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Ynen-kopecnondenm HAH Yxkpauhnsl, npogeccop,
doxmop 6uonozuieckux Hayk Conomon Ilaenosuu Baccep

Corresponding Member of National Academy of Sciences of Ukraine,
Professor Solomon P. Wasser



TTOCBSLUEHVIE

Jra KHura rnocssweHa 70-7eTUrO  CO  AHA  POXAEHUA  YIleHa-
KoppecrioHgaeHTa HAH YKxpauHsi, rnipogeccopa, AOKTOpa 6uosI0rudeckux
Hayk CoriomoHa TTasnosmuya Baccepa, Hawero aopororo Kosnneru, Yaurens

u fpyra.
CTT. Baccep - BCeEMUPHO U3IBECTHBIU  yYEHBIU-IHLMKIIONEAUCT,
TAKCOHOMUCT U UCCrleaoBaresib  pasHoobpasus u  3B0SIFOUMM

KPUMTOramHeIX pacreHud u rpubos,  ruoHep B 0651acTU Hayku O
J1IEKAPCTBEHHBIX rprbax 1 OCHOB UX BUOTEXHOSIOMUU.

HIcKpeHHe — Xerlaem — eMy — KPerikoro  340pOBbS,  HEYKpOTUMOU
CO3MAATesIbHOM 3Heprum, HOBLIX TBOPYECKUX CBEPLUEHMM, EHUASIBHLIX
MUKOJTIOrUYECKUX OTKPLITUL, 3amMedaresibHbIX MOHOorpagu!

AsTOper



Professor Solomon P. Wasser

Short Biodata

Professor Solomon P. Wasser, Ph.D., Dr. Sci. (Biol.) is the Head of the
International Center for Biotechnology and Biodiversity of Fungi, at the
Institute of Evolution, University of Haifa (Israel); and the scientific adviser of
the Department of Algology, at the N.G. Kholodny Institute of Botany, National
Academy of Sciences of Ukraine.

Born and educated in Ukraine, Professor Wasser earned his advanced degrees
(PhD & Dr. Sci., Biol.) at the N.G. Kholodny Institute of Botany, National
Academy of Sciences of Ukraine in Kiev. He was elected a member of the
National Academy of Science of Ukraine in 1988, and became Professor of
Botany and Mycology in 1991. He founded the International Center for
Biotechnology and Biodiversity of Fungi at the Institute of Evolution in Haifa
University in 1995 and has directed its work since than. Since 2000, he has been
a full Professor of Haifa University and now emeritus Professor (Israel).

Professor Wasser is an author and co-author of 600 scientific publications,
including 57 books and 15 patents. Professor Wasser is world leader in medicinal
mushrooms study and in fungal taxonomy and biodiversity, especially in higher
Basidiomycetes mushrooms. He made pioneering research in anticancer (breast,
prostate, CML, and ovarian cancers), antioxidant and radical scavenging activity
of medicinal mushrooms, developed of new biotechnology of submerged
cultivation of many medicinal mushroom species, including haploid strains of
Tremella mesenterica, Ganoderma tsugae var. jannieae, Pleurotus eryngii and P.
ostreatus, Agaricus brasiliensis, and Coprinus comatus. Developed and patented
new for world market dietary supplements with immunomodularing,
cholesterol lowering, antidiabetic, antioxidant, and radical scavenging activities.
Professor Wasser introduced 226 new scientific names for fungi including he
described 42 species of higher Basidiomycetes species and intraspecific taxa
new for science and 184 new for science nomenclature and taxonomic

combinations.



In addition to his scientific studies, Professor Wasser performs a number of
public and social activities. He is a founder and editor-in-chief of three
international journals, International Journal of Medicinal Mushrooms (USA),
Algologia (Ukraine), and International Journal on Algae (USA). He is organizer
together with Professor S-T. Chang and late Professor T. Mizuno of world
international medicinal mushrooms conferences (first was held in 2001 in Kiev,
Ukraine and forthcoming 9™ IMMC will held in September 2017, in Italy).



C.I1. BACCEP

HucturyT 3Bomonun Xaiidckoro yauBepcurera, U3pannp
Hucruryr 6oranuku um. H.I' Xonoguoro HAH Ykpaunust

HAVYKA O JIEKAPCTBEHHDBIX I'PUBAX:
COBPEMEHHBIE ITEPCITEKTHUBbBI, JOCTHXXEHHSA U ITPOBJIEMbI

I'nagnas yenv Hacmosawezo o63opa cpokycuposaHa HA npedcmasieHuu
cospemMeHHbIX nepcnekmug, docmuxceHutl, pakmos, npobaem u nymet pa3gumus
Hayku o nekapcmeeHHblx 2pubax e 21 eeke. B obwem, 0na nekapcmeeHHbIX
WASANOYHBIX U MUKDPOCKONUYecKux  2puboeé  U36eCMHO  OKOMO 130
¢papmakonozuqeckux apexmos, eK104asn npomueoonyxonesblil,
umMmyHomodyaupyrowull, aHMUOKCUOGHMHbIU, 3axeamblearowuti ce0600Hble
padukansl, Kapouo8acKyAApHbIl, CHUNCAOWUL X01eCmepuH, NPOMuUB808UPYCHbIL,
aHmubakmepuanbHbwiil, npomueonapasummbiil, npomueozpubkosbiil,
demokcuguyupyrowuli, 2enamonpomekmopHsll, u npomueoduabemuyeckutl.
Hzeecmuo, umo 6azuduomuyemst seasromcs npodyyeHmamu OGuono2uqecku
AKMUBHbIX 8ewecms, Komopbsle codepycamcs He MoJIbKO 8 N10008bIX Meaax, HO
U 8 MUYyeaul, u KyabmypanbHol #UudKOCmu npu KyAbmueuposaHuul.

Ocoboe sHumaHue ydeneHo epubHbIM NoaUCAXAPUIAM U PA3AUHHBIM BIMOPUHHBIM
Mmemaboaumam. Ob6obweHbl pe3yabmambvl uccnedogaHull 0 noaucaxapudax
okono 700 e6udog evicwux Hetero- u Homobasidiomycetes. OnucaHbi
MHO20HUCIEHHDblE 6uonoeuyecku akmueHble noaucaxapuobwl u
noaucaxapuonpomeuHogble  KOMNIEKCbl U3  JleKapcmeeHHblx  2pubos,
obnadarowjue cnOco6HOCMbBIO  NOBLIWAMbL  BPONCOEHHBI U KJAEeMOYHbIl
UMMYHHbILL ~ Omeembl, @ MAKd#e  BblpAXWEHHOU  NPOMuUBOONYX0ae60l
AKMUBHOCMbIO Y MCUBOMHBIX U JAt00el, 8 MO 6peMs KaK MexXaHu3m ux
npomueoonyxonegozo deticmeus do cux nop NOJAHOCMbIO He PACKPbIM, 8 YeHmpe
BHUMAHUS HAXOOSMCS 80NPOCHI  CMUMYAUPOBAHUS U MOJYAAYUU KAHOHe8020
UMMYHHO20 omeema Ha 3mu 2pubHble coeduHeHus. [lonucaxapudsl u
HU3KOMOIEKYIPHblEe 8MOPUYHblEe Memaboaumsl Ype3sblHaliHO 8aXCHbL 88UDY
NnpuCywuM UM NPOMUBOPAKOBbIM U UMMYHOCMUMYAUPYIOWUM CE0UCMEaMm.
Hexomopwle u3 smux epubHbix eewecms, npowedwue I, I u III ¢pa3sy
KAUHUYeCKUX UCNbIMAHUl, 6 Hacmoswee 6pems WUPOKO U YCNewHo
npumeHsiomess 8 A3uu 0as JneveHus pA3AuUdHbIX 6udos paka u Odpyaux



3abonesanuti. Ocoboe eHUMaHUe YyOeleHO MHO2UM BaNCHBLIM HepelweHHbIM
80NPOCAM HAyKU O 1eKapCmeeHHbIX 2pubax.

KimroueBrle cioBa: sekapcmeeHHble 2pubbl, AHMUOKCUOAHMHAA AKMUBHOCMb,
noaucaxapuobwt, p-entokanwl, npomueoonyxo.Jieeas aKmueHoCmb,
ummyHomodyaupyrouwee deticmeaue, 8moputHble Memaboaumel

Wcnonb3oBaHve rpubOB B TPAAULMOHHON HApPOJHOW MeIULIHE
JaTvupyeTcsi, MO KpailHel Mepe, 3poii HeosuTa. B TeueHue ThICAUYE/IeTUN
chopMHUpOBaJICS  OMBIT 4YejOBeYeCTBA B OTHOLUIEHHMH CheJOOHOCTH U
JIeKaPCTBEHHOTO UCIIO/Ib30BAaHUS TPUOOB.

CoBpeMeHHble  HCC/€JOBaHUSI  TNPOBEPWIM U JOKYMEHTAJIbHO
MOATBEPAVINA OOJBIIYIO YaCTh JPEBHUX 3HAHUM O JIEKAPCTBEHHBIX LUISTIOYHbIX
rpubax (JILUT). B mocnesHvie TpU [OECATHIETHS MEXAUCLHHUTUIMHAPHOE TIOJIe
Hay4YHBIX MCC/IefoBaHuM, cpoKycrpoBaHHOe Ha usydenud JILIT, pazBuBaercs u
Bce Oospile W Oosblile, NEMOHCTPUPYS MOLIHbIE W YHHKaJbHble CBOMCTBA
BelleCTB, BbIIe/IEHHbIX W3 psfa BUAOB rpuOoB. CoBpeMeHHass KIMHHYECKast
npakTvka B nonuu, Kurae, Kopee, Poccum m HeKOTOpbIX Apyrux crpaHax
HCIIO/Ib3yeT MpenapaTthl rpubHoro npoucxoxaenust (Reshetnikov et al., 2001;
Van Griensven, 2009; Wasser, 2010; Chang, Wasser, 2012).

[lpeBHME BOCTOYHbBIE TPAJULMU TMOJYEPKUBAIOT BAXKHOCTh HEKOTOPBIX
BH/IOB LIUISIMTOYHBIX IPUOOB, @ UMEHHO NMUHrYM vin peiiu (Ganoderma lucidum
(W. Curt. : Fr.) PKarst.) u mwuntake (Lentinus edodes (Berk.) Singer).
[lInsimo4yHble rpuObI TAKKe UTPAIOT BAYKHYIO POJIb B JIEUEHUH KUTEIEN CeTbCKOM
MEeCTHOCTH BOCTOYHOEBPOTIEMCKUX cTpaH. Hanbosee BaKHBIMU BUJAMU B DTHX
cTpanax siBastiorcst Inonotus obliquus (Pers.: Fr.)Pilat (uara), Fomitopsis
officinalis (Vill.:Fr.)Bond. et Singer (TpyToBuK nexapcTBeHHbIi), Piptoporus
betulinus (Bull. :Fr.) P.Karst. (6epe3oBsrit TpyTOoBHK) U Fomes fomentarius Fr.:Fr.
(rpyroBuk Hactosimmii) (Chang, Wasser, 2012; Poder, 2005). OTu Bugs
MPUMEHSIIOT ISl JIeYeHHsT JKeTyAOYHO-KUIIeYHbIX 3a00/IeBaHUMi, pPa3TUIHBIX
dopM paka, GpOHXHABHOM AaCTMbI, HOYHOM MOT/IMBOCTA U Tp. [luTenbHas
HCTOPUST TPAJULIMOHHOTO HCITOb30BAaHUSI IPUOOB B KadeCTBe JIeKapCTBEHHBIX
cpenctB u3BecTHa B LlenTpansHoit Ameprike (ocobeHHo BuoB poga Psilocybe),
Adpuxke (miemenamu fopy6a B Hurepun u benune), Ampkupe u Erumnre.

Xopoio n3BecTHa ocobast posb Myxomopa kpacHoro (Amanita muscaria
(L.: Fr.) Pers. ) B cu6UPCKOM ¥ THOETCKOM LIaMaHU3Me, OyAAU3Me U KeTbTCKUX



mudax (Reshetnikov et al., 2001; Van Griensven, 2009; Chang, Wasser, 2012;
Wasson, 1968).

B Hacrosiiee Bpemst JILUT ucnob3yrores kak (A) — gueTudeckas nuia (B
2012 T. MHUPOBOE IMPOU3BOJCTBO Ky/IbTHUBHUPYEMBIX TPUOOB COCTABHUIO 30
MU/UTHOHOB TOHH); (B) — muumessie no6asku (IT[]) (6picTpOpacTyiumii phIHOK
IPUOHBIX MUIIEBBIX [0OABOK HAa COBPEMEHHOM JTalle OLEHUBAETCs 60see, YeM B
18 mrwmnapzaoB $ (CLIA) exxeromno; (C) — HOBBIN KJIacC /IEKapCTB, Ha3BaHHBIX
«rpubHbIMKA papMaleBTHKaMu»; (D) - mpuposHbie areHTbl GHOKOHTPOJIS B
3alIMTe paCTeHW C WHCEeKTHUUUIHOHN, QYHIMUUIHON, OaKTepHULUIHOM,
repOULUIHON, IPOTUBOHEMATOJHON U aHTUPUTOBUPYCHOM aKTUBHOCTHIO; (E) —
KOCMELeBTUKH, BBHAY TOTO, YTO KOCMETHYEeCKHe KOMIIAHWHM MIMPOKO
WCIIOJIb3YIOT pa3inyHble Beulectsa JILUT, Bkirovas moircaxapyabl, B YaCTHOCTH
BOZOPaCTBOpUMbIE  [(-T/IIOKAHBI,  [JIIOKYPOHOKCHJIOMAaHHAHbI,  CaXaXUTHH
(monMcaxapui-XUTUHOBBIM KOH'BIOTAT), TUPO3WHA3Y U Apyrve pepMeHThl s
yAy4IIeHUs] TUIEHKOOOpa3yIolUX CBOMCTB, AaKTUBALIMK  3IMHIEPMaIbHOTO
¢dbaxTopa pocTa, AHTHOKCHUIAHTHOTO, AHTUAJIIEPTUYECKOTO,
aHTUOAKTEPUAIBHOTO M MPOTHUBOBOCIIAIUTENBHOTO [JEeHCTBUS, CTUMYJISLIUU
00pa30BaHUs KOJIareHa, MHIrMOMPOBAHUS Ay TOMMYHHOTO BUTHIUTO U JIEYeHUS
axue (Wasser, 2010; Chang, Wasser, 2012; Hyde et al., 2010; Lindequist, 2013).

JlekapCTBeHHbIE IUISATIOYHbIE TPUOBI COMOCTAaBUMBI C JIEKAPCTBEHHBIMU
pacTeHUsSIMM M MOTYT OBITh OIpeJe/ieHbl KAaK MaKPOCKOMHYeCKHe TIpUOBI,
[JIaBHBIM O00pa3oM, BbICIIME OA3UJUOMHIETHI W HEKOTOPbIE ACKOMUIIETHI,
KOTOpblE HCIOJb3YIOTCE B (OpMe DKCTPAKTOB WIM TOPOIUKOB ISt
npodUIaKTUKK, 00IErYeHUs UK jiedeHrst 60e3Hu, U (Wan) ais obecredeHust
c6a/laHCUPOBAHHOM 30POBOY gueThl. [1006HO OIpee/IeHNI0 «IpenapaThl U3
JIeKapCTBEHHbIX pacTenmii» («herbal drugs»), cyxuie miogoBbie Tena, MUIIETUH,
CIIOPBI MOTYT PacCMaTPUBATHCS KaK «IperapaThl U3 JIeKAPCTBEHHBIX TPUOOB»
(«mushroom drugs») nnu rpu6GHsie npemnapars! («fungal drugs»). AHamoruyso
TepMUHY «PUTOPAPMAlIeBTUKN» WK «PACTUTENbHbIE MPenaparThbl», B JAHHOM
CJly4ae MOTYT HCIOJ/B30BaThCSI TEPMHUHBI «TPUOHBIE (APMALEBTUKU» HIIH
«rpUOHbBIE TIPETapaTh».

['pubbl BOOOILE W WIIAMOYHbIE TPUOBI, B YaCTHOCTH, YPE3BBIYAHHO
MHOTOYHMC/IEHHBI, Pa3HOOOPA3HbBI U PACIIPOCTPAHEHbI MOBceMecTHO. [TocenHue
OLIEHKH YMC/IEHHOCTH TPUOOB Ha 3eMJie HaxXOAsATCS B MpeZesax OT 500 000 /0
6osee, YeM 5 MHW/UIMOHOB BHUIOB. B 00uieM, MPUHSITO CYUTATH, YTO HX 1,5
MU/UIMOHA COTJIAaCHO [OKJIAAy mnsaTHafguaTuiaerHeir gasHoctu (Hawksworth,
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2001). Jlo HACTOSIIIETO BPEMEHU Yy)Ke MPEAINOIAraioT, YTO MUX KOMUYECTBO, IO
KpaiiHeit Mmepe, 3 muutnoHa BugoB (Hawksworth, 2012). B To ke Bpemst b
110 000 BUJOB rpubOB ObUIM oOMHCaHbl. JTa UMdpa OCHOBAHA Ha OOIEM
KOJIMYeCTBe BUJOB, JOOABIEHHBIX B KOKIBIA PO, MPUBEJEHHbBIN B MOCTIeJHEM
uzganu  Dictionary of Fungi (Kirk et al, 2008), omyGiMKOBaHHBIX B
npeasigyiye rogasl (Hawksworth, 2012; Blackwell, 2011; Bass, Richards, 2011) u
BKJ/IIOYAeT OPraHU3Mbl, TPAAULMOHHO M3y4YaeMble MUKOJIOTAMU: MUKCOMULIETBI,
XPOMUCTBI, XUTPUAMOMUIETHI, MHIETHAbHbIE TPHUObBI, JTUXEHOOOpa3yIoIIKe
rpubbl, TIeCHeBble IPUOBI U APOXOKUA. MCXOnst U3 3TOTO, UUISTOYHbIE IPUOBI
MpeJCcTaBieHbl 16 ThIC. BUAOB, BollenmiMMu B u3gaHus Dictionary of Fungi
npegsigyux et (Kirk et al, 2008). Tlpeamonaraercsi, YTO 4YHCIO BHU/OB
HUIATIOYHBIX TPUOOB B MUPE HA JJAHHBI MOMEHT HAaCYUTHIBAET 150 000 - 160 000;
Y MTOKa TOJIBKO 10 % OT Ha3BaHHOTO KOJIMYeCTBa M3BeCTHO Hayke (Wasser, 2010;
Hawksworth, 2001, 2012; Kirk et al., 2008). AHa/M3 JTOKaTUTETOB, C KOTOPBIX
rpuObI U3BECTHBIE HayKe, ObUIM OMMCAHbI U KaTajoru3upoBaHsl B Index of Fungi
3a MoC/iefiHe 10 JIeT TMOKasaa, 4TO OKOoJIo 60 % Bcex 3THUX HOBOOIHCAHHBIX
rpUbOB SIB/ISIOTCS TPONMUYECKUMH BHAAMH. JTO TAK)Ke KACAeTCsl Y HUIATIOYHBIX
rpuboB, 0COGEHHO BHUAOB, 00pa3ylIIMX 3SKTOMHUKOPU3Y C TNPUPOSHBIMU
JIEePEeBBSIMU, XOTSI HOBbIE€ BH/bI TNPOJO/DKAIOT OTKPbhIBAaTh U B EBpome, u B
CeBepHoii AMepuKe. B pas/iMuHbIX TPOMUYECKUX 30HAX 22-55 % (B HEKOTOPBIX
cnyvasix mo 73 %) BupoB rpuboB euie He omucaHbl (Hawksworth, 2001, 2012;
Bass, Richards, 20m). [lpuGnusurensHO peasbHOE YHCIO BHAOB T'PHUOOB,
CylLLecTByIOlllee Ha 3eMJie, MOXXeT ObITh B MSATHAECAT pa3 BbIlle, YeM JaHHbIE,
OCHOBaHHbBIE HA TeKylux nozacyerax. CoBpeMeHHbIe METO/bl CeKBEHUPOBAHMUS
JeIal0T BO3MOXXHBIM MPEJINOJIOKEHNEe, YTO CYIIEeCTBYeT, IO KpaiiHeil Mepe, 5
MU/UTHOHOB BugoB rprbos (Blackwell, 2011). CiegoBarenbHO, HaM MOTpeGyeTCst
6osiee 4 THICSY JIeT JAJisE OMMCAHHUS 3TOro OMopasHOoOOpasusi BHUIOB I'PHOOB,
OCHOBAaHHOTO HAa COBPEMEHHBIX TEeMITAX OTKPBITHS, COCTABJISIOLUIUX OKOJIO 1200
HOBBIX BHZIOB B Toj (COriacHO JaHHBIM 3a mocaeauue 10 et (Hibbett, Taylor,
2013)). JlaHHBIE TaKKe TOKAa3bIBAIOT, YTO MbI XOPOIIO OCBEIOMJIEHBI
npu6n3uTebHO 06 1 % MHPOBOM MHKOOMOTBHI U TONBKO O 10 % MHPOBOTO
6vriopasHoo6pasus uutAnovHbix rpu6oB (Wasser, 2010; Chang, Wasser, 2012).
CrienasuCcThl MO TAaKCOHOMHH HEKOTOPBIX TIPYII JIeKapCTBEHHBIX
IUTATIOYHBIX TPUOOB  XOPOWIO 3HAKT «OOLIEM3BECTHBIE» BHU[bL, OJHAKO
HEKOTOpble W3 HUX OMOXUMHUYECKHX U (PAPMaKOIOTUYECKUX OCOOeHHOCTEeMH
OCTalOTCsA A0 Hactosiuero BpemeHu HewsBecTHbiMHU. C. I1. Baccep mpeacraBun
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006001IeHHbIe CBefleHHs 0 papMaKOJIOTHYeCKHUX CBOMCTBAX OKOJIO 700 M3 2000
XOpOIIO M3BECTHbIX W 6Ge3omacHbix BUAOB (Wasser, 2010). 31O JHIIb
MOKa3bIBaeT, 4YTO YPOBEHb COBPEMEHHbBIX 3HAaHUM CBUJETEIbCTBYIOT 00
OTPOMHOM TOTeHI[Haie GMOPa3HOOOPA3HsT TeKapCTBEHHBIX IPUOOB.

HinsimouHble TpUObI B HACTOsIllee BpeMsi OLIEHMBAIOT HE TOJIBKO IO MX
MUATATE/TbHOH LEHHOCTH ¢ OWONIOTMYEeCKOW [JOCTYMHOCTH, HO U TIO
dbapmakosornyeckum cBorictBaM. OHM MPeACTaBISIOT COO0U OTPOMHBIHN, U B TO
)K€ BpeMsi Hepearn30BaHHBII MCTOYHUK HOBBIX MOLIHBIX (papMalieBTUYeCKUX
MPOAYKTOB. Upe3BbI4aliHO BaYKHBIM [IJIsI COBPEMEHHON MeJUIIVHBI SIBJISIETCS TO,
yro JILIT' mpexcTaBasitor co6oil HeHCYepraeMblii MCTOYHHK IOTHCAXapHUAOB
(ocoGeHHO  [B-T/IOKAHOB) ¥ TOJHMCAXaPUIIPOTEMHOBBIX  KOMIUIEKCOB,
006/1aIaf0UX TPOTUBOPAKOBBIM M HMMYHOCTUMY/IHUPYIOLIMMH CBOMCTBAMHU.
BonbummHcTBO, ecnmu He Bce, BbiciiMe Basidiomecetes comepxar MHOTO
Pa3IMYHBIX OHMOJIOTUYECKH AKTHUBHBIX BBICOKOMOJIEKY JISIPHBIX u
HU3KOMOJIEKY/IIPHBIX COEJUHEHUN (TPUTEPIIeHbl, JIAKTOHBI, AJIKAJOUJbl U
Opyrue MeTaGoNnuThl) B IUIOJOBBIX TejaX, Ky/IbTYpaJlbHOM MULEIHUU |
KynbTypansHoi xuakoctu (Wasser, 2010; Chang, Wasser, 2012; Anke, 1980;
Zaidman et al., 2005; De Silva et al., 2013).

CoBpeMeHHbBIe JOCTH)KEHHS U NePCIeKTUBbI

YcraHosneno, uro rpu6sr (JILUI' ¥ MUKPOMHIIETBI) MUMEIOT OKOJIO 130
¢dapmakosornyecknux HasHavyeHWil. HemaBHO W3y4yeHHBIe JIeKapCTBEHHbBIE
CBOWCTBA LIATIOYHBIX rpubos BKJIIOYAIOT IIPOTUBOOITYXOJIEBBIH,
VMMYHOMOAY/IUPYIOUINI, aHTUOKCHUJAHTHBIN, Y/IaBIWBAOLMNA CBOOOZHBIE
paJyKaibl, KapZAVOBaCKYJISIPHbIN, CHWKAIOLWH XOJIECTEPHH,
NPOTUBOBUPYCHBIN, aHTHOAKTepHaTbHBIH, NPOTHUBOIIAPA3UTHBIN,
MPOTHBOTPHUOKOBBIH, JleTOKCUKAHTHBIH, renaTonpoTeKTOPHBIN "
antuguabernyeckuit agdexrrl. Jlyyinee npumeHenue npenapartos u3 JILIT u
IPUOHBIX MUILEBBIX AO0ABOK 3aK/IIOYAeTCsl B IMPEeJOTBPALIEHUH U JIeYeHUU
HapylIeHWil HMMYHHUTETa, OCOOEHHO Y HWMMYHOJedULUTHBIX OOJNBHBIX U
MalMeHTOB C UMMYHOJellpecCMBHbIMU cUHApoMamy, JILT'-npemapartsl Taxoke
MOJIE3HBI /11 OHKOOOJIBHBIX TIOC/E€ KYPCOB XWMHMO- WM PafMOTeparnvH, B
C/Ty4asix Pas3/IMYHBIX THIIOB OIyXOJIel, XPOHUYECKUX BHUPYCHBIX 3a00/1€BaHUIMA
kpoBH (remarutoB B, C u D), nmpu pa3nmuyHbIXx THMAaX aHEMHH, 3a601eBaHUIX
BUY/CIIN/I, Bupyce repmeca, CUHApPOMe XPOHHWYECKOH YCTa/lOCTH, BUpYCe
JnuwreiiHa-bappa, [/ DaUWMeHTOB € XPOHWYECKMM TacTPUTOM U  SI3BOU
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Xenyznka, Bei3BanHoi Helicobacter pylori, nast 60nbpHbIX femeHUpei (0co6eHHO
B cryyae Gonesnu Anbureitmepa)(Wasser, 2010; Chang, Wasser, 2012; Dai et al.,
2009; Lo, Wasser, 2011; Didukh, Wasser, 2003).

[pubHble TONMMCAXapyabl TMPESOTBPALIAIOT OHKOTeHEe3, OKAa3bIBAIOT
npsiMoe TMPOTHUBOOIYXOJIEBOE JeMCTBHE HA PA3/WYHble CHHEpPreTHYecKue
OTIyXOJIH, TTPeAOTBPAIIAIOT 0OPa30OBaHUe MEeTaCcTa30B. X akTMBHOCTh 0COGEHHO
yCIlelIHA B Cjlydyae MPUMEHEHHs] MX B COYETaHUU C XUMHoTepanueit. [lns
MIPOTUBOOITYXOJIEBOTO JIEMCTBUSL TIOMMCAXapUZOB HEOOXOAUMBI KOMITOHEHTHI
MHTAKTHBIX T-KJI€TOK, WX aKTUBHOCTh OCYIIECTBISIETCS TOCPEACTBOM
TUMYC3aBUCUMOTO MMMYHHOTO MeXaHM3Ma. Ounu AKTUBUPYIOT
LUTOTOKCUYECKHe Makpodard, MOHOLMTHI, HEUTPODUIbI, TNPUPOFHBIE
KJIETOYHbIE KHWJ/UIEPbI, [E€HJPUTHbIE KIE€TKH W XUMHYECKHEe MeCCEeH/DPKePHI
(LMTOKUHBI, HWHTEPNEHKUHBI, HHTEPPEPOHBI, M KOJIOHHUECTUMYIUPYIOIIHEe
($aKTOphI), KOTOPBIE 3AMYCKAIOT CUCTEMY KOMIUIEMEHTA U OTBETHI OCTPOM (asbl.
Kpome TOro, monucaxapuzast JIIII' MOXHO  paccMaTpuBaTh  Kak
MY/JIBTUIIATOKUHOBBIE HWHIYKTOPBI, CIIOCOOHbBIE WHAYIUPOBATH IKCIIPECCHIO
E€HOB PA3JIMYHBIX HMMYHOMOZYIHPYIOIIMX IUTOKUHOB M LUTOKHHOBBIX
penenitopoB (Wasser, 2010; Chihara et al., 1970; Zhang et al., 2007, 201, 2013;
Lee, Kim, 2014).

Pak, BeposiTHO, BCerja CyleCTBOBA/I B Ye/I0BEYECKON I[UBHIM3ALMH, ITa
60/1e3Hb, BEpPOSITHO, TaK JKe€ CTapa, KaK cama Jku3Hb. O HaIMYMM paKa
CBUIETE/ILCTBYIOT JaHHBbIE aHA/MM30B deperna HeaHzepTablia (35 ThIC. €T 10
H.D.), €TUNETCKUX U MHKCKuX mymuil (Barillot et al., 2013). Pak - 310 06IIMIA
TEPMUH, BKJIIOYAKIUA COTHU PAa3/IMYHbIX THUIOB 3TUX 3a00J/I€BaHUIA,
pasBUBaIIMXCS B Tese. TakuM 06pa3oMm, 3T0 0o0lee Ha3BaHUeE, HCIIOIb3yeMOe
IUIST 3/T0KQYeCTBEHHBIX HOBOOOPAa30BaHUH.

HoBsle uudppl u  mporHosbl  rn00anbHOrO  OpeMeHM  Paka,
npeJCTaB/IeHHbIe B HOBOM M3aanuu Muposoro gokiaza mo paky (World Cancer
Report (Stewart, Wild, 2014), pe3ko mog4yepkHyiu mpo6ieMy pocTa Ciy4aes
3a00/IeBaHUsI PAKOM OT 12,7 MJIH B 2008 T. [I0 14,1 MJIH B 2012 T. DTa TeHAEHIUS,
0 TIPOTHO3aM, IPOJO/DKUTCS C YBeTMYeHHEeM B OyAyleM Y1C/Ia HOBBIX C/Ty4aeB
no 75 %. st My>)KYMH Ccpegy MsATH HanboJiee 4acTo JUArHOCTHPYEMbIX BHIOB
60JIe3HU B 2012 T. ObUIH PaK jierkux (16,7 % oT 06IIero KoJu4ecTsa), MpoOCTaThI
(15 %), mpsimoit kuku (10 %), xenyzaxa (8,5 %) u nevenu (7,5 %), 3ab6oneBanue
paKkoM Jierkux ObUIO Haubosee 4YacTbiM (34,2 CJydass Ha 100000), PaKOM
MPOCTATHI — 31,1 C/Iy4ail Ha 100000. Y KeHIIMH HauboJjiee ysI3BUMbBIMH ISl PaKa
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SIB/IIFOTCST — MOJIOYHAs JKese3a (25,2 % oT 0611ero KoM4vecTsa cydaeB), mpsimast
kuika (9,2 %), nerkue (8,7 %), weitka matku (7,9 %) u xenynox (4,8 %). Ipwu
3TOM paK MOJIOYHOM JKejle3bl BCTPeYaeTCsl ropa3fo dvaule — 43,3 caydas Ha
100000, Y€M Apyrue BUIbI paKa, CIeSyIOIHi MUK HaGII0JaeTcsl Y paKa MpsiMoi
KALWKHA (14,3 Ha 100000). Cpeny GOMBIIMHCTBA HEeMHQEKIMOHHBIX 6Go/e3Hei
(4eTbIpe OCHOBHBIX IPYIIIbI 3a00/I€BAaHUI — KapAHOBACKYJ/ISIPHbIE, XDOHHUYECKUI
Iouaber, OpPraHoB [IbIXaHWSI M PAK) HA HALMOHANBHOM, PETHOHANBHOM H
r7100aIbPHOM YPOBHSIX, 32 IOC/IeJHHEe HEeCKOJIBKO JIET PaK CTAHOBUTCS OCHOBHOM
npuurHou cmeptH (Stewart, Wild, 2014).

[lpegnonaraor, 4TO0 B 3TOM rogy o0lee YHC/IO HOBBIX 3a00/I€BaHUIMA
pakoM cocTaBuUT 40 MJH. [lo onenke BO3 84 MiH. mojeil yMper oT paka B
mepuos 2005-2015 rr. Pak y6uBaer Gonbire miogeit, yem CIIV], manspust u
TyOeKyne3 BMmecTe B3sitble. bosee Toro, B Kurae u Wuaum (HaubGoiee
I'yCTOHAaCe/IeHHbIe CTPAHBI), TAK)KE BO3PACTAET CMEPTHOCTh OT Paka, B GOJBIION
cTerieHH, OOYC/IOBJIEHHass KypeHHMeM, TIMTaHWeM U 3KOJOTMYeCKUMHU
npo6iemamu. B riaobGanpHbix Maciwitabax, mo oueHke BO3, oxwupmaemas
CMEpPTHOCTb OT paka B 2030 I'. JOCTUTHET 17 MJIH. YesloBeK B rof, (Stewart, Wild,
2014).

[lpemapatbel W3 JIeKapCTBEHHbIX TIpUOOB U  mosucaxapuzapl  JILIT
MOKa3bIBAIOT MOJIOXKUTE/IbHbIE pe3y/bTaThl B JIEYeHUU OIyXOJIeH in Vitro u in
vivo. HoBBIi1 K/1acC MPOTUBOOIYXO0JIEBBIX TPUOHBIX JIEKAPCTBEHHBIX IPENapaToB
Obl HaszBaH MogudukaTtopamu Guomoruveckoro otBera (MBO). MBO
WCIIO/B3YIOTCSI KaK KaK CONPOBOAMTE/bHAasl Tepanus B.JIEYeHUM paka B
XUPYPIrviM, XUMHOTepanuu u paguorepanuu (Wasser, 2010; Chang, Wasser,
2012; Zhang et al. 2011, 2013; Lee, Kim, 2014; Mizuno, 1999). I'1aBHast mpo6Giema,
BbI3BaHHAsl JIeYeHWEeM OHKOJIOTUYeCKUX 3a00jieBaHUM, OCOOeHHO IIpH
XMMHUOTEPAINUU U PAUOTepaIuy, - IOBPeXeHHe WM ocaabieHne MPUPOAHbBIX
MMMYHOJIOTUYECKUX peakuuii mauueHTta. [pubuele MBO B jedenuu
OHKOJIOTUYEeCKUX 3abosieBaHUN CPOKYyCHPOBAHbI HA Y/Iy4lIeHWH KadecTBa
JKU3HU OOJ/IBHBIX, BBHZY TOTO, YTO OHHM YMEHBIIAIOT MOO04YHbIe 3dPeKTsr U
MIOMOTAlOT MOJAABUTH POCT OIYXOJH. DONBIIMHCTBO M3 3TUX IIpenapaToB
aKTUBUPYIOT TPUPOJHBIE HMMYyHHbIe OTBeTHl OpPraHM3Ma M  MOTYT
HICIIO/TB30BAThCS KaK MO/ AepyKUBAOLasl Tepanus A1 NPOQUIAKTUKH paKa U, B
HEKOTOPBIX C/Ty4asiX, HApaBHEe C OCHOBHBIM JIe4YeHHEM.

VIMMyHOLI€BTHKH, TOJy4yeHHble Oojiee 4yeM W3 30 BHAOB JIEKaPCTBEHHBIX

I'pI/I6OB, IIOKa3a/Ixk IIPOTHUBOOITYXOJ/JIEBYIO AaKTHUBHOCTb B JIEHEHHUHN J>KHMBOTHDIX.
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OpaHako, Ul HEMHOTHE W3 HUX OBUIM MPOTECTUPOBAHBI OTHOCUTEBHO HX
MPOTHBOPAKOBON  aKTUBHOCTH /ISt yesnoBeka.  Hekoropble w3
MPOTECTUPOBAHHBIX TPENapaToB MPeJCTaBAAIT co6oit B-d-raroxkansl U [-d-
[JIIOKaHbI, CBA3aHHbBIE C MPOTEMHAMH. Bosiee TOro, mociesHre AeMOHCTPUPYIOT
3HAYUTENBHO  GOJBIIYI0O  HWMMYHOIMOTEHUMHUPYOLIYI0O  aKTHUBHOCTh,  Ye€M
CBOGOJHbIE TJ/IIOKaHbl. [IPOBEIEHO HECKOJIBKO KIMHUYECKMX HCIbITAaHUH,
MO TBEPAUBLINX UHTHOUpPYIownii adgdexT Ha poct omyxonu L. edodes, (Chihara
et al. 1970; Zhang et al., 2011; Hobbs, 2000) Grifola frondosa (Dicks.:Fr.) Gray,
(Zhuang, Wasser, 2004; Boh, Berilivic, 2007) Schizophyllum commune Fr.:Fr.
(Zhang et al., 2013; Hobbs, 2005) Ganoderma lucidum, (Lin, 2009; Mahajna et al.,
2010) Trametes versicolor (L.:Fr.) Lloyd (Hobbs, 2004) I. obliquus, (Mizuno et al.,
1999; Balandykin, Zmitrovich, 2014) Phellinus linteus (Berk. et M.A. Curt.) Teng,
(Hsieh et al., 2013) Flammulina velutipes (W.Curt.:Fr.) Singer, (Maruyama,
Ikekawa, 2007) Hypsizygus marmoreus (Peck) Bigel., (Matsuzawa, 2006)
Ophicordyceps (=Cordyceps) sinensis (Berk.) G. H. Sung et al., (Holliday,
Cleaver, 2008) Agaricus brasiliensis S. Wasser et al. (=Agaricus blazei sensu
Heinem.), (Wasser et al., 2002, 2005) and Tremella mesenterica Retz.: Fr. (Lo,
Wasser, 201; Lachter et al.,, 2012). IpuGHbBIE UMMYHOLEBTHUKH [IeHCTBYIOT,
[JIaBHBIM O0pPa3oM, IyTeM Y/Iy4YlIeHUs] UMMYHHOM CHCTEMbI XO3fMHA. JTOT
MPOLECC BKJIIOYAET aKTUBAIMIO AeHAPUTHBIX KiaeTok, NK-xmerok (Natural
Killer), T-kmerok, wMakpodaroB u BbIpabOTKy UMUTOKMUHOB. Hekoropsbie
dapMakosoruyecKkue TPOAYKTHl (BelecTBa) W3 JIEKaPCTBEHHBIX TI'PUOOB,
rJIaBHBIM 06pa3oM, mosircaxapuibl (0cO6eHHO [3-TI0KaHbI), ObUTH pa3paboTaHbI
IJisT  KIMHUYeCKHX U Kommepdyeckux wened: Kpecrun (PSK) u PSP
(monmucaxapua-nentuza) wus T.versicolor; JleHTHMHAaH, W30JIUPOBaHHBIA U3 L.
edodes; 1luzodpunnan (Coundunan, [lusodpupan, nmu SPG) us S. commune;
Bedyurun - us I. obliquus; D-¢pakuus — u3 G. frondosa; GLPS-nonucaxapusnas
¢pakumst us G. lucidum; akTUBHOe coeMHEeHHE, cBsi3aHHOe ¢ Tekco3oit (AHCC)
Y MHOTHE [IpyTHE.

Cpeaun IOPYyrux rpUGHBIX KOMITOHEHTOB, MPe/ICTaBIISTIOLINX
TepaneBTUYECKUl  WHTepec, - BTOPUYHbIE  MeTabOJUTBI, OCOOEHHO
HU3KOMOJIEKY/ISIPHBIE KOMITOHEHTBI, TaKhe KaK JIAKTOHbI, TEePIIeHOUABI WU
aJIKaJIONpl, AHTUOMOTHKK  PA3/IMYHbIX XHMHYECKHX T[PYII, MeTa-
XeJIATUPYIOIIMe areHTbl, KOTOPbIe TAaKKe BAXHBI [/ UMMYHHOU (yHKUHMH
opranusMa. J/lekapcTBeHHbIe TPUOBI TAKKE COAEPXKAT MHOXECTBO (HEPMEHTOB,

TaKHX KaK JIaKKa3a, CYII€EPOKCUAANCMYTA3ad, I'NIIOKO30KCHAa3bl U IIE€POKCHUAA3bI.
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Bputo MOKazaHO, 4TO ¢epMeHTHasl Teparusi UIPaeT BAKHYIO POJIb B JIeUeHUH
paka myTeM TMpeAOTBPALEHHUs] OKHCIMUTEJIBHOIO CTpecca M HWHIHOHMPOBaHUS
KierouHoro pocrta (Wasser, 2010; Zaidman et al., 2005).

BbUIO OKYMEHTa/NbHO TOKa3aHO, YTO TPUOBI MPOAYLMPYIOT OTPOMHOE
YUCIO0 OMOIOTMYeCKU aKTHBHBIX BelleCTB, KOTOpble He TOJIBKO CTHUMYJIHUPYIOT
VMMYHHYIO CHCTEMY, HO W MOJY/IUPYIOT crenuduiecKre KJIeTOYHbIe OTBETHI
IyTeM BMelllaTe/bCTBA, B YAaCTHOCTH, B TyTH TpaHcAykuuu. Hampumep,
¢denerunoeiii adup rodeitHou kucmorel (CAPE), xotopsrii crnenupuvecku
WHrubupyer cBsi3biBaHue sifepHoro ¢akrtopa kamma B ¢ JHK akruBupys B-
xinetku (NF-kB), u memoHcTprpyer MHOrooGewmamiye pe3yibTaThl B I€4€HUN
MCF-7 kneTok paka rpyau, npoxyuupyercst Agaricus bisporus (J.Lge) Imbach,
Marasmius oreades (Bolt.) Fr., L. edodes w Ph. linteus. Kpome Toro, crauo
M3BECTHO, 4YTO METAHOJbHBIA 3KCTpakT Fomes fomentarius wHrubupyer
SKCIIPECCUI0 MHAYLMOebHON HUTpooKcuacuHTeTasbl (iINOS) u ukiIoreHesst
(COX) myrem perynsiii aKTUBHOCTH CBSI3bIBAHUS siiepHOro ¢dakropa Karma B
c¢ JHK. TlaHomokcuzoH - BellecTBO, BbIZileJleHHOe W3 BUIOB p. Panus
(HafimeHHOe TaKe y Lentinus crinitus) BAWsieT TaKKe HA OIOCPEZOBAHHBII
sagepHsiM  ¢dakTopoM ~ Kamma B oTBeT  myTeM — MHrMOHMPOBAHMS
dochopunupoBaHusi HUHrHOMTOPHBIX OeIKOB Kamma B. OJTu  #aHHbBIE
MOKa3bIBAIOT, YTO IOJOOHBIE BellecTBA MOTYT HCIIOJIb30BaThCs B KadecTBe
MOJIEKY/ISIDHOM MHIIEHU B 3/I0KAaUYeCTBEHHBIX KJIeTKAaX MpH JIeYeHHU paka.
BBHly HH3KOrO MOJIEKy/IsIPHOrO Beca (pasmepa), MO3BOJSIOIIETO 3ITHUM
BellleCTBaM MTPOHMKATh CKBO3b KJIETOUHbIe MeMOPaHbl, OHU KJIaCCUPHUIMPOBAHBI
KaK HHU3KOMOJIEKY/ISIpHbIe KOMIIOHEHTBI, CpeJi HUX eCTh JIEKTHHBI, JIAKTOHBI,
TepPIeHOWbI, aJIKAJIOU/bl, aHTUOMOTHKN M MeTa/UI-Xe/laTHPYIoLjye BelecTBa.
Ha coBpemeHHOM 3Tame [jisi MHOTHMX T'PHOOB y)Xe M3BECTHBI pa3HOOOpasHbIe
MeTabo/NHUThI, CHOCOOHbIE MOJY/IMPOBATh pPa3/UYHble BHYTPUK/IETOYHBIE
MpPOLeCChl, YTO MIPAaeT BAKHEHIIYI0 pOJIb B JIeYeHWH OHKOJIOIMYeCKHUX
3aboneBanuii (Wasser, 2010; Chang, Wasser, 2012; Zaidman et al., 2005; Yassin et
al., 2008; Petrova et al., 2009; Rouhana-Toubi et al., 2009; Dotan et al., 2011;
Ruimi et al., 2010a,b).

B HacTosiee Bpemsi u3BecTHO OmarompusiHoe Bo3zeiictBue JILII He
TOJIBKO B KauecTBe (apMaKOJOTMYECKHUX IpernapaToB, HO MU KaK IPOJAYKTOB
HOBOTO KJIacca, WMMEMLIUX Psfi Pa3/UYHbIX Ha3BaHMM: [JUeTHYeCKHe, WU
nuieBsle go6aBku (dietary supplements), ¢yHKUIMOHANIBHBIE TMPOJYKTBHI,
HYTPHULIEBTHUKHA, MHKOdapMaleBTUKU M JAu3aiiHepCKas MHWIIA, BKJIIOYAIOLIAst
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MPOOUOTHKY U NMPeOHOTHKH, OKasbIBaIoOIIMe O/laronpusTHOEe BO3ZeiCTBHE Ha
3/I0pOBbe MPH eXKeAHEBHOM yIOTpeG/IeHUH B MUILLLY.

['pubHble mULIeBble NOOABKM HEMOCPEICTBEHHO He HCIOJIb3YIOTCS KakK
¢dapmaleBTHYECKHE MPOAYKTHI, OHM IPOU3BOJST O340POBUTENbHBIN 3dPeKT
IIpU eXeJJHeBHOM HCII0JIb30BAaHUM B COCTaBe 3[J0POBOM JHETBHI.

CerofHsi Ha pbBIHKE JOCTYIHBI HECKOJIBKO THUIIOB TI'PUOHBIX MHILEBHIX
I00aBOK:

1. [lopomok wu3 KyJIbTUBHUPYEMBIX IIJIOJOBBIX TeJ, KUISTYEHHble WU

CIIUPTOBbIE SKCTPAKTBI 3TUX IJIOJIOBBIX TeJl

2. CyuweHsle ¥ H3MeJIbU€HHbIe IpeNapaTbhl M3 COYeTaHUsl CybCTpara,

MHULe/TUST U TPUOHBIX TPUMOPAMEB

3. buomacca wmam B5KCTpaKThl U3 MMUIENUs, TOJy4YeHHOTO MeTOAOM
IJIyOMHHOTO Ky/IbTUBUPOBAHMSI B ITOTPY)KEHHOI Ky/IbType B pepMeHTepax,
Wi OUopeaKTope

4. JuxopacTyujye BbICYlIeHHbIe TUIOJOBBIE Tela IPUOOB B BHJE KaImCyJl,
VN TabIeTOK

5. Cropsl 1 UX 3KCTPAKTbI

Bo3pocummii MHTepec K TPafMIIMOHHBIM METOJAM JIeYeHUS] Pa3TUYHbIX
¢dusmoIOrNYecKux HapyuleHU u NpHU3HaHue MHOT'OYMC/IEHHBIX
6uoorndeckux 3¢pPeKToB y rpubHBIX MPOAYKTOB IPHUBENIO K OOGPA30BAHUIO
TepMHUHA «TpUOHbIE HYTPULEBTUKW», KOTOPbIA He CjefyeT MyTaTh C
HYTpULIEBTHUKaMH, (yHKIIMOHANMBbHOM mnuuieil u ¢apmaneBTrikamu. [pubHbIe
HYTPULEBTUKU — 3TO OYMILEHHBIN, WM YaCTUYHO OYUILIEHHBIH 3KCTPAKT, UIN
cyxass Ouomacca TpPUOGHOTO MHULENHUS WIA IUIOAOBOTO Tema, KOTOPBIH
HICIIO/Ib3YeTCsT B BU/le KaIlCyJl WIM Tab/IeTOK KaK MHieBast Jo6aBKa (He MHLA) U
vMeeT  IOTEHLMA/JbHOe  TepaleBTH4YecKoe IpuMeHeHHWe.  PerymsapHoe
yrnoTpe6jieHre MOXKET NMOBBICUTh UMMYHHBII OTBET 4e/I0BEUYEeCKOTO OPraHU3Ma,
YBEJIMYUTH CONPOTUB/ISIEMOCTh K OOJIE3HH M, B HEKOTOPBIX C/Iy4YasiX, BbI3BATh
perpeccuio GOJIE3HEHHOTO COCTOSIHUSI. TakuMm o0Opa3oM, [JeicTBys Kak
MMMYHOIOTeHIIMaTopsl, npemnapatel u3 JIUII' crmoco6He MozuduumpoBaTh
OUOIOTUYeCKHe OTBeTHl XO3siMHA (Talkke W3BeCTHBI KaK MOJUPHUKATOPHI
OGHMOJIOTUYECKOTO OTBETA).

Her HMKakKoro coMmHeHUs, YTO NpPOAYyKThl Ha ocHoBe JILII' sBastorcs
MpPEeKPAaCHbIMHU JUEeTUYeCKUMH J00aBKaMU. BpicTpopacTyiinii ppIHOK IPHUOHBIX
[1]T ouenuBaercs B 18 mipg mosutapos CIIA (mpeacraBisisi 10 % Bcero phiHKA

BAZloB). C KaXgplM TOAOM PACTeT KOJMYECTBO HOBBIX JAHHBIX O
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6maronpustHbIX 3¢ dexrax nuiieBsix f06aBok us JILII (Chang, Wasser, 2012). B
HacTosillee BpeMsl Ha pbIHKe JOCTylleH HOBbIU npoayKT us JIUII gas nedyeHus
nemeHurn  (ocobeHHo Gonme3nw  AJburefiMepa), paspabOTaHHBIM  Ha
COOGCTBEHHBIX CTAH/APTHU30BAaHHBIX YKCTPAKTAX, COJEPKAIUN TePULMHOHBI U
amuio6aH (06a KomroHeHTa U3 rpuba Hericium erinaceus — «JIbBUHAast TPHUBa»).
CrouMocCTh /UL MHUILEBbIX [06aBoK w3 Ganoderma, Ophiocordyceps wu
Cordyceps coctaBrnsiet 6oee 4 mpg posunapos CLIA B rog.

OueBugHble PpaKThI, BONPOCHI ¥ HEPElleHHbIe MPO0/IeMbl

C opHOII CTOpPOHBI, HayKa O JIEKapCTBEHHBIX TIpHOaX COBepIIMIa
TMTAHTCKUM MPOPBIB 33 MOC/IeJHUE TPUALUATH jeT. [leiCTBUTEeNbHO YCIelHast
HOBast OTPAC/Ib HAYKH (HayKH O JIeKapCTBEHHbBIX rprbax) Gblia MpU3HAHa.

Beutn paspaboTaHbl HOBble KJIACChl JIEKAPCTB M Pa3/IMYHbIE THIIBI
npogyktoB u3 JIIII'. bein opraHusoBaH eIWHCTBEHHBI B JAHHON OTpaciIu
XXypHan - MeXAyHapogHbI >XypHal JjlekapcTBeHHbIX rpuboB (International
Journal of Medicinal Mushrooms, Uzpatensctso Begell House, CIIIA). Pa3 B sBa
rozia MpoBoAuTCss MexayHapogHasi KOHpepeHLHs M0 JIeKapCTBEHHBIM I'prbam,
crenyonias (BocbMast MO CY€Ty) COCTOMTCS B aBrycre 2015 r. B KomymGuwu.
HoBoe  MexayHapogHoe  OOumiectBO 1O JIeKapCTBEHHBIM  rpubam
3apervcTpupoBaHo B 2013 I. B Kanaze.

Ony6/MKOBaHbI Pe3yJIbTaThl OKOJNO 400 KIMHUYECKHMX HWCHBITAaHUM C
HICITO/Tb30BaHHEM JIEKaPCTBEHHBIX I'PUOOB B JIEUeHUH Pa3/IMYHbBIX 3a00/1€BaHUM.
Jlo HacTosiero BpeMeH! 1o AAHHOM TeMe ONyG/IMKOBaHO (oJiee 50 ThIC. CTaTei
Y TOJIy4eHO OKOJIO 15 THICSY IATEHTOB, KACAIOUIMXCSl PA3/IMYHBIX aCHeKTOB
VICC/IeJOBAaHUM JIeKapCTBEHHbIX IprboB. C 2005 TI. €XerojHO perucTpUpyeTcs
250-350 mareHToB st G.lucidum (Boh, 2013). TaiiBaHCKMe yueHbIe MOMTYYHIIH
60JIee 100 TATEHTOB HA OJWH M3 BUJOB poja Antrodia.

C Zpyroii CTOPOHBI, eCTh Psifi HEpPEIIeHHbIX, OYeHb CePhe3HbIX MPOOIeM B
O6ymyuwem nayku o JILII, koropeie, B CBOWO o4epeip, MOTYT MOBIHSTH Ha
pa3BUTHE 3TOil Hayku B 21 Beke. Hinke mpuBeseHbl Hambosiee 3HauMMble

po6ieMbl B PA3BUTHH HAYKH O JIEKAPCTBEHHBIX IPUOAX.

Takconomust n HOMEHKJIATYpa

17



Orer, 6uooruvyeckoii HoMeHKIATypsl, podeccop K. Jlunuel, 300 et
Hazaz Hanwucan: ‘Nomina si nescis, perit et cognito rerum” - “Eciu He 3Haep
Ha3BaHMS BelM, HEBO3MOXKHO MTO3HATD €€ CyTh».

Muorum Bugam JILIII' HyxHa kpuTuhyeckass o6paborka. bes BepHoro
Hay4Horo Ha3zBaHwus JILIT, ux Gyaymine vccaefoBaHus He OyAyT 3aKOHHBIMHM U,
COOTBETCTBEHHO, He OygyT UMeTb HHKakKoi IueHHoctd. Hapsagy c
KJIACCUYECKHMH TaKCOHOMHYECKHMH METOJAMH, TaKOM MOJIEKYISPHBIM MeTOZ,
Kak onpezenenuve mrpux koga JJHK (DNA barcoding) MoxeTt 6bITh yaOGHBIM U
MOJIe3HBIM  JJIsi  TpaBWIbHONM  wjeHTHduKaumu  Bujgos  JIIII  w
CTAaHJAPTHU30BaHHBIX MPOAYKTOB U3 HUX. Hampumep, B HacTosilee BpeMsl CTaIo
OYEeBUJHBIM, YTO OOJIBIIMHCTBO BUJOB, paHee NPHUHSATHIX B KayecTBe JIMHIYH,
wm peitn (G. lucidum) B GonbiuMHCTBE (PAPMAKOIOTUYECKUX MCCIeS0BaHUHA,
6buTM MaeHTUUIMPOBaHbI HeBepHO. G. lucidum mpepcTaBiisieTr cOO60M TaKCOH-
JIMHHEOH WIM KOMIUIEKC BHJOB, Oynylee pasfe/ieHHe KOTPOrO HYXJAeTcsl B
ocropoxxHoM nogxoge (Wasser et al., 2006). [ly61uKaunu, maTeHThI U MPOLYKTHI
TAK)Ke HAXOMSTCSI «B TPy PHUCKa». 3a Bce BpeMsi B MUpPe ObLIM OIMHCAHBI, 110
KpaiiHell Mepe, 166 JaKkaTtoB BUZOB poga Ganoderma (Moncalvo, Rivarden,
1997). Oxono cotHu Bua0B p. Ganoderma wsBectHsl U3 Kurtas (Zhao, 1989). [lo
CMX TIIOp, HalIpuUMep, He M3BECTHO TAaKCOHOMUYECKOe TIIOJIO)KEHHe TaK
Ha3bIBA€MOT'0 MEeJULIMHCKOIO roTy6oro TMHIYHM, KPAaCHOTO MU 6e/10ro TUHIYH.

Crnemyer OTMeTHTBH ellle OAMH BXHBIM MoMeHT: Kao ¢ Kosuteramu
omy6/IMKOBa/IA JIaHHbIE, COTJIACHO KOTOPBIM Tak HasbiBaemass G. lucidum wus
Kutass npepcraBnsier coboil Heuro coBepuieHHO wWHoe, uyeM G. [ucidum,
HaliZieHHas U onvcaHHast B EBporne. [ToaToMy 3TH aBTOpBI BBOJSAT HOBBIN AJIs
muko6uotel Kutas Bug — Ganoderma lingzhi Sheng (H.-Wu, Y. Cao et Y.C. Dai.,
2012). JTO IPUBEJIO K ele 6oburM npobaemam u mytaHuie. Ko 3Haer, Kakoi
MMeHHO BHJ, poja Ganoderma siB/isieTcsl IeKapCTBeHHbIM? Kakoi B/ JMHIYU
SIBJISIETCST KATAMCKMM HAlMOHAJMbHBIM rpuboM - G. lucidum wmm G. lingzhi?
HukTo He 3Haer...

Sur u deHr omyGIMKOBAaNM CELUATBHBIA MUHH-0030p, MOCBSILEHHBIN
aToit mpobGmeme «Yro Takoe kuTavickuit nuHrdu?» (Yang, Feng 2013).
MonekynsapHo-punioreHeTHYeCKHe  aHAAW3bl, OCHOBaHHbIE HAa aHAJK3e
nocnegoBarensHoctreit ITS m 25 S pJAHK cBugzerenscTBylor o TOM, UTO
GO/MBUIMHCTBO COOpOB, Ha3zbiBaeMbix G. lucidum B BoctouyHoit A3um He

koHcnenuduunsl ¢ G. lucidum, Haiizennoi B EBporie (Yang, Feng, 2013).
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Kpowme Toro, B 2012 r. B “Nature Communications” rpynoii y4eHsIx ObUIH
OnyG/IMKOBaHBl MaTepHasibl, IOCBSIEHHbIe T€HOMHOHN I0C/ef0BaTETbHOCTH
MozenbHOTO jekapcTBeHHOT Tprba G. lucidum (Chen et al., 2012). ABropamu
6b10 ompeneneHo, 4TO pasmep reHoma G. lucidum cocraBnsietr 43,3 Mb
(MH/UTMOHOB ~ Tap  OCHOBAaHMM) W, 1O  aHAIW3y  HYK/IEOTHIHBIX
MI0C/IeJOBATeTIbHOCTEM, TEHOM COZIEP)KUT 16,133 reHoB. [laHHbIe ObUIH MOJTy4YeHbI
C HCIO/Ib30BaHHEM HOBOTO IIOKOJIEHHS MeTOJOB CEeKBeHHPOBAaHUS U
ONTHYECKUX MeTOJoB aHann3a. OJHAKo, dTa OYeHb Ba)KHasl MyO/IHUKaLvs He
peuraer npoGsembl Komiutekca BUfoB G. lucidum BBHAY TOro, YTO aBTOPBI
n3yamnu oguH pukapuorudeckuit mraMm CGMCC5.0026, mpuHAzIeXamui
asuatckoy rpymme G. lucidum w3 Kurtas, KoTopslil 6bU1 TPOBO3TI/IallleH HOBBIM
IJ1s1 Hayku BUAoOM - G. lingzhi.

Jpyroii mpumep omn604HOM NaeHTUUKALMHM ObUT TOKa3aH st Agaricus
blazei, xopouIo U3BeCTHOrO MO TUTEPATYPHBIM JAHHBIM JIEKAPCTBEHHOTO Iprba.
A. blazei - supemuyunsiii Buj CeBepHOM AMEPUKHU, OTMCAHHBINA TOJBKO U3 TPeX
JIOKQ/IUTETOB U He CYIIEeCTBYIOLIMN B Ky/IbType, BBH/IY Y€ro OH He MOXeT ObITh
OTHeCeH K JIeKapCTBeHHBIM BuJaM. MiMeeTcs [Be pas/IMYHBIX TOUKH 3PEHMUS TI0
moBoay 3Toro Bupaa: Agaricus blazei sensu Murrill, u3BecTreH u3 Tpex
nokanureroB CIIA, u A. blazei sensu Heinem., usBecren u3 bpaswiuu u
KyabTuBUpyeMbiii B SInonnn (Wasser et al., 2002, 2005). Mbl U3y4nu THIIOBBINA
matepuan A. blazei sensu Murrill, A. blazei sensu Heinem., A. subrufescens us
Huio-Mopkckoro 6otanmyeckoro caga (NY) 1 ipyrue BUABI 3TOi IPYTIIbI, KaK 1
Ky/IbTUBHpYeMble LITAMMBI U3 Pa3HBIX CTPaH, TaK U NMPUPOAHBIH MaTepHUan U3
Bpaswmu. A. blazei sensu Murrill u A. blazei sensu Heinem. npexcraBasdior
co060ii 1Ba pa3HbIX BUJA.

A. blazei sensu Murrill oruyaercs ot A. blazei sensu Heinem. pasamepom
v GOpMOI TUIONOBBIX TeJ, IMOBEPXHOCTBIO LUISNKH, THUIIOM LUISIIOYHBIX
MMOKPOBOB, HAJIMYUEM XeHJIOLMCTHUA U padMepoM crop. beuto ycranosneHo, 4To
IIUPOKO Ky/TbTUBUPYEMbBIN CheLOOHBII U JIeKaPCTBEHHBIN B, N3BECTHBIN KaK
A. blazei He nmeer Huvero obuero c A. blazei, onvcanupiIM MyppuioM U3
CILA, moaToMy OH ObUT OMMCAH KaK HOBBIM [Jj1si HayKu BUA A. brasiliensis
(Wasser et al., 2002, 2005). B HacTosiiiee Bpemst A. blazei He paccmaTpuBaercst
cpegu  CbeflOOHBIX  JIEKAPCTBEHHBIX  BUAOB. [lo3ke ¢  HOMOLIbIO
MOpPJOIOTUYECKUX U MOJIEKYISIPHO-OMOJIOTUYECKUX MCCIeJOBaHUNM  ObUIO
MOJTBEPXKAEHO pasnuyure Mexay A. blazei u A. brasiliensis (Wasser et al., 2005).
Pesynbrarsr I1. Keppurana (Kerrigan, 2005) u Hamu ganusie (Wasser et al.,

19



2002, 2005; Wasser, 2007), MpeJCTaBleHHble B HECKOIBKUX MyOIHUKALMIX
MOC/IeJHUX JIeT, MPOSICHWIN oTnuuusi mexay A. brasiliensis, A.subrufescens,
A.fiardii, A.praemagniceps n A. blazei. B HacTosiee BpeMsi 3TH BUJBI
KJIaCCUPUIIMPOBAHBl MO YETKUM MOPQPOTOTUYECKUM, MOJIEKY/ISPHbIM U
O6HMO0JIOTUYEeCKUM IIpH3HaKaM u pa3IMYHOMY reorpapuyecKkomy
pacrpoctpaHenuio. Takum o6pasoMm, omwmbouyHas knaccuurauusi A. blazei,
CO3/aBLIasi MHOTO NPOGJ/IeM B HayKe O JIEKAPCTBEHHBIX Tprbax, K HACTOSILIEMY
BpeMeH! HCIpaBjeHa. XO04y OOpaTHTh BHHMMaHHE TAaK)Ke Ha HeNpPaBHIbHOE
WCII0JIb30BaHMe Ha3BaHMs A. blazei fis1 1ekapcTBeHHOTO M cheloOHOTO Tprba —
KopoJsieBckoro mmamnuaboHa (Royal Sun Agaricus), win rpuba rumemarcyTaxke.
Cnepyer moBTOpUTH, YTO A. blazei He siB/sieTCsT IeKaPCTBEHHBIM I'PUOOM, 3TOT
BU/[, He KyJIbTUBHUPYETCsI U U3BECTEH TOJIBKO U3 Tpex MecToobutanuii B CLLIA. B
TO )Xe BpeMsi, K COXKaJIeHWI0, BO MHOTMX NMyG/IMKaLysIX, BKIIOYasi U KUTAHCKUe,
y4eHble NMPOJIO/DKAIOT HUCIIOIb30BaTh HENPAaBU/IbHOe Ha3BaHMe A. blazei BMecTo
A. brasiliensis pnst koposeBckoro mwammnuHboHa (Royal Sun Agaricus).

HccnegoBanue cbegoOHBIX JIeKAPCTBEHHBIX LUISMOYHBIX I'PHUOOB B
YHCTOU KYJIBType

Cnenyet ygensth Gosblile BHUMAHHSI MCC/IeLOBaHUIO chefoOHbix JILIT B
YUCTOU Ky/bType. Vi3ydeHue KynbTyp SIBAsSIETCS HEOOXOZMMBIM YCIOBUEM ISt
obecriedyeHrst CTaOW/IBHOCTM W TNPEEMCTBEHHOCTHM  HAy4YHOM  PabOTHI.
TeneomopdHasi cTagusi SBASETCS  CaMbIM  [JIAaBHBIM  KPUTEpUEM B
HaeHTUPUKALMKU KYJIbTYp, OJHAKO AoBoibHO 4acto JILII He obOpa3zoBbIiBaloOT
IUIOJOBble Tejla B YMCTOHM Ky/abType. B cnenuanbHON MHKOIOrHYeCcKoOM
JIUTepaType CIMLIKOM Ma/io0 BHUMaHUS yZesleHO BereTaTWBHOU ctaguu JILLT.
Muoro BugoB JILIII' HEBO3MOXHO TMPaBWIBHO HAEHTUPULHMPOBATH Oe3
M3y4YeHUs] BereTaTUBHOM cTaauu. BereratuBHbiii Muuenuit xynaptyp JILIT
MpescTaBisieT cOO0M KOMIUIEKC BETBSIIMXCS TU¢, OTIUYAIOIIMXCS TOJNBKO B
Y3KUX IIpefiesiax IIMPUHOM, JJUHOM, YWUC/IOM sifep, TOJIIMHON KIeTOYHOM
CTEHKH M pasBeTBleHHOCThIO. O600IeHre MHGOPMALMK 10 BO3PACTAIOIIEMY
YHC/Iy WCC/IeJOBAHUN BEreTaTMBHOTO MHUIEIUST 00eCIeYUT HOBBI MaTepHal
JJIs U3y4eHUs] U CpPaBHEHUSI MOPQOTOTHYECKUX XapAaKTEPUCTUK MHULETHUS IS
MOTeHIIMa/IbHOU OLIeHKHU ero MCII0/Ib30BaHUS B LIe/IsSIX TAKCOHOMHUHU Y KOHTPOJISI
YUCTOTBI B OHOTexHOMOrM4Yeckux mpoueccax (Wasser, 2010; Chang, Wasser,
2012; Buchalo et al.,, 2009). Tak kak Her TumnoBbix wrammoB JIIIT, Ham
HeoOXOAMMO BBIOpATh MPABWIBHO HAEHTUPULMPOBAHHBIE THUIIOBbIE IITAMMBbI
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MHorux Buzos JIIII'. Mpl #0O/DKHBI OpraHM30BaTh BceMHUpPHYI0 KOJIJIEKLMIO
cpepo6Hbix JILUT ¢ geno3utapHOii AesiTeIbHOCTHIO, OCHOBAaHHOM Ha MPOLeAypax
MAaTEeHTOBaHUs coriacHo bByzamemrrckomy /[loroBopy. /[laHHyoo mnpobiemy
cnenyetr o6cyauTs ¢ BecemupHoit depepanyieit KommeKuui KyabTyp.

ITpo6emsI muLIEBBIX JO0ABOK U3 JIeKAPCTBEHHBIX LUISITIOYHBIX TPUOOB

B nocnesHve rogpl Bo3poca MOMY/ISIPHOCTh NPOM3BOACTBA T'PHUOHOM
O6WOMacchl WM PA3/IMYHBIX OKCTPAKTOB B BHJE MHULIEBBIX [J0OABOK,
$YHKIMOHAIBHBIX MPOAYKTOB M HOBBIX NpPeOHOTHKOB (HepacTBOpuUMBbIX [-d-
rioKaHoB). HauGosiee BakHble BOIMPOCHI, BO3BHUKAWOIIME MPHU CO3AAHUU
MUILEBBIX J00aBOK M  (yHKIMOHANBHBIX MPOAYKTOB, SIBJSIIOTCS — MX
6e30MacHOCTh, CTAHAAPTU3ALMS, peryupoBanue, 3pPpeKTUBHOCTD U MeXaHU3M
IerCTBUS.

K coxxanenuto, BO BceM MHpe CTAaHJAPTH3ALMs MULIEBBIX JOOABOK M3
JIIIT' HaxomWUTCs Ha caMbIX PAHHMUX OJTalax CTAHOBJIEHWS, YYMUTHIBasT M
HEJOCTAaTOYHOE TOHWMaHue OHOaKTUBHBIX 3ddexToB 3THX nH06aBOK. [lo
HaCTOSILIEr0 BPEMEHH y HAaCc HeT MeXJAYHapOJHO-TPU3HAHHBIX CTAHJAPTOB U
MPOTOKOJIOB JJis1 MPOU3BOACTBA U TecTHpoBaHUs npoayktos us JILII. Tonbko
coGIIofjleHre CTaHJAPTOB M IPOTOKOJIOB MOXXET TapaHTHUPOBATh KavecTBO
npoaykTta. be3 cobGmoneHusi HeOOXOOUMOro KadecTBa mpoayktoB wus JILIT,
JocTynHble KomMepueckue mpenapatsl JILIIT O6yayr coBeplieHHO pasHBIMM U
KOJIOCCA/IBHO OT/IWYAaThCsl MO cocTaBy u 3ddextuBHoctr. He wu3BecTHO,
BBI3BaHbI I OMOJIOTMYECKH aKTHBHbIE 3PPeKTbl KaKUM-TNO60 eAMHCTBEHHBIM
KOMIIOHEHTOM,  WJIHA  CHHEPreTUYeCKUM  BO3JEHCTBUEM  HECKOJIbKHX
cocraB/siomux. HemoctaTouHO AAHHBIX O TOM, KaKhe KOMITOHEHTBI HMEIOT
ayqurii 3¢pQPeKT — mojydyeHHble M3 IUIOLOBBIX T/, WA U3 KY/IbTYpPajTbHOTO
MULe/Us. SIBASIOTCS M NMPOCTO BBICYLIEHHbIE IUIOJIOBBIE Tejla U TPUOHOM
MOPOLIOK CTOJIb )Xe 3P PEeKTUBHBIMU, KaK M BOJHBIE, CIIUPTOBbIE U CITUPTOBO-
BOJHBbIe OSKCTPaKThl? KakoBbl pas3inuusi MeXAy ChIPbIMU OKCTPAKTaMH U
M30/TMPOBAHHBIMH QPAKLHUAMU, 4TO siB/sieTcsi G6osiee 3pPeKTUBHBIM U HUMeeT
GOJIBLIYIO CTereHb 0e30MacHOCTH (HEKOTOpble KOMIIAHWHM MPOAAIT (GpaKuuu
tumna G. frondosa mantake D — ¢paxumst, win GLPS ¢pakunu G. lucidum)? Pons
HU3KOMOJIEKYJISIPDHBIX coefuHeHUIN sKcTpakToB JILII' Tarke mo cux mop He
sICHA.

Yro sBastercsi Gomee 3PPeKTUBHBIM — COYETAHHE KOMIIOHEHTOB,

COAEepPXKalluxcsi B oromacce WM IKCTPaKTaX W3 2-10 PpPa3/IMYHbIX BHUAOB
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JIeKapCTBEHHBIX TPUOOB B OJHOU TabjieTKe, WU ke Tonbko ogud Bug JILIT B
Heii? Kak oueHuTh 3pPEeKTUBHOCTD Pa3TMYHBIX TPUOHBIX KOMIIOHEHTOB B TAKOM
«cObopHOM» TpUOHOM mpoaykre (3ddekT «gpobGoBHKar)? Tak Kak rpubHbIe
MPOAYKTBI MOTYT OBITh CTUMYJISATOPAaMH LUTOKWMHOB BO3HHKAeT BOIPOC O
Bo3pacTe pebeHKa, C KOTOPOrO BO3MOXHO UX 0e30MacHoe Ha3HAYeHHe,
ITOCKOJIBKY MIMMYHHasI CUCTeMa JleTel ellle He JOCTaTOYHO cHOPMHPOBAHA.

JanHple 00 MCHO/MB3yeMbIX [103aX [JOCTAaTOYHO IPOTHUBOPEYMBBHI.
[Tpennaraemple [O3UPOBKM O4Y€Hb PA3/IMYHBI B 3aBUCHMOCTH OT Pa3/IMYHBIX
dopm U coctaBoB. MHOrO4YHMC/IeHHble  KJIMHAYECKWE  HCC/IeLOBAHUS
MOJTBEPKAAIOT, 4TO 6 Karcy1 (o 3 iBa pasa B [ieHb, WU TI0 2 TPWK/IBI B IEHD),
0 500-1000 MT Kakgas (6romacca, UIu CyXOW MOPOLIOK), IBJISIOTCS IPUHATOM
posupoBkoii mpemnaparoB JILII'. CormacHoO TpafMIIMOHHOM  KUTAaWCKOU
meaunpHe (TKM), craHzapTHas f03a CyLIeHbIX MIOLOBBIX T€/ WA OHMOMACChI
JIUIT B geHb B pa3iMYHOM Buje (TaGIETKH, KarlCyJbl, YXUIKHE SKCTPAKTHI)
JO/DKHA OBITh DKBUBAJIEHTHa NMPUOTU3UTENBHO 100-150 T' CBEXEro rpuUOHOTO
MPOAYKTA.

Kakue nosupoBku OGesomacHbl U 3pPeKTUBHBI MPU OGepeMEHHOCTU H
IpPysHOM BckapmaumBaHuu? OTCyTCTBME W HEJOCTAaTOYHO pa3paboOTaHHbBIE
CTaHJAPTHI PEKOMEHJALMI M0 HCIIOIb30BaHUIO IPUOHBIX fo6aBok u3 JILII, a
TaKKe TOYHBIE JO3UPOBKU W JJIMTETBHOCTh NPUMEHEHUs, CBUJETeIbCTBYIOT O
HeOoOXOAMMOCTH O4YeHb Cepbe3HBbIX HCCefoBaHui. HekoTopelie ucciemoBaHus
MOKa3a/Ii, YTO Iepefo3MPOBKAa MOXXeT IMPHUBECTH K MMMYHHOH CylpeccuH, a
CJIMIIKOM HU3KHE [J03bl MOTYT BOOOLIe «He 3aIyCTUTh» UMMYHHBIN OTBET.

Bonee Toro, cambie Gosnblunve MpPo6IeMbl, CBsI3aHHbIE C TPUOHBIMU
MULIEBBIMU J00aBKaMH, OOYC/IOBJIEHBI WX YpPe3BbIYAWHBIM PA3HOOOpa3veM U
OTCYTCTBHEM B HacCTosilllee BpeMsl CTAaHAAPTOB IPOU3BOACTBA U IPOTOKOJIOB
TEeCTUPOBaHUs], HEOOXOAUMBIX JJ/IS TAPAHTHUU Ka4yecTBa MPOJLYKLUHUHU. AKTHBHBIE
WHTpeJueHThl  (JelCTByIolee HA4Yaj0) MHOTMX HbIHE  CYIIEeCTBYHOLIMX
KOMMEePYECKHX MPOAYKTOB He UIeHTU()UIIUPOBAHBI.

MN3-3a OTCYyTCTBUS CTAaHAQPTOB [JJIsI TPOM3BOACTBA M  KadyecTBa
KOMMeEpYeCKH [JOCTyIHble TPUOHbIE TMpernapaTsl W3 OJHUX U TeX XK€ BHUIOB
rpubOB M IUTAMMOB 3HAYUTETBHO OT/IMYAIOTCS MO COCTaBY U 3PEPEKTUBHOCTH.
danbcudukanus JIIIT mpoaykroB 3a cuer MOJOOHBIX WM JIOXKHBIX BHUOB
(Hampumep, pasnuvHbIX BUAOB p. Ganoderma Bmecto G. lucidum, Bumamu p.

Stereum Bmecto Trametes versicolor, Cordyceps spp. W [Ja)XXe PpPa3JTUYHBIMH
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anamop¢usiMu Bugamu Cordyceps Bmecto Ophiocordiceps sinensis) siBasieTcst
JOCTAaTOYHO PACIPOCTPAHEHHBIM SIBJIEHHEM.

CyliecTBYIOT oOIpeJe/ieHHble TPYAHOCTH B MPOWU3BOJCTBE YHCTHIX [3-
[JIIOKAHOB J/Is1 PhIHKA (90-95 % [-T/IIOKAaHOB Ha phIHKe — KOHTpadaKTHbIE, VTN
noggenbHele). PanpcrdrKaLys MOXeT MPUBECTH K HeppOMaTHH, OCTPOMY
remnarury, nuxopagke u kome (Wasser, 2010; Chang, Wasser, 2012; McKenna et
al., 2002).

Takum o06pasoMm, MBI A0 CHX IIOp MMeeM Hepa3pelLleHHble NPOOIeMbI,
Kacarouyecsi 6e30MacHOCTH HEKOTOPbIX xopoio u3BecTHbIx I mpoaykToB.
Hanpumep, Ha OCHOBe TpOBEJEHHBIX  HCC/IEJOBAHUU  BO3AEUCTBUS
nonvcaxapuanbix ¢pakuuii G. frondosa Ha 6onbHbIX ¢ I-1I cTagueit paka rpyzau,
ObUIO TOKA3aHO, YTO MaWTaKe 00JIalaeT C/IOKHBIM KOMIUIEKCHBIM 3(ddeKToMm,
KOTOPBIX MOXXeT KaK IOJAB/ISITh, TaK U MOBBIILIATh UMMyHHYIO pyHKuMio (Deng
et al., 2009).

KakoBa ponp ynorpeGieHusi cBexxux rpu6oB? bbulo mokaszaHo, 4TO
yrnoTpe6jieHHe CBEXHX TPUOOB MOXXET, HAlpUMep, TMPUBECTH K TOSIBIEHUIO
aHTU-[-T/IIOKAaHOBBIX AaHTUTE/I B CBIBOPOTKe KPOBM uesioBeka. ['pynmna Ohno u3
SlnoHMM TaKKe TOATBEPAM/IA, YTO TOTpebeHHe CBEXUX TI'PUOOB MOXET
o6ecreynTp Ty4IIyIo 3alUTy OT nmaroreHHbix rpu6os (Ishibashi et al., 2005).

HarypanbHble NPOAYKTHI M3 JIEKAPCTBEHHBIX LIUISITOYHBIX TPUOOB —
HEeBOCTPeOOBAHHBIN UCTOYHUK OTKPBITHS HOBBIX JI€KAPCTB

PaspaboTka cyujecTByIOIINX UMMYHOMOZY/TUPYIOIUX U TPOTHBOPAKOBBIX
nekapcTB w3 mosucaxapugos JIUIT (rtakux kak Jlentnnan, uzoduinan u
Kpectun)  Gputa  3aTpygHeHa TeM  GaKTOM,  4YTO  HCIIOJIb30BAJIN
BBICOKOMOJIEKY IsipHbIe BelecTBa (Zhang et al., 2011, 2013). Bee JIIIT-nipenapatsr
ObUIM pa3paboTaHbl Ha OCHOBE ITOJIMCAXapHUOB C BBICOKMM MOJIEKY/ISIPHBIM
BeCoM, OT 100000 /10 0,5 MAH [JlaapToH. IJTH BewiecTBa HEBO3MOXXHO
CHUHTE3UPOBaTh, OOJIee TOTrO, UX MPOU3BOACTBO OTPAHMYMBAETCSI DKCTPAKLIMEH
W3 IJIOAOBBIX TeJl, Ky/JbTYPaJbHOTO MHLE/IHS, WU KYJIbTyPa/JTbHOU XXUJKOCTH.
Takoil mojxon AWKTyeT BbICOKME PBIHOYHBbIe LieHbl. Ha ceropgHsuHuii JeHb
HayKe Lie/lecO00Pa3HO COCPEAOTOYMUTHCS HA HCCIEJOBAaHUM OJ1arONpUSITHBIX
5PPEKTOB HU3KOMOJIEKYISPHBIX BewiecTs, mnpoayuupyembix JIIIT  (Tak
Ha3bIBaeMble HU3KOMOJIEKY/SIDHble BTODWUYHbBIE MeTabO/IHUTHI, BO3ZeHCTBHE
KOTOPBIX — HalleJIeHO Ha MPOoLecChl alloNTo3a, aHrMoreHe3a, MeTacTa3upoBaHMUs,
peryisiquy KJIeTOYHOrO LWK/IA, U KaCKaJHOU mepejsauu curHana)(Zaidman et
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al., 2005). 3amagHeie papmareBTHYECKHE KOMIIAHUK 6OJ/lee 3aMHTEePeCcOBaHbI B
OTHOCHTE/IBHO  JIETKO  CHHTE3UPYeMbIX  BeIeCTBaX, KOTOPble  MOXHO
MIPOU3BOJHUTS JI/IST PhIHKA.

VcTopuvecku C/IOXKHIOCh TaK, YTO GO/BLIMHCTBO HOBBIX JIEKAPCTB ObLIO
[OJIyY€HO W3 HATYPaJbHBIX MPOAYKTOB (BTOpPHYHBIX MeTabGonuros). JILIT -
HEBOCTPeOOBaHHBIN UCTOYHHUK JJIsI OTKPBITHSI HOBBIX leKapcTB. K 1990 1. 0K0J10
80 % nexapcTB 6BUIM JTMOO MPUPOSHOTO MPOUCXOXKJEHUsI, TMOO0 UX AaHAJIOTAMHU.
«BnokbacTepbl  IeKapCcTB»,  TaKME  KaK ~ AHTUOMOTHKY  (MEeHULUJUIVH,
TeTPALUKINH U SPUTPOMHULIMH), TPOTHBONAPA3UTHBIE CPeLCTBA (ABEPMHUKTHH),
aQHTUMAJISIpUiiHbIle (XMHWH, apTeMHU3HMH) Mpenaparbl, a TAKKe IpPernaparsl,
peryivpymouiyie JUNUAHBI ~ OoOMeH  (/IOBaCTaTMH W €ro  aHAJIOrM),
MMMYHOCYIIPECCAHTBl  [JIsi ~ TPAHCIUIAHTALIMM  OPraHoB  (LIMKJIOCTIOPHH,
panamMHUIMHBI), I[POTHBOPAKOBbIe  JleKapcTBa  (TAaKCoN,  [JOKCOPYOHIIMH)
coBepimnau nepesopor B wmeguinuue (Li, Vederas, 2009). Muorue wus
BbILIENIEPEYHC/IEHHBIX JIEKApPCTB OBUIM OTKPBITBI Ha OCHOBE KOMIIOHEHTOB
rpu6oB.

CoBpemeHHble (apMalieBTHUYeCKHe TeHAEHUMH B NPOPHIAKTHKE pPaKa
BKJIIOYAIOT Pa3paboOTKy J/IeKapCTB CO CJeAyIIIMMU CBo¥cTtBamu: (A) -
MHTUOUTOPBI POCTOBOro (akropa PAKOBBIX KIETOK (TaKue JieKapcTBa Kak
repLenTuH, dpOUTYKC U TepceBa), OJOKUpYOLIME CBSI3b PAKOBOW KJIETKH C
KPUTHYECKUMU MPOTENHAMH, KOTOpbIE TIOMOTAOT eil JenuTbest U pacty; (B) -
6JIOKaTOPbl TOPMOHOB (TaKWe IMpenaparkl, KaK TaMOKCHU(DEH), yAep>XUBAOLHe
KJIETKY OT [ie/IeHUs IIyTeM CBSI3bIBAHUSI C SCTPOTE€HOBBIMHU peLienTopaMu (cBepx-
NOJAB/IEHHE B HEKOTOPBIX OMyXojeBbix Kiaerkax); (C) -BHYTPHUKIETOYHBbIE
6/I0KaTOpbl CHUTHAJIOB, HApylIAlOlje KOMMYHUKALMIO MEXJy 3H3HUMaMH,
perymupylomumMu  poct W pasButve; (D) - HMHIHOUTOPHI aHrHOTreHe3a
(HanpuMep, aBacTUH ObUI TEPBBIM IPENAPATOM, HHIUOMPYIOLMM 32 CYET
OrpaHUYeHMs] UX MUTAHHUsI 00pa30BaHKMe HOBBIX KPOBEHOCHBIX COCYJOB BOKPYT
paxoBoii kinetku (Ammerpohl et al., 2010). Oxo10 860 MPOTHPAKOBBIX JIEKAPCTB
ObUIM TeCTHPOBAHBI HA Ye/loBeKe. JTO KOJTMYECTBO ABAKZIBI MPEBBILIAET YHCIIO
OKCIIEPUMEHTAJIbHBIX ~IperapaToB [JJjsi JjiedyeHuss Oosie3Heil cepaua W
KOMOWHHUPOBAHHBIX (C/IOXKHBIX) WHCY/IBTOB, U MPUOMTU3WUTEBHO B /JBa pasa
6osbuie, yem sekapctB ot CIIM/la 1 Bcex APYrMx CIOXHBIX MHQPEKLIMOHHBIX
3a00/1leBaHU, M TOYTH B JBa pasa Oosbllle, yeM /s JIe4eHHs] OOJIe3HU
AsnblreiiMepa u Apyrux HeBpojoruveckux 3sa6oneBanuii (Pollack, 2009).
CormacHo wuccnegoBanussm IMS  Health, npoTuBopakoBsie mpemnaparsl
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COCTaBJISIIOT HauboJIee TPO/IaBaeMyI0 KaTeropHuio JieKapcTB (B Mupe ¢ 2006 T., a
B CIIA - c 2008 r.). Ha ceropusimiHuii neHp Oynyuiee $papMaKoIOrHYeCKUX
KOMITaHM# B popcrupoBaHUY JeyeHHs paka. Hampumep, ogHa M3 KpynHeHIMX B
mupe ¢apmaxosorudeckux kommanuit - [ldaitzep (CLIA) B mnocrexnue
JecsaTuieTrst 6bUTa cHOKYCHpPOBaHA Ha pa3paboTKe M NMPOW3BOJCTBE JIEKAPCTB
JJIs  Cep/leYHO-COCYAUCTOM CHUCTEMBI, IperapaToB, CHIDKAIOLUIETO YPOBEHb
xonecreposia — nunutopa (Endo, 2004)u cHMKamoLEro KpoBsiHOe /aBjieHHUe —
nopBacka (Pollack, 2009). He Tak gaBHo, [1daiizep npuHsa Ha pabGoOTy OKOJIO
TBICSIYM MCC/IefoBaTeNnell Jjisi Pa3paboOTKU JIeKapCTBa OT paka, Oo0JIe3HH,
KOTOPYIO ZOJroe BpeMsi 3Ta ¢papMaleBTHYecKasi KOMIIAHWSI UTHOPUPOBaIa. JTa
KOMIIaHMSI Telepb COKPATH/IA pa3pabOTKy CepAeuyHO-COCYAUCTBIX IPEeNapaToB U
CKOHLIEHTPHUPOBAJIach Ha pa3pabOTKe IPOTUBOPAKOBHIX JIEKAPCTB, KaK Ha OTHOM
Y3 CBOMIX IIECTH TJIaBHBIX MpruopuTteToB. OKoso 20 % pacxonoB u3 Gosee, yeM 7
MU/UTHApAHOTO Olomkera KommnaHuu [Iaiizep BbiaeneHbl HA MCC/IEAOBAaHUS U
pa3paboOTKy IMPOTHMBOPAKOBBIX JIEKAPCTB, U Y)Ke 22 M3 COTHH, HAXOASILIUXCS B
paspaboTKe, GbLIM MPOTECTHPOBAHBI KaK aHTHpakoBblie mpemnapartbl (Pollack,
2009).

[Iporpecc B JIII'-uccnenoBaHUsiXx [JO/DKEH BKJIIOYATh TIEeHOMUKY,
IIPOTEOMUKY, MeTabOJIOMUKYy M CHCTeMHYI0 ¢apMakosoruio. Haydyenue
MOJIEKY/ISIDHBIX MEXaHM3MOB, 00yC/IaB/IIMBAIOLIVX jieyeOHble CBOICTBA rpuOOB,
JOJDKHO OBITh B OKyce HOBBIX MCC/IEJOBAHMII, MCIOJB3YIOLIMX COBPEMEHHbIe
MeTO/IbI Y BbIIIeyKa3aHHbIE TIOJXO/bI.

Jpyroii BayXHBIHi MCTOYHUK TepaleBTH4YeCKHU BaXKHbIX BellecTB u3 JILIT
MOJKeT OBITh BBISIBJIEH B IPOM3BOJAMMOM HMH ITyJle BTOPHUYHBIX MEeTaOOIHTOB.
OTH BelleCcTBa KJIAaCCHUPUUMPYIOT COTJIACHO MSATH OCHOBHBIM MeTabOTMYeCKUM
nytsim  (16). DTO TPOM3BOJAHBIE CHUHTE3a AMUHOKHWC/IOT, IyTh GHOCHHTE3a
IIMKUMOBOM KHMCJIOTBI /iJii  OOpa3oBaHHUS APOMAaTHYECKHUX aMHUHOKHCIIOT,
alleTaTHO-MA/IOHATHBI MyTh OWOCHMHTe3a W3 aLEeTW/IKOIH3UMA A, TMyTh
OMOCHMHTE3a MEBaJIOHOBOM KHCJIOThI W3 aLETHJIKOOH3MMA A, KOTOPBIH
obecrieynBaeT  OCHOBHOH  CHHTE€3  CTEPOJIOB, MO/IMCAaXapUioB U
NEeNTHAONONMCAaXapyugoB. Yaije Bcero BOBIEKAIOTCS TYyTH 0Opa30BaHUS
MOJIMKETU/IOB Y MEBAaJIOHOBOM KHCJIOTBI M OHHM OOpPA30BBIBAIOT 3HAYMTETHHO
6obllIee pa3HOOOpa3rie KOMIIOHEHTOB, YeM B APYTHX MYTSIX.

Kaxzgoe ycunve 10/MKHO OBITh HANPaBJE€HO HAa MOWCK HOBBIX MCTOYHHUKOB
IIPOTUBOPAKOBBIX IpPeIapaToB, COAepPKalllMX HU3KOMOJIEKY/ISIpHbIe BTOPHUYHBIE
MeTtabonutsl u3 JILUII, KoTopble MHIMOMPYIOT WM 3aIyCKAIOT crienuduyecKre
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TPUTTEPHBbIE OTBETHI, HAMPUMEDP IMyTeM AaKTUBALUHM WU HWHTHOUPOBAHMS
sanepHoro ¢akropa Kanma B (sd-kB), MHruGUpyoOT NpOTEHHBI, OCOGEHHO
TUPO3UHKUHA3HI, aporaTasbl u cynbdaTassl, MaTpPHUKCOBbIE
MeTa/UIONpOTenHasbl, LukjookcureHasel, JHK-tonousomepassr u JHK-
I0/IMMepasbl, aHTHAHI'MOTeHHble BeljectBa U mp. (Zaidman et al.,, 2005; Yassin
et al., 2008; Petrova et al., 2009; Rouhana-Toubi et al., 2009; Dotan et al., 2011;
Ruimi et al., 2010, 2010).

Cpeny TpuOHBIX HHU3KOMOJIEKY/SIDHBIX BeIEeCTB, HEMOCPEACTBEHHO
Bausomx Ha sAd-kB uHrnbutopHeie sddexTer - GeHUTUNIOoBBI 3dUp
kopeunoBoir  kucaorel  (CAPE),  KOpAWUMINUH,  MAaHOMOKCHAOH W
uuKIoanokcuaoH. Hanpumep, nHuskomonexynsapHbeiii CAPE, npogyuupyemsriit
Ph. linteus 1 M. oreades, nemoHcTpUpyeT crieIMPUIECKYI0 IUTOTOKCHYHOCTD
IIPOTHB PAKOBBIX KJIETOK M MHTMOUTOPHOI aKTUBHOCTH 5ip-KB, MoxkeT ObITH
MOTEHLMAIbHBIM TPOTHBOPAKOBBIM JIEKAPCTBOM, OCOOEHHO B C/Iy4ae pakKa
rpyau (Petrova et al., 2009; Ruimi et al., 2010).

dapmaleBTHYECKE KOMITAHWM, pa3pabaThiBaiolyie HOBbIE IperapaTsl,
HY)KJAIOTCSI B MCTOYHUKAX HOBBIX BelLleCTB MPUPOSHOTro npoucxoxenus. JILIT
SIB/ISIIOTCSI  TIPEKPACHBIM HEHMCYepIiaeMbIM /JIapOM TMPUPOJBI, KOTOPBIA 3a
KOPDOTKOe BpeMsi MOXeT ObITh HCIONb30BaH [JIsi IPOWU3BOJCTBA HOBBIX
¢dbapmaieBTUKOB.

[Jlanee st mpeACTaBsA0 MyTh OTKPBITUSI HOBBIX JIEKAPCTB, Pa3pabOTaHHBIX
Ha dTamax:

1. KyipTuBUpOBaHMe rpr6oB ¥ MPOM3BOACTBO GMOMACCHI

2. DKCTpAKIHst GOMacchl

3. CKpUHUHT I'PUOHBIX KCTPAKTOB

4. DpdexT BbIOPaHHBIX SIKCTPAKTOB Ha 1€/ TOMCKA

5. XumMudeckoe GppakLOHUPOBAHNE BIOPAHHBIX SKTPAKTOB

6. Onmnpezmenenvie aKTUBHBIX ¢Gpakuuii (KOMIIOHEHTOB), MeXaHHU3Ma
neiicTBrs ¥ 9GGEKTUBHOCTH (CHJIBI TIpenapara)

7. JelicTBre Ha MOOTBITHBIX JKUBOTHBIX

8. JJokJIMHUYecKye MCIBbITaHus IpenapaTa

9. Knunnueckue ucnbrranus

HepewenHbie mpo6ieMbl B NU3y4Y€HUU CTPYKTYPHBIX XaPaKTEPHUCTHK,
NPOLECCOB BbIIeI€HUA, PEeleNTOP-0IIOCPEeJOBAaHHBIX MEXaHU3MOB 1
AHTHOINYX0/I€BOM AKTUBHOCTH [3-I/TIOKAHOB JIeKAaPCTBEHHBIX IPUOOB
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YcneurHoe UCnomb30BaHKe B-TTFOKAHOB U IPYTHX YTI€BOJHBIX IOTMMEPOB
TpeOyeT aKTUBHBIX HCC/IEJOBAHUN, KACAIOI[UXCS OIpeJeeHus] B3aUMOCBSI3U
«CTPYKTYpPa-aKTUBHOCTb» T'PUOHBIX YI/I€BOJLOPOAHBIX TOTUMEPOB, OCOOEHHO C
TOYKHA 3PEHUS] MOJIEKY/ISPHONW KOH(GOPMALMKM M PeLenTOP-OMmoCpes OBaHHBIX
mexanusmoB (Lee, Kim, 2014; Chen, Seviour, 2007).

WccnemoBanve pomu  BOJOPACTBOPUMOCTH, pa3Mepa MOJIEKYT H
MOJIEKY/ISIDHOTO Beca, CTPYKTYPbl U MOJIEKY/ISIPHBIX MEXaHU3MOB JeMlcTBUs [3-
[JIFOKaHOB, MPUHUMasi BO BHUMaHWe, YTO He BCe [3-T/IFOKaHbI, COIEP)KAIHeCcs B
JILIT, mposiBrisiioT $papMaKoIOruvecKyto akTuBHOCTh (Zhang et al., 2007; Chen,
Seviour, 2007; Ohno, 2005).

Jo HacTosiero BpeMeHH ~OCTaeTcss He SICHOM  3aBHCHMOCTD
MOJIEKY/IIPHOTO Beca [B-T/IIOKAaHOB OT MPOSIBNIsSIEMON MMM (apMalieBTUYeCKON
akTuBHOCTH. HepocrarouHo wuccnemoBaHa mnpoGiaema  3ddexTHBHOCTH
BBICOKOMOJIEKY/ISIPHBIX [3-T/TIOKQHOB 10 CPAaBHEHUIO C HU3KOMOJIEKY/ISIPHBIMH.
Haubonee »>¢deKTUBHBIMU SBASIOTCS TPeNnapaTbl  BbICOKOMOJIEKYISIPHBIX
cxnepornokanoB (Ohno, 2005). OpHAaKO, HaPUMeEDP, UCKIIOYEHUEM SBJISETCS
HU3KOMOJIEKYJISIDHBbII  J/IeHTMHAH, WMEIOIUI BBICOKYI0O IPOTUBOPAKOBYIO
aktuBHOCTh (Chihara et al., 1970; Zhang et al.,, 2007). Taxke Ham cnexyer
YYUTHIBATh PA3/IMYHYI0 PEAKTHUBHOCTH [3-T/IFOKAHOB B KOKZOM KOHKPETHOM
cnydae (aHTH-B-T/IIOKAHOBBIA TUTP W BO3pAacTaHWE TUTPA MO BAWSAHUEM [3-
[JIFOKaHa OT/IMYAETCsl; PEAKTUBHOCTD JIEHKOLMTOB TepudepruvecKoil KPOBH IO
OTHOILIEHUIO [B-TJIIOKAHOB CYIIECTBEHHO OT/IWYAIOTCS B KAXKAOM KOHKPETHOM
Cjlydae; PEeaKTHBHOCTh IO OTHOIIEHUIO K [-I/IFOKaHaM Y Pa3/NAYHBIX JTUHUHN
MbIlIeH 3HaYyuTebHO Bapbupyer)(Zhang et al., 2007; Chen, Seviour, 2007;
Ohno, 2005).

PacTBOpuMOCTE B BOJE SIBMSETCS OAHOW ©3 Hanbojee BAKHBIX
XapaKTepUCTHUK (-T/M0KaHOB. [lo cUX MOp He M3BECTHO, YTO UMEHHO SIBIISIETCS
OTpeJeNAOWUM /i PAacTBOPUMOCTA U (apMaleBTHYeCKOM aKTHUBHOCTH [3-
[JTFOKaHOB: [JOJDKHBI YIUTHIBATHCSI MOJIEKYISIPHBIN BeC, JIMHA LIeNH, KOJTUYeCTBO
OOKOBBIX Lierneit; cooTHoueHue (1,4), (1,6) u (1,3) — CBsA3e; MOHU3ALMS TIOJ,
Bo3geiicTBreM KucIoThl (Wasser, 2010; Zhang et al., 2007; Chen, Seviour, 2007).
PacroBoprMble [(-T/IIOKaHBI TMPOSIB/ISIIOT  3HAYMTENbHO 0OOJiee  CHIBHYIO
MMMYHOCTHMY/TUPYIOLIYI0 aKTUBHOCTb, YeM HepacTBopuMmbie. [IpUYuHbBI 3TOrO
MOJIHOCTBIO HE pacKpbiThl. HamM He W3BeCTHbI TOYHbIE MEXaHHU3MBI
WHTECTUHAIBHOM  abcopOLyu TMpPH  OpPaJibHOM  BBeEHHUU [B-TIIOKAaHOB
(Hecmenmduyeckass WHTECTHHAJbHAs a0COPOLMS; TPOXOXKZEHHWE UX depe3
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NPOCBET KHUIIeYHHKA B HWHTECTHUTHANIBHOM SMHUTENMNANbHON MeMOpaHe;
abcopO1ysi TOCPeACTBOM MHTECTHHANBHBIX M-K/IeToK; abcopOiust mociie
cBsi3biBaHus ¢ Toll-mogo6GHBIMU perenTopHBIMU OGe/TKaMy Ha MHTECTHHAbHOM
npocsete (momeHe); 1 po6kl AeHaprdeckux kietok (Miller et al.,2007; Pamer,
2007). Bo3MO)XHO, 4TO Opa/ibHO MPHUMEHsIeMble HEPACTBOPUMBIE [3-T/IIOKAHBI B
MOC/IeICTBUM B TpOLecce MepeBApUBAHMS PACIIEIUISIIOTCS Ha 0Oojiee MesKue
6uoakTuBHbIe onuromeps! (Lehmann, Kunze, 2000).

Ham Heo6x0JuMO MPOSICHUTH pasinuue Mexay pacrurensHbivMu (Tada et
al., 2008; Tiwari, Cummins, 2009), apoxokeBbiMu (Liu et al., 2009) u [-
rmokanamu w3 JIIIT (Wasser, 2010; Zhang et al., 2007; Lee, Kim, 2014; Chen,
Seviour, 2007; Ohno, 2005). KakoBs! pa3nn4usi B CTPYKType, PACTBOPUMOCTH U
6uosornvyeckoi aktuBHOCTH? Hampumep, CTpyKTypa [-I/IIOKQaHOB 3€pHOBBIX,
[7IaBHBIM 00pasoM, mpexcraBieHa (-1,3 U [-1,4, HO He [-1,6 cBs3ssmu. B
JOTIOTHEHHE K 3TOMY, PaCTUTE/IbHbIE 3-TIIOKaHBI SIB/ISIIOTCS TMHEWHBIMH, HO He
pa3BeTBJIEHHBIMHU.

OOGBIYHO MOJIEKY/ISIPHBIM BeC PACTUTENbHBIX B-TIFOKAHOB MEHBILE, YeM Y
B-rrokanoB u3 JILIT. Bruonoruyeckast akTUBHOCTH [3-TJIFOKQHOB PAaCTeHU ellje
He MOJHOCThI0 H3ydeHa. OOGBIYHO APOMOKEBbIe [B-TIFOKaHBI JIUIIb YACTUYHO
BOJIOPAaCTBOPHMBI, HO U MHorue B-rmokaHsl u3 JILII' He pacTBopuMBI B Boge.
[Toyemy OHHM O006/aJAIOT Pa3IUYHON OHUOOrMYECKON aKTHBHOCTHIO? B yem
COCTOUT TJIAaBHOE NPEUMYILECTBO (-T/IIOKAaHOB M3 JIEKAPCTBEHHBIX LUISIIOYHBIX
rpuboOB, TO CPAaBHEHUIO C TAKOBBIMU W3 3€pPHOBBIX, HW/IH, HANpUMep, U3
JPpOXOKen?

HaxkormieHo £0CTaTOYHO MHOTO CBeZieHHi 0 QYHKIMH peLenTopa AeKTHH-
1 B-rmokaHoB (ektrH 1 C-THIQ, aCCOLMHPOBAHHBIA C [JeHAPHUTOBBIMHU
xnerkamu) (Lee, Kim, 2014; Taylor et al., 2007; Harada, Ohno, 2008). B-ritokatsr
MMEIOT aHTHUQYHraJbHYI0 AKTHMBHOCTb, YTO IOJOOHO HX IPOTHBOPAKOBOM
AKTUBHOCTH TAK)Ke OTOCPEJOBAHO CBSI3aHO C AeKTHHOM-1. OZHAKO [0 CHX TOp
MBI He 3HaeM, KaKUM 00pa3oM [-T/IIOKaHbI CBSI3bIBAIOTCS C PELIeNITOPOM JAEeKTHH-
1. MbI 3HaeM 0 QYHKIMOHUPOBAHUH PELENTOPA AeKTHH-1 0, BO3JeiCTBHEM [3-
IJIIOKAHOB, B TO ke BpeMsi, pyHKUMH peLenTopa AeKTUH-2 elie He sicHbI (Lee,
Kim, 2014; Graham, Brown, 2009).

[Touemy B-rOKaHbI UMEIOT KOHPOPMALIUIO TPOMHOM CIIUPANH, U JAET TN
noso6Hast cTpykTypa mnpeumyuiectBa /I mo cpaBHeHUIO ¢ OJHOHUTEBOM
(Wasser, 2010; Zhang et al., 2007; Chen, Seviour, 2007; Ohno, 2005)? K
COXXQ/IEHHI0, HaM He SICHO, KaKhe CTPYKTYpHbleé OCOOEHHOCTH 0(ojiee BCero
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CIOCOOHBI MHAYLVPOBAaTh crenydUyecKylo aKTUBHOCTh M, YTO Jaxe Ooiee
Ba)XHO, KaK Ha Hee BJHUsIET NMPHUCYTCTBHE TUAPOPUIBHBIX IPYII HAa BHELIHEH
TOBEPXHOCTU CIUpaIu. B nuTepaType MMelOTCs AOCTATOYHO NMPOTHBOpPEYUBbIE
JaHHbIe 0 GMOJIOTUYECKON aKTUBHOCTH TPOMHOM CITUPANBbHON M OZHOHUTEBOM
CIIMPA/NBHBIX CTPYKTYp OJHUX M TeX JKe [(-TJIIOKAaHOB, HAmpuMmep, Yy
[lIusodpumnana (Zhang et al., 2007; Chen, Seviour, 2007; Ohno, 2005). [lo cux
IIOp MBI He 3HaeM, I'ie CUibHee OMOJIOrMYecKast aKTUBHOCTD — y 3aKPBITOM, WJIH
YACTUYHO PACKPBITON TPOMHOM crivpanbHO cTpyKTyphl (Mizuno, 1999; Falch et
al., 2000). Hexoropsie Buzibl 06pasyioT TPOMHbIE CIIMPATH B BOAHBIX PACTBOPAX.
Opnako B ycnoBusx menoynoit pH mau JIMCO (aumernncynbdokcuaa) oHa
6bIcTpO TpeobOpasyeTcsi B OZHOHUTYATYIO CIIMPajib, KOTOPasi, B CBOIO O4Yepe[b,
MpU HEUTPATIbHOM KHUCJIOTHOCTH TOCTENEHHO TMpeoOpa3yeTcss B TPOMHYIO.
Bnpouyem, He wu3BecTHa [JO CHX IOp 3aBUCHMOCTb (OPMBI CIHpaIH OT
MMMYHOMOZY TUPYIOIIEH ¥ MPOTUBOPAaKOBOii aktnBHOCTH (Lee, Kim, 2014).
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3a00/1eBaHM, TaKUX KaK BHUPYCHble U OakrepuaabHble HHDEKLHH,
MeTaboIMYecKre CHHAPOMBI, PaK, PEry/sIUN YPOBHS X0JIeCTepoIa U T.J.

3. PazBuTHE HOBBIX METOZOB MCC/IEOBAHUS U Pa3pabOTKH JODKHO CTaTh
npuopureToM B usydenuu JIIITI'.

Hampumep, B 2009 1. B KOxuoit Kopee rpynmoii [Tapka 6su1 paspaboTan
HOBBII MeTOJ, SKCTPAKLMM HAaHOYACTHUI], BOJOPACTBOPUMBIX B-riokaHoB (Park,
2009). bbut uccenoBaH HOBBIN TpoLece aKCTpakuuu HaHodacTuy, Crapana (B-
D-rmtokan us Sparassis crispa) u ®enana (B-D-raokan us Phellinus linteus) ¢
WCITO/Tb30BAaHUEM TEXHOJIOTUII HepacTBOPUMOro Kapbwuaa Boabdpama B
KayecTBe HaHO-HOXa. JTO ObUIO MepBoe CooOlIeHNe, TPOIeMOHCTPHPOBABLIIEE,
YTO 3TOT METOJ, MPUBOJUT K BhICOKOMY Bbixozy Crapana - 70,2 %) u Penmmana
(65,2 %) co cpegHUM pa3MepoM YaCTHUIL 150 M 390 HM COOTBETCTBEeHHO. [lapk ¢
coaBropamu (Park, 2009) npezmoXuIM UCIOb30BaHNE METOA HAHO-HOXKA [JIsI
MPOM3BOACTBA B-D-raoxaHoB B MU11EeBOH, KOCMeTH4eCcKOoM u
dapmaxonoruyecko npombiiieHHOCTH. Hemenkue mccmenosatenu (Nitschke
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et al., 20m1) paspaGoTanu HOBBIA KOMOPUMETPUYECKHUI METOJ, OIpeaeIeHUs
KOJIMYeCTBa [3-1,3-1,6-T/IIOKAHOB MO CPAaBHEHHUIO C OOLIMM cozep)kaHueM [3-1,3-
[JTIOKAHOB Y METO/IOM OTIpe/ie/IeHUsI KOJIMYeCTBa XMTUHA B CheJOOHBIX rprbax.

4. Hammm nmpuopuTeToM I0/DKHO CTaTh OTKPHITHE HOBBIX BHZOB IPUOOB,
00/1aZ)A101 X JIEKAPCTBEHHBIMHU CBOMCTBaMHU, Hanpumep, Y M. oreades, Trametes
ochracea, Xylaria nigrepes, Pseudotrameres (=Daedalea)gibbosa, Geastrum
saccata, Cyathus striatus u C.olla (Petrova et al., 2009; Khamaisie et al., 2011;
Sharvit, 2012).

5. McnionbsoBanue JILII' ans mogeit go HacTosero BpeMeHu O4eHb MaJio
MPOJBUHY/IOCH BriepeZ. BbpICOKOKadyecTBeHHbIE, [IONTOCPOYHBIE, [IBOMHBIE
«CJIerbie», ¢ KOHTPOJIeM IIale60, CTATUCTUYECKHU OCTOBEPHbBIE, BBIMIOTHEHHbIE
Ha OonbuIONW  BBIOOpPKe  mofed  KiuHWYeckue ucciaemoBanus  JILIT,
MOJATBEePXKAAOLIEe X 6e30nmacHOCTh U 3PEKTUBHOCTD, OMpPee/IeHHO HYXKHBI.
Llen KIWHUYECKUX HCMbITAaHUM B Teyenwe [-IV craguit mo/mkHBI  OBITH
HarpaB/eHbl HA IOJlyYeHHe AOCTATOYHbIX CBeJeHUil 00 3ddexTHBHOCTU U
6e30MacHOCTH JIeKapCTB U npemnaparos u3 JILIT.

6. bonbile BHUMaHUA criefyeT yaenuTh ucciaefoBanusm Biavsinus JILLT Ha
CeJIbCKOXO3STMCTBEHHBIX YKMBOTHBIX B KaueCTBe OMOMEIUIIMHCKUX MOJie/TeH, Jist
H3y4eHUst OXXHpeHUs, nvabera, CTapeHus, cepesieYHO-COCYJUCTBIX
3aboeBaHuii, WHPEKIMOHHBIX OO/e3HeN, HEUPOOMONIOTHH, paKa, MUTAHUS,
MMMYHOJIOTHH, 0dTanibMoIoruu, penpoaykunu. C Ipyroil CTOpOHbI, MbI MOYXKEM
MPOU3BECTU KOPEHHOH MepeioM B HEKOTOPBIX OTPAC/ISIX BEeTEPUHAPUM, KOTOPbIe
B HacTosillee Bpems nepexkuBator kpusuc (Roberts et al., 2009), 3a cyer HOBOTO
TUIA TPOJYKTOB U IMHUIEBBIX T00ABOK, MTPeIaraeMblX BMECTO aHTUOMOTHKOB U
MPOTUBOBUPYCHBIX CPEJICTB JIJIS1 YKUBOTHBIX.

7. Crnemyer ypmenutp BHUMaHue wucciaegoBanusim JIIII' B kauyectBe
CeJIbCKOXO035IMCTBEHHBIX MHCEKTHUIIM/IOB U Cpe/iCTBa IPOTHUB BUPYCOB PAaCTeHUH.

8. TlpoGnemoii, TpeOyiouiei OGOMBIIOrO BHUMAHUS, SIBISETCS 3aLIUTA
uHTe/UekTyansHoi cobcrBennoctr (MC) renermveckux pecypcos JIIIT mst
BHeJpeHUsi U MHHOBauuii. [eHeTHyeckue pecypchl TpUOOB HMCIONB3YIOTCS B
HacTosilee BpeMsi B dbapmaneBTHYECKOIA, KOCMEeTHYeCKOH,
Ce/IbCKOXO3SIUCTBEHHOU,  TMHIIEeBOH, (epMeHTaTUBHON, XUMHYECKOU U
nepepabarbiBaoLeil MPOMbILUIEHHOCTH. TeM He MeHee, 3HayeHHe 3auuTsl VIC
B COBpPEMEHHBIX HAYKOEMKHUX TMpeJNpUsITUH YacTO YIyCKaeTcs U3 BHULY,
HECMOTpsi Ha ee (QUHAHCOBO-3KOHOMHMYeCKUi mnoreHuuan. [IlpaBa Ha WHC
JOBOJIBHO YacTO TPHHA/AIEXAT WHBECTOpaM. 3ajava COCTOUT B TOM, YTOOBI
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CO3JaTh 3alIMTy W M3B/leYb Bbirogy W3 aktuBoB MC nans usobpereHust u
unHoBauuu (Wasser, 2010; Jong, 2005).

9. Heo6xomgumo mpomomkuth MHGGOPMHPOBaHHE  oOLIeCTBA U
notpebuTeneil O /[JOCTIDKEHHSX HAyKd O JIeKapCTBeHHbIX rpubax. Hamra
00sI13aHHOCTD, KaK y4eHbIX, COCTOMUT B TOM, YTOOBI Ze/1aTh KaK MOXXHO OOJIblie
JJ151 TIPOCBelleHUsI LTUPOKUX C/I0eB HAace/leHUs O MPeuMYLIecTBax JJisl 3/l0POBbsI
ncnosnbs3oBanus JILIT. /lns obuiecTBa He Bcerja MOHSITEH M OY€BUJIeH MHTepeC K
coBpemeHHbIM HccnegoBaHusaM JIIT. Ceityac B 2015 I. TsDKeI0 MTOBEPUTH B TO,
YTO MHOTHe JIIOIM BO BCEM MMPe COBEpLIEHHO He OCBEeJOMJIeHBI O MOJIe3HOCTH
JIIIT pnst 350pOBBSI.

10. /I mosp3bl YesoBeYecTBa Mbl JO/DKHBI NIPeOZ0/IeTb PaspbiB MEXAy
3alaHOM U BOCTOYHON MeAWIIMHOMN. B 3amagHOM M BOCTOYHONM MeIHIITHE
MIPUHSATHI Pa3IMYHbIe PeryasiTOpHble CUCTeMbl OTHOCUTEIbHO PACTUTE/IbHBIX U
IPUOHBIX TMpenapaToB. DOJBIIMHCTBO 3amafHBIX CTPAaH PYKOBOJCTBYETCS
npaBwiamu BO3 u mpaBunamu (DSHEA) gist cepruduumpoBaHHBIX MHLIEBBIX
I06aBOK, B KOTOPBIX I'pUOHBIE M PACTUTENbHbIE [OGABKK OMpeJeeHbl KaK
nuiessie fo6aBku (I1/1), He Hy)XJaoLMecs: B KIMHUYECKUX HUCITBITAaHUSX TIEpef
BHeJIpeHHeM Ha pbIHOK. KuTail 1 HeKOTOpble asuaTCKUe CTPAaHbI OINpefesioT
MHOTHY€ U3 OJJHUX M TeX JKe TPaB U IPUOOB MpenapaTsl KaK JIeKapCTBa, ¥ TaKUM
06pa3oM, B JAHHOM C/Ty4ae KJIMHHYeCKHe UCIBITAaHUs HeOOXOZMMBI. 3amajHast
MeauLIMHA c1abo ucnosssyer JIII, B o0CHOBHOM, M3-3a UX CI0XXHOM CTPYKTYPBI
Y OTCYTCTBHSI NMpHeMIeMOol ¢$apMaKoJIOrudeckoil ynuctorel. Hameil ocHOBHOM
Le/pl0 B OyAylieM [JO/DKHO CTaTh IPUHSITHE TaKWUX IPaBWI, CTaHAAPTOB U
MPAKTHK M3 3alaJHOM U BOCTOYHOH MEAMIIMHBI, KOTOPbIe OKXXYTCsl Haubosee
LeHHBIMHM [IJIs1 34 paBooxpaHeHus B 21 Beke (Wasser, 2010; Chang, Wasser, 2012).
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C.IT. BACCEP. HAYKA TTPO JIIKAPCBHKI I'PUBU:

CYYACHI ITEPCITEKTHBH, JOCATHEHHA I [TPOBJIEMH

TonosHa mema uyvo2o oensdy cgokycosaHa Ha npedcmaeneHHi CyHacHux
nepcnekmus, docsieHeHb, ¢akmis, npobaem i wanxie po3sumKy Hayku npo
Aikapceki epubax 6 21 cmoaimmi. 3azanom, 0as AIKAPCLKUX WANUHKOBUX I
MikpockoniuHux epubis 8idomo 6aU3bKO 130 HAPMAKON0LIHHUX 3ACMOCYB8AHD,
BKIOUAIOYU  NPOMUNYXAUHHY, IMyHOMOOYt0104Y, AHMUOKCUOAHMHY,
3axonnioloyy GinbHi padukanu, KapoioBackKyspHY, 3HUNCYE XONeCMmepuH,
npomusgipycHy, aHmubakmepianbHy, npomueonapasumuy, npomuzpubkosy,
demokcugikyiouy, eenamonpomekmopHy, i npomudiabemuyuny diro. Bidomo, wo
6aszudiomiyemu € npodyyeHmamu 6i0N021YHO AKMUBHUX pPE4OBUH, SKi
Micmsambcea He Minbku 6 naodosux minax, ane i 8 miyenii, i KyabmypanbHoOl
piduHU Npu KyAbMuey8aHHI.

Ocobnugy ysacy npudineHo epubHum noaicaxapudie i pi3Hum Opy2opadHi
Memabonimu. Y3azanbHeHO pe3yabmamu 0OCAIONeHb NPO noaucaxapuoax
6ausbko 700 eudie suwux Hetero- i Homobasidiomycetes. OnucaHo yucneHHi
6ion0eivHO akmueHi noaicaxapudu i noaicaxapionpomeiHogue KOMNaeKcu 3
aikapcvkux epubis, wo wmaromes 3damuicmb nideuwygamu epodxceHull i
KAIMUHHY IMyHHY 6i0nogidi, a makoX BUpPaXceHol NPOMUNYXAUHHY
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akmueHicmb y meapuH i atodetl, 8 motl 4ac K MexaHiam ix npomunyxauHHoi 0il
doci nosHicmio He poskpumull, 8 yeHmpi yeaeu nepebysaiomb NUMAHHA
CMuMynt08aHHa 1 modyaayii kawo4oe020 iMyHHOI 8i0noeidi Ha yi 2pubHi
3'‘ednanns. Ilonicaxapudu i HU3LKOMOJEKYASpPHI BMOpuHHI Mmemaboaimu
Had3suyaliHo eaxcausi 3 oenady eaacmusum im  npomupakosy i
iMyHocmumyniorouuli enacmugocmamu. /eski 3 yux epubHUX pevOBUH, WO
npotiwnu I, I1 i III pazy kniniunux sunpobyeaHs, 8 daHull 4ac wWupoko i ycniwHo
3acmocogylombc 8 A3il 0aa nikysaHHs pi3HUX eudie paky ma IHWUXx
3axeopiogarb. Ocobausy ysazy npudineHo 6a2amvboX 8aWCAUBUX He8UPIWeHUX
nuUMaHs HAQyKuU Npo Aikapcoki epubax.

S.P.  WASSER. MEDICINAL MUSHROOM SCIENCE: CURRENT
PERSPECTIVES, ADVANCES, AND CHALLENGES

The main target of the present review is to draw attention to the current
perspectives, advances, evidences, challenges, and future development of
medicinal mushroom science in the 21st century. Medicinal mushrooms and
fungi are thought to possess approximately 130 medicinal functions, including
antitumor, immunomodulating, antioxidant, radical ~ scavenging,
cardiovascular, anti-hypercholesterolemic, antiviral, antibacterial,
anti-parasitic, antifungal, detoxification, hepatoprotective, and antidiabetic
effects. Many, if not all, higher Basidiomycetes mushrooms contain
biologically active compounds in fruit bodies, cultured mycelium, and cultured
broth. Special attention is paid to mushroom polysaccharides. The data on
mushroom polysaccharides and different secondary metabolites are
summarized for approximately 700 species of higher hetero- and
homobasidiomycetes. Numerous bioactive polysaccharides or polysaccharide-
protein complexes from the medicinal mushrooms described appear to
enhance innate and cell-mediated immune responses, and exhibit antitumor
activities in animals and humans. Whilst the mechanism of their antitumor
actions is still not completely understood, stimulation and modulation of key
host immune responses by these mushroom compounds appear central.
Polysaccharides and low-molecular-weight secondary metabolites are
particularly important due to their antitumor and immunostimulating
properties. Several of the mushroom compounds have been subjected to Phase
I, II, and Il clinical trials, and are used extensively and successfully in Asia to
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treat various cancers and other diseases. Special attention is given to many
important unsolved problems in the study of medicinal mushrooms.
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H.A. IYIKA
Wucruryt 6otanuku um. H.I'. Xonoguoro HAH Ykpausst

ITPUBbl B HAPOJHOW MEJIWIIMHE CJABAH U HCCJIEJOBAHHE
JTEKAPCTBEHHBIX CBOHWCTB OTJEJbHBIX BUJAOB B KOHIIE XX -
HAYAJIE XXI CT.

B cmamve nodvimodiceH MHO208€K080U ONbIM  BOCIMOYHbBIX CAA6SAH 8
ucnoab3osaruu 2pubos 8 HapooHol meduyuHe. Ilepgoe ynomuHaHue o epubax,
ussecmHbix 8 dpesHell Pycu e kauecmee nekapcmea, codepycames 8 00HOM U3
pykonucHbix «Bepmoepados» Kuesckoeo nepuoda XIII cm., 2de coobwaemcs o
npumerneruu ackomuyema Claviceps purpurea Tul. & 2uHekono2uueckol
npakmuke. CeedeHuss O J1eKAPCMBEHHbIX 6A3UOUANLHBIX MAKPOMUYEMAx
Piptoporus betulinus (Bull.: Fr.) P. Karst. u Fomes fomentarius (L.: Fr.) J. Kickx.,
KOMOopble UCNOIb308AAUCL NPU JiedeHuu mybepKy.ie3da, o6HapyxceHbl 8 00HOU U3
monacmowipckux xpoHuk Kuesckoti Pycu XIII cm. B cmamowe npusodamcs daHHbvle
0 MakKux JeKapcmeeHHblx audax Makpockonuueckux 6azuduansHoix 2pubos, Kak
Inonotus obliquus (Pers.) Pil., Calvatia gigantea (Pers.) Lloyd, Phallus impudicus
L., Laricifomes officinalis (Vill.:Fr.) Kotl. et Pouzar (Syn Fomitopsis officinalis
(Vill.:Fr.) Bondartsev et Singer), Boletus edulis Bull., Suillus grevillei (Klot.) Singer,
Amanita muscaria (L.) Hook., A. phalloides (Fr.) Secr., Lactarius piperatus (Fr.)
Gray u OJpyeux. /Jlnsa Hekomopblx u3 3mux 6udog ONuUCAHbl CNOcobbl
U320MO6IeHUS. J1EKAPCMBEHHbIX NPenapamos, NPUMEHSABWUXCA BOCMOYHbIMU
caassHamu 0 ieveHust coomeemcemeyrowux 3abonesaruti u mpasm. OceeweHa
POJlb  U38eCIMHO20 YKPAUHCKO20 MUK0Jl02d, 4aeHa-koppecnoHdenma HAH
Ykpaunwvt C.II. Baccepa 6 603poxcdeHuu uHmepeca CReYuaaiucmos K
JniekapcmeeHHbiM 2pubam. Ha npumepe deyx eudoe u3 ¢papmakoneu 80CMOUHbBIX
cnaeau Piptoporus betulinus (Bull.: Fr.) P. Karst. u Fomes fomentarius (L.: Fr.) J.
Kickx. =~ npodemoHcmpuposaH  cO8pemeHHbll  YpO8eHb  UCCAedo8aHUs
JIeKAPCMBEHHbIX ~ MAKPOMUUEmMos, OMKpblealowull HO8ble  B03MONCHOCMU

UCnoJj1b3068aHUA UX 8IMOPUHHBIX Mmemaboaumos.

KnroueBrbie c10Ba: 1eKapCTBeHHbIe Oa3UAMaTbHbIE MAKPOMUILIETHI, HAPOAHAS
MeAuIINHA

Hapognast MeauiinHa BOCTOYHBIX CJIaBSH, B TOM YHCJIe PYCCKOTO,
YKPauHCKOTO U GeJIOpycCcKOro HapojoB, ¢opMHpOBazach Ha OCHOBe
MHOTOBEKOBOT'O OIIBITA JIeYeHHUs] PACTeHUsIMU. JHA4YMTe/lbHOe BJIMsSHHEe Ha eé
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pa3BUTHeE OKa3anu cKudbl, KoueBbie rieMeHa Kotopeix B VII B. 1o H. 3. — III B. H.
3. Hacensuu Tepputoputo CesepHoro [lpuuepHomopbs ot JHempa go JloHa,
3eMJIM, BIOCJIEACTBUU 3aHSTHIE CIABSHCKUMU IUleMeHamu aHTOB. Ckudsl He
TOJIBKO HCIIO/Ib30Ba/IM JIeKApCTBEHHble pacTeHHs, HO PasBOJWIM HX U
BbiBo3uiu B ['penuio u Uramuwo. O6 sToM ynomuHaercs B TpakTaTe Katona
crapirero «O 3emnenenun» u B «EcrecTBeHHOU mcropun» [lnuHus crapurero.
Pas6urtsie B III B. H. 3. roTaMH, CKUQBI CMELIANIUCh C AHTAaMU U NepejaTu UM
CBOM 3HAHMUS JIEKAPCTBEHHBIX TPaB. 3HAaTOKAMHM TPaB M CIIOCOOOB JIeYeHHS] UMU
y C/1aBsiH OBUTM BOJIXBBI — CJIY)KUTENH JOXPUCTHAHCKUX KyabToB. C KoHua XI B.
c60pOM ¥ BBIpAllBAaHMEM TpPaB M BpayeBaHWEM HMH Y BOCTOYHBIX CJIaBSIH
CTa/Id 3aHMMATbCSI MOHACTBIPU.

OrpomHbIe /leCHble MaCCHUBBI Ha TEPPUTOPHUSX, 3aHSTBIX BOCTOYHBIMHU
C/laBSHaMM, OBUIM HACTOSILIMMHM KJIAJOBBIMU He TOJIBKO JIEKapCTBEHHbIX
pactenuii, HO u rpuboB. CbeJ0OHBIE TPUOBI SB/ISITUCh BAXKHBIM KOMIIOHEHTOM
MUILEeBOTo paljioHa HapooB ApeBHelt Pycu. M3BecTHBIN poccuiickuil MUKOJIOT,
CTNEeNMaNUCT MO UuisAnoYHbiM rpubam  B.I1. Bacunbkos (1953) B cBoeit paGorte
«H3yyenune nuisanoyssix rpu6os B CCCP», onuceiBasi muieBble CBOMCTBA 3THX
rpu6boB, ynoMmuHaeT KHUTYy O Poccuy anrimyannHa Camywia Kosummnza,
KOTOPBIH B TeueHUe 9 jIeT ObUI IMYHBIM Bpa4yoM Ljapsi Anekcest MuxaiisioBuya B
Mockse. B ero xkuure «The Present State of Russia, in a Letter to a Friend at
London», u3ganHoii B 1671 . B J/IoHI0HE, ecThb 1aBa «Pa3nuyHble pogsl rpruboOB,
pactymux B Poccun». ABTOp BOCTOpraeTcs KOJIMYeCTBOM M BKYCOM MECTHBIX
rpuboB U f006aBiseT, YTO «HUTAe HeT jaydunx». Kpome Toro, B kxuure C.
KonnvH3a mpuBeseHbl CXeMaTHYeCKHe PHUCYHKH IUIOJOBBIX Tel TIPUOOB-
MaKpPOMMULIETOB. 3a BpeMsi peObIBaHMs B Poccru aHTIMYaHUH CTaJ1 3HATOKOM U
MPOMAraHJuCTOM CbeJOOHBIX TPUOOB, HCIOIB3YEMBIX Jisi MPUTOTOBIEHUS
pasIMYHbIX OJII0/ PyCCKOil KyXHHU. MHOrHe 0cO6eHHOCTH IPUOOB, CYUTABLIMXCS
B Poccuu cvepo6ubiMY, C. KosummH3 ucnbitan Ha cebe. O rpyspsx, Hanpumep,
OH mnucasn Tak: «Pycckue consiT KX, @ ©’HaYe OHU XTYT pOT U ropyo. OJHOKIBI 51
HEOCTOPOXKHO OTBEZAJT YKapeHbIX TPy3/ei U efBa He 3340xHy/cs» (Bacuibkos,
1942, c. 18). B.I1. BacunbKkoB NMPUBOAUT LUTATy W3 TPEXTOMHMKA B. Puxtepa
«Hcropus meguuuuer B Poccun» (1814-1820), KOTOpasi CBUAETENBCTBYeT O
noBepun K C. Ko/inMH3y Kak 3HATOKY CheJOOHBIX TPHOOB PYCCKHX JI€COB:
«[IprmeyaTenbHO 0COGEHHO TO, YyTO JOKTOP KO/M/IMH3 3a mosTopacTa nepes cum
JIET JIOKasbIBaJl GeCrpUCTPACTHO, CKOJIb HEOCHOBaTejleH (B/IAJICIOLUi BCEMHU

MHOCTPAHI[AMU U JIOHbIHE) CTPax ObITh JXEPTBOIO si/ja, HAXOAIIETOCST B Tprbax»

42



(Bacunbpkos, 1953, c. 38). EcrectBeHHO, uTO cBoM mo3HaHus C. KommiH3 yepnan
M3 r1y0OKO YKOPEHUBIIMXCS B CO3HAHUM MECTHOTO HACe/NeHUsl TPAAUuLHN U
HaBbIKOB MCIIOJIb30BAHUsI OOTaTeNLINX JAPOB PYCCKOTO Jeca.

[To3HaBasi muTaTe/nbHbIE KAa4eCTBA CheJOOHBIX I'PHUOOB, YCOBEPLIEHCTBYSI
C1rIoco6bI X MepepaboTKH, C/IaBsiHe OZHOBPEMEHHO 3HAKOMUJIUCH C 1e/IeOHBIMU
CBOMCTBAMM HEKOTOPbIX U3 HUX. Hanbosiee cTapbIMu UCTOYHUKAMU CBeIEHUI O
60J1e3HSIX Ye/I0BeKa U JIEKAPCTBEHHBIX CPeJCTBAX JJIsl UX JIEUEHUST Y BOCTOUYHBIX
C/aBssH  ObUIM  PYKOMHMCH,  amOKpU]bI, XPOHUKH, IKUTUS  CBATHIX,
cyuecrBoBaBlre Ha Pycu c XI B. [lepBpIM coXxpaHUBUIMMCS [0 Hallero BpeMeH!
JINTEPATyPHBIM NMAMSITHUKOM CJ/IaBSIHCKOU Ky/bTypbl XI B., B KOTOPOM U3JI0KeHa
cucTeMa HAPOJHOW MeOWLUHbBI, sBiseTcs: «VI360pHUK CesiTocaBa»,
JaTUPOBaHHBIM 1073 T. B 3TOM  KHUre NPUBOASTCS OINMCAHUSI MHOTUX
COCYAVICTBIX JIEKQPCTBEHHBIX pacTeHUH, nmpumeHsiBuinxcsi Ha Pycu. OpgHako
nHbOpPMaIMs O JIeKapCTBEHHBIX TPUOAX B 3TOM, KaK U B IPYrux pykomnucsx XI B.
(Paj3MBUIIIIOBCKOM, NnaTtpeBcKo, HukoHoBCKOI), OTCYTCTBYeT
(BorosiBnenckuii, 1960).

[TlepBoe ynoMuHaHue O rpubax, MCIOIb30BABLUIMXCSI B ApeBHeil Pycu B
KayecTBe JIeKapCTBa, HaxoauM B AapeBHepycckux pykonucsx XIII ct. B ato Bpems
MOSIBUWIMCh  CIlellMa/ibHble  CIpPaBOYHUKU  «Beprorpazpi», aHa/moruyHble
cpenHeBeKOBbIM eBpornelickuM «Hortus sanitas», cozepykaBlivie OIMCAHUS
JIEKapCTBEHHBIX pACTeHUl, MHHepasoB, JXUBOTHBIX. B oaHOM wu3 Takux
«Beprorpagos» KwueBckoro mnepuosa cooliiaercss O NIPUMEHEHUHM POXeK
ackomuuerta cropbiabu (Claviceps purpurea Tul.) pns nedeHUsi paka MaTKH.
CrnaBsiHe WCIONMB30BA/IM POXKHU CHOPBIHBU M [JJII OCTAaHOBKA MaTOYHBIX
KpOBOTe4deHUU. [I/1s1 3TOro 4aliHyIo JIOXKKY POXKeK HaCTaWBaJ/IM B CTaKaHe BOJbI U
MPUHUMAJIU HAaCTOH! 3-4 pas3a B JileHb 110 CTOJIOBOH sioxKe. 1o apyroi mponucu
M3 POXKEK TOTOBHJIM MOPOIIOK, 10-50 I'PAaHOB (0,65-3,25 I') KOTOPOT'O Pa3BOJU/IH B
BOJle WJIK MOJIOKe JUIsl OZHOPA30Boro npréma. Xopounii agpdexT okasslBaiu U
OTBaphl U3 PoXKeK. Tak, 30-40 IrpaHoB (1,94-2,59 I') POXKEK OTBAPUBAMHU B 0,5 JI
Bogpbl. [IprHMMany oTBap Mo CTOIOBOM JI0XKKe Yepes3 KaXKJple 10 MUH /0 MOJIHOMN
OCTAaHOBKM  MaTO4YHOro KpoBoreyenus (BorosiBreHckuii, 1952, 1955;
[Tpeo6paxkeHckuii, 2000). Ocoboe 3HaUYeHHE BO BpaueBaHUM PAa3HbIX GO/e3HeH
CTIOPBIHBs (€€ CKIEPOLUU — POXKKH, POTOBHIIA — ObUIM OYE€Hb PACIIPOCTPAHEHDI B
3aBsi3siX P)ku Ha pycckom CeBepe) nmpruobGpesia UMEeHHO B 3TOM peruoHe. 37ech eé
WUCIIO/Ib30Ba/IM HEe TOJBKO B THMHEKOJOTMYeCcKOW IIpaKTHKe, HO M KakK

roMeoIraTu4deckoe CpeacTBo IMpru NCTEPUUN U IMCUXO03adX, T'/Ia3HbIX 3a6OJIeBaHI/I$[X,

43



6asenoBoii 6oesun (BorosiBieHckuis, 1966). FiMeroTcs cBeieHUsT O TOM, 4TO B
HAapOJHOI MeJWIlMHe CIIOPbIHbSI MPHMEHsIach TakKKe IMPU MHUIPEHH, Iocje
COTPSICEHHsI MO3Tra, NMPH TOBBILIEHHOM KPOBSHOM [aBjeHUU (3ayrme, 1994).
VIMeHHO B JI€TOMMCSX [JAaHO OINMCAaHWEe W MHUHHATIOPHOE M300paykKeHue
CUMIITOMOB BechbMa pacrnpocTpaHéHHoro B /JlpeBHeit Pycu 3abosneBanus,
NpUYUHOM  KoTOoporo Obuti  pokku  cnopeiabr  (C. purpurea). B
OctepmaHOBCKOM TOMe (4. 2) «JIMIEBOrO JIETOMMCHOTO CBOJA», B KOTOPOM
MpeACcTaB/eHbl CIWUCKU JleTonuced, chenaHHele B XVI cT., mnpuBeseHa
MHUHHATIOPA, HA KOTOPOM M300pakeHa KapTHHA MOPA, BbI3bIBaeMasi «00JIe3HUIO
KOPKOTHOIO», W/IA 3JPrOTU3MOM. ONHJEMHsI DProTu3Ma BO3HHUKA/NA TpPHU
MacCOBOM YNOTpeO/ieHMH B TOJIOLHBIE TOAbl Xjieba, CHUIBHO 3apBKEHHOTO
CIIOPBIHBEN, M TPOSIB/AS/IACh B BHJE HWHTEHCHUBHBIX CYZOPOT KOHEYHOCTeH
(«xop4yeii»), pasHble TMPOSIBJIEHUS] KOTOPBIX H300pa)KEHbI HAa MHUHHATIOPE W3
«JIN1eBOro 1eTONMMCHOro cBozia» (borosiBaneHcku, 1960).

B dapmanuu npenaparst C. purpurea B BUfie TOPOIIKA (pHOTETOBO-CEPOTO
1BeTa OBLIM M3BECTHHI MOA Ha3BaHueM Pulvis secalis cornuti. Kpome nopoika B
anTeKax M3rOTAB/IMBAJICS TAK)Ke I'yCTOW 3KCTPAKT criopbiHbH Extractum Secalis
cornuti pissum, KOTOpBINM TMpeAjaraercsi B BHUAe PACcTBOpA WU TabJIeTOK.
VccmepoBaHust XUMUYECKOM TIPUPOJBI CKIEPOLeB (POXKEK) CITOPbIHBU ObUIH
HavaTtel B lOppeBckom yHuBepcurere mpodeccopom I'. Jparengmopdom u P.
KoGeprom. MM yzmanoch BbIIENUTh WHAOJIBHBIE ATKAJOUABI: B 1906 T. ObLI
BbIJleJIeH 3PrOTOKCHH, B 1918 T. — DProTaMHUH W 3PrOTaMHHUH, B 1935 T. —
ProMeTpuH. DTH AJIKAJIOUbI, KOMIIOHEHTOM KOTOPBIX SIBJISIeTCS TM3epruHOBast
KHCJIOTQ, COCTAaBHIM JEMCTBYIOIlee HA4alo Psifla MeJUIIMHCKUX MPenaparos, B
YAaCTHOCTHM TaKWX, KaK BJProraJl U DJproTaMMHa THUJAPOTApTaT. OProTal
WCIOMb3YeTCsS IS OCTAHOBKA MATOYHBIX KPOBOTEYEHUH, a IProraMuHa
TUAPOTAPTAT BXOJUT B COCTAaB KOMIUIEKCHBIX TIIpernapaTtoB Oejiouj U
Oe/IaTaMUHA/, KOTOpble TMPUMEHSIOTCS TpU OeCCOHHHIE, MOBBIILIEHHOMN
Pa3IpOKUTENBHOCTH, HeWpOoJepMHUTaX, BereTaTUBHO-COCYJUCTON [AUCTOHUU
(/loBkoBa u gp., 1989). OTHOCHUTENHPHO HEJAABHO HA OCHOBE IMPOU3BOJHBIX
aJIKaJIONJIOB CIIOPBIHBM CO3JaH IIpernapaT poJeprvH, XOpOoLIo AeHCTBYIOLIHI
IIPU HapYIIEHWU MO3rOBOTO U nepudepudeckoro KpoBoobpaiuenust (MuHaesa,
1991). Kpome nepedncieHHbIX U APYIUX JI€BOBPAIIAOIIUX 3ProasKaOUI0B, U3
CIOPbIHBY OBUIM BBIJEJIeHbl TAK)Ke€ MHOTOYMC/IEHHbIE aJIKaJIOUbl T'DYIIIIBI
KJIaBUHA: MEeHHUK/IABHUH, KOCTOKJIABUH, XaHOKJIAaBMH, arpokjaBuH U ap. [lpu
TUJIPAaTUPOBAHUM DPTOAJIKAJION/IOB OHU TepSIOT CBOIO TOKCUYHOCTh U
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COKPATUTE/IbHYI0O aKTUBHOCTH IO OTHOLIEHUIO K MYCKyJIaType MAaTK{, Ha 4éM
OCHOBAaHO HX KpOBOOCTAHaB/IWBawIlee geiictBue. Ho mnpu »sToM oOHUM
MPUOOPEeTAIOT COCYOPACLIMPSIOIINE U TUIIOTEH3UBHBIE CBOIMCTBA, HA KOTOPBIX
OCHOBaHbI TaKWe Mpenapartbl, KaK AUTUIPOIPTOTAMUH U JUTHUAPOIPTOTOKCHH,
MPUMEHSIOIUECs] /ISl JIeYeHUs] TUIEPTOHUH U CrmasMoB cocyznoB (TensTobes,
1901).

VcTOYHUKOM JpPYrux JeKapCTBEHHBIX CPEJCTB IPUOHOTO IIPOUCXOXKIEHUS
SIBJISIIOTCST Ga3uyasbHble MAaKpPOMHULIETHl. B 0fHOI M3 MOHACTBIPCKUX XPOHHK
XIII ct. 6bUIH HalEeHBI CBeleHHsT 00 MCITOTb30BAaHUH B MEAULIMHCKOM MPAKTHKe
6ep€30BOro TpyTa [epeBOpa3pyLIAMIIUX TPUOOB, MO3JHEe OPHUEHTUPOBOYHO
HUIeHTUPUIMPOBAHHBIX 1O OMMCAHUSM M PUCYHKaM Kak Piptoporus betulinus
(Bull.: Fr.) P. Karst. u Fomes fomentarius (L.: Fr.) J. Kickx. Msarkas cepaueBrHa
WX TUIOZIOBBIX TeJI UCIIO/Ib30BaJIacCh JJIsI MPYDKUTAHUSI YYAaCTKOB 3J0POBOI KOXU
6o/mpbHOrO TpU Tybepkyné3e. B  4YacTHOCTM B  yHNOMSIHYyTOM  BBILIE
OcrepmMaHOBcKOM TOMe «JIMII€BOrO JIETONMMCHOTO CBOJA» YKa3bIBaeTCs, YTO
6ose3Hb cyxotust (TyGepKy/ié3 JETKMX) BETUKOrO KHA3S MOCKOBCKOTO Bacunus
TemHOro N€YNIN HOKEHHEM — COKUTaHHeM KycodkoB P. betulinus Ha ronom Tee
6016HO0TO. TaKMe KyCOYKH «TPYyT-TyObl» HAa3bIBAJIMCh MOKCAMU; [JIsl YCHUIEHUS
neyebHOro addexra HHOTAA PA3ONOKEHHDIE YK€ MOKCHI MIPUCHITIATIN COTBIO WU
nopoxom  (BorosiBnenckuii, 1966). BmocmemcTtBuM  TPYyT — HaCTOAIIMMA
(papmaneBTrueckne HasBanus Agaricus s. fungus chirurgorum, Agaricus
quercinus praeparatus, Boletus igniarius, fungus igniarius praeparatus,
BpaueOHast rybOKa, TpyTOoBasi TryOKa, OrHEBOW W/IM OrHUBHBIA TPYT)
HICITO/T30BA/IM KaK TePeBSI30YHBII M KPOBOOCTAHAB/IMBAIOIIMI MaTepHas s
MpeKpallleH!us: KPOBOTeYEeHU, OCOOeHHO Tmocje TMbSIBOK. Jlisi mojaydyeHust
MSITKOM, OapXaTHUCTOM, yNpyrol M HEXHO HAOUIyNb CYOCTAaHIUU IUIOJOBBIE
tena P. betulinus u F. fomentarius o4uIIanu OT KOPbI M TPyGYATOrO CJI0S,
BBIMa4yMBa/IMl HECKOJIBKO Helle/lb B €MKOCTU C Tropsiyeil BOJOH, IIENTOKOM U
CeJIMTPOM, IMOC/Ie Yero BbICYLIMBAIM, YTOOBI MPUAATH PBIXJIOCTH, BBHIOMBAIU
JepeBSIHHON KOJIOTYUIKOM M Hape3a/y IJIACTUHKAMM TOJILIMHOU B 0,5 Ar0HMa
(PpITOB, 1918; DHUMK/IOMEAUYECKUIM C/IOBAPh JIEKAPCTBEHHBIX ..., 1951). JTOT
XUPYPTUYECKU MaTeprasl Ha OIpeJe/l€éHHOM OJTale pa3BUTHS MeANIUHBI
3ameHsit Baty. Euié oguu mepeBopaspyuarmommii rpu6 Trametes suaveolens (Fr.)
Fr., u3BectHoiii B ¢apmanuu kak fungus salicis (uBoBbIii TpuG), Anispilze
(aHmcoBbIit Tpub), ynorpebasiics npu OGonesusx nérkux (Peitos, 1918). B
HaposHoW MeaunuHe [lonpliM M3BEeCTHO NpUMeHeHUe AyOOBOil TIyOKuU
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(Daedalea quercina L.:Fr.) B kayecTBe cpeacTBa TMPOTHB HACEKOMBIX
(Grzywnowicz, 2001).

OpHako HauboJsiplllee pacHpoCTpaHEHWe B HAPOJHOH  MeJULIHE
BOCTOYHBIX CJIaBSIH TOJIyYWJI [PYrOd [epeBOopaspyliaouiuii  6asuguoMuLer
Inonotus obliquus (Pers.) Pil., pasBuBaroumiics Ha Gepése M WU3BECTHBIN MO[,
Ha3BaHUEM 4Yaru. JTO eJUHCTBEHHBIM JIeKapCTBEHHbII MaKpPOMMUIET, KOTOPBIH
COXpaHMJI CBOE 3HAaUeHHe Ha MPOTSHKeHUU MHOT'MX BeKoB, HauuHas ¢ XIII cr. u
o Hamunx gHed. B XXI B. mosydyeHHbIe U3 Hero npemnapaTsl IPUMEHSIIOTCS IS
BOCCTAHOBJIEHUSI OpraHW3Ma OOJIbHBIX HEKOTOPhIMU ¢opMamMu paka mociie
XMMHOTEPAINUH U 00TydeHusi, 06ecrieqyrBasi MPO/I0/DKUTENBHYIO PEMHUCCHIO.

[TouepnHyThbIe U3 CTAPUHHBIX PYKOIIUCEH CBeeHHsI COOOIIAIOT O TOM, YTO
GepézoBbiit Tpub I. obliquus, wan 4ara, WUCIONB30BANICS ISl JI€YEHUsT KHSI3S
KueBcKoro Biagumypa MoHOMaxa, y KOTOpPOro, o MHEHUIO COBPE€MEeHHBIX
Bpaueii, 6bU1 pak. Yara — cTapuHHOe HapoJHOe cpencTBo, Kotopoe ¢ XVI-XVII
CT. pycCKoe HacejeHHe ceBepo-3amaza EBpomneiickoit yactu Poccun n Cubupu
PeryJisipHO TIPUMEHSIIO TPH Pa3/IMYHbIX KeTyAOYHO-KULIEYHbIX 3a00/1eBaHHUsX,
BKJIIOYAsl sI3BbI, PaK JKeNyZKa M 12-TIePCTHOM KUILIKW, IPU OOJe3HU TMe4YeH! U
cene3énku (MwuHaeBa, 1991).

[TnogoBble Tena Yaru B BH/ie HAPOCTOB HEMPaBUJIbHOM YKeIBAaKOOOPa3HOit
dopmbl 10 0,5 M B AuameTpe. U O 2-5 KI' BeCOM pPa3BHBAIOTCS Ha CTBOJAX
B3POCJIBIX ZiepeBbeB Gepésbl (pexke 0/bxH, pAOUHBI, Oyka u ap.). CHapy)Ku OHU
4yépHble, TeMHO-Oypble, TpeLMHOBAaThle, BHYTPU TEMHO-KOPHUYHEBBIE, PXKaBO-
Oypble, oueHb TBépAbie. HapocTsl yaru Bcerja pa3BUBAIOTCS HAa MOBPEXIEHHbBIX
YacTsIX JepeBbeB, HA MecTe 00JIOMaHHbBIX CYYKOB, MEXaHUYECKUX MTOBPEXIEeHNH,
COJTHEYHBIX OXKOroB. B Poccun oco6eHHO MHOTO Yaru ObUTO B 6epE30BbIX jIecax
Bo3se IlckoBa u Bonorapr, rme eé 3amackl gake B 70-X rojgax XX CT.
HCUYMC/ISUIMCh TOHHaMHU. Tak, MMelOTcs JaHHble O TOM, 4TOo B [IckoBcKoit
obyacTy eé 3amackl COCTAB/SUIM 35-45 T, B Bosoroackoir - 10-15 1. Takoit
PeCypCHBIN MOTEHIHAJI AOMYCKa/l €XKErOAHY0 3aroToBKy 1,5-2 T (laMMepman u
Ip., 1968). [IpUBOAATCS CBEEHUS O TIPOMBILIEHHBIX 3aTOTOBKAX Yaru B 00bEMe
HECKOJIbKMX TOHH €XerofHo B Jiecax u3 0epé3bl MaHbWKYPCKOMH,
Ipou3pacTarolieil B ceBepHbIX U BOCTOYHBIX paiioHax [Ipumopss, [Ipuamypes u
Ha octpoBe CaxanuH (Illperep, 1970). 3amacel Yaru B jecax YKpauHbl HAMHOTO
MeHnblre . OHU cocTaB/siiM He 6Gojiee 0,5-1,0 T M OBUIM COCPELOTOYEHBI B
YkpaunHckux Kapmarax, mpu 3ToM Ha jeca 3akKapmnaTtckoii, /IbBOBCKON u

YepHOBUIKOIM 00/acTeii NPUXOAWIOCH MO 0,1-0,2 T, B Jiecax FIBaHo-
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®paHKOBCKOM 06/1acTu — 0,2-0,4 T (MBaummH, 1968). C60p Yaru Mpou3BOSUICS
[0 Ompe/ie/IEHHON MEeTOIUKE: CPe3aHHbIe CO CTBOJIOB Oepé3bl IIOJOBBIE Tea
pPYOWIM Ha KyCKH 3-6 CM JJIMHOM, CYIIWJIN B CYLIMJIKaX MPU TeMIepaType A0
60°C Ha meyvax, 1oJ, HaBeCcaMH, Ha YepAaKax M APyryx XOpOIIO IPOBeTPUBAEMBIX
noMmeleHHsix. K roTroBomMy chIppl0 4aru MpegbsBAS/INCH OIpeJeéHHble
TpeOOBaHMS: PbIXJIasi, JIETKO KPOIIAIIASICS YaCTh HAPEe3aHHBIX KyCKOB JIOJ/DKHA
ObUIa COCTABIATh He 6oJjiee Y4 WX TOJIIMHBI; BJIAXHOCTD JOJDKHA ObLIa OBITH He
6onmee 12 %, KomuyecTBO OOWEN 30/l — He Oomee 17 %, comep)xaHue
OKCTPAKTUBHBIX BellecTB - He MeHee 20 % (Illperep, 1970). Ananus
AQHATOMUYECKON CTPYKTYpbl 4Yarud KaK HCXOJHOTO JIEKAPCTBEHHOTO CBIPBS
XapaKTepHusyeT e€ ABOHCTBeHHYyIO mpupony. OOpa3oBaHMe >XeTBaKOOOpa3HbBIX
HapoctoB I obliquus mpoucxomUT He TOJBKO B pe3yJabTaTe YIUIOTHEHWS
MuLleusi rpuba, HO M B TIpoliecce pPa3pacTaHMUsI MEPHUCTEMHBIX KIIETOK
BTOPDUYHOM KOpbI ~ 0epé3pl. OTHU  pa3pacTaHus, BO3HUKAIOIIME IOJ
pasgpaKalouUuM  JeiicTBUeM MHIenus rpuba-reMu6buorpoda, OKpYKaOT
JKeJIBAaKW YarW B BHJle HAIUIBIBOB, OOpPA3ylOLIMX eJWHOe IieJioe C IUIOLOBBIM
TejloM rpuba. BreickazaHO TpejmoONOKEHME O TOM, YTO MeTabOMUTHI
MApa3UTUPYIOILEro Ha CTBOJIe Gepé3pl rprba BBI3BIBAIOT OTBETHYIO 3aLIUTHYIO
peaKkuuio KaMOHusl TNUTAIOIIEro pacTeHMs, Pe3y/IbTaTOM Yero U SBJSIeTCS
06pa3oBaHMe XeTBaKOMOLOOHBIX HAPOCTOB (SIKUMOB, 1959).

Ha pycckom ceBepe u B CubGupH ¢ He3amaMsSTHBIX BpeMEH HACTOH 4aru
nvau BMecTo vast. O4ueBUHO, eljé Toraa ObUTM OTMeueHbI 1jeneGHble CBOMCTBA
HAaCTOsl, KOTOpBIM 006lajas  TOHU3UPYIOUIMM, OOLIEyKPEIUIIOINM U
MIPOTHBOBOCIIA/IUTE/IbHBIM /I€ACTBMEM, HOPMAM30Baj PAbOTy IKeTyZO4HO-
KMIIEeYHOTO TPaKTa, IMOBBIIIAJ 3alIUTHbIe peaKLUU OpraHu3Ma. JTH CBOHCTBA
Yaru MpUBJIEKIN K Hell BHUMaHMe KaK K Mpenapary rpuGHOTO MPOUCXOXKIEHUS,
MepCIeKTUBHOMY [JJIs1 JIe4eHUs] XPOHHUYEeCKHX TaCTPUTOB, SI3BbI JKeNIyAKa U
HeKOTOpbIX PpopM paka. [list aTHX Liesell HACTOM Yard TOTOBWIM CJIEAYIOLIVM
006pa3oM: II00BOe Telo rpuba MbUIM, U3Me/IbYa/id U B3BELIMBAIA U3 PACYETa
40 T KYCOYKOB Yar¥ Ha 200 MJI KUIISTYEHOH BOJIbI; jajiee HY)KHYIO MOPLUI0 rprba
MOMeIl[a/Th B COOTBETCTBYIOLIHM OOBEM BOZbBI, TEMIIEPATYPY KOTOPOM JOBOIUIN
J0 50-60°C M HacTamBamu B TeyeHUe 48 4acoB. [loce aTOro HacToil ciuBamy,
OCTaTKU rpuba OTKMMAIM 4Yepe3 HECKOJIbKO C/I0EB MApJiM B COCYZ C HaCTOEM,
KOTOPBIN JOBOAMIIH 10 HY)XHOT0 00'béMa. HacToii mpuHUMatu 1o Tpu CTakaHa B
cyTK ApoGHbIMU mopuusimu (MuHaeBa, 1991). IlonokuTenbHbIe pe3y/IbTaThl
ObUTM TIO/Ny4eHbl TpPU JiedeHMH HactosiMu [ obliquus 3710KaveCcTBEHHBIX
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HOBOOOPA30BaHMI JKeNyJKa, 12-MEePCTHOM KUIIKKM, Manoro Tasa. Hacroi
GepésoBoro rpuba cHUMan OONEBON CHHAPOM, [AUCIIENTUYEKHE SIBIEHUS,
HopMasnu3oBan ¢yHkuuu Kkuimeuynuka ((Pamuukwii, BoponuoBa, 1982).
HoctarouHo mnpoko Hactou I. obliquus MpUMeHSIIOTCSI B OTOJIAPUHTOJIOTHY TTPU
ONyXOJISIX TOPTaHU. VX Ha3HayalOT B BUJE HHTANSALMMI, KOTOPbIe YCTPAHSIOT
pPacCTpoiicTBa TIJIOTAHMS, YMEHBINAIOT OCHUIUIOCTh TOJIOCA, CIOCOOCTBYIOT
yydineHuIo abixanust (J/laBpeHOBa, 1996).

EcTrecTBeHHO, YTO IO Mepe HAKOIUIeHUS] 3HAaHUN O AeHCTBUM DKCTPAKTa
6epé3oBoro rpuba Ha OPraHU3M GOJIBHOTO BO3HHKJIA NOTPEOHOCTh YCTAHOBHUTH,
KaKlMe HMMEHHO BellleCTBa, BXOJsIIYe B COCTaB IUJIONOBBIX TeJI, SIBJISIIOTCS
JercTByolnM HadanoMm. B 1864 r. mpodeccop HOpreBckoro yHuBepcurera I'.
[Jparengop¢d mpesnpuHSIT MONBITKY BBISCHUTh XMMHWYECKHIH cocTaB 4yaru. Emy
He yZIa/ioCh BBIJE/NUTh HU IJIIOKO3WU/0B, HU aJIKaJIOUZI0OB, KOTOPble B TO BpeMsi
3aHMMa/l JIUAUpYIOlllee II0JIO)KeHHe Cpelyu JIeKapCTBeHHBIX BelnecTB. OH
ycTaHOBMI Hanuuue y I. obliquus pacTBOPHMBIX B BOJie MUTMEHTOB, OAHAKO He
NpUAAA UM 3HA4YeHUs] U CJefaa BbIBOA O TOM, YTO «B 4are BecbMa TPYZHO
JOMYCTHUTh KaKue-mnbo TepaneBTHveckue cBoiicTBa» (I'puHkeBny, CopokuHa,
1988). K M3y4eHHI0 XMMHYECKOrO COCTaBa Yard BEPHY/IUCH TOYTH 100 JIET
crycts1, B 50-x rogax XX cr. [Ipodeccopa /IeHMHIpafCKOTO MEAMHCTUTYTA WM.
W.I1. TlaBnoBa u borannveckoro mHctuTyta M. B.JI. KomapoBa PAH ILK.
bynatoB, @ M.I. bepesuna wu ILLA. flkuMOB  3KclnepuMeHTa/lIbHO
MIPOJIEMOHCTPUPOBAIM B COCTaBe BOJOPACTBOPHMMOM MUIMEHTHOH ¢paKuuu
Ha/iMyue  BeIleCTB  MNOJUPEHONTKApPOOHOBOM  MPUPOABI  (XPOMOIEeHHOTO
KOMILIEKCA, KOTOPBIH CITOCOOEH JaBaTh MHTEHCUBHO OKpAlLlleHHbIe KOJUIOHUJHBIE
pactBopsl). Yara okaszamace 0Gorata MHMKPO3/TIEMEHTaMH, CpeJu KOTOPBIX
0COGEHHO BBICOKUM COZEP)KaHHUEM XapaKTepuayeTcst MapraHer (53,40 MKr/T).
[To Bceil BUAMMOCTH, MapraHel CJIY)XUT aKTUBAaTOPOM psija pepMeHTOB IpU
neye6bHOM JevictBuu dvaru. Kpome Toro, B 1mwiogoBbix Tenax I. obliquus
OOHapy)XeHbl IOJIMCAaXapUJpl, CTEPOMJHBIE M CTEPUHOBbIE COEJIMHEHMS,
arapyIMHOBasI U IjaBejieBasi KUCJIOThI, ITEePUHBI, TPUTEPIEHOUADI, (1aBOHBI,
cMoJtbl. BeickazaHo mpeonoXeHne, YTO MMEHHO TaKOUW HelIOBTOPUMBI Habop
XUMHYECKUX COeQVHEHUI Je/laeT Yary XOpPOLIMM OHOTe€HHBIM CTUMYJ/ISTOPOM,
KOTOPBII NOJIOXKUTE/NBHO BIMsIeT HA LIeHTPA/IbHYI0 HEPBHYIO CUCTEMY, yIy4llaeT
oOMeH BelleCTB, CHUMAaeT WHTOKCUKAIMIO, YCHJIMBAaeT KpOBOOOpalleHHe,

MOBBIILAst COMPOTUB/IIEMOCTh Opranu3ama (SIKUMoB, 1959).
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B s50-x rogax XX cr. B Poccum ObuUtM TIpOBeleHbl KJIMHHYECKHE
WICTIBITAHUSI TIPENIAPAaTOB Yaru (HACTOsl, SKCTPAKTA), MTOC/IE Y€ero B 1955 I'. GbLIO
noiyyeHo oduimanpbHoe paspeuieHue ¢dapmrkomurera MunsgpaBa CCCP Ha
IIpYMeHeHHe BOJHOIO U3BJIeYeHHs], CTUPTOBOI HACTOMKU U T'yCTOTO DKCTPAKTA,
TakK HasbpiBaemoro GedyHruHa (SIkuMoB u zp., 1957). [locaegHuit ucronsayercs
KaK CHMITOMaTH4YeCcKOe CpeJCTBO [Jisl JIeYeHWs] AMCKUHE3UH >KeyAOo4YHO-
KHIIEYHOTO TPAaKTa C SIBJIEHUSIMA aTOHHUM, KOXKHBIX 3a00/1eBaHUMN, CBSI3aHHBIX C
BOCITA/INTETBHBIMI TIPOLIECCAaMU B JKeJIyAIKE M KHUIIEYHHUKEe, XPOHUYECKHX
TacCTPUTOB, SI3BBI )KeTyJKa U 12-TIePCTHOM KHILIKH, a TaKKe 3/I0KayeCTBeHHBIX
OIyX0Jieil KaK BCIIOMOTaTeIbHOE CPeJCTBO Hapsiay ¢ xumuorepanuei (BynaTos,
MapTsiHOB], 1961). OGBIYHO TPHU YaiHBIX JIOXXKU GedyHIHMHA PACTBOPSIOT B 150
MJI BOZBI M IBIOT IO CTOJIOBOM JIOXKKE TPH pasa B JleHb 3a Ioy4aca /0 epl B
TeyeHHe 3-5 MecslleB C IlepepblBaMU 7-10 JHei. [IpomosmkaBlieecss B
borannuyeckom mnHctuTyTe MM. B.JI. KomapoBa PAH wusydenue xumwudeckoro
COCTaBa Yaru MoKa3aao HaJW4yHe B BOZHBIX SKCTPAKTAX BBICOKOT'O COJEPXKaHUS
IlaBe/IeBOM KHUCJIOTHI M CJIOKHOM CMeCH apOMaTHYeCKHX KHC/IOT, BXOASIINX B
noirdeHoMbHbIN KoMIUteke rpuba (ILupuuHa u ap., 1959, 1960). B manpHeiimem
MOSIBUJINCh COOOLIEHUSI O COJEPXKaHWU B dYare CTEPOUJHBIX INTEPHUHOBBIX
coeirHeHUU (Teppu- ¥ aMHHONTEPHWHOB), KOTOPBIM M MPUIIHMCHIBATIOCH
NPOTUBOOIyX0/IeBoe gelicTBUe mpernapaToB rpuba (Typosa, 1974; Tensrbes,
1991; J/laBpeHOBa, 1996).

I. obliquus 6pUT M3BeCTeH KaK IPOTHUBOPAKOBOE CPEJICTBO HE TOJIBKO B
HapogHoi MeauuuHe Poccun, Benopyccuu u Ykpaunsl, Ho Tawoke u Ilonbim,
I/le MICI0J/Ib30BaJICS Hace/leHHeM T'OPHBIX MEeCTHOCTei M pallOHOB, IPaHUYAIHX
¢ Ykpaunoii u benopyccueit (Grzywnowicz, 2001). [ToatoMmy mosibckue Bpauu u
¢dusnonorn HKUBOTHBIX B cepeanHe XX CT. pa3BepHY/JIM WHTEHCHUBHbBIE
MCC/IeJOBAaHUSI aHTUO/IACTUYECKUX CBOMCTB OTBAPOB M 3KCTPAKTOB U3 1. obliquus
u Piptoporus betulinus B 3KciepriMeHTax Ha 1a00PaTOPHBIX JXUBOTHBIX, JOKa3aB
VX WHrUOWpymollee zaedcrtBre Ha poct omyxosneit (Wandokanty et al., 1954;
Wandokanty 1955; Piaskowski, 1956). OgHOBpeMeHHO MPOBOANUIOCH H3ydYeHHE
0COOGEHHOCTe XMMHUYeCKOTO COCTaBa IUIOAOBbIX Tenm 6epé30Boro rpuba U 4aru.
B 6asuamomax P. betulinus OBUIO YCTAaHOB/IIEHO BBICOKOE COJEp)XaHHE
MATULUK/INYECKUX TPUTEPIeHOB, B YaCTHOCTU IIOJUIIOPMHOBOM KHCJIOTBI,
Torga Kak y I obliquus atu TpuUTeprieHbl OOHApPY)XMBAJIMCh TOJBKO B BHUJE
cnenos (Utzig, 1957; Wandokanty, Utzig, 1958).
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I. obliquus siBnsieTcs1 TeKapCTBEHHBIM MaKpPOMHLIETOM, KOTOPBIH, Oyay4u
3aMMCTBOBaH Yy HApOJHOW MeJWLIMHbI BOCTOYHBIX CJIaBsIH, OBUI BKIIOYEH B
opunpanpHyo papmakornero XX CT. U JO CUX MOP JOCTaTOYHO HHTEHCHBHO
WUCIIOJIb3YeTCsl B COBPeMEHHOM MeJUILIMHCKOM IpakTuke. JlekapcTBeHHbIe
nperaparel M3  JPYTMX  MaKpOMHLETOB /160  He  MCCJIe/J0BaHBbI
COOTBETCTBYIOIIUM ob6pasom, nbo BBITECHEHBI CUHTeTUYeCKUMH
AQHTUOMOTUYECKMMH WIM TOPMOHA/IbHBIMU IIpeNapaTaMy  aHAJIOTUYHOTO
Ha3Ha4YeHHs1, HO 6oJjiee LIMPOKOTO M CHUJIBHOTO CIeKTpa JAelcTBUs. B HacTosee
BpeMsi NOJTBEPXKAAETCs TOT (aKT, YTO OMOJIOTHYECKH aKTHBHbBIE BelleCTBa
PaCTUTEIPHOTO W IPUOHOTO NMPOUCXOXKIEHUs OJIMDKe OpPraHW3My 4YesoBeKa II0
CBOel Mpupoje, YeM CUHTeTUYecKue IIpenapaThbl, OHM Jlerde yCBaWBalOTCA U
BKJIIOYAIOTCSI B IpoOLecC ero JkusHegesiTenbHOCTH. OTCIOZa BO3HHUKAeT
HeoOXOJMMOCTh  0003peTh M  JIpyrHe JleKapCTBeHHble  MaKPOMMIIETEHI,
HCIOJ/Ib30BaBIINeCs] B HAPOJHOU MeJUIiHe BOCTOYHBIX C/IaBsH.

OpuH 13 HOBropogckux «Beprorpazos» XIV B. cogepxut ynomruHanue o6
WCIO/b30BaHUU IUIOJOBBIX Tel JOXAEBUKOB B KadecTBe IepeBI304YHOr0
matepuana. H.A. BorosiBneHckuii ykaseiBaer, uto B XIV-XV cr. HaubGonee
pacrnpocTpaHéHHBIM Ha Pycu mepeBsi3o4HBIM MaTepuasoM Obla 6GapaHbs
mwepcts , HO B XV-XVII cT. e€ 3aMeHW/IM BbICYyIIeHHbIe TPUOBI — «TyOBI-
noxzaeBku» (BorosiBneHckuii, 1952). BriocnemgctBuu 3TH  CcBegeHUsT O
JOOX/eBUKaX IlepeKo4yeBaJM B 0Oojiee TO3AHME HWCTOYHUKU IO HAPOAHOI
MeJULHe BOCTOYHBIX C/IaBsIH. B MuTepaType eCTh MHOTOYMC/I€HHBIE YKa3aHUS
Ha TOo, uTo B XV-XIX cT. criopoBasi Macca JOXJEeBUKOB U3 ponoB Lycoperdon
Pers., Bovista Pers., Calvatia Fr., nmiogoBble Tela KOTOPBIX B HapoOJe Ha3bIBAIH
«BOMYMH  TabaK» WIM  «3as4bsl  KApTOLIKa», MCIOJb30BANMCh  Kak
KPOBOOCTAHAaB/IMBaollee ¥ MPOTHBOBOCIAIMTEIBHOE CPeJCTBO, O0Oajarollee
AHTHUCENTUYECKUM nedicTBueM (3eMiavHCKuM, 1958; BorosiBreHckuil, 1966;
JlekapcTBeHHbIe PACTEHUS ..., 1976; Mypox, CTeKo/nbHUKOB, 1990). B xypHane
«DKOHOMHUYECKMH MarasvH», KOTOPBIM M3JaBajcsi KaK IpUIOXeHHe K
«MOCKOBCKMM BeOMOCTSIM», B 1780 TI. ObUIO OMyOJMKOBAaHO «3aMeyaHHE O
OOXKIeBHUKaX», B KOTOPOM COOOILAIOCh, YTO «IIbLIb» JOXKZAEBUKOB, HAXOASIILASICS
N0J, HAPY>KHOI0 KOXXHILleH, TPX BO3/IO)KeHUHU €€ Ha «IIOBPeXJEHHBIe ITy/IbCOBbIe
JKHJIBI TIPMCAChIBAe€TCSl K paHe, 3aTBOPSieT OHYIO CO0OM» M TakMM o0Opa3om
yHHMaeT KpoBoTedeHue (Bacuibkos, 1953). Criopbl 3THX TprGOB TPUMEHSITUCH B
roMeonaTMH B BHJe HACTOHKa, IPUTOTOBJIEHHON Ha 60%-M crupre
(DHUMKTOTIeIMYECKUI C/IOBAph JIEKAPCTBEHHBIX ..., 1951; 3€MJIMHCKUM, 1958;
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Kpoiios, 1972). EcTh cBeieHust © 0 TOM, 4TO CropoBbiM mopoinkom Calvatia
gigantea (Pers.) Lloyd neynnu pak xoxxu (J/leKapCcTBEHHBIE PACTEHUSA ..., 1976),
HEKOTOpbIe BHIbI JOXAEBHUKOB HCIO/JB30BAIM NPU 3a00/I€EBAaHUSIX TOYEK U
moueBoro my3sipsi (/loeBckuii, 1866; Kouapariok u ap., 1967). Bor kak
onuceiBaeT P. JloeBCKHil MpUMeHeHNe JOX/EeBHKA JJIs1 JTIeYeHHUs MOYeKaMeHHOM
6one3nn B «[loJIHOM HacCTOSILEM INPOCTOHAPOZHOM PYCCKOM JieqeOHHKe»:
«[TpocToit Hapom wu3neunBaercsi OT ceil Gosie3HH, yHnoTpebisas IO
MIOJTy30JIOTHHUKY ITOPOLIKOB BHYTPEHHETO JOXXJEBHKa, CMeIlaB OHBIH C X1e60M,
YyeThIpe pasa BCIKU AeHb» (JloeBckuit, 1866, c. 89).

Crnepmyer OTMETHTH, UYTO NOJLOOHBIE 3HAHUS O JIe4eOHBIX CBOMCTBAX
JOX/IEBUKOB OBI/IM M3BECTHBI U BeChbMa OTJAA/IEHHBIM reorpadpuyecky Hapojam
Mupyuu wu  Kwuras, B ocobenHoctn Tubera. Buapl poma Lycoperdon
VICII0JIb30BAJIMCh B MH/O-TUOETCKOM MeJMIMHe [/Is OCTAHOBKM KPOBOTEYEeHHH,
IJIsL OYMCTKHM KpOBH OT sija (AceeBa, Batoposa, 1983; BaszapoH, AceeBa, 1984), B
KayecTBe KPOBOOCTAHAB/IMBAIOLIETO CpeJCTBA IPU IPOBEJEHHUU OIepaliuii,
BSDKYIILEro CpeJCTBa MPH BOCIAIMTEIBHBIX IMPOLjeCccax B MUHAAIMHAX, TOPTAaHH,
C/IM3UCTBIX O06OJIOYKaX, MpU KpoBoTedeHnn u3 Hoca (Uxse Txacom, 1987).
Calvatia maxima Morg. mnpuMeHsileTcsi B KUTANCKOH MeAMIMHE Kak
IIPOTHBOBOCHA/IUTE/IBHOE  CPEJCTBO, 00jafjaeT  pe30pOLMOHHBIM v
KPOBOOCTAQHAB/IMBAOLIMM  CBOWCTBaM{, HAa3HA4YaeTcss TIpPU  Kauule U
3a6oneBanusx Koxu (M6parumos, M6parumosa, 1960).

K racreponpHbiM 6a3uavoMHIIETaM, KpOME [OXXIEBHUKOB, OTHOCHTCS
tawke Phallus impudicus L. DTo OAZHM HW3 HEMHOrMX MaKpPOMHIETOB,
COXPAaHMBIIUN [0 HAlIMX JHEH CBOE€ 3HaueHHe KaK JIeKapCTBEHHOe CpPefiCTBO
HapogHOU MeauuHbl. HazBaHue 3TOro rpuba y BOCTOYHBIX C/IaBSIH — BeCeJIKa,
IaHHA, [J3510ka. M3gaBHa WM3BEeCTHO O MHOTOIUIAHOBOM TpuMeHeHuM Ph.
impudicus B HapogHOU MeauiHe. BogHble M CIIMPTOBbIE BBITSDKKH M3 CBEXUX
VI BBICYIIEHHBIX ITUIOJOBBIX Te€Jl, 3 MHOTAQ MOPOLIOK M3 MEJIKO MCTOTYEHHBIX
CyXMX TIUIOJOBBIX Te/ TNPHUMEHSUIM IPHU Ppa3HbIX 3a00J/IeBaHUSX IKENTyAO4HO-
kuuredHoro Tpakrta (CMuK, 1970; /lekapcTBeHHbIE pacTeHHS ..., 1976). Hactoiiky
IUIOZOBBIX Te/l rpuba Ha BOAKE CYUTANM XOPOIIMM CPeACTBOM INpU GOJSIX B
JKeTyZIKe, €l0 IPOMBIBAJM paHbl. Becelkodl /leynM HEKOTOpPble KOXKHBIE
3a00JIeBaHMsI, PEBMATU3M, MOJArpy M 00/e3HU MoveK (DHIUKIONeIMIecKrit
C/IOBapb JIEKAPCTBEHHBIX ..., 1951; HukomaeBa, 1964; Mypox, CTeKOIbHUKOB,
1990). [lyis1 1evyeHust MOYeKaMeHHOU 6oJie3HH GOJIbHBIM 4 pasa B JIeHb [JaBaid
MOPOIIOK W3 IUIOAOBBIX TeJ, CMEIIaHHBIA C XJ1eOHOM MAKOThI0. OcobeHHO
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LIeHHBIMH [JIsI TIPUTOTOBJIEHUS JIEKAPCTBEHHBIX CPEACTB CYMUTANINCH TIOAOBBIE
Tejla HAa CTafUU SIUIA, KOTOpble Ha3bIBA/IM «3eMJISHBIM Macjiom». Tpaguiyu
ucnonb3oBanuss Ph. impudicus B kadecTBe HapOAHOTO JIEKApPCTBEHHOTO
CpeACTBa COXpaHUIACh 40 cux nop. Bo Bpems skcneauuuu B 3anagHoe [lonecse
YKpauHbI 1eTOM 1998 T. MBI Ha0J/II0AANIN TOPTOBIIO IUIOAOBBIMU TeJIAMH 3TOTO
rpuba Ha pbiHKe 1. KoBenms. 'pub pexsamupoBancsi KaK CpeACTBO OT
peBMaTH3Ma u nogarpel. B HapomHoit mepuiumue [lompum Ph. impudicus
npuUMeHsICs Kak appogusuak (Grzywnowicz, 2001). B Poccun ke ¢ JaBHUX mop
B KauecTBe MOA0OHOTO JIEKapCTBa OT MY)XCKOT'O 6eCCHUIINSI XOPOLIMM CPeACTBOM
CYUTAJICSI COBCEM APYyroil BHJ Tpuba, TaK HA3bIBaeMbI OJIeHWH Tprodep
Elaphomyces granulatus Fr., otHocsuuiics B otinune ot Ph. impudicus He K
6a3uguoMHULIeTaM, a K aCKOMULIETAM U SIBJISIIOIUANCS TUIIOTeMHBIM IPUOOM, T.e.
pasBUBAOLIMM IUIOZOBBIe Tea B 3eme (PbiToB, 1918; Bacuibkos, 1953). Emé B
1786 1. A.T. BoOTOB MOMECTHUI B BBIIIEYTIOMSIHYTOM JXypHaJjie « JKOHOMHUYeCKUH
MarasuH» cTartbio «O6 oeHbUX rpubax» € YKa3aHHEM Ha TO, YTO OHU «HUMEIOT
BpaueOHYI0 CHJIy, TOHAT IOT, YHUCTAT KPOBb M IMOAKPEIUISIIOT OC/Ta0eBIIyio
MY)XCKYI0O HAaTypy, a C IIO/JIb30M NOTpPeO/NSIOTCS M OT PasHbIX JKEHCKHX
6oe3Hel».

OpHUM M3 1LIMPOKO PaCHpOCTPAaHEHHBIX Yy BOCTOYHBIX CJIaBSH
JIeKapCTBeHHbIX rprboB 6pu1a u3BecTHast ¢ XIII-XIV cT. nucTBeHHMYHas Ty0Ka,
WM TPYTOBWIK sieKapcTBeHHbIN (Fomitopsis officinalis (Vill.:Fr.) Bondartsev et
Singer]. B papmakonornyeckoit mpaktuke 3ToT rpub HasbiBanu Agaricus albus
wm Fungus laricis. I'pu6 pa3BrBaeTcsi Ha BUJAX JIMCTBEHHULIBI, PeXXe COCHBI U
IIMXTHI KaK iepeBopaspyuaromuii. [11010BbIe Tela KOMBITOOOpa3HbIe, 10 40 CM,
C LIIEpOXOBATOM NMOBEPXHOCTHIO B BUJe KOHLIEHTPUYECKUX O€JI0BATHIX, KEITHIX U
KOPHUYHEBO-OYPBIX 30H, C MATKOM B CBEXXEM COCTOSTHUU, O/I0M MU YKeITOBATON
cepAlueBrHOM, oyeHb ropbkoi Ha BKyc. B XVI-XIX ct. maccoBble 3arotoBku F.
officinalis Benuch B s1ecax B OKPECTHOCTSIX ApXaHre/lbCKa, OTKyJa IJIOJOBbIE
TeJIa IMCTBEHHUYHOM I'yOKHU 10/, Ha3BaHMEM «arapyK» JIayke dKCIIOPTUPOBAIHCH
B EBpony uepes 'amOypr. H.A. BorosiBieHCcKuit yKa3bIBaeT, 4To IJIOLOBBIE Tela
aToro rpuba eué B nepuog Hosroponckoit ¢peomanpHoi pecy6Iuku ¢ ceBepa
Poccuu BeiBo3uvch B EBpomny, rae npogaBanucek «ppaHkam», U A3UI0, e UX 3a
BBICOKYIO LIeHYy mprobOpeTanu «aparuissHe» (borosBaeHckuit, 1966). [To maHHbIM
aToro aBropa, B XVI-XVII B. aKcnopt AUCTBEHHWYHON TyOKM [JOCTHUTrasn
HECKOJIBKHMX ThICSY MYZOB B IO, a MPOMbICEI, 3aK/TI0YABIINICS B cOope 3TOro

FPI/I6a, COCTaB/IsIJI  CYWIECTBEHHYIO CTAaTbhIO [J0XOJa KpeCTbiIH pOCCI/IfICKOFO
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ceBepa. HeGosplrie KomryecTBa /JTMCTBEHHUYHOI T'yOKM 3aroTaB/IMBAIOTCS B
Poccuiickoit ®enepaniin u Ternepb. 3aroTOBKM IMPOU3BOJSITCS C BECHBI U [0
cepenuHbl jieTa. PekoMeHAyeTcsi coOMpaTh MOJIOAblE, He O4YeHb KpPYITHbIE
9K3eMIUISIpbl IUIOAOBBIX Tesn Oemoro uBera. CoOGpaHHble IUIOJOBblE TeJja
OUYHIIAIOT OT KOPBI JepeBa U COOCTBEHHOro KOpPKOBOro cjost. OcraBuyrocs
CepAlLeBUHY PeXYT Ha KyCKH U CyIIAaT B XOPOLIO IIPOBETPHBAeMOM IOMeIlleHUH,
B pe3y/IbTaTe ChIPDhE MMeeT BHJ, JIErKUX Oe/bIX WJIM KeITOBAThIX KYCKOB 0e3
3araxa, CJIaJKOBATOrO, a 3aT€M OYeHb FOPHKOTO BKyca (PpyeHToB, 1974).

C6op MIOOBBIX TeJ IMCTBEHHUYHON I'yOKH MPOU3BOAWICS U B YKpauHe,
rje 3amacel e€é ObUIM 3HAYMUTE/NbHO MeHblle, T.K. IUIOIIAJU JIeCOB U3
JIMCTBEHHULI ObUIM BecbMa OrpaHM4YeHbl. B ydeOHUKe a1 COOPLIMKOB
JIeKQaPCTBEHHOTO CHIPbSI C PUCYHKaMHU U HApPOJHBIMU Ha3BaHUSIMU pacTeHUH
«/Jliunn4i poctuHM», HanucaHHoMm T. Ilanmyem coobuanocs: «Ha pepesi
Mogpunu pocte ryoka (rpu6 Polyporus officinalis Fries), 4acTo mo Baru 5 Kr ,
KOTpYy 36MpAEThCsl HA MPOTA3i JITA, BIAKUJAETHCA KOpy i cymwutbesi» ([Tanuy,
1924, C. 38-39). B yueGH1Ke MMeeTCst KalleHJAaph CPOKOB MPOBeeHMsT 3arOTOBKH
OTpeJle/IEHHBIX BH/IOB JIeKAPCTBEHHBIX pacTeHuil. B HEM ykazaHO, 4TO
JINCTBEHHWYHAasl TyOKa MOXXeT 3aroTaB/IMBaThCsl KpyrioroguyHo. Kpome Toro,
P.officinalis o06o3HayeH B CHHUCKe JIEKAPCTBEHHBIX PACTEHUN  JBYMs
3BE3[J0YKaMH, YTO, IO CJI0OBAaM aBTOpA, PacIMPPOBHIBAETCS CJIeAYIOLINM
o6pa3om: 1) «rpu6 Ma€ B JIYHMITBI i TOPTiB/i MEpUIOPsiZHE 3HAYEHHS»; 2)
«30MpaeThcsi 0e3 oOOMeXeHHsT KiMbKOCTi». Takoil HeorpaHW4YeHHbIH cOop,
IpolaraHgvpyemMslii euié B Hadase XX CT., IpuBé1 K ToMy, 4to B XXI cT.
JIMCTBEHHUYHAs ryOKa, Tenepb oTHocsuasics K Laricifomes officinalis (Vill.:Fr.)
Kotl.et Pouzar, B KpacHoii kaure YKkpauHs! (2009) UMeeT MPUPOSOOXPAHHBIIA
CTaTyC HCYe3HYBIIEro BU/IA U COXPAHSETCS TOJBKO B BHJE YUCTOMU KY/IbTYPHI B
KOJUIEKIMM Ky/IbTYp ULUIANOYHbIX rpuboB HWHcruryra Gortanmku um. H.I.
Xonoguoro HAH Ykpaunsl.

[Toka3aHUSAMH K IPUMEHEHUIO HACTOeB WJIM IMUJII0/Ib U3 JTUCTBEHHUYHOMN
ryOKY SIBJ/SUIMCh CAaXapHBIM guaber, TOBBILIEHHAsT (QYHKIWS IUTOBUIHOMN
)Kejie3bl, JINXOpa/ika, HeBPACTEeHMs], JKeNTyXa, acTMa. [IpuMoOuYKM M3 HacTOeB
rpuba TOMOTa/i TPH OCTAaHOBKE KPOBOTEUEHMS] U3 [ECeH, NPU TI'HOMHBIX
BOCIIAJIEHUSIX TJIa3, Y HOBOPOXAEHHBIX U B3POC/BIX. OCCEHLMSI M3 CBEXHUX
IUIOIOBBIX ~TeJl WHOTJA HaxoAwaa IpUMeHeHHWe TIPU  HW3TOTOBJIEHUU
rOMeOoIaTUYEeCKHX JIeKapcTB B BUe TUHKTYPbI (Mypax, CTeKOJIbHHUKOB, 1990).
[Tpemapatbl 13 rprba UCIOIB30BAMCh TAKXKE B Ka4eCcTBe C/IaOUTETbHOTO WU
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KPOBOOCTAHAB/IMBAWOLIETO CcpeAcTBa. B  HapopHoit MepunyHe [lobuim
mpernapaTsl M3 JIMCTBEHHUYHOW TIyOKM TIPOMUCBHIBAIM IPU KPOBOTEYEHHH,
THOMHBIX paHax, reMoOppoe, pBOTaX, ClIa3MaTUYECKOM KalllJle, peBMaTH3Me U KaK
elixirium ad longam vitam (Grzynowicz, 2001). Hau6osee a¢dexrrBHO HacTowu,
MOPOLIKY WY MWW W3 Tpuba JefiCTBOBAIM KaK CPeJCTBO AJIsi OC/labieHus
(YHKIIMM TOTOBBIX JKeJI€3, KOTOpOe 3HAaYMTEIbHO YMEHBINA/NO0 W3HYpHUTe/lbHee
HOYHOE TI0TOOT/esieHre y 6oMbHbIX TyGepKynésom (PoiToB, 1918; 3eMIMHCKUIA,
1958). Mcroib30Bainch 3TM TpenapaThl TakKe sl CHYDKEHHS TOTOOTAe IeHHUS]
IIpU JIMXOPA/iKax, fuabere, HeBpacTeHUH, 6GazenoBoii 6onesnu (PpyeHTOB, 1974;
TensiteeB, 1976, 1991). Ilnogoseie Tena F. officinales copmepar pasnudHble
KHUCJIOTBI: arapyLMHOBYIO, 30ypHUKOJIOBYIO, ¢(yMapoByl0, PHULHMHOJIOBYIO,
JIMMOHHYO, sIG/IOYHYIO, @ TAK)Ke TJIIOKO3y, MAaHHUT, TIIOKO3aMUH, PUTOCTEpHH,
MHHepaJbHble COJH, B OCHOBHOM ¢ocdarsl, 1 or 30 g0 80% cmon (Typosa,
1974). B mpouecce mopaBieHust (PyHKUMM TOTOBBIX JKEIE3 TIJIABHBIM
OEeACTBYIOLIMM HA4yajioM SIBJISIETCSl arapyuuyHOBas KHC/IOTAa (arapuiuH),
coJilep)KaHHe KOTOPOi B IUIOZOBBIX Tesax rpuba gocruraer 16%. Kpome Toro, B
HeOGOJIBIINX J03aX arapHUIMHOBasi KUC/IOTa (arapuiuH) 06/1ajaeT CHOTBOPHBIM U
YCIIOKOWTeNbHbIM JelictBueM . Ha Pycu cymectBoBasmm pasHble CIIOCOOBI
IPUTOTOBJIEHUsI CPEJCTB /ISl YMEHbLIEHUs TOTOOTAENEHUsI Y TyOepKyJIE3HbIX
OGONBHBIX: BOAHBIM HACTOM, HACTOH HA MOXOKEBETOBOUM BOJKE, MOPOLIKUA WU
nuaony. [l MpUroTOB/I€HUs] BOJHOTO HACTOSI MEJIKO Hape3aHHbIe KyCOYKH
CepALIeBUHBI IUIOJIOBOTO Tela rpuba IOMeLIaiM B BOJYy M3 pacyéra OJHA
CTOJIOBasi JIOKKA HA 1,5 CTaKaHAa BOJAbI M KUISITWIM B TeYeHHE 20 MHUH,
HaCTavBalu 4 4, TOCJIe Yero IPOLEXHBAIN 4Yepe3 Map/Ii0 M NPUHUMAIUA IO
CTOJIOBOM JIOXKe 3-4 pasa B JeHb (PpyeHTOB, 1974). [IOpOLIKM TOTOBMIM TaK:
MeJIKO Hape3aHHble KYCOYKH CepJLEeBHHBI TOJK/IU B CTYIIKe C TOpsideil CIN3bI0
TparakaHra [Astracantha arnacantha (M. Bieb.) Podlech] B cooTHoueHnu 1:48;
MOJTy4Y€HHYI0O MAacCy BBICYIIMBA/IM, B pe3y/lbTaTe Yero OHa IpeBpallasach B
MOPOIIOK. JTOT Tpemnapar B ¢papmaunu 61 U3BecTeH Kak fungus boletus laricis
praeparatus (PeiToB, 1918). ArapuiuHOBasi KHC/IOTAa B IUIOJOBBIX Temax F.
officinalis naxomutcsi B cmecu co cmonamu (resina agaric albi), koropsie
00pasyloTcsi B IJIOLOBOM Tejle Ipuba BC/IeACTBUE XMMUYECKUX W3MeHEeHHH
creHOK rpubHbIX Tid. OgHa U3 3THX CMOJT (KpacHast CMOJIa) OKa3bIBaeT CHIIbHOE
C1abuTeNnbHOE IeMCTBHE, YTO HEXeNaTe/NbHO /i1 OOJIbHBIX TyGepKy/Ié30M. JDTO
Y CTaJI0 OAHOM W3 I'JIABHBIX MPUYHMH, 110 KOTOPOM JTMCTBEHHUYHAsl Ir'yOKa OblIa
3aMeHeHa [JpYrMMH JIeKapCTBeHHBIMM CpeAcTBaMH. Yxe B Hadasne XIX cT. B
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MEeJUIIMHCKUX CIIPAaBOYHHMKAX, Hampumep, «Xo3sHCTBeHHON OoTtaHuke» H.
[llermoBa 1928 r., MOCBSIIEHHOW BPaueOHBIM U SIJOBUTHIM PACTEHUSIM, YKa3aHO,
YTO 3TO «CH/IbHOE YHUCTHUTEIbHOE CPeJCTBO HbIHE peaKo ymorpebsiercsi» (c.
233).

[lanpHelillee HaKOIUIEHHE CBeJeHHW O JIeKapCTBEHHBIX PaCTeHUsIX U
rpubax, CrocoGCTBOBAJIO TOSIBIEHWI0 MHOTOYHMC/IEHHBIX CIIPAaBOYHUKOB, TaK
Ha3biBaeMbix «/leueOHUKOB» nnn «TpaBHUKOB». B konue XVI cr. (1588 r.) mo
npukasy pycckoro uaps Pémopa HMoanHoBuya BrepBble OBUI COCTaB/IE€H
«TpaBHUK», KOTOPBIH CTaJ NMpeAlIeCTBEHHUKOM Oyayumx ¢apmakoneil. HoByro
MH(OPMALIMIO O JIeKaPCTBEHHBIX IPUbaxX HAXOAUM B PYKOITUCHBIX «/ledeGHHUKax»
XVII c1. B 01HO M3 TaKUX PYKOMKCSIX COOOLIAETCS], YTO «B OOPY OKOJIO MEHBKOB
pacTyT Oenble TPHUOKHM; WX HY)XHO BBICYIIHTH, HMCTOJIOYb, 3aT€M HACTOSITh B
Boge». HacToii 3TOT pekomeHAOBasoch NUTh OOJNBHBIM sI3BOM. B nmpyrom
«JleyebHUKe» 1672 T. COOEPXKUTCS YKa3aHHe 00 HMCIIOTb30BAHUM PACTYLIEro Ha
IopeBecrHe rpuba uyanHo yxo Auricularia auricola (L.)Underw. Kak cpencTsa,
IIOMOTAIOIIero TPH HEKOTOPBIX 00/e3HSAX Topsa. PellenT NpHUroToBIeHUS
JIeKapcTBa M3 3TOro rpuba cojepykan cjefylollide PeKOMEHJAUMH: «YIIN
Wyzosa ry6a, 4To rpub, y KOro ropjio 60JUT WIH KTO OCUITHET. ['pr6 MOI0XUTH
B IIpeCHOe MOJIOKO, NOBAapUThb HEMHOTO M TeM COKOM IIOJIOCKaThb TOPJO U
BBHIIUIEBBIBATh, ITUTh TAaKOE€ MOJIOKO TO)Xe MomoraeT». Ellé B ogJHOM, TOYHO He
JAaTUPOBaHHOM, JiedeOHMKe BTOpOoii monoBuHbl XVII cr. 6bUT puBeséH criocob
Jle4YeHUsT OTMOPOXKEHHBIX YacTel Tejla Ye/loBeKa SKCTPAKTOM U3 OOpOBBIX
rpuboB. PexomeHyeMoe /151 JleueHHs CPe/ICTBO FOTOBHJIOCh TAaKUM 0Opa3oM:
HEM3BEeCTHbII aBTOp /le4eOHMKA COBETyeT coOparh MoOoJIblIe TUIOLOBBIX Te
3TUX OOpPOBBIX I'PUOOB, CjIerka MNPHUBSINTh WX (MOJCYIINTH), 3aTe€M MEeJIKO
Hape3aTb W IOJyYeHHble KYCOYKM IIOMECTHUTb B CTEKJISHHBIM IeperoHHbIN
amnmapar («aneMOMK CTeKISHUYHbIN»). B mpoluecce meperoHku o6pasyercs
SKCTPaKT, KOTOPHIH B COOTBETCTBUH C MPOIMCHIO TIeyeOHMKA C/lelyeT XPaHUTh B
CTEK/ISIHHBIX COCYJAX, 4YTOObI, KaK HAMHCAaHO B peLeNTe, «JyX He BbILIE».
PacumdpoBka pykonvcH, HaNmMCaHHON HA CTAPOC/IABSIHCKOM sI3bIKe, ITO3BOJIM/IA
YCTaHOBUTb, KaK UMEHHO IIPUMEHSIJIOCh 3TO cpeAcTBo. Ero ucnonmp3oBanu Kak
Ma3b, HAHOCHMYIO Ha OOMOpOXXeHHble MecTa. PeKoMeHAyeTcsi TMOJep)KaTh
MOPa)XEHHBIN OpraH BO3jle TeIlla, MOC/Ie Yero cMas3aThb ero 3KCTPAKTOM. IJTY
poLeaypy CJlefyeT MPOBOAUTH ABAXABI B geHb (CMUK, 1970). DKCTPAKT
oKkazasicsi o4eHb 3(PPeKTUBHBIM HE TOIBKO TMPU OOMOPOKEHHSIX BTOPOM
CTeIeH!, MIPU KOTOPBIX OOMOPOXXEHHAsI YacCTh Tejla MOCTOSIHHO 3aMOKaeT, HO U
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pyu OOMOpDOXXEHHsIX TpeTheil CTeleHH, KOrja HabmoJaeTcss HEKpo3
06MOpOKeHHbIX TKaHel. TouHyo uaeHTUPUKALMIO BUAA OOpoBOro rpuba, us
KOTOPOTO TOTOBW/IM 3KCTPAKT, YAATIOCh OCYIECTBUTh HA OCHOBAaHMM PHCYHKQ,
MOMEIEHHOTO B TeKcTe «/leueGHMKa». [10 MHEHUIO OZHOTO W3 KPYIMHEHIIHX
3HATOKOB LUIANOYHBIX TrpuboB Poccum B.I1. BacuiapkoBa, ymoMuHaeMmsblii B
«JleueOHVKe» TpuUO, HECOMHEHHO, NPUHA/JIEKHUT K ceMmelcTBY Boletaceae wn
ckopee Bcero siBristercst Genbim rpubom (Boletus edulis Bull.). B.I1. Bacuabkos
CYMTA/I OTOT PUCYHOK ITePBBIM M300pa)kKeHHeM ILUISITOYHOro rpuba B Poccun.
Peuent masu us 6esoro rpuba NmpakTU4ecKH 06e3 M3MeHEHUN MPUBOAUTCS BO
BCEX COBpEMEHHBIX MIOCOOUSX 0 HAPOJHOM MeULMHE.

B «Jleue6Hukax» XVII-XVIII cT. HaxoAMM MHOTOKpaTHbIe YIIOMUHAHUS O
IpUMeHeHUN B KauecTBe JIEKAPCTBEHHOIO CpeJCTBA MYyXOMOpa KpacCHOTO
Amanita muscaria (L.) Hook. Ckopee Bcero stu cBeieHUsT O Leae6GHOM
neiictBuM A. muscaria 6bUTM  3aMMCTBOBAHBI C/IaBSIHAMU U3 OTbBITA HAPOJOB
CeBepa. DCKUMOCHI, KOPSIKH, YyK4YM M gpyrue oburtarenn Yykorku, Kamuarkw,
ANSICKM VICIIO/TB30Ba/IM MYXOMOP KpacCHBIII KakK JjiedeOHOe CpeACcTBO IIpPH
HEPBHBIX U ICUXUYECKUX PACCTPOMCTBAX, AJIsI CHATHUS PU3MUECKOI yCTaIoCTH,
NOJHATHS JKU3HEHHOro ToHyca (/laBpeHoBa, JlaBpeHOB, 1999). Pycckuii
nyreilectBeHHUK akagemMuk C.II. KpalleHUHHUKOB B CBOEM COYMHEHHU
«Onucanve semm Kamuatkm» (1775 1.) pacckasan 06  ymoTpeGieHUH
KaM4aJa/aMU HaCTOMKHA MyXOMOpa B KUIIPeHHOM Cycjie B KaueCTBe BecesIsIlero
HamuTKa. /JlaBHO OBUIO HM3BECTHO O Ky/JIbTOBOM 3HAYeHHMH MyXOMoOpa Y
HapoOJHOCTel yrpcKoii rpynmnsl XaHTsl M MaHcH. IllamMaHbl aTHX yrpoB 3aypasbs
BBOJUIU Ce0sl B COCTOSTHHE TPaHCA /Jisi OOIeHHsI ¢ 6OTaMH U AyXaMu MPeAKOB,
IpeJBapUTENBbHO MPUHSB HACTOM Myxomopa (AcraxoBa, 1977). OueBuzaHO, 3TH
CBeJleHUsI O CBOMCTBAaX MyXOMOpPa KpPaCHOTO OT CeBepPHbIX HAaPOJHOCTeH JOLIIN
Y [I0 CJIaBsIH, KOTOPble IPUMEHM/IN UX B JIe4eOHBIX LiesiX. Tak, U3BeCTHO, YTO B
JasbpHeHIIeM MyXOMOpP KPAaCHBIM HAIlI€/] HCIOJb30BaHWE B TrOMeONaTUH IIpU
MPUTOTOBJIEHUH TIpernapara Agaricus muscarius, KOTOPBI TPUMEHSUICS TPHU
cra3Max  COCYZOB, OHWIENTHYECKMX U XOpPeaTU4YeCKUX  COCTOSIHUSIX,
MHOXXECTBEHHOM CKJIepo3e, (YHKIMOHA/NBHBIX HApYIUEHHUSIX JesiTeTbHOCTU
CIIUHHOTO Mo3ra (3eMIMHCKUH, 1958).

B «JleueGHMKAaX» BOCTOYHBIX C/IABSIH MyXOMOP KPacCHbBI PUTYpHUPYeT KaK
Hapy>KHOe CPeACTBO OT peBMAaTH3Ma, MOJArpsl, IPOCTYAHBIX PeBMaTHYECKHUX
6osieif, a TakKe OT 30JIOTYILIHBIX OINyXOJiel, dK3eM M HEKOTOPBIX [PYTUX
MOpOKEeHUM KOXku. IMeroTcst JaHHbie 0 ToM, 4TO eé B Havyaste XIX cr. (1811 1.) B
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MockoBckoii Ty0epHHUM peBMaTH4YecKhe 3a00jieBaHUSl JIEYWIH COJIEBBIM
pacrBopom myxomopa (Opios, 1953). B Ykpaunckom IMonecve u Benapycu mist
STOM IeIM MCIOJIb30BA/IM BOJHBIA WM CIHUPTOBOM pPAacTBOpP 3TOro rpuba
(Cmuk, 1970). CoseBoit HacTOW MyXOMOpA, HCIIO/NB3YyeMbIH s HAaTHPAHUIA,
TOTOBHJIM TaK: CBEXHE 3peJible IUIOJ0BbIe Tea (UUIAMKYA U HOXKH) YK/IaJbIBaIN
C/I0SIMU B TJIMHSIHBIA TOPLIOK, IepechlNasl KaXAblii caoi conbo. HanmonHus
TOPIIOK JIOBEPXYy, 3aMasbIBa/Ii OTBEPCTHE XJIE€OHBIM TECTOM U CTAaBUIN B
PYCCKyIO Te4yb Ha JErKui jkap. ['puObI mpenu M MyCKaau COK, TOXOXHU Ha
MeJOBYI0 NaTOKy, IOC/Je 4Yero MxX OXJIKJAMIW U OTKHMMaIM 4Yepe3 MapIllo.
[TosryyeHHYIO YXUIKOCTH, MPOLEANB Yepe3 MapJIio, CIMBAM B OyTBUIKY. Takoit
YXUAKOCTBIO [BAXJbl B JIeHb CMa3blBaJu OOJIbHBIE MeCTa pPeBMaTHYeCKHX
BOCIaJIeHUH, Mpe/iBapUTeIbHO NOTepeB MX CyKOHKOH. COK MyXoMopa He Tepsit
1ene6HOM cHIbl Ha MpoOTsDKeHMH moiarux jaer (Acraxosa, 1977). C XIX cr.
U3BeCTeH U Jpyroil peLeNnT  IPUTrOTOBJIEHUs JeKapcTBa M3 MyxoMopa
npejjaraeMoro /sl jedyeHus IpocTyAbl Hor. IlnomoBble Tema cKaaAblBaliu B
0aHKY, 3a/IMBa/IM BOJOM M OCTAB/ISUIM Ha 9 gHel. [1o ncreyeHnu 3TOro cpoka Ha
MIOBEPXHOCTH BOJbI 0OPa30BbIBAJIOCh MACJIO, KOTOpOe C/IMBA/A B CTEKJISTHHBIH
CoCyz ¥ HaTupanu uMm GosbHble HOTU (JloeBckwid, 1866). iMeroTcs cBeseHus o
TOM, YTO COK, Ma3b MJIM OTBap MyXOMOpa KPaCHOTO XOPOILO 3)KUBJISIET KOXY,
MOPAXEHHYI0 PEHTreHOBCKHUM o6nydyeHuneM. Tak, B uTepaType OMMCAHO, YTO
TamkeHTCKUM Bpady AWM. HukonaeB u3 MHCTUTYyTa pasiio/IoTMd U OHKOJIOTUH
npuMeHHT 10% Ma3b U3 BOGHOTO 3KCTPAKTA 3TOTO rpuba JJIsi TeYeHus Ty9eBbIX
JepMaTHUTOB, KOTOpbl€é  YacTO  BO3HMKAIOT Yy  OHKOOOJIBHBIX  IPH
peHTrenotepanuu (Acraxosa, 1977; CTeKon1bHUKOB, MypoX, 1979).

MyxoMOp KpacHbBIi Yy BOCTOYHBIX CJ/IaBSIH BXOAM/ TaKXe B COCTaB
Pa3/IMYHBIX CHafOOU [/1s1 ledeHus TyOepKyné3a JIETKUX U HEKOTOPbIX $popM
PaKoBbIX omyxosei. BrocrneacTBuu uccaefsoBaHHS — XMMMUYECKOTO COCTaBa
IJIONOBBIX TeJl ATOTO Tpuba MOKa3aav, YTO, IOMHMO aJIKAJIOUJa MYCKapHHA, B
MX COCTaB BXOJASAT MOOTEHOBAasi KUC/IOTA, MyCLIMHOJ, TPUMETHU/IAMHH, XOJIMH, a
TaK)Ke aHTUOMOTHYECKOoe Kpacsilee BellecTBO — MycKadpypHH, OTHOCSILUICS K
MIPOM3BOJHBIM KOJINKOPOBOM KUCJIOTHI, KOTOpbIe obazaoT
MIPOTHBOOITYX0/IeBbIM JeiicTBreM (/laBpeHOBa, J/laBpeHOB, 1999). OxHako, 6oee
MO3JHUE J[aHHble CBUJETENbCTBYIOT, 4YTO JieueHHe TyOepKyrié3a M paka
MperapaTaMy, BKIIOYAMIINMU A. muscaria, TMOJ0XUTEIbHbIX Pe3y/JIbTaTOB He

Jaer.
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Amanita muscaria W3JaBHa H3BeCTHa KaK OJWH W3 KOMITOHEHTOB
romMeornaTu4yecKyx eKapcTB. B romeonaTuu nmpuMeHsieTCst 3CCeHIMSI U3 CBEXHX
IJIONOBBIX TeJl 3TOT0 TIpuba, AEHCTBYIOIIMM HA4aJioM KOTOPOW SIBJISIETCS
ankanous myckapud (CsH,,O;N), mmerowjasi Buz mpospadHoi, 6e3 3amaxa U
BKyCa CHPOMOOOpPA3HOM MaccChl, KOTOpasi JIETKO KPHUCTA/UIU3YeTCs B BHJE
HeNPaBU/IbHBIX KPUCTAJ/UIOB, JIETKO PAaCTBOpsieTCss B BOJe ¢ CIUPTe
(OHUMKTOTIEAMYECKUM C/I0Baph JIEKaPCTBEHHBIX ..., 1951). ['oMeomarnyeckue
mpernaparsl ¢ A. muscaria Ha3HA4YaKOTCS TMPU 3a00/IEBAHUSAX LEHTPATBHON
HepBHOM cucTembl  (3emnuHCcKuiM, 1958). Jlo Hauiero BpeMeHH AOIIIA
nHpopmaius 1 06 UCMOTH30BAHUY B HAPOJHOU MeJULIMHE C/IaBsSiH elé OZHOTO
npejcTraBuTesss poga Amanita Pers., a IME@HHO TaKOTO OIACHOTO JJISl XXWU3HU
YyesioBeKa AI0BUTOTO rprba, Kak GreaHas noranka Amanita phalloides (Fr.) Secr.
B Manbpix romeomaTH4yecKux Jo03aX OH TNPUMEHSUICS ISl JIe4eHUs] XOJIepbl
(OHUMKIOTIeAMYECKUI CJIOBAPh JIEKAPCTBEHHBIX..., 1951; CMUK, 1970).

KpoMe paccMOTpeHHBIX LIHMPOKO PACHPOCTPAHEHHBIX JIEKAPCTBEHHBIX
rpu6oB Claviceps purpurea, Inonotus obliquus, Laricifomes officinalis
(Syn.Fomotopsis officinalis), Boletus edulis, Amanita muscaria, pa3nu4Hbie
JOXZEBUKH, B CTApbIX PYKOBOACTBAX HMEIOTCS OTZAe/bHbIe YIOMUHAHUS U
JPYTrUX BUJ0OB MaKpPOMMILETOB, KOTOpble TaK)Ke WUI'pajiv OIpeJle/IEHHYI0 POJIb B
BOCTOYHOC/IABSTHCKOW  HapofgHo wMegunuHe. Cpeau HHUX  3aCIy)XHUBaeT
YIIOMUHAHUS PSif, BULOB CbeJoOHbIX rpruOOB. Tak, Mac/I€HOK THUCTBEHHUYHBIH
Boletus elegans Bolton (temepn sto cunonum Suillus grevillei (Klot.) Singer)
ynotpe6siicsi HaceneHreM YKpauHckoro [lojiechst mpu mojarpe ¥ roJIOBHOM
6ou. [Ipyu 3TOM AEMCTBYIOIMM HAa4Ya/IOM CYUTAIOCH €r0 CMOJIMCTOE BEIeCTBO
(Konappatiok u ap. , 1967). B nHapoxguoii meguunue [lonbiiy AOCTaTOYHO
IIMPOKO PACHPOCTPAHEHBI CHALOObS, MPUTOTOBJIEHHbIE M3 PA3/TUYHBIX BUOB
poga Lactarius Pers., KoTopble MCIIO/Ib30BaJIMCh IPOTUB BOCIAIUTEIbHbIX
3a6oeBaHuii MouenonoBbix myteit (Grzynowicz, 2001). Y c/aBsiH, HaCceSIBIINX
tepputopuio Poccum, benapycu, YkpauHsl, rpy3gu Mcctapyu peKOMeH0Bad
MPUMEHATHh B MHILYy B C/IeTKa MOPKapeHHOM BHJe KaK CPeACTBO JJIsl JIeYeHUsI
MOYeKaMeHHOU 06oje3Hu U TyOepkyné3a (Mypox, CTeKONBbHHKOB, 1990).
Oco6eHHO 1LIeHHBIM KaK MOYEeroHHOe, a Takke MPU MOYEeKaMeHHOW 00J/ie3HHU
cuurancs Lactarius piperatus (Fr.) Gray. B crapsix «J/ledeGHHKax» Aaxe
MIPUBOJAMIACH OFZHOPA30Basi /03a MJIEYHHKA IIePeYHOro, KOTOPYIO CJIef0Bajio
WCIIO/Ib30BaTh TPHU JIeYeHWHU DOTOTr0 3ab0/ieBaHUs: 250-300 T CJlerka
MO/HKapeHHOTo rpuba ¢ HeGOMbIIKUM KomuvecTBoM mpsiHocTed (KoHapaTiok u
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Ip., 1967). [To mauusim H.W. Opnosa (1953), B. Jparenzopd emé B 1898 r.
YCTQHOBUJI, YTO AEMCTBYIOIIUM HavyasioM L. piperatus siBisieTcst ero GeJsiblii, Ha
BKYyC )KI'y4e-eIKUH MJIEYHBII COK, KOTOPBIA U MCIOb3yeTcs Kak diureticum.
Opyroit Bug poga Lactarius - L. volemnus Fr. - Ha Ykpaunckom [losiecoe B Buze
BBITSDKKM M3 MOJIOABIX IUIOAOBBIX Te/l IPUMEHsUICS JJisi jedeHuss tTudpa u
napatuda (Cmuk, 1970). ['pub-6apan Sparassis crispa (Fr.) Fr., kotopsiii B
HapoJe Ha3blBa/IM TaKKe «JIeCHOEe CYacTbe» WIM «TOJICTasi KypHIa»,
PEKOMEHJ0Ba/N /il JIeYeHHUs] HEKOTOPBIX 3a00/IeBaHUI MEYeHH W KETIYHOTO
ny3s1pst (Mypox, CTeKOJIbHUKOB, 1990).

OfgHako He TONBKO CheAoOHbIe T'PUOBI HMCIOTH30BAIUCh BOCTOYHBIMU
C/IaBSIHAMM B MeJULIMHCKOM IpakTuKe. Kak OGbUIO yKa3aHO BbIllle, B HAPOJHOM
MeAMLMHEe BOCTOYHBIX C/IaBSH HAUUIM TpPUMEHEeHHe U HEeKOTOpbIe BH/BI
SIIOBUTHIX IPUOOB, B YacTHOCTH Amanita muscaria v A. phalloides. OpHako 310
He eJWHCTBEHHble BUJbI SIJOBUTHIX TPHUOOB, MOCTY)XUBIINE HCTOYHUKAMHU
Pa3/INYHBIX JIEKaPCTBEHHBIX cHazoO6uil. Tak, Ha YkpaunHckoMm [lonecre onéHok
cepHO-XENThII noHbIi Hypholoma fasciculare (Huds.) P. Rumm. u onéHok
KUPIMAYHO-KpacHbIi oXHBIM H. sublateritium (Schaeff.) Quel. nmpumensiincey
Kak crnaburenpHoe W pBoTHOe (CMHK, 1970; Mypox, CTEKOIbHHUKOB, 1990).
3HaHMS 4Ye/lOBeKAa O CPEeJCTBAX, IO3BOJISIIOIMX OKa3blBaTh MeEAMIIMHCKYIO
MOMOILb OOJIBHBIM, MPAKTUYECKH TOJHOCTHIO GAa3MPOBAIMCh HA JIEKApPCTBAX,
KOTOpble MOXHO ObUIO HaliTh B mpupoge. I[Ipu stom 6Gonee 80% Bcex
HCIIOJ/Ib3yeMbIX JIe4eGHBIX CPEJCTB COCTABJSIM JIEKAPCTBEHHBbIE PACTEHHUs], K
KOTOpPbIM B Te U Oojiee NO3AHHME BpeMeHa OTHOCW/IMCh M TpubGhl. [lo Mepe
PasBUTHUS MeJULIMHBI M (PAPMAKOJIOTHH CHUHTETUYECKHe, aHTUOUOTHYEeCKHe U
TOPMOHAJIbHblE  TIpenapaTbl IOTECHWIM eCTeCTBeHHble JIeKapCTBEHHbIe
cpencrBa. Yke B koHie XIX, a ocoberHo B XX CT. CUHTeTHYeCKHe jiede0HbIe
mpernapaTsl 3HAYUTE/TbHO NMOTECHWIM HApOJHbIe JIeKapCTBEeHHbIE CPeJCTBA, B
TOM YHC/Ie W W3rOTOB/IsieMble W3 rpuboB. OgHAaKO B HacTosiiee BpeMs,
HeCMOTpsSI Ha 3HAYUTe/IbHbIe ycriexyd (papMaKoTOrMYecKoil XMMHUU B CO3/IaHUU
CcoeuHEeHUN [Jisi edeHus1 3a00/IeBaHUI Pa3TMYHON MPHUPOABI, HAGIIOLAeTCs
TEHZEHUMS] K TOHMMAHHUIO TOrO, YTO OWMOJIOTMYEeCKH aAKTHUBHbBIE BellecTBa
PACTUTENBHOTO W TPUOHOTO MPOUCXOXKIEHUS SBMSIOTCSI Go/lee POACTBEHHBIMU
Ye/llOBeKy, 4YeM CHHTe3HpOBaHHble XHMHUYecKue mperapaTsl. OpraHusm
YyeJloBeKa B TMPOILieCCe BCEM ero 3BOJIIOLMK AJANTHPOBAJICSI K YCBOEHHUIO
NPOAYKTOB PACTUTENBHOTO W TPUOHOTO TIPOMCXOXJAEHHUS, OHU Jierde

BK/IIOYAIOTCA B MpPOLeCC XXU3HEAEATE/IBHOCTH €ro OpraHmn3ma. HEKapCTBeHHbIe

59



mpenapaTsl M3 pacTeHWil W TrpubOB HMEIT psifi NPEUMYILeCTB Iepes,
CHHTETUYEeCKUMU: OOBIYHO OHU XapaKTepU3yTCsi 6ojiee IIHPOKUM CIIEKTPOM
JeWCTBUsI; OHM  aKTUBHBI  IPOTHUB IITaMMOB  60J/Ie3HETBOPHBIX
MHUKPOOPTAaHU3MOB, KOTOpble MPUOOpenr Pe3UCTEHTHOCTh K aHTUOHOTHKAM,
TOPMOHaM U JpPYrMM CHHTe3UPOBAaHHBIM XMMMYECKUM IpernapaTtaM. B cBsisu c
sTuM B KoHIe XX - Hadame XXI CT. B psizie cTpaH MUPa, B OCOGEHHOCTH TeX, Te
¢ rayOOKOM ApeBHOCTH TIPHUObI MCIOIb30BaK B jeueOHbIX Uensx (Kurai,
Snouus, ViHaus u ap.), BO3POAMIICA WHTEPEC GUOJIOTOB, B MEPBYIO O4Ye€penb
MHKOJ/IOTOB U OHOXMMHUKOB, (apMaKosoroB, Bpaueili K TrpubaM KakK K
MpOJyLleHTaM OHOJIOTMYecKd aKTUBHBIX BelllecTB. Ha HOBOM ypoBHe pa3BUTHS
HayKM He TOJBKO BO3HHUK/IA TOTPeGHOCTh B BOCCTAHOB/IEHWHM CTapbIX
yTpavyeHHbIX 3HAHWI O TPHUPOJHBIX JIEKAPCTBEHHBIX CPEACTBaX TI'PUOHOTO
MIPOMCXOXK/IEHUSI, HO U B UCCJIeZIOBAHUM I'PUOOB COBPEMEHHBIMU METOJAMU [IJIst
BBISIBJIEHUSI BCErO CIIEKTPA MeTaGOIMTOB IPUOHBIX OPraHU3MOB, KOTOPbIE MOTYT
HaWTH NMpUMeHeHHe B MeJUIMHCKOM npakThke. Ha ¢poHe aKTUBHOIO M3y4eHHst
rpu6oB B BocToyHO#1 A3uM OHM CTanmM OOBEKTOM HCC/IeJOBaHUS BO MHOTHX
crpaHax mupa, Brkatodas CIIA, I'epmanuio, Hugepnangaer u ap. B Ykpaune
MMOHEPOM W3Yy4YeHHsI JIeKapCTBEHHBIX TpPHUOOB CTajl YIeH-KOPPECHOHJEHT
HauuonanpHoit Akagemuu Hayk Ykpaunsl, npodeccop C.I1. Baccep, ogun u3
BeJyIUX arapyKoJIOrOB  MHpa, OyecTsmui  3HATOK  0Ga3uJuaIbHBIX
MaKpOMMIIETOB, KOTOpPble U IPUBJIEKJIU BHUMaHHEe Y4YeHBIX KaK IPOJYLLeHTbI
OMOJIOTMYEeCKN AaKTHBHBIX BeIeCTB C IIMPOKUM CIEKTPOM JIeKapCTBEHHBIX
cBoiicTB. B 9o-bix rogax XX cr. C.I1. Baccep Bmecte ¢ nmpodeccopom A.C. Byxano
ctan B YKpauHe QyHIATOPOM 3TOUM HOBOM, OBICTPO pPa3BUBAIOLIENCS OTPAC/IU
MHUKO/MOTHH. MM BMecCTe C KOJUIEKTUBOM COTPYZHUKOB ObUIM BBIITOTTHEHBI
IIMPOKOMACIITAOHbIE MCC/IeIOBAHUS MaKPOMHIETOB, 00/IaIalOLIUX jievueOHbIM
OefCTBUeM, /Uil TOJy4YeHHs] W3 HHUX MHULIEBbIX J00ABOK U MeJULIMHCKHX
MpPernapaToB ¢ MIMMYHOMO/Ie/TUPYIOIINM, IIPOTUBOOITYXOJIEBBIM, aHTUBHPYCHBIM,
aHTUINAOETUYECKUM, THUIOTTMKEMUYECKUM U APyruMu cBoiicTBamu. [loz ero
PYKOBOACTBOM OBLIM BBINIOJTHEHbI BYKHbIE Pa3pabOTKH MO HCIIOIb30BAHUIO U
OMOTEXHOIOTUYECKUM acClieKTaM KyJIbTHBUPOBAaHUSI BUAOB u3 poxoB Tremella,
Pleurotus, Coprinus, Trametes, Agaricus, Lepiota, Omphalotes u papyrux
CheJOOHBIX M JIEKAPCTBEHHBIX TPUOOB C LI€/IBI0 TIOMYYEeHHS TPOTUBOPAKOBHIX (B
TOM 4YHC/Ie TI0/IMCaXapuJoB M HU3KOMOJIEKY/ISIDHBIX ~ COeINHEHHUIA),
X0JIeCTEPUHIIOHDKAIOLINX, AHTUINAOETUYECKHUX, AHTUOUOTUYECKHUX

COeVHEHUH W APYTYMX MeTaOOJIMTOB, a TAaK)Xe MHILEBbIX 100aBOK. MHorue us
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3THX BelLIeCTB IMPOLUTH IMPOBEPKY U MOJYYHUIN 3alIUTYy UX HOBU3HBI MIATEHTAaMH
CIIA (US Patents N° 6B 372, 462B2: 6, 383, 799B1; 6, 372,964B1; 6, 362, 397B1 u
ap.). Ilo marepuanam 3THX MCCIefoBaHMM Omy6GaIMKOBaHO Gosee 80 crareir u
monorpadust «Impact of the Family Agaricaceae (Fr.) Cohn. on Nutrition and
Medicine». B 2009 r. coBmectHo ¢ npod. A.C. Byxano 6buta m3maHa KHUTA
«Microstructures of Vegetative Mycelium of Macromycetes on Pure Cultures»,
KOTOpasi COAEPXXUT OPUTHHAIbHbIe JaHHble O MUKPOCTPYKType BereTaTHBHOIO
MUILIe/TNSI 100 BUAOB CheOOHBIX U JIEKAPCTBEHHBIX MAaKPOMHUILIETOB.

CII. Baccep «cTam UWHUIMATOPOM U  OPraHMU3aTOPOM  IEePBBIX
MEXIYHApOAHbIX KOHQpEpeHLUMII IO JIeKapCTBEHHBIM TrpubaM, KOTOpbIe
00ObeAVMHU/IN JIy4lllie B MHpPe CHJIbl Y4eHbIX, paboTarouux B 3TOH 006JacTy.
[TepBasi koHbepeHLMs, cocTosBIIasics B 2001 r. B KwueBe, crama
3HAMEeHAaTe/IbHBIM COOBITHEM [JIs1 BCEX MHKOJIOTOB YKpPaWHbBI, 3HAYMTE/bHO
CTUMYJIMPOBaj/Ia MX HMHTEpPeC K 3TOMYy Ba)XHOMY HAIPAB/JIEHHUIO B U3Y4YeHUU
rpubOB, MOJIOXXM/IA HA4Yal0 PeryIsipHbIM BCTpeYaM CIelHaIMCTOB Mo cOopy,
BBIPALIVMBAHHIO B KYyJbType M HCIO/Jb30BAaHUIO B MeJULIMHE JIeKapCTBEHHBIX
rpuboB. Bropas koH¢epeHuus ObUla mpoBeseHa B 2003 r. B Taummange.
Mukonoruyeckasi 001EeCTBEHHOCTh BbICOKO ouenwna Bikiaaz C.IT. Baccepa B
pasBuTHe TAaKOTO aKTyaJbHOTO HAamNpaBJeHWsi HayKu O Trpubax, Kak
HcCIeloBaHNe jiedeOHBIX CBOMCTB M BO3MOXKHOCTEl HMX HCIIOJIb30BAaHUS BO
Bpa4yeOHOI MpaKTHKe: Ha 00euX 3THUX KOHQpepeHIUsX OH ObUI M30paH BHUlle-
npe3ugeHToM. B panpHeiimiem C.II. Baccep mpuHMMan akTHUBHOe ydacTue
IIPAaKTUYeCKH BO BCeX IOC/IeYIOIMX KOH(QEepeHIUsX IO JIeKapCTBEHHbIM
rpubaM, KOTopble NMPOXOJWUINW B PAas3HBIX CTpPAaHaXx MHUpa: 3-Tbs - B I. [lopt-
Tayncenge (CILIA) B 2005 r., 4-Tast - B C/I0BeHHH B 2007 T., 5-Tast - B Kutae B
2009 T., 6-Tast — B XopBaTuHU B 2011 T. EMy npuHaziexuT 3aciayra my6auKanuu
Te3ucoB AoKIafoB Kuesckoii u [lopt-TayHceHackoil KOH$epeHLHii, KOTOpbIe
MMe/I OTPOMHO€ 3HaueHHe [JIs1 MOIMy/ISIPU3ali HOBEMIINX Hay4YHBIX JAHHBIX
[0 JIEKAPCTBEHHBIM I'pHUOaM U [Jisl TIPUBJIEYEHUs] CBEXHUX CUJI B 3Ty 00/1acTh
MeJUIIMHCKOM MHUKOJIOTUHM. HemeHplIylo posb B 3THUX Mpoleccax ChIrpas
ocHoBaHHbii C.JI. Baccepom B 1999 r. XypHan «International Journal of
Medicinal Mushrooms» (IJMM). B 2019 r. JMM wucnonusieTcst 20 €T U BCe 3TH
roapl C.II. Baccep BosriaBisieT )XypHa/ KaK ero IJIaBHBIM pejaKkTop. 3a 3TH
rogpl B O)KypHajle ONYyO/JMKOBAaHO CBbIle IOJYyTOpa THICSY  CTaTeM,
MPEeACTABASIONMX KaK OpPUTMHa/IbHble HCC/IeJOBaHUsS, TaK M KPUTHYECKHe
0030pbl HAy4YHOI JIUTEPATYypHl MO JIeKapCcTBeHHbIM rpubam. IJ]MM Ha cBoux
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CTPAHULAX OCBeLIaeT BeCh KOMILUIEKC BOIIPOCOB, CBSI3aHHBIX C JIEKAPCTBEHHBIMU
MaKpPOMHULIETAMU: CUCTEMATHKY, TAKCOHOMHIO, KyJIbTYPbl M KOJUIEKLIUU KYJIbTYP
MaKpOMHULIETOB, OMOTEXHOJIOTUU KY/JIbTUBHPOBAHUsS, OMOXUMHUH, PUUOJIOTHH,
XHMUH BTOPHUYHBIX MeTabo/UTOB, TeHeTHKH, dapmakosioruuy,
TeparneBTUYECKOr0 MpPUMeHeHHUs1 OHOMeJULIMHCKUX KOMIIOHEHTOB, OOIIyI0
XapaKTepHUCTHUKY MCIIOTb30BaHMS JIEKAPCTBEHHBIX MAaKPOMUILIETOB, B YaCTHOCTH
BHJIOB, KY/IbTUBHPYEMbBIX Ha IPOMBILIIEHHON OCHOBE U [Ip.

Hayunass u opranusaunmonHas gesrtenpHocTh C.I1. Baccepa B pasButum
VICC/IeZJOBAaHUM JIEKAapCTBEHHBIX I'PUOOB B BbILIEHA3BAaHHBIX HAINPAaBJIEHUSIX BO
MHOTOM CITOCOOCTBOBAJIa BO3POXKIEHHIO HHTEPeca K BUIaM, MCII0JIb30BaBIINMCST
B ¢dapmaxoree BOCTOYHBIX CJIaBSIH M JAPYIMX HapoAoB. B mocieanue
IeCSITHIeTHsI JaHHbIe 00 M3y4yeHUH Pa3/IMYHBIX Te4eOHbIX CBOWCTB 3TUX BUOB
rpubOB  TpeACTaBJeHbl JIABUHOM NyO/JMKAUMiIl B Pa3/IMYHbIX HAY4HbIX
YXYpHaJIaX, Cpein KOTOphIX He ToibKo IJMM, Ho m «Mycobiology», «Journal of
Ethnopharmacology», «Frontiers of Microbiology», «Journal of Cancer» u gp.
llenHass wH}opmanyss O TpUMEHEeHHMHM B COBpPeMeHHOH ¢apMaKoIornu
Jle4eGHBIX CBOMCTB I'PUOOB-MAaKPOMUILETOB, HCIOJb30BABIINXCSI B HApPOJHOI
MeZMIMTHe BOCTOYHBIX CJIaBSIH, COJEPXXUTCSI B 0030pax JHUTepaTypbl THIIA
«European medicinal polypores - A modern view on traditional uses» (Grienke
et al, 2014), B MHOIOYMCJIEHHBIX DKCIIEPUMEHTA/IbHBIX  CTaThSX.
[ToaTBepXX/iIeHNEM 3TOTO MOTYT CIY)XUTh AaHHbIe 00 McciaenoBaHusX B XXI cT.
TaKUX IHUPOKO npumeHsBuxcst eue B XIII cT. Makpomuueros, Kak Inonotus
obliquus (Pers.) Pil., Piptoporus betulinus (Bull.: Fr.) P. Karst., Fomes fomentarius
(L.: Fr.) J. Kickx. u HEKOTOpBIX [APYrMX BHUJOB MOJUIOPOBBIX TpubOB. M3
VCC/IeJlOBAHUM  TOCJeJHUX  JIeT  3aC/Ty)KUBaeT BHHUMAHUS  U3y4eHHe
OMOAKTUBHBIX  BEIIEeCTB, OTBETCTBEHHBIX 3a  IPOTHBOBOCHATHUTENTBHOE
Bo3geiictBue F. fomentarius. OfHUM M3 TaKMX BellecTB ObLI BBIOPAH METUI Q-
okco-(10E12E)-oktanekaguenoar (FF-8), Beigenennsiéi u3 F. fomentarius.
Kopeiickumu uccnefoBTesiMu MpoOBeieHO W3y4yeHre IPOTUBOBOCIAIUTEIbHOMN
aktuBHOocTH  FF-8 Ha MakpodaroB 0060/I04KM KIE€TOK, CTHMYJIWPOBAaHHOM
nmunonoucaxapugom (LPS). FF-8 mogasnsier cekpenio NO U npocTriaHguHa
E, myreM DNOHWXeHHUsI DKCIPeCCHMU CTUMyIUpoBaHHbIX NO cHHTeTassl M
LIMK/JIOOKCHUTeHa3bI-2, KoTopasi uHayuupyercsi LPS. Kpome Toro, ycranosneHo,
4YTO mpejBapuTenbHas o6paborka kiaetok FF-8 mpuBoguT K yMeHbIIEHUIO
YPOBHEe#l BbIJe/IeHUs] BOCIMA/MTEIbHBIX I[UTOKHMHOB, TaKHX, KakK (aKTop-o

(omyxoieBoro HeKpos3a) U HMHTepIeHKUH-6 y MakpodaroB. CyMMUpysT 3TH U
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Ipyrvue [OIMONHUTeNbHble [aHHble OTHOcuTenbHO geivictBust FF-8 w3 F.
fomentarius BBISIBIEHO, YTO OH IIOJABJSIET BOCIAJIUTEIbHYI0 PEAKLUI0 B
makpodarax, crumyaupoBanuyio LPS (Ji-Hyun Choe et al, , 2015). I'pynna
HeMeIKHX MUKPOOHOJIOrOB U3y4ajia 6M0IOTMYeCKYI0 aKTUBHOCTb SKCTPAKTOB F.
fomentarius (5 wrtammoB) u P. betulinus (3 mrtamMma) v MPOBOAM/IA CKPUHUHT Ha
AHTUOMOTHYECKYI0 M aHTH(QYHTa/JbHYI0 aKTHBHOCTh Ha Habope M3 YeThIpex
6axtepuansubix  (Escherichia coli, Staphylococcus aureus,  Pseudomonas
aeruginosa, Bacillus subtilis) u deTbipex TNOTEHLIUAIBHO MATOT€HHBIX WIIN
obpasymoiuux TOKCHHbI rpuboB (Absidia orchidis, Aspergillus fumigatus, A.
flavus, Candida krusei). OxcTpakThl Bcex mAaTH wtamMmoB F. fomentarius c
MUHHMaJIbHOW WHTUOMpYyoieir KoHueHTpauuein (MICs) 250-500 pg/mL™ 6butn
akTuBHBI TPoTUB S. aureus u ¢ MICs 125-500 pg/mL" - mpotuB A. fumigatus v
A. orchidis. dxcrpakrsl P. betulinus o61asanu BbICOKOM aHTHOAKTepUATbHOM
aKTUBHOCTBIO TpoTuB B. subtilis yxe mpu MIC 62,5 pg/mL”, a mportus S. aureus
- mpu MIC 31 pg/mL". Poct A. orchidis sxcrpakrst P. betulinus monas/isiiv npu
500-1000 pg/mL7, a y A. fumigatus Takue >Xe KOHLEHTPALUM TMPUYHUHSIIN
aHoMasnbpHbIN pocT rpuba (Dresch. et al, 2015).

OTH [Be MyOIMKALMM PACCMOTPEHbI JETA/bHO KaK MpPHUMep TOro, YTO
MaKpPOMMUIETHI — KJIaCCUYeCKHe 0OBeKThl TPASULMOHHOW HAPOAHOW MeJULIHBI
BOCTOYHBIX C/IaBSIH B HACTOsIIee BpeMsi TOZABEPIraloTCs AeTaTbHOMY U3YYEeHHIO
C TpUMEHEHHEeM COBPEMEHHBIX MeTO/IOB, HAlpaBJIeHHbIX Ha BbISIBJIEHHE
IEeHCTBYIOIIMX MEXaHU3MOB HMX BTOPHUYHBIX MeTabO/MUTOB HAa MATOTeHHbIE
OpraHU3MBl.

JINTEPATYPA

Aceesa T.A., batopoBa C.M. PacunppoBka THOETCKMX Ha3BAHHUI paCcTeHHIA,
OTMCAHHBIX B TpakTaTax «Baiimypbs-oH60» u «/l3eitixap murwxan» // buos.
JefiCTBHE BeLleCTB MPUPOJHOTO MPOUCXOXKAeHUs .- YaaH-Ya3: Bypsar. ¢un. CO
AH CCCP, 1983.- C. 17-79.

Acraxosa B.I'. 3arazxu smoBuThix pacrenuii.— M.: Jlec. mpowm., 1977.- 176 c.
bazapon 3J.I., AceeBa T.A. «Baiizypbsi-oH60» - TpaKTaT HUHAO-THOETCKOM
meaunuHbl.— HoBocubupck: Hayka, 1984.—- 117 c.

bamuukuii K.I1., BoponnoBa A.JI. J/lekapcTBeHHble pacTeHHs U pak.— Kues:
Hayk. gymKa, 1982.- 375 c.

63



borosisnenckmit H.A. O HEKOTOPBIX YepTax IeKapCcTBOBeeHUsI B MOCKOBCKOM
Pycu // CoB. megunmiHa.— 1952.— N2 2.— C. 45-47.

borosisnenckuit H.A. K ncropun npoucxoxzeHuss U pasBUTUSL B3I/IALOB Y
PYCCKOro HapoJa Ha omyxoJieBble 6o1e3Hu // Bonp. oHKoOTMU.~ 1955.— 1, N 4.—
C. 106-111.

borosisnenckuii H.A. /IpeBnepycckoe BpaueBanue B XI-XVII BB. McTouHuku
JJIS1 U3y4eHU s UICTOPHUM PYCCKOU MeauLuHbL.- M.:Mearus, 1960.- 326 c.
borosisnenckuit H.A. MepuunysHa y mnepBocesoB pycckoro ceBepa. — JL.:
MepuiyHa, 1966.- 160 c.

Bynaros IL.K., MapreiaoBa E.fI. Knunuveckve HabmoseHust 3a e4eOHBIM
JeficTBUeM 4aru Ha GosbHbIX pakoM IV cragum // KomriiekcHoe usydeHue
$UBHOMOrMYeCcKr aKTHUBHBIX BellleCTB HU3IIMX pacTeHuit.— M.;Jl.: U3g-Bo AH
CCCP, 1961.— C. 247-257.

BacuaskoB B.II. [lonsitne o rpy3me B pycCKOH juTepaType WM B OOBIYHOM
>kusuu // CoB. 60TaHuKa.— 1942.— N° 1-3.— C .18.

BacunbkoB B.II. U3yuenne uutsimounsix rpu6os B CCCP.- M.;J1.: Usa-Bo AH
CCCP,1953.—192 c.

l'ammepman A.®., Maxkeenko C.I'., XapuronoBa H.II. Pecypcsl
JOVKOPACTYIIMX JIEKAPCTBEHHBIX pacTeHuit Bomorozackoit u [lckoBckoit o6macreit
// Pecypcol guxopactymux nexkapcrBeHHbIx pacteHuit CCCP.—- JI.: Hayka, 1968.-
C. 5-15.

I'puakeBuuy H.HU., Copoxuna A.A. JlereHapl ¥ ObUIb O JIEKAPCTBEHHBIX
pacrenusix. — M.: Hayka, 1988.- 175 c.

3ayme IO. Ilpupoga - Hamr goktop. Bcé, 4TO HY)KHO 3HATh O T€KAPCTBEHHBIX
pactenusx.— M.: Kpon-IIpecc, 1994.—- 302 c.

3emnaunckuii C.E. JlekapcrBennslie pacrenuss CCCP.— M.: Mearus, 1958.- 610 c.
HoparumoB ®.HU., UoparumoBa B.C. OcHOBHbIe /1€KapCTBEHHbIE CPeJCTBA
KUTanckoi MegunyHbl.— M.: Menrus, 1960.— 412 c.

HMBammn [JI.C. Pecypcbl nekapcTBeHHbIX pacTeHMH YKpauHckux Kapmar u
BO3MOXHOCTU MX HMCIIOJIb30BaHUs // Pecypchl AMKOpacTylMX J€KapCTBEHHBIX
pacrenuit CCCP.- JI.: Hayka, 1968.- .C. 90-94.

Kongpartiok E.H., UBuenko C.H., Cmbik I'.K. [JukopacTyuue nekapcTBeHHbIe
Y IUIOJIOBble pacTeHus: YKpauHbl.— Kues: Ypoxai, 1967.- 180 c.

Kpsuios I'.B. TpaBsl )XM3HU ¥ X UCKaTeNU. 2-e u3j. gon.— HoBocubupcek: 3ar.-
Cu6. KHIDK. U37-BO, 1972.— 448 C.

64



JlaBpenoBa I'.B. JlekapcTBeHHble TpaBbl. TpaBel, Japymooliue 340pOBbe.—
M.:Tepa - Terra, 1996.- KH. 1.- 478 c.; KH. 2.- 474 c.

JlaBpenoBa I'.B., JlaBpenos B.K. JHuuxonenns 1eKapCcTBeHHbIX pacTeHUM.
T. 1.- JoHeuk: loHey4yHnHa, 1999.- 655 C.

JlekapcTBeHHBIE pacTeHHUs1 U uX INpuMeHeHue: 6-e usz. / Iloa. pexn.W.J.
OpkeBnya u U./I. Mumiennna.— Munck: Hayka u Texnmka, 1976.- 591 C.
JloBkoBa M.{., PabunoBuu A.M., IlonomapeBa C.M. u ap. Ilouemy
pactenus nevyar.— M.: Hayka, 1989.- 254 c.

JloeBckwuii ®@. [TomHbIIA HACTOSIILIUI POCTOHAPOAHBIN PYCCKUI TedyeOHUK. — M.
Tunorpadus C. OpioBa, 1866.- 1064 c.

MunaeBa B.I. JlekapcrBeHHble pacteHuss Cubupu.— HoBocubupck: Hayka,
1991.— 430 C.

Mypox B.H., CrekonbaukoB JI.H. lleneGHbie K1asoBbie MPUPOAbL. — MUHCK:
Ypamxkaii, 1990.- 367 c.

HuxomaeBa B.I. Marepuansl K HCC/IeOBaHUIO JIeKapCTBEHHBIX PacTeHUM
HapogHoU MeguuuHbl benopyccuu: ABToped. Auc. ...KaHz,. OUOJ. HayK.— MUHCK,
1964.— 17 C.

OpnoB H.U. CvenobHble U siiOBUTHIe TpUOBI, TPUOHBIE OTPaBIEHUS U HX
npoduiaktuka.— M.: Mearus, 1953.— 271 c.

Manwa T. Jlivanui pocrunm. IlizpydHuk paas 306upadiB, 3 BijOMTKaMH i
HapoOJHHUMM HasBaMu pocTuH.— JIbBiB: Cminka ykp. KoomepartusBiB ['amnunny,
1924.— 153 C.

IIpeoGpakenckuit B. Bcé o nexkapcrBeHHbix pactrenusix. — Jownenk: [TK®
«BAO», 2000.- 592 c.

PeitoB M.B. Pycckue nexkapcrBeHHble pacteHus. T. I. Jluxopacryuiye u
BO3Je/bIBaeMble JieKapcTBeHHble pacrteHust— llerporpag: Wsp-so ILIL
CotikuHa, 1918.- 234 C.

Cmuk I'.K. 3enena anreka.— Kues: Yposkaii, 1970.- 239 c.

CrexonsHukosB JI.H., Mypox B.H. JleueGHble K1afoBble MPUPOAbL.— MUHCK:
Ypamkaii, 1979.— 242 c.

TensareeB B.B. llene6ubie xnaapr Bocrounoit Cubupu.— Mpkyrck: Bocer.-Cub6.
KHWXK. U3/1-BO, 1976.— 447 C.

TenssteeB B.B. llene6ubie xmagpl. PacTeHusi, NpPOAYKTBI JXUBOTHOTO U
MHUHEpaNbHOTO TpoucxoxzaeHust lLlenTpanpHoit Cubupu M ux eyeOHbIE
cBoicTBa. — MpkyTck: Boct.-Cu6. KHIK. M3[-BO, 1991.— 400 C.

65



TypoBa A.[l. JlekapctBeHHble pacteHuss CCCP u ux npuMeHeHue: 2-e HU3[.
nepepab. -M.: Meguuuna, 1974.— 424 C.

®pyentoB H.K. JlekapctBenHble pacreHusi [lanpHero BocToka: 2-e uspj.—
XabapoBck: XabapoOBCK. KHIDK. U3[-BO, 1974.— 398 C.

YepBona kuura Ykpainu. Pociunnuit csit / Ilig sar. pen. A.I1. Jdigyxa.- K.:
['106GaIKOHCANITHHT, 2009.— Q12 C .

YxBe Txacom. JlekapcTBeHHble pacTeHUsl. JleKapcTBeHHbIe CpeZCTBA
PaCTUTEIBPHOTO MPOUCXOXKIEHMsI, IIPUMeHsIeMble B BOCTOYHOU MegunuHe.— M.:
MepuiuHa, 1987.- 606 c.

Mupuuna A.H., /losaruna E.B., IInaronosa E.I'. K Bonpocy o npupoze u
IIPOHCXOXAEHUHM BOJOPACTBOPHUMOrO IPUPOJHOTO KOMIUIEKCa, 0OpasyeMoro
TPYTOBBIM IrprboM yaru // buoxumus.- 1959.- 24, N° 1.- C. 67-72.

IIupuuna A.H., JloBaruna E.B., IlmatronoBa E.I. Cnekrpodo-
TOMeTpHUYecKast XapaKTepUCTHKA KPHUCTAJUTTYeCoTo KapOOHMJIBHOTO
COeZIHEHUs], BBIZIE/IEHHOTO M3 NMUTMEHTHOTO KOMIUIeKca rpuba yara // Joxi.
AH CCCP.-1960.- 132, N° 6.- C. 1444-1447.

HIperep A.H. JlekapcTBeHHble pacteHuss [JlaapHero Boctoka u ux
npuMeHeHue.— Bnagusoctok: JlasibHEBOCT. KHMK. U3J-BO, 1970.— 136 C.
DHIMKIONEIUYEeCKHMA C/I0Bapb JIEKAPCTBEHHBIX, 3PUPOMACIUYHBIX U
SIIOBUTHIX pacTeHuit.— M.: I'oc. u3g-Bo c.-X. MUT., 1951.— 487 C.

SIkumos I1.A. O6uiast 6uooruyecKast U XMMHYECKasl XapaKTepPUCTHKA Yark Kak
HICXOZHOTO CBIPBsSI /IS TIOJTydeHust leueGHbIX npernapaTos // Yara u eé neyeGHOe
npuMeHeHue npu pake IV cragun.— J1.: Mearus, 1959.— 344 c.

SIxumoB IL.A., bynaroB ILK., bepesuna M.II. Ilpenapar «bun-uara» //
Bectn. AH CCCP.-1957.— N 4.— C. 88-91.

Dresch Ph., D’Aguanno M.N., Rosam K., Grienke U., Rollinger J.M. and
Peintner U. Fungal strain matters: colony growth and bioactivity of the
European medicinal polypores Fomes fomentarius, Fomitopsis pinicola and
Piptoporus betulinus // AMB Express - 2015.-5(1); 4.— P. 1/21-21/21.

Grienke U., Zo6ll M., Peintner U., Rollinger J.M. European medicinal
polypores - A modern view on traditional uses // Journal of
Ethnopharmacology.- 2014.- 154.- P. 564-583.

Grzywnowicz K. Medicinal Mushrooms in Polish Falk Medicine // Intern. J.
Med. Mushr.- 2001.-V. 3.- P. 154.

Ji-Hyun Choe,Young-Joo Yi, Myeong-Seok Lee, Dong-Won Seo, Bong-Sik
Yun and Sang-Myeong Lee. Methyl 9-Oxo-(10E,12E)-oktadecadienoate Isolated

66



from Fomes fomentarius Attenuates Lipopolysaccharide-Induced Inflammatory
Response by Blocking Phosphorylation of STAT3 in Murine Macrophages //
Mycobiology.- 2015.-43(3).— P. 319-326.

Piaskowski S. Wplyw wyciagu z guza brzozowego na nowotwory zlosliwe //
Farmacia Polska.- 1956. - 12, N 1.- S. 5-6.

Utzig J. Wplyw trojterpenow zawartych w zagwi brzozowej Polyporus betulinus
na guzy Stickera // Doniesienie Tymeczasowe Med. Weteryn.- 1957.- 13., N 8 -
S. 481-484.

Wandokanty F. Wplyw zagwi brzozowej i guza brzozowego na nowotwory
samorzutne psa z uwzglednienien raka sutka u psow // Med. Weteryn. - 1955.—
11, N 3.- S. 148-151.

Wandokanty F., Utzig J. Wplyw trojterpenow  pieciocyklicznych
wyosobnionych z zagwi brzozowej (Polyporus betulinus) na nowotwory zlocliwe
// Med. Weteryn. - 1958.— 14, N 3.— 148-151.

Wandokanty F., Utzig J., Kotz J. Wplyw gidrolizatow z zagwi brzozowej -
Polyporus betulinus i guza brzozowego - Poria obliqua na komorki nowotworow
zlosliwych //Med. Weteryn. - 1954.- 10, N 10.- S. 603-605.

IYIKA 1.0. TPUBM B HAPOJHIM MEJUWLIWHI CJIOBSIH TA
JOCIIKEHHA  JIIKAPCBKMX BJIACTUBOCTEM OKPEMUX BH/IIB
HATTPUKIHLI XX - HA TTOYATKY XXI CT.

Y cmammi nid6umuii nidcymok 6azamosikosozo doceidy cxidHux cnog’sH y

gukopucmaHHi epubis y HapodHil meduyuHi. [Tepwa 32adka npo epubu, gidomi &
dpegHili Pycu sk niku, micmumbcs 6 odHomy 3 pykonucHux «Bepmoepadig»
Kuiscvkoeo nepiody XIII cm., de nosidomasemvbcs nNpo 3aCMOCY8AHHSA
ackomiyema Claviceps purpurea Tul. e einekon0eiuniti npakmuyi. Bidomocmi npo
aikapcoki 6azudianvhi makpomiyemu Piptoporus betulinus (Bull.: Fr.) P. Karst. i
Fomes fomentarius (L.: Fr.) J. Kickx., ski eukopucmogysanucs npu Jaiky8aHHi
my6epkynb03y, 8usneneHi 8 00HilU 3 MoHacmupcbkux xpoHik Kuiscvkoi Pyci XIII
cm. Y cmammi HaeedeHi daHi npo maki nikapcbki eudu  MakpoOCKONiYHUX
6azudianvHux epubis, sk Inonotus obliquus (Pers.) Pil., Calvatia gigantea (Pers.)
Lloyd, Phallus impudicus L., Laricifomes officinalis (Vill.:Fr.) Kotl. et Pouzar (Syn
Fomitopsis officinalis (Vill.:Fr.) Bondartsev et Singer), Boletus edulis Bull., Suillus
grevillei (Klot.) Singer, Amanita muscaria (L.) Hook., A. phalloides (Fr.) Secr.,
Lactarius piperatus (Fr.) Gray ma in. /[ns deskux 3 yux eudig onucaHi cnocobu
8U20MOBNEHHA NIKAPCbKUX Npenapamis, ki cxioHi C106’aHU 8UKOPUCMO8Y8aNU
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029 NiKy8aHHA 8i0nosi0HUX 3ax80pl06aHb ma nowkodxceHv. Buceimnena ponb
8i00M020 yKpaiHCbkoeo Mikonoza, uneHa-kopecnondenma HAH Ykpainu C.I1.
Baccepa y sidpodocenni inmepecy cneyianicmie do aikapcvkux epubie. Ha
npuknadi deox eudie 3 apmaxonei cxionux cnoe’aH Piptoporus betulinus (Bull.:
Fr.) P. Karst. i Fomes fomentarius (L.: Fr.) ]J. Kickx. npodemoHcmpogaHut
cyudacHull pieeHb docaidxiceHHS NIKAPCbKUX MakpoMmiyemis, skull 8i0Kpusae Ho8i
MOXCUBOCTNI BUKOPUCMAHHS iX 8MOpUHHUX Memaboaimis.

DUDKA 1.0. FUNGI IN THE PEOPLE’S MEDICINE OF SLAVS AND STUDY OF
THE MEDICINAL PROPERTIES FOR SOME SPECIES AT THE END OF XX -
BEGINNING OF XXI CENTURIES.

The century-old experience of the Eastern Slavs in mushrooms’ usage in the
people’s medicine is summarized in the paper. The first mention about the fungi
known in the Ancient Rus as drugs, contains in one of the manuscripts
“Vertograds” from Kyiv period of XIII century, where there is an information
about the application of ascomycete Claviceps purpurea Tul. in gynecological
practice. The data on medicinal basidial macromycetes Piptoporus betulinus
(Bull.: Fr.) P. Karst. and Fomes fomentarius (L.: Fr.) ]. Kickx., which were used at
the tuberculosis treatment, are found in one of cloister chronicles in Kyiv Rus of
XIII century. In the paper the information on the medicinal species of macroscopic
basidial mushrooms Inonotus obliquus (Pers.) Pil, Calvatia gigantea (Pers.)
Lloyd, Phallus impudicus L., Laricifomes officinalis (Vill.:Fr.) Kotl. et Pouzar (Syn
Fomitopsis officinalis (Vill.:Fr.) Bondartsev et Singer), Boletus edulis Bull., Suillus
grevillei (Klot.) Singer, Amanita muscaria (L.) Hook., A. phalloides (Fr.) Secr.,
Lactarius piperatus (Fr.) Gray and others is given. The ways of making for
medicinal preparations used by Eastern Slavs for cure of certain disease and
damage are described for some of those fungal species. The role of S.P. Wasser,
famous Ukrainian mycologist, corresponding member of NASU, in revival of
specialists’ interest in relation to medicinal fungi is interpreted. Using as an
example from Eastern Slavs pharmakopia Piptoporus betulinus (Bull.: Fr.) P.
Karst. and Fomes fomentarius (L.: Fr.) J. Kickx. the modern level in study of
medicinal mushrooms, which opens the new possibilities in usage of its secondary
metabolites, is demonstrated.

68



K.-H. WONG", A.P. GRYGANSKYI®*, P.-G. CHENG?, V. SABARATNAM>*,
0.V. KOLOTUSHKINA%®, B. KIRCHHOFF’, G.G. SKIBO’, P. PEDARZANT®,
K.Y. VORONIN?, A.A. GRODZINSKAYA®, M.G. MOLDAVAN>®

' - Department of Anatomy, Faculty of Medicine, University of Malaya, 50603
Kuala Lumpur, Malaysia

* - Ganofarm Sdn. Bhd., Lot 700, Jalan Laut Membiru, Tanjung Sepat, 42800
Selangor Darul Ehsan, Malaysia

3 - Institute of Biological Sciences, Faculty of Science, University of Malaya,
50603 Kuala Lumpur, Malaysia

4 - Mushroom Research Centre, Institute of Biological Sciences, Faculty of
Science, University of Malaya, 50603 Kuala Lumpur, Malaysia

>- A.A. Bogomoletz Institute of Physiology, NAS of Ukraine, Kyiv, Ukraine

6 _ Institute for Evolutionary Ecology, NAS of Ukraine, Kyiv, Ukraine

7- Company WESER-CHAMPIGNON, Hessisch-Oldendorf, Germany

% University College London, London, UK

2 - Oregon Health & Science University, Oregon Institute of Occupational
Health Sciences, Portland, Oregon, USA

'°- Biology Department, Duke University, Durham, North Carolina, USA

LION'S MANE MUSHROOM - THE NATURAL HEALER FOR NERVE
DAMAGE

Hericium erinaceus (Bull.: Fr.) Pers is a cultivated edible and medicinal
mushroom. As a part of traditional medicines, it has been used for the treatment
of cancer and neurodegenerative diseases. Our in vivo and in vitro studies
demonstrated the neuroprotective effects of H. erinaceus on neurons and
improvement of functional recovery after nerve injury, together with its
neurotropic and neurotrophic effects on neurons. We compared the effects of H.
erinaceus aqueous extract and mecobalamin (vitamin Bi12) that has been widely
used in the treatment of peripheral nerve disorders. The extract of H. erinaceus
fresh fuitbodies promoted functional recovery following crush injury to the
peripheral nerve in rats. Analysis of walking track indicated that return of hind
limb motor function occurred earlier in treated groups than in negative control
(non-treated) group. Hot plate test revealed acceleration of sensory recovery of
hind limbs in the treated groups compared to negative controls. Further,
peripheral nerve injury leads to changes at the remotely located dorsal root
ganglia containing cell bodies of sensory neurons. Immunofluorescence studies
showed that Akt and p38 MAPK were expressed in DRG and strongly upregulated
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in aqueous extract group after peripheral nerve injury. Our findings suggest that
aqueous extract of H. erinaceus accelerates functional recovery after peripheral
nerve injury stimulating kinase signaling pathways. Spike reactions of
hippocampal neurons during application of H. erinaceus extract was studied on
the rat brain slices in vitro. In the majority of neurons the H. erinaceus extract
inhibited neuronal spike activity in a concentration-dependent reversible manner.
Depending on the properties of extracts the inhibition was observed in 34-63% and
excitation in 5-10% of studied neurons. Whole-cell current- and voltage-clamp
recordings showed that the inhibition of spike activity during extract application
was caused by hyperpolarization of the neuronal membrane. This
hyperpolarization was not induced by increase of inward rectifier K* current (I(ir))
and was not accompanied by changes of hyperpolarization-activated cationic
currents I(h), but apamin-sensitive Ca-activated K* current (Ioyp) and apamin-
insensitive, slow Ca-activated K* current (slyyp) increased. All the effects that
were observed using patch-clamp recording did not seem to have a synaptic origin
and revealed the effect of extract on a cell membrane. H. erinaceus extract did not
suppress the cellular respiration. Cell culture was used to study the influence of H.
erinaceus extract on nerve processes development and myelination process in
vitro. H. erinaceus extract improved the myelination process in the mature
myelinating fibres in a concentration that did not affect the nerve cells growth in
vitro, did not evoke toxic effect or the nerve cells damage.

Key words: Hericium erinaceus, mushroom, extract, neurons, brain slices, spike
activity, cell cultures, polysaccharide, peripheral nerve regeneration, sensory
functional recovery, protein kinases, blood-nerve barrier, dorsal root ganglia.

ABBREVIATIONS:

ACSF: artificial cerebrospinal fluid; AFSA: average frequency spike activity of
neurons; BR: extract prepared on the basis of H. erinaceus mushroom broth;
DMSO - dimethyl sulfoxide; ETHA: extract of H. erinaceus extracted by ethanol;
ETHE: extract of H. erinaceus extracted by ether; I,yp: apamin-sensitive Ca-
activated K" current; slyyp: apamin-insensitive, slow Ca-activated K* current;
I(h): hyperpolarization-activated cationic currents; I(ir): inward rectifier K
current; GABA: y-Aminobutyric acid; GABA, receptors: A-type receptors
sensitive to GABA; M-cholinoreceptors: receptors sensitive to muscarine; N-
cholinoreceptors: receptors sensitive to nicotine; NMDA receptor: N-methyl-
D-aspartate receptor; NGF: Nerve Growth Factor; 5-HT : 5-hydroxythryptamine
(serotonin); 5-HT,s, 5-HT,: the various types of serotonin receptors; Akt:
Protein kinase B; p38 MAPK: p38 mitogen-activated protein kinase; ERK1/2:
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extracellular signal-regulated kinase '2; PI3K: phosphoinositide-3-kinase; DRG:
dorsal root ganglia; BNB: blood-nerve barrier; NF-200: neurofilament 200.

INTRODUCTION

Hericium erinaceus (Bull.: Fr.) Pers. (Hericiaceae, higher Basidiomycetes),
also known as Lion’s Mane, Monkey’s Head, Hedgehog Mushroom, Satyr’s
Beard, Pom Pom Blanc, Igelstachelbart, and Yamabushitake, is one of the good
edible cultivated edible and medicinal mushrooms distributed in Asia, Europe,
and North America (Dudka and Wasser, 1987). Since 2000, it has been
successfully domesticated via adaptation to tropical climate in Malaysia. This
mushroom grows and produces fruitbodies in lowlands of tropical temperature
(Fig. 1). It has been shown that cultivation conditions did not affect selected

bioactive properties of H. erinaceus grown in tropical Malaysia (Wong et al.,
2009a).

Figure 1. Hericium erinaceus fresh fruitbodies grown in tropical climate
of Malaysia.

In China, H. erinaceus is the basis of many medicinal preparations (Jiang et al.,
2014). According to the source of data presented in “China Mushroom online”,
H. erinaceus improves digestion and can be used as invigorant, immune
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enhancer and a nerve tonic (Zhejiang Fangge Pharmaceutical Co., Ltd,
www.extractchina.com). The mushroom contains mainly saccharides, proteins,
different amino acids and vitamins, some microelements, and small quantity of
lipids (Mizuno, 1995; 1998; 1999; Friedman, 2015). Every 100 grams of dried
fungus contain 26.3g protein, 4.2g fat, 44.9g carbohydrate, 6.4g thin fibre, 10.2g
water, 8somg P, 18mg Fe, 2mg Ca, 0.89gmg VBi1, 1.8gmg VB2, o0.01mg carotene,
and 16 amino acids including seven kinds of essential amino acids. It contains
unsaturated fatty acids, which are propitious to the circulation of blood and can
reduce blood cholesterin content. Thus, H. erinaceus is also the ideal functional
food for those people who have high blood pressure, heart or blood vessel
disease (Wang et al., 2014). H. erinaceus can nourish the vital organs, cure
chronic gastritis, duodenal ulcer and other enteric diseases. Polysaccharides
such as (1—>3)-B-D-glucans (T-4-N and T-5-N) isolated from H. erinaceus
promoted antitumor treatment, due to their regulating influence on immune
system (Mizuno et al., 1992; Wasser and Weis, 1999). The polysaccharides
significantly inhibited the mice sarcoma 180 and some other types of cancer by
strengthening the immune system. Hericipins A, B, C, E, F and hericenones C,
D, E and Y-A-8-c extracted from H. erinaceus promoted the induction of Nerve
Growth Factor (NGF) synthesis that opens new prospects in the treatment of
Alzheimer type dementia (Kawagishi et al., 1990; 1991; Furukava and Kawagishi,
1991; Mizuno, 1999). NGF could prolong neuronal axons, maintain the survival of
neurons, regulate the formation of neurons as well as promote their
regeneration in feeble animals. The activity of Hericipin is much more potent
than that of adrenaline. Hericipin is used in curing of intelligence declining,
neurasthena and the declining of autonomic nerve. Increased production of
NGF may enhance cognitive functions and help to slow the onset of dementia
associated with various neurological conditions.

H. erinaceus has been extensively tested in in vitro trials in our
laboratories using neuronal cell lines, as the neurite outgrowth stimulator in the
cultured cells of the neural hybrid clone NG108-15 and rat phechromocytoma
PCi2 (Wong et al., 2007; Lai et al., 2013; Phan et al.,, 2014). Phan et al. (2014)
isolated four benzyl alcohol derivatives namely hericenones B-E from the
basidiocarps of H. erinaceus. Hericenone E exerts neurotrophic activity in PCi2
cells, and this activity is mediated by extracellular signal-regulated kinase 1/2
(ERK1/2) and phosphoinositide-3-kinase/protein kinase B (PI3K/Akt) signaling
pathways. The bioactive components in basidiocarps could interact with NGF to
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enhance neurite outgrowth by upregulating common pathways linked to the
induction of NGF signaling, namely TrkA-associated tyrosine kinase that leads
to sustained activation of ERK and PI3K/Akt that is crucial for neurite
outgrowth. The neurotropic and neurotrophic action of H. erinaceus was shown
(Moldavan et al., 1999; 2007; Kolotushkina, 2000; 2003).

We explored the ability of the mushroom in the enhancement of
peripheral nerve regeneration after crush injury in vivo (Wong et al., 2009b; 2011;
2012; 2014). The neuroregenerative properties of aqueous extract from locally
cultivated H. erinaceus on motor and sensory functional recovery following
crush injury to the peroneal nerve by behavioral experiment as assessed by
walking track analysis and hot plate test, and expression of protein kinase B
(Akt) and p38 mitogen-activated protein kinase (p38 MAPK) in the dorsal root
ganglia (DRG) were investigated. For better understanding of the physiological
mechanisms which determine the medicinal properties of H. erinaceus, the
action of the extracts on spike activity, receptor activation and ion currents of
brain neurons, as well as its effect on growth and development of neuronal cell
cultures were studied.

RESULTS AND DISCUSSION

The experimental procedures with animals were approved by the Institutional
Animal Care and Use Committee of all Scientific Institutions that contributed to
these studies. Animal handling was conducted in accordance with National
Institutes of Health Guide for Care and Use of Laboratory Animals and
associated guidelines. All efforts were made to minimize pain and the number of
animals used.

Extract of H. erinaceus accelerates the recovery of hind limb motor
function after nerve crush injury.

Peripheral nerve injury is a serious health concern for society, which always
results in restricted activity or life-long disability. Traffic crashes induce
traumatic nerve injury resulting in the disruption of intraneural circulation.
Although microsurgical treatments for nerve injuries have been improved over
the past decades, the outcome of peripheral nerve injury repair remains
unsatisfactory. Peripheral nervous system has an intrinsic ability for repair and
regeneration, therefore making it a well-accepted neuroregeneration research
model. Crush injury to the peroneal nerve results in foot drop (Fig. 2). It can be
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defined as a significant weakness of ankle and toe dorsiflexion. The foot and
ankle dorsiflexors include the tibialis anterior, extensor hallucis longus, and
extensor digitorum longus. These muscles help the body clear the foot during
swing phase and control plantar flexion of the foot on heel strike. The rats tend
to drag the dorsum of their foot until reinnervation of axons into these muscles.

Negative control group received daily oral administration of distilled
water (10 ml/kg body weight per day), experimental group received aqueous
extract of H. erinaceus (10 ml/kg body weight/day) and positive control group
received mecobalamin (Natural Factors, 130 pg/kg body weight/day) for 14 days
to function as pre-treatment before injury.

Figure 2. A crush injury was created using a fine watchmaker forceps no. 4
for 10 seconds on the peroneal nerve at 10 mm from extensor digitorum
longus muscle and complete crush was confirmed by the presence of a
translucent band across the nerve as indicated by an arrow. All
operations were performed on right limb and the left limb served as an
uninjured control.

Mushrooms have always been prepared for medicinal use by hot water
extraction as in brewing of teas or decoctions in traditional Chinese medicine
for prevention of oxidative stress-related diseases. In our study, pre-treatment
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with aqueous extract for 14 days was employed to build up strength and immune
system before peripheral nerve injury.

Analysis of walking track indicated that return of hind limb function and
normal toe-spreading occurred earlier in treated groups than in the negative
control (non-treated) group (Fig. 3). It was observed that motor functional
recovery in the mecobalamin and aqueous extract groups was on day 4, while
the crushed limb in the negative control group remained dysfunctional. Rats in
the negative control group showed clumping of toes and dragging of the injured
foot. On the other hand, the mecobalamin and aqueous extract groups
demonstrated toe-spreading and clear footprints on the walking tracks.

Figure 3. Walking tracks of footprints after 4 days of peroneal nerve crush
injury.

Arrows indicate footprints of the operated limb. A. Footprints in negative
control group showed absence of toe-spreading reflex and dragging of the
operated limb. B. Footprints in positive control group. C. Footprints in
aqueous extract group demonstrated toe-spreading and clear footprints
of the operated limbs.

Extract of H. erinaceus accelerates the recovery of hind limb sensory
function after nerve crush injury.

75



The hot plate test is commonly used for evaluating thermal pain sensitivity.
During the experiment, the rats were introduced into an open-ended cylindrical
space with a floor consisting of a heated plate (Panlab, S.L. Spain). The plate
heated to 50°C produces two behavioural components that can be measured in
terms of their reaction times, namely paw licking and jumping (Fig. 4). Aqueous
extract from H. erinaceus could attenuate thermal hyperalgesia induced by
peroneal nerve injury and enhanced the reflex response of the operated limb
after 8 days of injury and these significant changes were observed subsequently
during the remainder of the time period (Fig. 5). This effect is due to faithful
reinnervation of sensory receptors by their original axons. Even when good
motor recovery occurs, sensory deficits, particularly in proprioception, may
impair the functional outcome. Sensory recovery may continue for a longer
period of time than motor recovery as the axons of sensory neurons provide
cutaneous sensation to a larger area than it had prior to the injury (Harden et
al., 2012).
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Figure 4. Hot plate apparatus comprises of an open-ended cylindrical
space with a floor of heated plate.

Skin of the plantar surface of the foot was stimulated by gently placing
the rat on the heated surface. Thermal nociception was evaluated by
observing the withdrawal reflex latency (WRL) of the operated limb in
response to heat stimulation (as indicated by an arrow) by a built-
in timer activated by an external foot switch.
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Figure 5. Mean withdrawal reflex latency (WRL) for operated limb
induced by thermal and mechanical stimulation.

Values in seconds (s) were obtained by performing WRL test to evaluate
the nociceptive function. This test was performed prior to the peroneal
nerve crush injury (day o) and after the crush injury (days 4, 8, 12, 16, 20,
24 and 28). Each bar represents WRL from 6 animals per group. Means
with different letters in uninjured/injured category are significantly
different (P<o0.05).

Figure 5 presents the data for the withdrawal reflex latency (WRL) during the
healing period of 4 weeks. As expected, during the first week following peroneal
nerve crush, rats were unable to respond to the hot stimulus. This indicates
complete loss of thermal and nociceptive sensitivity at the sole of the operated
foot. Signs of recovery of foot's withdrawal response began at week 2 after crush
injury. Thereafter, the WRL steadily improved during the 4-week recovery time.
However, the normal value of 4 seconds was unachievable (Hu et al., 1997).

Negative control rats showed no signs of recovery in WRL response during
the healing period of 4 weeks. The WRL at week 4 for the aqueous extract group
was almost in the normal value range of 5.6+0.4 s. When the mean WRLs were
compared at each time interval, the mean WRLs of the aqueous extract-treated
rats were significantly less than the mecobalamin group from day 12 onwards
except day 24 (P<0.05). Therefore, WRL in rats treated with aqueous extract
recovered faster and better compared to those receiving mecobalamin from day
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12 onwards (P<0.05). There was no significant difference in mean WRLs between
rats in mecobalamin and negative control groups after 4 and 8 days of injury.

Injury to neurons results in complex sequences of molecular responses
that play an important role in the successful regenerative response and the
eventual recovery of sensory function. Peripheral sensitization causes activation
of Akt, and p38 MAPK in small DRG neurons. These contributed to pain
hypersensitivity found at the site of tissue damage and inflammation. In general,
DRG neurons can be divided into large (>1200 pm?), medium (600-1200 um?)
and small (<600 pm?*) neurons. Small neurons respond to thermal, mechanical
and chemical nociceptive stimulations whereas large neurons transmit touch
and proprioceptive sensations (Wen et al., 2009). Akt and p38 MAPK did not co-
localize with NF-200 in large DRG neurons. It is possible that aqueous extract
from H. erinaceus could trigger the expression of protein kinases that regulate
nociceptive function and inflammation during with nerve regeneration. Figure 6
shows the in vivo expression of Akt within the DRG after crush injury. Double-
labeled immunofluorescence demonstrated no co-localization of Akt and NF-
200 in large DRG neurons. The population of large neurons is defined by the
expression of NF-200 as green fluorescence. Akt staining as orange fluorescence
was targeted to small neurons. Immunoreactivity for Akt was not detected in
small neurons of contralateral DRG from uninjured nerve (Fig. 6A).
Immunoreactivity of ipsilateral DRG in negative control (Fig. 6B) and
mecobalamin group (Fig. 6C) were less than that observed in aqueous extract
group (Fig. 6D). There was a bright immunofluorescence for Akt in small
neurons of ipsilateral DRG from injured nerve in aqueous extract group.
Intensity measurement of Akt immunoreactivity in DRG was shown in Figure
6E. In ipsilateral DRG, the intensity recorded followed the order aqueous extract
(31.67+1.2) > mecobalamin (30.76+0.9) > negative control (23.41t0.4). The
significant increase in intensity was detected in aqueous extract group
compared to negative control and mecobalamin groups (P<0.05, n=6).
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Figure 6. Act activation in DRG neurons after crush injury. A. DRG from
uninjured nerve (contralateral side). B. DRG from injured nerve in
negative control group. C. DRG from injured nerve in positive control
group. D. DRG from injured nerve in aqueous extract group. White
arrows indicate large neurons whereas yellow arrows indicate small
neurons. Scale bar = 100 pm. E. Akt levels in the DRG as measured by
intensity of immunoreactivity. Each bar represents 24 sections of DRG
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from 6 animals per group. Means with different letters in
uninjured/injured category are significantly different (P<o0.05).

Figure 7 shows the expression of p38 MAPK within the DRG after crush
injury. Double staining of p38 MAPK with NF-200 showed no co-localization in
the DRG. Immunoreactivity for p38 MAPK was not detected in neurons of
contralateral DRG (Fig. 7A). In ipsilateral DRG, the intensity recorded followed
the order aqueous extract (34.65+0.2) > mecobalamin (29.81+0.4) > negative
control (22.31+0.6) (Fig. 7E). Although all small neurons were stained brightly
with p38 MAPK (Fig. 7B-7D), higher level of the antigen was detected in
ipsilateral DRG of rats treated with aqueous extract compared to negative
control and mecobalamin (P<o.05, n=6).
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Figure 7. p38 MAPK activation in DRG neurons after crush injury.A. DRG
from uninjured nerve (contralateral side). B. DRG from injured nerve in
negative control group. C. DRG from injured nerve in positive control
group. D. DRG from injured nerve in aqueous extract group. White
arrows indicate large neurons whereas yellow arrows indicate small
neurons. Scale bar = 100 pm. E. p38 MAPK levels in the DRG as measured
by intensity of immunoreactivity. Each bar represents 24 sections of DRG
from 6 animals per group. Means with different letters in
uninjured/injured category are significantly different (P<o.05).
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Akt promotes cell survival by inhibiting apoptosis through
phosphorylation and inactivation of several targets, including Bad, forkhead
transcription factors, c-Raf, and caspase-9 (Franke et al., 1997). p38 MAPK is
regulated by stress-inducing signals such as osmotic stress, UV radiation, pro-
inflammatory cytokines and certain toxins (Okada et al., 2007). Activation of
MAPK pathway is essential for neurite outgrowth, regeneration, synaptic
plasticity and memory functions in mature neurons (Sweatt, 2001).

Effect of H. erinaceus extract on neuronal spike activity

Neuronal spike activity was recorded in vitro from the brain slices
(hippocampal stratum pyramidale, CA1 region) of adult rats. The experimental
protocols, procedure of brain slices preparation, and recording techniques were
described earlier (Moldavan et al., 2007; Pedarzani et al., 2005). Tight seal
whole-cell voltage-clamp recordings were obtained using the “blind method”
(Blanton et al., 1989). Cultivation of mushrooms, preparation of the dried up
powder of fruiting bodies and H. erinaceus extracts were reported earlier
(Moldavan et al., 2007).

Spike reactions of 81 pyramidal neurons of hippocampus were studied
during application of H. erinaceus extracts. The character of neuronal responses
was depended on the properties of extracts. Different extracts were made using
ethanol (ETHA) or ether (ETHE) extraction, or by preparation of broth (BR)
from a dried up mushroom fruiting bodies powder. Neurotropic components of
H. erinaceus extract were well dissolved in water (pH s5.5), and retained their
effectiveness even through one month after preparation being stored at 4°C.
Broth stored at -20°C retained its neurotropic activity after defrosting.

ETHA effect

During ETHA application reactions of 63 neurons were studied. 40 (63%) of
them showed the inhibitory reaction, six neurons (10%) - excitatory responses

and 17 cells (27%) did not respond (Fig. 8A).
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Figure 8. Reactions of neurons on application of different extracts of H.
erinaceus.

Quantity of neurons (in %) reacted by inhibition and excitation during
bath application of Krebs containing broth (BR), and extracts extracted
with ethanol (ETHA) and ether (ETHE). A. ETHA. B. ETHE and C. BR. N -
quantity of neurons.

After extract was washed out the spike activity completely recovered. The
extract inhibited neuronal spike activity in a concentration-dependent
reversible manner. The increase of extract concentration from 1% up to 16%
enhanced the duration and magnitude of inhibition (Fig. 9A).
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Figure 9. The frequency of neuronal spike activity demonstrated
concentration-dependence during H. erinaceus extract application.

A. The average frequency spike activity (AFSA) is inhibited in a
concentration-dependent manner when concentration of extract
increased from 1% to 16%. The lines on the graph show the duration of
extract application and concentration in % of stock. B. Concentration-
dependence of neuronal AFSA. The data were collected from 12 neurons.
The background spike activity was taken as 100% (control). IC;,=3% (IC;,-
concentration of tested extract, at which the frequency of spike activity
was reduced twice).
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The concentration-dependence of spike activity is shown on the graph (n = 12
neurons) (Fig. 9B). The average frequency spike activity (AFSA) was plotted
against the concentration of extract. The concentration-dependence curve was
fit with exponential function, IC,, = 3% extract. The magnitude of AFSA
inhibition correlated significantly with extract concentrations (p<o.o1; R=0.86;
N=10). The duration of inhibition also strongly correlated with extract

concentration (p<o.01; R=0.85; N=10).
ETHE effect

During ETHA application reactions of 26 neurons were recorded. 9 neurons
(34%) reacted by inhibition, 2 neurons (8%) - by excitation and 15 cells (58%)
did not respond (Fig. 8B). Spike reactions of the same neurons (n=17 cells) were

compared during application of ETHA and ETHE (Fig. 10).
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Figure 10. Neuronal reactions on bath solutions containing ethanol

(ETHA) and ether (ETHE) extracts.

Histograms demonstrate the average frequency of spike activity
recorded from single neurons during extracts application. A, B.
Inhibition induced by ETHA and ETHE in the same neuron; C, D.
Inhibition and complex reaction consisting of initial excitation with the
subsequent inhibition induced by BR application, respectively. E.
Different reactions induced by BR and ETHA in the same neuron. The
duration of extracts application shown under the graphs. Extracts

concentration - 8%.
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Usually, the effect of ETHA was stronger than ETHE (Fig. 10A and B). In
some cases, ETHA induced inhibition, while ETHE had no effect (Fig. 10A). To
compare the magnitude of reactions, the background (control) level was taken
as 100%. AFSA was reduced by ETHA and ETHE to 48+9% and 74+7% of
control, respectively. In those neurons, which responded by excitation, ETHA
and ETHE increased AFSA by 242432% and 135+19% of control, respectively.

It is known, that the neurons are very sensitive to any pH change in the
recording chamber. The question was: whether the distinctions in the neuronal
responses are due to the different pH of ETHA and ETHE extracts. As measured,
the ETHA and ETHE stocks (100%) have pH 5.5. The recording Krebs solution
with final concentrations of extract 1-16% has pH 7.4 for both extracts. Thus, the
distinctions in ETHA and ETHE action could be explained by effect of those
substances, which were better extracted by ethanol or ether.

BR effect.

During BR application reactions of 21 neurons were recorded. 12 (57%) of
them reacted only by inhibition, seven neurons (33%) showed complex reaction:
excitation with the subsequent inhibition, one neuron (5%) - reacted only by
excitation and one cell (5%) did not respond. Thus, inhibitory component of
reaction was observed in 19 neurons (90%), and excitative component - in eight
neurons (38%) (Fig. 8C). Reactions of two neurons, one of which reacted by
inhibition to BR application (Fig. 10C), and another one - by initial excitation
with the subsequent inhibition (Fig. 10D) are shown. The strength of ETHA and
BR effect on spike reactions of the same neurons (n=13 cells) were compared.
Data were averaged separately for group of cells responding by inhibition, and
for neurons reacting by excitation. AFSA was reduced by ETHA and BR to
39+7% and 36+7% of control, respectively. When the excitatory reactions were
recorded, ETHA and ETHE increased AFSA by 170% and 259% of control,
respectively. One and the same neuron can respond by complex excitatory-
inhibitory reaction on BR, and by inhibition on ETHA application (Fig. 10E).

Thus, the activity of the extracts was increased in the following order:
broth > ETHA > ETHE. The ratio of neurons reacting on these extracts was 9:7:4,
respectively. Some distinction in delay and duration of neuronal reactions
apparently reflected the differences in the chemical composition of these
extracts. The Krebs solution at different extract concentrations has pH 7.4.
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Therefore, pH does not contribute to the neuronal reactions which were caused
by the components of extract exhibiting neurotrophic activity.
Effect of extract on glutamate receptors.

In comparison with other amino acids, most of all in H. erinaceus contains
glutamic acid (42.2 mg %) (Mizuno, 1999). Glutamic acid is well dissolves in
water, and is not destroyed by boiling. The high concentrated extract of H.
erinaceus dissolved in water has pH 5.5. The glutamic acid is stable at acidic
medium (pH 4.1), therefore the pH 5.5 of high high concentrated water extract
of H. erinaceus was close to optimal. At this pH glutamic acid may partially turn
into glutamate - a carboxylic anion of glutamic acid. I was shown that broth of
fungi contains significant amount of glutamate (Kinoshita et al., 2004). It is
known that prolonged activation of AMPA and NMDA glutamate receptors
could depolarize a cell membrane and decrease the discharge frequency in
neurons. Also, the activation of methabotropic glutamate receptors may induce
the hyperpolarization of cell membrane and inhibition of spike activity. We
checked this possibility by application of L-glutamate. L-glutamate evoked a
strong excitation of tested neurons in the same experiments. And what is more,

the broth suppressed the neuronal excitation caused by L-glutamate applied in
bath (Fig. 11).
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25+
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Glu === Time (min)

Figure 1. Extract suppressed the excitation caused by L-glutamate
application. BR, solution contained broth from H. erinaceus; Glu, L-
glutamate (L-glutamic acid, 100 pM). The duration of BR and Glu
application is shown under the graph.
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We suppose, that glutamate from extract could induce a fast spike spike
reactions of studied neurons. However, the inhibitory reactions could not be
explained by activation of glutamate receptors. Our further studies of ion
currents indicated that inhibition of spike activity was caused by
hyperpolarization of cell membrane induced by Ca-activated potassium
currents.

Testing the action of extract on receptors located on neuronal cell
membrane and activated by different neurotransmitters.

The most common substances that usually evoke inhibitory reactions in the
central nervous system are GABA-, serotonin- and M- and N-cholinoreceptor
agonists. To investigate, if extract can activate these receptors, we applied
agonists and untagonists spesific to these receptors. Their effect was tested by
8% ETHA application. To study does the inhibitory reactions are caused by
activation of GABAA receptors the bicuculline (GABA, receptor antagonist) was
applied. The effect of bicuculline was investigated in eight neurons
demonstrating inhibotory reactions. Bicuculline did not block reaction in seven
neurons (Fig. 12A), and in one remaining neuron inhibitory reaction induced by
extract was masked by increased background spike activity caused by
bicuculline.
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Figure 12. Antagonists of GABA- and serotonin- receptors did not alter
neuronal reactions induced by extract.

A-C - reaction of three neurons on application of: He, H. erinaceus
extract; B, bicuculline (bicuculline, 10 pM, antagonist of GABA,
receptors); R, ritanserin (ritanserin, 100 uM, antagonist of 5-HT,/5-HT,c
serotonin receptors). Effects of agonists of these receptors was also tested
on the same neurons: GABA, (GABA, 300 uM); Ser, serotonin (serotonin
(5-HT), 100 pM); B+He, extract application on a background of
bicuculline; R+He, extract application on the background of ritanserin.
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The action of ritanserin (serotonine 5-HT,/5-HT,c receptor antagonist) on
inhibitory reactions, was investigated in three neurons. In one neuron the
reaction did not change, in another one - was blocked partially (Fig. 12B), and in
the remained cell - was blocked completely. The neurons (n=10 cells) that did
not react or reacted by excitation during application of ETHA and ETHE were
tested to application of GABA and serotonin (Fig. 12C). All nine cells showed
inhibition, when were affected by serotonin. Four neurons out of seven showed
inhibition, and others did not react during GABA action. Such difference of
neuronal responses testifies to different mechanisms of action of extracts and
specified transmitters. The benzogexonium (N-cholinoreceptors antagonist)
(Fig. 13A) and atropine (M-cholinoreceptors antagonists) (Fig. 13B) did not block
inhibitory reactions caused by extract application.
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Figure 13. Effect of antagonists of N- and M-cholinoreceptors on neuronal
reactions induced by extract.

A, B. responses of two neurons on application: He, H. erinaceus extract;
Benz+He - extract application on a background of benzogexonium (Benz)
(benzogexonium, 1.7 mM, antagonist of N-cholinoreceptors); Atr+He,
extract application on a background of atropine (Atr) (atropine, 100 pM,
antagonist of M-cholinoreceptors).
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GABA was not found in H. erinaceus mushroom fruiting bodies (Mizuno,
1999) that is explaining an inefficiency of extract action on GABA receptors. Our
data also showed that inhibition evoked by extract was not caused by serotonin-
or choline- family receptors activation.

Extract does not suppress the cellular respiration.

All cells use blood sugar (glucose) and oxygen to create adenosine
triphosphate (ATP), the energy source that fuels cell function. The temporary
termination of ACSF flow in the chamber with brain slices reduced entry of
carbogen (95% O, and 5% CO,) and glucose dissolved in ACSF to the cells, and
caused the inhibition of spike activity (n=6 neurons, Fig. 14).
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Figure 14. Extract does not suppress the cellular respiration

ETHA (8%) did not change the frequency of spike activity, but the
temporary termination of ACSF flow in the chamber with brain slices
reduced entry of carbogen (95% O, and 5% CO,) and glucose dissolved in
ACSEF to the cells, and caused the inhibition of spike activity.

Such phenomenon may occur at ischemic conditions and hypoxia. In
contrast, four neurons from this group did not react on extract application. A
tolerance of these neurons to the extract on the one hand, and sensitivity to the
reduction of oxygen and glucose content in the Krebs solution on the other

hand, indicates that the extract did not suppress cellular respiration (metabolic
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reactions and processes in the cells to convert biochemical energy from
nutrients into adenosine triphosphate (ATP) and then release waste products).

Action of extract on ion currents in neurons

In a first set of experiments, the effect of H. erinaceus extracts on the resting
membrane potential and firing properties of the neurons was studied used
current-clamp technique. It was always observed a hyperpolarization of the
membrane potential (-5-7 mV), and a decrease in the number of action
potentials generated by prolonged depolarizing current injections in the 6
studied cells. In a second set of experiments, four different currents were
studied used voltage-clamp technique: 1) inward rectifier K current (I(ir)); 2)
I(h) (or I(Q)); 3) apamin-sensitive Ca-activated K current (Iapp); 4) and apamin-
insensitive, slow Ca-activated K current (slpuyp). Also in voltage-clamp, an
outward shift in the holding current, corresponding to a hyperpolarization of
the membrane potential was always observed. I(ir) and I(h) were not apparently
affected, whereas both Inyp and slapp increased (n=5). Both effects on the
membrane potential and on the AHP currents were reversible upon wash-out of
the extracts. The increase in AHP current amplitudes could explain the
reduction in the number of spikes observed in current clamp. All these effects
did not seem to have a synaptic origin, because they still were observed in the
presence of tetrodotoxin.

Action of extract on growth and development of nerve and glial cells.

The hippocampal and cerebellum cells culture (in vitro) cultivation technique
was described previously (Skibo and Koval, 1992; Fedoroff and Richardson,
1997). Following mechanical dissociation the resulting cell suspensions of
control and treated cultures appeared under phase contrast microscope as
rounded cell bodies without processes during first day in vitro, although some
cells had initial segments of processes. Cell adherence to the surface took place
within 5-10 hours after cell plating. During next 48 hours the processes renewal
or formation de novo was observed. By 4™ day in vitro neurons (usually of
pyramidal or round bodies) and glial cells with well-developed processes made
dense interlacing network and have been easily identified due to different
refraction under phase contrast microscope. Culture maturation included
increase and nerve processes growth.
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Comparative morphological analysis of 1, 2", 3™ groups and control cells
in both cerebellum and hippocampus 12-day culture did not reveal any
significant difference in nerve process growth and nerve cells development (Fig.

Figure 15. Neurons (arrowheads) and glial cells in 12-day-old cultures of
hippocampus (A) and cerebellum (B) in the presence of the extract of H.
erinaceus (phase contrast microscopy, magnification x20).
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Selection of 12-day term is explained by fact that cells in vitro mature from
processes renewal to formation of intercellular contacts network and synapses
during 10-12 days (Skibo and Koval, 1992). Longer cultivation term is necessary
for myelogenesis in vitro since myelin proteins in culture have been revealed
only after 19™ day in vitro (Notterpek et al., 1993) and mature myelinated fibres
have been observed in 26-day culture (Kolotushkina et al., 2000). In vitro
maturation of all cells had approximately equal time and rate. As we have found
previously, 10% H. erinaceus extract exhibits potent effect on spike activity of
neurons. Therefore, this concentration of extract was used to investigate its
effect on cell development and myelination of nerve fibers. Extract did not
speed up or slow down culture development as well as it did not show toxic
effect or evoked the nerve cells damage. Since there was not any considerable
difference in morphology among the control and tested groups of cell culture
grew on nutrient medium containing 10% H. erinaceus extract, it may suggest
that this extract does not affect regenerating abilities of neurons and glial cells
of cerebellum and hippocampus during first days in vitro and does not show any
promoting or destructive influence on cell maturation process during
cultivation. 26-day cerebellum culture was observed to analyse myelination
process in culture after influence of extract. Destructive influence of H.
erinaceus extract on myelination process wasn’'t observed. On the contrary, it
speeded up myelogenesis in vitro in cerebellum cell culture and these results
correspond with data which were obtained before (Kolotushkina et al., 2000;
2003). Light-microscopic analysis of these cultures revealed mature myelinating
fibres in stained tissue and showed that myelin sheathes in H. erinaceus-treated
cultures were thicker as compared to those in control samples (Kolotushkina et
al., 2003). Electron microscopic analysis showed that the process of the myelin
sheath formation in the presence of H. erinaceus extract proceeded faster and
was complete by 26™ day in vitro (in controls, it was finished by 31 day).

Thus, 10% extract of H. erinaceus did not affect the nerve cell growth in vitro,
neither evoke toxic effect or the nerve cell damage, although it improved the
myelination process in the mature myelinating fibres.
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CONCLUSIONS

Our data convincingly demonstrated a potent neurotropic and neurotrophic
properties of H. erinaceus. Its use did not cause neither nerve cell damage or
toxic effect, nor suppression of cellular respiration, but rather improved the
myelination process in the mature myelinating fibres. We also revealed a
neuroregenerative role of aqueous extract from H. erinaceus fresh fruitbodies in
the peripheral nervous system. Given the complexity of nerve regeneration,
further studies are needed to fully elucidate molecular mechanisms that H.
erinaceus utilizes to promote growth and regeneration of axons. We see this as a
critical step towards further development of this mushroom in the alternative
therapies and practices.
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K.X. BOHI, A.Il. TPUTAHCBKWU, TLI. YEHT, B. CABAPATAM, O.B.
KOJIOTYIIKIHA, B.KIPXI'O®, I''T. CKIBO, I1. TTIEJAP3AHI, K.I. BOPOHIH,
I['A. TPO/JIBUHCBKA, M.I'MOJIJABAH. JIEBOBA TI'PUBA (HERICIUM
ERINACEUS) - TIPUPOJJHHH 3LITIOBAY HEPBOBUMX YIIIKO/YKEHD

Hericium erinaceus (Bull.: Fr.) Pers. - icmigHuil i aikapcbkull KyJabmMuo8aHull
sud epubis. Ceped mpaduyitiHux nikapcvkux 3acobis 11020 sukopucmosysanu o0as
JiKy8aHHA oHKoso2iuHuX (paky) i HelipodezeHepamueHux 3axeoptogaHb. Hawi
docnidwcenHs, npoeedeHi in vivo ma in vitro, npodemoHcmpysanu
HeliponpomekmopHuil ma HelipompogiuHuli egpekmu H. erinaceus, 30kpema
noninweHHs @PyHKYIOHANbHO20 8i0HOBNIeHHA nepugepiliHux Hepsis nicas
ywkodxcens. IlopisHiosanu egpexkmu eodHux ekcmpakmie H. erinaceus ma
yuaHokobanaminy (eimamin Biz), sakull wupoko 3acmocogyiomb 041
NiKy8aHHA nepugepuuHux Hepsosux po3aadis. [is ekcmpakmies 3i caidcux
nnodosux min H. erinaceus cnpusna gidHosaeHHI0 pyHKYIU nepudepuuHo2o
Hepea y wypie nicas Uo20 po3uasneHHa. AHani3 pe3yabmamis
ekcnepumeHmis Ha mpedbaHi nokaszas, wWo 8i0HOBAEHHS pyX080i PyHKUYil
3adHbol KiHYigeku eidbysanocs paHiwe 6 epynax, wo odepicyganu
ekcmpakm, Hix y mux, wo U020 He ompumysanu (HezamueHOMY
koumpoai). Tecm, 8 skomy 0ocaidxncysanu 8i0cMuKy8aHHsA 3a0HbOl KiHYieKu 6id
nogepxHi, WO HA2pieanacs, nokKa3ae NPUCKOPeHHS 6I0HOBNeHHS Yymaueocmi
KiHYl8KU 68 2pynax, Wo OMmpuMy8anu eKCmpakm, NOPIBHAHO 3 He2amueHUM
koHmpoaem. Kpim mozo, mpasma nepugepuqHozo Hepea npuzeodums 00 3MIH y
8i00a/leHO pO3MAWOBAHUX 2aH2IAX 3a0HIX KOpiHYi8 cnuHHo20 Mo3ky (I3KCM),
AKI micmambs mina KAIMUH CEeHCOpHUX HelipoHis. ImyHogayopecyeHmHi

101



docaidyceHHs NoKazanu, wo nicas mpasmu nepugepuqHozo Hepgy ekcnpecia Akt i
p38 MAPK 6 I'3KCM 3HauHo nideuwyganace y epyni, wWo ompumyeana 600Hull
excmpakm. Ompumani daui cgidwamb npo me, wo 600Hull ekcmpakm H.
erinaceus npuweudwye @HyHKUIOHANbHe BIOHOBNEHHA NICAA  YWKOOHWCEHHS
nepugepuuHo20 Hepey 3a PpAXyHOK akmueayii KiHA30-3aNeHCHUX CUSHANAbHUX
wasxie. Jito ekcmpakmy H. erinaceus Ha iMNybCHI peakyil HelpoHi8 2inokamny
gusvanu in Vitro Ha 3pi3ax 20108H020 MO3Ky wypis. Y 6inbwocmi HelpoHis
ekxcmpakm H. erinaceus 2anbmyeas IMNyAbCHY AKMUBHICMb KOHUEHMpAayitHo-
3aNeHCHUM HUHOM, NPUYOMY AKMUBHICMb HeUpOHi8 6i0HO8.1108ANACH NICSA
npunuHeHHs dii ekcmpakma. B 3anexcHocmi 6i0 enacmugocmeti ekcmpakmis
2anbMy8aHHA cnocmepieanocs y 34-63%, a 36yducenns y 5-10% docaidnceHux
Hetiponis. IIpu docniduceHHi 3acmocogysanu 8HymMpIiWHbLOKAIMUHHe 8i08edeHHs
3a donomozoto pikcayii cmpymy abo Hanpyeu Ha Mmem6bpaHi HelpoHY.
T'anvmysanHs imnynbcHol akmugHocmi HellpoHy nid wac anaikayii ekcmpakmy
6ys10 cnpuuuHeHe 2inepnoaspusayieto membpanu kaimunu. Lla einepnoaspusayis
He 6yna eukaukaHa 3pocmanHam K' cmpymy, wo demoHcmpyeas eunpsamaeHHs
npu exodxyceHHi 8 cepeduHy kaimuHu (I(ir)) i He cynpogodxcysanacs 3miHamu
kamionHux cmpymie I(h), wo akmueyiomcs ecinepnoaspusayielo , npome
yymaueuti do anaminy akmueosaHull kaavyiem K cmpym (Iapyp) ma anamin-
Hevuymaueutl, noginbHull akmugogarull kaavyiem K cmpym (slayp) 3pocmas. Bei
edpekmu, ski peecmpysanucs 3a donomozoio memody dikcayii nomeHyiana,
govesuUdb He MAIOMb CUHANMUYHO20 NOX0JdXHCeHHA | NOKA3yomb 0it0 eKkCmpakmy
Ha memb6bpany knimunu. Excmpakmu H. erinaceus He npueHiuytomb KaimuHHe
duxaHHs. Bnaue exkcmpaxkmie H. erinaceus Ha po38umok Hepg8ogux 8i02anyxiceHb
ma npouec mieainizayii in vitro docaidncysanu Ha Kyabmypi kaimuH. Exempakm
H. erinaceus noainuyeas npoyec MieniHi3ayil y 3pilaux MIENIHI308AHUX B010KHAX
y KOHUeHmpayii, AKa He 8NAUBANA HA picm Hepeosux KAIMUH in Vitro ma He
BUKAUKAA MOKCU4HOI dii, YU NOWKOJHCEHHA HEPBOBUX KAIMUH.
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K.X. BOHI, A.®. TPUTAHCKMHU, ILT. YEHI, B. CABAPATAM, O.B.
KOJIOTYIIKHWHA, b. KUPXTO®, TI'.l. CKHMEBEO, II. TIEJAP3AHH, K.MN.
BOPOHUH, A.A. TPOA3UHCKAA, M.I. MOJIIABAH. JIbBUHAS T'PMBA
(HERICIUM ERINACEUS) - ITPUPOJIHBIN MCLEIWTE/b MMOBPEXAEHWI
HEPBOB

Hericium erinaceus (Bull.: Fr.) Pers. - c»edo6Hbili U J1eKApCMBEeHHDbIL
Kyabmusupyembill 8ud epu6os. Cpedu mpaduyuoHHbIX 1eKapcmeeHHbIX cpedcma
€20 UCNoONb306aNU 01 JeYyeHUs OHKOJI02UHeCcKUX U HelipodeceHepamugHbLX
3abonesanuti. Hawu uccnedosaHus, npogedenHble in vivo u in Vvitro,
npodemoHCcmMpuUpoB8anU HellponpomeKmopHsll U Helipompoguieckuil dPgpexmbl
H. erinaceus, 8 uacmHocmu, yayuweHue @YHKUUOHANIbHO20 B80CCMABHOBEHUS
nepugepuqeckux Hepsos nocne nospexcderutl. CpasHusanu 3gpgpexmovl 800HbIX
akcmpakmoe H. erinaceus u yuaHnokobanamuua (eumamuna Biz), wupoko
npumeHsiemoz2o O0as JneveHus nepugepureckux HepeHbIX paccmpoilcms.
Jeticmeue skcmpakmos u3 ceexcux naodosvlx men H. erinaceus
cnocobcmeosano 8occmaHosneHUl @yHKYull nepugepuyeckozo Hepsea Yy
Kpblc nocae e2o pa3zdasausaHus. AHAAU3 pe3yabmamos 3KCnepuMeHmos Ha
mpedbaHe nokasasn, Ymo 8occmaHosaeHue dgueamenbHoOU pyHKyuu 3adHell
KOHeYHOCMU HAYUHAIO0Ch paHbWe 8 2PYyNnax, Noay4aswux 3KCmpakm, 4em
y He noaywsaswux e2o (HezamugHbulll KoHmpoaw). Tecm, 8 kKomopom
uccnedosanu omdepeusaHue 3adHell KOHeYHOCMU OM  Hazpesarowelics
NOBepXHOCMU, NOKA3A7l YCKOpeHUe B0CCMAHOBNeHUS Yy8CMeUMmeabHOCmuU
KOHeYHOCMU 8 2pynnax, NOoJy4aswux 3KCMpAaxKim no CpagHeHUI0 ¢ He2amueHbIM
koHmponem. Kpome mozo, mpasma nepugepuueckozo Hepsa npugodum K
UBMEHEeHUSM 8 OMmOaneHHO pPACNONONCEHHbIX 2aHeAUAX 3a0HUX KOpewkKos
cnunHo2o Mmozea (I'3KCM), komopwie codepycam meaa KAemMoOK CEeHCOPHBIX
HellpoHos. HMmmyHopayopecyeHmHble UCCA€008aHUS NOKA3AU, HMO NOCae
mpasmbvl nepugepuieckozo Hepsa akcnpeccus Akt u p38 MAPK e I'3KCM
3HaWumenbHO 8o3pacmana 8 epynne, noJjydaswel B00HbIU dKCMpAKM.
ITonyueHHble daHHble céudemenbcmeylom o Mom, 4mo 8odHblll akcmpakm H.
erinaceus yckopsiem (PyHKUUOHANbHOE B80CCIMAHOBIEHUEe NOCJae No8pexcoeHUs
nepugepuieckozo Hepea 3a ciem aKMuU8aAyuUU KUHA30-3ABUCUMbBIX CUSHANbHBIX
nymeti. [leticmeue saxkcmpakma H. erinaceus Ha UMITyIbCHBIE peakyuu HelipoHO8
2UNNOKAMNA U3yHaau in vitro Ha cpe3ax 207108HO20 M032a Kpblc. Y 6oabwuHcmaa
HelipoHO8 3kcmpakm H. erinaceus MmMoOpMoO3unl UMNYAbCHYIO AKMUBHOCMb 8
3asucumocmu  om  KOHUEHmMpayuu, npuvyem  aKMU8HOCMb  HelpOHO8
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80CCMAHABAUBANACL — NOCAe  NpekpaweHus  deticmeus  3kcmpakma. B
3asucumocmu om cgolicme 3KCmpakmos mopmodxceHue Haba0anocs y 34-63%,
a eo36ymdeHue y 5-10% uccnedosanHblx HelipoHos. IIpu uccaedosaHuu
NpUMeHSIU 8HYMPUKJIEMO4YHOe omeedeHue C NOMOWbI Pukcayuu moka uau
HanpsaxceHus Ha membpaHe HelipoHa. TopmodceHue UMNYAbCHOU akmueHocmu
HellpoHa 8  MmeveHue  ANNAUKAYUU  3KCMpakma  OblI0  8bl36aHO
eunepnoaspusdayueli memo6paHsvl Kaemku. Ima eunepnoaspuzayus He Oblaa
ebi3gaHa eozpacmaHuem K' moka, komopwili demMoHCmMpuposan evlnpsmieHue
npu exoxcdeHuu 8 cepeduHy kaemku (I(ir)) u He cOnNpPoBONAANACH U3SMEHEHUSAMU
KAMUOHHbBIX mokos I(h), aKkmueupyemblx 2unepnoaspusayuet,
00dHako,4y8cmeumesnbHblll K anamuHy, akmusupyembill kanvyuem K mok (Iayp)
U anamuH-HevyecmeumesnbHblll, medaeHHbll, akmueupyemviti K mok (slapp)
go3pacman. Bce agpgpexmul, pecucmpupyrowuecs npu nomowu memoda ukcayuu
nomeHyuana, o4esudHO, He CUHANMUYECKO20 NPOUCXOWCJeHUS. U NOKA3blearm
deticmeue 3Kkcmpakma Ha KaemouHyto membpany. Ixkcmpakmot H. erinaceus e
nodasasiom kaemouHoe OJvixaHue. Bausnue sxcmpaxkmoe H. erinaceus Ha
passumue HepeHblX oOmMeemsejeHUll U Npoyecc MueauHusayuu in Vvitro
HICCTIeIOBAIN HA Kyabmype kiaemok. Okcmpakm H. erinaceus ynyuwan npoyecc
MuenuHu3ayuu 8 3penblx MUEeNAUHU308AHHbIX B0J0KHAX 68 KOHUYeHmpayuu,
KOMopas He 61UsAd HA POCM HEPEHbIX KJAemOK in VItro u He 6bl3bleana
mokcu4eckoeo 803delicmeaus unu nogpexcoeHUs HEPBHbIX KAeMoK.
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CIHEKTPbI U3OPEPMEHTHbBIX CUCTEM JIEKAPCTBEHHOI'O 'PHUBA
SCHIZOPHYLLUM COMMUNE FR. (BASIDIOMYCETES)

Ilposeder  aHanu3  6HYMPUKIEMOYHbIX  U30(epMEHMHbIX  CNeKmpos
nekapcmeeHHozo epuba Schizophyllum commune Fr. Ycmanoeneno, umo
aucmoxumuyeckue uccnedogaHus —@PepmeHmHblXx cucmem epuba  ayqwe
nposodums 6 15-30 cymouHom Mmuyeauu. OO6HapymwceHo wecmHadyamos
ANeNbHbIX 8APUAHIMO8, HAX00AWUXCA NO0 KOHMPOaeM ceMu 2eH-pepMeHMHbIX
JI0KyCO8, OMBEMCMeBeHHblIX 3a CUHMe3 wecmu @epmMeHmMHbIX Ccucmem.
YcmanoeneHa cmabunbHO BbICOKAS AKMUBHOCMb  Cynepokcudoucmymaswsl
kyabmyp Sch. commune, 6 meueHue 8ce20 Cpoka KyAbMUBUPOBAHUS,
noomeepxcdarowas nepcneKmMueHOCMb U 060CHOBAHHOCMb  UCNONb308AHUSA
2puba npu mepanuu 310Ka14ecmeeHHblX 06pazosarull.

KiioueBsie cioBa: usodpepmeHTsl, 10Kychl, Schizophyllum commune, anneny,
BO3pACT MULe/IHs, 31eKTpodopeTnyecKas MoJABIKHOCTh

BBEJAEHUE

BuzpoBoii cocTaB MaKpOMHIIETOB, HACE/SIIOLIUX 3eMJII0, OKOHYATe/ThbHO
ewé He ycraHosreHn (Hawksworth, 2001), HO TpW 3TOM 3HAYUTETbHOE
KOJIMYECTBO y)Ke€ M3BeCTHbIX 'PHUOOB HaXOAAT CBOE€ MpPUMeHEHHe B HAPOJHOM
meauuyHe (Boa, 2004; Wasser, 20m). [lepcrieKTUBHBIMH HCTOYHUKAMHU
JIeKaPCTBEHHBIX BeLIECTB SIB/SIIOTCS OasuavajbHble TPUObI, HACYUTHIBAIOLIME
6osee 16 ThiCcsSTY BUIOB. [puOBI HapaBHe C PAaCTEHHUsIMH MCIOJB3YIOTCS KaK B
TPAJUIMOHHOW, TaK W B OUIMHAIBHON MegauliiHe. OHU TPOAYLUPYIOT
pa3nuyHble OWOJIOTUYECKH aKTHUBHbIE BelleCcTBA CO  CrelupUuIecKuM
XUMHUYECKHUM COCTAaBOM, He MMEIOUIMM aHAJ/IOTOB B PACTUTE/NBHOM U KUBOTHOM
mupe. [Ipu ynorpe6ieHnH J1eKapCTBEHHbIX TPUOOB B MHUILY, UX GHOIOTUYECKU
aKTHBHbIE BeIeCTBA CIOCOOCTBYIOT PEry/siiMy  Pa3JuYHbIX  QYHKLIMH
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OpraHU3Ma, y/Iy4IleHHI0 OOMeHA BelleCTB U CTUMY/ISILMN UMMYHHOM CHCTEMBI
yesnoBeka (Boh, Berovic, 2007; Hobbs, 2005; Reshetnikov et al., 2001; Wasser,
2002). B mocnesHue rombl BeAymIMMH HAyYHBIMH /1TAa00OPATOPHUSMU YCHIEHHO
BE/IyTCsI MOWCKU HOBBIX JIEKAPCTBEHHBIX BEIIECTB TPUOHOTO MPOMCXOKIEHUS.
3HaYUTEe/IBHBIX YCIIEXOB B 3TOM 006/acTH AOCTUTIN ydyeHble Snonuu, Kwuras,
®panruu, Uspawns, Fepmanuu, Aurium, CIIA (Yang et al., 1999; Zhang et al.,
2007; Wasser, 2011, 2014). IlosydeH psii 1eKapCTBEHHBIX TMPENapaToB U3
IJIOZIOBBIX TeJ JUKOPACTYUIMX W BBIPALIEHHBIX B MCKYCCTBEHHBIX YCIOBUSIX
rpu6oB: "bepynrun", "lluzoduwnnan”, "Yarosur", "CanaBupon', "MukoroH",
"Kpectun", "Kopauuenc” u ap. (Fisher, Yang, 2002; Kanazawa et al., 2005; Yifeng
Zhang et al., 2013). [TonucaxapugHbie TpenapaTbl OHKOCTATUYECKOTO AeHCTBUS
MpeACTaBASIIOT c000¥ [-rarokaHbl WM P-D-rIoKaH-MPOTEMHOBBIM KOMILJIEKC
MOJIEKYJISIPHAsT Macca KOTOPOTO KOJIEGIETCS OT 100 000 0 500 000.

[Tovcku GMOOTUYECKU aKTUBHBIX BEIL[eCTB IPUOOB BEIYTCSI B HECKOBKHIX
HAIPaB/IEHUSIX: MPOTHUBOOIYX0JIeBasi, MMPOTUBOBUPYCHAsl, aHTHOGAKTepHabHAS
aKTUBHOCTH, QJIANITOTEHHOe JAeicTBHe (a/ulepruyeckrie, ayTOMMMYyHHbBIE
3a6oneBanust). I1OoCKO/MBKY TpemnapaTsl M3 TIPUOGOB COBMECTHMBI C JIFOOBIMU
dbapMaKoIOTHYeCKUMH CPeICTBAMU M YCBAMBAIOTCS KAK MHINA, X MOXXHO
HCIIO/Ib30BaTh B COCTaBe KOMIUIEKCHOTO JIeYEeHMs, a TAKKe TMPUMEHATh B
MpOoPUIAKTUYECKUX Le/sIX [ yKpeIUleHusi 370poBbsi. HamGomee dvacto B
HAay4YHOM JIMTEpaTrype B KayeCTBe WMCTOYHUKOB OHONIOTUYECKH aKTHUBHBIX
BEIeCTB YKa3bIBAIOTCA CeAytoliue Buapl rpuboB: Inonotus obliquus (Fr.) Pilat,
Laetiporus sulphureus (Bull.) Bond. & Singer, Auricularia auricula (L.) Underw.,
Ganoderma applanatum (Pers.), G. lucidum (Curtis) P. Karst., Daedaleopsis
tricolor (Bull.) Bondartsev & Singer, Fomitopsis pinicola (Sw.) P. Karst., Fomes
fomentarius (L.), Trametes versicolor (L.) Pilat, Irpex lacteus (Fr.) Fr.,
Armillariella mellea (Vahl) P. Karst., Pleurotus ostreatus (Jacq.) P. Kumm.,
Schizophyllum commune Fr. u gpyrue.

[lIupokoe pacnpoctpanenue Schizophyllum commune Hauuio CcBoOe
OTpa)KeHHe B MHOTOYHMC/IEHHBIX HAy4YHBIX HCC/I€ZOBAHUSX U MPAKTUYECKUX
pa3paborkax. B pesynbprare Obla yCcTaHOBIEHA CIIOCOGHOCTH TpubA
NPOAYLMPOBaTh OGUOJOTMYECKA AKTHBHBIE BEIECTBA C IPOTHBOOIYXOJEBOM
axktuBHOCTHIO (Hobbs, 2005). B nonydeH mpenapar, MOayYUBLIMI Ha3BaHHE
"luzodunnan”, KOTOPHIA B HACTOsIEe BpPeMsI CEPUMHO BBITYCKAETCS
HECKOJIbBKUMHM ~ STIOHCKUMH  (papMal|eBTUYECKUMHM  KOMITAHUSIMHM, KOTOPBIMA

HCIIOJIb3YEeTCs1 B KIIMHNU4Y€CKOM JIEHeHHNH IIalIJUEHTOB, nepeHecumnx
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nporuBoomnyxoneBylo Tepanuio (Daba, Ezeronye, 2003). [Togo6GHbie cBoiicTBa
rpuba OOYyC/IOB/IEHBI He TOJNBKO HaMu4veM [-TIOKAHOB, HO W MOILHOMN
dbepMeHTHO! CHCTEeMOM, XapaKTepHOU st MHOrux rpu6os (Yu-Ming Liu et al.,
2013; Treshalina et al., 2000).

JlekapcTBEeHHBIM rprbaM  CBOWMCTBEHHA BBICOKAs DH3MMATHYeCKast
aKTUBHOCTh.  JlaKKasbl, CyHepPOKCHUAJUCMYTa3bl, [JIOKO300KCHUJA3bl U
MEePOKCUA3bI TMPEeJOTBPALIAIOT OKCUJATHUBHBIA CTPECC M WHTHUOMPYIOT POCT
KJIETOK NPH Tepanvy 3/I0Ka4eCcTBeHHbIX oOpa3zoBanuil (Zaidman et al., 2005;
Jian Cui et al., 2003).

depMeHTHbBIE CUCTEMBI IPUOOB OCTAETCS 0 CHX MOP Ma/IOM3yY€HHBIMU U
MPEe/CTAB/ISIOT HAYYHBIA WHTEPeC C HEeCKOJIbKHUX TOYeK 3peHHsi. Bo-mepBbix,
MOI00HBIE 3HAHUS MTO3BOJISAT OLEHUTH MEPCIIEKTUBHOCTH UCIIOIb30BAHUS BUIOB
JIJIS1  Pa3/UYHbIX  OWOTEXHOJOrMYecKux  paspabortok. [lemoHupoBaHue
3HAYMUTETHPHOTO KOJIMYECTBA KY/IBTYP C YCTAHOB/IEHHBIMH U30(pEPMEHTHBIMU
CIeKTpaMHU B TePCIeKTHBE MOXXeT TIOMOYb BBISIBUTh KOPPEISLHOHHYIO
3aBUCHUMOCTh C WX BBICOKMM IIPOTHUBOOMYX0/MEBbIM 3¢ddexTom. Bo-BTOpBIX,
BOIIPOC CUCTEMATHUKHA MAaKPOMHLIETOB OCTAETCsI OJJHUM M3 aKTya/IbHBIX BOTIPOCOB
MHUKOJIOTMH M YCTAaHOBKA M30(EPMEHTHBIX CIIEKTPOB MOCTY)XUT CyILIeCTBEHHBIM
JOTOTHeHreM UX xapakrepuctuku (Wasser, 2011; Zervakis et al., 1994; Shnyreva
et al., 2004). Kpome TOro, ¢pepmeHTHBIE CHUCTEMBI YACTO HCIOIB3YIOTCA B
KauecTBe  MOJIEKY/ISIPHO-TEHETUYECKUX MapKepOB MPU  IOMYJISLIMOHHBIX
uccnenoBanusx suga (Boiiko, 2012; Siddiquee et al., 2007; Hussain, Barz, 1997;
Matsumoto et al., 1995; Boiko, 2015). KogoMuHaHTHBII THI Hac/ieZOBaHUS
MapKepOB MO3BOJISIET JOCTATOYHO JIETKO M3y4YaTh reHeTHYecKre OCOOeHHOCTH
rpuba, OCHOBBIBAsICh Ha cerperanuu npusHakoB (auto3umos) (Linde et al., 1990;
Siddiquee et al., 2007; Shnyreva et al., 2004). [Togo6Has uapopmarus aas Sch.
commune OTCYTCTByeT, MOITOMY Lie/Ibl0 MCC/IeJOBAaHUsSI OBLIO OIpejesieHre
n30$epMEHTHOTrO CIEKTPa U OCOOEHHOCTEN peasM3alvii a/UI03MMOB Y JAHHOTO

00BbeKTa.

MATEPHAJIBI U MET Ol bl

O06BeKTOM HCCcIef0BaHUM OBLIN M- © MOHOKaPUOTHYECKUE KYJIbTYPBI
Sch. commune. /lukaproTH4ecKue KyJabTypbl ObLIN MOTy4€eHbl N3 Ga3uArOoKapa
rpu6oB, cobpaHHbIX B MBaHo-PpankoBckoii, Yepuurosckoii, JloHenkoit

o6nactsx Ykpauss! 1 AP Kpbim.
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BeigeneHre  YMCTBIX ~ JUKAPUOTHYECKUX  KY/ABTYD  OCYILECTBIISUIA
CJIeyIOUMM 00pa3oM: MpeABApUTEIbHO OYHIIEHHOE IUIOJ0BOe Teno Tpuba
paspe3asii Ha (parMeHThl 3X3 MM, KOTOpbI€ CTEPHUIBHBIM MHKOIOTHYECKHUM
Kptoukom mepenocunu B 8% pacrBop H,O, u BblgepXuBamd 1-2 MUH,
00paboTaHHbBINM (parMeHT MepeHOCHUIH B MPOOUPKY C KapTOdenbHbIM arapom,
OCJTe TIOSIBJIEHUSI YUCTOTO TPUOGHOTO MULE/IUS TPOBOIU/IN TTIOBTOPHBIH TIepeceB
Ha YMCThIe UTaTenbHbIe cpeabl (bunait, 1980).

[TonyyeHrie MOHOKAPUOTHUYECKHUX KYyJIbTYDP OCYIIECTB/ISITA METOLOM
CIIOPOBBIX OTMEYaTKOB. [lo/ydeHHbIE W30/ATHI KYJIBTUBHPOBAM HA >KHUAKOM
[JTIOKO30-TIeNTOHHO#M cpene B TepmocTtate TC-80M mpum temmneparype 28°C.
HadanpHast KHCIOTHOCTD MUTATENBHOM Ccpebl cocTassisia pH 5,0.

Munenuii rpr6GOB MPOMBIBA/IM M BBICYLIMBAK MPU MTOMOLIM BaKYyMHOM
bunbTpaLyK, Jasiee roMOTeHU3UPOBAIM B TPUC-LIUTPATHOM GydepHoi crcreme
u ¢punbprpoBamu. KommyecTBo BHECEHHOTO GeKa B KXKAYIO TYHKY K0ie6anoch B
npefenax 40-60 MKr. JaeKTpodopeTHyecKoe pasfesieHrne BHYTPUKIETOYHBIX
6enKoB ocyilecTBasM B 7,5% ¥ 11,25% mnonuakpunamuaHom resne (Laemmli,
1970) C HCIOJb30BaHWEM TPUC-TIULUHOBOU OydepHoit cucremsr (pH 8,3).
[McToxuMuveckoe TPOSIBJIeHWE 30H AKTUBHOCTH  OCYIIECTBIISUIA  [IJIst
cnenyrouux GpepmeHTHBIX crcTeM: rayramartaerugporenasa (GDH) (K 1.4.1.2),
CYNEePOKCUATACMYTa3a (SOD) (Kd 1.15.1.1),
riyramaTtokcanoanerarrpancamuiaza  (GOT) (K 2.6..1), acrepasza (EST)
(K® 3.1.1.1), kucmas pocdaraza (ACP) (K 3.1.3.2), a-amunaza (AMY) (K 3.2.1.1)
(Manchenko, 2003). leHeTnyecKuin KOHTPOJIb BbISIBJICHHBIX
3/71eKTPOPOPETUYECKUX BaPUAHTOB (PEPMEHTOB M3y4Ya/Ii METOJOM aHAa/IM3a MX
cerperajii  CpeJyd MOHOKapHUOTHYECKHUX KYJAbTYyp. B  cooTBercTBHMH C
MEH/IEIEBCKUMHU ~ 3aKOHOMEPHOCTSIMM, TIPU  MOHOTE€HHOM  HaC/Ie[OBaHUM
MPU3HAKA, TeTePO3UTOTHOTO 10 KAKOMY-THOO0 JIOKYCY, a/le/ibHbIe BAPHUAHTHI (B
HAllleM CJIy4ae a/JIO3UMbI) Cerperupyor B cooTHouwieHnu 1:1. CrerneHb
COOTBETCTBUA  HAOIIOJAEMBIX  COOTHOINEHWH  a/UIO3MMOB  O)XXHUJA€MbIM

OLIEHMBAJIU C MTOMOIIBIO KpuTepus X~ (Aitana, 1984).
PE3YJIbTATBI U OBCYXKAEHHWE

[Tpu mccnenoBaHWMM BOIMPOCOB T€HETHKU rpuba TpelyeTcsi YCTaHOBUTH
MHUHHMMaJIbHO HeOOXOJVMOe KOJIMYeCTBO CYTOK, B Te4yeHHe KOTOPBIX Obl B
KJIeTKaX HAKAaIuIMBajicsi (PEepMEeHT B KOHLEHTPALUSIX HEeOOXOJUMBIX IJisi €ro
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onpezaenenust. CPOK KyJTbTUBHPOBaHUs (30 CYyTOK) GbII OOYC/IOB/IEH TEM, YTO
MpPU [JAHHBIX YCJIOBUSIX Ky/IbTypa rpuba mpoxoiuT Bce ¢a3bl CBOEro pocra
(Bumait, 1982). Yepe3 Kaxiple TpOe CYTOK TPOBOAWIM HCC/I€L0BAHUS
BHYTPUK/IETOYHBIX N30(E€PMEHTHBIX CUCTEM.

B xozme nccnenoBaHMsl yCTAaHOBJIEHO, YTO TyTaMaTleryporeHasa umeer
30HBI AKTUBHOCTU H30(EepMEHTOB C OTHOCHUTENBHOH 3/1eKTpOodOpeTHIecKoit
nogskHOCcTEI0 (O3IT) 0,13 ¥ 0,15, Y€TKO MPOSIB/IsSIEMbIe B MEPHOJ, C 15 O 27
CYTKH KyJIbTUBHPOBaHUs (pUC.1).

CyTiku
3 6 9 12 15 18 21 24 27 30 Rf

A TR S TR g:wg_is

Puc. 1. Bausanue Bo3pacra munemusi Schizophyllum commune Ha
BapualdebHOCTh BHYTPUK/JIETOYHBIX  H30(pEepPMEHTOB rJayramar-
JeruaporeHassl

N3odepmenTs! a-ammiaasel Sch. commune NpoOSIBASIMCE ABYMSI 30HAMH
aktuBHOocTU ¢ ODII 0,43 u 0,80. Ha pucyHKe 2 XOpollo BUAHO MOCTelleHHOe
HaKoIUIeHHe M30pepMeHTOB K-aMHJIa3bl M HAYMHAS C 15-18 CyTOYHOTO BO3pacTa
MULe/IUST X U eHTU(UKALYS He BbI3bIBAET MpobieM.
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CyTtkn
3 6 9 12 15 18 21 24 27 30 Rf

— O 43

), 30

Puc. 2. Bimsinue Bo3pacrta munenus Schizophyllum commune Ha
BapualeIbHOCTh BHYTPUKIETOYHbBIX H30()€PMEHTOB O-aMHJIa3bI

BHyTpuKIeTOYHast pepMeHTHast CUCTeMa CylepOKCHIAUCMYTa3bl
Sch. commune nipeAcTaBeHa MATHIO 30HAMH AKTUBHOCTH C OY€Hb KOMITAKTHBIM
pasmelenvieM (puc.3.). OTHOCHTETbHAs IEKTPOPOPETHIECKAsE TOJBKHOCTh
30H HAXOZMUTCS B TIpejeax 0,11-0,18 (11,25% rejib) ¥ BU3yaTU3UPyeTCs, HAUYHMHAs
C 3 CYTOK KYJIbTUBUPOBaHUA.
CyTku
3 6 9 12 15 18 21 24 27 30 Rf

Puc. 3. Bnusanume Bo3pacra munemus Schizophyllum commune Ha
BapuabeIbHOCTH BHYTPHUKJIETOYHBIX n3odepmMeHTOB
CYIepOKCUAAMCMYTA3a

OO6pamaer Ha cebGsi BHMMaHHe OOJblIOe KOJMYECTBO HU30pOpM

CYIIepOKCUAJNCMYTa3bl M WX BBICOKAsi aKTHBHOCTh C IIEPBBIX CYTOK pOCTa
muuenus Sch. commune.
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[lomyyeHHble HaM{ JaHHbIe TI03BOJIMJIIM YCTAaHOBUTH, 4YTO 4YacCTh
a/UI03UMOB MOXXeT ObITh HCIIO/b30BaHA MpPH TMPOBEJEHUU TOMYJISILUOHHO-
reHeTH4Yeckux uccaenoBanuii Sch. commune (Boiko, 20m1). [IpeacraBienHbie B
Tab/MIe 1 JaHHbIE TOKAa3a/d, YTO HU Yy OJHOTO W3 HIeHTHU(PUIMPOBAHHBIX
MoMMMOP}HBIX JIOKyCOB He HAOJII0JAN0Ch [JOCTOBEPHOTO OTK/JIOHEHHSI OT

O)XXHUOaeMOro COOTHOIIeHHUA 1:1.

Tab6auua 1.
Cerperanus a/ut03uMoB y KyabTyp Schizophyllum commune Fr.
I'enoTun Yucno KyabpTyp COOTHomejme Kpurepwii y*
ajutenei
Got®° 5 23:26 0,49
Got®/° 6 31:24 0,89
Got®/*? 3 1218 1,20
Amy-29"° 5 20:28 1,33
Amy-29"° 2 7:10 0,53
Amy-29"" 2 15:7 2,90
Amy-2"" 3 11:19 2,13
Amy-2""" 3 1318 0,81
Acp"®8 2 7:11 0,39
Acp"®/° 2 1:6 1,47
Acp'*®° 4 15:23 1,68

Bonee mospo6OHO yAamoch YCTAaHOBUTH CleAylolee:

a-amunaza (AMY). Ha rensix usopepmentsr AMY mpezcraBieHbl IByMst
(MHOTJA TpeMst) 30HAMU aKTUBHOCTH, KOTOPbIE, BEPOSITHO, KOAUPYIOTCS IBYMSI
noxycamu: Amy-1, Amy-2 (puc.4). Jlokyc Amy-1 uMen 1Ba ajiess, a T0Kyc Amy-2
ObUI TPe/ICTaB/IEH YETHIPHMSI A/UTO3UMHBIMU BapHaHTaMu (Talt. 2).
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Amy2%

Amy21% ~ Amy21%

Amyzﬂo

Amy17%°

Puc. 4. dnexkrpodoperpamma aur03uMoB a-amuassl Schizophyllum
commune

Tabauna 2

®PepmeHTHI, TOKYCHI ¥ AJUIEIH C UX MOABIDKHOCTSIMH, HA0TI0jaeMbIe Y
npeacraButeneit Schizophyllum commune

Ha3Banue | AGGpeBuaTypa Jlokychl Annenu Rf
o 0,78

Amy-1 195 7
100 0,74
o-aMuasa AMY 1o 045
106 0,43

Amy-2

100 0,41
95 0,39
,36

109 o3
0,30
['myramar- 100 0,33
OKCaJIoaleTar- GOT Got 0,30
TpaHCaMHHAa3a 01 0,30
8 0,33
0,27

r - )
yravat GDH Gdh 100 032
JerujporeHasa 0,28
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u8 0,46

Kucnas 108 042
docdaraza ACP Acp 042
100 0,39

0,36

0,28

0,25

Cynepoxcua- SOD Sod 100 0,22
JYCMYyTa3a o018
0,15

JcTepasa EST Est 100 0,98

Jlokyc Amy-1 3a4acTyi0 He TIPOSIBIISLICS Y  'POAUTEIHCKOro"
IUKApUOTHYECKOTO MUILIEHSI U HA060POT MOT MHTEHCHBHO BHU3ya/IM3UPOBATHCS
Y MOHOKapUOTHYECKUX KyIbTyp (pHC. 4), NO3TOMYy B Ja/JbHEHIINX
MCC/IeJOBAaHUSIX €T0 UCIIO0/Ib30BaTh He peKoMeHayeTcst. JIokyc Amy-2 Ha rejeBbIx
IUTACTUHAX MPOSIB/SUICS JOBOJIBHO YeTKO M CTAaOW/IBHO, 4YTO [ejlaeT ero
MEePCIeKTUBHBIM ISl JAA/IbHEMIIero WCIO/MIb30BaHUSI B  IMOMYJISILIMOHHO-
reHeTHYeCKHX UcciefoBaHusax Sch. commune.

I'nymamamokcanoauemammpaHcamuHasa (GOT). [Ipu
IMCTOXMMHUYECKOM OKPALIMBAHUU TeJisi BbISIBJIEHO Pa3/MYHOEe KOIUYECTBO 30H
aKTUBHOCTH dpepmeHTa (pHLC. 5).

Got*? Got'™ Got’" Got'®
Puc. 5. DaekrpodoperpamMma a/JIO3MMOB  IJIyTaMaTOKCAJIOAleTaT

TpaHCAaMHHA3bl JUKAPUOTHIECKHUX (1, 4) U MOHOKAPUOTHUYECKHUX (2, 3, 5, 6)
KyabTyp Schizophyllum commune
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Wccnenyss pacnpefeneHue JAaHHOTO TNMPU3HAKa Y MOHOKAapHOTHUYECKOTO
MIOTOMCTBA, yJIa/IOCh YCTAaHOBUTH IPUCYTCTBUE 4 ajUlesieii, KOAUPYyeMbIX OJHUM
noxycom. Amremu  Got®”, Got'™®, Got' Ha snekTpodoperpamMmax OGbLIH
NIpe/CTaB/IeHbl [JBYXITOJIOCHBIMH BapuaHTamMu ¢epmeHTta, a aswtens Got”
ofHomoMocHbIM. Astenib Got'” OKasajcsi GOCTaTOYHO PEeNKHUM, YacTOTa ero
BCTPEYaeMOCTH COCTaBUIIA 0,08.

I'nymamamodezudpozenasza (GDH). Psig meruaporenas, wccienyembix
Hamu y mpencrasureneit Sch. commune (Boiko, 2011), o6benunsieT BbICOKast
HayvaJ/IbHasl aKTUBHOCTb Y CBEXEBHECEHHOTO B Tejib MaTepHasia U ObIcTpasi ee
MoTepsi MO MCTeYeHUH BpeMeHM. /JlaHHBIN (aKT 3HAUMTEBHO 3aTpPyJHSET
paboTy c 3TO0i rpynmoi ¢pepMeHTOB, MOCKOJIBKY JOCTAaTOYHO CJIOXXHO MOJ00paTh
KOJIMYECTBO BHOCHMOIO MarTepuasa 0e3 pHCKAa TOJy4eHUsT H30BITOUYHOMN
KOHLIEHTPAUMH OejKa B NMOJMAaKPUIAMHUAHOM Tejie WU MOTePU OINpejeTeHHbIX
30H aKTUBHOCTH (depMeHTa KaK pe3yJIbTaT €ro HeJoCTaTKa. B pesysnbrare
IIPOBeIeHHBIX MCC/Ie0BAaHNN ObUIO YCTAaHOBJIEHO Ha/IMYMe y BCeX UCCIeyeMbIX
Ky/bTyp MoHOMOpdHOro nokyca Gdh, KOTOpbIii BU3ya/IM3UPyeTCss Ha rejieBbIX
IUTAaCTHHKAX B BUJE JBYX M GoJjiee T0I0C akTUBHOCTH dpepmenTa (puc. 6). Xors
He WMCK/II0YeHO, YTO 3TO MOTYT OBbITh ZBA TE€CHO CLEIUIEHHBIX JIOKYCa, OZHAKO
VMMEIOIIMXCSl Ha CEeTOAHSIIIHUN JleHb JaHHBIX IOKa HeJOCTaTOYHO, YTOOBI
MO TBEPIUTD WU ONIPOBEPTHYTH JAHHOE MPEATIONIOKEHHE.

— — — — ? Gdh1
:- - —

Puc. 6. DnexkrpodoperpamMma a/yIO3UMOB TIyTaMaTAeruApo-reHasbl
auKapuoTndecko (1) wu  MoHOKapuormvyeckux (2-8)  KymbTyp
Schizophyllum commune

Kucnas ¢pocpamaza (ACP). 30Ha aKTUBHOCTH 3TOro ¢epmMeHTa
KOHTPOJIUPYETCsl IOKyCOM AcCp, U3MEHYNBOCTb KOTOPOTO OIpefie/IsieTCsl TpeMst

100

, Acp® m Acp"® (1abn. 2, puc. 7). MccnenoBanue cerperanyu
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NPU3HAKOB IIO3BOJIMJIO YCTAaHOBUTHL MX MOHOTE€HHO€ HacJIeloOBaHHe, a
CpaBHeHMe  MexJy  KyJIbTypaMHU -  KOJAOMHHAHTHYIO  peajM3alMIo.
HesnauuTtenpHble 3aTpyAHeHHsT TIpU UHTepHIpeTaldu  JAHHBIX  MOTYT
NpeJCTaB/IATh, OJM3KOe paCIOJIO)KeHHe aJlIeIbHbIX BAPUAHTOB W BBICOKAs

¢dbepMeHTHast aKTUBHOCTH KUCIOU dpocdaTaspl.

1 2 3 4 5 6 7 8

Acp'%

Bataspgsg .

Puc. 7. DOnekrpodoperpamma amno3umoB Kucaoii ¢ocdarassr
auKapuoTndecko (1) u  MoOHOKapuoruvyeckux (2-8)  KymbTyp
Schizophyllum commune

B paGore W.W. Lilly et I. Charvat (Lilly, Charvat, 1987) mpuBoguTcs
vHopMaLMs, KOTOpas TMOATBEPXJAeT IMO/NydeHHble HaMU [JaHHbIE: IIPU
n3ydyeHuu wusodpepMeHTOB KuCIOW ¢ocdarazpl Ha CTaAMM  JUKAPHUOHA
YyCTAQHOBJIEH CXOAHBINM MPOGHU/Ib JaHHOTO pepMeHTa.

Cynepoxcudducmymasa (SOD). BHe 3aBUCHMMOCTH OT siiepHOTO CTaTyca
"knerku” SOD mposiBisieTcss B BHAE MATH 30H AKTUBHOCTH (epMeHTa,
KOZVPYEMBIX KaK MBI IPeJIoiaraeM OJHUM JIOKYCOM C €JUHCTBEHHBIM aJjljie/ieM
- Sod"”® (puc. 8).

1 2 3 4 5 6 7 8 9 10
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Puc. 8. DOnexrpodoperpaMmMa aUIO3UMOB  CYNE€POKCHUITHUCMYTA3bI
Schizophyllum commune (1 - ©CXOgHAsA JMKAPUOTHYECKAs KYJAbTYPa; 2-10
- MOHOKApHOTHYEeCKHEe Ky/IbTYpbl, NOJy4YeHHbI€e METOJOM CIIOPOBBIX
OTIEYATKOB OT UCXOJHOM AUKAPUOTHIECKOU KYIbTYPHI)

He wuckmo4YeHo, 4TO MOXET WATH pedb M O IISITU TeCHO ClEeIUIeHHBIX
JIOKycax, 1o aHazioruu ¢ ¢pepmentoM GDH. JlaHHBIH JIOKyC BU3ya/IM3UpYyeTCs Ha
rejisix, HA4MHasi C CaMOro MOJIOZoro Bo3pacra muuenus (Boiiko, 2011), Takxe
IIPUCYTCTBYET Y BCeX M3YYEeHHBIX KyJIbTYp M HMeeT CBOeoOpa3HbIi "mpodrip"
30H aKTUBHOCTH. Bce 3TO yKasbiBaeT Ha BO3MOXHOCTb HCIIOJIb30BaHUS
¢depmenTHOI1 crctemsl SOD Kak MOJIEKY/ISIPHOTO MapKepa BHAA.

Acmepasza (EST). Bonpuasi yacte usodpepmentoB EST B cumy pasHbix
npuuuH (6GbICTpast MOTepsi AKTHBHOCTU (depMeHTa, HeJOCTaTOYHasi HX
KOHLIEHTPALUs, MOCTTPAHC/SIIMOHHAs MoAuHUKAUMsS U [p.) He IOKasaja
MOHOT€HHOTO Hac/leJoBaHMs M KOJOMHHAHTHBIH XapaKTep peaqu3aliu
npusHaka. Bce 31O fenmaer mpo6GeMaTHYHBIM HCIO/Ib30BaHHE U30QEePMEHTOB
EST npns vicciienoBaHus TeHETUKU rprba.

James T.Y. et al. (1999) mpu H3yYEeHUH TEHETHYECKON CTPYKTYPhI
Sch. commune ¢ ncrnop30BaHuEM 11 pepMEHTHBIX CUCTEM YCTAaHOBU/IN BBICOKHI
yPOBeHb MOMMMOpPdU3MA, COCTAaBUBLIMN, B CpeAHEM, 5 ajUlesiell Ha JIOKyc. B
HaIllMX MCC/IeloOBaHUSIX STOT YPOBEHb OKasascs Hike — 2,7. [lo-Bugumomy, aro
CBSI3aHO C MeHblIeil BBIOOPKOU M KOJMYeCTBOM HCIIO/Ib30BAaHHBIX (PePMEHTHBIX
CHICTeM, a TaKXKe TOJTHOCTBIO MHBIM KayeCTBEHHBIM COCTaBOM H30dpepMeHTOB. B
TO JXe BpeMs, IOJydeHHble HaMHU JAHHBIE PACIIUPSIIOT HAaboOp a/uI03UMOB
IPUTOJHBIX JJIS UCC/IeIOBAHNS TeHeTHUKY TpHroa.

BbIBO /1 bl

YCTaHOB/IEHO, YTO /IS BU3ya/lM3allUM BHYTPHUKJIETOYHBIX (epMEHTHBIX
cucrteM Sch. commune MeTozoMm sekTpodopesa 1e1ecoo6pa3HO MCIO0Ib30BaTh
15-30 CYTOYHBIN MULIEJITUM.

[Ipy wusydeHuu 1wecT ¢QepMeHTHBIX CHCTeM OBUIO OOHApY)XeHO
HIeCTHAJLATh aJU/Ie/IbHBIX BAPUAHTOB, HAXOASIIUXCS MO, KOHTPOJIEM C€MH I'eH-
depMeHTHBIX JIOKYCOB. /[Iif TOMy/ISLIMOHHO-TEHETUYeCKUX HCCIeJ0BaHUM
peKOMeHJyeTCsl HCIOJAb30BaTh JIOKYcbl Amy-2, Got u Acp, BbIIBUBLINE
oIMMOPPHOCTH, & JIOKyC Sod, MOXXET CITY>KHUTh MOJIEKY/IIPHBIM MapKepoM BH/a.

Boicokas aKTUBHOCTb CYyNIepOKCHUAAVCMYTA3bI NpeACcTaBUTe e

Sch. commune B TeyeHHe Bcero CPOKa KY/JIbTUBUPOBAHUS IIOATBEPXAAET
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MNEPCIIEKTUBHOCTh " 000CHOBAHHOCTb WCIIOIb30BaHUA I‘pI/I6a npu Tepannu

3/I0Ka4eCTBEHHBIX 00Pa30BAHUIA.
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C.M. BOMIKO

CIIEKTPM  IBO®EPMEHTHHMX  CHUCTEM  JIIKAPCHLKOI'O  I'PUBA
SCHIZOPHYLLUM COMMUNE FR. (BASIDIOMYCETES)

[IpoBeseHo  aHaii3a  BHYTPIlIHBOKJITUHHHUX  i30pepPMEHTHHMX  CIIEKTpiB
nikapeekoro rpuba Schizophyllum commune Fr. BctanoBnieHo, mio ricroximivsi
JDOCTimKeHHsT pepMEeHTHUX CHCTeM rpuba Kpalje MPOBOAMTH Y 15-30 J0OOBOMY
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Milesnii. BusiBieHO WICTHAAUSATH ajeNbHUX BapiaHTIB, L0 3HAXOISTHCS IIif,
KOHTPOJIEM CeMU reH-pepMeHTHHX JIOKYCiB, SIKi BiZITOBiZAIOTh 3a CUHTE3 LIECTH
depmenTHHX  cucTeM. BcTaHoBneHa — cTaGibHO — BHCOKA  aKTHBHICTH
CYNepOKCUASUCMYTa3u KyAbTyp Sch. commune, TPOTSITOM YCbOTO TEPMiHY
Ky/IbTUBYBaHHs, 10 IMiATBEP/KYE TEpPCHEKTUBHICTh i OOIPYHTOBaHICTh
BUKOPHCTAHHS Tprba Mif yac Teparii 3/I0SKiCHUX YTBOPEHb.

S.M. BOIKO

SPECTRUM OF ISOZYMES SYSTEMS OF MEDICINAL FUNGUS
SCHIZOPHYLLUM COMMUNE FR. (BASIDIOMYCETES)

The intracellular isozyme spectrum of medicinal fungus Schizophyllum
commune Fr. was analyzed. It has been established that histochemical study of
fungus enzyme systems is the best done on 15-30 diurnal mycelium. There are
sixteen allelic variants under the control of the seven gene loci enzymes
responsible for the synthesis of six enzyme systems. Established consistently
high activity of superoxide dismutase cultures of Sch. commune for the duration
of cultivation confirms prospects and validity of use of the fungus in the therapy
malignant tumors.
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C.A. CbIPYHUH

WHctutyT Mukpo6uronoruu u sBupyconoruu um. JI.K. 3a6onornoro HAH
YkpauHsl, yi1. 3a6o10THOTO, 154, KueB, 03143, YkpauHa,
syrchin@gmail.com

AHTUOKCHJIAHTHBIE CBOVICTBA BBICIIIUX TPUBOB

B o0630pe ocgeweH cospemeHHbIll YposeHb 3HAHUU 00 aHMuUOKCUOAHMAx
dukopacmywux u Kyabmueupyemblx WASANOYHbIX 2pubos, npusedeHsbl ceedeHus O
6uos02uMecKU aKMUBHLIX 6ewecmeax, NPOABALIOWUX peakyuu cKaseHONCuHea
c80600HbIx  padukanos.  [lokazamHble — aHmMuokcudaHmHble  c8olcmed
Makpomuyemos ceudemenscmeyrom 06 ux JONOAHUMENbHOU UYeHHOCmu 6
payuoHe 30opogoeo numaHus. JlekapcmeeHHvle U CvedobHble  8uUJb
MakpomMuyemog  S8ANIMCS  HeucHepnaemvblM  UCIMOYHUKOM — NPUPOOHBIX
AHMUOKCUOAHMO8 HOB020 NOKOJNEHUS U  YHUKAIbHbIM NepcneKmueHbIM
o6sekmom 6uomexHono2eckux pa3pabomok.

Knioueevle cnoea: nekapcTtBeHHbIE TPUObBI, AHTHOKCUAAHTHASI aKTUBHOCTb,
JUKOPACTYIIHeE U KyJIbTUBHPyeMble MaKPOMHMIEThI

B mnocnesHue ronsl BO3poc/ia pPOJb HAYKHM O JIEKAPCTBEHHBIX TIpubax,
OCHOBHbBIE HATPAB/IEHUsI KOTOPOM COCTOSIT B MCC/IEIOBAHUU U KCITOJIb30BAHUM
IIUPOKOTO CIIEKTPa PasHOOOPA3HBIX TEPANEBTUYECKUX CBOMCTB II€HHBIX
CheJOOHBIX M JIEKAapCTBEHHBIX BUAOB rpuboB. Cpegu ux OHOIOTMYECKHX
CBOMCTB OCOGEHHO BAXKHOM SIB/ISIETCST AHTHMOKCUJAHTHAsi AKTHUBHOCTH PsJa
coevHEHUM, BpIpabaThiBaeMbIx MakpoMuiietamu (Asatiani et al., 2010; Baccep,
2012; CpIpYmH, 2012).

CBOGOAHbBIE pAAMKA/IBI SIBJISIIOTCS MOOOYHBIMU TPOAYKTAMH KJIETOYHOTO
aspo6Horo merabonuama. 1o cyT, CBOGOAHBIM PAZMKAIOM SIB/ISIETCS aTOM,
WM  MOJIEKYJIa C OAHMM WId 0ojiee HEeCTapEeHHbIMH  DJIEKTPOHAMHU.
Monekynsphsiii kucnopog, (O,, AMOKCUTeH) SIB/IsSIeTCsE OUPAJUKATBHON GOPMOI.
IloGaBieHre OLHOTO J/IEKTPOHA K MOJIEKY/ISIPHOMY KHCIOPOAY TPUBOAMT K
06pa3oBaHUIO cymepoKcuy, aHuoH-pagukana O, (Puc. 1).
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Puc.i. Cxema oOpa3oBaHusi CBOOOJHBIX PAaJHKATOB B OHMOTOTHYECKHX
cucremax (Mani, 2015): ROS (reactive oxygen species) - akruBHbIe GpOPMBI
kucaopoaa; RO u ROO' - aIKOKCHI- M MePOKCHIPAZUKATbI

Cynepokcuy pagukan (O, ) cyutaercs "mepBUYHOM' aKTHBHON (opmoii
kucinopoga (APK) u MoXeT BIOC/IEACTBUM B3aUMOJEHCTBOBATH C APYTUMH
MosieKy1amH, o6pasoBbsiBasi "BropuuHbie” ADPK, 1160 HemocpezncTtBeHHO, 16O
OMOCPEeIOBAHHO TyTeM (GepMEeHTATHBHBIX WM  MeTa/UIKaTaTM3UPYeMBbIX
npoueccoB (Halliwell, 2007). /[luc6anaHc 37€KTPOHOB SIB/ISIETCS MPUYHMHOM
BBICOKOIM PEaKTHBHOCTH, BbI3bIBasi 06pPa3oBaHMe IPYrUX CBOOOJHBIX PA/IMKAIOB
nyteM uemnHbix peakuuii. AOPK B KjieTke 00pasyloTcsi MOCTOSIHHO B Te4YeHHe
PasIMYHBIX (PUBMOMOTUYECKUX W OGHOXMMHYECKHUX IPOLECCOB, TAKUX Kak
MUTOXOHAPUANbHOE  JAbIXaHWe,  aKThBauus  (aroyuroB,  OHOCHHTE3
SH/IOTIEPOKCHOB IIMKJIOOKCUT€HAa3aMU U JIMIIOOKCHUTE€Ha3aMM, OKHC/IeHHe
pa3MUYHBIX  COeAMHEHWH  moj  jelictBueM  depMeHTOB  (Hampumep,
KCAaHTHHOKCHIA3) U TIePeXOJHBIX MeTa/UIOB, Takux Kak Fe ** u Cu ** (Halliwell,
2007; Valko et al., 2015).

F.L. Muller ¢ coaBTOopamu 6bIJIO TIOKa3aHO, YTO CYIEPOKCU/BI, OOpasyeMbie

KOMILIeKcoM I O6HapY)KI/IBaIOTC${ HUCKIIIOYUTE/TIBHO B KJIETOYHOM MaTpHUKCe (PI/IC
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2) (Muller, 2004; Sena, 2012; Mailloux, 2015). O6pa3oBaHue cynepokcHua
MPOUCXOAUT B MUTOXOHJPUSIX KJI€TKHU, B OCHOBHOM B KomIulekcax | u III nenu
nepeHoca 371ekTpoHoB (Puc. 3) (Schapira, 2006; Zapico, Ubelaker, 2013).

A ‘ CYTOSOL
GPx | '
H;0 «—H

ATP—= ADP+Pi
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202

INNER
MEMBRANE
990

880

ADP+Pi
3 \ app+pi ¥ aTP
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Puc.2. O6pa3soBaHue aKTUBHBIX (POPM KHCIOPOAA B CHCTEMAX IepeHOoca
3/IEKTPOHOB B MUTOXOHJZPHSX: CylepOKCHA oOpa3syeTcss KoMmruiekcoM | Ha
CTOPOHE MaTpHKca BHYTPeHHel MeMOpaHbl MUTOXOHAPUI 1 KoMIuiekcoM III Ha
o0erx CTOpPOHaX BHYTpeHHell MMTOXOHJpHa/bHONH MeMOpaHbl. [Jlanee
cynepokcup mpeoGpasyercsi B mepekuch Bogoposa  (H,O,) depmentom,
JIOKQJIM30BaHHBIM Ha MaTPHKCe, - MarHMi3aBUCHUMOU CyNepOKCHUIANCMYTa30MH
(MnSOD wnu SOD2) wuau dpepMeHTOM, JTOKATM30BAHHBIM B MEXXMeMOPaHHOM
IIPOCTPAHCTBE MUTOXOHJPHUI /MO0 LUTO30/€e — MeAb M IMHK-3aBUCUMOMU
cynepokcuagucmyTazoit  (Cu/ZnSOD  wmu  SOD1). [lepekucs Bomopoga
MPOHUKAeT B IUTO30/b U SAPO, I'Ae aKTUBUPYET peJoKC-4yBCTBUTEIbHYIO
CHUTHA/IBHYI0 CcHUCTeMy. B MuTOXOHApPHMAX M 1nuTo30/1e TOKCcHYHOCTh H,O,
yoansieTcss mpu momouM riayratuoHnepokcugasel  (GPx). B mpucyrcrBumM
penyLHMpPOBAaHHBIX  MeTa/UloB-iepeHocuynKkoB  (Hanpumep, Fe*), H,O,
npeobpasyeTcss B TMAPOKCHIbHBIN pagukan (OH) B pesynbraTe peakuuu
deHTOHA.
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I
Matrix Electron transport chain ATP synthase

Puc.3. Cxema menu mepeHoca 3J1eKTPOHOB B MUTOXOHApuax (mo Zapico,
Ubelaker, 2013).

CBOGOHBIE paZiKa/Ibl ABJIAIOTCS MEAMATOPAMHM B TIPOIECAX CHUTHATbHOMN
TPAHCAYKUMH W WIPAIOT BAXHYIO POJIb B PETy/ISALMH CHHTE3a OHUOMTOTHYECKH
AKTHBHBIX COeMHEHUI. B TO ke BpeMst, CBOGOAHbIE PAJMKaIbl TIPOSIBIISIOT PSAZ
TOKCHUYeCKHX 3(QQPEKTOB, BbI3bIBas OKUC/IEHUE JIMIHUAOB, 0E/NKOB, MHIAYLUPYS
IepeKUCHOe OKHC/IeHHe, MOAN(UKAIUI0 OCHOBaHMI U paspeiBbl weneir JHK.
o HacTosiero BpeMeHu Bompoc o nepBuvHou muineHn APK crpecca HocuT
IOVCKYCCHOHHBIA XapakTep. [lo MHEHMIO psiia aBTOPOB, AEHCTBHE Pa3s/TUYHbIX
CTPECCOPOB, TaKUX KaK yAbTpadpUOIETOBOE W HMOHUBUPYIOLEE H3JTydyeHHe,
CHUTApeTHBIA [bIM, TeCTULUABl M MPOYUX HeGIAronpusTHbIX (HAKTOPOB,
WHTErPUPYETC B KJIETKE TaKKUM 00pa3oM, YTO BbI3bIBaeT cBepXmpoayKiuio APK
VM pa3BUTHE OKHUC/IUTEIBHOTO CTPeCca, MPOBOLUPYS PA3BUTHE PA3THYHBIX
GonesHeil u maronoruyeckux coctosHuk (Puc. 4 )( Tlomecckas, 2007;
[pagenoBa u ap., 2011; Mani..., 2015).
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Puc. 4. OOpa3oBanue CBOOOZHBIX PAAUKANIOB MOJ AEHCTBHEM 3K30-
3HJOreHHbIX PaKTOPOB.

OpuuM u3 rAaBHBIX (AKTOPOB, OOYC/IaBIMUBAIOIIMX HETAaTUBHOE BIIUSHUE
aKTUBHBIX (HOPM KHCIOPOJA, O0OPAa30BaHHBIX KAK B pe3y/bTaTe 3HJOTE€HHOIO
OKHUC/TUTE/TBHOTO MeTabo/M3Ma, TaK U B pe3y/lbTaTe AeHCTBUS DK30T€HHBIX
daktopoB, sBasiercsi Hapywenuss crpyktypsl JHK. K HuM otHOcsaTcs:
MOBpEXJeHre OCHOBAaHWM, BOSBHUKHOBEHHE CAaiTOB C NTOTepeil OCHOBAaHUM (AP -
anypUHOBbIe/aMUPUMUJUHOBBIE  CAMTHI), BO3HUKHOBEHHE OJUHOYHBIX W
nBoiiHbix  pa3peiBoB  nenu JHK. T[lomoGHble TOBpeXAeHUs SIBIASIOTCS
MOTEeHIIMa/IbHO MYTareHHbIMM M JIeTa/IbHBIMHU JJIs1 KJIETKU, MOCKOJIBKY MOTYT
6;10kupoBaTh peruMkanyio ¥ TpaHckpunuuio JJHK. B pesynbpraTe, Tpebyercs
MOOWM/IM3ALMST DKCIM3UOHHBIX cucTeM pernapauuu ocHoBanuii JIHK, mau BER
(base excision repair), 4TO MOXXET BbI3bIBATh T€HETUYECKYIO HECTAOMIBHOCTD, A
HX MOBPeXJeHUs] TPUBOJAUTh K BOSHUKHOBEHHIO JlereHepaTHUBHBIX MaTOJIOTUH Y
yenoseka (Metler, Loft, 2007).

OKUCIUTEeNbHBIA ~ CTPECC  y4acTByeT B MAaTOU3UOJIOTHUU  TaKHX
pacrpocTpaHeHHbIX  3a00/eBaHWi, KAk  auaber, TUMEepPTOHUs,  PaK,
aTepOCK/Iepo3, TMPEedKIAMIICUS, MeTaOOTNYECKU CHUHAPOM, DPEeBMATOUIHbIN
apTpUT, IJIayKOMa, OCTpasi MovevyHasi HeJlOCTaTOYHOCTh, HelpoJereHepaTHBHbIE
HapyuieHusi, 6one3uu Anbireiimepa u [Tapkuncona (Oxidative stress..., 2009).
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HMMeHHO aucbHanmaHc oO6pa3oBaHUs CBOOOJHBIX PATUKAIOB U TMPOLECCOB HX
WHIMOUPOBAaHUSI AHTUOKCHUJAHTHBIMU CHCTEMAMHU KIIETKH SIB/ISIETCS] TJIABHOM
MPUYUHON BO3HUKHOBEHHMsI W pa3BuTusa maronoruit. Tak, M. Valko c¢
COABTOpPaMHU COOOIIAIOT, YTO MPH BbICOKHe KoHUeHTpauuu APK  spastorcs
K/IIOYEeBBIMM MeJHUATOPaMH MOBPEXAEHUs KIETOYHBIX CTPYKTYDP, HYKJIE€HMHOBBIX
kucnoT, ntunugoB u 6enkos (Valko et al., 2007). TuagpoKcuIbHBINM paguKal, Kak
WU3BECTHO, pearupyer co BCeMH KOMITOHeHTamu MoJieKybl JJHK, moBpexzaas kak
MypUHOBBIE, TAaK W MUPUMUJMHOBbIE OCHOBAHHUS, a TaKXKe [e30KCUPUO03y
(Halliwell, 2007). Cpeau nospexzaenuii JJHK HanGosee U3y4eHHBIM SIB/ISIETCS
ob6pasoBanue 8-rugpokcuryaHosuHa (8-OH-G). TMocrossHHas MoauduKaiys
reHeTUYeCcKOro MaTepuasia, BO3HUKAWOIEIO B  pe3y/bTaTe MOJOOHBIX
«OKHUC/TUTENIbHBIX TMOBPEXAEHUI» SIBISETCS MEePBbIM IIaroM, MPUBOJSLIUM K
MyTareHe3y, KaHLleporeHedy U  CTapeHU©. MeTa/-uHIYyIMPOBaHHOE
o6pazoBanue APK nmpuBoguT He ToNMbKO K noBpexaenusMm JJHK, Ho u Hanbonee
ySI3BUMBIX K OKHCJIEHHIO MOJIEKYJ, TAaKUX KaK OCTAaTK{ ITOJIMHEHACHIIeHHbIX
JKUPHBIX KUCIOT ¢ocdomunuzpoB. [lepexvicHbie pafMKaibl TpeTepreBaloT
U3MeHeHUs] B  XOoJe LUMKJIMYEeCKUX peakUuil [0  3SHJONEepPOKCHUOB
(mpezlIeCTBEHHUKOB MaJIOHOBOTO [JHajIbAeruaa), W, oOpasys B pe3yabTare
MepeKMCHOTO OKMC/IeHWSI KOHEYHBIH NPOAYKT - MaJIOHOBBIM JWanbleruf,
(MJA), KOTOpBIi SB/ISIETCSI MapKepPOM IEPEKHUCHOTO OKHCJIEHHUsI JKUPOB.
[Tomumo M/IA, OCHOBHBIM NPOJYKTOM I€PEKHMCHOTO OKWCJ/IEHHUs JTHUIH/IOB,
AB/IAETCS 4-TUIPOKCU-2-HOHEHa/ (TMAPOKCUHOHEeHa). YcTaHoBieHo, yto MJIA
MposiB/IsieT MyTareHHbIii 3¢deKT Ha OaKTepuabHble KIETKH W KIETKH
MJIEKOTIMTAIOLINX, W BbI3bIBaeT KaHIlepOreHe3 Yy KpbIC. BTOpoii mo 3HaueHHIO
MPOAYKT TEPEKUCHOTO OKHC/IEHUS] JIUMHUIOB — TUAPOKCHHOHEHAN, SIBJISSICh
C1abbIM MyTareHoM, B TO )Xe BpeMs, NpPOSB/sieT TOKcHYecKue 3(pQeKTsl,
OYEBHJHO, 3a CYeT 3aMyCKa MeXaHWU3MOB curHaabHOU TpaHcaykuuu (Finkel,
2011).

Kpome nmumumoB, OKCHUAAHTHI CIIOCOOHBI TAK)Ke TMOBPEXAATh U OelKOBbIe
MoseKysl. [l uaydenus: sTux npoueccos E.R. Stadtman ucnons3oBan meton,
MOHU3UPYIOLIEro 0G/Iy4eHUs: AMHUHOKUCIOT, MPOCTHIX MENTUAOB U Oe/NKOB B
YCJIOBUSIX, TIPU KOTOPBIX HaG/II0Aanoch oOpa3oBaHHE THAPOKCHIBHBIX WU
CMeCH THUAPOKCUIBHBIX/CYTIEPOKCUAHBIX pagukanoB (Stadtman, 2004). Beuio
MMOKa3aHO, YTO BC€ aMHUHOKUC/IOTHBIE OCTAaTKH OE€KOB, OCOOEHHO IIMCTEUH H
METHOHMH, YyBCTBUTE/IbHBI K OKUC/IeHUI0 1of, Bo3aeiicrBueM APK. Okucnenue
OCTAaTKOB IIMCTEMHA MOXXET MPHUBOAUTH K oOpatuMoMy ¢opMHUPOBaHUIO
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CMEIIaHHBIX AUCYTbOUAOB MeXAy THOMOBbIMU rpynmamu 6enkoB (-SH) u
HU3KOMOJIEKY/IIPHBIMU THOJIAMU. [Ipy 3TOM KOHILEHTpALusi KapOOHUIbHBIX
FPYT[H, O6paBOBaHHI)IX B peBY}II)TaTe paBHI/I‘{HBIX ME€XaHMU3MOB OKHCJ/I€HHUHA,
AB/sIETCS OMHUM U3 KpuTeprueB APK--onocpe1o0BaHHOTO MOBPEX/IeHUsT GE/TKOB.

OJHaKo, W3BeCTeH psij, MPUPOJHBIX BEIIECTB, OOMAJAIIIMX 3ALUTHBIMH
CBOMCTBaMH OT MOTEHIMANBLHO BPEAHOTO BO3AEHCTBMS MPOOKCUIAHTOB. DTH
BELeCTBA, HA3bIBaeMble AHTMOKCHAHTAMM, MOTYT OBITh OIpPeIE/NeHbl KaK
HpOCTbIe XMMHYeCKHe BelleCTBa HWJIM COeOJNHEeHM, KOTOpre CHOCO6HBI
MHTUOMPOBATH MPOLECChI OKUC/IEHUsI. AHTUOKCHIQHTHBIE COEJUHEHUS JODKHBI
HpI/ICYTCTBOBaTb B 6I/IO]'IOI'I/I‘-IeCKI/IX ChucremMax B KOHHeHTpaL[I/IF[X, AOCTATOYHBIX
IUIsL TIPEAOTBPALEHHs] HAKOTUIEHUSI MOJIEKY/I TIPOOKCHUJAHTOB, CABUI 0OajlaHca
Me)K,E[y HpO- N aHTHUOKCHUOAHTaMH HpI/IBO,Z[I/IT K COCTOAHUK OKUC/IUTE/JIBbHOTIO
crpecca. Tak, pspg GenkoB U (PEepPMEHTOB, CHHTE3UPYEMBIX B OpTaHU3ME,
BBITIOJIHSIOT AaHTUOKCHAAHTHYI0O ¢yHKiuoo. Cpeau HuUX Hambosiee BaXKHBIMU
SIBJISIIOTCSI TaKue depmeHTBI KaK: KaTasjasa, cejleH-3aBUCHUMast
IJIyTaTUOHTIEPOKCH/IA3a, MeIb- W LWHK-3aBUCHMasi CyNepOKCUAIMCMYTas3a, a
TaKKe MeTa/UI-CBA3bIBaOIIMEe GelKu - TpaHCPEeppUH U LEpy/IOI/Ia3MHH
(Halliwell, 2007; Bhattacharya, 2015 )(Puc.s5).

ONOO-

Nitric Peroxynitrite
Oxidg
Oxidases i
;
O, === 0,
Molecular Superoxide i O H
Oxygen Hydroxyl
Superoxide Redis|
Dismutase Fa*+
Fenton
Reaction

H,O
HW%DQEHZ Catalase H20+ 02

Peroxide

Puc.5. Cxema peiicTBUS QAHTHOKCHAAHTHUX (¢(EPMEHTOB B KIIETKe

(Bhattacharya, 2015)
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O.10. SIHKOBCKH, B YaCTHOCTH, YKa3bIBaeT HA TO, YTO KHUC/IOPOJ, SIBJISETCS
3BOJTIOLIMOHHO MPHUOOPETEeHHBIM dakTopom pery/1nupoBaHUst
YKU3HeesATeTbHOCTH OPraHM3Ma, a €ro M30BITOK WM HEeJOCTATOK SIBISETCS
KJII04YEBbIM PAKTOPOM B PeaM3al[ii OHTOT€HETUYECKON MPOrpaMMbl Pa3BUTHSI
HEe TOJIBKO MJIEKOMHUTAIOIMX, HO U BCeX adPOOHBIX OpraHuaMoB. OCHOBHBIM
Croco60M  BBDKMBAHUSL OPraHU3MOB B  adpPOOHBIX YC/IOBUSIX  SIBJISIETCS
HCII0/Ib30BaHKeE He CTO/IBKO pHIOreHeTHYecKu cpOPMHUPOBAHHBIX MEXAHU3MOB
6oprObl ¢ o6pasyomumucs  APK  (QaHTHOKCHAAHTBHI-TUKBUAATOPSI,
oTHOCsIIMeCsT K pepMEeHTAaTHBHON M HepepMEHTATHBHOM aHTHOKCHAAHTHBIM
CHUCTEMaM), CKOJIbKO MEXaHU3MOB, MPENATCTBYIOUIMX UX 0OPA30BAHUIO B X0
MeTabonmr3Ma Kucaopoga (SIHKOBCKUi, 2000).

Y4uThIBas TO, YTO 3a MOC/IEAHHE AeCSATUIEeTHsI ObLI HAKOIUIEH 3HAYUTeTbHBIN
06beM nHOpMaLK 00 AHTHOKCUIAHTAX, TPeOYIOUINI CUCTeMAaTU3aLMH, ObLIN
MPEeANPUHSITEL  ONpeJe/ieHHble  TOMBITKA  CO3JQHUS  KJIACCHUPUKALMT
AHTHUOKCHAAHTHOM 3aiuThl (Sies, 1993, 1997; [Ipagenosa u ap., 201)(Puc.6). G.
Sies mpemIOXun KracCMPUKAIMIO, OCHOBAHHYI Ha THIE AHTHOKCHUAAHTHOMN
3auuThl (MpodHUIaKTHKA 00pa30BaHUsI AKTUBHBIX GOPM KHUCIOPO/A, TIEPEXBAT U
neaxktuBauys, penapanusa JJHK u aganranuonnsie orersi). E.B. Ipagenosa ¢
coaBTropamu (2011) TpelIOXKIn 6Gojiee CIOXKHYIO CHUCTEMY KaaccudpuKaluy,
OCHOBAaHHYI0 HA pa3HbIX MPHUHIMIIAX: MO0 KATATUTHYECKON AKTHUBHOCTH, TIO
MOJIEKY/ISIPHBIM MaccaM aHTHOKCHUJAHTOB, MO jokanudanuu AO, 1Mo ypoBHSIM
3alMTHI, MO MexaHu3MaM JeicTBus, 1o crparerun AOA, ©, HaKOHeIl,
KIaccu$pUKaLUI0 HA OCHOBE MHOTOYPOBHEBOM OPraHM3aLMK 3al[UTHI.
depMeHTHI KJIETKA KATAIM3UPYIOT PEAKIMH OHOTOTUYECKOTO OKHCIEHUS,
OpUBOJsIIME K OOPAa30BAaHHMIO MPOMEXYTOYHBIX CBOOOZHOPAAMKATBHBIX
npoaykToB. Cpenu 6Guomornieckux 00’beKTOB BbICOKU ypoBeHb AOA n3BecTeH
IJIsI 3eJIEHOTO Yasi, KPAaCHOTO BHMHOTPAZA, OJIMBKOBOTO Macia. M3BecTHO, 4TO
apaxuc, opexu, U 0600OBble, ceMeHa /IbHA U TOACOTHEYHUKA, XJIOMKOBOE U
parcoBoe Macjio, OBOIM, OGPYKTBI M sidlla TAaKKe COAEPXKAT pPasTuYHbIe
KOMIIOHEHTBI, 00YC/IaB/IMBAIOLME MX aHTHOKCHUAAHTHBIN MMOTEHI[HaT.
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vitamins (C , E | A)
carotenoids,
polyphenols, uric acid,
trace elements (Zn, Cu,
Mn, Fe, Se)

Non-enzymatic

.
systems

glutathione (GSH),

Antioxidant melatonine

defences

primarily
CAT, SOD, GPx

Enzymatic systems

Puc.6. CxemMa aHTHOKCHIAHTHOM 3alIUTHI OT AEHMCTBHA CBOOOIHBIX
pasuxanos B kaerke (Kozarski et al., 2015).

Tem He meHee, MunucrepcTBo cenbckoro xossiictrea CLIA (USDA) B 2012
rofy mepecrajgo MyO/IUKOBaTh peUTUHTH MPOoAYKTOB 1o AQOA, mpusHaB ux
O6MO/IOTMYEeCKH He TMOJATBEPXXAEHHBIMM, TaK KaK Ha CETrOAHSIIHUN [eHb He
cyuiecTByeT yOeauTeIbHBIX A0KA3aTeNbCTB UX PU3U0I0orudeckoro sdgdexra in
vivo (USDA.., 2016). B To >Xe Bpemsi Hay4YHble JAHHbIE TOCTEAHUX JIET
CBUZIETE/IBCTBYIOT O JIOCTAaTOYHO BBICOKOM ypoBHe AOA y Ky/JIbTUBHUPYEMBIX U
JUKopacTywux rpuboB. HecMoTpst Ha Gosblioe KomnyecTBO AaHHBIX Mo AOA
(QHTMOKCHUJAHTHOM AaKTUBHOCTHM) DKCTPAKTOB IPUOGHON GHMOMACCHI in Vitro, 1o
MOC/IeJHETO BpEMEHM TMPAKTHYeCKH OTCYTCTBOBA/IM CBefeHUs1 00 3ToM
AKTUBHOCTH HENOCPeJCTBEHHO B OpraHu3me dvenoBeka. OJgHaKo, HemaBHHE
HCC/IeIOBAaHUS  TIOKa3anM, 4YTO  (eHOo/NbHbIe  COeAUHEHUsT TPUOHOrO
MIPOUCXOX/IEHUSI HMMEIOT BBICOKMU YPOBEHb OHMOJOCTYITHOCTH W CIOCOOHBI
ObICTPO MeTabOMIU3UPOBATHCSI B OPraHu3Me. YrorpebieHre rpuboB ¢ BBICOKOI
KOHLIEHTpalMeil aHTHOKCUJAHTOB (EHOJBHOM INPHUPOABI  MPUBOAUT K
MOSIBJIEHUIO B TJIa3Me KPOBU OMOAKTUBHBIX METaOOIUTOB, YTO, B CBOIO OY€peb,
MPUBOJUT K MOBBILIEHUIO €€ aHTUOKCUAAHTHOM akTuBHOCTU (Heleno, 2015b).
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Cnenyer OTMETHTh, YTO YPOBEHb AHTHOKCHUJAHTHOM aKTUBHOCTH B
MaKpOMHUILIETaxX OTpee/sieTCss KOMIUIEKCOM Crenudpruyeckux MeTaboIuTOB, B
MEePBYIO OYepesib, OPTaHUYECKUX BellecTB peHONTbHON MPUPOJBI - TOTUKETH OB,
TepIIeHOB, CTEPOUOB, A TAKXKe MPOBUTAMHUHOB, (PEPMEHTOB U TOJHCAXapUOB
(Mau, 2002; Kala¢, 2013).

Cpeny aHTHOKCHJAQHTOB HMEHHO NONUQeHOo/Nbl TNpuobpenu ocolyio
3HAYMMOCTh B CBSI3U C IIMPOKUM CIIEKTPOM HMX OHOJIOTUYECKOTrO [eHCTBUS,
KOTOpOe BKJIIOYaeT B ce0Os yaaBiuBaHMe (scavenging) CBOOOAHBIX PajIMKajioB,
MOJY/ISALMIO AKTUBHOCTH (EpPMEHTOB IIyTeM Xe/NaTHPOBaHHS META/UIOB U
WHIUOUpoBaHus okucienus munuaos (Selvi, Chinnaswamy, 2007).

CKaBeH/DKUHT, WM CIIOCOOHOCTh K TOIJIOIIEHHIO CBOOOAHBIX PAJHKaIOB
SIBJISIETCSI OJHUM W3 MEXaHHU3MOB WHTHOMPOBAHUSI OKHUC/IEHUS JUMUZOB U
OOBIYHO  HWCIIOJIb3yeTCsT  [JJIsi  OLeHKW AHTHOKCHUJAHTHON  aKTHUBHOCTH.
[TonndeHOTBI OTHOCATCS K CJIOKHOU I'PYIIIIe COeJUHEHUH, COAePIKAIIMX B CBOEH
CTPYKTYp€ apOMaTH4YecKOoe KOJbLO C OAHOUW uau 0ojiee THAPOKCHIBHOMN
rpynmnoii. Cpeaun HUX e€CTh KAaK MpocTbie (EHOJbl, TaKhe KakK (eHO/bHbIe
KUC/IOTBI Y MX TPOU3BOJHbIE, TaK U CJIOXKHbBIE CTPYKTYpbl - ¢pIaBOHBI,
dnaBonouzpl v antouuansl (Radzki et al., 2014).

B ny6nukaumsx [.C.F.R. Ferreira ¢ coaBropamu (2009) u S.A. Heleno c
coaBTOpamu (2015), MOCBALIEHHBIX 000OIEHUIO CBEJIEHUH 110 AHTHOKCUJAHTHOM
AKTUBHOCTH [JUKOPACTYyI[UX TpuUOOB, TMpHUBEJEHbl JAHHbIE O HAJTUYUU
pas3uyYHbIX GEHOMBHBIX COeTUHEHM (TabI.1.).

Ta6nuua 1. PeHobHBIE cOegUHEHNs, OOHAPY)KE€HHbIE B IUIOJOBBIX TelIaX
auKopacTymux makpomuueros (uurt. mo Ferreira et al., 2009, Heleno et
al., 2015)

deHoBHOE COeTUHEHHE Bup rpuGa

. Agaricus blazei, Sparassis crispa,
beHnsoiiHas kucaoTa . )
Phellinus linteus

Agaricus arvensis, Agaricus silvicola,
Agaricus romagnesii, Lactarius

. deliciosus, Lepista nuda, Lycoperdon
p-TUAPOKCHOeH30MHast KUCIOTa . . .
molle, Sarcodon imbricatus, Ramaria

botrytis, Tricholoma acerbum,

Sparassis crispa, Phellinus linteus,
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Inonotus obliquus, Ganoderma
lucidum, Coprinopsis atramentaria,
Lactarius bertillonii, Lactarius
vellereus, Rhodotus palmatus,
Xerocomus chrysenteron, Morchella
esculenta

HPOTOKaTEXI/IHOBaﬂ KHCJ/IOTa

Agaricus bisporus (white), Agaricus
bisporus (brown), Lentinus edodes,
Termitomyces heimii, Termitomyces
mummiformis, Boletus edulis,
Lactarius deliciosus, Pleurotus sajor-
caju, Hydnum repandum, Lentinus
squarrulosus, Sparassis crispa,
Morchella conica, Russula brevepis,
Lactarius sangifluus, Macrolepiota
procera, Cantherallus clavatus,
Auricularia polytricha, Pleurotus
djamor, Lentinus sajor- caju,
Termitomyces tylerance, Morchella
anguiticeps, Termitomyces
microcarpus, Helvella crispa,
Termitomyces shimperi

Lepista nuda, Ramaria botrytis,
Pleurotus ostreatus, Agaricus
bisporus, Flammulina velutipes,
Pleurotus eryngii, Lentinus edodes,
Agaricus blazei, Sparassis crispa,
Phellinus linteus, Ganoderma
lucidum, Inonotus obliquus,
Lactarius bertillonii, Lactarius
vellereus, Rhodotus palmatus,
Xerocomus chrysenteron , Morchella
esculenta

I'annosas kuciaoTa

Termitomyces heimii, Termitomyces
mummiformis, Lactarius deliciosus,
Pleurotus sajor-caju, Hydnum
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repandum, Lentinus squarrulosus,
Sparassis crispa, Morchella conica,
Russula brevipes, Geastrum
arinarius, Cantharellus cibarius,
Lactarius sangifluus, Macrolepiota
procera, Cantharellus clavatus,
Auricularia polytricha, Pleurotus
djamor, Lentinus sajor- caju,
Termitomyces tylerance, Morchella
anguiticeps, Termitomyces
microcarpus, Helvella crispa,
Termitomyces shimperi, Pleurotus
ostreatus, Agaricus bisporus,
Flammulina velutipes, Pleurotus
eryngii, Lentinus edodes, Agaricus
blazei, Sparassis crispa, Phellinus
linteus, Ganoderma lucidum,
Inonotus obliquus

I'eHTH3MHOBas KUC/I0TA

Termitomyces heimii, Termitomyces
mummiformis, Lactarius deliciosus,
Pleurotus sajor-caju, Hydnum
repandum, Lentinus squarrulosus,
Sparassis crispa, Morchella conica,
Russula brevipes, Lactarius
sangifluus, Macrolepiota procera,
Cantharellus clavatus, Auricularia
polytricha, Pleurotus djamor,
Termitomyces tylerance, Morchella
anguiticeps, Termitomyces
microcarpus, Helvella crispa,
Termitomyces shimperi, Agaricus
blazei

['oMoreHTHM3MHOBAas KUC/IOTA

Pleurotus ostreatus, Flammulina
velutipes, Inonotus obliquus

BanuinHoBas kuciora

Termitomyces heimii, Pleurotus
sajor-caju, Hydnum repandum,
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Lentinus squarrulosus, Morchella
conica, Russula brevepis, Lactarius
sangifluus, Macrolepiota procera,
Cantharellus clavatus, Auricularia
polytricha, Pleurotus djamor,
Lentinus sajor- caju, Termitomyces
microcarpus, Helvella crispa,
Termitomyces shimperi
Lycoperdon molle, Tricholoma
acerbum

S-CYHI)(l)OcaJII/IL[I/ITIOBaH KHCJIOTa

Flammulina velutipes, Sparassis
crispa, Phellinus linteus, Ganoderma
lucidum

CupuHrosast KUC/IOTa

Termitomyces mummiformis,
Hydnum repandum, Morchella
conica, Russula brevepis, Lactarius
sangifluus, Macrolepiota procera,
Cantharellus clavatus, Pleurotus
djamor, Lentinus sajor- caju,
Termitomyces tylerance, Morchella
anguiticeps, Termitomyces
microcarpus, Agaricus blazei,
Sparassis crispa

BepaTtpoBas kuciora

Sparassis crispa

Bauwuiuna

Inonotus obliquus

KopuyHas kuciota

Agaricus bisporus (white), Agaricus
bisporus (brown), Lentinus edodes
Termitomyces heimii, Termitomyces
mummiformis, Pleurotus sajor-caju,
Hydnum repandum, Lentinus
squarrulosus, Sparassis crispa,
Lactarius sangifluus, Cantharellus
clavatus, Pleurotus djamor,
Termitomyces shimperi, Agaricus
arvensis, Agaricus bisporus,

Agaricus silvicola, Agaricus
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romagnesii, Cantharellus cibarius,
Lycoperdon perlatum, Macrolepiota
procera

Agaricus blazei, Ganoderma lucidum,
Coprinopsis atramentaria, Lactarius
bertillonii, Lactarius vellereus,
Rhodotus palmatus, Xerocomus
chrysenteron

p-Kymaposas kucnora

Cantharellus cibarius, Termitomyces
heimii, Boletus edulis, Sparassis
crispa, Geastrum arinarius,
Cantharellus cibarius, Lactarius
sangifluus, Macrolepiota procera,
Pleurotus djamor, Lentinus sajor-
caju, Fistulina hepatica

Agaricus arvensis, Agaricus silvicola,
Lepista nuda, Sparassis crispa,
Ganoderma lucidum, Coprinopsis
atramentaria, Lactarius bertillontii,
Lactarius vellereus, Rhodotus
palmatus, Xerocomus chrysenteron,
Morchella esculenta

o-Kymaposas kucnora

Inonotus obliquus

Kodeitnas kucnora

Sparassis crispa, Cantharellus
cibarius, Termitomyces heimii,
Boletus edulis, Lentinus squarrulosus,
Morchella conica, Russula brevipes,
Cantharellus cibarius, Lactarius
sangifluus, Macrolepiota procera,
Cantharellus clavatus, Pleurotus
djamor, Lentinus sajor- caju,
Termitomyces tylerance, Morchella
anguiticeps, Termitomyces
microcarpus, Termitomyces shimperi,
Fistulina hepatica, Flammulina

velutipes, Sparassis crispa, Phellinus
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linteus

depynoBasi KMCIOTa

Termitomyces heimii, Lactarius
deliciosus, Pleurotus sajor-caju,
Lentinus squarrulosus, Sparassis
crispa, Morchella conica,
Cantharellus cibarius, Lactarius
sangifluus, Macrolepiota procera,
Cantharellus clavatus, Pleurotus
djamor, Termitomyces microcarpus,
Termitomyces shimperi, Flammulina
velutipes, Inonotus obliquus

X10poreHoBbIe KUC/IOThI

Cantharellus cibarius, Pleurotus
ostreatus, Flammulina velutipes,
Phellinus linteus

Suillus luteus, Suillus granulatus,
Flammulina velutipes, Agaricus

Ksepuetun . ..
P blazei, Sparassis crispa, Ganoderma
lucidum, Inonotus obliquus
Cantharellus cibarius, Pleurotus
Pyrun
ostreatus
Sparassis crispa, Ganoderma lucidum,
Kemndepon P .p ’
Inonotus obliquus
Pleurotus ostreatus, Agaricus
MupuneTuH bisporus, Agaricus blazei, Ganoderma

lucidum
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XpusuH Pleurotus ostreatus

Lentinus edodes, Agaricus blazei,
Karexun

Ganoderma lucidum

lecriepugun Ganoderma lucidum

HapuHreHuH Sparassis crispa

Pleurotus ostreatus, Agaricus
bisporus, Pleurotus eryngii,

Hapunrun P . yng
Ganoderma lucidum, Inonotus

obliquus

dopmomeTHH Ganoderma lucidum

Buoxanun Ganoderma lucidum

Agaricus bisporus, Flammulina

velutipes, Agaricus blazei, Sparassis
[Tuporanon . .
crispa, Ganoderma lucidum,

Phellinus linteus

PecBepaTtpon Sparassis crispa, Inonotus obliquus

JJu1aroBast KUC/I0Ta Fistulina hepatica

Termitomyces heimii, Termitomyces
mummiformis, Boletus edulis,
Lactarius deliciosus, Pleurotus sajor-
caju, Hydnum repandum, Lentinus
squarrulosus, Morchella conica,
Russula brevipes, Geastrum arinarius,
Cantharellus cibarius, Lactarius
TanHMHOBast KMCI0TaA sangifluus, Macrolepiota procera,
Cantharellus clavatus, Auricularia
polytricha, Pleurotus djamor,
Termitomyces tylerance, Morchella
anguiticeps, Termitomyces
microcarpus, Helvella crispa,
Termitomyces shimperi

ABTOpBI  TaKKe TOAYEPKUBAIOT, YTO TIJIABHBIMHM MeTabo/IUTaMU  C
AHTUOKCHJIAHTHOW aKTHUBHOCTBIO, SIB/ISIIOTCSI UMEHHO (eHOJIbHbIE COeJUHEeHUS
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(peHonbHBIE KHCTOTHI M GIABOHOWABI). 32 HUMH C/I€OYIOT TOKOQEpOIbI,
aACKOPOGMHOBAsSI KUC/IOTA U KAPOTUHOU/IBI.

S.A. Heleno et al. (2015a) coo6uiarOT, YTO Cpegu TpPeX HCCIeTOBaAaHHBIX
cbeno6HbIX BUJOB — B. edulis, X. badius (=Boletus badius) wu Lentinus edodes,
vMeHHO y B. edulis 6Gbin caMblil BBICOKHII YPOBEeHb COeJUHEHHI (PpeHONTbHOM
NPUPOJBI — 10 1,89+0,02 (Mr/100 I CyXOro Beca), IpU 3TOM COOTBETCTBEHHO OH
MPOSIBJISLT caMblii BbIcOKUit ypoBeHb AOA, onpegenennsiii DPPH- metomom. B
TO )Xe Bpemsi X.badius TpOSIB/ISLI HAaUBBICUIYI0 aKTUBHOCTh B MHI'MOHMPOBaHUHU
MEPEeKUCHOTO OKWUCJIeHWs] JIMIMUJAOB 0Oarojaps BBICOKOMY COZAEP)XaHHIO
TOKO(dEepOoJIoB.

[IpoBesieHHbIe HCCIeL0BAaHNS BOAHOCIMPTOBUX eKCTPaKToB Suillus luteus m
Coprinopsis atramentaria mokasanu cuHepretndeckuii sdpdext mx AOA B
C/Ty4asix WCIIO/Ib30BAaHUS JAHHBIX BH/JIOB B KaueCTBe IHILEBBIX J00AaBOK K
MaTPHKCY U3 JepeBeHCKoro TBopora (cottage cheese). Ilpu aTOoM NpUMeHsIH
MUKPOHMHKAIICY/ISIIIUI0O METO/IOM PACIbUIMTENIBHOM CYIIKH C MaJIbTOJ€KCTPHUHOM.
JlaHHBII MeTOZ, TO3BOJISIET He TOJIBKO MOBBICUTH CYMMAPHYI0 aHTHOKCHIAHTHYIO
aKTHUBHOCTH, HO U COXPAHSITHh ee B TeueHHe JauTensHoro Bpemenu (Ribeiro et
al., 2015). J.A.Vaz ¢ coaBTOpaMM HCC/I€[OBa/Ii AaHTHOKCHIAHTHbIE CBONCTBA
STAHO/BHBIX M BOJHBIX 3KCTpakToB Armillaria mellea, Calocybe gambosa,
Clitocybe odora w Coprinus comatus (Vaz et al., 2011). Bsuto mokasaHo, 41O
sHauenusi EC,, ana DPPH maxogunuce B amanasone 2,56 + 34,60 mr/mi, a
ypoBenb AOA cHmxaicsi B mnocaemoBaTtenbHocTH oT Coprinus comatus >
Clitocybe odora > Armillaria mellea » Calocybe gambosa.

[Tpu uccnepoBannu AOA 5TaHOIBHBIX 3KCTPAKTOB 6 JUKOPACTYIIMX L[€HHBIX
CheOOHBIX U JIEKapCTBEHHBIX BUJOB - Boletus edulis Bull., B. badius (Fr.) Kiithn.,
Suillus luteus (L.) Roussel., Armillariella mellea (Vahl.) P.Karst., Laetiporus
sulphureus (Bull.) Murrill u Piptoporus betulinus (Bull.) P.Karst., cobpaHHbIX B
Kuesckoit n YXutomupckoit 06macTsix B 2013-2014 IT., ObUIO MOKa3aHO, YTO
CHW)KEeHHe YPOBHSI aHTHOKCHAAHTHON aKTUBHOCTU HAO/MIOJAETCsl B C/IeAyoLIeit
nocnenoBarenbHocTU: B.edulis—> S.luteus—> B.badius—> A.mellea-> L.sulphureus—>
P.betulinus (Ceipuun, ['poasuHcKas, 2015) (Tabr. 2 )

Ta6nuna 2. AHTHOKCHUJAHTHAS AKTUBHOCTD AUKOPACTYIIMX CheJOOHBIX U
JIeKapCTBEHHBIX MAaKPOMUIIETOB

AHTHOKCHUJAHTHas EC., (Mr/mn)*

Bun rpuba
ATP AKTHUBHOCTD, %
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Boletus edulis 30,61+0,62 20,26+1,13
Suillus luteus 27,89+0,57 23,21+0,56
Boletus badius 21,92+0,55 24,71+0,74
Armillariella mellea 14,96+0,42 34,99+0,53
Laetiporus sulphureus 12,08+0,60 42,20+0,80
Piptoporus betulinus 11,19+0,73 48.04+0,75
*Bemrmunna EC,, COOTBETCTBYeT KOHLEHTPALMN AHTHOKCHAAHTA,

HeOOXOAMMOM I/ CHWKeHHs oOmero kKomudecrBa ®PIIT-cBoGoaHBIX
pagukanos Ha 50%.

Takum 06pa3oM, 3TaHOJIbHBIE DKCTPAKTHI GosieTanbHbIX BUAOB (B.edulis,
S.luteus w B.badius), W3BeCTHbIX UEHHBIX CbeAOOHBIX TI'pUOGOB, 06IaLATH
MaKCHUMa/bHBIMH  (Cpegu WCCaefoBaHHBIX 06pasuoB) ypoBHsamu AOA, 4To
CBUJETEbCTBYeT O UX [JOIOJHUTENbHOU MUTATEIHbHON LEHHOCTH B KadecTBe
MUILEeBOM /100aBKM K PALMOHYy 3A0pOBOro muTanus. [lonydeHHBIE JaHHbIE
XOPOLIO COTJIACYIOTCS C JAHHBIMU, TpUBeneHHbIMU B mybnukanuu A. Keleg c
COAaBT., COTJIACHO KOTOpBIX, OoseTanbHble BuAbl B. edulis, B. erythropus var.
erythropus, Suillus luteus (xpome Leccinum scabrum) nposiBIsIIN
MaKCHMa/IbHYyI0 CKaBEeH/DKMHTOBYI0 aKTHUBHOCTb CpeJu 24 WCC/IeS0BAHHBIX
nuKopactyimx cbefobHbix TpuboB (Keleg et al., 20m). JTurnorpodsr A. melleaq,
L. sulphureus u P. betulinus mposiBnsiniu 60jiee HU3KYI0 aHTHOKCHUJAHTHYIO
aKTUBHOCTH. [lonydenubie panHbie 00 AOA wuCC/IeOBaHHBIX BHUOB TAKKe
xopouro coriacyores ¢ gaHHaMu mo AOA Gosee ABaALATH JUKOPACTYIIMX,
IIMPOKO pacrpocTpaHeHHbix B [Tonbine makpomureroB (Nowacka et al., 2014).

CresyeT OTMETHTDH, YTO HCIIO/Ib30BAaHME MMEHHO 3TAaHOJIbHBIX IKCTPAKTOB
PEeKOMeHOBAaHO PpAJOM aBTOpoB. B wactHoctu, V. Vieira ¢ coaBTOpamMu
COOOIIAIOT O JOCTATOYHO BBICOKOM CIOCOOHOCTH K 3KCTPAKLHU (PEHOIBHBIX
coeauHenuit 3tum pactBopurtenem (Vieira et al., 2012). B nyGaukanuu  D.
Stojkovi¢ ¢ coaBTOpaMu OBUIO TMOKA3aHO, YTO 3TAHOJIbHbIE JKCTPAKThI TAKUX
BUJIOB Kak Agaricus bisporus u A. brasiliensis nmenn 60iee BEICOKHE ITOKa3aTe N
AOA, omnpepenenHole mno Mertoay /J®PIII- pagukana, yeM MeTaHOJIbHbIE
(Stojkovié, 2014). Tlo nuTeparypHbIM J[JaHHBIM, JI€KapCTBEHHbIE BUIBI L.
sulphureus u Hypsizygus marmoreus [eMOHCTpUpPOBaiu 60iee BbICOKHE YPOBHU
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AOA 1pu 5TaHOJNBHOM JKCTPAarMPOBAaHMM, YeM IPU HCIOIb30BAHUH JPYIHX
pactBoputeneii (Oh, Lee, 2007; Lung, Huang, 2013).

A. Turkoglu c¢ coaBr. (2007) wuccnenoBamyM 3TaHONBHBIE IKCTPAKTHI B
obpasuax guxopactyuero L. sulphureus u mpoBenu CpaBHUTENbHBIM aHANTUA3
AOA rpuba c TaKUMHU M3BECTHBIMU aHTHOKCH/IQHTAaMH, KaK OyTHIMPOBAaHHBII
rugpokcuanuson (BHA), 6yrunupoBanusiii rugpokcutonyon (BHT) u anbda-
Tokopepon. Bputo mokazaHo, uYTO B KOHUeHTpauusix 800 Mkr/mn AOA
STAHOJBHBIX OKCTPAKTOB L. sulphureus Obutla 61M3Ka K 3HAYE€HUSIM
BBIIIEYKA3aHHBIX CHHTETHYECKUX KOMMEpPYEeCKHX AHTHOKCHAAHTOB (pHC.7).
Mertog, onpepenennss AOA 10 OKUC/IEHUIO TUHOINEBOU KHUCIOTHI MTOKa3aJsl, YTo
STAHO/NBHBIA JKCTPAKT (B KOJHMYECTBE 320 MKT) YMeeT 3HaveHUe
WHTMOHMPOBaHUSsI, SKBUBAJIEHTHOE 40 MKT anbpa-rokodepona (puc. 8). ABTopsI
JenaloT BbBOL O TOM, 4To AOA 53TaHOBHBIX BSKCTPAKTOB 3aBHUCUT OT
KOHLIEHTPaUHH (peHO/TbHbIX BEeLIEeCTB.

DPPH Assay
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Puc.7. AHTHOKCHMJAHTHasi AKTUBHOCTh 3JTAHOJABHBIX IKCTPAKTOB
Laetiporus sulphureus (LS) ¥ CcHHTeTHYeCKHX AHTHOKCHZAHTOB
OTHOCHTENHHO cBOGOAHBIX pasukanos DPPH (Turkoglu et al., 2007).
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Puc.8. O0mas aHTHOKCcHUJaHTHas akTuBHOCTh BHA, o-Tokodepona mu
Pa3/INYHBIX KOHIEHTpAaUUil 3TaHOJBHBIX DOKCTPAKTOB Laetiporus
sulphureus B amyabcuu nuHoaueBoit kuciaorsl (Turkoglu et al., 2007).

H.-J. Li ¢ coaBr. (2015) B pe3ynbraTe wuccnenoBanus metaHoabHbix (ME),
stanoibHbIX (EE) m Bogubix skcrpaktoB (WE) nukopacryuwero Agaricus
bisporus moxasanu, ytro HaumGosbuyio 3¢pdekTUBHOCTH AOA OTHOCHUTETBHO
DPPH paaukaia [1eMOHCTPUPOBAA MeTaHObHbIe 3KCTpakThl (ME), B TO Bpemst
KaK CKaBeH)XWHIOBasi aKTHUBHOCTb oOTHocuTenbHO °*OH- pagukana Obuta y
9TaHOMbHBIX JKCTpakToB (EE). ABTOpBI YyKaspiBaloT Ha cHmKeHne AOA
akctpakToB B DPPH Ttecte B cnenyromem nopsinke ME > BHA > EE > WE. Taxoke
npu usmepennu AOA sxcTpakToB oTHocuTebHO OH pagykana 6pi1a oTMeueHa
apyras 3aBucumocTb EE (2.90 = 0.08 mr/ma) > WE (4.26 + 0.06 mr/mi) > ME
(6.10 £ 0.01 mr/mi). [Toka3aHo, 4TO pa3/NUYHbIE THUIBI DKCTPAKTOB K3 3TOTO
rpuba nposiByisiin Boicokue ypoBHU AOA cpaBHuMbIe ¢ 3tanonabiv BHA (Li et
al., 2015).

E. Alvarez-Parilla ¢ coaBropamu, B 4YacTHOCTH, NPOBEIH CpPaBHUTE/IbHbIE
uccnegosanusi AOA JUKOPACTyIIMX M KyJIbTUBHPYEMbIX MaKpPOMUILETOB M
MOKa3a/IM Ha/Jn4yHe JTUHEHHON KOpPpesLMU MeXAy cojep)kaHueM (eHOTbHBIX
BelllecTB ¥ ypoBHeM AOA. ABTOpBI YCTAaHOBMJIY, UYTO JUKOpACTyIIui Agaricus
sp. o6mazan OGojiee BBICOKMM COZepXXaHHeM (QEeHONbHBIX BeLleCTB U

COOTBECTBEHHO €ro CIIMPTOBbIE JKCTPAKTHI IIPOSBIIAIN 6oJiee BBICOKHE YPOBHHU
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AOA, yem nBa KomMMepueckux mramma A. bisporus (6enmbiii u Portabella)
(puc.g). Tlo ux MHeHMIO, MONMUPEHOBI SBASIOTCS T/IABHBIM KOMIIOHEHTOM,

OTBETCTBeHHBIM 33 ypoBeHb AOA, 0HaKO crieKTp $eHOIOB SIB/ISIETCS] B JAHHOM
cJIy4yae orpejiesiioLM.

400
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Portabella ~ Macrolepiota Champignon Champignon Boletus
(w) (c)

Puc.9. Copeprxanue ¢peHOTbHBIX BelecTB (BbIpa)KeHHOE KaK 9KBUBAJIEHT
KOpEerMHOBOM KHCIOTBHI, MI' /100 T ChIpOTO Beca) B 80% MeTaHOTBHBIX

IKCTpaKTax gukopacrymwux (w - wild) m KyrsTuBupyemsix rpu6os (c -
commercial) (Alvarez-Parilla et al., 2007).

[Tpu nccnefoBaHMU JBYX OpraHUYECKHUX dKCTPAKTOB JUKOPACTYILel BelleHKU
06bIKHOBeHHOU P. ostreatus (13 gByx Mectooburanuii Jlaroca, Hurepust) 6010
MOKa3aHO, YTO, C OJHOH CTOPDOHBI, OHHU TMPOSIB/ISUIA IIUPOKUI CHEKTp
AHTUMHMKPOOHOU W aHTHUQYHTaJbHOM aKTHBHOCTH, a C JPYrOd -BBICOKYIO
AQHTHUOCHUJAHTHYIO aKTUBHOCTb, CBSI3aHHYIO C OOLIMM cofep)kaHreM (peHOTbHbBIX
Beuects (Iwalokun et al., 2007).

M. Kosani¢ ¢ coaBropamu (2012) npy U3yYeHUH alleTOHOBBIX 1 METAaHOJIBHBIX
OKCTPAKTOB Tpex IpejcTaBuTesneid mopsinka Boletales mnokaszamu, uro
al[eTOHOBBIE DKCTPAKTHI [€MOHCTPUPYIOT 60siee BbicoKyio AOA, onpeseieHHYO
no DPPH-pagukany. Ilpu atom y B. edulis 6pl1a MaKCHMManibHasi aKTUBHOCTD -
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ECyo= 4,72 MKr/mmn, y B. aestivalis - 8,63 u'y Leccinum carpini - 67,89 Mxr/mn. B
TO )Xe BpeMsi, OMBITHI C METAHOJbHBIMH 3KCTPAKTAMH I[MOKa3aqu OOPATHYIO
sapucumoctb AOA y wWccaefoBaHHBIX TPpUGOB, TaK, COOTBETCTBEHHO Jist
BhlIenpuBeeHHbIX TpuboB ECy,= 212,47 (B. edulis), 187,73 (B. aestivalis) n
202,47 (L. carpini). Habmtoganack moioXuTenbHasi KOPPesiyst MeXIy yPOBHEM
AOA wu KoHueHTpauyeil ¢QeHONbHBIX COeJUHEHUN (M0 MUPOKATeXoly) |
bnaBoHOUAHBIX coequuenunit (o pyruny)(Kosanic et al., 2012).

M.Y. Lung c coaBropamu coo6umaer, uto AQOA L. sulphureus, riaBHbIM
00pa3oM, 3aBUCHUT OT KOHLIEHTPAUUH (peHONbHBIX COeJUHEeHUH U (HIaBOHOUOB
B munenuu (Lung et al., 2013). B Toii >xe Bpemsi, ¢eHObHBIE BelecTsa
SIB/ISIIOTCSI  BTOPUYHBIMU MeTabo/IiTaMH, a HMX KOJIMYeCTBO OIpeJesisieTcs,
[JIaBHBIM OOpPA30M, YCIOBHUSMH POCTa. ABTOPBI COOOIIAIOT O CyIIeCTBEHHBIX
BapHaLMAX KaK B KAaYeCTBEHHOM, TaK U B KOJIMYECTBEHHOM COCTaBe BeIleCTB -
AHTUOKCHU/IAHTOB (PEHOTBHOU MPUPOBI B 3aBUCUMOCTH OT MeCT cO0pa, yC/I0BUH
npou3pacTaHus U Bospacrta riogoseix Ten (Ferreira et al., 2009; Khatua et al.,
2013).

AHanu3 NUTepaTypHBIX U TOJTyYEeHHBIX HaMHU JAHHBIX CBUJETETbCTBYET O
TOM, YTO AUKOPACTYLIME MAKPOMHUIEThI O0/MAfaloT Gojiee BBICOKUM YPOBHEM
AOA, dem xynpruBHpyemble (Yamanaka et al., 2014, Cupuin, ['poasuHChKa,
2015). OYEeBUAHO, MOXXHO MPEATOIOXHUTh, YTO JUKOPACTYIIMM MAKPOMUIETAM
JIOCTyTrieH 6oJjiee MIMPOKUI CIEeKTP BellecTB GpeHONbHOI MPUPOABI B MOYBAX U
IpeBecHbIX CyOCTpaTax, YeM KyJIbTUBUPYEMbIM, KOTOPbIE MPH BBIPAILIMBAHUU
JINMUTHUPOBAHbBI OIpe/ie/IEHHbIM COCTAaBOM MPEeABAPUTEHHO TMOJTOTOBIEHHBIX
MATATE/bHBIX CPEJ.

MuUpOBOiT PPIHOK aHTHOKCHU/IAHTOB YKa3bIBaeT HAa CTAOW/IbHbIE TEHJEHIIUU K
CTPEMUTEIBHOMY POCTY: OXKHUJAETCSI ero yBeauvyeHue Gojee, dYeM BABOE - C $
103,6 MJIH B 2011 TOAY 10 $ 246,1 MuH B 2018 roay (Kozarski et al., 2015). PbrHOK
AQHTHUOKCH/IAHTOB IO THUIy TPOAYKIIMH CETMEHTUPOBAH HA CHHTETUYECKUE U
npupoAHble aHTHOKCcUAAHThI. CuUHTeTH4eckue ¢(eHOIbHbIe AHTHOKCHUAAHTHI
BKJIIOYAIOT OYyTH/IMPOBaHHBIA rugpokcrann3on (BHA), GyruampoBaHHBIM
rugpokcutonyon (BHT) w  apyrue, Hampumep, NpPONWITA/UIAT, TPET-
oyrunruapoxuHon  (TBHQ), osrokcukBun (EQ), KoTopsie  CIOCOGHBI
3¢ PeKTUBHO MHTHUOUPOBATh OKUC/IUTE/IbHBIE MPOLecchl. TeM He MeHee, MPHU
OTpefieIeHHBIX YC/IIOBUSIX HEKOTOpPbleé CHHTETHYEeCKHe AaHTHOKCHAAHTBI MOTYT
BBI3BIBaTh HeOmaronpustHbie Tokcuveckue adpdexrsr (Yu et al., 1997; Ferreira et
al., 2009). BHA, KOTOpbIii O4YeHb YaCTO MCIOIb3YeTCS] B KavyecTBe AOOABKU B
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MUAIIEBOH TMPOMBILIJIEHHOCTH, B 3aBHCHUMOCTU OT [03bl MOXXET OKa3bIBaTh
HEraTUBHOE BO3JENCTBHE TIyTeM Up-Peryusiliud aKTUBHOCTU MHUTOTEH-
aktuBupyemoii mnporenHkuHasbl (MAPK), Takum o6pasom, BBI3bIBasI
KaHueporenusii apdexr (Yu et al, 1997; Liu et al., 2013). Mcionb3zoBanue
CHHTETHYeCKHUX AaHTHOKCHJAHTOB JXeCcTKO periameHtupoBaHo B CIIA wu B
Espomneiickom Coroze (Lundebye et al., 2010). OrpaHudeHust Ha UCIOIb30BaHKE
CHHTETHYEeCKUX aHTHOKcumaHToB, Takux Kak BHA wu BHT, ecrecTtBenHo,
BbI3BAJI0 OypHBI WHTepeC K HWCC/IeIOBAHUIO U KCIOIb30BAHUIO TPUPOILHBIX
AHTUOKCHIAHTOB. Kak nMpupoaHble aHTUOKCHIAHTHBIE THLIeBble JOOABKU YaCTO
UCIoIb3y0TCst Tokodpeposl (BurtamuH E), ackopbuHoBast kuciora (Butamus C),
KapoTHHOWbI U (1aBOHOUABI. [10CKOBKY 3TH aHTUOKCHUIAHTHI SIBJISIIOTCS, TIO
CYTH, MUILEBbIMH J0OABKAMH 3K30T€HHOTO XapaKTepa, UX YPOBHU MOXKHO JIETKO
KOHTPOJIMPOBATh MyTeM MOJUPUKALIHH.

[IpuposHBIE AHTHOKCUAAHTHI TI0 THUIY TPOHUCXOXKJEHUsS [Je/siTCI Ha
pacTuTenbHble U IPUOHbIE DKCTPAKTHI, Crieluu (PO3MapwH, TUMbsIH, MailopaH,
operaHo, wandei, 6a3uInK, Mepel, rBO3JHUKA, KOPULA, U MYCKATHBIA Opex),
¢daBoHOUABI, YOUXHUHO (ITOJTHOCTHIO BOCCTAaHOB/IEHHON (oOpMbI KOodpepMmeHTa
Q.), rayratvoH, uuHK (Zn), cenen (Se), Buramun A (B TOM uyucie
kaporuHougsi), ButamuHbl C uw E (B TOM 4YHCIe W TOKOTPHUEHOJIBI
Tokodeponl)(Brewer, 2011). B mocneguue roapl chemoOHbIE TUKOPACTYIIUE U
Ky/IbTUBHPYeMble I'PUOBI, KaK YPe3BbIYANHO BAKHBIN MPOAYLIEHT MPUPOLHBIX
AHTHOKCHUIAHTHBIX BEIIeCTB u MOTEeHLIMAIbHbIN 00BEKT ISt
OMOTEXHOJIOTUYECKUX pa3paboToOK, TMPUBJIEKAIOT K cebe BHUMaHHE KaK
BOXHEMIIMH MCTOYHUK TPUPOAHBIX aHTHOKcHaaHToB (Ferreira et al., 2009;
Khatua et al., 2013; Smith et al., 2015).

B pomonHeHue K M3BICKAHHOMY BKYCy W THTATENbHON LEHHOCTH T'PUOBI
06/mazaloT  CcOANAHCUPOBAHHBIM ~ XMMHYECKMM  COCTaBOM C  BBICOKUM
colep)XxaHueM OeIKOB, HH3KUM YPOBHEM JIMIIUIOB C TMpeobiafaHueM
MOJIMHEHAChIeHHbIX JKUpHBbIX Kucaor ([MTHXKK), BbeicOkuM cogepxaHuem
ButamuHoB (B1, B2, Bi2, C, D, u E), 4To mesaer ux yHUKa/ bHBIM KOMIIOHEHTOM
Huskokanopuiinbix auer (Chang, 2003; Finkel, Holbrook, 2000; Chang, Wasser,
2012). Kpome Toro, rpu6sl UMeOT HU3KUH TTUKEMUYECKUH UHIEKC, ¥ BBICOKOE
Colep)XaHHue MAHHHTA, YTO MO3BOJISIET UX HMCIIOIB30BaTh B PAllMOHE GOTBHBIX
nraberoM. OpTOMOJIEKY/ISIPHBIN MeJULITHA PEKOMEHyeT UCII0Ib30BaTh TPUOBI

B painuoHe OOJIBHBIX I'MIEPTOHUYECKONW OO0/Ie3HBIO, TOCKO/IbKY COAep)XaHHe
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HATpHsI B MULEUM JOCTATOYHO HU3KOE IMPH BBICOKOM COAEP)KaHUM Kajusi U
¢docdopa (Guillamon et al., 2010).

B mociegHue rogpt 60/1b1I0€ BHUMAHKE YAE/ISeTCS TPUOHBIM ITOTUCAXapUAAM,
KOTOpbI€ TAK)Ke€ HMEIT BBIPAXKEHHOE AaHTHOKCHUIAHTHOe JelcTBue. bbuio
MOKa3aHo, YTO HeOuHleHHast PppaKius MONMUCAXapULoB uMeeT Oojiee BHICOKHI
YPOBEHb aHTHOKCHIAHTHOM aKTUBHOCTH, yeM ouniieHHas (Klaus et al., 2013).

K HacrosimieMy BpeMeHM  HAaKOIUIEHO  3HA4YMTE/NbHOE  KOJIMYeCTBO
daKkTUYecKoro Marepuaza, KOTOpPOe CBUIETENIbCTByeT 00 AHTHOKCHIAHTHOMN
AKTUBHOCTH MaKpoMmuueToB. LllnsimouHble rpubhl SIBASIOTCS HeHUCYEPIIAeMbIM
MCTOYHUKOM OHOJIOTUYECKA AKTHUBHBIX BelecTB ¢ ($apMaKOIOTHIECKUM
JefCTBHEM IIUPOKOTO CIIEKTPa, B TOM YMC/Ie aHTUOKCHAAHTOB, YTO [ie/laeT UX
Ba)XHbIMU B 310poBoM nutanuu (health food).

Mcxoass w3  BBIIMIEM3/IOKEHHOTO, MOXHO CHelaTh B3BOJ O TOM, 4YTO
MaKpPOMHUIIETHI, KaK MCTOYHUK HOBOIO ITOKOJIEHUS MIPUPO/THBIX
AHTHOKCHIAHTOB, SIBJISIIOTCSI  YHUKQ/IBHBIM  TEPCIEKTUBHBIM ~ OOBEKTOM
COBPEMEHHBIX OMOTEXHOIOTHIA.

B TO ke BpeMms, «KJIACCMKW» aHTHOKCHAAHTHBIX HCCIeJOoBaHMWi John
Gutteridge u Barry Halliwell (2010) yTBep»maroT, 4TO CBEPXBBICOKHE [O3bI
AHTUOKCHU/IAHTOB B IMHUIIEBBIX IMPOAYKTaX MOTYT OKasblBaTh OTPHUILATETbHOE
BO3JeiicTBe Ha oOpraHu3M. [loaTomy Takue c6Ga/aHCUPOBAHHbBIE 1O
MUTATe/bHON LE€HHOCTH, AHTHMOKCUJAHTHON aKTHUBHOCTH M JIeKapCTBEHHBIM
CBOMCTBAaM TPUPOAHBIE TPOAYKTHI KAK CbeJOOHbIE TPUOBI, SIBISIOTCS
He3aMeHHMbIMH B palliOHE Ye/I0BeKa.
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CHPYIH C.O.

AHTHUOKCHUIAAHTHI BJIACTUBOCTI BUIIMX T'PUBIB

B oensadi sucgimaero cywacHutl pieeHb 3HAHb NPO AHMUOKCUJAHMU WANUHKOBUX
epubie, HasedeHi gidomocmi npo 6i0N02IMHO AKMUBHI PEeHoB8UHU, WO
3abe3neuyomb 6ucokull pigeHb AHMUOKCUOAHMHOI AKMuU8HOCMI 8 na0dosux
minax dukopocaux i KyabmueosaHux eudie. IlokazaHo, wo makpomiyemu €
Hegu4YepnHuM Oxcepenom aHmuokcudaHmis, wo ceiduums npo ix dodamkoeoi
yiHHocmi 6 payioHi 3dopogoeo xapuyeaHHs. Jlikapcvki 1 icmisHi eudu
Makpomiyemoe € HeguHepnHUM 0XlcepesloM HOB8020 NOKOJNIHHA NPUpodHuUX
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aHmuokcudaHmis i yHiKaibHUM nepcnekmueHum o6'ekmom 6iomexHon0iHHUX
po3pobok.

SYRCHIN S.O.

ANTIOXIDATIVE PROPERTIES OF HIGHER FUNGI

The review describes the current level of knowledge about antioxidants of wild and
cultivated pileate mushrooms, contains information about the active compounds
that provide a high level of antioxidant activity in the fruiting bodies of wild and
cultivated species. It is shown that macromycetes are an unlimited source of
antioxidants, which indicates their added value in the diet of healthy eating.
Medicinal and edible species macromycetes are an unlimited source of a new
generation of natural antioxidants and a unique perspective object of
biotechnology.
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EFFECT OF MYCOBIONT ZINC-TOLERANCE AND PHOSPHORUS
AVAILABILITY ON ZINC PHOSPHATE SOLUBILIZATION AND ZINC AND
PHOSPHORUS ACCUMULATION BY PAXILLUS INVOLUTUS /PINE
ECTOMYCORRHIZAL ASSOCIATIONS

The mechanisms by which fungi and plants obtain phosphate in the
mycorrhizosphere are of interest since solubilization of inorganic phosphates can
result in release of associated metals. We hypothesized that any ectomycorrhizal
protection of host plants against toxic metals mobilized from minerals could
depend on fungal metal-tolerance and phosphorus status in the matrix.

Our results showed that both non-mycorrhizal Scots pines (Pinus sylvestris) and
pines infected with ectomycorrhizal fungi Paxillus involutus were able to enhance
zinc phosphate dissolution, tolerate metal toxicity and acquire mobilized
phosphorus, increasing phosphorus amount in shoots when zinc phosphate was
present in matrix. However zinc phosphate solubilization, and uptake of mobilized
zinc and phosphorus by non-mycorrhizal pines and ectomycorrhizal symbiotic
associations P. sylvestris/P. involutus were conditional being dependant on (i)
ectomycorrhizal infection; (ii) zinc-tolerance of mycobiont; and (iii) phosphorus
status of mesocosm.

In the presence of a phosphorus source, ectomycorrhiza infected with zinc-
tolerant P. involutus 23 accumulated much less zinc than the non-mycorrhizal
plants and, in general, provided the best protection against zinc toxicity to host
plant employing metal-avoidance strategy. Ectomycorrhizal infection caused
changes in the proportions of chemical fractions of accumulated zinc, decreasing
the ratio of the most bioavailable zinc (water-soluble and salt-extractable) in the
root biomass compared to non-mycorrhizal seedlings. However the speciation of
zinc within root biomass was very similar in both ectomycorrhizal and non-
mycorrhizal seedlings showing octahedral coordination of zinc by oxygen-
containing ligands fitting carboxylate coordination and, in part, phosphate
coordination.

In contrast to high-P mesocosms, under the low-phosphorus conditions a
mycorrhizal seedlings infected with zinc-tolerant P. involutus 23 considerably
increased total dissolution of zinc phosphate, zinc mobilization and accumulation
by plant, and, particularly, metal accumulation in shoot, showing the highest
values compared to non-mycorrhizal and P. involutus 15-ectomycorrhizal pines.
Ectomycorrhizal infection with both zinc-tolerant and non-tolerant mycobionts
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maintained a high phosphorus concentration in mycorrhizal roots under both
phosphorus-deplete and phosphorus-replete conditions.

Key words: ectomycorrhiza, Paxillus involutus, Pinus sylvestris (Scots pine),
zinc, phosphorus, metal resistance, solubilization, metal speciation

Phosphorus is an essential element for plant and microbial nutrition and can
only be assimilated as soluble phosphate species, however in the soil, a large
proportion of the phosphorus pool is poorly soluble, meaning that the
mechanisms by which fungi and plants obtain phosphate are of major
importance (Lapeyrie et al., 1991; Wallander et al., 1997; Whitelaw, 2000).
Mycorrhizal fungi are one of the most important ecological groups of soil
microorganisms involved in the processes of mineral weathering and dissolution
of insoluble metal compounds (Jongmans et al., 1997; Lundstrom et al, 2000).
Numerous studies have concluded that an important role of mycorrhizal fungi is
to improve plant phosphorus nutrition, emphasizing the phosphate-solubilizing
ability of mycorrhizal fungi (Lapeyrie et al., 1991; Wallander et al., 1997). Plant
roots and their associated free-living and symbiotic microbial populations
significantly alter the physico-chemical characteristics of the rhizosphere by
metabolic activities, resulting in a geochemical environment that can be very
different from the bulk soil (Wenzel et al., 1994; Olsson and Wallander, 1998;
Whitelaw et al., 1999). This will have significant consequences for the
biogeochemical mobility of metals and associated elements in such an
environment. In the processes of soil exploration and facilitating the
mobilization of phosphorus from complex source by extramatricum mycelium
the production of protons and organic anions can accelerate processes of
chemical weathering (Smith and Read, 1997). The ability of ectomycorrhizal
fungi (e.g., Paxillus involutus, Pisolithus tinctorius, Laccaria laccata, Laccaria
bicolour, Hebeloma cylindrosporum, H. crustuliniforme, Cenococcum geophilum)
to dissolve calcium-bearing minerals in pure culture and in mycorrhizal
association has been well documented (Lapeyrie et al., 1990; Lapeyrie et al. 1991;
Gharieb and Gadd, 1999; Callot et al., 1985). Some ericoid fungi (ericoid
mycorrhizal endophytes of Woollsia pungens (Epacridaceae) and
Hymenoscyphus ericae) have also been reported to be able to dissolve
hydroxyapatite in axenic culture (Van Leerdam et al., 2001). Mycorrhizal fungi,
as well as all other fungi, can dissolve minerals in the course of so called
“heterotrophic leaching” employing several mechanisms, including protonation

(acydolysis), chelation (complexolysis) and biomass functioning as a metal sink
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(metal accumulation) (Burgstaller and Schinner, 1993; Burford et al., 2003;
Fomina et al., 2004).

However, the dissolution of inorganic phosphates can result in release of the
associated metals, including toxic metals, and therefore a possible increase of
metal bioavailability in soil [Leyval and Joner, 2001]. This toxic metal
mobilization from insoluble phosphate-containing minerals has received very
little attention. There were only few studies on toxic metal phosphates
solubilization by axenic cultures of ectomycorrhizal and ericoid mycorrhizal
fungi (Leyval and Joner, 2001; Martino et al., 2003; Fomina et al., 2004). The
ectomycorrhizal fungi Suillus granulatus and Pisolithus tinctorius promoted the
release of cadmium and phosphorus from rock phosphate [Leyval and Joner,
2001]. From cadmium, copper, zinc and lead phosphates, zinc phosphate was
found to be the most easily solubilized compound by ectomycorrhizal fungi
Paxillus involutus, Suillus bovinus, Suillus luteus and Thelephora terrestris
(Fomina et al, 2004). Though axenic cultures of numerous tested
ectomycorrhizal fungi produced various organic acids the majority of them did
not excrete strong chelators like oxalic or citric acids and the main mechanism
of zinc phosphate solubilization was acidification (Fomina et al., 2004). It was
also found that the fungal ability to dissolve toxic metal minerals was related to
toxic metal tolerance of fungal strains (Fomina et al., 2004). Fungi are known for
their remarkable ability to withstand stress induced by toxic metals in their
environment employing numerous mechanisms and strategies in detoxification,
including enhanced metal efflux, suppressed influx of toxicant, extracellular
metal sequestration and precipitation, metal binding to the fungal cell walls,
intracellular  sequestration and complexation, compartmentation or
volatilization (Gadd, 1993, Perotto and Martino, 2001; Meharg, 2003; Fomina et
al., 2005). The interactions between mycorrhizas and metal pollution have
raised increased interest because the ability of mycorrhizas to enhance plant
growth on contaminated soils and the potential of mycorrhizas, particularly
ectomycorrhizas, to remediate and remove pollutants from contaminated sites
has been highlighted (Meharg and Cairney, 2000; Adriaensen et al. 2003;
Meharg, 2003; Colpaert et al., 2004).

However the impact of ectomycorrhiza on the dissolution of toxic metal
phosphate minerals and the role of toxic metal tolerance of mycosymbionts in
those processes remained unstudied. It was not clear how efficiently fungal
symbionts with different metal tolerance could solubilize toxic metal
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phosphates, protect host plants from the toxicity of mobilized metals, and
provide access to inorganic mineral sources of phosphorus for ectomycorrhizal
associations.

The aim of present investigation was to study zinc phosphate
transformations by Paxillus involutus/pine ectomycorrhizas with zinc-tolerant
and non-tolerant strains of mycosymbiont under phosphorus-replete and -
deplete conditions.

MATERIALS AND METHODS
(1) Axenic cultures of P. involutus strains in solid and liquid media

Mycobionts used were two cultures of ectomycorrhizal fungus Paxillus
involutus (common name Brown Roll-rim). Fungal cultures were isolated from
habitats with different degrees of toxic metal pollution: P. involutus 15 (provided
by Dr D. Genney (CEH Merlewood collection)) was isolated from unpolluted
site, UK, with host plant Larix sp. and P. involutus 23 (provided by Dr J.
Colpaert) was isolated the Lommel field site, Belgium, with host plant Pinus sp..
The Lommel (Campine region in the north-eastern part of Begium) field site was
designed as a test plot for the reforestation of the “zinc desert”, an industrial site
polluted with non-ferrous metals emitted by a pyrometallurgical zinc smelter
dismantled in 1973 (Colpaert et al, 2000). Toxic metal concentrations in
Lommel (Maatheide) soils were (on a dry weight basis): zinc, 1750 pg/g soil;
cadmium, 14 pg/g soil, and copper, 76 pg/g soil. Fungal strains were maintained
at 25°C on modified Melin-Norkrans (MMN) agar medium comprising:
(NH,),HPO, (0.5 g/l), KH,PO, (0.3 g/l), MgSO,.7H,O (0.4 g/l), CaCl,.6H,O
(0.05 g/1), NaCl (0.025 g/1), D-glucose (10 g/1), glutamic acid (0.001 g/1), thiamine
(0.0001 g/1) and agar No.1 (Lab M, Bury UK)(14 g/1). Before adding the agar and
prior to autoclaving, the liquid medium was adjusted to pH 5.5 using HCL.
Commercial preparation of Zn,(PO,),.2H,O (Alfa) (naturally occurring as
hopeite) was used.

Preparation of metal-amended plates and inoculation Fungi were grown on 20

cm? MMN agar, in go mm-diameter Petri dishes with metal compounds added
to a final metal concentration of 15 mM (Sayer et al., 1995, 1997). Metal
phosphate was added to a 5 mM final concentration (equivalent to 0.22% w/v
Zn,(PO,),). Prior to inoculation, 84 mm diameter discs of sterile cellophane
membrane were placed aseptically on the surface of the agar in each Petri dish.
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The membrane allowed the passage of nutrients and/or metabolites between the
agar and the fungus, and provided a convenient means of removing the
mycelium from the agar (Sayer et al., 1997). Inoculations were carried out using
7mm diameter discs of mycelium cut from the leading edge of colonies which
had been maintained on MMN at 25° C for at least 14 days. Fungi were incubated
at 252 C for two months. Measurements were made of the size of the colonies
every 3-4 days and of any clear zones present.

Estimation of solubilizing ability The main criterion of mineral solubilizing
ability was the diameter of the solubilization area (clear halo) in agar, used
previously in studies of fungal phosphate-solubilizing ability and mineral
transformations (Sayer et al., 1995, 1997).

Biomass and metal analysis Colonies were removed from replicate agar plates by
peeling the biomass from the dialysis membrane. The mycelia were oven-dried
at 802 C until reaching constant weight, and after dry weight measurement,
were digested (0.05g) in 3.0 ml concentrated HNO; at u52 C for 24 hours in a
digestion block (Grant Instruments, UK). After appropriate dilution with
ddH,O, solutions were analyzed for metal ion content using a Pye Unicam SPg
atomic absorption spectrophotometer (AAS) with respect to appropriate
standard solutions in acidified ddH,O.

Metal tolerance Growth of fungi was evaluated by extension of the colony and

by the biomass yield of dry weight since extension of the colony alone does not
take into account the density of fungal mycelium (Gadd, 1986; Colpaert et al.,
2000). Tolerance results were expressed in terms of a tolerance index (TI) based
on the dry weights of fungal biomass (DW) (Vodnik et al., 1998; Colpaert et al.,
2000):

TIpw = (DW of treated mycelium/DW of control mycelium)x100 (%).
Preparation of metal-amended flasks and inoculation. Fungi were grown in
liquid static culture in 12 cm®> MMN comprising: (NH,),HPO, (0.5 g/1), KH,PO,
(03 g/l), MgSO,.7H,O (o.14 g/l), CaCl,.6H,O (o0.05 g/l), NaCl (o0.025 g/l),
FeEDTA (0.0125 g/1), D-glucose (10 g/1), thiamine (0.0001 g/1), in sterile plastic

flat flasks with total volume 50 ml and growth area 25 cm® (CellStar Tissue
Culture Flasks, Greiner Bio-One, Kremsmunster, Austria). The pH of liquid
medium was adjusted to 5.5 using HCl. After oven sterilization, zinc phosphate
was added to the medium to give a final concentration equivalent to 1 mM.
Inoculations were carried out with 7mm diameter discs of mycelium cut from
the leading edge of colonies which had been maintained on MMN at 25° C for at
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least 14 days. Fungi were incubated at 25° C for 20 days. Growth and mineral
solubilization were observed macro- and microscopically.

Organic acid analysis. After 10, 15 and 20 days of fungal growth, aliquots from
the liquid cultures (1ml) were taken for analysis of organic acid (carboxylic
acids) production. Analysis was carried out using HPLC system comprising a
Waters (Watford, Herts, UK) 600E system controller, a Waters 490E
programmable multi-wavelength detector, a Waters U6K pump and a Waters
7171 plus autosampler controlled by Millipore (Waters) Millennium
chromatography software. 8 mM sulphuric acid (Aristar, BDH, Poole, UK) was
used to elute fractions from an Aminex HPX-87H HPLC organic acid analysis
ion-exclusion column (Bio-Rad, USA). To remove free metal species, samples
were treated with ion-exchange resin (AG 50W-X8 100-200 hydrogen form resin,
Bio-Rad, USA). Both samples and eluant were pre-filtered through 0.45 pm
membrane filters (cellulose acetate, 13mm syringe filter, Alltech Associates Ltd,
Carnforth, UK), and then 20 pl of triplicate samples were run for 30 min.

pH measurements pH measurements were made, in triplicate, in liquid culture,
using a Gelplas combination pH electrode (BDH, UK) and Jenway 3040 Ion
Analyser.

Biomass and metal analysis After 20 days of growth, fungal biomass was

separated from the liquid medium by filtration through plastic mesh (100 pm
mesh size) and washed with cold dH,O. The mycelia were oven-dried at 80° C
until reaching constant weight, and after dry weight measurement and biomass
powdering, stepwise extraction of the metal accumulated by the biomass was
carried out using a modified Sequential Elution Technique (SET), that has been
previously used in studies of metal speciation in soil and plant tissues (Kinzel,
1989; Zhu and Alva, 1993; Kunito et al., 1999; Costas and Lopez, 2000). To
evaluate the partitioning of accumulated metal within different chemical
fractions, biomass (0.05g) was extracted stepwise (in 2.5ml, twice) using: (1)
ddH.,O for 15 min at 80°C, (2) 2M NaCl for 30 min at room temperature, (3) 1M
acetic acid overnight at room temperature and (4) 1M HCI overnight at room
temperature for zinc, or concentrated HCl at 92-95°C for 2-3 h for lead: zinc and
lead were determined in each fraction by atomic absorption spectrophotometry.
For zinc, the acetic acid fraction represents zinc phosphate as it is only
sparingly-soluble in water but fully soluble in 1M acetic acid, and this fraction
was therefore subtracted from the biomass dry weight as initial non-dissolved
mineral precipitated on mycelia. Water-, NaCl- and HCl-fractions represent
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solubilized Zn,(PO,),, where the NaCl-fraction is regarded as electrostatically
adsorbed or ion-exchange fraction and the HCl-fraction mainly represents zinc
that has been reprecipitated as zinc oxalate or zinc ions that have been strongly
bound to cell components. To evaluate the total metal concentration in
biomass, samples were digested (0.05g DW) in 3.0 ml concentrated HNO; at 115°
C for 24 h in a digestion block (Grant Instruments, Cambridge, UK). After
appropriate dilution with ddH,O, solutions were analyzed for metal ion content
using a Pye Unicam SPg9 atomic adsorption spectrophotometer (AAS) with
reference to appropriate standard solutions in acidified ddH,O. Digested
precipitates of metal minerals in flasks and free metals in liquid medium after
fungal growth were also analyzed for metal ion content using AAS. Samples of
ddH,O-washed precipitates of metal minerals in flasks as well as of biomass
samples were examined using X-ray powder diffraction analysis (XRPD) to
confirm their homogeneity and/or the possible appearance of biogenic
crystalline precipitates (e.g. metal oxalates).

Estimation of metal tolerance Growth of fungi in liquid medium was evaluated
by the biomass yield and tolerance results were also expressed in terms of a
tolerance index (TI) as described above.

Estimation of solubilizing ability The main criterion of mineral solubilizing
ability in liquid medium was the mobilization index (MI) calculated as the ratio
(%) of free metal concentration in the liquid phase to the initial solid phase:

MI=(Metjiquia/ Metsoiia)x100 (%),

where Metjq,q is the concentration of mobilized metal in the liquid phase;
Met,,iq is the metal concentration in the initial solid phase. (As the
concentration of total metal accumulated in fungal biomass was negligible
compared to metal concentrations in solid or liquid phases, the values of MI
calculated with initial Mety,;q and with final Met,,;q, after subtraction of the
metal concentration in biomass, did not differ statistically).

Specific metal mobilization by fungal biomass was calculated as a sum of the
metal concentration in the liquid phase and biomass per biomass yield.
Synthesis of Paxillus involutus/pine ectomycorrhiza was carried out under
sterile conditions using test tubes technique (Peterson and Chakravarty, 1991).
The seeds of Pinus sylvestris L. (Chiltern seeds, Cat No 1014, Ulverston, Cumbria,
UK) were surface - sterilized in 30% hydrogen peroxide with one drop of
Tween6o for 30 min, then thoroughly washed with sterile water and transferred
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into Petri dishes containing MMN agar medium to germinate for at least 14 days.
Synthesis of ectomycorrhiza was performed in the autoclaved (120°C, 60 min)
glass tubes (culture tubes 2smmx150mm, Sigma-Aldrich Cat C 5916, Dorset, UK)
filled with 30 ml vermiculite (Sinclair, Lincoln, UK) and peat (Irish Moss Peat,
B&Q plc, Chandlers Ford, UK) mixture 51 and 10 ml of Ingestad medium
(Ingestad, 1979) comprising: K,SO, (12.25 mg/l); KH,PO, (8.58 mg/l); K,HPO,
(10.1mg/l); KNO; (9.71mg/1); NH,NO; (58.56 mg/l); Ca(NO,), (8.61 mg/l);
Mg(NO;), (15.84 mg/l); HNO; (13.7 pg/l); H;BO; (0.57 pg/l); Mn(NO;), (0.913
ug/l); Zn(NO;), (0.07 pg/l); CuCl, (0.04 pg/l); Na,MoO, (0.009 pg/l); FeNaEDTA
(1149 pg/l) (Ingestad, 1979). D-glucose (0.5 g/l1) was also added to medium to
initiate fungal growth in matrix. Germinating pine seeds were planted into
vermiculite/peat matrix together with 4 discs of 7mm diameter discs of
mycelium cut from the leading edge of colonies which had been maintained on
MMN at 25° C for at least 14 days. Seedlings were cultivated for 3-4 months in
the growth chamber (Fisons Fi-totron 600 Growth Cabinet, Suffolk, UK) with
200 pmolxm™xs™ PAR, at least 60% relative air humidity and at day/night
regime of 18/6 h and a temperature of 23/15°C. Mycorrhizal colonisation of the
roots was nearly 85-90%. After mycorrhization uniform pine seedlings were
carefully taken out from tubes, washed with sterile water and transferred into
mason jars (Peterson and Chakravarty, 1991) to be used in the mesocosms
experiments.

(2) Mesocosm experiment I: low zinc phosphate and high phosphorus
status.

Mesocosm experiment | was aimed to study the role of ectomycorrhization
and Zn-tolerance of ectomycorrhizal mycosymbiont in Zn accumulation,
chemical fractionation and coordination in pine roots.

Vessels for plant tissue culture (Sigma-Aldrich 175ml “baby food jars”, Cat V
0633 with clear Magenta B-caps Cat No B 8648) were used as modified mason
jars in mesocosm experiment I (Fig. 1A). Prior to autoclaving (120°C, 60 min) the
jars were filled with 130ml vermiculite (Sinclair, Lincoln, UK) and 75 ml of
Ingestad medium comprising: K,SO, (12.25 mg/l); KH,PO, (8.58 mg/1); K,HPO,
(10.umg/1); KNO; (9.71mg/1); NH,NO; (58.56 mg/l); Ca(NO,), (8.61 mg/l);
Mg(NO,), (15.84 mg/l); HNO; (13.7 pg/1); H;BO; (0.57 pg/l); Mn(NO;), (0.913
pg/l); Zn(NO;), (0.07 pg/l); CuCl, (0.04 pg/l); Na,MoO, (0.009 pg/l); FeNaEDTA
(1149 pg/l). tomm holes were punched in the middle of caps to pull shoots out
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and plug the hole with autoclaved foam surrounding stems. Autoclaved bags
made from dialyzing tubing (Visking Code DTV12000.10.000, Size 10, Medicell
International Ltd, London, UK) were filled with 0.57g of oven-sterilized
Zn,(PO,),.2H,O (Alfa) and buried into vermiculite matrix one bag per jar.
Seedlings were watered with 25ml sterile water after planting. Mycorrhizal and
non-mycorrhizal pine seedlings were grown for 5 months in jars keeping the
root system sterile in the growth chamber (Fisons Fi-totron 600 Growth
Cabinet, Suffolk, UK) with 200 pmolxm™xs™ PAR, at least 60% relative air
humidity and at day/night regime of 18/6 h and a temperature of 23/15°C. Every
month pine seedlings were watered with 25ml sterile half-Ingestad solution. At
least four replicas of each treatment were used.

r A—" A— d—

Fig. 1. Pine seedlings grown in mason jars mesocosm systems
containing cellophane bags with zinc phosphate in matrix (as indicated
in figures) using (A) Sigma “baby food” jars (Mesocosm experiment I) or
(B) Tesco “olives” jars (Mesocosm experiment II).

Organic acid analysis in matrix. After 5 months of pine seedlings growth in the

mesocosm prior to harvesting the vermiculite matrix was filled with 75ml of
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ddH:20, left for a couple of hours and liquid samples were taken for analysis of
organic acid. Analysis was carried out using HPLC system comprising a Waters
(Watford, Herts, UK) 600E system controller, a Waters 490E programmable
multi-wavelength detector, a Waters U6K pump and a Waters 7171 plus
autosampler controlled by Millipore (Waters) Millennium chromatography
software. 8 mM sulphuric acid (Aristar, BDH, Poole, UK) was used to elute
fractions from an Aminex HPX-87H HPLC organic acid analysis ion-exclusion
column (Bio-Rad, USA). To remove free metal species, samples were treated
with ion-exchange resin (AG 50W-X8 100-200 hydrogen form resin, Bio-Rad,
USA). Both samples and eluant were pre-filtered through 0.45 pm membrane
filters (cellulose acetate, 13mm syringe filter, Alltech Associates Ltd, Carnforth,
UK), and then 20 pl of triplicate samples were run for 30 min. Succinic acid
production by ericoid mycorrhizal fungi was previously confirmed using gas
chromatography-mass spectrometry (GC-MS) (Martino et al., 2003). Oxalic acid
production was also analyzed enzymatically using a commercial kit (Sigma
Diagnostics Catalog No. 591-D, Sigma-Aldrich Company Ltd, Poole, Dorset, UK).

Roots were harvested, washed with dH20, and analyzed for zinc content. The
roots were oven-dried at 802 C until reaching constant weight, and after dry
weight measurement and biomass powdering, stepwise extraction of the metal
accumulated by the biomass was carried out using a modified Sequential Elution
Technique (SET) as described above.

Following light microscopic observations scanning electron microscopy
(SEM)-based techniques, including environmental SEM (ESEM) and Cryo-SEM,
have been used in the present study to analyze any zinc phosphate
transformations by ectomycorrhizal and non-mycorrhizal roots.

Cryo-SEM study Cryo-preparation of fungal specimens proved to be the one of

the best ways to preserve fragile mycelium for SEM study providing observation
of both interior and exterior structures of cryo-fractured samples. A specimen
was held within the jaws of the sample holder and “Tissue-Tek” — which acts as a
glue when frozen - was smeared around the base of the sample. Liquid N, was
placed under vacuum in the freezing chamber (Alto2500) until it became solid
(slush). The chamber was then brought back to atmospheric pressure and the
sample immediately plunged into the chamber and a vacuum reapplied. The
sample was withdrawn from the chamber just prior to the N, re-solidifying. The
sample was then transferred under vacuum to the preparation chamber. After
fracturing, the sample was warmed to -95°C for 5 mins to remove surface water.
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After sublimation, the sample was cooled to -115°C prior to coating with approx
snm of Au/Pd. Samples were examined using an Hitachi S-4700 field emission
gun scanning electron microscope (FEG SEM) operating at an accelerating
voltage of 5Kv.

EDXA Ectomycorrhizal roots and mycelium were analysed using EDXA at
Philips XL3o environmental scanning electron microscope (ESEM) field
emission gun (FEG) to find any crystalline mycogenic precipitates.

XRPD analysis All the products of mineral transformations by fungus in the
media and in mycelium were analysed by XRPD. The samples were sprinkled
onto low background silicon crystal holders and scanned from 2-75° 20 on a
Siemens Ds5o0o00 diffractometer using cobalt Ko radiation selected with a
diffracted beam monochromator. Each sample was counted for 1 sec per step
using a step size of 0.02°. Slits used were 1° divergence, 1° antiscatter, and
0.6mm receiving slit. The broad peak centred at around 7A is diffraction from
the plastic sample holder surround. Phases were identified by reference to
patterns in the Powder Diffraction File (PDF).

X-ray absorption spectra at the Zn K-edge were collected on Station 7.1 at the
CLRC Daresbury SRS operating at 2 GeV with an average current of 140 mA,
using a vertically collimating plane mirror and a sagitally bent focussing Si(i11)
double crystal monochromator detuned to 80% transmission to minimise
harmonic contamination. Sample data were collected with the station operating
in fluorescence mode using a 9-element solid state Ge diode detector with high
count-rate XPRESS processing electronics; spectra of model compounds were
collected in transmission mode. Experiments were performed using a liquid
nitrogen cooled cryostat. Single scans were collected for the model compounds,
and 3-4 scans were collected and summed for each sample.

Background subtracted EXAFS spectra were analysed in EXCURV98 using full
curved wave theory (Binsted, 1998; Gurman et al, 1984). Phaseshifts were
derived in the program from ab initio calculations using Hedin-Lundqvist
potentials and von Barth ground states (Hedin & Lundqvist, 1969). Fourier
transforms of the EXAFS spectra were used to obtain an approximate radial
distribution function around the central arsenic atom (the absorber atom); the
peaks of the Fourier transform can be related to “shells” of surrounding back
scattering atoms characterised by atom type, number of atoms in the shell, the
absorber-scatterer distance, and the Debye-Waller factor, 26 (a measure of
both the thermal motion between the absorber and scatterer and of the static
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disorder or range of absorber-scatterer distances). The data were fitted for each
sample by defining a theoretical model and comparing the calculated EXAFS
spectrum with the experimental data. Shells of backscatterers were added
around the arsenic and by refining an energy correction E¢ (the Fermi energy),
the absorber-scatterer distance, and Debye-Waller factor for each shell, a least
squares residual (the R-factor (Binsted et al, 1992)) was minimised. Where
appropriate multiple scattering effects were included in the fits (Gurman et al.,
1986). Data were collected for three models, Zn(oxalate), Zn,;(PO,), and ZnS, and
for samples of non-mycorrhizal roots and roots of ectomycorrhizas with zinc-
tolerant and non-tolerant mycobiont.

(3) Mesocosm experiment II: high zinc phosphate and high/low
phosphorus status.

The mesocosm experiment Il was aimed to investigate the role of phosphorus
deficiency, ectomycorrhization and Zn-tolerance of ectomycorrhizal
mycosymbiont in P and Zn accumulation by pine seedlings.

The 6oxisomm glass jars (350oml Tesco “olives” jars) were used as modified
mason jars in mesocosm experiment II (Fig. 1B). Prior to autoclaving (120°C, 60
min) the jars were filled with 100ml 10:1 vermiculite/peat mixture and 75 ml of
Ingestad medium comprising: K,SO, (12.25 mg/l); KNO; (9.71mg/1); NH,NO,
(58.56 mg/l); Ca(NO;), (8.61 mg/l); Mg(NO;), (15.84 mg/l); HNO, (13.7 pg/l);
H,BO; (0.57 pg/l); Mn(NO;), (0.913 pg/l); Zn(NO;), (0.07 pg/l); CuCl, (0.04
pg/l); Na,MoO, (0.009 pg/l); FeNaEDTA (1149 pg/1) with or without KH,PO,
(8.58 mg/l) and K,HPO, (10.umg/l) as phosphorus sources. 1omm holes were
punched in the caps and plugged by autoclaved foam to provide gas-exchange
for pine seedlings. Caps were fixed on the jars using autoclaved lanolin (Sigma-
Aldrich, Sigma-Aldrich Company Ltd, Poole, Dorset, UK). Autoclaved bags
made from dialyzing tubing (Visking Code DTV12000.10.000, Size 10, Medicell
International Ltd, London, UK) were filled with o.5g of oven-sterilized
Zn,(PO,),.2H,O (Alfa) and buried into vermiculite matrix one bag per jar.
Seedlings were watered with 25ml sterile water after planting. Mycorrhizal and
non-mycorrhizal pine seedlings were grown for 5 months in jars keeping the
both shoot and root systems sterile in the growth chamber (Fisons Fi-totron 600
Growth Cabinet, Suffolk, UK) with 200 pmolxm™xs™ PAR, at least 60% relative
air humidity and at day/night regime of 18/6 h and a temperature of 23/15°C. Jars
non-inoculated with pine seedlings were used as abiotic control, and jars

162



without zinc phosphate bags were used as non-mineral control. Every second
month pine seedlings were watered with 25ml sterile water. At least three
replicas of each treatment were used.

After 5 months of pine seedlings growth in the mesocosm prior to harvesting
the vermiculite matrix was filled with 6oml of ddH20, left overnight and liquid
samples were taken for analysis of water-soluble zinc content in liquid fraction
of mesocosm. It was also analyzed zinc content in hot-water fraction of
vermiculite matrix by heating 1.5g (DW) vermiculite in sml ddH,O at 80°C 30
min. To estimate zinc accumulation by whole plants, pine seedlings were
harvested, thoroughly washed with water and dried with paper towels. Shoots
and roots were separated, chopped, oven-dried at 80° C until reaching constant
weight. After dry weight measurement and biomass powdering samples were
digested (0.05g DW) in 3.0 ml concentrated HNO; at u52 C for 24 h in a
digestion block (Grant Instruments, Cambridge, UK) to evaluate the total zinc
concentration in biomass. After appropriate dilution with ddH,O, solutions
were analyzed for metal ion content using a Pye Unicam SPg atomic adsorption
spectrophotometer (AAS) with reference to appropriate standard solutions in
acidified ddH,O.

Liquid fraction of mesocosm and digested shoots and roots were also analyzed
for labile phosphorus and total phosphorus contents using manual Mo-blue
colorimetric procedure (Olsen and Sommers, 1982). The antimony-phospho-
molybdate complex is reduced to an intensely blue-colored complex by ascorbic
acid proportionally to the phosphorus concentration. 1 ml of sample was added
to 7ml of the reagent 4:3 mixture comprising 1% ascorbic acid solution and
solution of ammonium molybdate (4.3g/l), antimony sodium tartrate (o0.4g/1),
cH,SO, (54 ml/l), and after 20omin the absorbance was read on the colorimeter
(Gallenkamp Visi Spec spectrophotometer) at 8oo nm. Solution concentrations
were determined by reference to absorbance of appropriate known standard
solutions.

Statistical analysis

Minitab for Windows (Release 12.1) was used for statistical analysis. At least
three replicate determinations were made.

RESULTS

(1) Zinc phosphate tolerance and transforming ability of two Paxillus
involutus isolates from environment differently polluted with zinc.
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Zinc phosphate tolerance and transforming ability were compared for two P.
involutus strains isolated from environment highly contaminated with zinc (P.
involutus 23) and uncontaminated environment (P. involutus 15). The ability to
grow of two cultures in the presence of zinc phosphate was different (Fig. 2A). P.
involutus 23 yielded more biomass and showed much higher values of tolerance
index on both liquid and solid media-containing zinc phosphate than P.
involutus 15. So P. involutus 23 and P. involutus 15 are referred in text as zinc-
tolerant and non-tolerant strains.
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Fig. 2. Axenic cultures of P. involutus 15 (Pi15) and P. involutus 23 (Pi23):
(A) tolerance index (TI) for zinc phosphate on liquid and solid media;
(B) final pH values after growth on liquid mineral-free (control) medium
and medium containing zinc phosphate (Zn); (C) zinc phosphate
solubilization expressed as mobilization index (MI) for liquid medium;
(D) chemical fractionation (H,O-extractable and total) of zinc
accumulated in fungal biomass grown on liquid medium containing zinc
phosphate. Bars indicate +SEM.

As the strains grew different way they acidified zinc phosphate-containing
liquid medium differently with P. involutus 23 acidifying medium significantly
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more than P. involutus 15 (Fig. 2B). The two strains also showed different zinc
phosphate solubilizing ability: zinc-tolerant strain solubilized mineral
considerably more in both liquid and solid media than non-tolerant (Fig. 2C).
When grown in liquid medium containing zinc phosphate, zinc-tolerant strain
accumulated considerably less zinc in its mycelium than non-tolerant strain
(Fig. 2D). Non-tolerant strain accumulated much more water-soluble and
cation-exchangeable zinc but less zinc in HCl-fraction than metal-tolerant strain
(Fig. 2D).

In the presence of zinc phosphate both cultures excreted into liquid medium
mainly gluconic acid (Fig. 3A) (see also Fomina et al., 2004). However this
excretion cannot explain the difference in solubilization as both cultures
produced similar concentrations of gluconic acid. Both strains were not able to
excrete substantial amount of strong chelators. The difference in solubilization
correlated with pH values suggesting the main role in zinc phosphate
dissolution to be played by acidification under studied conditions as it has been
previously reported (Fomina et al., 2004).

Thus, the two strains of P. involutus differed in their ability to tolerate and
solubilize zinc phosphate.
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Fig. 3. Specific exudation of some organic acids (A) gluconic acid, (B)

malic acid, (C) lactic acid, (D) formic acid, and (E) acetic acid in the
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absence (grey columns) and presence of zinc phosphate (black columns)
by axenic cultures of fungi P. involutus 15 (AxPi15) and P. involutus 23
(AxPi23), and by roots of non-mycorrhizal pine seedlings (N-M) and
ectomycorrhizas infected with P. involutus 15 (EcMPi15) or P. involutus 23
(EcMPi23). Values are means derived from at least three replicate
determinations, bars indicate +SEM. The different letters denote
significant differences at the 5% level using Fisher’s LSD test (one-way
ANOQVA).

(2) Mesocosm experiment I

The zinc tolerant and non-tolerant P. involutus strains were used in the
synthesis of monoaxenic ectomycorrhizas with pine seedlings for mesocosm
experiments with relatively low amount of zinc phosphate and high phosphorus
amount in the medium aimed to compare zinc phosphate dissolution, and
accumulation and speciation of mobilized zinc in the roots of non-mycorrhizal
and ectomycorrhizal plants. The analysis of liquid fraction of mesocosm matrix
showed similar nearly neutral pH values being a result of buffering by
vermiculite. Excretion of some organic acids (mainly, lactate, formic and acetic
acids) into matrix was detected (Fig. 3B-D). Zinc phosphate presence in
mesocosm induced lactate and acetate production by non-mycorrhizal roots but
reduced its formate production (Fig. 3B-D). Non-mycorrhizal roots and P.
involutus 23- and P. involutus 15- ectomycorrhizas excreted similar pmolar
amount of formic acid. The highest amount of acetic acid (around 20 pmol/g
biomass) produced by P. involutus 23-ectomycorrhiza was at least ten times
more than those found for non-mycorrhizal or P. involutus 15-ectomycorrhiza
and seemed to be zinc phosphate-stimulated (Fig. 3B-D). The range of organic
acids excreted by P. involutus ectomycorrhizas in mesocosm was different from
that found for liquid axenic cultures of mycobionts only (Fig. 3).

166



0.08

oH20

0.06 +

0.04 4

0.02 4

Zn (mg/g DW root biomass)

M+Pi15 M+Pi23

Mycorrhizal status

Fig. 4. Chemical fractionation (as H,O-, NaCl-, HCI- extractable and total)
of zinc accumulated in roots of non-mycorrhizal (N-M) pine seedlings
and ectomycorrhizas infected with P. involutus 15 (M+Pi15) or P. involutus
23 (M+Pi23) grown in mesocosm containing zinc phosphate (Experiment
I). Bars indicate +SEM. The different letters denote significant differences
at the 5% level using Fisher’s LSD test (one-way ANOVA).
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Fig. 5. The proportions of different chemical fractions of zinc (H,O-, NaCl-
, and HCI- extractable) in biomass of axenic cultures of (A) P. involutus 15,
(B) P. involutus 23, grown on zinc phosphate-containing liquid medium,
and in roots of (C) non-mycorrhizal pine seedlings, and ectomycorrhizas
infected with (D) P. involutus 15 or (E) P. involutus 23 grown in mesocosm
containing zinc phosphate. Percentage is shown in the plot area.
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The organic acid exudation found in mesocosm experiment did not correlate
anyhow with the accumulation of mobilized zinc within root biomass (Figs. 3,
4). Roots of non-mycorrhizal and P. involutus 15-ectomycorrhizal pine seedlings
accumulated significantly higher concentration of water-soluble and cation-
exchangeable zinc in their biomass than those in P. involutus 23-ectomycorrhiza
(Fig. 4). The amount of HCl-extractable zinc in P. involutus 23-ectomycorrhizal
roots did not differ significantly from those in non-mycorrhizal and P. involutus
15-ectomycorrhizal roots. P. involutus 15-ectomycorrhiza demonstrated higher
concentration of HCl-extractable zinc than non-mycorrhizal roots. Total zinc
concentration in roots was the least for ectomycorrhiza with zinc-tolerant
mycobiont P. involutus 23, and did not differ significantly in non-mycorrhizal
and P. involutus 15-ectomycorrhizal roots. In general, the difference in zinc
accumulation and chemical fractionation in ectomycorrhizal roots with zinc-
tolerant and non-tolerant mycobionts was consistent with data observed for
these fungal strains in liquid axenic culture. The analysis of proportions of
different zinc fractions showed the main tendency to be a decrease of sum of
water- and salt- extractable and an increase of the ratio of acid-extractable zinc
from non-tolerant to zinc-tolerant fungal strains in both axenic culture and
ectomycorrhizal state (Fig. 5). Non-mycorrhizal roots demonstrated the least
ratio of acid-extractable zinc and the highest ratio of water-soluble and NaCl-
extractable zinc together manifesting the highest proportion of the most
bioavalable zinc compared to ectomycorrhizal roots. Zinc accumulation and
chemical fractionation data for axenic fungal mycelium differed from
ectomycorrhizal roots, and it should be taken into account the difference
between conditions and impact of root cells of host plant here.

Analysis of zinc coordination within biomass showed no difference between
non-mycorrhizal and ectomycorrhizal roots (Table 1). The X-ray absorption near
edge structure (XANES) of the models and the samples of non-mycorrhizal, P.
involutus 23- and P. involutus 15- ectomycorrhizal roots showed a close
similarity between the sample edges and the oxalate model. This implies that
the likely coordination of the zinc is to six oxygen ligands, rather than four as in
zinc phosphate. The parameters derived from the EXAFS fitting are presented in
Table 1. The spectra of all samples were very similar, and could all be fitted with
a single shell of 6 oxygen atoms. In all Fourier transforms there appear to be
outer shells, but these could not be fitted satisfactorily with further shells of
scatterers. However, by assuming octahedral coordination and modelling the
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effects of multiple scattering the fits for all the spectra could be improved (Table
1 showed the fits with multiple scattering). The residuals in brackets in the final
column are the residuals without multiple scattering). Attempts to fit those
parts of the EXAFS spectra giving rise to small peaks in the Fourier transforms at
ca. 3 A, using carbon scatterers, did not significantly improve the fits.

Roots were also examined for any crystalline precipitates and any obvious
changes in morphology using scanning electron microscopy SEM, EDAX and
XRPD. However, neither crystalline precipitates nor profound morphological
changes were observed. Because of perfect preservation results and the
possibility to observe both external and internal structures, the Cryo-SEM was
found to be one of the best for imaging and study the morphology of
ectomycorrhiza and, potentially, for any metal mineral transformations into
crystalline secondary minerals in ectomycorrhizal system (e.g. if it is able to
over-produce such  strong  chelators as oxalate) (Fig. 6).
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Table 1. Zn K-edge EXAFS parameters.

ris the zinc-scatterer distance, + 0.02 A inner shells, + 0.05 A outer
shells. 20” is the Debye-Waller type factor, + 15% inner shells, + 30% outer
shells

Sample Scatterers r/A 20/ A Residual
STANDARDS
Zn(oxalate) 6x0 2.09 0.012 22.2
4xC 2.82 0.026

12x O 3.83 0.034

Zn,(PO,), 4x0 1.96 0.015 23.3
2x P 3.12 0.032
2x7Zn 3.33 0.015

ZnS 4xS 2.33 0.010 26.1
12X Zn 3.81 0.016
12x S 4.46 0.020
6 x7Zn 5.41 0.023
12x S 5.89 0.013
24X 7Zn 6.64 0.021
SAMPLES
Non-mycorrhizal 6x0 2.06 0.014 37.0
roots (38.4)
P. involutus 15- 6x0 2.05 0.016 37.1
ectomycorrhizal roots (39.5)
P. involutus 23- 6x0 2.06 0.015 41.6
ectomycorrhizal roots (42.3)
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Non-mycorrhizal pine roots Paxillus involutus/pine ecto-mycorrhiza

54700 5.0kV 9,8mm %200 SE(L) $4700 5.0kV 9.5mm x150 SE(V) ! 200um

Fig. 6. Typical Cryo-SEM images of cryo-preserved and cryo-fractured
Scots pine roots (A) non-mycorrhizal and (B) infected with either P.
involutus 23 or P. involutus 15.

(3) Mesocosm experiment I1

In the mesocosm experiments with high amount of zinc phosphate in matrix
and the absence and the presence of phosphorus in media it was found that
phosphorus deficiency can alter shoot biomass and dramatically change zinc
accumulation by ectomycorrhizal and non-mycorrhizal pine roots (Fig. 7, 8).

In mineral-free mesocosms with phosphorus-rich medium the highest shoot
biomass was observed for ectomycorrizal pine seedlings and the least for non-
mycorrhizal seedlings (Fig. 7). The shoot biomass of ectomycorrhizal pines
decreased with decreasing phosphorus concentration in the medium. The
presence of zinc phosphate in matrix under both phosphorus -replete and -
deplete conditions led to a significant decrease of shoot biomass in non-
mycorrhizal and P. involutus 15-ectomycorrhizal seedlings compared to their
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mineral-free controls. However, shoot biomass of ectomycorrhizal seedlings
with zinc-tolerant mycobiont was not reduced significantly by zinc phosphate,
suggesting the protective role of zinc tolerance in P. involutus 23, comprising
84-106% of metal-free control values for shoot biomass (Fig. 7). The root:shoot
(R:S) ratios for mycorrhizal plants varied from 1.2 to 1.6 and were lower than
those for non-mycorrhizal plants varying from 1.8 to 2.9. In non-mycorrhizal
plants, phosphorus deficiency significantly increased roots biomass (1.3 times for
mineral-free mesocosm and 1.7 times for zinc phosphate treatment) and R:S
ratios (1.2 times for mineral-free mesocosm and 1.6 times for zinc phosphate
treatment).

Under phosphorus-replete conditions, the least zinc accumulation was found
in the roots of ectomycorrhiza with zinc-tolerant mycobiont P. involutus 23 and
the most in non-mycorrhizal roots, confirming data from the previous
experiment with lower zinc phosphate concentration in mesocosms with the
specific zinc accumulation order non-mycorrhizal roots>P. involutus 15
ectomycorrhiza>P. involutus 23 ectomycorrhiza (Figs. 4, 8). In contrast, under
phosphorus-deplete conditions the highest zinc accumulation in roots was
observed in ectomycorrhiza with zinc-tolerant mycobiont and the least one in
ectomycorrhiza with non-tolerant mycobiont, with zinc accumulation order
being P. involutus 23 ectomycorrhiza > non-mycorrhizal roots>P. involutus 15
ectomycorrhiza (Fig. 8). Zinc accumulation in shoots was also different under
phosphorus- deplete and replete conditions. In the presence of phosphorus the
highest concentration of zinc was accumulated in the shoots of P. involutus 15
ectomycorrhizal pines, with order being P. involutus 15 ectomycorrhiza>P.
involutus 23 ectomycorrhiza>non-mycorrhizal shoots (Fig. 8). In the absence of
phosphorus in medium the highest zinc accumulation was observed in shoots of
P. involutus 23-ectomycorrhizal pines, with zinc accumulations order being P.
involutus 23-ectomycorrhiza>P. involutus 15-ectomycorrhiza=non-mycorhizal
shoots. However, in most cases, roots accumulated much higher proportion of
zinc compared to shoots.

As a result, in phosphorus-replete conditions, the highest total zinc
accumulation by whole pine seedlings was observed in mesocosms with non-
mycorrhizal plants with order being non-mycorrhizal pines>P. involutus 15-
ectomycorrhizal>P. involutus 23-ectomycorrhizal pines(Fig. 9A).

The highest amount of mobile water-soluble zinc was found in non-
mycorrhizal and P. involutus 23-ectomycorrhizal pine seedlings and the least in
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P. involutus 15-ectomycorrhizal pines (Fig. 9A). It can be explained by high zinc
influx in non-tolerant to zinc mycobiont and, in contrast, enhanced toxicant
efflux in zinc-tolerant mycobiont, that have been demonstrated previously in
axenic culture.

Vermiculite fraction of hot-water extractable zinc did not differ significantly
for all cases and comprised only 6-17% of zinc accumulated in pine seedlings
and 22-34% of water-soluble mobile zinc in mesocosm (Fig. 9A).

Because the highest zinc proportion was accumulated by plant/fungal
biomass, the total mobilized zinc in mesocosms, which comprises water-soluble
in matrix in liquid and vermiculite fractions and zinc accumulated by plant
roots and shoots, demonstrated the same order as found for whole plant
seedlings non-mycorrhizal pines>P. involutus 15-ectomycorrhizal>P. involutus
23-ectomycorrhizal pines (Fig. 9A).

In the absence of phosphorus in the medium, the order for total zinc
accumulated by whole pine seedlings reflected the order observed for the
specific zinc accumulation by roots, being P. involutus 23-ectomycorrhizal
pines> non-mycorrhizal pines>P. involutus 15-ectomycorrhizal pines (Fig. 1B).
Mobile water-soluble zinc in liquid fraction of matrix was the highest for non-
mycorrhizal seedlings and P. involutus 15-ectomycorrhizal pines and the least for
P. involutus 23-ectomycorrhizal pines. The least zinc amount in water fraction
together with the highest zinc accumulation in both shoots and roots in
mesocosms with P. involutus 23-ectomycorrhizal pine seedlings could reflect the
changes in enhanced efflux of toxic metal and therefore in avoidance strategy of
zinc tolerant mycobiont in mycorrhizal association under conditions of
phosphorus deficiency.

Shoot biomass (g DW) .
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Fig. 7. Shoot biomass for non-mycorrhizal (N-M) and infected with
ectomycorrhizal fungi P. involutus 15 (Pi15) or P. involutus 23 (Pi23) pine
seedlings grown in the zinc phosphate presence (Zn) or absence (C -
control) under high (P+ dark columns) or low (P- light columns)
phosphorus conditions. The different letters denote significant
differences at the 5% level using Fisher’s LSD test (one-way ANOVA).

The total mobilized zinc in mesocosms as a sum of total zinc accumulated in
whole pine seedlings, and zinc in liquid and vermiculite fractions repeated the
order obtained for zinc accumulation by the whole pine seedlings: P. involutus
23-ectomycorrhizal  pines> non-mycorrhizal pines>P. involutus 15-
ectomycorrhizal pines.

Under both phosphorus-deplete and -replete conditions, mycorrhizal roots
accumulated considerably more (3-10 times) phosphorus than non-mycorrhizal
roots (Fig. 12). Generally, phosphorus accumulation in ecomycorrhizal roots did
not differ significantly. In all cases, phosphorus accumulation by non-
mycorrhizal roots grown in the presence of zinc phosphate was significantly
higher than that for non-mycorrhizal grown in the mineral absence. In mineral-
containing mesocosms, non-mycorrhizal roots grown under phosphorus-deplete
conditions accumulated considerably more (twice) phosphorus than those
grown under phosphorus-replete conditions.

Mycorrhizal pine seedlings grown under phosphorus-replete conditions

accumulated more phosphorus in their shoots than non-mycorrhizal pines
grown in the presence of phosphorus, on the one hand, and mycorrhizal pines
grown under phosphorus deficiency, on the other hand (Fig. 10). Phosphorus
accumulation by shoots for both P. involutus 23 and P. involutus 15-
ectomycorrhizal plants grown on phosphorus-containing media was similar
manifesting higher values if zinc phosphate was present in the mesocosms.
In contrast, under phosphorus-deplete conditions, the addition of zinc
phosphate in mesocosms led to a decrease of phosphorus accumulation by P.
involutus 23- ectomycorrhizal shoots and an increase of phosphorus
accumulation by P. involutus 15- ectomycorrhizal shoots compared to mineral-
free mesocosms.
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Fig. 8. Specific zinc accumulation by biomass of shoots (dark up-columns)
and roots (light down-columns) in non-mycorrhizal pine seedlings (N-M)
and ectomycorrhizal pines infected with P. involutus 15 (Pii5) or P.
involutus 23 (Pi23) grown in mesocosms containing zinc phosphate
(Experiment II). The actual values for zinc accumulated by root biomass
are negative values indicated in plot multiplied by -1, “minus” means only
the position of root system within matrix below aerial part of pines. Lines
crossing columns for shoots and roots indicate the approx. level of zinc
accumulation in pines grown in mineral-free control mesocosms. Bars
indicate +SEM. The different letters denote significant differences at the
5% level using Fisher’s LSD test (one-way ANOVA) for shoot and root
biomass separately.
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Fig. 9. Total zinc amount per mesocosm: in liquid fraction, in pine
seedlings, in vermiculite fraction and total zinc mobilized from zinc
phosphate as a sum of all previous fractions for non-mycorrhizal pines
(N-M), ectomycorrhizal pines infected with with P. involutus 15 (Pi15) or P.
involutus 23 (Pi23), and pine-free abiotic control mesocosms. The
different letters denote significant differences at the 5% level using
Fisher’s LSD test (one-way ANOVA).

Similarly to phosphorus accumulation by non-mycorrhizal roots, it was

found that non-mycorrhizal plants accumulated more phosphorus in shoots
biomass when zinc phosphate was present in mesocosms (Fig. 10).

P [mgfa DOW biom ass)

de: de Droots
de P+ Oshoots

Oroats
O shoots

Fig. 10. Specific phosphorus accumulation by biomass of shoots (dark up-
columns) and roots (light down-columns) in non-mycorrhizal pine
seedlings (N-M) and ectomycorrhizal pines infected with P. involutus 15
(Pi15) or P. involutus 23 (Pi23) grown in mesocosms containing zinc
phosphate (Zn") or in mineral-free mesocosms (Zn-) (Experiment II). The
actual values for phosphorus accumulated by root biomass are negative
values indicated in plot multiplied by -1, “minus” means only the position
of root system within matrix below aerial part of pines. Bars indicate
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+SEM. The different letters denote significant differences at the 5% level
using Fisher’s LSD test (one-way ANOVA).

The highest phosphorus accumulation in shoots under phosphorus-deplete
conditions was found for non-mycorrhizal pines grown in the presence of zinc
phosphate in mesocosms.

Analysis of total phosphorus accumulation by whole pine seedlings also
demonstrated that mycorrhizal plants accumulated significantly more
phosphorus than non-mycorrhizal (Fig. 11). The phosphorus deficiency increased
phosphorus accumulation by non-mycorrhizal plants being twice more for
plants grown in zinc phosphate-containing mesocosm compared to control
plants.

In the phosphorus presence in the medium, zinc phosphate added into
mesocosms  significantly decreased total phosphorus accumulation by
mycorrhizal plants due to decreased biomass of ectomycorrhizal roots (Fig. 10).
However, zinc phosphate presence did not affect phosphorus accumulation by
mycorrhizal plants under phosphorus-deplete conditions with only exclusion
being the increased phosphorus accumulation in P. involutus 23-
ectomycorrhizal plants grown in mesocosms containing zinc phosphate, which
reflected the highest specific phosphorus accumulation by P. involutus 23-
ectomycorrhizal roots (Fig. 10, 11).

P (mg)
P {mg)

Fig. 11. Total phosphorus accumulated by whole non-mycorrhizal (N-M),
and ectomycorrhizal plants infected with P. involutus 15 (Pii5) or P.
involutus 23 (Pi23) in mesocosms containing zinc phosphate (ZnP+) or
mineral-free control (ZnP-) under (A) phosphorus -replete (P+) and (B) -
deplete (P-) conditions. Lines crossing columns show the approx.
amount of phosphorus in liquid fraction of mesocosms. The different
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letters denote significant differences at the 5% level using Fisher’s LSD
test (one-way ANOVA) for shoot and root biomass separately

DISCUSSION

An increasing number of studies demonstrate the variable and context-
dependent nature of mutualistic interactions, the outcome of which may vary in
space and time in response to abiotic and biotic factors (Setala et al., 1997). The
results of present study showed that zinc phosphate solubilization, and uptake
of mobilized zinc and phosphorus by ectomycorrhizal symbiotic association
between Pinus sylvestris and P. involutus were conditional being dependant on
(i) ectomycorrhizal infection; (ii) zinc-tolerance of mycobiont; and (iii)
phosphorus status of mesocosm.

Studies of P cycling and availability have posed a challenge to agronomists
and ecologists for many years because P exists in soils and sediments in many
different physico-chemical forms, is involved in a myriad of biological processes,
and soil solution P is usually quite low due to complex interactions of phosphate
with various soil components (Vance et al., 2003). Plants have evolved two
broad strategies for P acquisition and use in nutrient-limiting environments: (1)
those aimed at conservation of use; and (2) those directed toward enhanced
acquisition or uptake (Lajtha & Harrison, 1995; Horst et al., 2001; Vance, 2001).
Processes that lead to enhanced uptake include increased production and
secretion of phosphatases, exudation of organic acids, greater root growth
(increased root:shoot ratio) along with modified root architecture, expansion of
root surface area by prolific development of root hairs and enhanced expression
of P; transporters (Marschener et al., 1986; Duff et al., 1994; Schachtman et al.,
1998; Gilroy & Jones, 200; Lynch & Brown, 2001). The increased root:shoot ratio
as a reaction to phosphorus deficient environment observed in our experiments
with non-mycorrhizal pine seedlings has been also reported in previous studies
on pine (Topa and Cheeseman, 1992; Ahonen-Jonnarth and Finlay, 2001). Plant
root exudation includes a wide variety of organic compounds: simple sugars,
organic acids, amino acids, phenolics, quinines, (iso)-flavonoids, growth
hormones, proteins, and polysaccharides (Curl & Truelove, 1986; Marschener,
1995). Current knowledge shows that organic acids exudation by roots acts as a
key component in mechanisms that some plants use to cope with nutrient
deficiencies, metal tolerance and plant-microbe interactions operating at the
root-soil interface (Marschener, 1995; Ryan et al., 2001; Neumann & Martinoia,
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2002; Lopez-Bucio J. et al., 2000). Phosphorus deficiency induces exudation of
carboxylic acids and protons in roots with protons release often coincided with
increased exudation of carboxylic acids (Raven & Smith, 1976; Neumann and
Roémbheld, 1999). Convincing evidence now exists for exudation of malate and
citrate as a principal mechanism in alleviating the adaptic stress of P-deficiency
and Al-toxicity allowing the chelation of AP, Fe*" and Ca®, and subsequent
displacement of P; from bound or precipitated form (Vance et al., 2003).
However the most prevalent evolutionary adaptation by land plants (80% of all
species) for acquiring P is through mycorrhizal symbioses (Koide & Kabir, 200;
Smith et al., 2000; Burleigh et al., 2002; Tibbett & Sanders, 2002; Vance et al.,
2003). Mycorrhizal hyphae increase the soil volume that is exploited by roots
and alter rhizosphere chemistry through the excudation of organic acids and
protons (Lapeyrie et al., 1991; Wallander et al., 1997; Smith and Read, 1997;
Vance et al., 2003). Different mycorrhizal types or species may have differing
abilities to scavenge P from soils (Wallander et al., 1997) The results of our study
demonstrated that in all cases ectomycorrhizal plants accumulated considerably
more phosphorus than non-mycorrhizal, which is consistent with previously
reported observations (Macfall J., Slack S.A., Iyer J. 1991; Shetty et al., 1995;
Wallander et al., 1997; Ahonen-Jonnarth et al., 2003).

In metal contaminated soils, some proportion of phosphorus may exist as
toxic metal phosphate minerals with very low solubility, e.g. hopeite,
Zn,(PO,),-4H,0, with K,,=10%>. It was reported that, in some contaminated
soils, e.g. in highly organic soils at moderately pH, most of zinc is organically
bound (~45%) and Zn-sorbed phosphate comprises only ~10% (Sarret et al.,
2004).

However, as the formation of metal phosphates in metal-contaminated soils
(Phosphate-Induced Metal Stabilization (PIMS)) is increasingly recognized as a
potentially cost effective in situ remediation technology, it will lead to an
increased proportion in soils of reaction products such as hopeite and mixed-
metal hopeites (Conca, 1997; Chen et al., 1997; Brown et al., 2004). The reaction
products of PIMS-remediation (e.g., hopeite and pyromorphite), in their turn,
can be solubilized and transformed by some saprotrophic and mycorrhizal fungi
in axenic culture, increasing mobility and therefore bioavailability of toxic
metals (Sayer et al., 1995, 1999; Leyval and Joner, 2001; Fomina et al., 2004).
Elevated concentrations of such essential for normal plant growth heavy metal
as zinc can result in growth inhibition and toxicity symptoms (Hall, 2002).
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Plants alone possess a range of potential cellular mechanisms involved in the
metal detoxification and tolerance, including metal binding to cell wall and
extracellular exudates; reduced uptake or efflux pumping of metals at the plasma
membrane; chelation of metals in the cytosol by peptides such as
phytochelatins; the repair of stress-damaged proteins; and the
compartmentation of metals in the vacuole by tonoplast-located transporters
and, finally, they can employ mycorrhiza (Hall, 2002). It is evident that
mutualistic fungi can contribute to plant adaptation to extreme environment
(Adriaensen et al., 2003). Most studies on ectomycorrhizal associations
demonstrated host amelioration of metal toxicity by mycorrhizal fungi, being
the most efficient when mycobiont was resistant to toxic metal (Brown and
Wilkins, 1985; Jones and Hutchinson, 1986; Colpaert and Van Assche, 1992;
Hartley-Whitaker et al., 2000; Jentschke and Godbold, 2000; Van Tichelen et al.,
2001; Adriaensen et al., 2003). Mycobionts can filter toxic metals in the hyphal
sheath or Hartig net by adsorption, restrict metal mobility in the fungal apoplast
due to hydrophobicity of fungal sheath, chelate metals by released organic acids
and other substances, and adsorb metal on the external mycelium (Jentschke
and Godbold, 2000).

Plant and fungal cell walls act as a cation exchanger due to their negative
charges, originating from chemical functional groups, like carboxylic,
phosphate, amine or sulphhydryl, in different wall substances (hemicelluloses,
pectin, lignin, chitin, various pigments, etc.) (Gadd, 1993; Sjostrém, 1993; Sarret
et al., 1998; Sunden et al., 2000). Mechanisms for metal immobilization within
plant and fungal biomass also include intracellular uptake with complexation to
ligands such as S-containing peptides (metallothioneins) (carboxylic acids
(citrate, malate, oxalate), and phenolic acids which is thought to occur in plans
within vacuoles (Gadd, 1993; Sarret et al., 1998; 2002; Fomina et al., 2005).
Because of amorphous state or poor crystallization of such complexes and
relatively low metal concentrations, determining the metal speciation in
biological systems remains challenging, and unprecedented in the case of
ectomycorrhizal roots. Synchrotron-based X-ray microfluorescens and
microEXAFS studies on zinc speciation in hyperaccumulating plants Arabidopsis
halleri grown in contaminated soil showed that zinc was distributed in Zn-
malate, Zn-citrate and Zn-phosphate (Sarret et al., 2002). Zn-phosphate was
reported to be present in both roots and aerial parts. In aerial parts, Zn was
predominantly octahedrally coordnated and complexed to malate (Sarret et al.,
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2002). Our EXAFS data on zinc speciation within root biomass of both
ectomycorrhizal and non-mycorrhizal pine seedlings showed zinc coordination
with six oxygens being complexed by carboxylic groups and, presumably, partly
by phosphate groups.

Generally, as the concentration of metal ions in the external solution
increases, the uptake by biomass increases too (Greger, 1999), which was also
observed for increased concentration of zinc phosphate in mesocosms in our
study. However, it has been reported for plants, including mycorrhizal, the
existence of ecotype-specific threshold of external Zn concentrations, surpassing
which leads to the strong increase of zinc concentration in all plant tissues
(Buching and Heyser, 1994; Ernst et al., 2000). All previous studies on zinc
toxicity to mycorrhizal plants used soluble zinc salts. In contrast, sparsely
soluble zinc phosphate was used in the present study. In the phosphorus-rich
mesocosm containing increasing concentrations of zinc-bearing mineral
(Experiments I and II) the highest accumulation of zinc in roots and the highest
amount of total mobilized zinc in mesocosm were found in non-mycorhhizal
seedlings, whereas the least amount of zinc accumulated in roots and mobilized
in mesocosm was observed in ectomycorrhiza infected with zinc-tolerant
mycobiont.

The changes in the proportions of chemical fractions of accumulated zinc
and concentrations of total zinc in roots can suggest the role of
ectomycorrhization in the protection of host plant against zinc toxicity by
filtration of toxic metal within biomass of fungal mycobiont. This protection can
include the specific adsorption or chelation, reflected in the increased
proportion of acid-extractable zinc fraction, and in the case of zinc-tolerant
strain, by employment of avoidance strategy (e.g. enhanced metal efflux) (Gadd,
1993; Meharg, 2003) reflected in the significant reduction of the mobile zinc.

No clear relationship between exudation of organic acids and uptake of P in
mycorrhizal pines growing on apatite has been reported (Wallander et al., 1997).
Similarly, no correlation was found between exudation of organic acids into
mesocosm and zinc and phosphorus uptake by seedlings in our experiments.
However, in our case, organic acids were sampled only in the end of
experimental course and ultrafiltration was not used in the study, presumably,
some organic acid exudates remained undetected because of low concentrations
and decomposition. Besides, if to take into account that the majority of
mycogenic mineral dissolution and transformation processes occur in the
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microenvironment (Burford et al., 2003), even very small amounts of organic
acids and minor changes in pH in mesocosm scale can turn to the significant
weathering factor if concentrated in microscale. No obvious mycogenic or
phytogenic secondary minerals precipitated, particularly, in crystalline form
were observed in our experiments which can be explained by the fact that
neither mycobionts nor host plant produced substantial or even detectable
amounts of metabolite with strong chelating and mineral-transforming
potential (e.g. oxalate).

That roots contain much higher levels of metal than shoots is a common for
higher plants (Greger, 1999) and it was, in general, observed in our experiments.
The metal translocation from the roots to the shoots is not a simple,
uncontrolled process in which affixed proportion of metals taken by the roots is
delivered to the shoots (Vodnik et al., 1999; Jentschke and Gobold, 2000). Our
data showed that, under phosphorus-replete conditions, infection with zinc-
non-tolerant mycobiont P. involutus 15 led to the significantly higher zinc
concentration in shoots and zincg,,or:zinc,o0r ratio in pine seedlings than for non-
mycorrhizal pines. Meanwhile zinc concentration in shoots of seedlings infected
with zinc-tolerant mycobiont P. involutus 23 did not differ considerably from
that of non-mycorrhizal pines. In general, under high-phosphorus conditions, in
terms of metal accumulation zinc-tolerant P. involutus 23-ectomycorrhiza
provided the best protection against zinc toxicity to host plant.

Arbuscular mycorrhizal fungi from Zn contaminated site were also found to
be more effective in increasing plant biomass at higher levels of Zn in the soil,
whereas plant growth at lower levels of soil Zn was greater with mycorrhizal
fungi from a non-contaminated site (Shetty et al., 1995).

As it was shown in our Experiment II non-mycorrhizal pine seedlings
responded to low phosphorus conditions with increased root biomass and R:S
ratio in contrast to ectomycorrhizal pines. It could indicate that ectomycorrhizal
infection changed strategies aimed at P acquisition in nutrient-limiting
environments and, probably, smoothed P-deficiency stress for host plant in both
presence and absence of zinc phosphate.

There is not much known about the effects of zinc interference in
phosphorus-deficiency on plants and, particularly, mycorrhizal plants. Zinc ions
play a specific role in the regulation of genes encoding high-affinity P
transporters in plant roots (Huang et al., 2000; Andriaensen et al., 2003). It is
thought that in soils containing elevated levels of zinc, plant growth may be
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impaired because of Zn interference with P uptake by plants and because of
detrimental effects of Zn toxicity itself (Shetty et al., 1995). The study on
arbuscular mycorrhizal plants, Andropogon gerardii Vitm., showed that in the
absence of P amendment, mycorrhizal fungi stimulated plant growth, but the
degree of benefit depended on the inoculum source and the soil Zn level (Shetty
et al,, 1995). It has been reported that phosphorus deficiency could enhance
some metals (molybdenum) uptake by plants (Schwamberger and Sims, 1991;
Heuwinkel et al., 1992). However, it was not observed for zinc in our study for
non-mycorrhizal pines in mineral-free mesocosms and also in previous studies
on arbuscular mycorrhizas where P amendment resulted in increased shoot Zn
uptake by A. gerardii (Shetty et al., 1995). The same authors demonstrated that
mycorrhizal fungus inoculation had no effect on shoot Zn concentration,
however, inoculation significantly improved the plant P nutrition and therefore
resulted in a high shoot P/Zn concentration ratio at all the soil Zn levels.

Our study on zinc phosphate solubilization and zinc and phosphorus uptake
by mycorrhizal and non-mycorrhizal pines under low phosphorus conditions
showed quite different results from those obtained under phosphorus-replete
conditions. In contrast to high-P mesocosms, under the low-phosphorus
conditions a mycorrhizal seedlings infected with zinc-tolerant P. involutus 23
considerably increased total dissolution of zinc phosphate, zinc mobilization
and accumulation by plant, and, particularly, metal accumulation in shoot,
showing the highest values compared to non-mycorrhizal and P. involutus 15-
ectomycorrhizal pines. So, under phosphorus-deplete conditions, P. involutus 23
ectomycorrhiza failed to function as the best protector for pine in terms of toxic
metal translocation from roots to shoots and employing avoidance strategy in
metal uptake by roots. Meanwhile, in the presence of zinc phosphate in low-
phosphorus mesocosm, P. involutus 23 ectomycorrhiza accumulated the highest
phosphorus amount in roots and as a result in whole plant biomass however
demonstrated decreased P translocation from roots to shoots compared to
mineral-free control. It is not clear yet how significant the role of host plant was
in those failures. But it can be concluded that the host plant protection against
toxic metals provided by metal-tolerant ectomycorrhizal mycobiont is
circumstantial.

All types of pine seedlings considerably enhanced (4-9 times) zinc
mobilization from zinc phosphate compared to abiotic controls. The presence of
phosphorus-bearing mineral led to the significant increase of P accumulation by
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non-mycorrhizal plants under both phosphorus deficiency and high-phosphorus
in medium. Plant alone could solubilize zinc phosphate, protect against zinc
toxicity and acquire mobilized from mineral zinc in both roots and shoots to
cope with P-deficiency stress. Zinc phosphate addition to the mesocosms also
increased P accumulation in the shoots of ectomycorrhizal seedlings under both
phosphorus-replete and -deplete conditions (with only exclusion for P.
involutus 23 ectomycorrhiza in low-P mesocosm).

For ectomycorrhizal pines the sufficient uptake of P; is essential for the
productivity of both symbiotic partners, and polyphosphates are thought to
contribute to the cellular homeostasis of Zn in fungal cells (Biicking and Heyser,
1999). Polyphosphate vacuolar granules were found in different ectomycorrhizal
fungi, including P. involutus, suggesting that in a mycorrhizal association higher
proportions of absorbed phosphate were translocated into the metabolically
inactive polyphosphate pool important for the nutrition of the ectomycorrhizal
host plant (Biicking and Heyser, 1999). Polyphosphate pool could be reflected in
much higher amounts of phosphorus in ectomycorrhizal roots observed in our
study.

As, in general, both non-mycorrhizal and ectomycorrhizal seedlings gained
increased phosphorus amount in shoots when zinc phosphate was present in
matrix, it can be suggested that they used phosphorus mobilized from mineral.
So both infected with ectomycorrhizal mycobiont and non-mycorrhizal pine
trees are able to dissolve zinc phosphate, tolerate metal toxicity and acquire
mobilized phosphorus.
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M.O. POMIHA

BIJIMB CTIMKOCTI MIKOBIOHTY 10O LIMHKY I IOCTYITHOCTI
POCPOPY HA PO3YUHHICTD POCPATY LIMHKA TA HAKOITMYEHHSA
LHHUHKY [ @OCPOPY EKTOMIKOPM3HWMH ACOLIALIIAMHA

PAXILLUS INVOLUTUS 3 COCHOIO

MexaHiamu, 3a donomoeoro axkux epubu i pocauHu no2auHalmb gocpamu y
Mikopusocgepi, npedcmasasioms  iHmepec,  OCKiibku  contobinizayis
HeopeaHivHUX ocamie moxce npuzeecmu 00 BUBIIbHEHHSA 36'A3AHUX 8 HUX
Mmemanie. Mu npunycmunu, wo 6ydb-aKull eKmoMiKOpU3HUll 3aXUCM POCAUH-
xazsie 6i0 MokcudHUX memanis, Mob6ini308aHUX 3 MiHepanie, Moxce 3anexncamu
8id cmitikocmi epu6is do memanis i docmynnocmi gpocgopy y doskinni.

Hauwi pesyabmamu nokasanu, wo y npucymHocmi @gocgama YuHkKy y Mampukci
AK HemiKopu3Hi pocauHu cocHu 3euvatiHoi (Pinus sylvestris), mak i 3apaxceHi
exmomikopusHumu  epubamu Paxillus involutus cocHu, Mmozau  nocunrosamu
po3uuHeHHS ochama YuHKy, NposeasMuU MOAepaHMHICMb JO0 MOKCUYHO20
Memany i noenuHamu mobinizosarutl pocgop, 36invuwyrouu Kinbkicms gpocgopy 8
naeonax. IIpome contbinizayia ochama yuHky i noenuHaHHs MoOINiI308aHUX
yuHky U  ¢gocopy  HeMIKOpUSHUMU  COCHAMU 1  eKIMOMIKOpU3HUMU
cumbiomuunumu acoyiayismu P. sylvestris / P. involutus 3anexcanu 6id psdy
ymoe, ceped skux - (i) HaseHicmb ekmomikopusHol iHpekyii; (ii) cmitikicmb
Miko6ioHma do yuHky; i (iii) pocghopHuti cmamyc me3okocma.

Y npucymHocmi  dwepena  ¢gocpopy  ekmomikopusda, iH¢pikosaHa
yunkocmitikum P. involutus 23, Hakonuwyeana 3Ha4HO MeHule, HIXC HeMIKOpU3HI
pOCauHU, i 8 yinomy 3abesneysana Hatikpawull 3axucm 6i0 MOKCUHHOCMI YUHKY
0N POCAUHU-XA35THA, 8UKOPUCMOBYIOHU CMpAamezit0 «yHUKHEHHS Memany».
ExmowmikopusHa iHgexyisa eukaukana 3miHU y NPONopyiax XiMiuHux @paxyil
HAKONUYeH020 YUHKY, 3MeHUyovU CniegidHoweHHs Haubinbw 6iodocmynHozo
yuHKy (8000pO34UHHO20 [ €KCMpaz2o8aHHO2O Cinno) y KopeHegill Giomaci y
nopieHAHHI 3 HemikopusHumu npopocmkamu. OJHak npupoda XiMiUHO20
38'13y8aHHA  YUHKY Y KopeHesill 6iomaci 6yna Jdyme nodibHow 5K 8
eKMOMIKOpU3HUX, Mak 1 6 HeMIKOpU3HUX Nnpopocmkax, O0eMoHCmpyouu
okmaedpuuHy K0opduHayito YUHKY KUCEHb-8MICHUMU aieaHdamu, wo 8idnosidae
kapbokcunamnitl i, yacmkoeo, pochamHiti koopduHayii.

Ha 6idminy 8i0 me30kocmis 3 sucokum emicmom ¢ocgpopy, 8 ymosax HU3bKO20
emicmy ¢pocgpopy MiKOpUu3Hi npopocmku, iHpikosaHi
yunkocmitikum P. involutus 23, cymmeso 36inbwysanu 3azanbHe pO3HUHEHHS
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¢ocpama yuHky, mobinizayito i HAKONUYEHHS YUHKY DOCAUHAMU, I, 30Kpema,
HAKONUYeHHs MemaJsny y NA20Hi, NOKasyryu Halleuwi 3HA4eHHS NOPIBHAHO 3
ekmomikopusHumu cocHamu 3 P. involutus15 i HemiKOpusHbIMU COCHAMU.
ExmomikopusHa iHgexkyia K YUHKO-MOJepaHmMHUMU, Mak i HemoJlepaHmHuUMu
do yuHkKy Mikobionmamu nidmpumysana eucoky kKoHyeHmpayito ¢ocgopa 8
MIKOpU3HUX KOpeHsAX AK 8 ymoeax ¢ocopHozo dedpiyumy, mak i 8 ymosax
docmamHb020 3abe3nevdeHHs Hocdhopom.

M.A. POMHWHA

BJIUAHUE  YCTOMYMBOCTM  MMKOBMOHTA K IIMHKY U
JOCTYITHOCTHU ®OCPOPA HA PACTBOPEHHME POCPATA LIMHKA U
HAKOIUVIEHME U1HHWMHKA W ®OCPOPA  SKTOMUKOPU3HBIMH
ACCOLIMALIMAMU PAXILLUS INVOLUTUS C COCHOM

MexaHuambl, ¢ nomowbo Komopblx 2pubbl U pacmeHus nozaowarom gocphamol 6
Muxopu3ocgepe, npedcmaganom — uHMepec, NOCKOAbLKY coarobunusayus
HeopeaHu1eckux ¢pocghamos moxcem npugecmu K 8b1c8060#0eHUI0 C8A3AHHbIX 8
HUX Memannos. Mvl npednonoxcunu, wmo n06as 3KMOMUKOPU3HAA 3awuma
pacmeHuli-xo35€8 0M MOKCUYHbIX MemaJnos, MOOUNU308AHHbIX U3 MUHEPANos,
Moxcem 3asucems om ycmouuusocmu 2pubog kK memannam u 0oCmynHocmu
¢ocpopa s okpyxcaroweti cpede.

Hawu pesynasmamel nokasanu, 4mo & npucymcmeuu ¢gocama YuHKA 8
Mampukce — KAK ~ HEMUKOpU3Hble  pacmeHus  COCHbl  0ObIKHOB8EHHOU
(Pinus sylvestris), max u 3apasiceHHbvle 3KMOMUKOPU3HbIMU
epubamu Paxillus involutus cochbl moenu ycunueames pacmeopeHue ¢pocpama
YUHKA, NPOA6ASAMb MOJEPAHMHOCMb K MOKCUYHOMY Memanny u no2aowambs
MobunuzosauHwlll pocpop, ysenuuusas koaudvecmso ¢ochopa 6 nobeeax.
O0dHako conobunusayus ¢ochama yuHka u noaaoweHue MoOOUNU30BAHHBIX
YuHka u gocpopa HEMUKOPUSHbIMU COCHAMU U  IKIMOMUKOPUSHBIMU
cumbuomuueckumu accoyuayuamu P. sylvestris / P. involutus 3asucenu om psda
ycaosutl, gkatoyas (i) Haauvue sxkmomukopusHoll uHgexyuu; (ii) ycmotqusocms
Muko6uonma k yurky; u (iii) pocghopHbili cmamyc mezokocma.

B npucymcmeuu ucmowHuka ¢ocopa skmomuxopusda, UHPUYUPOBAHHAA
yuHkoycmouyuewvim P. involutus 23, Hakanausana 20pazdo mMeHbwe YUHKA, HeM
HeMUKOpU3Hble pacmeHus, U 8 yesloM obecnequsanda Hauayqulyro 3awumy om
MOKCUYHOCMU YUHKA OA PACMeHUsN-X035UHA, UCNONb3ys Ccmpameauio
«u3beeanus memanna». IKMOMUKOPU3HAR UHPeKyUs 8bl3bleana U3MeHeHUS 8
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nponopyusx — Xxumuueckux Ppakyull HAKONIEHHO20 YUHKA, yMeHblWdas
coomHoweHue Haubosee 6GuodocmynHo2o yuvka (8000pacmeopumozo u
aKCcmpasupyemozo Coablo) 6 KOopHesol 6uomacce nNoO  CpagHeHuw  C
HemMukopusHbimu npopocmkamu. OJHAKO npupoda XuUMU4ecKoz20 CEA3bl8aHUS
YuHKa 6 kopHesoll buomacce 6bL1a 04eHb CXOOHOU KAK 8 IKIMOMUKOPU3HbIX, MAK
U 8 HeMUKOPU3HbIX NpopocmkKax, O0eMOHCMPUpPYos  OKMa3dpuveckyio
KOOpOUHAYUI0 YUHKA KUCA0POJCcodepicawumu Au2aH0amu, coOomeemcmayiowyro
kapbokcunamuoltl u, yacmu4Ho, pocghamHoti koopduHayuu.

B omauuue om me30kocmo08 ¢ 8blCOKUM codepicaHuem ¢ochopa, 8 ycao8usx
HU3K020 codepxcaHus pocopa MukopusHble NPOPOCMKU, UHPUYUPOBAHHbBIE
yuHkoycmouyusevim P. involutus 23,  3HawumenvHo  yseauwusanu  obujee
pacmeopeHue @gocama yuHka, MmobUAU3AYUIO U HAKONJEeHUe YUHKA
pacmeHusMu U, 8 YACMHOCMU, HAKONJleHue Memanna 8 nobeze, NOKa3vbleasn
Haueblcwue 3HAYeHUs NO CPABHEHUI C IKMOMUKOPUSHbIMU COCHAMU
¢ P. involutus 15 u HEMUKOPU3HbIMU COCHAMU. DKMOMUKOPU3HAA UHPeKyus KaKk
YUHKO-MONePaHMHbIMU, MAK U HeMOAepaHMHbIMU K YUHKY MukobuoHmamu
noddepxcusana 8bICOKyI0 KOHYeHmpayuro $ocghopa 8 MUKOPU3HbIX KOPHAX KAK 8
ycaosusax ¢gocgpopHozo depuyuma, mak u 8 ycaosusx 00CMamoyHou
obecneueHHocmu gpocghopom.
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A.A.TPOJ3UHCKASA

HNucrutyT 3BomonyonHoi akonorun HAH Ykpaunsl
agrodz@ukr.net

BHOAKKYMVYJIAOHUA PAANOHYKIINAOB TVIOAOBbIMHU TEJIAMH
MAKPOMMIETOB

B o0630pe npedcmasneHvl aumepamypHble U OpPUSUHANbHblE C8eJeHUS O
6UOAKKYMYAYUU NPUPOOJHLIX U MEXHO2eHHbIX PAJUOHYKAUJO8 8 NA0008bIX
menax makpomuyemos. Hecmomps Ha mo, 4mo ¢ MomeHmMa asapuu NPowLIo yice
6onee 30 nem u paduodkono2uveckas cumyayus 6 YKpauHe yayq4uwundch, 00
Hacmoswezo  @pemeHu  Jukopacmywue MAKpoMuyemsl U3  Pe2UOHOS,
3azpsizHeHHbIX 8 pedyabmame YepHobblLabckoll kamacmpogsl, npedcmasasiom
onacHocms 013 300po6bst HaceneHust 6 pe3yabmame ux ynompebneHus 6
nuwesblx U J1eKaQpCMBeHHbIX UYeasx. Yuumvleas KOMNAeKCHblll Xxapakmep
pAaduoHyKnuOHO20  3aeps3HeHus  dukopacmywux — MAKpoMuyemos  Ha
meppumopuu  YkpauHbl u  conpedenbHblx 2ocydapcmse,  noduepkHyma
Heobxodumocmb  00120CMPOHHO20  paduUOIKOI02UHECKO20 MOHUMOpUHed C
ucnoab3osaHuem 6UOUHOUKAMOPHBIX 8UAOS.

KiioueBble cioBa: paduoHykaudsl, epubsl, 6uouHoUKamopbl

['mo6GanpHBIE  TOC/TEACTBUSI  SILEPHBIX  aBapuil  0OYC/IaBIMBAIOT
HEOOXOAMMOCTh  /IIUTEIBHOTO  PAaJUO3KOJIOTUYECKOTO  MOHHUTOPHHTA
OKpyKatoieit cpensl. KiroueBasi posib MUKOGHOTHI 3aK/TFOYAETCSI HE TOJIBKO B
mpoueccax OWOTreHHONW MUIpPALMH PAJUOHYK/IUAOB B IMOYBAX, HO U B
MMMOOH/TN3ALMH U YAEP)XaHUHM 3HAYUTENFHOTO MX KOJNUYEeCTBA IMOYBEHHOM
mulenranpHoil 6uomaccoit (Dighton et al., 1991; Steiner et al., 2002; Gadd,
1996; Grodzinskaya et al., 2007; ['pogsuncKas u ap., 2013).

OGuupHbIe TUTEpPaTypPHbIE JAaHHbBIE MMOCTEIHUX JECATHUIETHIH MOCBSILIEeHBI
BBICOKMM HAKOIUTE/IbHBIM CBOMCTBAM MaKpPOMHIIETOB IO OTHOLIEHHIO K
TSDKE/BIM ~ MeTa/UlaM, PAJAOHYK/IUAAM MPUPOJHOTO UM TEXHOT€HHOTO
npoucxoxzaenus (Guillite et al., 1986; Haselwandeter et al., 1988, 1994; Horyna,
Randa, 1988; Byrne et al., 1988; Dietl, Breitig, 1988; Teherani, 1988;
Haselwandter, Berreck, 1989,1994; Bakken, Olsen, 1990; Bem et al., 1990;
Fraiture et al., 1990; Borio et al., 1991; Dighton et al., 1991; Baccep Ta iH., 1991,
1992,1995; Smith et al., 1993;Mietelski et al., 1993, 1994a,b, 2010; ®enopos,
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EnuameBud, 2000; Kala¢, 2001, 2012; Yoshida, Muramatsu, 1994, 1998;
[llernos, 1999; Skwarzec, Jakusik, 2003; Baeza et al., 2004; Ban-nai et al., 2004;
Dvotdk et al., 2006; Dementyev, Bolsunovsky, 2009; Falandysz, Borovicka,
2013; Lehto et al., 2013; Falandysz et al., 2016,2017).

Brepseie I'. I'peiiTep B 1963 I. 0GHAPYKU/T AKKYMYJ/ISILUIO PAaJHOHYK/ITH/IOB
MaKpOMHIIETaMU U3 T[00a/JbHBIX OCAaZKOB B pe3y/braTe HaA3€MHbIX
HCIIBITAaHUM IJEPHOTO OPYXXusi. B o6pasiuax LUISIIOYHBIX TPUOOB M3 3anafgHoN
['epMaHuM OBIIO MOKA3aHO HAIMYKE U30HUPATETFHOTO HAKOTUIEHHUST HE TOJIBKO
37Cs, HO W [PYruX MPOAYKTOB pacmaga, a umeHHo *Ce, °Ru, °Rh u *Sr
(Grtiter, 1971).

B 1o4epHOGBUIBCKUI TEPHOJ, Ccamasi BBICOKAst aKTUBHOCTh /Cs (1o 25,2
KBK/Kr cyxoii Maccel) 6buUla  OOHapy)KeHa aBCTPUMCKUM yueHbiM K.
XasensBauarepom y Cortinarius armillatus (Haselwandter, 1977).

HccenemoBatvst OGMOAKKYyMYJISILIMU U TIEPEHOCA PAJMOHYK/TUIOB U3 MOYBBI B
IUIOZIOBbIE Te/la MaKPOMHULETOB mocjie YepHOOBUIBCKON KaTtacTpodbl GbIH
COCpPEeIOTOYEHBl  TPEUMYIIeCTBEHHO HAa  T[JIaBHBIX  [103000pa3yIOIIMX
paguoHykauzax - °'Cs (a B mepBble TMOC/TeaBapUiiHbIe TOJbI B COMETAHUU C
B4Cs) u muwb oryactu *°Sr. OTUM 0OBACHSIETCS HELOCTATOYHAS! U3YYE€HHOCTh
AKKyMY/ISILUA MAaKPOMHIETAMH JAPYTHX PAaSHUOHYK/IHAOB KaK MPHUPOSHOTO,
TaK U TEXHOTEHHOTO MPOUCXOXKIEHUSI, HHTEPEC K KOTOPBIM YCHITHJICS JTULIb B
MOC/IeIHUE TO/BI.

M3 psga TpUPOJHBIX PAAMOHYKIMAOB B rpubax HaOJIIOAAOTCS
HauGonpiie ypoBuu *°K, KOTOpBIH, B CBOWO OdYepenb, paclpefensiercsi B
[UIOJOBBIX  Te/laX HEPAaBHOMEPHO, ero aKTUBHOCTb CHIDKAeTCs B
MOC/IeIOBATE/IbHOCTA - LUIANKA > HOXKA > TUIACTHHKH, WIA TPYyOOYKU
rumeHodopa > crnopbl. AkTuBHOCTDh *°K, ompenesieHHass B MHOTOYMC/IEHHBIX
BUJAX [JUKOPACTYIIMX MakKpomuleTroB LleHTpansHoit EBpombl B mepuop
MeXIy 1984 u 1992 IT., 6pU1a B mpegenax 800-1500 bk/kr c.m. (Kalag, 2001,
2012). B o6pasuax rpu6oB YkpauHckoro I1ojiechst B Te4eHHe MeprUoia HALIUX
HCC/IeJlOBAaHUM B 1990-2010 TIT. aKTUBHOCTH 3TOT0 PAJUOHYK/IHAA Oblia Ha
TAaKOM )K€ YPOBHE, JIHIb Y HEKOTOPBIX BHAOB ObUIa OTMEYEHA MOBBIIIEHHAS
AKTHUBHOCTb, B dYacTHOCTH, y Boletus chrysenteron - gno 11000,
npeacTaBuTeNe pojga Amanita [0 7000, B TO BpeMmsi Kak ypoBeHb °K B
MOYBAaX C MECTOOOMTAHWM IPUOOB COCTABIISI BCEro 100-700 Bk / kr c.m.

(Puc.1) (Baccep u ap., 1995; I'pogsunckast, u ap., 2013).
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MakcumasnbHbIil ypoBeHb akTHUBHOCTH *°K ObUI OGHapyXeH B IUIOZOBBIX
tenax Laccaria laccata - po 12000 Bk/kr c.m. (Mietelski et al., 2010).
MunumansHbie Koadduuumentsr Hakortenus K (K - paBeH cOOTHOIIEHMIO
AKTUBHOCTH PAJMOHYK/IMJA B IUIOJOBOM Teje Iprba K €ro akTHBHOCTH B
no4Be/cybcTpare B TOYKe cOOpa) - OKOJIO 2,0 ObUIM YCTAaHOB/IEHBI HAMH Y
Macrolepiota procera, M. rhacodes, Tricholomopsis rutilans, MmakcumabHbIe
Ko3$PHUIMeHTbl HAKOIUIeHUs1 ObuTM oTMedeHbl y B. chrysenteron (98),
Amanita citrina (63), Coltricia perennis (48), Agaricus sylvaticus u A.
rubescens (20).
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Lactaring bt
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Puc.1. AktuBHOCTH “’K (BK/Kr €.M.) B IIOZOBBIX T€laX MAaKPOMHIETOB B
1991r. (oOpasubl u3 KueBckoii, YepHurosckoit m  JKuromupckoi
oGnacrei)
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B MHHepalbHOM cocTaBe MaKpOMULETOB KaJIui SIBJISIETCS
MaKpO3JIEMEHTOM, MMO3TOMY ero morjoiienre (B Tom unciae u *°K) wus
cybcTparoB/moyuB Hensb6exxHo. Beugy Ttoro, yro *°K, B ornmume ot *’Cs us
PaIMOAKTUBHBIX OCAIKOB, PABHOMEPHO pacClpeesieH M0 BEePTUKAJIbHOMY
npodUIII0 JIECHBIX TIOYB, MPEJIOIAraloT, YTO HAa YPOBEHb €ro aKKyMyJISIUN
IJIOZIOBBIMM T€/IaMH, He B/IUsIET ypOoBeHb pacrnonoxenus wmunenus (Krolak et
al., 2010).

AxruBHOCTh “°Pb (mpogykT pacmaja mpupoaHbix usoronos °U, *°Ra wmm
**Rn) B rpubax oObIMHO Ha [nBa mopsiaka Hwke, yem *°K (Kala¢, 2012).
MakcumanbHast akTUBHOCTD “°Pb ObUla OGHapy)XeHa B LUISANKAX W LEJIbIX
m1ooBbix Tenmax Boletus edulis, coorBercTBeHHO 58,9 M 36,6 BK/Kr C.Mm.
(Malinowska et al., 2006). Taxke B rpubax us [lonbu GbUI OGHAPYKEH
npupoaHsiii u3oron °Po (mpogykT pacmaza 3°U) (Skwarzec, Jakusik, 2003).
Cregyer OTMETHTH, YTO B MCC/IEOBAHHBIX 00pa3lax ABaALATH CheAOOHBIX U
HeCheJOOHBIX BHIOB TPHUOOB, MaKCHMaJbHble YPOBHH AKTHMBHOCTH ObLIA
o6HapyXeHbI y 60/eTanbHbIX pUbOB - B. edulis, Leccinum scabrum - 1o 40 Bk,
a MUHUMaJIbHBbIE - 2,1 - 4,3 BK/Kr c.M. y Xerocomus badius (Boletus badius) u X.
subtomentosus (B. subtomentosus) (006a W3 KOTOPBIX, KCTaTH, SBISIOTCA
TUMAYHBIMUA AKKYMYJISTOPAaMH paguolesus). bonee Bbicokne ypoBHH ~°Po
HAGJII0IAIMCh B LUISITIKAX, YeM B HOXXKax rpuOoB. [Ipu ycmoBum romoBoro
noTpeb/IeHUs] 5 KI' CB&XUX IJIOLOBBIX Tesn B. edulis, mony4yeHHast adpPextrBHas
[103a OT 3TOTO PAJUOHYKIU/A JOCTUTAET 37U3B.

ABTOpBI OTMeYatoT, YTO YPoBHH “°Po B rprbax ObUIH CYIIeCTBEHHO BBILIIE,
4YeM B MPOJAYKTaX MATAHUSI PAaCTUTENHFHOTO U XUBOTHOTO mpoucxoxzaenus. K.
Vaaramaa ¢ coaBTOpaMu Takke OOHAPYXH/IM CaMble BbICOKHE ypoBHH “°Po y
6os1eTanbHBIX IpUbOB (@ UMeHHO, y Leccinum vulpinum), u cample HU3KHE — Y
npejcTaBuTeneir cemeiictBa Russulaceae. Tlpu aTOM paccuuTaHHasi rofoBast
no3a or “°Po 3a cuer ymorpeGneHuss TpuGOB B ycmoBusix PUHAAHIUM
cocTaBiisieT OKoJo 4 3B (Vaaramaa et al., 2009). Pe3ynbraThl vcciegoBaHuii,
MpPOBeJIeHHSIX B HalMoHajbHOM mapke vre Dividalen Ha ceBepe Hopserun
CBUZETENBCTBYIOT O TOM, YTO CheJOOHbIE NUKOPACTYI[HE SATOABI U TPUOHI
HaKaIUIMBA/IM CXOZAHbIe YpoBHM ~°Pb, ogHako ypoBeHb akkymysinuu ~°Po u
“°K B rpubax Gbin BbIle, yeM B arogax. CpesiHre KOHLEHTPALMH aKTUBHOCTH
*°Po pmocturanu y L. scabrum - 94 wu L. versipelle - 198 Bx/kr c.m., 4TO
MHOTOKPAaTHO MPEBBIIIAI0 AKTUBHOCTh 3TOTO PAAMOHYKIHIA B TUIOAOBBIX

Telax JPYTMX WCCIeAOBAaHHBIX MHKOCUMOMOTpPOdHBIX BHAOB - Russula
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paludosa (4,7) n R. decolorans (7,4 Bbx/xr c.m.). TlockonbKy GojieTanbHbie
BU/bl SIBJISIOTCS WM3BECTHBIMH HAKOIMMTE/ISIMH CejieHa (aHasora IOJIOHMS),
Gwynn c coaBropamu  (2013) BBICKa3a/id MPESTIOJIOKEHUE O TOM, YTO
CYLIECTBEHHOE TMPEBbILIEHWE YPOBHEH akkymymsuuv “°Po y BUIOB P.
Leccinum mio cpaBHeHuIo ¢ Russula spp., 06bsCHI€TCSI UMEHHO 3TUM (PAKTOM.
CootHourenve aktuBHOcTed “°Po/*°Pb BO Bcex wccmemoBaHHBIX O6Gpasiax
rpu6oB GbLIO Bceraa > 1. [Ipu 5TOM aBTOPBI MOAYEPKUBAKOT, YTO B IAHHOM
pervone Bkaaz *’Cs 4epHOGBIIBCHKOTO MMPOUCXOXKIEHUS HE CTOJIb BECOM, KaK
B LeHTpanpHOM 4actu HopBeruwu, mosTomy m03a MpPHU YCIOBHH BBICOKOTO
YPOBHS TIOTPeGJIeHUsI IAHHOMN JIECHOU MPOAYKIMU, 00YC/IOBIEHHAS, T/IAaBHBIM
o6pasom, coueranuem “°Po, *°Pb u *’K, mocturaer o,05M3B/rox (3a cuer
aron) u 0,50 M3B/Toz (3a cuer rpu6oB) (Gwynn et al., 2013).
HemHOro4yucieHHble  JTUTEpATypHble [JaHHbIE CBUAETEIBCTBYIOT O
JOCTaTOYHO HU3KOM aKTUBHOCTU “°Ra B MaKpOMHIIETaX eBPOIMEeHCKUX CTpaH
(Kirchner, Daillant, 1998; Popa et al., 2010). B Ykpaune **°Ra u ***Ra 6bum
OOHapy>XeHbl HaMH B 1991 I'. B HEKOTOPBIX o0Opasijax rpuboB, B YaCTHOCTH,
*2°Ra y Pholiota destruens - 22 Bx/xr c.m. (r. Kues), *°Ra u ***Ra y Marasmius
oreades - COOTBETCTBEHHO - 22 U 15 Bk/kr c.m. (KueBckast 0671., OGyXOBCKuUi
p-H), u *®Ra y A. campestris - 71 Bx/kr c.m. (YepHurosckas o6,
Bo6posuikuii p-H) (Baccep Ta iH., 1995).
Crnoco6HOCTh  MAaKPOMMIIETOB K  OMOAKKYMYJISIMH  TTPUPOZHBIX

3438y P88°°PTh  ppusnexaer 0coGoe  BHMMaHMe.

H30TOIOB
VccnepoBanusi, mpoBefieHHbIE B [BYX reorpaduyvecku yaaaeHHbix (6osee,
YeM Ha 250 KM), HO JKOJIOTMYECKH MOJOOGHBIX dKocHcTeMmax McmaHuu c
BBICOKOM MPOAYKTUBHOCTBIO MaKpOMHIETOB mokadanu, uro TF (transfer
factor, nnn xoaddueHT mepeHoca) ypaHa HAXOAWMIICS B MpeJeiax 0,043-
0,049, a TF Topusi - COOTBETCTBEHHO 0,030 - 0,62. CaMbBIMU BBICOKUMH
Koapuuuentsr Guogoctynnoctu* 3*U u *U 6 y  Hebeloma
cylindrosporum (8,2 u 6,3), Amanita muscaria (6,0 u 4,5), Tricholoma
terreum (4,0 u 3.8) u T. pessandatum (4,0 u 3,1)(*Koagppuyuerm
6uodocmynHocmu 8 daHHoll pabome onpedensiemcs mak xce, kak u KH).

B TO Jxe Bpemss camble BbICOKHE KO3)PHUIMEHTHI OHOAOCTYITHOCTH
22823023 Th Gputn BeisBAeHbl y T.terreum (cOOTBeTCTBEHHO 64, 316 u 272), H.
cylindrosporum (62, 371 1 360) u A.muscaria (38, 195 u 188). CpaBHeHue
KO3PPHUIHUEHTOB MEPEHOCA WCC/IeAOBAHHBIX MPUPOAHBIX PALAUOHYKIHUAOB C
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TeXHOT€HHBIMM  IIOKa3ajio, 4YTO OWOAOCTYMHOCTh TOpUS  MOJOOHA
OMOZOCTYITHOCTH 11€3Hs1, a YPaHa — Bbilue, 4yeM y *°Sr, 27" °Pu u **Am.

Takum o6pa3om, He CMOTPsi Ha OOLIY0, JOBOIBHO HHU3KYIO AOCTYITHOCTh
TOPUSI M ypaHa B IMOYBAX, MAaKPOMHUIIETHI, T€M HE MeHee, CIOCOOHBI K
MepeHoCy M HAaKOIUIeHHI0 3THX 3jeMeHTOB. A. Baeza u J. Guillén (2006),
YYUTHIBasI 3TH Pe3y/IbTaThl U TIOyYeHHbIE PaHee TAaHHbBIE O BHICOKUX YPOBHSX
aKKyMy/siLuM paguouesust H. cylindrosporum v gpyruMH mpesiCTaBUTETSIMU
p. Hebeloma, nonaraiot, 4TO OHU SIBJISIIOTCS HaZEXKHBIMH OMOMHIUKATOPaMU
PaIMOHYK/TUHOTO 3arpsi3HEHUsI OKPY)KAIOLEeH CpeJbl.

’Be (pamuom3sorom, reHepupymoouuiicss B atrmocdepe B pe3yibTaTe ee
B3aMMOJEMCTBUS C KOCMHYECKUM H3/lyYeHHEM BBICOKOH DHEPruu) [0
HACTOsILIEro BpeMeHH ObUI OOHAPY)KeH TOJBKO B HEKOTOPBIX 00pasuax rpubos
u3 Mcnanumn v Punnaugun (Baeza et al., 2004, Lonnroth et al., 2011, Guillen,
Baeza, 2014). [lomajganue ero B IIOAOBbIE TejIa CBA3BIBAIOT C aTMOCHEPHBIMU
0CaJKaMH, TPU STOM YPOBEHb AKKYMYJISIIUN OIpeJesieTCss TUIIOM MUTAHUs, a
MMEHHO canpoTpodHble BUIbI HAKAIUIMBAIOT BHICOKKME U CpelHHE YPOBHHU 'Be,
YTO CBSI3aHO C PACIIOJIOKEHHEM MX MULIE/THSI B OOTaTOM T'yMyCOM MOACTHIOYHOM
coe nouBsl (Baeza et al., 2004). OgHako, no ganubM Lonnroth ¢ coaBropamuy,
vMeHHO MuKopusHble Bunsl (Hygrophorus hypothejus, Russula paludosa,
Hydnum rufescens, Lactarius rufus) sasirotcst akkymysasitopamu 'Be (Lonnroth
etal., 2on).

ABapuss Ha YepHoObutbcbkoit ADC B ampene 1986 1. mpuBena K
3HAYUTEIPHOMY PACIPOCTPAHEHUIO 1Ie/IOT0 Psifia PAaZHMOAKTUBHBIX DJIEMEHTOB
B CeBepHoM monymapuu. AKTHBHasE OSMHCCHSI PAZUOHYKIHUIOB U3
pa3pyLIeHHOTO peakTopa B TedeHWe Oojiee 10 [JHEW B COYETAHUH C
M3MEHSIIOIMMUCSI METeOPOJIOTUYEeCKUMHU  YCIOBUSIMU Y pa3HooOpasuem
naHgadpToB,  OOYyC/IOBMJIM  4YpPe3BbIYAMHO  HEOJHOPOJHBIA  COCTaB
PaZMOAKTUBHBIX BBIMAJEHUM HAa TEPPUTOPUM YKPAWHBI M COMPEeTbHBIX
rocyzapcts. B pesynbraTe aBapuu 3apUKCUPOBAHO AOCTOBEPHOE MHOTOKPATHO
yBe/UYeHHOEe COZep)XaHHe PALUOHYKIUZOB B JUKOPACTYIIMX MaKPOMHUIIETaxX
(Gans, 1986; 1987; Teherani, 1988; Haselwandter, Berreck, 1989; Bem et al.,
1990; Baccep Ta iH., 1991; 1992; 1995; HudoHToBa, AnekcauieHko, 1992; Wasser,
Grodzinskaya, 1993; Mietelski et al., 1994; Grodzinskaya et al., 1995; 2003,
I'poasunckas u gp., 2013; Rithm et al. 1998; Kalac, 2001, 2012; Tsvetnova et al.,
2001). ABTOpBI COOOLIAN, YTO YPOBEHB nprupogHoro usotona *°K B miogoBbix
TeJIaX OCTABaJICS AOCTATOYMHO CTAOWIBHBIM (700-1000 BK/Kr c.M.), B TO Bpems,
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Kak ypoBeHb >'Cs+>*Cs, 06p14HO ObUT BbIlIE U 3HaYMTENbHO Bapbuposai (Eckl
et al., 1986; Dighton, Horrill, 1988; Battiston et al., 1989). B mepBsiii
MTOC/IEABAPUIMHBINA MTEPUOJ, UMEHHO 1o Hanuyuio *Cs B coyetanuu ¢ °'Cs (B
COOTHOLIEHWH 1:2) MOXXHO OBIJIO CYAMTh O YE€PHOOBUIBCKOM IMPOMCXOXKEHUU
pazuoLesus B rpubax, MOCKOIbKY aKTUBHOCTH °/CS B IUIOIOBBIX TEIAX TaKKe
MOXeT ObITh CBsI3aHA C T/I00ATBHBIMHM BBIMAZEHHUSIMU TIOC/I€ HCIBITAHUN
SIIEPHOTO OpYXKHst B 50-60-x rogax mpwuuutoro Beka (Ruckert et al., 1990;
Haselwandter, Berreck, 1994, Lehto et al., 2013).

J. Dighton ¢ coaBTropamu mokasanu, uto 6osee 40% aKKyMyJIHPOBaHHOTO
pazsuoLe3ust CBsI3aHO ¢ TUdAMHU, YTO OTpe/ieIeHHO CBUETEIbCTBYET O TOM, YTO
B TOYBax rpubHass OvoOMacca MOXET MMMOOW/IM3MPOBATh 3HAYUTEIbHOE
KOJIMYECTBO PAJUOLE3Vsi Ha HeOolpeeNeHHO JuTebHbii mepuog (Dighton et
al., 1991). ITo gauueiM M. Vinichuk u K. Johanson (2003), Munenuii B BepxHem
OPraHMYEeCKOM CJIO€ TTOYBbI MOXKET COofiepKaTh 10 50% ’Cs, T0Ka/IM30BaHHOTO
B 0-10 cM ciioe yecHbIX ouB llIBenun u Ykpaunsl. CornacHo G. Gadd, rpuosr
CMOCOGHBI HE TOJNBKO HEMOCPEeACTBEHHO CBS3bIBATh W/IM (PUKCHPOBATH
PaAIMIOHYK/IU/bI, HO M OIMOCPEJOBAHHO BIUATh Ha (HOPMy HAXOXKIEHUS U HX
MOJBIDKHOCTH B siecHbIX ouyBax (Gadd, 1996). M. Steiner ¢ coaBTropamu, B CBOIO
odepe/ib, TIOJBITOXXMUBAIOT BBIIIEU3/I0KEHHOE: IPUOBI UTPAIOT K/IIOUEBYIO POJIb B
MOOW/TM3ALMH, TIOT/IOIEHNN U MepeHOCe MUTATEeNbHBIX BELleCTB U, OYeBUIHO,
SIBJISIIOTCSI BRYXHBIM (AKTOPOM [O/ITOBPEMEHHOTO Y/EpP)XXaHUs PAafUOLe3Usi B
opraHuveckom cioe mouBbl (Steiner et al, 2002). P. Kala¢ (2012)
MPUEPKUBAETCS TIOLOOHBIX BO33pEHHUM: rpUObI (KaK MUILeTHaIbHbIE, TaK U
obpasymoouie  IIOLOBble Teja) o4yeHb 3ddexkTuBHbBl B abcopOuuu
PaAMIOHYK/IUJOB ¥  SIB/ISIIOTCSL  YPE3BBIYAMHO BA)XKHBIM KOMIIOHEHTOM B
JOJITOCPOYHOU aKKyMYJISIIUN 0/1arofapsi AOTOXXUBYILEH 1 OTPOMHOM ceTH rud
Y TpUOHOI GMOMACChI B BEPXHHUX CJIOSIX JIECHBIX TIOYB.

JetictButenbHO, o ouenke JI.I'. BypoBoii (1986), 6uomMacca MaKpOMHIIETOB
C yd4eToM MHULeNUsi B TSATh pa3 MpPeBbIIIAeT HAMOYBEHHBII MOKPOB. B
3aBUCUMOCTH OT OHOJIOTMYECKHX OCOOEHHOCTeH, B YaCTHOCTH TITyGUHBI
3a/IeTaHKs] MULIENHsSI, MaKPOMHMIUETBhI MOTYT «3axBaThiBaTh» ~/'CS  KakK C
MOBEPXHOCTH TIOYB, MOJACTH/IKH, TaK U 6Gosiee r1yGOKHUX IOYBEHHBIX CJIOEB.
MakpomuiieTsl HECOMHEHHO BOBJIeYeHbI B OHOT€OXMMHYECKUU KPYroBOPOT
B7Cs, ¢ pas/oxeHHeM IUIOJOBBIX Te/l, KaK U B C/Iy4ae APYTUX MHUHEPAIbHbIX

37IEMEHTOB, TPUOBI CIIOCOOHBI PELMPKY/TUPOBATh PASUOLE3UN M3 TITYOOKHX
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MOYBEHHBIX CJI0eB Ha moBepxHOCTh necHor moactunku (Falandysz, Borovicka,
2013).

YpoBeHb HaKOIUIEHUsSI PASUOHYKIHAOB MAKPOMHILIETAMHU OTIPeZeiseTcs
KOMIUIEKCOM (aKTOPOB, Cpelud KOTOPBIX, 0e3yC/lOBHO, Hanbojiee BAKHBIM
SIB/ISIETCS KOJIMYECTBEHHBIM M KayeCTBEHHBIM COCTaB aBapUMHBIX BBHIOPOCOB,
YPOBEHb 3arpsi3HEHHsI TOYB M [pPeBeCHbIX CyOCTpAaTOB M3 MeCT uX
npouspactaHus. BakHel Taxke (U3MKO-XMMHYECKHII COCTaB M CTPYKTYpa
3arpsisHeHHbIX mouB. G. Heinrich mosaraer, 4ro HakomieHuwe pazuoLEe3Ust
rpubOM TJIaBHBIM OOpPa3oM 3aBHCHUT OT COAEP)XaHMs TIJIMHBI, WA, MecKa U
OOMEHHBIX KaTHOHOB, COCTaBa TIJIMHUCTBIX MHHEPAJIOB M paclpefeneHus
vyactuy, pasHoro pasmepa (Heinrich, 1992). N.L.Bulko ¢ coaBropamu (2014)
COOOLIAOT O BJAMSHUM THIA jieca Ha YPOBEHb aKKyMyJISLIMH PAafgHOLe3usi, B
YaCTHOCTH, OFIHM M Te >Xe BUJBI I'PUOOB B COCHOBBIX Jiecax ObLIM OoJjiee
3arpsi3HeHbl, YeM B C CMELIAHHBIX JjiecaX. YCTAaHOBJIEHA IIOJIOXKUTETbHAs
KOppe/siiisi MeXAy CTeleHbl0 TUAPOMOPPHOCTH TOYB U  BETUYMHOU
COZep)KaHUsI PAJUOHYKIMAOB B rpubax. Buapl, mpowuspacramoiye Ha
IUPOMOPQHBIX JIECHBIX OYBaX aKKyMYJISITUBHBIX JIAHAA(TOB HAKaIlIMBAIOT
7Cs Ha TOPSIIOK BBILIE, YEM Te XKe BHU/IbI, TPOMU3PACTAOIHE Ha ABTOMOPQHBIX
NOYBax 3/10BUaNbHbIX MaHAmadToB (Lllernos, 1999; Tsvetnova et al., 2001).

Pemrarouryro posip B ypOBHSIX OHOAKKYMY/SIUU PAJUOHYKIWZOB HIPAeT
rlyOMHa pPAcIOIOKeHUs] MUILe/IMsl KOHKDETHBIX BH/JOB B IouBe. Bugpl,
MHIE/UA KOTOPBIX HAaXOJUTCSI B BEPXHEM (Jioe TOYBbI (B YaCTHOCTH,
npexcrasutenin pp. Collybia u Clitocybe), HanbGoJjiee 3arpsi3HEHbI B TIepBbIe
MOC/IeaBapUiiHbIe TO/bl, MUK 3arpsi3HEHUsI BHUJOB C TIyOOKUM 3ajleraHreM
mutenust (@ umeHHo B. edulis) Ha6GIIOAETCST MUIIB CITYCTsSI HECKOJIBKO JIeT
(Oolbekkink, Kuyper, 1989; Fraiture et al., 1990; Guillitte et al., 1990; Rithm,
1998; Gillet, Crout, 2000; Mietelski et al., 2010).

Ompenenenne koadpduurentoB HakorteHus (K,;) U3 MOYB B 1/1070BbIe TejIa
MaKpOMHUILIETOB IOKA3aJio, YTO OHHU MOTYT AOCTHIaTh 4 MOPSIAKOB BeJTHYHUH
(Klan et al., 1988). B Hamux wuccaemoBaHusiXx MakcuMmanbHbie K, Gbutn
3ad¢ukcupoBansl y Paxillus sp. - mo n8o, Lactarius helvus - no 855, Suillus
luteus -766 w H. crustuliniforme - 514 (KueBckas 0611., 1996, 1998 rT., npu
CpefHeM YpOBHE MMOBEPXHOCTHOTO 3arpsisHeHust mous >'Cs - 37-185 KBk/M?).
[lpy 3acylTUBBIX YC/IOBHSIX M MAajJiOM KOJMHWYECTBE OCAZKOB HAabMI0AAeTcst
cHKeHWe KO3((UIMEeHTOB HaKoIUleHust paguonesusi. F, HamnpoTus,
noBbieHHble KH - 10 500 (Mpy OTHOCHMTETPHO HU3KOM YPOBHE aKTHBHOCTH
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pazuoLe3nsi B MOYBe) HAGMIOJAIOTCSA Yy MAKPOMHULETOB, MPOU3PACTAIIINX HA
3a00/109€HHBbIX, TOP(SHUCTBIX, C HHU3KUM COJEPXAaHHEM TIyMycCa IOYBaX
(BonbiacKast 0671., YepeMcKUii 3aTIOBETHUK).

YpesBpr4aliHO BBICOKUE, AOCTUTrAOIIMe MH/UIMOHOB BK/Kr c.M. ypoBHU
AKKYMYJ/SILUM  PafyoLie3usi HAG/II0JAaNMCh B IUIOAOBBIX TejlaX HEKOTOPbIX
MHUKOCUMOHOTPOHBIX BHAOB u3 30HBI oruyyxzgenuss YAIC: Gomphidius
glutinosus - 3,78 MBk/kr c.m.(Crapsie lllemennyu, necCHUYECTBO, 1992 T.),
Lactarius turpis — 13 u B. edulis - 1,56 MBk/kr c.m. (c. HoBowenenuuu, 1993 1.),
Paxillus involutus - 15,71, Lactarius rufus - 12,58, Cantharellus cibarius - no
12,13, Boletus badius - no 11,83, B. edulis - no 5,1 MBbk/kr c.m. (r. [Ipunsats,
«PpoKuit» ec», 1996 1.), Pluteus cervinus - 34,59, Leccinum scabrum - 5,46
MBx/kr cm. (c. Hooweneanuwn, 1996 r.). Boletus subtomentosus - 20,
P.involutus - 17 MBk/xr c.m. (Crapsie lllenenuyu, necHU4YeCTBO, 2004 T.), L.
turpis - 18,71 u Suillus luteus - 14,88 MBk/kr c.m. (c. Komaun). B To ke Bpems,
KO3 PUIMEHThI HAKOIUIEHUS] Y MAaKPOMHUIIETOB, COOPAHHBIX B TaKUX CHJIBHO
3arpsA3HEHHbIX JIOKA/IUTETAaX, HaXOAUIuCh B npefenax 1-50 (Grodzinskaya et
al., 1995; 2003; 'poa3uHCchKa Ta iH., 2008; I'pogsuHcKas u ap., 2013). [lo
HALIMM JIAHHBIM, /IO TIOC/IETHETO BPEMEHU aKTUBHOCTH PAIUOLE3UsT PUMEPHO
y 60% 006pasLoB IJIOAOBBIX TeN LEHHBIX ChefoOHbIX BULOB rpubos (Boletus
spp., Suillus spp., Leccinum scabrum, Cantharellus cibarius, Lactarius spp.,
Tricholoma flavovirens u mp.), COOpaHHBIX HAa TEPPUTOPUH YKPAMHCKOIO
[Tosnechs (MpH ypOBHSIX MOBEPXHOCTHOTO 3arpsiaHeHust mo4B *’Cs = 37 KBk/M?),
MPEeBbIIIAIM MPeie/IbHO AONYCTUMbIE YPOBHHU, TPUHSATHIE B YKpauHe (2500
BK/KT c.M.).

[Jnst Benapycu N.I. Bulko ¢ coaBTOopamu coo61aioT, 4TO aKTUBHOCTD Y 20-
30% rpuboB u siros B ['oMenbChbKOM 06/1aCTH BhILIE, Y€M JOMYCTHMbIE YPOBHH,
KOTOpbIE COCTaBIAOT 370 M 185 BK/Kr chiporo Beca coorBercTBenHo (Bulko et
al., 2014).

Ha akxkymyasimuio pasuouesvdsi MaKPOMHIETAMH CYyLIeCTBEHHO BIHsIET
9KOJIOTMYEeCKasi MPUYPOYEHHOCTh BUJOB, U, B YaCTHOCTH, CTPATETUs MTUTAHUS
- yMeHblieHHe HAGIIJAeTCss B IMOC/IeJOBATEbHOCTA OT MHUKOPHU3HBIX -
canpotpodHbix -> urHotpodHsix BumoB (Wasser, Grodzinskaya, 1993;
Grodzinskaya et al., 1995; 2008, 2013; Gillet, Crout, 2000). [lo mociaeaHero
BpeMeHU TOJ00HOU creruduIecKor TEHAEHIIUA B OTHOIIEHUHM HAKOTUIEHUS

PaZMOCTPOHIIMSI He OOHAPY)KEHO.
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B cpengHem ypoBHM PafiMOCTPOHIIMSI B IUIOJOBBIX Te€/laX MaKPOMHIIETOB B
COTHMU pa3 MeHblle, 4yeM pajuone3us. [lo HalMM JAHHBIM, B 2004 T. B
obpasuax rpu6os u3 30-kumomerpoBoit 30HbI YADC cooTHomenue “’Cs/?°Sr
HaXOAW/IOCH B Tmpejenax 10-10%, mpu cpegHem 3sHaveHnun 10°. Y
mukocumbrorpoda Cantharellus cibarius («Popkuii» nec, 1996 r.) aKTUBHOCTb
%Sr gocturana 10240 Br/kr c.m. Camast BbICOKasi aKTUBHOCTh PaIMOCTPOHLHS
oOHapyxeHa Hamu Yy canporpoda  Stropharia aeruginosa - 13000 U
MuKocumouoTpoda Lactarius turpis - 1000 bx/kr c.m (c. Crapoie llenennywn,
2004 T.).

Kax >xuBble, TaKk 1 MepTBble TUBI CIIOCOOHBI K OBICTPOMY, HE3aBUCUMOMY
OT MeTabo/M3Ma CBSI3BIBAHUIO PAJUOHYKIMAOB KIETOYHOM CTEHKOH,
SKCTPALIE/UTIONISIPHBIMUA  TTOJIMCAaXapUAAMU, WK JPYTMMH KOMIIOHEHTAMH,
obnamaromumu  GuocopbonHbiMu - cBovictBamu  (Haselwandter, Berreck,
1994). ABTOpBI TOAYEPKUBAIOT, YTO 3HAYUTENbHBIE OT/IUYUSA B CTPOEHUH
KJI€TOYHOM  CTEHKHM  OIpeJe/siioT  CYIIECTBYIOLIYI0O  3HAYUTE/IbHYIO
BapuabebHOCTh B aKKyMYTUPYIOLIeil CToCOOHOCTH rprbOB.

H3BecTHO, 4TO y OO/BIUIMHCTBA MAKPOMHIIETOB CIIOCOOHOCTh K HAKOIJIEHUIO
CTaGUIBHOTO 1Ie3Usl BechbMa OTrpaHuW4YeHa. MeToIoM aTOMHO-abCOpPOLMOHHOM
CIIEKTPOCKONMH ObUIO HCC/IEJOBAHO €ro COfiep)XaHHe B IUIOZIOBBIX TelaX 433
BHJOB JUKOPACTYyLIMX TpuO0oB EBpOMbI M MOKa3aHO, 4TO CpefHee COAep)KaHHe
3TOTO 3JIEeMEHTA COCTABJSeT 7 MI/KI C.M., IPU 3TOM YPe3BbIYAalHO BBICOKHE
KOHLIEHTPAUMHU HaOMoAanucy y mnpenctaButeneir cemeiictBa Cortinariaceae
(oco6enno y Cortinarius alboviolaceus), Bbicokue - y Clavariaceae,
Rhodophyllaceae, Strophariaceae, a y npeacraButeseii cemeiicts Helvellaceae Ta
Lycoperdaceae — nuskue (Seeger, Schweinshaut, 1981). Mcxozst U3 3TOro MoxHo
NPeJIONIOKNATh, YTO B OMNpeJe/IeHHON CTEeNeHH TMPOLECChl aAKKyMYJISLUU
PafIMOHYKIUZOB /IO/DKHBI IIPOMCXOQUTH QHAJIOTUYHO HAKOIUIEHUIO CTAOM/IBHBIX
anemenToB. [leiictBurensHo, Bakken u Olsen (1990), u3yuasi HakoruieHHe
pasuone3usi MakpoMmuueTramMu HopBeruu yCTaHOBMIM  IOJIOXKHTETBHYIO
KOPpe/SIHI0 MKy KOHLEHTPALUSIMH PAJuoLe3dss U HepPaJuOAKTHBHOTO
Le3usi U OTPUILATENbHYI0 — ¢ ypoBHeM pH mnoussl. [IpoBepka rumoress o
MeXaHHW3Me IMOCTYIUIEHUsT Lie3Usl B IUIO/IOBbIE TejIa, KOTOpPasi OCHOBBIBA/IACh HA
IpeJIo/araeMoil CocOOHOCTH TPAHCIIOPTHBIX JH3UMOB KJI€TOYHBIX MeMOpaH
pacmo3HaBare moHbl Cs' m K', mokasasma oTcyTcTBHE 3TOrO pacro3HaBaHUSL
Me)XBUiOBbIE OT/IMYUSI B TOIJIOLEHUN PaJHo- U CTAOWUIBHOTO 1ie3Usi aBTOPBI
OOBSCHAIOT TMpEeXJe BCEro MNPOCTPAHCTBEHHBIM  PACIIOIOKEHHEM  ITHX
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9/IeMEHTOB B IMOYBEHHBIX C/MOSIX U ypoBHeM cpogctBa ¢ Cs. OHHM Takke
BBICKA3a/IM MHTEPECHOE TMPEIIONIOKEHHE O TOM, YTO TpubbI, uaMmeHsis pH
cpenbl, CHOCOGHBI BBICBOOOXKAATH PAAMOLIE3Ui, HAXOASIUIUKMCS [0 3TOrO B
CBSI3AHHOM COCTOSTHUH.

B TO ke BpeMs MCC/IeOBaHUS BO3MOXXHOTO BJIMSIHUSI CTAOUIBHOTO Lie3us,
HAXOJSILIErocsi B JIECHOM MOJCTUJIKE, HA YPOBEHb IMEpeHOCa pafHoLe3usi B
IJIOZIOBbIe Tesa, He TOATBEPIU/IN CYLIeCTBOBAaHHE TAaKOM KOppeIsiiuUA B
obpasuax M3 MeCTOOOMTAaHMN C paA3HOW CTENeHbI0 MPOMBILIIEHHOTO
sarpsizHenwus [lonpumm (Zagrodzki et al., 2005).

KynpTypanbhble skcriepumeHTsI ¢ Pleurotus ostreatus, IpoBeJeHHbIE C.
Kuwahara c¢ coaBropamu moxkasanu, uro *’Cs u crabunpHbiii Cs aKTHBHO
MOTJ/IOMIAIOTCA TPUOOM B 3aBHCUMOCTH OT KoHueHTparuu 'Cs waun Cs B
nurtaTenbHON cpese. OHM OGHApYKU/IH, 4TO HakoruieHue °/CS TJIOZOBBIMU
tenamu nogasisiercss K vi/wmm Cs, 9TO MOATBEPKAAET CIIOCOGHOCTH IPUGOB K
norsioitenuto °’Cs yepe3 K-rpancrnoprasie cruicremsr (Kuwahara et al., 2002).

P. Kala¢ (2001) oTmevaer, 4TO YpOBHHM AKKyMyJSILHUNA CTAOUIBHOTO L€3HUsI
rpubamMu MOLOOHBI HAGMIOAAIIIMMCS Yy COCYAMCTBIX pacreHuit. OpHako B
clydae paaunesus, QUKCUPyeMble BeJIMYMHbBI, KaK MHHHUMYM, Ha TOPSAZOK
BbIlle. PazimuHOe moBefieHre CTabUIbHOTO U PAIMOAKTUBHOTO 1e3Hsl CBSI3aHO C
MX HEPaBHOBECHBIM COCTOSIHMEM B JKOCHCTEME W PA3JIMYHOM CTENEHBbI0 HX
ouogocrynHocTu (Horyna, Randa, 1988; Kalac, 2001).

M.Vinichuk ¢ coaBropamu (2011) B pe3syibraTe SKCIIEPUMEHTATbHBIX
ucciesoBaHuii nosegenus usoronos uesusa (P’Cs i Cs) u ux «IBOMHUKOB» -
Kamus W pyouauss B CcUCTeMe IepeHOCa  «I0YBa-IPUObI-pACTEHHS»,
MPOBeJEHHBIX B JIECHBIX BKocucTeMax LlIBeruu, moOKasamud, 4YTO TPHUOBI
HAKaIIMBaIOT 3HaYuTebHO Gosibiie K u Ru, yem cra6unsHoro *Cs, nmpuyem B
IUIOZOBBIX Te/aX KOHLEHTPALMsl 3TUX J/IEMEHTOB B CpeJHEM ObUIa BbIllle Ha
NnopsifioK, yeM B munennu. CpoAcTBO K 9TUM 3/IeMeHTaM y rpu6oB (M10g0BbIX
TelaXx W MHUUENINM) CHKazack B psagy Rb™> K> Cs’, ¢ orHocurenbHbIM
COOTHOLIIEHUEM 100:57:32. JTH PEe3y/IbTaThl MOAOOHBI GO/lee PAHHUM JAHHBIM
ATIOHCKUX McceoBarenei — 100:88:50 (Yoshida, Muramatsu, 1998).

Xorss wMpokomaciiTabHasi —peMeAMals TEPPUTOPHM, 3arps3HEHHBIX
paguonykaugamMu u ocobeHHo 'Cs, siBisiercst mpoGnematuynoii, K. Rosén c
COABTOpPAMH MMOKA3a/IH, YTO OJHOKPATHAsI 06pPabOTKA IeCHOM TOYBBI KaTUMHBIM
yoo6penuem (KCl) B 1992 r. gonroBpeMeHHO (make CIyCTsl 17 JIeT MOCIE

BO3JeicTBUsI) BAMsUIa Ha Ouoakkymyssinuio >'Cs  Bugamu  Cortinarius
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semisanguineus, Lactarius rufus, C. caperatus w Suillus variegatus,
PaIMOAKTUBHOCTH B KOTOPBIX COKpalaaack ot 21 7o 58% (Rosén et al., 2011).

G. Heinrich (1993) ommcan HepaBHOMEpPHOCTHb pactpenenenust -'Cs B
MJIOOBBIX T€JIaX IPUOOB B BU/IE C/IEAYIOIIHI MOC/Ie0BAaTe/TbHOCTH — MIACTUHKHU
> LUIANKa > HOXKA. MccienoBaHust OGMOAKKYyMyJISIIMK Psifid TIPUPOAHBIX H
AQHTPOTIOTE€HHBIX PAZUOHYKIUOB B CEPUH KYJIbTYPATbHBIX DKCIEPUMEHTOB C
Pleurotus eryngii, BeIpallleHHBIMU B KOHTPOJIUPYEMbIX TAOOPAaTOPHBIX YCIOBHUSIX,
u Tricholoma equestre, COOpaHHBIMU B TOJTYIIPUPOJHON IKOCHCTEME TTOKA3aJIH,
YTO CTEeINeHb 3PeJIOCTU UI'PAeT BAKHYIO POJIb B MOTJIOIEHUH U paclpee/leHun
PafIMOHYK/IMJOB B IUIOJOBBIX Tenax AaHHbIX BuAoB (Baeza et al., 2006).
MaxcumasbHas MHKopropauus >*Cs u *5Sr Ha6moganack B 3pesbIX IJIOAOBBIX
Tesax, 3aT€M CHW)KAJIACh B MPOLECCEe MX CTAPEHUsI.

B mporiecce nospeBaHMsi o6Las aKTUBHOCTH °St, 3*Cs u %Co BO3pacTaer B
LUTATKE+TUIACTUHKAX C COOTBETCTBYIOIMM CHIDKEHHWEM B HOXKe rpuba. st
000MX HCC/IeIOBAaHHBIX BHUJOB OBUIO IIOKa3aHO, YTO PAAMOLE3NA U Kaaui
TIPeMMyIIeCTBEHHO JIOKaTU30BaHbl B LIIATKE C IIACTMHKAaMH, a >>°Ra raBHbIM
o6pasoM - B muactuHKax. Tak Kak pacnpezeneHue >%*4°Pu, 3+*°U u 3°Th
OBIJIO PA3/IMYHBIM y WCC/I€ZOBAHHBIX MAaKPOMHUIIETOB, aBTOPbI MPEAIO/IaraorT,
YTO OHO sB/IsIeTCst BugocnenuduyHbiM (Baeza et al., 2006).

MHoro4uc/IeHHbIe TaHHbBIE O COAEPXKAaHUU pajauoLe3us B rpubax EBporsr,
HeCMOTpSI Ha HEKOTOpbIe POTUBOPEYHSI CBUJETETbCTBYIOT 0
BugocenupuIHOCTH HakoruieHusi. Camble BBICOKME YPOBHH AKTHBHOCTHA U
koapduuuentoB mepenoca (Tf - transfer factors) Gt OGHapyKeHbI Yy
MUKOCUMOUOTPOQHBIX BHIOB, B YaCTHOCTH IMPEACTABUTEEH CeMeNCTB
Cortinariaceae u Boletaceae (Eckl et al., 1986; Haselwandter, Berreck, 1989,
1994; Bem et al, 1990; Wasser, Grodzinskaya, 1993; Guillitte et al., 1994;
Mietelsky et al., 1994; 2010; Grodzinskaya et al., 1995, 2007, 2011; Malinowska et
al., 2006).

K. Haselwandter (1978) mepBbIM BbICKa3as TMPEATIONOKEHHE O TOM, YTO
rpubbl  akkyMyupyoT -’Cs Bupocrenududeckum obpasom. Hecmorpsi Ha
3HAYUTE/IbHYI0  BapuabenbHOCTh  JAHHBIX, KMMEHHO 3Ta 0COOEHHOCTh
MaKpOMHIIETOB  MOXE€T  ObITh  HCIIOJIb30BaHA  /UIsI ~ MOHHMTOPUHTA
PafIMOAKTUBHOCTH  OKpyXawomieii cpeabl  (Haselwandter, Berreck, 1994,
['poasuHchKa Ta iH., 2008; Guillén, Baeza, 2014). Pukcupyemoe y HEKOTOPBIX
MHUKOCUMOHOTPOPHBIX MAaKPOMHLIETOB CYLIeCTBEHHOE IpeBbIlIeHHe ypPOBHEMH

3arpsisHeHus 110 CpaBHEHHIO C YPOBHSAMU, Ha6JIIO,HaeMI)IMI/I B JIeCHOM IIOACTHUIIKE
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(stBAISTFOLLIEICST  OCHOBHBIM  [IETIO0  PAAMOHYK/IMJOB) Y JPYTMX KOMIIOHEHTOB
9KOCHCTEM, MPUJAET UM OCOOBI cTaryc B cucteme OuwouwHaukauwu. Cpemu
BUJOB-TUIEPAKKYMYJIATOPOB PaioLe3usi, ”THPOPMATUBHBIMUA UHJUKATOPAMH B
TeyeHWe BCEro IO0C/IeYePHOOBUIBCKOTO MMEePHUOJA MMPOLO/DKAIT OCTABATHCS
PEKOMEHZIOBAaHHbIE HAMH paHee, LIMPOKO PACIPOCTPAHEHHbIE B JIECHBIX
sKocucreMax YKpauHbl Boletus badius, Lactarius rufus wn Paxillus involutus
(TpogsunchKa Ta iH., 2008, Grodzinskaya et al., 2003; 2011; ['poasuncKast u ap.,
2013).

MexBuzOBbIE OT/IINYUSA B aKKyMyssiuu °'Cs o6pas3uaMu MaKpOMHIETOB,
COOpaHHBIX U3 OJHUX U TEX XK€ JIOKATUTETOB, MOTYT JAOCTHUTATh JBYX TMOPSIKOB
Benn4yrH. HHTepecHbIM siBisieTcss mnpuMmep p. Leccinum, coOpaHHBIX B
JIOKAJIUTETaxX C Pa3HBIM YPOBHEM PAJUOHYK/IUAHOTO 3arpsi3HeHUsI. AKTUBHOCTD
pasuouesusi B IUIOJOBBIX Tenax Leccinum scabrum Bcerja B cpeiHeM B
HECKOJIbKO pa3  Bbimie, yeM y L. aurantiacum (T'popsuHckasi u ap., 2013).
BugocrnenrdpruyHOCTh HAKOTUIEHHUSI MOXXeT ObITh CBsI3aHa, B IIEPBYIO O4Y€pesb, C
XUMUYECKHUM COCTAaBOM TUIOIOBBIX Tesl. Tak, moBbliieHHbie YpoBHU 2/CS, 0OBIYHO
Ha6omaemble y B. badius, psii, aBTOPOB 00BbsicHsIET 0Opa30BaHHEM KOMILIEKCA
STOTO PAJUOHYK/IHU/A C IByMsI KODUYHEBBIMH MTUTMEHTAMU KYTUKYJIbI LHIISATIOK -
G6aguoHom A wu HopOaguoHom A (Steffan, Steglich, 1984). D. Aumann c
COABTOPAMH YTBEPXKAAIOT, YTO MOAOOHBII MEXaHMU3M OTBEYAEeT 3a aKKYMYJISILHIO
pasyone3rs TakKe U y APyrux OosetanbHbIX rpuboB - Boletus erythropus u B.
mirabilis (Aumann et al., 1989).

Y Bedulis w3 Hapopuuckoro p-Ha JYKuromupckoir o6macta  (OKp.
OTCEJIEHHOTO C. XPHUCTHHOBKA) B IUIOAOBBIX TeJaX C TEMHOOKPAIIE€HHbIMU
LUISITKAMKA aKTUBHOCTH ~'Cs 6Gbiia 95800 BK/Kr .M., 4TO mo4utu B 3,25 pasa
MPEBBILIANI0 AKTUBHOCTH PAZHUOLE3usi, OOHAPY)KEHHYI0 B IJIOLOBBIX TeIaX CO
CBET/ION OKPACKOW WUIAMOK  (COOTBETCTBEHHO - 29400 BK/kr c.m.). Irto
NOCTAaTOYHO  yOeZuTeNbHO  CBUZETENBCTBYeT O  POMA  ITUT'MEHTHOM
COCTaBJISIIOLEH B Mpoueccax OMOaKKyMyasiuuu pagroHykanaoB (Grodzinskaya
et al., 2017 in press).

Kpome pazuoriesust 1 pafHOCTPOHIHMS B IIOLOBBIX T€TaX MAKPOMHLETOB U3
30-kM 30HBI YADC B 1995 r. MbI Take ob6Hapyxwm *Ce - 1071 (Leccinum
scabrum, c. Crapass Kpacuuua), “*Ce u ®*Eu coorBeTcTBEHHO - 310,1 M 31,3
Kbk/kr c.m. (Lactarius turpis, c. HoBomenennun) (I'pogsunckas u ap., 2013).

VcnipiTanust siiepHOTO OpyXKust M YepHOObUIbCKasi KaTacTpoda SIBASIIOTCS

OCHOBHBIMU HMCTOYHHKAMH BBICOKOTOKCHMYHOTO “"Am B OKpyxamwlieil cpese.
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[To pauueim ]. Lehto (2009), akTuBHOCTH **Am B rpubax M3 3arps3HEHHBIX
pernoHoB QPuHnsHIUM B cpegHeM cocrtasisieT 7,5 MDbK/kr, ongHako
K03$PULMEHT MmepeHoca 3TOro PaAMOHYK/IUA 3HAYUTENBHO BbIlle, yeM y Pu,
YTO CBUJETENbCTBYyeT O ero Oosbuieil GuomoctymHocTH. [layToHuit B
MaKpoMHIleTaX YKpauHbl ObUT OGHApYy)XeH B Ipejenax 2,96-82,8 Bx/kr c.m.,
IPU 9TOM CaMble BBICOKME KOHLEeHTpauuu BbisiBaeHbl y Paxillus involutus u
Cantharellus cibarius, B gpyrux crtpanax (®PunnsHguu, Smnonuu, Ilonbue u
VicaHuM) aKkTUBHOCTH STOTO PAAMOHYKIMAA ObUIa rOpasfo HIDKE - 0,0009—
0,164 BK/Kr c.M., mpu 3TOM camble BBICOKHE ypOoBHM **Am oGHapyXeHbI B
mnogoBeix Tenax Clitocybe sp., Hebeloma cylindrosporum w  Lycoperdon
perlatum (Outola, 2003; Baeza et al., 2004; Baeza et al., 2006; Guillen, Baeza,
2014). Cremyer OTMeTUTb, 4YTO B TEPBBIA IOC/T€ABAPUHHBIA TEepHUOZ B
MaKpOMHMIIeTax TaKKe 0GHapY)XUBAH Apyrue AHTPOIIOTE€HHbIe
KOPOTKO)XMBYLIME PAaJMOHYKIUABIL, Takke Kak '°Ag, *>Sb, ““Ru u 1 (Guillén,
Baeza, 2014).

VHTepecHBII METOAMYECKU MOAXO0J, AJsi pelleHHUs] MPOGIeMbl OYUCTKH
TEXHOJIOTUYECKHUX W MPHUPOAHBIX BOJ, OT PAfUOHYK/IN[OB ObUI IpPeIIOKeH
JleMeHTBEBBIM C coaBTOpamu (2015). B mpexacraBisiemoit umu pabore  GbLIO
yCTaHOBJ/IEHO, 4YTO Guomacca wuBoro muuenusi Pleurotus ostreatus croco6Ha
addexruBHo (>70%) copbupoBars pactBopenHsiii **Am. OcuoBHast 5oss (90%)
HAKOIUIEHHOTO B MHULeMNH “*Am cBsi3aHa CO CTPYKTYPHBIMH IOTMCAXapUAAMU
KJIETOYHBIX CTeHOK. [loKa3aHo, 4YTO yJesbHAsi AaKTUBHOCTh PAJMOHYKIHIA B
MOJIMCaxapyjax KIeTOYHBIX CTEHOK ObUIa B 3,5 pasa BbIlle, YeM B HCXOJHOM
ouomMacce muienus P. ostreatus.

Jo Hacrosiiiero BpeMeHH B OTKPBITOM [JOCTyIle HMEIOTCS  JIMIIb
HEMHOTOYHC/IEHHbIe CBeJleHUsI 0 6uocop6iuu PaIMOHYKIIN/OB
MaKpOMHIIETaMH B pe3yJsbTaTe sifepHOM aBapuu Ha Pykycume. [locsie aroro
co6bITHst (B MapTe 2011 I.) IO KOHLA 2014 T. C LI€/Ibl0 MUHUMH3UPOBATH /03y
BHYTpPEHHero o0/Iy4eHus: ObUI MPOBeJEeH HALMOHATbHBINM HIMPOKOMACIUITAOHDBIN
MOHHMTOPHHT O00pa3l0oB IMMHUIIEBbIX TPOAYKTOB U3 PA3IUYHBIX TMpedeKTyp
SInoHuM, KOTOPBIA TOATBEPAWI TpeBbILIEHHE IOMyCTUMBIX ypoBHedl “’Cs, B
nmepByl0 odvepesb, B rpubax (MakcMMaibHass OOHapy)XeHHasi AKTUBHOCTb
pocturana 28000 BK/Kr) M cyuieHbIX OBOLAX. ABTOPBI COOOLIAIOT, YTO IMHK
3arpsi3HEHMs1 y CylLIeHbIX LnHu-Take (Lentinus edodes) HaGmopacs ¢ ceHTIOPs
2011 I. 0 KOHIA MapTa 2012 T. (Merz et al., 2015).
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K. Nakashima ¢ coaBTopamu (2015) nokasanu, 410 y 36,4% [JUKOPACTYIIHX
rpuboB, COOpaHHBIX B OKpecTHOCTsIX C. KaBayun (30 KM OT CTaHLuH),
Ha0J1I0/]a/1aCh AaKTUBHOCTH 1000 BK/KI, MakcuMasibHast akTUBHOCTH *Cs - 5432,7
u %’Cs - 11616,2 Bk/kr c.m. 6pu1a o6HapyxeHa y Cortinarius salor Fr. Tlpu atom
a¢dexTHBHAsS [Jo3a /s B3POCIBIX, paccuMTaHHasi Ha CpeJHerofoBoe
yrnoTtpebieHre rpuboB, HAXOM/IACh B Ipesenax 0,11-1,6 M3B.

AHanmu3 MUTepaTypHBIX U aBTOPCKUX JAHHBIX IMO3BOJMJI CTPYNIHUPOBATh
daKTOpel,  ompezeNAOUIMX ~ CTeNeHb  PAAMALMOHHOTO  3arps3HeHUs
MaKpOMMIIETOB B cjiefyioutyio cxemy (Puc. 2).

ATtmocdepHoe 2arpsaHenie, MLUIER0T
MEPEHOC, METEOPOIOTHUECKHUE (GaAKTOPEL
(KOITHUECTREO 0CAJIKOB, HATIPABRICHHE BETPA)

BujiocrieriuuaHOCT Kourpoiupy emeie u
HAKOTI/ICHLS HEKOHTPOJIUPYEMELE
(baxTopEI

SKOIOTHYECKas
IpUYPOUIEHHOCTE Muxocum
BHIa B3aUMO/(E]

['pasnenT pagHOHY KTHIHOTO
3arpA3HeHUA 104E, pH,
Y BIIaXHCHHOCTh, PH3HKO-
XUMHIESCKHII COCTAB M THII [ICYBEI,
naggmadTHEIE 0GODSHHOCTH

DITHA 3aJIeTaHA
1A B ITOYEBE

Puc.2. ®akTopsl, onpeaensiomue YPOBHH aKKyYMY/ISALIUN PaJUOHYKINOB
MaKpOMHULleTaMu
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B o6uieM, ypoBeHb OMOAKKYMYJSIIUK PALUOHYKIHUZOB MaKPOMHLIETAMU
3aBUCUT OT KOHKDETHOH pafIMO3KOJIOTMYeCKON CUTyalluu B MecTe cOopa,
BUJOCITeIMPUIHOCTH M HKOJIOTUYECKOI MPUYPOUeHHOCTH BHUa. B To xe Bpems,
BBICOKMH YpOBeHb BapHabe/nbHOCTH, HAO/MIOJAeMbIil B TIOJyYEHHBIX JaHHBIX
CBUJIETE/IbCTBYeT O  KOMIUIEKCHOM  pe3y/bTHUPYIOLIeM  BO3fAeHCTBUH
onpefie/IeHHbIX  (YYUTHIBAEMBIX) U HEKOHTPOJIHPYeMbIX (AKTOPOB, UTO
YCJIOXHSIET POTHO3HYIO OLIeHKY YPOBHeH 3arpsi3sHeHUsI.

Hecmotpst Ha TO, 4TO ¢ MOMeHTa aBapuu Ha YepHoObUTbCKOM ADC mpouuio
yXe Oojee 30 J/IeT, JO HACTOSILErO BpPeMeHU COXPAHSeTCsS OINACHOCTb [JIst
Hace/IeHUs], CBSI3aHHAasi C BHYTPEHHMM OOJIydeHHeM 3a CyeT yHmoTpeOyeHHs
MPOAYKTOB, 3arpsi3HEHHBIX PAJUOHYKIHUJAMU, B YaCTHOCTH JUKOPACTYIIMX
rpuboB u sirog. M3BecTHO, uTO B cTpaHax EBpombl exerogHoe norpeGieHue
OVKOPACTYIIUX TPUOOB MOXXET AOCTHUTraTh HECKOJBKMX KHJIOTPAaMMOB Ha Jyury
Hacenenust (Kala¢, 2012), B To Bpemsi, KaKk st )uTeneil YKpauHsl (0cO6eHHO
Ykpaunckoro ITonmechbst) necHbie rprbbl HE TOJTBKO COCTABJISIIOT CYLIECTBEHHYIO
YacTh MHUIIEBOTO PALIMOHA, HO U 00eCcrnevYrBalOT JOTIOTHUTE/NbHBIM 3apaboTOK
CebCKOMYy Hace/leHHIO. EQVHCTBEHHO BepHBIM pellleHHeM B CO3ZaBIIeics
CUTyalMH JO/DKeH ObUI OBl CTAaTh POCT NPOMBILUIEHHOTO Ky/JIbTUBHUPOBAHUS
LIEHHBIX CHheJOOHBIX W JIEKAPCTBEHHBIX BHIOB TPUOOB HAa TMpeSBaPUTENHHO
IpoBepeHHbIX cybcTparax. OAHAKO, NajleHWe YPOBHSI JKU3HU B NTOC/I€HUE TO/bI
HEOTBPAaTMMO  BBIHY)KZQeT HAIIWX COTPAXJAH IMpeHeOperaTs  BIIOJHE
00OCHOBaHHOM OMACHOCTBIO U  YBeJIMYMBATh YHOTpeO/ieHHe HMEHHO
«BeCIUIaTHBIX» JIeCHBIX TPUOOB. VicXo s U3 BBIIIEN3/I0KEHHOTO0 HEOOXO0IUMOCTh
IJIATEJIBHOTO  PAaJUALMOHHOTO MOHHUTOpPHHIa (C TIpuBIeYeHHEM BHIOB-
OMOMHANKATOPOB) M YYETOM CYLIECTBEHHOTO BKJIa/a MUKOGHOTHI B MPOLLECCHI
MUTpall{ U Ilepepaclipefie/leHUs] PaJUOHYK/INAOB /i1 KOMIUIEKCHOH OLIeHKU
PaSHO3KOIOrMYeCKOM CUTyallud 1 MUHUMM3AlUK HeTraTHBHUX IOC/IeCTBUM He
BBI3bIBA€T COMHEHHUSI.

CoBpeMeHHOMY NOAXOJY OL@EHKH 3KOJIOTMYeCcKOr0 COCTOSIHMSI OKpyXKalollel
cpezbl CBOMCTBEHHA aHTPOIOLIEHTpHUYecKass KoHuemnius. KadecTBo Xu3HU U
3/I0pOBbe Yesl0BeKa B YCJIIOBHSX BO3PACTAIOLIETO TeXHOTeHHOIro, B TOM YHCJIe
PafiMAaLIMIOHHOTO TIPecca, - JOJDKHBI OBITh IMPUOPUTETHBIMU HAIPABIEHUSIMHU
HAy4YHBIX MCC/IeZJOBaHUA.
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I'POASNHCBKA T.A.
BIOAKKYMVJIALIA PAJIOHYKIILAIB V ITNIOJOBUX TUUIAX
MAKPOMILIETIB

B 02n50i HasedeHi nimepamypHi ma opueiHanbHi 8idomocmi wodo Gioakymyasyil
npupodHux i mexHozeHHUX padioHykaidie y nnodosux minax makpomiyemis. He
3gaxcarodu Ha me, wWo 3 MOMeHMY asapii npoliwo exce noHad 30 pokie i
padioekonoeiuHa cumyayin 6 YkpaiHi 3miHunace Ha Kpawje, 00 UYb020 Hacy
dukopocai makpomiyemu 3 peeioHis, 3abpydHeHux y pedyabmami YopHobunbckol
kamacmpogu, € Hebe3neuHumu Ona 300po8’s HACENEHHS BHACAIOOK iX
CNOXMCUBAHHA Y XAp4o8UX Mma Aikapcbkux yinax. Bpaxosyrouu xomnnexcHuil
xapakmep padioHyknidHo20 3abpydHeHHS OUKOpOCAUX MaKpomiyemie Ha
mepumopii YkpaiHu ma cymincHux depxwcas, nidkpecneHa HeobxidHicmb
00820cmMpok08020  padioeKkoN02iMHO20 ~ MOHIMOpUH2Y 13 3any4eHHAM
6ioindukamopHux gudis.
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GRODZINSKAYA A.A. (Grodzynska G.A.). BIOACCUMULATION OF
RADIONUCLIDES BY FRUIT BODIES OF MACROMYCETES

This article rewiews literature and original data on bioaccumulation of natural
and technogenous radionuclides in fruit bodies of wild-grown macromycetes.
Despite the fact that since accident have passed more than 30 years, and the
radio-ecological situation in Ukraine has improved, until now, wild macromycetes
from regions contaminated as a result of the Chornobyl disaster remain
dangerous for the health of the population in the case of using for food and
medicinal purposes. Taking into account the complex nature of radionuclides
contamination of wild macromycetes, emphasizes the need for long-term
radioecological monitoring with the involvement of bioindicative species.
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BHUOJIOTNYECKHE CBOHCTBA HABO3HHKA KOCMATOI'O-
COPRINUS COMATUS (O.F. MULL.) PERS.

Hccnedosanbl  b6uonozuyeckue ceolicmea coedobH020 OJeaukamecHo20
epuba C.comatus, U36eCMHO20 CBOUMU J1€KAPCMBEHHbLIMU C8OUCMBAMU.
ITonyueHvl HOBble cBedeHUSL O MUKPOMOPPHOa02UUecKUX XaAPAKMepucmukax
daHHo20 euda: 3agukcuposaHbl —annoyucmel, 2udanbHble KoAbUA U
KoHUduabHOEe CNOpoHOWeHUe, a makyice nodmeepxcdeHo 06pazosaHue NPANKCeK,
aHacmomo3os, deHOpoudHbIX 2ug, KPUCmMainoe pasHou ¢Hopmbvl, 8 Mom Hucae
goniocogudnbix. Ilokazano, umo 0das nodasaswowezo 60AbWUHCMEA WMAMMOS
onmumanbHbIl pocm obecneyusan KOMNOCMHbIU azap, Ha KOMopom Habardanu
obpaszosaHue 6enblx NEPuUCMbIX KOMOHUU C BbIPANCEHHLIMU MUYENUANbHLIMU
maxcamu. Takxce xapakmepHbiM 6blL10 06pa3osaHue 6aMHLIX KONOHUU HA
numamenvHblx  cpedax  pazauuHozo  cocmasa.  /lns omadenbHbIX
6blcmpopacmywux wmammos8 Hamu nodobpaHa ceneKkmueHas cpedd - Manby-
3KCMPAaKm-nenmoH-0poXcHce8oll azap, Npu 8bIpawueaHuu Ha KOMOPOU CPOK
Npu20mMoOsBaeHUs. NOCe8HO20 Muyenus cocmaeasn mpu OJHs. MakcumanvHas
ckopocmb pocma gezemamugHozo muyeaus C. comatus npu ycmaHo8aeHHoU 015
uccnedosaHHbIX WmMammos onmumansvHol memnepamype 27°C Ha cenekmugHoOU
cpede cocmasuna 12,9 mm/cymku. Haiidenbl kpumuueckue 0as8 MUyeauanbHo20
pocma memnepamyput (4°C u 34-37°C). Ilpu memnepamype 4°C nabarodanu
onyweHue uHoKyaioma, npu 34-37°C  pocm  6oabwuHcmea — Kyabmyp
omcymcmeosan. Mccaedosartvie wmammel C. comatus Ha4uHaau pacmu npu
3HaueHusx pH cpedvl om 5,0 u 8vlwe, 3a uckaueHuem wmamma 2238, caabuwiil
MuyenuanvHulli pocm komopoeo Habawdanu npu pH 40. OnmumanvHoe
3HaueHue KUCA0mMHOCMu cpedvl 018 UCCAedOB8AHHBIX WMAMMO8 cocmasguno - pH
6,5 u 6,7. Ocoboe sHumaHue ydeneHO WMAMMAM C B8bICOKOU AKMUBHOCMbIO
¢epmenmos: nakkasel, amunasvl u kapbokcumemunyenntonasdvl. IlonyyenHwle
pe3ynabmamsl  ceudemenbcmeyilom 0 wmammosou  cheyuguuHocmu
uccnedoB8aHHbIX KyAbMyp NO OMHOWEHUI0 K UCMOYHUKAM Y2/1epodH020 U
azomHoeo numanus. B ycnosusx akcnepumenma Hauaywwuill pocm U
HakonneHue OGuomaccbl obecneuusana cpeda, codepycawas 8 Kaiecmeae
ucmovHuka yenepoda - Kpaxman, d ucmouHuka azoma - nenmoH. Haubonee
nepcnekmugHble WMammbl 6bLIU NPo8epeHbl Ha CNOCOOHOCMb K NN0JOHOWEHUHO.
B pesynabmame omobpan wmamm IBK 2238 8 kauecmee nomeHyuanbHo2o
npodyyeHma Ho8blX 2pubHblx 6GuomexHosoeull, a makxwe 0as JdanvHeliwell
paspabomku mexHoa02uU NPOMbIWAEHHO20 KyabmusuposaHus euda C. comatus.
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Kntoueewle cnoea: naBo3uuk, Coprinus comatus, GUOIOrUYeCcKHe CBOMCTBA,
COM, ckopocTh BereTaTUBHOro pocta, pH, Temneparypa, depmeHnTsi, 6omacca,

IIOAOHOIIeHHEe

BBEJEHUE

Cpeno6HBIM U sekapcTBeHHBbIH rpub C. comatus — HaBO3HUK KOCMATBhIH,
JIOXMATBIA W/IM YepHUJIbHBINA IPUO Oesblii, 3a PyOeXOM OH TaK)Ke M3BeCTeH KaK
«mapuK agBokata» (lawyer’s wig), unu «kocmarasi rpuBa» (shaggy mane). B
MPUPOJHBIX YC/IOBUSIX IPOM3pACTaeT C Masi MO OKTSAOpPh OJWHOYHO WU
rPyIIIaMyd Ha IOYBe B MPHUPOAHBIX (leca, /yra, CTeNMH) W AHTPOIOTEeHHBIX
(mapku, cazpl, J1€COMOMOCHI, TA30HBI) COOOLIecTBaX. Berpedaercsi Ha Beex
KOHTHUHEHTaX, KpoMme AwHTapktuzapl. lllupoko pacmpocTpaHeH Ha Bcei
tepputopun  Ykpaunsl ([Tpuaiok, 2015). BbicOKO 1eHMTCS W cyuTaeTcs
nenvkatecoM B Kurtae, Slmonuu, Ha TaiiBaHe, a TakKe APYrMX asMATCKUX M
HEKOTOPBIX €BPOIeMCKUX CTpPaHaxX, IJe ero BhIPALIVBAIOT B IPOMBILUIEHHBIX
Maciitabax (Stamets, 2000; Sabo et al., 2010). [I10g0BBIE TETA U MULETHN
C. comatus copepyXaT IOJMCAXapHUAbI, TPOTENHBI, SH3UMBI, TPUTIULIEPUIBI U
apyrue BEIL|eCTBa, obazatoiye IIPOTHBOOITYXOJIEBBIM "
MMMYHOCTHMY/TUPYIOLIMM [eiCTBHEM, YTO OCOOEHHO BAYKHO JJIsi COBPEMEHHOM
MeJMLIMHBI. BHOoOrnyecky akTHUBHBIE COeJUHEHUs, MOJyYeHHble M3 JAaHHOTO
rpuba, OKAa3bpIBAIOT OO HMMMYHOMOAY/IUPYIOUIMHA 3¢¢eKT, MmoMoramoT
IIPeoZi0/IeBaTh HeraTUBHbIE IOC/E/ACTBUS XWUMMOTEPANHMH, BOCCTAHABIMBAIOT
TOPMOHAJIBHBIA 0a/aHC, YAy4IIAOT COCTOsiHMe HepBHOU cuctemsl (Cui et al.,
2002; Sabo et al., 2010; Dotan et al., 2011; Ding et al., 2012; Ren et al., 2012; Jiang
et al., 2013). [IpefcraB/sier MHTEpEC KUCIIOIB30BAHUE JAHHOTO rpuba B KauecTBe
VICTOYHUKA CBIPBS J/Is1 pa3pabOTKU HOBBIX JIEKAPCTBEHHBIX IIPENapaToB.

Ynen-koppecniongent HAH Yxpaunsi, mpodeccop, #.6.H. C.I1. Baccep
COBMECTHO C M3PAaWJIbCKMMHU KOJUIETAaMHU MHOTO JIeT 3aHMMAeTCsl U3ydeHHeM
JIEKApCTBEHHBIX CBOMCTB rpuboB. Cdepa ero MHTEpPeCOB BK/IIOYAET H3y4YeHUE
BJIMSTHUSI DKCTPAKTOB Pa3/IMYHbIX TPpHU6OB, B yacTHOCTH C. comatus, Ha pa3BUTHe
PaKOBBIX KJIeTOK. [lo/ydyeHHbIe pe3y/IbTaThl CBUETENbCTBYIOT 00 3¢ PeKTHBHOM
TepanuM 3/710Ka4YeCTBEHHOTO 3CTPOTeH-He3aBUCHMOIO PaKa MOJIOYHOM )Kee3bl
(Asatiani et al., 20m1). B HemaBHMX wucc/TeZOBaHUSIX OBUIO TOKa3aHO, YTO
STW/IALETATHBIM 3KCTPaKT U3 1ioAoBeix Ten C.comatus TpOSIBIsiET
MHrubupymouiee BIUsSHHE HAa KIE€TKH paKa SIUYHUKOB, a JTAaHOJBHBIA U
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STU/IALIETATHBIA OJKCTPAKThl M3 TUIOJOBBIX Tel W MHULENUsT HABO3HHUKA
KOCMAaTOTO TaKKe CeJeKTUBHO WHTUOMPYIOT pa3BUTHE KJIETOK paka
npezacrarensHoi xene3sl (Rouhana-Toubi et al., 2009, 2013). Coobuiaercs, 4TO
BogopacTBopuMbiii moaucaxapug, (CCPA-1), BbifeneHHBIM U3 TUIOZOBOTO Tesa
C. comatus, TOKa3aja BBICOKYIO WHTMOMPYOLIYI0 aKTUBHOCTh B OTHOIIEHUH
OITyXOJIEBBIX K/IETOK capKoMblI 180 (S180) y mbrieii. [TokaszaHo, uto morpebieHre
JAHHOTO TIO/IMCaXapHja He TOJbKO TOPMO3HJ/IO Pa3BUTHE CAPKOMBI Y MbIILIEN C
TPAaCcIOPTUPOBAHOM OMYXOJbIO, HO W TIOBBILIAJI0O OTHOCHUTE/bHbIE WHJIEKChHI
cejle3eHKH/TUMYCa, BeC Teja GOJIbHOTO JKMBOTHOTO TaK)Xe yBenu4uBasncs. Bce
nanHble mokasanu, yTo CCPA-1 uMmen moTeHIMaibHOE MPUMEHEHHE B KayecTBe
MPUPOJHOTO  IMPOTHUBOOIYXOJIEBOTO CPEACTBA C HWMMYHOMOAY/THPYIOLIEH
akTuBHOCTHIO (Jiang et al., 2013). [TlonyyeHHble pe3ynbTaTBHl TaKXKe
CBUJIETE/IBCTBYIOT O TepareBTUYeCKOM MeXaHu3Me 3KcTpakToB C. comatus B
KayecTBe aHzporeHHoro penentopa (Zaidman et al, 2008). Muorue
HcceoBaTe/Id OTMEYAIOT CBSI3b IPOTHBOONIYXOJIEBOH WM IPOTHBOBUPYCHOH
AKTUBHOCTEH IPUOHBIX SKCTPAKTOB U coepuHenwnii. Tak, C. YKao ¢ coaBropamwu
(Zhao et al., 2014) TPOAEMOHCTPUPOBAIA TEPCIIEKTUBHOCTH BBIZEIEHHOTO W3
munenus C. comatus depmeHnTa nakkassl B 6opsOe ¢ BUY nndekuwmeit in vitro.
MHorouuc/eHHble MyOIUKALMK TOC/IEeAHUX JIeT YKa3blBAlOT HA HAaJIM4ue B
TUIOAIOBBIX TejlaX, Ky/AbTYPaJIbHOM MHUEIUU U KyJAbTYPAJIbHON JKUAKOCTH
HAaBO3HMKA KOCMAaTOIrO BeIeCTB, CHIDKAIOUIMX COZEep)XaHMe caxapa |
XOJIeCTePHUHA B KPOBH, 0061aar0 X AHTHUOKCUIAHTHBIMH,
aHTUOAKTEPHUAIbHBIMUA, TPOTHUBOBOCIANUTENBHBIMU U IPOTUBOOOIEBHIMU
cBovictBamu (EpmoBa u zp., 2001; Yang et al.,, 2002; Badalyan et al., 2003;
Bagansu u zp., 2005; Han et al., 2006; Han, 2009; Lv et al.,, 2009; Tsai et al,,
2009; Ding et al., 2010; Popovic et al., 2010; Li et al., 2010; Liu et al., 2012; Ren et
al., 2012; Yuan, Wang, 2012; Bao et al., 2013; Wang et al., 2013; Zhou et al., 2015).
Kpowme Toro, usyyanauce HemMatodaroBble CBOMCTBA JAHHOTO BHJQ, YTO MOXKET
ObITh OYE€Hb TMEePCIeKTUBHBIM [JI OHOJIOTMYEeCKOr0 KOHTPOJISI TOMY/ISLHAI
nemaroz (Luo et al., 2004, 2007).

YuuThiBasi MpUBeJEeHHbIe BbIlIe [NAaHHbIe, MOMCK W BbIJE/NIeHHE HOBBIX
LITAMMOB JieKapcTBeHHOro rpuba C. comatus 3 MPUPOJHBIX MECTOOOUTAHUM B
KYJIbTYPy OTKPBIBaeT BO3MOXXHOCTHUX MONOJIHeHUs1 Kojulekuuu IBK akTrBHBIMU
MpOJYLIEHTaMH, a M3y4yeHHe OMOJIOTMH JAAHHOTO BHJA U pa3paboTKa yC/IOBUH

ero KyJIbTUBHUPOBAHUA ABIAIOTCA NepCreKTUBHbBIMU A1 MoJy4eHusa
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OGUOIpernapaToB WX MHUILEBbIX JOGABOK HA OCHOBE TUIOZOBBIX TeJ, MULETUS U
KyJIbTypanbHOM xugkoctu C. comatus.

Llenpro Hamreil paboThl OBUIO M3y4YeHUE OMOJIOTHUYECKUX OCOOEHHOCTeH
wrrammoB C. comatus, yC/I0BAN MX BET€TaTUBHOTO POCTA U TUIOJOHOLIEHHUS ISt
06OCHOBAaHHOTO OTGOPA IITAMMOB-IIPOAYLIEHTOB, TEPCIEKTUBHBIX JJIsI CO3/IaHMUs
HOBBIX TPUGHBIX GHMOTexHOMOoTHit. [I/ist 9TOro Mcc/res0Baal AMHAMUKY CKOPOCTH
pOCTa MHIe/UsT HABO3HMKA KOCMATOro Ha arapM30BaHHbIX CPeJAX PAa3TMYHOTO
COCTaBa, HW3y4Yaayd BJIMSIHAE TEeMIepaTypbl Ha POCT MU >KU3HECITIOCOOHOCTH
BETeTAaTUBHOTO MHLE/IHS, U3y4alT MUKPOMOP(OIOrUIecKrie XapaKTePUCTUKH,
depMeHTAaTHBHYI0 AKTHUBHOCTh. JI/I1 OTOGPAHHBIX MEPCIEKTUBHBIX LITAMMOB
ObUIM OIpeZie/ieHbl ONTHMAa/IbHble TEMIIEPATyphl POCTa M 3HadeHus pH,
nofo6paHbl MCTOYHUKU YIIepoAd M a30Ta [JJisl HAWIY4LIeEro MHULeTHATBHOTO
POCTa, a TaKKe MPOBepeHa UX CITIOCOGHOCTH K IUIOLOHOIIEHHIO.

MATEPHAJIbI U METO/IbI UCC/IEAOBAHUH

B kadecTBe O0ODBEKTOB HCC/IELOBAaHUSI ObUIM HCIO/NB30BAHBl YHCThIE
kyneTypbl Buga C. comatus* (poga Coprinus, cemelictBa Agaricaceae, mopsiiKa
Agaricales, xmacca Agaricomycetes), xpaHsiuecss B KoJeKuuu KyabTyp
LHUIAMOYHBIX TpuboB MHcTuTyTa G0Tanmku wumenn H.I'. Xomomnoro HAH
Yxpaunst (IBK). Bcero Gbutu mccinegoBanbl 12 mrammoB C. comatus pasHOro
reorpapu4ecKoro MpOMCXOXKIEHUs], TIOCTYUBIIMX B KOJ/UIEKLIMIO B Pa3/IMYHbIE
rozpl (Ta6. 1) (Bucekko u zp., 2016).

Mukpo6uooruyeckie MeTO/bl, HCIIOJb30BaHHbIE B JAHHOI pabore,
SIBJISIIOTCST  OOLIENMPHUHSATBIMA  NpU  paboTe C  YWUCTBIMU  Ky/IbTypaMHU
HeNaTOreHHBIX MHUKPOOPraHM3MOB, B TOM 4YHC/Ie M MHILEIHATbHBIX I'PUOOB
(Bunait, 1980).

*30ech U Jajee NMpUBeJeHbl COBpeMeHHble Ha3BaHUS BHUJOB B COOTBETCTBUU C
Index fungorum (Index Fungorum - a/ieKTpoHHBIN pecypc, 2016).
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Ta6auua 1. Cincok ucciaexoBaHHbix wirammoB Coprinus comatus.

Mramm IBK Crpana npoucxoxaenusa | l'oa nmocrynienus
137 Poccus 1969
138 YxpauHa 1989
173 Poccus 1969
1544 YKpanHa 1997
1687 Ykpaunna 2000
1727 Hspaunnb 2000
1930 N3paunb 2000
2000 Poccus 2009
2141 CILIA 2011
2237 CIIA 2012
2238 Kurait 2012
2278 YkpauHa 2012

PE3YJ/IBTATBI U OBCY>KJAEHHE

Mukpomopdonornyeckass XapaKTePUCTHKA BEreTaTUBHOTO MHILE/THS
C. comatus

MUKpOCTPYKTYpbI BereTraTuBHOro wmwienuss wrammoB C. comatus 6butH
HUCC/IeOBaHbl C IIPUMEHEHHEeM CBETOBOM M CKAaHUPYIOLEH 3JIEKTPOHHOH
mMukpockonuu. O6pasiubl BEreTaTUBHOTO MHULE/IHS IITaMMOB 2237, 2238 U 2278
obutn  moxaroroBnensl s CEM  mo  moguduumpoBaHHOMY — MeTOmy
KBarenb6ayma u Kapuepa (Byxano, 1988).

[TokazaHo, 4TO it BCEX MCC/IEZOBAHHBIX IITAMMOB XapaKTEPHBIM ObLIO
Ha/IMYKe TaKUX MUKPOMOPQPOTOTHUYECKUX MPU3HAKOB KaK MPsDKKU (pHC. 1a, 6),
aHacTomo3bl (pHC. 1B), geHApouaHble TUdbl (PUC. 2 a-B), KPUCTA/UIBI PAa3HOM
¢dopmei (puc. 2 B, 3 a-B), ONMCaHHbIE s 3TOro Bua panee (Buchalo et al., 2009,
201; byxamo w gp., 2om). Hamu BmepBeie Ha wmunenuu C. comatus ObutH
3apUKCUPOBaHbI a/UTOLMCTHI (pHUC. 3 a, 6), rudanbHbie Koblua (puc. 4 a, 6) u
KOHHUJMa/IbHOEe CIIOPOHOLIeHHe (PHC. 4 B), YTO SIB/ISIETCSI BAYKHBIM MPHU3HAKOM
BEreTaTUBHON CTAaJuM PA3BUTHSI ITOro rpuba W CjiefyeT Yy4YUTHIBATH MPHU
JOMOJIHEHUM BHUO0BOTO AMArHo3a.
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Puc. 1. Mopdonorus Coprinus comatus (COM): a - mpsDKKa Ha MALEINHA
mTamMma 2278; 0 — MPsHDKKA Ha MHUIEJIMHU IITaMMa 2238; B — aHAaCTOMO3bI HA
MUIeTU HITaMMa 2238.

Hanmyme npspKex sIB/seTCs XapaKTePHBIM ITPHU3HAKOM JAUKaPHOTHYECKOTO
MuLenusi MHOTUX Basidiomycetes. [IpucyTcTBre M pacrosioXxeHue NpsDKEK Ha
rudax - CylecTBeHHass TAaKCOHOMHYECKasl XapaKTEePUCTUKA JJIsi HEKOTOPBIX
BUJOB 0Oa3uauanbHbIx rpuboB. Kpome Toro, mpu uaeHTHUKALMU KyIbTYp
BeIcIIMX Basidiomycetes KaK TaKCOHOMHYECKHH IPHU3HAaK PacCMaTpPUBAIOT
dopmy mpspkek, ux pasmep u dacrory mnosiaenust (byxamo, 1988). VY
MCC/IeIOBAaHHBIX INTAMMOB MbI HAOMIOJAMM eIVMHUYHbIE MPSDKKU 110 THITY
MeZla/ibOHa, peXke 6e3 mpocBeTa Mexay rudamu (puc.1a, 6). Mx dopma Gbina
IOCTAaTOYHO TOCTOSIHHOM, Kak 6puto omucano y A.C. Byxano ¢ coaBTopamu
(Buchalo et al., 2009, 2011; Byxano u zp., 2011). B To >xe Bpemsi B 1uTepaType
BCTPEYAIOTCsI CBeleHHs1 00 OTCYTCTBHUH MPSDKEK Ha JUKAPUOTHYECKOM MULETUU
C. comatus u O HaIWYMU IICEBJONPSDKEK, YTO MOXET OBITh 0O0YC/IOB/IEHO
IITAMMOBOIM BaprabenbHOCTBIO MccaenoBaHHbix Kynbryp (Dyakov et al., 201
[Mpupgiox, 2015).

Puc. 2. Mopdonorus Coprinus comatus (COM): a, 6 - geHapounaubie TudbI
HITAMMOB 2237 ¥ 2238; B - AeHJpougHbIe TU(BI U KPUCTA/UIBI IITAMMA 2278.
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Panee y kynpryp C. comatus 6bUTM ONHMCAHbI BETBSIIHMECS] KOHUANEHOCLIBI
¢ koungussmu (Orton, Watling, 1979). A.C. Byxaso ¢ coaBropamu ucciejoBaiu B
COM CTpyKTypy KOHMJWH W TIOKa3ajd, YTO BEpPXYLIKU TaK Ha3bIBaeMbIX
KOHM/IMA/IBHBIX BETOUYEK 3aKaHYMBAIOTCS He KOHMJAMSIMU, a Iy4KaMU TOHKHX,
PaiaJIbHO PACIOJIOKEHHBIX BOPCUHOK, KOTOPbIe IIPU HeOOIbLIOM YBeTMYeHUU
CO3JAI0T BrevyaT/iieHue OKpyribix Kouuauii (Buchalo, Mitropolskaya, 2002). B
VICC/IeJOBAaHUSX TOCJIeHUX JIeT coobuiaercsi 0 GOPMHUPOBAHMHM HAa MUIETUU
C. comatus cneuuduyeckux chepuvecknux O0OpA30BaHUN C  IIWUIAMH,
obnajaomMMy  HeMaTodaroBoil axkTHUBHOCTBIO. KuTaiickve wucciemoBaTenu
OTMEYaIOT, YTO UMEHHO 3TH CTPYKTYPbI MOTYT OBITh OTBETCTBEHHBIMH 32 THO€E/b
Hemaroy, (Luo et al.,, 2004). JenapouzHsie rrdbl aBTOPHl 0003HAYAIOT Kak
«KOJTF0YHe 1apbi» WK «spiny ball». MHorue rpu6s1 06pasyioT XJIaMHAOCIIOPHI B
Ky/lbType, ¥ BHayaje «KOJIOYMe IIapbl» CYUTA/NM TepPMHUHAIbHBIMU
XJIAMHJOCIIOPaMH, HO Aa/IbHeHIIVe UCCIeJOBaHYs, @ UMEHHO OTCYTCTBHE sifiep
u GbicTpoe oOpa3oBaHME AAHHBIX CTPYKTYP, MOKa3ajlv OMIHMOOYHOCTb 3TOTO
yrBepxaenus (Luo et al., 2004, 2007). B o61eii cnoxuoctu Jlyo ¢ coaBTopamu
(Luo at al.,, 2007) BblAenuIM ceMb TOKCHHOB U3 Munenus C. comatus, KOTOpbIe
MOKa3a/M  CIOCOGHOCTh WMMOOHW/IM30BBIBATh HEMATOAbl, W  SIBJISIIOTCS
reTepoLMK/INYEeCKUMH COeJUHEeHUsIMU. B HalleM HMccie0BaHUM MBI HAGTIOJaIu
AQHAJIOTUYHbIE CTPYKTYPbl Y BCEX WCCIESOBAaHHBIX IITAMMOB (pWC. 2 a-B).
[Toxoxxne cpepudeckre 0oOpa3oBaHMs ObBUIM BIEepBble OOHApY)XeHbl HAaMU Yy
apyroro Buza cemeiicra — Coprinopsis atramentaria (Bull.) Redhead, Vilgalys &
Moncalvo. B nurepatype mnoxoxass (yHKUUs OIMcaHa [Jjsi BHUJOB PoOAA
Pleurotus, xoTOpble TMapa/jM3ylOT HEMATOAbl IPH IOMOIIM Karelb TOKCHHA,
MPOU3BOJVMBIX KPOLIEYHBIMU CEKPeTOPHBIMU KJIeTKaMH Ha BereTaTUBHBIX
rudax (Barron, Thorn, 1987).
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Puc. 3. Mop(])onornﬂ Coprmus comatus 2238 (COM): a, 6 - A/UTOLHUCTHI Ha
rudax mMTAaMMOB 2237 U 2238 COOTBETCBEHHO; a-B - BOJIOCOBHIHbBIE
KPUCTaJUIBI.

B nureparype coo6ujanock 0 Ha/JIMYHMM KPHUCTA/UIOB PAa3HOrO THIA Ha
rudax rpubHbix KyabTyp (Byxano, 1988; Stalpers, 1978; Buchalo et al., 2009,
2011). Ha rudax Bcex uccienoBanHsix mramMmoB C. comatus HabGIIOganu pefKue
BOJIOCOBUHBIE KPUCTA/UTBI (PUC. 3 a-B), YTO MOXXET CIIYXXUTbh JOTIOJTHUTETbHBIM
TaKCOHOMUYECKUM IPU3HAKOM [aHHOW Ky/lbTypbl. [lofo6GHbIe 06pasoBaHUs
KpucTa/utoB, Kak Ha rudax C.comatus, KOTOpble PACTBOPSUIMCH IIPH
no6aBnennn B mpemnapar 0,1% HCI, HaGmoganuce y BugoB Armillaria mellea
(Vahl.) P. Kumm., Agaricus arvensis Schaeff., A.subfloccosus (J.E. Lange)
Hlavacek u Montagnea arenaria (DC.) Zeiler (Buchalo et al., 2009; Byxano u ap.,
2012). B TO >xe Bpemsi, HapsiAy C BOJIOCOBHAHBIMH, Yy ILITaMMa 2278 ObUH
3apUKCUPOBaHbl KPUCTA/IBI LVUIMHAPUYEeCKOH ¢opmbl (puc. 2 B). B pabore
JIpsikoBa ¢ coaBropamu ([IpsKoB u 1p., 2010; Dyakov et al., 2011) y BeigenieHHOTO
aBTopamu wtamma C. comatus KpUCTA/UIbI BOOOLE OTCYTCTBOBAJIM, YTO MOXXET
OBITH CBSI3aHO C BO3PACTHBIMH OT/IMYUSIMHU UCCIIEYEMBIX KY/IBTYP.

Hamu BriepBbie GbUIM OTMedeHbl autonuctel Ha rudax C. comatus
(puc. 3 a, 6), yTo MOXeT GBITH BOXHBIM NpH Bepudukauuu Buzaa. [logoGHbie
CTPYKTYpbl GBUIM 3aMedyeHbl y APYIMX BHAOB KOIMPHHOHZHBIX TpuUGOB, B
vactHoctu  Coprinellus radians (Fr.) Vilgalys, Hopple & Jacq. Johnson
(Clémengon, 2004) u Coprinellus aff. radians (Badalyan et al., 2011). ITpaBaa,
OYHKUMS JQHHBIX CTPYKTYpP aBTOpaMH NpsMO He o0ObsicHsiercs. KinemeHcoH
(2004) ykasbpiBaeT Ha HAKOIUIEHHWE B Q/UIOLMCTAX TJIMKOTEHA, YTO IMO3BOJISIET
MIPEJIO0KHUTD BBITTOTHEHHE MU byHKLMIA, MopdoToruYecKu
COOTBETCTBYIOLMX XJIAMUOCTIOPAM.

Tawke ©Ha wMunemnu C.comatus Mbl Habaoganu  obpasoBaHUe
crieruveckrx rudaabHbIX KoJlel. B auTeparype BCTpeyaroTcsi YHOMHUHAHUS O

HO,Z[O6HI)IX TOJICTBIX I'I/I(l)aX, o6pa3yfou_u/1x ]IeHTOHO,U,O6HI)Ie IIeT/IM Ha MUIIE/INHU
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Mucidula brunneomarginata (Lj.N. Vassiljeva) R.H. Petersen, Mucidula mucida
(Schrad.) Pat., Leucocalocybe mongolica (S. Imai) X.D. Yu & Y.J. Yao, a Taxxke
Coprinopsis strossmayeri (Schulzer) Redhead, Vilgalys & Moncalvo u Coprinellus
aff. radians (Badalyan et al., 20o11; Byxano u zp., 2012). Bo3amokHbie QyHKIMM
3THX CTPYKTYp ITIOKa He YCTaHOBJIEHbI, HO TO, YTO IETJH BCTPEYAIOTCs Ha
MULEJIMM  OTpeJe/IeHHbIX BHJOB, I[O3BOJISIET PACCMATPUBATh MX  KakK
TAaKCOHOMMYECKYI0 XapakTepucTHKy Buga C. comatus, KoTopasi paHee He GblIa

omKcaHa B 1uTepaTtype. Bo3aMoxxHO, MO406GHbIE CTPYKTYphI OyAyT HalZieHbI U B
KyJIbTYPax ApPyTux rpu6oB.

) =[] Hien " = 1850 ) S e

Puc. 4. Mopdonorus Coprinus comatus (COM): a - rudanbHbIE KOTbIA HA
MHUIeTAU INTamMMa 2237; 60 - rudaabHble KOJNbIlA HAa MUIEIAU IITaMMa
2238; B - KOHUUA/TbHOE CIIOPOHOIIEHHE ITaMMa 2238.

Buger makpomuieToB GOpMHPYIOT pa3iM4YHble CTPYKTYPBl 0eCcrosioro
pasMHOXeHHst (aHaMOP(BbI), KOTOPbIE TAK)KE MOTYT CTY)KUTh TAKCOHOMHUYECKUM
kputepueM (Buchalo et al., 2009). B COM Hamu 6L 1OTy4eHbI HOBbIE JAHHBIE
0 Han4yuu 1 Mopdosiorun aHamopd y Kyabtyp C. comatus (puc. 4 B).

Takum 06pa3oM, IpOBeieHHOE KOMIUIEKCHOE HCC/IeIOBAaHHUE C
rcnosnb3oBaHreM COM MO3BOMMIIO YCTAaHOBUTH TAaKCOHOMMYECKHE IMPU3HAKHY,
M0 KOTOPBIM MOXXHO INPOBOJUTH HAEHTHQPUKAIWIO M BepUPUKALMIO KYIbTYP
HaBO3HMKa KOCMATOrO.

Poct u w™opdonorus xkononumii C.comatus Ha arapu3oOBaHHBIX
NMUTaTeIbHBIX CpeJlaX Pa3HOIO COCTaBa

JlaHHbBIe JMTepaTyphl CBUJETENBbCTBYIOT O TOM, 4YTO OTAe/bHbIe
Ky/IbTypaJiibHble W MOpP(OOrMYecKre MPHU3HAKH, a TaKKe XapaKTep pOCTa

BE€reTaTuBHOTO MMHUIEINA MOI'YT CIIY)KHUTb CYLLI,eCTBeHHOﬁ TAaKCOHOMMYECKOM
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XapaKTEPUCTUKOM ompeneneHHbIx BuAoB (Stalpers, 1978; Byxano, 1988).
VccnepoBanue Ky/abTypaabHO-MOPQPONIOTHYECKUX TPU3HAKOB MPOBOJW/IM HA
Pa3HBIX arapU30BaHHBIX Cpefax, UCIOIb3ysl KpuTepuu, onvcanHble A.C. byxano
(1988). YuuThIBa/IM THI KOJIOHWHU, €€ LBET W IUIOTHOCTb, Kpall M XapaKTep
BHEIIHe JIMHWM, LBeT peBep3ymMa M HaJAW4yMe WIM  OTCYTCTBHE
KOHIIEHTPUYEeCKHUX KPYTOB.

Bcero B paGoTte GbLIO MCC/IEAOBAHO /I€BATh HATYyPaIbHBIX M KOMIUIEKCHBIX
arapu30BaHHBIX CpeJi, KOTOPble TOTOBUJ/IM Y CTEPHIM30BAIN MO OO eNPUHSITHIM
metogukam (Bunait, 1980; Byxasno, 1988). HaTypanbHbie cpesibl: arapu30BaHHOE
nuBHoe cycino (CA) - pH 6,0; oBcsubiit arap (OA) - pH 6,2; mineHu4HbIi arap
(TTA) - pH 6,2 u xommnioctabii arap (KA) - pH 7,2. KomruiekcHbie — kapTrodenbHo-
rmoko3ubiid arap (KI['A) - pH 6,5; rmokosa-ienrron-apoxokeBoit arap (ITIJA) -
pH 6,0; manbi-axkcrpakr arap (MEA) - pH 5,4; Manbi-sKCTpakT-NenTOH-
apoxokesoi arap (MYPA) - pH 6,0 u ManbI-3KCTpaKT-nienToHHbIi arap (MPA)
- pH5,4. [loaroTOBKY MOCEBHOTO MHOKYJ/IOMa M 3KCIIEPUMEHT NMPOBOJWIU IO
MeToJuKe, omucaHoii Hamu panee (JlomGepr, Conomko, 2012). MHKyGauwmio
MpOBOJAM/INM B TepMoctaTe mpu Temmeparype 26+1°C. B ¢dase nuneitHo#
3aBHMCHMOCTH MPHUPOCTA pafuyca OT BPpeMeHU OIpelesiid CPeJHIOI0 CKOPOCThb
pocra mo ¢opmyne (Comomko u ap., 2000; JlombGepr, Conmomko, 2012). 3a
KPUTEpHil JJIs1 ONpefe/ieHHsl CPOKOB IMOTy4eHHUsT PU3UOTOTNYeCKH aKTHBHOIO
MOCEeBHOTO MaTepuaja Ha arapuM3oBaHHOM cpeje NpPUHUMANU BpeMms,
HeoOXoauMoOe [Jis1 [JOCTIDKEHMs pajhyca KOJIOHMI 40 MM Ha cpene
COOTBETCTBYIOLIETro COCTaBa.

Jluneitnass  (paguanbHast) ckopocth pocra mrammoB  C. comatus
npejcTaBieHa B Tabuie 4. [lokazaHo, 4to Ay 67% IITAaMMOB ONTHMAaJIbHBIN
pocT obecrieunBana HaTypanbHas cpesa KA Ha ocHOBe BBICYLIEHHOTO IPUOHOTO
KOMIIOCTA, Ha KOTOPOM NOYTH BCe KYJIbTYpbI, Ja)Xe MeJJIeHHOpACTyllhe Ha
IOPYTHX CpeZax, POCIU CO CKOPOCTHIO, MpeBbIlIaleil 7 MM/cyTku. Hanbonee
YeTKO JaHHasi 3aKOHOMEPHOCTh IPOC/IeXXUBAeTCsl Ha IMpHMepe LITaMMa 2000,
KOTOPBIH OY€Hb TJIOXO POC HA BCEX MCC/IeOBAHHBIX cpefiax (puc. 5). DTO MOXKHO
OOBSICHUTD TeM, YTO IO CBOEMY COCTaBy KOMIIOCTHBIM arap MaKCHUMaJIbHO
npuOMIMKeH K eCTeCTBeHHOM cpele OOWTaHWSI [JAHHOTO BHZA. B Hammx
WCC/Ie[IOBAaHUSIX  ObICTpOpacTymumMu  cebsi  moka3asn  Toiabko  33%
HCC/IeIOBAaHHBIX IITAaMMOB HAa MOAOOpDaHHON CEeNeKTUBHOW [JJIsl  HUX
KomIutekcHo# cpege MYPA. Cpeau HuX ciiefiyeT 0060 OTMETUTD IITaMMbI 1687,

2141, 2238, 2278 CO CKOPOCTBIO paJUaIBHOTO pOCTa 0Oojiee 13 MM/CYTKH.
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[TonyyeHHble [JAHHBIE MOATBEPXKJAIOT Pe3Y/IbTaThl, IOJyYeHHbIE paHee
A.C.Byxano (1988), o Tom, urto camporpod C.comatus OTHOCHUTCSI K
OBICTPOPACTYLUM BHUIAM.
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Puc.5. Cxopocte paguansHoro pocra Coprinuscomatus 2000 Ha
Ppa3IMYHBIX UTATEIbHBIX CPeAax.

B ToXXe BpeMmsi, aHa/IM3UPYsI MOTyYeHHbIE Pe3y/IbTaThl, CIeAyeT OTMETHUTh
TOT aKT, UTO Ky/JIbTypbl HABO3HMKA KOCMATOrO Ha OOJIBIIMHCTBE
WCC/IeIOBAaHHBIX CpeJ, PAcTyT JOCTAaTOYHO MeJJjieHHO. bojee mO/MOBUHBI
IITAMMOB OKa3a/IMCh MeJJIEHHOPACTYIIUMH M POCIH CO CKOPOCTBIO MeHee 4
MM/CYTKM Ha mpeo0ajaoiieM OONBUIMHCTBE THUTATEIbHBIX Cpel, 3a
nckmovyenrneM MYPA, T1A, OA u KA, 4to noprBep)xaeT M AOMOJHSET Hallu
npejpIAyliie pe3y/IbTaThl, IOJydeHHble Jjsi Tpex mrTammoB C. comatus
(Comomko u zp., 2000; JTom6Gepr, CoOMKO, 2012).
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Ta6bnuua 4. CKOPOCTHP PaAMATBHOTO POCTA BEreTaTUBHOIO MHUIETUS
mrTamMmmoB Coprinus comatus Ha NHUTAaTeAbHBIX CpejaX PasHOrO COCTaBa,
MM/CYTKH.

[Mramm [TuTaTenbHble cpenbl
IBK
CA MEA KrA |TTIJA| MYPA | MPA IMA OA KA

137 1,7+0,1 1,6+0,1 | 2,1+0,1 - 1,1+0,2 1,7t0,1 | 5,3t0,1 |5,4+0,3 6,8+0,7 0,639114
138 1,6+0,1 1,7t0,1 | 2,1+0,2 - 0,9+0,1 | 1,6+0,1 | 7,1+1,1 |5,5+0,2 |6,7+0,7
173 |3,5t0,1 | 3,5%0,5 | 5,1+0,3 - 4,1£0,3 | 2,1+0,4 | 5,1+0,0 | 5,3t0,1 |6,7+0,2
1544 |2,6+0,1 1,7+0,4 | 1,5%0,1 - 4,6+0,1 | 1,7+0,3 | 5,5+0,2 |2,3+0,3 |7,6+0,4
1687 | 4,1+0,1 2,2+0,1 | 3,6+0,2 - 12,5+0,1 | 3,6+0,3 | 5,3+0,1 | 3,2+0,3 |7,9+0,2
1727 | 2,2%0,1 2,1+0,1 | 2,9+0,2 - 3,5t0,4 | 2,1+0,2 | 4,8+0,1 | 3,2+0,1 |8,3t0,2
1930 |1,6+0,2 3,3t0,1 | 3,7+0,1 - 4,1£0,4 | 2,4%0,1 | 3,120,5 |4,9+0,2 |7,4+0,5
2000 |1,8+0,6 1,2+0,3 | 1,7+0,1 - 1,3+0,2 | 1,6+0,1 |2,0+0,3 |1,4+0,4 | 6,1+0,7
2141 |3,4%0,5 5,1+0,1 | 4,7+0,1 |5,7+0,2| 13,4+0,2 | 2,7+0,6 |7,4+0,5 |8,0+0,7 |8,9+0,6
2237 | 1,4*0,1 1,7+0,1 | 3,7+0,2 |[2,5%0,1| 3,9+0,3 | 2,3*t0,1 |4,9+0,2 | 5,5%0,1 |7,7+0,3
2238 (7,8+0,2 4,910,1 | 4,9%0,1 (6,4+0,9| 12,6+0,5 | 3,0+0,1 |6,9+0,8 | 5,1+0,2 | 9,0+0,8
2278 |[3,7+0,1 5,3t0,1 | 4,9%0,1 | 1,5+0,1 | 13,3+0,4 | 2,1+0,1 | 5,1+0,2 | 3,2+0,1 |10,2+0,8

“ o«

IIpumeuyanue: JAHHBIE OTCYTCTBYIOT; HMOJY)XMPHBIM IIPUPTOM OTMEYeHa
MaKCHMMaJIbHasi CKOPOCTb POCTA AJISI KAXKAO0TO IITaMMa.

HNuTepecHO OTMeTUTH, YTO [AJs1 IUITaMMa 138 ONTHMMAa/IbHBIMM OKa3a/UCh
Cpa3y HeCKO/IbKO cpes HarypambHoro cocraBa (ITA u KA), B To Bpems, Kak
Jpyrue ULITaMMbl OTJaBalkd 4YeTKoe IpejNoyYTeHHe KaKOM-TO OAHOMU
nuTaTenbHON cpefe. Takum o6pa3oM, Aas BHUJA C LIMPOKUM apeasioM
pacrpocTpaHeHMs1 B TNPUpOJe, MpeJCTaBlIeHHOr0 B HalleM HWCC/IeJOBaHUU
IITAMMAMHM ~ PA3HOTO  reorpauyeckoro  IMPOUCXOXKJEHUs, OTMeyaeTcs
JOCTAaTOYHO WIMPOKUM [Uamna3oH KojiebaHUs 3Ha4eHWil CKOPOCTU poOCTa Y
PasHBIX LITAMMOB Ha OJHOU U TOM e cpefe.

OToGpaHHble A5 JATbHENIINX UCCIeJOBAaHMI ObICTPOPACTYLIHE LITAMMBI
¥ GJIarompUsiTHBIE JJIsI KX POCTA MUTATe/IbHbIE CPeJbl TPUBEEHbI B TAOIHULE 5.

232



Kak MbI BUzM, Hanboiee ceIeKTUBHOM cpefion Jjisi HUX oKasanack MYPA, npu
BbIPAlIMBAaHUM Ha KOTOPOH CpPOK IIPUIOTOBJIEHUSI ITOCEBHOTO MHULENNs
COCTaBWJI BCETO TPU JHS.

Hike IpUBe/eHbI MaKpoMop§oIorudeckue 0COGEHHOCTH
KOJUIeKUMOHHBIX 1mTamMmoB C. comatus (1abn. 6). AHanU3Upysl IOTydeHHbIe
JaHHble, C/eflyeT OTMEeTUTb, YTO COCTAaB MUTATE/NbHBIX Cpef, CyLeCTBEHHO
BJIMSIET HEe TOJIBKO Ha CKOPOCTb, HO M Ha XapaKTep POCTa MULeNHs, KaK ObLIO
ormeuyeHo Hamu paHee (CosOMKO 1 zip., 2000; J/lTom6epr, CooMKo, 2012).

Ta6muua 5. MUHUMaAbHBIA CPOK [ NOAy4eHHS (Q(PU3HOIOTUIECKH
AKTUBHOM MaTO4YHO# KyabTypbl Coprinus comatus Ha 0JaroNpHUsTHHIX
arapM3oBaHHBIX cpejax.

TamMmm Bpemst Ky IbTUBUPOBaHUA, CYTKH

HUBK KA ITA OA MYPA
1687 5 8 13 3
2141 5 6 5 3
2238 5 6 8 3
2278 4 8 13 3

Haubosiee xapakrepHbIM 51 MCCaef0BaHHBIX Kynbtyp C.comatus 6bLIO
o6pa3oBaHMe BAaTHBIX KOJIOHWW HAa MHUTATEJIbHBIX CPeJax Pas/jMYHOrO COCTABa
(puc. 6). JaHHBII THUN KOJMOHWI Habmoganu y Bcex KyapTyp Ha CA, a B
3aBUCHUMOCTH OT (DU3HOJIOTUYECKUX OCOOEHHOCTEH KaXKZOro KOHKPETHOTO
mramma - Ha MPA, MYPA, OA, TIA, KT'A u gaxxe KA (puc. 7). OrniuaurenbHON
YepTOi HaBO3HMKA ObUIO 06pa30OBaHMeE MEPHUCTHIX KOJTOHHH C BBIPOKEHHBIMH
munenranbubiMi TsDKamMu Ha KA. Cpegu mpoumx, Habmomanu GapxaTHCThIe,
My4YHHUCTbIE, X/IONIbEBHUAHbIE KOJOHHWH, HO YETKOW 3aKOHOMEPHOCTH WX
o6pa3oBaHUsI He BBISIBIEHO, TMpPEXJEe BCEro HMMeNa MeCTO LITaMMOBAsI
BapuabenpHOCTh Ky/bTyp. Heo6XoauMo OTMEeTHTh, HYTO MepPBOHAYAIBHO
KOJIOHMM Ha BCEX MCCJIeI0BaHHBIX cpesax Obutu Genoro nsera. C Bo3pacToM Ha
OTHeNbHBIX CpeJaX HaOMIofaNd TOXKeITeHHe KOJOHWN (KOpHUYHeBaThIN
OTTEHOK) M M3MeHeHHe LiBeTa peBep3yMa. B GO/IbLIMHCTBe C/y4aeB peBep3ym
nproGpeTast )XeATyI0 OKPAacKy, HO MHOTja U3MEeHsUT LIBeT Ha CBET/IO MM TEMHO-
KOPDUYHEBbIH, WIM Jaxe depHblii (puc. 6). VHTepecHO OTMETHTH, YTO
MHTEHCHUBHOCTh M3MEHEHHsI OKPACKH He 3aBHCe/a OT KAKOW-TO KOHKPETHOM

cpeapl, HO 6bL1a Gostee Bpra)KEHHOﬁ Ha KOMIUVIEKCHBIX Cpelax. OKpa].LIEHHOCTI)
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KOJIOHWI 3aBHCe/Na TMpexJe BCero OT LITaMMOBOM CrenupUIHOCTH. 3aTo
TUVIOTHOCTh KOJIOHHMU CHJIBHO BapbHUpOBajia B 3aBHCUMOCTH OT COCTaBa
nMUTaTeIbHON cpenbl. Hanbonee mioTHble KOOHMU 00pasoBbiBanvch Ha CA,
MPA, a y vactu uccnepoanHbix KyapTyp — Ha KI'A, OA, TIA. Ha KA y Bcex
IITAaMMOB OOpPa30BbIBA/IMCh KOJIOHWM CpeAHeil IUIOTHOCTH, 3a HCKIIYeHHEeM
IITaMMa 2000, KOJIOHUH KOTOPOTO Ha KOMITOCTHOM arape ObIJTM MaKCHMAaJIbHO
IIOTHBIMH.

LleHHBIM KpUTEpUEM [ UAEHTUPUKALUH IITAMMOB B KYJIbTYype SIB/ISIETCS
KOHLIeHTpHUYeCKasi 30Ha/IbHOCTh. B HallleM HccieloBaHUM 4YeTKasi 30HAaJIbHOCTh
3a CYeT PAa3HOW MIOTHOCTH MULe/Hs OblJla OTMeUYeHa Y LITaMMOB 138, 173, 1544,
1687, 2000 - Ha CA, y LITaMMOB 1544, 1930, 2141, 2237 — Ha KI'A, y mrtammoB 137,
1930, 2000 - Ha MPA u y mrtamma 1727 - Ha KA cooTrBetcTBeHHO.

Takvm 06pasoM, MOCKOJIBKY COCTaB arapu30BaHHbBIX CpeJ CYIeCTBEHHO
B/IMSiIeT HAa CKOPOCTh pPOCTa BEreTaTUBHOIO MHUILe/NHs, IOJydeHHble HaMHu
JaHHbIEe TIO3BOJISIOT [ Ka)XKIOTO H3 MCCAeJOBAaHHBIX IITAMMOB OTMETHTH
yc/ioBusi, obecredMnBaloliie MAKCHMA/TbHYI0 CKOPOCTh pPOCTAa. Pe3ynbTaTsl
HCC/IeIOBAaHUS 3HAYMTEIPHO O0OTALIAIOT OAHK JAHHBIX O KY/IbTypax, KOTOPbIe
xpausaTcss B IBK konmnekuuu, xapakTepusys HX TaKUM KOJIMYeCTBEHHBIM
¢du3MOIOTHYeCKUM TIOKa3aTeseM, KaK CKOPOCTh POCTAa MHLEMWsS Ha psje
arapu30BaHHBIX CpeJi, KOTOPbIe UCIIOIB3YIOTCSI B OT€YEeCTBEHHOM MPAaKTUKe. JTa
vHpopMalLYs, TMOy4eHHasi MPH CTAHJAPTHBIX YCJIOBHSIX KY/JIbTHBHPOBAHUS,
JAeT Tpe[CTaB/IeHre O JOCTATOYHO GOJIBIIOM Pa3HOOOPasuu GU3UOTOTUIECKUX
CBOVICTB OTJe/bHBIX IITAMMOB B Ipefiesiax OJHOro BH/Q, YTO, B CBOIO O4Yepe/ib,
MOXeT  ObITb  HCIONB30BAHO J/JIsi  HWCCAeJOBAaHWM  BHYTPUBUIOBOTO
6uopasHooOpa3usi Mo JApyruM (GU3HMOJIOTMYECKMM MpPHU3HAKAM, a TaKKe
paccMOTpeHa B Pa3HBIX acmeKkTax. Takke Moy4yeHHble B XOfe UCC/IeOBaHMS
JaHHble BOXHBI U JJI1 BO3MOXXHOI'O IPAKTUYECKOTO MCIOIb30BaHUS KYJIBTYP
KOJUIEKLIUH, TIOCKOJIbKY MOTYT OBITh HCIIOJIb30BaHbl B KaueCTBe KPUTEPHS JJIsi
oTbopa OTHAeNnbHBIX HamboOJ/lee MepPCHeKTUBHBIX LITAMMOB. bbicTpopacTyuive
IITaMMbI, KaK HU3BeCTHO, 00jiee KOHKYPEHTHOCIIOCOOHBI U MMEIOT CephE3HbIE
TeXHOJIOTUYeCKHWe W DJKOHOMHYeCKHWe T[perMMyllecTBa Ha BceX dTamax
TeXHOJI0rn4Yeckoro mnpouecca (/lomGepr, Conomko, 2006).
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Ta6nuua 6. Mopdonorndeckas XxapaKTepruCTHKA KOJTOHUMI
HuccjaeJoBaHHBIX MITaMMOB Coprinus comatus Ha arapu30BaHHBIX

MNUTATE/NbHBIX CPE€aaX Pa3HOIO COCTaBa.

[MuTtaTenpHas Twur, uBeT, IVIOTHOCTh KOJIOHUH, ITamMmmbr
cpega KOHII€eHTPUYeCKasi 30HAJIBHOCTh, peBep3yM
BaTHbie*, Gesble, CpefiHel IOTHOCTH, C 137(-), 138, 173, 1544, 1687,
CcA KOHIIEHTPUYECKOM 30Ha/IbHOCTHI0, PB sxenreer | 1930(-), 2141(-), 2000, 2278(-
)
Kononnu mioTtHble, 30HaTBHOCTD OTCYTCTBYET 1727, 2237, 2238
BaTHble, Gesible, cpejHEl TIOTHOCTH, 1727,1930, 2141, 2237, 2238,
30HAJIBHOCTD OTCYTCTBYyeT, PB xenreer 2278
MEA My4HHCTBIe, TOPOIIKOBUIHBIE, CpegHEH 173, 1687, 2000
TUTOTHOCTH
XonbseBUHbIE, CPeAHeN IIOTHOCTU 137, 138
BapxarucTble, mpo3payHble (HEIIOTHBIE) 1544
BarHble, GeJible, IIOTHBIE U CPeHEH 1544, 1727, 1930, 2000, 2141,
IJIOTHOCTH, C KOHL|€HTPHUYECKOM 2237, 2238(-), 2278
30HaBHOCTHIO, PB c Bo3pacTom He naMmeHsieTcs
KTA VT XenTeeT (KOopUYHeBeer)
My4HuUCTBIe, TOPOLIKOBUHBIE, CpeiHeN 137, 138, 173, 1687
TUIOTHOCTH Y TTPO3pavHble, 30HATBHOCTh
OTCYTCTByeT
BaTHble, Geble, cpepHel IUIOTHOCTH, | 1727, 1930, 2141, 2237, 2238,
30HAIBHOCTh  OTCyTCTByeT, PB  Jkenreer 2278
MYPA (Kopu4HeBeeT, YepHeer)
Myu4HHCTHIE, MTOPOLIKOBU/IHEIE, cpepHeil | 137, 138, 173, 1544, 1687, 2000
IUIOTHOCTH, 30HaJIBHOCTB OTCYTCTBYeT
BaTHble, Gejible, O4eHb MIOTHBIE, 30HANBLHOCTH | 137(+), 138, 173, 1544, 1687,
orcyTcrByet, PB kenreer (uepHeer) 1727, 1930(+), 2000(+), 2141,
MPA 2237, 2238
Bapxatucrele, Gesnble, CpefHe MIOTHOCTH, 2278
30HAIBHOCTh OTCYTCTBYET
BaTHblie, Gesible, IIOTHBIE U CpeJHEN 137, 173, 1687, 1930
IUIOTHOCTH, 30HAJIBHOCTh OTCYTCTBYeT, PB He
BA W3MEHSIETCST NIH JKeJITeeT
Bapxarucrtsie, Gesble, 30HA/IBHOCTBG | 138, 1544, 1727, 2141, 2000,
OTCYTCTByeT, CpeJHeld IUIOTHOCTH, Kpau 2237, 2238, 2278
IpPIDKAT K cybeTpary
BarHbie, Genble, IUIOTHBIE ®  CpelHel | 137,138,173, 1687, 1930, 2141,
ITA IJIOTHOCTH, 30HAJBHOCTH OTCYTCTByeT, PB ¢ 2278
BO3PACTOM He U3MEHSIeTCsI, PeXKe KeylTeeT
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Bapxarucrtsle, Genbie, MPO3pavHble, | 1544, 1727, 2000, 2237, 2238
30HAJIBHOCTB OTCYTCTBYeT, PB He uamensercs

[TepucTsle, ¢ MUIETHATBHBIMUA ITyYKaMH TUO, 137, 138, 173, 1544, 1687,
PaZyanbHO OTXOJSALIMMM OT LIeHTPaJbHOHU ocw, 1727(+), 1930, 2141, 2237,
Gesble, ¢ BO3PACTOM KOPUYHEBEIOT, CpeJHei 2238 2278

KA IUIOTHOCTU WM IPO3Pa4yHble, 30HANBbHOCTh

orcyTcrByet, PB xenreer

BaTtubie, Genble, TUIOTHBIE, 30HAJBHOCTH 2000

orcyTcrByeT, PB He usmeHnsieTcst

[Ipumevanme: «*» - y BaTHBIX KOJIOHWHM HAOJIIOAANMN BBICOKMH BO3ZYIIHBII
MULeNI, OTAeNbHble TUdBI ObUIM IepervieTeHbl BO BceX HampaBiaeHusx; PB -
pesep3y™m; (+) win (-) - HaIMYMe WIA OTCYTCTBHE KOHIEHTPUYECKOMN
30HAJIBHOCTY B CJTy4ae OT/IMYHS OT OOJIBLIMHCTBA LITAMMOB Ha JAHHOM cpefie.

Puc. 6. Coprinus comatus: KOJIOHMM TpPUOOB HA HATYPAAbHBIX WU
KOMIUIEKCHBIX IUTATE/NIBHBIX CPeJax: a ~KOJOHUM ITaMMma 2238 u 6 - ux
peBep3yM, B - KOJIOHUM miTaMMoB Ha KA.

BnausiHue TeMmepaTypsl MHKYO0AUMHM HAa POCT M MOPQOIOTHUIO KYJIBTYP
Coprinus comatus

TemmnepaTypa siBsieTcst BaXHbIM (AKTOPOM IPHU BBIPAIIMBAHUHU T'PUOOB,
0COOEHHO TPOMBILUIEHHO Ky/JIbTHUBHUPYEMBIX BUJOB. ['paHMYHbIE TeMIlepaTypbl
ABISIIOTCS 6PIOJ'IOI'PI‘-I€CI(OI>1 OCO6eHHOCTbIO KOKIOro KOHKPETHOIo IITaMMa U
3a4aCTyi0 3aBUCAT OT reorpadgpuueckoro MpPOUCXOXAeHus KynbTypbl (Byxaro,
1988; Jlombepr, 2002, 2012).

3aBucumMocth pocta u MopdoreHesa Kkynpbryp Buga C.comatus ot
TeMrepaTypHOro $paKTopa OCTAeTCsl HELOCTAaTOYHO U3y4YeHHOU. B ¢Bs3U ¢ aTum
ompejle/ieHe ONTHUMA/IbHBIX M TIPaHUYHBIX 3HAaYeHUU TemriepaTryp AJs
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MULIETMAIBHOTO  POCTa HWCCIEJOBAHHBIX LITAMMOB OBUIO  aKTyaJbHBIM.
JKCIIlepUMeHThl MPOBOAMIU Ha KomIiutekcHoOU cpezne KI'A. Pacuer cpepueit
CKOPOCTH POCTa Ky/IbTYP MPOBOAMIH 1O 061enpuHsaToi Metoarke (ComomMko u
Ip., 2000; Jlombepr, Conomko, 2012). ONTUMaABHON [JIsI Ky/IbTHBHUPOBAHHUS
ObUIa TeMIepaTypa, IPU KOTOPOH KyJIbTYpa Pocja C MAKCUMa/IbHOM CKOPOCTBIO.
Hawmu nccnenoBaH poct 1 Mopdosorus KyneTyp npu Temneparype 4°C, Kotopas
SIB/ISIETCSI HYDKHUM TIpefiesoM pa3BUTHs GO/IBIIMHCTBA rpuboBs, 21°C, 24°C, 27°C,
30°C, T.e. B Ipefesax ONTHUMyMa MHILE/JNAJIBHOTO POCTa, A TaKXKe IIpU
MaKCHUMaJIbHBIX /151 OOJIBUIMHCTBA BBICIIMX I'PUOOB TeMIIepPATypHBIX I'PaHULIAX:
34°C, 35°C, 37°C 1 40°C.

Bce nccnepoBannsle mtammsel Buga C. comatus MOXXHO OTHECTH K IpyIIe
Me30QUIbHBIX TPUOOB C ONTUMYMOM pocTta B mpezenax 20-30°C. CormacHo
JINTepaTYpHbIM [JAHHBIM, ONTHMMAaJIbHas TeMIlepaTypa JJsi IpefCTaBUTe/Nel
JaHHOTO BHa Kojebnercs B nmpeaenax 23-26°C (Byxano, 1988; Jang et al., 2009).
Ha mnpeppimymiem srame ucciefoBaHHsS, HCXOAsS U3 CKOPOCTH PaJUabHOTO
pocta, GbuUTM OTOOpaHbl Haubosiee OBICTPOPACTYIME IITAMMbl HABO3HHKA
KOCMAToOTO — 2141, 2237, 2238, 2278. I/ JaHHBIX LITAMMOB 3KCIIepUMEHTAaIbHO
omnpese/ieHbl ONTHMAJIbHbIE TeMIIepaTypbl MHLEIUAIBHOTO pocra (puc. 7).
[Tokazano, utro TeMmmeparypa 27°C oOecreunBajza MaKCHMAaJIbHYIO CKOPOCTb
pocta wMwuuenudss OONBLUIMHCTBA HCC/I€OBAHHBIX  KyabTyp. [JlajbHeliniee
MOBBILIEHHEe TeMIlepaTypbl MPUBOAWIO K 3HAUYUTETbHOMY TOPMOXXEHMIO pOCTa
MUILIe/MST Y BCeX INTaMMOB, Kpome 2238. CiemyeT OTMETHUTh, YTO MHLETHI
JAHHOTO IITaMMa OAMHAKOBO XOPOILIO POC B TeMIepaTypHOM Auamna3oHe ot 21°C
10 30°C ¢ makcumyMmoM nipu 24°C. LlIrpoxuii TeMnepaTypHslii ONTUMYM Hapsiay
C BBICOKOIl CKOPOCTBIO MHI@IMAJBHOTO PpOCTa JeslaeT dSTOT IUTaMM
Ype3BBIYallHO IPUBJIEKATE/NbHBIM /IS €r0 HCIIOb30BAaHUS B IPOMBIIIIEHHOM
rpuboBoacTBe. Hamm pgaHHBIE IOJHOCTBIO COTJIACYIOTCS C  Pe3y/bTaTaMU
uccnenoBanuii /xanr ¢ coaBropamu (Jang et al., 2009), B pa6oTe KOTOpPbIX
ONTHUMAJIBHOM [JJI1 POCTa KyJAbTYp HABO3HMKAa KOCMAaTOrO OTMedYeHa
tTemneparypa 26°C, a Takke ¢ ganHbiMu HaBappo-T'onsanes (Navarro-Gonzalez,
2008) ¢ onrrumymoM 25°C [JIs1 MULieTHaIBHOTO pocTa KyabTyp C. comatus.

B 3aBuCHMOCTH OT TeMIepaTypsl HAMH ObUIM OTMEYEHbI PA3IU4vs B
MOp(dOoIOrUM KoJMOHH. BoBUIMHCTBO ITAMMOB 06pa30BbIBaIU Gejlble, BATHBIE,
IJIOTHBIE MUILIe/TA/IbHbIe KOJOHMHM 0e3 KOHLIEHTPUYEeCKOH B30HA/NbHOCTH, C
BO3PAacTOM KOJIOHMHM M HMX PeBep3yM JKeJITelH M KOpHUYHeBeNId, NpHUYeM IpHU
MOBBIIIEHU Y TeMIIepaTypbl HaGIr04aMack GotbLIast mUrMeHTauus (puc. 8).
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Puc. 7. 3aBucumocts pocra munenusa mrammoB Coprinus comatus ot
TeMIeparTypsbl.

Puc. 8. Coprinus comatus 2238: mopdosorus KOJOHHMH IIPHU Pa3HBIX
TeMIeparypax.

Y Bcex wuccnemoBaHHbix KyapTyp C.comatus pocT MuLenusi IIpU
temreparype 4+1°C orcyrcrBoBan (tabn. 7). OpHako y BCex IITAMMOB
Ha0J/II0faMn OmylleHWe WHOKYJIIOMA, 33 MCK/IIoYeHHeM ITamma 173. KyasTyper
COXPaHSUTM JKU3HECIIOCOOHOCTh M BO30OHOB/S/IM POCT TPU TEpeHoce B
6/1aronpusiTHbIe TeMIlepaTypHble ycioBHsi. [losydyeHHble HaMM pe3y/IbTATBhI
MNO/IHOCTHhIO COBIAZAIOT C [OAHHBIMHU, IPUBEAEHHAMHU B JIUTEpaType, TAe
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oTMedvaetcst oTcyTcTBHe pocta y mrammoB C. comatus nipu +4°C (Byxano, 1988;
Kiies, 2000; Navarro-Gonzdlez, 2008).

OTHouleHNe K BepXHUM T'PAaHUYHBIM TeMIlepaTypaM B HalleM HCCIeOBAaHUU
6bUT0 60JIee Pa3HOIUIAHOBBIM. Tak, 8 M3 12 MCC/IeJOBAaHHBIX KYJIBTYp HE POCIH
yxe mpu Temneparype +34°C, mpuyeM JaHHasl TeMIlepaTypa, yYKasblBaeMasl B
JIUTEpaType KaK KpHUTHYHAs [Jisi MHOrux BujoB rpuGoB (Byxamo, 1988),
OKasasacb KPUTUYHON TOJBKO [/ IUTaMMa 2141, OCTaJbHble Ky/IbTypbl
BO30OHOB/ISIM CBOM POCT TNpH IepeHoce B OyarompusiTHble yciaosus. [Ipu
Temneparype +35°C He pOC/IO 10 KyJIbTyp, HO )XM3HECIOCOOHOCTb NPU 3TOM
COXPaHsUIM BCe IITAaMMBbI, Kpome 2141. VIMeHHO Mo 3Toil NmpuYMHe AAHHBIN
IITaMM, MOKa3aBLIMiI ceOsi OBICTPOPACTYLIMM HA CeJIeKTUBHOI cpefie, He
BK/IIOYA/IM B OMNBITBI IO IJIOJOHOUIEHHIO, TaK KaK B IIPOU3BOJACTBEHHBIX
YC/IOBUSIX OY€Hb YaCTO HEBO3MO)XHO M30eXaTh KPAaTKOBPEMEHHOIO Ieperpesa
cyOCcTpaTa, KOTOPBII B C/lydae MCIOJb30BaHUsS JAHHOTO IITaMMa IpHBeJET K
rubenu munenus. [Ipu temneparype +37°C, KOTOpasi OTMe4YaeTcsi HEKOTOPbIMU
aBTOPAMHU KaK KPUTHYECKas [Jisi BUJOB KOMPUHOULHBIX rprboB (Byxasno, 1988;
Kiies, 2000; Navarro-Gonzdlez, 2008) He pociu Bce MCC/Ie[OBAaHHBIE IITAMMBbI.
OpHako 0OKasanock, YTO OTJe/bHbIe IITAaMMbl HABO3HUKA KOCMATOro — 173, 1930
M 2238, COXpAHSUIM JXHU3HECIIOCOOGHOCTh U BO30OHOB/SUIM CBOW POCT IPH
nepeHoce B OJIarONpHSTHbIE TeMIlepaTypHble yCJIOBUs. TaKMM 00pa3oM HX
MULeIMI OKasazicsi GoJjiee YXM3HECHOCOOHBIM 10 CPAaBHEHHMIO C JPYTUMHU
HUCC/IefOBAaHHBIMU IITaMMaMH. B fanbHeilieM pOCT [JaHHBIX LITaMMOB
MpoBepsiIcs Ipu TeMreparype +40°C, Ipyu KOTOPOH Mbl OTMETHUIU OTCYTCTBHE
KaKoro-1mbo pocra ¥ IOTEPI0 JKU3HEeCIOCOOHOCTH. BO3MOXKHO, BepxHss
TeMIepaTypHas IpaHMIIA sl 3TUX HITaMMOB HaxoAuTcsi Hmke 40°C, 4TO
TpebyeT JOTIOTHUTE/IbHBIX HcceOBaHUM. [TomyyenHsie JAHHbIe
CBUZETENBCTBYIOT O OOJIBIIOM Ppa3HOOOpa3My MCC/IeOBAaHHBIX LITAMMOB
HaBO3HMKA II0 OTHOUIEHHWIO K IIpeJie/IbHbIM 3HaYeHUsIM TeMIIepaTypHOTO
pexxuMa. B pesyibTraTe MccieloBaHMsI YCTaHOBJ/IEHA 3aBUCHMOCTb pajfiiabHOMN
CKOPOCTH POCTAa OT TeMIepaTypbl MHKyOauuu. Takum oGpa3oMm, Haumboiee
6/IarompUsITHON TeMIlepaTypoii, obecrnevYrBamIleii MaKCUMA/bHYI0 CKOPOCTh
pOCTa BETeTaTMBHOTO MUIE/NIHSI y BCEX HCCIELOBAaHHBIX LITAMMOB, ObLla
TemmnepaTrypa 26+1°C. [lomyyeHHble TeMIiepaTypHble XapaKTePUCTHUKU BaYKHBI
JJIs1 IEPBUYHOTO CKPUHUHTA IITAMMOB, KOTOpbIe B Jaj/ibHEHIIEM MOTYT OBITH
WCIO/Ib30BaHbl [ MCIBITAHWM W BHeJpPeHUs] B Pa3au4Hble Cdepsl
OGMOTEXHOJIOTHH.
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Ta6onmuua 7. JKusnecmocoOHOcTs Mupenusi mrammoB Coprinus comatus
IpPH Pa3HbIX TeMIepaTypax.

ITamm Temneparypa nakyGaum, °C
IBK |4 27 34 27 35 27 | 37 27 40 27
137 + + - + - + - - - -
138 + + + + - + - - - -
173 - + + + + + - + - -
1544 + + + + - + - - - -
1687 + + + + - + - - - -
1727 + + - + - + - - - -
1930 + + + + + + - + - -
2000 * + - + - + - - - -
2141 * + - - - - - - - -
2237 + + - - - - - -
2238 + + + + - + - -
2278 + + + + - - - -

[Ipumeuyanwue: "+" omylleHMe WHOKYJIIOMA, «+» HAJIMYKWe POCTA KYJIbTYp IpPHU
IAHHOM TeMIlepaType MHKyOauuu, "-" OTCyTCTBHE POCTA KYIbTYP.

Hann4uune ¢pepmMeHTOB pa3IMIHBIX KJIAaccoB Yy KyabTyp Coprinus comatus

['pubbl, pacryuie B HPHUPOJE HA PA3JIMYHBIX CybGCTpaTax, CIOCOGHBI
YTUIN3UPOBATh UX U HCIIO/Ib30BaTh [/ CBOUX POCTOBBIX W SHEPreTHU4eCKHuX
norpeGHocTeil. HampaBreHHBI TOWMCK AaKTHUBHBIX LITAMMOB TIpubGOB -
NpOAYLLeHTOB (GepMEeHTOB B IMPHUPOJE IO3BOJSET YTOYHHUTh MECTO U POJb
OTIe/NbHBIX BHIOB TIpUGOB B KPYroBOPOTAaX BelleCcTB, OTOGpaTh Haubojee
aKTHUBHbIE TIPOAYLEHTHI [Jisi GUOoTexHomorudeckux neneit (MuxaiinoBa u ap.,
2010). HaBO3HMK KOCMaThlii OTHOCHUTCSI K TPYIIE T'yMyCOBBIX CanpoTpodoB U
KaK BCe€ reTreporeHHble€ OpraHW3Mbl IIOJIy4daeT HeO6XOﬂHMLIe IIMTAaTe/IbHbIE
BelljecTBa M3 cybcTpaTta. B GuonieHO3ax JaHHbBIA BUJ, SIBISIETCS A€CTPYKTOPOM
pasnuyHbIX OuomonumepoB. B 3aBucuMocTu OT cy6GCTpara, Ha KOTOPOM
pasBuBaeTcsi rpub, aKTUBHOCTh PA3JIMYHBIX LITAMMOB OJHOTO BH/A MOXET
CUJIBHO BapbHpPOBaTh. B muTeparype nmerorcst muib $pparMeHTapHbIe CBeAEeHUS
o ¢epmenTax C. comatus. Tak, coo6LIAETCs O TOTyYeHUH U3 XKULKOM Ky/IbTyphI

HaBO3HMKA KocMaroro ¢ubpuH-cnenuduieckoro  ¢GUOPHHOIUTHYECKOTO
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¢depmenrta (Liu et al., 2012), a TakKe KJIOHUPOBAaHUM JIAKKa3a-U30pePMEHTHOTO
reHa, nonyyennoro us C. comatus B reHoMe ApoxoKeit Buza Pichia pastoris (Bao
et al., 2013). [IpexBapuTenbHble HCCIEAOBAHHUS TOKA3aM, YTO OSKCTPAKT
PEKOMOMHAHTHOM JIaKKa3bl MPOJEMOHCTPUPOBAJI Pa3InyHble (pepMEeHTATHBHbIE
CBOWMCTBA.

Hanuywme mmu otcyTcTBHe ompesie/leHHbIX (pepMEHTOB YCTaHABIMBAIU C
MOMOILBIO KauyeCTBeHHBbIX LIBETOBBIX peaKui, MpeJ/I0XKeHHbIX
[.I1. MouTopricom masi mMopckux rpu6oB  (Molitoris, 2000). TlpoBoanmu
IpsiMble U KOCBEHHble pepMEeHTAaTHUBHbIE TECThI, XOPOLIO 3apeKOMEH/JOBaBLIMe
cebst TIpY W3YYEeHUM CyMyaThix rpuboB poma Morchella (Muxaiinosa, 2012;
[Tomox, Jlombepr, 2013). Hamu wnccremoBano 12 mrammoB C. comatus Ha
Hajyre BHEKJIETOYHBIX (EpPMEHTOB, XapaKTepU3YIOIIMX OKUCIHUTEIbHO-
BOCCTAHOBHTE/IbHbIE IIPOLIECCHI - OKCHZAA3bl (/IaKKa3a), OOMeH YI/IeBOJOB
(ammnasa, weutonasa), aunUAoB (IuMmasa) W MeTaGOIM3M  a30THUCTBIX
coefitHeHUH (MpoTeasa, HUTPAT-PeAyKTa3a).

Jlakkaza - Mefjp-cofepXxalivii ¢epMeHT, KOTOPBIM KaTaJU3HUpyeT
okucieHne ¢eHosmoB. Y Bcex HccaefoBaHHbIX wmTamMMmoB C. comatus O6bLIa
OTMe4YeHa IOJIOKHUTe/IbHasl peaklys Ha JIaKKady OT YMEePeHHOU [0 CUJIbHOM
(rabn. 8). Ha pucyHke 9 a mokasaHa kynbrypa C. comatus 1687 ¢ CHUIBHOMU
MOJIOXXUTEIbHOU peaKuuell Ha JIaKKasy, O 4YeM CBHUJeTe/IbCTBYeT IOsIBJIeHHe
VHTEHCUBHOI (UOJIeTOBOI OKpacKu. Y JAPyrux MCCIeOBAHHBIX LITAMMOB
TaKKe ObUIa OTMEYeHa pasHasi 0 MHTEHCHBHOCTH (OT CHJIBHOM K yMEPEeHHO)
MOJIOXXKUTE/IbHAsA PeaKliusi, YTO CBUJETe/IbCTBYeT O Pa3/IMYHBIX IMOKa3aTesix
JIAKKA3HOM aKTUBHOCTH. TakuM 06pa3oM JaHHbIE [ITAMMBbI CIIOCOGHBI OKUC/IST
MOJIEKYJISIPHBIM KHUC/IOPOAOM OpPTO- M TMapa-gudeHOo/bl, MOHO-, TPU- H
noirdeHOIbI ¢ 0Opa30BaHHEM COOTBETCTBYIOIHMX XMHOHOB.

Ta6muua 8. PepmeHTaTUBHASI AKTUBHOCTH ITaMMoB Coprinus comatus.

PepmeHT
IIramm | Jlakkasa | AMmiasa KMII- Jlumaza | IIporeasa Hurpar-
IeJ/UII0Ia3a peayKTasa
137 3 3 3 - - -
138 2 3 1 - - -
173 2 1 1 - - -
1544 3 3 1 - - -
1687 3 1 3 - - -

241



1727 3 2 1 - - -

1930 3 1 3 - - -

2000 3 3 3 - - -

2141 2 1 1 - - -

2237 3 3 1 - - -

2238 3 3 3 - - -

2278 2 1 - - -
IIpumeyanue: «-» peakuUss OTCYTCTBYeT; «1» — cnabas peakuus; «2» -

yMepeHHasi peaKIysl; «3» — CUJIbHAsI peaKIus

Y Bcex ucciiefOBaHHBIX KYJIBTYP OTMeYeHa YeTKasl II0JIOYKUTe/TbHAsl peakuys Ha
Ha/IM4Kie BHEK/IeTOYHOM ammiasbl (Ta6i. 8). OHa mposBsIach B TOSIBIEHUU
MPO3payHON 30HBI BOKPYI WM HENOCPeACTBEHHO II0J, MHLe/THaJIbHON

KOJIOHHEM Mocjie HaHeCeHU s pe€areHra.

r 6

Puc. 9. Coprinus comatus: TONOXUTeAbHasgA peaKkuusi Ha Jaakkasy (a),
amuiasy (0), KapOoKcuMeTHILe Iaasy (B).

Haubonee BbICOKasi aKTUBHOCTh JAHHOTO pepMeHTa OTMeYeHa y LITAMMOB
137, 138, 1544, 2000, 2237, 2238 Ha 3-U CYTKH KyJIbTUBUPOBaHUS. MaKkcrMaibHas
30Ha aKTHUBHOCTH epMeHTa B Mpejesiax 10-15 MM OTMeYeHa HAMH y IITaMMa
2000, OT/JIMYAIOUIErOCss OYeHb HU3KOW CKOPOCTBIO MHIE/HA/JbHOTO pocTa. Y
OCTaJIbHBIX ILITAaMMOB 30Ha AaKTHBHOCTU aMMWJIA3bl 3aperdcTpyupoBaHa
HeIOoCpPeACTBEHHO IO/, MHLEeIHAaIbHONH KOJOHUEeN U TOJBKO Ha TPeTHU [eHb
Ky/nbTuBHUpOoBaHus (puc. 9 6). Takum 00pa3oM, MOTyYeHHbIE TOIOXKUTETbHbIE
peaKkuuu CBUJETEbCTBYIOT O CIIOCOOHOCTH HMCC/IeOBAaHHBIX IITAaMMOB
TUAPOTUTAYECKU PACILEIUISITh KpaxMaJ o 60Jiee MPOCThIX COeJUHEHU .

HccnemoBanve HamnMvus 1je/UTI0IA3HOM aKTUBHOCTH IITaMMOB ITPOBOJVI/IA
C TOMOILBI0 KaYeCTBEHHOU LIBETOBOM PEAKIMM Ha KapOOKCHMMETHIILIE/UTIONA3Y

(KMLI). Bce uccnesoBaHHbIE BHABI Ja/Td YETKYI0 TMO3UTHBHYIO PEAKIMIO Ha
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JaHHBIM 5H3MM. Ha pucyHke 9B uH300pakeHa CHJIBHAsI IOJIOKUTE/IbHAS
peakumst Ha Hanmmuyne KML y mrramma C. comatus 1687. Eie y HeCKOTbKHX
IITAaMMOB - 137, 1930, 2000, HAMU OTMe4YeHa CHUJIbHAsI MOJIOXKUTe/IbHAasA peaKlus
Ha KML, kotopast Beipakasach B 06pa3oBaHUM OeCLBETHBIX 30H BOKPYT U IOJ
KOJIOHUSIMM ~ KY/IBTYp, IIpUYeM C BO3pPacTOM OHAa CTAHOBWJIACh OoJiee
BBIDO)XEHHON. Y OCTa/JbHBIX HWCC/IE€JOBAaHHBIX LITAMMOB HaMH OTMeYeHa
JOBOJIBHO cs1abasi peakuusi Ha 3TOT ¢epMeHT. B pesyibpraTre mNOTy4eHHBIX
JAHHBIX, MOXXHO CJe/laTh BBIBOJ, YTO OTZAesbHble npencraButenu C. comatus
CIOCOGHBI Pa3jiaraTh LieJUTI0I03Y /10 IJTFOKO3bI WM JUcaxapyja 1ie/I00H03bl.

B pesynbraTe npoBefeHHOI IPOBEPKHU HATMYHS GpepMeHTa JINIAs3bl, Y BCeX
vcceoBaHHBIX WTaMMOB C. comatus JMMAa3HON aKTUBHOCTH OOHApPYXXEHO He
651710. O6 3TOM CBHIETETBCTBOBAJIO TO, YTO B IIPOLIECCE POCTA JAHHBIX IITAMMOB
He TPOMCXOAWIO O0O0Opa3oBaHUsI OCafiIKa OMBUIEHHBIX coeAuHeHUH. Takum
0o0pa3oM, JaHHbIe IWITAMMbI He IOATBEPAMIM CIIOCOOHOCTH THAPOIM30BATh
TPUTIULEPUJBI 1O BBICHIMX JXUPHBIX KUCJIOT U TIULePHHA.

[Tpy BbIpalIMBaHMM YHCTBIX KYJIbTYp HAaBO3HMKAa KOCMATOro Ha cpefe,
cojepxalleii  JXe/laTWH, BCe  HCCAefOBaHHble  IITaMMbl  TIOKas3aau
OTPHULATENBHYI0 PEaKUMI0 Ha dH3UM mporeasy (ta6m. 8). [Tosromy, MOKHO
IPeJIONIOKNUTh, YTO HCCaefloBaHHble 1TamMMmbl C. comatus He CIOCOOHBI
TUPONIU30BaTh IMENTHAHBIE CBSA3U MEXAYy AaMHUHOKHCIOTaMH, ITOCKOJIBKY
MpoTea3Hasi aKTUBHOCTb Y HUX OTCYyTCTBOBaJIa.

Hurtparpeaykraza - MoiaubaeHcoAepxamuii  pepMeHT, KOTOPBIi
KaTa/M3UpyeT BOCCTAaHOB/I€HHWE HUTPATOB JO HUTPUTOB B Ipolecce
acCUMWISILMM ~ HUTparta. McciaepmoBaHue — HaiWuusi  HUTPATpPeNyKTa3HOH
aKTMBHOCTH NpoBogunu c ucnonb3oBanueM NaNO,; B kayecTBe HMCTOYHMKA
azoTa. [lpuHIUN [elcTBUS peaKklyM 3aK/IYajcss B TOM, YTO HUTPAT O[],
JeiicTBHeM Bblllle IPUBEAEHHOTO pepMeHTa MpeBpallajics B HUTPUT. [1pu aTom
VHJWUKAaTOPOM PeaKLUN CIY)XWIM PacTBOPBI Cy/IbPaHMIOBOM KHUCIOTHI U O-
HapTU/IAMMHA, TPU TOJIOKUTENBHOM peaKkUMH Ha HUTpATpelyKTady cpeja
J0JDKHA TIPUOOpeTaTh XapaKTePHYIO SIPKO-PO30BYI0 OKPACKy. Y MCCiIeJOBaHHBIX
mwtammoB C. comatus HUTPATpPeAyKTa3HOM aKTUBHOCTH OOGHapy>XeHO He ObLIOo

(puc. 10). Brio/iHe BeposSITHO, YTO OHM He CIIOCOGHBI K aCCUMHUJISILITM HUTPATOB.
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1727 1930

Pucynox 10. Coprinus comatus: oTpuULaTeNlbHasi peaKnus Ha
HUTpaTpeayKTa3y

VHTepecHO OTMeTUTh, YTO MbI HAOIIOJANM MOTEMHEHUEe, Pa3HOU CTelneHu
WHTEHCHBHOCTH, BOKPDYI U HEIOCPEeJCTBEHHO II0J, WHOKY/IIOMOM, YTO MOXXET
yKa3blBaTh Ha PA3MAYHYI0 (U3HUOJIOTUYECKYI0 AKTUBHOCTb HCC/IeJOBAaHHBIX
IITaMMOB.

Takum o06pa3oM, C TMOMOLIBI0 KAYeCTBEHHBIX LIBETHBIX PpeaKLUi
YCTQHOBJIEHO Ha/IM4He IIecTH PpepMEeHTOB B KYJIbTypaX HaBO3HHMKA KOCMATOTo,
KOTOpbI€  [OCTAaTOYHO IIOJIHO  XAPAKTEPU3YIOT MeTabo/NIu3M  JIUIH[OB,
YTJIeBOOHBIX, a30THUCTBIX COEAMHEHHUH M OKHCIHUTEeTbHO-BOCCTAaHOBUTE/IbHBIE
npotueccel. B pesynbraTe MpoBeeHHOr0 CKPUHUHTA 0c000e BHUMAHUE YeleHO
IITaMMaM, Y KOTOPBIX NPU HAJIMYMU aKTUBHOCTH (HEepMEHTOB LieJI/TI0Ia3HOTO
KOMIUIEKca Oblla  BBICOKAsi AKTHUBHOCTh  (PEPMEHTOB  OKHCIUTETbHO-
BOCCTaHOBUTEIBHBIX ITPOLIECCOB — B IIEPBYIO OYepe b caeAyeT OTMEeTUTh LITaMM
2238.

BansHue KucioTHocTH cpeéabl Ha POCT BEreTaTuBHOTO MULI€/INA

KynpTrBHpOBaHMEe MaKpOMHLETOB Ha JXUAKUX Cpefax JIeKUT B OCHOBe
MHOTHX COBPEMEHHBIX OmoTexHOnOrnil. OJHUM M3 BaXHEUIINX U MOCTOSTHHO
HOeNCTBYIOMX  (PUBMKO-XUMHUYECKHUX (AKTOPOB, PpETyIHPYIOLUX POCT |
MeTab0/IM3M IrpuOOB B KyJIbTYpe, SIB/ISETCS KOHLETPAlUs BOJOPOAHBIX HMOHOB
(pH). [JaHHble muTEpaTypbl CBUJETENBCTBYIOT O TOM, YTO 6Ga3HJUOMHUILIETHI
CIIOCOOHBI PacTH B JOBOJIBHO LIMPOKOM Auamna3oHe pH, Xxors cuuraercs, 4rTo

AJIs1 60)'ILIJ.II/IHCTBa W3 HUX OIITHMMAJIbHbI€ 3HAYE€HHA HaXOAATCS B r[pe,qenax 5,0-
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6,5. B nuteparype npuBOASTCS JaHHBIE O TOM, YTO rpUOBI, IPUHAJJIEKAIIHNE K
OJHOUN BKOJIOTUYeCKOH WM CUCTeMaTH4ecKol Trpymiie, MOryT 3HAauUTeIbHO
OT/IMYATHCSI MEXAY CO0Oil 1O OTHOIIEHMIO K ucxogHomy pH cpenpl, nameHsis
ero B Ipoliecce PocTa B Ty WM MHYIO CTOPOHY B 3aBUCHUMOCTH OT COCTaBa Cpefbl
(Byxano, 1988).

Poct BererarmBHOro wmmumnenuss mrammoB C. comatus 2238 u 2278,
OTOOpPaHHBIX Ha NPeJBIAYLIUX 3dTalaX HCCAefOBaHUS 1O AAHHBIM CKOPOCTH
MUIIe/TMAIBHOTO POCTa Ha arapM30BaHHBIX IMUTATeIbHBIX Cpejax, M3y4yaau B
MOBEPXHOCTHOM  KYJIbType Ha JKUJAKONH TMTaTelbHON cpeje, XOpPOULIO
3apeKOMEeH/IOBaBIlIel ce0st TPU MUCCIeIOBAaHUU BBICIINX 0a3sHAMATBHBIX TPUOOB
B TOBEPXHOCTHOM W TnyOomHHOU Kynbrype (Lomberh et al., 2002; J/lom6Gepr,
2012). [Ilpu ompexenennu onTUManbHOU st pocta Kynetyp C. comatus pH
cpenbl B JuamnasoHe OT 3,0 /10 7,8 ObUIO YCTAHOBJ/IEHO, YTO KUCTOTHOCTD CpeJibl
SIBJISIETCST  BOXHBIM  AKTOpPOM, pEryJvpyloluM pocT Munenus. Bcee
uccnefoBaHHble WTamMmbl C. comatus HauMHAIW PacTU NpU 3HadyeHusx pH
cpezpl oT 5,0 1 Bbiue (puc. 11). Mckmoyennem okasancs wramm C. comatus
2238, 1a0bIil MULIETHANBHBIA POCT KOTOpOro Mbl HaGaozanu npu pH 4,0
(/TomGepr u zip., 2014).

—
N

—<%— 2238

—

S N A O 0 O
N

—h— 2278

buomacca, r/n

3 3,5 4 4,5 5 6 6,5 6,7 7,2 7,8
PH

Puc. 11. Coprinus comatus: 3aBUCMMOCTb POCTa LITAaMMOB 2238, 2278 oT
PH cpeapr.

Hau6onee GaarompusTHBIMUA [JIs aKTUBHOTO pocrta muuenus mwrammoB C.
comatus 2278 u 2238 okasanuck 3HaueHus pH 6,5 u 6,7 coorBercTBeHHO. [Ipu
STHX 3HA4YeHWAX BBIXOJ OMOMACChl HccaefoBaHHbIX wmTaMmoB C. comatus
coctaBu1 6oJiee 10,0 T/ Ha 14-€ CYTKU KYJIbTUBUPOBAHUS B CTAl[MOHAPHBIX
ycnoBusix. I3 nuTepaTypHbIX MCTOYHUKOB U3BEeCTHO, YTO KynbTypsl C. comatus
pactyt B suana3one pH 5,0-12,0 (Navarro-Gonzalez, 2008; Jang et al., 2009), uto
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NOATBEP)KIAIOT M MOJMyYEeHHbIE HaMU JaHHble O BAvsAHWUU pH cpenasr Ha poct
munenuss C. comatus. B Xome wccrenoBaHvst HaMHU BIIEPBbI€ YCTAaHOBJIEHBI
ONTHMaJ/ibHble 3HAYE€HUs DSTOr0 TMapaMerpa /i MHILEIHAJbHOIO POCTa
MCC/IeIOBAaHHBIX IITAMMOB, a TakKKe OTMEYEHO, YTO IITaMM 2238 MeHee
TpeboBaTe/ieH K KUCJIOTHOCTH CPeJbl.
BausiHMe MCTOYHMKOB yI/IepojJa M a30Ta Ha HAa POCT BEreTaTUBHOTO
MMUIIE /TN

Ha cerogHamHWi [eHb aKTya/JIbHbIM HANpPaBIEHHUEM COBPEMEHHbIX
MUKOJIOTUYECKUX  MCC/IeOBAHUM  ABISETCA  CO3JaHMEe  OHMOTeXHOJIOTHH
mojiyyeHusi TpuOHON OWOMAccel ¥ MeTabonuToB. B cBsIsm ¢ 3TuUM
HCII0/Ib30BaHMeE [ITAMMOB CheJoGHOro U jekapcrBeHHoro rpuba C. comatus B
KayeCcTBe MPOAYUEHTOB MUIIEBOM OGHOMACChl U MCTOYHHMKA OWOTOTHYECKH-
AKTUBHBIX BELIECTB SB/SIETCS ZOCTATOYHO MEPCIEKTUBHBIM.

OO01Ien3BeCTHO, YTO YI/IEPOJ, SB/SETCSA €IUHCTBEHHBIM HCTOYHUKOM
SHEPryU, KOTOPBIM IPUOBI MOMYYAIOT MPH PACIIEIUIEHHUH YTIE€POACOAEPIKALIMX
CcyOCTpaToB, OH HEOOXOAWMBIM [JIi CHHTE3a BeleCTB ¢ Y4acTUs B
OKHC/IMTENbHBIX Tiporieccax. Takke, st OMyYeHHs] XOPOIIEro poCTa MULIETHSI
B Ky/IbTyp€ M BBICOKOTO COJEP)XaHUS B HEM IMPOTEMHA OYE€Hb BaXKEH
MPAaBWIbHBIA BBIOOP HCTOYHUKA asorTa. OOuienpusHaHO, YTO TPUOBI MOTYT
HCIO/Ib30BaTh KaK OpraHW4YecKHe, TaK W HeopraHudeckue ¢opmbl asoTa
(Byxano, 1988; MwuxaiinoBa, Byxamo, 2012). bbuto mpoBeseHO ucciesoBaHMe
BJIMSIHUST PA3/TMYHBIX UCTOYHUKOB YI/IEPOAHOTO M a30THOTO MUTAHUS Ha POCT
IITAMMOB HABO3HHUKA KOCMAToro. I[loTpeGHOCTH KyAbTyp B MCTOYHHMKAX
MUTaHUs ONpEAeNs/IA Ha CUHTETHYECKOW cpefie cC/eaymomero cocrasa (r/n):
riaoKo3a - 20,0; (NH,),HPO, - 4,0; KH,PO, - 1,0; K,HPO, - 1,0; MgSO,*7H,0 -
0,5, MnSO,*7H,0 - o0,005; FeCL;*6H,O - 0,005; CuSO,*s5H,O - 0,003; ZnC(l, -
0,005. KMC/IOTHOCTDh Ccpesbl M3MEHSI/TH B COOTBETCTBUM C ONTHMAJIbHBIM ISt
K)XIOTO IITaMMa 3HadyeHueM pH, HalijeHHbIM BKCIepUMeHTalbHO. B KavecTBe
HMCTOYHUKOB yriepoja ObUIM WCIIO/JIb30BAaHBI MOHOCAxapuzabl (T/II0K03a,
KCHMJIO3a), [Oucaxapuibl (caxaposa, JaKTO3a) W MMOJIMCAXapuzbl (Kpaxmar),
KOTOpbIe [OOAB/ISUIM B KOJUYECTBE, SKBUBANIEHTHOM 20, 25, 30, 35 U 40 T
IJIIOKO3bI TI0 YIJIEpOAy. B KayecTBe MCTOYHMKOB a30Ta Mbl MCIIO/B30BaIN
HutparHsie - KNO, n ammonwuiinsie comu - (NH,),SO,, (NH,),HPO,, a Tawke
OpraHu4YecKre COeJIUHEHMS a30Ta - aclaparvH, MeNnTOoH, KOTOPble BHOCUIU B
cpesipl B KOJIMYECTBe, DKBUBAJIEHTHOM 3,0; 4,0 4,5 r (NH,),HPO, mo asory.
VccnemoBanusi mpoBoAuMIyd B Kombax OJpjieHMelepa 00BEMOM 100 M,
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cofepXallux 30 MJI MMUTaTeIbHONW cpeAbl. MHOKY/IIOMOM CAy)XWIU 7-MH
CYTOYHBIE Ky/IbTYPbI IPHOOB, ITpeBapUTeNbHO BbipalieHHble HA CA. B kaxayto
K0JIOy C )XUJKOIH Cpefloil BHOCU/IM 110 TPY MHMIIe/IMAIBHBIX JUCKA AUAMETPOM 5
MM. KyapTypbl HMHKYGMpOBaM B CTALMOHAPHBIX YC/IOBUsX mpu 26+1°C.
brvomaccy munenusi onpejensiii Ha MOMEHT, KOrja B OJIHOM W3 BapHUaHTOB
MULEIUNA  TOJHOCTBIO  MOKpBbIBAal ~ IOBEPXHOCTb  cpeabl.  buomaccy
OTPUIBTPOBBIBA/IM M BBICYLIMBAIM MpH TeMmeparype 105+1°C 0 MOCTOSTHHOM
Maccel. Tarxoke onpegesnsivi KOHeYHOe 3HadyeHrue pH Ky/1bTypa/bHOM XXHUIKOCTH.
JlaHHBIe TI0 HaKOIUIEHHIO OMOMacchl M KOHeYHOro 3HavyeHus: pH Bo Bpewms
pOCTa KyJbTYP Ha Pa3/IMYHBIX UCTOYHUKAX YIJI€POJAHOTO M a30THOTO MUTAHUS
IpUBeZieHbl B Tab/aWLAX 9 M 10. AHA/JIMU3UPYsl TOJyYeHHble JaHHBIE, MOXHO
KOHCTAaTUPOBaTh TOT $aKT, uyto st mrramma C. comatus 2238 HaWTy4IIWi poCT
Y HaKOIUIeHHe OuoMacchl obecrevyMBasa Cpeld, COAep)Xaujasi B KadyecTBe
HMCTOYHMKA yriepoja - Kpaxmas, a aas C. comatus 2278 - KCUI03Y, OJHAKO
BBIXOZ, OMOMacchl ToOC/AefHero ObUI He3HAaYMTe/lbHbIM. 3HadyeHue pH
KY/IbTypPQJIbHOA )KUJKOCTU HWCC/AeJOBaHHBIX LITAMMOB B IIpoLecce poCTa
CYLIeCTBEHHO He W3MeHsUuloch. HauMmeHpmmii poct y o060OMX LITaMMOB
Ha0/II0JaMM Ha Cpejax C JIAKTO30M M €axapo30i#, a TakKe HeOpraHUYeCKUMU
WCTOYHUKAMM as3oTa. [lomyyeHHble JaHHBIE YAaCTUYHO TMOATBEPXAAIOT
pe3y/IbTaThl NCC/TIeAOBAHMI KATAHCKUX yueHbIX (Jang et al., 2009), mokazaBumx
MepCreKTUBHOCTb UCIO0Ib30BaHMs KpaxMasla B KayecTBe NCTOYHHUKA YyIiepoja.

Ta6nuua 9. Bausaue mcroyHUKoOB yriaepoga Ha poct Coprinus comatus
(10 cyTKH CcTaliMOHAPHOTO KYJIbTUBUPOBAHUS).

HUcrounuk | pH cpeasr ITamm 2238 IIramMm 2278
yrjiepoja | HadajabHOe
pH xoneunoe | Bbuomacca, r/n | pH xoneunoe | buomacca, r/n
I'mroxo3a 6,5 6,4 1,7£0,3 6,4 1,4+0,2
Kcmnosa 5,5 5,5 3,7+0,4 5,9 2,8+0,2
Caxaposa 6,7 6,4 0,7+0,1 6,4 0,8+0,3
JlakTo3a 6,7 6,6 0,8+0,1 6,5 0,7%0,1
Kpaxman 6,6 6,4 10,2+0,3 6,5 1,3+0,1

IIpumeuyanue: 6a3oBasi cpefia B KayeCTBe MCTOYHHMKA a30Ta COJEp)Kana 4 r/n
(NH,),HPO,
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Ta6nauuya 10. Biuauue ucrouyHukoB azora Ha poct Coprinus comatus (10
CYTKH CTallJMOHAPHOTO KYJIbTUBUPOBAHUSA).

IItamm 2238 MItamm 2278
Hcrounuk | pH cpeasnr
asora HasanbHoe KOHP;I:{IHoe buomacca, r/n KOleleoe buomacca, r/n
KNO;, 6,5 6,3 2,3+0,1 6,5 2,6 0,0
NH,NO, ) 3,7 0,4%0,0 3,3 0,3+0,0
(NH,).HPO, 2:5 6,5 1,4+0,6 6,1 1,5+0,2
Acnaparva 6,5 6,3 4,0%0,1 6,1 4,3%0,0
[MTennron 6,3 6,5 12,6+0,2 6,5 12,5+0,1

IIpumeyaHue: 6a30Bas cpesia B Ka4eCTBe HCTOYHHMKA YT/IepoJia CoJepKaia 20
r'/J1 TJIFOKO3bI

OpHaKo JaHHBIE aBTOPBI TAaK)Ke PEKOMEHAYIOT J00aB/ISTh B Cpely MajbTO3y U
caxaposy, a TaKKe TPUIITOH — B KadyeCcTBe MCTOYHHKA a30Ta. B mcciaemoBanmsix
apyrux aBropoB (Chaiyama et al., 2007) asis BeipaiuBanus Kyastyp C. comatus
MOKa3aHa 1e/1ecoo0O0pa3HOCTh NMPUMEHEHHUsI B KayecTBe MCTOYHHKA yriepoja
MAaHHO3BI U Takum

MaJIbTO3BI. o6pasom,

CBUZETEIbCTBYIOT O BBICOKOW LITAaMMOBOM crienuduyHocTy Kyaptyp C. comatus

MOJTlyYeHHble  pe3yJ/IbTaThbl
110 OTHOUIEHWIO K UCTOYHUKAM yTJIePOJHOTO MUTAHMUSI.

MakcuManbHBIA POCT MCC/I€JOBAHHBIX HAMH IITAMMOB OTMEUYEH Ha Cpefie
C OPraHUYeCKUM MCTOYHHKOM a30Ta - MenToHOM (TabJ1. 10). 3HAYUTENBHO Xy)Ke
oba mITaMMa poOCIM Ha cpefie C acrmaparuHoMm. Ilpu goGaBneHun B cpemy
HUTPaTa AMMOHUsI HAbJI0/Ia/TN CYleCTBEHHOe N3MeHeHHe 3HaueHuit pH cpenpr
B KHCJIYIO CTOPOHY, YTO OTPHLATEJTBHO OTPAXKaJIoCh HA NMPUPOCTe OGHOMACCHI
MCC/IeZIOBAaHHBIX IUITAMMOB. V3ydeHrne OTOGpPAaHHBIX LITAMMOB HAaBO3HHKA
KOCMAaTOro Ha MHHEpaJbHON cpeJie C pas3JMYHBIMM MCTOYHMKAMH a30Ta
MOKa3aJIo, YTO BCe UCC/IeOBaHHbIe IITaMMBbI MCIIOIb3yIOT KaK HUTPAaTHbIE, TaK U
aMMOHMUIHBIE, & TAaKKe OpPraHMYeCcKHe COeJUHEeHHUs a30Ta. TakuM obOpasoM,
MOJTyYeHHble pe3y/bTaThl CBHU/JETE/NbCTBYIOT O LITAMMOBOH crenrdpUYIHOCTH
HCCJIeIOBAaHHBIX IITAMMOB I10 OTHOIIEHUIO K MICTOYHHUKAM a30THOTO ITUTaHMUSI.

B panbHelilieM,  yBenu4MBasg ~— KOHLEHTPALMM  YCTAaHOBJIEHHBIX
ONTHMAJIBHBIX JJISI MULIEJIMAIBHOTO POCTa UCTOYHUKOB yrjIeposia U a30Ta, ObLIo

BBISICHEHO, YTO MaKCHMa/lbHbBIH pocT Omomaccel mramma C. comatus 2238
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obecrieunBanu Kpaxmana U mentoH B cooTHoineHuu C:N=29,7 ¢ BbIX0oAOM
6uomaccer 18,3 /1 (Taba. 11). [lnsg mTamMma 2278 ONTUMAJbHOE COOTHOLIEHHE
KOHIeHTpaUMii Kcuao3bl U nenToHa coctaBwio C:N=16,7, obGecnevynBaBiiee
BBIXOJ, OMoMaccel 5,2 T/1. JlanpHeliliee yBelndeHUe KOHIEHTPALMU KCHIO3BI
MPUBOJAMJIO K CYIeCTBEHHOMY MHTMOUPOBAHUIO POCTA MULIETHSI 06eUX KYJIbTYD,
KOTOpbIe TPAKTHYEeCKH He POCAH NPHA KOHLEHTPAIMU KCHUIO3Bl 30 T/
CylLiecTBEHHO YMeEHBINAJNCSI BbIXOJ, OHMOMAacCChl HCC/IEIOBAaHHbBIX IITAaMMOB
C. comatus pu ¥ TIPU yBeTMYE€HUH KOHLIEHTPALMM TeNTOHa A0 4,5 r/n. Ha
cpezie C KpaxMaJioM M KCHJI030¥ 0Opa30OBbIBA/IMCh OY€Hb IJIOTHBIE MyLIHNCThIE
KosoHuM rpuba. LIBeT KynbTypasbHOM JKUAKOCTH He HW3MEHSUICS TP
HCIO/Ib30BAaHUU KCHUJIO3bl M CYLeCTBEHHO TeMHeJl NMPU KyJIbTUBUPOBAHUU Ha
cpefie C KpaxMaJioM.

Ta6nuua 1. Biussaue pa3TMYHBIX KOHIEHTPALUA NCTOYHUKOB yriiepoja
M a3oTa Ha BbIXoJ, Ouomaccel mrammoB Coprinus comatus mnpu
CTallMOHAapPHOM KYJIbTUBUPOBAaHUH.

IIranm HcTouHnk C:N KonueHnTpauusa
yriaepoaa OMOMacchl, I'/J1

19,7 10,2+0,3

24,7 6,0+0,8

18,5 4,7+0,5

29,6 5,4%0,6

2238 Kpaxman 22,2 5,7%0,4

34,6 5,7%0,3

25,8 7,8+0,5

23,0 8,5+0,8

39,5 9,7+0,9

29,7 18,9+0,3

17,8 2,8+0,2

22,2 4,1+0,4

2278 KCHJIO3a 16,7 5,3+0,8

14,8 4,5*0,0

26,7 0,6+0,0

HccnenoBanne pocra mrammoB C. comatus Ha TMHUTATeNbHBIX Cpejax C
Pa3/IMYHBIMU HMCTOYHUKAMHU yrepoJa M a30Ta MOKa3asio, YTO OHU CIIOCOOHBI
yCBaWBaTh LIMPOKUU CHEKTP CyOCTPATOB, OJHAKO HAKOIUIEHWE MaKCHUMaTbHOU
6UOMAaCChl MMPOMCXOJUIO HA OTAENbHBIX MOLOOPAHHBIX I KAKIOTO LITaMMa

HNCTOYHUKAX yrjiepoJa v a30Ta.
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Takum o6pa3oM, aHA/U3UPYsI MOTyYeHHble JaHHble, HAMU YCTAHOBJIEHO,
YTO HAWIYYIIWM POCT U HaKoIUleHWe Ouomaccel mrammoB C. comatus
obecreynBasa cpeja, Coiep)Xalasi B KaYeCTBe UCTOYHUKOB yrIepoJa — Kpaxmat
1 KCUJIO3Y, B KauecTBe NCTOYHMKA a30Ta — MelTOH.

IInogonomenune mrammoB Coprinus comatus

3HavyeHHe CanpOTPOPHBIX MAKPOMHIETOB OOYC/IIOB/IEHO TeM, 4YTO OHHU
00eCcrieynBalOT BBICIIME PpACTeHWs] HCTOYHUKAMHU YIJIEPOAHOTO IHMTAHMS,
npeBpaliasl B JOCTYIHbIE PACTEeHUSIM COeJJMHEeHUs] HepacTBOPUMBIE 1LIeJUII0I03Y
Y JIMTHUH, TIOAJEPXXHUBas JKoJorudeckoe paBHoBecre. CooOLiaeTcs, YTO
HaBO3HUK KOCMATBIM CIIOCOOEH YTH/IM3MPOBATh LI€JUII0/I03y Y JIMTHUH COJIOMBI,
npeBecHbie octaTku pacteHuit (Mohamed, Dix, 1988), xopouio asantupoBaH K
IIMPOKOMY Pa3HOOOpa3HI0 CyOCTPATOB [/ MHTEHCUBHOTO M 3KCTEHCHUBHOTO
Ky/IbTUBHpOBaHuA (Stamets, 2000).

B nmpupoaHbix ycnoBusix ypoxkaitHocts C. comatus HanpsIMyIO 3aBHUCHUT OT
MUTATEe/bHBIX CBOMCTB M (PU3NYECKON CTPYKTYpbl CyOCTpaTa, HPHUPOAHBIX
ycioBuii. Mcnonp3ysi MOArOTOBIEHHBIH KOMIIOCT, MBI CO3/laeM 3JIeKTHBHbBIE
YCJIOBUS JI/I1 POCTAa M IUIOJIOHOIIEHMsI Ky/JbTyp HaBO3HMKA KocMmaroro. llenbio
JAHHOTO 3Tama ObUIO TPOBECTH OLEHKY CIIOCOOHOCTH K TUIOZOHOLIEHUIO,
OTOOPAHHBIX IO CKOPOCTH PAJMaIbHOTO POCTA, OTHOIIEHHUIO K TeMIlepaTypaM,
depMeHTaTHBHOM AaKTUBHOCTH, ITOTEHI[MA/NBHO IEPCIIeKTUBHBIX IITAMMOB
C. comatus 2278 u 2238. B KauecTBe cyOcTpaTa ObUT MCIOTB30BAH HE3aCEeSTHHBIN
kommoct  ¢asbl [[(OOO«Banentuna», r.Bacunbkos, KwueBckass 0061.) co
C/leyIoLMMU TapaMeTpaMM: oOuwii asor - 2,3%, coortHomwenne C/N - 17/1,
30/IBHOCTD — 24%, BIOKHOCTH — 68-72 %, pH - 7,4. [1oceBHOI MHOKY/TIOM TOTOBHIN
Ha 1o06paHHON Hanbosiee 61aTONPUSITHOM /151 060MX LITAMMOB ITUTATETbHOM
cpene MYPA u 3ephe oBca. Kommnoct 3aceBanu moceBHbiM mulienvieMm (2% ot
Beca cybGCTpaTa), pacKIafplBaid B CTEK/IsSIHHbIE 0,5 1 GAHKU U IUIACTHKOBBIE
MOAJOHBI, M HAKPbIBAJIM MeTa/UIMYeCKOM mnuueBoil ¢onbroit. [locessl
MHKyOupoBanu mpu Temmnepartype 26+1°C. Yepe3 3 HejeH, mocjie IMOJHOTO
obpacTaHusi, KOMIIOCT HAaKPbhIBA/IN MOKPOBHOM IMOYBOM, c/ioeM 4-5 MM (Topo,
yBraxHeHHbI 100 80% BraxHocTH, pH 7,4), ¥ OCTaBAsiId NpPU TOU HKe
TeMIiepaType s MPOPACcTaHMUsI MOKPOBHOTO TPYHTA M BBIXOJA MHLENHUST Ha
noBepxHOCTh. [Tocte aToro (Yepes 3-4 CyTOK) GAHKH OCBOGOXAAIH OT (OIbIH,
YBJIQKHSIIA TOBEPXHOCTD ITOYBbI, HAKPBIBA/IM TOJIMITHIEHOBBIMU KOJIMTAKaMU U
MepeHoCH/IM Ha MOAOKOHHUK Ipu Temneparype 15-17°C. Yepes 7-10 paHeit
HaGJII0/Ia/TA TTOSIBJIEHME TIEPBBIX TUIOJOBBIX TeJ (puc. 12).
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[TnogoBbie Tema 06OMX WTaMMOB OOGPAa3OBBIBAMUCH HAa CBETy (JHEBHOE
ocseleHue). [TOKPOBHBIA TI'PYHT TOCTOSIHHO YBJIQXKHSIIM, HE [OIMYyCKasi ero
NepecylMBalysl M MOMAJAHUS BOAbl B KommocT. CrieflyeT OTMETUTh, 4To 00a
IITAMMa JIETKO 3aBsA3bIBa/IM TUIOAOBbIe Tena. OgHaKo mITaMM 2278 OKasacs
Goslee YyBCTBUTE/IbHBIM K TI€perNajaM TeMIlepaTypbl. BcescTBre CIOXHOCTH
noaaep>XxaHust OIITUMAaJIbHOM Al €ero pocCTa TeMIlepaTypbl, Mbl H€ IOJYy4IHIU
OXXMJAEMOT'0 BBIXOJA TUIOJOBBIX TN, B cBOIO o4epens, mTamMm 2238 OJMHAKOBO
XOPOILO TJIOJOHOCU B IIUPOKOM JiMana3oHe temmepatyp or 19 a0 25°C (puc.

13).

Puc. 12. Coprinus comatus 2278: KOMIIOCT ¢ MH1Ie/IN€M U 0Opa3oBaHUeE
TIOJOBBIX TeJl.

Puc. 13. Coprinus comatus 2238: nepBas BoJIHA IUIOJOHOIIEHUS.

YpoxaiiHocTh IITamMMa 2238 TO/MBKO 3a IMEPBYI0 BOJIHY IUIOJOHOIIEHHS
coctaBuia okoso 20% ot Beca cyocTpata. CpoK XpaHeHUsl MTOTy4YeHHbIX PHUOOB
He TPeBbIIIa/l HECKOIBKO CYTOK M3-3a GBICTPOrO aBTOJIM3A IUIOJLOBBIX TeJl, YTO
SIB/ISIETCSI KDUTUYECKMM MOMEHTOM IIPH BBIPALMBAHMH JAHHOTO BHU/A rpuba.
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B pesy/pTaTe HaIMX MCCIeOBaHUM OB OTOOpAH IITaMM 2238, KOTOPBII
OT/IMYAJICSI BBICOKOM YPOXKAWHOCTBIO, OBICTPOI CKOPOCTBIO POCTA MHULIENMHS Ha
Pa3/IMYHBIX IO COCTABy IIMTATEJIbHBIX CpeJaXx B LIMPOKOM aAuana3oHe pH
(HaumHast ¢ pH 4,0 ¥ Bblle, C ONTUMyMOM - 6,7), OT/IMYAJICSA BBICOKOMH
depMeHTAaTHBHOIM aKTHMBHOCTHIO M MaKCHUMaJ/IbHBIM IPUPOCTOM OMOMAcCChl IPU
Ky/IbTUBUDOBAaHMM HA JKUJAKUX IUTATeNbHBIX CpeJax, HMeNl IIHPOKHUH
TemrepaTtypHsiii ontumyMm (24-27°C) u  ObI  YyCTOMYMB K Iepenajam
TeMIepaTrypsl Mpu 00pa3oBaHWU IUIOAOBBIX Teld. Takum obpasoMm, 1o
pe3y/ibTaTaM IpPOBeJIeHHOIO0 CKPUHUHIA pPeKOMeHAyeTcs [JJIs1 IMPAaKTHU4eCKOro
IpUMeHeHHs1 WTamMM canporpo¢Horo Makpomunera C.comatus 2238,
NEepCIeKTUBHBIN /I8 Ja/ibHelllell pa3pabOTKU ero GHOTEXHOJIOTMYECKOTro

HCIIO/Ib30BaAHUA U ITPOMBIINIJIEHHOTO KY/IbTUBUPDOBaHUS.
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M.J1. JTOMBEPT

BIOJIOTTYHI BJIACTUBOCTI T'HOMOBUKA KYIJIATOTI'O -
COPRINUS COMATUS (O.F. MULL.) PERS.

Hocnionmerno 6ionoeiuni enacmugocmi  icmisHo2o  OdenikamecHozo — epuba
C. comatus, 8idomoeo ceoimu nikapcbkumu eaacmugocmamu. OmpumaHo Hosei
gidomocmi  wodo MikpomopgdonoziuHux xapakmepucmuk daHozo eudy:
3agpikcosaHo anoyucmu, 2ihanvHi Kinbys i KoHidianbHe CNOPOHOWEHHS, a MAKONKC
nidmeepoxiceHO yMBOPeHHA NPAMOK, aHACMOMO3, JeHOpoidHuX 2i¢h, kpucmanie
pisHoi popmu, 8 momy uucai eonoconodibHux. ITokasaHo, wo 0ns nepesaxcHoi
6inbwocmi wmamie onmumanvHull picm 3abe3nevysas KOMNocmHull azap, Ha
AKOMY cnocmepieanu ymeopeHHS O6inux nepucmux KOJOHIU 3 BupaxXceHuMu
MiyenianbHumu maxcamu. Takoxnc xapakmepHum 6yn0 YmeOpeHHS 6amMHUX
KOJIOHIU Ha noxusHux cepedoguwax pisHozo cknady. /Jna okpemux
weudko3pocmaryux — wWmamie Hamu  BiOMIYEHO  CceneKmueHe NOXUBHe
cepedoguuje - Manby-eKCMpakm-nenmoH-opincoxcogull azap, npu 8upowy8aHHi
Ha4 SKOMY 44C Ky/1bMUuey8aHHS NOCIBHO20 Miyenilo CmaHoeus mpu OHI.
Makcumanvia weudkicme pocmy eezemamugHozo miyenito C.comatus npu
ecmaHoeneHili 0aa docaidnceHux wmamie onmumanvHitt memnepamypi 27°C Ha
cenekmueHoMy cepedosuwi cmaHosuna 12,9 mm/006y. 3HatlideHO KpumuuHi
memnepamypu (4°C i 34-37°C) 0as pocmy wmiyenito. Ilpu memnepamypi 4°C
cnocmepieanu onyweHHs iHoKyatomy, npu 34-37°C picm y 6inbwocmi Kyasmyp
6ys sidcymniti. [Jocaionceri wmamu C. comatus novuHa u pocmu npu 3Ha4eHHAX
pH cepedosuwa 6i0 50 i euwe, 3a euHAMKOM wmamy 2238, caabkull
MmiyenianvHull picm sxoeo cnocmepieanu npu pH 4,0. OnmumanvHe 3HaueHHSA
KucaomHocmi cepedosuwa daa docaidxnceHux wmamie cmaxosuo - pH 6,51 6,7.
Ocobaugy ysazy 6ys10 npudineHo wmamam i3 8UCOKOH aKMueHicmio hepmeHmis:
aakasu, aminasu i kapbokcimemunyentonasu. Ompumati pesynsbmamu ceiouams
npo wmamosy cneyugiuHicme docaidwceHux Kyabmyp wodo  0ddxcepen
8y2/1e8600H020 [ A30MH020 HcuBeHHs. B ymosax ekcnepumenmy Hatikpawuti picm
I HakonuveHHa 6iomacu 3abe3nevyeano cepedoguuje, WO MICMULO KPOXMATb 8
akocmi Odwcepena @8yeneyro 1 nenmoH ak Odxcepeno azomy. Hatibinbw
nepcnekmueHi wmamu 6yau nepegipeni Ha 30amuicmb 00 naodoHoweHHs. B
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pezyabmami 6idibparo wmam IBK 2238 ax nomeHyitiHuti npodyyeHm HO8UX
epubHux 6GiomexHonoeill, a makox 0a8 nodanbwoi po3pobKuU NPOMUCN0B0T
mexHonozii kyabmusysarusa sudy C. comatus.

M.L. LOMBERG
BIOLOGICAL PROPERTIES OF SHAGGY MANE - COPRINUS COMATUS (O.F.
MULL.) PERS.

Biological characteristics of Coprinus comatus, an edible gourmet
mushroom known for its medicinal properties, were studied. The new data on
micromorphological characters are reported, such as typical allocysts, hyphal
loops and conidial sporulation. In addition, clamp connections, anastomoses,
dendroid hyphae, crystals of different shapes, including hair-like ones, were often
observed on the mycelium. Mycelial growth and morphological features of the
mushroom on various media are described. It is shown that for majority of strains,
the compost agar provided optimal growth conditions. In this case, white-pinnate
colonies characterized by mycelial strands were observed. Formation of white-
cottony colonies on various agar media was also typical. For several fast-growing
strains, a selective medium, malt extract-yeast-peptone agar, was detected. On
this medium, mother spawn was prepared within three days. The selected strains
showed growth optima at the temperature of 27°C. The maximum growth rate of
vegetative mycelium of C. comatus on selective medium was 12.9 mm/day. The
critical temperatures for mycelial growth were found at 4° C and 34-37°C. At the
temperature 4°C the inoculum pubescence was observed while at 34-37°C for the of
most strains mycelial growth was absent. Selected strains demonstrated growth at
pHs of 5.0 and higher, except for the strain 2238 with weak mycelial growth at pH
4.0. The growth optima were registered at pH 6.5 and 6.7. Particular attention was
paid to the strains which demonstrated high enzymes activity - laccase, amylase
and carboxymethylcellulase. The results indicated the strain specificity of the
cultures in relation to the sources of carbohydrate and nitrogen. During the
experiment, the best growth rate and biomass accumulation values were obtained
on a medium containing starch as a carbon source, and peptone as a nitrogen
source. The most promising strains have been tested for fruiting ability. As a
result, the strain IBK 2238 has been selected as a potential producer for new fungal
biotechnologies and industrial technology of C. comatus cultivation.
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