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YIIK 577.24 DOI: 10.37747/2312-640X-2022-20-11-13
OJHOBPEMEHHbI FTEHOMHbIA HOKAYT NPO-ANONTOTUYECKMKX
F'EHOB BAX, BAK1 U OBEP3KCITPECCUA AHTU-ANMOMNTOTUYECKOTIO
BEJIKA BCL-2 U UHAYKTOPA AYTO®AI M BECLIN-1
MHOIOKPATHO YBEJINYUBAIOT MAKCUMAJIbHYIO MJIOTHOCTb

U BPEMA YXU3HU B CYCNEH3NOHHOW KY/IbTYPE KNETOK CHO S

Fasmoea E.A.", flasHoBa J1.K."2, KoeHup C.B.1, Bopo6bér U.W."? Opnoea H.A."

T UHCTUTYT 6uonHxeHepum GUL| buotexHonorum PAH, MockBa, Poccus
2 MIHCTuTyT 6rnoopraHmdeckou xummm PAH, Mocksa, Poccusi

117312, MockBa, npocnekT 60-netus OKTs6ps, 4.7, K. 1

e-mail: nobiol@gmail.com

Mpv nomoLLm AByX onepaLuii reHOMHOIo pefilakTMpoBaHus 6bina nonyyeHa nMHus knetok CHO A4 c romosuroT-
HbIMW HOKayTamu reHoB bak1, bax, dhfr, glul v nHcepume [ONONHUTENBHBIX KONWIA reHoB bcl-2, beclin-1. JaHHas
JIMHUSA cNoco6Ha K ANNTENbHOMY pocTy 6e3 3aMeHbl KynbTypanbHOW cpefbl 1 o6najaeT yBennyeHHon B 5 pas
MHTErpasbHON KII€TOYHON NAOTHOCTBIO MPU TaKOM peXxmMe KyNbTUBUMPOBaHUS.

KnioueBble cnoBa: reHeTUYeCKoe pefaKTMpoBaHuWeE, MPoanonToTuyeckmne hakTopbl, aHTU-aNnoNTOTUYECKUE
akTopbl

JTunus knetok CHO (Chinese hamster ovary) WMpoKo UCNoNb3yeTcs B KayecTBe NpofyLieHTa TepaneBTuye-
CKM 3HauMMbIX 6enKoB. PefakTupoBaHne reHoMa KieToK U OBEP3IKCMpPecCHs reHOB pPerynsiTopHbIX 6e5IKoB A0-
MallHero Xxo3ancTea No3BOMSET YAYULWNTb UX POCTOBbIE NMOKasaTesu, B YaCTHOCTU CMOCOBHOCTb K ANIMTENIbHOM
KynbTuBaumu. OfHOBpeMeHHoe (MyNbTUMIEKCHOE) PefaKTUPOBAHWE HECKONbKUX FeHOB MO3BOJIAET MOyyuThb
LiefieBble KJTOHbI KNETOK 3@ MeHbLLee YACIO LWaroB pefakTMpoBaHUSA-KIIOHMPOBaHUS, MPU 3TOM NOHUXaeTcs Be-
POATHOCTb HaKOMJIEHNS HeLleNleBbIX COObINIA pAaKTUPOBaHUS reHOMa.

Hamu 6b1n10 npoBefeHo MynbTuniekcHoe peaakTupoBaHue reHos dhfr, glul, bak1, bax reHoma kneTok cy6nu-
Hun CHO S 1 nony4eHa ofHa n3 24 NnpoaHannM3npoBaHHbIX KIOHabHas KnetoyHasa MnHnua 10.22 ¢ roMO3UroTHbIM
HOKayToM reHoB glul, bax, bak1 v retepo3nroTHbiM HokayToMm reHa dhfr. JlnHum c HokayTom o6omx annenen dhfr
He 6bIiM 06HapyXXeHbl. PegakTupoBaHue knetok CHO S no reHy dhfr 661710 NOBTOPEHO NpU NOMOLLM 2 pasHbIX
rnpoBblx PHK (rPHK), HanpaBneHHbIX K ofHOW 061acTu 9k30Ha reHa dhfr. C BbICOKO YacToToM 6bInn 3aduKeu-
poBaHbl MyTauuu cABura paMku B 0601x annensax LeneBoro reHa, 6bina otobpaHa KioHanbHas MHUSA KNeToK
A11 c roMO3UroTHbIM HOKayToM reHa dhfr.

LOna nHTakTHbIX KneTok CHO, a Takke ana nuHuii 10.22 n A11 661110 NPOAEMOHCTPUPOBAHO, YTO hepMeHTa-
TuBHanA akTMBHOCTb DHFR yMeHbLUeHa B nsiTb pas npu reHotune dhfr*- n otcytcTByeT ansa reHotuna dhfr’-.

LOnsa knetok nuHum 10.22 66110 NpoBeAeHO NOBTOPHOE pefakTupoBaHue reHa dhfr, ooHOBPEMEHHO C 3TUM
KNeTkn 6binn TpaHCcOULMPOBaHbI ABYMS Ma3MUaamMm, KOGUPYOLWMMN aHTU-anonToTu4Yeckuin 6enok Bel-2 un
nHaykTop aytodarum Beclin-1 n cogep>xalunmMm CUIbHbIN KOHCTUTYTUBHbIN NpoMoTop 13 reHa EEF1A1. B pe-
3ynbTaTe cenekunn 1 NocnieayroLwero KNOHNPOBaHUS KETOK 6blna nosydeHa naHeNb KOHaMbHbIX JIMHUNA,
cofepyxalumx B reHoOMe LieneBble NnasmMuabl U He cogepxkalmnx GyHKUMoHanbHbIx annenen reda dhfr. [1ns Bbi-
6paHHON U3 faHHOW NaHenu nuHuu A4, obnajatoLleit BbICOKON CKOPOCTbIO AeNeHUs KNeTOK U KOHTPOJIbHbIX
nuHuii A11 1 10.22 6b1na nccnepgoBaHa CNOCOB6HOCTb KETOK K ANUTENbHOMY KYNIbTUBMPOBaHUIO 6e3 3aMeHbl
KynbTypanbHol cpegpbl. Ons cpefbl ProCHO 5 (Lonza) 66110 06Hapy)XeHo, YTO BpeMsi Ky/bTUBUPOBaHUSA A0
nageHus XXM3HecrnocobHOCTUN KeToK HUXe 50% cocTaBnseT 8 aHen ana nuHumn A11, 15 aHen ansa 10.22 n 16
AHen ans A4. Npu aTOM NHTerpanbHas NIOTHOCTb KJIETOK, T.e. CyMMa 3Ha4YeHUI KITIeTOYHOM NIOTHOCTH, U3Me-
peHHbIX 1 pa3 B AeHb, cocTaBuna 1511 mnaH/Mn ansa nuHum A11, 5812 mnaH/mn ansa nuHnmn 10.22 n 78+4 MnH/
MN ans nuHum A4, Taknum o6pa3om, KJieTodHast nHus A4, cogepkallias roMO3UroTHble HOKayTbl reHoB bak,
bax, dhfr, glul v pononHUTenbHble KonNun reHoB bcl-2 n beclin-1, Npy NPOAOIKUTENBHOM KyNbTUBUPOBAHUU
[aeT yBeNMYeHHYo B 5,2 pasa MHTerpasbHyt KIeTOYHYIO MIOTHOCTb MO CPaBHEHUIO C UHTaAKTHbIMU KIeT-
KaMu, YTO NOoTeHLMaNbHO MO3BOJIUT CYLECTBEHHO YBENNUYUTD OOLLYIO NMPOAYKTUBHOCTb JIMHUA-NPOAYLEHTOB
dapmaLeBTUYECKN 3HAUNMbIX 6ENKOB.
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Using two genome editing operations, an CHO A4 cell line was obtained with homozygous knockouts of the bak1,
bax, dhfr, glul genes and insertion of the additional copies of bcl-2, beclin-1 genes. This cell line is capable of long-
term growth without replacing the culture medium and has an increased integral cell density by 5 times in this mode
of cultivation.

Key words: genetic editing, pro-apoptotic factors, anti-apoptotic factors

The CHO (Chinese hamster ovary) cell line is widely used as a host for production of therapeutically relevant
proteins. Genome editing and overexpression of housekeeping genes can improve their growth indicators, in
particular, the ability to long-term survivial during the cultivation. Simultaneous (multiplex) editing of several genes
makes it possible to obtain target cell clones in a lesser number of editing-cloning operations, while reducing the
likelihood of accumulation of off-target genome editing events.

We performed multiplex gene editing of the dhfr, glul, bak1, bax genome of CHO S subline cells and obtained
one clonal cell line 10.22 out of 24 lines analyzed. This line contains homozygous knockout of glul, bax, bak1
genes and heterozygous knockout of the dhfr gene. Cell lines with knockout of two alleles of the dhfr gene were
not detected. The editing of the dhfr gene in the CHO S cells was repeated using two different guide RNAs (JRNAs)
directed to one exon of the dhfr gene. Frame shift mutations in both alleles of the target gene were recorded with
high frequency, and a clonal A11 cell line with homozygous knockout of the dhfr gene was selected.

Forintact CHO cells as well as for lines 10.22 and A11, it was demonstrated that the enzymatic activity of DHFR
is reduced by a factor of five in the dhfr” genotype and is absent for the dhfr” genotype.

The dhfr gene in the 10.22 cells line was edited for the second time by the gRNA pair; simultaneously cells were
transfected by two plasmids encoding the anti-apoptotic protein Bcl-2 and the inducer of autophagy Beclin-1 and
containing a strong constitutive EEF1A1 promoter. As a result of selection and subsequent cell cloning, a panel of
clonal lines containing target plasmids in the genome and not containing functional alleles of the dhfr gene was
obtained. For the A4 line selected from this panel, which has a high cell division rate, and control lines A11 and
10.22, the ability of cells to long-term growth without replacing the culture medium was investigated. For ProCHO
5 medium (Lonza), the growth time before cell viability drops below 50% was 8 days for A11 cell line, 15 days for
10.22, and 16 days for A4 cell line. At the same time, the integral density of cells, i.e. the sum of the cell density
values measured 1 time per day, was 1541 million / ml for the A11 line, 58+2 million / ml for the 10.22 line and 784
million / ml for the A4 line.

Thus, the A4 cell line, containing homozygous knockouts of the bak1, bax, dhfr, glul genes and additional
copies of the bcl-2 and beclin-1 genes, gives a 5.2 times increase in the integral cell density compared to intact
cells upon prolonged batch cultivation, which could potentially significantly increase the overall productivity of
pharmaceutically significant proteins by this cell line.
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CunukaTHasi KepaMuka ANONCuA, B OTIMYME OT BOJIIACTOHUTA, ABNSAETCA 3PPEKTUBHBIM HOCUTENIEM PEKOMOUHAHT-
Horo BMP-2, neMOHCTpUpys ANUTENbHbIN NOCTOSAHHbIN BbIXOA, in Vitro  MHAYKUMUIO OCTeOoreHesa in vivo Ha HOBOM
MOZeNnun UMMnAaHTaumum CyCneH3umn 4yacTul, Kepamuky B rmanypoHOBOIN KUCOTE NOA HafLKOCTHULLY Yeperna MblLUK.

KnioueBble cnoBa: cuavkaTHas KepaMuKa, guoncua, BONNAaCTOHUT, BMP-2, rnanypoHoBas KMCN1OTa, MHAYKUMA
ocTeoreHesa

CunukaTHas kepamuka guoncug (CaMgsi,0,) n BonnactoHuT (CaSiO,) oTMyaoTcs HanuuneM Unm oTcyTCTBN-
€M MarHusi B CBoeM coctaBe. MiccnepgoBaHne 6MOMUMHepanv3aumm nokasano, Yto AUoncug U BoanacToHuT obna-
JatoT CNOCOBHOCTbIO OCaXAaTb Ha MOBEpPXHOCTM anaTut B SBF, pacTBope, MMUTUpPYOLWEM BHEKIETOUHYIO XUa-
KOCTb OpraHn3ma, 4Tto fienaet usy4yeHue nx CBOMCTB NOTEHLMANbHO NEPCNEKTUBHbLIM B Ka4eCTBE 3aMeHbl 06bIYHO
MCMONb3yeMON A1 BOCCTAHOBEHUSI KOCTHbIX AedeKTOB 6UOaKTUBHOM KEPaMMKK, TAKON Kak rMApoKcManaTut 1
Tpukanbumndocdat. dPPekTUBHLIM CNOCOOOM fafbHeNLIero NoBbIWeHWs pereHepaTMBHOrO NoTeHuMana KocT-
HOMMaCTUYECKUX MaTeprasioB SIBAAETCS BKIOYEHME B UX COCTaB PEKOMOUHAHTHbIX 6€1KoBbIX (aKTOpPOB pPoCTa,
Hanb6osiee YacTo UCMOMNb3YyEMbIM U3 KOTOPbIX ABAAETCS KOCTHbIA MopdoreHeTudeckuin 6enok-2 (BMP-2). Ouoncug
¥ BOJTAaCTOHMT, 6bIIM NOJTyYeHbl paHee onMcaHHbIMMU 3011b-Teflb MeToaamiu [1, 2] B BUAe Me30nopucTbIX YacTul
U OXapaKTepu3oBaHbl C MOMOLLbIO PEHTreHOBCKOI Audpakuuu (XRD). [ins aHanusa pa3mepa v GopMbl YacTul
“cnonb3oBanach NPoCBeYnBatoLLas ANeKTPoHHas Mukpockonus (M3M). BMP-2 cnioHTaHHO agcop6ypoBarncs Ha
CUINKATHbIX KepaMmnyeckmx vactuuax. In vitro npu uHkybauumn B PBS guoncup obecneyvBan B3pbIBHOW BbIXOf,
BMP-2 B nepBble CyTKM C NOCNeAyroLNM YCTONYMUBbLIM BbIXOAOM 0K00 0,5% B AeHb, TorAa Kak BOMIaCTOHUT CBS-
3biBan BMP-2 Heo6paTmo. Mogenb in vivo Ha Mblliax Npu BBEAEHUM NoA HAAKOCTHULY Yepena YacTul, Auoncu-
a ¥ BOJITaCTOHMTA, B3BELLEHHbIX B rMasiypoHOBOWM KUCMOTE, MPOAEMOHCTPUPOBAsa 0YEHb XOPOLLYH AUHAMUKY
MUHepanusaLun TKaHen u ocTeoreHesa Ans AMONCUAA, copepxaliero BMP-2, npu uccnefoBaHny ¢ NOMOLLbLO
MUWKPOKOMIMbIOTEPHOM TOMOrpaduu u rmctonorun. BonnactoHut, Harpy>keHHbii BMP-2, nokasan BblpaXXeHHyto
BOCMaNMTENIbHYIO peakLuio, CONPOBOXAABLUYIOCS arperaumen MMKpoyacTul, Ha GoHe fiokanbHOro GopmMmpoBa-
HWSA KOCTHOWN TKaHW BOKPYT arpermpoBaHHbIX YacTul,. YacTuubl Auoncmaa MoryT 6bITb UCNONb30BaHbl B KaYecTBe
HocuTens BMP-2 ans pa3paboTku HOBbIX MMMAHTUPYEMbIX MaTepuanoB A4S pereHepaLmmn KOCTHOW TKaHu. Bos-
MOXHOCTb UCNOJIb30BaHUsA B Ka4yecTBe Hocutenen BMP-2 apyrux TMNoB CUIMKaTHOM KepaMukm TpebyeT aKcrnepu-
MeHTanbHOW NpoBepKu. PazpaboTaHHas MoAeNb MMMAaHTauuy Nog HafKOCTHULY Y MblLLeln yL06Ha M MOXET BbITb
ncnosib3oBaHa A1 TeCTMPOBaHWUA OCTEOreHHON aKTUBHOCTY pPasfiMyHbiX MaTepuasnos B BUAE YacTuL,.

Pa6oTa BbinonHeHa npu GpuHaHcoBo nogaepxke rpaHTa PH® 22-15-00216.
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DIOPSIDE AND WOLLASTONITE SILICATE CERAMICS AS CARRIERS OF
RECOMBINANT BMP-2 FOR THE DEVELOPMENT OF OSTEOINDUCTIVE
MATERIALS
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Silicate ceramics diopside, in contrast to wollastonite, is an effective carrier of recombi-nant BMP-2, demonstrating
a sustained constant release in vitro and induction of osteo-genesis in vivo on a new mice model of cranial sub-
periosteum implantation of ceramic particles suspension in hyaluronic acid.

Key words: silicate ceramics, diopside, wollastonite, BMP-2, hyaluronic acid, induction of osteogenesis

The silicate ceramics diopside (CaMgSi,0,) and wollastonite (CaSiO,) differ in the presence or absence of
magnesium in their composition. Biomineralization studies have shown that diopside and wollastonite have
the ability to precipitate apatite on the surface in SBF, which makes their properties potentially promising as a
substitute for bioactive ceramics such as hydroxyapatite and tri-calcium phosphate, commonly used for repair
of bone defects. An effective way to further increase the regenerative potential of osteoplastic materials is to
incorporate recombinant protein growth fac-tors into their composition, the most commonly used of which is
bone morphogenetic protein-2 (BMP-2). Diopside and wollastonite were obtained by the previously de-scribed sol-
gel methods [1, 2] as mesoporous particles and characterized by X-ray dif-fraction (XRD). Transmission electron
microscopy (TEM) was used to analyze the size and shape of the particles. BMP-2 was spontaneously adsorbed on
silicate ceram-ic particles. In vitro, when incubated in PBS, diopside provided a burst release of BMP-2 in the first
day followed by a sustained release of about 0.5% per day, where-as wollastonite bound BMP-2 irreversibly. An in
vivo model in mice with diopside and wollastonite particles suspended in hyaluronic acid injected under the skull
peri-osteum demonstrated very good dynamics of tissue mineralization and osteogenesis for diopside loaded with
BMP-2 when examined by micro-computer tomography and histology. Wollastonite loaded with BMP-2 showed a
pronounced inflammatory reac-tion accompanied by aggregation of particles with local bone formation around the
aggregated particles. Diopside particles can be used as a BMP-2 carrier for the devel-opment of new implantable
materials for bone tissue regeneration. The possibility to use other types of silicate ceramics as BMP-2 carriers
requires experimental verifica-tion. The developed model of implantation under the periosteum in mice is conven-
ient and can be used for testing the osteogenic activity of different materials in the form of particles.

This work was supported by the Russian Science Foundation grant 22-15-00216.
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BJIMAHUE NPUPOAbl PEHTTEHOKOHTPACTHbIX BELLLECTB
HA NOBEAEHUE 3MBOJIN3UPYIOLWNX CUCTEM B YCJIOBUAX INVIVO

INeronbkosa O.A.", Ctacddopg B.B."? OraHHucsiH A.C.", XKaBopoHok E.C.3, NMaHoB A.B.3, BuHokypoBa T.U.",
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TOrBY «<HMWL xupyprum um. A.B. BuiuHeBckoro» MuHsapasa Poccuu, r. MockBa, 117997, yn. bonbluas Cepryxos-
cKasl, oM 27.

2 OrBHY ®HL| BUSB PAH, r. Mocksa, 109428, yn. PssaHckuii npocnexT, 4. 24, k. 1.
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B 3KCMNepuMeHTe B yCnoBUAX in vivo B CpaBHUTENIbHOM acnekTe 6b1110 N3y4yeHo BNAHUE NpUpoabl Vlop,cop,ep)Ka-
LNX PEHTFEHOKOHTPACTHbIX BeLWeCTB (Ha npumMmepe BogopacTBopuMoro n BoaoHepacTBoOpnMoro COG,U,VIHeHI/Il‘;I) Ha
d)yHKLI,I/IOHaﬂbeIe cBolicTBa am60na. OueHka npoBeAeHa C NOMOLbHO pEHTFeHOFpad)quCKVIX, FMCTONOIrNYeCKuUx,
reMaToJsiorn4ecknx 1 MMKpoCKonn4yecknx MeTtoaoB nccnenoBaHuA.

YcTaHOBMEHO, YTO, BHE 3aBUCUMOCTU OT npupoabl PEHTreHOKOHTPACTHOro BeLWecTBa, 9M60/1 NOJTHOCTbIO nepe-
KpbIBalOT KPOBOTOK U HE OKa3bIBAaOT TOKCNYECKOIO OencTBus Ha OopraHmsm B L€/IOM. KOHTpaCTI/IpOBaHVIe Xupao-
KUX 3M6OJ'IVI3I/IpytOLLLI/IX CUCTEM pas/IndHbIMU MO NpUpoae KOHTpacTupyrowmnmm BewecTteaMm npnBoaAnNT K HEKOTO-
PbIM OTINYMNAM, O4HAKO MNPU 3TOM 3M6OJ'IV|3I/IpyPOLLLM€ CBOWCTBA CUCTEM COXpaHAKTCA.

KnioueBble cnoBa: aM6onun3alms, aleTaT LetoNo3bl, FTMCTONOruS, ANEKTPOHHaA MUKPOCKONUA, Vlop,ocop,ep»(a-
e peHTreHOKOHTPACTHble BelecTBa.

B HacTosLLee BpeMs pa3paboTaHO MHOXECTBO aMO0JIM3UPYIOLLMX COCTAaBOB, CPeAM KOTOPbIX MONYASAPHOCTb
npuobpenu xuaxkue cuctembl [1, 2, 3, 4]. ChopMUpoBaHHbIi B KPOBEHOCHOM cocye 3M60/1 HE06X0AMMO BU3Ya-
NM3NPOBaTb, A/ Yero B COCTaB 3MB0IM3UPYIOLLLE CUCTEMbI BBOASAT KOHTPACTUPYHOLLEe BELLECTBO, CPEAUN KOTO-
pbiX NOACOAEP)KALLME OpraHMYecKue BeLLeCTBa 3aHUMaloT 0coboe MecTo [5, 6].

B akcrnepuMeHTe Ha 1abopaTOPHbIX XWUBOTHbIX (OZHOMOMETHbIE KPOJIMKU MOPOAbI LUMHLUIUAMNG) B CPaBHU-
TeJIbHOM acrnekTe 6bI/10 U3YYeHO BIIUSIHWE NPUPOLbI MOACO-AepPXKallMX PEHTFEHOKOHTPACTHbIX BeLecTB (Ha npu-
Mepe BOJopacTBOPUMOrO ¥ BOAOHEpaCTBOPMMOro COEJMHEH W) Ha NOBefleHUe 3IMBOSIM3UPYHOLLUX KOMMO3ULUNA.
B KayecTBe peHTreHOKOHTPACTHbIX BELLECTB MCNOJIb30BaaM BOJOHEPacTBOPUMbIN JIunmogon nim BogopacTBo-
puMbii Morekcon.

BnusHWe peHTreHOKOHTPACTHbIX BELLECTB Ha NapaMeTpbl aM60NN3aLMU B YCNOBUSIX in ViVO OLLEHEHO PEHT-
reHOI0rMYEeCKNMM, TMCTONIOMMYECKMMM, FeMaTOoN0OrMMYeCKMMMN U MUKPOCKOMMYECKMMIN MeToAaMu UccnefoBaHums.

MpoBeAeHHble UcneoBaHKSA MoKasanu, YTo o6a cocTaBa, BHEe 3aBUCMMOCTH OT MPUPOAbI PEHTTEHOKOHTPAcCT-
HOro BellecTBa, MOMHOCTbIO NMepeKpbIBatOT KPOBOTOK M He OKa3blBatoT TOKCUYECKOro Ae/CTBUS Ha OpPraHu3M B
uenoM. OgHako B criyvae Jlunnogona aM60AU3MPYHOLLMIA cocTaB 6osiee NIErKo NepexoauT B Konnatepanu Maru-
cTpanbHoro cocyaa. B To e Bpems, B cnydyae Morekcona am6onmsauus nponcxoanT 6onee LieneHanpasieHHo,
3anonHAsA NPenMyLLECTBEHHO LieNIEBON COCYA,

PeHTreHOKOHTPaCTHOCTb 3M60J10B € JINMMOA0NOM COCTaB/IAET He MeHee 7 CYTOK, Tora Kak KOHTPacTHOCTb
am60710B ¢ Morekconom coxpaHseTcs B TeuyeHne 20 MUHYT nocie BeeaeHns. IM60/bI ¢ Morekconom, B 0Tanumne
OT TaKoBbIX C JINNNOA0MI0M, He «aAresvpytoT» Ha CTEHKM COCYAa 1 Bbi3bIBalOT aKTUBHbIN POCT aHA0TENMaNbHON
TKaHuW. B pesynbTaTe He 06pa3yeTcsi CKOMIEHNE HEKPOTUYECKOW TKaHW, @ NPOLECC anuTenm3auumn npoucxoauT
Tam, rae aM6051 MaKcUMasibHO He NpuneraeT K 9HAOTENNIO cocya.

TakmM 06pa3oM, KOHTPACTUPOBAHME XUAKMUX IMOONN3UPYIOLLMX CUCTEM Pa3nMyHbIMU MO NPUPOLE KOHTpPa-
CTUPYIOLWMMM BELLECTBAMU NPUBOANUT K HEKOTOPbIM OT/IMYMUAM, OLHAKO MPU 3TOM 3MBOSIM3NPYIOLLME CBOWCTBA
CUCTEM COXPaHSAHOTCS.
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INFLUENCE OF THE RADIOPAQUE SUBSTANCES NATURE
ON THE BEHAVIOR OF EMBOLIZING SYSTEMS IN VIVO
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The influence of iodine-containing radiopaque substances (water-soluble and water-insoluble compounds) nature
on the functional properties of the emboli was studied in a comparative aspect during the experiment in vivo.
The assessment was carried out through radiographic, histological, hematological and microscopic research
techniques.

It has been found that emboli, regardless of the radiopaque substance nature, completely block the blood flow and
do not have a toxic effect on the organism. Contrasting of liquid embolizing systems with contrasting substances
of different nature leads to some differences, however, the embolizing properties of the systems are preserved.

Key words: embolization, cellulose acetate, histology, electron microscopy, iodine-containing radiopaque agents.

Currently, many embolizing compounds have been developed, among which liquid systems have gained
popularity [1, 2, 3, 4]. The emboli formed in the blood vessel must be visualized. For the visualisation a contrasting
substance is introduced into the embolizing system, among which iodine-containing organic substances occupy a
special place [5, 6].

The effect of iodine-containing radiopaque substances nature (in the case of water-soluble and water-
insoluble compounds) on the behavior of embolizing compositions was studied in a comparative aspect during the
experiment on laboratory animals (single-litter chinchilla rabbits). Water-insoluble Lipiodol or water-soluble Yogexol
were used as radiopaque substances.

The effect of radiopaque substances on the parameters of embolization in vivo was evaluated via radiological,
histological, hematological and microscopic methods of investigation.

The conducted studies have shown that both compositions, regardless of the radiopaque substance nature,
completely block the blood flow and do not have a toxic effect on the organism. However, in the case of Lipiodol, the
embolizing composition more easily passes into the collaterals of the main vessel. At the same time, in the case of
Yogexol, embolization occurs more purposefully, filling mainly the target vessel.

The radiopacity of emboli with Lipiodol is at least 7 days, while the contrast of emboli with Yogexol persists for
20 minutes after administration. Emboli with Yogexol, unlike those with Lipiodol, do not "adhere" to the vessel walls
and cause active growth of endothelial tissue. As a result, no accumulation of necrotic tissue is formed, and the
process of epithelization occurs where the emboli does not adhere to the endothelium of the vessel.

Thus, contrasting of liquid embolizing systems with contrasting substances of different nature leads to some
differences, however, the embolizing properties of the systems are preserved.
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F'EH-AKTUBUPOBAHHbIE MATPUKCbI, UMNPErTHUPOBAHHbBIE
MOJIMNNEKCAMM C TEHOM BMP-2, ANl PETEHEPALLUM KOCTHON TKAHU
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PaspaboTaHbl reH-akTMBMPOBaHHble MaTPUKCbl Ha OCHOBE XMTO3aHOBOI0O MMAPOrens U NoANNaKTUAHbIX YacTul,
UMMpPEerHnpoBaHHble nonuniekcamm ¢ reHom BMP-2, ona pereHepauun KOCTHOM TKaHW. MNonyyvyeHHble MaTpuk-
Cbl OKa3blBalOT BblpaXeHHOEe OCTEOMHAYKTUBHOE feicTBMe Ha KynbTypbl MMCK: HabntofaeTcs MuHepanusaums
BHEK/1ETOYHOro MaTpUKCa, yBeNInyeHne aKCnpeccum reHoB v npoaykuum 6enkos BMP-2 n ALPL.

KnioueBble cnosa: reH-akKTUBUpPOBaHHbl€ MaTpPUKCbI, XUTO3aH, NonnnakTuna, niasMmmaHbole OHK

B HacTosiwee BpeMsi Hanbonee NepcneKkTUBHOW cTpaTermen Ans pereHepaLm KOCTHOM TKaHW iBASIeTCA Npu-
MeHeHMWe reH-akTMUBMPOBaHHbIX MaTPUKCOB, UMMPErHUPOBaHHbIX N1a3MUAHbIMU KOHCTPYKLMAMM C reHaMu ocTe-
ovHAayKTOopoB [1]. Takoi Noaxos o6ecneynT aApecHyto JOCTaBKy FreHHbIX KOHCTPYKLMIA B 30HY KOCTHOTO AedekTa
M UX MPOJIOHTMPOBAHHOE BbICBOOGOXAEHME N 6e30MacHyto aPheKTUBHYIO TpaHCHEKLMIO Pe3NLEHTHbIX KeToK. B
KayecTBe aKTUBHOr0 KOMMOHEHTA Bbi6paHa nia3mMua ¢ reHoM KOCTHOro MopdoreHeTudyeckoro 6enka 2 (BMP-2),
OHOro 13 Hambonee aPPeKTUBHbIX MHAYKTOPOB OCTeoreHesa. MaTpyuamMmn-HOCUTENSIMU CAYXaT XMTO3aHOBble
TMZPOrenu C BbICOKOMOPUCTbIMU NONMAAKTUAHbIMK rpaHynamu (PLA-rpaHynamu). bnarogapst TpexmepHoit sve-
ucTon cTpykType PLA-rpaHynbl o6ecneunBatoT npopacTaHne COCyA0B, MUTPaLMIo OCTEOrEHHbIX K/IeTOK-MpeLue-
CTBEHHWKOB U MOTYT ABAATLCA AENO0 ANA NAa3MUAHbIX KOHCTPYKLWA.

Llenbto paboTbl iBNSeTCA UCCNEf0BAHNE OCTEOreHHbIX CBOWCTB FeH-aKTUBMPOBaHHbIX MAaTPUKCOB Ha OCHO-
Be XMTO3aHOBOro rugporens n PLA-rpaHyn, UMNperHnpoBaHHbIX NoAunaeKkcamu ¢ reHom BMP-2.

Matepuanbl 1 MeToabl. [1na 06pa3oBaHUsA NOUMNEKCOB UCMOJSIb30BaNN NaasMuabl ¢ reHom BMP-2 (TaqRFP-
N-BMP2) u TpaHcohuumpytowmit areHt TurboFect (TF) B cooTHoWweHUM 2MKr/Mn K 4 Mka/mn [2]. Monunnexcol
no6aBnsinu Kk PLA-rpaHynam 1 3aTemM CMeLLMBanu ¢ XMTO3aHOBbIM F'MAPOreneM CO CTeMNeHbIo AealeTUIMpoBaHus
xuTo3aHa 39% (XuT 39%). MaTepuasnbl MHKY6MPOBanu C KyNbTypaMu My/IbTUMNOTEHTHbIX ME3eHXUMaslbHbIX CTPO-
MasbHbIX KeTok (MMCK) »upoBoit TKaHU KpbIiC B niaHweTax ¢ cuctemont Transwell 14 cyTok. OcTeoreHHyto
anddepeHumnposky MMCK uccnegosanu metogamu MNLUP-PB, uMMyHOhepMeHTHOMO aHanmsa Ha 6enok BMP-2,
VUMMYHO-LIMTOXMMUYECKOrO OKpaLUMBaHUS Ha WwenodHyto docdaTasy (ALPL) 1 BbiBNeHMEM MUHepann3oBaHHo-
ro BHeKJ1IeToYHoro Matpukca (BKM) ¢ momollbto okpaluMBaHus ann3apuHOBbIM KPacHbIM.

PesynbtaThbl. KynbTnBnpoBaHme MMCK B NpUcyTCTBUU reH-aKTUBUPOBaHHbIX MaTPUKCOB Ha ocHoBe PLA-rpa-
HYN U XuT 39%, UMMperHMpoBaHHbIX NoaunaekcaMmmn ¢ reHom BMP-2, npuBoANT K 3HaYUTESIbHOMY YBETUYEHUIO
9KCMpeccum reHoB OCTEOreHHbIX MapkepoB: B 5,95+1,06 pas BMP-2 n B 4,73+0,45 pa3 Alpl no cpaBHeHMIO C KOH-
Tponem, NoBbILeHWIO Npoaykuun 6enkos BMP-2 n ALPL, a Tak)ke MUHepanusauun BKM.

MNMoka3aHo, 4To pa3paboTaHHble MaTPUKCbl HA OCHOBE XUTO3aHOBOro ruaporens u PLA-rpaHyn, uMnperHupo-
BaHHble Monuniekcamm ¢ reHom BMP-2 o6nafatoT BblpaXXeHHbIM OCTEOMHAYKTUBHBIM AEeACTBUEM Ha KyMbTypbl
MMCK 1 BnocneacTBUM MOTYT 6bITb UCMOMb30BaHbI B FTEHHON Tepanuu ANA pereHepaummn KOCTHOM TKaHW.

Pa6oTa BbiNonHeHa B paMKax rocyfapCTBEHHOro 3afaHna MuHo6pHayku Poccun gns ®IrBHY «MITHL».
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Gene-activated matrices based on chitosan hydrogel and polylactide particles impreg-nated with polyplexes with
BMP-2 gene have been developed for bone regeneration. The obtained matrices have a significant osteoinductive
effect on MSCs: extracellular matrix mineralization, an increase in gene expression and BMP-2 and ALPL proteins
production are observed.

Key words: gene-activated matrices, chitosan, polylactide, plasmid DNA

Nowadays, the most promising strategy for bone regeneration is the use of gene-activated matrices impregnated
with plasmid constructs carrying osteoinductive genes [1]. That approach ensures target delivery of gene constructs
to the bone defect area and their prolonged release and safe efficient transfection of resident cells. A plasmid
encoding bone morphogenetic protein 2 (BMP-2), one of the most effective inducers of osteogenesis, was chosen
as the active component. The carrier matrices were chitosan hydrogels with highly porous polylactide granules
(PLA-granules). Due to the three-dimensional porous structure, PLA granules provide angiogenesis, migration of
osteogenic progenitor cells and can be a depot for plasmid constructs.

The aim of this work is to study the osteogenic properties of gene-activated matrices based on chitosan
hydrogel and PLA-granules impregnated with polyplexes with BMP-2 gene.

Materials and methods. Plasmids encoding BMP-2 gene (TagRFP-N-BMP2) and the transfecting agent
TurboFect (TF) at a ratio of 2 pg/ml to 4 pl/ml were used for the pol-yplexes formation [2]. Polyplexes were added
to PLA-granules and then mixed with chitosan hydrogel with 39% deacetylation degree of chitosan (Chit 39%).
The materials were incubated with rat adipose tissue-derived cultures of multipotent mesenchymal stromal cells
(MSCs) in plates with the Transwell system for 14 days. Osteogenic differ-entiation of MSCs was studied by RT-
PCR, enzyme-linked immunoassay for BMP-2, immunocytochemical staining for alkaline phosphatase (ALPL) and
detection of extra-cellular matrix (ECM) mineralization using alizarin red staining.

Results. Cultivation of MSCs in the presence of gene-activated matrices based on PLA-granules and Chit 39%,
impregnated with polyplexes with the BMP-2 gene, leads to a significant increase in the expression of osteogenic
markers genes: 5,95 + 1,06 times BMP-2 and 4,73+0,45 times Alp/ compared with control, increase in production of
BMP-2 and ALPL proteins, as well as ECM mineralization.

It was shown that the developed matrices based on chitosan hydrogel and PLA-granules, impregnated with
polyplexes with the BMP-2 gene, have a pronounced osteoinductive effect on MSCs and can subsequently be used
in gene therapy for bone regeneration.

The research was carried out within the State Assignment of Ministry of Science and Higher Education of the
Russian Federation for RCMG.
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rTMBPUAHBIA UMNNIAHTAT HA OCHOBE NPUPOJAHbIX MATEPUANIOB

C YACTULLAMU CUJINKATHO KEPAMUKW B KAYECTBE HOCUTEJIA
PEKOMBUHAHTHOIO BMP-2: TMCTOJIOTMYECKOE UCCJIELJOBAHUE
PEMNAPATUBHOIO OCTEOINEHE3A NMPU UMNNAHTAL NN B KPAHUAJIbHbBIE
LEGEKTbI KPUTUYECKOI0 PASMEPA Y MbILLEN
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BI'IepBbIe NnoKasaHo, YTO KasbLMi-MarHmeBas CcunnkKaTHas KepaMunkKa guoncug Moxet 6bITb 3CbeeKTVIBHbIM HO-
cuTenem peKOM6VIHaHTHOF0 KOCTHOro MOpd)OFeHETVI‘-IeCKOFO 6erka 2, Bbi3biBasi MOLLHbIA penapaTuBHbIA OCTe-
oreHes B 06/1aCTu p,ed)eKTOB KpuUTn4de-CKoro pasmMmepa 4depena y MbILLEN NPU BBEAEHUM B COCTaBe FVI6pVI,D,HOI'O
MMMAaHTaTa, BKAOYaloLWero feM1MHeEpanM30BaHHbIA KOCTHbIA MaTPUKC B Ka4yecTBe KapKaca.

KnioueBble cnoBa: KanblLMii-MarHmeBas cuaMKaTHas KepaMukKa, guoncua, BMP-2, JJ,eMVIHepaﬂIA3OBaHHbII7I KOCT-
HbIl MaTpUKC, rmanypoHoBas KUCNoTa, FI/16pI/I,C|,HbII‘/‘I nMnnaHTar, penapaTMBHbM ocTeoreHes

Kanbuuii-marHueBas cunmkaTHasi Kepammnka npefcTaBfiseT co60in MaTepuan, NepcnekTUBHbIA Ans UCMOSb-
30BaHUA B KayecTBe KOMMOHEHTA rMOPUAHbBIX UMMIAHTaTOB A5t OCTEONIacTMKK, NOCKObKY OH 06n1afaeT Bbl-
COKOW 6M0aKTUBHOCTbIO, BUOCOBMECTUMOCTbLIO U CMOCOGCTBYET OCTEOreHHON AuddepeHLpoBKE Me3EHXMMAaTTb-
HbIX CTPOMaJsIbHbIX KNeToK. OAHaKo, BO3MOXHOCTb ero UCMOoJIb30BaHUsl B KaYECTBE HOCUTENSI PEKOMOVMHAHTHOIO
KOCTHoro MopdoreHeTuyeckoro 6enka-2 (BMP-2) go cux nop He uccnefoBaHa. KanbLuit-MarHMeByro cuimkar-
HYHO KepaMuKy nonyyanv TeepaodasHbiM METOAOM C UCMOSIb30BaHWEM B Ka4eCTBE UCXOAHbIX KOMMOHEHTOB 610-
OTXOAOB — PUCOBOM LIENYXM U AMYHON cKopynbl o MeTogy [1] ¢ Mogudukaumamu. OcHoBHas hasa KepaMuku
npeacTaensna co6on anoncug (CaMgSi,0,). HacTuubl auoncuaa umenn cpefiHuii pasmep okono 2,3 MkM 1 ~20%
MOPUCTOCTb CO CPELHUM PasMepoM Mop OKOJ0 24 HM, YTO MO3BONIIO KilaccuduLmpoBaTb MaTepuman Kak Me3omno-
puCTbIi. CopbLMOHHan eMKOCTb anoncuaa — 6onee 150 MKr pekoM6uHaHTHOro BMP-2 Ha 1 Mr. KuHeTuka Bbixoga
BMP-2 in vitro nmeeT xapaKTepHble 0CO6EHHOCTU 151 KePaMUKKU C B3PbIBHbIM BbIXOAOM B NeEpPBble 2 CyTOK U MOo-
cTeneHHbIM BbixogoM (no 0,4 — 0,5% oT HaHeceHHOro 6eika) B nocseaytolme 7 CyToK. IKCNepUMEHTbI Mo uccre-
[OBaHNIO BO3MOXHOCTU MPUMEHeHNs YacTuy, guoncuga c BMP-2 anqa pereHepauum KOCTHOM TKaHW NPOBOAUM Ha
MogZenu KpaHuanbHbix AeheKTOB KpUTUYECKOro paaMepa MblLLe C UMMAaHTauunen cycneHsnm yactuy, guoncuga
B rManypoHOBOW KUC/OTE, BBEAEHHON B AMCKU U3 IEMUHEPANIM30BAHHOMO KOCTHOIO MaTpukca ([KM) B kayecTBe
Kapkaca. [MCToNormyeckuii aHanma TKkaHel Yepena B 06/1acTy UMNaHTaumumM NpoBoAMAN Ha cpokax 12,21, 48 n 63
CYTOK Mocne umnaaHTaumm. NokasaHo, 4TO YacTULbl AMOMCUAA Bbi3biBaOT MUHUMAasbHYIO peakLMio opraHnsma
Ha BBeJieHue nHopogHoro Tena. lNMpu umnnaHTauumn vyactuy guoncupa ¢ BMP-2 kK 63 cyTkam B nopax umniaHtaTa
o6pasyeTcs HOBOOGPa3oBaHHasA KOCTHasi TKaHb C 06/1aCTAMM, 3aMOJIHEHHbIMU 3pesibiM KOCTHbIM MO3IOM, U PEMO-
denvpoBaHuneM yyactkoB [IKM 1 npuMbikaroLmx K uMnaaHTaTy pparMeHTOB MaTePUHCKON KOCTH.

TaknMMm 06pa3oM, AUONCUL MOXKET UCMONIb30BaTbCA Kak COCTaBHasi YacTb MMOPUAHBIX MMMIAHTaToB AN pe-
reHepaLum KOCTHOW TKaHM B kKayecTBe apheKTMBHOro Hocutensa BMP-2.

Pa6oTa BbinonHeHa npu GpuHaHCcoBOW nopaepxke rpaHTa PH® 22-15-00216.
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For the first time it was shown that calcium-magnesium silicate ceramic diopside can be an effective carrier of
recombinant bone morphogenetic protein 2, causing strong repara-tive osteogenesis in the area of critical size
skull defects in mice when inserted as a hy-brid implant that also includes demineralized bone matrix as a scaffold.

Key words: calcium-magnesium silicate ceramics, diopside, BMP-2, demineralized bone matrix, hyaluronic acid,
hybrid implant, reparative osteogenesis

Calcium-magnesium silicate ceramics is a material promising for use as a component of hybrid implants for
Osteoplastics, because it has high bioactivity, biocompatibility, and promotes osteogenic differentiation of mesenchymal
stromal cells. However, the possibility of its use as a carrier of recombinant bone morphogenetic protein-2 (BMP-2) has
not yet been investigated. Calcium-magnesium silicate ceramics were produced by solid-phase method using biowaste
- rice husk and egg shells as initial components according to the method [1] with modifications. The main ceramic
phase was diopside (CaMgsSi,0,). The diopside particles had an average size of about 2.3 ym and ~20% porosity with an
average pore size of about 24 nm, which allowed the material to be classified as mesoporous. The sorption capacity of
the diopside was over 150 ug of recombinant BMP-2 per 1 mg. The in vitro release kinetics of BMP-2 has characteristic
features for ceramics with a burst release in the first 2 days and a sustained release (0.4 - 0.5% of the applied protein) in
the next 7 days. Experiments to study the possibility of using diopside particles with BMP-2 for bone tissue regeneration
were carried out on the model of cranial defects of critical size in mice with implantation of suspension of diopside
particles in hyaluronic acid introduced into disks of demineralized bone matrix (DBM) as a scaffold. Histological analysis
of the cranial tissues in the area of implantation was performed at 12, 21, 48 and 63 days after implantation. It was
shown that diopside particles cause minimal foreign body reaction. At implantation of diopside particles with BMP-2 by
the 63rd day the newly-formed bone tissue is formed in the implant pores with the areas filled with mature bone marrow
and remodeling of the DBM areas and the fragments of the mother bone adjacent to the implant.

Thus, diopside can be used as a component of hybrid implants for bone tissue regeneration to serve an effective
carrier of BMP-2.

This work was supported by the Russian Science Foundation grant 22-15-00216.

References

1. Choudhary R., Venkatraman S. K., Bulygina I., Senatov F., Kaloshkin S., Anisimova N., Kiselevskiy M., Knyazeva M.,
Kukui D, Walther F, & Swamiappan S. Biomineralization, dissolution and cellular studies of silicate bioceramics
prepared from eggshell and rice husk // Materials science & engineering. C, Materials for biological applications. 2021.
Vol. 118, 111456.

International Congress: Biotechnology: state of the art and perspectives 31 October - 07 November, 2022 | Moscow

23



BIOTECHNOLOGY AND MEDICINE
NATURAL AND RECOMBINANT VIRUS ONCOTHERAPY

NEYEHWE OHKO3ABOJIEBAHWUI YEJIOBEKA C NOMOLLbIO
NMPUPOAHBIX U PEKOMBUHAHTHbBIX BUPYCOB

NATURAL AND RECOMBINANT VIRUS ONCOTHERAPY

1. IHTUBUTOP ATOMTO3A XIAP Y YCTOMYMBOCTb KJIETOK MIMOB/IACTOMBbI
K JEMCTBUIO BUPYCA OCMOBAKLIMHBI VV-GMCSF-LACT
Bacunbesa H.C. AreeHko A.B., YuHak O.A., PuxTep B.A., KYAIUTUHA E.B. ... 25

INHIBITOR OF APOPTOSIS XIAP AND GLIOBLASTOMA CELLS RESISTANCE
TO VACCINIA VIRUS VV-GMCSF-LACT
N.S. Vasileva, A.B. Ageenko, O.A. Chinak, V.A. Richter, E.V. KUIGING ........c.couoiuiiuieiieiieie e 27

YK 578.7 DOI: 10.37747/2312-640X-2022-20-25-28
WHTUBUTOP AMONTO3A XIAP U YCTOWYMBOCTD KJIETOK
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MokasaHo, YTo rmbesib KNeToK rnmobnactombl nog aenctenem VV-GMCSF-Lact npoucxoauT npenmMyLLecTBEHHO
no anonToTuyeckomy nyTu. Mpu aHanuse ypoBHs 6enka Smac B KOMMJIeKce ¢ MHrMbutopom anonto3a XIAP B
KNeTKax rnmo6nacToMbl YeslOBEKA YCTAHOBIIEHO, YTO B KJleTKax, Hanbonee 4yBCTBUTENbHbIX K VV-GMCSF-Lact,
ypoBeHb Smac npu MHKy6aLuu ¢ BUpyCOM Bo3pacTaeT. [pu aTom o6wuii yposeHb XIAP 6bin Bbile B KieTKax
60s1€e YCTOMUMBDBIX KyNbTYp.

KnioueBble cnoBa: rnno6aactoma, oHKonuTuyeckuii supyc, VV-GMCSF-Lact, anonTos.

IMuo6nactomMa Ha CErofHsAWHWIN AeHb ABASIETCA OLHOW U3 Hambonee arpecCuBHbIX OMyxoJsiei roioBHOroO
Mo3ra. CpefHsisi BbI>)XMBAeMOCTb MaLMEHTOB C 3TUM ANArHO30M COCTaBNseT He 6osiee 15 MecsiLeB. CTaHaapTHas
Tepanus rM1o61acToOMbl BKIFOYAET XMPYPrMYecKyro pe3eKL Mo ONyX0onu ¢ NocneayoLwein pagmo- u/unv XummoTe-
panuvei. OgHaKo NpuMeHsieMas MynbTUMoOAasnbHasa Tepanus He NO3BOIAET 3HAYUMO YBENNYUTb MPOAOIHKUTENb-
HOCTb XXW3HU MaLuneHToB.

OfHVMM 13 Hanbosee NEPCNEKTUBHbIX HA CErofHSAWHWUIA AeHb MOAXOA0B NEYEHUST OMNYyXOSel SABNSETCA BUPO-
Tepanus. Bupotepanus npeactaBnsieT co60i MIMMYHOTepaneBTUYECKUIA NMOAXOL, OCHOBAHHbIV Ha BUpYC-Onocpe-
[OBaHHOW rméenu onyxoneBbIX KNETOK U MHAYKLIMM UMMYHHOIO OTBETA OpraHusma. B HacTosiLLee BpeMsa MHOXe-
CTBO OHKOJIMTUYECKMX BUPYCOB MPOXOAUT KIMHUYECKME UCTbITaHWA B KayecTBe NMOTEeHUMaNbHbIX areHToB Afs
JIeYEHUsI OMNyXOei roIOBHOr0 MO3ra, B TOM yucne rnmobnactomMbl. OfHaAKO He OAUH npenapaT He 0f06peH Ans
NPUMEHEHNS B KIIMHMKE.

B nabopatopuu 6notexHonorun MUX6®M CO PAH coBmecTHo ¢ THL, BB «BekTop» pa3paboTaH peKOMOWHAHTHbIN
wraMmm VV-GMCSF-Lact Bupyca ocnoBaKLMHbI, KOTOPbIA COAEPXMUT eneumn GparMeHTOB reHOB BUPYCHbIX TUMU-
AuHKuHasbl (TK) n poctoBoro daktopa (VGF), B paloHbl KOTOpbIX BCTPOEHbI reHbl GM-CSF yenoBeka M anonTos-UH-
Ayuupytoliero 6eska nakTanTiHa, CooTBeTcTBeHHO [Kochneva u ap., 2016]. PaHee Mbl nokasanu, 4to VV-GMCSF-Lact
o06nafaeT LMTOTOKCUYECKOW aKTUBHOCTbLIO in Vitro n MpoTMBOONYX0NEBOM 3PPEKTUBHOCTBIO in Vivo B OTHOLUEHUU
MMMOPTA/IM30BaHHbIX M NepCoOHaNU3npoBaHHbIX Ky/bTyp KETOK rnno6iacTombl yesnoseka [Vasileva u gp., 2021].
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BIO BMOTEXHOJIOT A M MEAVNLIVIHA

-\I/-\/%ngg JIEYEHWE OHKO3ABOSIEBAHVIM YESTOBEKA C MOMOLLBIO MPYPOAHBIX M PEKOMBMHAHTHbBIX BUPYCOB

pu 3TOM pasnnyHble KyNbTypbl KNETOK 06/1aatoT PasHO YyBCTBUTENIbHOCTLIO K ENCTBUIO BUpYCa.

B paHHoM pa6oTe Mbl uCCneAoBany anonToTUYecKne NpoLecchl B KJIeTKax MMMOPTann30BaHHbIX U Nepco-
HaNIM3MPOBAHHbIX KyNbTYp INMO61acTOMbl YesloBeKa noj Bo3AenNCTBMEM OHKoNuTUYeckoro Bupyca VV-GMCSF-
Lact. KneTku rnmo6nactoMbl MHKYGUPOBanu ¢ BUPYCOM B TeyeHWe 24 yacoB. MHOXeCTBEHHOCTb MH(eKLMM
coctaBnsina 1 BOE Ha kneTky. UaeHTUdMKaLMO anonTOTUYECKMX KIIETOK OCYLLECTBSNN C MOMOLLbIO KOMMepYe-
ckoro Habopa FITC Annexin V Apoptosis Detection Kit | (BD Biosciences, CLUA). CornacHo nosy4yeHHbIM AaHHbIM,
nonynauumM MepTBbIX KNETOK U KNETOK, HaXOAALLMXCA Ha PaHHWUX CTagMsX anonTo3a, KoJIMYeCcTBEHHO 6oriblue B
KynbTypax, Hanbonee 4yBCTBUTENbHbIX K AeicTButo VV-GMCSF-Lact. Kpome Toro, ruéenb KneTok rnmo6nactombl
nop aencteuem VV-GMCSF-Lact nponcxognT npemMmyLLLeCTBEHHO NO NyTH anonTo3a.

Tak)xe C NOMOLLbIO MeToAa KO-MMMYHOMPEeLUnMTaLum 1 nocneayroLlero BeCTepH-610T aHannsa Mbl ucchne-
noanu ypoBHM 6enkoB RIPKT n RIPK3 B komnnekcax ¢ Kacnason-8 B KneTkax rnnmo6nacTtombl YenoBeka [0 U
nocne BO3AeNCTBUA Ha KNETKN BUPYCHOro npenapara. MI3BeCTHO, YTO BUPYC OCMOBaKLMHbI, Ha OCHOBE KOTOPOro
co3paH peKoMOMHaHTHbIN WwTaMm VV-GMCSF-Lact, Bbi3biBaeT ruéenb KNETOK rnaBHbIM 06pa3oM Mo MyTu He-
KponTo3a. HekponTos npeacraBnsieT cob6oi perynupyemMblii HEKpO3, onocpeoBaHHbli 6enkamu RIPKT n RIPK3.
HekponTos MOXeT npoTekaTb Wb MPU MHaKTUBaLUKU Kacrnasbl-8, KoTopas, B CBOK oyepefb, pacliennseTt u
MHaKTMBMpYyeT aganTtepbl HekponTosa RIPKT u RIPK3, uTo npnBoanT K rmbéenu KneTok no nytu anontosa. Nony-
YeHHble pe3ynbTaTbl CBUAETENbCTBYIOT O TOM, YTO C yBE/IMYEHNEM BPEMEHM MHKYHaLMK KNETOK rno6aacTombl ¢
BMPYCOM BO3pacTaeT ypoBeHb aKTUBMPOBAHHOW Kacnasbl-8. [pu aToM B kieTKax, 60onee YyBCTBUTENbHbIX K VV-
GMCSF-Lact, akTuBauus depmMeHTa NPOUCXOAMUT yxKe K 24 yacaM nHKy6aLun. [onyyeHHble AaHHble MO3BONAIOT
npeanonoxutb, 4to VV-GMCSF-Lact cnocobeH akTMBMpOBaTb B KJieTKax rnobnacToMbl peLenTop-onocpeno-
BaHHbIW NyTb anonTOTUYECKON rmbenu.

JNakTanTuH, akcnpeccupyembin VV-GMCSF-Lact, nHayLmpyeT anonTos onyxoseBbIX K/IeTOK N0 MUTOXOHAPK-
anbHOMy MyTK, YTO MPUBOAUT K aKTMBaummu kacnas-3,7 [Fomin u ap., 2012; Koval u ap., 2014]. U3BecTHo, 4TO
3a4acTyto B KNeTkax rnmo6aacToMbl 3HaUNTENBHO NOBbILLIEH ypoBeHb 6enka XIAP, nHruéumpytowero kacnasbl-3,7.
Takke Ha 3 (HeKTUBHOCTb aKkTUBaLMUM anonTo3a, MHAYLUPYEMOro NakTanTUHOM, MOXET BVUATb YPOBEHb B ONy-
XONEBbIX KJleTKax 6efika Smac, KOTopbIi MpY akTUBALMKM anonTosa no BHyTPpeHHEMY (MUTOXOHAPUANbHOMY) NyTH
noknaaeT MUTOXOHAPUU M y4acTBYET B CBSA3bIBAHWUMN GEKOB-MHIMOUTOPOB Kacnas, Takux kak XIAP. C nomoLbto
MeTOAOB KO-MMMYHOMPUUUIMTALMM U NOC/eAYIOLWEero BeCTepH-6110T aHannaa Mbl NpoaHanusmMpoBany U3MeHe-
Hue ypoBHA 6enka Smac B komnekce ¢ XIAP B kneTkax rnmo6nactoMbl YenoBeka nop AeACTBUEM BUPYCHOMO
npenapata. CornacHo NonyYeHHbIM AaHHbIM, B Hanbonee 4yBCcTBUTENbHbIX K VV-GMCSF-Lact kneTkax ypoBeHb
Smac Bo3pacTaeT K 24 yacam MHKy6aLun ¢ BUpycom. MNpu aTom obwumin ypoBeHb XIAP B kneTkax 6onee ycTonuu-
BbIX KY/IbTyp 6blf1 BbiLLe.

Taknm 06pasom, COrnacHo MONyYeHHbIM pesynbTaTaM rméenb KNeToK rnmobnactoMbl nog gencrtemem VV-
GMCSF-Lact npoTekaeT npeMmyLLeCTBEHHO MO arnonTOTUYECKOMY MYTU, YTO ABJIAETCA HECOMHEHHbIM Mpenmy-
LLLeCTBOM, MOCKOJIbKY pa3BUTUE BOCNANIUTENbHbBIX PeakLuuin Npu HeKpo3e ONyXosieBbIX K/IETOK rOJIOBHOMO MO3ra
ABNAETCH HeXxenaTesbHbIM GakTopoM. OfHaKO akTUBaUMA MyTen KIeTOYHOW rnbenn B 6osee ycTonumsbix K VV-
GMCSF-Lact kneTkax npoucxofuT no3xe u meHee ahOEKTUBHO, YTO MOXHO 0OBACHUTb HapyLLEHUAMM anonToTu-
YecKoro cueHapus. [lononHUTeIbHOE N3y4eHne MexaHM3MOoB, ONpeaenaoWmnX YyBCTBUTENIbHOCTb/YCTONYMBOCTb
KNeToK rnuobnacToMbl K aencteuto VV-GMCSF-Lact, nosBonuT pa3spaboTtatb ahheKkTUBHbIe TepaneBTUYECKUE
CXEMbI C MPUMEHEHNEM COOTBETCTBYHOLLMX NPenapaToB A5 KOMBUHMPOBaHHOM Tepanuu.

WccnepoBaHne BbiMonHeHo npu duHaHcoBoW nopfepxke POOU B pamkax HayyHoro npoekta N220-34-
90041, rpaHTa PH® 21-14-00195.

Jintepartypa

1. Fomin A. S. v ap. Analysis of biochemical markers of MCF-7 cell apoptosis induced by a recombinant analogue of
lactaptin // Russ J Bioorg Chem. 2012. T. 38. N° 1. C. 77-82.

2. Kochneva G. n ap. Engineering of double recombinant vaccinia virus with enhanced oncolytic potential for solid tumor
virotherapy // Oncotarget. 2016. T. 7. Ne 45. C. 74171-74188.

3. Koval O. A. n ap. Lactaptin Induces p53-Independent Cell Death Associated with Features of Apoptosis and Autophagy
and Delays Growth of Breast Cancer Cells in Mouse Xenografts // PLoS ONE. 2014. T. 9. N° 4. C. €93921.

4. Vasileva N. n ap. Double Recombinant Vaccinia Virus: A Candidate Drug against Human Glioblastoma // Life. 2021. T.
11. N2 70. C. 1084.

MesxayHapOAHbI KOHTpece: B1oTexHoMorns: COCTOAHME 1 NePCNeKTUBbI Pa3BUTHSA 31 okTA6ps — 1 HoR6ps 2022 | Mockea

BIOTECHNOLOGY AND MEDICINE
NATURAL AND RECOMBINANT VIRUS ONCOTHERAPY

UDC 578.7 DOI: 10.37747/2312-640X-2022-20-25-28
INHIBITOR OF APOPTOSIS XIAP AND GLIOBLASTOMA CELLS RESISTANCE
TO VACCINIA VIRUS VV-GMCSF-LACT

Vasileva N.S.1,2, Ageenko A.B.1, Chinak 0.A.1, Richter V.A.1, Kuligina E.V.1,2.

T Institute of Chemical Biology and Fundamental Medicine SB RAS, Novosibirsk, Russia
630090, Novosibirsk, 8 Lavrentiev Avenue.
e-mail: nataly_vas@bk.ru

2 Oncostar Limited Liability Company, Novosibirsk, Russia

It has been shown that under the action VV-GMCSF-Lact, the death of glioblastoma cells occurs mainly through
the apoptotic pathway. When analyzing the complexes of Smac protein with the apoptosis inhibitor XIAP in human
glioblastoma cells, it was found that in the cells most sensitive to VV-GMCSF-Lact, Smac level was increased after
incubation with the virus. At the same time, overall level of XIAP was higher in more resistant cells.

Key words: glioblastoma, oncolytic virus, VV-GMCSF-Lact, apoptosis.

Glioblastoma is one of the most aggressive brain tumors today. The average survival of patients with this
diagnosis is no more than 15 months. Standard therapy for glioblastoma involves surgical resection of the tumor
followed by radio- and/or chemotherapy. However, the applied multimodal therapy does not allow to significantly
increase the life expectancy of patients.

One of the most promising approaches to treating tumors today is virotherapy. Virotherapy is an immunotherapy
approach based on virus-mediated tumor cell death and induction of the immune response. Many oncolytic viruses
are currently in clinical trials as potential drugs for the treatment of brain tumors, including glioblastoma. However,
none of the drugs have been approved for clinical use.

A recombinant VV-GMCSF-Lact vaccinia virus contains deletions of the viral thymidine kinase (TK) and
growth factor (VGF) gene fragments into which the human GM-CSF and apoptosis-inducing protein lactaptin
genes have been inserted, respectively [Kochneva et al., 2016]. We have previously shown that VV-GMCSF-Lact
has in vitro cytotoxic activity and in vivo antitumor efficacy against immortalized and patient-derived human
glioblastoma cell cultures [Vasileva et al., 2021]. At the same time, different cell cultures have different sensitivity
to the virus action.

In this work, we investigated the apoptotic process of immortalized and patient-derived human glioblastoma
cultures exposed to the oncolytic virus VV-GMCSF-Lact. Glioblastoma cells were incubated with the virus for 24
hours. The multiplicity of infection was 1 PFU per cell. Apoptotic cells were identified using the commercial FITC
Annexin V Apoptosis Detection Kit | (BD Biosciences, USA). According to the data obtained, the number of early
apoptotic and dead cells was quantitatively more in the cultures most sensitive to the VV-GMCSF-Lact. Furthermore,
under the action of VV-GMCSF-Lact the death of glioblastoma cells occurred mainly through apoptosis.

Furthermore, using co-immunoprecipitation and subsequent western blot analysis, we investigated the levels
of RIPK1 and RIPK3 proteins in complexes with caspase-8 in human glioblastoma cells before and after exposure
to the virus. The vaccinia virus, on which the recombinant VV-GMCSF-Lact is based, is known to cause cell death
mainly by necroptosis. Necroptosis is regulated necrosis mediated by RIPK1 and RIPK3 proteins. Necroptosis
occurs only when caspase-8 is inactivated, which in turn cleaves and inactivates the necroptotic linkers RIPK1 and
RIPK3, leading to cell death through apoptosis. The obtained results showed that the level of activated caspase-8
increased with increasing time of glioblastoma cells incubation with the virus. Meanwhile, in cells more sensitive
to VV-GMCSF-Lact, activation of the enzyme occurred already within 24 hours of incubation. The data obtained
demonstrate that VV-GMCSF-Lact is able to activate the receptor-mediated apoptotic pathway in glioblastoma cells.

Lactaptin, expressed by VV-GMCSF-Lact, induces tumor cell apoptosis through the mitochondrial pathway,
thereby activating caspase-3,7 [Fomin et al., 2012; Koval et al., 2014]. Levels of the XIAP protein, known to inhibit
caspase-3,7, are often significantly increased in glioblastoma cells. In addition, the efficiency of apoptosis activation
induced by lactaptin is affected by the level of Smac protein in tumor cells, which after activating apoptosis through
an intrinsic (mitochondrial) pathway, leaves the mitochondria and participates in the binding of caspase inhibitor
proteins, such as XIAP. Using co-immunoprecipitation and subsequent western blot analysis, we analyzed changes
in the complexes of Smac protein and XIAP in human glioblastoma cells under the influence of viral drug. According
to the data obtained, in the cells most sensitive to VV-GMCSF-Lact, the level of Smac increased after 24 hours of
incubation with the virus. At the same time, the overall level of XIAP was higher in the cells of the more resistant
cultures.

International Congress: Biotechnology: state of the art and perspectives 31 October - 07 November, 2022 | Moscow

ZB9

WORLD

27



28

BIO BMOTEXHOJIOT A M MEAVNLIVIHA

-\I/-V%QE JIEYEHWE OHKO3ABOSIEBAHVIM YESTOBEKA C MOMOLLBIO MPYPOAHBIX M PEKOMBMHAHTHbBIX BUPYCOB

Therefore, according to the results obtained, the death of glioblastoma cells under the VV-GMCSF-Lact
action mainly proceeds by the apoptotic pathway, which is an unquestionable advantage since an inflammatory
response occurs during necrosis of brain tumor cells is an undesired factor. However, activation of cell death
pathways occurred later and less efficiently in cells more resistant to VV-GMCSF-Lact, which could be explained
by perturbations in the apoptotic process. Further studies to determine the mechanisms of sensitivity/resistance
of glioblastoma cells to the VV-GMCSF-Lact action will allow the development of effective therapeutic scheme for
combination therapy with appropriate drugs.

The reported study was funded by RFBR according to the research project N220-34-90041, the Russian Science
Fund (grant No. 21-14-00195).
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NMEPCNEKTUBbI MPUMEHEHUA MAJIbIX UHTEP®EPUPYIOLWUX PHK K
FTAHKUPUHY AN TEPANUU TNTIUOBNTACTOM

Ab6akymoea T.0., Kopatokoea M.10., MeluepsikoBa B.U.,
BeTtowesa I1.U., Cepreesa 0.B., 3auenuH T.C. u benoycos B.B.

Poccuiickmit HaumoHaneHbIV ViccneqoBatesnbekmni MeaunuymHekni
YHuBepcuteT umenHn H.W.Iuporosa, MockBa, Poccusi

117198, MockBa, OcTpoBUTSIHOBA, 1

e-mail: sandalovato@gmail.com

MoncK NepcnekTUBHbBIX MULLEHEW ANA Tepanuu rMMo61acToM AABASETCA akTyanbHOW 3ajavei A5 NOBbIWeHUSs
BbIKMBAEMOCTM MaLMeHTOB. [aHKMPWUH - OHKOreHHbIN 610K, aCCOLMMPOBaHHbIV C pa3BUTUEM, POCTOM U MHBa3W-
evi onyxonu. bbino nokasaHo, uto akcnpeccuss MPHK raHknpumHa noBbliwweHa B 06pasLax nepBUYHbIX FNM061acTom
yenoBeka. C nomolbto metoga PHK nHTepdepeHumm Hamm 6b11m NokasaHo, YTo YacTuubl, cogepxatime MnPHK
K raHKMpUHY, N03BoNsA0T 3QPEKTUBHO MHIMOGMpoBaTb cMHTe3 MPHK raHkmpurHa B knetkax ravobnactombl U87.

KnioueBble croBa: Masble UHTepdepupytolime PHK, nunuaHble HaHOYacTULbl, FaHKUPUH, FMno6nacToma

Mno6nactoma sIBASIETCA OQHOW U3 Hanbosiee arpecCuBHbIX U MHBA3MBHbIX ONyXonen ¢ HebnaronpuaTHbIM
NPOrHo3oM. HecMOTps Ha MHTEHCUBHOE pas3BUTUE M pa3paboTKy pas/IMYHbIX MOAXOA0B B 06/1aCTU ANArHOCTU-
KW, CO3AaHNA U NPUMEHEHUSI HOBbIX MpenapaToB 5-NeTHAS BbDKMBAEMOCTb MaLMEHTOB C JaHHbIM JMarHo30M
no-npexHemy octaetca MeHee 5-10%. Nonck HOBbIX MULLEHEN AS1S1 Tepannn ABNAETCA OAHUM U3 NEPCNEKTUBHbIX
NoAXOL0B, MO3BOMAIOWMX MHIMOMPOBATb POCT OMYXOJN, @ TaKXKe NOBbICUTb YYBCTBUTENIbHOCTb KNETOK K XUMMO-
Tepanuu. FaHKMPUH ABNAETCS OHKOreHHbIM 6€/IKOM U MePCNEKTUBHOM MULLEHbBIO A1 MOHO- U KOMOUHMPOBAHHOW
Tepanuu rnnoM (Xu Guo et al, 2020). B gaHHoIt pa6oTe HaMu 6bIsI0 NOKasaHo, YTo ypoBeHb MPHK raHkupuHa
noebiwaeTtcs Ao 10-15 pa3 B o6pasuax NepBUYHbIX IMHWUIA rMnob6nacTom YenoBeka. Kpome TOro, MOBbILLIEHHbI
ypoBeHb akcnpeccun MPHK raHkvpuHa accoumMmpoBaH ¢ oTpyuaTesibHbIM CTaTyCOM METUIMPOBaHNA NPOMOTOopa
o-MeTun-ryaHun-AHK metuntpaHchepasbl (MGMT) — MapKepoM, CBA3aHHbIM C MOBbILLEHHON XMMUOPE3UCTEHT-
HOCTbIO K ankunupyoLwmm npenapatam. MHrnbnposaHune cuHtesa MPHK raHkuprHa MOXeT cTaTb NepcrneKkTuB-
HbIM MHCTPYMEHTOM B Tepanuu rmom, B TOM Ynciie 4715 NOBbILEHUS YYBCTBUTEIbHOCTM K MPOTUBOOMNYXONEBbIM
npenapaTaM. C aToit LieSIbko HaMu 6bININ CUHTE3UPOBaHbI Masble MHTepdepupytowme PHK (MUPHK) K raHKUpuHY,
nosy4yeHbl IMNUAHbIE HAHOYACTULbI NyTeM cMelleHnss MUPHK 1 niunuaoBs ¢ MoMOLLbO MUKPOMIOMAHOMO Kap-
TpUAXKa, NpoBeAeHa nx GUsnKo-xmmMmyeckas xapaktepmcTuka. bblfio nokasaHo, UTo AaHHble YacTuLbl 3hdeKTmB-
HO MHIMBUPYIOT ypoBeHb MPHK B KneTKax IMHWM rno6nacTom YenoBeka.

Pa6oTa BbinonHeHa npu noaaepxke rpaHta PH® 22-75-10151

UDC 57.085.2 DOI: 10.37747/2312-640X-2022-20-33-34
SMALL INTERFERING RNA TO GANKYRIN AS A POTENTIAL TOOL FOR
GLIOBLASTOMA THERAPY

T.0. Abakumova, M.Yu. Kordyukova, V.I. Mescheryakova,
P.l. Vetosheva, 0.V. Sergeeva, T.S. Zatsepin and V.V. Belousov

Pirogov Russian National Medical Research University, Moscow, Russia
117198, Moscow, Ostrovityanova, 1
e-mail: sandalovato@gmail.com

Glioblastoma multiforme (GBM) is one of the most aggressive and invasive tumors with poor prognosis.
Despite the intensive progress in development of new diagnostic and therapeutic drugs, the 5-year survival rate of
patients with GBM is less than 5-10%. Search of new targets for therapy is promising approach for glioma therapy
that will help to inhibit tumor growth, as well as increase the sensitivity of cancer cells to chemotherapy. Gankyrin
is an oncogenic protein and a promising target for mono- and combination therapy of gliomas (Xu Guo et al, 2020).
In this work, we have shown that the mRNA level of gankyrin is increased up to 10-15 times in primary human
glioblastoma lines. Also, an increased mRNA level of gankyrin is associated with a negative methylation status
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of the o-methyl-guanine-DNA methyltransferase (MGMT) promoter, a biomarker of increased chemoresistance of
tumor cells. Inhibition of gankyrin may become a promising tool for glioma therapy and opportunity to increase
sensitivity of tumor cells to anticancer drugs. For this purpose, we synthesized small interfering RNA (siRNA) to
gankyrin and formulated siRNA-lipid nanoparticles by mixing siRNA and lipids using a microfluidic device, performed
physicochemical characterization. We demonstrated that obtained nanoparticles can effectively inhibit mRNA level
of gankyrin in human glioblastoma cells.

This work was supported by RSCF grant N222-75-10151

Y/IK 57.024 DOI: 10.37747/2312-640X-2022-20-34-35
BJIMAHWUE YJIbTPA3BYKOBOIO MPEHATAJIbHOIO CTPECCA
HA KOHLLEHTPALLMIO HEAPOTPO®UHA U HEWPOMETU/,0B
B NJIASME KPOBU KPbIC

A6pamosa 0.B."?, 3opkuHa fl.A."2, 3y6koB E.A.", Mopo3ogBa A.10."?

T HalmoHanbHbIf MeANLIMHCKMI MCCAeA0BaTe/IbCKUIA LUEHTP ncuxmaTpmm n Hapkosorum umenn B.I1. Cep6ekoro,
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2 [Nemxmnatpuyeckas KnmHudeckas 6osbHuLa NOT um. H.A. AnekceeBa [lenapTameHTa 3/1paBoOOXpaHeHNs ropoga
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HDEHaTaﬂbeIVI CTpecc, BbI3BaHHbIN feNCTBUEM nepemMeHHOro ynbTtpa3ByKa, Bbl3biIBaeT USMEHEHNEe KOHLEHTpa-
uuun HeVIpOHenTMAOB B NnJjlaaMe KpoBu B3POC/IbIX KpbIC.

KnioueBble cnosa: HpeHaTaﬂbeIVI CTpeccC, ynbTpa3BykoBoe BO3JENCTBUE; HeVIpOI’IeHTMJJ,bI; KpbICbl.

PasHble dakTopbl OKpyXatoLen cpeabl MOryT NMOBAUSITL HA pasBUTUE MO3ra SMO6pUoOHa B NpeHaTasbHOM
nepuoge. OAHNM 13 Taknx hakTOpPOB ABMAAETCHA CTPECC, KOTOPbIN UCMbITbIBAET MaTb BO BpeMsi 6epeMeHHOCTH,
UNW NpeHaTanbHbIi cTpecc. PaHee HamMu 6bINI0 NOKa3aHo, YTO MpPeHaTasibHbI CTPECC, Bbi3BaHHbI AeNCTBUEM
ynbTpasByKa NepeMeHHol YacToTbl Ha 6epeMeHHbIX caMok Kpbic (y3l1C), Bbi3blBaeT HeraTMBHbIE NMOBefeHYe-
CKMe n3MeHeHusi y noTomcTBa [1]. Llenbto gaHHoro nccnefoBaHus 6bi10 U3yuntb BausiHue y3lC Ha u3mMeHeHue
o6LLeln KOHLEHTPaLny HeKOTOPbIX BUOXMMUYECKUX NOKa3aTeNeit B NiasMe KpOBU B3POCSIOro NOTOMCTBA KpbiC.

SKCMNepMMEHT MPOBOAMIICA Ha Kpbicax nuHUM Wistar. CaMku U3 aKCnepMMeEHTanbHoi rpynnbl (n=6) nocne
OMNI0A0TBOPEHUS COAEPXKAUCH B UHAMBUAYASbHbBIX KNIETKaX MoA XpOHUYECKUM BO3[eNCTBUEM YyNbTpa3ByKa re-
peMeHHoI YacToTbl 20-45 kI Ha NPOTsXKeHUU Bcero neproaa 6epeMeHHoCTU. KOHTposibHble caMku (n=5) cogep-
Kanucb B MHAUBMAYalbHbIX KNIETKax B CTaHAAPTHbIX YCI0BUAX BUBapUs. bblio nonyyeHo NOTOMCTBO OT 06enx
rpynn camok: yarcC notomcTso (19 camuoB 1 17 caMoK) U KOHTpOJIbHOe NoTOMCTBO (21 camel 1 19 camMok).

Y B3pocnoro noTomMcTBa 3abvpanu KpoBb U3 XBOCTOBOW BeHbl B NPO6MpKM ¢ renapMHoM. KpoBb 6bia Hemes-
neHHo UeHTpudyruposaHa (3,000 rpm, 10 MuHyT) npm 4°C. O6pa3sLbl NiasMbl xpaHunu npu -80°C fo NpoBefeHus
aHanu3sa. B nonyyeHHbIx o6pasLuax onpeaensinacb KOHLUEHTpaumMs HelmponenTuaos (OKCUTOLMH, cy6eTaHuums P, B-aH-
OOPdUH, HEMPOTEH3UH U O-MENaHO-CTUMYNUPYOLLMIA TOPMOH (a-MCI)) MeToAoM MyNbTUMIEKCHOrO UMMYyHobEp-
MEHTHOr0 aHasin3a c Ucnosib3oBaHMeM Kommepyeckoro Habopa MILLIPLEX Rat/Mouse Neuropeptide Magnetic Bead
Panel RMNPMAG-83K. KoHueHTpauus HelipoTpoduyeckoro paktopa Mo3ra (BDNF) onpefensnace METOAOM UMMY-
HothepMeHTHOro aHanuaa ¢ ucnosb3oBaHMeM KoMMepyeckoro Habopa BDNF Rat ELISA Kit (BioAim Scientific Inc).
Mpo6onoaroToBka 1 aHanM3 06pasLoB NPOBOAMIICA COrNAacHO NPOTOKOIaM Npon3BoauTenei. [1na ctaTucTMyeckoro
aHanusa pesynbTaToB MPUMEHSASICA AUCNEPCUOHHbBIV aHanus. Pasnuuus cuntanu goctoBepHbiMu npu p<0.05.

y3lC 3HauuTenbHO MOBNUAN Ha O6LLyt0 KoHUeHTpauuto a-MCI (F=3.18; p=0.04), okcuToumHa (F=5.52;
p=0.003) v cy6cTaHumm P (F=3.23; p=0.03). KoHueHTpauusa a-MCI™ 6blia 3HauMTebHO BbillEe B NiasMe Y CaMok,
YyeM y caMLOB B KOHTponbHoi rpynne (p=0.03), ogHaKo AaHHOe OT/MuYMe McYesno nocre Bo3aencTeus yarcC
(p=1.00). KoHLEHTpaLMsi OKCUTOLMHA 3HAYUTENIbHO YBENUYMIach y caMok npu Boageinctaum y3rC (p=0.03), Ho
He y camuoB (p=1.00). Mocne Bo3saeicTenm yslC KoHLeHTpauua cy6cTaHummn P B nnasMe y caMoK cTasa Bbllue,
yeM y camuoB (p=0.02), Npu 3TOM B KOHTPOJIbHOW rpynne MoMoBOro pasnnyns B KOHLEHTpauuu cy6ctaHumm P
o6HapyxeHo He 6bls10 (p=0.98). y3MNC He NoBAuAn Ha KoHueHTpauuio BDNF, HelpoTeHsnHa 1 B-aHaopduHa B
nnasme B3pOCbIX KpbIC.
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TakuM o06pa3oMm, nocrie Bo3geicTens y3lC y B3pocsoro NnoToMcTBa KpbiC Habnohanochb nNono3aBucuMoe
M3MeHeHMe KoHLeHTpauun a-MCI, okcuTouuHa n cybeTaHuum P B nna3me KpoBw.
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INFLUENCE OF ULTRASOUND PRENATAL STRESS ON THE CONCENTRATION
OF NEUROTROPHIN AND NEUROPETIDES IN RAT BLOOD PLASMA
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Prenatal stress induced by exposure to variable ultrasound induced altered neuropeptide concentrations in the
blood plasma of adult rats.

Key words: prenatal stress; ultrasound exposure; neuropeptides; rats.

Various environmental factors can affect embryonic brain development during the prenatal period. One such
factoris the stress experienced by the mother during pregnancy, or prenatal stress. We have previously demonstrated
that prenatal stress caused by exposure of pregnant female rats to variable frequency ultrasound (usPS) causes
negative behavioral changes in the offspring [1]. The aim of this study was to evaluate the usPS effect on the
alteration of the some biochemical parameters total concentration in the adult rat offspring blood plasma.

The experiment was performed on Wistar rats. Females from the experimental group (n=6) were kept in
individual cages after fertilization under chronic exposure to 20-45 kHz variable frequency ultrasound for the
entire gestation period. Control females (n=5) were kept in individual cages under standard vivarium conditions.
The offspring from both groups of females were obtained: usPS offspring (19 males and 17 females) and control
offspring (21 males and 19 females).

Blood was collected from the adult offspring from the tail vein in tubes with heparin. Blood was immediately
centrifuged (3,000 rpm, 10 min) at 4°C. Plasma samples were stored at -80°C until analysis. Concentrations of
neuropeptides (oxytocin, substance P, B-endorphin, neurotensin, and a-melano-stimulating hormone (a-MSH)) were
determined in the obtained samples by multiplex immunoassay using the MILLIPLEX Rat/Mouse Neuropeptide
Magnetic Bead Panel RMNPMAG-83K commercial kit. Concentrations of brain-derived neurotrophic factor (BDNF)
were determined by enzyme immunoassay using a commercial BDNF Rat ELISA Kit (BioAim Scientific Inc). Sample
preparation and analysis were performed according to the manufacturers' protocols. The results were statistically
analyzed using analysis of variance. Differences were considered significant at p<0.05.

usPS significantly affected the total concentration of a-MSH (F=3.18; p=0.04), oxytocin (F=5.52; p=0.003),
and substance P (F=3.23; p=0.03). The a-MSH concentration was significantly higher in female plasma than male
plasma in the control group (p=0.03), but this difference disappeared after exposure to usPS (p=1.00). Oxytocin
concentrations increased significantly in females when exposed to usPS (p=0.03), but not in males (p=1.00). The
concentration of substance P in plasma was higher in females than in males after usPS exposure (p=0.02), while
no sex differences in the concentration of substance P were found in the control group (p=0.98). usPS had no effect
on the concentration of BDNF, neurotensin and B-endorphin in plasma of adult rats.

Therefore, the adult rat plasma concentration of a-MSH, oxytocin, and substance P altered after exposure to
usPS in a sex-dependent way.

References

1. Abramova 0., Ushakova V, Zorkina Y., Zubkov E., Storozheva Z., Morozova A., Chekhonin V. The Behavior and Postnatal
Development in Infant and Juvenile Rats After Ultrasound-Induced Chronic Prenatal Stress // Front Physiol. 2027 Apr
15,12:659366.

International Congress: Biotechnology: state of the art and perspectives 31 October - 07 November, 2022 | Moscow

ZB9

WORLD

35



36

BIO BMOTEXHOJIOT A M MEAVNLIVIHA

TECH
o HAHOBVOTEXHOMOT MM B MELNLIVHE

YK 577.112.083 DOI: 10.37747/2312-640X-2022-20-36-37
PA3PABOTKA TEXHOJIOTUWU NONTYYEHUA XUMEPHOI'O BEJIKA -
HOCUTEJIA AHTUTEHOB A1 NPOU3BOACTBA NENTUAHBIX BAKLWH
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WHCTUTYT MeaunymHceKkov buotexHonorum ®6YH MHL BE «BekTtop» PocroTpebHasopa, bepack, Hosocnbupckas
obnacts, Poccust

633004, Hosocubupckasi obnacts, bepck, yn. Xumsasoackas, 4. 9

e-mail: volosnikova_ea@vector.nsc.ru

OTpaboTaHa cxema NoJly4YeHns BbICOKOOUMLLLEHHOro 6eska- HocuTens NenTUAHbIX aHTUreHOB BaKLMHbI NPOTUB
HOBOW KopoHaBupycHoi nHdekuun COVID-19. NpoBeaeHo MacluTabupoBaHue paspaboTaHHoOro npouecca. Mac-
LWTabnpoBaHHas TEXHOIOTMA NO3BOAAET NonyyvaTb A0 15-20 Mr ymcToro 6enka ¢ 1 Bna)xkHow 6uomaccol, oTBeyva-
toLero TpeboBaHUAM, NpeAbsBsSEMbIM K penapartam, nofly4yaeMblx MeTogaMu peKomouHaHTHom JHK

KnioueBble cnoBa: XMMepHbI 6eN10K-HOCUTENb, KYNIbTUBUPOBaHME LUTaMMa-NpoAyLeHTa, adpduHHas xpomarto-
rpadus, MoH-06MeHHasn xpomaTorpadusi

XvMepHbIn 6enoK NpeacTaBnsieT CO60M PeKOMOUHAHTHbIN 6enoK, cogepykaliuii nocnefoBaTeNIbHOCTU Hy-
kneokancugHoro N-6enka kopoHaBupyca SARS-CoV-2 1 ManbTo30CBA3bIBaOLWEro 6eKa, U MOXET UCMOMNb30-
BaTbCA B Ka4eCTBe HOCUTENA CUHTETUYECKUX MNEeNTUAHbBIX aHTUIeHOB MpU CO34aHUN HOBbIX MeNTUAHbIX BaKUWH
NPOTUB KOPOHABUPYCHOM MHDEKL M.

Llenbto paboTbl siBAsinacb paspabotka M MacliTabMpoBaHue npoLecca nonyyeHnss peKoMOUHaHTHoro 6en-
Ka-HOCWUTENS B MPOKAPMOTUYECKOM CUCTEME - PEKOMBUHAHTHOM WwTaMMme E.coli KRX/pMBP-6xHis-N_nCoV-2019 [1].

Mpouecc nonyyeHuss 6eska COCTOUT U3 NPOLLECCOB KYNbTUBMPOBAHUS LUTaMMa-NpoayLeHTa U BblAeneHns
6enka M3 6MomMacchbl, BK/IHOYAOLWEro CTaguun ynbTpa3ByKOBOW U GepMEHTaTUBHON Ae3UHTerpaumm KneTouHbIX
CTEHOK, MpeABapuTENIbHON OUYUCTKN OT SHAOTOKCUHOB, aPPUHHON N MIOHOOOMEHHOW XpoMaTorpaduii.

Ha cTtagum paspaboTku nabopaTopHOW TEXHOMOrMW KynbTWBUMPOBaHME PEKOMOWHAHTHOro wTtamma E.coli
KRX/pMBP-6xHis-N_nCoV-2019 npoBogunu B nabopatopHoMm pepmeHTepe «bnoTpoHy, Liflus SP BMecTuMOCTbIO
15 n. Onsa macwtabupoBaHus npolecca ncnonb3oBanu pepmeHTep «brnoTpoH» BMectumMocTbio 100 1, peakTop
PB/ 350.423 BmecTumocTbio 350 N1 1 peakTop 205-394 BmecTumocTbio 630 1. CogeprkaHue 6enka B 6uomacce
onpegensinu MeToaoMm anekTpodopesa B 12 %-HOM NonnakpuiaMMaHoM refie B feHaTypupyroLmx ycnosusx. OT-
HOCUTeNbHOE cofepXaHue 6enka B KneTkax OLeHMBaIn ¢ UCNonb3oBaHMEM cUcTeMbI BU3yanmaauum GelDoc Go
¢ MO Image Lab (Bio-Rad Laboratories, CLUA).

B pesynbTaTte npoBefeHHON paboTbl onpeAeneHbl ONTUMAasbHble YyCI0BUS KYNIbTUBMPOBAHUS B XXMAKOW N1Ta-
TenbHon cpefe ot 10 n go 400 n, nonyyeHa 6uomacca ¢ cogep)kaHvem Lenesoro 6enka 22-30 %. Bbixog 6momac-
cbl cocTaBnsn 3,4 - 4,3 ¢ 1 n KynbTypanbHON XNAKOCTU.B pepmeHTepe BMecTuMocTbto 100 n1n 3,2-36rc1nB
peakTopax BMecTUMOCTbo 350 n1 1 630 n.

KneTouyHble CTEHKU pa3pyLluany BO3[ENCTBMEM ynbTpasByKa npu 22 kI, KNeToYHbIA Aebpuc OTAENANMN LeH-
TpudyrmposaHveMm. JononHUTENbHOE OCBETIEHME U YaCTUYHOE OCBOBOXAEHNE OT KNIETOYHbIX 9HLOTOKCMHOB Mpo-
BOAWN, UCMONb3YA ANA UX OCAXKAEHUS XUIOKUNA cOP6eHT AMODOK-25, 0cafoK OTAENSANN LeHTpUbyrupoBaHmeMm.
OcBeTNEHHbIN CynepHaTaHT, cofepxalluii 6enok, ounany ahpduHHom xpomatorpadueit Ha IMAC. JooumcTky 6en-
Ka-HocuTens NpoBOAWIN MOHOOMEHHOW xpomaTorpaduen Ha Q- n SP-cedapose. 111 04nCTKM 6efika 0T IHAOTOKCH-
HOB Mpu xpoMaTtorpadum 6b11 BbibpaH pH 8,9, npu koTopoM 3apsig 6enka coctaBnsieT 5,8. [pn JaHHOM 3HaYeHUM
pH ocnabeBaeT cBA3bIBaHNE NOMIOXUTENbHO 3apsXKEHHOr0 6eika C 0TpuLaTeNbHO 3apsXKEHHbIMU SHAOTOKCUHAMMN.
[ns ynaneHus SHAOTOKCUHOB C MOBEPXHOCTU 6e1Ka NPOBOAUIIN MPOMbIBKY COPOMPOBaBLUErocsi Ha KATMOHOOOMEH-
HoW cMone 6enka-HocuTens 6ydepHbIM pacTBOPOM, cofepXXallmm getepreHT Tergitol 15-S-9, pH 8,9.

B pesynbTaTte npoBeneHHON paboTbl pa3paboTaHa U MacliTabupoBaHa B 40 pa3 TEXHONIOTMSA NOJyYEHUS U
OYMCTKM XMMEpPHOro 6enka-HocuUTenst NenTUAHbIX aHTUFEHOB, COAEPXKALLEro NnocnefoBaTeNIbHOCTb HYKJeo-
kancugHoro N-6enka kopoHaBupyca SARS-CoV-2. KoHueHTpauua 6enka B MONYyYEHHbIX cepusax cocTasuna 15
- 25 mr/mn. NokasaHo, 4To pa3paboTaHHas TEXHOOrMSA NO3BONAET nonyyaTb Ao 15-20 Mr uncToro 6enkac 1 r
BNI@XXHOW 6omMacchl.

Jintepatypa
1. Mat. 2733831 Poc. ®eaepaums. 3asska N° 2020123453, zassn. 20.07.08; ory6n. 20.10.07, bros1. N°28
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DEVELOPMENT OF TECHNOLOGY FOR OBTAINING CHIMERIC ANTIGEN-
CARRIER PROTEIN FOR PEPTIDE VACCINES PRODUCTION

E.A. Volosnikova, T.I. Esina, Ya.S. Gogina, T.A. Tereshenko, A.l. Sarpova, G.M. Levagina, E.D. Danilenko

Institute of Medical Biotechnology SRC VB "Vector" Rospotrebnadzor,
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A scheme for obtaining a highly purified carrier protein of peptide antigens of the vaccine against a new coronavirus
infection COVID-19 has been worked out. The developed technology has been scaled up. The scaling-up makes it
possible to obtain up to 15-20 mg of pure protein from 1 g of wet biomass that meets the requirements for drugs
obtained by recombinant DNA methods.

Key words: chimeric carrier protein, cultivation of producer strain, affinity chromatography, ion exchange
chromatography

Chimeric protein is a recombinant protein containing sequences of nucleocapsid N-protein of SARS-CoV-2
coronavirus and maltose-binding protein, and can be used as a carrier of synthetic peptide antigens to develop new
peptide vaccines against coronavirus infection.

The aim of the work was to develop and scale up the process of obtaining a recombinant carrier protein in
prokaryotic system - a recombinant strain of E.coli KRX/pMBP-6xHis-N_nCoV-2019 [1].

The process of protein obtaining consists of cultivation a producer strain and protein isolation from biomass
including the stages of ultrasonic and enzymatic disintegration of cell walls, preliminary purification from endotoxins,
affinity and ion exchange chromatography.

At the stage of the laboratory technology development, the cultivation of recombinant strain of E.coli KRX/
pMBP-6xHis-N_nCoV-2019 was carried out in a 15 | laboratory Biotron fermenter, Liflus SP. To scale up the process,
a 100 | Biotron fermenter, a 350 | high pressure reactor, PB[], 350.423, and a 630 | high pressure reactor, PB[] 205-
394, were used. The content of the protein in biomass was determined by electrophoresis in a 12% polyacrylamide
gel (PAGE) under denaturing conditions. The relative content of the protein in cells was estimated by use of GelDoc
Go imaging system with Image Lab software (Bio-Rad Laboratories, USA).

In the course of the work, we determined optimal conditions for cultivation in a liquid nutrient medium from 10
liters to 400 liters and obtained biomass with the content of target protein of 22-30%. The biomass yield was 3.4 -
4.3 g per 1 liter of culture fluid in a 100 | fermenter, and 3.2-3.6 g per 1 liter in 350 | and 630 | reactors.

The cell walls were destroyed by exposure to ultrasound at 22 kHz, the cell debris was separated by
centrifugation. Additional clarification and preliminary purification from cellular endotoxins were carried out with
use of Amoflok-25 liquid sorbent for their precipitation; the precipitate was separated by centrifugation. The clarified
supernatant, containing target protein, was purified by affinity chromatography on IMAC. Post-purification of the
carrier protein was carried out by ion exchange chromatography on Q- and SP-sepharose. To purify the protein
from endotoxins during chromatography, pH of 8.9 was chosen, at which the protein charge is 5.8. At this pH
value, binding of a positively charged protein with negatively charged endotoxins weakens. To remove endotoxins
from the surface of the protein, the carrier protein, sorbed on the cation exchange resin, was washed with a buffer
solution containing Tergitol 15-S-9 detergent, pH 8,9.

As a result of the work carried out, a technology for obtaining and purification of a chimeric peptide antigen-
carrier protein containing a sequence of nucleocapsid N-protein of the SARS-CoV-2 coronavirus has been developed
and expanded fortyfold. The protein concentration in the produced series was 15-25 mg/ml. It has been shown that
the developed technology makes it possible to obtain up to 15-20 mg of pure protein from 1 g of wet biomass.

References
1. Patent RU2733831C1, 2020.70.07.
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CPABHUTEJIbHAA XAPAKTEPUCTUKA NPEMAPATOB UHTEP®EPOHA
FTAMMA YENOBEKA, MOJTYYEHHbIX U3 BUOMACC PA3HbIX LUITAMMOB

BonocHukoea E.A., EcuHa T.U., ForunHa 41.C., [.H. LLlep6akos,
H.B. Bonkoea, MBaHoBa O.C., TepewyieHko T.A., JleearuHa I'M., laHuneHko E.[l.

®EYH MHL Bb «BekTop» PocrioTpebHaasopa, 630559, Poccus, HCO, p.n. KonbLjoBo
e-mail: volosnikova_ea@vector.nsc.ru

MNpoBeaeHa cpaBHUTENbHAsA oLeHKa ahheKTUBHOCTU BblAeNeHNss MHTepdepoHa ramMma YyesoBeka M3 6uomac-
Cbl peKOMBUHaHTHOro wramma E.coli MH-1/plFN-y-trp2, o6ecneumBatoLLero KOHCTUTYTUBHbIN CUHTES LIeSIeBOro
6enKa B «TefbLax BK/IHOYEHUSA», U HOBOTO PEKOMOWHAHTHOMO MHAYUN6enbHoro wramma E. coli BL 21/pET-IFN-y,
copepallero 6eoK B pactBopuMoi Gopme. lNMokasaHo, YTO UCMOJb30BaHWE MHAYLMOWIBHOIO WTaMMa-npoay-
LieHTa Nos3BONISeT YBENNUYNTD BbIXOA LienieBoro 6enka ¢ 1,5 Mr/r o 5 Mr/r v noBbiCUTb cneumburyeckyto (NpoTu-
BOBWPYCHY0) aKTUBHOCTb B 20 pas.

KnioueBble crnoBa: peKOMOVHaHTHbI MHTEP(EPOH raMma YenoBeKa, LUITaMM-TIPOAYLIEHT, KyJIbTUBUPOBaHWE,
XxpomaTorpadusi, cneyudryeckas akTUBHOCTb.

Yenoseuecknit nHTepdepoH-raMma (MDH-y) siBnseTca 6eNKOM-LUUMTOKUMHOM, 06/1ajatolwUM LMPOKUM Crek-
TpoM MMMyHOoMogynupytoulero aerictans. B ®bYH MHLL BB «BekTop» 6bla1 CKOHCTPYMPOBaH LUTaMM-NIPOAYLLEHT
N®H-y E.coli MH-1/pIFN-y-trp2, pa3paboTaHa cxeMa 0YMCTKM PEKOMOBUHAHTHOro 6enka. HegoctaTkoM cospak-
HOro WTaMMa-NpoayLieHTa ABASETCA TO, YTO B COCTaB reHeTUYECKON KOHCTPYKLUUK 6bln BBEAEH TPUNTOPAHOBBIN
onepoH. Kpome Toro, LieneBon 6enok HakanJMBaeTcsl B KNeTkax B HepacTBopuMoW hopMe, a Ha cTaaum peHaTy-
pauun NPouCXoauT NoTeps Kak camoro 6eska, Tak 1 ero 6MoNorMyecKom akTUBHOCTY.

Llenbto paboTbl 6b1/10 KOHCTPYMPOBaHME LUTaMMa-NPOoAYLEHTa, CMOCOBHOIO CUHTE3NPOBAaTh LienieBON 6e0K
B pacTBOpUMOii GpopMe, n cpaBHeHMe ahHEKTUBHOCTU BbleNeHNA U XxapaKTepucTuk npenapatos U®H-y, nony-
YEHHbIX U3 pasHbiX WTAaMMOB. B xoge paboTbl 6bia1 NoMyYeH HOBbIV WTaMM-npoayueHT UPH-y E. coli BL 21/
PET-IFN-y, KOTOpbI/ B CTPYKTYpe reHEeTUYECKOM KOHCTPYKLNN COAEPXMUT NNAKTO3HbIA ONEPOH, MO3BONSAOLWMIA KOH-
TPONUPOBaTb CUHTE3 UHAYKLMeRh nsonponun-B-D-Tuoranakronmpanoaugom (UMNTI).

KynbTuBMpOBaHWe pekoMBUHaHTHOro wramma E.coli MH-1/plFN-y-trp2 npoBoaunu B nonynpoMbILLieHHOM dep-
MeHTepe LiFlus SP-100L BMecTuMocTbto 100 11 Ha cpege M-9 ¢ fo6aBkamu (rHOK03a, Ka3aMUHOBbIE KUCOTbI) U
TeTpauuknmHoM. CogepxxaHne MOH-y cornacHo pesynbtatam anekTpohopeTnyeckoro aHanusa B 12 % nonuakpuna-
MUAHOM rene, cocTaBsno 21-27 % 0T CyMMbl KNIETOYHbIX 6eSIKOB, YAEeNbHbIN BbIXog, 6uomaccsl - 3,7-4,1 r/n.

Pekom6uHaHTHbIN WwTamm E. coli BL 21/pET-IFN-y kynbTuBuposanu B 100 n dpepmeHTepe Ha cpege LB ¢ amnu-
unnnmHom (100 Mkr/mn) npy Temnepatype 37° o cepeauHbl norapudmuyeckoin hasbl pocta. 3aTem TeMnepa-
TYpy CHUXanu fo 25°C, BHOCUIM MHAYKTOP CUHTe3a 6enka v Npojosmkany MHkybupoBaHue. HakonneHue 6enka
NMPOUCXOAMN0 NPUMEPHO B PABHOW CTEMEHMN KaK B TefbLiax BKIKOYEHUS, TaK U B pacTBOPUMON Gopme, Npu 3ToM
cofepykaHue LeneBoro 6enika coctaBnsno 32-37 %. YaenbHblil Bbixof 6uomacchl gocturan 4,6-5,0 r/n.

Mpouegnypa BbigeneHns UOH-y ns 6uomaccnl E.coli MH-1/plFN-y-trp2 Bkntoyana: paspylueHue 6uomacchl ynbT-
pasByKoOM; ocaxaeHue 6enkos pactsopom 25 MM Tpuc-HCI, 5 MM ZnCl,, 5MM CuSO,, pH 7.4; pacTBOpeHwe ocajka B
pactBope 7M ryaHuauH xnopuaa, 25 MM Tpuc-HCl, pH 7.5; xpomaTorpadum Ha cedagekce G-75, 3atem CM-cedapose
B pactBope 7M MoueBUHbI, 25 MM Tpuc-HCI, pH 9.5; peHaTtypauuu; xpomatorpadgum Ha CM-cecdapose B 25 MM Na-
auertare, pH 5.0. Bbixog 6enka coctaensan 1,5 mr ¢ 1 r 6uomaccbl, unctota 95%, aktneHocTb UOH-y -0,87*10° ME/mr.

Bbigenenme NWOH-y ns 6uomaccsl E. coli BL 21/pET-IFN-y Bkntoyano paspylueHne 6uomMacchl ynbTpa3ByKoM;
OCBeT/IeHWe cynepHaTaHTa, cogepxalwero UPH-y B pacTBopumoin Gopme, XXUAKUM COpBeHTOM AMMOMIIOK-25;
KackagHyto xpomatorpaduto Ha copbeHTax Q-cedaposa u SP-cedaposa B 20 MM Tpuc-HCI 6ydepe, pH 8.0. Bbixog
LieneBoro 6enka coctaBun 5 Mr ¢ 1 r 6MoMacchl, YUCTOTa NOSTyYEHHOTo 6enka - 95 %, akTUBHOCTb -17,7*10° ME/mr.

Taknum 06pasoM, CKOHCTPYMPOBaH PEKOMOMHAHTHbIW MHAYUMGEeNbHbIN WwTamm E. coli BL 21/pET-IFN-y, o6e-
creymBatoLLMii BbICOKMI ypoBeHb akcrnpeccun UPH-y (1o 37% OT CyMMapHOro CofepyKaHusi KneToyHoro 6enka)
KakK B TeNblLiax BKKOYEHUS, TaK U pacTBOPUMO dopMe. MNokasaHo, YTO BbIXOZ LieSIeBOro 6esika yBennuusics no
CPaBHEHUIO C NPOAYKTUBHOCTbLO WTaMma E. coli MH-1/pIFN-y-trp2 ¢ 1,5 o 5 Mr ¢ 1 r 6MomMacchl, Npu 3ToM creL-
ndmyeckas (MPOTUBOBMPYCHas!) aKTUBHOCTb 6efika Bo3pacTana B 20 pas.

Pa6oTa BbinosiHeHa B pamKax rocyfapCTBeHHOro 3agaHus, Tema '3-39/21 «OTpaboTka TeXHOMOrMm npenapa-
TUBHOWM HapaboTKMN M OYUCTKU PEKOMOBUHAHTHbBIX GENTKOBY.
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COMPARATIVE CHARACTERISTICS OF HUMAN INTERFERON-GAMMA
PREPARATIONS FROM DIFFERENT PRODUCER STRAINS

E.A. Volosnikova, T.I. Esina, Ya.S. Gogina, D.N. Shcherbakov,
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e-mail: volosnikova_ea@vector.nsc.ru

Here, we performed a comparative evaluation of the effectiveness of the isolation of human interferon-gamma
from the biomass of the recombinant strain of E.coli MH-1/pIFN-y-trp2 enabling constitutive synthesis of the target
protein in the "inclusion bodies", and a new recombinant inducible strain of E. coli BL 21/pET-IFN-y containing the
protein in a soluble form. It has been shown that the use of an inducible producer strain can increase the yield of the
target protein from 1.5 mg/g to 5 mg/g and enhance the specific (antiviral) activity by 20-fold.

Key words: recombinant human interferon-gamma, producer strain, cultivation, chromatography, specific activity

Human interferon-gamma (IFN-y) is a cytokine protein with a wide spectrum of immunomodulatory effects.
At the Institute of Medical Biotechnology SRC VB "Vector", an IFN-y producer strain of E.coli MH-1/plIFN-y-trp2 was
constructed, a scheme for isolation and purification of the recombinant protein was developed. The disadvantage
of the constructed producer strain is explained by inclusion into the genetic structure a tryptophan operon. In
addition, the target protein accumulates in cells in an insoluble form, and at the denaturation stage, both the protein
itself and its biological activity are lost.

The aim of the work was to design a producer strain capable of synthesizing the target protein in a soluble form,
and to compare the effectiveness of isolation and characteristics of IFN-y preparations obtained from different strains.

In the course of the work, a new IFN-y producer strain of E. coli BL 21/pET-IFN-y having in its design a lactose
operon that allows control of the protein synthesis by isopropyl-B-D-1-thiogalactopyranoside (IPTG) induction, was
obtained.

The cultivation of the recombinant strain of E.coli MH-1 /pIFN-trp2 was performed in a semi-industrial fermenter
LiFlus SP-100 L in M-9 medium with additives (glucose, magnesium sulfate, calcium chloride, casamic acids) and
tetracycline. The content of IFN-y in bacterial cells, according to the results of electrophoretic analysis in 12%
polyacrylamide gel, was 21-27% of the total cellular proteins, the yield of biomass was 3.7-4.1 g/I.

The cultivation of the recombinant strain of E. coli BL 21/pET-IFN-y was performed in a 100 L fermenter in LB
medium with ampicillin (100 pg/ml) at a temperature of 37°C up to the middle of the logarithmic growth phase.
Then the temperature was lowered to 25°C, an inducer of the protein synthesis was added, and incubation was
continued. The target protein accumulated both in inclusion bodies and in a soluble form. The protein content was
32-37%, a biomass yield was 4.6-5.0 g/I.

The procedure for isolation of IFN-y from E.coli MH-1/pIFN-y-trp2 biomass included: biomass destruction by
exposure to ultrasound; precipitation of proteins in 25 mM Tris-HCI, 5 mM ZnCl,, 5 mM CuSO0, solution (pH 7.4);
dissolution of the precipitate in 7M guanidine chloride, 25 mM Tris-HCI solution (pH 7.5); chromatography on G-75
sephadex and then on CM-sepharose in 7M urea, 25 mM Tris-HCl solution (pH 9.5); renaturation; chromatography
on CM-sepharose in 25 mM Na-acetate (pH 5.0). The protein yield was 1.5 mg/1 g of biomass, protein purity - 95%,
IFN-y activity was 0.87*10° IlU/mg.

Isolation of IFN-y from E. coli BL 21/pET-IFN-y biomass included destruction of biomass by exposure to
ultrasound; clarification of the supernatant containing IFN-y in a soluble form with Ammoflok-25 liquid sorbent;
cascade chromatography on Q-sepharose and SP-sepharose in 20 mM Tris-HCI buffer (pH 8.0). The yield of the
target protein was 5 mg/1 g of biomass, the purity of the resulting protein was 95%, the activity = 17.7 * 10° IU/mg.

Thus, a recombinant inducible strain of E. coli BL 21/pET-IFN-y enabling high-level expression of the target
protein (up to 37% of the total protein content) both in inclusion bodies and in a soluble form was constructed. It
was shown that the protein yield compared to the strain of E. coli MH1 [pIFN-y-trp2] increased from 1.5 to 5 mg per
1 g of biomass, and the specific (antiviral) activity of the protein increased by 20-fold.

The research work carried out within the framework of the State Task 39/21 "Development of the technology
for preparative production and purification of recombinant proteins".
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YNPABJIEHUE YPOBHEM 3KCIMPECCUWN AJNTb®A-AEPEH3NHOB
HU3KOMOJIEKY/IAPHbIMU BUOPETYNIATOPAMMU

CypbsiHoBa C.B., KonecHukoea H.B., LLiBbigyeHko U.H., OBunHHMKOBa T.B.
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E-mail: svgur@mail.ru

Anbda-getdeHsnHbl yenoseka (Human neutrophil peptides 1-3, HNP1-3) KOHCTUTYTUBHO BblpabaTblBalOTCS UMMY-
HOKOMMETEHTHbIMM KNIeTKaMM 1 3aLmLLatoT oT naToreHHbIx 6akTepuii. iccnefoBaHo BNMSAHME HU3KOMONEKYNSAP-
HbIX GMOPErynATOpOB KaTexosaMuHa HopagpeHanuHa u MypamunnenTuga Ha akcnpeccuto HNP1-3. [Moka3saHo,
4YTO MypaMuANenTu BocCTaHaBNMBaeT ypoBeHb anbda-gedeHsnHoB HNP1-3 npoayunpyemblin HeTpodunamm
YenoBekKa in Vitro, CHUXXEHHbIN Mpu AEeNCTBMU KaTexonaMnHa HopagpeHanuHa.

KntoueBble cnoBa: gedeHsnHbl, HNP1-3, BpOXAEHHbI UMMYHUTET, HOPaApeHanuH, MypamMunnenTug

JedeHsnHbl NpeacTaBAAOT 9BOIOLMOHHO Hanbonee APEBHIO CUCTEMY MPOTUBOMHGMEKLMOHHOW 3aLLuThl,
KoTopas aPPeKTUBHO NMPOTUBOAENCTBYET NPOHUKHOBEHUIO Yepes anuTenunasnbHble MOBEPXHOCTU CAU3UCTbIX
060104EK N KOXXHbIX MOKPOBOB NaToOreHHbIX 6aKTepuin, rprboB 1 BUPYCOB. Y yenoBeka aedeH3unHbl BbipabaTbiBa-
HOTCSl AaNUTENNOLMTAMM U KNTETKaMU UIMMYHHOIN CUCTEMbI, B OCHOBHOM HeWTpoduiamu, npym aToM CUHTe3 gedeH-
3MHOB MOXET 6bITb Kak KOHCTUTYTUBHbIM, Tak U UHAYLM6eNbHbIM. CTUMYyNpoBaHue NpoayKuuv agedeH3nHoB
WHAYLMPYETCS NMPeuMyLLeCTBEHHO MaToreH-acCoLUMPOBaHHbIMU MONEKYNSIpHbIMK naTTepHamMu (PAMP) nHdek-
LIMOHHbIX areHToB, a TakXXe UMToknHamu yepes TLR, NLR 1 UMTOKMHOBbBIE peLenTopbl.

Mypamunnentugpl AaBnaseTcs dparMeHTaMm KNEeTOYHOW CTEHKU BCEX M3BECTHbIX 6aKTEPUIA, KOTOPbIA peanu-
3yeT CBOIO 6MOMI0rMYeCcKyo0 akTMBHOCTb Yepes cneumnduryeckoe cesisbiBaHne ¢ NOD2 penentopamu BPOXAEHHO-
ro UMMyHUTETa, OTHOCcALMXCA K NLR. Mypamunnentubl, BO3AeNCTBYA Ha KJTIETKU UMMYHHOW CUCTEMbI N anuTe-
JIMOUMTbI, CTUMYNUPYET MPOAYKLMIO LUTOKMHOB, UMMYHOT106Y/IMHOB 1 fe(eH3MHOB.

HenTpodunbl ABASOTCA OCHOBHbIMKU (akTopaMy OCTPOro BOCManeHusi, pearnpyroLLero Ha noBpexgeHne
TKaHW unu mHbekumto, BbiIcBoboXAasa 60Mblloe KOMMYEeCTBO aHTUMUKPOOHbIX NenTuaoB anbda-aedeH3nHoB.
Hau6onee pacnpocTpaHeHHble M3 3Tux nentugoB, HNP1-3 (4enoBeyeckue HenTpodunbHble nentuabl 1-3).
YMeHbLUeHUe cuHTe3a eheH3nHOB, HabntoaroLeecs Npu UCMOIb30BaHUM HopanvHedpuHa (HopaapeHanuHa)
LNsi Tepanuu anfepruyeckmnx 3abosieBaHUi, Cnocob6CTBYeT OCNabNEHNI0 aHTUMUKPOGHOW 3aLUTbI, MPUCoeuHe-
HWUIO N pacnpoCTPaHEeHNO MHPEKLMN.

Llenbto faHHOr0 UccnefoBaHuUs 6bIN0 U3yYeHUe BIMSIHUS MypaMuUnenTULOB Ha MHAYLIMPOBaHHOE Hopagpe-
Ha/IMHOM yMeHbLUeHWNe NpoayKLumio anbda-gedeHcnHoB HenTpodbmnamu Yenoseka in vitro.

Hentpodunbl Bblaensnm us uenbHo Kposu 9 300pOBbIX JOHOPOB LeHTpUdyrmpoBaHneM B rpagueHTe NaoTHO-
CTW ¥ OCMOTUYECKUM NTU3UCOM 3pUTPOLMTOB. HeiTpodunbl (1 x 106 kneTok / M) MHKy6uposanu B cpeae RPMI 1640
(37°C, 5% CO,, 20 u) c DPBS nnu 10 MKr/ Mn rntokosaMuHnn mypamunnentuga (FTMAN), HopagpeHanuHom (0,7 MKM).
Mo ncteyeHnn 20 4 B cynepHaTaHTe MeTofoM MDA (Hycult Biotech) aHanuauposanu cogepxxanve HNP1-3.

WccnepoBaHne BnusiHne HopagpeHanuHa u FTMAN Ha MHAyUMpoBaHHYIO Npoaykuuio anbba-gedeH3nHoB
HenTpodMNoB in vitro Nokasano, YTO HopaApeHanuH CHMXaeT npoaykuuto anbda-gepeHcmHoB HNP1-3 n nx
TpaHCKpUNTOB HelTpodunamm B 3,6 [M: 3.3 - 3.8] pasa (p <0,05). B cnyyae KynbTUpOBaHUSI HEMTPODUIOB B
cpefe c HopagpeHanuiom u FTM[M, ypoeHb akcnpeccun HNP1-3 noebiwancs B 4 [M: 3.8 - 4.1] pa3a (p <0,09).

MypamunnenTug BoccTaHaBnnBaeT ypoBeHb anbda-gedeHanHoB HNP1-3 HeiiTpodunos yenoseka in vitro,
CHWKEHHbIN NpWY AENCTBMU KaTexoslaMWHa HopagpeHanuHa. KcrnepuMeHTasbHble faHHble NOATBEPXAAtoT Mno-
Nly4YeHHble paHee JaHHble 0 TOM, UTO, UTO akcnpeccusa anbda-gedeHcmHoB HNP1-3 perynupyetca nepefaven cur-
HanoB NLR B HelTpodmnax yenoseka.
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290-300. doi: 10.1177/1753425913490575.

DOI: 10.37747/2312-640X-2022-20-40-42
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MOLECULAR WEIGHT BIOREGULATORS

S.V. Guryanova, N.V. Kolesnikova, I.N. Shvydchenko, T.V. Ovchinnikova

FGBOUN Institute of Bioorganic Chemistry named after Academicians M.M. Shemyakina and Yu.A. Ovchinnikov
Russian Academy of Sciences
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Human alpha defensins (Human neutrophil peptides 1-3, HNP1-3) are constitutively produced by immunocompetent
cells and protect against pathogenic bacteria. The effect of low molecular weight bioregulators catecholamine
norepinephrine and muramyl peptide on the expression of HNP1-3 was studied. It has been shown that
muramylpeptide restores the level of alpha-defensins HNP1-3 produced by human neutrophils in vitro, reduced by
the action of catecholamine norepinephrine.

Key words: defensins, HNP1-3, innate immunity, norepinephrine, muramylpeptide

Defensins are evolutionarily the most ancient system of anti-infective protection, which effectively counteracts
the penetration of pathogenic bacteria, fungi and viruses through the epithelial surfaces of the mucous membranes
and skin. In humans, defensins are produced by epitheliocytes and cells of the immune system, mainly neutrophils,
while the synthesis of defensins can be either constitutive or inducible. Stimulation of defensin production is
induced predominantly by pathogen-associated molecular patterns (PAMP) of infectious agents, as well as by
cytokines via TLR, NLR, and cytokine receptors.

Muramyl peptides are fragments of the cell wall of all known bacteria, which realizes its biological activity
through specific binding to NOD2 receptors of innate immunity related to NLR. Muramylpeptides, acting on cells of
the immune system and epithelial cells, stimulates the production of cytokines, immunoglobulins and defensins.

Neutrophils are major contributors to acute inflammation in response to tissue injury or infection by releasing
large amounts of the antimicrobial alpha-defensin peptides. The most common of these peptides, HNP1-3
(human neutrophil peptides 1-3). The decrease in the synthesis of defensins, observed when using norepinephrine
(noradrenaline) for the treatment of allergic diseases, contributes to the weakening of antimicrobial protection, the
attachment or spread of infection.

The aim of this study was to investigate the effect of muramylpeptides on the norepinephrine-induced decrease
in the production of alpha-defensins by human neutrophils in vitro.

Neutrophils were isolated from whole blood of 9 healthy donors by density gradient centrifugation and osmotic
lysis of erythrocytes. Neutrophils (1 x 10° cells/mL) were incubated in RPMI 1640 medium (37°C, 5% CO,, 20 h) with
DPBS or 10 pg/mL glucosaminyl muramyl peptide (GMDP), norepinephrine (0.1 uM). After 20 hours, the content of
HNP1-3 was analyzed in the supernatant by ELISA (Hycult Biotech).

A study of the effect of norepinephrine and GMDP on the induced production of neutrophil alpha-defensins
in vitro showed that norepinephrine reduces the production of HNP1-3 alpha-defensins and their transcripts
by neutrophils by 3.6 [M: 3.3 - 3.8] times (p <0.05). In the case of cultivation of neutrophils in the medium with
norepinephrine and GMDP, the expression level of HNP1-3 increased by 4 [M: 3.8 — 4.1] times (p <0,09).

Muramylpeptide restores the level of alpha-defensins HNP1-3 of human neutrophils in vitro, reduced by the
action of catecholamine norepinephrine. The experimental data confirm previous findings that the expression of
HNP1-3 alpha-defensins is regulated by NLR signaling in human neutrophils.
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AMUAO0POCPHATHDLIE KOHBIOTATbI MNTULEPOJIMNMTUAHBIX MPOU3BOAHbIX
2'.3'-QUAE30KCU-3'-TUALUTUANHA U 3OUPOB L-ANTAHUHA

E.C. JapHoTtyk, K.[. BolTuk, B.A. LLienkoHoros, H.C. LLlacTuHa

MUP3A - Pocewiickuii TexHonorndeckuii yHusepeuteT (MTXT umeny M.B. JlTomoHocoBa),
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B xoae nccneaoBaHus 6bIM CUHTE3UPOBaHbI HOBble Mpou3BoAHble 2',3-anaesokcu-3-TnauntuanHa (3TC) Ha oc-
HoBe 1,3-4MnanbMUTOUNINNLEPUHE, MOAMGBULMPOBaHHbIE MO GOCHOPHOMY LIEHTPY PAAOM aduMpoB L-anaHuHa.
YacTb KOHDBbIOraToB MposiBMa BbIOCKYHO aHTU-BUY-akTUBHOCTb Y HU3KYHO LIUTOTOKCUYHOCTb.

KnioueBble cnoBa: aHTU-BUY-HyKkneo3uabl, nponekapcTea, Muueponmnuabl

O6patHas TpaHckpunTasa (OT) AaBnseTcs KNtoYeBbIM GEPMEHTOM-MULLEHBIO B 651I0KUPOBAHWUM peniukaLuum
BWY n oTBevaeT 3a TpaHchopmaLmo reHoma ogHouenoyeyHor PHK B gByxuenodeyHyto IHK. BaxHoe mecTo
B CXemMax aHTMPeTPOBMPYCHOW Tepanuu 3aHWMatoT HyK/1eo3uAHble WHIMOGUTOPbI 06PaTHOM TpPaHCKpMNTasbl
(HWOT). Paspa6oTka 1 MoanbuKaLus yxe cywecTeytolmnx HAOT no-npexkHeMy ABNSIETCA BaXKHOW 3ajavein Me-
OVUMHCKON XMMMK, paboTa B 9TOM 06/1acTU NO3BOMNUT CO3AaTb HOBble MpenapaTbl C Yy4YlleHHON ahhEeKTUBHO-
CTbt0, CENEKTUBHOCTbIO U hapMaKOKUHETUYECKUMU cBOMCTBaMM [1].

byayllee pa3BuTMe aHTUPETPOBMPYCHbIX CXEM JIeYEHUA MOXET ONupaTbCs Ha UCMONb30BaHMe AUMUAHOro
NpOJIEKapCTBEHHOIO NMOAX0AA, YTO NO3BOJIAET HYKIE03UAHOMY NpenapaTy BK/0YaTbCsl B META6ONN3M NNMUAOB
¥ TeM caMbIM HamnpasfieHHO AOCTUraTb IMMdaTUyeckoit cuctemsi [2].

MoaToMy Lienbio faHHOWN paboTbl ABASETCS NOMyYeHne 1 uccnefoBaHne CBOMCTB MULEPONUNUAHbBIX MPO-
nsBoAHbIX 2',3-anpesokcu-3-tnauntuanHa (3TC), MoanbuUMpoBaHHbIX Mo hochOopHOMY LEeHTpY adupamu
L-anaHuHa.

Mo meToay [3] 6bIIM CUHTE3UPOBaHbI MULEPOAUNUAHbIE MPOU3BOAHbIE 2',3"-ANAEe30KCU-3-TuauuTuamHa
(3TC), B KOTOpbIX CBSA3bIBaHWE MONEKYNAPHbIX GParMeHTOB OCYLLECTBSNOCh C NOMOLLbIO (PYHKLMOHANbHBIX
docdopHbix cBA3en. [1151 NOBbILEHNS CTAaBUIbHOCTY M BAUSHUSA HAa MHTMOMPYIOLLYIO @aKTUBHOCTb LiefieBbIX coe-
OVHEHU 6b11K paspaboTaHbl ammuaodocdaTbl Ha OCHOBE MOJyYeHHbIX KOHbloratoB 2',3-anae3okcu-3-TnauymTu-
[nHa ¢ admpamu L-anaHnHa [4].

MpoBefeHbl nccnefoBaHUA KUHETUKU TMAPOAN3a CUHTE3UMPOBAHHbIX COEAUHEHUI B PasiinyHbix 6ydepHbIX
pacTBopax, Mmogenupytowmx pH dumanonornyeckmx cpeg,. KnHeTrnka npoLeccos nokasana, 4To Bpems MOSIOBUHHO-
ro ruAposnm3a faHHbIx BewecTs 6onee 20 Y. [Npu n3yyeHnm pepMeHTaTMBHOIO rMApPoaM3a faHHbIX MPOSIEKapCcTB
in vitro nog, encTBMEM NaHKpeaTU4eCcKoW nnnasbl CBMHbY BPEMS NOJIOBUHHOMO ruaponm3a coctaBmio 0.5 MUH.
9T0 MOXET MO3BOSIMTb UMUTUPOBATb MPUPOAHbIE aHAOMN TaKUX MULEPONUNUAHBIX COeAUHEHWNN.

WccnepoBaHue LIMTOTOKCUYHOCTU COELMHEHMIN Ha KNEeTOYHOW NMHMM MT-4 nokasano, YTo GOMbLUMHCTBO
KOHbIOraToB SIB/ISIKOTCA MaNIOTOKCUYHbIMU. Pe3ynbTaTbhl onpeAeneHusi aHTUBUPYCHOW aKTUBHOCTM CEPUUN KOHbHO-
raToB B MHbUMUMpoBaHHbIX BUY-1 kneTkax MT-4 nokasanu, YTo HaMbobLUYO UHIMBUPYHOLLYHO aKTUBHOCTb MPOsi-
BWJI0 CoeAinHeHMe, cofepialline TpeT-6yTuiosbli adup L-anaHunHa, 3HaveHne EC,  coctaBmnno ~25.5 MKM.

OnucaHHble B paboTe CoeAuHeHNA 061afatoT BbICOKOW aHT-BMNY-akTMBHOCTbIO M MMEIOT NoTeHuuan aanb-
HeNLlero NCrnosib30BaHUsA B Ka4eCTBE HOBbIX MPOTUBOBUPYCHbIX TepaneBTUYECKUX areHTOB.

WccnepoBaHne BbIMOMHEHO Npy nogaepxke MuHUCTepcTBa Hayku M Bbicluero obpasoBaHusi Poccuickon
denepauum (npoekT N2 0706-2020-0019).
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AMIDOPHOSPHATE CONJUGATES GLYCEROLIPID DERIVATIVES
OF 2',3'-DIDEOXY-3'-THIACYTIDINE AND L-ALANINE ESTERS

E.S. Darnotuk, K.D. Vojtik, V.A. Shchelkonogov, N.S. Shastina

MIREA-Russian Technological University (ITHT named after M.V. Lomonosov),
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In the course of the study, new derivatives of 2’,3-dideoxy-3'-thiacytidine (3TC) based on 1,3-dipalmitoylglycerin
were synthesized, modified at the phosphorus center with a number of L-alanine esters. Some of the conjugates
showed significant antiretroviral activity and low cytotoxicity.

Key words: anti-HIV nucleosides, prodrugs, glycerolipids

Reversetranscriptase (RT) as akey target enzymein blocking HIV replicationis responsible for the transformation
of the single-stranded RNA genome into double-stranded DNA. Nucleoside reverse transcriptase inhibitors (NRTIs)
occupy an important place in the schemes of antiretroviral therapy. The development and modification of existing
NRTIs is still an important task of medical chemistry, work in this area will allow the creation of new drugs with
improved efficacy, selectivity and pharmacokinetic properties [1].

The future development of antiretroviral treatment regimens may be based on the use of a lipid prodrug
approach, which allows the nucleoside drug to be included in lipid metabolism and thereby directly reach the
lymphatic system [2].

Therefore, the purpose of this work is to obtain and study the properties of glycerolipid derivatives of
2',3"-dideoxy-3"-thiacytidine (3TS) modified by the phosphorus center with L-alanine esters.

By method [3] were synthesized of glycerolipid derivatives of 2',3"-dideoxy-3"-thiacytidine (3TC) where the
fragments of the molecules were connected via a functional phosphorous linkages. To increase the stability
and influence on the inhibitory activity of the target compounds have been developed of their phosphoramidate
derivatives with amino acid esters [4].

Conducted studies of the kinetics of hydrolysis of synthesized compounds in various buffer solutions that
simulate the pH of physiological media. The kinetics of the processes showed that the hydrolysis half-time for
these molecules exceeded 20 h. When investigating the enzymatic hydrolysis of these prodrugs by the porcine
pancreatic lipase in vitro, the hydrolysis half-time was 30 s. This can mimic the metabolic pathways of natural
glycerolipid compounds.

A study of the cytotoxicity of compounds on the MT-4 cell line showed that most conjugates are low-toxic. The
results of determining the antiviral activity of a series of conjugates in HIV-1 infected MT-4 cells showed that the
compound containing L-alanine tert-butyl ester showed the greatest inhibitory activity, EC_j ~25.5 pM.

The compounds described in the work have high anti-HIV activity and have the potential for further use as new
antiviral therapeutic agents.

This study was supported by the Ministry of Science and Higher Education of the Russian Federation (project
no. 0706-2020-0019).
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KATAJINTUYECKUE CBOWCTBA U TEPMOCTABUJIbHOCTD
MOJIMINEKTPOJINTHBIX KOMIMJIEKCOB L-ACIMTAPATMHA3 ERWINIA
CAROTOVORA U RHODOSPIRILLUM RUBRUM C MNOJINKATUOHAMU

Lo6psakoea H.B., Kyapswoea E.B.
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MonyyeHbl nonuanekTponuTHble komnnekcbl (M3K) L-acnaparuHas Erwinia carotovora (EwA) n Rhodospirillum
rubrum (RrA) ¢ xuTo3aHoM, xuTo3aH-M3l, XMTO3aH-rNMKoNeM U nonmatuneHuMmmHom (MaN). Ons NIK RrA ¢ no-
NMKaTUOHaMM Habn[anoch yBennyeHune yaenbHbix aktuBHocTen. Onsa MK EwA akTMBHOCTb cHMxkanach. MK
EWA ¢ nonukatnoHamu okasanucb 60siee TepMoCcTabusibHbl MO CPABHEHUIO C HAaTUBHbIM depmeHToM, ans M3K
RrA TepMOCTabubHOCTb CHUXXanachb.

KnioueBble cnoBa: L-acnaparunHasa; Rhodospirillum rubrum; Erwinia carotovora; NnonManekTponnTHble KOM-
NAeKCbl, MOSIMKATUOHDI.

bakTepuanbHble L-acnaparmHasbl aBnstoTca depMeHTaMu, KaTanuaupyrolme rmaponns L-acnaparuHa no
L-acnaparMHoBoOW KUCNOTbl U amMuaka. JaHHble depMeHTbl NPUMEHSIOTCA A5 NIeYeHUs HEKOTOPbIX TUMOB
NENKO30B, B YaCTHOCTU, Af1st leyeHust ocTporo numeobnacTHoro neikosa (0J1/1). OAHUM U3 NPUMEHSIEMbIX Ha
npaKTKe NpenapaToB Ha laHHbI MOMEHT ABNsAeTcs L-acnaparvHasa Erwinia carotovora (EwA). Jpyrum nepcnek-
TUBHbIM PEpMEHTOM /15 le4eHnst MOXeT cTaTb L-acnaparuHasa Rhodospirillum rubrum (RrA), koTopasi o6naga-
€T BbICOKOW NPOTUBOOMYXOIEBOM aKTUBHOCTbIO. OHaKO, AaHHble PePMEHTbI UMEOT CMELLEHHbIN B LLETOYHYH
obnacTb pH oNnTUMyM, HEOCTaTOYHYO CTAaBUIbHOCTb U MOTYT BbI3blBaTb UMMYHHbI OTBET OpraHuama. JaHHble
akTopbl orpaHnymBatoT ahHeKTUBHOCTb X MPUMEHeHUs B Tepanuu. MoaTomy ans cosgaHus 6onee abdexkTus-
HOro npenapaTta C ylyyleHHbIMY CBONCTBaMM NPUMEHSIHOTCS pasfimyHble MeToabl Mognbukaunm GepMeHToB C
MOMOLLbIO NOIMMEPOB. B YacTHOCTH, paHee B Hallei nabopaTopum 6bIs10 N3YYeHO, YTO COMOIMMEPDLI HA OCHOBE
XUTO3aHa yNy4yllatoT KaTanMTUYecKne CBOMNCTBA U CTabunbHOCTb EWA [1].

B pa6oTe 6binu nonydyeHbl MIK EwWA n RrA ¢ xutozaHom (MM 7 k[a), xutozaH-MN3l u xutosaH-rnvkons (72 ka)
U IUHERHbIM NonaTuneHuMmHom (30-40 k[a). [laHHble MONMINEKTPOIUTbI Pa3fiyatoTca COCTAaBOM M MOJeKynsap-
HOW apxuTekTypol. Moamdukaumsa xuTo3aHa ¢ nomoLlbio M3 No3BoNSET NOMYYMTb CONONMMEpP C BapbUpyeMbIM
KOJIMYEeCTBOM CBOBOAHbIX aMUHOIPYNM, YTO OKa3biBaeT BAUSHWE Ha OBLLMIA NOTOXMUTENbHbIA 3apsf NOMYYEHHOrO
conosiMmepa B pacTBOpe, a TakKXXe Ha pacnpefenieHne 3apsa Ha MOBEPXHOCTU depMeHTa npu obpasoBaHum M3K.
AKTUBHOCTb nosyyeHHbix MN3K nsyyanu metogom K-cnektpomeTpum.

Bbino o6Hapy)eHo, YTO BblGpaHHble MONMANEKTPOSIUTLI MO-Pa3HOMY BNMAIOT Ha L-acnaparvHasbl: 3Hauu-
TenbHoe (8o 30%) yBenmMuyeHne akTMBHOCTM Habntoganoch ana MAK RrA-MAN. Y MK RrA ¢ xutosaH-MNal u xu-
TO3aH-T/IMKONEM aKTUBHOCTb YBenMYMBanacb, HO He3HaunTeNbHO. AKTUBHOCTb C XUTO3aHOM CHUXanacb Ha 10-
15 %. Ona EwA aktuHocTb MM3K co BceMu nonmkaTtnoHamum cHmxanacb Ha 20-35 %. BeposiTHO, Takoe pasnuuune
MOXET 6bITb CBA3aHO C pasHbiM MOBEPXHOCTHbIM 3apsifioM y EWA n RrA n apdeKkTMBHOCTbIO B3aUMOLENCTBUSA
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C NONM3NEKTPOIMTaMu. MonMKaTUOHbI MOTYT BAUATH HA ONIMTOMEPHbIV COCTaB hepPMEHTA, MUBMEHSS Mexcybbean-
HWYHble B3aMMOZENCTBUS, a TaKXKe Ha CBSA3bIBaHWe C Cy6CTPaTOM BOMN3M aKTUBHOIO LieHTpa. JaHHble GpakTopbl
MOTYT NPUBOAUTL KakK K CHUXXEHUIO, TaK U K YBENTMYEHUIO KaTalIMTUYECKOW aKTUBHOCTU dhepMeHTa. i3meHeHune
aKTUBHOCTM MOXET 6biTb HEMOCPEACTBEHHO CBSA3aHO C M3MeHeHeM pH onTumMymMa depmeHTa. Ons psaga MoK
Habntoganca casur pH onTumyma B 6onee kucnyto o6nactb. Tak, ana MK EwA ¢ xutozaHom pH onTuMyM akTuB-
HOCTU epMeHTa pe3ko cMecTuca ¢ 8.5 go 6,5 — 7.0. Peakuii casur pH-ontumyma MN3K o6ycrnoBieH OCHOBHbIM
XapaKTepoM XMTO3aHa Mo CPaBHEHMIO C XMTO3aH-T3l, y KOTOPOro YacTb aMUHOrPynn xuto3aHa M3lunupoBaHa.
,ﬂ,aHHbIe no TepMOCTa6MﬂbHOCTVI nony4yeHHbIX KOMMJ/1EKCOB NoKasasin, 4YTo UCnosibdyemMble NONIMKAaTUOHbI OKa3bl-
BatOT pa3HOe BMUSIHME HA YCTOMYMBOCTb K TepMofeHaTypauumn nsyyaemolx L-acnaparmHas. M3K RrA ¢ ynomsiHy-
TbIMU MOSIMKATUOHAMM OKa3asIMCb MeHee CTabWuibHbIMU Mocne MHKy6aummn npu 53 °C, yem HaTuBHas RrA. Man
oKasblBaJl fecTabunusupytollee agenctene Kak Ha EwA, Tak U Ha RrA, 4To roBOpUT O TOM, YTO CUJ/IbHOOCHOBHbIE
MOSIMKATMOHbI MOTYT HapyLlaTb CTabWUIbHOCTb 6e/IKOBOW rNo6Y bl MPU MNOBbILEHHbIX TEMMepaType U NPUBOAUTD
K noTepe aKTUBHOCTU depmeHTa. [Ina EWA koHcTaHTa uHakTueaumn (k. ) nocne uHky6auun npu 45 °C ana MK
C XMTO3aHOM CyLLeCcTBEHHO cHuxanachk (0.045 MuH") No cpaBHEHUIO ¢ HaTUBHbIM hepmeHToM (0.07 MuH"). Ons
M3K ¢ xutosaH-rnukonem k Takxe cHmxanacb Ha 40 %. Takum 06pasom, COMOSIMMEpbI XMTO3aHa OKasblBaloT
cTabunuaunpyrolee BAusiHMe Ha EwA.

Pa6oTa BbinonHeHa ¢ Ucnonb3oBaHueM o6opypoBaHusa (MK-Gypbe-cnektpomeTp Bruker Tensor 27 (Fepma-
Hus) 1 Jasco J-815 CD Spectrometer) no nporpamme passuTus MIY.
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CATALYTIC PROPERTIES AND THERMOSTABILITY OF POLYELECTROLYTE
COMPLEXES OF L-ASPARAGINASES OF ERWINIA CAROTOVORA AND
RHODOSPIRILLUM RUBRUM WITH POLYCATIONS

N.V. Dobryakova, E.V. Kudryashova
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Polyelectrolyte complexes (PEC) of L-asparaginases Erwinia carotovora (EwA) and Rhodospirillum rubrum (RrA) with
chitosan, chitosan-PEG, chitosan-glycol and polyethyleneimine (PEI) were obtained. For RrA PECs with polycation,
an increase in specific activities was observed. For EWA PECs, the activity decreased. EwA PECs with polycation
were more thermostable compared to the native enzyme; for RrA PECs, the thermostability decreased.

Key words: L-asparaginase; Rhodospirillum rubrum; Erwinia carotovora; polyelectrolyte complexes, polycations.

Bacterial L-asparaginases are enzymes that catalyze the hydrolysis of L-asparagine to L-aspartic acid and
ammonia. These enzymes are used to treat certain types of leukemia, particularly acute lymphoblastic leukemia
(ALL). One of the drugs currently used in practice is Erwinia carotovora L-asparaginase (EwA). Another promising
enzyme for treatment could be Rhodospirillum rubrum L-asparaginase (RrA), which has high antitumor activity.
However, these enzymes have a pH optimum shifted to the alkaline region and may not be sufficiently stable at
elevated temperatures. These factors affect the effectiveness of their use in therapy. Therefore, various methods
of enzyme modification using polymers are used to create a more effective drug with improved properties. In
particular, earlier in our laboratory it was studied that chitosan-based copolymers improve the catalytic properties
and stability of EwA [1].

PECs EwA and RrA with chitosan (MM 7 kDa), chitosan-PEG and chitosan-glycol (72 kDa) and linear
polyethyleneimine (30-40 kDa) were obtained. These polyelectrolytes differ in composition and molecular architecture.
Modification of chitosan with PEG makes it possible to obtain a copolymer with varying amounts of free amino
groups, which affects the total positive charge of the resulting copolymer in solution as well as the charge distribution
on the enzyme surface during PEC formation. The activity of the obtained PECs was studied by CD-spectrometry.
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It was found that the selected polyelectrolytes had different effects on L-asparaginases: a significant (up to 30%)
increase in activity was observed for RrA-PEI PECs. RrA PECs with chitosan-PEG and chitosan-glycol had increased
activity, but not significantly. Activity with chitosan decreased by 10-15%. For EwA, PEC activity with all polycations
decreased by 20-35 %. Probably, this difference can be attributed to the different surface charge of EwA and RrA and
the efficiency of interaction with polyelectrolytes. Polycations can affect the oligomeric composition of the enzyme
by changing the inter-subunit interactions as well as the binding to the substrate near the active center. These factors
can either decrease or increase the catalytic activity of the enzyme. Changes in activity can be directly related to
changes in the pH optimum of the enzyme. For a number of PECs, a shift in the pH optimum to a more acidic region
was observed. For example, for EWA PECs with chitosan, the pH optimum of the enzyme activity shifted sharply
from 8.5 to 6.5 to 7.0. The sharp shift in the pH optimum of PEC is due to the basic nature of chitosan compared to
chitosan-PEG, in which part of the amino groups of chitosan is PEGylated. Data on the thermostability of the obtained
complexes showed that the polycations used have different effects on the resistance to thermodenaturation of the
studied L-asparaginases. PECs of RrA with the mentioned polycation were less stable after incubation at 53 °C
than native RrA. PEIl had a destabilizing effect on both EwA and RrA, suggesting that strongly basic polycations can
disrupt protein globule stability at elevated temperatures and lead to loss of enzyme activity. For EwA, the inactivation
constant (k, ) after incubation at 45 °C for PECs with chitosan was significantly reduced (0.045 min™) compared with
the native enzyme (0.07 min™). For PECs with chitosan-glycol, k, also decreased by 40 %. Thus, chitosan copolymers
have a stabilizing effect on EwA.

The work was performed using equipment (Bruker Tensor 27 FTIR spectrometer (Germany) and Jasco J-815
CD Spectrometer) under the MSU development program.
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Bbin ocyuliecTB/ieH CUHTE3 HOBbIX NPOU3BOAHbIX Qa-IMNOEeBOW KUCNOTbI (Q-”K) C rMyTaTUOHOM ANA NoBbilleHNA
TepaneBTUYECKOro UX AENCTBUSA, 3almnTbl OT 6UoaerpagaLmnmn U NPONOHIMPOBAHHOIO BbICBOGOXAEHMSA AaHHbIX
cyb6CTaHUM.

KntoyeBble cnoBa: aHTUOKCUAAHTbI, KOHbIOraTbl, A-innoesas KUCNOTa, ryTaTUOH.

B HacTosiLLee BpeMs LepebpoBackKynsipHble 3a60/1eBaHUSA SIBNAIOTCA Hanbonee pacnpocTpaHeHHbIMU hopma-
mMu natonorun LUHC, BcneacTBme Yero akTMBHO M3y4aroTcs NaToPuanonormyeckme MexaHmambl 1 MaeHTUdULmMpy-
FOTCS NPUPOAHbIE UTN CUHTETUYECKMNE COeAUHEHUS, IDDEKTUBHO NPUMEHSIHOLLMECSA NPU NPodUIaKTUKe U Tepanum
JaHHbIX NaToniornii. K 0OCHOBHbIM MaToreHeTUYecKMM MexaHu3MaM ULeMUU rofIoBHOro Mosra OTHOCSHIT: BocCMa-
NMTeNbHblE peakLuu, BO3SHUKHOBEHWE U MPOrpeccMpoBaHNe OKWUCIMTENIbHOTO CTPecca, MUKPOLMPKYNATOPHbIE
HapyLLEHWS], CHUKEHME MO3roBOIr0 KPOBOTOKA, AecTpyKums 9B u ap. CUNbHO TOKCUYHbIE rnaponepekncu, obpa-
3ytowmecs B npotecce M0J1 n ADK, paspyLuatoT KNeToUYHYH0 MeMBpaHy 1 CTPYKTYpY KNeTKu. Ycyryonsaer nwemuye-
CKMiA NPOLIECC TaK>Ke 1 06pa3oBaHne 91MKO3aHOWU0B, Bbl3blBaOLMX arperayuio GopMeHHbIX 31eMeHToB Kposu([1].
BcnepcTeue aTOro BO3HNKAET HEOHXOAMMOCTb HanpaBeHHOro GapMaKonornyeckoro 4eNCTBMSA Ha NpoLecchl 06-
pa3oBaHuWs CBOGOAHbIX PaAUKaNoB U pa3paboTKM NTEKAPCTBEHHbIX NPenapaToB C aHTUOKCUMAAHTHbIM AENCTBUEM,
NPenATCTBYHOLLMX arperaunv TpOMOOUMTOB, YTOObI 3alMTUTb HEMPOHbI OT BO3AEWCTBUA (HaKTOPOB MaToNorum
LUHC. Han6onee nepcnekTUBHbIMU aHTUOKCUAAHTAMU ABASHOTCA a-nnnoeBas kucnoTa (a-J1IK) v rnyTaTuoH.
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a-J/lunoeBasi KnucnoTta sSABNASIETCA MOLLHbIM aHTMOKCUAAHTaM, CNOCO6HbIM BOCCTaHaBNMBATb 3a CYET OKMUC-
JNINTENbHO-BOCCTAaHOBUTE/IbHOMO LMKNA ApYyrue aHTMOKCUMAAHTbI, Takne Kak ButamuHbl C n E, noBbiwaTtb BHYTpU-
KIETOYHbIN YPOBEHb ryTaTUOHA, 3aluMLLaTb KNETKU U XUPHbIe KUCAOTbl OT OKUCIIUTENbHOMO MOBPEXAEHMUS,
npeaoTBpaLlaTb nepekucHoe okucnenune nunuaos (MOJT) u o6pasoBaHue akTUBHBIX hopM kucnopoaa (AGK).
OfHaKo akKTUBHOCTb Mornekysbl a-JIK orpaHMyeHa TaKMMU KpUTUYECKMMU haKTopaMiu, Kak HU3Kas pacTBOpu-
MOCTb, 6bICTPOE CBsi3blBaHWe C 6enkamMu 1 buogerpagaumsa nof AeUCTBMEM pasHblx GepMeHTOB Npwu nonaga-
HWUM B OpraHnaMm [2]. [NyTaTUOH, OCHOBHOW HU3KOMONEKYNAPHbIA aHTUOKCUAAHT, UrPaeT BaXXHYH POJib B KeT-
Kax, BKJIoYasi 3aLMTy TUOMNOBbIX FPynn 6e/IKOB OT OKUC/IUTENbHOIO NMOBPEXAEHUS U HENTPanM3auuio akTUBHbIX
dopm kncnopoaga. Cuctema rnytaTMoHa, CBA3biBaeT CBOGOAHbIE pajvKasbl, BOcCTaHaBAMBaeT npoaykTbl MO/,
6€KOB, HYKNEMHOBbLIX KUCOT U BbIBOAUT UX U3 OpraHuama B BUAE HETOKCUYHbIX coenHeHui. bbino nokasa-
HO, YTO HapyLleHWe OKUCNTENbHO-BOCCTAaHOBUTEIbHOMO FTOMEeOCTasa, CBA3aHHOE CO CHUXXEHMEM KOHLUEHTpaLmu
rnyTaTMOHa B KJleTKax, MPUBOAMUT K BOCMNasIMTeNbHbIM NMpoLieccam, YTo CTUMYNIMPYeT pa3paboTKy HOBbIX sieKap-
CTBEHHbIX NpenapaToB Ha OCHOBE rlyTaTUOHa U ero NPon3BoAHbIX [3].

Bcnepcteure aT0Oro uwenbio paboThbl IBASIETCA co3faHne KoHbtoratoB a-S1IK ¢ rnyTaTMOHOM M HaHOYacTUL, Ha
MX OCHOBe Asisi contobunuaaunm a-J1IK B BoAHbIX pacTBOpax, ee NposIOHrMPOBaHHOIO BbICBOBGOXAEHUS U 3aLLUTbI
oT 6uoferpagaumm npv nonagaHuun B opraHmam. [laHHble ambuduibHble NPOU3BOAHbIE MOTYT 06/1afaTh BbICO-
KUM 6MONIOrMYecknM AerNCTBMEM KaK B KJIETOYHON MeMbpaHe 3a cyeT Hanuums nunodunbHblx ocTaTkoB JIK, Tak
1 B UMTOMIa3Me.

CUWHTe3 NpOoM3BOAHbIX A-TMMOEBON KUCOTbI C FyTaTUOHOM OCYLLECTBAANCS ABYMSA nyTAMU. [NepBblin Bapu-
aHT CMHTe3a 3akJito4ascs B NoslyYyeHun KoHbtorata a-JIK ¢ rnytatmoHoM nepBoHavanbHoOW aTepudukalmen no
Cternuxy cnencepHoin Monekynbl U a-JIK npu kaTanuTuyeckom AencTeBun 4-gumetunamuHonupuamHa v 1,3-au-
LuKnorekcunkapéoanMmmuaa ¢ nocnegyowmm B3anmMoaencTBMemM o6pasoBaBLUero NpoaykTa MoOHO3aMelLLeHUs
C 3alMLLEeHHbIM FyTaTUOHOM B aHaslorMyHbIX ycrnoBusx. Jpyroi nyTb CMHTE3a 3ak/ovasncs B o6pa3oBaHUu
aMuAHOro KoHbtorata a-J1IK u rnyratmoHa npu Baammogencteun N-ruipokcucykunHummaHoro acguvpa a-J1K u 3a-
MELLEHHOro rnyTaTuoHa.

LleneBble coeAuHEHUs ouYULLANN METOAOM KOJIOHOYHOM U dnaw-xpomatorpadpun. CTPyKTypbl BCEX CUHTe-
3MpPOBaHHbIX COeAUHEHUIN Oblny noaTBepXxAeHbl MeTogoM TH-AMP-cnekTpockonuuM M Macc-CneKTPOMEeTpuUM.
[anbHeliwee yaaneHue 3alWMTHbIX FPYNM MOMyYeHHbIX KOHbIOraToB U pa3paboTka HAHOAUCTNEPCHUIA Ha X OCHOBE
MOXET NPUBECTU K MOSYYEHUIO NpenapaToB C BbICOKUM aHTUOKCUAAHTHbIM AeNCTBUEM.

Pa6oTa BbinosiHeHa B paMkax roc. 3agaHus (N2 roc. peructpauumm 122051600109-5).
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SYNTHESIS OF DERIVATIVES A-LIPOIC ACID WITH GLUTATHIONE

A.M. Inshakova’, V.A. Shchelkonogov'23, O.A. Baranova?,
A.V. Chekanov?, N.S. Shastina’, E.Yu. Solov’eva?, A.l. Fedin?

" MIREA-Russian Technological University (ITHT named after M.V. Lomonosov), 119571, Russia, Moscow, Vernadsky
prospectus, 86, e-mail: aminshakova@yandex.ru

2 Pirogov Russian National Research Medical University, 117997, Moscow, RF, Ostrovitianov str. 1.

3 Kotelnikov Institute of Radioengineering and Electronics, Russian Academy of Sciences, Fryazino, 1411790, Russia,
Fryazino, Moscow region, Vvedensky sq. 1.

Synthesis of new derivatives of a-lipoic acid (a-LA) with glutathione was carried out to increase their therapeutic
effect, protect against biodegradation and prolonged release of a-LA and glutathione from the obtained compounds
these substances.
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Currently, cerebrovascular diseases are the most common forms of CNS pathology, as a result of which
pathophysiological mechanisms are actively studied and natural or synthetic compounds are identified that are
effectively used in the prevention and/or treatment of pathologies. The main pathogenetic mechanisms of cerebral
ischemia include: inflammatory reactions, occurrence and progression of oxidative stress, microcirculatory
disorders, decrease in cerebral blood flow, destruction of BBB, etc. Highly toxic hydroperoxides formed in the
process of POL and ROS destroy the cell membrane and cell structure. The formation of eicosanoids, which cause
aggregation of shaped blood elements [1]. As a result, there is a need for directed pharmacological action on the
formation of free radicals and the development of drugs with antioxidant effects that prevent platelet aggregation
in order to protect neurons from the effects of CNS pathology factors. The most promising antioxidants are a-lipoic
acid (a-LA) and glutathione.

a-Lipoic acid is a powerful antioxidant, that can restore other antioxidants such as vitamins C and E through
the redox cycle, increase intracellular glutathione levels, protect cells and fatty acids from oxidative damage,
prevent lipid peroxidation and the formation of reactive oxygen species (ROS). However, the activity of a-LA
molecules is limited by such critical factors as low solubility, rapid protein binding, and biodegradation by various
enzymes upon ingestion [2]. Glutathione, the major low-molecular-weight antioxidant, plays important roles in
cells, including protecting the thiol groups of proteins from oxidative damage and neutralizing reactive oxygen
species. The glutathione system binds free radicals, restores the products of lipid peroxidation, proteins, nucleic
acids and removes them from the body in the form of non-toxic compounds. It has been shown that a violation of
redox homeostasis associated with a decrease in the concentration of glutathione in cells, leads to inflammatory
processes, which stimulates the development of new drugs based on glutathione and its derivatives [3].

Therefore, the purpose of this research work is to obtain conjugates of a-LA with glutathione and nanoparticles
based on them for the solubilization of a-LA in aqueous solutions, its prolonged release and protection from
biodegradation when it enters the body. These amphiphilic derivatives can have a high biological effect both in the
cell membrane due to the presence of lipophilic residues of a-LA and in the cytoplasm.

The synthesis of new derivatives a-lipoic acid with glutathione and was carried out in two ways. The first variant
synthesis consisted in the obtaining of an a-LA conjugate with glutathione by initial Steglich esterification of the
spacer molecule and a-LA by the catalytic action of 4-dimethylaminopyridine and 1,3-dicyclohexylcarbodiimide,
followed by the reaction of the resulting monosubstitution product with protected glutathione under analogous
conditions. Another synthesis route involved the formation of an amide conjugate of a-LA and glutathione by the
interaction of N-hydroxysuccinimide ester of a-LA and substituted glutathione.

Target compounds were purified by column and flash chromatography. The structures of all synthesized
compounds were confirmed by TH-NMR spectroscopy and mass spectrometry. Further removal of the protective
groups of the resulting conjugates and the development of nanodispersions based on them can lead to the
production of drugs with a high antioxidant effect.

This work was performed within the State Assignment (State Registration no. 122051600109-5).
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PaspaboTaHa MeToaMKa akcnpeccum bucneumduyeckoro rubpuaHoro 6enka SRH-DR5-B nyteMm ayToMHAyKUUK B
wrammMme E. coli BL21(DE3)pLys. HoBasi MeTofuMKa NO3BOJISET MOMYYNTb BbICOKME KOIMYECTBA aKTUBHOIO Liene-
BOro 6esika U3 pacTBOPUMOM KIeTOYHOM dhpaKLmK, Mpy 3TOM OT/IMYAETCSH TEXHONOMMYECKOW NPOCTOTON U 3KOHO-
MWYHOCTbHO.

KnioueBble cnoea: TRAIL; DR5; E. coli; akcnpeccusi; ayTOUHAYKLMS.

PaHee Mbl pa3zpaboTanu TEXHOMOMMIO NMONyYEHUsT PEKOMOBMHAHTHbIX 6E€/TIKOB Ha OCHOBE NMPOTMBOOMYX0IEBOr0
unTokmHa TRAIL B BbicOKOMNpouU3BoanuTenbHOM WwtaMmme E. coli SHuffle B[1]. Ha ocHoBe DR5-cneuunduyHoro MyTaHT-
Horo BapuaHTa umutokmHa TRAIL DR5-B, koTopblit cneyuduyeckn cBasbiBaeTcs ¢ pelentopomM cmeptu DR5, Hamu
6bl1 paspaboTaH HOBbIN PEKOMOUHAHTHbIN rM6puaHbii 6enok SRH-DRS-B, copepxalmini nentug SRHTKQRHTALH
Ha N-koHue DR5-B, o6nagatoLuii aHTUaHrMoreHHbIMy cBorcTBamm 6narogaps ab@uHHocTu kK peuentopy VEGFR2.
9kcnpeccus 6enka SRH-DR5-B 6bina nccneposana B wrammax E. coli SHuffle B, BL21(DE3) v BL21(DE3)pLysS agy-
Msi cnoco6amu: nyTeM MHAYKLUMM aKcnpeccun akTnusaTopom T7-npomoTopa UMTI, a Takxe nyTeM ayTOMHAYKLUN
[2]. Npu nHaykuum ¢ nomouwbio UMTI Bo BCex LWiTamMMax Hab0aaNCA BbICOKUIA YPOBEHb 9KCMPeccumn ruépua-
Horo 6enka SRH-DR5-B. OgHako, HeCMOTPS Ha TO, YTO paHee 6bIsIo onucaHo, YTo WwTamm E. coli SHuffle B moxeT
NPUMEHATLCA /15 SKCMPeccun 6eKoB NyTeM ayTOMHAYKLMM [3], B HALLMX SKCNepuMeHTax aKCNpeccus Lienesoro
6enKa npu ayTouHAYKL N B LAaHHOM LUTaMMe NPakTUYeCKn oTcyTcTBOBaNa. MakcmMmManbHbI YpOBEHb SKCMPECCUM
LeneBoro 6enka nyTemM ayToMHAayKuun Habntogancs B wramme E. coli BL21(DE3)pLys: npu MeHbLUei OnTUYecKom
NAOTHOCTU KJIETOK OH 6bl1 CONOCTaBMM C YPOBHEM aKcnpeccun npv nHaykumm UMTE B wrtamme E. coli SHuffle B,
npuW 3TOM COKpaTuiacb CTOMMOCTb U KONIMYECTBO CTaaui BUOTEXHONOMMYECKOro npoLecca.

CopepyxaHue LeneBoro 6enka B pacTBOPUMOW LuToMNIa3MaTmyeckon dpakuum npu sKCnpeccumn nyTem ay-
ToMHAYKUMM B WiTamMMe E. coli BL21(DE3)pLys 6bI510 He MeHbLue, YeM npu nHaykuumn UMTE B wrtamme SHuffle B,
crneumanbHO NpefHa3HauYeHHOM 4151 yyyLlleHUs pacTBOPUMOCTHM SKCNpeccupyemMblix 6enKkoB. MMépuaHbiin 6enok
SRH-DR5-B oumnwianu ns pacTBOpMMbIX KneTouHblx ¢ppakumnin BL21(DE3)pLys u SHuffle B meTogamu metann-ad-
(VHHOWM M MOHOOBMeHHOI XxpoMaTorpaduu. B pesynbrate 6b1/1 LOCTUNHYT CONOCTaBUMBbIN BbIXOZ, LieNeBoro 6enka
SRH-DR5-B (22 Mr 1 24 mr u3 200 Mn HouHbIx KynbTyp E. coli BL21(DE3)pLys u SHuffle B, cooTBeTcTBEHHO). N0
peaynbTatam refb-GunbTpauMoHHON xpomaTtorpadun, oba npenapata 6blIM FOMOTeHHbI U COCTOSIT U3 TPUMeEp-
HbIX MONEKY.

Bbicokas apduHHoCTb rnépuaHoro 6enka SRH-DR5-B, nonyyeHHOro nytem aKCrnpeccum B pasHbIx LWTaMmMax
E. coli, k peuentopam DR5 1 VEGFR2 6bina noaTesepxaeHa MeTogoM MMMyHOMEPMEHTHOro aHanuaa. buonoru-
yeckasi akTUBHOCTb rmbpugaHoro 6enka SRH-DR5-B 6bina nccnefgoBana ¢ nomoubto WST-1-TecTa Ha pasiMyHbIX
JIMHUAX OMyXxoJieBbIX KNeTok. HesaBMCMMO OT aKkcnpeccuMoHHoro wramMma E. coli, SRH-DR5-B acdhdekTnBHO ybu-
Basl KJIETKM KoslopekTanbHon KapumHoMbl HCT116 u rnnobnactombl U-87 1 T98G. Mpu aToM addhekTMBHas fo3a
(ED,,) SRH-DR5-B 6bina B HeCKONbKO pas Hike No cpaBHeHuto ¢ DR5-B.

B pe3ynbTaTe paboTbl 6bisia paspaboTaHa HoBas ahdeKTUBHAsi METOAMKA SKCMPECCUMN NPOTUBOOMNYX0NEBOIr0o
rmépugHoro 6enka SRH-DR5-B nytem aytouHaykuum B wtamme E. coli BL21(DE3)pLyS, no3sonstowas nonyumTb
BbICOKME KONIMYEeCTBa aKTUBHOMO 6e/1ika B paCTBOPMMOI hpaKLmmM 1 NPY STOM OT/IMYAETCA TEXHOOrMYECKOM Npo-
CTOTOW M 9KOHOMUYHOCTbIO 3aTpaT BPEMEHU 1 PeCYpPCOB.

WccnepoBaHve BbINOJIHEHO 3a cyeT rpaHTa Poccuiickoro HayyHoro ¢oHga N2 21-14-00224, https://rscf.ru/
project/21-14-00224/.
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A technique for the expression of the bispecific fusion protein SRH-DR5-B by autoinduction in the E. coli strain
BL21(DE3)pLys has been developed. The new technologically simple and economical technique allows to obtain
high amounts of active target protein from a soluble cell fraction.
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Previously, we have developed a technology for production of the recombinant proteins based on the antitumor
cytokine TRAIL in a highly productive E. coli strain SHuffle B [1]. Also, we have developed a new recombinant fusion
protein SRH-DR5-B containing the SRHTKQRHTALH peptide at the N-terminus of DR5-specific TRAIL mutant variant
DR5-B, which specifically binds to the DR5 death receptor and has antiangiogenic properties due to the affinity for
the VEGFR2 receptor. The expression of the SRH-DR5-B protein was studied in E. coli strains SHuffle B, BL21(DE3),
and BL21(DE3)pLysS in two ways: by induction of expression with the activator of T7 promoter IPTG, and also by
autoinduction [2]. Upon IPTG induction, a high level of the SRH-DR5-B fusion protein expression was observed in
all strains. However, despite that it was previously described that the E. coli strain SHuffle B is suitable for protein
expression by autoinduction [3], in our experiments there was fairly no target protein expression by autoinduction in
this strain. The maximal target protein expression level by autoinduction was observed in the E. coli strain BL21(DE3)
pLys: at a lower cell optical density, it was comparable to the expression level by IPTG induction in the E. coli strain
SHuffle B, with the reduced cost and steps of the biotechnological process.

The target protein content in the soluble cell fraction upon expression by autoinduction in the E. coli strain
BL21(DE3)pLys was as high as upon IPTG induction in the E. coli strain SHuffle B, which is specially designed
to improve the solubility of the expressed proteins. The fusion protein SRH-DR5-B was purified from the soluble
cell fractions of E. coli strains BL21(DE3)pLys and SHuffle B by metal affinity and ion-exchange chromatography.
As a result, a comparable yield of the target protein SRH-DR5-B was achieved (22 mg and 24 mg from 200 ml of
overnight cultures of E. coli strains BL21(DE3)pLys and SHuffle B, respectively). According to the size-exclusion
chromatography, both preparations were homogeneous and consisted of trimeric molecules.

The high affinity of the SRH-DR5-B fusion protein, obtained by expression in different E. coli strains, for DR5 and
VEGFR2 receptors was confirmed by ELISA. The biological activity of the SRH-DR5-B fusion protein was studied by
the WST-1 assay in various tumor cell lines. Regardless of the E. coli expression strain, SRH-DR5-B effectively killed
colorectal carcinoma HCT116 and glioblastoma U-87 and T98G cells. Also, the SRH-DR5-B effective dose (ED,)
was several times lower than that of DR5-B.

As aresult, a new effective technologically simple and economical technique for the expression of the antitumor
fusion protein SRH-DR5-B by autoinduction in the E. coli strain BL21(DE3)pLyS was developed, which allows to
obtain high amounts of the active target protein in the soluble cell fraction.

The research was funded by Russian Science Foundation grant No. 21-14-00224, https://rscf.ru/
project/21-14-00224/.
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B maHHoW pa6oTe 6bis1 BbIABEH ONTUMasbHbIA CPOK PasBUTUS NPU3HAKOB 6eTa-aMuiona MHAYLMPOBaHHOW 60-
nesHun AnbLrenmMepa ¢ MoOMOLLbHO NOBEAEHYECKUX TECTOB. Bblfio NoKasaHo, YTO 3HaUMMble YXYALLIEHUA KOTHUTUB-
HbIX GYHKLUMIA y caML0B HabodaroTca Yepes 8 Heflesb Noc/e BBeAeHus nentuaa 6eta-amunounaa.

KnioueBble cnoea: Mofie/iMpoBaHue 6oMe3Hu AnblreiiMepa; 6eTa-aMUION; TECT OTKPbITOro NoJisi; TeCT NaccuB-
HOro u3beraHus; BoAHbI NabupuHT Moppuca.

Ha cerofiHsAWHWIA AeHb NedeHne 6one3Hn AnbureiiMepa (BA) aBnseTcsa akTyasnbHOM 3agayveit 6uoMeauLMHbI U
Henpo6uonornv. OCHOBHbIMKU cMMITOMaMu BA siBnsitoTcsA nporpeccupytoLLasi noTeps NamMsATH U fe30pueHTaums
B MPOCTPaHCTBe, @ NaToMoph0oornyecknMmn NpusHakamMm SiBASKOTCA OT/IOXKeHWe 6eTa-amunonaa v Tay-6enka B
rO/TIOBHOM MOST€, U KaK ClefCcTBUe - rnbenb 60MblUoro Yncna hyHKLMoHanbHbix HelpoHoB [1]. CyliecTytoume
TepaneBTUYECKUE MOAXOAbl He MO3BOMAKT AO0OUTHCA BbI3LOPOBAEHUS NALMEHTOB, @ CMOCO6HbI NWLb 3aMef-
NUTb HenpoaereHepauuto 1 06nerynTb CUMNTOMbI 6011€3HU. TakM 06pa3oM, A8 MOMCKa U OLEHKM Pas3inyHbIX
cTpaTerui fie4eHnst HeO6XO4UMbI UCCNEef0BaHUS Ha 1abopaTOPHbIX XUBOTHbIX. [n1A 3TUX Lenei NpoBOAAT CTe-
peoTakcuyeckoe MogenupoBaHue BA. CyLiecTByeT MHOXeCTBO MPOTOKOJIOB A1 MOAENMPOBaHusA 601e3Hn Anb-
ureiMepa Ha rpbl3yHax, OfHaKo HeT OAHO3HaYHbIX AaHHbIX O CPOKaX Pa3BUTUS NPU3HAKOB 3aboneBaHus. Takum
06pa3om, Liefibio JaHHOTro UCCeloBaHWA CTasno onpefesiMTb CPOKM PasBUTUS 6eTa-aMuIons MHAYLMPOBaHHOM
60ne3HM AnbLreiiMepa y Kpbic.

B nccnegoBaHum 6biM UCMOJIb30BaHbl caMLibl KpbIC IMHUMK BucTap B BoapacTe 6 MecsueB (n=30). CuHTeTU-
YecKui KpbICUHbIN 6eTa-aMunong (2,5 HMonb) BBoAMNM B 06beMe 5 MK B 06a nosyLuapusi B 061acTb FUNMNoKam-
na. [1na cpaBHEHWA 6blIM UCMOMIb30BaHbl MHTAKTHbIE KPbICbI Y XXMBOTHbIE, KOTOPbIM BBOAWAN PBS B 06beMe 5
MKJ1. [1n§a BbIABNEHNA NPpU3HaKoB 6051e3HM ANbLireiiMepa 6blnv NPOBEAEHbI CNeAyoLLMe TECTbI: OTKPbITOE MNone,
y3HaBaHue npenmMeToB, Y-nabuMpuHT, NacCMBHOE M3beraHne v BOAHbIN nabupuHT Moppuca. TecTbl NpoBoAWN
Yyepes 4 Hefenv nocre BBefeHUs1 6eTa-aMUNoMaa U B Te4eHWe nocneayowmx 4 Hegenb. 05 oLeHKU n 06paboT-
KM JaHHbIX, NOJly4YeHHbIX NOcfie TeCTOB, NPOBOAMAN CTaTUCTUYECKUI aHanns3 B nporpammax GraphPad Prism 8,
Statistica.

MNoka3aHo, YTO 3HaUMMble YXyALIEeHUs NoKa3aTenel B Y-nabupuHTe 1 BOAHOM nabupuHTe Moppuca Habnoga-
JIUCb Yepes 8 HefleNb MocCse BBeAEHNA 6eTa-aMWUIoMaa camuaM B Bo3pacTte 6 MecsLEeB, TOrAa Kak B KOHTPOJIbHOW
rpynne v rpynne PBS He Ha6ntoAanocb KakMx-mMbo HapyLleHui.

BbisiBNeHHble HapyLleHWA MOTyT CBMAETENbCTBOBATb O MOTEpe MHTepeca Y XMBOTHbIX, HapyLUEeHWIO MaMATK
M [e30pMeHTaLMM B NPOCTPAHCTBE. 3TN NpoLecChl ABSKOTCS OCHOBHbIMKU cumnTomamu bA, HabntogaeMbiMu
y nauueHToB. TaknuM 06pasom, Npu CTepeoTakCUYeCKOM BBeeHWN 6eTa-aMunonaa B runnokamn npusHakm bA
NposIBNAIOTCA YXKe Yyepes 8 Hedenb. [laHHasa MofeNlb MOXeT 6blTb PEKOMeHA0BaHa AJ1s1 AallbHeWLLIero nsy4yeHus
TepaneBTUYECKMX NpenapaToB Mpu le4eHnn 6onesHn AnbLrenmepa.

Pa6oTa BbinonHeHa npu noaaepxxke PHO (rpaHT N2 22-1500141).
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In this study, we identified the optimal time frame for the development of signs of beta-amyloid-induced Alzheimer's
disease using behavioral tests. It was shown that significant cognitive impairments in males were observed 8
weeks after injection of the beta-amyloid peptide.

Key words: Alzheimer's disease modeling; amyloid beta; open field test; passive avoidance test; Morris water
maze.

Today, the treatment of Alzheimer's disease (AD) is an urgent task in biomedicine and neuroscience. The main
symptoms of AD are progressive memory loss and disorientation in space, and pathomorphologic signs are the
deposition of beta-amyloid and tau protein in the brain, and as a consequence, the death of a large number of
functional neurons [1]. Existing therapeutic approaches do not allow patients to recover, but can only slow down
neurodegeneration and ease the symptoms of the disease. Thus, laboratory animal studies are needed to find and
evaluate different treatment strategies. For these purposes, stereotactic modeling of AD is performed. There are
many protocols for modeling Alzheimer's disease in rodents, but there is no definitive data on the timing of the
development of iliness signs. Thus, the aim of this study was to determine the timing of the development of beta-
amyloid-induced Alzheimer's disease in rats.

Male Wistar rats aged 6 months (n=30) were used in the study. Synthetic rat beta-amyloid (2.5 nmol) was
injected in a volume of 5 pl in both hemispheres in the hippocampal region. For comparison, we used intact rats
and animals that were injected with PBS in a volume of 5 pl. To detect signs of Alzheimer's disease, the following
tests were performed: open field, object recognition, Y-maze, passive avoidance test and Morris water maze. Tests
were performed 4 weeks after administration of beta-amyloid and for the next 4 weeks. To evaluate and process
the data obtained after the tests, statistical analysis was performed in GraphPad Prism 8 and Statistica programs.

It was shown that significant deterioration of indicators in the Y-maze and the Morris water maze was observed
on 8 weeks after injection of beta-amyloid to males aged 6 months, while no violations were observed in the control
group and the PBS group.

The detected disorders may indicate a loss of interest in the animal, memory impairment, and disorientation
in space. These processes are the main symptoms of AD observed in patients. Thus, with stereotactic injection of
beta-amyloid into the hippocampus signs of AD appear after 8 weeks. This model can be recommended for further
study of therapeutic drugs in the treatment of Alzheimer's disease.

This work was supported by the Russian Science Foundation (grant No. 22-1500141).
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WccnepoBaHo BNUsHWE ABYX NPOU3BOAHBIX B-LMKNOAEKCTPUHA Ha B3auMogencTeume GTopxMHoIoHa neBodIoK-
cauuHa ¢ IMNuAHbIM 6KUcnoeM (MMNnocoMamm) U KNeTouHbIMU MembpaHamu 6akTepuit L. fermentum w E. coli.
O6Hapy»eHo, YTO KOMMNIEKCO06pa3oBaHune NIeBO(IOKCALMH-LUKIOAEKCTPUH YCUMBAET aacopbuuto npenapaTta
Ha rpamMoTpuLaTesibHble KNeTKu.

KnioueBble cnoga: eBoth0KcaLuH; IMNOCOMbI; agcopbuus; E.coli; L. fermentum

NHdeKUMOHHble 3aboieBaHNs NPeCTaBAAOT CO60M CepbE3HYIO Yrpo3y A/sl 30P0OBbS YenoBeka. AHTUbaK-
TepuanbHble npenapaTbl 3aHUMalOT OfHY M3 rMaBHbIX NO3ULMIA B Tepanuu uHbekunin. OgHUM 13 Hambonee Ya-
CTO UCNOMb3YEMbIX NIEKapCTB ABNSOTCA HTOPXMHOMOH NneBodrnokcaumH (J1B), KOTopblil NpUMeHsieTcst ANis fede-
HWUA LUMPOKOrO CrekTpa 6akTepuanbHbiX 3a6oneBaHnin, B TOM Yncie u 6akTepranbHON MHEBMOHMU, BbI3BaHHOM
SARS-CoV-2 [1]. OnuTenbHblii Kypc Tepanuu ¢ NpUMEHEHWEM BbICOKMX J03MPOBOK JIB MOXeT conpoBoXAaTbecs
pasBuUTUEM psfa No6oYHbIX ahdekToB [2]. Ans ynydweHus aeicTeus J1B npegnaraeTcs UCMONb30BaHWE CUCTEM
[OCTaBOK Ha OCHOBE LIMK/I0AEKCTPUHOB.

L[ saBnstoTcss 6GUOCOBMECTUMbIMU HETOKCUYHbBIMU COEANHEHNSAMMU, MPEACTaBAAIOW MMM COBON LUKNYECKne
MOneKyfbl U3 ocTaTkoB D-rntokonupaHosbl. [pocTpaHcTBeHHas cTpykTypa LI, HanoMuHaeT yceuyeHHbIn KOHYC
WAV TOp C rMAPOdUILHON MOBEPXHOCTbIO U TMAPO(O6HON NONOCTbIO, KyAa MOryT BCTpanBaTbCs pasfiMyHble ru-
Opodo6Hble MoNieKybl IeKapcTB, B TOM unche 1 J1B [3, 4]. OaHoI U3 BaxkHelLwmMx 3ajad ABAseTCA UccefoBaHune
NoA06HbIX KOMMIEKCOB C 6MONOrMYECKUMIN 06 beKTaMM: IMNUAHbIM 6UCI0EM U 6aKTepuanbHON NOBEPXHOCTbIO
KJIETOK.

B flaHHOW paboTe U3y4YeHo BUsiHKE ABYX NpouaBoaHbix LI (MeTun-LA v rugpokcunponun-LId) Ha B3aumo-
nencTeue J1B ¢ nunocoManbHbIM 6UcioeM. YCTaHOBEHO, YTO 06a Tuna LI, B 3HaUNTENbHOM CTeNeHU yCUnnBatoT
apcop6uuto J1B Ha nMNuAaHble BE3UKYIbI.

NccneposaHa agcopbums J1B n ero komnnekcos ¢ L[l Ha peanbHbIx 6akTepuanbHbIX 06bekTax: rpammno-
noxuTtenbHbix Lactobacillus fermentum 90T-C4 v rpamoTpuuatenbHbix E. coli JM 109. Apcop6uus J1B n J1B-L11,
okasanacb Ha 15% cunbHee Ha E. coli, yem Ha L. fermentum, npu KoHueHTpauusx J1IB 20-200 mkr/mn. TakoMn
addekT, N0-BUAMMOMY, CBSI3aH C pa3fNyHbIM CTPOEHNEM NOBEPXHOCTU KJ1IETOUHbIX CTEHOK 6akTepuii. Kak ans
knetok E. coli JM 109, Tak n gns L. fermentum 6b1710 nony4yeHo, yto J1B-rugpokcunponun-LU [ agcopbupyetcs
noytn B 2 pasa nyyuwe, yem JIB-metun-U. Takum obpasom, J1B-rugpokcunponun-LiLl snsietcs 6onee nep-
CMeKTMBHbIM HOCUTENEM NleKapCTB Mo cpaBHeHuto ¢ meTun-LIA. Kak cnegcteue ycunernve agcopbuuu J1B Ha
6aKTepusax CNoco6CTBYET YCUEHMIO aHTMOaKTepranbHON akTUBHOCTK J1B.

Pa6ota BbinonHeHa c ucrnonb3oaHnem MK-®Oypbe cnekTpomeTtpa Tensor 27 Bruker n crieKTpoMeTpa KpyroBoro
Anxpousma Jasco J-815 npu nogaep)xkke nporpaMmbi pas3Butust MIY.
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INTERACTION OF LEVOFLOXACIN AND IT'S COMPLEXES WITH
CYCLODEXTRINS WITH LIPOSOMAL BILAYER AND CELL'S SURFACES OF
ESCHERICHIA COLI AND LACTOBACILLUS FERMENTUM
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The effect of two B-cyclodextrin derivatives on the interaction of levofloxacin fluoroquinolone with the liposomal
bilayer (liposomes) and cell membranes of L. fermentum and E. coli bacteria was studied. It was found that the
complex formation of levofloxacin-cyclodextrin enhances the adsorption of the drug on gram-negative cells.

Key words: levofloxacin; liposomes; adsorption; E.coli; L. fermentum

Infectious diseases is a serious threat to human health. Antibacterial drugs occupy one of the main positions
in the treatment of infections. One of the most commonly used drugs is fluoroquinolone levofloxacin (LV), which is
used to treat a wide range of bacterial diseases, including bacterial pneumonia caused by SARS-CoV-2 [1]. A long
course of therapy with the use of high doses of LV may be accompanied by the development of a number of side
effects [2]. To improve the effect of LV, it is proposed to use delivery systems based on cyclodextrins.

CD are biocompatible non-toxic compounds, which are cyclic molecules from the residues of D-glucopyranose.
The spatial structure of the CD resembles a truncated cone or torus with a hydrophilic surface and a hydrophobic
cavity, where various hydrophobic drug molecules, including LV [3, 4], can be embedded. One of the most important
tasks is to study such complexes with biological objects: the lipid bilayer and the bacterial surface of cells.

In this paper, the effect of two CD derivatives (methyl-CD and hydroxypropyl-CD) on the interaction of LV with
the liposomal bilayer was studied. It was found that CD significantly enhance the adsorption of LV on lipid vesicles.

The adsorption of LV and its complexes with CD on real bacterial objects was also studied: gram-positive
Lactobacillus fermentum 90T-C4 and gram-negative E. coli JM 109. The adsorption of LV and LV-CD was 15%
stronger on E. coli than on L. fermentum, at concentrations of LV 20-200 mcg/ml. This effect seems to be related
to the different structure of the surface of the bacterial cell walls. Both E. coli JM 709 and L. fermentum cells have
shown that LV-hydroxypropyl-CD is adsorbed almost 2 times better than LV-methyl-CD. Thus, LV-hydroxypropyl-CD
is a more promising drug carrier compared than methyl-CD. The increased adsorption of LV on bacteria contributes
to the enhancement of the antibacterial activity of LV.

The work was performed using equipment (FTIR spectrometer Bruker Tensor 27 and Jasco J-815 CD Spectrometer)
of the program for the development of Moscow State University.
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AMONTO3A: PACHET KWHETUYECKUX KOHCTAHT U KBAHTOBbIX
BbIX040B N0 KWHETUKE AKTUBUPOBAHHOW XEMUTIOMUHECLLEHL,UW.
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LITOXpOM C B K/eTKe, B BOAHON Cpeae WU B HEMOMSAPHOM OKPYXXEHUM MOXET HaxoAWUTbCA Kak B CBOGOAHOM
COCTOSIHUW, TaK U B KOMIMJEKCe C KapAnonunuHoM. B nocrnegHeM criyyae oH YaCTUYHO AeHATypUpOBaH, Xapak-
Tepusyetca crieunduyeckon KoHpopmalmen, obnagaer NepokCMAasHONW aKTUBHOCTbIO U SIBAAETCA BaXHbIM
KOMMOHEHOM MPOoarnonTOTUYECKUX CUTHaSIbHbIX nyTel [1,2,9]. Pasnnuns Mexay HaTUBHbIM LIMTOXPOMOM C U KOM-
MNIEKCOM LIUTOXPOM C—KapAMOJIMMNUH PErMCTPUPYIOTCS MO CrieKTpaMm NornoLeHus 1 GpyopecLeHLmm, a Takxe no
BbIpaXXeHHOW NepoKCMAAsHOM aKTUBHOCTY MOCNEeAHEro U XeMUTFOMUHECLIEHLIMK, COMPOBOXAaoLLEN 3anycKae-
Mble UM CBO6OAHO-pafivKanbHbIX NpoLecchl. Ha ocHoBe aToro 6b110 paspaboTaHo NporpaMMHoe obecreyeHue
[N aBTOMaTUYECKOro pacyeta KMHETUYECKMX MapaMeTpoB M KBAHTOBbIX BbIXOAOB, NMEPEeKUCHOIO OKUCIIeHUs
NMMNUO0B aKTUBUPOBAHHON XEMUTIFOMUHECLIEHLIMM N BUSYann3aLnm MOAEbHbIX KPUBbIX

KnioueBble cnoBa: CeHCrbunnM3aTopbl, LUTOXPOM C, KApANOUMMH, KYyMapuHOBbIN akTusatop C-314

B pamkax u3dyuyeHusi CBONCTB pPas3fIMyHbIX BELLECTB, MPUIOAHbIX AJ1Si XMMUOTepanmMm OHKOI0rMyeckmx 3abo-
NEeBaHUiA, ccneaoBascs NPUPOAHbINA anonToreH — KOMMIEKC LIUTOXPOMaA C C KapAUOMINMHOM (LieneBble nocrne-
nosaTtenbHocTh V1, AAGAAGTACATCCCTGGAACA,V2,AAGCACAAGACTGGGCCAAAT)[9], aBnstowmitca Katanu-
3aTOpPOM MpoLecca NepeKUCHOro OKUCIIEHUs IMMUAOB U TpUrrepoM anonTosa [1, 2]. Mpoleccbl NepekncHoro
OKUCTNEHWSI OTCIIEXUBAMNUCh MO KMHETUKE aKTUBUPOBaHHOMN xeMuntoMuHecueHuum (XI1)[7], ¢ ucnonb3oBaHuem
cneumanbHo pa3paboTaHHOro NPOrpaMMHOro MPOAYKTa, MO3BOJIAIOLLLEr0 ONTUMU3NPOBATb MOAEMPOBaHMWE MpPo-
TeKalLmx B cUCTeMe NPOLLECCOB M MakKCMMaslbHO TOYHO paccyuMTaTb KUHETUYecKne nmapamMeTpbl CUCTeMbI. B
xofe paboTbl 6bI/IM MPOMOAENNPOBaHbI UBMEHEHUSI UHTEHCMBHOCTKU XJ1 B pasHbix 061acTAX CNeKTpa, B 3aBUCK-
MOCTV OT KOHLieHTpaumu akTueaTopa [3].

B kauyecTBe dumsmyeckoro aktueaTopa XJ/1 iMNnAoB MCMONb30Banu NPUPOAHbIA KYMapWUHOBbIN KpacuTenb
C-314, yBennumnBaroLLMin €e MHTEHCMBHOCTb Ha HECKOSIbKO MOPSAKOB 3a CYeT TPUMIeT-TPUMIETHOrO nepeHoca
3HEprum ¢ Bo36yXAEeHHbIX YpOBHEN Kap6oHUIoB L=0%, o6pasyroLimxcs B peakLmm JUCMyTaLmum IMnonepoKcusib-
HbIX paankanos LOO*, KoTopble, B CBOK 04Yepefib, FeHePUPYHOTCA NP NepeKMcHOM OKUCIEHUM NUNUAoB.[2,5]

XeMWUNtoOMUHeCLeHLMS], CONPOBOXAAtoLLasi PeKOMBUHALMIO NMNMUAHBIX PaAMKanoB, reHepupyeMbIx BChej-
CTBUE NepoKCUAa3HON aKTUBHOCTU KOMIMEKCa LMTOXPOM C—KapAWONMWH, akTUBMPYETCA NMPUPOAHbLIMU Kpacu-
TENSAMU, TaKUMU KaK KyMapuHbl. ipKUM NpuMepoM ABnsieTcst ceHenbunusatop C-314. OH yCTOMYMB K MPSIMOMY
OKMCIIEHMIO NMEPOKCUAOM BOAOPOAA, MOSTOMY He BAMUSET Ha MPOTEKaHMe NNMoNepoKcuaasHbIxX peakumin n Asns-
eTcs pmsmyeckmM akTuBaTopoM. McnonbsoBaHme C-314 1 gpyrux Nnofo6HbIX KpacuTenei No3BoNsieT ¢ BbICOKOM
TOYHOCTbIO PErMCTPUPOBATbL KMHETHUKY 06pa30BaHNUsA NIMNUAHbIX PaAUKanoB B 3TON CUCTEME U, CrieloBaTEe/bHO,
oLeHuBaTb MePOKCMAAa3HY aKTUBHOCTb LIMTOXPOMa C.

MocneaHsis, Kak M3BecTHo [9], ABnseTcs HEO6XOANMbIM 3TanoM B PasBUTWM anonTosa no MUTOXOHAPWarb-
HOMy nyTu. MOMMUMO UCCNeoBaTENbCKOMrO MHTEPECa, 3TOT acnekT MOXET NPeACTaBsATb 0CO6YH BaXKHOCTb AJ1s
Tepanuu 3/10Ka4YeCcTBEHHbIX 3a601eBaHUI 3a CYET HanpaBfIeHHOW CTUMYNALMM arnonTo3a B 3/10Ka4eCTBEHHbIX
K/eTKax C MCMosb30BaHWEM KOMIIEKCa LLMUTOXPOM c—KapanonunuH [1,3,4].

Bbino paspaboTaHo nMporpamMMHoe obecrneyeHve ANa pacyeTa napamMeTpoB GU3NYECKON U XUMUYECKOW
KMHeTUKn MeTtoga XJ1 B npucyTcTBun kymapuHa C-314; npvpofa XeMuItoMUHECLLEHTHOrO npoLecca KOHTPOou-
poBanacb nyTeM cpaBHeHUA crnekTpa XJ1, KoTopble UMeNn BUAUMbIE OT/IMYUS, MEXAY COBCTBEHHOW W aKTUBMPO-
BaHHoM XJ1 cuctembl. PacCCMOTPEHO 1 peanM30BaHO HECKO/bKO anropuTMOB pPeLleHns JaHHOW 3aa4um Ha A3blke
C++, KaXAbli1 U3 KOTOPbIX MOLIAroBO CPaBHUBANCA C aKCNepuMeHTOM. bdeKTUBHOE pelleHne 6b110 HangeHo
METOAO0M HaUMEHbLUMX KBagpaToB [3,6].

MNMokasaHo, YTO KapAUONUMUH ABNSETCA MPOTOHHON JIOBYLUKON, CTabunuanpys pH B MeXXmMeM6paHHOM Mnpo-
cTpaHcTBe [8,9].
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Takum o6pa3oM paspaboTaHHOE NpPorpaMMHOe obecreyeHne NpUrogHo A aBTOMaTM3MpPOBaHHOMO Noa6o-
pa napameTpoB XMMUYECKMX peaKL Ml Ha OCHOBAHWUM JaHHbIX XMMUYECKON KMHETUKM A1A aHanM3a pakoBbIX Kie-
TOK, KOTOpble UMEKT CBOWCTBA NMPOTUBOCTOATb anonTosy U MyTaL[MVI, KOTOpble ABNAKTCA I'IpVI‘-IVIHOI?I noaBneHusa
pa3HOro pofia MeTacTasMpoBaHus, a Tak XXe MeToAa aBToMaTU3aLUmMm noabopa peareHToB Ha OCHOBaHUU AaHHbIX
KBaHTOBOM TEeopnun u d)l/l3|/|‘-IeCKOl7I KWHETUKN ANna aHanmsa npupoaHbiX anonToreHoB ABNAOLWUXCA OCHOBOM ana
co3daHunA nekapcTte M npusoasulime K yCuneHmro conpoTnBidgdemMoCTn opraHmMsmMa K BO3,D,eI7ICTBI/IIO pasInYHbIX
(akTopoB

Mbi xoTenn 6bl Bblpa3uTb Hally 61aroapHOCTb PyKOBOAMTENSIM 3@ UX LEHHbIN BK1aj B MN1aHMpOBaHUeE UC-
c/1efjoBaHus, a UMEHHO akaeMuky, npogeccopy Opuro AHapeesudy BnagummpoBy, akynbTeT pyHAaMeHTabHOM
meanLmHbl MOCKOBCKOIro rocy4apCTBEHHOro yHuBepcuTeTa u npogpeccopy AHatonuno Hukonaesudy Ocunoy, Me-
AIMKO-6MOSIornyeckuii hakynbTeT POCCUIICKOro HalMoOHaIbHOro MCCEeA0BaTeIbCKOro MEANLMHCKOro yHUBEPCUTE-
Ta uMm. H.W. lNuporosa.
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STUDY THE ROLE OF CYTOCHROME C COMPLEX WITH CARDIOLIPIN IN THE
CATALYSIS OF LIPID PEROXIDATION AND THE INITIATION OF APOPTOSIS:
CALCULATION OF KINETIC CONSTANTS AND QUANTUM YIELDS BASED ON
THE KINETICS OF ACTIVATED CHEMILUMINESCENCE.

L.N. Levchenko, G.K. Vladimiroy, I.V. Volodyaev

Moscow State University, Faculty of Physics, Moscow, Russia
119234, Moscow, Kolmogorova str,, 1, p. 2
e-mail: irnlevchenko@gmail.com

Cytochrome c in a cell, in an aqueous medium or in a non-polar environment can be both in a free state and in
complex with cardiolipin. In the latter case, it is partially denatured, characterized by a specific conformation, has
peroxidase activity and is an important component of proapoptotic signaling pathways [1,2,9]. Differences between
native cytochrome c and the cytochrome c—cardiolipin complex are recorded by the absorption and fluorescence
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spectra, as well as by the pronounced peroxidase activity of the latter and chemiluminescence accompanying
the free radical processes it triggers. Based on this, software was developed for automatic calculation of kinetic
parameters and quantum yields, lipid peroxidation of activated chemiluminescence and visualization of model
curves.

Key words: Sensitizers, cytochrome c, cardiolipin, coumarin activator C-314

As part of the study of the properties of various substances suitable for cancer chemotherapy, a natural
apoptogen — cytochrome ¢ complex with cardiolipin (target sequences :V1, AAGAAGTACATCCCTGGAACA V2,AA
GCACAAGACTGGGCCAAAT) was studied[9], which is a catalyst for the process of lipid peroxidation and a trigger
of apoptosis [1, 2]. The processes of peroxidation were monitored by the kinetics of activated chemiluminescence
(CL)[7], using a specially developed software product which is used to optimize modeling of processes occurring
in the system and calculating the kinetic parameters of the system as accurately as possible. In the course of the
work, changes in the intensity of CL were modeled in different spectral regions, depending on the concentration of
the activator [3].

Natural coumarin dye C-314 was used as a physical activator of CL lipids, increasing its intensity by several
orders of magnitude due to triplet-triplet energy transfer from excited levels of carbonyls L=0* formed in the
dismutation reaction of lipoperoxyl radicals LOO*, which, in turn, are generated during lipid peroxidation[2,5].

Chemiluminescence accompanying the recombination of lipid radicals generated due to the peroxidase activity
of the cytochrome c—cardiolipin complex is activated by natural dyes such as coumarins. The sensitizer C-314 is
a striking example. It is resistant to direct oxidation by hydrogen peroxide, therefore it does not affect the course
of lipoperoxidase reactions and is a physical activator. The use of C-314 and other similar dyes makes it possible
to register the kinetics of the formation of lipid radicals in this system with high accuracy and, consequently, to
evaluate the peroxidase activity of cytochrome c.

The latter, as [9] is known, is a necessary stage in the development of apoptosis along the mitochondrial pathway.
In addition to research interest, this aspect may be of particularimportance for the treatment of malignant diseases
due to the directed stimulation of apoptosis in malignant cells using the cytochrome c—cardiolipin complex [1,3,4].

Software was developed to calculate the parameters of the physical and chemical kinetics of the CL method
in the presence of coumarin C-314; the nature of the chemiluminescent process was controlled by comparing the
spectrum of CL, which had visible differences, between the proprietary and activated CL system. Several algorithms
for solving this problem in C++ were considered and implemented, each of which was compared with an experiment
step by step. An effective solution was found by the least squares method [3,6].

It has been shown that cardiolipin is a proton trap, stabilizing the pH in the intermembrane space [8,9].

Thus, the developed software is suitable for automated selection of parameters of chemical reactions based
on chemical kinetics data for the analysis of cancer cells that have properties to resist apoptosis and mutations
that cause the appearance of various kinds of metastasis, as well as a method for automating the selection of
reagents based on quantum theory and physical kinetics data for the analysis of natural apoptogens that underpin
the creation of drugs and lead to increased resistance of the body to the exposure to various factors

We would like to express our gratitude to the leaders for their valuable contribution to contribution to study
planning, namely Academician, Professor Yuri Andreevich Vladimirov, Faculty of Fundamental Medicine of Moscow
State University and Professor Anatoly Nikolaevich Osipov, Faculty of Biomedical Sciences of the Pirogov Russian
National Research Medical University.
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Tekyuian paboTa NocesALLeHa MaTeMaTUYECKOMY MOZENMPOBAHMIO MPOLIECCOB OKUCIUTENBHOW Aerpagauunv nu-
NUAOB M COMPOBOXAAIOLLEN ero xeMuntomuHecueHuun (XJ1), sanyckaemblx koMnaekcom CytC-CL B MmeM6paHe.
dopmurpoBaHuMe NoANMHHON MOAENM 3TOrO MpoLecca No3BoJsieT UCMNob30oBaTb MeToAbl XJ1, Kak crnocob Kop-
PEeKTHOW OLeHKN GepMeHTaTMBHON akTMBHOCTM CytC-CL, TO ecTb TllaTeNbHee uccnenoBaTb €ro NoBefeHue B
passIMYHbIX YCITOBUSIX.

KnioueBble cnoBa: CeHCrbunmMsaTopbl, LUTOXPOM C, KapANOUMKH, KyMapUHOBbIN akTuBaTop C-314, KBaHTOBbI
BbIX0O[,

XemuntoMuHecueHums (XJ1) conpoBoXaaeT peakLumm PeKOMBUHALMKN NMEPEKUCHDBIX PagUKanoB 1 Apyrue, yHu-
KasibHble MpoLecchl C Ux yyactvueM. KBaHTOBbIM BbIXOA, CIOHTaHoN XJ1 3HaunTenbHO Man.

MpuMeHeHne GU3NYECKNX aKTUBATOPOB CMOCOBCTBYET YCUNIEHUIO CBEYEHUA Ha 2—3 nopsiaka He BAUAS Ha
XMMUYECKUe npoLiecchl, Npoxogsiime B cucteme. Hanpumep, dmsmnyeckunin aktueatop C-314 nepexBaTbiBaeT
BO36Y)XJEHWE Yy TPUMNIETHO-BO36YXXAEHHbBIX KETOHOB, 06pa3yroLLMXCS NPU PeKOMOUHALMM NEPEKUCHBIX pajuKa-
OB N0 MexaHu3My Paccena u, npu aToM, UMeeT KBaHTOBbIV Bbixog, XJ1 Ha 3—4 nopsifika Bbllle, Y4eM caMu BO36YX-
[leHHble KeToHbl [4,6]. TaknuMm o6pasom, XJ1, akTMBMpOBaHHas KyMapuHOM C-314 uMeeT MHTEHCUBHOCTb B ~1500
pas Bbille, YeM CNoHTaHHas XJ1 nnnuAaos, HO NPU 3TOM He OT/INYaeTCs OT Hee Mo NapaMeTpam KMHETUYECKUX KpH-
BbIX U, COOTBETCTBEHHO, MOXET 6bITb MCMOMIb30BaHa /A PeLLeHUst MOCTaBEHHbIX 3afay. TOYHOCTb peLleHns
onpegensinacb NpUCyTCTBMEM KapAnOAUNuHa gnsa ctabunusauunv pH, TyweHmem Fe?* n Hanuumem Gusnyeckoro
akTuBaTtopa C-314. Cpean $hakTopoB, KOTOPble MOTYT MCKaXaTb 3Ha4YeHNe KBaHTOBOMO BbIX0OAa, MOXHO Bblfe-
NUTb He JocTaTo4Hoe Ao6aBreHune nepokecuaa sogopoaa [2], nsébitouHoe konmuecTso asora (1) [5,6], meTaHona,
ZeHaTypaumio 6enka [1, 5,6,7], usmeHeHnune kombopmaumm LutC B komnnekce LinT-KJ1.

B nouckax onTuManbHbIX YCIIOBUA BO36YXXAEeHWUA 6blv NpoaHanusmMpoBaHbl CUCTEMbI JIMMOMNEPOKCUA3HOM
1 KBa3WU-NIMNOKCUTEHA3HOWN peaKLMil akTUBMPOBaHHblE PU3NYECKUM aKTUBATOPOM KymapuHom C-314.

B Hale paboTe Ha OCHOBaHWM aHanM3a NapamMeTpoB LMTOXpPOMa C C KapANOIUNUHOM, GU3NYECKOrO aKTu-
BaTopa C-314, nepokcupaasbl XpeHa v JIFOMUHOMA, NPOBEAEHbI UCCNELOBAHUSI CEHCUBUNIN3UPYIOLLENA CMIOCOBHO-
CTV MPUPOAHOro Kpacutensa kymapuHa C-314, kak husmyeckoro aktmeartopa [1,3] ¢ Lefiblo yToUHeHUs BefMYMHbI
KBAHTOBOro Bbixoaa C-314*.

Tak Kak, KOMMJIeKC LMTOXpoMa C C KapAUOSIMMUHOM OT/IMYaEeTCA OT HaTUBHOIO LIMTOXPOMA C MO CNyAYHLWMM
cBoicTeam: (1) o6nagaeT dyopecLeHLUen TMPOSMHOBBIX U TpUNTOhaHOBbIX 0cTaTKOB [7]; (2) TepseT nornotle-
Hue B nonoce Cope (405-410 HM, oTpaxatoLeit cyliecTBoBaHue cBsian Fe(heme)--S(Met80); (3) o6nagaeT nepok-
cvpasHas akTUBHOCTbIO U, TaKUM 06pa3oM, KaTanmanpyeTt o6pasoBaHue MUNUAHbIX PaauKanoB B MeM6paHe. 9Tu
obpasyroLinecs MMNUAHble pavKanbl 3anycKatoT LienHoN NpoLecc NnepekMcHOro OKUCIEHUst TUNUAOB, KOTOPbIN
MOXHO HabnoaTb NO XEMUTFOMUHECLLEHLUM, KaK HAaTUBHOW , TaK U aKTUBUPOBAHHOM .
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[ns Toro ytobbl caenaTb MaTeMaTUyYecKoe MOLENIMPOBaHNe KBaHTOBbIX BbIXOA0B MPOLECCOB aKTUBUPOBAH-
HbIX XJT HY>XHO y4ecTb, 4To: (1) pepMeHTaTUBHass aKTUBHOCTb 3aBUCUT KaK OT KOHLIEHTpaLuu LMTOXpOMa C, TaK U
OT COOTHOLLUEHUS ONpefenstoLero NpoLeHT abContoTHOrO KonmMyecTsa AeHaTypupoBaHHo ¢hopMbl; (2) Hanbosb-
LLee 3HaYeHne KBaHTOBOrO Bbixoga Habntoganoch npu ycunenum XJ1 v 6bina AOCTUrHyTa ¢ KymapuHom C-314, Ko-
TOPbI YBENNYMBAN MHTEHCMBHOCTb cBedYeHust XJ1 ¢ koadduumeHToM 6onee 1800 npu KOHUeHTpaumm 4 MKM 6e3
KaKoro-nm6o BAMSHWS Ha KnHeTuky XJ1[1,4,5,8]; (3)MexaHn3M aToro ycusneHus XJ1 — nepeHoc sHeprum oT MoseKysbl
KETOHa B 9/1IeKTPOHHO-BO36YXXIEHHOM COCTOSIHUM Ha (h/lyopecLEeHTHbIN YpoBeHb KymapuHa C-314 [8].

[okasaHo, 4To: 1) KBaHTOBbIV BbIXOZ 3HAUYWUTENIbHO Bbllle B NMPUCYTCTBMU aKTMBaTOPa, YeM B cliyyae co6-
CTBEHHOIO He aKTMBUPOBAHHOIO CBEYEHUS], COMPOBOXAAMOLLErO0 PEKOMOMHALIMIO MEPEKUCHBIX PaAUKanoB Xup-
HbIX KUCNOT, 2) nepokcnpaasHaa akTMBHOCTb 3aBUCUT He TOJIbKO OT KOHUEHTpauun LMToxpoma C, HO 1 OT COOTHO-
LUEHNA MEeXAY ero HaTUBHOW M YaCTUYHO feHaTypupoBaHHoW GopmamMu; 3) KBAHTOBbIV BbIXOL MHTEHCUMBHOCTM
XeMUIroMUHecLUeHUnn nponopunoHaneH ﬂepI/IKCI/I,Ela3HOI7I AKTUBHOCTU LUMTOXpOMa C.

Mbl xoTenu 6bl Bblpa3uTb Hally 61arofapHOCTb PYKOBOAMTENSIM 3@ UX LEHHbIA BKIaf B NiaHMpoBaHue
nccnefoBaHus: akagemuky npodeccopy HOputo AHppeeBudy BnagumupoBy, dakynbTeT dyHAaMeHTanbHON Me-
AnLMHbI MOCKOBCKOrO rocyAapCTBEHHOro yHuBepcuTeTa u npodeccopy AHatonuto Hukonaesnuy OcunoBy, Me-
OnKo-6ronornyecknii hakynbteT POCCUACKOro HaLMoHaNbHOro NccnefoBaTeNibCckoro MeaMuUnHCKOro YyHUBEPCU-
Teta uMm. H.U. MNMuporosa.
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The current work is devoted to mathematical modeling of the processes of oxidative degradation of lipids and its
accompanying chemiluminescence (CL) triggered by the CytC-CL complex in the membrane. The formation of a
genuine model of this process allows the use of CL methods as a way to correctly assess the enzymatic activity of
CytC-CL, that is, to thoroughly investigate its behavior under various conditions.

Key words: Sensitizers, cytochrome c, cardiolipin, coumarin activator C-314, quantum yield

Chemiluminescence (CL) accompanies recombination reactions of peroxide radicals and other unique
processes involving them. The quantum yield of spontaneous CL is significantly small.

The use of physical activators helps to enhance the glow by 2-3 orders of magnitude without affecting the
chemical processes taking place in the system. For example, the physical activator C-314 intercepts the excitation
of triplet-excited ketones formed during recombination of peroxide radicals by the Russell mechanism and, at the
same time, has a quantum yield of CL 3-4 orders of magnitude higher than the excited ketones themselves [4,6].
Thus, CL activated by coumarin C-314 has an intensity ~1500 times higher than spontaneous CL of lipids, but at the
same time does not differ from it in terms of kinetic curve parameters and, accordingly, can be used to solve the
tasks. The accuracy of the solution was determined by the presence of cardiolipin for pH stabilization, quenching
of Fe?* and the presence of a physical activator C-314. Among the factors that can distort the value of the quantum
yield, it is possible to distinguish insufficient addition of hydrogen peroxide [2], excessive amount of nitrogen (I1)
[5,6], methanol, protein denaturation [1,5,6,7], a change in the CitS conformation in the Cit-CL complex.

In search of optimal excitation conditions, the systems of lipoperoxidase and quasi-lipoxygenase reactions
activated by the physical activator coumarin C-314 were analyzed.

In our work, based on the analysis of the parameters of cytochrome c with cardiolipin, the physical activator
C-314, horseradish peroxidase and luminol, studies of the sensitizing ability of the natural dye coumarin C-314 as a
physical activator [1,3] were carried out in order to clarify the quantum yield of C-314*.

Since the cytochrome c complex with cardiolipin differs from the native cytochrome c in the following properties:
(1) has the fluorescence of tyrosine and tryptophan residues [7]; (2) loses absorption in the Sore band (405-410
nm, reflecting the existence of the Fe(heme)--S(Met80) bond; (3) it has peroxidase activity and thus catalyzes
the formation of lipid radicals in the membrane. These newly formed lipid radicals trigger a chain process of lipid
peroxidation, which can be observed by both native and activated chemiluminescence.

In order to make mathematical modeling of quantum yields of activated CL processes, it is necessary to
take into account that: (1) enzymatic activity depends both on the concentration of cytochrome ¢ and on the
ratio determining the percentage of the absolute amount of denatured form; (2) the highest value of the quantum
yield was observed with the enhancement of CL and was achieved with coumarin C-314, which increased the
luminescence intensity of CL with a coefficient of more than 1800 at a concentration of 4 microns without any
effect on the kinetics of CL [1,4,5,8]; (3)the mechanism of this amplification of CL is the transfer of energy from the
ketone molecule in the electronically excited state to the fluorescent level of coumarin C-314 [8].

It is proved that: 1) the quantum yield is significantly higher in the presence of an activator than in the case of
its own non-activated glow accompanying the recombination of fatty acid peroxide radicals; 2) peroxidase activity
depends not only on the concentration of cytochrome c, but also on the ratio between its native and partially
denatured forms; 3) the quantum yield of chemiluminescence intensity is proportional to the peroxidase activity of
cytochrome C.

We would like to express our gratitude to the leaders for their valuable contribution to the planning of the study:
Academician Professor Yuri Andreevich Vladimirov, Faculty of Fundamental Medicine of Moscow State University
and Professor Anatoly Nikolaevich Osipov, Faculty of Biomedical Sciences of the Pirogov Russian National Research
Medical University..
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KonuuectBeHHOe onpepenieHne HernpoTpodryeckoro hakTopa Mo3ra MOXET CIY>KUTb BaXKHbIM PaKTOPOM BbIsiB-
JIEHUS NAaTEHTHbIX AEMNPECCUBHbIX COCTOSIHWUI U MapKepoM 3 deKTUBHOCTM Nofo6paHHoN Tepanuu. B pesynbTtaTe
UMMYHM3aL MK 6bIaK NosyYeHbl MOHO- U MOJIMKIIOHA/bHbIE aHTUTENa K PEKOMBUHAHTHOMY HepOTPOohUYECKOMY
(hakTopy Mo3ra. Ha ocHoBe JaHHbIX MpernapaTtoB paspaboTaHa TeCT-CUCTEMA KOJNIMYECTBEHHOIO UMMYyHObEp-
MEHTHOrO aHanM3a, KoTopasi MOXET 6bITb UCMONIb30BaHa AJA ONpPefeNeHNs AaHHOMO aHTUreHa B CbIBOPOTKE
KPOBU MaLMeHTOB C AeNnpecCBHbIMU PacCTPOMCTBAMMU.

KnioueBble cnoBa: HelipoTpoduryeckmii pakTop MO3ra, MOHOKJIOHAsIbHblE aHTUTENA, PEKOMOBUHAHTHbIN 6ENOK,
UMMYHOMhEPMEHTHbI aHanuns

Ha cerogHsaLWHUA fAeHb NaToreHe3 MHOIMX NCUXMYECKMX 3abosieBaHNA HEAOCTAaTOYHO XOPOLUO U3yYeH. MNpu
[enpeccuBHbIX pacCTPOMCTBaX OAHUM 13 NAaTOhU3UONOrMUYECKUX MEXAHU3MOB ABJISIETCSI CHKEHWE 9KCMpeccum
1 HapyLleHus BbicBo6oXAeHNss BDNF, 4To NpMBOAUT K USMEHEHUSIM HEWPO- M CUHANTUYECKOWN NIacTUYHOCTH, B
YacTHOCTH, B runmnokamne 1 npedpoHTanbHom kope [1]. MHorme uccnegoeaHus nokasanu, 4To yposHu BNDF B
CbIBOPOTKE KPOBU U MNjlasMe MaLueHTOB CHUXaKTCA MPU AenpeccuBHbIX paccTpoicTeax [2]. Takum o6pasom,
Lienbto Hallew paboTbl 6bI/10 NOyYeHWe MOHOKOHAMbHbIX aHTUTEN K pekoMbBuHaHTHOMY BDNF u paspaboTka
TecT-cucTeMbl TBepaodasHoro BapmaHTa MDA paHHoro 6enka.

MonyyeHne peKOMBMHAHTHOIO 6efika OCYLLECTBASANM C MOMOLLbIO WTaMMa-npoayueHTa E. coli ¢ nna3mu-
pou pET-32a c nocnegoBatenbHOCTbIO 3penioro BDNF B cBoeM reHoMe, UCNOosb3ysi MeToAbl, ONMcaHHble HaMu
paHee [3]. Mpu nonyyYeHn MOHOKSIOHAsbHbIX @aHTUTEN NOC/Ie ABYX NOCNeA0BaTe bHbIX 3TAMNoB KOHUPOBaHMWS
C OLEeHKOW npoaykummn aHTuTen kK BDNF Ha KaxaoMm aTtane 6b1510 0To6paHO HECKOMbKO KITOHOB rMOpUAOM, CTa-
6UNBbHO NPOAYLMPYHOLLMX crielmbruyeckne MOHOKIIOHaNbHble aHTuTena kK BDNF. [1ns noaTBep>XAeHUs CBA3bI-
BaHWUA flaHHbIX aHTUTEN C HaTUBHbIM @HTUFEHOM NMPOBOANIN UMMYHOIMCTOXMMUYECKUI aHann3 hMKCUpoBaH-
HbIX CpPe30B runnokamna Kpbicbl 1 MDA npenapata BDNF, nonyyeHHoOro ns tpoméoumnToB. Oia pa3paboTku
TBepaodasHoro BapmaHta MDA 6b1nn MCNONb30BaHbl MOHO- M MOJIMK/IOHAsIbHbIE aHTUTesa B Ka4yecTBe nep-
BUYHbIX U BTOPUYHbIX aHTUTES, B KadecTBe cTaHAapTa — pekoM6uHaHTHbI BDNF B passegeHunn ot 1500 nkr/
mn po 11,7 nkr/mn. Ans sepudnkalmm jaHHOM TeCT-CUCTEMbI 6blJ1 MPOBEAEH AKCMEPUMEHT MO OMNpeaeseHNIo
ypoBHeii BDNF B CbIBOPOTKE KPOBW MaLMEHTOB C MepBbiM MCUXOTUYeCKMM anunsogom (30 yenoeek), ¢ ae-
NMPeCcCUBHbIMU PacCTPONCTBaAMMU, UMetoLLME B aHaMHe3e cyuumaanbHble NonbiTKK (22 YyenoBeka), B KayecTBe
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KOHTPOMBHOW rpynmbl 6blia MCMONb30BaHa CbIBOPOTKA KPOBY 34,0POBbIX OHOPOB (14 yenoek). OT Kaaoro
M3 y4aCTHMKOB 6bIs1I0 NosTyYeHo MHPOPMUPOBaHHOE JOBPOBOJIbHOE coracue.

MonyyeHHble MOHOK/TOHaMNbHble aHTUTENa ABNAOTCS aPPUHHBIMU KaK K PEKOMBUHAHTHOMY, Tak U K HaTUB-
Homy BDNF, 4yTo foka3biBatOT NpoBefeHHblE UMMYHOTUCTOXMMUYECKNE UCCNELOBAHUS U UMMYHOMEPMEHTHbIN
aHanu3 BDNF, nofly4eHHOro n3 TpoM60LMTOB, 1 PEKOMBUHAHTHOrO 6esika. TOYHOCTb 1 BOCMPON3BOANMOCTb Ka-
nMBpoBKU pekoM6uHaHTHoro BDNF B kauecTBe cTaHfapTa NOATBEPAWUIUCH Pe3ynbTaTaMW aHanm3a 4oBepUTeib-
HOro MHTepBana u kKoahduuneHTa Bapmaunn, KOTopbii A/ BCEX BapMaHTOB pa3BefeHui He npesbiwan 6%. B
pesynbTate nposeneHus MOA BDNF B cbIBOpOTKax KpoBW NaLMeHTOB BbIABUIOCH, YTO Y MaLMEHTOB C Aernpec-
CUBHbIMW pacCTPONCTBaMU, UMeLOLLIME B aHaMHe3e cynuupanbHble NonbiTKY, KOHUeHTpauum BDNF Huxe, yeM y
OCTaslbHbIX NALUWEHTOB U 340POBbIX NHOAEN.

lMpopeMoHCTpupoBaHa BO3MOXXHOCTb CO34aHNsl CTaHAAPTU3UPOBAHHOM TECT-CUCTEMbI A1 KOSIMYECTBEHHO-
ro onpegenexHus BDNF B cbiIBOPOTKe KPOBM C UCMOJIb30BAHWEM COBPEMEHHbIX TEXHOSIOMUiA NMOJTyYeHUs1 pEKOMOU-
HaHTHbIX 6eNKOoB.
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Quantitative determination of the brain-derived neurotrophic factor can serve as an important factor in the detection
of latent depressions and a marker of the effectiveness of the selected therapy. As a result of immunization with
recombinant brain-derived neurotrophic factor, mono- and polyclonal antibodies were obtained. The test system
for quantitative enzyme immunoassay on the basis of these components has been developed. It can be used to
determine serum levels of this antigen in depressive patients.

Key words: brain-derived neurotrophic factor, monoclonal antibodies, recombinant protein, enzyme immunoassay.

At this moment, the pathogenesis of many mental illnesses is not well understood. One of the pathophysiological
mechanisms of depressive disorders, is a decrease in the expression and impaired release of BDNF, which leads to
changes in neuro- and synaptic plasticity, in particular, in the hippocampus and prefrontal cortex [1]. Many studies
have shown that the serum and plasma levels of BNDF decrease in depressive patients [2]. So, the aim of our work
was to obtain monoclonal antibodies to recombinant BDNF and to develop a test system for ELISA of this protein.

The recombinant protein was obtained using the producer strain of E. coli with a plasmid pET-32a which
contains a mature BDNF sequence in its genome according by the methods we described earlier [3]. For obtaining
monoclonal antibodies several clones of hybridomas were selected, stably producing specific monoclonal antibodies
to recombinant BDNF after two consecutive cloning stages with an assessment of the production of antibodies to
BDNF at each stage. To confirm the binding of these antibodies to the native antigen, the immunohistochemical
analysis of fixed sections of the rat hippocampus and ELISA of the BDNF obtained from platelets were performed.
Mono- and polyclonal antibodies were used as primary and secondary antibodies to develop ELISA system, and
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recombinant BDNF in dilution from 1500 pkg/ml to 11.7 pkg/ml was used as standard. To verify this system, an
experiment was conducted to determine the serum levels of BDNF in patients with first episode psychosis (30
people), in depressive patients, with a history of suicidal attempts (22 people), the serums of healthy donors (14
people) were used as a control. All participants have written informed voluntary consent.

Monoclonal antibodies, which were obtained, are affine to both recombinant and native BDNF, what is proven
by results of immunohistochemical studies and enzyme immunoassay of recombinant protein and BDNF obtained
from platelets. The results of the analysis of the confidence interval and the coefficient of variation confirmed
the accuracy and reproducibility of calibration of recombinant BDNF as a standard, coefficient of variation did
not exceed 6% for all dilution variants. As a result of the ELISA of serum BDNF in patients, it was revealed that in
depressive patients who have a history of suicidal attempts, the concentrations of BDNF are lower than in other
patients and healthy people.

The possibility of creating a standardized test system for the quantitative determination of serum BDNF using
modern technologies for the production of recombinant proteins was demonstrated.
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PaccMOTpeH Noaxop, K co3faHuio rmépuaHOM MUKPOCUCTEMbI BbIAENEHUA U OYUCTKM MarHeTocoMm, BbipabaTbiBa-
€MbIX MarHuToTakTUyeckumm 6aktepusmm (MTB), ¢ Lienbto AanbHeRLwero nx UCnosib30BaHUA B OHKOTEPAHOCTU-
Ke. Co3paHbl y3nbl yNbTPa3ByKOBOW Ae3nHTerpauun MTB, ananektpodopetuyeckme n MariutobopeTnyeckmne
Y3/1bl, CONPSXKEHHbIE C MUKPOQIOMAHBIMU CUCTEMAMMU.

KnioueBble cnoBa: MarHUTHble HaHOYaCTULbl, MarHeToCoMbl, MUKpobItoMANKa, NnabopaTopumn-Ha-umnne, OHKOTe-
paHocTuKa

Paspa6oTka HOBbIX NpenapaToB A/ paHHEeN AUAarHOCTUKM U Tepanuu (TEpaHOCTUKM) 3110KaYeCTBEHHbIX OMyXo-
Neit LeHTpasnbHo HepBHo cucTeMbl (LIHC) ABAsieTCA NPUOPUTETHBIM HamnpaB/IEHNEM COBPEMEHHOW TPAHCALMOH-
HOWN ¥ KNUHWUYECKOW HeMPOOHKoNornn. OAnH U3 NePCNeKTUBHbIX MOAXOLOB MOXEeT ObiTb OCHOBAH Ha NMPUMEHEHWM
cynepnapamarHuMTHbIX HaHOYacTUL, okcuaa xenesa. Cpean BO3MOXHbIX UCTOYHUKOB MOJTyYEHWUs TakuMxX HaHo4a-
CTUL, OTAENIbHOEe BHUMaHME 3ac/y)KMBatOT 6akTepuasnbHble MarHeTocombl (BM), npoayuupyeMble MarHUTOTaKTU-
yeckumu 6aktepuamu (MTB) [1]. CoBpeMeHHble MeTofbl BblAEMEHUA MarHeTOCOM BKJIHOYalOT Y/IbTPa3ByKOBOM,
XUMUYECKWUI WU MEXAHWUYECKUIA NIN3UC C NOCNELYIOWMUM CO0POM C NMOMOLLBIO MarHUTa. T METOAbI ABMSOTCS
[OCTaTOYHO TPYyLO3aTPaTHbIMU U ANUTENBHBIMMU, @ TakXXe 3aBUCAT OT KBanudukaumm nepcoHana. Kpome toro, Ans
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U3BMEeYEHNsI MarHeTOCOM TaKMMU METOAAMM HEOBXOANMbI CTaZMN MPOMbIBKM, KOTOPbIE CHUXXAIOT BbIXOA, LIeNeBoro
npoaykTa. [oaToMy Ansi pelleHust AaHHOW 3afayn npeanaraeTcs UCNosib30BaTb NOAXOS Ha OCHOBE MUKPODIOUA-
HbIX aHaNUTUYecknx cuctem. PaspaboTka un cosfaHune BbICOKOI(hHEKTUBHBIX MUKPOMIOUAHDBIX CUCTEM pasjene-
HWSA M KOHLEHTPUPOBAHMSA MarHETOCOM MOMUMO Pa3BUTUSI MPUHLMMNOB MacluTabupoBaHusa 6a30BbiX MPOLECCOB
npu nepexoge K MUKPO- M HaHOpasMepam TPeBYHOT MHTErpaLumn TEXHONOTUIA 06 bEKTOB HEOPraHNYEeCKOWh U OpraHu-
yeckoi npupodbl [2]. UMnnemeHTaumua cTaHAapTHbIX TEXHOMOMMIN MUKPO- U HAHOCUCTEMHOM TEXHUKM MO3BONSIET
peanu3oBaTb B MUKPOGhIOMAHON MaTpurLe 6/104HO-MOAYSIbHYIO CUCTEMY C HABOPOM MHTErpUPOBaHHbIX hYHKLMO-
HasbHbIX KOMMOHEHTOB. B gaHHO paboTe npeacTaBneHbl OTAeNbHbIe QYHKLMOHANbHbIE Y3Nbl, MPefHa3HauYeHHble
NSl cCO3[aHnsA TaKoW CUCTEMDI.

Mukpoysen ynbTpasBykoBoW ge3uHTerpaumm MTB peanvsoBaH Ha OCHOBE MPELM3NOHHOrO 30HAa, Conps-
YXEHHOro ¢ MUKpodroMaHON cnucteMon, penbed KoTopoit chopmMupoBaH U3 nieHo4YHoro doTtopesuncta Ordyl
FP440. HenocpeacTBeHHOE BO3LEWCTBUE YNbTpasByka Ha Mpoby OCYLLECTBAANOCH BO BXOAHOW MOSIMMEPHON
6a3uHe. [1na nepBUYHOro OT6Opa OCTATKOB K/IETOK Ha BXOoAe MUKPOdIOMAHOM cucteMbl chopMmpoBaHa nna-
HapHaAdA Cbl/lﬂpraLl,I/IOHHaﬂ KOHCTPYKLUA. Y3sen npoTecTnpoBaH C NOMOLWbO MoAesIbHbIX MWUKPOOPraHU3MoB
Saccharomyces cerevisiae.

Mpu paspaboTke AnMaNeKTpoPOpPeTUYECKOro y3na onpeaeneHa onTuMasbHas reoOMeTpUsa 3NeKTPOLOB, Mo-
3BOJIAIOLLLAS OCYLLECTBATb JIOKaIbHOE KOHLEHTPMPOBaHWE MUKPOMNPOObI Ha 3NeKTpoaax, onpeaeneHbl Heo6xo-
AvMble ansi paboTbl CUCTEMbI YacTOTbl U HanpshkeHusi. OTnaxxeHa TexHonorns GopMMpoBaHUs SNEKTPOAOB Ha
CTEKJIAHHON W NOJIMMEPHOW MOANIOXKAX METOAOM MarHeTpOHHOro pacrnbifieHnst U ¢ nocnegytouien GotonmTo-
rpacment. OcyLecTBNEHO COMPSXKEHUE ANINEKTPOPOPETUYECKOr0O MUKPOY3ia C MUKPOQIHONAHbIMY CUCTEMA-
MM Ha OCHOBE MJIEHOYHOro GOTOpPE3nCTa 1 MAEHKM M3 NOAUBUHUIXIOPKUAA. TecTMpoBaHue y3a no3Bono Ha-
6ntofaTb CenekTUBHOE AN3aNeKTPodopeTuyeckoe KOHLEHTPMPOBAHME MOLENbHOM NPO6bl MUKPOOPraHU3MOB B
NMOTOKE XXUAKOCTU B KaHane. MIHTerpupoBaHHbIi MUKPOY3en 6bin peann3oBaH C UCMNOJIb30BaHWEM NMOCTOAHHbIX
MarHMTOB W NJlaHapHbIX MarHUTOMPOBOAOB, MO3BOAIOLLMX JIOKaNM30BaTb BO3AENCTBUE BHELLHENO MarHUTHOMO
nons Ha HaHoyacTuubl. MogenupoBaHue Nokasaso, YTO Halnyne MarHMTonpoBofa NO3BOJSET CKOHLEHTPUPO-
BaTb MarHUTHOe none B 061actv MUKPohIIOUAHOro KaHana 6osee nokanbHo, Npy 3TOM Hanbonee ahheKTUBHO
MCMoNb30BaHWE MarHWTOMPOBOAOB KANHOBUAHON opmbl. O6pasubl AMaNeKTPohOpPeTUYECKNX MUKPOCUCTEM
NpOTeCTUPOBaHbl Ha cyrneprnapamMarHUTHbIX HaHOYaCTMLax ¢ AEKCTPAHOBbBIM MOKPbITUEM.

Mcnonb3oBaHWe MHOFOKaHasbHbIX MUKPOGMIOMAHbBIX CUCTEM, TUMaA «1abopaTopusa-Ha-4umne», B 0COGEHHO-
CTW, NOCTPOEHHbIE MO 6J104YHO-MOAYIbHOMY MPUHLMMY U BKIOYatOLWMe reTeporeHHOo-MHTerpupoBaHHble CEeHCop-
HO-aKTHOATOPHbIE 3/IEMEHTbI, ABNSETCA NePCNEKTUBHBIM MHCTPYMEHTOM AJ151 BbICOKONPOU3BOAUTENBHOIO Bblfe-
JIEHMS N 0TOOPa UCKOMBbIX KITMHUYECKM 3HaUYMMbIX PpaKL il MarHeTOCOM U MOXET 6bITb peanM3oBaHO Ha OCHOBE
CTaHAapTHbIX MPOLLECCOB MUKPO- U HAHOTEXHOOrMKn. MHTerpaumsa ananekTpopopeTmyeckoro n Mariutodopetu-
4YecKOoro y3/10B B MUKPOD/IOMAHOM cucTemMe No3BoAnT 3P PeKTUBHO 3axBaTbiBaTb U KOHLEHTPMPOBATb M30/IMPO-
BaHHble 6aKTepuasibHble MarHeTOCOMbI AN AanbHelLei nx 06paboTKM U CO34aHUsi Ha X OCHOBE MpenapaToB
[ON191 OHKOTEPAHOCTUKM.

®duHaHcupoBaHue: ccnefoBaHNUs BbINOHEHbI NPpK hMHaHCOBOW NoaAepXkKe rpaHTa PHO N2 22-15-00240.
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An approach to develop a hybrid microsystem for the isolation and purification of magnetosomes produced by
magnetotactic bacteria (MTB) with the aim of their further use in oncotherapy was considered. Ultrasonic MTB
disintegration, dielectrophoretic and magnetophoretic nodes integrated with microfluidic systems were developed.

Key words: magnetic nanoparticles, magnetosomes, microfluidics, lab-on-a-chip, oncotheranostics

The development of new drugs for early diagnosis and therapy (theranostics) of malignant tumors of central
nervous system (CNS) is a priority area of modern translational and clinical neurooncology. One of the promising
approaches can be based on the use of superparamagnetic iron oxide nanoparticles. Among the possible sources
for obtaining such nanoparticles, special attention should be paid to bacterial magnetosomes (MBs) produced by
magnetotactic bacteria (MTBs) [1].

Current methods for isolating magnetosomes include ultrasonic, chemical or mechanical lysis followed by
collection with a magnet. These methods are quite labor-intensive and time-consuming, and also depend on the
qualifications of the personnel. In addition, extraction of magnetosomes by such methods requires washing steps,
which reduce the yield of the target product. Therefore, to solve this problem, it is proposed to use an approach
based on microfluidic analytical systems. The development and creation of highly efficient microfluidic systems
for the separation and concentration of magnetosomes requires not only the development of principles for scaling
basic processes in the transition to micro- and nanosizes, but also the integration of technologies for objects
of inorganic and organic nature [2]. The implementation of standard technologies of micro- and nanosystem
technology makes it possible to implement a block-modular system in a microfluidic matrix with a set of integrated
functional components. This paper presents individual functional units for development of such system.

The MTB ultrasonic disintegration microassembly is implemented on the basis of a precision probe coupled
to a microfluidic system, the relief of which is formed from an Ordyl FP440 film photoresist. The direct effect of
ultrasound on the sample was carried out in the input polymer basin. For the primary selection of cell debris at
the inlet of the microfluidic system, a planar filtration structure was formed. The node was tested using model
microorganisms Saccharomyces cerevisiae.

During the development of the dielectrophoretic unit, the optimal geometry of the electrodes was determined,
which allows local concentration of the microsample on the electrodes, the frequencies and voltages necessary
for the operation of the system were determined. The technology of forming electrodes on glass and polymer
substrates by magnetron sputtering and subsequent photolithography has been debugged. A dielectrophoretic
microassembly was coupled with microfid systems based on a film photoresist and a polyvinyl chloride film. Testing
of the assembly made it possible to observe the selective dielectrophoretic concentration of a model sample of
microorganisms in the liquid flow in the channel. An integrated microassembly was implemented using permanent
magnets and planar magnetic wires, which make it possible to localize the effect of an external magnetic field on
nanoparticles. Modeling has shown that the presence of a magnetic circuit makes it possible to concentrate the
magnetic field in the area of the microfluidic channel more locally, while the most efficient use of wedge-shaped
magnetic circuits. Samples of dielectrophoretic microsystems were tested on superparamagnetic nanoparticles
with dextran coating.

The use of multichannel microfluidic systems, such as lab-on-a-chip, in particular, built on a block-modular
basis and including heterogeneously integrated sensor-actuator elements, is a promising tool for high-performance
isolation and selection of the desired clinically significant fractions of magnetosomes and can be implemented based
on standard micro- and nanotechnology processes. The integration of the dielectrophoretic and magnetophoretic
nodes in the microfluidic system will effectively capture and concentrate the released bacterial magnetosomes for
their further processing and the creation of preparations for oncotheranostics.

Funding: The research was supported by grant No. 22-15-00240 from the Russian Science Foundation.
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BbliM cMoZeNnMpoBaHbl 9KCMEPUMEHTasIbHbIE MOCTTPABMaTUYECKME KUCTbI CMIMHHOMO Mo3ra. MNokasaHa addek-
TUBHOCTb TPaAHCM/IaHTaLMUM B KUCTbI 06KMafA04HbIX KIIETOK O6OHSATENIbHOM BbICTUIIKU YesloBeKa AJ1si BOCCTaHOB-
NEHUs [BUraTeNbHOW aKTUBHOCTM 3aiHUX KOHEYHOCTeN Kpbic. MoKasaHbl BbDKMBAEMOCTb M MUrpaLusi 06KIa-
[LOYHbIX K/IETOK in Vivo, MX yyacTue B peMUESTMHU3ALUM.

KnioueBble cnoBa: 06k/1aflouHble KNETKU; 0OOHSITENbHANA BbICTUIIKA; KUCTbl CIIMHHOIO MO3ra; pemMmnennmHnsauusa,
KNeTo4YHaa Tepanua

[MaTonornyeckune npoueccobl, pa3BuBaloWMECH NPU XPOHUYECKUX MOBPEXAEHUAX CMMHHOMO Mo3ra rocre
TpaBM, 4acTo NPUBOAAT K 06pa3oBaHuMio KUCT, PopMUpOBaHME KOTOPbIX NPENATCTBYET pereHepaLmu CMHHOMO
MO3ra 1 NpoBeAEeHUI0 HepBHbIX UMMYNbCoB [1]. CyliecTBytoWMe XUPYPruyeckme U MefMKaMeHTO3Hble METOAbI
NeYyeHns He NO3BOJIAKT B MOJIHOWM Mepe [06UTbCS BbI3[0POBNEeHNS NauneHToB. O4HUM U3 NEPCNEKTUBHbIX Ha-
npaBJieHWIn B 3TOWM 06nacTu ABNAAETCA KNeTovyHasa Tepanusa. 3HaunTebHyo apheKTMBHOCTb Npu BOCCTAHOBNE-
HMW NOABMXKHOCTU 3afHNX KOHEYHOCTEW KpbIC Mocsie TpaBMbl CMIMHHOMO MO3ra Mnokasana TpaHcniaHTaums o06-
KNaZloYHbIX KNETOK 060OHATENbHOI BbICTUKM YenoBeka [2,3]. OaHaKo BbXXMBAeMOCTb, MUrpaLua 06KIaf0uHbIX
KNETOK YesioBeKa in Vivo, Ux yyacTue B peMUeIMHM3aLmMmn NoBPeXAeHHbIX akCOHOB MOC/e TpaHCcniaHTauuu B
KWUCTbI CIMHHOIO MO3ra OCTaloTCA MaJIon3yyYeHHbIMU.

B paHHoI paboTe 6bIN0 MPOBEAEHO N3YHEHWNE YHACTUA KNETOK OGOHATENIbHON BbICTUNKM YeNloBeKa B npoLiec-
cax HerpopereHepauunv Npu aKCrnepMMeHTasbHbIX TpaBMax CrIMHHOIO MO3ra.

B nccnepgoBaHuu 66111 Cnonb3oBaHbl 06pasLibl 06OHATENIbHOM BbICTUKM, MOMYYEHHbIE MPU MIAaHOBOM XU-
pypruyeckom BmeluatenbcTee B OTaeneHun nnactuyeckon xmpyprum YKB N2 1. O6knafouHble KNETKU OBOHS-
TeSIbHOWM BbICTUJIKM YesioBeKa 6blsin NonydeHbl Mo pa3paboTaHHbIM Hamu npoTokosiaMm [3]. O6pasoBaHue KUCTbI
noaTeepXaanu metogoM MPT yepes 4 Hegenu nNocne sKCNepMMEHTaNIbHON TPaBMbl CAIMHHOMO MO3ra Kpbic. Me-
YeHble MeM6paHHbIM KpacuTeneM PKH-26 o6knafoyHble KneTku B konnyecTse 750 Tbicsiy (n=10) TpaHCnnaHTm-
poBasv B 061acTb KUCT Yepes 4 Hefilenn nocne TpaBMbl. KOHTPOSIbHO rpynne BBoAWAN cpefy 6e3 knetok (n=10).
B TeueHue 4 Hepenb nocne TpaHCNaHTaLMmM OLeHMBann BOCCTAHOB/IEHWE NOABMXXHOCTM 3afHUX KOHEYHOCTEN
KpbIC, Ucrnonbays 21-6annbHyto WKany oTkpbiToro nons (BBB). C nomolubto MeTof0B MMMYHO(YOPECLEHLNM
n3y4yanu BbDKMBAEMOCTb, MUIPaALMIO KNETOK in ViVo, UX yyacThe B peMuenvHM3auumn ¢ NOMOLLbIO BbiSBIEHUS
MUeNnH-cBA3bIBatoLLero 6enka PO.

Bb1n10 BbIABNEHO ynyylleHWe NOABMKHOCTY 3aHUX KOHEYHOCTeW KpbIC Noc/ie TpaHcnaaHTaumMm obknagoy-
HbIX K/1eTOK OB6OHSITENIbHOW BbICTU/KM YeloBeKa B KUCTbl CMIMHHOIO Mo3ra. [pu aToM ycTaHoBneHo, 4To PKH-26
MeueHble 06K1af0uHble KNETKN BbXMBAIOT ¥ MUTPUPYIOT B 6n3nexallme TKaHW CMMHHOIro Mo3ra. 3oHbl OKpa-
wunaHua PO 6binn BbisBneHbl okono PKH-26 MeyeHbix 06KNafouHbIX KNETOK, YTO FOBOPUT O BOBIEYEHHOCTU
3TUX KJIEeTOK B peMUENIMHN3aLMI0 aKCOHOB. YyacTue aTux KNeTok B Npoueccax HelpopereHepauuy nocne Tpasm
CMWHHOrO MoO3ra cosfaeT NpeAnocbUIKM UX UCMOb30BaHWUA B NepCoOHaIM3MpOBaHHOM Tepanuu nauueHToB C
TpaBMaMu CMIMHHOMO Mo3ra.

Pa6oTa BbinonHeHa npu nogaepxke MocyaapcteeHHoro 3agaHusa N2 056-00107-22-00 ot 25.12.2019 r.
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The experimental post-traumatic spinal cord cysts were modeled. The efficiency of transplantation of the human
olfactory ensheathing cells into cysts to restore the motor activity of the hind limbs of rats was shown. Survival and
migration of ensheathing cells in vivo, their participation in the remyelination were shown.

Key words: olfactory ensheathing cells; olfactory mucosa; spinal cord cysts; remyelination; cell therapy

Pathological processes that develop in chronic injuries of the spinal cord after trauma often lead to the formation
of cysts, the formation of which prevents the regeneration of the spinal cord and the conduction of nerve impulses
[1]. Existing surgical and medical methods of treatment do not allow patients to fully recover. One of the promising
areas in this area is cell therapy. The transplantation of human olfactory ensheathing cells showed significant
efficiency in restoring the mobility of the hind limbs of rats after spinal cord injury [2,3]. However, survival, migration
of human olfactory ensheathing cells in vivo, and their involvement in the remyelination of damaged axons after
transplantation into spinal cord cysts remain poorly understood. In this work, we studied the involvement of human
olfactory ensheathing cells in the neuroregeneration processes in experimental spinal cord injuries.

We used the samples of the olfactory mucosa obtained during planned surgery at the Plastic Surgery
Department of the Clinical Hospital No. 1. The human olfactory ensheathing cells were obtained according to the
protocols we developed [3]. Cyst formation was confirmed by MRI 4 weeks after experimental rat spinal cord injury.
The ensheathing cells labeled with membrane dye PKH-26 in the amount of 750 thousand (n = 10) transplanted into
the cyst area 4 weeks after injury. The control group was injected with a medium without cells (n = 10). The rat hind
limb recovery was assessed using a 21-point open field scale (BBB) during 4 weeks after transplantation. Survival,
cell migration in vivo, and their participation in remyelination were studied using immunofluorescence methods by
detecting myelin-binding protein PO.

An improvement in the mobility of the hind limbs of rats was found after transplantation of the human olfactory
ensheathing cells into spinal cord cysts. It was found that PKH-26 labeled ensheathing cells survive and migrate to
nearby spinal cord tissues. Zones of PO staining were found near PKH-26 ensheathing cells, suggesting that these
cells are involved in axonal remyelination. The participation of these cells in the processes of neuroregeneration after
spinal cord injuries creates the prerequisites for their use in personalized therapy of patients with spinal cord injuries.

This work was supported by state assignment No. 056-00107-22-00 dated December 25, 2019.
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[MpoTecTnpoBaHbl NNEHKN U3 YyrNepoaHbIX HaHOpr6OK (YHT) Ha LUTOTOKCUYHOCTb U BUOCOBMECTUMOCTb K KJ1ET-
kam Neuro-2A. OueHeHbl Takune napamMeTpbl KaK BbDKMBAaeMOCTb, CMEPTHOCTb U MOpCbOﬂOFI/IH KNeToK. I'Ipoaep,e-
Hbl UCMNbITaHNA Ha YYBCTBUTEJIbHOCTb MaTepuana K HenocpeACTBEHHOMY KOHTaKTY C KNneTKaMu.

KnioueBble cnoBa: yrnepofHble HaHOTPY6EKM, 311eKTPONPOBOASALLMIA cy6CcTpaT, 6BIOCOBMECTUMOCTb.

TOHKMe NMIEHKU HA OCHOBE YrnepofHbix HaHOTpy6ok (YHT) 3apekomeHpoBanu cebs Kak nepcreKTUBHbIN
HaHomaTepuan A1 HOCMMOWN 3N1eKTPOHMKM, KOTOPasi MOXET OCYLUEeCTBAATb MOHUTOPUHI OCHOBHbIX M3M0N0-
TMYEecKUX NnapamMeTpoB B MOCTOAHHOM pexkume [1]. [1ns Takoro npyMeHeHnss Heo6XoAUMbI MaTepuarnbl Co crew-
nduyecknm ceorcTBamu, a YHT ns-3a cBoel BbICOKON 371eKTPUYECKOM MPOBOAUMOCTU, TMOKOCTU U XMMUYECKOM
YCTOMUYMBOCTM ABAAIOTCH OT/IMYHBIM KaHANAATOM, LEMOHCTPUPYIOLWNM HafeXHOCTb U CTabWUIbHOCTb B in Vitro n
in vivo ycnoeusax [2]. Bonee Toro, Ha CErofHALWHUIA feHb NMPOBEAEH PAL UCC/eloBaHWIn B HarnpaB/ieHUn npume-
HeHnA YHT B KayecTBe TOKOMNPOBOAALLMX MOASIOKEK A1 TKaHE-MHXEHEPHbIX KOHCTPYKLMI, FAe nokasaH ycnew-
HbI KOHTPOJIb POCTa U MOPdOIOrUK 3NeKTPUYECKU BO36YAUMBIX KNeTok [3]. B faHHO pa6oTe Mbl uccnefoBanu
ABNAOTCA M TOHKME NieHKn u3 YHT, cMHTe3MpoBaHHble METOAOM XMMUYECKOIO OCaXEeHMWS U3 ra3oBon dasbl,
6rocoBmMecTMMbIMU s kneTok Neuro-2A. [11s 3Tow Lienv UCMOb30BaINCh CTaHAapTHbIe TeCTbl HA CMEPTHOCTb
(LDH) u BbbkmBaeMocTb (PrestoBlue). [aHHble AN OQHOIO M CEMU AHEN COBMECTHOMN WHKY6aLMK, He UMELOT
CTaTUCTMYECKMX PasfiMymin C KOHTPOJIEM, YTO FOBOpPUT 06 OTCYTCTBUM TOKCMYeckoro BosgeincTteusa YHT B Buge
NeHOK Ha HepBHble KeTKN. PedynbTaTbl pocTa K/1eTOK HEMOCPeACTBEHHO HA CaMOM MaTepuane B Te4eHne of-
HOMO 1 CeMU AiHel TakKe NokKasasim OTCYTCTBUE U3MEHEHWI B KNETOYHOWM Mopdonorum 1 Bbbxusaemoctu (Pucy-
HOK 1). MpoBefeHHbI AnuTenbHbIi TecT (10 YacoB) ¢ NPOMNYCKaHWEM 3JIEKTPUYECKOro Toka Yepes YHT-nneHky
NPOAEMOHCTPMPOBA YyBCTBUTENIbHOCTb MaTepuana K KNeTo4HOM aareanu, YTo MOXET 6bITb UCMONb30BaHO AJ1s
NpPsIMOro MOHMTOPMHIA UX POCTa, Kak B MoAensx in vitro, Tak u in vivo ycnosusx.

WccnepoBaHne BbINOHEHO MpuW nogfepxke rpaHTa lNpesngeHTta Poccuiickon defepauny Ans MOMOAbIX
kaHgupatoB N2 MK-933.2022.3, a Takxxe npu nogaepxke rpaHta PH® N2 21-73-10288.

HeHb 1

PucyHok 1. CBeToBass MuKpockonus (A, '), oKpaluMBaHUe K/IeTOK Ha NPUXXU3HEHHbI
KpacuTenb KanbueuH (B, [1), okpawmBaHue Ha akTUH Npu ¢pukcauum knetok (B, E).
BepxHuii pag — nepeblii AeHb UHKY6aLuu, HUKHUI psj — ceibMoli AeHb UHKY6aLuu.
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Carbon nanotube (CNT) films were tested for cytotoxicity and biocompatibility on Neuro-2A cells. Parameters such
as survival, mortality and cell morphology were evaluated. The tests for the material sensitivity to a direct contact
with cells were carried out.

Key words: carbon nanotubes, electrically conductive substrate, biocompatibility.

Thin films based on carbon nanotubes (CNTs) have recommended themselves as promising nanomaterials for the
application in wearable electronics that continuously monitor the key physiological parameters [1]. Such applications
require materials with the specific properties, and CNTs, due to their high electrical conductivity, flexibility, and
chemical stability, are an excellent candidate demonstrating reliability and stability at in vitro and in vivo conditions [2].
Moreover, a number of studies have been carried out in the direction of CNTs using as conductive substrates for the
tissue engineering structures, where successful control of growth and morphology of the electrically excitable cells
has been shown [3]. In this work, we investigated the biocompatibility of CNT thin films synthesized by chemical vapor
deposition onto Neuro-2A cells. For this purpose, the standard tests for mortality (LDH) and survival (PrestoBlue) were
used. The data for one and seven days of co-incubation had no statistical differences with the control, which indicates
the absence of the toxic effects of CNTs in the form of films on nerve cells. The results of the cell growth directly on
the material itself for one and seven days also showed no changes in the cell morphology and survival (Figure 1).

Day 1

Figure 1. Light microscopy (A, D), staining of cells with vital dye calcein (B, E), staining for actin
during after cell fixation (C, F). The top row is the first day of incubation, the bottom row is the seventh day of incubation.
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A long-term test (10 hours) where cells were cultured on thin film of CNT demonstrated the sensitivity of the
material to cell adhesion, which can be applied for the direct monitoring of their growth, both in in vitro models and
in vivo conditions.

The study was supported by grant of the President of the Russian Federation for young candidates No. MK-
933.2022.3, as well as with the support of the Russian Science Foundation grant No. 21-73-10288.
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KATAJIMTUMECKAA AKTUBHOCTb PEKOMBUHAHTHOTIO JIN30CTA®UHA,
OYMLLEHHOI 0 HA PA3JINYHbIX COPBEHTAX
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BapuaHTt aHTVI66KTepVIaJ1bHOFO d)epmeHTa J'IVISOCTad)VIHa C r’MCTUAUHOBbLIM TaroM BblaesnieH N o4uLleH Ha pas3nny-
HbIX cop6eHTax. lMokasaHo cyuieCTBeHHOe BinAHUE cop6eHTa, MCcnonb3yemMoro Asa O4YNCTKU I'IVI3OCTadJVIHa, Ha
€ro KataJmTn4yecKyro akTUBHOCTb.

KntoueBble cnoBa: Staphylococcus aureus, nu3ocTtadvH, aHTUGaKTEPUanbHble NIN3MHbI, XpOMaTorpadpuyeckas
OYMCTKA, aHTUBMOTUKOPE3UCTEHTHOCTb.

AHTUBUOTUKO-YCTOMYMBBIE WITaMMbl Staphylococcus aureus sIBASIOTCS CyLeCTBEHHOW MpPo6ieMoi coBpe-
MEeHHOro 3apaBooxpaHeHusi. B nocnegHee Bpems AN1a 60pb6bl C TAKUMM LUITAMMaMU aKTUBHO BeAyTCA pa3paboT-
KM HOBbIX TEpaNeBTUYECKMX NPeNapaToB Ha OCHOBE aHTUGaKTepUasnbHbIX JIN3VHOB. N1 BbIAENEHUS U OYUCTKM
JIM3MHOB UCMONb3YOT pasfiMyHble COPBGEHTDI, M BbIGOp COpPBEHTa U METOAMKU OYUCTKU MOTEHLMANbHO MOXET
BNIMATb Ha aKTUBHOCTb MOMyYeHHOro 6enka.

AHTUGaKTEpUanbHbIi M3UH Nu3ocTaduH SBASETCS LMHK-3aBUCMMOI MeTanionenTuaason n cnocobeH paspy-
LaTb KJIETOYHYO CTEHKY S. aureus, rMAPONN3ysa NeHTarnnuMHOBbIE MOCTUKM NenTugornnkaHa. Kak npaewno, ans
O0YMCTKM NnusocTaduHa UCnonb3yeTca MO0 KaTMOHOOBMEHHas, MO0 MeTann-xenaTHas xpomaTorpadus. Mpu aTom
B/IMSIHWE METOAUKM OYMCTKM Ha aKTUBHOCTb Nin3ocTadurHa He n3yyeHo. Takum 06pa3om, LieNblo JaHHOMo Uccefo-
BaHMs 6bINO U3YyYeHWEe BANUAHUSE COPOEHTA, BbIGPAHHOIO ANS BbIAENEHUA U OYUCTKM NM3ocTadmHa, Ha ero KaTanu-
TUYecKMe CBOMCTBA. [Ns1 3TOro peKOMBUHAHTHBIN MM3ocTaduH € TMCTUAMHOBBIM TaroM Ha C-KoHue 6bin BblaeneH
M OYMLLEH MPU MOMOLLM YeTbIPEX Pas3nyHbIX COP6EHTOB. [ 151 KATUOHOOOMEHHOM xpomMaTtorpadum 6bin UCMONb30-
BaH copb6eHT WorkBeads 40S. Ons appuHHO MeTann-xenatHon xpoMatorpadumm Ucrnosib3oBany Tpy BapuaHTa Hu-
Kenb-cBaA3blBatolmx copbeHToB — WorkBeads 40 Ni-NTA (HanGonee nonynsipHbli COp6eHT), a Tak e WorkBeads
NiMAC 1 WorkBeads 40 Ni-IDA (c cooTBETCTBEHHO 60/ee U MeHee NPOYHbIM, Mo cpaBHeHMto ¢ WorkBeads 40 Ni-NTA,
CBA3bIBaHWEM MOHOB HMKeNs COp6eHTOM). KaTanuTuyeckas akTUBHOCTb MOJTyYeHHbIX BapuaHToOB 6esika 6bina 1c-
Cne/ioBaHa Ha U30/IMPOBAHHOM CyGCTpaTe — MeHTar/IMLMHE — U YUCTIEHHO OLieHeHa o cooTHowweHuo K /K _[1].

BblaeneHHbI Ha pa3HblX COP6eHTax PEKOMBUHAHTHbIN nn3ocTaduH o6nagan pa3nnyHon KaTanuTMYecKom ak-
TUBHOCTbI. AKTUBHOCTb NIn3ocTaduHa, BblAeIeHHOro Ha KaTuoHoo6MeHHOM copbeHTe WorkBeads 40S un abduH-
HOM cop6eHTe C NPOoYHbIM cBA3biBaHWeM Hukenst WorkBeads NiIMAC coctaBuna 6,121,2 M '*s ' 1 6,2¢1,0 M ' *s -
COOTBETCTBEHHO. AKTUBHOCTb /In30cTadumHa, BbigeneHHoro Ha WorkBeads 40 Ni-NTA coctasuna 1,603 M '*s 7, a
onst WorkBeads 40 Ni-IDA — 0,840,2 M "' *s ', yTO COOTBETCTBEHHO B 4 1 8 pa3 MeHblLe aKTUBHOCTU In30CcTadmHa,
Bbl4ENEHHOIO Ha KATMIOHOOBMEHHOM COpPOGEHTE.
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Takum 06pasom, BbI6Op COPOEHTA, MCNOIb3YeMOro A1 OYUCTKM LieNIEBOro IM3NHA, CYLLLECTBEHHO BUSAET Ha
€ro KaTa/IMTUYeCcKune xapakTepUCTUKM, YTO HEOBXOAMMO YUNTbIBATb KaK Npu NiaHMPOBaHUN IKCMEPUMEHTOB, TaK
N Npn oueHKe AaHHbIX, NoNNy4YeHHbIX ApPpYrMMun nccnepgoBsartenamu. I'Ipep,nono»(vlTeano, 3TO MOXXHO O6bACHUTb
3amMelleHnemM noHa LUmMHKa N3 akTUBHOIo LieHTpa 6enKa Ha MOH HUKensa ¢ cop6eHTa n/vnm npuncoeanHeHneM BTO-
pOro MOHa aKTUBHbIM LieHTpa JIM30CTaduHa, YTO KOCBEHHO NOATBEPXKAAETCA NUTEPATYPHbIMU AaHHbIMK [2]. B 6y-
ayuleM nnaHupyetca nsyyeHme BoO3MOXXHOCTWU MOJTHOIo BOCCTaHOBJIEHUA aKTUBHOCTU NIN3MHa BHE 3aBUCUMOCTHU
OT cop6eHTa, MCMOJIb3YEMOro A1 BblAeIeHUss U OYMCTKM Benka.

Pa6oTa npoBegeHa npu nogaepxke rpaHta PH® N2 18-15-00235-11.
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A variant of the antibacterial enzyme lysostaphin with a histidine tag has been isolated and purified on various
sorbents. A significant effect of the sorbent used for the purification of lysostaphin on its catalytic activity was
shown.

Key words: Staphylococcus aureus, lysostaphin, antibacterial lysins, chromatographic purification, antibiotic
resistance.

Antibiotic-resistant strains of Staphylococcus aureus are a significant problem of modern health care. Recently,
new therapeutic preparations based on antibacterial lysins have been actively developed to combat such strains.
Various chromatographic resins are used to isolate and purify lysins and the choice of resin and purification protocol
can potentially affect the activity of the resulting protein.

The antibacterial lysin lysostaphin is a zinc-dependent metallopeptidase and is capable of destroying the
cell wall of S. aureus by hydrolyzing the pentaglycine bridges of peptidoglycan. Typically, either cation exchange
or metal chelate chromatography is used to purify lysostaphin. At the same time, the effect of the purification
technique on the activity of lysostaphin has not been studied. Thus, the purpose of this study was to study the effect
of the chromatographic resin chosen for the isolation and purification of lysostaphin on its catalytic properties.
To this end, recombinant lysostaphin with a histidine tag at the C-terminus was isolated and purified using four
different resins. WorkBeads 40S resin was used for cation exchange chromatography. For metal chelate affinity
chromatography, three variants of nickel-binding resin were used - WorkBeads 40 Ni-NTA (the most popular resin),
as well as WorkBeads NiMAC and WorkBeads 40 Ni-IDA (with, respectively, more and less strong, compared to
WorkBeads 40 Ni-NTA, binding of nickel ions by the resin). The catalytic activity of the resulting protein variants was
studied on an isolated substrate, pentaglycine, and numerically estimated using the k__ /K ratio [1].

The recombinant lysostaphin purified on different resins had different catalytic activity. The activity of
lysostaphin isolated on the WorkBeads 40S cation exchange resin and WorkBeads NiMAC affinity resin with
strong nickel binding was 6.1+1.2 M "*s " and 6.2+1.0 M " *s 7, respectively. The activity of lysostaphin isolated on
WorkBeads 40 Ni-NTA was 1.620.3 M " *s 7, and for WorkBeads 40 Ni-IDA it was 0.8+0.2 M “'*s !, which is 4 and 8
times lower activity than that of lysostaphin isolated on a cation-exchange sorbent.

Thus, the choice of the resin used to obtain the target lysin significantly affects its catalytic characteristics,
which must be taken into account both when planning experiments and when evaluating the data obtained by other
researchers. Presumably, this can be explained by the substitution of the zinc ion from the active site of the protein
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by the nickel ion from the resin and/or the incorporation of the second ion to the active site of lysostaphin, which
is supported by the literature data [2]. In the future, it is planned to study the possibility of complete restoration of
lysostaphin activity, regardless of the resin used for protein isolation and purification.

The work was supported by the Russian Science Foundation grant N2 18-15-00235-P.

References

1. Grishin A. V. et al. A simple protocol for the determination of lysostaphin enzymatic activity // Antibiotics. 2020. Vol. 9,
Ne 12 P 1-10.

2. Raulinaitis V. et al. Identification and structural characterization of LytU, a unique peptidoglycan endopeptidase from
the lysostaphin family // Sci. Rep. Springer US, 2017. Vol. 7, N 1. P 1-14.

YIIK 577.352.2 DOI: 10.37747/2312-640X-2022-20-72-74
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Bbinn nonyyeHbl HaHoaMynbeun (H3) ¢ nunoesoit kucnotol (JIK) ¢ paamepoM Yactul ot 50 go 350 HM, xapak-
Tepusytowmecst 85x10% ahbeKTMBHOCTbIO BKtoYeHUus (9B) JIK B HaHouyacTuubl (HY), eé MeasieHHbIM BbICBO-
60XJeHMeM U3 HaHODOPM, a Takxe obsafjaloLne BbICOKON CTabUIbHOCTbIO MpU AJNTENIbHOM XPaHeHUU Npu
KOMHaTHOIA TeMnepaType. Bbino nokasaHo, YTo HaHoaMynbeuu ¢ JIK nopaBnstoT arperayuto TpoméoumTos (Tu),
06YCII0B/IEHHYIO apaxnLOHOBOW KUCTOTOW.

KntoueBble cnoBa: ivnoeBasi KNC0Ta, HAHO3MYJIbCUKM, HAHOYACTULbI, TpOM6OL|,VITbI, apaxmaoHoBasa KUcnoTa.

CocyaucTble 3a60/1€BaHNs FONIOBHOMO MO3ra OTHOCATCS K YMC/y Hanbonee pacnpocTpaHeHHbIX hopm naToso-
rumn LLHC ¢ BbICOKMM Moka3aTenem netasnbHbIX MCX0A0B [1]. K 0CHOBHbIM NaToreHeTUYecKM MexaHu3MaM uilemu-
YeCKOro MHCY/bTa OTHOCAT: BO3HWKHOBEHMWE N MPOrpeccMpoBaHie OKUCINTENIbHOrO CTPecca, HapyLleHNsa CoCcyaun-
CTO-TPOMBOLIMTAPHOTO M KOAryNisilMOHHOIO reMocTasos, nospexaenus 96 u ap [2]. Tepanusa gaHHoi natonoruu
BK/IHOYAET NPMMEeHeHMe npenapaTtoB, NPOSABASIOWMX aHTUOKCMAAHTHOE LeNCTBWE, MPenaTCTBYIOWMX arperaumm
Tpom6oumToB. OAHUM U3 Hanbonee yHUBEpCasbHbIX U NMEePCreKTUBHbIX aHTMOKCUAAHTOB B KOMMIEKCHO Tepanuu
ULLIEMUM FOIOBHOMO MO3ra siBfisieTcs iunoeBas kucnota (J1K). CywecTBeHHbIMY HeflocTaTkamu JIK sBNSitOTCS: HU3-
Kasi paCTBOPUMOCTb B BOZE, 6bICTPOE CBA3bIBAHWUE C pa3NuyHbiMK 6enkamu u 6uogerpagauus [3], uto npusognT
K YMeHbLUEHMNIO aHTUOKCUAAHTHOrO 1 TepaneBTUYECKOro AeincTBus. B pesynbtate npenapathbl, cogepxatymne J1K,
BBOASAT B 60/IbLLIMX 403X U B Te4eHUE AJIMTENbHOrO BPEMEHW, 4151 [OCTMKEHWS e€ TepaneBTUYeckoro abdekTa.

MoaToMy Lenblo AaHHO paboTbl ABNSETCS NonyyYeHne HaHoaucnepcuii ¢ JIK, ons conto6unnsaumm eé B Bo-
JOHbIX pacTBOpax, MPOSIOHIMPOBAHHOMO AeNCTBMSA, @ TaKXXe N3yYeHne BANAHMA NOSTyHYeHHbIX HAHOYaCTHUL, Ha PYHK-
LiMOHasIbHY aKTUBHOCTb TPOMGOLIUTOB.

MeTopoM uHBepcun a3 6biav nonyyeHbl HaHoaMynbeun ¢ JIK Ha ocHoBe docdaTuaunxonuua (OX), Mnto-
poHuka ©68 (068) onurornmuepura (O), ®X n ®68, 68 u O, xapakTepusytowmnecs 85+10% atheKTUBHOCTbIO
BK/HOYEHUs cy6cTaHumm B HY 1M cTabunbHOCTBIO MpUM KOMHATHOW TeMnepaType B TeyeHue 8-12 mecAueB. 3Ha-
YyeHuss uHAekca nonuaucnepcHocTu (PDI), paaMepoB U Z-noTeHuuMana nonydyeHHbIx HY onpegensny MeTogom
AVHaMUYECKOro M 311eKTPodOopeTMYecKoro ceetopaccesiHusi. Pasmepbl HaHOAWUCMEPCUI HAaXOAMANCh B fuana-
30He 50-350 HM. 3HauyeHusi PDI HaHoaMmynbeuii ¢ JIK Ha ocHoBe ®X 1 OF 6binn MeHbLe 0.3, 4TO NogTBEPXKAANo
rOMOreHHOCTb AaHHbIX HaHoaucnepcui (HL). OaHako, H3 ¢ nMnoeBoi KUCIOTON, CofepXKalle B CBOEM COCTaBe
cTabunusatop MntopoHnK ®68, 6binm reteporeHHbiMu (PDI>0.3) 1 cocToanm us AByx pakumit HaHovacTmy,: 50-90
HM (15-20%) 1 130-350 HM (80-85%). HaHoYacTMLbI C TMMOEBOM KACNOTON 6bISIN 3NTEKTPOHENTPANbHBIMW.

[anee n3yyanu KMHETUKY BbicBO6OXAeHMS JIK M3 HaHOIMyNbCUI Npu nomown Anuddy3MOHHON AYeriku
®paHua. bbino o6HapyxeHo, n3 Bcex HJ, 3a 22 4 BbicBo60ANNOCH He 6onee 55+5% JIK, 4To no3BonsieT cyanTb O
NPOJSIOHIMPOBaHHOM AENCTBUM Npenaparta 1 noaAep>xaHue ero TepaneBTUYeCKoN KOHLEHTpaLMmn B KPOBM.
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Ha saBepLiatolem atane paboTbl OLEHUBANU BAUSIHUE MOJyYeHHbIX HaHOAMYNbeui ¢ JIK Ha arperauuto
Tpom6oumToB (Tu), B NnasMe KpoBW, B3SITON y 3[,0POBbIX [JOHOPOB, METOAOM ONTUYECKON arperaToMeTpum. B ka-
YyecTBe MHAYKTOpA arperauum Tu UCnosib30Banu apaxuioHoByto kucnoTy (AK). Bbino ycTaHOBMEHO, YTO BCE TUMbI
HA, copepxawme JIK (Cnk=1.3-4 MM), nogaBnsatoT arperauuto Tu, BbidBaHHyto AK, Ha 40-80% COOTBETCTBEHHO.
AHTUOKCUIAHTHOE feiicTBUe HD oueHMBany no KOHLEHTpaummn TnobapéraTtypat akTUBHbIX NpoaykTos (TBK-AIM)
1 akTUBHbIX hopm kucnopoaa (A®GK) B ob6pasuax oboraieHHon Ty nnasmbl (OTI), MHKY6UpoBaHHbIMK ¢ AK. B
peaynbTate UCCNnefoBaHU 6bI10 BbISIBNIEHO, YTO B npouecce arperaumu Tu, obycnoBneHHon AK, npoucxoamt
okucnexue nunugos B OTI. Mpu aToM, fo6aBneHne Bcex TunoB HI JIK (JIK=1.3-4 MM) K o6pasuam nnasmbl
KPOBU MPUBOAMMO K 3HAUUTENIbBHOMY YMEHbLUEHUIO KOHLeHTpauun TEK-AM (B 3.5-7.5 pas) u A®K (1.5-2 pasa).
Kpome Toro, 661710 06Hapy>KeHO, YTO HaHoYacTULbl 6e3 aHTMoKeuaaHToB M pacTeop JIK B pochaTHOM 6ydhepHOM
pacTBope (pH 7.4) npakT1yecku He oKasblBany BAUSHUA Ha GYHKLMOHANbHYIO aKTUBHOCTb TL, OGYCNOBNAEHHYHO
OaHHbIM MHOYKTOPOM. BeposiTHee BCero aToT pesynbTaT CBUAETENbCTBYET O JlyyleM NpoHMKHoBeHneM HY ¢
JIMMOEBON KUCIOTOW BHYTPb K/IETOK MO CPaBHEHWIO C BOAHbIM pacTBopom J1K.

Ha ocHOBaHWM NoslyYeHHbIX Pe3ynNbTaTOB MOXHO cAenaTb 3ak/toYeHne O TOM, YTO MOJTyYeHHble HaHoAMUC-
nepcuu c JIK 061agatoT 3HauMTeNbHbIM aHTUarperayMoHHbIM U @aHTUOKCUAAHTHbLIM AEACTBUEM MO CPaBHEHUIO C
BOAHbIM pacTBopom JIK n HY 6e3 aHTMOKCMAAHTOB 1 SIBASIOTCA NEPCNEKTUBHbIMU MpenapaTtamMu Ansa ganbHewn-
LUNX UccneaoBaHui in vivo.

Pa6oTa BbINofHEHa B paMKax BbIMOMHEHbI B paMKax roc. 3afaHus (N2 roc. peructpauun HAOKTP AAA-
A-A19-119100390063-9) 1 npu noaaepxke GoHAa pa3BUTUS TEOPETUYECKOK DUSUKU U MaTemaTuKK "Basunc” (N2
rpaHTa 22-1-1-28-1).
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LIPOIC ACID NANODISPERSIONS: PREPARATION, ANTIPLATELET AND
ANTIOXIDANT PROPERTIES
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Nanoemulsions (NEs) with lipoic acid (LA) with a particle size from 50 to 350 nm were obtained, characterized
by 85+10% efficiency of inclusion (EF) of LA into nanoparticles (NPs), its slow release from nanoforms, and also
having high stability during long-term storage at room temperature. Nanoemulsions containing LA have been shown
to suppress platelet aggregation (Pt) caused by arachidonic acid (AA).

Key words: lipoic acid, nanoemulsions, nanoparticles, platelets, arachidonic acid.

Cerebrovascular diseases are among the most common forms of CNS pathology with a high rate of deaths
[1]. The main pathogenetic mechanisms of ischemic stroke include: the onset and progression of oxidative stress,
disorders of vascular-platelet and coagulation hemostasis, damage to the BBB, etc. [2]. Therapy for this pathology
includes the use of drugs that exhibit an antioxidant effect, preventing platelet aggregation. Lipoic acid is one of the
most versatile and promising antioxidants in complex therapy of cerebral ischemia. Significant disadvantages of LA
are: low solubility in water, rapid binding to various proteins and biodegradation [3], which leads to the decrease in
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antioxidant and therapeutic effects. As a result, drugs containing LA are administered in large doses and for a long
time to achieve its therapeutic effect.

Therefore, the purpose of this research work is to obtain nanodispersions with LA, for its solubilization in
aqueous solutions, prolonged action, as well as to study the effect of the obtained nanoparticles on the functional
activity of platelets.

By phase inversion method nanoemulsions with LA based on phosphatidylcholine (PC), Pluronic F68 (F68)
oligoglycerin (0G), PC and F68, F68 and OG were prepared, characterized by 85+10% efficiency of inclusion the
substance into NPs and stability at room temperature for 8-12 months. The values of the polydispersity index (PDI),
the size and the ¢-potential of the obtained NPs were determined by the method of dynamic and electrophoretic
light scattering. The sizes of the nanodispersions were in the range of 50-350 nm. The PDI values of nhanoemulsions
with LA based on PC and OG were less than 0.3, which confirmed the homogeneity of these nanodispersions (NDs).
However, the NEs with lipoic acid containing Pluronic F68 in its composition were heterogeneous (PDI>0.3) and
consisted of two fractions of nanoparticles: 50-90 nm (15-20%) and 130-350 nm (80-85%). The nanoparticles with
lipoic acid were electroneutral.

Next, we studied the kinetics release of LA from NEs using the Franz diffusion cell. It was found that no more
than 55+5% of LA was released from all NDs in 22 h, which makes it possible to judge the prolonged action of the
drug and the maintenance of its therapeutic concentration in the blood.

At the final stage of the research work, the effect of the obtained nanoemulsions with LA on platelet aggregation
in blood plasma taken from healthy donors evaluated by the method of optical aggregatometry. Arachidonic acid
(AA) was used as an inducer of Pt aggregation. It was found that all types of NDs containing LA (Cla=1.3-4 mM)
suppress Pt aggregation caused by AA by 40-80%, respectively. The antioxidant effect of NEs was assessed by
the concentration of thiobarbiaturate active products (TBA-AP) and reactive oxygen species (ROS) in platelet-rich
plasma (PRP) samples incubated with AA. As a result of the research, it was revealed that in the process of Pt
aggregation caused by AA, lipid oxidation occurs in PRP. At the same time, the addition of all types of NEs LA
(Cla=1.3-4 mM) to blood plasma samples led to a significant decrease in the concentration of TBA-AP (3.5-7.5
times) and ROS (1.5-2 times). In addition, it was shown that nanoparticles without antioxidants and a solution of
LA in a phosphate buffer solution (pH 7.4) had practically no effect on the functional activity of Pt caused by this
inducer. Most likely, this result indicates a better penetration of NPs with lipoic acid into cells in comparison with
an aqueous solution of LA.

Based on the obtained results, it can be concluded that the obtained nanodispersions with LA have a significant
antiplatelet and antioxidant effect in comparison with an aqueous solution of LA and NPs without antioxidants and
are promising drugs for further studies in vivo.

This work was performed within the State Assignment (State Registration no. AAAA-B20-220091790054-9)
and with the support of the Foundation for the Development of Theoretical Physics and Mathematics "Basis" (grant
Ne 22-1-1-28-1).
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Paspa6oTaHa aKcnpecc-MeToAMKa OLLeHKM Macc-CrieKTPOMETPUYECKUX MoKasaTesieil ra30BOro cocTaBa Bblfblxa-
emMoro Bosayxa ans auddepeHLmanbHOM 4MarHoCTUKM OCTPbIX PECMUPATOPHbIX BUPYCHbIX MHGEKUMIA 1 oTcre-
YXUBaAHUS IMHAMUKM BOCCTAHOB/IEHUS MOCSIe NMepeHeceHHoro 3abosieBaHus.

KnioueBble cnoBa: Macc-CnekTpoOMETpUst; PYHKLMOHaNIbHOE COCTOSIHME YeNI0BEKa; KNIMHWYEeCKasa AMarHoCTUKa;
OCTpble pecnupaTopHble BUPYCHble MHDEKLUM.

[a30BbIN COCTaB BblAbIXaeMOro BO3yxa COAEPXKMUT LUMPOKMIA HABOP HU3KO- U BbICOKOMONEKYAPHbIX COeAMn-
HEHWIA, KOTOPbIe MPU HaNMYKMK NaTONOrUKU UBMEHSAIOT CBOKO KOHLIeHTpauumto. Hanuume B cocTtaBe razoBoi npobbl
OMarHoCTUYECKM 3HAYMMbIX KOMMOHEHT NO3BOSIET OLEHUTb QYHKLIMOHANIbHOE COCTOSIHUE UCTbITYEMOrO U 06Ha-
PY>XUTb MapKepbl 3a60JIEBaHMS, YK€ NEPEHECEHHOMO UM NPOTEKAOLLEro B ocTpoii pase[1].

PaspaboTaHa skcnpecc-MeToamKa AMarHoCTUKN U MOHUTOPUHIa BOCCTAHOB/IEHUS MOCTE NEPEHECEHHO pe-
crnvMpaTopHOW BUpYCHOM nHdeKLmun. MccnegoBaHme NPOBOAMIOCH C UCMONb30BaHMEM BbICOKOYYBCTBUTEIbHOIO
KBaApynosbHOro macc-cnektpomerpa MC7-200. OcHOBa MeTOANKM COCTOUT B onpefeneHnm MHAMBUAYanbHOro
«oTnevyaTka» UcnbiTyeMoro, copMMpOBaHHOMO U3 MACC-CNIeKTPOMETPUYECKMX MOKa3aTesieil ra3oBoro cocraBa
BblAblXaeMoro Bosayxa.

B uccneposaHum 6binun 3agericTBOBaHbl 49 yenoBek: 18 YenoBeK — Nepuof Hayana BOCCTaHOB/EHMS Noce
nepeHeceHHOW pecnupaTopHO BUPYCHOM UHdekumm, 31 — 3a0poBas rpynna, CocTosLas n3 My>4uH B BO3pacTe
oT 18 po 21 roga B xopoLuei Gusnyeckon popme. Y KaX[oro UCrbiTyeMoro 6bii eAUHOPa3oBo NPOM3BeEH 3a-
60p Npobbl BblAblxaeMoro Bo3ayxa. B pesynbtaTte akcnepumMeHTa 6bIsiM MONyYeHbl Macc-CNeKTPbl NccneayeMbix
06pa3sLoB.

AHanus pesynbTaToB NponsBefeH MeTOAOM IaBHbIX KOMMOHEHT, NPUBEAEHHbIM Ha pUc.1, U METOLAOM Kia-
cTepHoro aHanuaa k-cpegHux. MNpu 06paboTke Macc-CNeKTPoB 6blNn BblAeNeHbI CeayoLne BELLECTBA, OTHOCH-
TeSIbHO KOTOPbIX MPOMCXOAMUNA KiacTepnsaumsa: aLeToH, YKCYyCHast KUCI0Ta U U30MNpPeH, CoAepXallmecs B BblAoXe
3[10pOBOrO Ye/I0BeKa, U HeM3BECTHbIE MUKW, CBUAETENbCTBYHOLLME O HaNn4YnM 3aboneBaHus. PesynbTaTbl knacTe-
pusauuu No3BOSIUN BbIABUTb SIBHbIE Pasfinyns y ABYX UccnegyemMbix rpynmn.
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Puc. 1. UnguBupayanbHbie «0TNeYaTKU» BbibIXaeMOro Bo3fyxa UCMbITyeMbIX,
npeAcTaB/ieHHblE B BUAE NPOEKLUI Ha OCYU IMaBHbIX KOMMOHEHT.
MpepcTtaBnexbl gBe rpynnbi: 0-17 — rpynna BoccTaHoBneHus, 18-48 — spopoBas rpynna.

MonyyeHHble peadynbTaTbl CBUAETEIbCTBYHOT O BO3MOXHOCTU ANArHOCTUKN pecrnmpaTopHbIX MHMEKLUA n Mo-
HUTOPUHIra BOCCTAHOBJ/IEHMSA MOC/E NepeHeceHHoro 3a6oieBaHnsa Npu NOMOoLLM pa3paboTaHHOW HeMHBa3UBHOWM
BbICOKOYYBCTBUTENIbHOW MacC-CNeKTPOMETPUYECKOIN METOAMKN 1 MOATBEPXAAIOT NEPCMNEKTUBHOCTb ee MacLuTa-
6UPOBaHNS cpeay MeaULMHCKUX yupexaeHunin Poccuiickon Gepepaumm.
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MASS SPECTROMETRIC DIAGNOSIS OF RECOVERY AFTER RESPIRATORY
ILLNESS USING MACHINE LEARNING METHODS

A.A. Cherednikova'?, A.G. Kuzmin’, Y.A. Titiov', A.Y. Zaitceva'
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The express methodology of evaluation of mass-spectrometric parameters of gas composition of exhaled air for
differential diagnostics of acute respiratory viral infections and tracing of dynamics of recovery after the disease
was developed.

Key words: mass spectrometry; human functional state; clinical diagnosis; acute respiratory viral infections.

The gas composition of exhaled air contains a wide range of low- and high-molecular weight compounds, which
change their concentration in the presence of pathology. The presence of diagnostically significant components
in the composition of the gas sample makes it possible to assess the functional state of the subject and detect
markers of a disease already suffered or proceeding in the acute phase [1].

An express method of diagnostics and monitoring of recovery after a respiratory viral infection was developed.
The investigation was performed using high-sensitivity quadrupole mass spectrometer MS7-200. The basis of the
method consists in determination of an individual "fingerprint" of a subject formed out of mass-spectrometric
indices of gas composition of exhaled air.

The study involved 49 people: 18 people - a period of early recovery from a respiratory viral infection, and 31 - a
healthy group consisting of men aged 18 to 21 years in good physical shape. A single exhaled air sample was taken
from each subject. As a result of the experiment, mass spectra of the test samples were obtained.

The results were analyzed by the principal component method, shown in Fig. 1, and by k-means cluster analysis.
When processing the mass spectra, the following substances were identified with which the clustering occurred:
acetone, acetic acid and isoprene contained in the exhalation of a healthy person, and unknown peaks indicative of
the presence of disease. The clustering results revealed clear differences in the two groups studied.
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Fig. 1. Individual "fingerprints" of exhaled air of the subjects,
represented as projections on the principal component axes.
Two groups are represented: 0-17 - recovery group, 18-48 - healthy group.

The results obtained testify to the possibility of diagnosing respiratory infections and monitoring the recovery
after an illness using the developed noninvasive high-sensitivity mass spectrometric technique and confirm the
perspective of its scaling up among medical institutions of the Russian Federation.
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BJIMAHUE NPON3BOAHDLIX 1,4-bEH30XWHOHA HA AKTUBHOCTb
L-TANNAKTOH-1,4-NAKTOH AETUAPOINEHA3bl ARABIDOPSIS THALIANA

YyauH A.A., Kyapswosa E.B.
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®A[-3aBucumMast L-ranaktoH-1,4-nakToH gernaporeHasa ua Arabidopsis thaliana (AtGALDH) — Mem6paHHbIit dep-
MEHT PacTUTENbHOIO NMPOUCXOXAEHUS, ABNAOLLMIACA YLOOHON MOAENbIO ANA U3yyeHus aenctemsa adpdekTopos
B OTHOLLEHUW MUTOXOHAPUaNbHbIX ®A[l-3aBUCUMbIX fernaporeHas. NpounssogHble 1,4-6eH30XMHOHa (aeumnny6u-
XWMHOH ¥ KO3H3UMbI Q1 1 Q10) LWMPOKO pacnpocTpaHeHbl B NPMpofe, SIBNSIOTCSA NepeHOCUYMKaMmM 371eKTPOHOB B
OblXaTeNbHOW Lienun 1 UrpatoT BaXKHYH poJib B MOAAEPXKAHUW OKUCIUTENTbHO-BOCCTAaHOBUTEbHBIX PABHOBECUI B
KNeTKe. M3BECTHO O B3aUMOLENCTBMUN 3TUX MPOU3BOAHbIX C MEMOBPaHaMu KNETKU: TaK, HanmMune B MOJIEKye KO-
dhepmeHTa Q10 ANIMHHOMO rMApPodO6HOro yrneBogopoAHOro hparMeHTa No3BossieT KohepMeHTy Norpy)xaTbCsi B
MeMO6paHbl, @ AeLny6UXHOH CNOCOBCTBYET YXYALLIEHUIO MUTOXOHAPWAbHON NpoHMLaemMocTn. OfgHaKo BAUSHUE
JeunnyoruxmHoHa n koaHanmos Q1 1 Q10 Ha depmeHT AtGALDH ocTaéTcst HensyuyeHHbIM. TakuM 06pa3om, Lenbio
[laHHOW paboTbl ABNSIETCS UCCNeoBaHMe psiia NPOU3BOAHbIX 1,4-6eH30XMHOHA (Aeunny6UXMHOHa 1 KO3H3MMOB
Q1 1 Q10) kak acexkTopoB AtGALDH.

KnioueBble cnoea: L-ranakToH-1,4-n1akToH AernaporeHasa; kosHsum Q1; koaH3aum Q10; aeunny6uXnHoH;
®A/l-3aBUCKMMble AernaporeHasbl; oopalleHHble Muuennbl AOT; akLenTopbl 3/1eKTPOHOB; MHIMGUTOPDI.

Nccneposanus adhdektopos PA-3aBUCUMbIX AerMAPOreHas MMeKT BaXXHOe NPaKTUYeCcKoe 3HaYeHne BBU-
Y UX LUIMPOKOrO MPUMEHEHMS, HAaMPUMEP 3NEKTPOHOAKLENTOPbI 3TUX PEPMEHTOB UCMOMb3YIOTCA NPU pa3paboTke
61OCEHCOPOB 1 6UMO3NEKTPOAOB, @ COOTBETCTBYHOLLME UHIMOUTOPbI — Kak OCHOBA N1EKapCTB, MULLIEHbIO KOTOPbIX
apnstotcs GA/l-3aBucrMMble aervgporeHasbl. @epMeHT L-ranakToH-1,4-nakToH AernpaporeHasa w3 Arabidopsis
Thaliana (AtGALDH), roMonornyHbIi rafiakToHONaKToH okcuaase u3 Trypanosoma cruzi (TcGAL), MoXeT paccMa-
TpUBaTbCA Kak MOAENbHbIN (EepMEHT, UCNOJIb3ysi KOTOPbIA MOXHO NMPOBOAUTb CKPUHWMHI MHIM6UTOpoB TCGAL,
ABNAIOLLMXCA NOTEHLUMANbHbIMK NeKapcTBaMu NpoTuB 6onesnu Laraca. Kpome Toro, HayuHbIn uHTEpecC npeg-
CTaB/isieT U3yyeHne BAUSTHUS PasfNyHbIX COeANHEHUI HA MUTOXOHAPUWasbHble MEMBpPaHbI, U, COOTBETCTBEHHO,
Ha aKTMBHOCTb paccMaTpuBaemoro AtGALDH.

B pa6oTe oxapakTepn3oBaHO BAUsIHUE AeLunnybuxmHoHa n koaHsnmoB Q1 1 Q10 ans AtGALDH c ncnonbso-
BaHMeM BofHoM cpefbl (25 MM docdaTHbI 6ydep pH 8,9) u cucTembl 06palLéHHbix muuenn AOT (0,1 M pacTeop
un-(2-3Tun)-rekcunoBoro atupa cynbdosHTapHOWM KACNOTbI B H-OKTaHe), ABNSAOLLENCS Mofenbio MeM6paHbl. 06-
HapYy>XeHo, YTO AeuunnybuxmHOH nogaensieT akTuBHOCTb AtGALDH B MuuennspHoi cpefie - CHMWKeHUe akTUBHO-
cTu cocTaBnset 96 % npu 32 MKM feuunybuxuHoHa (cteneHb rugpatauuv WO = 28, cOOTBETCTBYHOLLAs IMMEPHOM
tdopme AtGALDH). MexaHu3m nofgaBneHns akTUBHOCTM AtGALDH TpebyeT fanbHenLwero nccneaoBaHusi, OH Mo-
XKET 6bITb CBA3aH C UHIMGMPOBaHNEM caMoro GpepmeHTa Un BANSAHNEM Ha COCTOsIHNE MeMbBpaHbl, 4TO 06Cyxaa-
nocb B nutepatype. KoaHanm Q10 He okasbiBaeT BblpaxeHHOro addekta Ha akTUBHOCTb MOHOMEPHOIN GOopMbl
(hepmeHTa, 0OfHAKO CHMKaeT aKTUBHOCTb AMMepHoi hopMbl 60s1ee YeM B ABa pasa. B To xxe BpeMs KoaH3um Q1
nposiBnsieT cebsl Kak 3a1eKTPOHOoAKLEeNTop, HO MeHee adEKTUBHbIN B CPaBHEHWUM C yXKe OMMUCaHHbIM B nTepa-
Type peHasmHMeToCyIbhaToM Aaxe npu 6osiee BbICOKMX KOHLeHTpaumsx (120 MkM ans dpeHasmHMeTocynbdTa
1 700 MKM ana Q1 coOTBETCTBEHHO), COXpaHSA Npu 3TOM NPodusb KaTaMTUYECKON akTUBHOCTU AtGALDH ot
cTtenenu rugpataumm WO.

Takum 06pasoMm, HaMU oxapakTepu3oBaHbl NPou3BoAHble 1,4-6eH30XMHOHA (LeLuny6UXMHOH U KOSH3UMbI
Q1 # Q10) 1 nokasaHo, YTo AeLnIy6UXMHOH U KoaH3MM Q10 nodaBnsAloT akTUBHOCTb AtGALDH, To ecTb MoryT
paccMaTpmBaTbCsl KaK MoTeHuuanbHble MHrMbuTopbl TCGAL. Mpy aToM KO3H3UM Q1 MposiBNAET 3/1eKTPOHOAK-
LlenTopHble CBOMCTBA M MOXET 6bITb MCMOMNb30BaH Kak afbTepHaTUBHbIN A ans AtGALDH.
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OF L-GALACTONE-1,4-LACTONE DEHYDROGENASE
FROM ARABIDOPSIS THALIANA

A.A. Chudin, E.V. Kudryashova

Chemical Faculty of Lomonosov Moscow State University, Department of Chemical Enzymology
e—mail: andrew_18@inbox.ru

FAD-dependent L-galactone-1,4-lactone dehydrogenase from Arabidopsis thaliana (AtGALDH) is a plant membrane
enzyme of plant origin, which is a suitable model for studying the effect of effectors on mitochondrial FAD-
dependent dehydrogenases. 1,4-benzoquinone derivatives (decylubiquinone and coenzymes Q1 and Q10) are widely
distributed in nature, they are electron carriers in the respiratory chain and play an important role in maintaining
redox balances in the cell. The interaction of these derivatives with cell membranes is known: for example, the
presence of a long hydrophobic hydrocarbon fragment in the coenzyme Q10 molecule allows the coenzyme to sink
into the membranes, while decylubichnon contributes to the deterioration of mitochondrial permeability. However,
the effect of decylubiquinone and coenzymes Q1 and Q10 on the AtGALDH enzyme remains unexplored. Thus, the
aim of this work is to study a number of 1,4-benzoquinone derivatives (decylubiquinone and coenzymes Q1 and
Q10) as AtGALDH effectors.

Key words: L-galactone-1,4-lactone dehydrogenase; coenzyme Q1; coenzyme Q10; decylubiquinone; FAD-
dependent dehydrogenases; reverse micelles AOT; electron acceptors; inhibitors.

Studies of the effectors of FAD-dependent dehydrogenases are of great practical importance due to their
wide application, for example, electron acceptors of these enzymes are used in the development of biosensors
and bioelectrodes, and the corresponding inhibitors are used as the basis for drugs that target FAD-dependent
dehydrogenases. The enzyme L-galactone-1,4-lactone dehydrogenase from Arabidopsis Thaliana (AtGALDH),
homologous to galactonolactone oxidase from Trypanosoma cruzi (TcGAL), can be considered as a model enzyme
that can be used for screening of inhibitors of TcGAL, which are potential drugs against Chagas disease. In addition,
it is of scientific interest to study the effect of various compounds on mitochondrial membranes, and, accordingly,
on the activity of the considered AtGALDH.

The impact of decylubiquinone and coenzymes Q1 and Q10 on AtGALDH was characterized in this work using
an aqueous medium (25 mM phosphate buffer pH 8.9) and an AOT reverse micelles system (0.1 M solution of
sulfosuccinic acid bis(2-ethylhexyl) ester in n-octane), which is a model of the membrane.

It was found that decylubiquinone suppresses AtGALDH activity in a micellar medium - the decrease in activity
is 96% at 32 uM decylubiquinone (the hydration degree W0 = 28, corresponding to the dimeric form of AtGALDH).
The mechanism of inhibition of AtGALDH activity requires further study; it may be associated with the inhibition
of the enzyme itself or the effect on the state of the membrane, which was discussed in the literature. Coenzyme
Q10 has no pronounced effect on the activity of the monomeric form of the enzyme, but reduces the activity of the
dimeric form by more than two times.

Atthe sametime, coenzyme Q1 behaves as an electron acceptor, but less effective than phenazine methosulfate
already described in the literature, even at higher concentrations (120 uM for phenazine methosulfate and 700
uM for Q1, respectively), while maintaining the profile of AtGALDH catalytic activity depending on the degree of
hydration WO.
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ACM-AHAJIU3 BENIKA TYMS
B ObPA3LIAX NMJTIA3Mbl MALLUEHTOB C PAKOM NMOYKH

Epwoea M.O., BanyeBa A.A., UsaHoBa U.A., MoTtonpgbikoea H.B., MNnewakoe.a T.0., UaHoB 10.11.

GenepanbHoe rocygapCTBEHHOE GHOXKETHOE HayYHOE yupexaeHne «Hay4Ho-muccneq0BaTenbCkuii MHCTUTYT G1Mome-
ANLMHCKOM XM umeHn B. H. OpexoBuyax»

119121, Poccusi MockBa, yn. lNMoroguHckas, 4. 10, cTp.8

E-mail: mo.ershova@mail.ru

B pa6oTe npefcTaBneHbl pe3ynbTaThl Mo 06HapyXXeHWto TumMugunatcuHTasbl (TYMS) B o6pasuax nnasmbl nauu-
€HTOB C NMOYeYHO-K/1eTOYHbIM pakom (MKP) Ha ocHoBe ACM-BU3yanu3auuy KOMMIEKCOB 30HA/MULLEHD.

KnioueBble cnoBa: TumuaunnaTcuHTasa, TYMS, pak nouku, NKP, ACM.

MoYeyYHO-KNETOYHDIV pak SIBASETCA Hanbosee NeTanbHbIM YPOIOrMYeCKMM 3/10Ka4eCcTBEHHbIM HOBOO6Paso-
BaHWEM U 3aHMMaeT 9-e n 14-e MecTa No pacnpoCTPaAHEHHOCTU Y MY>XUUH U XXEHLLWH, COOTBETCTBEHHO. BbkuBa-
€MOCTb 60JIbHbIX 3aBUCUT OT CTaAMM B MOMEHT YCTaHOBMEHUS AnarHosa. Tak, npu | ctagum 10-neTHsAA BbXMBae-
MOCTb cocTaBnsieT 6onee 80%. [03TOMY, K/THOYEBBIM NPUOPUTETOM UCCIEA0BAHMWI B paMKax 3TOro 3abosieBaHus
ABNAETCS pa3BUTME METOAO0B PaHHeN ANarHOCTMKM, NO3BOMSOWNX LeTEKTUPOBATb KOMMIeKCoobpa3oBaHue Ha
YPOBHE €AMHNYHbIX Moniekyn. K HOBbIM 61oaHanuTMYeCKUM MeTOAaM OTHOCUTCS BbICOKOYYBCTBUTESNbHbIV aHa-
JIN3 C UCMOJIb30BaHNEM aTOMHO-CUT0BOM MUKpockonun (ACM).

B pa6oTe npoBefeHo o6HapyxeHne TYMS B o6pa3uax nna3mMbl Ha ocHoBe ACM-BM3yanusaLmmn KOMMIEKCoB
30HA/MULLEHb. KOMMNIEKChI MEXAY MMMOGUIN30BaHHbIMU Ha noBepxHocT ACM-uuna aHTu-TYMS (30HAbI) 1 aH-
TUreHoM (MuLLEeHb), opMMpoBaNMCh NPU MHKYGaLIMK Ynna B o6pa3sLiax pas6aBsieHHOM Nna3Mbl KPOBU MaLUEHTOB C
MKP. KoHTponbHbIMK siBAsinucbe ACM-4unbl nocne HkybaLmmn B o6pa3uax nnasmMbl 340pOBbIX NauueHToB. Mo gaH-
HbIM ACM-cKkaHMpOBaHUs 6b110 BbISIBIIEHO, YTO A5 60/bLIMHCTBA (5 06pasLoB 13 8) 06pa3LioB NyiasMbl NaLMEHTOB
¢ MKP, B aHan13e BU3yanusnpytoTcsi 06bEKTbI C BbICOTON 60siee 3.6 HM, B TO BpeEMS Kak, Yy 340POBbIX NaLMeHTOB
06beKTbI C TAKUMMU BbICOTaMM NPaKTUYECKU OTCYTCTBYIOT (PUCYHOK 1). BU3yanuanpoBaHHble 06beKTbl C 60/bLUNMM
BbICOTaMU MOTYT 6bITb OTHECEHbI K KOMIMJIEKCAM aHTUTEN0/aHTUIreH, YTO CBUAETENbCTBYET O NMPUCYTCTBUWN aHTU-
reHa B o6pasuax nnasmbl. B pabote [1] nokasaHa 3aBUCMMOCTb cBepxakcnpeccun 6enka TYMS ot ctaguu MNKP.
MpefnoXeHHbIn nogxon Ha ocHoBe ACM MOXeT 6biTb UCMONb30BaH Ajsi o6HapyxeHust TYMS B nia3me KpoBu
naumneHTOB, OAHAKO, YTOObI cieNnaTb BbIBOAbI O KITMHUYECKOW 3HAYMMOCTM 3TOro 6esika HE0H6X0LMMO NPOBECTY A0-
NOMHUTENbHbIE 3KCNEPUMEHTbI, B TOM YMCIie HEOBXOAUMO YBENNUYUTL BbIGOPKY UCCeayeMblx 06pasLioB.

A) (6) (B)

PucyHok 1.. TunuuHble ACM-u3o6pakeHus nocne ctagum ummMmobunusauum aHtu-TYMS (A);
nocne cTagun MHKy6auum B na3me Kpoeu 3a0poBbix (B) n 6onbHbix MKP(B) nauueHToB.
MapameTpbl ACM-n306pakeHui:

(A) - paamep — 5*5 MKM, BbicoTa — 0-5 HM; (B) 1 (B) - paamep — 5*5 MKM, BbicoTa — 0-7 HM.

MpepacTtaeneHHble ACM-u3o6parkeHus 6binu nonyyeHbl Ha npuéopax Titanium (NT-MDT, Poccus)
n Dimension 3100 (VEECO (Bruker), CLLA).

Pa6oTa BbinosiHEHa B paMKax MpOeKTa Mo CO3[4aHUI0 U Pa3BUTUIO HayYHbIX LLEHTPOB MUPOBOrO YPOBHS
«Uundposoit gnusariH n nepcoHannsnpoBaHHOe 3apaBooxpaHeHune» npun GMHaHCOBOW Nogaepxke MuHuctepcTea
o6pasoBaHus 1 Hayku Poccuiickoit ®epepauum (cornawenune No 075-15-2022-305)
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AFM ANALYSIS OF THE TYMS PROTEIN
IN PLASMA SAMPLES OF PATIENTS WITH RENAL CANCER

M.O. Ershova, A.A. Valueva, I.A. Ivanova, N.V. Potoldykova, T.O. Pleshakova, Y.D. lvanov
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This paper presents studies on the detection of thymidylate synthase (TYMS) in patients plasma samples with renal
cell carcinoma (RCC) based on AFM imaging of probe/target complexes.

Key words: thymidylate synthase, TYMS, kidney cancer, PCC, AFM.

Renal cell carcinoma is the most lethal urological malignancy neoplast and ranks 9th and 14th place in
prevalence in men and women, respectively. Survival rate depends on the stage at the time of diagnosis. So,
at stage |, the 10-year survival rate is more than 80%. Therefore, the key research priority for this disease is the
development of early diagnostic methods that allow to detect complex formation at the level of single molecules.
New bioanalytical methods include highly sensitive analysis using atomic force microscopy (AFM).

In this work, TYMS was detected in plasma samples based on AFM imaging of probe/target complexes.
Complexes between antigen (target) and anti-TYMS (probes) immobilized on the surface of the AFM chip were
formed during the chip incubation in samples of diluted blood plasma from patients with RCC. The controls were
AFM chips after incubation in plasma samples from healthy patients. Based on AFM scanning data, it was revealed
that for the majority (5 samples out of 8) of plasma samples from patients with RCC, objects with a height of more
than 3.6 nm are visualized in the analysis, while in healthy patients, objects with such heights are practically absent
(Figure 1). Visualized objects with high altitudes can be attributed to antibody/antigen complexes, indicating the
presence of antigen in plasma samples. In work [1], the dependence of TYMS protein overexpression on the stage
of RCC was shown. The proposed AFM-based approach can be used to detect TYMS in the plasma of patients,
however, in order to conclude the clinical significance of this protein, additional experiments are needed, including
the need to increase the sample of the studied samples.

Q) (B) ©

Figure 1. Typical AFM images after the anti-TYMS immobilization step (A);

after the stage of incubation in the blood plasma of healthy (B) and patients with RCC (C) patients.

AFM image parameters:

(A) - size - 5 * 5 um, height - 0-5 nm; (B) and (C) - size - 5 * 5 um, height - 0-7 nm.

The presented AFM images were obtained on Titanium (NT-MDT, Russia) and Dimension 3100 (VEECO (Bruker), USA).

The work was carried out within the project for the creation and development of world-class scientific centers
"Digital Design and Personalized Health Care" with the financial support of the Ministry of Education and Science of
the Russian Federation (agreement No. 075-15-2022-305)
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MOAEJIMPOBAHWUE AHTMOTEHE3A IN VITRO C NTPUMEHEHUEM
KNETOYHbIX COEPOMA0B HA OCHOBE CO-KYJIbTUBUPYEMbIX
JEAOTENUOLUTOB U MESEHXUMAIJIbHbIX CTPOMAJIbHbIX KJIETOK.
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MNMoka3zaHo o6pa3oBaHue COCYAUCTbIX OTPOCTKOB (CNPayToOB) U3 KNETOUYHbIX CHEPOMAOB Ha OCHOBE SHAOTENIMOLM-
TOB U M@3eHXMMaJlbHbIX CTPOMasIbHbIX K/TETOK NpU KYNbTUBUPOBaHUN CHEPOMAOB B TPEXMEPHOM GUOPUHOBOM
rene. PesynbTatbl paboTbl MOMYT CNYXWUTb OCHOBOW AJ1S CO3[4aHMUA HOBOM in vitro Mofenu aHrnoreHesa, oénaga-
toLL,el BbICOKOW CTeMneHbto 6UONIOrMYecKoin pefieBaHTHOCTMU.

KntoueBbie cnosa: KneToyHble CdJepOVID,bI,' in vitro MoOAEenu; aHrMoreHes; MeseHxmMMalsibHble CTpOMasibHble KNeTKN.

Mopgenu aHrnoreHesa BocTpe6oBaHbl B Lie/IOM psfe HanpaBieHui 6MOMeAULMHbI, B YaCTHOCTU B JOKU-
HMYecKMnX nccnefoBaHusax hapMakonornyecknx areHToB, pa3paboTke HOBbIX METOAOB JIeYEHWUS Pas/IMYHbIX 3a-
605eBaHNi (3N10Ka4YeCTBEHHbIE HOBOOGPA30BaHMs, AnabeTuyeckas peTUHOMNATUs, ULLEMUYECKME COCTOSIHUS U
[p.), @ TaKXKe B TKAHEBOW MHXeHepun. Ha ceropHsILLHWIA feHb Hanbonee NnepcrieKTMBHbIMU SIBNISIKOTCA MOAENW,
BK/toYatoLLme 3D co-KynbTMBUPOBAHME PasfiMyHbIX COCYAUCTbIX KNETOK B FMAPOrensix, BbIMOMHAOLWMX GYyHKLMM
€CTEeCTBEHHOIO BHEK/IETOYHOrO MaTpuKca.

B naHHOM paboTe MCMob30BaHbl MEPBUYHbIE KYNIbTYPbl 3HAOTENNANbHbBIX KNTETOK MYNOYHON BEHbI YeloBeKa
(hUVECS) 1 Me3eHxMMarnbHbIX CTpOMasibHbIX KneTok MCK nynoBuHbl. KneTku Bbligensinm us ¢pparMeHToB nyno-
BUHbI M XapaKTepun3oBasin No SKCNpeccumn NoBEPXHOCTHbLIX MapKepOB METOLOM NPOTOYHON LUTOhyOpUMETpUN.
KnetouHble cdhepongbl, coctosime u3 hUVECs n hUC-MSCs B cooTHolueHumn 1:1 (Bcero 1000 knetok/chepons),
nonyyanu B HeagresmeHbIx nnaHwetax (Corning, CLUA). Chepounabl KynbTUBMpOBanu B GuU6pMHOBOM rugporene
B POCTOBOW cpefle, copepxallern 20 % nusata TpoméouutoB (JIT) goHopoB. doTorpaduyeckyto perucTpaumio
OCYLLLeCTBASAN Npu nomoLuu cuctembl IncuCyte Zoom (Essen BioScience, CLLUA). O6pasoBaHue coCyanUCTbIX OT-
POCTKOB (CnpayToB), @ Tak)Xe pacnpefeneHune B ux CTPYKType 060MX TUMOB K/IETOK aHaIM3upoBasm npu noMoLum
(ha30BO-KOHTPACTHOM U CKaHMPYHOLLLEN NTa3epHON KOHPOKaNIbHON MUKPOCKOMUN.

MNMokasaHo, 4To B NpucyTcTBMM JIT npoucxoamna Myurpaums 06omx TUMOB K1eToK M3 cheponaos B refb, Npu-
BOAsLLAn K 06pa3oBaHuUto cnpayTos, MOPhOIOrnyeckn COOTBETCTBYOLWMX HavaibHbIM CTaAUsIM aHrMoreHesa u
o6pasyroLnx aHacTaMosbl.

PaspabaTtbiBaemas Mofenb aHrMoreHesa npeanaraeTcs K MCMNosib30BaHWIO B KauecTBe 3KCMEPUMEHTasTbHO-
ro MHCTPYMEHTa ANs1 OUEeHKM Murpaumm, nponudepaunn n audbdepeHUMPOBKM SHAOTENNANbHBIX U NepULMUTO-
NoAo6HbIX KNEeTOK YenoBeKa B TPEXMEPHbIX YC/TOBUAX, MaKCUMasIbHO MPUOGIMXKEHHBIM K eCTECTBEHHON cpefe
opraHuama.

Pa6oTta BbinonHeHa B pamkax [porpamMmbl PyHAaMeHTanbHbIX HayYHbIX nccnenoBaHuii B Poccuiickon ®e-
Zlepauunm Ha fonrocpouHbiit nepuog (2021 - 2030 roabt) (N2 122022800499-5).

UDC 576.32/.36 DOI: 10.37747/2312-640X-2022-20-85-86
AN IN VITRO ANGIOGENESIS MODEL BASED

ON CELLULAR SPHEROIDS OBTAINED FROM CO-CULTURED
ENDOTHELIOCYTES AND MESENCHYMAL STROMAL CELLS

I.V. Vakhrushev, A.V. Tsvetkova, V.D. Novikova, P.A. Karalkin, S.A. Rodionov, N.S. Sergeeva, K.N. Yarygin
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The formation of vascular outgrowths (sprouts) from cellular spheroids based on endotheliocytes and mesenchymal
stromal cells was demonstrated to take place upon culturing the spheroids in a three-dimensional fibrin gel. The
results can serve as a basis for a new angiogenesis model of a high biological relevance.

Key words: cellular spheroids; in vitro models; angiogenesis; mesenchymal stromal cells.

Angiogenesis models are urgently needed in a vast number of areas of biomedicine, in particular in preclinical
studies of pharmacological agents, the development of new methods for treatment of various diseases (malignant
neoplasms, diabetic retinopathy, ischemic conditions, etc.), and tissue engineering. To date, the most promising
models include 3D co-culture of various vascular cells in hydrogels mimicking functions of natural extracellular matrix.

The present research was carried out on human umbilical vein endothelial cells (hUVECs) and human umbilical
cord mesenchymal stromal cells (hUC-MSCs). Primary cell cultures were derived from umbilical cord fragments,
and their phenotype was characterized by expression of surface markers using flow cytofluorometry. Cellular
spheroids consisting of hUVECs and hUC-MSCs in a 1:1 ratio (a total of 1000 cells/spheroid) were grown in fibrin
hydrogel in growth medium supplemented with 20% donor platelet lysate (PL) using non-adhesive plates (Corning,
USA). Photodetection was carried out with an IncuCyte Zoom system (Essen BioScience, USA). The formation of
vascular outgrowths (sprouts) and the distribution of both cell types in their structure were analyzed using phase-
contrast microscopy and scanning laser confocal microscopy.

It was shown that in the presence of PL, the migration of both cell types from spheroids into the gel took place
leading to the formation of sprouts morphologically corresponding to the initial stages of angiogenesis and forming
anastamoses. The developed model of angiogenesis is proposed to be used as an experimental tool to assess
the migration, proliferation and differentiation of human endothelial and pericyte-like cells in three-dimensional
conditions that are very close to those in the body.

The work was performed within the framework of the Program for Basic Research in the Russian Federation for
a long-term period (2021-2030) (N2 122022800499-5).
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AKAOEMUWUYECKUWI NOAXOA
K CO3AHUIO NPOTUBOONYXOJIEBbIX ATEHTOB

3onotues B.A., Koponbuyk A.M.
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OcylecTBNeH An3aiiH U CUHTE3 HECKOJIbKUX CEPUIA CTEPOUAHDBIX MPOM3BOAHbBIX — MOTEHUMANbHbIX THIMGUTOPOB
CYP17A1. HaeHbl ABa coeauHeHna-nnaepa, obnagaroLume BbiICOKUM hapMakonorMyecKnm noTeHLManom.

KnioueBble crnoBa: MegnUMHCKasa XMMUS, MPOTUBOOMYXONEBbIE areHTbl, UHrMéuTopbl CYP17A1, aHTMaHApOreHbl,
cTepoupbl

Pak npegfcTtaTenbHoit xenesbl (PIMXK) aBnseTca ogHOWM M3 BeyLUX NPUYUH CMEPTHOCTU MYXXUMH OT OHKO-
norunyeckux 3aboneanuii. Ha 2017 roa konmyectBo nauumeHToB ¢ PMX B Poccum coctaBnsano 40,8 Tbic, npuyem
npupocT 3abonesaemocTt ¢ 2007 no 2017 rr. coctaBun 70,61 % npu cpegHeM Temne npupocTa 3a 2017 . - 5,09%.

3aBucumocTb pa3sutus PIMXK oT ypoBHA aHAPOreHoB n3BecTHa yxxe 6onee 70 neT, a cTpaTerus nevexms PIXK
OCHOBaHa Ha CHWXeHWM YpoBHS aHaporeHoB. O6bi4HO PIMK nogaaeTcs NONHOMY M3NEYEHMIO B JIOKANN30BaHHbIX
CTafMsX Y XOPOLLO OTBeYaeT Ha aHTUaHAPOreHHYo Tepanuio B 4UCCEMUHUPOBaHHbIX Gopmax. CKOpocTb onyxo-
NIeBOM NPOrpeccun CyLLLeCTBEHHO BapbUPYET, U MHOTMEe NauneHTbl MOTYT XUTb ASIUTENIbHO AaXe Npu Hannymm oT-
JaneHHbIX MeTacTa3oB. OfHaKo, NPakTUYeCKU y BCeX NaLMeHTOB Noc/e aHAPOreHHow AenpuBaunm HabnogaeTcs
nporpeccupoBaHue P, HO y MHOTMX M3 HUX ONYXOJib MOXET OTBeYaTb Ha Tepanuio ApyruMu ropMoHasibHbIMu/
aHTUropMOHasibHbIMKM NpenapaTamu. [T03TOMY NMOUCK HOBbIX areHTOB NPOTUB paka npeacraTe/ibHOW Xenesbl AB-
nAeTcA akTyanbHON 3ajadven.
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B na6opatopun CuHTe3a (U3NONOrMYECKM aKTUBHbIX coeauHeHuin MBMX 6bln ocyllecTBneH Au3aliH U
CUHTe3 GONbLUON CEPUU a30TCOAEPXKALLMX NPOU3BOAHBIX 17(20)-HoprperHeHa — MoTeHLMaNbHbIX MHIMGUTOPOB
CYP17A1. 3 nony4yeHHOW cepuy Ha OCHOBaHMM NEPBUYHbBIX TECTOB Ha GUONOMMYECKYHO aKTUBHOCTb 6bIS10 Bbl-
6paHo ofHO coefiMHeHue-nnaep N anceBUPOH.

Bb1110 BbIACHEHO, UTO a/ICEBUPOH NEPEBOCXOANUT abMpaTepoH No MHOMMM NapameTpaMm, B YaCTHOCTU: o6naja-
eT 6onbLuei 6UOLOCTYNHOCTbIO; 60slee aKTUBHO CHWXKAET YPOBEHb TECTOCTEPOHA B CbIBOPOTKE KPOBM Y MbILLEN
BDF1; npoTuBOONyxoieBasi akTMBHOCTb aJiceBUPOHa B pa3oBoi fo3e 300 Mr/kr npu 10-kpaTHOM BBefeHWUM 6bina
Bbllle, YeM TakoBas y abupaTepoHa Mpu TaKoM e [03€e U PeXXMMe BBEAEHUSI HAa MOLENAX NOAKOXHbIX KCEHO-
rpacdToB DU145; acneBupoH, B OTIMUME OT abupaTepoHa, akTUBHO noBpexaaeT JHK onyxoneBbix KNeToK.

MNpwu nccnepoBaHMKM anceBMpoHa 6blv NoNyYeHbl faHHble, KOTOpPble MNO3BOMNAM OCYLLECTBUTD AM3aliH eLle
O[IHOW cepuM asoTcofepyKallmx CTepPOUIHbIX NMPOU3BOAHBIX, HO Y)e Ha ocHoBe 16(17)-aHapocTeHa. [anee Ho-
Bble COeMHEHNS Obl/IM CUHTE3UPOBaHbI U MPOTECTUPOBAaHbI Ha BMOIOrMYECKYH aKTUBHOCTb, YTO MO3BOJIUIIO Bbl-
6paThb elle OAHO CoefMHEHNe-NNAEeP — MU30J1aKpPOH. MMU30M1aKpOH 3HAYMTENIbHO NPEBOCXOAW MO LIMTOTOKCUYe-
CKOMY addeKTy KaK anceBMpOH, Tak 1 abmupaTepoH. Kpome Toro, MM3onakpoH 6onee aphekTBHO MHIMOMpPOBan
CYP17A1 n, kak n ancesupoH, nospexgan JHK onyxonesbix KNeTok.

Y>xe npoBefeHHble UCCNefoBaHUsI MO3BOMAIOT NPeANoNoXKMUTb, YTO MU30NAKPOH ByaeT obnagatb BCEMU
npenMyLLecTBaMu aficeBUPOHa, HO 06/1afaThb 60s1ee BbICOKON 6MOIOrMYEeCcKon akTUBHOCTbIO. ELLle ogHUM npeu-
MyLLEeCTBOM MU30J1aKpOHa ABSETCA NPOCTOTa U elleBU3Ha ero CuHTesa.

Mony4yeHHble AaHHble CBUAETENbCTBYHOT, YTO a/ICEBUPOH M MU30M1aKPOH 06n1afatoT BbICOKUM hapmakonoru-
YeCKUM NOoTeHLUManoM 1 UMEeLT BCe LIAaHCbl CTaTb JIeKapCTBEHHbIMY NpenapaTamu.

Pa6oTta BbinonHeHa B pamkax [porpamMmbl pyHAaMeHTanbHbIX HayYHbIX UccnenoBaHuii B Poccuiickon ®e-
Zlepaumm Ha onrocpoYHbiin nepuog (2021 - 2030 roabl).
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ACADEMICAL APPROACH TO DEVELOPMENT OF ANTICANCER AGENTS.
V.A. Zolottsev, A.M. Korolchuk

Institute of Biomedical Chemistry, 119121, 10, Pogodinskaya street, Moscow, Russia
e-mail: vazolottsev@mail.ru

Design and synthesis of several series of steroid derivatives - potential inhibitors of CYP17A1 was carried out. Two
leader compounds with high pharmacological potential were receveived.

Key words: medical chemistry, anticancer agents, CYP17A1 inhibitors, antiandrogenes, steroids.

Prostate cancer (PC) is one of the leading causes of cancer deaths among males. In 2017, the number of
patients with prostate cancer in Russia was 40.8 thousand, and the increase in incidence from 2007 to 2017
amounted to 70.61% with an average growth rate for 2017 of 5.09%.

The dependence of prostate cancer on androgen levels has been known for over 70 years, and the treatment
strategy for prostate cancer is based on androgen reduction. Usually, PC is completely curable in localized stages
and responds well to antiandrogen therapy in disseminated forms. The rate of tumor progression varies greatly, and
many patients can live long periods even with metastases. However, patients after androgen deprivation experience
progression of prostate cancer, but in many of them the tumor may respond to therapy with other hormonal or
antihormonal drugs. Therefore, the search for new agents against prostate cancer is an urgent problem.

A large series of nitrogen-containing derivatives of 17(20)-norpregnene, potential inhibitors of CYP17A1, was
designed and synthesized at the Laboratory of Synthesis of Physiologically Active Compounds at IBMC. From the
resulting series, based on primary tests for biological activity, one leader compound, alseviron, was selected.

It was found that alseviron surpasses abiraterone in many ways, in particular: it has greater bioavailability; more
actively reduces serum testosterone levels in BDF1 mice; the antitumor activity of alseviron at a single dose of 300
mg/kg at a 10-fold injection was higher than that of abiraterone at the same dose and mode of administration on
DU145 subcutaneous xenograft models; asleviron, unlike abiraterone, actively damages the DNA of tumor cells.

In the study of alseviron, data were obtained that made it possible to design another series of nitrogen-
containing steroid derivatives, but already based on 16(17)-androstene. Further, new compounds were synthesized
and tested for biological activity, which made it possible to select another leading compound, mizolacron.

Mizolacrone was significantly superior in cytotoxic effect to both alseviron and abiraterone. In addition,
misolacrone inhibited CYP17A1 more effectively and, like alseviron, damaged the DNA of tumor cells.
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biological activity. Another advantage of misolacrone is the simplicity and low cost of its synthesis.

The data obtained indicate that alseviron and mizolacron have a high pharmacological potential and have
every chance of becoming drugs.

The work was performed within the framework of the Program for Basic Research in the Russian Federation
for a long-term period (2021-2030).
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AETEKLUA MUKPOPHK, ACCOLLUMPOBAHHbBIX C PA3SBUTUEM PAKA
ANYHUKOB, C UCNOJIb3OBAHUEM HAHOIMPOBOJAHOI0 BUOCEHCOPA

KanyctuHa C.U., lonpaesa K.B., Nnewakosa T.0., UsaHos 10.1.

®enepasibHoe rocyaapCTBEHHOE GOXKETHOE HayYHOE yupexxaeHne «Hay4yHo-muccneqoBaTenbCkmii MHCTUTYT
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B pa6oTe 6bina ocyliecTBNeHa AeTeKUmMst MUKPOPHK, accoLumpoBaHHbIX ¢ pasBUTUEM paka AUYHUKOB, B 6ydep-
HbIX pacTBOpaXx Npu CBEPXHU3KUX KOHLEeHTpaumsx (1077 - 1074 M), a Takxke B 06pasLiax nnasMbl KPOBM NaLMeHTOB
C MOMOLLbIO HAHOMPOBOAHOIO 6MoceHcopa. PeaynbTaTbl pa6oTbl MOryT 6biTb UCMOMb30BaHbI NPU pa3paboTke
BbICOKOUYYBCTBUTESIbHbIX CUCTEM AJIA paHHel AMarHoCTUKM paka AnYHUKOB.

KnioueBble cnoea: pak sn4yHMKoB, MUKpOPHK, 6uomapkepbl, HaHONPoBoOA, GuoceHcop

B nutepatype MnkpoPHK paccmatpuBaroTcs B KauecTBe 6UMOMapKepoB pasfivyHbIX OHKOOrMyeckmx 3abo-
NeBaHWiA, B TOM YuCie U paka SSIMYHUKOB [1], KOTOpbI 3aHUMaeT NATOe MecTo MO CMEPTHOCTM OT OHKOMAaToMO-
TUiA cpefiv XeHWwuH [2]. [eTekuus Ha OCHOBe HaHOMPOBOAHbIX 6uoceHcopoB (HIM-6uoceHcopoB) NpeacTaBnseT
CO60W MepPCrneKTUBHbIA NMOAXOA, KOTOPbIA NO3BOMSET NPOBOAUTL NpsiMoe 6e3MeTOYHOe 06HapyXXeHne 6ruomMap-
KEPOB B PEXMME PeanbHOro BpeMeHu ¢ Cy6(eMTOMONSPHON YyBCTBUTENBHOCTHIO [3]. OCHOBHBIM 3/1eMEHTOM
HIM-6rnoceHcopa siBAsieTCA YMn ¢ NoMapHO pacnonoXeHHbIMKU 10 YyBCTBUTENbHbIMUY 31eMEHTAMWN — KPEMHUEBbI-
MW HaHOMPOBOAAaMM N-TUNa NPOBOAUMOCTH.

B paHHoW paboTe 6bliM uccnefoBaHbl iBe cucteMbl: (1) MofenbHblin 1 MM Kanuii-dbochaTtHbiin 6ydepHblit
pacTBop, cogepxalmit OHK-onuroHykneotugbl (oHK) — cuHTeTuyeckue aHanoru MukpoPHK-21, mukpoP-
HK-141, MukpoPHK-200a, accoLumMpoBaHHbIX C pa3BUTUEM paKa ANYHUKOB; (2) 6ydhepHbIit pacTBOp, COAepXKaLLUi
MUKpoPHK, BbigeneHHble n3 06pa3LoB Na3Mbl KpOBY NaLneHToB. [peaBapuTesibHO MOBEPXHOCTb KPEMHMEBBIX
HaHOMPOBOAOB 6blna XMMMYeckn MoandMLMPOBaHa U CEHCMOBUIN3NPOBaHa C MOMOLLbKO KOBaseHTHON MMMO6K-
nusaumnmn monekynapHbiMu oIHK-3oHgaMu, KOMNIEMEHTaPHbIMUY K LiefIeBbIM MOJIEKY/1aM.

Mpu uccnepoBaHmmn cuctembl (1) 6blIM NpoaHanuamMpoBaHbl 6ydepHble pacTBOpbI, cogepalume oJHK B
KOHLIeHTpaLMoHHOM ananasoHe 1077 - 10* M. MuHuManbHas KoHueHTpauma o[JHK, koTopyto yaanochk s3aperu-
cTpupoBartb, cocTtaBuia 1,1x107'® M. B KOHTPOSIbHbIX 9KCNEpUMEHTax Npu uccnegoBaHum 6ydepHoro pacTeopa,
He cogepxxawero oIHK, namMeHeHne ypoBHS cMrHana oT HaHONPOBOAOB cOCTaBUNO 1-2% OTHOCUTENbHO UCXOA-
HOro YPOBHS.

Mpu uccnepgoBaHnmn cuctembl (2) 6b1IM NpoaHanuamMpoBaHbl bydepHble pacTBOpbI, cogepykaline MUKpoPHK,
BblJefleHHble N3 06pa3sLoB Nia3Mbl KPOBY MALMEHTOB C AMArHO30M pak ANYHWUKOB. bblno npogeMoHCTpupoBa-
Ho, 4yTo HI-6MoceHcOp NO3BONSAET PErMcTpPMpoBaTh YMEHbLUEHME YPOBHA CUrHana npu aHanvse o6pasLoB, Co-
aepxalmx MUKpoPHK, BblgeneHHbIX U3 nnasmbl KpOBU NaLMEHTOB C AMarHO30M pak ANYHUKOB, OTHOCUTESIbHO
CurHana, 3aperucTpupoBaHHOro npu aHanuse o6pa3uoB MUKPOPHK, BblifeNeHHbIX U3 NasMbl KPOBM NauueHTa
C AMarHo3oM pak MOJIOYHON Xene3bl U NiasMbl KPOBU YCIIOBHO-340POBbIX J06poBONbLEB. [laHHble pe3ynbTa-
Tbl MO3BONAIOT CAENATb BbIBOA O HaMumMm 6uocneynduyeckoro Baaumogenctans mexay ofJHK-soHgamu u ue-
neBbiMU Monekynamu MukpoPHK B aHanuampyemom obpasue. Takum 06pa3om, NpeacTaBieHHble pesynbTaTbl
nokasbiBatoT, 4To HI-6uoceHcop, B MePCNeKTHBE, MOXET 6bITb MCNOIb30BaH AJ1si NPSIMON 6€3MEeTOUYHON AnarHo-
CTUKM OHKOMOINYECKUX 3ab0fieBaHNii B PeXXMMe peasibHOro BPEMEHM.

Pa6oTa BbInosiHeHa B paMKax MpoeKTa Mo CO34aHUI0 M Pa3BUTUIO HayYHbIX LLeHTPOB MUPOBOro ypoBHS «Ling-
pOBOJI AU3aliH M MepPCOHaIN3NPOBaHHOE 34paBooOXpaHeHne» Npy uHaHCOBOV noaaep)xke MuHuctepcTBa o6pa3o-
BaHus 1 Hayku Poccuiickoii ®esepauum (cornawweHne No 075-15-2022-305)
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DETECTON OF MICRORNAS ASSOCIATED WITH OVARIAN CANCER
USING A NANOWIRE BIOSENSOR

S.I. Kapustina, K.V. Goldaeva, T.0. Pleshakova, Y.D. lvanov

Institute of Biomedical Chemistry, Moscow, Russia
119121, Moscow, 10 bld. 8 Pogodinskaya str.
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Inthis work, the detection of microRNAs associated with ovarian cancer in buffer solutions at ultra-low concentrations
(1077-10"* M), and in plasma samples has been carried out using a nanowire biosensor. The results of this work
can be used in the development of highly sensitive systems for early diagnosis of ovarian cancer.

Key words: ovarian cancer, microRNA, biomarkers, nanowire, biosensor

In the literature, microRNAs were reported to be biomarkers of various cancer pathologies, including ovarian
cancer [1]. The latter is the fifth leading cause of cancer mortality in women [2]. Application of nanowire biosensors
(NW-biosensors) represents a promising approach, which enables direct label-free detection of biomarkers in real
time with subfemtomolar sensitivity [3]. The main element of NW-biosensor is a chip with 10 sensing elements -
silicon nanowires of n-type conductivity — arranged in pairs.

Herein, two systems were investigated: (1) a model 1 mM potassium-phosphate buffer solution containing DNA
oligonucleotides (0DNA) — synthetic analogues of microRNA-21, microRNA-141, and microRNA-200a, which are
associated with the development of ovarian cancer; (2) a buffer solution containing microRNA extracted from the
patients' plasma samples. The surface of silicon nanowires was chemically modified, and sensitized by covalent
immobilization of molecular oDNA probes complementary to the target molecules.

In experiments with the system (1), buffer solutions containing oDNA in the concentration range from 1077
to 10" M were analyzed. The minimum detectable concentration of target oDNA was 1.1x107® M. In the blank
experiments, the change in signal level from the nanowires was 1-2% relative to the baseline in the study of buffer
solution containing no target DNA.

In experiments with the system (2), buffer solutions containing microRNA isolated from plasma samples of
patients suffering from ovarian cancer were analyzed. It has been demonstrated that the NW-biosensor can register
a decrease in the signal level upon analysis of the samples containing microRNA isolated from plasma of ovarian
cancer patients — relative to the signal obtained with the samples of microRNA isolated from plasma of either a
breast cancer patient or conditionally healthy volunteers. These results allow us to draw a conclusion about the
presence of biospecific interaction between the oDNA probes and the target microRNA molecules in the analyzed
solution. Thus, the results obtained indicate that in perspective, the NW-biosensor can be used in direct real-time
label-free revelation of cancer.

This work was carried out within the framework of the project on creation and development of world-class
research centers "Digital Design and Personalized Healthcare" with the financial support of the Ministry of Education
and Science of the Russian Federation (Agreement No 075-15-2022-305)
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®YHKLUWOHAJIbHAA TETEPOTEHHOCTb OMYXOJIEBbIX KJ/IETOK,
ACCOLIMMPOBAHHASA C 9KCNPECCUENA MAPKEPA

CTBOJIOBbIX KJIETOK CD133

Kum 1.C., 'mcuna A.M., NotawHukosa [].M., Teoporoea A.B., ipbiruHd K.H., JlynaTos A.10.

PenepanbHoe rocyaapcTBEHHOE BIOXKETHOE HayYHOE yupexxaeHne «Hay4yHo-uccaen0BaTenbCKul MHCTUTYT
6roMeaNLIMHCKOM xummmn nmeHn B.H. OpexoBuya», Mocksa, Poccusi

119121, Mocksa, yn. [NorognHckas, 4. 10, cTp.8

e-mail: yankimhcc@gmail.com

MNokasaHa YyeTKas B3aMMOCBA3b Mexay akcrpeccuert CD133 v nponudepaTtMBHbIMY, @ TakKXKe KIIOHOr€HHbIMM
CBOWCTBaMM KJIeTOK ornyxosneBbix nuHun Caco2 n HT-29. Npun 9TOM yCTONYMBOCTU NONYNALUUIA KNETOK C passiny-
HbIM ypoBHeM akcnpeccun CD133 Kk AeNcTBUIO uucnnaTMHa He OTIMYannch.

KntoueBble cnoBa: KNeToyHas reTeporeHHOCTb OMnyxosiei; knetoyHas nponvdepauns; KNOHOrEHHbIW TECT; pako-
Bble CTBOJIOBbIe kN1eTKu; CD133; xumMunoTtepanus onyxonen.

KneTouyHas reTeporeHHOCTb OMNyXosiein ABAAETCSH OJHOW U3 FMaBHbIX MPUYUH YCTONYMBOCTU OHKONTOMUYECKNX
3aboneBaHui K knaccuyeckum dopmam Tepanuu. Hanbonee arpecCUBHON NOMNyNsiLMe OMyXoneBbiX KeTOK AB-
NsieTca NonynauMsl pakoBbIX CTBOMOBbIX kneTok (PCK), KoTopas, Kak cuuTaeTcs, OTBETCTBEHHA 3a MeTacTasu-
poBaHue onyxonu u ee peunamnsbl. CD133 — ognH 13 Hanbonee N3BECTHbIX MapKEPOB HOPMasibHbIX CTBOJIOBbIX
kneTok 1 PCK, KOTopbI UCMoNb3yeTcst AN15 UX BbIAENEHNS U U3yyeHus. B cBoelt paboTe Mbl NoKa3anu Koppens-
LMo Mexay NoBbleHHOW akcnpeccuen CD133 B KneTkax IMHUI KonopekTanbHoro paka Caco2 n HT-29 u ux no-
BblLLUEHHOI NponudepaTUBHOM U KNOHOFEHHOW aKTUBHOCTbIO. TaK C MOMOLLbHO KJIOHOF€HHbIX TECTOB 6bIN10 yCTa-
HOBJIEHO, YTO OTCOPTUPOBAHHbIe ¢ NoMoLbto FACS knetku ¢ peHoTnnom CD133*Msh auHnia Caco2 u HT-29 patot
B 1.9 1 1.5 pa3a 60/bLUe KONIOHWUIA, HEXENMN KNeTKN ¢ heHoTunomM CD1337°%, npuyem pasmep 3TUX KOJTOHWI B 1.8 1
1.6 pas 6onblue. TaknuM 06pasoMm, 3Tu pe3dysibTaTbl COOTBETCTBYHOT JIMTEPATYPHbIM AaHHbIM O NMOBbILLIEHHON TYMO-
poreHHocTu PCK in vivo, 4To nogyepkuMBaeT NpMMEHUMOCTb MoAenen in vitro B usyyeHun ceoncts PCK. Nomumo
3TOro, Mbl oKa3sanu, 4to nonynsumm CD133*Msh iy CD1337°% 06enx IMHUIA MOryT BOCCTaHaB/IMBaTb reTEPOreHHbIN
(heHOTUN B Te4eHMe HECKONbKMX Hefesb. ITO TakxXe corfiacyeTcs C iMTepaTypHbIMU AaHHbIMU, OTMeYatoLwMm
nnactuyHocTb npupoabl PCK ©, B 4aCTHOCTW, TPaH3UTOPHbIN XapakTep akcnpeccum CD133. UHTepecHO, 4TO B
TecTax in vitro Mbl He CMOIIM MPOAEMOHCTPUPOBATL MNOBbILLIEHHYH XEMOPE3UCTEHTHOCTb NonynsAumMm CD133*hidh
K LeNCTBMIO UMChIaTMHa MO CpaBHEHMIO ¢ nonynsiumein CD1337°% Hu B 0fHOW U3 ABYX KIETOYHbIX MHUIA. Mcxoas
13 MOJyYEHHbIX AAHHbIX, MOXXHO NpeAnonoxuTb, yto CD133 yyacTByeT B perynauuv nponnmdepaTMBHbIX U KO-
HoreHHbIx cBorcTB PCK 1 npu aTOM He ABNAETCS MapKepoOM OTBETCTBEHHbIM 3a NMOBbILLEHHYIO PE3UCTEHTHOCTb
3TOW MONYNALUK K AeNCTBUIO XMMUOTEPanuu.

Pa6oTa BbinonHeHa B pamax Mporpammbl dyHAaMeHTalbHbIX Hay4YHbIX UCCneaoBaHuii B Poccuiickon dGepe-
paLMu Ha JONrocpoyHbIi neprog (2021 - 2030 rogpl) (N2 122022800499-5).
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FUNCTIONAL HETEROGENEITY OF TUMOR CELLS ASSOCIATED WITH
EXPRESSION OF STEM CELL MARKER CD133

Y.S. Kim, A.M. Gisina, D.M. Potashnikova, A.V. Tvorogova, K.N. Yarygin, A.Yu. Lupatov

VIN. Orekhovich Institute of Biomedical Chemistry, Moscow, Russia
10, Pogodinskaya street, Moscow, 119121
e-mail: yankimhcc@gmail.com

We showed direct correlation between the expression of CD133 and proliferative, as well as clonogenic properties
of cells in cancer cell lines Caco2 and HT-29. At the same time, we did not show differences in cisplatin resistance
between cell population with different level of CD133 in these cell lines.

Key words: cancer cell heterogeneity; cell proliferation; clonogenic assay; cancer stem cells; CD133;
chemotherapy of tumors.
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Cancer cell heterogeneity is one of the main reasons for oncological diseases resistance to traditional cancer
treatment. The most aggressive population of tumor cells is the cancer stem cells (CSCs) population, which is thought
to be responsible for tumor metastasis and recurrence. CD133 is one of the most well-known markers of normal stem
cells and CSCs, which is used for their isolation and study. In our work, we have shown a correlation between high
expression of CD133 in colorectal cancer cell lines Caco2, HT-29 and increased proliferative and clonogenic activity of
cells. Using clonogenic assays we showed that sorted by FACS Caco2 and HT-29 CD133*"id" cells give rise to 1.9 and
1.5 times more colonies than CD1337°* cells and the size of these colonies is 1.8 and 1.6 times larger. Thus, these
results correspond to the literature data on increased tumorigenicity of CSCs in vivo, which highlights the applicability
of the in vitro models for CSCs studying. In addition, we have shown that the CD133*"" and CD133"°* populations of
both cell lines can restore a heterogeneous phenotype within a few weeks. This is also consistent with the literature
data indicating the plasticity of the nature of CSCs and, in particular, the transient nature of CD133 expression.
Interesting, that the results of the in vitro assays were not able to demonstrate increased chemoresistance to cisplatin
of the CD133*"d" population compared to the CD1337°% population in both cell lines. Based on the obtained data, we
can assume that CD133 is involved in the regulation of the proliferative and clonogenic properties of CSCs and is not
a marker responsible for the increased resistance of this population to chemotherapy.

The work was carried out within the framework of the Program of Fundamental Scientific Research in the
Russian Federation for the long - term period (2021-2030) (No. 122022800499-5).
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AHTUNENTUAHBIE AHTUTEJIA B 3MO0XY MOHOKJIOHAJIbHbIX:
NMPUMEHEHUE B AUATHOCTUKE U UCCNEQOBAHUAX

KonecaHosa E.®D.

GenepanbHoe rocyaapCTBEHHOE GHOPKETHOE Hay4YHOE yupexxaeHne «Hay4yHo-mccneqoBaTenbCkmi MHCTUTYT
6romMeanLMHCKO xummm nmeHn B.H.Opexosunya, Mocksa, Poccusi

119121, Mockaa, yn. lNorogmnHekas, 4. 10, cTp. 8

e-mail: ekaterina.kolesanova@ibmc.msk.ru

PaccMmoTpeHbl o6nacTtu NPUMEHEHUA aHTUNENTUAHbIX aHTUTEJ1, B KOTOPbIX NCNOJIb30OBaHNUE MOHOKJ/TOHa/IbHbIX
aHTUTEN1 HEBO3MOXXHO UK ManonepcnekKTuBHO. anBe,D,EHbI npuMepbl ycnewHoro npuMeHeHna aHTuNnenTUAHbIX
aHTUTEN B AMArHOCTUKE ONyXx0oJiIeBOro nopaeHus TKaHeWn, nccnefoBaHUsix MeTabonnyeckomn MOJJ,I/ICI)MKaLI,VII/I n
KOHCbOpMaLWIOHHbIX nepexoaos 6enKoB.

KnioueBble cnoBa: aHTUNENTUAHbIE aHTUTEN]; I/130d)0prI 6enKoB; NOCTTPaHC/IAUNOHHDbIE MO,U,Md)MKaLWIM;
nenTuaHble ranTeHbl

AHTUNENTUHbIE aHTUTENA HanpaB/ieHbl MPOTUB ONpefeneHHoro hparMeHTa 6e5IKOBOM MONEKY bl UK NPO-
TUB cBOo60AHOrO nentuga. Kak npaBuio, 3TO MOMMKIIOHANbHbIe aHTUTena. B anoxy LUMPOKOro AocTyna MOHO-
K/IOHaMbHbIX aHTUTEN NPUMEHEHMe MONUKIIOHANbHbIX aHTUNENTUAHbIX aHTUTEN OCTaeTCcsl akTyasnbHbIM B Crle-
Zytouimx obnacTsx: 1) Ans BbisiBNeHUs1 6€NKOB, KOTOpble He MOTyT 6bITb MONy4YeHbl B KOIMYECTBaX, TpebyeMbix
LN UMMYHU3aLUK, HO UX @aMUHOKUCIIOTHbIE MOCNeA0BaTENbHOCTM U3BECTHbI; 2) A1 MOJTyYeHUsI aHTUTEN NPOTUB
TOKCVHOB MONMMNENTUAHOW Npupoabl; 3) ANs NOAyYeHUst aHTUTEN NPOTUB 6eNKoB, 06/1afatoLMUX BbICOKOW KOH-
CepBaTUBHOCTbIO Y BbICLUNX XXUBOTHBIX; 4) NSl CEIEKTUBHOMO BbISIBIEHWUS U30(OPM 6ESIKOB C 0YEHb MOXOXMUMMU
aMUHOKUCIOTHBIMU MOC/el0BaTeIbHOCTAMM, KOrfa NoflyYeHne CenekTUBHbIX MOHOKJTOHAbHbIX aHTUTEN Nnpak-
TUYECKN HEBO3MOXHO; 5) NSt MOSlyYeHUs1 aHTUTES, BbISBMSAIOLLMX OLHOBPEMEHHO Fpynibl 6e/IKOB C OAMHaKO-
BbIMU CTPYKTYPHbIMU 3/1IEMEHTaMMU, BKJTHOYas MOCTTPAHCAALUMOHHbIE MOAUDMKALMM aMUHOKUCTIOTHbBIX OCTaTKOB;
6) LSt KAPTUPOBAHUSI CalTOB B3aMMOAENCTBUS B MY/IbTUGENIKOBbIX KOMMJIEKCaxX W CalToB, U3MEHSIOLLUX CBOO
NMPOCTPaHCTBEHHYIO CTPYKTYPY NPy KOHPOPMAaLMOHHBIX NepexoAax B MoneKynax 6esikoB.

B npouecce nonyyeHWst aHTUNENTUAHbIX aHTUTEN BaXXHYHO poJib UrpaeT BbIGOp NEeNTUAHBIX ranTeHOB/aHTu-
FEHHbIX IETEPMUHAHT,C KOTOPbIMU [LOMIXKHbI 6yAyT CBA3bIBATbCA MoNlyYaeMble aHTuTena. [ 3Toro Mcrnosbay-
eTca Habop MEeTOAO0B aHanM3a aMUMHOKUCIIOTHbIX MOC/efloBaTe/lbHOCTel M3yyaeMbix 6EMKOB C Lienbto nogéopa
(parMeHTOB, creunduUUHbIX ANs JaHHOro 6efka UM o6LWuX s Fpynnbl POACTBEHHbIX 6enkoB. Ecnu Heobxo-
ZMMO BbISIBIEHNE HATUBHbIX G6ENKOB IM60 My/bTUGENKOBbIX KOMMEKCOB, TpebyeTcs 0T60p (hparMeHTOB, o-
Kann3oBaHHbIX Ha MOBEPXHOCTW Mosiekys. K aHTMNeNTUAHbIM aHTUTeNaM crieflyeT OTHOCUTb M Takue, KoTopble
roJlyyeHbl MPOTMB LiefblX 6e/KoB, HO ah(UHHO OUmLLEHbl HAa COPGEHTaxX C NeNTULHbIMU IUraHAaMU.
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MpuMepbl UCNONb30BaHWSA aHTUNENTUAHbIX aHTUTEN. 1) Bbln NosyyeH npenapaTt aHTUNENTUAHbIX aHTUTEN,
CeNeKTUBHO BbISABNAAKOLWMNX N30hopmMy 2 dakTopa 3/I0Hrauumn TpaHensaumum Yenoeeka eEFTA, umetoLuyto cteneHb
CXOACTBa aMUHOKUCNIOTHOM nocnefoBaTenibHOCTU 97% ¢ nsodopmoii 1 Toro e dakTopa.C NOMOLLbIO AaHHbIX
aHTUTEN NoATBEPXAeHO nosineHue nsochopmbl eEF1A2 BMmecTo eEFTAT B KneTkax paga onyxoneii(1). Boisene-
HWe 3ToM N30hopMbl B MOP(OSIOrMYeCcKr HOpMasbHbIX KNeTKax, OKpYXXatoLwmnx ornyxosb, MOXET 6bITb MapKepoM
HauuHatowencs Manurimaauum (2). 2) C NoMOLWb aHTUTEN, NMOYYEHHbIX NPOTUB TYTapUIMPOBaAHHOIO MO-
[LeNbHOro 6eska U OYMLLEHHbIX Ha AMNENTUAHOM COpP6EHTE C rNyTapuUIIM3UHOM, 6bIJ10 NOATBEPXKAEHO MeTabo-
NM3M-3aBUCUMMOE FNyTapuiMpoBaHune 6e/IKoB B neyeHu u Mosre Kpbic (3). 3) C nomMoulbto nenTua-cneunduyHbIx
aHTUTEN BbIAABMEH (DparMeHT MosieKybl uuToxpoma P450101, nsmeHsitoLmin CBOK KOHhopMaL Mo Npuy yaaneHum
remMa us MoJsiekysbl 6enka.

B KayecTBe UCTOYHMKA aHTUMNENTUAHBIX aHTUTEN MOTYT UCMOMb30BaTbCS JHoOble TabopaTOPHbIE XXUBOTHbIE,
0[JHaKO KaK HauboJsiee NepcneKkTUBHbIX ANs MONyYeHUst aHTUTeN B 60/bLUMX 06 beMAX, YTO BAXKHO AN UMMYHOAN-
arHOCTUKW, cneayeTt OTMETUTL Kyp. Y NTUL aHTUTENa, B TOM YnUCe 1 NoyYyaemble NyTEM MMMYHU3aLMN.9KCKpe-
TUPYIOTCS B XXENTOK ALa, OTKyAa MOryT 6bITb BblfeNieHbl C MOMOLLbIO MPOCTbIX U eleBbix npoueayp. MMMyHK-
3MpOBaHHbIe Kypbl-HECYLLIKN MOTYT UCMOJIb30BaTbCA Kak XuBas habprka no BbipaboTke cneunduyHbIX aHTUTeN.

TakuM 06pasoMm, NMPUMEHEHMEe aHTUNENTUAHbIX, TOYHEe, NenTUA-cneunPUUHbIX aHTUTEN He TepsieT akTyaslb-
HOCTU KaK B Hay4HbIX UCCNef0BaHUAX, TaK U B UMMYHOAMArHOCTUKE.

Pa6oTa BbinonHeHa B pamkax [porpamMmbl dyHAaMeHTanbHbIX Hay4HbIX UccnegoBanuii B Poccuiickoin ®e-
Jepauun Ha JonrocpoYdHbii nepuog (2021 - 2030 roapl).
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ANTI-PEPTIDE ANTIBODIES IN THE ERA OF MONOCLONALS:
APPLICATION IN DIAGNOSTICS AND RESEARCH

E.F. Kolesanova
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The areas of application of antipeptide antibodies in which the use of monoclonal antibodies is impossible or
unpromising are considered. Examples of successful use of antipeptide antibodies in the diagnostics of tumor
tissue damage, studies of metabolic modification and conformational transitions of proteins are given.

Key words: antipeptide antibodies; protein isoforms; posttranslational modifications; peptide haptens

Anti-peptide antibodies are directed against a certain fragment of a protein molecule or against a free peptide.
As a rule, they are polyclonal. Kak npaBuno, aTo nonmknoHanbHble aHTuTena. In the era of widespread availability
of monoclonal antibodies, the use of polyclonal antipeptide antibodies remains relevant in the following areas:
1) for the identification of proteins that cannot be obtained in the amounts required for immunization, however,
their amino acid sequences are known; 2) for the preparation of antibodies against toxins of polypeptide nature;
3) for the preparation of antibodies against proteins highly conserved for higher animals; 4) for the selective
identification of protein isoforms with highly similar amino acid sequences, when the preparation of selective
monoclonal anibodies is practically impossible; 5) for the preparation of antibodies that simultaneously detect
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groups of proteins with the same structural elements, including posttranslational modifications of amino acid
residues; 6) for the mapping of interaction sites in multiprotein complexes and sites that change their spatial
structure during conformational transitions in protein molecules.

While preparing anti-peptide antibodies, the selection of peptide haptens /antigenic determinants with which
the resulting antibodies will have to bind plays an important role. To do this, a set of methods is used to analyze
amino acid sequences of the studied proteins in order to select fragments specific to this protein or common to a
group of related proteins. If it is necessary to identify native proteins or multi-protein complexes, fragments localized
on the surface of molecules should be selected. Antipeptide antibodies should also include those obtained against
whole proteins, but affinity purified on sorbents with peptide ligands.

Examples of antipeptide antibody applications. 1) A preparation of antipeptide antibodies, which selectively
detected isoform 2 of the human translation elongation factor eEF1A, was obtained, The eEF1A2 isoform has a
degree of similarity of 97% with the amino acid sequence of isoform 1 of the same factor. With the help of these
antibodies, the appearance of the isoform eEF1A2 instead of eEF1A1 in cells of a number of tumors was confirmed
(1). The detection of this isoform in morphologically normal cells surrounding the tumor may be a marker of
emerging malignancy (2). 2) Antibodies prepared against a glutarylated model protein and purified on the dipeptide-
based sorbent with glutaryllysine helped to confirm metabolically dependent protein glutarylation in rat liver and
brain (3). 3) With the use of peptide-specific antibodies cytochrome P450101 sequence fragment was revealed that
changed its conformation while heme removal from the protein molecule.

Any laboratory animals can be used as sources of antipeptide antibodies. However, hens should be considered
as the most prospective animals for obtaining high amounts of antibodies, important for diagnostic means. Birds
secrete antibodies to egg yolk, including those obtained by immunization; the antibodies can be extracted with the
help of simple and cheap procedures. Immunized egg-laying hens can be used as a living “plant” for the specific
antibody preparation.

Hence the use of antipeptide,or more exactly,pepide-specific antibodies does not lose relevance both in
scientific research and in immunodiagnostics.

The work was performed within the framework of the Program for Basic Research in the Russian Federation for
a long-term period (2021-2030).
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noaxoAbl K NOBbILWEHUIO 3OPEKTUBHOCTU ANEKTPOKATAJIU3A
LLUTOXPOMA P450 3A4 HA OCHOBE HEKOBAJIEHTHbIX KOMITJIEKCOB
C ®JIABUHAMU

Koponéga .U., LLlymsaHueBa B.B.

BenepanbHoe rocynapcTBEHHOE BIOXKETHOE HayYHOE yypexxaeHne «Hay4yHo-uccnenq0oBatebCKuii UHCTUTYT
BUOMEANLIMHCKOM XM umeHn B.H. OpexoBuda», Mocksa, Poccusi

119121, Poccws, r. MockBa, yn. lNorogmHcekas, 4. 10, cTp.8

email: 11126699@mail.ru

C uenbto noBbiweHus 3h(PeKTUBHOCTM aNieKTpoKaTannsa 6blsia paspaboTaHa aMeKTPOXMMUYEecKas cucTema Ha
ocHoBe uuToxpoma P450 3A4 n GpnaBnHOB, MO3BONAKOLLAA YBENMUYNTD BbIXOL NpoAyKTa LmMToxpoM P450 3A4-3a-
BucuMoro N-AemMeTunnpoBaHuUs 3pUTPOMULIMHA. YBeNMYeHne KaTalnmTU4ecKon akTUBHOCTU uuToxpoma P450
3A4 pocturano 35,71 1 103 %, N0 CpaBHEHUIO C cucTeEMaMu 6€3 UCMOsIb30BaHuUs (haBUHOB.
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KnioueBble cnoea: unutoxpom P450 3A4, hnaBuHbI, 3/1EKTPOXMMUYECKUIA aHANN3, 3PUTPOMULIMH.

LinToxpombl P450 - knacc hepMeHTOB, OTBETCTBEHHbIX 3a NpeBpaLleHne 06LIMPHOro KosMyecTBa cybCcTpa-
TOB, B TOM YMCJIe NTIeKapCTBEHHbIX BellecTB. OCHOBHbIM NPeMMyLLLeCTBOM LmMToxpomoB P450 B kayecTBe 61oKa-
TanM3aTopoB MOXHO Ha3BaTb LUMPOKOE pa3HOOo6pasne TUMOB XMMUYECKMX peakLMi, KaTarm3nupyemMblX UMK, B
TOM umncne aktusauuto C-C n C-H cBsisel, a TakxXe CTepeoceneKTMBHOCTb KaTanusa. B gaHHOM nccnegoBaHum,
6b111 paspaboTaH NoAXof, OCHOBAHHbIW Ha MOAENMPOBAHUN KaTanuTMYeCcKoro Uukna umtoxpoma P450 B npupog-
HbIX MUKPOCOMaribHbIX CUCTEMaX.

[na cosfiaHns 91EKTPOXMMUYECKMX CUCTEM BblSIM UCMOSIb30BaHbI NevaTHble rpadutoBble anekTpoab! (M),
MoAMbULMPOBaHHbIE AMAOAELUNAMMETUIAMMOHMUIA 6poMuaom (AOAB), MogenvpytolwmMMm Ha anekTpoge docdo-
NUNUAHBIA 6UCNoN. B KauecTBe MeMaTOpPOB NepeHoca 31eKTPOHOB 6blin BbiGpaHbl pubodnasuH (Rf), DMH n
®A/[], ¢ COOTHOLWIEHNEM KOHLIeHTpauuit hnaBuHOB 1 umToxpoMa P450 3A4 (CYP3A4) 1:1. OTHocKTENbHas aMek-
TpoKaTanuMTMyeckas akTMBHOCTb onpefensanacb Mo HakomnjaeHuto npoaykta uutoxpoMm P450 3A4-3aBMCHMMOro
N-pemMeTunMpoBaHunsa spuTPOMULIMHA.

B npucyTtcTBMM NaBnHOB yBENUYMBAETCS KOMMYECTBO 3/1eKTPOAKTUBHOIO 6e/1ka Ha MOBEPXHOCTU 3N1EKTPOAA.

Ta6bnuua 1. SneKTpoXxMMMUYecKUe XxapakTepucTUKN KOMMJIeKCoB LuToxpoma P450 3A4
n pnaBuHoB Ha Nr3/A0AB v 3HauyeHUA oTHOCUTeNbHOW 3 (PeKTUBHOCTU KaTanusa.

Mo pesynbTaTam, NONyYE€HHbIM B f@HHOM UCCNeA0BaHUN, MOXKHO CAeNaTh BbIBOA, YTO MOAENNPOBaHME drekK-
TPOH-TPAHCMOPTHOM LIENU Ha dneKTpoae NyTeM 06pa3oBaHNs HEKOBAIEHTHOro KoMriekca hpnaBuHOB (Kak KOM-
MOHEHTOB peflyKTasbl) 1 uMToxpomMa P450 3A4 cnoco6eTBYET NOBbILWEHNIO 3B GhEKTUBHOCTY 31eKTpoKaTanmnsa.

Pa6oTa BbinosiHeHa B pamMKax MpoekTa Mo Co3AaHuio U Pa3BUTUIO Hay4YHbIX LlEHTPOB MWPOBOMO YPOBHS
«LindpoBoit gu3aiiH 1 NepcoHanMs3npoBaHHOE 34paBoOXpaHeHne» npu hbrMHaHCOBOW noaaepXke MUHMCTepCTBa
o6pa3oBaHus 1 Hayku Poccuitckoin Gepepauum (cornawenme No 075-15-2022-305)

Jintepatypa

1. V\V. Shumyantseva, A.V. at all. From electrochemistry to enzyme kinetics of cytochrome P450// Biosensors and
Bioelectronics. 2018. Vol. 121. P 192-204.

2. Shumyantseva V. V. and others. All-electrochemical nanocomposite two-electrode setup for quantification of drugs and
study of their electrocatalytical conversion by cytochromes P450 // Electrochimica Acta. 2020. Vol. 336. 135579
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APPROACHES TO INCREASING EFFICIENCY OF CYTOCHROME P450 3A4
ELECTROCATALYSIS BASED ON NON-COVALENT COMPLEXES WITH FLAVINS

P. 1. Koroleva, V.V. Shumyantseva

Institute of Biomedical Chemistry, Moscow, Russia
119121, Russia, Moscow, Pogodinskaya str, 10, building 8
email: 11126699@mail.ru

In order to increase efficiency of electrocatalysis, an electrochemical system based on the cytochrome P450 3A4
was developed, which makes it possible to increase the yield of the product of cytochrome P450 3A4-dependent

MesxayHapOAHbI KOHTpece: B1oTexHoMorns: COCTOAHME 1 NePCNeKTUBbI Pa3BUTHSA 31 okTA6ps — 1 HoR6ps 2022 | Mockea

| KonnyectBo anekTpo- OTHOCUTENbHasA
AnekTtpoa E B Ax1’0'7 aKTUBHOrO 6esika KatanuTuyeckas | Amount of Relative
[, Monb/cM? x107 [1] | akTuBHOCTb (%) [2] Electrode E V Ax1’ 07 electroactive protein electrocatalytic
Nra/aMAG/ I, mol/cm?[1] activity (%) [2]
CYP3A4 -0,462+0,012 -6,34+0,09 3,60+0,31 10018 SPE/DDAB/
-0.462 -6.34 3.60x10-11 10018
Mra/A0AB/ CYP3A4
-0,452+0,011 -8,18+0,12 4,89+0,33 13546
CYP3A4+Rf SPE/DDAB/
-0.452 -8.18 4.89x10-11 1356
nrs/ANAB// -0,462+0,015 -9,43+0,25 5,55+0,42 171415 CYPSARI
CYP3A4+DA[, ! - e T - SPE/DDAB/
-0.462 -9.43 5.55x10-11 171415
fr9/1NAB// 0,46240,01 8,77+0,17 5,18+0,54 203£10 CYPSAALTAD
CYP3A4+®OMH TR TS Ve - SPE/DDAB/ -0.462 877 518x10-11 203+10
CYP3A4+FMN ’ ’ ’ -

N-demethylation of erythromycin. The increase in the catalytic activity of cytochrome P450 3A4 reached 35,71 and
103% compared to systems without the use of flavins.

Key words: cytochrome P450 3A4, flavins, electrochemical analysis, erythromycin.

Cytochromes P450 are class of enzymes responsible for the transformation of a wide range of substrates,
including drugs. The main advantage of cytochromes P450 as biocatalysts is the vast number of types of chemical
reactions catalyzed by them, including the activation of C-C and C-H bonds, as well as stereoselectivity of catalysis.
In this study, an approach based on the modeling of the cytochrome P450 catalytic cycle in natural microsomal
systems was developed.

To create electrochemical systems screen printed electrodes (SPE) modified with didodecyldimethylammonium
bromide modeling on the electrode phospholipid bilayer were used. As electron transfer mediators were chosen
riboflavin (Rf), FMN and FAD with a 1:1 concentration ratio of flavins and cytochrome P450 3A4 (CYP3A4). The
relative electrocatalytic activity was defined by the accumulation of the product of cytochrome P450 3A4-dependent
N-demethylation of erythromycin.

In the presence of flavins, the amount of electroactive protein on the electrode surface increases.

Table 1. Electrochemical characteristics of complexes of cytochrome P450 3A4
and flavins on SPE/DDAB and values of relative efficiency of catalysis.

Based on results obtained in this study, it can be concluded that the modeling of the electron-transpot chain on
the electrode by formation non-covalent complex of flavins (as components of reductase) and cytochrome P450
3A4 promotes efficiency of electrocatalysis.

This work was financed by the Ministry of Science and Higher Education of the Russian Federation within the
framework of state support for the creation and development of World-Class Research Centers ‘Digital Biodesign
and Personalized Healthcare' (No 75-15-2022-305).
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Mpsimoe aneKTpoxnmmuyeckoe onpegeneHme pparmeHToB AByHUTeBor [HK, nonyyaembix B pesynbTate noavme-
pa3HoW LEeMHOM MAN peKOMOUHA3HOWM MoNMMepasHoW peakLuuii ¢ UCMob30BaHNEM B KayecTBe cybcTpaTta fe-
30KCUypuaAnHTpUdochaToB, MOANPULMPOBAHHbBIX apOMaTUYECKOW rpynmnon TMPO3MHa, 6b1710 UCMONb30BaHO AJs
JeTekunn Bo3byauTens 6aktepmnosa kaptodens Dickeya solani.

KnioueBble c/ioBa: 3/1eKTPOXMMMUYeckKasn aeTekums, MoanduLMpoBaHHbI fe30KCUYPUAMH, TUPO3UH, aMnnudu-
Kauusi, Dickeya solani

bakTepus Dickeya solani sBnsieTca KpaitHe BpeLOHOCHbIM BO36yauTenem 3aboneBaHus Kaptodens, M3BecT-
HOMO Kak «4epHas HOXKa» WU «MOKpas MHUMb», KOTOPOE MOXEeT MPUBOAUTb K notepe A0 75% KOPHEM0A0B.
CBoeBpeMeHHOe BbisiBNieHWe D. solani MOXeT CyLLLeCTBEHHO CHU3WUTb noTepu ypoxas. Monesasa AHK-gnarHocty-
Ka D. solani, ocHOBaHHas Ha cenleKTMBHON aMnandukaumm yyactka 6akTepnanbHoro reHoma, Tpebyet pasBuTUs
TEXHUYECKM NPOCTbIX MOAXOAOB K AeTEKUUM MPpoAyKTOB aMnnnbukauni. OgHUM U3 TakMx NOAXOA0B sABNSETCS
MCMONb30BaHNe 3NEKTPOXMMUYECKUX METOAOB AETEKLUN Ha OCHOBE MOPTaTUBHbIX, @BTOHOMHbIX U HEAOPOruX
N3MepuTeNbHbIX YCTPONCTB. OHAKO NMPUMEHUTENbHO K onpeaeneHnto npoayktoB amnambmkauumn OHK, koto-
pble KaK NpaBuio NpeacTaBnatoT AByHUTeBble JHK-pparmMeHTbl, nCNONb30BaHUe 3/1eKTPOXMMUYECKUX METOLOB
(B YacTHOCTK, BONbTAMMNEPOMETPUM) CAEPXKMBAETCA HEAOCTYMHOCTbIO OCTATKOB a30TUCTbIX OCHOBAHWI BHYTPU
OBOWMHON crnvpanu Ansi aNeKTPOAHbIX peakumin. PaHee Hamm 6b1n10 NOKa3aHo, YTO faHHOE OrpaHUYyeHre MOXeT
6bITb CHATO UCMONb30BaHMEM B KayecTBe cy6cTpaTa ANa Nonnmepasbl NPOU3BOAHbIX 2'-Ae30KCUYPUANH-5-Tpu-
tdocdaTta, MOANDULMPOBAHHbBIX 3N1EKTPOAKTUBHOW apoMaTudeckon rpynnoi TuposuHa (dUTP-Y) [1]. Llenbto Ha-
CTosILLeN paboTbl CTano NPUIOXKEHUE AAHHOMO NoAXoAa K BO/IbTaMNepoMeTpMYeckon AeTeKuun NpoAyKToB, no-
Nly4yaeMbix B pesynbTaTe N30TepMmUYeckor amnamdmkauum yHnukanbHoro ansa D. solani yuacTka 6akTepuanbHoro
reHoma MeTogoM RPA (recombinase polymerase amplification, pekoM61HasHas nonMmepasHas amnandukaLus).
YcTaHoBneHo, 4To ucnonbdoBaHue dUTP-Y npu ontummsaumm RPA He BnusieT cywecTBeHHO Ha e€ addekTus-
HOCTb, HO NMO3BOMAET U3MepsiTb KonmyecTBo JHK-amnnnkoHoB (AnMHoi ~150 nap ocHOBaHWUi) METOLOM KBa-
[OpaTHO-BOSIHOBOW BOJIbTaMMNEPOMETPUM Ha NevaTHbIX rPa@UTOBbIX 371EKTPOAAX MO BEMYMHE MUKA OKUCIEHUS
apomMaTMyecKo rpynnbl TMpo3uHa npw noteHumanax 0.5-0.7 B. Kpome Toro, ucnonb3osaHune dUTP-Y B kayecTBe
cy6cTpaTa B noniMmepasHon LenHoi peakuum (MLP) Takke no3sonuno ahheKTMBHO AeTEKTUPOBATb NMPOAYKTbI
aMnnuoukaumm yyacTtka reHoma D. solani (anuHoii ~400 nap ocHOBaHMii) METOAOM KBaZpaTHO-BOIHOBOM BOJIb-
TamnepomeTpuu. MNonyyeHHble pesdynbTaTbl OTKPbIBAOT BO3MOXHOCTb pa3paboTky TeCTOB A5 NMONeBOW JeTeK-
uun dmTonaTtoreHa KoMbuMHNpoBaHnem RPA nnwm MLUP B npucyTcTBUM MOANPULMPOBAHHbIX AE30KCUYPUANHTPU-
dbocdaToB C TEXHUYECKN NPOCTbIM INEKTPOXMMUYECKUM ONpeaeneHneM NpoayKToB aMnandukaumm.

Pa6oTa BbinonHeHa npu GrHaHCOBOW noaaep)xke MnHucTepcTBa HayKu 1 Bbicllero obpasoBaHuns Poccuit-
ckou bepepauum B pamkax egepanbHON HayYHO-TEXHUYECKON MPOrpaMMbl Pa3BUTUS FTEHETUYECKMX TEXHOSOTMI
Ha 2019-2027 roabi (cornatueHune N2075-15-2021-1345, YHUKanbHbI uaeHTUbUKaTop npoekTa RF-193021X0012).
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DIRECT ELECTROCHEMICAL DETERMINATION OF MODIFIED DNA AMPLICONS
CARRYING AROMATIC TYROSINE GROUPS FOR THE DETECTION OF DICKEYA
SOLANI - THE CAUSATIVE AGENT OF POTATO BACTERIOSIS
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Direct electrochemical determination of double-stranded DNA fragments obtained as a result of polymerase chain
or recombinase polymerase reactions, using deoxyuridine triphosphates modified by the aromatic group of tyrosine
as a substrate, was used to detect the causative agent of potato bacteriosis Dickeya solani.

Key words: electrochemical detection, modified deoxyuridine, tyrosine, amplification, Dickeya solani

The bacterium Dickeya solani is an extremely harmful pathogen of potato disease, known as "black leg" or
"wet rot", which can lead to the loss of up to 75% of root crops. Timely detection of D. solani can significantly
reduce crop losses. Field DNA diagnostics of D. solani, based on selective amplification of a section of the bacterial
genome, requires the development of technically simple approaches to the detection of amplification products.
One of such approaches is the use of electrochemical detection methods based on portable, autonomous and
inexpensive measuring devices. However, with regard to the determination of DNA amplification products, which
usually represent double-stranded DNA fragments, the use of electrochemical methods (in particular, voltammetry)
is constrained by the unavailability of nitrogenous base residues inside the double helix for electrode reactions.
We have previously shown that this restriction can be removed by using 2'-deoxyuridine-5-triphosphate derivatives
modified by the electroactive aromatic group of tyrosine (dUTP-Y) as a substrate for polymerase [1]. The aim of
this work was to apply this approach to the voltammetric detection of products obtained as a result of isothermal
amplification of a unique site of the D. solani bacterial genome by RPA (recombinase polymerase amplification). It
was found that the use of dUTP-Y in optimized RPA does not significantly affect its efficiency, but allows measuring
the number of DNA amplicons (~150 base pairs long) by square-wave voltammetry on printed graphite electrodes by
the value of the peak oxidation of the aromatic group of tyrosine at potentials 0.5-0.7 V. In addition, the use of dUTP-Y
as a substrate in the polymerase chain reaction (PCR) is also made it possible to effectively detect the amplification
products of a section of the D. solani genome (~400 base pairs long) by square-wave voltammetry. The obtained
results open up the possibility of developing tests for the field detection of phytopathogen by combining RPA or
PCR in the presence of modified deoxyuridine triphosphates with technically simple electrochemical determination
of amplification products.

The work was carried out with the financial support of the Ministry of Science and Higher Education of the
Russian Federation within the framework of the Federal Scientific and Technical Program for the Development of
Genetic Technologies for 2019-2027 (Agreement No. 075-15-2021-1345, Unique project identifier RF-193021X0012).
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B HayyHOM Mupe n3yyeHune Shh-curHanuHra sBNSeTCA OAHUM U3 aKTyaslbHbIX TeM At UCCIe[0BaHMM, MOCKOJIbKY
3TO KacaeTcs coLualbHO 3HaYMMbIX 3aboNieBaHNI, Takux Kak pak, Shh-curHanuHr ABNsSeTca OfHUM U3 OCHOBHbIX
TUMOB CUTHANIMHIa B 3MOGPUOHANbHBIX U OMyX0NeBbIX KNeTkax. MccnepoBanusi Shh-curHanuHra moryT gaTtb MHGOP-
MaLMIO O HOBbIX MOJIEKYJISIPHBIX MULLEHSIX, UAEN ANsi CO3[aHUSA HOBbIX JIeKapCTBEHHbIX MPenapaToB, BO3MOXHOCTb

International Congress: Biotechnology: state of the art and perspectives 31 October - 07 November, 2022 | Moscow

ZB9

WORLD

97



98

BIO BOTEXHOMOMVS U MEAVLIMHA
Tw%ﬁ'é LIV®OPOBO BMOAM3AMH Y NMEPCOHAN3VPOBAHHOE 3[IPABOOXPAHEHME

60pb6bl C NIEKAPCTBEHHOW PE3UCTEHTHOCTbIO. CTepOMAHbIE MOMEKYSIbl HEMOCPeACTBEHHO CBSi3aHbl C MeXaHW3Ma-
MU perynaumm aktuBauumn Shh-curianuHra. bbiio BbIABUHYTO NPeANoJIOXKEHWE O TOM, YTO CTEPOUAbI, CXOAHbIE MO
CTPYKTYpPE C XONECTEPUHOM WU LIMKIONaMUHOM, MOTYT IBNIATbCS aHTOrOHUCTaMM UK aroHucTamu Shh-curianuura.

KnioueBble cnoea: Shh-curHanuHr, poct onyxoneBbix KneTok, Hela, A549, Wi-38, HepG2, akcnpeccus reHoB Smo,
Ptch1, Gli1.

Llenbto paboTbl ABASIETCA OLleHKa BAUSIHUSA M30KCA30J10B M UX NPOU3BOAHbIX B KieTkax Hela, A549, Wi-38,
HepG2 Ha ypoBeHb akcnpeccun reHoB 6enkoB Shh-curHanbHoro nytu. MccnefoBaHusi No3BONAKOT NPOBECTU
CKPUHWHI CUHTE3MPOBAHHbIX MPOU3BOAHbIX N30KCA30/10B, BbISIBUTb Hanbosiee AeACTBEHHbIE U3 HUX BeLLecTBa
M B JanbHeWweM NpoBOAUTL AOMONHUTENbHbIE UccnefoBaHus. s nocTaBieHHON Lienin He0O6X0AMMO peLlmnTb
cneayroLimne 3agauu:

1. OUEHUTb UMTOTOKCMYHOCTb M30KCA30/10B M UX NPOM3BOAHbIX Ha KneTkax Hela, A549, Wi-38, HepG2

metogom MTT.

2. OueHUTb BAUSIHME M30KCA30JI0B M UX MPOM3BOAHbLIX Ha KNETOYHbIA LMKN nuHuin Hela, A549, Wi-38,
HepG2 MeTogoM NpOTOYHON LUTODTYOPUMETPUM C MIOAUAOM NPONUANUS.

3. N3yunTb BNusiHme Hanbosiee akTMBHbIX COeANHEHMIN Ha SKCMPECCUIO KITOUYEBbBIX reHoB Shh-curHanu-
ra: Smo, Ptch1, Gli1 metogom OT-TILP peanbHoro BpemeHu B knetkax Hela, A549, Wi-38, HepG2.

HO

621 - 17B-((3-(2-Hydroxypropan-2-yl)
isoxazol-5-yl)methyl)-androst-5-en-3B-ol

622 - 17B-((3-Butylisoxazol-5-yl)
methyl)-androst-5-en-33-ol

HO! HO

634 - 38-Hydroxy-17B-((3-(pyridin-3-yl) 638 - (17R)-17-((3-Phenylisoxazol-5-yl)
isoxazol-5-yl)methyl)-androst-5-ene methyl)-androst-5-en-3p-ol

HO
647 - (E)-1-((17R)-3B-Hydroxy-androst- 667 - 3-Cyclopropyl-5-(((17R)-3B-
5-en-17-yl)-4-(methoxy(methyl)Jamino) ~ hydroxy-androst-5-en-17-yl)methyl)-
but-3-en-2-one 4,5-dihydroisoxazol-5-ol

HO HO

677 - (17R)-17-((3-(Chloromethyl) 684 - 17B-((3-(Hydroxymethyl)
isoxazol-5-yl)methyl)-androst-5-en- isoxazol-5-yl)methyl)-androst-5-en-
3p-ol 3B-ol
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B nepByto ouepeapb 6bIs10 U3YYEHO BO3AENCTBINE UCCIIefyEMbIX COAMHEHMI Ha XXM3HECNOCOBHOCTb U NPOSK-
dhepauuto knetok metogom MTT. [nsa uccnepoBaHus BEWECTB 6blNv B3SITbl KNeToYHble NnHum Hela, A549, Wi-38
1 HepG2. BbiNo ycTaHOBNEHO YTo coeanHeHus 621, 622, 634, 638 n 661 ob6naganm LMTOTOKCUYHOCTbIO. Hanbonee
TOKCMYHBbIMY B KNETOYHOM KynbType Hela 6binn coeamHenuns 621 n 622, B A549 — 634 1 638, B Wi-38 — 634 1 661,
B HepG2 - 622.

BospeicTBue cTeponHbiX NMPOM3BOAHbBIX M30KCA30/10B Ha KJT€TOYHbIW LMK/ 6bIS10 OLLEHEHO MEeTOA0M Mpo-
TOYHOM LUTODIOOPUMETPUN C MOAMAOM Nponuaus. B kneTkax Hela, A549, Wi-38 n HepG2. ViccnegyemMble coegu-
HEHUS He BNUSANM Ha KNeTOYHbIN umkn B Hela, Wi-38 1 HepG2, Ho B A-549 Mbl Habnoganu yBenvyeHume anontosa
1 GO/G1-hasbl KNETOYHOrO AeNeHNs Nog Bo3aencTBMEM BellecTB 634 1 638, COOTBETCTBEHHO.

Ha ocHoBe OT-T1L|P peanbHOro BpemeHu 6b1710 MOKasaHo, YTO CTEPOUAHbIE MPOU3BOAHbIE U30KCA30J10B BIK-
AT Ha YPOBHM SKCMPEeCcCUn reHoB curHanbHoro nytu Shh. B knetouHbix nuHusax Hela n Wi-38 mbl Habntoganu
aKTMBHOE MHIMBUPOBaHMe 3KCNpeccumn KiyeBblx reHoB Shh-curHanuura: Smo, Ptch1, Gli1. B A549 noa Bo3gei-
CTBMEM BelecTBa 634 ypoBeHb aKCMnpeccum reHoB Shh-curHanuHra cHmancs, a npyu MHKy6auumn ¢ coeanHeHu-
eM 638 - noeblwancs. B knetkax HepG2 Habntofanacb TeHAEHUNUSI K MOAABIEHUIO BCEX FEHOB, MO CPaBHEHUIO C
KOHTpONeM.

Pa6oTa BbirnosiHeHa B paMKax MpoeKTa no Co3JaHuto U pa3BUTUHO HayYHbIX LJeHTPOB MUPOBOro ypoBHs «Lng-
POBOVi 6uoamn3aliH 1 NepcoHaIn3npoBaHHOe 34PaBooOXpPaHeHNe» npu puHaHcoBoU nogaepxxke MuHucTepcTea 06-
pasoBaHus u Hayku Poccurickoii ®egepauum (cornawenne No 075-15-2022-305), a Takxe noggepxaHa benopyc-
CKUM HOHAOM (pyHAAMEHTasIbHbIX nccaenoBaHuii (rpaHT X22Mnar-001).

UDC 577.126 DOI: 10.37747/2312-640X-2022-20-97-100
INFLUENCE OF STEROID ISOXAZOLES ON THE EXPRESSION OF KEY GENES
OF THE SONIC HEDGEHOG CASCADE IN NORMAL AND CANCER CELLS

A.A. Alexandrova'?, A.R. Mekhtiev', V.A. Zolotsev', 0.S. Timoshenko', M.G. Zavyalova’,
M.A. Sanzhakov’, K.A. Shcherbakov', A.S. Rudovich?, V.N. Zhabinskiié, V.A. Khripach?

TV.N. Orekhovich Institute of Biomedical Chemistry, 119121, Russia, Moscow, st. Pogodinskaya, 10, bldg. &;

2 Russian National Research Medical University named after N.I.Pirogov, 117997, Moscow, st. Ostrovityanova, 1

3 Institute of Bioorganic Chemistry, National Academy of Sciences of Belarus, Kuprevich st. 5/2, 220147 Minsk,
Belarus

E-mail:marif@yandex.ru

In the scientific world, the study of Shh-signaling is one of the hot topics for research, as it concerns socially
significant diseases such as cancer, Shh-signaling is one of the main types of signaling in embryonic and tumor
cells. Studies of Shh-signaling can provide information about new molecular targets, ideas for creating new drugs,
and the possibility of combating drug resistance. Steroid molecules are directly related to the mechanisms of
regulation of Shh-signaling activation. It has been suggested that steroids similar in structure to cholesterol or
cyclopamine may be antagonists or agonists of Shh-signaling.

Key words: Shh signaling, tumor cell growth, Hela, A549, Wi-38, HepG2, Smo, Ptch1, Gli1 gene expression.

The aim of this work is to evaluate the activity of isoxazoles and their derivatives in Hela, A549, Wi-38, HepG2
cells on the level of expression of genes for Shh-signaling pathway proteins. Studies allow screening of the
synthesized isoxazole derivatives, identifying the most effective of them, and further conducting additional studies.
For this purpose it is necessary to solve the following tasks:

1. Evaluate the cytotoxicity of isoxazoles and their derivatives on Hela, A549, Wi-38, HepG2 cells by the

MTT method.

2. To assess the effect of isoxazoles and their derivatives on the cell cycle of Hela, A549, Wi-38, HepG2
lines by flow cytometry with propidium iodide.

3. To study the effect of the most active compounds on the expression of key Shh-signaling genes: Smo,
Ptch1, Gli1 by real-time RT-PCR in Hela, A549, Wi-38, HepG2 cells.

First of all, studied the effect of the compounds on cell viability and proliferation was studied by the MTT
method. Cell lines Hela, A549, Wi-38 and HepG2 were taken for the study of substances. Compounds 621, 622, 634,
638 and 661 were found to be cytotoxic. Compounds 621 and 622 were the most toxic in Hela cell culture, 634 and
638 in A549, 634 and 661 in Wi-38, and 622 in HepG2.
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The effect of steroid derivatives of isoxazoles on the cell cycle was evaluated by flow cytometry with propidium
iodide. in cages Hela, A549, Wi-38 and HepG2. The test compounds did not affect the cell cycle in Hela, Wi-38 and
HepG2, but in A-549 we observed an increase in apoptosis and the GO/G1 phase of cell division under the influence
of substances 634 and 638, respectively.

Based on real-time RT-PCR, it was shown that steroid derivatives of isoxazoles affect the expression levels of
Shh signaling pathway genes. In Hela and Wi-38 cell lines, we observed active inhibition of the expression of key
Shh signaling genes: Smo, Ptch1, and Gli1. In A549, under the influence of substance 634, the level of expression of
Shh-signaling genes decreases, and under the influence of 638, it increases. In HepG2 cells, there is a tendency to
suppress all genes, compared with the control.

HO

621 - 17B-((3-(2-Hydroxypropan-2-yl)
isoxazol-5-yl)methyl)-androst-5-en-3B-ol

622 - 17-((3-Butylisoxazol-5-yl)
methyl)-androst-5-en-3-ol

HO!

634 - 38-Hydroxy-17B-((3-(pyridin-3-yl) 638 - (17R)-17-((3-Phenylisoxazol-5-yl)
isoxazol-5-yl)methyl)-androst-5-ene methyl)-androst-5-en-33-ol

647 - (E)-1-((17R)-3B-Hydroxy-androst- ~ 661 - 3-Cyclopropyl-5-(((17R)-3B-
5-en-17-yl)-4-(methoxy(methyl)Jamino) ~ hydroxy-androst-5-en-17-yl)methyl)-

but-3-en-2-one 4,5-dihydroisoxazol-5-ol

HO! HO!

677 - (17R)-17-((3-(Chloromethyl) 684 - 17B-((3-(Hydroxymethyl)
isoxazol-5-yl)methyl)-androst-5-en- isoxazol-5-yl)methyl)-androst-5-en-
3B-ol 3p-ol

This work was financed by the Ministry of Science and Higher Education of the Russian Federation within the
framework of state support for the creation and development of World-Class Research Centers ‘Digital Biodesign and
Personalized Healthcare’ (No 075-15-2022-305). The financial support of the Belarusian Foundation for Fundamental
Research (grant number X22MIdg-001) is also acknowledged.

Y/IK 616-006.66 DOI: 10.37747/2312-640X-2022-20-100-102
NMPUMEHEHUE LWPKYJIUPYIOLLLUX OMYXOJIEBbIX KJIETOK
B AUATHOCTUKE PAKA NMPOCTATbI: CACTEMATUYECKHNI1 0B30P

Mopo3og A.O., ba6aeeckas [1.b., basapkuH A.K., Malavaud B., EHukees [1.B.
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VIHCTUTYT yposnorum v penpoayKkTUBHOIO 340p0Bbsl YenoBeka, CeuyeHOBCKMIA yHuBepcuTeT, MockBa, Poccus;
1719991, Mocksa, yn. bonbLuas MNMuporosckas, 4. 2 ¢. 1, email: andrei.o.morozov@gmail.com

Linpkynupytowwme onyxonesble knetku (LLOK), npucyTcTBytolwme B nepubepnyeckoin KpoBu — ofHa U3 raBHbIX
NPUYMH peLnanBa OHKONOrMYeCKMX 3a6osieBaHnin U MeTacTasMpoBaHuA. B CBA3U C 3TUM OHW Bbi3blBAlOT UHTE-
pec Kak y NpakKTUKYHLLIMX OHKOMOrOB, Tak U Yy nccnegosatenein. OAHaKO AaHHble Hay4HbIX paboT, NOCBALLEHHbIX
LIOK, LUMPOKO He UCMOJIb3YHOTCA, OCTABasACh CKPbITbIM 1, BOSMOXHO, HELOOLIEHEHHbBIM MHCTPYMEHTOM B ANarHo-
CTMKe M cTpaTudmMKaLumM pucka OHKONOrMYECKUX 3a601eBaHMUil.

KnioueBble cnoBa: cuctemMaTMyeckuini 0630p, pak npocTtaTtbl, 6BoMapKepbl, AnardHoctuke, LOK, umpkynupytoume
OnyxoneBble KNeTKn

MbI npoBenu cuctemaTuyeckmin 063op, YTo6bl 0606LLUTL UCMONb30BaHNE B KIIMHUYECKOW npakTuke LIOK
NS BeAEHWUA NauMeHToOB ¢ pakoM npocTaTbl. [Mouck nuTepaTypbl NpoBefeH B ABYX 6a3ax AaHHbIx (Medline and
Scopus) 3a nocnegHve 5 net no 3anpocy: (CTC OR “circulating tumor cells” OR “liquid biopsy”) AND prostate.
[MaBHbIM pe3ynbTaToOM aHannsa cTasno BbisiB/IeHWe NMPOrHocTuyeckom LeHHocTu LIOK B 0THoLeHMM nporpeccum
1 BbIXXMBAEMOCTMN GOMbHbIX PakoM MpocTaTbl. TakxKe BbISIBSIEHO MPOrHocTuyeckoe 3HavyeHue LIOK B oTHoLe-
HWUW BbIGOpa Tepanuu 1 06HapyXeHUst paka npocTaTtbl. KacaeMo MeTacTaTMyeckoro paka npocTaTbl KOIMYECTBO
LIOK saB1SN0Ch NPOrHOCTUYECKMM MapKepoM B pamMKax nokasaTenemn BbXXMBaeMOCTH 1 OTBeTa Ha fieyeHune. KoH-
ueHTpauusa LIOK B 3HauMTeNbHOWM CTENEHN CBSi3aHa C NokasaTeNnsaMu obLLei BbIXXMBAEMOCTN U BbIXXMBAEMOCTU
6e3 nporpeccupoBaHns. AHaNOrMYHO BbIIBNIEHA CWUIbHasi obpaTHaa Koppensauus Mexay obLiel BbKMBaeMo-
CTbIO MM BbDKMBAEMOCTbIO 6€3 NMporpeccmMpoBaHuns U KoHueHTpauuen LIOK. MaumneHTbl ¢ akcnpeccuein AR-V7
(Variant-7 androgen receptors) Ha LLOK npofeMoHcTpupoBanu cnabblit OTBET Ha UHIMBUTOPbI PELLeNTOPOB aH-
aporeHoBoro nytu (ARS). TeM He MeHee 3TO He BAUASIO Ha NONOXUTENbHbINA OTBET 3TUX NMaLMEHTOB Ha TaKCaHbl.
Y nauMeHTOB C /IOKanM30BaHHbIM PakoM MpocTaTbl ToNbKo obHapyxkeHue 6enka Cluster of Differentiantion 82
(CD82+) koppenupoBarno ¢ 6onee 6naronpusTHbIM NporHo3om. KonmuecTtso LIOK v akcnipeccust AR-V7 nokasanu
cebs Kak LieHHbI 6MOMapKep B OTHOLLEHWM BbDKMBAEMOCTY MaLMEHTOB C MeTacTaTUYecKnM pakoM nNpocTarhbl,
a TakXke B OTHOLUEHMU OTBeTa Ha MHrMbuTopbl ARS. JuarHoctuyeckume xapaktepuctuku LIOK B pamkax BbisiB-
NIIEMOCTU MU CKPUHWUHIA U PaHHEro 06HapyXXeHUsi ToKasn30BaHHOrO paka NpocTaTbl HELOCTATOYHO BbICOKY,
4YTOObI CYyANUTb O UX JOMNOSIHUTENIbHON MPOrHOCTUYECKON LIEHHOCTH MO CPaBHEHMIO C APYrMMu Guomapkepamum.

UDC 616-006.66 DOI: 10.37747/2312-640X-2022-20-100-102
A SYSTEMATIC REVIEW OF CIRCULATING TUMOR CELLS
CLINICAL APPLICATION IN PROSTATE CANCER DIAGNOSIS

A. Morozov, D. Babaevskaya, A. Bazarkin, B. Malavaud, D. Enikeev

Institute for Urology and Reproductive Health, Sechenov University, Moscow, Russia;
1719991, Moscow, Bolshaya Pirogovskaya str, 2 building 1, e-mail: andrei.o.morozov@gmail.com

Circulating tumor cells (CTC) present in peripheral blood and remain on of the main reason of cancer recurrence and
metastasis. In this regard, they are of interest to both practicing oncologists and researchers. However, the robust
science behind CTC has not been widely used, thereby remaining a latent and possibly undervalued instrument.

Key words: systematic review; prostate cancer; biomarker; diagnostic; CTC; circulating tumor cells

Here, we conducted a systematic review of CTCs in prostate cancer management to summarize their use in
clinical practice. We performed a systematic literature search using two databases (Medline and Scopus) over
the past five years and the following terms: (CTC OR “circulating tumor cells” OR “liquid biopsy”) AND prostate.
The primary outcome was CTC predictive value for prostate cancer (PC) progression and survival. The secondary
outcomes were the CTC predictive value for therapy response and the results of CTC detection depending on
the assessment method. In metastatic PC, the CTC count showed itself to be a prognostic marker in terms of
clinically important features, namely survival rates and response to treatment. CTC concentration was significantly
associated with the overall survival and progression-free survival rates. A strong association between the overall
survival or progression-free survival rate and CTC concentration could be observed. Variant-7 androgen receptors-
positive (AR-V7-positive) patients showed a poor response to androgen receptor signaling (ARS) inhibitors, but this
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did not compromise their response to taxanes. In localized PC, only positive Cluster of Differentiantion 82 protein
(CD82+) correlated with a higher survival rate. CTC count and AR-V7 expression showed itself to be a valuable
biomarker for survival in metastatic PC and response to ARS-inhibitors. CTC diagnostic performance for localized
PC or for screening and early detection is not high enough to show additional value over the other biomarkers.

YZIK 615.322 DOI: 10.37747/2312-640X-2022-20-102-103
OLLEHKA JIOKAJIU3ALWUN B IN3OCOMAX KJIETOK HT-1080 U MCF-7
XJIOPUHA E6, BCTPOEHHOIO B ®0C®OJIMNMUAHBIE HAHOYACTHUL,bI
C AAPECHbIM ®PATMEHTOM

Opnoea H.A., KocTpiokoea J1.B., TepewkuHa l0.A., TuxoHoea E.I., bo6poea [1.B., lmcuHa A.M.

VIHCTUTYT 6romeamumHeKou xumimm umenu B. H. Opexosuya, 119121, Poccusi, Mocksa, yn. lNoroguHekas, 4. 10, cTp. 8.
e-mail: orlova.ibmc@rambler.ru

B naHHoI paboTe MeTOAOM KOH(POKaNbHON MUKPOCKOMUU M3YYEHO HaKomMaeHne B nusocomMax knetok HT-1080
(CD13+) 1 MCF-7 (CD13-) xnopuHa €6, BCTPOEHHOr0 B hochonmnuiHble HaHOYaCTUL bl C aPeCHbIM GpparMeHTOM.

KnioueBble cnoea: xnopuH E6, HaHouacTuLbl, KOHhOKanbHaa Mukpockonus, NGR-nentug,.

OpHUM 13 HanpaBneHWU pa3BUTUS MEPCOHANM3NPOBAHHOM Tepanun IBASIETCA CHabXXeHWe NPoTUBOOMNyXone-
BbIX areHToB, B TOM uucie poToceHcmbunuaatopos (OC), cucTemoit JoCTaBKM C afipecHbiM GparMeHToM. Bax-
HbIM 3TanoM B U3y4YeHUM MexaHn3Ma LeiCTBUS pa3paboTaHHbIX CUCTEM ABMAETCS ONpeAeneHne MOEKYAPHbIX
MuweHen ans OC. B paHHo pabote MeTOAOM KOH(OKaNbHON MUKPOCKOMMUU UCCeA0Bann BHYTPUKIIETOYHYHO
nokanusauuto ®C B nusocomax knetok HT-1080 n MCF-7 nocne nx o6paboTku GpochonmnuaHon Komnosnumen
(NPh-Ce6-NGR) xnopuHa e6. AgpecHbiM dparmeHTom ansanca NGR-cogepxalluii nenTug, cneumbuyHbii K aMu-
HonenTuaase N (CD13) Ha NOBEPXHOCTM OMyXO0JIEBbIX KIETOK.

Tak, Ha KynbType knetok MCF-7 (CD13-oTpuuaTtenbHoi) Habntofanoch npoxoxgeHue ®C B KNeTKy, 0AHAKO
B /IM30COMax €ro HakoreHue 6bi/10 He3HauuTeNbHbIM (puc. 1a). Mpu 3TOM Ha KeTo4HoM KynbType HT-1080
(CD13-nonoxuTenbHas) OTYETIMBO BUAHO, YTO NPU NPOHMKHOBeHUU OC BHYTPb K/eTKU ero fiokanusauus B nu-
30comax 6binia oTMeyeHa B 60/IbLUel CTENeH) Mo CpaBHEHMIO ¢ KneTkamu MCF-7 (puc. 16). Mpu aToM akTUBaLus
XJIOpVHa €6 CBETOM MpMBOAMIIA K HabyXaHUIO KNeTOK 1 UX 6bICTPON rnbenu.

a

PucyHok 1. HakonneHue xnopuHa e6 B knetkax MCF-7 (a) u HT-1080 (6).

(1) — 06beMHEHHOE U306paXKeHue, (2) — NU30cOMarnbHbIii TpeKep (3eneHblii KaHan), (3) — komno3uums NPh-Ce6-NGR,
(4) - KOHTYpbI KNeToK — auddepeHLManbHO-MHTEP(HEPEHLMOHHDIN KOHTPACT (KPacHbIM OTMeYeH CUHTETUYECKMUI KaHan
Konokanu3sauum). Macwrtaé — 50 MKM.

Pa6oTa BbinosiHeHa B paMkax porpaMMmbl hyHAaMeHTaNbHbIX Hay4YHbIX UccnefoBaHuin B Poccuiickom de-
Zepauunm Ha 4onrocpoyHbiin nepuop (2021 - 2030 rr.) (N2 122030100170-5).
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EVALUATION OF LOCALIZATION IN THE LYSOSOMES OF HT-1080
AND MCF-7 CELLS OF E6 CHLORINE EMBEDDED IN PHOSPHOLIPID
NANOPARTICLES WITH AN TARGETED FRAGMENT

N.A. Orlova, L.V. Kostryukova, Yu.A. Tereshkina, E.G. Tikhonova, D.V. Bobrova, A.M. Gisina

Institute of Biomedical Chemistry, ul. Pogodinskaya 10, Moscow, 119121 Russia
e-mail: orlova.ibmc@rambler.ru

In this work, the accumulation in lysosomes of HT-1080 (CD13+) and MCF-7 (CD13-) cells of chlorin €6 embedded
in phospholipid nanoparticles with a targeted fragment was studied using confocal microscopy.

Key words: chlorin e6, nanoparticles, confocal microscopy, NGR peptide.

One of the directions in the development of personalized therapy is the supply of antitumor agents, including
photosensitizers (PhS), with a delivery system with a targeted fragment. An important step in studying the
mechanism of action of the developed systems is the determination of molecular targets for PhS. In this work,
intracellular localization of PhS in lysosomes of HT-1080 and MCF-7 cells after their treatment with a phospholipid
composition (NPh-Ce6-NGR) of chlorin €6 was studied using confocal microscopy. The target fragment was an
NGR-containing peptide specific for aminopeptidase N (CD13) on the surface of tumor cells.

For example, in the MCF-7 cell culture (CD13-negative), PhS passed into the cell, but its accumulation in
lysosomes was insignificant (Fig. 1a). At the same time, on the cell culture HT-1080 (CD13-positive), it is clearly
seen that when PhS penetrated into the cell, its localization in lysosomes was noted to a greater extent compared
to MCF-7 cells (Fig. 1b). At the same time, activation of chlorin e6 by light led to cell swelling and their rapid death.

Figure 1. Accumulation of chlorin e6 in MCF-7 (a) and HT-1080 (b) cells. (1) - combined image,
(2) - lysosomal tracker (green channel), (3) - NPh-Ce6-NGR composition, (4) - cell contours - differential interference
contrast (synthetic colocalization channel is marked in red). Scale is 50 pm.

The work was carried out within the framework of the Program of Fundamental Scientific Research in the
Russian Federation for a long-term period (2021-2030) (N2 122030100170-5).

YIIK 621.015.1 DOI: 10.37747/2312-640X-2022-20-103-104
9NIEKTPOAHAJIN3 B DAPMAKOITEHOMHbIX UCCNEAOBAHUAX

LymsaHuesa B.B., Bynko T.B., MpoHuHa B.B., AradoHoBa J1.E.,
TuxoHosa E.I, CaH)xakoB M.A., KoctpiokoBa J1.B., ApuakoB A.U.

GenepanbHoe rocyapCTBEHHOE GHOPKETHOE Hay4YHOE yupexxaeHne "HayyHo-uccneqoBatesibCKui MHCTUTYT
6roMeaMLMHCKOM Xummm uMmenn B.H. Opexosuya” (MEMX), Mocksa, 119121, lNoroguHekas yn., 4.10
Viktoria.shumyantseva@ibmc.msk.ru
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Ons dapMakoreHOMHbIX UCCNeAOBaHNA NPOBeAEH aHaNM3 MexaHM3MoB B3anmogeincteusa [HK ¢ nekapcTtBen-
HbIMM NpenapaTamMu.

KnioueBble cnoea: anektpoaHanus, IHK, anekTpookucneHune, nekapcTBeHHbIe npenapaTbl, hapMakoreHoMumKa

Paspa6oTka HeMHBa3WBHbIX Mogeseit AN hapMaKoreHoOMUKM (M3yYeHust UsMeHeHu xapakTepucTuk JHK u
PHK, cBsizaHHbIX C peakLumel Ha JiekapCTBEHHbIe CPeaCcTBa) NPefCTaBSET BbICOKOTEXHOIOMMYHOE HanpaB/ieHne
6103/IEKTPOXUMUN. BbiicHEHME MexaHn3Ma feicTBus nekapcTea Ha [IHK kak 0CHOBHOro y4acTHMKa NpoLeccoB
TPaHCKPUNUUW, TPAHCIALMM, PENINKALMU U KNETOYHOTO iefIeHNs ABNSETCA OLHUM U3 KIH0YEBbIX BOMPOCOB dap-
MaKOreHOMHbIX UCCNeAOBaHUIA AN NOHMMaHUS NMPUPOAbI MHOTMX TUNOB 3a60/1IeBaHWIA, MeXaHU3Ma AeNCTBUSA
NIeKapCTB Ha OpraHn3m 1 pa3paboTku HOBbIX hapmaLeBTuYeckux npenapatoB. JHK aBnsetca papmakonoruye-
CKOWM MULLEHbIO IeKapCTBEHHbIX NpenapaToB C pasfinyHON TepaneBTUYECKOW HanpaBeHHOCTbIO, aKTUBHO Npwu-
MeHsieMbIX B KJTMHUYECKOM NpakTuke. iccnenoBaHbl aneKTpoaHanMTuYecKmne xapakTepucTukmn AByxXLenoyeyHom
OHK (auHK), a Takxe komnnekco aguHK 1 npoTuBOOMNyxoeBoro npenaparta abupatepoHa, NpoTUBOBUPYCHO-
ro npenaparta ymudeHoBupa 1 ero hopmbl, BKJOUYEHHON B hochonmnuaHbie HaHodacTuubl (ymMudeHosup HO),
NpoTMBOTYGEpPKyne3Horo npenapara pudbamnuumnHa u ux HaHodopm (pudbamnuumH HD), a Takke TpaHCNOPTHbIX
HaHOCUCTEM Ha OCHOBE pacTUTeNbHbIX GochONUNUAO0B C pa3nnyHbIM cogepxaHneM dochatugnnxonvHa. Cme-
LleHMe NOTEeHUMaNoB 3/1eKTPOOKUCIEHUS afleHMHa, TyaHHa N TUMUHA B KaTOAHYHO MW aHOAHYH 061acTb npu
06pa3oBaHMMN KOMMIEKCOB OTPa)KaeT MexaHn3M B3anMogencTust npenapatos ¢ guHK. A6upatepoH n ymude-
HOBMP He BbI3biBaau pa3pbiBbl caxapodocdaTHoro octoBa JHK, 4To NoaTBEPXKAEHO OTCYTCTBMEM (DparMeHTOB
[OHK ¢ MeHbLLeN MONSIPHOM Maccoi Npu aHanuse anekTpopoperpamMmm. M3 akcnepumMeHTasnbHbIX aHHbIX paccuu-
TaHbl 3N1EKTPOXMMUYECKNE KOIPDULMEHTbI TOKCUYHOCTM NpenapaTos.

Pa6oTa BbinonHeHa B pamkax [porpammbl GyHAaMeHTanbHbIX HayYHbIX nccnenoBaHuii B Poccuiickon ®e-
Zepauunm Ha onrocpoyHbiit nepuog (2021 - 2030 roab!) (N2122030100168-2).

UDC 621.015.1 DOI: 10.37747/2312-640X-2022-20-103-104

ELECTROANALYSIS IN PHARMACOGENOMIC STUDIES

V.V. Shumyantseva, T.V. Bulko, V.V. Pronina, L.E. Agafonova,
E.G. Tikhonova, M.A. Sanzhakoy, L.V. Kostryukova, A.l. Archakov

Institute of Biomedical Chemistry, Moscow, 119121, Pogodinskaya st., 10
Viktoria.shumyantseva@ibmc.msk.ru

For pharmacogenomic studies, an analysis of the mechanisms of interaction between DNA and drugs was
carried out.

Key words: electroanalysis, DNA, electrooxidation, drugs, pharmacogenomics

The development of non-invasive models for pharmacogenomics (the study of changes in the characteristics
of DNA and RNA associated with the response to drugs) is a high-tech direction in bioelectrochemistry. Elucidation
of the mechanism of action of a drug on DNA as the main participant in the processes of transcription, translation,
replication, and cell division is one of the key issues in pharmacogenomic research to understand the nature of
many types of diseases, the mechanism of drug action on the body, and the development of new pharmaceuticals.
DNA is a pharmacological target for drugs with various therapeutic purposes, which are actively used in clinical
practice. The electroanalytical characteristics of double-stranded DNA (dsDNA), as well as complexes of dsDNA
and the antitumor drug abiraterone, the antiviral drug umifenovir and its form incorporated into phospholipid
nanoparticles (umifenovir NF), the antituberculosis drug rifampicin and their nanoforms (rifampicin NF), as well
as transport nanosystems on based on plant phospholipids with different content of phosphatidylcholine. The
shift of the electrooxidation potentials of adenine, guanine, and thymine to the cathode or anode region during the
formation of complexes reflects the mechanism of drug interaction with dsDNA. Abiraterone and umifenovir did not
cause breaks in the sugar-phosphate backbone of DNA, which was confirmed by the absence of DNA fragments
with a lower molar mass in the analysis of electrophoregrams. From the experimental data, the electrochemical
toxicity coefficients of drugs were calculated.

The work was performed within the framework of the Program for Basic Research in the Russian Federation for
a long-term period (2021-2030) (N2122030100168-2).
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HapyweHune dyHKunoHnpoBaHus Hh-curHanbHOro NyTu urpaeT BaXKHYHo posib B KaHUeporeHese. CyliecTBy-
eT 60/1bLIOe KOIMYECTBO OMYyXOJel, B TOM YMCIE MIOXO MOAAAILNXCSA NTIEYEHUIO, B KOTOPbIX aKTUBMPOBaH
aToT nyTb [1]. AKTUBaALMA NYTU, NPOUCXOAUT He TOMbKO Npu Bo3aencTeun nuraHaos SHH, DHH v IHH wnu
MyTaumsax B reHax PTCH1, SMO, GLI1-3 n ap., KOANPYHOLLMX OCHOBHbIE KOMMOHEHTbI NMYTW, HO U MNPy BO3AEN-
CTBUM Pas/iMyHbIX UMTOKMHOB, MeANATOPOB U HakTOpOB pocTa. ITO MPOUCXOAUT 3a CYET HaNUumsa obLUX
KOMMOHEHTOB Mexay Hh-curHanbHbIM nyTen n gpyrummn nytamu, Bknrovas Wnt, ErbB, TGF-beta, VEGF u gp.
NyTW, Kak Ha YpOBHE CUTrHaNbHbIX KACKaA0B, Tak U Ha YpOBHE perynsaumm TpaHcKpunuum reHoB [2,3] XTalkDB,
http://www.xtalkdb.org).

KnioueBble cnoea: KaHueporeHes; Hedgehog pathway; MexaHnW3Mbl pasBUTUA OMNYyXOJEBbIX 3a60/1IeBaHu;

Llenbto Halle paboTbl ABNSETCA NOUCK B6E/TKOB YenoBeKa, BK/oYas peLenTopbl, KWHa3bl 1 TPAHCKPUMLUOH-
Hble (haKTopbl, KOTOPblE MOTYT OKasbiBaTb BAMsHKUE Ha (1) akTUBHOCTb 6enkoB Hh-curHanbHoro nyty, (2) nccne-
JOBaHWe MONEKYAPHbIX MEXaHN3MOB OMyX0/eBbIX 3a60/1eBaHWI, C MPUMEHEHNEM UHTENNIEKTYaNbHOMro aHanmaa
TekcToB. 115 n3BnevyeHnss HavMMeHOBaHWIN GeNIKOB U UX B3aMMOAENCTBUIA paspaboTaH Noaxod, BKIOUaoLWwuii
cnepytowme atanbl: (1) U3BNEYEHNE HAaWMEHOBaHWUI GENKOB C MPUMEHEHWEM METOAA YCMNOBHbIX ClyYanHbIX
rosfiei, HaMBHOro 6aecoBCKOro KnaccupukaTopa; (2) BbiiBIeHNe B3aMMOCBSA3EN MeXly HauMEeHOBaHUSAMU B
TekcTe ny6nvkauuii; (3) onpefeneHue KYeBbIX MEXaHU3MOB Pa3BUTUS OMYXO/eBbIX 3a60/1€BaHMI, B KOTOpble
BOBJ/I€YEHbl U3B/IEYEHHbIE HAVMEHOBAHMWSA U3 TEKCTOB Ny6AnKaumi.

C ncnonb3oBaHMeM METOLOB UHTENNEKTYalbHOro aHannsa TeKCTOB My6/MKaLuuii ¢ nocneayoLLen nposep-
KOW MOMNyYEeHHbIX Pe3ynbTaToB BPYYHYHO, Mbl MAEHTUGULMPOBANY N3BECTHbIE BENTKM U FeHbl YenloBeKa, KOTopble
oTHocATCA K Hh-curHanbHOMY MyTU MAKM BAWSIOT Ha ero GyHKUMOHUpoBaHUe. [1na JOCTUXEHUA 3TOW Lenun a.-
TOMaTMyecKku 6blSIM 3arpyXXeHbl KOMIeKUMM TEKCTOB aHHOTaLMi cTaTel, NOCBALEHHbIE 3YYEHNIO MEXaHN3MOB
B3anmopgencTeusa 6enkos SHH, DHH, IHH, GLI-1, GLI-2 n GLI-3 ¢ gpyrumu perynaTopHbIMU MOJIEKYIaMU U poNn
MX B CUTHANIbHbIX NYTSX; BCEro 6b110 npoaHanuaupoBaHo csbiwe 5000 ny6nukaumii. C NOMOLLbHO anroputma
pacno3HaBaHusi HaMeHOBaHW 6eNKOB Ha OCHOBE MeTOAa YCNOBHbIX CllydaiHbix noneii (CRF) 6b1av usBneve-
Hbl HAMMeHOBaHUs 6eNKOoB, OTNINYHbIX OT GLI1-3,  Ha ocHOBe NpaBun - CO6CTBEHHO HauMeHoBaHus GLIT-3 n nx
BO3MOXHbl€ CUHOHWUMbI (CUHOHUMbI GLIT-3 nssneyeHbl n3 B/ Uniprot [4]. YacTb TekcToB (~100) 6binu npoaHa-
JIM3NPOBaHbl Ha NpeAMeT BO3MOXHbIX NaTTepHoB (Hanp., «regulated by», «activation of ... by»), koTopble MoryT
yKasblBaTb Ha Hann4yme B3anMOLENCTBUSA 1 ero HanpasfieHe. Ha ocHOBe 3Tnx NaTTepHOB 6b1IM CHOPMUPOBAHDI
npaeuna. Takum o6pasoM, ecnu B npepgenax NpesnoXxXeHus BCTpeyanocb XoTsa 6bl 04HO HanMmeHoBaHue GLI1T-3
USIM X CUHOHWMOB, XOT$1 6bl OHO HAaMMEHOBaHMWE MHOTo 6esika U NaTTEPH, TO Napa B3auMOAENCTBYHOLLUX OObeK-
TOB NnojaBeprasnach AanbHenwemMy aHanuay; npu aTom ansa 6enka, otanyHoro ot GLIT-3, npoBoamnach fOMNOMHKU-
TenbHasi Bepudukauus B 6ase sHaHui UniProt u no fjaHHbIM nnTepaTypbl.

B pesynbTraTte, 66110 naeHTUbMUMpPOBaHO 6onee 6833 HauMeHOBaHWU 6eNKoB, B3aUMOAENCTBYIOLMX C
6enkamu GLI1-3, BKtOYass akTMBaTOPbl U pernpeccopbl 3KCMpeccumn aTux 6enkos, U 6onee 1253 HauMeHo-
BaHWI 6e/1KOB, KOTOpble BoBfleYeHbl B Hh-CUrHanbHbIN NyTb, U MOTYT 6bITb aCCOLMUPOBAaHbI C pPa3nnYHbIMM
BMAaMM onyxonen.

JononHnTenbHO, Ha cnepyrowemM aTane 6bliM BbIsIBAIEHbl accoumaumMn Mexay HanMeHOBaHWUAMMU 6enkoB
GLI1-3, naHHbIMK 06 aKcnpeccun aTux 6eNKOB, U HAMMEHOBAHUSIMI OHKONIOMMYECKMX 3ab60neBaHUi, a Takxe Mo-
NeKyNApHbIMM MexaHu3Mammn pa3BUTUS Onyxonen. ITo NO3BOIMIO 060raTUTb 3HAHWUA O BUAAX OMyXOJsien, KOTo-
pble BO3HMKAIOT NpU n3MeHeHun akcrpeccun 6enkoB GLIT-3 kak yactn Hh-curHanbHoro nytu. B pesynbTtaTte npo-
BeAEHHOro aHanmaa 6bl10 BbISIB/IEHO, YTO OCHOBHbIMWU MeXaHM3MaMu, B KOTOpble BOBIEYEHbI ek, KOTopble
MoryT B3anmogeicteoBaTb ¢ GLI1-3 n 6enkamu Hh-curHanbHOro nyTu aBASOTCA: perynsiumsa TpaHCKpUnumm no-
cpeacTeoM PHK-nonvmepasel |l, perynsuus aHrmoreHesa, perynsuus oTBeTa Ha MHCYNNH, perynsunsa aytodaruu,
anddepeHLNPOBKN OCTEOKNACTOB.
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B pesynbTaTe NpoBeAeHHO paboTbl HAMM 6blIM OTOBPaHbI KNOUYeBble 6€/1KK1, B3aUMOAeNCTBYOLME C 6en-
Kamu cemeiicTBa GLI1-3, BbiSiB/IeHbl accoLmaumnm Mexay ypoBHeM akcnpeccum 6enkoB GLIT-3, paznuyHbiMu ony-
XoneBbiMU 3a6oneBavaM|/|, N MexaHu3MaMu pasBnTUA 3TUX 3abosieBaHuN.
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Dysfunction of the Hh signaling pathway plays an important role in cancer development. There are a number of
tumors, including those that are difficult to treat, in which this pathway is activated [1]. Pathway activation occurs
not only when exposed to SHH, DHH, and IHH ligands or mutations in the PTCH1, SMO, GLI1-3, etc. genes encoding
the main components of the pathway, but also when exposed to various cytokines, mediators, and growth factors.
This is due to the presence of common components between the Hh signaling pathways and other pathways,
including Wnt, ErbB, TGF-beta, VEGF, and other pathways, both at the level of signaling cascades and at the level of
regulation of gene transcription [2,3] XTalkDB , http://www.xtalkdb.org).

Key words: cancer; Hedgehog pathway; mechanism of cancer development.

The purpose of our study is to find human proteins including kinases receptors and transcription factors that
can act on the activity of the proteins included in Hh-signal transduction pathway and identify potential molecular
mechanisms of cancer diseases based on the automated analysis of scientific publications. To identify the proteins
names and their interactions we used three-stages algorithm. First, we extracted named entities of proteins using
conditional random fields; second, we identified interactions between names of proteins based on the rules; (3)
identification of key molecular mechanisms of cancer diseases based on the gene ontology categories for the set
of proteins that were extracted.

Using methods of text analysis followed by further manual curation of the results, we identified known proteins
included in Hh-pathway or influence on their functioning. To reach this goal, we collected a set of texts and genes
that are relevant to the mechanisms of interactions for the proteins SHH, DHH, IHH, GLI-1, GLI-2 n GLI-3 with other
molecules and their roles in signal pathways: totally, over 5000 publications were analyzed. Based on the conditional
random fields algorithm we identified a set of proteins that are included in Hh-pathway, additionally, a set of GLI1-
3 proteins and their synonyms were extracted based on the templates (each template represented the name or
synonym of GLI1-3 protein).

About 100 texts were analyzed and patterns were identified that represent an interaction between molecules
(«regulated by», «activation of ... by»). Based on these patterns the rules were built. The identification of interactions
was performed based on the rules, if two names of proteins were found in the sentence, such a sentence was
subjected to the analysis using a set of rules.

As a result, we identified over 6833 names of proteins interacted with GLI1-3 proteins, including activators and
repressors of expression, and over 1253 names of proteins that were involved in Hh-signalling pathway and may be
associated with different types of cancers.

Additionally, at the second stage we identified associations between names of proteins GLI1-3, expression data
on these proteins, names of cancer types, and molecular mechanisms of cancer development.
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It can help enrich the knowledge about cancer types that are associated with proteins that are involved in Hh-
pathway. As a result, we identified that the most common mechanisms that are associated with an involvement
of Hh-pathway in the molecular mechanisms of cancer are: transcription regulation via RNA polymerase I,
angiogenesis regulation, regulation of cellular response to insulin stimulus, autophagy regulation, regulation of
osteoclasts differentiation. As a result, we identified key proteins interacting with GLI1-3, identified associations
between proteins of Hh-pathway, types of cancer, and mechanisms of cancer development.
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B paboTe uccnefoBaHa GyHKUMOHaNbHAsH POJSib OTAENbHbIX CTPYKTYPHbIX 3/1IEMEHTOB 6aKTepUanbHOro aHTUMM-
Kpo6Horo nentuga PLB-196, oTHOCALLEroca K Kiaccy neAnoLMH-NoA06HbIX 6aKTePUOLIMHOB.

KnioueBble cnoBa: aHTUMUKPOG6HbIe NenTuabl, NeaMoLUnH-noaobHble 6aKTEPUOLIMHBI, BUOKOHCEPBAHTbI, aHTU-
B6UOTUKMN.

MepnounH-nofo6Hble 6aKTEPUOLMHBI MPELCTaBAAOT CO60M 60MbLIOI NogKnacc HemoaubuumpyeMblx 6ak-
TepuanbHbIX aHTUMUKPOBHbIX NENTUAOB, KOTOPbIE XapaKTEPU3YHOTCA HalMYMeM KOHCEPBATUBHOIO N-KOHLEBOMO
moTtuea YGNG(V/L) (neguounHoBoro 60kca) U BblpaXKeHHOW aKTUBHOCTbIO B OTHOLLEeHUH Listeria spp. MexaHuam
aHTUMUKPOBHOrO AENCTBUSI 6aKTEPUOLMHOB 3TOMO NOAK/Iacca OCHOBAH Ha crneumMdrYHOM CBSI3bIBaHWUM C TPaHC-
MeM6paHHbIM 6eNKOBbIM KoMMiekcoM Man-PTS, yyacTByoLWmUM B TpaHCNopTe 1 MeTabosIM3Me yrineBogoB y 6ak-
Tepuii. Hannume y neanoumnH-NoL06HbIX 6aKTEPUOLNHOB BbICOKON aHTUMUKPOOHON aKTUBHOCTU B OTHOLUEHUM
psifa NULLEBbIX NAaTOreHOB U ApYrux BO36yAMTeNei coumanbHO 3HaYMMbIX 3a60/1€eBaHMI B COYETAHUMN C HUSKOM
TOKCMYHOCTbIO MO3BOMSAET pacCMaTpUBaTh MX B KayecTBe KaHAUAATHbIX COeAUHEHWUI Asi pa3paboTKM HOBbIX
3P HEKTUBHBIX BUOKOHCEPBAHTOB B NMULLEBOW MPOMbILIEHHOCTU U aHTUBMOTUKOB B MeAULIMHE U BETEPUHApUN.
MeanounH-noao6HbIn 6akTepuounH PLB-196 ns Lactobacillus acidophilus 3HaunMTenbHO OTMYaEeTCA OT OCTallb-
HbIX NPeACTaBUTENEN 3TOro noakacca AJIMHON aMUHOKUCIOTHOM NoCe0BaTeIbHOCTM, PacnosIOXXEHNEM [UC-
ynb®ULHOWN CBA3M N CTPYKTYPOI NeanoLMHOBOro 6okca. Bce 3TO MOXET CyLLEeCTBEHHO BIMATb Ha CNEKTP aHTU-
MUKPOBHOWM aKTUBHOCTU U MeXaHU3M AeNCTBUA 3TOMO HaKTepPUOLMHa.

B paHHoW paboTe Mbl UccliefoBany aHTUMUKPOGHYHO aKTUBHOCTb MYTaHTHbIX U YKOPOYEHHbIX BapuMaHTOB
PLB-196, nony4eHHbIX C MOMOLLbIO reTeposIornyeckoil akenpeccun B knetkax E. coli BL21 (DE3), ¢ uenbto onpe-
JeneHns KNoYeBblX CTPYKTYPHbIX 3/1IEMEHTOB 3TOrO NENTUAA, HEO6XOAUMbIX A5 NMPOSBAEHUSI €0 aHTUMUKPOG-
HOW aKTUBHOCTW. B 0TniMume oT Apyrux nesmounH-nogobHbIX 6aKTEPUOLMHOB, PEKOMOMHAHTHbIM PLB-196 o6na-
[aeT 60siee LWMPOKUM CMNEKTPOM aHTMMUKPOOHON aKTUBHOCTW, BKJOYas LEWCTBUE Ha WTaMMbl Lactococcus
spp., Bacillus spp., Escherichia coli, Mycobacterium phlei, Pseudomonas aeruginosa, Acinetobacter baumannii,
Micrococcus luteus v Staphylococcus aureus. OpHako, H1 PLB-196, H1 ero MyTaHTHbIA BapuaHT C «K/TaCCUYECKOMN»
CTPYKTYpPOW NeaMoLmMHOBOro 60Kca He NPOABAAIOT aKkTUBHOCTU B OTHOLLEHWUH Listeria monocytogenes EGD. O6Ha-
PY>XEHO, YTO Hannuue gucynbduaHowu cBsiam 1 N-KOHLLEBOro NeanoLMHOBOIO 60Kca He siIBNsieTcs 06a3aTeslbHbIM
AN NPOAABIEHMA aKTUBHOCTKM nenTuaom PLB-196, Ho yaaneHue aTUX CTPYKTYPHbIX 3/1IEMEHTOB CHUXKaeT 3Hade-
HWUA MUHUMAaNbHOW UHIMGUpYytowwen KoHueHTpauun (MUK) nentuza B OTHOLIEHUWU YYBCTBUTENbHbIX LITAMMOB
6aKTepuii B 2-4 pasa. BapnaHTbl PLB-196, ykopoyeHHble Ha 19—25 C-KOHLEBbIX OCTaTKOB, TEPSIOT aKTUBHOCTb B
OTHOLLEHMM NPOTECTUPOBAHHbIX WTaMMoB Escherichia coli, Acinetobacter baumannii n Pseudomonas aeruginosa,
4YTO MOXXET FOBOPUTbL 06 0CO60I BaXXHOCTU STOM YaCTM MOJSIEKYSbl ANA LeCTBUSA Ha rpaMoTpuLaTesibHble 6akTe-
puun. Ucxola n3 nonyYyeHHbIX B JaHHOW paboTe pe3ynbTaToB, Mbl NMpeanonaraeM, YTo MexaHM3M aHTUMUKPOGHOTO
Jencteusa PLB-196 oTnnyaetca oT MexaHM3Ma LeiCTBUSA APYrvX NeANOLMH-MOA06HbIX 6aKTEPUOLMHOB.

WccnepoBaHue BbiNonHeHo npu duHaHcoBow noaaepxxke PH® B pamkax HayyHoro npoekTa N2 22-14-00380.
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The functional role of individual structural elements of the bacterial antimicrobial peptide PLB-196, which belongs
to the class of pediocin-like bacteriocins, has been studied in this work.

Key words: antimicrobial peptides, pediocin-like bacteriocins, biopreservatives, antibiotics.

Pediocin-like bacteriocins are a large subclass of unmodified bacterial antimicrobial peptides characterized by
a conserved N-terminal YGNG(V/L) motif (pediocin box) and potent activity against Listeria spp. The mechanism
of antimicrobial action of bacteriocins of this subclass is based on specific binding to the transmembrane protein
complex Man-PTS, which is involved in the transport and metabolism of carbohydrates in bacteria. The presence
of high antimicrobial activity in pediocin-like bacteriocins against a number of foodborne pathogens and other
pathogens of socially significant diseases, combined with low toxicity, allows us to consider them as candidate
compounds for the development of new effective biopreservatives in the food industry and antibiotics in medicine
and veterinary medicine. The pediocin-like bacteriocin PLB-196 from Lactobacillus acidophilus differs significantly
from other representatives of this subclass in the length of the amino acid sequence, the location of the disulfide
bond, and the structure of the pediocin box. All this can significantly affect the spectrum of antimicrobial activity
and the mechanism of action of this bacteriocin.

In this work, we studied the antimicrobial activity of mutant and truncated PLB-196 variants obtained by
heterologous expression in E. coli BL21 (DE3) cells in order to determine the key structural elements of this peptide
required for the manifestation of its antimicrobial activity. PLB-196 has a broader spectrum of antimicrobial
activity, including action against strains of Lactococcus spp., Bacillus spp., Escherichia coli, Mycobacterium phlei,
Pseudomonas aeruginosa, Acinetobacter baumannii, Micrococcus luteus and Staphylococcus aureus. However, both
recombinant PLB-196 and its mutant variant with “repaired” (canonical) pediocin box showed no activity against
Listeria monocytogenes EGD. It was found that the presence of a disulfide bond and an N-terminal pediocin box
is not necessary for the activity of the PLB-196, but the removal of these structural elements reduces the values
of the minimum inhibitory concentration (MIC) of the peptide against sensitive bacterial strains by 2-4 times. PLB-
196 variants truncated by 19-25 C-terminal residues lose their activity against the tested strains of Escherichia
coli, Acinetobacter baumannii and Pseudomonas aeruginosa, which may indicate the particular importance of this
part of the molecule for the action against gram-negative bacteria. Based on the results obtained in this work, we
assume that the mechanism of antimicrobial action of PLB-196 differs from the mechanism of action of other
pediocin-like bacteriocins.

The work was supported by RSCF, the project number 22-14-00380.
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HOBASl KOMMO3ULLMA HA OCHOBE CKBAJIEHA KAK NEPCIMEKTUBHbIN
AQDbBIOBAHT CYBbEAWHUYHbIX BAKLWUH

BonocHukoea E.A., LLlep6akoB [l.H., Epmonaes B.B., Bonkoea H.B., JaHuneHnko E.[.

®EYH HL| Bb «BekTop» PocrioTpebHaasopa, 630559, Poccus, HCO, p.n. KonbLjoBo
e-mail: volosnikova_ea@vector.nsc.ru

Paspa6oTaHa afjbloBaHTHas cucTeMa Ha OCHOBE CKBasneHa ¢ MoaubuKauuamu no coctasy. [peasioxeHo 2 Ba-
puaHTa cocTaBa agbloBaHTOB. MoKasaHo, YTO UCMOJIb30BaHUE MPELIOXEHHON CUCTEMbI MO3BONSET YBENNYUTD
MMMYHOTE€HHOCTb aHTUreHa Ha npumMmepe cy6beanHUYHON BakLMHbI Ha ocHoBe RBD S 6enka KopoHaBupyca B 4
pasa o CpaBHEHWIO C UCMOMb30BaHWEM KJTAaCCUYECKOTO afibloBaHTa Ha OCHOBE MMAPOOKUCU aNtOMUHWS.

KntoueBble cnoBa: afbloBaHT, CKBaseH, aHTUreH, UMMYHOIEeHHOCTb, CbOCd)OJ'IVII'IVIAbI, AMynbCUA.

PekomMbuHaHTHble BaKUMHbI, 60nee 6e30nacHbl, YeM KlacCu4yeckune, OgHaKo, B CUYy HEBbICOKOW MMMYHHO-
reHHOCTU TpebyIoT BBEAEHMS B COCTAB afiblOBaHTOB. AlbloBaHTbl Ha OcHOBe ckBaneHa (MF59 n AS03) pa3spelue-
Hbl 47191 KTMHUYECKOro NpUMeHeHns B cTpaHax CeBepHo AMepyrKu 1 EBpOMbI M MCNOMIb3YHOTCSA B COCTaBe BaKLUMH
npotus rpunna A/HTN1, H5N1 — «Fluad™», «Grifor®».

MockonbKy ckBaneH — rmapodobHoe BelecTBO, TO MPUMEHEHME €ro Kak agbloBaHTa TpebyeT ajantaumm
K rngpodunbHON cpefe. M3BecTHbl MeTOAbl NPUrOTOBIEHUSI MAC/ISIHBbIX afblOBAaHTOB NMYTEM CO3[aHUA aMYyJb-
cui. Tak, ANna cosfaHuna agbloBaHTa Ha OCHOBE CKBaneHa HaMu 6blnn paspaboTaHbl daMYbCUM, OTHOCALLMECS
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K aMynbcusim | poga, nnm Tmn «Macno B Boge». [1na AOCTUXEHUsT KOMMpomucca mexay ahdeKTUBHOCTbIO afb-
toBaHTa W pasgpakeHnemM UMMYHHOW CUCTeMbl HeobxoAMMa oTpaboTka cnocoba MosyvyeHUst IMyNbCUK C ONTH-
MaJibHbIM pasMepoM Kariesib U UX KOHCUCTEHLUN.

PykoBoACTBYACh 3TVMU COOBPaXKeHNsIMU, Mbl paspaboTany afbloBaHTbl Ha OCHOBe CKBasieHa. bbino nony-
YeHO 2 BapuaHTa aMynbCcui. B nepBoM BapuaHTe Hapsify CO CKBasieHOM B KayecTBe [OMNOJSIHUTESIbHbIX KOMMO-
HEHTOB 6bl/I1 UCNOJIb30BaHbl hocdonunuabl, BO BTOPOM BapuaHTe AJsi nosydeHust ruapocdobHol Gasbl MCrosb-
30Banu ckBaneH u a-tokodepon auetart. [Nocne o6begnHeHUs rnapodunbHON n rmapodobHoON das NpoBoANIIM
aucnepryupoBaHme Yactul ruapodo6Hoit dasbl. [ocse 3Toro K nosly4eHHoM agbloBaHTHOW cucteMe [o6aBns/m
LeneBoi aHTUreH - 6enok RBD kopoHaBupyca SARS-CoV-2 13 pacyéta 250 MKr 6efika Ha M1 cocTaBa.

Ons oueHkn 6umonornyeckon aGheKTUBHOCTA MOMYYEHHbIX afbOBAHTOB UCMOMb30BaaM CaMLIOB MblLLei
nuHum Balb/c B KonuyecTBe 36 XXMBOTHbIX, Maccoi 16-18 r. IkcnepuMeHTbl 6bin 0f06peHbl BuoaTnyeckom Ko-
muccuein ®BYH MHL, BB «BekTop» PocnoTtpe6Haasopa (THL, BB «BekTop»/10-09.2020, yTBEepXAeH NPOTOKOIOM
Buoatuueckoit komuccum N25 ot 01.10.2020).

Mbllen UMMYHU3UPOBANU ABYKPATHO C UHTEPBANOM 14 CyTOK BHYTPUMbILLEYHO B fo3e 50 Mkr (no 6en-
Ky) B o6beme 200 MK Ha XXMBOTHOE. B KauecTBe MoMoXUTENIbHOr0 KOHTPOJIS UCMONb30Basu MblLLei, KOTOPbIM
BBoannu RBD ¢ po6aBneHnemM rugpokcuga antoMmHus. OTpuuaTtesibHbiM KOHTPOIEM CNY>XUN MblLK, KOTOPbIM
BBOANNM um3nonormyeckumin pacteop. Yepes 10 cyTok nocrie BTOPO MMMYHU3aLMKN U3 PETPOOPOUTANIbHOIO CU-
Hyca 6panu obpaseL, KpoBWU AN1A OLEHKMU FyMOpasbHOro UMMYHHOro oTBeTa. CbIBOPOTKY nonyvyany nyTém WH-
Ky6rpoBaHua KpoBMu B TeyeHue 1 yaca npu 37°C n 20 yacos npu 4°C ¢ nocnepyrowmmM oTAeNeHNEM CrycTka
ueHTpudyrmpoaHmem B Tedyernme 10 MuH npu 5000g. TUTpbI cneunduUUYecKnx aHTUTEN U3MEPSIN NPU MOMOLLM
N®A c ucnonb3oBaHneM B KayecTBe aHTUreHoB pekoM6uHaHTHoro RBD un TpumepoB S 6enka SARS-CoV-2 Tpex
BapuaHToB, B 1.1.7, B. 1.617.2, B. 1.1.529. OueHky aHTUTen 6nokupytolmx B3anmogenctame RBD ¢ ACE2 nposo-
OWN NP NOMOLLM KOHKYPeHTHOro MDA.

B xofe paboTbl 6b1/10 NOKa3aHo, YTO UCMONb30BaHME aibloBaHTOB Ha OCHOBE CKBaJsleHa No3BOINIIO yBENu-
YUTb MUMMYHOreHHocTb RBD. CpefiHme TUTPbI cneuuduyecknx aHTUTeN B ONbITHOW rpynne B 4 pasa nNpeBblLuanm
aHanoruvyHble TUTPbI AN rPynnbl, UMMYHU3MpoBaHHoW RBD ¢ go6aBneHnemM antoMuHusa rmgpokcuga. lMpu atom
aHTUTena pacnosHaBanu anuTonbl RBD B cocTaBe S 6enka KopoHaBupyca. Ha OCHOBaHMM 3TUX JaHHbIX MOXHO
3akKJII0YUTb, YTO NPEAIOXKEHHAA afbloBaHTHaa cucteMa no UMMYHOreHHOMY NoTeHLmany ABMAseTca anbTepHaTu-
BOW CYLLECTBYIOLUM CUCTEMAM, TAKUM KaK rMAPOOKUCH antOMUHKS.

PaboTta BbinofHeHa B paMKax rocyfapcTBeHHOro 3aganus, Tema M3-1/22 «lownck 1 papmako-TOKCMKOoru-
Yyeckoe uccrefoBaHne HOBbIX BaKLMHHbIX afblOBaHTOBY.

UDC 577.112.083 DOI: 10.37747/2312-640X-2022-20-112-114
A NEW SQUALENE-BASED COMPOSITION
AS A PROMISING ADJUVANT OF SUNUNIT VACCINES

E.A. Volosnikova, D.N. Shcherbakov, V.V. Ermolaev, N.V. Volkova, E.D. Danilenko

State Research Center of Virology and Biotechnology “Vector” of Rospotrebnadzor,
630559, Novosibirsk oblast, Koltsovo, Russia
e-mail: volosnikova_ea@vector.nsc.ru

A squalene-based adjuvant system with modifications in its formulation was created. Two variants of an adjuvant
formulation were proposed. It was shown that the use of the proposed system helps to enhance immunogenicity of
an antigen in a subunit vaccine based on RBD of spike protein (S) of SARS-CoV-2 by 4-fold compared to the use of
a classical aluminum hydroxide-based adjuvant.

Key words: adjuvant, squalene, antigen, immunogenicity, phospholipids, emulsion.

Recombinant vaccines are considered safer than attenuated ones, however, due to their low immunogenicity,
they require adjuvants to be introduced in their composition. Squalene-based adjuvants (MF59 and AS03) are
approved for clinical use in North America and Europe and are used as part of the vaccines against A/H1N1, H5N1
influenza viruses — Fluad ™, Grifor ®.

Since squalene is a hydrophobic substance, its use as an adjuvant requires adaptation to a hydrophilic
environment. There are established methods for preparing oil adjuvants by creating emulsions. Thus, to create a
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squalene-based adjuvant, we formulated emulsions related to the first (oil-in-water) type. To achieve a compromise
between adjuvant effectiveness and stimulation of the immune system, it is necessary to work out a method for
obtaining an emulsion with optimal size of the droplets and their consistency.

Guided by these considerations, we formulated squalene-based adjuvants. Two versions of emulsions were
obtained. Along with squalene, phospholipids and a-tocopherol acetate were used as additional constituents to
form hydrophobic phases for the first and for the second versions respectively. After hydrophilic and hydrophobic
phases were combined, the particles of the hydrophobic phase were dispersed. Then the target antigen, the RBD
protein of SARS-CoV-2, was added to the resulting adjuvant system in the amount of 250 pg of protein / 1 ml of the
formulation.

To assess the biological effectiveness of the obtained adjuvants, male Balb/c mice weighing 16-18 g were
used (36 animals). The experiments were approved by the Institutional Animal Care and Use Committee (IACUC)
affiliated with the State Research Center of Virology and Bio-technology “Vector” (Permit Number: SRC VB
“Vector”/10-09.2020).

Mice were immunized intramuscularly twice with a 14-day interval at a dose of 50 pg of protein in the amount
of 200 pl per animal. As a positive control, mice administered with RBD adjuvanted with aluminum hydroxide
were used. Mice administered with saline solution served as a negative control. Ten days after the second
immunization, a blood samples from the retroorbital sinus were taken to assess the humoral immune response.
The serum was obtained by incubating blood for 1 hour at 37°C and 20 hours at 4°C, followed by separation of the
clot by centrifugation for 10 minutes at 5000g. The titers of the specific antibodies were measured with enzyme
immunoassay (EIA) using, as antigens, the recombinant RBD and SARS-CoV-2 Spike trimer protein of the variants
of B1.1.7,B. 1.617.2, B. 1.1.529. The level of antibodies blocking the interaction between RBD and ACE2 receptor
was evaluated with the use of competitive EIA.

In the course of the work, it was shown that the use of squalene-based adjuvants helps to potentiate the
immunogenicity of RBD. The average titers of the specific antibodies in the experimental group were 4-fold higher
than the similar titers in the group immunized with RBD adjuvanted with aluminum hydroxide. At the same time,
the antibodies recognized RBD epitopes in S protein of SARS-CoV-2. The obtained data proved that the proposed
immunogenic adjuvant system may serve as an alternative to the existing systems such as aluminum hydroxide.

The research was carried out within the framework of the State Task 1/22 "Search and pharmaco-toxicological
study of new vaccine adjuvants".
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OCOBEHHOCTU NPUMEHEHMWA METOJA B3)XX A1 KOJIMYECTBEHHOM
OLLEHKW CTABUIN3ATOPOB YTNIEBOHOW NPUPOJbI

B BUOTEXHOJIOTMYECKUX NEKAPCTBEHHbBIX MPEMAPATAX (BTJ1M)

MuHepo A.C., PyHoBa 0.b., YcTuHHukosa O.b.

®OrbY «Hay4YHbIVi UEHTP 9KCepTU3bl CPEACTB MEANLIMHCKOro npumeHeHns M3 PO», Mocksa, Poccusi
127051, MockBa, lNetpoBckuit bynbBap, 4. 8, cTp. 2
minero@expmed.ru

OnpepeneHbl pacnpocTpaHeHHble CTabunnsaTopbl YrAIeBOAHOW MpUpPoAbl U METOAMKU WUX KONMYECTBEHHOroO
onpefeneHns MeTofoM BIXKX B 6MOTEXHONOMMYECKUX JIEKapCTBEHHbIX npenapaTax (BT/1M). O6HapyXXeHo, 4To
MeToAMKa MOHHOW XpomaTtorpaduu no3BoNSIET OAHOBPEMEHHO KOMMYECTBEHHO OnpefensaTb Hanbonee 4acTo
BCTpeuvaroLmecs ctabunusatopbl 6€3 npeaBapuTenbHON fepuBaTnsauum.

KnioueBble crnoBa: CTabuM3aTopbl yrieBogHON NpUpoAbI, MOHHas xpomaTorpadus, ruapodunbHas BIXX,
NoNMosbl, MOHOCaxapuabl, AMcaxapuabl, LETEKTOP.

Ona ctabunusauum BTSN Hanbonee 4acTo UCMOJMb3YIOT Cleaytolne COeAUHEHNS YTIEBOAHOW NPUPOAbI:
nonuonbl (COp6UTON U MaHHMTON), MOHOcaxapuabl (rnoKo3a) U Aucaxapuibl (caxaposa, nakTo3a, Tperaso-
3a U ManbTo3a). Mpu paspaboTke xpoMaTorpapuyecknux MeToLoB KOMYECTBEHHOro onpefesieHnst Nosvonos,
He3aMeLLeHHbIX MOHO U iMcaxapuioB, ClefyeT yuuTbiBaTb OCOBEHHOCTM UX CTPOEHUS. [aHHble COeaUHEHNUS
ABNAOTCS TMAPOPUIbHBIMU, HE UMEIOT 3apsfa Npyu HelTpasbHbIX 3HaYeHusIX pH, He o6nagatoT cO6CTBEHHOM
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dbnyopecueHumen 1 XpoMOdOPHLIMU FpynnamMu, YTO B COBOKYMHOCTU O3HAYaeT HEBO3MOXHOCTb NMPUMEHEHUS
hnyopumMeTpuyecKkoro n cnekTpooTOMETPUYECKOTO AETEKTUPOBAHUS, @ TakXe UCMOoNb30BaHUs obpalleHHoda-
30BbIX cOp6eHTOB. COBPEMEHHbIE METOAbI AepyBaTM3aLMn NO3BOJAIOT NPUMEHATb MepedYncrieHHble cnocobbl
[eTeKTUPOBaAHNSA B KOJIMYECTBEHHOM aHasnu3e yrneBoAoB. Ha CerogHsLHMM feHb U3BECTHO MHOXECTBO Aepu-
BaTU3UPYIOLLMX peareHToB, ucnosnbdyemMblx B BAOXXX gna onpegenenuns yrnesogos B YO 1 BUAMMOM AuanasoHe,
Hanpumep, 2,4-guHNTpodeHnn ruapasuH, 1-beHnn-3-MeTunn-5-nMpasonoH, aTUNoBbI agup napa-aMMHO6eH30M-
HOW KUC/OTbI. I'IepeqmcneHHble peaKTuBbl He TOJIbKO MNO3BOJIAKOT AEeTEKTUPOBATbL yrneBoAbl, HO TaKXXe npunaaroT
MCXOAHbIM COeLMHEHNAM HOBble CBOMCTBA. Tak, HanpuMmep, Npu AepvMBaTu3auunu rnokosbl 2,4-AnHnTpodeHun
rMApasMHOM MOMyYEHHOE MPOU3BOAHOE CTaHOBUTCA 6onee ruapodo6HbIM, YTO MO3BOMSAET UCMOMNb30BaTb B
aHanuae obpalleHHodasHble copbeHTbl. OgHaKo npoleaypa AepvBaTM3aL MK, Kak NpaBuio, YCIIOXHAET MeTo-
LUKy, fenas ee 60onee TPYAOEMKON, [OOABNSAS [OMNOSHUTENbHbIE CTaAUN NPo6onoAroToBKU. MoaToMy Hanbonee
pacnpocTpaHeHHbIMU MeToMKaMu BIXKX aABnsaoTca Te, KOTOpble UCMONb3YOT AETEKTUPOBAHME He Tpebytoliee
nepvBaTtuaaummn. 1o pepakTOMETPUYECKUI AETEKTOP, AETEKTOP 3aPSXKEHHOI0 aspo30/1s, UCNapUTENbHbIN fe-
TEKTOP CBETOpPACCEAHUSA, U aMMEPOMETPUYECKUIA AETEKTOP.

Han6onee NpocTbIMU 1 pacnpocTpaHeHHbIMK XpomaTorpacbryeckumMm MeTofamMu pasfefieHns coeauHeHui
YrNeBOAHON NpUpPoAbl ABNAOTCA ruapodusbHas, nMraHgoobMeHHasi, MOHIKCKITHO3MOHHAs U KaTUOHOO6MeHHas
B3XX ¢ pedpakTOMETPUYECKUM AETEKTUPOBAHUEM. Ha cerogHAWHMIN feHb KOMMEPYECKMN AOCTYNHO OrPOMHOE
pasHoo6pa3ne CoOp6eHTOB C pasfiMiHbIMK MPUBUTBLIMU hasaMu, YTO NO3BONSET 6€3 0COBbIX CTIOXHOCTEN KONK-
YeCTBEHHO OnpefennTb BCe nepedyncneHHble yrnesoabl. OfHaKo 13-3a 60MbLLIOr0 pasHoo6pasms BO3MOXHbIX
M30MEPOB U NMOXOXEro XMMUYEeCKOro cocTaBa, XxpomaTtorpaduyeckoe pasaeneHme CMecei yrneBogoB aTUMMK Me-
TolaMM MOXET 6bITb 3aTPYAHUTENbHbIM. [eTEeKTOp 3apsXKEHHbIX a9p030J1ei U UCMapuUTeNbHbIl AETEKTOp CBETO-
paccesiHusi COBMECTUMbI C FPaZIMEHTHBIM PEXMMOM 3IIOUPOBAHMS, YTO B TEOPUM MOXET NO3BONUTL pa3fenunTb
CMECb YrNeBOLOB C NMOXOXMUM XMMUYECKUM COCTABOM.

CtabununsaTopbl YrNeBOLHOM NPUPOAbI KpOMe NepeyncieHHbIX HeL0CTaTKOB, KOTOPbIE OrpaHMYMBatoT Npu-
MeHeHue Bcero pasHoobpasunsi BOXKX metopos, obnafatoT CBONCTBOM OKUCAATLCA Ha MOBEPXHOCTM dNeKTpoaa
Npwv NPUIOXeHUM onpeaeneHHoro noteHumnana. K ToMmy e npu BbICOKUX 3HauyeHusX pH oOHM MOHU3ytoTCA ¢ 06pa-
30BaHWEM OTpULLaTeSIbHO 3apsXKEHHbIX MOHOB, YTO MO3BOMISAET NPUMEHSITb MOHOOBMEHHYIO XpoMaTtorpaduio ans
KOMIMYECTBEHHOW OLEHKM YrneBoaoB. Micnonb3oBaHNe COBPEMEHHbBIX aHUOHOOB6MEHHbIX COP6EHTOB COBMECTHO
C aMNepPOMETPUYECKUM [EeTeKTUpOBaHUEM NO3BONSIET OLHOBPEMEHHO KOMYECTBEHHO ONpeaennTb Hanbosee
4yacTo BCTpeyatoLmecs ctabunmnsaTopbl B CMECH.

Taknm 06pa3oM, MOXHO caenaTb BbIBOA, O Lien1ecoobpa3HOCTU pa3paboTKU METOAMKN MOHHOM XpoMaTo-
rpaguun Ana KoNMYeCTBEHHOrO OMNpeAeneHns cTabunnsaTtopoB yrneBogHoin npupogbl BT/IM a Takxe paspa-
60TKM COOTBETCTBYHOLLMX (hapMaKonenHbIX CTaHAApTHbIX 06pa3LoB M 06WmMx GapMaKkoneiHbix cTaTen Ans
BKJItoYeHUs B [ocypacTBeHHyto Gapmakoneto Poccuinckon Gepepaunn n Gapmakoneto EBpasmnckoro 9KoHo-
Muyeckoro Cotosa.

UDC 615.074 DOI: 10.37747/2312-640X-2022-20-114-116
CHARACTERISTICS OF USING THE HPLC METHOD FOR QUANTITATIVE
EVALUATION OF CARBOHYDRATE STABILIZERS

IN BIOTECHNOLOGICAL MEDICINAL PRODUCTS (BTLP)

A.S. Minero, 0.B. Rounova, 0.B. Ustinnikova

Scientific Centre for Expert Evaluation of Medicinal Products,
8/2 Petrovsky Blvd, Moscow 127051, Russian Federation
minero@expmed.ru

Common carbohydrate stabilizers and methods for their quantification in biotechnological medicinal products
(BtLP) were determined by HPLC. The ion chromatography method has been found to simultaneously quantify the
most common stabilizers without the preliminary derivatization.

Key words: carbohydrate stabilizers, ion chromatography, hydrophilic HPLC, polyols, monosaccharides,
disaccharides, detector.
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Carbohydrate compounds such as polyols (sorbitol and mannitol), monosaccharides (glucose) and
disaccharides (sucrose, lactose, trehalose and maltose) are most often used to stabilize BtLP. When developing
chromatographic methods for the quantitative determination of polyols, unsubstituted monosaccharides and
disaccharides, one should take into account their structure characteristics. These compounds are hydrophilic,
have no charge at neutral pH values, do not possess their own fluorescence and chromophore groups, so it is
impossible to use fluorimetric and spectrophotometric detection, as well as the use of reversed-phase sorbents.
Current derivatization technique allows the use of the abovementioned detection methods in quantitative analysis
of carbohydrates. To date, a variety of derivatization reagents used in HPLC for the determination of carbohydrates
in UV and visible range have been known, for example 2,4-dinitrophenyl hydrazine, 1-phenyl-3-methyl-5-pyrazolone,
aminobenzoic acid ethyl ester. These reagents allow not only to detect carbohydrates, but also give the starting
compounds new properties. For example, when glucose is derivatized by 2,4-dinitrophenyl hydrazine, the resulting
derivative becomes more hydrophobic, which makes it possible to use reversed-phase sorbents in the analysis.
However, the derivatization procedure generally complicates the technique, making it more time-consuming by
adding additional sample preparation steps. Therefore, the most common HPLC techniques are those that use
non-derivatization detection. These are a refractometer detector, a charged aerosol detector, an evaporative light
scattering detector, and an amperometric detector.

The most simple and common chromatographic methods for separating carbohydrate compounds are
hydrophilic, ligand-exchange, ion-exchange and cation-exchange HPLC with refractometric detection. To date,
a huge variety of sorbents with different grafted (modified) phases are commercially available, which makes it
possible to quantify all listed carbohydrates without any particular difficulties. However, due to the wide variety of
possible isomers and similar chemical composition, chromatographic separation of carbohydrate mixtures by these
methods can be difficult. The charged aerosol detector and evaporative light scattering detector are compatible
with the gradient elution, which in theory may allow the separation of a mixture of carbohydrates with a similar
chemical composition.

Carbohydrate stabilizers, in addition to these disadvantages, which limit the use of the entire variety of HPLC
methods, can be oxidized at the surface of the electrode when a certain potential is applied. In addition, at high
pH values, they ionize to form negatively charged ions, which allows the use of ion exchange chromatography to
quantify carbohydrates. The use of modern anion exchange sorbents together with amperometric detection allows
you to simultaneously quantify the most common stabilizers in the mixture.

Thus, it is necessary to develop an ion chromatography technique for the quantitative determination of
BtLP carbohydrate stabilizers, as well as to develop the corresponding pharmacopoeial reference standard and
general pharmacopoeial monographs for the use in the State Pharmacopoeia of the Russian Federation and the
Pharmacopoeia of the Eurasian Economic Union.

YIIK 571.27:578.74:578.834.1 DOI: 10.37747/2312-640X-2022-20-116-118
HOBASA NAHEJIb MOHOK/IOHAJIbHbIX AHTUTEN K PEKOMBUHAHTHOMY
AHTUTEHY SPIKE SARS-COV-2 ANnd ANATHOCTUKH

NopbiBaeBa B.A., AragoHoBa 0.A., MorunbHbix A.K., ManbixuHa M.A., YcukoBa J1.A.,
CopokuH M.A., 3aiiueBa H.C., MypawkuH [.E., BropywuHa U.A., PykaBuwHukoB M.10.

AO «BekTtop-becTt», Poccusi, Hosocubupck-17, a/s 492
e.mail: poryvaeva@vector-best.ru

Mony4yeHbl ABE KOMNEKLMMN TMOPULOM, CUHTE3UPYIOLLMX aHTUTENA K Pa3IMYHbIM y4acTKaM NoBEPXHOCTHOO 6es-
ka Spike (S) Bupyca SARS-CoV-2. Mofgo6paHbl KaHAUAATHbIE Mapbl MOHOKJIOHA/bHbIX aHTUTEN AN KOHCTPYUpO-
BaHuWs Habopa, BbisBsAoLLero S-6enok SARS-CoV-2.

KnioueBble cnoea: S-6e510k SARS-CoV-2, MOHOK/TOHasbHble aHTUTeNa, UMMYHO(MEPMEHTHbIN aHanus, guarHo-
CcTuKa.

BbisiBneHune Bupyccneunduueckux 6enkos SARS-CoV-2: MOBEPXHOCTHOrO MMKOMPOTEMHA S WMAU HYKEOo-
KancugHoro 6enka N — MOXeT 6bITb UCnosb3oBaHo Hapsaay ¢ MLP ana obHapyxeHus BUpyca B KAMHUYECKNX
obpasuax. HecMoTps Ha 6051ee HU3KYH YyBCTBUTENIbHOCTb NO cpaBHeHuto ¢ MNP BbisBNeHWEe BUPYCHOMO aHTW-
reHa B MDA unu B 6bICTPbIX TecTax AenatoT Takme MeToAbl aHannsa BOCTPe60BaHHbIMU B psfe Cllyyaes: npu
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BIOPHARMACEUTICS

BIOTECHNOLOGY FOR INFECTIOUS DISEASE PREVENTION AND TREATMENT.
NEW GENERATION VACCINES, PRACTICAL APPLICATION IN HEALTH CARE

HepocTynHocTu TMLP, npu Heo6xoAMMOCTM 6bICTPO MOCTaBUTL AMarHo3. Yalle Bcero B Habopax, BbIABASOLLMX
aHTureH Bupyca SARS-CoV-2, Ucnosib3ytoT MOHOK/OHaNbHble aHTuTena (MoAT) k 6enky N. Ho B psige paboT noka-
3aHO, YTO MOHOK/OHasbHble aHTUTeNna MoAT K S-6e/Ky NO3BONSHOT BbISIBNSATb BUPYCHbIN @aHTUMEH C OCTAaTOYHOM
YyBCTBUTENbHOCTbIO (1, 2). Llenbto gaHHOM paboTbl SIBASNOCH MOJyYeHue KONneKuuin rubpuaom, CUHTE3UpYto-
wux aHTUTena (AT) K peKOMEUMHAHTHOMY MosIHopasMepHoMy S-6enky SARS-CoV-2 1 K peKOMGMHaHTHOMY peLien-
Top-cBA3bIBatoWwmin someHy (RBD) aToro 6eska, a Takxe nogo6patb napbl MoAT, koTopbie 6b1siM 6bl NPUTrOLHbI
[OJ151 KOHCTPYMPOBAHUSA HAaBOPOB, ONpeaensitoLLMX BUPYCHbIA aHTUTEH.

B pa6oTe ucnonb3oBanu 3 peKOMOUHAHTHbIX 6eJ1Ka, 9KCNpeccMpoBaHHbIX B kneTkax CHO: nonHopasMepHbIi
S-6enok, ero cy6beanHunua S1 n gomeH RBD cy6beamHuubl S1. CnneHounTbl Mblwen BALB/c, MMMyHU3npoBaH-
HbiX S-6enkoM unu RBD, cnvBanu ¢ knetkamu MbiwnHoM Muenombl NST. 1ns oueHKU cneumduyHocTun nosny-
YeHHbIX TMOPUAOMHBIX aHTUTeN ucnonb3oBanu Henpsamon NOA. OT aByX Mbllleld, UMMYHU3UPOBaHHbIX S-6en-
KOM, HaMu 6b1n nosyyeHbl 132 NO3UTUBHbIE TM6PUAOMbI. U3 HUX 27 cuHTesnpoBanu AT, KOTopble pearnpoBanu
TONbKO C S-6e5KoM, HO He ¢ RBD 1 S1-cy6beanHuuein. Mbl nonaraem, 4To Bce 3T AT HanpaBJieHbl Ha 3aNUTOMbI
S2- cy6beauHuLpbl 6enka S. AT 80 ruépugom pearuposanu ¢ S-6enkom n S1-cy6beauHuLen, Ho He ¢ RBD (AT K
o6nactu “S1 6e3 RBD”). OcTaBwuecs 25 ruépuaom npoayuuposanu AT, koTopble pearuposanu ¢ RBD, S1-cy6b-
efnHuuen u S-6enkom (AT k RBD). Mpy MMMyHU3aLMUU MbllLK aHTUreHoM RBD Mbl nonyunnv 208 No3UTUBHbIX
rmépuaom, AT KOTOpbIX pearMpoBann Co BCEMU TPeEMS PeKOMOUHAHTHbIMKU 6enkamu. Ois KNOHUPOBAHUA Mbl
oTo6panu u3 AByx Konnekumin 19 rmépuaom ¢ pasnnyHon cneumduyHocTbio AT: 2 - ¢ AT K cy6beauHuue S2,9 - ¢
AT kK RBD 1 8 - ¢ AT k o6nactu "S1 6e3 RBD". M6pnaoMbl KNOHMPOBaNM METOAOM JIMMUTUPYIOLLMUX pa3BeAeHUIA
[0 OQHOPOAHOCTN CBOWCTB CybK/IOHOB. MOAT HapabaTbiBanu B MblllaX, OYMLLANN U3 acLMTHOrO npenapaTa u
MCMonb30Banu A1si NONyYEeHNs1 KOHBIOraToB C NEPOKCUAA30M MU BUOTUHOM. C NOMOLLbIO MOTyYEeHHbIX KOHbHO-
ratoB MoAT MeToOM KOHKYPEHTHOro MMA Mbl HalLM No MeHbLUEN Mepe 2 anuTona Ha S2-cy6beauHuule, 4 - Ha
RBD 1 5 — Ha yyacTke “ST1 6e3 RBD”. Mbl nog6upanu napbl Ans BbisBNeHUs S-6enka B «CaHABUY»-BapnaHTe MDA
C O HOBpPEMEeHHOW MHKy6auwmen, ncnonbays 19 oumiieHHbix MoAT 1 19 koHbroratoB MoAT ¢ nepokcuaason unm
6MOTUHOM. Haunydiumne pesynbraTbl MOAYyYUAW MPU UCNOSIb30BAHMMN KOHbOratoB MoAT ¢ 6uoTnHoM: 8 nap MoAT
BbISIBAA/IN PEKOMOUHAHTHbIN S-6en0ok B KoHUeHTpauuu 130 nr/mA.
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A NEW PANEL OF MONOCLONAL ANTIBODIES
TO RECOMBINANT SARS-COV-2 SPIKE ANTIGEN FOR DIAGNOSTICS

V.A. Poryvaeva, 0.A. Agafonova, A.K. Mogilnykh, M.A. Malykhina, L.A. Usikova,
M.A. Sorokin, N.S. Zaitseva, D.E. Murashkin, I.A. Vtorushina, M.Yu. Rukavishnikov

JSC "Vector-Best', Russia, Novosibirsk-117, p.o. box 492
email: poryvaeva@vector-best.ru

Two collections of hybridomas synthesizing antibodies to various regions of the SARS-CoV-2 surface Spike (S)
protein were obtained. The candidate pairs of monoclonal antibodies were selected for constructing a kit that
detects the SARS-CoV-2 S protein.

Key words: SARS-CoV-2 S protein, monoclonal antibodies, enzyme immunoassay, diagnostics.
The detection of the SARS-CoV-2 virus-specific proteins (surface glycoprotein S or nucleocapsid protein N)

can be used alongside with PCR to reveal the virus in clinical specimens. Despite the lower sensitivity compared to
PCR, the detection of the viral antigen in ELISA or rapid tests remains useful in a number of cases when PCR is not
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available or rapid diagnosis is needed. In most cases, monoclonal antibodies (mAbs) to the N protein are used in
kits to detect the antigen of the SARS-CoV-2 virus. However, some studies have shown that mAbs to the S protein
are also capable of revealing the viral antigen with sufficient sensitivity (1, 2). The aim of this work was to develop
the hybridomas synthesizing antibodies (Abs) to the recombinant full-length S protein of SARS-CoV-2 and to the
recombinant receptor-binding domain (RBD) of the protein and to select mAb pairs suitable for constructing kits
detecting viral antigen.

We used 3 recombinant proteins expressed in CHO cells: the full-length S protein, its S1 subunit and RBD
domain of the S1 subunit. Splenocytes from BALB/c mice immunized with S protein or RBD were fused with NS1
mouse myeloma cells. Indirect ELISA was used to assess the specificity of the obtained hybridoma antibodies.
From two mice immunized with S protein 132 positive hybridomas were obtained. In this pool 27 hybridomas
synthesized antibodies that react only with S protein, but not with RBD and S1 subunit. We suppose that these Abs
are directed to the S2 subunit epitopes of S protein. Abs of 80 hybridomas reacted with S protein and S1 subunit,
but not with RBD (Abs to the “S1-non-RBD” region). The remaining 25 hybridomas produced Abs that reacted with
RBD, S1 subunit and S protein (Abs to RBD). Immunization of a BALB/c mouse with the RBD antigen resulted in
208 positive hybridomas, whose antibodies react with all three recombinant proteins. We selected for cloning from
two collections 19 hybridomas with different Abs specificity: 2 - with Abs against the S2 subunit, 9 - with Abs to
RBD, and 8 - with Abs to the “S1-non-RBD” region. The hybridomas were cloned by the method of limiting dilutions
until the homogeneity of the properties of the subclones was achieved. Monoclonal antibodies were generated in
mice, purified from ascitic preparations and used to obtain conjugates with peroxidase or biotin. We performed a

NEW GENERATION VACCINES, PRACTICAL APPLICATION IN HEALTH CARE WORLD

OpraHn3MoB B pacTBOpPUMYO 060/104Ky, HacTo Asis KancynpoBaHnUs UCMONb3yoT GMOCOBMECTUMbIN anbrmHat
HaTpusi, Npu 3aTBepAeBaHMM 06pasyoLMii JOCTaTOYHO MPOYHbIe W MNIacTUYHbIe resieBble YacTuLbl, pacTBOpU-
Mble B BOAHbIX Cpefiax C BellecTBaMu, CBSA3bIBaOLWMMM MOHBI Kanbuus (Cook et al, 2011, Corona-Hernandez R. et
al, 2013, Mohammad et al, 2020).

Mbl nonyyanu npenapaTtbl KancyIMpoBaHHbIX NPOGUOTUKOB ABYX pasHbix BMAOB 6auunn: Propionibacterium
freudenreichii ssp. shermanii wutamm N2 B-9352 u Lactobacillus helveticus wtamm ®B1 Ha ycTaHOBKe ANsi Kancy-
nupoBaHus Encapsulator B-395 Pro (npoussofcteo ¢upmbl Biichi Labortechnik AG, LBeiuapus) n nsyyanu mx
cBolicTBa. KancynupoeaHve npoBoAuan MeTogoM NonmMepunsaL My Kanesb anbruHaTa HaTpus B BOAHbIX pacTBO-
pax xnopuctoro kanbuus (0,1 M) ¢ nocneayoLwmMmM oTMbIBaHMEM B GU3MONOrMYecKOM pacTBope ¢ Jo6aB/ieHUEM
10 MM CaCl,. CycneHsuto knetok B puspactsope cmewwmsanu ¢ 1,5 1m60 3% BoAHbIM PacTBOPOM asibrHaTa Ha-
TpUsi B 06bEMHOM COOTHOLIEHUM 1:4 1 AncneprupoBany Npy NOMoLmM GOPCYHKM C HANTOXKEHUEM MEXaHUYECKUX
Kone6aHU YacToToW OT AEeCATKOB A0 ThbicAY 4, 06pa3oBaBLUMECA KaMau NoayYanu AOMONHUTENbHbIR 31eKTPU-
YecKui 3apag 1 nonaganv B CTEPUITbHYKO €MKOCTb C nonnumepusyowmnm pactesopom 0,1 M xnopuga kanbuums c
0,1% TeuH20. MNMocne oTMbIBaHKA B huspacTeope ¢ fobaeneHnem 0,01 M CaCl, nonyyanu, B 3aBUCUMOCTM OT Ana-
MeTpa KaHana GopCyHKU, chepuyeckme refieBble YacTuLbl CO cpegHUM pasMmepomM 160, 375 n 850 MM (puc. 1a).

Overview of all Measurements

competitive ELISA with the obtained mAbs conjugates and found at least 2 epitopes on the S2 subunit, 4 epitopes £l Ian w
on the RBD and 5 epitopes on the “S1-non-RBD” region. We selected pairs for the detection of S protein in the g : 1 : %
"sandwich" ELISA with simultaneous incubation, using 19 purified mAbs and 19 mAb conjugates with peroxidase % @ ’l' ',J"I‘ -
or biotin. The best results were obtained using mAb-biotin conjugates: 8 pairs of mAbs detected recombinant S % jz I : §
protein at a concentration of 130 pg/ml. 5w H ‘-‘ . g
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MonyyeHbl XMBble KNETKM ABYX MPOOMOTMYECKUX LUTaMMOB, MUKPOKArCYyMpOBaHHbIE B KalbLUHUPOBAHHbIN
anbruHaT co cpefHUM pasmepoM vacTuy oT 160 go 850 MKM. [TokasaHo, YTO B Kamncybl BKAKOYAETCA HE MeHee
98% XXMBbIX KJIETOK, KOTOPbI€ COXPaHSAIT XM3HECTOCOBHOCTb A0 3 MeCSLLEB NPU XPaHEHUM B XKUAKOW CYCMNEH3UMN.

KnioueBble cnosa: I'IpO6I/IOTVIKVI, anbrnMHaTHble MUKPOKaNCcysbl, XxpaHeHne

B nocnepgHue roabl HabnoAaeTcs pacTyLWMi MHTEPEC K UCNOSIb30BaHMIO psiia MMKPOOPraHM3MOB B Kaye-
CTBe NepopasibHOro slekapCTBEHHOrO CPEeACTBa, yayuyllarowero MeTabonnsm, UIMMYHUTET U 06LLee COCTOsIHUE
300pOBbsA XUBOTHbIX U Yenoseka (Nisha Y. et al, 2013). OgHMM 13 cNOCO60B peLleHUst MPOo6IeMbl yaep)KaHUS
nNpo6moTnkoB B XXKT B XXM3HECNOCOBHOM COCTOSIHUM CHMTAIOT KancyMpoBaHWe XXMBbIX MPOBUOTUYECKNX MUKPO-

MesxayHapOAHbI KOHTpece: B1oTexHoMorns: COCTOAHME 1 NePCNeKTUBbI Pa3BUTHSA 31 okTA6ps — 1 HoR6ps 2022 | Mockea

Puc.1. A. MukpodoTorpadusa kancynuposaHHoro npo6uotuka L.helveticus, popcyHka 80 MKMm, U3 anbruHara 3%.
B. Mpadmueckoe npepcTaBneHue pacnpegeneHns YacTuL, TOro xe MMKpoKancynMpoBaHHOro Nnpenapara no pasMepam,
nasepHblii rpaHynomMeTp MicroTec Plus (®puy, Fepmanus).

CopeprxkaHue XuBblix 6akTepranbHbIX KETOK B YacTULax OLeHMBaN Nocne pacTBOPEHUS anbrmMHaTHON Ma-
TpuLbl B 2% BOAHOM pacTBOpe LiMTpaTa HaTpusi NMOCEBOM Ha MNJIOTHYHO NUTaTeNIbHYIO Cpeay C NOACYETOM KOJIOHU-
eobpasyoLwmnx egnmHNL. BkioueHne KNeTok B YacTuLbl 6b1110 He Xy>ke 95% npu npakTUyYecky MNOSIHOM COXpaHe-
HWUW XXM3HECMTOCOBHOCTH.

MNpenapaTbl BblAep)XUBanu B BUAe CycneH3mm Mnkpokancyn B huapacteope ¢ fobaBneHnemM noHos Ca*? go
4 mecsiLeB B yCNOBUsIX 6bITOBOrO XONnoAubHUKa Npu Temnepatype +4 °C. MNocne packpbITvA Kancyn NpoBoAuu
KOHTPOJIbHblE BbICEBbI B TEYEHME BCEro Cpoka xpaHeHus. Okasanocb, BennymHa KOE yMeHblUuaeTcs B cpeiHeM
B COOTBETCTBUM C 06paTHOM SKCMOHEHLMANbHON 3aBUCUMOCTbIO, MPUYeM NakTobaunibl TEPSAN akTUBHOCTb B
HECKOJbKO pa3 6biCTpee NPONMOHOBOKMUCIbIX 6aKTEPUIA.

OTMETUM, YTO Ha TOM e ycTaHoBKe B-395 Pro BO3MOXHO nosnyvyeHne MHOIOC/IOMHbIX Kancyn/rpaHyn, 6onee
yCTON4YMBbIX B arpeccuBHom cpepe XKT.
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ALGINATE ENCAPSULATED PROBIOTICS:
DEVELOPMENT AND SEVERAL PROPERTIES

A.N. Somov*, V.D. Pokhilenko, I.A. Dunaitsev, M.V. Klykova, I.A. Chukina

State Research Center for Applied Microbiology and Biotechnology, Federal Service for Surveillance in the Field of
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Live cells of two probiotic strains were obtained, microencapsulated in alginate having an average particle size
within the range of 160 to 850 microns. At least 98% of living cells were shown to be included in the capsules. The
bacteria remained viable for up to 3 months when stored within the microcapsules in a liquid suspension.

Key words: probiotics, alginate microcapsules, storage

Recentyears, aninterest in the use of a number of microorganisms as an oral medicine thatimproves metabolism,
immunity and general health of animals and humans is growing (Nisha Y. et al, 2013). Encapsulation of live probiotic
microorganisms under the soluble shell is considered to be one of ways to solve the problem of keeping probiotics
in the gastrointestinal tract in a viable state. Often, biocompatible sodium alginate is used for encapsulation, which,
when solidified, forms sufficiently strong and plastic gel particles that are soluble in aqueous media with substances
binding calcium ions (Cook et al, 2011, Corona-Hernandez R. et al, 2013, Mohammad et al, 2020).

We developed preparations of encapsulated probiotics of two different types of bacilli: Propionibacterium
freudenreichii ssp. shermanii strain B-9352 and Lactobacillus helveticus strain FB1 using the Encapsulator B-395 Pro
(Biichi Labortechnik AG, Switzerland) and studied their properties. Encapsulation was carried out by polymerization
of sodium alginate droplets in 0.1 M aqueous solutions of calcium chloride, followed by washing in saline solution
with 10 mM CaCl, added. The suspension of cells in saline solution was mixed with 1.5 or 3% aqueous solution of
sodium alginate in a volume ratio of 1:4 and dispersed using a nozzle with mechanical vibrations imposed having
a frequency of tens to thousands of Hz; the formed droplets were equipped with an additional electric charge and
fell into a sterile polymerizing solution of 0.1 M CaCl, with 0.1% Twin20. After washing in saline solution with the
addition of 0.01 M CaCl,, spherical gel particles with an average size of 160, 375 and 850 microns were obtained,
depending on the diameter of the nozzle channel (Fig. 1a).
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Fig.1. A. Micrograph of the encapsulated probiotic L.helveticus, nozzle 80 microns, alginate 3%.
B. Graphical representation of the particle size distribution of the same microencapsulated preparation,
data by laser granulometer MicroTec Plus (Fritsch, Germany).
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The content of living bacterial cells in the particles was evaluated after dissolution of the alginate matrixina 2%
sodium citrate by sowing on a solid nutrient medium and following counting of colony-forming units. The inclusion
of cells in the particles was no worse than 95% with almost complete preservation of viability.

As part of the preservation study, the preparations were stored the form of a suspension of microcapsules
in saline solution with the addition of Ca*? ions for up to 4 months in a household refrigerator at a temperature of
+4 °C. Control measurements of CFU values for the encapsulated preparations were carried out during the entire
storage period. It turned out that the CFU value decreases on average in accordance with the inverse exponential
dependence, and lactobacilli lost activity several times faster than propionic bacteria.

We are convinced in opportunities for development of multilayer capsules / granules that are more stable in the
aggressive environment of the gastrointestinal tract by using the same Encapsulator B-395 Pro.
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NOAYYEHUE N OLLEHKA UMMYHOITEHHOCTW CJINTHOT O BEJIKA,
COCTOSALLENO U3 PELLENTOP-CBA3bIBAIOLLEI0 OMEHA
WwnnosnaHOro bEJIKA KOPOHABUPYCA SARS-COV-2 U MOHOMEPHOIO
HEFNIMKO3UJINPOBAHHOIO FC-®PAITMEHTA IGG1 YEJIOBEKA
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PaccMOTpeHbl BapuaHTbl FeHETUYECKUX KOHCTPYKLUIA, KOAMPYHOLLMX peLienTop-cBA3biBatoLmii goMeH (RBD) Lwiu-
nosuaHoro 6enka Bupyca SARS-CoV-2, cnuTblii ¢ MOHOMEpPHbIM Fc-hparMeHTOM MMMYHOMN06Y/IMHa YenoBeka.
CospaHa nuHusa-npoayueHT RBD-Fc. Mpu MMMyHM3auumn Mblwwen ovmeHHbIM RBD-Fc nosiyyeHbl BbICOKME TUTPbI
aHTWU-RBD aHTUTEeN 1 BUPYC-HENTPanu3yroLLMX aHTUTeN.

KnioueBble cnoBa: peLienTop-cBA3biBatoLL M OMeH, BUpyc SARS-CoV-2, akcnpeccus B KneTkax MaeKkonutaro-
LLNX, UMMYHOTreHHocTb, CHO.

PeuenTop-cBa3biatowmin fJomeH (RBD) wunosuaHoro 6enka Bupyca SARS-CoV-2 — 370 KtoueBoi QyHKLM-
OHasIbHbIN KOMIMOHEHT, OTBETCTBEHHbIN 3a CBA3bIBaHWE BUPYCHbIX YacTul ¢ peuentopoM ACE2 1 nx npoHuK-
HOBEHMWE B KNeTKy. B 60nbLlUMHCTBE CnyyaeB BUPYC-HENTpanuMayroLme aHTuTena, 6rnokumpyrowme nHOEKLMOHHYIO
CMOCOBHOCTb BUPYCHbIX YacTuL, B CUCTEMHON LMPKYNSALMU U Ha CAN3UCTbIX 060/104Kax, B3aUMOLENCTBYHOT C
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RBD wunoeugHoro 6enka. Knaccmyeckve cy6bevHUYHbIE BaKLUMHbI, Cofep)Kaline MUHUManbHbIA hparMeHT
LUMMNOBUAHOrO 6e/ika KOPOHaBMUpYCa M XOPOLLO M3yYeHHble 6e30MacHble AN1A YenoBeka afgbioBaHTbl, MOTYT 6bITb
MCMONb30BaHbl A5 PErynsipHOA NOBTOPHON MMMYHM3aLMK NPOTUB KOpOHaBupyca. PekoM6uHaHTHbI RBD ans
TaKnX BaKUUH MOXET 6bITb NonyyeH B dopme cnutHoro 6enka c Fe-pparmeHTom IgG1 yenoBeka, 4To obecneuu-
BaeT MHOrOKpaTHoe yBeIMYeHne BPEMEHM XXN3HN TAKOr0 MIMMYHOIeHa B CUCTEMHOW LIMPKYNALUN.

B coctaBe RBD SARS-CoV-2 npucyTtcTBytoT ABa N-CBSi3aHHbIX onurocaxapupa v no KpawHein mepe OfuH
0O-cBsi3aHHbI ofiMrocaxapuvz, pacrnosioXxeHHble B61mn3u N-KoHLUa aToro foMeHa. Hamu 6b1n onpefeneH ypoBeHb
cekpeLun TpaHchUuumpoBaHHbIX knetok CHO ansi reHoB RBD-Fc, copgepykalumx nonHbiin RBD (aMUHOKUCIOTHbIE
ocTaTku 319-537) u ykopoueHHbIli BapuaHT RBD (a.0. 331-537) ¢ ogHuUM caiiTom N-rnvkosunmpoBaHus. Ons
KaXkgoro u3 BapvaHToB RBD TecTupoBanu gBa BuMAa CUrHabHbIX NENTUAOB: HATUBHbIN CUrHaNbHbIA NENTUA
S-6enka SARS-CoV-2 1 curHanbHbIN NENTUA TKAHEBOro akTMBaTopa nia3MMHOreHa YeioBeka, MCMnosib3yeMblid, B
YacTHOCTW, B afieHoBUpYcHoW BakunHe ChAdOXx1. Bbino ycTaHOBEHO, YTO YPOBEHDb CEKPELUM LieneBbiX 6eIKOB
NMpaKTUYeCcKU OANHAKOB BO BCeX YeTblpex cnydasx. Oast BapuaHTa RBD (a.0. 331-537) ¥ HATUBHOIO CUTrHaNbHOIO
nentuga S-6enka nocne AByx LWaroB reHOMHOM aMnan@uKaumm 6bin NosyyYeHbl NONMKIOHabHbIE MONYNALUM
KNETOK C yAenbHOW NPOAYKTUBHOCTbIO 60see 13 nr/kneTka/peHb, cekpetupyrowme RBD-Fc, cooTBeTcTBYOLWME
6eTa- 1 fenbTa-BapuaHTam Bupyca.

OunweHHbI RBD-Fc BapraHTa 6eTa 6bla1 UCNosib30BaH A8 ABYKPATHON UMMYHMU3aLMK Mblllel B O3MPOB-
Kax 3—15 MKr Ha ofHO xuBoTHOe ¢ Al(OH), B KayecTBe afbloBaHTa. CpeaHuit TMTP aHTU-RBD aHTUTEN B CbiBO-
poTKe KpOBU UMMYHU3NPOBAHHbIX MblLLIen Yepes 2 Hefenu rnocrie BTOpon MMMyHusaumm coctasun 1:190000 ans
RBD BapuaHTa 6eta 1 1:7000 gns RBD aukoro Tvna Bupyca. YpoBeHb BUPYC-HENTPaNU3YHOLLMX aHTUTEN, onpeae-
NEHHbIX METOAOM CypporaTHOi BUpyc-HenTpanusauum coctasun 6onee 1:100. IMMYHOreHHOCTb M CMOCOBHOCTb
BbI3blBaTb KPOCC-PEAKTUBHbIN MMMYHHbI OTBET K aHTUreHaM pasHbix BapuaHTtoB SARS-CoV-2 npeanoXxXeHHoro
HaMu BapuaHTa MMMyHoreHa RBD-Fc cooTBeTCTBYeT MUMPOBbBIM aHanoram; Takow BapmaHT RBD-Fc MoxeT 6bITb
MCMONIb30BaH B Ka4yecTBe NPOTOTMINa CE30HHOW aHTU-KOPOHABMPYCHOWM BaKLMHbI.

UDC 577.112.083; 616-097 DOI: 10.37747/2312-640X-2022-20-121-123
OBTAINING AND ASSESSING IMMUNOGENICITY OF A FUSION PROTEIN
WHICH CONSISTS OF A RECEPTOR-BINDING DOMAIN (RBD) OF
CORONAVIRUS SARS-COV-2 SPIKE PROTEIN AND A MONOMERIC NON-
GLYCOSYLATED FC-FRAGMENT OF HUMAN IGG1

Yu.A. Khodak’, A.Yu. Ryazanova', N.A. Orlova’, M.V. Sinegubova’', L.K. Dayanova’,
S.V. Kovnir', S.V. Korobova?, V.A. Ledov?, A.L. Kovalchuk?, P.G. Aparin?, I.I. Vorobiev’

T Federal State Institution «Federal Research Centre «Fundamentals of Biotechnology» of the Russian Academy of
Sciences»
119071, Moscow, Leninsky Avenue, 33, bld. 2.

2 National Research Center — Institute of Immunology Federal Medical-Biological Agency of Russia, Moscow, Russia
115522, Moscow, Kashirskoe Shosse, 24.
e-mail: salix33@gmail.com

Variants of genetic constructions are discussed which encode a receptor-binding domain (RBD) of coronavirus
SARS-CoV-2 spike protein fused with a monomeric Fc-fragment of human immunoglobulins. A cell line producing
RBD-Fc is established. High titers of anti-RBD antibodies and virus-neutralizing antibodies are obtained upon mice
immunization with the purified RBD-Fc.

Key words: receptor-binding domain, virus SARS-CoV-2, expression in mammal cells, immunogenicity, CHO.

Receptor-binding domain (RBD) of coronavirus SARS-CoV-2 spike protein is a key functional component
responsible for the virus binding with the ACE2 receptor and its penetration into a cell. Virus-neutralizing antibodies
which block infection capabilities of viral particles in system circulation and on the mucous membranes interact
in most of cases with the spike protein RBD. Classical subunit vaccines which contain a minimal fragment of the
coronavirus spike protein with safe for humans well-studied adjuvants can be used for a regular reimmunization
against the coronavirus. Recombinant RBD for such vaccines can be obtained in a fusion with an Fc-fragment of
human IgG1 thus providing a manifold increase in the lifetime of such immunogen in system circulation.
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There are two N-linked oligosaccharides and at least one O-linked oligosaccharide in the RBD, being placed near
its N-terminus. We have defined the secretion level in transfected CHO cells for the genes encoding the following
RBD-Fc variants: a full RBD (amino acid residues 319-537) and a shortened RBD (residues 331-537) with one site
for N-glycosylation. Two signal peptides were tested for each of the RBD variants: the native signal peptide of the
SARS-CoV-2 spike protein and the signal peptide of human tissue plasminogen activator which is used in particular
in adenovirus vaccine ChAdOx1. The secretion levels of the target proteins were shown to be almost equal in all four
cases. For the RBD (331-537) variant with the native signal peptide of the spike protein, polyclonal cell populations
were obtained after two steps of genomic amplification. Their specific productivity exceeded 13 pg/cell/day; they
secreted RBD-Fc corresponding to the beta- and delta-variants of the virus.

The purified RBD-Fc of the beta variant was used for a two-stage mice immunization at dosage levels 3—-15 pg
per mouse, being adjuvanted by Al(OH),. Average titer of anti-RBD antibodies in the blood serum of the immunized
mice two weeks after the second immunization was 1:190000 for the beta variant RBD and 1:7000 for the wild-type
variant RBD. The level of the virus-neutralizing antibodies measured via surrogate virus neutralization exceeded
1:100. Immunogenicity of our RBD-Fc variant and its capability to cause a cross-reactive immune response to the
antigens of different SARS-CoV-2 variants correspond to the world analogs. This variant of RBD-Fc can be used as
a prototype of a seasonal anti-coronavirus vaccine.
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CO3AHME IN SILICO MOAEJIN KYNIbTYPbl KAPAUOMUOLIUTOB
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©2022 A.K. bepexHoit*, M.M. Cnoteuukuit, A.U. Kanunun, B.A. LiBenas, K.WU. Arnapse
MockoBCKuii (pU3UKO-TEXHUYECKMIA MHCTUTYT (HaLMOHa IbHbIN MCCIeJ0BaTeIbCKMIA YHUBEPCUTET),
JlabopaTtopus 6rmopuankim Bo3byamnmblx cuctem, LonaronpyaHsiv, 140180, Poccus

*e-mail: berezhnoi.ak@phystech.edu

B pa6oTe onucaHo co3gaHue in silico Mofienu cepaeyHoi TKaHU, MOMyYeHHbIX U3 MHAYLMPOBAHHbIX MIHOPUIO-
TEHTHbIX CTBOJIOBbIX KNeTok YenoBeka (UMNCK). Takasi Mofienb ABAsieTCs AOMNYCTUMOW [/1si TECTMPOBAaHUS JieKap-
CTBEHHbIX CPELCTB Ha KapAMOTOKCUYHOCTb U UCCNEA0BaHNS CEPAEYHbIX HapyLUEHWA.

KntoueBble cnoBa: MaTeMaTMyeckoe MogennpoBaHue, mogens Mottca, THHI.

B Na6opaTopum 6Modun3nkm BosbyamMbix cucteM MOTU BepeTcs uccnefoBaTesibckas paboTa C UCMONb30-
BaHWEM KapAMOMMOLMTOB, nosnyyeHHbix 3 UMCK. Ha TakoM MofenbHOM 06bekTe NPOBOASATCA TECTUPOBaHUSA
NIeKapCTB M U3y4atoTCs MEXaHW3Mbl Pa3BUTUSA Y BOBHUKHOBEHUSA apuTMuK. bblno nokasaHo, YTo Ncnosb3yemas
NMHUA KJIETOK SABMIAETCA 3/1eKTpohUsMonoruieckm "spenoit” [1], To ectb XopoLLo oTpa)kaeT CBOMCTBA peasnbHbIX
KapAMOMMOLUTOB YyenoBeka. KoMMbioTepHas MOAENb Tako TKaHW NO3BOJIUT COKPATUTb HEOBXOAMMOE LSl NMPO-
BEPKU rmnoTesbl KOIMYeCTBO in vitro 06pasLoB.

OCHOBHOW LieNbto ABNAETCA CO3A4aHMe MOAENN OTAENbHbIX KJTIETOK U CTPYKTYPHO MOJTHOLEHHOM TKaHW, Nony-
YeHHbIX npu nomoLumn anddepeHumnposku n3 UMCK. Mpu aTom 6yayT yuTeHbl GEHOTUNUYECKME U SNEKTPODU3NO-
Nornyeckme CBOMCTBA TKaHMU.

MpPOTOKO MOMYYEHNS YENOBEYECKMX XKENYA0UKOBbIX KapAnoMMUOLMTOB onucaH B paboTe [2]. OueHKa usHe-
CMOCOBGHOCTY KJTETOK U UX 3N1EKTPODU3NONOrMYECKOi CBA3AHHOCTH NPOM3BOAMMIACH C MOMOLLbIO ONTUYECKOrO Kap-
TUPOBAHUA C NOTEHLMAN-3aBUCUMbIM U KasbLnii-3aBUCMMbIM (BlyopecLeHTHbIM KpacuTeneM [1]. JononHuTensHo
obpaseL, nofBepraetcs UMMYHOLUTOXUMUYECKOMY MccrefoBaHUio (KoHdoKanbHbI MuKpockon Zeiss LSM 710).
06paboTKa aKCNepPUMeEHTasIbHbIX AaHHbIX MPOBOAUIACE C MOMOLLbIO MPOrPaMMHOro obecrneyeHns Imaged.

MaTemaTnyeckoe MoZennpoBaHune 31eKTpodr3MoIorMm TKaHU NpeacTaBsieT U3 cebs YNCIEeHHOE pelleHne
HEeNMHENHON cnucTeMbl anddepeHLmanbHbIX YpaBHEHW, peanndyeMoe MeTofaMu napanfienibHoro NnporpamMmu-
poBaHuA. Peub MAET O CUCTEME HEMMHEWHbIX YPaBHEHWUI B MOJSIHbIX NPOU3BOAHbLIX TUMa XomkKuHa-Xakcnm [3].
Ncnonb3oBanucb BugeokapTbl Nvidia Tesla. BbiuncneHus, npoussoguMbie ANnsi MogennpoBaHus Mopdonorum
TKaHu, nposoaunuck Ha CPU IntelCore i7 [4].

KapzavomuouunTbl 6b111 BblpalleHbl nyTem guddepeHumpoBku ns UMCK, foBeaeHbl [0 3penocTu U uccne-
[loBaHbl C MOMOLLbIO OMTUYECKOro KapTMpoBaHus (MpoBeaeHNe BOJIHbI BO36Y)KAEHUS, BbisIBIeHUE NapaMeTpoB
BO3HWKHOBEHUS U pa3BUTUSA apUTMUN), KOHHOKabHOW U Apyroii MUKpockonuu (heHoTHN KNeTok, UccrefoBaHus
paseutua dunamenTos) [1].

[na cosgaHus anekTpodun3nonorMyeckon 4actTu MoLenun NnpoBoANINCE USMEPEHNS C MOMOLLbIO METOAMKMN
patch-clamp. [lononHuTeNbHble faHHble 6blM NOMYYeHbl U3 NUTepaTypbl. MNocne aToro B cucteMy 6blil BHECEH
psa MoavMduKauui Ana nomMcka YCTOMYMBOrO pelleHus cucteMbl auddepeHumnanbHbiX YpaBHEHUI B YCITOBUSX
QHM30TPONMM TKaHW. JTuTepaTypHble JaHHble Yalle BCEro COOTBETCTBYIOT M30TPOMHbIM MOAENSIM (He yUnUTbIBato-
e Gopmy KNeTok [3]), 4To BHOCUT KOPPEKTUPOBKM B PELLIEHIE 3a4auM.
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CREATION OF IN SILICO MODEL OF HUMAN CARDIOMYOCYTE CULTURE
WITH CONSIDERING CELL MORPHOLOGY
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The paper describes the creation of an in silico model of cardiac tissue derived from induced pluripotent human
stem cells (iPSCs). Such a model is acceptable for testing drugs for cardiotoxicity and the study of cardiac disorders.

Key words: mathematical modeling, Potts model, TNNP.

The Laboratory of Biophysics of Excitable Systems at MIPT is conducting research using cardiomyocytes
obtained from iPSCs. At such a model facility, drug testing is carried out and the mechanisms of development and
occurrence of arrhythmia are studied. It has been shown that the cell line used is electrophysiologically "mature" [1],
that is, it reflects well the properties of real human cardiomyocytes. A computer model of such tissue will reduce
the number of in vitro samples needed to test the hypothesis.

The main goal is to create a model of individual cells and structurally complete tissue obtained by differentiation
from iPSCs. At the same time, both the phenotypic features of the tissue and its electrophysiological properties will
be taken into account.

The protocol for obtaining human ventricular cardiomyocytes is described in [2]. The viability of cells and their
electrophysiological connectivity were assessed using optical mapping with a potential-dependent and calcium-
dependent fluorescent dye [1]. Additionally, the sample is subjected to immunocytochemical examination (confocal
microscope Zeiss LSM 710). The experimental data were processed using Imaged software.

Mathematical modeling of tissue electrophysiology is a numerical solution of a nonlinear system of differential
equations implemented by parallel programming methods. We are talking about a system of nonlinear equations
in full derivatives of the Hodgkin-Huxley type [3]. Nvidia Tesla graphics cards were used. Calculations performed to
simulate tissue morphology were performed on the IntelCore i7 CPU [4].

Cardiomyocytes were grown by differentiation from iPSCs, brought to maturity and examined using optical
mapping (conducting an excitation wave, identifying the parameters of the occurrence and development of
arrhythmia), confocal and other microscopy (cell phenotype, studies of the development of filaments) [1].

To create the electrophysiological part of the model, measurements were carried out using the patch-clamp
technique. Additional data were obtained from the literature. After that, a number of modifications were made to the
system to find a stable solution to the system of differential equations under conditions of tissue anisotropy. The
literature data most often correspond to isotropic models (which do not take into account the shape of cells [3]),
which makes adjustments to the solution of the problem.
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MeM6paHHbI HaTpUii-3aBUCUMbI pocdaTHbIN TpaHcnopTep NaPi2b siBnsieTca npuBnekaTenbHON MULLEHBIO A5
TepanuMu MOHOKJ/IOHa/bHbIMKU aHTUTeNnaMu. PacnosHaBaHue 60/blIOro BHekneTouyHoro gomeHa (BKA) NaPi2b
MOHOKJIOHaNbHbIMU aHTUTenamu L2(20/3) B BecTepH-6110T aHanuse 3aBUCUT OT fobaBneHus OTT kK nusatam
KNETOK 9yKapuoT, HO He KNeToK 6akTepuit.

KnioueBble cnoBa: NaPi2b, 6onbLuoit BHekneTouHbl fomMeH (BK) NaPi2b, anuton MX35, MOHOKIOHaNbHble
aHTuUTena

HaTpuii-3aBucumblii pochaTtHbi TpaHcnopTep NaPi2b — MeM6paHHbIi 610K, y4acTBYHOLWMIA B NOAAEPXKAHWUM
tdocdaTtHoro romeocTtasa. MoBbilleHHast akcnpeccusa TpaHcnopTtepa NaPi2b o6HapyeHa B KneTkax paka sMyHuKa
(Gryshkova et al., 2009), nerkoro (Kopantzev et al., 2008) v Apyrux BUAOB paKa, YTo AenaeT TpaHCMopTep npuBeKa-
TeJIbHOM MULLIEHBIO A1 Tepanum 3/10Ka4yecTBEHHbIX HOBOOGpa3oBaHuii. Anuton MX35 (324-338 a.0.) NaPi2b pac-
MOJIOXeEH B Npefenax 60/bLlIOro BHEKETOUHOro fJoMeHa (BK/) TpaHcnopTepa v SIBASIETCA MULLEHBIO ANSt aHTUTES
L2(20/3) (Kiyamova et al., 2008) n MX35 (Mattes et al., 1987), Ha ocHOBe KOTOpbIX pa3paboTaHbl TeparneBTUYecKue
MOHOKJI0HasIbHble aHTuTena XMT-1536 n XMT-1592. N3BeCTHO, 4TO pacno3HaBaHue anuTona aHTUuTenamMmm 4yBCcTBU-
TeNIbHO K fo6aBneHnto autmoTpeutona (OTT) K nu3aTam onyxosieBbix KneTtok (Kiyamova et al., 2008). MocKonbKy B
npegenax BK NaPi2b ecTb 4 ocTaTka UnctemHa u 6 noTeHLManbHbIX canToB anst N-rmnkosmnnpoBaHus, Mbl Npeano-
naraem, 4TO HasMyme NOCTTPaHCAALMOHHbIX MoAMbUKaLMIA B KNeTKax 3yKapuoT BAUAET Ha pacno3HaBaHue anutona
MX35 aHTuTenamMu. [nsi NpoBepKM NpeanosioXXeHNUs1 HEO6XOAMMO U3YYUTb pacrno3HaBaHue anutona MX35 MoHo-
K/IOHaNIbHbIMU aHTUTENaMM KaK B KNETKaxX 9yKapuoT, Tak U B KNeTKax 6akTepuid, rae OTCYTCTBYIOT NOCTTPaHCASALMN-
OHHble Mognbukauuu. MoaToMy Lienblo AaHHOro UCCe0BaHUA ABAAETCA U3yYeHne pacno3HaBaHus HaTpuii-3aBu-
cumoro pocdaTHoro TpaHcnoptepa NaPi2b MOHOKIOHaNbHbIMUY aHTUTENAMK B KeTKax 6akTepuil U ayKapuoT.

A.
BL21DE3/pGEX4T1/loop OVCAR-4 OVCAR-8
ATT -+ AT - + — o+
2 3 4 5 6 7
100 kAA . NaPi2b

45 kA " NaPi2b
”””” 37 k1A | ewes @l @ | GAPDH

L2(20/3) mAT 12(20/3) mAT

PucyHok 1 — BecTepH-610T aHann3 HaTpuit-3aBucumoro pocdarHoro TpaHcnoptepa NaPi2b B kneTkax 6akTepwmii (A)
1 B pakoBbIX Knetkax (b). A TT— AUTUOTPEUTON, ero Haimume B 3arpy>KeHHOM 06pasLie 0603HAYEHO 3HAKOM «+»,
oTcyTCcTBUE «—»; 2,3 — 6enkoBas (paKLua HepacTBOPMMOro ocafiKa KneTok 6akTepwii; 4,5 — 6enkoBble ppakuymu
KNeTo4HoI NMHun OVCAR-4; 6,7— pacTBopuMble 6enkoBbie ppaKLum KieTouHoii nuHum OVCAR-8 (oTpuuaTenbHbIi
KOHTponb); \GAPDH - KoHTponb 3arpy3ku 6enka

B xofie paboTbl NpoBoAuSM TpaHchopMaLMO KOMMNETEHTHbIX KNeTok E.coli BekTopoM pGEX-4T-1 co BCcTae-
Kol parmeHTa reHa SLC34A2, kogupytowen BK NaPi2bto. JlusaTbl KNeETOK 3yKapuoT Nosyyanu n3 KNeToYHbIX
nvHuI paka anvHuka OVCAR-4 n OVCAR-8, sHLOreHHO aKcnpeccupytowmx u He akcnpeccupytowmnx NaPi2b co-
oTBeTCTBEeHHO. PacnosHaBaHue BK[, NaPi2b MoHoknoHanbHbiMK aHTuTenamu L2(20/3) B kneTkax 6akTepuii 1
3YKapuoT M3yyanu ¢ MOMOLLbIo BecTepH-6/10T aHanunsa.
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Hamu BniepBble 6b1510 NoKa3aHo, YTo gobasneHne OTT He BNMSIET Ha pacrno3HaBaHue anutona MX35 aHTu-
Tenamu L2(20/3) B nu3aTtax kneTok E.coli, HO cylecTBEHHO BNIMSIET Ha pacnosHaBaHue NaPi2b B nusartax knetok
OVCAR-4, sHporeHHo akcnpeccupytoweit NaPi2b (pucyHok — 1).

MbI npeanonaraem, 4To AaHHbIR GaKT MOXET 6bITb CBA3aH C HaNNUYNeM ANCYbPUAHbBIX CBSA3EN U MNKO3U-
nupoBaHus B o6nact BK/ NaPi2b B kneTtkax aykapuoT. CornacHo Haluei runotese, gob6aenexdme ATT npuso-
OWUT K BOCCTAHOBJ/IEHUIO AUCYbOUAHBIX CBSA3EN U K M3MeHeHuto KoHdopmaumm BK NaPi2b takum obpasom,
YTO YrneBoAHblE OCTATKMU 3aKPbIBAKOT SMUTOM M OH CTAHOBUTCS HELOCTYMHbLIM /1S MOHOKJIOHA/IbHbIX aHTUTES.
B cBoto ouepesnb, fo6aBneHune OTT He BAUAET Ha pacrnosHaBaHue anuTona MX35 B kneTkax E.coli B BugYy otcyT-
CTBWS NOCTTPAHCALMOHHbIX MOAUMUKaLNIA.

MonyyeHHble pe3ynbTaTbl BaKHbl Kak Ajsi NOHUMaHUS (yHAaMeHTaslbHbIX OCHOB CTPYKTYpbl U (QYHKLUM
MeMOpaHHbIX 6eNKOB, TaK 1 451 pa3paboTKu HOBbIX, 60s1ee aPhEKTUBHbIX MPOTUBOOMYXONIEBbLIX MPENapaToB.

Pa6oTa BbinonHeHa 3a cyet cpeacTs [TporpaMMbl CTpaTErMYeCKoro akageMmnyeckoro nuaepctaa KasaHcko-
ro (Mpusonxckoro) denepanbHoro yHusepcuteta (MPUOPUTET-2030) u npu ¢puHaHcoBoi noaaepxke PHO B
pamkax npoekTa N2 20-14-00166.
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The membrane sodium-dependent phosphate transporter NaPi2b is attractive target for monoclonal antibody
therapy. Recognition of the large extracellular domain (ECD) of NaPi2b by monoclonal antibodies L2(20/3) in
Western blot analysis depends on the addition of DTT to lysates of eukaryotic cells, but not bacterial cells.

Key words: NaPi2b, NaPi2b large extracellular domain (ECD), MX35 epitope, monoclonal antibodies.

The sodium-dependent phosphate transporter NaPi2b is a membrane protein involved in maintaining phosphate
homeostasis. Increased expression of the NaPi2b transporter has been found in ovarian (Gryshkova et al., 2009),
lung (Kopantzev et al., 2008), and other cancer cells, which makes the transporter an attractive target for cancer
therapy. The MX35 epitope (324-338 a.a.) of NaPi2b is located within the large extracellular domain (ECD) of the
transporter and is a target for L2(20/3) (Kiyamova et al., 2008) and MX35 (Mattes et al., 1987) antibodies, based on
which the therapeutic monoclonal antibodies XMT-1536 and XMT-1592 was developed. Epitope recognition is known
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to be antibody sensitive to the addition of dithiothreitol (DTT) to eukaryotic cell lysates. (Kiyamova et al., 2008).
Since there are 4 cysteine residues and 6 putative sites for N-glycosylation in ECD NaPi2b, we suggest that the MX35
epitope recognition depends on the presence of post-translational modifications in eukaryotic cells. To verify this, it
is necessary to investigate how to recognize the MX35 epitope by antibodies, both in bacterial cells, in the absence of
post-translational modifications, and in eukaryotic cells. Therefore, the aim of the project is to study the recognition
of the sodium-dependent phosphate transporter NaPi2b by monoclonal antibodies in bacterial and eukaryotic cells.

During the work, competent E.coli cells are transformed with the pGEX-4T-1 vector, with the insertion of a
fragment of the SLC34A2 gene encoding ECD (188-361 aa) of the NaPi2b. Lysates of eukaryotic cells were received
from ovarian cancer cell lines OVCAR-4 and OVCAR-8 endogenously expressing and not expressing NaPi2b,
respectively. Recognition of ECD of the NaPi2b by monoclonal antibodies L2(20/3) in bacterial and eukaryotic cells
was performed using Western-blot analysis.

For the first time, we discovered that DTT has no effect to the MX35 epitope recognition by L2(20/3) antibodies
in E.coli cells, but significantly affects the recognition of NaPi2b in ovarian cancer cells OVCAR-4 endogenously
expressing NaPi2b (Figure 1).

NEW GENERATION VACCINES, PRACTICAL APPLICATION IN HEALTH CARE

4. Mattes, M.J. Mouse monoclonal antibodies to human epithelial differentiation antigens expressed on the surface of
ovarian carcinoma ascites cells [Text] / M.J. Mattes, K. Look, K. Furukawa, V.K. Pierce, L.J. Old, J.L. Jr Lewis, K.O. Lloyd
// Cancer Res. — 1987. = V.47. - P 6741-6750.
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KNETOYHBIE TECT-CUCTEMbDI IN VITRO 111 NOUCKA U CPABHEHUA
TNF-AWIL-17A UHTUBUTOPOB U UX BUOAHAJIOIOB
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443079, Camapa, yn. larapuHa, 20
e-mail: n.k.osina@samsmu.ru

Pa3paboTaHbl KNeToYyHble TECT-CUCTEMbI in Vitro ANnst OLEeHKU BUONIOrMYECcKon akTUBHOCTM UHIMBMTOPOoB TNF-a

A. B. 1 IL-17A Ha ocHOBe NepBUYHbIX KyNbTYp KIETOK YenoBekKa, MOoMyYeHHbIX U3 TKaHel FoBEHWUITbHbIX JOHOPOB. du-
BL21DE3/pGEX4T1/loop OVCAR-4 OVCAR-8 6po-TecT-cUCTeMa OCHOBaHa Ha aHanuse IL-17A [,030-3aBUCUMOIA MPOAYKLIMM BOCNANUTENbHbIX LIMTOKUHOB, CUH-
DTT - + DTT -+ - Tesmpyembix pubpobnactamu KpaiHen nnotu yenoseka. C MOMOLLbIO fAHHOW TECT-CUCTEMbI NMOKasaHo, YTo He-
28 3 e sy b Taknmab (buokapg, P®) aBnsietcst BbICOK03(hHEKTUBHBIM MHIMEUTOPOM IL-17A. Ha ocHOBe XOHApPO-TeCT-CUCTEMbI
npoBeAeHO cpaBHeHMe 6uonornyeckor akTueHocT TNF-a MHIMEMTOPOB: OPUrMHabHOroO npenapaTta Pemukang

100kDa. | NaPizb (MSD, Ireland) ¢ ero 6noaHanorom UHdnnkcumab (Bunokaga, PO).

45kDa | g & | NaPi2b

KnioueBble cnoea: in vitro, knetouyHasa éuonorusa, TNF-a, UJ1-17A

frsacuasy 37kDa |ie wwwe @l @ | GAPDH [lns noucka 1 TeCTUpOBaHWs IeKapCcTBEHHbIX NpenapaToB (J11) Heo6XoAUM METOA, onpefeneHnst ux 6ruonoru-
YecKoi aKTUBHOCTU. Takoi MeToA JOSIXKEH OTpaxaTb MexaHn3M aencTteus SN 1 no3BonaTb KONMYECTBEHHO CpaB-
il A - i H 2,3
12(20/3) mAT 12(20/3) mAT HMBaTb NpenapaTbl Mexay co6oii’. [1na 3TUX Lenei UCnonbayoTca KNeToUYHble TeCT-CUCTeMb in Vitro3. O6bl4HO

Figure 1 - Western blot analysis of the sodium-dependent phosphate transporter NaPi2b in bacterial cells (A)
and in cancer cells (B). DTT - dithiothreitol, its presence in the loaded sample is indicated by the sign "+",

the absence by the sign "-"; 2,3 - protein fraction of insoluble sediment of bacterial cells; 4,5 — protein fractions
of the OVCAR-4 cell line; 6,7 — soluble protein fractions of the OVCAR-8 cell line (negative control);

GAPDH - protein loading control.

We suggest that this fact may be associated with the presence of disulfide bonds and glycosylation in the
ECD NaPi2b region in eukaryotic cells. According to our hypothesis, the addition of DTT leads to the restoration
of disulfide bonds, and, therefore to a conformational change of the ECD NaPi2b thereby that the carbohydrate
residues cover the epitope, making it inaccessible to monoclonal antibodies. In turn, the addition of DTT does not
affect to the recognition of the MX35 epitope in E.coli cells due to the absence of post-translational modifications.

The results obtained are important both for understanding the fundamental principles of the structure and
function of membrane proteins and for developing new, more effective anticancer drugs.

This paper has been supported by the Kazan Federal University Strategic Academic Leadership Program
(PRIORITY-2030) and with the financial support of the Russian Science Foundation under project No. 20-14-00166.
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nouck n TectupoBaHue J1IM in vitro NpoBoAAT Ha MMMOPTaNN30BaHHbIX Ky/bTypax KieTok. OfHako, CloXHas Kap-
TUHa reHeTUYeCKMX U3MEHEHWUI B UMMOPTaNM30BaHHbIX KJ1eTKax NPUBOAUT He TOMbKO K X 6ECKOHEYHON Nposin-
depaumn, Ho 3aTparvBaeT v pag APYrMX BaXKHbIX XapaKTEPUCTUK, YTO obecneymBaeT pasHuLy B LLUTOTOKCUYHOCTMH,
npoHMLaeMocTun n ytunusauum JIT. YuntbiBasi Kt0UeBYO posib B BbIGOpe TUMa KeTOK AJ1sl MoMcka v TeCTUpOBaHUs
JIEKapCTBEHHbIX BELLECTB, B COBPEMEHHOW BUOTEXHONOMUM AE