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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 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 3.240.2 28.4+0.8
79.0£0.0 34.8+2.0 37.1+2.1
72.3+0.8 41.8+2.1 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
46.9+04 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 49.742.9 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)
Gymnopilus 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+04 598+17 222+09 10 25 30
A. pyxidatus (1827) 49+00 31.1+07 534+£05 65510 312£1.9 10 25 30
A. pyxidatus (1942) 1.0+ 0.3 52+£09 226+04 402+38 134+04 10 25 30
Gloeostereum incarnatum (1948) 13.8+0.6 30.7+05 669+18 79.0+0.0 51.2+23 10 25 30
G. incarnatum (1949) 125+£0.1 296+14 587+28 73605 79.0+0.0 10 30 30
Grifola frondosa (1099) 53+£02 274+£10 269+12 474x09 37737 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 79.0x00 79.0+0.0 40.0+09 10 20-25 30
G. junonius (1444) 103+£0.6 31.1+£06 706x0.7 776x03 539+12 10 25 30
Hericium erinacius (1622) 158+23 58517 750x7.0 673x12 554%1.0 10 20 30
H. erinacius (1950) 165+£0.7 249+11 79.0x0.0 548%+34 61521 10 20 30
H. coralloides (1096) 2104 263+23 446x14 42912 0.0x00 10 20-25 25
H. coralloides (1448) 143+12 377x16 70.7x43 79.0x0.0 79.0+0.0 10 25-30 30
Hypholoma lateritium (1613) 157+03 316+1.0 486x08 470x04 0.0+00 10 20-25 25
H. lateritium (1614) 162+0.5 307+08 479%x1.0 427+x04 50x03 10 20 30
Lyophyllum. fumosum (1120) 2901 130£0.7 434x13 590x21 61+04 10 25 30
L. fumosum (1446) 0.0 £ 0.0 6.7+0.7 27706 45502 26912 15 25 30
Macrolepiota procera (1868) 6.0x02 390x05 700x05 79.0+00 79.0+0.0 10 25-30 30
M. procera (1971) 74+03 516+£05 790£0.0 79.0x0.0 79.0%0.0 10 20-30 30
Mucidula brunneomarginata (1563) 138+ 1.5 275+08 672+26 79.0+00 260+1.6 10 25 30
M. brunneomarginata (1600) 112+0.7 444+15 759%+03 449%+23 512+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 790x0.0 79.0x0.0 79.0+0.0 10 20-30 30
Oudemansiella mucida (1442) 331+05 73.0+£06 790+£00 790x0.0 79.0+0.0 10 20-30 30
O. venosolamellata (1562) 500+14 751+03 79.0+0.0 79.0+0.0 79.0+0.0 10 20-30 30
Sarcomyxa serotina (1466) 33+£03 374+23 325+06 334+13 10.7+1.7 10 15 30
S. serotina (1963) 266+t14 699+0.7 790+00 712+04 228+14 10 20 30
S. serotina (2004) 6.0x13 299%+20 46822 40711 23906 10 20 30
Stropharia rugosoannulata (1296) 209+0.8 363+04 698%+0.6 688=x0.7 50.6+24 10 20-25 30
S. rugosoannulata (1958) 64+04 160x0.7 29.7x02 276+23 18.6+09 10 20-25 30

"All 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.



7 Il A ol2T %‘é

JLAPRA] gl AR WA dFEe] dAMEE SAIT Aol aa @4 45

re zizke) BRI W

]51 2= o]oug _,T;qzq
A o

4% S50l

opd AIFZRI I FAE dApH R Thed Ao A
& 7] wiAeIN TS

7}, T3 o)} o] AR

uistE Ae 7 3] A Al
At S

T HE A% &5

MEA

253t A E

ohje} 2% gkl A} AP <ol A 2]

5]

SDA

SHFEEM HA 2o 28 DAMYE sS4

PDA UAHIERA] Ao A vljok I:(10 15, 20, 25,
30°C) Wislol] W& ARG WA dF=2] dAL *@mﬂ
S 248}, T50] A% 5 e HA, D4, Hu &
Q] 7)E AL = ZALSISITH

(a) Gloeostereum incarnatum KFRI 1949

(b) Hericeum erinacius KFRI 1622

(¢) Hypholoma lateritium KFRI 1613

(d) Lyophyllum fumosum KFRI 1120

(e) Omphalotus japonicus KFRI 979

(D) 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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FEAHALS BIES giFate] AlY dFE2 20~25°C
oA F] =717} 7P FA] YERY o] st el H
2 2EUS & AT (Table 3). SZHA(KFRI 1971),
S} A (KFRI 979, 1441), ¥2]7192] A (KFRI 1441),
LA A0k R] (KFRI 1442) 52 H4 2% »S7}
20~30°CE 71 WA et S-Sl =
T A 2571 A= b2 Yehded], 22025 E
B2)3F 7 (KFRI 1948)E 25°C, FAIERE B3t 5
(KFRI 1949)= 30°CollA] @A} A= o] =it} ol = Y
TEolete sl dAlY] e 7o) AMEA] 24 e
Ao} o] MR TE Z-5-olle AP H A XS] FA
A AFS 23 HA 5% AR OE 7FsAe] s T
seth. e sSPEHAY] F o EEg Sl YA Y] &
g 7ol A= t27]e sHARE, 7 9] HF = W
17} 20~30°CE FL3h7]| wiol| EAIF-d HAl TR/
TAMIAS 93 FF e ook o] 2] 7)) 9
3 A o= FA9E7 K= i SolFoR HA A
7 AE OE FeZ Azt Al v T Y5
A (KFRI 1466y TAMIRS 218 HE 257}
15°C2 7 w9ko ), th& 275 (KFRI 1963, 2004) &=
gk HA2 57} 20°CE HlaA] WA et o] MAlS =
7H&el HAsE WAl Z Al S wrgs d9E
A7,

T AS 2% HA x5 A7 A (KFRI
1446)S A3k tjF-E-2] 754 10°CE YEPSTE. o]
AT 5 e Hi 25 RS 7550 1o 30°C

o}, AR e o B Al (KFRI 1096)2F 7H AL (KERI
1613)9] 7d-F-oll= 30°Cellr A3 o] A7slA] o} 25°C
7F it AR 913 Ha 250S & F AT AT
FJolMAY AL =TSl A TAYsH AYE)
291 FFS Wt Az g}, 10°Ce} 30°CollA] o
F 3715 vugs w, FAP 779 87%= 10°CHT}
30°CollA Aol o] A Yeh EAIRSA WAl
FE2 AN 312 S0 gigh HgEo] F U FS5 ¢
T AT}, EEgt U wEolEie FUg v =04
Hj<F A= R o AR o] MZ tEA] YERT
U} Ao A EEist tiFEe] oAl dFE2
Lol AR EAL HlwE)] B, ATETY] A9
R H2] LT} 20~25°CO)aL 10°CH 30°CollAtE
AL A o] Tas= 548 Yepllad], & 23] &
AF-t F=5 o9} TS FS e v £ A
T2} Jeond} Ka[7]50] WEst W-8-8 53l HA18-ow
QAT S5 25 Wslol] tigk 2-8-o] ME th=
U= AR AT QA A B -
Zue} 2ol E2lgt o Aol B sta, <A
TS 10°C ALHTRE= 30°C 2L ©f Foksle] AL
A7 o] Yo vhd | B HEE-S 30°C IR TR= 10°C
Aol A AL A o] T vk Zlo g AR

SFEY HA FF9 cellulase B
EARIA WA 2] Ara (cellulose) 312 AL
3171 9130 cellulaseol] tigt 7122 carboxymethyl cellulose

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) 323104
A. pyxidatus (1827) 33.1+09
A. pyxidatus (1942) 289 +0.5
Gloeostereum incarnatum (1948) 309 +0.5
G. incarnatum (1949) 33.0+23
Grifola frondosa (1099) 244 %03
G. frondosa (1102) 295+ 1.0
Gymnopilus junonius (1114) 29405
G. junonius (1444) 30.8 + 0.9
Hericium erinacius (1950) 174+ 1.9
H. erinacius (1622) 142 +23
H. coralloides (1096) 115+ 0.3
H. coralloides (1448) 222 +03
Hypholoma lateritium (1613) 41.8 +0.3
H. lateritium (1614) 42.1+04

Lyophyllum fumosum (1120) 257 +0.5
L. fumosum (1446) 26.6 + 0.7
Macrolepiota procera (1868) 35.6 + 0.4
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) 356+ 0.5
Oudemansiella mucida (1442) 36.7 + 0.6
O. venosolamellata (1562) 335+ 0.6
Sarcomyxa serotina (1466) 320+ 04
S. serotina (1963) 347 +09
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.
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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.

5 859}, Carboxymethylcellulose (CMC)& 5879
cellulose F=A4]2] Y= 2 (8], cellulasedl] 23] 7}E-3]
2 4= & B-1,4-glucosidic bond7} EA)5H= 718071 %
Shch[9]. BE3F o33 CMC= PAEl o3| whe] Ha) =
7] Wizl cellulase A2t TF5 HAASH= ol -85 7]
o] #r}(g].

ole} 22 CMCE 71dE g A HIHIA] (CMC agar
plate)ll TS HF3IaL 25°CollA] 87T w3t Ao}, =3
AT} (Strophariaceae)dll &3H= 37 & 7| H A (KFRI
1613, 1614)3} S HAORAH] (KERI 1296, 1958)2] CM-
cellulase EAJo| B} 7590 Hls] =4 VeRdtH (39S
Alelgt FEtle] F7]; 40 mm ©)F). ¥, =F-g o]}
(Hericiaceae)dl] &3h= =F3 o8] Al (KFRI 1950, 1622)
3} G2 e o] B Al (KERI 1096, 1448) FEie] =
717} 25 mm ©Je}Z HlwA vt a4 4S5 UERH
(Table 4). 53] FHA=FTIOIHAL F 7 7+ CM-
cellulase E40] <F 28] A= 2}o]7} Qe AT FAHR
T}H(KFRI 1096; 11.5 mm, KFRI 1448; 22.2 mm). ] 2]l
CM-cellulase B430] 28} oJA}o 2 T 7ho| xlol& e
W 152 TEEA] it S =m A S A
SrfjokA o] 7)ol e CM-cellulase®] 438 W sh
Ay, A 22olv AR FE EE)g oA o
Ha GAol=  Aol7t §l3IH. Fig. 2= 2 54 H
A 52| CM-cellulase EAS AT Aoz, A7|A
TP A (KFRI 1446)°]4} 34 A (KERT 979)2 BIS
Sk YB 752 CMC agar plate *JollA] D3] AHEFslw

TS P8t A3t mEgh S A (KFRI 1971)9]
Beole #FY 7PERR7E ErE S FEIE ol FH dAL
7} s 5/80] BEE AT oo 22 AYELS ol
CM-cellulaseZ A|3E ¥1o 2 W=E3le] CMCE E3lsio=
A AR ] 7HE- el HE-S S7AT)AL, A
ol AP} AEF 02 sk dldl d3s 717 A
© & FHET. e FEAHA(KFRI 1963)2] 7-5-ol=
FZHAL(KFRI 19717 FLg F7-9] wix]ol|A Lt
717F 9 v FsldSol = EEkaL, cellulase 8432 27t
WA (KFRI 1971)7 -FARFIAIRE, S84 (KFRI 1971)9]
% 2719 9] MM (KFRI 1963)9] TARIE
Qo =z wakE vhE ASHA] B3t o= CMC agar
plate "o A cellulase E4d0] =T}al A EE HE°] 1
59 AL Al 1 GAE FA| o8k AL ofyH,
cellulase 737} A} A3 o] vl 21 FA UA] ¥
TE Athe AS AAe, =3t 7oA ARSSE cellu-
lase & AP BAPRIYAE ]88t BAO S5
AFHoz ArElE 4 Ue PHLS oA, T 3
cellulase BA-E WA o7 vlwsr 4 Y31, T
o] F7Y HATETE IO R cellulase B4} 7575 o
Haljof sh= 7-9-olle 1HHskaL 783 o] & 5 Sl

O O

SHEEY HA FF2| laccase Y
Laccase(benzenediol: oxygenoxidoreductase, EC 1.10.3.2)

= RS R ALl Qe Al SR (10], HIE

B S0 E SPgAe] =& Alew deA o1l ©]
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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)* intensityb
Artomyces pyxidatus (1826) 62.8£0.5 3+
A. pyxidatus (1827) 60.6 £ 1.6 3+
A. pyxidatus (1942) 582+ 13 3+
Gloeostereum incarnatum (1948) 19.6 £ 0.3 1+
G. incarnatum (1949) 23.6 + 0.7 1+
Grifola frondosa (1099) 486+ 2.3 3+
G. frondosa (1102) 320+29 2+
Gymnopilus 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) 63.4+ 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+

UStrains 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
(2+), and strong (3+).

23t o] laccase= AFHN AAslaL Qe Tt 77

S0 AZAL) Hofatar ok = T e AHEA ¥

~——

(a) (b) (0)

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 (¢) Mucidula brunne-
omarginata KFRI 1563 (strong chromogenic intensity, 3+).

Felal = Ao ZE BuE o 11,12].

EAESAY WAL 0] Blad e 2AKE] Sl
ABTS agar plateS A|3=3}a1, o710l T-& FE3t 25°Cell
A1 8U%t STt Laccase &3> 7} w7 1A
HiR]ol] A A5 WA 72 SR 0™, cel-
lulase Sd7= G| T o xfolE Ho Fig. 3004
o} Zo] o]& thA] 3R WA HAEZ Lpro] F7IE 7]
23190t A7) A (KERT 1120, 1446), 22047
BAE]H AL (KERI 1563, 1600), 2] 71EAE]H A1 (KFRI 1442),
E2Z1E Al M) (KFRI 1562), SHHFAIH A (KFRI
1826, 1827), =gt o|HAl (KFRI 1622)'5-> TAd|e] =2
717F 60 mm ©)d, A I} strong(3+)OZ B} TE
o] H13l] laccase &/d0] =2 Ao ZARIL. o]e} &
2], S FUREH AL (KFRI 1948, 1949)2 HAlite] =7
7} 25 mm ©]5}, B A7) weak(1+)E VERY AlEHF
E T 7P 22 laccase 84S AT 5UF U 75 1
laccase 43S Hlugh A7, giFEe] dFEolAe 84
o] FAFSHAl el Zeiv AL, =FaolH
A, ZHAAHAIL] A9ol= 2 B 375 1 84 E49]
1.3~1.78] AEZ 27} Y= Aoz ZAME I, Cellu-
lase &/ HMol| M9} o] ABTS agar plateE ©|-83+ o]
HBH 8t A 7 7T laccase BA1ES W EREF 0 7 Hal
g T U= WHO R laccase WA -5 T EHE 9lotst
710 Bk A2 oI}, Laccase A1} TAF Adwkate]
A AA] IR EAESE] JojA= vIEA] BAZE
oPdS & AT o|eld FF AT IR o
FEANXME E S AS=], ABTS agar plate ‘3| laccase
o] A JERgTiaL st RE=A] fARAIE A A%
Sk 722 ofu)7] wiol}, 18U} cellulaselt} laccase= &
AFSd walgto] Abgolx Aolrle dlof] ui-- Fagh
BAE FAFEHER A5 o5 wAL AFE WE 54
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