Neutrons in search of origins

of Alzheimer's disease

With the development of modern neutron
sources and an increase in the power of high-per-
formance computing clusters, a new round of re-
search on Alzheimer's disease, which occupies an
important place in biomedical research, has begun.
Of course, the investigation of this disease is far
from complete, but a number of important results
have already been obtained, such as hypotheses
describing the causes of the disease, models de-
scribing the interactions leading to its onset (Fig. 1)
[1]. The most important thing is that there are pro-
posals on possible methods of combating the dis-
ease. Perhaps the use of neutron scattering for a
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more thorough study of the interaction of the AR
peptide with the membrane will become part of the
final solution in the fight against Alzheimer's dis-
ease.

Using small-angle neutron (SANS) and X-ray
scattering and inelastic neutron scattering, carried
out at the YuMO and NERA instruments of the IBR-
2 reactor, calorimetry, densitometry and molecular
dynamics simulations on the heterogeneous Hy-
briLIT platform, light was shed on the effect of cho-
lesterol and melatonin on peptide-membrane
interactions. When cholesterol is added to the
membrane, the location of the peptide does not
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HenTpoHbl B MOUCKE NepBONPUUMH

6one3Hn Anburemmepa

C pa3BuTrieM COBPEMEHHbIX NCTOYHNKOB Hel-
TPOHOB U YBENNYEHNEM MOLLHOCTEN BbIYNCIINTENb-
HbIX KJlaCTEpPOB Hayancsa HOBbIV BUTOK B N3yUYeHUN
60ne3HM Anburemepa, 3aHMMAIOLLEN BaXkHelLLIee
MecCTo B GUOMEANLIMHCKUX UCCeqoBaHuax. bes-
YCNOBHO, UCCNeloBaHNe AaHHOrO 3aboneBaHusA Aa-
NEeKO OT 3aBEPLUEHUSA, OfHAKO YKe MOJTyUYeH pAf, BaX-
HbIX pe3ynbTaToB. lccnegoBaHuA nokasanu, 4to
aMUIoMAHbIe 6MALWKK, KOTOPble paHbLLe CYNTANINCh
NpUYHON 60ne3HK, Ha CaMoM fesle SABNATCA Cnep-
CTBMEM HapyLUeHUN MeMbpaH HellPOHOB, BbI3BaH-
HbIX OTAEMbHbIMM MONIEKYlaMU aMUIonAaa Unn ero
ManeHbKuMun arperatamu (puc. 1) [1]. CnegoBaTtenn-
HO, eCTb HaeXa, YTO TaKoe B3aMMOAENCTBUE aMU-
noviaa ¢ MembpaHol MOXHO OyfeT KOHTPONnpo-

BaTb, YNpaBnsAsa CBOMNCTBaMM CaMoOl MeMOpaHbl, a
VMEHHO ee TeKyuecTbto. [IpumeHeHne meToaoB pac-
CesiHUA HeNTPOHOB ANA 6ornee feTanbHOro aHanM3a
B3aUMOJENCTBYA KNIeTOYHON MeMOpaHbl 1 NenTraa
6eTa-amunonga BO3MOXKHO CTaHeT LLarom K okoHua-
TenbHoM Nobefe Hag 6onesHblo AnbLrenmepa.
Wcnonb3ya manoyrnoBoe paccesiHue HenTpo-
HOB (MYPH) n peHTreHOBCKUX Nlyyer 1 Heyrnpyroe
pacceAaHne HENTPOHOB, MPOBOAUMbIE HA YCTAHOB-
kax FOMO n HEPA peakTopa NBP-2, kanopumeTpuio,
LEeHCUTOMETPUIO U MOZENNPOBaHE METOLOM MO-
NeKyNAPHON AUHAMUKN Ha reTeporeHHowm nnar-
dopme HybrilIT, 6b110 paccMoTpeHo B3aumogencT-
Bve nentuga 6eta-amunonga ¢ MofeNbHbIMU Nn-
NUAHbIMU MeMbpaHamu, CofepKalumm xonecrte-
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change much. The addition of melatonin to the
membrane, on the contrary, affects the position of
the peptide, presumably shifting it towards the
water-lipid interface.

At the same time, the effect of the influence of
temperature on the rearrangement of the mem-
brane shape (change in the size of spherical vesicles
and the formation of nanodisks) was first discov-
ered, which is directly related to the presence of the
peptide in the membrane [2]. This process is com-
pletely reversible, and in the absence of the peptide,
the size of vesicles remains unchanged, which un-
ambiguously indicates the destructive action of the
peptide (Fig. 2).

The information obtained in this research on
correlations between the structure and functions of
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effect of amyloid beta peptides on the model .

membrane by changing its shape from large
vesicles to vesicles of small sizes and
nanodisks.
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Kpusbie MYPH, nemoHcTpupyiowme
[leCTPYKTUBHOE BAUAHME nentuga beta-
amunovaa Ha MofesbHyto MemopaHy
n3MeHeHveM ee GOPMbl OT 6OSbLIMX BE3VKY
[10 Be3VKy/ Manoro pasmepa 1 HaHOAVCKOB.

Scattering intensity

PVH 1 MenaToHuH. MNpu fobaBneHnn xonecTepuHa
B MembpaHy nokanusauma nentuaa npakTnyecku
He nsmeHsaetca. lobaBneHve B MembpaHy mMenaTto-
HWHa, obnagatowero pasxuxawwmm 3bdeKTom,
OKa3blBaeT BAMAHME HA NOKanuM3auuio nentuaa,
NPeAnoNoXNTENBHO CMELLAA ero B CTOPOHY BOAHO-
NIMNUAHOW rPaHunLbl.

Mpw 3TOM BNepBble 06HapYKeH 3pdeKT BAUs-
HUs TeMnepaTypbl Ha NepecTpoeHrie GopMbl MeM-
6paHbl (M3MeHeHMe pa3mepa chepryecKon BE3UKY-
nbl U GOPMUPOBAHMNE HAHOAMCKOB), KOTOPbIN HEMO-
CPpeAcCTBEHHO CBA3aH C MPUCYTCTBMEM NeNnTUAa B
MemMbpaHe [2]. DTOT NpoLecc NOIHOCTbIO 0OpPaATUM,
1 B OTCYTCTBUE NENTUAA Pa3Mepbl BE3VKY/ OCTAOTCA
6e3 U3MeHeHUI, UTO OLHO3HAYHO CBMAETENbCTBYET
0 paspyLiatoLem gencTemm nentuga (puc. 2).

membranes is obviously of interest to the applied
and pharmaceutical research that relates to studies
of intercellular communication, protein transport,
and regulation of cholesterol capture and transport.
For example, the obtained results demonstrate the
key role of membrane viscosity for the peptide in-
corporation into it, namely, a significant decrease in
the effect of peptide insertion into the membrane
that is loaded with melatonin, compared to a neat
membrane or a membrane loaded with cholesterol.
The results can be used in further studies of the
pathogenicity of this amyloid, since they may pro-
vide some insight into the molecular mechanism of
the protective function of melatonin in Alzheimer's
disease.

MNonyyaemas B xoge AaHHOrO UccnefoBaHUA
MHbOPMaLNA O B3aMMOCBA3UN CTPYKTYPbl U GYHK-
LU MmeMbpaH npefcTaBnAeT HECOMHEHHbIN UHTe-
pec B NpuKnagHbix 1 papmaLieBTUYeCKX 06nacTax.
Hanpumep, nonyyeHHble pe3ynbTaTbl AEMOHCTPU-
PYIOT K/IOYEBYIO POSb BA3KOCTM MemMbpaHbl npu
BCTPavBaHWM B Hee NenTuaa, a UMeHHO 3HauYunTesb-
HOe YMeHblLUEeHMe BAUAHNA NenTuaa B MeMbpaHe ¢
MeNaTOHNHOM MO CPABHEHUIO C MOAENbHOW MeM-
6paHo 1 MeMOPAHON C XONIeCTEPUHOM, U MOTYT
6bITb UCNONb30BaHbI B AasibHENLMX UCCefoBa-
HUAX NAaTOreHHOCTN 3TOr0 aMUIonAa, NOCKONbKY
OHW MOTYT AaTb HEeKOTOpOe MpeAcTaB/ieHNne O Mo-
NeKYNAPHOM MeXaHU3Me 3aLMTHOM GYHKLMN Mena-
TOHVHA Npwu 6onesHn AnbLrerivepa.
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