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 Lipases are particularly important because they specifically hydrolyze acyl 
glycerol, oils, which are of great interest for different industrial applications. 
Some halophilic microorganisms produced some lipases. Halophilic bacteria 
have greater ability to produce salt and thermo tolerant enzymes like amylases, 
proteases and lipases. Most industrial enzymatic functions may be stopped by 
concentrated salt solutions and high temperatures; therefore, halophilic 
enzymes that have optimal activity at a vast range of temperature, pH and ionic 
strength, would be considered as suitable biocatalysts in industrial processes. 
The aim of this study was to isolate and study the halophilic lipase producing 
bacteria from the Miankaleh Wetland. The lipase activity was measured using 
titrimetric methods. Three halophilic strains (AR11, AR18 and AR28) were 
isolated from the Miankaleh wetland and were screened for the production of 
hydrolytic enzymes and lipolytic activity. Among three isolates, one strain was 
selected for identification using the molecular methods and some 
morphological characteristics. The bacterium Halobacillus truperi AR11 with 
1.82 ± 0.1 U/mL lipase activity was selected as the highest lipase producing 
isolate. Lipase enzyme produced by this potential isolate was also 
characterized for determining its optimal activity. Effect of different pH, NaCl 
concentration and temperature on lipase activity was determined. The optimum 
pH for AR11 was found to be 9, while the optimum temperature and NaCl 
concentration for lipase activity was found to be 45ºC and 5 % NaCl, 
respectively. This is the first report of isolation and molecular identification of 
lipase producing halophilic bacteria from the Miankaleh wetland. 
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Introduction 

Halophiles are a group of “salt-loving” 
microorganisms that live in saline environments. 
Since the early 1980s halophilic microorganisms 
as a group of extremophiles were considered 
with high potential for biotechnological 
applications (Paul et al., 2008). According to the 
NaCl concentrations need for growth, halophilic 
bacteria can be classified as non-halophiles 
(<1%), slight halophiles (from 1 to 3%), 

moderately halophiles (3-15% NaCl), and 
extreme halophiles (between 15 and30%) 
(Gutiérrez-Arnillas et al., 2016; Kushner, 1985; 
Oren, 2006; Sahay et al., 2011). Halophilic 
bacteria have a greater ability to produce salt and 
thermotolerant enzymes like amylases, 
proteases, and lipases (Govender, 2009; Rohban 
et al., 2009). Most industrial enzymatic functions 
may be stopped by concentrated salt solutions 
and high temperatures; therefore, halophilic 
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enzymes that have optimal activity at a vast 
range of temperature, pH, and ionic strength, 
would be considered as suitable biocatalysts in 
industrial processes (Ghasemi et al., 2010). 
Lipases (EC 3.1.1.3) and carboxylesterases (E.C. 
3.1.1.1) are enzymes that hydrolyze the carboxyl 
ester bonds in acyl-glycerides (Niyonzima and 
More, 2014). They differentiate between the 
length of their substrate, while lipases hydrolyze 
long-chain acylglycerols, esterase prefers short-
chain glycerol esters. 
Despite this difference, they are collectively 
referred to as lipases or “lipolytic enzymes. 
Lipases have alkaline or neutral optimum pH and 
display stability over a much pH range of 4 to 
11. The thermal stability of lipases ranges from 
30 to 60 °C, and a larger number are stable in 
organic solvents (José Murillo et al., 2012). 
Applications of lipase are being considered in a 
range of industries such as food processing, 
washing, biosynthetic processes, and 
environmental bioremediation (Oren, 2002). 
Bacterial lipases are important enzyme 
applications in different industries because they 
are suitable for the environment, non-toxic and 
no dangerous residues (Hasan et al., 2005; 
Schreck et al., 2014) and they are the third-
largest groups of industrial biocatalysts after 
bacterial amylolytic enzymes and proteases. This 
paper reports on the production of an 
extracellular lipase and optimization of its 
activity by an isolated halophilic bacterium, 
phylogenetically related to genus Halobacillus, 
under various chemical and physical conditions. 

Materials and Methods 

Sample collection and isolation 

Samples were collected in September 2015 from 
the soil, water, and sediment of the International 
Miankaleh Wetland located in the north of Iran 
(Fig. 1). To observe lipase production, bacteria 
were isolated from a direct method using the 
special medium containing (% w/v): agar 1.5, 
tributyrin (glycerol tributyrate) 1, tween 80 1, 
peptone 0.5, yeast extract 0.3, NaCl 5, pH 7.5 at 
37°C. Lipase-producing bacteria made a clear 
zone on tributyrin agar plates (Castro-Ochoa et 
al., 2005). Growth was investigated qualitatively 
at various concentration of NaCl ranging from 1-
15% (w/v) on nutrient agar. All purified isolates 

were preserved in the 15% glycerol solution for 
long storage. The pH optimum for bacteria 
growth was determined at various pH ranging 
from (5-11), the effect of salt was determined by 
varying salt concentrations (0-30% NaCl). For 
determining the temperature optima, the growth 
was carried out at various temperatures (15-55 
ºC). The biochemical test such as Sugar 
utilization test, IMViC test, Starch hydrolysis, 
Gelatin liquefaction, Nitrate reduction, TSI, 
Catalase, Oxidase and Indole production test 
were studied for their characterization. 
 

 
Fig. 1. Situation of Miankaleh Wetland showing the 
sites (I, II, III) used sampling in this study. 

Investigating the production of hydrolytic 
activities 

The presence of amylolytic activity on plates 
was determined (Amoozegar et al., 2003; Vidya 
et al, 2011). Using starch agar medium (Sigma) 
contains 5℅ (w/v) salts. After incubation at 35 
°C for 1 week, the plate was flooded with 0.3℅ 
I2- 0.6℅ KI solution; a clear zone around the 
growth indicated the hydrolysis of starch. 
Proteolytic activity of cultures was screened in 
skim milk agar containing 10℅ (w/v) skim milk, 
2℅ (w/v) agar, supplemented with 5℅ (w/v) salt. 
Clear halos around the growth after 7 days were 
taken as evidence of proteolytic activity 

(Amoozegar et al, 2008). DNase activity of the 
isolated was determined using 42 g/l of DNase 
test agar medium (Sigma). Supplement with 5℅ 
(w/v) salt and 0.008 g/l toluidine blue. After 
incubation at 35 °C for 7 days, the plates flooded 
with 1 N HCl solution. Clear halos around the 
colonies showed DNase activity (Onishi et al, 
1983). The presence of pectinolytic activity on 
the plates was identified using a medium, 
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including pectin 10 g/l, (NH4)2SO4 1.4 g/l, 
K2HPO4 2 g/l, MgSO4.7 H2O 0.02 g/l, 
FeSO4.7H2O, 5mg/l, MnSO4.H2O 1.6 mg/l, 
ZnSO4.7H2O 1.4mg/l, CaCl2 2 mg/l, agar 20 g/l, 
5℅(w/v) salt. After incubation at 35 °C for 7 
days, the plates were flooded with 0.3℅ (w/v) I2-
0.6℅ (w/v) KI solution. A clear zone around the 
growth exhibited pectinolytic activity (Soares et 
al., 1999).  

Production and assay of lipase  

For enzyme production, bacteria were cultivated 
in 250 ml Erlenmeyer flasks containing 50 ml 
medium composed of (% w/v): peptone 0.5, 
yeast extract 0.5, NaCl 7, CaCl2 0.005, and olive 
oil pH 7.5. The production broth (50 ml) was 
incubated at 37°C under shaking (150 rpm, 48 h) 
conditions. Cells were separated from the 
cultivation medium after centrifugation at 4800 
rpm for 20 min at 4°C and the supernatant was 
used as the source of the extracellular crude 
enzyme (Kumar et al., 2005). Lipase activity 
was assayed by alkali titration using olive oil as 
substrate, as described by Pignede et al, with 
some modifications (Pignede et al., 2000). The 
assay mixture consisting of 5 ml of olive oil, 2 
ml of phosphate buffer (0.05 M, pH 7.0), and 1 
ml of the crude enzyme preparation was 
incubated for 20 min at 37°C. The reaction was 
terminated by adding 4 ml ethanol-acetone (1:1), 
and the amount of liberated fatty acids during 
incubation was tittered with 50 mL KOH in the 
presence of 0.09% phenolphthalein as an 
indicator. One unit of lipase activity was defined 
as the amount of enzyme that liberated 1 mole of 
free fatty acids per ml per minute under the assay 
conditions.  

Characterization of lipase  

To investigate the effect of pH, lipase activity 
was assayed at various pH values (5.0-10.0). 
Media were inoculated for 20 min at 37 °C 
temperature. The enzyme activity was measured 
in the range of 15-45 °C using the standard 
activity assay procedure at related temperatures. 
The reaction mixture incubated at 37 °C was 
maintained as a control. Effect of salinity on 
lipase activity was studied by incorporating 
2.5%, 5%, 7.5%, 10%, 15% and 20% (w/v) of 
NaCl in lipase production. Media were 
inoculated for 20 min at optimum temperature. 

Identification of bacterial strain 

The genomic DNA of the isolate was extracted 
by DNA extraction kit (Thermo Scientific) 
according to the manufacture̕ s recommended 
producer and the 16S rRNA gene was amplified 
using the universal primers (Weisburg et al., 
1991) 27F (5´-AGAGTTGATCMTGGCTCAG) 
and 1492R (5´-
TACGGTTACCTTGTTACGACTT). PCR cycle 
amplification: initial denaturation at 95 °C for 5 
min, followed by cycles of 95 C for 1 min, 58.5 
°C for 45s, 72 °C for 1 min, with final 10 min 
extension at 72 °C. Purification and sequencing 
of the PCR production to compile by Microgen 
Company (South Korea). The phylogenetic 
relationship of the isolates was determined by 
comparing the sequencing data with the related 
16S rRNA gene sequence in the GenBank 
database of the National Center for 
Biotechnology Information, via BLAST search. 
The phylogenetic tree was drawn by Mega 6 
software. The 16S rRNA gene sequences of the 
isolated strain were published in NCBI under the 
following accession numbers: KY038871. 

Results 

Isolation and characterization of the bacterial 
strain 

A total of 30 halophilic bacteria strains were 
achieved from water, saline soil, and sediment of 
Miankaleh Wetland. Among them were 15-gram 
positive rods, 10 gram negative rods, 4-gram 
positive cocci, and 1 gram negative cocci. (Table 
1). Three halophilic strains (AR11, AR18, and 
AR28) were isolated from the Miankaleh 
Wetland and were screened for the production of 
hydrolytic enzymes and lipolytic activity. The 
results showed that only the AR11 strain could 
produce all four hydrolytic enzymes (Table 2). 
Based on morphological, physiological, and 
biochemical characterization, the one isolate 
AR11 was Gram-positive, non-spore-forming, 
rod-shaped, and non-motile bacterium. Colonies 
are cream. Optimal bacterial growth was 
observed at pH 8.0 to 35°C and 2.5% (w/v) 
NaCl. H2S production, methyl red, nitrate 
reduction, and Voges-Proskauer tests were 
negative, while, oxidase, hydrolysis of gelatin 
was positive (Table 3). 
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Production of lipase and lipase assay 

All three positive isolates were confirmed lipase 
production by duplication on 1% (w/v) tributyrin 
agar plate. After incubating for 48 h at 37°C, the 
plates were checked for a clear halo around the 

colony. The most effective lipase-producing 
bacterium isolated AR11, which gave the largest 
clear zone occurring by hydrolysis ester bond of 
triglyceride from lipase enzyme (Fig. 2). 

 

Table 1. Sampling sites, conditions, and some physiologic characteristics of halophilic isolates in Miankaleh 
Wetland. 
Location  pH Gram-positive rod Gram-negative rod Gram-positive cocci Gram-negative cocci 

Sit I Sediments 8 5 1 3 0 
Water 8.2 3 2 0 0 
Saline soil 8 3 1 0 0 

Sit II Sediments 8.1 4 1 0 1 
Water 8.6 2 0 0 0 
Saline soil 8.3 1 0 1 0 

Sit III Sediments 7.9 2 1 0 0 
Water 8.4 1 0 0 0 
Saline soil 8.2 0 2 0 0 

 
Table 2. The hydrolytic activity of halophilic culture collection strains, the lipase activity (U/mL). 

Enzyme AR11 AR18 AR28 
Amylase + + _ 

Protease + _ + 

DNase + + _ 
Pectinase + _ + 

Lipase activity(U/ml) 1.82±0.1 1.51±0.4 1.63±0.09 

 
Table 3. Biochemical characteristics of isolated AR11. 

Biochemical tests AR11 
Glucose utilization test + 
Maltose utilization test + 
Sucrose utilization test + 
Fructose utilization test + 
Indole production test _ 
Methyl red test _ 
Voges - Proskauer test _ 
Citrate utilization test + 
Nitrate reduction test _ 
Gelatin hydrolysis test + 
Catalase test + 
Oxidase test _ 
TSI test _ 

 

Lipase activity, and the effects of different 
parameters 

Lipase activity of the isolates was investigated 
by growing in nutrient broth with olive oil for 48 
h at 37°C. AR11 isolate showed a high activity 
of 1.82 U/ml lipase activity more than other 
isolates; therefore, this isolate was used to 
determine the optimum conditions for lipase 
production (Table 2). The temperature profile of 
enzyme activity is illustrated in Fig. 3.  
The optimum temperature for the enzyme 
activity was found to be 45 °C and can thus be 
classified as moderately thermoactivated lipases. 

The maximum pH for the enzyme activity was 
obtained around 9 (Fig. 4).  

 

 
Fig. 2. Lipase produced by isolated AR11 



Rajaei-Maleki et al., J Genet Resour, 2021; 7(2): 188-195 

192 
 

 
Fig. 3. Effect of temperature on lipase activity 
producing by AR11 in a medium containing 5% (w/v) 
NaCl (pH9). Results represent the means of three 
separate experiments, and bars indicate ±1 standard 
deviation 
 

 
Fig. 4. Effect of pH on lipase activity producing by 
AR11 in a medium containing 5 % NaCl. Results 
represent the means of three separate 
experiments, and bars indicate ±1 standard 
deviation. 
 

The effects of different salts on lipase activity 
are presented in Fig. 5. The results are similar 
with lipase from B.pumilus LV01, which gives 
maximum activity at pH 9 (Mariana et al., 2008) 
and halotolerant Staphylococcus warneri PB233 
(Kanlayakri and Boonpan, 2007), active 
maximally at 40˚C. 
 

 
Fig. 5. The effect of NaCl concentration on lipase 

activity producing by AR11 in a medium with (pH 
9). Results represent the means of three separate 
experiments, and bars indicate ±1 standard 
deviation. 

Identification of the Isolate AR11 Based on 
16S rRNA 

The 16S rRNA gene sequence showed that the 
AR11have an above of 99.66% homology with 
the Halobacillus trueperi. The phylogenic tree 
showed the relationship between the isolate 
AR11 and the same group (Fig.6). Therefore, the 
isolate AR11 was identified as Halobacillis 
truperi AR11. 

Discussion 

According to the classification of halophilic 
bacteria, AR11 obtained in this study was slight 
halophiles, which exhibit good growth at NaCl 
concentrations 2.5% (w/v). In recent years, the 
ability of the halophiles to grow and produce 
enzymes over a very wide range of salinities 
makes them very attractive for research and for 
screening novel enzymes with unusual 
properties. The extracellular lipase can be 
classified as a moderately thermo active enzyme 
because of its optimal activity at 60°C. However, 
it was worth noting that the enzyme showed 
relatively high activity (50%) at 90°C. This 
characteristic made it similar to other lipases 
described previously and was usually inactive 
under temperatures higher than 80°C. Following 
our results, Mobarak-Qamsari et al, 2011 
reported higher lipase activity values producing 
Pseudomonas aeruginosa KM110 at a 
temperature from 35 to 45°C. The optimal pH 
for the enzyme was found to be 9.0, indicating 
its alkali-stable nature (Mobarak-Qamsari et al., 
2011). Similarly, Boutaiba et al, 2006 reported 
that lipase from Natronococcus sp. exhibited an 
optimum activity at pH: 7.0 (Boutaiba et al., 
2006), while Ozcan et al, 2009 reported a range 
of pH of 8.0 to 8.5 for optimal esterase activities 
of five halophilic archaeal strains (Ozcan et al., 
2009). In the present investigation, we described 
a moderately thermoactivated, alkali-stable, and 
halotolerant lipase from Halobacilluse. In this 
study, we screened lipase-producing bacteria 
from soil, water, and sediment samples in areas 
of the Miankaleh Wetland region. One of the 
isolates was observed for the clear zone on lipase 
media. The isolate AR11 was an effective lipase-
producing bacterium, giving lipase activity at 
1.82 U/ml using Olive oil as a substrate. The 
lipase production of the isolate AR11 had the 
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optimum temperature, NaCl concentration, and 
pH at 45°C and pH of 9, respectively. All of 
these results led us to conclude that the enzyme 

may have considerable potential for industrial 
application from the perspectives of its 
properties. 

 

 
 

Fig 6. Phylogenetic tree based on 16S rRNA sequences, showing the relationship of the isolate AR11 to other 
members of the genus Halobacillus. 

 
In this study lipase-producing, halophilic 
bacteria were isolated from sediment, water, and 
soil of Miankaleh Wetland in Mazandaran, Iran. 
One of them, genetically identified by 16S rRNA 
sequencing as Halobacillus sp. AR11 turned out 
to have an exceptional ability to grow and to 
produce lipases in saline environments, so it was 
selected for further optimization of the operating 
conditions of pH and temperature. Halobacillus 
sp. AR11 lipase is a potential alkaline lipase. 
The enzyme exhibited maximum activity and 
stability between pH 9, but the stability was low 
at 7 pH. The remarkable stability of Halobacillus 
sp. AR11lipase in this range has proved it to be a 
potential alkaline lipase similar to others, and a 
candidate for industrial applications such as 
detergent, leather, and fine chemical industries. 
In this research, strain AR11 was considered a 
salt-loving bacterium with the ability to produce 
several hydrolytic enzymes. The lipase produced 
by this strain, due to its significant stability at 
high temperatures, alkaline pH, and salt 

concentration, can be a good choice for 
improving the quality in industrial and 
commercial applications. 
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