HUTPOTINIEPHHA.
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Hutputpenykraznas akTHBHOCTH NPHCYIIA TaKKe TeMOTTIOOMHY M KCAaHTHHOK-
CUAOPENYKTa3e, TAKXKE JIOKAIU30BaHHOU B spuTpouuTax. [lonararor takxke, 4To
HUTPUTPEIYKTa3HOH AaKTHBHOCTBIO OONajgaeT IMTOTIOOMH ¥ DJIEKTPOH-
TPAHCHOPTHAs IIeNb MUTOXOHIpHUA. B cBeTe MOJIYYEeHHBIX NAHHBIX 00 yBemue-
HUU BBIXOJa B KPOBb cepjeuHoro TpomoHuHa | mpu T Obuto OBl MHTEPECHO
y3HaTh, HOBPESIKAACTCS JIU KaKas-THOO U3 HUTPUTPEAYKTA3HBIX aKTUBHOCTEH MpH
TI'. Yrto xacaeTcs AJaHHBIX O 3alUTHOM jAeicTBuu OiokupoBanus HIF-1 Bo Bpe-
ms TT', To HenaBHO ObLO MOKa3aHo (BerpoBoi, 2018 ), uTo Takoe GIOKMpOBa-
HHE NIPUBOAUT B TUNIOKAMIIE K IPEIOTBPALIEHUIO ITPOLIECCOB Pa3BUTHS COCTOS-
HUSI OKHCIIMTEIBHOTO CTpecca M MPOLECCOB KIeTOUHOH rudenu. Bo3moxHo, aHa-
JIOTUYHAS CUTYalMsl UMEET MECTO U B MBILIEYHOM TKaHHU.
Bripaxxaem OxarogaprHocts O.B. BerpoBoMy 3a opraHM3anuio SKcIepu-
MEHTOB C KUBOTHBIMH II0 TSDKEIIOW THITO0ApHIECKON THIOKCHH.
Jluteparypa
Betposoii O. B. Pons HIF1-3aBucumoii perymsinun nentozododocparHoro mytu B
obecrieueHNH peakiuii Mo3ra Ha runokcuto. Kanpg nucc., CII0, 2018.
Kynesa H. B., Kpacosckas M. B. Pomp remoconepxammux riaobunoB B NO-
CHUTHAJIM3AlMU B KJIETKaX IO3BOHOYHBIX MpH Tumnokcuu. L{utomorus. 57(8): 563-
570.

THE EFFECTS OF SEVERE HYPOBARIC HYPOXIA AND THE
INHIBITION OF HYPOXIA INDUCIBLE FACTOR HIF-1 IN CARDIAC
AND SKELETAL MUSCLE
D.A. Fedorov, M. U. Frolova, I. E. Krasovskaya, N. V. Kuleva
St Petersburg University, St Petersburg, Universitetskaya Emb.,7/9, Russia

It is well known that the disruption of oxygen supply to tissues has a
damaging effect primarily on nerve cells, then on the heart, and with prolonged
exposure to skeletal muscles. Such violations are also observed when climbing to
a height, that is hypobaric hypoxia. The model of hypobaric hypoxia is widely
used in the study of molecular mechanisms of neuronal damage in the central
nervous system ( Rybnikova et al., 2012). Hypoxia-induceble factor HIF-1 tran-
scription factor HIF-1 may contribute to the formation of posthypoxic patholo-
gies (Vetrovoy et al., 2015).

In the present work the model of severe hypobaric hypoxia (SHH) — a
three-hour session of male Wistar rats (weighting 200 — 250 grams) at 180 mm Hg
was used (5% O, ) (Rybnikova et al., 2006). To assess the role of HIF-1, topoiso-
merase | inhibitor topotecan was used, which in a mixture of DMSO — 0.09% NaCl
was injected intraperitoneally ( 5 mg / kg weight ) for 10 minutes before each hy-
poxic session (Vetrovoy, 2018). As an injection control, a mixture of DMSO —
0.09% NaCl was injected. After the SHH session, blood samples were taken from
rats to measure cardiac biomarkers ( troponin I, creatine kinase MB ) and skeletal
muscle biomarkers ( total creatine kinase, myoglobin), as well as the total protein
concentration in blood plasma. The blood plasma was freezed at -80° C until de-
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termining values of the biomarkers with the help of instruments: Beckmann Coul-
ter UniCel DxI immunochemiluminescent analyzer (myoglobin, troponin I) and
biochemical analyzer DxC UniCell of firm "Beckman Coulter" (total protein, en-
zymatic activity of total creatine kinase and creatine kinase MB). Biomarker values
were related to total protein concentration. Data on biomarkers were obtained in
two independent series of studies, usually from 6 animals in each series. The data
were processed by the methods of dispersion analysis.

According to the results, there was a significant increase in the level of
cardiac protein troponin I (about 11 times) after SHH, indicating damage to the
myocardium after SHH. At the same time, creatine kinase MB did not change
significantly. No significant changes in skeletal muscle biomarkers were found.

Experiment with the use an inhibitor HIF-1 topotecan has showed that the
amount of myoglobin in the blood plasma after the SHH from the samples with
the blocking of HIF-1 was about 2.5 times less than in the absence of the inhibi-
tor. Thus, it can be assumed that SHH has a damaging effect on the heart, and
blocking the transcription factor HIF-1 during SHH reduces damage to skeletal
muscles. These results should be considered as preliminary and should be con-
firmed by other methods.

It is known that in muscle tissues there are components that protect them
in conditions of hypoxia. These components primarily include myoglobin (
Kuleva, Krasovskaya, 2015 ), as well as a number of other proteins that exhibit
nitrite-reductase activity in hypoxia and convert inorganic nitrite into nitric ox-
ide. Nitric oxide, in turn, serves as a vasodilator of muscle blood vessels and
increases the supply of oxygen to tissues.

In the body, nitrite can be formed by the oxidation of nitric oxide, which
is synthesized under normoxia by various NO-synthases or by consuming foods
rich in nitrates, and the use of drugs, such as nitroglycerin. Nitrite reductase ac-
tivity is also characteristic of the hemoglobin and xanthine oxidase as well as
hemoglobin located in the erythrocytes. Nitrite reductase activity was also re-
vealed in cytoglobin and electron-transport chain of mitochondria.

In the light of the data obtained on the increase in the blood output of car-
diac troponin I in SHH, it would be interesting to know whether any of the ni-
trite-reductase activities in SHH are damaged.

As for the data on the protective effect of HIF-1 blocking during SHH, it
was recently shown (Vetrovoy, 2018). that such blocking leads in the hippocam-
pus to prevention of the development of oxidative stress and cell death processes.
Perhaps a similar situation occurs in muscle tissue.

We express our gratitude to Oleg Vasilyevich Vetrovoy for the organiza-
tion of experiments with animals on severe hypobaric hypoxia.
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COCTOSIHUE HEHPO-MOTOPHOTI'O ATIITAPATA
KAMBAJIOBUJTHOM MBIIITBI KPBICHI ITPU TPABUTAIIMOHHOM
PA3I'PY3KE: DOPEKTHI CTUMYJISIHUU CIIMHHOI'O MO3T' A
A.O. ®ensinun, H.B. T'annynnuna, M.A. 3aiiues,

T.B. baaruna, A.A. Epemeen
Kasanckuii (Tlpusonscckuil) ghedepanvhoiil ynueepcumem, Hucmumym ¢ghynoa-
MeHmanbHou meouyunsl u buonozuu, Kaszans, ya. K. Mapkca, 76, Poccus

IlonuMaHne NPUHIUIOB OpraHU3alMd U YIOpPaBIEHUS JBUraTeIbHOMN
(¢yHKIMEH B yCIOBHSIX, MEHSIOIINX €CTECTBEHHYIO MOTOPHKY, & TaKXe IOUCK
HOBBIX 3()(EKTUBHBIX METOJIOB PEaOMINTALMH SBISIFOTCS B&KHBIMU M aKTyajb-
HBIMH TIpOOJIeMaMH COBPEMEHHOW HEHpOOMONIOrMM M MEAMIMHBL. MHOTOuMC-
JICHHBIMH KCIIEPUMEHTAaMH OlieHUBaeTCs () (PEKTHBHOCTD PA3IMYHBIX CIIOCOOOB
CTUMYJISILUU CIIMHAIBbHBIX HEMPOHHBIX CETEH MPHU MOCTTpaBMaTHUECKON peopra-
Hu3amuu aBuratensHoi pynknun (Gorodnichev R.M. et al., 2010; Gerasimenko
Y.P. et al.,, 2017 u nmp.). [Tokazano, gyto marautHas (Ll{ep6akosa H.A. ¢ coasr.,
2012) u snexrpuueckas (Lavrov et. al., 2008) cTUMymsAIus CIIMHHOTO MO3Ta aK-
THUBUPYET HEHPOHBI OTBETCTBEHHBIC 33 JIOKOMOTOPHYIO AKTHBHOCTH W MOJKET
HCIIONIb30BaThCS U HeHpopeadHIHTaIn.

Lenbro paboTH! SBIANIACH OLIEHKA BIUSHUS PA3IUYHBIX CIIOCOOOB CTUMY-
JSIIMY CIIMHHOTO MO3ra IPH I'PaBHTALIMOHHON pas3rpys3ke Ha (yHKIHOHAJIbHOE
COCTOSIHHE HEHPO-MOTOPHOTO amnmnapaTa kam6anoBugHOH MbIIIEl (KM) KpBICHL.

HccnenoBanue MpoBOIUIN Ha Ta00OpaTOPHBIX Kpbicax Maccoit 200-220 T,
(n=24). Bce mnpouenypbl CTPOro COOTBETCTBOBAJIM OHMOITHYECKHM HOpMaM
XenbcuHKCKOW Jeknapaiuu 1975 T u Obun 0100pEHBI KOMUCCHUEH 110 OHOITHKE
K®YV. CryuaitHpiM 00pa3oM KHBOTHBIC OBUTH pa3ielicHbl Ha CIeIyOIIe JKCIIe-
pUMEHTaJIbHBIE TpyNbl: HHTaKTHEIE kuBoTHBIE (MHT, n=>5); >kxMBOTHBIE, HaXO-
JUBIIMECSI B YCIOBHSIX 7 CYTOYHOTO AHTHOPTOCTATHYECKOTO BBIBEIIMBAHUS
(AOB, n=7), ’KMBOTHBIC, HAXOIMUBIIHECS B YCIOBUAX 7 CYyTOYHOT'O aHTHOPTOCTA-
THYECKOTO BBIBEIINBAHMS, COYCTAHHOTO C C)KEIHEBHOW MArHUTHOM CTUMYIISIH-
et cnmaHOTO MO3ra (AOB+MC, n=6); )KUBOTHBIC, HAXOTUBIIHAECCS B YCIOBHIX 7
CYTOYHOTO aHTHOPTOCTATHYECKOTO BHIBEIIMBAHHS, COUETAHHOTO C €KEIHEBHOM
3IEKTPUUYECKON cTHMYyIsiiuer cnumHHOro Mo3ra (AOB+3C, n=6). MarautHyio
CTUMYJISIITAIO  OCYIIECTBISUIA € TOMOINbI0 ctumydssitopa  «Heiipo-MBIT-4»
(Heitpocodt, Poccust), uepes koitnn exxeqHeBHO B TeueHue 1,5 yaca 10 MuH cepu-
AMHU ¢ uHTepBaJIoM 10 MUH; aMIUIUTyJa CTUMYJIOB — ITOPOTOBAS JJIS TTOSIBIICHHS
COKpATUTENBHOIO0 OTBETA MBIIII] FOJEHU; YacToTa — 3 I'll. DnekTpudeckyro cTu-
MYJBIIUIO TPOBOAMIIM C OMOIIBIO cTUMYIIsiTopa «A-M systems» (CLLA) uepes
9JIEKTPOJIBI, TPEIBAPUTEIHFHO UMILIAHTHPOBAHHBIE K SMHIYpajbHONW 000J04YKe
Ha ypoBeHb cerMeHTa L1, mapamMeTpsl 3JIEKTPOCTHUMYJSLUU COOTBETCTBOBAIU
napaMeTpaM MarHuTHON ctumyisnuu. Yepes 7 cyTok BO3JAEHCTBUS SKCHEpU-
MEHTAJIBHBIX YCIOBHH PEerucTpupoBanu MoTopHbli (M-) n pednexropusiii (H-)
orBeTbl KM, BbI3BaHHBIE pa3Apa)xxeHUEM cefaiuuiHoro Hepsa. KoHTposnem ciy-
KWJIM JaHHbIE, TI0JydEHHBIC TPH UCCIIEAOBAHNN WHTAKTHBIX )KUBOTHBIX.
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IIpu onenke mapameTpoB M-0oTBeTa 0OHAPYKEHO YMEHBIIICHUE JIATCHTHO-
ctu B rpyrmme AOB+MC u ymenbinenne mmreinsHocTd B rpymmax AOB+MC u
AOB+3C. Perucrpupyemsie IpeoOpa3oBaHus MOTYT OBITh CBS3aHBI C TIOBBIIIICHH-
€M B030yIUMOCTH IPECHHANTUYCCKUX TEPMUHAICH aKCOHOB, MHHEPBHPYIOIIUX
KM u yBennueHreM CUHXPOHHOCTH pa3psiia ABUraTeibHbIX equHull. [Ipu oueHke
napameTpoB H-otBeta KM B rpynne AOB 3apeructpupoBaHO yBEIMUYCHHE aM-
TUTMTYABI PE(ICKTOPHOTO TOTCHIMATA W 3HAYCHUS OTHOIICHUS MAaKCHUMAaTbHBIX
ammuty, Hmax/Mmax, 4To yka3slBacT Ha MOBBIIMICHHE peICKTOPHOU BO30YIH-
MOCTH COOTBETCTBYIOIIMX MOTOHEHpoHoB. B rpynmax AOB+MC u AOB+3C 06-
Hapy>XK€HO YMEHbILIEHHE JIaTeHTHOCTH H-0TBeTa, 4TO, BEPOSATHO, CBA3aHO C YBEJIU-
YeHHEM CKOPOCTH MPOBENCHUS BO3OYKICHHUS 10 PeIeKTOPHOH ayTe.

Takum 00pa3oM, TpaBUTAIMOHHAS pa3rpy3ka NPUBOIUT K YBEITHYCHHIO
pedekTopHON BO30YAMMOCTH MOTOHEHPOHOB IBHraTenbHOrO IeHTpa KM.
CTUMyJSIHs CIUHHOTO MO3Ta TIPU MUKPOTPABUTAINH IIPEIOTBpAIacT peodpa-
30BaHusl ()YHKIIMOHATBHOTO COCTOSIHUS MOTOHEHPOHOB, OJTHAKO, B 3TUX YCJIOBH-
SIX TIOBBILIAETCS] CHHXPOHHOCTh pa3psiia IBUTATeNbHBIX eauHun KM, yBennyu-
BaeTCs CKOPOCTh MPOBEACHHUS BO30YKICHHUSI [0 PE(ICKTOPHOM IyTe.

HccnenoBanue BIMONHEHO Mpu ruHaHCOBON moaaepxkke PODU B pam-
Kax Hay4yHoro mpoexrta Ne 19-04-01067.
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CONDITION OF NEURO-MOTOR APPARATUS
OF THE RAT SOLEUS MUSCLE DURING GRAVITATIONAL
UNLOADING: EFFECTS OF SPINAL CORD STIMULATION
A.O. Fedianin, N.V. Galiullina, M.A. Zaytsev, T.V. Baltin, A.A. Eremeev
Kazan Federal University, Institute of Fundamental Medicine and Biology,
Kazan, K.Marksa str. 76, Russia

Understanding the principles of organization and control of motor func-
tion in conditions that change natural motor skills, as well as the search for new
effective methods of rehabilitation are important and topical issues of modern
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neurobiology and medicine. Numerous experiments evaluate the effectiveness of
various methods of stimulating spinal neural networks in the posttraumatic reor-
ganization of motor function (Gorodnichev R.M. et al., 2010; Gerasimenko Y.P.
et al., 2017, etc.). It has been shown that the magnetic (Scherbakova N.A. et al.,
2012) and electrical stimulation of the spinal cord activates neurons responsible
for locomotor activity (Lavrov L.A. et. al., 2008).

The aim of the work was to assess the influence of various methods of
spinal cord stimulation during gravitational unloading on the functional state of
the neuro-motor apparatus of the soleus muscle of the rat.

The study was performed on laboratory rats weighing 200-220 g, (n=24).
All procedures strictly complied with the bioethical norms of the 1975 Helsinki
Declaration and were approved by the KFU bioethics commission. Randomly,
animals were divided into the following experimental groups: intact animals (INT,
n=5); animals that were under conditions of 7 daily antiorthostatic hanging (HU,
n=7), animals that were under conditions of 7 daily antiorthostatic hanging, com-
bined with daily magnetic stimulation of the spinal cord (HU+MS, n=6); animals
that were under conditions of 7 daily antiorthostatic hanging, combined with daily
electrical stimulation of the spinal cord (HU+ES, n=6). Magnetic stimulation was
performed using the Neuro-MEP-4 stimulator (Neurosoft, Russia), through the coil
daily for 1.5 hours and 10 minutes in series with an interval of 10 minutes; the am-
plitude of the stimuli is the threshold for the appearance of the contractile response
of the muscles of the leg; frequency - 3 Hz. Electrical stimulation was performed
using an A-M systems (USA) stimulator through electrodes preliminarily implant-
ed to the epidural membrane at the level of the L1 segment, the electrostimulation
parameters corresponded to the parameters of magnetic stimulation. After 7 days
of exposure to the experimental conditions, motor (M-) and reflex (H-) soleus
muscle responses were recorded, caused by irritation of the sciatic nerve. Control
served as data obtained in the study of intact animals.

When estimating the parameters of the M-response, a decrease in latency
was found in the HU+MS group and a decrease in the duration in the HU+MS and
HU+ES groups. The registered transformations can be associated with an increase
in the excitability of the presynaptic terminals of the axons innervating the soleus
muscle and an increase in the synchronism of the discharge of motor units. When
estimating the parameters of the H-response of the soleus muscle in the HU group,
an increase in the amplitude of the reflex potential and the value of the ratio of
maximum amplitudes Hmax/Mmax is registered, which indicates an increase in the
reflex excitability of the corresponding motoneurons. In the groups HU+MS and
HU+ES, a decrease in the latency of the H-response was found, which is probably
due to an increase in the rate of excitation along the reflex arc.

Thus, gravitational unloading leads to an increase in the reflex excitability
of the motor neurons of the motor center of soleus muscle. Stimulation of the
spinal cord during microgravity prevents the transformation of the functional
state of motoneurons, however, in these conditions, the synchronism of the dis-
charge of motor units of the soleus muscle increases, the speed of excitation
along the reflex arc increases.
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KHMHA3A SLK/LOSK YYACTBYET B OGPA3OBAHUHU IIEPBUYHOM
PECHHMYKU, PEI'YJIUPY S ].lEHTPOCOMHblfI nyJj PCM-1
MOCPEJACTBOM PAI[I/IAJII)HOI7I CUCTEMBI MUKPOTPYBOYEK
AH. ®oxun’, O.H. )Karmaponal, A.B. BypaKOBl, E.C. Hagexauna'?

1 — HUU ®usuko-xumudeckoit ouonorun uM. A.H. benosepckoro, MI'Y,
119992, Mocxkea, Jlenunckue 2opvt, 0. 1, cmp 40
2 — Nucturyt benxa PAH, 117334, Mocksa, yn. Basunosa, 0.34

[lepBu4Hast pecHHMYKa — HEOOJbIIAS OpraHeiula, BOZHHMKAIOLIas y O0O0JIb-
HIMHCTBA KJIETOK MJICKOMUTAIOIIUX MPU apecTe KIETOYHOTo LUKJIA. DTOT KOMMO-
HEHT TYOYJIMHOBOTO IIUTOCKEJETa OTXOAUT OT LEHTPOCOMBI U COCTOUT U3 JEBSITH
Iy0neToB MuKpoTpy6ouek. IlepBrdHast pecHUUKA SBISETCS KITIOUEBBIM KOOPANHA-
TOPOM MHOTHX IyTell mepenaun curHaia, €€ Ae(eKThl ABIAIOTCA NPHIMHON IH-
JIMOTIATHH, BBI3BIBAIOIINX CEPbE3HBIE HAPYIICHNUS PA3BUTHS U PAA TKENBIX 3a00-
JIeBaHM, BKITIOYatoInii Oone3Hn nodek u auadet I tnna. MHorme actiekTsl oOpa-
30BaHUA M (QYHKIHOHUPOBAHHS IEPBUYHBIX PECHUUEK OCTAIOTCS HEM3yUECHHBIMHU.

Hama pabota npoBeneHa Ha KiIeTKax Vero, BBIICICHHBIX M3 MOYKH 3€T¢E-
HOW MapTHINIKY U OTJIUYAOIIMXCS PAIHATBLHON CUCTEMOU HHTeP(a3HBIX MUKPO-
TpyOo4yek. OCHOBHBIE PE3yJbTAaThl ObUIM BOCIIPOM3BEICHBI Ha SMOPHOHAIBHBIX
¢udpodnactax kpeicel (REF) u knerkax wncymuHoMbl MIN6 — MozaenbHOTO
00BEKTa AJI U3yYCHUS IEPBUYHBIX PECHUYCK.

Mpl Hapylany pajuajbHOCTh MHUKPOTPYOOUEK B KJIETKAaX MyTEM CIELH-
(ryHOTO MHIrMOMpPOBaHMs cepuH/TpeoHHOBOW npoTenHkuHasbl SLK/LOSK, cy6-
CTpaToOM KOTOpOH sBIsIeTCs cyObeauanna nuHaktuHa pl50Glued. Msr oOHapy)u-
JH, 9TO XaOTH3aLUs MHKPOTPYOOUYEK CONPOBOXKIAETCS PACIBUICHHEM IO IUTO-
wia3Me Oeska mepuneHTprossipHoro Matepuana PCM-1 u mcue3HOBeHHEM mep-
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BUYHBIX pecHH4ek. M3BectHO, uTo PCM-1 nmocTaBisieTcst K IEHTPOCOME TIPH TI0-
MOIIN JUHEWHA, TI0O3TOMY MBI H3y4HIN JTUHEHH-OIIOCPEI0BAHHBIN BE3UKYIISIPHBIH
TPaHCTIOPT N0 MHUKPOTPyOOUKaM B KieTkax mociie naruoupoBanus SLK/LOSK u
TIOKa3aJIH, YTO OH HE 3aTPOHYT MHIMOMPOBAaHUEM JIAHHOW KMHA3bl. 3aTeM METOIOM
KOMMMYHOIIPEILIMIIMTAllUKA MBI TToKazaiy, uyTo (ocdopunrpoanue SLK/LOSK He
BiusgeT Ha B3aumojercTsue PCM-1 u aunaktuHa. Ilocie 3Toro Mel npoBenu 3Kc-
MEPUMEHT IO CINAceHUIO (BOCCTAHOBIEHUIO IIEHTPOCOMHON JIOKATH3aLuU
p150Glued nocne naruduposanus SLK/LOSK) myTém skcmpeccuu TapreTHpyro-
miero koHcTpykra PACT-GFP-p150; kpome TOro, Mbl TapreTUpoBaId AUHAKTUH
Ha MeMOpanbl ['onpmku myTéMm skcmpeccnn KoHCTpykTa pl50-GRIP. B obomx
ciydasix Oemok PCM-1 He cnemoBai 3a HCKyCCTBEHHO ITOCaKEHHBIM Ha COOTBET-
CTBYIOIINE OPraHeUIbl JMHAKTHHOM. B 3aKITIOUNTENBHBIX CEPHAX SKCIIEPUMEHTOB
MBI SKCTIPECCHPOBANIN B KIIETKaX ¢ MHTHOMPOBaHHOH KuHA30i Oenok pl50Glued u
ero MytaHThl. Dkcnpeccust pparmenta pl50Glued CCl1, narnbupyromero paboty
JIMHEWHa, 0)KHUAAeMO TPHUBOJIMIIA K ITOJHOW XaO0TH3aLMH MUKPOTPYOOUYEK M OTCYT-
ctButo PCM-1 Ha nentpocome. TapreTupoBaHHbIN Ha IEHTPOCOMY MYTaHT JUHAK-
tuHa p150-3TE ynydian pagranbHOCTh MUKPOTPYOOUEK M MOBBIIIAN KOHIIEHTpa-
o PCM-1 na nenrpocome, B ormmuune ot myTanra pl50-3TA. Takum oOpazom,
OblIa BBISIBIICHA CTPOTas KOPPENLSIIUS MEXAY paJHabHOCThI0 MHUKPOTPYOOUYEK M
LEHTPOCOMHOI Jokanu3anueir PCM-1.

B mpenpinymux paboTtax Hamie# srabopaTopuu OBIIIO TIOKAa3aHO, YTO HH-
rubupoBanne SLK/LOSK, Hapymas pamuanbHOCTh MHKPOTPYOOUEK, HUKAK HE
BIIMSICT Ha COJIEP)KaHKME B LICHTPOCOME TAKMX BaXKHBIX IS €€ (hyHKIIMOHHUPOBA-
HUA O€JNKOB, Kak raMMa-TyOyluWH, NMEPULEHTPUH W HaiiHenH. M3BecTHO, 4TO
MHOTHE JIMHHU KJIETOK, KaK KyJbTHBHPYEMBIX iN Vitr0, Tak 1 B COCTaBe KUBBIX
TKaHeH, B MHTEp(ase colepKaT HEYMOPSJOYECHHYI0 CHCTEMY MHKPOTPYOOdeK,
YTO HHMKaK HE BIMSAET HAa HMX >KU3HECIIOCOOHOCTH M IPOTPECCHIO KIICTOYHOTO
mukia. IToaToMy ocraBajoch HesICHBIM, Kakue (DyHIaMeHTaIbHbIE OHOJIOrHYe-
CKHE MPOLIECCHl 3aTParuBaroTCsl NMPH XaOTHU3AlMU MUKPOTPYOOUEK, BBI3BAaHHOU
unruouposanueM SLK/LOSK. B pesynbrate mpojenaHHON pabOTHI CTajo IO-
HSTHO, YTO CUTHAJIBbHBIA KAacKaj C Y4aCTHEM 3TOW KMHA3bl SIBJISETCS HOBBIM, He-
M3BECTHBIM paHee IMyTEM Mepenadd CHrHala, 00eCHEeYHBAIOINM O00pa30BaHHE
MEPBUYHON PECHUYKH.

SLK/LOSK KINASE IS INVOLVED IN FORMATION OF PRIMARY
CILIUM BY REGULATING THE CENTROSOMAL POOL
OF PCM-1 THROUGH THE RADIAL MICROTUBULE SYSTEM
A.L Fokin', O.N. Zhapparova', A.V. Burakov', E.S. Nadezhdina*
! A.N.Belozersky Institute of Physico-Chemical Biology, MSU,
119992, Moscow, Leninskie gory, 1, b. 40
% Institute of Protein Research, RAS, 117334, Moscow, Vavilova str, 34

The primary cilium is a small organelle that occurs in most mammalian
cells during cell cycle arrest. This component of tubulin cytoskeleton originates
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from the centrosome and consists of nine doublets of microtubules. The primary
cilium is the key coordinator of many signal transduction pathways and its de-
fects caused ciliopathies, causing serious developmental disorders and a number
of serious diseases, including kidney diseases and type II diabetes. Many aspects
of the formation and functioning of primary cilia remain unexplored.

Our work was carried out on Vero cells isolated from a green monkey
kidney, which have perfect radial system of interphase microtubules. The main
results were also reproduced using rat embryonic fibroblasts (REF) and MIN6
insulinoma cells, a model object for the study of primary cilia.

We violated the radiality of microtubules in cells by specific inhibition
of serine/threonine protein kinase SLK/LOSK, which phosphorylates the dyn-
actin subunit p150Glued. We found that microtubule chaotization is accompa-
nied by spraying of PCM-1 protein throughout the cytoplasm and also the dis-
appearance of the primary cilia. It is known that PCM-1 is delivered to the cen-
trosome using dynein, so we studied dynein-mediated vesicular transport
through microtubules in cells after SLK/LOSK inhibition and showed that it is
not affected by inhibition of this kinase. Then, using the co-immunopreci-
pitation method, we demonstrated that phosphorylation by SLK/LOSK does
not affect the interaction of PCM-1 and dynactin. After that, we conducted a
rescue experiment (restoring the centrosomal localization of p150Glued after
SLK/LOSK inhibition) by expressing the PACT-GFP-p150 targeting construct.
In addition, we targeted dynactin to Golgi membranes by expressing the p150-
GRIP construct. In both cases, PCM-1 protein did not follow the artificially
targeted dynactin on the corresponding organelles. In the final series of exper-
iments we expressed the p150Glued and its mutants in cells with inhibited ki-
nase. Expression of the CC1 fragment, which inhibits dynein, lead to complete
randomization of microtubules as expected. A centrosome-targeted mutant of
the dynactin, p150-3TE, severely improved the microtubule radiality and in-
creased the concentration of PCM-1 on the centrosome, unlike the mutant
p150-3TA. Thus, a strong correlation between the radiality of microtubules
and the centrosomal localization of PCM was revealed.

In previous works in our laboratory it was shown that inhibition of
SLK/LOSK disrupts the radiality of microtubules but does not affect the con-
tent of such important centrosomal proteins as gamma-tubulin, pericentrin
and ninein. It is known that many cell lines, both cultured in vitro and from
the living tissues, contains an unordered microtubule system in the interphase
that does not affect their viability and cell cycle progression. Therefore, it
remained unclear, which fundamental biological processes could be affected
by microtubule randomization caused by SLK/LOSK inhibition. As a result
of this study, it became clear that this kinase participates in a new, previously
unknown signal transduction pathway that ensures the formation of the pri-
mary cilia.
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BEIIECTBA, OCBOBOXJIAIOIIMUECS W3 CKEJJETHOW MBIIIIIBI
B MPOLHECCE COKPALIEHUSI, CTUMYJIUPYIOT EE POCT
B.A. ®ypanép, U.B. KpaBuenko, T.B. bosipunuena, B.O. Ilonos
@UI] «Dynoamenmanvhvie ocHosbl Ouomexronrocuuy PAH,

119071 Mocksa, Jlenunckuii npocnexkm, 33, cmp.2, Poccus

MexaHu3MBbl pa3BUTHS (QYHKITMOHATLHOW THIEPTPOPHH CKEIETHON MBIIII-
IIbI TT0CJI€ MHTCHCHUBHBIX YIPAKHEHHH 10 CHX TIOp OCTAIOTCS HCCIICOBAHHBIMU HE
J0 KOHIa. B Hamel yabopaTopyy MHTEHCHBHO H3Y4aeTcsi POJib COEAMHEHHH,
OCBOOOJK/IAIOIIUXCSl U3 CAMOW CKEJISTHOM MBIIIIIEI B MPOLECCE HHTEHCUBHOTO CO-
KpallleHHs], B 3aIlyCKe MPOLIECCOB PEreHepaliy U pa3BUTUS (HYHKINOHAIBHOM TH-
neprpodun. Panee Hamu OBIJIO TOKAa3aHO, YTO MHOPUOPHIUSIPHBIE OCJIKU TUTHH U
MHOME3HH, OCBOOOKIAIONIUECS M3 TIOBPEKICHHBIX MBIIICYHBIX KIETOK MPH HH-
TEHCHBHOH Harpyske, CTUMYJIHPYIOT 3KCIPECCHIO HHCYIHHO-TION00HOTO (hakTopa
pocra 1 (M®P-1) u mexaHo-poctoBoro ¢akropa (MP®) [1]. OmHako ocramach
HEHU3y4EeHHOH CIIOCOOHOCTH ATHX OENIKOB M MX JIOMEHOB CTUMYJIHPOBATh Mpotde-
paro Muo6macToB. Takke He ObUIO M3YUCHO ydacTHe Makpo(aroB B pereHepa-
THBHBIX TPOIECCAX, 3allycKaeMbIXx MHopuOpmiamu. Hakoremn, ocraioch Hewc-
CJICIOBAaHHBIM BO3MO)KHOE y9aCTHE APYTUX BEIIECTB, OCBOOOKIAIOMINXCS M3 MbI-
IIEYHBIX KJIETOK B XOJIe HHTEHCUBHOH paboThl — Takux, kak uoH K, KoHueHTpa-
LUl KOTOPOTO B MEXKJIETOYHOM KMIKOCTH MOxeT nocturath 10-12 MM [2]. Pe-
IICHUIO BBIIIECIIEPEUNCIIEHHBIX 33/1a4 ITOCBSILEHa JJaHHas paboTa.

Bbu1o mokazaHo, 4TO TUTHH ¥ MHOME3HWH, a TAaKXe OIpeJleNIeHHbIE UX JI0-
MEHBI CTUMYJIMPYIOT Mposindepannio MHOOIacTOB, MPUYEM BO3pacTana U CKO-
pocts BocctaHoBieHns MTT, U HHTEHCHBHOCTh BKOueHHs °[H]-TUMHIMHA B
JHK. Oxa3zanocs, 9To mpoimdepanuio MHOOIACTOB CTUMYIUPYIOT Te camble Fn
type III u Ig-like moMeHBI B CTPyKType TUTHHA U MHOME3HMHA, KOTOPHIE aKTHBH-
pytot 3kcipeccuro MP® u UOP-1. bonee Toro, MutoreHssie 3¢ GexTs pazimd-
HBIX JOMCHOB IPOJEMOHCTPUPOBAIH Ty K€ KapTHHY YyBCTBHTECIBHOCTH K WHIH-
OuUTOpaM CHUTHAIBHBIX ITyTECH, YTO M CTUMYJIALMS 3KCIPECCHH POCTOBBIX (PaKTO-
poB. Fn type III momeHBI akTHBHpPOBAIN MpOdH(epanuio 4epe3 CHTHAIHHBIN
nyts Ca’" - kanbmomymus - Ca®'/kaibMoIyIHH-3aBHCHMAs IPOTeHHKHHA3a 11, a
Ig-like moMeHbI - yepe3 CHUrHANBHBIN NMyTh aJleHWwIaTIrKIa3a — TAM® — npote-
nHKMHA3a2 A. MurtoreHHble 3(QQEKThl JTOMEHOB 00OMX THIIOB YaCTH4HO, HO HE
MOJTHOCTBIO, TOAABJISIINCh TPH MHIMOMPOBAaHMU AyTOKPHMHHOTO CUTHAJIMHIA
W®P-1. Ha cnenyroniem stane paboThl ObUIO M3y4EeHO BIMSHUE MUOGUOPHILT Ha
nponudepanuio MHOOIACTOB B YCIOBUSIX COBMECTHOTO KYJIBTHBHPOBAHHS C
Makpodaramu. bei1o okazaHo, 4TO B yCIOBHAX COBMECTHOTO KyIbTHBHPOBAHUS
Makpo(daru 3HaYUTENEHO CTUMYJIHPOBAIH MpoiHdepannio MHOOIACTOB, B TIPHU-
CYTCTBHH MHO(DHOPMILT CTUMYITHPYIONIHH 3 (deKT ObLT BEIpakeH eIle CHIIbHEE,
a B npucyrctun JIIIC aktuBamms npomudepanun oTcyTcTBoBana. KymsTypais-
Hasl cpela, KOHAWIMOHMPOBaHHAS Makpodaramu, cama 1o cebe CTHUMYIHPYeT
nposindepaluio MUO0IaCTOB, HHKyOalus MakpoharoB ¢ MHOGUOPHILIAMH TI0-
BBIIIACT MUTOI'CHHOC ﬂeﬁCTBHe KOHﬂHHHOHHpOBaHHOﬁ Cpeabl, a I/IHKy6aHI/I§I uxc
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JITIC npuBouia K NCYE3HOBEHUIO MUTOTEHHBIX 3P eKkToB. [Ipn 3TOM KOHIUITH-
OHHpOBaHHasA HeoOpaboTaHHBIMH MakpodaraMu KylbTypalbHas cpela couep-
KUT MHOW CIIEKTP aKTHBHPYIOIIUX Mponudepannio OenKkoB, 4YeM cpeja Iocie
00paboTku MakpogaroB MHOPHUOPHILIAMH.

Ha mocneanem sTame Gblia McciefoBaHa cnoco6HOCTh HOHOB K, ocBo-
00KIAI0IMIKXCSl B ITPOLIECCE MHTEHCUBHOTO MBIIIEYHOTO COKPAIEHHS, CTUMYJIH-
poBaTh pazBuTHe (QYHKIHOHAIBHOW TUNEpTpOpHUN MBIIIEL. [IByX4acoBas HHKY-
Oarysi MBIIIGYHBIX KJIIETOK B cpexe, conepxkameii 12 MM KCl, akruBuposana
skcnpeccuro MPHK U®P-1 1 MP®. Makcumanbhas skcnpeccust MPHK o6onx
POCTOBBIX (aKTOPOB HAOIOJANach CIYCTS 2 4yaca Mocie 0OpaboTKH B cirydae
Mno0IacToB, U cmycTs 4 gaca — B ciaydae MHoTy0. B MmoOmacTax skcmpeccust
MPHK pocToBsIx ¢akTopoB akTHBHpOBaiack yxe npu nakydarmu ¢ 8§ MM KCl,
TOrza KaKk B MHOTy0ax — 9 MM. Cxo’kue pe3ysbTaThl OKa3aJId SKCIEPUMEHTHI
10 M3MEpeHH0 KoHneHTpanun 6enxkos MP® u UOP-1, mpu sToM IHK dKcIpec-
cun Habmonancs yepe3 24 dvaca nociie aByx4yacoBoil mHkyOauuu ¢ KCl. Ilpu
UCCIIEJIOBAaHUH BIIMSIHUSL OJIOKATOPOB KaJIBIIMEBBIX KAHAJIOB OBLIO BBISIBICHO, YTO
CdCl, nonsocteio nomasisn nHAynpoBanHyo KCl crumynsmuro skcrpeccun
06oux pocTossIx hakTopoB. Brokarop Ca’'-kananos L-tuna audenunus u 6io-
katop Cay3.2 xananoB NiCl, He oka3biBanM BIUSHUS HA 3 HEKTH XJIOpuaa Ka-
nus. B to xe Bpems 6mokatop HCN kananoB ZD7288 3HaYMTENIBHO YIHETAT 9TH
apdexTrl. Ilpu wccnemoBaHWN BIMSAHUAS XJOpWAA Kallvds Ha TMPOJTUQEPAIIHIO
MHO0IacToB OBIJIO OOHApPYKEHO, YTO ABYyX4YacoBas WHKYOAmWs CTHMYIHAPYET
BoccraHoBieHne MTT kymerypamu mMuo6mactoB. CTaTHCTHIECKH JOCTOBEPHBIN
a¢p¢exr Habmonancsa yxe npu 8 MM KCl. Brokarop HCN kanamos ZD7288
yTHETaJl 3Ty aKTHBAIMIO. TakKe CTaTUCTUYECKH JOCTOBEPHOE MOHIDKCHUE CTH-
Mynupyromero 3¢gdexra HabMOIAIOCH B IPUCYTCTBUH aHTHTEN K IDP-1.

JIureparypa
1. Kravchenko IV, Furalyov VA, Chatziefthimiou S, Wilmanns M, Popov VO. Mol
Cell Endocrinol. 2015. v. 399, p. 69-77.
2. Mohr M., Nordsborg N., Nielsen J.J., Pedersen L.D., Fischer C., Krustrup P.,
Bangsbo J. Pflugers Arch. 2004. v. 448, p. 452-456.

SUBSTANCES RELEASED FROM SKELETAL MUSCLE
DURING CONTRACTION STIMULATE ITS GROWTH
V.A. Furalyov, I.V. Kravchenko, T.V. Boyarintseva, V.O. Popov
Federal Research Centre «Fundamentals of Biotechnology» RAS, Moscow,
Leninsky prospect, 33, build. 2, Russia

The mechanisms of development of functional hypertrophy of skeletal
muscle after intense exercise are still not fully explored. The role of compounds
released from the skeletal muscle itself in the process of intensive contraction, in
the launch of regeneration processes and in the development of functional hyper-
trophy, is intensively studied in our laboratory. We have previously shown that
myofibrillar proteins titin and myomesin released from damaged muscle cells
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under intense load stimulate the expression of insulin-like growth factor 1 (IGF-
1) and mechano-growth factor (MGF) [1]. However, the ability of these proteins
and their domains to stimulate the proliferation of myoblasts has not been stud-
ied. The participation of macrophages in regenerative processes triggered by
myofibrils was also not studied. Finally, the possible involvement of other sub-
stances released from muscle cells during intensive work, such as the K" ion,
whose concentration in the extracellular fluid can reach 10-12 mM [2], remains
unexplored. This work is devoted to the solution of the above tasks.

It has been shown that titin and myomesin, as well as their certain do-
mains, stimulate the proliferation of myoblasts with both the rate of MTT reduc-
tion and the intensity of 3[H]-thymidine incorporation in DNA increased. It
turned out that the proliferation of myoblasts was stimulated by the very Fn type
IIT and Ig-like domains in the structure of titin and myomesin, which activate the
expression of MGF and IGF-1. Moreover, the mitogenic effects of different do-
mains showed the same sensitivity pattern to signaling inhibitors as stimulation
of the expression of growth factors. Fn type III domains stimulate proliferation
via Ca®" - calmodulin - Ca**/calmodulin-dependent protein kinase II signal path-
way, and Ig-like domains act via adenylyl cyclise — cAMP — protein kinase A
signal pathway. The mitogenic effects of both types of domains were partially,
but not completely, suppressed when IGF-1 autocrine signaling was inhibited.

At the next stage of work, the effect of myofibrils on the proliferation of
myoblasts under conditions of co-cultivation with macrophages was studied. It
was shown that under co-cultivation conditions, macrophages significantly stim-
ulated myoblast proliferation, in the presence of myofibrils the stimulation effect
was even stronger, and in the presence of LPS activation of proliferation was
absent. The macrophage-conditioned culture medium itself stimulates the prolif-
eration of myoblasts, the incubation of macrophages with myofibrils increases
the mitogenic effect of the conditioned medium, and their incubation with LPS
leads to the disappearance of mitogenic effects. At the same time, the culture
medium conditioned by untreated macrophages contains a different spectrum of
activating proliferation proteins than the medium after macrophages treated with
myofibrils.

At the last stage, the ability of K" ions, released in the process of intense
muscle contraction, to stimulate the development of functional muscle hypertro-
phy was investigated. Two-hour incubation of muscle cells in a medium contain-
ing 12 mM KCl activated the expression of IGF-1 and MGF mRNA. Maximum
mRNA expression of both growth factors was observed 2 hours after treatment
in the case of myoblasts, and 4 hours after treatment in the case of myotubes. In
myoblasts, mMRNA expression of growth factors was activated already by incuba-
tion at 8 mM KCIl, whereas in myotubes — at 9 mM. Similar results were ob-
tained in experiments with measurement of the concentration of MGF and IGF-1
proteins, with the peak of expression being observed 24 hours after the two-hour
incubation with KCl. When the effects of calcium channel blockers were study-
ing, it was found that CdCl, completely suppressed KCl-induced stimulation of
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the expression of both growth factors. The L-type Ca*" channel blocker nifedi-
pine and the Cay3.2 channel blocker NiCl, did not affect the effects of potassium
chloride. At the same time, the HCN channel blocker ZD7288 significantly de-
pressed these effects. When studying the effect of potassium chloride on the pro-
liferation of myoblasts, it was found that two-hour incubation stimulates the re-
duction of MTT in myoblast cultures. A statistically significant effect was ob-
served with 8 mM KCI already. The HCN channel blocker ZD7288 depressed
this activation. Also, a statistically significant decrease in the stimulating effect
was observed in the presence of antibodies to IGF-1.
References
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HPOTEOJIMTUYECKU MOJUPUIIMPOBAHHBIA AKTUH KAK
MOJEJIb VI NOJYYEHUSI HEOXKUJAHHBIX PE3YJIBTATOB
C.IO. Xaiitauua, O.A. [lamimna
Huemumym yumonoeuu PAH, 194064 2. Canxkm-Ilemep6ype, Tuxopeyxuii np., 4,
Poccusa

MHorue KJI€TO4HbIE IPOLECCHl TECHO CBA3aHbl C AMHAMUKONW aKTUHOBOI'O
IIUTOCKENIeTa, KOTOpasi, B CBOIO OYepe/b, KPUTHUECKH 3aBHCUT OT COOPKH U pas-
0OOpKM aKTMHOBBIX (PMIAMEHTOB. DTa AMHAMHKA ONPEAENseTCs] AMHAMUYECKUMHU
CBOMCTBAaMH CaMOTr0 aKTHHA M €ro B3aUMOJEICTBUEM C MHOTOYUCIIEHHBIMH aK-
THUH-CBSI3BIBAIOIIMMHU Oenkamu. UTOOBI MCCIeN0BaTh MEXaHU3MBI, JIeXKallue B
OCHOBE 3THX MPOLIECCOB, MBI HCIOJIb30BAJIH aKTHH, IPOTEOIUTHIECKA MOIU(H-
UPOBaHHBIA MmyTeM pacuieruienus mexny Gly42 n Val43 B JIHKa3uoit nerne
MOJICKYJIbl aKTHHA. PaHee MBI MOKa3alld, YTO aKTHUH, PAaCIICIUICHHBIM MEXTy
Gly42 u Val43 aktuH-crieruduueckord OaktepuansHOU mpoteaszonr ECP32 /
IPUMEINN3HH, He TTOIMMEPH3YETCs, €CIH OH conepkuT Ca’ * Kak MpPOUYHO CBS3aH-
HBIH KaTHOH. [Ipu 3ToM Mg-cBsizaHHas hopMa pacIIeINIEHHOTO aKTHHA COXpaHs-
eT CoCOOHOCTh K MOJUMEPHU3AINH, HO OTJINYAETCS OT HEPACIIETNICHHOTO aKTH-
Ha BBICOKOM KPUTHYECKOW KOHIIEHTpALUEeW MOJIMMEpPU3aIlUU, HU3KOU CKOPOCTHIO
TTOTUMEPHU3AIK U pe3kuM yBenmdeHneM ATda3HO# aKTHBHOCTH (IIIaMEHTOB
aktuHa [1-3]. Takue xe CcBOWCTBA XapaKTepHBI JUIl aKTHHA, PACILIETJICHHOTO
mexay Gly42 u Val43 ¢ momoIpio cXoIHOW OaKTepUaNbHOWM MPOTeaskl MpoTea-
mu3uH [4]. Llenap 1aHHOTO COOOLIEHUSI COCTOUT B TOM, YTOOBI IT0KA3aTh, KaK He-
CTa0MJIBHOCTb pacUIeNyIeHHbIX (uiaMeHToB Mg-comepiKaliero akTHHA MOXKET
ObITh nIpeoionieHa TporoMuo3uHoM (Tpm) wimu npucyTcTBueM GTOpUAa HATPHSL.

Jannble o npsimoM BiusiHMKM Tpm Ha quHaMuky F-actin yacto HeonHo-
3HAYHBI, BO3MO)KHO, M3-32 TOTO, YTO aKTWHOBBIC (DHIAMEHTHI CKEJIETHBIX MBIIII]
OTHOCHTEIIFHO CTaOWIIGHBI, U TOMOJHUTEIbHBINA cTabmmm3upyromwii 3¢gdext Tpm
MOJeT ObITh HeOonpImmM. Mcnonb3yst F-akTuH, MpOTEOIHTHISCKH MOTH(HAIIIPO-
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Banubl B JIHKa3no#i metne (ECP-actin), MbI mokazanu, 4To cBsi3pIBaHue Tpm
MOYTH TOJIHOCTBIO MOJABIAET MOBBIIEHHYI0 AT®a3Hy!0... aKTUBHOCTb, OTpaka-
FOITYIO YCHJICHHBIH OOMEH CyOBEeANHHUII, XapaKTepHBIH Uit 3Toro F-akTiHA. JTOT
3¢ deKT KoolepaTUBEH M 3aBUCHUT OT KoHIeHTparmu Tpm, ¢ 50% uHrnbuposanu-
eM, HaOJIfolaeMbIM IIpH cooTHOImeHun Tpm: aktuH =1: 50. Mcrnonb3yst aMKBOTHI
pactBopoB ECP-aktnHa 1 ECP aktun/Tpm B KauecTBe 3apojpliiell MoJuMepH3a-
UM JUIsl CpaBHEHMS WX BIMSHMS Ha mnonuMmepusauuio Pyrenyl-meueHoro G-
aKTHHa, MBI TAK)Ke MOKa3aJH, 4To Tpm CHIXKaeT He TONBKO KOHIEHTpaLHio (uia-
mentoB ECP-akTnHa, HO U ckopocTs oOMeHa cyOobenunun B F-aktune. Hamu nan-
HBIC YKa3bIBaIOT HA TO, YTO Tpm perynmpyeT TMHAMUKY aKTHHOBBIX (hHIaMEHTOB,
CTAOMIIM3HUPYSI KOHTAKThI MEXIy CyOBEIUHULIAMU HUTH QJUIOCTEPHYECKH, M ITOT
MEXaHU3M MOKET Y9acTBOBAaTh B MOIYJIALMN THHAMUKH IIUTOCKETETA.

Junamudeckas HeCTaOMILHOCTh aKTHHOBBIX (DMIIAMEHTOB TaKKE MOXKET
OBITh MHTHOMpPOBaHa aHajoramMu Pi - pTopumom Oeprumus u GTOPUIOM aTFOMU-
HHS, KOTOpble UMUTHPYIOT IpoMexyTtouHoe coctosiuue ADP-Pi u crabunuzu-
pYIOT akTHHOBBIE (uiaaMeHTbl. C Ipyroil CTOPOHBI, B OTCYTCTBHE AIIOMUHHSA
(depmenTH tepeHoca GocdaToB MOTYT aKTUBUPOBATHCS (PTOPUAOM MarHus, €Ciu
B pacTBOpe MPHUCYTCTBOBYIOT MOHBI Maraus u ¢propuxn Hatpus (NaF) [5]. Cmo-
coOcTByeT i Gpropua MarHus (YyHKIMOHAJIBHOW aKTUBHOCTH aKTHHA, HEU3BECT-
HO. MBI BIEPBBIE MOKA3aIH, YTO (TOPUA HATPUS 3HAYUTEIBHO YCKOPSIET IOJH-
Mepu3zanuio Mg-aktuHa, pacmeruiennoro B JIHKasnoit nerne mexnay Gly42 u
Val43 aktuH-cnenmduueckord TnpoTteasor mporeanmm3ud  (Pln-actin), mo-
BUANMOMY, W3-3a CTAOWIM3AIMK OJIMTOMEPOB, OOpasyIOIIMXCs Ha Ha4aJbHOM
aTane nojuMmepusanuu aktuHa. [lpu stom NaF He marunbupyer ATdazHyto ak-
THUBHOCTh (0OMeH cyOwbenuumi) B Pln-F-akThHe, HE yBenu4nmBaeT KOJIMYECTBO
PIn-F-axTuHa, 0caxIeHHOTO YJIBTPAlCHTPUGYTUPOBAHUEM, U HE CTAOWIH3UPYET
ME)XHHUTEBBIE MONepeuHble KOHTAKTh B Pln-F-aktune. C apyroii croponsl, NaF
YMEHBIIIAJ JOCTYIHOCTh HYKJIEOTHAHOHN menn Mg-G-akThHa K TPUICHHY, YTO
yKa3bIBacT Ha 3aKpBITHE IIEIH, W JOMOJHHUTENbHO 3ammiman B Mg-F-aktnne
JHKa3Hyto metio oT paciieIuieHusI IPOTeaIM3HHOM, YTO yKa3bIBaeT Ha CTaOu-
JIM3aLHUI0 MIPOJIOJIBHBIX KOHTaKTOB. MBI Tarkke IMOKa3ajd, YTO B KyJIbTUBHpYe-
MBIX Ki1eTkax NaF MoKeT HelmocpeICTBeHHO CTUMYIMPOBATh COOPKY aKTHHOBBIX
CTPYKTYp B YCIOBHSX, KOTJla 3aMHIMOMpPOBaHA COOTBETCTBYIOIAs aKTHBHOCTB
ROCK kuHa3HOTO MyTH. DTH JaHHBIE TO3BOJSIOT MPEAMNOIOKUTH, YTO cOOpKa
aKTMHOBBIX (DMJIAMEHTOB, CTUMYJHPOBAaHHAS ()TOPUCTHIM HATPHEM, CBs3aHA C
oOpazoBanueM (Topuaa MarHust U3 GToprucTOro HaTpPUs U MOHOB MarHus, Ipod-
HO CBSI3aHHBIX B HYKJICOTHUIHOM IIEITM MOJICKYJIBI aKTHHA.

ITomyyeHHBIE pe3ynbTaThl yKa3bIBAIOT Ha TO, 4TO mpHucymue F-akTuny
JMHAMUYECKHAE CBOWCTBA, YCHWICHHBEIC paciieruieHneM Mexny Gly42 m Vald3,
MOTYT OBITh MCIIOJI30BAHbI /IS BBISIBICHUS HOBBIX (DAKTOPOB, CTAOMIM3HUPYIO-
IIUX aKTHHOBBIE (DMIIAMEHTHBIE CTPYKTYPHI.
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PROTEOLYTICALLY MODIFIED ACTIN AS A MODEL
TO OBTAIN UNEXPECTED RESULTS
S.Yu. Khaitlina, O. A.Tsaplina
Institute of Cytology RAS, 194064 Sankt-Petersburg, Tykhoretsky av., 4, Russia

Many cellular processes are closely connected with dynamics of actin cy-
toskeleton, which, in turn, critically depends on assembly and disassembly of
actin filaments. This dynamics is determined by the dynamic properties of actin
itself and can be modulated by numerous actin binding proteins. To investigate
the mechanisms underlying these processes we have used actin proteolytically
modified by a cleavage between Gly42 and Val43 within the DNase-I-binding
loop of the actin molecule. Previously we have shown that actin cleaved between
Gly42 and Val43 with actin-specific bacterial protease ECP32/grimelysin does
not polymerize if it contains Ca®" as a highly bound cation, whereas its Mg-
bound form — while retaining the ability to polymerize into filaments — has the
high critical concentration for polymerization, slow polymerization rate and a
dramatic increase in the steady-state ATPase activity inherent to F-actin [1-3].
The same properties are characteristic for actin cleaved between Gly42 and
Val43 with a similar bacterial protease protealysin [4]. Here we show how insta-
bility of the cleaved Mg-actin filaments can be overcome by tropomyosin (Tpm)
or by the presence of sodium fluoride.

Data on the direct influence of Tpm on F-actin dynamics are often am-
biguous possibly due to the fact that skeletal muscle actin filaments are relatively
stable, and the additional stabilizing effect of Tpm may be small. Using F-actin
proteolytically modified within the DNase-binding loop (ECP-actin), we have
shown that Tpm binding almost completely suppresses the increased ATPase
activity corresponding to the enhanced subunit exchange intrinsic for this F-
actin. The effect is both concentration-dependent and cooperative, with half-
maximal inhibition observed at about a 1 : 50 Tpm : actin ratio. Using aliquots of
ECP-actin and ECP actin/Tpm solutions as the nuclei to compare their effect on
polymerization of pyrenyl-labelled G-actin we also show that Tpm decreases not
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only the number concentration of ECP-actin filaments, but also the rate of the
filament subunit exchange. Our data suggest that Tpm regulates the dynamics of
actin filaments by an allosteric strengthening of intermonomer contacts in the
actin filament, and that this mechanism may be involved in the modulation of
cytoskeletal dynamics.

Dynamic instability of actin filaments can also be inhibited by Pi analogs
beryllium fluoride and aluminium fluoride that mimic the intermediate ADP-Pi
state and stabilize actin filaments. On the other hand, the phosphoryl transfer
enzymes can be activated in the absence of aluminium by magnesium fluoride if
magnesium ions and sodium fluoride (NaF) were present in the solution [5].
Whether magnesium fluoride promotes functional activities of actin is not
known. Here we show, for the first time, that sodium fluoride strongly acceler-
ates polymerization of Mg-actin proteolytically cleaved between Gly42 and
Val43 within the DNase-I-binding loop with actin-specific protease protealysin
(PIn-actin), apparently due to stabilization of nuclei formed at the initial step of
actin polymerization. Thereby, NaF did not inhibit the ATPase activity (subunit
exchange) on Pln-F-actin, did not increase the amount of Pln-F-actin sedimented
by ultracentrifugation, and did not stabilize the interstrand contacts of Pln-F-
actin. On the other hand, NaF diminished accessibility of the nucleotide binding
cleft of DNase-I-binding loop from the protealysin cleavage in Mg-F-actin, thus
indicating that the longitudinal contacts are stabilized. We also demonstrate that
in cultured cells NaF can directly promote assembly of F-actin structures under
conditions when the corresponding activity of the ROCK kinase pathway is in-
hibited. These data suggest that the NaF-induced assembly of actin filaments is
promoted by magnesium fluoride that can be formed by the NaF-originating flu-
oride and the actin tightly bound magnesium.

Taken together, our results demonstrate that the inherent instability of F-
actin enhanced by the cleavage between Gly42 and Val43 within the DNase-I-
binding loop can be successfully used to reveal new factors stabilizing actin fil-
amentous structures.
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DOOCOPOPUJINPOBAHUE B AKTUH-CBA3BIBAIOIIIUX TJOMEHAX
PEI'YJIMPYET JOKAJIM3ALIMIO KUHA3BI JIETKUX HENENA
MHNO3NHA HA MUKPO®UITAMEHTAX U ITOBBIIIIAET
AKTUBHOCTDb ®EPMEHTA B KIIETKAX
A.IO. Xanuaes, B.II. llnpuncknii
Hayuonanvroiii meouyunckuil uccredosamensckuii yenmp xapouonoeuu M3 PO,
Mocxaa, yn. 3-a Yepenkosckasa, 15a, Poccus

Kunaza nerkux mnemedd wmuo3mna (MLCK) -— C32+—KaHLMO,HYJ'H/IH—
3aBUCHMBIH aKTHBAaTOp MHO3MHA II THMMa B HEMBIIICYHBIX M TJIAJAKOMBIIICYHBIX
KJIETKaX, 00eCIeunBalONIMi MHO3UH-3aBUCUMBIE MPOIECCHl B KieTKax. B rian-
KO MbIlIIE U OOJBIIMHCTBE HEMBIIICYHBIX KIETOK 3KCIIPECCHPYETCS HU3KOMO-
nekymspHas uzopopma (S-MLCK, 120 x/la), a B KJIeTKaxX dHIOTEIHS, SMTUTCIIH
u muMdonuTax npeodmagaer BeicokomonekyisipHas L-MLCK (220 k/la). Mwuo-
3UH-CBSI3bIBAIOIINN, PETYJISATOPHBIM U KaTaIUTHYECKUNA JOMEHBI pacoararoTcs
B C-xoHIIeBO# obmacta obenx m3ohopM. IlocTTpaHCHIIHOHHBIE MOANGDUKAIIII
(ITTM) B perynsiropeoM pomene (docoprmposanne Ser'>/Ser'™™) wm mo
YAAJeHHBIM OT KaTaJUTHYECKOro IeHTpa ocTaTkaMm ((ocdopuampoBanne
Tyr464/Tyr471 WJTU alleTUIIMPOBaHUE Lys608) MOT'YT OKa3bIBaTh PETYJIATOPHOE BIIH-
sIHUE Ha aKTMBHOCTH ()epMmeHTa. B T0 ke Bpems, mis nenoro psga [ITM dynk-
[MOHAJIbHBIE 3(QQEKThl OCTAIOTCS HEONHCAHHBIMU, HAllpUMep, HEW3BECTHBI
OCTaTK{, OTBETCTBEHHbIe 3a perynsanuio aktuBHoctd MLCK  wmwuroren-
akTuBUpyeMbiMU MAP-kuHa3zamu.

06¢ uzodopmbr MLCK cBsi3bIBatoTCst ¢ akTHHOM. B N-KOHIIEBO# 001aCTH
S-MLCK 1pu DFRxxL MoTHBa 00ecneyrBalOT IIPOYHOE CBSI3BIBAHUE C aKTHHOM,
omHako mmsi S-MLCK moxa3zaHa BO3MOXKHOCTh MUTPAIlH BIOJNb AKTHHOBOTO
(¢unaMeHTa, MO-BUAMMOMY, 33 CHUET IOOYEPEIHOW HUCCOIMAIMN/ACCOIHNAINN
ornensHBIX DFRxXL MoTuBOB. AKTHH-CBs3bIBatonte cBoiictea L-MLCK ycu-
JIUBalOTCA Onarojaps HaIW4MIO ABYX JOHONHHUTENbHBIX DFRxXXL-MOTHBOB M
JPYTOTO aKTHH-CBs3bIBatomero ydactka(os) B N-korme L-MLCK.

MeI1 npennonoxuiu, yto cBsizbiBanne MLCK ¢ akTHHOM MOXET peryaupo-
BaTbCs (HOCHOPUITUPOBAHUEM aKTUH-CBS3BIBAIOIMX JOMEHOB U MCCIIEA0BAIN BIIU-
ssHHe onHcaHHbIX in vivo [ITM. Mul obnapyxwmy, uto B DFRxxL-nomene ¢oc-
dopummposanne Ser” wwm Thr (mymepamms nama mo S-MLCK) MAP-
KnHazamMu ocnalisier  B3amMmopeiictBue pekomOuHanTHOro DFRxxL-gomena
MLCK uesoBeka ¢ (pIaMeHTapHBIM aKTHHOM in vitro. 3amena Ser” w/mmu Thr°
Ha Asp OKa3bIBajia aHAIOTUIHBIN d((PEKT, BATUANPYS UCTIOIb30BaHke (hochonmu-
THpyronmx 3aMeH. B ¢pubpodiractax NIH3T3 u rmagxoMbIedHsIx kietkax Al0
sK30reHHas nosHopasmepras S-MLCK ¢ samenamu Ser™>Asp u Thr®>Asp (2D-
SMLCK) 3naunmo ciabee ynepKuBanach B HEpaCTBOPHMOMN B JIETEPTeHTE IIUTOC-
KeJeTHOH ¢pakimn mpu cpaBHeHNH ¢ 2A-SMLCK, Hecymieli 3aMeHsI Ser™>Ala n
Thr'*>Ala. B xrerkax A10, skenpeccupyromux 2D-SMLCK, Ca®'-nonodop BbI-
3bIBaJI 3HaUMMoe (hocopuirpoBanre Muo3uHa Il B oTiimumne ot KIeTok, sKcnpec-
CHPYIOUIMX. DTH 3KCIEPUMEHTHI MPOBOAMWIN B NMPUCYTCTBUM HMHruouropa Rho-
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KrHa3bl Y27632 ¢ nensto BeraaeHnTh BKIaa S-MLCK 1 9acTHYHO KOMITEHCUPO-
BaTh 3¢ dexTsl cBepxakcnpeccuu S-MLCK, mockonsky Rho-knHasa sBisieTcs anb-
TEepHATUBHOH KWHA30¥M Muo3nHa II, a Taxke mHTHOMpyeT (ocdaTasy MHO3MHA.
[Nony4eHHbIC HAMU JTAHHBIE MTO3BOJISIOT MPEAOIOKHTH, YTO (POCHOPUITUPOBAHUE
S-MLCK 1o Ser® w/unu Thr'® 8 AKTUH-CBS3bIBAIOIIEM JIOMEHE MOKET IPUBOJAUTD
K Kaxyieiics aktupaiun S-MLCK, BO3MOKHO, BCIICICTBHE TOBBIIICHHSI MOOHITb-
HOCTH (hepMEHTA B IIUTOCKEICTHBIX CTPYKTypaX. BBIICHEHHE MOJICKYIISIPHBIX Me-
XaHU3MOB, OTBETCTBEHHBIX 3a KaxKymieecs moBblieHune aktuBHocTH S-MLCK Tpe-
OyeT JIOTOTHUTEITLHBIX HCCIICTOBAHUIA.

Hdns uccnenoBanus ponu [ITM B N-KOHLIEBOM aKTHH-CBSI3bIBAIOLIEM
yuactke L-MLCK wmpr Bei6pamn octatku Thr'®, Thr''™® u Ser'™ u ncnons3osamn
nuHelHbe Ki1eTkn CV-1 u 3HaoTeNnnanbHbIe KIETKH ITyTIOYHON BEHBI YeNIOBEKa
(HUVEQC), B xotopsix L-MLCK sBnsieTcsi ocHOBHOH n3odopmoii. Y nanenne N-
KOHIIEBOTO aKTHH-CBSA3BIBAIONIEr0 y4yacTka (AN245) mapymano cBs3siBanue L-
MLCK ¢ mukpoduiamMeHTaMu B TpaHC)UIUPOBAHHBIX/MHOUIIMPOBAHHBIX KIIET-
Kax U TOBBIIIANI0O OTHOCHTEIBHOE HakoIUIeHHEe 3k30reHHOoro EGFP-meuenoro
Oesnka B KOPTHKaNbHOU muromia3me u nojgocomax. L-MLCK ¢ dochoumurupy-
rormmmu 3amenamu o Thr'®, Thr'™ u Ser'™ (3D-LMLCK) nemoncTpuposana
ocnalJIeHHOe CBSI3bIBAHUE C aKTHHOM mpu cpaBHeHuu ¢ L-MLCK aukoro twima,
HO COXpaHsJIa CIIOCOOHOCTh TPAHCIIOIHMPOBATHCS B KOPTHKAIBHYIO ITUTOILIA3MY
n nopocomel. Knetkn HUVECs, skcnpeccupyromme 3D-LMLCK, nemoHCTpH-
poBaH 5-KpaTHOE YCHIJICHHE CKOPOCTH XEMOKHHE3a IIPH CPABHEHHH C KICTKaMH,
skcnpeccupyomumu L-MLCK  mukoro tuma mmm AN245-LMLCK. Cremyer
OTMETHTH, YTO B KJIETKax, dKcrpeccupyromux AN245-LMLCK, Bo3pacrana na-
MEJUTUIIOAHATbHAS aKTUBHOCTB, OJTHAKO KIICTKH, TIO-BHIUMOMY, HE UMEINH IIOJIS-
pHU3alMy W HE TepeMenIanich. B (QyHKIMOHATFHOM OTHOIIECHHH, OCIAabICHHOE
ces3biBanne L-MLCK ¢ wmwukpoduimamMeHTamMu BCIIEACTBHE yjaaneHus N-
KOHIICBOTO YYaCTKa HJIM BBEJACHUS (POCHOMMUTHPYIONIUX 3aMEH OCJIA0ISIIO0 CO-
kparurenbHbiit 0TBeT Kietok HUVEC Ha cTuMyssiiuio TpOMOMHOM | MOBBIIIAJIO
TPAHCIHJOTEIHAIBHOE COMPOTUBIICHUE KICTOYHOTO MOHOCIOS in vitro. Takum
00pa3oM, MBI TIOKa3ajiu, 4To 1) N-KOHIIEBOW aKTUH-CBS3BIBAIOIINN Y4aCTOK Wr-
paer Bexymyto pons B sokamm3amu L-MLCK Ha akTHHOBBIX (HIIaMEHTaxX B
SHIOTEIHAIBHBIX KIETKaX; 2) MOIU(pHUKaIns Thrmg, Thr''® u Ser'>* moxer pe-
CTaBIITh co00i Mexanm3M mepepacnpeneneHuss L-MLCK ¢ akTHHOBBIX ¢ua-
MEHTOB ISl PETYJISIIH COKPATHTEIbHON/MATPAITIOHHON aKTHBHOCTH KJIETOK.

IToanepsxano rpaatoM PODU Nel6-04-01742.

PHOSPHORYLATION WITHIN ACTIN-BINDING DOMAINS
MODULATES MYOSIN LIGHT CHAIN KINASE RESIDENCE
ON THIN FILAMENTS AND CONTRIBUTES TO APPARENT
ACTIVATION OF THE ENZYME IN CELLS
A.Y. Khapchaev, V.P. Shirinsky
National Medical Research Center for Cardiology,
Moscow, 3™ Cherepkovskaya, 15a, Russia
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Myosin light chain kinase (MLCK) is a ubiquitous Ca*'-calmodulin-
dependent actin-binding activator of non-muscle and smooth muscle myosin II to
initiate myosin-dependent contractile events. While smooth muscle and most of
non-muscle cells express the short MLCK isoform (S-MLCK, 120 kDa), in en-
dothelial, epithelial cells, and lymphocytes, the long isoform (L-MLCK, 220
kDa) is prevailing. The myosin-binding, regulatory, and catalytic domains are
located in the C-terminal moiety of both isoforms. MLCK isoforms are negative-
ly regulated by phosphorylation at Ser'”**/Ser'”® in the regulatory domain. Post-
translational modifications (PTMs) at individual sites far outside the catalytic
core, e.g. Tyr464/Tyr471 phosphorylation or Lys®® acetylation, have been also
implicated in modulation of MLCK activity, however there is a handful of in-
vivo PTMs with largely unknown function. There has been reported an apparent
modulation of MLCK activity by mitogen-activated protein (MAP) kinases,
however the effect has not been juxtaposed with the responsible residues.

Both MLCK isoforms are actin-binding enzymes. Though three DFRxxL
motifs at the N-terminus of S-MLCK provide for high affinity binding to actin,
S-MLCK has been shown to migrate along actin filaments probably via turn-
based interaction of individual DFRxxL motifs with actin monomers. Actin-
binding properties of L-MLCK are strengthened due to expanded DFRxxL-
domain (five DFRxxL motifs) and another remote actin-binding sequence(s) at
the N-terminus of the molecule. Disturbance of L-MLCK residence on actin was
shown to correlate with Tyr464/Tyr471 phosphorylation however the mechanism is
poorly understood.

We hypothesized that actin-binding of MLCK isoforms might be a sub-
ject for phosphorylation-dependent regulation at actin-binding sites. In this
study, we tested the effects of the in-vivo-verified PTMs, which locate in the
actin-binding domains. We found that within the DFRxxL-domain, phosphoryla-
tion at Ser” and/or Thr*® (numbering is for S-MLCK) by MAP-kinases exerts a
negative effect on human S-MLCK recombinant DFRxxL-domain interaction
with filamentous actin in vitro. Substitution of Ser” and/or Thr’® by Asp residues
demonstrated the same effects and validated the use of phosphorylation-imitating
Ser”>Asp and Thr'®>Asp (2D-SMLCK) or non-phosphorylatable Ser*>Ala and
Thr*>Ala (2A-SMLCK) mutants in cell-based experiments. In NIH3T3 fibro-
blasts and smooth muscle A10 cells, which expressed exogenous full-length S-
MLCK mutants, significantly less amount of 2D-SMLCK was retained in the
detergent-insoluble cytoskeletal cell fraction as compared to 2A-SMLCK. In
functional aspect, we analyzed Ca*'-ionophore-induced myosin II activation in
infected A10 cells in the presence of Rho-kinase inhibitor Y27632 in order to
partially compensate for S-MLCK over-expression and disarticulate the contri-
bution of S-MLCK to myosin II phosphorylation because Rho-kinase is another
major myosin II activator and myosin phosphatase inhibitor. Interestingly, under
these experimental conditions, in 2D-SMLCK-expressing A10 cells, the level of
myosin I phosphorylation was significantly higher as compared to 2A-SMLCK-
expressing cells. Collectively, based on our findings, it is tempting to assume
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that phosphorylation of S-MLCK at Ser”® and/or Thr*® within the actin-binding
domain results in apparent S-MLCK activation probably via an increase in S-
MLCK mobility within the cytoskeletal structures. Elucidation of the precise
molecular mechanism(s) responsible for an apparent increase in S-MLCK cata-
lytic activity should be investigated further.

In similar way, we investigated the effects of phosphorylation-imitating
mutations in the L-MLCK N-terminal actin-binding domain. We chose Thr'”,
Thr'"®, and Ser'™ as potential regulatory sites and used CV-1 cell line and human
umbilical vein endothelial cells (HUVEC) as models because both these cell
types express L-MLCK as a major isoform. Truncation of N-terminal actin-
binding site (DeltaN245) abrogated L-MLCK residence on stress fibers in trans-
fected/infected cells and increased the relative accumulation of the exogenous
EGFP-tagged protein in submembrane compartments and podosomes. L-MLCK
with phosphorylation-imitating mutations at Thr'”, Thr'**, and Ser'* (3D-
LMLCK) demonstrated reduced actin-decorating properties as compared to the
wild-type L-MLCK but retained its ability to concentrate on the cell leading edge
and in podosomes. Interestingly, HUVECs, which were infected to express 3D-
LMLCK demonstrated a 5-fold enhanced chemokinesis velocity as compared to
HUVECs expressing either wild-type L-MLCK or DeltaN245-LMLCK. Notably,
in DeltaN245-LMLCK-expressing cells, lamellipodial activity was increased but
the cells were apparently not polarized and did not shift their positions. In func-
tional aspect, decreased binding of L-MLCK to microfilaments due to either N-
terminus truncation or phosphorylation-imitating mutations attenuated HUVEC
contractility in response to thrombin and increased the transendothelial resistance
of endothelial monolayer in vitro. Collectively, we demonstrate that (i) the N-
terminal actin-binding site plays a major role in L-MLCK targeting to stress fi-
bers in cells; (ii) modification of Thr'””, Thr''®, and Ser'** may represent a mech-
anism to relocate L-MLCK from stress fibers to regulate the contrac-
tile/migratory cell responses.

Supported by RFBR grant 16-04-01742 to AYK.

OCOBEHHOCTH BHYTPUMBIIIEYHOI'O BETBJIEHUSA
APTEPUI B MBIIIIAX MEJIUAJBHOM I'PYIIILI BEJIPA
Y IIJIOJOB YEJIOBEKA
T.B. Xmapa, I1.B. 'puropseBa, C./I. HoBuuenko
bykoesunckuii cocyoapcmeenHblii MeOUYUHCKULL yHusepcumenm,
Yeprosysl, Teampanvras niowaos, 2, Ykpauna

Lenbto poOoThI OBLIO MCCIIE0BAaHNE BHYTPUMBIIIEYHOTO PacIpeiesieHUs
apTepHii B MBIIIIAX MeJUaIbHOW IPyIIBI Oepa y 1miIoaoB denoseka 4-10 mecs-
LeB. MerojaMu MaKpOMHUKPOCKOIMHUYECKOTO NPeNnapUpOBaHUs, MOBEPXHOCTHOM
OKpacKM OTIPENapUpOBAHHBIX COCYJOB M HEPBOB M MOP(HOMETPHH HM3Yy4EHBI
Mpenaparsl HUXKHUX KOHeuHocTel 42 mnonoB yenoseka 81,0-375,0 MM TeMeHHO-
KOITIMKOBOM JUTHHEI [1].
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YCTaHOBIIEHO, YTO Y IUIOJOB YEJIOBEKA CO CTOPOHBI 3aHEH IMMOBEPXHOCTH
Y JIATEPaJBHOTO Kpas TOHKOW MBIIIIBI B HEE BCTYHAIOT OT 3 10 6 apTepralbHbIX
CTBOJIUKOB. Y OONBIIMHCTBA IIJIO0B COCYIbI U HEPBBI CIECIYIOT COBMECTHO, H3-
penka, Kak MpaBUIIO Ha YpOBHE HIDKHEW 1/3 TOHKOM MBINIIEL, pa3/enasHo. B kpo-
BOCHa0)XKeHHU BepXHeil 1/3 TOHKON MBIIIIEI MPUHUMAIOT Y4acTHE ITOBEPXHOCT-
Has 1 BOCXO/SIIIAsi BETBU MeIUaIbHOW apTepuH, orudaroniei OeJpeHHy0 KOCTb,
nepenHsis BETBb 3alMpaTeNIbHOM apTepuH, a B KPOBOCHAOXKeHWU cpenHed 1/3
MBIIIEYHOTO Opromika — 2-3 MblleyHble BeTBH OenpeHHoi aprepun. Hwxuss 1/3
TOHKOW MBIIIIBI KPOBOCHA0XKAETCS JBYMSI-TPEMsI MBILIEYHBIMU BETBSIMH Oe[-
PEHHOH apTepuM, HUCXOAALIEH KoJeHHOW aprepuel. Ilo OTHOIIEHHIO K Hpo-
JOJNBHONH OCH TOHKOW MBIIIIBEI apTepHAIbHBIE CTBOJIUKH PAacCIIONararoTcs More-
pe4yHo, apTepuu 2-r0 W 3-rO MOPSAKOB CIEAYIOT MapajyieNbHO OJHHU JIPYTHM.
ApTepun B TOHKOW MBIIIIIE Pa3BETBIIOTCS 110 CMENIaHHOMY THITy. IIpu 3TOM BO
BHYTPUMBIIICYHOM DACIPENCIICHUN apTepHii B TOHKOM MBINIIE COXpaHSETCS
CEeTMEHTApHOCTh. MeXy BHYTPUMBIIICYHBIMUA apTEepUAMU B TOHKOM MBIIIIE
aHAaCTOMO3bl HAMH HE BBISBIEHBL. B KpoBocHaOxeHWM BepxHed 1/3 ammHHON
MPUBOJAIICH MBIIIIEI IPUHIMAIOT Y4acTHE MBIIICYHBIC BETBU OT 3allUpaTellb-
HOW apTepuu M MEAHANbHOM apTepuH, orudaromeil OeAPeHHYI0 KOCTh, CpeIHeH
W HIWKHEW TPeTH MBIMIBl — 1-3 MBIIIeYHble BETBH OT OCIPEHHOW apTepuu |
(mnn) rmyGoxkoit aptepun Oenpa. [Ipu 5TOM BHYTpPHMBIIIEUHbIE apTepuaibHbIE
AHACTOMO3bI HAOJIOANNCH B €AMHUYHBIX CIy4asX. ApTepu HOAXOAST K JJIUH-
HOW NPHUBOJSIICH MBIMIIE C 33JHEH (IPEHMMYIIECTBEHHO BETBH 3allipaTelIbHOM
apTepun) W mepenHel (ykazaHHbIE BETBH CHCTEMbl OCAPCHHOW apTepuH) IO-
BEPXHOCTEH, MECTa UX BXOX/ICHHS PACIIOIOXEHB! Ha BCEM IPOTSHKCHUH MBILIIIBL.
[Tpu sTOM TpeobiasaeT cerMeHTapHblil THIT KpoBOocHaOkeHus. B nHHOM npu-
BOJISIIIEH MpIIe Oojiee MHTEHCHBHO CHA0XaeTcsl apTepHsMHU CpeIHssl TPEeTb
MbImsl. HampaBrneHue KpymHOTO OHaMeTpa BHYTPHUMBIIICYHBIX apTepuil He
COBIIAZAET C HANPABJICHHEM MBIIICYHBIX ITyYKOB UIMHHOW NMPHUBOISIIEH MBIII-
1el. KpoBocHaOXeHHE KOPOTKOH MPUBOMASINEH MBIIIIIBI OCYIIECTBISICTCS BETBSI-
MH 3aIlUpaTelbHON M MPOOOJAIOIINX apTepHid, KOTOPbIE CIEAYIOT K MBIIILE CO
CTOPOHBI €€ NePeaHell MOBEPXHOCTH, a TAK)KE MBIIICYHBIMH BETBSIMU OCAPEHHON
aprepuu. [Ipu 3TOM OoOJlee MHTEHCHBHO CHA0XKAEeTCsl apTEPHSAMH CPEIHSS TPETh
KOPOTKOH NpUBOAAIEH MbIIIbL. B pacnpeneneHuy apTepuanbHbBIX BETBEH B
TOJIIE KOPOTKOM MPHUBOJAILEH MBIIIIBI TPeo0ialaeT pacChITHOM THII, apTepH-
alpHasg ceThb OenHa aHacTomo3amu. KpoBocHaGkeHue BepxHed 1/3 Oosbinoi
MIPUBOASIIEH MBIIIIBI OCYIIECTBISETCS 3aHEN BETBBIO 3aMIUPATENBHON apTepuH,
riIyOOKOW BETBBIO MEIHalbHOW apTepuu, orudarouieil OeApeHHYI0 KOCTh, MbI-
IICYHBIMU BETBSIMHU OCIPEHHOW apTepWH; CPENHSS M HHKHAA TPETH MBIl —
MPOoOOAAOMMH apTepusiMu. B 6 cirydasx B KpOBOCHaOXEHHH HIDKHEH TpeTH
60JIBIION MPUBOZSIICH MBI IPUHAMANA YIacTHE MEIUaIbHAS BEPXHSSI KO-
JeHHas apTepus. BulieykasaHHbIe apTepUH BCTYMAIOT B TOJIY OOJIBIION HpH-
BOJISIIIEH MBINIIBI ¢ MEpefHEeH M 3aJHEH MOBEPXHOCTH, PH 3TOM B BETBJICHUH
apTepuil BbIpakeHa CEerMeHTapHOCTh. CaMble KPYITHBIE IO CBOEMY IHAMETPY
apTepHH BCTYMAIOT B MBIIIILY C ITEPEIHEH MOBEPXHOCTH, KaK MPaBHUiIo, B 00J1acTH
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cpemHel TpeTH MbleyHOro Opromka. OCHOBHBIE apTepHaIbHBIE CTBOJBI IO OT-
HOLICHHIO K HANpaBJICHUIO MBIIIEYHBIX ITyYKOB DPACHOJIO0XEHBI IONEPEYHO, a
KOHEYHBIE PA3BETBICHHUSA apTEPHUl PACIONOKEHBI B TOJIE OOJBLION MPUBOAS-
el MBIIIIB! MapajuIeIbHO 110 HANPaBJICHUIO €€ MBIIIEYHBIX My4ykoB. [Ipu aTom
BOPOTa BXOXAEHUS HEPBOB U apTepHil pacroiararoTcsa Ha JByX NPOTHUBOIOJIOXK-
HBIX TIOBEPXHOCTSX OOJIBIION IPUBOJIAIIEH MBIIIIBI. MecTa BXOXK/ICHHS apTepuid
B MaJo¥ MpPUBOAAIIEH MBIIIIE PACIOIaraloTcsl CO CTOPOHBI MepenHel moBepx-
HOCTH MBIIIEYHOTO Oproika. MecTa BXOXKAEHHS HEPBOB B OOJBIIYIO U MaJylo
MPUBOAIINE MBIIIIIBI HE COBIANAIOT C MECTaMH BXOXKJeHUS apTepuil. crounu-
KaMH KPOBOCHA0KEHMs MaJloOd NPUBOASAIICH MBI SBISIIOTCS 3alMpaTeIbHas
U mpobopatomue aprepun. bonee KpymHbIe apTepualbHBIE BETBH BXOIAT B
CPEZIHIOI0 TPETh MBIIIEYHOTO OPIOIIKA U Pa3BETBIISIOTCS B IOBEPXHOCTHOM CIIOE
MBIIIIBL, @ B IITyOOKOM CJI0€ BETBSTCS apTE€pHalIbHBIE CTBOJIMKH 2-TO B 3-TO I10-
psankoB. HampaBneHne BHYTPUMBIIIEUHBIX apTePUi COBMAAAET C HAIpPaBICHUEM
MBIIIEYHBIX ITyYKOB Majoil MpUBOJIAIIECH MBIIIBL. ApTEepUH BETBSTCA B TOJIIIE
MaJIoi MPUBOASIIEH MBILIIBI, KaK IIPABUIIO, IO PACCHITHOMY THIly. VcTOUHUKa-
MU KpOBOCHA0XeHHs IpebeHYaTOl MBIIIIBI SBISIOTCS 3amMpaTeibHas U Iiryoo-
Kas HapyXHas IOJIOBas apTepuH, a TaKXKe BETBU INIyOOKoOH apTepuu Oespa, Kak
MPaBUJIO, TIOBEPXHOCTHAS M BOCXOJIAIIAsl BETBH MEAMAIBHOM apTepuH, orudaro-
el OeAPeHHYI0 KOCTh. XapaKTEePHBIM SBJSIETCA TO, YTO HAIIPABICHHUE apTepHil
B TOJIIIE TPeOCHYATON MBIIIIBI COBIA/IACT C HANPABICHHUEM HEPBOB.

Jluteparypa
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study of the skeleton of the thorax in human fetuses aged 7-10 months. Arch Balk
Med Union. 2018, 53(4):497-505. doi: 10.31688/ABMU.2018.53.4.02

PECULIARITIES OF INTRAMUSCULAR BRANCHING OF ARTERIES
IN THE THIGH MUSCLES OF MEDIAL GROUP IN HUMAN FETUSES
T.V. Khmara, P.V. Grygorieva, S.D. Novychenko
Bukovinian State Medical University,

Chernovtsy, Teatral’naya Sqg. 2, Ukraine

The aim of the research was to study the intramuscular distribution of ar-
teries in the muscles of the medial thigh in 4-10-month-old human fetuses. Spec-
imens of the lower extremities of 42 human fetuses of §1.0-375.0 mm of crown-
rump length were studied using macromicroscopic preparation, superficial stain-
ing of dissected vessels and nerves and morphometry [1].

It has been established that in human fetuses from 3 to 6 arterial trunks
enter into the gracilis muscle from its posterior surface and lateral edge. In most
fetuses, vessels and nerves go together, occasionally, they go separately usually
at the level of the lower third of the gracilis muscle. The superficial and ascend-
ing branches of the medial artery, circumflexing the femur bone, the anterior
branch of the obturator artery supply blood to the upper third of the gracilis mus-
cle; and 2-3 muscular branches of the femoral artery participate in the blood sup-
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ply to the middle third of the myogaster. The lower third of the gracilis muscle is
supplied with blood by two or three muscular branches of the femoral artery, the
descending genicular artery. In relation to the longitudinal axis of the gracilis
muscle, the arterial trunks are located transversely; the arteries of the 2" and 3"
orders are parallel to each other. The arteries in the gracilis muscle are branched
by a mixed type. At the same time, segmentation is preserved in case of the in-
tramuscular distribution of arteries in the gracilis muscle. There were no anasto-
moses detected between the intramuscular arteries in the gracilis muscle. The
upper third of the adductor longus muscle is supplied with blood by the muscular
branches from the obturator artery and the medial artery, circumflexing the fe-
mur; 1-3 muscular branches from the femoral artery and (or) the deep femoral
artery take part in the blood supply to the middle and lower third of the muscle.
In this case, intramuscular arterial anastomoses were observed in rare cases. The
arteries approach the adductor longus muscle from the posterior (mainly branch-
es of the obturator artery) and the anterior (indicated branches of the femoral
artery system) surfaces, their entry points are located along the entire length of
the muscle. The segmental type of blood supply prevails in this case. The middle
third of the muscle is more intensively supplied with arteries in the adductor
longus muscle. The direction of the large diameter of the intramuscular arteries
does not coincide with the direction of the muscle bundles of the adductor longus
muscle. The blood supply of the adductor brevis muscle is provided by the
branches of the obturator and perforating arteries, which go to the muscle from
its anterior surface, as well as by the muscular branches of the femoral artery. At
the same time, the middle third of the adductor brevis muscle is supplied with
arteries more intensively. The loose type prevails in the distribution of the arteri-
al branches in the strata of the adductor brevis, the arterial network is poor in
anastomoses. The blood is supplied to the upper third of the adductor magnus
muscle by the posterior branch of the obturator artery, the deep branch of the
medial artery, circumflexing the femur, the muscular branches of the femoral
artery; to the middle and lower thirds of the muscle — by the perforating arteries.
The medial superior genicular artery participated in the blood supply to the lower
third of the adductor magnus muscle in 6 cases. The above arteries enter the stra-
ta of the adductor magnus muscle from the anterior and posterior surface, while
branching of the arteries is characterized by segmentation. The largest in diame-
ter arteries enter the muscle from the anterior surface, usually in the region of the
middle third of the myogaster. The main arterial trunks are located transversely
in relation to the direction of the muscle bundles, and the terminal branching of
the arteries are located in the strata of the adductor magnus muscle parallel to the
direction of its muscle bundles. At the same time, the hilum of entry of nerves
and arteries is located on two opposite surfaces of the adductor magnus muscle.
The entry points of the arteries in the adductor minimus muscle are located from
the side of the anterior surface of the myogaster. The places where the nerves
enter the adductors magnus and minimus do not coincide with the places where
the arteries enter. Sources of blood supply to the adductor minimus muscle are
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the obturator and perforating arteries. Larger arterial branches enter the middle
third of the myogaster and branch out in the superficial layer of the muscle, and
arterial trunks of the 2™ and 3™ orders branch out in the deep layer. The direction
of the intramuscular arteries coincides with the direction of the muscle bundles
of the adductor minimus muscle. The arteries branch out in the strata of the ad-
ductor minimus muscle, as a rule, according to the loose type. Sources of blood
supply to the pectineus muscle are the obturator and deep external pudendal ar-
tery, as well as the branches of the deep femoral artery, as a rule, the superficial
and ascending branches of the medial artery, circumflexing the femur bone. The
coincidence of the direction of the arteries and nerves in the strata of the
pectineus muscle is a characteristic feature.
References
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OCOBEHHOCTHU BHYTPUMBIIIEYHOI'O BETBJIEHUS HEPBOB
B MbIHIIAX 3AI[HEI71 I'PYIIIBI T'OJEHHA Y IIJIOJOB YEJIOBEKA
T.B. Xmapa, T.B. Komap, U.1. 3amopckuii
bykoeunckuii 2ocyoapcmeeHHbLL MEOUYUHCKUL YHUBEPCUMEN,
Yeprosywl, Teampanvras niowaos, 2, Ykpauna

TTopaskeHus1 CeTATUIITHOTO HEPBA M €T0 BETBEH OOBITHO COMIPOBOXKIAIOTCS
BBIpQXKEHHBIMH Tape3aMy WJIM MapajiiyaMy MBI 3aJHEH MOBEPXHOCTH HUXK-
Hell koHedHocTH. [To3ToOMy 3HaHWE OOIIMX 3aKOHOMEPHOCTEH BHYTPUMBIIICTHO-
TO pacrpeziesieHus HEpBOB B Ka)IOH MBIIIIE Oe/ipa U TOJCHH B Pa3IMUHBIC Tie-
PHOJBI OHTOTCHE3a YeJIOBEKa HEOOXOMUMO ISl MPOBEICHHS IMATHOCTHYCCKHIX
MaHUTYJSUUN U BBITIOJHEHUS OTIEPATUBHBIX BMEILIATENbCTB.

Ienbto ucciienoBanusi OBLJIO YCTAHOBJICHHUE OCOOCHHOCTEH BHYTPUMBI-
IIEYHOTO paclipe/eieHHsl HEPBOB B MBIIIINAX 33 HEH TPYMIIbI TOJEHU Y TUIOA0B
4-8 Mecs1ieB.

W3ydenne Ttomorpado-aHATOMHIECKHX OCOOCHHOCTEH HMHHEPBALUU
MBI 3a/IHEN TPYNIbI TOJEHU NPOBEACHO Ha Ipenaparax HUKHUX KOHEUHOCTEH
38 mnonos uenoseka 8§1,0-310,0 MM TEeMESHHO-KOMYHKOBOM JIJTMHBI C ITOMOIIBIO
METOJIOB TOHKOTO IIpETapupOBaHuUs, HHBEKIIHN COCYI0B U Mopdomerpru [1].

B pesynbrare npoBeAEHHOIO UCCIEJOBAHMS YCTAHOBJIEHO, YTO Y IUIO/IOB
yenoBeka 0ONBIIeOepIIOBEI HEPB B 00IACTH IMTOAKOJICHHOW SIMKH PacIIONIaraeTcst
TIOBEPXHOCTHO U JIaT€PaIbHO OT MOJKOJEHHON BEHBI, KOTOpasi, B CBOIO OUEPE/b,
MPOXOAUT JaTepaltbHO M K3aJd OT IOJKOJIEHHON aprepuu. boinbine6eprioBbIif
HEPB MOJ OCTPHIM YIJIOM K TOJKOJEHHON MBIIIIE OTAAEeT YeThipe KOPOTKHE,
IIUHOM OT 1,5 MM 110 4,2 MM, MBIIIIEYHbIE BETBU. MecTa BXOXKICHHS MMOCIEIHUX
pacronaraloTcs Ha TPaHMIIE MEepPexojaa CPeAHe TPETH B HIDKHIOI TPETh MBI-
IEYHOTO OPIOIIKA, IPH 3TOM TPU BETBU HAIIPABIISIIOTCS K CPEAHEN TpeTH OpIoII-
Ka TIOJKOJICHHO# MBIIIIEL. Ha ypoBHE HIDKHETO yriza MOIKOJCHHOHW SMKH 0OJIb-
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Ie0epIiOBEI HEPB JACTHUTCS Ha JBE BETBU: MEPEAHIO W 3aaHIo. [lepemnss
BETBB 00JIBIIEOEPIIOBOTO HEPBA paCHpenessieTcs B TONIIE JaTepaTbHON 1 Menu-
aNbHOW dYacTe KaMOaJOBMAHON MBIIIIBI, a B TONIIY 3aJHEH IMOBEPXHOCTH
MBIIIIIBI TIOTPYKAETCS 3a/IHS BETBb 00JIbIICOEPIIOBOrO HEPBA.

BopoTa BHeIpeHHs MBIMICYHBIX BETBEH OT OONBIICOCPIIOBOrO HEpBa B
MeIUabHOM TOJIOBKE MKPOHOMKHON MBIIIIBI pacmnonaratorcs Ha 2,5-4,0 MM BbI-
e BOPOT BXOXKJIEHUSI HEPBOB JIaTepalibHOM rojioBku. HampaBnenue BHYTPUMBI-
IIEYHBIX HEPBHBIX CTBOJUKOB HE COBMAJAET C HAMPABICHUEM MBIIICYHBIX My4-
KOB. le/l 3TOM HeO6XO[lI/IMO OTMETHUTDH, YTO IO PACCBIMHOMY THUILY ACIATCA OC-
HOBHBIC HEPBHBIC CTBOJIMKH, a [0 MAarucTPaJbHOMY — BETBH, OTOIIEIIIAE OT
STHX CTBOJHUKOB. ClleyeT MOAYepKHYTh, UYTO B JIATEPAIHHOH TOJOBKE HKPOHOXK-
HOW MBIIIIBI BHYTPUMBIIICYHBIX HEPBHBIX CBS3€H 3HAUYMTENHHO OONBIIE, YeM B
MeIUANBHOM TOJIOBKE MBITIIIIEL.

W3 mogkoneHHO# ssMKH O0JIBIIEOSPIIOBEIN HEPB HAIIPABIISICTCS B TOJICHO-
MOJKOJICHHBIM KaHaJl, OTBEPCTHE KOTOPOTO CHEPed OTPaHMYCHO IOIKOJICHHOM
MBIIIIEH, a c3aaU — ¢J1a00 BBIPAKCHHON CYXOXHIBHON Ayroil kamOaoBUAHON
MBIIIIBL. B rojeHononkoaeHHOM KaHalle 0oJbIieOepiioBEI HEPB COMPOBOXKAA-
10T 3aaHUe OoubineOepIioBble apTepus W BeHBI. Melmieunsle BeTBH (1-4) ot
00J1b1ICOEPIIOBOIO HEPBA BCTYIAIOT B TOJIIY 3aHEH OOJBIICOSPIIOBOM MBIIIIIIBI
CO CTOPOHBI €€ JIOPCATBHOM MOBEPXHOCTU B 00JaCTH BEPXHEH TPETU MBIIIEYHOTO
Opromka. HampaBieHre BHYTPUMBIIICYHBIX HEPBHBIX CTBOJIMKOB HE COBIAMIACT C
HATIpaBJICHUEM BHYTPUMBINICYHBIX apTepuil. OT OonpmoieOepoBOro HepBa K
JUIMHHOMY CTHOATeN0 OOJBIIOTrO Malbla MOJ OCTPBHIM YIJIOM IOIXOMST, Kak
MPaBHUJIO, JABE BETBH CO CTOPOHBI 3aJHEH MOBEPXHOCTH MBIIICYHOTO OpIOIIKA.
BopoTa BXOXIIeHHsS BETBEH, KOTOPHIC CICAYIOT OT OOJBIICOEPIIOBOrO HEpBa K
JUIMHHOMY CTHOATEI0 MaJbIEB CTOIBI, PACIIOIATAI0TCS B 00JIaCTH BepXHEH Tpe-
TH MBIIIEYHOTO Opromka. [Ipy 3ToM, B TOJIIE MBIIEYHOTO OprOIIKa Harpasiie-
HHUE BHYTPUMBIIICYHBIX HEPBOB HE COBINAAACT C HAIIPABJICHUEM BHYTPUMBIIICY-
HBIX aprepuid. Jlamee GoNbIIeOEpPIIOBBIA HEPB HANPABISETCS MEXKIY JaTepaib-
HBIM KpaeM JUIMHHOTO Cru0aTessl MajibIleB U MEIHaIbHBIM KpaeM JIIMHHOTO CTHU-
Garens OONBIIOTO MajbIla CTOIBI, JOCTUTAET 3aHEH MOBEPXHOCTH MEANATBHON
JIOJIBDKKH, TJI€ pa3felisieTcsl Ha JIBe KOHEUHble BETBU: MeIUATIbHBIN U JaTepasib-
HBIil MOJOIIBEHHBIE HEPBBI.

Takum 00pa3oM, HEPBBI BCTYMAIOT B TONILY OOJBIIMHCTBA MBIIIIL 3a{HEH
TPYIIBI TOJIEHU TOJI OCTPBIM YIJIOM 0 OTHOLIEHUIO K JUTMHHOW OCH MBIIIIIBL.
BopoTa BX0XIeHHUsI HEPBOB 3AJICTAIOT Yalle B 00JIACTH BEPXHEH TPETH MBIIICU-
HOTO OpIOIIKa, peke B 00JaCTH CPeHEH TPETH U, KaK UCKIIFOUCHHE (IIOIKOJICH-
Hasl MBIIIIA), B HIDKHEH TpeTn. BopoTa BXOKICHNS HEPBOB MOTYT PacCIIONiaraTh-
Cs KaK Ha TIepelmHel, Tak W Ha 3aJHEH IOBEPXHOCTH MBIMICYHOTO Opromika. B
KaMOaJIOBHTHON MBIIIIE BOPOTAa BXOXKIACHUS HEPBOB PACIONATAOTCA HA IBYX
TIPOTHBOIIOJIOKHBIX TOBEPXHOCTSIX MBIIIIIIEI.

B Tommie ™Mb 3amHel TPYNIITBI TOJICHW HEPBHI PAcIIONaraloTcsl HepaB-
HOMEpHO. B kapTiHEe BHYTPHUMBIIIEYHOTO paCIpeIeIeHNsT HEPBOB MOKHO BBIJIE-
JIMTh PacChITHYI0, MarUCTPaJIbHYI0 U CMellaHHyto (opMbl BeTBiieHns1. Hamnpas-
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JIEHUE BHYTPUMBILIEYHBIX HEPBOB, a TAK)KE TUII X BETBJICHUS B OJTHOM U TOH XKe
MBIIIIE MOXKET OBITh Pa3THIHBIM.
Jlureparypa
1.Khmara TV, Okrim II, Ryznychuk MO, Zamorskii II, Rak OM. Morphometric
study of the skeleton of the thorax in human fetuses aged 7-10 months. Arch Balk
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PECULIARITIES OF INTRAMUSCULAR BRANCHING
OF NERVES IN THE LOWER LEG MUSCLES
OF THE POSTERIOR GROUP IN HUMAN FETUSES
T.V. Khmara, T.V. Komar, LI. Zamorskii
Bukovinian State Medical University,
Chernovtsy, Teatral’naya Sg. 2, Ukraine

Lesions of the sciatic nerve and its branches are usually accompanied by
severe paresis or paralysis of the muscles of the posterior surface of the lower
limb. Therefore, knowledge of the general patterns of intramuscular distribution
of nerves in each muscle of the thigh and tibia at different periods of human on-
togenesis is necessary for diagnostic manipulations and surgical interventions.

The study aimed at establishing the peculiarities of the intramuscular dis-
tribution of nerves in the muscles of the posterior group of the lower leg in fetus-
es aged 4-8 months.

The study of topographic and anatomical peculiarities of the innervation of
the muscles of the posterior group of the lower leg was carried out on specimens of
the lower extremities of 38 human fetuses of 81.0-310.0 mm of crown-rump length
using methods of fine dissection, vascular injection and morphometry [1].

The study resulted in the following: in human fetuses the tibial nerve in
the popliteal fossa region is located superficially and laterally from the popliteal
vein, which, in its turn, passes laterally and posteriorly from the popliteal artery.
The tibial nerve at an acute angle to the popliteal muscle gives off four short
muscular branches 1.5-4.2 mm in length. The places of entrance of the latter are
located on the border of the transition of the middle third to the lower third of the
myogaster, while the three branches go to the middle third of the myogaster of
the popliteal muscle. At the level of the inferior angle of the popliteal fossa, the
tibial nerve is divided into two branches: the anterior and posterior. The anterior
branch of the tibial nerve is distributed in the strata of the lateral and medial parts
of the soleus muscle, and the posterior branch of the tibial nerve buries into the
strata of the posterior surface of the muscle.

The entrance places of the muscular branches from the tibial nerve in the
medial head of the gastrocnemius muscle are located 2.5-4.0 mm above the en-
trance hilum of the nerves of the lateral head. The direction of the intramuscular
nerve trunks does not coincide with the direction of the muscle bundles. It should
be noted that the main nerve trunks are divided according to the loose type, and the
branches arising from these trunks are divided according to the main one. It should
be emphasized that in the lateral head of the gastrocnemius muscle there are much
more intramuscular neural connections than in the medial head of the muscle.
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From the popliteal fossa, the tibial nerve proceeds to the cruropopliteal ca-
nal, the opening of which is limited by the popliteal muscle from the front, and by
weakly pronounced tendinous arch of the soleus muscle from behind. The tibial
nerve is accompanied by posterior tibial arteries and veins in the cruropopliteal
canal. Muscular branches (1-4) from the tibial nerve enter the strata of the posterior
tibial muscle from its dorsal surface in the upper third of the myogaster. The direc-
tion of intramuscular nerve trunks does not coincide with the direction of intramus-
cular arteries. From the tibial nerve to the long flexor of the big toe at an acute an-
gle, two branches usually arise from the posterior surface of the myogaster. The
hilum of the entry of the branches passing from the tibial nerve to the long flexor
of the toes is located in the upper third of the myogaster. At the same time, in the
strata of the myogaster the direction of the intramuscular nerves does not coincide
with the direction of the intramuscular arteries. Further on, the tibial nerve goes
between the lateral edge of the long flexor of the toes and the medial edge of the
long flexor of the big toe, reaching the posterior surface of the medial ankle, where
it is divided into two terminal branches: the medial and lateral plantar nerves.

Therefore, the nerves enter the strata of most of the muscles of the poste-
rior group of the lower leg at an acute angle relative to the long axis of the mus-
cle. Places of entry of nerves occur more often in the upper third of the myo-
gaster, less often in the region of the middle third and, as an exception (popliteal
muscle), in the lower third. Hilum of nerve entrance can be located both on the
anterior and posterior surfaces of the myogaster. In the soleus muscle, the nerve
entry hilum is located on two opposite muscle surfaces.

In the strata of the muscles of the posterior group of the lower leg, the
nerves are unevenly distributed. Loose, trunk and mixed forms of branching can
be singled out in the picture of the intramuscular distribution of nerves. The di-
rection of the intramuscular nerves, as well as the type of their branching in the
same muscle can be different.
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OCOBEHHOCTH KPOBOCHABKEHUS I THHEPBALIUN
MBbIHIII IIJIEYEBOI'O MTOSICA Y IVIOJOB YEJIOBEKA
T.B. Xmapa, K.3. IlleBuyk
bykosunckuii cocyoapcmeenHblil MEOUYUHCKULL YHUBepCUmen,
Yepnosywl, Teampanvhas niowaos, 2, Ykpauna

PasBuTne ¢eranbHOl XUpyprum TpeOyeT OT aHATOMOB BCECTOPOHHHX HC-
CJIC/IOBAaHUH 3aKOHOMEPHOCTEH CTPOEHHS M CTAHOBJIEHHS KPOBOCHAOXKEHUS U
WHHEPBAIMX OPTaHOB M CTPYKTYpP Pa3IMIHBIX CUCTEM, B TOM YHCIIE MBIIII BEPX-
Hell KOHEYHOCTH, B IUIOZHOM TIEPHOJIE OHTOTCHE3a uenoBeka. Pacmupenne noxa-
3aHUH K XUPYPTUYECKUM BMEIIATEILCTBAM HAa MBIIILAX IUIEYEBOTO IMosca 00y-
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CIIaBIMBACT HEOOXOIMWMOCTH IICTICHANPABICHHOTO W3y4eHHs Tomorpado-
AHATOMHYECKNX OCOOEHHOCTEH WX KPOBOCHAOXEHUS M MHHEPBAIlMH Y IUIOOB
YeJI0BEeKa.

Maxkpockonudeckoe HccaeJ0BaHUE MIPOBEJCHO Ha mpenaparax 17 mionos
yenoBeka 81,0-230,0 MM TEeMEHHO-KOTTYMKOBOHN JIJIMHBI C MOMOIIBIO METOJIOB
TOHKOTO TPENapupoBaHusl, ”HBEKIIMU COCYI0B U Mopdomerpuu [1].

B pesynbrare npoBeJEHHOTO UCCIIE0BAHUS YCTAHOBIIEHO, YTO OCHOBHBIM
MCTOYHMKOM KPOBOCHAO)XEHHS HAJOCTHOW MBIIIIBI SIBISIETCS HA/IONATOYHAS
apTepus, KOTOpasi pa3BETBISIETCS B MIPE/ieaX BEpXHEH TpeTH pedepHoil 1 3aqHel
moBepxHOCTeH JomaTku. CiexyeT OTMETHTh, YTO B 00acTH MEIUabHOTO Kpast
JIOTIaTKU 1-2 BETBU HAJIONATOYHON apTepUu aHACTOMO3UPYIOT C BETBAMH IIOIE-
pedHoi apTepuu med. B 6 HaOMIOMEHUSIX CTBOJI HAUIONATOYHOU apTepHH MIO-
CTUraj MOAOCTHON SIMKH, a B 4 ciiydasix CTBOJI apTEPUM 3aKaHUYMUBAJICS B Mpeje-
JlaX HaJIOCTHOM SIMKH, & B ITOJIOCTHYIO SIMKY CJIEloBajia TOHKasi COEAMHUTENbHAS
BETBb, KOTOpasl aHACTOMO3HPOBAJIA C apTepuel, orubdaromei Jonatky. Haamona-
TOYHBIH HEPB MPOXOAUT Yepe3 BEIPE3KY JIONATKU B HAJOCTHYIO SIMKY M pacrioia-
raercs IMojA HaJOCTHOM MbILIIEH, MEPNEeHIUKYJIApHO XOAYy ee myuykoB. [lanee
HaJJIOTIATOYHBIM HEPB MPOXOAUT MOJ HUKHEHW MONEpEeyHOIl CBA3KON JIOMAaTKU U
JIOCTUTAET MOJOCTHOM SMKH, pa3BETBIAACH B MONOCTHOM Mbliuine. [locnenHss
NPEeUMYLIECTBEHHO KPOBOCHA0KAETCsl BETBSIMU apTepPHHU, OrMOalonieil JIonaTky,
KOTOpbIE aHACTOMO3UPYIOT C BETBSIMU HAJUIONATOYHOW apTepHUH, MONEPEUHOMN
apTepuu IIeH M 3aJHEl apTepuei, orudaroleli miedeByo Kocts. B 7 HaOmome-
HUSX MBI OOHAPYKIIIN PACCHITHON THIT BETBICHHUS apTEPHH, OTHOAFOIICH JiomaT-
ky. Ilpm 3TOM, Kak mpaBwio, 3-4 BETBH OT apTepUH, OTHOAOMICH IIOMaTKy
HATIPaBJSIFOTCSA K PeOSpHON MOBEPXHOCTH JIOTIATKU U 1-2 BETBH — K €€ 3aaHei
MMOBEPXHOCTH. [IeNMbTOBHIHAS MBIIIIA KPOBOCHAOXKACTCS TPYHIOaKPOMHAIBHOMN
apTepueil u 3aJHel apTepueid, orudaromei mieueByo KocTh. B npeaenax ueTsi-
PEXCTOPOHHETO OTBEPCTHA OT 3aJHEH apTepuu, Orubaromeil IUICYeBYIO0 KOCTb
OTXOZAT 1-3 BETBH, KOTOpBIE CIEAYIOT K 33JHUM OTJIEJIaM JIeIbTOBHIHON MBIII-
1pl. [loAMBIIIEUHBIH HEPB BBIXOAWUT 4Ye€pe3 YETPHIXCTOPOHHEE OTBEPCTHE IOJ
JeNTbTOBUIHON MBI BMecTe C 3agHel apTepuei, orndamomeil mieueByro
KOCTh. B 00/1acTi 4eTpBIXCTOPOHHETO0 OTBEPCTHS OT ITOJMBIIIEYHOIO HEPBA OT-
XO0ZAT 1-3 MbllIeYHBIE BETBH, KOTOPBIE CAEAYIOT K 3aJHUM OTAENaM JEJIbTOBH]-
HOW MBIIIIB], MApaUIeNbHO XOAY €€ MBIIIEYHbIX BOJIOKOH. CleayeT OTMETHTb,
YTO OCHOBHOW CTBOJI MOAMBIIIEYHOTO HEPBA HA MEpeJHEed MOBEPXHOCTH XHUPYp-
TUYECKOH IIeHKH TIeueBO KOCTH JIeJIUTCS Ha 2-4 KOHEYHbIE BETBU, U3 KOTOPHIX
1-3 ABJSIFOTCS] MBIIEYHBIMU M OJIHA BETBb — CycTaBHON. Mblteunsie (1-2) BeTBH
MTOIMBIIIIEYHOTO HEpBa TaKKe OO0ECHEeUMBAIOT HMHHEPBALMIO MAJIOW KpYTIIOi
MBIIIIEL. B kKpoBOCHAOXKKeHNN Malloi KPYTJIOH MBIIIIEI MPUHAMAIOT YIacTHE, KaK
MPaBUJIO, OJHA, peXe 2 BETBH OT apTepHH, OTHOAOUICH JIOMATKy, 3aAHEH U I1e-
penHei apTepuii, OrHOAOINX IJICYEBYIO KOCTh, ITOTIEPEYHON apTepHH IIeH, KO-
TOpBIE TAKKE AaHACTOMO3HMPYIOT MEXIY COOOM.

K nepenneil nOBEpXHOCTH MOAJIONATOYHON MBIIILEI CIEAYIOT 4-7 BETBEH
OT apTepuu, orudatoieii onarky. C mocienHeld U MonepevHor apTepueil meu
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aHACTOMO3UPYIOT 2-3 BETBU HAJJIONATOYHOW apTepuu. OT MOAJIONAaTOYHON ap-
TEPHUH K OJHOMMEHHON MBIIIIE MPEUMYIIECTBEHHO OTXOIAT 1-2 BETBH, KOTOpEIE
AHACTOMO3UPYIOT C BETBAMH HAJIONMATOYHON apTepwu, apTepHH, OTHOAroIIeH
JONaTKy U momepedHoi aprepun meu. CiaenyeT NOJYEpKHYTh, uTo 1-3 BeTBUH
rpyl0aKpOMHANBHOM apTepul aHACTOMO3UPYIOT C MONEPEUHON apTepuel meu u
apTepuH, orudaromieil Jonarky. 1-2 BETBU OT NepeiHel U 3aJHel apTepuid, Oru-
OaroIuX IJIeYeBYI0 KOCTh aHACTOMO3HMPYIOT MEXIy COOOM, a Takke ¢ HaIona-
TOYHON M TOAJIONATOYHON apTepusaMu. 3aJHss MOBEPXHOCTh IMOAJIONATOYHOM
MBILIIBI KPOBOCHaOXaeTcsi 2-4 BETBSIMHM apTEpUU, OrMOaroIieil JIonaTky, KOTo-
pbl€ aHACTOMO3HMPYIOT C BETBSMHU HAJUIONATOYHOW apTEpUH, YTO CIEAYIOT Ka-
YAAJIBHO OT HAJOCTHOM SIMKU B IOJJIONATOUYHYIO SIMKY 110 3aJHEIl MOBEPXHOCTH
[IeWKH JToTaTKU. B 6 ciydasx oOHapy)keH aHacTOMO3 B 00JIaCTH HaJ- U MOJOCT-
HBIX SIMOK. [loAIomaTo4HbI HEpB B OOJIACTH JIaTEPaIbHOTO YIia JOMATKH IPo-
HUKAET B MOUIONATOYHYIO SIMKY, 2-3 BETBSIMU CIIyCKaeTcs IO NepeIHEN MOBEpX-
HOCTH OJHOMMEHHOW MBIIIIbI, HHHEPBHUPYS €€ W OOJBLIYI0 KPYTJIYIO MBIIIILY.
[TocnenHsAs NPEeUMYIIECTBEHHO KPOBOCHAOXKaeTcs MOJIONATOYHOI apTrepueil.
Tarke B KpOBOCHAOXEHHH OOJBIION KPYTJIOM MBIIIIEI NPHHUMAIOT Yy4acTHE
BETBU 3aJIHEH W TIepeHed apTepuii, OrudaronmX MiIedYeByl0 KOCTh, TPYA0aKpO-
MHUAIBLHON apTepHH, MOIEPEUHON apTepHH IIeH, apTepuH, OTHOAIOIIEH JIOATKY,
KOTOpPbIE aHACTOMO3HPYIOT MEXAY cO00il.
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PECULIARITIES OF BLOOD SUPPLY AND INNERVATION OF THE
MUSCLES OF THE SHOULDER GIRDLE IN HUMAN FETUSES
T.V. Khmara, K.Z. Shevchuk
Bukovinian State Medical University,

Chernovtsy, Teatral’naya Sq. 2, Ukraine

The development of fetal surgery requires from  anato-
mists comprehensive research of structure patterns and development of blood
supply and innervation of organs and structures of various systems, including the
muscles of the upper extremity, in the fetal period of human ontogenesis. The
expansion of indications for surgical interventions on the muscles of the shoulder
girdle necessitates a targeted study of topographic and anatomical features of
their blood supply and innervation in human fetuses.

Macroscopic examination was carried out on the specimens of 17 human
fetuses of 81,0-230,0 mm of crown-rump length using the methods of thin prepa-
ration, vascular injection and morphometry [1].

As a result of the study, it was found that the main source of blood supply
to the supraspinatus muscle is the suprascapular artery, which branches within
the upper third of the costal and posterior surfaces of the scapula. It should be
noted that in the region of the medial edge of the scapula 1-2 branches of the
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suprascapular artery are anastomosed with branches of the transverse cervical
artery. The trunk of suprascapular artery reached the infraspinatus fossa in 6 cas-
es, in 4 observations the arterial trunk terminated within the supraspinatus fossa
and the thin connective branch, anastomosing with the artery which circumflexed
scapula, entered the infraspinatus fossa. Suprascapular nerve passes through the
scapula incisure to the supraspinatus fossa and is located under the supraspinatus
muscle, perpendicular to the direction of its bundles. After that the suprascapular
nerve passes under the inferior transverse ligament of the scapula and reaches the
infraspinatus fossa, branching in the infraspinatus muscle. The latter is supplied
with blood mainly by the branches of the artery, circumflexing the scapula,
which anastomose with the branches of the suprascapular artery, transverse cer-
vical artery and the posterior artery, circumflexing the humerus. In 7 cases, a
loose type of branching of the artery, circumflexing the scapula, was revealed. In
this case, as a rule, 3-4 branches from the artery circumflexing the scapula are
directed to the costal surface of the scapula and 1-2 branches — to its posterior
surface. The deltoid muscle is supplied with blood by the thoracoacromial artery
and the posterior artery, circumflexing the humerus. 1-3 branches, travelling to
the posterior regions of the deltoid muscle, arise within a four-sided opening
from the posterior artery, circumflexing the humerus. Axillary nerve arises
through the four-sided opening under the deltoid muscle together with the poste-
rior artery, circumflexing the humerus. In the region of the four-sided opening
from the axillary nerve there arise 1-3 muscular branches, which go to the poste-
rior portions of the deltoid muscle, parallel to the direction of its muscle fibers. It
should be noted that on the anterior surface of the surgical neck of the humerus
the main trunk of the axillary nerve is divided into 2-4 terminal branches, 1-3 of
which are muscular and one branch is articular. The muscular (1-2) branches of
the axillary nerve also provide innervation of the teres minor muscle. Teres mi-
nor muscle is usually supplied with blood by one, rarely 2 branches from the
artery circumflexing the scapula, the posterior and anterior arteries circumflexing
the humerus, the transverse cervical artery, which also anastomose with each
other.

4-7 branches from the artery circumflexing the scapula go to the anterior
surface of the subscapularis muscle. The latter and the transverse cervical artery
anastomose with 2-3 branches of the suprascapular artery. From the subscapular
artery to the muscle of the same name, 1-2 branches mainly arise, which anasto-
mose with the branches of the suprascapular artery, the artery circumflexing the
scapula and the transverse cervical artery. It should be emphasized that 1-3
branches of the thoracoacromial artery anastomose with the transverse cervical
artery and the artery circumflexing scapula. 1-2 branches from the anterior and
posterior arteries, circumflexing the humerus anastomose between them and with
the suprascapular and subscapular arteries. The posterior surface of the sub-
scapularis muscle is supplied with blood by 2-4 branches of the artery, circum-
flexing the scapula, which anastomose with branches of the suprascapular artery,
passing caudally from the supraspinatus fossa to the subscapular fossa along the
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posterior surface of the neck of the scapula. In 6 cases, anastomosis was found in
the region of supra- and infraspinatus fossa. The subscapular nerve in the lateral
angle of the scapula enters the subscapular fossa, 2-3 branches of it descend
along the anterior surface of the muscle of the same name, innervating it and the
teres major muscle. The latter is mainly supplied with blood by the subscapular
artery. The teres major muscle is also supplied with blood by the branches of the
anterior and posterior arteries, circumflexing the humerus, thoracoacromial ar-
tery, transverse cervical artery, artery circumflexing the scapula, that anastomose
between them.
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Ob OBIIIHOCTU MEXAHU3MOB IIEPEXO/IA B
COCTOSIHHUE X0OJOJA0BOI'O AHABHUO3A B BUOOBBEKTAX
PA3JIMYHOI'O YPOBHS OPTAHU3AILIUU

A.T. Xoabko
Hucmumym npobaem kpuobuonoeuu u kpuomeouyunvl HAH
Yrpaunwl, 2. Xapvkos, ya. llepescnaeckas, 23, Ykpauna

CocrosiHME XOJIOJJOBOTO aHabMo3a, OYCBHIHBIM 00pa3oM, MPUBOIUT K
o0paTuMOli OCTaHOBKE BCEX BHJOB OHMOJIOTUMECKON MMOIBMKHOCTH. DU3HKO-
XUMUUYECKHE MPOLECCHI, IPOUCXOSIIUE PU 3TOM, B 3apOABIILIEBON paCTUTENBHON
TKaHu — Mepucreme omucanbl B padore [Khodko]. Bexymmm dakropom, mpu-
BOJAIIMM K OOpaTHMOM OCTaHOBKE >KU3HEACSTEIILHOCTH NMPU3HAH KPUTHYECKHH
(azoBblil nepexon tuna xxunkocTb—xkuaKocTh (PTL-L). Kputnueckoe cocrosinue
BEILIECTBA XapaKTepHU3yeTCsl MPOSBICHUEM psiia HEOOBIYHBIX JUI APYTHX COCTOS-
HUH ()CHOMEHOB HA3bIBAEMBIX — KPUTHYECKHE sBIICHWS. K HHM, B YacTHOCTH,
OTHOCHTCSI P€3KOE YBEIMYEHHUE CBETOPACCESIHUA, YCTPEMIIEHUE TEIUIOEMKOCTH U
TETUIONPOBOIHOCTH K OECKOHEYHO OOJBIIOMY 3HAYCHHIO, PE3KOE 3aMeIICHHE
B3aUMHOW IW(pY3UH KOMIIOHEHTOB W 1np. B pesymerate Takoro ¢$a3zoBoro
MpeBpalieHuss B MUTOIUIa3ME CaMOIPOM3BOIBHO (OPMHPYETCS AWCTIepPCHAst
CHUCTEMA — BBICOKOKOHLICHTPUPOBAHHAs 3MYJIbCHUS, PE3KO IIOBBILIAIOIIAS €€
BA3KOCTB. JTO IPHUBOOUT K CKAauKOOOpa3HOW OCTaHOBKE BHYTPHUKIETOYHOTO
JBIDKCHUS BEIECTB, YTO HECOBMECTHUMO C JKM3HEACHCTBYIOIIMM COCTOSHHEM
6uocuctemsl. [Ipy oxmaxIeHMM OO KPUOTEHHBIX TeMIlepaTyp IHMTOILIa3Ma
NEPEeXOUT B CTEKIOOOpa3HOE COCTOSHHME, M KIETKa IpHOOpeTaeT CBOMCTBa
TBepaoro Ttena. Da3oBBIA MEPEeX0oJ HOCHT OOpaTHUMBIA XapakTep, WU TMOcCie
HarpeBaHus LUTOILIa3Ma BHOBb IIPUOOpETaeT 0JHO(A3HYIO CTPYKTYPY.

Panee nammume PTL-L B moukax TOmOJIs, HAXOMSIIUXCS B COCTOSHHUU
3UMHETO MOKOsI, OBLIIO MOKAa3aHO METOIOM AIIEKTPOHHOH Mukpockomnwu [Hirsh].

3akmrodeHre o TUIe (Pa3oBOro mepexoaa B OMOJIOTHICCKIX 00BEKTaxX MPH
OXJIaXJICHUH JIIaJOCh HAa OCHOBE HAONIONCHUS KPUTHYCCKOH OIaNeCICHIINH,
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NPUBOASIICH K PE3KOMY HMX 3aTEMHEHHUIO, W JONOJHAJIOCH HAOIIONCHHEM B
MOJIIPU30BAaHHOM CBeTe TpH ToMolu Mukpockorna MUH-8. Tlpu ckpemeHHOM
MOJIOKCHUN TOJIAPHU3aTOPa W aHAIM3aTOpa HAOIIONACTCs] CBEUCHUE KPUCTAIIIH-
YECKUX CTPYKTYp, OOJagaroliux CBOWCTBOM OINTHYECKOH aHM3O0TPOIHMH H
BpaIalOIIMX IUIOCKOCTh NOJNSApH3aluH. B orianume or HUX amopgHble Tena
ONTHYECKU M30TPOITHBI U B aHAJIOTHYHBIX YCJIOBUSX HE JAIOT CBEUCHHUSI.

B pabore m3ydanoch (azoBoe TOBeNeHHE TPH OXJIAKICHUU B CTpYe
MapoB JKUJIKOTO a30Ta CIEAYIOIUX OHOO0OBEKTOB!

1 - Tuxoxonok B 20%-HOM BOJHOM PAacTBOPE Caxapo3bl;

2 - MepHUCTEMBI YECHOKA;

3 - OpHUTPOLMTOB JOHOPCKOW KpOBH, C TIMIEPUHCOACPKAIINM
kpuokoHcepantom THUUITIK-115,

Ha puc. 1 mnokazan BHemHHN BHI OHWOOOBEKTOB MPH KOMHATHOW
TeMIIepaType U IPH OXJIAXKICHUH [TapaMHy JKUAKOTO a30Ta.

[lpn HaOxIONEHMM B CKPEIIEHHOM IIOJIOKEHWH TIOJIIPOMIOB  BCE
HepeyrciIeHHble OMOOOBEKTHI B OXJIaX/ICHHOM COCTOSIHUM HE JaBaJld CBEUCHMS,
YTO yKa3bIBaJIO Ha OTCYTCTBHE Mpoliecca KPUCTAIUIN3AIMU BHYTPH HHX.

[loce ux oTorpeBa OT TeMIeEpaTypbl >KHJIKOTO a30Ta HaOJIIONAIOCh
BO30OHOBJICHHE IIPOLIECCOB JKM3HEAEATEILHOCTH, MOATBEPXKAABIINX HaJIHIHE
cocTosiHUSL ~ aHabuo3a. DyHKIMOHANbHAs IOJHOLIGHHOCTh  SPUTPOIUTOB,
KPHOKOHCEPBHPYEMBIX JIaHHBIM METOJOM, IOATBEPKAACTCS MHOTOJIETHUM
OTIBITOM X KIIMHUYECKOTO HCIIOJIb30BAHUS.

D E

Puc. 1. Buemnuii Bug 6uonornyeckux o0bekToB. YBennuenue X80. A — THXOXOIKa
[P KOMHATHOH Temmeparype. B — kpuTHuyeckas ONajecleHIUsI B Telle THXOXOAKU
mpu oxynaxnaeHuu. C — MepucTeMa YEeCHOKAa MpH KOMHATHOH Ttemmeparype. D —
KPUTHYECKas OMAJICCIICHIIUSA B TKAaHH MEPUCTEMBI MPH OXJIAXKJICHUU. E — HadanpHbII
9TaI KPUTHYECKOH OMAaJIeCICHIINH B d)pUTpOMAacce.
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[lomyuennsie B paboTe NaHHBIE YKa3bIBalOT Ha OOITHOCTH MEXAHHW3MOB
mepexofa B COCTOSHHE XOJIOJOBOTO aHAOMO3a JKMUBBIX CHCTEM Pa3IMIHOTO
YpOBHSI OpraHu3allMd — KIJIETOYHON B3BECH, IUIOTHOW 3apOAbILIEBOM TKaHU
pacTEHUs U LIEJTOCTHOTO OPraHU3Ma — TUXOXOJKH.
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ABOUT SIMILARITY OF THE MECHANISMS OF TRANSITION
TO THE CONDITION OF COLD ANABIOSIS IN BIOBJECTS
OF DIFFERENT LEVEL OF ORGANIZATION
A.T. Khodko
Institute for Problems of Cryobiology and Cryomedicine, of the National
Academy of Sciens of Ucraine 23, Pereyaslavskaya str., 61015 Kharkiv, Ukraine

The state of cold anabiosis, obviously, leads to a reversible arrest of all
types of biological motility. The physicochemical processes taking place in this
case in the germinal plant tissue, the meristem, were described [Khodko]. The
critical liquid-liquid phase transition (PTL-L) was recognized as a leading factor
in a reversible arrest of life activity. The critical state of matter is characterized
by the manifestation of the number of phenomena, unusual for other states,
called critical phenomena [Anisimov]. These include, in particular, a sharp
increase in light scattering, the aspiration of heat capacity and thermal
conductivity to an infinitely large value, a sharp slowdown in the mutual
diffusion of components, etc. As a result of this phase transformation, a
dispersion system spontaneously forms in the cytoplasm, i.e. a highly
concentrated emulsion that dramatically increases its viscosity. This leads to an
abrupt stopping of the intracellular movement of substances, which is
incompatible with the vital state of the biosystem.When cooled down to
cryogenic temperatures, the cytoplasm goes into a glassy state, and the cell
acquires the properties of a solid. The phase transition is reversible, and after
heating, the cytoplasm again acquires a single-phase structure.

Previously, the presence of PTL-L in the poplar buds, in a state of winter
dormancy, was shown by electron microscopy [Hirsh].

The conclusion about the type of phase transition in biological objects
during cooling was made on the basis of observation of critical opalescence,
leading to their abrupt darkening, and was complemented by observation in
polarized light using a MIN-8 microscope. When the position of the polarizer
and analyzer is crossed, the luminescence of crystalline structures with the pro-
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D E

Fig. 1. The appearance of biological objects. Magnification x 80. A — water bear
(Tardigrada) at a room temperature. B — critical opalescence in the body of the slow
moving during cooling. C — the garlic meristem at a room temperature. D — critical
opalescence in the tissue of the meristem during cooling. E — the initial stage of
critical opalescence in the erythromass.

perty of optical anisotropy and rotating the polarization plane is observed. In
contrast, amorphous bodies are optically isotropic and in similar conditions do
not produce luminescence.

In the work, the phase behavior was studied when cooling in a stream of
liquid nitrogen vapor of the following biological objects:

1 — water bear (Tardigrada) in a 20% aqueous solution of sucrose;

2 — garlic meristem;

3 — erythrocytes of donor blood, with glycerol-containing preservative
TsNIIGPK-115.

The fig. 1 shows the appearance of biological objects at room temperature
and when cooled with vapor of liquid nitrogen.

When observed in the crossed position of polaroids, all the listed
biological objects in a cooled showed no a luminescence, thereby indicating the
absence of a crystallization process inside them.

After their warming up from the temperature of liquid nitrogen, the
recovery of vital processes was observed, confirming the presence of anabiosis.
The functional integrity of the erythrocytes cryopreserved by this method is
confirmed by many years of experience with their clinical use.

Our findings indicate the commonality of the mechanisms of transition to
the state of cold anabiosis of living systems of various levels of organization, i.e.
cell suspension, dense germinal tissue of a plant, and the whole organism —
water bear (Tardigrada).
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NFAT-3ABUCUMAS PET'YJISIIUAA SKCIPECCUU MUO3UHOB
TP MEXAHUYECKOM ONMMOPHOM CTUMYJISIIUA
HA PAHHUX CPOKAX ®YHKIIMOHAJIbHOM PA3I'PY3KH
K. A. Illapuo, U. U. I1apamonoBa, C. A. Triranos,
O.B. Typruxosa, b.C. lllenkman
Tocyoapcmeennulii HayuHblil yenmp poccutickou gedepayuu Uncmumym
Mmeouro-buonocuueckux npobnem PAH, Mockea, Poccus

[IInpoko n3BeCTHO, YTO (YHKIMOHAIBHAA Pa3rpy3Ka NPUBOAUT K TpaHC-
(opMari MBIIIEYHBIX BOJOKOH MEAJICHHOTO THINA B «OBICTPBIC» BOJIOKHA U
COOTBETCTBYIOIIEMY M3MEHEHHIO OTHOCHTENFHBIX YPOBHEH JKCIIPECCHH pa3ind-
HBIX m30(opM Tsoxensix mernelt MuosuHa (TLIM) [1]. Takke npu MonmenupoBa-
HHUHY TPaBUTAIIMOHHOHN Pa3rpy3KH B 36MHBIX YCIOBHSAX (MOJENHN «CyXOi» MMMep-
CHM W BBIBEIINBaHMA) OBIIO OOHAPY)KEHO NPAKTHYECKH MOJIHOE OTCYTCTBHE
HepBHO-MbILIeYHOM akTuBHOCTH (DOMI') B kambanoBuaHbix Mblnnax [2] beuio
MOKa3aHO, YTO BOCCTAHOBJICHUE OMOPHOI addepeHTannu myTeM MeXaHU4eCKOH
CTUMYJIALIUH ONOPHBIX 30H cTonsl (MCO) Ha NMPOTAKEHUH KOCMHYECKOTO T0JIe-
Ta y 4eJoBeKa M NPH MOJEIHPOBAHHM I'PAaBUTALIMOHHOM PasTPy3KH B 3€MHBIX
YCIOBHAX BEJET K YBEIHUEHHUIO YPOBHS HEPBHO-MBIIICYHON aKTUBHOCTH MBIIII]
HWKHUX KOHEYHOCTeM [3,4].

[TockonbKy  (QYHKIIMOHMpPOBaHWE CHUTHAJIBHOTO IyTH  KaJbIMHEH-
pue/NFATcl, perymupyromero 3KCIpeccHro MemineHHOH wu3zodopmel TIM
(TOMI(pB)), 3aBUCHUT OT YPOBHSI aKTHBHOCTH CKEJICTHOM MBIIIIIBI, MBI ITPEIIOI0-
JKHMJIM, YTO MEXaHH4YecKas OMOpHAas CTUMYJISIHS MOXKET NMPUBECTH K aKTHBALUH
curHajgbpHoro nmytn kainpuuHedpuH/NFATcl 3a cuer yBeqmueHHst YpOBHS HEpPB-
HO-MBIIIEYHON aKTUBHOCTH KaMOAJIOBHAHOM MBIIIIEI, YTO MOXKET IpPEeAoTBpa-
TUTh CIBHUI MHO3MHOBOTO ()€HOTHIIA B «OBICTPYIO» CTOpOHY. Takum oOpazom,
LETbI0 HAIeH paboThI CTAJI0 MCCIEIOBAaHUE MEXAHU3MOB, PETYIMPYIOIIUX 3KC-
npeccuto TIIMI(B), mpn MexaHHYECKOH OMOPHON CTHMYJISIIMKM B YCIOBHIX MO-
JIETTUPYEeMO IPaBUTAIIMOHHOMN pa3rpy3KH.

Camirbl kpbic Buctap ObLTH pas/ieNieHbl Ha IIECTh TPYIII MO 8 JKUBOTHBIX
B KaXI0i: JBe rpynnsl BUBapHOro KoHTpoist (C), Tpynmsl, HOABEPTHYTHIE pa3-
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Tpy3Ke 3amHuX KoHeuHocTel Ha mpoTshkeHun 1 mgus (1HS) m 3 mueit (3HS), u
TPYIIBI PasTpy3KH, COMPOBOXKIABIIEHCS omopHOW crtumynsnuedn 1HS+MCO;
3HS+MCO. )KuBoTHBIC U3 TPYIIT ONOPHOH CTUMYJIALNU B TE€UCHHE 4-X YacOB B
JIeHb Ha TMPOTSHKEHUU dKCIEPUMEHTA MOIYyYalld OMOPHYIO CTUMYJIALIMIO CTOII TO
cXeMe, CUMYJIUPYIOIIeH HOPMAIbHYI0 XOJb0Y MKHBOTHOTO (IaBJICHUE HA CTOITY
BenuunHOM 104 MM pT. CcT. ¢ yactoroif 2 ' 1 mpomomxuTensHOCTEI0 250 MC B
TedyeHue 10 MUHYT ¢ nocneayouuM 20-MUHYTHBIM IEPUOJOM OTIBIXA).

JlaHHBIE, TOTyYEHHBIE B XO/€ BBIIIOIHEHHUS PabOThI, XOPOIIO COINacyroT-
Cs C MOCIEIHUMM HCCIENOBaHUSMH, NMOKA3bIBAOIIUMU OBICTpOE MajeHHe IKC-
npeccur MPHK TLM I(B) yxe mocne nepBeIX CyTOK MOJEIHPYEMON TpaBUTAIU-
OHHOW pa3rpy3KH, COXpaHsBIIeecs TakKe U IIOCNIe TPEThUX CyToK [5-7]. CHike-
Hue ypoBHs dkcrpeccun MPHK TLM I(B) compoBokaanock CHIKEHHEM COTep-
xkaausg NFATcl B smepHO# ¢pakunu KaMOaJOBHIHBIX MBI TOCTE IEPBBIX
CYTOK BBIBELIMBAHUS U aKTHBALMEN CUTHAIBbHBIX MOJIEKYJI, CYNIPECCUPYIOLIUX
CUrHaJbHBIN Kackaj kanbuuHerpua/NFATcl. B xozme uccnenoBanust Mbl 00OHa-
PYXHIIN TOAMCpXKAHUE U Jaxke yBenuueHHe ypoBHs 3kcrpeccun MPHK TIIM
I(B) B xaMOaIOBUAHBIX MBIIIIAX KPBIC, MMOJBEPTHYTHIX OMOPHOW CTHMYIIAIIUH
Hapsily ¢ pasrpy3Koif, mpu 3TOM JaHHbIH 3(deKT conpoBoxAaICs MPEAOTBpa-
menueM Boixona NFATc] u3 aapa, npenorspaieHneM pocta sxcnpeccu MPHK
KaJbcapiuHa-2 u npeaorepamieaueM nedochopunuposanus GSK-3p.

Takum 00pa3oM, HEPBHO-MEBIIIICYHAST AKTUBHOCTH, CBSI3aHHASI C OTIOPHOI
adepeHTanmel, MOJABIACT MEXaHU3MEI, puBoasanIie kK Beixoqy NFATcl w3
saapa, u obecrieunBaet 3xcnupeccuto THM I() B kaMOanoBHUIHO MEIIIIIIE.
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NFAT-DEPENDENT REGULATION OF SLOW MYOSIN EXPRESSION
DURING PLANTAR MECHANICAL STIMULATION ON EARLY
STAGES OF FUNCTIONAL UNLOADING
K. A. Sharlo, 1. I. Paramonova, S. A. Tyganov,

0.V. Turtikova, B.S. Shenkman
Institute of Biomedical Problems, RAS, Moscow, Russia

It is widely known that functional unloading leads to slow-to-fast fiber-
type transformation and correspondent changes in relative expression of different
myosin heavy chain isoforms (MyHCs) [1]. It was observed that gravitational
unloading during simulated microgravity in ground-based studies (“dry” immer-
sion and hindlimb suspension) lead to are accompanied with the almost complete
disappearance of the neuromuscular (EMG) activity of the anti-gravitational so-
leus muscle [2]. It was demonstrated that increasing sensory input by performing
plantar mechanical stimulation (PMS) to the soles of the feet during space mis-
sions in humans and in ground-based experiments leads to an increase of neuro-
muscular activation of the lower limb muscles [3,4].

Calcineurin/NFATcl is the central signaling pathway regulating slow
MyHC expression and its functioning depends on muscle activity. We hypothe-
sized that PMS may affect the calcineurin/NFATc1 signaling cascade by increas-
ing m soleus neuromuscular activation, which may partially prevent unloading-
induced MyHC I(B) decrease and slow-to-fast myosin shift. Thus, our study
aimed to analyze the states of the calcineurin/NFATc1 pathway under the condi-
tions of plantar mechanical stimulation while rat hindlimb unloading.

Male Wistar rats were randomly assigned to vivarium control groups (C),
1 day unloading (1HS), 3 days unloading (3HS), 1 day unloading with PMS
(1HS+PMS) and 3 days unloading with PMS (3HS+PMS). The pressure stimula-
tion protocol mimicked the normal animal walking (104 mmHg pressure, 4 Hz
frequency and 250 ms signal duration) for a total of 20 min followed by a 10-min
rest interval for 4 hours.

We found that both 1 day and 3 days of unloading caused the decrease of
MyHC I(B) mRNA expression, that correspond to the earlier data [5-7]. MyHC
I(B) mRNA decrease after the 1 day of unloading was accompanied by NFATcl
decrease in soleus nuclear fraction, and the activation of endogenous NFATc1
inhibitors. these effects of unloading were prevented by PMS. The 3 days of un-
loading also caused the increase of calsarcin-2 (myozenin I) expression, which
was found to be the endogenous calcineurin inhibitor. The level of calsarcin-2
expression in 3HS+PMS group did not differ from the control group.

We found out that PMS supports and even increases MyHC I(B) expres-
sion in rat soleus muscles, and this effect was accompanied by prevention of
NFATCcl nuclear export, prevention of calsarcin-2 expression increase and pre-
vention of GSK-3 dephosphorylation.

Therefore, we found that plantar mechanical stimulation upregulates cal-
cineurin/NFATcl signaling pathway and prevents unloading-induced MyHC I()
decrease.
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XAPAKTEPUCTHUKHU TOYHOCTHOTI'O YIIPABJIEHUS
JBUKEHUSIMHA B YCJIOBUSIX MEHAIOIIENCS
T'PABUTALIMOHHOM CPEJIbI
T.A. luryesa, B.B. Kutos, E.C. Tomuiosckas, U.b. Ko3noBckas
Tocyoapcmeennuiii nayunoiii yenmp Poccuiickoii @edepayuu — Hncmumym
Meouxo-ouonocuueckux npoonem PAH, Xopoweesckoe wi., 764, Mocksa,
123007, Poccus

HccnenoBanust B yclnoBusX «cyxoit» mmmepcuu (CH) mokaszamu, 9T0
OTIOpHAsl pa3rpy3Ka CONPOBOXKAAETCA PA3BUTHEM THIIOTPABUTALMOHHOTO IBHIaA-
TENBHOTO CHHPOMA, MPOSBIISIFOLIETOCS] B ATOHUU M aTPO(QHUU OCTypaIbHON My-
CKyJaTypbl, THIEPPEPICKCHN CHHHAIBHBIX PEQICKCOB, AUCKOOPAMHALUH IIPO-
W3BOJIGHBIX JIBIKCHWH, HapymIeHMsX mo3bl U sokomormid (Kozlovskaya et al.,
1987-2008; Miller et al., 2004; Shenkman et al., 2003; Saenko et al., 2007, Shi-
gueva et al., 2015).

Llens HacToOsmIEH pabOTHI COCTABIISIIO MCCIICAOBAaHUE BIMSHUN MUKpPO-
TpaBUTAlIUN XapPAKTCPUCTUKNU TOYHOCTHBIX IPONU3BOJIbHBIX )lBI/I)KeHI/II‘/II.

HccrnenoBaHue BBIMOJIHEHO C  y4dacTueM 12-Tm  ucHbITaTeneil-
JOOpOBOJIbLIEB, TOABEPraBUIMXCS 5-TH M 7-MHM cyToyHOMY Bo3neiictBuio CU,
ABJISTIONIEHCS HanOoJiee aJleKBaTHOW HA3€MHOM MOJIENBIO (DU3HOIOTHYECKHX 3(-
(exToB MHKporpaBuTanuu. Jsl HCCIENOBaHHS TOYHOCTHBIX HPOW3BOJIBHBIX
JBIDKCHUI MCIONB30BANM 3aady I'pajlalliyl YCHIHHA MpPU BBIOJIHEHUH OJHOCY-
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CTaBHBIX H30METPHYECKUX JBIDKCHUH TUIaHTapHOW (Quekcnu. JIBUTAaTEeIhHOM
3a/1a4eil UCOBITYEMBIX CIIYXKWIO Pa3IMUEHUE MBIILICYHBIX YCWINHN IIPU BBIIIOJIHE-
HUU IIOCJEA0BATEIbHO HAPACTAIOIIMUX YCHIMH OT MHHMMAJIBHOIO 10 MAaKCH-
MaJIbHOTO C MUHUMAJbHBIM Pa3lIN4yieM B UHTEHCUBHOCTU COCETHMX JBUXKEHUIL.
[Ipy BBIMONHEHMU WCIBITATENEM CIEIYIOMIEH 3a/auu HOAJCpKaHMs ciaboro
MBIIIEYHOTO HANpspKeHUs (10 7% OT MaKCHMalIbHOI NMPOU3BOJILHOM CHIIBI) TaK-
K€ CTePHJIbHBIMU KOHLIIEHTPUYECKUMHU UTOIBYATBIMU JIEKTPOJAMHU PETUCTPUPO-
BAJIM aKTUBHOCTH JIBUraTeIbHBIX eanHuL (/1E).

PesynbraThl McClieOBaHHMH MOKa3anu, 4TO NpeObIBAaHWE B YCIIOBHUSX
«CyXOl» MMMEpPCHH, HE Hapylllas KOOPAWHALMOHHON CTPYKTYPbl U BO3MOKHO-
CTH BBIIIOJHEHUS JBUTATEIBLHON 3a1aul, TOCTOBEPHO CHMKAET TOUHOCTb IIPOU3-
BOJIBHBIX JABM)KEHUN U CONPOBOXKIAECTCSI U3MEHEHUEM IOPsIIKA PEKPYTUPOBAHUS
MOTOHEHPOHOB MBI pa3rudaTelieil TOJICHN TPH BBHIIIOIHEHUH MPOU3BOIBHBIX
JIBUTATEIHHBIX 33129 O ICPKaHIs HEOOBIIIOTO YCHITHS.

HccnenoBanue BBHINOMHEHO TpH (UHAHCOBOM mojiepxke PODU B
pamkax HaydHoro mpoekTa Ne 18-315-00287 moin_a.

CHARACTERISTICS OF PRECISE MOVEMENT CONTROL UNDER
CONDITIONS OF ALTERED GRAVITATIONAL ENVIRONMENT
T.A. Shigueva, V.V. Kitov, E.S. Tomilovskaya, I.B. Kozlovskaya
State Scientific Center of the Russian Federation — Institute of Biomedical
Problems RAS, Khoroshevskoe sh., 76A, Moscow, 123007, Russia

Studies performed under conditions of Dry Immersion (DI) have shown
that support unloading is accompanied with development of hypogravitational
motor syndrome expressed in atony and atrophy of postural muscles, hyperre-
flexia of spinal reflexes, discoordination of voluntary movements, disturbances
in posture and locomotion (Kozlovskaya et al., 1987-2008; Miller et al., 2004;
Shenkman et al., 2003; Saenko et al., 2007, Shigueva et al., 2015).

The purpose of this work was to study the microgravity affects on the
characteristics of precise voluntary movements.

The studies were carried out with participation of 12 healthy volunteers ex-
posed to 5-days and 7-days microgravity simulation by the means of DI, which is
the most adequate onground model of physiological effects of microgravity. To
study the accuracy of precise voluntary movements a force gradation task with
single-joint isometric plantar flexions has been used. During the task a subject was
instructed to produce a number of increasing efforts (from the minimal effort to the
maximal one) with the minimal difference between neighboring movements. Dur-
ing the second task where a subject maintained a small muscle effort (up to 7%
from maximal voluntary contraction force) motor units (MU) activity of the leg
extensors were recorded using sterile needle concentric electrodes.

Results of the study showed that exposure to DI does not alter movements
coordination or subjects' ability to perform the task but significantly decreases
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precision of voluntary movements which is accompanied with alterations in shin
extensors' MUs recruitment order in a task of sustaining a minor voluntary effort.

The reported study was funded by RFBR according to the research project
Ne 18-315-00287 mol_a.

BJIMSIHUE AILIM103A HA COKPATUTEJIbHBIE OTBETHI APTEPUI
B PAHHEM INIOCTHATAJIBHOM OHTOI'EHE3E
JI. [I. IllInaosa, . C. Koctonuna, J. K. I'aiinynnuna, O. C. TapacoBa
Kageopa guszuonocuu yenosexa u scugomuvlx OU0I02U4ECK020 (hakyibmema
MTI'Y umenu M.B. Jlomonocosa, Mockea, Jlenunckue 2opet, 1112, Poccus

pH Biusier Ha Bce OCHOBHBIE (D)YHKIMH KJIETOK, TaK KaK ONPENEIsieT CTe-
MICHb MPOTOHUPOBAHKS AMIHOKHCIIOT U, CIIE€JI0BATEIbHO, paclIpeelICHUE 3apsia,
koHpopmanuio U ¢yHknuoo OenkoB. Buekinerounsrid pH (pHo) moxer nsme-
HATBCS KaK B (DU3UOJIOTHUECKHUX YCIOBHAX (TIpH paboTe MBIIIL), TaK U MPH pa3-
BUTHU TaTOJOTHH (IIPH pa3IMuHBIX HapyLIeHUsXx MeTaboau3ma). OCOOEHHO uyB-
CTBUTENBbHBI K M3MeHeHHI0 pHo Oenku, Monymupyonpe paboTy KIETKH IpU
3aKHCIICHUM WM 3allleladiBaHUU Cpejbl, Hampumep, TpaHcnoprepsl NBCNI,
NHEI, peryaupytomue BHyTtpurierounsii pH (pHi). NBCNI1 ocymectsisier
konTpancnopt nonos Na” u HCO3", NHE1 — antunopr Na" u H'. Dtu z18a me-
PEHOCUHKA MPOTHBOACHCTBYIOT BHYTPUKIETOYHOMY aIHI03Y.

B aprepusix B3pocnoro opranusma noHrkeHne pHo BbI3bIBaeT ocabiaeHne
COKPaTUTENBHBIX OTBETOB PE3NCTUBHBIX apTEPHWi, UTO TJIABHBIM 00pa3oM 00y-
CJIOBJIEHO HHTHOMPOBAHUEM PaOOTHI MOTEHIINAI-3aBUCUMBIX KaJIbIIUEBBIX KAHAIOB
rmaakoMbimedHerx KireTok (Boedtkjer 2018). OmHako mmeromiecss TaHHBIC HE
MO3BOJISIIOT CYJIUTh O (PYHKIIMIOHUPOBAHUY apTepUid MPU alUI03€ B pAaHHEM OHTO-
reHe3e. Mexay TeM W3BECTHO, 4TO 10 2% HOBOPOXKAEHHBIX JETEH CTPajaroT OT
TaKoTo 3a00JIeBaHMs KaK alUJeMHs, KOTOpasi MOXKET CYLIECTBEHHO BIIMSATH Ha pa-
00Ty cepreuHo-cocynuctoii cuctemsl (Morgan et al. 2017). IIpuanmast Bo BHIMA-
HHe, 4TO (DYHKIMOHMPOBAHHUE TJIAJKOW MBIIIIBI apTepuil NperepreBaeT Cylle-
CTBEHHBIC M3MEHEHHS B XOJIE PAHHETO MOCTHATAIBHOTO PAa3BUTHS, MBI TIPEATIONO-
JKWJIM, YTO BIIMSIHUE AIMA03a HA COKPATUTENILHBIE OTBETHI apTEpUil B IIEPUOA PaH-
HETO OHTOreHe3a OyAeT OTIAMYATHCS OT €r0o BIWSHHUS Ha B3POCIBIA OpraHm3M. B
CBSI3M C 9THM IIEJbI0 JAaHHOW paboThI OBIIIO OIPENENNTh BIMSIHUE aIi03a Ha CO-
KpallleHHe apTeprii B pAHHEM ITOCTHATAILHOM OHTOT'€HE3E Y KpBIC.

Paboty mpoBoamiay Ha MOOKOXKHOW apTepuu (a. saphena) ¢ ymaleHHBIM
sHnoTenneM Mononsix (10-15 mueit) m B3pochbix (2-3 Mecsna) caMmIOB KpbIC
munun «Buctap». C nomortupto npososoynoro muorpada (DMT A / S, Jlanus)
M3MEpsUTH CHIIy COKpAILEHHSI apTepuil B HM30METPHUUYECKOM pexume. M3yuann
COKpaTUTEeNbHbIE  OTBETHl  apTepuil Ha  MeTOKcaMHH  (aroHucT  ol-
a/[PEHOPELIENTOPOB) B AuMama3oHe Koumentpammii 10°-10* M. Kymynsrusro
NOBBIIIASE €ro KOHIEHTPAIMIO, MOJIyYaJd 3aBUCHMOCTb «KOHLEHTpPAIHS-
a¢pexr». Takux 3aBHCHMOCTEH MPOBOIIIHN 2, IEPBYI0 — B KOHTPOJBHBIX YCIIO-
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BusX. Jl7s MomenupoBaHUS MeTabOIMYecKOTo amuao3a Iepel BTOpOoil 3aBHCH-
MOCTBIO «KOHIIEHTpanus-3pdexT» 3ameHsum pactBop ¢ pH 7.4 Ha pacTBOpHI ¢
pH 7.4 (xoHTpONBHBIE yCiIOBUSA), 7.1, 6.8 11 6.5. HemocpencTBeHHO mepes BTOpoit
3aBUCHMOCTBIO «KOHIEHTpanusi-3¢ppexr» n3mepsuin pHo B xamepe muorpaga c
noMouipio nopratuBHoro pH-merpa MettlerToledo F20. OtHocurensHOE co-
nepxanue MPHK renos, xonupyromux tpancnoprepsl NHE1 u NBCNI1, ompe-
Jensinu ¢ noMonrsio Merona I[P B peaslbHOM BpeMeHHU B IOJKOXKHOMN apTepuu ¢
yIaJEeHHBIM 3HJOTEIIUEM .

ITonmxenue pHo 10 7.1 He BBI3BIBANIO 3HAYMMOTO M3MEHEHHS COKpaTH-
TENEHBIX OTBETOB apTepHil B 00enX BO3pAcTHHIX rpynmax. OqHaKo 3aMeHa pac-
TBOpa Ha pactBop ¢ pH 6.5 n 6.8 mpuBOAMIA K CYIMIECTBEHHOMY OCJIA0JICHHIO
COKpATHTENBHBIX OTBETOB. Y B3POCIBIX KPBIC COKPAaTHTEIBHBIC OTBETH OBLIH
cHKeHb! Ha 23.5 + 3.9% (p <0.05) u 33.4 + 4.4% (p <0.05) B pactBopax ¢ pH
6.8 1 6.5, COOTBETCTBEHHO. Y KpBICAT YMEHBIICHUE COKPATUTENbHBIX OTBETOB
coctaBmiio 41.3 + 6.2% (p <0.05) u 49.9 £+ 6.6% (p <0.05) B pacTtBOpax c pH 6.8
U 6.5, COOTBETCTBEHHO. Ba)XHO, YTO yMEHBIIEHHE COKPATHUTEIbHBIX OTBETOB
aprepuit npu pHo 6.8 u 6.5 GbIIO cuIbHEE Y MOJOABIX KPBIC IT0 CPABHEHHIO CO
B3pocibMH (p<0.05), 4TO CBHIETENLCTBYET O OoJiee BhIpaKeHHOM BIUsHUU pHo
Ha COKpAIIICHHE apTepHil B paHHEM OHTOTEHE3e.

Kpowme Toro, y kpsIcsaT ypoBeHb 3kcnpeccun nepenocunka NHE1 B moa-
KOXKHOH apTepuu Obl Ha 65.3 + 8.7% Bhimie, a yposenb NBCN1 nHa 39.4 + 5.8%
HIKe, 9eM Y B3pocIbiX (p <0.05).

Takum oOpa3oM, B JaHHOW paboTe BIEpPBBIC OBLIO MMOKAa3aHO, UYTO 3aKHUC-
JeHne BHeKIeTouyHoro pH B Oombmieii creneHn ocnadiaseT COKpATHTEIBHBIC OT-
BETHI apTEPHil B PaHHEM OCTHATAIEHOM IIEPHUOJIC TIO CPABHEHHUIO CO B3POCIBIMU
XXMBOTHBIMH. JTO MOXET OBITh CBS3aHO C BO3PACTHBIMHU Pa3IMUUSIMH B ypOBHE
9KCIPECCHH MEPEHOCUYNKOB, PETyIHPYIONNX BHYTPUKIETOUHBIH pH, B "acTHO-
CTH, C MoBBIIIeHHeM dKkcipeccun NHE1.
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INFLUENCE OF ACIDOSIS ON THE CONTRACTIVE RESPONSES
OF ARTERIES IN EARLY POSTNATAL ONTOGENESIS
L.D. Shilova, D.S. Kostyunina, D.K. Gaynullina, O.S. Tarasova
Human and Animal Physiology department. Faculty of Biology, M.V. Lomonosov
Moscow State University, Moscow, Leninskie gory 1/12, Russia

pH affects all the main functions of cells, as it determines the protonation
of amino acids and, therefore, charge distribution, conformation and function of
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proteins. The extracellular pH (pHo) can change both under physiological condi-
tions (for example, as a result of muscle contraction) and under pathological
conditions (various metabolic disorders). Proteins that modulate cell activity
during acidification or alkalization are especially sensitive to pHo changes. For
example, the NBCN1 and NHEI1 transporters, which regulate intracellular pH
(pHi). NBCNI1 is the cotransporter of Na” and HCO*, NHE]1 is the antiporter of
Na' and H'. These two proteins counteract intracellular acidosis.

In the arteries of an adult organism, a decrease in pHo causes a weaken-
ing of the contractile responses of resistance arteries, which is mainly due to the
inhibition of the work of voltage sensitive calcium channels of smooth muscle
cells (Boedtkjer 2018). However, there are no available data about the function-
ing of the arteries during acidosis in early ontogenesis. Meanwhile, it is known
that up to 2% of newborn children suffer from such diseases as acidemia, which
can significantly affect the functioning of the cardiovascular system (Morgan et
al. 2017). Considering that the functioning of arterial smooth muscle undergoes
significant changes in the early postnatal development, we assumed that the ef-
fect of acidosis on the contractile responses of arteries in the period of early on-
togenesis may differ from its effect on the adult organism. In this regard, the
purpose of this work was to determine the effect of acidosis on the arterial con-
traction in early postnatal ontogenesis in rats.

Experiments were performed on endothelium-denuded saphenous arteries
from young (10- to 15-day-old) and adult (2- to 3-month-old) male Wistar rats.
The isometric force was measured using a wire myograph (DMT A / S, Den-
mark). We studied the contractile responses of arteries to methoxamine (al-
adrenoreceptor agonist) in the concentration range 10-8-10-4 M. Cumulatively
increasing its concentration, we investigated the concentration-response relation-
ship. Such relathionships were performed twice, the first - in control conditions.
In order to simulate metabolic acidosis, before the second concentration-response
relationship, we replaced the solution with pH 7.4 with solutions with pH 7.4
(control conditions), 7.1, 6.8 and 6.5. Immediately before the second concentra-
tion-response relationship, the pHo in the myograph chamber was measured us-
ing a MettlerToledo F20 portable pH-meter.

In addition, mRNA contents of NHE1 and NBCnl transporters were
measured by qPCR in endothelium-denuded saphenous arteries.

Solution with pH 7.1 didn’t change the contractile responses to methox-
amine in both age groups. Solutions with pH 6.8 and 6.5 reduced contractile re-
sponses in both adult and young rats. In adult rats, contractile responses were
reduced by 23.5 = 3.9% (p <0.05) and 33.4 + 4.4% (p <0.05) in solutions with a
pH of 6.8 and 6.5, respectively. In newborn rats, the decrease in contractile re-
sponses was 41.3 £ 6.2% (p <0.05) and 49.9 £ 6.6% (p <0.05) in solutions with
pH 6.8 and 6.5, respectively. Importantly, the decrease in the contractile respons-
es in solutions with pH 6.8 and 6.5 was stronger in young rats compared to adults
(p <0.05).

Moreover, in rat pups, the expression level of the NHE1 in endothelium-
denuded saphenous arteries was 65.3 + 8.7% higher, and the level of NBCN1
was 39.4 £ 5.8% lower than in adults (p <0.05).
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Thus, in this work, it was shown for the first time that the acidification of
the extracellular pH weakens the arterial contractile responses in the early post-
natal period more than in adult animals. This may be due to age-related differ-
ences in the expression level of transporters regulating intracellular pH, in par-
ticular due to increased expression of NHE1.
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OKHMCJIMTEJBbHBIN CTPECC U MTPOHUIIAEMOCTH SHAOTEJIASA
B.I1. llupunckuii, M.B. Camconos, A.B. Boporaukos, A.10. Xanuaes,
A.B. Hukamusn, B.3. Jlankun, T.H. Banacuk, E.E. E¢ppemon
Hayuonanenoiii meouyunckuil uccredogamenvckuil yewmp kapouoaoeuu Mum-
30pasa Poccuu, yn. 3-a Yepenkoeckas, 158, Mockea 121552, Poccus

OKHCIMTENBHBII CTpecC XapaKTepeH Ui pa3inyHbIX 3a00eBaHUN U Ha-
TOJIOTUYECKUX COCTOSIHUM, TaKUX KaK aTepocKiepo3, aAualbeT, MIIEeMHUYEcKoe H
penepdhy3MOHHOE TOBPEXICHNUE TKAaHEH, paJinalliOHHOE MOpPakKeHWE, OTpaBlic-
HHE TOKCHHAMH M XMMHUYECKHMH COCIMHEHHSMH, WH()EKIHOHHbBIE 3a00/IeBaHNs
u 1.1. CBOOOAHBIE pajuKalbl U3 BHEIIHUX HCTOYHUKOB MM OOpa3oOBaHHBIC B
M30BITOYHOM KOJIMYECTBE CIIEHHAIN3UPOBAHHBIME KJIETOYHBIMH (EpMEHTAMHU
3aITyCKal0T MHOKECTBO Pa3BETBIAIONINXCS XMMHUYECKUX PEaKIHi, KOTOPBIE Te-
HEpUPYIOT emle Oobine akTUBHBIX (opM kuciopona (ADPK) n ycunuBaroT HAT-
PpO3WIBbHBINA M KapOOHWIBHBIN cTpecc. [Ipn HEcOCTOATENLHOCTH aHTHOKCHJIAHT-
HBIX CHCTEM KJIETOK 3TH PEaKTOTE€HHBIC COEIUHEHUs CIIydalHBIM 00pa3oM Mo-
JUGUIUPYIOT OEJIKM M HYKJICMHOBBIE KHUCIJIOTBI, IPUBOAS K MOBPEXKACHHUIO Kile-
TOK U UX Tubenu.

CocyaucThIi SHIOTEINH TOBCEMECTHO MPUCYTCTBYET B OPraHU3ME U yXKe
3a CUeT 3TOT0 MMEET BBICOKYIO BeposATHOCTh MoBpexaeHus ADK. Oxnol u3
KpuTHueckux GpyHKIMi 3u0TenHA, HapymaeMblx ADK, siBisiercst ero npoHMIa-
€MOCTb. MHKPOCOCYANCTBIM SHAOTENNH CIYXUT «BOPOTaMW», Yepe3 KOTOpHIE
OCYIIECTBIISIETCS MAaCCOOOMEH MEXIy KPOBBIO M TKaHsMH. IlomynponnnaeMmsiit
9HJIOTENTUATIBHBIA MOHOCIOI CTPOTO KOHTPOJMPYET NEpeHoC uepe3 ceds BhICO-
KOMOJICKYJIAPHBIX COCIMHEHHH, TAKMX KaK OeJKH, HO HE IPEMSATCTBYET IPOX0XK-
JICHUIO MaJbIX MOJIEKYJ, TaKMX Kak TJI0K03a, BOJa, ra3pl, MoueBnHa u ap. Co-
eIMHEeHUsI-OKHUCINTeNH, Harpumep, H,O, ociabisiior s3H10TeMMaNbHbIN 0apbep n
BBI3BIBAIOT €r0 TMIEPIPOHHULAEMOCTb. baphep Takke HapyllaeTcst M B dHIOTE-
JMU KPYIHBIX COCYJOB, YTO OTMEYaeTcs I0 HAKOIUIEHHIO KpacuTess JBaHCa
rory0oro B 30Hax (Y OpMHUPOBAHHUS aTEPOCKIEPOTHYECKUX OJISIIIEK.
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Msl cokycHpoBany HCCIEAOBaHMSA HAa KIMHUYECKH BaJIWAWPOBAHHOM
MapKepe OKHCIUTEIHLHOTO cTpecca MaJloHOBoM auanpaerunae (MA) ¢ menbio
BBIICHUTH, OKa3bIBACT JI OH HETATUBHOE BO3ICHCTBHE HA MIPOHUIIAEMOCTD IHJIO-
tenust. beuto ycranosneno, yro 100-250 pM MJIA, noGaBiieHHBIH K pa3IHYHbIM
SHAOTEIHAIBHBIM KJIETKaM, HeoOpaTUMO IOBBIIIAET MPOHUIAEMOCTh X MOHO-
cioeB in vitro. MJIA Bo3/eHCTBYeT Ha IIUTOCKENET U MEKKJIETOYHbIE KOHTAKTHI
Y XUMUYECKH MOJIU(UIMPYET dHAOTeNNalIbHbIe OelKkH. B To jxe Bpems, aHao-
THuYHBIe KOHIeHTpauuu Metmirauokcans (MI'O) u riuokcans (I'O), peakroren-
HBIX KapOOHWJIBHBIX COCIUHEHHH, FeHEPUPYEMBIX M3 TJIIOKO3bI IPU AuadeTe, He
BBI3BIBATIM W3MEHEHHUH 3HAOTEIHAIFHON NMPOHHUIAEMOCTH, YTO MO3BOJISICT Mpea-
MOJIOKUTH 3aBUCHMOCTh COCYAMCTOI PEaKkInMu OT XUMHYECKOH NPHUPOABI OKHC-
murenst. [lo Hamemy maeHUI0, MJIA Goree 3 (heKTHBHO CIIMBAeT W MHAKTHUBU-
pyet kierounsie 6enkn, yeM MI'O u 'O, 3a cuer Gomnpiieit ATUHEI ero OupyHK-
IIMOHAJIBHON MOJICKYJIbI.

C no3unuii matoGu3MONIOTHH BACKYJIONATUi MPU nuadeTe, ITH UCCIIEIO-
BaHMs YKa3bIBaIOT Ha MEPBUYHYIO POJIb JUCIHMITHIEMHUHU / IEPEKHCHOTO OKHUCIIe-
HUs TUnUA0B / oOpasoBanus MJIA B aucyHKIMH SHIOTEIHATBHON MPOHUIIAC-
MOCTH, HEXEJIH Ha MOBpPEeXaaroliee IeHCcTBUE TITMKOKApOOHIIIOB, TUITMYHBIX JUIS
Oouiee MO3THUX CTAlUii ATOrO 3abosieBaHus. B 0M0ONHEHNE K 3THM pe3ybTaTam,
MBI OOHapYXWJIH, YTO Harpy3ka 3HAOTEIHAIFHOTO MOHOCIIOS CBOOOTHOM XKHp-
Ho#t kucnoroi (CXKK) B BUe manpbMuTaTa YCHIIMBACT CTPECC-UHAYIIMPOBAHHYIO
runepnponunaeMocts. M, xorsa monekynsapusle Mmexanusmsl gericteus CXKK Ha
MPOHUIIAEMOCTb JH/IOTEJNNS, BEPOSTHO, MHOXXECTBEHHBIE, C IOMOIILIO OPHIH-
HaJIbHBIX MOHOKJIOHAJBHBIX aHTHTEJ MBI BBISIBHIM B oOpaboranusix CXKK kier-
kax MJIA-momudupoBaHHble OEIKHM M II0JaraeM, 4yTo MEXIy TaKUMH MOJH-
(uKanMsAMH ¥ HapyIIEHUSIMU TIPOHUIIAEMOCTH UMEETCSI IPUYNHHAS CBA3b.

ITomumo 3TOTO MBI OOHApY)MH, uTo Kak MJIA, Tak n CXKK momasnsior
CHHTE3 OKCHJIa a30Ta SHAOTEIHAIBHBIMHU KIETKAaMH. JTO MpPEIoiaraeT aabTep-
HATUBHBIM MEXaHH3M THIIEPIPOHHUIIAEMOCTH TI0J[ JCHCTBHEM NAaHHBIX COEAMHE-
HUH. XOpOoIIo U3BECTHO, UYTO cOanaHcupoBaHHAs Mpoxykius NO 3HIOTennab-
HOM NO-CHHTa30# BayKHA JIJISI HOPMAILHOTO (PYHKIIMOHUPOBAHUS IHIIOTEIHAb-
Horo Oapbepa, B TO BpeMs Kak HeaoctaTok NO min ero m30bITOK OKa3bIBAIOT
HeraTuBHOe Bo3zeicTBue Ha Oapbep. M30biTok NO CBS3BIBAIOT ¢ HEPETYJIHpYe-
MBIM HUTPO3WJINPOBAHUEM OCIIKOB.

Haxoneu, mb1 ycraHoBuiy, uto nHkyOamus ¢ CXKK cymiectBeHHO u3Me-
HeT MOP(HOJIOTHIO SHAOTEIHANBHBIX KJIETOK W3 MYNOYHOW BEHBI YeJOBeKa, Je-
Jasg UX BBITSHYTBIMH BMECTO OKPYTJIBIX, TIOXOKHX Ha OYJIBDKHYIO MOCTOBYIO.
Taxoe n3MeHeHrne (OPMBI CBSA3BIBAIOT C T.H. COKPATUTEIbHBIM (DEHOTUIIOM 3HJIO-
TENUAIBHBIX KJIETOK, 9TO MOXET OOBACHITH HaOMI0JaeMble U3MEHCHMS MPOHU-
aeMoCTH. MBI MHAIIMMPOBAIIM HOBBIC MCCIICAOBAHNS, HAllEJICHHBIE HAa TIOHUMa-
HHE MOJIEKYJISIPHBIX MEXaHU3MOB, JIEXKAIINX B OCHOBE MOBBIIICHHON COKPATHMO-
CTH cocyaucToro sugorenus B npucyrcrsun CXKK.

Taxum 00pa3oM, SHIOTENHATIBHBINA Oapbep OYEHb YyBCTBUTENEH K OKHC-
JUTEIBHOMY CTPECCY M pearupyeT Ha HEro MOBBIIICHHEM IpOHHIAaeMocTH. B
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ciIydae MIMPOKO PACIpPOCTPAHEHHBIX 3a00JIeBaHUI YEIOBEKa, TAKUX KaK aTepo-
CKJIepO3 W nuabeT, TUCTUMHUASMHA, IIEPEKUCHOEe OKUCIICHHUE JINTUIOB U 00pa3o-
BaHHE coeluHeHWH Tuna MJIA mpencTaBiIsioTCsS OJHUMH U3 PaHHUX COOBITHH,
BHOCSIIMX BKJIAJ B Pa3BUTHE JUCHYHKIMH COCYAUCTOrO HA0TEMs. Pa3padaTsi-
BacMbIC CTPATETHMU 3allUTHl SHAOTCIHATHHOTO Oapbepa y TAaKHX MAIMCHTOB
JIOJKHBI BKItouaTh HeTpanuzanuio ADK u MJIA, B yacTHOCTH.
ITonnepxxano PH® 14-15-00245; 19-15-00361, PODU 18-315-00377

MOJI_a.

OXIDATIVE STRESS AND ENDOTHELIAL PERMEABILITY
V.P. Shirinsky, M.V. Samsonov, A.V. Vorotnikov, A.Y. Khapchaev,
A.V Nikashin, V.Z. Lankin, T.N. Vlasik, E.E. Efremov
Institute of Experimental Cardiology, National Medical Research Center
for Cardiology, 3-rd Cherepkovskaya St., 15a, Moscow, 121552, Russia

Oxidative stress is the hallmark of various diseases and pathological con-
ditions such as atherosclerosis, diabetes, ischemic and reperfusion injury, radia-
tion damage, chemical / toxin poisoning, infections, etc. Free radicals from ex-
ogenous sources or those generated in excess by specialized cellular enzymes set
up the plethora of branching reactions producing more reactive oxygen species
(ROS) and boosting nitrosyl and carbonyl stress. In the case of failure of cellular
antioxidant systems, these reactive compounds randomly modify proteins and
nucleic acids leading to cell damage and eventual death.

Vascular endothelium by virtue of its ubiquitous presence throughout the
body has high probability of damage by ROS. One of the critical functions af-
fected by ROS in endothelium is permeability. Microvascular endothelium
serves as a gate where mass transfer between blood and tissue occurs. The semi-
permeable endothelial monolayer tightly controls the passage of high molecular
weight substances such as proteins but does not impede the traffic of small mole-
cules like glucose, water, gases, urea, etc. Oxidants like H,O, weaken endothelial
barrier and cause hyperpermeability. Barrier capacity is also compromised in
macrovascular endothelium as evidenced by the accumulation of Evans Blue dye
in the zones of atherosclerotic plaque formation.

We focused on clinically validated marker of oxidative stress, malondial-
dehyde (MDA), and investigated whether it can adversely affect endothelial
permeability. We found that 100-250 uM exogenous MDA irreversibly increases
the leakiness of the monolayer assembled from various types of endothelial cells
in vitro. MDA affects endothelial cytoskeleton and intercellular interactions and
chemically modifies endothelial proteins. On the other hand, similar concentra-
tions of methylglyoxal (MGO) and glyoxal (GO), reactive dicarbonyl species
generated from glucose during diabetes, produce no alteration in monolayer
permeability, suggesting that chemical nature of the oxidant matters for vascular
reactivity. We speculate that being a longer bifunctional molecule, MDA more
effectively crosslinks and inactivates cellular proteins than MGO and GO do.
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From the standpoint of diabetic vasculopathy development, these studies
suggested the primary role of dyslipidemia / lipoperoxidation / MDA generation
in endothelial permeability dysfunction rather than the damaging action of gly-
cocarbonyls typical for the advanced stages of this disease. Complementary to
these findings, we observed that loading of endothelial monolayer with palmitic
free fatty acid (FFA) augments stress-induced endothelial hyperpermeability.
Although the molecular mechanisms of FFA action on endothelial permeability
are likely multiple, we do observe the accumulation of MDA-modified proteins
in FFA-treated cells using original monoclonal antibody and favor the causative
relationship between these modifications and altered permeability.

Additionally, we found that both MDA and FFA suppress NO generation
by endothelial cells providing alternative mechanism for the increased permea-
bility exerted by these substances. It is well known that balanced NO production
by eNOS is essential for endothelial barrier function whereas the lack of NO or
the excessive NO generation is detrimental for it. The latter condition is appar-
ently due to uncontrolled protein nitrosylation.

Finally, we observed that incubation with FFA markedly changed the
morphology of human umbilical vein endothelial cells making them elongated
rather than cobblestone-like. Such a shape transition is attributed to a so-called
contractile phenotype of endothelial cells, which explains endothelial behavior
observed in permeability tests. Further studies are under way to reveal molecular
mechanisms underlying augmented contractility of vascular endothelium in the
presence of FFA.

In conclusion, endothelial barrier is highly sensitive to oxidative stress and
responds by acute increase in permeability. In the widespread human pathologies
such as atherosclerosis and diabetes dyslipidemia, lipoperoxidation and generation
of substances like MDA appear the early events that contribute to vascular endo-
thelial dysfunction. The strategies to protect endothelial barrier function in such
patients should consider neutralizing ROS and MDA, in particular.

Supported by RSF 14-15-00245; 19-15-00361, RFBR 18-315-00377
MOJL_a.

NCCJEIOBAHUE BJIUSHUAA HU3KOYACTOTHOM
SJEKTPOMHAOCTUMYJISIUHA, ITIPOBOIUMOM B XOJIE «CYXOM»
VUMMEPCHU, HA XAPAKTEPUCTUKH BEPTUKAJBHOM CTOMKH

H.B. IumkuH, JI.E. AMupoBa, E.C. TomuaoBckas
Hucmumym meduxo-ouonocuyeckux npoorem PAH,
Mocxea, Xopowesckoe wiocce, 764

Merto 37€KTPOMHOCTHUMYJISIIMM MBI HIDKHUX KoHeuHocted (OMC)
UCIIOJIB3YeTCsl JOCTaTOYHO HIMPOKO: B KOCMUYECKON MenuIuHe — Ui MoAfep-
JKAHUS MBILIEYHBIX KAaYECTB YEJIOBEKA, B KIIMHNUKE — T peabnimnTanuy O0IbHBIX
C XpPOHHMYECKOW CEep/JIeUHOM HEIOCTATOYHOCThI0. B TO ke Bpems BO3IeHCTBHE
OMC Ha cucTeMy MO3HBIX PeTYIAINi H3ydeHo HepoctaTouHo. [TapameTpsr Bep-
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THKAIIbHOM CTOMKH NMPETEPHEBAIOT U3MEHEHHUS 1aXKe BO BPEMsI KPATKOBPEMEHHO-
ro Bo3neiicTBusa mukporpasutarmu B kocmudeckoM monete (KIT) (Kozlovskaya,
1981). OmHO# M3 IydmuX METOAWK, Bocnpom3Boaamux 3 dextsr KII, apnsercs
MoJenb «cyxoi» ummepcun (CH), 1o ycaoBusIM KOTOPOH HCTIBITATENb HAXOIUT-
Cs B TOJILE BOABI, HENMOCPEJACTBEHHO ¢ Hel He KoHrakTupys (Lysnbxken-
Ko, Bunb-Bunbsimc 1975).

B nanHom uccnenoBanuu mMbl u3ydanu BiusiHus OMC, mpoBoauMoi B
xoje S5-cyrounoit CH, Ha XapakTepHCTUKU BEPTUKAIBHOW CTOMKU.

B xoxe MMMepCHOHHOrO BO3AEHCTBHS MBI MPOBOAMIU AJIEKTPOCTUMYIIS-
LU0 MBI HOT C HMCHOJIb30BAHUEM HH3KOYaCTOTHOTO 3JIEKTPOMUOCTUMYJIISITOPA
«Ctumyn 01-HY». Yacrora ctumymsanuu coctaBismia 25+1 I'm; crumynsmmro (1
CeK. CTUMYJI, 2 CEeK. OTABIX) MPOBOJIM €XKEJHEBHO Mo 4 yaca. MchbITyeMble po-
W3BOJIHO BBIOMpATM aMIUTMUTYAy CTUMYJISIIMHM TaK, Y4TOObI 0OECIeYHTh MAaKCH-
MaJIbHOE COKpAILEHNE MBIIIILI, HE CONPOBOXKAOIIEeCs: OOIEBBIMH OILYIICHUSIMU.

Jnst perncTpanny MOCTYPabHBIX XapaKTEPHCTHK HCIIOIb30BAIN CTaOH-
nomeTpudeckyro miatpopmy Crabmman-02 ¢upmer «OKB Putmy». Anammsupo-
BaJI CKOPOCTh NepemenieHus neHTpa nasienus (L) u cpennmit pazdpoc LIJ] Bo
(pOHTANBHOH 1 CarNTTANBHON TIIOCKOCTSIX.

HcnbiTyeMble HAXOIMIUCE B 2-X 9KCIIEPUMEHTANIBHBIX YCIOBHAX:

1. Crolika Ha TBEpJOW OMIOPE C 3aKPBITHIMHU IJIA3aAMH;
2. Croiika Ha MSTKOH OMOpe ¢ 3aKPBITHIMU TIa3aMH (Ha TMOBEPXHOCTH MIAaThOp-
MBI IOMEIIaNach MOPOJIOHOBAS MOAYIIKA TOMIIHHON 20 cM).

HcnpiTaTens mociae0BaTeIbHO HAXOMMICA B KaKAOM U3 yciaoBuit mo 40
cekyH. MccienoBanue npoBoamwin 2 pasa: 10 MOTpyXeHHs: B UMMepcHio ((on)
U B JIeHb 3aBepieHus CH.

B kaudecTBe KOHTPONBHOW TPYIHIBI MCIONB30BATH JAHHBIC MPEIBIAYIINX
SKCIIEPUMEHTOB B YCIOBHAX S-cyTouHO# CU 06e3 Kakux-Imbo BO3IeHCTBHIA.

PesynbraThl nccaeqOBaHMS MOKAa3bIBAIOT, YTO BO BCEX YCIOBHAX B 00EHX
rpyINax UCIBITATENN Ha MATKOH OMOpPE CTOSIT XYK€, 9YeM Ha TBEPAOH, YTO TOBO-
PHUT O BOXHOCTH ONOPHOH adepeHTanuu B MoIepKaHUN BEPTHKATBHON CTOH-
ku. [Ipu atom B CU ¢ OMC, B omiimamre ot KoHTposibHOH CU, ObUTO HalWIeHO
cratuctiyecku 3Haunmoe (p=0,034 s LI/ u p=0,039 nns pasbpoca) orianune
(hOHOBBIX pE3yNbTaTOB OT PE3yJbTATOB HCCIIEAOBAHUI MOCIE MMMEPCHOHHOIO
Bo3seiicTBrs. OMC nenaeT BepTHUKaJIbHYIO CTOHKY 0Oojee 3aBUCHMOM OT OHop-
HOTO KOHTPOJIsL, KOTOPBIH U OLIEHUBAETCS NMPH CTOMKE Ha MATKOH omope.

AHanu3 0ToOpaHHbIX HcHbITaTeNsIMK BenuuuH OMC mokasai, 4To rpymmna
HEOJIHOPOIHA U paszelsieTcs Ha 3 noarpymist: (17— He Boime 32MA u 26 MA, 27
— ne Boine 20MA u 15MA, 3" — ne Boimre 17MA u 15MA, s Mbing 6eapa u ro-
JIEHH COOTBETCTBEHHO).

BoisiBieHa 3HaUMMasi KOPPENALUS MEXAYy aMIUIMTYIOH CTHUMYISIOUU U
W3MEHEHHAMH CTa0HIorpaduaeckux mapamMeTpoB IMOCIE 3aBEPUICHHS 3KCIICPH-
meHnTa (p=0.0028 mys mpimy 6eapa v p=0.0418 11 MBI TOJICHHN).

I'pymma xonTponmsHO CU 3HAYMMO OTIMYAETCS OT TPYHITBI C BBICOKOU
aMIUTUTYAOHN CTUMYJIALUYU MO U3MEeHeHUIo ckopoctu L[] mocie MMMepCHOHHOTO
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BO3JICHCTBHS (BBICOKO-, CPEIHEAMILIUTYIHAS TPYIIIbBI) ¥ TI0 H3MEHEHHIO pa3opo-
ca (TOJIbKO BBICOKOAMIUTUTYTHAS). TakuM 00pa3oM, MOYKHO TPETIOIOKUTE, YTO
npumeHenne B xoae CHU OMC BbICOKO MHTEHCHUBHOCTH MPHUBOIUT K "paciiaThl-
BaHUIO" CTOMKH.

OTHoOLIEHNE NOCTYpPOJOTHYECKUX IapaMeTpoB Ha MSTKOM W TBepHoit
wiatopMe oTpaxkaeT BOBJIEYEHHOCTh ONOPHOU adepeHTalnu B TOANEPIKAHNE
paBHoBecus. M3amenenue atoro orHomeHus nocie CH Moxer roBopuTh 00 U3-
MEHEHHH pOJM ONOpHOH addepeHTauun B IMOCTYpajJbHOM KOHTpoje. bwuia
HaliZieHa 3HaunMast 3aBUCHMOCTb 3TOTO OTHOIICHHS OT aMILIUTYbI CTUMYJISILIUN
(p=0.045 mna 6enpa, I TOJICHH U3MEHEHHUS HE3HAYUMBI). DTO, BEPOSITHO, TOBO-
put o Tom, uro DMC NOBHIIAET POIIE OIOPHOH addepeHTay BCIEICTBAE HH-
TEHCHBHOHM TPEHHPOBKHU MBIIIETHON CHIIBI O€3 TPCHUPOBKH KOOPAWHAIINH.

ITony4yenHble pe3yabTaThl MOKa3and, 4To amiuutyaa OMC, He Biuso-
mast Ha cradmiorpaduieckre mapaMeTpsl B YCIOBUAX CYXOH HMMEpCHH, KOieo-
aercst Mexay 7 MA u 17 MA i Mbiun 6enpa u Mexay 7 MA u 15 MA — s
MBIIIL TOJICHHU.

PaboTa npoBoamiach B paMKax COTJIAIICHUs O MPEIOCTABICHHH CyOcH-
Jun oT 23 okTsa0ps 2017 r. Ne 14.613.21.0074.

STUDY OF THE INFLUENCE OF LOW-FREQUENCY ELECTRICAL
MYOSTIMULATION DURING A "DRY" IMMERSION ON THE
CHARACTERISTICS OF THE UPRIGHT
N.V. Shishkin, L.E. Amirova, E.S. Tomilovskaya
Institute of biomedical problems of RAS, Moscow, Khoroshevskoe shosse, 76A

The method of electromyostimulation of the muscles of the lower extrem-
ities (EMS) is widely used: in space medicine — to maintain the muscular quali-
ties of a person, in the clinic — for the rehabilitation of patients with chronic car-
diac failure. At the same time, the impact of EMS on the system of postural regu-
lations has not been sufficiently studied. The parameters of the vertical stance
undergo changes even during short-term exposure to microgravity in space flight
(SF) (Kozlovskaya, 1981). One of the best techniques, reproducing the effects of
SF, is a model of "dry" immersion (DI), under which the research man locate in
the water column, without direct contact with it (Shulzhenko, Wil-Williams
1975).

In this study, we studied the effects of EMS conducted during the 5-day
DI on the characteristics of the vertical stance.

During immersion, we performed electrical stimulation of the leg muscles
using low-frequency electromyostimulation “Stimul 01-NCH”. The frequency of
stimulation was 25+1 Hz; stimulation (1 sec. stimulus, 2 sec. rest) carried out
daily for 4 hours. Subjects voluntary chose the amplitude of stimulation so as to
provide maximum muscle contraction, not accompanied by pain.

To register postural characteristics used stabilometric platform “Stabilan-
02” company "OKB RITM". The center of pressure velocity of displacement
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(CP) and the average deviation of CD in the frontal and sagittal planes were ana-
lyzed.

The subjects were in 2 experimental conditions:

1. Stand on solid support with eyes closed;
2. Stand on a soft support with closed eyes (foam pad 20 cm thick was placed on
the surface of the platform).

The research man was consistently in each of the conditions for 40 sec-
onds. The study was performed 2 times: before immersion (baseline) and on the
day of completion of DI.

In the control group used data from previous experiments in terms of the
5-day DI without any influences.

The results of the study show that in all conditions in both groups, the re-
search men stand on the soft support worse than on the hard one, which indicates
the importance of the support afferentation in maintaining the vertical support.
At the same time in the DI with EMS, in contrast to the control DI, were found
statistically significant (p=0,034 for CP, (p=0,039 for deviation) difference be-
tween the baseline results and the results of the studies after immersion. EMS
makes the vertical stance more dependent on the support control, which is evalu-
ated at the stance on a soft support.

The analysis of the EMS values selected by research men showed that the
group is heterogeneous and is divided into 3 subgroups: (1* — no higher than
32ma and 26 mA, 2™ — no higher than 20mA and 15mA, 3™ — no higher than
17ma and 15mA, for femur and tibia muscles, respectively).

There was a significant correlation between the amplitude of stimulation
and changes in stabilographic parameters after experiment completing (p=0.0028
for femur muscles and p=0.0418 for tibia muscles).

The control DI group significantly differs from the group with a high am-
plitude of stimulation by changes in the CP after immersion impact (high-, medi-
um-amplitude group) and by changes of average deviation (only high-
amplitude). Thus, it can be assumed that the use of high-intensity EMS during DI
leads to "loosening" of the stance.

Relation between posturologist parameters for soft and solid platform re-
flects the involvement of support afferentation in maintaining equilibrium. The
change in this relation after DI may indicate a change in the role of support af-
ferentation in postural control. A significant dependence of this ratio on the
stimulation amplitude was found (p=0.045 for the femur, for the tibia the chang-
es are insignificant). This probably suggests that EMS increases the role of sup-
port afferentation due to intense muscle strength training without coordination
training.

The results showed that the amplitude of EMS, which does not affect the
stabilographic parameters in dry immersion, varies between 7 mA and 17 mA for
the femur muscles and between 7 mA and 15 mA for the tibia muscles.

The work was carried out within the framework of the agreement on the
grant of "23" October 2017 Ne 14.613.21.0074.
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AMMJIOUIHBIE ATPETATBI I''TAJJKOMBIHIEYHHOT'O TUTUHA
HE AKTUBUPYIOT CUCTEMY KOMIIJIEMEHTA in vitro
C.A. IHyMeﬁlcol, JIL.I. BoﬁbméBal, .M. Bl/lXJ‘lﬂHHeBl’z,
A.T'. Bo6buiés"?, 3.1. SIkynosa'
1HHcmumym meopemuueckoll u sxcnepumenmanvioi ouoguzuxu PAH, Ilywuno
zﬂymuHCKud 20CY0apCmMEeHH bl eCmecmeeHHO-HayyHblll uncmumym, Ilyuwuno,
e-mail: yakupova.mira@mail.ru

AKTuBaIys ar000T0 M3 TPeX IyTEeH CHCTEMbI KOMILIEMEHTa (Kiaccude-
CKOT'0, JJEKTUHOBOTO WJIM aJIbTEPHATUBHOIO) B OPTaHU3ME UeI0BEKa MPOUCXOAUT
NPU Pa3BUTUU HOPMAIILHBIX BOCIAJIHMTEIBHBIX PEaKIUid, P TPaBMAaX WM MHUK-
poOHBIX nHpeKIMIX. CHcTeMe KOMIUIEMEHTA OTHECEHA Ba)KHAS POJIb B YAaJICHUU
anonTOTHUYECKUX KJIETOK, TKaHeH M MaKpOMOJEKYJSpPHBIX arperaToB. OmHaKo
JEHCTBHE CHCTEMBI KOMIDIEMEHTa MOJKET TaKkKe NMPHUBECTH K THOENN KIIETOK M
Pa3BUTHIO MATOJOTUYECKHUX IMPOIECCOB B TKAHSIX IPH €€ HeaaeKBAaTHOM aKTHBa-
muu. JleWCTBUTEIbHO, HEKOHTPOIHPYEMasi aKTUBAIMs CHUCTEMBI KOMIIEMEHTA
ObLTa IpHU3HAHA B KAYECTBE MATOTCHETHYECKOTO (haKTopa MPH MHOTHX CepACIHO-
COCYIIUCTHIX, IMMYHHBIX, IIOY€YHBIX ¥ HEBPOJIOTHIECKHX 3a00meBaHmsx [1].

BocnanmurensHbIe POIIECCH W Pa3BUTHE HEWpOJereHepaTHBHEIX 3a00Ite-
BaHUH y YeNOBEKa OTIOCPEI0BaHbI AaKTUBAIIME CUCTEMbBI KOMIUIEMEHTa. AKTHBA-
IIUSl 9TOTO KOMIIOHEHTa UMMYHHOM CHUCTEMBI MPOUCXOJUT 32 CUYET CBS3BIBAHUS
KOMITOHEHTOB cucTeMbl kommieMeHTa Clq u C3b ¢ aMUIIOMIHBIMU arperatamy,
obHapykuBaeMbIMH Tipu Oosie3Hn Anblreiimepa u [lapkuHCOHA, OTHOCSIIIIUMUCS
K 0OJIe3HSAM, Ha3bIBAEMbIM aMUIIONJ03aMH [2]. AMHUIIOHIO3bI CYMTAIOTCSI HEH3-
JIeYMMBIMU 3200JIEBaHUSMHU YEJIOBEKA U )KMUBOTHBIX, & XPOHUYECKOE BOCMIAJICHHUE
COITYTCTBYET ATHM 3a00JIeBaHIsIM. PaHee HamMu OBLIH MOJTyYeHBI JaHHBIC, CBHUIC-
TENLCTBYIOIIME O TOM, YTO MBIIICYHbIH OSIOK TUTHH CHIOCOOEH hOopMUPOBATH IN
Vitro amuiion/iHbIe arperaTel, 00JIaIatoNUe [IMTOTOKCHYHOCTRIO [3]. Henb3s uc-
KIIFOYHTh, YTO TUTHH MOXKET BXOJUTh B COCTAB aMIJIOMIHBIX OTIIOKCHHMU, 0OHa-
PYXCHHBIX B TONEPEYHO-ITONIOCATHIX MBIIIIAX U MEIUH COCYIOB IPH Pa3BUTHH
CHUCTEMHBIX aMIJIOUI030B U aMHIONUI030B MBI [4]. [IoCKOTBKY THTHH SB-
JISIETCST TPETHUM TI0 KOJMYECTBY OEITKOM B MBIIIIE, TO, HEOOXoauMa ObIcTpast
CHUCTEMa PEarupoBaHUsl B OpraHM3MeE I MPEAYNPEKISHUS Pa3BUTHS aMIJIOH-
J103a TIpU TIOTMAJaHUK ATOTO OeNKka WK ero (parMeHTOB B MHTEPCTEIHAILHOE
MPOCTPAHCTBO, HATIPUMED, TIPU TpaBMax. Takod CHCTEMOU MOXET ObITh CHCTEMA
KOMIIJIEMEHTA.

ILenpro Hamiero uccieqoBaHMs 3aKIOYaNnach B MPOBEPKE IMPEAINoIoxKe-
HUS, YTO AMHJIOWIHBIC arperatbl THUTHHA CHOCOOHBI AKTHBHUPOBATH CHCTEMY
KOMILUICMEHTA. ATperatsl TUTHHA TJIAIKUX MBI OBUTH COPMHUPOBAHBI B JIBYX
O0y¢epubix pactBopax: 0,15 M rmummua, pH 7,0-7,5 u 200 MM KCI, 10 MM
umunasona, pH 7,2-7,4. AMunouaHas npupoja arperaToB ObUIa TOATBEPIKICHA
Meronamu X-ray audpakuuu [5].

C nmomompio ELISA e Ob110 00HAPYKEHO CBSI3BIBAHUS aMIUIOMIHBIX ar-
peraroB riagkoMbinieqHoro TuTuHa ¢ C1q m C3b KOMIIOHEHTaMH CHCTEMBI KOM-
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TUIEMEHTa. AHAJIOTHYHBIC JaHHBIE OBLIH ITOJTyYeHB! U MPH WCTIOIB30BaHUH YeIIo-
BEUYECKOU CHIBOPOTKHU KpoBH: cBs3biBaHMs C1q n C3 U3 CBIBOPOTKH C arperaraMu
TUTHHA He HaOmoanock. TakuM 00pa3oM, HaIlld pe3yabTaThl OKa3hIBAIOT, YTO
TJIaJIKOMBIIICYHBIA TUTUH MOXET OBITh HE BOBJICYCH B MPOIECC aKTUBAIMH CH-
CTE€MBI KOMILJIEMEHTA [IPU Pa3BUTHH MBIILIEYHBIX aMHUJIOUI030B.
PaboTa BeImonHeHa npu noaepxke rpanta PODOU Nel8-315-00012.
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AMYLOID AGGREGATES OF SMOOTH MUSCLE TITIN
CANNOT ACTIVATE THE COMPLEMENT SYSTEM in vitro
S.A. Shumeykol, L.G. Bobyleva', LM. Vikhlyantsev'?,
A.G. Bobylev', E.I. Yakupova'

! Institute of Theoretical and Experimental Biophysics RAS,
Pushchino, Moscow Region, 142290, Russia;

2 pushchino State Institute of Natural Sciences, Pushchino,
Moscow Region, 142290, Russia; e-mail: yakupova.mira@mail.ru

Activation of any of the three complementary pathways (classical, lectin
or alternative) in the human body occurs with the development of normal in-
flammatory reactions in trauma or microbial infections. The complement system
plays an important role in the removal of apoptotic cells, tissues and macromo-
lecular aggregates. However, as a result of inadequate complement activation the
effector function of the system may result in cell death and the development of
pathological processes in tissues. In fact, uncontrolled complement activation has
been considered as a pathogenic effect for diverse many-cardiovascular, immune,
renal and neurological diseases [1].

Inflammatory processes and the development of neurodegenerative diseases
in humans are mediated by complement activation. Activation of this component
of the immune system occurs due to the binding of the components of the comple-
ment system Clq and C3b to the amyloid aggregates found in Alzheimer's disease
and Parkinson’s disease (called amyloidosis) [2]. Amyloidosis is an incurable dis-
ease that affects humans and animals and chronic inflammation coexists with it [2].
Based on our previously obtained evidence muscle protein titin is able to form in
vitro amyloid aggregates which have a cytotoxic effect [3]. We suggest that this
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protein is present in amyloid deposits found in case of amyloidosis with amyloid
deposition detected in muscle [4]. Titin is the third most abundant protein in mus-
cle, and the rapid response system in the body is needed to preventing the devel-
opment of amyloidosis when this protein or its fragments enter the interstitial
space, both in trauma and in the development of specific amyloid myopathy. The
complement system is supposed to be used. The goal of our study was to test the
assumption that amyloid titin aggregates can activate the complement system. Ag-
gregates of smooth muscle titin were formed in two solutions: 0.15 M glycine-
KOH, pH 7.2-7.4 and 0.2 M KCIl, 10 mM imidazole, pH 7.2-7.4. Amyloid nature
of the aggregates was revealed by X-ray diffraction [5].

ELISA for Clq and C3b binding showed that both amyloid aggregates of
titin do not bind directly to the complement components. Data of ELISA using
normal human serum for complement activation are similar: there are no indica-
tions of Clq and C3 binding by the aggregates. Thus, our results suggest that SMT
cannot be involved in the complement activation during amyloidoses in muscle.

This work was supported by the Russian Foundation for Basic Research
[grant number 18-315-00012].
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COUHT'OJUIINIHBIE MEXAHU3MBbI ATPO®UU MbIUIIL ITPU
T'UIIOT'PABUTAIIMOHHOM PA3I'PY3KE
A.A. SIxoBaes, B.A. IIporononos, M.H. lllanaruna, A.B. CexyHoB,
C.B. OBeukun, H.A. UBanos, I.T'. Bppinanna
Hbocesckas eocyoapcmeentas meOuyuHcKas akademus,
Hocesck, yn. Kommynapos, 281, Poccus

W3BeCTHO, YTO B Pa3sBUTHH aTPO(GHH MBIIII, BEI3BAHHOW (PYHKI[HOHAb-
HOW pa3rpy3Koii, BEIYIIYIO0 POJIb HIPACT AuCOATaHC MEKIY MpoleccaMu aHabo-
nu3Ma W Kartaboim3Ma OeNKOB (CHM)KCHHE CHHTE3a U YCHIICHHUE NIerpajiallui).
MexaHu3MBbl, TPUBOIAIIME K 3TOMY IucOanaHCy, 10 KOHIIA HE H3ydyceHbl. B
HACTOsIIee BpeMs OOCYXKHaeTcss BO3MOXKHOCTh ydacTHs C(UHTONMMIUIOB (B
YaCcTHOCTH, liepamuyia) B peanmsanuu 3ddekros pasrpy3ku (U.I.bpeiaauHa u
coaBT., 2014, 2018, Kwon, 2015, Salaun, 2015). 13BeCTHBI TPU OCHOBHBIX IyTH
oOpa3oBaHms LepaMuaa: cHHTE3 de novo, COUHTOMHETHHA3HBIH THAPOIH3 H

315



permkm3anus. B ombitax Salaun (2015) mombITka orpaHWYeHUs] CHHTE3a IIepa-
MHJIa BBEACHHEM MHUPHOIMHA (MHTMOUTOpA CEPHHIAIBMHUTOMITPAHChEPa3hl) HE
MpuBeJia K YCTPAHCHHIO aTpoHUeCKHX W3MEHEHHH B m. soleus kpeic mpu 7-
JTHEBHOM BBIBEIIMBAHUM 33/IHUX KOHEYHOCTEW, HECMOTPsl Ha BOCCTAHOBJICHHE
noBeinieHHoro npu AOB ypoBHs niepaMua.

Lenbto Hameld paboOTHI IBUIIOCH MCCIIEA0BAHUE BO3ZMOXXHOCTH KOPPEKLIMU
BBI3BAHHBIX BBIBELIMBAHHEM aTPO(PHUUECKUX M3MEHEHUH B MBIIINAX C HOMOIIBIO
MHIHOMTOpa KHUCIIOH CUHIOMHENINHA3bl KIIOMUIIpaMuHa. PaHee MBI NIPOJIEMOH-
CTPUPOBAJIN TIOBBIIICHHE YPOBHS 3TOr0 (epMeHTa NPU MBIMIEYHOH pasrpy3ke
(.T".bpeirouaa, 2014). DKcrepuMeHTH MPOBEIEHBI Ha Kpblax-caMiiax Bucrap
Mmaccoit 200- 250 r. PaGoTa BeImonHeHa ¢ coOMIOIeHNEM TPeOOBaHUMA, TIPEIbIB-
JISIEMBIX K paboTe ¢ OKCIEepUMEHTANbHBIMH JKUBOTHBIMH (IIpmkaz Mun-
3apascorpa3zButis oT 23.08.2010 r. Ne 708). ['umorpaBUTalIMOHHYIO Pa3rpy3Ky
(14 maeit) mMpIm 3agHEH KOHEYHOCTH MOJEIMPOBAIN IIyTEM aHTHOPTOCTATHYE-
ckoro BeiBemuBanug (AOB) mo Unbuny - HoBukoBy. HacTe BBIBEIIEHHBIX JKHU-
BOTHBIX Noiyyana kiomunpamuH (Anadpanui, Novartis Pharma, B/M, B n03e
0,25 mr B Teuenue 5 aueit 1o AOB u uepe3 gens Bo Bpemst AOB), ocTaiabHEIM
BbIBEIICHHBIM KpbicaMm BBoamIHN 0,9% pactBop NaCl. Konrposem ciryxunu uH-
TaKTHbIE XKMBOTHBIC. [lociie OKOHYAaHUSI BO3JEHCTBHI KMBOTHBIX BBIBOIMIM U3
9KCIIEPUMEHTa IyTeM JEKalUTalllK 110J HapKo3oM. IIpoBoJuiIM rucTonoruye-
CKO€ WCCIIeIOBaHNE KaMOAaJOBUAHOW MBIMIBI (OKpacka TIeMaTOKCHIMHOM-
J03WHOM, CBETOBAas MHKPOCKOMUS C MCIOJIb30BaHUEM I'paUIecKOro peaaKkTopa
Image J) ¢ menmpio omeHku ctemeHH arpoduu. [ns ompeneneHus SKCHPECCHH
psiza MOJIEKyYJI, BOBJICUYSHHBIX B peryisiuo anadommyeckoro mytu (IRS1, p-Akt,
mTOR, p-mTOR, p-p70S6K), a Tarke mIs ONECHKH YPOBHEH KHCIOH M
HeliTpansHOW  cuHromMmenuuas (aSMase, nSMase) npumensuin Becrepn-
6norTuHr no Laemmli. [epamun openensiy B MpoI0JbHBIX U MONIEPEYHBIX Cpe-
3ax MBI, 00pa00TaHHBIX aHTHIIEPAMHUIHBIMUA AaHTUTEIAMH, C IOMOLIBIO UMMY-
Ho(uyopecueHTHOro MeToaa. CTaTUCTHYECKYl0 oO0pabOTKy IOJy4YeHHBIX pe-
3yJIbTaTOB MPOBOJMIM C HCTONb30BaHKeM nporpamMm Microsoft Excel u SPSS
Statistica 6,0. B 3aBucumoctu ot pacmpexnesnenus (kpurepun Kommoroposa-
CwmupnoBa u Illamupo-Ywunka) 10cTOBEpHOCTH onpenessiii no CThIOACHTY WIN
Manny-YuTHH, pa3audus CYUTaIu J0CTOBEpHBIMU IpH p<0,05.

B pesynbTare mccienoBaHusl yCTAaHOBIIEHO, YTO KIOMHUIPAMHH OCIa0seT
aTpo(uuecKkre U3MEHEHHs B KaMOAJIOBH/IHOM MBIIIIE BHIBEIICHHBIX )KUBOTHBIX.
KommmaectBo aSMase (Ho He nSMase) u nepaMuaa B padTax, MOBBIIICHHOE TPU
AOB, craHoBWIOCH HIKE Ha (DOHE BBEAEHHs KioMmunpamuHa. OJHOBPEMEHHO
oOHapyxeH HopManm3yrImui 3GPexT J7aHHOTO MpernapaTa Ha KOMIIOHEHTHI CUT-
HanpHOro mytd IRS/ Akt/ mTOR: kinoMmunpaMuH NpeAoOTBpaliajl CHUKEHHE
yposHaeit IRS1, p-Akt, p-mTOR u p-p70S6K, Torna kak mTOR He u3MeHsUICA HU
mpu AOB, HU TIpH COUETAHHOM BO3JCHCTBUM.

Takum 00pa3oM, HHTHOMPOBaHNE CPUHTOMHUETNHA3ZHOTO THAPOJIM3a OKa-
3BIBACT NPEBEHTHBHOE BO3ICHCTBHE Ha pa3BUTHE arpoduu Mermr mpu 14-
JHEBHOM (YHKIMOHAIBHONH pasrpy3ke. BeposTHBIM MeEXaHH3MOM SIBIISETCS
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OTpaHWYCHHUE HHTHOMPYIOIMIEr0 BIUSHUS Lepamuaa Ha cuctemy IRS/ Akt/
mTOR/ p70S6K.
PaboTa BemonHeHa npu puHaHCOBOM Moaepxkke PH® (rpant Ne 16-15-
10220).
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MyD88 regulates physical inactivity-induced skeletal muscle inflammation,
ceramide biosynthesis signaling, and glucose intolerance, Am. J. Physiol. Endo-
crinol. Metab., 309, E11-21.
4.Salaun, E., Lefeuvre-Orfila, L., Cavey, T., Martin, B., Turlin, B., Ropert, M., Lore-
al, O., and Derbré, F. (2016) Myriocin prevents muscle ceramide accumulation but
not muscle fiber atrophy during short-term mechanical unloading, J. Appl. Physiol.
120, 178-187.

SPHINGOLIPID MECHANISMS OF MUSCLE ATROPHY
IN HYPOGRAVITATIONAL UNLOADING
A.A. Yakovlev, V.A. Protopopov, M.N. Shalagina, A.V. Sekunov,
S.V. Ovechkin, N.A. Ivanov, I.G. Bryndina
Izhevsk State Medical Academy, Izhevsk, Kommunarov St., 281, Russia

It is known, that an imbalance between the processes of protein anabolism
and catabolism (reduced synthesis and increased degradation) plays essential role
in the development of muscle atrophy caused by functional unloading. The mecha-
nisms leading to this imbalance are not fully understood. The possibility of sphin-
golipid involvement (in particular, ceramide) in the realization of disuse effects in
muscle is currently under discussion (Bryndina et al., 2014, 2018, Kwon et al.,
2015, Salaun et al., 2015). There are three main pathways of ceramide formation:
de novo synthesis, sphingomyelinase hydrolysis and recyclization. In the experi-
ments of Salaun with co-authors (2015), an attempt to decrease ceramide biosyn-
thesis by treatment with myriocin (an inhibitor of serine palmitoyltransferase) did
not eliminate atrophic changes in rat m. soleus subjected to 7-day hindlimb unload-
ing (HU), despite the restoration of ceramide level elevated in HU. The aim of our
work was to investigate the possibility of correcting the atrophic changes in un-
loaded muscle using the acid sphingomyelinase inhibitor, clomipramine. Earlier,
we demonstrated an increase in the level of this enzyme during muscle unloading
(Bryndina et al., 2014). The experiments were carried out on Wistar male rats
weighing 200-250 g. The work was performed in compliance with the require-
ments for working with experimental animals (Ministry of Health and Social De-
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velopment Order No. 708 of August 23, 2010). Hypogravitational unloading (14
days) of the hindlimb muscles was simulated by antiorthostatic suspension accord-
ing to Ilyin-Novikov. Some of suspended animals were pretreated with clomipra-
mine (Anafranil, Novartis Pharma, i/m, at a dose of 0.25 mg for 5 days before HU
and every other day during HU), and the rest were administered with 0.9% NaCl
solution. Intact animals served as a vivarium control. After the end of unloading
the animals were removed from the experiment by decapitation under the general
anesthesia. A histological examination of the soleus muscle (hematoxylin-eosin
staining, light microscopy using Image J graphic editor) was carried out to assess
the degree of atrophy. To determine the expression of a number of molecules in-
volved in the regulation of the anabolic pathway (IRS1, p-Akt, mTOR, p-mTOR,
p-p70S6K), as well as to assess the levels of acid and neutral sphingomyelinases
(aSMase, nSMase), Western blot analysis according to Laemmli was used.
Ceramide was determined by immunofluorescent method in longitudinal and
transverse sections of muscle treated with anti-ceramide antibodies. Statistical
analysis of the obtained results was performed using Microsoft Excel and SPSS
Statistica 6.0. Depending on the distribution (Kolmogorov-Smirnov and Shapiro-
Wilk criteria), the significance of changes was determined by Student’s or Mann-
Whitney tests, the differences were considered significant at p <0.05.

It was found that clomipramine weakens atrophic changes in the soleus
muscle of suspended animals. The amount of aSMase (but not nSMase) and
ceramide in lipid rafts, increased in HU, became lower with clomipramine treat-
ment. At the same time, the normalizing effect of this drug on the components of
the IRS / p-Akt / mTOR signaling pathway was revealed: clomipramine prevent-
ed a decrease in the levels of IRS1, p-Akt, p-mTOR and p-p70S6K, while mTOR
did not change either in HU or in a combined experiment.

Thus, inhibition of sphingomyelinase hydrolysis exerts a preventive effect
on the development of muscle atrophy during 14-day functional unloading. The
possible mechanism of this is the supression of the inhibitory effect of ceramide
on the IRS / Akt / mTOR / p70S6K pathway.

This work was supported by RSF (grant #16-15-10220)
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SMALL-MOLECULES DIRECTED TO THE TITIN FILAMENT
AS A POTENTIAL NOVEL STRATEGY TO ATTENUATE
MUSCLE STRESS RESPONSE PATHWAYS
AND MODULATE STRAIN RESPONSES
Volker Adams', T. Scott Bowen?, Peter Sehr’, Joe Lewis’, Siegfried Labeit*’
Experimental and Molecular Cardiology, TU Dresden, Heart Center Dresden,
Germany

2School of Biomedical Sciences, University of Leeds, Leeds, United Kingdom
®Dept for Chemical Biology, EMBL Heidelberg, Germany
*IPM, Dept. for Integrative Pathophysiology, Universitétsklinikum Mannheim
University of Heidelberg, Germany
*Myomedix GmbH, Neckargemiind, Germany

Background: MuRF1 is a muscle-specific ubiquitin E3 ligase that is acti-
vated during clinical conditions associated with skeletal muscle wasting, like
cardiac cachexia, heart failure or cancer. Yet there remains a paucity of therapeu-
tic interventions that directly inhibit MuRF1 function, particularly in vivo. Re-
cently, we have developed a novel compound that targets the MuRF1 protein in
order to inhibit muscle wasting in cardiac cachexia (Bowen et al., 2017, JCSM):
A compound isolated from the EMBL inhouse selection, EMBL ID#704946,
could protect diaphragm and T. anterior muscles from cachexia stress induced
myopathy. In this Pushchino meeting, we will present C2C12 data in an attempt
to understand the myocyte based signaling pathways that are modulated by treat-
ing stressed myocytes compound with the compound. In addition, we will dis-
cuss the titin filament and its associated ligands in the context of its targeting by
biochemical stress pathways during physiological responses: Possibly, small
molecules might serve as as novel strategy to modulate pathophysiological titin-
based responses. Therefore, we will discuss with our colleagues at this workshop
which approaches could be most suitable to treat atrophy and muscle dysfunction
in a variety of chronic disease states where we assume that titin provides a cen-
tral signaling scaffold.
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HccnenoBanne B3anMOICHCTBHS JECMHUHA C METOXOHIPHSAMH iN Vitro

C. /lyxanun, H. Meoseoesa, T. Hexpacosa, A. [laan, A. Munun
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D.4. Kacymos, P.O. Kacymos, U.B. Kacymosa
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Bmusaue T1™ Ha CIIOHTAaHHOE COKpAICHHE CEPICUHON MBIIIIIBI
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HU.B. Kybacos, M.I". [Jobpeyos, I1.11. Boosxun, A.A. I[lanos
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Bimsiane amunokucnor Ha skcnpeccuro rena |GF1 B MuoTy6ax

U CKEJIETHOM MBIIIILIE Y€I0BEKa
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