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Mycena is a genus of basidiomycetes and includes
several luminous species, especially M. chlorophos
(MC) [8]. Luminous species of Mycena, including
those from Japan, are distributed in tropical and
subtropical regions. However, Oba and Hosaka [8]
also listed eight Mycena species in Japan that were
potentially luminous, and some were recorded
from the snowy region [1—4, 9].

Recently, a luminous unidentified Mycena sp.
(Yukiguni-yako-také in Japanese, meaning snow
country luminous mushroom) (LMS) was found in
mainland Japan (Honshu), including the snowy
region [5, 6], and the phylogenetic analysis
suggested that LMS and MC formed a sister group.
In this short article, we compared the physiological
characteristics of both species and aimed to
elucidate the cold adaptation of LMS, thereby
discussing the expansion of the ancestor species of
MC, which is widely distributed in the subtropics,
into cold regions.

Basidiocarps of LMS were collected in Fukaura
Town (40.56°N, 139.97°E) and Towada City
(40.57°N, 140.98°E) in July 2023. Stipes were re-

moved from basidiocarps. Cut basidiocarps were
hung on the inside of the covers of Petri dishes
containing potato dextrose agar (PDA; Becton
Dickinson and Company, USA) supplemented with
streptomycin, using double-sided adhesive tape,
and incubated at room temperature for 1 day.
Basidiospores that fell on PDA germinated and
mated with each other. Mycelia with clamp
connections were observed under the microscope
and inoculated on new PDA at 20 °C for 2 weeks.
MC NBRC 31858 was used for the control of this
study.

Mycelial discs of 5 mm in diameter were cut
from the margin of an actively growing colony,
transferred to the centers of PDA plates, and ino-
culated on four different agar plates (PDA, oatmeal
agar (OA), malt extract agar (MA), Sabouraud agar
(SA)), all media were obtained from Becton
Dickinson and Company (USA), at 20 °C. Mycelial
discs were also inoculated onto PDA at 7 tem-
peratures ranging from 4 to 35 °C, in triplicate.
After 1, 2, and 3 weeks of inoculation, the colony
diameters were determined. The linear mycelial
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growth rate per week was calculated after the initial
lag period.

Tested fungi were cultured on PDA and OA at
10 °C for 1 month. Mycelial discs were frozen at
—20°Cin a programmed freezer MPF-100 (EYELA,
Japan) at 10 °C/h in a test tube [7]. They were then
thawed at 2 °C for 8 h, transferred to fresh PDA
plates, and incubated at 20 °C for 3 weeks.

Prepared isolates of LMS and MC NBRC 31858
were cultured on four kinds of agar plates at 20 °C.
Mycelial growth of LMS was slower than that of
MC. The average mycelial growth rate of LMS from
Fukaura was 5.31 (PDA), 9.11 (OA), 12.53 (MA),
and 7.93 (SA) mm/week, respectively. From
Towada strain, these values were 8.13, 10.41, 10.63,
and 10.61 mm/week, and for MC NBRC 31858, they
amounted to 13.66, 12.48, 16.0, and 13.99 mm/week.

Optimal temperature of mycelial growth in
tested fungi was 25, and maximal temperature of
them was <35 °C, respectively (Fig. 1). Tested fungi
did not grow at 35 °C. Minimal mycelial growth
temperature of MC NBRC 31858 was >4 °C; my-
celium did not grow, but they were alive in this
condition (Fig. 2). On the other hand, both LMS
isolates could grow at 4 °C. These results suggested
that LMS and MC were psychrotolerant, as indi-
cated by their thermal dependence on mycelial
growth, and that MC could survive the unfrozen
winter in Japan but did not grow under these
conditions. LMS was better adapted to the unfrozen
winter and could grow under these conditions. This
small difference in physiological characteristics
between MC and LMS may help explain their
distribution in Japan.

Mycelia of tested fungi on PDA lost viability after
the freeze—thaw treatment (Table). However, a few
mycelia on OA had frost resistance. Fungi in per-
mafrost are characterized by both the presence of

Freezing tolerance of luminous Mycena spp. in Japan
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Fig. 1. Thermal dependence of mycelial growth of lumi-
nous Mycena spp. in Japan. Thermal dependence of my-
celial growth between 4 and 35 °C. Open cycles: isolate of
luminous Mycena sp. from Fukaura Town, Aomori Pre-
fecture, Japan; closed cycles: it from Towada City, Aomori
Prefecture, Japan; triangles: Mycena chlorophos NBRC
31858
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Fig. 2. Mycelial growth of luminous Mycena spp. in Japan
at4°C

Mycelial survivals (number of regrowth mycelial discs/tested mycelial discs)
Experimental conditions luminous Mycena sp. from Mycena chlorophos
Fukaura Towada NBRC 31858
Precultured media PDA! OA? PDA OA PDA OA
Freezing/thawing cycles
1 0/5 3/5 0/5 4/5 0/5 2/5
2 NT3 3/5 NT 2/5 NT 3/5
3 NT 2/5 NT 2/3 NT 1/5
1 PDA: potato dextrose agar; 2 OA: oatmeal agar; > N'T: not tested.
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natural cryoprotectants, such as plant substrates or
their derivatives, in these ecotopes and by their
ability to utilize their inherent mechanisms of
protection [10]. Stakhov ef al. [11] demonstrated
that ancient seeds of higher plants provided a spe-
cific habitat for microorganisms in frozen ground,
thereby favoring their survival for millennia. When
bacterial contamination occurs in oomycetes such
as Pythium, culturing them on OA allows puri-
fication of the mycelium that passes through the
medium (personal communication from Prof Dr
Motoaki Tojo at Osaka Metropolitan University,

Japan). This is thought to be because OA is porous
and contains a large amount of insoluble fractions,
such as plant fiber. Mycelia of LMS could grow
during unfrozen winter and reach into substrates,
such as dead trees and branches, to tolerate freezing
and survive the frozen winter season in northern
Japan.
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CTIMKICTbD 10O XOJIOZIY TA MOPO3Y BIOTIOMIHECHUEHTHMX I'PVBIB

POJIY MYCENA (AGARICALES, BASIDIOMYCOTA) V IIIBHIYHIN ATIOHIT
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