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Studies on the Cellulolytic Enzymes Produced by
Ganoderma lucidum in Synthetic Media
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Abstract: Factors affecting the productivity of cellulolytic enzymes and the mycelial growth of
Ganoderma lucidum CAFM 9065 were examined in synthetic media. Among the carbon sources
tested, Na-CMC was the best for the production of avicelase CMC ase, and cellobiose for g-gluco-
sidase. Soluble starch and cellobiose were the best for the mycelial growth. The optimum
concentration of Na-CMC for the production of the enzymes was 1.0 %, and mycelial growth
increased remarkably with the higher concentration of Na-CMC. Glucose inhibited the production
of the enzymes, but stimulated the mycelial growth. Among the nitrogen sources used, peptone
was the most effective for the production of the enzymes, and the appropriate concentration of peptone
was 0.2%. The mycelial growth was stimulated with the increase of the concentration of
peptone up to 0.59%. The optimum concentration of KH;PO, for the production of the enzymes
and mycelial growth was 0.3 and 0.2%, respectively. The optimum concentration of MgSO,-7H;0
for the production of the enzymes and mycelial growth was 0.02%. The production of the
enzymes was facilitated by folic acid at a low concentration (0.03 mg/1), and mycelial growth by
inositol. The optimum temperature for the production of the enzymes and mycelial growth was
30°C. The optimum pH for the production of avicelase and g-glucosidase was 5.0 equally and
CMCase 5.5. The activities of avicelase and CMCase were the highest at 8 and 10 days of culture,
respectively and that of g-glucosidase at 16 day culture. The growth of mycelium was the highest
at 12 days of culture at pH 5. 0.

Keywords: Cellulolytic enzymes, Ganderma lucidum, Avicelase, CMCase, p-Clucosidase, Na-CMC,
Cellobiose.
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REFo 2 FIASE HEL BRI 2% &5 BB
olgte BilA EHsl F Aoz 44w,

BIERE 6,000~10,000/ AE2 glucopyranoses}
TR -LAREE 93 9292 F29 cross linkage
2 A9 BFF 1b&%=EA (Chung, 1971) o & &4
fste MR OB BERE B—WHE s Hxg
3 ol HER BRI g0 HRALED R
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ol 4o BEFI BEMLZ M Ao R dHA g
©}(Lee, 1976; Gunasekaran, 1980).

MAER 5% B (cellulase; E.C. 3214, §-1, 4-D-gl-
ucan-4-glucanohydrolase =& g-1, 4-glucanase) = Re-
eses (Reese, 1956; Mandels and Reese, 1963; KATZ
and Reese, 1968)o] o3lo] #affesel BEE ISR
A& el H%Es A4S ot E HES A
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glucanase (cellulase), =2 5 B-glucosidase(cellubiase)
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BHER 2R BERE EES S BEEEA Aspergillus
sp., Penicillium sp., Rhizopus sp., Chaetomium globo-
som, Myrothecium verrucaria, Trichoderma viride
(Koningi), Mpyriococcum albomyces 5 (Lee and Koh,
1975)0) low EFEel £EsE @k R BER
ol &34 Wakabayashi 5 (1964, 1965, 1966)9] 4
B BN Irpex lacteus7t £ ES=  avicelase,
CMCases} a-glucosidase?) #iko] 3t &9 Wilson
3 Niederpruem (1967)<] Schizophyllum commune
o] HFESE  g-glucosidases] et e oo,
Pleurotus ostreatus a-galactosidased] FH¥E WHR B
B3] p-galactosidases} g-galactosidases] Adted B
%% Michalskiol Beneke (1969)9] @47} 4o}, Hong
S (1975, 1976, 1978)& 93 Bl A wuha], o)
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B £F ke =R Avicelase, CMCase ¥ g-
glucosidases]| 3ted Mzt ot

R A
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2leRER ARNIEN BEHEEBRERIA KRES
2 = Ganoderma lucidum CAFM 90653 LLEVBik:
2 #ERSE

ol B

1) e E)

malt extract 20 g, glucose 20 g, peptone 2 g, agar
15 g, distilled water 1,000ml, pH5.5

2) FEREELY EX

glucose 10g, peptone 2 g, KH,PO, 1g, MgSO,
7H:0 0.2 g, thiamine-HCI 500 pg, distilled water
1,000 ml, pH 5.5

3 REREEM

OF >+

Table 19 E& i A Na-CMC Al avicel,
cellulose powder, filter paper, soluble starch, cellobiose
E 1.0%4 73tz e pHE WEERS Btz
£ 5.52 gA%ste] 250ml 47 flaske] 50ml¥ Pof
FER ¥ 1.2kg/em® BHAA 15 M BEsgd.
& RFE SolA BHR LEe vzd REWUY Na-
CMC8 A el & old BEE 0.1%E ¥¥ 3.0%9
Atolel Al 2elsted AP 2, glucoselRlr HERS
glucose® 0~1.0% AtololA #jpetsl Na-CMCs}
glucosed] ZEe]l 1.0 %7 H =5 AHESA ).

@ EEF

EA e KEFELEA Na-CMCE 1.0%4 7
3= peptone v]Alel casamino acid, urea, NH,NOs,
(NHy):HPO,, (NH.):S0s, KNOs, NaNOs& ZFH o]
0.026 % =A WA T BFRE FolA BEEE

Table I. Composition of the basal medium.

Na-CMC 1.0 g
Peptone 0.2 g
KH,PO, 0.1g
MgSO0, - 7TH:0 0.02 g
Thiamine-HCl 50 ug
Distilled water 100 ml
pH 5.5
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® 7€ fEEE
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1) Avicelase iEf:(Lee, 1984; Wakabayashi and
Nisizawa, 1964)

1% avicel %¥% 2mlel Mcll vaine BE¥W 2 mls
LA REE stz 40°C water bath ol A4 5 43
BES T HESEK 1mle 3ld 40°C E@KkE
A 12050 RKEAZ ¥ " BITpL DNSE
Miller, 1959)¢1 <jste] HtagERslz, BFEKE 1ml=z
£pE BHE (glucose) 8] pME TEM S MBI = 3
At

2) CMCase j&#:(Hong, 1978; Lee, 1984) 0.5 % Na-
CMC #¥%4¢ EHE 39 avicelase PIEH TR F—3t
A JIESH .

3) B-Glucosidasei®#: (Lee, 1984)

0.1 % salicin BIE-E& HBE= sto avicelase PIEFH
%3 m—sA JEst v

R Y ER

RERS B

#55 peFEe] Ganoderma lucidum CAFM 90652
B OMEEE BB B £Fd e BEE R
233t fEHR = Table 19 2+

Table I 9} 7to] avicelase®} CMCase HEFEL Na-
CMCE WFEHEoz st9-¢ 1 744 F%hs, p-glucos-
idasel cellobiose® RFEFo =z AQE = 3 ¥
o, Bi#EBL soluble starch, cellobiosed] ¥RINFF
o miFstgeh. @3 glucose® RFEWoZ FAE
= BREEe] X gt EHEEFS B RIFS
Ak,

LlEY #RE= Wilson® Niederpruem (1967)¢] Sc-
hizophyllum commune B4l A cellobiose® IRFE .S
2 39% # p-glucosidased] el 7F4 F ke
49} phymatotrichum omnivorum EEA CMC ¥R
e CMCased] Zgge] RIFSATHE Gunasekaran
(1980) 9 el —3stg ok, Lee (1984)8 Pleur-
otus sajor-caju EHAA cellulose powder’t AR
o BFE EEd AR Rt TE #@EdE Jolst
A A

=3 BEHETS REE T4 BEEA g8 A
97 wEd pRoez HHEUL o soluble starchs}
cellobiosert EiFsdEd olE glucosest starchrt
Agaricus bitoquis®} Pleurotus ostreatus®] HHl 7} 3

Table II. Effect of carbon sources on the celluloytic
enzyme productivities and mycelial growth
by Ganoderma lucidum CAFM 9065.

Carbon sources Avice- B-Gluco- Mycelium
(1%) lase CMCase g dase (Ne*)

Avicel 0.77%% 7.11 1.36 -+
Cellulose powder 1.58 7.88 4.33 +
Na-CMC 1.64 8.25 4, 40 H
Filterpaper powder 0. 38 4.59 3.49 +
Soluble starch 1.27 2.86 3.42 Ht
Cellobiose 0 1.89 5.20 H
Glucose 0 0 0 H

* Ne : Naked eye observation; +: growth present,
4: moderate growth; #: heavy growth.
** Engyme activity: glucose pM/ml.
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Fig. 1. Effect of Na-CMC concentration on the cell-

ulolytic enzyme productivities and mycelial
growth by Ganoderma lucidum CAFM 9065.
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Fig. 2. Effect of glucose concentration on the cellul-
oytic enzyme productivities and mycelial gr-
owth by Ganoderma lucidum CAFM 9065.

o—a: CMCase

e---e. Mycelium

o—o. Avicelase
a—a? B-glucosidase

Na-CMC% % & BE= BRI BT BRe Fe.

29 v,
Fig. 2 9 7o) EsR tEL glucoses) ¥Rin Hizo]

E24 5 oA Hg ot glucose o] W&TF Bhns
don uidel Bk £EL glucosed RN [l &
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glucoseE FHiMg FEHAA Hits AL2E £F
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£49 BEEZE A48 EA&@IE E9 glucose: Na-
CMC=4:6)%o24 HH £FE SASA HA
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Table III. Effects of nitrogen sources on the cellulo-
lytic enzyme productivities and mycelial
growth by Ganoderma lucidum CAFM
9065.

Nitrogen sources Avice- B-Gluco- Mycelium
(0.026%) lase CMCase sidase (mg)

None 0.56 4.59 2.31 102.5
Peptone 1.60  8.27 4,42 137.3
Casamino acid 0.89 10.00 3.19 118.0
Urea 1.66  5.97 4. 40 93.8
NH;NOs 1.68  8.05 4.40 99.9
(NH,),HPO,4 .71 7.17 3.49 92.5
(NH4)2S0;4 1.68 6.76 2.21 86.5
KNOs 1.17 2.64 2.31 75.6
NaNO; 1.38 5.20 3.08 102.1

Enzyme activity : glucose #M/ml.

BRR HE

B RES HH £EF e & B EXFI ¥
e BT HRE Table I+ 2

Table W3} o] BEE HES HHE ©5< peptone
3 QbR ol EEERE el NHy-NOy7t dubd ez B
Felg o EEE R E FRAEH.

Bikk EHL Highe ¥%q peptond} casamino acid
A BiFslgen 2 W FXRFEL BWEE v
TEEA.

Myriococcum albomyces7t polypeptone™ casamino
acid® EHEFo = FHstd S W CMCase o] 8
I3t = Chung (1971)9] #& 9 Trichoderma reesei
7} peptone ¥EInEF filter paper #%E#:, CMCase, cellob-
iasest sty dE Kim#} Yoo(1978)9 #et &
%I A —FEgen), =3 Kawaist Abe(1976)
9 Tricholoma matsutake?d) ¥EEE 3% HEg A Bk
HEo] HEE EFAA A EFFI L G oLE
“F, EHEEE Holdthe HESE F e
LR

Peptone B ¥R

EHFEE TolA EE EE] Rz BH £Fd
743 %87t 717 peptoned] BEF @{be] *E HES
BEe &8E Fig. 33t Zd.

peptoned] L HEingel =gk 0.2 %71A = avie
elase9} CMCase 2 p-glucosidaser} &4 3] I3}kl o
J = o] 3 XEE= CMCasest p-glucosidaser Shukgh
Whn =A% 2doH avicelaser Tt WA T A
ol 91 =,

Enzyme activity (glucose uM/ml)

o3
5 & © b ©

=
b4
o

0 0.05 0.1 0.2 03 Ouy 0o

Peptone conce (%)

Fig. 3. Effects of peptone concentration on the cellu-
lolytic enzyme productivities and mycelial
growth by Ganoderma lucidum CAFM 9065.

o—o: Avicelase o—o. CMCase
a—a; B-Glucosidase  e---o: Mycelium

22 Bk -2 peptone BEES Hinel =zt A
2 ®mESE FHEe 29 Ed olE Lee (19809 Ple-
urotus sajor-cajuEiol A urea JEEZL WEInd el =310

cellulase o] @matA ot W& EOS B

29 o™, Hongs Kang(1983)¢l peptone ¥ 0.1

A= BfkEe #4343 #ins ot 2 ol F4H

AAS BWmE g s HEed 2L el e

KH.PO BES B8
B EES BiH £F4 vl R e KHLPO. BEY ¥
WL W FHRE Table Vo zr},

Table V&t 7ol avicelase®t CMCase £ #-& KHyPO,

RN e A

Table IV. Effects of potassium dihydrogen phosphate
concentration on the cellulolytic enzyme
productivities and mycelial growth by
Ganoderma lucidum CAFM 9065.

KH2P94 conc.  Avice Megee B-Gluco- Mycelium

(%) lase sidase (mg)
None 0.93 5.97 3.19 115.8
0.05 1.38 7.31 3.85 131.7
0.1 1.60 8.26 4.40 138.0
0.2 1.64 8.34 4.42 143.4
0.3 1.71 8.43 4.52 141.4
0.4 1.58 8. 40 4.76 139.5
0.5 1.44 8.37 4.71 138.2

Enzyme activity: glucose #M/ml.
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BE 0.3%74AE Ehadz 2 oFFEE AAd
RO= = FHEel o g-glucosidase: 0.4 %74+ 8
matgz 2 o] F58 WAHEE HiEel gl

BHETL 0.2% AAE AA3 #ipsichrt o o
FHEEE i BAOWMBEE 1A

Aspergillus niger$t Trichoderma wvirided] 9|3t
cellulase & ZEd] 3t Lee(1976) 9] #i49} Trichoderma
sp. 9l cellulase o] 2§ Kim 5(1981)9 MGl Al
KH,PO, 0.2 % HhE7 o E2E 2ot BiREiEl] 8
matg ee e Fistg =, Hong 5(1978, 1983)
9 Pleurotus ostreatus®) BEHEE) BiFE KHPO,9
BEE 0.2%%E #E9e —&s= EHAl R

F ERAA BR EES Bk 2T HEE ¥
3 mmEA A 433 EhEqeez Pt Kb 4A
TR Aez B,

MgS0, EBE2 ¥R

EER EES Bk £Fd mAEe MgS0, REY ¥
e WEE BRE Table Vo 224,

Table Vo zo] MgSO, o wl& & @ 2
T e, HERY 0.02 %9 BEAA BER LE
Bt £Fol REFS Holglx, 2 Dk BEAAE
doE #bkrl doch

ol Kim 5 (1974)¢] Penicillium sp.2 B A
MgS0, 0.015 % #RINE7L cellulase ZEEo] FYri=m
Aged, olrvde 71 L BEJLH, Lee
(1984)¢] Pleurotus sajor-caju B35 i o] MgSO, 0. 04
%A EFFGTE WESE Zol7t ALH. =R
Hong (1978, 1983)¢] Pleurotus ostreatus B#% & ol
0.02%9 BEAA 713 BFFATE BHESE —H
a9l o}, Sugimori 5 (1971)9] Pleurotus ostreatus ‘B
BolA 0.03%9 BEAA REFSATE REdE 2
Table V. Effects of magnesium sulfate concentration

on the cellulolytic enzyme productivities
and mycelial growth by Ganoderma lucidum

o] 7t AR
Hith E e BR

£ | BEC) BE LES BN £FA vAe
BES B ERE Table U3 2o

Table s} zto] MnSOs 7H:O #RHNFS BRE S #]
sfon, zutd il EBERE HEBEC »§ 233
W3k HEel Het.

BHh EH S CaCl9t FeSOE %l & =t REFSH
Qow 28te e BEEE 4 Jolst fddz, 239
HEBE v moste EHEeldd.

o] = Murao (1978)%¢] Aspergillus sp. BEA
% & B BEE BER SR BF £Ed BRI
A eE H4 el Hong (1983) 59 Pleurotus florida
HEA K 2 Poldd EMEE Winst EHEFA
2 =80l Hx R #Hed A9 HLd EEs
2y 4.

Table VI. Effects of various minerals on the cellulo-
lytic enzyme productivities and mycelial
growth by Ganoderma lucidum CAFM
9065.

Myecel-
ium
(mg)
None 1.77 8.49 4,59 135.1
CaCl;+2H,0 0.3 0.91 8.46 4.59 140.2
CuS0,-5H,0 0.1 1.8 7.31 3.53 130.7
FeSO4+7H,0 0.3 1.68 7.59 4.66 138.3
MnSO,-7H0 0.1 1.83 8.40 4.52 132.4
ZnS04-7H,0 0.1 1.79 7.25 3.55 133.8

. Conc. Avice- CMC- p~Gluco-
Inorganic salts (mg/D) lase ase sidase

Enzyme activity: glucose gM/ml

Table VII. Effects of various vitamins on the cellul-
olytic enzyme productivities and mycelial
growth by Ganoderma lucidum CAFM

9065.
CAFM 9065.

¥MaS0. - 7.0 Avice: Cluco Mol Vitami Conc.  Avic- CMC- $-Gluc- Mzncel-
c01g1 Y (4%) 2 a;réce CMCase “:i daszco 5E<;§g1;1m ltamins (mg/l) elase ase osidase lzlmg)
None 1.64 831 437 113.1 None 0.75 8.02 3.06 104.4
0.01 1.68 8.37 4.47 116.5 Ca-pantothenate 0.3 1.87 8.60 4.49 120.0
0.02 1.71 8.43 4.52 139.5 Folic acid 0.03 1.85 8.64 4.56 1290.0
0.03 1.72 8.46 4.54 136.6 Inositol 3 0.81 7.73 3.76 137.5
0.04 1.7 8.49 4.56 135.4 Riboflavin 0.3 1.69 846 2.21 130.5
0.05 1.72 8.46 4.54 134.7 Thiamine-HCl 0.5 1.77 8.52 4.54 135.0

Enzyme activity: glucose g#M/ml.

Enzyme activity: glucose xM/ml
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£ Vitamin®| 2%

X EET B £Fd AL £8 Vitamin
FEL BEe BEe Table it 2+

Table W=k 7ol vitamino] BEE EiEEd
BL @A HAols vEMA Gfout 2 FAAE
folic acid7} {4 avicelase, CMCase, S-glucosi-
dase &g BIFSEm, BH EFL dudoz @
maAgdey = Z A% inositol®] ZES A

Stutzenberger (1972)F Thermonospora curvata B
Egol Al thiamineo] Y biotin FiIPE 2 cellulase o)
Emetz 95, Lee(1984)% Pleurotus sajor-caju
Eiel A folic acide} thiamine-HClo] EEF 4 B
etet sty wdl ol & & B BES st

w3t Kitamoto$} Kasai(1968)E Favolus arcularius
o &8 vitamin Bl A thiamine HMFE BWHEF
o] YA A (£l 2, inositols Ca-pantothenate
= {RERE ek g e ol &k HH &
ok Blshgd o

E¥ERES LR

RE BEV B EES BN £Fd vAs #
+ WY BRT Fig. 49 2oh

Fig. 49} 7ol avicelasedd CMCase:= 30°Cel 4 7+
A EFHG 2, g-glucosidaser= 25°Cell A 7}4 BF
A en, BEHEFE 25~30°CdA BEFsg ot
20°CA A& BREES BHEF FRA.

o
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Fig. 4. Effects of cultural temperature on the cellulo-
Iytic enzyme productivities and mycelial gro-
wth by Ganoderma lucidum CAFM 9065.
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Fig. 5. Effects of initial pH on the cellulolytic enzyme

productivities and mycelial growth by Gano-
derma lucidum CAFM 9065.

o—o: CMCase
o---o. Mycelium

o—o: Avicelase
a—a: p-Glucosidase
u---n; Final pH

o] = Pleurotus ostreatus®) CMCase o] 30°Cel
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Fig. 6. Effects of cultural periods on the cellulolytic
enzyme productivities and mycelial growth
by Ganoderma lucidum CAFM 9065.
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