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Abstract 
 

Six isolates of lipase producing ( Ps1, Ps2, Ps3, Ps4, Ps5 and Ps6 ) were secreened from 
wastewater on a selective medium agar that contained Tween 80 or olive oil as the only carbon source. 
The isolate showed highest lipase activity was Ps5 which was later identified as Pseudomonas sp. The 
effect of media composition was analyzed to maximize production of lipase. Pseudomonas aeruginosa 
had maximal activity at the pH range  6 to 8, with an optimum pH of 7, and  the temperature range of 
20 – 35°C, with optimum temperature for the hydrolysis of olive oil at 30°C. The lipase activity of the 
enzyme was enhanced by Ca +2  and Mg +2 but strongly inhibited by heavy metals Zn+2 and Cu+2 and 
Mn+2 . 
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Introduction 

 
 Lipases (glycerol ester hydrolases EC : 3.1.1.3) hydrolyse triacylglycerols to faty acids, 

di-acylglycerols, mono acylglycerols and glycerol and under certain conditions, catalyze 
reverse reactions such as esterification and trans esterification [1]. 

Microbial lipases have already established their vast potential regarding to their usage in 
different industries. The interest in microbial lipase production has increased in the last 
decades. Due to the versatility of the molecular structure and catalytic properties, these 
enzymes have potential biotechnological application in different industrial sectors such as 
food, waste water treatment, cosmetics, oleo chemical, pharmaceutics, detergents and in the 
fuel sector, which applies lipase as catalyst for synthesis of esters, trans esterification of the 
oil and in the production of bio diesel [2]. 

 Generally, the enzymes of industrial interest are produced in the presence of inducers in 
the case of lipases, the presence of triacyl glycerol, surfactants, vegetable oils, oil industry 
wastes or their hydrolysis products in the culture medium have, in most cases, an inducible 
effect on lipase production[3]. Most of the well studied microbial lipases are inducible 
extracellular enzymes [4] .They are synthesized with in the cell and exported to its external 
surface or environment. Many of them have been purified, characterized and their encoding 
genes cloned [5]. 
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Several Pseudomonas species have been shown to produce lipases [6, 7]. Some of them 
have been sequenced, i.e.,Pseudomonas fragi [8], P. cepacia , and P. aeruginosa [9] . 

The aim of the present work was to determine the optimum parameters favorable for the 
growth and lipase production of Pseudomonas aeruginosa using shake flasks studies.  
 

Materials and methods 
 
Isolation of producer microorganism 
The bacterial strain Pseudomonas.sp used in this study was isolated from an urban 

wastewater at Sidi Bel abbes, Algeria. The isolates were identified on the basis of various 
morphological, physico-chemical, and biochemical characteristics. Lipolytic bacteria are 
typically detected and screened through the appearance of clearing zones by using a selective 
medium [10], which was containing Tween 80 or olive oil as the only source of carbon. The 
diameter ratio of clear zone and colony was measured. 

Optimization of lipase production 
Four different cultivation media were prepared to the production of lipase enzyme. The  
composition of the different fermentation media can be summarized as follows: 
Medium (A): 0.3 % yeast extract, 0.1 % bacto peptone, 1% olive oil, 0.07% K2HPO4, 0.03 
KH2PO4, 0. 05 MgSO4, 0.01 MnCl2, 0.025 (NH4)2SO4 and 0.01 CaCl2 [11]. 
Medium (B): 1% Tween 80 which replaced olive oil in medium (A) 
Medium (C) : 2% dextrose added to medium (A) 
Medium (D): 2% dextrose added to medium (B) 
The pH of all the production media was adjusted to 7.2 using 0. 5 N NaOH, before 

autoclaving at 121°C for 15 min. The enzyme assay was carried out in 500 ml Erlenmeyer 
flasks containing 94 ml of medium production inoculated with 6 ml of the overnight culture. 

The flasks were incubated at 35 °C with a constant shaking at 125 rpm for 3 days. 
The cell was separated by centrifugation at 10000 rpm and 4 °C for 20 min. The 

supernatants were collected and used to determine the lipase activity. The isolation expressed 
the highest activity was selected for further studied. 

 
Biomass estimation 
Biomass concentration was estimated by measuring the optical density at 600 nm by using 

a Spectronic instrument and standard curve previously determined (biomass g/l corresponding 
to 0.270x OD600) [12]. 

Protein determination 
Protein was measured photometrically by the method of Bradford with Coomassic protein 
Assay reagent [13]. 
Enzyme assay 
Determination of lipase activity in the crude enzyme extract was done using the titrimetric 

method following the procedure described in previous work, with slight modifications [14]. 
The reaction mixture containing 5ml of the emulsion (50ml of water, 50ml of olive oil and 

7g of gum Arabic prepared at room temperature during 3 min), 4 ml of 200 mM sodium 
phosphate buffer pH 7.2 and 1 ml enzyme extract was incubated for 30 min at 35°C. The 
analyses were carried out in duplicates or triplicates. 

The reaction was stopped adding 10 ml of 1:1 acetone / ethanol solution and the titration 
performed with 0.05 N NaOH. Blank assays were conducted adding the enzyme just before 
titration. One unit (u) of lipase activity was defined as the amount of enzyme which produces 
1µ mol of fatty acids per minute under assay conditions [15]. 
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 Determination of pH and temperature optimum 
The temperature and pH optimum of extra cellular lipase was determined at different 

degrees ranging from 20-50°C for the first and from 3 to 10 for the second parameter. To 
determine the effect of temperature on lipase activity, extract enzyme and substrate were 
incubated at various reaction temperatures before starting the experiment and the enzyme 
assay was performed to determine the optimal temperature titrimetrically using olive oil as 
substrate. 

The optimal pH was determined by incubating the enzyme-substrate at various pH from  
(3 to 10) and assayed for lipase activity. 
Thermo stability and pH stability of lipase 
The thermo stability of the lipase fraction was studied by incubating the enzyme extract at 

various temperatures (20 -50°C) for 1 h. The residual lipolytic activities were then determined 
using olive oil substrate. 

For pH stability, enzyme extract was incubated using different pH buffers for 1h. The 
reaction mixtures were incubated as per standard assay and the residual lipolytic activities 
were then determined using olive oil as substrate. 

Effect of metal ions on lipase activity 
For determining the effect of metal ions on lipase activity, the enzyme extract were 

preincubated with 1 mM of Ca+2, Mg+2, Mn+2, Cu+2 and Zn+2 for 1h at 30°C and the residual 
activity was determined using olive oil as substrate under standard assay conditions. 

 
Results and discussion 

 
Isolation of lipase –producing micro organisms 
Six isolates grown in the selective medium were found to produce lipase which were 

identified as bacteria Ps1, Ps2, Ps3, Ps4, Ps5 and Ps6. Their growth showed that they can 
use olive oil and Tween 80 as carbon source and showed the lipase producing feasibility. 
Evaluation of the lipase producing efficiency, based on the clear zone around colony, indicated 

that all of them could produce lipase enzyme. The result of ( Ps5 ) was outstanding (fig1). 
 

 
A                       

B 
Figure 1: The clear zone displayed by lipase around the Pseudomonas aeruginosa colony on the emulsion 
Tween 80-agar (A) and olive oil-agar (B) at 30°C after 96 h of incubation. 

When their produced lipases were applied on the emulsion olive oil- agar with Tween 
80- agar and incubated at 35°C for 96h. Their abilities of lipase producing were evaluated 
with the diameter ratio of clear zone and colony (table 1). 
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Table 1 : The diameter ratio of clear zone and colony of the isolated microorganisms 
Bacterial                              Diameter ratio of clear zone and colony 
(mm) 
                                                 Olive oil                       Tween 80  
Ps1                                                                           7                                                  5 
Ps2                                                                            8                                6 
Ps3                                                                           12                              10 
Ps4                                                                           16                              13 
Ps5                                                 22                              18 
Ps6                                                 14                              12                     

 
 Ps5 is the highest with 22mm with olive oil and 18mm with Tween 80, whereas of Ps4 is 16 

mm with olive oil and13 mm with Tween 80, and Ps6  is 14mm with olive oil and 12 mm with 
Tween 80 (Table1).  

The Ps5 was identified and found that it is a member in Pseudomonas genus. Therefore, the 
Ps5 was classified as Pseudomonas aeruginosa 

Optimization of lipase production by Pseudomonas aeruginosa 
Four different media were used for lipase production by Pseudomonas aeruginosa. The 

results in (fig 2) showed that medium (c) with dextrose as carbon, olive oil an inducer of 
lipase gave the maximum biomass and activity 18.36 g/l after 48 h. In the present study lipase 
production with different compositions were studied to maximize the  production of lipase, 
the medium (c) presented the highest activity 37 U/ml with specific enzyme activity 
37.75U/mg at 35°C after 24 h (fig 3).  
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Figure 2: Production of Pseudomonas 
 aeruginosa biomass using different media      
 

Figure 3: Production of Pseudomonas aeruginosa lipase    
using different media 
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 Lipase production in medium (a) without dextrose was 16.7% less as can pored to the 

medium (c). The medium (d) with Tween 80 and dextrose produced 50% less. 
Lipase production study on medium (b) shows a 75 % decrease in the production of lipase 

Based on the obtained results, lipase production was greatly affected by nutrient conditions. Some 
Authors stated that lipase production greatly affected by the composition of the medium [16]. 

The present study indicated that olive oil was better inducer than Tween 80, under the test 
conditions whereas dextrose was the best carbon source for lipase production. In fact, 
dextrose has been considered as a growth medium for microorganisms providing a 
satisfactory supply of nutrients for growth. 

In conclusion, the pseudomonas aeruginosa strain was found to be the best lipase 
producer. Wheat dextrose and olive oil were the best substrate and inducer, respectively for 
lipase production by this strain. 

pH and temperature optimum 
Initial pH of the culture broth is one of the most critical environmental parameters 

affecting both growth and lipase production. The results showed that the Pseudomonas 
aeruginosa was able to grow in the pH range from 6to 8 (Table 2) and reached the maximum 
lipase activity 38.5 U/ml at pH 7. These data are in agreement with that of Yuzo et al who 
reported that maximum lipase activity from Pseudomonas fluorescens HU 380 was detected at 
pH 7 [17]. 

The results showed that maximum lipase activity detected at 30°C (Table 3). A decrease 
in the lipolytic activity was observed above 35°C and completely ended at 40°C. Such results 
are similar to that reported for many bacterial specie [18]. 

 
 Table 2: Effect of pH on                              Table 3: Effect of temperature          
 Pseudomonas aeruginosa lipase                                Pseudomonas aeruginosa lipase 
                                                            

        
   

 
 
 
 
 

 
 
 

pH and temperature stability 
The pH stability of the lipase was determined by the activity retained at different pH from 4 

to 10 after 1h of incubation. The pH stability curve showed that the lipase was stable at pH 6 
to 8 (Table 4). The stability data showed a decline in lipase activity below 6 and above 8, 
however 60 and 70% relative activity was retained at these pH. Yuzo et al stated that the 
majority of bacterial lipase presents optimal pH stability in the range of 6 to 8 and was 
unstable at pH values above 8. 

Maximal thermo stability of the lipase was observed in the temperature range of 25 to 35°C 
enzyme maintained 76 % of the initial activity after 1h.  
 
 
 
 

pH       Relative activity (%) Temperature    Relative activity (%) 

 3                                    12 
4                                      39 
5                                      62 
6                                      84 
7                                    100 
 8                                     78 
9                                      35 
10                                     8 

 
20                                          30 
25                                          64 

30                                          100 
35                                           76 
40                                           35 
45                                            08         

       50                                            00 
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Table 4: Stability of lipase in different pH               Table 5: Effect of temperature on lipase stability.                                    
 
    pH               Relative activity(%) 

 
 

Temperature     Relative activity (%) 

   
    3                                            11 
    4                                            24 
    5                                            38 
    6                                            62 
    7                                            100 
    8                                            74 
    9                                            32 
    10                                           8 
 

 
 
 
 
 
 
 
 
 
 

 
 

20                                          30 
25                                          64 
30                                          100 
35                                           76 
40                                           35 
45                                            08        

       50                                            00 
 

  
 
Effect of metal ions on lipase activity 

The results indicated that Ca+2, Mg+2 ions activated the lipase activity by different degree (table 
6) these ions have been reported to play role as lipase cofactor [19]. Calcium ion, specially, is 
used in Ca+2 binding processing which impact to position specificity on active site [20]. 

 However Zn+2, Mn+2 and Cu+2 reduced enzyme activity to less than 43% of its relative 
activity (Table 6). 
      
       
       Table 6 : Effect of different metal ions on enzyme activity 

 
Metal ions used            Conc.used     Remaining activity 
                                         (Mm)                    (%) 

 
   Control                          none                      100 
   Ca+2                                                    1                        109 
   Mg+2                                  1                        104 
   Mn+2                                  1                         43 
   Cu+2                                                     1                         31 
   Zn+2                                    1                         29 
 

 
Conclusion 
 

Out of 36 bacterial isolates obtained from the wastewater at Sidi Bel abbes, Algeria, 6 
exhibited lipase activity. Pseudomonas sp proved to be the best lipase producer. Various 
physicochemical parameters were studied to determine the optimum conditions for its lipase 
production. The obtained results showed that the medium composition for lipase production 
was ( 1 bacto peptone, 3 yeast extract, 20 dextrose, 10 olive oil, 0,7 k2HPO4, 0,3 KH2PO4, 0,5 
MgSO4, 0,1 MnCl2  g/l ) at pH7,  30°C and 125 rpm in 100 ml in 500 ml flask. The hydrolytic 
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activity of the enzyme was enhanced by Ca+2and Mg+2but strongly inhibited by heavy metals 
Zn+2, Cu+2and Mn+2. 
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