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MO3BOJISIET PACHIMPUTh aHAIN3 KJIACTEPHBIX
COCTOSIHUI B HAIlpaBJIIEHUN CBOMCTB pa3peKeH-
HOH MarepuH.

CTouT HaAeaThCs, YTO OBICTPBIN IPOTpecc
B aHaNIM3e M300pa)KeHWH IO3BOJUT IMpPUAATH
COBEPIIEHHO HOBBII pa3Max HCIIOIb30BAHUIO
MeToza S mpu uCCIeI0OBaHNH SIIEPHOH CTPYK-
TYpbl B PEISITUBUCTCKOM IIoaxoze. Pemrenue
MIOCTaBJICHHBIX 33a4 TpeOyeT WHBECTHUIINH B
COBPEMCHHBIE aBTOMAaTH3MPOBAHHBIE MUKPO-
CKOTIBI ¥ BOCCO3/IaHHIE Ha COBPEMEHHOM YPOB-
He TexHonornu S1D. Bmecte ¢ Tem Takoe pas-
BuTHEe OymeT 0a3MpoBaThCsA Ha KIIACCHYECKOM
Metoze 1D, OCHOBBI KOTOPOTO OBUIH 3ajoKe-
HBI CEMb JIECSTWIECTHH TOMY Ha3al B (DU3HKE
KOCMUYECKUX Jy4yeill. Becb 3TOT KOMIUIEKC
mpobieM, OOBETMHEHHBIX MPOOIEMON WICH-
TU(QUKAINN PENATUBUCTCKAX HECTAOMIIBHBIX
COCTOSIHMH, OBUT TpEJCTaBIeH Ha HEJaBHEM
TEMaTUIEeCKOM COBEIIAHUU TI0 KJIACTEPHOU
¢usuke [1,2]. TlpemnokeHus 1o pa3sBUTHIO
skciepumenTa BECQUEREL B pamkax TeMbl
OUAU mo ¢usmke pensTHBUCTCKUAX TSKEIBIX
1 JIETKUX MOHOB HA YCKOPUTEIHHOM KOMIIIECK-
ce HykIoTpoH—NICA OpUTH paccMOTpPEHBI Ha
suBapckoit ceccnn ITKK 1o simepHoit pusnke.
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HccaenoBanue MexaHU3MOB
B3aHMO1eHCTBUSA
KOPOHABHMPYCOB

¢ KJICTOYHOW MeMOpaHou

Bupychl SBISIIOTCSI BHEKJIETOUHOH (OPMOW KM3HH, MMEOLIeH
coOCTBeHHBIN TeHOM. [IpH 3TOM 00s3aTeIbHOE yCIOBHE ISl pa3MHO-
JKEHUsI U PaclpOCTPaHEHHs BUPYCa — €0 NPOHUKHOBEHUE BHYTPb
KJIETOK YeJIOBeKa MJIN )KUBOTHOTO. [103TOMYy BUpYCHBIE TaTOTeHBI Ya-
CTO SIBJISIFOTCS IPUYMHOM BO3HUKHOBEHHS STIMIEMUH, TapaIn3yIOIInX
IPUBBIYHBIN PEXKUM (DYHKIHOHUPOBAHUS OOJIBILIOTO KOJHYECTBA JIF0-
nent. [TocnenctBust mangemuu kopoHasupyca SARS-CoV-2 B ouepen-
HOW pa3 MOATBEPAMIIN BAXHOCTb PAa3BUTHS HAayYHBIX HAIpPaBICHUM,
NPU3BaHHBIX IIPEJOTBPATUTh PACIPOCTPAHEHNUE BUPYCHBIX HH(EK-
nuii. B cBsi3u ¢ aTum yuensimu u3 Jlaboparopruu HEHTPOHHOH (HU3UKH
OUSU coBMecTHO ¢ KoieraMu i3 bpykxelHBeHCKOW HAIlMOHAIBHOM
naboparopuu (CIIIA) HayaThl KOMIUICKCHBIC HCCICIOBAHUS B ITOMH
obnactu. [Inanupyercst HCIIONB30BaTh IPEUMYIIIECTBA METO/IOB HEH-
TPOHHOTO M CHHXPOTPOHHOTO pAacCesHHs AT BBISBICHUS OCOOEH-
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Viruses are an extracellular life form that has its own genome.
However, a prerequisite for the reproduction and spread of the virus
is its penetration into human or animal cells. Therefore, viral patho-
gens are often the cause of epidemics that paralyze the usual way of
life of a large number of people. The recent SARS-CoV-2 coronavi-
rus pandemic has once again highlighted the importance of develop-
ing scientific approaches to prevent the spread of viral infections. In
light of this, scientists from the Frank Laboratory of Neutron Physics
(JINR) in collaboration with their colleagues from the Brookhaven
National Laboratory (USA) have launched comprehensive research
in this area. It is planned to use the advantages of neutron and syn-
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HOCTEH CTPYKTYypHBIX M JUHAMHUYECKHX XapaKTEPHCTHK
KJIETOYHOW MeMOpaHbI, CoeprKaieil TpaHCMeMOpaHHBIH
penenrtopubrii 6e10ok ACE2, Bo BpeMst B3anMOIEIHCTBUS C
BupycHbsIM naroreHoM SARS-CoV-2 (puc.1). B pamxax
paboT OyayT NpOBEAEHBI SKCIICPUMEHTHI Ha JIyUIINX MH-
POBBIX MCTOYHHMKAX CHHXPOTPOHHOTO M3iydeHus:: ESRF
(®dpannms), SPring-8 (Snonust), APS (CILIA), a Takxe Ha
ycraHoBkax peaktopa UBP-2.

CTOUT OTMETHTH, YTO 3alUIaHMPOBAHHBIC HCCIIEI0Ba-
HUSI SIBJISIIOTCSI JIOTUYECKUM MPOJOJIKEHHEM MPEIbIITYIIHX
paboT Mo M3y4YeHHIO TUIUAHBIX MeMOpaH. Tak, B 2014 1.
METOJIOM HEYIPYTOTrO PACCESIHUSI PEHTTCHOBCKUX Jydeil

Puc. 1. Cxemarnueckoe H300paskeHHEe B3aMMOCHCTBUS JIUMUT-
HOI MeMOpaHsbl, coieprkamnieil perentopHsiid 6emok ACE2, u ko-
poHaBupycHbIX naroreHoB SARS-CoV-2

BBICOKOTO pa3pereHus ObIIN H3y4YeHbl KOJUIEKTHBHBIC KO-
Je0aHus JIUITUIHBIX MOJICKYJT B OTHOKOMIIOHEHTHBIX MEM-
Opanax 1,2-munanabMUTOMI-SN-DINIEPO-3-hochaTuui-
xonmuH (JI1DX) [1]. BriepBbie ynanock SKCTIEpAMEHTANb-
HO J10Ka3aTh CYLIECTBOBAHME IOINEPEUHON aKyCTHUUYECKOU
(hoHOHHOI MOJIBI B TUNUAHON MeMOpaHe. Takxke ObLIO 110-
Ka3aHO, YTO TP HArPEBAHUH JIMITH/IA BBIILIE TEMIIEPATYPhI
(azoBoro nepexona T, ykazaHHast (OHOHHASI MOZIa IMEET
Pa3pbIB B 00JIACTH MaJIBIX 3HAUCHHI BEKTOpa paccestHus Q
(puc.2).

Habnromaemsbrif pa3psiB CBSi3aH € TponeccaMu Iud-
(by3uu u penaxcaly, MPOUCXOASIIMMH B JIMITUJIHON MEM-

Puc.2. JlucniepcuoHHbIC KpUBBIC MPONOAbHOM U IONEPEUHOU
AKYCTHYECKHX (POHOHHBIX MOJI, PACHPOCTPAHSIOIINXCS B JIUITU]I-
Holt MmemOpane AI1OX

Fig. 1. Schematic illustration of the interaction of the lipid mem-
brane containing the ACE2 receptor protein and SARS-CoV-2
pathogens

chrotron scattering methods to identify the structural and
dynamic characteristics of the cell membrane containing
the transmembrane receptor protein ACE2 when interact-
ing with the viral pathogen SARS-CoV-2 (Fig. 1). Within
the framework of the studies, experiments will be conduct-
ed at the world’s best synchrotron radiation sources: ESRF
(France), SPring-8 (Japan), APS (USA), as well as using
the neutron scattering instruments of the IBR-2 reactor.

It is worth noting that the planned investigations
are a logical continuation of the previous studies of lipid
membranes. So, for example, in 2014, collective vibra-
tions of lipid molecules in single-component membranes
of 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC)
were studied using high-resolution inelastic X-ray scatter-
ing [1]. Here, for the first time, the existence of a trans-
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Fig.2. Dispersion curves of longitudinal and transverse acoustic
phonon modes propagating in the DPPC lipid membrane

verse acoustic phonon mode in the lipid membrane was
proved experimentally. It was also shown that when the
lipid is heated above the phase transition temperature T,
the above phonon mode exhibits a gap in the region of
small values of the scattering vector Q (Fig. 2).

The observed gap is associated with diffusion and re-
laxation processes occurring in the lipid membrane and is a
direct evidence of short-lived (on the order of several pico-
seconds) spontaneous occurrence of nanometer-sized lip-
id clusters surrounded by voids in the membrane (Fig. 3).
These pores determine the mechanism of passive transport
of solutes through the lipid membrane.

The use of inelastic X-ray scattering and molecular
dynamics simulations made it possible to study in detail
the phase separation processes in more complex two- and
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long length scale
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Puc. 3. CioHTaHHOE 00pa3oBaHKe MOpP B JIUMUIHOI MeMOpaHe

Fig.3. Spontaneous formation of pores in the lipid membrane
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Puc.4. JlucnepcroHHbIe KPUBBIE: JBOMHBIX JHITHIHBIX CHCTEM
JIIdX—xonecrepuH (cieBa U MOCEPEANHE) MIPU PA3HBIX TEMIIe-
parypax M KOHIEHTpPAIMAX XOJEeCTepHHa (CM. JIETEHIY); TPOii-
HeIX JUNHAHBIX cucteM [1ODOX/NO0DX-II1DdX—xomecTepuH
npu 37 °C (cmpaBa). Pa3pei ontideckoit poHOHHOH MOIEI 060-
3HAYEH CTPEIIKOH

Fig.4. Dispersion curves for the binary DPPC—cholesterol lipid
mixtures (left and middle) at different temperatures and mol% of
cholesterol (see legend) and ternary POPC/DOPC-DPPC—cho-
lesterol systems at 37 °C (right). The phonon gap in the optical
mode is indicated by the arrow

Phonon current

Puc.5. Cxemarnueckoe w300pakeHne
(YHKIIMOHATNBHEIX ~ JIMIMJHBIX  Hap,

KOTOpEIe  (OPMHUPYIOT HAHOAOMEHHBI.
B pesynbrate KOrepeHTHBIX IPOTHBO-
(ha3HBIX KOJIeOAHHH COCEHUX MOJEKYI
JIIDX u xomectepuHa OTHOCUTEIBHO
UX CTaTHYECKHUX LIEHTPOB Macc (YepHBIe
KpYTH) BHYTPH HAaHOJOMEHA MOJJIePIKHU-
BAeTCsl PACIPOCTPAHEHUE ONTUYECKOH
(hoHOHHOU MOIBI
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Fig.5. Schematic view of the function-
al lipid pairs that nucleate into nano-
domains. As a result of coherent anti-
phase oscillations of neighboring DPPC
and cholesterol molecules about their
static centers of mass (black circles), the
optical phonon mode is confined within
the nanodomain
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OpaHe, U SBISETCS NPSIMBIM IIPU3HAKOM KPaTKOBPEMEH-
HOTO (TIOpsiZKa HECKOJNBKHUX IHMKOCEKYHJ) CIOHTaHHOTO
BO3HMKHOBEHHs B MeMOpaHe JHMNUAHBIX KJIACTEPOB Ha-
HOMETPOBOTO pa3Mepa, OKPY>KEHHBIX ITycToTaMu (puc. 3).
OTH NOPHI ONPEAEISIOT MEXaHW3M ITACCHBHOTO TPAHCIIOP-
Ta PaCTBOPEHHBIX BEIIECTB CKBO3b JUMUAHYIO MEMOpaHYy.

[TpumeHeHne MeToma HEYNpyroro paccesHHs PeHT-
TEHOBCKMX JIyded M KOMITBIOTEPHOTO MOJAEIHPOBAHUS
METOJIOM MOJIEKYJISIPHOH TMHAMHUKH TTO3BOJIMIIO JI€TATIBHO
H3yYUTH MPOIIECCHl (Ha30BOTO pa3/eleHus B Ooyee CIoxK-
HBIX JBYX- M TPEXKOMIIOHEHTHBIX JIHIUAHBIX MeMOpa-
Hax MII®X—xomectepun u [MODX/JODX-IIDX—xo0-
nectepuH [2]. Bo3HUKHOBEHHE ONTHYECKUX (HOHOHHBIX
MOJ Ha TUCIIEPCHOHHBIX KPUBBIX TaKuX cucTeM (puc.4)
CBHJICTENLCTBYET O CYIIECTBOBAHWM B HUX CTAOMIIBHBIX
(Ha MMMKOCEKYHIHOW IIKaJieé BPEMEHH) (PYHKIIHOHAIBHBIX
munuaHBIX map Monekyn JODX, TTODX, AIPX u xome-
CTepHHA, KOTOPbIE KOJIEOMIOTCS B MPOTHBO(A3e BOKPYT UX
nenTpa macc (puc.5). [Ipu sTrom HaOmomaemMblil pa3pbeIB
OINITHYECKUX (POHOHHBIX MOJL ABJIAETCS CIECACTBUEM KOHEY-
HOTO pa3Mepa oOrmacTel (HaHOZOMEHOB), 00pa30BaHHBIX
YKa3aHHBIMH JINITHIHBIMU TTapaMH.

H3BecTHO, YTO MMEHHO CBOWMCTBA JUIHJIHOM MEM-
OpaHBl BO MHOTOM OTIPENENIOT Ha0Op OMOIOTHYECKHUX
(YHKIMH OTJAENBHBIX KJIETOYHBIX KOMIIOHEHTOB, BKIIIO-
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yast MmemOpaHHble Oenku. [Ipm »TOM M3MepeHHas HaMu
cBEpXObICTpasi ITUHAMHKA (DYHKIIMOHATBHBIX JIHITHIHBIX
rnap cou3MepHMa N0 BPEMEHHON M SHEPreTUYECKOM HIKa-
Jie C TpoIeccaMy peJaKcalui TPaHCMEMOpaHHBIX Oel-
koB. IToaTOMY M3ydeHHE CTPYKTYPHBIX M JTUHAMHUYECKHX
CBOMCTB JIMMIUAHBIX MEMOpaH B MPUCYTCTBHUM BHPYCHOM
HH(EKIMU TOMOXKET MOHATh (QyHIaMEeHTaJIbHbIE 0COOCH-
HOCTH B3aUMOJIEHCTBUSI KJIETKH C BUPYCHBIM MaTOI€HOM.
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three-component lipid membranes of DPPC—cholesterol
and POPC/DOPC-DPPC—cholesterol [2]. The appearance
of optical phonon modes in the dispersion curves of these
systems (Fig.4) suggests the existence of stable (on the
picosecond time scale) functional lipid pairs of DPPC,
POPC, DOPC and cholesterol molecules that oscillate
in antiphase around their centers of mass (Fig.5). Thus,
the observed gap in the optical phonon modes is a con-
sequence of the finite size of the regions (nanodomains)
formed by these lipid pairs.

It is known that it is the properties of the lipid mem-
brane that largely determine the set of biological functions
of individual cell components, including membrane pro-
teins. The ultrafast dynamics of functional lipid pairs that
we observed is comparable on the time and energy scale
with the processes of relaxation of transmembrane pro-
teins. Therefore, the study of the structural and dynamic
properties of lipid membranes in the presence of viral in-
fection will help to understand the fundamental features of
the interaction of the cell with the viral pathogen.
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