South of Russia: ecology, development 2026 Vol. 21 no. 1 Mycology
Original article / OpuriHanbHas cTaTba (@) BY 40 |

YK 582.287.236 (470.67) : 57.012.3 : 577.15 : 574.9

DOI: 10.18470/1992-1098-2026-1-7

Ecology and cultural characteristics of the tooth fungi
genus Hericium (Russulales, Basidiomycota)
in the Republic of Dagestan, Russia

Sergey V. Volobuev?, Yuliya Yu. lvanushenko? and Nataliya V. Shakhova®
'Komarov Botanical Institute of the Russian Academy of Sciences, St. Petersburg, Russia

’Dagestan State University, Makhachkala, Russia

Principal contact

Sergey V. Volobuev, Candidate of Sciences
(Biology), Senior Researcher, Laboratory of
Systematics and Geography of Fungi, Komarov
Botanical Institute, Russian Academy of Sciences;
2 Professora Popova St, Saint Petersburg, Russia
197022.

Tel. +78123725469

Email sergvolobuev@binran.ru

ORCID https://orcid.org/0000-0003-1217-5548

How to cite this article

Volobuev S.V., lvanushenko Yu.Yu., Shakhova N.V.

Ecology and cultural characteristics of the tooth
fungi genus Hericium (Russulales, Basidiomycota)
in the Republic of Dagestan, Russia. South of
Russia: ecology, development. 2026; 21(1):63-80.
DOI: 10.18470/1992-1098-2026-1-7

Received 20 November 2025
Revised 13 December 2025
Accepted 25 December 2025

Abstract

The current work is aimed to provide data on the first finding of Hericium
cirrhatum in the Republic of Dagestan, new localities of Hericium
coralloides in the region, their ecological features, as well as to analyze the
cultural characteristics of new Hericium strains in vitro.

The authors collected the original material during own field mycological
inventories of forest ecosystems in the Republic of Dagestan in
2023-2025. Fungal specimens and strains were studied by techniques of
light microscopy, solid-phase cultivation, molecular analysis of nrDNA, as
well as qualitative evaluation of enzymatic activity. All samples are
deposited at the LE Mycological herbarium and the LE-BIN culture
collection (St. Petersburg).

The first data on the record of Hericium cirrhatum in the Samursky
National Park and new locations of the red-listed species H. coralloides in
the Kazbekovsky and Magaramkentsky districts of the Republic of
Dagestan are presented. The cultural and morphological features of three
new dikaryotic strains of H. cirrhatum and H. coralloides are described.
Pure culture analyses have been performed to assess the lignocellulolytic
and degradation potential of these white-rot xylotrophic species.

The data obtained can contribute to nature conservation practice,
including the preservation of the gene pool of rare and little-known fungal
species.

Key Words
Biodiversity, cellulases, fungal conservation, hydnoid fungi, ligninases,
North-Eastern Caucasus, pure culture, Red Data Book.
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MonyyeHa 20 Hoabpna 2025 .
Mpowna peueHsnposaHue 13 gekabps 2025 r.
MpuHaTa 25 aekabpa 2025 .

Pesiome

Lleab paboTbl — npenctaBUTb CBEAEHMA O MepBOW Haxoake Hericium
cirrhatum B Pecnybnuke [arectaH, HOBbIX MECTOHaXOXAeHuAx Hericium
coralloides B pernoHe, WX 3KONOTMYECKMX OCOBEHHOCTAX, a TaK»Ke
NPOBECTU aHaNM3 KyNbTypa/bHbIX XapPaKTEPUCTUK HOBbLIX LUTAMMOB
Hericium B ycnoBwusx in vitro.

ABTOpamu cobpaH OpWUrMHaNbHbLIM MaTepuan B XoAe COBCTBEHHbIX
NnoNeBbIX MMUKONOTMYECKMX 06CnefoBaHUMA  IeCHBIX  3KOCUCTEM B
Pecnybnunke [arectaH B 2023-2025 ropax. lepbapHble o6pasubl U
WTamMbl TpuboOB ObliM  M3yYyeHbl C MNOMOLLbID METOAOB CBETOBOM
MWKpPOCKONWUW,  TBEPAO0PA3HOro  KYy/NIbTUBMPOBAHWUA,  MOJIEKYNAPHOIrO
aHanusza apfHK, a TakKe KayecTBEHHOW OLUEHKU GepMeHTATUBHBIX
aKTUBHOCTEN. Bce M3yyeHHble 0bpasubl XpaHATCA B MWKOAOrMYECKOM
repbapun BoTaHuyeckoro MHcTUTyTa MM. B.Jl. Komaposa PAH (LE) u
Konnekumu kynbtyp 6asnanomuuetos LE-BIN (CaHkT-MeTepbypr).
Bnepsble ana Pecnybauvku [arectaH oTmedeH Hericium cirrhatum,
BbIABNEHHbIN B HALlMOHaNIbHOM NapKe «CamypCcKUin», YyCTaHOB/IEHbI HOBbIE
MECTOHaXOXAEHNA OXpaHAeMoro B pernoHe Buaa H. coralloides Ha
Tepputopun KasbekoBCcKOro M MarapamKeHTCKOro paroHoB. OnucaHbl
KYNbTYpPanbHO-MOPHONOTMYECKME MPU3HAKM TPEX HOBbIX AUKAPUOTK-
Yyeckux wrammos H. cirrhatum v H. coralloides. NMpoBeaeHa KayecTBeHHasn
OLEHKa UX IMTHOLLeNINI0NI0IMTUYECKOTO M AerpafaLMoOHHOro NoTeHuuana.
MonyyeHHble AaHHble MOTyT 6biTb MCMO/Ab30BaHbI B NPUPOAOOXPAHHOM
NpaKkTMKe, B TOM YMUCNE MEepPOnpUATUAX MO COXPaHeHUIo reHodoHAA
pPesKUX U Manon3BECTHbIX BUAOB rpu6boB.

Kniouesble cnoBa

Buonornyeckoe pasHoobpasme, Lenntonasbl, OXxpaHa rpuboB, eXKOBUKOBbIE
rpubbl, AurHmMHasbl, CeBepo-BocTouHbii KaBKas, uucTble KyabTypbl,
KpacHada KHura.

2026 ABTopbl. K02 Poccuu: 3Konozus, pazsumue. ITO CTaTbA OTKPbLITOrO A0CTyMa B COOTBETCTBMM C ycnosBusamu Creative Commons
Attribution License, KoTopas paspeluaeT MCNO/b30BaHWE, PacnpoCTpaHeHWe M BOCMpPOM3BeAeHME Ha b6OoM HocuTesne Mpu YCI0BUM

NPaBW/IbHOTO LUTUPOBAHUA OPUTMHANLHOW PaboTbl.
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INTRODUCTION

Fungi of the genus Hericium Pers. are among the most
impressive xylotrophic macromycetes, as they develop
large, whitish and easily visible basidiomata with a toothed
hymenophore. These species cause a white rot, growing on
wood of both deciduous trees and conifers. Despite of
large quantities of basidiospores producing by Hericium
species, in the experimental study their poor germination
has been shown and considered as a factor contributing to
the rarity of recorded fruiting bodies in the field [1].

Representatives of the genus Hericium are valuable
edible mushrooms known for their medicinal properties
and possessing a unique set of biologically active
compounds [2]. Currently, among Hericium species,
Hericium erinaceus (Bull.) Pers., named in Europe and
North America as Lion's mane or bearded hedgehog, is the
most extensively studied. This species, known as the
monkey head mushroom in China, the deer butt mushroom
in Korea and as Yamabushitake in Japan [3], is actively used
in East Asian countries as a potential alternative or
complementary treatment due to the bioactive compounds
synthesised by this fungus.

Extracts from the basidiomata and mycelium of
H. erinaceus contain secondary metabolites such as
polysaccharides (in particular, B-glucans), terpenoids
(hericenones and erinacines), polyphenols, and peptides,
which have notable physiological functions, including
immunomodulatory, antioxidant, anti-inflammatory, and
antimicrobial effects [4]. In the clinical study carried out by
Bizjak et al. [5], a dietary supplement containing
H. erinaceus was found to be beneficial for improving
cognitive function and modulating the gut microbiota in
elderly people. Extracts and purified bioactive metabolites
from the basidiomata or mycelium of H. erinaceus have
antimicrobial activity against a number of bacterial and
fungal pathogens, opening up further opportunities for
combating antibiotic-resistant infections [4; 6]. In addition,
experimental analyses of the H. erinaceus mycelium
chemical composition have revealed no side effects and
confirmed the safety of using this fungus for drug
development [7].

Despite the long-standing research interest in the
therapeutic and nutritional potential of Hericium fungi,
there is significantly less information available on the
secondary metabolites produced by other species of the
genus. The presence of biologically active substances have
been demonstrated in the mycelium of Hericium
coralloides  (Scop.) Pers. with antitumour [8],
immunomodulatory [9], antioxidant [10], anticoagulant,
and cholesterol-lowering activities [11]. In addition, the
preparation containing the polysaccharide galactan
isolated from the basidiomata of H. coralloides was able to
alleviate Alzheimer's disease and cognitive impairment by
activating the Nrf2 signalling pathway [12; 13]. Song with
colleagues [14] have developed optimized protocols for the
extensive cultivation and fruiting of H. coralloides strains
for commercial use in the food industry.

In the study by Narmuratova et al. [6], it was shown
that extracts from pure cultures of Hericium cirrhatum
(Pers.) Nikol., along with H. coralloides and H. erinaceus,
demonstrated strong antibacterial activity against Gram-
positive bacterial test cultures, such as Staphylococcus
aureus and Bacillus subtilis, which suggests the potential
for application of these fungal strains as antibacterial
agents.

The registered Hericium species diversity varies
greatly between different regions and countries. In Russia,
a total of six species of the genus are known as Hericium
alpestre Pers., H. cirrhatum, H. coralloides, H. erinaceus,
H. fimbrillatum (lwade) R. Sugaw., N. Maek. et N. Endo,
H. ptychogasteroides Nikol. [15-18]. Two latter species are
recorded only in the Russian Far East from Sakhalin Oblast
[15] and Primorsky Krai [17]. One species, H. alpestre (as
H. flagellum (Scop.) Pers.) is included in the Red Data Book
of the Russian Federation with category 3 — “Rare species”
and “Vulnerable” (VU D1) according to IUCN criteria in
Russia [19].

In the Caucasus, four Hericium species have been
recorded to date. Among them, H. alpestre and
H. erinaceus are found in the Western Caucasus, where
they are rare and also listed in the regional Red Data Books
[20-22]. Ecologically, the species differ in their substrate
preferences: H. alpestre grows on coniferous wood (Abies,
Larix, Picea, Pinus), while H. erinaceus develops on
deciduous trees (Aesculus, Alnus, Carpinus, Fagus, Populus,
Quercus, Tilia, etc.). Recently, H. erinaceus has also been
noted in Stavropol Krai [23]. The species H. cirrhatum is
registered only from the Republic of North Ossetia — Alania
based on the almost century-old finding [24]. The most
distributed species of the genus Hericium is H. coralloides
revealed in all Caucasian regions of Russia. This species is
also well-known in the European part of Russia alongside
other wood-inhabiting fungi such as Bjerkandera adusta
(Willd.) P. Karst., Fomes fomentarius (L.) Fr., and Oxyporus
populinus (Schumach.) Donk [18]. Hericium coralloides is
red-listed species in Krasnodar Krai [21], the Republic of
Adygea [22], Stavropol Krai [25], the Kabardino-Balkarian
Republic [26], the Republic of North Ossetia — Alania [27],
the Chechen Republic [28], and the Republic of Dagestan
[29].

In the Republic of Dagestan, the genus Hericium
was previously known based on the only location of
H. coralloides in vicinity of the Yersi settlement of
Tabasaransky District [29].

The current work is aimed to provide data on the
first finding of H. cirrhatum in the Republic of Dagestan,
new localities of H. coralloides in the region, their
ecological features, as well as to analyze the cultural
characteristics of newly obtained Hericium strains in vitro.

MATERIAL AND METHODS

Field studies

Fresh basidiomata were collected and observed by the
authors during field mycological inventories of forest
ecosystems in the Republic of Dagestan. Field surveys were
carried out both in the previously studied territory of the
Samursky National Park within the “Delta Samura” site in
Magaramkentsky District [30-36] and in the mycologically
unexplored “Ozero Gorenzho” planned protected nature
area in vicinity of the Dylym settlement of Kazbekovsky
District. Geographic coordinates (WGS-84) were measured
using the Garmin 64st GPS-navigator. Photographs of
basidiomata were made in situ using a digital camera.

Morphological identification of herbarium specimens

Microscopic identification of four dried specimens was
performed by light microscopy technique using a LOMO
Mikmed-6 microscope (Russia) and an Axio Imager.Al ZEISS
microscope (Germany) equipped with Axiocam 506 color
digital camera (Carl Zeiss) based on the monograph of
Bernicchia & Gorjon [37]. A standard set of chemicals (5 %
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aqueous solution of KOH, Melzer’s reagent, 0.1 % Cotton
Blue) was used for fungal slide preparation. The examined
specimens have been deposited at the Mycological
herbarium of the Komarov Botanical Institute RAS,
St. Petersburg (LE).

Isolation and verification of fungal pure cultures

Three dikaryotic strains were isolated ex situ using the
solid-phase cultivation method, as described in Shakhova
and Volobuev [38]. The macro- and micromorphological
characteristics of the isolates were described using cultural
and morphological parameters based on the method and
terminology of Stalpers [39]. Verification of the strains was
carried out using molecular genetic methods. Genomic
DNA was amplified from a 14-day-old culture grown on
standard malt extract agar (MEA), containing 1.5 % Conda
malt extract (Madrid, Spain) and 2 % Difco agar (Kansas
City, USA) in the dark in a thermostat at 25°C, using the
Phire Plant Direct PCR Master Mix Kit (Thermo Fisher
Scientific, USA), in accordance with the manufacturer’s
instructions. Amplification of the ITS nrDNA region was
performed using the ITS1F/ITS4B primer set, as described
in Volobuev and Shakhova [40]. The strains were deposited
in the Komarov Botanical Institute Basidiomycetes Culture
Collection (LE-BIN, St. Petersburg) and are stored using
subculture, disc culture and cryopreservation methods
[41].

Growth measurement and detection of enzymatic activity
Measurements of growth rate dynamics, as well as the
characterisation of the strain macro- and
micromorphological features, were carried out on three
agarised nutrient media: BWA (4 % beer wort (Svoya
kruzhka Ltd., Tolyatti, Russia), pH 5.8, and 2 % Difco agar),
MEA and PDA (potato dextrose agar, Panreac, Germany).
The activity of ligninases and cellulases in the strains
investigated was assessed by the application method, as
described in Volobuev and Shakhova [40; 42]. The
degradation potential of the strains was analysed using a
modified method involving the polyphenolic dye Azure B
[43].

Herbarium specimens studied:

Hericium cirrhatum — Russia, Republic of Dagestan,
Magaramkentsky District, Samursky National Park, “Delta
Samura” site, in 1.5 km south-eastward from the course of
the Karasu River, 41.879072 N, 48.5191°9 E, on fallen trunk
of Populus alba in poplar forest with hornbeam, lianas and
wood spurge, 08.05.2023, coll. E.A. Dunaev, det.
S.V. Volobuev, LE F-352273. — ibid., vicinity of the
ecological route close to Visit-center, 41.814692N,
48.529332E, on fallen trunk of Carpinus betulus in
hornbeam forest with wood spurge (Euphorbia
amygdaloides), 05.06.2025, coll. Yu.Yu. Ivanushenko, det.
S.V. Volobuev, LE F-352269.

Hericium coralloides — Russia, Republic of Dagestan,
Magaramkentsky District, Samursky National Park, “Delta
Samura” site, in 3 km northward from the Samur
settlement, on fallen trunk of Carpinus betulus in
hornbeam forest with oak and wood spurge, 26.10.2023,
coll. N.V. Shakhova and S.V. Volobuev, det. S.V. Volobuev,
LE F-352270. — jbid., in 1 km south-eastward from the
course of the Karasu River, on fallen trunk of Ulmus sp. in
poplar forest with elm and lianas, 28.10.2023, coll.
N.V. Shakhova and S.V. Volobuev, det. S.V. Volobuev,
LE F-352271. — ibid., Kazbekovsky District, vicinity of the

Dylym settlement, “Ozero Gorenzho” planned protected
nature area, on fallen trunk of Fagus orientalis in herb-rich
beech forest with hornbeam, 06.11.2025, coll. and det.
S.V. Volobueyv, LE F-352272.

Fungal strains studied:

Hericium cirrhatum — LE-BIN 5192: ex basidioma, voucher
specimen LE F-352273, introduced by N.V. Shakhova.
Hericium coralloides — LE-BIN 5238: ex basidioma, voucher
specimen LE F-352270, introduced by N.V. Shakhova. —
LE-BIN 5254: ex basidioma, voucher specimen LE F-352271,
introduced by N.V. Shakhova.

RESULTS

Based on macro- and micromorphological features, the
tiered tooth fungus H. cirrhatum has been identified. This
species is recorded by the authors for the first time for the
Republic of Dagestan from the territory of the Samursky
National Park within the “Delta Samura” site in
Magaramkentsky District in 2023 and 2025. The description
of this basidiomycete fungus based on our original
collections is presented below.

Hericium cirrhatum (Pers.) Nikol., Acta Inst. Bot.
Acad. Sci. USSR, Plantae Cryptogamae, Ser. I, Fasc. 5: 343
(1950).

Basionym: Hydnum cirrhatum Pers. [as 'cirratum'],
Neues Mag. Bot. 1: 109 (1794).

BAsIDIOMATA  annual, pileate, dimidiate to
semicircular, consisting of overlapping pilei that are fused
at the base, up to 40 mm wide, initially white, then turning
yellowish cream with a pinkish tint, and later becomes
dirty-ochre to brownish when dry. ConText thick, soft and
fleshy, white or slightly pinkish, with sweetish-fruity odour
when fresh, then gently corky, yellowish with a pinkish tint,
non-fibrous. UPPER STERILE SURFACE rough, granulose to
echinulate, covered with compressed conical or sometimes
flattened sterile spines, more densely arranged near the
edge of pileus. MARGIN obtuse or thin and sharp, and then
bend over when drying. HYMENOPHORE hydnoid with
tapering conical aculei up to 10-12 mm long, whitish
yellow and creamy apricot to dirty rusty and brownish
beige on drying.

HYPHAL SYSTEM monomitic. HYPHAE hyaline, thin-
walled or with thickened walls, interwoven, frequently
inflated, variable in diameter, 3-15 um wide, with clamps.
GLOEOCYSTIDIA abundant, swollen fusiform or club-shaped,
multiple constricted towards the apex, embedded in the
hymenial layer, 5-6.5 um wide, with granular contents.
BasipiA hyaline, clavate, clamped at the base, 18-28 x
4-5 um, with four sterigmata. BASIDIOSPORES hyaline in KOH,
broadly ellipsoid to subglobose, (3.2-) 3.4-3.9 (-4.1) x
(2.4-) 2.5-3.1 (-3.2) um, L = 3.62 pym, W = 2.79 um,
Q = 1.3, guttulate, amyloid.

As a result of continuing monitoring studies [32] of
fungal protected species included in the Red Data Book of
the Republic of Dagestan [29], three new locations of
H. coralloides have been revealed. In 2023, two
populations of this species have been registered in the
territory of the Samursky National Park within the “Delta
Samura” site in Magaramkentsky District. In 2025, one
more population of H. coralloides have been found in the
“Ozero Gorenzho” planned protected nature area in
vicinity of the Dylym settlement of Kazbekovsky District.
Morphological features of basidiomata observed are fully
corresponded to the description of the species presented
in the Red Data Book of the Republic of Dagestan [29].
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Figure 1. Hericium cirrhatum: A — habitus of basidiomata in situ, B — hydn0|d hymenophore; C — upper sterile surface
of basidioma; D — basidiospores in KOH; E — basidiospores in Melzer reagent (amyloid reaction); F — basidia;

G, H — gloeocystidia. Scale bars: A-C — 1 cm, D-H — 10 um

PucyHok 1. Hericium cirrhatum. A — BHeLWHWI BUA, NN0AO0BbIX TEN B NPUpoAe; B — rugHonaHbii rumeHodop;

C — BepxHAA cTepuibHan NoBepxHocTb basmamomsbl; D — 6asmnanocnopbl B KOH; E — 6asngmocnopsl B peaktuse
Menbuepa (amunongHas peakums); F — 6asngum; G, H — rneounctmabl. MacwTabHble TMHENKN:

A-C — 1 cm, D-H — 10 mkm

Figure 2. Habltus of Hericium coralIo:des basidiomata in s:tu A— LEF- 352270 B — LE F 352271
C — LE F-352272. Scale bars — 1 cm

PUCYHOK 2. BHelwHWt BUA nnogosbix Ten Hericium coralloides 8 npupoae: A — LE F-352270;

B — LE F-352271; C — LE F-352272. MacwrtabHble AMHenkn — 1 cm

Among the main conservation activities provided by of Hericium cirrhatum and two strains of H. coralloides in
maintaining regional Red Data Books there are obtaining pure culture. These strains were verified by molecular
and preserving of wild species strains in the pure culture analysis of ITS nrDNA sequences generated in this study
collections. For these purposes, we introduced one strain and deposited in GenBank (Table 1).

Table 1. Information on the studied strains and voucher specimens
Ta6nuua 1. CBeseHnn 06 M3yUYeHHbIX LITAMMaX 1 Bay4YepHbIX 0b6pasuax

Species Strain Genl_;ank Voucher specimen Collection date
accession no.
Hericium cirrhatum LE-BIN 5192 PZ7179913 LE F-352273 08.05.2023
Hericium coralloides LE-BIN 5238 Pz179914 LE F-352270 26.10.2023
Hericium coralloides LE-BIN 5254 PZ179912 LE F-352271 28.10.2023
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Newly obtained Hericium strains have been estimated in
terms of mycelial growth rate, macro- and
micromorphology of colonies on three different nutrient
media, as well as lignocellulolytic enzymes activies.

The study of the growth rates of Hericium spp.
colonies on various nutrient media revealed that the
strains investigated belong to the group of slow-growing
pure cultures. The H. cirrhatum LE-BIN 5192 strain
exhibited the slowest growth rate among the strains
studied. Cultivation of this strain for 29 days did not result
in complete coverage of Petri dishes (90 mm in diameter)
by mycelium on any of the nutrient media explored. When
the H. cirrhatum LE-BIN 5192 strain was cultured on BWA,
the colony diameter exceeding 50 mm was observed only
on the 25" day, after which there was a noticeable
decrease in growth rate, and the colony had reached
67.2 mm in diameter by the 29 day. MEA proved to be the
most favourable for the growth of H. cirrhatum
LE-BIN 5192; the colony diameter was 54.5 mm by the
25™ day, and it was 75.5 mm by the 29 day. When
H. cirrhatum was cultured on PDA, the colony diameter
was 57.8 mm; the mycelium diameter was 69.3 mm by the
29t day (Fig. 3, A).

The H. coralloides strains exhibited a faster growth
rate than H. cirrhatum. The H. coralloides LE-BIN 5238
strain demonstrated the highest growth rate when
cultured on PDA: the colony diameter exceeded 50 mm by
the 11t day of growth, and complete coverage of Petri
dishes with mycelium was observed after 17 days. When
this strain was grown on BWA, the colony diameter was
62 mm by the 11 day of growth; however, mycelial
growth had completely ceased by the 15 day, and Petri
dishes were not completely overgrown. The slowest
growth rate was observed when H. coralloides LE-BIN 5238
was cultured on MEA: the fungal mycelium had reached
53.5 mm in diameter by the 15% day, but the colony
growth rate had slowed significantly by the 215t day and
the mycelium diameter was 80 mm by the 29" day
(Fig. 3, B).

When the H. coralloides LE-BIN 5254 strain was
cultured on PDA, the colony diameter exceeded 50 mm by
the 11t day of growth, and Petri dishes were completely
covered with mycelium by the 19" day. The slowest growth
rate was observed when this strain was grown on BWA: the
colony diameter was 51.3 mm on the 15" day, and the
strain growth had completely ceased (diameter 69.5 mm)
by the 25" day. When H. coralloides LE-BIN 5254 was
grown on MEA, the colony diameter exceeded 50 mm on
the 15 day; however, a decrease in growth rate was noted
from the 17" day, and the mycelium diameter was
86.2 mm by the 29" day (Fig. 3, C).

Characteristics of Hericium cirrhatum LE-BIN 5192:

Colonies on BWA medium — MACROMORPHOLOGY. Growth
rate — slow, 22.8 mm in 14 days. The colour is white. The
mycelium becomes cream-coloured with age. The colony
reverse is darkened. The outline is fringed, strongly
fractured. Growing edge is submerged, sparse. The mycelial
mat is plumose: mycelial tufts with short or long hyphae or
groups of hyphae radiating from the central axis, often in
fan-like arrangement. It is odourless. — MICROMORPHOLOGY.
Hyphal system is monomitic. Mycelium consists of thin-
walled hyaline hyphae, 1.8-3.6 um wide, straight, septate,
rarely branching. Clamps are weakly curved to steeply
curved, simple, 4.3-9.4 um. Chlamydospores, arthro- and

blastoconidia were not found. — CODE:
1.2.3.9.14(2).15(2).23.30(1).31.36(0).38(2).39(2).44.52-53.

Colonies on MEA medium — MACROMORPHOLOGY.
Growth rate — slow, 17.4 mm in 14 days. The colour is
creamy. The colony reverse is unchanged. The outline is
wavy. Growing edge is submerged, sparse diffuse. The
mycelial mat is powdery-plumose: mycelial tufts with short
or long hyphae or groups of hyphae radiating from the
central axis, in fan-like arrangement. It is odourless. —
MiICROMORPHOLOGY. Hyphal system is monomitic. Mycelium
consists of thin-walled hyaline hyphae, 1.5-3.9 um wide,
straight, septate, rarely branching. Clamps are slightly curved
to steeply curved, simple, 5.2-10.0 um. Hyphal swellings are
frequently observed, 9.4(12.7) x 14.2(16.6) um. Cystidia are
observed at the ends of hyphae, spinde-shaped or swollen
club-like, with frequent constrictions towards apex, 6.1(8.8)
x 17.5 (24.6) pum. Chlamydospores, arthro- and blastoconidia

were not found. —  Cobe: 1.2.3.9.14(2).15(1).
18(1).23(1).31.36(0).37(0).38(0).39(2).44.52-53.65.72.
Colonies on PDA medium — MACROMORPHOLOGY.

Growth rate — slow, 16.1 mm in 14 days. The colour is
creamy-white. The colony reverse is unchanged. The
outline is wavy. Growing edge is pressed down. The
mycelial mat is floccose-plumose: small hyphal tufts,
standing out radiating from the central axis. It is odourless.
— MICROMORPHOLOGY. Hyphal system is monomitic.
Mycelium consists of thin-walled hyaline hyphae,
1.5-3.5 um wide, straight, septate, rarely branching.
Clamps are slightly curved to steeply curved, simple,
4.5-9.3 um. Hyphal swellings are frequently observed,
9.9(13.5) x 16.0(18.4) pm. Cystidia are rare observed at the
ends of hyphae, spinde-shaped or swollen club-like, with
frequent constrictions towards apex, 6.0(9.0) x
18.2 (25.5) um. Chlamydospores, arthro- and blastoconidia
were not found. — CobE: 1.2.3.9.14(2).15(1).19(1).23(1).
30.36(0).37(0).38(0).39(2).44.52-53.65.72(1).

Characteristics of Hericium coralloides LE-BIN 5238

Colonies on BWA medium — MACROMORPHOLOGY. Growth
rate — slow, 68.5 mm in 14 days, but stagnation of growth
in 15-29 days. The colour is white. The mycelium becomes
cream-coloured with age. The colony reversum is
darkened. The outline is wavy. Growing edge is submerged,
sparse. The mycelial mat is flaky-plumose: mycelial tufts
with short or long hyphae or groups of hyphae radiating
from the central axis, in fan-like arrangement. It is

odourless. — MICROMORPHOLOGY. Hyphal system s
monomitic. Mycelium consists of thin-walled hyaline
hyphae, 1.5-4.9 um wide, straight, septate, rarely

branching. Clamps are weakly curved to steeply curved,
simple, 5.5-10.7 um. Multiple clamps are rarely observed
on hyphae. Chlamydospores, arthro- and blastoconidia
were not found. — Cope: 1.3.7.14(2).15(1).23.30.(31).36(0).
38.39.44.52-53.

Colonies on MEA medium — MACROMORPHOLOGY.
Growth rate — slow, 53.5 mm in 14 days, but stagnation of
growth in 21-29 days. The colour is cream-coloured. The
colony reversum is darkened. The outline is severely
fractured. Growing edge is submerged, sparse diffuse. The
mycelial mat is powdery-plumose: mycelial tufts with short
or long hyphae or groups of hyphae radiating from the
central axis, in fan-like arrangement. It is odourless.
— MICROMORPHOLOGY. Hyphal system is monomitic.
Mycelium consists of thin-walled hyaline hyphae,
2.2-6.8 um wide, straight, septate, rarely branching.
Clamps are slightly curved to steeply curved, simple and
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medallion-shaped, 5.8-11.0 um. Hyphal swellings are 19.2 (29.9) um. Chlamydospores, arthro- and blastoconidia
frequently observed, 10.5(13.7) x 15.1 (18.0) um. Cystidia were not found. — Cobe: 1.3.7.14(2).15(2).18.23.31.36(0).

are often observed at the ends of hyphae, somewhat 38.39.44.52-54.72(2).80(2).
irregular, acute, with vyellowish contents, 5.9(9.4) x
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Figure 3. Mycelial growth rate of the Hericium cirrhatum LE-BIN 5192 (A), H. coralloides LE-BIN 5238 (B),

and H. coralloides LE-BIN 5254 (C) strains on BWA, MEA and PDA nutrient media

PucyHok 3. CKopocTb pocTa muuenus wrammos Hericium cirrhatum LE-BIN 5192 (A),
H. coralloides LE-BIN 5238 (B) u H. coralloides LE-BIN 5254 (C) Ha nuTaTenbHbix cpeaax BWA, MEA n PDA
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Figure 4. Microscopic features of Hericium cirrhatum LE-BIN 5192: a — swellings on generative hyphae;

b, c — clamped hyphae; d — wart-like structure on generative hypha; e — cystidia. Scale bars — 10 um

PucyHoK 4. Mukpockonuyeckne ocobeHHoctn Hericium cirrhatum LE-BIN 5192: a — B34yTua Ha reHepaTMBHbIX rndax;
b, ¢ — rudbl ¢ npaxkkamu; d — 6opoaaBKoOBUAHAA CTPYKTYPaA Ha reHepaTUBHOM rmde; e — LUCTuabl.

MacwTabHble AMHENKU — 10 MKM

Colonies on PDA medium — MACROMORPHOLOGY. Growth
rate — moderate, 74.3 mm in 14 days. The colour is pale.
The colony reversum is unchanged. The outline is wavy.
Growing edge is submerged, sparse. The mycelial mat is
powdery-floccose: small hyphal tufts, standing out from
the agar or from the aerial mycelium. It is odourless. —
MICROMORPHOLOGY. Hyphal system is monomitic. Mycelium
consists of thin-walled hyaline hyphae, 2.3-7.2 um wide,
straight, septate, rarely branching. Clamps are slightly
curved to steeply curved, simple and medallion-shaped,
6.1-11.8 um. Hyphal swellings are frequently observed,
12.7(15.1) x 16.5 (22.5) um. Cystidia are often observed at
the ends of hyphae, somewhat irregular, acute, with

yellowish contents, 7.5(10.5) x 26.3 (34.0) um.
Chlamydospores, arthro- and blastoconidia were not
found. — Cope: 1.3.6.14(2).15(1).18.23.31.36(0).37(0).

39.44.52-54.72(2).80(2).

Characteristics of Hericium coralloides LE-BIN 5254

Colonies on BWA medium — MACROMORPHOLOGY. Growth
rate — slow, 51.3 mm in 14 days, but stagnation of growth
in 25-29 days. The colour is cream-coloured. The colony
reversum is unchanged. The outline is flat. Growing edge is
submerged, sparse. The mycelial mat is flaky-plumose:
mycelial tufts with short or long hyphae or groups of
hyphae radiating from the central axis, in fan-like

arrangement. It is odourless. — MICROMORPHOLOGY. Hyphal
system is monomitic. Mycelium consists of thin-walled
hyaline hyphae, 1.5-6.0 um wide, straight, septate, rarely
branching. Clamps are weakly curved to steeply curved,
simple, 7.5-10.0 um. Multiple clamps are rarely observed
on hyphae. Chlamydospores, arthro- and blastoconidia
were not found. — Cope: 1.3.7.14(2).15(1).23.30.(31).36(0).
37(0).38.39.44.52-53.

Colonies on MEA medium — MACROMORPHOLOGY.
Growth rate — slow, 50.8 mm in 14 days, but stagnation of
growth in 17-29 days. The colour is cream-coloured. The
colony reversum is unchanged. The outline is wavy. Growing
edge is submerged, sparse, diffuse. The mycelial mat is
powdery-plumose: mycelial tufts with short or long hyphae
or groups of hyphae radiating from the central axis, in fan-
like arrangement. It is odourless. — MICROMORPHOLOGY.
Hyphal system is monomitic. Mycelium consists of thin-
walled hyaline hyphae, 2.0-6.5 um wide, straight, septate,
rarely branching. Clamps are slightly curved to steeply
curved, simple and medallion-shaped, 4.2-12.2 pm. Hyphal
swellings are frequently observed, 7.5(9.9) x 16.5 (18.5) um.
Cystidia are often observed at the ends of hyphae,
somewhat irregular, acute, with yellowish contents, 5.5(6.4)
x 15.5 (19.6) um. Chlamydospores, arthro- and blastoconidia
were not found. — Cope: 1.3.6.14(2).15(1).18.23.31.36(0).
37(0).39.44.52-54.72(2).80(2).
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Figure 5. Microscopic features of Hericium coralloides in pure culture: a — swellings on generative hyphae;
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b — hyphae with septa; ¢ — clamped hyphae; d — medallion-shaped clamp; e — multiple clamps;

f — cystidia. Scale bars — 10 um

PucyHok 5. Mukpockonuyeckue ocobeHHoctun Hericium coralloides B uncTtol KynbType:
a — B34YyTWA Ha reHepaTuBHbIX rdax; b — rudbl ¢ neperopoakamu; ¢ — rudbl ¢ NPANKKAMU;
d — MefanboHHaA NPAXKKA; € — MHOMeCTBEeHHble NPAXKK; f — umctnabl. MacwTabHble AnHekn — 10 MKM

Colonies on PDA medium — MACROMORPHOLOGY. Growth rate
— slow, 69.9 mm in 14 days. The colour is pale. The colony
reversum is unchanged. The outline is wavy. Growing edge is
submerged, sparse, diffuse. The mycelial mat is powdery-
floccose: small hyphal tufts, standing out from the agar or
from the aerial mycelium. It is odourless. —
MICROMORPHOLOGY. Hyphal system is monomitic. Mycelium
consists of thin-walled hyaline hyphae, 2.5-7.5 um wide,
straight, septate, rarely branching. Clamps are slightly curved
to steeply curved, simple and medallion-shaped,
6.4-14.8 um. Hyphal swellings are frequently observed,
6.5(10.0) x 15.0 (20.8) um. Cystidia are often observed at the
ends of hyphae, somewhat irregular, acute, with yellowish
contents, 6.6(8.0) x 17.9 (20.5) um. Chlamydospores, arthro-
and  blastoconidia were not found. —  CobE:
1.3.6.14(2).15(1).18.23.31.36(0).37(0).39.44.52-54.72(2).
80(2).

Due to the genus Hericium belongs to xylotrophic
basidiomycetes causing a white rot, they possess
extracellular enzymes of the ligninolytic and cellulolytic
complexes. We investigated the lignocellulolytic potential of
Hericium cirrhatum and H. coralloides using pure cultures.
The assessment of oxidative enzymes was carried out using a
method based on the ability of producer strains to oxidise
the ABTS substrate (2,2'-azino-bis(3-ethylbenzothiazoline-6-

sulfonic acid)) to ABTS+. However, in the analysis of
oxidoreductases in the H. cirrhatum LE-BIN 5192 strain,
oxidised ABTS changed colour around the inocula from
transparent to purple-red, but not to emerald green
(Fig. 7, A). The most likely explanation for the formation of
the purple-red colour is the attachment of the free radical
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonate) (ABTS o)
to tyrosine residues in proteins [44]. It was found that the
H. cirrhatum LE-BIN 5192 strain was characterised by a high
level of ligninase activity, with the diameter of the stained
zone reaching 26.8+1.6 mm. At the same time, this strain
exhibited low production of cellulolytic enzymes, with the
diameter of the clearing zone being 7.0 £ 0.1 mm.

When assessing the enzymatic activities of
H. coralloides LE-BIN 5238 and H. coralloides LE-BIN 5254
(Fig. 7, B, C), it was found that the strains exhibited
moderate oxidative enzyme activity; with the diameter of
the coloured zone being 18.7+0.8 mm for the H. coralloides
LE-BIN 5238 strain, and 18.0£0.6 mm for the H. coralloides
LE-BIN 5254 strain. The activity of the cellulolytic complex
enzymes in these strains was similar and low; the zone of
clearing observed in H. coralloides LE-BIN 5238 was
13.0£0.9 mm, and 12.0+0 mm in H. coralloides LE-BIN 5254
(Fig. 8).
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Figure 6. The colony appearance of the Hericium cirrhatum LE-BIN 5192 (A, B, C), H. coralloides LE-BIN 5238 (D, E, F),
and H. coralloides LE-BIN 5254 (G, H, 1) strains at 23 days of cultivation on BWA (A, D, G), MEA (B, E, H),

and PDA (C, F, I). Scale bars — 1 cm

PUCYHOK 6. BHellHWI BUA KONOHMI WwTammos Hericium cirrhatum LE-BIN 5192 (A, B, C),

H. coralloides LE-BIN 5238 (D, E, F) u H. coralloides LE-BIN 5254 (G, H, ) Ha 23 CyTKu1 KyAbTUBMPOBAHUSA

Ha nuTaTenbHbIX cpeaax BWA (A, D, G), MEA (B, E, H) n PDA (C, F, I). MacwTabHas nnHelika — 1 cm

.

ng : 2(A),

Figure 7. Extracellular ABTS-oxidizing activity on agar plates of the Hericium cirrhatum LE-BIN 519
H. coralloides LE-BIN 5238 (B), and H. coralloides LE-BIN 5254 (C) strains. Scale bars — 1 cm
PUCYHOK 7. AKTUBHOCTb BHEKETOUYHbIX OKUC/IUTENbHBIX PepPMEHTOB Ha arapu3oBaHHOM cpeae ¢ ABTS y wTammos
Hericium cirrhatum LE-BIN 5192 (A), H. coralloides LE-BIN 5238 (B) u H. coralloides LE-BIN 5254 (C).

MacwTrabHasn nuHelika — 1 cm
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Figure 8. Extracellular enzymatic activities of the Hericium cirrhatum LE-BIN 5192, H. coralloides LE-BIN 5238,
and H. coralloides LE-BIN 5254 strains: ABTS — ABTS-oxidizing activity on agar plates,

CMC — cellulase activity on carboxymethyl cellulose agar plates

PUCYHOK 8. AKTMBHOCTb BHEKNETOUHbIX GEepMEHTOB Yy lWTammoB Hericium cirrhatum LE-BIN 5192,
H. coralloides LE-BIN 5238 v H. coralloides LE-BIN 5254: ABTS — oKucauTebHan akKTMBHOCTb Ha arapM3oBaHHOM
cpeae c ABTS, CMC — uenntononntuyeckan akTMBHOCTb Ha arapuM3oBaHHOM cpeae ¢ KapboKCMMeTULEeNH0N030M

As an additional physiological and biochemical
characteristic, the degradation potential of the Hericium
strains was assessed using a test based on the
decolourisation of the nutrient medium with added azo
dye Azure B. No one studied strains showed any positive
result in the Azure B decolourisation test. Meanwhile, the
H. cirrhatum LE-BIN 5192 strain was found to be capable of
primordia formation (Fig. 9) when the mycelium was
cultured for three months on the medium containing Azure
B. The primordia of H. cirrhatum were odourless, 2-5 cm in
diameter, characterised by a felt-like, white- and yellow-
coloured surface of pilei, which were fused at the
elongated base, and a hymenophore with whitish-cream
spines.

DISCUSSION

The species Hericium cirrhatum has been revealed from
two different localities in the “Delta Samura” site of the
Samursky National Park. The fungus was growing on fallen
trunks of Carpinus betulus and Populus alba. These trees
were previously known as hosts of H. cirrhatum according
to data from the European part of Russia, where this fungal
species also grows on wood of Alnus, Betula, Fagus,
Quercus, Salix, Sorbus [16; 18]. H. cirrhatum is proposed for
consideration and assessment as globally rare species
within the IUCN Global Fungal Red List initiative. The
species is threatened by the loss of habitat due to logging
of old forests with long continuity of native ecosystem and
trees of various ages and their replacement by the same-
aged monocultures. According to experts’ estimations, the
decline in habitat quality is ongoing and expected to
continue over the next 50 vyears. This allowed to
categorised H. cirrhatum as “Near Threatened” (NT) under
A2c+3c+4c criteria [45]. In Russia, this species is included in
regional Red Data Books of Lipetsk Oblast [46], Udmurt
Republic [47], Republic of Komi [48], Khanty-Mansi
Autonomous Okrug — Yugra [49], Krasnoyarsk Krai [50], and
Amur Oblast [51]. The main population-limiting factors in

each region are following: undisturbed habitat preferences
of the species, irregular and rare fructification, logging of
old-growth and successional forests, removal of coarse
woody debris, as well as wildfires. In the Republic of
Dagestan, the revealed habitats of H. cirrhatum may also
be affected by anthropogenic impact, including the
removal of large-sized dead wood and forest fires. We
recommend monitoring the state of the discovered
populations at least one time per year.

Hericium coralloides included in the Red Data Book
of the Republic of Dagestan [29] with the category 3 (VU) —
rare, vulnerable species — was previously known for the
region from Tabasaransky District only. This saprobe
species was growing on large fallen and dry standing trunks
of Fagus orientalis. Our record of H. coralloides from
Kazbekovsky District has also been collected on fallen trunk
of beech. At the same time, this fungus is able to develop
on dead wood of other deciduous trees. In particular, new
findings from “Delta Samura” site of the Samursky National
Park in Magaramkentsky District have been made on fallen
trunks of Carpinus betulus and Ulmus sp. The species
Hericium coralloides prefers old-growth broad-leaved
forests with constant moisture level and the presence of
large woody debris. The ecological features of earlier
recorded populations of this xylotrophic fungus in the
Republic of Dagestan correlates with newly observed
habitats. Basidiomata of H. coralloides were found together
with several widespread species of wood-inhabiting fungi
on the same woody substrate unit. In Kazbekovsky District,
Auricularia mesenterica (Dicks.) Pers. and Bjerkandera
adusta (Willd.) P. Karst. were noted as neighboring species
with Hericium coralloides jointly involved in wood
decomposition of Fagus orientalis dead trunk. In
Magaramkentsky District, Stereum hirsutum (Willd.) Pers.
accompanied with Hericium coralloides on the common
fallen trunk of Carpinus betulus. Remarkably, all registered
fungal species growing together with Hericium coralloides
belong to white-rot fungi.
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Figure 9. The teleomorph formation by the Hericium cirrhatum LE-BIN 5192 strain on agarized medium,

containing the polyphenol dye Azure B. Scale bar—1 cm

PucyHok 9. O6pasoBaHue Teneomopdsl wrammom Hericium cirrhatum LE-BIN 5192 Ha arapn3oBaHHOWM
nutaTeNbHOM cpeae, cogepKallen nonmbeHonbHbI KpacuTenb Asyp b. MacwTtabHaa anHenka — 1 cm

The strains studied in vitro were characterised by a slow
growth rate, typical of Hericium representatives
[52; 53; 54]. The H. cirrhatum LE-BIN 5192 strain showed
the slowest growth rate among the pure cultures tested.
The MEA proved to be the most suitable for the cultivation
of this strain. Strains of H. coralloides LE-BIN 5238 and
H. coralloides LE-BIN 5254 exhibited some variability in
growth parameters when cultured on different nutrient
media. The growth rate dynamics of both H. coralloides
strains when grown on BWA and MEA were similar; the
stable mycelial growth was observed during the initial
stages of cultivation, but from 15-25 days (depending on
the strain), a complete cessation of mycelial growth was
observed. Both strains demonstrated the fastest growth
and the ability to completely colonise a Petri dish (90 mm
in diameter) when grown on PDA, which does not
correspond to some literature data. Thus, Gonkhom et al.
indicated that MEA supplemented with yeast extract was
the best suited for the cultivation of H. coralloides

mycelium [55]. According to Nguyen et al, PDA
supplemented with yeast extract was optimal for the
growth of H. erinaceus mycelium [56]. The results obtained
in our study can likely be explained by the fact that the
optimal culture media and nutrient requirements for
mycelial growth vary depending on the specific strains of
Hericium spp.

The macromorphological colony characteristics of
all three strains exhibited considerable variability during
growth on the test media. The texture of H. cirrhatum
LE-BIN 5192 colonies varied from feathery on BWA to
mealy-feathery on MEA and flaky-feathery on PDA. The
mycelial mat of H. coralloides LE-BIN 5238 and
H. coralloides LE-BIN 5254 was characterised by a flaky-
feathery texture on BWA to mealy-feathery on MEA and
mealy-flaky on PDA. Colony colour ranged from white (on
BWA for H. coralloides LE-BIN 5238) to cream and pale
beige (on PDA for H. coralloides LE-BIN 5254). The colony
outline varied from smooth (on BWA for H. coralloides
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LE-BIN 5254) to wavy and highly irregular (on MEA for
H. coralloides LE-BIN 5238). It should be noted that the
cultivation of H. coralloides LE-BIN 5238 on all the media
studied led to darkening of the reverse side in the later
stages of cultivation. Whereas prolonged cultivation of
H. coralloides LE-BIN 5254 did not resulted in darkening of
the culture media.

The micromorphological characteristics of the
strains studied, both H. cirrhatum and H. coralloides,
remained largely stable. However, in H. coralloides strains,
when cultured on MEA and PDA, some changes in hyphal
structure were observed, manifested by the appearance of
cystidia and more frequent occurrence of hyphal swellings
than when grown on BWA. It is also worth noting the loss
of medallion-shaped clamps and, in general, a lower
frequency of clamps in the mycelium of strains grown on
BWA compared to MEA and PDA.

It is known that the efficiency of the wood
biodegradation process by white-rot basidiomycetes
depends on the activity of the ligninolytic complex
enzymes. The enzymes responsible for the modification
and subsequent degradation of lignin are primarily lignin
peroxidases (LiP; EC 1.11.1.14), which catalyse the
oxidation of both phenolic and non-phenolic compounds,
as well as manganese peroxidases (MnP; EC 1.11.1.13) and
laccases (Lac; EC 1.10.3.2), which oxidise phenolic
compounds [57]. The H. cirrhatum LE-BIN 5192 strain
exhibited high levels of oxidoreductase production and low
levels of cellulases, which is consistent with the literature
data for Hericium erinaceus. Furthermore, based on the
analysis of transcripts of putative polyphenol oxidases, Van
La et al. identified at least six different laccase genes
expressed at different growth stages of H. erinaceus, which
may be involved in the enzymatic oxidation of phenolic
compounds [58].

The assessment of the ligninase activity of the
H. cirrhatum LE-BIN 5192 strain revealed the appearance of
a red-purple ABTS adduct. It was known that the formation
of stable tyrosine-ABTS adducts as a result of tyrosyl radical
reactions. Kut et al. established that the presence of pre-
formed ABTS e led to a transformation of blue laccase
obtained from ascomycete fungus Sclerotinia sclerotiorum
(Lib.) de Bary to a dark violet colour [59]. Wood-decaying
basidiomycetes, in addition to n-diphenol oxidase (laccase;
EC 1.10.3.2), can also produce o-diphenol oxidase
(tyrosinase; EC 1.14.18.1). Tyrosinase is a copper-
containing oxidase with mixed functions, capable of various
oxidative modifications, including one-electron oxidation
[60]. Moreover, tyrosinase is associated with the formation
of brown pigments (melanins) in fungi. Thus, the origin of a
purplish-red colour in the inoculum of H. cirrhatum
LE-BIN 5192 may indicate the production of highly active
tyrosinase by this strain.

Both strains of H. coralloides demonstrated
moderate oxidative enzyme activity, which is consistent
with data we previously obtained for the H. coralloides
LE-BIN 3594 strain, isolated from the “Bryanskiy les” State
Biosphere Nature Reserve (Bryansk Oblast, European part
of Russia) [54]. Simultaneously, Popa et al. showed that a
liguid potato-dextrose medium was optimal for the
production of highly active laccase in H. coralloides [61].
The medium level of ligninase activity in H. coralloides
LE-BIN 5238 and H. coralloides LE-BIN 5254 strains
investigated in our study is probably related to the choice
of MEA as the culture medium for the inoculum.

Extracellular enzymes produced by basidiomycetes
play an important role not only in the depolymerisation of
natural lignocellulosic substrates, but also possess the
ability to decolourise resistant dyes and degrade non-
polymeric compounds, such as polyhydroxyaromatic
hydrocarbons, nitrotoluene and pentachlorophenol under
in vitro conditions [62]. Despite the fact that our studied
strains proved no capable of decolourising Azure B in the
medium, there known the ability of H. coralloides to bleach
azo dyes. Earlier, Nicolcioiu et al. found that a 70 % ethanol
extract containing oxidative enzymes (lignin peroxidase,
manganese peroxidase and laccase) from H. coralloides
was capable of depigmenting the azo dye Bemacid Rot
N-TF [63]. The process of dye decolourisation by fungi is
highly complex and is associated with the presence of
extracellular peroxidases in basidiomycetes, particularly
manganese  peroxidases  [64]. Furthermore, the
decolourisation process involves not only individual
enzymes and multi-enzyme complexes, but also a
multitude of other factors (various mediators, radicals,
hydrogen peroxide, etc.) [57]. Thus, the inability of the
studied strains to decolourise Azure B may be due to
MnP genes being in an inactive state or the incompleteness
of bleaching enzyme set. Furthermore, the toxic azo dye
Azure B in the culture medium could be present in too high
concentration that have inhibited mycelial growth and the
production of enzymes responsible for the degradation of
the dye in Hericium strains.

CONCLUSION

The study has yielded new data on the species richness,
ecological features and cultural characteristics of the genus
Hericium within the Republic of Dagestan. Hericium
cirrhatum has been recorded for the first time in the
North-Eastern Caucasus, whilst new localities have been
identified for H. coralloides, a protected species in the
region. Both species are preserved as herbarium specimens
in the Mycological herbarium of the Komarov Botanical
Institute RAS (LE) and at the mycelial stage in the Komarov
Botanical Institute Basidiomycetes Culture Collection
(LE-BIN). The isolated pure cultures enable the
preservation of the gene pool of rare and little-known
species invitro. The data obtained can be used to
characterise the physiological traits of strains having
various geographical and ecological origins, and may be
utilised in conservation practice for the reintroduction of
xylotrophic species of basidiomycetes.
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