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Mucoromycetes are well-known cosmopolitan molds. Recently, these fungi have become increasingly important
due to their ability to cause life-threatening infections in immunocompromised persons. This paper is the first
one to study the ultrastructure of hyphae and sporangiospores in Rhizomucor pusillus, using the strain RCPF
1845. Species identification was done by morphological analysis and confirmed by DNA sequencing of the large
subunit ribosomal RNA gene. For a more comprehensive analysis, transmission electron microscopy was carried
out with specimens, fixed by chemical and cryofixation with high pressure freezing procedure. High pressure cry-
ofixation preserved microtubules in the cytoplasm and nucleoplasm better, although traditional chemical fixa-
tion using paraform allowed to get the acceptable images of sporangiospores. We described the structure of nu-
clei, cell walls and septa, mitochondria and autophagic vacuoles. New data have been obtained on the vesicular

transport through the hyphal wall.

Keywords: cryofixation, mucoromycetes, ultrastructure, vesicular transport

DOI: 10.31857/S0026364821060040

INTRODUCTION

Mucoromycetes are ubiquitous saprotrophic fungi
that can cause life-threatening human infections, pri-
marily in patients with diabetes mellitus and immuno-
compromised people (Jeong et al., 2019; Klimko et al.,
2019; Singh et al., 2021). The number of invasive infec-
tions caused by mucoromycetes (mucormycosis) has
increased significantly in recent years, including
COVID-19 patients. The Global burden of invasive
mucormycosis is estimated as ~5000 cases in patients
with leukemia and around 35000 cases related to malig-
nancy and bone marrow transplantation (https://gaf-
fi.org). There are many mucoromycete-associated in-
fections in India and Southeast Asia (Singh et al.,
2021). Most of the strains isolated from such diseases
belong to the genera Rhizopus, Mucor, Lichtheimia, and
Rhizomucor (Maurer et al., 2019; de Hoog et al., 2020).
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Rhizomucor pusillus accounts for 20—25% of 100
cases culture proven mucormycosis in Russian Federa-
tion during 2002—2020 years (Khostelidi et al., 2019,
2020). This fungus has a world-wide distribution and is
associated with soil, rotten fruits and vegetables and
compost heaps. It is a thermophilic species with wide
temperature growth range: minimum at 20—27°C, op-
timum at 35—55°C (Kidd et al., 2016). The cultures are
grey to greyish brown, 2—3 mm high. Stolons and rhi-
zoids are poorly developed. Sporangiophores brown-
ish, 8—15 um wide, with apical branches each termi-
nating with a sporangium, always with a septum below
the sporangium. Sporangia are dark-coloured, globose
(40—100 um in diameter), each possessing an oval or
pear-shaped columella (20—30 um), without apophy-
sis. Sporangiospores hyaline, smooth-walled, globose
to subglobose, 3—4 um in diameter (Kidd et al., 2016;
de Hoog et al., 2020).
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The analysis of pathogenous mucoromycetes in-
cludes strain isolation, collection and study using light
and electron microscopy as well as methods of molec-
ular biology. In the North-Western State Medical Uni-
versity named after I.I. Mechnikov, the Russian Col-
lection of Pathogenic Fungi (RCPF) is kept. The stud-
ies of the collection strains isolated from patients with
mucormycosis were carried out in several directions,
including morphological studies by histological and
electron microscopic methods and the studies of mo-
lecular diversity of medically relevant fungi. To address
the issues, connected with fungal virulence, a number
of animal models were developed. The series of result-
ing publications includes publications on several
strains being stored in the RCPF, by Stepanova et al.
(2012), Mikhaylova and Polishchuk (2012), Vasilyeva
et al. (2013, 2019a, 2019b), Pchelin et al. (2020).

Here we provide the data on ultrastructure of hy-
phae and sporangiospores of Rhizomucor pusillus
(Lindt) Schipper strain RCPF 1845 fixed for TEM by
traditional chemical (CF) and cryofixation with high
pressure freeze (HPF) procedure for a more compre-
hensive comparative analysis.

MATERIALS AND METHODS

Fungal strain. The fungal strain RA. pusillus RCPF
1845 was isolated in November 2017 from a sample of
bronchoalveolar lavage in Saint Petersburg, Russia.
To obtain material for research, the culture was inocu-
lated on solid nutrient media, Sabouraud agar or wort
agar (Research Center of Pharmacotherapy, Russia)
and incubated at 37°C for 3 days to get both the young
mycelium and the sporangia.

Species identification was performed by phenotypic
analysis with the use of Atlas of Pathogenic Fungi
(de Hoog et al., 2020) and confirmed by DNA se-
quencing of partial ribosomal large subunit RNA gene
(LSU) and partial translation elongation factor 1 alpha
(TEFIo) gene. Amplification of LSU locus was carried
out with the primers NL1 (5'-GCATATCAATAAGC-
GGAGGAAAAG-3") and NL4 (5'-GGTCCGT-
GTTTCAAGACGG-3") (O’Donnell, 1993). A ther-
mocycler was programmed for initial 5 min denatur-
ation at 95°C, followed by 34 cycles of denaturation for
30 s at 95°C, annealing 30 s at 56°C and extension for
1 min at 72°C. The final elongation step lasted for
10 min at 72°C. The locus TEFIo. was amplified with
the primers Al33_F1 (5'-GAYTTCATCAAGAACAT-
GAT-3") and AI33 R2 (5'-GACGTTGAADCCRA-
CRTTGTC-3") (Robert et al., 2011). The amplifica-
tion program included initial denaturation step at 95°C
for 5 min, 40 cycles of denaturation at 94°C for 30 s,
annealing at 48°C for 45 s, and elongation at 72°C for
60 s and a final elongation step at 72°C for 7 min. The
resulting PCR products were sequenced as described
earlier (Pchelin et al., 2020). The obtained nucleotide
sequence of D1 and D2 domains of the locus LSU was
deposited in NCBI Nucleotide database under the ac-
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cession MZ401142 and the sequence of TEFIa. locus
was deposited under the accession MZ420270.

Phylogenetic analysis. The alignment of LSU locus
sequences contained sequences of species, found to
cause human infections in St. Petersburg (unpublished
data) as well as closely related species. We also included
two LSU sequences of local strains from an earlier
study (Mikhailova, Polischouk, 2012). An unrooted
Maximum Likelihood phylogenetic tree was calculated
with the use of PhyML 3.1 software (Guindon et al.,
2010) as implemented in SeaView 5.0.4 package (Gouy
etal., 2010). The substitution model was GTR + I" with
12 across site variation rates. The stability of branches
was assessed by performing 100 bootstrap resamples.

Electron microscopy. Fungal material was prepared
for electron microscopy using chemical fixation or
high pressure freezing and freeze substitution accord-
ing commonly used protocols (Kuo, 2014). Chemical
fixation (CF) was performed in a mixture of 3% glutar-
aldehyde (EMS, USA) and 4% paraformaldehyde (fi-
nal concentrations) in 0.1M cacodylate buffer pH 7.2—
7.4 for 4 hours at room temperature. After rinsing in
0.2M cacodylate buffer twice for 20 min, the material
was post fixed in 1% OsO,, 0.1 M cacodylate buffer at
4°C overnight. After dehydration in alcohol series and
propylene-oxide the samples were embedded in LV
Resin (Agar).

For cryofixation, the pieces of mycelium were high
pressure frozen (HPF) using HPM 100 (Leica Micro-
systems) in aluminum carriers 100 um deep and 6 mm
in diameter, filled with 1-hexadecene (Sigma Aldrich).
After freezing, the samples were warmed in substitu-
tion medium containing dry acetone, 1% OsO, (EMS,
USA), 0.2% uranyl acetate (SPI, USA) and 2% meth-
anol from —100 to 0°C during 42 hours in freeze substi-
tution (FS) machine AFS2 (Leica Microsystems). The
samples were washed three times with cold acetone at
0°C for 1h and warmed to room temperature. Infiltra-
tion and embedding in Epon EmBed 812 resin (EMS,
USA) was subsequently performed at room tempera-
ture. Sections were observed using transmission elec-
tron microscope Jeol JEM 1400 equipped with side
camera Veleta (Olympus).

RESULTS AND DISCUSSION

Species identification. Seven-days old fungus colo-
ny on Sabouraud agar developed pronounced aerial
mycelium, was felt-like and colored greyish brown
(Fig. 1, I). The reverse side of the colony was smooth
and colorless. On wort agar medium, the colony was
white-gray-brown, felt-like, with smooth and colorless
reverse side (Fig. 1, 2). The hyphae were 6—12 um
thick and pauciseptate, colorless. Small and rare rhiz-
oids emerged from both the lateral side and the tip of
hyphae (Fig. 1, 7, &8). The sporangiophores were
smooth, randomly branching, brown, 5—10 um thick,
extending from aerial hyphae or stolons. Each sporan-
giophore branch bore a multispored terminal brown
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Fig. 1. General view of the Rhizomucor pusillus strain RCPF 1845 on the Sabouraud agar (7), wort-agar (2), sporangiophore/myce-
lium structure (3), sporangium (4), sporangiospores (5), branching (arrow) septate (arrowheads) sporangiophore with columellae (6),
lateral (7) and terminal (&) rhizoids. 3, & — bright field, 4—7 — DIC. Scale bars: 3, § — 30 um, 4 — 50 um, 5 — 10 um, 6, 7— 20 um.

sporangium (Fig. 1, 3, 4, 6). The mature sporangia
were spherical and measured 30—50 um in diam., sep-
arated from sporangiophore with septa (Fig. 1, 3, 4, 6).
The columellae were round or pyriform, 13—25 um in
diam., without apophysis (Fig. 1, 4, 6). The sporangio-
spores were smooth-walled, rounded, greenish-brown
in color, 2.5—4 um in diam. (Fig. 1, 5). This set of traits
indicated that the isolated RCPF 1845 belonged to the
species Rh. pusillus (de Hoog et al., 2020).

To confirm this morpho-biological identification,
we sequenced the LSU locus of the strain RCPF 1845
and built a phylogenetic tree of mucoromycetes (Fig. 2).
The LSU sequence of this strain was identical to the se-
quences of two previously characterized local strains of
RhA. pusillus and with the sequence of the type strain
CBS 354.68 (Fig. 2). The results of phylogenetic anal-
ysis demonstrated that the genotype of studied strain
does not differ from other local and type RhA. pusillus
strains. Therefore, our results are expected to be appli-
cable to the RA. pusillus population as a whole.

Ultrastructure of hyphae. We studied sections of
young growing hyphae without aging and degrading ar-
eas. The hyphae contained nuclei, numerous mito-
Ne 6
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chondria with lamellar cristae, rare ER cisterns, and
vesicles of various diameters. The same cell compo-
nents were found in hyphae fixed both chemically and
with HPF.

0.1 99 Rhizopus sexualis CBS 336.39 T AB250186.1
Rhizopus stolonifer CBS 150.83 AB250199.1
Rhizopus arrhizus CBS 112.07 T HM849659.1
7sr Ellisomyces anomalus CBS 243.57 T JN206423.1
4':[ Mucor circinelloides CBS 195.68 T HM849680.1
100 Mucor racemosus CBS 260.68 T HM849676.1
Lichtheimia ornata CBS 291.66 T GQ342946.1
[Lic’ heimia corymbifera CBS 429.75 T GQ342903.1
os Lichtheimia hyalospora CBS 173.67 T GQ342905.1
Lichtheimia sphaerocystis CBS 420.70 T GQ342933.1
L Lichtheimia ramosa CBS 582.65 T GQ342909.1
’, Rhizomucor miehei CBS 182.67 T HM849717.1

93

100

Rhizomucor pusillus CBS 354.68 T HM849716.1

Rhizomucor pusillus RCPF 1341 JX961688.1

100 ‘ Rhizomucor pusillus RCPF 1845 MZ401142.1
Rhizomucor pusillus RCPF 1508 JX961697.1

Fig. 2. ML phylogenetic tree based on partial 28S rRNA
gene (domains D1 and D2) analysis of locally encountered
clinical mucoralean species. Studied strain is given in bold.
T — type strain. Branch support values >75% are shown.

2021
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The cell wall was electron-dense and appeared rath-
er homogeneous with either method of fixation (Fig. 3,
1—11). Hyphal wall was apparently formed by one lay-
er, in which it is difficult to establish heterogeneity with
both methods of fixation. The septae were rarely found
in growing hyphae. In one case, the formation of a sep-
tum was noted to isolate the area containing reserve
nutrients: lipid globules of different sizes are concen-
trated in one of the compartments (Fig. 3, 3). On the
section, it is noticeable (indicated by arrows) that the
septum wall was formed by the thickening of the inner
layer of the cell wall of each cytoplasmic portion.

The main part of the cytoplasm was homogeneous
and contained a large number of ribosomes (Fig. 3, 1,
2,4, 5, 7). The cytoplasm after HPF fixation was not as
dense and homogeneous as after CF, and the cytoplas-
mic microtubules (Fig. 3, 2, insertion) were better vis-
ible than after CF.

Mitochondria profiles were usually 300—500 nm
long, although branching larger ones measured up to
1 um were also found (Fig. 3, 2, 4, 5—7, 9, 10). After
the traditional method of fixation (CF), the mitochon-
drial matrix was darker, and the cristae were slightly
swollen in general, although they retained their lamel-
lar shape. At the same time, CF method better pre-
served a space between inner and outer membranes and
the shape of the cristae, which were clearly visible on
longitudinal and transverse sections (Fig. 3, 5). The
HPF fixation gave unstable results for mitochondrial
cristae and matrix (Fig. 3, 2, 11; 5, 4).

The nuclei in growing hyphae were usually dis-
tanced from each other (Fig. 3, 2). Only in the thicken-
ing of the hyphae we could see several closely located
nuclei surrounded by mitochondria (Fig. 3, 7). Heter-
ochromatin was not detected in the mycelium nuclei, a
large eccentric nucleolus was clearly visible (Fig. 3, 1, 2, 7).

Vacuoles of various sizes and shapes were abundant
in old hyphae. In young hyphae they were less frequent
and usually small (Fig. 3, 2, 4—7). The microbodies
covered with single membrane were not found in the
hyphae, but they present in immature sporangiospores
(see below). Being the thermophilic fungus, Rhizomu-
cor pusillus might have the microbodies containing
electron dense crystalline inclusions, like ones found in
Thermomyces lanuginosus and Th. stellatus (Ellis,
1981), but it has not. In Thermomyces species the mi-
crobodies with crystalline inclusions appeared in hy-
phae at 52°C, but were absent at the same species
grown at 40°C. Probably, the temperature optimum at
37°C for Rhizomucor pusillus hyphal growth is too low
for crystalline formation in microbodies. At the same
time, RA. pusillus was able to produce special reservoirs
for lipid storage separated with septa (Fig. 3, 3). This
kind of lipid storage structures are characteristic of
thermophilic mucoromycetes.

On the periphery of some hyphae, the so-called
myelinous and multivesicular bodies, which are tangles
of membranes, were found (Fig. 3, 6, §). Both types of
the bodies are commonly found in fungal cytoplasm,
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but their function is still unknown (Kamzolkina et al.,
2014).

Vesicular transport. Our study revealed many cases
of single vesicles with either translucent content or
containing some particles, and multivesiculated bodies
as well. They were found near the plasma membrane of
hyphae (Fig. 3, 1, 4, 6, 9, 10). Many authors have
shown, that typical eukaryotic vesicular transport takes
place in the fungal hyphae and serves for exocytosis of
macromolecules of proteins, lipids, polysaccharides
and pigments (summarized by Rodrigues et al., 2011
and Rodrigues, Casadevall, 2018). However, it remains
unknown how the relatively large vesicles cross the cell
wall that has too small pores (~5.8 nm) in the cell wall
to reach the extracellular space. Nevertheless, a possi-
bility of such transfer has been recently shown using
cryofixation for TEM for Candida albicans and Crypto-
coccus neoformans with liposomes containing ampho-
tericin B (Walker et al., 2018). The authors demon-
strated that the liposomes with diameter of 60 to 80 nm
remained intact during transit through the fungal cell
wall to deliver amphotericin B from outside to the plas-
ma membrane (Walker et al., 2018).

Alternative way of big cytoplasmic portion transfer
through the hyphal wall can be proposed on the base of
our current data on the exocytosis of Rhizomucor pusil-
lus. An unusual invagination of the plasma membrane
(Fig. 3, 9 arrowheads) isolating cytoplasmic portion at
the cell periphery may represent the first stage of exo-
cytosis. At the next stage a drop of cytoplasm extruded
from the vesicle into periplasmic space (Fig. 3, 10) and
small protrusions of the hyphal wall appear around it
(Fig. 3, 10 arrows). We suggest, that the hyphal wall
overgrowth this drop of cytoplasm, which was then to-
tally enclosed by hyphal wall as seen at Fig. 3, 1. While
the main cell content become isolated by the hyphal
wall, the exocytosis may occur by degradation of the
outer portion of hyphal wall. Perhaps, these three im-
ages might represent consecutive stages of vesicular
transport through the hyphal wall, but such interpreta-
tion of ultrastructural images needs confirmation with
cytochemical methods.

Ultrastructure of sporangium and sporangiospores.
The longitudinal sections of chemically fixed imma-
ture sporangia (Fig. 4, /—23) clearly showed the sporan-
giospores on the surface of the columellae. The spo-
rangia were covered with a sporangial wall, formed by
external thickening of the sporangiophore wall (Fig. 4, 3).
Sporangial wall was homogeneous and smooth, obvi-
ously composed of one layer and detached from the
immature sporangium contents. Three layered struc-
ture like in Fllisomyces anomalus (Beakes, Campos-
Takaki, 1984) was not revealed by TEM in chemically
fixed specimens.

The internal thickening of the stem wall produces
the wall of columella. At the base of the sporangium,
both the future walls are separated by a narrow elec-
tron-dense layer, which later becomes the outer layer of
the columella wall (Fig. 4, 2—3). The content of the
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Fig. 3. Ultrastructure of hyphae of the Rhizomucor pusillus strain RCPF 1845: 1 — cross section of a thick hypha containing several
nuclei (n), mitochondria (m), and vesicles (v); 2 — longitudinal section of young hypha with two nuclei, dark vesicles (dv) at the an-
terior end (to the right). Insert: microtubular profile at the cell periphery (arrow); 3 — segregation of cytoplasm containing lipid glob-
ules. Note the septa formation from both sides of cytoplasm (arrows); 4 — cell wall and mitochondrion structure at higher magnifi-
cation; 5 — mitochondrion with plate-like cristae (cr) cut at the different planes; 6 — multivesicular body and a vesicle at the cell pe-
riphery; 7 — nucleus with euchromatine and eccentric nucleolus (nu), and mitochondria; & — myelin-like structure (my) at the cell
periphery; 9— 10 — two putative stages of exocytosis preceding intrawall vesicle formation shown on fragment //; arrowheads on frag-
ment 9show the membrane cistern around portion of cytoplasm under the hyphal wall; arrows on fragment /0 show small hypha wall
protrusions around a portion of cytoplasm in the periplasmic space; /1 — intrawall vesicle (arrow); 2, 11 — HPF, others — CF. Scale
bars: /-3 — 1 um, 4, 7, §— 500 nm, 5—6, 9— 11 — 200 nm. Abbreviations: av — autophagous vacuole, col — columella, cr — cristae in
mitochondrion, cw — columellar wall, dm — degraded mitochondrion, dv — dark vesicles, er — endoplasmic reticulum, h — hypha,
hw — hyphal wall, il — inner layer of sporangiospore wall, is — inter sporangiospore space, | — lipid globule, n — nucleus, nu — nucle-
olus, m — mitochondrion, mv — multivesicular body, my — myelin-like structure, ol — outer layer of sporangiospore wall, pm — plas-
ma membrane, rh — rhizoids, sf — sporangiophore, sp — sporangium, ss — sporangiospore, sw — sporangial wall, v — vesicle, va —
vacuole.
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Fig. 4. Sporangiophore structure of the Rhizomucor pusillus strain RCPF 1845: I — longitudinal section through the sporangium on
the sporangiophore; 2, 3 — portion of sporangium (2) and sporangiophore (3) at higher magnification, showing the columellar and
sporangial wall formation; 4 — two-layered wall (sw) structure of five neighbor intrasporangial sporangiospores probably at different
stages of development. Scale bars: / — 5 um, 2, 3 — 2 um, 4 — 200 nm. CF for all images. For abbreviations, see legend to fig. 3.

columella is represented by highly vacuolated cyto-
plasm, containing numerous nuclei (Fig. 4, 3). Later
during sporangial maturation these nuclei with sur-
rounding cytoplasm segregate from columella and be-
come the nuclei of sporangiospores. Sporangiospores
at different stages of maturation lay outside the colu-
mella membrane in the extracellular matrix. They were
covered with a two-layer wall similar in structure to the
wall of columella: a thick moderately dense layer is
covered with an electron-dense thin layer (Fig. 4, 4).
Apparently, sporangiospores inherit this wall as a result
of segregation along the sporogenesis. Intrasporangial
spores contain nucleus with an eccentric nucleolus,
relatively large mitochondria, lipid globules, and vacu-
oles with indefinite contents (Fig. 5, 1, 2). Released
sporangiospores are globular with a smooth surface
and thick (up to 170 nm) walls. The wall is composed of
two layers: a thick loose layer of moderate density ad-
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jacent to the plasma membrane, and external thin elec-
tron-dense layer (Fig. 5, 4). Two-layered sporangio-
spore wall has been reported for the majority of inves-
tigated Mucoromycetes (Jeffries, Young, 1984).

The sporangiospores of Rhizomucor pusillus con-
tained one nucleus in the center of the sporangiospore
with several small mitochondria around it. No Golgi
apparatus was found, ER cisternae were rare in the cy-
toplasm (Fig. 5, 3, 4). In the nucleoplasm, unordered
microtubules were clearly visible (Fig. 5, 4 arrow-
heads), which might be at the stage of disassembly after
completed mitosis. Other mucoromycetes, such as Fi/-
lisomyces anomalus, also have only one nucleus with a
central nucleolus and euchromatin (Beakes, Campos-
Takaki, 1984; Tansey et al., 1984). The larger sporan-
giospores of Rhizopus arrhizus, Rh. stolonifer and
RhA. sexualis contained several nuclei and they also do
not contain heterochromatin (Hawker, Abbott, 1963;
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Fig. 5. Structure of Rhizomucor pusillus strain RCPF 1845 intrasporangial (/, 2) and released (3, 4) sporangiospores; 1, 2 — CF;
3, 4 — HPF. For abbreviations, see legend to fig. 3. Scale bar — 500 nm for all figures.

Necas et al., 1963; Buckley et al., 1968; Hess, Weber,
1973). The nucleolus was also present, which indicates
active processes in the sporangiospore cell.

In addition to these cellular structures in sections of
cryofixed released sporangiospores we found two
membrane limited vesicles with homogenous content
(Fig. 5, 4), which correspond to inactive mitochondria
with degraded cristae. Besides this, one or two un-
usual elongated vacuoles with heterogeneous con-
tents (Fig. 5, 3, 4) have been found. They are delimited
with single membrane and contain vesicles of different
dimension and shape, sometimes the membranes, and
rather dense matrix. Probably, these vesicles represent-
ed autophagic vacuoles utilizing the degraded mito-
chondria, what is common for the fungal cells (Liu
et al., 2016).

This ultrastructural study of mycelium, sporangium
and sporangiospores of the Rhizomucor pusillus strain
RCPF 1845 revealed the same main structures as in
other mucoromycetes. Using two different methods of
fixation we have shown some rarely described phe-
nomena like microtubules in sporangiospore nuclei,
autophagic vacuoles, or the intrawall cytoplasmic in-
clusions, which can be interpreted as a stage of exocy-
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tosis. A deeper analysis of ultrastructure is needed for
different fungi, besides the model objects.
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MyKOopOMHUILIEThl — MULIEMATbHbBIE MUKPOCKOMUUYECKUE TPUOBI, IIIMPOKO PACIIPOCTPAHEHHBIE B OKpYKatolleit
cpene. B mocnenHee BpeMst OHM MPUOOPETAIOT BCe OobIliee 3HAYSHME, T.K. CITOCOOHBI BBI3BIBATh OITACHBIE IS
SKM3HU UHGMEKLIMHU Y IOl ¢ ociabIeHHbIM UMMYHHUTETOM. B cTaThe BriepBhIe UccieqoBaHa yIbTPAaCcTPYKTypa
rud u cnopanruocnop Rhizomucor pusillus na mpumepe mramma PKIIT 1845. OnpeneneHne BUIOBOM MpUHAI -
JIEKHOCTU OBLIO OCYILECTBICHO MPU MOMOIIU MOPGOIOTUUECKOro aHaIn3a U MOATBEPXKISHO CEKBEHUPOBa-
aHueM reHa PHK Gompinoit cyobequHUIBL pribocoM. J11s1 6oJiee MOIHOTO CpaBHUTEIBHOTO YIBTPACTPYKTYPHO -
ro aHaJiu3a, MPOCBEYMBAIOILAS JIEKTPOHHAsT MUKPOCKOMNUS OblUla MpoBeAeHa ISl MaTepraia U3 KyJIbTypbl
rpuba, IMMOATOTOBJICHHOTO IBYMST METOJAMM: XUMUYECKOM 1 Kpruodukcanueit. Kpnodukcamnys mom BBICOKMM
NaBJIEHUEM JIy4llle COXPaHsIeT MUKPOTPYOOUKHM B LIMTOILJIa3Me 1 HYKJIEOTIJIa3Me, XOTsI TPaAULIMOHHASI XUMUYe-
cKkas dukcamus py UCITOIb30BaHUU MapadopMa Takke MO3BOJISICT TMOTyJYaTh ITpUeMiIeMble M300pakeH!s
criopaHruocnop. B Haieit paboTte onrcaHo CTPOSHUE sAIep, KJIETOYHON CTEHKH U CEIT, MUTOXOHIPUI U aBTO-
darmyeckux Bakyoseit. [TomydeHBI HOBbIE TaHHBIE O BE3UKYJISIPHOM TPAHCIIOPTE Yepe3 CTEHKY TMdBI rprda.

Karouesvie cro6a: Be3UKyISIpHBIN TPAHCIIOPT, KpMOoMUKCAIIMs, MyKOPOMUIIETHI, YABTPACTPYKTypa
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BBEIAEHUE

CraThsl TIpoAoIKaeT KPUTUUECKOE M3YYEHHUE PO-
JIOB KaHTapeJUIoBbIX I'puboB Poccuu (Bondartseva,
Zmitrovich, 2018; Bondartseva, Zmitrovich, 2020a,
2020b) u 1oCBsIIeHa TIPEACTABUTEIISIM IIIMPOKO MPH-
3HaBaeMbIX BO BTOpOi1 mojioBuHe XX B. ponoB Cerato-
basidium n Thanatephorus, OOIBIIMHCTBO BUIIOB KO-
TOPBIX B HACTOSIIIEE BpeMsl BKIIOUEHO B pon Rhizocto-
nia. Pon oObenuHSIET MMOYBEHHBIC M TTOACTUJIOYHBIC
rpUOBI, PSIT KOTOPHBIX U3BECTEH B KAYeCTBE (PUTOMNATO-
T€HOB C JOBOJBHO IIPOCTO OPraHU30BaHHBIM CIIOPO-
HoleHueM. Jlojiroe BpeMs1 3Tu IpuObl paccMaTpuBa-
1 B ceMmelictBe Ceratobasidiaceae, onncannom Map-
tuHOM (Martin, 1948) mIst KOPTUILIMOUITHBIX TPHUOOB C
MprU3HaKaMU TeTepo0a3suauoMuUIEeTOB (YIJIUHEHHBIE
CTEpUIMBI U 0a3UMIMOCIIOPHI, IIPOPACTAIOIINE BTO-
PWYHBIMU cHopaMm). MapTuH orpaHW4YMBajl O0OBEM
cemeiictBa Ceratobasidiaceae ponom Ceratobasidium,
XOTS W BKJIIOYaJ B IIOCIACHHUII HEKOTOpPbIC BUIHI,
no3mHee nomMelieHHble B Thanatephorus n Oliveonia.
B 1982 r. FOnux onucan nopsinok Ceratobasidiales, B
paMKax KOTOpOTO paccMaTpHMBall 3TO CeMeiiCTBO
(Julich, 1982). K 1995 1. oTOT mMopsiaoK BKJOYal
18 TakcoHOB pogoBoro ypoBHsI — Ceratobasidium, He-
teroacanthella, Oliveonia, Scotomyces, Thanatephorus n
WX pa3InIHble CHHOHUMEI 1 aHaMopdbl (Hawksworth
et al., 1995). Pa3BepHyBIlLIMecsS MO30HEE MOJIEKYJISIP-
HO-TaKCOHOMUYECKIME MCCIEAOBAaHMS MMOKAa3aJH, YTO
cemerictBo Ceratobasidiaceae He TIpHaIIIeXaT K OT-
JIeJIBHOMY XOPOIII0 0060CO0JIeHHOMY MOPSIIKY, a SIBJIsI-
FOTCSI YaCThIO (PMIOTeHETUYECKOM paaualiuy MopsaKa
Cantharellales, ipn 3TOoM ponbl Heteroacanthella n
Oliveonia ne ponctBeHHBl Ceratobasidiaceae n Can-
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tharellales, a BxongT B coctaB nopsinka Auriculariales
(Moncalvo et al., 2006).

Pon Rhizoctonia 6v1n1 onmcaH JdekanmoneM B 1815 1.
s aroHomuiieTa Rh. solani (Lamarck, De Candolle,
1815). Boiee Beka mpuHaIJIEXKHOCTh 3TOTO poja K 0a-
3UINOMMUIIETAM ObLTa HEOYEBUIHOM — UL B 1956 T.
TSI TeJIeOMOP(BI 3TOr0 BUAa ObUI OMKUCAH OTACIbHBIN
pon Thanatephorus (Th. cucumeris) (Donk, 1956). Rhi-
zoctonia solani — KOCMOIOJUTHBIM MOIUMOPQHBII
BU/I, U3BECTHBIM KaK areHT MOJIeTaHusI CeSTHIIEB MHO-
TMX 5KOHOMUYECKN BaXKHBIX OBOIIHBIX KYJIBTYp, B
YaCTHOCTU, ToMaToB. IloMuMo 61MOTpOpHOIi, OH IPO-
SBJISIET TaKKe CarpoTpodHYI0 aKTUBHOCTh, CITOCOOEH
¢dbopMUPOBaTL OPXUIHYIO MUKOPH3Y 1 U3BECTEH KaK 3H-
nodut. [ToagpoOHbBIIT 0630p €ro BHYTPUBUAOBOM CTPYK-
Typsl npoBeaeH P.b. 'annutanom n H.C. IMuwibliyko-
Boit (Gannibal, Pilshchikova, 2016). XapakTepHbIMU
OCOOEHHOCTSIMU aHAaMOP(®BbI SIBJISIIOTCSI MOHUJIMOWI-
HbIe TU(BI ¥ TEMHBIE CKIJIEPOLIAH, IIMPOKO N3BECTHHIE
Pa3IUYHBIM KCCJIeIOBATEISIM U CaloBoIaM I1o 60J1e3-
HU, MMEHYeMoil 4yepHoil mmapioii kaprodenasa. Co-
mIacHo cTathe 59.1 MenpOypHCKOTO KoJaeKca HOMEH-
KJaTyphl Bogopocieit, rpudoB u pacteHuit (McNeill
et al., 2012), U3BeCTHOM 110 MakKcuMe “OOuH I'pud —
OIHO Ha3BaHMe” pomoBoe Ha3BaHue Rhizoctonia mMe-
eT npuoputeT Han Thanatephorus v BKIIOYEH B CIIU-
COK PEKOMEHAYEMbIX IIPUOPUTETHHIX HA3BAHUM IS
nuMopdHBIX 6asuauoMuiieToB (Stalpers et al., 2021).

Pon Ceratobasidium opim ommcan Pomxkepcom
(Rogers, 1935) u u3HavajbHO BK/IOYAJ TPU BUIA:
C. calosporum (tunoBoii), C. cornigerum u C. ob-
scurum. JIxxexcon (Jackson, 1949) nepeHec B coctaB
aToro pona Tulasnella anceps n mociienyonue aBToOpbI
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MIPUHSIIA TaKoe TaKCOHOMMYecKoe pelreHue. Kpu-
CTUAHCEH OITMCAJl B 3TOM pojie canpoTpoGdHBIN BUI
C. pseudocornigerum (Christiansen, 1959), DpukcoH u
Pusapnen (Eriksson, Ryvarden, 1973) — emie nBa ca-
nporpodHbIX TakcoHa C. stridii u C. bicorne. Kpome
TOTO, B BTOT POJ ObLIU TepeHeCeHbl (PUTOMATOTeHbI
Hypochnus setariae (Oniki et al., 1986) u Koleroga nox-
ia (Roberts, 1999). N3 aBCcTpaqIniicKUX OPXUIHBIX MU-
KOpHU3 OBLIU TIOJydeHbl Oa3uAaIbHbIE CTaANN, OITH -
canHble Kak Ceratobasidium sphaerosporum (Warcup,
Talbot, 1971) u C. globisporum (Warcup, Talbot, 1980).
IToznHee PobGepTcoM OBLIIO BBISICHEHO, UYTO TaKUE BU-
oel Kak Ypsilonidium anomalum (Warcup, Talbot,
1980) u Thanatephorus ovalisporus (Cizek, Pouzar,
1992) npunamnexat pony Ceratobasidium u, npeano-
JIOKUTENBHO, SIBISTIOTCS cmHOHUMaMu Ceratobasidi-
um bicorne (Roberts, 1999).

HMccnenoBaHust  yabTpacTPYKTYPHl  CEMTaIbHBIX
nop turnoBoro Buaa C. calosporum mokasaiu, YTO OH
CYIIECTBEHHO OTJINYAETCS OT APYTUX MpeacTaBuTeleit
polia U Mo psay XapakKTepUCTUK (Harpumep, JOJIUTIO-
PBI ¢ HenephopupoOBaHHOI MapeHTOCOMOI) CpaBHUM
C MIPEICTaBUTEISIMU APYToro Iopsinka — Auriculariales;
CUTyallusl OCJIOXKHSIETCSI TEM, YTO 3TOT BUJ IOKa He
U3Yy4eH B MOJIEKYJISIPHO-TAKCOHOMUYECKOM OTHOIIIe-
Hum (Weiss, Oberwinkler, 2001; Moncalvo et al., 2006;
Oberwinkler et al., 2013). 3To 06CTOSITETHCTBO MOKET
MMETh TAKCOHOMUYECKHUE MOCIEACTBUS: €CJIU JaHHbIe
MOJIEKYJISIPHOIT TAKCOHOMUU TIOATBEPAAT, uto Cera-
tobasidium s.str. 1 OCHOBaHHO€ Ha 3TOM POJE CeMeii-
ctBOo Ceratobasidiaceae yXe He UMEIOT OTHOLLEHUS K
nopsiaky Cantharellales 1 OONBIIMHCTBY OCTAIOIINXCS
B HEM BUJIOB, OTHOCHMMBIX paHee K pony Ceratobasidi-
um (OOJBIIMHCTBO U3 HUX NonagaeT B pox, Rhizoctonia —
cm. Oberwinkler et al., 2013), To mjst rpynmbl Rhizocto-
nia — Uthatobasidium — Waitea BOSHUKHET HEOOXOIU -
MOCTb OIMCaHUsI HOBOTO ceMelicTBa. [loka aToro He
cnenaHo, ceMeiictBo Ceratobasidiaceae knaccupunu-
pyetcs B nopsinke Cantharellales (He et al., 2019).

Lenpro HacTosIIIEH pabOTHI SIBJIsSIETCS 0000ILEHNE
TaKCOHOMMYECKUX, MOP(OJIOTUYECKUX U Treorpadu-
YeCKUX JaHHBIX 10 pony Rhizoctonia. B ctaTthe mpen-
CTaBJIEHO OINMCaHUe pola, JAaeTCs KoY ISl onpee-
JIEHUSI BUOOB, HalecHHBIX B Poccun, 1 mpuBeneHEI
CBEJEeHUSI 0 cyOCcTparax, Ha KOTOPBIX ObLIM OGHapy-
KEeHbI U3ydYeHHbIe BUIbI. JJaHHbBIE 00 U3BECTHBIX Me-
CTOHAXOXICeHMUsIX B Poccum mpencraBlieHBI B BUIE
CIHUCKA CO CChUIKAMU Ha TepOapHbIe U IUTePATypPHbIE
MaTepHabl.

MATEPHAJIBI U METO/1bI

B kauectBe MCTOYHUKOB MHGpOpPMALMU MO pac-
IIPOCTPAHEHUIO MpeacTaBUTeNe poga Rhizoctonia Ha
TeppuTtopun Poccuu 1crosib30BaHbl COOCTBEHHbBIE
HaOJIOACHUSI, MaTepuaJibl MUKOJIOTMYECKOro repoa-
pust borannuyeckoro nHcturyrta um. B.JI. KomapoBa
PAH (LE F) u Bcepoccuiickoro MHCTUTYTa 3aIllUThI
pactenuii (BU3P; LEP), a Takke omny0JIMKOBaHHbBIC

MUKOJIOTHUA U GUTOIATOJIOTIUA

TOM 55 Ne 6

JaHHBIE O PACIIPOCTPaHEHU Y 6a3UINATIBHBIX TPUOOB B
pa3TMYHBIX pernoHax Poccuu (Bo n3bexxanume nyoam-
POBaHUSI CChUIOK OBLIM OTOOPAHbI KIIOYEBhIE PErO-
HaJbHBIE CcBOAKM). Bcero ObUIO wu3yuyeHO OGoiee
110 obpasuoB pona Rhizoctonia, BKIlodyass 1 coOpaH-
HBIe BHEe TeppuTopuu Poccum.

Muxkpomopdonornyeckuii  aHaau3  6a3uamom
MPOBOJIUJICS C MCMOJb30BaHUEM CBETOBOTO MMKPO-
ckomna Axiolmager.Al Ha 6a3e Taboparopnu cucTemMa-
TUKM U reorpaduu rpuoos bMMHa. Mukponpermnaparsl
IUTST U3ydeHUs1 TUdanbHO MOPGhOJOTUN TOTOBWIH C
ucroiib3oBaHueM 5%-ro pactsopa KOH, usmepenust
6asuauocnop MPOBOAWIIM B TUCTUUTMPOBAHHOM BO-
Jie, a 000J10UKY 0a3UAMOCTIOP OTTEHSIIN C UCITOJIb30-
BaHuem Cotton Blue.

PE3VJIBTATBI 1 OBCYXIEHHWNE
Pon Rhizoctonia

Rhizoctonia DC. in Lamarck et DC., Fl. Franc.
Edn 3, 5/6: 110, 1815; sanct. Fr., Syst. Mycol. 2(1):
265, 1822; nom. cons., typ. cons. (Art. 14).

= Moniliopsis Ruhland, Arb. biol. Bund Anst.
Land-u. Forstw. 6: 76, 1908.

= Ceratobasidium D.P. Rogers, Univ. lowa Stud.
Nat. Hist. 17 (5): 4, 1935 pr. p. max.

= Thanatephorus Donk, Reinwardtia 3: 376, 1956.

AroHOMMUIIETHAs CTaaAus B BUAE CyOCTPaTHOIO MU -
LEeJIMS WIM CKJIEPOLMEB; MpeacTaB/eHa IMMPOKUMU
rudamu 6e3 NpsKeK (CENTHI peryaspHbIC, C JOJIUTIO-
pamMu, UMEIOIIUMHU TepPOoprUpOBaHHbIE MTAapEHTOCO-
mbl). TudanbHas cuctema MoHOMUTHYECKas. b
BHayaje TOHKOCTCHHbIC U TMAJIMHOBBIEC, HO MO3IHEE
MOTYT CTAHOBUTBCS TOJICTOCTEHHBIMU U UMEIOLINMMU
CBETJIO-OYpYyIO0 OKpacKy, BETBIIIUMUCS 00Jiee WM
MEHee IO/ MPSIMbIM YIJIOM WKW KaHIEJISI0pOBUIHO U
YacTO MOHMJIMOUAHEKIE (4ETKOOOpa3HbIE) — C BE3UKY-
JISIpHBIMU B3nyTusMu. CKIIepOLM, €CIM MMEIOTCS,
CJIMBAIOIIMECS, YEPHBIE, C MHOIOCJIOMHON MUTMEH-
TUPOBAHHOU CTEHKOW Y TMAJIMHOBOU MENYJUISPHON
yactbio. basunuanbHast ctagus mpencraBieHa Xoj1o0a-
3UIUSIMU (B OTIEIBHBIX Cy4asiX ¢ MPOIOJIbHBIMU CeTl-
TaMU), OPraHM30BAHHBIMU B TUITOXHOUIHBIX 0a3MaNO-
Max. MHorna nepBblil TMIIOXHOWIHBIN C/I0i Oa3uaraib-
HBIX KJIACTePOB 3apacTaeT MocieayiommMu. basuoumn
YKOpOYEHHbIE (ITOUTH IIAPOBUIHLIC WIN OOUCHKOBUII-
HBIC), C IIMPOKUMHU B Oa3aIbHOM YacTU CTEprMaMu, 2—
4-cniopoBble. baszuanrocnopsl TOHKOCTEHHbIE, IIaaKe
OT IOYTU LIAPOBUAHBIX 10 HWJIUHAPUIECKUX, IIpOpac-
TalT BTOPUYHBIMU OAJUTUCTOCIIOPAMM.

Ha nouBe u JieCHOM MOOCTUJIKE, IPEBECHOM JIET-
puTe, Ha KOPHSX U KITYOHSIX TPaBSIHUCTBIX PaCTEHUI B
KayecTBe camnpoTrpodoB, (PUTONATOIeHOB, 3HIO(U-
TOB; POPMUPYIOT OPXUIHYIO MUKOPU3Y.

Tumn poma: nomen conservandum, typus concer-
vandus Rhizoctonia solani J.G. Kiihn, 1858 (CBS
739.95).

B Poccuu pon nipencraBiieH YEThIPbMSI BUTAMMU.

2021
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Kimou n15 onpenenenns BuaoB poaa Rhizoctonia, pacnpoctpanennnix B Poccun

1. rpI/I6 o6pa3yeT IIMTMCHTHUPOBaAHHBIC TCMHBIC CKJICPOLINU, CTCpI/IJ’IbHBIﬁ MULEIUA COICPKUT MIMITMECHTUPOBAHHbLIC MO-

HIWIMOUAHEIE TU(MBI, 0a3MANATBEHOE CITOPOHOIIEHME OTCYTCTBYET ...u.cevvvieneererrnneeeerrtneeeeeennaeessssneeeesssnnaaessssnaeeens 4. Rh. solani
— BasuIMaTbHOE CTIOPOHOIIEHME MMEETCS «..uueeeeeeereerietuunnuneaaeeeeeeeeetteeesnnnnnnaaeeesaasseeeessssnnnnaaesseeesssesssssnnnnnaaeeeseeseeeemenes 2
2. Bce 6a3uauu 2-cnopoBbie, 0a3UINOCITIOPDL 13—16 X 6—8 MKM .....uuuuiieiiiiiiiiiiiiiiieeeeeeee e eenss 1. RA. bicornis
— basunuu 4-criopoBsie unn 1—4-criopoBble, HO He 2-CITOPOBbIe, 0a3UIMOCTIOPbI BAPBUPYIOT B MHBIX MIPENCTAX ............... 3

3. basunnocnopsl KpynHble, 8—10 MxM 1mmp., (10—15 MKM 1J1.) TMMOHOBUIHBIC, HABUKYJISIPHBIC WJIM KaIUICBUIHEBIE, C

3EPHUCTOM LIUTOTIIABMOM .ovuvivriniiiiniiiineeiieerieeeiieeesneeenneeannnns

....................................................................... 3. Rh. fusispora

— basuauocnopsl A0 7.5 MKM IIUP., SJUIMIICOUAATbHBIE 1O BEPETEHOBUIHBIX, THATIMHOBBIC .......uuveeririnneereienneaerinnneanns 4
4. [TurMeHTUPOBaHHBIE MOHWIMOUIHBIC TU(BI B MOACTUIKE U CTEPUIIBHOM MULIEUU UMEIOTCSI, UMEIOTCSI CTEPUTMBI 10

20 MKM 111, 6a3uauocnopsl (6)7—12.5 X 4—7.5 MKM ...............

........................................................................... 4. Rh. solani

— INurmeHTHpOBaHHBIC TH(HhBI B MOACTWIKE U CTEPUJIBHOM MUILIEINU OTCYTCTBYIOT, CTEPUIMBL 10 15 MKM m1., 6a3uano-

CHOPBI 7—11.5 X 3.5—6 MKM ...oouvneeeeeeieiieeieeiiieeeeeeee e

Buodwst pooa Rhizoctonia, oonapyicennste 6 Poccuu

1. Rhizoctonia bicornis (J. Erikss. et Ryvarden)
Oberw., R. Bauer, Garnica et R. Kirschner, Mycol.
Progr. 12 (4): 774, 2013. — Ceratobasidium bicorne
J. Erikss. et Ryvarden, Cortic. N. Eur. 2: 221, 1973;
Thanatephorus anomalus (P.H.B. Talbot) Stalpers et
T.F. Andersen in T.F. Andersen et Rasmussen, Rhi-
zoctonia Species, Taxonomy, Molecular Biology,
Ecology, Pathology and Disease Control: 385 (1996)
[ut ‘anomala’]; Th. ovalisporus Cizek et Pouzar, Ceska
Mykol. 46 (1-2): 62, 1992; Ypsilonidium anomalum
P.H.B. Talbot in Warcup et P.H.B. Talbot, New Phy-
tol. 86 (3): 270, 1980.

baszuauanbHOE CHOPOHOIIEHUME TUIOXHOWOIHOE,
TOHKOE, PacIIpoOCTEPTOE I10 CyOCTpaTy, BHaYajIe mpe-
PBIBUCTOE U BaTOOOPA3HO KOHCUCTEHIIMU, MO/ KO-
HEll HEXHOBOCKOBHUIHOE, MNE/UIMKYJSIPHOW KOHCH-
CTeHIIMU, Oenoro npera. ITmMeHodoOp WIanKuii, TM-
MMOXHOWIHBIN, BHAaYaJIe TIPEPIBUCTBINA, 3aTeEM TTOYTHU
crutomrHoi. Kpaii mayTMHUCTBINA WKW IJIECHEBUIHBINA,
CTepUJIbHBIN, MEePEXOASIINi B PHIXJIYIO MNOACTUIIKY,
OIHOIIBETHBIN C TMUMEHO(GOPOM.

I'mdanpHag cuctemMa MoHOMHUTHYECKas. [ w1 6e3
MPSDKEK, BETBSIIIMECS NMPEMMYIIECTBEHHO IOH, IIpsi-
MBbIM YTJIOM, 3—5 MKM B IiaM., THAJIMHOBBLIE, B CyOIr'v-
MEHUM TOHKOCTEHHBIE U CUJIbHO Pa3BeTBIICHHBIC, B
MOJICTUJIKE C OTYETJIMBO YTOJIIEHHBIMU CTEHKAMU 1
penkuM BerBiaeHueM. Lluctun HeT. bazuauu ronosua-
ThIe WJIM obOpaTtHoguIIeBUIHbBIE, 15—20 X 8—10 MKM, C
nByMsi crepruMamMu 10— 15 MM 11., 6€3 TIPSIKKA Y OCHO-
BaHUs. basumnocnopbl BepeTeHOBUIHbBIE 1O MUHIAJE-
BUAHBIX, 13—16 X 6—8 MKM, I'MaJIMHOBBIE, IVIAAKUE,
TOHKOCTEHHbBIE, HEaMUJIOUIHBIE; TTPOPaCTalOT BTOPUY-
HBIMU OAJTUCTOCITOPAMH.

TuroBoit o6pa3zelr ObLI IIPUYPOUEH K BEpXHEI YacTh
noberoB Mmxa Polytichum atfenuatum; B HajlbHEUIIEM
rpub HAXOOMJIA Ha MEJIKOM APEBECHOM JIETPUTE U KOpPE.
B Poccuu o6HapyxkeH Ha kope Ulmus glabra. EBpa3uar-
CKUI1 BUJI.

Pacnpocrpanenne B Poccum: Ilepmckuit kpaii (Per-
evedentsev, Stepanova, 1981).

MUKOJIOI'A U PUTOIIATOJIIOTUA

...................................................................... 2. Rh. cornigera

2. Rhizoctonia cornigera (Bourdot) comb. ined.! —
Corticium cornigerum Bourdot, Rev. Sci. Bourb. Centr.
Fr. 35 (1): 4, 1922. — Ceratobasidium cornigerum
(Bourdot) D.P. Rogers, Univ. lowa Stud. Nat. Hist. 17
(1): 5, 1935; ? Rhizoctonia goodyerae-repentis Costantin
et L.M. Dufour, Rev. Gén. Bot. 32: 533, 1920; Cortici-
um pervagum Petch, Ann. R. Bot. Gdns Peradeniya 9
(3): 316, 1925; ?Rhizoctonia fragariae S.S. Husain et
W.E. McKeen, Phytopathology 53: 533, 1963; Cerato-
basidium lantanae-camarae H.C. Evans, R.W. Barreto
et C.A. Ellison in R.W. Barreto, H.C. Evans et C.A. El-
lison, Mycol. Res. 99 (7): 770, 1995.

basuauanbHOEe CHOPOHOIIEHUWE TUIIOXHOUIHOE,
TOHKOE, PacIIpoOCTEPTOE 10 CyOCTpaTy, BHaYaje Ipe-
PBIBUCTOE 1 BAaTOOOpa3HOM KOHCUCTEHIIUH, 101 KO-
Hell BOJOKHUCTOE WU HEXXHOBOCKOBUAHOE, MEJUIN-
KyJISIpHOI KOHCUCTEHILIMM, BHa4ajie roaydooBaTo-0e-
JIOTO IIBETA, 3aTeéM KPEMOBOE€, 1IB€Ta CIOHOBOM KOCTHU
uan cepoBaroe. [TumeHodOp IIaaKuii, TUITOXHOUI -
HEBII, BHaYajle IIPEePBIBUCTHII, 3aTeM IIOYTU CILIOII-
Hoit. Kpaif mayTMHUCTBIN MW TIECHEBUIHBIN, CTeE-
PWIBHBIN, TEPEeXOASIINIA B PhIXJIYIO OACTUIKY, CBET-
nee TuMeHodopa. CTeprIbHBIIT MULIEIN OeI0BaTO-
roJTyoOBaThIH, TUICCHEBUITHBIN.

T'udanpHasg cuctrema MoHOMUTHYECKasl. [ndnI 6e3
MPSIKEK, BETBAILIMECS MPEUMYIIECTBEHHO IO Tpsi-
MBIM yriioM, 3.5—5(10) MKM B muam., TMaIUHOBBIE, B
CyOrMMEeHUM TOHKOCTEHHbIC U CMJIBHO Pa3BETBIICHHBIE,
TOHKOCTEHHBIE, C KOPOTKMMHU B3AYThIMH CETMEHTa-
MU, MHOTAA marlinue textura globularis, B mogcTuike
4—10 MKM B IMaM., C OTYETIMBO YTOJIIIEHHBIMHU CTCH-
KaMM U penkuM BerBieHueM. Lluctun Het. Basuoun
rojioB4aThle MU OoOpaTHOdNULIEBUAHbIE, 12—16 X 7—
10.5 MxM, ¢ yeTbIpbMs cTepruMamMu 10—15 Mxm 171.,
0e3 IPSKKU Y OCHOBaHUSI. ba3uamocIiopsl 3JUIMIICO-
HUIATbHBIE 1O BEPETCHOBUIHBIX, C OTTIHYTBIM aIlluKYy-
JIIOCOM U HEOOJNIBIINM pyoI1IoM, 7—11.5 X 3.5—6 MKM,

I Ecnu COBPEMEHHBIMU METOHAaMM OLICHKM TaKCOHOMMYECKOTO
paccTostHUsI OyIeT MoaTBepKIeHa cuHoHUMUKa Ceratobasidium
cornigerum ¢ Rhizoctonia goodyerae-repentis vniv Rh. fragariae, B
OPUIOXKEHUN K JAHHOMY BHUAY HEOOXOOIMMO OyIET MCIIOIB30-
BaTh OJHO U3 3TMX Ha3BaHUIA; B Cllyduae CHHOHUMMKU BCEX TPeX
Ha3BaHUI TPUOPUTETHBIM OyneT Rh. goodyerae-repentis.

ToM 55 Ne 6 2021
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Tab6muna 2. JlokyMeHTMpOBaHHbIE HaXONKU Rhizoctonia fu-
sispora Ha Tepputopuun Poccuu mo Martepuanam repdapus
BUH PAH (LE F)

Pernon Komrekrop, rom | 'epbapHEIil HOMep
Jlennnrpanckast | MU.B. 3mutpoBuy, |LE 206328, LE
0071 1996 206577, LE
206714
“» W.B. 3mutpoBuy, |LE 203764
1997
“r W.B. 3mutposuy, |LE 206649
1998
Camapckast 061. | B.®. Mansiuena, |LE 214992
2006

TMAJIMHOBLIC, I'NTaAKHUE€, TOHKOCTCHHBIC, HCaMUWJIOU I -
HBIC; IIpOopacTaroT BTOPUYHBIMU 6aJIHI/ICTOCHOpaMI/I.

Ha mmpokoM criekTpe cyocTpaToB — 4Yallle BCETO
JIPEBECHOM M paCTUTEILHOM IETPUTE, Ha KOpe Iepe-
BbEB JIMCTBEHHBIX U XBOMHBIX MMOPOII, B JISCHOM MO~
CTUJIKE, a TAK3KE Ha OCTaTKAaX TPABSIHUCTBIX PACTECHUIA.
BosmoxxHO, HEKOTOpEIe (DUTOMATOTeHBI 3JIAKOB, KITyO-
HUKHW, OPXUIHBIX TaKXKe MpUHaAIexXaT STOMY BULY.
B Poccumn o6HapyxeH Ha kope Celastrus orbiculatus,
Vitis amurensis, V. vinifera, Larix sibirica, Pinus sylves-
tris, oyece MaropOTHUKOB, JIeCHOI TmoacTuike. Koc-
MOTIOJIUT.

Pacnipoctpanenune B Poccun: JIeHuHrpanckast o0iI.
(Popov et al., 2007; rep6apmuii LE — cm. Ta6i. 1); Exa-
TepuHOyYpr (Shiryaev et al., 2021); Jluneukas o6u.
(Volobuev et al., 2018); Mocksa (Kotiranta, Saarenok-
sa, 2005); Camapckas o6a. (Malysheva, Malysheva,
2008; repbapuit LE — cM. Ta6m. 1).

3. Rhizoctonia fusispora (J. Schrot.) Oberw., R. Bau-
er, Garnica et R. Kirschner, Mycol. Progr. 12(4): 774,
2013. — Hypochnus fusisporus J. Schrot. in Cohn,
Krypt.-Fl. Schlesien 3.1(25—32): 416, 1888. — Cortici-
um fusisporum (J. Schrot.) Brinkmann, Westfélische
Pilze in getrockneten Exemplaren 2: 53, 1906. — Penio-
phora fusispora (J. Schrot.) Hohn. et Litsch., Ann. My-
col. 4(3): 289, 1906. — Uthatobasidium fusisporum
(J. Schrét.) Donk, Fungus 26(1—4): 22, 1958. — Than-
atephorus fusisporus (J. Schrot.) Hauerslev et P. Rob-
erts in Knudsen et Hansen, Nordic J. Bot. 16 (2): 218,
1996; Zygodesmus limonisporus Ellis et Everh., Proc.
Acad. nat. Sci. Philad. 43 (1): 87, 1891 [ut ‘limoniisporus’].

basuauanbHOE CIIOpPOHOIIEHWE TUIIOXHOMIHOE,
TOHKO€ WJU TOBOJBHO TOJICTOE, paclpocTepToe IO
cyOcTpary, BHadajlie MpPEpBIBUCTOE M BaTOOOpa3HOM
KOHCHUCTECHIIMM, MOI KOHEll BOMJIOUHO-IICJUTMKYJISIP-
HOI KOHCHUCTEHLIMY, BHadajie Oejible, 3aTeéM KpeMOo-
BBI€, ITOH, KOHEIl CepoBaTO-13a0eIUIOBEIE OO CBETJIO-
oxpsaHBIX. [MMeHoMOp TIagKuii, TMITOXHOMIHBIN, BHA-
yaJie MpepbIBUCTHIN, 3aTeM crutolrHoi. Kpait miecHe-
BUIHEIN, B 3peJIoM Bo3pacTe (hepTUIIbHBIN, IIEPEXOIs-
i B BOMJIOUHYIO OACTUIIKY, CBETJIee TMMeHOdopa.

I'mdansrasg cucteMa MoHoOMHUTHYeCKasI. [dn1 6e3
MPSDKEK, BETBSIIIMECS NMPEMMYIIECTBEHHO IIOH, IIpsi-
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Pernon Komnexkrop, ron |['epbapHbIit HOMep
ApxaHrenbcKast B.M. KortkoBa, LE 257448,
o01. 2008 LE 259144
Bpsauckasg o61. C.B. Bonobyes, |LE 295311
2012
BopoHexckas B.M. KotkoBa, LE 310987
o011. 2017
Kanuuunrpam- B.M. Kotkosa, LE 268922
ckas o0J1. 2010
Jlenunrpanckass | B.M. Kotkosa, LE 301832
0o06J1. 2014
Pecnybinka B.M. KotkoBa, LE 214186
Kpbim 2003
OpnoBckast 06;1. | B.M. KoTkoBa, LE 268661
2009
“» C.B. Bono6yes, |LE 292077
2012

MBIM YTJIOM, B CYyOTrMMEHUM KOPOTKOKJIETOYHBIE, TOH-
KOCTeHHbIe, rhaanHoBbie, 4—10(15) MKM B ouam., B
MOACTWIKE JJIMHHOKJIETOUHBIE, CBETIIO-OXPSIHbIC, 4—
10 MKM B IraM., C OTYETINBO YTONIIEHHBIMM CTEHKA -
MU ¥ penkuM BeTBiaeHueM. Lluctug Her. bazuouu a:1-
nuriconganbHbie, 15—30 X 10—15 MKM, ¢ 4eTBIpbMS
crepurmMamMu 7—12 MKM 1. WM HEYCTaHOBUBIIIMCS
YUCJIOM CTEepTruM, 0e3 MpSKKW y OCHOBaHUS. ba3u-
JIMOCIIOPHI BepeTeHOBUIHEIC, KAaIJICBUIHbIC WJIN JIV-
MOHOBUIHBIE, C BEIpaXXEHHBIM pyoromMm, 10—15 X 8—
10 MKM, ¢ METKO3E€pHUCTOI LIUTOILIA3MOM, TUAJIMHO-
BEIE, 3KEJITOBATHIC 10 OXPSTHO-U3a0EIOBBIX, B 3pEJIOM
COCTOSIHUY C BBIPpaXXEHHBIMY CTEHKaMM, HEAMUJIOMI -
HEBIE; IIPOPACTAIOT BTOPUYHBIMU 0aJIJINCTOCIIOPAMU.

M3BecTteH Kak canpoTpod Ha AETPUTE U KOpe psia
npeBecHbIX nopon: Abies alba, Juniperus nana, Pinus
pinea, Taxus baccata, Carpinus betulus, Fagus sylvatica,
Quercus pedunculata. B Poccuun oOHapyXeH Ha Acer
platanoides, Corylus avellana, Larix sibirica, Picea abies,
Pinus sylvestris, Populus tremula. KocMONOIUTHBIN
BUJ C OUNONSIPHOMN TEHAEHIIMEN B pACIPOCTPAHEHUU.
Pacnipoctpanenue B Poccuu: ApxaHrenbckasi oOI.
(Ezhov, 2013; repoapuit LE — cMm. Ta0:1. 2); bpstHckast o0:1.
(Popov, Volobueyv, 2014; repbapuii LE — cm. Ta6i1. 2);
Boponexckas o61. (Kotkova et al., 2018; repbapuii
LE — cM. ta6n. 2); Kanununarpanckas o6, (Kotkova,
2011; rep6apuii LE — cm. tadma. 2); Kuposckas o06i1.
(Stavishenko, Luginina, 2015); Pecnybommka Komm
(Viner, 2015); Pecniy6iuka Kpbim (repbapuit LE —
cM. Tabi. 2); Jlenunrpanckas o6i. (Popov et al., 2007;
repOoapuii LE — cMm. Ta6m. 2); Opnosckas ooi. (Volo-
buev, 2015; repbapuii LE — cMm. tab6a. 2); Cankr-Ile-
tepoypr (Bondartseva et al., 2014); TBepckass oOJI.
(Viner et al., 2016).

2021



400 BOHIAPLIEBA, SMUTPOBMY

4. Rhizoctonia solani J.G. Kiihn, Ann. Sper. Agr.,
N.S.: 224, 1858. — Pellicularia solani (J.G. Kithn) Ex-
ner, Mycologia 45 (5): 717, 1953. — Moniliopsis solani
(J.G. Kihn) R.T. Moore, Mycotaxon 29: 95, 1987;
Rhizoctonia napae Westend. et Wallays, Herb. Crypt.
Belg. 5: 225, 1846 [ut ‘napacae’]; Hypochnus cucumeris
A.B. Frank, Ber. Dt. Bot. Ges. 1: 62, 1883. — Than-
atephorus cucumeris (A.B. Frank) Donk, Reinwardtia 3:
376, 1956; Rhizoctonia betae Eidam, Jber. Schles. Ges.
Vaterl. Kultur 65: 261, 1887; Hypochnus solani Prill. et
Delacr., Bull. Soc. Mycol. France 7: 220, 1891. — Cor-
ticium solani (Prill. et Delacr.) Bourdot et Galzin, Bull.
Soc. Mycol. France 27 (2): 248, 1911. — Botryobasidium
solani (Prill. et Delacr.) Donk, Bull. trimest. Soc. My-
col. France 27: 248, 1931. — Ceratobasidium solani
(Prill. et Delacr.) Pilat, Ceska Mykol. 11 (2): 81, 1957,
Hypochnus filamentosus Pat. in Pat. et Lagerheim, Bull.
Soc. Mycol. France 7: 163, 1891. — Pellicularia filamen-
tosa (Pat.) D.P. Rogers, Farlowia 1 (1): 113, 1944. — Cer-
atobasidium filamentosum (Pat.) L.S. Olive, Am. J. Bot.
44 (5): 431, 1957; Rhizoctonia fusca Rostr., Sygdomme
hos landbrugsplanter foraarsagede af snyltesvampe:
125, 1893; Pachysterigma griseum Racib., Parasit. Alg.
Pilze Java’s 1: 30, 1900 [ut ‘grisea’]. — Tulasnella grisea
(Racib.) Sacc. et P. Syd., Syll. Fung. 16: 203, 1902;
Hypochnus sasakii Shirai, Bot. Mag., Tokyo 20: 319,
1906. — Corticium sasakii (Shirai) H. Matsumoto,
Trans. Sapporo Nat. Hist. Soc. 13(2—3): 119, 1934. —
Pellicularia sasakii (Shirai) S. Ito, Mycol. Fl. Japan 2
(4): 107, 1955. — Thanatephorus sasakii (Shirai)
C.C. Tuet Kimbr., Bot. Gaz. 139: 457, 1978; Moniliop-
sis aderholdii Ruhland, Arb. Biol. Bund Anst. Land-u.
Forstw. 6: 76, 1908. — Rhizoctonia aderholdii (Ruh-
land) Marchion., Izv. Turkmensk. Fil. Akad. Nauk
SSSR, (2): 46, 1945; Sclerotium irregulare 1. Miyake,
J. Coll. Agric. imp. Univ. Tokyo 2: 265, 1910; Rhizocto-
nia potomacensis Wollenw., Ber. Dt. bot. Ges. 31: 30,
1913; Rh. dimorpha Matz, J. Dept. Agric. Porto Rico 5:
20, 1921; Rh. macrosclerotia Matz, J. Dept. Agric. Por-
to Rico 5: 19, 1921; Rh. melongenae Matz, J. Dept. Ag-
ric. Porto Rico 5: 29, 1921; Corticium praticola Kotila,
Phytopathology 19: 1065, 1929. — Pellicularia praticola
(Kotila) Flentje, Trans. Brit. Mycol. Soc. 39 (3): 353,
1956. — Ceratobasidium praticola (Kotila) L.S. Olive,
Am. J. Bot. 44(5): 431, 1957. — Thanatephorus praticola
(Kotila) Flentje, Aust. J. Bot. 16: 451, 1963; Rhizocto-
nia gossypii Forsten., Phytopath. Z. 3: 385, 1931;
Rh. borealis J.T. Curtis, Am. J. Bot. 26: 393, 1939; Cor-
ticium areolatum Stahel, Phytopathology 30(2): 129,
1940; Thanatephorus corchori C.C. Tu, Y.H. Cheng et
Kimbr., Mycologia 69(2): 411, 1977.

basumnanpHOe CHOpOHONIIEHWE THUIOXHOWIHOE,
TOHKOE WJIM MHOIIA YTOJIIEHHOE, PACIPOCTEPTOE I10
cyOcTpaTy, BHaYajle IJIeCHEBUIHOE, IPEPHIBUCTOE 1
BaTOOOpa3HOl KOHCUCTEHIIUM, IIOJ KOHEI BOMIOY-
HOE€, TIeJUIMKYJIIPHOM KOHCUCTeHIINY, BHaYaje 0eJIo-
ro uBera (4acTo 1mo0JIECKMBAIOIIEe), 3aTeM KPEMOBOE
(4acTo ¢ po30BaThIM OTTEHKOM ), ITOJT KOHEII IIB€Ta KO-
KW WY ApeBecuHbl. [MMeHodop maakuii, TMITOXHO-
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WIHBbIM, BHA4Yaje MPEPBIBUCTBIN, 3aTEM CIUIOLIHOM.
Kpaii mayTMHUCTBIN WX TUICCHEBUIHBIN, CTEPUITh-
HBbI, TIEPEXOISIINIA B PHIXJIYIO MOICTUJKY, CBETJIEE
rumeHodopa. CTepuIbHBIN MULIEIUIT 6eJIoBaTO-Kpe-
MOBBIH, TIJIECHEBUIHBIA MM BoitlouHbli. CKiepo-
LU HepeTyJIsipHOi (hopMbl, BHaUYasie Oojiee WM Me-
Hee reMuceprdecKre, 3aTeM CIIMBAIOIINECS B KOP-
KOBUIHbIE 00pa30BaHUs HEIIPaBUJILHbBIX OUePTaHUIA.

TudanpHas cuctrema MmoHomuTudecKast. [1drr 6e3
MOpsKeK, BETBSIIMECS IO MPsSMBIM YIJIOM U Oosee
WIN MeHee B3nyThle, 4.5—14 (18) MKM B 1uam., B cy0-
TMMEeHHAIbHOM 30He TOHKOCTEHHBIE 1 C CUJIBHO B3Iy~
TBIMU CETMEHTaMM (HEpeOKM “KpeCTOBUIHBIC KJIET-
K1” B MeCTax BETBJIEHUIi), B TOACTUJIKE U CTECPUJIb-
HOM MHUIIeIUM OoJjiee MIMHHOKIIETOYHBIE, HEpPEIKO
MOHMJIMOMIHBIE, ¢ 00jiee BBIpAaXKEHHOM, CTEHKON M
MUTMEHTalMe, 0COOEHHO cTapbie TH(hbI BO3IYIIIHO-
ro muueaus (MUrMeHTalusi 30JJ0TUCTO-KOpUYHEBa-
Tasi 10 BUHHO-0ypoii). B ckiepounsax oOMIbHbBI B3Iy -
ThIe 10 22 MKM ILIUPUHONK “O0YeHKOBUAHBIEC KJICTKU
oOpa3syronue textura globularis. Iluctun Het. basn-
JTMH1 KOPOTKOMWIMHAPUIECKHE NI 00UeHKOBUIHEIE,
10—25 X 8—13 MKM, C YeTbIpbMsI cTeprumMmamMmu 3—
20 MKM 171., 6e3 IpsKKKU Yy ocHoBaHusL. bazummnoctio-
PBl AJUIMIICOUAATbHBIE WIN YIIWMHEHHO-3JIIUIICOU-
JaJbHbBIE, C OTTSIHYTHIM aIUKYJIOCOM U HEOOJBIINM
pyb1oM, HepaBHOOOKHE, (6) 7—12.5 X 4—7.5 MKM, TH1-
aJIMHOBHIC, IJIaJKME, TOHKOCTEHHBIC, HEaMWJIOWI-
HbIE; MPOPACTAIOT BTOPUYHBIMM OaJLUTMCTOCTIOpaMU
VI OYKYIOIIMMCS MULICTIEM.

PasBuBaeTcst Ha npeBecrHe, KOpe B KauecTBe ca-
nporpoda, HO B IIOYBE, IIOMMMO CanpoOTPOQHBIX,
NpOSIBISICT M (PUTOITATOTEHHBIE CBOMCTBA. DTO OOWH
M3 areHTOB KOPWYHEBON MSATHUCTOCTU AEPHOBBIX
TpaB, IIOJIETAaHUSI IIPOPOCTKOB ITACIICHOBBIX W XJIOM-
YaTHWKA, YePHOM Mmapinu KapTodeass, KOpHEBOM THU-
JIM caxapHOW CBEKJIbl, OpIOLIHON THWJIM Orypla.
OO6BIYHO TpUO MopaXkaeT ceMeHa pPacTeHUI B TIOYBE,
HO TaK:Ke MOXKET pacpocTpaHsaThcst Ha moodern. Koc-
MormoauT. B Poccun B KauecTBe kcujiocarporpoda
OTMEUAEeTCS Ha IPEBECHOM IETPUTE JIMCTBEHHEIX U
XBOMHBIX ITOPOJI, B KauyecTBe prromaroreHa — Ha Alli-
um cepa, Barbarea vulgaris, Brassica campestris, B. jun-
cea, B. oleracea, Cucumis sativus, Cucurbita pepo, Lac-
tuca sativa, Panax ginseng, Solanum tuberosum.

Yxe Bropoe crojietue Rhizoctonia solani BXOIUT B
YKUCJIO MOJEIBHBIX OOBEKTOB SKCIEPUMEHTATLHOMN
MMKOJIOTUM Y1 MHTEHCUBHO HaKaIlJIMBaIOLIUIiCsI Mac-
CUB JaHHEIX TOBOJILHO OBICTPO OOHAPYKMBAET OMHO-
CTOPOHHOCTD PA3IMYHBIX MOIBITOK (hOPMaTbHO OITH-
caTh BHYTPUBUIOBYIO BapuaOeIbHOCTh 3TOr0 TaKCOHA
B KaudecTBe cyOcTparcnenuduaHbix ¢dopm (Schultz,
1936) unu aHactoMo3HBIX Tpynn (Parmeter et al.,
1969).

Pacnipoctpanenne B Poccmm: Anrtaiickmii Kpait
(repbapuit LEP — cm. Ta6:. 3); ExkatrepuHOypr (Shiry-
aev et al., 2021); KupoBckast o61. (repbapuit LEP—
cMm. Tabi. 3); Jlenunrpanckas ooi. (Popov et al., 2007;
repoapuii LEP — cMm. ta6a. 3); MypmaHckas oOJI.

ToM 55 Ne 6 2021



PO RHIZOCTONIA (CANTHARELLALES) B POCCHUU

Taomuna 3. JlokymMmeHTUpOBaHHbIE Haxonku Rhizoctonia so-
lani na tepputopun Poccum mo marepuanam repbapueB
BWH PAH (LE F) u BU3P (LEP)

Pernon Komnexrop, rom Tepbaprrit
HOMeEp
Aunraiickuii kpait | H.C. ®epopunuuk, | LEP 104484
1966
Kuposckasg o6. | 1928 LEP 104478
Jlenunrpanckas |JI.C. I'yruep, 1937 | LEP 104479
0071
«©» J.B. I'paieHKoB, LEP 104428
1950
«©» V.V. Pacynes, 1954 | LEP 104429,
LEP 104430
“©» V.V. Pacynes, 1955 |LEP 104431—
104435, LEP
104473
«©» M.A. BDnbaksH, 1955/ LEP 104431—
104435, LEP
104473
ITpumopckuit M.K. XoxpsikoB, LEP 104470
Kpait 1954
Cankr-ITetepoypr | A.C. boHaaplies, LE 165862
1943
“” (TapneBo) M.K. XoxpsikoB, LEP104472
1950
Craspononbckuii | A.W. JIobuk, 1926 | LE 174966
Kpai

(Isaeva, Khimich, 2011); Bmanumupckas o6J1. (KapTo-
Teka repoapusi BM3P, ykazaHue co CChUIKOH Ha
B.I1. ManyneBuua); Ilpumopckmii Kpaii (repbapuit
LEP — cm. tabn. 3); Caukr-IletepOypr (repbapuit
LEP — cM. Tabn. 3); CraBponojibcKuii Kpaii (repoa-
puit LE — cMm. Ta6m. 3); Skyrus (Mukhin, Kotiranta,
2001); Spocnasckas 06. (Po3os, 1896).

H3zeecmnuvie 6 Poccuu npeocmasumeau Rhizoctonia s.l.
u3 cemeiicmea Helicobasidiaceae (Pucciniomycotina)

Rhizoctonia medicaginis DC., Fl. Frang. Edn 3, 5/6:
111, 1815. — Helicobasidium purpureum (Tul.) Pat.,
Bull. Soc. Bot. France 32: 172, 1885.

Pacnpoctpanenne B Poccum: KpacHomapckuit
kpait (H.H. Boponuxun, 1912, LEP 104464).

Rhizoctonia violacea Tul. et C. Tul., Fungi hypog.:
188, 1851. — Helicobasidium purpureum (Tul.) Pat.,
Bull. Soc. Bot. France 32: 172, 1885.

Pacnipoctpanenne B Poccum: Boponexckast o0d1.
(T'oBopkos, LEP 104448); Omckast 061. (Murashkins-
kiy, 1932); Cankr-Iletepoypr (Naumov, 1925; Kyr-
pusHoB, 1948, LEP 104441); TamOoBckas oOJI.
(T. Mymkuna, LEP 104447).
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Hosas xoHuenmus pona Rhizoctonia ¢ BKIIIOUEHU-
€M OOJIBIIIMHCTBA WJIM JaXKe BCeX IMIPEACTaBUTENICH PO-
na Ceratobasidium enie He Toydusia IMPOKOTo Mpak-
TUYECKOIO OCBOCHHUSI MUKOJIOraMu-(IOPUCTAMU U
9KCHEePUMEHTAILHBIMUA MukKojoramu. OHa BHOCHUT
OOJIBIIYIO OINpENeJIEeHHOCTh B IIOHMMaHWE poja,
MIpeACTaBIIsIIONIero cob0oil mpenen “panoHaIM3a-
onn” TUTIOXHOMIHBIX criopoHoineHnit Cantharellales
(GBICTPO OOHOBJISIONIINECST KPYITHBIE KJIAaCTEphl 0a3u-
i, GyHKIIMOHUPYIOIIUE KaK CBOeOOpa3HbIe KOHU-
IMEHOCIIBI, OBICTPO HapacTamle Tugbl 0e3 MpseKek,
TEHJIEHLIMU K MeJIaHU3al1 BO3IYILIIHOTO MULIEINS) U
XapaKTepU3YIOIIeTrocs IUPOoKoil nuddepeHunanmei
CITOCOOOB OCBOCHMSI CyOcTpaTa M Tpo(pmuecKoit mra-
CTUYHOCThIO. Takoe MOHMMaHUE pojJa CBSI3aHO U C
PSIIOM HEpelIeHHBIX BOIIPOCOB.

1. 1o cux mop TpedyeT MOJIEeKYJISIPHOIO TECTUPOBA-
Hus tun pona Ceratobasidium (C. calosporum). Ecnin
He TOJIbKO YJIbTPACTPYKTYPHbBIE, HO U MOJIEKYJISIpDHbIE
JIaHHbIE MOATBEPISIT ero MPUHAIEXKHOCTb Auricular-
iales, To nis ocratomeiicss B Cantharellales Tpymimbsl ¢
LEHTpaJIbHBIM poaoM Rhizoctonia moTpedyeTcsl ONu-
caHUe HOBOTO ceMelicTBa.

2. Tpebyerca Oonbmiasgs paboTa II0 NEPBUIHON
naeHTUdUKaIm xpaHsiuxcsd B I'eHOaHKe MHOTO-
YMCJIEHHBIX HYKJICOTUIHBIX IOCJIEIOBATEIbHOCTEA,
ob0o3HaYeHHBIX Kak Ceratobasidium sp. n Thanatepho-
rus Sp. — TIOJlydeHUEe B COOTBETCTBYIOIINX KYJIbTypax
0a3uMaMaJIbHOTO CIIOPOHOIICHUSI. DTO IIOMOXET B
JallbHEMIIEeM OLIEHUTh CTEIIeHb MEXXBUIOBOI 1 BHYT-
PUBUIOBOI TUBEPTreHIIMY BUIOBBIX KOMILIEKCOB.

3. bojsiee TouHasi olleHKa CTENEHU AUBEPreHIINU
TpebyeTcs, TpexXae BCero, IS (MUIOTeHETUYECKUX
JIMHUN B KoMIutekcax “Ceratobasidium cornigerum” —
Rhizoctonia goodyerae-repentis — Rh. fragariae n co6-
CcTBeHHO RA. solani. 1o mpoBeneHuUs TOon0OHOM pabo-
Thl B KOMIUIeKCce RA. fusispora TpeOyeTcsl Takxke Ha-
KOTIJIEHHE TOCTATOYHOTO KOJIMYECTBA HYKJICOTUIHBIX
MTOCJIeIOBAaTEIBHOCTE.

4. bonbllero BHUMaHUS MUKOMIOPUCTOB, 3aHU-
maromuxcst Cantharellales, TpeOyIOT Takue >KW3HEH-
HBIe (OpPMBI, KaK TpaBhl W JIMAHBI, OTKPbIBAIOILINE
cnenuuIecKre HUIIH IJIST LIEJTOT0 Psiia MHTEPECHBIX
BUIOB, B YACTHOCTHU, 13 poaa Rhizoctonia.

ABTOpHI OJ1arogapHbl fupektopy BU3P ®@.b. I'an-
Hubay 3a J100e3Hoe TpeaocTaBieHe BO3MOXKHOCTHU
paootsl B repbapun LEP. PaboTa BeITTONTHEHA B paMKax
rocynapcteeHHoro 3agaHust BUH PAH “buopa3znoo06-
pasve U TMPOCTPAaHCTBEHHAs CTPYKTypa COOOIIECTB
rpubOB ¥ MUKCOMMUIIETOB B TIPUPOIHBIX U aHTPOIIO-
reHHBIX 3KocucremMax” (AAAA-A19-119020890079-6).
PabGoTra moiaHOCThIO BbIMOJIHEHA Ha OOOPYIOBAHUU
LleHTpa KOJUIEKTUBHOTO MOJIb30BaHMS HAYYHbBIM 000-
pynoBaHueM “KieTouHble M MOJEKYISIPHbIE TEXHO-
JIOTUH U3y4EeHUS pacTeHUil 1 rpruboB” boTaHmyecko-
ro naHctutyTa uMm. B.JI. Komapoa PAH (ILIKI1 BUH
PAH).
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The present paper summarizes data on the distribution of Rhizoctonia fungi in Russia. The taxonomical history
of the genus is considered and its morphological characterization is carried out. This genus includes representa-
tives of the widely accepted in the second half of the XX century genera Thanatephorus and Ceratobasidium. For
Russia, a total of 4 species of the genus are currently known. A key for their identification, original morphological
descriptions of species, an annotated list with data on substrates, habitat conditions and distribution over the ter-
ritory of Russia are presented. The list was compiled taking into account our own data, herbarium materials and
bibliographical sources.
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According the research results, 63 new species of plant pathogenic microfungi developing on leaves of vascular
plants were recorded in Ekaterinburg city and its suburbs. Two species, Alternaria obtusa and Ramularia bergeniae,
were firstly registered in Russia; 14 of 63 new recorded species (22.2%) could be considered as alien species for
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INTRODUCTION

Sverdlovsk Region has long-term history of myco-
logical researches, so the local mycobiota can be con-
sidered as the best studied of the Urals and one of the
best studied in Russia (Demidova, 1960). However, the
information on plant pathogenic microfungi in Ekater-
inburg City and Sverdlovsk Region is very poor, be-
cause the mycological researches did not included this
group of fungi, excluding some rusts (Tranzschel,
1939), powdery mildews (Karelina, 2017), and some
most important fungal pathogens of wide-cultivated
food plants (Zambin et al., 1962).

The objective of the work is to study the diversity of
plant pathogenic microfungi in Ekaterinburg and its
suburbs, primarily phyllotrophic species — developing
on plant leaves and causing various plant diseases such
as leaf spots, scabs, anthracnoses, rusts, powdery and
downy mildews.

MATERIALS AND METHODS

Ekaterinburg City is located in the south boreal sub-
zone, near the border of European and Asian parts of
Russia. The average annual temperature over the past
ten years has varied in the range of 2.8—3.6°C and the
amount of precipitation consists 480—560 mm per year
(Fick, Hijmans, 2017).

In the present work, we study plant pathogenic mi-
crofungi that develop only on live and dying leaves. The
materials for the study were generative fungal struc-
tures on leaf specimens of affected wild-growing and
cultivated plants. The majority of the specimens were
collected by A.G. Shiryaev in Ekaterinburg and Sverd-
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lovsk Region in 2020, and several specimens were col-
lected by O.I. Shalunova in 2014—2017. The identifica-
tion of the fungal species was carried out by light mi-
croscopy of temporary preparations according to
standard methods (Kirai et al., 1974; Blagovesh-
chenskaya, 2015), a number of special keys, atlases and
monographs were used to determinate the species be-
longing of the identified fungi (Kuprevich, Ulyanish-
chev, 1975; Ulyanishchev, 1978; Sutton, 1980; No-
votelnova, Pystina, 1985; Butin, 1989; Karatygin,
2002; Khokhryakov et al., 2003; Braun, Cook, 2012;
Blagoveshchenskaya, 2015), as well as some additional
publications devoted to the study and taxonomical re-
vision of the particular fungal taxa: Erysiphaceae
(Braun et al., 2018, 2019; Bradshaw et al., 2020; Qiu
et al., 2020; Schmidt, Braun, 2020; Darsaraei et al.,
2021), Mpycosphaerellaceae (Quaedvlieg et al., 2013;
Verkley et al., 2013; Videira et al., 2017), and Polystig-
mataceae (Bundhun et al., 2019). The collected speci-
mens were processed in the Institute of Plant and Ani-
mal Ecology of Ural Branch of the Russian Academy of
Sciences (Ekaterinburg) and in the Department of
Plant Protection of the Federal Research Center “Sub-
tropical Scientific Center of the Russian Academy of
Sciences” (Sochi).

The identification of plant species was carried out
according to the “Key to vascular plants of the Middle
Urals” (1994). The species belonging of introduced
plants in the collections were determined according to
the data of employees of the Botanical Garden of the
Ural Branch of the Russian Academy of Sciences.
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RESULTS

The following annotated list contains the names of
fungal species given according to the Mycobank no-
menclatural database (2021), whereas the plant names
are given according to the “Catalogue of Life” nomen-
clatural database (Roskov et al., 2021). The fungal spe-
cies are arranged in alphabetical order. The species new
for Sverdlovsk Region are marked with asterisk.

The species annotation is given in the following se-
quence: currently accepted species name (most often
used synonyms are given in parentheses); host plant
name (with plant family name in parentheses); the lo-
cations of collections in the Ekaterinburg city: BG —
The Botanical Garden of the Ural Branch of the Rus-
sian Academy of Sciences; GES — The gardens near
the railway station “Ekaterinburg-Sortirovochnyy”;
BUM — Botanichesky urban microdistrict; SFP —
Shartashsky forest park; other locations outside of
Ekaterinburg city are given without abbreviations; date
of collection; collection number; collector (if not
A.G. Shiryaev); native species (NS) or alien species
(AS) for the Sverdlovsk Region (Desprez-Loustau,
2009; Farr, Rossman, 2021). All specimens are kept in
the fungarium of the Institute of Plant and Animal
Ecology, Ekaterinburg [SVER (F)].

Albugo candida (Pers. ex J.F. Gmel.) Roussel — Armora-
cia rusticana G. Gaertn., B. Mey. et Scherb. (Brassicaceae):
GES, private vegetable garden, 27.09.2020, SVER (F)
96561. NS.

Alternaria alternata (Fr.) Keissl. (A) — Dahlia X cultorum
Thorsrud et Reisaeter (Asteraceae): GES, private garden,
flowerbed, 29.09.2020, SVER (F) 96591. NS.

*A. obtusa B.W. Ferreira et R.-W. Barreto [= Acroconidiel-
la tropaeoli (T.E.T. Bond) J.C. Lindgq. et Alippi, = Hetero-
sporium tropaeoli T.E.T. Bond] (A) — Tropaeolum majus L.
(Tropaeolaceae): BG, flowerbed, 29.09.2020, SVER (F)
96592; GES, private garden, flowerbed, 23.09.2020, SVER
(F) 96593. AS.

A. solani Sorauer (A) — Capsicum annuum L. (Solanace-
ae): GES, private vegetable garden, 18.09.2020, SVER (F)
96594; Solanum lycopersicum L. (Solanaceae): BUM, pri-
vate vegetable garden, 30.09.2020, SVER (F) 96595. NS.

Asteroma padi DC. (A) — Prunus padus L. (Rosaceae):
SFP, forest edge, 25.07.2020, SVER (F) 96672. NS.

Asteromella ovata Thiim. (A) — Menispermum dauricum
DC. (Menispermaceae): BG, arboretum, 25.09.2020, SVER
(F) 96597, ibid., 14.10.2020, SVER (F) 96598. AS.

Aureobasidium nigricans (Atk. et Edgerton) W.B. Cooke
|= Kabatiella nigricans (G.F. Atk. et Edgerton) Karak.] (A) —
Vicia cracca L. (Fabaceae): BG, park, 17.09.2020, SVER (F)
96690; GES, ruderal vegetation, 29.09.2020, SVER (F)
96693; Sverdlovsk Region, Shalinsky district, near Chusova-
ya river, forest, meadow, 19.07.2020, SVER (F) 96567. NS.

Blumeriella jaapii (Rehm) Arx [= Coccomyces hiemalis
B.B. Higgins] (A+) — Prunus padus L. (Rosaceae): SFP, for-
est edge, 25.07.2020, SVER (F) 96599. NS.

Botrytis paeoniae Oudem. (A) — Paeonia lactiflora Pall.
(Paeoniaceae): BG, flowerbed, 27.09.2020, SVER (F)
96668. AS.

Cercospora hydrangeae Ellis et Everh. (A) — Hydrangea
paniculata Siebold (Hydrangeaceae): BG, arboretum,
14.10.2020, SVER (F) 96569. AS.
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Colletotrichum gloeosporioides (Penz.) Penz. et Sacc.
(A) — Dioscorea caucasica Lipsky (Dioscoreaceae): BG, ar-
boretum, 27.09.2020, SVER (F) 96675. NS.

Coniella diplodiella (Speg.) Petr. et Syd. (A) — Vitis amu-
rensis Rupr. (Vitaceae): BG, arboretum, 10.09.2017, SVER
(F) 96674, O.1. Shalunova. AS.

Cumminsiella mirabilissima (Peck) Nannf. [= C. sanguin-
ea (Peck) Arthur] (IT) — Berberis aquifolium Pursh (= Maho-
nia aquifolium (Pursh) Nutt.) (Berberidaceae): BG, arbore-
tum, 04.11.2020, SVER (F) 96683. AS.

Didymella viburnicola (Oudem.) Qian Chen et L. Cai
|= Phyllosticta opuli Sacc.] (A) — Viburnum opulus L. (Adox-
aceae): BG, arboretum, 04.10.2020, SVER (F) 96588. NS.

Diplocarpon mespili (Sorauer) B. Sutton (A+) — Cratae-
gus monogyna Jacq. (Rosaceae): BUM, block park,
11.07.2020, SVER (F) 96600. NS.

Drepanopeziza ribis (Kleb.) Hohn. [= Gloeosporidiella
ribis (Lib.) Petr.] (A+). — Ribes uva-crispa L. (= R. grossular-
ia L.) (Grossulariaceae): GES, private garden, 04.10.2020,
SVER (F) 96601. AS.

Erysiphe adunca (Wallr.) Fr. s. str. (H) — Populus X sibir-
ica G.V. Krylov et G.V. Grig. ex A.K. Skvortsov (Salicace-
ae): BG, arboretum, 16.10.2020, SVER (F) 96602. NS.

E. aquilegiae var. ranunculi (Grev.) R.Y. Zheng et
G.Q. Chen (A+) — Clematis mandshurica Rupr. (Ranuncu-
laceae): BG, xomnekunu, 03.08.2020, SVER (F) 96605; Ac-
onitum lycoctonum L. (Ranunculaceae): BG, flowerbed,
06.07.2020, SVER (F) 96606; GES, private garden, flower-
bed, 14.07.2020, SVER (F) 96607; Clematis sp. (Ranuncula-
ceae): BG, arboretum (near greenhouse), 14.10.2020, SVER
(F) 96608. NS.

E. baeumleri (Magnus) U. Braun et S. Takam. (A+) — Vi-
cia cracca L. (Fabaceae): BG, meadow, 17.09.2020, SVER
(F) 96609. NS.

E. convolvuli DC. var. calystegiae U. Braun (H) — Calys-
tegia sepium (L.) R. Br. (Concolvulaceae): BG, ruderal veg-
etation, 17.09.2020, SVER (F) 96614; ibid., 28.09.2020,
SVER (F) 96615. NS.

E. cruchetiana S. Blumer (H) — Lathyrus pratensis L.
(Fabaceae): Sverdlovsk Region, Shalinsky district, near
Chusovaya river, meadow, 09.07.2020, SVER (F) 96618.
NS.

E. ehrenbergii (Lév.) U. Braun, M. Bradshaw et
S. Takam. [= E. lonicerae DC. var. ehrenbergii (Lév.) U.
Braun et S. Takam.] (H) — Lonicera caucasica Pall. (Capri-
Joliaceae): BUM, block park, 22.07.2020, SVER (F) 96619.
NS.

E. necator Schwein. (A+) — Vitis vinifera L. (Vitaceae):
BG, arboretum, 10.09.2017, SVER (F) 96622, O.I. Shalun-
ova. AS.

E. salicis DC. (H) — Salix viminalis L. (Salicaceae): BG,
arboretum, 03.08.2020, SVER (F) 96623. NS.

E. trifoliorum (Wallr.) U. Braun (A+) — Trifolium
pratense L. (Fabaceae): GES, private garden, 03.08.2020,
SVER (F) 96624. NS.

E. viburni Duby (A+) — Viburnum lantana L. (Adoxace-
ae): GES, private garden, 30.09.2020, SVER (F) 96629. NS.

Golovinomyces asperifoliorum (Grev.) U. Braun et
H.D. Shin (A+) — Symphytum officinale L. (Boraginaceae):
BG, arboretum, 30.09.2020, SVER (F) 96630; ibid.,
20.10.2020, SVER (F) 96631. NS.

G. asterum var. solidaginis U. Braun (A+) — Solidago gi-
gantea Aiton (Asteraceae): BUM, ruderal vegetation,
29.09.2020, SVER (F) 96634; ibid., 01.10.2020, SVER (F)
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96635; S. canadensis L. (Asteraceae): BG, flowerbed,
24.09.2020, SVER (F) 96636. AS.

G. bolayi S. Takam., Lebeda et M. Gotz (A+) — Lactuca
serriola L. (Asteraceae): GES, ruderal vegetation,
30.09.2020, SVER (F) 96637. NS.

G. latisporus (U. Braun) P.L. Qiu et S.Y. Liu (A+) — He-
lianthus tuberosus L. (Asteraceae): BG, flowerbed,
08.10.2020, SVER (F) 96640. AS.

G. longipes (Noordel. et Loer.) L. Kiss (A+) — Petunia %
hybrida (Hook.) Vilm. (Solanaceae): BG, flowerbed,
28.09.2020, SVER (F) 96641. NS.

G. montagnei U. Braun (H) — Centaurea sp. (Asteraceae):
BG, flowerbed, 08.08.2020, SVER (F) 96642; Psephellus
dealbatus (Willd.) K. Koch (Asteraceae): BG, flowerbed,
05.10.2020, SVER (F) 96643; Psephellus dealbatus (Willd.)
K. Koch (Asteraceae): BG, flowerbed, 28.09.2020, SVER
(F) 96644. NS.

Neoerysiphe galeopsidis (DC.) U. Braun (H) — Lamium
album L. (Lamiaceae): BG, park, 04.10.2020, SVER (F)
96647, ibid., 20.10.2020, SVER (F) 96647. NS.

Ophiognomonia intermedia (Rehm) Sogonov [= Gloeospori-
um betulae Westend.] (A+) — Betula pubescens Ehrh. (Betu-
laceae): BG, arboretum, 04.11.2020, SVER (F) 96673. NS.

Paracercosporidium microsorum (Sacc.) U. Braun,
C. Nakash., Videira et Crous [= Cercospora microsora Sacc.]
(A) — Tilia cordata Mill. (Malvaceae): BUM, block park,
25.10.2020, SVER (F) 96570. NS.

Phaeoseptoria longispora (Bondartsev) Vasyag. [= Septo-
ria longispora Bondartsev] (A) — Convolvulus arvensis L.
(Concolvulaceae): GES, ruderal vegetation, 29.09.2020,
SVER (F) 96590. NS.

Phloeospora ulmi (Fr.) Wallr. [= Septoria ulmi Fr.] (A+) —
Ulmus glabra Huds. (Ulmaceae): BG, arboretum,
01.10.2020, 04.11.2020, SVER (F) 96571. NS.

Phyllosticta ampelicida (Engelm.) Aa (A+) — Vitis amu-
rensis Rupr. (Vitaceae): BG, arboretum, 10.09.2017, SVER
(F) 96566, O.1. Shalunova. AS.

Plasmopara nivea (Unger) J. Schrot. — Aegopodium po-
dagraria L. (Apiaceae): Sverdlovsk Region, Shalinsky dis-
trict, near Chusovaya river, forest, 19.07.2020, SVER (F)
96563. NS.

P. obducens (J. Schrot.) J. Schrot. — Impatiens glandulif-
era Royle. (Balsaminaceae): BUM, ruderal vegetation,
29.09.2020, SVER (F) 96564. NS.

Podosphaera macularis (Wallr.) U. Braun et S. Takam.
(H) — Humulus lupulus L. (Cannabaceae): BG, park,
28.09.2020, SVER (F) 96650. NS.

P. mors-uvae (Schwein.) U. Braun et S. Takam. (H) — Ri-
bes uva-crispa L. [= R. grossularia L.] (Grossulariaceae): BG,
arboretum, 14.09.2020, SVER (F) 96652. AS.

P. spiraeae (Sawada) U. Braun et S. Takam. (A+) — Spi-
raea chamaedryfolia L. (Rosaceae): BG, arboretum,
20.10.2020, SVER (F) 96653; GES, private garden,
21.09.2020, SVER (F) 96654; ibid., 28.09.2020, SVER (F)
96655; BUM, block park, 23.09.2020, SVER (F) 96656. NS.

Polystigma fulvum Pers. ex DC. (H) — Prunus padus L.
(Rosaceae): SFP, forest edge, 25.07.2020, SVER (F) 96678.
NS.

Protomyces macrosporus Unger (T) — Aegopodium po-
dagraria L. (Apiaceae): GES, ruderal vegetation,
23.09.2020, SVER (F) 96679. NS.

Pseudocercospora vitis (LLév.) Speg. (A) — Vitis amurensis
Rupr. (Vitaceae): BG, arboretum, 10.09.2017, SVER (F)
96572, O.1. Shalunova. AS.
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Pseudoperonospora humuli (Miyabe et Takah.) G.W. Wil-
son — Humulus lupulus 1. (Cannabaceae): BUM, ruderal
vegetation, 25.09.2020, SVER (F) 96565. NS.

Puccinia malvacearum Bertero ex Mont. (I111) — Alcea ro-
sea L. (Malvaceae): BG, flowerbed, 04.10.2020, SVER (F)
96684; Malva sylvestris L. (Malvaceae): GES, block park,
18.10.2020, SVER (F) 96685. AS.

* Ramularia bergeniae Vasjagina (A) — Bergenia crassifo-
lia (L.) Fritsch (Crassulaceae): BG, xoiexuuu,
04.10.2020, SVER (F) 96573. NS.

R. lamii Fuckel (A) — Lamium album L. (Lamiaceae):
GES, ruderal vegetation, 20.10.2020, SVER (F) 96574. NS.

R. major (Unger) U. Braun (A) — Petasites japonicus (Sie-
bold et Zucc.) Maxim. (Asteraceae): BG, nmapk, 04.11.2020,
SVER (F) 96575. NS.

R. pratensis Sacc. [= R. rhei Allesch.] (A) — Rheum
rhaponticum L. (Polygonaceae): BG, flowerbed, 14.07.2020,
26.07.2020, SVER (F) 96576. NS.

R. spiraeae Peck (A) — Spiraea crenata L. (Rosaceae):
BG, arboretum, 30.09.2020, SVER (F) 96577. NS.

Sawadaea bicornis (Wallr.) Homma (A+) — Acer negundo
L. (Sapindaceae): BUM, block park, 22.07.2020, SVER (F)
96657; BG, arboretum, 14.10.2020, SVER (F) 96658. NS.

Seimatosporium lichenicola (Corda) Shoemaker et
E. Mill. (A+) — Crataegus monogyna Jacq. (Rosaceae):
BUM, block park, 22.07.2020, SVER (F) 96671. NS.

Septoria convolvuli Desm. (A) — Calystegia pubescens Lindl.
(Convolvulaceae): BG, ruderal vegetation, 28.09.2020, SVER
(F) 96695; Convolvulus arvensis L. (Convolvulaceae): BG,
ruderal vegetation, 30.07.2016, SVER (F) 96578, O.1. Sha-
lunova. NS.

S. cucurbitacearum Sacc. (A) — Cucumis sativus L. (Cu-
curbitaceae): BG, greenhouse, 04.08.2015, SVER (F) 96579,
O.1. Shalunova; GES, private vegetable garden, 14.07.2020,
SVER (F) 96691; ibid., 27.09.2020, SVER (F) 96692.

S. divergens Bubdk et Kabat (A) — Humulus lupulus L.
(Cannabaceae): BG, block park, 10.07.2015, SVER (F)
96580, O.I. Shalunova. NS.

S. dulcamarae Desm. (A) — Solanum dulcamara L. (So-
lanaceae): BG, ruderal vegetation, 09.07.2014, SVER (F)
96581, O.1. Shalunova. NS.

S. humuli Westend. (A) — Humulus lupulus 1. (Cannaba-
ceae): BG, block park, 10.07.2016, SVER (F) 96582,
O.I. Shalunova. NS.

S. ribis (Lib.) Desm. (A+) — Ribes rubrum L. (Grossular-
iaceae): GES, private garden, 23.09.2020, SVER (F) 96583.
NS.

Sphaerulina frondicola (Fr.) Verkley, Quaedvlieg et Crous
|[= Septoria populi Desm.| (H) — Populus X sibirica
G.V. Krylov et G.V. Grig. ex A.K. Skvortsov (Salicaceae):
BUM, block park, 16.10.2020, SVER (F) 96584. NS.

S. neoaceris Crous et Bulgakov (A) — Acer negundo L.
(Sapindaceae): BG, arboretum, 25.09.2020, SVER (F)
96585; ibid., 04.11.2020, SVER (F) 96586. AS.

S. westendorpii Verkley, Quaedvl. et Crous [= Septoria ru-
bi Westend.] (A) — Rubus caesius L. (Rosaceae): BG, arbore-
tum, 26.10.2020, SVER (F) 96587. NS.

Venturia pyrina Aderh. (H) — Pyrus communis L. (Rosace-
ae): GES, private garden, 29.09.2020, SVER (F) 96596. NS.

Wilsonomyces carpophilus (Lév.) Adask., J.M. Ogawa et
E.E. Butler [= Clasterosporium carpophilum (Lév.) Aderh.]

(A) — Prunus cerasus L. (Rosaceae): GES, private garden,
27.09.2020, SVER (F) 96589. NS.
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Fig. 1. Leaf spots caused by Ramularia bergeniae on leaves
of Bergenia crassifolia.

There are 63 species and 3 varieties considered as
new records for Sverdlovsk region. So a large number of
firstly registered plant pathogenic microfungi can be
explained by poor knowledge of this group in Sverd-
lovsk Region. Many firstly recorded species are wide-
spread in other regions of Russia and other countries of
Northern Hemisphere (Farr, Rossman, 2021). Howev-
er, 14 of 63 new found species (22.2%) could be dis-
cussed as alien species for the Sverdlovsk Region, in-
cluding several poor-known species, such as two ones
that are new for Russia: Alternaria obtusa (Fig. 1) and
Ramularia bergeniae (Fig. 2). Alternaria obtusa is
known in many tropical countries as a pathogen of gar-
den nasturtium (7ropaeolum majus L.), but it had not
been recorded in Russia until now (Ferreira, Barreto,
2019). Ramularia bergeniae is a pathogen causing leaf
spot of Bergenia spp. in its natural habitat in Kazakh-
stan (Braun, 1998); the finds of this species are quite
expected in many regions of Russia due to wide culture
of the host plant species as an ornamental plant.

The interesting fact is the discovery of Sphaerulina
neoaceris in Ekaterinburg, which was recently de-
scribed from the Rostov region of Russia (Crous et al.,
2020) on live leaves of invasive plant — box elder maple
(Acer negundo). Apparently, this obligate host plant-as-
sociated microfungus can be a quite widespread species
in the invasive habitat of Acer negundo in Russia. In
contrary, native Plasmopara obducens, previously
known only on Impatiens noli-tangere (Novotelnova,
Pystina, 1985), was firstly recorded on invasive plant
Impatiens glandulifera. A similar change of host plants
was noted in Moscow Region, where Plasmopara obdu-
cens have started to infect close-relative invasive plant
Impatiens parviflora since 2010 (Blagoveshchenskaya,
2017).

The next well-known alien species Puccinia malva-
cearum, was found both on ornamental introduced
species and on wild species of Malvaceae. This invasive
plant pathogenic fungus was unintentionally intro-
duced in Europe (and other continents) from South
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Fig. 2. Leaf spots caused by Alternaria obtusa on leaves of
Tropaeolum majus.

America at the end of the 18th century (Desprez-
Loustau, 2009); however, until the middle of the
20th century P. malvacearum was recorded only in the
southern parts of the former USSR (Ukraine, South-
ern Russia, Caucasus, Central Asia), but not in the
Ural macroregion (Tranzschel, 1939; Ulyanishchev,
1978). The second alien new-recorded rust fungus is
Cumminsiella mirabilissima introduced in the Europe
at the beginning of the 20th century from North Amer-
ica (Desprez-Loustau, 2009); it was not registered in
Russia until 1940s (Tranzschel et al., 1939), but later
became a common species in the central part of Euro-
pean Russia (Kuprevich, Ulyanishchev, 1975). In addi-
tion, we note the record of native species Polystigma
Sulvum, which was revised by the specimens from Be-
larus (Bundhun et al., 2019), and the unclear origin
species Golovinomyces latisporus — poor-known pow-
dery mildew firstly found and confirmed in Rostov Re-
gion of Russia (Qui et al., 2020).

Several previously unknown in the region species —
Coniella diplodiella, Erysiphe necator, Phyllosticta am-
pelicida, and Pseudocercospora vitis — were recorded on
woody lianas, in particular, on the Amur grape (Vitis
amurensis) introduced from the Russian Far East;
these species are common in regions of vineyard cul-
ture (Khokhryakov et al., 2003; Braun, Cook, 2012;
Farr, Rossman, 2021).

Authors thanks to O.I. Shalunova for help in the
material collecting. Research of A.G. Shiryaev was car-
ried out within the framework of the state assignment
of the Institute of Plant and Animal Ecology, Ural
Branch of the Russian Academy of Sciences.
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HoBsble Haxoaku (puaoTpodHbIX (PUTONATOreHHBIX MUKPOMHUIIETOB
B I. EKaTepunOypre u ero nmpuropoaax

T. C. Byarakos**, A. T. IlIupses®*

¢ Uncmumym sxonoeuu pacmeruii u scueomuvix YpO PAH, Examepunbype, Poccus
b Pedepanvhuiii uccredosamensciuii yenmp “Cyémponuueckuii hayunsiii yenmp Poccutickoii akademuu nayk”, Couu, Poccus
#e-mail: ascomycologist@yandex.com
#*e-mail: anton.g.shiryaev@gmail.com

B xone uccienoBaHuii BUZOBOTO cocTaBa (GHLTOTPOGHBIX GUTOMATOTEHHBIX MUKPOMUIIETOB, Pa3BUBAIOIINX-
CsI Ha COCYIUCTHIX pacTeHUsX B T. EkaTreprHOypre u ero mpuropoaax ObI10 BRISIBJICHO 63 HOBBIX 1T CBepi-
JIOBcKoOi obsiactu Buaa. JBa Buna — Alternaria obtusa and Ramularia bergeniae — BriepBble BbIsIBJIEHBI B Poccuu.
14 13 63 BBISIBJICHHBIX BUIOB (22.2%) MOTYT pacCMaTpUBaThCsl KaK 4yskepomHble mist CBepIIOBCKOM 06I.

BUBI.

Karoueessie crosa: bopasHooOpasue, MHBA3UU, YyKepPOMTHbIE BUAbI, YpaJl, 9KOJIOTUS Tropoia
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A total of 11 ascomycete and 116 basidiomycete species have been recorded for the first time from 30 administra-
tive regions of Russia: Kabardino-Balkar Republic (6 species), Karachay-Cherkess Republic (1), Komi Republic
(19), Republic of Bashkortostan (4), Republic of Dagestan (1), Republic of Mordovia (7), Republic of Tatarstan
(12), Tyva Republic (5), Udmurt Republic (1), Krasnodar Krai (2), Perm Krai (5), Arkhangelsk Oblast (3), As-
trakhan Oblast (1), Chelyabinsk Oblast (7), Kaliningrad Oblast (1), Kirov Oblast (4), Kostroma Oblast (9), Len-
ingrad Oblast (13), Lipetsk Oblast (1), Murmansk Oblast (4), Novgorod Oblast (1), Oryol Oblast (1), Penza
Oblast (1), Rostov Oblast (1), Sverdlovsk Oblast (4), Tyumen Oblast (10), Vologda Oblast (4), Yaroslavl Oblast
(10), Saint Petersburg (1), Khanty-Mansi Autonomous Okrug (2 species). An annotated species list containing
the data on location, substrate, habitat type and voucher numbers is provided. Favolaschia calocera, Hygrophorus
exiguus, and Laetisaria lichenicola are reported as the first records in Russia. Acanthophysellum minor, Albatrellus
citrinus, Flammula pinicola, Leptosporomyces montanus, and Tubulicrinis regificus are recorded in Russia for the
second time. Gibbera andromedae, Lindtneria trachyspora, Rhodocollybia fodiens, Rosenscheldia abundans, Scu-
tiger pes-caprae, and Xerocomellus cisalpinus are reported for the third time. Sequences of I'TS nuclear ribosomal
DNA from specimens of Hygrophorus exiguus and Riopa metamorphosa have been generated and submitted to the
GenBank database.

Keywords: Ascomycota, Basidiomycota, biodiversity, fungal distribution, Russia
DOI: 10.31857/50026364821060131
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INTRODUCTION

The present report is the sixth in the series of articles
devoted to the new regional records of fungi (Bolsha-
kov et al., 2016, 2018, 2020; Svetasheva et al., 2017;
Volobuev et al., 2019).

An annotation record includes the data on species
location, substrate, habitat, and herbarium documen-
tation. The material was loaded in LE (Saint Peters-
burg), SVER (Ekaterinburg), SYKO (Syktyvkar), INEP
(Apatity), NSK (Novosibirsk), AR (Arkhangelsk) her-
baria as well as in the private collections of Yuriy A. Re-
briev — YuR (Rostov-on-Don), Kim O. Potapov — PK
(Kazan), Elena A. Zvyagina — EZ (Surgut). Duplicates
of all specimens are stored in LE.

MATERIALS AND METHODS

Material was collected and identified by the authors
abbreviated as follows: Sergey V. Volobuev (SV),
Sergey Yu. Bolshakov (SB), Yuliya R. Khimich
(YuKh), Anton G. Shiryaev (ASh), Yuriy A. Rebriev
(YuR), Kim O. Potapov (KP), Eugene S. Popov (EP),
Vladimir I. Kapitonov (VK), Marina A. Palamarchuk
(MP), Lyudmila B. Kalinina (LK), Denis A. Kosol-
apov (DK), Iraida V. Stavishenko (IS), Lidiya G. Per-
evedentseva (LP), Vyacheslav A. Vlasenko (VV), Arty-
om V. Leostrin (AL), Anna A. Efimova (AE), Anasta-
siya V. Vlasenko (AV), and other experts indicated in
the text.

To shorten the names of administrative regions of
Russia we have used the international standard codes
ISO 3166-2:RU (ISO, 2010). Republic of Crimea was
abbreviated as KM.

Data on the fungal species distribution in Russia
(abbreviated as D) is based on the updated database on
Agaricomycetes diversity (Bolshakov et al., 2017), as
well as other papers partly referenced in previous re-
ports (Bolshakov et al., 2016; Svetasheva et al., 2017).
Detailed information on the specimens examined is
listed after the letter “S”.

RESULTS

ASCOMYCOTA
DOTHIDEOMYCETES
Catinellales

Catinella olivacea (Batsch) Boud. — new for Republic of
Dagestan. D — BRY, IVA, MO, MOS, KIR, PRI, PSK,
STA, TA. S — Republic of Dagestan, Tabasaransky Dist.,
Ersi, 42.00048° N, 48.00422° E, on fallen trunk of Fagus
orientalis in beech forest, 12.09.2020, coll. SV, det. EP (LE
F-334429).

Mpytilinidiales

Lophium mytilinum (Pers.) Fr. — new for Rostov Oblast.
D — LEN, MOS, MUR, PRI, PSK, SPE. S — Rostov
Oblast, Sholokhovsky Dist., Veshenskaya, 49.63718° N,
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41.72005° E, on rotten wood of Pinus sylvestris in pine plan-
tation, 06.10.2006, coll. and det. EP (LE 304470).

Venturiales

Coleroa robertiani (Fr.) E. Miill. — new for Leningrad
Oblast. D — KDA, PRI, PSK, SE, SMO. S — Leningrad
Oblast, Vyborgsky Dist., Gogland Island, 60.09403° N,
26.95341° E, on living leaves of Geranium robertianum in
swampy black alder forest, 05.08.2007, coll. and det. EP
(LE 222545).

Gibbera andromedae (Rehm) E. Miill. et Arx — new for
Saint Petersburg. D — KHM, PSK. S — Saint Petersburg,
Kurortny Dist., Sestroretskaya Lowland sanctuary,
60.12010° N, 30.00962° E, on living leaves of Andromeda po-
lifolia in sphagnum-dominated bog, 17.06.2008, coll. and
det. EP (LE 222600).

Dothideomycetes incertae sedis

Rosenscheldia abundans (Dobrozr.) Petr. — new for
Vologda Oblast. D — LEN, PSK. S — Vologda Oblast, Kirill-
ovsky Dist., Russky Sever National park, 60.15392° N,
38.55242° E, on living stems of Prunella vulgaris in pasture,
18.08.2002, coll. and det. EP (LE 236251).

SORDARIOMYCETES
Boliniales

Camarops microspora (P. Karst.) Shear — new for Volog-
da Oblast. D — AMU, LEN, PRI, PSK, YAR. S — Volog-
da Oblast, Kirillovsky Dist., Russky Sever National park,
Kovarzino, 60.15698° N, 38.57032° E, on fallen branch of
Alnus incana in tall-herb spruce forest, 26.08.2002, coll. and
det. EP (LE 304466).

Coronophorales

Bertia moriformis (Tode) De Not. — new for Volog-
da Oblast. D — AMU, BEL, KAM, KDA, KHA, LEN,
MAG, MOS, MUR, PRI, PSK, SE, SMO, SPE, TVE. S —
Vologda Oblast, Kirillovsky Dist., Russky Sever National
park, Kovarzino, 60.15805° N, 38.56361° E, on rotten de-
ciduous wood in tall-herb spruce forest, 26.08.2002, coll.
and det. EP (LE 247128).

Xylariales

Biscogniauxia nummularia (Bull.) Kuntze — new for Ka-
rachay-Cherkess Republic. D — KDA, KHA, PRI. S — Ka-
rachay-Cherkess Republic, Karachayevsky Dist., Teberda
Nature Reserve, Teberda, 43.41833° N, 41.7255° E, on fallen
trunk of Fagus orientalis in mixed mountain fir-beech forest
(alt. 1405 m), 06.08.2009, coll. and det. EP (LE 235832).

B. repanda (Fr.) Kuntze — new for Vologda Oblast. D —
ALT, AMU, BA, CHE, IVA, KAM, KEM, KHA, KHM,
KIR, KOS, KRS, LEN, MO, MOS, MUR, NVS, PER,
PRI, PSK, RYA, SMO, SPE, SVE, TVE, YAR. S —
Vologda Oblast, Kirillovsky Dist., Russky Sever National
park, Kovarzino, 60.16200° N, 38.56496° E, on snag of Sor-
bus aucuparia in old-growth spruce-aspen forest,
16.08.2002, coll. and det. EP (LE 236250).

Daldinia loculata (Lév.) Sacc. — new for Leningrad
Oblast and Republic of Mordovia. D — KAM, KHM, KR,
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MO, MUR, PSK, SVE, TUL. S — Leningrad Oblast, Vy-
borgsky Dist., Beryozovye Islands sanctuary, Severny
Beryozovy Island, 60.45492° N, 28.45567° E, on snag of
Betula sp. in mixed pine-birch forest, 14.07.2005, coll. and
det. EP (LE 247452); Gogland Island, Suurkyld, 60.09198°
N, 26.97497° E, on burned trunk of Betula pendula in burned
pine forest, 06.08.2007, coll. and det. EP (LE 222556). Re-
public of Mordovia, Temnikovsky Dist., Mordovsky Nature
Reserve, 54.8054° N, 43.5226° E, on trunk of Betula sp. in
burned birch forest, 17.07.2011, coll. SB, det. EP
(LE 304434).

D. vernicosa Ces. et De Not. — new for Kaliningrad
Oblast. D — AST, CU, PSK, MOS, ROS, STA, TUL. S —
Kaliningrad Oblast, Zelenogradsky Dist., Svetlogorsk,
54.93166° N, 20.14955° E, on dead trunk of Corylus avellana
in mixed forest, 04.10.2011, coll. and det. EP (LE 247708).

BASIDIOMYCOTA
AGARICOMYCETES
Agaricales

Apioperdon pyriforme (Schaeff.) Vizzini — new for Komi
Republic. D — widespread species. S — Komi Republic, Syk-
tyvdinsky Dist., 61.598002° N, 50.510273° E, on soil in
mixed forest, 13.09.2019, coll. MP, det. YuR (YuR 3427, du-
pl. LE F-334440).

Bovista paludosa 1Lév. — new for Tyumen Oblast. D — AL,
IRK, KM, KO, KYA, MAG. S — Tyumen Oblast, Tobolsky
Dist., Klepalova, 58.33416° N, 68.41848° E, on mosses in
fen, 03.08.2020, coll. VK, det. YuR (LE 321868).

Chrysomphalina grossula (Pers.) Norvell, Redhead et
Ammirati — new for Leningrad Oblast. D — KC, KYA,
MOW, PRI. S — Leningrad Oblast, Lomonosovsky Dist.,
Chernaya Lakhta, zakaznik “Lebyazhiy”, 59.97228° N,
29.26659° E, on old stump of Picea abies in mixed conifer-
ous-broadleaf forest, 05.12.2020, coll. and det. E.A. Palo-
mozhnykh (LE 315734).

Clavaria rosea Fr. — new for Komi Republic. D — ARK,
KGD, KR, LEN, MUR, NGR, ORL, PER, SVE, TOM,
TUL, YAN. S — Komi Republic, Troitsko-Pechorsky Dist.,
Pechora-Ilych Nature Reserve, Yaksha, 61.82328° N,
56.83960° E, on soil in meadow, 03.09.2009, coll. and det.
MP (SYKOf 3522, dupl. LE F-334446).

Coprinopsis cortinata (J.E. Lange) Gminder — new for
Leningrad Oblast. D — KYA, PER, SAM, SPE. S — Lenin-
grad Oblast, Lomonosovsky Dist., Orzhitsy, 59.75733° N,
29.71271° E, on soil in abandoned park with Tilia, Acer, Ul-
mus, 31.07.2018, 10.08.2018, coll. and det. LK (LE F-
331405, LE F-331578); Lopukhinka, 59.74000° N,
29.41265° E, on soil in bank of the Lopukhinka River,
10.08.2018, coll. and det. LK (LE F-331462).

Crinipellis scabella (Alb. et Schwein.) Murrill — new for
Leningrad Oblast. D — AL, ALT, AST, CHU, IRK, KGD,
KK, KM, KYA, LIP, NGR, NVS, PER, PNZ, PRI, ROS,
RYA, SAM, VOR, YAN. S — Leningrad Oblast, Kingi-
seppsky Dist., Kaibolovo, 59.57065° N, 28.83758° E, on
fallen twigs of decidiuous trees in Ulmus stands on an island
inside the riverbed, 29.08.2018, 09.09.2018, coll. and det.
LK (LE F-331745, LE F-331746).

Crucibulum laeve (Huds.) Kambly — new for Komi Re-
public. D — widespread species. S — Komi Republic, Syk-
tyvkar, Ezhva, old cemetery, 61.81021° N, 50.74106° E, on
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twigs in mixed forest with Betula, Picea, Pinus, 28.09.2019,
coll. and det. MP (SYKOf 3163, dupl. LE F-334447).

Cyathus stercoreus (Schwein.) De Toni — new for Kab-
ardino-Balkar Republic. D — AMU, BEL, KHA, KK, KYA,
LEN, LIP, NVS, PRI, ROS, SVE, UD. S — Kabardino-
Balkar Republic, Elbrussky Dist., Tyrnyauz, 43.36667° N,
42.90000° E, on the faeces of ungulates in pastured dry
meadow, 11.10.2018, coll. and det. YuR (YuR 3564, dupl. LE
321846).

Disciseda hyalothrix (Cooke et Massee) Hollds — new for
Kabardino-Balkar Republic. D — ALT, ROS. S — Kab-
ardino-Balkar Republic, Elbrussky Dist., Tyrnyauz,
43.36667° N, 42.90000° E, on soil in pastured dry meadow,
11.10.2018, coll. and det. YuR (YuR 3563, dupl. LE 321847).

Entoloma byssisedum (Pers.) Donk — new for Republic of
Tatarstan. D — AD, IRK, KGD, KHA, KO, LEN, NGR,
NVS, PER, PRI, PSK, RYA, SAK, SAM, TOM, TVE,
TYU, UD, VGG, VLG, YAN. S — Republic of Tatarstan,
Tukayevsky Dist., Nizhnyaya Kama National Park,
55.81168° N, 52.45026° E, on fallen trunk of deciduous tree
in pine-dominated forest with spruce, 27.08.2020, coll. and
det. KP (PK 11288, dupl. LE 321856).

E. chytrophilum Wolfel, Noordel. et Ddhncke — new for
Republic of Tatarstan. D — AL, ALT, KC, KO, MOS, NGR,
NVS, VLG. S — Republic of Tatarstan, Tukayevsky Dist.,
Nizhnyaya Kama National Park, 55.84963° N, 52.44653° E,
on fallen strongly destroyed trunk of deciduous tree in pine-
dominated forest with linden and maple, 27.08.2020, coll.
and det. KP (LE 321857).

E. sinuatum (Bull.) P. Kumm. — new for Republic of Ta-
tarstan. D — AD, BEL, BRY, KDA, KGD, KM, KR, KYA,
LEN, LIP, NVS, SEV, TOM, VGG, VOR. S — Republic of
Tatarstan, Yelabuzhsky Dist., Nizhnyaya Kama National
Park, 55.72702° N, 51.81758° E, on soil in oak forest,
14.09.2017, coll. and det. KP (PK 11281, dupl. LE 321858).

E. vernum S. Lundell — new for Republic of Tatarstan.
D — BRY, KC, KIR, KLU, KO, KR, KYA, LEN, LIP,
MOS, MUR, NGR, NVS, PER, PNZ, PSK, RYA, SE,
SPE, SVE, TOM, TUL, UD, YAR. S — Republic of Ta-
tarstan, Yelabuzhsky Dist., Nizhnyaya Kama National Park,
55.73115° N, 51.96360° E, on soil in pine-dominated forest
with birch, 25.04.2016, coll. and det. KP (PK 11308, dupl.
LE 321859).

Favolaschia calocera R. Heim — new for Russia. S —
Krasnodar Krai, Sochi, Khosta, Agur gorge, 43.5544° N,
39.8218° E, on fallen deciduous twig, 17.07.2015, coll. and
det. V. N. Botyakov (LE 321852).

Flammula pinicola (Jacobsson) Noordel. — new for Len-
ingrad Oblast. D — TVE. S — Leningrad Oblast, Vyborgsky
Dist., Veshchevo, 60.6689° N, 29.2842° E, on stump of
Pinus sylvestris in green moss pine forest, 04.10.2020, coll.
and det. LK (LE F-332071).

Hydropus marginellus (Pers.) Singer — new for Perm
Krai. D — AL, ALT, KHA, KYA, NGR, NVS, PRI, PSK,
TOM, YEV. S — Perm Krai, Dobryansky Dist.,
“Verkhnyaya Kvazhva” protected area, 58.3913° N, 56.3611°
E, on dead wood in herb-rich birch forest, 06.08.2012, coll.
V. S. Botalov, det. LP (LE F-334410).

Hygrophorus exiguus E. Larss., E. Campo et M. Carbone —
new for Russia. S — Leningrad Oblast, Kingiseppsky Dist.,
Perelesye, 59.64111° N, 28.99108° E, among mosses in
mixed forest (Picea abies, Ulmus sp, Populus tremula, Coryl-
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lus avelana), 09.10.2020, coll. and det. LK (LE F-332070).
GenBank accession number — MZ889446.

Laccaria pumila Fayod — new for Leningrad Oblast. D —
AL, CHU, IRK, KC, KGD, KHM, KO, KR, KYA, MAG,
MUR, NEN, NVS, SA, TA, TY, YAN. S — Leningrad
Oblast, Lomonosovsky Dist., Orzhitsy, 59.75733° N,
29.71271° E, on soil in abandoned park with Tilia, Acer,
Ulmus, 23.07.2018, coll. and det. LK (LE F-331587).

Limacella glioderma (Fr.) Maire — new for Republic of
Tatarstan. D — AL, ALT, IRK, JEW, KHA, KLU, KR,
LEN, MOS, NVS, PER, PNZ, PRI, SAM, SPE, SVE,
TOM, TUL, ULY. S — Republic of Tatarstan, Baltasinsky
Dist., “Yaltra” forest, 56.34486° N, 50.16466° E, on soil in
spruce forest with aspen, 29.08.2018, coll. and det. KP (PK
10722, dupl. LE 321863); Tukayevsky Dist., Nizhnyaya Ka-
ma National Park, 55.85994° N, 52.49274° E, on soil in lin-
den forest with aspen and pine, 04.09.2018, coll. and det. KP
(PK 10501, dupl. LE 321864).

Lindtneria trachyspora (Bourdot et Galzin) Pilait — new
for Chelyabinsk Oblast. D — PRI, SVE. S — Chelyabinsk
Oblast, Miass area, Ilmensky Nature Reserve, Bolshoye Mi-
assovo, 55.169° N, 60.302° E, on fallen branch together with
Lyomyces juniperi in almost open Juniperus communis stands,
03.08.2015, coll. and det. ASh (SVER(F) 92991, dupl. LE
F-334487).

Lycoperdon caudatum J. Schrét. — new for Komi Repub-
lic. D—AD, ALT, AMU, ARK, BU, IRK, KC, KDA, KGD,
KHA, KHM, KYA, MOS, NGR, PRI, RYA, SAK, SE,
SVE, TA, TOM, YEV. S — Komi Republic, Syktyvdinsky
Dist., Lezym, 61.45899° N, 50.5225° E, on litter in spruce
green moss forest, 25.07.2019, coll. MP, det. YuR (LE
F-334450).

L. lambinonii Demoulin — new for Komi Republic. D —
AD, AL, ARK, CHE, IRK, KAM, KC, KDA, KYA, MAG,
MO, MOS, NGR, PRI, ROS, RYA, SVE, TOM, TYU,
ULY, YAN. S — Komi Republic, Syktyvdinsky Dist., Le-
zym, 61.45899° N, 50.5225° E, on soil in spruce green moss
forest, 25.07.2019, coll. MP, det. YuR (LE F-334451).

L. nigrescens Pers. — new for Komi Republic. D — AL,
ALT, AMU, ARK, CHE, CHU, KGD, KHA, KHM, KK,
KM, KR, KYA, LEN, MAG, MO, MOS, MUR, NVS,
PNZ, PRI, PSK, ROS, RYA, SE, SVE, TA, TOM, TVE,
TYU, VGG, YAN, YEV. S — Komi Republic, Troitsko-
Pechorsky Dist., Pechora-Ilych Nature Reserve, Yaksha,
61.82066° N, 56.84167° E, on litter in meadow, 20.08.2019,
coll. MP, det. YuR (SYKOf 3270, dupl. LE F-334452).

L. pratense Pers. — new for Kabardino-Balkar Republic.
D — AD, AL, ALT, AMU, ARK, AST, BEL, BU, DA, IRK,
KC, KGD, KK, KM, KO, KRS, KYA, LIP, MO, MOS,
NGR, NVS, PER, PNZ, PRI, PSK, ROS, RYA, SA, SAK,
SE, SPE, SVE, TA, TOM, TY, UD, VOR, YAN. S — Kab-
ardino-Balkar Republic, Elbrussky Dist., Tyrnyauz,
43.40000° N, 42.90000° E, on soil in pastured dry meadow,
10.10.2018, coll. and det. YuR (YuR 3556, dupl. LE 321849).

Marasmius wynneae Berk. et Broome — new for
Novgorod Oblast. D — AL, ALT, BEL, IRK, KDA, KHA,
KHM, KIR, KK, KM, KRS, LEN, LIP, MOS, NVS, PER,
PNZ, PRI, ROS, RYA, SAM, SEV, SPE, TA, TOM, TUL,
ULY, VGG, VOR, YAR. S — Novgorod Oblast, Chudovsky
Dist., Krasnofarforny, 59.12334° N, 31.81430° E, on litter in
floodplain oak forest, 25.07.2019, coll. and det. LK (LE
F-331610).
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Merismodes anomala (Pers.) Singer — new for Tyva Re-
public. D — AL, ALT, ARK, CHE, KYA, LEN, MOS,
MOW, MUR, NIZ, NVS, OMS, PNZ, PSK, SA, SMO,
SPE, SVE, TOM, TVE, YAN. S — Tyva Republic, Kaa-
Khemsky Dist., Ondumsky zakaznik, 51.78025° N,
94.71445° E, on fallen trunk of Betula microphylla in reverine
larch forest, 11.08.2020, coll. AV, det. VV (NSK 1014546,
dupl. LE F-334475); Piy-Khemsky Dist., Khutinsky zakaz-
nik, 52.6551° N, 94.54587° E, on fallen trunk of Salix sp. in
cedar-spruce-larch forest, 16.08.2020, coll. AV, det. VV
(NSK 1014642, dupl. LE F-334476, NSK 1014645, dupl.
LE F-334477).

Nidularia deformis (Willd.) Fr. — new for Komi Republic.
D — AL, ARK, BEL, IRK, KR, KRS, LEN, MAG, MOS,
NGR, PNZ, PSK, ROS, RYA, SAK, SPE, SVE, TA, TOM,
TVE, VOR. S — Komi Republic, Syktyvkar, Krasnaya gora
stow, 61.67953° N, 50.86664° E, on wood chips in stand of
willows, 12.10.2018, coll. Kirillov D.V., det. Kirillov D.V.,
MP (LE F-334453).

Pluteus thomsonii (Berk. et Broome) Dennis — new for
Leningrad Oblast. D — AD, CHU, IRK, KAM, KC, KM,
KYA, LIP, MAG, MOS, ORE, PNZ, PRI, PSK, ROS,
RYA, SAM, SPE, TA, TUL, UD, VGG. S — Leningrad
Oblast, Lomonosovsky Dist., Orzhitsy, 59.75733° N,
29.71271° E, on standing in abandoned park with Tilia, Acer,
Ulmus, 31.07.2018, coll. wood and det. LK (LE F-331586).

Radulomyces molaris (Chaillet ex Fr.) M.P. Christ. — new
for Kostroma Oblast. D — BEL, BRY, CHE, DA, KC, KDA,
KGD, KM, KRS, LEN, LIP, MO, NIZ, OMS, ORL, PER,
ROS, RYA, SAM, SPE, SVE, TUL, VGG, VOR. S —
Kostroma Oblast, Kostromskoy Dist., “Aganinskaya Dubra-
va” forest area, 57.83064° N, 40.86569° E, on dead branches
of a living Quercus robur in herb-rich oak forest, 03.09.2020,
coll. AL and AE, det. SV (LE F-334435).

Ramariopsis tenuiramosa Corner — new for Arkhangelsk
Oblast. D — BA, CHE, IRK, KHM, KO, KR, KYA, LEN,
MOS, MUR, NIZ, ORL, PER, PRI, SA, SAM, SPE, SVE,
TOM, TY, YAN, ZAB. S — Arkhangelsk Oblast, Plesetsky
Dist., Sheleksa, 62.8939° N, 40.2963° E, on soil in herb-rich
larch forest, 18.09.2020, coll. O. N. Ezhov, det. 1. V. Zmitro-
vich (AR 3463, dupl. LE F-334498).

Resupinatus applicatus (Batsch) Gray — new for Arkhan-
gelsk Oblast. D — AL, ALT, AST, IRK, KHA, KHM, KM,
KO, KYA, LEN, LIP, NGR, NVS, PRI, PSK, ROS, RYA,
SA, SAM, SMO, SPE, YEV, ZAB. S — Arkhangelsk Oblast,
Pinezhsky Dist., Pinezhsky Nature Reserve, 64.6880° N,
43.1832° E, on fallen trunk of Populus tremula in aspen for-
est, 31.08.2017, coll. O. N. Ezhov, det. 1.V. Zmitrovich (AR
3103); 64.5645° N, 43.1699° E, on fallen trunk of Salix sp. in
mixed coniferous-deciduous forest, 08.09.2018, coll.
O.N. Ezhoyv, det. I. V. Zmitrovich (AR 3272).

Rhodocollybia fodiens (Kalchbr.) Antonin et Noordel. —
new for Perm Krai. D — KHM, KO. S — Perm Krai, Gremy-
achinsky Dist., Basegi Nature Reserve, 58.9339° N,
58.4854° E, on litter in spruce forest, 31.07.2015, coll.
Yu.A. Chelakova, det. LP and Yu. A. Chelakova (LE F-334412).

Tricholoma aurantium (Schaeff.) Ricken — new for Len-
ingrad Oblast. D — AL, KB, KC, KK, KYA, PER, SPE, TA,
UD, VLG. S — Leningrad Oblast, Volosovsky Dist., Pyataya
Gora, 59.43977° N, 29.75081° E, on soil in mixed conifer-
ous-broadleaf forest, 09.09.2020, coll. and det. E.A. Palo-
mozhnykh (LE 315687).
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Tricholoma batschii Gulden ex Mort. Chr. et Noordel. —
new for Perm Krai. D — KDA, KM, SEV. S — Perm Krai,
Osinsky Dist., “Osinskaya Lesnaya Dacha” protected area,
57.2932° N, 55.1367° E, on soil in pine forest, 21.09.2019,
coll. D.V. Patrakova, det. LP, A.S. Shishigin and
D.V. Patrakova (LE F-334411).

Tulostoma brumale Pers. — new for Kabardino-Balkar
Republic. D — AL, ALT, AST, BEL, KGD, KK, KM, KYA,
LIP, MO, NVS, ROS, SAR, SVE, TA, TUL, TVE, VOR.
S — Kabardino-Balkar Republic, Elbrussky Dist., Tyrnyauz,
43.38333° N, 42.88333° E, on soil in pastured dry meadow,
10.10.2018, coll. and det. YuR (YuR 3555, dupl. LE 321850).

T. fimbriatum Fr. — new for Kabardino-Balkar Republic.
D — AL, ALT, AST, BEL, BU, KM, KYA, LIP, PNZ, ROS,
RYA, STA, SVE, TA, TY, VGG, VOR, ZAB. S — Kab-
ardino-Balkar Republic, Elbrussky Dist., Tyrnyauz,
43.36667° N, 42.90000° E, on soil in pastured dry meadow,
11.10.2018, coll. and det. YuR (YuR 3559, dupl. LE 321851).

Volvariella murinella (Quél.) M.M. Moser ex Dennis,
P.D. Orton et Hora — new for Leningrad Oblast. D — KM,
KYA, LIP, NGR, NVS, PRI, PSK, SAM, SVE, TVE, UD,
ULY. S — Leningrad Oblast, Lomonosovsky Dist., Orzhitsy,
59.75733° N, 29.71271° E, on soil in abandoned park with
Tilia, Acer, Ulmus, 31.07.2018, 05.08.2018, coll. and det. LK
(LE F-331573, LE F-331433).

V. surrecta (Knapp) Singer — new for Leningrad Oblast
and Perm Krai. D — AMU, KM, SPE, TA. S — Leningrad
Oblast, Kingisssepsky Dist., Velikino, 59.63117° N,
28.60372° E, on basidiomata of Clitocybe nebularis in decid-
uous-coniferous forest, 27.09.2019, coll. D.A. Tomchin, det.
0.V. Morozova (LE 315688). Perm Krai, Permsky Dist.,
“Andronovskiy Les” protected area, 57.95295° N, 56.15226° E,
on basidiomata of Clitocybe nebularis in spruce forest,
19.09.2020, coll. N.D. Tatarinov, det. LP, N.D. Tatarinov,
and V. S. Botalov (LE F-334409).

Atheliales

Athelia salicum Pers. — new for Komi Republic. D —
ARK, CE, CHE, KGD, KR, LEN, MOS, MUR, ORE,
ORL, PER, PRI, PSK, ROS, SE, SVE, VGG. S — Komi
Republic, Pechorsky Dist., Yugyd Va National Park,
64.96492° N, 59.16906° E, on fallen branch of Juniperus sp.
in birch forest, 03.07.2019, coll. and det. DK (SYKOf 5032,
dupl. LE F-334441).

Leptosporomyces montanus (Jilich) Ginns et M.N.L. Le-
febvre — new for Komi Republic. D — TYU. S — Komi Re-
public, Vuktylsky Dist., Yugyd Va National Park, 64.15719°
N, 59.39192° E, on fallen trunk of Larix sibirica in larch-
spruce forest, 26.07.2020, coll. and det. DK (SYKOf 5273,
dupl. LE F-334449).

Auriculariales

Aporpium caryae (Schwein.) Teixeira et D.P. Rogers —
new for Republic of Tatarstan. D — ARK, BRY, DA, IRK,
IVA, KAM, KGD, KHM, KIR, KLU, KO, KR, LEN,
MOS, MUR, NGR, NIZ, ORL, PRI, PSK, RYA, SAM,
SPE, SVE, TOM, TVE, TY, VOR. S — Republic of Ta-
tarstan, Zelenodolsky Dist., Volzhsko-Kamsky Nature Re-
serve, Raifa, 55.89456° N, 48.72661° E, on fallen deciduous
trunk in pine-dominated forest, 23.08.2016, coll. and det.
KP (PK 11173, dupl. LE 321855).
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Pseudohydnum gelatinosum (Scop.) P. Karst. — new for
Tyva Republic. D — AD, AL, AMU, ARK, BRY, CE, IRK,
IVA, KDA, KHA, KHM, KLU, KO, KR, KYA, LEN, LIP,
MAG, MO, MOS, MOW, NGR, PER, PRI, PSK, RYA,
SAK, SE, SMO, SPE, SVE, TA, TOM, TVE, TYU. S — Ty-
va Republic, Kyzylsky Dist., Tapsinsky zakaznik, 51.92527°
N, 94.97682° E, on fallen trunk of Larix sibirica in aspen-
birch-larch forest, 10.08.2020, coll. AV, det. VV (NSK
1014648, dupl. LE F-334478); Piy-Khemsky Dist., Khutin-
sky zakaznik, 52.7174° N, 94.78968° E, on fallen trunk of
Larix sibirica in larch forest, 12.08.2020, coll. AV, det. T. De-
jidmaa (NSK 1014643, dupl. LE F-334479).

Boletales

Hydnomerulius pinastri (Fr.) Jarosch et Besl — new for
Tyumen Oblast. D — CU, KK, KR, LEN, MUR, NIZ,
ORE, PER, SPE, SVE, UD. S — Tyumen Oblast, Tobolsky
Dist., Irtyshatskie Yurty, 58.06020° N, 68.31409° E, on fall-
en trunk of Picea obovata in forest edge with logging resi-
dues, 22.09.2020, coll. and det. VK (LE F-334420).

Pisolithus arhizus (Scop.) Rauschert — new for Khanty-
Mansi Autonomous Okrug and Komi Republic. D — AST,
BU, KM, KRS, LEN, ROS, SEV, SPE, SVE, VGG. S —
Khanty-Mansi Autonomous Okrug, Surgutsky Dist., Lyan-
tor, 61.61102° N, 72.17303° E, on soil in open site in pine for-
est, 16.08.2020, coll. A. Emtzev, det. E.A. Zvyagina
(EZ2008160, dupl. LE 312658). Komi Republic, Troitsko-
Pechorsky Dist., Pechora-Ilych Nature Reserve, Yaksha,
61.82965° N, 56.85674° E, on soil in lichen pine forest,
19.08.2019, coll. and det. MP (SYKOf 3138, dupl. LE F-
334454).

Rhizopogon luteolus Fr. — new for Khanty-Mansi Auton-
omous Okrug and Komi Republic. D — IRK, KGD, KK,
KR, KYA, LEN, MO, NVS, ROS, SVE, TVE, VLG, VOR.
S — Khanty-Mansi Autonomous Okrug, Surgutsky Dist.,
Barsovo, 61.25133° N, 73.20699° E, on soil in pine forest,
07.09.2020, coll. and det. E.A. Zvyagina (EZ200907295,
dupl. LE 312657). Komi Republic, Ust-Vymsky Dist., Belyy
protected area, 62.11589° N, 50.46703° E, on soil in lichen
pine forest, 02.10.2020, coll. and det. MP (SYKOf 3424,
dupl. LE F-334455).

Scleroderma bovista Fr. — new for Komi Republic. D —
AD, BEL, KDA, KK, KR, KRS, LEN, LIP, MO, MOS,
PNZ, PRI, ROS, RYA, SAR, SMO, SPE, STA, SVE, TA,
TOM, TUL, TVE, UD, VGG. S — Komi Republic, Syktyv-
dinsky Dist., Kechchoyag, 61.96093° N, 50.66666° E, on
soil among grass in pine forest, 23.09.2020, coll. and det.
MP (SYKOf 3518, dupl. LE F-334456).

Serpula himantioides (Fr.) P. Karst. — new for Tyumen
Oblast. D — AL, ARK, IRK, KHA, KHM, KIR, KO, KR,
KYA, LEN, MO, MUR, NIZ, NVS, ORE, ORL, PER,
PRI, PSK, RYA, SAK, SAM, SPE, SVE, TVE, VLG, ZAB.
S — Tyumen Oblast, Uvatsky Dist., Gornoslinkino,
58.71621° N, 68.70135° E, on fallen trunk of Picea obovata in
mixed forest with spruce, fir, aspen and birch, 16.09.2012,
coll. and det. VK (LE F-334426).

Xerocomellus cisalpinus (Simonini, H. Ladurner et Peint-
ner) Klofac — new for Republic of Tatarstan. D — SPE,
VGG. S — Republic of Tatarstan, Zelenodolsky Dist., Vasi-
lyevo, 55.82976° N, 48.68946° E, on soil under Tilia cordata
on roadside, 02.08.2012, coll. and det. KP and T.Yu. Sveta-
sheva (PK 10277, dupl. LE 311902).
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X. ripariellus (Redeuilh) Sutara — new for Perm Krai.
D — LEN, NGR, UD. S — Perm Krai, Permsky Dist.,
“Chernyayevsky Les” protected area, 57.9916° N, 56.1803° E,
on soil under the poplars and willows, 20.08.2020, coll. LP,
and A. S. Shishigin det. LP and V.S. Botalov (LE F-334413).

Cantharellales

Botryobasidium isabellinum (Fr.) D.P. Rogers — new for
Tyumen Oblast. D — widespread species. S — Tyumen
Oblast, Tobolsk, 58.27575° N, 68.46689° E, on fallen trunk
of Populus tremula in aspen forest with birch and linden,
01.09.2020, coll. and det. VK (LE F-334428).

B. laeve (J. Erikss.) Parmasto — new for Komi Republic.
D — ARK, BEL, BRY, DA, KGN, KHM, KLU, KM, KR,
KYA, LEN, LIP, MO, MOS, MUR, NGR, NIZ, ORL,
PER, PSK, ROS, SAM, SPE, SVE, TA, TOM, TVE, TYU,
YAN. S — Komi Republic, Pechorsky Dist., Yugyd Va Na-
tional Park, 64.96842° N, 59.17394° E, on fallen trunk of
Larix sibirica in larch forest, 09.07.2019, coll. and det. DK
(SYKOf 5089, dupl. LE F-334443); Vuktylsky Dist., Yugyd
Va National Park, 64.14894° N, 59.39192° E, on fallen
branch of Pinus sibirica in mixed forest (spruce, larch, birch,
pine), 20.07.2020, coll. and det. DK (SYKOf 5281, dupl. LE
F-334444).

B. obtusisporum J. Erikss. — new for Murmansk Oblast.
D — AL, IRK, KDA, KHM, KIR, KO, KR, KYA, LEN,
ORL, PER, PRI, SPE, SVE, TVE, YAN. S — Murmansk
Oblast, jurisdictional territory of the city of Kirovsk, Okty-
abrsky, 67.45439° N, 34.28098° E, on fallen trunk of Pinus
sylvestris in pine-birch forest, 15.08.2017, coll. and det. YuKh
(INEP 2279); Jurisdictional territory of the town of Pol-
yarnye Zori, Lysaya Mountain, 67.43214° N, 32.47606° E,
on fallen trunk of coniferous tree in forest belt, 14.07.2020,
coll. G.P. Urbanavichus, det. YuKh (INEP 2831, dupl. LE
F-334470).

Sistotrema brinkmannii (Bres.) J. Erikss. — new for Re-
public of Bashkortostan and Yaroslavl Oblast. D — ARK,
BEL, BRY, DA, IRK, KC, KDA, KIR, KM, KO, KR, KRS,
KYA, LEN, LIP, MUR, NIZ, NVS, ORL, PER, PRI, PSK,
ROS, SA, SPE, SVE, TA, TVE, TY, VGG, ZAB. S — Re-
public of Bashkortostan, Beloretsky Dist., 54.407° N,
57.333° E, on fallen rotten trunk of Populus tremula in fir-
linden forest, 14.07.2011, coll. and det. ASh (SVER(F)
90053, dupl. LE F-334492). Yaroslavl Oblast, Uglichsky
Dist., Altynovo, 57.56697° N, 38.29327° E, on fallen trunk
of Salix sp. in deciduous forest dominated by birch and wil-
low, 10.04.2017, coll. Borovichev E.A., YuKh, det. YuKh
(INEP 3187, dupl. LE F-334467).

S. confluens Pers. — new for Tyumen Oblast. D — AMU,
ARK, KGD, KHM, KIR, KO, KOS, KR, KYA, LEN, MO,
MOW, MUR, NIZ, NVS, PRI, PSK, RYA, SPE, SVE,
TOM, TUL, VLG, YEV, ZAB. S — Tyumen Oblast, To-
bolsk, 58.27027° N, 68.49622° E, on soil in pine forest with
birch, 02.10.2018, coll. and det. VK (LE F-334427).

S. coroniferum (Hohn. et Litsch.) Donk — new for Re-
public of Bashkortostan. D — KGN, LEN, OMS, PER,
SVE. S — Republic of Bashkortostan, Beloretsky Dist.,
54.495° N, 57.293° E, on fallen rotten trunk of Alnus glutino-
sa in swamp forest, 14.07.2011, coll. and det. ASh (SVER(F)
51806, dupl. LE F-334493).

S. muscicola (Pers.) S. Lundell — new for Republic of
Bashkortostan. D — ARK, KR, LEN, MO, MUR, NIZ,
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NVS, PER, SPE, SVE, TY, ZAB. S — Republic of Bashkor-
tostan, Beloretsky Dist., 54.495° N, 57.293° E, on rotten lit-
ter near Picea obovata in spruce-maple forest, 13.07.2011,
coll. and det. ASh (SVER(F) 51808, dupl. LE F-334494).

S. raduloides (P. Karst.) Donk — new for Tyumen Oblast.
D — ARK, BRY, KHM, KIR, KLU, KO, KR, LEN, LIP,
MO, NGR, NIZ, NVS, ORL, SAM, SVE, TOM, TVE,
VOR, YEV. S — Tyumen Oblast, Tobolsky Dist., Savina,
58.20299° N, 68.18642° E, on fallen trunk of Populus tremula
in deciduous forest (aspen, birch, linden), 11.08.2019, coll.
and det. VK (LE F-334423).

S. resinicystidium Hallenb. — new for Tyumen Oblast.
D — ARK, DA, KHM, KO, KR, NIZ, NVS, SVE, TVE. S —
Tyumen Oblast, Tobolsk, 58.28316° N, 68.47391° E, on fall-
en trunk of Tilia cordata in deciduous forest (aspen, birch,
linden), 28.05.2019, coll. and det. VK (LE F-334421).

Corticiales

Corticium roseum Pers. — new for Yaroslavl Oblast. D —
widespread species. S — Yaroslavl Oblast, Uglichsky Dist.,
Altynovo, 57.56697° N, 38.29327° E, on the stump of Salix
sp. in deciduous forest dominated by birch and willow,
10.04.2017, coll. YuKh and E.A. Borovichev, det. YuKh
(INEP 3165, dupl. LE F-334461).

Laetisaria lichenicola Diederich, Lawrey et Van den Bro-
eck — new for Russia. S — Krasnodar Krai, Kanevskoy Dist.,
Kanevskaya, 46.03421° N, 38.95979° E, on Physcia adscen-
dens on Ulmus minorin broadleaf forest, 21.12.2019, coll. and
det. V. N. Botyakov (LE 321853); the same place, 46.03446°
N, 38.96358° E, on Physcia adscendens in broadleaf forest,
21.12.2019, coll. and det. V.N. Botyakov (LE 321854).

Geastrales

Geastrum campestre Morgan — new for Kabardino-
Balkar Republic. D — AL, AST, BEL, IRK, KC, KK, KRS,
KYA, LIP, NVS, OMS, PNZ, ROS, SE, SVE, TY, UD,
VOR. S — Kabardino-Balkar Republic, Elbrussky Dist.,
Tyrnyauz, 43.36667° N, 42.90000° E, on soil in pastured dry
meadow, 11.10.2018, coll. and det. YuR (YuR 3562, dupl.
LE 321848).

G. triplex Jungh. — new for Komi Republic. D — AD, AL,
AMU, BEL, KDA, KGD, KHA, KM, KR, KRS, LIP, ME,
MO, NIZ, PRI, ROS, SAR, SVE, TA, UD, YEV. S — Komi
Republic, Syktyvdinsky Dist., Vylgortskoe forestry,
61.53668° N, 50.60419° E, on litter in spruce-birch herb-
green moss forest, 04.06.2019, coll. I.A. Kirillova and
D.V. Kirillov, det. YuR and MP (SYKOf 3068, dupl. LE
F-334448).

Hymenochaetales

Cotylidia undulata (Fr.) P. Karst. — new for Arkhangelsk
Oblast. D — LEN, NGR, PSK, SPE, SVE. S — Arkhangelsk
Oblast, Plesetsky Dist., Sheleksa, 62.9141° N, 40.3102° E,
on soil in lingonberry-lichen pine forest, 18.09.2020, coll.
O.N. Ezhov, det. I.V. Zmitrovich (AR 3504, dupl. LE
F-334497).

Hyphodontia arguta (Fr.) J. Erikss. — new for Yaroslavl
Oblast. D — AL, ARK, BA, BEL, BRY, CHE, DA, IRK,
KDA, KEM, KGD, KIR, KM, KR, KRS, KYA, LEN, LIP,
MO, MOW, MUR, NIZ, NVS, OMS, ORE, ORL, PER,
SAM, SE, SPE, SVE, TA, TOM, TYU, VGG, YAN. S —
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Yaroslavl Oblast, Uglichsky Dist., Altynovo, 57.56697° N,
38.29327° E, on fallen trunk of Salix sp. in deciduous forest
dominated by birch and willow, 10.04.2017, coll. and det.
YuKh (INEP 3197, dupl. LE F-334462).

Inocutis rheades (Pers.) Fiasson et Niemeld — new for
Murmansk Oblast. D — widespread species. S — Murmansk
Oblast, jurisdictional territory of the city of Monchegorsk,
Lapland Nature Reserve, Chunozerskaya Usadba,
67.65272° N, 32.64780° E, on fallen trunk of Populus tremula
in spruce forest, 21.08.2012, coll. and det. YuKh (INEP 891,
dupl. LE F-334473).

Kurtia argillacea (Bres.) Karasinski — new for Yaroslavl
Oblast. D — AL, ARK, BRY, CHE, IRK, KDA, KGN,
KHM, KLU, KO, KR, KYA, LEN, MUR, NIZ, NVS,
OMS, ORL, PER, PRI, PSK, SA, SPE, SVE, TVE, ZAB.
S — Yaroslavl Oblast, Uglichsky Dist., Altynovo, 57.56697°
N, 38.29327° E, on fallen trunk of Sorbus aucuparia in de-
ciduous forest dominated by birch and willow, 24.04.2017,
coll. and det. YuKh (INEP 3192, dupl. LE F-334463).

Leucophellinus irpicoides (Bondartsev ex Pilat) Bondart-
sev et Singer — new for Sverdlovsk Oblast. D — AL, ALT,
KHA, PRI, SAK, YEV. S — Sverdlovsk Oblast, Ekaterin-
burg, Botanical garden, 56.797° N, 60.602° E, on alien tree
of Tilia manchurica (this linden was brought from the Far
East as a seedling with a soil butt), 27.09.2014, coll. and det.
ASh (SVER(F) 33817, dupl. LE F-334486).

Lyomyces crustosus (Pers.) P. Karst. — new for Yaroslavl
Oblast. D — widespread species. S — Yaroslavl Oblast, Ug-
lichsky Dist., Altynovo, 57.56697° N, 38.29327° E, on fallen
trunk of Salix sp. in deciduous forest dominated by birch and
willow, 15.04.2017, coll. and det. YuKh (INEP 3166, dupl.
LE F-334464).

Phellinopsis conchata (Pers.) Y.C. Dai — new for Yaro-
slavl Oblast. D — widespread species. S — Yaroslavl Oblast,
Uglichsky Dist., Altynovo, 57.56697° N, 38.29327° E, on
fallen trunk of Salix sp. in deciduous forest dominated by
birch and willow, 10.04.2017, coll. and det. YuKh (INEP
3178, dupl. LE F-334466).

Porodaedalea laricis (Jacz. ex Pilat) Niemeld — new for
Republic of Tatarstan. D — AMU, ARK, BA, CHE, IRK,
KAM, KHM, KK, KO, KR, KYA, LEN, PRI, SPE, SVE,
TOM, YAN, YEV, ZAB. S — Republic of Tatarstan, Zele-
nodolsky Dist., Volzhsko-Kamsky Nature Reserve, Raifa,
55.90662° N, 48.74107° E, on living Larix sp. in arboretum,
22.06.2017, coll. and det. KP (PK 10904, dupl. LE 321865).

Rickenella swartzii (Fr.) Kuyper — new for Republic of
Tatarstan. D — ALT, KHM, KLU, LEN, MAG, MUR,
NVS, PRI, PSK, TOM, UD, VLG, YEV. S — Republic of
Tatarstan, Zelenodolsky Dist., Krasnooktyabrskoye forest-
ry, 55.91211° N, 48.97042° E, among moss on fallen trunk in
pine-dominated forest with birch, linden and spruce,
17.09.2017, coll. and det. KP (LE 321866).

Tubulicrinis regificus (H.S. Jacks. et Dearden) Donk —
new for Komi Republic. D — YAN. S — Komi Republic,
Pechorsky Dist., Yugyd Va National Park, 64.96842° N,
59.17547° E, on fallen trunk of Picea obovata in mixed forest
(spruce, birch, larch, fir), 15.07.2019, coll. and det. DK
(SYKOf 5121, dupl. LE F-334458).

Tubulicrinis sororius (Bourdot et Galzin) Oberw. — new
for Chelyabinsk Oblast. D — IRK, KYA, ROS, SA, SVE,
YAN. S — Chelyabinsk Oblast, Miass area, [lmensky Nature
Reserve, Bolshoye Miassovo, 55.169° N, 60.303° E, on fall-
Ne 6
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en trunk of Juniperus communis in stony soil, open juniper
stands, 03.08.2015, coll. and det. ASh (SVER(F) 92997,
dupl. LE F-334496).

Xylodon raduloides Riebesehl et Langer — new for
Kostroma Oblast. D — BA, BEL, BRY, CHE, DA, KAM,
KDA, KEM, KGD, KLU, KR, KRS, LEN, LIP, MO,
MOS, NGR, NIZ, ORE, ORL, PSK, ROS, SAM, SMO,
SPE, SVE, TAM, TOM, TUL, TVE, UD, VOR, YEV. S —
Kostroma Oblast, Kostromskoy Dist., “Aganinskaya Dubra-
va” forest area, 57.83064° N, 40.86569° E, on dead branches
of a living Quercus robur in herb-rich oak forest, 03.09.2020,
coll. AL and AE, det. SV (LE F-334437).

Jaapiales

Jaapia argillacea Bres. — new for Sverdlovsk Oblast. D —
ARK, KDA, KHM. S — Sverdlovsk Oblast, Nizhneserginsky
Dist., “Olenii Ruchii” Nature Park, 56.501° N, 59.287° E, on
fallen trunk of Picea obovata in spruce-fir forest, 23.07.2020,
coll. and det. ASh (SVER(F) 51742, dupl. LE F-334485).

Phallales

Phallus impudicus L. — new for Leningrad Oblast. D —
widespread species. S — Leningrad Oblast, Kingiseppsky
Dist., Kaibolovo, Kurgalsky zakaznik, 59.73631° N,
28.03478° E, on soil in coniferous-broadleaf forest,
02.08.2020, coll. and det. D.A. Tomchin (LE 312609).

Polyporales

Antrodiella faginea Vampola et Pouzar — new for Repub-
lic of Mordovia. D — ARK, CHE, KDA, KO, KR, LEN,
LIP, NIZ, ORL, PRI, PSK, ROS, RYA, SAM, SPE, SVE,
TA, TUL, TVE. S — Republic of Mordovia, Temnikovsky
Dist., Mordovsky Nature Reserve, 54.77553° N, 43.41813°
E, on fallen branch of Befula sp. in pine forest with oak,
17.07.2015, coll. and det. SB (LE 314696); the same place,
54.787° N, 43.404° E, on fallen branch of Betula sp. in
spruce forest with birch, 10.09.2011, coll. and det. SB (LE
314695); the same place, 54.72637° N, 43.15036° E, on fall-
en branch of Ulmus sp. in elm-oak forest, 23.07.2015, coll.
and det. SB (LE 314697); the same place, 54.707° N,
43.220° E, on litter in pine forest, 15.09.2004, coll.
L.V. Teryokhina, det. SB (HMNR F20491) (Bolshakov,
Zmitrovich, 2014; Bolshakov, 2015, both as Postia floriformis
(Quél.) Jiilich).

Ceriporia bresadolae (Bourdot et Galzin) Donk — new
for Astrakhan Oblast, Oryol Oblast, Penza Oblast, and Re-
public of Tatarstan. D — CHE, DA, LIP, NIZ, PER, TY.
S — Astrakhan Oblast, Akhtubinsky Dist., Bogdinsko-Ba-
skunchaksky Nature Reserve, Karasun, 48.26148° N,
46.96106° E, on burned (pine) timber, 18.10.2009, coll.
YuR, det. SB (LE 287080) (Rebriev et al., 2012a, b, as Ceri-
poria tarda (Berk.) Ginns). Oryol Oblast, Mtsensky Dist.,
Torkunovka, 53.24522° N, 36.33964° E, on fallen branches
of Pinus sylvestris in herb-rich pine forest, 28.08.2011, coll.
SV, det. SB and SV (LE 290047) (Volobueyv, 2015, as Ceripo-
ria purpurea (Fr.) Donk). Penza Oblast, Zemetchinsky Dist.,
Kirovsky, 53.4213° N, 42.3460° E, on fallen branches of Pi-
nus sylvestris, 21.09.1929, coll. A. S. Bondartsev, det. SB (LE
25242) (Bondartsev, 1953, as Merulioporia purpurea (Fr.)
Bondartsev et Singer [for Tambov Oblast]). Republic of Ta-
tarstan, Zelenodolsky Dist., Volzhsko-Kamsky Nature Re-
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serve, Raifa, 55.9154° N, 48.7223° E, on fallen Pinus sylves-
tris, 04.08.1939, coll. Lj.N. Vassilyeva, det. SB (LE 25246)
(Bondartsev, 1953; Vassilyeva, 1977, both as Merulioporia
purpureaq).

C. viridans (Berk. et Broome) Donk — new for Mur-
mansk Oblast. D — ALT, ARK, BA, BEL, BRY, CHE,
KAM, KHM, KIR, KM, KO, KR, KRS, LEN, LIP, MO,
MOS, NIZ, NVS, ORE, ORL, PER, PRI, PSK, ROS, SPE,
SVE, TVE, TY, VOR, YEV, ZAB. S — Murmansk Oblast, ju-
risdictional territory of the town of Polyarnye Zori,
67.43094° N, 32.41913° E, on fallen trunk of Alnus incana in
alder thickets along the Imandra Lake, 12.07.2020, coll. and
det. YuKh (INEP 2922, dupl. LE F-334471).

Crustoderma longicystidiatum (Litsch.) Nakasone — new
for Sverdlovsk Oblast. D — ARK, KO, NIZ. S — Sverdlovsk
Oblast, Prigorodny Dist., Chernoistochinsk, 57.7036° N,
59.87750° E, on fallen trunk of Pinus sylvestris in secondary
herb-rich birch forest with aspen, pine, spruce and fir,
21.07.2020, coll. and det. IS (LE F-334416, dupl. SVER).

Cyanosporus alni (Niemeld et Vampola) B.K. Cui, L.L.
Shen et Y.C. Dai — new for Murmansk Oblast. D — ARK,
BA, BEL, BRY, CHE, IRK, KIR, KR, KYA, LEN, LIP,
MO, MOS, NGR, NIZ, NVS, ORL, PSK, ROS, RYA,
SPE, SVE, TUL, TVE, TYU, UD, YEV. S — Murmansk
Oblast, Kandalakshsky Dist., Oriyarvi Lake, 66.8° N,
31.22639° E, on fallen trunk of Betula pubescens in pine-
spruce forest, 27.08.2014, coll. L. G. Isaeva, det. YuKh
(INEP 3201, dupl. LE F-334472).

Fomitopsis pinicola (Sw.) P. Karst. — new for Kostro-
ma Oblast. D — widespread species. S — Kostroma Oblast,
Oktyabrsky Dist., Grekhovo, 59.10366° N, 47.28684° E, on
fallen trunk of Picea fennica in wet herb-rich mixed forest
with spruce and birch, 27.07.2020, coll. AL and AE, det. SV
(LE F-334430).

Hyphoderma litschaueri (Burt) J. Erikss. et A. Strid — new
for Kirov Oblast. D — KDA, LEN, ORE, ORL, PER, SVE,
TVE, TYU. S — Kirov Oblast, Tuzhinsky Dist., Pizhemsky
zakaznik, Kovrizhata, 57.69773° N, 47.89388° E, on fallen
trunk of Betula pendula in herb-rich old-growth spruce-pine
forest with aspen, birch and elm, 19.09.2019, coll. and det.
IS (LE F-334415, dupl. SVER).

H. setigerum (Fr.) Donk — new for Kostroma Oblast. D —
widespread species. S — Kostroma Oblast, Kostromskoy
Dist., “Aganinskaya Dubrava” forest area, 57.83064° N,
40.86569° E, on dead branches of Quercus robur in herb-
rich oak forest, 03.09.2020, coll. AL and AE, det. SV (LE
F-334431).

Hypochnicium wakefieldiae (Bres.) J. Erikss. — new for
Republic of Mordovia. D — KDA, KO, KR, LEN, LIP,
ORL, TVE. S — Republic of Mordovia, Temnikovsky Dist.,
Mordovsky Nature Reserve, 54.88735° N, 43.60613° E, on
fallen branch of Sorbus aucuparia in pine forest, 17.09.2012,
coll. and det. SB (LE 301301) (Bolshakov, Zmitrovich, 2014;
Bolshakov, 2015, both as Hypochnicium punctulatum
(Cooke) J. Erikss.); the same place, 54.7794° N, 43.35751°
E, on fallen trunk of Pinus sylvestris in pine forest,
29.09.2014, coll. and det. SB (LE 304194) (Bolshakov, 2015,
as Hypochnicium geogenium (Bres.) J. Erikss.); the same
place, 54.77562° N, 43.41956° E, on fallen trunk of Pinus
sylvestris in spruce forest, 26.09.2014, coll. and det. SB (LE
304195) (Bolshakov, 2015, as H. geogenium); the same place,
54.72018° N, 43.22051° E, on stump of Pinus sylvestris in

MUKOJIOI'A U PUTOIIATOJIIOTUA

pine forest with linden, 29.08.2011, coll. and det. SB (LE
301300) (Bolshakov, Zmitrovich, 2014; Bolshakov, 2015,
both as H. punctulatum).

Leptoporus mollis (Pers.) Quél. — new for Tyva Republic.
D — widespread species. S — Tyva Republic, Kyzylsky Dist.,
Tapsinsky zakaznik, 51.91353° N, 94.98043° E, on fallen
trunk of Larix sibirica in larch forest, 10.08.2020, coll. AV,
det. VV (NSK 1014659, dupl. LE F-334474).

Meruliopsis violacea (Fr.) Bondartsev — new for Republic
of Mordovia and Udmurt Republic. D — AST, CHE, KIR,
KYA, LEN, MOS, NIZ, NVS, PER, SVE, TA. S — Repub-
lic of Mordovia, Temnikovsky Dist., Mordovsky Nature Re-
serve, 54.72° N, 43.22° E, on fallen trunk of Pinus sylvestris
in pine forest with linden, 29.08.2011, coll. and det. SB
(LE 321555) (Bolshakov, Zmitrovich, 2014; Bolshakov,
2015, both as Ceriporia viridans (Berk. et Broome) Donk).
Udmurt Republic, I1zhevsk, on fallen trunk of Pinus sylves-
tris, 16.08.2009, coll. VK, det. SB and VK (LE 247365) (Ka-
pitonov, 2013, as Ceriporia excelsa S. Lundell ex Parmasto).

Metuloidea fragrans (A. David et Torti¢) Miettinen —
new for Yaroslavl Oblast. D — BEL, BRY, KLU, KRS, KYA,
LEN, LIP, MO, MOS, NIZ, ORE, ORL, RYA, SAM, TA,
TVE, VOR. S — Yaroslavl Oblast, Uglichsky Dist., Altyno-
vo, 57.56697° N, 38.29327° E, on fallen trunk of Sorbus
aucuparia in deciduous forest dominated by birch and wil-
low, 24.04.2017, coll. and det. YuKh (INEP 3170, dupl. LE
F-334465).

Panus lecomtei (Fr.) Corner [= Panus neostrigosus
Drechsler-Santos et Wartchow] — new for Kostroma Oblast.
D — widespread species. S — Kostroma Oblast, Galichsky
Dist., Yakushkino, 58.35020° N, 42.40285° E, on fallen
branch of Populus tremula in mixed stands with aspen, spruce
and birch, 12.09.2020, coll. AL, det. SV (LE F-334432).

Phanerochaete livescens (P. Karst.) Volobuev et Spirin —
new for Kostroma Oblast and Republic of Mordovia. D —
ARK, BEL, DA, KHA, KR, LEN, LIP, NIZ, ORL, SVE,
VGG. S — Kostroma Oblast, Kostromskoy Dist., “Agan-
inskaya Dubrava” forest area, 57.83064° N, 40.86569° E, on
dead branches of a living Quercus robur in herb-rich oak for-
est, 03.09.2020, coll. AL and AE, det. SV (LE F-334434).
Republic of Mordovia, Temnikovsky Dist., Mordovsky Na-
ture Reserve, 54.73624° N, 43.13460° E, on fallen trunk of
Alnus glutinosa in black alder forest, 18.10.2012, coll. SB, det.
SV (LE 301377) (Bolshakov, Zmitrovich, 2014; Bolshakov,
2015, both as Phanerochaete sordida (P. Karst.) J. Erikss. et
Ryvarden); the same place, Pushta, 54.71490° N, 43.21706° E,
on fallen trunk of Alnus glutinosa in black alder forest,
16.10.2012, coll. and det. SB (HMNR F20498) (Bolshakov,
Zmitrovich, 2014; Bolshakov, 2015, both as Ph. sordida).

Phlebia subochracea (Alb. et Schwein.) J. Erikss. et Ry-
varden — new for Republic of Mordovia. D — ARK, BA,
CHE, IRK, KDA, KHM, KO, LEN, OMS, ORE, ROS,
SVE, VGG, VOR. S — Republic of Mordovia, Temnikovsky
Dist., Mordovsky Nature Reserve, 54.75365° N, 43.09022°
E, on fallen trunk of Ulmus sp. in elm-oak forest, 10.09.2013,
coll. SB, det. SV (LE 301975) (Bolshakov, 2015, as Phlebia
ochraceofulva (Bourdot et Galzin) Donk).

Rhizochaete sulphurina (P. Karst.) K.H. Larss. — new for
Tyumen Oblast. D — KDA, KHM, KIR, KO, KYA, LEN,
MO, NIZ, NVS, OMS, ORE, ORL, PRI, SAK, SVE, TA,
TUL, YEV. S — Tyumen Oblast, Tobolsk, Sumkino,
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58.11355° N, 68.34031° E, on fallen trunk of Pinus sylvestris
in pine forest, 24.07.2019, coll. and det. VK (LE F-334422).

Rhodonia placenta (Fr.) Niemela, K.H. Larss. et Schigel —
new for Tyva Republic. D — AL, ALT, ARK, BA, BRY, BU,
CU, KHA, KHM, KIR, KO, KR, KYA, LEN, MO, MOS,
MUR, NGR, NIZ, NVS, ORL, PER, PSK, SPE, SVE, TA,
TOM, TVE, TYU, UD, VLG. S — Tyva Republic, Kaa-
Khemsky Dist., Ondumsky zakaznik, 51.78098° N, 94.7376° E,
on fallen trunk of Larix sibirica in larch forest, 10.08.2020,
coll. AV, det. VV (NSK 1014656, dupl. LE F-334480).

Riopa metamorphosa (Fuckel) Miettinen et Spirin — new
for Lipetsk Oblast. D — NIZ, ORE, SVE. S — Lipetsk Oblast,
Krasninsky Dist., Sukhodol, “Chernoles” forest area,
52.96598° N, 38.60672° E, on fallen burned trunk of Quer-
cus robur in herb-rich oak forest with maple and birch,
30.09.2016, coll. N.V. Shakhova and SV, det. SV (LE F-334419).
GenBank accession number — MZ889445.

Sarcodontia crocea (Schwein.) Kotl. — new for Chely-
abinsk Oblast. D — AST, BEL, KDA, KIR, KM, KRS,
LEN, LIP, MO, NIZ, NVS, ORE, ORL, PRI, ROS, SAM,
SVE, TA, TUL, VOR, YEV. S — Chelyabinsk Oblast, Miass,
Museum of Ilmensk Nature Reserve, 55.014° N, 60.158° E,
on alive Ulmus laevis, 17.08.2020, coll. A. 1. Ischenko, det.
ASh (SVER(F) 96163, dupl. LE F-334490).

Skeletocutis odora (Sacc.) Ginns — new for Tyva Repub-
lic. D — AL, ALT, AMU, ARK, BEL, BRY, CHE, IRK,
KEM, KHM, KIR, KO, KOS, KR, KYA, LEN, MO,
MUR, NGR, NIZ, NVS, ORL, PER, PRI, PSK, SAM,
SPE, SVE, TA, TOM, TVE, TYU, UD, VOR. S — Tyva Re-
public, Piy-Khemsky Dist., Khutinsky zakaznik, 52.7174° N,
94.78968° E, on fallen trunk of Pinus sibirica in cedar-
spruce-larch forest, 12.08.2020, coll. AV, det. VV (NSK
1014657, dupl. LE F-334481).

Steccherinum pseudozilingianum (Parmasto) Vesterh. —
new for Kirov Oblast. D — ALT, ARK, BRY, KHM, KO,
KR, KYA, LEN, NGR, NIZ, ORE, PSK, SAM, SVE, TA,
TVE, TYU. S — Kirov Oblast, Tuzhinsky Dist., Pizhemsky
zakaznik, Kovrizhata, 57.70378° N, 47.86515° E, on dead
basidiomata of Phellinus tremulae and on bark of a living
Populus tremula in old-growth fern and herb-rich valley
mixed forest with spruce, fir, pine, birch, aspen and black alder,
21.09.2019, coll. and det. IS (LE F-334417, dupl. SVER).

Tyromyces fumidiceps G.F. Atk. — new for Komi Repub-
lic. D — ARK, KHM, LEN, MO, NIZ, ORE, PSK, ROS,
SPE, SVE, TYU. S — Komi Republic, Vuktylsky Dist., Yu-
gyd Va National Park, 64.16228° N, 59.39292° E, on de-
cayed spruce wood in floodplain of the Lepta-Niderma riv-
er, 01.08.2020, coll. and det. DK (SYKOf 5334, dupl. LE
F-334459).

Russulales

Acanthophysellum cerussatum (Bres.) Parmasto — new for
Kirov Oblast. D — KHM, KM, KO, KYA, MOS, NVS,
ORL, PER, RYA, SAM, SVE, TVE. S — Kirov Oblast, Tu-
zhinsky Dist., Pizhemsky zakaznik, Kovrizhata, 57.69773°
N, 47.89388° E, on standing dead trunk of Salix sp. in herb-
rich old-growth spruce-pine forest with aspen, birch and elm,
19.09.2019, coll. and det. IS (LE F-334418, dupl. SVER).

A. minor (Pilat) Sheng H. Wu, Boidin et C.Y. Chien —
new for Yaroslavl Oblast. D — LIP. S — Yaroslavl Oblast, Ug-
lichsk Dist., Altynovo, 57.56697° N, 38.29327° E, on fallen
trunk of Salix sp. in deciduous forest dominated by birch and
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willow, 12.04.2017, coll. and det. YuKh (INEP 3180, dupl.
LE F-334460).

Albatrellus citrinus Ryman — new for Republic of Bash-
kortostan. D — SVE. S — Republic of Bashkortostan, Be-
loretsky Dist., 54.407° N, 57.333° E, on soil in fir-oak forest,
12.07.2011, coll. and det. ASh (SVER(F) 94511, dupl. LE
F-334482).

A. subrubescens (Murrill) Pouzar — new for Chelyabinsk
Oblast. D — KGD, KR, LEN, SVE. S — Chelyabinsk Oblast,
Zlatoust area, Taganay National Park, 55.251° N, 59.803° E,
on soil in spruce-birch forest, 08.08.2020, coll. A.I. Ischen-
ko, det. ASh (SVER(F) 96182, dupl. LE F-334483).

Auriscalpium vulgare Gray — new for Komi Republic.
D — widespread species. S — Komi Republic, Syktyvdinsky
Dist., Syktyvkarsky protected area, 61.55623° N, 50.64426° E,
on litter in moist pine forest, 01.07.2008, coll. and det.
D.V. Kirillov (SYKOf 2706, dupl. LE F-334442).

Baltazaria galactina (Fr.) Leal-Dutra, Dentinger et
G.W. Griff. — new for Kirov Oblast. D — AMU, ARK, BA,
BEL, DA, IRK, KDA, KHM, KO, KR, KYA, LEN, ME,
MO, NGR, NIZ, NVS, ORL, PER, PRI, PSK, RYA, SAM,
SPE, SVE, TA, TVE, TYU, VOR, YEV. S — Kirov Oblast,
Tuzhinsky Dist., Pizhemsky zakaznik, Kovrizhata,
57.71865° N, 51.85992° E, on fallen trunk of Populus tremula
in old-growth herb-green mosses pine forest with birch, aspen,
spruce, and fir, 20.09.2019, coll. and det. IS (LE F-334414,
dupl. SVER).

Bondarzewia mesenterica (Schaeff.) Kreisel — new for
Chelyabinsk Oblast. D — AD, KC, KDA, KO, SAK, SVE.
S — Chelyabinsk Oblast, Zlatoust area, Taganay National
Park, 55.369° N, 59.843° E, at the base of rotten stump of
Abies sp. in fir-linden-birch forest, 09.08.2020, coll.
A.IL Ischenko, det. ASh [SVER(F) 96157, dupl. LE F-334484].

Gloeopeniophorella convolvens (P. Karst.) Boidin, Lang.
et Gilles — new for Tyumen Oblast. D — ARK, KEM, KHM,
KIR, KK, KO, KR, KYA, LEN, MO, MOS, MUR, NGR,
NIZ, NVS, ORE, ORL, PSK, SVE, TA, TVE. S — Tyumen
Oblast, Tobolsky Dist., Savina, 58.20171° N, 68.18072° E,
on fallen trunk of Populus tremula in deciduous forest (aspen,
birch, linden), 08.08.2019, coll. and det. VK (LE F-334424).

Lactarius deterrimus Groger — new for Republic of Ta-
tarstan. D — AL, ARK, BU, IRK, KB, KC, KGD, KHM,
KIR, KO, KR, KYA, LEN, MAG, MO, MOS, NGR, NVS,
ORL, PER, PNZ, PSK, SPE, SVE, TOM, TUL, TVE, UD,
VLG, YAR. S — Republic of Tatarstan, Baltasinsky Dist.,
“Yaltra” forest, 56.34486° N, 50.16466° E, on soil in spruce
forest with aspen, 29.08.2018, coll. and det. KP (PK 10716,
dupl. LE 321860); Yelabuzhsky Dist., Nizhnyaya Kama Na-
tional Park, 55.78151° N, 52.31266° E, on soil in linden for-
est with spruce and pine, 08.09.2018, coll. and det. KP
(PK 10493, dupl. LE 321861); Kukmorsky Dist., Luby-
anskoe forestry, 56.05732° N, 51.45190° E, on soil in spruce
forest, 08.08.2019, coll. and det. KP (PK 10767, dupl.
LE 321862).

Peniophora junipericola J. Erikss. — new for Chelyabinsk
Oblast. D — ARK, DA, KDA, KM, SVE. S — Chelyabinsk
Oblast, Satkinsky Dist., Zuratkul National Park, 54.943° N,
59.183° E, on dead branch of Juniperus communis in spruce-
dominated dry-forest, 16.09.2020, coll. and det. ASh
(SVER(F) 96159, dupl. LE F-334488).

P. limitata (Chaillet ex Fr.) Cooke — new for Chelyabinsk
Oblast. D — BEL, BRY, CE, KDA, KLU, LEN, MUR,
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NVS, ORE, ORL, PSK, SPE, SVE, TUL, VGG. S — Che-
lyabinsk Oblast, Chelyabinsk, Central City Park, 55.165° N,
61.361° E, on dead branch of Syringa vulgaris, 15.09.2019,
coll. A.I. Ischenko, det. ASh [SVER(F) 93005, dupl. LE
F-334489].

P. quercina (Pers.) Cooke — new for Kostroma Oblast.
D — AMU, BA, BEL, BRY, CE, KDA, KGD, KIR, KLU,
KM, KRS, LEN, LIP, MO, MOS, MOW, MUR, NGR,
NIZ, OMS, ORE, ORL, PNZ, PRI, PSK, ROS, RYA,
SAM, SPE, STA, SVE, TUL, VGG, YEV, ZAB. S —
Kostroma Oblast, Kostromskoy Dist., “Aganinskaya Dubra-
va” forest area, 57.83002° N, 40.86747° E, on dead branches
of a living Quercus robur in herb-rich oak forest, 03.09.2020,
coll. AL and AE, det. SV (LE F-334433).

Scutiger pes-caprae (Pers.) Bondartsev et Singer — new
for Sverdlovsk Oblast. D — KGD, PRI. S — Sverdlovsk
Oblast, Krasnoufimsky Dist., Nizhneirginsk, 56.896° N,
57.380° E, on soil in mixed pine-fir forest with oak, maple
and hazel, 28.08.1957, coll. N.T. Stepanova-Kartavenko,
det. ASh (SVER(F) 17925, dupl. LE F-334491).

Scytinostroma praestans (H.S. Jacks.) Donk — new for
Komi Republic. D — AMU, IRK, KYA, MUR, YAN. S —
Komi Republic, Vuktylsky Dist., Yugyd Va National Park,
64.16636° N, 59.37622° E, on fallen trunk of Larix sibirica in
birch-larch forest, 20.07.2020, coll. and det. DK (SYKOf
5212, dupl. LE F-334457).

Stereum gausapatum (Fr.) Fr. — new for Kostroma
Oblast. D — ALT, BEL, BRY, CE, KAM, KDA, KHA, KIR,
KM, KR, KRS, LEN, LIP, MO, MOS, MOW, NGR, NIZ,
NVS, ORL, PNZ, PRI, PSK, ROS, RYA, SAM, SPE, SVE,
TA, TUL, TVE, TYU, ULY, VGG, VOR. S — Kostroma
Oblast, Kostromskoy Dist., “Aganinskaya Dubrava” forest
area, 57.83002° N, 40.86747° E, on dead branch of Quercus
robur in herb-rich oak forest, 03.09.2020, coll. AL and AE,
det. SV (LE F-334495); the same place, 57.83225° N,
40.86671° E, on fallen branch of Quercus robur in herb-rich
oak forest, 03.09.2020, coll. AL and AE, det. SV (LE
F-334436).

S. hirsutum (Willd.) Pers. — new for Kostroma Oblast and
Yaroslavl Oblast. D — widespread species. S — Kostroma
Oblast, Kostromskoy Dist., “Aganinskaya Dubrava” forest
area, 57.83225° N, 40.86671° E, on fallen trunk of Quercus
robur in herb-rich oak forest, 03.09.2020, coll. AL and AE,
det. SV (LE F-334439); Oktyabrsky Dist., 59.11142° N,
47.40643° E, on standing dead trunk of Sorbus aucuparia in
fern-blueberry spruce-dominated forest with birch, aspen
and pine, 25.07.2020, coll. AL, det. SV (LE F-334438).
Yaroslavl Oblast, Uglichsky Dist., Altynovo, 57.56697° N,
38.29327° E, on fallen deciduous tree trunk in deciduous
forest dominated by birch and willow, 24.04.2017, coll. and
det. YuKh (INEP 3176, dupl. LE F-334468).

Thelephorales

Odontia ferruginea Pers. [= Tomentella crinalis (Fr.)
M.J. Larsen] — new for Tyumen Oblast. D — AL, ALT,
ARK, BRY, DA, IRK, KAM, KDA, KHA, KIR, KR, KYA,
LEN, LIP, MUR, NGR, NIZ, NVS, OMS, ORE, ORL,
PRI, SPE, SVE, TA, TVE, TY, VOR, ZAB. S — Tyumen Oblast,
Tobolsky Dist., Belaya, 58.27532° N, 68.69336° E, on fallen
branch of Betula spp. in pine forest with birch, 26.09.2019,
coll. and det. VK (LE F-334425).
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Sarcodon squamosus (Schaeff.) Quél. — new for Republic
of Tatarstan. D — KR, KYA, LEN, MO, PSK, SPE, SVE,
UD. S — Republic of Tatarstan, Kazan, “Lebyazhiye” city
park, 55.82920° N, 48.93156° E, on soil in pine-dominated
forest with birch, 23.09.2017, coll. and det. KP (PK 11172,
dupl. LE 321867).

Trechisporales

Trechispora confinis (Bourdot et Galzin) Liberta — new
for Republic of Mordovia. D — BA, BEL, CHE, LIP, MUR,
NGR, ORE, PER, TVE. S — Republic of Mordovia, Tem-
nikovsky Dist., Mordovsky Nature Reserve, 54.73173° N,
43.12080° E, on fallen trunk of Quercus robur in linden-oak
forest, 18.10.2012, coll. SB, det. SV (HMNR F20438, dupl.
LE 301909) (Bolshakov, Zmitrovich, 2014; Bolshakov, 2015,
as Sistotremella perpusilla Hjortstam).

T. mollusca (Pers.) Liberta — new for Yaroslavl Oblast.
D — ARK, BEL, BRY, CHE, IRK, IVA, KDA, KGN,
KHM, KIR, KLU, KM, KO, KR, KRS, KYA, LEN, LIP,
MOS, MOW, MUR, NGR, NIZ, NVS, ORL, PER, PSK,
SA, SAM, SMO, SPE, SVE, TAM, TOM, TVE, TY, TYU,
UD, VOR, YAN. S — Yaroslavl Oblast, Uglichsky Dist., Al-
tynovo, 57.56697° N, 38.29327° E, on fallen trunk of Salix
sp. in deciduous forest dominated by birch and willow,
10.04.2017, coll. YuKh and E.A. Borovichev, det. YuKh
(INEP 3167, dupl. LE F-334469, INEP 3199).

DACRYMYCETES
Dacrymycetales

Calocera cornea (Batsch) Fr. — new for Komi Republic.
D —AD, AL, ALT, AMU, ARK, KAM, KDA, KEM, KHA,
KHM, KIR, KM, KRS, KYA, LEN, LIP, ME, MO, MOS,
MOW, MUR, NGR, NVS, PRI, PSK, ROS, RYA, SAM,
SMO, SPE, STA, SVE, TA, TOM, TVE, UD, VLA. S —
Komi Republic, Vuktylsky Dist., Yugyd Va National Park,
64.22198° N, 57.96886° E, on fallen trunk of Betula sp. in
forest with dominated Alnus fruticosa, 25.08.2018, coll. and
det. MP (SYKOf 3024, dupl. LE F-334445).

The authors are grateful to O.V. Morozova (St. Pe-
tersburg, Russia), T.Yu. Svetasheva (Tula, Russia) for
the identification of Volvariella surrecta and Xerocomel-
lus cisalpinus, and to D.A. Tomchin (St. Petersburg,
Russia), L.G. Isaeva and G.P. Urbanavichus (Apatity,
Russia), A.I. Ischenko (Chelyabinsk, Russia), D.V. Pa-
trakova, N.D. Tatarinov, Yu.A. Chelakova (Perm,
Russia) for specimens kindly provided at our disposal.
The work of SV, SB, EP, LK, E.A. Palomozhnykh,
N.V. Shakhova, and 1.V. Zmitrovich has been carried
out within the framework of the institutional research
project of the Komarov Botanical Institute (AAAA-
A19-119020890079-6) using the equipment of the
Core Facility Centre “Cell and Molecular Technolo-
gies in Plant Science” at the Komarov Botanical Insti-
tute, RAS (St. Petersburg, Russia). The work of YuKh
and E.A. Borovichev was carried out within the frame-
work of the institutional research project of the Insti-
tute of North Industrial Ecology Problems of the Kola
Scientific center of RAS (AAAA-A18-118021490070-5).
The work of YuR was carried out within the frame of
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the government assignment for the South Science
Center of RAS (project AAAA-A19-119011190176-7).
The work of MP, DK, and D.V. Kirillov has been car-
ried out within the framework of the institutional re-
search project of the Institute of Biology of Komi Sci-
ence Centre of the Ural Branch of RAS (AAAA-A19-
119011790022-1). The work of VV, AV and T. Dejidmaa
was funded by RFBR and MCESSM according to the
research project N 19-54-44002 Mong_T, Herbarium
material was loaded in MG Popov Herbarium (NSK),
USU 440537, Novosibirsk. The work of O.N. Ezhov
was carried out in frameworks of State Task (AAA-
A18-118011690221-0). The work of E.A. Zvyagina was
funded by RFBR (project N 20-04-00349).
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C. B. Boaooyes**, C. I0. Boabmaxkos’, 10. P. Xumuu’, A. I. IlInpses‘, 0. A. PeOpuen?,
K. O. IToranos, E. C. ITonos*, B. 1. Kanutonos’, M. A. ITanamapuyké, JI. B. Kaiununa“,
. A. Koconanoss, . B. Crasumenko, JI. I. I1epesenennena’”, B. A. Binacenko’, O. H. Exop/,
. B. Kupnioss, B. H. Borsakos®, E. A. ITanomoxusix?, B. C. Boranos/, E. A. 3saruna™",
T. daxuamaa’, A. B. JIeoctpun?, A. A. E¢pumosa?, E. A. Boposuues’, H. B. IIlaxosa“, A. C. IIImmurun”,
A. B. Bnacenko’, 1. B. 3mutpoBuy”

¢ bomanuueckuti uncmumym um. B.JI. Komaposa PAH, Cankm-Ilemep6ype, Poccus
5 Huemumym npobaem npomviunennoii sxonoeuu Cegepa — 06ocobaennoe noopazoenerue
Dedepanvroeo uccredosamenvckoeo yenmpa “Koavckuii nayunwiii yenmp Poccuiickoti akademuu nayk”, Anamumoi, Poccus
¢ Hnuemumym skonoeuu pacmernuii u wcueomustx Ypanvckoeo omoenenus PAH, Examepunbype, Poccus
4 FOxcHbiii Hayunwiil yenmp PAH, Pocmoe-na-/lony, Poccus
¢ Kazanckuii (Ilpugonscckuil) ghedepanwvhbiii ynusepcumem, Kazanw, Poccus
I To6oavcras komnaexcrnas nayunas cmanyus Ypaasckozo omoeaenus PAH, To6oasck, Poccus
& Uncmumym 6uonoeuu Komu nayuroeo yeumpa YpO PAH, Coixmuiéxap, Poccus
" Mepmciuii 2ocydapcmeennsiii HayUOHAABHYII Ucciedosamenvckuli yhusepcumem, Ilepmo, Poccus
! [lenmpanwubtii cubupckuii bomanuueckuii cad CO PAH, Hoeocubupck, Poccus
J DedepanvHulil uccredosamenbCkull UeHmp KOMNAEKCHo20 uzyuenus Apkmuxu um. akademuxa H.I1. Jlaseposa PAH,
Apxaneenvck, Poccus
k Canxm-Iemep6ypecroe muxonoeuueckoe o6uecmeo, Cankm-ITemep6ype, Poccus
! Mepmcxuii 2ocydapcmeentiviii aepapro-mexroaoeuyeckuii yuugepcumem um. axad. JI. H. [psnuwnurosa, Hepmo, Poccus
" Mockoeckuii eocydapcmeennbiil ynugepcumem umenu M. B. Jlomonocosa, Mockea, Poccus
" Cypeymckuii eocydapcmeennblii ynusepcumem, Cypeym, Poccus
% Hayuno-uccaedosamenvckuil uncmumym 3auwumeot pacmeruii Moneoauu, Yaan-bamop, Moneoaus
? Kocmpomckoti myseii-3anogednuk (omden npupodst), Kocmpoma, Poccus
#e-mail: sergvolobuev@binran.ru

IMpencraBieHbl JaHHBIE 0 Haxomkax 11 BUMOB cyMyaThiX 1 116 BUIOB 6a3MIMaIbHBIX TPUOOB, BBISBICHHBIX
BrepBbie i KaGapaouHo-bankapckoit Pecriyonuku (6 BumoB), KapauyaeBo-Uepkecckoit Pecniybiauku (1),
Pecniy6nuku Komu (19), Pecriyonuku bamkoproctan (4), Pecriyonuku [larectan (1), Pecriyonuku Mopno-
Bus (7), Pecniyonuku Tatapctan (12), Pecnyonuku TeiBa (5), Yamyptckoit Pecniyonuku (1), KpacHomapckoro
kpasg (2), [lepmckoro kpas (5), Apxanrenabckoii (3), Acrtpaxanckoii (1), Bonoronckoii (4), Kammaunrpanckoii (1),
Kupogckoii (4), Koctpomckoii (9), Jlenunrpanckoii (13), Jluneuxoii (1), Mypmanckoii (4), HoBroponckoii (1),
Opnosckoii (1), ITensenckoii (1), Pocrosckoii (1), CBepmioBckoii (4), TromeHckoit (10), Yenssounckoii (7),
Apocnasckoii (10) oonacreii, Cankr-IletepOypra (1), XaHTbl-MaHCUICKOro aBTOHOMHOIO OKpyra (2 Buaa).
AHHOTHMPOBAHHBIN CIIMCOK BKJIIOYAET TaHHBIC O MECTOHAXOXICHUSIX, MECTOOOUTAHUSX, CyOCTpaTax U Jarax
cOOopa MPUBOJUMBIX HAXOJOK, C YKa3aHWEM KOJUIEKLIMOHHBIX HOMEPOB MUKOJIOTUYECKUX TrepOapueB. Briepsbie
st Poccum nipuBonsitest Favolaschia calocera, Hygrophorus exiguus vi Laetisaria lichenicola. Bunwl Acanthophy-
sellum minor, Albatrellus citrinus, Flammula pinicola, Leptosporomyces montanus v Tubulicrinis regificus yka3pIBa-
1oTcs wist Poccuu Bo BTopoii pas, Bunsl Gibbera andromedae, Lindtneria trachyspora, Rhodocollybia fodiens, Ro-
senscheldia abundans, Scutiger pes-caprae n Xerocomellus cisalpinus oTMe4eHbI TPETbUMM Haxonkamu. Jiist 06-
pastuoB Hygrophorus exiguus v Riopa metamorphosa noilydeHbI M OETTIOHUPOBAHBI B MEXIYHapOIHYIO 6a3y
naHHbIX [eH0aHK HYKJIEOTUAHbBIE TTocaeaoBaTeabHocT obnactu ITS ssnepHoii pubocomansHoi JHK.

Karoueesobie croea: aCKOMMUILIETHI, 0a3MIMOMUIIETHI, OOpa3HOOOpa3ue, pacopocTpaHeHue rpudos, Poccust
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HOBBIE CBEIEHUS O BABNIVAJIBHBIX MAKPOMMITETAX
EBPEIICKOI ABTOHOMHOI OBJIACTHU (POCCHUS)

© 2021 r.

E. A. Epodeena’*, H. B. Byxaposa>**, E. M. Bynax>***

! Hucmumym komnaexcroeo anaiusa peeuonarviwix npobaem IBO PAH,
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IIpuBeneH aHHOTUPOBaHHKIM cricOK 50 HOBBIX JUISI perrnoHa BUumoB MakpomulieToB. s Cystidiopostia pileata
nyoIMKyeMasl HaxoJaka — BTopast Ha Tepputopuu Poccuu: paHee 3TOT BUI ObUT U3BECTEH TOJILKO U3 CHUXOT3-
AnuHckoro 3anoBegHuka (ITpumopckuii kpaii). Psilocybe fimetaria v Tricholomopsis sulfureoides o6Hapy>XeHbI
Ha JanbHeM Boctoke Poccuu BriepBbie. JIBa Buma ObITM HalileHBI B TaTbHEBOCTOYHOM PETMOHE BTOPOI pas:
Hebeloma radicosum yka3plBajlach paHee TOJIbKO B AMYpCKoOii 00J1., a Rhizomarasmius undatus ObL1 U3BECTEH
ToJIbKO B [IpuMopckom kpae B JIazoBckoM 3anoBenHuke. Amanita volvata, Clavaria acuta, Cotylidia diaphana,
Tomentella umbrinospora w Xylodon nesporii Ha poccuiickoMm JlanbHeM BocToke mpexiae HEOmMHOKPAaTHO OTMe-
YaJICh JIUIIb B 103KHOM yacTu [IpuMopckoro kpasi. BriepBeie B peruoHe 0bu1 HavtneH Chroogomphus tomentosus,
BKIIoYeHHbI B KpacHyio kHury P@®. Kpome Toro, Ob11u BBISIBICHBI HOBbIE MECTOOOUTAHUS pEIKUX BUIOB T)-
lopilus atrobrunneus v T. porphyrosporus, a TaKxKe TaKMX MaJIOU3BECTHBIX BUNOB, KakK Junghuhnia aurantilaeta v

Ramaria flava.

Knrouesuie crosa: 6azunnanbHble MakpomulieTsl, dansHuii Boctok Poccuu, EBpeiickast AO, penkue BUIBI

DOI: 10.31857/S0026364821060088

BBEAEHWE

EBpeiickast aBroHoMHas1 odsacts (EAO) pacmono-
JKeHa B I0)KHOM yacTu poccuiickoro anbHero Bocro-
Ka B 30HE KOHTAKTa CBETJIOXBOMHOM U TEMHOXBOWHOM
TaliT¥, XBOWHO-IIMPOKOJMCTBEHHLIX JIECOB U CMeE-
maHHbIX penkojecuii (Frisman, 2018), uyto onpenensi-
€T BBICOKOE pa3HOOOpa3ue IMPUPOIHBIX KOMILICKCOB.
Mg EAO uzBectHO 786 BUIOB 6a3uaMaIbHBIX MAKPO-
muiietoB (Erofeeva, 2021), BBISIBISHHBIX, IJIABHBIM
oOpa3oM, B pe3yibTaTe MHBEHTApU3alIMOHHBIX HC-
cnenoBanuii, npopoguBinuxcsa Ha OOIIT permona
(Bulakh et al., 2007; Bukharova, Zmitrovich, 2014;
Erofeeva et al., 2019). CrerieHb N3y4YeHHOCTH OOIIIETO
BUIOBOTO pa3HOOOpasus 0asuaradbHBIX MaKpOMU-
neroB EAO, 1o olieHke, cocTaBisgeT He 6oiee 80%,
YTO yKa3bIBae€T Ha IEPCHEKTUBHOCTh HAJTbHEUIIINX
paobor.

B nmanHOM cooOOIlleHUU TIPUBOISTCS CBEASHUS O
50 HOBBIX IJIsI perMoHa BUAaX, a TaKXKe O HOBBIX Me-
CTOOOUTAHUSIX PEIKUX (OXpaHSIEMBIX) U MaJIOU3BECT-
HBbIX BUIOB.

423

MATEPUAJIBI 1 METO/1bl

B Hactoseid pabore monsitue “HanbHuii Bo-
CTOK” TIpUMEHSIETCSI B reorpapuyeckoM CMEICIE —
KaK BOCTOYHasI 4acTh a3uarckoil Poccuu B 30He pac-
MIPOCTpaHEeHNsI MyCCOHHOTO KiimMaTa (AMypckasi o0Jl.,
Espeiickas AO, KamyaTckuii kpaii, MaramaHckasi o0i1.
IMpumopckmii kpait, CaxaamHckasg 0061., XabapoB-
ckuit kpaii, Yykorckuii AO).

T'epbapHbie 00pa3ibl 66111 codpanbl B 2012—2020 rr.
B pa3nuuHbIx pailoHax EAO. OnpeneneHue npoBoau-
JIOCh 10 MOP(OJIOTMYECKMM MpHU3HAKaM C IpUMEHe-
HUEM CBETOBOII MUKPOCKOIIMU U CTAHAAPTHBIX peak-
TUBOB COINIACHO OOIIECIIPUHSITHIM MeTomukaM. O06-
pas3lbl XpaHATCI B MHKOJOTMYECKOM TIepOapum
DdenepajibHOrO HaAyYHOroO LieHTpa OMopa3zHOOOpa3us
HaszeMHoOiT Omotel Boctrounoit Aszum JBO PAH,
r. BnaguBocTtok (VLA).

Hwuxe mnpencraBieH aHHOTHMPOBAHHBIA CIHCOK
HOBbIX 1711 EAO BumoB 6azuaromuiieToB. HazpaHus
TaKCOHOB M COKpalllcHUSI UMEH aBTOPOB JIaHBLI CO-
mIacHO MeXIyHapomHoi 6a3e maHHBIX Index Fungo-
rum (2021). /17151 HEKOTOPBIX BUJIOB TaK3Ke TIPUBEACHBI
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HamnOoJIee HIMPOKO YHOTpeOasseMble CAHOHUMBI. Tak-
COHBI PacCHOJIOKEHBI B ajipaBUTHOM mopsiake. Koi-
JiekTop 1 aBTOp poTtorpacdpuii — E.A. Epodeena, eciiu He
yKazaHOo nHoe. O0Opa3iLbl arapuKOMIHBIX TPUOOB ObLIA
onpeneneHbl E.M. bynax n E.A. EpodeeBoii, adbmmo-
doposeix rpuboB — H.B. byxaposoit u E.A. Epodee-
Boii. JlaTuHCKMe Ha3BaHUS PacTeHUM OaHBI I1O: VO-
robyov (1968). Hns HaubGojee pacrpoCTpaHEHHBIX
JIPEBECHBIX MOPOMA MPUHSTHI Cleaylolue obo3Haue-
Bus:. Betula dahurica — Bd, Pinus koraiensis — PKk,
P. sylvestris — Ps, Populus tremula — Pt, Quercus mongolica
— Qm. Haubonee yacto ynoMmuHaemble reorpaduye-
CKre TOYKM OO0OO3HaueHbl cokpameHusmu: [ —
okpectHocTH c. JXKenreii Sp, 48°32.19° c.u.,
133°01.67’ B.11.; IT — 6 KM K roro-3aranay ot c. 'oyioBu-
HO, ceBeEPHBLI Geper 03. JIebennnoe, 48°09.37” c.uu.,
133°08.92 B.11.

PE3YJIbTATHI U OBCYXIEHWE
AHHOMUPOBAHHDIIL CNUCOK 8UO08

Amanita rubescens var. alba Coker — 25-i1 km bupiocce,
48°38.17’ c.11., 132°47.95" B.11., cMELIaHHBIIA JieC, HA ITOYBE,
02.09.2017, VLA M-26207. B EAO no cux mop He OTMeYeH
TUNTWYHBIN A. rubescens, a TOJIbKO 3Ta CBeTJas pa3HOBU-
HOCTb. B TO ke BpeMsi, OHa HUKOTIIa He BCTpeyajach HaM B
I0XKHOI1 yacTy XabapoBCKOIo Kpasi, e TUITOBasl Bapualus
OTMeYaeTcsl 1OCTaTouyHo peryisipHo. [To nuyHOMYy co006-
menuio H.A. KouyHoBoi1, var. alba moBoJbHO OOBIYHA Ha
1ore AMypcKoii 00JI.

A. virosa Bertill. — I, onyiika aucTBeHHoro Jjeca (Qm,
Pt, Bd), Ha mouBe, 03.09.2018, VLA M-26611.

A. volvata (Peck) Lloyd — 1, omymka myOHsika (Kpait
MaIrHu), Ha mouse, 27.07.2018, VLA M- 26615.

Amyloporia xantha (Fr.) Bondartsev et Singer [= Antrodia
xantha (Fr.) Ryvarden] — cpennee Teuenue p. Carnbel-bupa,
49°05.40" c.u1., 132°33.58’ B.11., cMELIAHHDIN Jiec, Ha IpeBe-
cuHe, 22.09.2020, VLA M-27645.

Auriscalpium vulgare Gray — OKpeCTHOCTU TOC. ABTY-
croBckuii, 48°47.40" c.m., 132°52.05" B.&., CMELIAHHBIIA
Jec, Ha TNoOrpeOeHHBIX B TMOACTWIKE IIUIIKax Ps,
15.06.2013, VLA M-25053; r. BupobumxaH, LIEHTP, Fa30H C
nocankamu Ps, Ha mmmkax, 21.07.2013, VLA M-25054.

Calcipostia guttulata (Sacc.) B.K. Cui, L.L. Shen et
Y.C. Dai [= Postia guttulata (Sacc.) Jilich] — BocTouHbIe
orporu xp. Llyxu-ITokroii, 3akazuuk “ILlyxu-ITokroit”,
48°48.83" c.11., 132°47.63’ B.11., pacrnanok, CMeLIaHHbI Jiec
¢ TIpeobJiafaHreM XBOMHBIX, HA CTApOM BaJIeXKHOM CTBOJIE
Pk, 12.08.2018, VLA M-26491.

Cerioporus squamosus (Huds.) Quél. [= Polyporus squamo-
sus (Huds.) Fr.] — BepxoBbs p. Carnbi-bupa, 49°15.88” c.u.,
132°37.86” B.1., TOTONEBHUK ¢ Pt 1 Alnus sp., Ha BaneXHbIX
U CYXOCTOMHBIX CTBOJIaX JUCTBEHHBIX nopox, 04.06.2015,
VLA M-23948.

C. stereoides (Fr.) Zmitr. et Kovalenko [= Datronia ste-
reoides (Fr.) Ryvarden] — okpecTtHocTH 1Toc. Ternnoo3epck,
orporu Xp. Manerit Xunran, 49°02.84” c.uu., 131°52.94" B.1.,
CMeIIaHHBIN Jiec, Ha MEJIKMX BaJISKHBIX BeTKax Betula sp.,
04.08.2014, VLA M-24673; 11, pa3pekeHHBbIi1 JIMCTBEHHbII
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nec (Qm, Pt, Bd), Ha BanmexHbix BeTkax, 31.08.2018, VLA
M-26480.

C. varius (Pers.) Zmitr. et Kovalenko [= Polyporus varius
(Pers.) Fr.] — 6 kM K ceBepy oT 1ntoc. bupa, nonuHa p. Mai.
Huxkura, 49°03.35" c.u1., 132°29.00” B.11., CMeIIaHHBI JIeC,
Ha BaJICXKHOM BETKe JIMCTBEHHOTO nepesa, 11.08.2018, VLA
M-26495.

Chroogomphus  purpurascens (Lj.N. Vassiljeva)
M.M. Nazarova — okpecTHOCTH T1oc. Tpek, 48°56.22" c.u.,
132°39.57” B.1., nocagku Pk, Ha mouse, 18.09.2018, VLA
M-26598.

C. rutilus (Schaeff.) O.K. Mill. — okpectHOCcTH C. XKe-
eIt dp, 48°32.03" c.ur., 133°02.13" B.1., mocanku Ps, Ha
mouse, 03.09.2018, VLA M-26593; okpectHocTu ¢. Kuposo,
ypounte Imangkue Mpicku, 47°54.18” c.u., 132°08.96” B.11.,
nocanku Ps, Ha ecyaHoi ITIOYBE CPeau pa3pekeHHOM Tpa-
BIHHUCTOI pactutTenbHocTH, 10.09.2019, VLA M-27192.

C. tomentosus (Murrill) O.K. Mill. — oxpecTHocTH
noc. Tpek, 48°56.22’ c.u1., 132°39.57’ B.1., nocanku Pk, Ha
mouse, 08.09.2016, VLA M-26875 (puc. 4, B). Bun Bito-
yeH B KpacHyto Kuury P® (Red Data Book.., 2008).

Clavaria acuta Sowerby — OKpecTHOCTH moc. Teruro-
03epcK, oTrporu xp. Manbiii XunraH, 49°02.84° c..,
131°52.94 B.1., cMeIIaHHBI Jiec, Ha ToACTWIKE on Cory-
lus sp., 04.08.2014, VLA M-25055.

Cortinarius elatior Fr. — 25-it xm Bupocce, 48°38.17’ c.1.,
132°47.95" B.#., cMelIaHHBIA Jiec, Ha moyBe moxy Qm,
02.09.2017, VLA M-26042.

Cotylidia diaphana (Cooke) Lentz — oxpecTHOCTH
c. Kuposo, ypouniie Imankume Mpicku, 47°54.18" c.u.,
132°08.96’ B.11., 1yOHAK, Ha 3aMIIEJIOM OCHOBAaHUU KMUBOIO
ctBojia Qm, 10.09.2019, VLA M-27650.

Cyanoboletus pulverulentus (Opat.) Gelardi, Vizzini et Si-
monini — OKPECTHOCTU MOC. ABI'yCTOBCKMIA, 48°48.10” c.1u1.,
132°51.42’ B.1., ny6GHSIK ¢ Betula platyphylla v Salix sp., Ha
mouse, 11.09.2016, VLA M-26881.

Cystidiopostia pileata (Parmasto) B.K. Cui, L.L. Shen et
Y.C. Dai [= Auriporia pileata Parmasto] — 6 KM K ceBepy OT
noc. bupa, monmuna p. Man. Hukwura, 49°03.35" c.ui.,
132°29.00” B.11., cMeLIaHHBII JOJMHHBINA JIEC, HA BAJIEXKHOMN
BeTKe Populus sp., 11.08.2018, VLA M-26490 (puc. 1).

Entoloma byssisedum (Pers.) Donk — 11, pa3pexxeHHbI
JucTBeHHBbI Jiec (Qm, Pt, Bd), Ha ocHoBaHuM 3amiiiesioro
XuBoro ctBojia Qm, 31.08.2018, VLA M-26870; I, nyGHSIK ¢
Betula sp. u Pt, Ha 00yrJIeHHOM ITHE JIMCTBEHHOTIO JIepeBa,
05.09.2019, VLA M-27741.

Favolus pseudobetulinus (Murashk. ex Pilat) Sotome et
T. Hatt. — BepxoBbst p. Carmei-Bupa, 49°15.88" c..,
132°37.86” B.1., TOIONIEBHUK C Pt 1 Alnus sp., Ha crBoje Pt B
3ajomMe Ha Oepery peku, 04.06.2015, VLA M-27649. He-
CKOJIBKO MOJIOIIBIX TJTOMOBBIX TeJT HAXOMUIVNCh HA OMHOM 1
TOM K€ JTPEBECHOM CTBOJIE, KOTOPBIi, TTO-BUIUMOMY, OBLI
MPUHECEH MaBoOAKOM (puc. 2).

Flammula alnicola (Fr.) P. Kumm. — kitactep “3abenoB-
ckuit” 3anoBeqHuKa “bacrtak”, 10XHBIA Oeper 03. 3abe-
JoBckoe, 48°25.11° c.ur., 134°12.69 B.1., nyoHsak ¢ Pt u
Betula sp., na nue, 13.09.2017, VLA M-27648.

Hebeloma radicosum (Bull.) Ricken — okpecTtHOCTH
c. Xenrorit dp, 48°32.03’ c.m., 133°02.13’ B.1., mocanku Ps
C TIPMMECHIO Pa3IMYHBIX JIMCTBEHHBIX ITOPOMI, Ha JAPEBEC-
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Puc. 2. Favolus pseudobetulinus (VLA M-27649).
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HOIl Tpyxe B TMOYBE, Ha MeCTe CTaporo KOCTPHIIA,
03.09.2018, VLA M-26887.

Heliocybe sulcata (Berk.) Redhead et Ginns — okpecTHO-
ctu I. bupobumxkan, octpoB Ha p. Bupa, 48°49.50" c.u.,
132°50.40° B.1., TMCTBEHHBII JIeC, HAa BaJIeXKHOM cTBOJIE Pt,
05.06.2020, VLA M-27422.

Hydropus atramentosus (Kalchbr.) Kotl. et Pouzar —
10 KM K ceBepOo-BOCTOKY OT Ioc. bupa, nonuHa p. Carabi-
bupa, 49°04.22" c.u., 132°33.35’ B.1., pacnagoK, CMeLIaH-
He1it 1ec (Pk, Abies sp., Picea sp., Qm, Betula sp. v np.), Ha
3aMIIEJIOM BaJIEXKHOM CTBOJIE XBOMHOM noposl, 09.08.2020,
VLA M-27447.

Hygrophorus nemoreus (Pers.) Fr. — 10 kM K ceBepo-BO-
cTOKy oT ntoc. bupa, 49°04.05’ c.1u1., 132°33.45" B.11., BO3BbI-
IIEHHOCTh, OyOHSK ¢ Pt, Pk u Bd, Ha mouse, 10.09.2016,
VLA M-26879; cpenHee teuyenue p. Carawi-bupa,
49°05.40" c.ur., 132°33.58 B.1., cMewnanubiii ec (Pk, Abies
sp., Qm, Betula sp.), Ha mouBe, 22.09.2020, VLA M-27508.

H. persoonii Arnolds — I, ny6oBbie Kojiku ¢ Bd, Pt u ap.,
Ha mmouBe, 09.09.2016, VLA M-26878; 10 kM K ceBepo-
BOCTOKY oOT Imoc. bupa, monmua p. Carmwei-bupa,
49°04.22’ c.m1., 132°33.35" B.4., pacnagoK, cCMeIIaHHbIN
nec (Abies sp., Acer sp., Qm, Pk), Ha mouBe, 27.08.2020, VLA
M-27507.

Hypsizygus ulmarius (Bull.) Redhead — knacrep “3abe-
JIOBCKMIA” 3amosengHuka “Bacrak”, 48°25.98" c.mr,
134°13.42’ B.1., pa3pexXeHHbI 1y6HaK ¢ Pt, mpu ocHoBa-
HUM XuBoro crtBosa Qm, 13.09.2017, VLA M-26601;
oKpecTHOCTH TToc. Tpek, HrxXHee TeueHue p. Carnbl-bupa,
48°56.22" c.m1., 132°40.50" B.O., JTUCTBEHHBIA NOJIMHHBIA
Jiec, IpY OCHOBAHUM KUBOTO CTBOJIa Fraxinus sp. v Ha Ba-

nexxHoM ctBoste Ulmus sp., 18.09.2018, VLA M-26600.

Inocybe assimilata Britzelm. — okpecTHOocTM noc. Tpek,
48°56.22’ c.u., 132°39.57’ B.1., mocanku Pk, Ha mogcTuike,
08.09.2016, VLA M-26882.

Lepiota felina (Pers.) P. Karst. — I, omrymika my6Hs1Ka, Ha
ronctuike, 27.07.2018, VLA M-26586.

Lepista sordida (Schumach.) Singer — r. bupooumxaH,
ra3oH ¢ Fraxinus sp., Ha nouBe cpeau Tpasbl, 03.08.2019,
VLA M-27640.

Macrolepiota mastoidea (Fr.) Singer — I, pa3zpexkeHHBbIit
nyoHsk ¢ Bd, Pt, Ha mouse, 09.09.2016, VLA M-26876;
okpecTHOCTU Moc. JIoHmoko, I. Tac, CKJIOH I0ro-BOCTOY-
Hoit sxcnosnmu, 49°06.13’ c.u., 132°03.39” B.11., cMelaH-
HBIi Jiec, Ha ouBe nion Betula platyphylla u Bd, 31.08.2017,
VLA M-26043.

Neoboletus erythropus (Pers.) C. Hahn — 1, omrymmka oy6-
HsIKa, Ha mouBe, 27.07.2018, VLA M-26591.

Panus conchatus (Bull.) Fr. — okpectHocTH noc. JIoH-
noko, T. Tac, CKJIOH Oro-BOCTOYHOI 3KCITO3UIINH,
49°06.13" c.u1., 132°03.39” B.A., cMeLIAHHBIA Jiec, HA Ba-
JnexHoM ctBodie Pt, 31.08.2017, VLA M-26019.

Phlebiopsis castanea (Lloyd) Miettinen et Spirin
[= Castanoporus castaneus (Lloyd) Ryvarden| — BocTouHbIe
orporu xp. Illyxu-ITokroii, 3akazuuk “ILlyxu-ITokroit”,
48°49.05" c.u1., 132°47.18" B.1., KEAPOBO-IIUPOKOIUCTBEH-
HBI J1ec, Ha otnaBiieit kope Pk, 14.04.2015, VLA M-24894.
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Phyllotopsis nidulans (Pers.) Singer — cpenHee TeueHUe
p. Carnpi-Bupa, 49°05.40” c.u., 132°33.58’ B.4., cMellaH-
HBIi1 JIeC, Ha BaJleXKHOM cTBoJie Betula sp., 22.09.2020, VLA
M-27509.

Psathyrella piluliformis (Bull.) P.D. Orton — xiactep
“3abenoBckuii” 3amoBenHuKa “bacTtak”, 10XHBIA Oeper
03. 3abenoBckoe, 48°25.117 c.ur., 134°12.69’ B.1., ByOHHK C
Bd, Pt u Tilia sp., Ha MOACTUJIKE BO BJIaXXHOM MecCTe,
28.05.2015, VLA M-26031.

Psilocybe fimetaria (P.D. Orton) Watling — I, namrHsi, Ha
mouse, 27.07.2018, VLA M-26884.

Punctularia strigosozonata (Schwein.) P.H.B. Talbot —
Bocrounble orporu xp. Lyxu-ITokroii: 48°48.88" c.ui.,
132°50.73" B.11., TMCTBEHHBI Jiec ¢ TpeodnagaHeM Qm, Ha
BaJIeXKHOI BETKe JIMCTBEHHOro aepesa, 17.06.2012, VLA
M-27376; 9-i1 km Bupiocce, 48°45.64" c.ur., 132°50.03 B.1.,
JMcTBeHHLIN nec (Qm, Betula sp., Acer sp.), Ha BaJleXKHOM
crBosie Qm, 26.08.2018, VLA M-27375.

Ramariopsis subtilis (Pers.) R.H. Petersen — 17-ii km
Bupmocce, orporu xp. lllyxu-ITokroii, 3aka3znux “Ilyxu-
ITokroit”, 48°41.85’ c.uu1., 132°47.93’ B. 1., TUCTBEHHBII JIEC,
Ha nouBe, 20.07.2013, VLA M-27378.

Rhizomarasmius undatus (Berk.) R.H. Petersen — II,
pa3pexeHHbI TucTBeHHBIN ec (Qm, Pt, Bd), Ha mon-
cruike, 31.08.2018, VLA M-26890 (puc. 4, 0).

Spongiporus floriformis (Quél.) Zmitr. [= Postia floriform-
is (Quél.) Jiilich] — okpecTtHOCTH TTOC. TeII003epCK, OTPO-
i xp. Manblii Xunran, 49°02.76" c.u., 131°52.97" B.1.,
CMeIlIaHHEBIN Jiec, Ha cyxoctoe Picea sp., 04.08.2014, VLA
M-27374.

Stropharia hornemannii (Fr.) S. Lundell et Nannf. —
10 KM K ceBepo-BOCTOKY OT moc. bupa, 49°04.05" c.i.,
132°33.45’ B.11., BO3BBILLIEHHOCTD, 1yOHsK ¢ Pt, Pk u Bd, Ha
MOACTUIKE U BajiexHoit npeBecunHe, 10.09.2016, VLA
M-26877.

S. rugosoannulata Farl. — okpectHocTu c. Banareiim,
48°39.66" c.u1., 133°00.87" B.1., maliHs, mopociias 3j1aKa-
MU, cpenu TpaBbl Ha mouse, 30.05.2019, VLA M-27180.

Suillus granulatus (L.) Roussel — okpectHocTH c. XKen-
o1t dp, 48°32.03" c.ur., 133°02.13" B.1., mocanku Ps, Ha
mouse, 03.09.2018, VLA M-26592.

Tomentella umbrinospora M.J. Larsen — OKpecCTHOCTH
noc. Tpek, HukHee TeueHue p. Carnpl-bupa, 48°56.22" c.uu.,
132°40.50” B.11., TIMCTBEHHBI JOJMHHBIM JIEC, HA BAJIEXKHOMN
BETKe JIMCTBEHHOTO fiepeBa, 18.09.2018, VLA M-27377.

Tricholomopsis decora (Fr.) Singer — 3anmagHblii MaKpo-
ckioH Cyrapckoro xp. (r. bessiMsinHast), 48°55.43 c.u.,
131°42.25’ B.11., KENPOBO-IIUPOKOJIMCTBEHHBII JIeC, Ha Ba-
nexHoM crBodie Pk, 23.08.2018, VLA M-26595.

T. sulfureoides (Peck) Singer — 3amamgHblii MAaKpOCKJIOH
Cyrapckoro xp. (r. bBeswpimanHnas), 48°55.43" c.u.,
131°42.25’ B.11., KENPOBO-IIMPOKOJIMCTBEHHBI JIeC, Ha Ba-
JIexXHoM ctBojie Abies sp., 23.08.2018, VLA M-26828
(puc. 3). UHTaKTHBIE TJIOAOBBIC Teja, KaK MOJIOJbIE, TaK U
3pebie, OB KpeMoBO-0e1oro uBeTa. Hnsmky Obu1 1Mo -
KPBITBI TOHKUM, JIETKO CTHUPAIOIINMCS CETYATO-BOJIOKHHU-
CThIM HajieToM. [1pu NMPpUKOCHOBEHUY U HAaAaBJIMBAaHUU Ha
MOBEPXHOCTU Cpa3y K€ MOSIBJISUIMCh KeJITOBAaTO-Oyphle
MSITHA, a MPU CYIIKe TUIOAOBBIE Tejla LIeJIMKOM MpUoOpenn
CBETJI0-OyphIii LIBET.
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Puc. 4. Bunsl, HoBble U penkue 115t Epetickoit AO: a — Tylopilus atrobrunneus (VLA M-27171); 6 — Rhizomarasmius undatus (VLA

M-26890); B — Chroogomphus tomentosus (VLA M-26875).

Tubaria furfuracea (Pers.) Gillet — BocTOYHBIE OTPOTH
xp. IMyxu-IlTokrtoit, 3akaszuuk “Ilyxu-ITokrToit”,
48°48.97 c.1., 132°46.95’ B.1., cMeIIaHHBI JIeC, HA CYyXO-
croe Aralia elata, 24.06.2013, coop. U.B. MeabHuk, VLA
M-25788.

Tyromyces kmetii (Bres.) Bondartsev et Singer — okpecT-
HocTH 1toc. JIoHm0Ko, T. Tac, CKJIOH I0r0-BOCTOYHOI 3KC-
nosuumu, 49°06.13" c.u1., 132°03.39” B.11., CMEIIAHHBII JIEC,

MUKOJIOTHUA U GUTOIATOJIOTIUA

TOM 55 Ne 6

Ha BayiexxHoii Betke Pt, 31.08.2017, VLA M-27373; 11, pa3-
peXeHHBII JTUCTBeHHBIN Jiec (Qm, Pt, Bd), Ha BanexHoii
BeTke Qm, 31.08.2018, VLA M-26493.

Xylobolus frustulatus (Pers.) P. Karst. — mauHbIit mocenok
Ilyxunka, 48°41.69" c.u1., 132°54.73" B.11., (PPYKTOBLIE 10~
calKu, Ha CyxXOi BeTKe JIMCTBEHHOTO aepeBa, jeto 2017 r.,
VLA M-27380.
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Xylodon nesporii (Bres.) Hjortstam et Ryvarden [= Hy-
phodontia nesporii (Bres.) J. Erikss. et Hjortstam] — mauHbIit
nocenok Illykunka, 48°41.69” c.u1., 132°54.73" B.1., Gpyk-
TOBBIE TTOCAIKM, HA CyXuX BeTBsIX Ribes nigrum, 22.04.2017,
VLA M-27379.

IToMuMO BUIOB, HOBBIX IS PETMOHA, OBIJIN BBISIB-
JIEHbl HOBbIE MECTOOOUTAHUST PEAKUX (OXPaHSIEMBIX)
BUIOB, a TaKXe TaKUX, KOTOPble MOXHO OTHECTH K
MaJIOU3BECTHBIM — CPABHUTENIBHO PEIKO OTMEYAEMBIX B
MUKOJIOTUYECKUX cOOpax, BBULY UeTO O HUX UMEETCSI
JINIIb OTPAaHUYEHHBIN 00bEM CBEEHU.

Junghuhnia aurantilaeta (Corner) Spirin — 6 KM K ceBepy
ot noc. bupa, nonuua p. Man. Hukura, 49°03.35 c.u.,
132°29.00’B.1., cMeLIAaHHBIN JOJMHHBIN JIec, Ha BAJIEXKHOM
ctBosie Alnus sp., 11.08.2018, VLA M-26479. Mecroobura-
HUs 3TOTO BUOa B Poccum nepBoHavYaaIbHO OBLTA U3BECTHBI
ToJIbKO B 3amoBenHuke “Kemposas Ilagp” IIpuMopckoro
Kkpas (Spirin et al., 2007; Viner, Kokaeva, 2017); BTOpOIi
reorpadyeckoil TOYKOM cTaj 3amoBeqfHUK “bactrak” B
EAO (Bukharova, Zmitrovich, 2014).

Ramaria flava (Schaeff.) Quél. — BocTOYHBIE OTPOTHU Xp.
Iyxu-ITokroit, 48°48.88" c.m1., 132°50.73" B.1., IIUPOKO-
JIMCTBEHHBI Jiec (Acer mono, Tilia sp., Qm), Ha TTOYBe TOJ,
Acer mono, 05.08.2012, VLA M-27393. Hecmotpst Ha MHO-
roJIeTHUE WHBEHTApU3allMOHHbIE UCCIENOBAaHUSI, BU BbI-
SIBJICH B pETMOHE JIMIIb BO BTOPOil pa3, mocje HaxOIKu
9 .X. ITapmacro (Parmasto, 1965).

Tylopilus atrobrunneus (Lj.N. Vassiljeva) Wolfe — 25-if km
Bupmiocce, 48°38.17" c.u1., 132°47.95" B.a., pa3peXeHHbII
nyoHsik, Ha nouse, 02.08.2019, VLA M-27171 (puc. 4, a).
Bun Bxmiouen B Kpacnyio Knury EAO (Red data book,
2019).

1. porphyrosporus (Fr. et Hok) A.H. Sm. et Thiers —
okpauHa T. BupobumkaH, pa3pexXeHHbII TOJMHHBIN Jec
(Qm, Bd, Pt u ap.), Ha nouse, 15.07.2019, VLA M-27190.
Bun BxitoueH B KpacHbie kHuru P® (Red data book, 2008)
u EAO (Red data book, 2019).

Takum oOpa3oM, K HACTOSIIEMYy BpEMEHU OHMOTa
OasuouanbHBIX MakpomulileToB EAO mpencraBiaecHa
836 BumaMu (B TOM YHKCJIE Ha OXpaHSIEMBbIX IPUPOI-
HBIX TEPPUTOPUIX — 765 BUIOB).

Cystidiopostia pileata oO6HapykeHa BO BTOPOI pa3
Ha TeppuTopumn Poccum: paHee 3TOT BUI OBII M3BE-
CTeH ToJbKO u3 CHuXOT3-AJIMHCKOIO 3anoBEeIHUKA
(Parmasto, 1980). Haxonku Psilocybe fimetaria n
Tricholomopsis sulfureoides SBIISIIOTCSI TIEPBBIMM Ha
HansHeMm Bocroke Poccuu. JIBa Buaa ObLIM HaliIEeHBI
B TaJILHEBOCTOYHOM pErvoHe BO BTOpoii pa3: Hebelo-
ma radicosum yKa3bIBaJlaCh paHee TOJIbKO IS AMyp-
ckoii obsactu (Nazarova, Vassiljeva, 1974), a Rhizom-
arasmius undatus ObLJI U3BECTEH TOJBKO B JIa30BCKOM
3anoBegHuKe IIpumopckoro kpas [kak Marasmius
chordalis Fr. (Azbukina et al., 2002a)]. Amanita volva-
ta, Clavaria acuta, Cotylidia diaphana, Tomentella um-
brinospora n Xylodon nesporii Ha poccuiickoM Jlajb-
HeM BocToke paHee oTMeyanuch ToabKo B ITpnmMop-
ckoM kpae (Vassiljeva, Nazarova, 1967; Koljalg, 1989;
Govorova, 1999; Azbukina et al., 2002a, 2002b; Kot-
kova, 2004; Bau et al., 2011; Bulakh et al., 2016; Viner,
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Kokaeva, 2017; Bukharova et al., 2019; Bogacheva
et al., 2020).

W3 penkux oxpaHsieMbIX BUIOB BilepBbiec B EAO
ob11 HaiineH Chroogomphus tomentosus, a TaKXKe BbISIB-
JIEHBI HOBbIe MecTooOuTanus Tylopilus atrobrunneus n
T. porphyrosporus.

BripaxxaeM riay0okylo IpU3HATEJIbHOCTh K.O.H.
I1.B. bynunosy u k.6.H. T.A. PybuoBoii 3a coueii-
CTBHME B OpraHu3aluy nojeBbiX padot, U.B. Menb-
HUKY — 3a y4yacTue B cOope Marepuajna, U K.0.H.
H.A. KouyHOBOI1 — 3a IIOMOIIb B OIIpeaeIeHUN 00-
pasnoB. Pabora E.A. EpodeeBoii BeIITOJTHEHA B paM-
Kax rocynapctBeHHoro 3aganust MKAPIT JIBO PAH.
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Jewish Autonomous Region is situated in the Russian Far East (RFE) and it borders the northeastern part of
China across the Amur River. There are boreal-nemoral forests on the Lesser Khingan mountains and local hills,
and light forests, meadows and swamps in the Central Amur lowland. To date, 786 species of basidial macromy-
cetes have already been registered in the region. Now, an annotated list is given of 50 species first found here.
Cystidiopostia pileata was found second time in Russia, after Sikhote-Alin Nature Reserve (southeast of RFE).
Psilocybe fimetaria and Tricholomopsis sulfureoides were discovered in RFE for the first time. Two species were
the second findings within RFE: Hebeloma radicosum and Rhizomarasmius undatus. Five more species, Amanita
volvata, Clavaria acuta, Cotylidia diaphana, Tomentella umbrinospora and Xylodon nesporii, have been found so
far in the south part of the Primorye Territory only. The rare species Chroogomphus tomentosus (in the Red data
book of the Russian Federation) was first discovered in the region. Also, new localities were found of rare species
Tylopilus atrobrunneus and 1. porphyrosporus and of little-known in Russia Junghuhnia aurantilaeta and Ramaria
flava.

Keywords: basidiomycetes, fungi, Jewish Autonomous Region, macromycetes, mushrooms, rare species, Russian
Far East
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[MpencraBjieH aHHOTMPOBAHHBIN CIUCOK U3 19 BUIOB MUKCOMUIIETOB, BBISIBJICHHBIX Ha JINCTOBOM OITalie B
yepHOooJblIaHUKax HalmoHayibHoro Tapka (HIT) “Hapouanckuii”, 7 U3 KOTopbIx HaiineHbl BriepBbie B Pec-
nyonuke benapyco (Arcyria globosa, A. marginoundulata, Comatricha rutilipedata, Craterium concinnum, Cribrar-
ia lepida, Paradiacheopsis longipes, Trichia munda). 1151 ndydyeHus: BUOZOBOIO pa3HOOOpa3rsi MUKCOMUILIETOB
ObLIY UCITOJIb30BAaHbI KJIACCUYECKHME METOIbI: COOP CITOPOHOIICHUI B ITOJIEBBIX YCIOBUSIX U METOM, “BJIaXKHOM
Kamepbl”. JIJ1s1 KaXIoro BUaa TIPUBENEHBI: CChUIKA Ha paboTy, B KOTOPOIi paHee ObUT YITOMSIHYT TaHHBIN BUIL
Ha Tepputopuu HII, MecToHaxoxmneHue, nata coopa u HoMep repbapHoro odpasia, XxpaHsIIerocs B repoapuu
JnabopaTopuu MuKosorun MHCTUTyTa s3KcriepuMeHTalbHOM 60oTaHuku uM. B.®M. Kynpesnua (MSK — F) nim
B MukoJjiorndyeckoM repoapuun boranmnyeckoro nHcturyra um. B.JI. Komaposa (LE).

Knroueswie croea: 6uopasHooOpasye, BIIaKHbIE KaMepbl, MUKCOMUIIETHI, HallMOHAIBHBIN Tapk “HapoyaH-
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ckuit”, Pecrybnuka benapych, TaKCOHOMUST
DOI: 10.31857/S0026364821060118

BBEAEHWE

YepHOOJBIIAHUKN 3aHUMAIOT OKOJIo 8.7% Bcex
JecoB Pecnybsimku bemapych v mpeacTaBieHbl OeBsI-
TbIO TUIIAMU: KUCJIUYHbBIN, CHBITEBbIN, KpPAaIlIMBHBbIMN,
MNaropOTHUKOBBIM, KacaTUKOBBI, TaBOJTOBHI, 00-
JIOTHO-MTAITIOPOTHUKOBBIM, OCOKOBBIII U WBHSKOBBIM
(Yurkevich et al., 1968, 1979). Cpenu 4epHOObIIIAHY -
KOB pa3nyaloT NpOMU3BOMHBIC TUIIbI, Pa3BUBAIOIIE -
Cs Ha I€pHOBO-MOA30JMCTBIX TOYBAX, YACTO C IIPUME-
CbhIO COCHBI, €11 M ay0a, a TakKxke KOpPEeHHBIE Jjieca,
¢dopMupyloniecs Ha TOp¢hsHO-00JIOTHBIX ITI0YBaX B
YCJIOBUSIX TTOBBIIIEHHOM YBJIAXHEHHOCTU, MPEUMY-
1ecTBeHHO Ha Koukax (Rusalenko, 2014).

B nanmonansHom mapke (HII) “Hapowanckuit”
(Msnenbckuii p-H, MuHcKast 00J1.) 4epHOOJIbXOBbIE
Jieca mokpeiBalor 3723.8 ra wim 4.3% turomanu HIT.
BoJibiiias yacTh M3 HUX OTHOCUTCS K OOJIOTHBIM JieCaM
C IIpUMecChIo Oepe3bl MYIIUCTOM, YacTO C IPUMECHIO
enu, nHoraa siceds (Grummo et al., 2017).

JlecHast moaCTUIIKA KpaiiHe HEOOTHOPOIHA 110 CBO-

el CTpYKType U XUMHUYEeCKOMY cocTaBy. OHa COCTOUT
13 CMECH Pa3JIMYHBIX TUITOB pacHagalonuxcsl pacTh-
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TEJIbHBIX JETPUTOB, TAKUX KAK JIUCThs, (DPYKTHI, LIBE-
Thl, ceMeHa, (pparmMeHTHI KOphI U BeTouku (Dilly et al.,
2001; Rollins, Stephenson, 2012; Voriskova, Baldrian,
2013). Takas BeICOKasl reTepOreHHOCTh CITOCOOCTBYET
Pa3BUTHUIO 3HAYUTEIILHOTO Pa3HOOOPa3Us pa3IMUHbBIX
TPYII OPraHU3MOB, obuTaIIMX B moactuiake (Yang
et al., 2014, 2015) 1 MUKCOMUILETHI He SIBJISIIOTCS HC-
kmouyeHueM (Novozhilov et al., 2017a; Stephenson et
al., 2008; Nguyen et al., 2020).

CraTbs gBIISIETCS MPONOKEHMEM NyOJIMKALUA O
mukcomuuietax HIT “Hapouanckmii” (Moroz, No-
vozhilov, 1988, 1994, 2018, 2019, 2020; Shukanov et al.,
1988; Moroz, 1996, 2018, 2020; Moroz, Tsurykau,
2020; Chernyadyeva et al., 2020, 2021) u nocBsilieHa
WHBEHTapU3allu1 BUAOBOTO COCTaBa MUKCOMMUIICTOB,
OOMTAIOIINX B JIECHON TTOACTUIIKE COOOIIECTB OJIbXU
yepHoii Alnus glutinosa. (L.) Gaertn, a Takske cpaBHe-
HUIO BUIOBOTO COCTaBa 3TOIl CyOCTpaTHOI Tpymnmu-
POBKM MUKCOMMIIETOB C TAKOBBIMU U3 APYTUX TUIIOB
neca HII.
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MATEPHAJIBI U METObI

MartepuanoM ojisl IMyOJMKaLIWKM MOCIYXXKWIA 00-
paslbl TUIOJOBBIX TN (CIMTOPOKAPIIOB) 3HAOCTIOPOBBIX
MUKCOMMUIIETOB, COOpaHHbIE MEPBBIM aBTOPOM BO
BpeMsi noJieBbIX paboT B 1984—1995 rr. u B 2017 1. Ha
oraje, B JIECHOU MOACTUJIKe, KOTopasi BKJItouasa rnpe-
UMYIIECTBEHHO JIUCThSI, MEJIKME BETOUKM, a TakXke
IIUAIITKA OJTbXU YepHoit. KpoMe Toro, n3ydeHHbBIN Ma-
Tepuaj BKJIOYal KOJJIEKIUIO CHOPOKAapmoB, MOJy-
YEeHHBIX METO/IOM BJIQXKHOI KaMepbl. DTOT METOJ, IT03-
BOJISIET 60Jiee MOJTHO BBISIBUTh BUAOBOE pa3HOOOpasue
MUKCOMUIIETOB, OCOOEHHO B YCJIOBUSIX MTOBBILIEHHO-
ro yBJaXKHEHUsI, KOTJa CIIOpOKapIibl JOBOJBbHO OBICT-
po paspyiaiorcsi 6ecnniozsBoHoYHbIMU (Rollins, Ste-
phenson, 2012; Novozhilov et al., 2017b).

IMonessbie ucciaeqoBanus 1 cOOp 0OPA3OB CIIOPO-
KaproB B MPUPOJe MPOBOAUIN MapIIPyTHLIM METO-
IoM 1o obOmenpuHATHIM MeTtomukaM (Novozhilov,
1993; Novozhilov et al., 2000) B KOpEHHBIX OJIbIIIAHU-
kax. [IpuBs3Ka cTapblX pyKOMUCHBIX 3aIuceit MecTo-
HaxOXJEHUM ToJieBbIX 00pa31loB CIIOPOKAPIIOB K CU-
creme reorpaduyeckMx KOOpAMHAT MPOBOAUIACH C
nomo1pio mporpaMMbl Google Earth.

OmbBIT C BJaXHBIMU KaMepaMU IIPOBOAMJIM IO
CTAaHZAPTHOMY METOAY C MCIIOJb30BAaHUEM YallleK
IMetpu nnamerpom 9 cm (Novozhilov, 1993). TTpoGkI
omnajaa oToupanu Ha Tpex miromaakax 100 X 100 M ciy-
YyaliHbIM 00pa3oM u3 10 TouyeK KaxKaoii IIoLIaaKu, ¢
MPUOIU3UTEILHO OJHOBO3PACTHLIM  JIPEBOCTOEM.
Kaxknast Touka COOTBETCTBOBAJIA OMHOM BJIAXKHOM Ka-
Mepe, BCEro B OITbITE OBLIO YCTAHOBICHO 30 BIAXKHBIX
Kamep. OmnpeneiieHue reorpaduyecKux KOOPIUHAT
IUIOIIAIOK IIPOBOMMIIM ¢ ToMolbio GPS.

CIMcoK IIonanok

1. B okp. n. OnpmeBo, MOCT, mpaBblit 0eper p. CTpaua,
54°56’54” c.u1., 26°21°48” B.1., 06 XI 2017. YepHoosbLua-
HUK KpaIllMBHO-KOYEeIbIKHUKOBBII ¢ Oepe30ii MyIInCTOu,
eJIbI0, SICEHEM, KIIEHOM.

1I. B okp. . Msinens, nopora P 58, 137 kM, 1 KM 10 3Ha-
Ka . Mspnens, ciesa, 54°51°02” c.u1., 26°55°26” B.4., 25 XI
2017. YepHooOJIbILIAaHUK TPaBSIHO-OCOKOBBIM ¢ Oepe3oii Imy-
LLIUCTOM, 3200 I0UEHHBIM.

I11. B okp. . Msinenb, nopora P 47, moBopot Ha 1. FOmi-
KoBuuH, 1 KM, 54°55'23” c.1u1., 26°54’33” B.11., cripaBa, 25 XI
2017. YepHooJIbIIIaHUK TPaBSIHO-OCOKOBBIN ¢ Oepe3oii Imy-
LLIUCTOM, 32007 I0UEHHBIN.

1151 OLIEHKHW 4uclia 3apeTuCTPUPOBAHHBIX TAKCO-
HOB PaHIOM BBIIIE pOAA MCIIOJb30BAJIaCh CHUCTEMa
Maptuna u Aunekcomynoca (Martin, Alexopoulos,
1969).

KamepamsHy10 06paboTKy cOOpaHHBIX KOJUISKIIIIA
MIPOBOIWIN B JIAOOpaTOPUM CUCTEMAaTHUKHM M Teorpa-
¢uu rpndoB boranmaeckoro nactuTyra M. B.J1. Ko-
mapoBa (BMMH) PAH u naGoparopuy MUKOJIOTUU
MNucturyra sKcnepmMmeHTanbHO OoTraHmkum HAH
benapycu. MukpomMopdoaornyeckue CTpyKTyphl CIIO-

MUKOJIOI'A U PUTOIIATOJIIOTUA

POKapIIOB U CHIOP U3YyYalli C TIOMOIIBIO MUKPOCKOIIOB
Olympus SZ61, Olympus BX51, a Takke IIpu ITOMOIIHA
MHuKpockomna Zeiss Axio Imager Al, crepeoMUKpo-
ckomna Discovery V20 u ckaHMPYIOLIETo 3JIEKTPOHHO-
ro Mukpockora JSM-6390 LA B LieHTpe KOJUICKTUB-
HOTO TIOJIb30BaHUsI BoTaHMYeCKOro MHCTUTYTA WM.
B.JI. Komaposa PAH (bHUH).

OmpeneneHre coOpaHHBIX OOpa3lOB CHOpPOKap-
OB MPOBOAMJU HAa OCHOBAHUM U3YYeHUsI MOpdO0-
TMYECKUX MPU3HAKOB C UCIOJIb30BAHUEM OIpPENE/IH-
teneit (Novozhilov, 1993; Martin, Alexopoulos, 1969;
Stephenson, Stempen, 2000, Poulain et al., 2011a;
2011b). Ha3zBaHuSI MUKCOMMIIETOB NPUBEIECHBI CO-
IJJacCHO HOMeHKJaTypHoii 6aze Nomenmyx (Lado,
2005—2021). 1151 oLleHKHU pa3u4dusl BUIOBOIO COCTa-
Ba TIPYNIIMPOBOK MHUKCOMMIIETOB, OOMTAIOIIMX Ha
ornaje B OCHOBHBIX TUIAX PACTUTEILHBIX COOOIIECTB
HIT (onbliaHHUKY, €IbHUKW U COCHSIKM) PacUMUThI-
BaJicsl KJaCcCUUYECKUU MHAeKc cxonacTtBa CepeHceHa—
YekaHOBCKOro, sl 4ero Obuia UCMHOJb30BaHa MPO-
rpamMma EstimateS 9.10 (Colwell 2014). C uenbio co-
MOCTaBUMOCTU JTaHHBIX PAacyeT WHIAEKCOB MPOU3BO-
JIWJICS TOJBKO C yYE€TOM BUIIOB, BBISIBIE€HHBIX METO-
JIOM BJaXHOW Kamepbl (0e3 ydyeTa TOJIEBBIX
o0pa3loB), a TaKXKe IOCJIe MCKIIIOUEHUSI U3 aHaJIM3a
BUJIOB, OTMEUYEHHBIX OJIMH Pa3.

I'epOapHbBIle 0Opa3libl CIIOPOKAPIIOB XpaHSTCS B
rep6apuu Jabopatopun MUKoJiorun MHCTUTYTA DKC-
nepuMeHTaIbHOM OotaHuku uM. B.®. Kynpesuua
HAH benapycu (MSK — F) u B Mukojoruyeckom
repbapuu BUH PAH (LE).

Hwuke npuBoanTCSI aHHOTUPOBAHHBIN CITMCOK BU-
IoB. B KpyTJibIx cKOOKax maeTcs CChlIKa Ha padoTy, B
KOTOPOIf paHee ObLI YIIOMSHYT HJAaHHBIA BUI HA Tep-
putopuu HII. B xBampaTHBIX CKOOKax yepe3 cyMMa-
TOp yKa3aHO 4YMCJIO 00pa3loB HalIeHHBIX B IOJIE U
YHCJIO BJIAXKHBIX KAMED, B KOTOPBIX ObLT BHISIBJICH BU/IL.
Hanee ykazaH HOMep TUIOIIAAKU, 3aTeM TePEUYNCIICHBI
HoMepa repoapHbix 00pa3uoB. g nonesbix cOOpPOB
rocJjie Ha3BaHUSI BUA MPUBOASATCS CJIeAyIOIIUe CBe-
JIEHUs: cyOCcTpaT, MECTOHAXOXACHUE, JaTa HaXOXIe-
HUSI oOpasna, reorpadpuyeckKre KOOpauHaTEl, HOMEP
repbapHoro o6pa3sua. Js1 coopoB 13 BIaXXKHOU KaMe-
pBl pUMCcKUe HUPPHl 0003HAYAIOT HOMED TLJIOIIAIKM,
Ha KOTOPBIX OBIIM CcOOpaHBI OOpas3lbl cyOcTpara.
3Be304YKOIf OTMEUEHBI BUbI, BIIEPBBIC 3apPETUCTPUPO-
BaHHBIC Ha TeppuTopun Pecniyoimku bemapyce.

st olleHKM MIOOAILHOTO pacHpOCTpaHEHUs U
BCTPEYAEeMOCTH BMAOB HCHOJAb30BaHbl 0a3bl GBIF
(the Global Biodiversity Information Facility,
https://www.gbif.org/species/319) u DL (Discover
Life, https://www.discoverlife.org/mp/20m?kind), B
JlarBum, JlutBe, Ilonpire m Ykpamne —Gatzsche
(2016—2021, http://www.myx.dk/gen/reports/). JaH-
HbIE O HaxoXIeHuu Buaa B Poccuu ObLIM MOJTyYEHBI
U3 DJIEKTpOHHOI 0a3bl “Myxomycetes of Russia”

ToM 55 Ne 6 2021



MUKCOMMUETDI (MYXOMYCETES = MYXOGASTREA) INCTOBOI'O OTTAIA 433

(Bortnikov et al., 2020—2021) (https://russia.myxo-
mycetes.org/).

PE3VJIBTATBI U OBCYXIAEHHUE

B pesynbprare mpoBemeHHBIX MCCIEAOBAaHUIA OBLT
cobpaH 61 obGpasell CITOpOKapIioB MHUKCOMMIIETOB,
oTHocsamuxcs K 19 Buaam u3 10 ponoB, 7 ceMeCTB 1
4 mopsimkoB. CeMb BHIIOB BIIepBbIe oTMedeHa B Pec-
nyonuke bemapyce m HIT “Hapouanckwmii”. Hawm-
0OJIBIIMM BUIOBBIM Pa3HOOOpa3nueM XapaKTepu3ytoT-
cs niopsinku  Physarales (8 BumoB/42.1% ot o0lero
yucia BUmoB) u Trichiales (5 BumoB/26.3%), manee
cinenytor Liceales (3 Buma/15.8%) wu Stemonitidales
(2 Buna/10.5%).

Arcyria cinerea (Bull.) Pers. (Twardowska, 1885; Moroz,
Novozhilov, 1988; 2018) [0/4] 11, LE F-321237.

JaHHblit MOpGhOBUI TPEACTABIISIET KOMITJIEKC OMOJIOTH -
YECKUX, a TaKXE€, BEPOATHO, DKOJIOIMYECCKMUX BUIOB, IJIA
€ro TaKCOHOMMYECKOI peBU3UM TPEOYIOTCS celraIbHbIe
uccaenoBanus (Clark et al., 2002).

Kocmormonut: pactipoctpaHeH B EBporie, A3uu, Abpu-
ke, CeBepHoit u FOxnoit Amepuke, ABctpanuu (GBIF,
2021; DL, 2021; Gatzsche, 2016—2021; ALA, 2021). Betpe-
yaeTcsl Ha Bcex cyOcTpaTax. MecToHaxoXIeHue B COIlpe-
neJibHbIX cTpaHax: Poccus (pecnyonuka: Anraii, bamkop-
toctaH, Kapenusi, Komu, Caxa (Axkyrtus), Tatapcran, Ty-
Ba; Kpaii: Anraiickmii, KpacHomapckuii, KpacHospckuii,
IMepmckuit, Ilpumopckmii, CTaBpONOJbCKUIL; 00JaCTh:
AcTtpaxaHckasi, bpsHckasi, Bnagumupckas, Bosarorpan-
ckasa, Boponexckas, Mpkyrckas, Kamyxckas, Kupos-
ckasa, Kypckas, Jleaumnrpanckas, Jlunenkast, MaramaH-
ckasg, MockoBckasg, MypmaHckas, HoBocubupckas,
Openoyprckas, OpnoBckasi, [IckoBckasi, PoctoBckast, Ca-
mapckasi, CaxanuHckasi, CepmioBckas, CMoyieHCKas,
Tsepckass, Tomckas, TiomeHckass, YemstOmHCcKasi; aBTO-
HOMHBII OKpyr: XaHTbl-MaHcuiickuii — IOrpa, Yykor-
ckuii, SImano-Henenkuii; ropon: Mocksa, CaHkr-Ilerep-
oypr), Jlateus, JIutBa, Ykpauna, [Tosbiia.

*A. globosa Schwein. [0/1] I, LE F-321158. puc. 1, a—r.

OTAUYUTENBHBIMY TIPU3HAKAMU BUIA SIBJISTFOTCS TIOUTHU
mapoBuaHasI popMma crioporeku (puc. 1, a, 6) 1 JOBOJILHO
mIyOoKas yallleyka, cKjiaamdaras mo Kpasm (puc. 1, B), 3a-
HUMaloIIask TIPUMEPHO TPETh HUXKHEI TTOBEPXHOCTH CITO-
porexu (puc. 1, 6), a TaKKe HEdJTACTUYHBIN KanmJITAIAH
(puc. 1, 1).

Kocmomnonut: pactipoctpaneH B EBporie, A3zuu, Abpu-
ke, CeBepHoii u FOxHoii Amepuke, ABctpainuu (GBIF,
2021; DL, 2021; Gotzsche, 2016—2021; ALA, 2021). Pen-
kuit Bua. Berpewaercst yacto Ha omazie, pexe Ha THWIOM
npeBecruHe. MecTOHaXOXIEHUE B COTPENETbHBIX CTpaHaXx:
Poccus (ob6nacte: BopoHexckas, JlenuHrpanckast, Jlunerr-
Kasi, MockoBckasi, HoBroponckast, OpioBckasi, IlckoB-
ckast, TBepckast; ropon: Mocksa, Cankr-IleTepOypr), JIut-
Ba, YKpaunHa.

*A. marginoundulata Nann.-Bremek. et Y. Yamam.
[0/10] I, LE F-321200; II, LE F-321171, LE F-321186,
LE F-321191; 111, LE F-321146.

XapakTepHbIMU MpU3HAKAMU BHUAA SIBJISIIOTCSI BOJTHU-
CThIi1, MOPIIMHUCTBIN Kpaii OJI0ALEBUIHON YILUIOLLIEHHOM
yaiieykd CIOPOTeKM U OTHOCUTEIBbHO MEJIKUE CITOPbI

MUKOJIOTHUA U PUTOIMATOJIOTUA  tom 55  Ne

(6.5—7.5 MKM) OpHAMEHTUPOBaHHBIE OYEHb MEJTKUMMU TIJIO-
XO 3aMETHBIMU Jaxe T10J, UMMEPCUOHHBIM OOBEKTUBOM
oopomaBkamu. PacnpocTpaHeHue: eqMHUYHBIE HAXOIKU B
EBponie (®panuus, I'epmanwust, [Monbina, Hunepnaxabr),
Asuu (Jlaoc, BeetHam, SAnonus, TaitBanb, OUUTMITUHBIL),
CIHA (murater: ApkaH3sac, Texac, 3amagHas BupmxuHust)
(GBIF, 2021; DL, 2021; Getzsche, 2016—2021). Penkwuii
BUJ. BcTpeuaercs yacTo Ha onazae, pexxe Ha THUJIoi ApeBe-
cuHe. MecToHaxoXIeHre B COMpeAesibHbIX cTpaHax: Poc-
cusg (Ilpumopckuii kpait, CHXOT3-AJIMHCKUII rocymap-
CTBEHHBIII IPUPOAHLIN OMOChEepHBIl 3alIOBETHUK UMEHU
K.I'. AbpamoBa), [Tonbia.

Clastoderma debaryanum A. Blytt (Moroz, Novozhilov,
2020) [0/1] — 111, LE F-321308.

Kocmomomurt: pacipocrpaneH B EBpone, Asuu, Adpu-
ke, CeBepHoil u FOxHoii Amepuke, ABctpanuu (GBIF,
2021; DL, 2021; Gotzsche, 2016—2021; ALA, 2021). Bctpe-
YyaeTcsl 4acTo Ha THWJION IpeBecrHe, penko Ha onaae. Me-
CTOHAxOXJEeHUEe B colpenenbHbix cTpaHax: Poccust (pec-
nyonuka: Anraii, Bypsarus, Kapemus; XaHntei-MaHcuii-
CKMIi aBTOHOMHBII OKpyr — FOrpa; kpaii: XabapoBCcKuii,
Kpacnosipckuii, [lepmckuii, [1pumopckuii; obnacts: Jle-
HUHTpanckasi, MockoBckasi, MypmaHckasi, HoBocubup-
ckas, CBepmiioBckasi, TBepckas; ropon: Mocksa, CaHKT-
IletrepOypr), JlatBus, JIutea, YkpauHa, [1onblia.

*Comatricha rutilipedata H. Marx [0/3] — I, LE F-326751;
I1, LE F-326752, LE F-326753 (puc. 1, 1, e).

Janneiii Bun HarmomuHaet C. spinispora Novozh. et
D.W. Mitch. u3z Beernama (Novozhilov, Mitchell, 2014), Ho
OTJIMYACTCd OT HEro BblTHHyTOﬁ KOPOTKO-IMWJINHAPHUYC-
CKOI1 CITOPOTEKOI ¢ TEeMHO-CEpOii Maccoii criop (puc. 1, 1),
HaJM4MeM OOJIbIIIOTO YMCa CBOOOMHBIX OKOHUYAHUN TOH-
Kux nepudeprndecknx Hurei kanuuiuuus (puc. 1, e, X), a
Takxe 0ojiee KOPOTKUMMU, PACCESTHHBIMU 10 TOBEPXHOCTHU
crnop munukamu (puc. 1, x).

Penxwuii Bun. Berpeuaetrcss yacto Ha omane, pexe Ha
rHWIoi apeBecuHe. PacnpocTpaHeHWe: OrpaHUYEHHOE,
envHUYHBble Haxonku B EBpone (®panuwmsi, epmaHus,
Hunepnannsr), CeBepHoii AMepuke (Mekcuka), ABcTpa-
mum (GBIF, 2021; DL, 2021; Getzsche, 2016—2021; ALA,
2021). MecToHaxoXIeHne B COMNpeOe/bHBIX CTpaHaX: He
oOHapyKeH.

*Craterium concinnum Rex [0/20] — I, LE F-321129; II,
LE F-321094; III LE F-321119 (puc. 1, 3, n).

OTIMYNTETbHBIMA NpPU3HAKAMM BUIA SIBIISTIOTCSI KO-
pUYHEBBIE Y3€IKHN — KAaITWJUIALIMSI, MEeJIKME CITOPAHTHUM, KO-
TOpbIE HAa PAHHUX CTAIUSIX PAa3BUTHUS SIPKO-KeNThIe (pucC. 1, 3)
U TI0 MEPE CO3PEBaHUSI CTAHOBSITCSI KOpDUYHEBBIMU (pUc. 1, 1).
Cnopoxapnbl 0OBIYHO MMEIOT JOBOJIBLHO IIMPOKYIO Ba3o-
NogO00HYI0 TEMHO-KOPUYHEBYIO YaIlleyKy (XOTsI BCTpeda-
I0TCSI M KyOKOBUIHBIE (DOPMBI), KOTOpasi KOHTPACTUPYET CO
CBETJION KPBILIEYKOM CIIOPOTEKMU.

Kocmomnonurt: pacipocrpaneH B EBpone, A3uu, Adppu-
ke, CeBepHoil n FOxnoit Amepuke, ABcrpanuu (GBIF,
2021; DL, 2021; Gotzsche, 2016—2021). Penkuii Bum.
BcTpeuyaertcst yacto Ha omnaje, pexe Ha THUJIO# IpeBecrHe,
psii aBTOPOB OTMEYAIOT €TI0 CBSI3b C OTIAOM IIJI0I0B aMepU-
KaHckoro KamuraHa Castanea dentata (Martin, Alexopouls,
1969). MecToHaxoxXIeHUe B CONPeae/IbHBIX cTpaHax: Poc-
cusa (IMpumopckuii kpaii, CuUXOT3-AJIMHCKUI Tocymap-
CTBEHHBIN MPUPOAHBIN OMOoCchepHBbI 3aITOBENHUK UMEHU
K.I'. Abpamosna), [1ompiia.
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Puc. 1. CrtopokapIibl MUKCOMUIIETOB, OOMTAIOLIMX HA HA3eMHOM OITaJie B Y€ pPHOOJIbIIaHMKAaX HallMOHAJIBHOTO napka “HapouaH-
CKMIA”: a — 3aKpbIThIN criopokapn Arcyria globosa (LE F-321158); 6 — pacKpbIBIIUIICS CIIOPOKAPI C OCTaTKaMU MEPUNUSI B BULIE
yaleyku; B — CKJIaJ4yaThlil Kpaii yallleuyKy 1 CIopbl, BUAMMbIE B IPOCBEUYMBAIOIIEM CBETE CBETOBOIO MUKPOCKOIA C UCTTOIb30Ba-
HreM ontuk Homapckoro (LM); T — karmumunmii u criopsl (LM); n — 3akpbIThiit ciopokapn Comatricha rutilipedata (LE F-326751),
(DM); e — packpsiBIIMiics criopokapn ¢ kKamwumnieM (LM); >k — crmopbl 1 Kanwumniuii (LM); 3 — He3penble criopokapnbl Cra-
terium concinum (LE F-321129) Ha Betouke onbxu (DM); u — co3peBiuii cnopokapr (DM). Maciura6: a, e — 100 MkM; 6, 1, 1 —

200 MxM; B, T, K — 10 MkM; 3 — 500 MKM.

C. leucocephalum (Pers. ex J.F. Gmel.) Ditmar
(Twardowska, 1885; Moroz, Novozhilov, 1994, 2019) [1/0] —
okp. 1. Onbiueso, 8 VIII 1993, 54°57°20” c.u1., 26°21°55” B.11.,
Ha omage ucTtheB, LE F-320578.

Kocmononur: pacnpoctparex B EBporte, Asuu, Appu-
ke, CeBepHoit u IOxHoit Amepuke, ABctpanuu (GBIF,
2021; DL, 2021; Getzsche, 2016—2021; ALA, 2021). Bctpe-
YyaeTcsl 4acTo Ha omaje, pexe Ha THUJIo apeBecuHe. Me-
CTOHAXOXJIEeHWE B COMpeneIbHbIX cTpaHax: Poccus (pec-
ny6smka: Anraii, bamkoprocran, Kapenus; kpaii: Anraii-

MUKOJIOI'A U PUTOIIATOJIIOTUA

ckuit, KpacHomapckuii, KpacHosipckuii, Ilpumopckuii,
XabapoBckuii; o61acTh: AcTpaxaHckasi, Bosarorpaackas,
Koctpomckasa, Kypckas, Jlenunrpanckas, Jlumenkas,
Maraganckast, MockoBckasi, MypmaHckass, HoBropomn-
ckast, HoBocubupckasi, Openodyprckast, IIckosckast, Po-
croBckasi, Camapckasi, CBepaioBckasi, TBepckasi, ToMm-
ckas, SApocnaBckas; SAmano-HeHeukuit aBTOHOMHBIM
okpyr; ropon: MockBa, Cankr-IletrepOypr), JlarBus, JIut-
Ba, [lonpma, YkpauHa.
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C. minutum (Leers) Fr. (Moroz, Novozhilov, 2019) [5/0] —
okp. . duenel, 20 VIII 1995, 54°56"35” c.1., 26°26'48” B.11.,
Ha omtage auctbeB, LE F-320880.

Kocmormonurt: pactipoctpaHeH B EBporie, A3uu, Abpu-
ke, CeBepHoii n FOxHoit Amepuke, ABctpanuu (GBIF,
2021; DL, 2021; Getzsche, 2016—2021; ALA, 2021). Berpe-
YyaeTcsl YacTo Ha orfaje, pexe Ha THWION ApeBecuHe. Me-
CTOHaAxXOXJeHUe B collpelebHbIX cTpaHax: Poccust (pec-
nyoimka: Komu, Anraii; Kpait: Anraiickuii, [IpuMmopckmii;
obmacte: Bmamumupckasi, Bonrorpanckast, Kypckasi, Jle-
HUHrpanckas, Jlumeukasi, MockoBckas, MypmaHcKas,
HoBocubupckasi, CmoneHckasi, CBepajioBckasi, TBepckasi,
TromeHckas, fApocnasckas; ropom: Mocksa, CaHkr-Ile-
TepOypr), Jiutsa, Ilonbima, YkpanHa.

C. obovatum Peck (Moroz, Novozhilov, 2019) [1/0] —
OKp. A. SupiHel, 22 VIIT 1995, 54°5635” c.11., 26°26'48” B.11.,
Ha xuBbix Mxax, MSK — F 42060.

Kocmomnonut: pacnpoctpaHeH B EBpornie, A3zuu, Adpu-
ke, CeBepHoit u FOxnoit Amepuke, ABctpanuu (GBIF,
2021; DL, 2021; Gotzsche, 2016—2021). BcrpeuaeTcst yacto
Ha onaje, pexe Ha THUJIOMN npeBecuHe. MecToHaxoXIeH e
B coIlpenenbHbIX cTpaHax: Poccus (pecryOiuka AnTaii;
Kpaii: Xabaposckuii, [Ipumopckuii; odmacts: MpkyTckas,
Jlenunrpanckast, MockoBckast, TBepckas; ropon: Mocksa,
Cankr-IletepOypr), [Monbiia.

*Cribraria lepida Meyl. [0/1] — 11, LE F-321469.

ImaBHBIM TMArHOCTUYECKUM TIPU3HAKOM SIBJISIETCS Ha-
JINYME MEJIKMX, OKPYIJIBIX Y3€JIKOB CETOYKMU TMEepUIUs.
Criopsl kpyrnHee 6—8 MKkM, yeMm y C. violacea (5—6 MKM), a
HOXKa 3HAYMTEJIbHO JJIMHHEE U TIPEeBbIIIAaeT AUaMeTp CITO-
poteku B 7—8 pa3. Penkmuii Bun. PacnpocTpaneHue: emm-
HuaHble Haxonku B CeBepHoii (CILA, Mekcuka) n FOx-
Hoii (AprentuHa) Amepuke, EBpone (®panuwmsi, I'epma-
Hus, Wrtanmusa, Hopserusi, LlBeiinapusi, Hunepnanmsr),
Asun (BeetHam), Adpuke (Hurepust) (GBIF, 2021; DL,
2021; Gotzsche, 2016—2021). BcrpevaeTcst yacTo Ha THU-
JIOU IpeBecuHe, peAKo Ha omnajge. MecToHax0oXIeHUE B CO-
MpeaesibHbIX cTpaHax: Poccust (AnTaiickuii Kpaii; 00J1acTb:
Bonrorpanckast, HoBocubupckast).

C. violacea Rex (Moroz, Novozhilov, 1994; 2019) [0/3] —
I, MSK — F 42099; I11, LE F-321126; I, MSK — F 42099.

Kocmomnonur: pacnpoctparex B EBpore, Asuu, Adppu-
ke, CeBepHoit u HOxHoit Amepuke, ABctpanuu (GBIF,
2021; DL, 2021; Getzsche, 2016—2021; ALA, 2021). Bctpe-
YyaeTcsl YaCTO Ha THWJIOM peBeCcuHe, peaKo Ha onajae. Me-
CTOHaxOXJeHUe B collpelebHbIX cTpaHax: Poccust (pec-
nyonuka: Antait, bamkoprocran, Caxa (AAkyTtus); Kpaii:
Antaiickuit, KpacHomapckuii, KpacHospckmii, Ilepm-
ckuii, [Tpumopckuii: o61acTh: ActpaxaHckasi, Boyrorpan-
ckas, Kanyxckast, KupoBckas, Jlenunrpamnckast, MocKoB-
ckasg, MypmaHnckasi, HoBocubupckasi, PocroBckasi, Ca-
mapckasi, CBepaioBckasi, TBepckasi; XaHTbI-MaHcuiickuii
aBTOHOMHBII oKpyr — FOrpa; ropon: Mocksa, Cankr-Ile-
TepOypr), JlarBus, JIutsa, I1onbira, YkpanHa.

Didymium squamulosum (Alb. et Schwein.) Fr. (Moroz,
Novozhilov, 1994, 2018) [1/2] — okp. . SAusiHbl, 20 VIII
1995, 54°56’35”N, 26°26’48”E, LE F-320884; II1I, LE
F-321165, LE F-321116.

KocMmomnonut: pacnipocrpaneH B EBpone, Asuu, Adpu-
ke, CeBepHoit u FOxnoit Amepuke, ABctpanuu (GBIF,
2021; DL, 2021; Getzsche, 2016—2021; ALA, 2021). Betpe-
YyaeTcs 9acTo Ha omane, pexe Ha THUJION npeBecuHe. Me-
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CTOHAxOXJEHUEe B collpenesbHbIX cTpaHax: Poccus (pec-
nyoimka: Anraii, bamkoprocran, bypstusa, Kapemus, Ca-
xa (Axyrus), Tarapcran, TyBa, Xakacus; Kpaii:
Aunraiickmii, Kpacnonapckuii, KpacHospckuii, Ilpumop-
cKuii, obnacth: AcTpaxaHckasi, bpsiHckasi, Bosrorpan-
ckas, Boponexckasi, Upkyrckast, Kamyxckast, Kypckas,
Jlenunrpanckasi, Jluneukas, Maraganckas, MockoBckasi,
Mypmanckasi, Huxeroponckasi, HoBocuoupckasi, OpeH-
oyprckasi, Camapckasi, CsepmioBckasi, CmoyieHCKas,
Tsepckast, Tomckasa, TiomeHckas, YemstOmHcKas; aBTO-
HOMHBIN okpyr: Yykorckmii, fAmano-HeHeukuii; ropomn:
MockBa, Cankr-IletepOypr), JlarBusi, JlutBa, Ilosbina,
VkpauHa.

* Paradiacheopsis longipes Hooff et Nann.-Bremek. [0/2] —
I, LE F-326754; 11, LE F-321473.

J1s1 BUIa XapaKTepHO HaJlW4ue CIIOPAaHTUEB C OYE€Hb
JUIMHHOM HOXKOM M MaJICHbKOM IIapOBUIHOM CIIOPOTE-
KOW, a TakXXe CIOp OpHAMEHTUPOBAHHBIX PACCESTHHBIMU
JIOBOJIBHO KPYITHBIMU IIIUITUKAMU.

Penkuit Bun. Pacnpocrpanen B EBpomne (®panuus,
IBeuust, Hunepnannel, Ykpanna, Typuus), B CeBepHOIA
(CIIA, Mekcuke), Llenrpanphoii (Kocra-Puka) u FOx-
Hoil AMmepuke (bpaswnust), Adbpuke (TaHzanus), Asuu
(Kwurait), Ascrpanimu (GBIF, 2021; DL, 2021; Getzsche,
2016—2021; ALA, 2021). BcTpeuaercst yacTo Ha omnaze, pe-
e Ha THWJION npeBecrHe. MecToHaXxoXIeHue B coIpe-
neabHbIX cTpaHax: Poccus (pecnyonuka Kapenuws; Myp-
MaHcKasl 061acTh), JIutBa, YkpauHa.

Perichaena chrysosperma (Curr.) Lister (Moroz, No-
vozhilov, 1988, 2018) [1/2] — okp. A. Onbuieso, 07 VIII
2017, 54°56’47” c.u1., 26°21°54” B.1., MSK — F 42146; 111,
LE F-321144, LE F-326669.

Kocmormomurt: pacipocrpaneH B EBpone, Asuu, Adpu-
ke, CeBepHoili u FOxHoii Amepuke, ABctpanuu (GBIF,
2021; DL, 2021; Gotzsche, 2016—2021; ALA, 2021). Bctpe-
YyaeTcsl 4acTo Ha omaje, pexke Ha THUJION ApeBecuHe. Me-
CTOHAxOXJeHUEe B collpenebHbIX cTpaHax: Poccus (pec-
nyonuka: Antait, bamkoprocran, Kapemnus, Caxa (SIky-
Tus); Kpait: Anraiickuii, Kamuarckuii, KpacHomapckuii,
KpacHosipckuii, [Tpumopckuii, XabapoBckuii; 00JacThb:
ActpaxaHckas, Bonrorpanckas, Boponexckas, JleHUH-
rpanckasi, Maraganckasi, MockoBckasi, MypmaHckasi, Ho-
Bocubupckast, Openbyprckasi, PocroBckas, Camapckas,
CaepmitoBckasi, TBepckasi, Tomckast, YensioOnHckasi; aBTo-
HOMHBIN OKpyr: Yykorckmii, fAmanmo-Heneuxkuii; ropomn:
Mocksa, Cankrt-IlerepOypr), JlatBus, JlutBa, Iloiblia,
VYkpauHa.

Physarum bivalve Pers. (Moroz, Novozhilov, 1988, 2018)
[0/7] — I, LE F-321142, MSK — F 42156; 11, LE F-321095;
I11, LE F-320237.

KocMomnonut: pacnipoctpaHeH B EBporie, Azuu, Adpu-
ke, CeBepHoii m HOxnoit Amepuke, ABctpanuu (GBIF,
2021; DL, 2021; Gatzsche, 2016—2021; ALA, 2021). Berpe-
YyaeTcs 4yacTo Ha Omaje, pexe Ha THUJION npesecuHe. Me-
CTOHAxOXJIEHUEe B ColpelebHbIX cTpaHax: Poccus (pec-
nyoimmka: Anraii, Kapemsa, Komu, Caxa (Akyrtust); kpaii:
Anraiickuii, Kpacnomapckmii, KpacHosipckuii, I1pumop-
ckuit; obnacth: Bonrorpanckasi, Boponexckasi, JIeHuH-
rpanckas, Jlunenkasi, Maraganckasi, MockoBckasi, Myp-
maHcKasi, OpeHOyprckasi, PocroBckasi, CBepmioBcKas,
CwMmoueHckasi, TBepckas; YyKoTcKkuii aBTOHOMHBIN OKpYT;
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ropon: Mocksa, Caunkrt-IlerepOypr), JimtBa, Ilonbmia,
VkpauHa.

Ph. cinereum (Batsch) Pers. (Moroz, Novozhilov, 1988,
2018) [1/0] — Ha OTMepIIMX paCTUTEJbHBIX OCTaTKax
Pteridium aquilinum (L.) Kuhn ex Decken, a. OnblieBo,
15 VII 2017, 54°57°52” c.u1., 26°21°47” B.1., LE F-321459.

Kocmononur: pacnpoctpanex B EBporte, Asun, Abppu-
ke, CeBepHoii u FOxHoii Amepuke, ABctpaiuu (GBIF,
2021; DL, 2021; Gatzsche, 2016—2021; ALA, 2021). Betpe-
yaeTcsl 4acTo Ha omaje, pexe Ha THUIOH npeBecuHe. Me-
CTOHaxOXJeHUe B collpenebHbIX cTpaHax: Poccust (pec-
nybsuka: Antaii, bamkoprocran, Kanmeikus, Kapenus,
Komu, Caxa (Axyrus); Kpaii: Anraiickuii, KanuHuHrpam-
ckuit, KpacHomapckuii, KpacHosipckuii, I[Ipumopckumii;
obmacth: AcTpaxaHckasi, Bomrorpamckasti, BopoHesxkckasi,
Jlenunrpanckas, Jluneukas, MaragaHckass, MockoBckas,
Mypmanckast, HoBocubupckasi, Openbyprckasi, Cepi-
noBckast, CmoneHckasi, TBepckasi, TomcKasi; aBTOHOMHBI
okpyr: Yykorckuii, XaHTbI- MaHcuiickuit — KOrpa; ropomn:
Mocksa, Cankrt-IletepOypr), JlatBus, JlutBa, Ilonbiua,
VYkpauHa.

Ph. diderma Rostaf. (Moroz, Novozhilov, 2020) [0/1] —
1, LE F-321070.

Kocmomnonut: pactipocrpaneHn B EBpone, A3uu, Adpu-
ke, CeBepHoit u FOxHoii Amepuke, ABctpanuu (GBIF,
2021; DL, 2021; Getzsche, 2016—2021; ALA, 2021). Betpe-
YaeTcs 9acTo Ha omane, pexe Ha THUJION npeBecuHe. Me-
CTOHAXOXJEeHUe B colpenenbHbIX cTpaHax: Poccust (Pec-
nybsuka Airtaii; Kpaii: Anraiickuii, IlepMckuii; 0061acTh:
ActpaxaHckasi, Bonrorpanckasi, MockoBckasi, HoBocu-
o6upckasi, PoctoBckast, CBepmioBckas, TBepckasi; . Mocksa),
Ilonpira, Ykpanna.

Trichia botrytis (J.F. Gmel.) Pers. (Moroz, Novozhilov,
1988, 2018) [= T. fragilis (Sow.) Rost. — Twardowska, 1885]
[0/3] — 11, LE F-321266, LE F-321281, LE F-321325.

Kocmononur: pacnpoctparex B EBpore, Asun, Abppu-
ke, CeBepHoit u IOxHoit Amepuke, ABctpanuu (GBIF,
2021; DL, 2021; Getzsche, 2016—2021; ALA, 2021). Bctpe-
YaeTcs 4aCTO Ha THUJION IpeBECUHE, PEIKO Ha OIajie U KO-
pe XUBBIX IepeBbeB. MeCTOHAXOXAEHUE B COTPENebHbIX
crpanax: Poccus (pecmybnmka: Anraii, BamkoprocraH,
bypsartusi, Kapenus, Komu, Caxa (Axyrtusa), TarapcraH;
Kkpait: Aunraiickuii, KpacHomapckuii, KpacHosipckuii,
IMepmckuii, I1pumopckuii, XadbapoBckuii; o61acTh: Boi-
rorpanckas, Boponexckas, MUpkyrckas, Kamyxckas, Ku-
poBckasi, JleHuHrpaackasi, Jlumneukasi, MaragaHckas,
MockoBckasi, Mypwmanckasti, HoBocubupckasi, Ilckos-
ckasa, CsepmioBckasti, CmoneHcKkas, TBepckasi, TioMeH-
ckas, YenssOmHcKasi; aBTOHOMHBIM OKpyT: XaHThI-MaH-
cuiickuii — FOrpa, Yykorckuii, SImano-Henerkuii; ropon:
Mocksa, Cankr-IletepOypr), JlarBusi, JlurBa, [losbina,
VkpauHa.

*T. munda (Lister) Meyl. [0/4] — I, MSK — F 42181, LE
F-321150; 11, MSK — F 42180; I, MSK — F 4218I.

PacnpocTpaHeHue: yacTo, nMperumyiiecTBeHHO B EBpo-
ne, penko B CesepHoit AMepuke (CLIIA) u FOxHoit Ame-
puke (IlaparBait, Ynmnu), Asum (Kwrait, TaitBanp), AB-
crpaniuu (GBIF, 2021; DL, 2021; Getzsche, 2016—2021;
ALA, 2021). BctpeuaeTcs yacTo Ha oraje, pexke Ha THUJIOM
JIpeBECHHE U KOPE XKUBBIX pacTeHWi1. MecToHaxXoXIeHue B
compenelbHbIX cTpaHax: Poccus (pecmybnuka: Bypsitus,
Kapenus, Komu; kpaii: KpacHosipckmii, [lepmckuii, Ipu-

MUKOJIOI'A U PUTOIIATOJIIOTUA

MopcKuit; obnacts: Bomrorpamckast, Mpkyrckas, Mara-
naHckass, MOCKOBCKasi; aBTOHOMHBIM OKpyT: YyKOTCKMI,
Amano-Henenkwuii; r. Mocksa), JIutsa, Ilonblia.

HazemHas jecHass moaCTWIKa IIPEACTaBIISIET CO-
00i1 HEOMHOPOOHYIO Y MaJIOM3YyYEHHYIO Cpeay, B KO-
TOPOM OOMTAET 3HAYMTEILHOE YMCJIO BUIOB MHKCO-
muiietoB (Stephenson et al., 2008; Novozhilov et al.,
2017a). B psime paboT oTMeUaeTcsI JOBOJBHO BEICOKAS
cneliMUYHOCTb BUNOBBIX KOMIIEKCOB MUKCOMMUIIE-
TOB, 3acCe/ISIIOLIMX JaHHBINM cyOCcTpaT, MpUu4eM BUIIO-
BOI1 COCTaB U BUIBI-IOMUHAHThI 3HAYUTEJIbHO OTJIM-
yaloTcs B pa3auyHbIX TUNax jeca (Novozhilov et al.,
2017b).

CrenyeT Mom4e pKHYTh, YTO YePHOOIbIIIAHUKHY SIB-
JISTIOTCST YpEe3BBIYAifHO CIeIIM(UIECKOMN JIECHOM KO-
CHCTEMOIi, B KOTOPOIi OOMTAIOT pa3InIHbIE IIOUBEH-
HbIe 3yKapuoThl (Ardestani et al., 2019). Xopor1ro u3-
BECTHO, YTO 4YepHas1 ojbxa (GOpMHUPYET CUMOHO3 C
a30TPUKCUPYIOIIUMHU KIyOSHBKOBBIMU OaKTEPUSIMU
Frankia alni B pe3ynbTaTe 4ero yayduniaeTcsi COCTOSI-
Hue nmouBkl (Claessens et al., 2010). YcTaHOBJIEHO, YTO
COCTaB DKTOMUKOPU3HBLIX M DHIOMUKOPU3HBIX T'PU-
00B, GOPMUPYIOLINX CUMOUOTUYECKUE CBSI3U C OJIb-
XOI YepHOIi, 3aBUCUT OT ITOJIM(EHOIOB OJIbXU, BIIMSI-
IOIIMX Ha CIIEHU(PUIHOCTh 3KTOMUKOPHU3AJIbHBIX ac-
coumnanmii (Kennedy et al., 2014; Thiem et all., 2018).
Bce 310 MOXeT TakKe BIMSTH Ha COCTAaB ITOYBEHHBIX
MPOCTEHMINNMX, BKIIIOYasi TpuO00OPa3HBIX IIPOTUCTOB
(MHUKCOMUIIETOB), OOMTAIOIIMX B JIUCTOBOM ITOACTUII-
K€ M TYMYCOBOM CJIO€ TTIOYB YEPHOOJIbIIIAHUKOB.

Ha nazemHoMm onane B HIT metomom BiaxkHOM Ka-
Mepbl HaMU OBLIO BEISIBICHO 44 BUIA, IMIPEICTABICH-
HBIX 171 ob6pasmoM, u3 Hux 19 (76 ob6pasmos), 31
(69 o6pa3stoB) u 7 BUI0B (26 06pa3oB) OBLIA OTME-
YeHBbI B OJIbIIAHHUKAX, eIbHUKAaX U COCHSIKAX COOT-
BETCTBEHHO.

BunoBoit coctaB rpymimpoBOK MHUKCOMMIIETOB,
obuTaIIMX Ha onajae B OJIbIIIAaHHUKAX, 3HAYUTEIbHO
OTJIMYaeTCsl OT TAKOBBIX B eJIbHUKaX U cocHskax HII.
I1pu cpaBHEeHUM IPYNITMPOBKA MUKCOMUIIETOB OITaga
B OJIBIITAHHUKAX C TAKOBBIMU B €JIbHUKAX Y COCHSIKaX
OBLIM ITOIy4YeHbI MHAEKCHI cxoncTBa CepeHceHa—Ye-
KaHOBCKOI'O M YMCJIO OOIIMUX BUAOB, KOTOPBIE COCTa-
puin 0.56 (11 o6mux BugoB) u 0.38 (4 oGIIMX BUOA)
COOTBETCTBEHHO.

Bunmamu, KoTopble HEOMHOKPATHO OBUIM OTMEYe-
HBI Ha OIT1aJie YePHOI OJIbXY B OJIbIIIAHHUKAX, SIBJISTIOT-
cst Craterium concinnum, Arcyria marginoundulata,
Paradiacheopsis longipes, a Ttakxe Physarum bivalve.
Tonbko Ha 3TOM TUIle cyOCTpaTa B pailoHe UCCIen0-
BaHUs OBUTM OTMEYeHBI TaKWe PEIKNe BUIBI KaK Ar-
cyria globosa n Comatricha rutilipedata.

Pat6ora FO.K. HoBoxmnnoBa mmpoBoamiiach B paM-
Kax rocynapctBenHoro 3aganust BUH PAH “bunopas-
HOOOpa3ue, 3KOJIOTUS U CTPYKTYPHO-(QYHKIMOHATb-
HbI€ OCOOEHHOCTU TPUOOB U rPOOOOPA3HBIX MPOTH-
croB” (AAAA-A19-119020890079-6) u BbIMOJHEHA
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Ha obopynoBanuu LIKII “Kierouynble 1 MOIEKYISIp-
HbIE€ TEXHOJIOTUM M3YYeHMsI pacTeHuii u rpu6oB” bo-
Taanyeckoro mHcTuTyTta mMm. B.JI. KomapoBa PAH
(Canxkr-IleTepOypr).
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Myxomycetes of Leaf Litter of Black Alder Forests of the National Park “Narochansky”
(Republic of Belarus)

E. L. Moroz** and Yu. K. Novozhilov*#*
4 V.F. Kuprevich Institute of Experimental Botany of the National Academy of Science of Belarus, Minsk, Republic of Belarus
b Komarov Botanical Institute of the Russian Academy of Sciences, St. Petersburg, Russia
#e-mail: moroze.l@tut.by
#*o_mail: yurinovozhilov@gmail.com

An annotated list of 19 species of myxomycetes found on leaf litter in black alder forests of the Narochansky Na-
tional Park (NP) is presented, 7 of which were found for the first time in the Republic of Belarus (Arcyria globosa,
A. marginoundulata, Comatricha rutilipedata, Craterium concinnum, Cribraria lepida, Paradiacheopsis longipes,
Trichia munda). To study the species diversity of myxomycetes, classical methods were used: collection of spor-
ulation in the field and the method of moist chamber cultures. For each species, information is provided: a link
to a work in which this species was previously mentioned on the territory of the NP, the location, date of collec-
tion and the number of the herbarium specimen stored in the herbarium of the laboratory of mycology of the
V.E. Kuprevich Institute of Experimental Botany (MSK-F) or in the Mycological Herbarium of the Komarov
Botanical Institute (LE-F).

Keywords: biodiversity, myxomycetes, National Park “Narochansky”, Republic of Belarus, taxonomy, wet
chamber

MUKOJOTUA U PUTOTIATOJIOTUA  TomM 55 Ne 6 2021



MHUKOJIOTHA U ®PUTOIIATOJIOTHA, 2021, mom 55, Ne 6, c. 440—448

OU3NO0J0Irngd, pMOXuMmn4,

BUOTEXHOJIOTUA

YIIK 579.66

© 2021 r.

O IIPUCYTCTBUU INTIOTEHPACIIEILIAIONIEN AKTUBHOCTHU
Y IITAMMOB SODIOMYCES ALKALINUS 1 S. MAGADIENSIS

I'. A. Beasikopa-***** ] E. JlyHaeBCKMIA>******

! Buonoeuueckuii paxyssmem, Mockosckuii 2ocydapcmeennsiii yuueepcumem umenu M.B. JTomonocosa, 119234 Mockea, Poccus

2 HUH (usurxo-xumuneckoii Guosoeuu um. A.H. Beaosepckozo,
Mockoeckuii eocydapcmeennbiii ynusepcumem umenu M. B. Jlomonocosa, 119992 Mockea, Poccus

*e-mail: nikita9801@mail.ru
**e-mail: of birta@gmail.com
***e-mail: mbeloz@belozersky.msu.ru
**%*e-mail: kurakov57@mail.ru
***%%e-mail: adm-ado@yandex.ru
x#x*%%e-mail: dun@belozersky.msu.ru

IMoctynuna B pepakumio 25.04.2021 r.
IMocne mopa6otku 15.05.2021 1.
IMpunsra k nyoaukauuu 22.05.2021 1.

[MonyyeHue 6e3MTIOTEHOBBIX MPOAYKTOB, TaKXKe KaK BO3MOXKHOCTh UCITOJIb30BaHUS CITEIM(PUUIECKUX TPOTEO-
JIMTUIECKUX (PEPMEHTOB C TITIOTEHPACIISTIISIONIEH aKTMBHOCTBIO IIJIsI IIEPOPabHOM SH3UMOTEpAIiHy e Iva -
KWUM, TpeOyIoT crenududeckux ¢hepmeHToB. I[Tonck, naeHTUdUKALNS U IpeaBapuTeIbHas XapaKTepUCTUKa
TaKMX ITeNTUAa3 ObUTH IMTPOBENCHBI Y IBYX IITAMMOB aJTKaJIO(MWIBHBIX BUITOB MUKPOCKOITMYECKUX I'PHO0B Sodi-
omyces alkalinus n S. magadiensis. BriepBble MOKa3aHO, YTO y HUX, HAPsIAY €O crielu(pUIecKUMHU TTPOJIMHpAaC-
LIETUISIOIIMMY aKTUBHOCTAMU aunentuauinentuaassl (DPP4) u nponunamunonentunassl (PAP), nmpucyt-
CTBYET IMOCTIIyTAMUHPACHIETUISIIOIIAs aKTUBHOCTD, UTO MO3BOJIsAET 3 (DEKTUBHO TMAPOJIM30BaTh KaK O0raThie
MIPOJIMHOM,/TJIyTaMUHOM TIeNTUABI TIOTeHa, TakK U caM mmoteH. OmnpeneneHbl ontuMyM pH n pH-cTtabuib-
HOCTb MCCJICIOBAaHHBIX TMENTHUIA3 U TTOKAa3aHO, YTO BCE OXapaKTepu3oBaHHbIC (DEPMEHTHI, PaCILICILISIONIME
MIPOJIMH/TIIyTaMUH -COZIepKaIlle CBSI3U, OTHOCSTCS K TPYIITIe CEpUHOBBIX MENTHUIA3 U SIBIISTIOTCS] CTAOMIIbHBI-
MU (hepMeHTaMU B YMEPEHHO KUCJIbIX 1 IIEJOUHBIX YCJIOBUSIX. Hamnune Takoro poja akTMUBHOCTH YKa3bIBaeT
Ha TIePCIIeKTUBHOCTh UCITOJIb30BaHWSI 3THUX METITUAA3 IS IOJTyYeHUsT 6e3TTI0OTEHOBBIX ITPOIYKTOB U pa3paboT-
KU IUETHI MAllMEHTOB C HEMEPEHOCUMOCTBIO TIIOTEHA.

Knroueswie crosa: TJIIOTCH, NENITUAA3bI, IPOJIUHAMUWHOIICIITUAA3bI, ITPOJNHPACIICIUIAIOIINMU aKTUBHOCTD

H. A. Ankun’*, 10. C. ITokposckaa!**, M. A. Beno3epckuii>***, A. B. Kypakopl-****

DOI: 10.31857/50026364821060039

BBEJEHUWE

Bonee 50% moTpebisieMoro JTOALMM OelKa IpH-
XOJIUTCS Ha JOJII0 8 OCHOBHBIX 3J1aKOB: IMIIIEHUIIbI, Ky~
Kypy3bl, puca, sSIUMEHsI, OBca, COpPro, p>XKu U Ipoca
(Cordain, 1999). benok B 3epHOBKax 371aKOB JIOKaJIM -
30BaH NPEUMYIIECTBEHHO B 3HAOCIIEpME U Ha 75—
80% mpencraBieH TIIOTCHOM, WIW KIEHKOBUHOI.
ITox 3TUM TEpMUHOM TTOHUMAIOT COBOKYITHOCTh IJIH-
KO3UJIMPOBAHHbBIX OETKOB, 000TraleHHbIX aMUHOKUC-
JIOTHBIMU OCTaTKaMu MpoJjuHa U iyramuHa. Cpeau
KOMITOHEHTOB IJIIOT€HA BBIAEISIOT IBE TPYIIbI Oes-
KOB — IMPOJIaMUHBI U TIOTeMHbI. Kaxablit pox 31a-
KOB oOpasyeT crneuuduyeckre TpoJaMUHBI; Tak,
MPOJIAaMUHBI MIIIEHU1Ibl HA3bIBAIOT INIMAAMHAMU, TPO-
JIJAaMUHBI OBCa — aBEHWHAMU, B 3¢pHOBKAX SUMEHSI Ha-
KarjnBaloTCs TOPJAEUHbBI, a B 36pPHOBKaX PXKU — CeKa-
JuHbl (Shewry and Tatham 1990).
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BaxxHOI1 0COOEHHOCTHIO KOMIIOHEHTOB IIIOTEHA
SIBJISIETCSI BbIpaxkeHHas1 aJJIEPreHHOCTh HEKOTOPBIX
MPOAYKTOB WX HEIMOJHOIO THAPOJM3a. AJUuleprude-
CKH€ peaKkinu y JI0Aei ¢ HEIePEeHOCUMOCTBIO TIIOTE -
Ha TPOSIBJISIIOTCS KaK B (hopMe HapylLIeHUsT Ipoliec-
COB BCaChIBaHMSI ITUTATEJIbHBIX BEIIECTB U AedeKalluu,
TaK ¥ B (popMe MOBBIIIEHHOTO PHUCKA Pa3BUTHUS OCTEO-
nopo3a u T-KjeTouHbIX JuMdoM. JJaHHbIE CUMIITO-
MBI M COCTOSIHMSI OIMCHIBAIOTCSI 00OOIIEHHBIM I1a-
THO30M “IIeJIMakusi”’, Ha3bIBAEMBIM TAKXKe IJTFOTEHO-
BOIi sHTeponartueii, bose3Hrlo Tu—Ieiitepa-IeiibHepa
WIN TJIIOTEHYYBCTBUTENILHEIM cIIpy (Zhuchkov, Kot-
lyarov, 2017).

I[TockoabKy wHenmakuss SBISICTCI TE€HETUYECKU
OTOCPEIOBaHHBIM 3a00JieBaHUEM, KOMILIEKC Mep
MOMIEPXKH ITallMeHTOB B MEPBYIO Oo4epelb HarpaB-
JIeH Ha obGecrieueHre Oe3rmoTeHOBOM mueThl. MDop-
MUPOBaHUE MOMOOHOI IUETHI MOXKET MPOUCXOAUTH
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KaK ITyTeM IIOJIHOTO MCKIIIOUEeHMS U3 pPallMOHAa 3J1aKO-
BBIX IIPOAYKTOB, TaK M ITyTEM WX IpedBapUTEIbHOM
00paboTku. Bropoit mogxom mMeeT psia MpenMyIIeCTB
110 CPAaBHEHUIO C IIEPBBIM, T.K. CYILIECTBEHHO pacCIIu-
psieT pa3pelieHHBIN IJI ITallMeHTOB C LieJIMaKuei Ha-
0op oo,

JJ1s1 OUMCTKU 31aKOBBIX MPOAYKTOB OT aJlIepreH-
HBIX TJIIOTEHOBBHIX 3MUTOIIOB MOXHO MCIOJIb30BaTh
CeKpeTUupyeMble IIeNTUIA3bl OakTepuii U TPpUOOB.
Ha ceromusiimmauii neHb M3BECTHHI COTHU IITAMMOB-
MPOAYLIEHTOB Pa3INYHBIX CEKPETUPYEMBbIX ENITUAA3,
OIHAKO 0COOEHHOCTBIO IIIIOTEHA SIBJISIETCST crieluu-
YEeCKU aMUHOKUCIIOTHBIA COCTaB C BBICOKOM NoJjei
MpoJiMHa U miyTaMuHa. IlojsyyeHue 6e3mTI0TeHOBBIX
MIPOAYKTOB, TAK3Ke KaK BO3MOXHOCTb UCIIOJIb30BaHUS]
crreunryecKnx GEepMEHTOB C ITOJ00HBIMHU AKTUBHO-
CTSIMM JJIsI IEPOPAJIbHOM H3UMMOTEpAIIiM LeJIMaKun
TpeOyIOT (PepMEHTOB C pa3HLIMU CBOMCTBAMU. MHO-
rve TenTUIa3bl, TPUMEHSIOIIMECS B TPOMBIIIJICHHO-
CTU JJisl U3TOTOBJICHUSI MOIOIIMX CPEACTB WM ISt
OCBETJICHUSI COKOB, HE MOTYT OBITh MCIIOJIb30BaHEI B
KauecTBe MIIOTeHpacueruisitonmx areHToB. [lpose-
JIEHHBII aHAJIM3 MMEIONIINXCS TaHHBIX IT0Ka3aja, 4TO
HaunboJiee BEpOITHBIMM KaHAUAATAMU, CITOCOOHBIMHA
3(¢heKTUBHO paclIeisaTh DIIOTEH M ero OoraTbie
MIPOJIMHOM,/TJIyTaMUHOM (DparMeHThl, SIBJASIOTCS IPO-
JquHcneuuduuHele nentuaassl (ITCIT), paciuerisiio-
e CBSI3M, 00pa3oBaHHbIC IIPOJIMHOM, a TakKKe (ep-
MEHTBI, TUAPOJIN3YIOLINE CBI3U C y9aCTHUEM ITTyTaMU-
Ha. IICII xopomro u3y4yeHsl y 6akrepuii (Koiv, Tenson
2021) m xuBoTHBIX (Dunaevsky et al., 2020), Torma kak
y rpM0OOB TTOAABJISIONIAS YACTh MOJOOHBIX MCCIIEI0Ba~
HUit ObLIa cAeflaHa ¢ MPOJMJISHAOIENTUIa30i Asper-
gillus niger (Stepniak et al., 2006), A. oryzae (Eugster
et al., 2015) u Flammulina velutipes (Schulz et al., 2018).
Yro Kacaercss GepMEHTOB C ITOCTIIyTaMUHPACIIEILISI -
JOIIEe aKTUBHOCTBIO, TO TTOKA TOJILKO Y OaKTepHil Haii-
JeHbI CyOoTmIn3nH-nogooHbIe nentruaassl (CIIIT), 06-
JIajalone Takoil aktuBHocThio (Wei et al., 2016;
Darwish et al., 2019). MHuTepecHbIMU 1151 TIOMCKA HO-
BBIX CEKPETHPYEMbIX MHENTHAA3, IPUYEM HE TOJILKO
IIEI0YECYCTOMYNBBIX, SIBISIOTCS TPUOBI IIEIOYHBIX
MecToobuTaHuii. HegaBHO mosydeHbl CBEIEHUSI, YTO
ankanobunbHbIl BUA Sodiomyces alkalinus (Plectos-
phaerellaceae), obutaromuii B TpyHTax IIEJOYHBIX
03ep, YCBAaUBaIOT MPEUMYIIECTBEHHO OCJIKOBbIE CyO-
CTpaThl, B TOM YMCJIe U TPYIHO TUIPOJIU3YEMbIE, B TO
BpeMsl KaK XUTHUHA3bl U IIEKTUHA3bI Y HEr0 0Ka3aJIuCh
yrpadyeHbl (Grum-Grzhimaylo et al., 2018).

Llensio HacTosIIeit paGOTHI OGBUT TOUCK, UICHTH-
duxanms n mpenBapuTeNbHAas XapaKTepUCTUKA TIETT-
THIIA3 C TIIOTeH-PaCIISTUISTIONIEH aKTMBHOCTBIO Y aJl-
KaJIODMJIbHBIX MUKPOMULIETOB S. alkalinus v S. maga-
diensis.
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ITammel. UccnenoBanu mrammel S. alkalinus F11
u S. magadiensis B39 13 xonnekuuu Kadeapbl MUKO-
Joruu u anbrogoru MI'Y.

buonndopmaTuyeckoe cpaBHeHHE AMHHOKHCJIOT-
Hbix nociaenosatenbHocteii IICII u CIIII S. alkalinus
F11 ¢ romoioraMi B reHOMaXx JAPYruX BbICHIMX IPUOOB.
B cekBeHMpOBaHHBIX TeHOMaX, BKJItouasi reHoM S. al-
kalinus, n3 6a3p1 ;aHHBEIX NCBI, BKTIOUatommx mmpes-
cTaBUTENIE BCeX 6 IMONOTAENOB BBHICIIMX T'PUOOB, a
TakXe TpeacTaBuUTeNel pas3audHbIx MopdoJioruue-
CKMX Tpyni (ApOoXxkKu, MULIETUATIbHbIE TPUOBI, TXe-
HU3UPOBAHHbIE TpPUOBI) UM IKOJOTO-TPOGUIECKUX
rpyIiI (TyMycCOBbI€ CallpOTPOdHI, KCHIOTPOMdHI, hrTO-
MaToreHbl, 9HTOMOMNATOIeHbI ), TPOBENEH MOUCK TOMO-
JioroB uzBecTHBIX ITCIT u CITIT mo aMMHOKUCIOTHBIM
MocJiefoBaTeIbHOCTSM TPy MOoMoIIU cepBuca Protein
Blast (https://blast.ncbi.nlm.nih.gov/Blast.cgi). B ka-
YecTBe Mopora oTceueHus ObUIM NpuHsTH E-value 1 X
x 10—20 u mokpeitue 75%. JIasi Kaxmoro romoJjora
ObUIM paccuuTaHbl CleIyIOLIME MapaMeTpbl: MOJIEKY-
JIIpHAas1 Macca, YMCII0 aMMHOKMCIIOT U U303JICKTpUYe-
CKasl ToYKa Mpy MOMOILIY OHJIaliH-pecypca Isoelectric
point calculator (http://isoelectric.org/calculate.php);
HaJIn4ue, pa3Mep U MoJI0XKEeHUE CUTHABHOTO TTeTNTUAA
1 TpaHCMeMOpaHHOTro noMeHa (cepBuchl SignalP-5.0
u TMHMM Server v. 2.0, http://www.cbs.dtu.dk/ser-
vices/). Ilocie 3TOr0 aMUHOKHWCIIOTHBIE IOCIENOBa-
TEIbHOCTU OOHaApy>XEeHHBIX TOMOJIOTOB TEeNTHUAA3
ObIM BBIpaBHEHBI Iipu ToMoriu cepBuca Cobalt
(https://www.ncbi.nlm.nih.gov/tools/cobalt/cobalt.cgi).
B cepBuce Batch (https://www.ncbi.nlm.nih.gov/Struc-
ture/bwrpsb/bwrpsb.cgi) ObLT IIpoBeaEH IMTOMCK KOHCEP-
BaTUBHBIX JOMEHOB U3y4aeMbIX TOMOJIOTOB MENTUIA3.
B ciydae oGHapykeHUs MocienoBaTeIbHOCTEN, UMe-
IOIIMX BBICOKYIO TOMOJIOTHIO K HECKOJIbKUM aHHOTHU-
poBaHHBIM OeJikaM, ObLT ncronb3oBaH cepBuc EFI-EST
(https://efi.igb.illinois.edu/efi-est/), ocyiecTBIsIO-
LUK KJIacTepHbI aHaJiM3 Ha OCHOBE MOIMapHOTO
CpaBHEHUSI BCeX IMOC/eNoBaTeIbHOCTEl 0e3 IpeaBa-
PUTEIBHOTO BhIpABHUBAHMSI.

IIuTaTenbHbie cpebl M YCJIOBUS KYJIbTHBHPOBAHMS.
[lemounas ¢pepmenTauronHast cpena (LIDC), pH 10.3,
BKJIIOYajla MHUHEPAJbHBIA KOMIIOHEHT IIEJIOYHOTIO
maneT-arapa (IIIA) v Tpu MoaudUKauMyu MUTATETb-
Horo KomrioHeHTa IIIA myisi M3roToBNEHUS XUIKUX
cpell, OTIMYAIOIINXCS UCTOYHUKOM Oenka (200 M1 co-
JnomoBoro 3kcTpakTa (15° mo mikane bamnunra), 10.0 T
kazeuHa unu 10.0 r nentoHa). O6pasiibl KyJAbTyp Xpa-
Hum Ha ckoieHHoM A nipu temniepatype 4°C. s
paboThl arapu3oBaHHbIE OJIOKM C TOBEPXHOCTHBIM
MUIIEJMEM CO CKOILLIEHHOTO arapa rnepeceBajiu B KOJI-
OBI DprreHMeliepa oobemMoM 150 M, cogepzkamntie 50 Mt
xuakoit IHAPC. Konabel moMeliaay Ha OopoUTaIbHYIO
Kavayiky npu 25°C, cKOpoCTh BpallleHUsl COCTaBJisiia
250 00./MuH.

IToayyenue puwibTpaTa KyIbTYPATbHON XKUAKOCTH U
onpeneeHne cyxoii maccel muneansa. I[locie nHKyOa-
MM Ha OpOMTaJIbHOM Kadajke MULESIUIN OTIOC/ISLIN
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IBOITHON (OMJIbTpaliMell yepe3 MpeaBapuUTeIbHO B3BE-
IIEeHHYI0O (PUIBTPOBAJIBHYIO OyMary, mocje 4ero OT-
¢duIbTpOoBaHHAsA XUIKOCTb OYHUIIAJIAch MOBTOPHO
npu oMoy ueHTpudyruposanus (6000 06./MuH,
10 muH). /I mpenoTBpalieHuss pa3BUTUS KOHTaMU-
HAHTOB B MOJIyYeHHBII (QUIbTpaT moGaBisin 8%-it
asun HaTpus (2.5 Mxir/Mit NaN,). OmibTpaThl XpaHU-
Jm npu 4°C. @uiabTpOBaJIbHYIO OyMary ¢ MULEIUEM
MOMeIaIM B CYIIMJbHBIN 1Kad, TOBOAUINA A0 MO-
CTOSHHOTO Beca npu 60°C, mocJie 4ero B3BEIINBaIN U
PACCUUTBHIBAIN CYXylO Maccy MMIIENUS BblYUTAHUEM
WCXOMTHOM MaccChl OymMaru.

W3mepeHne aKTUBHOCTH CEPUHOBBIX mentuaas. /s
W3MEPEeHMsT aKTUBHOCTU MENTUAA3 B TECTUPYEMOM
¢unbTpaTe MCIOJIbH30BaJIM METOI CIIEKTPO(OTOMET-
puu. B nyHKYy 96-IYHOUYHOrO TIOJIUCTUPOJOBOIO
IUIaHIIeTa A1 UMMYHO(MEPMEHTHOIO aHaIu3a IIoMe-
manu 175 Mk yHuBepcaiabHoro oydepa (Yb) ¢ 3agaH-
BeIM pH, 3atem moGamimsimm 20 MK MCCIIEAyeMOTO
duIbTpaTa U 5 MKJI XpOMOTEHHOTO CyOCcTpaTa, Hecy-
IIETO MT-HUTPOAHWINIHYIO METKY (A = 405 um). O6-
i 00beM peaKIIMOHHOI CMeCH B KaXKIOI JIYHKeE
mnaHmrera coctasisr 200 MK, B KOHTpOJILHBIX JIYH-
KaX KyJbTypaJbHYIO XUJIKOCTh 3aMeHsUIM Ha 20 MKJI
VB. [ImaHmeTs ¢ peakKIIMOHHOM cMeChIo MHKYOUPO-
Basiu B cnekTpodoroMerpe ELx800 ripu 37°C o1 45 no
120 MMH B pexkMMe KMHETUYECKOI'O aHaJIN3a OIITUYe-
ckoii tutotHoctr (A = 405 HM); U3MepEeHUE ONTUYE-
CKOI TIJIOTHOCTM PEaKLMOHHOI CMeCHU MNPOBOIWIU
kaxapie 10 MuHyT. B pabote co criekTpodoToMeTpoM
M CTIOBE30BAIM IIporpaMMHoe obecrieueHre GenS Biolek,
MoJIydeHHbBIE JaHHBIe OBIJIM 00pabOTaHBI B IIpOTrpaM-
me MO 365.

by ncnonb3oBaH psif crieinUIeCKIX XPOMOTESH-
HBIX cyOcTparoB, Ha C-KOHIIE KOTOPBIX pacIiojioXXeHa
M-HUTPOAHWIMIHAs MeTKa, a uMeHHO: Ala-Pro-pNa,
Pro-pNa u Glp-Phe-GIn-pNA B KOHIEHTpaluu
10 MM, a Takke ayoporeHHble cybcTtpatbl Abz-
LPYPQPQLPQ-EDDnp u Abz-QPQQPFPQ-EDDnp
B KOoHIIeHTpaunu 2 MM. Bce nepeunciaeHHbIe cyocTpa-
ThI OBUIM PaCTBOPEHBI B tuMeTuiadopMamune. Mamepe-
HYI€ MHTEHCUBHOCTHU (PIyopeCcLeHIUN IIPOBOIMIIN IIpU
MoMOIIM (hIyopruMeTpa Ha YEePHBIX IOJIMCTAPOJIOBBIX
roradierax (A = 340 am, A2 = 400 HM); B OIIBITE UC-
MOJIb30BaI aHAJIOTUYHBIM OOBEMHBIII COCTaB peaK-
OMOHHOI cMecHu. 3a enMHUIY (PepMEHTAaTUBHOM aK-
TUBHOCTHU (€[.) IPUHUMAJIU TaKoe KOJIUYECTBO (ep-
MEHTa B pacueTe Ha 1 MI CyXoii MacChl MUIIEIINS,
KOTOpO€ IpM TUIPOJM3Ee CyOCTpaTa B YKa3aHHBIX
YCJIOBUSIX MHKYOAIIMM BBI3BIBAJIO 3a 1 yac yBeJandeHue
ONTUYECKOI INTOTHOCTH pacTtBopa Impu 405 aM Ha 0.01.

Onpenenenne ontumyma pH akTMBHOCTH menTHAA3.
B IIyHKY MNOJIMCTUPOJIOBOIrO IIIAHIIETAa BHOCWIIHA
20 MKJI pacTBOpa, CoAepKallero UCCleayeMylo IIell-
Traasy, 175 MxJ1 yauBepcaiibHoro oydepa (Yb) (Britton,
Robinson, 1931) momoOGpaHHOII KHMCJIOTHOCTU IJIst
npunanusa Heooxomumoro pH (pH 2.0—11.0) u 5 Mt
XpOMOTeHHOro cyoctparta. ITogydyeHHyI0 peaKIIMOH-
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HYIO CMECh U3MEPSUIM Ha CIEKTPO(GOTOMETPE 10 OITH -
CaHHOI BbILIE MpOLIEaype.

Onpenenenne pH-craduipsHoCTH NenTUaa3. B nyH-
Ky MOOJHMCTUPOJIOBOTO IUIaHIIeTa BHoOCWIM 20 MKII
pacTBopa, coaepxKalllero UccaeayeMyo MenTuaasy u
3agadHHbIi 00beM 0.01 M Yb nmogobpaHHoO KMUCITOT-
HOCTM IJisi mpugaHusi Heooxonumoro pH (pH 2.0—
13.0). ITosrydeHHBIN pacTBOp MHKYOHMpoBain 60 Mu-
HYT IIPU IIOCTOSIHHOM IIepeMellIMBaHUM Ha KadajlKe
(300 06./MuHn), nocie yero BHocwiau 0.1 M Vb ¢ no-
nobpaHHbIM pH 1o o6bema 195 mu u nosyyeHust pH
UHKybOalmoHHoit cmecu 7.5 (ontumyMm pH paGoThl
MEeNTHUAA3 U3 IIPEIbIIYIIero SKCIepUMEHTA), IIepeMe-
IIMBaJIU, 100aBJISIJIU 5 MKJI XpOMOT€HHOTIO cyocTpaTa
W IIPOBOIMJIM KMHETUIECKUIT aHAIN3 (pepMEeHTaTUB-
HOI peaKIIMU Ha CIIEKTPO(POTOMETPE.

W3yyenue BIMSAHUS HMHIMOUTOPOB HA AKTHBHOCTH
nentuaa3. beuiy Mcronb30BaHbl crieMpUUecKUe NH-
TMOUTOPHI MENTUAA3 Pa3IUYHBbIX KJIAacCOB W TPYII,
Kak-To: (peHmnmeruiacyibponun dropun (PMSF),
OATA-Na2, iiogauertamun, Ala-Pro-N-metun-2-
nuppoauaoH (AP-NMP), Ala-D-Pro-N-metundop-
mamuz (AP-MF), Ala-D-Pro-nunekoioBasi KUcjiaoTa
(AP-Pip), BWImarmMnTAH, CUTAIJIMOTUH, TUIIPOTUH
A, nunipotuH B. B onHY 1yHKY IUIaHIIIETa BHAYajIe Mo-
memtanu 20 MK ucciaeayemoro guiabrpara, 170 MK
¥Yb (pH 7.5) 1 5 MKJI CTOKOBOI'O pacTBOpa MHIMOUTO-
pa (DATA-Na,, itonaueramun — 1072 M, Bce ocralib-
Hele 103 M). Iloay4eHHYI0O CMECh MHKYOMPOBAIU
Py KOMHATHOM TeMIiepatype B TedeHue 20 MUH, Mo~
cJle 4ero BHOCWJIM 5 MKJI XpPOMOT€HHOTO cybcTparta u
MMPOBOAUIN KUHETUYECKU I aHaIU3 (hepMEeHTATUBHOI
peakiuu.

Onpenenende akKTUBHOCTH MENTHIA3 B OTHOIIEHUU
rmmaaMHa. 1 MT mmmagrHa pactBopsui B 1 M1 70%-1o
3TaHOJA, 3aTeM no0aBisau K pactBopy 500 mxn Vb ¢
pH 8.0 u 50 Mka KynbTypalbHOM XUAKOCTU. B KOH-
TPOJILHOM OTIBITE K MCXOIHOMY PacTBOpY IIMaauHa
no6asisu 480 Mmxnn ¥Yb, 20 Mmxit 1 MM PMSF 1 50 Mmxn
KynbTypalibHOM xXunkocTtu. [Tocne neHTpudyrupona-
Hus 10 MKJT peakilMOHHON cMecu OTOMpav B HyJie-
BOI1 MOMEHT BpeMEHH ¥ TPOBOAUIN HUHTUAPUHOBYIO
peakliivio, OCTAJIbHYIO 4YacThb PECyCIIeHAMPOBAIU U
nHKyOoupoBaiu npu 23°C B TeueHue 12 4 Ha 1ieiikepe.
IMocne nHkybGanMy peakilMOHHYIO CMECh BHOBb 1I€H-
Tpudyruponanu, orobupaiu 10 MKI peaKUIMOHHON
CMecHu M TIOBTOpPsUIM usMepeHue. s onpeneneHus
KOHIIEHTpAllMd CBOOOMHBIX aMUHOKMCIIOT U MEINTH-
IoB K 10 MKJT peakiimoHHOM cMecu mo0asistia 190 Mkt
0.1%-ro p-pa HUHTUAPUHA B 3TaHOJIE, TTOCJIC YeTO WH-
KyOupoBaiu B T€YEHHE ToJiyyaca MpU TeMmIieparype
80°C. N3zmepeHne oNTUIECKOI INIOTHOCTH IIPOBOAYI-
JIX Ha CIIeKTpodOTOMETPE MPU A = 545 HM.

Bce skcriepyMeHTHl OBLIM MIPOBEACHBI B 3-KpaT-
HOI MOBTOpHOCTU. PaccumTaHbl cpeqHue 3HAYCHUS
AKTUBHOCTMU IICIITUIA3 N CTaHJAPTHBIEC OTKIIOHCHMUS.
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PE3YJIBTATbBI U OBCYXIEHHUE

AHanm3 aHHOTUpOBaHHOTo reHoMa S. alkalinus
F11 ykaspiBaeT Ha mpucytcTBue 10 roMOJIOTOB cepu-
HOBBIX npoiuHcnenuduynbix nentumaz (IICII) u
cyormnm3nH-nmogooHbIx nentuaas (CIIIT). Cpenu 06-
Hapy>KeHHBIX TOMOJIOTOB OBE IIOC/IEHOBATEILHOCTU
MIpUHAIJIEXAaT K rpyIme aurentuauinentuga3 (DPP4)
(tabn. 1). IlepBas nocnenosarenbHoCcTh (ROT37187.1)
COOTBETCTBYET O€JIKY JIMHOI 947 aMUHOKHUCIIOT, CO-
JIepxaleMy TpaHCMeMOpaHHEBIN y9acTOK; BTopasl I1o-
cinenoBatenbHocTh (ROT38925.1) nuiieHa TpaHC-
MEMOpPaHHOTO y4acTKa, HO COACPKMUT KIaCCUYeCKUA
CUTHaJIbHBIM NenTu. pl 3TUX mocnegoBaTeIbHOCTEM
cocraBigioT 4.80 1 4.66; MOJEKYJISIpHBIE MAacChl —
106.0 u 87.5 x/la. O6a romojora coiepKar B CBOEM
cocraBe KoHcepBatuBHbIA nomMeH DPP_IV Ha N-
KoHIle u nomeH Peptidase S9 ¢ nenTtumazHoit aKTUB-
HocThio Ha C-koHIle. B 00oux ciyyasx mocieaoBa-
TEJILHOCTH COAep>KaT KOHCEpPBAaTUBHYIO TpUAdy aMU-
HOKMCJIOT, HEOOXOAUMYIO JIJISI KaTajau3a.

Oo6HapyxeHHBIN v S. alkalinus F11 omuH romoior
npoanHamuHorientuaasel (PAP) (XP_028465097.1)
IJIMHOM 388 aMMHOKMCIOTHBIX OCTaTKOB COIEPXKUT
IIOMEH cyllepceMeiicTBa anbga/0era-Tuapoiia3 u Ju-
IIEH CUTHAJILHOTO MeNnThAa W TpaHCMEeMOpaHHOTIO
yagactka. pl PAP cocraBmser 4.60, MolleKyIsipHast
macca — 39.2 x/la.

T'omornor npomueHaonentunassl (PEP) (ROT41790.1)
cocTouT 13 399 aMMHOKUCIIOTHBIX OCTaTKOB C MOJIE-
KynsipHoii Maccoii 44.8 xJla. Kak u gpyrue roMojoru
KUCJION 3HIONEeNTUna3bl Aspergillus niger, y 1TaHHOTO
depmenTa pl B kucioit obiaactu (pH 4.6). INocneno-
BatesibHOCTh PEP cocTtouT 13 eqyHCTBEHHOTO JOMe-
Ha cymepceMeiicTBa anbga/0era-Tuapoiia3 u He CO-
JIEP>KUT CUTHAJILHOTO TIENTHIAa M TPAHCMEeMOpPaHHOTO
yyacTka. KoHcepBaTMBHasi Tpuaga aMWHOKMCIIOT
MpeacTaBlIicHa B IOJIHOM OObeMe.

B renome Sodiomyces alkalinus F11 oOHapyXeH Tak-
ke uenbiit psa romosioroB CIII. Cpeny HUX MOXHO
BBIIETIUTH 3 ToMoJtora rpotenHassl K (XP_028467389.1,
XP_028465997.1 u XP_028468757.1), KoTOphBIE COmED-
KaT N-KOHIIEBOW CUTHAJIbHBIN MENTUI U HE COAep-
KaT TpaHCMeMOpaHHOro nomeHa. MoleKyaspHas
Macca BapbupyeT ot 41.7 1o 56.1 klla, pl — ot 5.04 no
6.5. JlaHHBIE TOCJIEIOBATEILHOCTH COIepXKaT IBa
KOHCEPBAaTUBHBIX ToMeHa: N-KOH1I€BOI MHTUOUPYIO-
muit nomeH Inhibitor 19 u karanutudeckuii momMeH
Peptidases S8 PCSK9. Ilopsimok KoHcepBaTMBHBIX
aMHUHOKMCJIOTHBIX OCTaTKOB COOTBETCTBYET TAKOBOMY
y apyrux CIITI. OgHa aMMHOKUCIOTHAs MocenoBa-
TeJIbHOCTD S. alkalinus F11 cooTBETCTBYEeT CyOTWIN-
suHy (XP_028463943.1). JlanHas TIocienoBaTelIb-
HOCTb cOAEPKUT 476 aMUHOKUCIOTHBIX OCTATKOB U
nMeeT MOJIeKyIsIpHyo Maccy 53.2 k/la. 3oamexTpu-
yeckas ToukKa JaHHOTo Oejika, COIIaCHO pacyeTam,
cocraBisieT 5.64. JloMeHHast CTpyKTypa CyOTHIM3NHA
COBITamaeT ¢ TakoBoil y mporeuHasbl K. I[Mocnenoa-
tebHOCTE XP_028470351.1 sIBISI€TCS TOMOJIOTOM N -
pos3uHa u3 rpyrinsl CIIII. JlaHHBIM GeJloK, cornac-
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HO pacyeTaM, COCTOUT U3 908 aMUHOKUCIIOT U UMEET
MOJIEKYJISIpHYIO Maccy 97.6 kJla. M3osnekTpuueckast
TOYKa NMUpoJu3uHa coctapisiet 4.72. B coctaBe maH-
HOI IMocjienoBaTeIbHOCTH BblaelisieTcsl 4 KOHcepBa-
TUBHBIX JOMeHa: N-KOHIEBOM WHTMOWTOPHEBIN HO-
MeH Inhibitor 19, KpynHBI KaTaTUTUYECKU TOMEH
Peptidases S8 5, pacrioyioxXeHHBI BHYTPY HETO CIIe-
nududeckuit ajasa rpuoos nomeH PA PoS1 like u
C-KoHLEeBOM JOMeH U3 cyrnepceMmeiicta fn3_ 6. Ha-
JIMYMe B COCTaBe IOCJIe0BaTEeIbHOCTU MUPOJIU3UHA
CUTHAJIBHOTO TIENITUIA MOXET CBUIIETEIbCTBOBATH O
cekpelmu gjaHHoro epMeHTa. M, HaKoHell, B reHOMe
S. alkalinus F11 cpenu SLP oOHapykeH Oa1H TOMOJIOT
kekcuHa (XP_028467150.1). B cocraBe nanHoro ¢ep-
MeHTa 866 aMHMHOKHCIIOT, U3 KOTOPBIX 18 mpuxogutcst
Ha CUTHAJIbHBIN NEeNTu, a ¢ 726 no 748 ocraTtku obpa-
3yI0OT TpaHCMEMOpaHHBINM ydJacToK. PaccumranHas
M303JIeKTpUYECKasi TOYKa JAHHOTO KEKCHMHA COCTaB-
qsteT 5.02. benok uMmeeT AByXOOMEHHYIO CTPYKTYpPY U
CcoCTOUT U3 N-KOHIIEBOTO KAaTaIUTUYECKOTO TOMEHa
Peptidases S8 kexins u C-koHuLeBoro gomeHa P_pro-
protein, xapakTepHOro IJjisi MPONMPOTEUHOBBIX KOH-
BEpTAa3.

IlpucyrcTBue in vivo MpoJUHpACLISIUISIONEH U
MOCTIIIYTAMUHTUIPOIN3YIONIEil aKTUBHOCTEH B KYJIb-
TypanbHOll xxunkoctu S. alkalinus F11 u S. maga-
diensis B39 Obl10 MOATBEP:KIEHO HCIOJb30BAHUEM
crielnUIeCKUX IIPOJIUH,/TIIyTaMUHCOIEPKAIINX Cy0-
ctparoB (Tab:a. 2). Hanuuue y aTuX rpub0B aKTUBHO-
CTU B OTHollleHuu cyoctpata Pro-pNA cBuaeresb-
CTBYET O IIPUCYTCTBUU B KYJIbTYPAJIbHOM XUIKOCTU
PAP, Ala-Pro-pNA sBisercsa crienudruIecKuMm cyO-
ctpatoMm misg DPP4, a cy6erpar Glp-Phe-Gln-pNA
IETEKTUPYIOT HaJIMYWe B KYJIbTYpaJabHOI XMIKOCTU
MOCTIIIyTaMHUH-PACIICIUISTIONISH aKTUBHOCTH.

ITon6op onTUMAaIbLHO IMUTATENBHOM CPeabl C TOU-
KM 3pEHUS CEKPELIMM CEPUHOBBIX ITEINITUAA3 IoKa3all,
yrto cekpenust DPP4 HabmonaeTcss Ha Bcex BapraHTax
HIDC, npuyem HaubobllIasg aKTUBHOCTb (pepMeHTa
00HapyXMBaeTCs B IPUCYTCTBUM ITEIITOHA WA Ka3e-
MHa B Ka4eCcTBe MCTOYHMKA a30Ta 1 yriiepona. Ha cpe-
JIe C CyCJIOM aKTUBHOCTB ceKpeTupyeMoii DPP4 6n11a
OoJiee yeM B 2—3 paza Huxke (puc. 1). B naibHeiem
B KadecTBe OCHOBHOI cpeibl ObLla MCIIOJIb30BaHA
cpena HIDC ¢ nobaBieHEM NENTOHA.

MN3ydyeHne 3aBUCUMOCTU BEIUYMHBI CEKPETUPYE-
MO aKTUBHOCTHU OT CpOKa KyJIbTUBUPOBAHUSI BbISIBU-
JIO TUMWYHYIO JIOTUCTUYECKYIO KPUBYIO AWUHAMUKU
pocrta cyxoii macchl. Jlar-casza y S. alkalinus F11 nnu-
Jlach 4 THSI C MOMEHTa UHOKYJISILIMU; Ha 5—18 cyTku
HaOmonasicsi HauboJiee aKTUBHBIA POCT MULENUS,
MOCJIe YEero KpuBasi pocTa CyXxoi MacChl MULIEJIUS Ha-
YMHaJia BBIXOJAWUTH Ha T1aTo. B Havaje pocra Ha XKW/ -
KO cpelie CepuHOBbIE MENTHIa3bl IKCIIPECCUPOBa-
JIUCh B HE3HAYUTEJIbHOM KOJIMYECTBE, HAaMOOJIbIINMI
ypOBeHb cekpeluu Ientunaassl DPP4 ocyiectsisi-
csl Ha 14-e cyTKU KyJIbTUBMPOBAHUS MPU MEPEXo/ie U3
¢aszbl 3KCHOHEHIIUAJIbHOTO pOCTa B CTallMOHAPHYIO
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Ta6mmma 2. depMeHTaTUBHASI aKTUBHOCTD Sodiomyces maga-
diensis B39 v S. alkalinus F11 (B enuHW11aX aKTUBHOCTHU)

Llranvb fcyGeTparsl S. magc;c;iensis S. alll:c;zllinus
Pro-pNA 192 157
Ala-Pro-pNA 665 637
Glp-FQ-pNA 452 393
Abz-QPQQPFPQ-EDDnp 169 136
Abz-LPYPQPQLPQ-EDDnp 204 173

dazy. Hanee yneapHast akTuBHOCTh DPP4 B KynbTy-
pabHO KUIKOCTU MEIJICHHO CHIXKAJACh.

DPP4 u PAP S. alkalinus F11 u S. magadiensis B39
TIPOSTBIIIIOT HAaNOOIBITYIO aKTUBHOCTH B o0tacty pH 8
(puc. 2, a, 6). IIpu pH 5 DPP4 tepsier 60mbiie 90%
aKTUBHOCTH, 3ato nipu pH 9 coxpanser 70% oT Mak-
CUMaJILHOM akTUBHOCTH, a ipu pH 10—40%. OGHapy-
KEHHBIN CJIabOoIIeI09YHON onTUMYM aeiictBuss DPP4
comracyercs ¢ JAaHHBIMH, ITOJTy4eHHBIMU Ha TOMOJIO-
TMYHBIX Oejikax npyrux rpuoos (Doumas et al., 1998;
Cooper, Woods, 2009). AxtuBHocTb PAP MeHee
ycToiunBa K nsMeHeHusiM pH: tak, ipu pH 6.0 co-
xpaHsieTcss 23% MaKCUMaJIbHOM aKTUBHOCTH, a TP
pH 9.0 — mo 40%. INpu pH 5.0 aktuBHOCTE PAP TIpak-
TUYECKU He ompenessiercs (puc. 2, 6). IlomyyeHHbIe
3HaueHus1 ctaBiaT romonoru PAP S. alkalinus F11 B
onuH psin ¢ u3BectHeIMU PAP Aspergillus niger n Ta-
laromyces emersonii, oNTUMAaJIbHBIM yYCJIIOBUEM paObOTHI
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S. magadiensis B39 S. alkalinus F11

Puc. 1. AktuBHocts DPP4 B Ky/nbTypaabHOI XKMIKOCTH
wrammoB Sodiomyces alkalinus F11 u S. magadiensis B39,
pacTylImx Ha pas3IW4YHbIX cpenax (OTpe3KaMu Ha PUCYH-
Kax 00O3HauyeHbl TPaHULIBI TOBEPUTEIBHOTO WHTEpBaja
cpenHeit apudmerndeckoit aktuBHOCTH DPP4 Ha 95%-M
YPOBHE 3HAYUMOCTH).
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KOTOpBIX sBisieTcss obmacts pH 7.0—7.5 (Basten,
Moyers, 2005; Mahon et al., 2009).

IMoctrmyramunpacieruistiomnias (PGC, postgluta-
mine-cleaving) akKTMBHOCTb TakKXe JOCTWUTaeT Hau-
oompiireit BenmuuHbl ipy pH 8 (puc. 2, B). B otmmune
ot DPP4 u PAP, 3Ta akTHBHOCTb COXpaHSIET CIIOCO0-
HOCTh K TUAPOJU3Y CyOCTpaTa B CHJIbHOIIEIOYHBIX
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Puc. 2. 3aBucumocts aktuBHocteit DPP4 (a), PAP (6) u
PGC (B) y mrrtammoB Sodiomyces alkalinus F11 u S. maga-
diensis B39 ot pH.
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ycaoBusix, coxpansist ipu pH 11 no 45% akTuBHOCTH,
HeOoJIbllIasi aKTUBHOCTb JE€TEKTUPYETCS TakxKe Tpu
pH 4. Ontumym pH unccnenoBanHoit PGC 61130K K
TakoBoMy y Fusarium equisetii (Juntunen et al., 2015).

pH cTabuibHOCTh UcclieayeMbIX TTeTTUIAa3 3aMeT-
Ho mupe ux pH ontumyma. DPP4 coxpaHsoT oTHO-
CUTEIBHO BBICOKYIO CTaOWJIbHOCTb B CUJIbHOIIIEIOY -
HBIX YCJIOBUSIX U B KUC/BIX yciaoBusix 1o pH 4.0. 3Ha-
yuTejlbHasd wuHaKTuBauuyu DPP4 mnpoumcxomutr B
obnactu pH 3 (cBbeie 90%) (puc. 3, a). @epMeHTHI
Sodiomyces magadiensis B39 n S. alkalinus F11 nipu
nHKy6anuu rpu pH 12 coxpansnu oo 85% ot Makcu-
MaJIbHOM aKTUBHOCTH M 10 30% aKTUBHOCTHU ITOCTE
yacoBoro BoszaeiicTus npu pH 13.

PAP u3y4eHHBIX IITAMMOB MOABEP>KEHBI OOIbIICH
WHAKTUBaMKU B objact pH 4—6 10 cpaBHEHUIO ¢
DPP4. OgHako oHM TaK:Ke YCTOYMBHI, Kak 1 DPP4,
npu nHKyoaiuu B cpene ¢ pH 13 (puc. 3, 0). [Tono6-
HbIE€ 3aKOHOMEPHOCTU HaboaaoTcs 1 B cnydyae PGC
nentuaa3. B To xke BpeMs 3TH MeNTUAA3bI SBISIOTCS
Hamboyiee KHMCJIOTOYCTOMYMBBIMU U3 U3YYEHHBIX
¢depMeHTOB, TPAKTUUECKU COXPAHSIIOT UCXOIHYIO aK-
TUBHOCTbL B auama3zoHe pH 5—12 u okono 60% mnpu
nnkyoauu npu pH 4 u oxkono 20% — npu pH 3
(puc. 3, B). Takum oO6pa3oM, ceKpeTUpyeMble CIICIIU -
duyeckre nenTuaa3bl M3YYEeHHBIX IITAMMOB COJIa-
PMOMUIIETOB HECKOJIBKO Pa3jIM4YarTCs MEXIY COOOI,
HO JE€MOHCTPUPYIOT CXOAHbIC MPOMGUIN ONTUMYMOB
pH u pH-ycroiiyuBocTu.

Omnpenenenue 3PGEKTUBHOCTU TOAABICHUS aK-
TUBHOCTHU U3y4YaeMBIX (pepMEHTOB Pa3IUYHBIMU CIIC-
InpUISCKNMI MHTUOMTOpPAMM IOKAa3ajlo, YTO Hau-
OoJiblliee MHTUOMpYIolee BaussHue Ha DPP4 oka3biBa-
ot PMSF, cnenuduyecknii ”HIMOUTOP CEPUHOBBIX
nenTuaas, a Takke BWINAIIMIOTAH U AUIIPOTUH A,
IIMPOKO MCHOJIb3yeMble 111 UHTuoupoBaHust DPP4,
B npucyrctBuu 5 Mk 1MM BWIDAIMOITUHA U AUIPO-
tHa A akTuBHOCTH DPP4 cHIM>Kanmach 10 aKTUBHOCTU
3—7% ot koHTpoas. [lenTtroasa yMepeHHO MHTHOU-
poBajach AUIIPOTUHOM B (aKTMBHOCTBH cocTaBIIsLIa
50% oT ucxomHoM); cnaboe MHrMOUpYyIollee neiicTBre
Ha DPP4 Takske oka3bIBaj CUTAIJIMOTUH (OCTaTOYHAS
akTuBHOCTb 90%). Monoaneramun, DJITA, AP-MF,
AP-NMP u AP-Pip npakTidecKk He BIUSIIIA Ha aKTHB-
Hoctb DPP4 (ocraTtouHas aktuBHOCTb — 98—100%).

AHanm3 BIUSTHUS CcHelIM(UIEeCKNX WHTMONTOPOB
Ha akTuBHOCTH PAP moka3saj, yro Hanbosee apdek-
TUBHO HAaHHBIII (QepMeHT uHruouponaiacs PMSF
(octarouHass akTUBHOCTb 10%); KOHKYpEHTHBIC WH-
ruoutopsl PSP (AP-MF, AP-NMP u AP-Pip) Takxke
BbI3bIBAIM HEKOTOPOE CHIXXEHME akTUBHOcTU PAP
(ocTaTouHast aKTUBHOCTh — 85—97%), Torma Kak io-
noatetamMug U O TA He MHTMOUPOBAJIM aKTUBHOCTh
PAP. Ha mnocTmiyraMUHpaCHISIUISIONIYIO aKTHUB-
HOCTb, U3MEPSIEMYIO TI0 crieludruIecKkomMy cyocTpaTy
Glp-FQ-pNA, Haubonblllee BAUSIHUAE OKa3bIBal He-
0o0paTUMBbIii MHTUMOUTOP CEPUHOBBIX MENTUIA3
PMSF, mon neiictBueM KOTOpPOTO aKTMBHOCTH CHU-
Kajach 10 8% oT KOHTpoJI1s1. KOHKypeHTHbIE MHTMOM -
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topel TICII, a Takke MHIMOMTOpPbI HECEPUHOBBIX
MenTuaa3 He oKa3blBaJIM Ha MOCTIIyTaMUH-pacler -
JSIOLIYI0 aKTUBHOCTb CYLIECTBEHHOIO BJIWSHUSA
(MakcuMaJIbHOE CHIKeHUE — 2—5% aKTUBHOCTH).

Haiinennrie (pepMeHTHI OB CIOCOOHBI THIPOJIH-
30BaTh, Kak NMenTuabl Abz (1-aMMHOOEH30iiHast KUCII0Ta)-
QPQQPFPQ-EDDnp u Abz-LPYPQPQLPQ-EDDnp,
MOJIEJIMPYIOLINE UMMYHOTEHHbBIE MENTUAbI IJIAAMHOB
(Tabi. 1), Tak 1 caMu TPYOHO TUAPOJIU3yeMbIe IIHa-
IuHOBbIe O6enku (puc. 4). Hanbonbiiasi akTUBHOCTb
oOHapyxeHa y ¢epMeHTOB S. magadiensis B39. Ilpu
nobaBlieHNN K peakumoHHOM cmecu 20 Mxia 1 MM
PMSF rmmanuH-pacuiervisiionias aKTUBHOCTb U3Y-
YEeHHBIX IIITAMMOB CYIIIECTBEHHO CHUXajnach (Ha 70—

75%).

Ha nomnio cekpeTupyeMbIX CEpUHOBBIX TIENITHIA3 Y
mraMMoB S. alkalinus F11 u S. magadiensis B39 nipu-
XOIUTCS, II0 MEHBbIIIeit Mepe, 1o 2/3 ob1ieit ImmaguH-
TMAPOJIU3YIOLIEN aKTUBHOCTH. 3a OCTaBIIYIOCS YacCTh
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Puc. 4. [MnaguHpacuieruisiioniasi akTMBHOCTh IITAMMOB
Sodiomyces alkalinus F11 u S. magadiensis B39.

AKTUBHOCTH, YyYaCTBYIOLIEl B TUAPOIU3E OEIKOB,
00OoralleHHBIX NIYTAMUHOM Y MPOJUHOM, MO-BUIM-
MOMY, OTBETCTBEHHBI ITENTUIA3BI APYTHUX KJIACCOB.

3AKJIIOYEHHME

N3BecTeH oOrpaHWYEHHBINA CIIEKTP MUKPOOHBIX
npenaparosB C ITIIOTEHPACIIEIUISIONIE il aKTUBHOCTBIO.
Tax, 11 TTO;THOTO TUAPOIN3a TMMYHOTEHHOTO 33-Mep-
HOTO MenTHUIa IIMaguHa TpedyeTrcsl Habop MenTuaas
MOJIOYHOKUCIBIX OakTepuii Lactobacillus sanfranciscen-
sis, L. alimentarius, L. brevis, L. hilgardii (De Angelis et al.
2010). das1 aeToKCMKalUKM DIIOTEHA B IMILEBBIX MPO-
JYyKTax UCHONb3yeTcs (hepMEHTHBIN mpenaparT Ha oc-
HOBe acneprwiornericuia Aspergillus niger u DPP 4 u3
A. oryzae (Ehren et al. 2009).

B nipoBeneHHOIT paboTe BIIepBhIC TOKA3aHO, 9TO Y
Sodiomyces alkalinus F11 u S. magadiensis B39, napsiny
co cneluUIEeCKUMU NPOJIUHPACIIETIISIONUMY aK-
TUBHOCTSIMU, TPUCYTCTBYET ITOCTIIIyTAMMHPACILICII-
JISIIO1IAasl aKTUBHOCTD, YTO MO3BOJISIET UM 3(PheKTUB-
HO TMIPOJIN30BaTh KaK 60oraThblie MPOJIMHOM /TIIyTaMU-
HOM TMENTUABl TIIOTeHa, TaK W CaM DIIOTeH. DTU
¢epMeHTBI OTHOCSITCSI K TPYIIIe CEPUHOBBIX MENTHIA3
U SIBJISTIOTCS CTAOMIBHBIMU (pepMEHTAMU B YMEPEHHO
KUCJIBIX U LIEJIOUYHBIX ycaoBusx. Hammuue Takoro po-
Jla aKTUBHOCTM Yy MCCJIEIOBAHHBIX IITAMMOB, BO3-
MOXHO, TMO3BOJUT PACIIUPUTH IIPUMEHEHUE TENTH-
a3 TpruOOB IJIST IPOM3BOJICTBA OE3TIIOTEHOBBIX ITPO-
IYKTOB W pa3pabOTKM AUEThl IS TAIUEHTOB C
HEMNepeHOCUMOCTBIO TIIOTEHA.

Pabora BeIlTOJIHEHA NpU TMOAIEPXKKE TIpaHTa
PODU Ne 19-04-00852_a.
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On the Presence of Gluten-Cleavage Activities in Sodiomyces alkalinus and S. magadiensis

N. A. Alkin“*, Yu. S. Pokrovskaya~*, M. A. Belozersky”**, A.V. Kurakov-**, G. A. Belyakova®**#*,
and Ya. E. Dunaevsky?#####

¢ Faculty of Biology, Lomonosov Moscow State University, Moscow, Russia

b A.N. Belozersky Research Institute of Physical and Chemical Biology, Lomonosov Moscow State University, Moscow, Russia

*e-mail: nikita9801@mail.ru

#e_mail: ofbirta@gmail.com

4 o_mail: mbeloz@belozersky.msu.ru
## ¥ o_mail: kurakov57@mail.ru

e-mail: adm-ado@yandex.ru
e-mail: dun@belozersky.msu.ru

HHHHH
HHHHHH

The production of gluten-free products, as well as the possibility of using specific proteolytic enzymes with glu-
ten-cleavage activities for oral enzyme therapy of celiac disease require specific enzymes. The search, identifica-
tion and preliminary characterization of such peptidases were carried out in 2 strains of alkalophilic species of
microscopic fungi Sodiomyces alkalinus and S. magadiensis. It was shown for the first time that the studied fungi,
along with the specific proline-cleavage activities of dipeptidyl peptidase 4 (DPP4) and prolinamiopeptidase
(PAP), have postglutamine-cleavage activity, which allows them to effectively hydrolyze both proline/glutamine-
rich gluten peptides and gluten itself. The optimum pH and pH stability of the studied peptidases were deter-
mined and it was shown that all the characterized enzymes that cleave proline/glutamine-containing bonds be-
long to the group of serine peptidases and are highly stable enzymes under weakly acidic and alkaline conditions.
The presence of these activities indicates the promising use of these peptidases for the production of gluten-free
products and the development of a diet for patients with gluten intolerance.

Keywords: gluten, peptidases, prolinaminopeptidases, proline-hydrolyzing activity
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M3ydeHbI OMOXMMUYECKHE CBOMCTBA ¥ TPOMOOIIMTUYECKMI TIOTEHIIMAIT TIpernapaTa IIpoTeMHAa3, a TAaKXe eT0
OTIEIBHBIX (DPaKINii, TOIyYEHHBIX MTOCIIE N3021EKTPOGOKYCUPOBAHUS, 00pa3yeMOro ITaMMOM MUKPOMU-
uera Tolypocladium inflatum k1. IlokazaHo, 4To BO (hpaKILIMSIX ITOCJIE N303JIEKTPODOKYCUPOBaHUS HAOII01aeT-
cs 0oJiee BeIpakeHHas GUOPUHOIUTUYECKAS U aKTUBATOPHAsI K IVIa3MUHOTEHY aKTUBHOCTD, a TAKXKE IIPOTE0-
JINTUYECKAsA aKTUBHOCTh B OTHOILIIEHNN HEKOTOPBIX CYOCTPaTOB (CyOTMIM3NH-TTIONO0HAsI U 3J1acTa3Has), 4To
MOKET OBITh KCITOIb30BAHO IS pa3pabOTKH HOBBIX TPOMOOJUTUYECKUX ITPENapaToB WK JUarHOCTUKYMOB Ha

IIaToJIOITMKU CUCTEMBI r€éMOCTa3a Y€JI0BCKa.

Karouesoie crosa: akTuBauus 6€JIKOB CUCTEMbBI reMocrasa, BHCKJICTOUYHbIC ITPOTCHUHA3bl, MUKPOMULIETHI, TDOM-

60sm3ucC, GUOPMHOIUTHIECCKHE (PepMEHTHI
DOI: 10.31857/S002636482106009X

BBEIAEHUE

TpoMmbonuTnyeckast Tepanuss — HeOTbeMyeMast
YacTh JISUeHUS U TPpOPMIIAKTUKA Pa3IMIHBIX 3a00J1e-
BaHMIi, aCCOLIMMPOBAHHBIX C IIATOJOTHUSIMU CEPIeY-
HO-COCYIVCTOI CUCTEMBI M CUCTEMBbI TeMOCTa3a 4ejio-
Beka. OHa HAXOIUT IIpUMEHEHME B LICJIOM KOMILJIEKCe
COCTOSIHMI, acCOLIMUPOBAHHBIX C TpoMOO3aMu, B
MOCTONEPALIMOHHOM IIEpUOJie, pCaHUMAILIMOHHBIX M€~
pONIPUATUSIX U OOJIETYCHUM TSDKEIbIX TPOMOOTUYE-
CKUX OCJIOXKHEHUII, MHIYLIMPOBAHHBIX OaKTepHUaJIb-
HBIMU ¥ BUPYCHBIMU MHMEKILIUSIMHU (B TOM YUCTIE, TIPU
neyeHuun ocioxHeHuii mpu COVID-19). ITouck co-
BPEMEHHBIX, CHEHU(GUYHBLIX U 6e30MacHBIX TPOMOO-
JIMTUYECKUX CYOCTAHLIVI SIBJISIETCS BaXKHOM M aKTy-
aJIbHOM 3amadeii MeauiHbI 1 onotexHonoruu (Kotb,
2014).

I[Iporeomutnyeckue pepMeHTHI IPUOOB, CIIOCO0-
HbIe aKTUBUPOBATD OTHEIBHBIC OETKA CUCTEMBI TEMO-
cTasa, a Takxe oOiagaroiiue hUOPUHOIUTUYECKOMN
aKTUBHOCTBIO, ITIEPCIEKTUBHBI B TPOMOOTEpAInM.
BHekeTouHBIe TIPOTEMHA3bl Pa3HBIX BUIOB MUKPO-
MUIIETOB Pa3INYalOTCs MO CBOUM (DU3UKO-XUMUYE-
CKUM XapaKTepUCTUKAM U T10 CIIEIM(PUUHOCTU K TEM
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WU WHBIM (haKTopaM CHUCTEMBbI FeMocTasa, MpuyeM
YacTO OTHOBPEMEHHO MPOSIBISIIOT aKTUBHOCTH 10 OT-
HOILICHUIO K HECKOJIBbKMM U3 HUX. B CBSI3M ¢ 3TUM, aK-
TUBHO TIPOBOASTCSI MCCJENOBAHUSI MO CKPUHUHTY
MUKPOMMIIETOB — TPOAYLIEHTOB MPOTEeUHAa3, CHel-
(UYHBIX TO OTHOIIEHUIO K OIpeNesIeHHbIM OejikaMm
CHCTEeMBI TeMocTa3a yejgoBeka. Cpenn Taknx pepMeH-
TOB OCOOBIA MHTEpEC INpPEeaCTaBIsSIoT objagarolire
aKTUBAaTOPHOM K MJIa3MUHOTE€HY aKTMBHOCTBIO (Shar-
kova et al., 2016a).

PaHee ObLJIO MOKa3aHO, YTO DHTOMONATOTEHHBIN
mraMM Mmukpomuiera Tolypocladium inflatum k1 cex-
peTupyeT MpOTEeMHa3bl, 00Jamalollie BhIPAXKEHHOM
(bUOPUHOIUTUYECKON aKTMBHOCTBIO M aKTHUBATOP-
HbIM K IUIa3MUHOIEHY OEWCTBUEM, YTO OejaeT €ro
MEePCIEKTUBHBIM MIPOAYLIEHTOM IIPOTEMHA3-TPOMOO-
ymutukoB (Sharkova et al., 2016b).

Llenpio HACTOSIIIETO MCCIIeIOBAHMST OBLIO M3Yyde-
HUE TPOMOOJUTUYECKHX CBOMCTB Mpernapara npoTeu-
Ha3, BBIJIECJIEHHOTO W3 KYJIbBTYPaIbHOU XUIKOCTH
mukpomuueta 7. inflatum k1.
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MATEPHAJIBI U METObI

IIpoayueHnt m yciioBusi KyabTuBHpOBaHHA. OObeK-
TOM WCCIEHOBAHUS CIYKWI IITaMM MHUKPOMUIIETA
T. inflatum k1, KOoTOpBIi OBLT paHee U3y4eH Kak IIpo-
IYLEHT MpoTernHa3, objaamammux GUuOPMHOIUTHYC-
CKOIi 1 aKTMBATOPHOM K IJIAa3MUHOTE€HY aKTUBHOCTBIO
(Sharkova et al., 2015, 2016b). IToceBHOI1 MaTepual
MOJIy4ajad CMBIBOM CIIOp C MOBEPXHOCTU KYJIbTYPHI,
BBIpAIllEHHOW B MPOOMpPKax Ha CKOLIEHHOM CYCJIO-
arape B TedeHue 7 cyT Ipu 25°C B IUTATENIbHYIO CPEAY
cocraBa (%): cycio — 6.7, mmoko3a — 2, menToH — 0.1
(Batomunkueva, Egorov, 2001). ITocie 2 CyT KyJabTH-
BUPOBaHMS YaCTh OMOMACCHI IIepeHOCUITN B (hepMeH-
TaIIMOHHYIO cpemy cocTaBa (%): mmiepuH — 7, TIIIO-
Ko3a — 3, ruaponu3sar peidHoit myku — 0.5, NH,NO; —
0.25, MgSO, - 7H,0 — 0.1, KH,PO, — 0.1 u nponoxanu
KYJIETUBUPOBaHUE ellle B TeueHue 3 cyT. KymprBupo-
BaHWe MUKPOMMUIIETA OCYIIECTBISIIM B Kojibax o0be-
MoMm 750 M1, cogepxammmx 100 M cpensl, Ha opoOM-
TaibHO Kavaske (200 06./MuH) npu 28°C.

ITonyyeHnne mpenapara NMpoTE€HHA3 M3 KYJIbTYpaib-
HOIi KHJAKOCTH U MX pasaenenue. [Tociie KyJIbTUBUPO-
BaHMS MUKPOMMUIIETA KYJIbTYPaIbHYIO XXUIKOCTb OT-
JIeNsUIn OT Omomacchl (pMIBTPOBAaHUEM BOIOCTPYii-
HBEIM HacocoM 4depe3 puibTpoBaibHylo oymary (PC,
Poccust). BHekietouHble OeKM M3 IIOJIYyYCHHOM
KYJIbTYPaJIbHOM KMIKOCTU OCAXKIAIU CyIb(haTOM aM-
MoHus Tipu 80%-it creneHu HachieHMs1. Ocagok
6enkoB popmupoBaiics npu 4°C B reuenue 12 4. 3a-
TEM €ro OTAEISIIIN HeHTpudyruposanuem npu 15000 g
(20 muH, 4°C), pacTBOPSIJIM B MUHUMAJIBHOM 00beMe
0.01 M tpuc-HCl-0ydepa, pH 8.2, comepzkalero
0.002 M aueraT KaJbLysl, U IUATU30BaIA B THUATU3-
HBIX MEIIKaX IIPOTUB TOTO XKe 0ydepa (12 4, 4°C). ITo-
JIyYEHHBIII pacTBOp OCIKOB LIEHTpU(YTrUpOBaid B
aHAJIOTMYHBIX YCIIOBMSX IJIs yOaJleHUsI ocaaka 1 3a-
TeM Juo(hWIbHO BeICyInIuBaiu. beinku pasneisim Me-
TOJIOM M303JIEKTPO(OKYCUPOBAHUS Ha KOJIOHKE 00b-
emoMm 110 mu1 (LKB, IIIBenus) B rpagyeHTe IJIOTHO-
ctu caxapo3bel 0—40% u pH 3—10, cozmaBacMom
amdonrHamu (“Pharmacia”, IlIBenust), mpu HaIpsi-
xenuu 700 B B TteueHue 36 u (Osmolovskiy et al.,
2013). Bo ¢pakuusax (oobemom 1 M) mociie aun
¢ KosoHKM ompenensuii pH, conepkaHue Genka 1o
ONTHUYECKOH IJIOTHOCTHU TIpu 280 HM 1 OOIIYIO MpOo-
TEOJIMTUYECKYIO AaKTUBHOCTb.

OmnpeneneHne oo0mIeil NPOTEOJUTHIECKOH AKTHBHO-
ctu. OGIIYIO MPOTEOIUTHIECKYIO aKTUBHOCTE OIpe-
eI MOIU(MUIIUPOBAHHBIM METOIOM AHCOHa—Xa-
rUXapbl MO KOJMYECTBY TUPO3UHA B HEOCAXKIAEMBIX
TPUXJIOPYKCYCHOM KUCIOTOM MPOAYKTaX MPOTEOIn3a
nocie 10-mMuHyTHOTO THApOoan3a 1%-ro pacTBopa Ka-
3erHa B 0.1 M Tpuc-HCI 6ydepe (pH 8.0—8.2, 37°C),
Kak omnucaHo paHee (Osmolovskiy et al., 2016). Ak-
THUBHOCTB BbIpazKaJIl B MKMOJISIX TUPO3MMHA B MUHYTY
(Etyp). YHEIbHYIO aKTMBHOCTh PACCYMTBIBAIM Ha MT
Oenka.

MUKOJIOI'A U PUTOIIATOJIIOTUA

Omnpenenenne coaepxanusi oOenka. ComepxkaHHe
GenKa omnmpeneisiid CIeKTPOo(MOTOMETPUIECKH B KIO-
Bete ¢ wimHou myty B 1 cm npu 280 um (Gertler, Trop,
1971).

Onpenenenue pH u TeMnepaTypHOro onTuMyMa ak-
TUBHOCTM M ONTHMYMAa CTAOMJIBHOCTH mNpemnaparta.
pH-ontuMyM akTMBHOCTM TipernapaTa OIpeneisiii B
0.4 M yHuBepcajipbHOM (HaTpuii-auerar-gpocdar-00-
patHOoM) Oydepe ¢ pH ot 3.0 no 11.0. K 150 mxu1 6yde-
pa Cc COOTBETCTBYIOILIMM 3HaueHueM pH moGasisiau
100 mxu1 pacTtBopa pepmeHTa 1 100 MKJI pacTBOpa cyo-
ctpata. Hus1 omnpeneneHuss pH-ctabunbHOCTH (hep-
MEHTa MPOBOAWIY MHKYOAIMIO MpernapaTa B pacTBO-
pax Oydepa ¢ pazHbiMU 3HaUYeHUssMU pH mipu 37°C B
Te4YeHHUE 2 4, TOCJIE YEeTO OIPEeNeISiIN Ka3eUHOINTH -
YeCKYI0 aKTUBHOCTh. IloJlydeHHBIE pe3y/IbTAaThl BbI-
paxanu B % oT ucXogHOiT akTuBHOCTU. TeMmIiepaTyp-
HBIA ONTUMYM JUISL ACMCTBUS TIperapaTa Onpeacsin
B 0.05 M tpuc-HCI 6ydepe, pH 8.2, 1m0 KazermHo M-
THUYECKOU akTuBHOCTH 1ipu 25, 30, 37, 45, 55 u 65°C.
TepMocTaOMIILHOCTG Ipenapara u3ydJyaiau Ipru MHKY-
Oany (pepMeHTa MpU 3aJaHHBIX TEMIIEpaTypax B Te-
yeHue 2 4 1 BbIpaXaJid B % OT UCXOTHOM aKTUBHOCTH
depMmeHTA.

OnpezeieHue NPOTEOTUTHIECKOH AKTUBHOCTH B OTHO-
HIEHUH OTIEbHBIX 0EJIKOB CHCTeMbl reMoCcTa3a. AKTHB-
HOCTB Iperapara rnporernHas, oopasyemsbix 1. inflatum k1,
B OTHOIIICHUU OEJIKOB CUCTEMBI TeéMOCTa3a OIpeaessiu
MO0 paclIeIUIEHUI0 UX CIeln(pUIECKUX XPOMOTEHHBIX
MEeNTUIHBIX cyocTpaToB: TasMuHa (HD-Val-Leu-Lys-
pNA; For-Ala-Phe-Lys-pNA), tpomouHa (Tos-Gly-
Pro-Arg-pNA u H-D-Phe-Pip-Arg-pNA), ceprHOBBIX
npoteas (Z-D-Arg-Gly-Arg-pNA), ypokuHassl (pGlu-
Gly-Arg-pNA), dakropa Xa (HD-Ile-Pro-Arg-pNA),
cyormwmsuHa (Z-Ala-Ala-Leu-pNA), snacrasser (Suc-
Ala-Ala-Ala-pNA), tpuricuHa (Bz-Arg-pNA). U3mepe-
HIE ONTUYECKOM IMJIOTHOCTH ITpoBOIvIn Ipu 405 HM HA
cnektpooromerpe Hitachi 200-20 (AAmonwmst). Peak-
LIMM OPOBOAWIMU MyTeM J00aBJIEHUS K mpenapary
nporerHas 0.05%-ro p-pa COOTBETCTBYIOILIETO CyO-
ctpata (Osmolovskiy et al., 2012). EnmHuIIa aKTUBHO-
ctu (E) (pepmeHTa — KOJMYECTBO MKMOJIb M-HUTPO-
aHWIWHA, OTIIENUBIIETOCsl OT XPOMOI€HHOTro cyO0-
crpara 3a 1 muH npu 37°C.

Onpenesienne MIA3MUHONOAO0HO U AKTHBATOPHOM
K IUIAa3MHHOTeHY aKTHBHOCTH. [Ina3sMuHOMomoOHYyIo
aKTUBHOCTh (Ha TIPOTrpeThiX (hUOPUHOBBIX TMJIACTU-
Hax) U aKTMBHOCTh aKTMBAaTOPOB IJIa3MUHOIeHa (Ha
HenporpeThlx (UOPMHOBBLIX IUIACTMHAX) IIITaMMa
onpene/suid 1o MOTU(MUINPOBAHHOMY MeTomy AcCT-
pynma—Mionepua—JlacceHa 1 BeIpaxkaad B YCJIOBHBIX
equHMIAaX Ha 1 MJI KyabTypanbHOM xkuakoctu (Lan-
dau et al., 2000). Ina mpuroroBiaeHUsT (pUOPUHOBOI
rtactrHbl B yaike [lerpu ememmBanu 9 Mit 0.76%-1o
p-pa dubpunorena u 0.2 mut 0.4%-ro p-pa TpoMOMHa,
MPUTOTOBJIEHHBIX HA cMeCcH (PU3UOJIOTUYECKOTO pac-
tBopa 1 0.05 M tpuc-HCI 6ydepa (pH 8.2) B cooTHO-

ToM 55 Ne 6 2021
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Puc. 1. M303nekTpodoKycupoBaHre BHEKJIIETOYHOTO MperapaTta mpoTenHa3 Mukpomuiieta Tolypocladium inflatum k1: 1 — 6enok,

2 — pH, 3 — npoTeoauTHYECKast aKTUBHOCTb.

meHuu 9 : 1. MHaKybauuo (GuOPMHOBBIX MIACTUH C
HaHeCeHHbIMU oOpaslaMu (uiibTpaTa KyJIbTypab-
HOM XMAKOCTU MUKpomuiieTa (30 MKJI) IIpOBOAMIIN B
teueHue 6 4 mpu 37°C. 3a yCIOBHYIO €IUHUIY AKTHUB-
HOCTU NPUHUMAJIM 30HY ju3uca B 10 Mmm?, Kotopas
oOpasyetcs 3a 3—4 4 uHKyb6auuu (GUOPUHOBBIX Ijia-
ctuH npu 37°C.

BoisiBieHne Koaryaa3Hoil akruBHoctn. Hanmuuwme
KoaryJjla3Hoii akTUBHOCTU TIperapaTa BbISBISIA MO
BU3yan3aluu (GuOPMHOBOIO BOJIOKHA B JKCIIEPU-
MEHTaX CO CBepThIBaHMEeM (UOpPUHOIeHa 4YejioBeKa
(Fibrinogen from Human Plasma, Sigma-Aldrich) u
obika (Bovine fibrinogen 9001-32, H2B Medical).
B nmpo6upku Ttuna snneHnopd agobdasiassim 0.1 mia
npenapara npotenHas u 0.2 M 0.4%-ro p-pa Gpubpu-
HoreHa. B kayecTBe KOHTpOJIsT uctionb3oBanu 0.1%-it
p-p TpOMOMHA.

OnpenesieHle YriieBOJHOT0 KOMIIOHEHTA. YTJIEBOI-
HbIli KOMIIOHEHT B COCTaBe MOJIEKYJl IIpOTerHa3
BBISIBJISLZIA C TIOMOIIBIO TIEPUONHON KUCJIOTBI U peak-
tuBa ludda (pykcMHCEpHUCTOI KUCTOTHI) METOIOM
IOT-OJIOTTUHTA Ha HUTPOIICILTIONIO3HBIX MeMOpaHax
(Averina, Snegivyova, 1980; Thronton et al., 1996).
B xadecTBe ITOI0XUTETLHOTO KOHTPOJIS UCITOIb30Ba -
JIN PacTBOpP BHEKJIETOUHOU HPOXKKEBOIl WHBEPTA3BI
(0.5 mr/mia), a B KadecTBe OTPUIATEILHOIO —
0.5 mr/mn BCA.

Onpenenenne TpoMooUTHYECKOTO 3heKTa mpena-
pata. @opmupoBanu GUOPHMHOBEIN CTYCTOK B IIPO-
OupKax ThIia DnneHgop@ IIyTeM J00aBIeHUs B KaxX-
nyio 1mmpobupky 100 MK 4eloBeYeCcKOM IUIa3Mbl U
20 MK TpoMOMHA, (PUKCHUPOBAIIM MacCy ITPOOUPKH
10, BO BpeMsI (TTocie KaKIoro aTara) 1 Iocje SKCITe-
puMeHTa. J100aBIIsIIM K KaxKa0oMy o0pa3siy GuopruHo-
BOIO CTyCTKa mpernapar nporeuHas 1. inflatum kK1 u
buKcupoBanM UIBMEHEHNE MAcChl Yepe3 paBHbIE TTPO-
MexxyTKu BpemeHu (30, 60 1 90 muH). [To ocTaTouHOIM

MUKOJIOTHUA U GUTOIATOJIOTIUA

TOM 55 Ne 6

Macce crycrka (BbIpaxXeHHOM B % OT ImepBOHaYajlb-
HOIT MaccChl CTyCTKa) OMPEAEIsUIM CTeNeHb IpOoTeKa-
HMS TpOMOOJIM3Kca B 00pa3lax ¢ TeUeHUEM BPEMEHU
(Kotb et al., 2015).

PE3VJIBTATBI 1 OBCYXIEHHWE

Muxkpomutiet 7. inflatum k1 saBnsiercst aHamopdoit
Elaphocordyceps  subsessilis  (Ophiocordycipitaceae,
Hypocreales, Sordariomycetes, Ascomycota). Kynbry-
pajibHas XUIAKOCTh MUkKpomuiiera 7olypocladium in-
Sflatum k1, monydyeHHast 10 OKOHYaHUHU CPOKA KYJIbTH-
BUPOBAHMUS TIPOJYLIEHTA, TIOCJIe YaaJleH sl 0MoMacChl
MpencTaBsijia coooi MPo3payHylo XUJIKOCTb CBETJIO-
kopuyHeBoro 1iBeTa. Ilocyie puabTpoBaHUs KyJIbTY-
paJIbHOM XUJIKOCTU, OCAXKIAEHWS BHEKJIETOUHBbIX OeJi-
KOB cyJib)aTOM aMMOHUS, AUain3a U JUOPUIbHOMN
CYIIKM ObLT OIy4eH OeJIKoBhI nipenapar 7. inflatum k1
C yOeJdbHOW MNPOTEOTUTUYECKON aKTUBHOCTBIO
2.7 Eq,,/Mr Genika X 1073, TIpoTenHa3bl, aKTUBHBIC B
OTHOILIEHUU OEJIKOB CUCTEMbI reMocTa3a, ObLIN BbI-
JleJieHbl U3 OeJIKOBOTO MpernapaTta Mukpomuueta 7. in-
flatum k1 B pe3ynbTate IpoOBeACHUST U303JIEKTPOGhO-
KYCUPOBaHUS B KOJIOHKE U COOTBETCTBOBAJIU TPEM
MUKOBBIM (ppakimsam — 24, 28, 53 (puc. 1). st ppak-
uuu 24 (pl — 5.9) ynenbHas mpoTeoauTUYECKasl aK-
TUBHOCTB cocTaisuia 0.2 E/mr X 1073, nns ¢ppakumum
28 (pI — 6.8) — 0.35 E/mr x 1073, a mia ¢ppakumm 53
(pH — 10.7) — 0.86 E/mr x 10 —3. ToMoreHHOCTb 6€JI-
KOB TIOJIyYEHHBIX (ppakumii ObLla MOATBEpPXKIeHa
3IEKTPOPOpEeTUUECKU.

Hanee B mpemapare IIPOTeMHA3 WM B OTACIbHBIX
¢dpakumax mIpenapara, MoJIyIeHHBIX ITOCIe U303JIeK-
TpodokycupoBaHust (NeNe 24, 28, 53), onpenensiiu
GUOPUHOIUTUYECKYIO Y aKTUBATOPHYIO K TJIa3MUHO-
reHy akTUBHOCTbB. [lojlydeHHEBIe pe3yabTaThl (B CpaB-
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Puc. 2. TpombonuTrueckoe neiicTBre NpoTeuHa3 MUKPOMMUIL

eta Tolypocladium inflatum k1: a — nporperas yaiika; 6 — Henporpe-

Tast yamka; Kok — KynbprypanbHast Kunkoctb; [1p — mpemapar (NeNe 53, 24, 28 — dpakumu mmociie n303J1eKTpodoKycupoBaHus ).

HEHUU C aKTUBHOCTBIO B KYJIbTYPaJIbHOM XUIKOCTH)
MpeacTaBjiIeHbl HA puUC. 2.

benkoBrlit mpenapatr o6iamaa HECKOJBKO OoJliee
BbIpaXXeHHOM (GPUOPUHOJIUTUYECKOI U aKTUBATOPHOM
K TIJJa3MUHOT€HY AaKTUBHOCTBIO IO CpaBHEHUIO C
KYJBTYPaJIbHOM KUIKOCTBIO, UTO COIJIACyeTCsl C MO-
JIydeHHBIMU paHee gaHHBIMU (Sharkova et al., 2016b).
B 10 e BpeMs1 BO (ppaKLMSIX TOCIE U303JIeKTPOPOKY-
CUpOBaHUS HabJIoAaIach 3HAYUTEJBHO O0Jiee BHICO-
Kast GuOPUHOJUTUYECKASI Y aKTUBATOPHAS K TJ1a3MU-
HOIeHy aKTUBHOCTb. MaKcuMaJjlbHbl€ 3HAYCHUS aK-
TUBHOCTU isi ¢dpakuuu Ne 28 cocraisiim 582 u
373 ycn. en/Mr Oenka, mis1 dpakuun 24 — 481 u
180 ycn. en/mr Oenka, a o ¢pakuuu 53 — 255 u
91.5 ycn. en /Mr 6efika, COOTBETCTBEHHO.

Tab6muna 1. AKTUBHOCTbh BHEKJIETOYHBIX ITpoTenHas Tolypoc
yegoBeKa

CnocobHocth Mukpomuuieta 7. inflatum k1 K 00-
pa30BaHUIO BHEKJIETOUHBIX MTPOTEOJIMTUUYECKUX hep-
MEHTOB, 00JadaloIINX aKTUBHOCTbHIO, aHAJIOTUYHOI
HEKOTOPBIM (pakTOpaM CHUCTEMbI T€MOCTa3a 4JelIoBe-
Ka, OblIa U3ydeHa IO paclIerIeHUI0 CreluUIHBIX
U TIPOTEMHA3 CUCTEMbI T'€MOCTa3a XPOMOTEHHBIX
MENTUIHBIX CyOCTpaTOB Kak I Iperapara ¢hepMeH-
TOB, 00pa3yeMbIX MUKPOMUIIETOM, TaK U JISI OTIE]b-
HbIX ¢pakumii (NeNe 24, 28, 53), moaydeHHBIX HOCTe
n303J1eKTpodOKycupoBaHus. Pe3yabTaThl onpeaeie-
HUSI aKTUBHOCTH BHEKJIETOUHBIX IIPOTENHA3 C XpPOMO-
TeHHBIMU TIENTUIHBIMU cyOcTpaTaMu (hakTOPOB CHU-
CTEMBbI TeMocTa3a MpUBEIeHBI B Ta0JI. 1.

IToslydyeHHBIE TaHHbBIE TOKA3bIBAIOT, YTO U TIpera-
pat, U OeJKM OTAEJbHBIX (ppaKlMii MOcie U303JIeK-
TpoOKyCcUpOBaHUSI 00Jamaau MPOTEOTUTUYECKOM

ladium inflatum K1 1o OTHOIIEHUIO K O€JIKaM CUCTEMbI TeMOCTa3a

N AKTUBHOCTb
XpoMOreHHbIi cyocTpar

VrenbHast akTUBHOCTb, E/Mi X 1073

(o Beynon, Bond, 2001) npernapar dpakuua 53 dpakuusa 24 dbpakumsa 28
pGlu-Gly-Pro-Arg-pNA | ypokuHa3Has 3.1 — — —
Tos-Gly-Pro-Arg-pNA | TpoMGUHOITODO0OHAS 3.36 1.6 6.11 6.43
dVal-Leu-Lys-pNA IUTA3MUHOTMIOTOOHAS 4.46 3.24 7.25 10.6
HD-Ile-Pro-Arg-pNA dakTop Xa-1ogooHas 1.2 — — —
Z-D-Arg-Gly-Arg-pNA | cepuHOBBIX IpoTeas 2.3 — — —
Z-Ala-Ala-Leu-pNA CyOTHIM3UH-TIOM00HAsT 4.77 33.5 6.15 11.33
Suc-Ala-Ala-Ala-pNA 3J1acTa3Hast 18.5 3.3 10.1 19.3
Bz-Arg-pNA TPUIICMHOMIOAO00OHAs 1.1 0 1.0 0
For-Ala-Phe-Lys-pNA MJ1a3MUHOITOA00HAsT 5.5 — — —

HpI/IMe‘{aHI/IeZ IIPOYEPKOM OTMECUYECHBI ClIydau, KOrga akTUBHOCTb HE ONIPEACIIAIN.

MUKOJOTUA U PUTOITIATOJIOTHUA  T1oM S5 Ne 6 2021
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Puc. 3. KauecTBeHHasi peakiisi Ha NIMKOIIPOTEMHBI (ITOKa3aHa OIHA U Ta 3Ke HUTPOLIEJUTIOIO3Hast MeMOpaHa B pa3HbIX KOHTPACT-
HOCTSIX M CXeMa pacIIOJIOXEeHMS IISITeH); CTpeIKaMu 0003HadYeHbl: 1 — dpakius 24; 2 — dpakuus 28; 3 — dpakuwmst 53; 4 — oTpu-
uaresbHbIiA KOHTpOoab (BCA); 5 — MOJI0XKUTEbHBIN KOHTPOJIb (MHBEpTa3a).
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Puc. 4. BausHue temnepartypsl (a) u pH (6) Ha akTuBHOCTB (1) 1 cTaGMIBHOCTD (2) mpemnapaTa IIpoTerHa3, 00pa3yeMbIX MUKPO-

muueroM Tolypocladium inflatum k1.

aKTUBHOCTBIO U CIIOCOOHOCTBIO PACIIECIUISATH UCITOJb-
30BaHHbIE cyOcTpaThl. Tak, ¢hepMEHTHEII IIpernapar
OBLI aKTUBEH IO OTHOIICHUIO K IIUPOKOMY CIIEKTPY
XPOMOICHHEIX CYOCTpaToB, OXHAKO IIPA 3TOM €ro
yAeabHAsI aKTUBHOCTH ObLIa HIDKE IO CPaBHEHUIO C
YACIbHOI aKTMBHOCTBIO BBIACICHHBIX MPOTEUHA3 B
OTHOIIIEHNU OTACIBHBIX cyOcTpaToB. Tak, B cirydae
¢dpakumnu 53 HabIOIATACh BhICOKAsI CYyOTUIN3UH-TIO-
N0OHas aKTUBHOCTb — nopsaka 33.5 E/mn X 1073 mpu
pacuierieHun cyoctpata Z-Ala-Ala-Leu-pNA. s
dpakimy 24 aHaJOTUYHO ObLJIa XapaKTepHa CyOTUIN -
3UH-TI0J00HAsT aKTUBHOCTD, a TAKXKe Obljla OTMeYeHa
BBIpaxKeHHasl TPOMOMHOMOO00HAas, TJIa3MUHOIIOA00 -
Has U 37acTa3Hasi aKTUBHOCTG. B ciryyae ke ppakumnm
Neo 28 HabGmogancst cxoxuit 3¢@dEKT B OTHOIIECHUU
HCITOJIb30BAHHBIX CYyOCTPATOB, HO C HECKOJIBKO OoJiee
BbIPAXKEHHOI TPOMOMHOMNMOAOOHOM, IIAa3MUHOMO-
JTOOHOH U CyOTHMJIM3UH-TIIOJOOHOI aKTUBHOCTBIO II0
CpaBHEHUIO ¢ ¢pakireil 24 U 3HAYUTEIbHO OOJIbILIECH

MUKOJIOTHUA U PUTOMATOJIOTUA  tom 55

Ne 6

3JIacTa3HOM aKTMBHOCTBIO B OTHOIIEHUU CyOcTpaTa
Suc-Ala-Ala-Ala-pNA, koTopasi MpeBOCXoauIa aHa-
JIOTUYHYIO aKTUBHOCTh IIperapaTa M COCTaBiIsIIa
19.3 E/mu x1073.

Takum o6pa3zoM, MOTydeHHbIE JAHHBIE MOT'YT CBU-
JIETEIbCTBOBATh O BEICOKOI CIIELIM(PUIHOCTH IIPOTEH -
Ha3 7. inflatum k1, T.K. OHI CIOCOOHBI TUIPOIN30BATh
XpOMOTEHHBIE TIENTUAHBIE CyOCTpaThl (paKTOPOB CH-
CTEeMbI remMocTas3a, OoraTble HEMOJSIPHBIMM aMUHO-
KHMCJIOTaMU, 4TO MOXET OBITh OOYCJIOBJIIEHO Y3KUM
KpPyTroM cyOCTpaTOB U3ydyaeMbIX (hDepMEHTOB.

OmpeneneHue yIrJIeBOTHOTO KOMITOHEHTa METOIOM
dot-6moTTHHTA BO (hpaKIMSIX TOCIE N303JIeKTPodo-
KyCHPOBAaHMSI C IIOMOIIbIO peaKIIMK Ha INIMKOIPOTEH -
HBI 110Ka3aJI0, YTO IIPOTEMHA3bl BXOASIINE B COCTaB
dpakuuii 24 n 28 MIMKO3WINPOBaHBI, a (PEPMEHT
dpakim 53 — He mWMKo3wiIMpoBaH (puc. 3). OTcyT-
CTBHE MOMOOHOI MOCTTPaHCISIUMOHHON MoauduKa-
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Ta6muna 2. OnipenenieHre TPOMOOJIUTUUECKOTO MOTeHIIMaIa Mpernapara rnporeuHas 7olypocladium

MEHTaXx C JIM31UCOM (PMOPUHOBOIO CTYCTKa

DOOKHNYEB u np.

inflatum k1 B 3Kcniepu-

M3HavanpHas Macca
(GuOpUHOBOIO
cryctka (M), r

M uepe3 30 MmuH
nocie 1o0aBIeHUS
npemnapara, T

M uyepes 60 MuH
nocie 1o0aBaeHUs
npernapara, r

M uepe3 90 MuH
rnocJie 106aBJIeHUS
mnpernapara, r

CreneHb
TpoMbonusuca, %

0.113 = 0.005

0.115 = 0.003

0.117 £ 0.002

0.076 = 0.005

0.036 + 0.003

0.011 + 0.002

32.1+4.42
68.6 = 2.60

91.3+ 1.71

LIMU TIO3BOJISIET PACCMATPUBATH MTOTEHIINATBHYIO BO3-
MOXKHOCTb KJIOHUPOBAHUSI 1 9KCIIPECCUN TeHa, KOO~
PYIOIIETO LIeJIEBYIO IIPOTEUHA3Y, B IIPOKAPUOTUISCKHIX
kieTtkax (Popova et al., 2019).

B pesynbraTe 3KCNEpUMEHTOB IO CBEPTHIBAEMO-
cTu (pubpUHOTreHa yejoBeKa U OblKa MpOoTeuHa3aMUu
MUKpPOMUIIETAa He HaO0gaaIu HalImune (puOprHOBO-
ro BOJIOKHA MO CPaBHEHUIO C KOHTPOJIbHBIM Clyyaem
(mpu nmobasiieHnu TpomOuHa). Ha ocHOBaHMM 3TOTO
MOXHO 3aKJIIOUUTh, YTO BCE TPU MPOTEUHA3BI HE 00-
JialaJiv KoaryJjia3HOW aKTUBHOCTBIO, UTO SIBJISIETCS He-
00XOIUMBIM CBOMCTBOM IJisI BCceX (PUOPUHOJIUTHYE-
CKUX CyOCTaHIIWA.

OnpenesleHUe TeMIIEPaTyPHOTO OIITUMyMa aKTUB-
HOCTH HCCJIeIyeMOoro IIpenapara nporeutas 1. infla-
tum k1 BBISIBUJIO, YTO TIpemiapaTr IIPOSIBIISUI aKTHB-
HOCTBh B nHTepBaiie Temneparyp 20—65°C (puc. 4, a).
MaxkcuManbHYIO aKTUBHOCTB ITperiapaTa HaOIroIanmn
npu 37°C, T.e. Ipu TeMIepaType, COOTBETCTBYIOLLE
(bU3MOJIOTNYECKUM YCTIOBUSIM B KPOBOTOKE UeJIOBEKa.
IIpu Ttemneparype 65°C aKTMBHOCTH IIpernapara
MPakKTUYECKU OTCYyTCTBOBajia. M3ydyeHue TepMocTa-
OWJILHOCTHU HCCJIEAYEeMOro Iperapara rmokasajno, YTo
Mpernapar CoXpaHsil akTUBHOCTb B JMara3oHe oT 25
nmo 37°C B Tteuenue 2 4. IIpu temneparype 45°C ak-
TUBHOCTb YK€ 3HAUYUTEIbHO CHMXKajach (Ha 55%) u
MOJTHOCTBIO OTCyTcTBOBaa mpu 65°C (puc. 4, a).

OnpeneneHre 3aBUCUMOCTH aKTUBHOCTU Mperna-
para niporeunas 7. inflatum k1 ot pH nokasaino, uto
OH MpOSIBJIsSIET aKTUBHOCTD B uHTepBaje pH ot 3.5 no
10.5. ITpu 6osiee HU3KUX 3HaUYeHUsIX pH — 3.0 u Huxke
npernapar He ObUI aKTHMBEH, B IIEJIOYHBIX YCIOBUSIX
MPaKTUIECKA TIOJTHOCTBIO WHAKTUBUPOBAJICS TIPH
pH 11.0. MakcumanbHOe 3HaYeHWE aKTMBHOCTHM Ha-
onromanu nipu pH 8.0 (puc. 4, 6). IIpemapart ObL1
ctabuieH B unrepsaie pH 6.5—8.5 B teueHue 2 4, co-
xpansst 100% aktuBHoctu pepmenta. Ilpu pH 9.0 3a
TO X& BpeMsT aKTUBHOCTb COXpaHsUIach UMb Ha 45%
(puc. 4, 6).

TakuMm 00pa3oM, COITIACHO ITOJYYEHHBIM BKCIIE-
PUMEHTAIbHBIM JAHHBIM, OIITUMYM IEMCTBHS ITPOTE-
nHa3 1. inflatum k1, BXOASIIIMX B COCTaB IIperiapara,

MUKOJIOI'A U PUTOIIATOJIIOTUA

HaXOIWTCS B TIpeneax (hU3noIOTHIEeCKUX TTapameT-
poB kposu uenoBeka (T — 37°C, pH ~ 7.5), uTo TakxKe
XapaKTePHO IS IIPETapaToB BHEKJIETOYHBIX ITPOTEO-
JINTUIECKNX (DEPMEHTOB IPYTUX MUKPOMMUIIETOB, Ha-
npumep, 1st Aspergillus terreus (Zvonareva et al., 2018)
u Sarocladium strictum (Kornienko et al., 2020).

TpomOommTUYecKuii IOTEHLUUANT (PEepMEHTHOTO
rperapara, IMoJydeHHOTO U3 KyJbTYPaJIbHOM XUIKO-
ctu Mukpomuiieta 1. inflatum K1, ucciemoBain B 9KC-
TIEpUMEHTAX IO ONPEACICHHUIO CTETICHN TPOMOOJIN3H -
ca. B pesynbsrate skcnepumMeHnTa yepe3 30 MUH TU3HUC
¢ubprHoro crycTka coctanisi 32.1% (flepBoHaYalb-
Hast Macca (pUOPMHOBOTO CTyCTKa MON AeHCTBHUEM
npenapara ymeHbinmiIach Ha 32.1%) yepes 60 MuH co-
craBistn 68.6% a yepes 90 muH coctaBma 91.3%
(Tab. 2). JlaHHBIE TTOKa3aTeau ITO3BOJISIIOT TOBOPUTH
B LICJIOM O BBICOKOI TPOMOOIUTUYECKON aKTUBHOCTH
npenapara.

TakuMm obpaszoM, y Mnpernapara NpoTeruHas, Bbllie-
JIEHHOTO U3 KYJbTYPaJbHOU XXUAKOCTHU IITAMMa MUK-
pomunera 7. inflatum k1, ObIIM U3ydeHbl CBOIICTBa,
oOyciaBauBalole ero TpPoOMOOIUTUYECKUI TTOTEeH-
LIMaJl U BO3BMOXHOCTb MPUMEHEHMUSI 3TOTO Tpernapara
B TpoMmbOoTepanuu. OmnpenejaeHbl TeMIlepaTypHbIit
(37°C) u pH-ontumywm (8.0), a TakKe YCIOBUS TEPMO-
crabunbHoCcTH (25—37°C) u pH-cTabuibHOCTH (6.5—
8.5) mpenapara, 4YTO COOTBETCTBYET (PU3MOIOTHYEC-
CKMM TIOKa3aTesIIM opraHu3mMa 4ejioBeka. [TokazaHbl
TPOMOOIUTUIECKIIT 3 (PEKT B OTHOLICHUU (HUOPU-
HOBBIX CTYCTKOB W OTCYTCTBUE KOaryjaa3HON aKTUB-
HocTu. [Tociie n3031eKTpodoKyCupoBaHUs Mpenapa-
Ta TOJIy4eHbl TpU (ppakiiMy BHEKJIETOUHBIX OEJIKOB,
coJep:Kalliie TpoTeuHasbl, mposBisooue Guodpu-
HOJIUTUYECKYI0 M aKTMBAaTOPHYIO K TUIa3MHHOTCHY
aKTUBHOCTH (MaKcuMaJjibHasl Bo (ppakiuu 28), a Tak-
Ke obnagaronie cneliMduIHONR MPOTEOJIUTUIECKON
aKTUBHOCTBIO B OTHOIIIEHUM HEKOTOPBIX OEJIKOBBIX
cyoCcTpaToB, 60raThbiX HENOJSIPHBIMA AMUHOKUCIIOTa-
MU, YTO MOXET OBbITb MCIIOJIb30BAHO B COCYAMCTOM
MEeIUIIMHE 111 pa3paboTKU TPOMOOJIUTHIECKUX CyO-
CTaHLMI, a TakKe JUISI CO3MaHUSI AUarHOCTUYECKMUX
HaObOpOB IS MOHUTOPUHTA U NpOGWIAKTUKA Hapy-
IIEHUIA CUCTEMBI TEMOCTA3a YeJI0BEKa.
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Thrombolytic Activity and Properties of the Proteinase Produced
by the Micromycete Tolypocladium inflatum k1
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The biochemical properties and thrombolytic potential of the proteinase preparation, as well as its individual
fractions obtained after isoelectric focusing, formed by the 7olypocladium inflatum k1 micromycete strain, were
studied. It has been shown that in fractions after isoelectric focusing, a more pronounced fibrinolytic and plas-
minogen activator activity is observed as well as proteolytic activity in relation to some substrates (subtilisin-like
and elastase), which can be used for the development of new thrombolytic drugs or diagnostics for the pathology
of the human hemostasis system.

Keywords: activation of hemostatic proteins, micromycetes, extracellular proteinases, fibrinolytic enzymes,
thrombolysis
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The present notice continues a series devoted to rare and interesting species of micromycetes of various regions
of Russia that cause rust, shoot deformations, and leaf spots and highlights the Sphacelotheca hydropiperis and
Microbotryum cordae (Pucciniomycotina, Microbotryomycetes), two difficult to detection Persicaria-associated
micromycetes, new for Volgograd Region (Russia). The symptoms caused by Sphacelotheca hydropiperis and Mi-
crobotryum cordae are very similar: infected flowers slightly increase in size, appear above the general flowers row
in the inflorescence, and acquire a wine-brown color due to fungal sori development. The morphology of both
species is re-studied highlighting the teliospore variability. Thus, we have clarified the distribution of two rare mi-
crobotryomycete species over the Russian territory as well as their teliospores dimensions. Both taxa appear to be
a “good”, clearly specialized species. This notice can be designed to draw attention to the symptomatology of the
inflorescences of polygonaceous plants in the other regions of Russia.

Keywords: false smuts, flowers hypertrophy, microbotryomycete species, Polygonaceae, Persicaria, teliospores
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The present notice continues a series devoted to rare
and interesting species of micromycetes of various re-
gions of Russia that cause the some rust, shoot defor-
mations, and leaf spots (Zmitrovich et al., 2020a,
2020b; Dudka, Zmitrovich, 2020) and highlights two
species of interesting group of microbotryomycetes.

Representatives of the class Microbotryomycetes
(Basidiomycota, Pucciniomycotina) cause smut-like
syndrome in many dicotyledons, but their urediniomy-
cetous nature has already been clearly proven (Begerow
et al., 1997; Weiss et al., 2004; Bauer et al., 2006). Ob-
viously, such forms are derivatives of the micro- and
endo- types of the rust life cycle (Linder, 1940; Zmi-

trovich, Wasser, 2004).! Their teliospores (called usto-
spores until the 2000s) develop under an indistinctly
formed peridium within the host’s flowers and produce
2—4-celled phragmobasidia giving rise the basidio-

! Microcyclic forms delete both aecia and uredinia, usually leaving
the telial and spermogonial stage, but often deleting the latter.
Because of the reduced life cycle, all these are autoecious. In mi-
cro- forms the teliospores appear as such, while in endo- forms
the teliospores have the morphology of aeciospores (Petersen,
1974).
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spores (still called sporidia) which produce a budding
mycelium (many groups of microbotriomycetes are
known by the mitosporic Rhodotorula-like yeast stage).
The dikaryotization occurs by the fusion of budding
cells and dikaryophytic mycelium tends to the ovary
zone of host plant. The infection is usually local and
does not spread to the entire inflorescence or shoot.
Such false smuts-producing species are especially nu-
merous in the genera Microbotryum and Sphacelotheca
(Schifer et al., 2010; Schuster et al., 2016).

The present notice will focus on two difficult to de-
tection Persicaria-associated microbotryomycete spe-
cies, new for arid rayons of European Russia (the Vol-
gograd region), the area of traditional buckwheat culti-
vation. The reproduction of the infectious origin in
nature outside buckwheat crops usually occurs in weed
Persicaria populations, where they were recorded by us
during the 2020 field season.

Infected plant shoots were photographed in the
field before their herbarization. The Nikon D80 cam-
era, AF Micro Nikkor 60 mm lens was used for shoot-
ing. Micromorphological analysis of leshions and mi-
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Fig. 1. Symptoms caused by Microbotryum cordae (a—c)
and Sphacelotheca hydropiperis (d—e) and their telispores:
a — Persicaria hydropiper ovary affected by Microbotryum
cordae; b, ¢ — M. cordae teliospores; d — Persicaria minor
ovary affected by Sphacelotheca hydropiperis; e — S. hydrop-
iperis teliospores. Scale bar (b, ¢, €) — 5 um.

crophotography were performed using an Axiolmager.
Al light microscope at the Laboratory of Systematics
and Geography of Fungi of the Komarov Botanical In-
stitute of the Russian Academy of Sciences. Micro-
preparations were made using 5% KOH solution. Te-
liospores were measured in distilled water. Teliospore
sizes were measured on 40—60 random spores in dis-
tilled water. The variability of teliospores was assessed
according to the methods proposed by Parmasto et al.
(1987).

Microbotryomycetes
Microbotryales
Microbotryaceae

Microbotryum Lév., Annls Sci. Nat., Bot., sér. 38:
372, 1847.

Sori develop into the ovaries, covered with a thin,
easily decaying peridium formed by the remains of the
host plant tissues, upon rupture of which a wine-brown
mass of teliospores is released; columella is not ex-
pressed. Teliospores in agglomerations, developing
from sporogenic hyphae located at the sorus base. In
the life cycle, there is a persistent yeast phase (budding
sporidia) that develops in nectar of the host plant.

Type: Uredo violacea Pers., 1797.

Microbotryum cordae (Liro) G. Deml et Prillinger in
Prillinger, G. Deml, Dorfelt, Laaser et Lockau, Bot.
Acta 104 (1): 10, 1991 [ut ‘cordai']. — Ustilago cordae
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Liro, Ann. Acad. Sci. Fenn. Ser. A 17 (1): 12, 1924 [ut
‘cordai'l; U. polygoni-minoris Liro, Ann. Acad. Sci.
Fenn. Ser. A 42 (1): 510, 1939. (Fig. 1, a—c).2

Description. Sori develop into the host ovaries,
which are hypertrophied, rounded to 5 mm in diam.;
the spore mass is reddish-brown, dusty. Teliospores
globose or ellipsoid, sometimes elongated or of irregu-
lar shape, (8.1)8.9—10.3(10.7) % (7.4)7.9—9.4(9.7) um
(measured from the LE F-332670 specimen, 40 mea-
surements), in medium 9—14 um in diam.; exosporium
reticulate, its 5—6-angle surface cells located on 5—
8 along teliospore section and reach 2 um in diam.
(1.2—1.6 um high). Basidia 2—3-celled.

Symptoms. Infected flowers slightly increase in
size, appear above the general flowers row in the inflo-
rescence, and acquire a wine-brown color due to the
development of the fungal sori.

Hosts. In Russia infect Persicaria hydropiper and
P. maculosa.

Distribution range. Russia: Amur Oblast, Kursk
Oblast, Leningrad Oblast, Moscow Oblast, Oryol
Oblast, Primorsky Krai, Saint Petersburg, Tambov
Oblast, Tyumen Oblast, Volgograd Oblast (Karatygin,
Azbukina, 1989; LE F herbarium).

Material examined: Russia, Volgograd Oblast,
Sredneakhtubinsky District, Burkovsky village,
48°43'03.017, 44°40°13.15”, Alt. —10 m below sea level,
17.09.2020 on Persicaria hydropiper, leg. V.A. Dudka
(DV-269-20), det. V.A. Dudka and T.T. Denchev
(LEF-332670).

Sphacelotheca de Bary, Vergl. Morph. Biol. Pilze:
187, 1884.

Sori develop into the ovaries, covered with a thin,
easily decaying peridium formed by the remains of the
host plant tissues and sterile cells of the fungus, upon
rupture of which a dark brown spore mass is released;
columella, which forms in the central part of sorus,
consists of non-sporulating hyphae. Teliopores in eas-
ily fragmented chains, rounded, often irregular in
shape, not forming glomeruli, develop from sporogen-
ic hyphae located at the sorus base.

Type: Uredo hydropiperis Schumach., 1803.

Sphacelotheca hydropiperis (Schumach.) de Bary,
Vergl. Morph. Biol. Pilze: 187. 1884. — Uredo hydropip-
eris Schumach., Enum. Pl. 2: 234, 1803; Sphacelotheca
granosa Liro, Ann. Acad. Sci. Fenn., Ser. A 17 (1): 148,
1924. (Fig. 1, d—e).

Description. Sori into the host ovaries (which as a
rule hypertrophied up to 2—5 mm long), at the early
stages of development covered with a grayish-brown
peridium, unevenly bursting with the release of a purple-
black spore mass around the columella. Teliospores in
chains, subglobose, sometimes irregular, slightly flat-

2In “Definitorium fungorum Rossiae” (Karatygin, Azbukina,
1989) this species was considered as Ustilago member.
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tened, (7.2)8.6—10(11.3) X (7.1)8.3—9.4(10.3) um (mea-
sured from the specimen LE F-332669, 60 measure-
ments), reddish-brown with a violet hue; exosporium
abundantly covered with small warts 0.4—0.6 um high,
obscurely visible under LM; when mature, bipolar col-
orless appendages are often visible on exosporium sur-
face. Basidia 2—3-celled.

Symptoms. Infected flowers slightly increase in
size, appear above the general flowers row in the inflo-
rescence, and acquire a wine-brown color due to the
development of the fungal sori.

Hosts. In Russia infect Persicaria hydropiper,
P, longiseta, P. minor, and P. senticosa.

Distribution range. Russia: Kamchatka Krai, Kras-
noyarsk Krai, Leningrad Oblast, Moscow Oblast,
Murmansk Oblast, Primorsky Krai, Saint Petersburg,
Saratov Oblast, Tver Oblast, Yaroslavl Oblast, Repub-
lic of Kalmykia, Republic of Karelia, Volgograd
Oblast, Voronezh Oblast (Karatygin, Azbukina, 1989;
LE F herbarium).

Material examined: Russia, Volgograd Oblast,
Sredneakhtubinsky  District, Burkovsky village,
48°43’03.01”7, 44°40°13.15”, Alt. — 10 m below sea level,
17.09.2020 on Persicaria minor, leg. V.A. Dudka
(DV-270-20), det. V.A. Dudka (LE F-332669).

Thus, on the present notice, we have somewhat
clarified the distribution range of two rare microbotry-
omycete species over the territory of Russia as well as
the sizes of their teliospores, which are diagnostically
significant structures. Both taxa appear to be “good”,
clearly specialized species. This notice can be designed
to draw attention to the symptomatology of the inflo-
rescences of polygonaceous plants on the other Rus-
sian regions.

The authors are grateful to G.Yu. Konechnaya (Ko-
marov Botanical Institute of the Russian Academy of
Sciences) for help in plant identification and
T.T. Denchev (Institute of Biodiversity and Ecosystem
Research at the Bulgarian Academy of Sciences) for
checking the microbotryomycete species identifica-
tion. The work was carried out using technique of the
Center “Cellular and Molecular Technologies for
Studying Plants and Fungi” at Komarov Botanical In-
stitute of the Russian Academy of Sciences. Laboratory
work was supported by the RFBR grant (N 19-04-
00024 A) and the State Research Task N AAAA-A19-
119020890079-6.
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Coo011ieHHUe MTPOIOJIXKAET CEPUIO, TTOCBSIIEHHYIO PEIKUM U UHTEPECHBIM BUIIaM MUKPOMMUIIETOB U3 pa3iny-
HBIX PerMOHOB Poccru, BBI3BIBAIOIINX PXKaBYMHY, AedopMalli MOOETOB U JIMCTOBBIE MATHUCTOCTH. B HeM
MpencTaBieHbl HOBbIE NaHHBIE 0 Sphacelotheca hydropiperis u Microbotryum cordae (Pucciniomycotina, Microbo-
tryomycetes), IBYX CJIOXHBIX IIJis1 BBISIBIeHUS Persicaria-acCOLIMAPOBAHHBIX BUIa MUKPOMMIIETOB, HOBBIC IUISI
Bonrorpanckoii 0611. (Poccusa). CuMnTOMEL ITOpaxkeHW pacTeHM, BeI3bIBaeMEble Sphacelotheca hydropiperis n
Microbotryum cordae, cxomHbI: 3apaXKeHHbIC LIBETKHU CJIeTKa YBEJIMUMBAIOTCS B pa3Mepax, BhIIAIOTCS Hal 00-
1M YPOBHEM LIBETKOB B COIIBETUH U MPUOOPETAIOT BUHHO-KOPUYHEBBII 1IBET BCJAENCTBUE PA3BUTHS COPYCOB
C OKpallleHHbIMU TEJIUOCTIOpaMU. YTOUHSIOTCS Mopdooruyeckue 0COOEHHOCTH 000OMX BUIOB, Bapradeb-
HOCTb uX TeJquocrop. Ob6a TakcoHa TMPEICTABISIOTCS “XOPOIIMMU” BUIAMU, TIPOSIBISIIOIIMMU OTYETIMBYIO
crnenuanu3anuo. Hacrosiee coobieHre nMeeT 1eIblo TPUBJIeYeHE BHUMAHMST K CHUMITTOMATUKE COLIBETHI
TPEYMIITHBIX B IPYTUX pernoHax Poccum.

Karoueswvie crosa: rutieprpodusi IBETKOB, JIOXKHAsI TOJTOBHSI, MUKPOOOTPUOMUIIETHI, TeJIuocnopsl, Polygo-
naceae, Persicaria
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