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ABSTRACT 

Broth incubated with Bacillus subtilis YJ1 at 37°C for 36 h 
was collected and removed bacterial cells by passing through 
a 0.45 µm membrane.  A cellulase was purified to electro-
phoretical homogeneity by ammonium sulfate precipitation, 
Macro-Prep ion exchange and Bio-Gel P-100 chromatography.  
The recovery and purification fold were 9.7% and 289, re-
spectively, after Bio-Gel P-100 chromatograph.  The purified 
cellulase, with a molecular mass (M) of 32.5 kDa, had an 
optimal pH and temperature at 6.0 and 50-60°C, respectively.  
It was stable at pH 6.0-7.5 and <50°C.  The purified cellulase 
was activated by Mn2+ and Co2+, but inhibited by SDS, p-CMB, 
DTT, Hg+, Cd2+, Fe2+ and Fe3+.  According to substrate speci-
ficity, the purified cellulase has high specificity to CMC and 
was considered to be an endo-1,4-glucanase. 

I. INTRODUCTION 

It is well known that plants are the most common source of 
renewable carbon and energy on the earth.  They annually pro- 
duce about 4 × 109 tons of cellulose which is a highly stable 
polymer consisting of β-1,4-linked glycosyl residues, along 
with other polysaccharides [6].  The potential of these bio-
logical resources are possible substitutes for diminishing fossil 
energy resources and becoming increasingly important. 

The biological degradation of cellulose has been studied for 
many years, and a number of cellulolytic enzymes, especially 
cellulases produced by fungi and bacteria, have been isolated 
and characterized [32].  These enzymes, which cleave the 
β-1,4 bond of cellulose, belong to the large family of glycosyl 
hydrolases.  On the basis of sequence comparisons and hy-
drophobic cluster analysis, the catalytic domains of all gly-
cosyl hydrolases have been classified into 63 families of ho-
mologous folds [8, 9, 10].  The catalytic domains of cellulases 

and related xylanases have been identified in 14 of these 
families.  According to their mechanism of cellulose degrada-
tion, cellulases are subdivided into either non-processive cel-
lulases (endocellulases) or processive cellulases (including 
different exocellulases and some new processive endocellu-
lases) [3, 26].  Endocellulases can randomly cleave the cellu-
lose at exposed positions and produce new reducing ends, 
however, the processive cellulases remain attached to the 
chain and release mainly cellobiose or cellotetraose units from 
one end of the chain [29].  These mechanisms are similar to 
those degradation of amylase [27].  During the degradation of 
cellulose, non-processive cellulases and processive cellulases 
have been found to work synergistically [7, 11, 12].  It has 
been generally accepted that effective biological hydrolysis 
of cellulose into glucose requires synergistic actions of three 
enzymes including endo-β-1,4-glucanase (EC 3.2.1.4, EG, 
randomly cleaving internal linkages), cellobiohydrolase (EC 
3.2.1.91, CBH, specifically hydrolyzing cellobiosyl units from 
non-reducing ends), and β-D-glucosidase (EC 3.2.1.21, hy-
drolyzing glucosyl units from cellooligosaccharides) [25].  
Currently, cellulase is commonly used in many industrial 
applications, especially in animal feed, textile, waste water, 
brewing and wine-making [4, 18].  With the shortage of pe-
troleum fuels, increase of greenhouse gases and air pollution 
due to the incomplete combustion of fossil fuel, there has 
been increasing worldwide interest in the production of bio-
ethanol from lignocellulosic biomass [33].  To utilize these 
materials and to avoid waste pollution, one of the most im-
portant approaches is to find applicable cellulase and hemi-
cellulase to hydrolyze the lignocellulosic biomass.  The cost of 
related enzymes has been considered to be critical to the suc-
cess of bioethanol industry.  Accordingly, a highly stable, 
efficient and also economic cellulase or hemicellulase for the 
bio-fuel industry has been attracted many scientists concerns. 

Among bacteria, Bacillus species can produce numbers of 
extracellular polysaccharide hydrolyzing enzyme [5].  How-
ever, these carboxymethylcellulase (endoglucanase) can not 
hydrolyze crystalline cellulose [24].  These polysaccharide 
hydrolyzing enzymes also include alkaline cellulase with high 
potential as laundry detergent additives.  There are, however, 
some studies on Bacillus and fungal endoglucanases which 
had shown detectable activity on microcrystalline cellulose 
[22].  A cellulase producing Bacillus strains have isolated from 
fermented food and optimized the culture conditions for en-
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zyme production [15].  In this study, the cellulase was purified 
and characterized from Bacillus subtilis YJ1, which were 
found to be taxonomically similar to Bacillus strains [15]. 

II. MATERIALS AND METHODS 

1. Materials 

Rice bran from a local rice husking factory in southern 
Taiwan was pre-treated by the milling machine.  All media for 
bacteria cultivation were from Difco Laboratories (BD Co., 
MD, USA).  All chemicals including metals, inhibitors, re-
ducing agents and substrates were the products of Sigma- 
Aldrich Inc. (MO, USA).  Marco-Prep ion exchanger and 
Bio-Gel P-100 were obtained from Bio-Rad (CA, USA).  Low 
molecular weight marker was obtained from Amersham Bio-
sciences (GE Healthcare BioSciences Corp., MA, USA). 

2. Microorganism and Culture 

The Bacillus subtilis YJ1, isolated from fermented foods in 
our laboratory, was cultured in a medium containing 2% rice 
bran, 1% casein, 1% soytone and 0.1% sodium chloride.  After 
36 h incubation at 37°C with shaking at 150 rpm, the cultured 
broth was centrifuged at 8000 × g for 20 min (High speed 
refrigerated centrifuge, CR21G, Hitachi, Japan) and passed 
through a 0.45 µm membrane (Gelman Sciences, MI, USA) 
to remove the cells.  The resulted samples were used for the 
further cellulase purification. 

3. Enzyme Activity Assay 

1) Endo-β-1,4-glucanase 

Endo-β-1,4-glucanase activity was determined by incuba-
tion of 900 µL of 1% CMC in 20 mM phosphate buffer (pH 7.0) 
with 100 µL of appropriate concentration of enzyme at 50°C.  
After 30 min reaction, 1 mL of dinitrosalicylic acid (DNS) was 
added and boiled in a water bath for 5 min to stop the reaction.  
The resulted samples were then cooled to room temperature 
and measured the absorbance at 540 nm (A540).  One unit of 
endo-β-1,4-glucanase activity was defined as the amount of 
enzyme that could hydrolyze CMC and release 1 µg of glucose 
within 1 min reaction at 50°C [20]. 

2) Avicelase 

Avicelase activity was determined by incubation of 900 µL 
of 1% avicel in 20 mM phosphate buffer (pH 7.0) with 100 µL 
of appropriate concentration of enzyme at 50°C.  After 30 min 
reaction, the activity was measured according to Miller [20].  
One unit of avicelase activity was defined as the amount of 
enzyme that could hydrolyze avicel and release 1 µg of glu-
cose within 1 min reaction at 50°C [1]. 

3) β-glucosidase 

β-glucosidase activity was determined by the hydrolysis of 
p-Nitrophenol-β-D-glucopyranoside (p-NPG) in 100 mM ace-
tate buffer (pH 5.0) at 37°C for 20 min.  The reaction was 

terminated by the addition of 1 mL of 0.25 M Na2CO3.  The 
absorbance at 405 nm (A405) was measured.  One unit of β- 
glucosidase activity was defined as the amount of enzyme that 
could hydrolyze p-NPG and release 1 µmol of p-nitrophenol 
within 1 min reaction at 37°C [16]. 

4. Determination of Protein Concentration 

Protein concentration was determined by Lowry’s method, 
using bovine serum albumin as a standard [16]. 

5. Purification of Cellulase 

After the broth, incubated with Bacillus subtilis YJ1, was 
centrifuged at 8,000 × g for 20 min and passed through a 0.45 
µm membrane to remove cells, the crude cellulase was pre-
cipitated by 60-80% saturation of ammonium sulfate.  The 
precipitate was centrifuged at 8,000 × g for 15 min and dia-
lyzed against 20 mM Tris-HCl buffer (pH 8.0) overnight.  The 
resulted crude enzymes were eluted by Macro-Prep ion ex-
change chromatography (2.6 × 20 cm) with 20 mM Tris-HCl 
buffer (pH 8.0) at a flow rate of 30 mL/h.  Fractions with 
cellulase activity were collected and concentrated by ultra- 
filtration with a membrane (MW cutoff: 5 kDa).  The con-
centrated crude enzymes were then chromatographed on a 
gel-filtration of Bio-Gel P-100 column (1.6 × 100 cm) with 20 
mM Tris-HCl buffer (pH 8.0) at a flow rate of 9 mL/h.  Frac-
tions with cellulase activity were collected and subjected to 
enzyme activity assay and electrophoresis (SDS-PAGE). 

6. Sodium Dodecyl Sulfate-Polyacrylamide Gel  
Electrophoresis (SDS-PAGE) 

Electrophoresis was performed mainly according to the 
method described by Laemmli [14].  To the purified enzyme, 
equal volume of sample buffer (0.05% bromophenol blue, 
5% β-mercaptoethanol, 10% glycerol, and 2% SDS in 0.25M 
Tris–HCl buffer; pH 6.8) was added and then boiled at 100°C 
for 2 min.  The resulted samples were then subjected to SDS- 
PAGE (resolving gel: 12.5%; stacking gel: 4%) by using a 
Mini-Protein II system (Bio-Rad, USA).  Electrophoresis was 
performed at room temperature for 1.5 h with a 100 Volt. 

7. Molecular Mass 

The molecular mass (M) of purified cellulase was deter-
mined using SDS-PAGE.  Phosphorylase B (97 kDa), albumin 
(66 kDa), ovalbumin (45 kDa), carbonic anhydrase (30 kDa), 
trypsin inhibitor (20.1 kDa) and α-lactalbumin (14.4 kDa) 
were used as markers. 

8. Influence of Temperature and pH 

1) Temperature Optimum 

To 900 µL of 1% CMC in 20 mM phosphate buffer (pH 7.0), 
100 µL of appropriate concentration of enzyme were added 
and incubated at various temperatures (0, 20, 30, 40, 50, 60, 70, 
80, 90°C) for 30 min.  The activity was then measured ac-
cording to Miller [20]. 
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2) Temperature Stability 

Purified cellulase in 20 mM phosphate buffer (pH 7.0) was 
incubated at various temperatures (0, 20, 30, 40, 50, 60, 70, 80, 
90°C) for 30 min.  The residual activity was measured ac-
cording to Miller [20]. 

3) pH Optimum 

To 900 µL of 1.0% CMC in various pHs (pH 3.0-7.0: 50 
mM citrate buffer; pH 6.0-9.0: 50 mM phosphate buffer; pH 
8-11: 50 mM carbonate buffer), 100 µL of cellulase was added 
and measured the activity according to Miller [20]. 

4) pH Stability 

Purified cellulase was incubated in buffers with various 
pHs (pH 3.0-7.0: 50 mM citrate buffer; pH 6.0-9.0: 50 mM 
phosphate buffer; pH 8-11: 50 mM carbonate buffer) at 25°C 
for 30 min.  The residual activity was measured according to 
Miller [20]. 

9. Effecf Metals and Inhibitors 

Purified cellulase in 20 mM Tris-HCl buffer (pH 7.0) with 
various metals (Ag+, Hg+, K+, Li+, NH4

+, Sr+, Ba2+, Ca2+, Cd2+, 
Co2+, Fe2+, Mg2+, Mn2+, Fe3+) or inhibitors (β-mercaptoethnol, 
β-Me; dithiothreitol, DTT; ethylenediamine-tetraacetic acid, 
EDTA; iodoacetic acid, IAA; p-chloromercuribenzoate, 
p-CMB; sodium dodecyl sulfate, SDS; urea) were incubated at 
25°C for 30 min.  The final concentrations of metals and in-
hibitors were 1.0, 5.0, 10.0 mM.  After incubation, the residual 
activity was measured according to Miller [20]. 

10. Substrate Specificity 

The hydrolytic ability against 1% CMC, avicel, cotton, fil-
ter paper, xylan and p-nitrophenol-β-D-glucopyranoside (p- 
NPG) in 20 mM phosphate buffer (pH 7.0) were determined to 
evaluate the substrate specificity of purified cellulase. 

III. RESULTS AND DISCUSSION 

1. Enzyme Production 

Bacillus subtilis YJ1 was cultivated in the medium and only 
produced the Endo-β-1,4-glucanase at 37°C for 36 h.  How-
ever, the activities of other 2 enzymes, Avicelase and β- 
glucosidase were very low during cultivation, they did not 
show in the manuscript (data not shown).  After removing the 
cells, the sample was subjected to the further Amicon ul-
trafiltration, ion exchange and gel filtration chromatography.  
Most of the popular ion exchangers and gel filtration beads 
could not be used, since they could be easily hydrolyzed by the 
crude and purified cellulases in this study.  Accordingly, the 
crude enzymes were firstly precipitated by 60-80% saturation 
of ammonium sulfate and further purified by Micro-Prep ion 
exchange (made by polyacrylamide) equilibrated with buffer 
A and eluted with 0.0~1.0 M NaCl in buffer A.  Most of 
contaminant was excluded after Micro-Prep ion exchange  
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Fig. 1. Chromatogram of cellulase from Bacillus subtilis YJ1 on Macro- 

Prep ion exchange.  [column: 2.6 × 20 cm, equilibrated with 20 
mM Tris-HCl buffer (pH 8.0, buffer A) and eluted with 0.0~1.0 
NaCl in buffer A]. 
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Fig. 2. Chromatogram of cellulase from Bacillus subtilis YJ1 on Bio-Gel 

P-100.  [column: 1.6 × 100 cm, equilibrated with 20 mM Tris-HCl 
buffer (pH 8.0); upper: 1st Bio-Gel P-100 chromatography; bot-
tom: 2nd Bio-Gel P-100 chromatography]. 

 
 
chromatography (Fig. 1).  Fractions with cellulase activity was 
collected and further purified by being chromatographed on 
Bio-Gel P-100 twice (Fig. 2).  As indicated on this figure, the 
contaminants were almost removed after the 1st Bio-Gel P-100 
chromatography.  The cellulase was purified to electropho-
retical homogeneity after 2nd size exclusion of Bio-Gel P-100 
chromatography (Fig. 3).  The recovery and purification fold 
were 9.7% and 289, respectively (Table 1). 
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32.5 kDa

M 1  
Fig. 3. SDS-PAGE of purified cellulase from Bacillus subtilis YJ1.  Note: 

The enzyme was electrophoretically run at pH 8.6 on a 10% acryla- 
mide gel and stained with Coomassie Brilliant Blue R-250; M: 
protein markers [phosphorylase B (97 kDa), albumin (66 kDa), 
ovalbumin (45 kDa), carbonic anhydrase (30 kDa)]; 1: purified 
cellulose. 

 
 

Table 1. Summary of the purification of cellulase from 
Bacillus subtilis YJ1. 

Total 

activity 

Total 

protein 

Specific 

activity 

Purifi- 

cation 
Yield 

Procedure 

(U) (mg) (U/mg) (fold) (%) 

Crude enzyme 150296.0 6211.0 24.2 1.0 100.0 

Ammonium sulfate 

precipitation 

(60-80%) 

64180.0 52.6 1,220.0 50.4 42.7 

Macro-Prep Ion 

Exchange chroma-

tography 

30907.0 16.8 1,842.0 76.1 20.6 

Bio-Gel P-100 (2nd) 14633.0 2.1 7,001.0 289.3 9.7 

  

2. Molecular Characteristics of Purified Cellulase 

The molecular mass (M) of purified cellulase was 32.5 kDa, 
determined by SDS-PAGE and 2nd Bio-Gel P-100 chroma-
tography (Figs. 2 and 3).  This M was similar with some other 
low M endo-glucanases (25-45 kDa) obtained from Bacillus 
spp. such as 27 kDa from Mucor circinelloides [28], 35 kDa 
from Chalara paradoxa [17], 40 kDa from Bacillus strains 
[19], and 40 kDa from Aspergillus niger [2]. 

3. Effect of Temperature on Purified Cellulase Activity 
and Stability 

The optimal temperature for the purified cellulase was found 
to be 60°C at pH 7.0 (Fig. 4).  The purified cellulase was stable 
at temperatures under 50°C, while the temperature for I50 was 
60°C (Fig. 4).  The optimum temperature of purified cellulase 
was lower than some of other Bacillus strains [65°C (CH43) 
and 70°C (RH68)] [19], but higher than Mucor circinelloides 
(55°C) [28].  The thermal stability of purified cellulase (0-50°C)  
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Fig. 4. Effect of temperature on purified cellulase from Bacillus subtilis 

YJ1.  (Upper: Optimal Temperature; Bottom: Thermostability). 

 
 

was similar to those from other Bacillus strains 0-50°C [19], 
but lower than that from Mucor circinelloides (0-70°C) [28]. 

4. Effect of pH on Purified Cellulase Activity and Stability 

Bacillus subtilis YJ1 cellulase exhibited highest activity at 
pH 6.0-6.5 and was stable between pH 6.5 and 7.5 (Fig. 5).  
According to some previous studies, the optimal pH was 
5.0-6.5 for those from Bacillus strains [19], 6.0-7.0 from As-
pergillus niger [2], and 5.0-7.0 from Lysobacter sp. [23].  The 
purified cellulase was stable at pH 6.5-7.5, which was higher 
than those from Mucor circinelloides, 4.0-7.0 [28] and Ba-
cillus circulans, 4.5-7.0 [13]. 

5. Effect of Inhibitors and Other Reagents 

As indicated in Table 2, 10 mM SDS, IAA, PCMB inhibit 
about 95, 67, 44% of the enzyme activity, while 10 mM β-Me 
and DTT activated its activity.  Since the IAA and PCMB can 
bind with the SH group with different degree interaction and 
subsequently inhibit the activity.  However, the β-Me and DTT 
can reduce the disulfide bonds and renature their activity, if the 
oxidation or aggregation of these enzyme proteins occurs 
during purification and storage.  These phenomena suggested 
that the active site of the enzyme contains -SH group [30]. 
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Fig. 5. Effect of pH on purified cellulase from Bacillus subtilis YJ1.  

(Upper: Optimal pH; Bottom: pH stability; 50 mM citrate buffer: 
pH 3.0-7.0, 50 mM phosphate buffer: pH 6.0-9.0, and 50 mM 
carbonate buffer: pH 8-11). 

 
 

Table 2. Effect of various inhibitors and reductants on 
cellulase from Bacillus subtilis YJ1. 

Relative activity (%) 

Concentration (mM) 
Inhibitors and 

reductants 
1 5 10 

None 100.0 100.0 100.0 
Sodium dodecyl sulfate 
(SDS) 

100.0 71.0 5.0 

Urea 100.0 106.0 102.0 
Ethylenediaminetetraacetic 

acid (EDTA) 
100.0 101.0 101.0 

Iodoacetic acid (IAA) 100.0 86.0 33.0 
p-chloromercuribenzoate 

(p-CMB) 
100.0 98.0 56.0 

Sodium azide (NaN3) 100.0 96.0 97.0 
Dithiothreitol (DTT) 100.0 113.0 123.0 
Cysteine 100.0 103.0 106.0 
β-Mercaptoethnol (β-Me) 100.0 122.0 140.0 
Glutathione (GSH) 100.0 106.0 114.0 

Table 3. Effect of metal ions on the cellulase from Bacillus 
subtilis YJ1. 

Relative activity (%) 

Concentration (mM) Metal ions 

1 5 10 

None 100.0 100.0 100.0 

Na+ 99.0 101.0 101.0 
K+ 114.0 119.0 123.0 
Li+ 105.0 107.0 113.0 
Sr+ 109.0 109.0 110.0 
Ag+ 107.0 108.0 108.0 

NH4
+ 111.0 108.0 110.0 

Hg2+ 6.0 5.0 7.0 
Ca2+ 91.0 106.0 107.0 
Mn2+ 160.0 184.0 240.0 
Mg2+ 104.0 104.0 106.0 
Co2+ 120.0 151.0 158.0 
Cd2+ 51.0 31.0 44.0 
Fe2+ 106.0 52.0 26.0 
Fe3+ 55.0 55.0 6.0 

The counter ion of these metals is chloride 
 

 
Table 4.  Substrate specificity of the purified cellulase. 

Substrates Activity (%)

Carboxy methyl cellulose (CMC) 100 
Avicel 34 
Cotton 8 
Filter paper 5 
Xylan 14 
p-nitrophenol-β-D-glucopyranoside (p-NPG) 0 

 
 

6. Effect of Metal Ions 

As shown in Table 3, most metal ions such as K+, Na+, 
NH4

+ did not affect the activity, while Co2+ and Mn2+ greatly 
activated the purified cellulase.  However, Cd2+, Fe2+ and Hg2+ 
inactivated the purified cellulase activity.  This phenomenon 
further confirmed that the active site of the purified cellulase 
contained SH group.  These results are almost similar to that 
from Catharanthus roseus [31].  According to the studies by 
Saha [28], Lucas et al. [17] and Murashima [21], K+, Na+, 
NH4

+ did not affect the cellulase from Rhizopus oryzae [21], 
while Co2+ and Mn2+ activated that from Mucor circinelloides 
[28] and Chalara paradoxa [17], respectively. 

7. Substrate Specificity 

The purified enzyme showed highest activity against CMC 
(Table 4).  There was almost no hydrolysis ability against 
crystalline substrates of avicel, cotton fiber, filter paper, xylan 
or p-NPG.  It was, accordingly, considered the purified cellu-
lase to be an endo-1,4-glucanase. 
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IV. CONCLUSION 

From the results obtained in this study, this novel Bacillus 
subtilis YJ1 could utilize natural wastes such as rice bran as 
substrate for growth and produce high levels of cellulase.  
Hence, this cellulase was purified to electrophoretical homo-
geneity by ammonium sulfate precipitation, Macro-Prep ion 
exchanger and Bio-Gel P-100 chromatography.  The produced 
cellulase was considered to be endoglucanase and highly 
benefits to the industrial application.  The further optimization 
on the commercial scale production for cellulase using this 
strain is on-going currently. 
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