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Mycelial Growth and Extracellular Enzyme Activities of
Wood-decaying Mushroom Strains on Solid Media

Sung-Min Jeon and Kang-Hyeon Ka*

Division of Wood Chemistry & Microbiology, Korea Forest Research Institute, Seoul 130-712, Korea

ABSTRACT : The mycelial growths of wood-decaying mushroom strains collected from Korean forests were investigated on solid
media under different culture media and temperatures. Most of strains showed the higher mycelial growth on potato dextrose
agar (PDA) than malt extract agar (MEA) or sabouraud dextrose agar (SDA) plates. Except for a few strains, they grew well on
PDA at 25°C and showed a poor growth at low temperature (10°C) than high temperature (30°C). All strains showed the
carboxymethylcellulase (CM-cellulase) and laccase activities on solid media containing the specific substrates for two different

enzymes.
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Table 1. List of wood-decaying mushroom strains used in this study

Origin of strains

Scientific name Korean name K,FRI . Year
strain No."  Origin of pure cultures Forest vegetation Location .
isolated

Artomyces pyxidatus Jomnamu-ssari-beoseot 1826 Fruit body inner tissue ~ Broadleaf tree Pyeongchang-gun, Gangwon-do 2012
Artomyces pyxidatus Jomnamu-ssari-beoseot 1827 Fruit body inner tissue ~ Broadleaf tree Pyeongchang-gun, Gangwon-do 2012
Artomyces pyxidatus Jomnamu-ssari-beoseot 1942 Fruit body inner tissue ~ Broadleaf tree Segipo-si, Jeju-do 2012
Gloeostereum incarnatum Jungguk-neureupnamu-beoseot 1948 Fruit body inner tissue  Ulmus sp. Hongcheon-gun, Gangwon-do 2012
Gloeostereum incarnatum Jungguk-neureupnamu-beoseot 1949 Basidiospores Hongcheon-gun, Gangwon-do 2012
Grifola frondosa Ipsae-beoseot 1099 Fruit body inner tissue  Quercus sp. Inje-gun, Gangwon-do 2008
Grifola frondosa Ipsae-beoseot 1102 Fruit body inner tissue ~ Castanea crenata Gwangju-si, Gyeonggi-do 2008
Gymnopilus junonius Galwangsaek-michigwangi-beoseot 1114 Fruit body inner tissue  Quercus serrata Pocheon-gun, Gyeonggi-do 2008
Gymnopilus junonius Galwangsaek-michigwangi-beoseot 1444 Fruit body inner tissue ~ Quercus sp. Pocheon-gun, Gyeonggi-do 2010
Hericeum erinacius Noru-gungdengi-beoseot 1622 Fruit body inner tissue  Quercus mongolica Inje-gun, Gangwon-do 2011
Hericeum erinacius Noru-gungdengi-beoseot 1950 Fruit body inner tissue  Quercus mongolica Pyeongchang-gun, Gangwon-do 2012
Hericium coralloides Susil-noru-gungdengi-beoseot 1096 Fruit body inner tissue  Quercus sp. Sokcho-si, Gangwon-do 2008
Hericium coralloides Susil-noru-gungdengi-beoseot 1448 Fruit body inner tissue  Quercus variabilis Hongcheon-gun, Gangwon-do 2010
Hypholoma lateritium Gaeam-beoseot 1613 Fruit body inner tissue  Quercus mongolica Inje-gun, Gangwon-do 2011
Hypholoma lateritium Gaeam-beoseot 1614 Fruit body inner tissue  Quercus mongolica Inje-gun, Gangwon-do 2011
Lyophyllum fumosum Yeongisaek-mangadak-beoseot 1120 Fruit body inner tissue  Quercus variabilis Cheongdo-gun, Gyeongsangbuk-do 2008
Lyophyllum fumosum Yeongisaek-mangadak-beoseot 1446 Fruit body inner tissue  Quercus mongolica Hongcheon-gun, Gangwon-do 2010
Macrolepiota procera Keungat-beoseot 1868 Fruit body inner tissue  Pinus densiflora Pyeongchang-gun, Gangwon-do 2012
Macrolepiota procera Keungat-beoseot 1971 Fruit body inner tissue  Quercus mongolica Goseong-gun, Gangwon-do 2012
Mucidula brunneomarginata  Galsaek-nalginppuri-beoseot 1563 Fruit body inner tissue  Quercus sp. Pyeongchang-gun, Gangwon-do 2011
Mucidula brunneomarginata  Galsaek-nalginppuri-beoseot 1600 Fruit body inner tissue  Quercus sp. Inje-gun, Gangwon-do 2011
Omphalotus japonicus Whagyeong-beoseot 979 Fruit body inner tissue  Carpinus laxiflora Pocheon-gun, Gyeonggi-do 2007
Omphalotus japonicus Whagyeong-beoseot 1441 Basidiospores Pocheon-gun, Gyeonggi-do 2010
Oudemansiella mucida Kkeunjeok-ginppuri-beoseot 1442 Fruit body inner tissue ~ Broadleaf tree Pocheon-gun, Gyeonggi-do 2010
Oudemansiella venosolamellata  Kkeunjeok-ginppuri-beoseot-ajaebi 1562 Fruit body inner tissue  Ulmus sp. Pyeongchang-gun, Gangwon-do 2011
Sarcomyxa serotina Chambuchae-beoseot 1466 Fruit body inner tissue  Tilia amurensis Hongcheon-gun, Gangwon-do 2010
Sarcomyxa serotina Chambuchae-beoseot 1963 Fruit body inner tissue  Tilia amurensis Hongcheon-gun, Gangwon-do 2012
Sarcomyxa serotina Chambuchae-beoseot 2004 Fruit body inner tissue  Tilia amurensis Hongcheon-gun, Gangwon-do 2012
Stropharia rugosoannulata Dokcheong-beoseot-ajaebi 1296 Fruit body inner tissue  Quercus sp. Yangpyeong-gun, Gyeonggi-do 2010
Stropharia rugosoannulata Dokcheong-beoseot-ajaebi 1958 Fruit body inner tissue  Larix kaempferi Hongcheon-gun, Gangwon-do 2012

YKFRI: Korea Forest Research Institute, Korea.
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Table 2. Mycelial growth of wood-decaying mushroom strains
on three different solid media

Mycelial growth
(mm / 21 days)

PDA MEA SDA
56.5+1.1 5.1+04 37.3+1.8
60.7£0.3 22.1£0.8 46.4+0.7
349+4.1 3.2+0.2 28.4+0.8
79.0+£0.0 34.8+2.0 37.1+2.1
72.310.8 41.842.1 27.9+1.9
43.2+0.8 18.7£0.2 39.0+0.7
66.7£1.9 9.1+04 67.8+4.7
79.0£0.0 70.9+0.5 72.4+0.3
72.5+0.6 71.3+2.0 58.6+0.6
68.3£2.2 1.4+0.7 73.7+1.2
53.0+2.2 2.7£0.2 76.0+1.2
40.9+£0.7 0.0£0.0 27.4+0.8
79.0£0.0 39.2+3.1 79.0+0.0
469104 7.1+14 16.8%1.2
41.6£2.0 5.8+0.2 13.8+0.3
60.1£0.6 59+2.1 44.2+1.4
47.4+3.1 6.6£0.5 44.2+1.5
Macrolepiota procera (1868) 79.0£0.0 55.2+0.2 74.7+0.6
M. procera (1971) 79.0£0.0 49.7+2.9 79.0+0.0
Mucidula brunneomarginata (1563) 79.0£0.0 6.9+0.7 5.4+0.5
47.3+1.3 5.5£0.1 34.0+0.5
79.0£0.0 69.9+2.5 79.0+0.0
79.0£0.0 46.4+1.5 79.0+0.0
79.0+£0.0 25.5+0.7 79.0+0.0
79.0£0.0 60.4+4.6 79.0+0.0
31.4+1.5 6.5£0.5 15.3%1.6
70.8+£1.0 5.3+£0.5 56.0+0.2
33.5+0.5 5.1£0.5 18.3+0.2
72.4+1.3 44.8+1.7 74.2+0.4
26.9£2.0 50.3+0.9 66.9+0.8

Fungi (KFRI strain No.)

Artomyces pyxidatus (1826)
A. pyxidatus (1827)

A. pyxidatus (1942)
Gloeostereum incarnatum (1948)
G. incarnatum (1949)
Grifola frondosa (1099)

G. frondosa (1102)
Gymmnopilus junonius (1114)
G. junonius (1444)
Hericeum erinacius (1622)
H. erinacius (1950)

H. coralloides (1096)

H. coralloides (1448)
Hypholoma lateritium (1613)
H. lateritium (1614)
Lyophyllum. fumosum (1120)
L. fumosum (1446)

M. brunneomarginata (1600)
Omphalotus japonicus (979)

O. japonicus (1441)
Oudemansiella mucida (1442)

O. venosolamellata (1562)
Sarcomyxa serotina (1466)

S. serotina (1963)

S. serotina (2004)

Stropharia rugosoannulata (1296)
S. rugosoannulata (1958)

"Strains were incubated on potato dextrose agar (PDA), malt
extract agar (MEA), and sabouraud dextrose agar (SDA) plates at
25°C for 21 days.

?Values (except for the size of inoculants, 6 mm in diameter) are
mean+SD of three replicates. The size of solid plate bottom is
85 mm in diameter.
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Table 3. Mycelial growth of wood-decaying mushroom strains at five different temperatures

Mycelial growth (mm / 21 days)

Cardinal temperature (°C)

Fungi (KFRI strain No.)

10°C 15°C 20°C 25°C 30°C Minimum Optimum Maximum
Artomyces pyxidatus (1826) 1.2+04 162%+1.0 384+04 59817 22209 10 25 30
A. pyxidatus (1827) 49+00 31.1+0.7 534%£05 655+10 31219 10 25 30
A. pyxidatus (1942) 1.0+ 0.3 52+£09 226+04 402+38 134+04 10 25 30
Gloeostereum incarnatum (1948) 138+0.6 30705 669+18 79.0+0.0 51.2+23 10 25 30
G. incarnatum (1949) 125+£0.1 296+14 587x28 73.6x05 79.0+0.0 10 30 30
Grifola frondosa (1099) 53+02 274+£10 269+12 47409 377137 10 25 30
G. frondosa (1102) 42+02 382+36 466+08 626+22 428+8.6 10 25 30
Gymnopilus junonius (1114) 96+03 486*x11 790+£00 79.0+0.0 40.0=+0.9 10 20-25 30
G. junonius (1444) 103+£0.6 31.1+£06 706x0.7 776x03 539%1.2 10 25 30
Hericium erinacius (1622) 158+23 585+17 750+70 673+12 554+1.0 10 20 30
H. erinacius (1950) 165+£0.7 249+11 79.0x00 548+34 615+21 10 20 30
H. coralloides (1096) 21+04 263+23 446+t14 429+12 00x£0.0 10 20-25 25
H. coralloides (1448) 143+12 37716 707x43 79.0x00 79.0+0.0 10 25-30 30
Hypholoma lateritium (1613) 157+03 316+10 486+08 470x04 0.0+0.0 10 20-25 25
H. lateritium (1614) 162+£05 307+08 47910 42704 50+03 10 20 30
Lyophyllum. fumosum (1120) 29+01 13.0+07 434+13 59021 61+04 10 25 30
L. fumosum (1446) 0.0 £ 0.0 6707 27706 45502 269%1.2 15 25 30
Macrolepiota procera (1868) 60+02 390+05 700+£05 79.0+0.0 79.0+0.0 10 25-30 30
M. procera (1971) 74+03 516+£05 790£00 79.0x0.0 79.0%0.0 10 20-30 30
Mucidula brunneomarginata (1563) 13.8+1.5 275+08 672+26 79.0+0.0 260+1.6 10 25 30
M. brunneomarginata (1600) 112 +£0.7 444+15 759%+03 44923 512%18 10 20 30
Omphalotus japonicus (979) 229+11 635+£33 790+00 79.0x0.0 79.0+0.0 10 20-30 30
O. japonicus (1441) 173+14 642+17 790x£00 79.0x0.0 79.0+0.0 10 20-30 30
Oudemansiella mucida (1442) 331+£05 73.0+06 79.0x0.0 79000 79.0+0.0 10 20-30 30
O. venosolamellata (1562) 500+14 75103 790+£00 790+0.0 79.0x0.0 10 20-30 30
Sarcomyxa serotina (1466) 33+03 374+23 325106 334+13 10717 10 15 30
S. serotina (1963) 266+14 699+£0.7 79000 712x04 228x14 10 20 30
S. serotina (2004) 6013 299+20 468+22 407+1.1 239=*0.6 10 20 30
Stropharia rugosoannulata (1296) 209+08 363+04 698+06 688+0.7 50.6*24 10 20-25 30
S. rugosoannulata (1958) 64+04 160+0.7 297+02 276+23 18.6+0.9 10 20-25 30

YAll strains were incubated on PDA plates (pH 6.0, 85 mm in diameter) at different temperatures for 21 days.
?Values (except for the size of inoculants, 6 mm in diameter) are mean=SD of three replicates.
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(a) Gloeostereum incarnatum KFRI 1949

(b) Hericeum erinacius KFRI 1622

(c) Hypholoma lateritium KFRI 1613

(d) Lyophyllum fumosum KFRI 1120

(e) Omphalotus japonicus KFRI 979

(f) O. japonicus KFRI 1441

(g) Sarcomyxa serotina KFRI 1963

Fig. 1. Morphological characteristics of mycelial colonies in wood-decaying mushroom strains grown on different solid media
(bottom size: 85 mm in diameter).
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Table 4. Cellulase activity of wood-decaying mushroom strains on carboxylmethylcellulose (CMC) agar plate

CM-cellulase

Fungi (KFRI strain No.) activity (mm)’

CM-cellulase

Fungi (KFRI strain No.) activity (mm)"

Artomyces pyxidatus (1826) 323+04
A. pyxidatus (1827) 33.1+£0.9
A. pyxidatus (1942) 28905
Gloeostereum incarnatum (1948) 309 £ 0.5
G. incarnatum (1949) 330+23
Grifola frondosa (1099) 244+03
G. frondosa (1102) 295+ 1.0
Gymnopilus junonius (1114) 294+ 0.5
G. junonius (1444) 30.8 = 0.9
Hericium erinacius (1950) 174 + 1.9
H. erinacius (1622) 142 +23
H. coralloides (1096) 11.5+ 0.3
H. coralloides (1448) 222 +0.3
Hypholoma lateritium (1613) 41.8+£0.3
H. lateritium (1614) 42.1 +0.4

Lyophyllum fumosum (1120) 257+0.5
L. fumosum (1446) 26.6 + 0.7
Macrolepiota procera (1868) 356+ 04
M. procera (1971) 334+09
Mucidula brunneomarginata (1563) 334+04
M. brunneomarginata (1600) 358+ 1.8
Omphalotus japonicus (979) 376+ 0.2
O. japonicus (1441) 35.6 £ 0.5
Oudemansiella mucida (1442) 36.7 + 0.6
O. venosolamellata (1562) 335+ 0.6
Sarcomyxa serotina (1466) 320+ 04
S. serotina (1963) 34.7 £ 0.9
S. serotina (2004) 32.7+£0.5
Stropharia rugosoannulata (1296) 41.7 £1.2
S. rugosoannulata (1958) 412 +0.8

"Strains were incubated on solid agar media containing 0.2% (w/v) CMC with pH 6.0 at 25°C for 8 days.
‘The CM-cellulase activity was determined by the size (mm in diameter) of cellulolytic zone only. Values are mean+SD of three

replicates. The bottom size of CMC agar plate is 55 mm in diameter.



Fig. 2. Wood-decaying mushroom strains showing CM-cellulase activity on CMC agar plates. (a) Artomyces pyxidatus KFRI
1942, (b) Gloeostereum incarnatum KFRI 1949, (c) Grifola frondosa KFRI 1102, (d) Gymnopilus junonius KFRI 1444, (e) Heri-
ceum erinacius KFRI 1622, (f) Hericeum coralloides KFRI 1448, (g) Hypholoma lateritium KFRI 1614, (h) Lyophyllum fumosum
KFRI 1446, (i) Macrolepiota procera KFRI 1971, (j) Mucidula brunneomarginata KFRI 1563, (k) Omphalotus japonicus KFRI

979, and (1) Sarcomyxa serotina KFRI 1963.
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Table 5. Laccase activity of wood-decaying mushroom strains
screened on 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic
acid (ABTS) agar plate

Laccase Chromo-
Fungi (KFRI strain No.) activity genic
(mm)* intensity’
Artomyces pyxidatus (1826) 62.8+0.5 3+
A. pyxidatus (1827) 60.6 £ 1.6 3+
A. pyxidatus (1942) 582+ 1.3 3+
Gloeostereum incarnatum (1948) 19.6 £ 0.3 1+
G. incarnatum (1949) 23.6 £ 0.7 1+
Grifola frondosa (1099) 486+23 3+
G. frondosa (1102) 320+29 2+
Gymmnopilus junonius (1114) 39.5+ 0.9 2+
G. junonius (1444) 40.5 + 2.5 3+
Hericeum erinacius (1950) 484 +0.2 3+
H. erinacius (1622) 60.8 + 0.6 3+
H. coralloides (1096) 58.0 = 1.0 3+
H. coralloides (1448) 51.0 £ 0.7 3+
Hypholoma lateritium (1613) 570+ 1.8 3+
H. lateritium (1614) 55.7 £ 0.6 3+
Lyophyllum fumosum (1120) 63.6 £ 0.4 3+
L. fumosum (1446) 643+ 1.2 3+
Macrolepiota procera (1868) 45.7 £ 0.6 3+
M. procera (1971) 422+ 09 3+
Mucidula brunneomarginata (1563) 64.8 + 3.5 3+
M. brunneomarginata (1600) 62.5+ 1.8 3+
Omphalotus japonicus (979) 450+ 1.9 3+
O. japonicus (1441) 50.6 + 3.0 2+
Oudemansiella mucida (1442) 634 + 1.7 3+
O. venosolamellata (1562) 60.3 + 0.9 3+
Sarcomyxa serotina (1466) 28.6 + 3.7 2+
S. serotina (1963) 423 +03 3+
S. serotina (2004) 48.0 + 3.6 3+
Stropharia rugosoannulata (1296) 504 +2.2 3+
S. rugosoannulata (1958) 526+ 1.3 3+

"Strains were incubated on agar medium containing ABTS ((2,2'-
azino-bis(3-ethylbenzthiazoline-6-sulfonic acid )) at 25°C for 5
days.

‘Laccase activity was determined by the size of chromogenic
(blue-green) zone including the diameter (6 mm) of inoculant.
Values are mean+SD of three replicates. The bottom size of ABTS
agar plate is 85 mm in diameter.

"The chromogenic intensity was graded as weak (1+), moderate
(24), and strong (3+).

213}t ]2 laccase= AHRl AA8lar = Tt I
E9] AR T3star ek, & #5720 FeEuh A &

—

(a) (b) (c)

Fig. 3. Examples of showing the three grades of chromogenic
intensity that expressed by wood-decaying mushroom strains on
ABTS agar plates. Gloeostereum incarnatum KFRI 1949 (weak
chromogenic intensity, 1+), (b) Grifola frondosa KFRI 1102 (mo-
derate chromogenic intensity, 2+), and (c) Mucidula brunne-
omarginata KFRI 1563 (strong chromogenic intensity, 3+).
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