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Isolation of Bacteria Associated with the King Oyster Mushroom, Pleurotus eryngii
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Eight distinct bacteria were isolated form diseased mycelia of the edible mushroom, Pleurotus eryngii. 16S rDNA sequence
analysis showed that the isolates belonged to a variety of bacterial genera including Bacillus (LBSS), Enterobacter (LBS1),
Sphingomonas (LBS8 and LBS10), Staphylococcus (LBS3, LBS4 and LBS9) and Moraxella (LBS6). Among them, 4 bacterial
isolates including LBS1, LBS4, LBSS, and LBS9 evidenced growth inhibitory activity on the mushroom mycelia. The inhib-
itory activity on the growth of the mushroom fruiting bodies was evaluated by the treatment of the bacterial culture broth
or the heat-treated cell-free supernatant of the broth. The treatment of the culture broths or the cell-free supernatants of
LBS4 or LBS9 completely inhibited the formation of the fruiting body, thereby suggesting that the inhibitory agent is a
heat-stable compound. In the case of LBSS, only the bacterial cell-containing culture broth was capable of inhibiting the
formation of the fruiting body, whereas the cell-free supernatant did not, which suggests that an inhibitory agent generated
by LBSS is a protein or a heat-labile chemical compound, potentially a fungal cell wall-degrading enzyme. The culture broth
of LBS1 was not inhibitory. However, its cell-free supernatant was capable of inhibiting the formation of fruiting bodies.
This indicates that LBS1 may produce an inhibitory heat-stable chemical compound which is readily degraded by its own
secreted enzyme.
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Pleurotus eryngii, the king oyster mushroom, is one of the popular edible mushrooms of the Pleurotus species, P
most commercially important edible mushrooms. It is ostreatus and P. eryngii, are infected by a variety of
responsible for more than 30% of the edible mushroom mycoviruses such as Oyster Mushroom Spherical Virus
market in Korea. The commercial cultivation of the king (OMSYV), Oyster Mushroom Isometric Virus OMIV, and

oyster mushroom involves multi-step processes in accor- Pleurotus eryngii Spherical Virus (PeSV) (Yu ef al., 2003;
dance with growth stage. In general, the cultivation step Ro et al., 2006, 2007). The containment of these viruses
can be categorized into the following 6 steps: 1) prepara- is accomplished principally by the detection and removal
tion of liquid spawn; 2) inoculation of the spawn into a of virally-infected spawns (Romaine and Schlagnhaufer,
bottled solid medium; 3) propagation of mycelia; 4) for- 1995). Bacteria have been reported to associate with a
mation of primordia (pinning) and removal of excess pins; variety of fungi including mushrooms. Antifungal agents

5) growth of fruiting body; 6) harvest. The entire process produced by some bacteria have shown to be beneficial to
requires 3 months and a great deal of human effort as control pathogenic fungi (Kim, 2006; Chang and Kim,

well as massive input of resources, including substrates, 2007). However, they are harmful for the mushroom
facilities, and electricity. industry in general. Pseudomonas tolaasii is particularly

Because the cultivation of edible mushrooms, includ- notorious for causing brown blotch disease in the cultiva-
ing P. eryngii, is conducted under well-controlled environ- tion of edible mushrooms, including Agaricus bisporus, P
mental conditions, the yield is expected to be highly ostreatus, P. eryngii, and Flammulina velutipes (Rainey et
reliable. However, mushroom growers are frequently chal- al., 1991). The causative agent of the disease was identi-
lenged by mushroom diseases of both bacterial and viral fied as a lipopeptide toxin, tolaasin, which has been
origin. Mycoviruses including La France Isometric Virus shown to disrupt the cell membrane via the formation of
(LIV) and Mushroom Virus X (MVX) have been shown membrane pores (Rainey er al, 1991; Nutkins et al.,
to constitute severe threats to the cultivation of the button 1991). Unlike P. folaasii, some bacteria belonging to the
mushroom, Agaricus bisporus (Goodin et al., 1992; Holl- species Pseudomonas and Bacillus have been reported to

ings, 1962; Grogan et al., 2003; Rao et al., 2007). Two exert promoting effects on the growth of mushrooms,
including P. eryngii (Kim et al., in press), P. ostreatus
*Corresponding author <E-mail : rohyeon@gnu.ac.kr> (Cho et al, 2003), and A. biporus (Eger, 1972; Rainey et
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al., 1990). Therefore, the correct analysis of the bacterial
community in association with the cultivated mushrooms
becomes crucial for the mushroom cultivation industry.

In this study, we have attempted to isolate bacterial
components from the diseased mycelia of the king oyster
mushroom. The partial identities of these isolates were
assessed via 16S rDNA sequence determination. We also
assessed the inhibitory effects of the bacterial isolates on
the growth of the mushroom mycelia and fruiting bodies.

Materials and Methods

Mushroom strain and culture conditions. P eryngii
KNR2501 was provided by the Gyeongnam Provincial
Agricultural Research and Extension Services (GNARES).
The mushroom mycelia were cultivated in a potato dex-
trose broth (Ventech Bio Co., Korea) for 2 weeks at 25°C
in order to prepare the liquid spawn and to assess the
effects of bacterial culture broth on the mycelial growth.
For the production of fruiting bodies, a substrate harbor-
ing poplar sawdust, 15% wheat bran, and rice bran was
mixed, and the moisture of the mixture was adjusted to
65%. The formulated substrate was put into a polypropy-
lene (PP) bottle (850 ml) and the bottle was sterilized for
1.5h at 121°C. 15 ml of liquid spawn was then inocu-
lated into the substrate bottle and the bottle was trans-
ferred to an incubation room conditioned at 22 + 1°C, with
a relative humidity of 60%. When the mycelia were fully
propagated in the substrate bottle, the bottles were moved
into an incubation room conditioned at 15+ 1°C, with a
relative humidity of 90% for the production of fruiting
bodies.

Isolation of bacteria, 16S rDNA sequence determina-
tion and its analysis. The diseased mycelia in the sub-
strate bottle were collected and the bacterial cells, which
were associated with the mycelia, were released via the
suspending the mycelia into the R2A broth media (Difco)
containing yeast extract (0.5 g//), proteose peptone (0.5 g//),
casamino acid (0.5 g/l), dextrose (0.5 g//), soluble starch
(0.5 g/l), sodium pyruvate (0.3 g/l), dipotassium phosphate
(0.3 g/l), magnesium sulfate (0.05 g/I). 300 m! of the seri-
ally diluted broths were plated onto R2A agar plates and
the plates were incubated for 3 days at 30°C. The bacte-
rial colonies appearing on the plate were picked and inoc-
ulated into the R2A broth. In order to determine the 16S
rDNA sequence of the isolated bacteria, the bacterial total
cellular DNA was isolated with a genomic DNA extrac-
tion kit (Intron Biotech. Co., Korea). The extracted DNA
was subjected to the polymerase chain reaction (PCR)
using a forward primer (27F, 5-AGAGITTGATCMTG-
GCTCAG-3") and a reverse primer (1492R, 5-TACG-
GYTACCTTGTTACGACTT-3") to amplify the 16S rDNA
sequence (Lane, 1991). PCR was conducted with a Taq

DNA polymerase (Solgent, Korea) with a thermal cycler
(Px2 thermal cycler, Thermo Electron Co., USA): 94°C
for 5 min; 30 cycles at 94°C for 30 sec, 60°C for 30 sec,
and 72°C for 1.5 min; 72°C for 10 min. The resultant PCR
product was purified using a PCR prep kit (Solgent Co.,
Korea) and sent out to a commercial sequencing service
company (Bioneer, Korea) for DNA sequence determina-
tion. The resulting 16s RDNA sequences were analyzed
using ARB program (http://www.arb-home.de/).

Preparation of cell-free supernatant of bacterial cul-
ture broth. Bacteria were cultured for 2 days in the
R2A broth media at 30°C. The optical density at 600 nm
of the broths reached approximately 3. In order to pre-
pare the cell-free supernatant of the broth, the bacterial
cells in the broth were removed via 30 minutes of high-
speed centrifugation at 13,000 rpm. The supernatant was
collected and incubated for 30 min at 95°C. The heat-
treated solution was then further clarified via 30 minutes
of high-speed centrifugation at 13,000 rpm.

Inhibitory activity of the bacteria on the mushroom
growth. In order to investigate the effect of the bacteria
on the mushroom mycelia growth, a mycelia disc was
positioned at the center of the PDA plate and incubated
until the mycelia propagated 1 cm in length from the cen-
ter of the disc. Bacterial isolate was then streaked in sin-
gle line and the plate was incubated for 3 days at 25°C.
The effect of the bacterial broth on the fruiting body
development and growth was assessed by the application
of 5 ml of the bacterial culture broth or the cell-free super-
natant to the substrate bottle, in which the mushroom
mycelia propagated thoroughly. The broth or the cell-free
supernatant was applied after the removal of the top layer
of the substrate approximately 1 cm in depth. The bottle
was incubated for 5 days at 15°C, with a relative humid-
ity of 90%. Each treatment was triplicated.

Results

Full mycelial propagation within the substrate bottle requires
at least 30 days under controlled environmental condi-
tions, including humidity and temperature. During incuba-
tion, it has been frequently observed that parts of the
mycelia assume a brownish color as the result of bacte-
rial contamination (Fig. 1A and B). Once this occurs, the
contaminated mycelia are not able to generate fruiting
bodies, or they generate fruiting bodies with a signifi-
cantly reduced half-life. In some farmland areas, more
than 30% of the inoculated bottles are reportedly contami-
nated, and this results in a significant loss of mushroom
productivity. In order to investigate the nature of the con-
tamination, we attempted to isolate the contaminated bac-
teria from the diseased mycelia.
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Fig. 1. Isolation of bacteria from the diseased mycelia of P. eryngii. A) The mycelia propagated in the substrate bottle. B) Top
view of the substrate bottle. The area included within the dotted line is the contaminated mycelia. C) Phylogenetic analysis
on the basis of 16S rDNA sequence of the bacterial isolates. Gene bank accession numbers of the 16S rDNA sequences of
the isolates are written in the parenthesis after the code name.

By spreading a serially diluted solution of the mycelial
suspension onto the R2A agar, we were able to isolate
10 morphologically distinct bacteria. The 16S rDNA
sequences of the isolates were then determined. Phyloge-
netic analysis of the 16S rDNA sequences indicated that
the bacteria belonged to a variety of bacterial genera,
including Bacillus (LBSS), Enterobacter (LBS1 and LBS2),
Sphingomonas (LBS8 and LBS10), Staphylococcus (LBS3,
LBS4 and LBS9) and Moraxella (LBS6 and LBS7) (Fig.
1C). Our analysis also demonstrated that LBS1 and LBS2
were identical and could be identified as a strain of E.
amnigenus. The 16S TDNA sequences of LBS3 and LBS4
were identical and both belonged to the species S. epider-
midis. However, these two were distinguished with regard
to the color of colonies and the inhibitory effect on mush-
room mycelial growth. LBS3 formed yellowish colonies
and did not inhibit the growth of mushroom mycelia,
whereas LBS4 formed white colonies and inhibited myce-
lia growth (Fig. 1C). LBS5 was determined to be a spe-
cies of B. cereus, evidencing 99% identity in terms of its
16S rDNA sequence. LBS6 and LBS7 were identical, and
were belonged to Moraxella osloensis. Both LBS8 and
LBS10 were species of Sphingomonas with slight differ-
ences in the colors of their colonies. LBS8 formed red
colonies, while the latter formed yellow colonies.

In order to confirm which of the isolates are responsi-
ble for the mycelia disease, we assessed the effects of the
bacteria on the growth of mushroom mycelia on the solid
media. As is shown in Fig. 2, the control mushroom
mycelia grew well in all directions. However, when the
mycelia met the lines of bacteria including LBS1, LBS4,
LBS5, and LBS9, mycelial growth was significantly
retarded, whereas LBS3, LBS6, LBS8, and LBS10 evi-
denced no inhibitory effects (Fig. 2).

We then challenged the bacteria to the development of
mushroom fruiting bodies. 5 m/ of the bacterial culture
broths or the cell-free supernatants of LBS1, LBS4,
LBSS5, and LBS9 were applied to the substrate bottle, in
which the mushroom mycelia propagated thoroughly. In
the control experiment, in which only fresh R2A media
was applied, primordia were observed within 3 days of
incubation. They grew into young fruiting bodies with an
approximate height of 7cm in 5 days (See Fig. 3, Con-
trol). On the other hand, treatment of the culture broths or
the cell-free supernatants of LBS4 or LBS9 significantly
retarded the formation of primordia and completely inhib-
ited the formation of fruiting bodies (See Fig. 3, LBS4
and LBS9). In the case of LBSS5, only the bacterial cell-
containing culture broth was capable of inhibiting the for-
mation of fruiting bodies, whereas the cell-free superna-
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Fig. 2. Inhibitory activity of the bacteria on the mushroom mycelial growth. A mycelia disc was positioned at the center of the

PDA plate and incubated until the mycelia propagated 1 cm in length from the center of the disc. Bacterial isolate was

then streaked in single line. The closest distance of the bacterial line from the center was 2 cm. The plate was incubated
for 3 days at 25°C.

Cell-free
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Culture
broth
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Fig. 3. Inhibitory activity of the bacteria on the fruiting body formation. 5 m/ of the bacterial culture broths or the cell-free
supernatants were applied to the substrate bottle, in which the mushroom mycelia propagated thoroughly. The fresh R2A

media was applied for the control experiment. The bottles were incubated for 5 days at 15°C, with a relative humidity of
90%.
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Fig. 4. Effects of the serially diluted bacterial broths (1%, 0.1x, 0.01x and 0.001x) on the growth of mushroom fruiting bodies.
5 ml of the serially diluted bacterial culture broths of LBS1 (A), LBS4 (B), LBS5 (C), and LBS9 (D) were applied. The
pictures were taken 5 days and 7 days after the inoculation of broths. The dilution rates are written under the pictures.

tant did not. Therefore, it appears that the inhibitory agent
generated by LBSS5 is a protein or a heat-labile chemical
compound. The most peculiar case was LBS1. The cul-
ture broth itself was not inhibitory. However, the cell-free
supernatant of LBS1 was capable of inhibiting the forma-
tion of fruiting bodies slightly less efficiently than was the
case with LBS4 or LBS9.

We subsequently investigated the effects of the serially
diluted bacterial culture broths (1%, 0.1x, 0.01x and
0.001x) on the growth of the fruiting bodies. The culture
broth of LBS1 did not influence the growth, as men-
tioned above (Fig. 4A). 1x broth of LBS4 was capable of
inhibiting the growth, but the diluted broth was not (Fig.
4B). LBSS5 evidenced inhibition ability with 0.1x diluted
broth (Fig. 4C). The LBS9 culture broth evidenced the
most favorable results in the inhibition of fruiting body
growth. 0.01x of the broth still manifested some inhibi-
tory activity (Fig. 4D).

Discussion

Although the bottled culture of P. eryngii mycelia is con-
ducted under aseptic conditions, the deterioration of the
mycelia by bacterial contamination occurs frequently. The
source of contamination remains unclear, but the infiltra-

tion of contaminated air into the substrate bottle during
the chilling process immediately after the sterilization pro-
cess is one of the suspected sources of contamination.

In order to confirm the nature of the contamination, we
have isolated 8 distinct bacteria, all of which are associ-
ated with the diseased mushroom mycelia. Among them,
4 bacteria, including strains of E. amnigenus (LBS1), S.
epidermidis (LBS4), Staphylococcus sp. (LBS9), and B.
cereus (LBSYS) evidenced inhibitory effects on the growth
of mycelia and fruiting bodies. None of these have thus
far been implicated in the mushroom disease. However, in
the case of B. cereus, antifungal activities against plant
pathogenic fungi have been reported via the secretion of
fungal cell wall-degrading enzymes including chitinase
and glucan Aglucosidase (Huang ef al., 2005; Kishore et
al., 2007; Chang et al., 2007). Therefore, the inhibition of
growth by B. cereus (LBS5) conceivably originates from
the cell wall-degrading enzymes generated by the bacteria.
Loss of the inhibitory activity by heat treatment, which
deactivates the enzyme, further supports this hypothesis
(Fig. 3, LBSS). Unlike B. cereus (LBSS), two staphylo-
coccal culture broths (LBS4 and LBS9) retained their
inhibitory activity even after heat treatment, thereby indi-
cating that a heat-stable, potentially non-proteinaceous,
compound is responsible for this inhibition. The culture
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broth of Enterobacter amnigenus (LBS1) was not inhibi-
tory, but the heat-treated cell-free supernatant was inhibi-
tory. This suggests that LBS1 may generate an inhibitory
heat-stable chemical compound which can be readily
degraded by its own secreted enzyme.
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