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Background: Gene manipulation has a wide array of applications in microorganisms. We can construct multifunctional 
bacterial strains by gene manipulation and gene editing in order to produce several industrial biomaterials including 
enzymes at the same time.
Objective: According to the importance of cellulase in various industries, including food industry, the purpose of this 
study was aimed to produce cellulase in an indigenous Bacillus cereus EG296 strain through gene manipulation.
 Materials and Methods: The Bacillus subtilis 168 cellulase gene, located between the regulatory upstream and 
downstream regions of Bacillus cereus protease gene (aprE), was amplified by SOEing PCR and transformed into the 
Bacillus cereus EG296 by natural transformation. After selection of the strains with cellulase activity, the scoC gene 
(Negative transcriptional regulator of aprE gene) was also deleted from the genome of the transformant by homologous 
recombination in order to increase the cellulase and protease activities simultaneously.
 Results: The Bacillus cereus cells were acquired the cellulase gene into their genome with cellulase activity of about 0.61 
u.mL-1. By scoC gene deletion, the protease activity reached to 363.14 u.mL-1 from 230 u.mL-1.  Meanwhile, the cellulase
activity under the control of the protease promoter was also increased to 0.78 u.mL-1 from 0.61 u.mL-1. The cellulase 
and protease expressed in B. cereus have an instability index of 26.16 and 20.18 respectively, which is much lower than 
threshold of 40. Accordingly, it can be concluded that both enzymes are considered to be stable.
Conclusion: As a result, we obtained a genetically engineered strain that had the ability to produce and secrete two 
important industrial extracellular enzymes (cellulase and protease), with easy downstream purification processes.

Keywords: Bacillus cereus, Cellulase, Homologous recombination, Heterologous expression, Metabolic engineering, Protease

1. Background
Enzymes are proteins with high catalytic functions 
which are responsible for many biochemical reactions in 
microorganisms, plants, animals and human. Enzymes 
with broad applicability have a significant market demand 

and are used as alternatives for chemicals in industrial 
tasks and prevents the release of approximately 700 
million kg/year CO2 into the atmosphere (1). Microbial 
industrial enzymes such as protease, amylase, lipase 
and cellulase have received more attention owing to 
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their catalytic activity, nontoxicity, eco-friendly nature, 
stability, cost-effectiveness and easy production (1,2).
Cellulase complex enzymes are the third most 
important enzymes for industrial uses, which have been 
commercially available for more than 30 years (3). 
Cellulases cleave β-1,4-glucosidic bonds in cellulose, 
the most abundant natural bio-resource (4). Cellulase 
has many applications in various industries including 
biofuels, food, animal feed, poultry and aquaculture, 
pharmaceuticals, agriculture, textiles, paper and waste 
treatment (3,5). Besides cellulases, proteases are also 
significant industrial enzymes which have a broad 
spectrum of applications such as food processing, 
pharmaceuticals, detergents, leather industry, etc. Most 
commercial proteases, mainly neutral and alkaline, are 
produced by microorganisms belonging to the Bacillus 
genus (6).
Bacillus species are a group of gram-positive bacteria 
that have a recognized history of safe use in foods. 
Recently, Bacillus species have received increased 
attention for their use in biotechnology as a valuable 
host for production of heterologous proteins, valuable 
enzymes, vitamins and antibiotics with respect to 
nontoxicity, convenience for gene manipulation and 
high yield of target proteins (7–10). 
Strain development based on metabolic engineering is 
of central importance for biotechnological production 
processes and identifying the individual Regulatory 
Factors (RF) that control gene expression has gained 
reasonable attention (11,12).
In this study, the recombinant cellulase expression 
along with the production of native protease of the host 
strain was followed by manipulation of the metabolic 
pathway of the protease production, through deletion 
of its negative transcriptional control factor named 
scoC gene, in order to increase the production of both 
enzymes.
The scoC gene, also known as hpr, is one of the multiple 
regulators of Bacillus family which directly and 
indirectly affects the expression of approximately 560 
genes in Bacillus subtilis (13). The homologue of scoC 
was firstly identified in a study of Bacillus mutants and 
found to be effective in alkaline and neutral protease 
expression (13). Furthermore, it identifies and binds 
to specific sequences in the upstream regions of the 
aprE (alkaline protease) and nprE (neutral protease) 
genes and represses them. Bacillus cereus has several 
extracellular protease genes, and the aprE is the 

major protease gene (14). The aprE gene is directly 
repressed by AbrB, scoC, and SinR and is activated by 
phosphorylated DegU and also indirectly regulated by 
other proteins, including Spo0A, AbbA, SalA, TnrA, 
SinI, DegS, DegQ, DegR and RapG (15–17).

2. Objectives
Due to the need of cellulase and protease for application 
in various industries, the purpose of this study was to 
produce cellulase and protease simultaneously in an 
indigenous Bacillus cereus strain. In the present study, 
cellulase gene from Bacillus subtilis 168  was introduced 
into the genome of a protease producing Bacillus 
cereus by natural transformation and recombination. In 
addition, the scoC gene regulator was deleted from the 
genome of the bacterium by natural transformation and 
homologous recombination to increase the cellulase 
and protease production. 

3. Materials and Methods

3.1. Strains, Plasmid and Culture Media
Escherichia coli DH5α (Invitrogen) was used as 
an intermediate host for cloning, Bacillus subtilis 
strain 168 was used as a cellulase gene source and 
indigenous native B. cereus strain EG296 was used as 
host for production of cellulase and protease (18). The 
pGEM-5Zf vector (Promega) was utilized as a cloning 
vector. Luria–Bertani (LB) medium was used to grow 
E. coli at 37 °C and LB agar containing 100 mg. mL-1 
Ampicillin, 0.5 mM, IPTG and 20 µg.µL-1 X-Gal were 
used to screen the recombinant bacterial colonies. 
The LB agar containing 1% skim milk was used for 
screening colonies with protease activity by detecting 
clear zone around the colony and LB agar containing 
0.2% Carboxymethyl  Cellulose (CMC) was used for 
screening and detecting colonies with cellulolytic 
activity. The Bacillus strains were cultivated in a 
basal broth medium containing (g.L-1) glucose (1), 
peptone (0.5), KH2PO4 (0.1), K2HPO4 (0.3), MgSO4 
(0.02), yeast extract (0.5) for protease production and 
a LB medium containing 0.05% CMC for cellulase 
production.

3.2. Gene Amplification and Cloning
Extraction and purification of B. cereus and Bacillus 
subtilis genomic DNA were performed using a 
DNA purification kit (Thermo Fisher kit). The 
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upstream and downstream regions of scoC gene 
were amplified by Pfu DNA polymerase using 
B. cereus EG296 genomic DNA as template and 
scoCF1 (AGCAGTTGCTGGACTAGC), scoCR1 
(GATATGCCGTGTTAAGGTC), scoCF2 (GACCTT 
AACACGGCATATCTTTACTTTTCGCA ATCATGC) 
and scoCR2 (TGTTAGAAGATTA GAAC AAGC) 
primers respectively. The purified amplicons were fused 
together by SOEing PCR and amplified with scoCF1 
and scoCR2 primers to produce the ΔscoC (scoC gene 
without coding sequence) fragment and confirmed by 
Electrophoresis on 1% agarose gel (19). The ΔscoC 
pure amplicon was ligated to the EcoRV linearized 
pGEM-5Zf vector  and transformed into the E. coli 
competent cells by the heat shock method (20). 
The transformants were screened by blue and white 
colonies and recombinant plasmids were confirmed 
by colony PCR using gene-specific primers (scoCF1 
and scoCR2) and DNA sequencing. The resulting 
plasmid was assigned as Pgem5:ΔscoC and was 
digested with the Sca1 restriction enzyme (BioLabs 
Company) for transformation into B. cereus.
The coding region of the cellulase gene, which 
consisted of 1500 nucleotides encoding a polypeptide 
with an expected molecular weight of 55 kDa, 
instability index of 26.6 and aliphatic index of 
73.91 was amplified from B. subtilis strain 168 
using kerCelF (GAAAAGGGAGGAAAAATCTT 
ATGAAACGGTCAATCTCT) and celKerDwR 
(GATTAAAATTTCACTTTATTTCCTAATTTGG 
TTCTGTTCC) primers in 44 °C annealing temperature. 
The promotor sequence of aprE which was located at 
the upstream region of the cellulase, was specified by the 
www.softberry.com website. The 282 bp upstream region 
of the protease gene, consisting of its promoter region 
was amplified by TOUCH-UP Gradient Amplification 
Method PCR with annealing temperature of 50 °C in 
the first 10 cycles and 52 °C in the further 20 cycles 
using BcKerF (ATCGCTTTTTACAAGCAGAG) 
and KerUpR (AAGATTTTTCCTCCCTTTTG) 
primers. After the purification of the above 
mentioned amplicons, they were attached by 
SOeing PCR using BcKerF and celKerDwR 
primers to produce a 1782bp DNA fragment of 
proUp:cell. The 183 bp downstream region of 
the protease was also amplified using KerDwF 
(GAAATAAAGTGAAATTTTAATCTAAA) and 
BcKerR (CGATGATTCGTCAACTTGG) primers 

with annealing temperature of 50 °C. Finally, the 
proUp:cell cassette was ligated to proDwn gene 
through TOUCH-UP SOEing PCR in 47 and 52 
°C annealing temperatures and a 1965 bp cassette 
of proUp:cell::proDwn was constructed. All of the 
amplicons were checked on 1% agarose gel (20).

3.3. Natural Transformation of proUp:Cell:ProDwn 
Cassette into B. Cereus 
The B. cereus competent cells were prepared as 
following with some self-modifications in compare to 
the reference: 1 mL of overnight culture in LB broth 
was inoculated into 50 mL of LB broth and incubated 
at 37 °C and 100 x g for 3h; cells from 30 mL of the 
culture were harvested by centrifugation at 8000 x 
g and 4 °C for 5 min. The cells were suspended in 5 
mL TF1 (0.1 mL tryptone 0.5%, 1 mL glucose 5%+ 
MgSO4.7H2O 0.2%, 1 mL Spizizen’s Salts 10X, 0.1 
mL yeast 2% and 8 mL ddH2 O) and incubated at 37 °C 
and 100 x g for 5 h till the OD600 reached to 2.5. 
Accordingly, 500 μL of the culture was added to 5 mL 
TF2 (0.009 mL tryptone 0.5%, 0.9 mL glucose 5%+ 
MgSO4.7H2O 0.2%, 0.9 mL Spizizen’s Salts 10X, 0.045 
mL yeast 2% and 8 mL ddH2 O) and incubated at 37 °C 
and 100 x g for 3 h. In this stage, the bacterial cells are 
naturally susceptible for DNA uptake. 10μL of DNA 
(about 1 µg with an A 260/280 absorbance of 1.79) was 
added to 50 μL competent cells and incubated at 37 
°C and 180 x g in a shaker incubator for 2 h. After the 
incubation time, the cells from 10-7 and 10-8 dilutions 
were plated on selective LB-agar plates (21).

3.4. Detection of B. Cereus Transformants 
The colonies on LB-agar plates were picked up and 
dotted on CMC agar medium to identify cellulase 
expressing bacteria. The plates were incubated at 37 
°C for 48 h. Thereupon, the plates flooded with 0.1% 
Congo red for 20 min and then with 1 M NaCl for 15 
to 20 min. After incubation, some colonies showed 
distinct, clear, and prominent zones of clearance 
indicating cellulase activity. After screening the 
colonies based on cellulase clear zones, genomic DNA 
was extracted and the presence of proUp:cell:proDwn 
cassette was confirmed by PCR. 

3.5. Deletion of ScoC
10 μL of pure linearized PGEM5:ΔscoC (about 1 µg 
with an A 260/280 absorbance of 1.83) was added to 50 
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µL of B. cereus:cellulase competent cells and incubated 
at 37 °C and 180 x g in a shaker incubator for 2 h. The 
cells were diluted to 10-7 and 10-8 with sterile water 
and dispensed on LB agar plate and incubated at 37 °C 
overnight.
Single colonies grown on LB agar plates were 
transferred to Skim Milk agar plates and incubated at 
37 °C for 42 h. Colonies with a larger protease clear 
zone in comparison to the control were selected for 
further evaluation. DNA from selected colonies was 
extracted and PCR reaction was performed by scoCF1 
and scoCR2 primers.

3.6. Cellulase Activity
Quantitative analysis of recombinant cellulase 
activity was performed by DNSA (Dinitro salicylic 
Acid) assay through measurement of  the amount of 
reducing sugars released during cellulose hydrolysis 
(22). A standard glucose curve was plotted based on 
the absorption of different concentrations of glucose 
at 540 nm. The strain was inoculated in liquid LB 
medium containing 0.05% CMC and incubated for 37 
h at 37 °C and 180 x g. The DNSA assay was carried 
out as follows: 200 μL of culture supernatant was 
mixed with 200 μL of 1% CMC in pH 5 Tris–HCl 
buffer and incubated at 40 °C for 30 min. The reaction 
was terminated by adding 1200 μL of DNS reagent. 
The tube was then incubated at 100 °C for 10 min 
and the optical density (A 540) of the supernatant was 
measured against a control (native B. cereus strain 
EG296 culture without cellulase activity). According 
to the equation from the standard glucose curve (Fig. 
1), the glucose concentration released in the medium 

was measured and the cellulase activity was calculated 
by this formula:
 Enzyme Activity (μmoL.min mL-1) or (U. mL-1)  = 
(Concentration of  Glucose released) (μmoL. mL-1) 
×Total Reaction Volume (mL) / (Reaction time (min)) 
× (Enzyme volume(mL))

3.7. Protease Activity
To determine the protease activity, 50 μL of culture 
supernatant was added to 250 μL of 1% casein in 
pH 7 Tris–HCl buffer and incubated at 35 °C for 10 
min. The reaction was stopped by adding 300 μL of 
10% Trichloroacetic acid and kept at 35 °C for 10 
min. The suspension was centrifuged for 15 min in 
10000 x g and the amount of released tyrosine in the 
supernatant was measured by the Todd method (23). 
A standard tyrosine curve was used to measure the 
protease activity (Fig. 2). It was plotted based on the 
absorption of different concentrations of tyrosine at 
275 nm and the protease activity was finally calculated 
by this formula:

Enzyme Activity (μmoL.min mL-1) or (U. mL-1)  = 
(Concentration of  Tyrosine released) (μmoL.mL-1) 
×Total Reaction Volume (mL) / (Reaction time (min)) 
× (Enzyme volume(mL))

 3.8. In-Silico Evaluation of Destructive Effect of B. 
Cereus Protease on Cellulase 
The peptide cutter-Expasy online software was used 
to predict the destructive effect of native B. cereus 
strain EG296 secretory main protease (AprE) on the 
cellulase. The amino acid sequence of the cellulase 

Figure 1. Glucose standard curve
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(under study) was obtained from NCBI database and 
the effect of 30 peptidases in the Expassy database on 
it was investigated. Alignment of the 30 peptidases and 
AprE protease of B. cereus strain EG296 was carried 
out using BLAST programs in NCBI and European 
Molecular Biology Laboratory (EMBL)

3.9. Definition Of the Instability Index and Aliphatic 
Coefficient
The instability index provides a prediction of the 
stability of any considered protein. An instability index 
less than 40 predicts a stable protein, whereas values 
higher than 40 denote a potentially unstable protein.
The aliphatic coefficient also indicates the relative 
volume occupied by the side chains of aliphatic 
amino acids, which is a positive factor to increase the 
thermal stability of the proteins. These two factors 
can be calculated at an online https://web.expasy.org/
protparam tool by giving the amino acid sequence of a 
considered  protein  (24,25). 

4. Results

4.1. The Effect of B. Cereus Protease on Cellulase 
From 30 peptidases in the Expassy database (Arg-C 
proteinase, Asp-N endopeptidase, Asp-N endopeptidase 
+ N-terminal Glu, Chymotrypsin-high specificity, 
Chymotrypsin-low specificity, Clostripain, Glutamyl 
endopeptidase, LysC, LysN, Pepsin (pH1.3, pH>2), 
Proline-endopeptidase, Proteinase K, Staphylococcal 
peptidase, Thermolysin, Tobacco etch virus protease, 
Trypsin, Caspase10, Caspase2, Caspase3, Caspase4, 
Caspase5, Caspase6, Caspase7, Caspase8, Caspase9, 

Enterokinase, Factor Xa, GranzymeB, Thrombin), 13 
peptidases (Caspase10, Caspase2, Caspase3, Caspase4, 
Caspase5, Caspase6, Caspase7, Caspase8, Caspase9, 
Enterokinase, Factor Xa, GranzymeB, Thrombin) lacked 
a cleavage site on the amino acid sequence of cellulase. 
Amino acid sequence of the remaining 17 peptidases 
(Arg-C proteinase, Asp-N endopeptidase, Asp-N 
endopeptidase + N-terminal Glu, Chymotrypsin-high 
specificity, Chymotrypsin-low specificity, Clostripain, 
Glutamyl endopeptidase, LysC, LysN, Pepsin 
(pH1.3, pH>2), Proline-endopeptidase, Proteinase K, 
Staphylococcal peptidase, Thermolysin, Tobacco etch 
virus protease, Trypsin), which had cleavage sites in 
the amino acid  sequence of cellulase, were aligned 
with the Bacillus cereus EG296 AprE sequence to find 
their similarity. The BLAST results stated that among 
the 17 enzymes with cleavage sites, 16 enzymes 
had no significant similarity (less than 25%) with 
amino acid sequence of Bacillus cereus protease and 
only proteinase K had about 35 % similarity.  So, it 
may conclude that the Bacillus cereus EG296 main 
protease (AprE) could not cleave the cellulase to be 
produced in this strain.  In the other hand, the amino 
acid sequence of the 12 peptidases without cutting site 
in the cellulase have also no significant similarity with 
the Bacillus cereus EG296 AprE.

4.2. Transformation Of Cellulase Gene into the Bacillus 
Cereus
For production of recombinant cellulase in Bacillus 
cereus a DNA cassette containing coding region of 
the cellulase gene and regulatory region of the aprE 
gene of Bacillus cereus EG 296 was designed (Fig. 

Figure 2. Tyrosin standard curve
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3) and constructed. The coding region of the cellulase 
gene, which consisted of 1500 nucleotides encoding a 
polypeptide with an expected molecular weight of 55 
kDa, instability index of 26.6 and aliphatic index of 
73.91 was amplified from B. subtilis strain 168 using 
kerCelF and celKerDwR primers. The promotor 
sequence of aprE which should be located at the 
upstream of the cellulase gene coding region, was 
specified by the www.softberry.com website. The 282 
bp upstream region of the protease gene, consisting 
of its promoter region was amplified using BcKerF 
and KerUpR primers as mentioned in the Materials 
and Methods section. After the purification of the 
above mentioned amplicons, they were attached by 

A) B) C)

A) B) C)

SOeing PCR using BcKerF and celKerDwR primers 
to produce a 1782bp DNA fragment of proUp:cell. 
The 183 bp downstream region of the protease was 
also amplified using KerDwF and BcKerR primers. 
Finally, the proUp:cell cassette was ligated to proDwn 
gene and a 1965 bp cassette of proUp::cell::proDwn 
was constructed (Fig. 4)  . All amplicons were checked 
on 1% agarose gel (20).
proUp:cell:proDwn  cassette was transformed 
into the B. cereus competent cells through natural 
transformation. Recombinant colonies were approv-
ed by identifying the growth of bacteria and cellulose 
hydrolysis on CMC agar plate (Fig. 5) and colony 
PCR. These results highlighted that the manipulated 

Figure. 3.  The proUp: cell: proDwn constructed cassette Scheme. The primers used in this stage: 1 (BcKerF), 2 
(KerUpR), 3 (kerCelF), 4 (celKerDwR), 5 (KerDwF) and 6 (BcKerR). The upstream region of protease A) with the 
length of 282 bp was amplified by the primers 1 and 2 (B. cereus EG296 DNA template). The 1500 bp cellulase gene 
B) was amplified by primers 3 and 4 (B. subtilis 168 DNA template) and the downstream region of protease C) was 
amplified by primers 5 and 6 (B. cereus EG296 DNA template). Thereupon part (A) and (B) get ligated with the length 
of 1782 pb by SOEing PCR with primers 1 and 4 and finally, the whole cassette (A+B+C) with the length of 1962 pb 
was constructed by SOEing PCR and amplified with primers 1 and 6. 

Figure 4.  proUp: cell: proDwn amplicon.  A) M: DNA marker 1 kb, 1: 1500 bp endoglucanase amplicon. 
B) M: DNA marker 100 bp, 1: 282 bp protease gene upstream and 2:182 bp protease gene downstream 
amplicons. C) M: DNA marker 1 kb, 1: 1965 bp (upstream protease+ endoglucanase+ downstream protease) 
amplicon, 2: 1782 bp (upstream protease+ endoglucanase) and 3: 1500 bp endoglucanase amplicon.
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strain released extracellular cellulase in the culture 
medium. Accordingly, 28% of the analyzed B. cereus 
colonies received cellulase gene through natural 
transformation and recombination. These trans-
formants could express the cellulase under control 
of the protease promoter. The resulting strain, was 
assigned as Bacillus cereus EG302.

4.3. Deletion of the scoC in B. Cereus Expressing Cel-
lulase
The upstream and downstream regions of scoC gene 
were amplified from B. cereus wild type genomic 
DNA, using scoCF1, scoCR1, scoCF2 and scoCR2 
specific primers. The 390 bp upstream and 340 bp 
downstream amplicons were amplified at an optimum 
annealing temperature of 50 °C in 30 cycles. The 
upstream and downstream fragments were attached 
through SOeing PCR reaction in order to remove 
the coding region of the scoC gene. Thereupon, 
a 730 bp ΔscoC fragment was amplified at an 
annealing temperature of 52 °C in 35 cycles using 
scoCF1 and scoCR2 primers (Fig. 6). The ΔscoC 
pure amplicon was ligated to the EcoRV linearized 
pGEM-5Zf vector and transformed into the E. coli 
DH5 α competent cells. plasmids were confirmed 
by colony PCR using gene-specific primers (scoCF1 
and scoCR2) and DNA sequencing. The resulting 
plasmid was assigned as Pgem5:ΔscoC and was 

2

digested with the Sca1 for transformation into B. 
cereus.
The linearized PGEM5:ΔscoC was transformed into 
B. cereus EG302 competent cells. The transformants 
were screened on Skim Milk agar plates and colonies 
with a larger protease clear zone in comparison 
to the control were selected. Deletion of the scoC 
gene coding reign was further approved by PCR 
using scoCF1 and scoCR2 primers. In 25% of the 
selected colonies, homologous recombination was 
accomplished and the coding region of the scoC gene 
was successfully deleted. Finally, the cellulase gene 
of B. subtilis168 was heterologously expressed under 
the control of protease gene promoter of the Bacillus 
cereus and also scoC deletion was performed by 
homologous recombination. By the deletion of scoC 
as one of the most important repressors of protease 
gene, the protease expression increased. The cellulase 
expression which was expressed under the control 
of the protease promoter region was also increased 
simultaneously. The resulting strain, was assigned as 
Bacillus cereus EG303.

4.4. Cellulase and Protease Activities
According to the previous studies on the genome 
of the B. cereus EG296 and its growth on CMC 
agar plate, this strain had no cellulase activity. By 
transforming the Bacillus subtilis 168 cellulase 

Figure 5. Screening Bacillus cereus EG302 cellulase 
activity on CMC Agar plate. 1: Bacillus cereus EG302 
recombinant colony with cellulase activity. 2: Bacillus 
cereus EG296 wild type strain without cellulase activity.

Figure 6.  ΔscoC construction. M: DNA marker 100 bp, 
1: 390 bp scoC upstream PCR product, 2: 340 bp scoC 
downstream PCR product and 3: 730 bp ΔscoC PCR 
product

500 bp
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gene under the control of the protease promoter, 
the cellulase activity of the strain reached to 0.61 
u.mL-1. After the scoC deletion, the cellulase activity 
reached to 0.78 u.mL-1 (~28% increase). The protease 
activity of the strain was also measured to be 230 
u.mL-1. After the scoC deletion, the activity reached 
to 363.14 u.mL-1 (~ 58% increase).    

5. Discussion 
Many microorganisms have the ability to secrete 
some proteins into their culture medium at high 
concentrations. Therefore, remarkable endeavor has 
been done in order to develop the secretion systems 
for recombinant protein production (26) to ease 
downstream purification of secreted heterologous 
proteins from culture medium (27). Advances in 
genetic and metabolic engineering strategies have 
helped to realize the potential of Bacillus species as a 
production host. 
Cellulase and protease are the most important 
commercial enzymes and have widespread uses in 
industries. The global demand for these enzymes have 
increased, so their production have a special place in 
industrial biotechnology (4). Nowadays, using a single 
microorganism to simultaneous production of multiple 
enzymes or enzyme cocktails using inexpensive 
substrates is also attracting more attention. (28).
Simultaneous use of several enzymes can act as a co-
catalyst in variety of industries and substitution of 
expensive raw material  with low cost agro-wastes for 
multi-enzyme production are of interest and beneficial 
in biotechnology (29,30). Numerous studies have been 
carried out with respect to the optimization of growth 
conditions for single enzyme production. However, 
very few studies have examined the simultaneous 
production of multiple enzymes in the same host 
and medium. There is a serious need to investigate 
simultaneous production of industrially important 
enzymes using the same media and microorganism 
due to its economic concern with respect to energy, 
time and production cost reduction (31). 
In most studies, the intrinsic cellulase activity of the 
bacteria or the cellulase expression in E. coli has 
been investigated. However, in the present study, the 
expression of the recombinant cellulase via integration 
of its gene into an indigenous Bacillus cereus genome 
under the control of host protease promoter has been 
studied. 

The cellulase gene was introduced into the genome 
of the Bacillus cereus by natural transformation 
and recombination. The cellulase activity of the 
recombinant strain expressing cellulase under the 
control of the protease promoter was 0.61 u.mL-1. After 
the scoC deletion by homologous recombination, the 
protease and cellulase activities reached to 363.14 and 
0.78 u.mL-1 respectively.
The endoglucanase gene of B. subtilis UMC7 (99% 
similar to the cellulase gene of Bacillus subtilis 168, 
used in this study) under the control of the T7 promoter 
had been cloned into E. coli BL21. The endoglucanase 
activity at an optimum temperature of 60 °C and pH 
6 from the wild strain and  recombinant E. coli were 
0.12 and 0.51 u.mL-1 respectively (32).  In another 
research, the cellulase activity of B. subtilis AS3 
was 0.07 u.mL-1  and after optimizing the bacterial 
culture medium, this amount reached to 0.49 u.mL-1 
(33). The manipulated strain in our study compared 
to other Bacillus strains had higher cellulase activity 
both before and after the scoC gene deletion without 
optimization of the production conditions. Production 
of higher amounts of cellulase in our system could be 
carried out using a stronger promoter or other strategies 
of strain improvement and metabolic engineering. 
The scoC (hpr) gene is one of the major transcriptional 
regulators of Bacillus genus. The activity of this gene 
in Bacillus subtilis was firstly studied by Higerd et al. 
and was shown that the scoC deletion, increases the 
production of alkaline and neutral proteases (34). In 
addition, in our previous experiment,   the scoC deletion 
increased the protease activity of B. licheniformis 
strain 1.8 times (35). Moreover, the deletion of the 
scoC gene in Bacillus subtilis increased the protease 
activity and decreased the cell motility (36). In our 
study, indigenous Bacillus cereus had significant 
protease activity (230 u.mL-1). Deletion of the scoC 
gene increased the protease activity to a considerable 
amount of 363.14 u.mL-1 (1.58 times), without 
optimizing the culture condition. The increase in 
protease and cellulase gene expression was performed 
by regulating the expression of the scoC repressor. 
Thus, by deleting the scoC gene from the genome of 
the recombinant Bacillus cereus: cellulase strain, its 
repressive effect on the expression of protease and 
cellulase was removed resulted in increase in protease 
and cellulase production.
Competence development is controlled by a com-plex 
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signal transduction network in B. subtilis under specific 
environmental conditions (37). However, orthologues 
of most proteins involved in natural DNA uptake in 
Bacillus subtilis could be identified in B. cereus (38). 
The Efficiency of the natural transformation and 
especially homologous recombination are usually 
very low (39). Whereas, the Bacillus cereus strain 
used in this study had high potential for DNA uptake 
and integration into its genome (28%). In addition, 
PCR product with short homologous upstream and 
downstream arms of the target gene was introduced 
and integrated into the genome with high efficiency 
(about 28%). This property is very important and 
useful for further genetic manipulation of the 
strain for improvement the protease and cellulase 
production and other biological products. According 
to bioinformatics studies and the results obtained 
in the present study, the stability index for cellulase 
and protease, was calculated to be 26.16 and 20.18 
respectively, which are less than 40. So, it can be 
considered as stable proteins. The aliphatic coefficient 
of cellulase and protease were also 73.91 and 75.92. 
Due to their high range of index (42.08- 90.68), they 
could also have good thermal resistance.

6. Conclusion
There are many different techniques that are used in 
order to manipulate a bacterial strain as a mean to 
reach desired goals. We used natural transformation, 
homologous and heterologous recombination to 
produce and secrete cellulase and protease as two 
important industrial extracellular enzymes with easy 
downstream processes for purification and application. 
In terms of phenotypic characteristics, the Bacillus 
cereus protease does not hydrolyze the secreted 
cellulase so they can be produced and be active in the 
culture medium simultaneously.
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