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The mechanism of a-chymotrypsin immobilized on single-domain core@shellFe304@Au nanoparticles activity
changes under 50 Hz magnetic field was studied. As shown, the catalytic activity dropped down due to the changes
occurred in the structure of the enzyme binding site caused by the mechanical rotational vibrational or translational
vibrational motions of nanoparticles.
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Recently, there has been a significant increase in publications related to the application of magnetic
nanoparticles (MNPs) for nanomedicine and bictechnology. In connection with this, we previously theoretically
demonstrated the "nanomechanical” approach [1] to the control of biochemical reactions on the surfaces of single-
domain MNPs in a low-frequency magnetic field. In this approach, superparamagnetic nanoparticles are used
as mediators of local deformations of biomacromolecules attached to them.We synthesized carboxylated and
aminatedFe304@Au core@shellmagnetic nanoparticles that were cross-linked by a-chymotrypsin molecules. As
a result of the action of alternating 50 Hz and 140 mT magnetic field (AMF) we observed a significant decrease in
enzymatic activity caused by a decrease of the size of the enzyme binding site. The data obtained are confirmed by
the results of molecular modeling and kinetic analysis.

The work was supported in part by RSF-14-13-00731 and RFBR 17-54-33027 grantsand M.V.Lomonosov
Moscow State University Program of Development.
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PaspaboTan MeToa OKMCIUTE/LHON NONMMepU3aLm avrnapoksepuetuHa (JK) ¢ yyactuem 6unupybuHokenaa-
3bl Myrothecium verrucaria u nakkasbl 6a3nguanbHoOro rpuba Trametes hirsuta. MpoaykTe! nonumepusauun ArK
OXapakTepn3osaHbl MeTofamu YO-sugumoit, FTIR u AMP 'H u '*C cnektpockonuu. HaitaeHo, uto onuromeps! K
06N1afa0T NOBbILUEHHON TEPMOCTABUBHOCTBHO U aHTHOKCUAAHTHON aKTUBHOCTBIO MO CPaBHEHWIO C MOHOMEPOM.
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Kniouesbie cnoea: nakkasa, 6un MpyﬁHHOKCM,D,GSa, AUTNAPCKBEPUETUH, OKUCNNTENbHaA NonrMepusanus, aHTu-
OKCWAaHTHasA aKkTUBHOCTb

AurvapokeepueTrH (Takcudonus, AFK) oTHOCUTCS K NPUPOAHBLIM hNaBoHOWAaM M UMEET LUMPOKMI CrekTp
papmMakonornyeckoro AeRCTBMA: OH NPOABNALT aHTUOKCUAAHTHbBIE, aHTMOMNPOTEKTOPHBIE, FeNaTonpPoOTEKTOPHbIE,
MPOTUBOOMYXOMNeBble W Apyrue CBOWUCTBa, Kpome Toro AIK o6nagaeTt perynaTopHbIMU CBOWCTBAMUK U MOXeT
KOHTPONMPOBaTb penapauuio [HK, anontos, MUTOXOHAPWaNbHbIA BUOreHes, a TakXKe perynmpoBaTh akTUBHOCTb
pasnuurblx GepmeHToB. OaHako, MHorMe GnaBaHonbl, Bknovad K, 6bICTpo pa3nararoTcs B OpraHuame, B T0
BPeMs Kak UX OTHOCWUTENBHO BbICOKOMOEKYAPHbIE NPOU3BOAHbLIE, UMEROT GoNbLIee BPEMA KU3HK in Vivo, 4To
YKasbliBaeT Ha HEOBXOAWMOCTb MOUCKA HOBbIX NPpou3BoAHbIxX OK.

B HacToAllei paboTe Npefnox)eH MeTog cuHTe3a onuromepos MK ¢ y4acTUEM MHOTOAAEPHbIX MefbCOLep-
KalMx oKcraas: bunupybrHokcuaase: (60OJ) Myrothecium verrucaria v nakkasbl (J1IK) 6aswanansHoro rpuba
Trametes hirsuta. Mpu BbIGPaHHBIX YCNOBUAX CUHTE3UPOBaHHbIE onuroMeps! AK 66111 NOMyYeHbl ¢ XOPOLIMM
BbixofoM (Gonee 30%). [poAyKTbl OKMCAUTENBHOM NoNMMepM3aun [IMK oxapakTepusoBaHbl MeTof4aMu Yd-su-
Aanmott, FTIR u AMP "H n °C cnekTpockonuu. B 3aBUCMMOCTH OT MCNOMb3YEMON OKCUAA3bl NPOAYKTHI NonumMe-
pusaumnn AIK uMmenu oTandarownecn GrUanKo-XMMUYECKME XapaKTepucTUKK. HaldeHo pasznnune B cTpyKTypax
onuromepos K, nonydenHsix ¢ ncnoabsoeanunem JIK u B0/, B peaynbtate AMP uccnefoBaHuii 6bI10 noKasa-
HO, YTo onuromepbl MK, cuHTesnpoBaHHble ¢ ydactmem bO[, UMeroT HeperynapHyro CTPYKTYPY. Mo cpaBHeHUIo ¢
MOHOMEPOM oNnuromepbl ANK, cMHTE3UpOBaHHbIe C UCNONb30BaHMEM 060UX HEepMEHTOR, UMenu 6o/1ee BbICOKYH
TepMOCTabUIbHOCTb. AHTMOKCUAAHTHYH aKTUBHOCTb ONpeaenany Kak KOHUeHTpayuo onuromepos AI'K vnu
moHomepa [I'K, HeoBXoAUMYI ANA yMeHbLUeHWA HavanbHOW KOHUEHTpauuu 1,1-AndpeHnn-2-nukpuarugpasmn
pagukana DPPH- Ha 50%. [1nA onnromepos, CUHTE3UPOBaHHbIX ¢ yyacTiem 5O/, Habnoganu NoBbIEHUE aHTU-
CKCUAAHTHOW aKTUBHOCTKU B 2,5 pasa Mo CpaBHEHUHO C UCXOAHBIM MOHOMEPOM.

015 nosbiweHnn ahQeKTMBHOCTA CMHTE3a OIMTOMEPOB M3Yy4anu BOIMOXHOCTL MHOFOKPaTHOMO UCMONL30-
BaHWa pepmMeHTa. [oKazaHo, 4TO Nakkasa, BK/IIOYEHHas B TMAPODOBHYIO MOHHYIO XUAKOCTb (1-6yTUA-2-MeTU-
NMmuAasonnym rekcadroppocdat), MOXeT GbITh MHOFOKPaTHO WCMOMNL30BaHa anda GuoTpaHchopmaun K.
DUIUKO-XMMUYBCKME XapaKTepMCTHUKKM onuromepos K, CMHTE3MPOBaHHbIX C y4acTUeM MMMOBUITN30BAHHOTO
hepmeHTa, He OTNNYaNUCh OT XapaKTePUCTUK ONUIOMEPOB, NOMYYEHHbIX C HATMBHON NaKKaz3oi. CpaBHUTENbHOE
“ccnefoBaHe aHTUOKCUAAHTHOW aKTUBHOCTH MOHOMERGE 1 onuroMepoB K npoBoAWNM Ha KyNbType K1eToK
rnoukn cobakn MDCK1. na aetekumn cBoB0AHbIX PaaUKanos Kenons3osanu 2'7'-quxnopdnyopeclienH aleTar
(OXDA). YeTaHoBneHo, 4To onuromeps! AK o6nagann 6onee BblpaXeHHbIMW aHTMOKCUAAHTHbIMW CBOMCTBAMMK
Mo CPaBHEHWIO C MOHOMEPOM.

WcenepoBakne BbINOAHEHO NpK (BUHAHCOBOA Nofaepxke POOU B pamkax HayuHbix npoekToR N2 17-04-
0037a n N2 14-04-00403a.
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OF NEW COMPOUNDS WITH IMPROVED PHARMACEUTICAL PROPERTIES

M.E. Khlupova *, 1.S.Vasil'eva *, G.P. Shumakovich ', 0.V. Morozova ', E.A. Zaitseva 2, V.A. Chertkov 2, A.K.
Shestakova 3, A.V.Kisin 3, K.V. Lisitskaya " and A.l. Yaropolov

' Bach Institute of Biochemnistry, Research Center of Biotechnology RAS, Leninskii pr. 33, 119071, Moscow, Russia,
M.V Lomonosov Moscow State University, Faculty of Chemistry, Leninskie Gory 1/3, 119991, Moscow, Russia;

? Slate Research Institute of Chemistry and Technology of Organoelement Compounds, Shosse Entuziastov 38,
105118, Moscow, Russia

e-mail: ezaitsevaZ008@gmail.com

A method for oxidative polymerization of dihydroquercetin (DHQ) has been developed. Bilirubin oxidase from
Myrothecium verrucaria and laccase from the basidial fungus Trametes hirsuta were applied as catalysts. The
products of polymerization were analyzed using UV-vis, FTIR, TH n 13C NMR spectroscopy. DHQ oligomers
synthesized were found to have higher thermostability and higher antioxidative activity as compared with the
monomer.

Key words: |accase, bilirubin oxidase, dihydroquercetin, oxidative polymerization, antioxidative activity

Dihydroguercetin (taxifolin, DHQ) belongs to natural flavonoids and has a wide range of pharmacological
effects, in particular antioxidant, angioprotective, hepatoprotective, antitumor and others. Furthermore, DHQ also
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shows regulatory properties and can control DNA reparation, apoptosis, and mitochondrial biogenesis, as well as
it can regulate the activity of certain enzymes. It is known that many flavonoids including DHQ decompose rather
quickly in vivo while their relatively high molecular weight derivatives have a longer lifespan. These data show
promise for the synthesis of novel DHQ derivatives.

n this work a new method for dihydroguercetin oxidative polymerization has been proposed. Multicopper
oxidases, namely, bilirubin oxidase (BOD) from Myrothecium verrucaria and laccase (LC) from the basidial fungus
Trametes hirsuta are used as catalysts. The conditions selected enabled good vields of DHQ oligomers (more than
30%), which were then analyzed using UV-vis, FTIR, TH and 13C NMR spectroscopy. Depending on the enzyme
applied, the products of DHQ polymerization differed in physico-chemical properties, and as shown by NMR studies,
had different structures. In particular, the products of BOD-catalyzed DHQ polymerization were found to have
an irregular structure. DHQ oligomers synthesized using both enzymes demonstrated higher thermostability as
compared with the monomer.

The antioxidant activity of DHQ oligomers and DHQ monomer was defined as the antioxidant concentration
which required to decrease the initial concentration of DPPH- (1,1"-diphenyl-2-picrylhydrazyl) by 50%. The significant
increase of antioxidant activity (2.5 times) was observed for BOD synthesized DHQ oligomers in comparison with
antioxidant activity of DHQ monomer.

Toimprove the efficiency of biocatalytic synthesis the possibility of enzyme reuse was studied. [t was shown that
laccase included into hydrophobic ionic liquid (1-butyl-2-methylilimidazolium hexafluorophosphate) can be reused
for biotransformation of dihydroquercetin. The physico-chemical characteristics of DHQ oligomers synthesized
using immobilized into the ionic liquid laccase (LC/IL) did not differ from the characteristics of the oligomers
obtained with native laccase. Comparative study of antioxidant activity of DHQ monomer and DHQ oligomers was
conducted on dog kidney cell culture (MDCK 1). 2'7-dihlorofluorestsein diacetate (DHFD) was applied to detect free
radicals. It was found that the DHQ oligomers cbtained by enzymatic synthesis with immobilized into IL laccase
possess more pronounced antioxidant properties as compared with the monomer.

This work was supported by the Russian Foundation for Basic Research, projects No. 17-04-00378a and No.14-
04-00403a.
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PaspatotaHa opurMHanbHas TexHOM0rMA NoayHeHWs NepcoHMbULMpoBaHHOro BUONAacTUMECKOro MaTepuana
Ha OCHOBE PacTBOPUMON (GOPMbI CTabUNIN3MPOBAHHOMO BHEKNETOYHOro MaTpukca (BM). B KauecTBe UCXOAHBIX
KOMMOHEHTOB UCMONbL3YIOTCA KonnareH | TMna, rmanypoHoBasn KUC/A0Ta U 3MacTUH B COOTHOLLEHWAX, PaBHbIX CO-
OTHOLWEeHMA B AepMe B3POCNOro YenoBeka. B KayecTse 6UONOrMYECKM aKTUBHBIX KOMMNOHEHTOB (BAK) Mbi Mc-
nonb3oeann nentuael pasmepom ot 10 ao 50 k[a, nonyyerKble 13 ayToNorMuHbIX NponudepaTMBHO aKTUBHbIX
$unbpobnacToE.

Kniouesble cnoga: nepcoHnhULMpoBaHHan MeJuLMHA, TKaHEUHKeHEPHAaA KOHCTPYKLMA, KNETOMHbIE TEXHO0-
ruuW, KonnareH; GubpobnacTel YenoBeka; GUONNACTUYECKUIA MaTepuman.

CornacHo cTpaTery passuTMa MeAULMHCKONW Hayku B PO Ha nepuog Ao 2025 rofa TEXHONOIMU pereHe-
pPaTMBHOW MeAWLKHbI, B 0BULEM, 1 BMOTEXHONOTUK, B YAaCTHOCTU, onpeferneHbl B Ka4ecTBe NpUOPUTETHbLIX Ha-
npaBfieHnid B 34paBOOXPaHeH. B CBA3K € 3TUM B COBPEMEHHOM 34PaBOOXPAHEHNA UHTEHCUBHO Pa3BUBABTCH
Hanpaenexue no paspaboTke 6MOAKTUBHBIX MaTPUL, AR BOCCTAHOB/EHWA YTPAYEHHbIX UTN NOBPEXAEHHbIX TKa-
HEBbIX CTPYKTYP OpraHuama Yenoseka.

CospeMeHHbIl pbIHOK BUoNNacTUYeCKUX MaTepuanos B OCHOBHOM NpeAcTaBfeH NpoayKTaMu Aeuesnnopu-
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