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Abstract: This study was performing on isolates of Escherichia coli bacteria, which isolated from stool 

of people with gastroenteritis and diarrhea. These isolates were examined on skim milk agar medium in 

order to screening if isolates produce protease enzyme, as well as determination some optimal conditions 

for protease production like carbon source, nitrogen source pH, temperature, and duration of incubation. 

The protease was purified by ion exchange chromatography and gel filtration after its precipitated by 0-

80% ammonium sulphate. The results showed that the highest production of protease from local E. coli 

29 isolate in the medium containing of brain heart infusion broth supported with fructose, sodium nitrate, 

pH 6.0, and incubated at 37 °C, for 24 hours. The results of protease purification by ion exchange and gel 

filtration chromatography, showed that the specific activity was 19250 U/mg, yield 49 and purification 

fold 4.94.  
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Introduction 

Proteases are the most common 

enzymes produced by microbial 

sources. For biotechnological processes, 

Microbial proteases with attractive 

features are optimal enzymes for these 

purposes (1). Proteases are enzymes that 

catalyze the breakdown of protein 

molecules into peptides and amino 

acids. It has been applied in a variety of 

industries including pharmaceutical, 

food, and detergent industries, also 

provide the requirements of 60% of the 

market for enzymes worldwide, since 

they required a short period of time to 

be cultured in large quantities, as a 

result, the production is abundant and 

genetic modification is easier than in 

plants and animals (2,3, 4). According 

to their optimum pH, they are divided 

into acidic, neutral, and alkaline 

proteases, and alkaline proteases 

account for around 89% of the overall 

sales of proteases (5). Based on the 

functional group in their binding sites, 

proteases are categorized into six types. 

They are metallo, serine, threonine, 

aspartic, cysteine, glutamic, and 

cysteine proteases (6). Different factors 

such as nitrogen and carbon source, pH, 

media, temperature, and incubation time 

can all be optimized to increase the 

output of industrially important protease 

(7,8). Proteases are important virulence 

factors in diseases because they increase 

organism’s invasiveness by destroying 

host tissue and interference with the 
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host's antibacterial immune system (9). 

Escherichia coli is an adult-lifelong 

colonizer of the gastrointestinal tract 

of human and it is a Gram-negative 

bacterium, belong to Enterobacteriaceae 

family, and its facultative anaerobic. 

This species interacts with the host in 

the mucosal layer as an unharmful 

commensal. However, some strains of 

E. coli have pathogenic characteristics 

and can cause infections, and in some 

situation, nonpathogenic intestinal E. 

coli may ultimately cause or lead to 

diseases in the hosts (10). When E. coli 

reaches unnatural places, it can cause a 

wide range of infectious diseases, 

including septicaemia, meningitis, 

wound infections, urinary tract   

infections, and other infections of soft 

tissues (11). The objective of this study 

was to find the best possible conditions 

for the maximum production of protease 

enzyme from E. coli bacteria that was 

isolated from the stool of patients 

suffering from diarrhea and 

gastroenteritis, also the study involved 

purification of this enzyme by ion 

exchange chromatography and gel 

filtration. 
 

Materials and method   

Materials 
Skim milk agar, brain heart 

infusion broth, brain heart infusion agar 

(Hi-media, India). Coomassie brilliant 

blue G-250 from BDH-England, 

trichloroacetic acid (TCA) from Alpha-

chemika-India. 
 

Samples collection 

147 Bacterial isolates on 

MacConkey agar were obtained from 

many hospitals in Maysan city, which 

isolated from stool of patients suffering 

from diarrhea and gastroenteritis, then 

cultured on EMB media and diagnosed 

with Vitek device.  Then the isolates 

were culture in Brain Heart infusion 

Broth and incubated for 24 hours at 

37°C until used. 
 

Primary screening for protease 

production              

The bacterial suspensions for 147 

isolates were prepared by culturing each 

bacteria colony taken by loop in 25 ml 

Brain Heart Infusion broth medium and 

incubated at 37 °C for 24 hours. Then 

the skim milk agar (51grams in 1000 

ml) was prepared, sterilized by 

Autoclave, warmed and poured into 

sterilized Petri dishes, then holes (5mm) 

were prepared on the skim milk agar by 

using sterile tips under sterilizing 

conditions. this media was used to 

determine bacteria's ability to produce 

protease enzymes. A volume of 20 μl of 

bacteria suspensions was added to the 

prepared holes on skim milk agar plates 

and incubated at 37 °C for 24 hours. 

The clearance zone area in diameters 

(mm) that appear around the holes 

(which indicated for protease activity), 

were measured. Based on which isolates 

had given the largest clearing zones 

ratio, the isolates were chosen (12). 5 

isolates were selected due to they 

showed the largest clearance zone 

which indicate for protease activity.  
 

Secondary screening for protease 

production 

The secondary screening for 

protease included culturing 8*10
6
 

cells\ml from each 5 bacterial isolates 

(that gave the largest clearance zones on 

skim milk agar), in 25 ml Brain Heart 

infusion Broth and incubated at 37 °C 

for 24 hours. Then 10 ml of the 

suspension was filtered by filter paper 

and centrifuged at 5000 rpm for 20 min. 

Protease activity and protein 

concentration were determined using 

the supernatant (13). 
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Protease activity assay methods 

Protease activity was done depend 

on the method described by (14), as 

following: whereas add 1.8 ml of casein 

solution (1%) into test tubes and 

incubated in water bath at 30 °C for 5 

minute. Then add 0.2 ml of enzymatic 

solution to casein solution and placed in 

the water bath at 37 ⁰ C for 30 min. The 

reaction was ended by adding (3 ml) of 

the (5%) TCA, and the solution was 

centrifuged at 6000 rpm for 15 minutes. 

The control test was prepared by adding 

(3 ml) of 5 % TCA to (1.8 ml) of the 1 

% casein solution and then added (0.2 

ml) enzymatic solution. The absorbency 

for the supernatant was measured at 280 

nm of UV-VIS-spectrophotometer. 

Enzymatic activity (unit/ml) was 

determined depended on the 

degradation of casein protein into small 

peptides and soluble amino acids.  

 

Protein concentration assay  

The concentration of protein was 

determined according to Bradford 

assay(15).  

 

Optimization for protease production  

Carbon sources 

Several carbon sources were used 

to find out which carbon source is able 

to increase protease production by E. 

coli bacteria, where used 6 flasks each 

one containing 25 ml of sterilized(by 

autoclave) Brain Heart Infusion broth 

media  with  0.25 mg % of ml of carbon 

sources (glucose, fructose, maltose, 

sucrose, cellulose, and starch) which 

added to each flask separately, then all 

flasks( with pH 7) was inoculated with 

8* 10
6
 cells\ml of the bacterial 

suspension and incubated in the 

incubator at 37°C for 24 hours. After 

that the protein concentration and 

protease activity was estimated(15).  

Nitrogen sources 

Different nitrogen sources were 

used to check which nitrogen source is 

able to increase protease production by 

Escherichia coli bacteria, where used 6 

flasks each one containing 25 ml of 

sterilized(by autoclave) Brain Heart 

Infusion broth   and 0.25 mg % fructose   

with  0.25 mg % of ml of nitrogen 

sources (yeast extract, trepton, 

ammonium sulphate, Sodium nitrate, 

urea, and Calcium nitrate) which added 

to each flask separately, then all flasks 

(with pH 7) was inoculated with 8*10
6
 

cells\ml of the bacterial suspension and 

incubated at 37°C for 24 hours. After 

that the protein concentration and 

protease activity was estimated (16). 

 

pH 

To examine their impact on the 

production of proteases, optimized 

production medium was changed with 

various pH values (3, 4, 5, 6, 7, 8, and 

9), then incubated at 37°C for 24 hours 

and measured the protein concentration 

and protease activity (17).  

 

Temperature 

This experiment involved incubated 

the optimum medium (that consist of 

brain heart infusion broth medium, 

fructose, Sodium nitrite, pH 6 and 

inoculated with 8 * 10
6
 cells\ml of 

bacterial suspention) at different 

temperatures (25, 30, 35, 37, 40, and 

45) for 24 hours to find out which is the 

optimum temperature for production the 

highest value of protease by 

Escherichia coli. Then the protein 

concentration and enzyme activity were 

measured (18). 

 

Incubation period  

Incubation time consider as 

important factor for enzyme production. 

The brain heart infusion broth with the 

fructose, Calcium nitrate, pH 6, 
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inoculated with 8×10
6
 cells\ml of 

bacterial suspension and incubated in 

different hours (12, 24, 36, 48). The 

protein concentration and enzyme 

activity were estimated to each period 

(20). 

Purification of protease by Ion 

exchange chromatography                

The enzyme was precipitated using 

an ammonium sulfate technique with 0-

80% as saturated ratio. The 

concentrated enzyme was applied in a 

circular motion using a clean pasteur 

pipette to an exchange chromatography 

column that was packed with CM-

Cellulose (28×1.7 cm). Tris-HCl (0.005 

M, pH 8.0) was used to equilibrated the 

column and the column eluted by NaCl 

gradient (0.1-1 M) with a flow rate of 

30 ml/hr and 3 ml for each fraction. The 

absorbance at wavelength 280 nm by 

spectrophotometer for all fractions, 

were measured. Then the enzyme 

activity and protein concentration were 

measured for the activation fractions. 

Gel filtration chromatography 

Gel Filtration Chromatography 

technique was using for more 

purification of protease. Proteins and 

peptides can be separated by Gel 

Filtration Chromatography depend on 

their size. Firstly, prepared and packed 

of Sephacryl S-300(100×1.5 cm) 

column (Pharmacia-Sweden). The 

fractions that provided the most activity 

of protease enzyme, which was 6 ml of 

enzyme solution, was add to the 

Sephacryl S-300 column and with flow 

rate of 30 ml/hour, Tris-HCl (0.005 M, 

pH 8.0) for equilibrated and mucin 

(2ml) was add to the column, eluted 

with Tris-HCl (0.005 M, pH 8.0). 5 ml 

for each fraction was collected, then the 

absorbance at 280nm was measured for 

each fraction by spectrophotometer. 

Results and discussion 

The result of screening for protease 

production from E. coli were showed 

that the E. coli A29 was given the 

highest yield of protease enzyme on 

skim milk agar by formation of 

hydrolysis zone around colonies 65 mm 

(Figure 1), and in secondary screening 

which involved assay of protease 

activity and enzyme concentration, the 

specific activity of E. coli A29 was 

(3441) unit/mg as in figure 2.  

 

 
                                     Figure (1): Formation of hydrolysis zone by E. coli A29. 

 
 

 
Figure (2): The optimized of isolate E.coli A29 for protease production. Optimization of culture 

condition for protease production. 
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Carbon source 
Fructose was the most carbon 

source that provided the highest level of 

protease production with specific 

activity (2293.75 U/mg), as shown in 

figure (3). In contrast to another 

research on Enterococcus faecium by 

Ahmed et al. (21), sucrose exhibited to 

be the optimal carbon source that gave 

the highest level of protease production, 

while in other study on Bacillus subtilis 

by Qureshi et al. (22), the most optimal 

carbon source was glucose. 

\ 

 
Figure (3): The effect of carbon sources  on protease production from E.coli  A29 using bran heart 

infusion broth media, pH 7, incubation at 37 for 24 hours.  

 

Nitrogen source 

Figure (4) display that the Sodium 

nitrite, between others nitrogen sources, 

showed the highest level of protease 

production with specific activity 

(2329.75 U/mg). In contract with other 

study on Enrerococcus faecium bacteria 

by Ahmed et al. (21), the yeast extract 

act as the best nitrogen sources that 

increase protease activity. 

 

 

 
Figure (4): The effect of nitrogen sources on protease production from E.coli A29 using bran heart 

infusion broth media,fructose, pH 7, incubation at 37 for 24 hours.  
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Effect of pH on protease production 
The effect of pH on protease 

production by E.coli A29 was studied in 

the pH range of (3 - 9). The pH of the 

medium was adjusted to the desired 

level by adding 0.1 N HCl or 0.1 N 

NaOH.  Protease production increased 

with increasing initial pH of medium 

and reached a maximum at pH 6 at 

specific activity (3895.71 U/mg), 

however yield was low above and 

below this level of pH. The resulting pH 

was less than pH 9 of other study 

reported by Prakasham et al. (23) on 

E.coli. Figure (5) show the result.  

 

Figure (5): The effect of different pH on protease production from E. coli A29 using bran heart 

infusion broth media, fructose, Sodium nitrite, incubation at 37 for 24 hours.   

                                                         

Effect of temperature on protease 

production 

The effect of temperature on 

protease production from E.coli A29 

was performed the results in figure (6) 

showed that the highest specific activity 

was at 37 °C to give 3895.71 U\ml, 

compare with other temperature in other 

study  by Baehaki el al. (24), in which 

the E.coli provided  higher protease 

production at 40 °C  while  in other 

study by Nadeem et al. (25), the optimal 

temperature was 60°C for Bacillus 

licheniformis.   

  

 
Figure (6): The effect of different temperatures on protease production from E.coli A29 using bran 

heart infusion broth media, fructose, Sodium nitrite, pH 6, for 24 hours.  

 

  

829

1219
1365.5

3896.3

2329

348.94 345.76

0

500

1000

1500

2000

2500

3000

3500

4000

4500

3 4 5 6 7 8 9

pH

sp
ec

ifi
c a

ct
iv

ity
 U

/m
g

25 30 35 37 40 45 

927.66 
1279 

3125 

3895.71 

3108.88 

2551 

0

2000

4000

6000

Temperature  

Sp
ec

if
ic

 a
ct

iv
it

y 
U

/m
g 

 



 
 

                     Iraqi Journal of Biotechnology                                                       494 

 
 

                                                                        

Effect of incubation time on protease 

production  
Different incubation times (18, 24, 

36, 48) hrs. were utilized to identify the 

maximum protease production by E.coli 

A29, a high level of enzyme was 

observed after 24 hours (specific 

activity 3897.8 unit/mg), figure (7) 

show the result . This was similar to 

E.coli in previous study by Abed et al. 

(2) while in other study  by Palsaniya et 

al. (26) , the optimal incubation period 

was 48 hours. 

 

 
Figure (7): The effect of different incubation time on protease production from  E.coli A29 

using brain heart infusion broth media, fructose, sodium nitrite, pH 6, for 24 hours. 

 

Purification of protease by Ion 

exchange chromatography    
Ion exchange chromatography is a 

technique for separating molecules 

based on charge, shape, size, and 

solubility (27). In this procedure, there 

are mobile and stationary phases, CM- 

Cellulose is a type of weak cation 

exchanger, bind to the reverse charge of 

the proteins (28). The results as in 

figure 8, one peak appeared in washing 

step with 0.005 M Tris-HCl (pH 8), 

which represented between the fractions 

14-41, and also three peaks in elution 

step which represented by fraction 61-

71, 70-77, and 79-85. Enzyme activity 

and protein concentration for each 

fractions were determined. Protease 

activity was appeared at 13-29 fractions 

in washing step. As found in table (1), 

the protein concentration was 0.013 

mg/ml, the activity was 90.56U/ml, and 

the specific activity was 18112 U/mg, 

the purification fold of 4.6 and 60 yield 

were obtained. Other study by Chung 

and Goldberg (29,32) was used CM-

cellulose exchanger for protease 

purification from E. coli, showed that 

the protein concentration was 3.8, 

specific activity 75.1 U/ml, purification 

factor 363, recovery 121%. Additional 

research by Sharma and De included 

purification of protease enzyme 

produced from Aspergillus tamari, in 

which the protein concentration was 

0.4mg/ml, the purification fold was 26, 

yield 50% and specific activity of 11078 

U/mg and (30).  

                                                  

2180 

3897.8 

1939 
2597.79 

0

2000

4000

6000

12 h 24 h 36 h 48 h

Incubation  time  

Sp
ec

if
ic

 a
ct

iv
it

y 
U

/m
g 



 
 

                     Iraqi Journal of Biotechnology                                                       495 

 
 

 

Figure (8): Ion exchange chromatography for purification of protease from E.coli  by using CMC- 

column (28-1.7 cm) equilibrated with Tris-HCl (0.005 M, pH 8.0), eluted with Tris-HCl with NaCl 

gradient (0.1-1 M) in flow rate 30 ml/ hr , 3 ml for each fraction. 

 

Gel Filtration Chromatography 

Gel Filtration Chromatography 

technique was used as an additional step 

for protease enzyme purification. 

"Sephacryl S-300" (100×1.5 cm) 

column was prepared and utilized. The 

results that seen in figure (9) involved 

occurrence of two peaks was appeared 

which represented by fractions 29-41 

and 63-67, one of them (29-41) referred 

to protease enzyme, one of them (29-

41) referred to protease enzyme with 

specific activity was 19250 U/mg, yield 

49 and purification fold 4.94 and, in 

contract with other research for 

purification of protease isolated from 

Bacillus sp, the specific activity of 

916.76 U/mg, yield 1.68 and 

purification fold 4.31 (31). 

 

 
Figure (9): Purification of protease by using Sephacryl S-300 column (100×1.5 cm) with flow rate of 

30 ml/hour, eluted with Tris-HCl (0.005 M, pH 8.0) and 5 ml for each fraction.  

 

 

0

20

40

60

80

100

120

140

0

0.5

1

1.5

2

2.5

3

3.5

1 10 20 30 40 50 60 70 80 90 10
0

10
5

En
zy

m
e

 a
ct

iv
it

y 
U

/m
l 

A
b

so
rb

an
ce

 a
t 

2
8

0
 n

m
 

Fraction NO. 

Wash Elutio

0

20

40

60

80

100

120

140

160

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

1 10 20 30 40 50 60 70 81

En
zy

m
e

 a
ct

iv
it

y 
U

/m
l 

A
b

so
rb

an
ce

 a
t 

2
8

0
 n

m
 

Fractions NO. 



 
 

                     Iraqi Journal of Biotechnology                                                       496 

 
 

 Table (1): Purfication steps of protease from E.coli. 

Step 
Volume 

ml 

Activity 

U/ml 

Protein 

concen. 

mg/ml 

Specific 

activity 

U/mg 

Total 

activity 
Fold 

Yield 

% 

Crude enzyme 75 27.27 0.007 3896 2045 1 100 

Precipitation by 

ammonium sulphate (0-

80 % saturated)  

15 98.88 0.013 7606 1483 1.95 73 

Purification by Ion-

exchange 

chromatography 

14 90.56 0.005 18112 1267.9 4.6 62 

Purification by Gel-

filtrationchromatography 
13 77 0.004 19250 1003 4.94 49 

 

Conclusion  

Escherichia coli bacteria isolated 

from stool of unhealthy human, is able 

to produce protease enzyme in some 

pathological conditions such as 

gastroenteritis. In this study, some 

optimum conditions were optimized for 

the production of protease enzyme in 

high quantities, such as carbon and 

nitrogen source, pH, temperature, and 

incubation period, respectively 

(Fructose, Sodium Nitrate, 6, 37°C, 24).  
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