
Journal of Al-Nahrain University                    Vol.15 (1), March, 2012, pp.94-102                                            Science 

 94 

Production, Purification and Characterization of Extra Cellular Lipase from 

Serratia marcescens and its Potential Activity for Hydrolysis of Edible Oils 

 

Neihaya H. Zaki
*
, Sinan E. Saeed 

Department of Biology, College of Science, Al-Mustansiriyah University, Baghdad-Iraq. 

E-mail:remaryamhameed@yahoo.com. 

 

Abstract  

Twelve isolates of Serratia marcescens 32.4% were obtained out of 37 soil samples. One isolate 

(Serratia marcescens N3) was selected according to high lipase production. Lipase of this isolate 

was produced in liquid medium, extracted and purified by two stages included: CM-cellulose and 

DEAE-cellulose column, the fold of purification for the enzyme eluted from DEAE column was 

19.33 with 61.15% recovery. The optimum pH and temperature for enzyme activity was 8 at 35°c, 

but it lost most of its activity (62%) at pH 10 and (78%) at 65°c. 

The effect of some metal ions and surfactant on lipase activity was also studied, since the 

presence of Ca+2 was more effective than that of Mg+2 in increasing lipase activity, and this 

indicate that lipase is a metalloenzyme. Surfactant like Tween 80 induced lipase activity (110%) 

followed by tween 20 (102%) while α –naphtholrin inhibited it to 21%. 

The activity of Serratia marcescens N3 lipase to hydrolyse different kinds of edible oils was 

determined, maximum activity appeared with Gingily oil followed by olive oil, coconut, sesame, 

soybean, and sunflower were (122, 112, 104, 93, 92 and 82) U/ml respectively.  
 

Keywords: Serratia marcescens–Lipase- Enzyme Production – Purification - Characterization of 

enzyme - Edible oils. 

 

Introduction 

Lipases are class of enzymes which 

catalyze the hydrolysis of long-chain 

triglycerides. Microbial lipases are currently 

receiving much attention with the rapid 

development of enzyme technology [1]. 

Lipases are an important group of biocatalysts 

for biotechnology, and they find immense 

applications in food technology, dairy 

detergent, biomedical sciences, esters and 

amino acids derivatives, making of fine 

chemicals, agro-chemicals, bioremediation, 

and pharmaceutical industries [2].  

Lipases are hydrolases, which act under 

aqueous conditions on the carboxy ester bonds 

present in triacylglycerols to liberate fatty 

acids and glycerol. The natural substrates of 

lipases are long-chain triacylglycerols which 

have very low solubility in water; and the 

reaction is catalyzed at the lipid-water 

interface [3]. Under micro-aqueous conditions, 

lipases posses the unique ability to carry out 

the reverse reaction, leading to esterification, 

alcoholysis, and acidolysis. Besides being 

lipolytic, lipases also posses esterolytic 

activity and thus have a very diverse substrate 

range, although they are highly specific as 

chemo-, regio- and enantioselectivity catalysts 

[4]. 

Lipases are produced from microbes and 

specifically bacterial lipases play a vital role in 

commercial ventures [2]. Some important 

lipase-producing bacterial genera include: 

Bacillus, Pseudomonas, Burkholderia, 

Achromobacter, Alcaligenes, Arthrobacter, 

Staphylococcus and Chromobacterium spp. 

Also Serratia spp has been studied for its 

ability to produce lipase [5]. Lipases are 

generally produced on lipidic carbon, such as 

oils, fatty acids, glycerol or tweens in the 

presence of an organic nitrogen source [6]. 

Bacterial lipases are mostly extracellular 

and are produced by submerged fermentation. 

The enzyme is most commonly purified by 

hydrophobic interaction chromatography, in 

addition to some modern approaches such as 

reverse-micellar and aqueous two-phase 

systems [7]. 

Microbial lipases form a versatile tool in 

biotechnology and in recent years they have 

become an important class of enzymes. Other 

important application of lipases are the uses of 

enzymes in supplements benefit in digestion of 

fats, conversion fats to energy, cleaning the 
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clogged veins and arteries and treatment the 

pancreatic insufficiency, cystic fibrosis, spastic 

colon, Crohn's disease and celiac disease [8]. 

With this usage, the exponential increase in the 

application of lipases in various fields in the 

past few years demands both qualitative and 

quantitative improvement. The quantitative 

enhancement requires strain improvement and 

medium optimization for over-production [9]. 

Bacterial lipases are mostly inducible 

enzymes, requiring some form oil, fatty acids, 

fatty acids alcohol for induction. Lipases can 

be enhanced by the presence of some 

compounds, i.e fatty acids, triglycerides or 

surfactants has often been to induce lipase 

activity[7]. Therefore, the current study was 

undertaken to optimize the lipase activity, 

which produced by Serratia marcescence on 

relatively low cost media. 
 

Materials and Methods 

Samples collection: Thirty-seven soil samples 

were collected from different locations in a 

farm in Baghdad city. Top soil was collected 

by spatula in to clean sterile plastic bags and 

stored at 4°C prior to use. The soil samples 

were air-dried (20°C) and passed through a 

sieve (mesh size, 2mm). Ten gram of sieved 

soil was suspended in 20 ml of basic salt 

medium (BSM) [10]. 
 

Isolation & characterization of Serratia 

marcescens : 

One loopfull of suspension soil samples 

was plated on blood agar and MacConkeys 

agar, then incubated at 30°C for 18-24 h. 

Several biochemical tests were done to 

differentiate Serratia marcescens from the 

other species. These include the following 

tests: inability to ferment lactose, a negative 

indole test, a negative urease test,and ability to 

decarboxylate arginine, but not lysine [10]. In 

addition to these biochemical tests, API 20E 

identification was used to differentiate 

Serratia marcescens from the other types. 
 

Maintenance of S.marcescens: The culture of 

S.marcescens was maintained at 4c and 

subcultured every two weeks. Nutrient agar 

medium was prepared and the pH of the 

medium was adjusted to 7.0, and was 

autoclaved at 121c for 15min. A loopful of 

bacterial culture was inoculated and incubated 

at 30c for 18 hr.[5]. 
 

Lipase screening of S.marcescens on media: 

S.marcescens was activated in Brain-Heart 

infusion broth and incubated at 32°C for  

24 hr., then 0.1ml of culture was streaked on to 

Rhan agar medium, which contained: 

(K2HPO4, 5g; (NH4)2PO4, 5g; CaCl2.6H2O, 1g; 

MgSO4.7H2O, 1g; Tween 80, 5ml; 

FeCl2.6H2O, 0.001g; NaCl, 0.001g; Peptone, 

2ml; agar, 20g and D.W., 1000ml at pH=7.2). 

The plates were incubated at 32°C for 4 days. 

Lipolytic activity was indicated by measuring 

the width of lipolytic zones (millimeters of 

areas of clearing around the colonies) [5,11]. 
 

Preparation of crude enzyme: S.marcescens 

was subcultured on brain heart infusion broth 

at 30c for 24hr. then 50ml of Rhan broth 

medium was inoculated by 5ml of bacterial 

growth (determined at O.D 1.2 / 600 nm)  

and incubated by shaking incubator  

(120 round/ min) for 48 hr at 30c. The growth 

was centrifuged at 5000 xg for 15 min at 4c. 

The lipase activity and protien concentration 

were determined in the supernatant solution 

(crude enzyme extract) [12].  
 

Measurement of lipase activity: Activity of 

the crude lipase and chromatographic fractions 

were determined by the method of [12], except 

that the substrate was glycerol triciearate 

emulsion, the reaction solution composed of 

(2% gum arabic, 0.4M NaCl, and 5mM 

CaCl2), blended for 2min at 50°C with the 

appropriate concentration of glycerol 

triciearate in a suitable buffer. A quantity 

(0.3ml) of the enzyme preparation was added 

to 2ml substrate solution in glass-stoppered 

test tubes that had been preincubated in a 

water bath at 37°C for 6min at pH 8. The 

mixture was held for 45 min in shaking 

incubator (120 cycle/min) at 35°C. The 

enzymatic reaction was terminated by adding 

7.5 ml of the reagent (1000ml iospropane, 

100ml heptan, 8ml of 1N H2SO4). After 

vigorous shaking for 2min and standing for 1 

hr., the upper layer obtained was mixed with 

color reagent (1ml water, 5mg phenol red, 

25mg Na-barbital, 200ml ethanol ), and shaked 

for 30s. The absorbance was measured at the 

wavelength of 420nm. One lipase unit activity 
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was defined as μ moles of liberated free fatty 

acids/min at 37°C [11]. 
 

Measurement of protein concentration: The 

protein concentration was determined by the 

method of Lawry,et.al 1951[13] using Bovine 

Serum Albumin (BSA) (Sigma chemical Co.) 

for preparation of protein standard curve. 
 

Purification procedures:  

CM-Cellulose chromatography: The crude 

enzyme was first applied to a column 

(22x3cm) of CM-Cellulose (Sigma Co.), 

which was pre-equilibrated with 10mM 

Potassium phosphate buffer pH 7.5. The lipase 

was allowed to bind to the gel for 2hr. at 4°C 

and was eluted with a linear gradient of 200ml 

Triton X-100 (0 to 1%). The flow rate was 

1ml/1min., and fractions of 5ml were collected 

[11]. 
 

DEAE-Cellulose chromatography: The 

lipase-rich fractions were pooled and applied 

to a column (16x2 cm) of DEAE-Cellulose 

(Sigma-chemical co.), which was pre-

equilibrated with 10mM potassium phosphate 

buffer at pH 6. The lipase was allowed to bind 

to the resin for 1hr at 4°C. The column was 

washed thoroughly with the same buffer to 

remove unabsorbed material, which included 

Triton X-100 and was eluted with a linear 

gradient of NaCl (0.05 to 1M) (300ml) in the 

same buffer at a flow rate of 1ml/1min. The 

eluate was collected in 5ml fractions [11]. 
 

Characterization of the purified lipase 

Optimum pH: Glycerol triciearate emulsion 

were prepared in universal buffers covering 

the pH range 4 to 11 at 35C. The enzyme was 

diluted in the buffers and assayed separately in 

each substrate emulsion of the same pH [11].  
 

pH stability: Portions of the purified lipase 

were held at 35C for 24hr in universal buffers 

for use at pH 4 to 11. The described assay was 

carried out for each lipase portion to obtain its 

stability [11]. 
 

Optimum temperature: Lipase activity of the 

enzyme was assayed at temperatures ranging 

from 5 to 65°C. The substrate emulsions were 

held at the respective temperature at pH 8 for 

15 min before the addition of the enzyme [12].  
 

Thermal stability: Portions of the purified 

lipase were held at temperatures ranging from 

50 to 100°C for 15 min in tubes, then it was 

held in ice bath. The assay was carried out for 

each treatment to obtain lipase stability [11].  
 

Effect of metal ions on lipase activity: The 

lipase was incubated with various metal ions 

(Fe
+2

, Ni
+
, Zn

+2
, Mg

+
, Ca

+2
 and Li

+
) at 

concentrations of (1mM, 5mM, 10mM) in 

0.025 mol/L of potassium phosphate buffer 

(pH 7.5) for 1hr. with constant shaking at 

32°C, then the lipase activity was measured 

[14]. 
 

Effect of surfactant on lipase activity: Effect 

of surfactant was detected by incorporating 

different surfactant namely (Tween 20, Tween 

80, α-naphtholrin). The purified lipase was 

diluted with each surfactant at these 

concentrations (0.05, 0.1, 0.15, 0.2)w/v. After 

1hr. incubation with constant shaking at 32°C, 

remaining activity was measured [15]. 
 

Hydrolysis of edible oils by the purified 

lipase: Substrate specificity of the lipase 

against triacylglycerols of vegetable oils 

(sunflower oil, soybean oil, sesame oil, 

coconut oil, gingily oil and olive oil) was 

determined by preparation of an emulsion by 

adding of the medium/substrate (3:1).  

Activity % was expressed as the 

percentage of the maximum activity [15]. 
 

Results and Discussion 

Isolation and characterization of S. 

marcescens: The results revealed that 

12(32.4%) isolates of S. marcescens were 

obtained out of 37 soil samples. 

Sundaramoorthy, et.al.2009 [16] showed that 

20 samples of S. marcescens isolated from soil 

and only 5 of them were produced red pigment 

and lipase as virulence factor. Other researches 

refered that S. marcescens isolated from soils 

and it produced many virulence factors like 

lipase, chondroitinase, prodigiosin and 

proteases [17, 18, 19 and 20]. 
 

Lipase screening of S.marcescens on 

medium: The width of hydrolysis areas were 

measured to compare the lipase production of 

S. marcescens isolates, the lipase production of 

S. marcescens appeared after 18hr, and the 

widest area observed after 36 hr (Fig.(1)). 
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From this figure it can seen that (N3) isolate 

produced lipase enzyme (16mm) at higher 

level than the other soil isolates. Also from 

(Table (1)) the highest lipolytic activity of 

lipase was 0.73 U/ml from (N3) isolate when 

compare it with other soil isolates, thus, this 

isolate was chosen for purification step. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(1) Diameters of lipolytic zones of 

lysis for all Serratia marcescens isolates. 

 

Table (1) 

Comparasion between inhibition zones and 

lipase activity for all S. marcescens isolates. 

Isolate 

code 

Inhibition 

zone (mm) 

Lipolytic activity 

(U/ml) 

N1 1 0.25 

N2 14 0.51 

N3 16 0.73 

N4 14 0.51 

N5 2 0.27 

N6 4 0.31 

N7 3 0.29 

N8 14 0.51 

N9 1 0.25 

N10 13 0.49 

N11 13 0.49 

N12 10 0.42 

 

Singh and Banerjee, 2007 [21] exhibited 

that Pseudomonas aeruginosa produce lipase 

after 24hr. Also Haider and Pakshirajan, 

2007[22] exhibited that soil microorganisms 

produced higher lipase at 24 and 72hr., while 

Abdou, 2003 [11] showed that psychrophilic 

strain of S. marcescens produced lipase after 

6hr only. 
 

Purification of lipase: A representative 

purification profile is summarized in  

(Table (2)), and from (Fig.(2)), two peaks of 

protein appeared in the eluted fractions with 

one peak of lipase activity located in the first 

peak of protein. On the CM-cellulose column, 

the highest lipase activity was eluted in 

fractions (17 to 28), specific activity was 4.46-

fold, and about 89% of its activity was 

recovered.  

Active fractions were applied to the second 

step of purification (DEAE-cellulose), the 

highest lipase activity was between (0.05 and 

1M) NaCl in fractions (34 to 41), specific 

activity was increased (19.33-fold) in this step 

with (61.15%) recovery. From (Fig.(3)), two 

peaks of protein appeared in the eluted 

fractions with one peak of lipase activity 

located in the first peak of protein.  

Extracellular lipase produced by 

psychrophilic S. marcescens and purified  

by ion exchange and gel filtration 

chromatography with recovery equal to 45% 

and 65% respectively [22,23], while 

Immanuel, et.al.2008 [5] showed that lipase 

activity from Serratia rubidaea increased 8-

fold after partial purification by ether alcohol 

extraction. Matsumae, 1994 and Gao, 

et.al.2004 [24,25] showed that lipase activity 

from S. marcescens Sr41 and S. marcescens 

Euc101 enhanced 1.7 and 9.5-fold 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(2) CMC-cellulase chromatography of 

Serratia marcescens lipase. Column 

(22x3cm), 10mM K-PO4. 
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Fig.(3) DEAE-cellulase chromatography of 

Serratia marcescens lipase. Column 

(16x2cm), 10mM Potassium phosphate 

buffer. 

 

Table(2) 

Purification steps of lipase from S. 

marcescens. 

Purifi-

cation 

step 

Protein 

conc 

mg/ml 

Lipo-lytic 

activity 

U/ml 

Specific 

activity 

U/mg 

protein 

Purity 

index 

(fold) 

Total 

activity 

(U) 

Recover

y (%) 

Size 

(ml) 

The 

crude 

enzy

me 

52 69 1.32 1 
310.

86 
100% 

67 

CM-

cellul

ose 

21 124 5.90 4.46 
275.

2 
88.52 

15 

DEA

E-

cellul

ose 

17.1 434 25.52 
19.3

3 

190.

1 
61.15 

10 

 

Characterization of the purified lipase: 

Effect of pH on lipase activity: The lipase 

activity was evaluated at different pH values at 

32°C (Fig.(4)). From this figure the enzyme 

reached to maximum activity (100U/ml) at  

pH 8 and about 95U/ml at pH 7. Purified lipase 

from S. marcescens exhibited maximum 

activity at pH 8 [5, 24], while Gao,et.al.2004 

[25] showed that optimum pH for lipase 

activity from S. marcescens was 6.5, also 

Bachkatova and Severina,1980 [26] showed 

optimum pH was 6.3 from other strain of S. 

marcescens. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(4) Effect of pH values on N3 lipase 

activity. 
 

Effect of pH on lipase stability: 

Remining activity of lipase enzyme 

reached to 22 % and 20% at pH 4 and 11, 

respectively (Fig.(5)).  

The purified lipase showed maximum 

stability at pH 8, but under pH 6 lipase lost 

about 30U/ml of its activity after holding it at 

32°C. Abdou, 2003[11] showed that lipase 

stability of psychrophilic Serratia. marcescens 

was between 8-9, while Makhzoum, et.al.1995 

[27] showed lipase of other strain of S. 

marcescens was stable in pH between 6-9, 

while lipase from S. grimisii was stable over 

the range of 7-9 [28]. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.(5) Effect of pH values on N3 lipase 

stability. 
 

Effect of temperature on lipase activity: 

(Fig.(6)) showed that optimum temperature for 

the enzyme was 35°C, and about 90% of its 

maximum activity occurred at 30°C and 40°C. 

Abdou, 2003 [11] exhibited optimum 

temperature of lipase activity from S. 

marcescens at 37°C, while Immanuel, et.al. 
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2008 [5] showed optimum temperature of 

lipase activity from S. rubidaea between (25-

35°C). In contrast Bachkatova and Severina, 

1980 [26] showed that highest lipase activity 

was from S. marcescens 345 at 45°C 

 

Effect of temperature on lipase stability: 

The lipase purified from S. marcescens 

showed some stability at 60°C (Fig.(7)), but 

the least residual activity was at 85°C, and it 

was completely inactivated at 90°C. Abdou, 

2003 [11] exhibited that lipase activity from S. 

marcescens is not susceptible to low heat 

inactivation and is not as thermostable as other 

bacterial lipases. 

Fig.(6) Effect of temperature on lipase 

activity. 

 

 

 

 

 

 

 

 

 

 

 

Fig.(7) Effect of temperature on lipase 

stability. 
 

Effect of metal ions on lipase activity: S. 

marcescens lipase was treated with 

monovalent and bivalent cationic metals. 

Some of these metals showed activation effect, 

others had inhibition effect. 10mM of Ca
+2

, 

Mg
+2

 and Li
+
 increased lipase activity to 

126%, 103% and 76% respectively. Others 

10mM of Zn, Fe and Ni
+
 inhibited lipase 

activity to 36%, 26% and 11% respectively 

(Fig.(8)). 

 

 

 

 

 

 

 

 

 

 

 

Fig.(8) Effect of metallic ions on lipase 

activity. 
 

The presence of Ca
+2

 was shown to be 

more effective than that of Mg
+2

 in increasing 

lipase activity, thus, the lipase seems to be 

dependent on Ca
+2

 on its activity and in this 

way, for further enzyme purification, CaCl2 

(10mM) might be included in the culture 

medium [29]. Pogori,et.al.2008[15] showed 

that Zn
+2

 and Cu
+
 ions depressed the lipase 

activity but Mg
+2

 and Ca
+2

 were found to 

stimulate the lipase activity of Rhizopus 

chinensis, while Yu,et.al.2007[30] exhibited 

that Mn
+2

 and Ba
+2

 stimulate lipase activity of 

Yarrowia lipolytica. 

 

Effect of surfactants on lipase activity: The 

influence of surfactants on lipase activity of S. 

marcescens was studied, lipase induced by 

Tween 80 (110% at concentration 0.2% w/v) 

followed by Tween 20 (102%), while α-

naphtholrin inhibited the lipase activity at 

concentration 0.2% w/v to about 21% 

(Fig.(9)). Similarly, lipase activity of S. 

marcescens exhibited that Tween 80 activated 

the enzyme, while α-naphtholrin inhibited it 

[24,26].  

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(9) Effect of Surfactants on lipase 

activity. 
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Hydrolysis of edible oils by the purified 

lipase: One of the most important properties of 

lipases is the substrate specificity towards 

triacylglycerols [15]. The S. marcescens lipase 

efficiently hydrolyzed a variety of vegetable 

oils (sunflower, soybean, sesame, coconut, 

gingily and olive oil) at pH 7 and 35°C 

(Fig.(10)). 

All the tested triglycerides were found to 

induce the lipase activity with different levels 

of enzyme activity. Among the oils tested 

sunflower oil was showed (82U/ml) of lipase 

activity. All others resulted in activities of 

above 90 U/ml, (Gingily, 122; olive oil, 112; 

coconut, 104; then sesame oil 93, and soybean 

92) U/ml of lipase activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(10) Lipase activity toward different kinds 

of edible oils. 
 

Gingily oil was found to be suitable for 

maximizing the lipase activity (122 U/ml) 

from S. marcescence, this is because 

triglycerides are important substrates for lipase 

production and enzyme activity and they act as 

inducer for it [15]). The lipase was found to 

have abroad substrate specificity, which has 

potential in the biocatalysis industry and has 

an economic potential application in the 

oleochemical industry [15]. 

This study is in agreement with the 

previous work of Matsumae and Shibatani, 

1994 (24) which reported that olive oil 

induced the hydrolysis activity of lipase at pH 

8 and 45°C. Also Machanan,et.al.,2007[31] 

showed that S. marcescens can hydrolyzes 

green oil (palmorosa oil) and induced lipase 

activity of the enzyme at (3:3 v/v) substrate / 

media, while Immanuel,et.al.2008(5) found 

that gingili oil (15ml/L) is suitable substrate 

for lipase activity from S. rubideae. 

(Volpato,et.al.2007) [32] showed that olive 

oil (3g/L) and soybean oil (2.5g/L) induced the 

lipase activity of Staphyllococcus caseolyticus, 

while Liu,et.al. 2008[33] found that the 

purified lipase from Aureobasidium pullulans 

has the highest hydrolytic activity towards 

peanut oil. Sharon, et.al.1998 [34] reported 

that castor oil induced lipase activity from P. 

aeruginosa, While sunflower oil and olive oil 

induced extracellular lipase by Yarrowia 

lipolytica [35], while many vegetable oils 

induced the lipase activity of Candida rugosa 

[36]. 

Lipase activity from Rhizopus oryzae 

induced by olive oil and coconut oil [37], 

while lipase activity of Rhizopus delemar 

induced by sunflower oil [38], also [15] found 

that vegetable oils have inducing effect on 

lipase activity by Rhizopus chinensis, and 

soybean oil enhanced lipase activity among 

other oils. EL-Bondkly and Keer, 2007 [39] 

exhibited that mutant of the fungus 

Penecillium roquefortii induced lipase activity 

when using olive oil and inhibited lipase when 

used cotton seed oil [40].  
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