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Abstract: Superoxide dismutases are currently attracting enormous attention because of their biotechnological potential. Superoxide 

dismutase is an enzyme that catalyzes the dismutation of superoxide radicals (O2⁻) to H2O2 and water in cells. It was thus aimed in the 

present study to isolate gene for the Cu, Zn -superoxide dismutase (SOD) from the Bacillus cereus was cloned, characterized and expressed 

in the Escherichia coli BL21 (DE3) and the desired enzyme was purified. The SOD gene sequence obtained has an open reading frame of 

540 bp and encodes 179 amino acid residues and estimated molecular size of 19.6 kDa. The SOD gene sequence was cloned into the pET 

24a and pET 28a vector. The linearized DNA, digested with restriction enzymes Nde1 and BamH1, which was transformed into Escherichia 

coli BL21 (DE3). The expressed SOD protein exhibited 46.2% inhibition. Non-His tagged SOD (pET 24a) showed fold purity of 8.18 by 

ammonium sulfate precipitation and also showed 48.5% inhibition at 60% saturation. His-tagged SOD (pET 28a) showed fold purity of 

10.76 by Ni-affinity chromatography and showed 82.5% inhibition. The characterization of the purified SOD exhibited maximum activity at 

room temperature and at pH 7.4. This relatively simple purification method produced a single band on analysis by sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE), which indicated that the SOD protein obtained attained to higher purity and specific 

activity. 
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1. Introduction 

Superoxide dismutases are important antioxidant enzymes 

that are widely distributed in prokaryotic and eukaryotic 

cells. SODs catalyze the production of O2 and H2O2 from 

superoxide (O2
−
), which results in less harmful reactants. A 

wide range of applications of SOD is in Plants, 

Biochemistry, Physiology, Pharmacological activity and in 

cosmetics was suggested. And also the role of SOD is in the 

prevention of oncogenesis and tumor promotion, the 

reduction of the cytotoxic and cardiotoxic effects of 

anticancer drugs [1] and protection against reperfusion 

damage of ischemic tissues [2]. Superoxide dismutase 

remove 2 O- by catalyzing its dismutation, one 2 O− is being 

oxidized to O2 and another is reduced to H2O2 [3]. In this 

study, we transformed plasmids containing SOD gene into 

Escherichia coli and followed a very simple method to 

purify expressed SOD protein with high specific activity 

from the cultured recombinant Escherichia coli BL21 (DE3).  

 

2. Materials and Methods 

 

2.1 Bacterial strain  

A Bacillus cereus ATCC11778 was cultured in Luria–

Bertani (LB) broth (Peptone: 10g/L, Yeast Extract: 5g/L: 

Nacl: 10g/L) at 37°C for overnight, and was then cross-

streaked on LB agar. Pure single colonies were transferred to 

an LB slant for stock culture.  

 

2. 2 Genomic DNA extraction 

The selected Bacillus isolate with the highest production of 

SOD was cultured in LB medium at 37 °C for 12–14 h. The 

genomic DNA was extracted from Bacillus cereus using a 

genomic DNA Kit (Qiagen, Germany). The DNA pellet was 

dissolved in TE buffer and stored at -20°C. The isolated 

Genomic DNA was analyzed by electrophoresis on 0.8% 

Agarose gel. 

 

2.3 PCR amplification of the SOD gene from Bacillus cereus 

The SOD gene was PCR amplified using primers designed 

for Bacillus cereus ATCC11778. The forward and reverse 

primers were 

5’GGAATTCCATATGATGAAGAAACGGCTTTTTTT 

3’ and  5’CGCGGATCCTTACTTTTTCTTCATATCCG3’ 

respectively. The PCR was performed using a DNA thermal 

cycler for 30 cycles. Each cycle consisted of denaturation at 

95 °C for 40s, annealing at 54 °C for 40s and extension at 72 

°C for 30s. Every treatment was performed in triplicates. The 

PCR fragment was analyzed by electrophoresis on 1% 

Agarose gel. The PCR product was purified using RBC ® 

kit. 

 

2.4 Cloning and Expression of the SOD gene 

The purified PCR fragment was digested by Nde1 and 

BamH1 enzymes and Ligated into the pET 24a and pET 28a 

vectors, and transformed into Escherichia coli BL 21 (DE3) 

competent cells. The transformation mix was plated on LB 

agar plates containing kanamycin allowed to grow up to 16h. 

Colonies were selected for recombinant screening, which 

was employed to detect positive clones. The positive clones 

were grown in 20 mL LB media containing kanamycin at 

37°C, until optical density reached 0.6 at 600 nm, IPTG was 

added to a final concentration of 0.2 mM and the samples 

were incubated for 3 h at 25
0
C. 
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2.5 Assay of superoxide radical (O2
-
) scavenging activity 

Protein concentrations were determined with the Bradford 

protein assay (Bio - Rad, US), using bovine serum albumin 

as the standard, with the absorbance measured at 595 nm.  

The assay was based on the riboflavin–light–NBT system 

[4].  Each 1ml reaction mixture contained 50mM sodium 

phosphate buffer (pH 7.4), 20 mg riboflavin, 12mM EDTA 

and 0.1 mg NBT and 1ml sample solution. Reaction was 

started by illuminating the reaction mixture with for 90 s. 

Immediately after illumination, the absorbance was 

measured at 590 nm. The entire reaction assembly was 

enclosed in a box lined with aluminium foil. The percentage 

inhibition of superoxide anion generation was calculated 

using the following formula: 

 

                    ( )

 
                         

            
     

 

2.6 Purification of the SOD Enzyme 

The His- tagged SOD protein was purified on Ni- affinity 

chromatography resin (Sigma - Aldrich) under non-

denaturing conditions. The Non – His tagged SOD protein 

was purified by ammonium sulphate precipitation. The 

eluted fractions of IMAC and ammonium sulphate 

precipitation were stored at 4°C. The purity was analyzed by 

SDS-PAGE.  

 

2.7 SDS-PAGE 

The SOD protein was characterized on 12% SDS-PAGE to 

confirm the protein expression level, molecular weight and 

solubility study with Tris - Glycine- SDS (pH 8.3) as the 

buffer [5]. 

 

3. Results and Discussion 

 

3.1 PCR amplification of SOD gene 

The bands on Agarose gel showed the amplification of SOD 

gene in lane 2, which matches to 540bp gene length, negative 

control shows no amplification of SOD gene and no 

formation of primerdimer in lane 1 as shown in Fig.1. 

 
 

3.2  Cloning and Transformation of SOD gene 

The Insert and Vector were digested, in which Lane 2 

indicates restricted gene (Insert), Lane 3 indicates pET 24a 

vector (cut) and Lane 4 indicates pET 24a vector (uncut) as 

shown in Fig 2.  Transformed recombinant SOD (pET 24a) 

was confirmed by Lysate PCR as shown in Fig 3. 

Amplification of B. Cereus gene and pET 28a vector was 

confirmed by PCR and which were digested; results were 

revealed as shown in Fig 5.  

 
 

 
 

 
 

3.3 Expression and characterization of recombinant SOD 

clone  

To determine whether the E.coli BL21 (DE3) SOD integrant 

clones produced SOD protein, seven clones (His
+
) and three 

clones (Non-His
+
) identified by Lysate PCR was tested for 

expression of the SOD protein (Fig 6). We examined the 

expression of the SOD protein in LB medium. It was found 

that the expression of IPTG induced protein was produced in 

a stable pattern in the LB medium. The SOD protein was 

analyzed on SDS polyacrylamide gels by 3 h post - induction 

as revealed in Fig. 4. Protein production appears to be 

maximum at 3 h after induction. The scavenging activity was 

found to be 46% (1 U/mL) as indicated in Table 1.  
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3.4 Purification of SOD protein  

The results of the purification procedure are summarized in 

Table 1. The protein and the specific activity of the SOD in 

the total cell extract were 2.41 mg and 1.49 U/mg, 

respectively. His- tag SOD was purified by IMAC, which 

showed a specific activity of 16.08 U/mg of protein. Non – 

His tag SOD was purified by ammonium sulphate 

precipitation, which showed a specific activity of 12.19 

U/mg of protein. The purified SOD showed a single band 

with a molecular weight of about 19.6 kDa on SDS 

polyacrylamide gel (Fig. 4), which indicated that the SOD 

protein obtained attained to higher purity. 

 

 
 

Table 1. Purification of SOD from recombinant bacteria 

 
Step Volume 

(mL) 
Protein 
(mg) 

Total 
Activity 

(U) 

Specific 
Activity 

(U/mg) 

Fold 
Purity  

% 
Yield  

Total cell 

extract 

   

4 

 

2.41 

   

     3.6 

 

1.49 

   

 1.0 

 

- 

Ammonium 

Sulfate 

precipitation 

     

1 

 

0.082 

 

1 

 

12.19 

 

8.18 

 

0.27 

 

IMAC 

     

4 

 

0.97 

       

15.6 

 

16.08 

 

10.76 

 

4.33 

 

Discussion  
In this report, we describe the cloning and characterization of 

a Cu, Zn–SOD gene from Bacillus cereus. The predicted 

mature form of SOD contains 179 amino acid residues with a 

calculated molecular weight of 19,600 Da. The Cu, Zn - 

SOD sequence was cloned into the pET 24a and pET 28a 

vector. We transformed linearized DNA digested by 

restriction enzymes Bam H1 and Nde1 into the E.coli BL21 

(DE3) and first demonstrated the efficient expression of the 

SOD gene in E.coli. Cu, Zn–SOD is constitutively expressed 

at a relatively high level. However, there are indications that 

the level is increased by the presence of dioxygen [6]. 

Because Cu, Zn–SOD is a cytoplasmic protein, it would not 

necessarily be expected to be regulated in the same way as 

Mn–SOD, even though one would logically expect it to be 

regulated in response to dioxygen levels. The SOD enzyme 

function appears to protect the cell from oxidative damage 

and protect organisms against the toxicity of dioxygen 

species derived from it. Compared with the control cell, the 

recombinant cell containing SOD was more resistant to 

superoxide-generating agents. The expression of SOD gene 

may also have important implications in the determination of 

the metabolic potential or the total amount of oxygen 

consumed by the organisms during their lifetimes.  
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