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B pabore ucciemoBaHo geiicTBre 3KCTPaKTOB ceMsH rpeindpyra (DCI), muctheB obnenuxu (BJ10) u yaru (DY)
Ha MoJeJIbHbIC JIMITUAHbIE MeMOpaHbl. [TokazaHo, 4To moporoBbie KoHLeHTpauu DCI u BY, npuBoasiue K ae-
cTabmwimn3anum docharTnaIraniepruH-o0oralleHHBIX O1cioeB, B 1.3—1.4 paza MeHblIIIe, 4YeM B cirydae pocdara-
IWIXOJIMH-COMepKalx MeMopaH. YcraHoBeHo, yTo DCI u BDJIO cHUXAlOT rpaHUYHBINA MOTEHIIMAA MeMOpaH,
copMupoBaHHEIX U3 cMecH (pocdaTagixonnHa 1 XolaecTepruHa (M3MeHeHus mocturaior 45 u 40 mB mipu KoH-
neHTpanusax 60 u 800 MKr/Mi1 cOOTBETCTBEHHO). DY BBIpaske HHBIM MOTEHUINAT-MOAUMULIUPYIOIUM 3(hdheKkToM
He xapaktepusyercs. [TokazaHoO, YTO M3MEHEHHUsI TPAHUYHOTO TTOTeHIMana B mpucyTctBun DJIO o6ycioBIeHbI
HaJIMYMEM B ero cocTaBe (pJ1aBOHOJIOB, KBEpLIETMHA U MUpULIeTUHA. MeTtogoM nuddepeHInaabHONM CKaHUPYIO-
1Iel MUKPOKAJIOPUMETPUHN TaKKe 0OHAPYKEHO, YTO KBEPLIETUH U MUPUIIETUH CITOCOOHBI BJIVSITH HA TEPMOTPOIT-
HOEe MoBeAecH1e MeMOpaHOOOpa3yoIIUX JUITUIOB, a, CJIEI0OBAaTEIbHO, Ha TNIOTHOCTh UX yHakoBKU. [Toka3zaHa no-
TeHLMALKS TTOPOooOpasyolleil akTHBHOCTU TTPOTUBOTPUOKOBOTO MOJIMEHOBOTO MaKpOJWIa HUCTAaTUHA U aHTH-
06aKTepuaJbHOIO JIMIMIONeNTHaa oauMuKcuHa b npu BBeneHuu DJI0. Dtu faHHbBIE YKA3bIBAalOT HA BO3MOXHbII
CHHEPIu3M ITPOTUBOMUKPOOHOTO AeHCTBUS TECTUPYEMbIX aHTUOMOTUKOB 1 DJIO, 4TO MOXKET OBITh UCITOJIb30Ba-
HO TNpU CO3IaHUU KOMOMHUPOBAHHBIX TPOTUBOMUKPOOHBIX CPEICTB IIIMPOKOTO CIIEKTpa IeCTBUSI.
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OnHUM U3 IoOAIbHBIX BbI30BOB XXI B. sIBIsieTCS
POCT CMEPTHOCTHU OT MH(PEKIIMOHHBIX 3a00JIeBaHUIT Ha
¢doHe pacnpocTpaHEeHUs! YCTOMUMBBIX K aHTUOMOTUKAM
MaTOTe€HHBIX MUKPOOPraHW3MoOB. B cBs3M C pacryiei
PE3UCTEHTHOCTbIO K aHTUOMOTMKAM Y BO30ynuTenei
MH(MEKIIMOHHBIX 3a00JieBaHUil YyejoBeKa OCOoOyl0 3Ha-
YUMOCTbD ISl MccieaoBaTeieil U KIIMHUIIMUCTOB Mpuoo-
peTaeT pa3paboTKa JeKapCTBEHHbIX TpenapaToB, Xapak-
TepU3YIIIMNXCS 0ojiee MEMJIeHHbIM pa3BUTUEM YCTOM-
YMBOCTU. BBUIY KOHCEPBAaTMBHOCTU MUIIEHU TaKUM
CBOMCTBOM 00J1aJai0T TIpernapaTbl, AEWCTBYIOIIME Ha
KJIETOYHYIO MeMOpaHy, B YaCTHOCTA aHTUOMOTUKM, 00-
pasyloliie Mmopbl B MeMOpaHax KjeTok-MmuileHeid. Kak
MpaBuJio, CEPbE3HBIM OTPaHUYEHUEM ITPUMEHEHUS MO-
JNOOHBIX TIpernaparoB SIBJISIETCSI MX BBICOKAsi TOKCUY-
HOCTb.

IIpunameote coxpawenus: 1ODPI — 1,2-muoneonn-sn-minLepo-3-
docho-(1'-rac-tmuuepun); JODX — 1,2-nuonenn-sn-rauuepo-3-
dochoxomuu; JODX — 1,2-nuduraHonn-sn-ruepo-3-docdo-
xomuH; ATN®OX — 1,2-1unaaibMUTOWI-sn-DIULepo-3-hochOoX0onnH;
[ModX 1-ITaIbMUTOMII-2-OJIEUI-SH-TIULIEPO-3-(hOChHOXONINH;
CM — chunromuenun; XOJI — xonecrepun; DJIO — sKCTpakT JIu-
ctheB o0enuxu; DCI — aKcTpakT ceMsiH rpeindpyra; Y — akc-
TPaKT Yaru.
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MaxkponuaHble TTOJIMeHOBBIC aHTUOMOTUKY, B 9aCT-
HOCTH aMOTepulIMH b M HUCTaTWMH, NCITONB3YIOTCS B
MeAUIHE ISl ISYSHUS pa3IMYHBIX TPUOKOBBIX MH(PEK-
WA, BKITFOYasI CUCTeMHBIe MUKO3bl. CoTTacHO mpeBa-
JIPYIOIIEN B TUTepaType THITOTe3e, MeXaHU3M (DyHTH-
LIUIHOTO AEMCTBUSI TTIOJIMEHOB OOYCIOBJIEH X CBSI3bIBa-
HUEM C 3pTOCTepHMHOM B MeMOpaHe TpUOKOBOI KIIETKU
(Gray et al., 2012) 1 HapylHIeHUEM €€ IIPOHUIIAEMOCTH
BCeACTBUE (DOPMUPOBAHUSI HOH-TIPOBOISIINX TIOP
(Andreoli, 1974; Ermishkin et al., 1976). BeposaTHOCTb
CBSI3BIBAHMS C XOJECTEPUHOM B MeMOpaHaX KJIETOK Je-
JIoBeKa OIpelelisieT BBICOKYI0 TOKCUYHOCTb ITOJMEHO-
BbIx aHTHOMOTUKOB (Wilcock et al., 2013), Hanboee ya-
CTO BBbIpaxkarolnyiocsi B Hedponatuu (Sawaya et al.,
1995), 4ToO CyllIeCTBEHHO OTpaHUYNBAET UX IPUMEHEHUE
B KiamHH4YeckKoil Ipaktuke (Zotchev 2003; Laniado-
Laborin, Cabrales-Vargas, 2009; Bagnis, Deray, 2013).

IMomumukcun b — 3To moAMNENTUIHBIA aHTUOWO-
TUK, TPOAYLIMPYEMBII TPaMIIONIOXUTEbHOM OaKTepueii
Bacillus polymyxa v HaripaBIeHHO AEHCTBYIOIIMIT Ha rpa-
MOTpHIIaTeIbHbBIE MUKPOOPraHM3MBl. Ero mpumeHeHue
MOKa3aHO TIpY TTOJUMPE3ZUCTEHTHOCTHU 1I€JIEBbIX IIITAMMOB.
OnHako nooouHkIe 2¢h¢GeKThI IToJMMUKCHHA b, B yacTHO-
CTM BBIpaxkeHHasT He(POTOKCUMYHOCTh (Zavascki et al.,
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2007; Abdelraouf et al., 2014; Zavascki, Nation, 2017), cy-
IIIECTBEHHO OIPaHUYUBAIOT CIIEKTP IIPUMEHEHUS 3TOr0
AHTUOMOTHKA.

OngHUM 13 CITOCOOOB MPEOTOICHUS IIPOOIEMBI BBICO-
KO TOKCUYHOCTU aHTUOMOTUKOB SIBJISIETCSI TIOUCK CO-
eVHEHU, CIIOCOOHBIX MOTEHIIMPOBATh UX MTOpoobpa-
3YIOLIYIO CIIOCOOHOCTb M, TEM CaMbIM, CHIMXaTh IEWi-
CTBYIOIIYIO0 KOHIEHTpaluio. OcoOblii MHTEpeC B 3TOM
CBSI3M TMPEICTAB/ISIIOT BEIIEeCTBa IIPUPOIHOIO IIPOMC-
XOXIEHUS. DTO 00YCIOBJIEHO Cpa3y HECKOJIbKMMU IIPU-
YpHaAMU: U3BECTHBIM NpoduiieM 0e30MacHOCTU U BO3-
MOXHOCTBIO IlepenpodmIMpoBaHUsI B KpaTdailliue
CPOKHM, a TAaKXKe COOCTBEHHOI MPOTUBOMUKPOOHOM aK-
TUBHOCTBIO HEKOTOPBIX ITPUPOIHBIX 9KCTPAKTOB.

Cemena rpeitngpytra (Citrus paradisi) xapakTepusy-
FOTCSI BBIpAKEHHBIM aHTUOAKTEPUAIBHBIM IEHCTBHUEM,
KOTOpO€ OOYCJOBJICHO MX YHUKAIBHBIM (PUTOXUMUYE-
ckuM coctaBoM (lonescu et al., 1990; Heggers et al.,
2002). B cocraBe DCI B 60JIbIIIOM KOJIUIECTBE OOHAPY-
>KMBAIOTCsI OModIaBOHOMAbBI, OTHOCSIIMECS K KJaccy
¢1aBaHOHOB, GOJIBIITMHCTBO U3 KOTOPBIX NIMKO3WIIHPO -
BaHbI (Avula et al., 2016). M3BecTHO, 4TO ceMeHa rpeii-
(bpyTa MpOoSIBJISIIOT aKTUBHOCTD B OTHOIIIEHUU Staphylococ-
cus sp. (B wactHocTu Staphylococcus aureus), Klebsiella sp.,
Escherichia coli, Pseudomonas aeruginosa, Legionella pneu-
mophila, a Takxe TPOTUB HEKOTOPBIX BUIOB criipoxeT (1o-
nescu et al., 1990; Heggers et al., 2002; Fukuyama et al.,
2003; Oyelami et al., 2005; Brorson, Brorson, 2007).

Pasnbie copra oOnenuxu (Hanpumep, Hippophae
rhamnoides) STBISIOTCS BaXKHBIM HCTOYHUKOM aHTUMUK -
poOHBIX areHToB. DEeHOIbHBIE COCATUHEHUS B COCTaBe
BJ1O, B OCHOBHOM, TIpeAcTaBieHbl (pJIaBOHOJAMU U UX
mmko3ugamu (Yogendra Kumar et al., 2013). Ananu3s
TAHHBIX U3 JIMTEPATyPHl TOKA3bIBAET, YTO IKCTPAKT JIU-
ctbeB obnenuxu (BDJIO) mposBiseT aHTUOAKTEpUab-
HYI0O aKTUBHOCTb B OTHOLIeHUU Staphylococcus aureus,
Bacillus cereus, Pseudomonas aeruginosa 1 HEKOTOPBIX
JOPYTrUX Ba>KHBIX ¢ MEIUILIMHCKOM TOYKHU 3pEHUS BUIOB
6axkrepuii (Arora et al., 2012; Michel et al., 2012; Yogen-
dra Kumar et al., 2013).

JaHHBIC U3 IUTEePaTypPbl CBUAETEIbCTBYIOT U O BHICO-
KOl aHTHOAKTEepUaIbHOI U MMPOTUBOIrPUOKOBOI aKTHUB-
HOCTH 3KCTpaKTa 6epe3oBoro rpuda uim yaru (lnonotus
obliquus) (34), B TOM 4uciie B OTHOIIIEHUN KJIMHUYECKU
BaXKHbIX MMATOTEHOB YeJloBeKa, BKIIovasi Staphylococcus
aureus, Pseudomonas aeruginosa, Bacillus cereus n Asper-
gillus niger (Glamoclija et al., 2015). 3HaUUTENbHYIO 1O-
JII0 9KCTPAKTUBHBIX BEILIECTB Yaru MpeacTaBIsIoOT JIUIO-
(buiIbHBIE COEAUHEHUS], B YACTHOCTU TPUTEPIEHOUIBI U
crepunsbl (Nikitina et al., 2016).

Lenp HacToOsIIEro MccleNOBaHUS 3aKIH04Yajiach B
M3YyYCHUU MeMOpaHHOI aKTUBHOCTU MPUPOMTHBIX 3KC-
TPaKTOB (CeMSIH TpeiridpyTa, JUCTHEB OOJECTUXU U Ya-
Td) U OLIEHKa IIEPCHEKTUB UX COBMECTHOTO IIPUMEHE-
HUS ¢ TopoobOpasyromuMy anTuonotukamu. Ilokaszana
aunuaHas cieuueuuHocTh aeiicteust DCI u DY Ha Mo-
IeJIbHbIe MEMOpaHbI, YTO MOXKET 00YyCJIaBIMBATh CEJIEK-
TUBHOCTbD BIMSTHUSI 9TUX 9KCTPAKTOB Ha OaKTepUaIbHbIE

ED®OMMOBA u np.

MeMOpaHbl. BiiepBhie HMpoaeMOHCTpUpPOBAaHA CIOCOO-
HocTh DJIO cHMXKaTh rpaHUYHBIN TTOTeHUMan docdo-
JIMITUAHBIX MeMOpaH 1 omnpeneacHbBl KOMIIOHEHTBI, OT-
BETCTBEHHBIE 3a €TI0 IOTEHUMAI-MOIU(PUIIMPYIOIINI
addexT. Ob6HapykeHa noTeHunauus DJ10 nmopoobpa-
3yIOLIE CHOCOOHOCTH MAaKpOJMIHOTO ITOJIUEHOBOIO
AHTUMUKOTHKA HUCTAaTUHA U JIMIIONENTUIHOTO aHTH-
OMOTHKA MOJMMUKCUHA B. DTN JaHHBIC MOTYT CIIY>KUTh
HayYHO-TEXHUYECKUM 3adejIoM IJIs pa3pabOTKU KOM-
OMHMPOBAHHBIX IIPOTUBOMUKPOOHBIX CPEICTB IIIMPOKO-
IO CIEKTpa JAEUCTBUSI.

MATEPUAJI U METOIUNKA

PeakTuBbl. B paboTe Mcnob30Baiu CIeAyIOIIMe pe-
akTtuBbl (Sigma, CIIA): xmopun kanus (KCl), xnopun
Harpus (NaCl), HEPES, KOH, NaOH, neHraH, 3Ta-
HOJ, TeKkcanekaH, numetuiacyiabdokeun (AMCO), Tpu-
ToH X-100, cedpanekc G-50, KaablleMH, HUCTaTUH, I10-
JIMMUKCUH b, KBEpLIETUH, MUPULIETUH, PYTHH; 1-TTajlbMU-
TOWJI-2-0JIeWI-Sn-TnuLepo-3-dochoxommH (IMODX);
1,2-nuoneunn-sn-rnuuepo-3-dochoxonun (JODX);
1,2-gnoneoun-sn-rauuepo-3-gpocdo-(1'-rac-rmuie-
puH) (JODPT); 1,2-munanbMUATOWII-SA-IIALEPO-3-(oc-
doxonuH (JATPX); xonecrepun (XOJI) u chruHrOMUETNH
(CM).

OKkeTpakT ceMsiH rpeiindpyra (DCI'), skcTpakT Ju-
ctbeB obsienuxu (DJIO) u akcrpakt yaru (BY) npeno-
ctaBieHbl 3A0 DBanap (Poccust). TectupoBaHue MpoBo-
JAJTA JUTS TpEeX 00pa31oB KayKIOT0 9KCTPaKTa, MPeACTaBIIs -
IOIIMX COOOI HE3aBUCHMbIE CEPUM IKCTPArUPOBAHUSI.

®opMupoBaHNe ILUIOCKHX OHCIIOEB W HCCIEN0BAHHE
BJIMSIHUA SKCTPAKTOB HA MOHHYI) NMPOHUIIAEMOCTh MeM-
opan. @opMupoBaHUe OUCIIONHBIX IUITUIHBIX MEMOpaH
npoBoauiau no Mmetony Montana u Mroiepa (Montal,
Muller, 1972) myTrem cBeneHWST KOHAEHCUPOBAHHBIX JIN-
MUIHBIX MOHOCJIOEB Ha OTBEPCTUH B Te(DJIOHOBOM TIEH-
Ke, pa3aessIoleil 3KCIIepUMeHTaIbHYIO KaMepy Ha IBa
(yuc- u mpanc-) orneneHusi. O0bEM KaxKI10T0 OTOCICHUS
cocTaBiisil 1.5 M1, TonmMHA TEe(PIOHOBOM IUIEHKUA —
10 mxm, muametp orBepctus — 30—50 mxM. Ilepen Ha-
yaJioMm npoliecca GopMUPOBaHUSI MEMOpPaHbl OTBEPCTHUE
B Te()JIOHOBOI IIEHKE 0OpabarbiBajyd IeKCaacKaHOM.
Membpanbl popmupoBaiu u3 cMmeceit JODX u XOJI B
MoJISIpHOM cooTHoureHun 80 m 20 mon. %; JODX,
JO®I' u XOJI B coorHotiennu 40, 40 u 20 mon. % u
TTOPX, CM u XOJI B cootHoienuu 60, 20 1 20 moi. %.
DKCIIEPUMEHTHI IPOBOIUIIN ITPU OIUHAKOBOM MOHHOM
coCcTaBe pa3aesseMbIX MEeMOpaHOiI BOOHBIX pacTBOPOB
anekrpoauta (0.1 M KCI, pH 7.4). KucinorHocTh pac-
TBOopoB (pH 7.4) mompepxkuBaiu Oy(pepHOIl CMeEChIO
5 MM HEPES—KOH. I1ocne ncriapeHus IeHTaHa Ha I10-
BEPXHOCTH BOTHOTO PaCTBOPA OCTABAJICS KOHICHCUPOBaH-
HBIN TUNMAHBIIA MOHOCOM. ITogbeM ypoBHE XKMIKOCTU B
000MX OTCEKax KaMephl BBIIIE OTBEPCTUS B Te(IOHOBOI
TJICHKE TIPUBOAMII K 00pa30BaHMIO OMCIOIHON MeMOpa-
Hbl. U3MepeHus1 Toka, MpOTeKaroIIero yepe3 OMCIOMHYIO
JIMIIMIHYIO0 MEeMOpaHy, OCYILECTBIISUIA B pexkume (puKca-
1Y IOTEeHIIMAJAa.
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JJ1g momaum HanpsKeHUs Ha MeMOpaHy Y OTBEICHUS
CUTHaJIa WCIIOJIb30BaJIM XJIOP-CEPEOPSIHBIC JIEKTPOIBI
(Ag/AgCl), coenMHeHHbIE C pacCTBOpaMM KaMephl yepes
arapo3Hble MocTUKU (1.5%-HbIil1 Telb araposbl, 2 M
KCI). ITonoxXuTeabHbIM CUYMTAIM HAIPSKEHUE, BbI3bI-
Balolllee ITOTOK KAaTMOHOB M3 yUC- B mMpaHc-OTACICHUE
KaMephl. DIeKTPODU3UOTIOrNIeCKIIe U3MEPEHMSI IIPOBO-
WM TP KOMHATHOM TeMIleparype. YCUIeHue U aHaJIO-
roBo-1I(poBoe Mpeobpa3oBaHUe TpaHCMEMOpPaHHBIX
TOKOB IpoBoIuin Iipu roMorm Axopatch 200B 1 Digi-
data 1440A (Axon Instruments, CIIIA).

OO6pa3ibl 9KCTPAKTOB U3 UCXOMHBIX PACTBOPOB B BO-
ne v AMCO po6asisiyiv B 00a oTceKa KaMephl 10 Ipe-
NETbHBIX KOHIIEHTPAIINIi, KOTOPBIE BHI3BIBAIOT NeCTa0M -
JM3aluio u paspyiieHue oucios (Cy,).

OnpenesnieHne U3MEHEHMIA 1EKTPUYECKOr0 MOTEHIUA-
Jia HA TpaHHIle MeMOpaHa,/BOIHbINA PACTBOP NPH BBEJAEHUHU
TeCTHPYeMbIX IKCTPAKTOB. IoHODOp HOHAKTHH U3 CTOKA B
crnupTe N100aBJISUIU B OMBIBAIOIIME PACTBOPHI C 00EUX CTO-
pOH MeMOpaHbl [0 KOHEYHOH KOHUeHTpauuu 10~'—
107 M. JIunuaHble MeMOpaHbl (POPMUPOBAIA U3 CME-
ceit JODX/XOJ (80/20 momn. %), JODX/JODI/XOJ1
(40/40/20 mom. %) u ITIOPX/CM/XOJI (60/20/20 mon. %)
o metony MonTana u Mrosnepa B 0.1 M pactsopax KCI
(5 MM HEPES—KOH, pH 7.4), kaK onicaHo BHIIIIE.

ITpoBoaumocts 6ucios (G) HaxoAWJIM KaK OTHOIIIe-
HHE CTAallMOHAPHOI'O TpaHCMEeMOpPaHHOTIO TOKa K TpaHC-
MeMOpaHHOMY HanpstKeHUIo, paBHoMY 50 MB. M3MmeHe-
HUSI BJICKTPUYECKOro MOTeHIIMala Ha TpaHullie MeMOpa-
HBI C BOOHBIM PacTBOPOM IIpY BBEIECHUMN T€CTUPYEMBIX
9KCTPAKTOB (AQ,) ONpENesuIM COMIACHO paclpenese-
Huio boneiMana (Andersen et al., 1976):

G eA
n = exp| 952, (1)
0
G° kT
0 o

e G, u G, — 3HaueHus ctaumoHapHoit K*-npoBonu-
MOCTU M6M6paHLI, I/IHHYHI/IpOBaHHOfl HOHAKTHMHOM CO-
OTBETCTBECHHO O U ITOCJIC BBEACHUA TECTUPYEMOTI'O 9KC-
TpakTa.

D1eKTpo(PU3N0JIOTHIECKHEe W3MEPEHHSA AKTHBHOCTH
nopoodpa3yrIMuX AHTHOUMOTHKOB B OUCJIOMHBIX JIMITUIHBIX
MeMmOpanax. Jlng ¢dhopMupoBaHUs JUMUIHBIX OUCIOEB
ncrioiab3oBamu cmecu JODX/XOJI (80/20 mon. %) u
JODOX/N0DPI'/XOJ1 (40/40/20 monm. %). MemGpaHbI
MOIUGULIMPOBAIIN ITPOTUBOIPUOKOBBIM ITOJIMEHOBBIM
aHTUOMOTUKOM HUCTAaTUHOM M aHTUOAKTepUAbHBIM
LHUKJIUYECKUM JIUTTONENTUAOM MOJMMUKCUHOM b. Hu-
CTaTUH WIU MOJTUMUKCUH B 106aBisiv ¢ yuc-CTOpOHBI
OMCIIOS 0 KOHEYHOUM KOHIICHTPAIlMK B auarasoHe 1—3
u 50—100 MKM cooTBeTcTBEHHO. TecTupyemble 3KC-
TpaKThl BBOAWIM B 00a OTCEKa KaMephbl IO KOHEYHOI
koHneHTpauuu 100 Mmxr/mia. Beraucisiiy cpenHee OTHO-
IIIEHUEe CTallMOHAPHOTO MAaKpPOCKOIMYECKOro HHUCTa-
TUH- VIJIA TTOJIMMUKCUH-UHAYLIAPOBAHHOIO TOKA MOCTe

1 0 BBEJICHUSI DKCTPaKTa (Iw/lg).
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OneHka HM3MeHEHHs NPOHHUIAEMOCTH MeMOpaH IO
JIeCTBHEM TECTHPYEMBIX 3KCTPAKTOB myTeM dJiyopu-
METPHM YTeYKH KajiblleMHa U3 JunocoM. OHOCIOMHbIE
Be3uKkylbl U3 cMmeceit JJODX/XOJI (80/20 mon. %),
AJO®X/A0DPI/XOJT (40/40/20 wmon. %) wiu
MO dX/CM/XO0J (60/20/20 mon. %), Harpy>KeHHBIE
(ayopeclieHTHBIM KpacuTesleM KajblieMHOM, (hpopMu-
poOBaJIM C TIOMOIIbI0O MUHM-3KcTpyaepa (Avanti Polar
Lipids, Inc., CIIIA). McxonHblil pacTBOpP JUIKUAA B XJI0-
podopMe Tomelliain B BUaly, IOCje YEro pacCTBOPUTEb
yaaasiid NOTOKOM a3oTa. [lojydyeHHyIo JUMNUIHYIO
TUIEHKY TuapaTtupoBaiu 0ydepHbIM pacTBopoM (35 MM
kanbenHa, 10 MM HEPES—NaOH, pH 7.4) u nocie
OSATUKPATHOTO 3aMOpaXXMBaHUSI—pa3MOpPaXKMBaHUS
13 pa3 nporyckaau yepes MoJuKapOoOHaTHYI0 MeMOpaHy
(Nucleopore TM, CIIIA) ¢ nmamerpowm 11op 100 HM 115t
MOJIyYEHUSI TOMOT€HHOM MOMNYJISIUU OOJbIIUX OAHO-
clioifiHbIX JunocoM. Hes3axBauyeHHBIN JIMIIOCOMaMU
KaJIbLIEUH YAaJsiau Telb-QuibTpaliveit Ha KOJIOHKE,
3anoJiHeHHoM cedanekcom G-50. B kauecTBe 3J110eHTa
M CMOJIb30BaI CBOOOIHBIN OT KaJiblieMHa Oy(depHbIii pac-
tBop (150 MM NaCl, 10 MM HEPES—NaOH, pH 74).
KanblievH, Haxoasuics BHYTPU JIMIIOCOM, B KOHIIEH-
Tpauuu 35 MM wucnsiThiBaJl caMmotylieHue. dayopec-
LIEHLIMS] KaJblIEMHA, BBITEKAIOIIETO U3 JIMIIOCOM B OKpPY-
XKaIUii MUX pacTBOp IMoH4 ACUCTBUEM TECTUPYEMbIX
9KCTPaKTOB, CBUIETELCTBOBAIA 00 YBEIMYEHUU MTPOHU-
11aeMOCTM MeMOpaH BCJIEICTBUM Ppa300LIEeHUsT 00pa3yto-
LIMX UX JMIUJIOB MPU BCTPAMBAHWU KOMITOHEHTOB 3KC-
TpakToB. JIMIIOCOMHYIO CYCNIEH3UIO pas3fessuii Ha
anukBOThl. KOHTpOIbHBIE 00pa3iibl HE MOIU(DUIIMPOBaA-
au. TecTtupyeMble 3KCTPaKThl HOOABISUIM B JIMIIOCO-
MaJIbHYIO CYCITIEH3MIO 10 KOHUEeHTpauu 5S—250 MKT/M1.

MHTeHCcuBHOCTH (hiiyopeceHIIMU BHICBOOOXKIEHHO-
ro U3 aunocoM KanblieuHa (RF, %) n3Mepsiau ¢ IIOMO-
mbio criekrpodoopumerpa (Omoopar [Manopama-02,
Poccust; niavHa BOJHBI BO30Y:KIEHUSI U DMUCCUU COOT-
BeTcTBeHHO 490 u 520 HM). B KOHIIe 3KkciepuMeHTa B
cycrieH3uto pooasnsin Tputon X-100. B xoHIeHTpAa-
1 10 MM 3TOT IeTepreHT BhI3bIBAeT pa3pylleHUe BCeX
JIMIIUAHBIX BE3UKY/I U IIOJIHOE BBEICBOOOXICHUE 3aXBa-
YEeHHOTO MapKepa.

Bemmuuny yreukn RF (%) onpenensiiau 1o popmyie:

I, -1
RF:#
1.11 _10

max

x100%,

rae I; v [ — MTHTEHCUBHOCTD (PIyOopecleHIUU pacTBopa
COOTBETCTBEHHO B IIPUCYTCTBUM U OTCYTCTBUE TECTUPY-
€MOro dKCTpakTa, I,,,, — MHTEHCUBHOCTb (piiyopeclieH-
11 pacTBopa 1ocie 1o6aBku TpuroHa X-100 (MHOXM-
Tenapb 1.1 BBedeH Ojisl yyeTa paszbaBieHus1 oOpas3la BOMd-
HBIM pPacTBOPOM J€TepreHra), O. — IIOIPaBOYHBIN
K03 DUIMEHT TyIlIeHUs (pIyopecueHIIN MapKepa 9KC-
TpakToM. KoaddpuimeHT TylieHUsT ONpeacsid B XoAe
KaJMOPOBOYHBIX DKCIIEPUMEHTOB 0€3 MCIIOJbh30BaHUS
JIMIIUAHBIX BE3WKYJ KaK OTHOIIEHME MaKCUMabHOI
MHTEHCUBHOCTU (PJIyopeclieHIIMY pacTBOpa KaJlblieMHa
IIO U TI0CJIE BBEICHUS DKCTpPaKTa.
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Jnddepennuanbiasg CKaHMPYIOMAss MHKPOKAJIOPH-
MeTpHsA MOAU(MDUIIMPOBAHHBIX IKCTPAKTAMM WM UX KOM-
NOHEHTAMM JIMIIMJAHBIX Be3WKY/1. Bojbline omHoIaMen-
JISpHBIE TUIOCOMBI n3rorasnuBanu us JI1MOX meTogom
3JIeKTpoopMalium ¢ omoliibio mpudopa Nanion vesi-
cle prep pro (I'epmanus). Ha ctekiia monaBaiu nepemMeH-
Hoe HarnpsokeHne ¢ ammuintynoit 3 B m gacroroii 10 I B
TeyeHre 1 4 mpu Temneparype 55°C. KoHueHTpauus
jmunuaa cocrabistia 3 MM. B skcriepuMeHTalIbHEIE 00-
pa3iibl BBOOWIM KOMITOHEHTHI DJ1O (KBepleTUH, MUPHU-
LEeTUH WIA PYTUH) IO MTOCTUXEHUSI COOTHOIIEHMS JIU-
nug : ¢piaaBoHou 10 : 1. Kommonentsr DY u OCI neHTa-
MUKINIECKNE TPUTEPIECHOUAH! (OSTYINH U JIIOIEO0N) U
(JIaBaHOHOHBI (HAPUHITUH 1M HAPUPYTUH, KOTOPHIE SIB-
JISTIOTCS TJIMKO3UIaMM HapUHIeHWHA) COOTBETCTBEHHO
obun ucciaenoBanbl paHee (Efimova et al., 2018; Efimova,
Ostroumova, 2021). TepMorpaMMbl JTUMOCOMAIbHBIX CYC-
MEH3WI TodydYaii Ipy TmoMol auddepeHInaIbHOro
cKkaHupytomiero Mukpokaigopumerpa WDSC7 (Setaram,
®panuus). Bocnpon3BogrMoCcTH TeMrepaTypHOIl 3aBU-
CUMOCTU TEIUIOEMKOCTH OOCTUTAJIM IYTEM ITOBTOPHOTO
HarpeBaHMsI 00pasiia cpasy HOCIIe OXJIAKACHMSI C TOCTOSTH-
Hoit ckopocTbio 0.2°C/MuH. TepMorpaMMbl XapaKTepu30-
BaJIM HAJIMYKMEM KA, COOTBETCTBYIOILIETO MPEATICPEX0IY
JTTIPX u3 renb- B IpOMEXYTOUHYIO pUIILI-da3y, MaK-
CUMaJIbHOM TeMIIepaTypoii OCHOBHOTO (pa30BOTO Iepe-
xona (7,,), a Takxke LUPUHON MHUKa, COOTBETCTBYIOLLETO
TUIABJICHUIO, Ha moiyBbIcoTe (7 ). I3MeHeHue yKazaH-
HBIX ITapaMeTPOB MO3BOJSIET CYIUTh O TEPMOTPOIHOM
IOBENEHUM JIMIIUJIOB NpPHU aacopOLMM KOMIIOHEHTOB
9KCTPAKTOB.

Bce mapamMeTprl, xapakTepu3ylonine OeiiCTBUE 3KC-
TPaKTOB WJIM MX KOMIIOHEHTOB Ha CBOiicTBa MeMOpaH
WIA PEeKOHCTPYMPOBAHHEIX KAHAJIOB, ONpEIeICHEI ITy-
TEeM BBIYUCIEHUS CPEIHETOo apu(PMEeTUIECKOrO BEJIU-
YU1H, ITIOJIY4EHHBIX B 4—9 He3aBUCHUMBIX DKCIIEpUMEHTAX.
Benuuunsl Cy, u RF mipencraBiieHbl B BUIE CPEOHUX
3HAYeHMUI U UX CTAaHIApPTHBIX oTKIoHeHU# (SD). Bean-

YUHBI AQ,, 1, / 12, AT, n AT, IpenCTaBIeHbl B BUIIE
cpelHero 3HayeHui 1 ero ctaHmapTHou ook (SE).

PE3VJIBTATHI 1 ObCYXIEHUWNE

B pa6ore unccnenoBana crnocooHocts DCI, BJIO u
DY yBemnunBaTh MOHHYIO ITPOHUIIAEMOCTD IUTOCKUX JIA-
MMUIHBIX OMCIIOEB Pa3IMIHOTO cocTaBa. MoenbHbIC JIH -
NUaHbIE MeMOpaHbl GOPMUPOBAIIN U3 HE3aAPSIKEHHBIX U
OTPUILATEIIFHO 3apsLKeHHBIX (OCHOIUTTNAOB, CHUHTO-
JIUTIMIOB U cCTepruHOB. B Tab1. 1 IpencTasiieHbI TOpoTo-
Bble KOHLIEHTPALIMU 3KCTPAKTOB, MTPU JOCTUXEHUU KO-
TOPBIX HapyIIajach 3JeKTpUYeCKast CTaOMILHOCTD JIU-
NUOHBIX OMCIOEB Pa3IMUHOIO cocTaBa. JloOaBieHMe
OCI, BJIO nu DY go KOHLEHTpalUMU COOTBETCTBEHHO
950, 300 1 900 MKT/MJT K He3apsKeHHbIM MeMOpaHaM 13
JODX/XOJI (80/20 mon. %) He BBI3BIBAIO YBETUUEHUS
X MMPOHULIAEMOCTHU 1Jist UOHOB. [1pu 3TOM MakcuMaib-
HO IOoCTXUMas KoHIleHTpatus DJ10 Obl1a orpaHnYeHa
TOITYCTUMBIM OOBEMOM PACTBOPHUTENSI B DKCIIEPUMEH-

ED®OMMOBA u np.

TaJabHOI KioBeTe 1 coctaBisia 300 Mxr/mia. BBeneHue
JAMCO B 60abI1IeM KOJIMYECTBE CITOCOOCTBOBAJIO POCTY
WOHHOIW MNPOHUIIAEMOCTM MEMOpaH M He ITO3BOJISIIO
IUCKPUMUHUPOBaTh 3(hGEKTHl pacTBOPUTENSI U BKC-
TpakTa. JlanpHeillllee yBeaWUYeHHE KOHIUEHTpALUU
BCI'u BY (bosee 950 u 900 MKr/MJI COOTBETCTBEHHO)
MHPUBOIUIIO K TTOBHILIEHUIO TPOHUIIAEMOCTH JIMITUIHBIX
O61CIIOEB MJISI MOHOB, HAPYIICHUIO UX 3JIEKTPUYECKOM
CTaOMIbHOCTH  (YBEJIMYEHUIO YYBCTBUTEIBLHOCTU K
IPUIIOKEHUIO TpaHCMEMOPaHHOIM pa3HOCTH MOTEHIINA -
JIOB) U TIOCJIeNYIONIeMY pa3pylieHunio. B ciiyuae He3apsi-
KeHHbIX MemOpaH u3 cMecu [TODOX/CM/XOJ
(60/20/20 Mon. %) Habmoomanu — aHAJOTWYHBIE
JODX/XOJI-6ucnossm 3¢ PEeKTh, a UMEHHO: BBEICHUE
OCI, BJIO u DY no KOHLEHTpallM COOTBETCTBEHHO
1100, 300 m 1000 MKTr/MJI HE CHOCOOCTBOBAJIO POCTY
MOHHOM MPOHUIIAEMOCTH MeMOpaH, a yBeJIUUYeHUE KOH-
meHTpauuu DCI' 1 DY BBI3BIBAJIO ASCTAOMIM3ALAIO0 U
JIEe3UHTETpalNI0 MEMOpaH YKa3aHHOTO COCTaBa.

3aMeHa DBJIEKTPUYECKW HEWTpaJbHbIX OUCIIOEB,
chopmupoBaHHBIX u3 cMeceir JODX/XOJl wm
IMMO®X/CM/XOJI, Ha oTpulLATEeIbHO 3apsiKEHHbIC
JODOX/10DI'/XOJI memOpanHbl BbI3bBajia 1.3—1.4-
KpaTHOE€ CHIKEHME ITOPOTOBhIX KOHIeHTpauuii DCI' n
OY, mnpu KOTOphIX HaOMOOaIM pa3pblB MeMOpaH
(Tabi. 1). YuuThiBas CXOIHYIO 4YBCTBUTEIBHOCTHb MC-
MOJIb30BAHHBIX B UCCIIEIOBAHNU XOJECTEPUH-COepXKa-
X MeMOpaH K 3JICKTPOIpo00I0, CHUXKEHUE MOPOTro-
BbIX KoHIeHTpauuit DCI' 1 DY B oTHOIIIEHMM OTpUIIA-
TEJIbHO 3apsKeHHBIX MeMOpaH TII0 CpaBHEHMIO C
HEHATPaTIbHBIMU OMCIIOSIMU MOXKET OTPaXkaTh CEJICKTUB-
HOCTb UX MEMOPaHHOTO JeMCTBYS U yKa3bIBaTh Ha Mpe/l-
MOYTUTEJIbHOE B3aMMOJIEHCTBUE ITUX DKCTPAKTOB C
docharuagunrnunepuHom (JOPI) mo cpaBHEHMIO C
docharnamnxonrnHamMu (JJODX wan [TODX). Yuurhi-
Basi, YTO OTPHUIIATEIIFHO 3apssKeHHBIN ochaTraITI-
LIEpUH SIBJISIETCSI MaXKOPHBIM KOMITOHEHTOM OaKTepu-
aJIbHBIX MEMOpaH, B OTJIUYMe OT pochaTUINIXOIHA, B
OOJILIIIOM KOJIMYECTBE CoAepxKallerocs B MeMOpaHax
KJIETOK MJIEKOTIUTAIOIINX, MOJy4YeHHbIE JaHHbIE MOTYT
yKa3blBaTb Ha MEXaHU3Mbl aHTUOAKTEePUAIbLHOTO Aeii-
ctBus OCI'u DY.

Jng ycTaHOBJEHUS BIWSHUS TECTUPYEMBIX COSTUHE-
HUI Ha TpaHCMEMOpPaHHOE pacIipeneIeHUe IeKTPUIECKO-
ro MoTeH1Irasa MpoBeJeHa olieHKa MU3MEHEeHU I TpaHUYHO-
IO MOTEHLMAIA JIUMUAHBIX OuciIoeB (AQ,) Opyu BBEICHUU
ACT, DJIO u DY. 3aBUCUMOCTH CpeaHETr0 U3MEHEHUS
TpaHUYHOIrO MOTEHLMAala JUIIUAHBIX OuciIoeB, chop-
MUPOBaHHBIX 13 cMmeceit JJODX/XOJT (80/20 mon. %),
JOOX/A0DPI/XOJI  (40/40/20 wmon. %) wu
IMMO®X/CM/XOJI (60/20/20 Moa. %), OT KOHLIEHTpa-
IIUH TECTUPYEMBIX 3KCTPAKTOB B OKOJIOMEMOPaHHBIX pac-
TBOpax IpeacTaBieHbl Ha puc. 1. BumHo, 9To Bce mpuBe-
JIEHHbIE 3aBUCHMOCTU XapaKTePU3YIOTCSl HACHIILIEHUEM —
MPU TOCTIDKEHUH OIIpeNeSIeHHON KOHIIEHTPaIlM 3KC-
TpakTa, maJibHEWIee yBEJIMYCHUE ero COIAepKaHUsS B
OKOJIOMeMOpaHHOM PacTBOpPE HEe COMPOBOXIACTCS W3-
MEHEeHHWeM I'paHIYHOTO MoTeHIInaa. HaceimeHnue Kpu-
BBIX IIPUHSITO ONMUCHIBATH MAaKCHMMAaJTbHON BEITWYNHOMN
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Taﬁ.lmua 1. Bimusaue TECTUPYEMBIX OKCTPAKTOB Ha (I)I/IBI/IKO—XI/IMI/I‘{CCKI/IC CBOMCTBA MOJIEJIbHBIX JIUITUIHBIX MCM6paH pasiany-

HOTrO coCTaBa

TODX/XOJ JODX/A0DT /X0 TO®X/CM/XOJ
(80/20 mout. %) (40/40,/20 wmon. %) (60/20/20 most. %)
SKCTPaKT
Cthr A(pbmax RF Cthr A(pbmax RF Cthr A(pbmalx RF
MKT,/MJI MB % MKT,/MJI MB % MKT,/MJI MB %
BCrI’ 950 £+ 50 —38+7 6=L3 700 £ 50 —28+4 3+1 1100 =75 | =20+ 4 *
D10 3000 | 4511 | 14+7 3000 | —10+4 745 3000 | —35+8 8+ 4
24 900 = 50 11x£9 1x1 650 + 25 10+6 2x1 1000 = 50 —4+3 11

IMpumeuanue. Cyy,. — MOpOroBast KOHLEHTPALINsl SKCTPAKTA, BBI3bIBAIOIIAS HApyLIEHUE TU3IEKTPUIECKON PyHKIINKM MEMOPaHBI U €€ pa3py-
eHUe; AQp,. — UBMEHEHUE JIEKTPUYECKOTO MOTEHIMaIA IUMUIHBIX OMCIIOEB Ha TPaHULIe MeMOpaHa,/BOIHBIN pacTBop; RF — MakcuMasb-
HOE OTHOCHUTEIBHOE BBICBOOOXIEHNE KAIbLIENHA U3 JIUITAAHEIX BE3UKYJI IO A€MCTBUEM SKCTpaKTa B KoHIeHTpauuu 100 mxr/mi. (?) — mak-
CUMAaJIBHO TOCTMDKMMasl B 9KCIiepuMeHTe KoHIeHTpauus DJIO (manbHeitnee yBeandeHue KoHeHTpamu DJIO orpaHMYeHO BBEIEHUEM B
9KCIIEPUMEHTAIbHYIO KIOBETY MAaKCUMaJIbHO AOIycTUMOro oobema JIMCO u HapylleHueM CTabMIbHOCTY MeMOpPaHbI ITOJ1 I iCTBUEM CaAMOTO

pacTBOpUTEIS).

U3MEHEHUS TPAHUYHOTO MOTeHLMaNa, AQ,,. . Beanuu-
HBI AQyax 47151 JODPX/XOJI-, JODPX/AO0ODPI/XOJI- u
ITOD®X/CM/XOJI-MmeMOpaH B IIPUCYTCTBUU TECTUPYE-
MBIX 9KCTPAKTOB TIPENCTaBICHBI B Ta0M. 1.

Ha puc. 1a MoXXHO 3aMEeTUTh, YTO HAUOOJIBbIIICH CITO-
COOHOCTBIO MOIUGULIMPOBATh IPAHUYHBII MOTEHLIMAT
meMOpaH u3 JODX/XOJI xapakrepusyercs DJIO: BBe-
JIeHUE DKCTPaKTa B OTHOCUTEIbHO HU3KUX KOHIIEHTpa-
mugx (MeHee 60 MKT/MJ1) COTPOBOXAAETCS YMEHBIIIEHH -
€M rpaHM4YHOro moreHumama a0 45 mB (tabn. 1). BCT
TakXe CIOCOO0eH CHMXXATh PaHUYHbBINA MOTEHLIMAJ, HO
XapaKTepu3yeTcss MeHbIINM 3(P@eKToM IIpu OOIBIINX
KoHHeHTpauusax (okoyuo 30 MB npu KoHIIeHTpausx 60-
nee 400 mxr/mun). [Tpu aToMm BBeneHue DY BhI3bIBACT He-
3HaunTebHOe (He Oosee 10 MB) yBenmueHne rpaHUYHO-
ro noteHunana JODX/XOJI-mem6panH. BeegeHue B co-
cTaB MeMOpaH oTpuLaTesbHO 3apstkeHHoro JO®I
COMPOBOXIAETCS 3HAUUTEIbLHBIM TMageHueM 3¢hdheKTUB-
HOCTH ITOTeHIIMaI-Monuduirpyolero aeicteus J10 (B
4.5 paza) (puc. 16, Tabn. 1). DbPeKTUBHOCTL NEHCTBUS
OCI' u B4 Ha metitrpanpHble (JIODPX/XOJI) u orpuia-
TEeIbHO 3apstbkeHHble MeMOpaHbl (JJODX/IODPI/XOJT)
MaJIo OTJINYAETCsl: BEIUYUHBI AQy,,,.. COBIIANAIOT B TIpe/e-
JIax TorperHocTH (TabJt. 1). [paHUYHBIN MOTeHLMAI MEM-
6pan u3 [MTODX/CM/XOJI nox aeiictBuem DCI" u BJ10
yMmeHbiaercss Ha 20 u 35 mMB cooTtBeTcTBEeHHO (puc. 18,
Ta6. 1). IloTeHUMaN-MonupULIMpyIolasi aKTUBHOCTb DY
B oTHoLIeHnY 6ucnoeB u3 [IOMX/CM/XOJI npakTrnuecKu
He TiposiBiisieTcs (puc. 16, Tadm. 1).

CornacHO MOAaHHBIM U3 JIMTEPaTypHl, (hJIABOHOJBI
(KBepUEeTUH U MUPULIETUH ), TAKXKe 1 NIMKO3U KBepIie-
TUHA PYTUH SIBJSIOTCS MaXOPHBIMU KOMITOHEHTaMu
BJI0 (Yogendra Kumar et al., 2013), a neHTauuKiIM4de-
CKME TPUTEPIICHOMIBI OCTYIIMH U JIFOIIEOJT BXOISIT B CO-
ctaB OY. B coctaBe DCI o6HapykeHbI (hiaBaHOHOHBI, B
YaCTHOCTH HAPWHTUH ¥ HAPUPYTHUH, KOTOPBIC IBIISTIOTCS
MIMKOo3MaaMu HapuHreHuHa (Avula et al., 2016). Panee
HaMU MOKa3aHo, YTO MaKCUMaJIbHOE€ YMEHbIIIEHHUE Ipa-
HUYHOTO ToTeHIMaNa (ochaTHINIXOINH-CcoaepXKa-
X OMCI0eB IIPU aaACcOpOIUY KBEpLIETUHA 1 MUPUILIE-
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tuHa coctapisgeT 104 u 111 mB coorBeTcTBeHHO (Efimo-
va, Ostroumova, 2012; ta6na. 2). IloTeHumama-Momau-
dummpyomass  CIToCOOHOCTh pPYyTUHA 3HAYUTEITHHO
MEHbIIIe, YEM €0 amIMKOHA KBEPLIETMHA: MAaKCUMAIbHOE
YMEHbIIIEHWE TPAaHUYHOTO MOTeHIIMajla MeMOpaH He Tpe-
Boimaer 40 MB (EdumoBa, Octpoymona, 2015; Ta6n. 2).
MaxkcumaabHOE YMEHBIITeHe TPAHNIHOTO MMOTeHITHAaa
MeMOpaH B MPUCYTCTBUM HApPUHTEHMHA COCTaBJISIIIO
50 MmB (Efimova et al., 2018). MoOXHO IIpEIITOJIOXUTD,
9TO TTOTeHIIMAT-MOINPUIIMPYIOINiA 3PdHEKT NTNMKO3U -
JIOB HApUHIeHWHA, HAPUHTUHA U HApUPYTUHA OKAXKETCS
3HAYUTEIIFHO HIDKE, YeM Y alJTMKOHA.

TTomoOHast 3aBMCMMOCTH OOHapy:XeHa KakK B cllydac
(I1aBOHOJIOB KBEPLIETMHA U €TI0 NIMKO3U A PYTUHA (AQp .«
coctaBuio 104 u 40 MB cOOTBETCTBEHHO), TaK W JUTHI -
pPOXaJIKOHOB (hJIOPETUHA U €ro IIMKo3uaa (GIJIOpUILIMHA
(okoJ1o 150 1 90 MB cooTBeTcTBeHHO) (Efimova, Ostrou-
mova, 2012; EpumoBa, Octpoymosa, 2015). Panee HamMmu

Tabomuua 2. BiausHue HEKOTOPBIX KOMIIOHEHTOB TECTHUPYE-
MBIX 9KCTPAKTOB Ha (DU3UKO-XUMUYECKUE CBOMCTBA MOJIEJIb-
HBIX JTUTTUAHBIX MeMOpaH

AQpmaxs MB AT,, °C ATy p, °C
KomnoHeHT
ADPDX ATIDX JATIDX

Ksepuernn —104 + 72 —0.3x0.1 0.7+0.3
MupuueTuH —111 £ 12 —0.3+0.1 0.2+0.1
Pyrtun —40 + 6° 0 0
Berynun —1£1® —0.2+0.1® 0.1 £0.1®
Jlioneon —1+1® —0.3+0.1° 0.1£0.1°

IMpumeuanue. AQp,.. — U3MEHEHUE IEKTPUUYECKOTO MOTEHIIMANA
JIMMTUIHBIX OMCIIOEB Ha rpaHuLe MeMOpaHa,/BOIHBIi pacTBop; AT, —
M3MEHEHME TeMIlepaTypbl DIaBHOTO (azoBoro mepexoma AIIDX;
AT, — M3MeHEHNe NOJYLINPUHBI MK, COOTBETCTBYIOLLETO I11aB-
snernto ITTDX. CooTHomeHue Tunun : (hJIaBOHO U JIMITHI : TPUTEP-
neHoua coctaniisieT 10 : 1 1 50 : 1 cooTBeTCTBEHHO. JlaHHBIE B3SIThI
n3: (#) — Efimova, Ostroumova, 2012; (6) — Edumosa, OctpoyMoBa,
2015); (®) — Efimova, Ostroumova, 2021.
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a

Aoy, MB

ED®OMMOBA u np.

800 1000

—15

—30

—45

C, MKT/MJI

A(pb, MB

C, MKT/MJI

Puc. 1. 3aBucUMOCTb U3MEHEHUS TPAHUYHOTO MOTeHIMaIa MeMOpaHbl OT KoHlUeHTpauuu DCI (ksadpamer), DIJ1O (kpyaucku) n DY
(mpeyeoavruku) B MeMOpaHOOMBIBAIOIIEM pacTBope. MemOpaHbl chopmupoBaHbl U3 cienyommx cmeceit: a — JODX/XOJI
(80/20 mon. %), 6 —10DX/AODPI/XOJI (40/40/20 moi. %) unu ¢ — ITTODX/CM/XOJI (60/20/20 mon. %) B pactBopax 0.1 M KCl,

pH 7.4. TpancmeMmOpaHHoOe HanpspkeHue cocTtapisieT S0 mB.

TakXe YCTaHOBJIEHO, UTO OETYJIMH U JIIONEO0J HE BIUSIOT
Ha TpaHUYHBIN MoTeHIUal HPOocHOMUIMUIHBIX MEMOpaH
(AQ,x HE TPEBBILIAECT IO aOCOJIOTHOMY 3HAYEHUIO
1 mB) (Efimova, Ostroumova, 2021; ta6:x. 2). Comocras-
JIEHUE PE3YAbTATOB ACHCTBUS HA TPAHUYHbINA MOTEHLIMA
MPUPOIHBIX IKCTPAKTOB U MX KOMIIOHEHTOB IMO3BOJISIET
MNPEIONOXUTh, YTO U3MEHEHUE TPAHUYHOTO MOTEHIIAJIa
riox aeiictBueM BJIO oOyCJIOBIEHO MPUCYTCTBUEM B €O
coCTaBe KBeplIeTMHA U MUPULIETUHA, a CJIab0e IMOTeHLIMaI-
momudpunmpytoniee neiicrere DCI u DY cBsg3aHO ¢ BBICO-
KUM COJIep>KaHMEM B COCTaBE ITUX IKCTPAKTOB IJIMKO-
31UJIOB HApUHT€HWHA U TIEHTAUUKINYECKUX TpuUTepre-
HOUJIOB COOTBETCTBEHHO.

JIJ1s1 OLIeHKM CITOCOOHOCTH 9KCTPAKTOB YBEIUUUBATD
MPOHMIIAEMOCTb JIUMMIHBIX BE3UKYJI IJIT MapKepa ITy-
TeM pa3oOILeHNs] MeMOPaHHBIX JIMITUIOB MpoBeaeHa (hIy-
OpPUMETPHS YTEUYKH KaJTbIIeHA 13 MOHOJIAMEJUTIPHBIX JIH-
TIOCOM PAa3IMYHOTO COCTaBa TPH BBEIEHWH B CYCITEH3UIO
9KCTPaKTOB B KOoHLIeHTpauuu 1o 100 mxr/mia. B ta6a. 1
TIPEICTaBICHBI CPEIHIE BETMINHBI MAKCUMAJILHOI yTed-
ku Mapkepa u3z JODX/XOJI-, JODX/JOPI/XOJI- u

MMO®X/CM/XOJI-Be3ukyn noxn aeiictueM 100 MKr/mn
akcTpakta OCI, BJIO win BY. BeruuciaeHus: nmpoBese-
HBI C YY€TOM TYIIEHUS 3KCTpaKTaMH (PIyopecleHIINNT
KaJiblienHa (cM. pasfen “Matepuan u MeTonuka”). B
ciaydyae DCI, BJIO n OY yreuka mMapkepa M3 BE3UKYIT
JOD®X/XOJI ve npesbiiaeT 6, 14 1 1% cooTBeTCTBEH-
HO. Beanuunxer RF Majo 3aBUCAT OT COCTaBa JIMIIOCOM.
MoxHo 3aknouuTh, 4To DCI' 1 DY mpakTU4YecKu He
YBEJIMYNBAIOT IIPOHUIIAEMOCTD JIMIIOCOM IIJISI KaJbLeH-
Ha HE3aBUCHUMO OT UX COCTaBa. DTU TaHHbIC YKa3bIBAIOT
Ha OTCYTCTBHUE cIlocoOHOCTH KomMmnoHeHToB DCI u DY
V3MEHSTh IJIOTHOCTh YITAKOBKHU JIMIIUIOB IIPU BCTpau-
BaHUU B 6ucioii. HeaHauuTenbHbBINA POCT BHICBOOOXKIE-
HUSI MapKepa U3 JIUIocoMm Ton aeiicteuem DJIO moxer
YKa3bIBaTh HA CIIOCOOHOCTb HEKOTOPBIX KOMITOHEHTOB,
BXOJSIIMX B COCTaB 3TOTO 3KCTpPaKTa, pa3yHopsaouu-
BaTh IUIUABI B MeMOpaHe. BEIIBUHYTOE IIpEIIoIoxKe-
HMe OBLIO ITPOBEPEHO C ITOMOIIBIO T depeHIINATbHON
CKaHUPYIOLIEH MUKPOKAJIOPUMETPUU JIMIIOCOM B IIPHU-
CYTCTBUU KOMITOHEeHTOB DJIO.
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Puc. 2. Tepmorpammbl maBieHust AIN®X (Cp(7)) B orcyrctBue (I) U B OpUCYTCTBUM pyTuHa (2), mMupuuetuHa (3) win
kBepuetuHa (4). CoorHoureHue aunuy : aBoHon cocrassier 10 : 1.

B orcyrcTBHE Kakmx-mbo MOmM@UKATOPOB IIpes-
nepexon JATDX Ha6momaetcst ipu 33.9°C, Temrepary-
pa miaBHOTO (ha3oBOro mnepexoja JUMUIA COCTABISIET
41.4°C, a noJylIMprHa COOTBETCTBYIOIETO IJIaBIAECHUIO
nuka cocrabiisieT okosio 0.5°C. O6HapykeHO, YTO BBe-
JIeHWE B JIMMTOCOMAIBbHYIO CYCIIEH3UMIO0 KBEpILETUHA WU
mupuiieTrHa (¢hJ1aBOHOJIOB, BXOAAIINX B coctaB BJ10),
IIPUBOJIUT K NogaBjeHMIo nipen-nepexona AIPX, cHu-
KEHUIO ero TemrepaTypsl miasjienus Ha 0.3 u 0.4°C u
YBEJIMYEHUIO TTONYIIMPUHBI OCHOBHOTO Nnka Ha 0.2
0.7°C cootBeTcTBeHHO (puc. 2, Tabn. 2). Inmuko3ung
KBeplieTUHA pyTUH Ha TepMorpamMmy IutasieHus JI1OX
MIpakTUYECKU He BiuseT (puc. 2, Tadi. 2). DIMMUHHUPO-
BaHUE Mpea-rnepexona, CHIXKeHUEe TeMIlepaTyphl TJ1aB-
nenus JIIPOX u yBenudyeHre MOAYIIUPUHBI OCHOBHOTO
nyKa Ha TepMorpamMMme B IPUCYTCTBUM KBEpLIETUHA U
MUpPHUILIETUHA YKa3bIBAIOT HA BCTpauBaHUE BTUX (I1aBo-
HOJIOB B OUCJION MeXIy JUMUIHBIMU TOJIOBKaMU, B pe-
3yJbTaTe€ 4Yero IMPOUCXOAUT YBEJIWYEHUE TUIOIIAIM,
MPUXOISIIeIicSI Ha OOHY JUMUAHYIO MOJICKYIIy, pa3y-
NopsiioYyeHre alMJIbHBIX LeTeil JUMUI0OB U CHUXE-
HUE KOOIMEePaTUBHOCTU IMaBHOTO (pa30BOTO mepexoaa
AM®PX. IlorpyxkeHue KBepleTMHA W MHUpPHUIETUHA B
ruapoUIbHYI0 00JaCTh MEMOpPaHbl TaAKXKe TOJIKHO CO-
MPOBOXIATHCA MHIYKLIMEN MOJO0XWUTEbHON CITOHTaH-
HOI1 KpMBU3HBI. PaHee HaMU TTOKa3aHO, UYTO B OTJIMYME
oT (y1aBoHOJI0B B cocTtaBe DJIO, KBepLieTUHA 1 MUPUILIE-
THUHA, KOMOOHEHTHI DY (OeTyIMH 1 JII0IIe0T) MpaKTUIe -
CKM HE BJIMSIIOT Ha TepMoTpoIrtHoe noBeacHue JIITDX
(Efimova, Ostroumova, 2021; Ta0i. 2).

HOI[pO6HaH KOJIMYECTBCHHAaA XapaKTC€pUCTUKA BJIN-
AHUA IPUPOIHBIX 3KCTPAKTOB M MX KOMIIOHCHTOB Ha
(1)I/I3I/IKO—XI/IMI/I‘IGCKI/I€ CBOMCTBA MOAEIBbHBIX JIMIIUIHBIX
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MeMOpaH pacKpbUla MNEPCIIEKTUBBI HMX COBMECTHOIO
IIPMMEHEHUS C aHTMOMOTUKaMM, ITOpooOpa3yolas ak-
TUBHOCTb KOTOPBIX 3aBUCUT OT JIMIIUIHOTO MUKPOOKPY-
KeHus. It olleHKM CMHepru3Ma IeiCTBUS 9KCTPaKTOB
C aHTUOMOTUKAMU B IUIOCKME JIMIUAHBIE OMCIIOU OBLI
PEKOHCTPYUPOBAH IIPOTUBOIPUOKOBBLIA AHTHOMOTHK,
OTHOCSIIIIMIACS K KJIaCCy MOJMEHOBBIX MaKPOJMIOB, HU-
ctaTuH. M3BeCTHO, 4TO OOpa3oBaHHBIE HUCTATUHOM
MOHHEIE KaHaJIbl 00JIamaloT MEXaHOYYBCTBUTEIBHO-
CTBIO, UTO OOYCJIOBJICHO HaJIM4reM Y (QOPMUPYEMBIX ITOP
JIMITUIHOIO YCThSI, XapaKTePU3YIOIIErocs IMOJI0XKUTEIb-
Hoit kpuBusHoii (Chulkov et al., 2015).

Puc. 3 (eéepxHsas naneav) IeMOHCTPpUPYET U3MEHEHUS
CTAallIMOHAPHOTO TPAaHCMEMOpPAHHOIO TOKA, MWHIYLNPO-
BAaHHOTO BBEJACHMWEM HUCTATMHA C YUC-CTOPOHEBI
JO®DX/XOJI-6ucnoes, 1ocie IByCTOPOHHETO 100aBJie-
HUS TECTUPYEMBIX 3KcTpakToB. Kak BugHO Ha puc. 3a—se,
OCTI 1 DY He BIUSIOT Ha BeINYNHY ToKa, a DJIO BBIZHI-
BaeT 3HAUUTEIbHOE YBEJIMUYCHUE MOpOooOpa3yloleii ak-
TUBHOCTU HUCTaTUHA. TaGa. 3 cyMMUpyeT pe3yabTaThl,
MOJIyYCHHbIE B CepUU HE3aBUCUMBIX 3KCIEPUMEHTOB.
Panee HaMu moka3aHoO, YTO (hIaBOHOJIBI, BXOASIIE B
coctaB DJIO, KBEpLUETUH U MUPULIETUH, MOTEHIIUPYIOT
MOpPOOOPa3YIOIIYIO CITIOCOOHOCTh HUCTaTUHA (B 19—41 n
4—270 pa3 COOTBETCTBEHHO) MyTeM CHUXXEHUSI SHEPTUU
o0pa3oBaHUs JIMOUIHOIO YCThSl HUCTATUHOBBLIX KaHAa-
0B (Chulkov et al., 2015). Takum o6pa3om, IToTeHIIMA-
s DJIO mopoobpasyrollieii aKTUBHOCTU HUCTAaTHHA,
BEpPOSITHO, CBsI3aHA C HAJUYMEM B COCTaBe 3KCTpaKTa
BJIO kBepueTHA 1 MUPHUIETUHA Y MHAYKIIUCH 3TUMU
KOMIIOHEHTaMM MOJIOXUTEJIbHOM CIIOHTAHHOI KPUBU3-
HBI JIMIMTUIHBIX MOHOCJIOEB. DTO XOPOIIIO COMIACyeTcs ¢
pe3yiabTaTaMM M3YYEeHUS BIUSTHUS KOMITOHEHTOB DJI10
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Puc. 3. BiusiHue pa3iMuHbIX 9KCTPAKTOB HA CTALIMOHAPHBI MaKPOCKOMUYECKU I TpaHCMEeMOpaHHBII TOK, MHIYLIMPOBAHHBIN yuc-10-
0aBKOI1 HUCTATUHA (8epXHss naneav) WU onuMukcuHa b (nuocnss nanenv). Cmpenka ykaspiBaeT MoMeHTHI BBeneHus DCI (a, o),
BJ10 (6, d) unmu DY (s, €) B oMbIBaIOLINIA paCTBOP C 00enX CTOPOH MeMOpaHbI 10 KoHHeHTpamu 100 Mxr/min. Huctatua-monuduiim-
poBaHHbIe MeMOpaHbl copmupoBanbl U3 JJODX/XOJI (80/20 mon. %) u ombiBatorcst pactBopoM KC12.0 M ripu pH 7.4 (éepxuss na-
Henb); TIOJTUMUKCUH-MoauduumpoBaHHbie 6ucioun chopmupoBanbl u3 JODX/1ODI/XOJI (40/40/20 Mmon. %) v oMbIBaIOTCST pac-
tBopoM KC1 0.1 M nipu pH 7.4 (nuscnsas naneas). TpancmMeMOpaHHOE HarpsikeHue coctasisier S0 MB.

(XBeplLETMHA U MUPULIETHHA) Ha TEPMOTPaMMYy IIJIaBlie-
Hust AIOX (tabm. 2).

Puc. 3 (Huochsas naneav) N€@MOHCTpPUPYET NeHCTBUE
TeCTUPYEMBIX 3KCTPAKTOB Ha CTAIllMOHAPHBIN TpaHC-
MeMOpaHHBI TOK, MHIYLMPOBAHHBI BBEACHUEM C YUC-
CTOPOHBI IPYrOro aHTUOMOTHUKA, aHTUOAKTEPHUATHLHOTO

Ta6muua 3. OTHOILIEHHWE CTAallMOHAPHOTO MAaKPOCKOIMUYECKO-
TO HUCTaTUH- WX OJIMMUKCUH B-MHIyIIMpoBaHHOTO TpaHC-
MeMOpaHHOTO TOKa IMOCJIe U 10 BBEICHMS IKCTPaKTa

L)1
DKCTpaKT
HUCTATUH MMOJMMUKCHH b
BCr 1.0 = 0.1 1.1 £0.1
DJ10 11£6 3+1
o4 1.0+ 0.1 1.0+ 0.1

IMpumeyanue. HuctatuH-moaudumpoBaHHbIle MeMOpaHbl chop-
mupoBanbl 13 JJODX/XOJI (80/20 mon. %) u OMBIBAIOTCSI pacTBO-
pom KCI 2.0 M npu pH 7.4, nontuMukcuH-MoauGpuLIMpOBaHHbIE
oucnou chopmupoBanbl U3 JODX/JODPT/XOJI (40/40/20 mon. %)
u ombiBaroTces pactBopoM KC1 0.1 M nipu pH 7.4. Huctatux wnu 1mo-
JIMMUKCUH B 106aBisiiiv ¢ yuc-cropoHbl OUCIIOs 10 KOHEYHOM KOH-
neHTpauuu B auarnazoHe 1—3 u 50—100 MKkM coOTBETCTBEHHO. Te-
CTUpYeMbI€ SKCTPAaKThl BBOAWIN B 06a OTCEKa KaMephbl 10 KOHEYHOM
KoHUeHTpauuu 100 MKr/mit.

HUKINYECKOTO JIMIONENTHIa NoanuMukcuHa b. zBect-
HO, 4TO ITOJMMHUKCUH b (popMupyeT B MOOEIbHBIX JIU-
NUAHBIX MeMOpaHaxXx MOoHHBbIe KaHajbl (KopemaHoBa u
Ip., 2000). Ha puc. 30 noka3ano, uro DJIO ycunuBaeT
CITOCOOHOCTh MoIMMHUKcHA b opmMupoBaThs mmopsl B
JODX/NODPI /XOJI-membpanax. B cpemHem, Jmrio-
OeNTUA-UHIYINPOBAHHBINA TpaHCMEMOpPaHHbBIMA TOK I10-
cie BBemeHus DJIO yBenmmumBaercsa B 3 pasa (Tadi. 3).
OCTI u DY Ha aKTUBHOCTH ITOJTUMHUKCUHA b mpakTnye-
CKHU HE BIUSIOT (pHC. 30, e COOTBETCTBEHHO), U CPEAHIE
TOKU 10 U II0C/Ie JOOABKM 9KCTPAKTOB MPAaKTUIECKU HE
ormyaiorcs (tada. 3). CXomcTBO BIMSIHUSI TECTHpPYE-
MBIX 9KCTPAKTOB Ha TOPOOOPa3yIoIy0 aKTUBHOCTh HU-
CTaTMHA ¥ MOJIMMUKCUHA b MOXXeT CBUIeTeIbCTBOBATh O
CXOITHOM CTPOEHMHU 00pa3yeMbIX 3TUMHU aHTMOMOTHKA-
MU TTop. MOXHO TPEeAIoNoXUTh, YTO MOJUMUKCUH b
dopMupyeT B MeMOpaHax TOpPOUIAIbHbBIE ITOPhI, OTHO
YCThE KOTOPBIX 00pa30BaHO MOJIEKYIaMHU JIAIIONEIITUAA,
a BTOpoe — MeMOpaHHBIMM JIMIuaaMu. BaxkHo oTme-
TUTh, YTO I10 TAKOMY HPUHIIMITY (DOPMUPYET KAHAJIBI IPY-
ol JIMOONEONTUIHBLIA aHTUOMOTUK CUPUHTOMULIMH E
(Ostroumova et al., 2007).

Takum ob6pa3zom, ToaydeHHBbIE JAaHHBIC YKa3BIBAIOT
Ha CUHEPT13M MPOTUBOMUKPOOHOTO AeCTBUS TTOPOOOpa-
3YIOIIMX aHTUOMOTUKOB (HUCTaTUHA U MOJUMUKCHUHA B) 1
BJIO, 9yTO MOXET OBITH MCITOJB30BAaHO IIPU CO3TAHUM
Ne 5 2022
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KOMOWHHPOBAHHBIX IMIPOTUBOMUKPOOHBIX CPEACTB I -
POKOTO CcrieKTpa AeCTBUSI, HA3HAYaeMbIX MEIUIIMHCKU -
MM CIelMaJInuCTaMU A0 BhISIBJCHUSI NPUPOAbI MaTOreHA.
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Extracts of Grapefruit Seeds, Sea Buckthorn Leaves and Chaga Affect Properties of Model
Lipid Membranes and Reconstituted Ion Channels

S. S. Efimova® *, A. A. Zakharova‘, D. N. Chernyshova?, and O. S. Ostroumova“

4 [nstitute of Cytology, Russian Academy of Sciences, St. Petersburg, 194064 Russia
*e-mail: efimova@incras.ru

The effects of extracts of grapefruit seeds (EGS), sea buckthorn leaves (ESBL) and chaga (EC) on model lipid mem-
branes were studied. It was shown that the threshold concentrations of EGS and EC leading to destabilization of
phosphatidylglycerol-enriched bilayers are 1.3—1.4 times lower than for phosphatidylcholine-containing mem-
branes. It was established that EGS and ESBL reduced the boundary potential of membranes formed from a mixture
of phosphatadylcholine and cholesterol (boundary potential changes reached for 45 and 40 mV at concentrations of
60 and 800 pug/mL, respectively). EC was not characterized by a pronounced potential-modifying effect. It was
demonstrated that changes in the boundary potential in the presence of ESBL were due to the presence in its com-
position of flavonols, quercetin and myricetin. Using differential scanning microcalorimetry, it was also found that
quercetin and myricetin were able to influence the thermotropic behavior of membrane-forming lipids, and, conse-
quently, their packing density. The potentiation of the pore-forming activity of the antifungal polyene macrolide ny-
statin and the antibacterial lipopeptide polymyxin B at the introduction of ESBL was shown. These data indicate a
possible synergism of the antimicrobial action of the tested antibiotics and ESBL, which can be used to develop com-
bined broad-spectrum antimicrobial agents.

Keywords: plant extracts, model lipid membranes, liposomes, membrane boundary potential, lipid packing, ion
channels, antibiotics
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