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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

Pa3BuTUe KpynHOMAaCLUTaOHbIX HAy4YHbIX MHPPa-
CTPYKTYp Bcerga crnocobCcTBOBaNV pasBUTUIo Uccre-
[l0BaTeNbCKOW aKTUBHOCTM B LIEJIOM, 1 HaYK O XI3HW,
B YacTHOCTU. HaumHaA co BpemeH 1306peTeHnn
pPEHTreHOBCKOW TPYOKM 1 nepBoro onncaHus 6o-
nesHu AnbLreiMmepa, BMOTb 10 COBPEMEHHbIX UC-
TOYHMKOB CHXPOTPOHHOTO M3yYeHUs, UCTOYHNKOB
HETPOHOB M MOLLHbIX JTAa3ePHbIX CUCTEM, pa3pa-
60TKM B 06nacTn AfepHON GU3NKK Urpanu CBOK
posfb B UCCIIeAOBaHUAX BMONOrMYeCcKol Hanpas-
neHHoctu. Cneuynduyeckme CBONCTBa HENTPOHOB,
MOLLHOCTb CUHXPOTPOHOB, AOCTMXKEHNA B ONTUYe-
CKOW CMeKTPOCKOMMM, B TOM YMCIIE 1 PaMaHOBCKON,
3aHMMAlOT CBOIO HULY B MCCNE[0BaHMAX XUMNYe-
CKOrO COCTaBa N CTPYKTYPbl KOHAEHCUPOBAHHOIO
COCTOAHUA BELLECTBa, KOTOpoe 0bnafaeT JOBOJIbHO
BbICOKVM YPOBHEM pa3ynopAaA0YEeHHOCTH, YTO CUn-
TaeTcA OAHOW 13 OCHOB XKM3HU Ha 3emre.

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.

densitometer X-ray diffractometer

microscope
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B Jlabopatopun HENTPOHHOWN GUINKN WM.
®paHka (JTH®) O6benHEHHOrO MHCTUTYTa AAep-
HbIx nccnegosaHuii (OUAN) yxe 6onee nonyseka
npuaaeTca Ba)KHOE 3HauyeHue UCCefoBaHUAM B
obnacTun Hayk o x13HW. Bnarogapa nporpeccy B nc-
CflefoBaTeNbCKUX MoAxoAax, B HacTosALee Bpems
eCTb Jlyylliee MOHMMaHMe COOTBETCTBYIOLWMNX Mexa-
HN3MOB OXpaHbl 30POBbA N Jaxe ero BOCCTaHOB-
neHuA. PerynapHbil MOHUTOPUWHT 3arpA3HEHHOCTH
OKpy»atoLLen cpefibl TOMOraeT yMeHbLUNTb ero oT-
puuatenbHoe BO3[eNCTBME Ha YesloBEeYeCTBO U
Halwy nnaHeTty. MNpumepbl 3HaUMMbIX Pe3yNbTaToB,
nosnyyeHHbIX yyeHbiMu B JIHO 1 npefcTaBneHHble B
JaHHoM ByKrneTe, AeMOHCTPUPYIOT YMECTHOCTb Npu-
MEHEeHMA PasNYHbIX BUAOB U3MyYeHUI B HayKaX O
XKN3HW.

ﬁ 7~ %7 \Valery Shvetsov
2 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.
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BO3HVIKHOBEHMSA 60M1e3HU
Anburerimepa.
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more thorough study of the interaction of the AR
peptide with the membrane will become part of the
final solution in the fight against Alzheimer's dis-
ease.

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

Amyloid aggregates
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HenTpoHbl B MOUCKE NepBONPUUMH

6one3Hn Anburemmepa

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

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

[1] MurugovaT,, et al. Gen. Phys. Biophys. 39 (2020). DOI: 10.4149/gpb_2019054

change much. The addition of melatonin to the
membrane, on the contrary, affects the position of
the peptide, presumably shifting it towards the
water-lipid interface.

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

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

membrane by changing its shape from large
vesicles to vesicles of small sizes and
nanodisks.

Puc. 2

Kpusbie MYPH, nemoHcTpupyiowme
[leCTPYKTUBHOE BAUAHME nentuga beta-
amunovaa Ha MofesbHyto MemopaHy
n3MeHeHveM ee GOPMbl OT 6OSbLIMX BE3VKY
[10 Be3VKy/ Manoro pasmepa 1 HaHOAVCKOB.

Scattering intensity

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

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

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

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

[2] Ivankov O. 1., et al. Advances in Biomembranes and Lipid Self-Assembly 31 (2020). DOI: 10.1016/bs.abl.2020.02.002
[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 06pa3oBaHyie Nop B IMNULHON MembpaHe.

JunHaMuKa Mmemb6paH

onpenenseT nx 6Mosiormyeckyto dyHKLUIo

Brionorryeckas membpaHa Cly>KUT CeNEKTUB-
HbIM 6apbepoM MeXay BHYTPEHHVIM COAEP>KUMbIM
KNETK/ 1 ee OKpYXeHUeMm. MI3BeCTHO, YTO MMEHHO
CBOWCTBA NUNUAHON MeMOpPaHbl PerynnpyoT pas-
NINYHbIE KNETOYHbIe NPOLIECChI, I BO MHOTOM Omnpe-
genaioT Habop 6uonornyecknx GyHKLMIN oTaenb-
HbIX KJNIETOYHbIX KOMIMOHEHT, BKJIloUas MmembpaHHble
6enkun. CuctemaTmyeckme nccnenoBaHna ocobex-
HOCTeN KONNMEeKTUBHOM AVHAMUKN ANMNAHBIX MOJie-
KyJ1 B MHOFOKOMIMOHEHTHbIX MEMOPaHaXx Ha Nnunkoce-
KYHIHbIX BPEMEHHbIX MacliTabax Obinv paccmoT-
PEHbI C NCNONIb30BaHNEM METOAA HeYMnpyroro pac-
cestHus.

BbIny n3yyeHbl KONeKTBHbIE KonebaHuA nu-
NUAHbBIX MOJIEKYN B OOHOKOMMOHEHTHbIX MeMbpa-
Hax 1,2-gunanbMuTonn-sn-rumuepo-3-pocdatnann-
xonuH (AN®X) [1]. Bnepsble yaanocb 3KcnepumeH-
TaNbHO JOKa3aTb CyLeCTBOBaHME NoNnepeyYyHom aky-
CTUYecKo GpOHOHHOW MoAbl B AUMUAHON MeM-
6paHe. Takxe 6b110 MOKa3aHo, YTO NPW HarpeBaHU
nunuaa Bbile TemnepaTtypbl $pa3oBOro nepexoaa,
yKa3aHHasa $OTOHHasA MoJa MMeeT pa3pbiB B 0bna-
CTW MasblX 3HAYEHUI BEKTOPA paccesaHus.

Habniogaemblii pa3pblB CBA3aH C NpoLeccamm
anddy3nn n penakcaumm, NPONCXOAALUMMN B K-
NUAHON MemMb6paHe, 1 ABNAOTCA NPAMbIM MPU3Ha-

[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

Fig. 2
Schematic representation

of functional lipid pairs that
nucleate into nanodomains.

Puc. 2

Cxema n3obpaxeHus GyHK-
LMOHaNbHbIX NMUNUAHBIX Nap,
KoTopble popmMmpytoT
HaHOOMEHbI.

of Chotesterol
PP ituati Izl

.D C contributing to OF mode of all DPPC

@ DPPC not contributing to OP mode

KOM KpaTKOBPEeMEeHHOro (nopagka HeCKONbKUX NK-
KOCeKyH[]) CMOHTAHHOIrO BO3HWKHOBEHUA B MeM-
6paHe NUNUAHbIX KNacTepoB HAHOMETPOBOIO pa3-
Mepa, OKPY>KEHHbIX NycToTamu (puc. 1). 9T nopbl
onpegenalT MexaHn3M NacCMBHOrO TpaHcrnopTa
PacTBOPEHHbIX BELLECTB CKBO3b IMMUAHYIO MEM-
6paHy.

MprMeHeHe MeToAa HeYNpPYroro pacceaHus
PEHTreHOBCKUX JTyUYeil N KOMMNbIOTEPHOTO MOAENN-
pOBaHMA METOAOM MONEKYNIAPHON AUHAMMWKN MO3-
BOJIIO AeTaNlbHO M3Yy4YuTb npoueccbl $pa3oBoro
pa3geneHus B 6onee CoXKHbIX ABYX- U TPEXKOMMO-
HeHTHbIX INUAHbIX MembpaHax AMNMOX-xonectepuH
n NOOX/A0MX-ANDX-xonectepuH [2]. BO3HUKHO-
BEHMe ONTNYECKNX GOHOHHBIX MOJ, Ha ANCNEPCMOH-

phonon modes in the dispersion curves of these
systems suggests the existence of stable (on the pi-
cosecond 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.

1]
DPPC and Chol

Tt At chas Energy (meV)

Coherent moves

o Cenler of masses *‘ of all Chal
of DPPC-Chol pair
Coherent moves

HbIX KPMBbIX TaKNX CUCTEM CBUAETENbCTBYET O Cy-
LLECTBOBAHNN B HUX CTabUIbHbIX (Ha MUKOCEKYHS-
HOW WKase BpemMeHM) GyHKLNOHANbHbIX IMUAHbBIX
nap monekyn JOOX, MOO®X, AMNOX n xonectepuHa,
KoTopble KonebnoTca B NpoTuBodase BOKPYr nx
LeHTpa macc (puc. 2).

Habntogaembliii pa3pblB ONTUYECKMX GOHOH-
HbIX MOA MOAENbHbIX MeMOpaH sBNAeTCs cnef-
CTBMEM KOHEYHOTO pa3mepa obnacTen (HaHogome-
HOB), 06pa30BaHHbIX YKa3aHHbIMU NNAVAHBbIMM Ma-
pamu. Mpu 3Tom, M3MepeHHasa CBepXObICTpas ANHA-
MUKa GYHKLMOHANbHbIX IMMAHBIX Nap COM3Meprma
Mo BPEMEHHOW 1 SHEPreTUYeCKoN LWKase C npoLec-
CcaMu peflakcauum TpaHCMeMbpaHHbIX 6eKoB.

[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

CxemaTtumyeckoe
n306pakeHue anugepmMmnca.

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, pro-
tecting the inner layers from external influences and
preventing direct penetration of harmful agents.
The chemical composition and structure of the SC
lipid matrix largely determine the overall health of

300pOBbe KOXU NpegonpeneneHo

MaTpuuen Stratum corneum

Koxa mnekonuTtaloLwmx 1 YenoBeka — OfMH U3
CaMbIX 60MbLINX U YHUKANbHBIX MO CBOEMY CTpOe-
HUo 1 GYHKUMAM opraH. Ponb KOXW B »K13Heges-
TeNIbHOCTM XKMBOTO OpraHy3ma Hefb3A HeJOOLEeHN-
BaTb. C Hauana 2000-x rogos B JIH® coBMecCTHO ¢
Mapmakonoruyecknum dakynsteTom YHMBepCUTeTa
MapTuHa JTioTepa B Xanne (fepmaHms) ¢ NOMOLLbIO
pacceAHNA HENTPOHOB Y PEHTFEHOBCKUX NTyYel Ha-
yanu nsyyatb CTPYKTYPY U CBOWCTBA MOAESIbHOM
nunungHon matpuubl Stratum corneum (SC) [1]. QaH-
Hble O HAHOCTPYKTYpe nunuaHon Mmatpuubl SC cro-
cobcTBytOT 60nee rny6boKoMy NOHMMAHMIO CBOWCTB
1 GYHKUNIA eCTECTBEHHOIO KOXHOro 6apbepa. 1o
LEeHHO ANA NPOABMXKEHUA B 06/1acTh fepMaTosio-
rK, 3CTETUYECKON 1 TepaneBTUYECKON KOCMETOS10-
ru, a Takxe B pa3paboTKax 1 co3haHny TpaHCaep-

MaJsibHbIX TepaneBTUUYECKNX CUCTEM.

BepxHuin cnom KOXHOro NoKpoBa — 3nuaep-
MWUC — COCTOUT M3 HECKOJIbKUX AEeCATKOB C/I0eB
knetok (ot 50 go 100) n nmeeT TOALWMUHY BCEro
0,05-0,1 mm (puc. 1). B Hem BbigenaAtoT 4-5 ypoBHe,
nNpoaBUrasacb BAOMb KOTOPbIX BBEPX, KMBbIE» KNeT-
KM KepaTMHOUUTblI NOCTEMNEeHHO NnpeBpaLlalTca B
«MepTBble» KopHeouutbl. OporoBeBLUne KOpHe-
OUNTbI, OKPYXEeHHble NMMNNAHbIM MaTPUKCOM, CO-
CTaBNAIOT CaMbli BepXHUI — porosow ciion unm SC.
Kak okazanocb, umeHHo SC obecneunBaeT 6apbep-
Hyl0 QYHKUMIO, 3alMlias BHYTPEHHME CJion OT
BHELIHNX BO34ENCTBUN 1 NpefoTBpallasn npamoe
NPOHNKHOBEHWE BpefHbIX BelecTB. Monekynap-
HbI COCTaB M CTPYKTypa nunugHoro matpukca SC
BO MHOIOM ONnpefensAoT 30POBbe KOXKU B LieSIoM,

[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

the skin, and also serve as a marker in the diagnosis
of pathologies. Even minor changes in its composi-
tion can greatly affect the permeability of SC to var-
ious substances. This property underlies the creation
and development of transdermal delivery nano-
systems 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 CerEQOS 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
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Fig. 2 W = W mm
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a TaKXe Cny»aT MapKepoMm B ANarHOCTMKe NaTono-
rmn. Ja>ke He3HaynTebHbIE N3MEHEHUA B €ro Co-
CTaBe MOTyT CUIbHO BANATb Ha NpoHMUaemocTb SC
0N Pa3NnYHbIX BewecTB. DTO CBOMCTBO JIOXKMUTCA B
OCHOBY CO3[aHNA U Pa3BUTMA TpaHCAePManbHbIX
HaHOCKCTEM A1l [OCTaBKN GpapMaKoNormyeckmx u
KOCMeTUYeCKNX cpeacTs.

CocTaB LepamngoB — OCHOBHOIO KOMMOHEHTa
nmnugHon matpuubl SC B HacTosALLee BpeMs XOpo-
LLIO U3BecTeH. Ha cerogHa BbigeneHo 6onee 12 knac-
COB pa3nnyHbIX Lepamugos. OgHaKo, posnb OTaenb-
HbIX KN1aCCOB LiepaMUA0B, a TakxKe UX COYeTaHne 1
COOTHOLWeHMe C Apyrumun KomnoHeHTamu SC ocTa-
eTcA NpegmeToM UCCnedoBaHNA MHOTMX HayYHbIX
rpynn. Ocobbifi MHTEpeC NpefCcTaBnAeT KNacc ANNH-
HoLenoyeYHbIX Lepamugos. X npncyTcTBume oTBe-
yaeT 3a LeNIOCTHOCTb INMUAHbBIX CJI0EB 1 NPegoT-
BpaLleHune notepwu Bnaru [2].

B konna6opauumn JIHO — QapmaueBTryecknin
dakynbTeT Kapnosa YHuBepcuteTa B [pagey-Kpa-
nose (Yexua) getanbHo Obina UlyyeHa posb ASIVH-
HoLlernoyeyHoro Lepammaa Ha GopmMmnpoBaHme anmH-
HOMEPUOAHbIX U KopoTKonepuodHbix ¢as [3]. bbiu
nccnefoBaHbl MOAeNbHbIE NMUMUAHbIE CJION Ha OC-
HOBE KOPOTKOIO 1 AJ/INHHOIO LiepaM1A 0B, UMUTUPY-
towme 3poposbit SC n SC ¢ natonorven (peuec-
CUBHbIV X-CLeNNeHHbIN NXT1o3) (purc. 2). Tonbko npu
HaNMuMN KOPOTKOTO Liepammnaa MOgeNbHasA NUNug-
HasA MaTpuua SC 1eMoHCTprpoBana obpasoBaHue
namennapHbIX a3 C KOPOTKOM, CpefHeN N oYeHb
OJIMHHOW NOBTOPAEMOCTbIO. [ToAaBneHne B mogenb-
HOW MaTpuue gnvHHoro uepamuga CerEOS npuso-
OWUNo K CTabunbHOW OfHHOMepuoaHou ¢dasze u
npepoTBpaLlano obpasosBaHve pasbl C OUEHb ANH-
HbIM NEePUOLOM.

[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 pharmaceuticals 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 envir-
onment.

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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KrieTouyHble MeMb6paHbl B OKPYXXEHUN MOHOB

OpHoM 13 BaXKHbIX 3afa4 COBpPeMeHHOM bro-
d13nKM 1 bapmaLeBTUKM ABNAETCA HanpaBieHHas
TPAHCNOPTMPOBKA JIEKAPCTBEHHOIO Npenapara He-
NOCPeACTBEHHO B MOPaXEHHYI0 TKaHb, T.e. TaK Ha-
3blBaeMas aipecHas focTaBKa nekapcts. OcylyecT-
B/IeHMe NoAoOHOro Noaxoaa No3BosAeT IOKabHO
N N36MpPaTENIbHO YHUUTOXUTb NAaTOIOMMYECKII NPO-
Llecc B TKaHW, HanpuMep, PakoBble KNeTK1 1Uin na-
TOreHHble MUKpoopraHn3mbl. CriegoBaTesibHO, MOHN-
MaHMe MeXaHV3MOB TPaHCMOPTUPOBKN IEKapPCTB
yepes OGuoONOrMyeckylo MembpaHy ABNAETCA He-
06XOAMMBIM LIAaroM K YCOBEPLUEHCTBOBAHUIO He
TONbKO MOAXOA0B C/IOKHOMO rEHETUYECKOTO NUHXKN-
HUPWHTA, HO Aa<e M NPOCTOro BakLMHUPOBAHUA.

[maBHas ponb B TPAHCMNOPTUPOBKE NeKapCTB
YyacTo OTBOAUTCA IMNMOCOMAM — COCTOALMM U3 JN-

nuaHoro 6ucnos coepryeckm obbeKkTam, U3 KoTo-
PbIX COAEPKUMOE KOHTPONIMPYEMO BbICBOOOXKAAETCA
BCNeACTBME B3aMMOLENCTBMA PeLenTOPOB TKaHU-
MU LLEHW 1 MOBEPXHOCTM IMNOCOMBI. B TO ke BpemsA
N3BECTHO, YTO MIOHbI METaNoB, 63 KOTOPbIX He 06-
XOAMUTCA HY OANH GU3NKO-XUMUNYECKNIA KNETOYHDIN
npouecc B opraHume, ABNAITCA MeMbpaHHO-aK-
TUBHbIMU 06 bEKTAMU, U3MEHSIOLLMMY CBONCTBA -
NUAHOIo BUCOS, YTO NO3BONAET OTMETUTD X BaK-
HYI0 POJb B TOM YKCIE 1 B MPOLieccax JOCTaBK e-
KapcTB. 3TO NpeaocTaBseT obWmpHoe nosne ans
WCCNefoBaHUIA B3aUMOAENCTBUN NUNUAHOIo buc-
N0 C IOHAMU METAINIOB B MOAESIbHbIX CUCTEMAX Jn-
NMOCOMa-NOHbI, HAXOAALMNXCA B BOAHOM OKPYXKEHUN.

B cBA3wm c 3TM JTabopaTtopura HENTPOHHOW Gu-
3ukn OUAN coBmecTHO ¢ OapmMaueBTnyeckum da-

[1] Gorshkova, Y., et al. J. Surf. Investig. 11.(2017) DOI:10.1134/51027451016050499.

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 collab-
oration with FLNP, Dubna, play an essential part in
our efforts to understand and develop proper vec-
tors/ vehicles for drug and gene delivery systems.
Similar results proved indispensable and timely in
the modern vaccination strategies combating
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.

Puc. 2. AapecHas focTaBKa uepes KIeTouHyto MemGpaHy B MPUCYTCTBIMN VOHOB.

KynbTeTom YHuBepcuteTa nm. KomeHckoro B bpatu-
CnaBe akTUBHO NPVHMMAET yyacTue B NccnefoBa-
HUAX C UCMONIb30BaHNEM METOA0B Masioyri0BOro
pacceaHna u ondpakLmm HENTPOHOB Ha SKCNepu-
MeHTanbHow ycTtaHoBke IOMO. B skcnepmnmeHTax
6blI0 MOKA3aHO, YTO MPU onpefdesieHHbIX MasbIX
KOHLEHTPaLUAX KaTMOHOB KasbLusA NpoABnAeTcA
TEHAEHUMA K Pa3pyLUEHNI0 MHOTOCIOMHbIX CTPYK-
Typ nunocom [1]. B To e Bpema nogob6Hble nNpo-
Lleccbl Ha MOJeKyNAPHOM YPOBHe GpyHAaMeHTaNbHO
CBAi3aHbl CO cneundUKon B3auMogencTBUn MOHOB
cnunuaamm B bucnoe. 3aecb OLHUM U3 BaXKHbIX pe-
3yNbTaTOB ABMAAETCA NpPefsioKeHHasa KoHuenuuma
bGOpPMMPOBAHNA MOHHBIX MOCTMKOB NPU CBA3bIBa-
HUM KaTUOHOB METaSIOB C FOMIOBHbIMY Fpynnamm
HelTpanbHbIX pochoNnnNLoB Ha MOBEPXHOCTM N-
nocombl [2] (puc. 1).

Oco60e BHMMaHMe B Hay4YHbIX NCCNIeOBaHNAX
yAEeNeHO PacCMOTPEHNIO BANAHMA NOHOB KanbLA
W MarHuA Ha CTPYKTYPHYIO OpraHu3auuio nMnuaos
1 CBOWCTBA CaMUX JIMMOCOM, MOCKOSbKY MPOoLecchbl
CBA3bIBAaHUA MOHOB C IUNMAAMU B JINMOCOME Ur-
patoT KtoueBble POK, B YaCTHOCTU, B MOAESIbHbIX
komnnekcax «nnocoma — [HK (PHK) — noHbi» (puc. 2).
«IKCNEPUMEHTbI MO PacCcesHUIO HENTPOHOB, MPOBe-
[eHHble B coTpyaHuyecTse ¢ JIHO, ly6Ha, urpatot
BaXKHYI0 POJib B HALLUX YCUSIAAX MO MOHUMAHWIO 1
pa3paboTke NoAXoAsALWNX BEKTOPOB / HOoCUTenen
ANA CUCTeM AOCTABKM NIeKapCTB U reHoB. NoaobHble
pe3ynbraTbl OKa3anncb He3aMeHMbIMU 11 CBOEBpe-
MEHHbIMW B COBPEMEHHbIX CTPaTErnsaxX BakLHaLUN
npoTre naHgemuy COVID-19», — npod. [. Yrpukosa
13 QapmaueBTUYecKkoro dpakynbTeTa YHMBepCUTETa
M. KomeHckoro B bpaTtncnase.

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




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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Qotorpadua paHeBOI NOBA3KN.

HenTpoHHOE paccedgHune

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.

nomMoraeT Co34aTb paHeBbl€ NOBA3KU

HenTpoHHOe paccesaHre NO3BONWIO MNONYUYUTb
ncyepnbiBaoLmne cBeAEHUs 06 N3MEHEHUAX B KpW-
CTanNM4eCcKom N HAAMONEKYNAPHONW CTPYKType Len-
NIONIO3HbIX HaHOreNeBbIX MJIEHOK Ha YPOBHE OT
HECKOJbKUX HAHOMETPOB O HECKOJIbKNX MUKPO-
METPOB Ha Pa3HbIX CTaAuAX UX TMAPONn3a npu ob-
pabotke pepmeHTOM. Llenntonosa, nponssogmmas
6aktepusamu (bLI) B BMAE NNOTHOM NNEHKWN C MENKO-
BOJIOKHWNCTON ceTyaToOM CTPYKTypon, obnagaet
MEHbLUM AUAMETPOM BOJIOKOH 1 YBEIMYEHHOMN
naoLwaabo NOBEPXHOCTM MO CPaBHEHMIO C ee pac-
TUTENbHBIM aHAJIOrOM U NPOABAET 0COOEHHbIE Ka-
yecTBa: MEXaHNYECKYI0 MPOYHOCTb U 3/1aCTUYHOCTD,
BOZ0- M MApOMpPOHNLIAEMOCTb, TMTPOCKOMUYHOCTb,
HETOKCMYHOCTb M BUOCOBMECTUMOCTb. Kpome Toro,
BLl MoXeT cnocobCcTBOBATb 3aXKUBJEHNIO PaH. YKe
peann3oBaHHbIE N MepPCrneKTUBHbIE NMPUTOXKEHNA
bl B MeauMLHe — KpOBOOCTaHaBNMBatoLLne Cpea-

CTBa, MMAHTATbl N UCKYCCTBEHHbIE KPOBEHOCHbIE
cocyfibl, MaTepuanbl TKAHEBOWN MHXEHEPUN KOXN 1
3aKMBNALLME NOBA3KM.

PaHeBble MOBA3KM 13 GaKTepUanbHON Liensto-
NO3bl CTAHOBATCA NEePCNeKTUBHONM anbTepHaTMUBOM
TPaAUUMOHHBIM MEeAULMHCKAM CpeacTBaM, Bedb
TpeboBaHWI K TaKMM NOBA3KaM JOBOSIbHO MHOTO.
OHW JOMKHbI NIErKO HAHOCUTLCA U YAANATLCA, ObITh
61OCOBMECTVMbIMM 1 He Bbl3bIBaTb anfepruyeckmx
peakuuii, 3awmatb oT UHGeKL M 1 obecneynBaTb
BNAXHYI0 Cpeay U AOCTYN KNCI0POAa, a TakxKe Me-
HATb cBOl0 GOPMY CO CKOPOCTbl 06pazoBaHMA
HOBOW TKaHM y NnauneHTa. To eCTb NOBA3KM AOKHbI
obnapatb KOHTPONMPyemo CnocobHOCTbIO K 61o-
pa3noKeHuto, HO B OpraHM3Me YyenoBeka OTCYyT-
CTBYIOT GepMeHTbl, CNoCobOHble KaTanu3nmpoBaTb
pa3fioxeHune Lennionosbl.

[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 nameHeHus bLl B pesynbTate ee 06paboTky pepmeHTOM.

YT1o0bl MONYUUTL KOHTPONMPYEMYIO TEXHONO-
10, OCHOBaHHYI0 Ha pepMEeHTaTMBHOM A ponn3e
Lienniono3bl, HEOOXOAMMO He TONbKO COCTaBUTb Kap-
TUHY B3aMIMOCBA3EN MeXAY CTPYKTYPOM 1 pusnye-
CKUMU I XUMNYECKUMY CBONCTBAMM G1ONIOrMYECKIX
MaTepuasioB, HO 1 061aaTb MHCTPYMEHTaMU, KOTO-
pble MOTYT NOBAUATb Ha NX U3MEHEHMA.

B KauecTBe BapuvaHTa Takoro MHCTPYMeHTa
yCOBepLUeHCTBOBaHNA baKTepuanbHOW Lenionosbl
Anst GUOMeaNLMHCKUX NpUMeHeHN, yuyeHble NMNAD
B paMKax COBMECTHOTO CO crieLmanncTamm paga Ha-
YUHbIX LIEeHTPOB MCC/Ief0BaHMA NCNOoSb30Banu dep-
MEHT, uennobrornaponasy, BblieneHHy 13 ApoX-
)enogob6Horo rpuba Scytalidium candidum 3C, n
BrepBble Npocneannv 3a Tem, Kak Npu 3TOM Nnpo-
ncxoauT ee paspylieHne. OgHa 13 NPUYKH, NO KO-
TOpOW GaKTepuanbHY Loy MCNob3yloT
npu pa3paboTKe mMaTepuanoB ANA pereHepayumn
KOM 1 KOCTel, Bbl3BaHa ee CXOCTBOM B HAHOMET-
poBOM MaclTabe co CTpoeHnem KonnareHa, punob-

punnsapHoro 6eska. Ero ubpunbl LUNMHAPUYECKON
dbopmbl Gonblue, yem nnacTMHYyaTble GUbpUnbl y
HaTUBHOW OaKTepranbHOM Lensnono3sbl. MNog BnnaHu-
eM GepMeHTa, KaK NoKasanu MeToflbl HENTPOHHOTO
paccesHus, pa3mepbl U Gopma YacTel NONMMEPHON
MaTpuLbl 6GaKTePUaNbHOW Lieniono3bl HaunHatoT
NPUOGNMKATLCA K pa3Mepam HaTUBHOTO KoJilareHa.

B paboTe ncnonb3oBaH WNPOKNUI cnekTp ¢u-
3UYECKNX 1 MUKPOCKOMUYECKNX METOAOB, BKIHOYan
ManoyrioBoe paccesHne HeNTPOHOB, PEHTFEeHOBC-
Kyt AMdpaKLMIo 1 aTOMHO-CUIIOBYH MUKPOCKOMMIO
(JTHO ONAN), ynbTpamanoyrnoBoe pacceaHne Hew-
TpoHoB (Heinz Maier-Leibnitz Zentrum), a Takxe me-
TOAbl CKaHUPYIOLWEN SNEeKTPOHHON MUKPOCKONUN
(KM MOHX PAH). Pe3ynbTaTbl uccnefoBaHuii 6ygyTt
CNoco6CTBOBATb CO3AaHNI0 OMOTEXHOMOT I MO pas-
paboTKe paHeBbiX MOBA3OK C 3afaHHbIMU CBOW-
CTBaMM AN NIeYeHNA PasfINYHbIX MOPAKEHUIN KOXKMU.




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 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 II
with its cognate transducer NpHtrll from
N. pharaonis (right).
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Cxema curHanbHoro Kackaga (A)

B cnyyae [IKC oTpuuatenbHoro
¢dotoTakcnca N. pharaonis n cxema
LOMeHHOW apxnTeKTypbl (B) Anmepa x
emopeuenTopos 13 E. coli (cnesa) n
avmepa GOTOCEHCOPHOro KOMMeKca
poponcuHa Il c ero poacTBEHHbIM
TpaHcgocepom NpHtrll 3z N. pharaonis
(cnpaBa).

HenTpOoHbl pacKpbiBalOT

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
I (NpSRIl) 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-

CYMepPCTPYKTYPY CUMHAJIbHbIX CUCTEM

[ByxkomMnoHeHTHble cuctembl (JKC) oTBevatoT
33 KOMMYHMKaLMI0O MUKPOOPTraHN3MOB C OKpPY»Kato-
e cpefon; OHM MPUCYTCTBYIOT NOYTY BO BCEX A0-
MeHaXx U1 SIBNAIOTCA Hanbosiee pacnpocTpaHeHHbIMU
CUIHaNbHLIMN CUCTEMaMM B XKBOW npupoge. Pe-
uentopbl [IKC, Kak NpaBuno, ABAAITCA TPAHCMEM-
6paHHbIMK 6enKaMu., HecmMoTpsA Ha LWWMPOKUIA NHTe-
pec HayuHoro coobulecTBa K nsyyenuto [1KC, B Ha-
cToAllee Bpemsa OblAn OnucaHbl B nuTepaTtype
CTPYKTYpPbI C BbICOKUM pa3peLLeHEM TONbKO dpar-
MEHTOB 3TUX 6enKoB. TPYAHOCTU U3YUEHUA CTPYK-
TYpbl NONHOPa3smepHbIX peuentopos [JKC cBA3aHbl
¢ 60bLIIM Pa3MEPOM 1 BbICOKOW ANHAMUYHOCTbIO

BOAOPACTBOPMMON YacTu TpaHCMeMOpaHHbIX pe-
uentopos OKC.

C nomoLLblo ManoyriioBoOro HEMTPOHHOIO pac-
ceAHunA Ha cnekTpomeTpu FOMO unsyyanacb CTpykK-
Typa ceHcopa AKC — nonHopasmepHoro ¢oTope-
LenTOpPHOro KOMMeKca CeHCOPHOro PoAorncrHa ¢
€ro poACTBEHHbIM TPaHCAIOCEPOM K3 IKCTPEMO-
dunbHon apxen Natronomonas pharaonis [1]. Ak-
TMBUPOBAHHbIN NPY BO3AENCTBUN CBETA CEHCOPHDIN
poponcun Il (NpSRI) nHAyLmpyeT CTPyKTypHble
n/unn oMHaMmMyecKkne N3MeHeHUs B TpaHCacepe
(NpHtrll), koTopble npeobpasytotca asymsa HAMP-
JOMeHaMn 1 nepeaatTca BAOMb LUToniasmaTnye-

[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

N306parkeHNs TpaHCMeMOpPaHHbIX
nomeHos kommnnekca NpSRII/NpHtrll:
(A) dbparmeHT rekcaroHasnbHom
ynakoBku “O”-06pa3HbIx TpMMepOB
onmepos; (B) nsobpaxexue “tripod”-
o6pasHoro TprMepa AVMEPOB.

CKOro KMHa3Horo moayns gnvHon 200 Ano KpanHen
obnactu yutonnasmatuyeckon yactu NpHtrll. Ak-
TUBUPOBAHHAA TPAHCACEPOM FMCTUAMHKMHA3a
CheA (cBaszaHHasA ¢ agantepHbim 6enkom CheW)
noaBepraetca aBToPpocPopunmnpoBaHuto 1 Jonos-
HUTENbHO NepeHOCUT pocdaTHyIo rpynny B peryna-
Topbl oTBeTa CheY unu CheB. CheY BnuaeTt Ha
CMelLLeHNe BpaLLeHUA XKryTrKa, B TO BpeMs Kak Me-
Tunactepasa CheB Hapagy ¢ meTunTpaHcdepason
CheR KoHTponupyeT MexaHu3m aganTauuu.
OO6Lwan cxema MOJIEKYNIAPHOTO MeXaH13Ma rne-
pedauv curHana npegnonaraet nocsiefoBaTesibHble
ONHaMNYeCKre N3MEHEHUSA B LMTOMa3MaTUUYeCKNX
JoMeHax. Kak xemopeLenTopbl, Tak 1 TPaHCA0CePbI
CEHCOPHbIX POAOMNCUHOB AEMOHCTPUPYIOT Pas3nny-
HYI0 AUHAMUKY B COCEAHUX MOAYNAX, UTO KOppenu-
pyeT c nepepayent CUrHana BAOSb LUTONNa3MaTu-
YecKkoro «CTepkHsA». flomoanmepbl 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 NpSRIl/
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 (NN KOMMNIEKCOB POAOMNCUH-TPAHCAIOCEP) B
KIIeTOYHOM MemMbpaHe 0Opa3ytoT TpUMepbI, COCTaBNA-
towme GyHKLMOHaNbHble eanHULbL. TpUMepbl AnmMe-
OB 06pa3ytoT CTPYKTYPHO-QYHKLIMOHANbHYIO eANHU-
Ly npv 06pa3oBaHMM CUTHASIbHBIX [BYMEPHbIX Mac-
C1BOB — KOMMAKTHbIX MEMOPAHHbIX Cyrnep-KoMrieK-
COB, OTBEYAIOLLMX 33 YCUSIEHME BXOAALLEro CUrHana.
MNpencTaBneHa MmonekynApHaa Mogenb rekca-
mepa (Tprmepa AMMepOoB) MOCTPOEHHasA C NOMO-
b0 KOMOMHALMN METOLOB ManoyrioBOro pacces-
HMA U MONEKYNAPHOro MofenmpoBaHus. Takum ob-
pa3oM MoKa3aHo, UTO KOHTaKT MeXay Aumepamm
NpSRII/NpHtrll B rekcamepe onocpefoBaH TONbKO
LMTOMNNa3MaTUUYECKUMUN YacTAMU, TPaHCMeMOpaH-
Hble YaCT! AMMEPOB MPU 3TOM HEe KOHTaKTMPYIOT
APYr C ApYrom, TO eCcTb MeeT MecTo “tripod”-o6pa3s-
HasA mofesib, OTIMYHAA OT NPEeNOXKeHHbIX paHee B
nutepatype “O”- 1 “Y"-00pasHbIX MOgeNe.




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. Fuller-
enes, along with soot, graphite and diamond, are an
allotropic form of carbon combining high-molecu-
lar 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 fuller-
ene solutions and the synthesis of aqueous fullerene
solutions with the possiblity to control the cluster
size. The medical and biological properties of aque-
ous solutions of fullerenes strongly depend on the
synthesis technique used, the choice of the primary
solvent, the size of the aggregates, the electroki-
netic potential on their surface, etc. Thus, fullerene

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.

Puc. 1. CrpykTypa 6uonornyecku akTreHbIx pactsopos ¢ynnepeHos C60 1 C70 no gaHHbIM aTOMHO-CUSIOBOM
MUKPOCKOMNNW 1 ManoyrioBOro pacceaHnA HENTPOHOB.

B1OaKTMBHOCTb hyiiepeHoB
N NPOTMUBOONYXOJsieBble Tepanum

KomnnekcHoe nsyyeHne BOJOPACTBOPMMbIX
bopm dynnepeHOB C NPMMEHEHNEM LLNPOKOW Xa-
pakTepusaLmu, BKIoYaloLwe MeToabl pacceaHnn
HeNTPOHOB, OTKPbIBaET MepPCrneKTNBbI UCMONb30Ba-
HUA GUONOrMYeCcKon akTUBHOCTM GynnepeHoB B
pAfe Tepanuii OHKoNIorMyeckmx sabonesaxHui. Qyn-
nepeHbl, HapAdy C caxen, rpadMToM 1 anmasom,
npefcTaBnaloT cobon annoTponHyo Gopmy yrie-
pofa 1 o6beAnHAT B cebe BbICOKOMOJIEKYNAPHbIE
yctonumeble coeguHeHna C60, C70 n 1.4. B HacTosA-
Lee BPeEMA aKTMBHO M3y4yaeTca obpa3oBaHue cne-
undryecKnx KoMmniekcos GpynnepeHoB C Mosiekyna-
MW pacTBOpUTENEl B pactBopax. Hapagy ¢ dyHaa-
MEHTaJIbHbIM MHTEPECOM K fLlAHHOMY BOMPOCY BaX-
HYI0 POJIb MFPaeT U NPaKTUUYECKNA acneKT, CBA3aH-

HbIl C UCMONb30BaHNEM BMONONMYECKON akTUBHOCTM
dynnepeHos. Tak, dynnepeHbl ABNAOTCA MOLLHEN-
IWMMWN AHTUOKCUAAHTAMMW, U3BECTHbIMW Ha Cero-
AHAWHUNA geHb. EcTecTBeHHbIM TpeboBaHVem And
npumeHeHus dynnepeHoB B OMONOrMM 1 MeguumHe
ABNAETCA MONyYeHre NX BOAOPACTBOPUMbIX GOPM.
B 3TOW CBA3M BaXXHbIMW HamnpaBneHNAMM UCCTIeA0-
BaHWI ABNAIOTCA MEXaHW3Mbl CTabUIM3auun Kna-
CTepoB B pacTBOpax GynnepeHoB 1 CUHTE3 BOAHbIX
pacTBOpOB PynnepeHoB C BO3MOXHOCTbIO perynu-
pOBaHMA pa3mepoB KnactepoB. Megnko-6monoru-
yeckue CBONCTBa BOAHbIX PaCcTBOPOB ysiepeHoB
B 3HAUMTESIbHOW CTEMEHM 3aBUCAT OT UCMNOJb3ye-
MOV METOANKM CUHTE3a, Bbibopa NepBUYHOrO pac-
TBOPUTENSA, PAa3MEPOB arperaToBs, 3/IEKTPOKNHETU-

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

solutions in N-methyl-2-pyrrolidone (NMP) are pro-
mising 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 IIl, EMBL/DESY, Hamburg, Germany).

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

Puc. 2. PacuyeTHble 31€KTPOHHbIE MAOTHOCTM NPU BO3MOXXHOM KOMMJIeKcoobpa3soBaHuy dynnepeHa C70
1 NPOTUBOPAKOBOIO Npenapata Ha OCHoBe 6epbepuHa.

YeCcKoro NoTeHLMana Ha nx NoBepxHocTn n ap. MNep-
CNEeKTUBHbIMY CMCTEMaMU A7A MONyYeHNa KnacTe-
poB dynnepeHoOB C 3afaHHbIMK pa3mMepamin B BOA-
HbIX Cpefax ABNAITCA pacTBOPbI dynnepeHoB B N-
meTun-2-nupponupoHe (NMP), Tak kak NMP cmewn-
BaeTCA C BOAOWN.

B JIH® ONAN B coTpypHmyecTBe C KneBCcKknm
HaLUVOHabHbIM YHUBEpPCMTETOM UM. Tapaca Les-
YeHKo (YKpaunHa) akTMBHO BefyTcA paboTbl MO 13-
YUEHMIO MexaHr3Ma B3anMoAencTema GynnepeHoB
¢ nonApHbIMy Monekynamv NMP n ncnonb3osaHuio
pe3ynbTUpyoLLero KOMmnaekcoobpa3oBaHmaA B pas-
BUTWM CUHTE3a BOJHbIX PaCcTBOPOB dynnepeHoB Me-
OnKo-6ronornyeckoro HazHauyeHua. Hapaay c 06-
LUINPHON CTPYKTYPHOW ANArHOCTMKOM NCCneayeTca
LIMTOTOKCMYHOCTb HOBbIX PaCTBOPOB 1 UX B3aUMO-
[eliCcTBMe C pa3fIMYyHbIMU NpenapaTamu, B TOM Yncne
NPUMeHAEMbIX B Tepanmnax OHKONIOrMyeckmx 3abo-
neBaHU (LOKCOPYOULIVIH, LUCNNATWH, NaHAOMULUH

A). Pe3ynbtaTbl CTPYKTYPHOrO aHann3a pacTBopoB
bynnepeHoB B cMCTEMAX Pa3HOWM NOSIAPHOCTUA UC-
NoNb3yTCA B falibHeNIemM Ana ynyyleHna CuH-
Te3a ONbITHbIX 00Pa3LOB NPaKTUYECKNX BOAHbIX
pacTBopoB dynniepeHoB 1 B COOTBETCTBYHOLLNX 61O-
NIOTNYeCKUX TeCTUPOBaHUAX. JnA CTPYKTYpPHOM Xa-
pakTepu3aLuumn pacTBOPOB MCMOSb3YeTCA KOMMNEKC-
HbIl NOAXO0ZA C NCMOSIb30BaHUEM PA3/INYHbIX METO-
[OB: MasioyrnoBoe paccesHne HEMTPOHOB U PEHT-
reHOBCKMX NlyyYeit, MacC-CNeKTPOMeTpuA, AnHaMmye-
CKOe cBeTopaccesaHne, aTOMHO-CMI0Bas MUKPOCKO-
NuA, AQEPHbIN MarHUTHBIA Pe30HaHC, CNEeKTPOCKO-
nua ynbTpadunoneToBoro U ONTNUYECKOro Amnanaso-
HOB, 1 Ap. DKCeprMeHTasbHble HENTPOHHbIE AaH-
Hble, CNoJib3yeMble B 3TUX paboTax, NosyyeHbl Ha
manoyrnosol yctaHoske OMO (BP-2 JTH® OUNAN);
PEHTreHOBCKMe AaHHble NoflyYeHbl Ha CTaHumu P12
BioSAXS (PETRA Ill, EMBL/DESY, lambypr, lepmanus).

[2] Kyzyma O., J. Mol. Liq. 278 (2019) 452-459. DOI: 10.1016/j.molliq.2019.01.062
[3] 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 cynpa-MoneKynapHom
opraHv3auuy pogoncuHa

B $pOTO-peLenTopHbIX
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-

Retina Rod cell Disks from ROS

Rod Quter Segment

Lipid bilayer with
rhodopsin

CynpaMoneKynapHas opraHmsaumda
3pUTESIbHOIrO NMUIrMeHTa PoaoncuHa

3puTeNbHbIA MUTMEHT POAONCUH ABNAETCA TU-
MUYHbIM NPeLCTaBUTENIEM OFTPOMHOIO CEMENCTBA
peuenTopoB, conpsakeHHbIx ¢ G-6enkamn (GPCR).
GPCR B membpaHe PpYHKLUUOHMPYIOT B AMMEPHOM
1 onuromepHom coctosaHun. OgHako, 4nAa pogon-
CWHa 1 Bcero Knacca A pogoncrH-nogo6Hbix GPCR
bYHKLMOHaNbHaA posib AMMEPHOro COCTOAHUA 0
CUX Nop He ycTaHoBneHa. CynpamoneKkynapHas op-
raHM3auusa poaoncuHa B GpoTopeLenTopHbIX Mem-
OGpaHax sBNAETCSA B HaCToslLlee Bpemsi NpeamMeTom
OCTPOW [UCKYCCUN.

B pamkax nccnegoBaHua cynpamonekynsapHon
opraHusaumm ¢boTopeLienTopHo MeMbpaHbl B Ha-
TUBHbIX ycnosuax B JIHO 6binn npoBefeHbl SKcne-

PUMEHTbI MeTOA4aMM ManoyriioBOro pacceaHns Hew-
TPOHOB C BapuaLeil KOHTpacTa U ManoyrioBoro
pacceAHnA peHTreHOBCKIMX Nyyeit. icnonb3oBaHue
[BYX KOMMJEMEHTapHbIX METOLOB MO3BOMAET Cle-
naTb NPeanosoXeHne 0 MOHOMEPHOM COCTOAHWM
pognorncrHa B GoTopeLienTopHOn MembpaHe.
MN3BecTHO, uTo MembpaHa poTopeL,enToOpHOro
[AVCKa NpeacTaBnseT cobol ABYXKOMMOHEHTHYIO
CUCTEMY, KOTOPAA BKIOYaET B ceb6A nprmepHo 40%
nunupoB 1 60% 6enKkoB, U3 KOTOPbIX 0KoMo 85%
NPUXOAUTCA Ha AONI0 pogoncuHa. [Ina nposeaeHns
3KCNEePUMEHTOB OblnN NoyyYeHbl 06pa3Lbl poTope-
LeNTOPHbIX AUCKOB (MPMMepPHO 1 MKM B AameTpe)
N3 HapY>KHbIX CErMEHTOB 1 HEMOCPEACTBEHHO Ha-

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

Photoreceptor disk membranes b

Fig. 2

SANS curves revealing the
organization of rhodopsin
inside the photoreceptor
membrane.

Puc. 2

Kpusble MYPH, packpbiBatoLive
OopraH13aLmnio pogoncuHa

B doTOpeLenTopHo
MembpaHe.

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

PY>XHble cermeHTbl GOTOPELIENTOPHbIX KNETOK CeT-
yaTKK OblKa. IKCNEePUMEHTbI MO MasioyrioBOMy pac-
CeAHMNIo HENTPOHOB OblNIM NPOBEAEHbI HA CNEKTPO-
MeTpe ManoyrinoBoro pacceaHusa HerTtpoHos FOMO
NPV HU3KOWN MHTEHCMBHOCTU KPAacHOro CBeTa.
Paznuuns B nNOTHOCTM paccesHns HENTPOHOB
mexay 6enkamu n nunuaamm B membpaHe ¢oTope-
LIeNTOPHOr0 AMNCKa NO3BOJIIIO UCKIOUNTD BANAHKE
NIMMUAHOTO MaTPUKCA Ha KapTVHY ManoyrioBoro
pacceaHna oT MemMOpaHbl 1 BbIABUTb CTPYKTYPHYHO
NHQOPMALIMIO O PACMONIOKEHNN POLOMNCUHA BHYTPU
MeMOpaHbl. Micnonb3oBaHne CUHXPOTPOHHOIO UC-
TOYHVKa PEHTIEHOBCKOrO U3J/lyYeHUsi NO3BOINIIO
ynyuywunTb GOHOBbIE YCITOBMA U pa3peLleHme nony-
YeHHbIX JaHHbIX. [laHHaA HbopMaLma No3Bosna
onpenennTb Kak napameTpbl pacrosioXeHns po-
[OMNC/HA BHYTPY MeMOpaHbl, Tak 1 MoKa3aTb Hanu-
urve YNakoBK/ AUCKOB B HAPYXHbIX CermeHTax

boTopeLLenTopHbIX KNETOK. TakXe NCNoJib30BaHNe
MeTOAa MasioyrfioBOro paccesaHUsa PeHTreHOBCKNX
NyyYemn C UCNoJsib30BaHNEM CUHXPOTPOHHOIO NCTOY-
HVKa NO3BOMMIO NOATBEPANTb pe3ysnbTaTbl, NOy-
YyeHHble meTogom MYPH 1 nokasaTb, UTo Takoe pac-
NOJSIOXKEeHNEe POAOMNCMHOB COXPaHAETCA He TONIbKO
Ha CUCTEMAX C BblaeneHHbIMU GOTOPELIENTOPHBIMM
AVCKaMW, HO U B Hepa3pyLLEHHbIX Nanoykax ¢poTo-
peuenTopHO MemMbpaHbl.

M3 paHHbIX ObINO NOKa3aHo, YTO MAOTHOCTb
YNaKOBKW MOJSIEKYN POAONCMHa B poTopeLenTop-
HOI MembpaHe HeobblUalHO BbICOKA: PacCTOAHNE
MeXAY LIeHTpamMn MOJSIeKY T COCTaBNAET NPUMEPHO
56 A [1, 2]. MprHMMas BO BHMMaHWe AraMeTp caMoi
MOJEKYJIbl, CpefHee PacCcTosHNE MEXAY ABYMS MO-
neKyflamun poaoncrHa, noslyyeHHoe U3 pesysnbra-
TOB, CBUAETENbCTBYET O MOHOMEPHOM COCTOAHUN
MOJEeKyN pOAOMNCUHa.

[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.

BIOHYBRID NANOCOMPLEXES

based on phytogenerated Ag/AgCl NPs,
biomimetic membranes and chitosan

Puc. 1. O6uwwas KoOHLENUMA HaHOYACTUL, «3€/1IeHOro» 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-

Antriumne
effect

BIOLDGICAL
PERFORMANCE

AHTUBUNOTUKOPE3UCTEHTHOCTb
N MHHOBALIMOHHble BUOKOMMO3UTDI

MNpobnema yctoumBocTM GONE3HETBOPHbIX
MUKPOOPIraHN3MOB ABMAETCA OAHOWN U3 KOYEBbIX
B MUPOBOM 37 paBooxpaHeHun. CyLlecTBytoLLme aH-
TMOMOTMKN OKa3blBatoTCA HeaIDEKTUBHBIMU B OT-
HOLLEHUN HOBbIX GaKTepranbHbIX LWITaMMOB, NOAB-
NleHVe HOBbIX MPenapaToB MNPOUCXOANT CINLLIKOM
MeZLEHHO 1 YeJIOBEYECTBO BMJIOTHYIO MOAOLUO K
nopory, 3a KOTOpbIM — BO3BPAT B «40aHTUOMOTH-
KOBYI0 3pY», NpeBpaLLeHMe Ka3aBLUMXCA NobexaeH-
HbIMU UHPEKLMNI B CMEPTESIbHO OMacHbIe.

KonnektnB yuyeHbix n3 Poccum, PymbiHum, Cep-
6un, Monblumn 1 Yexnn nccnepyet aHTUMUKPOOHbIE
CBOWICTBA HOBbIX OUOCOBMECTUMbIX HAHOKOMIMJIEK-

COB, COCTOALLMX M3 INMOCOM COEBOFO NELIUTUHA, X~
To3aHa 1 HaHouvacTuy (HY) cepebpa/xnopunga ce-
pebpa. BaxkHO OTMeTUTb, YTO ANA yMeHblueHuA
TOKCMYHOCTM HaHOYacTu1L, B paboTe Obi NprMeHeH
«3efleHbly CUHTe3 — nonyyeHue HY 13 skcTpakToB
pacTteHuin. Mopdonorunyeckue (AFM, SEM) n cTpyk-
TypHble (SAXS, SANS) meToabl aHanm3a noaTeep-
AWM HAaHOPa3MepPHbIN MaclTab KOMMOHEHTOB
noJsiy4yeHHbIX 6Grokomnosutos. MNpucytcTeue rnbd-
puaHbix Ag/AgCl HY, cMHTE3MPOBaHHbBIX U3 KOPHe-
BULLA KYPKYMbl WM NINCTbEB BUHOrpaja N MATbI,
6bino onpegeneHo metogamu XRD n EDS. C nomo-
Wblo onTnyeckon cnektTpockonum (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 pro-
blematic pathogens in terms of selection of antibi-
otics, 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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Puc. 2. CTpyKTypHO-Mopdonornyeckre xapaktepuctuky 6rornbpugos (cnesa Hanpaso: SANS, SAXS n AFM)
1 nx aHTMbakTepmranbHbil 3ddeKkT Ha Enterococcus faecalis.

tion n FTIR) 1 namepeHua g3eTta-noteHumana 6oinm
NoATBePKAeHbI 06pa3oBaHMe CTabuNbHbIX 61Orn6-
pPUAHBIX HAaHOKOMMJIEKCOB. Bce nepeuncneHHble
Bbllle UCCnefoBaHUA Obl HauesleHbl Ha pa3pa-
60TKY BbICOKOIDDEKTUBHBIX OMOCOBMECTUMbIX
KOMIMJIEKCOB, UMEILLMX LMPOKUIA NoTeHUMaN Npu-
MEeHeHUA B Pa3iMyHbIX 06/1acTAX MeANLHbI.

PaspaboTaHHble MHHOBALMOHHbIE MpenapaThbl
NPOAEMOHCTPMPOBAsIN BbICOKYIO aHTUMUKPOOHY!1O
aKTUBHOCTb B OTHolLeHun Enterococcus faecalis
bacterium — ogHoro 13 Hanbonee NPO6EMHbIX B
nnaHe nogbopa aHTMOMOTNKOB MAaTOreHa, — a Tak-
e B oTHoweHwun Staphylococcus aureus and Es-
cherichia coli.

PesynbTaThl nccnieqoBaHMs MNOKa3biBaIOT, UTO
OGUOCKHTE3 HAHOUYACTUL, UMEET onpeaensioLee 3Ha-

yeHue AnA CBOWCTB N3yYaeMblXx GUOKOMMO3UTOB, B
YaCTHOCTU NX aHTUMUKPOOHOI aKTMBHOCTM, KOTO-
pan TakXe ABNSAETCA CNIeACTBMEM CUHEPreTUYeCKo-
ro a¢pdpeKkta KOMNOHEHTOB GMIOKOMMO3UTA, KaXKAabll
13 KOTOPbIX NPOABAAET NOAOOHYI0 aKTUBHOCTD.

NHTepecHO, UTo NonyYeHHble 1 NCCNeoBaH-
Hble MaTepuranbl TakXKe NMEIOT 3HAUNTENbHYIO aK-
TUBHOCTb MPOTUB PaAKOBbIX KNETOK, KoTopasi Nof-
TBEPXKAEHa B AlaHHOW paboTe B in vitro akcnepu-
MeHTax ¢ kKnetkamm HT-29 n HepG2. MNpwn 3TOM Hau-
60see BbICOKYH0 3GPEKTMBHOCTD (M OTCYTCTBUE FEMO-
NINTUYECKON aKTUBHOCTU) MPOLEMOHCTPUPOBaNn
NLLb KOMMO3UTbI, UMetoLLe B COCTaBe 61onono6-
Hble NnMnuaHble Gucon.

[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 reliable 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 molecule ones, i.e. below 10™ M. A special
interest 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 dev- elop-
ment of nanomaterials for the prevention and ther-
apy of bacteria/virus-induced diseases. The success-
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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 different-
iation. Recently, it was reported that exogenous
lactoferrin can affect the rate of tumor cells growth.

Graphene protection
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yJIbTpauyBCTBUTESIbHOE OBHapYy>KeHUe MoJIeKyl

Pa3paboTKa MeTo10B BUOCEHCOPUKN OJIA Ha-
[EeXHOro 06Hapy»KeHUA Pa3INYHbIX O1oopraHnye-
CKMX MOJIEKYS B CBEPXHM3KUX KOHLIEHTPALMAX ABNSA-
eTCA akTyanbHOW 3agayven uccnegosatenein. OTKpbl-
TVe TUFaHTCKOro KOMOWHALMOHHOro paccesHus
(TKP) nponouno nyTb K 06HapyKeHUIO >KU3HEHHO
BaKHbIX OpraHMyYecKux Monekyn m3 pacTBOpPOB B
KOHLIEHTPaUUAX, COOTHOCALMXCA C eAUHUYHbBIMM
MoneKynamu, T.e. Hixe 107> M. Ocobbiit HTepec B
IKP-cnekTpockonuu yaenaeTca O6Hapy»KeHUo U
n3yyeHne OGUOOPraHUYECKMX MAKPOMOSEKYS, B
YyacTHOCTK, 6enkoB, obnagawwWwmx aHTUCENTUYe-
CKVIMIW CBONCTBaMM, MOCKOJbKY OHW NePCNeKTUBHbI
npu pa3paboTke HaHOMaTepuanoB Ana Nnpodunak-
TUKN 1 Tepanun 3abofieBaHWi, BbI3BaHHbIX OaKTe-
puaAMK/BUpPYCamMu. YcnewHoe coyeTaHne BbICOKO-
YyBCTBUTENIbBHOIO PaMaHOBCKOIrO MUKPOCMEKTPO-

meTpa «KAPC» B JIHO ¢ TKP-akTMBHbIMM NOANOX-
Kamu, paspaboTtaHHbimu B BI'YUP (Benapychb), nos-
BOSINIO pernctpupoBaTb NKP-cnekTpbl GrioopraHu-
Yyecknx Mosiekys, aficopbrpoBaHHbIX Ha Nocepeo-
PEHHOM NOPUCTOM KpeMHUM (por-Si) n3 pacTtBopoB
C KoHLeHTpauuamn 10°-10" M.

NakTodeppurH npeacraBnaeT cobom Heremo-
BbI Xese30CBA3bIBAOLWUIA MMNKONPOTENH MIEKO-
NUTaKLWKX, NPUHANEeXaLNA K CEMeCTBY TPaHC-
beppurHOoB. NoMMMO TpaHCNopTa »Kenesa, NakTo-
beppuH MoaynMpyeT IMMYHHble OTBETbI, 06N1afjaeTt
aHTUOKCUIAHTHOW aKTUBHOCTbIO 1 MPOTMBOBOCHMA-
NITENbHbIMW CBOMCTBAMU, @ TaKXe yyacTByeT B pe-
rynaumm pocta n auddepeHUNpPOBKN KNeTok. B
nocnegHee BpemMsa OblIO BbIABEHO, YTO 3K30reH-
Hbll NakToGepprH MOXeT BAUATb Ha CKOPOCTb
pocCTa 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 10-14 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: (@) DTNB/TNB u (b—d) TNB agcopbrpoBaHHbIx Ha aeHapuTax cepebpa 13 pactsopos DTNB
¢ koHUeHTpauuamm (a) 10™ M, (b) 10™ M, (c) 10" M and (d) 107 M.

TOPUHI M3MEHEHUI KONM4YecTBa 3Toro 6enka Ha
CyOMONAPHOM YPOBHE B XXMUAKOCTAX NpefcTaBnsaeT
60nbLON UHTepec Ana obnacTenn nccnenoBaHui,
CBA3aHHbIX C BIOMEeANLMHON, a TaKXe ANA HayK O
X13HM B Lenom. CBepxBblCOKasa YyBCTBUTENIbHOCTb
pernctpauum KP-cnekTpoB naktodeppuHa npu
OYeHb HU3KNX KOHLeHTpauusax 107 M 6bina goctur-
HyTa 3a cYeT coBMecTHOro apdekTa ot [KP-akTnB-
HbIX NMOAJIOXKEK Ha OCHOBE NnocepebpeHHOro nopu-
CTOro KPeMHUA 1 3alnTbl MOJSIEKYNT aHanu3mpye-
Moro BelecTBa rpadeHom (puc.1) [1].

Kpome Toro, 6bina NpoaeMOHCTPUPOBaHa pa-
MaHOBCKas BM3yanu3auna eqUHUYHON MONeKY bl
TUOHUTPOBeH30MHON KucnoTbl (TNB) ¢ nomouibio
[KP-akTMBHbIX NOANOMXEK Ha OCHOBE [eHOPWTOB Ce-
pebpa, cogeprKalMxca B aTTOMOJISIPHOM pacTBope
DTNB, KoTopasa ABNAETCA XU3HEHHO Ba)KHbIM CO-
eaViHeHNeM A1 XMMNYeCKOro 1 6MoMeanLMHCKOro
aHanum3a. TpexmepHble AeHAPWTHble Cy6CTpaTbl Ae-

MOHCTPUPYIOT Ype3BblYaliHO pa3BuTyio Mopdono-
1o, B KOTOPOW ropa3fo 60sblue «ropAaYnX TOUEK
No CPaBHEHMWIO C ABYMEPHbIMM HaHOYacTULamu.
Bonblioe KONMYECTBO «ropAYNX TOUYEK» UYPEe3Bbl-
YalrHO Ba)KHO ANA NPaKTUYECKOro NnpumMeHeHus
IKP-akTUBHbIX NOANIOXKEK MOCKONbKY 3TO obecne-
unT N'KP-akTMBHOCTb flaXke B CJlyyae OTHOCUTENIbHO
HW3KOW MOLLHOCTY Nla3epa, BKITloYasa NopTaTMBHble
npubopsbl. B otnnure ot 0bLEenpUHATOro NnoHMMa-
HUA npouecca agcopoLumn ToNbKo OAHOPOAHOMO
MoHoMmoneKkynAapHoro cnoa TNB Ha noBepxHoOCTH
cepebpAHbIX HAHOCTPYKTYP, MOKa3aHO MOKpbITNE
coctosAwee n3 cnoa TNB v HaHoknactepos DTNB Ha
NMOBEPXHOCTU AeHAPUTOB Npu KoHUeHTpaumax DTNB
10°-10" M [2]. KoHueHTpauum DTNB Huke 10" M
npviBOAWAN K agcop6bummn Monekysn TNB B oTaeneHHbIx
MATHAX Ha NOBEPXHOCTU CepebPAHbIX HAHOCTPYK-
Typ. Ha puc.2 npegctaneHbl [KP-kapTbl monekyn
aHanuTa Npu KoHLeHTpauuax 10 - 10" 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 intercrist-
ae space (Fig. 1). The inner mitochondrial mem-

Fig. 1
Structure of a mitochondrion.

Puc. 1

CTpoeHne MUTOXOHAPWN.

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

NccnepoBaHWe CTPYKTYPbl «)XXKUBbIX» MUTOXOHAOPUMN

B JIHO coBmecTHO € VIHCTUTYTOM PU3MKO-XM-
Mmnyeckom 6uonorum nm. A.H. benosepckoro (Moc-
KOBCKUI rocyjapCTBEHHbIV YHUBEPCUTET) BNepBble
6b1IM NPOBeAeHbl SKCNEPUMEHTbI MO ManioyrioBo-
My pacceaHmto HeTPoHOoB (MYPH) Ha X1BbIX GyHK-
LMOHUNPYIOLWNX MUTOXOHAPUAX. MUTOXOHAPUA —
KfieTouyHasA opraHenna, NnpucyTCTBYOLWAA NpaKkTnuye-
CKM BO BCEX dyKapMOTUYECKMX opraHu3max. Hapy-
LeHWs B paboTe MUTOXOHAPWI NPUBOAAT K daTarb-
HbIM 3a6051eBaHMAM.

MwutoxoHapua obpasoBaHa ABYMA Membpa-
HamK, KOTOPble pa3rpaHNYMBaIOT €€ MPOCTPAHCTBO
Ha TpY KOMMapTMeHTa: MaTPUKC, MexxmeMbpaHHoe
NPOCTPaAHCTBO U BHYTPUKPUCTHOE MPOCTPAHCTBO
(pnc. 1). BHyTpeHHAs MUTOXOHApPWaNbHasA MeMm-

6paHa Ha 80% coctouT 13 6enkoB 1 Ha 20% - 13 nu-
nuaoB. 3Ta MembpaHa nmeeT 6onbLUyto NioLwaab,
nosTomy o6pasyeT MHOIo CKNafokK, KOTOpble Ha3bl-
BatoTcAa Kpuctamu. Metog MYPH no3sonset nerko
MEHATb YCJIOBUA Cpefbl, TaKne Kak cocTas bydepa,
AKTVBHble 106aBKY, BAuAOWMe Ha GyHKLUN MUTO-
XOHAPUIA, a TaKXe TemnepaTypy.

Bblno nokasaHo, YTo B onpefeneHHbIX yCno-
BMAX BHYTPEHHAA MUTOXOHAPUaNbHaa meMbpaHa
bopMmpyeT ynopagoUeHHble CTPYKTYpPbl ¢ PUKCU-
POBaHHbIM PACCTOSHUEM MeXxay MembpaHamu. B
HOPManbHbIX (M3O0TOHUYECKUX) YCIOBUAX KPUCTbI
MUTOXOHZPUW NMEeYEeHU KPbICbl MEKT «MeLlKoob-
pasHyto» dopmy, ynopsagoueHusa He HabnogaeTcs.
OpHako npu HabyxaHUy MaTprKca (NyTem nometwe-

[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. 2) [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 reorgan-
ization 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. 3A). 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. 3B) or the formation of a multilamellar struc-
ture with two characteristic distances (Fig. 3C) [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 matrix swelling (hypotonic conditions),
and heart mitochondrial cristae in normal (isotonic) conditions and hypotonic conditions.

Puc. 2. CrpoeHue KprCTbl MUTOXOHAPUU NeYeHN B YCIIOBMAX HabyXaHUA MaTPUKCa (TMMOTOHNYECKMX YCIOBHUSAX),
U KPUCTbl MUTOXOHZPUI CepALIA B HOPManbHbIX (M30TOHNUYECKNX) YCITOBUAX 1 FTUMOTOHNYECKUX YCIIOBUSX.

HUS MUTOXOHAPWIA B TMMOTOHUYECKYIO cpefy) Kpu-
CTbl MUTOXOHZPUIA GOPMUPYIOT ABYXMEMOpPAHHbIE
CTPYKTYpPbI C PUKCUPOBAHHBIM PACCTOSTHUEM MEXTY
Memb6paHamu (puc. 2) [1]. CTouT oTMEeTUTb, YTO B
3TUX YCNOBUAX MUTOXOHA PV BbIpabaTblBalOT SHEP-
ruto 6onee 3pPeKTUBHO, AblXaTeSbHbIE MPOTOHHbIE
nomnbl 1 ATO-crHTeTa3a paboTatoT Kak eAVHbIA MeM-
6paHHbI GepMeHTaTUBHbIN KoMmekc. Buaumo, pe-
opraHu3auma CTPYKTYpPbl KPUCT B3aMMOCBA3aHa CO
CTPYKTYPHOW OpraHun3ayunein Bcem CUCTeMbl OKACTTN-
TenbHoro ¢ochopNNpPOBaHNA MUTOXOHAPWI [2, 3].

B oTnnume oT MMTOXOHAPUN MEYEeHU, MUTO-
XOHAPUW ceppua y»e B HOPMaJibHbIX YCNOBUAX
VIMEIOT BbICOKOYMOPALOUYEHHbIe KPUCTbI (puc. 3A).
OueBrHO, 3TO CBA3aHO C BbICOKOW 3HepreTnye-
CKOW NOTPebHOCTbI0 cCepAeUHOl TKaHW U1, CriefloBa-
TeNbHO, BbICOKOW Harpy3Kom Ha MutoxoHapumn. Mpu

nepexofe K rmnoTOHUYECKMM YCIOBUSAM NMPOUCXO-
AT 3MEHEHVA B YNAaKoBKe KpUCT. IHTepnpeTauma
JaHHbIX FOBOPUT O BO3MOXKHOCTM ABYX BapUAHTOB
YMAKOBKU BHYTPEeHHeN MeMbpaHbl: popmunpoBaHue
MeMOpaHON UHBEPTUPOBAHHOWN rekcaroHasibHOM
¢asbl (puc. 3b) nnm obpazoaHne MynbTUIAMENNAP-
HOW CTPYKTYpPbI C ABYMA XapaKTePHbIMM PaccTos-
HuaMmuK (puc. 3B) [1].

CywwecTBOBaHWe UCCNefoBaHHbIX B paboTe
[ABYX CTPYKTYPHbBIX (M GYHKLNOHANbHbIX) COCTOAHWIA
MUTOXOHZPWI OTKPbIBAET HOBblE BO3MOXXHOCTM MO-
MCKa MUTOTPONMHbIX aKTUBHbIX MpenapaTos, 136u-
paTefibHO B3aUMOZENCTBYIOLWMX C TAKUMU CTPYKTY-
pamu, KOTopble MOTyT BO3HUKaTb in vivo npu Haby-
XaHUVM MUTOXOHAPWIA, YacTo HabnogaemMom npu
onpepeneHHbIxX 3aboneBaHUAX 1 MPU CTPECCOBbIX
BO3/1ENCTBUSAX.

[2] Byvshey, I. M., et al. Biophysics 63 (2018). DOI: 10.1134/S0006350918040048
[3] Moiseeva, V. S., et al. Biochem. Moscow Suppl. Ser. A 11 (2017). DOI: 10.1134/S1990747817040079




Nanoparticles fighting amyloids:
under scrutiny of neutrons

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

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

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

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

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

HaHouyacTuubl NpOTUB aMNNTOULOOB:

noa KOHTPOJIEM HEUTPOHOB

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

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

B 3aBmcumocTm oT pa3mepa, 3apaaa, Gopmbl
COCTaBa HaHOYaCTMLbl MOTYT MO-Pa3HOMY BANATb
Ha amunongHyto ¢pubpunnsaumio. B aTon cBaA3n Bax-
HOW 3afjlayen CTAHOBUTCA N3yYeHne CTPYKTYPHbIX
npeobpasoBaHNin NP B3aUMOAENCTBN HAaHOYa-
CTVY C aMuiongHbIMy Grbpunnamm. [JaHHoN npo-
6nemon akTMBHO 3aHuMmatoTcA B JIHO OUAN. «Hawa
paboTa npecnegyeT fiBe Lenu: Mbl OLLleHUBAEM aH-

[1] 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,” explained Mikhail V. Av-
deev, a researcher from FLNP JINR. For this purpose,
the scientists used a combination of several bio-
physical and biochemical techniques, including
small-angle neutron scattering, as well as previous
results of joint investigations performed together
with the research teams of Peter Kop¢ansky from
the Institute of Experimental Physics of the Slovak
Academy of Sciences (IEP SAS) and Leonid A. Bu-
lavin from the Taras Shevchenko National University
of Kyiv. By choosing experimental conditions in a

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

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

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

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

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




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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HuskouacToTHasA obnactb KP cnekTpa
HenTpodunos: sgonouma (pocT)
VNHTEHCUBHOCTU IMHUN LIUTPYJITNHA,
yKa3sblBaloLasa Ha NpejakTnusaLmnio
HETO3-a.

Raman Intensity/Arbitr. Units

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 ling evelution duning neutrophil transformation
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doTocTapeHmne n buoMmapkep HETO3a

3a nocnefHme HeCKONbKO NIET CNEeKTPOCKONUA
KOMOVHaLMOHHOro/pamMaHOBCKOIO pacceaHA CTana
MOLLHbIM ANArHOCTUYECKNM NHCTPYMEHTOM B Hay-
Kax O »W3HW. HacTtoAwwme HayuyHo-nccnegoBaTenb-
cKme paboTbl NOCBALLEHbI NPYMeHeHUI0 PamMaHOB-
CKOWM MUKPOCNEKTPOCKONUM ANA pacno3HaBaHUA
HenTpodunos, TpaHchopmMrpoBaHHbIX Npu HETO3-e,
a TaKkXKe KoNMYeCTBEHHOMY onpeeneHnto YpoBHA
nx TpaHchopMaLMy Ha OCHOBE aHaNM3a CNEKTPOB
KOMOVHaUMoHHoro paccesaHus (KP) HenTpodunos.

KuHeTnyeckmnii aHanums ¢ UCrnosb30BaHNEM Bbl-
COKOUYBCTBUTENbHOW KoslebaTesIbHOM CEKTPOCKO-
nuu, NPYMeHAEeMbIV ANA JaHHOTo NUCC/iefoBaHNA B
JIHO, no3Bonwu BbIABUTb B HM3KOYACTOTHOM Aua-
MasoHe crekTpa KOMOMHALMOHHOIo paccesHus
HeNTPOPUIbHBIX KNETOK POCT NMKa LUTPY/UIMHA B
TeyeHune 30-40 MUHYT nocse Havana BocnannTesb-

HOro npouecca, KOTOPbI MOXHO Knaccubuumpo-
BaTb KaK paHHioto gnarHoctuky HETO3-a (puc.1) [1].
MoCKONbKY MUK C PaMaHOBCKIM CABMIOM ~ 170 cm”
NpPakTUYeCcKn OTCYTCTBYeT Y MHAKTUBUPOBAHHbIX
HeNTPOdWIOB 1 3HAUNTENTBHO YBEIMYMBAETCA NOCIe
aKTMBaL MW, MOXHO NPeanosioxKnTb, YTO OH CBA3aH
C HaKoMJeHVeM LUUTPYIIINHA B KNeTKe, B CrekTpe
KOTOPOW TakXe MPUCYTCTBYET XapaKTepPHbIN MUK
okono 170 ecm™. LiuTpynnuH oTcyTCTBYeT B KneTKax
yesioBeKa, NOCKOJIbKY OH He BXoauT B uncno 20 oc-
HOBHbIX aMWHOKUCIIOT M3 KOTOPbIX MOCTPOEHbDI
6enkmn Halwero opraHmama. OHaKo U3BECTHO, UTO
BO BpeMmA npouecca HETO3-a umuTpynnmnH MoxeT Bbl-
pabaTbiBaTbCA NyTEM TPAHCHOPMaLMM TMCTOHOB.
Hentpodunbl asnatoTca Hanbonee pacnpo-
CTPaHEeHHbIMWN NenKouuTaMmn KPOoBU YesioBeKa U
BaXKHOW YacCTblo BPOXKAEHHOIO NMMYHUTETA, obec-

[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
UVA light-induced formation of NETSs.

Puc. 2

O6pa3zoBaHme HENTPOPUIbHBIX
BHEKJIETOUHbIX noByLek (BHJ)
nog so3genctauem YO(A) nsnyyeHus.

neumeas ObICTPYIO peaKkLMo Ha MUKPOOHYIO MHBa-
3ut0. HETO3 — 370 npouecc 3anporpammmnpoBaHHON
rméenu HeMTPoPUNbHBIX KNIETOK, OT/IMYAIOLWNIACS OT
anomnTosa 1 Hekpo3a. Kpome ponu nepBom nMHUN
3alNTbl BO BPOXKAEHHOM MMMYHHOW CUCTEME, Ha-
pyweHnve perynauymm HETO3-a, no-sugnmomy, cas-
3aHO C NaTONOrNEN PasnnNYHbIX 3a60MeBaHN, TaKNX
KaK peBMaTOMAHbIN apTpUT, CUCTEMHAA KpacHas
BOJIYAHKa, Mcopuas, TPoM603, aTePOCKIEPO3 1 PaK.
MexaHn3Mbl akTUBaLUKM 1 NeXxalyme B OCHOBE Kac-
KagHble npoueccbl HETO3-a cunbHO 3aBUCAT OT KOH-
KpeTHOro ctmyna. HelitpodusnbHble BHEKNIETOUHbIE
nosywku (HBJ1, NETs) BbipabatbiBatoTcA HENTPO-
GUNBHBIMA TPaHYNOUUTAMWU 1 COCTOAT U3 [EKOH-
[EeHCPOBAHHOIO XPOMaTMHA, [EKOPUPOBAHHOIO
AHTUMUKPOOHbBIMU NenTuaamu. OHK 3aluLLaloT Op-
raHMU3M OT YyXKepOoAHbIX TeN N BbICBOOOXKAAOTCA B

intruders and are released upon various stimuli in-
cluding pathogens, mediators of inflammation,
chemical triggers, ultraviolet radiation (UV) radia-
tion and others. As for the latter, it's well known that
prolonged exposure of the skin to UV leads to its
damage and loss of protective properties. Many
cells of the immune system, including neutrophils,
are involved in the photoaging process. The pres-
ence of neutrophils in the skin exposed to UV irra-
diation is known; however, the mechanism of neu-
trophil activity at these conditions remains unclear
and currently 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.

s

NPUCYTCTBUW Pa3nnyHbIX BO3OyauTenewn, BKovan
naToreHbl, MeinaTopbl BOCMNANEHNA, XUMUYECKMe
Tpurrepbl, ynsTpaduronetosoe nsnyuyerue (YO) n
apyrue. Yto KacaeTca nocsieiHero, To XOpoLlo r3-
BECTHO, UTO ANnTeNbHOe Bo3aencTene YP-n3nyye-
HUA Ha KOXY NPVBOANT K ee NOBPEXAEeHMIO 1 NnoTe-
pe 3aWnTHbIX CBONCTB. MHOIMe KNeTku UMMYHHOM
CUCTEMbI, BKITIOYAA HENTPodWIbl, y4acTBYIOT B NPO-
uecce poTocTapeHua. I3BeCTHO O HanMumne B KOXe
HelTpodunos, noaeeprmxca YO-obnyyeHuio; oa-
HaKO, MeXaHU3M WX aKTMBaLUWN B TaKMX YCIIOBUAX
OCTaeTCA HEACHbIM 1 B HacTosALLee BPeMsA Masions-
YyUYeHHbIM. Tem cambIMm, 3TO eLle ofHa Uefb JaHHOro
NpoeKTa, KOTOPbIN B HacToALllee Bpems peanunsy-
etca B JIHD ¢ ncnonb3oBaHmem nmmyHodnyopec-
LEHTHOM MUKpockonuu (puc.2) B coyeTaHnn C pa-
MaHOBCKOW MUKPOCMEKTPOCKOMMEN.




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 potential of carbon sequestration in
soils and their productivity, implies a new level of
refinement 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 nondestruct-
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HenTpOHHbIe TEXHOJIOrUU

ive 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 noJiInr oHoOB

MOHUTOPUHT copep>kaHNs OPraHNYecKoro yr-
nepoga (SOC) B nouBax ABNAETCA BarkHeWLIeN 3afa-
yeln B NpobnemaTrike rnobanbHbIX KNMMaTUUYeCKNX
N3MEHEHWI, B BbIpabOTKe 1 peannsaunn Mep, Ha-
NpaBJfiEHHbIX HAa COKpaLLEeHNe BbIBPOCOB NapHUKO-
BbIX ra30B. 3afaya pa3paboTKy HOBbIX TEXHONOT I
arpovHAYyCTPUK, afanTUPOBAHHbIX K YCITOBUAM KOH-
KPEeTHOro pervoHa n obecneunBaoLx ogHOBpe-
MEHHO YBeJInYeHne CeKBECTPALIMOHHOTO NOTeHLMa-
na MoYB 1 UX NPOAYKTMBHOCTY, NpeAnosiaraeT HOBbI
YPOBEHb AeTanm3aumm n o6HoBeHMsA AaHHbIX 0 SOC.

CyulecTBylolme MeToAbl aHanM3a npegnona-
ratoT, B OCHOBHOM, 0TOOP 06BEMHbIX MPO6 1 paboTy
B ycsioBusx nabopatopuun. MNpermyliectsa metoaa
MeueHbIX HenTpoHoB (MMH) B 6bicTpoM Hepaspy-
IAOWeM SN1eMEHTHOM aHanmse pasfinyHbIX Be-

LecTB U MaTepuranos, B page ciyyaeB — 6e3 us-
BrieueHMsi 06pasua 13 XxapaKTePHbIX A5 HEro yco-
BUI, XOPOLUO NU3BECTHbI U MPUMEHAIOTCA B CUCTEMAX
6e30MacHOCTA, B FOPHOPYLHOW NPOMBILLAEHHOCTA
1 T.n. B MeTofe NprUMeHATCA HENTPOHDLI C Hep-
rven 14 MaB, obnapatowme 60nbLION MPOHMKalo-
e cnocobHoCTbio. Micnonb3oBaHme NOPTaTUBHbIX
reHepaTopOB MeYEeHbIX HEWTPOHOB MO3BO- niAeT
NPOBOAMWTbL MOJieBble N3MepeHUs 6e3 npeaBapu-
TENbHOW MNOAFOTOBKU MCCNefyemblx 06pasLoB.
MNprMeHNTENbHO K aHaNn3y NoYBbl 3TO MOXET O3Ha-
yaTb aHanu3 «B nose», 6e3 n3BreyeHna o6bEMHOM
Nnpobbl 1 eé TPaAHCNOPTUPOBKNU B NabopaTopuio.
Bo3Mo>KHO, faXke B ABMPKEHUN.

B JIHO B npoekte TANGRA cTapTOBanu sKkcne-
PVIMEHTbI MO onpefeneHnio NapaMmeTpoB MeToaa 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, LaBr3,
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 position
in the world market will depend on what this foot-
print is, whether we are able to confirm the declared
values within the framework of internationally rec-
ognized regulations. The problem of efficiency, cov-
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erage and detailing of monitoring of the state and
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 ex-
tremely important to have mobile/field instruments.
In assessing the SOC content, prospects are pinned
on various variants of spectroscopy methods. 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 Expert Council
on Carbon Balance Technologies under the Russian
Ministry of Science and Higher Education.

3agaue onpegenenma SOC n nx 3aBMCMMOCTH OT CO-
CTaBa MOUYBbI, YCIIOBUIA KOHKPETHOW JloKauuu, a
TaKk>e Mo BbIOOpY ONTUMANbHOW KOHUrypauun ae-
TEKTUpPYIOLWEN CcUCTeMbl (BETEKTOPblI Ha OCHOBE
BGO, Nal, LaBr3, HPGe, gpyrue), reomeTpun mo-
O6UNBbHON YCTaHOBKMN.

«CerofiHA BONPOC 3KONOrMYecKoro u, B YacT-
HOCTU, «<KapOOHOBOTO» Clliefia NPoAyKLUMM Npuobpe-
TaeT BCE boree «npaKkTnyeckoe» 3HauyeHue. OT Toro,
KaKOoB 3TOT cJiefi, CMOCOGHbI N Mbl B pamKax npu-
3HaBaeMblIX Ha MeXJYHapOAHOM YPOBHE perinamMeH-
TOB MOATBEPAUTbL 3aABJIEHHblE 3HaueHUA, byaeT
3aBMCETb HE TONIbKO KOHKYPEHTOCMOCOOHOCTb, Ha-
npumep, Hallero 3epHa, HO U caMa BO3MO>KHOCTb
COXpaHeHMA ero No3nymni Ha MMPOBbIX PbiHKax. Ha
nepenHui MiaH BbIXOAUT Npobniema onepaTrBHO-
CTW, OXBaTa U AeTanusaumm MOHUTOPUHIa COCTOSA-

HUA U OVMHAMUKK Pa3fIMYHbIX pe3epByapoB yrie-
pogfa. KoHeuHo, byayliee, B 3HAUMTENBHOW CTEMNEHN,
3a meTodamum [133. Ho ana nx pa3paboTky cerogHs,
a TaKXe, Kak MYHUMYM, Ana Bepudukaumm/Kanmo-
POBKM MOJly4YaeMbIX C UX MOMOLLbIO Pe3yNbTaToB
KpaliHe BaXHO MMeTb MOOWIbHbIe/NoneBble Npu-
60pbl. B oueHke SOC nepcneKkTUBbI CBA3aHbI C pas-
NIMYHBIMY BapUiaHTaMM MeTOLOB CnekTpockonuu.
B 3TOM PAQY OCHOBHble oxngaHma ot MMH — aHa-
N3 npobbl 3HaUNTENLHOIO 06beMa/rnyouHbI 6e3 eé
«m3sneveHna»», — H.[.[lypmaHoB, 3amecTutenb
npepcenatens JKcnepTHoro coeeta npu MuHu-
CTepCTBe HayKu 1 BbicLero obpa3oBaHus Poccuin-
ckonn ®epepaumy No Bonpocam HayyHoro obecne-
YyeHUA Pa3BUTUA TEXHONOTMIA KOHTPONA yrnepoa-
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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KapTa npo6ooTt6opa
MXOB-O/IOMOHVTOPOB
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 oca)kgeHusa Ta)KesblX MeTaJs1J10B

MeToaAO0M MXOB-MOHUTOPOB

MeToa MXOB-6MOMOHUTOPOB, B COYETAHUN C
AnepPHO-PU3NYECKUMN N XUMUNYECKUMM aHANUTUYe-
CKAMW MeTOfaMW aHanuns3a, perynfapHoO NCnosb3y-
eTca B TeueHue nocnegHux 30 net B cTpaHax 3a-
nagHown EBponbl AnA n3yyeHna atMoChepHbIX Bbl-
nageHun TAXKeNbIX METaNOB, a 3a nocnegHue 15 net
OH Hallien pacnpocTpaHeHre 1 B cTpaHax BocTou-
Ho EBponbl. B pamkax mexxayHapoaHom nporpam-
Mbl «<ATMOCdepPHbIe BbiNafeHUs TAXKeNblX MeTasioB
B EBpone — oLeHKN Ha OCHOBE aHas3a MXOB-610-
MOHUTOPOB» C NEPNOANYHOCTbBIO B 5 1eT noa arugon
OOH wn3paetca EBponencknin Atnac atMmocdepHbIx
BbIMaAeHUN TAXKenblX MeTannos. Llenb sTon npor-
PaMMbl — KauyeCTBEHHO 1 KONIMYECTBEHHO OXapaKTe-

pur3oBaTb pacnpeneneHie permoHanbHbIX aTMOC-
depHbIX BbiNnageHuin B EBpone, a Tenepb 1 B A3un,
Bbl1€/INTb MECTONMOJIOXKEHNE BaXKHbIX CTOYHMKOB
3arpA3HeHNs TSKeTbIMY MeTallaMn 1 AaTb PETPO-
CNEKTVBHYIO KapTVHY CPaBHEHMWSA C TaKMMU e UC-
CNlef0BaHUAMY, MOBTOPAOWNMNCA KaxKable 5 neT.
KOHLeHTpaumn TaxenblX MeTayioB BO MXax XOpo-
LIO KOPPENMPYIOT C aTMOCPEPHbIMY BbINafeHUAMY,
a nepexof K abCosOTHbIM BEMYMHAM COfepKaHWNI
TAXeNblX METaJIOB B BO3JyXe Uyepe3 KannbpoBKy
Mo o6LlemMy KOMUYeCTBY 0CaJKOB JOCTaTOYHO MPOCT.
Bbibop MXOB Ana oUeHKU aTMOCdepHbIX Bbinage-
HUI TAXKENbIX METAIIOB U BPYTNX MAKPOIEMEHTOB
onpegenserca TeM, Yto Mxu 3GPeKTUBHO KOHLLEHT-

[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 fourteen JINR
Member States: Azerbaijan, Armenia, Belarus, Bul-
garia, Czech Republic, Georgia, Kazakhstan, Moldo-

va, Mongolia, Poland, Romania, Russia, Ukraine and
Vietnam. A total of 5,156 samples of moss biomon-
itors were collected (Fig. 1) and analyzed using var-
ious 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.

Fig. 2

Map of arsenic distribution from the

report for 2015-2016. %??ﬁ

Puc. 2

KapTa pacnpepeneHnus cogepxaHusa
MbllbAKa 13 oTyeTa 2015-2016 rr.
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pUpYIOT 3arpAasHALWMe BewecTBa U3 BO3dyxa 1
0OcapgKoB. bonee TOro, OHM He NMEKT KOPHEBOW CUCTe-
Mbl 1, CllefoBaTeNibHO, BKNag APYrnX NCTOYHNKOB,
Kpome aTMocdepHbIX BbiMNafeHWI, B 6ONbLINHCTBE
cnyyaeB orpaHuyeH. AHanm3 MXOB MOXeT NPOBO-
ONTbCA Pa3NNYHBIMK aHANIUTUYECKNMUN METOLaMU.

HaumnHaa ¢ 1995 roga, ceKTop HEMTPOHHOIO
aKTMBaUMOHHOro aHanusa JIHO OUNAN npuHrmaeT
yuyactume B EBponerickoi nporpamme «ATmMocohep-
Hble BblMageHnA TaKenbix meTannos B EBpone —
OLleHKM Ha OCHOBe aHanm3a MxoB» [lepBbiM BKNa-
nom B Atnac 1995/1996 roga 6binu pesynbrathbl Mo
BoctouHbim KapnaTtam, PymbiHuA. B Atnac 2015/
2016 rr. Bownn pesynbTaTtbhl NO 36 CTpaHaMm, cpeau
KoTopbix 14 cTpaH-yyacTHuL OUAN: AzepbaiigKaH,
Apmenus, benapycb, bonrapusa, BbeTHam, [py3ns,

KasaxcTtaH, Mongosa, MoHronus, MNonbwa, Poccus,
PymbiHuA, CnoBakuna, YKpauHa n Yexus. B obuwen
CNOXKHOCTN bl cObpaHbl 5156 06pa3L OB MXOB-
61noMOHUTOPOB (pUC. 1), aHaNU3 KOTOPbIX NPOBO-
AN PasfNYHbIMMN aHANUTUYECKMI MeTodaMMU.

B JIH® ana aHanu3a ucnonb3ytot metog HAA,
KOTOpPbI NO3BONAET onpeaenaTb 40 45 31eMeHTOB.
BakHble € 3KoNornyeckom TOUKN 3peHnsA SNeMEHTbI
Cd, Cu, Pb onpepensatotca [ononHUTeNbHO, MeTO-
[IOM aTOMHOW abCOpOLIMOHHON CNEKTPOMETPUMN.

B kauecTBe npumepa npriBegeHa KapTta pac-
npefeneHni Mbllbaka (puc. 2). Boicokue ypoBHu
MbllbsAKa HabMOAANNCb B KXHbIX Y BOCTOUYHbIX
CTpaHax, Takmx Kak TagXUKNCTaH, ceBepHaa Typ-
uma, KasaxctaH, MoHronua, ApmeHus, cesepHas
lpeunsa, AsepbargkaH 1 PymbiHUA.




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 moanduKaumm yrnepoaHbix HAHOTPYOOK 1 afcopOLmMmM Ha HUX JOKCOPYOULMHa.

YrnepogHbie HaHOM1aTPOPMbl

A4 0OCTaBKUM J1IEeKapCTB

HaHomaTtepuarnbl 06nagatoT yHUKanbHbIMY OF-
TUYECKUMI, MarHUTHBIMU 1 3JIEKTPUYECKMI CBO-
CTBaMU, YTO CTUMYNIMPYET UX LUINPOKOE NCCNefoBa-
HMe B PasfiMYHbIX HAay4HbIX obnactax. OcobeHHO
WNHTEPECHbIM NPeACTaB/IAETCA NCMOoMb30BaHNe Ha-
HOMaTepPWasoB B OMOMEAVNLIMHCKIX MPUNOMKEHMSX,
TaKUX Kak MOJIeKy IApHan BM3yanu3aLuus, TKaHeBas
NH>XeHepursa, BUOCEHCOPDI 1 CUCTEMbI afPECHON A0-
CTaBKW nekapcTs. MNprMeHeHrie NHHOBALMOHHbIX
pelueHuni, cBA3aHHbIX C afpeCcHOM JOCTaBKOW Je-
KapCTB, OYEHb MNEPCMNEKTUBHO /151 YCMELIHOrO fieye-
HUA OHKONOrMYecknx 3abonesaHuii. Llenbio HacTosn-
LWMX NCCNIefOBAHUN ABNAETCA CO3faHue yriepos-
HbIX HAHOHOCUTENEN, KOTopPble MOryT 6e30MacHo U
3 PeKTBHO 10CTABNATb NPOTUBOPAKOBbIE areHTbl
K MOpakeHHbIM TKaHsIM.

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

Pak — 370 rpynna pasnunyHbIx 3aboneBaHui,
Npv KOTOPbIX HEKOTOPbIE KNEeTKN 6eCKOHTPOJSIbHO
PaCcTyT 1 PacnpoCTPaHATCA Ha APYrue YacTu Tena.
CerofiHA pak — OAHa M3 CaMblX YacTblX MPUYMH
cmepTr B Mupe. O6bIYHO UCNONb3yeMble LMTOCTa-
TUKM BbI3bIBAOT Psif MOOOUYHBIX TOKCUYECKUX I-
¢$eKTOB, KOTOPbIE MOXHO YMEHbLUUTb, NCMOJIb3YA
TaK Ha3blBaeMble HAHOHOCUTENN NeKapCTB. [Npume-
HeHMe HaHOYaCTNL, B Tepanuu paka no3BosnseT ns-
6vipaTenbHO NonaaaTth B ONyxosb 6e3 HeraTVBHOro
BO3AENCTBUA Ha OKpY»Kalowme TKaHu. bonee Toro,
COOTBETCTBYIOLME MAHMNYNALMM C Pa3MEPOM U
CBOWCTBaMM NOBEPXHOCTUN YaCTUL, MO3BONAIOT CO3-
[aBaTb CUCTEMbI, KOTOPblE MOTYT BbICBOOOXAATb
NeKapCTBO KOHTPONMpyembiM 06pa3om. B pamkax
HaCTOALMX NCCNeAOBAHNIN NCCNeaYTCA 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. V/1306paKeHna co CKaHUPYIOLLEro 3n1eKTPOHHOro M1Kpockona (SEM) moanduumpoBaHHbIX
a) yrnepo/Hblx HAHOTPYOOK 1 6) aKTUBUPOBAHHOTO YA, @ TakXKe C) YrNepPOAHbIX BOIOKOH

C aACOPOUPOBAHHbBIM JOKCOPYBULMHOM.

Hble HaHOMaTepwuanbl (yrnepoaHbie HaHOTPYOKY,
aKTUBMPOBaHHbIN Yrofb U YriepoHble BOTIOKHA) B
KauecTBe HOCMTeNeln NPOTUBOOMYXONEBOro Npena-
paTa JoKCopyouuuH. [Ina onTrMm3anmm npouecca
aacopOLMmM 1 BbICBOOOXKAEHNA NNeKapCTBa YrNepoa-
Hble HOCUTENN OKUCTIAIOTCA.

[na onncaHnAa CBONCTB HAHOHOCUTENEN, MeXa-
HU3MOB agcopbumn/gecopbuunn 1 B3aMMoaencTBus
MeXJy MPOTMBOOMYXONEBbIM MpPenapaTtoMm u no-
BEPXHOCTbIO HaYanbHbIX 1 MOANGULIMPOBAHHDBIX YT-
NepOAHbIX HAHOYACTUL, UCMONb30BANINCh Pa3nY-
Hble 3KCMepUMeHTasibHble MeToAbl (CKaHUpYoLas
3NEeKTPOHHAA MUKPOCKOMUSA, NpPOCBeYMBatoLLan
3NeKTPOHHaA Mukpockonus, YD-suanmas cnekTpo-
ckonuA, MHdpPaKpacHas CNEKTPOCKONKA C Npeobpa-
3oBaHvem Qypbe, CNEKTPOCKONUA KOMOMHALIMOH-
HOro pacceaHWA CBeTa, dHepProancnepcuUoHHas

CnekTpocKonus, TepmorpasmumeTpus, auddepeH-
LUManbHasa CKaHUPYOLLAA KanopUMeTPUs, peHTre-
HOBCKOE paccesAHue) 1 MeToAbl MOAENPOBAHNA
(MonekynapHas AuHamuKa).

Ha ocHOBaHWY NoslyyeHHbIX pe3ynbTaToB Mo-
KaszaHo, uto: moandrKaLmua NoBEPXHOCTU nNocpes-
CTBOM OKCMUAAUUKM YBENMUNBAET afCOPOLMOHHYIO
CMOCOBHOCTb YINEPOAHbIX MaTepManos; agcopoums
neKapcTBa Ha MOAUPULMNPOBAHHbBIX YIIePOLHbIX
HaHoMaTepranax 3aB1CKT Kak OT T!na afcopbeHTa,
TaK 1 OT afcopbumpytoLLero areHTa; NpoLecc BbICBO-
60xaeHUs 3ddeKTMBEH B KUC/bIX Cpedax, B TO
BpeMsA KaK B HEMTpanbHOW cpefe OH nodaBsaeTca.
MexaHu13m npoueccoB aacopoLum 1 BbICBOOOXKe-
HMA NeKapcTaa ¢ rmgpopoOHOM MOBEPXHOCTU yrrie-
POAHbIX HAHOYACTUL, MOXKHO ONpPefenuTb C MOMO-
LLbI0 KUHETNYECKNX 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. MukpodoTorpadus (a), PamaH (b) n nonapusosanHbIn-KAPC (c) Bu3yanusauusa kpuctanna bR.

KonebaTesnibHasa U HeJIMHEMHO-ONTUYeCcKas

6uoBU3yanM3aumud

HoBbIl NepcneKTVBHbLIA 1 BbICOKOYYBCTBU-
TesIbHbIN NOAXON K BU3Yyanv3auum Kpuctannos 6en-
KOB, OCHOBAHHbI Ha MonApu3aLOHHO-YyBCTBU-
TeNbHOM KOFrepeHTHOM aHTUCTOKCOBOM KOMOUHa-
UMoHHoM pacceaHum ceeta (P-CARS), ycnelwHo pas-
pabotaH B JIHD Ha 6a3e nazepHOro CKaHMpyoLLero
MUuKpocnekTpomeTpa «KAPC» ¢ 6bICTpbIM COOpOM
JaHHbIX 1 BbICOKOKOHTPACTHOW KonebaTtenbHON BU-
3yanusauuenn. Hapagy c konebatenbHoON BU3yanu-
3aumen, Takxke 6binla pa3paboTaHa MeToauKa ana
KOHTpaCTHOVI BU3yannsaunmn XxmpanbHbIX KpUCTan-
JTOB Ha OCHOBE reHepauu BTOpow rapmoHuki (MBI
n3ectHas Kak SONICC — HennHenHan BMU3yanu3a-
LA BTOPOro NopsaKa X1pasnbHbIX KpucTanios. Vc-
CNeoBaHusA C NCMONb30BaHVEM Me30-BblPaLleHHbIX
KpucTannos bakTepuopopdoncHa 6akTepuopoaan-
cuHa (puc.1) 6binu BbinosiHeHbl B JIHO B cOTpyaHU-

yecTBe C MOCKOBCKUM PUINKO-TEXHUYECKUM WH-
CTUTYTOM 1 MIHCTUTYTOM CHOXKHbIX CUCTEM: CTPYK-
TypHon Guoxumun (ICS-6), nccnenoBaTenbCKoOro
ueHTpa B lOnuxe, fepmaHus [1]. Boicokoe Tpexmep-
Hoe (3D) pa3spelueHrie foCTUTraeTCA 3a CYeT ABYX
KONINIMHEapHO NepeKpbIBAOLLMXCA MUKOCEKYHAHbIX
Ny4ykoB GNMKHEr0 MHPPAKPACHOro Arana3oHa U
BOAHO-MMMEPCMOHHOIO 06 bEKTMBA C BbICOKOW YK~
CNOBOW anepTypon.

CTouT OTMETUTb, UTO CEpPUINHAA KPUCTaiorpa-
d1A Ha NCTOYHMKAX PEHTTEHOBCKOIO CUHXPOTPOH-
HOro U3NTyYeHUs 1 Nasepax Ha CBOOOAHbIX dNEKT-
pOHax mocsieqHero NokoJsieHnsa no3sonuna cbop
JaHHbIX KPUCTaIlIoB MMKPOMETPOBOTO U1 flaxke Cy6-
MVKPOMETPOBOIO pa3mMepa, YTo NPUBENO K 3HaYu-
TeSIbHOMY NPOrpeccy B CTPYKTYpHo 6ronorun. Og-
HaKo, BU3yanusauunsa Masblx KpUCTannos, Oyayun

[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

BbicoKOoKOHTpacTHoe
FKAPC pe3oHaHcHOe
MUKpon3obpaxeHne
KoHbtoratos TNB/Au-NP.

oyeHb BoOCTpebOBaHHOW, OCTaeTcA npobnemoin,
0CcobOeHHO AnA KpucTannoB Memb6paHHoro 6eska
(MB). KAPC-muKpockonua obecrneunBaeT nepeno-
BOW Hepa3pyLualowuin 1 6e3amMapKepHbIi MeTOA BU-
3yanun3aLmm C BbICOKOW YyBCTBUTENbHOCTbBIO U BbICO-
KM naTtepanbHblM NPOCTPAHCTBEHHbIM pa3peLle-
HVeM, NO3BONAIOWMNIA NONyYaTb CNeKTpanbHO-Ce-
NEKTUBHbIE N306PaXKeHNA OCHOBHBIX TUMOB MaKpo-
MoseKyn: 6enKoB, MMNUAOB, HYKNENHOBbLIX KACIOT
UT.Ao

B nocnepHune HeckonbKo net, B JIHO peannso-
BaJl elle OAUH MHOroobeLlaloWwnin NPOeKT HeNu-
HerHom Busyanusaumm F'KAPC — coueTaHwme ruraHT-
CKOro KombuHaumoHHoro paccesiHua (FKP) ¢ kore-
PEHTHbIM aHTUCTOKCOBbIM paccesHneM CBeTa, U, Ha-
LeNTIeHHbIN Ha BbICOKOKOHTPACTHYIO perncrpaumio
opraHuyecknx monekyn. lNMockonbky KAPC curHan
KBagpaTUYHO PacTeT C MUHTEHCMBHOCTbIO 3/1EKT- PO-
MarHMTHOrO MONA, TO YCUNEHNEe 3NeKTPOMarHuT-

[2] Fabelinsky V.., 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.

Horo nona B ycnosuax I'KP moxeT elye 6onblLue yBe-
nMunTb NHTeHcnBHoCTb KAPC curHana. lNepsble B
Poccnn skcnepumeHTtbl no N’KAPC Busyanusauyum
6b1nn peannsosaHbl B JIHD c ncnonb3oBaHuem pas-
nnyHbIx Kncnot (MPBA, TNB) B KauecTBe monekyi-
penopTepoB (puc.2). bbinu onpegeneHbl npegenbl
WHTEHCMBHOCTW nasepa AnA obHapyeHuAa BOC-
npowussognmbix TKAPC cneKTpoB 1 COOTBETCTBYIO-
LLMX BbICOKOKOHTPACTHbIX n306paxeHun [2]. TKP un
'KAPC 6binu ycrewHo ana cenekTMBHOro obHapy-
XeHuUA MNKO3WINPOBAHHOMO CbIBOPOTOYHOTO asib-
6ymuHa yenoseka (HSA) — noteHUmanbHoOro 6uo-
Mapkepa grabeTa.

BrioBm3yannsauna moxeTt 06beMHUTbL HOBbIE
nccnefoBaHNA U3 pasHbiX 06acTen HayK O KM3HY,
AEMOHCTPUPYIOLME NHHOBAUMN B METOAOSIOMNAX
BM3Yyanun3auumm KNeToK 1 MeTofax aHanmsa nsobpa-
MKEHWI, a TaKe cnocobbl UX NPYMEHeHNA Ha NpakK-
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. Mpumepbl TpaeKTOPWIA ABUMKEHUA XKUBOTHBIX C Pa3HbIMU TUMaMy NoBeAeHMA B TecTe Moppuca:
1 — HanpaBnNeHHbIN NMOWCK, 2 — CyYalHbIA MOUCK, 3 — TUrMOTAKCUC (CTpaTerns HecnocobHbIX ocoben).

BnnaHne HaHo4yacTuUL Ha KOFHUTUBHbIE CNOCOBHOCTU

B coBpeMeHHOM MMpe HaHOYaCTULbl NOCTY-
natoT B OpraHU3m YyesioBeka (B TOM uncsie paboTHU-
KOB MHOFOUMC/IEHHbIX MPOU3BOACTB, UMEIOLLMX AeNo
C HaHOYaCTULLAMM) B MalblX eXeJHEeBHbIX J03aX U
eCcTeCTBeHHbIMM NYTAMY (C NKWLLEN 1 BOAOW, a TaKxKe
C BO3ayxom). BBnay nx manoro pasmepa v HA3KOM
PacTBOPUMOCTM HAHOYACTULbl He pacno3HalTCA
3aWUTHBIMU CUCTEMaMW OpraHM3Ma, He nopaBep-
raloTCA XMMUUYECKOMY PA3/IOKEHUI0 U MeSIeHHO
WS BOBCE He BbIBOAATCA U3 OPraHn3ma, Takum 06-
pa3om npepcTaBaAa NOTEHUWANbHYO yrposy Ans
3[,0POBbA YeNIoBEKa, B TOM YNC/e 1 ANA 340POBbA
JeTeln, NoABePraloWwmXca SKCNO3NLUM HaHOUYaACTU-
Lamu eLle B yTpobe maTtepu.

CnocobHOCTb HaHOYACTULL K NPEOSONEHNIO Fe-
MaTo3HUedannueckoro 1 niaueHTapHoro 6apb-
€pOoB CTaBUT CErofHA NMPUHLMUNNANbHO HOBYIO 3a-
Jauy — 3afjauy U3yyeHus noTeHUnanbHOM onacHo-
CTV Pa3BUTKA HEM3BECTHbIX paHee fedeKToB LeHT-
panbHOWM HepPBHOW CUCTEMbI U HAapyLLeHUI paboTbl
MO3ra, B TOM UMCJie KOTHUTUBHBIX AUCPYHKLMIN Y Ye-
NOBEKA Y >KMBOTHbIX.

Bnepsbie 6binv uccnefoBaHbl NOCNeACTBUA
BAUAHMA Ha MOTOMCTBO HaHoYacTuL cepebpa, no-
CTYNUBLLUMX N3 OPraHn3ma MaTepu B NpeHaTanbHbIN
nepuofd u nepuopg naktauum. OueHka Hanmuua nnm
OTCYTCTBUA KOTHUTUBHBIX AUCHYHKLNIA Y MOSTOABIX
XUBOTHbIX, 0 POXAEHNA NOABEPrHYTbIX BO3AeN-

[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 cofiepaHue cepebpa B Mo3re
CaMOK U X MOTOMCTBA, ONpeAeneHHoe
METOAOM HEMTPOHHOIO aKTUBALIMOHHOIO
aHanm3sa.

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 37375 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

- o

CTBMIO HAHOYACTUL, MOCTYMNABLMX Yepe3 MIaLeHTy
13 opraHn3ma matepu, bbina NpoBefeHa CornacHo
efVHOMY, 06bEMHOMY 1 HafleXKHO 3apEKOMEH[0-
BaBLUEMY Ce0S B MMPOBOW NPaKTMKE METOAY TECTU-
poBaHus — BogHOMY NnabupuHTy Moppuca. Mony-
UeHHble pe3ynbTaTbl MoKasaau, YTo B NpeHaTab-
HbI Neprog obnacTu Mo3ra, oTBevatoLue 3a Gop-
MUPOBaHME MNPOCTPAHCTBEHHONW NamATU, Gonee
yA3BUMbI Mepej HaHouacTMLamMu cepebpa, yem
nocsie POXAEHNA, UTO MOXKET OblTb 00YCNOBNEHO
He3aKOHUYEHHbIM pa3BMTEM remaTosHuedanmye-
cKkoro 6apbepa y nioga (puc. 1).

CopepraHune cepebpa B pasfinNyHbIX OpraHax
(KpOBb, NeYeHb, Nerkre, NoYKM 1 MO3r) CaMoK 1 UX

T T T T
Control Experiment Control Experiment

noToMcTBa 6bls10 onpeaeneHo MeTo4OM HENTPOH-
HOro aKTMBALMOHHOIO aHanm3a. B camkax camoe
BbICOKOE cofiepaHue cepebpa 6b110 onpeneneHo
B JIETKMX, 3aTEM B MO3re, NeyeHu, NoyKkax 1 Kposu.
Y notomcTBa HakonneHne cepebpa N3MeHANoCh B
cnepytolem nopagke nerkne > Mo3r > KpoBb > ne-
yeHb > nouku. CpeiHee MacCcoBOe cofepxaHue ce-
pebpa B Mo3re caMok coctaBuno 373 £+ 75 Hru s
MO3re noToMcTBa 385 + 57 Hr. [onyyeHHble AaHHble
BaXKHbI /1 OLEHKM ToKCcMUeckoro a¢deKkTa HaHo-
MaTepunasioB Ha PenpoayKTUBHYIO CUCTEMY Yeso-
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

Fig. 1
Scheme of Fe304 modification

and carborane and gadolinium
ion immobilization.

Puc. 1 ~

Cxema mogndurkaumum e
HaHoyvacTuL MarHeTuta Fe;0,

1 UMMOBUNN3ALMM Ha X

NOBEPXHOCTb MOHOB

KapbopaHa 1 rafonnHuA.

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-
particles in NCT treatment shows many advantages
as there are no drug release problems compared to

@ P .
@ = (@) —
i g. *N;_'r, {
?_%‘ ., ; (- 1\] :_
gy " ¥

NUHHOBaUuUu gnsa HepITpOH-3aXBaTHOV1 Teparimm

OHkonoruyeckme 3aboneBaHuA ABRAOTCA
O[HOW N3 OCHOBHbIX MPUYNH CMEPTUN BO BCEM MUPE
(Ha 2020 r. 10 munnnoHoB cmepTel 3a rog). Ctan-
JapTHble MeToAbl IeYeHUsA paKa Bbi3blBalOT Cepbes-
Hble NobouHble 3¢ deKTbl. 1151 NoBbIleHWA dbdek-
TUBHOCTW 1 CENEKTUBHOCTN NeyeHnsa Heobxoanmo
nccnepoBaTbh HOBble CpeACcTBa AOCTaBKU. HacTos-
Wwure nccnepoBaHusa cPoKyCcMpoBaHbl Ha paspa-
60TKe 1 onpegeneHun Gusnyecknx n bruonormye-
CKUX XapaKTepUCTMK HAHOHOCHTENEeN AnA NoTeHUU-
anbHOro NPYMeHeHUsA B HENTPOH-3axBaTHOM Tepa-
num (NCT), B TOM umncre 60p-HENTPOH-3aXxBaTHOM
Tepanun (BNCT). Oxkngaetca, 4To MeXgnUCUunim-
HapHbI NOAX0A B AaHHOW 06/1aCTV MO3BOMUT CylLe-
CTBEHHO NPOABUHYTLCA B pa3paboTKe HaHoMIAT-
dopm ana NCT, nosbicnB 3dEeKTUBHOCTL Cylle-
CTBYIOLLMX areHTOB AOCTaBKW. KOHeYHoM Lesbio pa-

60Tbl aBnaeTca co3gaHme HoBbiX NCT areHToB ¢
YNyYLleHHOW TepaneBTUYecKon 3pHeKTUBHOCTbIO
MPOTUB paka, KOTopble MOTyT 6bITb YCMEeLHOo nepe-
BeAeHbI B KNacC npenapaToB ANa QOKINHNYECKMX
nccnegoBaHuUM.

MarHuTHble HAHOYaCTULbl UMEIOT BaXKHOE Mpu-
MeHeHue B papMaLieBTMKe 1 AUArHOCTHKE OHKOJIO-
rmyeckmx 3abonesaHuin. bonee Toro, Hocutenu ne-
KapCTB Ha OCHOBE MarHMUTHbIX HAHOYACTUL, UMELOT
onpepeneHHbIV NoTeHUMan Ans ynyJlleHns JoCTaB-
KW NIeKapCTBEHHbIX CPeACTB NOCPeaCcTBOM KOHLEHT-
pPUPOBaHMA B OMYXO0JAX C MOMOLLbIO BHELLHWX Mar-
HUTHbIX nonei. MpumeHeHe MarHUTHbBIX HAaHOYa-
CTUL, B HENTPOH-3axBaTHON Tepanun NokasbiBaeT
MHOTO MPENMYLLECTB, MOCKOJIbKY OTCYTCTBYHIOT NPO-
611eMbl C BbICBOOOXKAEHMEM JIEKAPCTB MO CpaBHe-
HUIO C APYTrMY CMCTEeMaMK AOCTaBKW. [1na 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 thepro-
ject, superparamagnetic Fe;0, 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,
Mdssbauer 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-3cells incubated with different concentrations of nanoparticles.

Puc. 2. Knetku PC-3, nHKy6UpoBaHHbIe B pacTBOPaXx C Pa3fiMyHbIMV KOHLIEHTPaLMAMN HaHOYaCTUL,.

poBaHun B JIHO ncnonb3oBanucb cynepnapamar-
HWUTHble HaHoYacTULbl MarHeTuTa (Fe;0,), KoTopble
MOANOULIMPOBANMCDH C LieNblo MONyYeHNA CTPYKTYP
TMNa «sgpo-obosiovukax. NepBaa rpynna yactmy
6bina  MOAUPUUMPOBAHA TETPASTOKCUCKIAHOM
(TEOS) n 3- (TpumeToKCMCUAA) NPONUIIMETaKpUa-
ToMm (TMSPM) ans co3paHua aBonHbix cBasen C=C
W JanbHerwern NpuBUTON NonMMepmr3saumm 61moco-
BMeCTUMOro rmmymgunnmetakpunata (GMA). 3o-
nponun-o-kap6opaH 6bin ycnewHo MMMo6unn3o-
BaH Ha NOAroTOBJIEHHbIE HAHOYACTULbI A/1A MOTEH-
LManbHOro NpumMeHeHna B 6op-HeNTPOH-3a- XBaT-
Hon Tepanuu (BNCT) paka. Bropas rpynna HaHOua-
cTuL Obina nonyyeHa NyTeM OfHOBPEMEHHOWN UM-
Mobunmsayum NCT-areHTOB Ha OCHOBE rafloNNHNA
n 6opa Ha HaHouvacTuubl Fe304 nocpeacTeom 06-
pa3oBaHWA yMePEHHOro 1 GIOCOBMECTMOTO C/10A

nonuanekTponuta nonu(akpunosas kucnota) (PAA)/
nonu(annunammn) (PALAmM), Kak noka3saHo Ha puc. 1.

Ana namepeHna CBONCTB NOAYYEHHbIX CTPYK-
Typ Tvna «Afpo-0605104Ka» NCMNOoJb30BacaA LWNPO-
KNI CNEKTP METOA0B, BKOYaA METO bl MUKPOCKO-
nun n cnektpockonuu (SEM, TEM, SANS, DLS, peHT-
reHoBcKadA gndpakumsa, MeccbayspoBCKas CNeKTpo-
ckonwus).

[nAa NoHMMaHKA 1 NPOrHO3MPOBaHMWA NoBee-
HUA NCcnepyeMbixX CTPYKTYP B OpraHv3Me YyenoBeka
6bIn1 NpoBeAeHbl bronornyeckre nccieqoBaHmaA
nx B3aumogencteua c IHK. O6Hapy»keHHasA HM13KanA
LUTOTOKCMYHOCTb B OTHOLUEHUM 300POBbIX KNETOK
1 ABHO 6osee BbICOKUIN TOKCUYeCKnii 3pdeKT B OT-
HOLLEHNN PAKOBbIX KNIETOK BHYLLIAIOT onpefeneH-
HbIl ONTMMW3M 718 UCMONb30BaHUA AaHHbIX HOCU-
Tenewn B Tepanmax OHKONOTMYECKNX OMyXonen.

[2] Korolkov 1. et al., Coll Surf A 601:125035 DOI: 10.1016/j.colsurfa.2020.125035.
[3]1 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

[pox>keBble KNeTkn
Saccharomyces cerevisiae.

OuncTKa CTOUHbIX BOA:

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,

MUKPOOPIraHnN3Mbl MPpoOoTmMB MeTaJ1J10B

CerofiHA ypoBeHb 3arpA3HeHNA BOAHOW Cpefbl
B 3HAUYUTENbHOW CTEMNEHN BNAET HA »KN3Hb NI0AEN
1 pa3BUTME MUPOBOI SKOHOMMKN. B Mype npogon-
KaeT ycunmeaTtbca Aeduumnt npecHol Boabl, Torga
Kak notpebneHune Boabl 419 NPOV3BOACTBA U ObITO-
BbIX HY>K[] 3a NocnefHee CToNeTne BbIPOCIO NOYTH
Ha nopagok. OuncTUTb Bogy OT 3arpA3HEeHUN Yeno-
BEK MbITancA elle B ApeBHOCTU. Ecnu Tbicaun net
Ha3a/ AJ1s1 3TOro OH MCMoJb30BaJjl BOAOEMbI-OTCTON-
HUKW, NeCOK, APEeBECHbIN Yrofib 1 pacTeHus, TO Te-
nepb B XOA4 UAYT pa3HOO6pa3Hble GU3NKO-XUMMYe-
CKre MeTofbl 1 BUOTEXHONOTNYeCKe NPoLecchl.

YueHble JIHO okono 10 net npoBoAAT nuccne-
[0BaHUs B 00/1aCTV SKOMOTMYECKOW XUMUW, U3ydas

pa3fiyHble KOMMO3WTHble copbeHTbl U 6rocop-
GEHTbI 4N1A OUYMCTKM CTOYHbIX BOJ OT TAXESbIX Me-
TanoB U UCMONb3ysa ANA 3TOro obopyrnoBaHue
nabopatopuu. B KauecTBe NprMepa, NpeacTaBneHa
pabota no 3¢pPeKTUBHOCTM MOrNOLWEHNA LUHKA,
MeAU, HUKeNs, CTPOHUMSA 1 6apurisa U3 MOAENbHbIX U
ranbBaHUYECKUX CTOKOB, UCMOJNb3yss HEQOPOrOoW,
6e30omnacHbI 1 3GPeKTUBHDBIN BUOCOPOEHT — APOXK-
XeBble KfneTkn Saccharomyces cerevisiae (nMBoBa-
pPeHHble gpoxxun) (prc. 1). 2T MUKPOOPraHn3Mbl
NCNoNb3yloT B MPOU3BOACTBE MHOFOUYMCIEHHbIX
NPOAYKTOB NUTaHNA 1 HAaMWTKOB, MO3TOMY OHU [10-
CTYMHbI B 6ONbLUMX KOIMYECTBAX M MO HM3KOW LieHe
KaK oTxofbl npoteccos bepmeHTauum.

[1] Zinicovscaia I. 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 complex industrial 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. ﬂByXCTyI‘IeH‘-IaTaﬂ CcXemMa nsnevyeHnAa NOHOB LUMHKa U3 MPOMbILLNEHHOIO CTOKa.

BbINo oLEeHEHO BAUAHME BPEMEHM KOHTaKTa C
61MOCOPOEHTOM, HauaslbHOM KOHLEHTPaLUW LINHKA,
TemnepaTypbl 1 BOQOPOAHOro nokasarens (pH) Ha
6rocopbLMIo B MOZENbHBIX CTOKaX. 3a 15-45 MUHYT,
HeobxoaVMbIX AN1A 3GHEKTUBHOMO yAaNeHNA MeTasl-
NOB, N NP ONTUMasbHbIX 3HaYeHuAxX pH ot 3,0-6,0
yOaeTca OYMCTUTb MOAENbHble CTOKN Ha 45-100
NMPOLEHTOB, B 3aBUCUMOCTM OT MeTanna. OCHoB-
HbIMW Me€XaHU3MaMWn yaaneHna metannoB U3 pac-
TBOPa ABMATCA NOBEPXHOCTHAA aACcopPOLUA, XeMOo-

copOLUMA 1 NOHHbI OOMEH.

bbino nsyyeHo BanAHme 3HaueHUA pH 1 KOH-
LeHTpaumn buocopbeHTa Ha NpoLecc yaaneHus Ta-
XKesblX MeTasJIOB U3 rasibBaHNYECKOro MpoOMbILU-
NeHHOro CToKa. [Mpr KoHUeHTpauuy buocopbeHTa
10 rpamm Ha nUTp, MmeHAA pH, yaanocb CHU3NTb CO-
JeprKaHune NOHOB Meau, 6apuis, CTPOHLNA U HAKeNA
HUXKe NpeaenbHO JoNyCTUMOro YPoBHA. pdeKTrB-

HO OUNCTWTb BOAY OT MOHOB LIMHKAa yAanocb B ABa
3Tana B TeueHue Yaca npu pH 6,0: cHayana gobas-
nasa 6GuocopbeHT B f03MpoBKe 20 rpamm Ha nnTp,
3aTem 10 rpaMm Ha NUTP K CTOKY, MpoLueaLuemy nep-
BblI 3Tan O4YNCTKU. [JononHuTeNbHbIe Warn Ana yaa-
NEeHNs NOHOB LMHKA 0BYCNOBEHbI MOBbILIEHHbIM
CofepXaHMemM 3TOro MeTajifla Mo CPaBHEHUIO C
OCTasIbHbIMW 3arpAsHUTENnaAMun (puc. 2).

Taknm 06pa3om, 6b110 MOKA3AHO, UTO APOXKKI
Saccharomyces cerevisiae ABRAIOTCA NePCNeKTMB-
HbIM KaHAMAATOM A1l OUMCTKM CITOXKHbIX MPOMbILL-
JIEHHbIX CTOKOB. Kak oTmeueHo B nccnegoBaHum [1],
6uonornyeckme copbeHTbl, KOTOpble He nognexat
pereHepauuy Nocsie HeCKONbKMX LUKNOB OUYNCTKM
NPOMbILMEHHbBIX CTOKOB, MOXXHO MCMONb30BaTh B
KauyecTBe [06aBOK ASiA MaTepPUaNioB AOPOKHOFO
CTpouTenbCTBa.




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

CxemaTnyeckoe n3obparkeHne obpasoBaHus
pa3BeTBNEeHHON YepBeobpa3sHoi muuennbl (YHOM)
C HU3KOW BA3KOCTbIO (BHU3Y) 1 ynipyroe
coeanHeHve YOM-HaHornnHa (BBepxy).

zero-shaar viscosity, Pas
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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-
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BuocpepncTea 3aWmMTbl PaCTEHUMN:
HOBble CpeacTBa AOCTAaBKMU

YCTOMUMBBIA TPEH B Pa3BUTUN CPEACTB 3a-
WmTbl pacteHunn (C3P) — «buonormsaumsa»: cosna-
Hue 6uonornyecknx C3P, Ha ocHoBe Griomornekyn
XKMBbIX OPraHM3MOB UK KX NpoayLueHToB. MHoro-
obelLaoL M NOAXOA0M ABNAETCA NCMOIb30BaHNe
PHK-nHTepdepeHL, B YaCTHOCTM — B BapuaHTe
SIGS (spray induced gene silencing ), korga «areHTbl»
PHK-nHTepdepeHunn (auPHK) poctaBnAwTca Ha
NMOBEPXHOCTb INCTbEB PAaCTEHNN B COCTaBe Crpes.
B KauecTBe NnepcrneKTBHbIX CMCTEM AOCTaBKU Pas3-
NNYHbIE HAaYYHble FpyMnbl NPO6YIOT HAHOYACTULBI XM~
TO3aHa, HaHOpPa3MepHble CTPYKTYPbl Ha OCHOBE CJ10-
NCTbIX ABOVHbIX rapokcraos (LDH), 6eHTOHWT 1 T. 1.

YyeHble kadeapbl GM3MKN NOMIMEPOB U KpU-
cTannoB ¢um3mnyeckoro pakynsteta MI'Y coBMeCTHO
¢ konneramu u3 JIHO ONAN B pamkax mHoronet-

Hero coTpyaHMYeCTBa NPOBOAAT CTPYKTYpPHbIE UC-
CNefoBaHMs YMHbIX MAFKMX MaTePMasioB Ha OCHOBE
MOSIVIMEPHbIX MAaKPOMOSEKYJT, MOBEPXHOCTHO-aKTVB-
HbIX BELWECTB U KONMOWAHbIX YacTul. OgHa ns nx
HefaBHO ony6nKoBaHHbIX PaboT [1] nocBAweHa
rMaporesiiM Ha OCHOBE MULIENNIAPHbIX Lienel no-
BEPXHOCTHO-aKTUBHbIX BELLECTB 1 KONNTOUAHbIX Ya-
CTUL, CMOCOBHbIX 06PATUMO NepPEexoanTb U3 COCTO-
AHWA YNPYroro Tefla B COCTOAHUE HU3KOBSA3KOM
XKMBKOCTM 6rarofaps paspyLleHNto 1 BOCCTaHOBIe-
HUIO CTPYKTYpbI. [MpryrHa JaHHOTO HEOObIYHOTO
3pdeKTa B TOM, YUTO KOMMOHEHTbI CUCTEMbI B BOA-
HOW cpefie cOOMPaLOTCA B AJIVHHbIE Lienin, 0bpasyto-
LLMe TPEXMEPHYIO CETHATYHO CTPYKTYPY 3a cUeT Gpursu-
YeCKunX, a He XUmmnyeckux sammoaenctsun. OHM
[OCTAaTOYHO MPOYHble, YTObObI CcUcTema 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. 'E
o
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JKcnepuMmeHTasibHble KpUBble pacceaHmns
MYPH pnns HekoTopbix 06pa3uoB. paduk
Ha BCTaBKe npefcTaBnsaeT aHanus3, 4eMOoH-
CTPUPYOLWNA LUIAVHAPUYECKUA TN
noKanbHon GopMmbl NccneayemMbix
06BbEKTOB.

ynpyruMmy CBOMNCTBaMU, HO NMPW BHELLHEM BO3[el-
CTBMN Lienu ASIMHON B HECKOMNbKO JeCATKOB MUKPO-
METPOB MOTYT OblTb pPa3fefieHbl Ha TbICAYN KyCOu-
KOB, MO3TOMY ceTyaTas CTPYKTypa Oynet paspy-
weHa. lMpenmyLecTBo NHTENNEKTYalbHbIX CUCTEM
B MOJIHOW 06PATUMOCTV TaKNX nepexopos. Pa3pabo-
TaHHble rMaporenu, HanoIHEeHHbIe HAHOMIACTUHAMK
FVIHbI, MOTYT 6bITb MCMONb30BaHbl Kak HAHOKOH-
TeHepbl 41A HanpaBieHHOW [OCTaBKM BELLECTB.
Pe3ynbTaTbhl nccneqoBaHui yxKe NpUBAEKIN K
cebe BHMMaHMe pa3paboTunkos bC3P: «<Hawa kom-
naHua «<MexayHapogHas Jlabopatopusa «Pe3ncTom,
pe3ngeHT VIHHOBaLUMOHHOrO LeHTpa «CKONKOBOY,
pa3pabaTbiBaeT cpefcTBa 3alMTbl PacTeHUA HO-
Boro nokosnenHus. OgHoM 13 KN4eBbiX 3a4ay AB-
nAeTcA nosbiweHne 3GHGeKTMBHOCTY [OCTaBKM CO3-
naBaemMbix LeneBbix PHK-komnnekcos. Mbl € NHTe-
pecom cnefum 3a pesynbraTaMu rpymnrbl YYeHbIX
dunsnueckoro pakynoreta MI'Y, 3aHMMatOLWMXCA 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.

100;

0,1

0,01+

cnefoBaHMEM pPa3IMYHbIX BapUaHTOB NOTeHUManb-
HbIX cpeAcTB AocTaBkM PHK monekyn. CTpyKTypHble
METOfbl, B TOM Y/C/le HENTPOHHOE paccenaHne, OKa-
3bIBAlOTCA MONE3HbIMW ANA YCTAHOBJIEHWA CBA3EN
«CTPYKTypa — GYHKLOHaNbHble CBOMCTBa», YTO OT-
KpbiBaeT BO3MOXKHOCTU A1 CO3[aHNA HOBOTO Kiac-
ca 6rioMoneKynApHbIX NpenapaToB 1 UX UCMOb30-
BaHWA B arporpoOMbILLIIEHHOM KOMMIeKce», —
A.A.YyeHKo, yupepuTtenb rpynnbl Komnanuin «[o-
Kal>KnH».

«HenTpOHHblIe MeTOoAbl NCCIe[0BaHNA 3aHU-
MaloT BaXHOe MeCTO B apcCeHane MCnosb3yeMblxX
HaMW CTPYKTYPHbIX METOA0B B 0651acTu soft matter.
OHwn no3sonAatoT n3eneyb MHGopmaLlmio o pa3me-
pax, dopme cocTaBnALLWMUX 06paszeL, CTPYKTYPHbIX
3NeMeHTOB, O BO3HUKHOBEHMNW BHYTPEHHEero no-
pagka. [pnuem B page cnyyaes 3TO yaaeTca cae-
natb Ansa obpasua B ero MCXOAHOM COCTOAHUNY, —
B.C.MonuaHos, kad. Monumepos, ¢pus. ¢-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.

Fig. 1
Experimental and fitting small-angle

neutron scattering curves of Fh-NPs - LDH
system in suspension.

Puc. 1

JKCMepuMeHTasbHbIE 1 annpoKCMMUpPYIoLLas
KpUBble ManoyriioBoro pacceaHus
HelTpoHoB cucTembl Fh-NPs - LDH

B CYCMEeH3MN.

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

]
s Trimial ellipsoidal
corg-shell fit
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JlekapcTBEeHHblIe KOMMJ1eKCbl
MarHMTHbIX HaHOWYaCTuL C 6esiIkaMu

NHrmbutopbl naktataermgporeHassol (LDH) ot-
KpbIBaloT MHOroO6€eLLatoLve NepCneKkTUBbI B fieve-
HUWN OHKOJIOrMYEeCKNX 3aboneBaHunii, a bioKommno-
3uTbl LDH ¢ MarHUTHbIMW HaH4YacTULAMU WMENT
3HaUMTESIbHbIN MOTeHUMan ansa pa3paboTKy HOBbIX
NeKapCTBEHHbIX KOMMJIEKCOB. TaK, 6e/loK CbIBOpO-
TOYHbIV anbOyMUH yenioBeKa (HSA) aBnsieTcs Bax-
HbIM TPAHCMOPTHLIM KOMMOHEHTOM B MJ1a3Me KPOBMU,
a TakKe MCrnonb3yeTcs Kak GromapKkep MHOMMX 3a-
6oneBaHNi, BKNOYas pak, 6one3Hb AnbLrenmepa u
Aap. Co3pgaHne KoOMMIeKCOB MarHUTHbIX HAHOYACTUL,
¢ HSA npepncraBnaeTca Ba)KHOW 3afayel B pa3Bu-
TUM CUCTEM afPECHON [OCTaBKWN NEKAPCTB.

XopoLwo n3BecTHO, 4To HaHouvacTuubl (NPs) ok-
cupa »kenesa UCrnonb3yloTCA B LUMPOKOM Aana3oHe

nprviMeHeHnin: brioceHcopbl, nyopecLeHTHoe Map-
KMpoBaHve cybCcTpaToB, Kapano3allymTa, TapreTu-
poBaHVe OMyxosieBbIX TKaHel U UHrMbrnpoBaHme
pOCTa ONyxoneBbIX KNeToK, AOCTaBKa fIeKapCTB 1
neveHne nocpeacTBom marHutornneptepmmn. Ok-
cuppl kenesa n ¢eppurngput (Fh), cnHTesmpoBaH-
Hble B OefepanbHOM MUCCIeoBaTe/IbCKOM LIeHTpe
«KpacHoApckuin HayuHbin LeHTp CO PAH» B Buge
HaHouacTuu, nsydatotca B JIHO B oTHOLWEHUM nX
B3aMMoAencTBusA c 6enkamm.

WccnepoBaHmna mexaHn3ma CBA3bIBAHNA HAHO-
yactuy deppurngputa (Fh-NPs), npocTbix 1 neru-
poBaHHbIx atomamu Co n Cu, ¢ LDH n HSA, a Takxe
deHatypauun LDH n HSA B npucyTcTBumn HaHoua-
cTny depurugpuTta 6uinm NpoBeseHbl yueHbiMu by-

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

and doped with Co and Cu, and LDH and HSA, re-
spectively, and denaturation of LDH and HSA in the
presence of Fh-NPs were carried out by 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

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

Puc. 2

Pe3ynbTaTbl BUPTYaNbHOrO CKPUHMHIA
1 CTbIKOBKY At HAUYyYLLIEero CBsA3bIBaHUA
deppurngputa ¢ LDH.

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 lIA and IlIA. Thermal
denaturation of HSA alone and in the corona aro-
und Fh-NPs produces the aggregation of HSA mol-
ecules. The HSA transition temperature is almost the
same for all types of Fh-NPs from the hybrid sam-
ples with HSA, except for HSA-Co-Fh-NPs sample.

The biophysical effects of Fh-NPs - enzyme bio-
composites and Fh-NPs - serum proteins are the first
steps in their use in biological and medical applica-
tions and the development of new drugs for the
therapy and diagnosis of various diseases.

Ferrihydrite

Chain A of LDH - 3D structure

XapecTCKOro yHmBepcmTeTa, HaumoHanbHOro NHCTK-
TyTa QU3MKN U A8EPHON NHXEHEPUU NMeHn Xopuu
Xyny6esa n O6beanHEHHOTO NHCTUTYTA ALEPHbIX UC-
cneposaHun (JIHO, N1AP, IOB3).

BnepBble npefcTaBneHbl JaHHblE O MeXaHW3-
Me B3aMMOoJeNCTBUA HaHouacTuL peppurngputa C
LDH 13 mblwL Kposivka nyTem o6beanHeHns 6ro-
bU3nYeCKNX SKCMEPUMEHTOB iNVitro 1 CTPYKTYPHbIX
NCCreOBaHNUI C BUPTYanbHbIM CKPUHUHIOM Ha OC-
HoBe gokuHra (DBVS).

O6pa3oBaHue 1 opraHusauma monekyn HSA
BOKpYr npocTbix Fh-NPs 1 Fh-NPs, nonnpoBaHHbIx
Co v Cu, 66111 N3yyeHbl C MOMOLLbIO CKaHVpPYIoLLel
3N1eKTPOHHOW MUKPOCKOMUN 11 aTOMHO-CUIOBOV MUK-
pPOCKOMWY B OTHOLLEHUN MOpdonorum n pasmepa
yactuy,. Tononorua Bcex Fh-NPs nokasbiBaeT opra-
HU30BaHHY0 060/104Ky HSA BOKpYr Kaxkgoro tuna

Fh-NPs. MoneKynapHbIi JOKUHT MOKa3blBaET, UToO
beppurnapuT C HU3KOM aPpUHHOCTbIO CBA3bIBAETCA
B HeMocpeaCcTBeHHOM 6IM30CTI OT yyacTKa CBA3bI-
BaHWA MeTansa ¢ HSA, KOTopbIii pacnosioXeH B Cy6-
pomeHax [IA n llIA. Tepmunueckan geHatypauuma HSA
KaK B OAMHOYHOM COCTOAHUM, Tak 1 B KOpoHe HSA
BoKpyr Fh-NPs Bbi3biBaeT arperayuio monekyn HSA.
Temnepatypa nepexofa HSA npakTnueckn ogrMHaKo-
Ba A5 Bcex TunoB Fh-NPs 13 rubprgHbix o6pasuos
¢ HSA 3a ncknioueHnem obpasua HSA-Co-Fh-NPs.

PaccmoTpeHHble 6rodursmyeckne 3pdekTbl
B3aVMOLEeNCTBMA MarHUTHbIX HaHoYacTuL, c ben-
KaMu — 3TO NepBbIN LWar B UX UCNONb30BaHWY pac-
CMOTPEHHbIX KOMMJIEKCOB B OMONOrMYecKux u
MeANLUNHCKUX NPUNOXKEHUAX 1 pa3paboTKe COOT-
BETCTBYIOLLMX JIEKAPCTBEHHbIX CPeACTB ANA Tepa-
MUN N ANArHOCTUKN Pa3fNYHbIX 3a60NeBaHuU.

[2] Chilom C. G,, et al., Int. J. Mol. Sci. 2020, 21, 9734. d0i: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.
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Mwugun Mytilus
galloprovincialis.

HAA noMmoraeT oueHuUTb

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 MOPENPOAYKTOB

B nocnepHve gecatuneTna MHTEpPeC yUeHbIxX
6blN NPUKOBAH K CMOCOOHOCTU MOJIIIOCKOB, B TOM
yncne MUAUN, HakanamBaTb MUKPO- U MaKpo3e-
MEHTbI 13 BOZbl B MPUOPEXKHbIX paioHax MUPOBOTO
okeaHa. C nomoLbto aAaepHO-GU3NYECKUX METOLOB
BO3MOHO onpefennTb KOHLEHTPaL MM 31IEMEHTOB
B PaKOBMHAX M MATKMX TKaHAX MOJUTIOCKOB (puc. 1).
CyLecTByeT MHOTO MCC/Ief0BaTeNIbCKMX NPOEKTOB
OGUOMOHUTOPUHTA, HaMpPaB/IEHHbIX HA BbIPAabOTKY
peKoMeHZaUMN MO BblpaLMBaAHUIO MOJIIIOCKOB U
YCTaHOBJIEHME OrPAHNYEHUI MO YPOBHAM 3arpss-
HSAIOLWMX BeLeCTB, CNOCOOHbIX MOBAUATL Ha 340-
poBbe yenioBeKa Npu NCNONb30BaHMM B MKULLY MACA
MUAWNA.

B sTom Kntoue 6bina npoBegeHa paboTa Mo
OL|EHKE C MOMOLLbIO HENTPOHHOIO aKTMBALMOHHOMO
aHanusa (HAA) ypoBHen 26 Makpo- U MUKpO3se-
MEHTOB B MAMKMX TKAHAX MUAMIA BAOSIb BCEro nobe-
pexbsa tOxHOM AbpuKM, Kak B UMCTbIX 30HaX C
MOJTIOCKaMU NPUPOAHONO NPOUCXOXKAEHUS, TaK U
B BblpalLBaeMblX Ha ¢pepmax, B YCTbAX KPYMHbIX
peK, BbIHOCSLLMX MHOIO B3BELLEHHOro MaTepurana 1
B KPYMHbIX MopTax. bblno ycTaHOBNEHO, UTO B MeCT-
HbIx Muausax (Choromytilus meridionalis) Ha 3anaga-
HOM nobepexbe OObIYHO Bbile coAep) aHue
MapraHLa 1 ceneHa, Toraa Kak B Buae-Kocmononute
(Mytilus galloprovincialis) — copep<aHue unHKa
N ceneHa.

[11 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. KoadoduumeHTsl prcka (RQ) ona Havnyywero, cpefHero n Hanxyglwero cueHapves gna Al, Cr, Fe n As
npwv noTpebneHnn Msica MUANI (Ha OCHOBE CbIPOTrO Beca) Ha OCHOBE BPEMEHHOTO JOMYCTUMOrO HefleNlbHOro
notpe6neHna (PTWI). KpacHasa n cuHaa nuHum cootseTcTBy0T 1,0 11 0,2 RQ COOTBETCTBEHHO.

[nAa Takmnx snemMeHTOB Kak HaTpui, antoMUHUR,
XN0P, XPOM, MapraHel, kene3o, KobasnbT, HUKeNb,
LMHK, MbIWbAK, CeNneH, CTPOHUWIA, Cypbma, 6pom,
MNOA 1 ypaH CYLEeCTBYIOT YCTaHOBMIEHHblE HOPMa-
TmBbl BO3, paccuntaHHble No NOTPebIeHNIO UX BMe-
CTe C eO B CPeAHEeM Ha YenoBeKa B CyTKMW, Npu
MPeBbILEHUN KOTOPbIX BO3MOXXHO HeobpaTnmoe
YXYALLeHne 300poBbA Yenoseka. 1o oueHeHHbIM
KOHLEeHTpauuam B MACe MeCTHbIX MUAWA BAONb
Bcero nobepexbs KOxHom AGpurKm, Npy ypoBHe Mno-
TpebneHus B 300 rpaMm MUANN B HEAENIO HA Yeslo-
BeKa, BO3MOXHO MNpeBbllleHne Takux HOpMaTBOB
Mo alOMUHWIO, MbILLIbAKY 1 1oAy. Takum ob6pa3om, B
pe3ynbraTe NOCTOAHHOrO ynoTpebneHna Muani B
nuLLy, 340POBbe N0AeN, MPOXUBAKOLNX B N'YCTOHa-
ceneHHom noptoBom ropoge [yp6aH Ha BOCTOKe

IOAP, a Takxxe nopre r. KelintayH (3anagHoe nobe-
pexxbe FOAP) Haxogutca nog yrpo3on. bbino onpe-
[eneHo, 4YTo JpyrrMu NoTeHUManbHO OMacHbIMM
3rIeMeHTaMU ABAAIOTCA XPOM, KO6anbT 1 LUHK, CO-
[epKaHre KOTopbIX MpeBbIaeT npeaesibHo fony-
cTuMble KoHueHTpauuu (MAOK) n nmeet BbiCOKME
ueneBble MHAeKCbI onacHocTn (THQ) (puc. 2). Bbico-
Koe coflepKaHue AaHHbIX S1EMEHTOB B MULLE MOXET
NPUBECTM K HeoOpaTUMbIM 3dPeKTam, CBA3aHHbBIM
C OHKOJMIOMMYECKNMU (MbILLBAK) U CepAeUYHO-coCyan-
CTbIMY (XpoM) 3aboneBaHVsMA, TMNepTUpPeosy (1og),
nonuumntTemnn (Kobanot), rugpoHedposy (anomm-
HU). Takum obpasom, Npu notpebneHnn 6onee 10
MUZMI B IeHb YeJIOBEKOM B N3YYaEMOM PEMVIOHE Ha
NPOTAXEHUUN AJIUTENIBHOTO BPEMEHU, OH PUCKYET
CBOUM 30POBbEM.




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

as solubility, stability, efficacy, bioavailability, and
even toxicity. Thus, the issue of isomerism among
APIs isimportant 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-

dition, due to the different pharmacological activity,
enantiomers of a chiral drug may differ in toxicity.
Thus, itis very important to learn about the proper-
ties of individual isomers. The R-ETX is non-toxic
and ETX s 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

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.

Fig. 1
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Heynpyroe paccesHmne B onTMMmnsauymnm
npenaparta NpoTuUB anuiencum

B HacToswee BpeMa B JIHO cpefn pa3nnyHbix
MONEKYNAPHbIX MaTepPUanoB NCCNeayTCA akTUB-
Hble dapmaLeBTUYecKme nHrpeamnenTbl (AOWN) pas-
NINYHBIX NleKapcTB. Nprmepom Taknx npenapaToB
AaBnAeTca stocykcumng (ETX), — BelecTBo, akTuB-
HO NMPUMEHAEMOEe B MeAVLIMHCKON NpaKTuKke ansa
NleyeHnaA aNunencuu, BKYaa nogaBrieHne Hempo-
naTuyeckux 6onein, pPaccTPONCTB HAaCTPOEHUS 1
Pa3fINYHbIX HEPBHO-MbILWEYHbIX CUHAPOMOB. ITO
COefiHEHNE CYLLECTBYET B 1BYX N30OMEPHbIX Gpop-
Max — 3HaHTMoMepax. Kpuctannmyeckmi nonumop-
du3m (cywectsoBaHne 6onee Yyem ofHOW KpucTan-
NMYECKON CTPYKTYPbI) YaCTO BCTPEYaAETCA B OpraHu-

YyecKunx coeguHeHusx, Bknodaa AOW. 3tn kpuctan-
nuyeckme GopMbl MOTYT Pa3nMyaTbCaA Mo BaXKHbIM
acrnekTam OenCTBUA NeKapCTBa, TakKMM Kak pacTBo-
pPUMOCTb, CTabUbHOCTb, 3¢deKTUBHOCTb, Bropo-
CTYNMHOCTb 1 Ja)e TOKCMYHOCTb. Takum obpasom,
npobnema n3omepun AOU BaxHa kak ¢ pyHaamMeH-
TaslbHOW, TaK U C NPUKNagHOWM Touek 3peHnsa. MHo-
rne AOW, KoTopble cogep<aTt SHAaHTUOMEPHbIE 130-
Mepbl, MPON3BOAATCA U BBOOATCA B OPraHuM3m B
BME paLleMUYecKnx cMecen (3KBUMOAPHbIE CMeCK
SHaHTMomMepoB Tuna R n S), Hanpumep, ETX. [IBa
3HaHTUOMepa ofHoro n Toro ke ADW nmetoT cxog-
Hble PUBNKO-XUMUYECKIME XapPaKTEPUCTUKN, HO pa3-

[1] Osiecka N. et al., J. Pharmac. Science. 108, 1 (2019) 102-108. DOI: 10.1016/j.xphs.2018.06.030
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NINYAOTCA NO CBOMM Buonornyecknm spdektam.
DHaHTMOMepbI pearnpyoT B B1ONOrMYeCcKnx cucTe-
Max cTepeocenekTnsHo. Ho pacnpeneneHne n me-
TaboNM3M 06bIYHO NMPeANoOUYNTAIOT OAVH SHAHTUO-
Mep apyromy. Kpome Toro, n3-3a pasHon dpapmako-
JIOTMYECKOW aKTUBHOCTU SHAHTMOMEPbI KUpab-
HOro fleKapCTBa MOTyT pPa3finyaTbCA NO TOKCUYHO-
cTn. Taknm 06pa3om, OYeHb Ba>KHO 3HATb CBOICTBA
OTAEeNbHbIX N30MEPOB.

o Toro kKak AOV nomewaeTca B HaNnoNHUTENb
TabneTkn, KpariHe HEOOXOAMMO MOHUMATb CTPYK-
TYPHOEe NnoBefeHNe KPUCTaNIOB AaHHbIX coefuHe-
HUWN. AHanNM3 KonebatenbHOM AVHAMUKM Ha OCHOBE
bYHKLMW MAOTHOCTM COCTOAHUI G(V), NOSTyYEHHON
N3 CMEeKTPOB HEYMnpyroro paccesaHnsa HeMTPOHOB,
VMeEeT peluatoLlee 3HaYeHne B JaHHOM Bornpoce. B
JIHO Takoro popa akcnepuMeHTbl MPOBOAATCA Ha

[2] Osiecka-Drewniak N. et al.,(submitted for publication).

Frequency (em™')

cnektpomeTtpe NERA, peaktop MBP-2, ocobeHHO
YYBCTBUTENBHOM K HU3KOYaCTOTHbIM KonebaHuamMm,
B WUMPOKOM Arana3oHe Temnepatyp. AunHamnue-
CKUI grana3oH B npocTpaHctBe (Q, w) B aKcnepwu-
MeHTe MO pacCeAaHU0 HENTPOHOB, AOCTYMHbIN Ha
cnektpomeTtpe NERA, no3sonset oxapakrepuso-
BaTb KonebaTenbHy0 AMHAMUKY OTAENbHbIX KOH-
bopmepoB, KoHPOpMaLMOHHbIE K3MEHeHUA U
MEXMOJeKynAapHble ABMXKeHUA. ckniounTtenbHas
UYBCTBUTENIbHOCTb METOAA K ABUKEHWAM NPOTOHOB
No3BOJIAET XOPOLLO onncaTb BOAOPOAHbIE CBA3M
™mnoB NH --- N u NH -+ O, a Takke KpyTuibHble
LOBUXKEHMA NPOTOHOB GYHKLMOHANbHbIX FPY, Ha-
npumep, CHz, CHs, CH (13 ummgHoro KonbLa B ETX)
1 NH. Ha pucyHke nokasaH npumep crnekTtpa niaoT-
HOCTV GOHOHHbIX COCTOSHUIA MOTEHLMASIbHBIX KPUO-
NPOTEKTOPOB, NOYYEHHOrO Ha criekTpomeTpe 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

MukpodoTorpadpum MM,
rokasblBatoLme ynbTpacTpyKTypy
NACTbEB NLEHNLbI;
C-xnoponnactbl, Cw—KneTouHas
CTEHKa, g—TpaHbl,
p-nnactornobysnbil.

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

CyllecTByeT /I MaKpoBO3aencTeme

HaHoOYaCTUL, HA pacTeHuna?

MeTop HeMTPOHHO-aKTMBALMOHHOIO aHann3a
[OKa3as, YTO MyJIbTUIIEMEHTHbIV MOAXOA MOXeT
JaTb LieHHYo MHGOPMAaLMIO O BINAHUN HaHOYACTUL,
CuO, NONyYEHHbIX XUMUYECKUMU 1N BUOTEHHbBIMM
MeTOo4amu, Ha paCcTeHUA, B YaCTHOCTU, Ha MLLIEHNLLY.
B TeueHne nocnegHnx aecATUNETUIN HaHOYACTULbI
(HY) okcrnaoB MeTannoB WNPOKO NUCMOSb3YOTCA B
KauecTBe NMPOMbILLIEHHbIX KaTafin3aTopOoB, XUMW-
YeCKMX CEHCOPHbIX YCTPOWNCTB, B MeAuLMHe, Ae3UH-
deKumm, B KayecTBe NPOTUBOMUKPODOHbIX CPefCTB,
HanosnHuTenewn, 3aMmyTHUTENEN, KaTann3aTopos., No-
NYNPOBOAHUKOB, a TakXe B pa3paboTKe KOCMETUKN
N MUKPO3JIEKTPOHMKN. LLUnpokoe nprmeHeHne HY
B pa3nnYHbIX 06acTAX NPUBOAUT K UX BbIGPOCY B
OKpyatoLLyto cpegy.

HY okcrpa mepy npuBneKknn BHMMaHMe rnas-
HbIM 06pa3oM NOTOMY, UTO 6rarogapa CBOUM aHTU-

MUKPOOHbIM 11 6UOLMAHBIM CBOMCTBAM OHW MOTYT
NMeTb MHOXeCTBO BMOMEANLIMHCKIMX U CENbCKOXO-
3AMCTBEHHbIX NpuMeHeHnn. Kpome Toro, Cu — 370
MUKPO3JIEMEHT, NPUCYTCTBYIOLWNIA B PacTEHNAX B
pa3NnyHbIX KonmyecTBax. /13-3a MHTEHCUBHOTO KnC-
nonb3oBaHua HY pacTteT 6eCnoKoncTBO Mo nosogy
1X B3aMOLEeNCTBUA C GIIOPOI 1N3-3a 3HAUNTENBbHbIX
TOKCMYecknx 3dppeKToB, KOTOpble MOTYT BO3HUK-
HyTb. bnaropgapsa csom ¢u3smonornyecknm n mop-
donornyeckum cBOMCTBaM pacTeHnsa MoryT obna-
[aTb Pa3NNYHON CNOCOBHOCTLIO Nornowats HY.

B nocnepnHee Bpems Bo3poc nHTepec K HY, no-
NyYEeHHbIM NMyTeM 3e/1IeHOr0 CUHTE3a, B TOM YmMCIie K
TeM, KOTOpble UCMONb3YIOT IKCTPAKTbl pacTeHU, a
3TO O3HaYaeT, YT N3YUYeHUE NX TOKCUYHOCTU TaKKe
CTaHOBUTCA OYEHb BaXKHbIM. [103TOMY C 3Konornye-
CKOW TOYKU 3pEeHNA MOHMMaHUe ToKCMYHocT 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
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CuO 1 1x BO34eNCTBMA Ha SKONOrMYeCKn 3HaunuMble
BUAbl pacTeHUn nmeet 6onblioe 3HaveHue. bro-
aKTUBHbIE COeIHEHNA B PAcTEHMAX — 3TO COeau-
HeHVA, BblpabaTbiBaemble pacTeHUAMU, KOTOpbIe
OKa3blBalOT papMaKoIornyeckoe uim ToKCUKoso-
rmyeckoe AeNCTBUE Ha NOAEN U XXUBOTHbIX, MO-
3TOMY BaXXHO NMOHVMATb BIVAHKE Pa3fINYHbIX TUMOB
CuO Ha 3Tn coefiIHeHMA, a TaKXKe Ha YNbTPaCcTPyK-
TYpY pacTeHus.

AHanmsupysa pacteHus, NoaBepriuMecs Bo3-
gencteuto HY, mnonyyeHHbIX XUMUyeckummn 1 6mo-
reHHbIMU MeToAamu, nyTem fOo6aBNeHNA NX B NOYBY,
6b110 06HaAPYKEHO, YTO KOIMUYECTBO XJIopodusiia 1
KapOTMHOWAO0B YMEHbLUNIOCh, @ KONMYeCTBO Mon-
beHONoB 1 aHTMOKCMAAHTHAA CNOCOOHOCTL yBe-
JINYWITACb MO CPABHEHMIO C KOHTPOJIbHOW FPYMnon.
Yto KacaeTcs 6UoNornyeckn akTUBHbIX COeauHe-
HW, 6onblue BCero NoCTpagany pacTeHus, Bbipa-
weHHble B npucytctBum CuO-HY, nonyyeHHoro ¢

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.
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pacTBopoMm umcToTena. Kpome Toro, ynbtpacTpyk-
TYPHBbI aHaNM3 NoKasar, YTo B IMCTbAX 06paboTaH-
HbIX PACTEHMI NPOUN3OLLIN HEKOTOPbIE N3MEHEHNSA
MO CPaBHEHMIO C KOHTPOJbHbIMU. Bce 06pa3upl niue-
HMUbI, NoABeprwneca BO34enCcTBMI0 XUMNYECKIMX
unun 6uoreHHbix HY CuO, nokazann n3meHeHus B
HAKOM/IeHWM 3N1IeMEHTOB B TKaHAX pacTeHunin. BHece-
HU1e N3MEHEHNI B NOYBY NOJSTHOCTbIO MOAABMANO Ha-
KornneHve HeKOTOPbIX 3/1IEMEHTOB, HE3aBUCUMO OT
TMna npumeHaembix HY. Bo3gencreme xmmmnyeckn
nonyyeHHbix HY CuO npmBeno k 6onee oyeBMaHO-
My U3MeHEeHU0 NPOodUNA 3N1eMeHTa No CPaBHEHWIO
C KOHTPOJbHbIMY 1 6uoreHHbiMu HY CuO.

[MprHMMana BO BHMMaHMeE NONyYeHHbIe pe3yrib-
TaTbl, MOXHO CAenaTb BbIBOJ O HEraTMBHOM BIUA-
Hum HY CuO Ha ynbTpacTpyKTypy pacTEHUN MIUEeHW-
Libl, YTO MOXET OTPAKATbCA Ha YPOBHE YPOXKaNHOCTMN
1 KayecTse npogyKunm.
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