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OF MYCOPESTICIDES

B HacTosmee BpeMs BenyTcs GyHAaMEHTANbHBIE, yIIIyOIEeHHBIE HCCIEIOBAHUS C LIEIBIO
coznanus GnonectuuaoB. [Tonck 1 mepBUYHAS OIICHKA Pa3INYHBIX AaHTarOHUCTOB (HUTOTIA-
TOI€HHBIX MMKPOOPraHU3MOB, IIATOT€HOB COPHBIX PAacCTEHUM M HACEKOMBIX-BpEIUTENEH
JABHO CTaJl CHCTEMATHYECKUMH. 3a pyOeXoM HOsBISIEeTCs BCce Oonbliee Yucio ImyOInKa-
LU, Kacalomuxcs pa3padoTKH HOBBIX 3(P(EKTUBHBIX MHUKPOOHMOJIOTHYECKHX MpenapaToB
JUTS 3alUTHI pacTeHuil. B coBpeMeHHO# poccriickoil HaydHO! JINTepaType TaKUX ITyOJIiKa-
it kpaliHe mMaino. B craTbe npencrasieHsl Hanboiee 3HaYNMBbIE, C Halleld TOYKU 3pEHNS,
Marepuanbl B 00JIaCTH pa3paboTKH OMOMECTUIM/IOB 32 TOCIIEIHUE HECKOJIBKO JIET.

MUKpOMUIIETHI HAPALY ¢ OAKTEPUSIMH U BUPYCAMH SIBJISIOTCSI OCHOBHOM TPYIIION MUK-
POOPraHn3MoB, OTpaHUIMBAIOIUX YUCICHHOCTD OIIPEACIICHHBIX BUAOB paCTEHI/Iﬁ 1 HaCCKoO-
MBIX B IIPUPOAE, KOTOPHIE MOJABISIOT PA3BUTHE MHOTUX BO30OyauTeseil 3aboneBaHui pac-
teHuid. [Ipu 3TOM rpubsl 00:1a7aF0T CIIOCOOHOCTHIO AaKTUBHO PAcIpOCTPAHSATHCS U ITPOHH-
kath B TkaHu xo3seB (Leathers et al., 1993). IlpoGiemsl, cBs3aHHBIE C pa3pabOTKOM
KOMMEPUYECKH YCHENIHBIX MUKOIIECTHIIU/IOB, B OCHOBHOM OMOJIOIMYECKHE W TEXHOJIOTHYe-
CKHe: MULIeIHAaJIbHBIE IPUOBI, KaK IPABHUIIO, HE CIIOPOHOCAT IPH ITyOMHHOM KyJIbTHBHPOBA-
HUH; TUIOXO TEPEHOCST MPOLECCHl CTA0MIN3alNH; TaATOTCHHOCTh WM aHTarOHUCTHYIECKNE
CBOMCTBA TpHOOB HAXOMSATCS B CHIIBHOW 3aBHCUMOCTH OT BHEIIHHMX ycioBuii (Montesinos,
2003). ITosromy B manHOM 0030pe OYAYT PacCCMOTPEHBI Pa3IMIHBIE MOIXOABI K PEIICHHIO
yKa3aHHBIX ITpo0seM. ABTOPHI BUZIOB MUKPOMHIIETOB, HCIIOJIb30BaHHBIX B KAUECTBE IPUMeE-
POB, UX X03s5€Ba U Npenaparbl, CO3/laHHbIe Ha UX OCHOBE, YKa3aHbl B TaOIHIIE.

OCOo0OCHHOCTH MOJYyYEeHUS HHPEKIIUOHHOTO MaTepuanxa rpubos-
npoayueHToB OmomnecTuiunoB. CpeaHss rekTapHas HopMa pacxoja douornperna-
paroB, CO3MAaHHBIX Ha OCHOBE TPHOOB, cocTaBisteT okono 1012—1014 kounauit wim Koo-
HUeoOpasylomux enuHul (mponaryin). OJHOW W3 HCCIIEJOBATENbCKUX 3a/lad SIBISIETCS
MOJIy4eHUE MH(EKINOHHOIO OMoMaTepruana, CTOUMOCTh KOTOPOTO MOXET KOHKYpPHPOBATh
C 3aTpaTaMy Ha NMPOM3BOACTBO XUMHUYecKHX nectunnaoB (Barlett, Jaronski, 1988). C npy-
O CTOPOHBI, B MPOLECCE HEKOTOPBIX TEXHOJOTHYECKUX OMEepanuil (Hampumep, CYIIKH)
WX B IEPUOJ] XpaHEHUs OMONpenapaToB )KU3HECTIOCOOHOCTh MTPONarys rpuOoB MOXKET 3Ha-
YUTEJNBHO CHIXKAThCS. B IMpHpose OTHOCUTENBHO PENIKO CKIIaJbIBACTCS ONTHMAIBHOE IS
OBICTPOTO MPOpaCTaHUs TPHUOHBIX CIOP COYETAaHHE TEMIIEPATYpsl U BIaxkHOCTH. [IpopacTa-
HHUE CIOP MOXET ITO/IaBJIATHCS TAaKXKe JACHCTBHEM COJHEYHOH pamuanuu. Takum oOpasom,
noZ00p cocTaBa MHUTATEIBHBIX Cpell, crocoda U yCIOBUIl KyJIbTUBHPOBAHUS TPUOOB JI0JI-
KeH OBITh HaIpaBJICH HE TOJIFKO Ha TIOBBILICHUE BBIX0/1a Pa3IMYHBIX BUAOB HHOKYJIIOMA, HO
M Ha IOBBINICHHWEC KAa4yCCTBa I/IH(I)CKIJ,I/IOHHOFO Mmarepuaia — yCTOﬁ‘lHBOCTH K CTpECCOBBIM
BO3IEHCTBHAM ¥ 2PPEKTHBHOCTH B MOJIEBEIX ycmoBusax (Wraight et al., 2001).
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IIpumeps! rpudoB, HCMOJIB3YeMbIX /ISl CO3/IaHHS OMONIeCTHIH/I0B,
KOTOpbIe YIIOMSIHYThI B TEKCTe CTAThHU (CCHLJIKH B TEKCTE)

Bup rpuda, aBrop

IleneBbie 0OBEKTHI

Tun npomnaryi,

IpenapaThbl
BuorepOurmast
Alternaria alternata (Fr.) Keissl. INockonnuk xene3koHocHbl (Eupato- | Munenuit
rium adenophora Spreng.)
Jlobenus ueiinonckas (Sphenoclea zey- | Konumun
lanica Gaertn.)
A. cassiae Jurair et A. Khan Pesyxa kanajckas (Cassia obtusifolia L.) »
A. crassa (Sacc.) Rands Jypman Bontounii (Datura stramonium »
L)
Bipolaris euphorbiae (Hansf.) J. J. Muc- | Mosouait pasnonuctabiii  (Euphorbia »
hovej et A. O. Carvalho heterophylla L.)
B. sorokiniana (Sacc.) Shoemaker IMonmapennuk uenxuit (Galium aparine | Munenuii
L)
Colletotrichum coccodes (Wallr.) S. Hug- | Kanaruuk Teogpacta (Abutilon theop- | Konumun
hes hrasti Medik.)
C. gloeosporioides (Penz.) Penz. et | Dumnomene BupruHckas (Aeschyno- | Konuguu, Collego™,
Sacc. mene virginica L.) CLIA
TIpocBupnuk kpyrionuctHeiii (Malva | Konnguu, BioMal™,
pusilla With.) Kanana
Pesyxa kananckas (Senna obtusifolia L.) | Konnaun

C. truncatum (Schwein.) Andrus et
W. D. Moore

Fusarium avenaceum (Fr.) Sacc.

F. lateritium Nees

F. oxysporum f. sp. orthoceras (Appel
et Wollenw.) Bilai

Gloeocercospora sorghi D. C. Bain et
Edgerton ex Deighton

Mycoleptodiscus terrestris (Gerd.) Os-
taz.

Phytophthora palmivora (E.J. Butler)
E. J. Butler

Phomopsis convolvulus Ormeno-Nunez

Rhynchosporium alismatis = Plectospo-
rium  tabacinum  (J. F. H. Beyma)
M. E. Palm, W. Gams et Nirenberg

Septoria passiflorae Syd.

S. polygonorum Desm.

Stagonospora convolvuli Dearn. et

House

Trematophoma lignicola Petr.
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CecOanusi  BO3BBILICHHAS
exaltata Raf.)

Kanapeeunuk kanapckuii (Phalaris ca-
nariensis L.)

(Sesbania

Anoma xoxmnaras (Anoda cristata L.),
rpyaHuka kosrouast (Sida spinosa L.),
kaHatHHK Teodpacra (Abutilon the-
ophrasti Medik.)

3apasuxa kymckas (Orobanche cumana
Wallr.)

Copro anenmckoe (Sorghum halepense
L))

T'manunT BogsiHow (Eichornia crassipes
Mart.)

Jlo3a mneunas (Morrenia odorata L.)

Beronok nonesoit (Convolvulus arven-
sisL.)

oamapenuuk noxubiit (Galim spuri-
umL.)

IMaccudumopa TtpexpasnensHas (Passi-
flora tripartita Juss.), maccucopa Bo-
Hrouas (P. foetida L.)

T'opern pasBecucrsiit (Polygonum lapat-
hifolium L.)

Brronok noneBoit (Convolvulus arven-
sis L.)

Hlupuna 3anpokunytas (Amaranthus
retroflexus L.)

MHuKpockieponuu, Ko-
HUJUN

Konuguun

MHuKpockieponuu

Xnamupocnopst, De-

Vine™, CIIA

XnamMua0COphl, KOHU-
I

Konuaun



IIpooonscenue mabauys

Bup rpuba, aBTop

IeneBbie 0OBEKTHI

Tun nponary,
rpenapaThl

Beauveria bassiana (Bals.-Criv.) Vuill.

Lagenidium giganteum Couch

Metarhizium anisopliae var. anisopliae
(Metschn.) Sorokin

M. anisopliae var. acridum Driver et
Milner
M. flavoviride W. Gams et Rozsypal

Paecilomyces  fumosoroseus
A.H.S.Br.etG. Sm.

(Wize)

Aspergillus flavus Link, A. parasiticus
Speare (aTOKCUT€HHBIE IITAMMBI)

Coniothyrium minitans W. A. Campb.

Epicoccum Schol-
Schwarz.

Gliocladium virens J. H. Mill., Giddens
et A. A. Foster

Rhodotorula minuta (Saito) F. C. Harri-
son

Trichoderma  asperellum
Lieckf. et Nirenberg

T. viride Pers.

nigrum  (Link)

Samuels,

Ulocladium atrum Preuss

Buounncexktuinast

Jonronocuk Ttabaunsiii (Anthonomus
eugenii Cano), JOJITOHOCHK XJIOIIKO-
Bolii  (Anthonomus grandis Bohe-
man), 6enoxpsuiku (Homoptera: Ale-
yrodidae)

Kyk komopanckuii (Leptinotarsa de-
cemlineata Say), miomoxxopka si0-
nonHas (Cydia pomonella Linnaeus)

Benokpsuiky, T (Homoptera: Aphidi-
dae), tpurncet (Homoptera: Thysanop-
tera), capan4oBble (Arthropoda: Acri-
doidea), monp kamyctHas (Plutella
maculipennis Curt.)

BesoKpbIIKH, TIIH, TPUIICHI

Mortsinek KyKypy3Hsi (Pyrausta nubi-
lalis Hubn.)

Kowmaps! kpoBococymue (Diptera: Culi-
cidae)

Tepmurtst (Isoptera: Termitidae)

Tapakans! (Blattodea: Blattidae)

Xpymw maiickuit (muunnkm) (Melolont-
ha melolontha L.)

JonroHocuk Tabaunelii (Anthonomus
eugenii Cano)
CapaHuoBble

Capanua mmyctsiHHas (Schistocerca gre-
garia Forsk.)
Benoxpputku

buodyHrunuas

ToxcureHHsIe ITaMMEBI Aspergillus spp.
Sclerotinia sclerotiorum (Lib.) de Bary

Monilinia laxa (Aderh. et Ruhland) Ho-
ney

Rhizoctonia solani J. G. Kuhn, Pythium
spp.

Colletotrichum gloeosporioides (Penz.)
Penz. et Sacc.

Gibberella fujikuroi (Sawada) Wol-
lenw.

Bo30yaurenu 6one3Hei KOpHEBOH CHC-
TEMbI PaCTEHHUH

S. sclerotiorum, Botrytis cinerea Pers.

Konunauu, Bea-Sin,
Mekcuka

Konwmnu u 6;1actocrmo-
prl, bosepun, Poccust

Konumuu, Mycotrol/Bo-
taniGard, CIIIA

Konwuauu, Naturalis,
CIIA

Konuauu, Ostrinil,
OpanHust

Muuenuii, Laginex,
CIIA

Konwumuu, Bio-Blast,
CIIIA

Konwnauu, Bio-Path,
CIIA

Konunanu, Metarhizium
Schweizer, Il1seiina-
pust

Konunuu, Meta-Sin,
Mexkcuka

Konuguu, Green Mus-
cle, FOAP

Konugun

Konuauu, Pae-Sin,
Mekcuka

bnacrocnopel,
Ral, CIIA

PreFe-

Konugun

Konumuu, Contans®,
I'epmanus
Konuguun

Xnamunocnopsl, Soil-
Gard™, CIIA
Bnacrocnopsr

Murnenuii, Mukou,
Poccus
Munemnuit

Konunauu
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Konnaun sBnstoTcst Hanbosee MpeAnoYTHTENbHBIM THIIOM HH(EKIIMOHHOTO MaTepraia
rpuboB IpH pazpaboTke OMONMECTHIUAOB. XOPOIIO W3BECTHO, YTO MUIEIHHA I'puOOB, Kak
MpaBUIIO, MEHEE YCTONYMB K cTpecc-pakropam, yeM KoHuanu. OTHAKO Takue ero oopaszo-
BaHUs, KaK XJIaMHIOCIIOPBI, MUKPOCKJIEPOLIMH M CKJIEPOIMH, CIIOCOOHBI K UINTEILHOMY
CYIIECTBOBAaHHIO B HEOJArONPUATHBIX YCIOBUSIX U WHQHUIMPOBAHUIO OPraHU3MOB-XO035CB
TocIie IpopacTaHus MUIETHS Wi oOpazoBaHus cnoporomenus (Hoffmann, 2001).

OCHOBHBIM ITPOMBIIIIIEHHBIM CIIOCOOOM MOJTY4YEHUS] KOHUIUI IPUOOB SIBIISETCS KUIKO-
(azHoe rTyOnHHOE KyIbTHBHpOBaHHE. OTHAKO KHUIKOCTh — HEO0ObIYHAs I TPHOOB cpena
oOuTaHMs, TaXKe U MOPCKUX BHIOB. Tak, 98 % MOpCKUX BHIOB rpnOOB BBIJICIICHBI U3 IO
BOJHBIX TBepabIx cyOcTparoB (Holker et al., 2004). Konunuu rpu0oB, noxy4eHHbIE B TI1y-
OMHHOHM KyJIBTYpE, 0 CBOUM MOP(OJOTHYECKHM U (PU3UOIOTUIECKUM CBOHCTBAM MOTYT
3HAYMUTENIFHO OTJIMYATHCS OT BO3/YIIHBIX, TIOIyYEHHBIX Ha TBepJIoM cyocTpate. Hampumep,
TITyOWHHBIE KOHUINH U Ostactoctiopsl Metarhizium anisopliae var. acridum OTIMYaNuCh 1o-
HIDKEHHOHM THIpo(OOHOCTHIO MOBEPXHOCTH (TPU3HAK, KOTOPBIH MOXKET OTBEYaTh 3a 3a-
KpEeIUICHUE CIIOp Ha KYTHKYJIe HACEKOMbIX), HO TIpOpacTalii ObIcTpee, 4eM BO3YIIHbIE KO-
auanu rpuda (Leland et al., 2005). Bonee Toro, K CIIOpOHOIICHUIO TPHU ITOTPYKEHHOM KYJIIhb-
TUBHPOBAaHUH, MO-BUAUMOMY, CIIOCOOHBI JIMIIL T€ MHUKPOMHLETHI, Y KOTOPBIX KOHWAWHU
00pasyroTcsl B pe3yIbTaTe MOYKOBAHMS — NPU HAJTMYUH OJACTHYECKOTO THIIA KOHHUIHOTe-
He3a (Hanpumep, Trichoderma, Fusarium, Colletotrichum, Phoma, Septoria) wiu nipu pac-
MaICHUM MULENUs Ha (parMeHTsl — apTPOKOHUANH.

Teepaodasnas pepmenrarus (TD) sensgercs Oonee eCTeCTBEHHON IS TPUOOB, TOCKOJb-
Ky OHHM 3aCeJIsII0T IPEHMYILIECTBEHHO TBEpHble CyOCcTparhl. MHOTOYHCICHHbIE pabOThI
MIOKa3bIBAIOT, YTO KOHUINH TPHOOB, Mody4deHHbIe pu roMonty TP, 00ranaroT MOBBIMICH-
HOW YCTOWYMBOCTBIO K TakMM CTpeccaM, KaK BBICYIIMBaHHME U IEpenaabl TeMIIEepaTyphl
(Holker et al., 2004). Tax, xoaugun Colletotrichum truncatum, TOXy9ICHHbBIC TIPH TOMOIIN
T® na BepMukynuTe ¢ 10OaBICHUEM Pa3IMYHBIX MUTATEIBHBIX BELlecTB, ObuIM Oosee BU-
PYJICHTHBIMHU M JIOJIbILIE COXPAHSITH KHU3HECIIOCOOHOCTD MOCIE CYIIKH, YeM KOHUINU Ipuoa,
MIOJIyYEeHHBIE B ITyOMHHOW KyJIBTYype Ha ONTUMH3MPOBAHHOM JKUAKOI cpene. ABTOPHI CBS-
3BIBAIOT 3TO U C TeM, 4To npu T koHuauu rpuda 0OBOJAKMBAIOTCS BHEKJIETOYHBIM Mat-
PUKCOM, KOTOPBI MOXKET BBITONHATH 3amuTHEIE QyHKOUH (Silman et al., 1993). ITosTomy
JUISL OTIPEJICTICHNs] CBOMCTB INIyOMHHBIX KOHUAWI UX MHOT/Ia CPABHUBAIOT C «ITATIOHOM) —
TOJIEPAHTHOCTHIO K BBICYIIMBAHHUIO, CKOPOCTBIO IIPOPACTAHMS U BUPYJICHTHOCTHIO BO3YIII-
HBIX KOHUIHH.

Korzaa nosy4enue riyOMHHBIX KOHUIUHA U 01aCTOCHOP TEXHOJIOTMYECKHU IIpodieMaThy-
HO (Hampumep, 11 00pa30BaHMs CIIOPOHOUICHHS HEOOXOANMO OCBEIICHHE, CIIOPHI CIIUII-
KOM OBICTPO TEpSIIOT )KU3HECTIOCOOHOCTH), B KAYECTBE WHOKYJIIOMA UCIIOJIB3YIOT MHIIEINH
rpuboB. Tak, OBIIO MTOKA3aHO, UTO MULENUH Alternaria alternata 3Ha9nTeNBbHO YPPEKTHB-
Hee KoHUIM U1 60pb0sI ¢ Eupatorium adenophora (Qiang et al., 2006). Paspaboran mu-
KOWHCEKTHIIH]T Ha OCHOBE Mulenusi Metarhizium anisopliae IpOTUB HEKOTOPHIX MOYBEH-
HBEIX BpeauTened kimokBsl (Booth et al., 2000).

MHorue 3aperucTpupoBaHHbIE U TOTEHIMAIBHBIE OUONIECTUIN/IBI B KAYECTBE aKTUBHO-
rO HaJaja CoAeprkaT XJIaMUAOCIIOPEI M MUKpOCcKiIeponun. HegocTatkoM 3Toro Trma mpoma-
T'YJI MOXeT OBbITb HepaBHOMEpHOe npopactanue. OpHaKO MpopacTaHue TIIyOMHHBIX KOHH-
it Rhynchsporium alismatis 6pu10 3HaunTENRHO XyXKe (40 %), vem xmamumgoctop (90 %)
9TOro rpuda, MoJaydeHHsIX B rryOouHHOM KynbType (Cliquet et al., 2004). MukpokoHnanm
Fusarium oxysporum ObuUIM MEHEe YCTOHUYMBBI K BBICYLIMBAHHUIO, YEM XJIAMUAOCIIOPHL; pa3-
paboTaHa XuIKas MHUTaTENbHAs cpema A moxydeHus mocnenamnx (Miiller-Stover et al.,
2001, 2002; Elzein, Kroschel, 2004). [Ipu riayounHOM KynbTUBUpOBaHUU Mycoleptodiscus
terrestris IPAaKTHUECKHU HE 00pa3yeT KOHUIUH, HO MUKPOCKIJICPOLIUH 3TOTO Iprba Mocie BbI-
CYLIMBaHHsI CIIOCOOHBI IPOpacTaTh MULEINEM U 00pa3oBeIBaTh KOHUAMOMEI (Shearer, Jack-
son, 2006). Muxpocknepouuu Colletotrichum truncatum, nony4eHHbIe B TTyOUHHON KYJIb-
Type, TydIlie epeHOCHIN cyIKy, ueM KoHuauu (Jackson, Schisler, 1995; Connick et al.,
1997).

B Hazmexne nmpeackasaTs KOMIO3UINIO «AACATBHON KIETKW» B ITOCIECTHEE BPEMS CTAIO
YIENATHCSI BHUMAaHUE N3YyYEHHIO CBOMCTB KJIETOYHON CTEHKH M OMOXMMHYECKOT'O COCTaBa
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IporaryJs rpudoB-IpOAyLEHTOB OHONECTUIUAOB B CBSA3U C X YCTOHYMBOCTHIO K HeOIaro-
MIPUSATHBIM BO3JICHCTBUAM (HanpuMep, 3aMOPaKMBaHHUIO WM BBICYIIMBAHUIO) ¥ IATOTCHHBI-
MH CBOMCTBaMH.

Y cTOWYNBOCTD IPUOOB K MOBBINICHHBIM HIIM MOHIKECHHBIM TEMIIEPaTypaM JIydlle BCEro
U3y4yeHa Ha NpUMeEpe JPOXOKEH M HEKOTOPHIX MOYBEHHBIX I'puboB. Tak, Mo cpaBHEHHIO
¢ Me30(WIBHBIME BUIAMH APOXKEH KICTKH KCePOMMIBHBIX M MCUXPO(HUIBHBIX TPHOOB
OoJiee aKTMBHO HAKaIUIMBAIOT IPOTEKTOPHBIE BEIECTBA — IIOJINOJIBI (TJIMLEPUH, MaHHHU-
TOJI, apaOUTON, SPUTPUT U APYTHE) U YTIAEBOIHI (TIIIOKO3Y, TPETAI03Y U HEKOTOPHIE APYTHE).
OTH BemecTBa CTaOMIN3UPYIOT CTPYKTYPY MeMOpaH U KoH(opMannio 6eIKoB IpH TeTIo-
BoMm moke (Hocking, 1993), samemniaroT Boay B MeMOpaHax U MPEIOTBPAIIAIOT €€ KPUCTa-
JU3AIMIO B KJIETKE IPH MOHIKEHHBIX TeMmepaTypax (Smith, 1993). TepmodunsHbIe TpHOBI
CoJIepKaT 3aMeTHO OOJIbIlle HACKHIIICHHBIX XUPOB, yeM Me3o¢mibHble (Magan, 2007).

HexkoTopsle U3 yKa3aHHBIX BELIECTB SABIIAIOTCSA PE3EPBHBIM IHTATEILHBIM MAaTEPHAIOM
KJIETOK IpUOOB M WIPAIOT OINpPENENICHHYIO POJIb B LUKJIE MX pa3BUTHA. Tak, MyTaHTHBIC
HITaMMBI (PUTOMATOTeHHOTO Tpuba Botrytis cinerea Pers., HecriocoOHbIE K CHHTE3Y Tperasio-
3bl, OB MEHEe YCTOWYMBBI K BO3JCHCTBHIO TEIUIOBOrO IIOKA W IPOPACTANH XyXKe, YeM
HITAMMBI TUKOTO THIIA, YTO, OJHAKO, HE BIMSIIO HAa UX BUPYJIeHTHOCTH (Dochlemann et al.,
2006). MytaaTHBIE TITAMMBI Stagonospora nodorum (Berk.) Berk. — Bo30yauTens natHu-
CTOCTH JIUCTHEB 3J1aKOB, HECIIOCOOHBIE K CHHTE3y MaHHHUTOJIA, COXPAHSUIN BUPYJICHTHOCTD,
HO TepsUIH CITOCOOHOCTH K CIOpoHOIIeHuo in planta (Solomon et al., 2006). Conepkanue
HEHTpaJbHBIX JIMIHUI0B B MHUILEINN BUPYJICHTHBIX M aBUPYJICHTHBIX IITaMMOB (DPUTOIIATO-
reHHsixX Verticillium dahliae v V. lateritium He pasnu4danocs (Ten u np., 1977). BeisiBieHst
3HAYUTENBHBIC PA3IMYMS B COJACPKAHHUHU JIMIIUAOB M UX COCTABE B MHLICIUHM U KOHUIMAX
Metarhizium anisopliae (Pupin et al., 2000).

HHTepecHOo, 4To Ka4yeCTBEHHBIH M KOJIMYECTBEHHBII COCTaB IPOTEKTOPOB B HCKYCCTBEH-
HO ITOJIyYCHHBIX Ha CTaHAAaPTHBIX OOraThIX MMUTATEIFHBIX CpellaX U MPUPOAHBIX CIIOPaxX IPH-
00B cuibHO paznuvaercs. llociiesHue, Kak MPaBUIIO, COAEPKAT OOJbIIEe MPOTEKTOPOB,
HAMHOTO arpeccuBHee, Oojiee TOIEPaHTHBI K abnoTuueckuM ¢akropam. Ha mpumepe psina
HNOTEHLIUAIBHBIX OMOMHCEKTHLUIOB U OMO(QYHTUIMIOB OBbUIO MMOKAa3aHO, YTO KOHUJIUHU HX
MPOIYLICHTOB, OJTYyYSHHBIE HA IUTATENbHBIX CPelaX, KOTOPbIe CTUMYJIHPYIOT HaKOIUICHUE
B HUX IPOTEKTOPHBIX BELIECTB, ObUIN 3(p(hEeKTUBHEE B ITOJIEBBIX YCIOBUSX, YEM HHOKYIIIOM,
MOJTy4eHHBIN Ha 0OBIYHBIX Oorateix cydctparax (Magan, 2001; Shah et al., 2005).

[Janee OyayT paccMOTpEHBI HEKOTOpBIE JOCTM)KEHHS B IOIYYEHHM MPOMArysl TpH-
0OB-IIPOAYIICHTOB OHOIECTHIIUIOB.

TBeprnodazHoe KyJIbTHBHUDPOBaHUeE. B nociensee Bpemst HaOmogaeTcs 3Ha-
YUTEJNBHBIA NPOrpecc B KOHCTpyHpOBaHUH OnopeakTopoB st Td. Hekoropele OnorexHo-
JorU4ecKue KOMITaHu! (HampuMmep, Hemenkast hupma Prophyta, www.prophyta.com) moumy-
YaroT MH(EKIUOHHBII MaTepHan (KOHUAWM) JJISi MUKOIIECTHIUIOB HCKIIOYUTENBHO HPU
niomony Td. [yt HeOONBIINX MPOU3BOJICTB MPEIIOKEHBI CHIEIUANIbHBIE «MUHH»-0HOpeak-
TOPBI — TOJHIIPONIMIICHOBRIE IMaKeTH ¢ nepdopanueit (Barlett, Jaronski, 1988; de Vrije et
al., 2001). ITomynpoMsllIeHHAs TEXHOJIOTUS MoJy4YeHust KoHu i M. flavoviride na puce B
TIOJTATIPOTTIICHOBBIX TIAKETAX MO3BOJISIET MONMydaTh mpuMepro 1.5 X 1012 xkoruauii/kr cy6-
cTpara rnpu padodem nuxiie 82 xr, 1.6 nukinos B Hegemto (Jenkins et al., 1998). Paspaborana
TEXHOJIOTHs TonydeHus Kouumuit Coniothyrium minitans (6omee 5 X 104 konnamit/m>
(epMeHTepa) B MPOMBIIUICHHBIX Onopeakropax it Td paznuyHOro THIIA HAa 3€pHE OBCa
(de Vrije et al., 2001; www.prophyta.com). Hexoropsle Buibl rpudoB (Harpumep, U3 poJioB
Ascochyta, Alternaria) oOpa3yrOT CIIOPOHOIICHHE TONBKO MPH ONMKHEM YIbTpadHOIeTo-
BOM OOJIy4EHUU KYJBTYD, 4YTO JENaeT MPaKTHYECKH HEBO3MOXKHBIM ITOJyYEHHE KOHUANHN
IIPU ITIOMOLIH TITyOuHHOH sxunkodasHoit pepmentanuu. [Ipu KyIbTHBHPOBAaHUH UX B CTEK-
JSIHHBIX OmopeakTopax 3Ty npobiemy st T® moxkHo pemmnts (Peter Liith, Prophyta, nnu-
HOE COOOIIEeHHE).

[Tpy TO MOXKHO MaHHIYJIUPOBATh TAKUMU Ha4yaJbHBIMH MapaMeTpaMu KyJIbTHBHPOBa-
HUs, KaKk cyOcTpar (MUTATebHOCTh, pa3MEp YacTHUIl, BOIOIMOTIIOIIAIONIAS CIIOCOOHOCTD),
ero BIaXXHOCTh, pH murarensHOit cpenpl. OqHako B OmopeakxTopax ansa T kpaitHe TpyaHO
YCTPaHUTh I'PaJIUEHT TEMIIEpaTyphl U KOHLIEHTPALMU KHCIIOpoJia B ciioe cyocrpata (Barlett,
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Jaronski, 1988; Holker et al., 2004). [ToBpiieHre TeMIIepaTyphl B pe3yIbTaTe BBIACTICHUS
METa00JIMYECKOTO TEIlIa MOKET NMPUBOANTH K CHIDKCHHIO BIIAKHOCTH BEPXHHX CIIOEB CYO-
CTpara WM ero KOMKOBAaHHUIO B HIDKHHX CJIOSIX, YTO MOXKET 3aMe/JISITh POCT Tpuda M WHTHU-
6upoBaTh criopoHomenne. O6pazoBanne KoHURUHN Alternaria cassiae u A. crassa Ha TBep-
JBIX TUTATEIbHBIX CpellaX MOJAABJISIIOCH NMPH TOBBINIEHHONW KOHIIGHTPAIMU YTJIEKHCIIOTO
ra3a (Smart et al., 1992). JlarHyt0 po0diIeMy MOXKHO PEIIHTh IIyTEM IT0A00pa BOAOY IEPKH-
BaIOIIMX 100aBOK K cyOcTpaTy (HampuMmep, TPECTbl KOHOILIN), COOTBETCTBYIOIINM IIepeMe-
IIMBaHUEM M adpanmeii cydcrpara (de Vrije et al., 2001).

Juist T mMoryT ObITH HCIIOJIB30BAaHBI Pa3HOOOpa3HbIe CyOCTpaThl: OpraHndeckue (3epHo,
ceMeHa, OTXOIbl NepepaboTKU PACTUTENHFHOIO U IHIIEBOTO ChIPbs) WIIM HEOPraHUYECKUE
(Hampumep, MEPIINT, BEPMUKYJIIHT), C T00aBICHUEM ITUTATEIFHBIX BEIIECTB. V3BecTHA 3asB-
Ka Ha NaTeHT, IJe 3ePHO SIUMEHS Ipe/IIaraeTcsl Kak YHHUBEepCalIbHBIA CyOCTpaT JUIsl oy4e-
HUS KOHUIWH PHTOMOIATOTeHHBIX rudomureToB (Bradley et al., 2002). Bricokwmii BeIXox
xu3HecrocoOHbIX KoHuauit (0.8—1.0 X 10° konunuii/r) Bipolaris euphorbiae nony4eH Ha
3epHAX COPro M KyKypy3sl (MonkopHe) Ha 15-e cyTku pocta (Marchiori et al., 2001). J{st A/-
ternaria alternata f. sp. sphenocleae mydmmmM 3epHOBBIM CyOCTpaTOM OBLIO COpro: Ha 28-¢
CYTKH KyJbTHBHpOBaHus B TeMHOTe mpH 28 °C rpub o6paszosbiBan 2 X 106 koHuaMI/T Cy6-
CTpaTa, KH3HECTIOCOOHOCTh KOTOPHIX 3a 12 MecsaneB xpaneHus npu 24 °C cHIKanach JHUIIb
Ha 10 % (Masangkay et al., 2000). KokocoBble CTpYXKH B KYKYpPy3Has Kpyra CTUMYJIUPO-
BaJI CHIOpOHoOIIeHUe y Stagonospora convolvuli LA39 Ha yposae 3—35 X 108 koHUIHI/T
cyOctpata Ha 15-¢ cyTku mHKyOammu npu 20 °C 1 0OCBENICHUH JTIOMHHECIICHTHRIME JIaMIIa-
mu (Pfirter et al., 1999).

KonmgecTBo HecBsI3aHHOW BOABI B cyOCTpaTe (3€pHE MIIECHHUIIBI) BIUSUIO Ha BBIXOJ KO-
Huauit Epicoccum nigrum v COAepkaHue B HUX MTPOTEKTOPHBIX BEIECTB — ITOJIMOJIOB H Ca-
xapoB. IIpn nmognep:kxaHNM MOHMKEHHON aKTUBHOCTH BOJIHI B cyOcTpare (a,, = 0.98) mytem
CMELIMBAHUS BOABI C TIIUIEPHHOM CIIOPOIPOYKTHBHOCTH Iprba Obliia BEIIIE, YEM IIPU akK-
THUBHOCTH BOJIBI B 3¢pHOBOM cyOcTpaTe, paBHOi 0.996. I1pu moHmKeHHONH aKTUBHOCTH BOJIBI
(0.98) B cyOcTpare koHuaMH E. nigrum copepkajau 3Ha4UTeIbHO OO0JIbIIe TIHIEpPHHA, YeM
IIPY MOBBIIICHHOW akTUBHOCTH BoJbI — 0.996 (Pascual et al., 1999). [Ipu xpaHeHuu B BUC
macTsl pu Temreparype 25 °C xkornnanu E. nigrum, NodydeHHbIe Ha KapTO(eTbHO-TITFOKO03-
HOW arapu30BaHHOIl cpejie C IMOHM)XEHHOH aKTHBHOCTBIO BOIbI (ay, = 0.98), coxpaHsumn
Gosiee BBICOKMI ypOBEHb BBIKMBAEMOCTH, YeM KOHUAMHU, 00pa30BaBIIMECS IPH BBICOKOM
CoJIep)KaHUH HeCBsI3aHHOH BoxbI (a,, = 0.995) (Pascual et al., 2002). Ouenp yacTo mpuxo-
JIUTCSl MCKaTh KOMIIPOMHCC MEXIYy KaueCTBOM HHOKYJIOMa (COJepKaHHUEM IIPOTEKTOp-
HBIX BEIECTB) M €0 BBIXOJOM, ITOCKOJIBKY 3TH XapakKTEPHCTHKH IOA4Yac HE COBIAIAIOT.
Tak, MakcCUMalbHBIA BBIXON KOHUIWN Beauveria bassiana Ha puce ObUT TOIYYCH
pu a,, = 0.999, pH 5.0—6.0, B To BpeMs1 Kak MaKCUMaJIbHOE HaKOIUIEHHE TOIHOIOB (TIIH-
LIepUHa W 3PUTPHUTA) B KOHUAMAX rpuba Habmoxaitoch npH a,, = 0.950 u pH 4.5 (Taroc-
co et al., 2005).

3HaYNUTENFHOE KOJIMYECTBO MTPOTEKTOPHBIX BEIIECTB (IIOJIHMOJIOB, TPETaNo3bl) ObIIIO 00-
Hapy>XEHO B XKHKOCTH, IIPH TIOMOIIX KOTOPO# CMbIBall KOHUANYU Epicoccum nigrum c 3ep-
HOBoOrO cyOctpata (Pascual et al., 1999). Bo3MoxHO, 4TO 9aCTHIHO KOMIIEHCHPOBATH TOTE-
pIO 3AIIUTHBIX BEILIECTB, COACP)KAIIUXCS BO BHEKJIETOYHOM KOHMIHMAJIBHOM MAaTpHKCE,
MOJKET CMBIB KOHMJHH ¢ cyOcTpara (H3HOJIOTHYECKUM pacTBOpoM. IIpenrnonoxuTensHo,
9TO TMPUBOJIUT K MOJAM(UKAIMKM KIETOYHBIX MEMOpaH M TIOCJIEAYIOIICH IOBBIIIEHHOMH
YCTOMYMBOCTH KOHUJMI HEKOTOPBIX TPUOOB K BBICYIIMBAHMIO, YTO [OKA3aHO HA MpUMeEpe
Colletotrichum truncatum (Montazeri, Greaves, 2002).

XKunpkodaszHoe KyAIbTHUBHUPOBAaHHUeE. BO3SMOXKHOCTH MOJTHOCTHIO KOHTPOIIMPO-
BaTh nporiecc (epMEHTAINN U €€ CPABHUTEIBLHO KPATKas MPOJOIKUTENBHOCT (HECKOIBKO
CYTOK) — HECOMHEHHOE MPEUMYIIECTBO TIIyOnHHOH *)uaxodaznoi Gpepmentanuu (IKD)
nepen T®. Jlyis MHOTHUX MPOAYIEHTOB OMOTIECTHIIMIOB pa3paboTaH COCTAB JKUIKON MHUTA-
TEJIFHON Cpellbl M YCIIOBHS TTyOMHHOTO KyJIbTHBHpPOBaHHUS. Tak, cpela KOMMEpUYECKOro
tuna it nonydenus kouunuit Colletotrichum truncatum BrirodaeT riokosy (20 r/m),
IPOXOKEBOM IKCTPakT (2.5 /1), Pharmamedia (7.5 /11, Myka U3 ceMsH XJIOTYaTHUKA) U pa3-
JUYHBIE cOH. 3a 72 4 pepMeHTannu odpasyercs 6onee 6 X 107 konuauii/mi (Silman, Nel-
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sen, 1993). Jlns momydeHHus BBICOKOTO THTpa Omactocmop Paecilomyces fumosoroseus,
YCTOWYMBBIX K BBICYMIMBaHHIO (IO mIN3anun), Obuia ONTHMU3UPOBAHA ITUTATENbHAs Cpe-
Ja, mo3Boisiromias moiydark 1—2 X 109 cmop/mi 3a 48 4 ¢epmenranuu. Pemaronmmu
(aKTOpaMu SABISUINCH: BHICOKAs! KOHIIEHTPAIHS IIOCEBHOTO MaTepHrasa, 00raTblii aMHHOKHC-
JIOTAMM UCTOYHHK a30Ta u MUKpoaneMmeHTHI (Jackson et al., 2003). PazpaboraHbl cocTas mu-
TaTeIBHON cpeasl U mapaMeTpsl GpepmeHTanuu (2 % MoceBHOrO MaTepHana, JIUTEIbHOCTh
120—160 1) a7st ctaGUIBHOrO MONTydYeHHs! Bhicokoro Tutpa (6omnee 1 X 108 KOE/mu) 3pe-
neix xaamupoctop Gliocladium virens mramma GL-21 (Eyal et al., 1997).

st mosy4eHust He00X0MMOT0 THTPa WHPEKIMOHHOTO MaTepHaa, 00JIagaonero Bbl-
COKOI1 )KHM3HECIIOCOOHOCTBIO M IAaTOTEHHOCTBIO, a TAKXKE YCTOHUMBOCTHIO K CTPECCOBBIM
(akTOpam, cocTaB KUAKOM MUTATENFHOHN cpeisl TpeOyeT onTuMu3anuu. i 3Toro ycnem-
HO OBUI peaJin30BaH CIENYIOUIMHA alTOPUTM ONTHMH3ALUKM COCTaBa MHUTATEIBHON Cpelbl
(Jackson, 1997): 1) mogbop 6a30Boii cpenbl ¢ HAOOPOM BUTAMHHOB H MUKPO3JIEMEHTOB, Ha
KOTOPO# 'pHO XOpOIIO pacTeT U/WIK CIIOPOHOCHT; 2) 1o100p UCTOYHUKOB YIIIepoJia U a3o-
Ta U ONpe/ieIeHUe UX ONTHMAIIbHBIX KOHIEHTPALUK U COOTHOIICHHUS; 3) 3aMeHa UCKYCCT-
BEHHBIX HCTOYHHKOB YTJIEPOJIa M a30Ta Ha JIeleBble TPUPOAHBIE. [ MOBBIIEHNS BBIX0O/1A
koHuauid Gloeocercospora sorghi n Septoria polygonorum n0cTaTo4HO OBICTPOM M yCIIEIl-
HOW OblTa KJIaCCHYECKash METOJO0TOTHs (aKTOPUAIBHBIX HKCIIEPHUMEHTOB B COUYCTAHHH C
KOMIIBIOTEPHBIM MOJICITUPOBAHMEM IMOBEPXHOCTH OTKIHKA (response surface model) (Mitc-
hell, 2003; Mitchell et al., 2003).

Jis momydeHust BBICOKMX THTpoB KoHuamii Colletotrichum coccoides ontuManbHas
KOHLIEHTpauus yriepoza B cpene cocrasisuia 20 r/n npu cootHoumenun C/N =10 : 1 (Yu et
al., 1998). Y Colletotrichum truncatum MAKPOIUKINIECKOE CIIOPOHOIICHUE OBIIIO HHIYIIH-
POBaHO Mpu KOHIIEHTpanuu yriaepona B cpeae 4—16 v/mu C/N ot 10 : 1 10 80 : 1. [Ipu koH-
LEHTpanuy yriepoaa 6oiee 25 1/1 B TIIyOMHHON KyJIbType 3TOTo Iprda 0Opa30oBBHIBAJIICH
MHUKpOCKJIepoIMH. MakcumanbHbIi Beixox koHuani C. truncatum OBbUI TIOJyYeH TPU KOH-
ueHtpamuu yrinepoga 4—8 r/m u C/N =30 : 1, ogHako Oojiee MaTOTCHHBIMU U YCTOWYH-
BBEIMH K CYIIKE OKa3aJnCh KOHHIHUH, BBIpAIlcHHBIC Ha cpene, B kKoTopoit ¢ C/N=10: 1.
Takue koHUIUM cofepkany OoJblie OENKOB, TPErajao3bl ¥ MOJIUOJIOB, HO MEHBIIE IIIIOKO-
35l W JUMHIOB, YeM BEHIpAlIcHHBIE Ha cpeaax, B KoTopeix C/N=30:1 u 80:1 (Jack-
son, 1997; Wraight et al., 2001; Montazeri, Greaves, 2002; Montazeri et al., 2003).
Ha mrTaMmMax 3HTOMONATOT€HHBIX IPHOOB M aHTArOHUCTHYECKUX MUKPOMUIIETOB ['ao u co-
aBTOPBI MTOKA3aJIH, YTO 3aBUCHMOCTh POCTa U CIIOPO0Opa30BaHMs IPHOOB OT KOHIICHTPALIUH
U COOTHOILIEHHS YTJIEpoJia U a30Ta He TOJBKO BHIOcHenr(uiecKas, HO U ITaMMOCHELH-
(ugeckas.

TOHUYHOCTH )KUAKON MUTATENBLHON CPEAbl, MM €€ BOJHBIM MOTEHIMAJ, OKa3bIBaeT 3a-
METHOE BIIMSHHUE Ha BBIXOJ] U KAUY€CTBO IIPOMAryJl HEKOTOPBIX TPHOOB-IIPOIYLIEHTOB OHOTIE-
cruuuioB. Tak, BuepBble ObuIO moiydeHo crniopoHowmenue Ulocladium atrum B >Xunkoit
cpele ¢ MOHMKEHHBIM BOAHBIM moteHiasnioM (¥ =-2.1 MPa) B pe3ynbpTare qo0aBieHus
B cpexny riuuepuna (7.3 % macca/odbem) u xsopuia kansius (20 mM). I'imryOnHHbIE KOHH-
JIMM TpuOa, MOoJTyuYeHHBIEe Ha CpeJie C IIOHMKEHHBIM BOJHBIM ITOTEHIHATIOM, COXPaHSIIH )KU3-
HECTIOCOOHOCTh Ha YPOBHE BO3AYIIHBIX KOHMAWHA. ConepikaHHE MOIHOJIOB U TPETAIO3BI
Y BO3AYIIHBIX KOHUAMN M KOHUAMH, ITOJyYEHHBIX Ha KHUKOU cpeJie C MOBBIIIEHHOH TOHNY-
HOCTBIO, ObUTO mpuMepHO oxuHakoBbIM (Frey, Magan 2001). IToBplmeHHas TOHHYHOCTH
(ocmomsmbHOCTE 804—1454 mOsm) >xuaKoi nuTarenbHoN cpenbl, cozaannas S0—150 r/n
nommaTuieHrnukoist PEG 200, moBslmana BBIXOJ MOTPYKEHHBIX KOHUAWN Metarhizium
anisopliae var. acridum nipumepHo Ha 25 %. OHHU 0071a1a)11 TOBBIIIEHHON MaTOTEHHOCTHIO
U TOJIEPaHTHOCTHIO K BeicymmBanuio (Leland et al., 2005).

Hpyroii ctpecc-hakTop — HEONTHUMAIBHBIN UCTOYHUK yriepona (PppyKTo3a, JaKTo3a,
rajjaKkTo3a) CTUMYJIMPOBal oOpa3oBaHHe KOHUIUH M. anisopliae, yCTOWYNBBIX K JalibHe-
My yibTpaduoneToBoMy obmydeHuto (< 290 HM) ¥ HakalUIMBaIOIIUMX MPUMEPHO B 2 pa3a
OoJbIlle MAaHHHUTOJA W TPETAIO3bl, €M Ha MHUTATEIBHOW cpelie ¢ TIIOK030H, Ha KOTOPOi
HaOJI0 AT MakcHManbHOe o0pasoBanue kouuauii (Rangel et al., 2006). [Ipu KyabTHBHPO-
BaHUM Beauveria bassiana Ha cpeze, conepKaiiei n-rekcafekaH B KaueCTBE EMHCTBEHHO-
T'O MICTOYHHKA YTIIEPO/a, COCTaB JIMITHUIAOB B MULEITNH CYIIECTBEHHO W3MEHMJICS IO CpaBHe-
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HHUIO C MHILIEINEM, TTOJyYCHHBIM Ha CPEZE C INIIOKO301, — COIEP)KaHUE HACHIIEHHBIX KH-
POB YBEIHUYWIOCH IPUMEPHO B 2 pa3a. [Ipy 3TOM maToreHHOCTh KOHUIWH, ITOJy4eHHBIX Ha
cpezie ¢ yKa3aHHBIM allkaHOM, Obljla MPUMEPHO B 3 pa3a BbIlIE, YeM Y KOHHMHMH, MOJTy4eH-
HBIX Ha cpenie ¢ Taroko30it (Crespo et al., 2002).

Crabunusanus npomnary . buomarepuan, nonyueHHbI B pe3ysbTare pepMeH-
TaIlM{ 1 OTEJICHHS €TO OT KyJIbTYPaIbHOM *KUIAKOCTH MM TBEPAOTO CyOCcTpara, Kak MpaBH-
J0, HE MOJUICKUT JOJIrOMYy XpaHeHHI0. J[axe Npu MOHIKEHHOW TeMieparype XpaHEeHUs
CIIOpBI IPUOOB, HE TOBOPS O MULEIUH, IIPU JOCTATOYHOH BJIAXKHOCTH CIIOCOOHBI K Ipopac-
TaHMIO, YTO BEJET K X TMOENN B OTCYTCTBHE NMUTAIONIETO cyOcTpaTa. MHOrHe OMonecTUIN-
JIbl, TIOJY4€HHbIE Ha PErHOHANBHBIX MaJlOTOHHAKHBIX MPOU3BOJCTBAX, IPUMEHSIOTCS 10
9TOH NpUYMHE B TCUCHUE HECKOJIBKIX HE/IENb IT0CIIe OKOHYaHHS (pepMEeHTaln!, KaK, HalpH-
Mep, Mukorepounua DeVine™ Ha ocHoBe criop Phytophthora palmivora (Wraight et al.,
2001; Auld et al., 2003).

Ha xpynHBIX OMOTEXHOJOTMYECKHX IMPOU3BOJICTBAX >KUBYIO OCHOBY OMOIIECTHLIUIOB
TpebyeTcs: cTadMIM3UPOBaTh — Ha JJIMTENBHOE BPEMsl IPEAOTBPATUTh MTPOPACTaHHE TPO-
naryn (MHQEKIMOHHBIX €AWHUI). DTO JOCTHraeTcsi B OCHOBHOM KOHILIEHTPHPOBAHHEM,
CYNIKOM WM HMHKAaICyJIsILueidl Ouomarepuana B IOJMMEPHbIE OOOJOYKH M XpaHEHHUEM
B ONpeAeieHHBIX ycioBuax. COBpeMEHHbIH OnompenapaT B uaeaie JODKEH XPaHUTHCS HE
MeHee 2 net npu 4 °C, okosio ogHoro roja mpu 20—25°, tpu Mecsna npu 30°, HECKOIBKO
cytok mpu 40—50 °C (Wraight et al., 2001).

JIJ11 HEKOTOPBIX MUKPOOPTaHU3MOB W3BECTHBI MIPOCTHIE M HEJIOPOTHE CIIOCOOBI CTabH-
Jau3auuu ¥ xpaHenus. Hampumep, nHQEKIMOHHBI MaTepuan aHTarOHUCTHYECKHX IITaM-
MOB Fusarium oxysporum TOJIy4aroT, CyImiaT ¥ XpaHaT B Topde. Cropsl rpuda He TepsioT
KU3HECTIOCOOHOCTH HecKobKo JeT (Alabouvette et al., 2007). YHuBepcalbHBIX pELIENTOB,
OJTHAKO, HE CYIIECTBYET, U ISl K&KAOTO BHA rprda, ero THIA IpOomnaryl TpedyeTcst IIOMCcK
ONITUMAJIBHBIX CIIOCOOOB CTaOMIN3alMU U YCIOBUIM XpaHCHHUS.

Kak u3BecTHO, pOCT 1 pa3BUTHE TPUOOB CHIILHO 3aBHCAT OT TEMIIEPATYPhI, JOCTYITHOCTH
Bozbl, pH cpensl M KOHLEHTpanuK Kucsopoa. st cTaduinu3anny nponaryi rpuooB MaHH-
NYJIMPYIOT STUMU (DaKTOpaMu: HCKYCCTBEHHO MOHMKAIOT pH ¥ akTHBHOCTB BOJIBI B )KUJIKHX
IpenapaTax, MoJACPKUBAIOT HU3KYI0 TEMIIEPATypy, XpaHAT UX IPH ITOHWKEHHOM COZEep-
»aHuu kucinopoaa (Magan, 2007; Teshler et al., 2007).

Criopsl MHOTHX TPYIII MUKPOMHLIETOB COJEPKAaT MHTHOUTOPBI, MPEAOTBPAILAOIINE X
MIpopacTaHue B INIOJOBBIX TeJIaX, KOHUIMOMAX U IyCTyJaX Jake IpH OJaronpusTHBIX IS
9TOr'0 BJIAYKHOCTH M TEMIIEpAType. ITH HHIMOUTOPHI, BBIACICHHBIE B YUCTOM BHJIE U3 CIIOP
HEKOTOPHIX pKaBUYMHHBIX TpuboB u Colletotrichum spp., obmagamu (QyHTUCTATHICCKIM
neiictBueM (Macko et al., 1970, 1971; Lax et al., 1985; Inoue et al., 1996; Ley et al., 2003).
[To muenwmro crieranucToB (Sparace et al., 1991), oHn MOTYT OBITH HCITOJTE30BAHBI KaK IIPH-
POJHbIE KOHCEPBAHTHI, HAIPUMEP ISl CTA0MIM3aluH TITyOMHHBIX KOHUIUH.

ATrperupoBaHHbI€ B CIIOPOBMECTHIIHIIAX CIIOPBI MHOTHUX TPHOOB CITIOCOOHBI TEPEKHUBATH
ce30H U 0oJiee [UINTEIbHOE BPEMsI IIPH KpaiiHe HeOIarOoNpHUsATHBIX IEPEMEHYNBBIX yCIOBHU-
SIX BHEIIHEH cpeibl, BKIIOYasi BBHICYIIMBAHHE, COJIHEUHYIO PaJMaIlMI0O U HU3KHE 3UMHHUE
Temmepatypsl. Kak mpaBuiio, Takue Copbl MUTMEHTUPOBAHBI, OKPYXEHBI TOJICTOH 0007104-
KOl (HanpuMep, MUIMEHTHPOBAHHbIE TEIEHTOCIOPHI PXKABYMHHBIX M TOJIOBHEBBIX TPHOOB)
WM 3aKJIFOYECHBI BO BHEKJIETOYHBIH MaTpHUKC (HAIpUMEp, Y LIEIOMHLETOB). AHAIN3 XUMH-
YEeCKOT0 COCTaBa KOHUAMAIBHOW CIIM3H y psAja BUROB Ascochyta n Phoma mokasai, 4To oHa
COJICP)KUT MUTMEHTBI, [JIIOKO3Y, TOJIMcaxapuabl, TUPO3uH U Oesiku. [Ipy BBIMBIBAHUHU CIIH3H
KOHUJIMH Xy’ MpPOpacTaloT, MEHEC YCTOWYMBHI K BBICYMIMBAaHHIO M Y D-00IydeHUIO
(Ycnenckas, PemernukoBa, 1979; Yenenckas u ap., 1980). Ananoru4sslie JaHHbIE TOTyde-
HBI TIPH U3YYCHUH XUMHUYECKOTO COCTaBa KOHUAMANBHOTO MaTpukca Phomopsis convolvu-
lus (Sparace et al., 1991).

Hanuune B rpuOHBIX KIETKax MPOTEKTOPHBIX BEUIECTB ((EHOJBHBIX ITMIMEHTOB, IMO-
JIMOJIOB, CaxapoB) M TOJIIMHA KIETOYHON CTEHKH MIPAIOT BaXKHYIO POJb B yCTOWYHBOCTH
K UCKYCCTBEHHOMY BBICYIIMBAHHUIO Y M€30- U TUTPO(WIBHBIX TpuboB. [IurmMeHTsI, ocobeH-
HO (peHONIbHBIC, CIOCOOHBI K YTHIM3AIHA CBOOOIHBIX KUCIOPOAHBIX PaIiKaioB, 00pazoBa-
HHUE KOTOPBIX HHAynupyetcs B nporecce cynku (Hoffmann, 2001; Magan, 2007). IToaTomy
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IIPY BBICYHIMBAaHUM K OMOMaTepuany H00aBISIOT IPOTEKTOPHI B KoHIeHTpanuu 5—20 %,
KOTOPBIE PEryJIMPYIOT OCMOTHYECKOE JJaBJICHHE U YCTPAHSIOT BPEJIHOE BO3IEHCTBIE KUCIIO-
poza U CBOOOAHBIX PaJAMKajIoB. XpaHUTh BBHICYIICHHYIO OMOMACCy JKeJIaTesIbHO B TEMHOTE,
IIPY MUHMMQJIBHOM JOCTYyIIE KHCIOpOJa. BaskHBIM 3Tamom sBiseTcss W oOpaTHBIN mpo-
Hecc — perujparalnys, KoTopas IoJDKHa ObITh IOCTENEHHOW, BO BIaXXHOM aTtMmocdepe,
B TEIUIOW BOZE, YTOOBI HE MOBPEeIUTh KieTounble MemOpansl (Hoffmann, 2001).

KoHnenTpupoBaHue U KoHcepBanus 0uomaccsl [Ipuroronenue cyc-
MIEH3MOHHBIX KOHLIEHTPATOB, KOHIICHTPAT-IMYJIbCHI U NACT ¢ J00aBICHHEM KOHCEPBAaHTOB
(MHrHOMTOPOB ITPOpACTaHMsl, AHTHOMOTHKOB U ITp.) — HauboJee NpocThie CIIoco0bI cTadu-
JHU3alMU U XpaHEHHs Nporarys rpuboB, OCOOCHHO eciii MH(EKIMOHHBIA Marepuan He-
YCTOWYHB K BBICYITHBAHUIO.

Konyenmpamol. Pazpaborana sxujkas npenapatusHas ¢popma OnoQyHIHIIKAIA HA OCHO-
Be Opoxkelt Rhodotorula minuta nns O60pb0OBI ¢ aHTpakHO30M MaHTO. JloOaBneHme
rimneprHa (20 %) u xcanrana (0.5 %) K KOHIEHTPHPOBAHHOH CyCleH3UH OHomarepuaa
(10°% KOE/min) npeoTBpaiiagio KOHTAMUHALIMIO TIperapara i ocaxkaenue kietok. [Ipu rem-
nepatype 4 °C xonuyectBo kononueobpasyromux eanuun (KOE) B npenapare cHIXaloch
npumMepHo B 100 pa3 uepes 6 mecsiies xpanenus (Patino-Vera et al., 2005). J{ist xpanenus
OMOMHCEKTHIIIa Ha OCHOBe Muuenus Lagenidium giganteum pa3paboTaHa KOHIICHT-
par-amyiiscust, conepxanias 40 % paduHUPOBaHHOTO KyKYpy3HOrO Macia ¢ J00aBiIeHHeM
smynbraropa u aspocmia (AEROSIL Fumed Silica, R974). TTocneanuii (B KOHIIEHTpAIMH
0.5 %) mpenoTBpaman ceJUMEHTALUI0 MHULEINsS U ero arperanuro. Ilpemapar xpanuics
12 Henenb npu KOMHATHOH Temriepatype 6e3 norepu 3G(HeKTHBHOCTH MPOTUB JIMYUHOK KO-
MapoB.

Hacmeur. Munenuii Trichoderma asperellum (tutamm GSS 03-35), monydeHHbIA Ha
CHeIHaIbHO MOK00paHHOH cpee B IIyONHHON KyJIbTYpe, YAaJI0Ch CTAOUIN3UPOBATh KOH-
neHrpupoBanueM (1o 6—10 % cyxoro BemiecTBa) B HacTy, COJCPKAILIYI0 KyKYpy3HBIH
kpaxmai (5 %) B kauecTBe 3arycturens. Murnenuii rpuda KOHCEpBUPOBAIH MTOJIKUCICHUEM
mactsl 10 pH 3 u nobasnennem cynbdara meau (20 mr/m). B mporecce XxpaHeHUS MULICITHA
rpuba MmocTerneHHo NpeoOpa3oBBIBAIICS B XJIAMHIOCIOpPHl M KoHUauH. [IpemnapaTt xopormio
xpanwmicsa He MeHee 6 MecsteB Tpu 20 °C u 6611 3¢ PeKTHBEH IpH 3amuTe TIICHUIH OT (y-
3apuo3a xosioca (Komomber, 2006; Kolombet et al., 2008).

Cymka. BeicymuBanne MH()EKIIMOHHOIO MaTepHaia SBJISETCS OCHOBHBIM METOIIOM
CTa0MIN3alMK HHOKYIIOMa. [IToMHMO ITPOCTOM CYNIKHM TEIUIBIM BO3/IyXOM Ha MOJ/IOHAX HC-
HOJIB3YIOT PACHBUIMTENFHYIO CYIIKY, CYIIKY B IICEBIOKHUILIIIEM CIIO€ M JHO(UIN3aLuio.
Crioco06 cymku BEIOMPAIOT B 3aBUCUMOCTH OT €T0 JIOCTYITHOCTH/CTOUMOCTH M OT 4yBCTBHU-
TEJILHOCTH OMOJIOrMYecKOro MaTepuaia K HeMy.

Koneexyuonnas cywxa. buomatepuan, CMEIIaHHBIN ¢ HAOJIHATENSIMH U MIPOTEKTOpA-
MU, PacKJIaJbIBAlOT B II0JOHaX TOHKHUM CJIOEM U CyIIaT TOKOM Bo3xyxa. Takum oOpasom,
noiy4aroT 6nopyHrunu Tpuxoaepmut (buorexmami, YkpanHa) B BUAEC CMayMBaIOIIErOCs
mopomka (Crapuesckuii, Camoiinos, 2002). 3TOT mpocToil crrocod CYIIKH MOXKET IpuMe-
HATBCS JUIA HEOOJIBIIMX MapTHiH OnoMaTepuaina U IJisl IPeJBapUTEIbHBIX SKCIIEPUMEHTOB.
Tak, mpu cymke Omacrocniop Paecilomyces fumosoroseus CTEPUIBHBIM BO3AYyXOM IIPH
26—28 °C B KauecTBe HAIOJHUTEICH U IPOTEKTOPOB OBUIN MCIIBITAHbI KYKYPYy3HBIH Kpax-
MaJl, PUCOBasi MyKa, TaJbK, AUATOMOBAs 3eMJIsl (KU3enbryp) U KaonuH. [locnenHuii (B KOH-
neHTpanuu 5 % 1mo macce K 00beMy CHOPOBOTO KOHIIGHTpPATa) IO3BOJISII COXPAaHHUTh
YIOBJIETBOPUTENIBHYIO JKH3HECIIOCOOHOCTh KOHUIMH (= 50 %) 6osee 7 Hemenp npu 4 °C.
Konumuu Stagonospora convolvuli (mramm LA39), momydeHHbIC Ha arapu30BaHHON MHTA-
TenbHOM cpezie V-8, BricyuieHHbie ¢ HamoaHuTeneM (1 r kaonuHa/10° KoHuaNIT) TOKOM BO3-
JyXa, COXPaHSIN BBICOKYIO XKH3HECIOCOOHOCTH (= 70 %) M MaTOreHHOCTh MPUMEPHO 5 Me-
csaueB mpu temmeparype 3 °C. Ha 17-if mecsI] »KH3HECIIOCOOHOCTh COXPaHWIACH JIHUIIb
y 5 % xouuawmii rpuba. Ilpu temneparype xpanenus 20 °C jKHU3HECIIOCOOHOCTh KOHUIHUIM
camxanach 10 20 % B Tedenne Henenu (Pfirter et al., 1999).

Crioco0 cymiku «Crapese» (Stareze) ocHOBaH Ha 100aBJIeHUH cTabuin3aTopa MeMOpaH
(caxapo3bl) eme B mporiecce KyIbTHBHPOBaHUS MUKpoopranm3ma. Caxaposy (40 1/m) BHO-
cwi B 96-4acoByIO IIyOUHHYIO KyInbTypy Metarhizium anisopliae; yepe3 72 4 x pepMmeH-
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TAIMOHHOMY TIPOAYKTY HoOasmsumn auoken kpemuans (HiSil®, 35 /), nepememmBanm, oT-
(UIBTPOBBIBAIIN €TO OT KYJIBTYPaJIbHOM XKHUJIKOCTH M CYIIHIIHN B ITOJJ0HaX TOKOM BO31yXa.
[Mony4yeHHble TAKMM 00pa3oM OJIACTOCTIOpPHI IPUOa COXPAHSUTH BBHICOKUN YPOBEHb JKH3HE-
CIOCOOHOCTH OKOJIO 6 MecsIeB pu Temirepatype xpanenus 2—4 °C (Quimbi et al., 2001).

Pacnvinumenvnas cywxa. B cymuiabHO-TpaHy IALMOHHBIX YCTaHOBKAX CYCIIEH3HUsSI OHO-
Matepurana (¢ gobaskoii [IAB u mpoTeKTOPOB) pacbUIAETCS B HATPETOM BO3AYXE C MOCIe-
JOyomuM ObICTpBIM ee BhichixanueM (5—30 ¢) u ¢opmupoBanueM rpaHyi cepruueckoi
(hopmpbl ¢ TIagKol moBepxHOCThIO ArameTpoM 10—500 MxM. PacmibuieHHas CycIieH3us MO-
JKET HaIpaBIATHCS Ha IOJCTUIIKY» M3 YXE BBICYHNIEHHOTO MaTepuana, 0apOooTHpyemyto
BO3JIyXOM (TICEBAOKUITSIIINN cii0i). YacTHuku MaTtepuaia, 00pasyromuecs U3 paciblIeHHO-
T'O COCTaBa, ITOCTETIEHHO HAJMIAIOT Ha YaCTHUIIBI ITOJICTHIIKH, YBEIHINBAs MX pa3Mep U Mac-
Cy, B pe3yJibTare 00pa3yloTcsi TpaHyJibl (WWWw.niroinc.com — CaiT MPOU3BOJUTEINS COOT-
BETCTBYIOIIETO 000PYAOBAHUS).

I'ny6unusle xoHnauu M. anisopliae ¢ nobasnennem 20 % 00€3:)KMPEHHOTO MOJIOKa U
2.5 % caxapHOro cHMpoIna NePeHOCHIH PACIBUINTEIbHYIO CYIIKY JIydllle, YeM Juoduinza-
0. OTHaKO TeMIeparypa «Ha BXOJIe» U «Ha BBIX0JIE» OKa3bIBajla CYIIECTBEHHOE BIIMSHUE
Ha WX Ku3HecnmocoOHocTh (Stephan, Zimmermann, 2001). I'panyisl KoMMepYecKOro Ono-
¢yrrumuna Contans® MONy4YaroT NMPH TIOMOIIM BBICYIMIMBaHWUsS KoHumuid Coniothyrium
minitans B pacTBOPE IIIOKO3bI B PACIBUINTEIBHOM CYIIMIBHON YCTaHOBKE; KOHEUHBIH Ipe-
mapar COJACPKUT MPUOIU3UTENBHO 95 % TrtoKo3bl 1 5 % koHuaui (okono 1 X 1013 kouu-
JIMIHA/KT), XpaHUTCsl 0e3 3aMeTHOH MOTEepH XU3HECHOCOOHOCTH KOHMIHMH OKOJO 2 JIET IpH
temmneparype 4 °C (de Vrije et al., 2001). OxHako 3TOT cOco0 CYNIKH B HEKOTOPBIX CIyda-
sx HeappexTuBeH. Konnaun smudutHOTO rpnbda Epicoccum nigrum, OTyYeHHBIE TIPH T10-
MoIIH TBepAo(ha3zHOH GpepMeHTalNH, OCIIe BBICYIIMBAHUS C Pa3TMYHBIMH HAIOJIHUTEISIMU
TIPH TIOMOIIIH pacubUIATeNbHOM cymku (mpu 150 °C Ha «BX0Ae») MPAKTUIECKH ITOJTHOCTHIO
TEPSUIH CBOIO KHU3HECIOCOOHOCTh. OIHAKO NP BBHICYIINBAHHUHU B IICEBJOKHUIISILEM CJIOE TIPH
temnepatype 30—40 °C xonuauu E. nigrum, BbICYIIEHHBIE 06€3 MIPOTEKTOPOB, COXPAHSIH
100%-to0 xxu3necrocobHOCTh Oosee 90 cyTok (Larena et al., 2003).

Jluogunvnas cywra. Tlpu nuoduiauzanuy Boja MoJ HU3KUM AaBJICHUEM YJAISETCs U3
3aMOpOXXEHHOT'O MaTepHaia IyTeM MPEBPAIICHHUs JbJa B Tap, MUHYS XKHIKOE COCTOSHHE.
Konunuu Septoria passiflorae xopouio nepeHocuin JIM0GUIBHYIO CYIIKY IIpH J0OaBIeHUN
10 % 06e3XMpeHHOr0 MOJIOKA B KAU4eCTBE MPOTEKTOPa; TPHO COXPaHSII )KU3HECIIOCOOHOCTh
P XpaHEHWHU B BaKyyMHOH yrakoBke U Temreparype 1 °C He menee oxHoro roga (Nor-
man, Trujillo, 1995). Bnactocniopst Paecilomyces fumosoroseus ¢ 1obaBiIeHAEM IPOTEKTO-
poB (10 % nmaxTo3b1 + 1 % Obrypero anbOyMrHa WM KOMIO3HUILUK U3 KPaxMaia, pacTUTEIb-
HOT'O Macia, caxapo3bl U MOJIOKa) COXPaHsUIM XM3HECIOCOOHOCTh Ha YpoBHE 75 % mpu
temnepatype xpanenus —20 °C B teueHne 50 Hemenb, TOTAA KaK K 3TOMY BPEMEHH IPH
4 °C ux *HM3HECIOCOOHOCTh CHI)KANACh 10 ypoBHs okoio 10 %.

Nukxancynsuus. KoHueHTpHpoBaHHBIN OHOMarepuan MOXKHO 3aKIIOYMTh B pas-
JMYHbIE TOJIMMEPHBIE MaTPHIEI, KOTOPBIE 3AIIUINAIOT KJICTKH MUKPOOPTaHU3MOB OT BHEIII-
HUX BO3JCUCTBHUH, MPEKIC BCErO OT KOHTAMUHAIIMK U yibTpaduonera. [IpoaykT, moayyeH-
HBII B pe3yNbTaTe Mpoliecca HHKATICYIIALNH, TPEACTABISET CO00i I'ellb, TPaHyJIbl, KarCyIbl
U MUKpOKAICyJbl. B HacTosmee Bpems il UX MMOJy4YeHHUs! pa3paboTaHbl IPOMBIIIJICHHBIE
armmapatsl (Vorlop et al., 2001).

Anveunamuvie epamynvl. Ilpolecc OCHOBaH Ha IOJIMMEPH3ALMN allbIMHATAa HATPHS
B pacTBOpE xyopuaa Kanbius. Hanpumep, cycnensuto ouomarepuaia (1 4acts) nepeMenin-
BafoT ¢ ameruHaToM Hatpus (1.3%-i1 pactBop, 4 yactn) u kaomuHOM (5 % OT OOIIEro Beca);
cMech BHOCAT 1o KarisiM B 0.25 M pacTBop XJiopuia KajibIKsl; MOJyYeHHBIE IPaHyJIbl OT-
(¢UIBTPOBEIBAIOT M cymar. BmepBreie Meton ObuT ampoOupoBaH mus Alternaria cassiae.
VHTEHCHBHOCTB CIIOPOHOLIEHHUS Tprba Ha rpaHyJax 3aBHCela OT Coco0a MOJyYeHUs] HHO-
KyJIIOMa, HaroJHUTENEH M MHUTATEeNbHBIX J00aBOK, KOTOpPBIE BXOJMIU B COCTaB I'PaHYI;
HamnpuMep, KaoJIWH MOXXHO 3((heKTHBHO 3aMEHHTh KyKypy3HOH MyKO#l rpyboro momosa
(Daigle, Cotty, 1992).

PaznuyHble BapHaHThI aTbTUHATHBIX TPAHYJ OBUIH NCTIBITAHBI JUII MHOKECTBA TOTEHIIH-
QIBHBIX 1 KOMMEPYECKHX MPOAYLIEHTOB OHonecTHinaoB. beuto nokasano, yro xutut (2 %
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OT Beca IpaHyJl) ¢ NIIEHUYHBIMH OTPYOsiMHu (2 %) 3HAUNTEIHHO MOBBIIIAIH CIIOPOOOpa30Ba-
Hue Beauveria bassiana (Gerding-Gonzalez et al., 2007). Jlob6aBnenue kpaxmana (0.5 %)
YCKOPSUIO pa3phiB TPaHyJ U KOJIOHU3aUI0 TopdstHoro cyberpara rpubom Trichoderma viri-
de (Uekanosa, 2007). JI71s1 moyieBBIX HCTIBITAHUH MpenapaTa aTOKCUTEHHOTO ITaMMa Asper-
gillius flavus B BUJle alIbTMHATHBIX KarCyJ ObLIM MCIIBITAHBI PAa3JIMYHbIE MTUTATEIbHBIC J10-
6aBku (1 % ot Beca kancyn) u ¢pynrumuas! (0.5—1.25 mr Ha 50 T cMecH anbriuHaTa HaTPHS
¢ 2.5 r KyKypy3HOii MyKoii Tpyboro momodna). JlobaBka TPUIITOHA U TIIFOTCHA 3HAYUTEIHHO
CTHMYJIMPOBaJIa CIOPOHOIIEHNE Ipru0a Ha adbrUHATHBIX IpaHynax. OyHTUIUIb HE 10/1aB-
JSUTM Pa3BUTHE aHTArOHMCTA M MPEIOXPaHsuIn rpanynsl oT koHTamuHauu (Daigle, Cotty,
1995).

Mukpounkancynayus. 3a1aTEeHTOBaH HOBBIM METOJ MHUKPOHHKAIICYJTHPOBAHHUS MHUKDO-
opranu3moB (Winder, Wheeler, 2001). Cycnensus Ouomartepuana (KOHHIAU, MHIICIHI)
B pacTBOpE ajbIrMHATA HATPHS MM B cMecH arap-arapa (1 %) c xenatuaom (1 : 1) amyneru-
pyeTcs B KYKypy3HOM Maciie ¢ n-rexcajiekanoM (6 : 4) 1 JISUTHHOM B Ka4ecTBE SMYJIbraTo-
pa. Ecnu sxenaTuH-arapoBble IN100YIIbI )KEIUPOBAIUCH B ITOJYYEHHONW SMYJIBCUH, TO AJIbIH-
HaTHBIE MUKPOKAIICYJIBI MTOJIMMEPH30BAIIUCH ITPH OCAXKIECHUH B PACTBOP XJIOPHIA KAJIbIHS.
Paszmep mukpokancyn BapeupoBail oT 10 1o 400 MKM B 3aBUCHMOCTH OT COOTHOIICHHUS
YKa3aHHBIX KOMIIOHEHTOB. MUKPOKAIICYJIbl OTAEISUIN OT XHUIKOCTH IPH MOMOIIH BaKyyM-
HOW (QWIBTPALMY U IPUMEHSUIN IIyTEM OINPBICKMBaHUs. JIaHHBIA METOJ CO3/JaHUsl UCKYCCT-
BEHHBIX CIIOp YCIIEIHIHO ONPOOOBAaH B MOJEIBHBIX ONBITAX C KOHUAUSAMH Fusarium avenace-
um u muuenueM Bipolaris sorokiniana, KoTopble COXpaHWIN MaTOr€HHOCTb B OTHOLICHUH
LEJIEBBIX COPHBIX PACTEHUI — KaHapeeuHHKa KaHaJICKOTo 1 IoAMapeHHuKa 1enkoro (Win-
der, Wheeler, 2001; Winder et al., 2003).

I'panyner «Ilecmay (Pesta). ba3oBbliii nporiecc noaydenus rpanyn «llecta» (ot utanib-
STHCKOTO CJIOBA pasta) OCHOBAaH Ha TEXHOJOT'HH MOTYYECHHUS] MAaKapOHHbIX U3AETHH: CyCIEeH-
3us MHOKYyMoMa (52 mir), Myka u3 TBepabIXx copToB mureHunsl (80 r) n kaomuH (20 r) cme-
MIMBAIOTCA 10 MOJTY4EHHs TECTA; 9Ta CMECh MIPOIYCKAETCs Yepe3 armapar Al HOITydeHHs
MaKapoH, CYHINTCS, NPOOUTCs Ha TPpaHyJIbl M MpocenBaeTcs. Meros OblT BIIepBBIE anpoou-
pOBaH JJIsl MHKAICYJIMPOBAHHMS KOHHIUHA MMOTEHIHAJIBHBIX MHKOTepOumaoB (Alternaria
cassiae, A. crassa, Colletotrichum truncatum w Fusarium lateritium), a Taxoke IJs XpaHe-
HuUs HTOMOMnaToreHHbIX HemaTo[ (Connick, Boyette, 1991; Connick et al., 1991). O xo-
POIIIO MTOAXOANT AJISI MHKAICYIISIIUN METaHU3UPOBAHHBIX TPUOHBIX CTPYKTYP — XJIAMHJIO-
CIOpP, MUKPOCKJIEPOLIMEB M MUTMEHTHPOBAHHBIX KOHUAWI Takux rpuOoB, Kak Alternaria
spp. Konuauu F. oxysporum, C. truncatum, Trematophoma lignicola He mepeHecIu mpo-
necc npurotoBneHus rpanyin (Connick et al., 1991, 1997; Miiller-Stover et al., 2001, 2004;
Lawrie et al., 2001).

Muxpocknepouuu Colletotrichum truncatum BeDKUBaNM B TpaHynax «llecray Oomee
52 Hemens mpu TeMmeparype XxpaHeHus 25°C M NOHMKEHHOM aKTHBHOCTH BOJBI
(a,, = 0.18—0.29), oxomo 10 ger — mpu 4 °C, COXpaHUB CITIOCOOHOCTH BBI3BIBATH 0OJIC3HB
popocTKoB Sesbania exaltata (Connick et al., 1997; Boyette et al., 2007), B To Bpemst Kak
KOHHJIUU 3TOTO Tprba xpaHsatcs He 6osee 32 Hemensb (Connick et al., 1996). UuTepecHo,
YTO Ha Pa3IHYHBIX dTanax Mpolecca MPUroTosieHus rpanyn «Ilecray Ha ocHOBe KOHUANI
Alternaria alternata Habmoancst pocT KOJIOHHEOOPa3yOLIMX SIUHHUI] 32 CYET Pa3pyIICHHs
nx arperanuil. IlaroreHHOCTh KOHUMH TPHUOA, 3aKITIOYCHHBIX B IPAHYJIbI, COXPAHAIACh IPH
MTOHIKEHHON OTHOCHUTENBHOW BIIaKHOCTH Bo3ayxa (12 %) 6onee nByx ser (Lawrie et al.,
2001).

CocraB rpanyn «llecta» MOXHO jerko MoauduunpoBars. Tak, OblIH OnpoOOBaHBI Ba-
PHaHTBI KOMIO3UIMH JIJIsl IOTEHIMAILHOTO OMorepOuIMaa Ha OCHOBe Fusarium oxysporum
f. sp. orthoceras 3a cuetr nodasnenus (mpumepHoO 3 % oT Beca 6a30BOIl cMecH) caxaposbl,
KyKypYy3HOH MyKH, riunepuna, kpaxmana WaterLock B209, 1iemunto10361, 1p0oxiKeBOTro K-
crpakta (Shabana et al., 2003). [TocneaHuii KOMIOHEHT CIIOCOOCTBOBAI Jy4IlIel BbXKHBaE-
MOCTH HE TOJIBKO XJIAMHJOCIIOpP, HO ¥ MUKPOKOHHJUH rpuda B Ipolecce MpUroTOBICHUS
rpaHyn ¥ ux xpaHeHus. OJHAKO y M3Y4EHHBIX 00pa3lOoB OTMEYEHA XOpOILIas BbDKHBAe-
MocTh (60—80 % B Tedenue 12 MecsIeB) Wb MpH TeMmreparype 3° U OTHOCHTEIBHOM
BIQXXHOCTH Bo3ayxa 11—I12 %; noBelmenue temneparypsl 10 25 °C uiu BIaXXHOCTH 10
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51—53 % nmpuBOIMIIO K PE3KOMY CHIDKEHHMIO JKU3HECTIOCOOHOCTH Tprda yke Ha 4—S8-if Me-
cspl xpaneHus (Shabana et al ., 2003).

JIjisl MHKAnCyJsIIMY KOHUAWN Pa3IMyHbIX BUAOB TPHOOB-TIPOIYIIEHTOB OHONpenapaToB
(Colletotrichum truncatum, Alternaria sp., Paecilomyces fumosoroseus, Aspergillius flavus,
A. parasiticus), NOTy4SHHBIX IIPH ITOMOIIM TBepRoda3HOi U xkuIKoda3Hoi GpepmMeHTanny,
B rpanyisl «Ilectay OBUT YCIIEIIHO MCTIBITAH METOJ] KCTPY3HH (twin-screw extrusion). Un-
IpEMEHTHI NIEPEMENINBAIM B MUKCEPE MPOMBIIUICHHOTO anmapara Juist 9KCTPY3HH, MOJy-
YeHHBIC TPAHYJIBI JJIMHON 1—2 MM BBICYIIUBAJM B iceBAOKuIsAIIeM cioe mpu 50 °C. beino
MOKa3aHo, YTO Ha MHOKYJIIOME, IOJyYeHHOM IIpH TBeprodasHoi (epMeHTaMy Ha puce,
NPOLIECC TMOJyYeHUsI TPaHyJsl IMPOXOAMJ HaMHOIO Jiydllle, 4eM Ha Ouomarepuaie, Mojy-
YeHHOM B IIIyOMHHOH KynbeType (Daigle et al., 1998).

I'panynor «Cmabunesey (Stabileze). OCHOBHBIMU MHTpEIUCHTaMU TpaHyi «Craduie3ey
SIBIIIIOTCA: cTabnunn3arop MeMOpaH (Hampumep, caxaposa, 10—65 % ot Beca rpanym), Bo-
JIOTIOTJIONIAONIee BELIECTBO (KpaxMall), HAIlOJHHUTENb (IMaTOMOBAasl 3€MJIsl, CHIIMKArelb
Hi-Sil® u gpyrue B xoHuentpanuu 5—20 %). Kpome TOro, cocraB rpaHy MOXKET BKJIFO-
4aTh pacTuTesbHOe Macio (okoio 20 %), YD-npoTeKTopsl, KOHCEpBaHTHI, HHEPTHBIE Ha-
nonHuTend U npouee (Quimby et al., 2002). Hampumep, caxaposy (4 4acTu), Kpaxmai
(1 gacts), HepaduHUpOBaHHOE pacTUTenbHOe Macio (1l wactp), cmimkarens (1.5 gacTm)
1 OMOCYCIEH3HIO (4 4acTH) CMEIINBAIOT; ITOJYYEHHYIO I1aCTy BBICYIIMBAIOT TOKOM BO3/1yXa,
IpOOSAT HA TPaHyJbl WIM WU3MEIbYaIOT JI0 MOPOIIKOOOPA3HOTO COCTOSHHS. DTOT METOJ
B Pa3IMYHBIX MOAN(DUKAIMAX OBUT YCHEITHO OIPOOOBAH ISl IIOTEHIMAIBHBIX OMOrepOuIH-
noB — Fusarium oxysporum (MUKPOKOHUAMHU W Mulenuii) u Pseudomonas spp., koropsie
JUTHTEFHOE BPEeMsI COXPaHsUIH JKu3HecrocoOHOCTh (Amsellem et al., 1999; Quimby et al.,
1999; Zidack, Quimby, 2002). I'tyObunHble KoHuauu wrtamma Metarhizium anisopliae —
npoayueHTa MukonHcekTuuaa Green Muscle™ 1m10X0 mepeHOCHITN IPOIecC HHKAIICYTH-
poBaHus B Trpanyiisl «Ctabniese» 1o CpaBHEHHUIO C IponeccoM cymku «Crapesey, onucaH-
HbIM BhImIe (Quimby et al., 2001).

Takum oOpazoM, B mocieqHee BpeMs HaOIIo1aeTcsl 3HAUUTEIbHBIH Iporpecc B paspa-
0OTKE METOJIOB IOJIyYEHHUS] U XPaHEHUsS OMONECTHLUIOB Ha OCHOBE TPHOHBIX MpOMaryJ.
Bo-nepBbix, Gosblliee BHUMAHUE CTAT0 YAENATHCS HMONTyUYESHHIO BUPYICHTHOTO M yCTOWYH-
BOTO K BBICYIIMBAHUIO MHOKYJIOMa IpuOOB Ha OCHOBE MHUIENUS U €ro BUIOM3MEHEHHH
(6bmacTocmop, XJIaMUIOCTIOP M MHUKPOCKJIEPOIMEB) MPH TIIYOMHHOM KYJIBTHBUPOBaHUHU.
Bo-BTOpBIX, 3HAUMTENBHO YIy4YIIEHA KOHCTPYKIHS OHOpPEakTOpoB Uil TBEpAO(ha3HOTO
KyJIbTUBUPOBaHMs T'PHOOB, 4TO MO3BOJISIET IOJIyYaTh KOHMJMM MPOIYLEHTOB OHOIECTH-
OUA0B, 00JaNaronie BHICOKOW YCTOHYMBOCTHIO K BHEIIHUM BO3ICHCTBHSM. B-TpeThux,
Ha OCHOBE U3y4YEHHS BEDKUBAEMOCTH MUKPOMHMIIETOB B OKCTPEMAJIBHBIX YCIOBUSAX pazpabo-
TaHbI METOBI CTAOMIN3AINH IPOTATYJI MHOTUX BUAOB IPUOOB AT [UINTEILHOTO XPAaHEHUS
6uonecTuinnoB. OJHAKO MOJOXKUTEIHHO OTBETHTH Ha BOIIPOC: CTAHYT JIM B OJvpkaiimiee
BpeMsi MUKPOOHOJIOTHYECKHE TIpenaparhl OUyTHMOW allbTePHATHBON XMMHUYECKUM IECTH-
nuaaM? — MOXHO OyJIeT TOJIBKO IPH YCIOBUH CTAOMIBHO BBICOKOH 3P PEKTHBHOCTH OHO-
NECTUIM/IOB B IOJIEBBIX YCJIOBHSAX B COYETAHMU C UX OE30MACHOCTBIO Uil OKPYIKaroIeH
CpeIsl U OTPeOUTETeH.
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PE3IOME

O0630p MHUTEpaTypHI MOCBAIIEH PA3THIHBIM ACIIEKTaM OMOJIOTHH, SKOJIOTHH 1 OHOXUMHHM IPUOOB,
KOTOpBIE CBSI3aHBI C Pa3pabOTKOil 3 (GEKTHBHBIX MHKOIECTHIIUIOB.

KiroueBble ciioBa: GHOMECTHIUIBI, MUKPOMHIIETHI, OMOJIOTHs, OMOXHMHUS, SKOJIOTHsI, MUKOTep-
OUINIBI, MUKOMHCEKTUIIMIBI, MUKOQYHTUIU/BI, TPOU3BOACTBO, XPAaHEHUE, MPEMaPaTHI.

SUMMARY

The review is devoted to connections between fungal biology, biochemistry, their ability to survi-
ve in extreme environment and development of effective mycopesticides.

Key words: biopesticides, fungi, biology, biochemistry, ecology, stress tolerance, mycoherbici-
des, mycoinsecticides, mycofungicides, production, stabilization, formulation.
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INOTEHIUAJIBHO OITACHBIE MUKPOMMIIETHI
JKIJIBIX MOMEIEHUI

BOGOMOLOVA E.V,KIRTSIDELI I Yu, MINENKO E. A.
POTENTIALLY DANGEROUS MICROFUNGI FROM DWELLING HOUSES

MuKpOMHULIETHI, BCTPEUYAIOLIUECS BO BHYTPEHHEN Cpelle KWIbIX NOMEILIEHUMN, IHUPOKO
n3yuarotcs Bo BceM mupe (Burge, 1990; Dales et al., 1991; Flannigan, Miller, 1994; Godish,
1995; Anderson et al., 1996; Bogacka, 1997; Hoog et al., 2000; Kemp et al., 2002; Mapde-
HuHa, 2005; UBanoBa, Kupruuenn, 2007; Mapdenuna, @omuyera, 2007). MHOTOKpaTHO
HOJATBEPKACHBI (PaKThl HEraTUBHOI'O BO3/ICHCTBUSI MUKPOCKOITMUECKHX I'PUOOB Ha 37I0POBBE
monet (Hoog et al., 2000; Niewerth, Korting, 2002). ITo mpuHATEIM B HacTosIIee BpeMs
HopMmatuBaM BcemupHoii oprannzanuu 3apaBooxpanenust (WHO, 1990) uncno crop rpu-
00B B BO3AyXe JKWIBIX IOMEUICHWH HE [OJDKHO MPEBBINIATh AOIMYCTHMBIH YPOBEHb
B 500 KOE/M3. OHako Impy NOBBIIICHUH BIa)KHOCTH BO3/1yXa, TPOTEYKAX, CKOIUICHUH KOH-
JIeHCaTa Ha CTEHaX W MPOYHMX HEOJAroNpHUSTHBIX YCIOBHAX CIIOPBI MPOPACTAIOT M IPUOBI
HAYMHAIOT aKTUBHO Pa3BUBATHCS BO BHYTPEHHEH cpeze 31aHui, GopMHUpYst 0OMIBHO CIIOpo-
HOCSIII[UE KOJIOHUH. 3a CUET ITOr0 KOHLIEHTPALUs CIIOp B BO3yXE PE3KO BO3pacTaeT, Hepe-
KO BBI3BIBas IPOOJIEMBI CO 3A0POBHEM Y IPOKUBAIOIINX I PAOOTAIOIINX B 34aHUH JIFOACH.
CreneHb pricka BO MHOTOM 3aBUCHT OT TOT'0, KaKHe UMEHHO MHKPOMHUIIETHI Pa3BUBAIOTCS
BHYTpPHU IOMELICHUS, TaK KaK pa3Hble BUABI 00J1aJal0T pa3HOW CTEIECHBIO MOTCHIHAIbHOM
OTIACHOCTHU ISl YeJIoBeKa (OT aJIEpTuH O TIyOOKMX MHKO30B). IlaTOreHHOCTH MHKpO-
MHIIETOB OIpENessieTCss KOMIUIEKCOM CBOWCTB aJalTHBHOTO XapakTepa, MO3BOJISIOLIMX
MHKPOMHMIIETY KOJIOHM3UPOBATh M MHBA3MPOBATh OpraHu3M xo3suHa. K ¢pakropam maroren-
HOCTH MHMKPOOPTI'aHU3MOB TPAJUIMOHHO OTHOCAT TakKHe aJalTUBHBIE CBOMCTBA, KaK CIIO-
COOHOCTB pacTH U pa3BUBaThCsA npu Temreparype 37 °C u BbIIIe, CIOCOOHOCTH K IKCTpa-
KJICTOYHOHN CEKpELUH acTiaparnHOBhIX poTenHas u pocdonmmas u ap. (Cutler, 1991; Hube,
1998; Ghannoum, 2000; Cox et al., 2001; Birch et al., 2004; Fotedar, Al-Hedaithy, 2005;
Schaller et al., 2005). OT BBIpa)k€HHOCTH THX MPHU3HAKOB 3aBUCHT CTEIICHb ITATOTEHHOCTH
MHUKPOMHIIETA.

Ienpro paboTel OBUTO HcCIeAOBaHUE (HAaKTOPOB MATOTCHHOCTH Y TOMHHHUPYIOIINX TPU-
00B 13 BHYTpEHHEH Cpe/Ibl KHIIBIX U He3aceJeHHBIX kBapTup B CankT-IleTepOypre, a Takxke
CPaBHHTENBHOE M3yUYEHHE BCTPEYAEMOCTH STUX MUKPOMHMIIETOB.

Oo6cnenoBanu 45 kBapTup (U3 HUX 11 He3aceNeHHBIX), pACTIOJIOKECHHBIX B 16-3Ta)KHOM
JoMe, 6 MecslieB Ha3aJ BBEJCHHOM B dKCIUTyaranuio. [IpoObl oTOMpanu B KOHIE HOSO-
ps—Havaze 1exadps Ipy yCTaHOBHUBIIEMCS] CHETOBOM IOKpoBe. KommaecTBo KOMHAT B 00-
CJICZIOBAaHHBIX KBapTUpPaxX BapbHpPOBAIO OT JBYX JO0 4YeThIpeX. MHUKPOMHLETHI M3 BHYT-
pEeHHEN Cpebl N30UPOBATN ABYMS criocobaMu: 0T6opoM pob Bo3ayxa mpudopom Kporo-
Ba Ha yamku Ilerpu ¢ arapnzoBanHo# cpenoit Yarneka (¢ 7o6aBiIeHNEM aHTHOMOTHKOB IS
NOJIaBJIeHUs1 pocTa OAKTEpHii) M C IOMOIIBIO COCKOOOB M CMBIBOB C IIOBEPXHOCTEH Ha yalll-
ku Iletpu ¢ Takoit xe cpemoid. I[IpoOsr Bo3ayxa oTOMpamy BO BCeX KOMHATaX, HA KyXHE H
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B caHy3nax. COCKOOBI M CMBIBHI C IOBEPXHOCTEH OTOMpPAIH B MECTax HanOoJee BEpOSTHOTO
Pa3BUTHS 04aroB MUKOIOPAXXECHUSI — Ha 3aCTEKJICHHBIX OalKOHAaX, IO/ MOJOKOHHUKAMH,
B CaHy3JlaX, B TEXHOJOIMYECKUX IIaXxTaX, M0 KOTOPbIM HNPOXOoIsT (aHOBbIE TPYOHI (Uepes3
JFOYKH JIOCTYTIA K BOAHBIM CUETYMKAM), & TAK)KE JOIIOJIHUTEIBHO B BUAIMMBIX Oyarax mnopa-
JKCHUS, €CITU TaKOBbIE UMEIHCh. [locie KyIbTHBUPOBAaHUS B Te€UEHHUE 7 CYTOK IPU TeMIIepa-
Type 18 + 2 °C MUKpOMUIIETH HASHTH(PHUINPOBATIN HA OCHOBAHHUU KYJBTypaIbHO-MOp(do-
JIOTMYECKUX MPU3HAKOB, OLIEHUBAIIN YHCIEHHOCTh IPUOOB U TECTHPOBAIH I10 2 M30JIsTa U3
KaXI0H KBapTHPBI KYJIbTypPalbHBIMA METOJAMH Ha TOTEHIMANBbHYIO TATOTCHHOCTH (OLIEHH-
BaJIM CTENEHb BBHIPAKEHHOCTH NPOTEa3HOH, pocdonmnasHoil ¥ reMOJIUTHYECKOH aKTHBHO-
CTH, a TaKXe YCTOWYMBOCTH K Temmeparypam Beime 37 °C). Kpurepusmu npu otbope
IITAMMOB JUTS TECTHPOBAHUS CIIY>KHJIM BBICOKasl YMCIEHHOCTh M BBICOKAsl CTEIICHb MOTEH-
[[UAJIBHOM MAaTOT€HHOCTH (TI0 JIUTEePaTyPHBIM AAHHBIM).

O1eHKy MpoTea3HON aKTUBHOCTH ITPOBOIIIIN Ha arapu30BaHHON cpefie C OBIYbHM CBIBO-
POTOYHBIM aTb0YMUHOM 110 cTannapTHoi meroauke (Fotedar, Al-Hedaithy, 2005; boromo-
noBa u 1p., 2007). ITocne nHOKy MK Yamku [leTpu nHKyOUpoBasid 7 CyTOK MPH KOMHAT-
HOM TeMIeparype, 3aTeM IIPOBOIMIN U3MEpEHUE AUaMeTpa KOJIOHUH U 30HBI ITPOCBETICHUS
BOKPYT HUX, (POPMHPYIOIIEHCS 32 CUET ACUCTBHS BHEKJIETOUHBIX MpoTea3 rpuba. Pacyer ko-
s¢dunrenta nporeasHoil akTuBHOCTU ocyuecTBisiu 1o Gopmyine: IT= I + sy / A, TOE
IT — nokazarens nporeasHoi akTuBHOCTH, [l — nuaMeTp KonoHuu, [ + sm) — AUAMETP
KOJIOHHH C yYETOM 30HBI IPOCBETICHUS.

Oo6myro hocdonumasHyo akTHBHOCTH (0€3 pa3aencHus Ha THITBI (pocdoumas) BEISBII-
au Ha cpexae ¢ ssmunbiM kenaTkoM (Fotedar, Al-Hedaithy, 2005; Boromososa u ap., 2007).
IMocne naOKYIsIMYM yamky [leTpu nHKYOMpOBaIM U KOMHATHON TEMIIEpaType B TCUCHNE
7 CYTOK, 3aTeM MU3MEPSUIN TUaMeTp KOJIOHUH U JUaMETp 30HBI NIPEIUIUTAIMH. 30HA MPELH-
nuTanuy (IOMyTHEHHUs) oOpa3yeTrcs o BO3AeHCTBHEM BHEKJIETOUHBIX (ochonnmas rpu-
6a. Pacuet xoadpdununenra pochonunazHoil akTHBHOCTH ITPOBOJMIIH 110 TaKoH ke hopmy-
Jie, KaK ¥ JUIsl POTea3HOi aKTUBHOCTH.

I'eMOIMTHYECKYIO aKTUBHOCTH TECTHPOBAJIN Ha KPOBSIHOM arape 10 CJIeAyIomeil MeTo-
JHKe: 5 Mil Ie(ruOpUHU3MPOBAHHOM JOHOPCKOI KPOBHU CTEPHIILHO J0OABIISUH K 95 Mit He3a-
cTeiBIIero arapa Yameka mpu temmepatype 45 °C (Meroast.., 1982). Jlns npenoTBparieHus
pasBuTHs OakTepuil B cpelbl JOOaBISUIM aHTHOMOTHKM TEHUIMUIMH M XJIOpaM(pEHHUKOJL
I'eMonuTH4ecKass akTHBHOCTD MPOSBIIATIACE Yepe3 7 CyTOK POCTa B BUAE 30HBI IIPOCBETIIC-
HUS BOKPYT KOJIOHHH rpruO0B. IHIEKC TeMOIUTHYECKONH aKTUBHOCTH ITOICYUTBIBAIIN 110 TOH
xe (opmyJie, 4TO U aHAJOTWYHBbIE MHIIEKCHI MpoTeasHoi u (hochonunasHoi akTHBHOCTH.
B nanpHeimeM mTaMMbl CpaBHUBAJIN 10 (PEPMEHTHOH aKTHBHOCTH HE TOJIBKO Ka4eCTBEH-
HO, HO M KOJIMYECTBEHHO, C MCIOJIb30BAHHEM YIOMSHYTHIX UHJIEKCOB.

TeMmnepaTypHyto yCTOHYMBOCTb TECTUPOBAIM Ha arapu3oBaHHOM cpexne Yameka ¢ no-
0aBleHHEM aHTHOMOTHKOB /sl IMOJABIEHHs pocTta Oakrepuid. Kononmnm mnoppamuBaiu
2—3 cyTOK Npu KOMHATHOH TemIeparype, 3aTeM Homemany damku [letpu B Tepmoctar
npu temneparype 37 °C. Uepe3 5 cyTOK KOHTPOJIHMPOBAIM MPUPOCT KOJOHUMU. OCTaHOBKY
pocTa M rubelib KOJIOHUH PaclieHUBaIM KaK HECIIOCOOHOCTH IITaMMa BBIZICP)KUBATh yKa-
3aHHYIO TEMIIEpaTypy.

OueBUIHO, CTPOUTH IPEIIOJIOKEHHS 00 ONAacHOCTH LITAMMOB IlejiecooOpa3Hee Ha
OCHOBaHHM CYMMAapHOTO aHa/lW3a Pa3HbIX (DAaKTOPOB MATOTEHHOCTH, YTO M OBUIO CAETAHO
B JIaHHOW paboTe.

[Tpu paccMOTpeHUH COBOKYITHOCTH TE€CTOB JJIsl KaXJIOT0 M30J14Ta OblLIa MCIOIb30BaHA
5-OannpHas mIKaja ONEHKH (PaKTOPOB MOTCHIMAIBHON MaTOT€HHOCTH, IPU 3TOM 32 OJUH
0aJu1 MPUHUMAIH HAJIMYKE XOTs OBl OJTHOTO M3 MPOTECTHPOBAHHBIX (PAKTOPOB MATOT€HHO-
ctr: 0 — (pakTOpOB NOTEHIIMATBFHOMN OMTACHOCTH HE BBISIBICHO; | — MHHHMaIbHAs CTEIICHb
BBIPKEHHOCTHU (PaKTOPOB NOTEHIIMAIBHOM MaTOT€HHOCTH;, 2 — CPEIHsIA CTENEHb; 3 — CHJIb-
Hasl CTENeHb; 4 — OYEHb CHUIIbHAs CTENeHb BBHIPAKEHHOCTH (PaKTOPOB MOTEHIMATBHOMW Ma-
TOT€HHOCTH.

B pesynbrare npoBeneHHON pabOTHl YCTaHOBJIEHO, YTO IIPEBhIIEHNsT HOpMaTHBOB BO3
10 YHUCIIEHHOCTH TPHOHBIX CIIOpP B BO3IyX€ HET HH B OXHOW M3 00CIEIOBAaHHBIX KBapTHP.
ConepraHue nponaryjl MUKPOMHUIIETOB B BO3/yX€ *HJIBIX KBAPTUP COCTABIISIIO B CPEHEM
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75 KOE/m3, Bapbupys or 0 mo 250 KOE/M3, a B BO3IyXe HEXHIBIX — B CPEIHEM
100 KOE/M3, Bapbupys ot 25 o 340 KOE/M3. Beero u3 BHyTpeHHEH cpeibl )KHIIOr0 JoMa
OBLTO BBIZENEHO 48 BHIOB MUKPOMHMIIETOB, MPHHAIEkKAINX K 22 ponam. Cpeau BBISBICH-
HBIX BUJIOB TPHOOB K I'PYIIE YCIOBHO-IIATOTCHHBIX (B COOTBETCTBUH C «CaHUTAPHBIMH ITpa-
Buwiamu CIT 1.2.731—99») ortHocsatcs cnenyromume Buabl: Aspergillus flavus, A. niger,
A. fumigatus, Candida sp., Cephalosporium sp. (=Acremonium sp.), Penicillium notatum
(=Penicillium chrysogenum).

BaxHO OTMETUTB, YTO CIIOPBI TPUOOB, OOHAPYKEHHBIC B KBAPTHPAX, MOTYT UMETh Kak
«3K30T€HHOE», TaK M «IHJIOTCHHOE» NMPOUCX0okaeHHe. OHM MOTYT OBITh 3aHECEHBI C yJIHY-
HBIM BO3JIyXOM, Ha OJEXJe JIMOO MOTYT CKAaIIMBAaThCS B JIOMAIIHEW MbUIH, Pa3BHBATHCS
B IIBETOYHBIX TIOPIIKAX, HA CTEHAX U T. JI. BONBIIMHCTBO M3 0OHAPYKEHHBIX HAMH MHKPO-
CKOIIMYECKUX IPUOOB SIBISIFOTCS OOBIYHBIMM KOMIIOHEHTAMH BO3JyXa JKHJIBIX OMEIECHHH.
OnHako MaccoBOE Pa3BUTHE ITUX IPHOOB MOXKET MPUBOANUTH K CEPHE3HBIM AJIIIEPTUIECKUM
3a00JIeBaHUsIM YEJIOBEKA, a B PsE CIIydaeB — K TIIyOOKHUM MUKO3aM, MOPayKaroIMM BHYT-
pPEHHHE OpraHbl ¥ TKaHU 4elIoBeKa. bbUTH BBIABICHBI M BU/IbL, 00JI€€ TUIIMYHBIE AT HOYBBI U
PacTUTEIBHBIX OCTATKOB, — Hanpumep Botrytis cinerea, Curvularia sp., Phoma glomerata,
Torula sp., Wardomyces sp. C 00b11I0# f051€H BEPOSITHOCTH 3TH BUJIBI MOYKHO CUUTATH 3a-
HECEHHBIMH.

[Tpn KyJAbTypaIbHOM TECTHPOBAaHHH (PAaKTOPOB MATOreHHOCTH y 90 M30TOB U3 3ace-
JICHHBIX 1 HE3aCENIEHHBIX KBAapTHP (CM. Tabauity) ObIIIO YCTaHOBICHO, UTO 4.4 % (4) n3 HUX
HE MMEIOT HU OAHOro u3 (akropoB narorenHoct (0 6amios), 20.0 % (18) uMeroT numb

Pe3yabTaThbl KyJIbTYpPaJbHOI0 TECTHPOBAHMS JOMHHUPYIOLINX M30/15ITOB MHKPOMHIIETOB,
BbIJIeJIEHHBIX U3 BO3/yXa U C IOBEPXHOCTEH B 00C/Ie10BAHHBIX KBADTHPax

Poct npu Cratyc
Temmeparype| (3acencHHas/
37°C He3aceNICHHas)

KynbTypbl MUKpOMHLIETOB Iporeasnas | Pocdonumnasznas | ['emonuTnueckas
(HOMeEpa U30JIATOB) AKTHBHOCTh AKTHBHOCTh AKTHBHOCTh

Acremonium strictum (1) 2.5 — —
A. strictum (2) — — —
Alternaria alternata (1) — — —
. alternata (2) — — —
. alternata (3) — — —
. alternata (4) — — —
. alternata (5) + — —
. alternata (6) +/— — —
. alternata (7) + — —
. alternata (8) — — —

T

. alternata (9) — — —
. alternata (10) — — —
. alternata (11) — — —
Alternaria sp. (1) +/— — +/—
Aspergillus flavus (1) +/— — —
A. flavus (2) — 1.3
A. flavus (3) — +
A. fumigatus (1) — — —
A. niger (1) +/— + 1.1
A. niger (2) — 1.5 1.2
A. niger (3) — + 1.6
A. sydowii (1) — + —
Aspergillus sp. (1) — — +/—
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IIpooonscenue mabauys

KynbTypsl Muxkpomuneron Ipotreasnas | Pochonunasznas | 'emonuTHaeckas Pocr nipu ( Cratyc /
(HOMEpa H30JISITOB) AKTUBHOCTD AKTUBHOCTb AKTUBHOCTb TeMgI(;poaCType 3aceCHHasL
He3aceJIeHHast)
Aureobasidium sp. (1) — + 1.7 + 3
Aureobasidium sp. (2) — + 1.3 + 3
Aureobasidium sp. (3) — + 4.0 — 3
Aureobasidium sp. (4) — + 32 — 3
Aureobasidium sp. (5) — + 1.1 + H
Aureobasidium sp. (6) + + 2.3 — H
Botrytis cinerea (1) 2.0 + + — 3
Candida sp. (1) — — 43 + 3
Candida sp. (2) — 2.5 — — 3
Candida sp. (3) — 1.5 +/— — 3
Candida sp. (4) — 1.3 1.4 — H
Candida sp. (5) — + 4.0 — H
Cladosporium cladosporioides (1) + — +/— + 3
C. cladosporioides (2) 14 — 2.2 — 3
C. cladosporioides (3) 2.5 — + — 3
C. cladosporioides (4) +/— — 1.6 — 3
C. cladosporioides (5) — — — — 3
C. cladosporioides (6) — — — — H
C. herbarum (1) + — + + 3
Chaetomium sp. (1) — + + — 3
Curvularia sp. (1) — — — + H
Fusarium sp. (1) — + + + 3
Fusarium sp. (2) — — + — 3
Fusarium sp. (3) 1.7 + + — 3
Fusarium sp. (4) — — 1.1 — H
Paecilomyces variotii (1) 1.3 + 1.4 + 3
P. variotii (2) 1.6 +/— — + 3
Penicillium aurantiogriseum 1.2 + 1.6 + 3
P. aurantiogriseum (1) + + 2.0 + 3
P. aurantiogriseum (2) 1.1 + 1.5 + 3
P. aurantiogriseum (3) — + 1.4 — 3
P. aurantiogriseum (4) — + 1.3 — 3
P. aurantiogriseum (5) — + 1.2 — 3
P. aurantiogriseum (6) — + 1.2 — 3
P. aurantiogriseum (7) — + 1.3 — 3
P. aurantiogriseum (8) — + 1.6 + 3
P. aurantiogriseum (9) — + 1.2 + 3
P. aurantiogriseum (10) — + 1.4 + 3
P. aurantiogriseum (11) — + 1.6 + 3
P. aurantiogriseum (12) — + 1.6 + 3
P. aurantiogriseum (13) — + + — H
P. aurantiogriseum (14) — + 1.6 — H
P. aurantiogriseum (15) — + 1.7 + H
P. brevi-compactum (1) — + 1.5 + 3
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IIpooonscenue mabauys

KynbTypsl Muxkpomuneron Ipotreasnas | Pochonunasznas | 'emonuTHaeckas Tef;;:: :f" o (3acCgJ?eTZ:aﬂ /
(HOMEpa H30JISITOB) AKTUBHOCTD AKTUBHOCTb AKTUBHOCTb 37p° Cyp HesaceeHHa)
Penicillium camemberti (1) — + 1.7 + 3
P. canescens (1) — — 1.3 — 3
P. chrysogenum (1) — + + — 3
P. chrysogenum (2) — + + — 3
P. chrysogenum (3) — + + + 3
P. expansum (1) — + 1.2 — H
P. herqueri (1) 1.5 + 1.6 + H
P. simplicissimum (1) — + 1.6 + 3
P. turbatum (1) — + 2.0 + 3
Phoma sp. (1) — — — + 3
Rhodotorula sp. (1) — 1.6 2.2 — 3
Rhodotorula sp. (2) — 1.4 2.0 — 3
Scopulariopsis brevicaulis (1) — — — — 3
S. brevicaulis (2) 1.6 +/— — + H
S. candida (1) 1.2 + +/— + 3
Trichoderma viride (1) — — + + 3
T. viride (2) — + + + 3
Trichotecium roseum (1) — — — + 3
Wardomyces sp. (1) — +/— +/— + 3
Wardomyces sp. (2) — — + — 3
Wardomyces sp. (3) 2.6 — +/— — 3
Ulocladium consortiale (1) — — — + H
U. consortiale (2) +/— — — + H

omuH u3 ¢paxrtopos (1 6amn), 36.7 % (33) obnagaroT 1ByMs M3 IPOTECTUPOBAHHBIX (HaKTO-
poB narorenHoctu (2 6ama), y 30.0 % (27) oTMeueHa akKTHBHOCTh TPeX (PaKTOPOB MaTOTCH-
HoctH (3 6ayuta) n'y 8.9 % (8) — akTHBHOCTB BCEX YETHIPEX NMPOTECTUPOBAHHBIX CBOMCTB,
T. €. IMEIIM OYCHb CHIIbHYIO CTENEHb BHIPAKEHHOCTH (DaKTOPOB IMOTEHIMAJIBHOM TaTOTeH-
HOoCTH (4 Gamna). CpaBHUTENBHBIA aHAIH3 (HaKTOPOB MATOTCHHOCTH Y M30JIATOB M3 3ace-
JICHHBIX W HE3aCEJICHHBIX KBapTHp IOKa3aj, YTO B HE3aCEJICHHBIX KBapTHpax Nois «0e30-
MIACHBIX» M30JITOB BBIIIE, a «OIACHBIX» — HI)KE, YeM B 3aceseHHBIX (puc. 1). Mcxons u3
TIOJIYYEHHBIX PE3YJIETATOB, MOXHO CIENaTh MPEABAPUTEIBHBIN BEIBOA O TOM, YTO 3aceie-
HHE KBapTHUP CIIOCOOCTBYET IMOCTENIEHHOMY (DOPMHUPOBAHUIO B )KUJIOM 3/IaHHH COOOIIECTBA
MHUKpPOMHLETOB, 00JIaJAfOLIMX 00Jiee BEICOKOW CTEIEHBIO OTCHIIMAIBHOH BUPYIICHTHOCTH,
orpeensieMoil mo cymme (axTopoB. /1o MUKPOMHIIETOB, COOTBETCTBYIoIIas 3—4 Gai-
JIaM 10 IIKaJie HOTeHIIMAIbHOM ITaTOr€HHOCTH, BO3PACTAET B 3aCEJICHHBIX KBapTHPax MOYTH

r [ JImeZ

ALK A AKX
BRSSO E P OO PO OO
P I A AAAAAA KXY
11 | ”““““I“I““”W e te s e tetetetatetetetetetatetotetete%
[ e
Clo [/ 2 B3 M+

Puc. 1. Vi3meHeHne cooTHOMEHNS Hoiie (%) H30IATOB pa3HbIX rpym natoreHHocTH (0T 0 1o 4 6ayuioB) B Hesa-
ceneHHbIX (/) n 3aceneHHbIX (I/) KBapTHpax.
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BJIBOE II0 CPAaBHEHHUIO C HE3ACEJIICHHBIMH YK€ Uepe3 MOJro/ia IKCIUTyaTaun qoma. JlanHbie
MIPOBEICHHOTO HCCIICJIOBAHUS CBHJCTEIBCTBYIOT O TOM, YTO IO MEpE 3aceleHUs JIIOAbMHU
MHKOOHMOTA XKIIUII IproOpeTaeT XapaKTepHbIe YepThl — Mpeodiiaganue 2—3 MEIKOCIIOo-
POBBIX BHJIOB CO CKJIOHHOCTBIO K KCepo(miIbHOMY 00pa3y >KH3HH, BO3pacTaHHE JOJIN BH-
I[OB-6I/IO]ICCprKTOpOB M HAKOIIJICHUE TCPMOTOJICPAHTHBIX IITaMMOB, YTO COIJIaCy€TCd C
IaHHBIME qpyTux aBTopoB (Kemp et al., 2002). [locTeneHHO poOiIh MPHBHOCUMBIX H3BHE BU-
JIOB CTAaHOBHTCSI MEHEE 3HAYMMOi1 3a cyeT (JOPMHUPOBaHKsI BHYyTPEHHUX OYaroB pocTa MUK-
POMHUIIETOB.

HHTEpecHO OTMETUTH, YTO BBIPAXEHHOCTb OTIEIBHBIX (PAKTOPOB HATOTEHHOCTH BO
MHOTHX CJIy4asix HMEET IIITaAMMOBBIN XapakTep (cM. Tabnuily) U npoduiid aKTHBHOCTH pas-
HBIX W30JISITOB OJHOTO BM/Ia HE BCET/A COBMAAIOT. TeM He MeHee HaMH He OBUIO BEISIBICHO
KaKOH-JINO0 KOPPEIISIIMKA MEX/Y CTEIICHBIO MOTCHIIMAIBHON OMAaCHOCTH U30JIATOB OJTHOTO U
TOTO K€ BHJIa M CTaTyCOM KBapTHp (3aceleHHas/He3aceIeHHas).

TecTtupoBaHue TEPMOTOJIEPAHTHOCTH T'PUOOB M3 OOCIETOBaHHBIX KBAPTHP IOKA3ajo,
yT10 O0jee mosoBUHBI H30JATOB (61.1 %) crIOCOOHBI pacTH M JaBaTh CIIOPOHOLICHHUE MPH
temreparype 37 °C, B TO e BpeMsl 4acTh MUKPOMHIIETOB aKTUBHO Pa3BHBAJIACh U IPH I'o-
pa3zno Gosee BHICOKMX 3HAYCHUSIX TeMmmeparypsl (puc. 2). Haubonee TepMoTONEepaHTHBIMU
OKa3aJIMCh PEICTaBUTENH POHOB Aspergillus, Penicillium, Trichoderma. Y nByX mrTamMMoB
P. aurantiogriseum oTMe4eH POCT U CIOPOHOLIeHHE pu Temmueparype a0 45 °C, ot 45 no
52 °C 3T TaMMBl OBUTH CITOCOOHEI K POCTY CO CpeHEel CKOPOCTHIO, OTHAKO CIIOPOHOIIIE-
HUE NPAKTUYeCKU He oTMeueHo. [lonydeHHble TaHHbIe elle pa3 MOATBEP)KAAa0T HE0OX0aH-
MOCTB NPEAYIIPECKACHUS IIJICCHCBOTO MMOPAKCHUA KUIIBIX HOMeH.[eHI/Iﬁ 1 KOHTPOJIA YUCJICH-
HOCTH TPHOHBIX MPOMArys B BO3AYIIHOH cpesie, Tak KaK TEPMOTOJIEPAaHTHBIE MEIIKOCIIOPO-
BbI€ BUJBI JICTKO MPOHUKAIOT B OpTraHU3M 4YCPE3 AbIXATCJIbHBIC IMYTU U CHOCO6HbI B HHUX
pa3BuBaThCs. JII0ObIe HAPYIIEHHUS B CHCTEME 3al[UTHBIX MMMYHHBIX PEaKIH MOTYT IPHUBO-
JIUTB K CEPbE3HBIM MOCIEICTBHSM VIS 3710POBbS JIIOJIEH, TPOXKUBAIOIINX B 3apa’KeHHBIX I10-
MEILEHHSAX.

HecMotpst Ha TO YTO NpeACTaBIEHHBIC PE3YyIbTATHI MOJyYCHBI JHIIb B KyJIbTYpPalb-
HbIX TE€CTaX, a HC B KIIMHUYCCKUX IKCIICPUMCHTAX Ha XKUBOTHBIX, MOKHO CACJIAaTh BbIBO/
0 TOM, YTO BO BHYTPEHHEH Cpejie >KWIBIX IOMOB NPHCYTCTBYIOT HMOTCHIHAJIBHO OIIac-
HBIE MITAMMbl MHKPOMHIIETOB. JI0 TeX IOp MOKa BHYTPEHHHH MHKPOKIMMAT B 3[JaHUU
MIOJIABJISICT Pa3BUTHE CIIOP TPUOOB U MX YUCIEHHOCTh OCTACTCS] HUXKE JOMYCTHMOTO Mpee-
Ja, CUTYaI{I0 MOJKHO CUMTATh OnarononydHoid. OJJHAKO B ciIydae HaCTYIUICHHUS HEKOHTPO-
JIUPYEMBIX aBapUIHBIX CUTyalUud WIM HapyLleHUs MHUKPOKJIMMATUYECKUX YCJIOBHH IIO-
TEHIWAIFHO OMAacHbBIE IITAMMBI MOTYT HaydaThb Pa3BUBAThCS, CO3/1aBasi yrpo3y 3J0POBBIO
JOACH.

ITpoBenenHas paboTa eme pa3 MOATBEPXKIACT 3HAUNMOCTh MUKPOMHIIETOB KaK OJJHOTO
13 BXXHBIX ()aKTOPOB SKOJIOTHYECKOTO COCTOSIHHS BHYTPEHHEW CPebl 3aKPBITHIX IIOMeNle-
nuid. [TogmepxaHue HU3KOW YNCIEHHOCTH TPUOHBIX MPOMArysl B BO3AYIIHON Cpeie )KHIIIbIX
3JIaHUH — HEOTHEMJIEMOE yCIOBHE COXPAHEHHS 3/10pOBbS JIIOACH.
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PE3IOME

[IpexncraBneHb! JaHHBIE 110 CPABHUTEILHOMY W3YUYCHHUIO IOTEHINAIBHO BUPYICHTHBIX [ITAMMOB
MUKPOMHUIIETOB, BBIJICJICHHBIX U3 BO3yXa U ¢ OoBepXHOCcTeil B 34 sxuibIX U 11 He3aceneHHBIX KBapTU-
pax B HOBOM gome. TecTupoBany 1mo 2 JOMHHUPYIOMNX U30JISTa U3 KAKI0H KBAPTUPHI KyJIbTYpab-
HBIMH METOaMH Ha IOTEHIINATIBHYIO TATOT€HHOCTS (CTEIIeHb BRIPAXKEHHOCTH IIPOTEa3HOH, hocdonu-
Ma3HOW W T'eMOJIMTHYCCKOW aKTUBHOCTEH, YCTOHYMBOCTH K Temmepatype 37 °C). U3 90 uzonsaros
b 4.4 % He uMenu HU OJHOTro U3 (akrtopoB maroreHHoctd, 20.0 % nmenu oauH U3 (GakTOPOB,
36.7 % obmnamanu AByMsI U3 IPOTECTHPOBAHHBIX (PakTOpPOB maToreHHocTH, 30.0 % MposIBUIN aKTHB-
HOCTB TpeX (haKTOPOB MATOT€HHOCTH U 8.9 % mMoKka3aiy aKkTHBHOCTH BCEX UETHIPEX MPOTECTUPOBAH-
HBIX CBOHCTB, T. €. IMEJIN O4Y€Hb CHIIBHYIO CTEIIEHb BEIPAXXCHHOCTH (haKTOPOB IOTEHIMAIBEHOH 11aTo-
reHHocTH. CesaH BBIBOJ] O TOM, UTO 3aceleHHe KBAPTUP IIPUBOJIUT K TOCTEIIEHHOMY (hOPMHPOBAHHIO
B )KHJIOM 3[JaHUH COOOIIECTBa MUKPOMHIIETOB, 00J1a1a0IIUX O0jiee BEICOKOI CTENCHBIO TOTESHIIUAIb-
HOHI BUPYJIEHTHOCTH.

KiroueBsle coBa: onmopTyHUCTHYECKHE TPHOBI, (PaKTOPHI MATOT€HHOCTH, MUKOOHOTA SKHIIBIX
MIOMEUICHUH.

SUMMARY

The data on comparative study of potentially virulent fungal strains from air and surfaces from 34
inhabited apartments and 11 not yet inhabited apartments in a newly constructed house are presented.
Two dominating isolates from each apartment have been tested culturally for potential virulence (defi-
ned as levels of protease, phospholipase and hemolytic activities as well as temperature tolerance up to
37 °C). From 90 isolates tested, only 4.4 % had no virulence factors, 20.0 % had one of the factors,
36.7 % had two virulence factors, 30.0 % manifested activity of three factors, and 8.9 % showed acti-
vity of all virulence factors tested, i. e. were highly virulent by cultural test. Comparative analysis of
the data allowed us to made a conclusion that settling of apartments leads to gradual development of
fungal mycobiota with increased potential virulence.

Key words: opportunistic fungi, virulence factors, mycobiota of dwelling houses.
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CIIEKTP AHTUMUKPOBHON AKTUBHOCTH
Y MULEJIUAJIBHBIX I'PUBOB HIEJOYHBIX
3ACOJIEHHBIX ITIOYB

GEORGIEVA M. L, TOLSTYKH I. V, BILANENKO E.N,, KATRUKHA G.S.
ANTIMICROBIAL ACTIVITY SPECTRUM IN MYCELIAL FUNGI
FROM ALKALINE SALINE SOILS

[Tony4enue npenaparoB OMOJOTMYECKH aKTHBHBIX BEIECTB — CIIOXKHBIH 1 MHOTOCTY-
MIEHYATHIA MPOLEeCC, HAYaIbHBIMH 3TallaMH KOTOPOTO MOKHO CUHTATh IOWCK W BBIICIICHIE
MIPOIYLIEHTOB B IIPUPO/IE, ONIPEICIICHHIE YCIOBUH OMOCHHTE3a, N3yUYeHHE CIIEKTPa aHTHMUK-
pobHoii aktuBHOCTH. OJTHO U3 HANpPABIEHUH MOMCKa — UCCIIEOBaHIE OPraHU3MOB, BbIJIC-
JICHHBIX U3 KCTpeMalbHBIX MecTooOuTanuit (Iwai, Omura, 1982; Phoebe et al., 2001; Basi-
lio et al., 2003; Berdy, 2005), B TOM 4HcCIie U3 COJJOBBIX COJIOHYAKOB, TJI¢ BRICOKHE 3HAUCHUS
pH mouB coueTaroTcs co 3HaAYNTENBHBIMU KonmdecTBaMu coneit (Grant, 1992). lenounsie
(comoBbIe) OMOTOIIBI JABHO CITy’KaT HCTOYHUKAMU rajloalKajJo(UIbHBIX OakTepuil, MeTabo-
JUTHI KOTOPBIX IMIUPOKO UCHONB3YIOTCS B Onotexnonoruu (Oren, 2002; Horikoshi, 2006).
HccnenoBanus ankano(uIbHBIX aKTHHOMHUIIETOB TOKa3allk, YTO OMOJIOTMYECKH aKTHBHBIC
BEIIleCTBAa MPOU3BOIATCS UMH B cpene ¢ pH okouo 9.0 (Sato et al., 1985; Tsujibo et al., 1988;
Vasavada et al., 2006). OnHaKo MPaKTUYECKA HAYETO HE H3BECTHO O BTOPUIHBIX METa0O0IH-
Tax TajJoaKaTO(QHIbHBIX (TaJI0AIKATOTOJIEPAHTHBIX) TPHOOB, 4TO 00YCIOBINBAET MIPUBJIE-
KaTeJIhbHOCTh MX IOMCKA M M3Y4YeHHA. SIMOHCKHE yYeHBIe OTMETIIIH, YTO aHTUMHUKpPOOHEIE
BEIIIECTBA Y aJIKAIOTOJIEPAHTHBIX M30JIATOB MUKpoMHLETOB (Paecilomyces lilacinus n Ver-
ticillium lecanii) mpoayIUPYIOTCS TOJNBKO B MIEIOYHBIX YCIOBUAX KyJIbTHBHpOBaHUS (Sato
et al., 1983, 1991).

Pa3paboTka METO/IOB yueTa U BBIACICHUS MULIECIHAIBHBIX TPHOOB M3 MIEJIOYHBIX 3aCO-
JICHHBIX MTOYB MMO3BOJIMIIA H30JIMPOBAThH TaI0ATKaJIOTOIEPAaHTHOE COOOIECTBO MUKPOMHUIIE-
ToB. OCHOBY KOMIUIEKCA COCTaBJISIOT BHIBI pojaa Acremonium (ZOMUHUDYIOT A. rutilum,
A. strictum, A. charticola n psn Ipyrux), a Takxke Acremonium-noo0HbIe aHAMOPQBI ACKO-
MuIeTOB Topsinka Hypocreales (Emericellopsis cf. minima, Heleococcum alkalinum),
OOJIBIIMHCTBO U3 KOTOPBIX CIIOCOOHBI K POCTY B LIMPOKOM JAHAIa30He KUCIOTHOCTH C He-
6onpmuM ontumymoM okoJio 9.0—10.0 pH (Bilanenko et al., 2005; bunanenko, ['eoprue-
Ba, 2005; T'eopruesa, 2006). Cpenu npejacraButenei poos Emericellopsis u Acremonium
W3BECTHBI IPOAYIICHTHI OMOJIOTHYECKH AKTUBHBIX BEIIECTB, U3 KOTOPHIX [3-TaKTaMHBIE U I10-
JMIENTHAHbIE aHTHOMOTHKY MIMPOKO npuMeHstores B mexuiuae (Elander, 2003; Muiliz et
al., 2007; Sarookhani, Moazzami, 2007).

Hactosimee cooOmerne MOCBAMICHO MOAOOPY Cpensl KyJIbTUBUPOBAHUS W M3yUCHHUIO
CIEKTpa OMOJIOTMYECKOW aKTUBHOCTHU Y U30JISITOB TI0AIKAIOTOJIEPAHTHBIX IPUOOB U3 Iiie-
JIOYHBIX 3aCOJICHHBIX ITOYB.
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MaTepnaﬂ H METOAbI

[TpoBeneHa oleHKa aHTUMUKPOOHOW akTUBHOCTH Yy 7 BUIOB (15 M3015TOB) rpHOOB, BbI-
JIEIIEHHBIX W3 00pa3loB IIEI0YHBIX 3acoIeHHBIX mouB LlenTpansHoit A3un (KynyHounHCKas
n Kynkypckas crenu, 3abaiikanse, CeBepo-Bocrounass Mounronus) u Appuku (Tanzanus)
(Tabm. 1).

Jlist onpeienieHusl aHTUMUKPOOHOH aKTHBHOCTH HCIONB30BAIH 10 IITaMMOB TECT-MHUK-
poopranu3MoB (Tabi. 2).

I'myOuHHOE KyJIETUBHPOBAHUE HCCIIETyEeMBIX U30JITOB MPOBOIIIIN Ha MICIIOYHOM KHJI-
kol cpene (KC) u conogoBom skctpakte (C).

Cpena IIXKC 6pu1a cnemyromero coctasa (r/m): Na,CO3 — 24, NaHCO3; — 6, NaCl —
6, KNO; — 1, K,HPO4 — 1, MgSQO4-7H,0 — 0.5; comomoBsiii skctpakt (15 °ban-
muara) — 200 M, ApOXOKeBOH 3KCTpakT — 1, kpaxman — 6; H,O muctummmpoBaH-
Has — 800 mm; pH 10.0—10.5. Jas npurotoBnenus HHDKC oraensHO cTepunu3oBaiu
MHUHEpanbHyI0 OCHOBY, a Takxke MgSO4-7H,O m ocTampHbBle KOMIIOHEHTHI B TEUCHHE
30 mur mpu u30BITouHOM maBineHHH 0.5 atM. Bce KOMIIOHEHTHI Cpelsl OOBEIUHSIIN
mpu 50 °C.

B cocras cpensr C Bxoami conomoBsblif skeTpakt (15° bammuara) — 200 mn/m u H,O —
800 mut; pH 6.5—7.0.

J171s TOBEpXHOCTHOTO KyJIbTHBHPOBAHUS TPUOHBIX U OaKTEPHATBHBIX TECT-KYIbTYp HC-
MTOJTE30BAIH MOTU(PHUIMPOBaHHYIO cpeny ['ay3e (r/m): rmroko3a — 10, menton — 5, Tpun-
ton — 3, NaCl — 5, arap — 20; Boxa BogomnpoBoanas; pH 7.2—7.4.

Taonuma 1

KpaTKaﬂ XapaKTEePUCTHKA MECT BbIACJICHUA UCC/IE/lyEeMbBIX H30/I9TOB MUKPOMHULIETOB

XapaKTepHCTHKa TOYBEHHOTO 00pasia
B Homep Pernon
A n3onsTa orbopa npod H cymma THII
p COJIEH, T/KT'|  3aCOJIEHHS TIOYBBI
Acremonium  charticola | TI12 | 3abaiixanbe 9.1 — CooBbIid
(Lindau) W. Gams
A. rutilum W. Gams All12 | CeBepo-Bocrounas Mon-| 10.1 33.0 »
roJus
Al13 | To xe 11.0 57.0 »
A126 | 3abaiikaibe 10.1 1.9 »
A. strictum W. Gams A132 | KyHkypckas cTenb 9.5 — »
A133 | CeBepo-Bocrounas Mon-| 10.7 26.0 »
TS
Acremonium sp. A138 | 3abaiikaibe 8.5 3.7 | CynbdarHo-cono-
BEII
A139 | Cesepo-Bocrounas Mon-| 10.4 48.0 | ComoBsii
rOJIHS
Acremonium sp. 1 A71 | 3abaiikanbe 10.3 139.0 | CynbdarHo-como-
BBII
Emericellopsis cf. minima | E101 | Kynynaunckas cterns 10.1 73.0 | ConoBsrit
Heleococcum alkalinum Bi- | F7 KyHnkypckas crens — — »
lanenko et Ivanova F9 » » — — »
F10 | Tanzauus 10.0 — »
F11 | Cesepo-Boctounas Mon- | 10.7 49.0 »
ToNnust
F12 | To xe 10.5 82.0 »

11 puMeUdaHucC. HpO‘ICpK — JaHHBIC OTCYTCTBYIOT.
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Tabnuma 2

TecT-KyJIbTYpPbI, HCNIOJIb3yeMble /LISl ONpe/lesIeHUst
AHTUMHKPOOHOI aKTHBHOCTH

Bun

IlItamm

I'pammnionoxurenbHble OakTepun

Bacillus subtilis

B. mycoides
Micrococcus luteus
Staphylococcus aureus

ATCC 6633 (=RIA 445)
537
NCTC 8340
FDA 209P (MSSA)
MHA 00761 (MRSA)*

I'pamoTpHnaTenbHbIe OaKTEpUH

Escherichia coli

Comamonas terrigena

Aspergillus niger
Saccharomyces cerevisiae

Candida albicans

ATCC 25922
BKIIM B-7571 (=ATCC 8461)

I'puos

MHA 00760
RIA 259
HWHA 00763*

11 puMcecHaHuc. 3B63L(0‘{K0ﬁ 0003HAUCHbI KIIMHUYECKHUE U30JISATHI.

Hccnenyemble n30JsThl TPHOOB KYJIBTHBHUPOBAIN B KoJi0ax DpieHMeiiepa eMKOCThIO
750 mn, cogepaxamux 100 M1 mUTATENBHON Cpefbl, HA KadallkaX CO CKOPOCTBIO BpAIlCHUS
220 06./mun nipu 25 °C. TloceBHo# MaTepuai it pepMEHTAMOHHOMN Cpe/ibl BRIPAIIUBAIIN
B TeueHne 10 cyrok Ha IXKC.

I'myOuHHOE KyJIBTHBHPOBAHHE WCCIIEIYyEMBIX H30JIATOB IIPOBOJIMIM B TeueHue 14 cy-
Tok Ha cpenax HDKC u C. Munenuiit OTAENSANINA OT KyJIbTypalbHOHN KXKUAKOCTH HEeHTpUy-
rupoBaHieM. brojoruyecku akTHBHBIE BEIIECTBA W3 MUIEIHS BBIACISUIM SKCTpaKIHMEH
9TaHOJIOM MPHU HEUTPATHHOM M KUCJIOM 3HaueHusX pH. Beiienenune Onoiorniecku akTHB-
HBIX BEIIECTB U3 KyIbTypalbHOU XUAKOCTH (90—100 MIT) IPOBOIMIN METOJOM COPOIIH
Ha amOepiaute XAD-2 (00beM copOeHTa COCTABIISUT IPUMEPHO 5 MII) C MOCIEAYIOIICH IJTH0-
nuell CMeChI0 OpraHMYecKUX pacTBOpHTENel ameroH—H.-Oyranom—sBoxaa (1:1: 1) mpu
HEHTpambHOM W KHCIOM 3HaueHHsx pH. OO0beM KakAoro 3iroaTa COCTABISUT MPHMEp-
HO 5 Mi. DmroaTbl M SKCTPAaKTHl BBIMAPUBAIN B BaKyyMe JO CYXOro OCTaTKa, KOTOPBIi
pactBopsui B 1 Mut atanosa. J{st OMOMOTMYECKUX MCTIBITAHUH HCITOIB30BAIN CIIETYIOIIHE
pacTtBopsl: KH — KOHIIEHTpAT BEUIECTB, BBACICHHBIX U3 HATMBHOTO pacTBOpa NMpH HEUT-
panbHOM 3HaueHuu pH; Kk — 13 HaTuBHOro pactBopa npu Kuciom 3HaueHuu pH; Mu —
W3 MHLENHS IPU HEHTpasbHOM 3HadeHWH pH; MK — W3 MHLenus Npu KHCIOM 3Have-
auu pH. Konnerntparsr Ku, Kk, MH 1 MKk nonyyanu u3 Kaxxaoro mioista rpuba. Beero
MIPOaHAIN3UPOBAHO 72 KOHLIEHTPATA.

AHTHMHKPOOHYIO aKTHMBHOCTH OMpeAe/suin MeTozoM auddysuu B arap (MeTom amc-
koB). B wamku [letpu muamerpom 10 cm pasnuBanu mo 20 Mt arapoBoii cpenbl. Ha 3acToiB-
UIYIO IOBEPXHOCTDH CPE/IbI BEICEBAIU Ta30HOM TECT-KYJIbTYPHI (Ta0I. 2). DKCTPAKTHI H 3JTH0-
aTsl (o 10 MKIT) HAHOCHITN Ha AUCKH (PUIBTPOBANEHON OyMaru JuaMeTpoM 6 MM, KOTOpBIE
MOMeEIIaN Ha MOBEPXHOCTh arapoBod cpenbl. TecT-KynbTypbl MHKyOUpPOBAaIM MPH TEM-
neparype 28 (3 mramma rpuboB u Comamonas terrigena) u 37 °C (octanbHble — OakTe-
pHuanbHbIC TaMMbI) B TeueHue 17—24 4 Ha cpene ['ayse (B TeMHOTE). AHTUMHKPOOHYIO
AKTUBHOCTD OIPEEIISIIH [0 HAIMYHIO 30H 3aJIeP>KKH POCTa TECT-OPTaHU3MOB (B MM), C yde-
TOM JHaMeTpa OyMa)KHOTO JUCKa.
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Pe3yabTaThl N 00Cy:KIeHHE

HccnenoBanue 1moka3ano, 4YTo OMOJOTMYECKH aKTUBHbBIE BEIECTBA COJEPIKATCS Kak B
KOHIIGHTpATax U3 MUIIEIIHS, TaK U B KOHI[EHTPATaX U3 HATHBHOTO PACTBOPA, C mpeobiaaa-
HUEM aHTUMUKPOOHOH aKTHBHOCTH MHIEIUATBHBIX SKCTPAKTOB.

buonoruyeckyio akTUBHOCTh U30JISITOB CPAaBHUBAJIM NPU KYJIbTHUBUPOBAHUH UX HA JBYX
pasubix cpenax — IDKC (pH 10.0) u C (pH 6.5). Ha cononoBoii cpene aHTUMUKPOOHAST aK-
TUBHOCTD INPOSIBJISLIACH B 3HAUYUTEIHHO MEHBIICH CTEIIEHH, YeM NPU KYJIbTHBUPOBAaHHU Ha
HI2KC. Hanpumep, y 4. rutilum (A126) u Acremonium sp. 1 (A71) npu UcoNbp30BaHUH CO-
JIOZOBOW Cpebl aKTUBHOCTHIO 00Jajalii TOJILKO KOHIIGHTPaThl M3 HATUBHOI'O pacTBOpa
(Kx), a ma IIDKC axTuBHBI ObUIH U IpyTHE KOHIEHTpaTel — MH, Mk 1 KH (Tabm. 3). B gans-
HelleM n3ydyeHHe aHTHOMOTHYECKOW aKTUBHOCTH y TaJl0ajKalOTOJEPAHTHBIX IPUOOB U3
COJIOBBIX COJIOHYAKOB IIPOBOJIMIIM TOJHKO Ha IETOYHOH cpene (Tabi. 4).

B pesynbprare nccienoBaHus BBISIBICHBI KYJIbTYpHI, IPOAYLHUPYIOIINE BELIECTBA KAK C
HIMPOKUM, TaK M C y3KUM CHEKTPOM OHOJIOTHUECKON aKTHBHOCTH. Y psifia U30JIs1TOB — Ac-
remonium sp. (A138), A. rutilum (A126), Acremonium sp. 1 (A71), Emericellopsis cf. mini-

Tabnuna 3
AHTHMHKPOOHas AKTUBHOCTb Y M30JISITOB TPHUOOB Ha COJI0/10BOJi U 1IeJI0O4HOI cpefie
TecT-KyabTyphI
Cpena
Konrent- Staphylococ-
Busi rpuGos - |icysTiBH- pats | Bacillus [Micrococ- Stcaopclzylso— cus aureus | Esche- izzntiz?—_ Saccharomy-
posaHui subtilis |cus luteus u (kauHM4Yec- |richia coli ces cerevisiae
aureus o gena
KHH U30JIAT)

Acremonium 1IPKC Mu X 12 — — — X X
rutilum Mk X 12 — 9 — X X
Al26 Ku 10 10 11 9 — X x

Kx 7 7 8 — X X
C Mu — X — — — — —
Mk — X — — — — —
Ku — X — — — — —
Kx 7 X — 7 — 7 —
Acremonium 1DPKC Mu 14 15 10 21 — X X
sp.1 A71 Mk 14 15 13 16 — X X
Ku 11 8 9 10 — X X
Kk 7 + 8 8 — X X
C Mu — X — — — — —
Mk — X — — — — —
Ku — X — — — —
Kx 7 X — 7 — 7 —

Emericellopsis | 1LIXKC Mu — X — — — — —
cf. minima Mk — X — _ + + _
E101 Ku 7 X _ _ _ _ _

Kx 8 X + 7 — 9 —
C Mu — X — — — — —
Mk — X — — — — —
Ku + X — 7 — — —
Kx 7 X + 7 — 8 —

ITpumedanue. 30HBI IOAABICHHS POCTA TECT-KYJIBTYP: «—» — IIOAABICHHUSI HET; «+)» — CIIEI0BBIC KO-
JINYECTBA AaHTUMHUKPOOHBIX BELIECTB (30Ha MeHee 7 MM B finaM.); 7—21 MM — AuameTp 30H MOJaBJICHUS POC-
Ta; X — aKTUBHOCTb He npoBepsuid. To ke 1t Tadia. 4. AKTMBHOCTB 110 OTHOIIEHUIO K Bacillus mycoides,
Aspergillus niger, Candida albicans ue Obuia 0OHapyx eHa.
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AHTHMUKPOOHAasi aKTHBHOCTH Y M30JISITOB Ha LIEJOYHOI cpele

Tabnuma 4

Bubl rpudos

Konment-
partbt

TecT-KynbTyphl

Bacillus
subtilis

Bacillus
mycoides

Micrococ-
cus luteus

Staphylococ-
cus aureus
(xMHMYEC-

KM U30JIAT)

Staphy-
lococcus
aureus

Comamo-
nas ter-
rigena

Aspergil-
lus niger

Saccha-
romyces
cerevisiae

Acremonium
charticola T12

A. rutilum A112

A. rutilum A113

Acremonium sp.
A138

Acremonium sp.
A139

Heleococcum al-

kalinum F9

H. alkalinum F10

H. alkalinum F11

15
15

15
7 18

E I

o oo

IIpumeuanue. AktuBHOCTh 10 oTHOWmEeHUIO K Escherichia coli u Candida albicans ne 6vina 0OHa-

pyKeHa.

ma (E101) BrIsABICHa aHTHOMOTHYCCKAST aKTHBHOCTH 110 OTHOIICHUIO K Pa3HBIM TPaMIIOJNO-
JKUTEJIbHBIM OAaKTEPUAIbHBIM TECT-KYJIbTYypaM, CPEIH KOTOPBIX CYLIECTBYET BBICOKAs aK-
THUBHOCTbH 10 OTHOIICHHIO K S. aureus M ero KIMHHUYECKOMY METUIHIUIMHPE3UCTEHTHOMY
usouAty (1abi. 3, 4). Y HeKOTOphIX KyIbTYp (Acremonium sp., A. rutilum, Heleococcum al-
kalinum) ormMedeHa anTH(yHTaNbHAS aKTUBHOCTS (Ta0m. 4). 301aTH Acremonium strictum
(A132, A133) u Heleococcum alkalinum (F7, F12) He nposiBUiIM aHTHOMOTHYECKOI aKTHB-

HOCTH IO OTHOMICHUIO K UCIIOJIB3YEMBIM TE€CT-MHUKPOOPTaHU3MaM.

N3yuenne cekTpa aHTUMUKPOOHOH aKTUBHOCTH OBIJIO IMTPOBE/IEHO Y N30JISITOB JOMUHH-
PYIOLUX BUJOB IPUOOB U3 COIOBBIX COJIOHYAKOB, OOJBIIMHCTBO U3 KOTOPHIX [0 MOopdoo-
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THYEeCKUM IIPU3HAKaM OTHECEHO K poxy Acremonium. B coBpeMEeHHOM IIOHUMaHUU pox Ac-
remonium — 4pe3BbIYaiiHO TeTepOreHHast TpyIIa, KOTopas elie HeA0CTaTOYHO HOAPOOHO
paspaborana B cuctemarnyeckoM otHorenun (Gams, 1971; Glenn et al., 1996; Rossman et
al., 1999). Ompenenenne TAKCOHOMHYECKOTO TIOJOXKCHHS PsAAa BBIICICHHBIX TPHOOB, KO-
TOpBIE IO CBOMM MOP(OIOTHYECKUM U (PU3HOJIOTUIECKUM (BBIpRKEHHAS IaJl0aIKaJoToJIe-
PaHTHOCTB) OCOOCHHOCTSIM OTJIMYAIOTCS OT BCEX M3BECTHBIX MIPEACTaBUTENEH poa, TOKa He
3aBEpIICHO.

I'pubs1 poma Acremonium, 0ocOOCHHO A. chrysogenum, SBIAIOTCS XOPOIIO UCCIEOBAH-
HBIMHU TIPOJYLEHTAMH [3-JIaKTaMHBIX aHTHOMOTHKOB (uedanocnopunsl P, N, C), xoropsie
UMEIOT BakHeiInee npakTuueckoe 3HaueHue (Brakhage, 1998; Demain, Elander, 1999;
Elander, 2003; Muiiiz et al., 2007; Sarookhani, Moazzami, 2007; Cuadra et al., 2008). Cpe-
I MCCJIEOBaHHBIX HaMHU W30JISITOB poja Acremonium W3 COAOBBIX COJIOHYAKOB OMOJIO-
THUYecKasi aKTHBHOCTH ObLIa BBIABIIEHA y A. charticola n A. rutilum, Hanboiee aKTUBHBIMH
B OTHOIICHHUH HCCIICIOBAHHBIX TECT-OPIaHU3MOB OKa3aJINCh U30IISTHI Acremonium sp. M Ac-
remonium sp. 1.

OCo0SHHO HHTEPECHO HCCIIeIOBAHKE TaI0aIKaJIOTONIEPAaHTHOro H3oisita Emericellopsis
cf. minima, BHIAEIEHHOTO U3 COJIOBOTO coloHYaKka KymyHIMHCKOW cTenH, y KOTOPOro OTMe-
YeH MIUPOKHH CIIEKTP aHTUMUKPOOHOH akTHBHOCTH (Tabu. 3). Y BunoB pona Emericellopsis
BBISIBJICHBI OMOJIOTMYECKH aKTUBHBIE BEIIECTBA, OTHOCUMBIE K IpyMIle P-TaKTaMHBIX aHTH-
6unoTnkoB, — 1edanocnopunsl P, N, C; cunaematu A; smepunesutoncusl A u b (Grosk-
lags et al., 1957; Bhuyan, Johnson, 1958; Kavanagh et al., 1958; Cole, Rolinson, 1961; Ott
et al., 1962; Elander, 2003). Takxe BHIbI 3TOTO poJia MPOAYLHMPYIOT Pa3IHYHbIC MTOJIHUIICTI-
THIHBIC aHTHOMOTHKY rpynnsl nentan6oioB (Argoudelis, Johnson, 1974; Argoudelis et al.,
1974; Berg et al., 1996; Ishiyama et al., 2000; Rogozhkina et al., 2000; Nagaraj et al., 2001;
Galbraith et al., 2003; Degenkolb et al., 2007). UccnenoBanue psina u3onsaToB Buaa Heleo-
coccum alkalinum, TOMUHHPYIOIIETO B COJOBBIX COJIOHYAKAaX, BBISBWIO HE3HAUYNTEIHHYIO
AQHTUMUKPOOHYIO aKTUBHOCTb, CIIEKTP KOTOPOH BapbHPOBaJ B 3aBUCUMOCTH OT M30JIATA.

Takum 06pa3oM, MEKPOMHIIETHI H3 COJOBBIX COJOHYAKOB MOTYT IIPECTABIISAT HHTEPEC
KaK NPOJyLEHTbl OMOJIOTUYECKH aKTUBHBIX BEIIECTB, YTO TPeOyeT JaibHelIIel paboThl 1Mo
noabopy YCIOBHH KyJIbTHBHPOBAHUS, a TAKKE IO BBIABICHHIO M aHAJIM3y WX aHTHOaKTe-
pHaNIbHOM M aHTU(QYHTrIEHONH aKTHBHOCTH.
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MoOCKOBCKHI rocyAapcTBeHHbIH yHUBepcuTeT uM. M. B. JlomoHOCOBa THocrynuna 19 V 2009
VYupexaenue Poccuiickoit akageMun MEAULUHCKUX HAyK
HWMU no usbickanuio HOBbIX aHTUOMOTHKOB UM. ['. @. T'ay3e PAMH
Mocksa
i-marina@yandex.ru

PE3IOME

CrieKTp aHTUMUKPOOHOW aKTUBHOCTH OBUI HCCIIEZIOBAH y FaJI0alIKaJ0TOJIEPAaHTHBIX H30JIATOB JI0-
MHUHHMPYIOUINX B COAOBBIX COJIOHYAKaX BUIOB MUKPOMULETOB Emericellopsis cf. minima, Heleococ-
cum alkalinum, Acremonium charticola, A. rutilum, A. strictum, Acremonium sp. B pesynbrate 05u10
BEISIBJICHO, YTO U30JIATHI FaJI0AIKaI0TOJICPAaHTHBIX TPHOOB IIPH KYJIbTUBHPOBAHHUH Ha IEJIOYHEIX Cpe-
JlaX COCOOHBI MPOAYIIMPOBATH AHTUOMOTHYECKHIE BEIICCTBA, 00JIaAI0NIHe KaK aHTHOAKTEPHATbHOM
AKTHBHOCTBIO C IIMPOKUM M Y3KUM CIIEKTPOM ICHUCTBHUS, TaK M aHTH(YHTaIbHON aKTHBHOCTBIO. Vc-
ClIeZJOBaHHBIE U30JIATH OKa3aIMCh HanboJiee akTHBHBIME B OTHOIIeHNH Staphylococcus aureus, Bacil-
lus subtilis, Micrococcus luteus, Aspergillus niger n IpaKTUYIECKH HEAKTUBHBIMU B oTHOIIeHNH Can-
dida albicans n Escherichia coli.

KiroueBble ciioBa: aHTUMHKPOOHAsi aKTUBHOCTB, Acremonium, Emericellopsis, TanoankaaoToue-
PaHTHbIE MUKPOMUIIETHI, COIOBBIE COJIOHYAKH.

SUMMARY

The spectrum of antimicrobial activity was investigated among haloalkalitolerant fungal isolates,
dominated in alkaline soils: Emericellopsis cf. minima, Heleococcum alkalinum, Acremonium charti-
cola, A. rutilum, A. strictum, Acremonium sp. It was shown that some isolates of haloalkalitolerant
fungi were capable of producing compounds with high and low spectrum of antibacterial and antifun-
gal activity. The investigated isolates were more active against Staphylococcus aureus, Bacillus subti-
lis, Micrococcus luteus, Aspergillus niger; they were practically inactive against Candida albicans
and Escherichia coli.

Key words: antimicrobial activity, Acremonium, Emericellopsis, haloalkalitolerant micromyce-
tes, alkaline soil.
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OEHOTHUIINYECKAS U3MEHYUBOCTDb ITPUPOJHBIX N30JI5ITOB
SHTOMOIATOI'EHHOI'O I'PUBA BEAUVERIA BASSIANA

KRYUKOV V.Yu, YAROSLAVTSEVA O.N,LEVCHENKO M.V,
LEDNEV G.R, GLUPOYV V. V. PHENOTYPICAL VARIABILITY IN NATURA
ISOLATES OF ENTOMOPATHOGENIC FUNGUS BEAUVERIA BASSIANA

I'pub Beauveria bassiana (Bals.-Criv.) Vuill. sBiseTcst maToreHoM st IIMPOKOTO KPy-
ra HaceKOMbBIX M3 pa3HbIX OTpAAOoB. lllTaMMBI 3TOro BHIa 3HAYMUTENBHO Pa3IUYAIOTCS
110 MOpP(OJIOTHYECKUM, (PU3NOIOTHIECKUM M BUPYJICHTHBIM CBOMCTBaM. B maHHOM cirydae
I10JI BUPYJICHTHOCTBIO aBTOPHI IOHMMAIOT KOJMYECTBEHHYIO Mepy maroreHHoctd (Baii-
3ep, 1972). UsBectHo, uTO Treorpadmveckas H30JSAMHS SBISETCS OCHOBHBIM (DaKTOPOM
BHYTpHuBHAOBOW muddepentmannn B. bassiana (Rehner, Buckley, 2005). IIpu atom BHYyT-
PUIIONYJISUOHHAs U3MEHYMBOCTh IpH0a KccieoBaHa HeroctaTouHo. HeoHoKpaTHO crie-
[HATUCTHI TBITAJINCh YCTAHOBUTH B3aMMOCBSI3M MEXTYy Mopgororueit KojgoHuit B. bassia-
na, UHTEHCUBHOCTBIO CIIOPOHOIIEHUS U BUpyJeHTHOCThIO (EBmaxoBa, 1966; Anemmuna u
Ip., 1972; Orapkos, Orapkosa, 2000; I'eruroBT, 2002; Kprokos u ap., 2007). OxHako ogHO-
3HAYHOT'0 OTBETA Ha JaHHBII BOIPOC J0 CHX IOp HaWTH He yaaiock. [Ipu aTom ObLTO ycTa-
HOBJICHO, YTO HanboJiee BUPYICHTHBIMH U IIEPCIIEKTUBHBIMHU I MACCOBOTO KYJIBTHBHPO-
BaHUsI SABJISIFOTCS IITAMMBI IpHOa ¢ MyYHHCTOHN TIIaJKON CTPYKTYPOH KOJOHHMH, a KyJIbTYpPhI
C BOMIJIOYHOM M BaTOOOPa3HOW CTPYKTYypOW OKa3bIBAIOTCS MEHEe BHPYJICHTHBIMH U cllabo
CIOpOHOCSIIMMU. B psine paboT moka3aHa cBS3b MEXK1y BUPYJICHTHOCTHIO IITAMMOB B. bas-
siana W aKTHBHOCTBIO MPOTEOJUTUYECKUX, JIUMOJINTHYECKUX U XUTHHOJIMTHYECKUX (ep-
MenToB (ITaBmromun, 1979; I'emrorT, 2002). Apyrue crermanucts! (bopucos u ap., 2001)
TaKkoW Koppeysiuu He oOHapyXuiau. OcTaeTcsi OTKPBITBIM BOIPOC O NPHYPOUYCHHOCTH
HITAMMOB B. bassiana K onipeJesieHHOM rpyre xo3seB. Hen3BecTHO, 3aBUCHT JIK BUPYJICHT-
HOCTh IITaMMa Ipruda OT TAKCOHOMHYECKOH NMPUHAIICKHOCTH XO35IMHA, U3 KOTOPOTO OH
Obu1 BBIAETICH. HekoTophle aBTOpPHI MPEAINOJIAraloT, YTO B Pe3yJibTaTe aJanTalid K MecT-
HBIM TIOIYJIALIUSAM HACEKOMBIX B OMOIIEHO3€ MOTYT ()OPMUPOBATHCS pachl rpuda, OTIndaro-
IIMECs] BBICOKOH CIeNM(UYHOCTHIO 10 OTHOIIECHHIO K TEM I MHBIM X03sieBaM (AHIPOCOB
u 1p., 1981; Kprokos u ap., 2007). OnHako NpuypoOYeHHOCTh K HACEKOMBIM OINPEAeIEHHBIX
rpynn y pona Beauveria IpociexXuBaeTcs TOJIBKO HA YPOBHE BHJIOB, IIPU 3TOM BecbMa He-
otueruBo (Rehner, Buckley, 2005). B To ke BpeMs y ApYTHX IIUPOKO CIIEHUATH3UPOBAH-
HBIX TU(OMHULIETOB, HATIpUMeEp, Y Metarhizium anisopliae (Metschn.) Sorokin, ycTanoBieHa
BHYTPHMBHIOBAs CIELMAIN3AIMS K HACEKOMBIM paszHbIX oTpanoB (Humber, 1997) wnu BumoB
(Fargues, Robert, 1983). CiieqyeT oTMETHTB, 9TO H3ydeHUE MOTUMOPGI3MA U TPOYUIECKIX

I Uncruryt cucremaTuku u 3konoruu xkuBoTHeix CO PAH, HoBocubupck.
2 BHUU 3amuts! pactennii, Cankr-IlerepOypr.
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npedepennuii B. bassiana BecbMa aKTyallbHO TaKXKe C IIO3UIUI MPAKTHIECKOH SKOJIOTHH, B
0COOEHHOCTH ISl pa3pabOTKH IPOTPaMM 110 CO3/1aHHIO0 UCKYCCTBEHHBIX SITU300THH B IOIY-
JSIOUAX HACCKOMBIX.

Llens manHO#M paboOTHl — M3y4deHHEe MOP(HOPHU3NOIOTHIECKUX M BUPYJICHTHBIX CBOWCTB
U30JIATOB B. bassiana onuoi reorpaduueckoi nmomyssiuu (HoBocubupckas o01.), BbIze-
JICHHBIX U3 HACEKOMBIX Pa3JIMYHBIX TPYIMIL.

Martepuan u MeTOAbI

OcHOBHasI 4acTh M30JATOB B. bassiana (33 KynbTyphl) ObIIa BBIJENECHA W3 Pa3IIHy-
HBIX HACEKOMBIX B BOCTOYHOW wyact HoBocubupckoit o061 (54°35'—55°05" c. ur.,
82°45'—84°00" B. n.) B mrone—centssope 2006 r. Taxke B paboTe HCIOIB30BAHBI JIBa
mramma (Cap-31, BBK-1), Boinenennsie Ha rore HoBocnOupckoii 001. B OKPeCTHOCTSIX
r. Kapacyk (53°03” c. 1., 78°03” B. 1.) B 2000—2001 1. Hacexombie-xo03sieBa rpuba mpu-
HaJJIeKAIH K cleayommmM takconaM: Heteroptera — Miridae sp. (2), Pentatomidae sp. (2);
Orthoptera — Calliptamus italicus L. (2); Homoptera: Cicadidae sp. (1); Coleoptera —
Brachysomus echinatus Bonsd. (9), Polydrusus undatus F. (1), Eudipnus mollis Strom (1),
Staphylinidae sp. (2), Cisidae sp. (1), Chrysomelydae sp. (1), Carabidae sp. (1), Elateri-
dae sp. (1); Lepidoptera — Thyatiridae sp. (1), Macroheterocera sp. (3); Hymenoptera —
Cimbex sp. (1), Formicoidea sp. (2); Diptera — Asellidae sp. (1), Cyclorrhapha sp. (1); In-
secta sp. (2). Beigenenue u nonaep:xaHue KyJIbTyp B 1a00OpaTOPHBIX YCIOBUSIX MPOBOIMIIH
o obmenpuHATEIM Metoankam (botikoBa, Hosuxosa, 2001).

[Ipu onpenenennn 6omMacchl BO3AYIIHOTO MHULEIHS U KOJIMYECTBA CIIOP M30JISTOB HC-
MOJI30BAIM TAa30HHBIA TOCEB Ha arapu3oBaHHyl0 cpeny Bakcmana (JIutBunoB, 1969)
B vaiiky [letpu quamerpom 90 mm (64 cm?). Uepes 45 cyTok KynpTuBUpOBaHus mpu 25 °C
BO3/IyIIHBIA MULIEIHH U CIIOPBI TPHOOB COCKAOJIMBAIIM CO CPEJibl LINAaTeNIeM, IPOCYy ILIHBAIIH
B TedeHne 10 cyTok mpu TOH ke TeMIiepaType, B3BEIINBAIN U pa3MeIbdaii B cTynke. [lon-
CYeT KOHUAMH NPOBOAMIM B Kamepe [ opsieBa.

Il OIEHKHM CKOpOCTH pocTa TPHOOB HCIONB30BAIM TOYCYHBIM IIOCEB HAa CpPEIbI
Bakcmana n Cabypo ¢ mocnenyronM H3MEpeHHEeM JuaMeTpa KOJOHWHA C MHTEpBaJIOM
B 2 CyTOK B TE€UEHHUE OHOI0 Mecsia. PenbeHOCTh KONOHHH olleHHBaIH Ha 30-¢ CyTKH BH-
3yaibHO 10 3-0ammeHOM cucteMe: 1| — HepensedHbIe, 2 — cinadopenbedHbie, 3 — CHIBHO-
penbedHEbIe.

[TpoTeonuTHYECKyI0 M JIMHIONUTHYECKYI0 AKTUBHOCTh HM30JIATOB OMPEAEISUIH HKCII-
pecc-MeTo/I0M Ha arapu30BaHHBIX CPEAax ¢ J00aBICHHEM 00€3KUPEHHOTO CyXOro MOJIOKa
(2 %) nmm Teuna-80 (ITaBiromun, 1979). Ha nanHble cpeapl MoMeNIaan arapoBbie OJIOKH
JraMeTpoM 7 MM ¢ 3-CyTO4HBIM MuIenueM rpu6os. [Tokazarenem pepMeHTATUBHOM aKTHB-
HOCTH CITy>KHJIa IIMPHHA 30H ITPOTEO0JIN3a Ha 3-1 CYTKH U 30H JIMIIOIK3a Ha 6-€ CyTKH HHKY-
ouposanus npu 25 °C.

BupynentHocTs n3051TOB ouleHuBanu Ha indyuHkax I u Il Bo3pacra konopaackoro xy-
ka (Leptinotarsa decemlineata Say), Ha Humdax II u III Bo3pacrta mycTteiHHOTO TIpyca (Cal-
liptamus barbarus Costa), a3uarckoii capanuu (Locusta migratoria L.) u B psje onsIToB Ha
rycennnax Il Bozpacra kpanuBHuibsl (Aglais urticae L.). UToObI oCcy1IeCTBUTH 3apaKeHHE,
HACEKOMBIX OJHOKPATHO OKyHaJH B BOIHBIC CYCIEH3MM KOHUAWI rpuba. JIMunHOK mome-
IIaJIM B TUIACTUKOBBIE KOHTEHHephl 00beMoM 700 MJI M HaKkphITBIE CBEpXY ceTKoi. Bee ake-
MIEPUMEHTHI MIPOBOAMIN KaK MHUHHUMYM B 3 MOBTOpPHOCTSX, 1m0 10—15 ocoleit B kaxmoil.
CMeHy KOopMa M y4eT TIOTHOIINX HACEKOMBIX IPOBOAMIIM €XEAHEBHO B TeueHne 10—17 cy-
TOK B 3aBUCHMMOCTH OT YPOBHA UX CMEPTHOCTH.

Jlisl CpaBHHUTENBHOTO aHaM3a BHPYJIEHTHOCTH H30JSTOB HCIIONB30BAIH IOKA3aTENN
CMEPTHOCTH HUM( CapaHYOBBIX U I'YCEHUI] KpanuBHULBI Ha 8—10-¢ cyTku nocie nHpHULIuU-
poBaHHA, a KOJIOPAICKOTO XyKa — Ha 12—15-e cyTku nocie WHOHUIHIPOBAaHUA. Y POBCHb
CMEPTHOCTH, 3aPErUCTPUPOBAHHBIN B YKa3aHHbBIE CPOKH, XapaKTEPH30BAJICS MAaKCUMAIbHOM
JUCTIEPCHEH, YTO TIO3BOJIMIIO Hanbosiee TOYHO MPOBECTH AUQPHEPESHITHNAINIO H30JSATOB IO
MIPU3HAKY BHPYJICHTHOCTH.
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Pe3yabTaThl N 00Cy:KIeHHE

[Tpu KyJIBTUBUPOBAHUH U30JISTOB Ha cpeax Bakcmana u Cabypo ObLIO BBISBICHO MATH
THUIIOB KOJOHUH (puc. 1). YV mTaMMOB IIEpBOTO THIA KOJIOHWW MYYHHUCTHIE HEpenbe(dHbIC
(a), y M305TOB BTOPOTO TUIIAa — BOWJIOUHBIE HepesbedHbIe (6), Y TPEThEro THIa — BOM-
JIOYHO-MYYHHUCTEIE penbedHbIe (8), Y Y€TBEPTOr0 — BOMIOYHEIE pelbedHBIE (2) U y MATOo-
ro — BaroobOpasHsle (0). Haubosee yacto Berpevanucs MophoBapuaHTsl 2 (18 n3onsaToB) n
6 (8 u305ATOB), pexe — a, 6 1 0 (1Mo 3 u30JATa). Y CTAaHOBIICHO, YTO HAHOOIIBIIKE OOMacca
1 TUTP KOHUJHMH XapaKTepHBI Ul KyJIbTYp ¢ MyYHHCTOH CTPYKTypoi Kosonui (puc. 2). Ca-
MbIC HU3KHE MMOKa3aTe i OMOMACCHI U TUTPA OTMEUCHBI y MOp(OBapuaHToB 6 u 2. Ciemyer
OTMETHUTbH, YTO TSI MOPPOTHIIA @ XapaKTEPHO Takke Hamboiee OBICTpoe (OPMHpPOBAHHE
CriopoHoIeHHss — Ha 9—13-e cyTku. Y npyrux mMopQoBapuaHTOB OCHOBHAsi Macca CIOp
obpasyercst Ha 20—35-¢ CyTKH.

B skcnieprMenTax Ha TMYMHKAX KOJIOPAJICKOTO KyKa YCTaHOBJIEHO, YTO HU3KO-, CpPEITHE-
U BBICOKOBHUPYJICHTHBIE U30JISITHI MOTYT OTHOCUTBCS K JIFOOBIM MOp(oBapruanTam, Ipu 3TOM
JI0JIsI BBICOKOBUPYJICHTHBIX KYJIBTYD BBIIIE CPEIIN U30JIATOB ¢ Ooisiee penbeHON CTPYyKTY-
poii koonui (puc. 3). AHaNOru4Has TEHJCHIUS HAOJIIOANach B SKCIIEPUMEHTAX Ha ITyC-
TBIHHOM IIpyCe.

BrLsicHEHO, 4TO BCe M3ydaeMble M30JIATHI MPOSBISUIN MPOTEOIUTHIECKYIO M JIMIOIH-
THYECKYI0 akTUBHOCTbH. llIMpuHa 30H mpoTeosn3a BappupoBaia ot 1 1o 8§ MM, a mIMpHHA
30H Jmmnonu3a — oT 16 go 26 mm. Ha maHHO# rpynme u3onstoB B. bassiana He BBIABIE-
HO JIOCTOBEPHOW KOPPEJSIIMU MEX/1y BUPYJICHTHOCTBIO M aKTUBHOCTBIO mpoTeas (r < 0.27,
p > 0.05). Taxoke He OOHapPYKEHO B3aUMOCBS3M MEXAY BHPYJICHTHOCTHIO M CKOPOCTEHIO
paauaIbHOTO POCTa KOJOHUH Ha pasHbIX cpenax (r < 0.14, p > 0.05). YcraHoBIeHBI cia-
Ople TIOJOXUTENbHBIE Koppersuuu Ha ypoBHe 0.38—0.45 (p < 0.05) mexnay mumasHon
AKTHBHOCTBIO M BUPYJIEHTHOCTBIO H30JISITOB 110 OTHOIICHHIO K CapaHYOBBIM M KOJIOPAZICKO-
My XKYKy, a Taxke moctoBepHbie (p < 0.05) koppemsauuu Ha ypoBHe 0.35—0.48 mexmy
MIPOAYKTUBHOCTBIO KOHHUIHUH, Penbe(hHOCTHIO KOJIOHMI W BHPYJICHTHOCTBIO AJSI TECT-Ha-
CEKOMBIX.

ITpu cpaBHUTENBEHON OLIEHKE BUPYJIEHTHOCTH KyJIBTYp IO OTHOLICHUIO K Pa3HBIM Hace-
KOMBIM Ha IEepBOM dTare paboThl ObLIO M3ydeHO 1Ba u3oisra B. bassiana — Cap-31 u
BBK-1. JlaHHbIe KyJIbTYpbl MHOTOKPaTHO TECTHPOBAIM Ha HACEKOMBIX B TedeHHe 4 jer
B 2005—2008 rr. Cnexyer OTMETHTh, YTO H3ydaeMble H30JSATHl BECbMa CTAOMIBHBI 110
MOPQOKYJIbTYPAIbHBIM U BUPYJICHTHBIM CBOHCTBaM, BBIIEIECHBI U3 OJHOI'O BHAA HACEKO-
Moro (Calliptamus italicus L.) B OTHOM ¥ TOM e Teorpa@uuecKoM IIyHKTe (OKPECTHOCTH

Puc. 1. Mopdoapuantsl Beauveria bassiana Ha arapu3oBaHHO# cpene Bakcmana.

a — MyYHHCTBIE HepenbedHble, 6 — BOWIOYHBIE HEpenbe(HbIE, 6 — BOIJIOYHO-MYYHUCTBIC peibedHbIe, ¢ — BOIIOYHBIE
penbedHbIe, 0 — BaTOOOpa3HbIE.
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Puc. 2. VIHTEHCHBHOCTbH CIIOPOHOIICHUSI ¥ BBIXOJ OMOMACCHI Y M30JATOB B. bassiana, OTHOCAIIMXCA K Pa3HbIM
MopdoBapuaHTaMm, Ha cpeie BakcmaHa.

1 — xonudecTBO KOHMHiA, 2 — Guomacca. MHTepBaibl — omubka cpejjHell apudMeTHIECKOH.

r. Kapacyx) u uMeroT olnuHaKOBBIN THII KOJIOHUH (). Y CTaHOBJICHO YTO U30JIAT C BBICOKOM
BHPYJICHTHOCTBIO TI0 OTHOIICHHIO K NPEACTABUTEISIM OJHOTO OTPSJa HACEKOMBIX OKa3aJICs
B TO )K€ BpeMsI BHICOKOAKTUBHBIM U JUIS APYTHX OTPsi0B HaceKoMbIX. Tak, BBK-1 BbI3bIBaN
GoJiee BHICOKYIO CMEPTHOCTh a3MaTCKOM capaH4YH, KOJIOPAJCKOTO )KyKa W KPalHMBHUIIBI 110
cpaBHeHHIO ¢ KynbTypoii Cap-31 (puc. 4). Cnenyer Takke OTMETUTH, YTO aHAJOTHUYHBIE pe-
3yJbTaThbl 6I)IJ'[I/I IMOJIYYCHBI HAMU PAHEC IMPU UCCIICTOBAHNU BUPYJIICHTHOCTHU JIBYX IITaMMOB
JpYyroro SHTOMONATOTE€HHOTo rpuba — Metarhizium anisopliae Ha 3THX e HaCEKOMBIX
(Kprokos u np., 2008).

Ha BTOopom sTame nccmenoBamu 35 HmpUPOIHBIX H30NATOB B. bassiana. YcTaHOBIIEHA
TeCHasl JOCTOBEpHAs CBSI3b MEXKJY BHPYIEHTHOCTBIO JAHHBIX KyJIbTYp AJIS IIyCTBIHHOTO
mpyca ¥ KOJOpajcKoro xyka (puc. 5). Takoii ke 3KCIIEpUMEHT ¢ UCIOIB30BaHUEM 26 H30-
JSITOB ITOBTOPMJIM HA JIMUYMHKAX KOJOPAACKOTO XyKa M a3uaTrckoi capaHuu. Kak u B mep-
BOM cllyuae, KOppeJslus oka3ajach BRICOKOUW U qoctoBepHoit (r = 0.82, p < 0.00001). ITo-
JTy4eHHbIC (DaKTHl CBHUACTEIBCTBYIOT O BO3MOXKHOM OTCYTCTBHHU CHEIHAIN3AINH JTAaHHBIX
H30JISITOB 10 OTHOILIEHHUIO K HACEKOMBIM YKa3aHHBIX OTPA0B. OTINYMS 110 BUPYJIEHTHOCTH
MEXJIy TpyNIaMH H30JITOB, BBIACICHHBIX M3 HACEKOMBIX Pa3HBIX OTPSIOB, OKa3alIHCh
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Puc. 3. CooTHOIIEHHE U30JISTOB C Pa3HBIM YPOBHEM BHPYJICHTHOCTH JUIs KOJIOPAJCKOTO JKyKa cpein MophoBa-
puaHtoB B. bassiana (15-e cyTku mocie MHOKYJSILUH, TUTP 5 X 100 kommamii/mi).

1 — wuunskoBupysneHtHele (cmeptHOocTh 10—40 %), 2 — cpegueBupynentusie (40—70 %), 3 — BBICOKOBUPYJICHTHBIE
(70—100 %). Iucpsr Ha cTONOIAX — YHCIO H3OJIATOB.
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BupynentHocTh H309TOB Beauveria bassiana, Bbl1eJIeHHbIX U3 Pa3THYHBIX
OTPS/IOB HACEKOMBIX, 10 OTHOLICHHUIO K JIMYHHKAM KOJIOPaJICKOI0 JKyKa
U MMYCTBIHHOI'O Npyca

Orpsn Yucno CMepTHOCTB KOJIOpaAckoro | CMEPTHOCTB ITyCTHIHHOTO IIpyca
HACEKOMOI0-X03slMHA | HM30JTOB |xkyka u3 orpsina Coleoptera, % u3 otpsiga Orthoptera, %
Homoptera 1 93 100
Heteroptera 4 389 74 £ 14
Orthoptera 2 44+ 17 65+20
Coleoptera 17 55+6 71+6
Lepidoptera 4 68 + 14 84 +12
Hymenoptera 3 34+8 57+ 14
Diptera 2 25+3 48 £ 15

I[Ipumeuanue. KoHuEHTpaus HHOKYIIOMA IIPH 3apaKEHUN KOJIOPAICKOT0 JKyKa CO-
craBnsia 5 X 109 koHuaMit/ M1, CMEPTHOCTB Ha 15-€ cyTku ombita, s npyca — 1 X 106 ko-
HUJMIA/MII, CMEpTHOCTh Ha 8-¢ cyTku. [locie 3Haka «+» ykazaHa ommOKka cpenHed apud-
METHUYECKOU.

HeJl0CTOBEPHBIMU. OTMEUEHBI BHICOKHE MOKA3aTelId BapuabeIbHOCTH B CMEPTHOCTH Hace-
KOMBIX (cM. Tabnuiy). Hanbosiee BUpYIEHTHBIM AJIsI KOJIOPAICKOTO XKyKa M MYCTHIHHOTO
npyca oKa3ajics IITaMM, U30JIMPOBAHHBIA U3 nHKaabl. OTHOCUTEIBHO BBICOKAS BUPYJICHT-
HOCTB JUIl 000X BHIOB OTMEYEHA Y KYJIbTYp, BBIICICHHBIX U3 YELIyEeKPBUIBIX U KYKOB, a
JUISL IyCTBIHHOTO TIpyca Tak)Ke y IITaMMOB, BBIICTIEHHBIX U3 KJIOMOB. MeHbIIast BUPYJICHT-
HOCTb Y KyJbTYP — M3 NPAMOKPBUIBIX, ABYKPBUIBIX, IEPEIOHYaTOKPBUIBIX. Y CTAHOBJIEHO,
YTO ITAMMBI, BBIZIEJICHHBIE U3 OHOTO BH/1a HACEKOMOT'O B KOHKPETHOM MECTE, MOTYT CHJIb-
HO OTJIMYAThCS MO BUPYJIEHTHOCTH. Tak, 8 u30nsaToB B. bassiana, BBIIENEHHBIX HU3 KY-
ka-ponroHocuka B. echinatus na nokanbaoMm yuactke (100 M2), mposIBUIIU caMyIO pa3iind-
HYI0 aKTUBHOCTb 10 OTHOILIEHHIO K KOJIOPaJACKOMY KyKY (cMepTHOCTH OoT 10 110 83 %) u my-
cTeiHHOMY TIpycy (oT 40 1o 100 % cmeptHOCTH).

Taxum o0paszom, B oy siuusxX B. bassiana cymecTByeT HECKOIBKO MOP(OTHIIOB, IpH
STOM BHYTPH Ka)XJOTO MUMEIOTCS IITAaMMBI C Pa3IMYHBIM YPOBHEM BUPYJICHTHOCTU. BOmb-
nras JoJIs BUPYJICHTHBIX H30JSITOB OTMEYEHa Cpeld MOP(OBApHAHTOB C pelbe(HBIMU U Ba-
T006p33HI>IMI/I KOJIOHHSIMU. DTH PE3YIbTATBI HECKOJBKO OTINYAIOTCA OT paHEC MOJTYYCHHBIX
JaHHBIX 110 onuMopdusmy B. bassiana (Orapkos, Orapkosa, 2000; Kprokxos u ap., 2007)
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L. migratoria L. decemlineata A. urticae
Orthoptera Coleoptera Lepidoptera

Z R

Puc. 4. BUpyJICHTHOCTh ABYX H30IATOB B. bassiana 1O OTHOMICHHIO K HACEKOMBIM DA3JIMYHBIX OTPSIO0B
(10-e cyTku ombiTa A MEPEIETHOW CapaHYd U T'yCEHUI] KPAIHBHUIBI, 12-€ CYTKH OIBITa AJS KOJOPaJICKOro
xyka, THTp 1 X 107 koHmmmit/m).

1 — BBK-1, 2 — Cap-31.
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Puc. 5. BupyneHTHOCT N30MTOB B. bassiana 1o OTHOIIEHHIO K JIMYMHKAM KOJIOpaJcKoro xyka (15-e cyTku
OIbITa, TUTP 5 X 100 komuamii/M) 1 ITyCTBIHHOTO Tpyca (8-¢ cyTku omslta, TUTp 1 X 100 kormmii/M).

U COTJIACYIOTCS C pe3yJIbTaTaMu 110 CIIOHTaHHOI n3MeHunBocTH M. anisopliae (Serebrov et
al., 2007). C mpakThdeckol TOYKH 3pEHHS Hamboyiee MEPCIEeKTUBHBIM SBISIETCA OTOOp
MITAMMOB C MYYHUCTBHIMH HEpelbe()HBIMU KOJOHUSMH, MOCKONIBKY Y JaHHBIX KYJIBTYP
OTMEYaroTCsl HanOoJIbIast OMoMacca U BHICOKHMM TUTP KOHUAUN. Hu3Kkuit ypoBeHb KOppes-
WA MEXAY pa3InIHBIMA MOP(POOU3HOIOTHICCKUMHE ITPU3HAKAMH U30IIATOB U MX BUPYJICH-
THOCTBIO TOJATBEPXKIAET TOT (PaKT, 4TO BHPYJICHTHOCTh — KOMILICKCHBIN MPHU3HAK, 00y-
CJIOBJICHHBII MHOTUMH CBOWCTBAMH HTOMONATOT€HHBIX MHKpomuIletoB (Baiizep, 1972;
Murtuna u ap., 1997; Bopucos u ap., 2001).

Kynetyper B. bassiana, BelieTieHHbIE Ha HEOOIBIION TEPPUTOPHH MK JaKe B OMpesie-
JICHHOM IYHKTE W3 OJHOTO BHJa HaceKOMOI'0, OYeHb BapuaOeNbHBI IO BUPYJIEHTHOCTH.
Y CcTaHOBJICHO, UTO M30JIAT, 00JIa1al0NHii BHICOKOM aKTHBHOCTBIO [0 OTHOIICHHIO K HACEKO-
MBIM OIIPEJICIIEHHOT'O OTPSAa, CO 3HAYUTEIFHON JIOJIEH BEPOSTHOCTH OKA3bIBACTCS BEICOKO-
BUPYJICHTHBIM K HACEKOMBIM JIPYTUX OTpsiioB. Tpoduyeckoil crienuainzanum y uccienye-
MO TPyNITBI H30JISTOB HE BEIABICHO. [loyueHHBIE pe3yabTaThl COTIACYIOTCS C JaHHBIMH
JPYTUX aBTOpoB. B dacTHOcTH, Mo MHeHHI0 cnenuannctoB (Orapkos, Orapkora, 2000),
BUPYJICHTHOCTh M30JISITOB B. bassiana 1o OTHOIIEHUIO K TETUIMYHOM Oestokphuike Trialeuro-
des vaporariorum Wstw. He 3aBUCHUT OT UCTOYHHUKOB BEIIeTIcHHS. [Ipn McciieJOBaHUY TeHE-
THYECKOro noiuMopdusma B. bassiana ObUIO TIOKa3aHO, YTO OCHOBHYIO POJIb BO BHYTPUBH-
JOBOM U depeHNanul UrpalT TeppUTOpPHANbHEIE (AKTOPH, a HE XO035eBa MaTOrcHa
(Rehner, Buckley, 2005). Mcrnonb30BaHHBIA HAMH ITOAX0]] HE MIO3BOJISET OTHOCTHIO OTPH-
[IaTh CYIICCTBOBAHME CIICHUAIN3ANNN K TEM WM WHBIM X03s5ieBaM BHYTPH MOIYIIALNNN TPH-
6a. Bo-niepBBIX, BO3MOXHO, YTO YPOBEHb CMEPTHOCTH HACEKOMBIX HE SIBIISIETCSI KPUTEPUEM
creuuprUIHOCTH U30JIATOB B. bassiana K pa3HbIM HaceKOMbIM. PaHee ObLIO MOKa3aHO, 4TO
HE Ha BCEX X035A€BaX pa3HbIC MTaMMBI TH()OMHUIIETOB MOTYT YCIEITHO 3aBepIIaTh KU3HEH-
HBIH UK U J]JaBaTh UHTEHCUBHBIN KoHuuorenes (Kprokos u np., 2008). Bo-BTophIX, n3Be-
CTHO 9YTO «(pHU3NOJIOTHIESCKHUI» KPYT XO035€B NATOTC€HA, OMpPECIIeMbIi B JTaOOPaTOPHBIX
9KCIEPHMEHTAX, M €ro «IKOJIOTHUECKHI» KPYT X035€B B IPUPOJIE MOTYT HE COBIIAJATh,
ITOCKOJIBKY 3TO CBSI3aHO CO Cpenoil oOWTaHMs, MOBEIEHHEM, 0COOCHHOCTSAMH JKU3HEHHOTO
[UKJIA XO035€eB U IPYTUMH (paKTOpaMu, TeHCTBYIOIIUMH B €CTECTBCHHBIX yCIOBHUAX (Jarons-
ki et al., 2003). Kpome Toro, Mbl He UMeeM MPEACTABICHHUS, CPEIU KAKHX I'PYII HACEKO-
MBIX [UPKYJIAPOBAI OMPEACICHHBIN MITaMM J0 TOTO, KaK OH OBLI BBIAEICH U3 KOHEYHOTO
norubmiero Hacekomoro. Jljisi MCClieloBaHUSI BOIPOCa O BO3MOXHOCTH (OPMHUPOBAHUS
pac, crenuUYHBIX K ONpeIeSIeHHON TPyIIle HACEKOMBIX-X035€B y TaKOI'0 MIMPOKOCIIe-
LUATU3UPOBAHHOTO BUAA, KaK B. bassiana, He0OX0JMMO UccieI0BaHNE U3MEHEHHH Mop(o-
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(PM3UOIOTUYECKNX W BUPYJICHTHBIX CBOWCTB IITAMMOB B CEPUH HacCakedl depe3 pas3HBIX
XO035€B.

ABTOpBI ITpHU3HATENLHBI KOJUIEKTUBY JlabopaTtopun 6norexHonorun Kazaxckoro nuHCTH-
TyTa 3aIUThl ¥ KapaHTHHA pacTeHuH (T. AnMa-ATa) 32 IOMOIb B OpraHU3alUK 3KCIEepH-
MeHTOB, a Takxke A. A. JleranoBy (MHCTUTYT CHCTEMaTHKH M 3KOJOTHH XKHUBOTHBEIX CO
PAH) 3a unentudukanunio xykos Curculionidae.

PaGora BrmonHeHa npu gacTuyHO# monaepxke pormoB Uuarerpamus CO PAH (rpant
Ne 46), IIpesunenra PO (rpant MK-1431.2009.4) u PODU (rpant Ne 09-04-00380).
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WHCTUTYT cCHCTeMaTHKH U SKoIoruy skuBoTHEIX CO PAH Toctynuna 19 V 2009
HoBocubupck
BHWMU 3auuts! pacteHuit
Canxkr-IletepOypr
krukoff@mail.ru
PE3IOME

Wzydensr 35 uzoniatoB Beauveria bassiana (Bals.-Criv.) Vuill., BelAeTIeHHBIX U3 pa3IMYHBIX Ha-
cexoMbIX B HoBocHOHpPCKO# 00:1. Y CTaHOBIICHO, YTO Cpe/ld pa3HbIX MOp(OBapHaHTOB rprba BeTpeya-
I0TCSl HU3KO-, CPE/IHE- U BHICOKOBHPYJICHTHBIC KYJIbTYPbl. MEXAy BHPYJICHTHOCTBIO H30JIATOB U UX
MOpGOGHU3HOIOrHIECKUMH TPU3HAKAMHU (JIMIa3Has M [IPOTea3Has aKTHBHOCTh, OroMacca, CKOpOCTh
PaguabHOTO POCTA, NMPOJYKTHBHOCTh KOHHMAWH, pesibe)HOCTh) OTMEUEHBI HH3KHE KO3()(HUIIHEHTHI
koppemsinui (r < 0.48). BeIsicHEHO, UTO W30IIATHI, 001aIal0INe BRICOKOH BUPYJICHTHOCTBIO IS Hace-
KOMBIX OIIPEICICHHOTO OTPsJa, OKAa3bIBAIOTCS TAKXKE BBICOKOAKTHBHBIMH JUIS HACEKOMBIX APYTHX
otpsnoB. [Tokazana TecHas B3auMoCBs3b (r > (0.74) MeX1y BUPYJICHTHOCTBIO KYJIBTYp AJIsI KOJIOpas-
ckoro xyka (Leptinotarsa decemlineata Say) u capanuoBsix (Calliptamus barbarus Costa, Locusta
migratoria L.). TIpr 3TOM yCTaHOBIICHO, YTO H30JIATHI, BHIICJICHHbIE U3 OZTHOTO BH/1a HACEKOMOT'O B O1-
HOM ITYHKTE€, MOTYT CHJIHO OTJIMYaThCs MO BHPYJICHTHOCTH.

Kurouessie cioBa: Beauveria bassiana, MOp(hOBapHaHT, BUPYJICHTHOCTb, H30JIT, KOJIOPAACKHMA
KyK, Leptinotarsa decemlineata, capandoBsie, Calliptamus barbarus, Locusta migratoria.

SUMMARY

Thirty-five Beauveria bassiana (Bals.-Criv.) Vuill. isolates from different insects in Novosibirsk
region were investigated. It was found out that low-, medium- and high- virulent isolates are present at
various fungus morphotypes. The low correlation between virulence and morphophysiological featu-
res (lipolytic and proteolytic activity, biomass, radial growth rate, conidia productivity, relief) was no-
ted (r < 0.48). The isolates characterized by high virulence to the insects of certain order were virulent
to the other insect orders at the same level. The close correlation (r > 0.74) between isolates virulence
against the potato beetle (Leptinotarsa decemlineata Say) and locusts (Calliptamus barbarus Costa,
Locusta migratoria L.) was shown. It was found that isolates obtained from insects of the same species
in the same place may be very different in virulence.

Key words: Beauveria bassiana, morphotypes, virulence, isolate, potato beetle, Leptinotarsa de-
cemlineata, locusts, Calliptamus barbarus, Locusta migratoria.
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MYXOMYCETE DIVERSITY OF THE CHUYSKAYA DEPRESSION
(ALTAY, RUSSIA)

HOBOXMIIOB 10.K,, IHUTJIEP M., BTACEHKO A.B.,, DE®EJIOB K. A.
PA3ZHOOBPA3UE MHUKCOMUIIETOB YYHMCKOM KOTJIOBHUHBI (AJITAI, POCCHSI)

Although myxomycetes are well known in the boreal forest (taiga) zone of Russia the
species associated with this vegetation in south-eastern Siberia very little studied. Thus far
only few attempts have been made to estimate the myxomycete diversity for local species
inventory in Siberia (Taimyr Peninsula: Novozhilov et al., 1999; the southern part of the
Krasnoyarsk territory: Kosheleva et al., 2008). Before this study only 41 species have been
registered in the Altay Mts in Russia (Lavrov, 1929; Novozhilov, 1987; Barsukova, 2000).
These data are based on published records, obtained mostly from field collections in diffe-
rent taiga communities of the central and north regions of the Altay Mts, especially at the
Teletzkoe lake (the Altay State reservation). However, myxomycete biota of the arid regions
of the southern Altay Mts has been not studied in Russia.

Material was collected during four weeks in August 2008 in central and east-southern
Altay Mts. and adjacent region near Barnaul city. Other survey in this region has been done
by K. A. Fefelov in 2002. The field studies were made to record or collect myxomycete spo-
rocarps (fruit bodies) of myxomycetes and to obtain samples of various types of organic
substrata to be used in the preparation of moist chamber cultures. Specific objectives of the
study were (1) to obtain additional baseline data on myxomycete abundance and biodiversi-
ty in Russian Altay Mts (2) to determine the composition of the assemblages of species as-
sociated with all of the different microhabitats potentially available to myxomycetes in the
different vegetation types being studied. This paper contains a part of this work relevant to
the steppe and forest steppe habitats. Other portion of the data related to the different humid
boreal types of vegetation (taiga) we plan to publish in another paper.

Material and methods

The Altay mountains in southern Siberia form the major mountain range in the western
Siberia biogeographic region and is situated in the borderland between two subcontinents —
Northern and Central Asia and stretches from 44°30" to approximately 54° N and from

1,3V, L. Komarov Botanical Institute of the Russian Academy of Sciences, 197376 St. Peters-
burg, Russia.

2 Institute of Botany and Landscape Ecology, Ernst-Moritz-Arndt University, D-17487 Greifs-
wald, Germany.

4 Institute of Plant and Animal Ecology of the Russian Academy of Sciences, Ural Division,
620144 Yekaterinburg, Russia.
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80°30"(—82°)—92°30’(—98°E) (Fig. 1). It’s a square of about 550 000 km? bound within
the territories of Russia, Kazakhstan, China, and Mongolia. The climate of the Altay Moun-
tain Country is sharply continental, and, because of absolutely open exposure to migrations
of arctic air masses, is very severe. However, hlghly complicated relief con51derably chan-
ges climatic condltlons in different parts of the region. In general, the local climate is deter-
mined by the position of the locality regarding the altitudinal zonality, which differs in va-
rious parts of Altay (Kamelin et al., 2005). For example the average year temperature and
precipitation in the Yaylu settlement near the Teletzkoe lake (Altay State Reservation,
480 m above sea level) is about 2.8 °C and 855—1200 mm correspondingly, whereas in the
Chuyskaya depression near the Kosh-Agach settlement in the Kuray steppe (1760 m above
sea level) is about —6.7 °C and 100—150 mm correspondingly.

Soils of Altay Mts is extremelly diverse (Kuminova, 1960). Complexity of the soil
structure depends on zonal factors of relief and vegetation. Different variants of chestnut so-
ils — from light and typical to dark on higher altitudes — are well developed in the are
developed in southern regions of Altay Mts (mostly in Zaissan and Barun-Khurai depressi-
ons) and several parts of the Chuyskaya depression. These soils are often salty enough, and
usually they are combined with typical solonchaks (Dergachova et al., 2007). The less pod-
zoled variants are developed under the park Larix sibirica forests (and Pinus sibirica—Larix
sibirica forests in the lowest part of subalpine steppe).

Diversity of natural conditions and considerable richness of flora lead to development
in the Altay Mountain Country of a highly diverse vegetation. For the following ecological
analysis of myxomycete assemblages only the main vegetation types were distinguished
(Kamelin et al., 2005). Locality numbers written in bold in the following brief descriptions
refer to Fig. 1; all sampled localities are assigned to the respective major vegetation types.

I. Steppe. Tuvinian-Mongolian steppe province is represented in Russian Altay Mts
by a smaller part, whereas the main part of it stretches widely eastward in Mongolia. It inc-
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Fig. 1. Map of the Altay Mountain Country. Sampled localities are indicated by black rectangles. Lakes, rivers

and valley forests are marked grey. Numbers refer to the localities listed in the text. A dotted black line indicates

the border between countries. Insert: geographical position of the study area (delimited by the black circle). So-
urce: Microsoft Encarta Reference Library, 2002 (modified) and the Gougle Earth (modified).
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ludes Chuysky district of the Altay-Khangai subprovince of Altay-Sayan province (Kamelin
et al., 2005). The main feature of the vegetation of the province is extremely low role of fo-
rest communities in the vertical zonality of the overwhelming majority of its ranges. Diffe-
rent variants of mountain steppes and shrub steppes prevail in the profile of altitudinal zona-
lity of mountains of the province. In lower belts they are usually represented by the mounta-
in variants of desert steppes in various combinations with specific semidesert and even
North Gobian desert communities, desert-steppes and petrophytic desert-like steppes. In
higher belts the steppes (mountain polydominant firm-bunch grass steppes), spread at the
southern slopes, and meadow-steppes, combined with fragments of mesophilous shrub com-
munities are to be met together with specific high mountain complexes.

There are a lot of regions with extremely low amounts of precipitations (Kuminova,
1960; Kharlamova, 2004), such as sites of extensive intermountain depressions (Chuyskaya
«steppe» up to 200 mm with some localities of 110—150 mm). Communities of microtherm
(rarely — mesotherm) xerophilous (predominantly — scleroxerophilous) herbs, first of
all — bunch grasses, but also Artemisia sps. (e. g. A. frigida, A. gmelinii), shrubs (e. g. Ca-
ragana leucophloea, Spiraea hypericifolia) and Potentilla fruticosa near rivulets in swampy
habitats, abundant set of dicotyls, especially from the Fabaceae family. Steppes, occupy-
ing diverse habitats, represent very heterogenous type of vegetation with montane-semide-
sert species including Chenopodium frutescens, Kochia krylovii, Potentilla astragalifolia,
Astragalus sps., Stipa glareosa, Agropyron cristatum, species of Artemisia (Kamelin et al.,
2005). Kosh-Agach Loc. 1: shallow SW-exp., slope with very dry feather-grass steppe,
1850 £ 50 m a. s. 1., 49°58'46” N 88°53’07" E; Loc. 2: shallow SW-exp. slope with very
dry shrub/feather-grass steppe, 2082 + 50 m a. s. 1., 50°00"05” N 88°5652" E; Loc. 3: shal-
low saddle with very dry, desert-like steppe, 2084 £ 50 m a. s. 1., 50°01726” N 88°57'10" E;
Loc. 5: heavily grazed steppe vegetation on gneiss, NE-exp. steep slope, 2159 = 50 m
a.s. 1., 50°04'27" N 88°54'21” E; Loc. 6: extremely grazed dry steppe, 2030 £ 50 m a. s. 1.,
50°05’00” N 88°54'28” E; Loc. 11: cryophilous steppe with shrubs of Lonicera and Artemi-
sia at a S-exp. slope, 2252 + 50 m a. s. 1., 50°07'16" N 88°52'56" E.

II. Mountain forest-steppe. An extent areas in Central and south-eastern Altay
within of the steppe region there are localities where annual precipitations can reach
250—400 mm (Kharlamova, 2004) and expositional forest-steppe communities with larch
can be developed. The only tree species is Larix sibirica form subalpine «park» larch forest,
dark coniferous species are absent here, in exception with small areas with spruce (Picea
obovata), developed within the river valleys of the northern slope, where also a stripe of Pi-
nus sibirica in some sites of the timberline is present. Kosh-Agach Loc. 4: second-growth
subalpine light coniferous forest (Larix sibirica) at a N-exp. slope, 2229+ 50 m a.s. |,
50°04'16” N 88°54'07” E; Loc. 7: second-growth subalpine light coniferous forest (Larix
sibirica), at a N-exp. slope, 2126 + 50 m a. s. 1., 50°05'46” N 88°53’11” E; Loc. 8: subalpi-
ne light coniferous forest (Larix sibirica) with overgrazed mountain steppe and scattered
larch trees at a N-exp. slope, 2126 = 50 m a. s. 1., 50°05'46” N 88°53’11” E; Loc. 9: subal-
pine light coniferous forest (Larix sibirica) with extremely overgrazed mountain steppe and
scattered larch trees, 2098 + 50 m a. s. 1., 50°05'56” N 88°53'36" E; Kuray Loc. 10: dry,
grazed, opened mixed larch forest with P. laurifolia, with Lonicera sp. and Juniperus sabina
in understory, 1750 = 50 m a. s. 1., 50°0704” N 88°20'42" E; Loc. 12: subalpine light coni-
ferous forest (Larix sibirica), steep N-exp. canyon with coniferous forest, with community
of Comarum salessowii Bunge near rivulet, 1615 + 50 m a. s. 1., 50°08"11” N 87°53'26" E;
Loc. 15: subalpine light coniferous forest (Larix sibirica), steppe meadows near a larch ga-
lery forest, Kokoria river, 1535 25 ma. s. 1., 50°10”3” N 87°53’50" E; Loc. 17: subalpine
light coniferous forest (Larix sibirica), steppe meadows near a larch galery forest near a ri-
ver, 1531 £ 25 m a. s. 1., 50°10'21” N 87°54’33” E; Loc. 18: open steppe, mesophilous de-
ciduous shrubs near a larch galery forest, community with Potentilla fruticosa and Salix
sps., in swampy habitat, near river, 1530 + 25 m a. s. 1., 50°10”27” N 87°54’00" E; Loc. 19:
transition belt from forest-steppe to coniferous mountain vegetation, shady coniferous forest
with Picea obovata and Larix sibirica near river, 1700 £20m a.s.l., 50°15'00” N
87°51'00" E.
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A total of 76 substrate samples were collected for preparation of moist chamber cultures.
These included: bark from living trees and shrubs (22 samples), plant leaf litter (1 samples),
litter of grasses and herbaceous plants (9 samples), litter of coniferous cones (22 samples),
litter of twigs (5 samples), samples of coarse woody debris (6 samples) of different trees,
dung samples (22 samples) of various herbivores including cattle, camel, horse, sheep, goat
and rodents.

Moist chamber cultures were prepared in the manner described by Harkénen (1977,
1981). All cultures consisted of moist filter paper in Petri dishes (10 cm in diam.) and were
incubated under ambient light and at room temperature (ca 20—24 °C) for up to 90 days and
examined for the presence of myxomycetes on six occasions (days 2—4, 6—S8, 11—14,
20—22, 40—44 and 85—90). A record is defined herein as one or more fruiting bodies of a
species originated from one culture.

Species diversity (alpha-diversity) was calculated using Shannon’s diversity index
H’ =-XP; log P;, where P; is the relative abundance (the proportion of the total number of
individuals or records represented by species) of a particular species (Magurran, 2004). For
determination, sporocarps were preserved as permanent slides in lactophenol and/or glyce-
rol gelatine, to distinguish between limeless and lime-containing structures. All microscope
measurements and observations were made under a light microscope with differential inter-
face contrast (DIC) Zeiss Axio Imager Al with material mounted directly in polyvinyl lac-
tophenol. Spore measurements were made of 10 spores from each of the collections. Air-dri-
ed sporocarps were studied with a stereomicroscope Zeiss Stemi 2000, and a JSM-6390 LA
scanning electron microscope, at 10—15kV in the Komarov Botanical Institute RAS
(St. Petersburg). For the latter, specimens were mounted on copper stubs using double-sided
sticky film and sputter-coated with gold. Species were identified according to Martin and
Alexopoulos (1969) and various original descriptions from the literature, basically applying
a morphospecies concept. Nomenclature follows that of Lado (2001) and Hernandez-Crespo
and Lado (2005) except for the two genera Collaria Nann.-Bremek., Stemonitopsis
Nann.-Bremek. and the conserved names of several other genera (Lado et al., 2005) appro-
ved recently by the Committee for Fungi of the IAPT (Gams, 2005). Authorities are cited
according to Kirk and Ansell (1992).

All species recorded are arranged alphabetically in the annotated list given below. The
abbreviation ‘cf.” in the name of a taxon indicates that it could not be assigned to this name
without remaining doubts. One asterisk indicates a species recorded as new for the Altay
Mts, whereas two indicate a new record for the Russia.

Names of vascular plants are those listed by Czerepanov (1995). After each name, an es-
timate of abundance is given in brackets. This estimate is based upon the proportion of a
species in relation to the total number of records (74 identified to species level): R — rare
(<2 %, fewer than 2 record), O — occasional (2—4 %, 2 records), C — common (4—5 %,
3—4 records), A — abundant (> 5 % or more than 4 records). Abundance and the number of
field records and records obtained in the moist chamber cultures given through «/» for a spe-
cies is set in brackets. Next, the occurrence of a species in different vegetation types (indica-
ted by Roman numerals) and microhabitats (indicated by letters) is listed. Six vegetation ty-
pes were differentiated and described in the part «Study sites» (I — dry mountain steppe,
II — mountain forest-steppe). Abbreviations for substrate types are b — bark of living trees
and shrubs, d — dung of herbivorous animals, 11 — leaf litter, It — litter of twigs, lg — litter
of grasses and herbaceous plants, w — large dead woody debris of trees and shrubs, ¢ — lit-
ter of cones of conifeorus, g — living grasses, f — fruit bodies of fungi, m — mosses, s —
soil. All study sites where a species was found are given in parentheses. Finally, the collecti-
on numbers are given. Voucher specimens are deposited in the collection of the first author
in the fungal herbarium of the Komarov Botanical Institute of the Russian Academy of Sci-
ences, Laboratory of Systematics and Geography of Fungi (LE), and in the collection of fo-
urth author (KAF) in the Institute of Plant and Animal Ecology of the Russian Academy of
Sciences. The string «...» indicates common species for which not all collection numbers
were listed.
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Results and discussion

Arcyria cinerea (Bull.) Pers. [R, 0/1]11: 1, b: 1 (Loc. 17). LE 255163. — This specimen
with typical for var. cinerea ellipsoid grey sporothecae 1.5—2 mm in length obtained from
the moist chamber culture on bark of Larix sibirica.

A. incarnata (Pers. ex J. F. Gmel.) Pers. [C, 3/0] II: 3, 1t: 2, w: 1 (Loc. 19). KAF 3153,
3155, 3157. — One specimen was recorded on coarse woody debris of L. sibirica, another
two specimens on litter of twigs of L. sibirica.

A. insignis Kalchbr. et Cooke [R, 0/1]II: 1, ¢: 1 (Loc. 17). LE 255179. — On litter of
cones of L. sibirica, obtained in moist chamber culture.

A. pomiformis (Leers) Rostaf. [O, 1/1]11I: 2, 11: 1, It: 1 (Loc. 17, 19). LE 255171; KAF
3156. — On litter of needles and twigs of L. sibirica in moist chamber cultures. The sporo-
carps are yellow, and beige, ovoid. The capillitium is open, elastic consists of filaments
2—o6 mkm in diam.; ornamentation of the capillitium in upper and lower part in the form
of cogs and spinules. Spores yellowish in mass, 7—8 mkm in diam. with a few scattered
verrucae.

Badhamia dubia Nann.-Bremek. [0, 0/2*] 1I: 2, b: 2 (Loc. 9, 10). LE 255137,
255589. — New for the Altay Mts. Both specimens obtained in moist chamber culture: one
on bark of Artemisia gmelinii Weber ex Stechm. and another on bark of Populus laurifolia
Ledeb. Sporocarps spherical, 0.5—1 mm in diam., pale bluish-grey, shining and iridescent.
Capillitium a rather wide-meshed net of tubules, filled with white lime. Spore-mass black.
Spores purple-brown, forming persistent clusters of 7—12 spores, the separate spores sphe-
rical or ovoid, 9—12 mkm diam., capped with spines or warts on the outside of the cluster
and with a few low warts on the remainder.

Ceratiomyxa fruticulosa (O. F. Miill.) T. Macbr. [C, 3/0] II: 3, It: 1, w: 2 (Loc. 19).
KAF 3150, 3151, 3164. — Two specimens found on coarse woody debris of L. sibirica and
one on litter of twigs, in shady situations in larch woodland near rivulet. This common spe-
cies has been included, as it has traditionally been listed among myxomycetes, although it is
related to another group of Eumycetozoa, the Protostelids (Olive, 1975). We use the conser-
ved name for this species as proposed by Lado et al. (2005) and accepted by the IAPT
(Gams, 2005).

Comatricha ellae Hark. [A, 0/7*] 1I: 7, b: 5, 11: 1, w: 1 (Loc. 9, 10, 12, 15, 17). LE
255136, 255155, 255141, 255583, 255585. — New for the Altay Mts. One of the commo-
nest corticolous species in study area. It penetrates within forest steppe through arboreal int-
razonal communities. This corticulous species is the commonest and most widely distribu-
ted species in the larch forests of southern Altay Mts. Specimens obtained in moist chamber
cultures on bark of L. sibirica (2 records), Picea obovata Ledeb (2 records) and P. laurifolia
(1 record) and on the decayed wood and litter of needles of L. sibirica. Differing from the
closely related C. nigra by smaller size (0.5—1 mm), shorter stalk and a well-developed
surface net on the capillitium and the coppery colour of sporocarps. Our specimens have all
these characters excluding color of sporocarps; our sporocarps are duller then it was given
in the type description.

C. nigra (Pers. ex J. F. Gmel.) J. Schrét. [R, 1/0] II: 1, 1t: 1 (Loc. 19). KAF 3159. — On
litter of twigs of L. sibirica.

Dianema mongolicum Novozh. [R, 0/1**] II: 1, b: 1 (Loc. 10). LE 255586. — New for
Russia. Prominent characters of this species is stiff capillitium that has rounded or elliptic
acetabuliform swellings of 1—10 mkm in diam., a thick peridium appearing opaque yelo-
wish-brown that is impregnated with refuse material, and pale yellow, spinulos spores
(9.5—)10.0—10.5(—11.0) mkm in diam. This rare corticolous species has been descri-
bed from Mongolia (Novozhilov, Golubeva, 1986) on bark of Populus diversifolia and recent-
ly was found on bark of Artemisia tridentata in Arizona (David Mitchell, pers. comm.). All of
our sporocarps, were found on the bark of Populus laurifolia in moist chamber cultures near
with Russian-Mongolian border in the dry mixed opened larch-poplar forest with scattered
shrubs of Lonicera sps. and Juniperus sabina. This locality situates about 500 km north-wes-
tern of the type locality and is similar by the climatic characters with the type locality.
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Didymium anellus Morgan [R, 1/0*] II: 1, w: 1 (Loc. 19). KAF 3161. — New for the
Altay Mts. On coarse woody debris of L. sibirica.

D. difforme (Pers.) Gray [R, 0/1*]1I: 1, w: 1 (Loc. 4). LE 255168. — New for the Altay
Mts. On coarse woody debris of L. sibirica.

D. quitense (Pat.) Torrend [R, 0/1*] II: 1, d: 1 (Loc. 4). LE 255177. — New for the Al-
tay Mts. This specimens came together with other coprophilic species Kelleromyxa fimicola
and Licea tenera from weathered dung of horse cultivated in moist chamber. Specimen has
numerous scattered sporocarps in the form of pulvinate, sporangia 0.5—1.5 mm in diam.,
white or cream. Peridium double, outer layer shell-like, composed of compacted crystals.
Inner layer of peridium membranous, bluish. Capillitium sparse consists of short very pale
by transmitted light threads with dark expensions. The spore size of specimens matches well
D. quitense as described by Martin and Alexopoulos (1969), with very purplish brown by
transmitted light spores (10—)11—13(—14) mkm in diam. The spore densely spinulose
with the spines more or less united to form an imperfect reticulate pattern. However, D. qui-
tense is described with strongly warted spores, which leaves some doubt as to the placement
of this specimen in this taxon.

Echinostelium colliculosum K. D. Whitney et H. W. Keller [C, 0/3*] II: 3, b: 3
(Loc. 10). LE 255111, 255132. — New for the Altay Mts. Typical corticuloid species, on
bark of trees, shrubs and dwarf-shrubs, in particular Lonicera tataricum L., P. laurifolia, Picea
obovata. Our specimens include large colonies of shining, pinkish or colourless, very small
(60—100 mkm in height) sporocarps, spores clustered in groups of 20—50, bearing discs at
points of spore-to-spore contact, always with a spore-like columella. The articular surfaces
of spores of E. colliculosum, are less prominent than those of E. coelocephalum, and are not
of uniform thickness (Whitney, 1980).

E. corynophorum K. D. Whitney [O, 0/2**] II: 2, w: 1, c¢: 1 (Loc. 9). LE 255109. —
This is a new record for Russia. Both specimens obtained in moist chamber cultures, one on
litter of cones of L. sibirica and another on coarse woody debris of larch. It was first repor-
ted from the California by Whitney (1980) on bark of Juniperus occidentalis. All of our col-
lections were obtained on slightly acidic substrate (mean pH 6.03 = 0.07) including bark,
cones and wood of Larix sibirica and Picea obovata in moist chamber culture and exhibit the
typical characters of this species. This species is close to E. brooksii, from which it is sepa-
rated by the light lenticular columella in transmitted light and spores with circular areas at
points of spore-to-spore contact.

E. cribrarioides Alexop. [R, 0/1*] 1I: 1, b: 1 (Loc. 10). LE 255133. — New for the Al-
tay Mts. On bark of Lonicera tataricum in moist cnamber culture. The overall habit of this
specimen best fits that of E. cribrarioides, the capillitium forms a complete globose net with
large meshes which is unique for this genus.

E. minutum de Bary [O, 0/2*] 1I: 2, b: 1, ¢: 1 (Loc. 9, 12). LE 255142. — New for the
Altay Mts. Both specimens obtained in moist chamber cultures on bark of Comarum sales-
sowii and another litter of cones of Picea obovata.

E. papillatum (Pers.) Rostaf. [R, 1/0] I1I: 1, It: 1 (Loc. 19). KAF 3149. — On litter of
twigs of L. sibirica.

Kelleromyxa fimicola (Dearn. et Bisby) Eliasson [C, 0/3*] I: 1, II: 2, d: 3 (Loc. 12, 13,
18). LE 255160, 255169, 255175. — New for the Altay Mts. and the second record of the
species for Russia. It was only previously known on dung of herbivorous animals from the
several localities in desert of the Caspian lowland (Novozhilov et al., 2006). All specimens
were found in the driest part of the Altay Mts — the Chuyskaya «steppe». This species has a
strong preference for dung. The distinguishing characteristics of this species are shiny
black, spindle-shaped sporangia; rather thick, cartilaginous peridium often dehiscent by the
preformed suture; simple capillitium consists of solid threads and spores with thick wall and
ornamented by scattered sometimes aggregated large spines.

Leocarpus fragilis (Dicks.) Rostaf. [R, 1/0] II: 1, 1t: 1 (Loc. 19). KAF 3152. — This
specimens found on litter of twigs of L. sibirica, in shady situations in larch woodland near
rivulet. As well as C. ellae this species penetrates within forest steppe and steppe through
arboreal intrazonal communities.
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Licea parasitica (Zukal) G. W. Martin [O, 0/2*] II: 2, b: 1, It: 1 (Loc. 10, 17). LE
255135, 255165. — New for the Altay Mts. Both specimens obtained in moist chamber cul-
ture, one — on bark of P. laurifolia and another on litter of twigs of A. gmelinii.

L. tenera E. Jahn [R, 0/1]1: 1, d: 1 (Loc. 5*) mc 17080. — New for the Altay Mts. Obta-
ined in moist chamber cultures together with K. fimicola and D. quitense on dung of horse.
This species approaches Perichaena liceoides in habit and substrate preferences. Our speci-
mens of L. tenera have a peridium in which the outer layer lacks the granular deposits as fo-
und in P. liceoides but is characterized by amorphous deposits. Spores minutely roughened
(asperulate), requiring oil immersion to observe, spinulose (delicately spiny) under SEM,
spines 0.2—0.3 mkm high. This is another example of a strictly coprophilous myxomycete.

L. testudinacea Nann.-Bremek. [R, 0/1*] II: 1, 1I: 1 (Loc. 17). LE 255164. — New for
the Altay Mts. This specimen was found in a moist chamber culture on the needles of L. si-
birica. Licea testudinacea appears to be most closely related to L. minima and L. chelonoi-
des. It is distinguished from L. minima by the darker, more olive and not rusty-coloured spo-
re mass. In the latter species, the spores are always reddish brown by transmitted light and
the peridium has two or three layers. L. chelonoides differs by having dull black sporocarps
not shining when dry, platelet margins with 5 or more rows of tubercles, and spores measu-
ring 15—18 mkm in diam.

Lycogala epidendrum (L.) Fr. [R, 1/0] II: 1, w: 1 (Loc. 19). KAF 3162. — On coarse
woody debris of L. sibirica, in shady situations in larch woodland near rivulet. As well as
some other lignicolous species, L. epidendrum penetrates within forest steppe and steppe
through arboreal intrazonal communities.

L. exiguum Morgan [R, 1/0*] II: 1, 1t: 1 (Loc. 19). KAF 3163. — New for the Altay
Mts. On litter of twigs of L. sibirica. Our specimen consists from several small subglobose
aethalia, 2—4 mm in diam. with typical characters of this inconspicuous species. Cortex
yellow-brown, thickly covered with dark, purplish-brown or black scales, these pulvinate at
first with homogeneous contents, tending to become divided internally into numerous cham-
bers and finally appearing flat and tessellate. Pseudocapillitium composed of colourless or
yellow branching tubules arising from the middle cortex layer, often smooth at the base,
roughened or transversely wrinkled elsewhere, 2—10 mkm in diam. Spores nearly colour-
less, marked by faint, irregular warts and lines, sometimes appearing nearly smooth,
4.5—6 mkm in diam.

Macbrideola oblonga Pando et Lado [R, 0/1*] 1I: 1, b: 1 (Loc. 10). LE 255129. — New
for the Altay Mts. Obtained only one time in moist chamber culture on bark of P. laurifolia
collected in extremely arid locality of the Chuyskaya steppe. The oblong shape of the spo-
rotheca and the presence of free spores differentiate this species of Macbrideola. Compari-
sons with material obtained from Kazakhstan (Schnittler, Novozhilov, 2000; Zemlianskaia,
Adamonyte, Krivomaz and Novozhilov, unpubl. data), Mongolia (Novozhilov et al., 2008),
the Orenburg area of Russia (Novozhilov, unpubl. data), the Colorado Plateau of the wes-
tern United States (Novozhilov et al., 2003) allow us to assign our specimens to M. oblonga.
Common in arid regions.

Paradiacheopsis fimbriata (G. Lister et Cran) Hertel ex Nann.-Bremek. [C, 0/4*] 1I: 4,
b:3,c:1(Loc. 4,7,9,17). LE 255156, 255154... — New for the Altay Mts. Our material in-
cludes numerous sporocarps obtained in moist chamber cultures, with typical capillitial
threads finishing by swollen and club-shaped tips. This species definitely connected with
extremly acidic bark of L. sibirica (3.62 + 0.41), but can be found on litter of cones of this
tree also (1 record).

Perichaena depressa Lib. [R, 0/1*]11: 1, d: 1 (Loc. 17). LE 255180. — New for the Al-
tay Mts. Obtained in moist chamber culture on dung of sheep.

P. luteola (Kowalski) Gilert [O, 0/2*] 1: 1,1I: 1, d: 2 (Loc. 10, 13). LE 255170... — New
for the Altay Mts. Both specimens obtained in moist chamber cultures on dung of horse. The
distinguishing characters of this species are the transparent thin peridium with smooth inner
surface, olive shiny globose sporocarps with a bright yellow spore mass that looks as a den-
se globe within the sporocarp when observed with a dissecting microscope. Capillitium yel-
low, composed of a network of branched and anastomosed tubules 1—4 mkm in diam., with
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a few free ends that are weakly attached to the peridium. This is a strictly coprophilous my-
xomycete.

P. vermicularis (Schwein.) Rostaf. [R, 0/1*] I: 1, 1I: 1 (Loc. 2), mc 17088. — New for
the Altay Mts. The specimen came from leaf litter cultivated in moist chamber.

Physarum cinereum (Batsch) Pers. [O, 0/2] II: 2, b: 1, It: 1 (Loc. 17). LE 255166,
255167. — One specimen from litter of twigs of A. gmelinii, and another from bark of li-
ving shrubs of Juniperus communis L.

Ph. decipiens M. A. Curtis [A, 0/5*]1: 1, 11: 4, b: 1, 11: 2, 1t: 1, 1g: 1 (Loc. 9, 11, 17, 18).
LE 255138, 255199, 255152, 255153, 255580. — New for the Altay Mts. This species oc-
cupies different substrates including leaf litter (1 record), litter of twigs (1 record) and bark
of living A. gmelinii (1 record), litter of J. sabinii (1 record) and litter of grasses.

Ph. notabile T. Macbr. [A, 0/10] 1: 4, 11: 6, b: 2, d: 2, 11: 2, 1t: 1, 1g: 3 (Loc. 2, 6, 10, 13,
14, 17, 18). LE 255587, 255230, 255134, 255159, 255116, 255130, 255131, 255593,
255581... — This species as a previous species occupies different kinds of substrates: leaf
litter (1), dung of herbivorous animals (2), bark of living trees (2), litter of twigs (1), litter of
grasses (3), and litter of needles of J. sabina (1). According the literature (Martin, Alexopou-
los, 1969), P. notabile is reported mostly on wood in temperate and boreal deciduous and
coniferous forests and characterized by dark, limeless cupulate base of sporotheca and abun-
dant capillitium. This species is reported from the Altay State Reservation in the Central Al-
tay (Barsukova, 2000). Specimens from arid regions of southern Altay obtained in moist
chamber cultures fit to forms recently described from arid regions of western Kazakhstan
(Schnittler, Novozhilov, 2000) and the Caspian Lowland (Novozhilov et al., 2006) and
Mongolia (Novozhilov et al., 2008).

Trichia favoginea (Batsch) Pers. [0, 2/0] 1I: 2, b: 1 (Loc. 19). KAF 3158, 3166. — One
specimen found in the field on bark of coarse woody debris of L. sibirica, another — on old
fruit bodies of poliporoid fungi developed on log in shaded habitat, near rivulet. This is
example of lignicolous species having a wide range and penetrated within of steppe zone
through habitats with arboreal vegetation.

T. varia (Pers. ex J. F. Gmel.) Pers. [C, 3/0] II: 3, 1t: 1 (Loc. 19). KAF 3154, 3160,
3165. — This boreal lignicolous species penetrated far to steppe zone through habitats with
arboreal vegetation. Two specimens found on old fruit bodies of poliporoid fungi developed
on log in shaded woodland, and one specimen on litter of twigs, in shaded habitat, near rivulet.

Since only 18 records were obtained in the field almost all data of this survey from step-
pe and forest-steppe originate from moist chamber cultures (Fig. 2). A total of 56 records
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Fig. 2. Frequency distribution of all 73 records of 34 species (records from the field and from moist chamber
cultures) for the Altay Mts. Grey bars represent species found in the field. Dark sectors of the bars indicate re-
cords obtained from moist chamber cultures.
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were obtained from 76 moist chamber cultures (excluding 12 records of non-fruiting plas-
modia) and 18 field collections of fruit bodies, representing 34 species from 16 genera and
7 families. Overall, the myxomycete diversity and species richness from the Chuyskaya
steppe were found to be relatively moderate (H" = 3.25, 34 species). However, 17 species
were classified as rare for whole studied area. Records from the field and from moist cham-
ber cultures mostly complement each other (Fig. 2). Eleven species were observed in the fi-
eld, whereas 24 species were registered in moist chamber cultures. Only Arcyria pomiformis
was found in the field as well as in moist chamber culture.

Only two common species found in the field (4 records) and confined to wood debris
and old fruit bodies on decayed wood was Trichia varia and Ceratiomyxa fruticulosa. Other
lignicolous species Trichia favoginea, Comatricha nigra, Enerthenema papillata, Lycogala
epidendrum, L. exiguum were rare for this region and present element of myxomycete biota
of taiga communities in the Altay Mts. All of these species are widely distributed and often
abundant in temperate deciduous forests and are also well known from the taiga. This sug-
gests that the zonal limits of myxomycete distribution are relative. In the forest communities
they are found in a variety of microhabitats in watersheds and in damp depressions. In the
steppe zone they also occur in appropriate situations in intrazonal arboreal habitats near ri-
vulets where there is a rich supply of coarse woody debris.

The diversity of myxomycetes differs considerably in forest steppe arboreal habitats and
in zonal open dry steppe and desert habitats (Table 1). The high species richness in intrazo-
nal habitats is due primarily to the general rarity of lignicolous species and litter-inhabiting
species in steppe. As the specificity of the environment increases with the prevailing condi-
tions of the open zonal habitats of steppe and desert, the number of rare species decreases
and the proportion of abundant species increase. This follows the pattern that species domi-

Table 1

Statistical data for steppe and forest steppe vegetation types
of the southern Altay Mts (Russia)

Parameter I 1I
Mean elevation, m 1945 1657
Mean annual precipitation, mm 110 300
Substrate pH, mean = SE 7.21+0.03 6.79 £ 0.03
Sampled localities 8 10
aRec (fc/mce) 9 (0/9) 65 (18/47)
Number of MC 19 57
MC positive, % 52.6 56.1
bRec 13 60
S/MC 0.68 1.05
S (fc/mce) 6 (0/6) 32 (11/22)
G 4 16
S/G 1.5 2.0
H' 1.5 32
D 0.26 0.05

Notes. Vegetation types (see details in the part «Material and methods»): | — desert steppe/dwarf shrub
communities of the plains, treeless landscapes; Il — mountain forest-steppe with subalpine «park» larch forest
and deciduous tall shrub communities; Mean elevation calculated for all studied localities; Mean annual
precipitation calculated for all studied localities; *Rec — records of determined species including field
collections (fc) and obtained from moist chamber cultures (mc); "Rec — records obtained only from moist
chamber cultures including undetermined taxa and non-fruiting plasmodia; MC — number of moist
chamber cultures; S — number of species including found in the field (fc) and moist chamber cultures (mc);
G — number of genera; H' — Shannon’s index; D — Simpson’s index.

530



nance in zonal treeless steppe habitats with extreme conditions is higher (D = 0.26) than in
the more stable and diverse habitats of forest steppe habitats where lignicolous myxomyce-
tes can find shelters and substrates in shaded habitats e. g. near rivulets (D = 0.05).

The most abundant species in treeless steppe and forest steppe habitats (> 6 % of all
76 records) was Physarum cf. notabile (ubiquitous species). Other common species
(3—4 % of all records) were Arcyria incarnata, Comatricha ellae, Echinostelium colliculo-
sum, Paradiacheopsis fimbriata, and Kelleromyxa fimicola (obligate coprophilic species).
The total of 34 taxa includes, 2 species which are new records for Russia: Echinostelium
corrynophorum and Kelleromyxa fimicola and 21 species new for the Altay Mts.

Interestingly, Fuligo cinerea, which was found only once in the Altay Mts. in taiga com-
munity of the Altay Mts. (Barsukova, 2000), and was not registered in the Chuyskaya step-
pe. In contrast it was recently reported as a common species in the dry steppe and desert re-
gions of the Caspian lowland in Russia and western Kazakhstan (Novozhilov et al., 2006).
This fact is corresponded with data about distribution of this species in Mongolia and eas-
tern Kazakhstan, were it is very rare (Novozhilov et al., 2008). This fact supports a hypothe-
sis about moderate endemism of some species within Eurasian arid area.

The majority of the species of the Altay Mts. have polyzonal ranges and widely distributed.
About 20 % of the 34 species recorded in this study can be regarded as regularly occurring
at the steppe and desert regions. These are Dianema mongolicum, Echinostelium colliculo-
sum, Kelleromyxa fimicola, Macbrideola oblonga, Physarum cf. notabile. The steppe and fo-
rest steppe communities of the Chuyskaya depression are relatively rich in Physaraceae
(21 species), Trichiaceae (16 species), Stemonitidaceae (14 species), but species of Cribraria-
ceae which are widely distributed in taiga forests are absent.

Both species richness and diversity varied considerably within groups of substrates
(Table 2) and decreased from bark of living plants (14 species, H' = 2.45) and litter of twigs
(12 species, H” = 2.46), to the dung of herbivorous and leaf litter (6 species, H" = 1.20), lit-
ter of cones of coniferous (4 species, H' = 1.33) to the coarse of woody debris (7 species,
H' =1.17).

The most abundant corticolous species were Comatricha ellae (5 records on bark of
7 registered), Echinostelium colliculosum and Paradiacheopsis fimbriata (3 records on bark

Table 2
Statistical data for all investigated substrates in steppe and forest steppe
vegetation types of the southern Altay Mts (Russia)

Substrates aRec MCs | MC positive, % bRec S/MC S G S/G H’ D
b 19 22 60 27 1.23 14 12 1.17 | 2.45 | 0.10
d 22 50 12 0.55 6 5 1.20 | 1.52 | 0.23
1 7 1 50 11 1.00 6 5 1.20 | 1.55 | 0.22
It 12 5 100 3 3.00 12 9 1.33 | 237 | 0.10
Ig 4 40 6 1.20 2 2 1.00 | 0.56 | 0.63
w 5 30 6 0.67 7 6 1.17 | 1.61 | 0.20
c 4 22 50 5 0.83 4 3 1.33 | 1.39 | 0.25
g 0 0 0 0 0 0 0 0 0 0
f 3 0 0 0 0 2 1 2.00 | 0.64 | 0.56
m 0 0 0 0 0 0 0 0 0 0
s 0 0 0 0 0 0 0 0 0 0

Notes. b— bark of living plants; d — dung of herbivorous animals; 11 — leaf litter; It — litter of small
twigs; lg — litter of grasses and herbaceous plants; w — coarse woody debris; ¢ — litter of coniferous cones;
g — living grasses and herbaceous plants; f — fruit bodies of fungi; m — mosses and liverworts; s — soil.
Other abbreviations as given in the Table 1.
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of 3 registered) and Badhamia dubia (2 records on bark of 2 registered). All this species we-
re registered only in moist chamber cultures. The dominant litter-inhabiting forms was Phy-
sarum notabile (3 records of total 10 registered), Trichia botrytis (15), Didymium squamu-
losum (22), Hemitrichia pardina (31) and Didymium difforme (36).

The most specific myxomycete assemblage occurs on dung of herbivorous animals.
This group of species included typical litter-inhabitants such as Didymium quitense (1 re-
cord), and some common species which are known to tolerate a wide range of ecolo-
gical amplitude and can sometimes utilize dung, such as Physarum notabile (2 records),
obligate coprophils were: Licea tenera (1 record), Perichaena lutea (2 records), Kelle-
romyxa fimicola (3 records). Wood-inhabiting (lignicolous) myxomycetes represented
the poorest myxomycete assemblage in the steppe and forest steppe communities of
the Chuyskaya depression. Two species (Ceratiomyxa fruticosa, Lycogala epidendrum)
were found only on this substrate in shadowed habitats near rivulets and a few species
are known to sporadically (1 record) occur in moist chamber cultures such as Didymi-
um anellus, D. diforme, Comatricha ellae, Arcyria incarnata, Echinostelium coryno-
phorum.

This work was supported in part by grants (N 07-04-00353) from the Russian Foun-
dation for Basic Research [RFBR] and from the scientific program of the Russian Aca-
demy of Science «Biodiversity», «Structure and role of soil organisms in biogeocenoses».
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PE3IOME

Lenbto nanHON paboTH OBLIO M3yUeHHE TAKCOHOMHYECKOTO M SKOJIOIMYECKOro pa3HooOpasus
MUKCOMHULIETOB B YCJIOBUSAX CYXHX CTelel U rOpHOH JIeCOCTEIH I0ro-BocToyHoro Anras B Uylickoit
KoTIOBHHE. bpu10 3aperncTpupoBano 74 o6pasna mIOAOBBIX TET MUKCOMHIIETOB, U3 KOTOPHIX 56 mO-
JIydeHBl BO BIAXHBIX Kamepax U 18 cobpansl B moje. Beero 6bu10 HaiineHno 34 BHaa, OTHOCSIIUXCS
K 16 ponam u 7 cemeiictBam. CeMHaAIIaTh BUAOB OBLIH OTHECEHBI K TPYIINE PEAKUX Ha JTAaHHOU Teppu-
topuu. OTMHHAIIATE BUIOB ObUTH HaNICHBI B MOJIE, TOTIA Kak 24 BHIa OBLIM H30JHPOBAHBI METOIOM
BIQXXHOW KaMephl. B aHHOTHPOBAaHHOM CIIHICKE MPUBEICHBI CBEACHHS O MOP(HOIOTUH, SKOIOTUU H
pacIpocTpaHeHUH BHUJIOB, JJAHA XapAKTEPUCTHUKA TAKCOHOMUYECKOTO U HKOJIOTUIECKOr0 Pa3HooOpa-
3Ws1, OIHCaHHe OCOOCHHOCTEH MX PaclpOCTpaHEHHs. BBISBICHBI HEKOTOPHIE TPEHABI B M3MEHEHUH
pa3HooOpa3us MUKCOMHIIETOB Ha pa3lIuiHBIX cyocTpatax. Cpenu 7 rpynn cyOCTpaToB (Kopa HBBIX
JIepeBbEB M KYCTapHUKOB, OMa/J JINCTHEB, ONaJ BETOUEK, OMaJ| IIHIIEK XBOIHBIX, ONaj TPaB, OCTATKH
THUAJIOH IPEBECHHBI, TOMET PACTUTEIBHOSTHBIX )KUBOTHBIX) Ha KOpe (OopMHUpyeTcs Hanboiee pa3Ho-
obpasHast u OGoraTasi 6MOTa MUKCOMHIIETOB, TOT/[a KaK Ha BBIBETPHBIIEMCS IIOMETE PACTUTEIHHOSI-
HBIX )KMBOTHBIX OOMTaeT HAMMEHBIIIEe YHCIIO BUIOB, OJTHAKO C HAaHOOJBIIEH cliennan3annei K 1aH-
HoMy cyOcTpaty. Cpenu 21 Buaa, HOBBIX 11l Anrtast Ha Tepputopuu Poccun, asa (Dianema mongoli-
cum u Echinostelium corynophorum) oTMEUYEHBI BICPBBIC.

KiroueBsle croBa: 6uopazHooOpasue, 3KOJIOTHS, CIM3EBUKH, AJNTail, TOpHAs JIECOCTENb, CyXHUe
CTEIH.

533



SUMMARY

The primary objective of the present study was to obtain data on taxonomical and ecological di-
versity of myxomycetes (plasmodial slime moulds) in the dry steppe communities of the south-eastern
Altay. A total of 56 records were obtained from 74 moist chamber cultures (excluding 12 records of
non-fruiting plasmodia) and 18 field collections of fruit bodies, representing 34 species from 16 gene-
ra and 7 families. Seventeen species were classified as rare for the whole studied area. Eleven species
were observed in the field, whereas 24 species were registered in moist chamber cultures. Taxonomic
descriptions and ecological observations of rare and/or tentatively new taxa found in the study area are
provided in the annotated checklist. Among seven different groups of substrata (bark of living trees
and shrubs, ground leaf litter, ground litter of twigs, litter of coniferous cones, litter of grasses, coarse
wood debris and dung of herbivores) diverging trends in species richness and substrate specificity of
the species were found: bark of living plants had the richest myxomycete biota, dung the poorest but
most specific myxomycete assemblage. Twenty one species are herein first reported for the Altay Mts
and 2 are new records for Russia: Dianema mongolicum n Echinostelium corynophorum.

Key words: biodiversity, ecology, slime moulds, Altay mountain forest steppe, dry steppe.
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PECTOLYTIC ENZYMES PRODUCED BY ALTERNARIA ALTERNATA
IN CULTURE AND DURING COLONIZATION
OF COMMON WHEAT KERNELS

O3EP H. IEKTOJIMTUYECKUE ®EPMEHTHI, ITPOAYIUPYEMBIE ALTERNARIA ALTERNATA
B KVJIBTYPE U IIPU 3APAXEHNU 3EPEH TIIINEHMIIbBI

Alternaria alternata (Fr.) Keissler is the fungus most commonly associated with black
point disease in common wheat (Triticum aestivum L.). The disease is characterized by a
brown to black discoloration at embryo end, the surrounding area and crease (Machacek,
Greaney, 1938; Greaney, Wallace, 1943; Kilpatrick, 1968; Bhowmink, 1969; Conner, Tho-
mas, 1985; Fernandez et al., 1994). Studies of host resistance, isolate virulence, environ-
mental influence and the importance of kernel growth stages are restricted to the symptoma-
tological observation or isolation of pathogen from ripe wheat kernels in the field or green-
house (Machacek, Greaney, 1938; Adlakha, Joshi, 1974; Conner, Davidson, 1985; Conner,
Thomas, 1985; Conner, 1987; Conner, 1989; Conner et al., 1990). In order to study the
host-parasite relationship, it was also necessary to determine the ability of the pathogen for
pectolytic enzyme production during kernel colonization.

Pectolytic enzymes such as pectin lyase (PNL) and polygalacturonase (PG) may have
important roles in the infection process (Bateman, Basham, 1976; Collmer, Keen, 1986).
PNL and PG have been shown to be produced in vitro by A. alternata isolated from rotting
fruits of tomato, apple and lemon, only quantitatively (Mehta et al., 1974, 1975; Tak et al.,
1985; Mahmoud, Omar, 1994; Omar, Mahmoud, 1994; El Shaieb, Malibari, 1995). Their ro-
le during the pathogenesis has been investigated only on tomato fruits (Mehta et al., 1974;
Omar, Mahmoud, 1994). Differences in peroxidase from resistant and susceptible wheat
cultivars to black point caused by A. alternata were observed using the isoelectric focusing
(Williamson, 1997). To my knowledge, no information is available on the involvement of
pectolytic enzymes in the development of A. alternata on wheat kernels.

The present study describes the capacity of A. alternata obtained from black pointed
kernels to produce pectolytic enzymes and isoenzymes in culture and during the colonizati-
on of the common wheat kernels at different growth stages.

Material and methods

Seven A. alternata isolates, A1, A15, A18, A35, A46, A52, A60, obtained from embryo
tissues of common wheat kernels with symptoms of black point in 2000 and 2001 were used
in this study. They were cultured on potato carrot agar (PCA) containing white potato
(20 g L), carrot (20 g L-1) and agar (20 g L-1) at 21 °C for 10 days (Simmons, 1994). For
the enzyme preparation, isolates were surface-cultured in Czapek’s liquid medium (pH 5.0)
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containing 10 g L-! of citrus pectin (Sigma) as sole carbon source. The inoculum was one
agar disc (6 mm in diam.) cut from the edge of cultures on PCA was used for inoculation.
The cultures were statically grown for 7 days at 21 °C in 250 ml Erlenmeyer flasks contai-
ning 50 ml medium.

Healthy common wheat kernels (cv. Flamura 85) were collected from the experimental
area of the Faculty of Agriculture in Tekirdap at five different growth stages including an-
thesis (Growth Stage, G.S. 10.5.2, Feekes scales; Large 1954), flowering complete
(G. S. 10.5.4), milk (G. S. 11.1), mid-dough (G. S. 11.2) and ripe (G. S. 11.4). The kernel
samples were surface-sterilized by immersion in 1 % sodium hypochlorite solution for
3 min and rinsed three times with sterile distilled water and dried on absorbent paper. Then,
they were placed on sterile filter paper (blotter method) moistened with sterile distilled wa-
ter in petri dishes. One isolate of A. alternata, producing the highest amount PNL and PG,
was selected for inoculation of kernels. Inoculation followed the procedure described by
Statler et al.(1975) with some modification. One drop of spore suspension, consisting of
1 X 105 conidia mL-1 in a 0.1 % aqueous solution of Tween 20, was placed on to each ker-
nel. Eight drops of 25 % lactic acid were added to 1000 ml of the conidia suspension to re-
tard bacterial growth. Kernels were incubated in Petri dishes enclosed in aluminum foil for
5 days at 21 °C. As a control, an aqueous spore-free solution of Tween 20 was used. Black
point incidence was determined based on the percentage of kernels with symptoms of black
point (a dark, brown to black discoloration). To check for the absence of contaminants, so-
me infected kernels were aseptically placed on PCA in sterile Petri dishes, but only A. alter-
nata grew under these conditions.

The experimental unit was a Petri dish containing ten kernels and there were twenty-five
replicate Petri dishes of each growth stage arranged in a completely randomized design.

Seven days-old cultures of 4. alternata isolates were collected from liquid media and
the mycelium was removed by filtration in a Buchner funnel.

The enzyme preparations from the kernels were obtained by grinding infected tissues in
an ice-cooled mortar in 0.05 M Tris-HCI buffer pH 7.8 (g tissue/mL-1), containing 0.1 M
KCl, 5 g L-! cysteine and 10 g L-! insoluble polyvinylpolypyrrolidone (Sigma). The slurry
was then strained through three layers of cheesecloth.

Filtrates from liquid culture and inoculated kernels were centrifuged at 15 000 g for
20 min at 4 °C. The supernatant was dialyzed against several changes of distilled water at
4 °C and filter-sterilized through a 0.22 mkm membrane (Millipore). The same procedures
were applied to uninoculated kernels.

All the activities were first assessed to determine pH and temperature conditions requi-
red for optimal enzyme activity. Activities were quantified under the pre-established opti-
mal conditions.

PNL activity was assayed spectrophotometrically by measuring the absorbance at
235 nm. An increase in absorbance of 1.73 indicated the formation of 1 mkmol of unsatura-
ted uronide (Zucker, Hankin, 1970). One unit of enzyme activity catalyzed the formation of
1 mkmol of unsaturated uronide min-! from 2.5 g L-1 (w/v) citrus pectin in Tris HCI buffer
(0.1 M, pH 8.5) at 35 °C.

PG activity was determined by measuring the increase of reducing-end groups over ti-
me. Reducing groups were measured by a modified method of Nelson (1944), using D-ga-
lacturonic acid (Sigma) as a standard. One unit of PG activity produced 1 mkmol of redu-
cing group min! from 2.5 g L-! polygalacturonic acid (Sigma) in sodium acetate buffer
(0.1 M, pH 4.5), at 35 °C. All the enzyme assays were repeated three times.

Isoenzyme separation by isoelectric focusing (IEF) was realized horizontally on Mini IEF
cell apparatus (Bio Rad) by using 0.4 mm thick polyacrylamide gels containing 5 % (v/v) am-
pholyte (Sigma) covering the pH range of 3.5—10.0. The gels were run at 200, 450, 600 and
950 V for 15, 30, 20 and 25 minutes, respectively. After IEF, the gels were overlaid with ultrat-
hin (0.4 mm) agarose gels for PNL and PG isoenzyme detection, prepared as described by Ried
and Collmer (1985). For PNL isoenzyme detection, the 10 g L-! agarose (Sigma) gel contained
1 g L1 pectin buffered at pH 8.5 with 50 mM Tris-HCI; for PG detection the 10 g L-! agarose
gel, contained 1 g L-! polygalacturonic acid in 50 mM sodium acetate buffer, pH 4.5.
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IEF polyacrylamide gels overlaid with ultrathin agarose gel were incubated at 100 % hu-
midity for 60 min at 35 °C. Activity bands were visualized by staining the agarose overlay
for 30 min in 0.5 g L-! ruthenium red (Sigma), followed by rinsing in distilled water. PNLs
and PGs appeared as white bands. The isoelectric point (pI) values of pectolytic isoenzymes
were estimated from a regression equation of standard protein versus the distance migrated.

Data on disease incidence, PNL and PG activity were analyzed using variance and me-
ans were separated according to Duncan Multiple Range Test (P = 0.05).

Results and discussion

PNL and PG production by seven A. alternata isolates grown in a medium containing
pectin as sole carbon source are shown in Table 1. All isolates produced PNL and PG. How-
ever, there were significant differences among the isolates, A18 and A52 had the highest
ability to produce PNL in culture. PG production from the isolate A52 was also significantly
higher than from other isolates, therefore it was chosen to inoculate the kernels.

The optimum temperatures and pH were 35 °C and 8.5 for PNL production and, 35 °C
and 4.5 respectively, for PG production.

Black point symptoms were observed in the kernels inoculated with A. alternata at all
growth stages but with significant differences in disease incidence (Table 2).

Black point incidence was significantly higher in the kernels at the stages of anthesis and
complete flowering. However the inoculated kernels at the stage of flowering complete re-
sulted in the highest level of black point.

PG production was observed in the extracts from the infected kernel at all growth stages
tested (Table 2). However, PNL activity was not found in any of the extracts. PG activity
was significantly higher during the colonization of the kernels by A4. alternata at the stages
of anthesis and flowering complete, especially in the latter stage. The activity decreased in
the kernels of the following growth stages.

No PG or PNL activity was detected in the extracts from control kernel samples.

The dialysed extracts from culture filtrates and infected wheat kernels were subjected to
thin layer polyacrylamide gel IEF and evaluated for PNL and PG isoenzymes. Two faint
PNL bands with pI 9.3 and 8.9 were observed in the culture filtrates of the isolates A18, A46
and A52 (data not shown). Five PG isoenzyme bands focusing at pI 4.5,5.2,5.8, 7.5 and 8.4
were detected from the extracts of the isolates (Fig. 1).

All isolates produced the acidic pI 4.5, 5.2 and 5.8 bands. However, the pI 5.8, acidic PG
band appeared very faint in the extract from the isolates A15, A18 and A46. In extracts from

Table 1

Pectin lyase and polygalacturonase activity produced
by the Alternaria alternata isolates on liquid medium

Isolates Pectin lyase activity Polygalacturonase activity
Al 1.43b 1.11 be
AlS 0.86 bed 1.53 be
AlS8 2.78 a 1.83b
A35 0.66 cd 1.71b
A46 1.21 be 0.88 ¢
AS2 273 a 3.04a
A60 0.57d 1.53 be

Note. Values presented are the means of three replicates.
Means within a column followed by the same letter are not
significantly different (P = 0.05).
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Table 2

Polygalacturonase activity from kernels inoculated
with Alternaria alternata isolate AS2 and disease
incidence on kernel samples

Disease incidence, Polygalacturonase
Growth stage ok activity**
Anthesis 48.00 a*** 1.52b
Flovering complete 5521a 1.89a
Milk 22.53b 0.17¢c
Mid-dough 10.81 ¢ 0.11c¢c

Ripe 1022 ¢ 0.09 ¢

* Disease incidence is expressed as percent black pointed kernels
after inoculation with A. alternata. Values presented are the means of
twenty-five replicates.

** Activity in reducing units per gram weight of extracted black poin-
ted kernels after inoculation with 4. alternata. Values presented are the me-
ans of three replicates.

*** Means within a column followed by the same letter are not signifi-
cantly different (P = 0.05).

the isolates A1, A15, A18, A35, A52 and A60, alkaline PG bands at pl 7.5 and 8.4 were fo-
und, pl 7.5 being less distinct in A1, A18 and A52. The same isoenzyme patterns were not
detected in extracts of the isolate A46.

Five PG isoenzymes at pl 4.5, 5.2, 8.1, 8.4 and 8.6 were detected from the kernels inocu-
lated with the isolate A52 at the stages of anthesis and complete flowering (Fig. 2).

Two PG bands at pI 5.8 and 6.5 were also observed in the latter stage. The kernels inocu-
lated with the pathogen at the stages of milk and mid-dough exhibited one PG bands at
pl 8.6. The pathogen produced a PG band at only pI 7.5 in the kernels at the ripe stage. In ac-
cordance with the results obtained from quantitative PNL assays, no PNL isoenzymes were
found after IEF in wheat kernels at all growth stages tested.

pl

. , 8.4
5.8
- | 5.2
. .
4.5
* *
—_— - - e — |
1 15 18 35 46 52 60

Isolate number
Fig. 1. Polygalacturonase isoenzyme pattern from culture filtrates of seven Alternaria alternata isolates grown

in liquid medium supplemented with pectin as carbon source. Position and pl values of the polygalacturonase
bands are indicated on the right axis.
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Fig. 2. Polygalacturonase isoenzyme pattern from inoculated wheat kernels with Alternaria alternata isolate
AS52 at five different growth stages, (1) anthesis, (2) complete flowering, (3) milk, (4) mid-dough, (5) ripe. Posi-
tion and pl values of the polygalacturonase bands are indicated on the right axis.

PG and PNL production have previously been detected in crude extracts of 4. alternata
isolated from tomato, apple and lemon (Mehta et al., 1974, 1975; Tak et al., 1985; Mahmo-
ud, Omar, 1994; Omar, Mahmoud, 1994; El Shaieb, Malibari, 1995). In the current report,
it was shown that PG and PNL are expressed in the A. alternata isolates obtained from natu-
rally infected common wheat kernels with black point disease. When isolate A52, with high
PG and PNL production in liquid culture, was inoculated to wheat kernels at different
growth stages, only PG was found. This result is not consistent with the finding of Mehta et
al. (1974) and Omar and Mahmoud (1994) who recorded the role of both PG and PNL in to-
mato fruits infected with A. alternata. Pectolytic activity detected in inoculated wheat ker-
nel appeared to be of fungal origin, since neither PG nor PNL activity was recorded in cont-
rol tissues.

Three isolates produced very faint bands of PNL isoenzymes. The situation of PNL
isoenzymes from the 4. alternata isolates tested in present study might be due to the ex-
perimental conditions chosen for the growth of the isolates on culture medium. How-
ever, the absence of PNL and multiple PNL isoenzyme patterns from infected kernels indi-
cates that this enzyme is not a cell wall-depolymerising factor during host tissue coloni-
zation.

A. alternata isolates in liquid culture had five PG izoenzymes, that were either acidic or
alkaline. Acidic PG forms (pI 4.5, 5.2 and 5.8) were detected in extracts from all isolates.
Isolates A1, A15, A18, A35, A52 and A60 expressed also basic PGs at pI 7.5 and 8.4. Isola-
te A52, selected for inoculation tests, produced all of them during fungal invasion of inocu-
lated kernels at different growth stages.

The stage, at which plants were infected by 4. alternata in the field, significantly influ-
ences the incidence of black point. Machacek and Greaney (1938) speculated that the infec-
tion occurred either at anthesis or during late stages of kernel development. Adlakha and
Joshi (1974) reported high rates of infection at anthesis. Conner (1987, 1989) stated that
black point incidence increased as the amount of irrigation and precipitation received during
the milk, mealy or mid-dough stages increased. However, several reports noted that high
black point incidences on ripe kernels could occur in susceptible common wheat cultivars
artificially inoculated with 4. alternata at anthesis (Conner, Davidson, 1985; Conner, Tho-
mas, 1985; Conner et al., 1990) or mid-dough stage (Conner, Thomas, 1985). On the basis
of these results, in vitro production of symptoms and pectolytic enzymes by inoculation of
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detached kernels at different growth stages with spores of A. alternata may be warranted in
order to clarify the role of the growth stages of the kernels for black point infection.

Pectolytic enzymes are supposed to be important virulence factors (Collmer, Keen,
1986; Alghisi, Favaron, 1995; Mendgen et al., 1996). In the present study, isolate A52 exhi-
bited the highest PG activity and multiple PG isoenzyme patterns, and had the highest abili-
ty to infect wheat kernels at the stage of anthesis and complete flowering, especially at the
latter stage. PGs at pl 4.5, 5.2, 5.8 and 8.4 from liquid culture were present in extracts from
inoculated kernels at the stage of complete flowering. This result suggests that these PGs
may be determinants for the colonization of wheat kernel. Three new PG isoenzymes at
pl 6.5, 8.1 and 8.6 were also detected in the extracts from the kernels at this stage. How-
ever the pathogen did not produce PG isoenzymes at pl 5.8 and 6.5 in the kernels at anthesis
stage.

My results demonstrated different degrees of susceptibility among the growth stages of
wheat kernel, «complete flowering» being the most susceptible and «ripe» the most resis-
tant. From the present study it also appears that some PG isoforms produced during invasion
of different kernel tissues may be a pre-requisite for the infection of 4. alternata.
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PE3IOME

IIpoBenena onenka akTuBHOCTH nekTHHIMa3bl (PNL) u monuranakryponassl (PG) u3s xyabry-
pajbHBIX QUIBTPATOB CEMH H30JATOB Alternaria alternata, moay4eHHbBIX U3 CEMSH MATKOM ITIICHHULIBI
(Triticum aestivum), KOTOpbIE HOPa)KEHBI YEPHBIM 3apOABIIIEM. B pe3yibTate H303J1€KTPHYECKO-
ro GoKycupoBaHHs OBUIM OINIPEAEIEeHBl UX M303H3UMBI. M30JIATHl pa3udaiuch Mo aKTUBHOCTH (ep-
MEHTOB. Y TpeXx M30JI1TOB HaOJroqanuck 1Ba ciadeix 69u1a PNL. Bee n3onsater obpasoseiBanu PG
N309H3UMHBIC NIATTEPHBI C O3HIAMH, PA3INYAIOLIMMHUCS 110 HHTEHCUBHOCTH U 3HaueHusM pl. 3n0po-
BbIC 3¢pHa ObUIH OTOOpaHBI B CTAAUSIX PAHHETO L[BETCHHS, IOJHOIO LBETCHHUS, MOJIOYHOM, MOJIOY-
HO-BOCKOBOM, BOCKOBOM U ITOJTHOH CIIEIIOCTH M 3aT€M HHOKYJIHPOBAHBI H30JISITAMH C BHICOKOH aKTHB-
HOCTBIO (hepMeHTOB. OmnpeseneHa 4acToTa BCTPEUAEMOCTH 3€peH C YePHBIM 3apoJIbIIIeM, a TaKXkKe
PNL u PG akruBrHocth. Hu B 01HO# 13 ctaauii He 6bu10 06HapyskeHo aktuBHocTH PNL 1 ee u3odep-
MeHTOB. OiHaKO M30JTHL A. alternata pa3nnyallich 10 BUPYJICHTHOCTH, KAYECTBEHHOI U KOJTHMYECT-
BeHHOM npoxyknuu PG B 3epHax B pa3iIM4HBIX cTagusx pocra. [lomydeHHBIe pe3ybTaThl IOKa3ally,
yro PG MoXeT onpenensiTh BUPYJICHTHOCTh B TEUCHHE KOJOHU3AIMU 3€pPeH.

Kittouesslie ciiosa: Alternaria alternata, Triticum aestivum, NEeKTHHIINA3a, HOJIUTATaKTypPOHA3a.
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SUMMARY

The culture filtrates of seven Alternaria alternata isolates obtained from the black pointed ker-
nels of common wheat (Triticum aestivum) were assayed for pectin lyase (PNL) and polygalacturona-
se (PQ) activity. After isoelectric focusing the patterns of their isoenzymes were defined. PNL and PG
activity were detected in all isolates and the differences were also found in the activities of the isolates.
Two faint PNL bands were observed in three isolates. All isolates produced PG isoenzyme patterns
with bands differing in intensity and in pI values. Healthy wheat kernels were collected at the stages of
anthesis, complete flowering, milk, mid-dough and ripe separately, and they were inoculated with an
isolate being able to high enzyme activity. Infected kernels were sampled for the black point incidence
and assayed for PNL and PG activity. No PNL activity and isoenzymes were found in inoculated ker-
nels in any stage. However the isolates of 4. alternata differed in virulence and in quantitative and qu-
alitative PG production in the kernels at different growth stages. The results suggest that particular
PGs from A. alternata may contribute to virulence during kernel colonization.

Key words: Alternaria alternata, Triticum aestivum, pectolytic enzymes.
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KOMILIEKCHBIA BUJ GANODERMA LUCIDUM:
BHYTPUBMAOBBIE I'PYIIIIBI IITAMMOB
C NTHANBUAYAJIBHBIMU XAPAKTEPUCTUKAMMU

POSTNOVA E.L, SKOLOTNEVA E.S. THE COMPLEX SPECIES
GANODERMA LUCIDUM: INTRASPECIES GROUPS
OF STRAINS WITH INDIVIDUAL CHARACTERISTICS

Kommnekcueiii Bun Ganoderma Iucidum (Curtis : Fr.) P. Karst. o0bequnsieTr BHyTpHBH-
JOBbIE TPYyNIbl, (UIOreHeTHYecKas KOHIEMIMs KOTOPBIX A0 CHX INOp He pa3paboTaHa
(Moncalvo, 2000; Zmitrovich et al., 2006).

3Ha4YMUTENbHBIE TPYIHOCTH MPH OMUCAHUM IITAMMOB Tprba Mo MOP(OJIOTHU U KYJbTY-
paJIbHBIM CBOMCTBaM BBI3BAHBI HX BBICOKOM CTETIEHBIO BapHaOEIbHOCTH B 3aBUCHMOCTH OT
ycnoBuit kynsTuBHpoBanus (Seo, Kirk, 2000). XapakrepucTuka mTaMMOB, OTpaHHYCHHAS
JAHHBIMU NIPU3HAKAMH, HE MOKET SBJISITHCS YAOBJICTBOPUTEIBHON U HE TO3BOJISIET CPaBHU-
BaTh PE3yJIbTAaThl Pa3HBIX MCCIICAOBaHNH.

I'eneTnveckast SBOJIOLMS MHOTUX BHIIOB I'PHOOB, MPUBOAALIAS K YACTUYHOW MJIM TOJ-
HOW pENpOXyKTUBHON HM30IAIUHN (MHTEPCTEPHIBLHOCTH), ONEpexaeT MOpP(OIOTHYECKYIO
9BOJIIOIMIO, M 3a4acTyl0 MOP(OJOrMYecKHe BHJBI IPEACTABISIOT COOOW accouluanuu
BHJIOB-IBOMHUKOB. BMECTO KOHIIEIIINH BEICOKOMOIMMOP(HBIX BUIOB BOSHUKIIO TIPEJICTAB-
JICHWE O BHJIE KaK O COBOKYIHOCTH B pa3HOH CTENEHH M30JMPOBAHHBIX, CAMOCTOSNTEILHO
SBOTIOIMOHUPYIONTUX «Ononornaeckuxy» ocoodei (JpsikoB, 1993). UToObI BHECTH SICHOCTH U
n30exaTh HEJOPa3yMEHHUH IPH pa3JesieHUH BUIOB U BHYTPUBHUIOBBIX TPYIIIMPOBOK Oa3u-
JMaJbHBIX TPUOOB, OBII NPOBENEH aHANIN3 IeHETHYECKOW (PenpoIyKTHBHOW) W3OJSIHU
Mexay ocobsmu. Tak, ObLT BBIZIETIEH CaMOCTOATENbHEIN BUA G. tsugae (Murrill) Overh. Ha
OCHOBE I10JIOBOI HECOBMECTUMOCTH € mosinMopdubeIM BuaoM G. lucidum (Adaskaveg, Gil-
bertson, 1986).

B nocnennee BpeMs IIMPOKO MPUMEHSIOTCS B CHCTEMATHKE IPUOOB MOJIEKYJISIPHBIE Me-
TOJbl. B yacTHOCTH, C MX MOMOIIBIO OblIa OKa3aHa BICOKAsI TETEPOreHHOCTh KOMIUIEKCHO-
ro Buna G. lucidum (Moncalvo, 1995; Hseu et al., 1996; Buchanan, 2001). Monekymsp-
HO-(UJIOTEHETHYECKUH aHall3 aMEePUKAHCKHUX, a3MaTCKUX M EBPOIEHCKHX KOJUICKLUH
G. lucidum c ncnonp3oBanueM MapkepoB p/IHK mo3Bonm BeIAEIHTS HECKOIBKO BHYTPH-
BuAOBBIX Tpymit: G. lucidum sensu stricto, G. resinaceum complex sensu lato, G. curtisii
complex, G. tropicum complex sensu lato (Moncalvo, 2000). OtcyTcTBHE KOPpEISIIAA
Mexnay ¢unorenuert mo p/IHK u mopdonornuecknm pasznenenueM komiuiekca G. lucidum
CTHUMYJIMPYET MOHMCK HOBBIX MOJEKYJSIPHBIX MapKepOB, CIOCOOHBIX CTaTh MCUEPIBIBAIO-
MM HHCTPYMEHTOM IIPH OMHMCAHUH LITAMMOB.

Hcnonp3oBaHHbIC B JaHHOW pabore mTamMbl G. lucidum o0nagarT MPOTHBOOITYXO0JIe-
BOH u aHTHOakTepmampHOW akTHBHOCTHIO (KpacHomomsckas u mp., 2003; ABTOHOMO-
Ba, 2006). ITosTOMY BBISICHEHHE MX BHYTPUBHJIOBOTO CTaTyca HE TOJBKO OOECIEeYHT J0-
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CTYIHOCTb CPAaBHEHUS C JPYTUMU U3BECTHBIMU IITAMMAaMU, HO M IO3BOJIUT OMKHCATh HOBBIC
HWCTOYHUKYU OMOJIOTHYCCKU AaKTUBHBIX BEIICCTB.

C 1enblo YTOUYHEHHUS BHYTPUBHJIOBOTO CTaTyca HCCleayeMbix mrtamMMoB G. lucidum
ObLT IpoBezieH aHanu3 uzodepmentoro u RAPD-nonumopdu3ma Hapsiy ¢ OLIEHKOI Bere-
TATUBHOW M PETPOJIYKTUBHOM M30JIALUH, & TAKKE HEKOTOPBIX MOP(HOIOTUICCKIX MPU3HA-
KOB, HCCIIEOBAaHHKIX paHee (3aBpsuioBa u ap., 2005).

Marepuajibl M MeTOABI

Juxapuotnueckue mrammbl Ganoderma spp. ObUIN MOIYYEHBI U3 KOJUIEKIMH KYJIbTYpP
kadenpel Mukonorun u anerojoruu MI'Y um. M. B. JlomoHocoBa, Hay4uHo-uccnenoBa-
TENbCKOI'0 MHCTUTYTA 10 U3BICKAHUIO HOBBIX aHTHUOMOTHKOB M Bcepoccuiickoi KOMIeKINH
MIPOMBIIIUIEHHBIX MUKpoopraHu3MoB (BKIIM). CHMBONEI IITaMMOB IIPUBEIEHBI B CTaThe,
omyb6nmukoBanHol panee ([ToctHoBa u ap., 2009). JIBa mramma G. applanatum (Pers.) Pat.
OBUIH UCTIONB30BAHBI B KAYECTBE KOHTPOIIS.

KynpTypbl xpanunu ripu 4 °C Ha NIIEHUYHOM arape, coJiepKaiieM OIMIKY TUCTBEHHBIX
nopof. IlepeceB Ha CBEXEIPUTOTOBICHHYIO CPely OCYIIECTBISUIN | pa3 B TOA.

N3yuenne xapakTepa pocTa IITAMMOB B COBMECTHOW KyJbTYPE MPOBOAMIN B YaIIKax
ITetpu Ha cycno-arape (4° no bamnunry) B repmocrtare npu temmneparype 25 °C nyrem cpa-
IIMBAHUS IUKAPUOTHYECKUX IITAMMOB MEXIY COOOH BO BCEX BO3MOXKHBIX KOMOMHAIIHAX.

BereTatuBHy10 HECOBMECTUMOCTD ONPEAEISIIM BU3YaIbHO B 30HE KOHTAKTa IITAMMOB
II0 XapaKTepy aHTarOHUCTUYECKOro OTBETAa: HEMTpalbHAas, CpaCTaHUE, OTTAIKUBAHHE, Ha-
pactanue (I'apuboBa, MoxkeeBa, 1976; JIpsxoB, Jonrosa, 1995). B kadecTBe KOHTpOIS HC-
HOJIB30BANIN KYJIBTYPBI, IOJTYYSHHbIE IPU BHYTPUIITAMMOBBIX CKPEIUBAHHIX.

Jliist poBeieHNs aHaIK3a OJI0BOH HECOBMECTHMOCTH MCIOIb30BAIN MOHOKAPHOTHYE-
CKHE KYJIbTYpPBI, IOIy4eHHbIE TyTEM IOCIE0BATEIbHBIX CEPUNHBIX pa3BeJCHUN CIIOPOBBIX
cycrensuii. Criopsl Tpex mrammoB (G. L 4, G. L 8 u G. L 9) 6panu ¢ oTnedaTkoB, HOTyUYeH-
HBIX [0 MeTonuKe, npemnoxenHord Cremercom (Stamets, 1993). Ilpu oTcyTCcTBHM Ha MHIIE-
JIM MIPSKEK KOJIOHUH OTCEMBANIN B IMTPOOHPKH M MapPKUPOBAJIM HHIEKCOM «m» (monokaryon).

MOHOKapHOTHYECKHE TECTEePHI BRIACTUH 1m0 MeToy Orrepa (Egger, 1978). B pe3yinb-
TaTe A Tpex mTaMMoB G. lucidum ObLIHM TOTYYEHBI 4 TPYIIBI MOHOKAPUOTUYCCKHIX TEC-
TEPHBIX KYJIBTYp, Pa3IMUYaIOMIUXCs MEXIY co00il ayuensMu JIOKycoB cnapuBaHus: A B,
ABy, AyBy, AsB;.

Omnpeienenue THIIOB CIaAPUBaHUsI M BBISBICHUE OOIINX (aKTOPOB IMOJIOBONH COBMECTH-
MOCTH TIPOBOJIMIIM ITyTEM MOH-MOH-CKpPEIINBAaHUN (MOHOKapHMOH Ha MOHOKApPHOH) MEXIY
MOHOCHOPOBBIMH H30JISITAMH U TTOJYYSHHBIMHU TecTepamu. AHaiau3 (akTopoB IOJIOBOI CO-
BMECTUMOCTH OCYIIECTBJISUIH IO cTaHmapTHEIM Metonukam (Egger, 1978).

CkpemyBaHue MeXJy AUKapHOTHYECKUMH MPUPOJHBIMU IITAMMaMU 1 MOHOKAapHOTH-
YECKHMHU TECTE€PaMH, T. €. IU-MOH-CKPEIINBAaHUE (JUKApPHOH HAa MOHOKAPHOH), SBISIETCS
Gosiee OBICTPBIM, HO MEHEE TOYHBIM CIIOCOOOM OIpeNeNIeHHs BHJIOBOM MPUHAIC)KHOCTH
0a3uJMOMHILIETOB, YeM MOH-MOH-cKpenBanue. Ha gamky [letpu ¢ cycno-arapom nomnapHo
BBIC2)KHMBAIH JUKapuoH U Tectep. CIycTs 2 HeJenn HHKYOaIluK B TEPMOCTATE MPH TEMIIe-
patype 25 °C y MuLenust MOHOCIIOPOBOTO TeCTepa HCCIeN0BAIN HAIMYKe IPSKEK C IPOTH-
BOTIOJIO’KHOHM OT AMKapHOHA CTOpoHBL. OOpa3zoBaHME MPSKEK 03HAYANO IOJIOBYIO COBMEC-
TUMOCTh IITaMMa C JaHHBIM TE€CTEPOM U MPUHAAIECKHOCTb K JaHHOW MHTEPCTEPUIIBHOU
rpymIe.

Jnst npoBenenuss RAPD-PCR ananusa Beiaensiin JHK u3 Munenusi, nojiydeHHOro npu
KyJIbTUBHPOBaHHUU Ha xuIKkoM 1.5%-M cycne Ha 10-e cyTku pocra no meroauke Diatom
TM DNA Prep 100 (buokom), paspaborannoii ans Beinenenus JHK u3 cexxero 6moioru-
YEeCKOro MarepHaa.

Peakmnuio ammugukanun reaomuoit JIHK mpoBogunm Ha mporpaMMHpPyeMOM TEPMO-
nukiepe Mapku «Tepruk» nepBoit Mogenu. it mpoBeeHHs peaknnii aMIuInpUKauy 1c-
N0JIb30BANIM TOTOBbIE HaOOPHI uis aMmiunukannun «PCR-core», buokom (MHrHOMpoBaHHas
Taq-DNA-pol, ANTP — mo 200 MxM kaxpnoro, MgCl, — 2.5 MM). Peakunu npoBoamimm
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B 00memM o0BpeMe peakKIMOHHOM cMecH 25 MKJI ¢ J0OaBlIeHHEeM CIEAYIOMNX KOMIOHEHTOB:
5 Mk cmecu «PCR-core», 5 mxi ncenenyemoii JIHK, 5 mxut mpaiimepa (0.5 MmxM), 10 Mk
[IP-pacTBopuTensa. YToOBI IpeOTBPATUTh UCIIAPEHHE, HA CMECh HAHOCHIIN MHHEPAIbHOE
Maclo.

Jns RAPD-PCR ananuza o00pasinoB OBUIM HCIOJB30BAHBI MATh OJMTOHYKIICO-
tuaEbIx mpaiimepoB Cuaton: R1 (5'-TGCCGAGCTG-3'), R2 (5'-AGTCAGCCAC-3"),
R3 (5'-AATCGGGCTG-3"), R4 (5'-GAAACGGGTG-3"), R5 (5'-GCGATCCCCA-3")
(Hseu et al., 1996). Peakuuto amrndukammy I Kaxa0ro mpaiMepa TPOBOIWIHA B TPEX
MTOBTOPHOCTSIX. YCJIOBUSl PEAKIMH aMIUTU(QUKANUN OBUIM CIIEQYIOIIMMH: NEepBBIA mIar
(1 nuki): 98 °C — 2, 36° — 1, 72° — 2 mun; BTOpoii mar (45 nukios): 95° — 1, 36° — 1,
72° — 2 mun; Tpetuit mar (1 oukn): 72° —5, 72° — 3, 72° — 2 muH (Hseu et al., 1996).

AmmmndunupoBannsie parmentsl JJHK pasnernsimu B 2%-m arapo3Hom rene mnpu Ha-
npspkennu 80 B. I'enn okpammBany B pactBope OpomucToro 3tuaus (1 MKr/mir) u BU3yanu-
3UpOBAJIN NOJTy4YeHHbIe pparMenTs! Ha Y @-Tpancuuntomunarope. PCR-npoykTsl peruct-
pupoBanu ¢ nomoiisio nupposoii porokamepsr Canon Digital IXUS 800 IS. B xauectse
mapkepa amuHbl JJHK ¢parmentos ucrnons3oBamn GeneRuler TM 1kb DNA Ladder, Fer-
mentas.

CpaBHeHHE N30(EPMEHTHBIX CIEKTPOB MHILEINAIBHBIX KyJbTYp OAWHHAIIATH INTaM-
MoB Ganoderma spp. NIPOBOAMIM METOIOM BEPTUKAIBHOTO 3JIeKTpodopesa B MoNuaKpuiIa-
MHIHOM Telie mo Metoauke J[[PBuca ¢ HekoTopbimMu Momupukanusmu (Davis, 1964;
3aBbsyioBa u 1p., 2005) B kamepe Gpupmbl XennkoH. Hamimane akTHBHOCTH Y TSITH (epMeH-
ToB (Hecnenuguueckas screpasa (KD: 3.1.1.2), kucnas pocdarasza (KD: 3.1.3.2), riaoko-
30-6-¢pocharnernaporenasa (K®: 1.1.1.49), momupenonoxcunaza (Kd: 1.10.3.2), manatne-
ruaporenasa (Kd: 1.1.1.37)) onpenensiiu okpaliiBaHueM O METOUKAM, IPUBEACHHBIM B
psane myonukaruii (CanvenkoBa, Manuaunaa, 1976; Kopoukun u ap., 1977).

JIJ11 OLIEHKH TOCTOBEPHOCTH TOIIOJIOTHHU JICHAPOTPaMM, MOJYYSHHBIX C IIOMOIIBIO aHa-
nu3a n30pepMeHTHBIX 1 RAPD-CIeKTpoB, HCIOIB30BaIN AIrOpUTM OyTcTpena (bootstrap),
BBIpa)kasi ypOBEHb JIOCTOBEPHOCTHU B IporeHTax. CTeneHb pa3iuyus oOpas3loB OLEHHBA-
JU MO pe3yibrataM kiactepHoro anaign3za UPGMA OWHapHBIX MAaTpPHII, OIHCHIBAIOIIUX
maTTepHBI (M30()epMEHTHBIC H MOJIEKYIISIpHBIE (heHOTHITEI). /I KIIacTepHOro aHaim3a ¢ 1mo-
CJIEIYIOIIEH OLIEHKON OCTOBEPHOCTH HCIONB30Bau mporpammy Treecon for Windows
(version 3.1).

Pe3yabTaThl M 00Cy:KIEeHHE

IIpu nmonapHOM cpalBaHUU HAa arapu30BaHHOI MUTATENbHOU CPElE BCEX IUKAPUOTH-
YEeCKHUX MITAMMOB KOJIICKIIMH B 30HE KOHTaKTa (hOpMHUPOBaIICS MULIEINAIBHBIN BaluK (Oap-
pax), KOTOpBIA sABIsEeTCS (PEHOTUIMMYECKUM IPOSBICHHEM pEaKklMy BETreTaTHBHOH Heco-
BMECTHMOCTH. DTO MO3BOJIMIIO 3aKITIOYHTh, YTO MCCIEAYEMbIC INTAMMBI HE SBISIFOTCS KIIO-
HaMH, a [PEICTaBISAIOT COO0H TeHETHYECKH N30JIMPOBAHHBIE WHIUBUILYYMBI.

Bce mrammel G. lucidum niposiBuny Hanbosee CHIIbHYIO0 aHTaTOHUCTHYECKYIO PEAKIIUI0
TIPY CpallMBaHKU co mTaMmMaMu G. applanatum, B3ITBIMU JUIS OLIEHKH HEKOTOPBIX PE3YIIb-
TaTOB Ha YPOBHE BHJA.

B 30HEe KOHTaKTa reHETHYECKH MACHTUYHBIX IITAMMOB aKTHBHO OOPa30BBIBAINCH aHA-
CTOMO3BI, C MOCJIEAYIOLUUM CIHIHUEM.

Jns Tpex aukapuotudeckux npupoaHsix m3omaTos (G. L 4, G. L 8 u G. L 9) 6butn BeI-
JIEJIEHbl MOHOKapUOTHYECKUE HITAMMBI-TECTEPhl — IO YEThIpE€ MOHOCIOPOBBIX ITaMMa,
Pa3IMYAIOMIMXCS aNJIeNIIMU JIOKYCOB IIOJIOBOM COBMECTUMOCTH.

B pesynbrate MOH-MOH-CKpEMBaHus (MOHOKapHOH HAa MOHOKapHOH) IMTPUPOAHBIE U30-
aatsl G. L 8 u G. L 9 (KaBkazckuii perron 1 KpsIM cOOTBETCTBEHHO) OKa3aJIlCh COBMECTH-
MBIMH MEXAy COOOH M IPOJEMOHCTPHPOBAIN MOJOBYI0 HECOBMECTUMOCTH C INTAMMOM
G. L 4 uz ®pannun (tadn. 1). Ha ocHoBe momy4yeHHbIX aanHbIX mtamMMel G. L8 n G. L 9
OB OTHECEHBI K MHTepcTepriIbHOU Tpynme I, a mramm G. L 4 — k uHTepCTepHUIBHON
rpynne II.
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Tabnumoa 1

MoH-MoH-cKpeIuBaHus TaMmmMoB G. lucidum

MonokapuoTu- G.L4 G.L8 G.L9
ITamM | Yeckue Kyib-
TYpbl 4ml | 4M2 | 4m6 | 4m7 | 8ml | 8M3 | 8m5 | 8M9 | 9ml | 9m2 | 9m4 | 9m7

G.L4 4m1 — + - - - - == = = =
4m2 + —- - - = = = = = = — | —
4m6 — | — | — + — | - = = = = | = | —
4m7 — — + — — — — — — — — —

G.L8 8ml - - = = = | — | — + +

8m3 —- | - = — | — | — + — +
8mS5 — | = — | — | — + — | — +
&m9 — | - — | — +

G.L9 9ml — | — | — | —
om2 — | = = | —
om4 — | — | — | —
om7 — - — | —

o+ ++ o+
o+ o+ o+
+ o+ o+ o+
+ o+ o+ o+

\

\

|

+

Ipumeuanne. G. L — G. lucidum; 4m1, 4M2 ¥ T. . — MOHOKapHOTHYECKHE KyIbTYphl. T0 e It
Tabi. 2.

Mrammer G. L 8 u G. L 9 umenu cxomHble MOpQOIOTro-KyJIbTYpajbHbIE MPU3HAKK U
MIPY KYJIbTHBHPOBAHHH OOPa30BBIBAINCH THIIMYHBIE MO (opMe U pazMepaM «JIaKupOBaH-
HbIe» O0asuauomsl. [Ipu kynpTuBHpOoBaHuu mWTaMMa G. L 4 00pa3oBBIBAINCH MaTOBBIE KOH-
COJICBHJIHBIC IJIOAOBBIE Tena (puc. 1).

YTo4YHEHHE COBMECTHMOCTH OCTAIBHBIX IITAMMOB KOJUICKIIHH ITPOBOMIIHN C TOMOIILIO
JIM-MOH-CKpEIUBaHus (JUKapruOH Ha MOHOKaproH). [To cpaBHEeHNIO ¢ MOH-MOH-CKpELHBa-
HHEM IAaHHBIA METOJ| 3HAYUTEIBHO MEHEE TPYAOEMKHH M TpeOyeT MEHbIE BPEMEHH, YTO
0COOCHHO aKTyaJIbHO IIPH KYJIbTUBHPOBAHUH MPHUPOIHBIX mTaMMoB Ganoderma.

[Tos0By!0 COBMECTHMOCTh MEXKIY JUKAPUOTHYECKHMMH H30JATaMH U MOHOKApHOTHYE-
CKAMU TECTepaMH OIPENCIIUTN M0 HAIMYHIO MPsDKEK HAa MUIENHU TecTepa (Tadi. 2).

Monokapuorndeckue tectepbl mramMmoB G. L 8 nu G. L 9 okazannuce coBMECTHMBIMU
Tonbko co mTamMmoM G. L 2 ¢ KaBkaza. Y mramma G. L 927 u3 ABcTpuu oTMe4eHa COBMeEC-
TUMOCTSb ¢ TecTepamu mramMma G. L 4 u3z @pannuu.

RAPD-ananu3 xomtekuu mraMmMoB Ganoderma spp. ObUI IPOBEICH ¢ MCIONB30BaHH-
eM Habopa npaiiMepoB, y>ke MPUMEHSIBILIMXCS ISl XapaKTepucTHKH 3Toro Buaa (Hseu et al.,

Puc. 1. KonconeBuausle MaToBble 6a3uanomsl mramMma G. L 4 (a) u nakupoBaHHEIE BeepooOpa3Hble 0a3UIHOMbL
mramma G. L 8 (6) cooTBeTCTBEHHO.
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Tabnuma 2

Ju-MoH-ckpemuBaHus WraMmoB G. lucidum

G.L4 G.L8 G.L9

IItamm
4ml 4m2 4m6 4m7 8ml 8m3 8mS 8M9 Im1 Im2 Im4 M7

L2 — — — — + + + + + + + +
L3 — — — — — — — — —
L4 — — — — — — — — —

L5 — — — — — — — — — — — —
L6 — — — — — — — — — — — —
L7 — — — — — — — — —
L8 — — — — — — — — + + + +
L9 — — — — + + + + —
L 927 + + + + — — — — —

Co0000000

1996). O6HapyxeHa BBICOKasl CTEIIEHb MOJIEKYJIIPHOTO TOIUMOp(H3Ma JTaHHOHW BHIOOPKH.
Haubonpmee kommuecTBo BapnabeIbHBIX NPHU3HAKOB (MPOIYKTOB aMIDIH(UKAIIH) OBLIO
noy4eHo ¢ npaiimepamu R1, R3 u RS (88 % — 8 BapuabenbHbIX nosoc u3 9 B anekrpodo-
peTudeckoM crektpe, 85 % — 11 u3 13, 87 % — 7 u3 8 COOTBETCTBEHHO).

ITpn cpaBHEHNU MOJEKYJISIPHBIX Tpoduielt (MaTTepHOB aMIUTH(DUKALIMN), TTOJTyYEHHBIX
¢ moMoIikko mpaiiMepa R1, oOHapykeH ¢pparmeHT pazmMepom 620 map HyKICOTHIOB (II. H.),
aMIUTHQUITUIPYIOIIHAKCS TOIbKO y mTaMMOB G. lucidum. B cocraBe RAPD-ciekTpoB mram-
MoB G. applanatum naHHBIA (parMeHT HE MPUCYTCTBYET, YTO MO3BOJIAET MPEAIIOIOKHUTH
ero BugocnenuduaHocTs (puc. 2, 3).

G. APPG. APP
M GL2GL3GL4GL5GL6GL7G.L8GL9G.L927926 632 M

1000 1. 1.

750 1. H.
620 1. H.

500 1. H.

Puc. 2. Onexrpodoperpamma RAPD-nomumopdusma mrammoB posa Ganoderma, ody4eHHas IPH UCTIONB30BA-
HuM npaiimepa R1.

Cmpenkoti 0603HaueH pparmMeHT, Bunocnennduynslii as mrammoB G. lucidum; M — mapkep GeneRuler TM 1 kb DNA Ladder,
Fermentas. Pazmeps! MapkepHbIX ()parMeHTOB (I1. H.) yKka3aHsl ciipaBa ot ¢potorpadun. G. L — G. lucidum, G. APP — G. appla-
natum.
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Puc. 3. UPGMA-nennporpamma reserudeckoro cxoacrsa RAPD-npoduneit mrammoB Ganoderma spp.

Jannbsie RAPD-nonumopdu3zma O0butn 00paboTaHbl ¢ MOMOILIBIO METOAA KIaCTEPHOTO
aHanm3a. Bce menaporpaMMer 06nanaid CXOQHOH TOMOJIOTHEH; Hanboiee yCTOWIMBON OKa-
3ajach JeHApOorpaMma, oJyuyeHHass Ha OCHOBE aHalIM3a CyMMAapHON MaTpUILbI IO BCEM IaT-
TepHaAM aMIUTH(HUKAINN; CpeHee 3HaUeHHe HHaeKca OyrcTpena — 82 % (puc. 3).

OCHOBHO# KJIacTep JeHIPOrpaMMbl BKiIIodaln Bce mramMmbl G. lucidum. 1lItammel, ipu-
Hajuiexanue K Buny G. applanatum, o0pa30oBbIBIM OTIENBHYIO BHEIIHIO IPYIITY, MOHO-
(buus KOTOPOH MOAIEPXKUBAIACH BRICOKUMH 3HAUYCHHUAMH HHIeKca OyTcTpena (1o 100 %).

ITo nanubIM Ki1acTepHOro aHanu3a RAPD-mapkepos, Bun G. lucidum oxa3zaiicsi BRICOKO-
reTepPOTeHHBIM, 00BEIUHSISI INTAMMBI Ha MPOTSDKEHUHN IIHPOKOTO HHTEPBAIA YCIOBHBIX M-
HuUI reHetndeckor quctaniuu (ot 0.1 mo 0.42).

Buytpu Buna G. lucidum Ha Bcex neHIporpaMmax MOXHO BHIETh TPH CTaOWIIbHBIE
rpynmnsl u30ma1oB: A — mrtamMbl G. L 2, G. L 8 ¢ Kaskaza u G. L 9 u3 Kpeima, B — mram-
Mol G. L 4 u G. L 927 u3 ®pannuu u ABctpun cootBeTcTBeHHO U C — mramMsl G. L 6
u G. L 7 u3 MockoBcko#t 0611. (puc. 3).

[Tony4eHHble TpyNIbl HITAMMOB XapaKTEPHU30BAJIUCHh BBICOKOW CTENEHbIO T'OMOTEH-
Hoctu RAPD-mapkepos (nuAexc Oyrcrpema i rpynmsl A — mo 97 %, mnsa rpynn B
u C — 10 100 %). [IpencraBnennsic B nanHOU BbIOOpKe mTamMMbl G. L 6 u G. L 7 u3 Moc-
KOBCKOi#1 0011. (C), He SBIISACH KIIOHAMH I10 PE3y/IbTaTaM TECTOB Ha BECTATHBHYIO HECOB-
MECTHMOCTh, 00Jalaii WACHTHYHBIMH MOJIEKYIsIpHbIME RAPD-npoduisimu. Bricokoe
cxoncTBo oT™MedeHo y mTaMmoB G. L 4 u G. L 927 (B), o0beanHsIeMbIX B OTAEIBHYIO IPYII-
1y ¢ BepositHOocThIO 100 %. M3omsatel G. L 2, G. L 8 ¢ KaBkaza u G. L 9 u3 Kpeima (A) 005-
equHwinchk B 97 % cnyuyaeB Ha ypoBHe 0.01 ycn. en. reHeTHueckoi auctaHuuu. Takum
obpazom, RAPD-nomumopdusm Buga G. lucidum mo3BOIWIT BBIACIUTE HECKOJIBKO TPYIIIL.

I'eorpadmueckn ynanennsiii mramm G. L 3 n3 Kopen 3ansan obocobieHHoe MecTo Ha
paccrosinuu 0.42 ycii. ell. FeHeTUYECKON AUCTAHIMH, IEMOHCTPUPYS HAaHOOJIbIIEe OTIINYHE

1 09 08 07 06 05 04 03 02 0.1

1 I I T T T T T I T

2 Y
4
66%| 927
98% 8
9 > G. lucidum
3
99% | 6
7
5 J
632  G. applanatum

Puc. 4. lennporpamma cxonctBa mramMmoB G. lucidum u G. applanatum no cuextpy usopepmentos M/II.
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Tadonuma 3

CpaBHeHHe pe3yJIbTAaTOB aHAJM3a nojuMopduzma mrammoB G. lucidum

Kpurepun anannza
CTCIICHB I'0-
XapaKTepHCTMKa CTereHb MOJIOTHH U30- Pe3yabTaThl Ppe3yIbpTaThI Hamime
IITaMMOB TOMOJIOTHH XJiaMugocnop IJI0/10BBIE
RAPD-Map- q)epMCHTHLIX MOH-MOH-CKpe€- JANU-MOH-CKpe- (3a31,;u10}3a " Tena
Y MU -cniek- IABAHUS [ABAHUS 2005)
pos, 7o TpoB, % Ap-»

G.L 2,GL8 97 66 Wnrepcre- CoBMecTUMBI Ectp BeepoobpasHbie
(Kagka3z),G.L 9 pHIbHAas TOJIBKO MAaToBbIE CH-
(Kpem) rpynmna | BHYTpH JiT9ue

TPYIHITBI

G.L 4 (®pannus), 100 66 Wnrepcre- To xe » BeepoobpasHeie
G. L 927 (ABcr- puiIbHAs «JTAaKUPOBAH-
pust) rpynmna I1 HbIE» C HOX-

KOU

G.L 6, G.L 7 (Mo- 100 99 He mnposoxau- | HecoBmec- Her He nomy4enst

CKOBCKast 0011.) JIUCh TUMOCTh

BHYTpH Kinactepa G. lucidum o Bcem RAPD-mapkepam. Urto kacaercst mramma u3 CILIA
(G.L5), To ero creneHp 00beAMHEHUS C TPYIION U3 I0KHBIX PETHOHOB ObLIa OTHOCHTEIb-
HO HEBBICOKOW, 710 61 % wmHIeKkca OyTcTperna.

W3 maTé HWCmosib30BaHHBIX M30()EPMEHTHBIX CHCTEM Haubojiee pernpe3eHTaTHBHOMN
okazanack Manaraerunporenasa (MI), uro cornacyercs ¢ manusvu aiust G. lucidum, npu-
BeleHHbIMH B Jiuteparype (Abdullah, 1996). Meton GenkoBoro anekTpodopesa ¢ UCIOob-
3oBanreM M/II" moaTBep AW BEISIBICHHBIC paHEE Pa3Indus IITAMMOB pa3HoOro reorpadudue-
CKOTO MPOUCXOXKJICHHS.

Ha penpporpamme cpaBaenuss MJI-criekTpoB Haumbosbllee OTIWYHE OTMEUYEHO Y
mrammoB G. applanatum u G. L 5 n3 CIIA, xotopsle 00beJUHSINCH C OCTAILHBIMU T€0-
rpadudyeckumu u3ossitamu G. lucidum Tonapko Ha ypoBHE 10 yCil. e, TeHETHYECKO# auc-
TaHIH (puc. 4).

Irammer G. L 6 u G. L 7 u3 MockoBckoi 00JI. 00BEIUHSUIUCH B OJHY TPYIITY, YTO
cootBercTBOBaN0 99 % wmHAekca Oyrcrpema. Y ocranpHelx mTamMMoB (G. L2, G.L 4,
G.L 8, G.L9 u G.L927) obnapyxen 66 % romonorun MJII'-ciekrpos. [lItamm u3 Ko-
peu BHOBB 3aHsT 000CO0JCHHYIO MO3uinio Ha ypoBHe 0.34 yci. e reHeTHYEeCKOH auc-
TaHINH.

HccnenoBanue M3MeHYMBOCTH ITaMMOB G. [ucidum ¢ IOMOIIBIO pa3HbIX METOIOB I0-
3BOJIMJIO COTIOCTABHUTH Pe3yNbTaThl aHanm3a (Tadum. 3). Tak, mTaMMbl U3 I0)KHBIX PETHOHOB
CTpaHbl ¥ OJKHET0 3apy0exbsi, 00beIMHEHHBIE 10 TaHHBIM RAPD-ananuza B rpynmy A,
HMEIHU CXOAHBIE CIEKTPBI MATATACTHIPOTEeHa3bl M COCTaBUIN HHTEPCTEPUIIbHYIO Irpymiy .
VY Hux ObLTa OTMEYEHA CIOCOOHOCTH O0Opa3OBHIBATH B YHUCTOH KYyJBTYPE XJIAMHIIOCIOPHI
(3aBpsiioBa 1 1p., 2005), a Takke OBUIH MOTYyUYEHBI BEEPOOOPa3HBIC «JIAKUPOBAHHBIC) TIIO-
JIOBBIE T€JIA C HOXKKOI.

VY eBponeiickux mraMmmoB, 00benuHeHHbIX B RAPD-rpynny B, Obiiin 0OHapy»KeHbI BbI-
COKasl CTETIeHb TOMOTE€HHOCTH 1O M30()epMeHTaM, NPUHAUIC)KHOCTh K HHTEPCTEPHIBHOM
rpynme I, Ham4ne XJ1aMHuI0CTIOp M MaTOBbIE KOHCOJIEBUAHBIE IIOA0BBIE Tena. YTo Kacaet-
csi mramMmMoB U3 MockoBckoit 0o0i. (RAPD-rpynmnsl C), TO y HHX OTMeueHa HauOOJIb-
mas CTeneHb cxozicTBa mo M/II'-criekTpam, OTCYTCTBYIOT XJIaMUAOCIIOPHI B YHCTON KyJIb-
Type, a TaK)ke OHM He CIIOCOOHBI pa3BUBATh HOPMaJIbHbIE 0A3UINOMBI B MCKYCCTBEHHBIX
YCIIOBUSIX.

Tammer u3 Kopen (G. L 3) u CILIA (G. L 5) He Tosbko nmenu mo Bcem RAPD-mapke-
pam 1 u3o(hepMeHTaM HanOoJIbIlee OTINYKEe BHYTPH Kiaactepa G. lucidum, HO ¥ 1ipu IpoBe-
JeHNU (EePTHIIBHBIX CKPELIIMBAHUM OKa3aINCh PENPOIYKTHBHO M30JIMPOBAHHBIMH.
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Takum o6paszom, ais kaxaoil RAPD-rpynms! Oplta mosrydeHa HHINBUAYAIbHAS Xapak-
TEPUCTHKA, OTIMYABIIAsICS BBHICOKOW CTENEHBIO TOMOT€HHOCTH (OJXHOPOJHOCTH) IO BBI-
OpaHHBIM MapKepaM U reorpaduyeckoMy HpOHUCXOXKICHUIO.

[TyTem cpaBHEHHST MOJIEKYJISIPHBIX MTPOQUIIEH IITaMMOB KOJIJICKIIMH BBISIBIIEHA BO3MOXK-
HOCTh co3uanus Ha 6aze RAPD-mapkepoB crienuduieckux 30HI0B JUIS WIACHTH(QHUKALUH
suna G. lucidum.

bnaronaps ucnonp3oBanHoMy Habopy RAPD-mpaiimepoB, yxe NPUMEHSBLIMXCS IS
aHanuza G. lucidum, MosIBMIIaCh BO3MOKHOCTH B OYIyIIleM CPaBHUTH MOJIEKYJISIpHbIE (heHO-
THIIBI IITAMMOB Halleld BEIOOPKH M MUPOBOH KOJIJIEKIIHH.
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MoOCKOBCKHH roCy1apCTBEHHbIH Tocrynuna 19 V 2009
yHuBepcuteT MM. M. B. Jlomonocosa
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PE3IOME

IIpoBe/eH qeTalbHBII CPABHUTEIBHBIN aHATH3 BHYTPUBUIOBOTO pa3HOOOpasust mraMmoB Gano-
derma lucidum pa3mu4HOTO reorpapuuecKoro MPOUCXOKICHUS Ha OCHOBE MOP(OIIOTHYECKUX, TCHE-
THYECKUX, OMOXMMHUYECKHX U MOJIEKYJIIPHBIX MPU3HAKOB. [10JTyuyeHHbIE B HACTOAIIEM UCCIIEI0BAHUI
pe3ysbTaThl BaXKHBI IJIs1 IOHUMaHUsI BHYTPUBUIOBOI CTPYKTYpBl KOMIUIEKCHOTO Buaa G. lucidum.

KiroueBrle croBa: monoBas HecoBMecTUMOCTh, PATT/[-ananu3, nsodpepmenTHslil ananus, G. lu-
cidum.

SUMMARY

Mating incompatibility, RAPD-polymorphism, isozyme polymorphism and some morphological
characteristics of geographical isolates of Ganoderma lucidum were analysed to determine their phy-
logeny. By different methods, there were three stable groups found within this complex species.

Key words: mating incompatibility, RAPD-polymorphism, isozyme polymorphism, G. lucidum.
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PA3HOOBPA3UE U PACITIPOCTPAHEHUE KJTABAPUOUJIHBIX
TPAUBOB B TAEKHBIX JIJECAX TOMCKOM OBJIACTH

SHIRYAEV A.G, AGAPHONOVA N.N. DIVERISTY AND DISTRIBUTION
OF CLAVARIOID FUNGI IN BOREAL FORESTS OF TOMSK REGION

Cpeny npupoHO-30HAIBHBIX KOMIUIEKCOB KJIaBapUOUIHBIX TprOOB Poccum TaexHBIN
KOMIUIEKC sBJsieTcsa HanOomee n3ydeHHsM (Shiryaev, 2007; Ilupses, 2009). OcHoBHEIE HC-
CJIEJIOBAHUS IIPOBEACHBI B TOPHO-TACKHBIX pailloHax Ypana, Anrad u JlansHero BocToka.
O6mmpHbIe Tepputopun 3anagHo-CuOUpcKoi paBHUHBI ¢ €€ OTPOMHEHUIITUMHU MacCHUBaMHU
GopealbHBIX JIECOB BBINIAJIM U3 BHUMaHHsI OOJIBIIMHCTBA HccienoBaTeneid. Cpean pernoHoB
paBHuHBI ToMcKast 00J1. sIBJIsIeTCS YI0OHBIM ITOJIMTOHOM JJIS BBISIBIIEHHUs 0011ero OHopas3Ho-
o0pasusi, a Takke 0COOCHHOCTEH pacpeneneHus rpudos B 3anagHoit Cunbupu, 4To CBSI3aHO
C HEOJTHOPOJHOCTBIO KJIMMATHUECKUX, TIOYBEHHBIX U JIECOPACTUTENBHBIX YCIOBUIl, mpea-
CTaBJIIOLIMX HENPEPBIBHBIN LIMPOTHO-30HAIBHBIN pAJl OT CpEeIHEH TalrW 1O JECOCTENU
(EBceeBa, 2001). DTOT perroH Takxe XapakTepH3yeTcs INPOJODKUTEIBHON HCTOpHEH Mu-
KoJIOTH4YecKuX uccnenoBanuii (Jlaspos, 1938).

JlaHHBIE O KIIaBapHOUIHBIX rpudax 3amagHo-CHOMPCKON paBHUHEI HEMHOTOUHCIICHHBI,
npudeM 1711 ToMCcKo# 00J1. OHA OCOOCHHO CKYIHBI. YTIOMUHAHUSI 00 HCCISAyeMOM TpyIIe
rpuOHBIX opraHu3MoB mMetoTcs B paborax H. H. JlaBposa (1938, 1951), 3. X. [Tapmacto
(1965), A. M. XKykosa (1973, 1980), a Taxxe B cratbsix JI. C. MUIOBHIOBOM U COABTOPOB
(1973, 1980a, 19806), H. B.IlepoBoii, A.W.TopObynosoii (2001), A.II. Komenesoii,
H. JI. Kyradsesoii (2004), H. H. AradoHnoBoii u coaBropos (2007). Becero B aTux padorax
JuIst obnact yrnomuHaercs 19 BUZOB KiaBapHOHIHBIX TPUOOB.

Tomckast 00JI. pacmoio’KeHa B I0T0-BOCTOYHOW dacTth 3amagHo-CHOMPCKON paBHUHEL,
ee miomnaabp coctapisiet 316 Toic. kM2, KimMMaT KOHTHHEHTANBHBIH, CPEIHSIS TO0BAsT TCM-
meparypa Bo3ayxa cocraisieT —3.5° Ha ceBepe u —0.3 °C Ha tore obmactu (Eceesa, 2001).
AbcomoTHasT MUHUMalbHas TeMIiepatypa paBHa —55 °C, makcumanbsHast — 39.6 °C npu
IPOAOIDKUTENBHOCTH Oe3Mopo3Horo nmepuoaa 115 cyrok. CpeaHsist MHOTOJICTHSIS MTPOAOI-
KHUTEJIBHOCTh BETETAMOHHOTO TIepHo/ia Ha ceBepe (AJICKCaHIPOBCKHUN pailOH) COCTaBISIET
159, a Ha kpaiinem rore obiactu — 183 cytok. [To konmyecTBy armocepHBIX OCaIKOB
60uIbIIast YacTh TEPPUTOPHH 0OJIACTH OTHOCUTCA K 30HE I0CTATOYHOTO YBIIAXKHEHHS U Baph-
upyer ot 358 MM Ha 1oro-3amaze 10 571 MM Ha 3anazne obGnactu. Hanbonpliee koimuecTBo
0CaIKOB IPUXOAMUTCS Ha TEIUIBIHA IEPHOJ roJja — Hroib U aBryct. Lllupoko pacrpocTpaneHa
BEYHasl MEP3JI0Ta, BCTPEYAIOMIAsICS 110 BCEH ceBEpHOW M IeHTpainbHON YacTu obnactu (EB-
ceesa, 2001).

B 0otanuko-reorpaguueckoM oTHOUmEHNH ToMmcKast 00JI. pacmosaraercs B Taire, a ee
KpaiHuil Ior BXOAUT B JIECO-CTENHYIO 30HY (puc. 1). Teppuropus obnacti paBHUHHAs, MO-
3TOMY MEXIy NMPUPOAHBIMU 30HAMHU PE3KON rpaHuibl HeT. CeBepHas 4acTh NMPEACTaBICHA
CpenHel TalroH, A7l KOTOpOH XapakTepHbl 00JIO0THBIE, TOP(HSHO-TI0130JIUCTHIE TIOYBHI C 10-
muHHpoBanueM Pinus sibirica, P. sylvestris u Picea obovata u Bropu4HbIe MEJIKOJIUCTBEH-
HEIE Jieca, MpecTaBiIeHHbIe Oepe3amu u ocuHOl (Betula pendula, B. pubescens, Populus
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75°00' B.1. 89°30' c.1.
61°00" c.1m.

55°30' c.u. (IJV/‘V

Puc. 1. Mecra c6opa Ki1aBapuouHbIX rpubOB 1 NpUpoIHOE paiionupoBanue Tomckoit 06i. (mo: EBceesa, 2001).

PumckuMu MdpaMu OTMEUEHBI PACTUTENIBHBIC IPHPOIHO-30HANIBHBIE KOMILIEKCH ToMcKoi 0611.: / — cpennss Taiira (CT), I] —
1oxHas Taiira (YOT), /1] — noxaraiira (IIT), IV — necocrens (JIC). Apabekumu nudpamu ormMedeHsl Mecta pador. CT: 1 — Auek-
CaHIPOBCKMUil paiioH, okp. noc. Ctpexesoit (60°44” c. m. u 77°41’ B. 1.); 2 — AseKCaHAPOBCKUI paiioH, oKp. noc. MeiBeneso
(60°36" c. ur. u 77°20" B. 1.); 3 — AJeKCaHIPOBCKHIA paiioH, OKp. moc. Anekcanaposo (60°23" c. w. u 77°53" B. 11.); 4 — Kapra-
COKCKHIl paiioH, okp. noc. Hosbrit Tepu3s (59°07" c.ur. u 77°31 'B. 1.); 5 — IlapaGenbckuii paiton, 7 kM BoctouHee moc. Hapbim
(58°56" c. u1. u 81°42" B. 1.). FIOT: 6 — Yaunckuii paiion, 3 kM roro-3anazauee 1noc. Hoporopuoe (58°13" c. w. u 82°35' B. 1.);
7 — bBaukapckuii paiion, okp. aep. Poxnecrsenka (57°51" ¢. w. u 82°37’ B. 1.); 8§ — MouuaHoBCKkuii paiioH, okp. moc. bary-
puno (57°42 c.w. u 85°08’ B. 1.); 9 — MouaHoBckuii paiion, okp. aep. Uepkecoso (57°49" c. . u 84°11' B. 1.); 10 —
Tomckwit paiion, 2.5 kM Bocrounee moc. Camycs (56°45” ¢. m. u 84°44" 8. 1.). I1T: /] — KpusourenHckuii paiion, okp. moc. Kpu-

BomenHo (57°18 c.m. u 83°54’ B. 1.); 12 — Tomckuii paiioH, okp. moc. TumupsizeBckuii (56°27’ ¢.m. u 84°51' B. 1.);
13 — oxkp. r.Tomcka (56°24’ c.ur. u 84°59' B.n.); [4 — Illerapckuii paiion, okp. aep. Capponoska (56°20' c. m.
n 83°54’ B. 11.).

tremula). Benuka ponb 6010T. B 10)KHOTaeKHBIX JIecax, paclpOCTPAHCHHBIX MPAKTHICCKH
10 BceMy IoTy o0JiacTH, MmoBceMecTHO Bcrpeuaercst Abies sibirica, oOpasyst cmenranHbIe
Jeca ¢ Keapowm, ejibio u cocHoii. ITox momorom pactyT Sorbus sibirica, Padus racemosa, Vi-
burnum opulus, Lonicera sp., Rosa spp., Spirea spp. Ilo npeBHIM J10’kOMHAM CTOKa, Ha IeC-
YaHBIX MOYBaX, JOMUHHPYIOT COCHOBBIE Oopbl. Ha KkpaiiHem 1ore o0iacTu BCTpEYaroTCs
oTae)KHEIE Jieca (TI0A30Ha XapaKTepHa TObKo st 3anagaoit CuOupu U He BCTpedaeTcs
3amagHee Ypana U B BocrouHoit CnubupH) Ha cepbIX JIECHBIX JEPHOBO-TJIEEBBIX MOYBAX.
OCHOBY PacTHUTEIBFHOCTH COCTABJISIIOT MEIKOJIMCTBEHHBIE (Oepe30Bble W OCHHOBEIC) Jeca,
B CMECH C MHTPA30HAIBHOW paCTUTENLHOCTHIO, pecTaBiaeHHon Salix spp., Populus tremu-
la, P. nigra, Padus racemosa, Alnus incana. bonora kpaiite peaku. He6ombimo# yaacTok Ha
KpaifHeM [ore 00JIaCTH 3aHST JIECOCTETBIO Ha CEPhIX JECHBIX TTOYBAX U BEIIIEIOYCHHBIX Yep-
HOo3eMax. 31ech Oepe30Bble U OCHHOBBIE KOJIKH YePeAyIOTCs C OCTeITHEHHBIMU JiyraMu (EB-
ceesa, 2001).

[ToneBbie paboTsl mpoBoawian B Tedenue nsatu jetr A. I'. Illupsie (2004—20051.) u
H. H. Aradonosa (2004—2008 rT.) BO BCeX MPUPOIHO-30HATBHBIX KOMILIEKcax ToMCKOM
061. [Tomydennsle MaTepuansl 0000mmeHs! B Tabn. 1. B cxoxune cpoku ObIIIO MPOCMOTPEHO
MaKCHMAJIbHO ITOJTHOE KOJMYECTBO MOTEHIMAIBHBIX THUIOB CyOCTPaToB (MECTOOOHMTaHMH)
JUTSL KaKI0T0 TIPUPOTHO-30HAIBHOTO KoMILIekca. [Tox oOpa3nom (equHMIeH y4era) i-ro BU-
Jla IpUHSTA Tpyma (KOJOHUs, CKOIUIEHHUE) TUIOJOBBIX TEJ i-T'0 BUAA, OTCTOSIIAs OT APYTroi
AQHAJIOTUYHOH rpynIsl He MeHee ueM Ha 15 M. OOHapyxeHne 6a3uInoM i-ro BUAa B TPYIINe
paccMaTpHUBaeTCs Kak OJJHA IMHHIA yYeTa He3aBUCHMO OT KOJIMYeCcTBa 0a3uIMOM U pa3Mme-
pa rpynmnbl. J{7s oneHkr oOMIIUS i-ro BUJIa PACCUUTAH I0Ka3aTellb BCTPEYaeMOCTH, KaK OT-
HOIIICHWE YMCJIa €AWHUI] y4eTa i-ro BHAa K oOmemy uuciay eauHun ydera (HoBoxwuios,
2005). Taxke 3a eqMHUILY ydeTa IPUHATO YIIOMUHAHUE i-T0 BUJA B JUTEpaType, €Cllu yKa-
3BIBACTCS] OTHOCUTEIHPHO TOYHOE MECTOHAXOXKACHNE — PalOH MM OKPECTHOCTH HACEJICH-
HOTO ITyHKTa U cyOCTpar.

BumoBoe paznooOpasue BeIYUCICHO ¢ moMoIipio uHaekca [llennona: H = -XPlogP;,
rae P; oTHocuTenpHOE oOmime i-ro Buaa, paBHOe n;/N, n; — YNCIO perucTpanui (eam-
HUI[ y4eTa) KaKa0ro Buaa, N — o0I1ee Yiclio eIUHUI] yUeTa BCeX BUI0B B aHATU3UPYEMOM
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Habope manHbIxX (Magurran, 2004). s BEIYACICHAS TOMUHAPOBAHMUS UCIIOIB30BaH HHACKC
CumricoHa: D:ZPiz. Jlyist cpaBHEHHUST BUIOBOTO COCTaBa Pa3IMYHBIX COOOIIECTB HCIIOJb-
3oBaH ko3 ¢umment CépenceHa—Yekanosckoro: Cy=2C/(4 +B), tne A — obiee
KOJIMYECTBO BHJIOB B IIEPBOM COOOIIIECTBE, B — 00IIee KOJIMISCTBO BUIOB BO BTOPOM CO00-
mecTBe, C — KOJMYECTBO OOLIMX BHJIOB JUIsi CPaBHUBAEMBIX coodmiecTB. CrennpuaHOCTb
BEBISIBJICHHBIX IPUPOIHO-30HATBHBIX KOMIUIEKCOB OIICHHWBAJIH C MOMOIIBI0 KO3 (duUIIneHTa
cnermduunoctu: Ce = n1/N / ny/N, T1ie n] — KOTHUYECTBO CHENU(DUICCKUX BUIOB IS KOMII-
JIeKca, iy — KOJIMYECTBO BUIOB B KOMILIEKce, N — o011iee KOJIIMIeCcTBO BUIOB BO BCEX KOMII-
nekcax. JleHaporpaMma mocrpoeHa 1o mporpamme Statistica 6.0, Te UCTIONB30BaH METO[
Kiacrepusanuu Bapna, a B kauecTBe Mepsl pa3yinunii BeicTynaer kodgduuuent [Tupcona.
Ornenka oOuMs BUIOB (CM. paHee) IMPOBOIIIIACH COTIIACHO clieayrommmM kputepusm (Ho-
BoxmwioB, 2005): R — pemkuii (<0.5% or Bcex Haxomok), O — cCiIydYaiHBIH
(> 0.5—1.5 %), C — o6srunsni (> 1.5—3 %), A — obmibHEIHA (> 3 % OT BCeX HaXOJOK).

B pesynbrare nmpoBeneHHBIX HccienoBaHUi cobpaHo 570 oOpa3uoB (enuHHMI yueTa),
BKJTIOYAIOMUX 268 mojeBsIX 00pasIoB, 243 3anucH B MOJIEBOM JHEBHUKE U 59 muTepartyp-
HBIX 3aMeTOK. B o0mem mis cpenneit taiiru umerorcs 200 exn. ydera, Ul FOKHOM TalTh —
236 u st noaraiirn — 133 (tad:. 2). CoOpaHHbIil MaTepuan XpaHuTcsi B MUKOJIOTHYECKOM
repbapun MHcTtuTyTa sKOmormu pacteHmid W kuBOTHBIX YpO PAH B ExarepmnrOypre
(SVER) n koxnexiuonHoM ¢onzae «Mycota» npu My3eiiHOM KoMIuiekce ToMcKoro rocy-
JApCTBEHHOT'O YHUBEPCUTETA.

Koprutmmmonaasie rpudsl ponoB Ramaricium, Kavinia, Clavulicium M KaHTapeIUIOUI-
HbIll — Gomphus, a Taxxke rerepodasuauanbasie — Tremellodendropsis (Aphelaria), Calo-
cera u Eocronartium He paccMaTpuBaIOTCS B NaHHOW paboTe. B aHHOTHPOBaHHOM CIIHICKE
(Tabmn. 1) TakCOHOMMS, HOMCHKJIATYpa M COKpAIICHUs (haMIIUil aBTOPOB TAKCOHOB KJIaBa-
PUOMIHBIX TPUOOB TPHUBEACHBI B COOTBETCTBMH ¢ 0a3oif maHHBIX Index Fungorum
(http://www.indexfungorum.org).

Nzyuenne 570 06pa3oB KI1aBapHOUIHBIX TPHOOB, OTHOCAIIMXCS K 91 Buay 6a3uauas-
HBIX TPUOOB, MMOKA3aJI0, YTO U3 16 BEISIBICHHBIX POJIOB KpyMHEUIMMH ABIstOTC Typhula
(24 Bupna) u Ramaria (19 BUIOB); OCTaJbHbIEC BKIIOYAIOT He Oojiee aeBaTH BunoB — Clava-
ria (9), Ramariopsis (7), Clavulinopsis (6), Clavariadelphus (4), Clavulina (4), Lenta-
ria (4), Mucronella (3), Multiclavula (3), Macrotyphula (2), Pterula (2); no oqHOMY BHIY
13 4eThlpex poaoB — Artomyces, Ceratellopsis, Clavicorona n Sparassis. KoaddunueHnrt
BHIOBOW HACBIIIEHHOCTH POfia cocTaBiseT 5.7. Bricokas nois nmpencraBuTeneil TH(YIOBBIX
rpuOOB CBHUJIETEIHCTBYET O JOMUHUPOBAHUU OOPEAIbHBIX YEPT, OJHAKO OOJIBIIOE KOIHYe-
CTBO paMapHEeBHIX TPHOOB TOBOPHUT O CHITBHBIX MO3UIUAX HEMOPAIbHOH Irpyniel. BeposTHO,
MOJKHO KOHCTaTUPOBATh, YTO BBISBICHHBIH KOMIUIEKC KJIaBAPUOUIHBIX TPHOOB XapaKTepeH
JUI PETHOHA, 3aHWMAIOIIETO MPOMEXYTOUHYIO TO3HIIUI0 MEXIy TaeKHOH M HEeMOpaib-
HO-CTEITHON OMOTOHi, ¢ mpeobialaHueM «CEBEPHBIX» YepT B CpPeHEH Taire U «IOXKHBIX» B
MIOATANre, IPYU 3TOM B F0’)KHOM Talire NPOUCXOAUT 3aKOHOMEPHOE CMEIIMBAHUE XapAKTEPHU-
CTHK. TaKCOHOMUYECKHU CIIEKTP BBISBICHHOT'O KOMILIEKCA CXOJICH C TAKOBBIMH IPYTHX 00-
peanbHBIX pernoHOB EBpa3un U MOXXET paccMaTpHBATHCS Kak IOJIHOYICHHBIH Ha YPOBHE
pono (Iupsies, 2006).

Cewmb Bunos (Clavariadelphus truncatus, Clavicorona taxophila, Clavulinopsis fusifor-
mis, Ramaria fennica, R. flavicingula, Ramariopsis crocea, R. vestitipes) BIIepBbIe YIIOMH-
HAIOTCS ISl TAEKHOTO KOMIUIeKca 3arnagHo-CrnOupCcKoi paBHUHEL, TI€ Ha JaHHBIH MOMEHT
HacuuTheiBaeTcst 120 BUAOB KiIaBapHOMIHBIX I'pHOOB. bOibIas 4acTh BBISIBICHHBIX BHJIOB
SIBIIAFOTCS IIUPOKO PACTIPOCTPAHEHHBIMH — KOCMOIIOIUTHBIMU, TOJIAPKTHYECKAMH HITH €B-
pOa3uaTCKUMHU, YTO JaeT BBICOKUI ypoBeHb cxoxkecTH (Cs = 0.78 & 0.12) ¢ Tae:KHBIMU KOMII-
JeKcaMu JpyTux pernoHoB EBpasum (puc. 2). Bocemp BHIOB ABISAIOTCS HamboJee 0OMIIb-
HBIME (> 3 % ot 570), uto coctaBnser 41 % oT BceX cOOpaHHBIX 00pa3IOB, HO IPU ITOM
OHM BKJIIOYAIOT JIUIIG 8.8 % BHUIOB BBIIBICHHOTO KOMIUIEKCA; OJHOBPEMEHHO PEIKHMU
(<0.5% ot 570) aBIAIOTCSA OKOJO IMOJOBHHEI BCeX BUAOB (45 %), KOTOpBIE BKIFOYAIOT
auib 10.5 % Bcex 0TMEUEHHBIX 00pPas3IioB.

YV GonpmIMHCTBAa BUAOB, BCTPEYAONINXCS BO BCEX TPEX MPHUPOTHBIX 30HAX CO CXOXKHM
WIA MaJO3HAauMMO BBICOKMM OOWJIMEM B TOH WJIM Jpyrod 30He, He OOHAPYKEHO 3aMeT-
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Puc. 2. CX0ICTBO BHIOBOTO COCTaBa KOMILICKCOB KJIaBapHOMAHBIX rpHOOB Ypaso-CHOHPCKOro pernoHa.

CT Csepn — cpenusis taiira Ceeputockoit 0611.; CT XMAO — cpeanss taiira Xantei-Mancuiickoro AO; CT Tomck — cpen-
Hsis Taira Tomckoit 06:1.; FOT Ceepa — roxHas taiira Cepanosckoii 06:1.; FOT Trom — roxxnas Taiira Tromenckoit 06m1.; 10T
An — roxHas Taiira ceBepo-3anagaoro ckiona Anras; [T Ceepx — moparaiira Ceepanosckoit 06:1.; IIT Tiom — noaraiira Tro-
meHckoi 061.; FOT Tomck — roxkHas Taiira Tomckoii 06:1.; IIT Tomck — mopraiira Tomckoii 0611.; JIC Yenst6 — necocrens Ye-
nsi6uHcKoit 0611.; JIC OMck — necocrens Omckoit 06:1.; JIC HoBocu6 — necocrens HoBocuGupcekoit 06.

HOH 30HaNIbHOM quHamuky. B 3amagnoit Cubupu, Kak U B ApYrux TaekHbIX pernonax (1lu-
pses, 2004), x rpymme »BpubHOHTOB OoTHOcsATcs Clavaria argillacea, Clavulina cine-
rea, Clavulinopsis helvola, Lentaria byssiseda, Macrotyphula juncea, Typhula erythropus,
T. setipes, HO HEKOTOPBIE MPOSBIIAIOT BEIPAXKEHHYIO IPUYPOUEHHOCTh K FOKHBIM (Artomy-
ces pyxidatus, Clavaria fragilis, Clavulina rugosa, Ramariopsis tenuiramosa, Typhula mi-
cans) win K ceBepHbIM peruonam (Clavariadelphus sachalinensis, Pterula gracilis, Rama-
ria abietina, Typhula capitata, T. caricina, T. incarnata, T. lutescens, T. sclerotioides). Bce
crieuuprYHbIE BUJIBI TSI F0OKHOW Talry MPEACTAaBIISIOT CFOKHBIID SJIEMEHT CPEIH BBISBICH-
HOro OopeamsHOTO KomImiekca — Clavaria rosea, Clavariadelphus truncatus, Clavulina
amethystina, Clavulinopsis umbrinella, Ramaria flavicingula, R. testaceoflava n np. dus
MOATANTH TaKOW BUJ JIUILIb OJUH — Ramariopsis crocea, HO B CyMMe TpyIlia BUAOB, OTMe-
YEHHBIX TOJIBKO B 3THX JIBYX 30HAaX (19) MM ¢ ICHOONTHMYMOM B FO’KHOW YaCTH PErHoOHa,
COCTAaBJISIET TPETh BCEX BUJIOB. B MPOTHBOMOIOXHOCT BHIaM, IPe00IaalonuM B F0XKHOM
YacTH, BUIBI CEBEPHOTO PACHpPOCTPAHEHHSA, IUII KOTOPHIX IOKHOM TpaHHIEH SBIsAETCA
FOKHAs Talira WM ¢ MECHOONTHMYMOM B cpenHeit Taiire (Clavaria sphagnicola, Clavicoro-
na taxophila, Multiclavula corynoides, M. vernalis), coctapnsioT 17 % 0T Bcero BUIOBOTO
COCTaBa.

B npupoaHo-30HanbHOM psify Hanbosee OOTaTol SBISETCS FOKHAS Taira, rJe oTMede-
HEI 87 BUIOB, 4TO cocTaBisieT 95.6 % oT olriero BUIOBOTO COCTaBa, a B paifoHax ¢ Oojee
NeCCUMAaJIbHBIMU YCIIOBHSIMH 3TOT MIOKa3aTellb 3aKOHOMEPHO CHIDKAETCsl, COCTABIISIS B Cpell-
Heil Taiire 84.6 %, a B moaraitre — 73.6 % (tabu. 2). [lns 10KHOM Talirn XapakTepeH Hau-
BbICIIMI KO3 PUIMeHT crieruduaHocTy, 6oiee 4eM B 3 pa3a MpeBOCXO SN TaKOBOH s
CpelHel TaliTu U B 6 pa3 moATaeKHbIN. [ F0)KHOTAEKHOTO KOMIUIEKCA XapaKTePHbI MaK-
CHUMaITbHBIC TIOKa3aTel KO PHUIMCHTA BUIOBON HACKIIIEHHOCTH POJa ¥ CEMEHCTBA, a TaK-
ke wuHAekca pasHooOpasus (H=39) W MuUHUMaIbHBIA WHICKC JIOMHUHHPOBAHHUS
(D =0.019). OTo monTBepKOaCT TE3UC 00 ONTUMAIBHBIX KOJOTHUECKUX yCIOBHUIX TaHHOU
nipupoxHoii 3086 (EBceeBa, 2001), cieacTBrueM Yero sBISETCS 3aKOHOMEPHOE YCIIOKHEHNE
CTPYKTYPBI KOMIUTIEKca Ki1aBapuouaHbix rpudos ([upses, 2006).

Bonee 87 % xiaBapHOMAHBIX TPHOOB pErrmoHa BCTPEUASTCs B JICCHBIX IICHO3aX, CPEIU
KOTOpBIX 70 BUIOB SIBIISIOTCS JIECHBIMU. HecMOTpst Ha TO YTO KOMIUIEKCHI KJIaBApHUOUIHBIX
rpr0OOB XBOWHBIX U JIMCTBEHHBIX JIECOB NMEIOT CXOXxee BHIoBoe OoraTcTBo (70 u 66 BUIOB
COOTBETCTBEHHO), OHU CHJIBHO PA3IMYaIOTCs M0 COCTaBy OOpa3yroIUX MX TaKCOHOB. JTH
pa3IMYus BEIPAXKAIOTCS B OONBIIOM KOJMYECTBE CIEIN(UIESCKIX BHIIOB IS KaXX/I0TO KJlac-
ca opmaruit — 20 BumoB st XxBoHHBIX (C, = 0.29; B/P =7.9) u 14 BUIOB 1 TUCTBCH-
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TaGunuua 2

BuoBoe 6oraTcTBo U pa3’Hoodpa3ue KOMILIEKCa KJIaBaApHOMIHBIX IPUGOB
B TaeKHbIX noa3oHax Tomckoii 00.1.

Kateropus oneHku Cpennsis Taiira IOxHnas Taiira Tloaraiira Tomckas o01.
Yucio o6pasios 200 236 133 570
Uwucno BUAOB 73 87 67 91
Uwucno pomos 15 16 15 16
B/P 4.9 5.5 4.5 5.7
Cc 0.04 0.13 0.02 —

H’ 3.71 3.92 3.62 —
D 0.027 0.019 0.036 —

IIpumeuanue. B/P — xoaddunment BunoBoii HackiieHHOCTH poa; B/C — koaddu-
[MEHT BUI0BOW HACBIIIEHHOCTH ceMelicTBa; C. — ko uiment cnemuduunoct; H — nu-

Jiekc pasHooOpasus lllennona; D — nHaexc nomuHnpoBanust CHMIICOHA.

HeIx JecoB (C,=0.21; B/P = 6.1). Haubonbmiee KoIM4eCTBO BUOB KIaBapHOHUHBIX TPH-
0OB OTMEUYEHO B IOMUHUPYIOIIUX THITAX JIECHBIX opMaIiii pernoHa — COCHOBBIX U Oepe-
30BO-OCHHOBEIX JIecax.

[TpakTHuecky Bce BBISBICHHBIC KJIaBapHOIHBIE T'PHOBI BEAYT CamnpoTpodHbli 00pa3
*Ku3HU (Tabxa. 3), oOpa3ys IUIOAOBEIE Tella HAa OTMEpIIeH IpEeBECHHE, MOJICTHIIKE, TpaBaxX
WM Ha 1o4Be. [Ipy 3TOM HAaUMEHBIIAs WX JI0JIsl OTMEUCHA B F0XKHOU Taiire (69 %), a B cpel-
Hell Talire U moATalre 3TOT MoKa3areib Bo3pacTaeT 10 84 u 88 % cooTBeTcTBEeHHO. BHp!
u3 pona Ramaria (R. botrytis, R. fennica, R. flavicingula, R. flavobrunnescens, R. formosa,
R. pallida w ap.), ciocoOHbIe 00Pa30BBIBATh AKTOMHUKOPH3HI, TOCTUTAIOT MAKCHMAJIbHOM
MIPENICTABICHHOCTH B FOKHOW Taiire (14 %). OnmHako, MO MOCIEIHUM TaHHBIM, MHKOPH3Y
00pazyioT Bce KJIaBapUOWIHbIE I'PUOBI, BCTpEUAlOIUecs Ha MOYBE, OTMEpPLICH ApeBecHHE
W TOACTHIKE, 3a uckiroueHneM Tugymnosix rpudos (U. Kdljalg, muunoe coolbmienue).

Tabnauma 3

Tpoduyeckasi cCTPyKTypa KOMILIEKCA KJIaBaPHOWIHBIX IPHOOB
B TaeKHBIX Moa3oHax Tomckoii 00.1.
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Tpoduueckas rpymma Cpennsis taiira IO>Has Taiira Iloaraiira
CanporpodHsie 65/62 73/60 61/59
Ha npesecune 11/7 12/8 11/6

XBOWHBIX 9/4 10/4 52
JIMCTBEHHBIX 71 8/1 9/2
Ha moncrmike 48/37 55/37 51/38
XBOWHBIX 13/6 19/9 18/7
JIUCTBEHHBIX 17/7 25/8 21/8
TPaBSHUCTBIX 23/10 25/14 25/16
Cpenu MX0B 11/1 15/0 4/0
I'ymycoBsle 16/4 28/8 23/7
IMapasuTnueckue 5/2 5/2 3/1
Mukopu3HbIe 6/6 12/12 5/5

IIpumeuanue. B unciutene — obmiee KOIMIECTBO BUAOB B Tpo(HIECKOU rpymie,
B 3HAMEHATENIe — KOJIMYECTBO BUJIOB, CIIEIU(DUYHBIX UL 3TOH TpOoHHIECKO! IPyIIbL.



Jlyoe 1Ba BBISIBIIEHHBIX BHOA (Sparassis crispa n Typhula ishikariensis) sBusiorcs: o6mu-
raTHBIMH IapasUTHYeCKUMH OMoTpodamu.

Hawubosbiee KoIM4ecTBO canpoTpo(HBIX KIABAPHOUAHBIX I'PUOOB TaeXKHBIX CO00-
mecTB, kKak u TyHaApoBbeiX (Iupses, 20086, 2009), oTMedeHO Ha MOACTUIIKE, IPH STOM TIpe-
o0yamaoT BUABI, 00pa3yroliye IUI00BEIE TeJIa Ha OTMEpUINX TpaBax. O4YeBHIHO, YTO UX
noJst (B mesoM/cyOcTpaTCeMUIHBIX) CX0XKa ISl BCEro JIECHOTO KOMIDIEKCA PAaBHHUHEI
(0.3 £0.03/0.15 + 0.03), 1 JIMIIb B MOATACKHBIX JIeCaxX, KaK U B OC3JICCHBIX PaliOHAaX, 3TH I10-
kazarenu HaumHaoT pactu (0.37/0.24). HauBsicimmas gons cnenn(UYHBIX BHIOB HA OTMeEp-
mux TpaBax (Tabi. 3) xapakTepHa Juis cpeqHel Taiiru (2.3), a B I0XKHOW Talire u mojraire
3TOT moKa3aTenb yMmeHbimaercs (1.78 m 1.56 cooTBeTcTBEHHO) Onarojaps COKpAIEHHIO
JOCTYITHOTO CyOCTpara, a TakXKe SKOJOTHYECKHM OCOOCHHOCTSM BHJIOB, 00pa3yIOMNX 3Ty
rpyniy. ['pynna BHIOB Ha OTMEPIIUX TpaBax, KaK M OJIM3Kasi HA OTMEPLINX JHUCTHSIX, — ITO
MIPEeNMYIIECTBEHHO npezcTasutenn pona 7yphula (Ha 90 u 80 % cOOTBETCTBEHHO), XapaKTe-
PH3YIOIIETOCS] HaWBBICIIMMH TOKa3aTeNIIMH OOraTcTBa M pa3sHOOOpas3usi B TaeKHOW 30HE
(Iupses, 2008a, 20086). B 3amagHoit Cubupu MEHOONTUMYM ISl TPYIIITBI ITOACTHIIOYHBIX
carpoTpodoB HaXOANUTCS B I0XKHOHM Taiire, OJHAKO BHYTPH 3TOH IPYHITBl HaOJIIOaeTCs Ove-
BUJIHOE pa3/ielieHHe [IEHTPOB aKTUBHOCTH JJIsl TPYIIIBI BHIOB, 00Pa3yIONIHX IUIOA0BEIEC Tella
Ha OTMEpIINX TpaBax (LIEHOONTHMYM B CpEeHEH Taire), a Ul BUAOB, 00Pa3yIOIIHX IUIOZ0BbIE
TeJla Ha OTMEPILMX JIMCTHSIX, — B I0KHOH Taiire.

Bropoe mecTo cpean canporpooB 3aHUMAIOT HAIOUYBEHHbIE, TYMYCOBBIC BU/IBI, IIOIIH-
HSIOIINECS] 30HAIBHBIM 3aKOHOMEPHOCTSIM T'yMYCO00pa30BaHusl, BRIPAYKAIOMIETOCS B YBEIIH-
YEHUU JIOJIM HAIIOYBEHHBIX BUAOB (Tabi. 3) U ypoBHs crieun()UIHOCTH, OT CEBEPHBIX paio-
HOB (CpemHss Talra) K I0)KHOH Taiire m monraiire (0.25/0.29/0.31 cooTBeTcTBEHHO). JTO
coriacyercs ¢ IpaBUJIOM, YTO C CEBEpa Ha IOT COJiepKaHHUe T'yMyca B IIOYBE yBEJINIUBACTCS,
a BMECTE C 3THM M KOJINYECTBO BHJIOB HAIIOUYBEHHBIX BUOB HAPACTACT, JOCTUTAsI MAKCHUMY-
Ma B JIECOCTEIISIX, CTEMsX, CTeNHbIX nosicax rop (byposa, 1986), uto xopoo nmoaTBepxaa-
€TCsl TaHHBIMH T10 pacnpocTpanenuo kiaBapuouansix (Hansen, Knudsen, 1997; [upses,
2006) 1 arapuKOUIHBIX TPUOOB IPYTHX PETHOHOB.

CriocoOHOCTH K pa3BUTHIO Ha OTMEpLIEH JPEBECUHE MPOSIBISIOT 13 BUIOB, U3 KOTOPBIX
9 sBisIOTCS 0OMUraTHEIMU KennoTpodamu (69.2 %), a HanbosbIee UX KOJINIECTBO OTMe-
YEeHO Ha OCHOBHBIX JIECOOOpasyIOUIMX [OpoJax — IUXTe, COCHe, enu, Oepe3e M OCHHE
(tabm. 3). bénpmas yacTh KCHIOTPOHBIX KIaBapHOUIHBIX IprO0OB B TOMCKOI 00II. OTMe-
YaeTcsl B IOXXHOTAEXKHBIX Jsiecax (Tadu. 3). IlomoBHHA M3 HUX SIBISIFOTCS MOJIUTPO(daMH,
pa3BUBasACh KaKk Ha XBOMHBIX, TaK M Ha JIMCTBEHHBIX NOpOoJax. MaKkCUMaJbHON CTENEHBIO
MONIUTPOGHOCTH XapaKTepusytoTes Artomyces pyxidatus n Ramaria stricta, pa3BUBaroIIIe-
Csl Ha IPEBECHHE BCEX OTMEUECHHBIX IOPOJI IPUMEPHO CO CX0KUM YpoBHeM 00mius. OgHaKo
y OoJBIIMHCTBA TOAUTPO(PHEBIX BUAOB 00HApY)KeHA CyOCTpaTHAS CHIEIHATN3aIs, YTO IPO-
SIBIISIETCSL B IPUYPOYEHHOCTH K OTPE/ICIIEHHOMY KPYTy APEBECHBIX PACTEHUI B M30HUpaTEIIh-
HOCTH 110 OTHOLIEHUIO K OT/EJIbHBIM BUAaM IIOPOJ] XO35€B B Pa3JINUHBIX yCIoBHsIX (Mypa-
kuHCKHA, 1939; MyxuH, 1993; [upses, 2006).
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PE3IOME

B Taexubix secax Tomckoii 06i1. cobpan 91 By Ki1aBapHOUIHBIX IPUOOB, BKIIIOYAsi CEMb HOBBIX
BUJOB IJIs BCeil TaexkHOM 30HBI 3amagHo-CHOUpPCKON paBHUHBI, 1€ HA JaHHBIH MOMEHT M3BECTHO
120 BumoB. TakcoHOMHYECKas! CTPYKTYPa BEIIBICHHOTO KOMIUIEKCA CX0XKA C TAKOBBIMH IS APYTHUX
TaeXKHBIX pernoHoB EBpasun. Bocemp HanGonee 0OMIBHEIX BUAOB BKIIOUAIOT 41 % Bcex cOOpaHHBIX
00pasIoB, B NPOTUBOIOJIOKHOCTE YeMy 0oJjiee MOJOBHHBI CIIHCKA BUIOB COCTABIISIOT PEAKHE BUJEBL,
BKITroUarorue Juib 10.5 % cobpanHbIX 00pasioB. bosee mosOBUHBI BRISABICHHBIX BUIOB SBJISIOTCS
9BPUONOHTAMH (BBISBICHBI BO BCEX NMPHPOAHBIX 30HAX PaBHHHBI). JJOMHHHPYIOT IIHPOKO PacCIpo-
cTpaHeHHBIE BUBI. HOKHOTaeKHBIN KOMIUIEKC SBISETCS Hanboiee 60raTeIM, B CHITy TOTO YTO 37€Ch
oTMedeHo 95.6 % BHIOB, M3BECTHBIX JUIS PETHOHA. BEISIBIEHB! HAaNMBBICIINI YPOBEHD CIIEIU(YUIHOCTH
(B 3 pasa BellIe, YeM B cpeiHeH Taiire, U B 6 pa3, ueM B MOATAire), MAaKCUMaJIbHBIH KO PUIIEHT BH-
JIOBOY HachIeHHOCTH poja (5.5) n nnaekc pasnoodpasus [llennona (3.9), mpu MUHEMaIBHOM YPOB-
He uHAekca nomuHupoBaHus CumncoHa (0.019). /lanHble XapaKTEpUCTHKH B OYEPEHOH pa3 mox-
TBEPXKJAIOT TE3HC O TOM, YTO MUKOOHOTA MOTy9aeT MaKCHMAIFHOE PAa3BUTHE B PETHOHAX C ONTHMAITh-
HBIMH THJPOTEPMHUUYCCKHMH YCIOBUSIMH, KOTOpBIE B YCIOBHAX 3amagHo-CHOMPCKOH paBHUHEL
XapaKTepHBI JJIsl FOXKHOTASKHBIX JIECOB.

KiroueBble cioBa: Tae)KHas 30Ha, KiIaBapHOMIHbIE rpuObl, 3anagnas CUOUPS.

SUMMARY

Ninety-one species of clavarioid fungi (Basidiomycota) found in the boreal forests of the Tomsk
district (SE of West-Siberian plain) including seven new species for the whole plain, where 120 speci-
es are known nowadays. Taxonomical spectrum of the revealed complex is similar to those of other
boreal regions of Eurasia and can be considered as adequate on genera level. Eight species are abun-
dant and they counting 41 % of whole collected specimens, as opposed about half of check-list are rare
includes 10.5 % of whole specimens. More than half of species are euribionts (present in whole nature
zones of the West Siberia, wide spread). As a rule, wide spread species are most abundant. Most rich
zone is southern taiga, with 95.6 % species from total list, with highest level of specialization (in three
times higher than middle taiga and six times than subtaiga), maximum species/genus ratio (5.5) and
Shannon diversity index (3.9) as well as lowest Simpson dominance index (0.019). As a whole these
characteristics fit well with thesis, that the most complicated structure of the clavarioid fungi’s comp-
lex is in the nature zone with optimal hydrothermal conditions.

Key words: boreal zone, clavarioid fungi, taiga, West Siberia.
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BHYTPU- U MEXBUJIOBASd XEMOKOMMYHUMKAIIUA ¥ T'PUBOB

SHPAKOV A.O. INTRA- AND INTERSPECIES CHEMOCOMMUNICATION IN FUNGI

B Hacrosimee BpeMs 10CTaTOYHO XOPOIIO HCCIICAOBaHA BHYTPH- M MEKBUI0BAsT KOMMY-
HUKaIMs MEXIY OakTepusMu (quorum sensing), B OCHOBE KOTOPOM JIEKUT 0OMEH XUMUYe-
CKMMH CUTHAJaMH, Ha3bIBaeMbIMH ayTonHAykTopamu (AI) (Waters, Bassler, 2005; Rea-
ding, Sperandio, 2006; IlImakos, Ilepmera, 2008; Lmakos, 2009a, 20096). C moMomIs0
9THX CUTHAJIOB OaKTepHaJbHbIE KIETKH «U3MEPSIOT» IUIOTHOCTh COOCTBEHHON MOMYJISILIAN
U TIOMYJIALUH APYTHX COCYIIECTBYIOIIUX C HUMHM JKHBBIX OPTaHU3MOB, (OPMUPYIOT ajeK-
BaTHBII OTBET Ha MEHSIOLIMECS YCIOBHS OKPY)KAIOIIEH Cpebl U HaJM4YKe B HEll JOCTYIHBIX
MIUTATENFHBIX BEIIECTB. Y OaKkTepuil MMEIOTCS XEMOUYBCTBUTEIBHBIE CUTHAIBHBIE CHUCTE-
MBI, KOTOpbIE IpeIHa3Ha4deHbl JJsl orno3HaBaHUs AW M POACTBEHHBIX UM CHTHAJIBHBIX
MOJIEKYJI U OIOCPEIYIOT X PEryJISTOPHOE BIHUSHUE Ha aKTUBHOCTD BHYTPHUKIIETOUHBIX (-
(DEKTOPHBIX CHCTEM, OIPEACISIONINX NPOTEKAHNE JKU3HEHHO BaYKHBIX ITPOIIECCOB B OaKTe-
puanbHOil KieTke. AKkTHUBHpyeMble AW curHaNbHBIE KacKalbl MpeAHA3HAUYEHBI TAKXKe IS
KOHTPOJISA CHHTE3a M ceKperun camMux AV, uTo obecneunBaeT Mpouecc ux ayTOpPETyJIsInN.

[TepBbie naHHBIE O CUTHAIBHBIX MOJIEKYJaX Y TPHOOB, (YHKIMOHAIBLHO CXOIHBIX ¢ AU
OakTepuii, ObUIN MOJIYYCHBI €IIe YeTBEPTh BEKa Ha3aa U 0000IIeHHI B psiie GyHIaMEHTAIb-
HBIX 0030poB (Sprague, Thorner, 1992; Gooday, Adams, 1993). VccnenoBanus nocuexHux
JIeT, BBIIIOJHEHHbIE C IPUMEHEHUEM METOJIOB MOJIEKYJIIPHOI OMOJIOrvy U OMOXUMUH, 3HA-
YUTEIBHO PACIIUPHIIN KPYT CUTHAJIBHBIX MOJIEKYJI U OTIO3HAIOIINX HX XEMOCUTHAJIBHBIX CH-
cTeM y TpuOOB. Pe3ynbTaTsl 3THX MCCIEJOBaHHH CBUAETENBCTBYIOT O HIMPOKOH pacrpo-
CTpaHEHHOCTH BHYTpPH- U MEXBHIOBOW XEeMOKOMMYHHKAINH (quorum sensing) B apcTae
rpubOB, 4TO YKa3bIBacT HA €€ YHUBEPCAILHOCTH B xkuBOM Mupe (Lengeler et al., 2000; deo-
¢unosa, 2006; Hogan, 2006; Kothe, 2008). HecmoTpst Ha TO 4TO «KiIaccumueckux» AU y
rpruOOB NIOKA BBISIBIIEHO HEMHOTO, K TOMY THITY CUTHAJIBHBIX MOJICKYJI MOTYT OBITh IPHYMC-
JeHbl (PEPOMOHBI U HEKOTOpPbIe (haKTOPhI BUPYJIEHTHOCTH, KaK 3TO MMEET MECTO y OakTe-
puii. CurHanbHBIE MOJICKYIIBI, BOBJIeUeHHBIE B Quorum Sensing, 0ObeTUHIIOT B CEMEHUCTBO
QS-monexyn. [IpeameroM Hacrosmiero o03opa SBIISIETCS CUCTEMAaTHU3alMsl U aHAIU3 JaH-
HBIX 110 QS-MouieKynaM IpuOOB, a TAKKE 10 CUTHAJIBHBIM CHCTEMaM, KOTOPBIC SIBIISIOTCS
MUILICHSIMHU UX PETYJISATOPHOTO NEHCTBUSL.

I[TpousBoaHbie TepmeHoB. Heckonbko set Hazaxn y rpuba Candida albicans 6vuin
uneHTuduIIpoBansl ceckpureprneH E,E-dapnreson (3,7,11-tpumernn-2,6,10-goaexaTpu-
eH-1-011) ¥ poJCTBEHHast eMy (hapHe3mIoBasi KMCIoTa (puc. 1), KOTOpbIe BHIPaOAaTHIBAIOTCS
B OTBET Ha MOBHIIICHHUE TUIOTHOCTH KyJIbTYpHI KiteTok rpuba (Hornby et al., 2001; Oh et al.,
2001; Ramage et al., 2002). Ouu 610KHpYIOT 00pa3oBaHKe T} U MPEIOTBPALIAIOT 00pa3o-
BaHUE MOBEPXHOCTHBIX IUICHOK, YTO HPUBOAUT K CHIKEHHIO matoreHHocTH C. albicans.
dapre3nnoBast KHCIOTa BHIMONHACT (QyHKIMH QS-MOJIEKYJBI TOJBKO y OJHOTO IITaMMa
rpuda (ATCC 10231), B To BpeMst Kak (hapHE30J1 SIBISETCS aKTUBHBIM PEryJIITOPOM TU(O-
oOpa3oBaHus y OombmmHCTBA ApyruX mtamMMoB C. albicans, a Takke y pOJACTBEHHBIX eMY
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rpuboB C. tropicalis u C. dubliniensis (Hornby et al., 2001; Jabra-Rizk et al., 2006; Martins
et al., 2007). Y rpuba C. parapsilosis dhapHe301 mogaBIsieT 00pa3oBaHUE MOBEPXHOCTHBIX
IJICHOK, HO HE BIMACT Ha mporiecc rudoodpasosanus (Rossignol et al., 2007). B ocHoBe Mme-
XaHW3Ma pa3pylIeHHs IMOBEPXHOCTHHIX IUIEHOK, oOpasyembix C. albicans m poaCTBEHHBI-
MH MM IpUOaMH, JISKUT JOCTH)KEHHE B HUX BCJICJCTBHE YBEJIMUYCHHsS IUIOTHOCTH KJIETOK
TaKuX KOHIIEHTpanuid (apHe3osa, B KOTOPBIX OH CIIOCOOEH DPEryJmpoBaTh 3KCIPECCHIO
T'CHOB, OTBETCTBEHHBIX 32 CHHTE3 OEJIKOB, ONPENEIISIONINX CTPYKTYPHYIO OpraHu3aIHIo M0-
BEepXHOCTHBIX TIeHOK (Ramage et al., 2002; Cao et al., 2005). Cpeau Takux TeHOB, a UX Ha-
cuntbIBaercst 6osnee 270, MokHO BeIIENUTh TeH CSH1, KOTOPBIH KOAUpPYET JIOKaJIN30BaH-
HBIH B TU1a3Matudeckoii Memopane CSH-ruapodoOuH.

VY rpuba Aspergillus niger dbapre3on O10kHpyeT 00pa3oBaHHE KOHUIWH, IPUIEM €ro
perynsitopubie 3()(eKThl peanu3yloTcsi yepe3 IOCPEICTBO MHIMOMPOBAaHUS aKTUBHOCTH
apeHminatuukiassl (All) w cHkeHus BHyTpuKiIeTouHoro ypoBHS HAM® (Lorek et al.,
2008). Kak mosaraioT, 3TOT CECKBHTEPIICH CBS3BIBACTCSI C OBEPXHOCTHBIM PELETITOPOM,
KOTOPBIH COMPSDKEH ¢ rereporpuMepHbiM G-0enkom, narudupyromum All. dapHe30i1 BbI-
3BIBACT anonro3 y 4. nidulans, HECMOTPSI Ha TO YTO 3TOT I'PUO HE CIIOCOOCH €T0 CeKPETHPO-
BaTh (Semighini et al., 2006).

Brusane gapHe3ona mponcxoanuT B KOHIEHTparusax 1—50 MM, B TO BpeMs Kak dap-
HE3WJIOBas KUCIOTa 3¢ eKkTuBHA B O0siee BhicoKkuX KoHIeHTpanusax (Kim et al., 2002). B To
XKe BpeMs KOHLEHTpauuu (papHe3osia B HOPMAJIbHO Pa3BHUBAIOIINXCSA KyJIbTYpax KIETOK
rpuboB pona Candida Ha nBa-Tpu mopsiika Hibke 3 ()EKTHBHBIX ero KoHneHTpauui. 1 sto
BIIOJIHE ONPABAAaHHO, IOCKOJIBKY TOJIBKO NPU 3HAYUTEIILHOM YBEJIIMYEHHH INIOTHOCTH KYJIb-
TypHI, KOTJIa JIOKaJbHbIC KOHIEHTpAnnHu (apHe30sia JOCTUTAIOT 3HAYCHUH ero 3((heKTHB-
HBIX KOHIIEHTpALMi, HAaUMHAET BBIABIISITHCS HHTHOUpYIOLee BIMsHIE (hapHe30i1a Ha Pa3BH-
THe Tpuda. GapHE301 ABIAETCA BRICOKO THAPO(GOOHBIM BEIIECTBOM, IIOATOMY OH CIIOCOOCH
IIPOYHO CBSI3BIBATHCS C JIMIUIHBIM MaTPUKCOM MEMOpPaHBI, YTO BeJIeT K HAKOIIJICHUIO €ro Ha
MIOBEPXHOCTH KJIETOK Iprda M YCKOPSET NPoLecc AOCTIKeHUS 3P (EeKTHBHBIX KOHLIEHTpa-
Ui 3Toro ceckBuTepreHa. CHHTE3UPOBaHBI MOIU(PHUIIMPOBAHHBIC TETEPOLIUKIAMHI H OKCH-
MaMy aHajoru ¢apHe3oia, KOTOpble MUMHUKPHPYIOT €ro JeHCTBHE Ha POCT MHLENUS Tprda
C. albicans (Shchepin et al., 2008). PazpaboTka Takux aHAJIOTOB ITO3BOJIAET CO3JaBaTh Ha
ocHoBe (QS-MOJIEKy)I CHHTETHYECKHE Ipernaparbl, KOTOpbIe MOTYT KOHTPOJIMPOBAaTh BHYT-
PH- ¥ MEXBHOBYIO XEMOKOMMYHUKAIHIO ¥ BUPYJICHTHOCTb IPUOOB.

IIpouszBoaHBIE aMUHOKHUCIOT. OTHUMU U3 BaKHEUITUX QS-MOJIEKYJT Y APOXKIKE-
BbIX Tpub0B C. albicans n Saccharomyces cerevisiae SIBISIOTCS apOMaTHYECKUE CTUPTH —
THPO30J1, 2-PCHUIITAHON U TPUIITOPOI, MeTa00IUTEl aMHHOKUCIOT (puc. 1) (Dickinson et
al., 2003; Chen et al., 2004; Alem et al., 2006; Chen, Fink, 2006). OHi KOHTPOJIHPYIOT IO-
JIOBOE pPa3MHOXKEHHE Tpuba, PEeTyIHPYIOT COOTHONIEHHWE CBOOOIHO IUIABAIOIINX KIETOK
rpuba ¥ ero MULEIHAIBHON (POPMBI, BIUSIOT HA pocT TH( M 00pa3oBaHKE MOBEPXHOCTHBIX
IUIEHOK, YYacTBYIOT B MEKKJIETOYHOI KOMMYHUKAIIHUH.

Tupo3zout, 2-(4-runpoKcudeHu1)3TaHoI, SBIIETCS TPOU3BOTHBIM THPO3HUHA U BIEPBHIC,
kak QS-monekyia, Obut uaeHTHduIMpoBaH y rpubda C. albicans (Chen et al., 2004). B otHo-
LIEHUH S. cerevisiae 3TOT apOMAaTHYECKUH CIIUPT Majo akTHBEH. [I0CKOIBKY THPO30I1 sB-

OH

HiC_~ _ A~ OH
CH, CH, CH, I HO 3
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CH, CH, CH; O 2 y

Puc. 1. QS-monexyisl rpu6oB.

1 — dapueson, 2 — QapHe3uIoBas KHCIOTA, 3 — TUPO30T, 5 — 2-peHmTanon; 4 — TpunTodo.
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JSIETCS] aHTAarOHUCTOM (papHE30J1a, TO UX COTIIACOBAHHOE BIMSHHE JIEKHUT B OCHOBE KaK I0-
3UTUBHOTO (THPO30J1), TaK ¥ HETATUBHOTO ((hapHEe30J ¥ ero MeTaboInThl) KOHTPOIISt MOp(o-
rere3a C. albicans. B3aumosieiicTBie MeXIy CHTHAIBHBIMHM KacKaJaMH, peryiIHpyeMbIMU
(apHE30JI0M U THPO30JIOM, OINpeNeNsieT pocT I Ha paHHUX CTamusIX (HOPMHUPOBAHUS
FpI/I6OM IMOBEPXHOCTHLIX IJICHOK U o6ecneqMBaeT OINTUMAJIBHYIO WX NPOCTPAHCTBCHHYIO
OpTaHM3ANHNIO, YTO HEOOXOIUMO ISl HOPMAITBHOW JKH3HEISATEIFHOCTH KIIETOK Tpubda, 00-
pa3yIoUIMX TaKKe IJICHKHU. THpOo30I1 BRIIONHSAET GyHKIUIO QS-MOeKyIbl Kak y rpuda B MU-
HenuanbHOU opMe, TaK U Y CBOOOIHO IJIABAIONINX KIETOK rprba, XOTs B TIEPBOM ClIydae
THPO30J]I BeIAensercs B 1.5 pa3a Gompmmx kosnmdecTBax. [Ipeamnonaraercs, 4To THPO30T U
npoxyuupyemsiid C. albicans npoctarianiH, KOTOPBIH OJH30K O CTPYKTYpE IpOCTariaH-
JVHAM TI03BOHOYHBIX XHMBOTHBIX M, MOJOOHO THPO30Iy, CTUMYIHPYET oOpa3oBaHHe TU(,
OTBETCTBEHHBI 32 T€ MAaTOJIOTHYECKHE U3MEHEHHUsI, KOTOphIe HAOIIONAIOTCS B TOPAXKEHHBIX
kaaguaaMuko3oM TKamsx (Noverr et al., 2001). Cnegyer oTMETHTB, YTO MPOCTATIAHINH,
BoIpabaTeiBaeMblid C. albicans, He oTHOcHUTCS K QS-MoJeKysiaMm, IMOCKOJIBKY HE BOBJICUEH
B MEXBHIOBYIO XeMOKOMMYHHUKaIHIO y TpuooB (Alem, Douglas, 2005).

JlBa npyrux apoMaTH4ecKuX CHUpTa — 2-(EeHWIITaHOI U TPUNTO(OII, IIPON3BOIHBIE
(denmwtanannHa u TpUnTodaHa, SBISIOTCA BaXKHEHIMMU QS-MOJIEKYJIaMU Yy JIPOMOIKEBBIX
rpuboB S. cerevisiae u C. albicans (Dickinson et al., 2003). Ognaxo, ecnu y S. cerevisiae
OHH yCKOpsitoT Moporenes, To y C. albicans, Ha000pOT, HHTUOUPYIOT €T0, SBISAACH, TAKUM
00pazoM, BBICOKO crieluuaHbIME QS-MoOJIeKyJIaMu ISl KaKI0TO BHIIA.

VY S. cerevisiae 2-peHNIATaHON U TPUNTO(OJ CTUMYIIHPYIOT ITEPEXO0/T APOAKIKEBBIX KIIe-
TOK B MUIIEIHAIbHYIO (OPMY, UYTO XapaKTepU3yeTCsl POCTOM IICEBAOTU( y AUILUIOUIHBIX
KJIETOK ¥ YCKOPEHHEM pOCTa TaIUIOMIHBIX KIETOK. B 0CHOBe 3TOTrO mporiecca JIeXKNUT aKTH-
BalMsl apOMAaTUYECKUMH cniupTamMu HAM®-3aBHCUMOTO CUTHAIBHOTO KacKajia, OTBETCT-
BEHHOTO 33 CTUMYJLAIHIO dKcrpeccud TeHa FLO11, KoTopelii KogupyeT JOKaIN30BaHHbIH
Ha NOBEPXHOCTH IUIa3MaTHYECKOH MeMOpaHbl Oelok rupodoOuH, odecrieunBalomunii Tec-
HYIO aCCOILIMAIUIO IPOXOKEBBIX KIETOK ITPH 00pa30BaHUN UMHU MULIETHaIbHON Gopmel (Pan,
Heitman, 2002). [Ipenmonaraercs, 4To apoMaTHYECKHAE aMHHEI CBA3BIBAIOTCS C PEIeNTopa-
MH CEpIIaHTUHHOTO THUIIa, KOTOPBIE Yepe3 IOCPEACTBO reTepoTpuMepHbIX G-0eNKoB conpsi-
xeHsl ¢ AL, karammupyromei oopazoBanne TAMO®.

[Mponykuus 2-penmnsTanona u Tpunrodoia JpoixOKEBBIMU KIETKaMHU BBI3BIBACTCS 10-
BBIIICHUEM MX IJIOTHOCTH, @ TAKXKE HEIOCTATKOM MCTOYHHMKOB a30Ta BO BHEIIHEH cpeje.
MexaHH3M, ITOCPECTBOM KOTOPOTO MOBBIIICHHE INIOTHOCTH S. cerevisiae BIASET Ha CHHTE3
U CEeKpElMI0 apOMaTHYeCKUX aMUHOB, BKJIIOYAET CTHUMYJSIHIO (akropa TPaHCKPHUIILUH
Aro80p 1 BBI3BIBAEMOE UM YCHJIEHHE HKCIPECCHH CONPSDKCHHBIX ¢ CHHTE30M apoMaTHye-
ckux cnupToB reHoB AR0O9 u ARO10 (Lee et al., 2002). [Ipoxyuupyemsie rpudom 2-peHu-
9TaHOI U TPUNTO(POJ CTUMYIUPYIOT 3Kcmpeccuio reHoB ARO9 n ARO10 u ycuiamBaroT,
TaKUM 00pa3oM, COOCTBEHHBII CHHTE3, IeHCTBY Kak kiaccnueckue AU. B yenosusx nedu-
ouTa a3oTa B 3HAYUTEIbHOM CTEIEHH ITOBBIIIACTCS OKCIIPECCU TCHOB, KOAUPYIOINX TPAHC-
aMMHAa3bl, 1€KapOOKCUIIa3bl U JAETHAPOTeHa3bl — (EPMEHTHI, OTBETCTBEHHBIC 32 CHHTE3
apoMatnueckux cnuptoB. Kak nonararor cnenuanuctsl (Chen, Fink, 2006), u B aToMm ciy-
Jae MOJICKYJISIPHBIE MEXaHH3MBI PETYJLIIUU MPOXyKIHU 2-(heHMI3TaHOoNa W Tpunrodoa
BKIIIOYAIOT Oeniku, koaupyemble reHamu ARO9 n ARO10. JloGaBieHue conell aMMOHUS
B BBICOKHMX KOHIIGHTPAIMAX BBI3BIBACT MOBBIMICHUE COACPKAHUS a30Ta B MHKYOAIMOHHOM
cpene, 9To OJIOKHPYET SKCIPECCHIO TeHOB, KOJUPYIONINX TPaHCaMHUHAa3bl, 1eKapOOKCHIIa3kl
H JCruaAporeHassbl, U, Kak CJICACTBUE, BEACT K CHHXKCHUIO MPOAYKIIUN apOMAaTUICCKUX CITUP-
TOB W NPEJOTBpalIaeT (OpMHUPOBAHHUE KIETKAMH S. cerevisiae MALCIUAIBHBIX CTPYKTYD.

[Mentugusie pepomonbl. OOHAM U3 MHOTOYHCICHHBIX M HanOoJee XOpoIo U3y-
YeHHBIX K1accoB QS-MOJeKy N y TprOOB SBISIOTCS nenTuaHbe pepoMonsl. OHH, KaK U Men-
tunHble AW Gakrepuii, CBS3BIBAIOTCS C MOBEPXHOCTHBIMH PELENTOpPaMU M 3aIlyCKaloT
CUT'HAJIBHBIC KaCKaAbl, Y€PE3 KOTOPHIC OCYIICCTBIACTCA PETYIIAIUA SKCIIPECCUU T'€HOB, OT-
BETCTBEHHBIX 32 BUPYJICHTHOCTH I'pHOOB, 00pa3oBaHue NMH TH() ¥ TOBEPXHOCTHBIX IICHOK
(Bakkeren et al., 2008; Kothe, 2008). ®epoMoHbI BHITOIHAIOT QYHKIHIO QS-MOJIEKYIT KaK Yy
TeTePOTANTNYHBIX I'PHOOB, Y KOTOPBIX IOJOBOW IPOIECC 3aKITIOYACTCS B OOBEANHEHHUHU
sIep ABYX TAIUIOWIHBIX KJIETOK Pa3iIMYHOTO IPOMCXOXKJCHHS, TaK M y TOMOTAJUIMYHBIX
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rpu0OB, Y KOTOPHIX NUIIONIHAS KIeTKa 00pa3yeTcs BCIeACTBHE OOBEIUHEHHS IBYX AIep
C TaIUIOMJIHBIM HabOpOM XpOMOCOM, BO3ZHHKIIMX M3 OJHOM M ToH xe kietku (Poggeler,
2000; Paoletti et al., 2005, 2007).

[TepBrie nanHBIC 00 0OHAPYKEHUN HENTHIHBIX (PEPOMOHOB U MX PELENTOPOB y TpuOOB
oTHocsTCA elne K cepeante 1980-x ronos, Kkorna y Ipoxkei S. cerevisiae ObLIM BBISBIICHBI
o- 1 a-(pepOMOHBI U OMO3HaINe uX perentopueie Oenku Ste2 u Ste3 (Burkholder, Hart-
well, 1985; Hagen et al., 1986). 'amouanbie KIeTKu S. cerevisiae MO 4yBCTBUTEIBHOCTH
K ¢epoMoHaM moapa3fensioT Ha nBa tMna — MATa m MATo, nepBble U3 KOTOPBIX,
MATa-kneTku, 9yBCTBUTEIBHBI K O.-(aKTOpy U CEKPETHPYIOT BO BHEIIHIOIO cpely a-(ak-
TOp, B TO BpeMs Kak BTopbie, MATo.-KIeTKH, 4yBCTBUTEIBHBI K a-(aKToOpy U CEKPETHPYIOT
o-(hakrop.

a-Dakrop S. cerevisiae mpencraBisier coOOW IMOJOXKHUTENBHO 3apsHKEHHBIH TENTHT
WHWLQLKPGQPMY, xoropblii cnenuduydecKkd CBS3BIBACTCS C pementopoM Ste2
MATa-knerox (puc. 2). OH cuHTEe3UpyeTcs B opMe IBYX OEIKOB-NIPEIIIECTBEHHUKOB —
MFa1 u MFa2, umeronmux juymmay 165 1 120 amuaokucnoTHbIX ocTaTkoB (AKO), C-xoHIle-
Basl 4acThb KOTOPBIX BKJIIOYAET COOTBETCTBEHHO YETHIpe U JBe Komuu o-akropa (puc. 3).
Mornekynbl  o-pakropa BBHICBOOOXKIAIOTCS M3 OeliKa-NpeIIeCTBeHHHKA BCJIEICTBUE
cailiT-cerpuIHOTO0 TPOTEONIN3a, MHIICHSIMH KOTOPOTO SBIITIOTCA CETrMEHTHI Lys-Arg
(KR-caiiTb), pacroyoxeHHbIE I0CIIE Y4aCTKOB NEPBUYHON CTPYKTYPBI, COOTBETCTBYIOIINX
a-thakropy. a-Pakrop npeacrasien nentugoMm Y IIKGVFWDPAC, xoropsrit Mmoanduiu-
poBaH ruapohoOHOH hapHE3HITBLHOI rpymIoi n orno3HaeTcs peuentopom Ste3 MATo-kie-
tok. [IpenmectBennuku MFal u MFa2 storo dakropa B oiinune or MFa copepikar Tosb-
KO OJHY TIOCJIEI0BaTEIFHOCTh, COOTBETCTBYIOMIYIO a-(akTopy, a Tarke N-KOHIIEBYIO
JUJEPHYIO MOcienoBaTeNIbHOCTh M C-KoHIEeBoH ruapodoousii cerment V(I/V)(A/M), xo-
TOpBIE YAAISAIOTCS B XOJA€ IMpoleccuHra Oenka-mpenniecTBeHHuKa (puc. 4). C-KOHIEBOH
CerMeHT Heo0xoauM it MoanuKannu GapHesmwibHON rpynmoit SH-rpynie! octaTka muc-
terHa (Cys3 B MFal u Cys35 B MFa2), kotopsiii B Mosekyie dpepomona siBisiercsi C-KOH-
ueBbIM, U 11 MetmirpoBanuss COOH-rpynmer 3Toro ocratka. Moaudukanus a-daxkropa
ruapodoOHoi papHe3nIbHON Ipynol HeoOXo uMa Kak Ui ero 3(EeKTUBHOIO CBS3bIBA-
HUSL C PELENTOPOM, TaK U JJISl €TO CEKPENNH, KOTOPasi OCYIIECTBIIACTCS Yepe3 MOCPEICTBO
TpaHcnoptHoro 6einka Ste6 (Chen et al., 1997).

CexpeTupyemble BO BHELTHIOIO Cpery O- U d-(pepOMOHBI CIeNN()UIESCKH CBA3BIBAIOTCS
¢ perentopamu Ste2 u Ste3 COOTBETCTBEHHO, KOTOPBIE ()YHKIIMOHAILHO COTIPSKEHBI C reTe-
porpumepHbiM G-0enkom Gpal(Ga)-Ste4(GP)-Stel4(Gy) ¥ BBI3BIBAIOT €r0 JUCCOLHUAIINIO
Ha Gpal-cyopenunniy u Sted4-Stel4-nmumep (Pryciak, Huntress, 1998; Hoffman, 2005). O6-
pa3oBaBmuiics Ste4-Stel4-numep B AanbHEHIIEM aKTUBUPYET KacKaJ MUTOI€H-aKTUBUpYe-
MbIx npotenHknHa3 (MAIIK), Brirodatoniii Tpu mpotenHkrHA3bl — Stell (kuHA3y KnuHa-
361 MAIIK), Ste7 (kunazy MAIIK) u Fus3 (MAIIK), xoTopbie yaepKHBAarOTCS BMECTE,
HaxoJsCh B KOMITIEKce ¢ OenkoM Sted, obecrieunBaronuM WX TPAHCIOKAIIUIO K IJIa3MaTH-

A b

1,2 WHWLQLKPGQPMYKR 9. 10 WC-RIHGQSCWKAKR
3 WHWLSVRPGQPIYKR 11 WCLRFVGQSCW--KR
4 WHWLELDNGQPIYKR 12 WCL-FHGEGCWKVKR
5 WHWLRLSYGQPIYKR 13 WC-RFRGQVCGKAKR
6 WHWLSFSKGEPMYKR 14,15  WC-HLPGQGCAKAKR
7 WSWITLRPGQPIFKR 16 WC-WLPGQGCLKVKR
8 WHWVRLRKGQGLFRR 17 WCGHI-GQGCYKAKR

Puc. 2. ®epoMoHBI o.-THIIa TPUOOB ACKOMHUIIETHOrO adUHNUTETA, TOMOIOTHYHEIE O.-pakTopy Saccharomyces ce-
revisiae (tun A) u mfA-1 Neurospora crassa (tun B).

1 — Saccharomyces cerevisiae (P01149); 2 — S. paradoxus (CAD56315); 3 — Kluyveromyces delphensis (AAO25615);
4 — Vanderwaltozyma polyspora (EDO19420); 5 — Saccharomyces naganishii (BAC00922); 6 — Lachancea kluyveri (P06648);
7 — Kluyveromyces lactis (CAG99901); 8 — Candida glabrata (AA025610); 9 — mfA-1 Neurospora crassa (Q03301); 10 —
mfm Podospora anserina (AY829471); 11 — ppgl Sordaria macrospora (CAB96172); 12 — Cryphonectria parasitica
(AAC39328); 13 — Aspergillus nidulans (EAA62884); 14 — Neosartorya fischeri (EAW15854); 15 — Aspergillus fumigatus
(EAL88490); 16 — Aspergillus terreus (EAU31669); 17 — Penicillium chrysogenum (CAP17329).
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A

1 1 MRFPS-IFTAVLFAAS--SALAAPV-NTTTE--DETAQIPAEAVIGYLDL
2 1 MRFCS-VFTAFSFAAS--SALAAPV-NTTTE--DEMARIPAEATIIGYLDL
3 1 MKFSK-ILIAAASILT--AVQAAPV--ENV---DDSAQVPEEAIIGYIDF
4 1 MKFST-VLSTVALAAT--AVSAAPI*NETVESVESGLNVPAEAVLGYLDF
5 1 MKFIS-TFLTFILAAV--S—-—-——-—-— VTASSDEDIAQVPAEAIIGYLDF
6 1 MKFST-ILAASTALIS--VVMAAPV-STETDIDDLPISVPEEALIGFLDL
7 1 MRFLRFISTVALLITG--LATAQPV-GEEL---GETVEVPSEAFIGYLDF
8 20 PI-EQPEQ-DLNSTTIPAEAIISYLDL
9 4 FTT-LSASLIFIHSLGSTRAAPV-TGDESSVE----IPEESLIGFLDL
10 3 LRSTAILSAVV-FT-S--VALSAP----TSGQONID-IDFPDESTIAGALPL

45 EGDFDVAVLPFSNSTNNGLLFINTTIASIA-AKEE-GVSLDKRE----AE
45 EGDFDVAVLPFSNSTNNGLLFINTTIANIA-AEEE-GVTLNKRE----AD
45 EGASDVAILPFSNSTDSGLMFVNTTIYNEA-TTAVEGESVEKRE----AK
51 GEKDDVAMLPFSNGTSNGLLFVNTTIYDAA*SDDESASLAKRDA-—---- E
GGDHDIAFLPFSNATASGLLFINTTIAEAA-EKEQ-NTTLAKRE--AVAD
47 TGD-EVSLLPVNNGTHTGILFLNTTIAE-A-AFAD-KDDLKKRE--ADAS
45 GATNDVAILPISNKTNNNGLLFVNTTLYNQ-ATKGEKLS-DFTK--RDAN
45 EGDKDIAVVPFSNATDSGLLEVNTTILAQA-NKEA-GTPLQKREADADAN
46 AGD-DISVFPVSNETHYGLMLVNSTIVNLA-RSES-A--—-=—==—=—-—=—-—
S—--YDLVPIIGSYQGONVILIVNSTIAAAS-EAAA-SEGKSKRD----AN

~ 00NN KW N~
=~
(=]

S
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89 AWHWLQLKPGQPMYKR-——-—-- EAEAEA--WHWLQLKPGQPMYKR--——
89 AWHWLQLKPGQPMYKR-EA--EAEADAEA--WHWLQLKPGQPMYKREAEA
88 -WHWLSVRPGQPIYKR-——-—-- EAEAEA-KWHWLSVRPGQPIYKR--——
98 AWHWLRLRYGEPIYKR*EGVEKREANADADAWHWLRLRYGEPIYKREDSE
86 AWHWLNLRPGQPMYKR--—-—-- EANADA--WHWLQLKPGQPMY

PWSWITLRPGQPIFKR-EA--NADANAEASPWSWITLRPGQPIFKREANA
91 P DAEAEA--WHWVKIRKGQGLFRR-———
93 AWHWLRLSYGQPIYKR---DANADADADADAWHWLRLSYGQPIYKRDANA
80 ----—- NFKG----- KR-====== EADAEP--WHWLSFSKGEPMYKR--——
86 AWHWTSYGVFEPG-KR-—--—-- DANANAAPWHWTSYGVFEPG-KR-—-—

~N Co NV i N W~
Ne

S

126 ~-EADAEA----WHWLQLKPGQPMYKR-EADAE - - - - AWHWLQLKPGQPMY
134 -EADAEA----WHWLQLKPGQPMYKR*EADAE - - - - AWHWLQLKPGQPMY
125 -EAEAEA---KWHWLSVRPGQPIYKR-EAEADAEA-RWHWLSVRPGQPIY
150 SVEKREAAAE PWHWLRLRYGEPIYKR*NADAD----AWHWLRLRYGEPIY
138 -DANADAS--PWSWITLRPGQPIFKR*EAEADAKPSAWSWITLRPGQPIF
113 ~SADASPEAEAWHWVRLRKGQGLFRR-SADASPEAEAWHWVRLRKGQGLF
140 ~-DADADAD--AWHWLRLSYGQPIY

107 -EADAEP----WHWLSFSKGEPMY

123 -DANADAA--PWHWTSYGVFEPG-KR

~ N0 C NN Wb~

S

Puc. 3. IIpenmecTBeHHUKN (EPOMOHOB O-THIIA TPHOOB ACKOMHIETHOTO apduHHTETA.

A.1—al S cerevisiae (P01149); 2— a. S. paradoxus (CAD56326.1); 3 — a2 K. delphensis (AAO25615.1); 4 — o V. polyspo-
ra (EDO17727.1); 5 — a2 S. cerevisiae (P32435); 6 — a. K. lactis (CAG99901.1); 7 — a. C. glabrata (XP_446929.1); 8§ — o
S. naganishii (BAC00922.1); 9 — o L. kluyveri (P06648); 10 — o Pichia stipitis (XP_001385478.1). 3Be3goukamu 0003Ha4€HBI
yuactku 155—158 (EAEA) a S. paradoxus, 23—26 (SRAS), 81—83 (FAD), 114—116 (EDS) n 176—186 (EDSESVEKREA) o
V. polyspora, 161—164 (EANP) a. K. lactis.
B. I — ccg-4 N. crassa (Q01301); 2 — ppgl S. macrospora (CAB96172); 3 — mfm P. anserina (AAV90428); 4 — a1 C. pa-
rasitica (AAC39328); 5 — o Magnaporthe grisea (EDJ97154). 3Be3moukamu 00603Ha4yeHbl ydacTku 166—189
(WCRIHGQSCWKKR DAAPEAAPEAE) ccg-4 N. crassa, 277—288 (SEEAGSSAATSL) al C. parasitica, 68—79 (NEARD-
VATTTSP) u 208—215 (VEDSGADL) o M. grisea.

)Kl/lpHLIM TIPSIMBIM I]_Ipl/[beOM BBIJCJICHBI YUYaCTKH, COOTBETCTBYIOIINE U,-(bepOMOHaM; KUPHBIM KYPCHUBOM BBIJACIICHBI CalThI mnpo-
TEIUTUYECKOTO PaCLICIICHHUS.
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1 MKFTLPLVIFAAVASATPVAQPNAEAEAQ-WCRIHGQSCWKVKRVADAFA
1 MKFTLPLVIFAAVASATPVAQPIAEAEAQ-WCRIHGQSCWKVKRVAEAFS
1 MKFSTPLALLAVAAVDAAVVQE----DKR-WCNTEGQACNTVARAAEAFT
137 AAPAPEADPEAWCLFHGEGCWKVKRAVYAFA
42 QO-WCPRRGQPCWKVKRAVDAFA

LN W~

50 NATQG-MGGLPP-RD-ESGHQ---PAQVAKRQVDELAGITALTQEDVNAY
50 TAIQG-MGGLPT-SD-ESGHL---PAQVAKRQVDELAGIIALTQEDVNAY
NAIKA-SGVVA--RDDSAA-——-—-—--— AQVAARQVDQLALAISASQADPITE
168 NATRG-AAGIPESRSAETSNMRGGAAYNAKRAVQDIATMMAGRTSEPPEF
63 SAMHS*SDGHLTARD--LSHLPGGAAYNAKRSVNALAALLASTQYDPEAF

oA W N~
g
N

94  YDSLSLQEKFAPSTE---————=———————— FEEKKT--EKVAKREAEA--
94  YDSLNLQDKFAPSTE---————=——=——=———— EEKKD--EKVAKRDAEA--
87 YTALGLGDQF---TL--=--=—-=--—————---- ) o
217 LKQLFILEHFGPDANITAFGPPPTDADAAPIST--DDDSTTTKRDADAE-
122 YNDLYLDRYFDPDTS--—--=----- VDAKAVDEKPDAEAKTEKRDEEGGH

LR W N~

124 -EA-QWCRIHGQSCWK---KREAE---AQWC-RIHGQS-CW--KRDALPE
124 -EA-QWCRIHGQSCWKK-AKREAE---AQWC-RIHGQS-CW-KKRDAAPE
103 --------—- HAE------- KREAA---PQWCLRFVGQS-CW--KRNAAPE
264 ----PWCLFHGEGCWKR*ATRDASPAAAAFC-PFEGSSTCYASKRDFA--
162 LEARQWCPRRGQPCWKR----DVEHDK-RHCN-SAGEA-CDVAKR-AVGA

LR W~

162 AEPQ*ANPQWCRIHGQSCWKAKRAAEAVMTAIQSAEAESALLLRDTTESP
165 AAPE-ANPQWCRIHGQSCWKAKRAAEAVMTAIQSAEAESALLLRDTTFSP
131 DV----KR--CTAEDGACTKAKRAAEAVINAI---EAS----—--—-----
318 AA---DKRA-CNQPGEACYVARCAAEAIVTEIAS--—---—--———-—- WAP
204 LLSA*AKRQWCPRRGQPCW--KR--DNVFEPV-------— ALGRRDVSDAE

oA W N~

235 VDRVGKR--DPQVCNMRLHPKKVCWKRDASPE--AACNAPDGSCTKATRD
214 VDRVGKREADPQWC--RIHGQS-CWKRYASPE--AACNAPDGSCTKATRD
160 ADNLAKREAAPQWC-LRFVGQS-CWKRNAAPE--AACNAPDGACTKATRD
351 AKRSAEAVAA-RWC--LFHGEG-CWKRDAMDDVVARCNADDGACSQARRD
250 ADVLTKR----QWC--PRRGQP-CWKR

oA W~

Puc. 3 (npodonsicenue).

yeckoif MeMOpaHe. AktuBanus kackaga MAIIK B cBoro odepenp BeeT K aKTUBAaUH (paKTo-
pa TpaHckpumnyu Stel2 ¥ B KOHEUHOM UTOTe K U3MEHEHUIo 3Kcipeccun 6onee 200 reHoB,
YTO cOCTaBIsAET OKOJIO 3 % reHoma S. cerevisiae. Uepes mocpencTBo (hakropa TPaHCKPHII-
un Stel2 dpepomonst Ookupyror Gl a3y KIETOYHOTrO IUKIIA, OPUEHTUPYIOT POCT IPOXK-
JKEBOI KIIETKH B HAaNpaBJICHUH €€ TOJIOBOTO MapTHEpa U 00ECHeuuBalOT CIHSHHUE sIep
rammougHeIX MATa- u MATo~-kineTok ¢ 00pa3oBaHUEM TUILTIONIHON KIeTKH. B norapupmu-
YyecKoi (haze pocTa APOXIKEH KOHICHTpaluu (PEPOMOHOB JTOCTUIAIOT OOJBIINX 3HAYCHHIMA
(B cmywae a-gpaxropa — 10 30 ThIC. MOJNIEKYJ Ha OJHY IPOXOKEBYIO KIIeTKY). IIporeccs
CHHTE3a M CeKpelry (PepOMOHOB M OEJIKOB, YYaCTBYIOUIMX B Ilepeaade reHepupyemoro ge-
POMOHAMH CHTHAJa, HAXOAATCS MO KOHTPOJIEM JIOKAJM30BaHHOTO B T€HOME S. cerevisiae
MAT-nokyca, KOTOPBIA KOAMPYET (aKTOPhl TPAHCKPUIIINHU, PETYIUPYIONINE IKCIPECCHIO
TpeX KaTeropuii FeHOB — a-, O.- U ramtoua-cuenuduynsie reusl (Herskowitz et al., 1992).
VY npoxokeit Schizosaccharomyces pombe Takxe BBISIBICHBI IBa THITA TaIUIOMIHBIX KJIe-
Tok — h~ u h*, npoaynupyromux ¢pepomonansusie pakropsl M u P coorBercTBenHo (Da-
vey, 1992; Imai, Yamamoto, 1994). ®axtop P cBs3siBaeTcs ¢ perenrtopom Mam?2, joka-
JTU30BaHHBIM B h—-kietkax, pakrop M — c penenropom Map3 B ht-knerkax (Kitamura,
Shimoda, 1991; Tanaka et al., 1993). Cesi3siBanue aktopoB M u P ¢ penenropamu Mam?2
1 Map3, kak u y Ipoxokeit S. cerevisiae, BeIeT K aKTHBAIIMH COMPSDKEHHOTO ¢ HIMH T€TEPO-
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1 M-PS——TTAQTK-—————————— VPQTSTNFNSYEVVM
2 M-PS--TAASTR—-—————————— VPQTTMNEFNGYCVVM
3 M-PS—-TAASTK-—————————— VPQTTMNFNGYCVVM
4 M-PS---NTQTS-=====—————= NSSMGVVGYSYCVVM
5 MSPST-KNIPAP——————————— VAGARAGPIHYCVIM
6 MQOPSTATAAPKE--KTSSEKKDNYIIKGVEWDPACVIA
7 MQPITTASTQATQKDKSSEKKDNYIIKGLFWDPACVIA
8 MQPSTVTAAPKD--KTSAEKKDNYIIKGVFWDPACVIA
9 MQOSTTY-AAQKN----SSEKKDNYIVKGWFWDPECVIA
10 MQOPTIE-ATQKD---NTQEKRDNYIVKGFFWSPDCVIA
11 MQ-LT-NNTNKD---ESTENKDNWIAKGYMWTPQCV IV

Puc. 4. TIpenmecTBeHHUKN (EPOMOHOB g-THIIA TPUOOB acCKOMHUIETHOTO adduHUTETA.

1 — mfp P. anserina (AAV90629.1); 2 — mfa-1 N. crassa (AAN03594); 3 — ppg2 S. macrospora (CAB96171); 4 — mf2-1
C. parasitica (AAC39329); 5 — MF1-1 M. grisea (XP_365750.2); 6 — mfa-1 S. cerevisiae (P34165); 7 — mfa-2 S. cerevisiae
(P34166); 8 — S. paradoxus (CAD56301.1); 9— V. polyspora (XP_001646178.1); 10 — C. glabrata (CARS58006.1); 11 — Ash-
bya gossypii (AAS50575.1).
JKupHbIM IPUQTOM BBIAENCHBI yYaCTKH, COOTBETCTBYIONIHNE ()ePOMOHAM ¢-THIIA; 3BE3/10YKOH OTMEUECH OCTATOK IINCTEHHA — MH-
LICHb U1 MOAN(UKALMU (apHE3UIbHOI TPyMIOii.

tpumepHoro G-6emnka Gpal(Ga)-Git5(GB)-Gitl 1(Gy) u ero aguccormanuu Ha Gpal-cyOne-
nuaAny 1 Git5-Gitl 1-mumep. OnHako 3a nepenady (GepoMOHAIBHOTO CUTHANA Yy S. pombe
orBercTBeHHa Gpal-cyObenununa, a He GitS-Gitl 1-numMep, Kak 3TO MPOUCXOINUT B CIIy4ae
S. cerevisiae (Ladds et al., 2005). Gpal-cyopenunnma aktuBupyet kackag MAIIK, xorto-
polit Bkitouaet Byr2 (kunasy kunassl MAIIK), Byrl (kunazy MAIIK) u Spkl (MAIIK), uto
BEZIET K aKTHBAIMU (paKTOPOB TPAHCKPHIILMU U PEryJSIIUU TeHHOH dKcnpeccuu. B 3Toi cBs-
31 CIIeyeT OTMETHTB, 4To Y S. cerevisiae Gpal-cyObeTMHNIA B OTCYTCTBHE (hepOMOHa Hera-
TUBHO perynupyer kackag MAIIK u OnokupyeT 3KCIpeccHio KOHTPOJIUPYEMbIX UM T'€HOB.

[TpenmecTBeHHNKN O.-pepPOMOHOB, 00OIAAfONINE CTPYKTYPHOW IOMOJIOTHEH MO OTHO-
menuto Kk MFo S. cerevisiae, n reHepupyeMble BCIEICTBHE MX THAPOJH3a 0-HepoMOHBI
BEISBJICHEI Y OOJBIIMHCTBA TPUOOB acKOMHUIETHOTO addunuTera, B ToM uncie y C. albi-
cans (Bennett et al., 2003), Candida glabrata (Wong et al., 2003), Magnaporthe grisea
(Shen et al., 1999), Aspergillus fumigatus (Poggeler, 2000, 2002), A. nidulans (Paoletti et
al., 2007), Neurospora crassa (Bobrowicz et al., 2002), Sordaria macrospora (Poggeler,
2000), Cryphonectria parasitica (Zhang et al., 1998), Podospora anserina (Coppin et al.,
2005), Penicillium marneffei (Woo et al., 2006), P. chrysogenum (Hoff et al., 2008). Bo
BCEX IPEALIECTBEHHUKAX 0l-(pepOoMOHOB TpOOB aCKOMHUIIETHOTO ady(pMHHUTETA JTOKAIN30Ba-
HBI 110 HECKOJIBKO KOTIMI MOJIEKYT 0.-(DepOMOHA, Ka)kaas U3 KOTOpbIX ¢ C-KOHIIAa OrpaHude-
Ha KR-caiitom (B penkux cimydasx RR-caiitom), sIBASIOIINMCS MUIICHBIO IS TPOTECOJIUTH-
4yecKoro pacueruieHys. [IpoBeieHHbIN HaMU CPaBHUTENbHBIN aHAJIA3 IEPBUYHBIX CTPYKTYP
MIPEIICCTBEHHUKOB OL.-()e€pPOMOHOB ITO3BOJIIII PAa3IeJINTh X Ha ABe rpymmsl (puc. 3). Ilep-
Basi, Oojiee OOIIMpHAst IPyIINa BKIIIOYAET OL-IIPEANIECTBEHHUKH IPUOOB aCKOMHIIETHOTO ad-
¢unuTeTa, romonorngasie MFa S. cerevisiae. BonbIMMHCTBO U3 HIX HMEIOT 110 3—4 KOTIHU
MOJIEKYJ 0L-(pepOMOHOB, JIOKaIN30BaHHBIX B C-KOHIIEBOM YacTH MOJIEKYJbl. B HEKOTOPBIX
npeKypcopax Konmuu (PepOMOHOB Pa3iMYyaroTCs OJHUM MM JIBYyMs OJU3KUMH 1O (u3u-
ko-xumudeckuM cBoiictBam AKO (ydactku 87—99 m 108—120 B mpedmiecTBEHHHUKE
a2-bepomona S. cerevisiae, yaactku 98—110 u 123—135 B npeniecTBeHHUKE oL-(HepOMO-
Ha C. glabrata) (puc. 3). Bropas rpymmna BKIIOYaeT MPEIIICCTBEHHUKH O.-(pepPOMOHOB, TO-
MOJIOTHYHBIX 110 OTHOIIEHMIO K ccg-4 N. crassa. B HUX KOIMM MOJIEKyJd O.-()epOMOHOB
BCTPEYAIOTCA 10 BCEil AJIMHE MOJIEKYJbl, IPUYEM B IPEIIIECTBEHHUKAX O.-(EPOMOHOB
C. parasitica (AAC39328) u Gibberella zeae (XP_385237), umeromux iy 530 n 421
AKO, yncno xonui 1OCTUTAET LIECTH U BOCBMHU COOTBETCTBEHHO. MIICHTUYHOCTh NEPBUY-
HOW CTPYKTYPBI IIPHU ITOTIAPHOM CPaBHEHUH OEJIKOB-TIPEIIIECTBEHHUKOB BHYTPH yKa3aHHBIX
rpynn kosieosercs ot 35 10 82 % u B 3HAUUTEIBHOM CTEIICHH MOBBIIIAETCS B y4acTKax, KO-
TOPBIE COOTBETCTBYIOT MOJIEKYJIaM O.-()EpPOMOHOB U CIEIYIOUINM 32 HUMH CalTaM-MHIIIe-
HSIM JUIS1 IPOTEOJIMTUYECKOTO PaCIIeTICHUS.
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[TomoOHO WX mpeamecTBeHHUKaM, o.-(pepoMOHBI TPHOOB aCKOMHUIETHOTO addUHUTETA
TaK)Xe MOTYT OBITh pa3JiesieHbl Ha JiBe Tpynsl (cM. puc. 2). IlepBast U3 HUX BKJIIOYAET oL-de-
POMOHBI, KOTOPbIE TOMOJIOTHYHBI 0L-(haKTOpy S. cerevisiae 1 IMEIOT KOHCEHCYCHYIO MOCIIEN0-
BarensHOCTh WHWLXLXXGQP(I/M)(I/F). Bropas rpynma BxiIrouaet 6oiee BapraOeIbHEIC
0 CTPYKTYpe a.-hepoMOHBI ¢ KOHCEHCYCHOM mocienoBatebHOCThI0 WCX(R/H)XXGQXCX,
TOMOJIOTUYHBIE a-(epoMoHy N. crassa. Y MHOTHX O.-()€pOMOHOB BTOPOH TPYIITBI MEX-
ny C-konueBoit AKO, koTopasi yaiie npejacTaBiieHa OCTaTKOM TpunTodaHa WIN APYroi
ruapodoObHON aMHHOKHCIOTH, W KR-caliTOM UIsi TPOTEOJMTUYECKOTO PpaCHICTUICHUS
pacronaraeTcsi BCTaBKa JUIMHOM OT ogHoi o nsitu AKO, coneprkamiasi OCTaTKU JIM3UHA U
annpaTuyeckux aMUHOKHUCIOT. BeposTHO, oHa HeoOxoauMa JJjisi MPOLECCUHTa MOJIEKY-
161 pepomoHa. CiaesyeT OTMETHTh, YTO B OZTHOM M TOM JK€ TPEIIIECTBEHHUKE NMEIOTCS KO-
nmuu o.-epoMoHa, KaK MMEIOIe TaKylo BCTaBKY, TaK M JuiIeHHbIe ee. Hanpumep, ppgl
S. macrospora BKIIIO9aeT YEThIPEe KOMUU MOJIEKY ()epOMOHA CO BCTABKAMU, IPUIEM B KaXK-
mom ciyuae pasueivMu (KV, KKA, K u KA), 1 oqHy Komnwro, JHIICHHYIO TaKOW BCTaB-
ku (puc. 3).

Y GodbpIIMHCTBA TPHOOB ACKOMHUIICTHOTO apuHHUTETAa OOHAPYKEHBI MPEIIICCTBEHHI-
KU a-(pepOMOHOB, CTPYKTYpHO Onu3kue a-dakropy S. cerevisiae. Hexoropble U3 HUX, B Ya-
CTHOCTH TIpEAIIECTBCHHUKH a-pepoMoHOB M. grisea (Shen et al., 1999), N. crassa (Bob-
rowicz et al., 2002) u P. anserina (Coppin et al., 2005), B HacTosIee BpeMsi IETAIbLHO
oxapakTepu3oBaHbl. [IpoBeleHHOE HaMM CpPaBHMUTEIIBHOE M3YYEHHE IPEANICCTBCHHUKOB
a-hepoMOHOB HE BBISIBHJIO BBHICOKOW KOHCEPBATHBHOCTH MX ITEPBHYHBIX CTPYKTYD, JaKe
B C-KOHIICBOW YaCTH, T PACIOIOXKECHBI MOJICKYJIbl a-hpepoMoHoB (puc. 4). MckimodyeHue
COCTaBIISIET PACTIOIOKEHHBIH Ha C-KOHIIE MOJIEKYJ @-(DepOMOHOB OCTATOK IICTEHHA, KOTO-
PBIH SIBIISICTCS MUILIEHBIO AJ1s1 papHE3MIMPOBAHUS U METHIIMPOBAHUS M UTPAET ONPEEISIO-
IIYI0 poJib B (YHKIIMOHAIEHOW aKTHBHOCTH (PepOMOHA.

VY 0a3uAMOMHUIIETOB OTCYTCTBYIOT NPEALIECTBEHHUKH O.-()ePOMOHOB, HO IIUPOKO Ipe/-
CTaBJICHBI TPE/ALICCTBEHHUKH (DEPOMOHOB, KOTOPbIE CTPYKTYpPHO OJIM3KK a-pepoMoHam
rpudoB ackomuneTHoro apduuurera. [Ipu 3TOM y 6a3MIMOMHULIETOB BBISIBICHO HECKOIBKO
BapUAHTOB IPENIIECTBEHHUKOB, KOTOPbIE T'€HEPUPYIOT pa3iindHbie (HOPMBI a-TIOTOOHBIX
¢depomonoB. B wactHOCTH, Yy ToMOTaImIHUHOTO Oasuanommuuera Schizophyllum commune
BBISIBJICHBI IIECTh IPEALIECTBEHHUKOB, MPOLIECCHHI KOTOPBIX BEAET K IIECTH Pa3IUYHBIM
a-nogo6ubM pepomoHaM. CTeneHb KOHCEPBATUBHOCTH NMEPBUYHOM CTPYKTYPBI IPEIIECT-
BEHHHMKOB M T€HEPUPYEMBIX U3 HUX ()epOMOHOB OYEHb HHU3KaA. Tak, CpaBHEHUE LIECTH a-T10-
JNOOHBIX (EepOMOHOB S. commune He MO3BOJISIET BBISBUTh B HUX HHM OJHOM HICHTHYHOMN
AKO, 3a UCKIIOYEHHEM OCTATKOB LIUCTEMHA U CIAEAYIOLIEro 32 HUM BaJiMHA B C-KOHLIEBOM
caiiTe, KOTOPBIH SBISETCS MUIICHBIO sl apHesunrpoBanus (Vaillancourt et al., 1997).
MHOT0 BapHaHTOB a-MO0J00HBIX (PEPOMOHOB M UX NPENIIECTBEHHIKOB BBISIBICHO Y IPYTHX
6asunuomunietroB — Cryptococcus neoformans (Moore, Edman, 1993; Lengeler et al.,
2002), Ustilago maydis (Hartmann et al., 1996), Coprinus cinereus (Riquelme et al., 2005).
Wx nepBudHasi CTPyKTypa O4eHb BapHadelbHA IPH CPaBHEHHH ()EPOMOHOB KaK OJIHOTO
BUjia I'puOOB, TaK M Ppa3IMYHBIX WX BHJOB, UCKIJIIOYas pacrojioXeHHbIH Ha C-KoHIe
CAAX-caift s papHe3WIHPOBAHAL. ITO MOKET YKa3bIBaTh HA TO, UTO OJHOM U3 Ba)KHEH-
LIMX MOJIEKYJISIPHBIX JIETEPMHUHAHT, OTBETCTBEHHBIX 32 OMOJIOTHYECKYI0 aKTHBHOCTb d-T10-
JOOHBIX ()EPOMOHOB, SIBJIAETCS MOOU(DUIIMPOBAHHBIN H30IPECHONIHBIM PAIUKAIIOM OCTaTOK
uucrenna B CAAX-caiire.

MorekyJisipHbIe MEXaHU3MBI ISHCTBUS Ha KJIETKY OONBUIMHCTBA ()EPOMOHOB I'PHOOB ac-
KOMHIETHOTO adppruHuTETa M1 0A3UANOMHUIIETOB CXOJHBI C TAKOBBIMH IS OL.- U a-(haKTOPOB
S. cerevisiae ¥ TaKkXKe OCYIIECTBISIOTCS Yepe3 PELenTOPbl CEPIIAHTHHHOTO THIIA, KOTOPBIE
yepes MmocpeacTBo By-aumMepa rereporpuMeproro G-6enka perymupyoT GyHKIHOHATBHYIO
akTuBHOCTH Kackana MATIIK u skcnpeccHio 3aBUCHMBIX OT HETO T€HOB, B TOM YHUCJIC TEHOB,
OTBETCTBEHHBIX 32 CHHTE3 caMux pepomMoHOB. B akTuBanuu kackana MAIIK moxeT npuHu-
MaTh ydJacTue u o.-cyopeannuna G-06enka, Kak 3T0 IPOMCXOANT Y Ipoxxker S. pombe, XoTs
€e poJib B PEryIaTOpHBIX 3 dekTax PepoMOHOB HE CTOJIb 3HAUUTEIBHA, KaK POJIb BY-TUME-
pa, a B pAze cilydaeB J0 KOHIIA HE BBIICHEHA. DTO OTIHYAeT (pepoMOoHaIbHBIE KaCKaabl TPH-
60B ackoMurieTHOro adpuHUTETa M 0A3UANOMHUIIETOB OT TAKOBBIX IPOXKEH S. cerevisiae,
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y KOTOPBIX Ol-CyOBEOMHHUIA SBISETCS HHTHOMTOPOM IE€peaddl TOPMOHAIBHOTO CHUTHAIA.
OnucaHHas BBIINIC MOJENb, BKIIOYArOIIas akTuBanuio kackamga MAIIK kak Py-gumepom
(ocHOBHOM MyTh), Tak U o.-CyObeauHuIelt G-0enka, mokazana ais apoxoken Kluyveromyces
lactis n 6asugnomunetoB C. neoformans u U. maydis (Alspaugh et al., 1997; Lengeler et al.,
2000; Wang et al., 2000; Coria et al., 2006). [Toka3aHo, 4TO y MyTaHTHBIX JIMHUH TPUOOB
C HEaKTUBHBIMH [ y-IHUMEpOM U o.-cyOrenuauIeit G-0enka HapyIIeH MpoLece mepenadn ge-
POMOHAJIBHOT'O CUTHAJIa U OJIOKMPOBAH KJIETOYHBIH OTBET Ha AelcTBHE hepoMoHa.

Y rpuboB ackomuueTHOro adduHUTETa BHISBIEHBI, @ B HEKOTOPBIX CIydasX M OXapak-
TEPU30BaHBI PELETITOPHI KaK JUIsi o.-hepoMOHOB, Tak 1 st a-pepomoHoB (CaSte2 n CaSte3
C. albicans, MpgSte2 u MpgSte3 M. grisea, AnGprA u AnGprB A. nidulans, PreB u PreA
A. fumigatus, Pre2 u Prel N. crassa u np.), KoTopble 00J1a1al0T BEICOKOI TOMOJIOTHEH TIep-
BUYHOW CTPYKTYPBI, B TOM YHUCIIE B 00JIACTH JINTaHACBS3BIBAIOLIETO CaiiTa, 10 OTHOIICHHIO
K perieniropam Ste2 u Ste3 S. cerevisiae coorserctBeHHO (Han et al., 2004; [lImakos, 2007;
Shpakov, Pertseva, 2008; Xue et al., 2008). ¥ 6a3u11OMHLIETOB OTCYTCTBYIOT PELIETITOPEI,
roMOJIOTHYHbIe Ste2-moJoOHBIM penenTopaMm rpuboB ackomuieTHoro adduuurera, 4To
CBSI3aHO C OTCYTCTBHEM Yy HUX O.-()€pPOMOHOB, JUTaHJOB 3THX PELENTOpoB. B To e Bpems
y 0a3uJMOMHUIETOB B OTJIMYME OT TPHOOB aCKOMHUIIETHOrO ap(pUHUTETA UMEIOTCS IO J1Ba
u 6onee Ste3-momoOHBIX perenrtopa (Ste3a, Ste3a u Cpr2 C. neoformans, Pral m Pra2
U. maydis, Rcbl, Reb2 u Reb3 C. cinereus v nip.), 4T0 XOPOIIO COTNIACYETCsl C MHOKECTBCH-
HOCTBIO (hOpM a-TIOJOOHBIX (HEPOMOHOB, KOTOphIC SABJIAIOTCA mx jurangamu (Casselton,
2002; Xue et al., 2008). KoHTpOo1b TPOAYKIINH U CEKPEHH PEPOMOHOB M (YHKIIHOHAIBEHOMN
AKTUBHOCTH (DEPOMOHAIBHBIX CUTHAJIBHBIX CHCTEM OCYILECTBISIETCS uYepe3 MOCPEACT-
BO MAT-nokycoB. Y TpHOOB aCKOMHIETHOTO aUHHUTETA STH JIOKYCHI, KaK IPaBHIIO,
HE BKJIIOYAIOT I'€HBI, KOJUPYIOLIHe PepOMOHBI M CONPSIKEHHBIE ¢ HUIMHU CUTHAJIBHBIE OCIKH.
B 10 xe Bpems y 6azunnomuiieToB MAT-10KyCHl COepKaT TeHBI, KOTOPBIE HAPSIy C (ak-
TOpaMy TPAHCKPUIIHMU KOAMUPYIOT KOMIIOHEHTHI (DEpOMOHAIBHOTO CHIHAJIBHOTO ITyTH,
BKJIIOYasi Kak caMu (pepoOMOHBI, TaK U MX PELENTOPBI U CONPSHKEHHBIE C HUMH Te€TepOTpPHU-
meprbie G-0enku (Lengeler et al., 2000, 2002; Fraser et al., 2007; Bakkeren et al., 2008;
Kothe, 2008).

DOepoMOHB, IPOU3BOAHBIE KapoTHHA. Y TpHOOB, OTHOCAMHNXCA K MOPSIKY
Mucorales xnacca Zygomycetes (Mucor mucedo, Phycomyces blakesleeanus, Zygorhynchus
moeleri, Blakeslea trispora), PyHKIMM (HEPOMOHOB BBIMOIHSIIOT BEIIECTBA HEMENTHIHON
MPUPOJIBI — TPHUCIIOPOBAS KUCJIOTA U €€ TPOU3BOAHBIE, TPEIIECTBEHHUKOM KOTOPBIX SIBJISI-
ercs B-kapotuH (Skosiesa u ap., 1980; Sutter, Whitaker, 1981; Schachtschabel et al., 2005;
Schachtschabel, Boland, 2007). TpucnopoBast KHCJIOTa IMOBBIIIIAET HHTCHCHBHOCTh CHHTE3a
KapOTHHOHUIOB B KJIETKax rpubda, peryJmpyer nporecc HoJIoBOro pa3BUTHA U BBI3BIBAET 00-
pa3oBaHME MOJOBBIX CIIOP — 3HUrocmop. IIoCKoIBKY TpUCTIOPOBAst KUCIIOTA SBISETCS METa-
60sMTOM B-KapOTHHA, TO OCYLIECTRIIIEMas €10 PErYJIALUs KApOTHHOTEHE3a JIS)KUT B OCHOBE
MeXaHH3Ma ayTOPEryJSIHU, BCIEACTBUE YETO TPHUCIOPOBAs KUCIOTa U €€ MPOU3BOJHBIE
BBIMOJIHAIOT (DyHKINH Kak (epomMoHOB, Tak 1 QS-mosexyn. B 3Toit cBs3n cnemyer oTtme-
THUTb, YTO TPUCIIOPOBAs KUCIIOTa BOBJICUEHA HE TOJIBKO BO BHYTPUBUAOBYIO XEMOKOMMYHH-
KaIMio, HO JUI1 HEKOTOPBIX Iapa3sWTHUYECKUX TpuOOB, Hampumep Parasitella parasitica,
oIpejeNsieT uX B3auMOOTHoLIeHus ¢ xo3stmHoM (Schultze et al., 2005). Dkcrpeccust reHoB,
KOAUPYIOIIUX KIFOUeBble ()EPMEHTHI CHUHTE3a TPUCIIOPOBOM KHCIOTHI, B YaCTHOCTU 4-1H-
THJIPOMETHIITPUCTIOPATICTUAPOT€HA3Y, BIMSACT HE TOJIBKO HA TOJIOBOE Pa3MHOXKEHHE TPH-
0a, HO M Ha peaJH3alyio NPOorpaMMbl Iapa3uTH3Ma.

Ha nagampHOM 3Tane u3 B-KapoTHHA HONydaeTcs 4-TUTrHAPOTPUCIIOPHH, IIPUYEM €ro
CIIOCOOHBI CHHTE3UPOBATh I'PUOBI, OTHOCSILIMECS K 000OMM THIaM crapuBaHus: (—) u (+)
(puc. 5). OgHako B JanpHEHIIEM TpUOBI (+)-THIIA CHHTE3UPYIOT 4-IUTHIPOMETHIITPHUCIIO-
par, a rpu0bI (—)-THIIa — TPUCIIOPUH, KOTOPbIE B AaJbHEHIIEM CIIOCOOHBI IPEBpAIIATHCS B
HpeALIeCTBEHHUKOB TPUCIIOPOBOM KUCIIOTHI, METHIITPUCIIOPAT U TPUCIIOPOJ TOJNBKO B KJIET-
Kax rpuba IpPOTHBOIIOJIOKHOTO Mojia. BenencrBue 3Toro 4-IuruapoMeTHITPUCIIOpAT U
TPUCIIOPHH CHavalla CeKPETUPYIOTCS BO BHELIHIOIO CPEY U YJIaBIMBaOTCs Tudamu rpudos,
OTHOCSIIIIAMCS COOTBETCTBEHHO K (—)- U (+)-THIIaM CIIapHBaHUSA, ¥ TOJIBKO 3aTEM IpeBparia-
IOTCSl B METHJITPHCIIOPAT M TPUCIOPOJI, U3 KOTOPHIX B KOHEYHOM HTOI'€ CHHTE3UPYETCS
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[-kapoTuH

(+)(—)-TU1BI CIapUBaHUsI l l l

H,C_ _CH,
CH

Y a4 3

cn, HiC o

(+)-THIl ciapUBaHUs

HyC o« COOCH,

nuddysus
H,C ~COOCH;

CH,4

Puc. 5. BuocuHTeTHYECKME ITyTH CHHTE3a TPUCIIOPOBOH KUCIOTHI U3 B-KapoOTHHA Y IPUOOB, OTHOCAIIMXCA K pa3-
JIMYHBIM TUIaM CIAapHBaHUS.

1 — B-Cg-KeToH, 2 — 4-AUrHApOTPUCHIOPHH, 3 — 4-IUTHAPOMETUITPUCIIOPAT, 4 — TPHCIIOPUH, 5 — TPHUCIIOPOI, 6 — METHII-
TPHUCIIOPAT, 7 — TPHUCIOPOBAs KUCIOTA.

TpucnopoBas kuciora (Schachtschabel, Boland, 2007). MyraHTHbIe JTUHUU TPUOOB, JH-
LIEHHBIE CIOCOOHOCTH CEKPETUPOBATH NIPEAIIECTBEHHUKH TPHCIIOPOBOM KUCIOTHI BO BHEIII-
HIOIO Cpely, He CITIOCOOHBI MHIYyINPOBAaTh CHHTE3 TPUCIOPOBOW KHCIOTHI ITpHOaMM MPOTH-
BOIIOJIOXKHOTO THIIA CIIAPUBAHUS U HE BBI3BIBAIOT 00pa3oBaHue 3Urogop.
Huknuueckuit aneHo3UHMOHO Qocdart. Eme ogroit QS-Monekynoit y rpudos
sBisiercst HAM®, koTopelii cuntesupyercs pepmerrom ALl YV GonbIIMHCTBA OpraHU3MOB
TAM® sBiseTCS BHYTPHUKJIETOYHBIM BTOPHYHBIM IIOCPEAHUKOM, KOTOPBIH BBIpaOaThHIBACT-
csl B OTBET Ha ctuMmyssinuio All ropMoHamu WM IpyruMH (akTOpaMH M KOHTPOJIHPYET
MUPOKKUH cekTp HAM®D-3aBUCUMBIX CUTHAIBHBIX MyTel. OqHaKO y TPHOOB U HEKOTOPHIX
OJIHOKJIETOYHBIX OpPraHu3MoB HAM® MOXKET CEKpeTHpOBAaTbCAd BO BHEKIETOYHOE IIPO-
CTPAHCTBO ¥ BBIMOJHATH (PYHKIIMIO TOPMOHA, TIEPBUYHOTO MOCPEJHHKA, NEHCTBYS Ha CIie-
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IU(GUYECKH ONO3HAIONINE €r0 IOBEPXHOCTHBIE PEIENTOPHI, OTHOCHUMBIE K CEMEHCTBY
nAM®-penentopos (Manahan et al., 2004; Brunner et al., 2008; IlInakos u ap., 2009).

[TepBBIM OpraHu3MoM, y KOTOPOT'O OBUIM BBISIBIICHBI U OXapakTepu3oBaHbl HAM®-pe-
LENTOPHI, U3y4eHa UX PEryisnus BHEKIETOUHBIM HTAM® 1 mccinenoBaHbl MOJICKYJISIPHBIC
MexaHHu3MBbI aericTBus TAM® Ha 3hdexTopHbIe CHCTEMBI KIETKH, CTall MUKCOMUIeT Dicty-
ostelium discoideum (Kimmel, Parent, 2003; Manahan et al., 2004). YV Hero ObIITH BEISBIIC-
HbI ueThlpe Tuna HAM®-penentopoB (CAR13—cAR4). Bce oHu oTHOCSTCS K peLenTopam
CEPIAaHTHHHOTO TUIIA, KOTOPbIE 7 pa3 MPOHU3BIBAIOT MJIa3MaTHUECKYI0 MeMOpaHy 1 QyHK-
LMOHAJIBHO COMPSIKEHBI ¢ rereporpuMepHbIMU G-Oenkamu. OcHoBHast ¢yHKIms cAR co-
CTOMT B 00ECIIEUeHUH arperaluy HHUBUIYaIbHBIX KIETOK Ipr0a B MHOTOKJIETOYHOE 00pa-
30BaHUe, KOTOpas BbI3biBaeTcsa TAM® u HaxoguTcs o ero KoHTpoiem. Knerku D. discoi-
deum, pacToJIO’KEHHBIE B IEHTPaX arperaiyy, IeproIuiecKy reHepupyoT tAM®-curnai,
KOTOPBIN IepeIacTCsl Ha COCEJHNE KIETKH, BBI3BIBAET UX MOJSIPU3ANNIO U ABMKCHUE K [ICH-
TpaM arperamuy IO BO3pacTalolleMy TIpagueHTy KoHieHTpauuu HUAMO®. Casa3biBaHHE
HAM®O c cAR BbI3bIBaCT CTUMYJISIIIMIO PA3IHYHBIX 3P (QEeKTOPHBIX cucTeM, B TOM uucie Al
A-tnna, cnenn(UYHONH B OTHOMIGHUH IIpoliecca arperamuu amed, Kotopas odecreynBaeT
CHHTE3 M CEKpeUuIo HOBBIX mopiuid TAM® u, TakuM 00pa3oM, MHOTOKPATHO yCHJIMBAET
TepBOHAYANBHBIN curHai. CurHai, reHepupyemsiii TAM®, He TOBKO oOecrieunBaeT JBU-
YKEHHUE KIIETOK I'pu0a Mpu arperanuy, Ho 1 KOHTPOJIHMPYET UX JIBUKEHUE Ha APYTHX CTaUIX
KHU3HEHHOTO 1IMKJIA, a TAK)KE SIBJIAETCS OCHOBHBIM PETYIISITOPOM SKCIIPECCUHU T€HOB, OTBET-
CTBEHHBIX 3a IIPOIIECCH pa3BUTHs U nuddepenuuposanus D. discoideum (Dornmann et al.,
2001). Cnenyer OTMETHTB, YTO NOCKOJIBKY HAM® perynupyer akTMBHOCTb (pepMEHTa, OCY-
IIECTBIISIOIETO €r0 CHHTE3 (ayTOPETYJISAIMA), U BIUACT Ha HKCIPECCHIO T€HOB, KOJHPYIO-
KX OeNKH — KOMITOHEHTHI 3aIlyCKaeMOro MM CHTHAJIBHOTO KacKalia, TO OH IOJHOCTBIO
YZIOBIETBOPSET KPUTEPHUSIM, IPEIbABIsIEMBIM K QS-Momexymnam.

[TpoBeneHHBIN HAMY ¥ APYTHMH aBTOPaMH aHAJIU3 TEHOMOB I'PHOOB aCKOMHIIETHOTO ad-
¢buHMTETa ¥ 0A3UIMOMHIIETOB MMO3BOJMI BBISIBUTH B HUX T'eHbI, KOJUPYIOLIHE PEIETTOPHI,
romosornunsie cAR D. discoideum, npudemM BO MHOTHX CIIydasx B T€HOME TprOa BBISBIIA-
eTcs 1o Tpu-ueThipe Tuna cAR-momo0OHsx perentopos (Lafon et al., 2006; IlInakos, 2007;
Brunner et al., 2008; Shpakov, Pertseva, 2008; Xue et al., 2008). dns rpudos pona Tricho-
derma (T. atroviride, T. virens) noiy4eHsl OpsIMbIE 10Ka3aTeNIbCTBA B [IOJIb3Y TOTO, YTO Ta-
kue cAR-mogo6HBIe penenTops! crienuduuecku omo3HarT HAM®, KOTOPHIH BBITIOTHSIET
(YHKIUIO XeMOATTPAaKTaHTa U PEryNIsATOpa BaKHEWIINX KieTouHbIX ¢yHKIui (Nemcovic,
Farkas, 1998; Mukherjee et al., 2007; Brunner et al., 2008). COBOKyITHOCTh BCEX 3THUX JIaH-
HBIX YKa3bIBacT Ha BAXXHYIO poiib HTAM® Kak MEepBUYHOTO MOCPEIHUKA B )KU3HEHHOM IHKJIE
rpuboB.

3akjoueHue

VY rpuboB, Kak U y 6akTepuil, UMeeTcs] IMPOKUN CIIEKTP Pa3IMYHBIX O XUMHUYECKON
npupoae QS-MONeKyl U PEeryIHpyeMbIX UMU CHUTHAJIBHBIX IyTEH, KOTOpPBIE OMPENENSAIOT
MEXXKJIETOUHYIO BHYTPH- U MEKBHIOBYI0 KOMMYHHKAITHIO B COOOIIECTBAX KIETOK Ipru0oB,
OTHOCSIIIIMXCS K Pa3JIMYHBIM UX TAKCOHOMUYECKUM rpymnnaM. CpaBHeHne QS-MolieKys rpu-
60B 1 GakTepuii MOKa3bIBAET YEPTHI CXOACTBA Y OOJIBIIMHCTBA U3 HUX. Tak, IMEIOIIUE TH/I-
podoOHbIe 1ienn apHe30 U (apHE3UIIOBask KUCIOTa CTPYKTYPHO Onn3ku N-aluinpoBaH-
HBIM IIPOM3BOJHBIM TOMOCEPHHIAKTOHOB, BBITONHAIOINM (QyHKIM0 AU y OonpimnHCTBA
IpaMOTPULIATENIEHBIX OaKkTepuid, U Iuc-11-MeTHiI-2-101€KaHOBOM KHCIIOTE, SBISIOUICHCS
QS-mosekynoi y Xanthomonas campestris, a IpOU3BOIHBIC APOMATHUCCKUX AMUHOKHCIIOT
THPO30J1, 2-)hEeHIIITAHOI B TPUNTOPOI CXOIHBI C afpeHanuHnono0HsMu AU 3-ro THuma n
NPOM3BOAHBIMU WHJOJIA U XMHOJHMHA OaKTEpHH, KOTOPbIE PEryJUpyIT MEXKIETOYHYIO
KOMMYHHKAIIMIO B cOO0IIecTBaX OakTEpHAIbHBIX KIETOK M MX BHPYJIEHTHOCTh. Ilenmrma-
HbIe ()EPOMOHBI OL-THIIA, KOTOPBIE, KaK MPABUIIO, 3apsKEHBI MOJIOXKUTEIBHO, OJIM3KU I10
CTPYKTYpPHO-()yHKIIMOHAIBEHOH OpraHU3aliK OJIMKaTHOHHEIM enTHAHEIM AW rpammorno-
KHUTEJIBHBIX OaKTepuii, B TO BpeMsI KaK MENTHIHbIE ()epOMOHBI a-THIIA, COAEPIKaIUe THAPO-
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(hoOHBII (papHE3UITHHBIN paguKa, IBISIOTCS CTPYKTYPHBIMH TOMOJIOTaMHU KOPOTKUX OaKTe-
puanbHbIX nentuaoB ComX-ceMeiicTBa ¢ epOMOHANBHONH aKTHBHOCTBIO, KOTOPBIE TaKXkKe
MOU(HUIMPOBaHbl (papHE3WIBbHON Ipynmnoi. Bee 3To yka3blBaeT Ha TO, YTO HPEANISCTBEH-
HuKamMu QS-MoJeKya rpubOB MOTYT SIBJIATHCS Pa3jIMUHBIC KJIACCHI OakTepHaidbHBIX AU,
a QS-cucremsl rpuboOB, BO3MOXKHO, UMEIOT Npokapuotudeckue kopHH (Illmaxos, [lepuesa,
2008; Shpakov, Pertseva, 2008). Y QS-monekyn rpub0oB 00HApYKHBAIOTCS YEPTHI CTPYK-
TYPHOTO U (PyHKIIMOHAIBHOTO CXOJCTBA C TOPMOHAJILHBIMH M TOPMOHOIOA00HBIMH MOJIe-
KyJIaMH BBICHIMX 3YKapHOT — OHOT€HHBIMH aMHWHAMH, SBJISIOIIMMHCS HPOU3BOAHBIMU
apOMaTHYECKHX aMUHOKHCIIOT, HYKJICOTHIaMH, SKUPHBIMH KHCIOTaMH | MENTHAHBIMU TOP-
MoHaMHu. TakuM 00pa3oM, HEJb3sI UCKITIOYHTh, 4T0 QS-crcTeMa rpubOB MOXKET OBITH BKITIO-
YeHa B CUCTEMY XEMOKOMMYHHKAINH, KOTOpPas ONpeAessieT B3aNMOOTHOIIECHHUS MEXAY QH-
JIOTEHETHYECKU ylaleHHbIMH opranuzmamu (Bahn et al., 2007).

Uzydenne QS-Momnekys1, onpenensonmX KH3HEHHBIA UK TPHOOB, MHOTHE U3 KOTO-
PBIX SBJISIOTCS. (QUTONATOTEHHBIMH MJIM NTATOI'€HHBIMHM JUISl YeJIOBEKa M KMBOTHBIX, UMEET
OouibllIoe 3HAYCHUE JUIS CO3/IaHMsI Ha MX OCHOBE (P(EKTUBHBIX PETYJISITOPOB (PyHIaMEH-
TaJIbHBIX )KU3HEHHBIX IIPOIECCOB B KIETKaX ITPHOOB, B TOM YHKCIIE ITPETIApaToOB ¢ (yHTHIIUA-
HOW aKTUBHOCTHIO. [IoHMMaHHe MOJIEKYISAPHBIX MEXaHU3MOB JeHCTBHS QS-MOJEKYJ TpH-
60B u pacmm(poBKa CTPYKTYpPHO-(PyHKIMOHAITBHOW OPTaHH3ALUU PETYIHPYEMBIX HUMH
QS-cucreM He0OXOIUMBI TAKXKe JJIs1 OMOTEXHOJIOTUH, OCHOBAHHOM Ha IPUMEHEHUH I'PHOOB
JUIS IPOU3BOJCTBA OMOIOTNYECKU aKTUBHBIX BELIECTB, HOCKOJIBKY MPOLECCHI PA3MHOKCHUS
IpuOOB M UX Pa3BUTHS, a TAKXKE UX OMOCHHTETHYECKas aKTHBHOCTh HaXOJATCS IO/ HEMo-
CPEICTBEHHBIM KOHTPOJIEM THX CHUCTEM.
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WHCTHTYT 3BONIOLMOHHO# QH3HOIOrHI Ioctynmna 19 XI2008
n 6uoxumuu um. M. M. Ceuenosa PAH
Cankr-ITerepOypr
alex_shpakov@list.ru

PE3IOME

B 0030pe npoaHann3upoBaHbl U CHCTEMATU3UPOBAHBI JaHHBIE [0 CUTHATBHBIM MOJIEKYJIaM, de-
pe3 MOCPEACTBO KOTOPHIX OCYIIECTBISIETCSI BHYTPH- U MEKBHJI0OBas XEMOKOMMYHHUKanus (quorum
sensing) y rpu6oB. @yHknnu QS-MoiieKys1 y rpHOOB BEITOIHSIOT IPONU3BOIHEIE TepIIeHOB ((apHe30:1)
Y apOMaTHYECKUX aMHHOKHUCIIOT (THPO30J1, 2-heHUIITaHO U TPUNTO(OI), a TAKXKE OOIIUPHAS TPYII-
na (hepoMoHOB. PaccMOTpeHBI 1BE OCHOBHBIE TPYMITBI (PEPOMOHOB — OJIMIONENTH/bI, BBIMONTHSIOIINE
¢yskumo GepoMoHOB criapuBaHUSI M QS-MOJEKYJ Y aCKOMUIETOB U 0a3UIMOMHIIETOB, U IPOU3BOI-
HBIE KaPOTHHA — TPUCIIOPOBAs KUCIIOTA U €€ META0OIUTEI, OTBETCTBCHHBIE 32 XEMOKOMMYHHUKAIINIO y
3uromMureToB. OOCYXKIAI0TCSl XEMOCHTHAIBHBIE CUCTEMBI, KOTOPBIE OMO3HAIOT (QS-MOJIEKYJIBI U OII0-
CPeIyIOT UX peryiusTopHble 3G ekt Ha (QyHAaMEeHTalIbHbIE KJIETOYHBIC POLECCHl y IPHOOB.

KiroueBsle ciioBa: ayTOMHAYKTOP, TPHOBI, MENTHI, CHTHATIBHAS CHCTEMa, TPUCIIOPOBAs KHCIIOTA,
(apHe3oI1, GepoMOH, XeMOKOMMYHHUKAIIHS.

SUMMARY

In the review the data on signal molecules participating in intra- and interspecies chemocommu-
nication (quorum sensing) in fungi are analyzed and systematized. The functions of QS-molecules in
fungi are realized by derivatives of terpenes (farnesol) and aromatic amino acids (tyrosol, 2-phenylet-
hanol and tryptophol) and by large group of pheromones. Two main groups of pheromones, namely
the oligopeptides functioning as mating pheromones and QS-molecules in ascomycetes and basidio-
mycetes and the derivatives of carotene (trisporic acid and its metabolites) responsible for chemocom-
munication in zygomycetes, are considered. The chemosignaling systems that recognize QS-molecu-
les and mediate their regulatory effects on fundamental cellular processes in fungi are discussed.

Key words: autoinducer, chemocommunication, farnesol, fungi, peptide, pheromone, signaling
system, trisporic acid.
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