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Scientific research in general and life sciences
in particular have always benefited from the devel-
opment of large-scale scientific infrastructures.
Starting with the first X-ray tubes — coincidently
around the same time as Alzheimer’s disease was
identified — and all the way to modern synchrotron
radiation sources, neutron sources, and powerful
lasers, research approaches based on nuclear
physics have been playing a significant role in biol-
ogy-related investigations. The peculiar properties
of neutrons, power of synchrotrons, innovations in
optical spectroscopy, including Raman, have their
own niche in studies of the chemical composition
and structure of condensed matter that possesses
a rather high level of disorder — disorder that is be-
lieved to be one of the foundations of life.

IBR-2 spectrometer complex CARS microscope

Pa3BuTrE KPYyNMHOMACLITAOHbIX HaYUHbIX UHDPa-
CTPYKTYp BCEraa cCnoco6CTBOBANO Pa3BUTUIO UCCTIe-
[LOBaTeNIbCKOM aKTUBHOCTY B LIEMOM U HaYK O MWU3HU
B YacTHOCTW. HaunHaAa co BpemeH n3obpeTeHus
PEHTreHOBCKOW TPYOKM 1 nepBoro onvicaHus 6o-
ne3Hu Anburenmepa BniaoTb 4O COBPEMEHHbIX UC-
TOUYHUKOB CUHXPOTPOHHOTO M3JTyYeHUs, UICTOYHMKOB
HENTPOHOB W MOLLHbIX JTA3ePHbIX CUCTEM pa3pa-
60TKM B 06M1aCTN sigepHON GU3NKK UTpann CBOIO
posb B UCCNefOoBaHUAX OMONOrMYeCcKon Hanpas-
neHHoctn. Cneunduryeckne cBONCTBA HENTPOHOB,
MOLLHOCTb CUHXPOTPOHOB, AOCTUXKEHUA B ONTUYe-
CKOW CNeKTPOCKONUI, B TOM YMC/E U PaMaHOBCKO,
3aHMMaIOT CBOIO HULIY B UCCNeA0BaHUAX XMMUYe-
CKOro COCTaBa U CTPYKTYpPbl KOHAEHCUPOBAHHOIO
COCTOAIHWA BELLECTBA, KOTOPOE 06/1afaeT JOBOSIbHO
BbICOKUM YPOBHEM Pa3ynopsaf0oUYeHHOCTH, UTO CUn-
TaeTCA OfHOW U3 OCHOB »KM3HU Ha 3emrie.

At the Frank Laboratory of Neutron Physics
(FLNP) of the Joint Institute for Nuclear Research
(JINR) much attention is paid to life science research
for more than half a century now. Owing to ad-
vances in research approaches, there is now a better
understanding of the relevant mechanisms for
health protection and even its recovery. Establish-
ing the regular monitoring of environmental pollu-
tion helps to alleviate its negative impact on people
and the planet. The examples of notable results ob-
tained by scientists at the FLNP, some of which are
presented in this booklet, demonstrate the impor-
tance of taking a closer and more detailed look at
life sciences through the prism of radiation.
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B Jlabopatopum HeENTPOHHON  GU3NKK
um. N. M. ®paHka (JTHO) O6beagNHEHHOIO NHCTU-
TyTa agepHbix nccnegosanuii (OUAN) yxe 6onee
nonyBeka NpUAAETCA BaXKHOE 3HaUeHne nccneao-
BaHMAM B 06/1acTh HayK O »u3Hu. bnaropaps npo-
rpeccy B WCCefoBaTeNbCKUX Moaxodax B
HacToALLee BPeEMA Mbl UMEeM yyllee NoHUMaHue
COOTBETCTBYIOLMX MEXAHNU3MOB OXpPaHbl 340POBbA
1 gax<e ero BOCCTaHOBMeHWA. PerynapHbiin MOHUTO-
PVIHT 3arpA3HEHHOCTU OKPY»KatoLLen cpefbl MOMO-
raeT YMeHbLUNTb ee OTpuLaTeNIbHOE BO3AENCTBME
Ha YenoBevyecTBO M Hawy nnaHety. [pumepsbl
3HAUYMMbIX PEe3yNbTaTOB, MOJTYUYEHHbIX YUEHbIMM B
JIH®, KoTopble NpeacTaBeHbl B JaHHOM OyKneTe,
LEMOHCTPUPYIOT YMECTHOCTb NPUMEHEHMA pa3nny-
HbIX BUAOB U3NTYYEHNIN B HAYKaX O »KMU3HMU.

Valery Shvetsov
Director of FLNP




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

Fig. 1
Sketch of the amyloid

hypothesis of Alzheimer's
disease.

Puc. 1

DCKN3 aMUIONGHON rMnoTesbl
BO3HWKHOBEHMSA 60ne3Hn
Anburernimepa.

more thorough study of the interaction of the amy-
loid beta peptide with the membrane will become
part of the final solution in the fight against
Alzheimer's disease.

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 [2]. When cholesterol is added to the
membrane, the location of the peptide does not

Amyloid aggregates

HenTpoHbl B NOMCKe NepBOMNMpPUYnH

6onesHun AnbLremMmepa

C pa3BuTMEM COBPEMEHHbIX UICTOYHNKOB HEll-
TPOHOB 1 yBeIMYEHNEM MOLLHOCTEN BbIUNCIINTESb-
HbIX K/TacTEPOB HayasiCsA HOBbIN BUTOK B U3yYeHUN
6one3Hun AnbLreriMepa, 3aHNMaloLWEN BaxkHellee
MeCTO B BUOMeAUNLMHCKUX nccnenoBaHusix. bes-
YCNOBHO, UCCrefoBaHve JaHHOro 3aboneBaHnA fa-
NeKO OT 3aBepLUEHUs, OOHAKO YXe MonyyeH pAag
BaXKHbIX pe3ysnbTaToB. MiccnegoBaHuMA NoKasanu, Yto
aMunongHble OMALWKM, KOTOPble paHbLle CYNTANINCh
NPUYMHON 60NIE3HK, Ha CAMOM Jiefie ABNSTCA cef-
CTBMEM HapyLIeHUn membpaH HelpOHOB, Bbi3BaH-
HbIX OTAENbHbIMM MOJIEKYSTaMI amuionaa unm ero
ManeHbkumu arperatamu (puc. 1) [1]. CnegoBaTenb-
HO, eCTb HafleX/1a, UTO TaKoe B3aMoAeNCTBME amMU-
noviaa ¢ MembpaHol MOXHO ByfeT KOHTPONMpO-

BaTb, YNpaB/AA CBONCTBAMU CaMO MemMbpaHbl, a
NMEHHO ee TeKyyecTblo. [IprmeHeHne MeTofoB pac-
ceAHVA HeNTPOHOB AnA 6onee AeTanbHOro aHan1sa
B3aMMOAENCTBMA KNETOUYHON MeMOpaHbl 1 6eTa-
aMWUIOMAHOIO NenTrnaa, BO3MOXKHO, CTAHET LLarom K
OKOHYaTeNibHOW nobene Hapg 6onesHbio AnbLren-
mepa.

C nomoLbio ManoyrinoBOro pacceaHna Hen-
TpoHOB (MYPH) 1 peHTreHOBCKMX Nyyen 1 Heynpy-
roro paccesaHna HEWTPOHOB, MPOBOAMMbBIX Ha
yctaHoBKkax FOMO n HEPA peaktopa NbP-2, kanopu-
MEeTPUKY, AEHCUTOMETPUM U MOAENNPOBAHNA METO-
JOM MONEKYNAPHON AMHAMUKM Ha reTeporeHHon
nnatpopme HybriLIT 661510 paccmoTpeHo B3aumo-
pnencrteue 6eta-aMuIONZHONO NenTuga C MOAenb-

[1]lvankov O. 1., et al. Advances in Biomembranes and Lipid Self-Assembly 31 (2020). DOI: 10.1016/bs.abl.2020.02.002



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 [3]. 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

Fig. 2

SANS curves demonstrating the destructive
effect of amyloid beta peptides on the model
membrane through the changes in its shape

from large vesicles to vesicles of small sizes
and nanodisks.

Puc. 2

Kpusble MYPH, pemoHcTpupytowne
[eCTPYKTUBHOE BNMsAHME 6eTa-aMUIonaHOro
nenTuga Ha MofenbHy MeMbpaHy
NocpeacTBOM U3MeHeHus ee Gopmbl OT
60nbLUNX BE3VKYN [0 Be3VKyJ Manoro
pa3mMepa 1 HAHOAMCKOB.

HbIMW NUNUAHBIMK MembpaHamu, CofepKalyMu
XonecTepuH 1 menatoHuH [2]. NMpwn gobaBneHunn xo-
nectepvHa B mMembpaHy nokanusauma nentuga
NpaKkTUYyeckn He nsmeHsetca. lobaBneHne B mem-
6paHy MenaToHNHa, 06/1aAaloLLErO Pa3KUKaoLWMM
3¢ PeKTOM, OKasblBaeT BNMAHME Ha NOKann3aumio
nenTuaa, NPeanonoXUTENbHO CMeLLan ero B CTo-
POHY BOAHO-NMMUAHON rpaHunLbl.

Mpw 3TOM BrnepBble 0OHapyXeH 3 deKT BumA-
HMA TemnepaTypbl Ha NepecTpoeHne GpopmMbl MeM-
6paHbl (M3MeHeHMe pa3mepa chepuyecKkon Be3NKy-
nbl 1 GOPMUPOBaHVE HAHOAMCKOB), KOTOPbIV HeMo-
CPEeACTBEHHO CBA3aH C NPUCYTCTBMEM NenTuaa B
mMemMbpaHe [3]. DToT NpoLecc NoNHOCTbIO 06paTUM,
1 B OTCYTCTBME MenTuAa pasmepbl Be3nKyn ocTa-
toTcA 6€3 M3MEeHeHWI, YTO OAHO3HAYHO CBUAETESb-

Scattering intensity

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.
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CTBYET O pa3pyLuatoLeM AeCcTBUN NenTuaa (puc. 2).

Monyyaeman B xofe faHHOroO NCCe[0BaHNA
NHbOPMaLMA O B3aUMOCBA3N CTPYKTYPbl U PYHK-
LUun membpaH npeacTaBnAeT HECOMHEHHbIV NHTe-
pec B NpuKnagHbix 1 GpapmaLeBTMUECKMX 06ACTAX.
Hanpumep, nonyyeHHble pe3ynbTaTbl AEMOHCTPU-
PYIOT KIIOYEBYIO POJib BA3ZKOCTU MeMOpaHbl npu
BCTPavBaHWM B Hee NeNTNAA, @ UMEHHO 3HAUNUTENb-
HOe YMeHbLUEHNe BAUAHNA NenTuga B MembpaHe ¢
MeNaTOHUHOM MO CPABHEHMIO C MOAENIbHOWN MeM-
6paHoi 1 MmembpaHOW C XONECTEPMHOM, U MOTYT
6bITb NCMONb30BaHbl B AaNbHeNWNX UccnenoBa-
HUAX MAaTOreHHOCTU 3TOr0 aMuaomnaa, NOCKONbKY
OHU MOTYT AaTb HEKOTOPOE NpefcTaB/ieHNEe O MO-
NEKYNAPHOM MexaHM3Me 3aUTHON GYHKL MM Mena-
TOHWHa Npu 60ne3HN AnbLrenmepa.

[2] Murugova T, et al. Gen. Phys. Biophys. 39 (2020). DOI: 10.4149/gpb_2019054
[3] lvankov O. 1., et al. Sci Rep 11, 21990 (2021). DOI: 10.1038/541598-021-01347-7



Dynamics of cell membranes
determines their biological function

The biological membrane serves as a selective
barrier between the inner contents of the cell and
its environment. It is known that it is the properties
of the lipid membrane that regulate various cell
processes and largely determine the set of biologi-
cal functions of individual cell components, includ-
ing membrane proteins. Systematic studies of the
features of the collective dynamics of lipid mole-
cules in multicomponent membranes on a picosec-
ond time scale were considered using the inelastic
scattering method.

Fig. 1. Spontaneous pore formation in the lipid membrane.

Tight lipid packing
on long length scale

Gel phase

Collective vibrations of lipid molecules in sin-
gle-component membranes of 1,2-dipalmitoyl-sn-
glycero-3-phosphocholine (DPPC) were studied [1].
For the first time, the existence of a transverse
acoustic phonon mode in the lipid membrane was
proved experimentally. It was also shown that when
the lipid is heated above the phase transition tem-
perature, the above phonon mode exhibits a gap in
the region of small values of the scattering vector.

The observed gap is related to diffusion and
relaxation processes occurring in the lipid mem-

Local DPPC clustering

Ligiud phase

Puc. 1. CnoHTaHHOe 06pa3oBaHue Nop B INMNUAHON MeMOpaHe.

JunHaMuKa memMbpaH

onpenengaeT Ux 6GUonormyeckyto dyHKLUIo

Brionornyeckana membpaHa CyXUT CeNeKTUB-
HblM 6apbepoM MeXXay BHYTPEHHVM COAEPKNMBIM
KNeTKN N ee OKpYy»keHneM. VI3BeCTHO, UTO UMEHHO
CBOWCTBA NIMNUAHON MeMbpaHbl PerynmpyroT pas-
JIYHbIE KJIETOUYHbIE MPOLIeCChl U BO MHOTOM Oomnpe-
LensaT Habop Gronornyeckux GyHKUNUA oTAeNb-
HbIX KNETOYHbIX KOMMOHEHT, BK/loYas MeEMOpPaHHbIe
6enkun. CnctemaTnyeckue UccrenoBaHna ocobeH-
HOCTEl KONNIEKTVMBHONM AVHAMUKN TUNUAHbIX MOoJie-
KyJ1 B MHOrOKOMMOHEHTHbIX MeMOpaHax Ha NuKoce-
KYHAHbIX BPeMeHHbIX MacwTabax 6o paccmoT-
PEHbI C NCMONb30BaHNEM METOAA HEeYMNpPYyroro pac-
cesaHus.

Bblv 3yyeHbl KONNEKTUBHbIE KonebaHus nu-
MUAHBIX MONEKYN B O4HOKOMMOHEHTHbIX Membpa-
Hax 1,2-gunanbMuTonn-sn-ruuepo-3-bochatngmnn-
xonvH (ON®X) [1]. BnepBble yaanocb sKkcnepmmeH-
TaJIbHO [10Ka3aTb CyLLeCTBOBaHE NOMepeyYHon aKy-
CTYeckon (GpOHOHHOWM MoAbl B NUMUOHON MeM-
6paHe. Takke OblfO MOKA3aHO, YTO MPY HarpeBaHun
nvnuia Bbllle TemnepaTtypbl $a3oBoro nepexona
yKa3aHHas OHOHHaA MoJa MMeeT pa3pbiB B 06Na-
CTU MarbIX 3HaUYEHMI BEKTOPA paccesaHus.

Habniogaemblii pa3pblB CBA3aH C NpoLieccamm
Anddysum n penakcaumm, NPOUCXOLALMMN B NU-
NUAHOM MeMbpaHe, 1 ABMAETCA NPSMbIM NPU3Ha-

[1] Zhernenkov, M., et al. Nature Communications 7 (2016). DOI: 10.1038/ncomms11575



brane and is a direct evidence of short-lived (on the
order of several picoseconds) spontaneous occur-
rence of nanometer-sized lipid clusters surrounded
by voids in the membrane (Fig. 1). These pores de-
termine the mechanism of passive transport of
solutes through the lipid membrane.

The use of inelastic X-ray scattering and mo-
lecular dynamics simulations made it possible to
study in detail the phase separation processes in
more complex two- and three-component lipid
membranes of DPPC-cholesterol and POPC/DOPC-
DPPC-cholesterol [2]. The appearance of optical
phonon (OP) modes in the dispersion curves of

Fig. 2
Schematic representation

of functional lipid pairs that
nucleate into nanodomains.

Puc. 2

Cxema n3o6pakeHnsa GyHK-
LIMOHaNbHbIX IMMUAHDBIX Nap,
KoTopble popmMupyioT
HaHOZOMEHbI.

@ Cholesterol
ODPPC contributing to OP mode
@ DPPC not contributing to OP mode

KOM KpaTKOBPEeMeHHOrO (MopAfKa HECKONbKMX MK-
KOCeKyH[l) CNOHTaHHOrO BO3HWKHOBEHUA B MeM-
6paHe NMNUAHbIX KNacTepoB HAHOMETPOBOTO pas-
Mepa, OKPY»KeHHbIX nyctoTamu (puc. 1). 3T nopol
onpefenAlT MexaHW3M MNacCMBHOrO TpaHCNopTa
pPacTBOPEHHbIX BELECTB CKBO3b IUMNOHYI0 MeM-
6paHy.

MNprMeHeHre meToda HeYyNpyroro pacceaHun
PEHTreHOBCKMX NyyYer 1 KOMMbIOTEPHOIO MoAeNn-
pPOBaHMA METOAOM MOJIEKYNAPHON ANHAMUKM NO3-
BOMUMO [eTafbHO M3yunTb npoueccbl pa3oBoOro
pa3geneHus B 6onee CNOXKHbIX ABYX- Y TPEXKOMIMO-
HEeHTHbIX TMNUAHbIX MembpaHax AMNMX-xonectepuH
1 NOOX/O0OX-ANOX-xonectepuH [2]. BO3HMKHO-
BeHVe ONTnYeCcKnX GOHOHHbIX MO Ha [MCNepPCHOH-

these systems 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. 2).

The observed gap in the optical phonon modes
is a consequence of the finite size of the regions
(nanodomains) formed by these lipid pairs. At the
same time, the measured ultrafast dynamics of
functional lipid pairs is comparable on the time and
energy scale with the processes of relaxation of
transmembrane proteins.

DPPC and Chol
move in anti-phase

Energy (meV)

Coherent moves
@ Center of masses * of all Chol
of DPPC-Chol pair
Coherent moves
of all DPPC

HbIX KPMBbIX TaKMX CUCTEM CBULETENbCTBYET O CY-
LeCcTBOBaHNY B HUX CTabWbHbIX (Ha NMUKOCEKYHA-
HOW LWKane BpemeHn) GyHKLMOHANbHbIX MINMNAHbIX
nap monekyn JOOX, MO®X, ANOX n xonectepuHa,
KoTopble KonebnoTca B NpoTnBodase BOKPYr Mx
LeHTpa macc (puc. 2).

Habntopaembliii pa3pblB ONTUYECKUX POHOH-
HbIX MOA MofJeslbHbIX MeMbpaH ABnAeTcA cfej-
CTBMEM KOHEYHOro pa3mepa obnacrtei (HaHogome-
HOB), 06pa30BaHHbIX YKa3aHHbIMY TUNUAHbBIMA Na-
pamu. [Mpr 3ToM n3mepeHHas cBepx6bICTpas AUHa-
MUKa GYHKLMOHANbHBIX TMMAHBIX Nap cou3mepuma
Mo BPeMEeHHOW 1 SHepreTMYeCKo LWKase C npouec-
camMu penakcauum TpaHcMemMOpaHHbIX 6eNKoB.

[2] Soloviov, D., et al. PNAS 117 (2020). DOI: 10.1073/pnas.1919264117



Skin health is predetermined
by Stratum corneum lipid matrix

The mammalian and human skin is one of the
largest and most unique organs as for its structure
and functions. The role of the skin in the vital activ-
ity of a living organism should not be underesti-
mated. Since the early 2000s, researchers of the
FLNP in cooperation with the Faculty of Pharmacy
of the Martin Luther University in Halle (Germany)
have started studying the structure and properties
of the stratum corneum model lipid matrix using
neutron scattering and X-rays [1]. Data on the nano-
structure of the Stratum corneum (SC) lipid matrix
contribute to a deeper understanding of the prop-
erties and functions of the natural skin barrier,
which is important for achieving progress in the
field of dermatology, aesthetic and therapeutic cos-

Fig. 1
Schematic representation
of the epidermis.

Puc. 1

CxemaTtuyeckoe
n306paxkeHne anvaepmunca.

Desquamating
corneocyte

Covalently
bound lipid

Keratohyalin
granules

metology, as well as in the design and creation of
transdermal therapeutic systems.

The upper layer of the skin (epidermis) consists
of several dozens of cell layers (from 50 to 100) and
has a thickness of only 0.05-0.1 mm (Fig. 1). There
are 4-5 stratums in it. Gradually ascending to the
surface, the “living” epidermal skin cells, keratinocyt-
es, gradually transform into “dead” corneocytes. Cor-
neocytes, surrounded by a lipid matrix, make up the
outermost horny layer called the SC. As it was found,
it is SC that performs a barrier function, protecting
the inner layers from external influences and pre-
venting direct penetration of harmful agents. The
chemical composition and structure of the SC lipid
matrix largely determine the overall health of the

}- Stratum disjunctum

Stratum
corneum

T Stratum compactum

Stratum
granulosum

| Stratum
spinosum

| Stratum
basale

300poBbe KOXXU NMpeaonpeneneHo

MaTpuuen Stratum corneum

Koka mnekonuTaroLmx 1 YenoBeKka — OAuH 13
CaMbIX 6OMbLINX U YHUKANbHbIX MO CBOEMY CTPOe-
HUIO 1 QYHKLMAM opraH. Ponb KOXun B Xun3Hegen-
TENbHOCTU >KMBOTO OPraHn3ma Heslb3A HefooLeH-
BaTb. C Hauvana 2000-x rogos B JIHD coBmecTHO C
Mapmakonormyecknm ¢pakynbTeTom YHUBepCUTeTa
MapTtuHa JTiotepa B Xanne (fepmaHna) ¢ NOMOLLbIO
pacceaHnA HENTPOHOB U PEHTIEHOBCKUX NyYein Ha-
Yyanu nsyyatb CTPYKTYPY M CBONCTBA MOAENbHOMN
nunnaHon matpuubl Stratum corneum (SC) [1]. dan-
Hble O HAHOCTPYKTYpe nnnugHon matpuubl SC cno-
cobcTBYIOT O0see rny6boKoMy MOHMMaHUIO CBONCTB
1 GYHKLMIA eCTECTBEHHOIO KOXXHOTO 6apbepa. 310
LEeHHO AnA NPOABMKEHMA B 06/1acT AepmaTosio-
K, 3CTETUYECKOW U TepaneBTUYECKOM KOCMETOJO-
riu, a Takxe B pa3paboTKax 1 co3gaHuy TpaHcaep-

MasibHbIX TepaneBTUYeCKNX CUCTEM.

BepxHuin cnon KoXHOro noKpoBa — snugep-
MNC — COCTOUT M3 HECKONbKNX AECATKOB C/I0EB
knetok (ot 50 go 100) 1 uMeeT TOMLWKMHY BCEro
0,05-0,1 mm (puc. 1). B Hem BbigensatoT 4-5 ypoBHeN,
NPOABUrasaCb BAOSb KOTOPbIX BBEPX KMBbIE» KNeT-
K/ KepaTUHOUMTbI MOCTENEHHO NpeBpaLLaloTca B
«MepTBble» KOopHeouunTbl. OporoseBLIne KOpHe-
OUNTbI, OKPYXKEHHbIE NUMNAHON MaTpuLeln, COCTaB-
NAT CaMblil BepXHUIA — porosow cnow, nnm SC. Kak
OKa3anocb, MeHHo SC obecneunBaeT bapbepHyto
dYHKUMIO, 3aLMLLaA BHYTPEHHME CJION OT BHELLHMX
BO3[eNCTBMI 1 NpefoTBpaLlas NnpAMoe NPOHNKHO-
BeHVe BpeaHbIx BellecTB. MoneKkynApHbIA COCTaB 1
CTpyKTypa nunugHon matpuubl SC BO MHOrom
onpefensaioT 340POBbe KOXKW B LLe/IOM, a TakxKe Ciy-

[1] Kiselev, M.A., et al. EBJ 34 (2005). DOI: 10.1007/500249-005-0488-6
[2] Kiselev, M.A., et al. Crystallogr. Rep. 59 (2014). DOI: 10.1134/5106377451306014X



skin, and also serve as a marker in the diagnosis of
pathologies. Even minor changes in its composition
can greatly affect the permeability of SC to various
substances. This property underlies the creation and
development of transdermal delivery nanosystems
of pharmaceutical and cosmetic products.
Ceramides are the main component of the SC
lipid matrix. Their diversity is now well known. To
date, more than 12 classes of various ceramides
have been identified. However, the role of individual
classes of ceramides, as well as their combination
and ratios with other SC components, remains the
subject of study for many scientific groups. The class
of long-chain ceramides is of particular interest.
Their presence is responsible for the integrity of the
lipid layers and the prevention of moisture loss [2].

The role of long-chain ceramides in the forma-
tion of long-periodicity and short-periodicity phases
was also studied in detail in collaboration between
FLNP and the Faculty of Pharmacy of Charles Uni-
versity in Hradec Kralové (Czech Republic) [3].
Model lipid layers based on short- and long-chain
ceramides, simulating both healthy SC and SC with
pathology (recessive X-linked ichthyosis), were in-
vestigated (Fig. 2). Only in the presence of a short-
chain ceramide, the model SC lipid matrix demon-
strated the formation of lamellar phases with short,
medium and very long repeat distance. The appear-
ance of along-chain ceramide CerEOS in the model
matrix led to a stable long lamellar phase and pre-
vented the formation of a phase with a very long
period.

Skin lipid lamellae

Fig. 2 " 2’ Cer-EOS- - with CerEQS
Simplified repeating phases in
SC model membranes based on [ | = || B =
CerNS24 and CerEOS ceramides.
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»aT MapKepoMm B AMarHOCTVKe naTonorui. Jaxe He-
3HaunUTenbHble U3MEHEHNA B ee COCTaBe MOryT
CUNbHO BAMATb Ha NPoHMUaeMocTb SC AnA pas3nunu-
HbIX BELLEeCTB. DTO CBONCTBO NOMUTCA B OCHOBY CO3-
LaHVA 1 Pa3BUTUA TPaHCAePManbHbIX HAHOCKCTEM
Ona poctaBky GapMaKkonormyecknx n KocmeTuye-
CKMX CpeacTs.

CocTaB LepamMmaoB — OCHOBHOIO KOMMOHEHTa
nmnungHon matpuubl SC B HacTosALEee BPeEMA XOPO-
Lo n3BecTeH. Ha ceropHa BblgeneHo 6onee 12 knac-
COB pPasnmMyHbIX Lepamngos. OfHaKo ponb oTaenb-
HbIX KJ1aCCOB LiepaMUIOB, a TakXKe UX coyeTaHue 1
COOTHOLLEHME C APYrMMMK KOMMoHeHTamu SC ocTa-
eTcA npeaMeToOM UCCNefoBaHNA MHOTMX HayYHbIX
rpynmn. Ocobbii UHTepeC NpeaCcTaBnAeT Knacc AfvH-
HoLlenoyeuHbIx Lepamngos. Vix npucytcteune oTee-
yaeT 3a LefloCTHOCTb NMUNUAHBIX C/I0EB Y NPeaoT-
BpaLleHue notepu Bnaru [2].

B konnabopaunn JIHO — QapmavieBTrYECKI
dakynbTeT Kapnosa YHusepcuteta B pageu-Kpa-
nose (Yexua) petanbHo 6bina n3yyeHa ponb ANH-
HOLLenoYeyHoro Luepamuga B popMmMpoBaHnn AjvH-
HoMepuoaHbIX U KOpoTKonepuogHbix ¢a3s [3]. bbinu
nccnefoBaHbl MofesibHble NUNUAHbIE CNIOW Ha OC-
HOBE KOPOTKOIO U AJIMHHOIO LilepamMmnaos, UMUTUPY-
towme 3goposyto SC n SC ¢ natonoruen (peuec-
CMIBHbIN X-CLIeNIeHHbIN NXTNO3) (purC. 2). TonbKo npu
HanM4mMm KOPOTKOro LiepaMmaa MmogenbHaa nunna-
Hasa maTpuua SC geMoHCTpupoBana obpasoBaHue
namennApHbIX a3 ¢ KOPOTKON, cpefHel N OYeHb
ANVHHOM NOBTOPAEMOCTbIO. [loABNeHne B mogesb-
HoOW mMaTpuue annHHoro uepamuga CerEOS npuso-
Anno K ctabunbHoW AnuHHONepuogHon dase u
npenoTepalLano obpasosaHue dpasbl C OUeHb ASIVH-
HblM MEepPUOAOM.

[3] Pullmannova, P, et al. JLR 60 (2019). DOI: 10.1134/5106377451306014X



Cell membranes in the ion environment

One of the most important goals of modern
biophysics and pharmaceutics is the delivery of
drugs directly to the affected tissue, the so-called
targeted drug delivery. The implementation of this
approach allows local and selective destruction of
pathological processes in tissue, for example, the
eradication of cancer cells or pathogenic microor-
ganisms. Hence, the understanding of drug trans-
port mechanisms across biological membranes is a
necessary step towards improving not only sophis-
ticated genetic engineering approaches, but even
simple vaccination as well.

The main role in the drug transport is often as-
signed to liposomes, which are spherical objects
consisting of a lipid bilayer, the content of which is

released in a controlled manner due to the interac-
tion of tissue receptors and liposome surface. At the
same time, playing indispensable roles in physico-
chemical cellular processes, metal ions are mem-
brane-active objects that can change the properties
of lipid bilayers, which makes it possible to denote
theirimportant roles including those that are in the
drug delivery processes. This provides an extensive
area for studies of the interactions between lipid bi-
layers and metal ions considering the model “lipo-
some-ion” systems immersed in the aqueous envi-
ronment.

In this regard, the Frank Laboratory of Neutron
Physics of JINR in cooperation with the Pharmaceu-
tical Faculty of Comenius University in Bratislava, ac-

Fig. 1
Interactions of divalent cations
with model lipid membranes.
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KneTouHble MeMbpaHbl B OKPY>XeHUU NOHOB

OnOHOWM 13 BaXKHbIX 3aa4 COBPeMeHHoI 6uo-
dn3nKM 1 bapmMaLeBTUKM ABNAETCA HanpaBieHHanA
TPAHCNOPTUPOBKA JIEKAPCTBEHHOIO NpenapaTa He-
NoOCPeACTBEHHO B MOPAXKEHHYIO TKaHb, T.e. TaK Ha-
3blBaeMas afjpecHasn JocTaBKa nekapcts. OcyuiecT-
BNIeHMe NofobHOro noaxona No3BoONAET JIOKANIbHO
N N36MPATENIbHO YHUUTOXUTb NMATONOMMUYECKU Npo-
LlecC B TKaHW, HaNpuMep, pakoBble KNeTKM Unu na-
TOreHHble MUKPOOpraHn3mbl. CnefoBaTtesibHO, MOHU-
MaHMe MeXaHU3MOB TPAHCMOPTUPOBKMU NIEKAPCTB
yepes OronorMyeckylo MembpaHy ABASAETCA He-
06XOAMMBIM LIAaroM K YCOBEPLUEHCTBOBAHUIO He
TOJIbKO NOAXOA0B CNOXHOIO reHEeTUYECKOTO UHXKI-
HUPWHTA, HO Aae U NPOCTOro BaKUMHNPOBaHKA.

[maBHas posb B TPAHCMOPTUPOBKE JIEKAPCTB
4YaCTo OTBOAMTCA IMMNOCOMAM — COCTOALLMUM U3 NN-

nugHoro 6rcnos chepmyeckum obbEKTaM, 13 KOTO-
PbIX COAEPKUMOE KOHTPONMPYEMO BbICBOOOXKAAETCA
BCNeACTBME B3aUMOAENCTBUA PeLLenTOPOB TKaHU-
MULLEHU 1 MOBEPXHOCTM IMNMOCOMbI. B TO »ke Bpems
N3BECTHO, YTO MOHbI METAJNOB, 6e3 KOTOPbIX HE 06-
XO[MUTCA HY OANH GUINKO-XUMNYECKNI KNIETOUYHbI
npouecc B opraHn3ame, ABAATCA MEMOPAHHO-aK-
TUBHbIMU 06 BEKTAMU, U3MEHSOLUMI CBOMCTBA NnN-
NMLHOro 6GUCIONA, YTO NMO3BONAET OTMETUTD X BaK-
HYI0 POJib B TOM YMCJIE M B NPOLeCccax JOCTaBKY fe-
KapcTB. 3TO NpefocTaBnaeT oOWmpHoe nose s
nccneqoBaHUN B3aMoaencTBUN NUNuaHoro buc-
NOA C MOHaMU METAJINIOB B MOAENbHbIX CUCTEMAX JTN-
NMOCOMa-MOHbI, HAXOZALLNXCA B BOLHOM OKPY>KEHUN.

B cBA3m c 31TMm JTabopaTtopura HENTPOHHON du-
3mkn OUAN coBmecTHO ¢ DapmaueBTNYECKUM da-

[1] Gorshkova, Y., et al. J. Surf. Investig. 11. (2017) DOI:10.1134/5S1027451016050499.



HayKu 0 XXu13Hu B JlabopaTopum HENTPOHHOM PU3NKK UM. . M. dpaHKa

tively participates in these investigations using
small-angle neutron scattering and diffraction meth-
ods at the YuMO experimental instrument. The ex-
periments have shown that there is a tendency to
the destruction of multilamellar liposome struc-
tures at certain low concentrations of calcium cat-
ions [1]. At the same time, such processes at the
molecular level are fundamentally related to the
specificity of lipid-ion interactions in a lipid bilayer.
One of the important results at this point is the pro-
posed concept of the ion bridge formation during the
binding of metal cations to the lipid head groups
on the liposome surface [2] (Fig. 1).

Special attention in the research is paid to the
consideration of the effect of calcium and magne-

sium ions on the structural organization of lipids
and the properties of liposomes themselves, since
the processes of ion binding to lipids in a liposome
play a key role in model complexes, such as “lipo-
some - DNA (RNA) - ions”in particular (Fig. 2).“Neu-
tron scattering experiments performed in
collaboration with FLNP, Dubna, play an essential
part in our efforts to understand and develop
proper vectors/ vehicles for drug and gene delivery
systems. Similar results proved indispensable and
timely in the modern vaccination strategies com-
bating COVID-19 pandemic,” said Prof. Daniela
Uhrikova from Faculty of Pharmacy at Comenius
University in Bratislava.

Fig. 2. Targeted drug delivery through the cell membrane in the presence of ions.
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Puc. 2. AppecHas [oCTaBKa IeKapCTB Yepes KNeTouHyo MeMOpaHy B NPYCyTCTBUN VOHOB.

KynbTeToM YHuBepcuTeTa M. KomeHcKoro B bpatu-
CnaBe aKTUBHO MPUHUMAET yyacTue B UccyiefoBa-
HMAX C NCMOJIb30BaHMEM METOAOB MasloyrnoBoro
pacceaHuna n andpakLm HENTPOHOB Ha 3KCMepu-
MeHTanbHoW yctaHoBKe IOMO. B akcneprmeHTax
6bIS10 MOKa3aHOo, UYTO MPU onpeneNneHHbIX ManblxX
KOHLIeHTpaLUUAX KaTMOHOB KanbUnA NPoABAAeTcA
TEeHAEeHUMA K Pa3pyLLEHNI0O MHOTOCIIONHbIX CTPYK-
Typ nunocom [1]. B To ke Bpemsa nogobHble npo-
Llecchbl Ha MOJeKyNApPHOM YpoBHe dyHAaMeHTaIbHO
CBsAi3aHbl CO creyndrKom B3aMoaencTBIIA MOHOB
c ninuaamu B bucnoe. 3gecb OQHNM 13 BaXKHbIX pe-
3yNbTaToOB ABNAETCA NpesioXeHHada KOoHuenuua
bopMMpPOBaAHMA NOHHBIX MOCTUKOB MPY CBA3bIBa-
HMW KaTUOHOB METAJINIOB C FOSIOBHbIMY Fpynnamm
HelTpanbHbIX GoCcPONNNNAOB Ha MOBEPXHOCTU JIN-
nocombl [2] (puc. 1).

Oco60e BHMMaHMe B HAY4YHbIX NUCCIe[0BaHMUAX
yAeNneHo pacCMOTPEHNIO BIUAHUA NOHOB KasnbLUusA
M MarHuA Ha CTPYKTYPHYIO OpraHun3aLumio nnugos
1 CBONCTBA CaMMX JINMOCOM, MOCKOJbKY NpoLecchl
CBA3bIBAaHUA MOHOB C NMUNUAAMU B JINMOCOME WUr-
paloT KNoueBble PoNn, B YaCTHOCTW, B MOAENbHbIX
Komnnekcax «nmnocomMa — [HK (PHK) — noHbi» (puc. 2).
«IKCNEePUMEHTbI MO PacCeAHUNI0 HENTPOHOB, NPOBe-
LeHHble B coTpyaHuyecTse ¢ JIHO, [ly6Ha, nrpatot
Ba)KHYIO POMb B HALIMX YCUSIUAX MO MOHVMAHUIO U
pa3paboTKe NOAXOAALMX BEKTOPOB / HOCMTENEN
LA CUCTeM JOCTaBKM IeKapCTB U reHoB. MNofo6bHble
pe3ynbTaTbl OKa3anncb He3aMeHVMbIMU 1 CBOEBPE-
MEHHbIMU B COBPEMEHHbIX CTPATErMAX BaKLMHaLMN
npoTtns naHgemum COVID-19», — npodo. [. Yrpu-
koBa, PapmaueBTryecknin dakynoteT YHUBEPCU-
TeTa nm. KomeHckoro B bpatncnase.

[2] Kucerka, N., et al. Langmuir 37 (2021) DOI:10.1021/acs.langmuir.0c02876. o



Neutron scattering helps in
developing burn wound dressings

Neutron scattering made it possible to obtain
comprehensive data on changes in the crystalline
and supramolecular structure of cellulose nanogel
films at a level from several nanometers to several
micrometers at different stages of their hydrolysis
during the enzymatic treatment. Cellulose produced
by bacteria (BC) in the form of a gelled film with a
fine-fiber net structure, has a smaller fiber diameter
and an increased surface area compared to those in
plant cellulose, and exhibits exceptional properties,
including high mechanical strength and elasticity,
water and vapor permeability, high water absorp-
tion capacity, non-toxicity and good biocompatibil-
ity. What is more, BC can promote wound healing.
Among already realized and promising applications
of BC in medicine are hemostatic agents, implants

Fig. 1
A photograph of wound healing dressing.
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HenTpoHHOEe paccegaHune

and artificial blood vessels, materials for skin tissue
engineering and wound healing dressings.

Wound dressings based on bacterial cellulose
are becoming a promising alternative to traditional
bandaging materials, since the requirements for
wound dressings are quite extensive. They should
be easy to apply and painless to remove, be bio-
compatible, non-allergic, protect against bacterial
infections and provide a moist environment and ef-
fective oxygen circulation, and be able to change
shape at a rate matching the formation of new tis-
sue.That is, BC-based wound dressings should have
a controlled biodegradation rate, but there are no
enzymes in the human body that are capable of cat-
alyzing cellulose degradation.

nMoMoOraeT Co30aTb paHeBblI€ NOBA3KU

HeliTpoHHOe pacceaHne NO3BOAUIIO MNOYYUTb
ncyepnblBaloLe CBeAeHMA 00 M3MEHEHMAX B KpU-
CTaNNYECKOM 1 HALMOJIEKYNIAPHOW CTPYKTYPE Len-
JIIONO3HbIX HAHOTENEBbIX MAEHOK Ha YPOBHE OT
HECKOJIbKUX HAHOMETPOB 10 HECKOJIbKUX MUKPO-
METPOB Ha Pa3HbIX CTagMAX UX MMApPonn3a npu oob-
pabotke pepmeHTOM. Llennionosa, nponssoaumas
6akTepuamu (bL) B BUAe NiOTHOWM NAEHKM C MENKO-
BOJIOKHMUCTOW CeTYaTol CTPYKTypoun, obnagaet
MEHbLUM AUAMETPOM BOJIOKOH W YBENUYEHHOM
nioLaablo NOBEPXHOCTU NO CPaBHEHMIO C ee pac-
TUTENbHbIM AHANTOTOM U NMPOABSAET 0COOEHHbIE Ka-
yecTBa: MEXAHNYECKYIO MPOYHOCTb U M1aCTUYHOCTb,
BOJI0- 1 MAPO-NPOHULAEMOCTb, FTMIPOCKOMNYHOCTb,
HETOKCMYHOCTb M GBUOCOBMECTUMOCTb. Kpome Toro,
BL| mokeT cnocobcTBOBATb 3aXKMBMEHMIO PaH. Yke
peann3oBaHHbIE 1 MEPCMNEKTMBHbIE NPUIOXKEHNUA
bL| B MeguLMHe — KpOBOOCTaHaBNMBaLL e cpef-

CTBa, UMMMAHTaTbl M MCKYCCTBEHHbIE KPOBEHOCHbIE
COCyAbl, MaTepuasbl TKAHEBOW NHXXEHEPU KOXN U
3aXKMBMAOLLME NOBA3KN.

PaHeBble MOBA3KM 13 BaKTepUabHOW Lieto-
NO3bl CTAHOBATCA NEPCNEeKTUBHOWN anbTePHATUBOM
TPAAVLMOHHBIM MEeAULNHCKUM CPeacTBam, Befb
TpeboBaHUI K TaKUM MOBA3KaM [10BOJSIbHO MHOTO.
OHM AOMKHBI JIEFKO HAHOCUTBCA U YAANATbCA, ObITb
61NOCOBMECTVMbIMM U HE BbI3bIBaTb afiepruyeckmnx
peakuumn, 3awmaTb oT UHbeKUnin 1 obecneynBaTb
BNaXKHYIO Cpeay v AOCTYN KUCIoPOoAa, a TakkKe Me-
HATb CBOK GOPMYy CO CKOPOCTbl0 06pasoBaHuA
HOBOV TKaHM Y NauueHTa. To eCTb MOBA3KM AOMKHbI
0651a8aTb KOHTPONIMPYEMOW CMOCOOHOCTbIO K 6110-
Pa3fioXKeHNI0, HO B OpraHn3Me yesioBeka OTCyT-
CTBYIOT pepMeHTbl, CMOCOOHbIE KaTalnM3npoBaTb
a3noXKeHue Lesonosbl.

[1] L. Ivanova et al. Materials 2020, 13, 2087; doi:10.3390/ma13092087.



To obtain a controlled technology based on en-
zymatic hydrolysis of cellulose, it is necessary not only
to understand the relationships between the structure
and the physical and chemical properties of bioma-
terials, but also to possess tools to change them.

As a variant of such a tool for improving the
properties of bacterial cellulose for biomedical ap-
plications, scientists from PNPI, in a joint study with
specialists from a number of research centers, used
the fungal enzyme cellobiohydrolase isolated from
yeast-like fungus Scytalidium candidum 3C, and for
the first time studied the process of BC degradation
in detail. One of the reasons why bacterial cellulose
is actively used in the engineering of materials for
skin and bone regeneration is its morphological
similarity on a nanometer scale to collagen, which
is the main structural protein with a fibrillar struc-
ture found in the body's various connective tissues.

Fibrils of native collagen are larger than fibrils of na-
tive bacterial cellulose and have a cylindrical shape,
while fibrils of native BC have a lamellar shape. Under
the action of enzymes, as shown by neutron scat-
tering methods, the size and shape of the compo-
nents of BC polymer matrix begin to approach
those in natural collagen.

In this study, a wide range of physical and mi-
croscopic methods were used, including small-angle
neutron scattering, X-ray diffraction and atomic
force microscopy (FLNP JINR), ultra-small-angle
neutron scattering (Heinz Maier-Leibnitz Zentrum),
as well as scanning electron microscopy (Kurnakov
Institute of General and Inorganic Chemistry of
RAS).The obtained results will contribute to the cre-
ation of biotechnologies for the development of
wound dressings with desired properties for the
treatment of various skin lesions.

Fig. 2. Structural changes in BC as a result of its treatment with enzyme.
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Puc. 2. CrpykTypHble n3meHeHus bBL| B pe3ynbraTe ee 06paboTku depmeHTOM.

UYto6bl NONYYNTH KOHTPONUPYEMYIO TEXHOMO-
10, OCHOBaHHYI0 Ha pepMeHTaTUBHOM rMaponu3e
Lienntono3bl, HEOOXOAUMO He TOSIbKO COCTaBUTDb Kap-
TUHY B3aVIMOCBA3EN MeXay CTPYKTYpou n dpusnde-
CKUMU I XUMYECKMM CBOMCTBaMM BUONOMMYeCKnX
MaTepuanos, HO 1 06NafaTb UHCTPYMEHTAMK, KOTO-
pble MOryT NOBANATb Ha UX U3MEHEHUS.

B KauecTBe BapuaHTa TaKOro WMHCTPYMEHTa
yCOBepLUeHCTBOBaHWA 6aKTepmanbHOW LIensiono3bl
Ans 6romMeaNUNHCKNX NpYMeHeHn yueHble NMUNAD
B paMKax COBMECTHOTO CO cneLuanictamy paga Ha-
YUHBIX LIeHTPOB UCCNefoBaHWsA ncrnonb3osanu dep-
MEHT, Liennoburornaponasy, BblaefIeHHYo 13 LpOX-
)enopobHoro rpuba Scytalidium candidum 3C, n
BrepBble NpocnefnImn 3a Tem, Kak npu 3Tom npo-
ncxoguT ee paspylueHre. OgHa U3 NpUUmH, Mo Ko-
TOPON GaKTepuanbHyl Leno3y UCNoNb3yloT
npu paspaboTke mMaTepuanos AnA pereHepauuu
KOW 1 KOCTel, Bbl3BaHa ee CXOACTBOM B HAHOMET-
poBoM MacwTabe co CTpoeHnem KonnareHa, punob-

punnapHoro 6eska. Ero dubpunnbl LMAMHAPUYECKOI
dbopmbl 6onblie, Yem NNacTUHYaTble GUbPUNIbI Y
HaTUBHOW GaKTepuanbHOW Lenntono3bl. [Nog BAnaHK-
em pepmeHTa, Kak NoKasanu MeTofibl HeMTPOHHOTO
paccesaHna, pa3mepbl 1 popma yacTert NoIMMepPHON
MaTpuLbl 6aKTepuanbHONM Lentono3bl HauMHaT
NPUONMKATLCA K pa3mepam HaTUBHOIO KoMJlareHa.

B paboTe ncnosb3oBaH WNPOKKIA CNeKTp dpu-
3UYECKNX 1 MUKPOCKOMUYECKNX METOLOB, BKITIOYas
ManoyrnoBoe pacceaHne HeMTPOHOB, PEHTIEHOBC-
Kyto AndpakLmio 1 aTOMHO-CUOBYHO MUKPOCKOMMIO
(JTHO® OUNAN), ynbTpamanoyrnoBoe paccesHue Hew-
TpoHoB (Heinz Maier-Leibnitz Zentrum), a TakXxe me-
TOAbl CKaHNPYIOLWEN 31eKTPOHHON MUKPOCKONNN
(LUK MOHX PAH). Pe3ynbtaTbl nccnegoBaHuin 6ynyt
Cnoco6CcTBOBaTb CO3AaHNI0 OMOTEXHOMOMI MO pas-
paboTKe paHeBbIX MOBA3OK C 3afaHHbIMW CBOW-
CTBaMU 15 NIeYeHUA PasfINYHbIX MOPAXKEHUN KOXN.



Neutrons reveal the superstructure
of signaling systems in nature

Two-component systems (TCS) are responsible
for the communication of microorganisms with the
environment; they are present in almost all domains
of life and are the most abundant signaling systems
in nature. TCS receptors are generally transmem-
brane proteins. Despite the wide interest of the sci-
entific community in the study of TCS, currently
high-resolution structures of only fragments of
these proteins are described in the literature. Diffi-
culties in studying the structure of full-size TCS re-
ceptors are related to the large size and high
dynamics of the water-soluble part of transmem-
brane TCS receptors.

Fig. 1

(A) Signal transduction pathway in the
case of the TCS negative phototaxis of N.
pharaonis and (B) domain architecture
of the chemoreceptor dimer from E. coli
(left) and of the complex of rhodopsin I
with its cognate transducer NpHtrll from
N. pharaonis (right).
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Cxema curHanbHoro Kackaga (A)

B cnyyae [1KC oTpuruatenbHoro
dotoTakcmca N. pharaonis n cxema
[IOMeHHOW apxuTeKkTypbl (B) aumepa
xemopeuentopos u3 E. coli (cnesa) n
nmmepa GOTOCEeHCOPHOro KoMrieKca
pogoncuHa Il c ero poacTBeHHbIM
TpaHcatocepom NpHtrll s N. pharaonis
(cnpaBa).

HenTpoHbl pacKpbiBatoT

NpSRIl g5 -

Using small-angle neutron scattering, the
structure of the TCS sensor — a full-length photore-
ceptor complex of sensory rhodopsin with its cog-
nate transducer from the extremophilic archaeon
Natronomonas pharaonis, was studied on the YuMO
spectrometer [1]. Light-activated sensory rhodopsin
Il (NpSRII) induces structural and/or dynamic
changes in the transducer (NpHtrll), which are con-
verted by two HAMP domains and conveyed along
the 200-A-long cytoplasmic kinase module to the
tip region of the cytoplasmic part of NpHtrll. The
transducer-activated histidine kinase CheA (bound
to the adapter protein CheW) undergoes autophos-
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CynepcCTpyKTypy CUIMTHAJIbHbIX CUCTEM

[ByxkomnoHeHTHble cnctembl (KC) oTBeyvatoT
33 KOMMYHMKaLMIO MMKPOOPraHN3MOB C OKPY»ato-
Len cpefon; OHU MPUCYTCTBYIOT MOYTUN BO BCEX [0-
MeHax 1 ABNATCA Hanbonee pacnpoCcTpaHeHHbIMY
CUTHaNbHbIMK CMCTEMaMU B XMBOW npupoge. Pe-
uentopbl [1KC, Kak npaBuno, ABAAIOTCA TPaHCMEM-
6paHHbIMK 6enkamu. HecMoTps Ha WMPOKNIA UHTe-
pec HayuHoro coobuiectBa K nsydeHuio KC, B Ha-
cToAwee BpeMA ObiNM OMMCaHbl B nuTepaType
CTPYKTYpPbI C BbICOKUM pa3peLleHnemM TonbKo dpar-
MEHTOB 3TMX 6enKkoB. TpyAHOCTU U3yYeHUAa CTPYK-
Typbl NofIHOPa3MepHbIx peuentopos [1KC cBA3aHbl
¢ 60NbLWKM pa3mMepOM 1 BbICOKOW ANHAMUYHOCTbIO

BOAOPACTBOPUMON YacTU TPaHCMEMOPAHHBIX pe-
uentopos [OKC.

C noMOLLbI0 MasioyrioBOro HEMTPOHHOTO pac-
ceaHna Ha cnekTpomeTpe FOMO n3yyanacb CTpyK-
Typa ceHcopa OKC — nonHopa3smepHoro ¢poTope-
LenTOPHOro KOMMJieKca CEHCOPHOro PofoncuHa ¢
€ro poACTBEHHbIM TPAHCAKCEPOM U3 SKCTPEMO-
¢dunbHoM apxeun Natronomonas pharaonis [1]. Ak-
TUBMPOBAHHbIN NPV BO34ENCTBUN CBETa CEHCOPHbIN
pogoncuH Il (NpSRII) nHayumpyeTt cTpyKTypHble
n/unn gUHammnyeckne U3MeHeHNA B TpaHcalocepe
(NpHtrll), kotopble npeobpasytotca asyms HAMP-
LOMeHaMu 1 nepefaTca BAOSb LMTOMNIa3MaTmye-

[1] Ryzhykau, et al. Sci Rep 11, 10774 (2021). https://doi.org/10.1038/541598-021-89613-6



phorylation and further transfers the phosphate
group to the response regulators CheY or CheB.
CheY affects the rotational bias of the flagellar motor,
while the methylesterase CheB, along with the
methyltransferase CheR, controls the adaptation
mechanism.

The general scheme of the molecular mecha-
nism of signal transduction involves successive dy-
namic changes in cytoplasmic domains. Both chemo-
receptors and sensory rhodopsin transducers dem-
onstrate different dynamics in adjoining modules,
which correlates with the signal transfer along the
cytoplasmic rod. Homodimers of chemoreceptors
(or rhodopsin-transducer complexes) in the cell
membrane form trimers that constitute the func-
tional units. The trimers of dimers form the struc-

Fig. 2

Images of transmembrane domains
of the NpSRII/NpHtrll complex:

(A) fragment of hexagonal packing
of “O"-shaped trimers of dimers;

(B) “tripod”-shaped model of the
trimer of dimers.

Puc. 2

MN306parkeHns TpaHCMEMOPaHHbIX
nomeHos Komnnekca NpSRII/NpHtril:
(A) pparmeHT rekcaroHasnbHom
ynakoBKu “O"-06pa3HbiX TPUMEPOB
nvmepos; (B) nsobparkeHune “tripod”-
obpasHoro TpuMepa AVMepPOB.

CKOrO KMHa3Horo moayna gnuHon 200 A po KpanHen
obnactu ymtonnasmatnueckon Yactu NpHtrll. Ak-
TUBMPOBAHHAA TPaHCACEPOM FMCTUAMHKMHA3a
CheA (cBasaHHaA ¢ agantepHbiM 6enkom CheW)
nogsepraetca asTopochopmnnMpoBaHnto 1 fonos-
HUTeNbHO NepeHocnT pocdaTHyo rpynny B peryns-
Topbl otBeTa CheY mnmu CheB. CheY BnuseT Ha
CMeLLieHMe BPaLLEeHNWA XKIYyTUKa, B TO BPeMsA Kak Me-
Tunactepasa CheB Hapagy ¢ meTunTpaHchepason
CheR KoHTponunpyeT MexaH13M aganTayumm.
O6bLan cxema MONEKYNIAPHOro MexaHr3ma ne-
pepayv curHana npegnonaraeT nocnefoBaTebHble
AVHaMUYeCcKre N3MeHeHNA B LMToMnIasmaTnyeckmx
noMmeHax. Kak xemopeLenTopbl, Tak 1 TpaHcACepbl
CEHCOPHbIX POJONCUHOB AEMOHCTPUPYIOT pa3nmny-
HYI0 AVIHAMMKY B COCeHNX MOAYNAX, YTO KOppenu-
pyeT C nepefayen curHana BAoNb LUTOMNIa3maTtu-
yeckoro «cTepxHsa». lomogrnmepbl xemopeLenTo-

tural and functional unit in the formation of two-di-
mensional signaling arrays — compact membrane
supercomplexes responsible for amplifying the in-
coming stimulus.

A molecular model of a hexamer (trimer of
dimers) constructed using the combination of small-
angle scattering data and molecular modeling, was
proposed. It was shown that the dimers of NpSRIIl/
NpHtrll in the hexamer associate solely through
contacts between their cytoplasmic regions, whereas
the transmembrane regions of the dimers remain
unconnected, i.e. this is a “tripod”-shaped model,
which differs from the “O"- and “Y”-shaped models
proposed earlier in the literature.

poOB (M1 KOMMIEKCOB POAOMNCMH-TpaHcACep) B
KneToyHor membpaHe 06pasytoT TprMepbl, COCTaBNA-
towwme GyHKUMOHanbHble eguHULbl. TpyMepbl fume-
poB 06pasyloT CTPYKTYPHO-OYHKLMOHaNbHYI0 eaUHY-
Ly Npv 06pa3oBaHUMN CUTHasbHbIX ABYMEPHbIX Mac-
CUBOB — KOMMAKTHbIX MeMOpPaHHbIX CynepKoMIIeK-
COB, OTBeYaIoLLUX 3a YCUIIeHVEe BXOLALLEro cMrHana.
MNpepncTtaBneHa MonekynApHaa Mofesb rekca-
Mepa (TprMepa f1MMepoB), NOCTPOEHHas C NOMO-
Lblo KOMOVHaLMM METOL,0B ManoyrfioBOro paccen-
HMA 1 MONEKYNAPHOIo MoLeNMpPoBaHuA. Takum 06-
pa3oMm, MOKa3aHo, YTO KOHTaKT MeXAy AuMepamm
NpSRII/NpHtrll B rekcamepe onocpefoBaH TONbKO
LMTONMa3MaTMYeCcKnMM YacTaMM, TpaHCMeMObpaH-
Hble YacT¥ QUMEPOB MPU STOM He KOHTaKTUPYLOT
LPYr C ApYrom, To eCTb umeeT MecTo “tripod”-o6pas-
HasA Mofenb, OTNIMYHaA OT NPeASIoKEeHHbIX paHee B
nutepatype “O"- n “Y”"-06pa3Hbix Mogeneii.



Biological activity of fullerenes

and anticancer therapies

A comprehensive study of water-soluble forms
of fullerenes using wide characterization, including
neutron scattering methods, opens up prospects
for using the biological activity of fullerenes in a
number of therapies of oncological diseases. Fulle-
renes, along with soot, graphite and diamond, are
an allotropic form of carbon combining high-mol-
ecular stable compounds C60, C70, etc. At present,
the formation of specific complexes of fullerenes
with solvent molecules in solutions is being actively
studied. Along with the fundamental interest in this
issue, an important role is played by the practical
aspect associated with the use of the biological ac-

tivity of fullerenes. Thus, fullerenes are the most
powerful antioxidants known today. A natural re-
quirement for the use of fullerenes in biology and
medicine is to obtain their water-soluble forms. In
this regard, important areas of research are related
to the mechanisms of cluster stabilization in fulle-
rene solutions and the synthesis of aqueous
fullerene solutions with the possiblity to control the
cluster size. The medical and biological properties
of aqueous solutions of fullerenes strongly depend
on the synthesis technique used, the choice of the
primary solvent, the size of the aggregates, the elec-
trokinetic potential on their surface, etc. Thus,

Fig. 1. Structure of biologically active solutions of C60 and C70 fullerenes according to the data of atomic force

microscopy and small-angle neutron scattering.
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Puc. 1. CrpykTtypa 6ronormyeckmn aktrBHbIX pactBopoB dynnepeHos C60 1 C70 no faHHbIM aTOMHO-CUNOBON
MUKPOCKOMMWM 1 MaNioyrfIoBOro pacCcesHNsA HENTPOHOB.

BnoakTMBHOCTb pyJ1ls1IepeHOoB
N MPOTMBOOMYXOJIEeBblE TEepanun

KomnnekcHoe n3yuyeHue BOJOPaCTBOPUMBbIX
bopm PynnepeHoB C NPUMEHEHMEM LLUMPOKOM Xa-
pakTepmsaL My, BKNOYaoLWeNn MeToAbl pacceaHnn
HEeNTPOHOB, OTKPbIBAET MepPCMNeKTMBbI UCMONb30Ba-
HUA BGMONOrNYECKON akKTUBHOCTU ynyiepeHoB B
psae Tepanuii OHKoNornyeckrx sabonesaxHun. Qyn-
NiepeHbl, HapARY C caxew, rpadpuUToOmM 1 anmasom,
npeacTaBnAlT cobol annoTponHyto Gopmy yrie-
popna 1 o6beanHAT B cebe BbICOKOMOEKYAPHble
yctonumsble coegnHerna C60, C70 n 1.4. B HacToA-
Lllee BpeMs aKTUBHO U3yvaeTca obpa3oBaHue cre-
undPrUeCcKnx KOMNNEKCoB GynnepeHoB C MOEKya-
MU pacTBopuTenen B pactBopax. Hapagy ¢ ¢yHaa-
MEHTaNbHbIM MHTEPECOM K JaHHOMY BOMPOCY BaX-
HYI0 POJb UIPAET N MPAKTUYECKNI aCNeKT, CBA3aH-

HbIVi C MCMOJSIb30BaHNEM OMONTOrNYECKON aKTUBHOCTM
dynnepeHoB. Tak, dynnepeHbl ABAATCA MOLLHEN-
WMMW aHTUOKCUAAHTAMU, U3BECTHbIMK Ha Cero-
OHALWHWA OeHb. EcTecTBeHHbIM TpeboBaHeEM Ans
nprYMeHeHna GynnepeHoB B GUONOMUN N MeguLHe
ABNAETCA MNONyYEHMe X BOGOPACTBOPUMbBIX GOpPM.
B 3TOM CBA3M BaXXHbIMUW HanpaBAeHUAMM Nccneno-
BaHWI ABNAIOTCA MEXaHU3Mbl CTabUNM3aLUn Kna-
CTepoB B pacTBOpax GynnepeHoB U CUHTE3 BOAHbIX
pacTBOPOB GynnepeHOB C BO3MOXKHOCTbIO perynu-
pOBaHUA pPa3MepoB Knactepos. MeaunKko-6uonoru-
yecKure CBOMCTBA BOAHbIX PacTBOPOB GynnepeHoB
B 3HAUUTENIbHOW CTEMeHn 3aBUCAT OT UCMOJb3ye-
MO METOANKMN CUHTE3a, Bbibopa NepBUYHOIO pac-
TBOPWTENA, Pa3MEPOB arperaToB, 3/IeKTPOKMHETU-

[1] Kyzyma O.A., App. Surf. Sci. 483 (2019) 69-75. DOI: 10.1016/j.apsusc.2019.03.167



fullerene solutions in N-methyl-2-pyrrolidone (NMP)
are promising systems for obtaining clusters of
fullerenes with specified sizes in aqueous media,
since NMP is miscible with water.

Researchers at FLNP JINR in cooperation with
the Taras Shevchenko National University of Kyiv
(Ukraine) are actively working on the study of the
mechanism of interaction of fullerenes with polar
NMP molecules and the use of the resulting com-
plexes in the development of the synthesis of aque-
ous solutions of fullerenes for medical and bio-
logical purposes. Along with extensive structural di-
agnostics, the cytotoxicity of new solutions and
their interaction with various drugs, including those
used in the therapy of oncological diseases (doxoru-
bicin, cisplatin, landomycin A), are studied. The re-

sults of the structural analysis of fullerene solutions
in systems of different polarities are to be used in
the future to improve the synthesis of experimental
samples of practical aqueous solutions of fullerenes
and in the corresponding biological tests. For struc-
tural characterization of solutions, the approach
combining various methods is applied. It includes
small-angle neutron and X-ray scattering, mass
spectrometry, dynamic light scattering, atomic force
microscopy, nuclear magnetic resonance, ultravio-
let and optical spectroscopy, etc. Experimental neu-
tron data used in these works were obtained at the
YuMO small-angle instrument (IBR-2, FLNP, JINR); X-
ray data were collected at the P12 BioSAXS station
(PETRA 1ll, EMBL/DESY, Hamburg, Germany).

Fig. 2. Calculated electron densities for possible complexes of C70 fullerene and anticancer berberine-based drug.

Puc. 2. PacueTHble 3IEKTPOHHbIE MIOTHOCTY MNPV BO3MOXHOM KOMMieKkcoobpasosaHuy ¢pynnepeHa C70
1 NPOTUBOPAKOBOrO Npernapara Ha ocHoBe 6epbepriHa.

YecKoro noTeHLuana Ha ux NnoBepxHocTu u ap. MNep-
CNEKTUBHbIMW CUCTEMAMU ON1A NONYyYeHUA KnacTte-
poB dynnepeHoB C 3afaHHbIMU pa3mMepamu B BOJ-
HbIX cpefax ABNATCA pacTBOpbI dynnepeHos B N-
metun-2-nupponngoHe (NMP), Tak kak NMP cmelun-
BaeTcA C BOAOW.

B JIH® OVAN B coTpyaHUYecTBe C KneBcKmum
HauWOHanbHbIM YHUBEpPCUTEeTOM M. Tapaca Lles-
yeHKo (YKpaunHa) akTMBHO BefyTcsA paboTbl Mo m3-
YUYEHVIO MexaH13Ma B3ammonencTensa ¢ynnepeHos
¢ nonApHbIMy mosnekynamu NMP 1 ncnonb3oBaHmio
pe3ynbTUpYIoLLero KOMMNIeKCcoobpa3oBaHUA B pas-
BUTWM CUHTE3a BOLHbIX PaCcTBOPOB dynnepeHoB Me-
LVKO-bronormyeckoro HasHayeHus. Hapsagy c o6-
LVPHOM CTPYKTYPHOW ANArHOCTUKOW UccnegyeTca
LMTOTOKCUYHOCTb HOBbIX PaCTBOPOB 1 UX B3aVMO-
LeNCTBME C Pa3fIMyYHbIMY MpenapaTamu, B TOM Yncie
NPYMeHAEMbIMM B TepPanmnaxX OHKOMOMMYeCcKnX 3a-
6oneBaHuNI (QOKCOPYOULIMH, LNCMATUH, NaHAOMU-

UuH A). PesynbTaTbl CTPYKTYPHOMO aHann3a pacTBo-
poB ¢ynnepeHoOB B cMCTEMAX Pa3HON NONAPHOCTM
NCMOMb3YTCA B AaNbHENLEeM ANA YNydLlleHna CUH-
Te3a OMbITHbIX 006Pa3L0B NPAKTUYECKUX BOAHbIX
pacTBOpOB dynnepeHoB 1 B COOTBETCTBYOLLNX O1O-
NOrNYeCKNX TeCTUpOoBaHUAX. [Ina CTpyKTypHOM Xa-
paKTepu3aumnm pacTBOPOB UCMOMNb3yeTCA KOMMIEKC-
HblI MOAXOA C NCMONb30BaHMEM CIeAYOLLNX METO-
[OB: MafioyrnoBoe paccesaHne HENMTPOHOB N PEHT-
FeHOBCKMX Jyyel, MacC-CNeKTPOMETPUSA, AUHAMUYE-
CKOe cBeTopaccesaHme, aTOMHO-CUTOBasA MUKPOCKO-
nuA, AREPHbIA MarHUTHbIN Pe30HaHC, CMEKTPOCKO-
nma ynbTpaproneToBoro 1 ONTUYECKOro AManaso-
HOB 1 Aip. DKCNEepPUMEHTaNbHble HENTPOHHbIE faH-
Hble, Cronb3yeMble B 3TUX paboTax, NofyYeHbl Ha
manoyrnoson yctaHoske tOMO (UBP-2 JTHO OUAN);
PEeHTreHOBCKME AaHHble NoslyyeHbl Ha cTaHummn P12
BioSAXS (PETRA Ill, EMBL/DESY, lam6ypr, lepmaHus).

[2] Kyzyma O., J. Mol. Lig. 278 (2019) 452-459. DOI: 10.1016/j.molliq.2019.01.062
[31 Borowik A., Col. Surf. B 164 (2018) 134-143. DOI: 10.1016/j.colsurfb.2018.01.026



Supramolecular organization
of visual pigment rhodopsin

The visual pigment rhodopsin is a prototypical
member of the large family of G-protein coupled re-
ceptors (GPCR). GPCRs are known to form dimers or
oligomers in membranes. However, for rhodopsin
and all class A rhodopsin-like GPCRs, the functional
role of rhodopsin dimers has not yet been estab-
lished. The supramolecular organization of rhodop-
sin in photoreceptor membranes is currently the
subject of heated debates.

As part of the investigation of the supramole-
cular organization of native photoreceptor mem-
branes, small-angle neutron scattering with contrast
variation and small-angle X-ray scattering experi-

Eye

Fig. 1

Schematic of supra-molecular
organization of rhodopsin in
photoreceptor membranes.

Puc. 1

Cxema cynpamonekynsapHoii
opraHu3auumn pofomncrHa

B poTOpeLenTopHbIX
MembpaHax.

ments were carried out. The use of two complemen-
tary methods allows us to make an assumption
about the monomeric state of rhodopsin in the
photoreceptor membrane.

It is known that the photoreceptor disc mem-
brane is a two-component system consisting of ap-
proximately 40% lipids and 60% proteins, of which
about 85% is rhodopsin. The experiments were per-
formed with samples of photoreceptor discs (ap-
proximately 1 um in diameter) isolated from outer
segments and rod outer segments themselves from
bovine retina. Small-angle neutron scattering ex-
periments were carried out on the YuMO small-
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CynpaMoneKynapHasa opraHmsaumd
3pPUTENIbHOIrO NMUIrMeHTa POoAONCUHa

3pUTENbHDBIN NMUTMEHT POAONCUH ABAAETCA TU-
NUYHbIM NPeACTaBUTENIEM OFPOMHOIO CEMENCTBA
peuenTopoB, conpsakeHHbIx ¢ G-6enkamn (GPCR).
GPCR B membpaHe GYHKLUOHUPYIOT B AUMEPHOM
VNI OTMTOMEPHOM CcOCTOAHMN. OgHaKo Ana pogorn-
CMHa 1 Bcero knacca A pogoncuHnono6Hbix GPCR
bYHKUMOHaNbHasA posb ANMEPHOro COCTOAHUA A0
CuX nop He yctaHoBneHa. CynpamorneKkynsapHas op-
raHu3aums poaorcrHa B ¢oTopeLenTopHbIX MeEM-
GpaHax sIBNAETCS B HacToALLEee BpeMsa NpeaMeTom
OCTPOW AUCKYCCUN.

B pamKkax nccnefoBaHma CyrnpamoneKkynapHom
opraHv3auum poTopeLenTopHO MeMOpPaHbI B Ha-
TUBHbIX ycnioBusax B JIHO 6binv npoBefeHbl SKcne-

PUMEHTbI METOAAaMM MaoyrfIOBOrO PacCeaHUsA Hel-
TPOHOB C Bapuaumen KOHTpacTa U ManoyriioBoro
pacceAHnA peHTreHOBCKKX yyen. icnonb3oBaHne
[BYX KOMMIeMeHTapHbIX METOA0B MO3BONAET cAe-
naTb NPeAnonoXKeHne 0 MOHOMEPHOM COCTOAHMUN
pognorncuHa B GOoTopeLIeNTOPHON MeMOpaHE.
MN3BecTHO, UTO MembpaHa GpoTopeLenTOPHOro
OVICKa npepcTaBnseT co60i LBYXKOMMOHEHTHYHO
cucTEMy, KOTOpas BK/OYaeT B cebs npumepHOo 40%
nunnaoB n 60% 6enKoB, N3 KOTOPbIX OKoNo 85%
NPUXOANTCA Ha [0S0 POAONCUHA. nA npoBeaeHna
3KCMEePVMEHTOB Obiv NoNyyeHbl 06pasLbl hpoTope-
LenTOPHbIX AUCKOB (MPUMepPHO 1 MKM B InameTpe)
N3 HapY>KHbIX CErMEHTOB 1 HEMOCPEACTBEHHO Ha-

[1] Feldman, T.B., et al., BBA — Biomembranes 1861 (2019). DOI: 10.1016/j.obamem.2019.05.022



angle neutron scattering spectrometer under dim
red illumination.

Differences in scattering densities between
lipids and proteins in the photoreceptor disc mem-
brane made it possible to exclude the influence of
the lipid matrix on the pattern of small-angle scat-
tering from the membrane and to reveal structural
information about the relative disposition of rhod-
opsin within the membrane. The use of a synchro-
tron X-ray source allowed improving the back-
ground conditions and the resolution of the ob-
tained data. This information made it possible both
to determine the parameters of the arrangement of
rhodopsin inside the membrane and to show the
presence of disc packing in the outer segments of
photoreceptor cells. Also, the use of synchrotron-

Fig. 2 1005
SANS curves revealing the

organization of rhodopsin 10 4
inside the photoreceptor
membrane. 5
o 14
Puc. 2

Kpusble MYPH, packpbiBatoLme
opraHu3auuio pofoncrHa

B poTOpeLenTopHom
MembpaHe.
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Photoreceptor disk membranes ,

based small-angle X-ray scattering made it possible
to confirm the results obtained by the SANS meth-
od and to show that this arrangement of rhodopsin
is retained not only in systems with isolated pho-
toreceptor discs, but also in native rods of the pho-
toreceptor membrane.

From the obtained data, it was shown that the
packing density of rhodopsin molecules in the pho-
toreceptor membrane is unusually high: the dis-
tance between the centers of the molecules is
approximately 56 A [1, 2]. Taking into account the
diameter of the molecule itself, the average dis-
tance between two neighboring rhodopsin mole-
cules obtained from the results suggests the mo-
nomeric state of rhodopsin molecules.

Rod outer segment
16-18 nm

100 4
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0.1 Photoreceptor membrane X
-1 model (fragment)
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pYy»Hble cermeHTbl GoTOpeLLeNTOPHbIX KNETOK CeT-
yaTKK OblKa. IKCNepPUMEHTbI MO MasioyrfoBOMY pac-
CeAHNo HeMTPOHOB ObINM NPOBeeHbl Ha CMEKTPO-
MeTpe ManoyrnoBoro pacceaHnsa HemtpoHos OMO
NP HU3KOW MHTEHCMBHOCTM KPacHOro CBeTa.
Pasnmnuusa B NNOTHOCTU paccesHNA HENTPOHOB
Mexxay 6enkamu v nunuaamu B MembpaHe gpoTtope-
LLlenTOPHOro AncKa NO3BONUIV UCKNIOUNTb BAVAHME
NIMMWAHOTO MaTPUKCa Ha KapTUHY MasnoyrioBoro
pacceAHna oT MeMbpaHbl 1 BbIABUTb CTPYKTYPHYIO
MHOPMaLMIO O PaCNONOMXKEHNN POAJOMCUMHA BHY TP
MeMbpaHbl. icnonb3oBaHMe CMHXPOTPOHHOTO KC-
TOYHVKA PEHTFeHOBCKOro M3yyYeHnsa NOo3BOMIO
ynyywnTb GOHOBbIE YCIIOBUA 1 pa3peLLeHre nony-
YeHHbIX AaHHbIX. laHHasa nHpopmauma nossonuna
Kak onpepenuTb napameTpbl pacnosioKeHna po-
[OMNCHA BHYTPY MeMOpaHbl, Tak 1 NoKasaTb Hanu-
yMe YNakoBKM [MCKOB B HapyXHbIX CermeHTax

0.1 1

doTopeLenToOpHbIX KNETOK. TakXKe UCNosib30BaHMe
MeTofa MasioyrfioBOro pacceAHnA PEHTFeHOBCKUX
nyyen C NCNosIb30BaHMEM CUHXPOTPOHHOIO NCTOY-
HMKa NO3BOJNNIO NOATBEPANTb pe3ynbTaTbl, NOsy-
YyeHHble meTogom MYPH, 1 nokasaTb, uTo Takoe pac-
NosnoXKeHne poaorncUHOB COXPaHAETCA He TONIbKO
Ha CMCTeMax C BblaeneHHbIMK GOTOpPeLLeNTOPHbIMMA
AVCKaMK, HO U B HEPa3PYLLEHHbIX Nasoykax ¢poTo-
peLenTopHON MembpaHbl.

3 naHHbIX 6bII0 MOKa3aHo, YTO MIOTHOCTb
YNaKOBKW MOJIEKYST POAOMNCMHa B poTopeLienTop-
HOM MembpaHe HeobblYaHO BbICOKaA: pacCToAHMeE
MeXay LeHTpamu MOJSIeKys COCTaBNAET NPUMepPHO
56 A [1, 2]. C yueTom uameTpa camoi MoneKynbi
cpefiHee pacCToAHME MeXay ABYMA MOJIeKynamu
pPOAOMNCMHA MOXHO OLeHUTb PaBHbIM 21 A.Otcropa
BUIHO, YTO 60K HAaXOAUTCA B MOHOMEPHOM CO-
CTOAAHUN.

[2] Feldman, T.B., et al., Proc. RAS 465 (2015). 10.1134/51607672915060186



The problem of antibiotic resistance
and innovative biocomposites

The antibiotic resistance of pathogenic mi-
croorganisms is one of the key problems in global
public health care. Existing antibiotics turn out to
be ineffective against new bacterial strains, the
emergence of new drugs is too slow and humanity
has come close to the threshold beyond which is a
return to the “pre-antibiotic era’, the transformation
of seemingly defeated infections into deadly threats.

A team of scientists from Russia, Romania, Ser-
bia, Poland and the Czech Republic is engaged in
research on antimicrobial properties of new bio-
compatible nanocomplexes consisting of soy lecith-

Fig. 1. General concept of “green” synthesis nanoparticles.
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Puc. 1. O6wwan KoHLEenumna HaHOYaCTUL, «3e/IeHOro» CUHTEe3a.

in liposomes, chitosan and silver/silver chloride
nanoparticles (NPs). It is important to note that in
order to reduce the toxicity of nanoparticles, “green”
synthesis was used in the study — the production
of NPs from plant extracts. Morphological (AFM,
SEM) and structural (SAXS, SANS) methods of analy-
sis confirmed the nanoscale size of components of
the produced biocomposites. The presence of hy-
brid Ag/AgCl nanoparticles synthesized from turm-
eric rhizomes or grape and mint leaves was
determined by XRD and EDS methods. The forma-
tion of stable biohybrid nanocomplexes was con-

BIOLOGICAL
PERFORMANCE

AHTUOBUNOTUKOPE3INUCTEHTHOCTb
N MHHOBALMOHHblE BUOKOMMO3UTDI

Mpobnema ycTonumBoCcT GONE3HETBOPHbIX
MUKPOOPraHN3MOB ABAAETCA OAHOM U3 KITOUEBbIX
B MMPOBOM 3fpaBooxpaHeHnn. CyllecTByloLme aH-
TUONOTMKM OKa3blBalOTCA HEIPPEKTMBHBIMU B OT-
HOLLEHMM HOBbIX 6aKTepmanbHbIX LUTAMMOB, MOAB-
NeHne HOBbIX NpenapaToB MPONCXOAUT CINLLKOM
MeJJIEHHO, 1 YeNOBeYeCTBO BIMIOTHYIO MOJOLJIO K
nopory, 3a KOTOPbIM — BO3BPAT B «40aHTMONOTH-
KOBYI0 3pY», MPEBPALLEHME Ka3aBLUNXCA NOOGeXAeH-
HbIMU MH)EKLMIA B CMepPTeIbHO OMNacHble.

Konnektus yyeHbix n3 Poccnn, PymbiHnn, Cep-
6vn, Monblum n Yexnm nccnegyet aHTUMUKPOOHble
CBOWNCTBA HOBbIX OMIOCOBMECTUMbIX HAHOKOMI/IEK-

COB, COCTOALYUX N3 INMTOCOM COEBOTO JIELUTUNHA, X~
To3aHa 1 HaHovacTtuy (HY) cepebpa/xnopuaa ce-
pebpa. BaXxHO OTMeTWTb, UTO ANA YMeHblUeHUA
TOKCMYHOCTM HaHOYACTUL, B paboTe Obin NpYMeHeH
«3efieHbl» CMHTe3 — nonyyeHne HY 13 sKkcTpakToB
pacteHuin. Mopdonoruyeckune (AFM, SEM) n cTpykK-
TypHble (SAXS, SANS) meTofbl aHann3a NoaTBep-
[VUNA HaHOPa3MeEpPHbIA MacwTab KOMMOHEHTOB
nonyyeHHbIX 6uokomno3nTos. MpucyTcTBue rmb-
pugHbix Ag/AgCl HY, cnHTe3npoBaHHbIX N3 KOpHe-
BULLA KYPKYMbl MU INCTbEB BUHOTPaAa W MAThI,
6bin10 onpeneneHo metogamu XRD 1 EDS. C nomo-
Wbto onTuyeckon cnektpockonuu (UV-Vis absorp-

[1] Barbinta-Patrascu, M.-E., et al. Materials 2021, 14, 4726. https://doi.org/10.3390/ma14164726



firmed by optical spectroscopy (UV-Vis absorption
and FTIR) and zeta potential measurements. All of
the above studies were aimed at developing highly
effective biocompatible complexes with a wide po-
tential for application in various fields of medicine.

The developed innovative drugs have demon-
strated high antimicrobial activity against Entero-
coccus faecalis bacterium — one of the most
problematic pathogens in terms of selection of an-
tibiotics, as well as against Staphylococcus aureus
and Escherichia coli.

The results of the study show that the biosyn-
thesis of nanoparticles is of decisive importance for

the properties of the studied biocomposites, in par-
ticular, their antimicrobial activity, which is also a
consequence of the synergistic effect of the bio-
composite components, each showing similar ac-
tivity.

It is interesting to note that the synthesized
and investigated materials also exhibit pronounced
activity against cancer cells, which is confirmed in
this study in in vitro experiments with HT-29 and
HepG2 cells. At the same time, the highest effi-
ciency (and the absence of hemolytic activity) was
demonstrated only by composites containing bio-
similar lipid bilayers.

Fig. 2. Structural and morphological characteristics of biohybrids (from left to right: SANS, SAXS and AFM)
and their antibacterial effect against Enterococcus faecalis.
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tion n FTIR) n namepeHuns a3eta-noteHuymnana ooiu
noaTBepKAaeHbl 06pa3oBaHme CTabUNbHbIX GUOrn6-
PUAHbIX HaHOKOMMIEKCOB. Bce mepeuncneHHble
Bbllle UCciefoBaHUA OblIM HaueneHbl Ha paspa-
60TKY BbICOKOIPPEKTUBHBIX OUOCOBMECTUMBIX
KOMMNEKCOB, UMEIOLMX LUMPOKWIA MOTEHLUMaN npu-
MEHEeHWA B Pa3NNyHbIX 06/1acTAX MeanLHbI.

PaspaboTaHHble NHHOBALMOHHbIE Npenaparbl
NPOAEMOHCTPMPOBANY BbICOKYIO aHTUMUKPOOHYI0
aKTVBHOCTb B OTHOLEeHUN Enterococcus faecalis bac-
terium — opHoro u3 Haubonee NpPobneMHbIX B
nnaHe nogbopa aHTMOMOTMKOB NaToreHa, — a Tak-
Xe B OTHoweHuu Staphylococcus aureus wn Es-
cherichia coli.

Pe3ynbTaThl nccnefoBaHMA NOKa3bIBalOT, UTO
61OCKHTE3 HaHOYACTML UMeeT onpeaenaioLlee 3Ha-

yeHue AnA CBOMCTB N3yyYaeMbix OIOKOMMO3UTOB, B
YaCTHOCTM NX aHTUMUKPOOHOWM aKTUBHOCTU, KOTO-
pas TakXe ABNAETCA CefCTBMEM CMHEPreTUYecKo-
ro a¢pdpeKkTa KOMMNOHEHTOB BUOKOMMO3UTA, KaXKAblIiA
13 KOTOPbIX NPOABNAAET NOLOOHYI0 aKTUBHOCTb.

WNHTepecHO, 4TO NonyyeHHble N NccnefoBaH-
Hble MaTepuasnbl TakKe UMEIOT 3HaUNTEeNbHYIO aK-
TUBHOCTb MPOTUB PAKOBbIX KNETOK, KOTopasa noa-
TBEpPeHa B JaHHOW paboTe B in vitro skcnepumeH-
Tax ¢ KneTkamu HT-29 1 HepG2. Mpwu 3TOM Hanbonee
BbICOKYI0 3P dEKTUBHOCTb (U OTCYTCTBUE FreMONNTU-
YyecKol akTMBHOCTM) NPOAEMOHCTPUPOBANN NNLLb
KOMMO3WTbI, UMeloLLe B cocTaBe 6ronofobHble -
nuaHble Gucnown.

[2] Gorshkova, Y., et al. Nanomaterials 2021, 11, 1811. https://doi.org/10.3390/nano11071811



Biosensing: ultrasensitive

detection of organic molecules

The development of biosensing techniques to
overcome the problem of unreliable detection of di-
verse bioorganic molecules at ultralow concentra-
tions is an urgent objective of specialists. Discovery
of surface-enhanced Raman scattering (SERS) has
paved a way to detection of essential organic mol-
ecules from solutions at concentrations attributed
to single molecules, i.e. below 10™ M. A special in-
terest of SERS-spectroscopy has been paid to the
detection and study of bioorganic macromolecules,
in particular, to proteins that possess antiseptic
properties, as they are prospective in the develop-
ment of nanomaterials for the prevention and ther-
apy of bacteria/virus-induced diseases. The success-

Fig. 1
Sketch of the analyte

ful combination of a highly sensitive Raman mi-
crospectrometer “CARS” at FLNP with SERS-active
substrates developed at BSUIR (Belarus), made it
possible to register SERS spectra of bioorganic mol-
ecules adsorbed on a silvered porous silicon (por-
Si) from 10°-10" M solutions.

Lactoferrin is a non-heme mammalian iron-
binding glycoprotein, belonging to the transferrin
family. In addition to the iron transport, lactoferrin
modulates immune responses, has antioxidant ac-
tivity and anti-inflammatory properties, and partic-
ipates in the regulation of cell growth and differen-
tiation. Recently, it was reported that exogenous
lactoferrin can affect the rate of tumor cells growth.

molecules graphene
protection.

Puc. 1

DCKM3 3aLLMUTHOTO
nencreua rpadeHa Ha
MOJIeKy bl aHaNnTa.

Ag on porous silicon

buoceHcopuKa:

Lactaferrin

0% m

YJIbTPauyBCTBUTEIbHOE OBHAaPY>XEeHNE MOJIeKY/l

PaspaboTka MeTogoB 6UOCEHCOPUKM AN Ha-
LEXHOro oOHapyXeHus pasnmyHbIX GrioopraHuye-
CKUX MOJIEKYJT B CBEPXHU3KMX KOHLIEHTPALMAX ABNSA-
eTCA akTyanbHoW 3agaven nccnegosatenen. OTKpbl-
TWe TUFAHTCKOTO KOMOMHALMOHHOIO paccesaHuns
(TKP) nponouno nyTb K 06HapyKeHMI0 XKNU3HEHHO
BaXKHbIX OPraHMYecKUX MONEKYN U3 PacTBOPOB B
KOHLIEHTPAUMsIX, COOTHOCALINXCA C eAUHNYHBbIMUA
monekynamu, T.e. Huxe 10™ M. Oco6oe BHUMaHMe
B [KP-cnekTpockonum ygenaeTca oGHapyXeHuio 1
N3yyeHuto GMOOPraHMYecKNX MaKpPOMONEeKysn, B
YacTHOCTM 6enKoB, obnajalwWwmx aHTUCenTuye-
CKMMW CBONCTBAMU, MOCKOSIbKY OHM MePCeKTVBHbI
npu pa3paboTke HaHOMaTepuanoB AndA Npodunak-
TUKM 1 Tepanuu 3aboneBaHnin, Bbi3BaHHbIX OaKTe-
puaMn/Brupycamn. YcnewHoe coyeTaHne BbICOKO-
YyBCTBUTENIbHOIO PaMaHOBCKOIrO MUKPOCHEKTPO-

meTpa «KAPC» B JIHO ¢ TKP-akTUBHBIMWU NOANOX-
Kamu, paspaboTaHHbimu B BI'YUP (Benapycs), nos-
BONWUSIO pernctpupoBaTtb [KP-cnekTpbl 6MoopraHu-
YecKnx MonieKyn, afcopbupoBaHHbIX Ha nocepeb-
PEHHOM MOPMCTOM KpeMHMu (por-Si) n3 pacTBOpoB
C KOHLeHTpaumamn 10°-10" M.

JNlakTodpeppurH npeactaBnseT cobon Heremo-
BbIl Xene30CBA3bIBAOWMIA FMINKONPOTENH MIEKO-
nUTalLWnX, NPUHaanexawmn K CeMmencTBy TpaHc-
beppurHOB. NToMUMO TpaHCcNopTa Xenesa, NakTo-
beppuH MogynpyeT MMMYHHble OTBeTbI, 0bnagaeT
AHTUOKCUIAHTHON aKTUBHOCTbIO U MPOTUBOBOCHA-
NNTENbHBIMY CBONCTBAMY, @ TaKXKe YUYacTBYeT B pe-
rynaymm pocta u andpdepeHUMpoBKM Knetok. B
nocnegHee Bpems OblIO BbIABAEHO, YTO SK30reH-
HbIl NakKTopepPPUH MOXKET BAUATb Ha CKOPOCTb
poCTa onyxoneBbIX KNeTok. Takum 06pa3om, MOHU-

[1] Zavatski S., et al., Biosensors 2019, DOI: 10.3390/bios9010034



Monitoring the changes of the amount of this pro-
tein at submolar level in liquids is thus of great in-
terest to research areas related to biomedicine, as
well as to the life sciences in general. The ultrahigh
sensitivity in the registration of the SERS spectra of
lactoferrin at very low concentrations of 10" M was
indeed achieved using the beneficial cooperative
effect from the SERS-active substrates based on a
silvered por-Si and the protection of the analyte
molecules with graphene (Fig. 1) [1].

Further, Raman-imaging of the single TNB mol-
ecule was demonstrated with the SERS-active silver
dendrites kept in the attomolar DTNB solution,
which is a vital compound for chemical and bio-
medical analysis. 3D dendritic substrates exhibit an
extremely developed morphology that possesses
much more hot spots compared to the 2D NPs. A

great number of the hot spots is extremely impor-
tant for a practical implementation of the SERS-ac-
tive substrates because this will provide the SERS
activity even in case of relatively low laser power in-
cluding portable instrumentation. In contrast to
generally accepted belief about adsorption of only
uniform monomolecular TNB layer on surface of sil-
ver nanostructures, it was shown the coating con-
stituted of TNB layer and DTNB nanoclusters on the
dendrites’surface at 10°-10" M concentrations [2].
DTNB concentrations below 10™ M resulted in ad-
sorption of TNB molecules in separated spots on the
surface of silver nanostructures. Fig.2 shows SERS
maps of analyte molecules at concentrations of
10™-10"M.

Fig. 2. SERS maps of the (a) DTNB/TNB and (b-d) TNB adsorbed on the silver dendrites from DTNB solutions of (a) 10 M,

(b) 10™ M, (c) 10™ M and (d) 10™ M concentrations.
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Puc. 2. TKP-kapTbl: (a) DTNB/TNB 1 (b—d) TNB ancopburpoBaHHbIX Ha feHapuTax cepebpa n3 pactsopos DTNB
¢ koHUeHTpaLuamm (a) 1072 M, (b) 10™ M, (c) 10™ M and (d) 10™ M.

TOPUHI M3MEHEHWI KONMMYeCcTBa 3TOro 6efika Ha
CyOMONAPHOM YPOBHE B XXUAKOCTAX NpeacTaBnseTt
6onbLON NHTepec AnAa obnacten nccnepoBaHuin,
CBA3aHHbIX C BUOMEeaNLNHON, a TaKXe A/ HayK O
XM3HK B Lenom. CBepxBbicOKan YyBCTBUTENbHOCTb
pernctpaumn FKP-cnekTpoB naktodpeppurHa npu
OYeHb HU3KMX KOHLIeHTpaLwmax 1078 M 6bina goctur-
HyTa 3a cyeT coBmecTHoro a¢dekTa oT NKP-akTuB-
HbIX NOANOXEK Ha OCHOBe NnocepebpeHHOro nopu-
CTOro KPEMHUA U 3alnTbl MONEKYN aHann3npye-
Moro BelecTsa rpapeHom (puc. 1) [1].

Kpome Toro, 6bina npoeMoHCTpupoBaHa pa-
MaHOBCKasn BM3yanu3auna eguHUYHON MONEKYbl
TUoHUTPobeH3omHoM KncnoTbl (TNB) ¢ momoubto
IKP-aKTMBHbIX MOANIOMXEK HAa OCHOBE AeHAPUTOB Ce-
pebpa, cofeprKallmxca B aTTOMONIAPHOM pacTBope
DTNB, KoTopaa ABNAETCA XU3HEHHO Ba)KHbIM CO-
eIHEHNEeM A1 XMMMUYECKOro 1 6UoMeanLIMHCKOro
aHanusa. TpexmepHble feHapUTHbIE CyOCTpaThl fie-

MOHCTPUPYIOT Upe3BbluyaiHO Pa3BuUTyo mopdoso-
1o, B KOTOPOW ropasfo 6osibliue «ropAYnX TOUEK»
MO CPaBHEHWUIO C ABYMEPHbIMU HaHOYaCTULLAMMU.
bonblioe KonMuecTBO «ropAYNX TOUEK» UYpe3Bbl-
YaMHO Ba)HO ANA MPaKTMYeCKOro MpuMeHeHus
IKP-aKTMBHbIX MOANOXEK, MOCKOMbKY 3TO obecne-
ynt NKP-akTUBHOCTb Aae B C/lyyae OTHOCUTESIbHO
HN3KOW MOLLHOCTM fla3epa, BK/oUyaa nopTaTuBHbIe
npunbopbl. B otnnuyme ot 06WEnprMHATOro NOHUMa-
HMA npouecca agcopobuUmn TONbKO OJHOPOLHOIO
MOHOMoseKkynapHoro cioa TNB Ha noBepxHOCTK
cepebpAHbIX HAHOCTPYKTYP NOKa3aHo MoKpbITUE,
cocToAwee 13 cnoa TNB n HaHoknactepos DTNB Ha
MOBEPXHOCTY AEHAPUTOB NP KoHLeHTpauuax DTNB
10°-10" M [2]. KoHueHTpauun DTNB Huxe 10™ M
npvBoauny K ancopbuum monekyn TNB B oTgeneHHbIx
NATHaX Ha NOBEPXHOCTM cepebpPAHbIX HAHOCTPYK-
Typ. Ha puc.2 npeactasnenbl FKP-kapTbl monekyn
aHanuTa Npu KoHueHTpaumax 107 - 1078 M.

[2] Bandarenka H., Arzumanyan G., et al., ChemNanoMat, 2020, DOI: 10.1002/cnma.202000521



Study of the structure

of “live” functioning mitochondria

At FLNP, in collaboration with the A.N. Belozer-
sky Institute of Physical and Chemical Biology (Mos-
cow State University), for the first time, small-angle
neutron scattering (SANS) experiments were con-
ducted on live functioning mitochondria. A mito-
chondrion is a cell organelle found in almost all
eukaryotic organisms. Dysfunction of mitochondria
leads to fatal diseases.

The mitochondrion consists of two mem-
branes that divide its space into three compart-
ments: matrix, intermembrane space and intercris-
tae space (Fig. 1). The inner mitochondrial mem-

Fig. 1
Structure of a mitochondrion.

Puc. 1

CTpoeHvie MUTOXOHAPUN.

brane consists of 80% proteins and 20% lipids. This
membrane has a large area and forms numerous
folds called cristae. The SANS method allows one to
easily change the sample environment, such as
buffer composition, active additives that affect mi-
tochondrial function, and temperature.

It was shown that under certain conditions the
inner mitochondrial membrane forms ordered
structures with a fixed distance between the mem-
branes. Under normal (isotonic) conditions, the
cristae of rat liver mitochondria have a “bag-like”
shape, no ordering is observed. However, when the

intracrista space

outer membrane

intermembrane space

matrix

crista

inner membrane

NccnegoBaHMe CTPYKTYPbI «XKUBbIX» MUTOXOHOPUA

B JIH® coBmecTHO ¢ MIHCTUTYTOM PU3NKO-XU-
Muryeckom 6uonorum um. A.H. benosepckoro (Moc-
KOBCKUI roCyAapCTBEHHDbIN YHNBEPCMTET) BNepBble
6bINn NpoBefeHbl SKCNEePUMEHTbI MO ManoyrnoBo-
My pacceaHno HeNTPoHOB (MYPH) Ha XnBbIX GYHK-
LUMOHMPYIOLWNX MUTOXOHAPUAX. MuTOXOHAPUA —
KNieTOuHasA opraHenna, Np1cyTCTBYIOLAA NpaKkTnye-
CKM BO BCEX 3yKapuOTUYeCKMx opraHuamax. Hapy-
LeHWs B paboTe MUTOXOHZPUI NPUBOAAT K dpaTasb-
HbIM 3a60neBaHNAM.

MwutoxoHapua obpa3oBaHa AByMA Membpa-
HamWu, KOTOPble Pa3rpaHNYMBaIOT €€ MPOCTPAHCTBO
Ha TP KOMMapTMEeHTa: MaTpuLa, MeXXMeMOpPaHHOe
NPOCTPAHCTBO U BHYTPUKPUCTHOE MPOCTPAHCTBO
(puc. 1). BHyTpeHHAA MUTOXOHAPMWANbHAA MEM-

6paHa Ha 80% cocTouT 13 6enkoB 1 Ha 20% un3 nu-
nnaoB. OTa MeMOpaHa UmeeT 6oNbLUYIO NoLWaab,
no3Tomy obpasyeT MHOMO CK/afoK, KOTOpble Ha3bl-
BatoTcA Kpuctamu. Metog MYPH no3Bonsaet nerko
MEHATb YCJIOBUS Cpefbl, Takne Kak cocTaB bydepa,
aKTMBHble f06aBKY, BNMALLWME HA GYHKLUN MUTO-
XOHIPWIA, a TaKXKe TeMnepaTypy.

bbIno NoKasaHo, uTO B onpeaeneHHbIX yco-
BMAX BHYTPEHHSA MUTOXOHAPUaNbHas MembpaHa
dbopmupyeT ynopsagoUeHHble CTPYKTYpPbI C GUKCU-
POBaHHbIM PacCTOAHMEM MeXay MembpaHamu. B
HOPMasbHbIX (M30TOHNYECKNX) YCIIOBUAX KPUCTbI
MUTOXOHAPUN MEUYEHUN KPbICbl UMEIOT «MELLIKOOO-
pa3Hyio» GopmMy, ynopaaoveHns He HabnogaeTcs.
OfHako npuv HabyxaHuy MaTpubl (NyTem nometye-

[1] Murugova, T. N, et al. Neutron News 22 (2011). DOI: 10.1080/10448632.2011.598800



matrix swells (when placing mitochondria in a hy-
potonic medium), mitochondrial cristae form dou-
ble-membrane structures with a fixed distance
between the membranes (Fig. 2a) [1]. It should be
noted that under these conditions, mitochondria
produce energy more efficiently, respiratory proton
pumps and ATP synthetase work as a single mem-
brane enzymatic complex. Apparently, the reorga-
nization of the structure of the cristae is interrelated
with the structural organization of the entire system
of oxidative phosphorylation of mitochondria [2, 3].

In contrast to liver mitochondria, heart mito-
chondria already have highly ordered cristae under
normal conditions (Fig. 2b). Obviously, this is due to
the high energy demand of the heart tissue and, as

a consequence, a high load on the mitochondria. As
conditions change from normal to hypotonic,
changes occur in the packing of cristae. The analysis
of the data suggests the possibility of two variants
of packing of the inner membrane: the formation of
an inverted hexagonal phase by the membrane
(Fig. 2c) or the formation of a multilamellar structure
with two characteristic distances (Fig. 2d) [1].

The existence of two structural (and func-
tional) states of mitochondria studied in this work
opens up new possibilities for the search for mi-
totropic drugs that selectively interact with such
structures that can occur in vivo during swelling of
mitochondria, which is often observed in certain
diseases and under stress.

Fig. 2. Structure of a liver mitochondrial crista under conditions of (a) matrix swelling (hypotonic conditions),
and heart mitochondrial cristae in (b) normal (isotonic) conditions and (c, d) hypotonic conditions.

Puc. 2. CTpoeHrie KpUCTbl MUTOXOHAPWM NeYeH B yCIOBUAX (a) HabyxaHrsa MaTpuLbl (MTMAOTOHNYECKMX YCIIOBMAX)
N KPUCTbI MUTOXOHAPUIA cepAaLa B (b) HOpManbHbIX (M30TOHMYECKIMX) YCNoBUAX U (C, d) TMMNOTOHNYECKMX YCTOBUAX.

HUA MUTOXOHAPWI B FTMMOTOHMYECKYIO cpefly) Kpu-
CTbl MUTOXOHZPUI GOPMUPYIOT ABYXMeMOpaHHble
CTPYKTYpPbl C PUKCMPOBAHHBIM PACCTOAHEM MEXIY
MembpaHamu (puc. 2a) [1]. CTouT OTMEeTUTb, YTO B
3TVX YCIOBUAX MUTOXOHAPUN BblpabaTbiBatoT SHep-
ruio 6onee 3dpHEKTUBHO, fibIxaTeNIbHble MPOTOHHbIE
nomnbl 1 ATO-cuHTeTa3a paboTatoT Kak eAnHbIN MeM-
6paHHbIN GepMeHTATUBHbIN KOMMeKC. Bugmmo, pe-
opraHu3aumsa CTPYKTYpPbl KPUCT B3aMOCBA3aHa Co
CTPYKTYPHOW OpraHu3aLmei Bcem cnctembl OKACIN-
TefibHOro GpochopunnpoBaHUa MUTOXOHAPWIA [2, 3].

B oTnnuve oT MUTOXOHAPWIA MEeYeHU, MUTO-
XOHAPWW ceppua yXe B HOpMasbHbIX YCIOBUAX
MMEIOT BblCOKOYNOpPALOUYEHHbIe KpUCTbI (purc. 2b).
OueBKHO, 3TO CBA3AHO C BbICOKOW dHepreTnye-
CKOW NOTPebHOCTbIO cepaeyHON TKaHW 1, cnefoBsa-
TeNIbHO, BbICOKOW Harpy3Kom Ha MuToxoHapuu. Mpu

nepexofe K rmnoToOHNYEeCKUM YCITOBUAM MPOKCXO-
OAT U3MeHeHMA B yNakoBKe KpUCT. MIHTepnpeTauua
[aHHbIX TOBOPUT O BO3MOXHOCTY [1BYX BapMaHTOB
YNaKOBKU BHyTPeHHeln membpaHbl: popmrpoBaHme
MeMOpPaHO MHBEPTUPOBAHHOW reKcaroHaslbHOM
das3bl (puc. 2c) nu obpaszosaHme MynbTUNAMENNAP-
HOW CTPYKTYpPbl C ABYMA XapaKTepHbIMU paccTon-
Huamu (puc. 2d) [1].

CyuiecTBOBaHME uMcCnefoBaHHbIX B paboTe
ABYX CTPYKTYPHbIX (1 GYHKLMOHANbHbBIX) COCTOAHMIN
MUTOXOHZPWI OTKPbIBAET HOBblE BO3MOXHOCTH MO-
MNCKa MUTOTPOMHbIX aKTVBHbIX NpenapaTos, 13bu-
paTenbHO B3anMOLENCTBYIOLMNX C TAKUMU CTPYKTY-
pamu, KoTopble MOFyT BO3HUKATb in vivo npu Haby-
XaHUN MUTOXOHAPWIA, YyacTo Habnogaemom npwu
onpepenieHHbIX 3aboneBaHNAX U NPU CTPECCOBbIX
BO3AENCTBUAX.

[2] Byvshev, I. M., et al. Biophysics 63 (2018). DOI: 10.1134/50006350918040048
[3] Moiseeva, V.S, et al. Biochem. Moscow Suppl. Ser. A 11 (2017). DOI: 10.1134/S1990747817040079



Life Sciences at Frank Laboratory of Neutron Physics

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. MopenbHble ammnongHble ¢I/16pI/IJ'IJ'IbI nn3ourma nop a21eKTPOHHbIM MUKPOCKOMOM
n a,qcop6um;| Ha HUX MAarHUTHbIX HAHOYACTUL, (MarHeTuT).

HaHou4yacTuubl npoTmB aMMNJ1IONOO0B:

nod KOHTPOJIEM HEUTPOHOB

HenTpoHHOe pacceaHre NO3BONAET Ha HaHO-
YPOBHe Npoc/ieAnTb CTPYKTypHble Nnpeobpa3oBa-
HMA BpeAHbIX ANA KMBbIX K/IETOK aMUIOUAHBIX
bnbpwnn npu nx B3aumMogencTBnn C HaHOYacCTu-
uamn. AMMNOMAO3bl — rNaBHaA NpUYMHa CMepTU
nocne cepaeyHo-coCyanCTbIX 1 PakoBblx 3aboneBsa-
HUI. 1o He BbIACHEHHbIM NMOKa NpUYMHam B Oopra-
HM3Me HapyLlaeTca HopMasibHOe CBopaymBaHue 6en-
KOB 1 NenT1aOB, YTO MPUBOAUT K HaKanJnBaHWIO B
pa3HbIX OpraHax 1 TKaHAX BpeaHbIx 06pa3oBaHnin —
amunomngHbix ¢Gmbpunn. MocneaHne okasbiBatoT
TOKCMYECKoe JeNCTBME Ha OKpYyXKalolme KneTku,
BbI3bIBaA pAL 3aboneBaHUN, B YaCTHOCTU 6one3Hn
Anburemepa u MapKrHcoHa. Mpn Kaxkgom 3abone-
BaHWVM HapyLlaeTcsa CBepTbiBaHWE pa3NnyHbIx ben-

KoB, HO ob6pa3syemble npu 3Tom GUbpUbl UMeLoT
obLyto CTPYKTYpy 1 cBorcTBa. [Npu Bbibope nep-
CNeKTUBHOW CcTpaTernu AnsA neyeHns aMmiorngo3oB
B MocsiefHve roabl BCe Yalle obpallaloT BHUMaHue
Ha HePOMPOTEKTOPHbIe CBOMCTBA HaHOYacTuL, (C
pa3mepom B granasoHe 1-100 HM) 1 NX aHTUaAMU-
NOUAHYIO aKTVBHOCTb.

B 3aBMcumocTu oT pa3mepa, 3apaga, Gopmbl 1
CoCTaBa HaHOYacTMLbl MOTYT MO-pa3HOMY BNMATb
Ha amunongHyto dubpunnauuio. B sTon ceA3m Bax-
HOW 3ajlayel CTaHOBMWTCA U3yYeHne CTPYKTYPHbIX
npeobpasoBaHni NPy B3aNMOLENCTBMM HaHOYa-
cTnY C amunongHbiMm dpubpunnamu. JaHHoW npo-
6nemoiw akTMBHO 3aHMMatoTca B JIHO OVAN. Hawa
paboTa npecnegyet ABe LeNn: Mbl OLLeHMBaeM aH-

2/ [ Majorosova J, et al. Coll. Surf. B 146 (2016) 794-800 DOI: 10.1016/j.colsurfb.2016.07.024



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. For this purpose, the sci-
entists used a combination of several biophysical
and biochemical techniques, including small-angle
neutron scattering, as well as previous results of
joint investigations performed together with the re-
search teams of Peter Kopc¢ansky from the Institute
of Experimental Physics of the Slovak Academy of
Sciences (IEP SAS) and Leonid A. Bulavin 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 related either
to particles or to amyloid fibrils, which makes it pos-
sible to accurately determine changes in the struc-
ture of the solution when the concentration of
nanoparticles and other conditions vary. “Our work
demonstrates how important scattering techniques
are for studying the formation and growth of amy-
loid aggregates as well as their destruction. Our ex-
perimental data provide valuable information on
the molecular mechanism by which nanoparticles
are able to disassemble unwanted amyloid aggre-
gates. Therefore, they can be used to design nano-
sized materials with a potent anti-amyloid effect”,
summed up Andrey Musatov, a researcher 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. Vi3meHeHnA B MofieNbHbIX aMUNIONHbBIX PacTBOPaX N130LMMa U MHCYIMHA Npu fobaBneHun GyniepeHos
no pe3ynbTaTtam CTPYKTYPHbIX NCCIieAoBaHNi, B TOM yncine metogamv MYPH n ACM.

TUAMUIONAHYI aKTUBHOCTb BOAHbIX PacTBOPOB
pa3nuyHbIX HaHoYacTuL (GynnepeHoB, MarHUTHbIX
MEeTaN/IMYeCKMX YacTuL, B KOMIMIEKCax C NOBepX-
HOCTHO-aKTVBHbIMW BeLLeCTBaMU 1 NOIMepPaMM,
BKJIOYAA NeNTubl) U aHaNM3Mpyem MexaH13m pas-
60pKM amunonga. ITO KIYEBble MOMEHTbI AN
JanbHeNLIEero ycnewHoro NCcnosib30BaHmNA HaHOYa-
CTUL B NleyeHnn 3aboneBaHnii, CBA3AHHbIX C aMu-
noungosamu. Hapsagy ¢ pasnnyHbeimmn 6rodursmyec-
KUMU 1 BUOXMMNYECKUMU METOLAMYU aKTUBHO UC-
MoJib3yeTCA MasioyrnoBoe pacceaHne HEMTPOHOB U
PEHTIEHOBCKMX JyUel, NPUMEHAA HapaboTKu npe-
OblAYLLNX COBMECTHbIX NCCNIe[OBAHNI C FpynnamMum
MNeTtepa KonuaHckoro n3 NHCTUTyTa aKCneprmeH-
TanbHou ¢usnkm CnosaLkom akagemum Hayk (MO
CAH) n NleoHunpa bynaBnHa 13 Knesckoro Hauumo-
HanbHOro yHuBepcuTeTa uM. Tapaca LesueHko. lNo-
nob6paB cneumanbHbiM 06pa3om yCsioBMA dKCne-

PUMEHTA, B YaCTHOCTM KOHTPACT MeXay pacTBopu-
TefeM U HaHoYacTULAMK, Y4yeHble JoOMBatoTCH,
yTOObI CMrHaN OT PacCeAHUss HEMTPOHOB OblN CBA-
3aH NM60 ¢ YacTiuamm, NMbo C amunonaHbIMmn Gpro-
punnamy, 4to MO3BONAET TOYHO oOnpepenstb
N3MEHeHUs B CTPYKTYpPe pacTBOPa NP U3MEHEHMM
KOHLUEHTPAUMM HaHOYaCTUL, 1 APYrux YCOBUNA.
«Hawa paboTa MoKasblBaeT, HACKONIbKO BaXKHYHO
poJib UTPaOT METOAbI paccesHNA NPU NccnefoBa-
HUW pa3pacTaHna aMUITOUAHbBIX CKOMAEHWI 1 pa3-
pyweHus ¢ubpunn. [aHHble 3KCNEPUMEHTOB
NpencTaBnsaioT LeHHble CBEAEHMA O MOSIEKYSIAPHOM
MEXaHU3Me pa3pyLleHnsa BPeLHbIX aMUTOULHbIX
bnbpUN 1 NO3TOMY NCMOSb3YTCA NPU CO3AaHUN
HaHOPa3MepHbIX MaTEPUANIOB C AHTUAMUIOULHBIM
adpdekTom», — npodeccop AHppen MycatoB 13
6uodusnyeckoro 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



Photoaging and biomarker of NETosis

Over the past few years, Raman spectroscopy
has become a powerful diagnostic tool in the life
sciences. The present research activities are devoted
to the application of Raman microspectroscopy for
distinction of neutrophils transformed during NE-
Tosis and the quantitative determination of the
level of their transformation based on the analysis
of the neutrophil Raman spectra.

Kinetic analysis with highly sensitive vibra-
tional spectroscopy applied for this study at FLNP,
revealed in the low-frequency range of the neu-
trophil cells Raman spectrum the growth of the cit-
rulline peak within 30-40 minutes after the begin-
ning of the inflammatory process, which can be

10000

Fig. 1
Low-frequency region of Raman spectra of

neutrophils: citrulline line evolution (growth)
indicating the pre-activation of NETosis.
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HuzkouacTtoTHas obnactb KP-cnekTpa
HeTpodrnoB: 3BooLMA (POCT)
WNHTEHCMBHOCTU JINHUW LNTPYNNHA,
yKa3blBaloLLlasA Ha NpeaakTnBaLmio
HeTo3a.
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classified as an early diagnosis of NETosis (Fig. 1) [1].
Because the peak with the Raman shift of ~170 cm”
is practically absent in inactivated neutrophils and
increases significantly after activation, one can as-
sume that it is associated with the accumulation of
citrulline in the cell, the spectrum of which also has
a characteristic peak around 170 cm™. Normally, cit-
rulline is practically absent in human cells because
it is not one of the 20 basic amino acids from which
the proteins of our body are built. However, it is
known that during NETosis, citrulline could be pro-
duced by transformation of histones.

Neutrophils are the most common human
blood leukocytes, which are the most important

Citrulline line evolution during neutrophil transformation
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doTocTapeHue n buomMapkep HeTosa

3a nocnefHne HeCKONbKO JIET CMEeKTPOCKONMA
KOMOVHALMOHHOrO/PaMaHOBCKOIO PaccesiHUA CTana
MOLLHbIM ANArHOCTUYECKMM MHCTPYMEHTOM B Hay-
Kax O Xu3HW. HacToAwme HayyHO-ncCneqoBaTesb-
cKure paboTbl NOCBSALLEHbI MPUMEHEHMIO PaMaHOB-
CKOWM MUKPOCMEKTPOCKONUM AN Pacno3HaBaHUA
HenTPodUNOB, TPAaHCHOPMMUPOBAHHDBIX MNP HETO3E, a
TaKXe KONMYyeCTBEHHOMY ONpeAeneHNI0 YPOBHSA UX
TpaHCcPOpMaL MM Ha OCHOBE aHanM3a CrNeKTpoB
KOMOUHaLMOoHHOro paccesaHus (KP) Hentpodunos.

KnHeTrnyeckui aHanms c MCNosib30BaHNEM Bbl-
COKOYYBCTBUTENbHOW KoslebaTeNIbHON CMEeKTPOCKO-
nuu, NPYMeHAEMbIV ANA JaHHOMO NCCeloBaHNA B
JIHO, no3Bonun BbIABUTb B HU3KOYACTOTHOM AUa-
nasoHe crnekTpa KOMOMHALMOHHOTO pacceaHus
HeNTPODUIbHBIX KNETOK POCT MYKa LUTPYIMHA B
TeyeHne 30-40 MMHYT NOC/e Havana BoCnannTesb-

HOro npouecca, KOTOPbIN MOXHO Knaccuduumpo-
BaTb KaK pPaHHIO AMArHOCTMKY HeTo3a (puc. 1) [1].
MOoCKOMbKY MK C paMaHOBCKUM cABUrOM ~ 170 cm™
NPaKkTUYeCKN OTCYTCTBYET Yy MHAKTUBUPOBAHHbIX
HenTPOGUIIOB 1 3HAUUTENBHO YBENMUMBAETCA NOCe
aKTUBALMIN, MOXHO NPeanofioxKNTb, YTO OH CBA3aH
C HaKoMieHnem UNTPYIHA B KIETKe, B CNeKTpe
KOTOPOW TakXe MPUCYTCTBYET XapaKTepHbIN MK
okono 170 cm™. LinTpynnuH oTcyTCTBYeT B KneTkax
yesioBeKa, MOCKOJbKY OH He BXoauT B uncso 20 oc-
HOBHbIX aMUHOKMWCIOT, M3 KOTOPbIX MOCTPOEHbDI
6enKkun Hawero opraHm3ama. OfHAKO U3BECTHO, YTO
BO BpemsA npouecca HeTo3a UUTPYIMH MOXKET Bbl-
pabaTbiBaTbCA NyTemM TpaHCGOPMaLMY TMCTOHOB.
Hentpodunbl asnsTca Hanbonee pacnpo-
CTPaHEeHHbIMW NleKoUMTaMN KPOBW YenoBeKka U
BAXKHOW YacTblo BPOXKAEHHOTO UMMYHUTETa, 06ec-

[1] Arzumanyan G.M,, et al., JRS, 2020, DOI: 10.1002/jrs.5844



part of the innate immunity and carry out a fast re-
sponse to microbial invasion. NETosis is a process of
the programmed neutrophil cell death which differs
from apoptosis or necrosis. Apart from the role in
the first line defense within the innate immune sys-
tem, the dysregulation of NETosis appears to be in-
volved in the pathology of various diseases such as
rheumatoid arthritis, systemic lupus erythematosus,
psoriasis, thrombosis, atherosclerosis, and cancer.
The activation mechanisms and underlying cas-
cades of NETosis depend highly on the particular
stimulus. Neutrophil Extracellular Traps (NETs) are
produced by neutrophilic granulocytes and consist
of decondensed chromatin decorated with antimi-
crobial peptides. They defend the organism against

Fig. 2
UV(A) light-induced formation of NETSs.

Puc. 2

O6pa3oBaHue HeTPOPUIbHBIX
BHEKJIETOYHbIX noByLuek (BHJ1)
nog so3genictauem YO(A) nsnyuyeHums.

neunBas ObICTPYIO peaKkLyto Ha MUKPOOHYIO NHBa-
3ut0. HeTo3 — 3T0 Npouecc 3anporpaMmMmnMpoBaHHON
rméenu HeMTPOPUNIbHBIX KNETOK, OTANYAIOLWNIACA OT
anomnTo3a unm Hekpo3a. Kpome ponv nepson AnH1m
3alWMTbl BO BPOXKAEHHOW UMMYHHOW CUCTEME, Ha-
pylweHune perynauum HeTo3a, No-BUaANMOMY, CBA-
3aHO C NaToNIOrMel PasNNyHbIX 3a60NeBaHN, TAKNX
KaK peBMaToOMAHbIA apTpUT, CUCTEMHAA KpacHas
BOJTYaHKa, MCopuas, TPoM603, aTepoCcKepos 1 pak.
MexaHn3Mbl akTMBaLUKM 1 Niexaline B OCHOBE Kac-
KaZHble NpoLecChbl HeTo3a CUSIbHO 3aBUCAT OT KOH-
KpeTHOro ctumyna. HemtpodunbHble BHEKIETOYHbIE
nosywku (HBJ1) BblpabaTtbiBatoTca HenTpodusnb-
HbIMW FPaHyNoOLNTaMM N COCTOAT U3 AEKOHAEHCU-
POBaHHOIO XPOMaTKHA, AEKOPUPOBAHHOIO aHTU-
MUKPOOHbIMU NenTugamu. OHY 3alyuMLialoT opra-
HU3M OT YY>KEPOZHbIX TEN 1 BbICBOOOXKAAOTCA B

intruders and are released upon various stimuli in-
cluding pathogens, mediators of inflammation,
chemical triggers, ultraviolet (UV) radiation and oth-
ers. As for the latter, it's well known that prolonged
exposure of the skin to UV light leads to its damage
and loss of protective properties. Many cells of the
immune system, including neutrophils, are involved
in the photoaging process. The presence of neu-
trophils in the skin exposed to UV irradiation is
known; however, the mechanism of neutrophil ac-
tivity at these conditions remains unclear and cur-
rently poorly studied. Thus, this is another goal of
this project currently being in a progress at FLNP by
the use of immunofluorescent microscopy (Fig. 2)
combined with Raman microspectroscopy.

NPUCYTCTBMM PA3fINYHbIX BO3OyuTeNeln, BKYas
naToreHbl, MeanaTopbl BOCNANEHNA, XUMMYecKkmne
Tpurrepsol, ynbtpapuonetosoe (YO) nsnyyeHue un
Apyrue. Yto Kacaetca nocniegHero, To XOpoLo 13-
BECTHO, UTO AnuTensbHoe Bo3gerictere YO-usnyye-
HUA Ha KOXKY MPUBOAMT K €€ MOBPEXKAEHNIO 1 NoTe-
pe 3alWMTHbIX CBOMNCTB. MHOrMe KneTku UMMYHHOM
CMCTEeMbI, BKITIOYasA HENTPOPUIIbI, y4acTBYHOT B NPO-
uecce potoctapeHus. I3BeCTHO O HANNYNN B KOXKe
HenTpodunos, nogsepriumxcs YO-ob6nyyeHuto; oa-
HaKO MeXaHU3M VX aKTUBaL MK B TaKUX YCITOBMAX
OCTaeTCA HeACHbIM M B HaCTOsILLEE BPEMS MaJsIOn3-
yuyeHHbIM. TakM 06pa3om, 3TO eLle OfHa Lesb AaH-
HOro MNpoeKTa, KOTOPbIl B HacTosAllee BPeMs
peanusyetca B JIHO ¢ ncnonb3oBaHuem MMMyHOd-
NyopecLeHTHOM MUKpocKonuuy (puc. 2) B coyeTa-
HUM C PaMaHOBCKOWM MUKPOCNEKTPOCKOMUEN.



Neutron technologies for carbon test sites

The monitoring of soil organic carbon (SOC)
content is one of the major challenges in the global
climate change mitigation policy, as well as in the
development and implementation of measures
aimed at reducing greenhouse gas emissions. The
task of developing new technologies for industrial
agriculture that would be adapted to region-spe-
cific conditions and at the same time provide an in-
crease in the possibilities for carbon sequestration
in soils and its efficency, implies a new level of re-
finement and updating of SOC data.

The existing methods of analysis involve
mainly field sampling and measurements in labora-
tory conditions. The advantages of the tagged neu-
tron method (TNM) allowing prompt nondestruc-
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HenTpoHHble TEXHOIOM MK

tive elemental analysis of various substances and
materials (in some cases without removing samples
from their natural environment) are well known and
widely used in security systems, mining industry,
etc. The technique uses 14-MeV neutrons having a
high penetrating power. The use of portable tagged
neutron generators makes it possible to carry out
field measurements without preliminary prepara-
tion of samples under study. In the case of soil
analysis, this can mean on-site field analysis without
the need to extract soil samples from the ground
and transport them to the laboratory (perhaps even
the analysis in motion).

At FLNP, within the framework of the TANGRA
project, experiments were started to determine the

a4 Kap6OHOBbIX NnoJiMr oHoB

MOHUTOPUHT cofepKaHnA OPraHUYECKOro yr-
nepopa (SOC) B nouBax sABNAETCA BaXKHENLLEN 3a4a-
yeln B NpobGnemaTrike robanbHbIX KIMMATUYECKNX
N3MEHEHWI, B BbIPabOTKe 1 peanv3almm Mep, Ha-
npaBneHHbIX Ha COKpaLleHne BbIOPOCOB NapHMKO-
BbIX ra30B. 3afaya pPa3paboTKy HOBbIX TEXHONOT N
arpovHAYCTPUN, aAanTUPOBAHHbBIX K YCJIOBUAM KOH-
KPEeTHOro pervoHa 1 obecneynBatoLLx ogqHOBpe-
MEHHO YBeNInYeHne CEKBECTPALMOHHOMO NOTeHUMa-
J1a NOYB U MX NPOAYKTUBHOCTU, MPEAnosiaraeT HOBbI
YPOBEHb AeTanu3auum 1 06HoBNeHNA faHHbIX 0 SOC.

CywecTBytole MeToAbl aHanu3a npeanona-
ratoT, B OCHOBHOM, 0TOOP 06bEMHbIX NPO6 1 paboTy
B ycsioBUsix labopatopun. MpenmyLyectsa Metoga
MeyeHbIX HenTpoHoB (MMH) B GbicTpom Hepaspy-
WaKuemM 31eMeHTHOM aHaln3e pasfinyHbIX Be-

LecTB 1 MaTepuranos, B page ciyyaeB — 6e3 un3-
BieyeHna obpasLia U3 XxapaKTePHbIX 415 HETO YCIo-
BUI, XOPOLLIO U3BECTHbI U MPUMEHAIOTCA B CUCTEMAX
6e30MacHOCTY, B TOPHOPYAHON NMPOMBILLIEHHOCTA
1 T.N. B MeToge NpMMeHATCA HENTPOHDI C SHep-
rven 14 MaB, obnagatowe 60MbLION NPOHUKAIO-
el cnocobHocTbio. Icnonb3oBaHme NopTaTUBHbBIX
reHepaTopOB MeYeHbIX HEMTPOHOB NO3BOJIAET NPO-
BOAUTb MOJieBble M3MepeHua 6e3 npeaBapuTenb-
HOM  MOArOTOBKM  uMCCnepyemblx  06pasLoB.
MNpuMeHNTENBbHO K aHaNM3y NOYBbI 3TO MOXKET O3Ha-
YyaTb aHanu3 «B nose», 6e3 n3ByieueHna 06 bLEMHON
npo6bl 1 eé TPaHCNOPTUPOBKK B NabopaTopuio.
Bo3moHO, gake B ABMPKEHUN.

B JIHO B npoekTe TANGRA cTapTOBanu sKcrne-
PVIMEHTbI NO onpeaeneHnto NapaMmeTpoB MeToa B



parameters of the method in the task of determin-
ing SOC content and their dependence on the soil
composition, conditions of a particular place, as well
as to select the optimal configuration of the detec-
tor system (detectors based on BGO, Nal, LaBrs,
HPGe, etc.), geometry of the mobile setup.

“Today the problem of environmental and, in
particular, the carbon footprint of products is gain-
ing more and more ‘practical’ significance. Not only
the competitiveness of, for example, our grain, but
also the very possibility of maintaining its place on
the world market will depend on what this footprint
is, whether we are able to confirm the declared val-
ues within the framework of internationally recog-
nized regulations. The problem of efficiency, cov-
erage and detailing of monitoring of the state and

Neutron generator
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Alpha-particles
35MeV:1.3cm/s

Recording of Events (Alpha-Gamma Coincidences)
Time , Tay
Gamma Energy, Ey
Address (ID) of Alpha-Detector Pixel
Address (ID) of Gamma Detector

dynamics of various carbon reservoirs comes to the
fore. Of course, the future, to a large extent, belongs
to remote sensing techniques. But for their devel-
opment today, as well as at least for verification/cal-
ibration of results obtained with their help, it is
extremely important to have mobile/field instru-
ments. In assessing the SOC content, prospects are
pinned on various variants of spectroscopy meth-
ods. And among them, the main expectations are
placed on TNM (analysis of samples of significant
volume and from various depths without extracting
them),”N.D. Durmanov, Deputy Chairman of the Ex-
pert Council on Carbon Balance Technologies under
the Russian Ministry of Science and Higher Educa-
tion.

3agave onpegenenna SOC 1 nx 3aBUCUMOCTN OT CO-
CTaBa MOYBbI, YC/IOBUI KOHKPETHOWM JioKaumu, a
TaK>e Nno BbI6OpY ONTUManbHOM KoHbUrypauum ge-
TEKTUPYIOLLEN CUCTEMbI (OEeTEKTOPbI Ha OCHOBE
BGO, Nal, LaBr3, HPGe, gpyrve), reometpun mo-
O6UNbHON YCTAaHOBKMN.

«CeroHs BONPOC 3KOJIOMMYECKOro 1, B YacT-
HOCTM, «KapOOHOBOrO» Criefla NPOoAYKLMY Nprobpe-
TaeT BCE Oonee «npakTniyeckoe» 3HayeHme. OT Toro,
KaKOB 3TOT c/iefl, CNOCOOHbI I Mbl B paMKax Nnpu-
3HaBaeMbIX Ha MeXJyHapOAHOM YPOBHe perfiaMeH-
TOB MOATBEPAUTb 3asABJIEHHbIE 3HauyeHus, OypeT
3aBUCETb HE TONTIbKO KOHKYPEHTOCNOCOOHOCTD, Ha-
nprMep, HaLEero 3epHa, HO U Cama BO3MOXHOCTb
COXPAHEHMA ero NO3nLUNiN Ha MUPOBbBIX PbIHKaxX. Ha
nepeaHui NiaH BbIxoguT Npobrnema onepaTUBHO-
CTW, OXBaTa 1 AeTann3aunm MOHUTOPKHIA COCTOA-

HUA N OUHAMWUKKN Pa3fINYHbIX pe3epByapoB yrie-
poga. KoHeuHo, 6yayLiee, B 3HaUNTENIbHOW CTEMEHM,
3a metogamu [133. Ho gns nx pa3paboTku cerofHs,
a Takxe, Kak MMHMMYM, ana sepudrkayumn/kanmnod-
POBKM MOMyYaeMblX C UX MOMOLLbIO pe3ynbTaToB
KparHe Ba>KHO MMeTb MOOWIbHble/MoneBble Npu-
60pbl. B oueHke SOC nepcneKkTrBbl CBA3aAHbI C pas-
JINYHBIMUW BapWaHTaMK METOA0B CeKkTpockonuu. U
B 3TOM pAJY OCHOBHble oxugaHna ot MMH — aHa-
nn3 Npobbl 3HaUNTENBHOrO 06bEMa/rNyOnHbI 6e3 eé
«m3BnevyeHna»», — H.[.[ypmaHoB, 3amecTuTesb
npepcepatena JKCNepTHOro coBeTa npu MuHu-
CTepCTBe HayKM 1 Bbicliero obpasosaHuA Poccuii-
ckon Oepepauny No BoNpocam HayyHoro obecne-
YeHUA Pa3BUTUA TEXHONIOTUI KOHTPONA Yrepoa-
Horo 6anaHca.



Assessment of heavy metal
deposition by moss monitoring

The moss biomonitoring method in combina-
tion with analytical nuclear physics and chemical
methods of analysis has been regularly used for the
last 30 years in Western European countries to study
atmospheric deposition of heavy metals, and over
the past 15 years it has become widespread in East-
ern Europe. Within the framework of the interna-
tional program “Atmospheric Deposition of Heavy
Metals in Europe — Assessment Based on Moss
Analysis” under the auspices of the United Nations,
the European Atlas of Atmospheric Deposition of
Heavy Metals is published every 5 years. The aim of
this program is to qualitatively and quantitatively

Fig. 1
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B 2015-2016rT.

characterize the distribution of regional atmos-
pheric depositions in Europe and now in Asia, to
identify the location of important sources of heavy
metal pollution and provide a retrospective picture
of comparison with similar studies repeated every
5 years. Concentrations of heavy metals in mosses
correlate well with atmospheric precipitation, and
the transition to absolute values of heavy metal
concentrations in air through calibration based on
the total amount of precipitation is quite simple.
The choice of mosses for the assessment of atmos-
pheric deposition of heavy metals and other trace
elements is determined by the fact that mosses ef-

OueHKa ocaXkgeHua TsKenbiX MeTas1J10B

MeToA4O0OM MXOB-MOHUTOPOB

MeToa MX0B-6MOMOHUTOPOB, B COYETAHUN C
AnepHO-GU3NYECKMU N XUMUYECKUMM aHANUTYE-
CKUMM MeToJaMy aHanus3a, perynsapHoO UCnosb3y-
eTcA B TeyeHme nocnegHux 30 net B cTpaHax 3a-
nagHon EBponbl ana n3yyeHnsa atMochepHbIX Bbl-
nageHUN TAXKeNbIX META/NIOB, a 3a NocneaHue 15 net
OH Hallen pacnpocTpaHeHne n B CTpaHax Boctou-
Hou EBponbl. B pamkax mexxgyHapogHoM nporpam-
Mbl «ATMOCdEepPHbIe BbiNafeHWA TAXKENbIX METAINIOB
B EBpone — oueHKN Ha OCHOBE aHas3a MX0B-61o-
MOHUTOPOBY C MEPUOANYHOCTbIO B 5 NET NMOA 3rngomn
OOH mn3paetca EBponenckuin atnac aTMocpepHbIx
BblMaAeHUN TAXeNblX MeTannos. Llenb aton npor-
PaMMbl — KaueCTBEHHO 1 KONMYECTBEHHO OXapaKTe-

pv30BaTb pacnpefeneHre pernoHanbHbIX aTMOC-
depHbIX BbiNageHnin B EBpone, a Tenepb 1 B A3nu,
BbIENINTb MECTOMONOXKEHNE BaXKHbIX NCTOYHUKOB
3arpA3HeHNA TAXeNbIMU MeTannaMm 1 faTb PeTpo-
CMEKTUBHYIO KapTUHY CPAaBHEHUA C TaKUMK XKe 1C-
CnefoBaHUAMU, MOBTOPAIOWMMUCA KaXKable 5 NneT.
KoHueHTpaumm Taxenbix MeTasifioB BO MXax XOpPO-
IO KOPPEeNMpYIOT C aTMOCHEPHbBIMU BbIMaAeHNAMY,
a nepexof K abCONMOTHbIM BENYMHAM COLEPXKaHUN
TSXKeNbIX METANINIOB B BO3AYXE Yepe3 KanmbpoBKy
Mo obLiemMy KOnMyecTBy 0CaIKOB 4OCTAaTOYHO MPOCT.
Bbibop Mx0B ANis oLeHKM aTMOChEpPHbIX Bbinage-
HUI TAXeNbIX METANINIOB U APYTMX MUKPO3JIEMEHTOB
onpegensaeTca 1em, Yto Mxm 3PPeKTUBHO KOHLEHT-

[1] Frontasyeva M. et al. Report of the ICP Vegetation Moss Survey Coordination Centre, JINR, ISBN 978-5-9530-0508-1.



fectively concentrate pollutants from the air and
precipitation. Moreover, they do not have a root sys-
tem and, therefore the contribution of sources other
than atmospheric deposition is in most cases lim-
ited. Mosses can be analyzed using a variety of an-
alytical methods.

Since 1995, the Sector of Neutron Activation
Analysis of FLNP JINR has been taking part in the
European program “Atmospheric Deposition of
Heavy Metals in Europe — Assessment Based on
Moss Analysis”. The first contribution to the Atlas for
1995/1996 was the results for the Eastern Carpathi-
ans, Romania. The Atlas for 2015-2016 includes re-
sults for 36 countries, including fifteen JINR Member
States: Azerbaijan, Armenia, Belarus, Bulgaria, Czech
Republic, Georgia, Kazakhstan, Moldova, Mongolia,

Poland, Romania, Russia, Slovakia, Ukraine and Viet-
nam. A total of 5,156 samples of moss biomonitors
were collected (Fig. 1) and analyzed using various
analytical techniques.

At FLNP, neutron activation analysis (NAA) is
used, which allows the determination of up to 45 el-
ements. The elements Cd, Cu, Pb, which are impor-
tant from an environmental point of view, are add-
itionally determined by atomic absorption spec-
trometry.

As anillustration, a map of arsenic distribution
is presented (Fig. 2). High levels of arsenic were ob-
served in southern and eastern countries such as
Tajikistan, northern Turkey, Kazakhstan, Mongolia,
Armenia, northern Greece, Azerbaijan and Romania.

-3

Fig. 2

Map of arsenic distribution from the
report for 2015-2016.

Puc. 2

KapTa pacnpegeneHuna cogepxaHua
MbilWbsAKa 13 oTyeTa 2015-2016 rT.
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pUpYIOT 3arpAsHAoLWMe BelecTBa U3 BO3ayxa U
ocagKoB. bonee TOro, OHV He UMEKOT KOPHEBOW CUCTe-
Mbl U, CefoBaTefIbHO, BKNag APYrMxX NCTOUYHUKOB,
Kpome aTMOChepPHbIX BbiMafeHNi, B 60NbLUMHCTBE
criyyaeB orpaHunyeH. AHanm3 mxoB MOXKeT NPOBO-
ANTbCA PA3/INYHbIMU aHANTIUTUYECKUMU METOAAMN.

HaumHasa ¢ 1995 roga ceKTop HEMTPOHHOTO aK-
TMBaAUWOHHOro aHanusa JIHO OUAN npuHumaeT
yyacTue B EBponenckon nporpamme «ATmocoep-
Hble BbiNaAeHnA TAXKeNbIX MeTannos B EBpone —
OLIeHKWN Ha OCHOBEe aHanu3a MxoBy. [lepBbim BKNa-
nom B Atnac 1995/1996 roga 6binv pesynbTtaTtbl Mo
BocTouHbim Kapnatam, PymbiHua. B Atnac 2015/
2016 rr. BowWwn pe3ynbTaTbl MO 36 cTpaHaMm, cpeam
KoTopbix 15 cTpaH-yyacTtHUL OUNAN: AsepbangxaH,
ApmeHus, benapycb, bonrapus, BbetHam, [py3us,

KazaxcTtaH, MongoBa, MoHronus, Nonblua, Poccus,
PymbiHua, CnoBakusa, YkpanHa n Yexua. B obuen
CNOXKHOCTY OblNKn cobpaHbl 5156 06pasLOB MXOB-
61noMoHMTOPOB (pUc. 1), aHaNM3 KOTOPbIX MPOBO-
AN PasNYHbIMY aHANTUTUUYECKUMN METOAAMM.

B JIHO pna aHanm3a ncnonb3yoT metog HAA,
KOTOPbI MO3BONIAET ONpPeAenaTb 40 45 snemeHTOB.
BarkHble C 3KONOrnyeckom TOUKM 3pEHA SNTEMEHTDI
Cd, Cu, Pb onpegenatoTca 4ONONHUTENBHO, METO-
LOM aTOMHOV abCOPOLNOHHO CNEKTPOMETPUMN.

B KauecTBe npumepa nprBegeHa KapTa pac-
npegeneHuns Mbllbsaka (puc. 2). Boicokre ypoBHHU
MblllbAKa HAOMOOaNNCh B OMHbIX U BOCTOUHbIX
CTpaHax, Takux Kak TagKuKucrtaH, cesepHasa Typ-
umAa, KaszaxctaH, MoHronma, ApmeHusa, ceBepHas
Mpeumsn, AsepbangxaH n PymbiHMA.



Carbon nanoplatforms

for drug delivery in oncotherapy

Nanomaterials possess unique optical, mag-
netic and electrical properties, which stimulates
their wide research in various fields of science. Of
particular interest is the use of nanomaterials in bio-
medical applications such as molecular imaging, tis-
sue engineering, biosensors and targeted drug
delivery systems. The application of innovative so-
lutions related to targeted drug delivery is very
promising for successful treatment of cancer. The
aim of this project is to design carbon nanocarriers
that can safely and effectively deliver anticancer
agents to diseased tissues.

Cancer is a group of many different diseases in
which some cells grow uncontrollably and spread
to other parts of the body. Cancer is currently one
of the most frequent causes of death in the world.
Commonly used cytostatics cause several toxic side
effects that can be mitigated by using nanocarriers
in cancer treatment. The application of nanoparti-
cles in cancer therapy makes it possible to selec-
tively target the tumor without adversely affecting
the surrounding tissues. What is more, appropriate
manipulations with the size and surface properties
of nanomaterials make it possible to create a system

Fig. 1. Schematic of modification of carbon nanotubes and doxorubicin adsorption.
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Puc. 1. Cxema mogndurKaumm yrnepogHbix HAHOTPY6OK 1 afcopbLmm Ha HYX SOKCOPYBULMHA.

YrnepoaHble HaHon1IaTgopMbl

A9 OCTaBKU JIEKaApPCTB

HaHomatepuanbl 06nagatoT yHKanbHbIMY OM-
TUYECKNMM, MAarHUTHBIMU U SNTIEKTPUYECKMU CBOW-
CTBaMMU, UTO CTUMYNMNPYET NX LUIMPOKOE NCCiefoBa-
HUE B Pa3NMyUHbIX Hay4HbIXx obrnactax. OcobeHHO
VIHTEPECHbIM NPeACcTaBAAeTCA NCNOIb30BaHMe Ha-
HOMaTeprasioB B GUOMEANLNHCKUX MPUSTOXKEHMAX,
TaKMX Kak MONeKynAapHasa BU3yanm3sauus, TKaHeBas
VHXKeHepus, BUOCEHCOPbI 1 CUCTEMbI AAPECHON f0-
CTaBKM NekapcTB. [pMmeHeHne MHHOBALMOHHbIX
peLleHnin, CBA3aHHbIX C afpPeCcHON AOCTAaBKOWN fie-
KapCTB, OYeHb NePCNeKTUBHO A/1A YCNELHOrOo fleye-
HUA OHKONOrMYecknx 3aboneBaHuii. Llenbto HacTos-
LWMX NCCefOBaHUI ABAAETCA CO3AaHne yrnepoa-
HbIX HAHOHOCUTENEN, KOTOPble MOTyT 6€30MacHO 1
3G PeKTUBHO AOCTABNATb NPOTUBOPAKOBbIE areHTbl
K MOpPaeHHbIM TKaHAM.

[1] Chudoba D., et al., Int. J. Mol. Sci.2020, 21, 8230; DOI

Pak — 3710 rpynna pa3nunuHbix 3a60neBaHUN,
MpPU KOTOPbIX HEKOTOPbIe KNEeTKN 6ECKOHTPONBHO
pacTyT 1 pacnpoCTPaHAIOTCA Ha Apyrue yacTu Tena.
CerogHA pak — oOfHa M3 CaMblX YacCTbIX NPUYNH
cmepTu B Mupe. O6bIYHO 1CMosb3yeMble LUTOCTa-
TUKM BbI3bIBAIOT PAL NOOOYHBIX TOKCUYECKUX -
$EeKTOB, KOTOPblE MOXHO YMEHbLUWTb, UCMOJb3ysA
TaK Ha3blBaeMble HAHOHOCUTENM NekapcTs. [pume-
HeHMe HaHoYaCTUL, B Tepanum paka no3BosseT 13-
6upaTeNibHO NOMaZaTh B OMYXOJib 6e3 HEraTUBHOTO
BO3JeNCTBUA Ha OKpYyXxatoLue TKaHn. bonee Toro,
COOTBETCTBYIOLIME MAaHUMYAALUUN C Pa3Mepom U
CBOWCTBaMM NOBEPXHOCTU YaCTUL, MO3BONAIOT CO3-
[aBaTb CUCTEMbI, KOTOPble MOTyT BblCBOOOXAaTb
NEKapPCTBO KOHTPOSIMpyemMbiM 06pa3om. B pamkax
HaCTOALMX NCCNIef0BaHNN NCCNeayoTCa yrnepoa-

:10.3390/ijms21218230



that can release a drug in a controlled way. Within
the framework of the project, carbon nanomaterials
(carbon nanotubes, activated carbon and carbon
fibers) were studied as carriers of the anticancer
drug doxorubicin. These carbon matrices were also
oxidized to optimize the adsorption and release
process compared to pristine carbon nanomaterials.

To describe the properties of nanocarriers, ad-
sorption/desorption mechanisms and interactions
between the anticancer drug and surface of modi-
fied and pristine carbon nanomaterials, experimen-
tal techniques (scanning electron microscopy, trans-
mission electron microscopy, UV-visible spec-
troscopy, Fourier-transform infrared spectroscopy,

Raman spectroscopy, energy-dispersive spectrosco-
py, thermogravimetry, differential scanning calori-
metry, X-rays) and simulation methods (Molecular
dynamics) were used.

Based on the obtained results, it could be con-
cluded that: surface modification increases the ad-
sorption capacity of carbon materials; drug adsorpt-
ion on modified carbon nanomaterials depends on
both the types of adsorbent and adsorbate; the re-
lease process is effective at acidic pH, and at neutral
pH, no release process occurs; the mechanism of ad-
sorption and release processes of the drug from the
hydrophobic surface of carbon nanomaterials can
be determined by using kinetics models.

Fig. 2. SEM images of modified a) carbon nanotubes b) activated carbon

and ¢) carbon fibers with adsorbed doxorubicin.

Puc. 2. V1306paxeHuns co CKaHVPYIOLLEro 3f1eKTPOHHOIo MrKpockona (SEM) mogmdnumpoBaHHbIX
a) yrnepofHbIX HAHOTPYOOK 1 b) aKTVBMPOBAHHOTO YIifl, @ TaKXKe C) YrnepoaHbIX BOJIOKOH
C aaCcopOUpPOBaHHbBIM JOKCOPYOULIVHOM.

Hble HaHOMaTepuanbl (yrnepogHble HaHOTPYOKN,
AKTMBUPOBaHHbIV YTrosb U yriepogHble BOSIOKHa) B
KauecTBe HOCUTENEN NPOTMBOOMYXONIEBOrO Npena-
paTa gokcopybuumHa. Jna ontummsaumm npouecca
afcopobumnm 1 BbICBOOOXKAEHNA NeKapCTBa yriepoa-
Hble HOCUTENN OKUCTIAIOTCS.

[1na onncaHnA CBOMCTB HAHOHOCUTENEN, Mexa-
HU3MOB agcopbumn/gecopbunn 1 B3aumoaencTena
MeXJy MpPOoTMBOOMYXONIEBbIM MpenapaToMm U Mo-
BEPXHOCTbIO HaYabHbIX Y MOAUULIMPOBAHHbIX Y-
NepoAHbIX HAHOYACTUL, UCMONb30BANINCH Pa3NnNy-
Hble 3KCNepUMEHTasbHble MeToAbI (CKaHMpYtoLwan
3NEeKTPOHHaA MUKPOCKOMUA, MPOoCBeUYMBatoLLas
3NeKTPOHHaA M1Kpockonua, YO-Branmasa CnekTpo-
ckonus, nHdpakKpacHaa CNeKTPocKonuA ¢ npeobpa-
30BaHnem Qypbe, CNEKTPOCKONUA KOMOUHALMOH-
HOro pacceAaHMA CBeTa, dHEProaMCrnepCcMoHHan

CneKkTpoCKonusA, TepmorpasumeTpus, guddepeH-
LManbHaa cKaHMpyoLwasa KanopuMeTpusa, peHTre-
HOBCKOe paccefHune) U MeTofbl MoAeNnnpoBaHNA
(MonekynapHasa guHamunka).

Ha ocHoBaHWM Nony4YeHHbIX pe3ynbTaToB No-
KasaHo, yTo: mogmdurKauma NoBepxXHOCTW Nocpea-
CTBOM OKCMZauumn yBenmumBaeT agcopObLNOHHYI0
CNOCOBHOCTb YrNepoaHbIX MaTepManos; apcopoums
nekapctBa Ha MogMOUUMPOBAHHBIX YrNepoaHbIX
HaHOMaTepmasnax 3aBUCUT Kak OT TNa afcopbeHTa,
Tak 1 oT apcopburpytoLLero areHTa; NpoLecc BbICBO-
6oxaeHna sddeKTUBEH B KUCNbIX cpefax, B TO
BpemA Kak B HEMTpasibHOW cpefie OH NoJaBAeTCA.
MexaHun3m npoLeccoB agcopbuum n BbicBoboxae-
HMA NeKapcTBa ¢ rmapodobHON NOBEPXHOCTM yrie-
POAHbIX HAHOYACTUL, MOXHO onpeAenuTb C NOMO-
b0 KMHETMYECKNX MOAENEN.



Vibrational and nonlinear optical bioimaging

A new advanced and highly sensitive ap-
proach of the imaging of protein crystals that is
based on polarization-sensitive coherent anti-Stokes
Raman scattering (P-CARS) has been successfully
developed at FLNP on the base of the laser-scan-
ning microspectrometer “CARS” with fast data ac-
quisition and highly contrast vibrational imaging.
Along with the vibrational imaging, SONICC (sec-
ond order nonlinear imaging of chiral crystals) was
also developed as a contrast imaging technology
for identifying chiral crystals and relies on nonlinear
second harmonic generation (SHG) techniques. In
cooperation with the Moscow Institute of Physics
and Technology and the Institute of Complex Sys-

tems: Structural Biochemistry (ICS-6), Research Cen-
tre Julich, Germany, studies at FLNP were per-
formed with in meso grown bacteriorhodopsin (bR)
crystals (Fig. 1) [1]. High three-dimensional (3D) res-
olution is achieved with two collinearly overlapped
near infrared picosecond beams and a water-im-
mersion objective with a high numerical aperture.

It's worth to mention, that serial crystallogra-
phy at last generation X-ray synchrotron sources
and free electron lasers enabled data collection
with micrometer and even sub-micrometer size
crystals, which have resulted in a remarkable
progress in structural biology. However, imaging of
small crystals, which although is highly demanded,

Fig. 1. Micrograph (a), Raman (b) and P-CARS (c), images of bR crystal.

a) MICROPHOTOGRAPH

b) RAMAN

c) P-CARS

Puc. 1. Busyanusauua kpuctanna 6P: mukpodoTtorpadus (a), pamaHoBckasa cnektpockonus (b), M-KAPC (c).

KonebaTtenbHasa U HEJIMHEMHO-ONTUYecKad

6uoBmsyanumsayms

HoBblli NepcneKkTUBHBLIA N BbICOKOYYBCTBU-
TeNbHbIV NOAXOA K BU3Yyanuv3aLun KpUcTannos 6en-
KOB, OCHOBaHHbI Ha MONAPM3aALUOHHO-YYBCTBU-
TE/IbHOM KOrepeHTHOM aHTUCTOKCOBOM KOMOWHa-
LUMoHHOM pacceaHun ceeTa (M-KAPC), ycnewwHo pas-
paboTaH B JIHD Ha 6a3e na3epHOro CKaHMpYyoLLero
MuKpocrnekTpomeTpa «KAPC» ¢ 6bicTpbiM cOopom
JaHHbIX 1 BbICOKOKOHTPACTHOW KoslebaTenbHOM BU-
3yanusaument. Hapagy ¢ konebatenbHON BU3yanu-
3aumen, Takke Obina pa3paboTaHa MeToanKa Ana
KOHTPACTHOW BM3yanu3aunm XMpasnbHbIX KpUcTan-
JIOB Ha OCHOBEe reHepauuy BTOPOW FapMOHUKMN
(I'Br), nzsecrHasa kak SONICC — HenunHenHasA BM3ya-
N3auusA BTOPOro nopaaKa XmpanbHbIX KPUCTasoB.
NccnepoBaHmA € CNob30BaHMEM Me30-BblpaLleH-
HbIX KpUCTannoB 6akTepropopaoncuHa (6P) (puc. 1)
6b1nu BbinosiHeHbl B JIHO B coTpypHMyecTBe ¢ Moc-

KOBCKUM (U3NKO-TEXHNYECKUM UHCTUTYTOM U UIH-
CTUTYTOM CJIOXKHbIX CUCTEM: CTPYKTYPHON 61oxu-
mum (ICS-6), nccnepgoBatenbCKoro LueHTpa B lOnunxe,
lepmanua [1]. Boicokoe TpexmepHoe (3D) paspelue-
HUe JOCTUraAeTCA 3a CYET ABYX KOJIIIMHEAPHO nepe-
KPbIBAOLMXCA MUKOCEKYHIHBIX NMYyUYKOB GAMKHErO
NHPpPaKpPaCcHOro AranasoHa U BOJHO-MMMEPCUOH-
HOro 06bEKTMNBA C BbICOKOW YMC/IOBOW anepTypo.

CTOWT OTMETUTDb, YTO CEPUINHAA KpUCTannorpa-
dns HAa UCTOUYHNKAX PEHTFEHOBCKOMO CUHXPOTPOH-
HOrO M3NYYeHUA 1 la3epax Ha CBOOOAHbIX SNeKT-
pOHax nocnefHero NOKosIeHMA NO3BoIUA NPOBe-
T cO6Op AaHHbBIX KPUCTANI0B MUKPOMETPOBOIO 1
Jaxe Cy6-M1KPOMETPOBOTO pa3mepa, YTo NPUBENO
K 3HaUUTENIbHOMY MPOrpPeccy B CTPYKTYpPHOW 6ro-
norun. OgHaKo BU3yanu3auma Masbix KpUCTaos,
6ynyum oueHb BOCTpeboBaHHOW, ocTaeTcA Nnpobne-

[1] Arzumanyan G.M,, et al., JACS, 2016, DOI: 10.1021/jacs.6b04464



remains a challenge, especially in the case of mem-
brane protein (MP) crystals. CARS microscopy pro-
vides an advanced nondestructive and label-free
technique with high sensitivity and high lateral spa-
tial resolution capable of spectrally-selective imag-
ing of major types of macromolecules: proteins,
lipids, nucleic acids, etc.

In the last few years, FLNP has also imple-
mented another promising nonlinear imaging proj-
ect SECARS — the combination of surface-enhanced
Raman scattering (SERS) with coherent anti-Stokes
Raman scattering aimed at highly contrast detec-
tion of organic molecules. Since the CARS signal
quadratically increases with the intensity of the
electromagnetic field, an electromagnetic field in a

Fig. 2
Highly-contrast SECARS

resonant micro-image of
TNB/Au-NPs conjugates.

Puc. 2

BblcOKOKOHTpacTHOe
KAPC pe3oHaHcHOe
MUKpPOM306paxeHune
KoHbtoratos TNB/Au-NP.

aum

MO, 0COBEHHO ANA KpUCTanioB MeMOpaHHOro
6enka (Mb). KAPC-mukpockonusa obecneunBaert ne-
pefoBON Hepaspywawwmin 1 6e3MapKePHbIN
MeToA BuM3yanu3aumm C BbICOKOW YYBCTBUTENb-
HOCTbIO 1 BbICOKMM NlaTepasibHbIM MPOCTPAHCTBEH-
HbIM pa3spelleHnem, MNO3BOAAWMWA MonyyaTb
CNeKTpanbHO-CENEKTUBHbIE N306paXKeHNA OCHOB-
HbIX TUMOB MAaKPOMOJEKY: 6ENKOB, MUMULOB, HYK-
NEeNHOBbIX KAC/IOT U T. .

B nocnepHue Heckonbko net B JIHD peanunso-
BaH elle oauH MHOroobeLlallWmin NPOeKT Helu-
HerHon Bm3yanu3saumm FTKAPC — coueTaHue ruraHT-
CKOro KombuHaumoHHoro pacceanus (FKP) ¢ kore-
PEHTHbIM aHTUCTOKCOBbIM paccesHeM CBETa, HaLle-
NEeHHbIN Ha BbICOKOKOHTPACTHYIO perncrpauuto
opraHmyeckux monekysn. Nockonbky KAPC-curHan
KBagpaTUYHO pacTeT C MHTEHCMBHOCTbIO 3M1eKTPO-
MarHUTHOroO Nofs, TO YyCUIeHne 31eKTPOMarHuT-
Horo nona B ycnoBuax [KP moxeT ewe 6onblue

[2] Fabelinsky V.1, et al., JRS, 2019, DOI: 10.1002/jrs.5645

SERS condition can further increase the CARS signal
intensity. The very first experiments on SECARS im-
aging in Russia were realized at FLNP using various
acids (MPBA, TNB) as Raman reporter molecules
(Fig. 2). The laser intensity limits for detecting repro-
ducible SECARS spectra and corresponding high-
contrast imaging were determined [2]. SERS and
SECARS were successfully applied for selective de-
tection of glycated human serum albumin (HSA) —
a potential biomarker in diabetes.

Bioimaging could draw together new research
from across the life sciences showcasing innova-
tions in cell imaging methodologies and image
analysis techniques, and how these are put into
practice.

yBenmunTb nHTeHcnBHocTb KAPC-curHana. Mepeble
B Poccnn akcnepumenTbl no NTKAPC-Busyanusaumm
6binu peannzosaHbl B JIHO ¢ ucnonb3oBaHmeM pas-
nnyHbIx Kucnot (MPBA, TNB) B kauecTBe monekyn-
penopTepos (puc. 2). bbinyu onpegeneHbl Npeaenoi
WHTEHCUBHOCTU Nla3epa AnA oOHapyXeHus BOC-
npounssognmbix [KAPC-cnekTpoB 1 COOTBETCTBY!IO-
LLINX BbICOKOKOHTPACTHBIX n306parkeHunii [2]. TKP
TKAPC 6b1nu ycrnewHo Ncnofib3oBaHbl ANA cenek-
TVUBHOIO OOGHAPYXXEHMA MMNKO3UINPOBAHHOTO Cbl-
BOPOTOYHOro anbbymuHa uyenoBeka (CAY) —
noTeHumnanbHoro 6romapkepa anaberta.

BroBur3yanusauma moxkeT 06beNHUTb HOBbIE
NCCNefoBaHNA 13 Pa3HbiX 06acTel HayK O XXNU3HWU,
AEeMOHCTpUpYoLW e NHHOBALMN B METOA0MOMMAX
BM3yanum3aLumu KNeToK 1 MeTOAax aHanumsa n3obpa-
YKeHUI, a TakXKe Crnocobbl X NPUMEHEHMA Ha NMpak-
TUKe.



Effects of nanoparticles on cognitive abilities

In today’s world, nanoparticles enter the human
body (including workers in numerous industries
dealing with nanoparticles) in small daily doses and
in natural ways (with food and water, as well as with
air). Due to their small size and low solubility, nano-
particles are not recognized by the body's defense
systems, do not undergo chemical decomposition
and are slowly or not at all excreted from the body,
thus posing a potential threat to human health, in-
cluding the health of children exposed to nanopar-
ticles while still in the womb.

The ability of nanoparticles to cross the blood-
brain and placental barriers poses a fundamentally

new task today — the task of studying the potential
danger of the development of previously unknown
defects of the central nervous system and disorders
of the brain, including cognitive dysfunctions in hu-
mans and animals.

For the first time, the effects of silver nanopar-
ticles received from the mother's body during the
prenatal and lactation periods on the offspring
were investigated. The assessment of the presence
or absence of cognitive dysfunctions in young ani-
mals exposed to nanoparticles coming through the
placenta from the mother's body before birth was
carried out according to one of the most commonly

Fig. 1. Examples of movement patterns of animals with different types of behavior in the Morris test:
1 — directional search, 2 — random search, 3 — thigmotaxis (strategy of incapable individuals).

Puc. 1. TMpumepbl TpaekTopuii ABMXKEHUA XNBOTHbIX C Pa3HbIMU TMaMu NoBeeHnsA B Tecte Moppuca:
1 — HanpaBneHHbIV MOUCK, 2 — CNTyYaHbIN MOWCK, 3 — TUTMOTAKCUC (CTpaTerns HecnocobHbIx ocobeit).

BnnaHue HaHouacTuUL Ha KOFHUTUBHDbIE CNOCOBHOCTMU

B coBpeMeHHOM Mrpe HaHOYaCTULbl MOCTY-
MatoT B OpraHn3m yenoBeka (B TOM uncie paboTHU-
KOB MHOTOUMCIEHHbIX MPOV3BOACTB, UMEIOLMX AENO
C HaHOYaCTMLAMM) B MasbIX eXefHEBHbIX J03aX 1
€CTeCTBEHHbIMU NYTAMM (C NULLLEN 1 BOJOMN, a TaKXKe
C BO37yxoMm). BBy nx manoro pasmepa 1 HU3KOM
pPacTBOPMMOCTU HAHOYACTULbI HE pPacrno3HaloTCA
3alWUTHBIMK CUCTEMAaMU OpraHu3ma, He NopjBep-
raloTCA XMMMUYECKOMY Pa3/IOXKEHUIO U MeAJIEHHO
NN BOBCE He BbIBOAATCA U3 OpPraHM3ma, Takum 06-
pa3om npeacTaBnAa NOTEeHUMaNbHY yrpo3y and
3[0POBbA YENOBEKA, B TOM UMCne 1 Afs 300POBbA
[eTen, NoABepraoLWwmnxca SKCNO3nLUN HaHOYaCcTu-
Lamu elle B yTpobe matepu.

Cnoco6HOCTb HAHOYACTHL, K TPEOAOSIEHNIO Fe-
MaTo3HUedanmyeckoro 1 nnaueHTapHoro 6apb-
€pOB CTaBUT CErogHA NPUHLMMNNANbHO HOBYIO 3a-
Jauy — 3afjauy 1M3yyeHuns NnoTeHLanbHOM ONacHo-
CTU Pa3BUTUA HEN3BECTHbIX paHee JedEeKTOB LieHT-
pasnibHOM HEPBHOWN CUCTEMbI 1 HapYyLUEHWI PaboThl
MO3ra, B TOM UMCI1e KOTHUTUBHbIX AUCPYHKLNIA Y ve-
NOBEKa W KNBOTHbIX.

Brnepsble 6bINn MccnefoBaHbl NOCNEACTBUA
BANAHMA HA MOTOMCTBO HaHoYacTuL cepebpa, no-
CTYNUBLUMX U3 OPraH1U3Ma MaTepu B NpeHaTasbHbI
nepvog v nepuof naktauyuu. OLueHKa Hannuma unm
OTCYTCTBUA KOTHUTUBHbIX AUCOYHKUNA Y MONOAbIX
MKUBOTHbIX, 0 POXAEHNA NOABEPrHYTbIX BO34elN-

[1] Zinicovscaia l. et al. J Radioanal Nucl Chem, 2019, 322, 1079-1083, DOI :10.1007/s10967-019-06746-9.



used and reliable behavioral tests for assessing cog-
nitive functions — the Morris water maze. The com-
parison of the cognitive abilities of experimental
young animals exposed to the effect of nanoparti-
cles and control animals showed that in the prena-
tal period the brain regions responsible for the
formation of spatial memory are more vulnerable
to silver nanoparticles than after birth, which can
be explained by the incomplete development of
the blood-brain barrier in the fetus (Fig. 1).

The silver content in different organs (blood,
liver, lungs, kidneys and brain) of female mice and
their offspring was determined by neutron activa-

600 -

Fig. 2
Mass content of silver in the brain of

female mice and their offspring determined
by neutron activation analysis.

400

Puc. 2

MaccoBoe copepxaHue cepebpa B Mo3re
CaMOK U X NOTOMCTBA, onpefesneHHoe
METOAOM HEeMTPOHHOTO aKTMBALMOHHOTO
aHanusa.

200

Specific mass of silver, ng

tion analysis. In female mice, the highest silver con-
centration was determined in lungs, followed by
brain, liver, kidney and blood. In the offspring, silver
bioaccumulation changed in the following order:
lungs>brain>blood>liver>kidneys. The average
specific mass content of silver, which crossed the
blood-brain barrier was 373475 ng (for female mice)
and 385+57 ng (for offspring). The obtained results
are important for assessing the toxic effect of nano-
materials on the human reproductive system.

Female Offspring

-~ 2

CTBUIO HAHOYACTHNL, MOCTYMABLINX Yepes MiaueHTy
13 opraHu3ma matepu, Obinia NpoBefeHa CornacHo
eVIHOMY, O6GbEMHOMY 1 HaZieXXHO 3apeKoMeH[O-
BaBLUeMY ce0s B MMPOBOI NMpaKTUKe METORY TeCTu-
poBaHuA — BOAHOMY nabupuHty Moppuca. lNony-
YeHHble pe3ynbTaTbl MOKa3anu, YTo B MpeHaTaslb-
HbIi Nepuoa obnacT Mo3ra, oTeevalouime 3a Gop-
MMWpPOBaHVE MPOCTPaHCTBEHHON namATW, Gonee
YA3BMMbI Mepen HaHouyacTuuamu cepebpa, yem
nocsie POXAeHNA, YTO MOXKeT OblTb 00YCOBNEHO
HEe3aKOHYEHHbIM Pa3BUTMEM remaTodHLepannye-
ckoro 6apbepa y nnoga (puc. 1).

CopepKaHue cepebpa B pas3fiyHbIX OpraHax
(KpOBb, NeyYeHb, Nerkne, MOYKM 1 MO3T) CaMOK U X

T T T T
Control Experiment Control Experiment

NMoToMCTBa OblI0 onpefeieHO METOAOM HENTPOH-
HOro akTMBAUMOHHOro aHanusa. B camkax camoe
BbICOKOE COAepKaHue cepebpa Oblno onpeaeneHo
B NIErKMX, 3aTeémM B MO3re, neyeHu, Moykax 1 KpoBu.
Y notomcTBa HaKkomnsieHne cepebpa N3MEHANOCH B
cnepytoLlem NopaaKe: nerkme > Mo3r > KpoBb > ne-
yeHb > noykun. CpeHee MaccoBoe coeprkaHune ce-
pebpa B MoO3re camoK cocTaBuio 373 = 75 Hr u B
MoO3re noToMcTBa 385 + 57 Hr. [TonyyeHHble faHHble
BaKHbl 419 OLEeHKN TOKCcMUyeckoro a¢dekTa HaHo-
MaTepunasoB Ha PenpPodYyKTUBHYIO CUCTEMY Yeno-
BeKa.



Neutron capture therapy

with the help of magnetic nanoparticles

Cancer is one of the leading causes of death
worldwide, accounting for nearly 10 million deaths
in 2020. Standard cancer treatments cause severe
side effects. To improve the efficacy and selectivity
of treatment, new delivery agents should be inves-
tigated. The present project focuses on the design,
physical and biological characterisation of nanocar-
riers for potential applications in Neutron Capture
Therapy (NCT) and Boron Neutron Capture Therapy
(BNCT). The interdisciplinary approach taken to de-
velop the research programme is expected to con-
tribute to the development of nanoplatforms for
NCT, enhancing the performance of current delivery

on
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Fig. 1 "
Scheme of Fe;0, modification
and carborane and gadolinium
ion immobilization.

Puc. 1

Cxema mogudukaumm
HaHoyacTuy MarHeTuTa Fe;0,
1 UMMOBVNM3aUnn Ha X
NMOBEPXHOCTb NOHOB
KapbopaHa 1 rafjonuHua.

agents for NCT. The final aim of this project is to cre-
ate novel NCT and agents with improved cancer
therapeutic efficacy that can be successfully trans-
lated into preclinical studies.

Magnetic nanoparticles have important appli-
cations in pharmacy and oncology diagnostics.
What is more, drug carriers based on magnetic
nanoparticles show the potential to improve trans-
port and selective concentration of the required
amount of drug at target sites using an external
magnetic field. The application of magnetic nano-
particlesin NCT treatment shows many advantages
as there are no drug release problems compared to

Polyallylmine (PAIAm)

MHHOBALMK 019 HENTPOH-3aXBaTHOM Tepanuu

OHkonoruyeckrne 3aboneBaHnA ABAAIOTCA
OHOW 13 OCHOBHbIX MPUYMNH CMEPTU BO BCEM MUPe
(Ha 2020 r. 10 MunIMoOHOB cMepTel 3a rog). CTaH-
[apTHbIe MeTObl TIeYEHNA PaKa Bbl3blBalOT CEpbes-
Hble No60oYHble 3ddeKTbl. [1n1a noBblLeHUs dPdeK-
TUBHOCTM 1 CENIEKTUBHOCTM JIeYeHNsa HeobXxoanumo
nccnefoBaTb HOBble CpefcTBa AOCTaBKW. HacTos-
wme uccnenoBaHusa cPoKycMpoBaHbl Ha paspa-
60TKe 1 onpeaeneHnn GusnUecKkrx n bronornye-
CKVMX XapaKTePUCTUK HAHOHOCUTENEN ANA MOTeHLUN-
aNbHOrO NPUMEHEHNA B HENTPOH-3axBaTHOW Tepa-
nuun (NCT), B TOM umncrie 60p-HENTPOH-3aXxBaTHOM
Tepanuun (BNCT). Oxungaetca, 4To MeXancumnim-
HapHbI NOAXOA B AaHHON 0611acTyi NO3BOAUT CyLue-
CTBEHHO NPOABUHYTbCA B pa3paboTke HaHoMNaT-
dopm gna NCT, nosbicnB 3¢pdeKTUBHOCTb Cylie-
CTBYIOLLNX areHTOB JOCTaBKN. KoHeuHowm uenbio pa-

6oTbl ABNseTcA co3gaHme HoBbiX NCT-areHToB C
ynyuJLeHHON TepaneBTnYeckom 3pPpeKTUBHOCTbIO
NPOTUB PakKa, KOTopble MOryT ObITb YCNeELIHO nepe-
BeJeHbl B KJlacC NpenapaToB AN JOKINHNYECKNX
nccneaoBaHun.

MarHuTHble HAHOYACTUL bl UMEIOT BayKHOE Npu-
MeHeHue B papmaLeBTUKe 1 AMAarHOCTUKE OHKOSO-
rmyeckunx sabonesaHuii. bonee Toro, HocuTenu ne-
KapCTB Ha OCHOBE MarHUTHbIX HAHOYACTUL, UMEIOT
onpegeneHHbI NOTeHUMan ana ynyylleHmsa JoCTaB-
KW NIeKapCTBEHHbIX CPeACTB MOCPEACTBOM KOHLIEHT-
pUpPOBaHMA B OMYXOMAX C MOMOLLbIO BHELIHWX Mar-
HUTHbIX Nonewn. NpMeHeHne MarHNTHbIX HaHOYa-
CTUL, B HEMTPOH-3aXBaTHOM Tepanun nokasbiBaeT
MHOTO NPENMYLLECTB, MOCKOJbKY OTCYTCTBYIOT NPO-
611emMbl C BbICBOOOXKAEHMEM JIEKAPCTB MO CpaBHe-
HUIO C APYrMMK CUCTeMaMK JOCTaBKW. [Ina nccne-

[1] Korolkov I. et al., Int. J. Mol. Sci.2021,22, 8687. DOI: 10.3390/ijms22168687.



other drug delivery systems. Thus, the concept is
particularly practical for NCT application. In the
project, superparamagnetic Fe;O, nanoparticles
(NPs) were used for further modification to obtain
core-shell structures. The first group of particles was
modified with tetraethoxysilane (TEOS) and 3-
(trimethoxysilyl) propyl methacrylate (TMSPM), to
create C = Cdouble bonds for further graft polymer-
ization of biocompatible glycidyl methacrylate
(GMA). Isopropyl-o-carborane was successfully im-
mobilized on prepared NPs for potential application
in boron neutron capture therapy of cancer (BNCT).
The second group of nanoparticles was obtained by
simultaneous immobilization of gadolinium and
boron-based NCT agents onto Fe;O, nanoparticles

via moderate and bio-compatible polyelectrolyte
poly(acrylic acid) (PAA)/poly(allylamine) (PALAm)
formation as presented in Fig. 1.

A wide range of techniques were used to
measure the properties of the obtained core-shell
structures, including microscopy and spectroscopy
methods (SEM, TEM, SANS, DLS, X-ray diffraction,
Mdossbauer spectroscopy).

To understand and predict the behavior of the
studied core-shell structures in the human body, bi-
ological studies of their interaction with DNA were
conducted. The detected low cytotoxicity against
healthy cells and a clearly higher toxic effect against
cancer cells inspire some optimism about the use
of these carriers in cancer therapy.

Fig. 2. PC-3 cells incubated with different concentrations of nanoparticles.

Puc. 2. Knetkun PC-3, uHKy6UpOBaHHbIE B PaCcTBOPaXx C PasNNYHbIM/ KOHLEHTPaLUAMM HaHOYaCTULL.

fosaHuin B JIHO ncnonb3oBanmcb cynepnapamar-
HUTHble HaHoYacTULbl MarHeTuTa (Fe;0,), KoTopble
MOANGULIMPOBANMUCD C LieSibio MOMyYeHWA CTPYKTYP
TMna «agpo-obonoykar. MepsBasa rpynna vyactuy
6bina  moauduMUMpoBaHa TeTPadTOKCMCUIAHOM
(TEOS) n 3- (TpumeTOKCHUCHMAWN) NPONUIMETaKpPWa-
ToM (TMSPM) pna co3pgaHusa aBonHbix cBaszen C=C
N panbHenwwen NpuBMTON Nonnmepusauum roco-
BMeCTUMOro rauuymaunmetakpunarta (GMA). M3o-
nponun-o-kapbopaH 6611 ycnewHo nMmoobrnmso-
BaH Ha NOArOTOB/IEHHbIE HAHOYACTHULbI A1 MOTEH-
ymanbHoro npumeHeHna B BNCT paka. Bropas
rpynna HaHoyacTuy Obina nosyyeHa nyTeM ofHoO-
BpeMeHHol nmmobunmsauymm NCT-areHTOB Ha Oc-
HOBEe ragonnHuA 1 6opa Ha HaHoYaCTULbI Fe30y
nocpencTBoM 06pa3oBaHNA YMEPEHHOrO 1 61OCo-
BMECTMMOTO CNOA MNONN3NEeKTPOMTa Nonur(akpuno-

Bas kucnota) (PAA)/nonu(annunammH) (PALAmM), kKak
nokasaHo Ha puc. 1.

Ana namepeHuna CBOMCTB NOMYUYEHHbIX CTPYK-
Typ TVna «aapo-00605104Ka» NCNONb30BaNCA WNPO-
KNI CNeKTP MeTOA 0B, BKNOYasa METOA bl MUKPOCKO-
num n cnekTpockonum (SEM, TEM, SANS, DLS, peHT-
reHoBcKas andpakuma, meccbayspoBcKkasn CeKTpo-
cKonwus).

[lnA noHMMaHMA U NPOrHO3UPOBaHNA NoBeje-
HMA nccnegyembix CTPYKTYP B OpraHu3mMe yenioBeka
6bl1M NpoBeAeHbl bruonornyeckme nccneaoBaHns
nx B3aumogenctama ¢ JHK. O6HapyeHHaa H13Kan
LUTOTOKCUYHOCTb B OTHOLLEHMY 300POBbIX KNETOK
N ABHO 6osiee BbICOKMI TOKCUUYECKUNI 3P PeKT B OT-
HOLUEHNM PaKOBbIX KJIETOK BHYLLAIOT onpeaeneH-
Hbl1 ONTUMM3M AN UCNONb30BaHNA JaHHbIX HOCU-
Tenen B Tepannax OHKONIOMMYECKNX OMyXosen.

[2] Korolkov I. et al., Coll Surf A 601:125035 DOI: 10.1016/j.colsurfa.2020.125035.
[3] Korolkov | et al., Materials Today Communications 24:101247 DOI: 10.1016/j.mtcomm.2020.101247.



Wastewater treatment:

microorganisms against pollutant metals

Today, the level of water pollution has a serious
impact on people's lives and the development of
the world economy. The shortage of fresh water
continues to grow in the world, while industrial and
domestic water consumption has risen by almost
an order of magnitude over the past century. Since
ancient times, man has strived to purify water from
contaminants. If thousands of years ago people
used sedimentation reservoirs, sand, charcoal and
plants for this purpose, nowadays they apply a va-
riety of physicochemical methods and biotechno-
logical processes.

For about ten years, scientists at FLNP have
been conducting research in the field of environ-

Fig. 1
Yeast cells of
Saccharomyces cerevisiae.

Puc. 1

Jpox>xeBble KNeTkn
Saccharomyces cerevisiae.

OuncTKa CTOUHbIX BOA.:
MUKPOOpPraHmn3Mbl NpOTUB

CerogHsA ypoBeHb 3arpA3HeHnsA BOGHON cpebl
B 3HAUYUTEJNIbHOW CTEMEHW BAIMAET HA »KN3Hb JNIIOAEN
1 pa3BuUTie MMPOBOI SKOHOMUKIW. B Mnpe npogon-
XaeT ycunueaTtbca aepuunt NpecHom Boabl, TOraa
Kak notpebneHne Boabl AN NPOU3BOACTBA U ObITO-
BbIX HY>X[ 3a nNocriefgHee CToneTre BbIPOC/IO NOYTH
Ha nopAgok. OUMCTUTb BOAY OT 3arpPA3HEHNI Yeno-
BeEK MbITasnca ewe B 4peBHOCTU. Ecnu Tbicaum net
Ha3apj A1 3TOro OH UCMOMb30BaJ BOAOEMbI-OTCTON-
HVKW, NeCOK, APEBECHbIN Yroflb K pacTeHus, TO Te-
nepb B XOA4 UAyT pa3Hoo6pa3Hble pU3MKO-XMmye-
CKre MeTofbl 1 GBUOTEXHOJIOrMYECKMe NPoLecchl.

YueHble JIHO okono 10 neT NnpoBOAAT Uccne-
L0BaHMA B 06/1aCTN SKONOMMYECKO XMMUK, N3yYas

mental chemistry, studying various composite sor-
bents and biosorbents for heavy metal removal from
wastewater using the laboratory equipment and in-
struments. As an example, a study of the efficiency
of adsorption of zinc, copper, nickel, strontium and
barium in model and galvanic effluents using an in-
expensive, safe and effective biosorbent — yeast
cells of Saccharomyces cerevisiae (brewer’s yeast)
(Fig. 1) is presented. These microorganisms are ex-
tensively used in beverage and food production
and are therefore available in large quantities at a
low cost as a by-product of fermentation processes.

In the case of model effluents, the effect of
contact time with sorbent, initial zinc concentration,

MeTasJ1Ji0oB

pa3nnyHble KOMMO3UTHblE COPOEHTBI U HBUocop-
GEeHTbI AN1A OYMCTKU CTOYHBIX BOA OT TAMEsbIX Me-
Ta/IOB 1 UCMONb3ya AnsA 3Toro obopypoBaHue
nabopatopuu. B KauecTBe nprimepa npepcTaBeHa
paboTta no >3pPeKTUBHOCTU MOMNMOLEHNA LIMHK],
MeZLV, HUKeNs, CTPOHUUS 1 6apusi N3 MOAENbHBIX U
rafibBaHNYeCKMX CTOKOB, F4e MUCMONb30Banv Hefo-
poroii, 6e3onacHbI 1 3GPEKTUBHDBIN BUOCOPOEHT
— LpPOXKeBble KNeTKu Saccharomyces cerevisiae
(MBOBapeHHble APOoXxKN) (puc. 1). 3T MUKpoopra-
HM3Mbl UCMOJb3YIOT B MPOU3BOLACTBE MHOFOUMC/IEH-
HbIX MPOAYKTOB MUTAHUA 1 HANUTKOB, MO3TOMY OHM
LOCTYMHbI B OONbLUMX KONNYECTBaX U MO HU3KOM
LieHe KaK OTXOZAbl MPOLIeccoB pepMeHTaLuun.

[1] Zinicovscaia l. et al., Materials 2020, 13(16), 3624; https://doi.org/10.3390/ma13163624



temperature, and pH on metal biosorption was
evaluated. In 15-45 min required for effective metal
removal, and at optimal pH values of 3.0-6.0, it is
possible to purify synthetic wastewaters by 45-
100% (depending on the metal). The main mecha-
nisms of metal removal from solution are surface
adsorption, chemisorption, and ion exchange.

For galvanic industrial effluents, the effect of
pH and biosorbent concentration on the process of
heavy metal removal was studied. At a biosorbent
concentration of 10 g/L, by changing pH, it was pos-
sible to reduce the concentration of copper, barium,
strontium and nickel ions below the maximum per-
missible level. The maximum efficiency for removal
of Zn ions was achieved in two stages (first, by

adding the biosorbent at a dosage of 20 g/L, and
then adding 10 g/L of yeast biomass to the effluent
obtained after the first stage of purification) at pH
6.0 and contact time of 60 min. The additional treat-
ment to remove zinc ions was necessitated by a
higher concentration of this metal compared to
other contaminants (Fig. 2).

Thus, it has been shown that the yeast Saccha-
romyces cerevisiae is a promising candidate for
treatment of complexindustrial effluents. As noted
in the study [1], biological sorbents that cannot be
regenerated after several cycles of industrial waste-
water treatment can be used as additives for road
construction materials.

Fig. 2. Two-step scheme of zinc ion removal from industrial effluents.
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Puc. 2. ,D.ByXCTyI'IEH‘-IaTaFI cXemMa n3nie4eHmnA NOHOB LUMHKa U3 MPOMbILWNEHHOro CToKa.

BblNo oLeHeHo BNVAHME BpeMeHW KOHTaKTa C
610COPOEHTOM, HauaNIbHOM KOHLEHTPALMN LIMHKA,
TeMrnepaTypbl 1 BOAOPOAHOro nokasatena (pH) Ha
6rocopbumio B MOAENbHbIX CTOKaX. 3a 15-45 MUHYT,
HeobxoaUMbIX ANA 3PPeKTUBHOIO yaaneHnsa meTan-
N0OB, U NpU ONTUMasbHbIX 3HavyeHnAx pH 3,0-6,0
yOaeTca ounuCTUTb MofesfibHble CTOKM Ha 45-100
NMPOLEHTOB B 3aBUCMMOCTU OT MeTanna. OCHOB-
HbIMM MeXaHW3MaMW yaaneHusa MeTanioB U3 pac-
TBOPa ABNAIOTCA NOBEPXHOCTHaA agcopbu s, XemMo-
copbuMA U NOHHbIN OOMeH.

Bblno nsyyeHo BMAHME 3HauyeHnA pH 1 KOH-
LieHTpauum buocopbeHTa Ha NpoLecc yaaneHuaA Ta-
MKenblX MeTanoB 13 rafnbBaHNYECKOro MPOMbILL-
NIeHHOoro cToKa. [Mpn KoHueHTpauun buocopbeHTa
10 rpamm Ha nnuTp, MeHAA pH, yaanocb CHU3UTb Co-
JleprkaHrie NOHOB Mean, 6apuis, CTPOHLNA U HUKeNSA
HVKe npefenbHO AoMYCTUMOrO YPOBHA. dPPeKTunB-

HO OUYMCTUTb BOAY OT MOHOB LIMHKA yAanocb B ABa
3Tana B TeyeHue Yaca npu pH 6,0: cHayana gobas-
nAsa 6uocopbeHT B 403MPOoBKe 20 rpamm Ha nuTp,
3atem 10 rpaMm Ha IUTP K CTOKY, NpoLuegLemy nep-
Bbli1 3Tan OYMCTKM. [lononHuTeNbHbIE Warn ana yga-
NEeHNA NOHOB LiMHKa 00YCNOBMIEHbI MOBbILLEHHbIM
cofeprkaHMeM 3TOro MeTasyla No CPaBHEHMIO C
OCTaNIbHbIMU 3arpAsHUTenaAMu (puc. 2).

Takum o6pa3om, 66110 NOKA3AHO, UTO APOXKKM
Saccharomyces cerevisiae ABNATCA NepPCNeKTUB-
HbIM KaHOWAATOM AJ1A OUYNCTKIM C/TOMHbIX MPOMBbILL-
NEeHHbIX CTOKOB. Kak oTmeueHo B uccnegosaxun [1],
6uronornyeckrne copbeHTbl, KOTOPbIe He NoasiexaTt
pereHepaLmn Nocsie HECKONTbKMX LIMKITOB OUNCTKM
NPOMbILLIEHHbIX CTOKOB, MOXXHO MCMNONb30BaTb B
KayecTBe [06ABOK A1A MaTeEPUANiOB LOPOXKHOMO
CcTpouTenbCTaa.



Biological plant protection products:

new delivery systems

A stable trend in the development of plant
protection products (PPP) is “biologization’, i.e. the
creation of biological PPPs based on biomolecules
of living organisms or their producers. A promising
approach in this field is the use of RNA interference,
in particular, in the SIGS (spray induced gene silenc-
ing) variant, when RNA interference “agents” (dsRNA)
are delivered to the surface of plant leaves in the
form of a spray. As promising delivery systems, var-
ious scientific groups are trying chitosan nanopar-
ticles, nanoscale structures based on layered double
hydroxides (LDH), bentonite, etc.

Scientists from the Chair of Polymer and Crys-
tal Physics, Faculty of Physics, M.V.Lomonosov Mos-
cow State University, together with their colleagues

Fig. 1

Schematic representation of the formation of
branched wormlike micelle (WLM) with low
zero-shear viscosity (bottom) and elastic
WLM-nanoclay junction (top).

Puc. 1

CxemaTtunuyeckoe n3obpaxkeHne o6pasoBaHUs
pa3BeTBEHHOW YepBeobpasHom muuenbl (HOM)
C HM3KOW BA3KOCTbIO (BHU3Y) 1 ynpyroe
coegunHeHne YOM-HaHornvHa (BBepXy).

zero-shear viscosity, Pa-s
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from FLNP JINR within the framework of long-term
cooperation, carry out structural investigations of
smart soft materials based on polymer macromol-
ecules, surfactants and colloidal particles. One of
their recently published papers [1] is devoted to hy-
drogels based on micellar chains of surfactants and
colloidal particles capable of reversibly transitioning
from the state of an elastic body to a state of a low-
viscosity liquid due to the destruction and recovery
of the structure. The reason for this unusual effect
is that the components of the system in water envi-
ronment are assembled into long chains, forming a
three-dimensional network structure through phys-
ical rather than chemical interactions. They are
strong enough for the system to have elastic prop-

= e
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BuocpepncTea 3awmTbl pacTeHUN:
HOBble CpeacTBa OOCTABKU

YCTONUMBLIN TPeHA B Pa3BUTUM CpeacTB 3a-
WnTbl pacteHnin (C3P) — «bronormnsauuns»: cosna-
Hue 6uonornyecknx C3P, Ha OCHOBe GUOMOJIEKY
XKMBbIX OPraHM3MOB UK UX NpogyLeHToB. MHoro-
obellaL M NoaXoA0M ABMAETCS UCMOJb30BaHMe
PHK-nHTepdepeHUnn, B YaCTHOCTU — B BapuaHTe
SIGS (spray induced gene silencing ), Korga «areHTbl»
PHK-nHTepdepeHumn (guPHK) mnoctaBnAwTca Ha
NMOBEPXHOCTb JIMCTbEB PACTEHUI B COCTaBe Crpes.
B KauecTBe NnepcnekTUBHbIX CUCTEM AOCTABKN pPas-
NINYHbIE HayYHble rpynrbl NPO6YOT HAHOYACTULbI XU-
TO3aHa, HaHOPa3MepHbIe CTPYKTYPbl Ha OCHOBE C/10-
WCTbIX ABOVIHbIX rnapokcnaoB (LDH), 6EHTOHMT U T.1.

YueHble kadenpbl Gr3NKM NONUMEPOB U KpU-
cTannos ¢ursndyeckoro dpakynsteta MY coBMmecTHO
¢ konneramu 13 JIHO OUNAN B pamkax MHoOronet-

Hero CoTpyaHMYECTBA NPOBOAAT CTPYKTYPHbIE UC-
CnlefoBaHUA YMHbIX MATKMX MaTepUasioB Ha OCHOBE
MONMEPHbIX MAaKPOMOEKYJT, MOBEPXHOCTHO-aKTUB-
HbIX BeLlecTB 1 KonnougHblx Yyactuy. OgHa r3 mx
HefaBHO ony6AMKOBaHHbIX paboT [1] nocBsALleHa
rMaporensam Ha OCHOBE MULENASAPHbIX Lenen no-
BEPXHOCTHO-aKTBHbIX BELLECTB U KONNIONAHbIX Ya-
CTUL, CMOCOGHbIX 06PATUMO NEPEXOANTb N3 COCTO-
AHWA YNPYroro Tena B COCTOAHME HU3KOBA3KOM
XMIKOCTM 6narofapa paspyLUeHuto U BOCCTaHOBIe-
HUIO CTPYKTYpbI. [prynMHa gaHHOro HeobblYHOrO
addeKkTa B TOM, UTO KOMMOHEHTbI CUCTEMbI B BOJ-
HOW cpefie cobuMpatoTcA B ANIMHHbIE Lienu, 06pasyto-
LLMe TPEXMEPHYIO CETUATYIO CTPYKTYPY 3a cyeT Gpu1sm-
YecKkunx, a He XmMmmnyeckmx B3ammoaencteuin. OHm
JIOCTAaTOUYHO MPOYHble, YTOObI cMCcTEMa obnagana

[1] Molchanov V.S. et al., J Mol Liq 314 (2020). https://doi.org/10.1016/j.molliq.2020.113684.



erties, but under external influence, chains several
tens of micrometers long can be divided into thou-
sands of pieces, so the network structure will be de-
stroyed. The advantage of smart systems is the
complete reversibility of these transitions. These hy-
drogels filled with clay nanoplates can be used as
nanocontainers for targeted delivery of agents.
The research results have already attracted the
attention of BPPP developers:“Our company, the In-
ternational Laboratory “Resistom’, a resident of the
Skolkovo Innovation Center, is developing a new
generation of plant protection products. One of the
key tasks is to improve the delivery efficiency of the
developed target RNA complexes. We are following
with interest the results of the group of scientists
from the Faculty of Physics of Moscow State Univer-
sity, who are studying various options for potential

Fig. 2
SANS scattering curves for some of the

studied samples. The inset represents the
analysis proving the cylindrical local shape

of the scatterers. =
o
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JKCnepuMeHTanbHble KpUBble pacceaHnsA
MYPH pna HekoTopbix 06pa3sLos. paduk
Ha BCTaBKe NpefCcTaBnAeT aHanus, JeMOH-
CTPUPYIOLLMA LUANHAPUYECKUA TUN
NOKaNbHOM GOPMbI CCeayeMmbIX
06BbEKTOB.

ynpyruMmy CBOMCTBaMM, HO NPY BHELWHEM BO3Aeln-
CTBMM Lienu AIIHOW B HECKOJIbKO AECATKOB MUKPO-
METPOB MOTYT OblTb pa3feNieHbl Ha ThICAYM KYCOou-
KOB, MNO3TOMY ceTyaTaa CTPyKTypa bydeT paspy-
weHa. MpenmyLecTBo NHTENNEKTYanbHbIX CUCTEM
B NMOJIHOM 06paTUMOCTV TaknX Nepexonos. Paspabo-
TaHHbIe rMAporeny, HanosIHeHHble HAHOMACTMHaMK
FAVHbI, MOTYT OblTb MCMONb30BaHbl KAK HAHOKOH-
TerHepbl AnA HanpaBAeHHOW AOCTaBKN BELLECTB.
Pe3ynbTaTbhl nccnegoBaHmin yxxe NPUBAEKNN K
cebe BHUMaHMe pa3pabotunkos BC3P: «<Halwwa Kom-
naHua «MexgyHapogHas Jlabopatopua «Pesnctom,
pe3naeHT VIHHOBaLMOHHOTO LieHTpa «CKONKOBOY,
pa3pabaTtbiBaeT CpeAcTBa 3alUThl PAaCcTeHUN Ho-
BOro nokoneHua. OgHON 13 KNOYEBbIX 33434 AB-
nAeTcA nosblweHne 3GPeKTUBHOCTM [OCTaBKN CO3-
JaBaembix Luenesblx PHK-komnnekcos. Mbl ¢ HTe-
pecom cnegmm 3a pesynbratamm Fpynmbl yYeHbIX
dunsnueckoro dpakynbteta MIY, 3aHMMaOLWMXCA UC-

delivery systems for RNA molecules. Structural
methods, including neutron scattering, prove to be
useful for establishing the relationship between
structural and functional properties, which opens
up opportunities for developing a new class of bio-
molecular drugs and their use in the agro-industrial
complex,” A.A.Chuenko, founder of the DokaGene
group of companies.

“Neutron methods occupy an important place
in the arsenal of structural methods that we use in
soft matter research. They allow us to get informa-
tion about the size, shape of the structural elements
of the sample, as well as on the emergence of inter-
nal order. Moreover, in some cases these data can
be obtained for a sample in its initial state,
V.S. Molchanov, Chair of Polymer and Crystal
Physics, Faculty of Physics, MSU.
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cnefoBaHMEM Pa3fiNyHbIX BapMaHTOB NOTeHUMasb-
HbIX cpefcTB gocTaBku Monekyn PHK. CTpyKTypHble
MeTOofbl, B TOM UMCIIe HENTPOHHOE pacceaHne, OKa-
3bIBAlOTCA MOME3HbIMW AN1A YCTaHOBNEHUA CBA3eN
«CTPYKTYpa — GYHKLMOHaNbHble CBOMNCTBa, YTO OT-
KpblBaeT BO3MOXHOCTW ANA CO34aHNA HOBOIO Knac-
ca 6uomoneKynApHbIX NPenapaToB 1 KX NCNOoJb30-
BaHWA B arponpOMbIIIEHHOM KOMMJeKcey, —
A.A.YyeHKo, yupegutenb rpynnbl KoMnaHun «o-
KaKnH».

«HenTpoHHble MeTOAbl UCCIefOBaHMA 3aHU-
MaloT BaXHOEe MeCTO B apceHasie UCMoJib3yemblX
HaMm CTPYKTYpPHbIX MeTOLOB B 06nacTu soft matter.
OHM no3BonAtoT n3BneYb MHGOPMaLMio O pasme-
pax, popme cocTaBnawLWMX 06paseL, CTPYKTYPHbIX
3NeMeHTOB, O BO3HWUKHOBEHUN BHYTPEHHEro no-
pAagka. MNpruem B pAge cnyyaes 3TO ygaeTtca cae-
naTb Ana obpasLa B ero NCXoAHOM COCTOAHUMN», —
B.C.MonuaHos, kad. nonumepos, ¢us. ¢-1, MI'Y.



Drug compounds of magnetic
nanoparticles with proteins

Lactate dehydrogenase (LDH) inhibitors offer
promising prospects in the treatment of oncological
diseases, and LDH biocomposites with magnetic
nanoparticles have significant potential for the de-
velopment of new drug compounds. Human serum
albumin (HSA) is an important protein component
in the transport of blood plasma, in addition to
being a crucial biomarker of many diseases, includ-
ing cancer, Alzheimer's, etc., so the HSA - magnetic
particle compounds play a significant role in the de-
velopment of targeted drug delivery systems.
Human serum transferrin (HST) is a glycoprotein in-
volved in iron transport that may be a candidate for
functionalized nanoparticles to bind and target can-
cer cells.
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Iron oxide nanoparticles are used in a wide
range of applications: biosensors, fluorescent label-
ing of substrates, cardioprotection, tumor tissue tar-
geting, and inhibition of tumor cell growth, drug
delivery and magnetic hyperthermia treatment.
Iron oxides and ferrihydrite (Fh), chemically synthe-
sized as nanoparticles at the Krasnoyarsk Scientific
Center, are investigated at FLNP from the point of
view of their interaction with proteins.

The investigations of the binding mechanism
between ferrihydrite nanoparticles (Fh-NPs), simple
and doped with Co and Cu, and LDH, HSA and HST,
respectively, and denaturation of LDH, HSA and
HST in the presence of Fh-NPs were carried out by

©  Fh-NPs - LDH
e Triaxial ellipsoidal
core-shell fit

a @

neKapCTBeHHble KOMIJ1eKCbl
MarHUTHbIX HaHOWYaCTuUL C 6enKamMm

NHrnbuTopbl naktataerngporeHasol (LDH) oT-
KpblBaloT MHOroobellatoLLe NepcrneKkTrBbI B fieye-
HUW OHKONOrnYecknx 3abonesaHun, a 6UoKoMmNo-
3uTbl LDH ¢ MarHUTHbIMM HaHOYaCcTULLAMU UMEIDT
3HauMTeNbHbIN NOTEHLMAN Ana pa3paboTKy HOBbIX
NeKapCTBEHHbIX KOMMeKCoB. Tak, 6enoK CbiIBOPO-
TOYHbIN anbbymunH yenoseka (HSA) aBnaeTca Bax-
HbIM TPAHCMOPTHLIM KOMMOHEHTOM B MNJ1a3Me KpPoBU,
a TaK»Ke MCNosb3yeTca Kak briomapkep MHOMMX 3a-
6oneBaHNi, BKIOYas pak, 6oniesHb Anburerivepa 1
ap. CozgaHmne KOMMIEKCOB MarHUTHbIX HAHOYACTHLY
c HSA npegncraBnaeTca BaXXHOW 3ajayen B pa3Bu-
TUN CUCTEM afpPEeCHON JOCTABKM fleKapcTB. TpaHc-
deppuH cbiBOpoTKM YenoBeKa (HST) npeactaenset
coboW FMMKONPOTENH, YYaCTBYIOLWMIA B TPAHCMOpTe
Xenesa, KOTopbli MOXeT ObITb KaHOUZATOM Ha
bYHKLMOHaNM3MpPOBaHHble HAHOYACTULbI AA CBSA-

3blBaHWA 1 HALleNIMBaHWUA HA PaKOBble KNEeTKU.

XOpOoLLO 13BECTHO, UTO HaHo4acTuLbl (NPs) ok-
cupa »eresa NCnosb3yTcA B LUMPOKOM [Mana3oHe
npUMeHeHU: GruoceHcopbl, prnyopecLeHTHOe Map-
KupoBaHuMe cybcTpaToB, Kapano3aluTa, Tapretu-
poBaHMe OMyxoneBbiX TKaHeN 1 NHrMbnpoBaHue
pOoCTa OnyxosieBbIX KNeTOK, JOCTaBKa IekapcTB 1
neyeHne NOCPeACTBOM MarHuToruneptepmmm. Ok-
cnpabl kenesa n deppurnaput (Fh), cuHTesnposar-
Hble B QeflepanbHOM UCCNefOBaTENBCKOM LeHTpe
«KpacHoAapcknin HayuHbin LeHTp CO PAH» B Buge
HaHouvacTuu, nsyvatorca B JIHO B oTHOWeEHNUN KX
B3aMIMOAENCTBUA C 6enKamu.

WccnenoBaHma mexaHU3Ma CBA3bIBaHWA HAHO-
vyactuy deppurngputa (Fh-NPs), npocTbix n neru-
poBaHHbIx atoMamu Co 1 Cu, c LDH, HSA n HST, a
TakXe geHatypaunn LDH,HSA n HST B npucyTctamm

[1] Chilom C. G,, et al., Int. J. Biol. Macromol. 2020, 164, 3559. doi:10.1016/j.ijbiomac.2020.08.242



scientists from the University of Bucharest, IFIN-HH
and JINR (FLNP, FLNR and VBLHEP).

For the first time, the mechanism of interaction
of ferrihydrite nanoparticle with LDH from rabbit
muscle was studied and reported, by combining in
vitro biophysical experiments and structural inves-
tigations with docking-based virtual screening.

The formation and organization of HSA mole-
cules around simple Fh-NPs and Fh-NPs doped with
Co and Cu were examined by SEM and AFM in terms
of morphology and particle size. The topology of all
Fh-NPs shows an organized area of HSA around
each type of Fh-NPs. The molecular docking studies
show that ferrihydrite binds, with low affinity, in
close proximity to the metal binding site of HSA,
which is located in subdomains IIA and IlIA. Thermal
denaturation of HSA alone and in the corona

Fig. 2
Virtual screening and docking results
or the best binding of ferrihydrite to LDH.

Puc. 2

Pe3ynbTaTbl BUPTYanbHOro CKPUHMHIA
W CTBIKOBKMW [1A HauslyyLlero cBA3biBaHUA
dbeppurngputa c LDH.

around Fh-NPs produces the aggregation of HSA
molecules. The HSA transition temperature is al-
most the same for all types of Fh-NPs from the hy-
brid samples with HSA, except for HSA-Co-Fh-NPs
sample. Simple Fh-NPs most of all the studied
nanoparticles bound to HST at a specific binding
site. Denaturation of HST was found to be an en-
dothermic process in the presence of all three types
of Fh-NPs. Molecular docking studies revealed that
Fh binds with a low affinity to HST.

The biophysical effects of Fh-NPs - protein
composites are the first steps in their use in biolog-
ical and medical applications and the development
of new drugs for the therapy and diagnosis of vari-
ous diseases.

Ferrihydrite

Chain A of LDH — 3D structure

HaHouacTuy deppurmaputa 6bim NPoBeAeHbI yye-
HbIMW ByxapecTckoro yHmBepcuteTta, HaumoHanb-
HOMO MHCTUTYTa GU3NKM 1 AQEPHOWN UHXKEHepUn
nmeHn Xopun Xynybea n O6beJHeHHOIo NHCTU-
TyTa AfepHbIx uccnegosaHun (JIHO, JIAP, JIOB3).

Bnepsble npeacTaBneHbl JaHHbIE O MEXaHWU3-
Me B3anMMoencTBnA HaHouacTuy eppurmgpuTta c
LDH u3 mblwy Kponuka nytem o6begnHeHns 6uo-
bU3MYECKNX SKCNEPUMEHTOB in Vitro N CTPYKTYPHbIX
NCCNefoBaHNN € BUPTYaNbHbIM CKPUHWUHIOM Ha OC-
HoBe fgokuHra (DBVS).

O6pa3oBaHue 1 opraHmnsauusa monekyn HSA
BOKpYr npocTbix Fh-NPs 1 Fh-NPs, nonuposaHHbIx
Co 1 Cu, 6bInK U3yyeHbl C MTOMOLLbIO CKaHMpPYOLLEi
3N1eKTPOHHON MNKPOCKOMMM 1 aTOMHO-CUNIOBO MUK-
pockonuu B oTHoweHun Mopdonorum 1 pasmepa
yacTuu. Tononorus Bcex Fh-NPs nokasbiBaeT opra-
HU30BaHHYto 060nouky HSA BoKpyr Kaxgoro Tvna
Fh-NPs. MonekynsapHbIli OKWHT NOKa3blBaeT, YTo
beppurnapuT ¢ H1U3KOM aPpMHHOCTbIO CBA3bIBAETCA
B HENOCPeACTBEHHOWN 6IM30CTY OT yyacTKa CBA3bI-

BaHMA MeTanna ¢ HSA, KoTopblii pacnonoskeH B cy6-
aomeHax 1A n llIA. Tepmunyeckas geHaTypauma HSA
Kak B OAMHOYHOM COCTOAHUU, TaK 1 B KOpoHe HSA
Bokpyr Fh-NPs Bbi3biBaeT arperauuto monekyn HSA.
Temnepatypa nepexoga HSA npaktuyeckn ogrHako-
Ba AnA Bcex Tunos Fh-NPs 13 rubpuaHbix 06pasLos
¢ HSA 3a ncknioueHnem obpasua HSA-Co-Fh-NPs.
MpocTbie Fh-Nps, 6onbLuie Bcero n3 Bcex nccnepye-
MbIX HaHoYacTuL, cBA3biBanucb ¢ HST B cneundu-
yeckomn obnactu ceA3biBaHMA. bbino o6HapyKeHo,
yTo AeHaTtypauua HST aBnAeTcA SHAOTEPMUYECKON
B npucyTcTBmm Bcex Tpex Tnnos Fh-NPs. Vccnepo-
BaHVA MONEKYNIAPHOIO JOKMHIa nokasanu cnabyto
adpPuHHOCTb Fh K HST.

PaccmoTpeHHble Grodursmueckme 3ppekTol
B3aVIMOJENCTBUA MarHUTHbIX HaHo4yacTuy ¢ 6en-
KaMy — 3TO NepBbIi War B UX UCMONb30BaHUMN pac-
CMOTPEHHbIX KOMMEKCOB B Oronornyecknx wu
MeANLMHCKUX NPUNOXKEHNAX U pa3paboTke cooT-
BETCTBYIOLLMX NIeKapCTBEHHbIX CPeACTB ANA Tepa-
NN N [UArHOCTMKM PasnmnyHbIxX 3aboneBaHumi.

[2] Chilom C. G,, et al., Int. J. Mol. Sci. 2020, 21, 9734. doi:10.3390/ijms21249734
[3] Chilom G. G, et al,, Int. J. Mol. Sci. 2021, 22, 7034. doi:10.3390/ijms22137034



NAA helps in assessing the safety of seafood

In recent decades, the interest of scientists has
been focused on the ability of molluscs, including
mussels, to accumulate micro- and macroelements
from water in coastal areas of the world ocean.
Using nuclear physics methods, it is possible to de-
termine the concentration of elements in the shells
and soft tissues of molluscs (Fig. 1). There are many
biomonitoring research projects aimed at develop-
ing recommendations for the cultivation of mol-
luscs and setting limits on the levels of pollutants
that can affect human health when using mussel
meat as food.

Fig. 1
Mussels Mytilus
galloprovincialis.

Puc. 1

Mwugun Mytilus
galloprovincialis.

HAA nomMmoraeTt oueHuTb

In this context, a study was carried out to as-
sess, using neutron activation analysis, the levels of
26 macro- and microelements in the soft tissues of
mussels along the entire coast of South Africa, both
in clean zones with natural and farm-raised mol-
luscs, in the mouths of large rivers, carrying a lot of
suspended materials, and in large ports. It was
found that native mussels (Choromytilus meridion-
alis) on the west coast usually have higher levels of
manganese and selenium, while cosmopolitan
species (Mytilus galloprovincialis) contain higher
concentrations of zinc and selenium.

6e30MacHOCTb MOPEenpPoOaAYyKTOB

B nocnepHvie pecatuneTna MHTEPEC yyeHblxX
6blN1 MPUKOBAH K CMOCOOHOCTI MOJIJTIIOCKOB, B TOM
yncsie MUAUNA, HaKanaMBaTb MUKPO- U MaKpo3Jie-
MEHTbI 13 BOLbl B MPUOPEXHbIX PalloHaX MUPOBOTO
okeaHa. C nomoLblo AaepHO-G13NYECKNX METOLOB
BO3MOXHO ONpefeNnnTb KOHLEHTPALUN /IEMEHTOB
B PAKOBVHAX U MATKMX TKAHAX MOJIIIOCKOB (puc. 1).
CyLlLecTByeT MHOIO UCCNef0OBaTENbCKNX MPOEKTOB
OGUOMOHUTOPUHTa, HAaMPaBNEHHbIX Ha BbIPAabOTKY
pEeKOMeHZALUNIA MO BbIPALUBAHNIO MOJITIOCKOB 1
YCTaHOB/EHME OrPAHNYEHNI MO YPOBHSAM 3arpas-
HSAIOLWMX BELEeCTB, CMOCOOHbIX MOBANATDL Ha 340-
POBbe YesioBeKa NPy NCMOIb30BaHUM B MULLY MsCa
MUANNA.

B sTOoM Knioue Gbina npoBeAeHa paboTa no
OLIEHKE C MOMOLLbI0 HENTPOHHOIO aKTUBALIMOHHOTO
aHanusa (HAA) ypoBHen 26 Makpo- 1 MUKpO3ie-
MEHTOB B MATKUX TKaHAX MU BAONb BCEro nobe-
pexba KOxHOM APpUKKM, Kak B YUCTbIX 30HAX C
MOJUTIOCKaMU NMPUPOAHOIO MPOUCXOXKAEHUS, TaK U
B BblpalLMBaeMbIX Ha pepmax, B YCTbAX KPYMHbIX
PEeK, BbIHOCALLMIX MHOTO B3BELLEHHOrO MaTepuana u
B KPYMHbIX MOpTax. bb1o ycTaHOBMEHO, YTO B MECT-
HbIx Muguax (Choromytilus meridionalis) Ha 3anaa-
HOM nobepexbe OObIYHO Bbllle COAep»KaHue
MapraHLa 1 cefneHa, Toraa Kak B BUAe-KoCMOMonuTe
(Mytilus galloprovincialis) — copep»aHne LHKa 1
ceneHa.

[1] Nekhoroshkov, PS. et al., J. Food Compos. Anal., 98, p.103825. 10.1016/j.jfca.2021.103825



For elements such as sodium, aluminum, chlo-
rine, chromium, manganese, iron, cobalt, nickel,
zing, arsenic, selenium, strontium, antimony, brom-
ine, iodine and uranium, there are established WHO
standards calculated for their consumption with
food on average for person per day, exceeding
which may cause irreversible human health impair-
ment. According to the estimated concentrations in
the meat of local mussels along the entire coast of
South Africa, with the consumption of 300 grams of
mussels per week per person, it is possible to ex-
ceed these standards for aluminum, arsenic and io-
dine.Thus, as a result of the constant consumption
of mussels for food, the health of population living
in the densely populated port city of Durban in the

east of South Africa, as well as in the port of Cape
Town (West Coast of South Africa) is under threat. It
was determined that other potentially hazardous el-
ements are chromium, arsenic, cobalt and zinc, the
content of which exceeds the maximum permissi-
ble concentration (MPC) and has high values of the
target hazard quotient (THQ) (Fig. 2). High concen-
trations of these elements in food can lead to irre-
versible effects associated with cancer (arsenic) and
cardiovascular (chromium) diseases, hyperthyroid-
ism (iodine), polycythemia (cobalt), hydronephrosis
(@luminum). Thus, if a person consumes more than
10 mussels a day in the studied region for a consid-
erable time, this may entail serious health hazards.

Fig. 2. Risk quotients for the best, median and worst-case scenarios for Al, Cr, Fe and As when consuming
mussel tissues (wet weight basis) based on the provisional tolerable weekly intake (PTWI). Red and blue line

correspond to 1.0 and 0.2 of RQ, respectively.
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Puc. 2. KoadpduumeHTbl pucka (RQ) ana Hannyuwero, cpeaHero un HamxygLuero cueHapues gna Al, Cr, Fe n As
npu notpebiaeHnn maca MMANIA (Ha OCHOBE CblPOTro Beca) Ha OCHOBE BPEMEHHOIO JOMYCTUMOrO HeeNbHOro
notpe6nenus (PTWI). KpacHas 1 crHas nuHum cootBeTcTByioT 1,0 1 0,2 RQ cOOTBETCTBEHHO.

[nA Taknx 31eMeHTOB, Kak HaTpu1I, antoMUHNNA,
XJIOP, XPOM, MapraHed, »kefe3o, KobanbT, HUKENb,
LUUHK, MbILWbAK, CefieH, CTPOHLUUN, cypbma, 6pom,
MNOA 1 YpaH, CyLLeCTBYIOT YCTaHOBJIEHHblE HOPMa-
TBbl BO3, paccunTaHHble no noTpebneHnto nx BMe-
CTe C elO B CpefHEeM Ha YenoBeKa B CyTKU, Npu
NpeBbILEeHNN KOTOPbIX BO3MOXHO Heobpatumoe
yXyALlWeHne 300Pp0oBbA YenoBeka. [10 oLeHeHHbIM
KOHLEHTpPaumMAM B MACE MeCTHbIX MUAUN BAOSb
Bcero nobepexxba KOxkHoM APpuKn, Npr ypoBHe Mno-
TpebneHnsa B 300 rpamm MUAWIA B Hefesio Ha Yeno-
BeKa, BO3MOXHO MpeBbilleHne TakKnx HOPMaTUBOB
Mo aNtOMUHNIO, MbILLbAKY 1 Nody. Takum obpa3om, B
pe3ynbTaTe NOCTOAHHOrO YNoTpebneHns MUanin B
nULLYy 300pOBbe NAEN, MPOXKUBAIOLWNX B FYCTOHa-
ceneHHom noptoeom ropope [lypbaH Ha BocToke

IOAP, a Takxe nopTe r. KenntayH (3anagHoe nobe-
pexbe KOAP), HaxoguTca nog yrpo3oi. bbino onpe-
[eNleHo, YTO APYrUMU NOTEeHUManbHO OMacHbIMM
aneMeHTaMu ABNATCA XPOM, KOOanbT U LMHK, CO-
LepKaHune KOTopbIX NpeBbIaeT NpefesibHO fomny-
cTuMble KoHueHTpauuun (MAK) n nmeet BbliCOKME
LeneBble MHAeKCcbl onacHocTh (THQ) (puc. 2). Bbico-
Koe cofiepaHue fiaHHbIX S11eMEHTOB B MULLE MOXeT
npuBecTn K HeobpaTMbIM 3ddeKTam, CBA3aHHbIM
C OHKOMOrMYecKUMUM (MbILLbAK) 1 cepheyHo-cocyaun-
CTbIMK (XpoM) 3ab6oneBaHVAMY, TMNepTUPeo3y (Mog),
nonuuntemun (Kobanet), rugpoHedposy (antomu-
HuI). Taknm 06pa3om, ecnm yenoBek B N3y4yaeMoM
pervoHe notpebnset 6onee 10 MMAMIA B AeHb Ha
NPOTAXKEHUN ANNTENBHOIO BPEMEHU, OH PUCKYeT
CBOVIM 340POBbEM.



Inelastic scattering helps

to optimize an antiepileptic drug

At present, at FLNP, Active Pharmaceutical In-
gredients (APIs) of various drugs (among other mo-
lecular materials) are under research. One of these
drugs is ethosuximide (ETX), a substance actively
used in medical practice for the treatment of
epilepsy, neuropathic pain, mood disorder and var-
ious neuromuscular syndromes. This compound ex-
ists in two isomeric forms, namely two enantiomers.
Crystal polymorphism (the existence of more than
one crystal structure) occurs frequently in organic
compounds, including APIs. These crystal forms
may vary in important aspects of drug action, such

¢l
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as solubility, stability, efficacy, bioavailability, and
even toxicity. Thus, the issue of isomerism among
APIs is important both from a fundamental and ap-
plied point of view. Many APIs that possess enan-
tiomeric isomers are manufactured and administer-
ed as racemic mixtures (equimolar mixtures of R
and S enantiomers), ETX being an example. Two
enantiomers of the same API have similar physico-
chemical characteristics, but differ in their biological
effects. Enantiomers react in biological systems
stereoselectively. But distribution and metabolism
usually favour one enantiomer over the other. In ad-
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Heynpyroe paccedgHue B onTuMmnsauyunm
npenaparta NpPoTUB aNuUsiencumn

B HacToALwee Bpems B JIHD cpeau pa3nmyHbix
MONEKYNAPHbIX MaTepunanoB NCCIeRYTCA aKTUB-
Hble papmaLieBTMUeCKMEe NHrpeaneHTbl (ADON) pas-
NINYHBIX NekapcTs. [prMepoM TakMx npenapaTos
aBnAeTca atocykcnumung (3TC) — BelecTBo, akTyB-
HO NMpUMeHAeMoe B MeAULMHCKON NpaKTMKe ana
NleyeHuA aNuNencun, BKIoYasa nogasneHne Hempo-
naTMyeckux 6onein, PaccTPONCTB HACTPOEHMUA U
[Pa3fINUYHbIX HEPBHO-MbILIEYHbIX CUHOAPOMOB. JTO
coeflHeHVe CyLLIecTBYeT B IBYX M30MePHbIX Gop-
Max — dHaHTMOMepax. Kpnctananyecknin nonmmop-
¢du13m (cywecTBOBaHMe 6onee YeM OJHON KprcTan-
JIMYECKON CTPYKTYPbI) YaCTO BCTPEYAETCA B OPraHu-

yeckux coeanHeHnmax, Bkntovasa AQW. 3tu kpuctan-
nuyeckmne GOPMbl MOTYT Pa3NNYATLCA MO BAXKHbIM
acneKkTam OencTBUA NeKapCTBa, TaKMM Kak pacTBO-
PUMOCTb, CTabMNbHOCTb, 3PPEKTUBHOCTb, OO0
CTYMHOCTb 1 Ja)ke TOKCUYHOCTb. TaknM o6pasom,
npobnema nzomepuv AOW BaxxHa Kak ¢ GyHOameH-
TanbHOW, TaK 1 C NPUKIagHOM Touek 3peHunsa. MHo-
rue AOU, KoTopble cofeprkaT SHaHTUOMEPHbIE U30-
Mepbl, MPON3BOJATCA N BBOAATCA B OpraHu3m B
BUAE paLeMNYECKNX CMecel (3KBUMONAPHbIE CMeCK
3HaHTMoMepoB Tuna R u S), Hanpumep, TC. [Ba
3HaHTUomepa ogHoro 1 Toro xe AOU nwvetot cxoa-
Hble GU3NKO-XUMUYECKME XapaKTEPUCTUKK, HO pas3-

[1] Osiecka N. et al., J. Pharmac. Science. 108, 1 (2019) 102-108. DOI: 10.1016/j.xphs.2018.06.030



dition, due to the different pharmacological activity,
enantiomers of a chiral drug may differ in toxicity.
Thus, it is very important to learn about the proper-
ties of individual isomers. The R-ETX is non-toxic
and ETX is distributed as an equimolar mixture of R
and S enantiomers.

The knowledge of polymorphism and crystal
behaviour of any pharmaceutically essential mate-
rials is highly required, especially before the API dis-
persed in a suitable solid excipient would form any
tablet. The analysis of vibrational dynamics de-
duced from the density of states G(v), derived from
inelastic neutron scattering spectra is crucial for ap-
plication reasons. Such experiments are performed
on the NERA spectrometer, particularly sensitive to

Fig. 2
Comparison of experimental 5
and calculated spectra of ETX. 0

low-frequency vibrations and capable of providing
the desired sample environment conditions. The dy-
namic range in the (Q,w) space of neutron scatter-
ing available on the NERA spectrometer allows the
characterization of the vibrational dynamics of in-
dividual conformers, conformational changes and
intermolecular motions. Due to the exceptional sen-
sitivity of the method to proton motions, hydrogen
bonds of N-H---N and N-H---O types and torsional
motions of protons from functional groups, for ex-
ample, CHz, CHs, CH (from imide ring in ETX) and N-
H can be well described. The figure shows an ex-
ample of phonon state density spectrum for poten-
tial cryoprotectants obtained on the NERA.
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CpaBHeHVe 3KCnepuMeHTanbHbIX
1 pacyeTHbIx cnekTpos ITC.
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NINYAIOTCA MO CBOMM 6BUonornyeckum apdektam.
DHaHTVOMEpPbI pearnpytoT B O1ONOrMYeCcKmX cucTe-
Max cTepeocenekTMBHO. Ho pacnpeneneHue n me-
TaboNM3M 06bIYHO NPEeAnoYNTaoT OANH SHAHTUO-
mMep gpyromy. Kpome Toro, n3-3a pa3Houn papmako-
NIOTMYeCKON aKTUBHOCTWU SHAHTUOMEpPbI Kupasib-
HOro NleKapCTBa MOTYT Pa3NNyaTbCA MO TOKCUYHO-
cTu. Taknm 06pa3oM, OUeHb BaXKHO 3HaTb CBONCTBA
OTAEeNbHbIX N30MEPOB.

o Toro kak AOV nomellaeTcs B HaMoOHUTENb
TabneTku, KpamHe HEOH6XOAMMO NOHUMATb CTPYK-
TYPHOE NnoBefeHre KPUCTasIoB JaHHbIX CoefinHe-
HUI. AHanNM3 KonebaTtenbHOM ANHAMUKY Ha OCHOBE
bYHKUMM MNOTHOCTU COCTOAHUI G(V), MONyYeHHOM
N3 CMEKTPOB HEYMNpPYroro pacceaHnsa HENTPOHOB,
VIMEEeT peLllatollee 3HaUYeHe B faHHOM Bonpoce. B
JIHO Takoro pofa sKCcnepumeHTbl MPOBOAATCA Ha

[2] Osiecka-Drewniak N. et al.,(submitted for publication).
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cnekTpomeTpe HEPA, peaktop WBP-2, ocobeHHO
YYBCTBUTENBHOM K HU3KOYACTOTHbIM KOnebaHusaM,
B WUMPOKOM AuranasoHe Temnepatyp. QuHamunue-
CKUI arana3oH B npocTpaHcTtee (Q, w) B aKcnepu-
MEHTe Mo pPacCeAHN0 HENTPOHOB, AOCTYMHbIN Ha
cnekTpomeTpe HEPA, no3sonsaeT oxapakTepuso-
BaTb KonebaTenbHY ANHAMUKY OTAENbHbIX KOH-
dbopmepoB, KOHGOPMALIMOHHbIE W3MEHEHUA U
MeXMoneKynapHble aABuKeHuaA. ckniountenbHas
YyBCTBUTE/IbHOCTb METOAA K ABVMEHNAM MPOTOHOB
NO3BONAET XOPOLO ONucaTb BOAOPOAHbIE CBA3M
T1MnoB N-H---N 1 N-H---O, a Takxke KpyTuibHble ABU-
MKeHunA NPOTOHOB PYHKLMOHAbHbIX FPYNM, HaNpu-
mep, CHz, CHs, CH (13 nmugHoro konbua B 3TC) u
N-H. Ha pucyHke nokasaH npumep crnektpa nnoT-
HOCTU POHOHHbBIX COCTOAHUI NOTEHLMASTbHBIX KPUO-
NPOTEKTOPOB, MO/TyYEeHHOrO Ha cnekTpomeTpe HEPA.



Is there a macro impact

of nanoparticles on plants?

The neutron activation analysis method
proved that a multielemental approach can provide
valuable information on the effect of CuO nanopar-
ticles obtained by chemical and biogenic methods
on plants, in particular on wheat. Over the past
decades, metal oxide nanoparticles (NPs) have been
widely used as industrial catalysts, chemical sensing
devices, in medical applications, disinfection, as an-
timicrobial agents, fillers, opacifiers, catalysts, semi-
conductors, as well as in the development of
cosmetics and microelectronics. The widespread
use of NPs in various fields leads to their release into
the environment.

Fig. 1

TEM micrographs showing the
ultrastructure of the wheat leaves;
C - chloroplast, Cw — cell wall,

g - grana, p - plastoglobule.

Puc. 1

MukpodoTtorpadunm MN3M,
MoKas3blBaloLMe ynbTPacTpyKTypy
JINCTbEB MNLUEHNLIbI;

C - xnoponnactbl, Cw — KneToyHas
CTeHKa, g — rpaHbl,

p — nnactornobynbl.

Copper oxide NPs have attracted attention
mainly because, due to their antimicrobial and bio-
cidal properties, they can have a variety of biomed-
ical and agricultural applications. In addition, Cu is
a trace element present in plants in various
amounts. The intensive use of NPs is causing grow-
ing concern about their interaction with the flora
due to the significant toxic effects that may occur.
Due to their physiological and morphological prop-
erties, plants can have different capacities of inter-
acting with NPs.

Recently, there has been an increased interest
in NPs obtained by green synthesis, including those

CyliecTByeT JIM MaKpoBO34enNCcTBUue

HaHo4YacCTUL, Ha pacTeHna?

MeTon HEMTPOHHO-aKTUBALMOHHOIO aHanm3a
LlOKasar, YTO MyJIbTU3NIEMEHTHbIV NMOAXOA, MOXeET
[,aTb LeHHY0 MHGOPMALMIO O BAVAHUN HAaHOYaCTUL
CuO, NoNyyYeHHbIX XMMUYECKUMU N BUOTrEHHBIMA
MeTofaMM, Ha PacTeHMs, B YaCTHOCTY Ha MLEHMLY.
B TeueHne nocnegHnx aecATUNEeTUin HaHo4YaCTULbI
(HY) okcnpgoB meTannos WNPOKO NCMOJb3YHOTCA B
KauecTBe NPOMbILLIEHHbIX KaTaln3aTopoB, XUMU-
YeCKMX CEHCOPHbIX YCTPONCTB, B MeQULVHE, Ne3UH-
deKumm, B KauecTBe NpPoTMBOMUKPOOHbIX CPeacCTB,
HanosnHnTenen, 3aMyTHUTeNen, Katanms3aTopos, Nno-
NYNPOBOAHUKOB, a TaKXe B pa3paboTke KOCMETUKM
N MUKPOSEKTPOHUKN. LLnpokoe npnumeHeHne HY
B pa3nunyHbIX 061acTAX NPUBOANT K UX BbIGPOCY B
OKpY»KatoLLyto cpefy.

HY okcnpga megm npmBneknn BHUMaHMe rnas-
HblM 06pa3omM NOTOMYy, UTo Grnarogapsa CBOUM aHTU-

MUKPOOGHbBIM 1 GBOUMAHBIM CBOMCTBAM OHU MOTYT
NMeTb MHOKeCTBO 6MOMEANLIMHCKNX 1 CEeNTbCKOXO-
3ANCTBEHHbIX NpumeHeHun. Kpome toro, Cu — 3710
MUKPO3MEMEHT, MPUCYTCTBYIOWMNI B PacTeHMAX B
pa3nnyYHbIX KONMYecTBax. V3-3a MIHTEHCMBHOIO NC-
nonb3osBaHua HY pactet 6ecnokoncTso nNo nosogy
NX B3aMIMOAENCTBUA C GpJIOPON 13-3a 3HAUUTENbHbIX
TOoKCuYecknx 3¢pdeKToB, KOTOpPble MOTYT BO3HUK-
HyTb. Bnarogaps ceoum Gb13NONOrMYecKUM 1 Mop-
dbonornyeckum cBONCTBaM pacTeHna MoryT obna-
[aTb Pa3NYHOM CNOCOBHOCTbIO Nornowatb HY.

B nocnegHee Bpema Bo3poc nHtepec Kk HY, no-
NYyYEHHbIM NyTeM 3e/1IeHOro CMHTe3a, B TOM Uncse K
TeM, KOTOpble UCMONb3YIOT SKCTPaKTbl PacTeHUN, a
3TO O3HAUaEeT, UTO U3yUeHUne NX TOKCUUYHOCTM TaKxKe
CTAaHOBUTCA OYEHb BaXkHbIM. [103TOMY C sKONornye-
CKOW TOYKWN 3peHNA MOHMMaHMe TokcnyHocTn HY

[1] Lung I et al., Int. J. Environ. Res. Public Health 2021, 18(13), 6739; DOI: 10.3390/ijerph18136739



in which plant extracts are used, which means that
the study of their toxicity is also becoming very im-
portant. Therefore, from an environmental point of
view, understanding the toxicity of CuO NPs and
their impact on environmentally significant plant
species is of great importance. Bioactive compounds
in plants are compounds produced by plants that
have pharmacological or toxicological effects on
humans and animals, therefore it is important to un-
derstand the effect of CuO on these compounds, as
well as on the ultrastructure of the plant.
Analyzing plants exposed to NPs obtained by
chemical and biogenic methods, by adding them
into the soil, it was found that the amount of chloro-
phyll and carotenoids decreased, while the amount
of polyphenols and antioxidant capacity increased
compared to the control group. As for bioactive

Cl=Fe=K=Ca= Mg =HNa=
Ba=Zr=A=Cr=Rb=Zn>
Ni=3r=Ce=Mn=La=Nd
*Co=5c>Th=As>Hf= Br>Na= Al >Zn>
Sm=Cs=U=Br=5b=Ta> Rb = Cu=kn = Ba =
Eu=Th=Yb =Tm= Mo Sr

K= Cl=Ca>= Mg =

EF (K, Br)>> 1.5

Soil with
CuO-NP

Control Soil

Ca=Mg=Al>Fe=K=Na=
Ti=Mn=Cl=Ba=3r=Zn>
Zr=V=Rb=Cr=Ce=Br=
La=Ni=Nd> As = Co = Sc =
Th= Sb=W=Hf = Sm= Cs=
Sn=U=Mo=Yb>Ta=>
Au=Th=Tm=Eu

Ca=Fe>=Na=Ti>Cl>
Mn=Ba>V=Cr=Br
*As>Co>Sc>Sb>
W=Hf>38n>Cs>U

EF (C, Fe, Eu, Nd)> 15

CuO 1 nx BO3OENCTBMA Ha SKONOrMYECKn 3HaUnUMble
BUAbl pacTeHU umeeT 6osbluoe 3HayeHne. bro-
aKTVBHbIE COeAMHEHMA B PAaCTEHUAX — 3TO Ccoen-
HeHUsA, BblpabaTblBaemMble PACTEHMAMM, KOTOpPbIe
OKa3blBaloT papMaKkonornyeckoe nuiam ToKCUKoso-
rmyeckoe AencTBrE Ha JoJeNn N XKUBOTHbIX, MO-
3TOMY Ba’KHO MOHUMATb BIVAHUE PA3SINYHbIX TUMOB
CuO Ha 3T1 coenHEHUA, a TaKXKe Ha YbTPacTPyK-
TYpY pacteHus.

Mpu aHanu3e pacTeHUIn, NOABEPTILNXCA BO3-
pencteuio HY, nonyyeHHbIX XMUYECKUMI 1 Brio-
reHHbIMM MeTodamMu, NyTeM f06aBNEHMA X B MOYBY,
6b1110 06HaPYKEHO, UTO KONMYECTBO XJIopodusina 1
KapOTUHOUAO0B YMEHbLUNIOCh, @ KONIMYECTBO NOJIN-
$EeHONoB 1 aHTMOKCUAAHTHAA CMOCOOHOCTL yBe-
JINYUAINCH MO CPAaBHEHUIO C KOHTPOJSIbHOW rPyMmnomn.
Y10 KacaeTca 6MoNornyeckn akTUBHbIX coefuHe-
HWI, 6oNblLe BCEro NoCTpajanu pacTeHus, Bbipa-
weHHble B npucytcteum HY CuO, nonyyeHHbIx ¢

compounds, plants grown in the presence of CuO
NP obtained with a solution of celandine extract
suffered the most. In addition, ultrastructural analy-
sis showed that some changes occurred in the
leaves of the treated plants compared to the con-
trol. All wheat samples exposed to chemical or bio-
genic CuO NPs showed changes in the accumu-
lation of elements in plant tissues. Soil amending
completely inhibited the accumulation of some el-
ements, regardless of the type of NPs applied. Ex-
posure to chemically obtained CuO NPs led to a
more obvious alteration of the element profile in
comparison to the control and biogenic CuO NPs.

Taking into account the results obtained, it can
be concluded that CuO NPs have a negative effect
on the ultrastructure of wheat plants, which can af-
fect the level of yield and product quality.

K= Cl=Ca=Mg>
Na=Al=7n=Rb>
Mn = Ba> Sr>Br >
Mo > As > Sb=5m

K= Cl=Ca= Mg >
Na=Al>Fe=Zn>
Rb=Mn =Ba>= Br=
Sr=Mo=As = Sh=
sm

EF (K, Br, Mo) > 1.5
EF (K, Br, Mo) >> 1.5

Soil with
CuO-NP-cel
Soil with
CuO-NP-bth

Ca=Al=K=Mg=Ti>
Cl=Zn> Br> As = Co
*Sc>=Th>=5b> Sm>
Cs=U> Au

Mg > Al » Fe»K>
Na=Cl=Ti>Zn>
Sb>V = Br>Co=>
Cs>Yb>Eu > Au

EF (CI, Fe, Eu, K, Ni, Rb) > 15 EF (CI, Fe, Eu, K Ni,As, Sb, Yb) > 15

pacTBOpoM unctoTena. Kpome Toro, ynbrpactpyk-
TYPHbI @aHaNIM3 NOKas3as, YTo B IMCTbAX 06paboTaH-
HbIX paCTeHM MPON30LLIN HEKOTOPble N3MEHEeHNA
MO CPaBHEHUIO C KOHTPOJIbHbIMM. Bce 06pasubl niue-
HMULbI, NOABEPriuMeca BO3AeNCTBMI0 XUMNYECKMX
nnu 6rnoreHHbix HY CuO, nokasanu nameHeHus B
HaKOMJIEHNW NIEMEHTOB B TKaHAX pacTeHnn. BHece-
HVe N3MEHEHMI B MOYBY MOJIHOCTbIO MOAABMANO Ha-
KOmnneHre HeKOTOPbIX 3/IeMEHTOB, HE3aBNCKMO OT
Tuna npumeHaembix HY. Bo3gencrene xmmmnyeckm
nonyyeHHbix HY CuO npuseno kK 6onee oueBngHO-
My M3MeHeHMo NpodunA neMeHTa No CPaBHEHMIO
C KOHTPONbHbIMU 1 6roreHHbIMM HY CuO.

MpuHMMasn BO BHUMaHME NOyUYeHHble pesyJib-
TaTbl, MOXHO cZleNniaTb BbIBOJ O HEraTUBHOM BNMA-
HUn HY CuO Ha ynbTpacTpyKTypy pacTeHUn neHu-
Libl, UTO MOKET OTPaXKaTbCA Ha YPOBHE YPOXKaNHOCTM
N KayecTse NpoayKUUN.
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