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ABSTRACT 

A cellulase producing bacterium (E3 strain) was isolated from fecal matter of elephant and identified as Bacillus sp. 
using 16S rDNA sequenced based molecular phylogenetic approach. While studying the effect of substrates like Car-
boxymethyl cellulose (CMC), avicel, starch, maltose, sucrose, glucose, fructose, galactose and lactose on cellulase pro-
duction, it was found that CMC was best carbon source induced cellulase production followed by lactose in this bacte-
rial strain. A positive synergistic effect of lactose with CMC was also observed with enhancement of 5 - 6 times in cel-
lulase production. The optimum cellulase production was recorded with 1% CMC and 1% lactose when added indi-
vidually in the Omeliansky’s medium. The results showed that addition lactose with CMC greatly enhances the produc-
tion and activity of various cellulase enzymes. The optimal fermentation conditions for the biosynthesis of cellulase by 
this strain were found to be temperature: 37˚C, pH 7.0. The nitrogen source NH4Cl at 0.15% was optimum for cellulase 
production by this bacterium. 
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1. Introduction 

Cellulose is the most abundant and renewable natural 
biopolymer on earth available for bioconversion to value- 
added bio-products. The bioconversion of cellulosic bio- 
mass is potentially sustainable approach to develop novel 
bioprocesses and products. Microbial cellulases have be- 
come the important biocatalyst due to their complex na- 
ture and wide spread applications. The potential applica- 
tions of cellulose are in food, animal feed, textile, fuel 
and chemical industries [1,2]. The major industrial appli- 
cations of cellulases are in textile industry for biopolish- 
ing of fabrics and producing stonewashed look of denims, 
as well as household laundry detergents for improving 
fabric softness and brightness [3]. Besides, they are used 
in animal feeds for improving the nutritional quality and 
digestibility, in processing of fruit juices and in baking, 
while de-inking of paper is an another emerging applica- 
tion. Application of enzymes in detergent, leather and 

paper industries demands identification of highly stable 
enzymes activity at extreme pH and temperature. 

Cellulases contribute to 8% of the worldwide Indus- 
trial enzyme demands [4]. The cellulase market is ex- 
pected to expand dramatically when cellulases are used 
to hydrolyzed pretreated cellulosic material to sugars, 
which can be fermented to bioethanol and biobased pro- 
ducts on large scales. The cellulase market has been es- 
timated in the United States to be as high as US $400 
million per year [5]. In the period 2004-2014 an increase 
of approximately 100% in the use of cellulase as a spe-
cialty enzyme is expected [6]. The biotechnology com-
panies Genencor International and Novozymes Biotech 
have reported the development of technology that has 
reduced the cellulase cost for the cellulose-to-ethanol 
process from US $5.40 per gallon of ethanol to approxi-
mately 20% per gallon of ethanol [7]. Three main strate-
gies were: 1) an economical improvement in production 
of cellulase to reduce US $ per gram of enzyme by proc-
ess and strain enhancement, e.g., cheaper medium from *Corresponding author. 
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lactose to glucose and alternative inducer system; 2) iso- 
lation of new high-yielding strain; and 3) an improve- 
ment in the cellulase enzyme performance to reduce grams 
of enzyme for achieving equivalent hydrolysis by cock-
tails and component improvement [8]. 

Microbial conversion of cellulosic biomass into useful 
products is a complex process involving the combined 
action of at least three different enzymes namely endo- 
glucanase (EC 3.2.1.4), exoglucanase (EC 3.2.1.91) or 
filter paperase (FPase), and β-glucosidase (EC 3.2.1.21) 
[9]. Amongst the cellulases, exoglucanase are found to 
have potential applications in the bioconversion of agri-
cultural waste materials to useful products. Exogluca-
nases are of two types; 1,4-β-D-glucan cellobiohydrolase 
(EC 3.2.1.91) which removes cellobiose units and 1,4- 
β-D-glucan glucohydolase (EC 3.2.1.74) which removes 
glucose units, both acting from the non-reducing ends of 
oligosaccharides produced by the action of endogluca-
nase [10,11]. As, cellulases are found to be synthesized 
and excreted in the media extracellularly, it is also im-
portant to estimate the relative ability of a particular cel-
lulase-producing strain to release all the three enzymes 
and the parameters affecting the synthesis. 

Both fungi and bacteria have been exploited for their 
abilities to produce a wide variety of cellulases. Majority 
of studies on cellulase production have been studied on 
fungi. However, bacteria may serve as highly potent 
sources of industrially important enzymes for the con-
version of cellulosic biomass due to their higher growth 
rate than fungi allowing for higher recombinant produc-
tion of enzymes; more complex glycoside hydrolases 
with providing synergy and their extremely high natural 
diversity have the capability to produce thermostable, 
alkali stable enzymes. Thus, cellulolytic strains isolated 
from harsh environment are stable under extreme condi-
tions, therefore, may be used for the bioconversion proc-
ess which may increase rates of enzymatic hydrolysis, 
fermentation, and product recovery. Bacteria, due to their 
high natural diversity, faster growth have the capability 
to produce highly thermostable, alkali stable enzyme 
complement and may serve as highly potent sources of 
industrially important enzymes. 

Source of cellulase system extraction is best suitable 
from microbial system found in the gut of microorgan-
isms thriving on cellulosic biomass as their major feed. 
The rumen is a complex ecosystem in which feeds con-
sumed by the ruminant animal are digested by an active 
and diverse micro flora. Cellulolytic bacteria are thought 
to be the primary agents in the rumen and are considered 
to be more important [12] for lingo-cellulose degradation. 
Considering the above fact, the present study was under-
taken by isolation and characterization of a cellulolytic 
strain designated as E3 belonging to the genus Bacillus 
isolated from fecal matter of elephant. Attempts were 

also made to investigate how the different cultural condi-
tions and various substrates influenced on enhancing ce- 
llulase production with special emphasis on the role of 
lactose as inducer. 

2. Materials and Methods 

2.1. Bacterial Strains, Culture Medium, and 
Screening of Cellulase Producers 

The sample was collected from the fecal matter of ele-
phant from Alipore Zoo, Kolkata in sterile container. It 
was placed on ice and was brought to the laboratory. One 
gram of fecal matter was diluted with 100 ml of distilled 
water and was homogenized by constant shaking using 
orbital shaker for 2 h. The strain was isolated on Ome- 
liansky’s agar medium [g/l (W/Vol) (NH4)2SO4 1.0; 
K2HPO4 1.0; MgSO4·7H2O 0.5; NaCl 0.1; carboxy-
methyl cellulose (CMC) 1%, pH 7.0] by dilution plating 
of the homogenized sample followed by incubation at 
37˚C for 4 days [13]. Screening for cellulase producers 
was carried out on CMC agar plate as per [14].  

Strain presenting largest clearing zones in congo red 
test designated as E3 strain was used for enzyme produc-
tion on basal salt medium containing 1% CMC as a sole 
carbon source. 

2.2. Genomic DNA Extraction, PCR  
Amplification of 16S rDNA and Nucleotide 
Sequencing 

Genomic DNA was extracted using Kit Xcelgen as well 
as quality and purity of DNA was checked by agarose gel 
electrophoresis [15]. PCR amplification was carried out 
by using both universal primer sequences (8F: 5’ AGA 
GTT TGA TCC TGG CTC AG 3’ and 1492R: 5’ ACG 
GCT ACC TTG TTA CGA CTT 3’. PCR was carried out 
in a final reaction volume of 25 µl in 200 µl capacity thin 
wall PCR tube in Eppendorf Thermal Cycler. Composi-
tion of reaction mixture of 25 µl contained DNase-RNase 
free water 7.5 µl, 2 X PCR master mixtures 12.50 µl, 
each primer concentration 1 µl and diluted DNA (30 
ng/µl) of 3.0 µl. PCR tubes containing the mixture were 
tapped gently and spin briefly at 10,000 rpm. The PCR 
reaction was run for 30 cycles in a DNA thermal cycler. 
The following thermal profile was used for the PCR: 
denaturation at 95˚C for 1 min, primer annealing at 52˚C 
for 1 min and extension at 72˚C for 2 min. The final cy-
cle included extension for 10 min at 72˚C to ensure full 
extension of the products. The amplified PCR products 
were then analyzed in a 1.0% (w/v) agarose gel, excised 
from the gel and purified. Purification of the amplicons 
was done by using Qiagen Mini elute Gel extraction Kit 
and sequencing of 16S rDNA was carried out automated 
DNA sequencing on ABI 3730 xl Genetic Analyzer 
(Applied Biosystems, USA). Sequencing was carried 
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out using Big Dye® Terminator v3.1 Cycle sequencing 
kit.  

2.3. Phylogenetic Study by 16S rDNA Sequence 

The isolated E3 strain was identified as Bacillus sp. by 
16S rDNA gene sequence analysis. A continuous stretch 
of 1376 nucleotides of 16S rRNA gene was used for phy- 
logenetic analysis. Initially the sequence was edited by 
sequence scanner (Q value > 20) and the near related 
sequence were determined using BLAST program of 
NCBI (www.ncbi.nlm.nih.gov/Bast/nblast). The online 
programs from RDP database (http://rdp.cme.msu.edu/) 
like “Classifier” and “Sequence Match” were used to 
assess phylogenetic locus of culturable bacterial isolates. 
The “Taxon Passport” was used to retrieve 16S rRNA 
gene sequence from type strains of various Bacillus spp. 
During sequence analysis, the sequence similarity of all 
the sequence were calculated manually after aligning it in 
“align by muscle” programmed in MEGA 5.1 version 
and then looking for mismatches versus total number of 
nucleotides used in such comparison for phylogenetic 
analysis 16S rDNA sequences from type strains of dif-
ferent species of Bacillus showing sequence identity 
greater than 99% with the strain E3 were considered in 
this study. Phylogenetic tree was constructed according 
to the Kimura 2 parameter model [16] using the MEGA 
5.1. The statistical significance of branch points was cal-
culated by 1000 bootstrap re-samplings of the data [17]. 

2.4. Optimization of Cultural Condition for  
Enzymes Production 

In order to develop a more suitable carbon sources, ni-
trogen sources for cellulose secretion, different carbon 
sources and nitrogen sources are tested in Omeliansky’s 
medium to improve the medium. Similarly, to detect 
more suitable cultural condition like incubation period, 
pH and temperature, different incubation period, pH and 
temperature are used. Cultures (50 ml in 250 ml flask) 
were incubated at 37˚C on a rotary shaker set at 150 rpm. 
This incubation condition was used throughout the stud-
ies reported here the except the temperature optimization 
experiment where different temperature were used. After 
cell growth, supernatant, also referred to as crude en-
zymes after centrifugation at 10,000 × g for 15 min from 
these cultures were examined for enzymes assay.  

2.5. Enzyme Assay 

The filter paper (FPase) activity of cellulase was meas-
ured as described by Ghosh [18]. The CMCase activity 
was assayed based on that of Miller [19]. 0.5 ml of cul-
ture supernatant fluid was incubated with 0.5 ml of 1% 
CMC in 0.05 M sodium acetate buffer, pH 4.8 at 40˚C 
for 1 h. Avicelase and β-glucosidase activity were deter-

mined under similar conditions, except that 1% avicel 
and 1% salicin were used as substrate. The reduced sugar 
released was analyzed using the dinitrosalicylic (DNS) 
method, using glucose as the standard sugar. A unit of 
enzyme activity was defined as the amount required 
producing 1 μ mole of reducing sugars per min. The spe-
cific activity is the number of units of enzyme activity 
per milligram of enzyme protein. The soluble protein 
concentration was determined by method of Lowry et al. 
[20] using BSA as standard. 

2.6. Statistical Analysis 

Values are the mean ± SEM of 3 replicates. All data were 
subjected to students t-test analysis with significance 
level of P < 0.05 using SPSS soft were package. 

3. Result and Discussion 

3.1. Isolation and Identification of Cellulolytic 
Bacteria 

A cellulase-producing strain designated as E3 was iso-
lated from fecal matter of Elephant (Elephas maximus ) 
and was identified to be a species of the genus Bacillus 
sp. by 16S rRNA gene sequence analysis. As evident 
from neighbor-joining phylogenetic (NJ) tree (Figure 1), 
the strain E3 together with Bacillus subtilis subsp. strain 
DSM 10 formed a cluster that is also well within the clu- 
ster represented by Bacillus subtilis subsp. spizizenii 
strain NRRL B-23049. The strain E3 also show closest 
sequence similarity 99% with Bacillus subtilis subsp. 
strain DSM 10 followed by Bacillus subtilis subsp. spi- 
zizenii strain NRRL B-23049. Such high percentage of 
sequence similarity and phylogenetic positioning clearly 
indicates that the strain E3 is definitely a species of Ba-
cillus. However, in absence of detailed phenotypic char-
acters, chemotaxonomy and overall genome sequence re- 
latedness data, the E3 strain was concluded as Bacillus sp. 
pending further investigation of species status.  

3.2. Effect of Different Carbon Sources on  
Cellulase Production 

It is apparent from literature that cellulose production 
depends on nature of carbon sources. Different ferment-
able sugars have been shown to either induce or inhibit 
cellulose production depending on individual species. To 
decipher the suitable sugar for the E3 strain, carboxy-
methyl cellulose (CMC), avicel, starch, maltose, sucrose, 
glucose, fructose, galactose and lactose were tested. 
Strain E3 utilized all carbon sources (Table 1) for growth 
and cellulase production. But CMC and lactose exhibited 
extensive role to enzyme yield and production. Among 
different carbon sources C C was the best carbon M  
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Figure 1. Neighbour-joining phylogenetic tree showing relationship of strain E3 with in different type strain of the genus Ba-
cillus sp. The tree was generated using MEGA 5.1 software Kimura (1980) model. Bootstrap values of 1000 replications are 
shown at the nodes. Bar 0.002 substitutions per site. 
 
Table 1. Effect of different carbon sources (1% W/V) on cellulase production by E3 after 8 d of incubation at 37 ºC. The re-
sults of post hoc Tukey test showed significant differences between the paired variables under carbon sources and enzyme 
types except those presented with NS in superscript. 

Specific Activity (U/mg Protein) 
Carbon Sources 

CMCase AvicelaseNS FPaseNS ß–GlucosidaseNS 

Starch 0.45 ± 0.0100 0.45 ± 0.0100 0.42 ± 0.0152 0.40 ± 0.0152 

Maltose 0.38 ± 0.0152 0.35 ± 0.0115 0.40 ± 0.0152 0.35 ± 0.0115 

Sucrose 0.13 ± 0.0152 0.12 ± 0.0152 0.10 ± 0.0152 0.10 ± 0.0152 

Glucose 0.11 ± 0.0152 0.07 ± 0.0088 0.09 ± 0.0100 0.07 ± 0.0088 

CMC 0.78 ± 0.0152 0.73 ± 0.0200 0.75 ± 0.0152 0.75 ± 0.0152 

AvicelNS 0.30 ± 0.0152 0.26 ± 0.0152 0.32 ± 0.0153 0.30 ± 0.0152 

Lactose 0.71 ± 0.0152 0.68 ± 0.0153 0.70 ± 0.0185 0.70 ± 0.0185 

FructoseNS 0.22 ± 0.0152 0.26 ± 0.0152 0.21 ± 0.0200 0.22 ± 0.0152 

Galactose 0.20 ± 0.0200 0.18 ± 0.0115 0.20 ± 0.0200 0.24 ± 0.0152 

 
source followed by lactose for cellulose production. The 
data of Table 1 is in accordance with the result of Mi-
crobacterium sp. and and Bosea sp. [21,22]. 

3.3. Effect of Incubation Days on Cellulase  
Production 

Incubation time is necessary for optimal production of 
enzymes. In the present study the enzyme production was 
increasing steadily from the beginning and reached the 
maximum at 10 d of incubation, then the level start de-
creasing (Figure 2). Similar result was found in Micro-
bacterium sp. [21]. It was observed that Streptomyces sp. 

BRC1 and BRC2 gradually raised endoglucanase synthe-
sis and reached maximum activity at 3 d, after that en-
zyme activity slowly decreased [23]. In Bosea sp., the 
maximum activity was reached at 8 d of incubation [22]. 

3.4. Optimum Concentration of CMC 

The different concentrations of CMC were tested for 
cellulase production, among which 1% CMC was opti-
mum for this strain (Figure 3). Above this concentration 
cellulase production was inhibited. Similarly cellulase 
production was inhibited by 1% cellulose in Thermo-
monospora curvata isolated from municipal solid waste  
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Figure 2. Time course of CMCase, Avicelase, FPase and 
β-glucosidase of crude enzyme produced by culture medium 
containing 1% CMC at 37˚C by Bacillus sp. Symbols: Open 
circles, CMCase; closed circles, Avicelase; open triangles, 
FPase; closed triangles, β-glucosidase. 
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Figure 3. CMCase, Avicelase, FPase and β-glucosidase of 
crude enzyme produced by culture medium containing dif- 
ferent concentrations of CMC at 37˚C after 10 d by Bacillus 
sp. Symbols: Open circles, CMCase; closed circles, Avice- 
lase; open triangles, FPase; closed triangles, β-glucosidase. 
 
compost [24]. The optimum concentrations of CMC were 
found to be 3% and 0.75% in Microbacterium sp. and 
Bosea sp. respectively [21,22]. 

3.5. Effect of Temperature on Cellulase  
Production 

Temperature is the important factors for growth of mi-
croorganism and production of enzyme. It was found 
from Figure 4, the strain E3 gradually raised cellulase 
synthesis and reached maximum activity at 37˚C, after 
that cellulase production slowly decreased. Similar result 
was found in Bosea sp. [22]. The optimum temperature is 
26˚C in Streptomyces sp. BRC1 and BRC2 [23] but 52˚C 
in Micromonospora chalcae [25]. So the different bacte-
rial strains able to produced this enzyme at different op- 

 

Figure 4. Production of cellulases by Bacillus sp. in broth 
culture containing 1% CMC after 10 d of incubation at 
different temperatures. Symbols: Open circles, CMCase; 
closed circles, Avicelase; open triangles, FPase; closed tri-
angles, β-glucosidase. 
 
timal temperature. 

3.6. Effect of pH on Cellulase Production 

As shown in Figure 5 the pH optima for the cellulase 
productivity was 7.0 of the E3 strain. Beyond this limit 
of pH, the enzyme productivity was decreased. Similar 
results have been found in Bosea sp. [22], Streptomyces 
sp. F2621 [26], Streptomyces BRC1 and BRC2 [23], 
Clostridium sp. [27], Streptomyces sp. AT7 [28] and 
Anoxybacillus flavithermus EHP1 [29]. 

3.7. Effect of Different Nitrogen Sources on  
Cellulase Production 

The enzyme production is affected significantly under 
different concentration of the organic and inorganic ni-
trogen sources. The production media incorporated with 
different inorganic nitrogen source, supported to bring 
more cellulase activity by Bacillus sp. Among the dif-
ferent nitrogen sources tested, the enzyme activity was 
higher with NH4Cl (Table 2). To find out the suitable 
concentration of NH4Cl, different concentrations of 
NH4Cl tested, among which 0.15% NH4Cl was optimum 
for this strain (Figure 6). Similar results have been found 
in Bosea sp. [22]. Meat extract and tryptone (1%) served 
as intensive sources to Streptomyces sp. BRC1 and yeast 
extract (1%) suited for Streptomyces sp. BRC2 [23]. Or-
ganic N source were found to be more suitable than in-
organic N sources for optimizing cellulose production 
Bacillus sp. [30,31]. Rajoka [30] reported KNO3 and 
NH4NO3 as the best N sources for cellulose production in 
Cellulomonas flavigena. NH4 compounds were consid-
ered as most favourable N sources for cellulase synthesis 
as noted in Thermomonospora fusca [32]. 
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Table 2. Effect of different Nitrogen sources (0.1% W/V) on cellulase production by Bacillus sp after 10 d of incubation at 
37˚C and pH 7.0. The results of post hoc Tukey test showed significant differences between the paired variables under nitro-
gen sources and enzyme types except those presented with NS in superscript. 

Nitrogen source (0.1%) 
CMCase 

(U/mg protein) 
Avicelase 

(U/mg protein) 
FPaseNS 

(U/mg protein) 
ß–GlucosidaseNS 
(U/mg protein) 

KNO3 1.11 ± 0.0153 1.05 ± 0.01732 1.02 ± 0.01732 1.04 ± 0.01732 

(NH4)2SO4 1.14 ± 0.0153 1.82 ± 0.0153 1.82 ± 0.0153 1.99 ± 0.01732 

NH4NO3 1.35 ± 0.0208 1.23 ± 0.0153 1.2 ± 0.01732 1.06 ± 0.0153 

NH4Cl 2.26 ± 0.0153 2.40 ± 0.0153 2.05 ± 0.0153 2.82 ± 0.01732 

Peptone 1.75 ± 0.0153 1.68 ± 0.01155 1.45 ± 0.01155 1.40 ± 0.0153 

Yeast extract 1.22 ± 0.0152 1.12 ± 0.0153 1.07 ± 0.0173 1.04 ± 0.0152 

Tryptone 1.05 ± 0.0153 1.20 ± 0.0153 1.08 ± 0.0153 1.12 ± 0.0153 

 
3.8. Optimum Concentration of Lactose 
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It was observed from the Table 1 the lactose was the 
penultimate carbon source for cellulase production after 
CMC for this strain. It was observed that 1% lactose was 
optimum for cellulase production of this strain (Figures 
7(a) and (b)). A repeated measure ANOVA justified the 
differences on the supplement added to the medium, the 
time (in days) of incubation and the activity of the dif-
ferent enzyme by this Bacillus sp. strain E3. It is appar-
ent from the multivariate test that significant differences 
were obvious between the enzyme types and their peak 
activity in respect to the incubation periods and the me- 
dia. 

Figure 5. Production of cellulases by E3 in broth culture 
containing 1% CMC after 10 days of incubation at 37˚C at 
different pH. Symbols: open circles, CMCase; closed circles, 
Avicelase; open triangles, FPase; closed triangles, β-gluco- 
sidase. 

3.9. Effect of Lactose on Cellulase Production 

Most microbial cellulases are induced in presence of cel-
lulose but cellulose itself cannot directly trigger the in-
duction as it is insoluble. A basal level of cellulases pro-
duction occurs in the absence of glucose. The soluble 
saccharides such as cellobiose, sorphorose, lactose, tre-
halose, sorbose, and galactose might serve as inducers 
for cellulase synthesis as reported in Clostridium papy-
rosolvens [33], Acidothermus cellulolyticus [34]. Cello-
biose serves as inducer in Bacillus sp. [35] and Anoxyba-
cillus sp. 527 [36]. We therefore, investigated the syner-
gistic effect of lactose with CMC on induction of cellu-
lase production by E3 strain as lactose was the penulti-
mate suitable carbon source for this E3 strain (Table 1). 
The specific activity of CMCase, Avicelase, FPase and 
β-glucosidase were recorded highest when 1% CMC 
supplemented with 1.0% lactose (Table 3, Figure 8). 
Activities of same enzymes under similar condition were 
also lower when the substrates (CMC or Lactose) were 
added individually. This result indicated that Lactose 
synergistically enhanced the cellulase synthesis. Similar 
results reported earlier with a fungus Hypocrea jecorina 
[37] and in bacteria Microbacterium [21]. However, the  
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Figure 6. CMCase, Avicelase, FPase and β-glucosidase of 
crude enzyme produced by culture medium containing dif-
ferent concentrations of NH4Cl at 37˚C after 10 d by Bacil-
lus sp. Symbols: open circles, CMCase; closed circles, Avice- 
lase; open triangles, FPase; closed triangles, β-glucosidase. 
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Table 3. Effect of Lactose: Culture medium containing (I) 1% (W/L) CMC as carbon source over 8d or (II) 1% CMC + 1% 
Lactose over 10 d at 37˚C by E3 strain. All t-values are significantly different at P < 0.001 level. 

Analysis items I II 

CMCase specific activity (U/mg protein) 0.71 ± 0.0152 6.15 ± 0.0230 

Avicelase specific activity (U/mg protein) 0.68 ± 0.0200 6.02 ± 0.0375 

FPase specific activity (U/mg protein) 0.70 ± 0.0152 5.92 ± 0.0145 

β-Glucosidase specific activity (U/mg protein) 0.70 ± 0.0152 5.80 ± 0.0233 

Protein (mg/ml) 0.130 ± 0.0029 0.715 ± 0.0037 
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(b) 

Figure 7. Time course of CMCase, Avicelase, FPase and β- 
glucosidase of crude enzyme produced by culture medium 
containing (a) 1% Lactose; (b) 2% Lactose at 37˚C by Ba-
cillus sp. Symbols: open circles, CMCase; closed circles, 
Avicelase; open triangles, FPase; closed triangles, β-gluco- 
sidase. 
 
mechanism by which lactose triggers the formation of 
cellulase is unknown; Seiboth et al. stated that lactose 
might act as an inducer of cellulase formation rather than 
promoting cellulase biosynthesis by relieving the carbon 
catabolite repression. 

Lactose consists of D-galactose and D-glucose. Cellu- 

 

Figure 8. Time course of CMCase, Avicelase, FPase and 
β-glucosidase of crude enzyme produced by culture medium 
containing 1% CMC + 1% Lactose at 37˚C by Bacillus sp. 
Symbols: open circles, CMCase; closed circles, Avicelase; 
open triangles, FPase; closed triangles, β-glucosidase. 
 
lase synthesis cannot be induced by galactose or glucose 
individually (Table 1). This is reflected through the two 
tailed paired t-test carried out on the specific activity of 
the enzymes under the two different media –1% CMC 
and 1% CMC + 1% Lactose, with significantly higher 
activity in lactose containing medium. Protein yield was 
also higher in the medium containing lactose. Reports 
from literature suggested that glucose inhibited cellulase 
synthesis [38] and lactose induces significantly higher 
cellulase levels than D-galactose in T. reesei [39]. The 
induction mechanism of cellulase formation is studied in 
fungus by many workers [40] and in bacteria [21]. We 
therefore consider that lactose is a water soluble disac-
charide in the mixed medium with CMC and was fast 
taken up by Bacillus sp. and produced cellulase initially 
which would enable an initial attack on CMC followed 
by more cellulase biosynthesis. Thus, the cellulase pro-
duction was remarkably increased when lactose was 
added with CMC as a carbon source. Lactose is a pow-
erful inducer that generally enhances the cellulase yield 
in this organism by stimulating secretion of various pro-
teins with cellulase activity. 

Copyright © 2013 SciRes.                                                                                  AiM 
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