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Summary. Xylotrophic basidiomycete fungi take a unique place in the functional
structure of forest ecosystems because, on the one hand, they possess an extensive com-
plex of enzymes involved in lignin modification and degradation, and, on the other
hand, they synthesize enzymes capable of cellulose decomposition. Two groups of
wood-destroying fungi are widely known in this respect — brown-rot fungi producing
cellulolytic enzymes and white-rot fungi possessing not only cellulases but also lig-
ninolytic oxidative enzymes. Currently, the physiology, biochemistry and genetics of
basidial fungi are being actively researched. Thanks to the intensive development of
bioinformatics resources, the transcriptomes, proteomes and secretomes of higher fungi
are being analysed. At all three levels, both the biochemical mechanisms of degradation
of different wood types by basidiomycetes are being studied and the spectrum of en-
zymes of the lignocellulolytic complex involved in these processes is being revealed.
However, despite the identified general regularities, the specific mechanism of wood
degradation is determined by individual peculiarities of fungal enzyme systems en-
gaged in this process. The demand for lignocellulolytic complex enzymes for biotech-
nology purposes continues to grow steadily, since in addition to their ability to modify
complex organic polymers, these enzymes break down a wide range of substrates of
both natural and anthropogenic origin. New biotechnologically promising producers of
ligninases and cellulases with high biodegradation potential are constantly searched for.

In this work, we present data on 14 species of xylotrophic basidiomycete fungi new
to Bryansk Oblast, including little-known species Conferticium ravum, Phlebia tremel-
loidea, Physisporinus crocatus, with information on woody substrates and habitats oc-
cupied within the territory of the Bryanskiy Les State Nature Reserve, as well as data
on general distribution and finds of these species in adjacent regions. Among hosts for
revealed species of wood-inhabiting fungi, the main forest-forming trees such as Betula
pendula, Picea abies, Pinus sylvestris, Populus tremula, and Quercus robur are noted.
The majority of fungal cultures are obtained from basidiospores and basidiomata grown
on coniferous wood. Herbarium specimens of the identified species are catalogued and
stored in the Mycological Herbarium of the Komarov Botanical Institute RAS (LE),
and fungal strains are deposited in the Komarov Botanical Institute Basidiomycetes
Culture Collection (LE-BIN, St. Petersburg, Russia).

All collected specimens and pure cultures of studied aphyllophoroid fungi are de-
termined and verified based on both microscopic features and molecular genetic data.
Physiological and biochemical characterization, including assessment of their growth
rate and detection of enzymatic activity by rapid screening, was given for 16 strains of
wood-dwelling fungi. The linear growth rate was measured by culturing pure cultures
on standard MEA medium. The activities of ligninolytic and cellulolytic enzyme com-
plexes were registered using the application method that is widely applied for the pri-
mary biochemical screening of strains in many culture collections worldwide.
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The agarized medium containing ABTS (2,2’-azino-bis 3-ethylbenzothiazoline-6-sul-
fonic acid) was used for detection of oxidative enzyme activity while the cellulase ac-
tivity was studied on the agarized medium with CMC (carboxymethyl cellulose). The
strain LE-BIN 4006 of Phlebia tremelloidea showed high ligninolytic and cellulolytic
potential and rapid colony growth rate. This strain can be recommended for further bi-
otechnological applications. The strains LE-BIN 4422 of Emmia latemarginata and LE-
BIN 3999 of Phanerochaete livescens demonstrated high cellulolytic complex enzyme
activity despite the detected medium colony growth rate and medium oxidative enzyme
activity. Thus, based on the screening results, three strains of fungi belonging to the
order Polyporales have been identified as being of practical interest for use in biotech-
nological delignification and remediation processes. The importance of screening stud-
ies on active enzymatic producers among not only widespread taxa, but also by includ-
ing rare and little-collected species of fungi are demonstrated.

The article contains 2 figures, 1 table, 48 references.
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Annoranus. KcunorpodHsie 6a3uauanbHbie pUObl 3aHUMAIOT YHUKATBHOE MECTO
B QYHKIIMOHAIBHOM CTPYKTYPE JIECHBIX 9KOCHUCTEM, TIOCKOIIBKY, C OJHOM CTOPOHBIL, 00-
NaIal0T OOLIMPHBIM KOMIUIEKCOM ()epPMEHTOB, YYaCTBYIOIIUX B MOAU(DHUKALMU U Jie-
rpajaLyy JIMTHUHA, a C APYTOM CTOPOHBI, CHHTE3UPYIOT PEPMEHTBI, CLIOCOOHBIE pa3ia-
rarb IE/UIIONO3y. B 3TOM OTHOIICHWH INMPOKO W3BECTHBI ABE TPYIIIBI
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JIepeBOpa3pyLIAIOIIUX TPUOOB — TPUObI OypOii FHUIH, MPOLYLUPYIOLINE HEITFOI0IHU-
THU4ecKHe (pepMEeHThI, ¥ IPUOBI OeNoi THUITH, 00JIaIalolINe HE TOJIBKO LEIUTI0Ia3aMHu,
HO ¥ JIMTHUHOJIMTHYECKUMU OKUCIUTENbHBIMU (hepMeHTaMu. B HacTosIee Bpems ak-
THUBHO U3y4aloTcsl pru3noorus, OHOXMMUS U TeHEeTHKa 0a3uauanbHbIX rpuboB. biaro-
Japs MHTCHCHUBHOMY Pa3BUTHIO OMOMH(MOPMALIMOHHBIX PECYPCOB aHAIU3UPYIOTCS
TPaHCKPHUIITOMBI, IPOTEOMbI U CEKPETOMbI BhICIIMX TpuboB. Ha Bcex Tpex ypoBHsX
U3Y4alOTCs KaK OMOXMMHUYECKHE MEXaHU3MbI JIeTrpaaliiy 6a3uIMOMHULIETAMH Pa3Iny-
HBIX JJPEBECHBIX [IOPOJ, TAK U BBIABIISIETCS CHEKTP ()EPMEHTOB JIMTHOLIEIUTIONONUTHYE-
CKOro KOMILJIEKCa, y4acTBYIOIMX B 3THX Hporueccax. OHAKO, HECMOTPsI Ha BbISBIICH-
Hble 00LIME 3aKOHOMEPHOCTH, KOHKPETHBII MEXaHHU3M Pa3pyILEeHUs JPEBECHHBI OIIpe-
JIETISETCS] UHAUBUAYAIBHBIMUA OCOOCHHOCTSIMU (DEPMEHTHBIX CUCTEM I'PUOOB, y4acTBY-
IOIMX B 3TOM Ipouecce. Crpoc Ha (epMEHTHI JIMTHOLEIUTIOIIO3HOTO KOMILIEKCa JUIs
Leseil OMOTEeXHOIOr MU HPOJIOJKAET HEYKJIOHHO PACTH, IOCKOJIbKY IOMUMO CIIOCOOHO-
CTH MOZU(HULIPOBATH CI0XKHBIE OPraHUYECKUE MOJUMEpPBI 3TH (PEPMEHTBI pasiiararor
LIMPOKHUH CIEKTpP CyOCTPaToOB KaK MPUPOAHOIO, TAK U AHTPOIIOICHHOTO IPOUCXOK/IE-
HUs. B Hacrosiee BpeMs poA0KaeTCs HOMCK HOBBIX OMOTEXHONOTHYECKH IePCIIeK-
TUBHBIX MPOJYLICHTOB JMTHUHA3 ¥ LEJUIF0NA3, 00J1a1a0MX BEICOKMM OHOJerpaiaiu-
OHHBIM [TOTEHLIUAIOM.

B nanHoit pabote mpeacrtaBieHbl cBeaeHust 0 14 HOBbIX s bpsiHCKO#T 06nactu
BUJIAX KCWIOTPOQHBIX Oa3UIMOMMIETOB, B TOM YHCJIE MAaJOM3BECTHBIX BHAAX
Conferticium ravum, Phlebia tremelloidea, Physisporinus crocatus v nadopmanus o
3aHMMAaeMBbIX JPEBECHBIX CyOCTpaTax M MECTOOOMTaHHMSX HA TEPPUTOPUU TOCyIap-
CTBEHHOT'O IPHPOJHOrO 3arnoBeaHuKa «BpsHCKuii ecy, a Takke JaHHbIEe 00 o0lEeM
pactpoCTpaHeHUH U HaXOJKax 3THX BUIOB B COCEIHMX peruoHax. Cpenu IpeBecHbIX
CyOCTpaTOB ISl BBISIBJIICHHBIX BUOB IEPEBOOOUTAIONINX I'PHOOB OTMEYEHbI OCHOBHBIE
necooOpasyrotue mopoasl — Betula pendula, Picea abies, Pinus sylvestris, Populus
tremula, Quercus robur. BONBIIMHCTBO KyJBTYp TPUOOB MOTYyYSHO U3 0A3UAUOCIIOP U
6a3uaroM, cOOpaHHBIX HA JAPEeBECHHE XBOWHBIX mopon. I'epbapHbie 00pa3ibl HIACHTH-
(GULMPOBAHHBIX BU/IOB KaTaJOTM3UPOBAHbBI U XPAHATCA B MHUKOJIOrH4ECKOM repoapuu
Boranundeckoro uncruryra um. B.JI. Komaposa PAH (LE), a mrammsl rpu6oB aeno-
HupoBaHbl B Kosulekuuu KynbTyp 0a3uauOMMIETOB bBoTaHMuecKOro HMHCTHTyTa
um. B.JI. Komapoga (LE-BIN, Caukr-IlerepOypr, Poccus).

Bce coOpanHbie 00pa3iibl M YHUCTBIE KYJIBTYpbl M3yYeHHBIX aduiLIo()OPOHIHBIX
rpuOOB ONpe/ieNeHbl 1 BepUGHUIIMPOBAHBI HA OCHOBE KAK MUKPOCKOIMYECKUX MPU3HA-
KOB, TaK ¥ MOJICKYJIIPHO-T€HETHYECKUX AaHHbIX. [ 16 mraMMoB nepeBopaspyiiao-
KX rpuboB faHa HU3HOIOr0-ONOXUMHYECKAs XapaK TePUCTHKA, BKITIOYAIOIIAsK OLICHKY
CKOPOCTH HX POCTa U BbISBICHUE (DEPMEHTATHBHON aKTMBHOCTH METOJIOM 3KCIIpecc-
CKpUHUHTA. JINHEHHYI0 CKOPOCTH POCTA OLPEIEIISUIH ITyTEM KYJITUBUPOBAHUS YUCTHIX
KyJbTyp Ha craHzapTHoi cpene MEA. AKTUBHOCTD TUTHUHOIUTUYECKUX U LIEJUTIONIO-
JUTHYECKHX (PEPMEHTHBIX KOMIUIEKCOB PErHCTPUPOBAIIH C IOMOLIBIO METO/IA, LIIUPOKO
NPUMEHSAEMOro JJIs NEPBUYHOTO OMOXMMHYECKOr0 CKPUHHUHIA IITAMMOB BO MHOTI'HMX
MHPOBBIX KOJUICKIMAX KyJIbTyp. JIsi BBIABICHHS OKHCIUTENbHOH aKTHBHOCTH (ep-
MEHTOB HCIIOJIb30BaJIH arapu30BaHHYI0 cpey, coaepxkainyto ABTS (2,2'-a3uno-0uc 3-
STUIIOCH30THA30JIMH-6-CyIb()OKUCIIOTA), a LEIUTIONA3HY10 aKTUBHOCTh U3y4all Ha ara-
pH30BaHHOM cpenie ¢ nobaBneHneM kapookcumetTuieonossl. [ltamm LE-BIN 4006
Phlebia tremelloidea noka3an BbICOKUI JIMTHUHOIUTUYECKUN ¥ LIEIUTIOIOIUTHYECKUH
MOTEHIHUAI U OBICTPYIO CKOPOCTh POCTa KOJIOHMH. DTOT LITAMM MOXKET OBITh PEKOMEH-
JIOBaH ISl JajbHeiero 6uorexHonornueckoro ucnons3opanus. Itammer LE-BIN
4422 Emmia latemarginata u LE-BIN 3999 Phanerochaete livescens nponeMoHCTpu-
pOBaJM BBICOKYIO aKTHMBHOCTb (DEPMEHTOB LEIJUTIOJIOIMTHYECKOr0 KOMIUIEKCa, He-
CMOTpS Ha CPEJHIOI0 CKOPOCTh POCTA KOJIOHUH M CPEJIHIOI0 aKTUBHOCTH OKUCIIUTENb-
HbIX (epMenToB. Takum 00pa3oM, Ha OCHOBE Pe3yJIbTaTOB CKPUHUHIA BBISBICHBI TPU
mramMMa rpuboB u3 nopsiaka Polyporales, npeactaBisionye NpakTHYECKUil HHTEpeC
JUIL  UCHOJIB30BaHMS B OMOTEXHOJIOTMYECKMX IIpoLleccax JeNUTHUGUKALUK U
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pemeaunarmy. Iloka3aHa 3HAUMMOCTh CKPUHHUHTOBBIX HCCIIEIOBAHMI aKTHBHBIX MPOJLY-
LEHTOB (PEPMEHTOB HE TOJBKO CPEIH MIMPOKO PACHPOCTPAHCHHBIX TAKCOHOB, HO U 33
CYET BKIIFOYCHHUS PEAKHX M MAJOU3YUCHHBIX BHIOB rPHUOOB.

KioueBsle ciioBa: Basidiomycota, OuopaszHoobpasue, uemtonassl, JHK-mrpux-
KO/Ibl, JINCHUHA3BI, YUCTasl KyJIbTYpPa, KCHIOTPO(HBIC TPUOBI

Hcrounuk ¢uuancupoBanus: IloneBrie HccrnenoBaHUs NPOBOAWINCH B paMKax
rocynapcrBeHHoro 3aganus boranuueckoro uncruryta um. B.JI. Komaposa PAH mo
Teme HayuHoro mpoekra Ne 122011900033-4 «buopaszHoobpasue, IKOJIOTHsL, CTPYKTYP-
HbIe U QYHKIMOHATIbHBIE 0COOCHHOCTHU IPUOOB U rPUOOMO00HBIX MPOTUCTOBY. Mouie-
KyJIsIpHBIE paboThl ObLTH MO IepKaHbl MUHHUCTEPCTBOM HAayKH U BbICIIET0 00pa3oBa-
nust PO (Cornamrerne Ne 075-15-2021-1056) 1 BHIIONHEHBI C UCTIONB30BaHUEM 000-
pynoBanus LIeHTpa KOJIEKTUBHOTO NOJIB30BaHMs HAYy4YHbIM 000pyioBanueM «Kietou-
HbIE M MOJICKYJISIPHBIC TEXHOJIOIMU U3yUYEHHs pacTeHUi 1 rpuboB» borannueckoro nu-
cruryta uM. B.JI. Komaposa PAH (Cauxr-IletepOypr).

BaarogapHocTu: ABTOPBI BBIPaXKalOT IPU3HATENILHOCTH 3aMECTUTEIO JHUPEKTOpa
roCyIapCTBEHHOTO MpUpoaHoro 3amoBenHuka «bpsHckuii nec» Enene ®enopoBHe
CHUTHHUKOBOM 32 IOMOILb B OPraHU3aIMHU TOJIEBBIX UCCIIEIOBAHUM.

Jonst murupoBanmsi: Volobuev S.V., Shakhova N.V. In vitro assessment of ligninolytic
and cellulolytic activities for 14 Agaricomycetes species, new to Bryansk Oblast (Eu-
ropean Russia) // Bectauk ToMcKkoro rocynapcTBEHHOro yHHBepcuTeTa. bromorust.
2023. Ne 63. C. 59-76. doi: 10.17223/19988591/63/4

Introduction

Basidial fungi are an important part of forest communities due to their involve-
ment in the biodegradation of plant residues and the production of a unique set of
biologically active substances. The lignocellulosic biomass of woody plants is
known to consist of three main components: cellulose (40-60%), hemicellulose
(20-40%) and lignin (10-25%) [1]. Wood decomposition is largely driven by xy-
lotrophic Agaricomycetes, an essential group of wood-inhabiting fungi with a pe-
culiar range of ligninolytic and cellulolytic enzyme complexes.

The extracellular enzyme systems of basidial fungi include a spectrum of mul-
tiple forms of oxidoreductases that interact with lignocellulose (heme-containing,
flavin-containing and copper-containing enzymes). The exogenous enzymes of
the ligninolytic complex represented by laccases (EC 1.10.3.2), lignin peroxidases
(EC 1.11.1.14), versatile peroxidases (EC 1.11.1.16), and manganese peroxidases
MnP (EC 1.11.1.13) are key agents in the process of lignin modification, the most
resistant to chemical and microbiological destruction of wood biopolymer [2, 3].
White-rot basidiomycete fungi perform decomposition of lignin via formation of
radicals by oxygen (laccase) or hydrogen peroxide (some peroxidases) [4].

Cellulose degradation in the plant cell wall is carried out by endocellulases
(EC 3.2.1.4), exocellulases (cellobiohydrolases, EC 3.2.1.91; glucanohydro-
lases, EC 3.2.1.74), and beta-glucosidases (EC 3.2.1.21). The functional role of
cellulolytic enzymes secreted by lignicolous fungi is the hydrolytic degradation
of the main wood polysaccharides (cellulose, hemicellulose) to oligo-, di- and
monosaccharides [5]. Cellulose and hemicellulose are decomposed
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predominantly by brown-rot fungi, but also by wood-destroying white-rot fungi
and soft-rot ones [6].

Different species of xylotrophic fungi produce both single enzymes and multi-
enzyme compositions. Indeed, white rot basidiomycetes are capable of producing
multiple laccase isoenzymes (i.e., products of different non-allelic genes) that can
perform different functions. Currently, studies are carried out not only to charac-
terise laccases isolated from different fungal species, but also comparative inves-
tigations of laccase isoenzymes obtained from the same fungus to establish the
range of biological functions of this group of enzymes [7]. In recent years, the
study of the regulation mechanisms of laccase and peroxidase gene expression has
gained interest due to the need to understand the physiological role of various
isoforms produced by fungi. At present, the general mechanisms of transcriptional
regulation of oxidative enzymes are not completely clear. Some authors suggest
that the existence of numerous genes producing isoforms is a consequence of the
diversity of physiological functions performed by laccases and peroxidases
throughout the fungal life cycle (delignification, fruiting body development, path-
ogenesis, pigment formation during the period of asexual reproduction, competi-
tive interactions, etc.) [8-10].

Isolation and study of laccase isoforms with new physicochemical properties
can help us not only in understanding physiological regulatory mechanisms of
biosynthesis of these enzymes, but also in their application for biotechnological
purposes. Therefore, the role of individual enzymes and multienzyme complexes
in the processes of biotransformation and biodegradation of lignocellulosic sub-
strate remains a subject of study for the last several decades.

Since the enzyme assemblages of the lignocellulolytic complex probably re-
flect the adaptation of Agaricomycetes to unique ecological niches, this group of
fungi has enormous potential for applications in various industries [11-15, et al.].
The search for wood-inhabiting fungi with high lignin- and cellulolytic potential
for practical purposes is conducted in two interrelated directions: revealing new
fungal producers with high enzymatic activity and the subsequent selection of
highly effective inducers and promoters of these enzymes [16].

This article aims to investigate the enzymatic potential of xylotrophic basidi-
omycete fungi registered for the first time for Bryansk Oblast, including rare spe-
cies, and focuses on the selection of the most promising strains for use in biotech-
nological processes.

Materials and methods

Data sampling. Basidiocarps of lignicolous aphyllophoroid fungi were col-
lected at different types of forests on the territory of the Bryanskiy Les State Na-
ture Reserve (Bryansk Oblast, European part of Russia) during route surveys in
2015-2021. For each sample, the category of the colonized substrate, tree species,
forest community type, date of collection and geographical coordinates were
noted. The geographical coordinates of studied localities were measured by the
Garmin 64st GPS navigator.
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Morphological identification of fruit bodies. Microscopic identification of
dried fungal specimens were performed using a AxioScope A1 microscope (Carl
Zeiss, Germany), a LOMO Mikmed-6 microscope (Russia) with a standard set of
chemicals (5% KOH, Melzer’s reagent, 0.1% Cotton Blue) based on key mono-
graphs on European poroid and corticioid fungi [17-19] as well as some modern
taxonomy articles. The names of the fungal species are given according to the
Index Fungorum database [20].

Isolation and verification of fungal pure cultures. The isolation of Agarico-
mycetes in pure culture by solid-phase cultivation, as well as the subsequent mi-
croscopic characterisation of the isolates, was carried out according to the previ-
ously described techniques [21, 22].

Fungal genomic DNA was amplified directly from 14-day-old pure cultures,
which were grown on standard MEA medium (1.5% w/v malt extract “Conda”
(Madrid, Spain), pH 5.8, and 2% w/v agar “Difco” (Kansas City, MO, USA)) in
the dark at 25°C, with the Phire Plant Direct PCR Master Mix Kit (Thermo Fisher
Scientific, Lithuania). A complete ITS1-5.8S—ITS2 region of ntDNA was ampli-
fied by the primer pair ITS1F/ITS4B [23, 24]. PCR products were purified using
the CleanMag DNA (Evrogen, Moscow, Russia) purification kit, and then se-
quenced with the BrilliantDye Terminator v3.1 Cycle Sequencing Kit (NimaGen,
Nijmegen, the Netherlands). Sequencing products were purified with the Nimagen
D-Pure Dye-Terminator Cleanup kit before being analyzed on an ABI PRISM
3500 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). Raw data
were edited and assembled in MEGA 6 [25].

The newly obtained sequences were compared with the available sequences
using a megablast search in the NCBI database, and then newly generated se-
quences were deposited into NCBI GenBank [26].

Growth measurement. To obtain data on linear growth rate, the strains were
grown in Petri dishes with a diameter of 90 mm on standard MEA medium in the
dark at 25°C. Inoculation of strains was carried out with mycelial discs (7 mm
diam.) placed on the nutrient medium in the centre of a Petri dish with the mycelial
layer down. The growth rate was studied for 5 weeks by measuring the colony
diameter in two mutually perpendicular directions every two days starting from
the third day until a Petri dish was completely overgrown. The growth of strains
was characterised by the colony radius by 7, 14, 21 and 28 days, assessing the
growth rate by the rate of cup overgrowth: fast growth (F) — 1 week, medium
(M) —2-3 weeks, and slow (S) — 4 weeks or more.

Detection of enzymatic activity. There known several qualitative tests for
rapid detection of ligninases (syringaldazine well test [27], bromophenol blue
plate assay [28], guaiacol agar plate assay [29]) and cellulases (filter paper degra-
dation), dye diffusion from a cellulose-dye complex (cellulose azure agar), cellu-
lose agar clearance (cellulose agar), esculin plus iron agar (esculin agar) [30].
In addition, researchers use a semi-quantitative fluorometric method to determine
the activity of hydrolases and oxidases in the total homogenate, based on the in-
teraction of enzymes with specific substrates bound to fluorochromes —
methylumbelliferone or aminomethyl coumarin [31]. At the same time, within this
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study the activities of the ligninolytic and cellulolytic enzyme complexes in the
investigated strains were registered using the application method [22, 32]. This
method is widely used in many collections worldwide during primary biochemical
screening of culture strains. Moreover, this technique is included in the list of
standard operating procedures of the Komarov Botanical Institute Basidiomycetes
Culture Collection (LE-BIN).

The inoculum was obtained by growing the strains on MEA at 25°C for
2 weeks. Then, mycelial discs (7 mm in diam.) from the marginal zone of an ac-
tively growing colony were placed with the mycelial layer upwards in three units
in a 90 mm Petri dish with medium containing: a) 2,2’-azino-bis 3-ethylbenzothi-
azoline-6-sulfonic acid (0.1% w/v ABTS “Sigma” (St. Louis, MO, USA) and
2.0% w/v agar “Difco”) for detection of oxidative enzyme activity (OA), or b)
carboxymethyl cellulose (1.0% w/v CMC “Chemapol” (Praha, Czech Republic)
and 1.0% w/v agar “Difco”) for detection of cellulase activity (CA).

The oxidoreductase activity was measured in 48 hours after inoculation, based
on the ability of the strains to oxidize the substrate containing ABTS with the
appearance of emerald-green staining. The qualitative activity of cellulolytic en-
zymes in fungal cultures was recorded in 48 hours after inoculation on CMC agar
by the presence of a lightened zone around the inoculums. The clear zone was
detected using a solution of I in KI (0.5% I in 2% KI). To determine the intensity
of the medium colour changes or lightening reactions of the medium, the follow-
ing criteria were used: the diameter of the coloured/lightening zone is 10 —
<15 mm — slightly positive reaction (low activity); the diameter of zone is >15 —
25 mm — positive reaction (medium activity); the diameter of zone is more than
25 mm — strongly positive reaction (high activity).

The cultivation in all experiments was performed in at least three repetitions.
Microsoft Excel and OriginPro 7.5 software were used for statistical data pro-
cessing.

Results and discussion

A total of 14 species of aphyllophoroid fungi from five orders of the class
Agaricomycetes (Basidiomycota) have been revealed for the first time in Bryansk
Oblast as a result of the mycological studies carried out within the Bryanskiy Les
State Nature Reserve. Among them 10 fungal species are shared with Oryol Ob-
last, three species — with Kaluga Oblast, two species — with Kursk Oblast, and one
species — with Smolensk Oblast (Fig. 1.). At the same time, four species (Fibro-
poria gossypium, Leptoporus mollis, Phlebia tremelloidea, Physisporinus croca-
tus) have not been registered to date in neighbouring Russian regions.

Details of the recorded species locations are given below, with data on sub-
strata and habitats, as well as numbers of herbarium specimens stored in the My-
cological Herbarium of the Komarov Botanical Institute RAS (LE), and strains
kept in the Komarov Botanical Institute Basidiomycetes Culture Collection
(LE-BIN, St. Petersburg, Russia). For each species, a brief ecological summary,
information on the general distribution and finds in adjacent regions, and the
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physiological and biochemical characteristics of strains isolated in pure culture
are provided.

Fig. 1. The numbers of fungal species new to Bryansk Oblast (green circle),
common to adjacent Russian regions: Kaluga (3 species, red circle), Kursk (2 species,
blue circle), Oryol (10 species, yellow circle), Smolensk (1 species, violet circle) Oblasts

Class Agaricomycetes
Order Auriculariales
Aporpium canescens (P. Karst.) Bondartsev & Singer (Fig. 2, 4)— on a fallen
trunk of Populus tremula in herb-rich aspen forest mixed with ash and maple,
07.08.2015, LE-BIN 3585 (ex basidiospores). This deciduous-dwelling fungus
has been delimited from an American taxon A. caryae (Schwein.) Teixeira &
D.P. Rogers based on the differences in pore and spore sizes, as well as in ITS
nrDNA sequences [33]. A. canescens is quite common in the European Russia,
and in adjacent Russian regions it is known from Kaluga and Oryol Oblasts [34].
The strain LE-BIN 3585 of 4. canescens showed oxidative enzymes with high
activity (24.8+2.4 mm) and cellulolytic enzymes with low activity
(10.4 £ 0.4 mm) in combination with medium growth rate.

Order Boletales

Serpula himantioides (Fr.) P. Karst. — on a fallen trunk of Pinus sylvestris in
herb-rich spruce forest mixed with oak and pine, 07.10.2021, LE F-342503, LE-
BIN 4757 (ex basidiocarp). The fungus causes an intense brown rot, mainly de-
veloping on various coniferous woods in humid boreal forests. S. himantioides
prefers old-growth and relatively undisturbed forests, but also there are occasional
records in wood construction material [35]. Widespread species in Russia, and in
neighbouring regions it was revealed in Oryol Oblast [36]. The strain LE-BIN
4757 of S. himantioides was characterised by the absence of oxidoreductase
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production, which is characteristic of brown rot fungi, medium cellulase activity
(22.0 £ 0 mm) and medium rate of overgrowth in Petri dishes.

Order Hymenochaetales

Xylodon flaviporus (Berk. & M.A. Curtis ex Cooke) Riebesehl & Langer
(Fig. 2, B)—on a fallen trunk of Betula pendula in herb-rich aspen forest mixed
with birch and maple, 22.08.2017, LE F-342508, LE-BIN 3975 (ex basidio-
spores). It is a widely distributed species, more common in Central and Southern
Europe [18], as well as in the European part of Russia, including Kaluga [37] and
Oryol [38] Oblasts. This white-rot fungus grows on fallen trunks and large
branches of varied deciduous trees, preferably on Betula spp. The strain LE-BIN 3975
of X. flaviporus exhibited medium levels of both ligninolytic (16.8 £+ 1.4 mm) and cel-
lulolytic (18.1 + 0.9 mm) enzyme activities, and a slow growth rate.

Order Polyporales

Antrodiella serpula (P. Karst.) Spirin & Niemeld — on a fallen trunk of Salix
caprea in herb-fern spruce mixed forest with aspen, 24.08.2017, LE F-342496,
LE-BIN 3998 (ex basidiocarp). This fungal species inhabits on a wide range of
deciduous trees, and it exhibits successional relationships with Mensularia spe-
cies [18]. In adjacent Russian regions A. serpula is known for Kaluga [39], Kursk
[40], and Oryol [38] Oblasts. The strain LE-BIN 3998 of A. serpula showed a
maximum oxidative enzyme activity (32.2 = 1.2 mm) with a complete absence of
cellulolytic enzyme activity and a slow growth rate.

Ceriporia bresadolae (Bourdot & Galzin) Donk (Fig. 2, C) — on a fallen
branch of Pinus sylvestris in blueberry-mosses pine forest, 24.08.2017, LE F-
342497, LE-BIN 3994 (ex basidiospores); on a fallen branch of Pinus sylvestris
in herb-mosses pine forest with spruce, 08.10.2021, LE F-342504, LE-BIN 4766
(ex basidiospores). The species is widely distributed in temperate and boreal
zones of the northern hemisphere, but for a long time its records have been misi-
dentified as a coniferous-dwelling representatives of C. purpurea s. lato [41]. De-
corticated hard twigs of Pinus ssp. are a favourable substrate of C. bresadolae
along with fallen, tough branches and logs of other coniferous trees. The fungus
has a scattered distribution in Russia, including Oryol Oblast among nearby re-
gions [36]. Both C. bresadolae isolates (LE-BIN 3994 and LE-BIN 4766) were
characterised by medium ligninolytic (22.5 + 1.0 and 17.7+0.3 mm respectively)
and cellulolytic complex enzyme activities (18.2 + 1.4 and 18.5 £ 0.7 mm accord-
ingly) and medium colonization rate of Petri dishes.

Crustoderma dryinum (Berk. & M.A. Curtis) Parmasto — on a fallen trunk of
Picea abies in herb-mosses pine forest with spruce, 08.10.2021, LE F-342505,
LE-BIN 4770 (ex basidiospores); on a fallen trunk of Picea abies in herb-sphag-
num spruce forest with pine, 09.10.2021, LE F-342507, LE-BIN 4765 (ex basid-
iospores). The fungus grows as a brown-rot saprotroph mostly on coniferous
wood at the middle stages of decay. C. dryinum is considered as a specialist spe-
cies of old-growth spruce forests in North-Western European Russia [42]. The
species is distributed among boreal zone of Russia, and in adjacent regions it was
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registered for Oryol Oblast [43]. For both strains of C. dryinum (LE-BIN 4765
and LE-BIN 4770), the absence of oxidative enzyme activity and high cellulolytic
activity (28.0 £ 0 and 29.1 £+ 1.4 mm, correspondingly) and slow growth rate were
observed.

Emmia latemarginata (Durieu & Mont.) Zmitr., Spirin & Malysheva— on a
fallen trunk of Betula pendula in blueberry pine forest, 19.08.2020, LE F-342502,
LE-BIN 4422 (ex basidiospores). This fungus grows mainly on dead wood of de-
ciduous trees, including buried at the ground or burned woody remnants. Wide-
spread species in Russia, and in neighbouring regions there known records from
Kursk [44] and Oryol [38] Oblasts. The strain LE-BIN 4422 of E. latemarginata
showed medium ligninase activity (19.0£0.5 mm), high cellulase activity
(27.0 £ 1.4 mm) and medium growth rate.

Fibroporia gossypium (Speg.) Parmasto — on a fallen trunk of Picea abies in
herb-mosses pine-dominated forest with spruce, 08.10.2021, LE F-342506,
LE-BIN 4771 (ex basidiocarp). This wood-decaying fungus causes an aggressive
brown rot in both nature conditions and humid unventilated indoors. In forests the
species develops on coniferous trunks and stumps, sometimes with basidiocarps
covering a litter around the base of dead trees [44]. F. gossypium is a species with
a sporadic distribution but more frequent in forests with moist and swamp soils
[18]. Hitherto, the species has not been recorded in adjacent Russian regions, but
it was found in different regions of the European part of Russia, the Urals, Siberia,
and the Russian Far East [44]. The strain LE-BIN 4771 of F. gossypium expressed
no oxidoreductase activity and a medium level of cellulolytic activity
(21.8 £ 0.2 mm) with a medium growth rate.

Leptoporus mollis (Pers.) Quél. (Fig. 2, D) — on a fallen trunk of Pinus syl-
vestris in blueberry pine forest, 19.08.2020, LE F-342501, LE-BIN 4429 (ex ba-
sidiospores). The species is widely distributed in Russia [36], but it was not found
in the regions adjacent to Bryansk Oblast. This lignicolous fungus grows on large-
scale lying trunks and stumps of various coniferous trees (4dbies, Larix, Picea,
Pinus), and especially often on Pinus spp. [18]. The strain LE-BIN 4429 of
L. mollis revealed medium levels of ligninase (19.5+0.6 mm) and cellulase
(19.4 £ 0.7 mm) activities together with a slow rate of overgrowth in Petri dishes.

Phanerochaete livescens (P. Karst.) Volobuev & Spirin (Fig. 2, E)—at base of a
dry standing tree of Quercus robur in herb-rich aspen forest with oak, 24.08.2017, LE
F-342498, LE-BIN 3999 (ex basidiospores). This corticioid fungus is widespread in
nemoral and hemiboreal zones of Eurasia, inhabiting various angiosperm hosts, such
as Acer, Alnus, Carpinus, Corylus, Fagus, Padus, Populus, Quercus, Ulmus [45]. The
species is registered for 13 regions of Russia, and among neighbouring regions it was
recorded in Oryol Oblast [36]. The strain LE-BIN 3999 of P. livescens demonstrated
medium level of oxidoreductase activity (21.3 = 1.2 mm) and the highest level of cel-
lulase activity out of all strains studied (42.7 + 1.3 mm). The rate of overgrowth of
Petri dishes by colonies of this strain was middle.

Phlebia tremelloidea (Bres.) Parmasto (Fig. 2, F)— on a fallen trunk of Quer-
cus robur in oak forest with maple and hazel, 26.08.2017, LE F-342499, LE-BIN
4006 (ex basidiospores). This phlebioid fungus is known as a rare slowly-growing
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boreonemoral species, which is adapted to colonization of homogeneous substrata,
like decorticated wood or uncracked bark [46]. P. tremelloidea is collected from only
six regions in the European part of Russia, including Arkhangelsk, Kirov, Leningrad,
Nizhny Novgorod, Tver Oblasts, and the Republic of Mordovia [37]. The strain LE-
BIN 4006 of P. tremelloidea combined a high production of lignocellulolytic enzymes
(29.3+ 1.1 and 25.4 + 1.0 mm, respectively) with a fast growth rate.

Physisporinus crocatus (Pat.) F. Wu, Jia J. Chen & Y.C. Dai — on a fallen
trunk of Picea abies in herb-rich black alder forest with maple, oak and spruce,
18.08.2020, LE F-342500, LE-BIN 4426 (ex basidiospores). The fungus grows
on stumps, dead lying trees and coarse woody debris of conifers, more rarely on
broad-leaved trees, in moist forests and alluvial environments [18]. P. crocatus is
considered as an indicator species of forests with a minimal anthropogenic impact
in North-Western European Russia [42]. The species is not known to be found in
neighbouring regions of Russia. The strain LE-BIN 4426 of P. crocatus was
highly active by the ABTS oxidoreductase test (25.6 £ 0.8 mm) and medium ac-
tive by the CMC cellulase test (18.3 + 0.6 mm) and had a slow growth rate.

Order Russulales

Conferticium ravum (Burt) Ginns & G.W. Freeman (Fig. 2, G) — on a fallen
trunk of Populus tremula in herb-rich aspen forest mixed with ash and maple,
07.08.2015, LE-BIN 3587 (ex basidiospores). The growth on dead wood of Pop-
ulus spp. is one of distinguishing ecological features for this fungus, which causes
a white rot. The species is rare in Europe [17], with a sporadic distribution in
Russia [43]. In adjacent Russian regions, C. ravum was registered in Oryol Oblast
[38]. Despite the fast growth rate, the strain LE-BIN 3587 of C. ravum was the
lowest in oxidative activity (10.4+0.6 mm) and detected no cellulolytic activity.

Laxitextum bicolor (Pers.) Lentz (Fig. 2, H) — on a fallen trunk of Populus
tremula in herb-fern aspen forest with birch, 22.08.2017, LE F-342495, LE-BIN
3971 (ex basidiospores). Common and widespread species in Europe [17], inhab-
iting humid herb-rich deciduous and mixed forests. The preferable substrata are
dead wood of Alnus, Betula, Corylus, Fraxinus, Populus, Quercus, and Sorbus
[47]. L. bicolor was recorded in Oryol [38] and Smolensk [48] Oblasts among
neighbouring Russian regions. The strain LE-BIN 3971 of L. bicolor demon-
strated medium activity of ligninolytic complex enzymes (20.1 =0 mm) and no
production of cellulolytic complex enzymes at medium growth rate.

The production of ligninases during solid-phase cultivation was found to be
noted in all studied strains related to white rot fungi belonging to the orders Au-
riculariales, Polyporales and Russulales. The strains of brown rot fungi, Serpula
himantioides LE-BIN 4757 and Fibroporia gossypium LE-BIN 4771, showed me-
dium growth rate coupled with medium cellulolytic activity, and the slow-grow-
ing strains Crustoderma dryinum LE-BIN 4765 and LE-BIN 4770 exhibited high
cellulase activity. Similarly, high cellulase activity was observed in fungi of the
order Polyporales, in particular, in the medium-growing Emmia latemarginata
LE-BIN 4422 and Phanerochaete livescens LE-BIN 3999 as well as the fast-
growing strain Phlebia tremelloidea LE-BIN 4006 (Table).
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Fig. 2. Basidiomata of some fungal species studied: 4 - Aporpium canescens,
B - Xylodon flaviporus, C - Ceriporia bresadolae, D - Leptoporus mollis,
E - Phanerochaete livescens, F - Phlebia tremelloidea, G - Conferticium ravum,
H - Laxitextum bicolor. Scale bar - 1 cm
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Results of the express assays of oxidative and cellulolytic enzymes
of Agaricomycetes pure cultures studied

Enzymatic
. . Geannk Rot |Growth activity Sub- | Voucher
Strains Species  |accession di .
number type | rate | (diameter, mm) | strate | specimen
ABTS | CMC
AURICULARIALES
LE-BIN | Aporpium |\ gpyopo3l wRr | M |24.8:2.4|10.4204| PoOPHUs|
3585 canescens tremula
BOLETALES
Pinus
LE-BIN Serpula LE
4757 | himantioides |PX76%65) BR |- M wid 22,050 sy g 545503
vestris
HYMENOCHAETALES
LE-BIN Xylodon Betula LE
3975 faviporus OP700296] WR S [16.8£1.4|18.140.9 pendula| F-342508
POLYPORALES
LE-BIN | Antrodiella Salix LE
3998 serpula OP700297) WR § |322#12] wd caprea | F-342496
Pinus
LE-BIN LE
3994 o — WR | M ([225£1.0|182+14 syl-. F-342497
Ceriporia vestris
bresadolae Pinus
LE-BIN LE
4766 OP700304| WR | M [17.7+0.3|18.5+0.7 syl-. F-342504
vestris
LE-BIN Picea LE
4765 Crustoderma OP700303) BR S wd | 2800 abies | F-342507
LE-BIN dryinum Picea LE
4770 OP700305| BR S n/d |29.1x1.8 abies | F-342505
LE-BIN | Emmia late- Betula LE
4422 marginata OP700300) WR | M |19.0£0.527.0+1.4 pendula| F-342502
LE-BIN | Fibroporia Picea LE
4771 gossypium OL840818 BR M wd 21802 abies | F-342506
LE-BIN | Leptoporus Pinus LE
4479 mollis OP700302| WR S [19.5+0.6{19.4+0.7 syl-. F-342501
vestris
Phanero-
LE-BIN Quercus LE
3999 .chaete OP700298| WR | M |21.3+1.2|42.7£1.3 cobur | F-342498
livescens
LE-BIN Phlebia Quercus LE
4006 tremelloidea OP700299| WR F|29.3£1.1125.4£1.0 robur | F-342499
LE-BIN | Physispori- Picea LE
4426 nus crocatus OP700301) WR § |25.6+0.8/18.3£0.6 abies | F-342500
RUSSULALES
LE-BIN | Conferticium or70029al wr | F|104w06! n/d Populus o
3587 ravum tremula
LE-BIN | Laxitextum Populus LE
3971 bicolor OP700295 WR | M | 20.120 | n/d tremula| F-342495

Note. Rot type: BR — brown rot, WR — white rot; Growth rate: F — fast, M — medium, S — slow;
ABTS - 2,2’-azino-bis 3-ethylbenzothiazoline-6-sulfonic acid; CMC — carboxymethyl cellu-
lose; n/d — not detected.
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The ABTS agar test showed typically high oxidative enzyme activity in basid-
iomycete fungi belonging to the order Polyporales [32], namely the slow-growing
strains of Antrodiella serpula LE-BIN 3998 and LE-BIN 4426 Physisporinus
crocatus, and the fast-growing Phlebia tremelloidea LE-BIN 4006. The strain of
Aporpium canescens LE-BIN 3585 (order Auriculariales) also revealed rather
high oxidoreductase activity with a medium growth rate. The lowest level of pro-
duction of ligninolytic complex enzymes was detected in a representative of the
order Russulales, the fast-growing strain of Conferticium ravum LE-BIN 3587.
At the same time, no cellulolytic enzyme activity was detected in the latter isolate.

As a result of the screening performed, a representative of the order Polypo-
rales, Phlebia tremelloidea LE-BIN 4006, combining high ligninolytic and cellu-
lolytic potential (diameter of the color-changing zone of agarized medium — more
than 25 mm) with a rapid growth rate, was selected. This strain can be recom-
mended for use in bioconversion and bioremediation technologies. Strains of
fungi from the order Polyporales, Emmia latemarginata LE-BIN 4422 and Phan-
erochaete livescens LE-BIN 3999, were characterized by medium growth rate,
high cellulase production, and medium ligninase activity, that also allows us to
refer these strains to biotechnological potential. The strain of Physisporinus
crocatus LE-BIN 4426 with high oxidative and medium cellulolytic enzyme ac-
tivities could not be used for biotechnology purposes, since this strain has a slow
growth rate.

Conclusions

The data obtained on 16 isolates of 14 xylotrophic basidiomycete species reg-
istered in Bryansk Oblast for the first time made it possible to determine strains-
producers promising for applied biotechnology based on delignification pro-
cesses. Besides rather common species of aphyllophoroid fungi, rare and poorly
known species demonstrated either high values of individual enzymatic systems
activity (e.g. cellulase in Crustoderma dryinum) or significant levels of all ligno-
cellulolytic complex enzymes (Phanerochaete livescens, Phlebia tremelloidea,
Physisporinus crocatus). Therefore, screening studies aimed at identifying fungal
strains with high enzymatic activity should be carried out not only among wide-
spread taxa, but also by including rare, narrow-ranging and/or stenobiont species
in the analysis. In addition, ex sifu isolation of rare xylotrophic basidiomycete
fungi ensures the conservation and genetic stability of these fungal species.
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