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HccnenoBaHo BAMSTHYE HA IMIPOAYKIIWIO MEJIAaHMHA HOBBIM IITaMMOM rpuba Inonotus obliquus (Ach.:Pers.)
Pilat (Basidiomycota) F-1375 B I10KO30-TPUIITOHHOI cpejie 106aBIeHUs MpernapaToB 6eTyJIMHA U TUPO3U-
Ha TMPU JIEKTPUIECKOM OCBEIIeHNM U B TeMHoTe. [Ipermapar 6eTylIrmHa B MCCeAyeMbIX KOHIEHTPAIIUSIX
MPaKTUYECKU HEe BJIMSUT HA MPOAYKIIMIO MEJIaAHWHA, TOTAA KaK BRICOKHE KOHILIEHTPALlM TUPO3MHA CTUMY-
JIMpOBai 0O6pa3oBaHNe MeJJaHWHA KaK B YCJIOBUSIX OCBEIIIEHMsI, TaK U B TeMHOTe. Bce m3yueHHBIe 06pa3iibl
MeJIaHMHa rpuba uMesIM HU3KYI0 TOKCUYHOCTD TSI KYJIbTYPhI KiIeTOK MT-4: Kak BblIeJIeHHbIE U3 TPUPOJI-
Horo ceIpbst (TCsy = 96 £ 8 MKT/MIT), TaK 1 P KyJIbTUBUPOBAHUM TPHOa B XKUIKO cpelie ¢ Jo0aBIeHNEM
6erynuHa u TuposdunHa (TCsy ot 164 no 400 mxr/mo). [TpenapaTsl MeaHHA ObUTM aKTUBHBI IPOTUB BUpYca
nMMmyHomedwuinTa yenoBeka (BUY-1) B kynbrype kitetok MT-4, mogasinsum cunte3 p24 antureHa BUY-1 no
pesyabrataM MDA, MHIEKC CeJIeKTUBHOCTU BapbrpoBal oT 17 no 192. Hanbosee BHICOKMM MHIEKCOM Ce-
JICKTUBHOCTH 00J1a1al MEeJIaHWH, BbIIEJIEHHBII N3 KyJbTUBUPOBAHHOTO Ha CBETY Tprba B IpucyTcTBUM 10
u 20 MM Tupo3suHa (192). MHaeKChI CeJIeKTUBHOCTH M3YYEHHBIX ITpenapaToB MeJlaHMHA KYJIbTUBUPYEMOTO
rpu6ba B otHouieHun BUY-1 cy6Tuna A Obiiu Ha ypoBHe 33—192, 4TO MO3BOJISIIO PEKOMEHIOBATh UX IS
pa3paboTKU MPOTUBOBUPYCHBIX CPEICTB.

Karoueswie cnosa: Basidiomycota, Inonotus obliquus, antuperpoBupycHbiii, BUY-1, KyaibTuBUpOBaHUE B
KMIKOM cpeje, MeJIaHUH, MULISJIUI, yara
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Bupyc nmmyHonedpunura yenopeka (BUY), pac-
MPOCTPAHEHHBIN 1O BCEMY MUPY, BbI3bIBAET CUH-
JIpoM nmpuoopereHHoro uMmyHoaeduuuta (CITUJ).
B HacTosiee Bpemst okono 38.4 MUJUIMOHA YeJIO-
BeK XuByT ¢ BMY, B 2021 r. BHOBbh 3apa3uiioch
1.5 MmaH 4enoBek, 4yto AeadaeT BHNY cepbe3Hoit
yrpo3oii ajist 3gopoBbs HaceseHus: (HIV gov. Glob-
al statistics, https://www.hiv.gov/hiv-basics/over-
view/data-and-trends/global-statistics, 2022). B
JIOTIOJTHEHUE K XUMUUYECKU CUHTE3UPOBAHHBIM aHTU -
pETPOBUPYCHBIM MpernaparaM BO3HMK MWHTEpPEC K
MPOTHBOBUPYCHBIM MPUPOIHBIM COETUHEHUSIM.

Tak, ObUTO IOKAa3aHO, YTO TPUTEPIEHBI Tprda Gano-
derma lucidum vaTMONpPYIOT TIpoTeasy BUY-1 n mmuro-
natudeckue 3dpdexTol, uHayuupoBaHHele BUY-1, B
kiretkax MT-4 [1]. Hpyrue BemectBa rmpotus BUY-1,
Takue Kak ranogepuoJ F, raHonepMaHOHTPHMO U Ta-
HoxepoBas kucyiota B u3 G. lucidum, neHTuHaH u3
Lentinus edodes, Bemotun u3 Flammulina velutipes,
nakkasa us Volvariella volvacea, n-tuapokcnOeH301i-

Hasl KMcJIoTa, n-KyMaprUHOBasi KMCJIOTa U KOpUYHAs
kuciyiota us Pleurotus sajor-caju Takxe TIPOSIBISLIN aK-
TUBHOCTb TTPOTUB TIPOTea3bl U OOPATHOM TPAHCKPUII-
tazel BUY-1 [2—4]. U3 G. colossum ObUIN BBIOEICHBI
JIJAHOCTAHOBbIE TPUTEPIIEHOUbl IIM3AHIAKTOH A,
KosioccolakToH E, KojiocconakToH V 1 Kojoccoak-
ToH VII, akTHBHBIE B OTHOLIeHUHU IMpoTea3sl BUY-1
co 3HaueHussMu 1Cs, o1 5.0 mo 13.8 mr/mi [5—7].

MenaHn3npoBaHHbBIE MAaKPOCKOIMNYECKIE TPUOBI
MPUBJIEKAIOT Bce OoJiblliee BHUMaHue. OHUM U3 Ta-
KUX TPUOOB SIBJISIETCSI JIEKAPCTBEHHBIN Tpud Inonotus
obliquus (Ach.:Pers.) Pilat (Basidiomycota), Takxxe Ha-
3pIBa€MBbIi yara. OToT Ipubd pacTeT B OCHOBHOM Ha
Oepe3ax U HIMPOKO PacHIpOCTPaHEH B CEBEPHBIX M-
potax EBporel, A3nn 1 CeBepHOIT AMEpUKH.

IMocne pa3sHOCTOPOHHUX KIIMHUIECKUX U OMOXH-
MUYECKUX ucciaeaoBaHuii rpud 1. obliquus Ob11 pas-
pemieH PapMakoJOTMUYECKUM KOMUTETOM MUHU-
crepctBa 3apaBooxpaHeHuss CCCP B 1955 1. K uc-
MMOJIb30BaHMIO0 B MenuiimHe. OMHUM M3 aKTWBHBIX
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MPOAYKILHNA MEJTAHUHA TTPUBOM [Inonotus obliquus

KOMITOHEHTOB allTEYHOTO CHIPhSI M CKIIEPOLUST Yaru
SIBJISIETCSI TIMTMEHT MeJIaHWH, o0J1agaromuii ¢oTo- 1
PaguoIIPOTEKTOPHBIM, AaHTUOKCUIAHTHLIM M TE€HO-
MPOTEKTOPHBIM cBolicTBaMU [8§—10], mpoTnBOBHUpYC-
HOM U TIPOTHUBOOITYXOJIeBOM aKTUBHOCTHIO [11].

INoka3zana 3(pdeKTUBHOCT, MeTaHWMHA TIPUPOI-
Hoii yaru 1. obliquus B OTHOIIIEHUY TTOAABJICHUS BU-
PYCOB rpuIira, BUpyca IpocToro repiieca 2 Tura, BUpy-
ca OCITOBAKIIMHBI, BUpyca UMMYHOIeMUIINTA YeTOBeKa
[12]. YcranoBieHO MHTMOMPOBAHNE PEIJIMKALINN KO-
poHaBupyca SARS-CoV-2, BBI3bIBAIOIIETO TSIXKEIbIi
OCTpHIi pecrimpaTopHbIil cuHapoM COVID-19, nipu
MpOoGWIAKTUIECKOM BBEICHUM MEJIAHWHA B KYJIbTY-
py kietok Vero [13].

M3 xynpTuBUpyeMbix rpudoB 1. obliquus mokazai
ce0s1 Ty4YIM TIPOAYLIEHTOM MEJaHUHOB Cpeau TPY-
TOBBIX I'PHUOOB COIVIACHO MCCIICAOBAaHUSAM OeJIopyc-
CKUX YIEHBIX [14], mprmueM MHIEKC CEIEKTUBHOCTH Y
MeJlaHWHa KyJIbTUBUpYeMoro rpuoa I. obliquus B oT-
HouleHuu Bupyca rpumnna A/HIN1pdmO9H B 2.5 pa-
3a BBIIIIE 110 CPAaBHEHUIO C MEJIAHMHOM IIPUPOTHOM
yaru [15]. ITporuBoBupycHasi 3(pheKTUBHOCTh CO-
eIUHEHUIT MeJIaHMHA KyJIbTUBUPYEMOTO I'prba ObL1a
YCTaHOBJIEHA B TPOMMIAKTUIECKOM (3a 2 4 10 uHGpU-
LIMPOBaHUS KJIETOK) U B TepPaneBTUYESCKOM peKUME
BBeJeHUs JeKapcTB Kak 11t BUY-1, Tak 1 ojist BUpy-
ca reprieca HSV-1 [16].

B cBsi3u ¢ aKkTyallbHOCTbBIO MOJyYeHUST MeJIaHMHA
U3 KyJbTUBHUPYEMOTro 6epe3oBoro rpuba ajis paspa-
OOTKM JIEKAPCTBEHHBIX MPEINapaTOB BaXHBIM 111arOM
SIBJISIETCSI OTITUMMU3ALINS TAKOTO KYJIbTUBUPOBAHUSI C
LIeJIbIO TIOBBILLIEHUSI BbIXOJa OMOMACChl, coaepkKa-
1IEi aKTUBHBIC B OTHOILIEHUW NHTUOUPOBAHUS BUPY-
COB KOMITOHEHTHI.

Llenb vccnenoBaHus — CTUMYJISILIASL HAKOTUIEHUS
OMOMAacChl MULICTIUS U TIPOIYKIIMU MeJIAHUHA TTPY KYJTb-
TUBUPOBaHUM HOBOTO 1TaMma 1. obliquus F-1375 B >xum-
KOI1 cpejie 1 OlIeHKA MOJTyYeHHbIX 00pa31i0B MeJIaHWHA
B OTHOIIIEHUH TIoJaBJieHusI perponykimuu BUY-1.

METOANKA

Marepuannl u peakTuBbl. J[Jis1 pabOThl UCTTOJb-
30Bajlv cieaylolue peakTuBsbl: mitokosa, K, HPO,;
MgSO, 7 H,0, xBanudbukanuu “u. a. a.”, KH,PO,
KBaJuuKalum “X. 4.”, arap-arap v TpuntoH (Bac-
to™ agar, Bacto™ Tryptone, “BO Becton, Dickinson
and Company”, ®paHius), IpOXKEeBON 3KCTPaKT
(“BO Becton, Dickinson and Company”, beabrus).
B xauecTBe 100aBOK B cpeny IS KyJIbTUBUPOBAHUS
BHOCUJIU JINOO 3KCTPpArupoBaHHbI U30MPOITUIOBBIM
CIUpTOM GeTyJIMH (comepkaHue He MeHee 85%) TIpo-
usBoacTBa OO0 “Canbl Antas Arpo” (Poccus), nu-
60 xummnyecku yucThiii L-Tyrosine (“Vega Biochem,
Tucson”, CIIA). Wcrnonb30Balin IUCTULIMPOBAH-
HYIO U IEMNOHU30BAHHYIO BOLY.

Imroko3o-TpunTtonHHasi cpena (I'TC), koTopasi Obl-
JIa UCTIOIb30BaHa TSl BhIpalllMBaHWM Tpuda, nMera
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cienyroluii coctas (T/11): mmoko3za— 30; TPUITOH —
10.0; mpoxxesoit akctpakt — 5.0; KH,PO, — 1.1;
K,HPO, - 3 H,0 — 4.4; MgSO,, - 7 H,0 — 0.25; Bona —
1 1, pH 7—8. Arapn3oBaHHYIO Cpeay FTOTOBWIM Ha OC-
HoBe I'TC ¢ nodaBnenueM 20 T arap-arapa Ha 1 i1 pac-
TBOpa [11].

KyasTuBupoBanue rpuda. B padore ucnonb3oBaiu
mTaMM OazuauaibHoro rpuba 1. obliqguus F-1375, ne-
MOHWPOBAHHBIN B KOJUIEKIIMU OaKTEepHii, OaKTepro-
¢aroB u rpu6oB I'HII Bb “Bektop” PocnorpedHan-
3opa (HoBocubupckas o6i., Poccus).

IlepBblii aTan KyJbTUBUPOBAHUS MPOBOAMIU Ha
yairkax [leTpu, 3aTeM B CTallMOHAPHBIX YCIOBUSX B
50 ma I'TC Bo ¢pnakoHax oobemom 500 mui. M3 kono-
Huii B yaikax I[leTpu cTepuyibHbIM MPOOOYHBIM CBEp-
JIOM IMaMeTPOM 5 MM BbIpe3ain OJIOKU ¥ BHOCUJIU 1O
1 wt. Bo ¢haakoHbl ¢ 50 mut xxunkoii cpenwt I'TC. B cpe-
ny I'TC BHOcwIN B KauecTBe 100aBKU JIMOO OETYy/IMH B
Buje crimproBoro 10%-Horo pactBopa B 96°-HOM 3TH-
JIOBOM CIIMpPTE 10 KOHUeHTpanuii 2 u 5 mr/n (4.5 n
11.2 MxM), 1160 Tupo3ux (L-Tyr) 1o koHeuHOi1 ero
KOHILIeHTpauuu B cpeae 2, 10 u 20 MM.

Ionyyenue menanuna. I'pud BoipalliMBajIv B Teue-
Hue 69 cyT: 9 cyT — B yamkax IleTpu rmpu KOMHaATHOI
TeMIiepatype, 48 cyT KyJIbTUBUPOBAIN BO (piakoHaX
MPpU JIEKTPUIECKOM OCBEILIEHUN U KOMHATHOI TeM-
rneparype, 3aTeM XpaHWIN B OLITOBOM XOJIOJIUJIBHUKE
¥ BBIACISIIN MeJaHuH. Kpome Toro, KyJabTUBUPOBA-
HUEe BO (pjIakoHax MPOBOAMIU B TeueHUe 60 cyT B
TEMHOTE, a 3aTeM XpaHWIN B OLITOBOM XOJIOIWIbHM -
K€ ¥ BBIIEJISLUIM MEJIaHWH.

Bbinenenne mMeqaHMHA U3 KYJbTYPAJbHON KHIKO-
cru. Conepxxumoe (paakoHOB pUIBTPOBAIU MOCTE-
JIoBaTe/IbHO Yepe3 KalpOHOBbIN U OyMakHbIi (UIb-
TpbI, ONpenensiiiu oobeMm, pH u onTuueckyio MjioT-
HocTb (OIT) GUIBTPaTOB NMPH IJIUHE BOJTHBI 465 HM.

IMTonydeHHYIO KyAbTYpaJibHYIO XUIKOCTh (K2K)
nonkuciisin 1o pH 1.5—2.0, nearpudyruposaiu
npu 3200 g 10 mua B uenrpudgyre Centra CL3
(“Thermo IEC”, CIIIA). Hagocano4Hyto XHIKOCTh
oTOpackiBaiu, ocagok pactBopsuiid B 0.1 M NaOH,
noBoguau 1o pH 1.5—2.0 u cHoBa LIeHTpUdyTHUpOBa-
Ju. OcaxaeHue TIOBTOPSIA TPWXKIBI, 3aTeM OCaloK
npombiBaau aBaxapl 0.1 H# HCI ¢ mocnemyrommM 1ieH-
TpudyrupoBaHreM. OUUILEHHBIN 0CaIOK PaCTBOPSIIU
B IeMOHU30BaHHOM Boae, nosoauau pH 1o 7.0—8.0 u
CYILIWINA B IIPEABAPUTEIBHO B3BEIICHHBIX CTCKJISTH-
HbIX yamkax I[erpu npu 30°C B cylmmjibHOM KAy
IC-80-01 CITY npoussoacta OAO “CmosneHcKoe
CIIeMAJIM3UPOBAHHOE KOHCTPYKTOPCKO-TEXHOIOT -
YecKoe OIOpO CHCTEM IIPOTrpaMMHOTO YITPaBIeHUS
(Poccus) B TeueHue Houu. Yamku ITeTtpu B3BemuBa-
1 Ha Becax OHAUS Pioneer PA64 (CIIA).

Boinenenne menanuHa u3 munenausa. Munenuii ot-
nensian ot K2K Ha KarmpoHOBOM MIIBTPE, B3BEIIINBa-
Jiu Ha Becax “SHINKO AJH” (SInonHust), uamenbyaiu
cKaJbIiesieM 1 no6asisum 2%-Hyio NaOH B cooTHO-
menuu 1 : 10. T'magponn3 GruomMacchl MULIETUST IIPOBO-
Ne 4
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mn B 2%-uoit NaOH B TeueHue 3 4 B BOOgHO OaHe
rpu 100°C.

st mpoBepKM TIPUHAMIEXHOCTU BBIACICHHBIX
MMUTMEHTOB K MeJlaHMHAM MPOBOIWIN TpU Kade-
CTBEHHBIX TECTA HAa IPUCYTCTBUE B HUX XUHOUIHBIX 1
(GEHOJIBHBIX CTPYKTYp. HJIs1 TpoBeAeHUSI KAueCTBEH -
HBIX peakinii K 5 M1 0.1%-Horo pacTBopa MUrMeHTa
B 0.1 M NaOH po6asnsimm 0.5 M 10%-n0it H,0,
(monoxuTeabHasI peakiiis — oO0eclBeYMBaHUE pac-
tBopa) wiu 0.1 ma 0.1 M KMnO, (rmonoxuTenbHast
peakuuss — pacTBop 3ejeHeeT). Ilpu moOImoIHUTENb-
HoM BHeceHuu 0.5 mu 0.1 M KMnO, pacTBop obec-
1IBEYMBAJICS, a B OCAIOK BhINagay KOpUYHEBBIE XJI0-
nbs1i. Kpome Toro, ucrnonb3oBaiu gobasiaeHue 0.1 M
5%-noro pactBopa FeCl;, B 3TOM ciIydae IpH IToJI0-
SKUTEJIbHOM peakKlMi 00pa30BbIBAIMCH KPYITHbIE KO-
pWYHEBBIE XJIONbS, [IPU 3TOM B pacTBOPE C U30BLITKOM
XJIOpHIA XeJle3a 0CaI0K PacTBOPSIICS.

Cnexktpsl 0.01%-HBIX IpenapaToB MeJIaHWHA TIPU
240—700 HM perucTpupoBaid Ha UU(GPOBOM CHEK-
tpoporomeTrpe UV5Nano mpousBoacrBa “Mettler
Toledo” (1lIBeitapms).

AHaM3 NPOTUBOBUPYCHON AKTUBHOCTU MEJIAHUHA B
ortHomennn BUY-1. B kauecTBe UyBCTBUTENIBHBIX K
BHY-1 xiteTok uCIIOIb30BaIn JTUMQPOUIHYIO KYlIb-
Typy KJIeTOK denoBeka MT-4, moiydeHHyI0 U3 KOJI-
Jiekuuu KieTouHblx KynbTyp @BYH I'HII Bb “Bek-
top” PocniorpedHanzopa. Kirerku MT-4 KynbTuBupo-
Bayim Ha cpeae RPMI-1640 (“Gibco”, CIIA) c
npobasieHrem 10%-Hoit peTanbHOIT CHIBOPOTKH, 2 MM
L-rmoramuna n 20 MKr/mia reHTaMmuLiiHa. B pabote
HMCIIONB30BaN JlaboparopHblii mtamm BMY-1 cy6-
tmna A (mpu penpoaykKuuu Ha MT-4 BbI3bIBaeT
100%-Hy10 THbOenb KIIETOK) M3 JabopaTOPHOM KOJI-
nexkuuy @BYH I'HII BB “Bekrop” PocriorpedHan3o-
pa. OnpeaesieHUe TOKCUYHOCTU UCCIIeTyeMbIX TIpera-
patoB mipoBoguan mMerogoM MTT B 96-myHOUHOM
iaHmrere. B myHku rmanmrera BHocuu 1o 40000 kire-
ToK MT-4 B 100 mkn monHoit cpeasl RPMI-1640
(“Gibco”). UccnenoBanu 1penapaTbl ¢ HavYaJabHOM
KOHIIeHTpanuen MenannHa 500 MKTr/MII ¢ 11aroMm pas-
BeNeHYsI JIBa, 110 3 TOBTOPHOCTH JIJIs1 KaXK/I0TO pa3Be/ie-
Hug nipeniapata. I1o pe3ynbTaTy TeCTUPOBaHMS TOK-
CUYHOCTH TIpernapaToB Il KyJdbTyphl KiieToK MT-4
onpeaessuv At kKaxnoro npemnapata TCs, (KOHLIEH-
Tpauus, TpU KOTOPO JKU3HECTIOCOOHBIMU OCTAIOTCS
50% xI1eToK).

Knerkn mHduImpoBaam mMocTOSHHON JT0301 BU-
pyca, coorBercTBymouieil 300 CCID50 (50% nHdek-
LIMOHHAsI O03a BUpYyca, oIpeAesieHHasT TUTP-METO-
noM Puma—Menya). UukyouposaHue kietok MT-4
¢ UCCeAyeMbIMU pa3BeAcHUSIMY Mpenapara u BUpy-
coM npoBoauiu 5 cyt B CO,-uHKybaTOpe MpUu TeM-
nepatype 37°C u 5%-nom CO,. MccrnemoBaHme CITo-
COOHOCTHM TIperapaToB MHTMOMPOBATh pa3MHOXKEHUE
BUY-1 npoBonunu ¢ HavyadbHOW KOHILIEHTpaLMU,
paBHoil TCy,. Ha nepBoM 3Tane nogasjaeHue penpo-
nykuun BUY nccnemyeMbpIMu iperriapaTaMiy OLICHM -
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BaJIy B 96-TyHOYHOM IUIAHIIIETE ITyTEM ONpPeACICHUS
W3MEHEHMST KOHLIEHTpaLMU KUBbIX KJIeToK MT-4, nH-
dunmpoBanHbix BUY-1. 2KnzHecrmtocoOHOCTh KJIETOK
OLIEHMBAJIM O WHTCHCHUBHOCTHU IIPEBPAIICHUS UMU
pactBopumoro MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) B kpucTasibl ¢pop-
maszaHa [17]. ITocne pacTBOpeHMST KPUCTAIIOB B 130~
MIpoNaHoJie MHTEHCUBHOCTb CHHEIro OKpallllBaHUS
W3MEpPsUTU ¢ TIoMollblo criekTpodoromerpa (“Ther-
moFisherScientific”, CIIIA) Ha 1ByX IJMHaX BOJH —
540 1 690 uM. J1O0TTOTHUTEIBHO OIPEIEIISIIN CIIOCO0-
HOCTB pemnaparta 6;10kupoBaTh pa3MHoxkeHrue BUY o
CTeNeHU CHUKEHUS PEeIIpOayKIINY BUPYCHOTO Oe-
Ka p24 B KyJIbTYpaabHOU XUAKOCTU. [1pOoOBI KyJIBTY-
PAILHOM XUIKOCTH JJIsI KOJTUUYECTBEHHOTO UCCIEeN0-
BaHus 6eyika p24 metonoM MDA otbGupanuch Ha 5 cyT
MHKyOaumu. 151 KomuecTBEHHOTO ONpeae/IeHUST OeTka
p24 BUY-1 ucnonb3oBajii UMMYHO(EPMEHTHbIE Ha-
oopel BektoBUY-1 p24-aHTNTEeH-TIOATBEPKIATOIIIIA
tect nipousBonacTBa 3A0 “Bektop-bect” (Poccust).

O0paboTKa pe3yabTaToB. YUeT 1 00paboTKy IOJTy-
YEHHBIX Pe3YJIbTATOB MPOBOAWIM C TIOMOILBIO CIELIN-
anbHOI nporpamMbl SoftMax Pro 4.0. JJlocToBepHOCTh
pe3yIbTaTOB OIICHUBAIM C TIPUMEHEHUEM f-KpHUTE-
pus Cteionenta MS Excel 2010. YpoBeHb 3HaUUMO-
ctu (o) 6611 <0.05.

PE3VJIbTATbBI 1 UX OBCYXIEHHUE

BimsiHne THpo3uHA M 0eTYJIMHA HA HAKOILIEHHE Me-
JIaHMHA KYJbTYypoii 1. inonotus F-1375. Jlo6GaBieHue K
cpede mperapara OeTyjanHa 4aru (BO3MOXHOTO 3¢ -
¢dexTopa cuMHTe3a MeJJaHWHA) B KOHIIeHTpauu 4.5 u
11.2 MKM HeckojbKo ToBhILIalo (~B 1.3 pa3a) o6-
IIyI0 Maccy MeJlaHMHA IIpd KyJIbTUBUPOBAaHUU
1. obliquus ipn 31eKTpUYECKOM OcBellleHun. [looaB-
Jgenue L-Tyr B KoHuUeHTpauuu 2 MM MOBBILIAIO
BbIxon MejlaHnHa Ha 40%, a ero KoHuUeHTpauuu 10 MM
n 20 MM TIpMBOOMIIN K IBYKPATHOMY YBEIIMICHUIO BbI-
X0Jla MeJIaHWHA [0 CPaBHEHMIO C KOHTpoJieM (Tao. 1).

Buecenne nmpenapara 0eTyanHa YBEJIMUYNBAJIO BBI-
Xo[d MeJaHMHa B 2.3 pa3a o CpaBHEHUIO CO Cpeaoit
I'TC 6e3 no6aBok uepe3 60 cyT MHKYyOAIIMU B TEMHO-
Te, B TO BpeMs Kak Tipernapat L-Tyr yBeanuuBai o0-
IIYI0 MacCcy MeJaHWHa KyJbTyphl B aBa (2 MM), 3.7
(10 MM) 11 4.6 paza (20 MM) (Ta6Gm. 2).

HanbHeiie uccienoBaHusl TIPOBOAWIN CO CIeTy-
IOIIMK oOpa3laMy MejlaHuHa: oOpaserr Ne 21-13 —
MeJIaHUH U3 TpupoaHoit yaru 1. obliquus (3KcTpak-
nus 2%-aeiM NaOH B aBTOKIIaBe B TeueHue 30 MUH
npu n3oeTouHoM gasieHuu 0.5—0.7 atm.). O0Opa3senn
Ne 21-36 — memanun u3 mwtamma 1. obliguus F-1375,
BBIpallleHHOTO ¢ nobasneHueM 4.5 u 11.2 MKM 0GeTy-
JIMHA Ha CcBeTy, oopaserr Ne 21-37 — MeJlaHUH 13 1ITaM-
Mma 1. obliquus F-1375 c no6aBinenuem 4.5 u 11.2 MKkM 6Ge-
TYJIMHAa, BbIpallleHHOro B TeMHOoTe, No 21-38 — mena-
HUH 13 mramma 1. obliguus F-1375 ¢ nodasnenunem 10 u
20 MM L-Tyr, BeIpaieHHOrO B TeMHOTe, Ne 21-39 —
Ne 4
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Taomna 1. KonnuectBo menannHa B KK v munenuu 1. obliquus mmramm F-1375 Ha cBeTy mociie ”HKyOauuu B TIyOUH-

HbIX ycaoBusx B cpeae I'TC B Teuenue 48 cyt mpu 25—26°C

Macca VBenmueHue o011Iel Macchl
Macca menannHa Oo6mas macca
JlobaBka k I'TC BHEKJIETOYHOTO MeJIaHWHA M0 CPaBHEHUIO
MU, T/J1 MeJIaHUHa, T/J
MeJlaHWHa, T/JI C KOHTpOJIEM
Bes nobasok 0.10 0.58 0.68 1.0
BerynuH, 4.5 MkM 0.21 0.72 0.93 1.4
berymun, 11.2 MxkM 0.20 0.62 0.82 1.2
2 MM L-Tyr 0.33 0.65 0.98 1.4
10 MM L-Tyr 0.63 0.77 1.41 2.1
20 MM L-Tyr 0.55 0.81 1.36 2.0

Taomna 2. KonuuectBo mMenanuHa B KXK u mutienuu 1. obliquus mtamma F-1375 B TeMHOTe 1ocjie MHKYOAIMM B TJTy-
6uHHBIX ycaoBusix Ha cpene I'TC B TteueHue 60 cyt ripu 25—26°C

[NoBbilieHUE 00LLIEH
Jlobanka k I'TC Macca BHekseTouHoro| Macca MenaHuHa O6uas macca Macchbl MeJJaHWHa 1o
MeJIaHWHA, T/ MULIEJIUS, T/7 MeJIaHWHA, T/ CpaBHEHUIO
C KOHTpPOJIEM
be3 no6aBok 0.38 0.08 0.46 1.0
berymun, 4.5 MxkM 0.28 0.8 1.08 2.3
berynun, 11.2 MkM 0.34 0.74 1.08 2.3
2 MM L-Tyr 0.38 0.56 0.94 2.0
10 MM L-Tyr 0.73 0.95 1.68 3.7
20 MM L-Tyr 1.12 1 2.12 4.6

MenaHuH u3 mramma 1. obliquus F-1375, BeipaiieH-
Horo ¢ po6asienueM 10 1 20 MM L-Tyr Ha cBeTy.

CrekTpbl U COOTHOLIEHUE ONMTUYECKUX TJIOTHO-
creil B yibTpaduroseTOBOM U BUIMMOM CBETE, a TaK-
K€ BBIXOJ MeJlaHWMHA OTJIUYaIUCh y TIpernapaToB U3
MPUPOIHOI Yaru u u3 KyJabTypbl rpuda B cpene ['TC
B IIPMCYTCTBUHU B KauecTBe 3(PpPeKTOpOoB OeTyIMHA U
TUpOo3uHa (puc. 1, Taba. 3). AHAJTOTUYHbIE pa3INYUSs
CMEKTPOB MeJIaHUHA U3 MMPUPOIHOIN U KYJIbTUBUPYE-
MOI1 yaru ObLIM oIucaHbl U paHee [11, 18, 19], uto
MO3BOJIMJIO TIPEAMNOJIOXKUTD, UTO MCCIICAyeMble Mpera-
pathbl coaepXKajli MeJJaHUHBI PAa3HOTO TUIIA: MeJJaHUH

W3 IPUPOIHOM Yark OTHOCST K aJJTOMEJIAaHMHAM, a T10-
JIydeHHBII U3 KyJIbTYPHI Iprba — K 3yMeJTaHHAM.

B cBg3u ¢ ucTOIIEHNEM TTPUPOIHBIX UICTOUHUKOB
I. obliquus (4ara) mmpokoe pacpocTpaHEeHUE MOy~
YMJIO KYJIBTUBUPOBAHUE BbIIEJIIEHHBIX U3 Hee IITaM-
MOB TBepao(a3HBIM WKW DIYOMHHBIM cocob0aMu B
J1aGOpaTOPHBIX M 3aBOACKMX YCIOBUSIX JIJISI CO3MAHUS
JIEKapCTBEHHBIX MpenapaToB HAa UX ocHoBe. OmMHAKO
GU3NKO-XMMUUYECKNE CBOMCTBA MUTMEHTOB ITMPOKa-
TEXMHOBOIO TUIIA, MEJITAHUHOB, 00pa3syeMbIx 1. obliquus
B IIPUPOIHBIX YCIOBUSIX U UICKYCCTBEHHOM KYJIbTYpE,
Takue KaK 3JIEeMEHTHBI cocTaB, (PyHKIIMOHAJIbHEIC
TCPYMIIBI, CIIEKTPAIbHbIE U ITapaMarHUTHbIC CBOMCTBA,

Ta6mma 3. OnTudeckas rIoTHOCTH Ipu 240 n 465 HM 0.01 %-HBIX TperTapaToB MeJIaHWHA TTPUPOITHOTO U TTOJIyIeHHOTO

B pe3y/ibTaTe KyJAbTUBUPOBaHUs mtamma 1. obliquus F-1375

[IpemnapaTbl MeJTaHWUHA U3 TIPUPOTHON U KYJIbTUBUPOBAHHOMN yarm*
IMokazarenb
21—13 21-36 21-37 21-38 21-39

Ollyy 3.618 1.546 1.876 2.403 2.109
Ol 0.556 0.295 0.386 0.583 0.474
OIl,,40/OTl 45 6.51 5.24 4.86 4.12 4.44
Beixon, % 32.36 0.088 0.108 0.190 0.138
* O003HaueHMsI KaK Ha puc. 1.
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Puc. 1. Cnekrpsi 0.01%-HbIX IpenapaToB MeJJaHMHA TTPUPOIHOTO U MOJTyYeHHOTO U3 KyIbTyphl iitamma F-1375 1. obliquus, BbI-
pallleHHOTO B XUIKoi cpene: 21-13 — MeaaHUH U3 mpupoaHoit yaru; 21-36 — menanuH us mramma 1. obliquus F-1375, Bbipa-
1IeHHOTO ¢ no6apieHneM 4.5 u 11.2 MxM GetymHa Ha cBeTy, 21-37 — MenanuH 13 mrtamMma 1. obliquus F-1375 ¢ nobaBneHuem 4.5
u 11.2 MxM GeTtynuHa, BBIPAILIEHHOTO B TEMHOTE, 21-38 — MenanuH u3 mtamma 1. obliguus F-1375 ¢ no6asnenuem 10 u 20 MM L-Tyr,
BBIPALLIEHHOTO B TeMHOTE, 21-39 — MenaHuH u3 wramma 1. obliquus F-1375, BeipalieHHoro ¢ no6asnenuvem 10 u 20 MM L-Tyr

Ha CBETY.

OCOOEHHOCTH TEPMOIECTPYKIINN CBUIETEIBCTBOBAIN
O CTPYKTYPHBIX Pa3IMYUSIX MEXKAY MUTMEHTAMHU, UYTO
M TIO3BOJIMJIO OTHECTU UX K pa3HbIM BuaaM [ 18—20].

HccienoBanne TOKCHYHOCTH IS KJIETOK YeJIOBEKA
MT-4 n aHaIM3 AaHTHPETPOBUPYCHOI AKTUBHOCTH MOJIY-
YeHHbIX 00pa3ioB MeJaHuHA. [IUTOTOKCUYHOCTH TIpe-
napaToB MeJIaHMHA OLIEHWBAJIM MO WX BIUSHUIO Ha
JMdonaHbIe KISTKH YeraoBeKa KyibTypbel MT-4. I1o-
cJie TISITU THe il KyJIbTUBUPOBaHUsI KJIETOK ¢ To0aBJe-
HHUEM B ITUTATEIBHYIO CPeNy pa3HBIX KOHIEHTpaIUii
npenapaToB MeJJaHUHA ObUIO IMTOKA3aHO, YTO TOKCHY-

HOCTh MeJIaHWHA BapbrpoBaja oT 96 1o 400 MKT/MJI.
AHTHUPETPOBUPYCHASI aKTUBHOCTD, OTIpeeIisieMast IBY-
MSI Pa3TMIHBIMI MeToIaMU, ObUTa BBISIBJICHA [UTST BCEX
HCCIIeayeMbIX MpernapaToB MejlaHuHa. B a6, 4 npen-
CTaBJIeHbI JAHHBIE TI0 aKTUBHOCTU 00pa31ioB MelaHU-
Ha B oTHoueHun BUY-1.

HccnenoBaHue npernapaToB moKa3ajao, YTO MUHU -
MaJIbHOM TOKCUYHOCTBIO UM NPOTUBOBHUPYCHOI ak-
THUBHOCTBIO 00J1a1a]1 MeJIaHUH, BbIAEJICHHBIN 111e104-
HOM BKCTpaKleil u3 NpupoaHOM yaru.

Tao6muna 4. OlleHKa MPOTUBOBUPYCHOIM aKTUBHOCTH ITpeIapaToB MejaHnHa B oTHomreHu BUY-1 1 TOKCUYHOCTH TSt

KJIeTok MT-4

IpemnapaTbl MeJlaHWHA U3 TIPUPOTHOM U KYJI6TUBUPOBAHHOM Yard, mdp npemaparta™*
Wccnenyemblii TapamMeTp
21-13 21-36 21-37 21-38 21-39
LutorokenyHocth (TCsy, MKT/MIT) 96 £ 8 400 = 24 272 + 18 164 + 12 250 £ 12
ITpoTBOBHpPYCHAst aKTUBHOCTD 4.3+0.6 3.0+0.9 41%10 40+1.2 1.0 £ 0.6
(ICs(, MeTon MTT, MKT/MT)
ITpoTuBOBUpPYCHASI aAKTUBHOCTh 5610 105+ 1.3 6.4%0.6 50£0.8 1.3£0.3
(ICsg, MeTon MDA, MxT/MIT)
HMHnekc celeKTMBHOCTU 17 43 33 192
(SI'=TCs0/1C50)*

* Unnekc cenextuBHocTU (SI = TCs)/IC50), rne TCsy — 50%-Has Tokcuueckas kKoHueHTpauus, ICsy — 50%-Has uHrubupyromas

KOHLIeHTpauus. ** O0o3HaueHus Kak Ha puc. 1.
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MenaHVH, BbIIEIEHHBIN U3 Tpuba, KyJIbTUBUPYE-
MOI0 Ha CBETy ¢ Jo0aBjeHMEM THUPO3UHA, 00Jiagall
HanOOJIbIIIeii IPOTUBOBUPYCHOI aKTUBHOCTBIO, IO~
nmaBnssg penponykimio BUY-1 B kiaeTkax yenoBeka.
DTOT mpenapaT UMeJI TAKKe CpeIHUE XapaKTepUCTH -
KM I10 LIUTOTOKCUYHOCTH, a €T0 MHIEKC CEJICKTUBHO-
CTU cocTaBWJI 192 1 OBLI BhIIIE aHAJIOTUYHBIX ITOKa-
3aTesieil Npyrux usydyaeMbix MeJaHUHOB B 4—11 pas.
IIpu pacuete nokasarenst oTHoweHUs TCsy/1Cs, uc-
MOJIb30BaJIM JaHHBIE MO KOHLEHTpAllMU MeJIaHWHA,
CITOCOOHOM 6J10KMpoBaTh pernpoaykiuio BUY-1, mo-
JyyeHHBIe MeTogoM MDA, Tak KaK 3TOT METOJI 1103~
BOJISIET BBHITIOJIHUTL KOJIMYECTBEHHYIO OLIEHKY KOH-
LIEHTPALIMM BUPYCHOTO OeJiKa, MPUCYTCTBYIOILIETO B
KYJIbTYPaJIbHOM XUAKOCTU MpPU KYJIBTUBUPOBAHUU
nHunpoBanHbex BUY-1 xitetoxk MT-4.

Panee ObutM mpenjioskeHbl HECKOJBKO CIIOCOOOB
WHTEeHCU(UKALUY TPOAYKLIMY OMOMACCHI M MEJIaHU -
Ha TMpU KyJIbTUBUPOBAHUU: C MIOMOIIbIO CBETa HU3-
KO MHTEHCUBHOCTH [21], yKpBIBaHUS KOJIO YepHOI
OyMaroi, KoTopoe MOBBIIIAJIIO BBIXOH OMOMACCHI Ue-
pe3 10 cyt mo 12.9 r/n B TeMHOTE, IO CpaBHEHUIO C
KoHTposieM 11.8 r/n1 ipu mHeBHOM cBeTe [22], mobaB-
JICHWE MOHOB MeJIM M TUpo3uHa [18].

Kpome Toro, poct Mulienusi U CHHTE3 MEJIAHUHOB B
IYOMHHBIX YCIOBUSIX B KYJIBTYype rprba yBeJIUYMBaIU
OKUCJIUTETbHBIM CTPECCOM, UHAYLIUPYEMbIM MOCTOSIH-
HBIM J00aBJICHMEM TIepoKcHuaa Bomopona [23], B pe-
3yJIbTaTe KpaTKOBPEMEHHOTO BO3JCHCTBYS HAa BereTa-
TUBHBI MULIEJINIA KOTEPEHTHOTO CUHETO CBETa HU3-
KOV MHTEHCUBHOCTH [21], moGaBIeHUEM K KYJIbTYpE
I. obliquus KONTOMIHBIX HAHOYACTULL METAJIJIOB Ag 1
Mg [24].

I1o momyyeHHEBIM pe3ynbTaTaMm gooasieHue B ' TC
L-Tyr B konueHTpanusax 2, 10 m 20 MM 11oBBIIIAIIO
MPU KYJTbTUBUPOBAHUH BBIXOI MeJTaHUHA KaK B TEMHO-
Te, TaK U IIPH 3JISKTPUISCKOM OCBelleHuu (Taoir. 1, 2).
IMo-BuarMOMYy, BIMSSHME Ha CUHTE3 MeJIaHUHA Mpo-
ucxoausio yepe3 TMpo3rnHasy rpudos (Kd1.14.18.1),
KaTtanusupymolnyio okucieHue L-Tyr no 3,4-npurun-
pokcudenmnananuHa (DOPA) u okucienue DOPA
Io normaxuHoHa [ 19, 21, 25]. Ipu aHanu3ze TUpO3UHa-
3bl Tpuba OETYJIUH SIBJISICS HEKOHKYPEHTHbIM WHTH-
O6uTOpOoM akTUBHOCTU 3TOTO (hepmeHTa ¢ K; = 0.4 MkM,
rokasbiBast 1Cs, 5.13 MkM [26]. OnHako cpaBHUMBIE
C MHTMOUPYIOIIMMM KOHLIEHTpAallMU Tperapara Oe-
tyauHa (4.5 u 11.2 MxM) B HacTosleil paboTe He
CHUXaJIM BBIXOJ MEJaHWHa TPpU KyJIbTUBUPOBAHUU
HU TpPU BJCKTPUYECKOM CBETe, HU B TEMHOTE, YTO
CBSI3aHO CKOpEE BCEro C pa3jiMuveM IpenapaTroB U
paziImureM cucTeM aHaiau3sa (tadi. 1, 2). O0uiumii BeI-
XOJl MEJTaHMHA B XXUIKOU cpefie 6e3 2(h(heKTOpOB 3aBU-
CeJl OT YCJIOBUIA U TTPOAOIKUTEIbBHOCTU KYJITUBUPOBA-
nHus 1. obliquus F-1375 : 0.68 r/n na cBery u 0.46 /i1 B
TeMHOTe 0e3 BcTpsixuBaHus (Tadi. 1, 2).

B onbiTax koHueHTpauuu Tupos3uHa 10 u 20 MM
MPaKTUYECKU OAMHAKOBO CTUMYJIMPOBAIU MeJaHO-
reHe3 B TeMHOTe (Tabu1. 2), Torma Kak Mpyu KyJTbTUBH-
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POBaHMU C JEKTPUUYECKUM OCBEIIEHHEM MelaHore-
He3 ObUT BbIIIE MpU O60Jiee BHICOKO KOHIIEHTpalluU
TUpO3uHa (Tabia. 1), 4TO coBNamaio ¢ pe3yabTaTaMu
babunkoit ¢ coaBr. [18], TOTydeHHBIMM ITPU OOBIU-
HOM OCBEILIEHUU.

sk

MenaHnH, TOIyYeHHBIA W3 IPUPOTHOIO JeKap-
cTBeHHOoro rpubayaru 1. obliquus, a Takxe BblIeJI€HHbI
n3 muteavs u KK rmyOuHHOM KyJIbTypbl Tprda, MOXeT
OBITh MEPCIEKTUBEH B KAa4eCTBE KOMIIOHEHTAa aHTU-
PETPOBUPYCHOTO Mperapara, a TakKe IpPYrux jJekap-
CTBEHHBIX TpernapaToB. OJHAKO YaCTUYHO €ro aKTHB-
HOCTB MOTJIa OBITh O0YCJIOBJIEHA IIPUCYTCTBUEM B IIpe-
rnapaTax MeJJaHMHa TepIICHOBBIX coequHeHMI [8, 27].

HeoOxonuMel nanpHelime nccaeqoBaHus Mo 6e3-
OITacCHOCTH M 3(hGEKTUBHOCTA MeJIJaHWHA W APYTHUX
OMOJIOTUYECKHN aKTHUBHBIX BEIIECTB MPUPOIHONU M
KyJabTuBUpyemoi yaru (1. obliquus) B TOKIMHUYE-
CKMX M KIIMHUYIECKUX UCCIIeTOBaHUSX.

HMccnenoBaHne BBINOJIHEHO B paMKax Tocyaap-
crBenHoro 3aganuss ®@BYH I'HII Bb “Bekrop” Po-
cnoTpebHaa3opa.
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Melanin Production by the Medicinal Mushroom Inonotus obliquus F-1375
in Submerged Liquid Cultivation and its Antiretroviral Properties

T. V. Teplyakova® *, N. A. Markovich* **, N. M. Gashnikova“, and M. P. Gashnikova“

4State Research Center of Virology and Biotechnology “Vector”,
Rospotrebnadzor, Koltsovo, Novosibirsk Oblast, 630559 Russia

*e-mail: teplyakova@vector.nsc.ru

**e-mail: namark @yandex.ru

We have explored the effect of a new strain of the mushroom Inonotus obliquus (Ach.:Pers.) Pilat (Basidiomy-
cota) F-1375 on melanin production in a glucose-tryptone medium, adding the preparation of betulin, chem-
ically pure tyrosine, under electric lighting and under dark conditions. The betulin preparation in the exam-
ined concentrations had practically no effect on the production of melanin, while high concentrations of ty-
rosine stimulated the production of melanin both under illumination and in the dark. All studied samples of
mushroom melanin are non-toxic: both isolated from natural (TCs, =96 & 8 ug/mL) and cultured in a liquid
medium with the addition of betulin and tyrosine (TCs, from 164 to 400 pug/mL); active against HIV-1 in MT-4
cell culture (ICs; 1 to 4.3 ug/mL, SI 17 to 192). The selectivity indices of the learned preparations of melanin
of cultivated Inonotus obliquus F-1375 against the human immunodeficiency virus subtype A were at the level
of 33-192, which makes it possible to recommend them for the development of antiviral agents. Melanin from
mushroom /nonotus obliquus F-1375 cultured in the electrical light with the addition of 10 and 20 mM tyro-
sine has the highest selectivity index for retrovirus HIV-1 (SI 192).

Keywords: antiretroviral, Basidiomycota, chaga, Human immunodeficiency virus 1, Inonotus obliquus, melanin,
mycelium, selectivity index, submerged liquid cultivation
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