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ABSTRACT

  In this study, effect of carbon source on the hydrolytic ability of the enzyme from Fomitopsis pinicola, 

a brown rot fungi, for lignocellulosic biomass were examined on two lignocellulosic biomasses (rice straw 

and wood) without any pretreatment. Cellulase activities of crude enzyme from F. pinicola, which was 

cultured on softwood mixture as a carbon source, were 19.10 U/㎖ for endo-β-1,4-gulcanase (EG), 36.1 

U/㎖ for β-glucosidase (BGL), 7.27 U/㎖ for cellobiohydrolase (CBH), and 7.12 U/㎖ for β-1,4 xylosi-

dase (BXL). Softwood mixture as a carbon source in F. pinicola comparatively enhanced cellulase activ-

ities than rice straw. The optimal pH and temperature of the cellulase was identified to pH 5 and 50°C 

for the hydrolysis of rice straw. Under these condition rice straw was hydrolyzed to glucose by the cellu-

lase up to 32.0 ± 3.1% based on the glucan amount of the rice straw for 72 h, while the hydrolytic capa-

bility of commercial enzyme (Celluclast 1.5ℓ) from rice straw to glucose was estimated to 53.7 ± 4.7% 

at the same experimental condition. In case of addition of Tween 20 (0.1% w/w, substrate) to the cellulase 

the hydrolysis of rice straw to glucose was enhanced to 38.1 ± 2.0%. 

  Keywords : hydrolysis, Formitopsis pinicola, cellulase, rice straw, wood biomass

1. INTRODUCTION

Lignocellulosic biomass is one of the most 

common resources in nature. Hydrolysis of ligno- 

cellulosic materials to monomeric sugars by cel-

luloytic enzymes has a great importance, since 

the sugars can serve as raw materials in a num-

ber of biotechnological production processes, 

especially bioethanol production process. Rice 

straws, as agricultural residues, have a high po-

tential for raw materials to be converted to 

biofuels. In 2006, ca. 6 million tons of rice 

straws were produced in Korea. However, most 

of those were consumed as fertilizer or animal 

feed. The Korean Ministry of Food, Agriculture, 

Forestry and Fisheries Sea has been investing in 



Hyun-Jung Kim, Yoon-Hee Kim, Keum Shin, Tae-Jong Kim, and Yeong-Suk Kim

－ 430 －

the research and technology development proj-

ect in which many researcher are now highly 

interested to the rice straw as a raw material in 

the field of manufacturing bio-ethanol and gas-

ification (MPAS et al., 2008). One of the topic 

in bioenergy studies is to develop GMO energy 

crops that are similar to rice straw, such as 

reeds or switch grass which are fast growing in 

small land. For the production of bioethanol 

from lignocellulosic biomass, three essential 

processes are carried out; pretreatment of raw 

materials, hydrolysis of polymeric cellulose to 

glucose, and biological fermentation (Hwang et 

al., 1998).

The use of large quantities of energy and 

chemicals in the ethanol production process re-

sult in both environmental and economical 

disadvantage. For this reason, there has been an 

increased amount of research performed in or-

der to introduce diverse microorganisms to se-

cure an environment-friendly method for the 

pretreatment or hydrolysis processes. 

Brown rot fungi are well known to the de-

graders of lignocellulose in nature ecosystems, 

where they make essential contributions to hu-

mus formation and soil fertility. They also cause 

extensive decay in wood structure. In general, 

brown rot fungi degrade lignin slowly from the 

wood, but rapidly cleave the cellulose polymer. 

Therefore, brown rotted wood consists of main-

ly lignin (Kim et al., 2004). In addition, crystal-

linity of the cellulose in lignocellulosic biomass 

is a inhibitive factor for enzymatic hydrolysis, 

therefore, brown rot fungi which has the ability to 

degrade the cellulose component including crys-

talline region might be a valuable source for the 

efficient cellulolytic system (Aatalla & Vanderhart, 

1984; Newman, 1994).      

Cellulose can be hydrolyzed to glucose by 

EG, CBH, and BGL collectively called cellu-

lases (Kim et al., 2004). Hydrolysis of hemi-

cellulose, a mixed polymer, occurs via the ac-

tion of xylanases, mannanases, and hydrolytic 

enzymes with broad substrate specificity (Eaton 

& Hale, 1993). Most of wood decaying fungi 

produce several enzymes, e.g. the well-studied 

fungus Trichoderma reesei produces at least 

two CBHs, five EGs and two BGLs (Foreman 

et al., 2003). Over the past decades, cellu-

lase-based technologies have aroused worldwide 

research activity. Recently, research for finding 

suitable microorganisms to produce cellulases 

has been of particular interest. The ideal cellu-

lases from microorganisms should be a high ac-

tivity for hydrolysis of cellulose to glucose cel-

lulose conversion of lignocellulosic material. In 

this study, the hydrolytic ability of the cellu-

lases from Fomitopsis pinicola, a brown rot 

fungus, was examined with lignocellulosic bio-

mass without any previous pretreatment. In par-

ticular, an attempt was made to find out the en-

zyme activity of cellulase from F. pinicola cul-

tured under various carbon sources, the glucose 

hydrolysis rate of cellulose in rice straw, and 

mediator effect on the enzyme hydrolysis. 

2. MATERIALS and METHODS

2.1. Materials

Rice straw was obtained from Jangseong-gun, 

and wood sample was from Sinwoo Forest 

Products Company, Hongcheongun, Korea. The 

wood sample was a mixture of Larix leptolepsis 

(Larch, Heartwood), Pinus rigida (Rigida pine, 

Sapwood), Pinus koraiensis (White pine, Heart- 

wood and Sapwood), and Pinus densiflora (Pine, 

Heartwood and Sapwood). Above 4 wood spe-

cies were mixed in same portion, then, the 

mixed wood meal (softwood mixture) were used 

for fungi cultivation as a carbon source and en-

zymatic hydrolysis. After all biomasses were 

dried at 60 ± 5°C for 48 h, they were grinded 

with Willy mill and screened to pass 50 mesh 
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prior to the hydrolysis. 

As a microorganism, the brown-rot basidio-

mycete Fomitopsis pinicola (MKACC 53896) 

which was procured from the National Institute 

of Agricultural Science and Technology of Korea, 

was used. Tween 20 was used as a mediator for 

enzyme solution.

2.2. Chemical Analysis of Biomass 

and Sugar

Chemical compositions of the rice straw and 

softwood mixtures were analyzed by the NREL 

method (TP-510-42618, Determination of Structural 

Carbohydrates and Lignin in Biomass, using 

72% H2SO4 for carbohydrates analysis, NREL, 

2008). Also, the hydrolyzed sugar was de-

termined by using DNS method (Ghose, 1987), 

after filtration of the enzymatic hydrolyzate 

with sterilized filter (0.20 µm). And sugar hy-

drolysis rates after enzymatic hydrolysis were 

calculated in percentage based on the glucan 

amount of each lignocellulosic biomass which 

was obtained by chemical analysis of biomass.

2.3. Fungi Cultivation 

For liquid cultivations, the myceria of F. pi-

nicola was cultivated on a potato/dextrose/agar 

at 28 ± 1°C for 7 days were punched out and 

inoculated into 100 ㎖ potato dextrose broth in 

a 500 ㎖ Erlenmeyer flask. After the plugs were 

incubated in this medium at 27°C for 7 days on 

a rotary shaker at 150 rpm, 5 ㎖ F. pinicola 

pre-cultures were aseptically inoculated into 4 L 

medium with a carbon source in a bio-reactor 

(Biotron, Inc., Korea). The cultivation medium 

(pH 5.0) contained 0.8% (w/v) peptone, 0.2% 

(w/v) Yeast extract, 0.5% (w/v) KH2PO4, 0.5% 

(w/v) K2HPO4, 0.3% (w/v) MgSO47H2O, 5 ppm 

thiamin HCl with 5% (w/v) wood meal, and 0.5% 

(w/v) glucose. The culture was incubated at 28 

± 1°C in the bio-reactor for 3∼4 weeks.

2.4. Cellulase Preparation 

F. pinicola cultures obtained from the liquid 

cultivation, were filtrated with filter paper 

(Adventec No. 2). And culture filtrates were 

concentrated using an utltrafiltration membrane 

10-kDa (Amicon, Millipore, USA), and then fil-

trated with a 0.45 µm membrane filter. For the 

enzymatic hydrolysis, 20-fold concentrated cul-

ture filtrates were used. Cultivation dates for 

crude enzyme were 3 weeks with rice straw, 4 

weeks with wood as a carbon source.

2.5. Enzyme Assays and Protein Con- 

centration

EG activity was assayed in 50 ㎕ reaction 

mixtures containing 2% (w/v) CMC (Sigma- 

Aldrich Fine Chemicals, Co.) in 100 mM so-

dium acetate buffer (pH 5.5) at 50°C. Reducing 

sugars were determined by the Somogyi-Nelson 

method (Somogyi, 1959; Nelson, 1944).

One unit (U) of activity was defined as the 

amount of enzyme releasing 1 µmol of reducing 

sugar per hour. BGL activity was assayed using 

p-NPG (Sigma-Aldrich) as substrate. The enzy-

matic reaction mixtures 1 ㎖ containing 100 ㎕ 

of the test solution and 10 mM p-NPG in 1 M 

sodium acetate buffer (pH 5.5) were incubated 

for 15 min at 50°C. The amount of p-nitro-

phenol released was measured at A405 after ad-

dition of Na2CO3 to the reaction mixtures. One 

unit of p-NPG hydrolyzing activity was defined 

as the amount of enzyme equivalent to release 

1 µmol of p-nitrophenol per hour. CBH (CBH) 

activity was assayed using p-NPL (p-nitro-

phenyl-β-lactopyranoside). The enzymatic re-

action mixtures 1 ㎖ containing 100 ㎕ of the test 

solution and 1 M CH3COONa (pH 5) 100 ㎕, 

10 mM p-NPL (p-nitrophenyl-β-actopyranoside) 
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Table 1. Chemical composition of lignocellulosic biomass (% based on dry weight of biomass)

Biomass

Carbohydrates Klason

lignin

(%)

Ash

(%)Glucan

(%)

Xylan

(%)

Arabinan

(%)

Galactan

(%)

Mannan

(%)

Rice straw 41.6 15.9 2.8 ‐ ‐ 14.4 8.4

Softwood mixture
*

44.3 7.8 ‐ 4.0 10.0 27.6 ‐

* Mixed with Larix leptolepsis (Heartw.), Pinus rigida (sapw.), Pinus koraiensis (Heartw. + Sapw.), and Pinus 

densiflora (Heartw. + Sapw.) in same proportion

100 ㎕, distilled H2O 700 ㎕ were incubated for 

30 min at 40°C. The amount of p-nitrophenol 

released was measured at A405 after addition of 

2-M Na2CO3 100 ㎕ to the reaction mixtures. 

BXL activity was assayed using 10 mM p-NPX 

(p-nitrophenyl-β-xylopyranoside) 100 ㎕, the en-

zymatic reaction mixtures 1 ㎖ containing 100 ㎕ 

of the test solution and 1 M CH3COONa (pH 5) 

100 ㎕, distilled H2O 700 ㎕ were incubated for 

15 min at 40°C. The amount of p-nitrophenol 

released was measured at A405 after addition of 

2 M Na2CO3 100 ㎕ to the reaction mixtures. 

The protein concentration in the enzyme sol-

ution was measured with a Protein Assay kit II 

(Bio-Rad Laboratories, USA).

2.6. Measurement of Optimal Tem- 

perature and pH 

Optimal temperature and pH of the crude en-

zyme from F. pinicola were analyzed by meas-

uring the enzyme activity at various temper-

atures between 20 and 70°C in the 100 mM so-

dium acetate buffer at pH 5.0. The enzyme ac-

tivities were measured under several different 

pH conditions using 100 mM citrate for pH 3.0

∼4.0, sodium acetate for pH 4.0 to 7.0, and tris 

buffers for pH 7.0∼9.0.

2.7. Enzymatic Hydrolysis

Using crude enzymes from F. pinicola, a hy-

drolysis was conducted under the optimal con-

dition of each enzyme. The rice straw and soft-

wood mixture (< 50 mesh) were used for hy-

drolysis at concentration ranging 2% (w/v) as 

the substrates. In addition, the hydrolysis con-

dition was adjusted to 45°C and pH 5 for en-

zyme from rice straw carbon source, 50°C and 

pH 5 for enzyme from softwood mixture carbon 

source. Buffer for pH 5.0 was used 100 mmol 

sodium acetate. Enzyme concentration for hy-

drolysis was adjusted to 10 FPU/g, -*glucan, 

same as control (Celluclast 1.5 ℓ). Then the 

sample was shaken at 150 rpm. Hydrolysis was 

conducted for 72 hours, respectively. After com-

pleting the hydrolysis, the sample was placed in 

a 100°C water bath and boiled for 10 min, after 

which the enzyme reaction was halted and a 

sugar analysis was performed.

3. RESULTS and DISCUSSION

3.1. Enzymes Activities of Cellulase 

from F. pinicola. 

In general, it was known that brown-rot fungi 

produce measurable amounts of EG and BGL, 

but not of CBH that can hydrolyze crystalline 

cellulose (Ritschkoff, 1996). However, Berghem 

& Pettersson (1973) reported that the hydrolytic 

properties of EG from F. pinicola grown on 

CMC as a carbon source, were thus similar to 

those of the CBH from Trichoderma viride, and 

Yoon et al. (2008) reported that purified EG 

(32 kDa) from F. pinicola is able to degrade 
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Fig. 1. Optimal pH and temperature for cellulase activity from F. pinicola cultured with rice straw as a carbon

source.

Table 2. Specific activities of cellulase from F.

pinicola

Carbon 

source

Specific activity (U/mg) Protein

concentration

(mg/㎖)

FPU
EG CBH BGL BXL

Rice 

straw
16.06 2.75 17.70 6.95 0.5057 0.085

Softwood 

mixture
* 19.1 18.82 36.12 7.12 1.2777 0.684

* Cultivation date was 3 weeks for rice straw, 4 weeks

for wood meal

both crystalline and amorphous cellulose. And 

CBH activity of F. pinicola was the high value 

comparatively when grown on avicel as a car-

bon source (Lee et al., 2008). In present study, 

enzyme activities of cellulases from F. pinicola 

which was cultured with softwood mixtures and 

rice straw as a carbon sources were shown in 

Table 2. It was shown that EG and BGL from 

F. pinicola grown on rice straw as a carbon 

sourece were the higher activities than CBH and 

BXL (Table 2). However CBH and BXL activ-

ities were the high values in enzyme from F. 

pinicola grown on softwood mixture, which was 

similar to reports of Ritschkoff (1996) and 

Yoon et al. (2008). The activities of BGL and 

CBH were also considerably higher in wood 

than rice straw. Consequently, different carbon 

source led to induce different secretion level of 

enzyme, especially softwood mixture carbon 

source promote to increase of EG and CBH 

with increase of incubation date. In case of rice 

straw the enzyme activities of various cellulase 

from F. pinicola were not changed significantly 

after incubation date of 20 days (Fig. 4), while 

the enzyme activities in the softwood mixture 

were gradually enhanced up to 26 days (Fig. 5). 

These results indicate that optimum cultivation 

period to obtain crude enzyme could be 20 days 

for rice straw and 28 days for softwood mix-

ture, respectively.

3.2. Optimal Temperature and pH 

The results of optimal temperature and pH 

for cellulase from F. pinicola were shown in 

Fig. 1 and 2. As shown in Fig. 1, the cellulase 

activity of F. pinicola in the rice straw as a car-

bon source was stable and the highest at pH 5 

and 45°C condition for most of enzymes, such 

as EG, BGL, CBH, and BXL. When softwood 

mixture was used as a carbon source, the opti-

mal pH and temperature for softwood mixture 
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Fig. 2. Optimal pH and temperature for cellulase activity from F. pinicola cultured with softwood mixture as

a carbon source.

1)
 Shows no effect of mediator at p < 0.1, in rice 

straw as a biomass 
2)

 Shows no effect of mediator at p < 0.1, in wood 

meal as a biomass

1)
 Shows significant effect of mediator at p ≥ 0.1, 

in rice straw as a biomass
2)

 Shows no effect of mediator at p < 0.1, in wood 

meal as a biomass

Fig. 3. Mediator effect on enzymatic hydrolysis of lignocellulosic biomass by the cellulase from F. pinicola cul-

tured with rice straw (a) and softwood mixture (b) as a carbon source.

was pH 5 and 50°C (Fig. 2). It was shown that 

the optimal pH and temperature of the cellulase 

activity from F. pinicola depend on the carbon 

source in culture medium. The enzymatic hy-

drolysis of the two biomasses was carried out in 

the optimal condition with cellulase from F. 

pinicola.
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Table 3. Results of enzymatic hydrolysis of lignocellulosic biomass

Enzyme Biomass Hydrolysis time (h) No. Rate of hydrolysis (% mg/g, glucan) Average

Cellulase from 

F. pinicola
1)

Rice Straw

72

1 24.6

27.2 ± 2.32 28.3

3 28.7

Wood
4)

1 10.4

10.0 ± 0.32 9.8

3 9.8

Cellulase from 

F. pinicola
2)

Rice Straw

1 29.5

32.0 ± 3.12 31.0

3 35.4

Wood
4)

1 19.5

16.6 ± 2.82 14.0

3 16.3

Commercial
3)

Rice Straw

1 48.3

53.7 ± 4.72 56.1

3 56.7

Wood
4)

1 26.4

29.8 ± 4.12 28.7

3 34.4
 1)

 Rice straw as a carbon source
 2)

 Wood meal as a carbon source
 3)

 Celluclast 1.5 ℓ, 10 FPU
 4)

 Mixed with pine, larch, rigida pine, and white pine   

3.3. Enzymatic Hydrolysis

Results of the enzymatic hydrolysis of rice 

straw and softwood mixture using the crude en-

zyme with 10 FPU/g, -glucan from F. pinicola 

were shown at Table 3.

As shown in Table 3, when softwood mixture 

was used as a carbon source, the sugar hydrol-

ysis rate of rice straw without any pretreatment 

by the cellulase from F. pinicola was shown 

32.0%. 

However it was the lower hydrolysis rate of 

rice straw by cellulase from the same fungi cul-

tured with rice straw as a carbon source. Also, 

it was shown that the sugar hydrolysis of wood 

biomass as a substrate was lower than that of 

rice straw, even though using the cellulase from 

F. pinicola cultured with softwood mixture as a 

carbon source. In this study, the reason why the 

sugar hydrolysis rate appears to be higher, with 

the same fungi, would be because the higher 

EG and CBH secretion in wood carbon source 

than in rice straw for F. pinicola cultivation 

(Fig. 4 and Fig. 5). 

It has been reviewed that hydrolysis of ligno-

cellulosic biomass is more complicated than that 

of pure cellulose due to the presence of non-

glucan components such as lignin and hemi- 

cellulose. In present results, it was evaluated 

that the lower glucose hydrolysis rate for wood 
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Fig. 4. Change of enzyme activity of F. pinicola cul-

tured with rice straw as a carbon source.

Fig. 5. Change of enzyme activity of F. pinicola cul-

tured with softwood mixture as a carbon source.

biomass than rice straw could be cause of no 

pretreatment as a lignocellulosic material in a 

complicate binding and considerably high lignin 

content rather than rice straw as it was shown 

at Table 1. It can be concluded that the enzyme 

hydrolytic ability of fungi would be different as 

the carbon source within its culture. And this 

study obtained that the wood carbon source af-

fect positively on the hydrolytic ability of the F. 

pinicola for rice straw than wood biomass.  

In the results of addition of mediator, the 

sugar hydrolysis rate of rice straw without pre-

treatment by the cellulase from F. pinicola 

which was cultured with wood as a carbon 

source has been significantly increased to 

38.1% ( p ≥ 0.1) with addition of mediator, 

showing about 71% level of the commercial en-

zyme (Celluclast 1.5 ℓ). However, the addition 

of mediator was not effective on the hydrolysis 

of wood biomass ( p < 0.1). When the rice straw 

was used as a carbon source, it was not effec-

tive of mediator on enzymatic hydrolysis of rice 

straw and wood biomass ( p < 0.1).

It was reviewed in the literatures (Chernog- 

lazov et al., 1988; Lynd et al., 2002) that lignin 

removal or redistribution are thought to have a 

significant effect on observed rates of enzymatic 

hydrolysis. Also it is well known that lignin has 

been implicated as a competitive cellulase ad-

sorbent which reduces the amount of cellulase 

available to catalyze cellulose hydrolysis (Ber- 

nardez et al., 1993; Ooshima et al., 1990; 

Sutcliffe & Saddler, 1986). In this study, the 

reason which is the increasing of sugar hydrol-

ysis rate with addition of mediator, would be 

caused reduction of the lignin that has been im-

plicated as a competitive cellulase adsorbent 

which reduces the amount of cellulase available 

to catalyze cellulose hydrolysis by mediator. 

These results on the hydrolytic ability of the 

cellulase from F. pinicola could be compared 

with the report by Lee et al. (2008) that the hy-

drolysis rate of wood biomass (pine) by the 

crude enzyme from F. pinicola cultured with 

avicel as a carbon source was a very low value 

of 0.9% for glucose, 4.1% for mannose and 

19.7% for arabinose. Also it can be compared 

with the report by Meijuan et al. (2007) that 
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was 14% of hydrolysis rate for 25∼40 mesh 

corn stover and 25.9% for 200∼270 mesh by 

commercial enzyme blended with Spezyme (15 

FPU/g glucan) and Novozyme 188 (65 IU/g 

glucan) (Meijuan et al., 2007). It was suggested 

by these comparing that the possibility of com-

mercialization with cellulase of F. pinicola for 

rice straw hydrolysis would be high, through 

more developing research. 

4. CONCLUSION

In this study, the hydrolytic ability of the cel-

lulase from Fomitopsis pinicola, a brown rot 

fungus, was examined on lignocellulosic biomass 

(rice straw and softwood mixture) without any 

pretreatment. Cellulase activities of crude en-

zyme from F. pinicola cultured on softwood 

mixture as a carbon source, were 19.10 U/㎖ 

for endo-β-1,4-gulcanase (EG), 36.1 U/㎖ for 

BGL, 7.27 U/㎖ for CBH, and 7.12 U/㎖ for 

BXL. Softwood mixture as a carbon source in 

F. pinicola comparatively enhanced cellulase 

activities than rice straw as carbon source. In F. 

pinicola enzyme, the optimal pH and temper-

ature for the hydrolysis of rice straw were pH 

5 and 50°C, respectively. In rice straw without 

pretreatment, the hydrolysis sugar was yielded 

by enzymatic hydrolysis from F. pinicola grown 

on softwood mixture as a carbon source was 

32.0 ± 3.1% for 72 hours, compared to com-

mercial enzyme (Celluclast 1.5 ℓ) in 53.7 ± 

4.7%. Addition of 0.1% (w/w, substrate) Tween 

20 to cellulase led to increase the hydrolysis of 

rice straw to sugar up to 38.1%. F. pinicola 

cultivated on the softwood mixture as a carbon 

source has been proved to show a possibility 

for commercialization since a high value of hy-

drolysis without pretreatment. 
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