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ABSTRACT: This study aimed to investigate possible canse of slow and abnormal growth of oyster
mushrooms, Pleurotus florida and P. ostreatus collected from bad crop farms. Spherical virus particles
of 30 nm in diameter from P. florida, 23 nm particles from P. ostreatus, and both 23 and 30 nm
particles were also found from interspecies mated culture between P. florida and P. osreatus. The
virus particles might be associated with the bad crop of Pleurotus species.
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Introduction

Oyster mushrooms (Pleuroius spp.) have been
very popular with Korean peoples as one of spe-
cial foods which possess the unique flavor, taste
and nutritive value (Bano, ef al. 1963; Pyo, et al.
1975: Go, et al. 1984). Furthermore, the mush-
rooms attract our attention with potential effect
reducing cancer tumor cells in mice (Kim, ef al.
1972).

The spcies of Pleurotus, P. ostreatus, P. florida
and P. sajor-caju, have been cultivated as impor-
tant cash crops with the success of rice-straw cul-
ture since 1970 in Korea (Park et al. 1975, 1977a,
1977b). The cultivation areas of oyster mushrooms
have been greatly increased year by year since
begining of rice straw cultures. In 1988, 29, 137
tons of oyster mushrooms were produced on the
rice straw culture beds of 2,749, 742 m? through-
out the whole contry (Ministary of A. F. F. Statis-
tics, 1989).

Some of diseases and insect-pests of oyster mu-
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shrooms have been reported with the enlarge-
ment of cultivation area and continous cropping
in a limited area. The cultural procedures such
as preparation of the culture substractes, spaw-
ning, regulation of cultural environments and har-
vest usually bring mutural contamination of the
harmful microorganisms and insect-pests.

In 1987, one grower of the oyster mushrooms
near city of Suweon unfortunately experienced
bad crop resulting in unknown causal agent on
the cultural substrates. The growing oyster mush-
rooms on the cultural beds were almost comple-
tely destroyed by the various molds considered
to be non-pathogenic. In a preliminary study to
investigate the causal agent of the bad crop, the
authors found out an interesting fact that isolate
obtained from the above noted disordered oyster
mushroom showed significant slow growth of the
mycelia in comparison with the normal isolates.
So, it was concluded the isolate itself might be
responsible for the slow growth of the mycelia
by contamination of pathogenic virus. In this ex-
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periment, the causal agent was investigated.
Materials and Methods

Fungal culture: Abnormal oyster mushrromcul-
tures (Pleurotus spp.) were obtained from farms
where many competition fungal pathogens and ye-
llow bloth disease caused by Pseudomonas spp.
were severe. The mycelia of Pleurotus spp. were
isolated from the centre of caps of abnormal mu-
shroom. They were placed on potato dextrose agar
(PDA) medium (Booth, 1971). The mycelia were
grown at 24C and repeatedly transferred to new
media. These cultures were stored at 4C until
use.

Purification of virus: The procedure to purify
virus particles was followed by methods of Harm-
sen, et al. (1991) with some modifications. Disea-
sed Pleurotus was inoculated on to mushroom co-
mplete agar medium (Raper, ef al. 1972) and incu-
bated at 25€ for 7 days. The mycelia were sha-
king cultured by 120 rpm at 25T for 4 days. After
incubation the cells were collected by filtration
with nylon cloth. The cells were then broken by
grinding in a Nihon-Seiki homogenizer for 5 to
10 mim on an ice bath in two volumes of 0.01 M
sodium phophate buffer (pH 7.5) contaning 0.5%
mercapto ethanol. The cell debris was removed
by centrifugation at 7500 rpm for 60 min in a Hi-
thachi RPRS-2-1213 rotor. The supernatant solu-
tion was collected and 10% polyethylenglycol M.W
6000 and 0.6 M NaCl was added to precipitate the
virus particles at 4C for over night or 2 hours
in a stirring condition. The precipitate was collec-
ted by centrifugation at 7000 rpm for 10 min and
resuspended in 0.1 M sodium phosphate buffer
(pH 7.5). The suspension was stirred slowly for
over night or 2 hours at 4T and clarified by cent-
rifugation at 9000 rpm for 15 min in a Hitachi RPR
20-2-2885 rotor. The supernatunt was collected
and stored at 4C as partally purified viruses.

Sucrose density gradient centrifugation: Partially
purified virus was centrifused in sucrose density
gradient (10-40% W/V) in 0.1 M sodium phosphate
buffer (pH 7.0) at 25000 rpm for 150 min in Hita-
chi SRP 28SA swing rotor. The viruses were col-

lected by centrifugation at 40,000 rpm for 60 min
at 4C in a Hitachi RP50T-2-269 rotor, otherwise,
sucrose polyethylenglycol gradient in 0.1 M so-
dium phosphate buffer (pH 7.5) was centrifuged.
The purified virus solution was observed its spec-
trum under UV light.

Electron microscopy observation: The purified
viruses were dropped on a 150-200 mesh grid
which covered by formvar film and negatively
stained with 2% phosphotungstic acid at pH 7.0
after removing excessive water. The virus partic-
les were observed with Hitachi H-800 electron
microscope.

Ultrastructure of inter-cellular tissue: Abnormal
growing mycelium cultured on a cellophane mem-
brane paper which placed on MCM was used for
examination of infection tissue. Infected tissues
were prefixed for 30 min with 3% glutaaldehyde
in Millonings phosphate buffer (pH 7.3) containg
2.26% sodiumphosphate monobasic, 2.25% sodium
hydroside and 54% glucose then washed 2 times
as described by Hetta, ef al. (1971). Prefixed tissue
was postfixed with 2% osmic acid and dehydrated
with acetone after washing with phosphate buffer.
Dehydrated tissue was embedded with Epon 812
through 3 successive transfers (15min for each
step) under vacuum condition. Embedded tissue
was hardened for 1hour at 70C and then 2 hours
at 100 with 15% DMP-30 for accelerating. Thin
section of the tissue was made with ultramicro-
tome (Sourvall MT 6000). The thin sectioned tis-
sue was stained with 2% uranyl acetate for 2 min
and for 5 min in Reynolds lead citrate before exa-
mination under the eletron microscope.

Results and Discussion

Partially purified virus-like particles from abno-
rmal growing cultures were further purified th-
rough either sucrose density gradient 10-40% or
sucrose PEG density gradient.

Two light scattering bands located 2.4-2.6 cm
and 4.5-54 cm below the meniscus were observed
following sucrose density gradient centrifugation
of partially purified virus (Fig. 1).

The upper band formed 2.4-2.6 cm below the
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Fig. 1. Specific light scattering band produced by vi-
rus preparation of P. florida in sucrose density gra-
dient centrifugation. M; Meniscus, 1 and 2; Viral light
scatter

Fig. 2. Cell free virus particles from abnormal gro-
wing culture of P. florida (Bar equels 100 nm).

meniscus was a mixture of RNA empty virus par-
ticles and some of host cell debris, but the lower
band formed 4.5-5.4 cm blow the meniscus contai-
ned spherical virus particles.

Prurified virus-like particles of P. florida were
spherical type of about 30 nm in diameter (Fig, 2).
But the particles from grey type isolate of P. osi-
reatus were a little smaller than those of P. florida.
The particles were 23 nm in diameter as shown

Fig. 3. Cell free virus particles from abnormal gro-
wing culture of P. ostreatus (Bar equels 100 nm).

Fig. 3. As shown Fig.2 and Fig. 3 generally one
kind of virus was observed in each species, respe-
ctively. However, in case of interspecies mating
culture between P. florida and P. ostreatus showed
both kinds of particles, 23 and 30 nm (Fig. 4).
There were some empty particles among virus-
like particles (arrow in Fig. 2). The empty particle
was a little smaller than that of normal one. Other
form of rod shape or filamentous particles was
not observed.

It was the first time to find out the presence
of virus particles from P. florida. It was very typi-
cal that virus particle in oyster mushroom was
one type unlike other higher fungi. Common mu-
shroom Agaricus bisporus contaminated several ki-
nds of isomatric particles such as 25nm and 34
nm in diameter and bacillifrom particles of 19 nm
wide and 50 nm long (Atkey, P. T. 1985; Diele-
man-van Zaayen, A. 1969; Dieleman-van Zaayen,
et al. 1981). Oak mushroom, Lentinus edodes also
has 25, 29, and 30nm virus particles including
flexible rod type of 15-17X1500 nm in maximum
length, and rigid rod type of 25-28X280-300 nm
(Mori, et al. 1974; Ushiyama, 1975; 1983; 1984).
However, in case of inter-species mating culture
between P. florida and P. ostreatus there were two
types of virus, 23nm and 30nm particles. It
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Fig. 4. Cell free virus particles from abnormal gro-
wing isolate of inter species mated culture between
P. florida and P. ostreatus (Bar equels 100 nm).

means that there is a possibility to contaminate
other kinds of virus in oyster mushroom through
mating or protoplast fusion.

The virus particles were present throughout the
cytoplasm in tissue of P. florida. The particles ap-
peared dispersly and aggregated loosely as shown
Fig.5. The virus particles in ultra-thin section
were a little smaller than those of cell free virus
particles. The diameter of the particles in ultra-
thin section was averaged to 26 nm in P. florida
instead 30 nm of cell free particles. The particles
were shown in the cytoplasm but not in cell orga-
nells such as mitochondria and nucleus. but, often
the particles were found in small vacuoles.

Purified 30 nm virus preparation was subjected
to ultraviolet (U.V.) light analysis. The optimal
spectrum absorbance of the virus was at 259.5 nm
but minimum was at 242 nm as shown in Fig. 6.

The A260:A280 (nm) obsorption ratio was
about 1.59. As shown the UV spectrum, the virus
preparation was consisted of nucleic acid. Usually
around 260 nm of UV spectrum known that nuc-
leic acid was contained in it.

As the above results, virus or virus-like partic-
les were observed on the abnormal growing cul-

Fig. 5. Ultrathin sections of virus infected vegetative
mycelium of P. florida (Bar equels 100 nm) NW; nu-
celi wall, N; nucleus, NU; nucleolus, V; virus.
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Fig. 6. Ultraviolet absorption spectrum of purified 30
nm virus particles from P. florida.

ture of P. flovida and P. ostreatus. The particles
were spherical type of 30 nm from the P. florida
and 23 nm from the P. ostreatus in diameter, res-
pectively. The virus particles might be associated
with the bad crop of Pleurotus species in Korea.

wm B

EifERe] S A e (P florida),
el A (P ostreatus) R °1E F e ZBHE
BEEYE 30nm 2 23nme) KA virushi F& B
Eo REWAER SEEldc)h AME =eleidem
BE] SHEE viruse) BE spectrum-2 259.5 nm$]
o}



Go, Cha and Shin: Virus-like Particles from Abnormal Growing Oyster Mushrooms, 153
Pleurotus florida and P. ostreatus

References

Atkey, P. T. (1985): Virus. In the Biology and Tech-
nology the Cultivated Mushroom ed. by P. B. Flegg,
D. M. Spencer, and D. A. Wood 245-260 John Wil-
ley.

Bano, Z., K. S. Srinivisan, and H. C. Srivastava (1963):
Amino acid composition of the protein from a mu-
shroom Pleurotus sp. Applied Microbiology 11: 184-
187.

Booth, C. (1971): Fungal culture media. In Mehods
in Microbiology. Vol. 4 ed. by C. Booth 49-94. Aca-
demi Press, London and New York.

Choi, Y. M. (1987): Studies on structure, epidemio-
logy and detection method of rice black-streaked
dwarf virus, Ph. D. thesis, Chung Nam National
University, Korea.

Dawe, V. H. and C. W. Kuju, (1993): Virus-like partic-
les in the aquatic fungus, Rhizidionmyces. Virol.
130: 10-20.

Dieleman-van Zaayen, A. and O. Igesz (1969): Inter-
cellutar appearance of mushroom virus, Virol, 39:
149-157.

Dieleman-van Zaayen, A. and J. H. M. Temmink
(1968): A virus disease of cultivated mushrooms
in the Netherlands. Nether. J. Plant Pathol. 74: 48-
51

Dieleman-van Zaayen, A. (1969): A virus disease of
cultivated mushroom in the Netherlands. Mush-
room Science 7: 213-220.

Go, S. ], C. H. You, and Y. H. Park (1984): Effect
of temperature, pH. carbon and nirtogen nutritions
on mycelial growth of Pleurotus sajor-caju (Fr.) Sing
and Pleurotus ostreatus (Fr.) Quel. Kor. J. Mycol.
Vol. 12: 15-19.

Harmsen, M. C,, S. J. Go, and ]J. G. H. Wessels (1992):
Double stranded RNA and virus particles in Pleu-
rotus mycelium and drived protoclones. Experime-
ntal. Mycol. (in print).

Hatta, T., T. Nakamoto, Y. Takagi and R. Ushiyama
(1971): Cytological abnormalities of mitochondria
induced by infection with cucumber green mottle
mosaic virus. Virus 455: 292-297.

Kim, B. K., T. K. Park, and M. J. Sim (1979): Studies

on the constituents of higher fungi of Korea (23)
Antineoplastic activities of Coriolous versicolor (L.
ex. Fr) Quel,, Pleurotus ostreatus (Fr.) Kummer and
Lentinus edodes (Berk.) Sing. Arch. Pharm. Res, 2:
145-151.

Liu, H. and P. Liang (1986): Ultrasection of infected
Pleurotus ostreatus. Acta Microbiologica Sinica 26:
221-225.

Ministary of Agriculture, Forest and Fishery (1989):
Statistics in 1989 year, Cash crop production in
Korea: 34-35.

Park, Y. H, S. J. Go and D. S. Kim (1975): Studies
on the cultivation of oyster mushroom, Pleurotus
ostreatus (Fr.) Quel. using rice straw as growing
substrates. I. Experiments on the development of
growing substrates, Res, Rept O. R. D. (S. F. and
M.) Vol. 17: 103-107.

Park, Y. H,, S. J. Go and H. G. Chang (1977): Studies
on the cultivation of oyster mushroom, Pleurotus
ostreatus (Fr.) Quel. using rice straw as growing
substrates, II. The effect of heat treatment to the
substrates, Res Rept. O. R. D. (5. F. P. and M.)
Vol. 19: 93-97.

Park, Y. H, H. G. Chang, and S. J. Go (1977): The
effects of the quantities of the rice straw substrates
and spawn on the yield of oyster mushroom, Pleu-
rotus ostreaus. Kor. J. Mycol. Vol. 5: 1-5.

Pyo, M. Y. and L. H. Ro (1975): A study on the amino
acid contents of edible mushrooms. K. J. N. Vol
8: 47-59.

Raper, C. A, ]. R. Raper, and R. E. Miller (1972):
Genetic analysis of the life cycle of Agaricus bispo-
rus Mycol. 64: 1088-1117.

Ushiyama, R. (1975): Virus-like particles associated
with Lentinus edodes (Berk.) Sing, Rept Tottori My-
col. Institute 12: 191

Ushiyama, R. (1983): Studies on a virus associated
with shiitake mushroom, Lentinus edides (Berk.)
Sing, Rept Tottori Mycol. Institute 21: 1-60.

Ushiyama, R. (1984): Characterization of polyhedral
virus-like particles associated with shiitake mush-
room, Lentinus edodes. Rept. Tottori Mycol. Inst.
22: 58.

Accepted for Publication on May 29, 1992



