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Abstract—Several rare species and varieties of psychrophilic yeasts were isolated from the Sphagnum mosses
and paludal vascular plants of Moscow oblast. Based on their 26S rDNA D1/D2 nucleotide sequences, they
were assigned to the species Sterigmatosporidium polymorphum, Rhodotorula psychrophenolica, and Aureoba-
sidium pullulans var. subglaciale. Thus, a new habitat of S. polymorphum was found and yeasts known previ-
ously only for the Alpine environments and the Arctic region have been isolated in the central regions of Rus-

sia for the first time.
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After the first or several repeated isolations, rare
species of microorganisms are often associated with
the corresponding regions of isolation: the Arctic,
Antarctica, high mountains, etc. However, sometimes
these rare and “locally prevalent” species may also be
found in similar, but geographically remote, natural
habitats.

Plants and plant debris are the main natural habitat
for most yeast species. Numerous and diverse yeast
communities are formed on the surface of the living
parts of plants [1, 2]. Due to their specific physiologi-
cal properties and special vegetation conditions, Sph-
agnum mosses and paludal vascular plants are an inter-
esting, but so far insufficiently studied, natural habitat
for epiphytic yeasts. The role of Sphagnum mosses and
paludal vascular plants in the formation of yeast com-
munities consists in changing the nutritive regimen
(lack of nitrogen and microelements and, in the case
of Sphagnum mosses, considerable content of organic
acids in the exudates) and low temperature in Sphag-
num turf [3].

As a result of our year-round study of the epiphytic
yeast community of Sphagnum mosses and paludal
vascular plants, several species of psychrophilic (as
judged by the maximal growth temperature [4])
yeasts—Sterigmatosporidium polymorphum Kraepelin
et Schulze, Rhodotorula psychrophenolica Margesin et al.,
Aureobasidium pullulans var. subglaciale Zalar, de
Hoog et Gunde-Cimerman—were isolated from a
Moscow oblast ombrotrophic swamp.

Thus, a new habitat for rare yeast species was
revealed in the course of this work and it is the first

1 Corresponding author; e-mail: soilyeast@mail.ru

time the yeasts, whose distribution was previously
noted only for Alpine environments and the Arctic
region, to have been isolated in the central regions of
Russia.

MATERIALS AND METHODS

Sphagnum mosses (Sphagnum magellanicum Brid.,
Sph. angustifolium (Russ.) C. Jens.) and paludal vascu-
lar plants (Oxycoccus palustris Pers., Carex limosa L.,
Chamaedaphne calyculata L., Drosera rotundifolia 1..)
were sampled every month from May 2008 to May
2009 from the Kurovskoe ombrotrophic swamp (Mos-
cow oblast, Pushkin raion). Two parts of the plant were
analyzed separately: the terrancous one and that sub-
merged in the Sphagnum turf. Each part of the plant
was sampled every month at three distant points of the
swamp area in two replicates for each point spaced 5—
10 m apart. Three sampled portions were taken from
each sample and analyzed separately.

The yeast number and taxonomic composition
were analyzed by the standard method of plating the
glucose—peptone—yeast agar (GPYA) acidified with
lactic acid (pH 4—4.5) to inhibit bacterial growth; to
suppress the growth of mycelial fungi, cultivation at
10°C for one month was used [5]. The yeast cultures
were identified by several morphological characteris-
tics using manual [6] and by the results of analysis of
the 26S (LSU) rDNA D1/D2 nucleotide sequences.

Amplification of the 26S rDNA D1/D2 region [7]
was carried out according to the method described
earlier [3] directly from the yeast biomass using the
primers ITS1f (5'-CTTGGTCATTTAGAGGA-
AGTA), NL4 (5'-GGTCCGTGTTTCAAGACGG)
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AF075516 Kockovaella thailandica CBS 7552

100 L AF189862 Kockovaella imperatae CBS 7554

66 L AF363650 Kockovaella sacchari CBS 8624

100

0.01

AB292854 Kockovaella barringtoniae JCM 10998
92| AF075506 Fellomyces fuzhouensis CBS 6133
67 CBS 9644 Cuniculitrema polymorpha
- AY032662 Cuniculitrema polymorpha
— AF075480 Sterigmatosporidium polymorphum CBS 8088
CBS 8089 Sterigmatosporidium polymorphum
KBP 3863
KBP 3864

KBP 3865

AF042235 Tremella foliacea CCJ 1396

Fig. 1. Phylogenetic position of the isolated Sterigmatosporidium polymorphum strains. Tremella foliacea is an external group.

and the ScreenMix mixture for PCR (Evrogen, Mos-
cow). The PCR product was purified with the BigDye
XTerminator Purification Kit (Applied Biosystems,
United States). The primer NL4 was used for sequenc-
ing. DNA sequencing was carried out using a BigDye
Terminator V3.1 Cycle Sequencing Kit of reagents
(Applied Biosystems, United States) with subsequent
analysis of the reaction products on the Applied Bio-
systems 3130 x 1 Genetic Analyzer sequencer at NPO
Syntol (Moscow). The MAFFT 6 [8] and MEGA 4 [9]
software packages were used for phylogenetic analysis
of the results obtained. The sequences for constructing
the phylogenetic trees were used according to the data
from the articles with descriptions from the GenBank
NCBI (http://www. ncbi.nlm.nih.gov/) and CBS
(http://www.cbs. knaw.nl/). The phylogenetic posi-
tions of the strains isolated (Figs. 1—3) were obtained
using the neighbor-joining method. The numbers
above the branching points indicate the taxon combi-
nation rate (>55%) for 1000 constructions. The scales
show the number of substitutions per each nucleotide.

The strains studied are deposited in the Collection
of Yeast Fungi of the Department of Soil Biology, Fac-
ulty of Soil Science, Moscow State University (KBP);
the sequences obtained were submitted to GenBank
NCBI.
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RESULTS AND DISCUSSION

Nine strains of Sterigmatosporidium polymorphum
forming several sterigmatoconidia on the cells were
isolated in the course of our study. The temperature
growth range for the strains was from 4—6 to 18—22°C.
All the isolations were carried out only from sub-
merged parts of the plants; on terraneous parts of
plants and on plants under snow, such yeasts were not
revealed. The predominance of these fungi in the epi-
phytic yeast community was observed only once, in
January 2009, when C. limosa rootstock and the lower
parts of the stems submerged in water under ice were
analyzed. The isolation periods, the substrates, and
the S. polymorphum abundance values for each sub-
strate are presented in the table. The intermissions
between the isolation periods and different substrates
from which the isolations were made indicate a local
pattern of distribution and the inconstancy of occur-
rence for the groupings of yeast species on the territory
of the swamp area.

Phylogenetic analysis of the 26S rDNA D1/D2
nucleotide sequences was carried out for three strains
(KBP 3864 (FN554715), KBP 3865 (FN554716), and
KBP 3863 (FN554714)) (Fig. 1). The results showed
the conspecificity of these strains with .S. polymorphum
CBS 8089. Cultivation on the media used for myce-
lium formation [5] did not reveal any teleomorphous
structures in the cultures.
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EF151258 Rhodotorula glacialis CBS 10436
EF643729 Rhodotorula glacialis DBVPG 4779

83 EF643732 Rhodotorula glacialis DBVPG 4784

EF643740 Rhodotorula glacialis DBVPG 4797
90 EF151252 Rhodotorula psychrophila CBS 10440
841 EF151254 Rhodotorula psychrophila CBS 10439

AM235744 Rhodotorula sp. Rup1B

—— AY745728 Kriegeria eriophori CBS 101449
—— FNS550378 Rhodotorula psychrophenolica
— KBP 3870

KBP 3868
80| | EF643739 Rhodotorula psychrophenolica DBVPG 4796

55 EF151255 Rhodotorula psychrophenolica CBS 10438
EF643738 Rhodotorula psychrophenolica DBVPG 4795

KBP 3869

E— — EF643736 Rhodotorula psychrophenolica DBVPG 4792

— EU872490 Rhodotorula rosulata CBS 10977

— EF370394 Microbotryomycetidae sp. CSDX3-Y8
e — |

0.02

Fig. 2. Phylogenetic position of the isolated Rhodotorula psychrophenolica strains. Rhodotorula minuta CBS 319 (AF189945) is a
hidden external group.

KBP 3866
7 FJ150913 Aureobasidium pullulans var. subglaciale CBS 123387
>8 FJ150938 Aureobasidium pullulans var. subglaciale CBS 123386
97 FJ150937 Aureobasidium pullulans var. namibiae CBS 147.97

FJ150926 Aureobasidium pullulans var. melanogenum CBS 105.22
981 FJ150921 Aureobasidium pullulans var. melanogenum CBS 621.80

FJ150942 Aureobasidium pullulans var. pullulans CBS 584.75
991 F1150947 Aureobasidium pullulans var. pullulans CBS 122385

FJ150912 Sydowia polyspora CBS 750.71

| I

0.005

Fig. 3. Phylogenetic position of the isolated Aureobasidium pullulans var. subglaciale strains. Sydowia polyspora is an external
group.
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Isolation periods, substrates, and abundance values for the yeast species studied

Yeast species Isolation period Substrate Abundance (%)/Rate of occurrence (%)
S. polymorphum May 2008 Sphagnum spp. (lower part) 1.8/8.7
November 2008 C. calyculata (lower part) 14.3/11.1
January 2009 C. limosa (lower part) 98.3/88.9
R. psychrophenolica April 2009 Sphagnum spp. (upper part) 10.2/29.3
April 2009 C. limosa (upper part) 76.8/33.3
April 2009 O. palustris 11.4/33.3
A. pullulans var. subglaciale | May 2008—May 2009 From all plants 16.8/30.7

S. polymorphum are dimorphic fungi within the
order Tremellales forming several conidia (buds) on
the stalk-cell at the yeast stage. The yeasts of this spe-
cies were described in the 1970s after a single isolation
from drenched pitwood planks in an ore mine (Ger-
many) [6, 10, 11]. Yeasts similar to S. polymorphum for
which a complete life cycle was revealed were isolated
under investigation of the xylophage-associated
microbiota. Based on the similarity of the morpholog-
ical, physiological, and genotypic characteristics (the
difference in the 26S rDNA D1/D2 region was two
nucleotide pairs), it was proposed to consider it as a
teleomorph of S. polymorphum named Cuniculitrema
polymorpha [11]. To date, no information about new
isolations of anamorph stage C. polymorpha has been
available.

Importantly, both initially [10] and in the course of
our investigation, S. polymorphum was isolated from
natural objects in low-temperature aquatic environ-
ments. Teleomorphs were isolated from drier subjects:
tree bark and the xylophage gallery [11].

One of the specific features of the yeast communi-
ties of paludal plants we noted earlier [3] is a relatively
high share of nonpigmented dimorphic basidio-
mycetes, mainly from the class Microbotryomycetes. In
April 2009, 12 strains of psychrophilic yeasts from the
class Microbotryomycetes of the species R. psychrophe-
nolica (strains KBP 3870 (FN555153), KBP 3869
(FN555152), and KBP 3868 (FN555151)) were iso-
lated from the green parts of Sphagnum mosses and
from certain paludal vascular plants (table) (Fig. 2).
The temperature growth range for the strains isolated
was from 4—6to 15—18°C. All known earlier isolations
of this yeast species were carried out only from the
French, Austrian, and Italian Alps [12, 13].

An increase in the abundance of psychrophilic
yeasts from the class Microbotryomycetes, in particular,
the species Leucosporidium scottii, in Sphagnum turf
was noted earlier and was associated with the constant
low temperature of this habitat [14, 15].

So-called black yeasts were isolated quite fre-
quently in the course of investigation of the yeast com-
munity of Sphagnum mosses and paludal vascular
plants. Until recently, their taxonomy has mainly been
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based on the morphological characteristics [6] only
and the isolation of varieties of certain species, in par-
ticular, A. pullulans, was difficult. A new revision that
appeared recently [16] and is based primarily on phy-
logenetic analysis made it possible to assign the A. pul-
lulans strains obtained in the course of this study to the
variety subglaciale (KBP 3866 (FN554717)) (Fig. 3).
The temperature growth range of the isolated strains
was from 4—6 to 20—24°C. To date, all known isola-
tions of this variety have been carried out from the
island of Spitsbergen only [16].

According to its physiological characteristics, the
variety of the species A. pullulans isolated in the course
of this work belongs to the group of psychrophilic spe-
cies. Moreover, the species A. pullulans is also known
to be a typical epiphyte [2]. The combination of these
two characteristics for the variety subglaciale isolated
by us is illustrated clearly enough by the annual
dynamics of this species on Sphagnum mosses (Fig. 4).
This illustration demonstrates that it is from the sur-
face (green) parts of the plants that this species is more
frequently isolated and its maximum presence in the
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Fig. 4. Average monthly values of the relative abundance of
A. pullulans var. subglaciale species on the Sphagnum moss
samples. the green part (/) and the lower part of the plant
without chlorophyll (2).
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yeast community occurs precisely in the periods of
lower temperatures.

Thus, as a result of our study, the previous isola-
tions of R. psychrophenolica only as an Alpine species
[12, 13] and of A. pullulans var. subglaciale as an arctic
species [16] are supplemented by the isolations of
these yeast species from the central part of Russia. Our
investigation allows these species to be assigned for the
first time to the group of epiphytic yeasts. The isola-
tion of S. polymorphum, R. psychrophenolica, and A.
pullulans var. subglaciale from Sphagnum mosses and
paludal vascular plants from a Moscow oblast
ombrotrophic swamp may give evidence of the conti-
nuity of the area of distribution for these species.

Sphagnum mosses and paludal vascular plants
appear to be an interesting but, so far, poorly studied
natural habitat, analysis of which may provide the
answer to some of the problems of the ecology of yeast
fungi.
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