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Abstract: Among the eight strains, Pleurotus sajor-caju JAFM 1017 was selected as most potent

producer of cellulolytic enzymes. The avicelase and CMCase activity reached maximum levels after

10 days, and g-glucosidase activity reached a maximum level after 19 days. Among the various carbon

sources, cellulose powder was most effective for the production of avicelase and p-glucosidase, and

Na-CMC (sodium carboxymethyl cellulose) was good for the production of CMCase. The optimum

concentration of cellulose powder was 1.0% (w/v), and glucose (1.0%) completely depressed the

production of enzymes. Nitrates were effective for the production of enzymes, but nitrites did not

support growth. The production of cellulolytic enzymes increased as the concentration of urea incre-

ased. The appropriate concentration of urea was 0.054% (w/v).

Keywords: Cellulase activity, Pleurotus sajor-caju, Avicelase, CMCase, §-Glucosidase.

Cellulose is an organic substance abundantly
produced by plants and deposited every year on
the earth as a main component of the plant body.
It is carbohydrate abundantly available as a
substrate for basidiomycetes. The production of
cellulolytic enzymes may help the basidiomycetes
to utilize cellulose as a source of carbon. Cellu-
lose can be utilized as a nutrient source when
it is hydrolyzed by cellulolytic enzymes to produce
sugar. Therefore, the utilization of natural
cellulose as an energy source, feed, food etc. has

been paid much attention by many scientists.

Wakabayashi and Nisizawa (1964) and Waka-
bayashi et al. (1965, 1966) studied intensively
the properties of cellulases from Irpex lacteus
grown on semisynthetic media. Michalski and
Beneke (1969) reported the activities of §-galac-
tosidase, p-glucosidase and acid phosphatase in
Pleurotus ostreatus and discussed changes in the
enzyme activities during the maturing period of
basidiocarp. Kawai and Abe (1972a) and Kawai
(1973) presented that basidiomycetes produced
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the macerating enzymes of plant tissues, amylase,
cellulase and xylanase in semisynthetic media,
and Hong et al. (1975~1981) reported the
cultural conditions and properties of cellulase,
hemicellulase and xylanase from Pleurotus ostr-
eatus, Lentinus edodes and Flammulina velutipes
grown on a rice straw medium, respectively.

In the present investigation, a Pleurotus spp.
of potent cellulolytic enzyme productivities and
rapid mycelial growth among various strains in
the synthetic medium was selected, and the effect
of carbon sources and nitrogen sources for pro-
duction of enzymes were investigated.

Materials and Methods

The laboratory strains utilized in the present
study were Pleurotus ostreatus JAFM 1011,
1012, 1013, 1015, 1016, 1018 Pelurotus florida
JAFM 1014 and Pleurotus sajor-caju JAFM
1017. These strains were obtained from Labora-
tory of Mycology and Mushroom, Department of
Food Science and Technology, Chonbuk National
University (Chonju, Korea).

For a stock culture medium of Pleurotus spp.,
the -following composition was used; malt extract
20 g, glucose 20 g, peptone 2 g, agar 15 g and
distilled water 1000 ml (pH 5.5). For a pre-seed
culture medium, the following composition was
used; glucose 10 g, peptone 2 g, KH,PO, 1 g,
MgSO, « 7TH,O 0.2 g, thiamine-HCl 500 pg and
distilled water 1000 ml- (pH 5. 5).

For the production of enzymes, the basal
medium which was consisted of cellulose powder
1 g, peptone 0. 2 g, KH,PO, 0.1 g, MgSO,-7H,0
0.02 g, thiamine-HCl 50 pg and distilled water
100 ml (pH 5.5 after autoclaving) was used,
This basal medium was dispensed into 250 ml
conical flasks in 50 ml amounts per flask, care
being taken to shake the medium well before

dispensing into each flask, and these flasks were

then autoclaved for 15 min under 1.2 kg/cm?.

To obtained the inoculum, the fungus  was
grown for 7 days at 25°C on the pre-seed culture
medium. Culture mycelial mass were grinded
by a waring blender (15,000 rpm). Each flask
was inoculated with 3 ml of mycelial suspension
obtained, and incubated for 10 days at 25°C in
a reciprocal shaking incubator (100 rpm). After
cultivation, the liquid culture was filtrated and
centrifuged (20 min, 6000 rpm) and the activities
of enzymes in the supernant were assayed.

To assay avicelase activity (Wakabayashi and

- Nisizawa, 1964), a reaction mixture consisting

of 4 ml of 0.5% avicel in 0.1 M citrate-0.2 M
sodium phosphate buffer (pH 4.0) and 1 ml of
enzyme solution was incubated at 40°C for 120
min. To assay CMCase activity (Kim and Kim,
1982), a reaction mixture consisting of 4 ml of
0.25% Na-CMC (sodium carboxymethyl cellu-
lose) in 0.1 M citrate-0. 2 M sodium phosphate
buffer (pH 4.0) and 1 ml of enzyme solution
was incubated at 40°C for 60 min. To assay
B-glucosidase activity (Kim and Kim, 1982), a
reaction mixture consisting of 4 ml of 0.1%
salicin in 0. 1 M citrate-0. 2 M sodium phosphate
buffer (pH 4.0) and 1 ml of enzyme solution
was incubated at 40°C for 60 min. The amount
of reducing sugars released by the action of the
enzyme was determined by the Nelson-Somogyi
method using glucose as a standard. Enzyme
activity was expressed as the amount (pg) of
glucose that was released by 1 ml of enzyme
solution under the above conditions.

Results

Selection of Strain

In order to select a Pleurotus spp. of potent
cellulolytic enzyme productivities and rapid my-
celial growth among the various strains, all kinds
of Pleurotus spp. were cultivated on the basal
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Table I. Relative activity** of cellulolytic enzymes produced by Pleurotus spp.

CMCase B-Glucosidase

Strains grg/{vgtcllfh(lll\]nﬁ*) ﬁ‘c]tfg}?}sre activity activity
Pleurotus ostreatus JAFM 1011 H- 120.0 469. 1 324.0
Pleurotus ostreatus JAFM 1012 H 74.0 287.8 200.0
Pleurotus ostreatus JAFM 1013 H# 87.7 328.9 251.0
Pleurotus ostreatus JAFM 1015 + 106. 8 414.5 287.0
Pleurotus ostreatus JAFM 1016 # 67.8 263.1 182.0
Pleurotus ostreatus JAFM 1018 H 78.8 305.9 212.0
Pleurotus florida JATM 1014 + 115.0 447.4 310.0
Pleurotus sajor-caju JAFM 1017 H# 127.0 495.0 370.0

*NE: Naked eye observation, —I—II Growth present, +: Moderate growth, #t: Heavy growth

**Glucose pg/ml

medium. After cultivation, the enzyme activities
and mycelial growth were investigated. The
results are shown in Table I. As shown in Table
I, the strain for the potent enzyme productivities
and rapid mycelial growth was Pleurotus sajor-
caju JAFM 1017. Therefore, Pleurotus sajor-caju
JAFM 1017 was performed in futher expriments.

Effect of Cultural Period on the Enzyme Pro-

duction
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Fig. 1. Effect of cultural period on the production of
cellulolytic enzymes by Pleurotus sajor-caju
JAFM 1017.
o; Avicelase o: CMCase o: g-Glucosidase

Fig. 1 illustrates the production of enzymes
between the cultural period of 22 days at 25°C.
The avicelase and CMCase activities reached
maximum levels after 10 days, and -glucosidase
activity reached a maximum level after 19 days,
respectively.

Effect of Carbon Sources on the Enzyme Pro-
duction

To find carbon sources effective for induction
of cellulolytic enzymes, the effect of the various
carbon sources was investigated. The results are
shown in Table . Among the various carbon
sources tested cellulose powder was effective to
induce the production of avicelase and g-glucosi-
dase, and Na-CMC was most effective for the
production of CMCase, but the addition of 1%

glucose completely depressed the production of

Table II. Effect of carbon sources on the production*
of cellulolytic enzymes by Pleurtus sajor-
caju JAFM 1017.

Carbon sources  Avicelase CMCase g-Glucosidase

1% (w/v) activity activity activity
Avicelase 99.0 414.3 0
Cellulose powder 127.0 495.0 370.0
Na-CMC 86.8 643.5 115.0
Salicin 0 375.0 206.5

Glucose 0 0 0

*Relative activity (glucose pg/ml)
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Fig. 2. Effect of cellulose powder concentration on
the production of cellulolytic enzymes by
Pleurotus sajor-caju JAFM 1017.

o. Avicelase . CMCase o: g-Glucosidase
2. Residual sugar

enzymes. Avicelase and p-glucosidase activities
were not observed in salicin and avicel media,
respectively.

To investigate the optimum concentration of
cellulose powder which was relatively effective
for the production of cellulolytic enzymes, the
fungus was grown in basal media that contained
various amounts of cellulose powder. The results
were shown in Fig. 2. An increase of enzyme
activities was observed when concentration of the
cellulose powder was increased from 0.1 t0 0. 5%
(w/v). For all three enzyme activities, the maxi-
mum induction was found in the culture con-
taining 1.0% cellulose powder.

To study the effect of glucose on the produ-
ction of cellulolytic enzymes, glucose was added
to the medium containing cellulose powder. The
total weight of glucose and cellulose powder was
maintained at 1. 0 g/100 ml but the ratio of cellu-
lose powder to glucose was varied. The results
were shown in Fig. 3. As shown in Fig 3, the
enzyme production was influenced by the con-
centration of glucose in the media. The enzyme
production was not observed in the medium
containing 1. 0% (w/v) glucose alone.

Effect of Nitrogen Sources on the Enzyme

Vol.

13, No. 4, 1985.
500 [
E
g a00f
2
S =
E E
o 300 §
> -
= I
> o
- 3
S 200} a
« .
S
2 ot &
i 1
1.0 0.8 0.6 05 0.2 0
Glucose conc. (%}
L 1 1 1 1
0 02 04 05 08 1.0
Celjulose powder conc (%)

Fig. 3. Combined effect of glucose together with

cellulose powder on the production of cellulo-
lytic enzymes by Pleurotus sajor-caju JAFM
1017.

o: Avicelase o: CMCase o©: p-Gludosidase
u: Residual sugar

Production
In order to determine suitable nitrogen sources
for the production of cellulolytic enzymes, several
kinds of nitrogen sources (0.026% as nitrogen)
were added to the medium. The results were

shown in Table . In the nitrogen sources

Table III. Effect of nitrogen sources on the production
of cellulolytic enzymes by Pleurotus
sajor-caju JAFM 1017.

Nitrogen sources Avicelase CMCase g-Glucosidase

0.026% (w/v)* activity activity activity
None 70.0 187.5 80.0
Peptone 127.0 495.0 370.0
Urea 157.0 571.0 481.6
(NH,).HPO, 139.8 446.5 307.9
(NH4) 250, 120.0 420.0 305. 0
NH,NO, 50.0 152.5 72.5
KNO; 47.5 125.0 65.0
NaNOs 45.0 102.5 62.5
KNO, 0 0 0
NaNO, 0 0 0

*As nitrogen
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Fig. 4. Effect of urea concentration on the production

of cellulolytic enzymes by Pleurotus sajor-caju
JAFM 1017.

o: Avicelase o. CMCase o: g-Glucosidae

tested, urea was most effective for the enzyme
production. Nitrates were effective for enzyme
production, but nitrites did not support the my-
celial growth at all.

To investigate the optimum concentration of
urea for the production of cellulolytic enzymes,
the fungus was grown in the basal medium that
contained 1.0% (w/v) cellulose powder and
various amounts of urea. The results were shown
in Fig. 4, Increase in the concentration of urea
was effective for the increase of the cellulolytic
enzyme activities. A sharp increase of CMCase
and B-glucosidase activities was observed when
the concentration of urea was increased from ¢
to 0.054%, while higher the concentration of
urea gradually increased the production of avi-

celase.
Discussion

Among the eight strains of Pleurotus spp., the

strains of potent enzyme productivities were
Pleurotus sajor-caju  JAFM 1017, Pleurotus
ostreatus JAFM 1011 Pleurotus florida JAFM
1014, Pleurotus ostreatus 1015, and strains of
rapid mycelial growth were Pleurotus ostreatus
JAFM 1013, 1016, 1018, and Pleurotus sajor-
caju JAFM 1017, respectively. There seemed to
be little or no relationship between the enzyme
production and the mycelial growth. This is in
agreement with the finding of Hong and Kim
(1981a).

The ability of Pleurotus sajor-caju to produce
cellulolytic enzymes and to degrade insoluble or
native forms of cellulose was shown by their
assimilation of avicel and cellulose powder. The
effective cellulose powder concentration for the
enzyme production observed in the present study
did not agree with those of their fungi (Chung,
1971; Gunasekaran, 1980; Sakamoto et al.,
1982). This may mean that the optimum amount
of carbon source is different depending on the
fungal strains used.

In the present study, the cellulolytic enzyme
production was repressed in the presence of 1%
glucose. Other investigations indicated that
glucose repressed the CMCase production in the
other fungi grown in the presence of CMC (Gun-
asekaran, 1980), and sucrose depressed  the
macerating enzyme production by basidiomycetes
(Kawai and Abe, 1972).

The nitrogen source requirements for the en-
zyme production observed in the present study
were generally similar to those of the other fungi
(Chung, 1971; Kim et al., 1981). The production
of cellulolytic enzymes increased as initial urea
supplements increased. Similar observations have
been also made in other fungi (Sakamoto et al.,
1982).

B OE
87028 Pleurotus spp. & &REiHe] Ee3%sld
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