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Abstract 

In this study five thermotolerant bacteria were isolated from water and soil of the Hayran 
thermal springs in Giresun. These bacteria were identified as four Bacillus licheniformis (Bl-Ht1, Bl-
Ht2, Bl-Ht5, and Bl-Ht7) and a Bacillus subtilis (Bs-Ht9) based on morphological, physiological, and 
biochemical characteristics, as well as phylogenetic analysis using 16S rDNA sequences. The strain 
Bl-Ht7 was exhibited the highest lipase activity, and the specific lipase activity was calculated as 
15.916 U g-1. The maximum enzyme activity was exhibited at 90 oC and pH 9.0. The molecular weight 
was determined as approximate 22 kDa and it was confirmed using the zymogram analysis. The lipase 
activity was enhanced by the application of Ca2+, C 2+, Zn2+ ions, and some organic solvents but no 
important differences with the other applications. The optimal production time and suitable carbon 
source for the production of lipase were found to 24 h, and olive oil, respectively. The findings show 
that the temperature of the maximum enzyme activity is higher than the other known Bacillus lipases. 
The enzyme exhibited tolerance to high temperature, organic solvents, and metal ions, so it is attractive 
for industrial applications. 
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1.  Introduction 

Thermophilic microorganisms are the best source of thermostable enzymes such as 
proteases, lipases, amylases, esterases. The thermostable enzymes are very convenient for the 
industrial applications, because these enzymes are generally stable at high temperatures and in 
organic solvents as toluene, hexane, ethyl acetate [1, 2, 3]. These enzymes provide the several 
advantages in the using area. They increase the substrate solubility, the diffusion rate, and 
they reduce the viscosity and the risk of contamination [4]. There has been an increasing 
interest for the thermostable enzymes in industrial applications and they are replaced by the 
other mesophilic enzymes such as, the thermostable amylases from B. licheniformis and 
B. stearothermophilus were replaced by the non-thermostable amylases from B. subtilis [5]. 

The thermostable lipases are the most important group of the thermostable enzymes 
because of their wide ranging properties such as hydrolysis, transesterification, alcoholysis, 
and aminolysis. Also, the enzymes were used the biotechnological applications as food 
technologies, detergentindustries, biomedical sciences agrochemical and oleochemical 
industries [6]. The most lipases are obtained from the mesophilic microorganisms and they 
are mostly unstable at 70°C or the higher temperature [7], whereas the thermophilic lipases 
are stable at 70°C and the higher temperatures. Furthermore, the thermophilic lipases show 
the more resistance against chemical denaturation. The properties of these enzymes is 
advantageous in industry and they can confidently use in different chemical processes at the 
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high temperatures and in the organic solvents [8]. The alkaliphilic and thermophilicBacillus 
genus is the focus for the investigations, and members of these genus are the source of the 
thermophilic lipases. These lipases are the stable at alkaline pH, and the high temperature [9]. 
The several lipases was purified and characterized from the thermophilicBacillus strains such 
as B. thermoleovorans ID-1[10], B. thermocatenulatusstearothermophilus [12], Bacillus sp. 
J33[13] and Bacillus strain A30-1 [14, 7].There has been an increasing demand for the lipase 
enzymes due to the developing industry. To obtain the novel thermophilic enzymes from the 
bacteria isolated from various regions of the earth, the several studies are continued, but the 
small numbers of bacterial strains are produced the thermophilic lipases in the last decade [8]. 

In this study, the bacterial strains were isolated from Hayran thermal springs in 
Giresun, Turkey. These strains were identified as the four different thermotolerantBacillus 
licheniformis, and a Bacillus subtilis. We showed that the Bacillus licheniformisstrain Ht7 is 
produced a thermophilic-lipase enzyme and the enzyme was showed the maximum activity at 
90°C and pH 9.0. The maximum temperature for the activity is higher than the other known 
Bacillus lipases. Furthermore, the enzyme activity did not significantly change with the 
application of the ions and organic solvents. The lipase enzyme have the excellent properties, 
it is attractive for the industrial applications. 
 
2. Materials and Methods 

2.1. Bacterial Strains and Lipase Activity 
Samples were obtained from water and soil of the Hayran thermal springs (Giresun, 

Turkey) and were transferred to the laboratory within 2-3 h in sterile bottles. Samples were 
diluted with sterile water, and were then spread on nutrient agar plate using a sterile swab. 
Plates were incubated at 45ºC for 24 - 48 h. After the incubation period, bacterial colonies 
were chosen according to various morphological characteristics, and then lipase producing 
strain was selected with the lipase activity tests. The qualitative lipase activity of the bacteria 
was determined [15]. The lipase enzyme from the bacterium was obtained [16]. 

2.2. Determination of bacterial strains 
Identification of the bacterial strains was based on theirs morphological, physiological, 

and biochemical characteristics, as described in Bergey’s Manual of Systematic Bacteriology. 
Gram staining, and color and shape of the colonies were determined. NaCl (2%-12%), pH 
(3.0-11.0), and temperature (4-37°C) tolerance of the bacterium was determined. For 
molecular identification of the strain firstly, genomic DNA was extracted [17]. PCR 
amplification of 16S rDNA genes using genomic DNA was performed using oligonucleotide 
primers (UNI16S-L: 5’- ATT CTA GAG TTT GAT CAT GGC TTC A-3’ and UNI16S-
R: 5’-ATG GTA CCG TGT GAC GGG CGG TGT TGT A-3’), and then sequencing of the 
amplified DNA fragments was performed by Macrogene, Inc., Europe. Comparison of 16S 
rDNA gene sequences with entries in the updated GenBank database was performed using the 
BLAST program.  

2.3. Lipase Activity Assay 
Lipase activity was determined using a spectrophotometric assay and p-nitrophenyl 

dodecanoate (Sigma) as a substrate. The enzyme solution (100 µL) was added to the substrate 
solution (900 µL) that consisted of 1 part 30 mg of p-nitrophenyl dodecanoate in 10 mL of 
isopropanol and 9 parts solution of 0.1 g gum Arabic and 2 mL of Triton X-100 in 90 mL of 
Tris-HCl buffer (pH 8.0). The reaction mixture was incubated for 15 min at 30°C and was 
immediately cooled for 10 min to 4°C. Lipase activity was read at 410 nm, and molar 
absorbance coefficient was calculated as 16. 2 mM-1cm-1 [18]. Enzyme activity was calculated 
as U L–1[18]. 
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2.4. Partial Purification of the Lipase 
The culture of the lipase-producing strain was centrifuged (10,000 g for 10 min at 

4°C) and the supernatant was used for precipitation. Solid ammonium sulphate was added to 
achieve 30% saturation at 4°C on the supernatant and was stirred for 24 h. The suspension 
was re-centrifuged (10,000 g for 10 min at 4°C), the precipitate was re-suspended in  
50 mMTris-HCl buffer (pH 8.0), and then was stored at 4°C. Afterwards, ammonium sulphate 
was added to reach 50% and 80% saturation of the remaining supernatant. The precipitates 
were suspended in 50 mMTris-HCl buffer and were stored at 4°C [19]. The protein 
concentration was determined calorimetrically using the Bradford assay [20]. 

2.5. Optimization of Carbon Sources and Production Time on the Lipase Production 
In order to determine the optimal production time andcarbon sourcesfor the production 

of the lipase enzyme the lipase-producing strain was inoculated into 50 mL of sterile test 
medium that included various carbon sources, including tween 20, tributyrin, tween 80, and 
olive oil, and then incubated at 30°C for 72 h. The samples were aseptically removed every 
24 h and were stored at 4°C until analysis of enzyme activity [16]. The lipase activity was 
assayed spectrophotometrically during each condition of optimization [18]. 

2.6. Characterization of the Lipase Enzyme 
2.6.1. The Effect of Various Substrates, pH, and Temperature on the Lipase Activity 
The lipase activity was analyzed using various substrates, including p-nitrophenyl 

acetate, p-nitrophenyldodecanoate, and p-nitrophenyl butyrate, via the spectrophotometric 
method[18].The optimal pH of the lipase enzyme was determined using various buffer 
solutions (50 mM), including sodium acetate (pH 4.0 and 5.0), potassium phosphate (pH 6.0 
and 7.0), tris-HCl (pH 8.0), and glycine-NaOH (pH 9.0 and 10.0) [10]. The lipase activity was 
analyzed [18].The optimal temperature of the lipase enzyme was determined at various 
temperatures ranging from 10°C to 90°C at pH 8.0, and then residual activity was determined. 
The effect of temperature on the lipase stability was determined via analysis of the residual 
activity after incubation for 5-60 min at the optimal temperature [10]. 

2.6.2. The Effect of Metal Ions and Organic Solvents on the Lipase Activity 
The enzyme solution obtained from the bacterial supernatant was incubated with 5 mM 

and 10 mM of such metal ions as NiCl2, ZnCl2, CuCl2, CoCl2, MgCl2, and CaCl2 at 30°C 
for 1 h [10], and then the residual activity was determined spectrophotometrically [18]. The effect 
of such organic solvents as hexane, butanol, isopropanol, methanol, ethyl acetate, and ethanol 
on lipase activity was analyzed [10]. Lipase activity was measured spectrophotometrically [18]. 

2.6.3. Native-PAGE and Zymogram Analysis 
Native-PAGE (12%) under non-denaturing conditions was performed [21]. Samples of 

partially purified lipase enzyme and marker were subjected to Native-PAGE. Bovine serum 
albumin (BSA 1 mg mL–1) was used as a marker. After electrophoresis, the gel was cut 
vertically. The first part including the samples of partially purified lipase enzyme and BSA 
were stained with CBB R-250. The other parts of the gel were assayed for direct detection. 
The direct lipase activity was measured [22]. 
 
3.  Results and discussion 

The thermophilic lipases are more important than the other lipases for the stable 
toward the chemical denaturation and the high temperatures [23]. In order to define the novel 
thermophilic lipase enzyme from novel bacterial strains, in this study, five bacteria were 
isolated from Hayran thermal springs. The thermal springs is a geothermal area in Giresun. 
Turkey and there is not any scientific study.  
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In this study, the bacterial strains were identified as four Bacillus licheniformis 
(Bl-Ht1, Bl-Ht2, Bl-Ht5, and Bl-Ht7), and a Bacillus subtilis (Bs-Ht9), isolated from Hayran 
Thermal Springs in Giresun. Colonies of the four strains are the cream color, irregular, 
mucoid, opaque and fast growing, and colonies of one strain are the cream color, small-
circular, regular, opaque and fast growing. All the strains are Gram-positive, thermotolerant, 
lipase-positive, citrate-positive and amylase-positive. The strains grow within a temperature 
range of 37°C - 60°C. In addition to, some physiological and biochemical characteristics of 
the strains are different the each other (Table 1). Although many features of the strains are 
very similar, they are separated from each other with the some physiological features. 

 
The 16S rDNA gene sequence of the Bl-Ht1 was revealed a consistently 99% similarity 

with B. licheniformisstrains (Ac. No; FJ808719, Ac. No; KC310459, Ac. No; GU906247). 
Bl-Ht2 is 97% homologous with B. licheniformis strains (Ac. No; KC310460, Ac. No; 
GU011947).Bl-Ht5 is similar (95%) with B. licheniformis strains (Ac. No; KC310461, Ac. 
No; FJ808720).Bl-Ht7 is 99% similarity with B. licheniformis strains (Ac. No; HE804780, 
KF646695, Ac.No; KF535152). Bs-Ht9 is 100% and 99% similarity with Bacillus subtilis 
(Ac. No; AB480778, Ac. No; KC788140). The biochemical and physiological properties of 
the strains match well with the molecular identification. 

 
The tween 20 and tween 80 agar plates were used for the qualitative lipase activity of the 

strains (Table 1). The qualitative activity was indicated by the appearance of a visible precipitate 
(white crystal), resulting from the deposition of crystals of the calcium salt formed by the fatty 
acid liberated in the case of tween 20 or 80 hydrolysis [24]. We showed that the strain Bl-Ht7 
was produced the highest the lipase activity so, we have characterized this enzyme (Table 1). 
In the previous studies, B. licheniformis [25], Bacillus sp. RSJ-1 [26], B. thermoleovorans 
ID-1[10], Bacillus sp. THL027 [27], Bacillus sp. strain A30-1[14], Bacillus sp. strain 398 
[28], B. thermocatenulatus [11], Bacillus spp. [29] was reported as lipolytic enzyme producers. 

 
The lipase enzyme secreted from the strain Bl-Ht7 was partially purified from the 

bacteria supernatant with 50% ammonium sulphate precipitation. The enzyme activity and 
specific activity was calculated as 2.128 U L-1 and 15.916 U g-1, respectively (Table 2). 

 
The optimal production time and carbon source for the production of the lipase were 

found as 24 h, and olive oil (Table 3). The production parameters of the thermophilic lipases 
were varied such as optimal parameters of the lipase from the thermophilic B. coagulans 
BTS-3 was obtained in 48 h and mustard oil as carbon source [30]. In other study, Bacillus sp. 
IHI-91 was used olive oil as carbon source for lipase production [10]. 

 
The quantitative enzyme activity was analyzed by the using different substrates such 

as p-Nitrophenyl acetate(C2), and p-Nitrophenyldodecanoate(C12) with spectrophotometric 
method [18]. The mixture prepared as described in 2.3. Lipase Activity Assay was incubated 
for 15 min at 30°C and was immediately cooled for 10 min to 4°C. Lipase activity was read at 
410 nm[18], and enzyme activity was calculated as U L–1[18]. Our results showed that the 
lipase enzyme obtained from strain Bl-Ht7 has high lipase activity than the other strains, so 
the lipase from Bl-Ht7 was defined. In addition to we showed that the enzyme had activity 
towards p-nitrophenyldodecanoatebut has not towards p-nitrophenyl acetate (Figure 1). We 
can say that the enzymefrom Bl-Ht7 is true lipases, because it is display maximal activity 
towards water insoluble long-chain triglycerides [31]. The lipase enzyme was showed 
maximum activity at 90°C in glycine-NaOH buffer at pH 9.0 (Figure 2 and 3). Furthermore, 
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we can say that the enzyme from Bl-Ht7is a thermophilic-lipase enzyme, because it was 
showed the maximum activity at 90°C. The thermophilic Bacillus genus is the focus of 
investigations, because thegenus is the best source of thermophilic lipases that are the stable 
at high temperature [9]. For examples, the enzyme from Bacillus sp. H-257 exhibits the 
maximum activity at 75°C and pH 6.0 - 8.0 [32], the enzyme from the B. thermoleovorans 
ID-1 has a maximum activity at 75°C [33], the enzyme from B. thermoleovorans CCR11 
exhibits the maximum activity at 60°C and pH 9.0 - 10.0 [34]. Furthermore, the recombinant 
lipase obtained from thermophilic Geobacillus sp. TW1 has the optimal activity at 40°C and 
pH 7.0 - 8.0. It is active at 90°C and the higher temperature at pH 7.5 and is stable over a 
wide pH ranging from 6.0 to 9.0 [35]. 

 
The lipase from the strain Bl-Ht7 was subjected with the metal ions and organic 

solvents, finally, Ca2+ Co2+ and Zn2+ were increased the activity (Figure 4). The applications of 
the other ions are not important differences in the activity. It is known that the lipase activity 
increases with applying the Ca2+ because of the released fatty acids with the action of calcium 
ions [36]. Furthermore, we showed that the organic solvents was increased the enzyme activity 
(Figure 5). The enzyme was tolerated a wide range of organic solvents. These properties of 
the enzyme are attractive for the industrial applications. In the previous studies, the enzyme 
from thermophilic B. coagulans BTS-3 was inhibited by Al3+, Co2+, Mn2+, and Zn2+ ions, but 
K+, Fe3+, Hg2+, and Mg2+ ions enhanced the enzyme activity, Na+ ions have no effect on enzyme 
activity [30], the activity of recombinant lipase obtained from thermophilic Geobacillus sp. 
TW1 enhances the application of the Ca2+, Mg2+, Zn2+, Fe2+ or Fe3+, but was inhibited by Cu2+, 
Mn2+, and Li+ [35], the thermoalkalophilic lipase activity produced by B. thermoleovorans 
CCR11 was inhibited with the application of the Hg2+, PMSF, SDS, Tween 80 and Tween 20, 
but Ca2+ salts and Triton X-100 was increased [34]. The activity of the thermostable alkaline 
lipase from a new thermophilicBacillus sp. RSJ-1 was promoted in the presence of Ca2+, Na+, 
Mg2+ and Ba2+ and was strongly inhibited by Cs+, K+, Co2+ and Zn2+ and EDTA did not affect 
the enzyme activity [26]. The thermophilic lipase from T. lanuginosus was enhanced by Ca2+ 
and inhibited by Fe 2+, Zn2+, K+, and Ag+ [36]. By comparison with the other lipase, our 
defined thermophilic lipase exhibites a good tolerance towards ions and organic solvents. 

 
The molecular weight of the lipase secreted from Bl-Ht7 was determined as approximate 

22 kDa by the Native-PAGE (Figure 6A), and the zymogram analysis with the Native-PAGE 
(Figure 6B). The zymogram analysis was showed a visible precipitate was formed around the 
active band as molecular weight is approximate 22 kDa and this data was confirmed by the 
Native-PAGE. Also, we showed that the lipase is a monomeric protein. The molecular weight 
of the mesophilic enzymes is higher than thermophilic enzymes [10]. It is thought that the 
thermophilic enzymes have a higher thermostability than mesophilic enzymes. So, the 
mesophilic enzymes is the large proteins and the thermophilic enzymes is small and generally 
the monomer proteins[10]. The molecular weight of the lipase from the strain Bl-Ht7 is 
similar the other molecular weight of the themophilic lipase enzymes, for example, the 
enzyme from thermophilicBacillus sp. H-257 is the 24 kDa and it is a monomeric protein 
[32], the molecular weight of a thermophilic lipase from B. thermocatenulatus is the 16 kDa 
[11], the thermoalkalophilic lipase produced by B. thermoleovorans CCR11 is the 11 kDa 
[34]. Furthermore some thermophilic lipases have larger molecular weight such as the 
thermostable lipase from a new thermophilic Bacillus sp. RSJ-1 was determined as 37 kDa [26], 
the molecular weight of the enzyme from thermophilic B. coagulans BTS-3 is the 31 kDa 
[30], the thermostable lipase from a thermophilic Bacillus sp. is a monomeric protein and the 
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molecular weight is the 45 kDa [29] and the molecular mass of the thermophilic lipase 
obtained from Bacillus sp. THL027 is the 69 kDa [27]. 
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Figure 1. The lipase activity towards p-Nitrophenyl dodecanoate 

 

 
Figure 2. Effects of pH on enzyme activity 

 
 

 
 

Figure 3. Effects of temperature on enzyme activity 
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Figure 4. Effects of metal ions on enzyme activity 

 
 

 
Figure 5. Effects of organic solvents on enzyme activity 

 
 

 
 

Figure 6. A; Native-PAGE analysis. B; direct detection of the lipase activity with zymogram analysis. C; marker. 
The arrows indicate the lipase enzyme. 
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Table 1. Biochemical and physiological characteristics of strains 

 
 

Table 2. Partially purification of lipase enzyme produced by Bacillus licheniformis (Bl-Ht7) 

(NH4)2SO4 
Saturation Rate 

Activity 
(U L-1) 

Protein 
(g L-1) 

Specific Activity 
(U g-1) 

0% 1.751 0.3898 4.4920 
30% 2.684 1.3829 1.9410 
50% 2.128 0.1337 15.916* 
80% 4.398 0.7802 5.6370 

(*); the highest activity 
 
 
 

Table 3. Effect of the different media and incubation time on growth and enzyme production 

  OD600  - Activity (U L-1) 

Inc. time(h) /C. source Tween 20 Tributyrine Tween 80 Olive oil 
24 2.251-0.832 4.087-0.731 2.312-0.795 6.016-1.438* 
48 3.145-0.727 3.541-0.804 3.289-0.677 5.702-0.697 
72 1.652-1.243 4.150-0.605 2.523-0.791 5.785-0.536 

(*); the highest activity 
 

 
 

4.  Conclusion 
The present findings show that the thermophilic lipase enzyme obtained from strain 

Bl-Ht7 exhibited a high stability in broad range of temperature values, pH and towards ions 
and organic solvents. So, it is a good candidate for biotechnological applications. This strain 
can be used for industrial and environmental applications. However, further studies are 
needed for a better understanding of the molecular characterization and mechanism of activity 
of the thermophilic lipase enzyme obtained from strain Bl-Ht7. 
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Tests Bl-Ht1 Bl-Ht2 Bl-Ht5 Bl-Ht7 Bs-Ht9 

Colony 
characteristics 

Cream colour, 
Irregular, 
mucoid, opaque 

Cream colour, 
Irregular, 
mucoid, opaque

Cream colour, 
Irregular, 
mucoid, opaque 

Cream colour, 
Irregular, mucoid, 
opaque 

Cream colour, 
Small, circular, 
regular, opaque 

Gram staining Gram (+) Gram  (+) Gram  (+) Gram (+) Gram  (+) 
Temp. range 37°C - 60°C 37°C - 60°C 37°C - 60°C 37°C - 60°C 37°C - 60°C 
NaCl tolerance 2% - 12% 2% - 5% 2% - 7% 2% - 5% 0 
pH range 7.0 - 11.0 5.0 - 7.0 5.0 - 7.0 7.0 7.0 
Citrate act. + + + + + 
Lipase act. + + + + + 
Amylase act. + + + + + 
Tryptophanase act. - - - - - 
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