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ABSTRACT: For the purpose of utilizing cellulose resources by cellulolytic enzymes of Roseofomes subflexibilis,
it’s cultural conditions for the production of cellulolytic enzymes in synthetic media were investigated. The results
obtained were summarized as follows : The optimum temperature and pH for the enzyme production were 30°C
and pH 4.0, respectively. Among the carbon sources, glucose was good for the production of cellulase. The optimum
concentration of saccharose as 1.2%. As a organic nitrogen source, yeast extract was good for the mycelial growth.
The optimum concentration of yeast extract as 1.5%. As a inorganic nitrogen source, NH,H,PO, was good for the
mycelial growth. The optimum concentration of NH,H,PO, were 1.1%. The mineral salt of Al,(SO,); was effective

and the optimum concentration was 0.1 M.
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A celluloseAl AL A|FAollA] 713 Ho] &)
3= biomass AU 2 GHEH D75 AEE Aoz
AZAA, Fol, 97 Sl g8 olg5o g} H= 2
T8 F71o0 71913 energy AH2) F71et #HE M)A
A A Fo B 7AF AFAAS EEGOE HAIAA
2% energyd o2 ol &3lHE ko] s s
3 UTh(Reese et al., 1972). @A AFE ulo] wl=@
cellulaseE |85 Hfae] 7R3l 0ol glucose
AR FH189) 60% FEIt Ak 7RSS 93 &4
A2kl AMEET QloH, o]A0] cellulaseE ©| 83 T
Aol FHALE o|RojX)2] Bihe 7P & dglolnt
(Wilkie et al., 1976).

CelluloseZ} A3l g4 o8] EaEs A o
g B2 A7 Iy ok (Mendels er al., 1975;
Brown et al., 1975) A9 cellulosets +37} 2435 32+
ZE o3 3lo](Yamanaka ef al., 1989) 415-49] Halj3}
o] ©<dt i) gho) ofEke Zo) duA ek A
& E3oll= Cy enzyme, C, enzyme, B-glucosidase S
o8] gAHOZ o|FoiXH A E FFo| w2tr 359
cellulase B ztol o} o] vhEm B A7} Hol 9l
o} (Nishizawa et al., 1972; Okada et al., 1966, Wood et
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al, 1972). A fd B EAE A, WA, AV 5
ofF] AatElo] A8 BlX Trichoderma % #3F
Zo| Wi, E3] Trichoderma reesei QMb6a = EAA84F
4& =R BAWH0FO A7 A7 FRE o1FL ok
(Lee et al., 1983; Montenecourt et al., 1977; Sternbrong
et al., 1979; Teeri et al., 1983).

QA AAR o= A Ade) B YRE 770 o
A8l b AR 7P Exa ALY AFAE of

U Yoz o] 88 ¢ Sl W Ao Afid FIE
59] F8A43L S FRAIH I UTHGilbert ef al., 1993).

£ At e AR4AE Blske 24 A 9
gk 7122 Y] Ao 7 cellulaseAl &9 AJLtgo] 7
8t Roseofomes subflexibilis 752 ¥ ¥HE 718 Yol
B7] 93t dES A+ s 22 AAE Q01
B AL

al
x

AEX=
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o] HAFHF F CMCase®] =7t & Roseofomes
subflexibilis 45 @3] FAFTFE ARSSHATE
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Table 1. Composition of various media (g/)
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Ingradient

Media®

Cz’s Gp

YM MY Leoniam Hennerberg Hoppkins Lilly ACM CVM HAM LEM MCM MYG PDM PIM

Potato
Hyponex
Starch

Bacto soytone
Glucose
Sucrose
Maltose
Peptone

Yeast extract 10
Malt extract 15 3 3

DL-Asparagine 2
Dextrose 10

NH,NO,

NaNO, 3 2
(NH,),HPO,

MgSO, * TH,O 0.5
KCl1 0.5
FeSO, * 7TH,O 0.01
CaCl, * 2H,0
ZnSO, * 7TH,0O
MnSO, + 5H,0
CuSO, - SH,0
(NH,)sMo0,0,,
K,HPO, 1
KH,PO, 1 1 1
KNO,
pH

10 10 25 50

30

10 5

w
W

0.5 0.5

0.02
0.1

0.01

50 50 50 50 5.0 5.0

10

0.5

0.1
2
5.0

20

0.2
2.0
0.4

20 :
0.3

10
04
0.6

02
02 0.2

7.0

0.6 02 06 0.4

1.0

20 20 20 20 2.0

0.4

05 005 005 0.05 0.05

01 01
1 0.046 0.046

0.1

0.046 0.05

50 50 50 50 50 50 50 50 50

*Cz’s : Czapek dox, GP : Glucose peptone, YM : Yeast malt peptone, MY : Malt yeast extract, ACM : Agrocybe cylindracea medium, CVM
: Coriolus versicolor medium, HAM : Hamada medium, LEM : Lentinus edodes medium, MCM : Mushroom complete medium, MYG : Malt
yeast glucose medium, PDM : Potato dextrose medium, PIM : Phellinus igniarius medium.

ARBHIX] 2 Ao}

R. subflexibilis @52 A wlF HAWMAE A}
371 98t 1659 WA E ARS8 ARS-EH HljA| 2
ZA3E Table 13 7t} 2.9 AR v vX= 245
FUJAAR A € FAUE ARY] 9% 7] EA]
o) 24L& MgSO, - TH,0 0.5g, NaNO, 3 g, KC1 0.5 g,
FeSO, - TH,0 00lg, K,HPO, 1g& Z{H5o =9
1,000 miZ 3 ¥ pHE 6.0°2% ZA3IaL 121°CollA 20
B Aasle] ARSI ARS-SE WA= DIFCOAIA
AArE B E ARSI, 71EF A9k EFAIFE AR
sttt

By o S48Mol X

CMCase®] X2 R subflexibilis IdFF 250 mi&
Elenmeyer flaskoll 50 ml& £F3l] B33 PDA Hl|A]|
oA Al FAFE FFStA 30°ColA 1547 %
] (100 stroke/min)&td ] 2X](Toyo paper No. 2)E &
Het F oA g 2EN0 2 A3 1% CMC &9
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g4 0.5 ml 715t 50°C 3 oM 3087 vt
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Fig. 1. CMCase activity of each mushroom on the CMC
medium. Enzyme reaction was carried out at 30°C for

24 hrs. a: Roseofomes subflexbilis, b: Macrolepiota

alborubesense, c¢. Exidia uvapassa, d: Agrocybe
praecox, e. Psathyrella velutina, f. Agaricus visporus,
g Macrolepiota procera, h: Phallus impudicus, I
Lepiota clypeolaria, j: Coprinus comatus, k: Stro-
pharia rugosoannulata, 1: Collybia dryophilla.

o FAAE WS WSS ARE] HAfaRdliss
FAFY7] $8te] CMC-testdt 23 Fig. 19149 2] R.
subflexibilis?t AAfa B EAY Ao 71 535
AoZ Ueionz B AYoM AgFdF2 Adshed
vkt 5438 zAFEAY

E|Xufx|e] Mt

R. subflexibilis®] T ARG A AFuiAE A
Wat7) 918ted Czapek dox WiA] ©l9) 15874 wWiAE
Ao R ZAR A3 Fig. 29 2t AR e e
potato dextrose(PD) WiX|olAl 7Fg Z A5kow™, malt
yeast extract BA], yeast malt peptone B A] FolA = H]
w4 Z A5tk 23y malt yeast glocose ¥1#), mush-
room complete ¥JX], Hoppkins BJA] FolAE A<l
A7Ae] I3 AzsAl Vel

Etalof Cist Ak

16 79 ©AhYS WFOZ R subflexibilis®] Afra
B AL E FAR] Ak PIRE FEE AN
23} Fig. 33 7t} CMCase®] 400+ glucoseE AHE-
L wf 7 k3 2 vho)] saccharose, raffinose, xylose
oAM= ¥mE =4 Jvsgch #AEY A=
saccharosed| X 714 & A5t om HAH o2 FRol st
o FES H-eA4E JeEl oY Na-CMC, ethanol 5
MM FARY] Agol F3] Azt BH FAA|
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Fig. 2. Mycelial growth of R. subflexibilis in different culture
media. A: Czapek dox, B: Glucose peptone, C: Yeast
malt prptone, D: Malt yeast extract, E: Leonian, F
Hennerberg, G: Hoppkins, H: Lilly, I Agrocybe
cylindracea medium (ACM), I. Coriolus versicolor
medium (CVM), K: Hamada medium (HAM), L: Len-
tinus edodes medium (LEM), M: Malt yeast glucose
medium (MYG), N: Mushroom complete medium
(MCM), O: Potato dextrose medium (PDM), P:
Phelinus igniarius media (PIM).
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Fig. 3. Effect of carbone sources on the CMCase activity and
mycelial growth by R. flexibilis. A: Raffinose, B:
Fructose, C: Cellobiose, D: Inositol, E: Xylose, F:
Galactose, G: Maltose, H: Lactose, 1: Mannose, J:
Dextrine, K: Starch, L: Glucose, M: Saccharose, N:
Na-CMC, O: Ethanol, P: Glycerol, Q: None. H:
Mycelium, 2: Relative activity of CMCase.

v ol WA= saccharose®] Fxol e YT 2ALS
A= Table 294 2°] 12% T=& H7HAE o #AA
o] Aol 7P T

ol# A7 Hong 5(1986)°] Ganoderma lucidium®)
734 cellobiosedll Al 71 &4do] ¥5dt 21w Wi &
QAL, Kim 5(1997) Trametes trogii®l*= Na-CMC
2 cellulosedl|A] AfaEsiase] Aol £2 A=
B He™, Mandels 5(1960y2 cellulolytic Fungi®l
2]t cellulased Aol #T AoAA] glucoseE TAYL
2 RS o A8 Y5 Ao RIS, Ishikawa
(1967)7v LEIL Lentinus edodes®] F3F A7 =
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Table 2. Effect of different concentrations of saccharose on the
mycelial growth of R. subflexibilis

Concentrations of Mycelial dry weight

carbon source (%) (mmg/S0 mi/15 days) Final pH
0.1 97 55
0.2 98 55
03 99 52
04 112 56
0.5 114 54
0.6 116 54
0.7 119 55
0.8 121 55
0.9 131 54
1.0 140 55
1.1 144 54
1.2 179 54
1.3 143 54
1.4 134 5.6
1.5 133 53
1.6 128 54
1.7 121 54
1.8 119 55
1.9 111 54
2.0 103 54

Kanayama 5-(1983)°] &3 Poria cocos?] ¥¥34 &
Aol A3 AFAAM glucosed] olg°] 7P YT 3=
At AR A Jeidn. 3 ghde] w29
A3 AFNA Kim 5(1997) T trogii®] 3% 3% Na-
CMColM &4 Aabgdo] ¥8kom™ Hong 5(1986)&
G. lucidum® 73-%- 1% CMCoA &4A4d0] =9va
RIEFATH
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Fig. 4. Effect of organic nitrogen soures on the CMCase
activity and mycelial growth by R. subflexibilis in
basal medium. A: Peptone, B: Tryptone, C: Soytone,
D: Yeast extract, E: Malt extract, F: Urea, G:
Casamino acid, H: None. l: Mycelium, 2: Relative
activity of CMCase.

FHaglo| Hgk

74 AiYol R subflexibilis®] dAHA A 2
cellulase A4kl TR E G ZAEY] 98t 71EH]
Ao AiAQEE Frlsie AER A fU1Ea9e
Fig. 491418} 7] soytonedld 7F && 52848 1
EPRo™ peptone F7M O EhEH0] FEF A=
Ut whE AR A yeast extract 7
7H FEd Aog YEEo™ peptone H7HAIE AL
A o] %53 AeE VEldth =3 yeast extract®]
et FAHY AR pAE 9¥e A Zde
Table 391418} 7ol 1.5% H7HA] FAM Ae] 7P &
33 Aoz yehgtl, $98 2712449 9T 2AR
AFE Fig. 59 Zo] Af2Es] 842 sodium nitrate
A7k 7 mgon, FAR S AAelE NHHPO, 3
7HA 7HE & olgshe ReE yeigth ey 7712
29 & NHHPOF FAA1 9] Al vAe H4 5=
E Table 491418t 7ol 1.1% A7 7H8 G358 A=
et

olf A F712dAYY A Kim 5(1982)°] HZEL
g 2ag 2 X wE d7EH¢ Kim ¥
(19979 T trogiis TIPFSE ¥ A¥o)AM ammonium
tartarate® 71 W &5l itk Haske
thZA Jelkoe™, Shim 5(1998)°] WEF Sparasis
crispa®} Griofola umbellata(1997)8 WVFOE & AFA
ammonium phosphate”t EJXTHE Asohe 2 Vel

14299 2% Kim 5(1994)°] =e=HA 5L
oz & AdoA peptoneo] ¥T3IATHe A7} ¥l

Table 3. Effect of different concentrations of yeast extract on
the mycelial growth of R. subflexibilis

. Mycelial dry weight

Concentrations of

yeast extract (%) (mg/50 mi/15 days) Final pH
0.1 106 6.6
02 118 4.3
0.3 133 4.5
04 158 43
0.5 187 4.3
0.6 188 44
0.7 192 4.5
0.8 197 47
0.9 202 438
1.0 212 4.5
1.1 224 5.0
1.2 269 4.6
1.3 297 4.3
14 324 45
1.5 429 43
1.6 302 4.8
1.7 280 49
1.8 271 42
19 249 4.5
2.0 244 4.3
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Fig. 5. Effect of inorganic nitrogen soures on the CMCase
activity and mycelial growth by R. subflexibilis. A:
Ammonium chloride, B: Ammonium oxalate, C:
(NH,),HPO,, D: NH,H,PO,, E: Ammonium nitrate, F:
Sodium nitrate, G: Ammonium sulfate, H: None. l:
Mycelium, P2: Relative activity of CMCase.

Table 4. Effect of different concentrations of NH,H,PO, on the
mycelial growth of R. subflexibilis

Concentrations of Mycelial dry weight

NH,H,PO, (%) (mg/50 /15 daysy ~ Lonal PH
0.1 87 2.9
02 91 2.9
03 93 3.0
04 99 3.0
0.5 125 3.1
06 128 3.1
07 155 30
0.8 166 3.1
0.9 182 3.1
10 251 30
1.1 333 33
12 324 3.1
13 302 36
14 292 36
15 219 34

5(1998)9] FolHAl wlFel] oA yeast extract/t 7HE
FE3the Al 24 Yeldth

ojo|'-dte| AEk

75 ofu| =ikl R, subflexibilis®] EAAAF B FAA
A vRE 9L AR A= Fig. 601A19} 2ol
valine H7MA] AfaEs) &) iAol 71 Egow,
cystein A7 = Aol & Ao = Yehlt 3
A S]] A= aspartic acid 7N 7HE & A
O 2 VeGSO cysteine?] 9= ALK B FAA
A 77 EE BEA 45 Aos Yepgr

Aspartic acid®] =0 WE FAA B PR 9
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Fig. 6. Effect of amino acids on the production of CMCase
activity and mycelial growth by R. subflexibilis in
basal medium. A: L-asparagine, B: L-glutamine, C:
Arginine, D: Methionine, E: Valine, F: Histidine, G:
Aspartic acid, H: Proline, I: Cysteine, J: Leucine, K:
Glutamic acid, L: Threonine, M: None. ll: Mycelium,
E2: Relative activity of CMCase.

Table 5. Effect of different concentrations of aspartic acid on
the mycelial growth of R. subflexibilis

Mycelial dry weight

Concentration of

glutamine (%) (mg/S0mi/15 daysy T al PH
0.1 288 42
0.2 275 40
0.3 249 37
04 247 37
0.5 247 3.5
0.6 241 35
0.7 217 3.5
08 210 34
0.9 200 34
1.0 199 34
IR 199 33
12 158 33
13 158 33
14 143 33
15 132 32

&2 ZAVSH A= Table 59 2] 0.1% 7S o 7}
A FsER0m,; 02% A7MIME wzd FsahA et
stk o] A3 Shime 5(1998)9] glycine}t Kim &
(1996)2] alanine®] FARAS] AR EUvhe At} 4
olatR o T welr opHAt o] 8o UojA Ao
7} e Aog wetdr) _

R a7l A

zZ}Eo] E719F7F R subflexibilis®) 3-FAaEdak
g2 FA AR nX e FFE 2AR AHA= Fig. 7
7ro] AL(SO,), * 14H,07} TAM] Al 7HF F58 2
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Dry weight of mycelium (mg)
Relative activity (%)

Mineral salts

Fig. 7. Effect of minerals on the CMCase activity and mycelial
growth by R. subflexibilis in basal medium. A: KCL,
B: BaCl,, C: CaCl,, D: CoCl,, E: ZnSO,, F: LiSO,, G:
MnSO,, H: ZnSO,, I: FeSO,, J: MgSO,, K: AgNO,,
L: Al(SO,); - 14H,0, M: Na,Mo0, - 2H,0, N: NOne. l:
Mycelium, P2: Relative activity of CMCase.

Table 6. Effect of different concentrations of Al,(SO,), - 14H,0
on the mycelial growth of R. subflexibilis

Myecelial dry weight

Concentrations of

ALSO, - 14H,0 (M)  (mg/50 mi/i5 daysy oal PH
0.1 241 32
02 206 3.1
03 196 33 .
04 188 32
0.5 176 32
0.6 151 3.1
0.7 144 3.1
0.8 . 136 32
0.9 115 3.0
10 103 3.0
1.1 97 3.0
12 92 2.9
13 88 2.9
1.4 84 3.0
15 75 3.0

o2 Yeigtov RE FI|ERF tiste] FAR Aol
E JEE A gL Ao g Yehgth 3 AfAE
F49] AAL KO, LiSO, A7 tE E7|9Fe 1)
to] €53] $A UEsith Zr19R9 34 528 A}
 ZAFE= Table 63 7] 0.1 M ALSO)LNA FAK
o] Aol 7FF F& ALoE JEith 7 F(20000
Pleurotus eryngii FARIFONA CaCl, A7 FAHS A%
o] EQkthe 2319} Shim $(1997) Griofola umbellata®)
gAAEfgellA FeSOCl E7F & Aoe HIF A
3 Aol Aoz viehyith,

2

tit2co| g
R. subflexibilis®] ¥l v &5 JT& 28

Dry weight mycelium (mg)

10 20 30 40 50 60 70

(0

Fig. 8. Effect of temperature on the myce'IiaI growth of R.
subflexibilis.

Dry weight of mycelium (mg)

(oH)

Fig. 9. Effect of pH on the mycerial growth of R. subflexibilis.
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Fig. 98} 73¢] pH 404 71} 458 A= Yehton
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o 2 eyttt

ol A= f 5(1999)8] Stropharia rugosoannulata
o4 pH 4.00]%th= B39} Eriksson 5(1978)2] Sporo-
tricum pulverulentum) ¥ pH 4.7¢18= B39} FARIA
o, & 519849 Pleurotus sajor-caju®|X pH 5.0°]
Aths Bk ol

¥ e

AARAQ] celluloseE ©]€317] 913ty HHFAEHE
48] Aol 7§ Roseofomes subflexibilis®] B %S+
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