Nanoparticles fighting amyloids:
under scrutiny of neutrons

Neutron scattering makes it possible to trace
at the nanoscale the structural transformations of
amyloid fibrils harmful to living cells during their in-
teraction with nanoparticles. Amyloidosis is the
leading cause of death after cardiovascular and can-
cer diseases. For unclear reasons, the normal folding
of proteins and peptides is disrupted in the body,
which leads to the accumulation of harmful forma-
tions — amyloid fibrils — in various organs and tis-
sues. The resulting aggregates have a toxic effect on
the surrounding cells and cause a number of dis-
eases, including Alzheimer's and Parkinson's. In
each disease, the misfolding of different proteins
occurs, but the fibrils formed in each case have a
common structure and properties. How to prevent

the formation of fibrils, detect them in advance and
prescribe effective treatment? In recent years, in
search of a promising strategy for the treatment of
amyloidosis, researchers are increasingly paying at-
tention to the neuroprotective properties of
nanoparticles (sizes in the range of 1-100 nm) and
their anti-amyloid activity.

Nanoparticles can affect amyloid fibrillation in
different ways, depending on their size, charge,
shape and composition. In this regard, an important
task is to study structural transformations during
the interaction of nanoparticles with amyloid fibrils.
This problem is actively studied at FLNP JINR. “Our
study pursued two goals: we aimed to evaluate the
anti-amyloid activity of aqueous solutions of differ-

Fig. 1. Model amyloid fibrils of lysozyme and adsorption of magnetic nanoparticles (magnetite) on them
under an electron microscope.

Puc. 1. MO,D,eJ'IbeIe amMunonaHble d)l/l6pVU'IJ'IbI nnsounma nopf 3JIEKTPOHHbIM MUKPOCKOMOM
n a,qcopﬁu,l/m Ha HUX MarHUTHbIX HaHO4YacCTunL (MaFHeTI/IT).

HaHouyacTuubl NpOTUB aMNNTOULOOB:

noa KOHTPOJIEM HEUTPOHOB

HenTpoHHOe pacceAHme NO3BONAET Ha HaHO-
YpPOBHE NpocC/eanTb CTPYKTYPHble Npeobpa3osa-
HUA BpeOHbIX AN KMBbIX KNETOK aMWUTOUAHbIX
bdbrbpunn npu Ux B3aMMoaenCcTBUM C HaHOYaCTU-
uamn. AMUIONA03bl — rnaBHasA NPUUYNHA CMEPTU
nocne cepaeUYHoO-coCyanCTbIX 1 PaKkoBbiX 3aboseBa-
HUIA. [10 HEBbIACHEHHbIM MOKa NPUYMHaM B opra-
H/3Me HapyLaeTca HopMaJsibHOe CBOpauvBaHue bes-
KOB 1 NenT1aOB, YTO MPUBOAMUT K HAKanMBaHMIO B
pa3HbIX OpraHax 1 TKaHAX BpeAHbIX 00pa3oBaHui —
amunonaHbix ¢ubpunn. NocnegHne okasbiBaloT
TOKCMYECKoe AeNCTBME Ha OKpY»Kalowme KneTku,
BbI3blBasA pAA 3a60s1eBaHWIA, B YaCTHOCTN 60Me3HM
Anburenmepa u MapknHcoHa. MNpu Kaxaom 3abone-
BaHVM HapyllaeTcsa CBepTbiBaHUE pa3finyHbIX 6en-

KOB, HO obpa3syemble Npu 3ToM GUbPUNbLI UMEoT
obLyto CTPYKTYpY 1 cBolicTga. [pu BbiboOpe nep-
CNEeKTMBHOW CTpaTerumn ona neyeHnsa ammionio3os
B nocsiefHe rofbl BCe Yalle obpallatoT BHUMaHWe
Ha HeMpPONpPOTEeKTOPHbIe CBONCTBA HaHOYacTuL (C
pasmepoM B aranasoHe 1-100 HM) U UX aHTUAMU-
NOVAHYI0 aKTUBHOCTb.

B 3aBmcumocTm oT pa3mepa, 3apaaa, Gopmbl
COCTaBa HaHOYaCTMLbl MOTYT MO-Pa3HOMY BANATb
Ha amunongHyto ¢pubpunnsaumio. B aTon cBaA3n Bax-
HOW 3afjlayen CTAHOBUTCA N3yYeHne CTPYKTYPHbIX
npeobpasoBaHNin NP B3aUMOAENCTBN HAaHOYa-
CTVY C aMuiongHbIMy Grbpunnamm. [JaHHoN npo-
6nemon akTMBHO 3aHuMmatoTcA B JIHO OUAN. «Hawa
paboTa npecnegyeT fiBe Lenu: Mbl OLLleHUBAEM aH-
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ent nanoparticles (fullerenes, magnetic metallic
particles in complexes with surfactants and poly-
mers including peptides) and to analyze the mech-
anism of amyloid disassembly. These are important
issues for further successful use of nanoparticles in
the treatment of diseases associated with the for-
mation of amyloid fibrils,” explained Mikhail V. Av-
deev, a researcher from FLNP JINR. For this purpose,
the scientists used a combination of several bio-
physical and biochemical techniques, including
small-angle neutron scattering, as well as previous
results of joint investigations performed together
with the research teams of Peter Kop¢ansky from
the Institute of Experimental Physics of the Slovak
Academy of Sciences (IEP SAS) and Leonid A. Bu-
lavin from the Taras Shevchenko National University
of Kyiv. By choosing experimental conditions in a

special way, in particular, the contrast between the
solvent and nanoparticles, scientists are trying to
ensure that the signal from neutron scattering is re-
lated either to particles or to amyloid fibrils, which
makes it possible to accurately determine changes
in the structure of the solution when the concentra-
tion of nanoparticles and other conditions vary.
“Our work demonstrates how important scattering
techniques are for studying the formation and
growth of amyloid aggregates as well as their de-
struction. Our experimental data provide valuable
information on the molecular mechanism by which
nanoparticles are able to disassemble unwanted
amyloid aggregates. Therefore, they can be used to
design nanosized materials with a potent anti-amy-
loid effect’, summed up Andrey Musatov, a resear-
cher from the Department of Biophysics of IEP SAS.

Fig. 2. Changes in model amyloid solutions of lysozyme and insulin upon addition of fullerenes based on the results
of structural studies, including small-angle neutron scattering and atomic force microscopy.
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Puc. 2. /i3meHeHUA B MOAENbHbIX aMUIOMAHBIX PacTBOPax IM30LMMa U MHCYNUHA Npy JobasneHumn dynnepeHos
no pe3ynbTaTaM CTPYKTYPHbIX NCCIIefoBaHMI, B TOM umcne metogamv MYPH n ACM.

TUAMWUIIONAHYIO aKTMBHOCTb BOAHbIX PacTBOPOB
Pa3nnYHbIX HaHoYacTUL, (PpynnepeHoB, MarHUTHbIX
MeTaN/INYeCKnX YacTuL B KOMMJieKcax C NoBepx-
HOCTHO-aKTUBHbIMW BeELLECTBaMU U NOAUMEpPaMU,
BKJIIOYaA NenTuabl) M aHann3mpyem MexaH13m pas-
60pKK amuionga. ITo KoyeBble MOMEHTbI AnA
JanbHewnLwero ycnewHoro Ncnosb30BaHNA HaHoYa-
CTUL, B leyeHnn 3aboneBaHunin, CBA3aHHbIX C aMU-
noungo3ammy, — 06bACHAET YYaCTHVK UCCNeJOBaHUIA
Mwnxaun Asgees, cotpygHuk JIHO OVAN. Hapaay ¢
pa3nuUHbIMK 61MOPU3NYECKUMU 1 BUOXUMUNYECKN-
MU MeTOJaMW, akTUBHO UCMOMNb3YyeTCA MasioyrnoBoe
paccesaHne HEWTPOHOB U PEHTFEHOBCKUX Nyyen,
NPUMeHAA HapaboTKN NpeablayLLMX COBMECTHbIX
nccnenosaHum ¢ rpynnamu Netepa KonyaHckoro s
NHcTrTyTa 3KcnepumeHTanbHom ¢umsmkn Cnosau-
ko akagemun Hayk (MO CAH) n JleoHnga byna-
BMHa 13 KMeBCKOro HaLMOHanbHOMo YHUBepCUTeTa

um. Tapaca LLleBueHko. MNogobpaB crneumnanbHbIM
06pa3oM YC/IOBUA IKCMEPUMEHTA, B YAaCTHOCTH,
KOHTpACT MeXAay pacTBOpUTENEM U HaHOYaCTMLA-
MW, yueHble oOVBatoTCs, YTOObI CUFHAN OT pacces-
HWUSi HENTPOHOB Obl Obl CBA3aH OO C YacTULEAMK,
nmbo ¢ amunongHbimu ¢Grnbpunnamm, YTo NO3BO-
NAeT TOYHO ONpeaensaTb U3MEHEHMS B CTPYKTYpe
pacTBopa Npv U3MEHEHUWN KOHLIEHTPALUKN HaHOYa-
CTUL 1 ApYTrX yCnoBuit. «Halwa paboTa nokasblBaer,
HaCKONIbKO BaXHYI0 POJib UrpatoT MeToAbl pacces-
HWA NPU UCCreoBaHMM pa3pacTaHUsa aMUTOUIHbIX
CKOMNeHU 1 paspyieHnsa ¢pubpunin. [JaHHble 3KC-
nepuMeHTOB NPeAcTaBAAIOT LieHHble CBeAeHUsA o
MOJIEKYIAPHOM MeXaHU3Me pa3pyLIeHNA BPEHbIX
aMmmnongHbIx GUGPUN 1, NO3TOMY, UCMONb3YIOTCA
npwv co3haHuM HaHOPa3MePHbIX MaTepPUaNioB C aH-
TammnouaHbim 3pdekTom», — npodeccop AHape
MycatoB 13 6uodusnueckoro otgena N3O CAH.

[2] Kopcansky P, et al. J. Magn. Magn. Mater. 377 (2015) 267-271. DOI: 10.1016/j.jmmm.2014.10.017
[3] Siposova K., et al. ACS Appl. Mater. Interfaces 12(29) (2020) 32410-32419. DOI: 10.1021/acsami.0c07964






