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Momusayus u yenv. B HacTosiee BpeMsi yCTAaHOBJIEHO, YTO NPU B3aWMOJCHCTBUH
TOPMOHOB CTpecca M AHAPOTEHOB C IUIA3MAaTHMYECKMMU MEMOpaHaMu IPOUCXOAMT
n3MeHeHue ux CTpykTypsl [1, 2]. Ilog wm3meHeHHMeM CTPYKTYpHl (KOH(OpMAInm)
TUIa3MaTHYECKUX MEMOpaH TIOHMMAaeTcsi W3MEHEHHWE BTOPHUYHOH, TPETHYHOH W
YEeTBEPTUYHON  CTPYKTyp MeMOpaHHBIX OenkoB, (a3 mumnuaHoro Owucios,
nepepacnpeaencHie OETKOB M JIMMUAOB IO OWCION, M3MEHEHHE WX MOPQOIOTHH
MemOpaH. [Ipu 3ToM B miIa3ManeMMax MEHSIOTCSI B3aUMOICHUCTBHSI MEKAY OelkaMH 1
JUMUAAaMU, 00pa3yeTcsl HENOJBIDKHAS KBAa3HUIEPHOIUYECKAsi CETh OCTOK-JIUIHIHBIX
JIOMEHOB, CBS3aHHBIX C LUTOCKENIETOM. B 3TMX noMeHax mpwuieraromue K Oeixam
JUMAB CUJIbHEE MPUTATHBAIOTCS K OeJIkaM, MIOMEHSBIIMM CBOIO KOH(OpMAIHIO, Y4TO
BEJCT K MU3MEHEHHUIO MOJsI MEXaHWMYECKHX HampspkeHuid B MemOpane [3], ¢pyHKUIuu
MeMOpaH u kietok [4, 5]. UaunmaTtopamu oOpazoBaHUs OEIOK-THIAIHBIX TOMEHOB
SBITIOTC MeMOpaHHbIE O€NKH, KOTOpbIe H3MEHWIN CBOIO KOH(MOPMAIHIO IIPHU
B3aMMOJICHCTBUN MEeMOpaHbl ¢ TopMoHamH [1]. BMecTe ¢ TeM Bce ele He sICHO, KaKue
WMEHHO HM3MEHEHHS BO BTOPHUYHOH CTPYKType MeMOpaHHBIX OEIIKOB CIIOCOOCTBYIOT
00pa30BaHUIO BOKPYT HHUX OEJOK-TUNMIHBIX IOMEHOB. Llenpio naHHOW pPabOTHI
SBJISIETCSl YCTAHOBJICHWE BTOPUYHBIX CTPYKTYp MEMOpaHHBIX OCIKOB, TOSBICHHUE
KOTOPBIX CIIOCOOCTBYET YBEJIMUCHUIO MPUTSHKCHUS JTUHI0B K MEMOpaHHBIM OeJIKaM H,
KaK CJIEICTBUE, MOSBICHUIO OEIOK-TUIUIHBIX JOMEHOB B MEMOpaHe.

Memoowr u aneopummer: B npeacTaBieHHOM JIOKIa/1€ SKCIIEPUMEHTAIBHO UCCIIEyEeTCs
W3MEHEHUE CTPYKTYphl MEMOpaH JSPHUTPOLMTOB KpPBIC TIPU HUX CBS3BIBAHUU C
aH/IPOreHaMH (aHAPOCTEPOHOM, TECTOCTEPOHOM, AETHAPOSNHaHApPOocTEpoHOM ([DA),
neruaposnuanapoctepon cynspatom (IDAC)) u ropmoHamu crpecca (KOPTH30JIOM,
aJipeHaIMHOM, HOpaapeHannHOM). C 3TOH eNbI0 HCTIONB30BAIUCH (IIyOpeCleHTHBIE
METOJABI W3MEPEHUs TYHICHUS COOCTBEHHOW (IIyopecleHIInn MeMOpaHHBIX OEJKOB,
WU3MEPEHUs] MHUKPOBSI3KOCTH MEMOpaH C IOMOIIbIO 30HJA IMUPEHA U TOTJIOIIECHUS
MeMOpaHaM¥ HHPPAKPACHOTO U3ITyUCHHS.

Pezynomamui:  MeToioM UM3MepeHHsT TYIIEHHS COOCTBEHHOH (IIyopecleHIUH
MeMOpaHHBIX OEJIKOB YCTaHOBJICHO, YTO BCE HCCIEAYyEMbIe TOPMOHBI CBSI3BIBAIUCH C
MeMOpaHHBIMU OesikaMu. MakcuManbHas BEJIMYMHA TYLICHUS OKa3aJloCh Pa3in4HOU
JUISS pasHbIX TOPMOHOB. DTO CBHUJIETENBCTBYET O PAa3HOM CpPOJICTBE TOPMOHOB C
MeMOpaHHBIMU Oekamu. M3mepeHre MUKPOBSA3KOCTH MeMOpaH 1moKas3ajio, 4To IpH X
CBS3BIBAHMM C TOpPMOHaMH, 3a uckimodeHueM JIDA, mpoucxonwino oOpa3oBaHHe
HETIOABM)KHOUW KBAa3UTIEPUOANICCKON CETH OCIOK-TUIUAHBIX TOMEHOB, CBS3aHHOU C
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LUTOCKEJIETOM Yepe3 y3JIOBOH M aHKUPHHOBBIN KOMIUIEKCHL. [Ipu 3TOM MUKPOBSI3KOCTh
JUMUAIHOTO OUCIIOS B OENOK-TUIMTUAHON 00JIacTH B3aUMOJIEHCTBUS YBEIMYNBAJIACh MPH
MEHBIIIeH YJeIbHON KOHIIEHTPANd TOPMOHOB BO B3BECH. DTO YBEIHUYEHHE OKA3aI0Ch
3aM€eTHO OO0JIbIIIE, YEM B JIUIIHA-TUIINIHON 001acTH B3anMoAelcTBUs. Takoe moBeneHne
CBUJICTENILCTBYET O TOM, YTO YCHJIMBAeTCS B3aMMOJACHCTBHE MEXKIYy MeMOpaHHBIMU
O0emkaMd W OKPYKAIOIUMH WX JHMAJAMH. OTH JUNHIBI CMECTHIINCHh OJIKe K
MeMOpaHHBIM OelTkaM, TPON30ILI0 00pa30oBaHNE OCIOK-TUITHUIAHBIX JOMEHOB. JIMIH B
B 9THX JOMEHaX HAaXOHITCS B KHUIKO YHOPSIIOYCHHOM COCTOSIHUM Lo, IUmuAbl B
MPOCTPAHCTBE MEKAY JOMEHAMH HAXOISATCA B KHUIKO HEYTIOPAAOUEHHOM COCTOSHUHM L.
[Ipu B3aumoneiicTBum [IDA ¢ MeMOpaHaMH N3MEHEHHE MUKPOBS3KOCTH ITPOHCXOIHIIO
OJIMHAKOBO B OEJOK-IMIHUIHONW M JUMUA-TUIHIHON 00JacTAX B3aWMOJCHCTBUS. JTO
03HayaeT, 4YTo OCNOK-TUIUAHBIE JIOMEHBl HE C(HOPMHPOBAINCH, MHUKPOBSI3KOCTH
YBEIMYNBAIIACH PABHOMEPHO I10 BCEMY JIUTTHIHOMY OHCIIOH0.

[IprauHy Takoro pa3HOrO B3aMMOJEHCTBHSA TOPMOHOB C MeMOpaHaMH yIaloCh
YCTaHOBUTh C TIOMOIIBIO M3MEPEHHUS! TOTJOMICHUs] HH(PPAKPACHOTO W3ITy4CHHUS.
Oxkazanoch, 4TO 1O CpPaBHEHUIO ¢ oOpa3uamMu MeMOpaH SPUTPOLUTOB, B KOTOpHIE
J00aBISITHCH TOPMOHBI, B CIIEKTPaX MOTIIOMIEHHsS] MeMOpaH, HHKYOHPOBAaHHEIX ¢ [IDA,
HE MOSBISAIOTCS IOJOCHI MOIJIOMEHUs 1685 cM!, yKasplBaOIME HaA MOABIECHHE B
MEMOpaHHBIX OEJIKax MEXMOJICKYISIpHBIX B-mucToB [6]. Kpome Toro, He mosiBiiseTCs
nonoca mnoryomenus 1636 cMl, mpucymas MOABIEHHIO B MEMOpaHHBIX OejKax
BHYTPUMOJNEKYISApHBIX [B-muctoB. Ilpm B3amMoAelcTBUM IPYTHMX TOPMOHOB C
MeMOpaHaMH 3TH TOJIOCHI B CIIEKTPE IOTJIOIICHUS MeMOpaH (PUKCHUPOBAIKUCH, YTO
TOBOPHT O Tlepexo/ie KiTy0ok— B-cTpyKkTypa B Oenkax aTux MmemOpan. Bmecte ¢ Tem mpu
nakybanun JIDA ¢ meMmOpaHamMu B uX Oenkax MPOUCXOAHMI TEPEXoa KIyOOK— 0-
cTpykrypa. O0 5TOM CBHIETENLCTBYET YBEIMYCHHWE HHTETPAbHOW HHTEHCHBHOCTH
nosockl 1654 cm, KoTopast sBIsIETCS XapaKTEPHOM TOJIOCOM O-Crupasieil B MenTuax.
Takum oOpa3om, mOKa3aHO, 4TO 3a 0Opa3oBaHWE OENOK-TUIUIHBIX JOMEHOB B
MUIa3MaTHYECKUX MeMOpaHaX OTBETCTBEHHBI HE O-COHpald, a [-CTPYKTYypHl B
MeMOpaHHBIX OeKax.

Bvioowvr: YcraHoBieHO iN VIitro, 4TO MHUIMATOPAMH IOSIBJICHUS OEIOK-JTHITHIHBIX
JIOMEHOB B  IUIa3MaTHYeCKHX  MeMOpaHaX, 00pa3yllmuX  HENOABMXHYIO
KBa3HIIEPUOIUIECKYIO CETh, CBSI3aHHYIO C IIMTOCKEJIETOM, SBISIOTCS MEMOpaHHBIC
0enky, B KOTOPBIX IIOCIIE B3aMMOJEHCTBHUS C TOPMOHAMH TOSBISIFOTCS B-CTPYKTYPHI.
[Ipu »TOoM moOsBICHHWE HOBBIX O-CIUpajeil B MeMOpaHHBIX OelKaX HE YCHIUBAET
B3aMMOJICHCTBHE MEXIy OelnKaMh W OKPYXAOIUMHU WX JHUMHAIAMHU, JIMIHIBI HE
MPUTATUBAIOTCS OJIMDKE K OeIKaM U He 00pa3yroT OCIOK-JTUIHIHBIC JOMEHBI,
Qunancuposanue’ ViccnemoBanne MoJepKaHo MerarpaHToM MUHHCTEPCTBA HAYKH U
Boiciiero oopasosanus P® (Cornamenne Ne 075-15-2021-575).
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Motivation and Aim: It has now been established that when stress hormones and
androgens interact with plasma membranes, a membrane structural changes occur [1, 2].
Structural changes of plasma membranes mean changes in the secondary, tertiary and
quaternary structures of membrane proteins, phases of the lipid bilayer, redistribution of
proteins and lipids throughout the bilayer, and changes in membrane morphology. At the
same time, the interactions between proteins and lipids in the plasma membranes change,
and a stationary quasiperiodic network of protein-lipid domains associated with the
cytoskeleton is formed. In these domains, lipids adjacent to proteins are more strongly
attracted to proteins that have changed their conformation, which leads to a change in
the mechanical stress field in the membrane [3], the function of membranes and cells [4,
5]. The initiators of the formation of protein-lipid domains are membrane proteins that
change their conformation during the interaction of the membrane and hormones [1]. At
the same time, it is still unclear what changes in the secondary structure of membrane
proteins contribute to the formation of protein-lipid domains around them. The purpose
of this work is to establish the secondary structures of membrane proteins, the
appearance of which in membrane proteins contributes to an increase in the attraction of
lipids to membrane proteins and, as a consequence, the appearance of protein-lipid
domains in the membrane.

Methods and Algorithms: The rat erythrocyte membranes changes are studied
experimentally at the presented report when they were bound to androgens
(androsterone, testosterone, dehydroepiandrosterone (DHEA), dehydroepiandrosterone
sulfate (DHEA-S)) and stress hormones (cortisol, adrenaline, norepinephrine). For this
purpose, fluorescent methods were used to measure the quenching of the membrane
proteins fluorescence intrinsic, to measure the microviscosity of membranes using a
pyrene probe and the infrared radiation absorption.

Results: By measuring the membrane proteins fluorescence intrinsic quenching, it was
established that all the studied hormones were bound to membrane proteins. The
maximum magnitude of quenching was different for different hormones. This indicates
a different affinity of hormones for membrane proteins. Membrane microviscosity
measurements showed that when they were bound to hormones, with the exception of
DHEA, a stationary quasiperiodic network of protein-lipid domains was formed,
connected to the cytoskeleton through the junctional and ankyrin complexes. In this case,
the microviscosity of the lipid bilayer in the protein-lipid interaction region began to
increase at a lower specific concentration of hormones in the suspension. This increase
was noticeably greater than in the lipid-lipid interaction region. This means that the
interaction between membrane proteins and their surrounding lipids has increased. These
lipids moved closer to the membrane proteins, and the formation of protein-lipid
domains occurred. The lipids in these domains are in the liquid ordered state Lo, and the
lipids in the space between the domains are in the liquid disordered state Lq4. When
DHEA interacted with membranes, the change in microviscosity occurred equally in the
protein-lipid and lipid-lipid interaction regions. This means that protein-lipid domains
were not formed, and the increase in microviscosity occurred uniformly throughout the
lipid bilayer.

The reason for such different interactions of hormones with membranes was determined
by measuring the absorption of infrared radiation. It turned out that, in comparison with
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samples of erythrocyte membranes to which hormones were added, the absorption
spectra of membranes incubated with DHEA did not contain absorption bands at
1685 cm?, indicating the appearance of intermolecular B-sheets in membrane proteins
[6]. In addition, the absorption band at 1636 cm?, characteristic of the appearance of
intramolecular B-sheets in membrane proteins, does not appear. When other hormones
interacted with membranes, these bands appeared in the absorption spectrum of the
membranes, which indicates a tangle — B-structure transition in the proteins of these
membranes. At the same time, when DHEA was incubated with membranes, a tangle —
a-helix transition occurred in their proteins. This is evidenced by an increase in the
integral intensity of the band at 1654 cm, which is a characteristic band of a-helix in
peptides. Thus, it has been shown that it is not a-helix, but p-structures in membrane
proteins that are responsible for the formation of protein-lipid domains in plasma
membranes.

Conclusion: It has been established in vitro that the initiators of the protein-lipid domains
in plasma membranes appearance, forming a stationary quasiperiodic network associated
with the cytoskeleton, are membrane proteins in which B-structures appear after
interaction with hormones. At the same time, the appearance of new a-helix in
membrane proteins does not enhance the interaction between proteins and the
surrounding lipids; lipids are not attracted closer to proteins and do not form protein-
lipid domains.

Funding: The study is supported by a Megagrant from the Ministry of Science and Higher
Education of the Russian Federation (Agreement No. 075-15-2021-575).
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