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ABOUT SCHOOL

Structural biology is a rapidly developing field of life sciences. It is structural studies that
allow us to look into the mechanisms of individual components of a living cell - proteins, lipids,
nucleic acids at the molecular and atomic level. Knowledge of the spatial structure of various
cellular targets: receptors, ion channels and supramolecular complexes, as well as an understanding
of the mechanisms of their interaction with ligands and biological membranes makes it possible to
implement rational drug design.

To highlight the latest achievements and newest methods in the field of structural research,
IBCh RAS holds a school for young scientists “Structural biology: main problems and approaches
to their solution”. The scientific program of the School includes lectures by leading scientists
working in various fields of molecular biology and representing the basic structural methods,
namely, X-ray Crystallography, Cryo-Electron Microscopy, NMR-spectroscopy and computer
modeling. During the school, students will have an outstanding opportunity to become familiar with
various methods and approaches to obtain and study complex biological objects: membrane
receptors and virus particles. The reports of famous scientists, leaders in the field of structural
biology, will allow them to get into the details of the latest research and give an understanding of
this field of science in general.

The school was supported by the grant of the Russian Science Foundation (RNF) No. 19-74-
30014 "Structural biology of membrane proteins for the development of new drugs and
diagnostics"; Head: Doctor of Chemical Sciences, Professor Arseniev A.S. The grant was received
on the event “Research by world-class research laboratories in the framework of the implementation
of the priorities of the scientific and technological development of the Russian Federation”
Presidential program of research projects.

CrpykrypHasi Ouosiorusi — OBICTPO pa3BUBAMOLIasiCs 00/aCTh HayK O >KUBOM. VIMEHHO
CTPYKTYpPHBIE HCC/IeJOBaHUS TI03BOJISIIOT TIPOCTAEAUTh pabOTy OT[e/NbHBIX KOMIIOHEHT >KHUBOM
K/IeTKH — O€JIKOB, JIMTIU/JOB, HYK/JIEMHOBBIX KUC/IOT Ha MOJIEKY/ISIPHOM M aTOMHOM YpOBHe. 3HaHHe
IIPOCTPAHCTBEHHOM CTPYKTYPhI Pa3/IMUHbIX K/I€TOUHBIX MUILIEHeN: PeLielITOPOB, HOHHBIX KaHAa/I0B U
CyIpaMo/IeKy/IsipHBIX KOMIUIEKCOB, a TakKe IOHMMaHHe MeXaHU3MOB WX B3aUMOJENCTBUSl C
MUraHfgaMyd M OMO/IorMuecKMMM MeMOpaHaMH TI03BOJISIET pellaTh 33Jaud 10  palMOHaIbHON
pa3paboTKe HOBBIX JiIeKapCTBEHHBIX TperapaToB HallpaBAeHHOTO JeliCTBUSI.

st ocBeltleHUs] TIOCIAHUX [JOCTY)KEHUH W HOBEWIIMX MeTOZOB B 001aCTH CTPYKTYPHBIX
uccnefoBanuii UBX PAH mnpoBoguT 1LIKomy JJisi MOJIOABIX yueHbIX «CTpyKTypHasi Ouosorus:
OCHOBHbIe TIPOOJIEMBI U TIOAXO/BI K UX pellieHHto». HayuHas mporpamma [IIkombl BK/ItOUaeT jeKuyuu
BeIyLIMX YYeHbIX, pabOTalI[UX B pPAa3/MUHBIX OOMACTAX MOJIEKY/ISIpHOW OWo/orTMd U
NIPeJCTaB/ISAIOIUX ~ OCHOBHble  CTPYKTypHble  MeTOAbl, a  WMEHHO, PpEeHTTeHOBCKYHO
KpPUCTa/JIOrpaguio, KpUO3JIeKTPOHHYI0 MHUKPOCKOMUIO, crekTpockonuio AMP u kKommbroTepHOe
Mozie/iMpoBaHue. B paMkax IIKO/IbI C/IyLIaTe/d [10/1ydyaT YHUKA/IBHYI0 BOSMOXKHOCTE O3HAaKOMUTHCS
C pa3/IMYHBIMH MeTOZIaMM U TIOAXOJaMU K H3yUeHHIO CJIOKHBIX OMOIOTMYeCKUX OOBEKTOB Ha
npuMepe MeMOpaHHBIX PeL|eNTOPOB M BUPYCHBIX YacTul]. [IoKnafpl BeAYIIUX yUeHbIX, JU/IEPOB B
00/1aCTH CTPYKTYPHO!M OMOJIOTHH, TIO3BOJISIT BHUKHYTh B [IeTa/ I HOBEUIIIUX MCCIeA0BAHUMN U JalyT
TIOHUMaHHe 3ToW 00/1aCTH HayKH B I1€JIOM.

[Mkona mnopjepkaHa rpaHtoM  Poccuiickoro  HaywyHoro  ¢ouga  (PH®) 19-74-
30014 «CrpykrypHast Ouonorvss MeMOpaHHBIX Oe/KOB [jisi CO3/laHUSI HOBBIX JIEKADCTBEHHBIX U
JIMarHOCTUYECKUX CPE/ICTB»; PYKOBOJWTE/b: JOKTOP XUMUYECKUX HayK, pogeccop ApceHbeB A.C.
[panT mosnyueH 1o Meporpusithio «IIpoBesieHre uCCIeNOBaHWN HAayYHBIMU J1aDOpaTopUsMU
MHPOBOIO YpOBHS B paMKax peanusalid IPUOPUTETOB Hay4YHO-TeXHOJIOTMYeCKOI'0 pa3BUTHS
Poccurickon ®eneparm» [1pe3njeHTCKOM NporpaMMbl UCCIeI0BaTeIbCKUX MTPOEKTOB.


http://school2019.ibch.ru/rsf19-74-30014
http://school2019.ibch.ru/rsf19-74-30014
http://school2019.ibch.ru/rsf19-74-30014
http://school2019.ibch.ru/rsf19-74-30014

ABOUT 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/IsSieTCsl OJHUM U3 OCHOBHBIX KOMIIOHEHTOB >KHMBOM KyieTKH. OHa BOB/ieueHa B
[IMPOKWI KPYT Ba)KHEHIIIMX MPOLIeCCOB, TIPH 3TOM MHTerpasbHble U rneprdepruieckrie MeMOpaHHbIe
6enku, Takue Kak peLlerTopbl, TPAHCTIOPTePhl U MOHHBIe KaHa/Ibl, OTBeYar0T 3a 0OJIbIlyI0 YacThb ee
¢byukumii. HeyausuTensHO, uTo MeMOpaHHbIe OesiKv - OfHM M3 Hanbosiee BaXXKHBIX OOBEKTOB AJIst
pa3paboTKu COBpeMeHHBIX JIeKapCTB HalpaB/IeHHOTO [IeHCTBUSI U CPeACTB paHHel AuarHOCTUKU. C
JPYTOi CTOPOHBI, HAalrlpaB/IeHHBIA MOUCK OMOIOTHUeCKH aKTUBHBIX COeJUHeHUI TpebyeT rimybokoro
TIOHMMaHUsI CTPYKTYPHOM OpraHu3aluv U (QYyHKIMOHUPOBaHUsI UX OenkoB-muieHedl. OCHOBHbIe
JOCTIDKEHUS B JaHHOW 00macTd cJesaHbl MeTOJaM{ PEeHTTeHOCTPYKTYPHOTO aHajam3a |
KPHO3/IeKTPOHHON MUKDPOCKOIIHH, OFHAKO, 00a MoJiXofia CTalKUBAlOTCs C psiZioM TipobsieM, KOTOpbIe
He BCeryia Mpeo/0/TMBI.

B pamkax rpaHTa /i j1abopaTtopuii MUPOBOTO YpOBHsSI [Ipe3nieHTCKOW MporpaMmbl
WCCieoBaTelbCKUX TPOeKTOB Poccuiickoro HayuyHoro ¢oHga (mpoekt Ne 19-74-30014)
TUIAaHUPYeTCsl TIPUMEHUTh KOMIUIeKCHBIN TIOAXO/, BK/IroYaroluii B cebs SIMP-criekTpockomnuio,
ONTUYECKYI0 MHKDOCKOMHIO, Oe/KOBYI0 HWH)KEHEPUI0O M KOMIIBIOTEDHOE  MOJe/TMPOBaHMUe.
[TnaHupyeTcsi W3yuuTb HECKOJbKMX Ba)KHEWIIMX K/IacCOB MeMOpaHHbIX O0eslkoB, a WMMEHHO:
K/IeTOUHbIe peLleNTOpbl C OAHHMM TPaHCMeMOpaHHBIM CerMeHTOM, HOHHbIE KaHasibl, pruOOCOM-
WHaKTUBHUpYIOIHe Oenku, criocoOHbIe TPOHMKATh uepe3 MembOpaHy, u Jiolrdepassl. B KauecTBe
KOHEYHOM 1]e/TM TIPOeKTa IJIAHUPYeTCsI MCTI0/Ib30BaTh CTPYKTYPHbIE JaHHBIEe /1S pa3paboTKK HOBBIX
TIPOTHUBOOITYX0JIEBbIX areHTOB W CHUCTeM UX JOCTaBKH, O0JIOKAaTOPOB Ka/lMeBbIX KaHAIOB M
OCHOBaHHBIX Ha JTIOLU()epHHAxX TeCT-CUCTeM. [lo/ryueHHbIe pe3ysibTaThl JISTYT B OCHOBY TIOHUMaHHMS
6a30BbIX MPUHLIMIIOB (hosiAvHra U GYHKLIMOHUPOBaHUS MeMOpaHHbIX OesKOB.
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Department of Structural and activation via TM mutations
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ORAL PRESENTATIONS

STRUCTURAL STUDIES OF G PROTEIN-COUPLED
RECEPTORS

V. G. Cherezov

Moscow Institute of Physics and Technology, University of
Southern California

G Protein-Coupled Receptors (GPCRs) represent the largest
superfamily of membrane proteins produced in the human body.
Cell signaling mediated by GPCRs plays a key role in all vital
physiological processes, as well as in various pathologies such as
cancer, immune disorders, cardiovascular disease, chronic pain,
drug addiction, etc. A central role of GPCRs in cell signaling and
their convenient location on the cell surface led to their recognition
as promising pharmaceutical drug targets. Following decades of
intensive research, structure-function studies of this superfamily have finally been enabled in 2007
by multiple breakthroughs in technology that included receptor stabilization, crystallization in a
membrane environment, and microcrystallography.

This talk will summarize key milestones in our understanding of the mechanisms of ligand
recognition, allosteric modulation, and signal transduction across the membrane, contributed by
over a decade of structural studies of GPCRs. Recent advancements in X-ray free electron lasers
and cryo-electron microscopy open up new opportunities and promise to further accelerate
structure-function studies of the whole GPCR superfamily.

Perjenitopel  conpsbkeHHble ¢ G-6enkom (GPCR) mipefcraBnsitoTr w3 cebs Haubosee
MHOTOYHC/IEHHOE CyTiepceMeiCcTBO OeKoB 3KCITPeCCHPYIOMIMXCS B MeMOpaHax K/IeTOK uesioBeKa.
[Tepemaua kieTouHbix curHajsioB 4yepe3 GPCR pernienTopbl Wrpaetr K/IHOUEBYHO pOJib BO BCeX
JKU3HEHHO Ba)KHBIX (PU3MOJIOTMYEeCKUX Tpolieccax, a TakKe BO MHOTMX IlaToreHe3ax, TaKMX Kak
OHKOJIOTMUecKre 3abo/ieBaHMsi, pacTPOMCTBA WMYHHOW CHCTeMbl, 3abosieBaHUs CepZeyHo-
COCYZIUCTOU CHUCTeMbI, XpOHHUeCKHe 00/, HapKOTUYeCKast 3aBUCUMOCTb, U T.[. LleHTpasbHast posib
GPCR penentopoB B Iepefjaue MeKK/JIETOUHBIX CHUCHA/IOB, a TakKKe MX pacIloiokeHWe Ha
IIOBEPXHOCTU KJIETKH, NpUBeIU K MKUpOoKoMy IpusHaHuio GPCR peLientopoB B KaueCTBe Ba)KHBIX
MUILIeHel A/t pa3paboTKy JiekapcTB. [Tocsie HeCKONMbKUX [[eCATU/IeTHUM WHTeHCUBHBIX HAyUHbBIX
pa3pabOoTOK, WCCIe[OoBaHMSI CTPYKTYpPbl YW (YHKIUM pPELIeNTOPOB B KOHI[e KOHI[OB CTasd
BO3MOKHbIMUA B 2007 Tony Osarofjapsi TeXHOJIOTMUECKUM TPOPbIBaM B 00/1acTsX CTabWIM3aluu
PeLenTOpPOB, KPUCTAMU3al[ii B HATUBHOM MeMOPaHHOM OKPY>KEeHWH U MUKPOKPHUCTAIOrpadum.

OTOT [I0KJ/IaJ, OCBETUT OCHOBHBIE BeXy B HallleM [MOHMMaHWU MeXaHW3MOB pacCIl03HOBaHUS
JIUTAHZIOB, ajl0CTepUuecKO MOAY/ISILMH U Tiepefayd CUTHAJOB uepe3 K/IeTOUYHble MeMOpaHbI,
KOTOpble OBIIM OTKPBITHI B TeueHWe TocjaeqHel aekajbl. HenmaBHue ycrmexu B pa3paboTke u
Pa3BUTHU PEHTT€HOBCKUX JIa3epPOB Ha CBOOOJHBIX 3/IEKTPOHAX M KPUO-3/IEKTPOHHON MHUKPOCKOITUN
OTKPBIBAOT HOBBIE MepPCeKTUBHI B MC/IeJ0BaHUAX CTPYKTYphl U ¢pyHKIMKU GPCR peLientopos.



STRUCTURAL MECHANISMS OF AMPA RECEPTOR
REGULATION AND GATING

E. C. Twomey, M. V. Yelshanskaya and A. I. Sobolevsky

Columbia University

AMPA receptors mediate fast excitatory neurotransmission and are
critical for the central nervous system development and function.
Aberrancies in AMPA receptor-mediated signaling are associated with
numerous neurological disorders. We used X-ray crystallography and
; cryo-electron microscopy to solve structures of AMPA receptors and
their Complexes with auxiliary subunits in the closed, open and desensitized states. The iris-like ion
channel opening is accompanied by kinking of two diagonal pore- forming M3 helices at a highly
conserved alanine gating hinge as well as loosening of the selectivity filter formed by the extended
portions of the re-entrant M2 loops. During desensitization, the interface between monomers of the
ligand-binding domain dimers undergoes changes, which cause dimers to lose their local two-fold
rotational symmetry and lead to an overall shortening and twisting of the receptor. Channel opening
can be stopped by noncompetitive inhibitors that bind to the closed-state receptor, at the interface
between the ion channel and linkers connecting it to the ligand-binding domains, and act as wedges
between the transmembrane segments, thereby preventing gating rearrangements. Alternatively,
calcium-permeable AMPA receptors can be blocked by polyamine toxins and their synthetic
analogs, which occlude the channel pore and prevent ionic conductance acting as corks plugging a
bottle. These blockers have minimal interference with channel gating and can be trapped inside the
pore after channel closure. Our findings provide a framework for understanding gating and
regulation across the family of ionotropic glutamate receptors, their role in excitatory
neurotransmission and their potential as targets for drug development.

Kak TmpoBOJHUKHK HeMporiepejau B TIOAABJSIONIEM OOJBIIMHCTBE  BO30Y>KIAFOIINX
CUMHarcoB Haulero Mosra, AMIIA pelienTopel WrparOT BaXkHYIO pOIb B (POPMHUPOBaHUM U
(yHKIIMOHMPOBaHMH LieHTpanbHON HepBHOW cucteMbl (LIHC). HeynuBuTenbHO, UTO HapylleHUs
¢ynkuronvpoBanusi AMITA pelLienTOpOB MNpPUBOAST K MHOTOYMC/IEHHBIM HEWpOJIOrUueCKuM
3aboneBanusiM. C TOMOIIBI0O METOJIOB PEHTTeHOCTPYKTYDHOTO aHajM3a W KPHO-3JIeKTPOHHOU
MUKPOCKOITMH MbI OripefieNTuin CTpyKTypbl AMITA peLiennTOpOB ¥ UX KOMILIEKCOB C OKPY>KarOLLIUMU
Pery/iiTOpHbIMM MeMOpaHHBIMU OefKaMu B 3aKPBITOM, OTKDBITOM U [eCeHCUTH3UPOBAaHHOM
coctosinusxX. [duadparmanbHoe oOTKpbiBaHMe AMIIA pelienTOpHOTrO KaHajga COMPOBOXAAETCs
W37IOMOM /IByX AMaroHa/JbHO-PACIO/IOKeHHBIX Mopyobpa3yroimx M3 o-crivpaneit B pabioHe
BBICOKOKOHCEPBAaTUBHOT'O aJlaHMHA, a TAK)Ke pacllIMpeHreM CeeKTUBHOTO (uIbTpa, 06pa30BaHHOTO
pacTAHYTBIMU yacTaMu M2 cermenToB. [leceHcutusanusas AMIIA peLienTOpoB COIPOBOXaeTcs
V3MeHeHUsIMU TOBepXHOCTHU B3aUMO/IeMCTBUSI MeXXYy JIMTaH[- CBs3bIBatoluMu fomeHamu (JIC) B
KoHTeKcTe oOpasyembix umu JICH pumepoB. IIpu stom JIC/ gumepsl TepsifOT JIOKaJIbHYHO
CUMMETPUIO 2-TO MOPS/Ka, YTO B CBOK OYepe/b MPUBOAUT K YKOPOUEHUIO U CKPYUYMBAaHUIO BCEro
petieritopa. OTKpbIBaHHE KaHajla MOKET OBITb OCTAHOB/IEHO C TIOMOIIbIO HEKOHKYDEHTHBIX
WHTHOUTOPOB, KOTOPHIE B 3aKPHITOM COCTOSIHUM CBSI3bIBAIOTCSI HA IPAaHUIIE MEX/y MOHHBIM KaHAIOM
W JMHKepamu, cCBsi3biBatoiMu KaHan ¢ JIC/. Takue WHTHOWTODPBI BKIWHUBAKOTCS MEXAY
TpaHCMeMOpaHHLIMU JJOMEHAMHU, TIPETSTCTBYs TakuM o00pa3oM mpeoOpa3oBaHUsM BOPOTHOTO
MeXaHHM3Ma KaHasia. AJIbTepHaTUBHO, TIPOHMIIaeMble /s Kaabiss AMITA perienTopbl MOTYT OBbITH
3a0/IOKMPOBaHbl TIOTMAMUHOBBLIMM TOKCMHAaMHW M WX CHHTETHMUECKUMH aHa/JoTaMH, KOTOpbIe
TIPEMNSATCTBYIOT MPOTEeKaHUI0 MOHHOTO TOKA, 3aKYTOPHBAasi TIOPY KaHasia Kak MpoOKa, 3aThIKaroliast
OyThUIKYy. Takue 6710KaTOpbl IPAKTHUYECKU HEe B3aMMO/IEMCTBYIOT C BOPOTHBIM MEXaHM3MOM KaHaa
¥ MOTYT ObITh 3arepTbl BHYTPU €T0 TOPbI TOC/e 3aKpbiBaHMs. Halllu uccieoBaHUSI TIOMOTarOT
Jiyullle TIOHSITh KakK [eWCTByeT BOPOTHbIM MeXaHW3M [JIyTaMaTHBIX PpeLieNTOPOB, KakoBa pOJib
I7lyTaMaTHBIX PELIeNITOPOB B Helporiepejjaue, a TakKe TMPeJOCTaB/sSIOT HOBYI0 MH(OpPMALUIO /s
pa3paboTky OyayIMX TeKapCTBEHHBIX CPEZICTB.



SPIDER TOXIN HM-3 DIFFERENTLY INTERACTS WITH
VOLTAGE-SENSING DOMAINS OF NAV1.4 SODIUM
CHANNEL AND BLOCKS GATING PORE CURRENTS

UNDERLYING PERIODIC PARALYSIS

Z.0. Shenkarev
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS

Voltage-gated Na® (Nay) channels contain domains that have
discrete functionalities. The central pore domain allows current
flow and provides ion selectivity, whereas peripherally located
four voltage-sensing domains (VSD-I/IV) are needed for voltage-
dependent gating. Certain mutations trigger a leak current
through VSDs leading to various diseases. For example,
hypokalemic periodic paralysis (HypoPP) type 2 is caused by mutations in the S4 voltage-sensing
segments of VSDs in the skeletal muscle channel Nay1.4. The gating modifier toxin Hm-3 (crab
spider Heriaeus melloteei) inhibits leak (gating pore) currents through such mutant channels and
represents useful hit for HypoPP therapy.

To investigate molecular basis of Hm-3 interaction with Nay1.4 channel, we studied isolated
VSD-I and VSD-II by NMR in membrane mimicking environment. Hm-3 partitions into micelles
through a hydrophobic cluster formed by aromatic residues and interacts with both VSDs by the
prolonged positively charged beta-hairpin. The toxin binds to different sites on the domains. On
VSD-I Hm-3 interacts with the S3b helix and S3-S4 extracellular loop forming two salt bridges
with conserved E208 and D211 residues, while on VSD-II the toxin binds to the S1-S2 extracellular
loop interacting with E604 and D606 side chains. Nevertheless, in the both cases the allosteric
changes in S4 helix conformation induced by the bound toxin block the gating pore currents. In the
obtained complexes, the toxin forms lot of the stabilizing contacts with the lipids surrounding the
VSDs. This suggests membrane-mediated mechanism of Hm-3/Nay1.4 interaction.

[MoreHuuan-uyBctButenbHble Na+ (Nav) kaHanbl HMMEIOT MOJY/IbHYIO OpraHH3alyi U
BKJ/TFOUAIOT B Ce0s1 HeCKOTbKO MeMOpaHHBIX JOMeHOB. LIeHTpasibHbIN TIOPOBBIH JOMeH 00ecrieunBaeT
Ce/JIeKTUBHOEe TIPOXOXKJeHHe WOHOB, a mepudepuilHO pacroloKeHHble YeThIpe MOTeHLa-
yyBCcTBUTeNbHBIX JoMeHa (ITY/-I/IV) oTBeuaroT 3a yrnpaBieHHss BOPOTaMM KaHajla B OTBeT Ha
usMeHeHve TpaHcMeMmOpanHoro (TM) nmoreHipana. Hekoropele MyTalud TPUBOAAT K
BO3HUKHOBEHHMIO TOKOB yTeuku uepe3 [TYJI, mpuBoAs K pa3nuuHbM 3aboseBaHusM. Haripumep,
TUMOKaTMeMUUeCcKUil 1 HOpMOKa/ieMHUYeCKUM TieproinyecKrii mapaavuuy BbI3bIBAIOTCS MyTal[UsiIMU
B TM cermeHntax S4 ITY/]| kaHana ckeneTHbIX MbIlil yernoBeka Navl.4. TokcuH nayka Heriaeus
melloteei Hm-3, BAUSIOUIMN Ha TOTeHIMA/I-3aBUCUMYI0 aKTHBal[MI0 KaHaioB Nav, WHTUOupyeT
TOKW yTeUKH Yepe3 MyTaHTHbIe BapraHThl Nav1l.4 ¥ MO)KeT pacCMaTpUBaThCs Kak MpooOpa3 HOBBIX
JIeKapCTBEeHHBIX MPerapaToB [ijist iedeHrs HeMPOMBIIIIeUHbIX 3a001eBaHuM.

[na vnccnenoBaHus MOJIEKY/ISIPHOTO MexXaHM3Ma B3auMoZencTBusi TokcuHa Hm-3 ¢ Navl.4,
Mbl MCMO/b30BaNM OT[efbHble (parMeHThl KaHana, coorBeTcTByrowye [TU/-I u ITYA-II,
TojlyueHHble B 0OeCKJIeTOYHOW cHCTeMe CHHTe3a Oenka. Mertogom reteposiiepHoi  SIMP-
CTIeKTPOCKOMUY B OKPY>KeHHH, MOZETUPYIOLeM JIUMUAHY0 MeMOpaHy, Ob10 Toka3aHo, yto Hm-3
MOXXeT B3auMogencTBoBath Kak ¢ [TU/I-I, Tak u ¢ TTYA-II. TTIpu 5TOM MOIOKUATETHEHO 3apshKeHHast
OeTa-MWIbKAa TOKCMHA B3aUMOZENCTBYET C pa3/MuUHbIMK calTaMu Ha mioBepxHoctu ITU/]. Ha
IMTY/J-I Hm-3 B3aumopeiicTByeT co crimpanbio S3b U BHekneTouHow metieid S3-S4, obpasys niBa
COJIeBBIX MOCTHKA C KOHCepBaTUBHbIMU ocTaTkaMu E208 1 D211, B T0o Bpems Kak Ha VSD-II TokcuH
CBSI3BIBAETCSI C BHEK/IeTOUHOW TietTsieli S1-S2, obpa3yst noHHbIe CBsi3u C octatkamu E604 u D606.
BeposiTHO, B 000UX C/Tyuasix a/uioCcTepuuecKie n3MeHeHUst KOHGopMaIu criipaiu S4, BbI3BaHHbIE
CBSI3aHHBIM TOKCHHOM, TIDUBOJSAT K OJIOKMPOBKe TOKOB yTeuku. HabsomaeMble cTaOUIM3UpyroIe
KOHTaKTbl MEX]y MOJIEKY/IO TOKCMHA U JuNUjaMH, OKpyxkarouumu [TUJI, ykasbBarOT Ha
MeMOpaHHO-0TI0CPe/jOBaHHbIN MexaHn3M B3auMmogeiicTBusi Hm-3/Navl.4.
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ELUCIDATING THE MECHANISMS OF
INTRACELLULAR SIGNALING USING NMR
SPECTROSCOPY AND LARGE FRAGMENTS OF
SINGLE-PASS CELL RECEPTORS

K.S. Mineev

Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry
RAS

Type I or bitopic proteins include a number of cell receptors
that regulate the cell cycle and immune response and are
involved in the development of many severe diseases, such as
cancer and neurodegeneration. Bitopic proteins are usually
constituted by large extramembrane domains and just a single
transmembrane helix. Such an architecture hinders the
crystallization of full-length proteins, while their increased mobility prevents their cryo-EM studies
at high resolution. Spatial structure of single-pass proteins is usually studied with a so-called
&quot;divide and conquer&quot; approach, implying that protein is dissected into separate
domains, their structure is solved and then the model of a full-size receptor is built. This results in
the loss of information about the mutual arrangement of domains and their interactions. We suggest
using solution NMR spectroscopy to study the large fragments of type I proteins, which contain
several domains, to reconstruct the actual structure of full-size receptors and understand the
arrangement of protein in various functional states. In the talk, the examples of such studies of p75,
TLR4 and TrkA receptors will be provided.

MembOpanHbIe 6e/iku I THTa Wi OUTOITHBIe Oe/TKM BK/TFOUAIOT B Ce0sl MHO)KECTBO PELIeNITOPOB,
KOTOPbIE PETyJUPYIOT KIETOUHBIH ITMK/I W WMMYHHBIM OTBET, a TakKe TMPUHUMAIOT ydyacTHe B
Pa3BUTUM MHOTUX TsDKeJbIX 3a00/ieBaHMM, TaKUX KaK pak W HeupojereHepanusi. Y OWUTOITHBIX
0enKOB OOBIYHO HA/JMUECTBYIOT OOJbIliie BHeMeMOpaHHbIe JIOMEHbI W BCEro JIMIIb OfHA
TpaHCcMeMOpaHHasi criivpasib. [1ogo0Hasi apXUTeKTypa MpernsTCTBYeT KpUCTa/M3alyy OeskoB, a
TIOBBIIIIEHHAs] TIOABM)KHOCTb 3aTPYJHSAET WX W3yuyeHHe TIPU TIOMOIIM KPHO- 3JIeKTPOHHOM
MHUKDOCKOITUH B BBICOKOM pa3peliieHnu. [IpocTpaHCTBeHHas CTPYKTypa OUTOIMHBIX OE/TKOB 0OBIYHO
WCC/IeyeTCs C TIpUMeHeHWeM TI0JXO/la «pa3fesisii U BIaBCTBYM», Korjja OeloK pasfesnsieTcss Ha
JIOMEHbI, OTIpeZiesisieTCss WX CTPYKTypa UM CTPOUTCS MOZe/Ib TIOJIHOPa3MepHOro peLenTopa. JTo
NPUBOJUT K TIOTepe HWH(OPMAI[MM O B3aUMHOM pACIOJIOKEHUH JIOMEHOB O0enka MW UX
B3aUMO/IeCTBUU. MBI TIpe/jjiaraeM u3ydaTh KpyIiHbie (pparMeHTbI OUTOITHBIX Oe/TKOB, CojiepyKalijue
HECKO/IbKO Pa3/IMUHBbIX [JOMEHOB, UTOObI BOCCTAHOBUThH pEabHYH) CTPYKTYpPY IOJHOPa3MepHbIX
PEeLIeNTOPOB ¥ TIPAaBU/ILHO TIOHSATh YCTPOMCTBO O€KOB B PAa3/IMUHBIX (DYHKIIMOHATBHBIX COCTOSTHUSX
nipy niomoru SIMP-crieTKpockoruy B pacTBope. B Jok/azie TipeficTaBieHbl TPUMEPHI TTOJ00HBIX
vccnenoBaHui petientopoB p75, TLR4, TrkA.
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CRYO-EM STUDIES OF FLAVIVIRUSES
V. Kostyuchenko
Duke-NUS Medical School

Flaviviruses, spread via mosquito bites, cause human disease
such as dengue fever, West Nile fever, and Zika fever with
high degree of severity. There are almost no licensed vaccines
and treatment except symptomatic for these diseases. It is
important to study the virus structure and interactions with
ligands such as receptors and antibodies in order to understand
the virus’ life cycle with the aim to find possible preventive
vaccines and curative drugs. For structural biology work, we
employ mostly cryo-EM such as single particle analysis and
cryo-electron tomography to study complexes of the virus with
antibody fragments. We obtained subnanometer and near-atomic resolution cryo-EM structures for
immature and mature forms of dengue virus serotype 1, dengue virus serotype 4, and Zika virus. We
described a possible maturation pathway based on the higher resolution structures. We also
described a temperature- dependent structural change that occurs in some strains of the flaviviruses,
important for vaccine development. In addition, we described a cryo-EM structure of a complex of
a dengue virus and antibody fragment that demonstrates that in some cases cryo-EM is superior to
X-ray crystallography as being able to provide a fuller picture of the virus and antibody interactions.
Modern cryo-EM allows us a better and more detailed look at the viruses, their life cycle and help
the development of a better vaccines and therapeutics.

®naBUBHPYChl TIEPEHOCSATCS KOMapaMu, U SIBASIOTCS BO30OyAUTENsIMM TaKWX OMACHBIX
Oose3Heli, Kak MXOpajiKa ZieHre, Muxopajka 3anagHoro Huma, nuxopagka 3vka, v ipyrux. o cux
TIOp He yAa/IoCh CO3JaTh IeHCTBEHHBIX BaKLIMH MPOTHUB 3TUX 0ose3Held, U BCE jieueHre CBOJUTCS K
cuMmnToMarhyeckomy. [103ToMy oueHb BaXKHO TIOHSTh CTPYKTYPHbIe 0COO@HHOCTHU YCTPOMCTBA 3THUX
BUPDYCOB U MeXaHU3Mbl MX B3aUMOJIeHiCTBUSI C peLleNTopaMu W aHTWTenaMu. Haia rpymma
WCTIOTb3yeT MEeTOZbl KPUO3/IeKTPOHHOW MUKDPOCKOIIHH fjisi U3yUeHUs] KOMIIEKCOB 3TUX BHUPYCOB C
peLienTopaMy U (hparMeHTaMu aHTUTeN. Mbl MOMyUnUId CTPYKTYphl BUpyca JieHre cepoTurt 1 Ha
pasHBIX CTa[usiX ero (hopMUpOBaHUsS, BUpycCa JeHre cepoTun 4, Bupyca 3uKa. MbI omwmcanu
BO3MOKHBI MyTh TIpeBpalljeHus BUPYCHOM YacTULbl M3 HeaKTUBHOW (OpPMbI B aKTHUBHYHO
(marypartiusi). MBI Take OTHUCaIM TeMIlepaTypO3aBUCHMble CTPKTypHbIe U3MeHeHUsI B HEKOTOPhIX
IITaMMaXx BUPYCa JIeHTe, UTO Ba)KHO /ISl CO3[jaHUs IeMCTBeHHBIX BaKIMH. Tak)Ke MbI TIOKa3aju, UTo
B HEKOTOPBLIX CJIyuasix CTPyKTypa KOMILIeKCa BHUpyca C (parMeHTOM aHTHUTe/a, ToayueHHast
MeTozlaMH Kpro-OM, maéT 6ostee MOHYHO KapTUHY WX B3aUMOZEMCTBUS, UeM CTPYKTypa KOMILIeKca
(parMeHTOB BHMpPYCHOTO OefKa W aHTWUTENa, TIOMYYEeHHBIX METOZAMU DPEHTTeHOCTPYKTYPHOIO
aHasm3a. CoBpeMeHHasi KpUO3/IeKTPOHHAsi MUKPOCKOTIHS TI03BOJ/IsieT HaM TOJyYMTh Topaszio bosee
JIeTaJIbHYI0 KapTUHY BUPYCOB M WX >KU3HEHHOTO I[UK/Ia U OTKPBIBAET JIOPOT'Y K pa3pab0oTKe HOBBIX,
Oosee 1eMICTBEHHBIX MPOTUBOBUPYCHBIX BaKLIMH U JIEKApPCTB.
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NMR STUDIES OF STRUCTURE AND FUNCTIONS OF
TELOMERASE COMPONENTS

V. Pol'shakov

Research Centre for Magnetic Tomography and Spectroscopy,
Lomonosov MSU

Telomerase is a multisubunit ribonucleoprotein enzyme that is
essential for maintaining genome integrity in eukaryotes. A
key role of telomerase in cancer and ageing makes it a
promising target for the development of cancer therapies and
treatments of other age-associated diseases. However, the
structure and molecular mechanism of telomerase action are
still poorly understood. Telomerase function is based on the
dynamic interactions of its catalytic subunit with nucleic acids
(telomerase RNA and telomeric DNA) and several proteins. In budding yeast, telomerase consists
of the catalytic subunit, executing the function of the reverse transcriptase (TERT or Est2 protein),
telomerase RNA (TLC1) and two regulatory subunits, Estl and Est3. Each of the four subunits is
essential for in vivo telomerase function.

We determined NMR solution structure of the N-terminal (TEN) domain of TERT and Est3
subunit from the thermotolerant yeast Hansenula polymorpha. Functional and dynamic properties of
both protein have been elucidated. Obtained results indicate that the TEN domain is involved in
restricting the size of the heteroduplex during telomere repeat synthesis, and Est3 is involved in
regulation of telomerase activity via interaction with the Estl subunit. The report presents the
details of the structural, dynamic and functional studies of the TEN and Est3 proteins. Studies were
supported by the Russian Science Foundation (grants 14-14-00598 and 19-14-00115).

#

Ill q

Tenomepasza mpezcTaBisseT Co00M MyABTUCYOBEJUHUUHBIA  PUOOHYK/IEOTIPOTEUHOBBIN
(hepmMeHT, KOTOpBI HeoOXoAWM AJisi TIOAep)KaHUsl LeJIOCTHOCTH TeHOMa y 3yKapuoT. KiroueBast
pOJIb TejioMepasbl B PAa3BUTHH 3/I0KauyeCTBEHHBIX 3a00/ieBaHWM M KOHTDPOJIE CTapeHHsi OpraHu3Ma
JieslaeT ee MHOTOOOelaroleill MUIIEeHbI0 /1T pa3paboTKM MeTO/IOB JiedeHUs] paka M KOHTPOJIS
Pa3BUTHSI BO3pAcTHBIX 3aboneBaHuii. OflHAKO CTPYKTypa M MOJIEKY/ISIPHBIM MeXaHWU3M [1eHCTBUS
TesioMepasbl BCe ellle HeJl0CTaTOYHO U3yvyeHbl. OyHKIMS TesloMepas3bl OCHOBaHA Ha JIMHAMUYeCKOM
B3aMMO/IEMCTBUU ee KaTaJUTHUYeCKOW CyObeMHUIIbl ¢ HYKJIeMHOBBIMUA KHUCIOTaMU (TesioMepa3HOU
PHK wu TtenomepHoii [THK) u HekoTopeiMu Oenkamu. Tesomepasa [JpOXOKeH COCTOMT W3
KaTa/IMTUUeCKON CyObeMHUIIbI, BhIMOMHSOIIeNH GyHKIMI0 obpatHoi TpaHckpunTasbl (TERT wmm
Est2), tenomepasHoii PHK (TLC1) u aByx peryastopHbix OenkoBbix cyObeaunui, Estl u Est3.
Kaxas 13 ueTbipex CyObeIuHUL] HeoOXorMa [i/isi HOPMasbHOTO (hYHKI[MOHUPOBAHUSI TeJIOMepa3sbl
in vivo.

Mei onpepenunu ctpyktypy SIMP B pactBope ass N-koHueBoro (TEN) momena TERT u
cyobepunmnbl Est3 U3 TepmoTosiepaHTHBIX Apoxoked Hansenula polymorpha. Beimi mccieoBaHbl
(hyHKLIMOHAIbHBIE ¥ IMHAMHUUeCKUe CBOMCTBa 000ux OenkoB. [TomyyeHHbIe pe3y/ibTaThl TO3BOJISTIOT
nipearnosarars, YTo TEN fOMeH KOHTposMpyeT orpaHuuyeHue pasMepa rerepogyruiekca JHK-PHK
BO BpeMs CHHTe3a IMOBTOPOB TesioMep, a Est3 yuyacTByeT B perynsilvyd aKTUBHOCTH TeJlOMepasbl
TOCpe/ICTBOM B3auMoJgieiicTBusi ¢ cyobenunuuedi Estl. B fgoksiaze mnpejcTaB/ieHbl JeTanud
CTPYKTYpPHO-AMHAMHUUECKUX W (YHKI[MOHANbHBIX uccienoBannii TEN gomeHa u Geska Est3.
ViccnepnoBanus npoBefieHbl NpU (pMHAHCOBOM Toggepykke Poccuiickoro Hayunoro ®@oHga (rpaHThbl
14-14-00598 u 19-14-00115).
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LIPID-MEDIATED MECHANISM OF SIGNAL
TRANSDUCTION VIA TRANSMEMBRANE DOMAINS OF
BITOPIC RECEPTORS

E.V. Bocharov
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS

The biological function of bitopic membrane proteins having
only one transmembrane (TM) segment is provided by a network
of various intermolecular interactions in the cell membrane. This
class of proteins includes, for example, type I receptors, which
are directly involved in the development and maintenance of
homeostasis of human tissues. The epidermal growth factor
(EGFR/HER) and growth hormone (GHR) receptors serve as
convenient models of type I receptors to show how ligand-induced conformational rearrangements
and specific dimerization of extracellular and TM domains lead to allosteric activation of
cytoplasmic domains during signal transduction through the cell membrane. Dysregulated signaling
from these receptors plays significant roles in promotion of number of human diseases, and their
inhibitors have been among the most successful examples of targeted therapy for cancer to date.
Using protein engineering, high-resolution NMR spectroscopy in combination with MD-relaxation
in an explicit lipid bilayer, we experimentally determined alternative conformations of the
juxtamembrane regions and TM domains of EGFR/HER and GHR receptors in different membrane-
mimicking environments. Based on recent biophysical and biochemical data, it was shown that the
functioning of these bitopic receptors is caused not only by specific protein-protein and protein-
lipid interactions, but also by the physical state of the lipid environment, as one of the main
components of the self-consistent system of biological membrane. This allowed us to propose new
principles underlying signal transduction through the cell membrane, as well as pathogenic
mechanisms of a number of oncogenic mutations in the TM domains of the bitopic receptors. The
work is supported by the Russian Science Foundation, grant #19-74-30014.

Buonornueckasi GpyHKIUsT OMTOMHBIX OENKOB, UMEIOIIUX TOMBKO OAWH TPaHCMeMOpaHHBIN
(TM) cermeHT, obecrieuMBaeTCsl CeTbIO PAa3HOOOPA3HBIX MEKMOJIEKY/ISIPHBIX B3aWMOJIEMCTBUI B
K7eTouHoU MeMOpaHe. K 3Tomy Kiaccy 6esfKOB TpHHaAJIe)KaT, HarpuMmep, peLenTopbl Tuma I,
KOTOpbIe PUHMMAIOT HeroCpeJCTBEHHOe yyacTHe B Pa3BUTHM U MO//ep)KaHUM TOMeocTas3a TKaHei
opraHu3Ma uejioBeka. Perienitopsl snuzepmanbHoro ¢akropa pocra (EGFR/HER) u ropmoHa pocta
(GHR) cnyxaT yaoOHBIMM MoOfelssM{A peLlenTopoB Tuma I, uToObl TIOKa3aTh, KaK JIUTAH[I-
VH/YLMDOBaHHble  KOH(OpPMAallMOHHble  TEpecTPOMKM U crenuduueckas  JuUMepuU3anus
BHEK/IeTOYHbIX U TM [10MeHOB MPUBOJAT K a/l/I0CTePUUeCKOl aKTHBAL[UM LUTOIIa3MaThyeCcKux
JIOMEHOB TIpU Tiepefjaue CUTHajia uvepe3 MeMOpaHy KiaeTKd. HapyiieHusi (yHKIIMOHUPOBaHUS
JAHHBIX PEeIIeNTOPOB TMPHUBOAAT K PA3BUTUIO psfja TIATOJOTH, TMPU TOM UYTO WX WHTUOUTOPHI
SIBJIIIOTCS. OJHUMM U3 CaMbIX YCHELIHbIX NPHMEpPOB TapreTHOW Teparyy OHKOJIOTHYeCKHUX
3a0b0/1eBaHUM Ha CerofiHAIIHUN [ieHb. VIcronb3ysi Oe/koByr0 WHKeHepwto, SIMP-crieKTpocKomnuio
BBICOKOTO pa3pelleHust B coueTaHnu ¢ M/I-pesiakcaliyieil B ssBHO 3a/laHHOM JIMTIMJHOM OWCIIOe, MBI
9KCIIePUMEHTA/IbHO OTpe/Ie/TUIN ajlbTepHAaTUBHBIE KOH(OpMaIy MpUMeMOpaHHbIX y4acTKoB U TM
nomeHnoB 6enkoB EGFR/HER u GHR B cpesax, IMUTHPYIOIIMX JUMUIHYI0 MeMOpaHy. B cBete
HelaBHO  TIOJlyueHHbIX OHo(MU3NUecKUX W OMOXMMHUECKUX JIaHHBIX  TI0Ka3aHO, 4YTO
(YHKIIMOHUPOBaHWE [JAHHBIX OWUTOMHBLIX Oe/KOB 00yC/IaBNMBaeTCsl He TOMBKO CrielpduyecKUMu
0enoKk-0eNKOBBIMU U OeOK-TTUITUAHBIMUA B3aUMOJEHCTBUSMUA, HO U (DU3UUYECKHUM COCTOSTHHUEM
JIMIIUJIHOTO OKPY)KeHHsl, KaK OJHOTO M3 IVIaBHBIX KOMIIOHEHTOB CaMOCOITIaCOBAHHOW CHUCTEMbI
Ouosoruueckold MemOpaHbl. DTO TO3BOJWIO HaM TIPeJJIOKUTb HOBBbIE TIPUHIIMIILI, JIEXKalllie B
OCHOBe CUTHAJIbHOM TPAHCAYKIMU Yepe3 MeMOpaHy K/IeTKH, a TakKkKe MeXaHW3Mbl JAeWCTBUs psija
ratoreHHbIX MyTtaiuii B TM momeHax perientopoB. Pabota moggep)kaHa PoCCHMCKMM HayYHBIM
dhougom (ripoekt 19-74-30014).
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OCP-FRP PROTEIN COMPLEX TOPOLOGIES SUGGEST
A MECHANISM FOR CONTROLLING HIGH LIGHT
TOLERANCE IN CYANOBACTERIA

N. Sluchanko
FRS «Fundamentals of biotechnology» RAS

To efficiently control the utilization of the energy absorbed by
their light-harvesting complexes, phycobilisomes (PBs),
cyanobacteria use an intricate interplay between the Orange
Carotenoid Protein (OCP) and the Fluorescence Recovery
Protein (FRP). OCP is a two-domain (NTD, CTD)
carotenoprotein, reversibly photoswitching from OCP O into a
PBs-quenching OCP R form wunder blue-green light
illumination. FRP transiently binds to OCP R and accelerates
its OCP R -OCP O transition to terminate the OCP-mediated photoprotection. Structural biology has
so far failed to provide a high resolution picture of this interaction due to its high dynamics.

The solution conformations of FRP dimer and OCP monomer were confirmed by small-
angle X-ray scattering (SAXS) and kinetically stable analogs of the OCP photocycle intermediates
were obtained by site-directed mutagenesis. By studying the functional interaction of several low-
homology FRP variants with Synechocystis OCP variants, we were able to discern formation of the
intermediate 2:1 and 1:1 complexes, revealing FRP dimer dissociation in the course of its binding to
OCP. Engineering of the unique FRP mutants representing constantly monomeric and dimeric
forms, disulfide trapping and chemical crosslinking revealed complexes with 1:1, 2:1, and 2:2
stoichiometries. SAXS data, supported by conservativity and electrostatics analyses of proteins,
allowed us to reconstruct the topology of different FRP-OCP complexes and to propose the
dissociative mechanism regulating high light tolerance in cyanobacteria where FRP binding via its
head domain to the OCP-CTD leads to FRP monomerization.

Ins  5¢deKTUBHOTO  HCIO/MB30BaHUSI  SHEPrHM, TIOIVION[AeMOM  CBeTOCOOHPAIOIIUMU
KoMIuiekcamu, ukoounmucomamu (PBs), 1aHOoOaKTepHUHM KCIOB3YIOT C/IOXKHOE B3aUMOJEHCTBHE
MEXXy OpaHXeBbIM KapoTHMHOWAHBIM OesikoM (OCP) u GesikoM BOCCTaHOB/IeHUS (hyopecCLieHIH
(FRP). OCP - meyxzpomensslii (NTD, CTD) kapoTHHOUHBIM 6esloK, KOTOpBIA TMPH OCBEIeHUH
CHHe-3e/IeHbIM cBeTOM oOpatumo mepexoauT U3 O B R dopmy, Tymmaiyto PBs. FRP cesa3biBaetcs ¢
OCP R u yckopsier ero OCP R -OCP O nepexoz, otkmtouass OCP-onocpezjoBaHHy10 (hOTO3aIUTY.
N3-3a BhICOKOM JAuHamMuKu B3aumopeiictBue FRP/OCP He mnopajaeTcsi M3yueHUIO MeToJaMu
CTPYKTYPHOU OUOJIOTUH C BBICOKMM pPa3pelieHUeM.

Koudopmaru gumepa FRP u monomepa OCP B pactBope ObLTH TOATBEPXK/EHBI
MaJIOyI/IOBBIM PEHTreHOBCKMM paccessHieM (SAXS), a KHHETUYeCKM CTaOWIbHbIE aHAIOTH
TIPOMEKYTOUYHBIX MPOAYKTOB (hoTtormkia OCP 6bUTH To/TyueHbI C TIOMOIIBIO CaliT- HarpaB/IeHHOTO
MyTareHe3a. V3yuasi (yHKLMOHa/JbHOE B3aUMOJENCTBUe HeCKOJbKUX BapuaHToB FRP c Hu3Kom
romoyiorueit ¢ Bappuantamu OCP u3 Synechocystis, Mbl 0O0Hapy>ku/i 06pa3oBaHHe MPOMEXKYTOUHBIX
komriekcoB 2:1 u 1:1, mokazaB auccouuaumio aumepa FRP B xome ero cesisbiBanusi ¢ OCP.
YHuUKanbHble MOHOMEpHble W JAuMepHble MyTaHTbl FRP, Meron aucynbGuAHON JIOBYLIKA U
XMMHYEeCKOe CILIMBaHWe TIOMOIVIM UAeHTU(PHULMPOBaTh KOMILIEKCHI € 1:1, 2:1 u 2:2 cTexuoMeTpUei.
[To pganHbIM SAXS, a TakkKe aHaaM3a KOHCEPBAaTHBHOCTH W 3/IeKTPOCTAaTHMKU OenkoB, FRP
CBSI3BIBAETCS CBOMM TrO/0BHBIM JomeHOM ¢ OCP-CTD, uro mno3BosisieT peKOHCTPyuUpOBarhb
TOTIOJIOTHIO KOMIUIEKCOB 3THUX Oe/KOB U TIPEJIOXKUTDb JAWCCOL[UATUBHBIA MeXaHU3M, PerylIupyrOIni
TOJIEPAHTHOCTD [JMAaHOOAKTEPHUH K TOBLIILIEHHOUW OCBEIIeHHOCTH.
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PROTEINS IN MEMBRANES: LESSONS FROM
ATOMISTIC SIMULATIONS

R. G. Efremov
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS

Apart from the barrier role, cell membranes provide
accommodation of numerous external agents, including
membrane proteins (MPs). Recently, it has been shown that the
most important property of lipid bilayers is their dynamic
heterogeneous character, which critically depends on their local
structural features, hydrophobic/electrical properties, etc.
Moreover, dynamic behavior of membranes, including
stochastic phenomena, should be taken into account. The
totality of these factors represents the so-called.
&quot;membrane response&quot;. Study of protein-membrane systems is possible only if mutual
influence (adaptation) of partners at the molecular level is taken into account. Atomistic computer
modeling, that permits analysis of the structural-dynamic parameters of all components of model
membranes - MPs, lipids, water and ions - has been developed. It is established that local changes in
the membrane environment play an important role in the binding of membrane-active peptides and
peripheral MPs, causing specific clustering of lipids and initiating the formation of defects in the
membrane. It is shown that lipids contribute significantly to the free energy of spontaneous
dimerization of MPs. The detailed balance of various energy contributions strongly depends on the
composition of the membrane and the amino acid sequence of the protein. The assumption is made
that the process of association of transmembrane alpha-helices in lipid bilayers has a predominantly
entropic character. MPs and their water-lipid environment equally determine the nature of the
biological behavior of cell membranes, mutually strongly affecting each other and responding to
external influences in a self-consistent manner.

ITomumo OGapbepHOl (YHKIMM, K/IeTOYHble MeMOpaHbl 00ecreurBalOT BCTpavBaHHE
MHOTOUUC/IEHHBIX BHEIIIHUX MOJIEKY/, BK/Iouass MeMOpaHHble Oenku (MB). HemaBHO Obu1o
YCTaHOB/IEHO, UYTO Ba)KHEMIIMM CBOWCTBOM OWOMeMOpaH SIBIseTCS WX /JUHAMHUecKas
reTeporeHHOCTb, KOTOpasi 3aBUCUT OT JIOKA/IbHBIX CTPYKTYPHBIX, TUAPOPOOHBIX U 3eKTpUUYeCKUX
cBoiicTB. Kpome Toro, HeoOXOAMMO YUHMTHIBaTH AMHAMUKY MeMOpaH, B T.U. CTOXaCTUYeCKHe
sBneHust. COBOKYITHOCTb 3THX (DaKTOPOB ONpeZie/isieT T.H. «MeMOpaHHbIN oTBeT». V3yueHne Geslok-
MeMOpaHHBIX CHCTEM BO3MO)KHO JIMIIL C YUeTOM B3aUMHOM afanTaiuu oboux raptHepoB Mb u
munuaHoro Owucnos. IlpesactaBieHHble B paboTe MeTOABI aTOMHUCTHUECKOTO MOZIeTUPOBAHUS
TIO3BOJISIFOT MCC/Ie[I0BaTh CTPYKTYPHO-AWMHAMUUYeCKWe CBOMCTBA BCEX KOMIIOHEHTOB KJ/IETOYHBIX
mMembpaH — MB, unuioB, BoZibl U MOHOB. [10Ka3aHo, UTO JIOKa/IbHbIE U3MEHEHHsT B OUC/I0e UTPal0T
Ba)KHEHUIIyI0 pojib B CBsi3biBaHUM MB ¢ MemOpaHamu, BBI3BIBAIOT K/IaCTepU3al[UI0 JIUTTHUIOB U
obpa3oBaHue fedeKkToB B MeMmOpaHe. DHepreTMuecKuil 0OasaHC B3aMMOJEHCTBUN B CHUCTEME
oTpe/ie/IIeTCsl COCTAaBOM MeMOpaHbI W TT0C/IejoBaTeIbHOCTEI0 MB. BbicKazaHO MpeArooKeHHe o
TOM, UTO accol[dal[usi TpaHCMeMOpaHHBIX CrUpajiell B JUMUIHBIX OucosX 0O0ycaoBaeHa
TIPEUMYIIIeCTBEHHO JSHTPONMUNHBIM BK/Ia[OM. MeMmOpaHHble OefKd W WX BOJHO-JAIHIHOE
OKDY’>KeHHe B paBHOU Mepe Orpeie/IsitoT OMosoruueckoe AeicTBUe KIeTOUHbIX MeMOpaH, CUIbHO
B/IUSISL IPYT Ha JIpyra ¥ COIVIaCOBaHHO OTBeyasl Ha BHELHWe CUTHAJIbI.
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MECHANISTIC UNDERSTANDING OF RTK ACTIVATION
VIATM MUTATIONS

A. Polyansky
Max F. Perutz Laboratories

Receptor tyrosine kinases (RTKs) are an important class of
membrane proteins, which control cell proliferation and
growth. The transmembrane (TM) domains of RTKs comprise
single alpha-helix and transmit an allosteric signal from
extracellular receptor regions bound to specific ligands to
intracellular kinase domains. Mutations in TM domains may
lead to constitutive activation of these receptors and cause a
number of severe disorders including cancer. To probe the
mechanistic aspects of activation of RTKs via TM mutations,
we focus on platelet-derived growth factor receptor alpha (PDGFRA), an RTK, which plays
essential roles in embryo development and is aberrantly activated in a number of neoplasms. We use
a computational modeling framework including sequence-based structure prediction and atomistic
molecular dynamic simulations to identify and characterize novel mutations modulating
dimerization of TM domains and subsequent activation of the receptor, and validate our models by
NMR spectroscopy and cell experiments. A synergy of modeling and experimental work allows us
to elucidate the structural and dynamic determinants of spontaneous activation of PDGFRA and
propose a model for the active and inactive conformational states of its TM dimer in both the wild
type and the oncogenic mutant of the receptor.

Perjenitopable  THpo3uH-KMHAa3bl (PTK) — BakHBIM K/MacC MeMOpaHHBIX — OeJKOB,
PEryMpYIOUX npoudeparuto 1 pocT KieTok. Tpancmembpantsie (TM) gomensl PTK coctosT u3
OJJHOM asib(ha-CriMpasiv U TepejaloT alJIoCTepuUeCKUil CUTHa/I OT BHEK/IETOUHOW YaCTH peliernTopa
KO BHYTPHK/IETOUHBIM KHWHa3HBIM JoMeHaMm. Mytaiu B TM /oMeHe CIOCOOHBI aKTMBUPOBATh
peLienTop B CBOOOAHOM cocTosiHUe (6e3 yuraHza), uTo MOKeT TIPUBOJUTH K Pa3BUTHSI CePbe3HbIX
3a0bo0/1eBaHUM, B TOM uMC/e paka. /[1s MOHMMaHUS MeXaHWYeCKUX acrekToB akThBaumu PTK,
BbI3BaHHOM TM MyTalusiMid, B KaueCTBe MO/|e/IbHOM CHUCTeMbl MbI BbIOpaaM perenTop
TpoMboLTapHOTO (hakTopa pocTa yesoBeka (PDGFRa), KOTOpbIi UrpaeT BaXKHYIO POJIb B MPOLeCcce
sMOpUoTeHe3a, a TakKe aKTUBUPYeTCSsI B Pa3/IMUHBIX OMyXoJisix. B vccieoBaHUM MBI UCITO/TH30Ba/IH
BBIUMC/TUTE/IBHYIO T7IaTOPMY, BKJ/IIOYAIOIIYI0 CTPYKTYpHYIO OHOMH(OPMATHKYy ¥ pacyueThbl
MOJIEKY/ISIDHOM ~ JUHAMMKU [/l TIOUCKA HOBBIX MYTalWd, MOAYIUPYIOIIUX JUMepU3alivio
TPaHCMEeMOpaHHBIX /JOMEHOB W TIOC/TIEAYIOI[YI0 aKTHUBAaLMIO perenTtopa, a Takke IMP
CMEKTPOCKOMMIO U SKCIIePUMEHTbl Ha KjeTKaX M/ TIOATBeP)KAEeHUs TOMy4YeHHbIX Mojenei.
CoBMeCTHOe MCII0/Ib30BaHUe MOZEeIUPOBaHuUsl U SKCIIePUMEHTOB I103BOJIU/IM BbIIBUTb CTPYKTYPHO-
JMHaMUueCcKue JleTePMUHAHThI CTIOHTAHHOW aKTHBAal[MM PeLIeNTopa, a TakKe MpeJIoKUTb MOJeTn
aKTMBHOTO M HEaKTHBHOTO COCTOSIHMM ero TpaHcMeMOpaHHOTO AuMepa B Cayyae AWKOTO TUTA U
OHKOTeHHbBIX MyTaL1H.
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UeHtp HTU

NHCTUTYT BMOOPraHM4YECKOMN XUMUK
M. akaaemukos M. M. lemsknHa
n 0. A. OBYMHHMKOBA

Poccuinckon akapemmm Hayk

Pa3pabartbiBaeM 1 BHEAPSEM DMOTEXHOAOTMM DyAyLLEro

Lleatp HarmonansHoM TexHomoruueckor nHummaTtebl (LIHTU) co3gan Ha 6a3ze MHcTUTyTa
OuroopraHNuUeCKol XMMHHU UM. akajeMUKoB M. M. Illemskuna u FO. A. OBunHHMKOBa PAH B MapTe
2018 roma oA peanu3aliuM  TOCYAApCTBEHHOW TMporpaMmbl  Mep 10  (DOPMHPOBaHHUIO
NPUHLIMIINAIBHO HOBBIX PBIHKOB M CO3aHUI0 YCJIOBUM il T7I00a/JIbHOTO TEXHOJIOTUYEeCKOTO
mupaepcTBa Poccuu k 2035 rony — HaljoHanbHOM T€XHO/IOTHYECKOW MHULMATHBEI.

OcHoBHOM 3asaueid llentpa HTU sBnsieTcs oCyllecTB/eHHME KOMILIEKCHOTO Pa3BUTHS
«CKBO3HOW» TexHosiorur HTU — TeXHO/Ioruy yrpaB/ieHusi CBOMCTBaMU OHMOOrUUecKuX 00bEKTOB.
IUHTU  sgBnsgeTca LEHTPOM  KPUCTA/UIM3alUM  HOBOW  BBICOKOTEXHOJIOTMYHOM  OTpaciu
OMOTeXHOJIOTUN U BLICTYTIaeT OPraHW3aTOPOM COBMECTHOMW JesiTe/TbHOCTH YYaCTHUKOB KOHIIepHA
«BMIOOPTAHUKA» — obpa3oBaTe/ibHbIX, HayYHBIX OPraHW3aliii U XO3AWCTBYIOLIHN CyOBEKTOB,
BKJIHOUasi MPOMBILLIIEHHbIE [peANpUsTHS.

B wensix  noBblleHWs — 5(Q@EKTUBHOCTH  SKOHOMUKHA  CTpaHbl,  yBeJIWYEHUS
TPOJO/DKUTENIBHOCTU KU3HU U YIyYUllleHUsl KayecTBa »KU3HU HacesieHus Llentp HTU 3aHumaetcs
CO3[laHMeM Tepe/OBbIX IPOAYKTOB W TeXHOJIOTWA M COeJUHSIeT pe3y/abTaTbl HKCCIe[0BaHUN
(hyHZaMeHTaIbHOW HayKW U TTOTPeOHOCTH CyIeCTBYIOLMX phIHKOB HTU.

Cpeny HanpaBnenui fesitenbHocTH LIHTY BhifenisitoTCA crnefyronye:
1. pa3paboTka /ieKapCTBEHHBIX MPeraparoB 0 TepareBTHYeCKUM HarlpaB/IeHUsIM:
©  QHKOJIOTMUYeCKHe 3a00eBaHusl,
VIMMYHOJIOTUUeCKHe TaTo/I0THH,
HeBpoJioruueckue 3aboneBaHus,
HapylieHuss MeTabosm3ma,
MH(eKIMOoHHbIe 3abosieBaHMs,
CeHCOpHbIe 3a00/1eBaHUS,
pereHepaTuBHasl Me/IULIVHa;
2. pa3paboTka 000pyHIOBaHMUS:
© mpubop yripaBjeHUs Cep/leuHbIM PUTMOM uepe3 yIpaBlieHHe aKTUBHOCTBbIO K/IETOK U
OPraHOB C MOMOIIBbI0 BCTPOEHHBIX B MeMOpaHbI K/IeTOK Oe/TKOB-PeLienTOPOB TeIrIOBOTO
V3/TyueHus,
© mpubOp ympaB/eHHs] aKTUBHOCTBhIO UHCY/IWH-TIPOAYLUPYIOLUX KIETOK MOKeTyI0uHON
Keqesbl C TIOMOLLBbI0 HMHCTPYMEHTOB TEPMOTeHEeTUKM U MOHUTODUHT YPOBHS IVIFOKO3bI B
KPOBH TIALIUEHTOB C uabeTom;
3. CepBUCHOe HalpasJieHKe, OKa3blBarolliee C/lefyIoLue yCayTru:
© pa3paboTKa TeXHOJIOTHM MPOM3BO/CTBA OMOdapMalieBTHUeCKUX CyOCTaHLIUKA U TOTOBBIX
JIeKapCTBEHHBIX (hopM,
TIOMCK HOBBIX aHTUOMOTHUECKUX U TIPOOHMOTHYECKUX TPerapaTos,
cOOpKa BUPYCHBIX YaCTHIL] BEICOKOU CTeTIeHH OUMCTKU U TUTPa,
TIpOBe/ieHNe JOKIMHUYeCKUX UCCIIeJ0BaHuMH,
yciiyTra 1o OLleHKe /IelCTBYSI MpernapaToB Ha CUHANTUYeCKYH0 Nepeiayy U M1aCTUYHOCTh
Ha eJMHOM MO/y/TbHOM Ti/IaThopMe ONTHYeCKOT0 OMOMMU/KUHTA.

o O O O O O

o O O O
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NepBUUYHbIE KJIETKM
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