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ABOUT SCHOOL

Ion channels are a wide class of membrane proteins, taking part in a majority of
physiological processes in the organism. This school is devoted to the studies of various aspects
characterizing the ion channels, starting from the specific features of their functioning in the cell,
and finishing with their molecular structures. Special attention is paid to the approaches of
structural biology used to elucidate the structure of ion channels and other membrane proteins.

The school is supported by the grant of the Russian Science Foundation (RSF) Ne 19-74-
30014 "Structural biology of membrane proteins for the development of new drugs and
diagnostics"; Head: Doctor of Chemical Sciences, Professor Alexander Arseniev , and by the grant
from the Russian Foundation for Basic Reseaarch (RFBR) Ne 20-54-15004, "Structure and
physiology of ion channels, responsible for the heart arrhythmias"”, Head: Doctor of biological
Sciences. Professor of RAS, Olga Sokolova.

VoHHble KaHa/bl TIPeJCTaBASIOT CoO0M OOLMpHBIA KaacCc MeMOpaHHBIX —OenkoB,
NPUHUMAIOIMX ydYacThe B OOMBIIMHCTBE (U3MOJOTMUYECKUX IPOLIECCOB B JKMBOM OpraHU3Me.
[JaHHas 1IKo/a MOCBsLeHa U3YUYeHUIO0 Pas3/IMUHbIX aclleKTOB XapaKTepHU3YHOLUX UOHHble KaHaJlbl,
HauMHasi OT OcoOeHHOCTel (YHKI[MOHMPOBaHUS B K/IeTKe U 3aKaHUMBAasg HMX MOJEKY/ISpHOM
cTpyktypoil. Ocoboe BHUMaHHe y/e/ieHO TOAX0JaM CTPYKTYpPHOW OWOJIOTHM, KOTOpbIe
VCTIONB3YIOTCS AJIs1 UCC/Ie/JOBaHUSI CTPYKTYPhI MOHHBIX KaHA/IOB U [PYTUX MeMOpaHHBIX OesKOB.

[lIkona moggep>kaHa rpaHToM Poccuiickoro HayuyHoro ¢onza (PH®) Ne 19-74-30014
«CrpykrypHass Ouosnorusi MeMOpaHHBIX OenKOB [Jisi CO3/j@HHs HOBBIX JIEKAPCTBEHHBIX U
JIMarHOCTUYECKUX CPeJCTB»; PYKOBOJAWTENb: JOKTOP XMMHYECKHWX HayK, Mnpodeccop ApceHbeB
A.C., a takke rpantoM PODU Ne 20-54-15004, “CtpyKTypa M (PU3MOIOTMsl MOHHBIX KaHAaJOB,
OTBETCTBEHHBIX 3a Cep/leuHble apUTMUM”; PYKOBOAWTEIb: JOKTOP OMO/IOrHueCKUX Hayk, Tpodeccop
PAH, CoxkosoBa Onbra CepreeBHa.



ABOUT RSF GRANT

Russian Science Foundation grant for support of world-class
laboratories under the Presidential Research Funding Program

STRUCTURAL BIOLOGY OF MEMBRANE PROTEINS FOR
THE DEVELOPMENT OF NEW DRUGS AND
DIAGNOSTICS

Grant RSF 19-74-30014
The project Lead: Prof. Alexander Arseniev, IBCH RAS

Membrane is one of the main components of a living cell. It is
involved in a variety of vital processes; and integral and
peripheral membrane proteins, such as receptors, transporters, ion
channels are responsible for its major functions. Therefore, it is
not surprising that membrane proteins are among the most
important objects for the development of modern "targeted" drugs and early diagnostics. On the
other hand, rational design of biologically active compounds requires a deep understanding of the
structural organization and functioning of their protein targets. Main achievements in this area are
provided by the X-ray crystallography and Cryo-electron microscopy, however, both methods suffer
from several problems, which often are not overcome.

The grant from the Russian science foundation (project 19-74-30014) is devoted to the study
of several important classes of membrane proteins, including the single-pass cell receptors, ion
channels, membrane penetrating ribosome-inactivating protein toxins and luciferases. The complex
approach, including the NMR spectroscopy, optical microscopy, protein engineering and computer
simulations will be applied. As a project goal, we intend to use the structural data to develop novel
antitumor drugs and their delivery systems, potassium channel blockers and luciferin-based test
systems. Additionally, the obtained data will lie in the basement of our understanding of major
principles of the folding and functioning of membrane proteins.

MembpaHa siB/isieTCsl OIHUM U3 OCHOBHBIX KOMIIOHEHTOB >KHMBOM KyieTKH. OHa BOB/ieyeHa B
[IMPOKUI KPYT B)KHEHIIIMX MPOLIeCCOB, TIPH 3TOM MHTerpasbHble U neprdepruieckrie MeMOpaHHbIe
Oenku, Takue Kak peLleNTopbl, TPAHCTIOPTePbl U MOHHBIe KaHasIbl, OTBeYar0T 3a OOJIbILyI0 UacThb ee
¢byukimii. HeynuBuTensHO, uTo MeMOpaHHbIe Oeslkv - OfHM M3 Hanbosee Ba)KHBIX OOBEKTOB /IS
pa3paboTKu COBpeMeHHBIX JIeKapCTB HalpaBIeHHOTO JIeHCTBUSL U CPe/ICTB paHHel AuarHOCTUKU. C
JPYTO¥ CTOPOHBI, HAallpaB/IeHHBIA MMOUCK OMOIOTHUeCKH aKTHBHBIX COeJUHeHUI TpeOyeT rimybokoro
TIOHMMaHUsI CTPYKTYPHOM OpraHu3alui U (PyHKIIMOHUPOBaHHUSI WX OesikoB-MuileHeil. OCHOBHbIE
JOCTIKEHUS B JaHHOM 00macTv cJefaHbl MeTOJaM{ PEeHTTeHOCTPYKTYPHOTO aHaau3a |
KPHO3/IeKTPOHHON MUKDOCKOITHH, OIHAKO, 00a Mo/iXofia CTalKUBAKOTCS C PsiZioM TpobsieM, KOTopbie
He BCeryja Mpeo/0MBI.

B pamkax rpaHTa [ JjiabopaTtopuii MUPOBOTO YpOBHsI [Ipe3usieHTCKON MporpamMmbl
WcCie[ioBaTelbCKUX TPOeKToB Poccuiickoro HayyHoro ¢oHga (mpoekt Ne 19-74-30014)
TUIAaHUPYeTCsl TIPUMEHUTh KOMIUIEKCHBIN TIOAXO/, BK/IoUaroumii B cebs SIMP-criekTpockomnuio,
ONTUYECKYI0 MHUKDOCKOMHWIO, OeMKOBYI0 HWH)KEHEPUI0O W KOMITBIOTEpDHOE MOZeIMpOBaHue.
[TnaHupyeTcsi M3yuuTb HECKOJIbKMX Ba)KHEWIIMX K/IacCcOB MeMOpaHHbIX O0eslkOoB, a WMEHHO:
K/IeTOUHbIe PeLieNTOPbl C OAHKMM TPaHCMeMOpaHHBIM CerMeHTOM, WOHHbBIE KaHasibl, prOOCOM-
VHaKTUBUPYIOIMe Oeku, CriocoOHbIe TIPOHUKATh uepe3 membpaHy, W Jolrdepassl. B KauectBe
KOHEYHOM 1]eJ/TM TIPOeKTa IJIAHUPYeTCsI MCTI0/Ib30BaTh CTPYKTYPHbIE JaHHBIE /1S pa3pab0oTKK HOBBIX
TIPOTHUBOOITYX0JIEBbIX areHTOB W CHUCTeM UX [IOCTaBKH, OJIOKAaTOPOB Ka/MeBbIX KaHAlIOB M
OCHOBaHHBIX Ha JIOLU(eprHax TeCT-cucTeM. [loyueHHbIe pe3ysbTaThl JISTYT B OCHOBY TTOHUMAaHHUS
6a30BbIX MPUHLIMIIOB (hosiZvHra U HYHKLIMOHUPOBaHUS MeMOpaHHbIX OesKOB.



ABOUT RFBR GRANT

RFBR and the National Center for Scientific Research of France

THE STRUCTURE AND PHYSIOLOGY OF THE ION
CHANNELS, RESPONSIBLE FOR CARDIAC
ARRHYTHMIAS

Grant RFBR 20-54-15004
The project Lead: Prof. Olga Sokolova Arseniev, MSU

Ocob6eHHOCTH TPeXMEPHOTO CTPOEHHsSI HOHHBIX KaHajloB B HOpMe
Y TIpU TeHeTUYeCKUX U3MEeHEeHMSX Jie)KaT B OCHOBE M3MEeHEeHWU
3JIeKTPUYe CKUX CBOUCTB MeMOpaHbI KapIMOMHOLUTA,
HapylleHUl MpOZAO/KATENbHOCTH (ha3 MoTeHLMana AelCTBYs, U,
B KOHEUHOM WTOTe, SIBJISIFOTCSI CyOCTPaToM pa3BUTHS HapyIIeHU
cepgeuHoro  putMa.  CTpPyKTypHble M JUHaMHUeCKHe
KOH(OPMaIlMOHHbIe HW3MeHeHWs CyObeJuHUI] HMOHHBIX KaHaJOB SIB/ISIOTCS TIOTEHIMATbHON
MUILIEHbIO /11 pa3paboTKM HOBBIX aHTHAPUTMUUECKWX TiperapatoB. Llenbio HacTosiIero
WCC/IelOBaHUS SIB/ISIETCSl M3yueHue 3/1eKTPO(PU3UOIOIMYeCKUX XapaKTePUCTUK HOPMa/bHBIX U
MYTaHTHBIX CepZeUyHbIX KaTHOHHBIX KaHaJIOB, a TakKke MOAPOOHOe MCC/ejoBaHKe B3aUMO/eHCTBUS
JMHKepa S4-S5 ¢ BHYTPUK/IETOYHBIM KOHLIOM [IOPOBOM Crpamd S6 WOHHOrO KaHana. B
3arIaHUPOBAaHHOM COBMECTHOM HCCJIeIoBaHUM OyJyT BIiepBble MCCIe[0BaHbl (PU3HOTOTHYeCcKUe
TIPOSIBJIEHNST HOBBIX MYTal[iii B MOHHBIX KaHasaX, Hali/leHHbIe Y OOMbHBIX C CePAEYHOU apUTMUEH.
[laHHBIe TTO3BOJIAT BIIePBbIe CBSI3aTh MYTAaL[MM B KaHAasaX C IMOCTaB/I€HHBIM JUarH030M U B Oyayliem
OTpaB/IaHHO TIJIAHUPOBATH JieueHHe TaKWX OonbHBIX. Takke OyneT BrepBble HM3yueHa CTPYKTypa
3akpbiToro kaHana Kvll.1 (HERG), kogupyemoro renom KCNE2. 1551 3akpbeiTus kaHanioB HERG
in vitro Mbl TIUIAHUPYeM IIPUMEHUTb OPWUIMHAJbHBIM TIOAXOA, IpeJ/IOKeHHbIM HalluMH
(paHIL[y3CKUMM MapTHepPaMH, KOTODbIM BK/IOUaeT KO-IKCTIPeCUCHUI0 OelkOB KaHa/loB C BHELIHUM
TeNTH/IOM, aHAIOTOM JIMHKepa S4-S5. V3yumB cBsizb Mexay S4-S5 u S6 mMbl cMokeM 000CHOBATh
MOJIEKY/ISIDHBIM MeXaHW3M [IByXCTYIleHYaTol aKTHMBal[MM KaHa/lOB. YUWTbIBasg OPUrMHATBbHOCTb
MpeJCcKa3aHHOTO MexXaHu3Ma 3aKpbITUsS KaHaloB M TOT (PaKT, UTO OH, BEpOSTHO, NMPHUMEHUM K
pas/UuUHBIM KaHajaaM C 3aMe/i/IeHHOM aKTWBalyel, O)XWJaemble pe3ysbTaTbl B [JOJITOCTPOYHOM
repecrieKTUBe CMOTYT TIPUMEHSIThCS /71T Pa3pabOTKH HOBBIX HeCelTeKTHBHBIX 0/I0KaTOPOB MOHHBIX
KaHaJIoB, [JIs1 UCII0/Ib30BaHKs B ()apMaKO/IOTHMU U CeIbCKOM XO3SMCTBe.




PROGRAM

13 November 2020 (Friday)

9:30 REGISTRATION

9:45 SCHOOL OPENING (Welcome to small conference hall)

10:00 - 10:15 Prof. Olga Sokolova, MSU Greeting

10:15 - 10:45 Dr. Elena Zaklyazminskaya, KnuHuueckoe u reHeTrueckoe
Head of Laboratory of pa3HooOpa3ue cep/leuHbIX KaHA/IOMaTHi
medical genetics, RSCS

10:45 - 11:15 Dr.  Valeriya  Rusinova, Mytaruu B reHe SCNSA 11py cuHZpoMe
Research Fellow of Bbpyrazga
Laboratory  of  medical
genetics, RSCS

11:15-11:45 Prof. Denis Abramochkin, Iucbananc noHHbIX TokoB INa u 1K1 —
Senior Research Fellow, T7IaBHasi MPUYMHA Tbenu peid npy
MSU rurepTepMun

11:45-12:15 Dr. Alexandra Luginina, CrpykrypHble uccienopanusi GPCR: ot
Senior Research Fellow of reHeTUUeCKON KOHCTPYKLIMH /10
Laboratory of  structural TIPOTHO3UPOBAHUS JIeKapCTB
biology of GPCR, MIPT

12:15-12:35 Coffee-break

12:35-13:05 Prof. Gildas Loussouarn, How voltage-sensor movement transfers
CNRS Research Director of to gate opening in several voltage-gated
Institut du Thorax channels

13:05 - 13:35 Prof. Ekaterina Lyukmanova, CTpyKTypHasi buosiorusi: Buepa, CerojHs,

Head of Laboratory of
bioengineering of

3aBTpa. HoBas Marucrepckas nporpaMma
buonoruueckoro ¢akynsrera MI'Y.




neuromodulators and
neuroreceptors, IBCH RAS

13:35 - 14:05 Prof. Zakhar Shenkarev, CTpyKTypHbIe ucciej0BaHUs KaHa/I0B
Head of Group of structural cemelicTBa P-loop: Kakue laHHbIe Mbl
biology of ion channels, MOyKeM TIOJTYUUTh, UCTI0JTb3Ysl Pa3/IMUHbIe
IBCH RAS METO/IbI

14:05 — 15:00 Lunch Time

15:00 — 15:30 Dr. Anton Chugunov, Head Temperature sensor TRPV1:
of Group of in silico analysis computational and biochemical insights
of membrane proteins
structure, IBCH RAS

15:30 — 16:00 Prof. Olga Sokolova, Head The use of lipodiscs for structural studies
of Structural biology group, of human voltage-dependent ion channels
Department of
bioengineering, Faculty of
biology, MSU

16:00 — 16:30 Dr. Valeriy Novoseletsky, MopenvpoBaHye CTPYKTYpPbl U (YHKLIMU
Department of HMOHHBIX KaHa/IOB
bioengineering, Faculty of
biology, MSU

16:30 — 17:00 Dr. Konstantin  Mineev, Single-pass cell receptors: mechanisms
Senior Research Fellow of of action and spatial structure
Laboratory of biomolecular
NMR-spectroscopy, IBCH
RAS

17:00 SCHOOL CLOSING



ORAL PRESENTATIONS

KIIMHNMYECKOE U 'EHETNYECKOE PASHOOBPA3SVE
CEPIEUYHBIX KAHAJIOTIATUIA

3akisa3pMuHCKag E.B.

A - g Jlabopamopus meduyuHckoli ceHemuxku PI'BHY «PHI[X

um.axao.b.B.I[Tempoecko2o»

MosiekysipHO-reHeTHYeCKre UCCIef0BaHus B 00/1aCTH apUTMOJIOTHH
3HAUMTeNbHO  PACIIUPUIN TIpeICTaBleHUsT O  MexaHH3Max
% apUTMOTeHe3a, B3aMMO/IENCTBUSAX MeMOpaHHBIX OesKoB,
_ f 130MpaTesIbHOCTH U TIPOHUI[AEMOCTU MOHHBIX KaHAJIOB, MeXaHH3MaXx,
3 \ JieKaluX B OCHOBe HWHAWBHUYa/JbHOM UYBCTBUTENBHOCTH K
’fgg‘ Eﬁ‘; JIeKapCTBeHHBIM TperiapataM. IlepBble JOCTIKeHUss B obmactu
MOJIEKY/ISIPHOM TeHeTUKU apuTMHUM OblmM CBsi3aHbl C H3yueHHeM
Oo/bIIMX ceMell C MOHOT@HHBIMM apUTMHUeCKUMU CUHAPOMaMH, TaKUMH, KaK CUH/IPOM VTMHEHHOTO
uaTepBasia QT. KapTupoBaHue u njeHTU(HUKALIUS TeHOB, OTBETCTBEHHBIX 3a 3a00sieBaHNe, BBISB/IEHHE B
HUX MyTalyi, NPUBOASIIMX K HapyIIeHHsIM [TPOBOAUMOCTHA UOHOHHBIX KaHa/I0B, [PeJj0CTaBU/IM HOBbIe
JlaHHble 719 (QyHJaMeHTalbHOM M K/IMHUYECKOW 3/1eKTPO(GU3UOIOTHY, TIOHUMAaHUsl TIPHUPOJbI
3/1eKTPO(U3UONIOTUUeCKUX HapyLIeHWW, MpPUBeId K PACIIMPEHUI0 [UarHOCTUYECKUX BO3MOXKHOCTEH,
pa3paboTKe HOBBIX ITOJIXO/IOB K Teparvu.

B mocsienHee Bpemsi Gosibllioe BHUMaHHWe V/e/sieTCsl HACAe[ACTBEHHBIM 3a00sieBaHUsM, He
COTIPOBOXK/IAIOIIMMCST  BbIp@KEeHHBIMM CTPYKTYPHBIMH W3MeHeHHsSIMA MUOKap/ia, W TPOSIBJSIOLUIUMCS
NPEeUMYIIIeCTBEHHO ~ W/IM  WUCK/IIOUUTENbHO  37eKTPO(U3MOOTUUeCKUMHM  HapyLIeHWsMHd B
KapauoMuonure. [Iyii 3TOM TPYIIbI COCTOSIHMM XapaKTepHbIM SIB/SETCS BBICOKMM PHCK BHEe3arHON
CMepTH BCJIe/ICTBHE Pa3BUTHS KU3HEYTPOXKAIOLIMX HApYLIeHU pUTMa W/WId MPOBOAUMOCTU. B ocHOBe
3TUX 3a00/1eBaHU JIeXKAT MyTalluy TeHOB, KOAUPYIOIIUX Oe/IKM MOHHBIX KaHAJIOB, IKCIIPeCCHUPYIOIIUXCS
B MHOKap/ie, a TaK’Ke UX MOJY/ISITOPOB. JTO SIBUJIOCH OCHOBaHUEM [i7is1 00beTUHeHHsI 3TUX 3abo0/ieBaHUs
B TPyINIy «KaHasonaThii». K mepBUYHBIM KaHa/IOMaTUsM OTHOCST CUHZPOMBI YAJTMHEHHOTO WHTepBasa
QT (LQTS), ykopouenHoro wuHTepBasa QT (SQTS), cungapom bpyraga, Hac/ieACTBeHHOe
TpOrpeccypylollee HapyllleHue TMPOBOAWMOCTH, ceMeiHble (opMbl cuHApoMa Bonbga-IlapkrHcoHa-
Yaiita, ujvonaTiyeckass U KarexoraMuUHepruyeckasi >KeayJouKoBble TaxUKap/uu, ceMeliHble (hOpMbI
¢bubpuUnIsSLMY Tpecepauii U CHHAPOMAa (/1abOCTH CHMHYCOBOTO Y37a, CHHZAPOM JIeTCKOW BHe3arHOW
CMepTH, U CITUCOK Cep/ieUHbIX KaHa/I0TaTHi MPO/I0/KAeT PacIUPSTHCS.

HopmasnbHble aMIUIMTYZl@a U TIPOJO/DKUTENBHOCTh CepfleuHoro moTeHiuana pedcteus (1)
obecrieunBarOTCs TOHKO cCOa/laHCMPOBAHHBIM  B3aMMOJEMCTBUEM MHOTMX HOHHBIX KaHa/lOB U
PEry/IiITOPOB UX aKTUBHOCTH, KaXKbIi U3 KOTOPBIX KOAUPYETCS OT/e/bHbIM reHOM. KomuecTBo 6ekoB
Y KOJUPYIOLIUX MX TeHOB, CIOCOOHBIX TPUBECTHM K HApyLIeHUsIM 3/1eKTporeHes3a, IMOTeHIMaIbHO
OLIeHMBaeTCsl HeCKOJILKUMU JleCsiTKaMHi. B HacTosiiiiee BpeMsi KapTUpOBaHbI Ooree 20, 1o-BHAUMOMY,
K/TFOUEBBIX T€HOB, MyTalliH B KOTODPBIX MPHUBOAAT K Pa3BUTUIO TUITUYHBIX KIUHWUUECKUX TIPOSIBIIEHUH
3THX 3ab0/1eBaHUH.

CooTHollleHHe TIoC/ae/0oBaTe/bHbIX (a3 TOTeHLMana [eHCTBUsl TIOAJep>KUBaeTCsi MHOTMMU
KaHajlaMH, HO JIUIIb HeOOosIbIlasi YacTh U3 HUX OTKPBITA B OJJHO U TO ke BpeMs. TakuM obpa3oM, Jake
HeOosbIllie W3MeHeHWsT B CKOPOCTH OTKPBITUS U 3aKPBITHS OrPAHUYEHHOTO uHcia OenKoBBIX
CyOBbeJUHUL] MOTYT HapyILIUTh HOPMa/IbHOEe TedeHHe MPOL[eCCOB JIeToSIPU3aliy ¥ Periosipu3aLivu.

N3yueHrie MONeKy/sipHO-TeHETUUECKUX OCHOB DeJKUX apUTMUUYeCKUX CHHZPOMOB TIpPHBE/IO He
TOJTIBKO K W/IeHTHU(UKALMM MHOTMX T'€HOB, OTBETCTBEHHBIX 3a TepBUUHbIe HApYIIeHWs CepAeyHOoro
pUTMa, ¥ OMNKCAHWI0 B HUX CIeKTpa MyTarui. IlapasuieslbHO HaKaryiMBaaoCh OOJBIIOE KOHUECTBO
JNAHHBIX O CTPYKType U (YHKOMM WOHHBIX KaHAlOB, WX B3aWMO3aBUCUMON pabore, KaHas-
acCOIMMPOBaHHbIX Oesikax. V3yueHuWe MOJIEKY/ISIPHOTO IaTOTe€He3a apUTMHN T03BOJIsSIeT BAMSATH Ha
HapyllIeHHYI0 TMPOBOAMMOCTb MOHHBIX KaHA/IOB. JTH [laHHble B HACTOsilljee BpeMsi JieIJI0 B OCHOBY
pa3pabOoTKK HarpaBIeHHOM JIeKapCTBeHHOM Teparyy Hac/ieJCTBeHHBIX aDUTMOTeHHBIX CHH/JPOMOB.
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MYTALIU B I'EHE SCN5A ITP1 CUHIPOME BPYTAZTA
PycuHoga B.C.

Jlabopamopus meduyuHckoli 2eHemuku PI'BHY «PHI[X
um.akao.b.B.Ilempogckoz2o»

SCN5A-TeH, koaupyroumi anbda-cyoreaununly Navl.5 ceppaeuHbIx
VIOHHBIX HaTpUeBBIX KaHa/oB (IoKyc 3p21, 28 5k30HOB). [laHHbIN KaHas
CrocoOCTByeT TOCTYIUIEHHUI0 WOHOB HATpUsi B KJIETKY, obOecrieurBaeT
“\ ‘ TIpOBe/leHNe CEepJeuyHOro COKpallleHHsl, KOOPAWHALMI0 U TOofJep)KaHue
ad HOpPMaJbHOTO  cepieyHoro putMma. Anbda-cyovepunuiia  Navl.5
HAaTpUEBOTO KaHajla COCTOMT U3 4 TOMOJIOTMYHBIX [JOMEHOB W TIpe/CTaBseT CoOoi
TpaHCcMeMOpaHHBIM Oenok Maccoit 227 k/la. Haubosee Bbicokasi 3kcripeccusi reHa SCNSA
rpe/icTaB/ieHa B MUOKapze. Myrtaiuu B reHe SCNSA HepeKO NPUBOAAT K Pa3/IMUHbIM CepAeyHbIM
3aboneBaHUsIM, OJHUM W3 KOTOPBIX sBAseTcs cuHApoM bpyraga. Cunzapom Bpyraza-
Hac/Ie[CTBEHHOe HapyllleHWe PUTMa Cep/ilia, XapakTepusyloleecs: crie[ju(puuecKuM NaTTepHOM Ha
IKT, cvHKOMaNbHBIMU COCTOSIHUSIMU, @ TaK)Ke BBICOKMM DHUCKOM BHe3allHOW Cep/ieyHOM CMepTu
BCJIE/ICTBHE Pa3BUTHS TIOMTMMOPGHOMN >KeTyJ0YKOBOM TaXUKapAUU WA PUOPUIISILIAN YKeTyJ0UKOB.
YMeHbllIeHHe 4YWC/la WM YCKOPeHHas WHAKTHUBALUsl HaTPUEBBbIX KaHA/JOB B KJETKax SMHKap/a
TIPaBOrO JKeIy[0uKa, NPUBOASALLAs K CHKEHUIO TJIOTHOCTU TOTOKA HaTpHUsl U TpeK[eBpPeMeHHON
perosisipu3aliiy 3MUKap/a, MpeJCTaBIsOT COO00W MeXaHW3M pa3BUTHUsS CHHApoMa bpyraza mpu
oOHapy)XeHHbIX MyTalusx B reHe SCN5A. CrerneHb BBIP&KEHHOCTU KIMHWUUECKUX TPOSIBIEHUI
cuHzApoma bpyrazia mponopLyoHanbHO 3aBUCHT OT CTereHu rnoBpexxaeHus Na-kaHanoB. MyTtauyu B
SCNS5A MoryT ObITh CBSI3aHBI C YTPaTOW WM C yCcuieHueM GyHKIuu 6esika. Ha cerogHsmHui 1eHb
M3BECTHO OKO/I0 736 pa3nuuHbIX MyTaluil (B T.4. MyTalMu CIJIaliCUHra, MUCCEHC-MYyTalluM) B TeHe
SCN5A. Ha npuMepe KJIMHUYECKUX CAydaeB MaLMeHTOB C CUHAPOMOM bpyrazga mMel pacCMOTpUM
pasnuuHble TUMbI MyTauui B reHe SCNSA (p.Y87C; c.1233del; ¢.999-1G>A; p.E1574%).
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OVCBAJIAHC MOHHBIX TOKOB INA 1 IK1 - I[JTABHAA
I[MPUYNHA I'MBEJIN PBIb ITPU TNTIEPTEPMNN

AbpamoukuH [I.B., Vornanen M.
MTI'Y um. M.B. JlomoHoco8a

Honroe BpeMsi CUMTAnOCh, UTO TPHUUYMHA CMEPTH PbIOBI TIPH
TIOBBIIIIEHUM TEMITEPATypbl  3aK/IFOUaeTcss B HECIOCOOHOCTH
MO/IZIepKUBaTh BO3PACTAOIIe TOTPeOHOCTH K/IeTOK B KUCJIOPO/ie
B YC/IOBUSIX CHW)KEHHS €ero pacTBOPMMOCTH B Boge. CornacHo
Halllell anbTepHAaTUBHON TUIIOTe3e CMepPTb >KUBOTHOTO CBsi3aHa C
rnoTepei BO30yIMMOCTH MHOKap/a, HEIoCpeCTBEHHO
00yCJ/IOB/IEHHOH MOBBIIIIEHWEM TeMIlepaTypbl. B KapuoMuoIuTax
pbib criocoOHOCTE K reHepanuu moreHrmana pgeicreus (T110)
3aBHCUT OT COOTHOIIIeHHs 0a3abHOTO KaJMeBOr0 TOKa BXOZsIrero BuimpsmiieHus IK1 u OsicTporo
HaTtpreBoro Toka INa. B To Bpems kak IK1 obGecrieunBaetr rojjep)kaHue rmoTeHI[dana mokos, INa
obecrieuriBaeT a3y Jemnossipyu3aliii B pabounx KapauoMuouuTax. [Ipu HOpMalbHOM TemIieparype
>KU3HU pbIObI cooTHoiieHre IK1 u INa TakoBo, UTO HeOO/BIIOrO JEMOJISIPU3YIOIIEro TOKa,
TIPUXOJALLErO K JKeJTyJOUKOBBIM MHOLIUTAM OT K/I€TOK aTPUOBEHTPUKY/ISIDHOTO y37a [JOCTaTOYHO,
yTOObI CABUHYTb MeMOpaHHBI TIOTEHIMaA [0 TIOpPOTOBOTO YPOBHS, KOTJa aKTHUBUPYETCS
JI0OCTaTOYHOe [i/Isl 3arycKa CaMOTIOA/[ePKHBarOLLelcsl Jenosipyu3aliii UMCI0 HaTPUeBbIX KaHa/oB.
[1pu noeeilieHnun TemMrieparypsl IK1 TobKO yBemuuBaeTcs, B TO BpeMs Kak amruidtyga [INa pacret
JMIIBL 0 TeMIiepaTyphl TiepesioMa, Crieliuduueckoi Ajisi pa3HbIX BHOB PblO, a TIPU Ja/ibHeHIIemM
TOBBIILIEHUU TeMIlepaTypbl HauMHaeT CHWKarbCsa. Ilpu onpeneneHHor Temmeparype INa
CTAaHOBUTCS C/IMIIIKOM MaJj, 4YTOOBbI TPeosio/ieTh THIEPIoIPU3yolliee BAUSHUE PacTYIIero IpH
HarpeBaHuu IK1 W 3anyCTUTh [Jernonsipus3aluio 0 NPUHLUITY «BCe WM HUdero». Hactymaet
YacTHUYHAas1, a BCKOpe U To/iHasi 6/10Kazia MpoBeZieHus1 BO30Y KIeHUSI OT aTPUOBEHTPUKY/ISIPHOTO y3/1a
K paboueMy MHOKapy >Kemy[ouka, UTO W TIPUBOJUT K OCTAaHOBKE CEp/IeUHOM [eATeNbHOCTU U
rubeny peibbl. B mokmage OyayT pacCMOTpeHbI OCHOBHBIE JKCIIEPUMEHTA/IbHbIE [J0Ka3aTe/bCTBa
Halllel TUTIOTe3bl, TIOTyUYeHHbIe Ha PA3/IMUHbIX BH/IaX MMPECHOBOAHBIX U MOPCKUX PbIO.
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OT T'EHETMYECKOM KOHCTPYKLIMU 1O
I[TPOI'HO3NPOBAHIA JIEKAPCTB

Jlyrunuxa A.I1.
Mockoeckuli Pusuko-TexHuueckuli MHcmumym

Hoknan OyzeT omnuchkiBaTh OOIIMEe CBOWMCTBA PeLIENITOPOB,
compspkeHHbIX ¢ G-0enkoM,  CXeMy — TIONMyYeHHs  MX
MPOCTPAHCTBEHHBIX ~CTPYKTYp: TIOAO0p CTabM/INM3UPYIOLMX
Mo ubUKaLi benka, BblJle/IeHHe GPCR,
KpucTaniorpadgruyeckie W KpUO3/IEKTPOHHbIE CTPYKTYPbI, a
TaK)Ke MPYMeHeHre CTPYKTypHO# OHO/IOriK B (papMaKOIOTHH.
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HOW VOLTAGE-SENSOR MOVEMENT TRANSFERS TO
GATE OPENING IN SEVERAL VOLTAGE-GATED
CHANNELS

Gildas Loussouarn
Institut du Thorax

Voltage-gated channels are crucial in excitable as well as non-
excitable cells and mutations in these ion channels are
associated with muscular, neuronal and cardiac channelopathies
in human. Voltage-gated potassium (KV) channels and
prokaryotic NaV channels are tetramers of subunits containing
six transmembrane segments (S1 to S6). Each of the four
subunits consists of one voltage-sensor domain (S1 to S4) and a

& i pore domain (S5-S6). The four pore domains tetramerize to
form a single pore module Wthh is regulated by the four voltage sensor domains. Despite intensive
work on the voltage-gating of KV and NaV channels, we still lack a clear picture describing the
coupling between S4 voltage-sensor movement and S6 pore gating. The results presented here shed
light on a molecular mechanism of this coupling, for two cardiac and one neuronal KV channels,
but also for a bacterial NaV channel.
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CTPYKTYPHBIE NCCJIEJOBAHUA KAHAJIOB
CEMENMCTBA P-LOOP: KAKUE JAHHBIE MbI MOYKEM
[MTOJIYUUTD, NCIIOJIB3YA PA3JIMYHBIE METO/IbI

[ITenkapes 3.0.

HMHcmumym 6uoopearuueckoti xumuu um. ak. M.M. IllemskuHa
u FO.A. OsuunHukosa PAH

KarvoncenektuBHble (K+, Na+, Ca2+) WOHHbIe KaHaJbl
cemeiictBa P-loop COCTaBAsIOT OAHO W3 CaMbIX OOJBIIUX
ceMelcTB MeMOpaHHbIX OenkoB. B reHome 4eslOBeKa
3akoupoBaHo Oosiee 140 mpezcTaBUTesIel 3TOTO CeMeHCTBa,
KOTOpOe BKJ/IFOYaeT TMOTeHLMas-3aBUCMMble HWOHHbIE KaHasbl,
KaHa/bl, yMpaB/iseMble  L[UKIWYECKUMM  HYK/JIeO0TUJaMH,
[IBYTIOPOBbIE Ka/lMeBble KaHaslbl, KaHasIbl, yIipaB/sieMble MOHaMHU
Ka/blivsl, U Jpyrue, a TakKXke XeMO-, TeMIlepaTypo- W MeXaHO-UyBCTBUTE/bHbIE peLeNTOPbI
cemetictBa TRP. DT MOHHBIE KaHa/IbI UTPAIOT Ba)KHYIO PO/b B paboTe MHOTHX CHUCTEM OpraHu3Ma,
OTBeyas 3a MpOBeJleHHMe HEPBHOro MMIy/bca (moTeHMasn-zaBucuMble Kv, Nav, Cav KaHasbl),
peLienLyi0 XUMUUeCKUX pasapakuTesel (perentopbl TRP), perynsiyio ypoBHS KalblLiUsl B KIeTKe
¥ MblllIeyHble COKpaljeHue (pUaHOAWHOBBIM RyR peljenTop), Cekpeljui0 TOPMOHOB U
HeriporpaHcmuTTepoB (K+ KaHanbl)) u T.i. HapymieHue paboThl 3THX KaHAAOB TPHUBOAUT K
Pa3BUTHIO psiia 3a00/IeBaHUM, CEpPAEYHO-COCYJUCTOM, HEPBHO-MBIIIEUHOH W UMMYHHOW CHCTEM
opranusma. Kpome Toro, HekoTopble 13 P-loop KaHa/noB BOB/ieYeHbl B pa3BUTHE OHKOJIOTHMUECKUX
3ab0/1eBaHUM.

MeMm6paHHble JoMeHbI P-loop KaHa/loB MMEHT TOMOJIOTMUHOE MOAY/IbHOEe CTPOeHWe U
COCTOSIT M3 YeThIpeX OAMHAKOBBIX CyObeauHul (Hampumep, Kv, RyR u TRP), nByx cyObeauHuI]
(mBymopoBbie K+ KaHasbl), UM YeThIPeX TMCeBA0-CyObeMHUL] B COCTaBe CJIMTHOM TOJTUIENTHIHOU
tenu (HarpuMmep, a-cyobeaunuiia Nav U al-cyobeaunuiia Cav), OKPY’KaroIMX WOHHYIO TIOpY.
Kaxgast u3 rceBno-cyObeJUHUL] MOXKET BK/IHOUaTh B cebst S1-S4 wiv moTeHI[Uai-qyBCTBUTETbHBIN
nomeH (ITY), chopmupoBaHHBIA 4eThIpbMsi TpaHCcMeMOpaHHbIMU (TM) crimpansmu (S1-S4), u
¢parmenT (S5-S6), yuacTByrouii B (OPMHUpPOBAaHMU TIOPbI W Ce/eKTUBHOrO ¢uibTpa. B
MOTeHLMa-3aBUCUMbIX KaHasmax (yHKUUIO JaTudka TM ToTeHIMana BBIMOHSIET CUpaib S4,
KOTOpasi COZIePXKUT HeCKOMbKO (00bIUHO 4) KOHCEPBAaTUBHBIX TOJIOXKUTEILHO 3apSHKEHHBIX OCTaTKa
(Arg umu Lys), U, MOXXeT 3HauMTebHO M3MEHSTh CBOe TOJIoKeHHe B MeMmOpaHe T10[| /AeliCTBHeM
aeKTpudeckoro Toss. OcobeHHOe CTpOeHWe WMeeT TMOTeHI[Ma/03aBUCUMbIN TPOTOHHBIN KaHa
tarouutoB (Hv), koTopblii 0Opa3oBaH AByMst ITU/], KaXKIbIi U3 KOTOPBIX CIIOCOOEH OCYIIeCTB/ISATh
MOTeHL[Ma/I03aBUCUMYI0 TPOBOAUMOCTb MOHOB H+, B OTCyTCTBMHM MOpoBOro gomeHa (S5-S6). B
JIEKL[UM paccKasblBaeTCsi O pe3y/lbTaTax HWCCAeJOBaHUSAX KaHa/loB ceMmelictBa P-loop Tpems
OCHOBHBIMM  MeTOJaMM  CTPYKTYPHON  OWOJIOTMM:  DEHTreHOBCKas  KpHUCTa/iorpadwus,
KPHO3JIEKTPOHHAsi MUKPOCKomus U SIMP-criekTpockonusi.
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SINGLE-PASS CELL RECEPTORS: MECHANISMS OF
ACTION AND SPATIAL STRUCTURE

Konstantin Mineev
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS

Cell receptors are an extremely important class of objects for
modern structural biology. They regulate essential processes, such
as cell cycle, cell differentiation, and migration, take part in
olfactory, touch, and taste sensing. single-pass membrane proteins
constitute an important class of cell receptors, which includes
receptor tyrosine kinases, tumor necrosis factor receptors, toll-like
receptors, B-cell and T-cell receptors, and many others. These
proteins share a peculiar architecture: they have massive extra-
and intracellular domains, while their transmembrane part is represented by a single hydrophobic
helical segment. Such a spatial organization hinders their studies by conventional means of
structural biology as full-size proteins. The present talk will overview the structural data and
approaches to the studies of single-pass cell receptors and discuss how the data obtained help with
the understanding of receptor functioning and activation mechanisms.
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TEMPERATURE SENSOR TRPV1: COMPUTATIONAL AND
BIOCHEMICAL INSIGHTS

Chugunov A.O."?, Lubova K.I.}, Volynsky P.E.", Krylov N.A.",
Nolde D.E.!, Andreev Ya.A."?, Efremov R.G."?

'Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS
’National Research University Higher School of Economics

3Sechenov First Moscow State Medical University, Institute of
Molecular Medicine

Sensor of noxious heat — TRPV1 ion channel — is one of the
most studied temperature-sensitive proteins. When heated above
43 °C, it reversibly opens Ca2+-permeable pore and initiates
action potential in neurons. Underlying molecular mechanisms
are not completely understood, despite of availability cryo-EM structures of open (O) and closed
(C) states: accompanying spatial reorganizations are yet to be revealed.

We used all-atom molecular dynamics (MD) simulations of TRPV1 channel in a “neuronal”
model membrane to discover peculiarities and interconversions between O- and C-states, which
were observed depending on starting conformation and modeling temperature. Different
temperatures and several replicas yielded >10 ps of MD. It turned out that the pore domain
undergoes temperature-dependent reorganization, which is asymmetric — one of the four protomers
initiates movements, following which others may join. This differs from the conventional
“diaphragm” model of ion channels gating [1]. Structural and dynamic analysis of hydrophobic
parameters of the pore during channel activation has shown entropic growth, which coincides with
the current vision of temperature sensation by proteins [1].

Next, we studied roles of several residues of the pore and TRP domains: G643 (the
“bottleneck” of the channel’s upper gate), 1679/A680 (lower gate) and K688 (conjunction of the
pore and TRP domains). Predicted in the initial calculations, their roles were confirmed
biochemically in recombinant mutant channels during temperature- and capsaicin-initiated
activation experiments. Corresponding mechanisms were studied in the additional MD simulations
of mutant channels [2].

Joint biochemical and computational experiments gave us realistic TRPV1 model, which is
suitable for further study of this temperature sensor.

References:

1. Chugunov A.O., Volynsky P.E., Krylov N.A., Nolde D.E., Efremov R.G. (2016). Temperature-
sensitive gating of TRPV1 channel as probed by atomistic simulations of its trans- and
juxtamembrane domains. Sci. Rep. 6, 33112;

2. Lubova K.I., Chugunov A.O., Volynsky P.E., Korolkova Y.V., Mosharova 1.V., Kozlov S.A,,
Andreev Ya.A., Efremov R.G. (2020). Probing Temperature and Capsaicin-Induced Activation of
TRPV1 Channel via Computationally Guided Point Mutations in its Pore and TRP domains. Int. J.
Biol. Macromol. 158, 1175-1183.
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THE USE OF LIPODISCS FOR STRUCTURAL STUDIES OF
HUMAN VOLTAGE-DEPENDENT ION CHANNELS

Olga Sokolova
Lomonosov Moscow State University

Amphiphilic maleic acid-containing copolymers account for a
recent methodical breakthrough in the study of membrane
proteins. Their application enables a detergent-free extraction of
membrane proteins from lipid bilayers, yielding stable water-
soluble, discoidal lipid bilayer particles with incorporated
proteins, which are wrapped with copolymers. Although many
studies confirm the potential of this approach for membrane
protein research, the interactions between the maleic acid-
containing copolymers and extracted lipids, as well as possible
effects of the copolymers on lipid-embedded proteins deserve further scrutinization. Styrene-maleic
acid (SMA) copolymers are used to extract lipid-encased membrane proteins from lipid bilayers in a
detergent-free manner, yielding SMA lipid particles (SMALPs). Recently, the use of polymer
nanodiscs for protein purification became a hot topic. Here, we report the application of SMALPs
to the solubilization of full-length human Kv channels: pore forming a-subunits hKCNQ1 and
hKCNHS5, as well as the complex of the a-subunit hKCNQ1 with its auxiliary subunit hKCNEL.
The importance of the studied channels is justified by the fact that hKCNQ1 belongs to cardiac
voltage-dependent potassium channels, while hKCNHS is found in the central nervous system.
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MOZIE/INPOBAHUE CTPYKTYPBI 1 ®YHKIIMY NOHHBIX
KAHAJIOB

HoBocenerkuii B.H.
MTI'Y um. M.B. JlomoHoco8a

PacimmdpoBka uYenoBeueckoro TreHOMa TI03BOW/A BBISIBUTh
HOBbIe MUILIEHU [jisi Pa3pabOTKH JieKapCTBEHHBIX IperaparoB.
[TocnenoBaBiiiee 3a 3TUM y/yullleHHe METOJUK OUMCTKU OesTkoB
U onpefiesieHUss WX CTPYKTypbl METOJaMH pPeHTIeHOBCKOU
KpucTasnorpaguu, criekrpockonuu AMP 1 KpUo-3/1€KTPOHHOU
MHUKDOCKOIIMU TI03BOJIU/IO OTPEAETUTh CTPYKTYPhI OOJBIIOTO
KolryecTBa 0OeKOB M KX KOMILJIEKCOB, BK/IIOYasi KOMILIEKCHI C
0] HU3KOMOJIEKY/ISIDHBIMU  cOoeiiHeHUsiMU. [IpriMeHeHHe MeTo/i0B
KOMIIBIOTEDHOTO ~ MOZIe/IMPOBaHMSl  T03BOJSIeT  TOyYaTh
vHpOpMaLMI0 O [leTalsX CTPYKTypHOW OpraHM3alid MOHHBIX KaHalOB U WX KOMILIEKCOB,
MexaHu3Max MX (YHKIMOHMDOBAaHWS, BIUSHUM HAa HUX MyTaluil B aMHUHOKHC/IOTHOMN
M0C/Ie[JOBaTe/IbHOCTH  KaHAJIOB, W3yuyaTh 3(PQeKTbl MOAYIATOPOB pabOThl KaHAJOB Ha WX
(YHKIMOHMPOBaHYe, OLleHHWBAaTh SHEPTMU CBsI3bIBaHUS C MOAy/AsTopaMd. B foknaze Oyzner
paccCMOTpeHO TIpUMeHeHHe TaKWX MeTOJ0B MOJe/MpOBaHUsl KaK MOjeNdpOoBaHUe CTPYKTYpPhI IO
TOMOJIOTHH, MOJe/IMPOBaHNe MOJIEKY/ISIPHOM JUHAMUKU, MOJIEKY/ISIPHBINA JOKWHT U IpyTHe.
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CTPYKTYPHASA BNOJIOI'A: BUEPA, CEI'OHA, 3ABTPA.
HOBAA MAT'CTEPCKASA ITPOI'PAMMA
BNOJIOITYECKOI'O ®AKYJIBTETA MI'Y

JIrokmanosa E.H.

HMHcmumym 6uoopeanuueckotl xumuu um. ak. M.M. IllemskuHa
u FO.A. OsuunHukosa PAH, MI'Y um. M.B. JlomoHocosa

CrpykTypHasi O6uWonorusi — ObICTPO pa3BUBArOIIAsACsA 00/1acTh
HayK O DJKUBOM, OOBefuHSIOUIAsE B cebe MOJIEKY/SIPHYIO
Ouosnoruto, GU3NKY, XUMHIO, (hapMaKoJIOTHIO, OMOWH(MOPMAaTHKY,
KOMITbIOTEPHOE MO/Ie/TUPOBaHKE U MTPOrpaMMUpOBaHue. VIMeHHO
CTPYKTYpDHbIE HCC/Ie[JOBAaHUsI TIO3BOJISIIOT TPOC/IEAUTh paboTy
OT/IeNIbHBIX KOMIIOHEHTOB >XMBOW K/IETKH —O€/IKOB, JIMITHIOB,
HYKJIEMHOBBIX KHCJIOT Ha MOJIEKY/ISIPHOM W aTOMHOM YDOBHe.
3HaHHWe TPOCTPAHCTBEHHON CTPYKTYPhl PA3/IMUHBIX K/IETOUHBIX MHUIIIEHEH: PelleNTOPOB, MOHHBIX
KaHa/JoB M CyNpaMOJIeKy/SIpHbIX KOMILIEKCOB, a TakXXe TIOHMMaHWe MEXaHU3MOB WX
B3aMMO/IEMCTBUSI C JIMraHAaMHd U OHONIOTMYeCKUMHM MeMOpaHaMH TIO3BOJISIET pellaTh 3a/laud 10
paLMOHATBHOMY AM3aiiHy HOBBIX JIeKapCTBEHHBIX TPeriapaTosB.

[ .

B 2020 rogy Ha 6a3e Buonoruueckoro daxynbTeTa MOCKOBCKOTO TOCYZApCTBEHHOTO
yHuBepcuteTa uM. M.B. JlomoHOcoBa Oblla OTKpbITa HOBasi MarvmcTepckasi TIpOrpaMMa
«CTpyKTypHast 6Hooryst 1 OMOTEXHOJIOTHS» 110/ TTaTpoHa)keM HobesieBcKoro Jylaypearta, TOYETHOTO
JIOKTOpa U coBeTHHKa pektopa MI'Y npodeccopa Kypra Brorpuxa. B 2002 rogy Kypt BroTpux 6611
ynocroeH HobeneBckoii mMpeMuu TIO XWMHM 3a pa3paboTKy wertoja mipumeHeHuss SMP-
CTIEKTPOCKOTIMU [IJis  OTIpe/ie/ieHHsI TPEXMEepPHOW CTPYKTYpbl OHMOJIOTMUECKUX MAaKpOMOJIEKY/T B
pactBope. OH M3BeCTeH CBOMMH paboTamu B 00/1aCTV TIPUOHHBIX OEJIKOB, PELIeNTOPOB CeMelCTBa
GPCR, pa3paboTKu CTPYKTYPHBIX METO/IOB /IJIsl UCC/IeIoBaHUs O0/bIuX MosieKyn. KypTt BroTpux B
HACTOSII[UA MOMEHT BO3r/aB/sieT jaboparopuio B IlIBeiilapckoii BBICIIEH TeXHUYECKOW IIKOJIe
(ETH, Liropux) u siBnisieTcst podeccOpoM CTPYKTypHOM 6uonoruu B uHcTUTyTe CKpurnrca (TSRI),
Jla-Xous1, Can-/Zluero (Kamugopaus).

B moknaze Oyzer mipezicTaBieH HeOOJBIIOW OYepK O Pa3BUTHUU CTPYKTYPHOUM OHomoruv u
pacckasbiBaeTcss 00 OCHOBHBIX AWCIUIUIMHAX W JIEKTOpPAaX MporpaMMbl « CTPYKTypHasi OMOIOTHsT U
OMOTeXHOJIOTHSI».
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