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.
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JKCMepuMeHTasbHbIE 1 annpoKCMMUpPYIoLLas
KpUBble ManoyriioBoro pacceaHus
HelTpoHoB cucTembl Fh-NPs - LDH
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Iron oxide nanoparticles are used in a wide
range of applications: biosensors, fluorescent label-
ing of substrates, cardioprotection, tumor tissue tar-
geting, and inhibition of tumor cell growth, drug
delivery and magnetic hyperthermia treatment.
Iron oxides and ferrihydrite (Fh), chemically synthe-
sized as nanoparticles at the Krasnoyarsk Scientific
Center, are investigated at FLNP from the point of
view of their interaction with proteins.

The investigations of the binding mechanism
between ferrihydrite nanoparticles (Fh-NPs), simple
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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-
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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.
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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.
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