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Purification and characterization of a pH and heat stable 
esterase from Geobacillus sp. TF17

[pH ve ısıl kararlı bir esterazın Geobacillus sp. TF17 suşundan saflaştırılması ve 
karakterizasyonu]
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ABSTRACT
Objective: To purify and characterize an esterase from a thermophilic bacterium, Geobacillus 
sp. TF17.
Methods: The crude esterase was purified by using acetone precipitation and ion exchange 
choromatography methods and characterized.
Results: The optimum temperature and pH of the enzyme were found to be 50°C and 7.5, 
respectively. The purified enzyme was extremely stable in the range of pH 4.0-9.0 after 72 
hour incubation at 4°C. The thermal stability profile shows that this enzyme is stable in 
the range of 30-50°C after 72 h incubation. The Km and Vmax values for this esterase in the 
presence of p-nitrophenyl butyrate (pNPB) as substrate were found as 0.056 mM and 19.38 
U/mg protein, respectively. The enzyme activity was inhibited more than about 60% in the 
presence of some organic solvents such as isopropanol and acetonitrile. Additionally, it was 
detected that some metal ions affect the enzyme activity at different ratio.
Conclusion: An esterase was purified and characterized from Geobacillus sp. TF17. The pH 
and thermal stability of purified enzyme are quite high. The data obtained from this study 
show that the purified esterase has advantages for industrial or biotechnological applications 
in terms of especially its high thermal- and pH-stability.
Key Words: Geobacillus, thermophile, esterase, characterization, pH stability, thermal 
stability
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ÖZET
Amaç: Termofilik bir bakteri olan Geobacillus sp. TF17 suşundan esteraz enziminin 
saflaştırılması ve karakterize edilmesidir.
Yöntemler: Ham enzim, aseton çöktürme ve iyon değişim kromatografisi metodları 
kullanılarak saflaştırıldı ve karakterize edildi.
Bulgular: Saf enzimin optimum pH ve sıcaklığı sırasıyla 7,5 ve 50°C olarak bulunmuştur. 
Saf enzimin, 4°C’de pH 4,0-9,0 aralığında 72 saatlik inkübasyon süresi sonunda oldukça 
kararlı olduğu gözlenmiştir. Termal kararlılık eğrisi göstermektedir ki saf enzim, 30-50°C 
arasındaki sıcaklıklarda, 72 saat inkübasyon süresinden sonra kararlıdır. p-nitrofenil butirat 
(pNPB) substratı varlığında esteraz enziminin Km ve Vmax değerleri, sırasıyla, 0,056 mM ve 
19,38 U/mg proteindir. İzopropanol ve asetonitril gibi bazı organik çözücülerin varlığında 
enzim aktivitesinin %60’ından fazlası inhibe olmuştur. Ayrıca bazı metal iyonlarının enzim 
aktivitesini farklı oranlarda etkilediği tespit edilmiştir.
Sonuç: Geobacillus sp. TF17 suşundan bir esteraz saflaştırılmış ve karakterize edilmiştir. 
Saf enzimin pH ve ısıl kararlılığı oldukça yüksektir. Elde edilen veriler, özellikle termal 
ve pH kararlılığı dikkate alındığında enzimin endüstriyel ya da biyoteknolojik uygulamalar 
açısından avantajlı olduğunu göstermektedir. 
Anahtar Kelimeler: Geobacillus, termofil, esteraz, karakterizasyon, pH kararlılık, ısıl 
kararlılık
Çıkar Çatışması: Yazarlar çıkar çatışması bulunmadığını beyan eder.
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Introduction
Two kinds of lipolytic enzymes (esterases and lipases) 
are known as a/b-hydrolases (EC 3.1.1.X) [1]. Their 
special catalytic properties make them very attractive 
for industrial applications such as detergent industry, 
oleochemical industry, pulp and paper industry and 
resolution of chiral drugs [2,3]. While they can be used 
as a catalyst to cleavage ester bounds in the presence of 
water in reaction media, they catalyze formation of ester 
bound via esterification, inter-esterification and trans-
esterification reactions in organic media [4]. It was also 
declared that esterases degraded natural materials and 
industrial pollutants such as cereal wastes, plastics and 
other toxic chemicals [5]. 
Most of the lipases used in industry are of microbial 
(fungal or bacterial origin) enzymes [6]. The researches 
on esterases from thermophilic microorganisms are 
interesting in terms of understanding the stabilities of 
esterases and improving new esterases for application 
to the industrial processes. Additionally, enzymes 
from thermophilic microorganisms are widely used 
in commercial applications because of their inherent 
stability [7]. Many researchers have focused on searching 
novel esterases for various industrial production 
processes. So, different esterases are produced from 
various sources. Considering biocatalytic applications, it 
is of great interest to study the specificity and selectivity 
of novel enzymes. 
The strain TF17 used in this study was isolated from a 
hot spring in Ömerbeyli/Aydın, a province of Turkey and 
identified as Geobacillus sp. by a group of researchers 
in the Department of Biology in Karadeniz Technical 
University, based on morphological, physiological, 
biochemical properties and 16S rRNA  analysis 
(unpublished data). 
Here, we report the isolation and purification of an 
intracellular esterase from the thermophilic bacterium 
Geobacillus sp. TF17. Additionally, the esterase was 
biochemically characterized in detail. The data obtained 
from this study are important in terms of pH and heat 
stability of investigated esterase and providing a new 
enzyme source for industrial applications.

Materials and Methods

Chemicals
Substrates were purchased from Sigma Chemical Co. 
(St. Louis) and other reagents were of analytical grade 
and used as obtained.

Bacterial strain, culture conditions and enz-
yme extraction
Geobacillus sp TF17 isolated from the Ömerbeyli 
Jeotermal  in Aydın, Turkey was grown aerobically at 
55°C  in  Luria-Bertani (LB) medium. The cells were 
collected by centrifugation (10000 rpm, 4°C and 10 

min.), resuspended in 20 mM Tris-HCl buffer (pH 8.0) 
containing 10 mg/ml lysozyme, incubated at 37°C for 30 
min and finally sonicated (Bandelin-Sonopuls, Germany) 
in an ice bath (80% amplitude, 1.0 cycle for 5 min). The 
sonicate was removed by centrifugation at 10000 rpm for 
10 min at 4°C and supernatant used as the cell-free extract.

Enzyme purification
The crude extract was precipitated by using an equal 
volume of cold acetone (chilled -30°C). The crude 
extract-acetone mixture was stored at +4°C for 2 hours. 
The acetone precipitate was collected by centrifugation 
(5000 rpm and 10 min +4°C) and left for 24 h at 4°C 
to remove acetone. After that, the precipitate was 
resuspended in 50 mM Tris-HCl buffer (pH 8.0). After 
being stirred for 5 min, the suspension was centrifuged 
at 5000 rpm for 5 min. The supernatant was applied to a 
Q-Sepharose Fast Flow Anion Exchange column (1.5 x 
30 cm, Sigma St. Louis, MO, USA) equilibrated with 20 
mM Tris-HCl (pH 8.0), at a flow rate of 1 ml min-1. After 
loading, the column was washed with 200 ml of the 
equilibration buffer to elute unbound proteins. Bound 
proteins were eluted by a linear gradient of NaCl (0-
0.6 M). The presence of proteins in collected fractions 
was monitored by measuring absorbance at 280 nm. 
Fractions were examined for esterase activities using 
p-NPB as a substrate. Active fractions were pooled and 
concentrated by ultrafiltration (Ultracell Membrane 
10.000 MWCO Millipore, Amicon, USA).
The protein concentrations were determined according 
to Lowry at al. [8] with bovine serum albumin as a 
standard. The values were obtained from calibration 
curve prepared at 650 nm.

Native PAGE and activity staining
Enzyme purity was monitored by Native-PAGE with 
Comassie Brillant Blue staining. Non-denaturing 
polyacrylamide gel electrophoresis was performed at 
4°C by using a 5% stacking gel and a 10% separating 
gel [9]. Esterase activity staining was performed by 
incubating the gel in    100 ml of 50 mM Tris-HCl buffer 
(pH 8.0) containing 2% (v/v) β-naphthyl acetate (30 mM, 
dissolved in acetone) at 50°C for 25 min and then adding 
0.04% (w/v) Fast Blue B salt [10].

Enzyme assay 
Esterase activity was determined by measuring the 
amount of p-nitrophenol released by esterase catalyzed 
hydrolysis [11]. The substrate mixture contained 10 mM 
pNPB, ethanol and Tris- HCl buffer (pH 8.0, 20 mM) 
in the ratio of 1:4:95 (v/v/v), respectively. The reaction 
mixture was incubated at 50ºC for 20 min and then the 
change in absorbance at 405 nm was monitored. The 
non-enzymatic reaction was monitored as a control in 
the presence of pNPB. One unit of esterase activity was 
defined as the amount of enzyme that produced 1 µmol 
of p-nitrophenol per minute [11]. 
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Substrate specificity and kinetic studies
The substrate specificity of purified esterase was 
analyzed using p-nitrophenyl esters. The solutions of 
different chain-length fatty acid nitrophenyl esters such 
as p-nitrophenyl acetate (pNPA), p-nitrophenyl butyrate 
(pNPB) and p-nitrophenyl laurate (pNPL) were prepared 
at 10 mM concentrations. The esterase activity was 
assayed using the standard method described previously 
[11]. 

Effect of substrate concentration on esterase 
activity 
A substrate saturation curve was obtained by plotting the 
final substrate concentration in the range of 0.005-0.5 
mM versus esterase activity in the presence of pNPB as 
substrate. The Michaelis-Menten constant (Km) and the 
maximum velocity of the reaction (Vmax) were calculated 
from Lineweaver-Burk plot [12]. 

Effects of pH and temperature on enzyme ac-
tivity
Esterase activity was measured at different pH values 
by using the following buffers Mcilvaine   (pH 4.0-7.0) 
and Tris-HCl (pH 7.5-9.0). The activity was expressed 
as percent relative activity with respect to maximum 
activity which was considered as 100%.
Esterolytic activity, as a function of temperature, was 
determined in a temperature range of          20-80°C with 
10°C increments at the optimum pH value obtained for 
pNPB, using a thermoblock. The mixtures of buffer and 
the substrate solution were pre-incubated for 5 min at the 
indicated temperatures. The purified enzyme was added 
to the mixture and the relative activity was determined 
spectrophotometrically at 405 nm [11].

pH- and thermal stability of the esterase
To investigate pH stability, the enzyme solutions were 
incubated at different pH values Mcilvaine (pH 4.0-7.0) 
and Tris-HCl (pH 7.5-9.0) for 3 days at 4°C. Enzyme 
activities were examined under standard reaction 
conditions for the calculation of the residual activities. 
The percentage residual esterase activity was calculated 
by comparison with unincubated enzyme.
In order to determine the thermal stability of the enzyme, 
the enzyme was incubated in a thermoblock at various 
temperatures of 30-80°C with 10°C increments for 
different periods of time. After the mixture was cooled 
in an ice bath and brought to room temperature, the 
enzyme activity was assayed under the standard reaction 
conditions at optimum pH and temperature values. The 
percentage residual esterase activity was calculated by 
comparison with the activity of unheated enzyme.

Effects of different metal ions and organic sol-
vents on enzyme activity
The effect of various metal ions on esterase activity was 
tested by using the solution of chloride salts of metals 

such as Na+, Li+, Mn2+, Mg2+, Zn2+, Cu2+, Co2+ and Ca2+ 
at final concentrations of    1 mM and 10 mM [13]. 
The residual activities were measured by comparison 
with standard assay mixture containing no metal ion. 
Enzyme activity determined in the absence of metal 
ions was defined as 100%.
In order to determine the effect of the some organic 
solvents on the esterase activity, organic solvents such 
as methanol, ethanol, isopropanol and acetonitrile at 
final concentration of 10% were added to the standard 
reaction mixture [14]. The residual activities were 
measured by comparison with standard assay mixture 
containing no organic solvent. Activity of the enzyme 
without any additive was taken to be 100%. 

Results and Discussion

Esterase purification
In the present study, the purified esterase was 
obtained by acetone precipitation and ion exchange 
choromatography. The three-step enzyme purification 
is summarized in Table 1. The enzyme was purified 
57.1 fold and the specific activity of the purified enzyme 
was found to be 33.15 U/mg protein. The pure enzyme 
showed a single band on native PAGE with comassie and 
activity staining (Fig 1). Many studies on esterases with 
different levels of purification had been reported, 12.5 
fold from Thermoacidophilic archaeon esterase [15], 
42.7 fold from Bacillus [16], 52 fold from Melanocarpus 
albomyces [17] and 76.7 fold from Bacillus licheniformis 
S-86 [18]. It is easily seen from the data that choosen 
purification steps were performed successfully and 
efficiently. 

Substrate specificity and enzyme kinetics
To investigate the substrate specificity of the esterase, 
the hydrolyzing activity of purified enzyme toward 
p-nitrophenyl (pNP) esters of various carbon chain 
lengths was determined pH 8.0 and 50°C. Esterase had 
maximal relative activity toward p-NP butyrate and also 
p-NP acetate 100 and 61.65%, respectively, whereas 
p-NP esters (p-NP laurate and p-NP palmitate) with 
longer chain lengths were converted to p-nitrophenol 
only slightly or not at all. These results show that the 
purified enzyme is an esterase because of hydrolyzing 
the short-chain organic acid esters. This result is also 
consistent with Fu [19] and Chuang [20] for esterolytic 
enzymes from different sources.
Km and Vmax values of the esterase from Geobacillus 
sp. TF17 were determined from the linear regression 
analysis of 1/V versus1/[S]. Using p-NPB as 
substrate, Km and Vmax values were calculated to be 
5.6x10-2 mM and 19.38 U/mg protein, respectively (Fig 
2). Km value can change as depending on the structure of 
enzyme, substrate, pH, temperature and ionic strength 
[21]. The results obtained from this study, especially in 
terms of Km value make the study very interesting like 
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previously reported esterases [20,22]. It was reported 
that the Km values of most industrial enzymes varied 
within the range of 10−1 to 10−5 M when acting on 
biotechnologically important substrates [23].  Therefore, 
it is obvious that esterase from Geobacillus sp. TF17 
may be used in these processes. 

Effect of pH and temperature on enzyme ac-
tivity
As shown in Fig. 3A, the esterase had maximum activity 
at pH 7.5. Similar results were reported earlier for 
esterases from Brevibacterium linens ATCC 9174 [24] 
and Thermus thermophilus HB27 [25].
Effect of temperature on the enzyme activity was 
determined at different temperatures ranging from 20 
to 80°C. It was observed that the enzyme retained 70% 
of its maximum activity at 40 and 60°C and showed 
maximum activity at 50°C. (Fig. 3B). This is similar 
to earlier findings shown for Penicillium chrysogenum 
[26], Aspergillus niger [27,28] and Aspergillus oryzae 
[29] esterases. However, the optimum temperature 
of Geobacillus sp TF17 esterase is higher than the 
esterases from Cucurbita pepo Elc and Ell with an 
optimum temperature between 30 and 40°C [30] and 
some Bacillus sp. with an optimum temperature at 
45°C [17], and is lower than the esterase from Bacillus 
licheniformis S-86 [31] at 60°C and Fervidobacterium 
nodosum Rt17-B1 [32] at 75°C. 

pH- and thermal- stability
The pH stability of the purified esterase was determined 
by monitoring the residual activities after 72 h incubation 
of enzyme solutions at different pH values at 4°C. The 
results showed that the enzyme was quite stable at all 
investigated pH values at 4°C (Fig. 4A), with no loss 
of activity after 48 h of incubation. At the end of 72 h 
incubation period, all examined pH values except 7.5, the 
enzyme retained nearly 60% of its original activity but 
100% at pH 7.5. The pH stability profile of Bacillus sp. 
esterase showed that enzyme retained almost its original 
activity when it was incubated up to 10 h at pH 4.0-8.0 
[22]. In the other study for an esterase, it was observed 

Figure 1. Native PAGE with comassie blue and activity staining. (A) 
Comassie staining: line 1, crude enzyme extract; line 2, esterase 
purified by Q-Sepharose column chromatography , (B) activity 
staining: lane 1, crude enzyme extract; line 2, esterase purified by 
Q-Sepharose column chromatography.

Figure 2. Lineweaver-Burk plot of purified Geobacillus sp TF17 esterase.
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that the enzyme retained 50% of its original activity at 
pH 8.0 after 430 and 286 min incubation period at 50 and               
55°C [33]. Consequently, it can be said that Geobacillus 
sp TF17 esterase is fairly stable for pH changes. The 
stability of the enzyme in acidic and basic pHs suggests 
its usefulness in industrial applications. 
The purified esterase was almost completely stable at 
30, 40 and 50°C at the end of 72 h incubation period. 
Catalytic efficiency of the enzyme did not change at 40 
and 50°C while 90% and 30% of the original enzyme 

activity was retained after pre-incubation at 30 and 
60°C for 72 h, respectively. After 4 h incubation period 
at 70 and 80°C, It was seen that Geobacillus sp TF17 
was not stable at high temperatures (Fig. 4B). The 
thermal stability of esterase from Geobacillus sp. TF17 
was found higher than that observed in esterases from 
B. licheniformis S-86 (50% at 50°C for 1 h) [31] and 
Bacillus sp. (50% at 65°C for 10 h) [22], nearly similar 
with P. furiosus (100% 75°C for 2 h) [34] but lower than 
Thermus thermophilus HB27 esterase (50% at 85°C for 
135 min) [35]. 

Figure 3. (A) pH -Relative activity (%) and (B) Temperature -Relative activity (%) profiles of the purified esterase. (A) The activity was 
determined by performing pNPB assay in the pH range of 4.0-9.0. The activity at pH 7.5 corresponds to 100%. (B) The reaction mixture 
containing the purified enzyme and pNPB was incubated at various temperatures for 20 min. The esterase activity was measured by standard 
assay conditions. 
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Effect of organic solvents on esterase activity
The effect of organic solvents (10%, v/v, in final 
reaction mixture) on esterase activity was examined 
by determining residual activity of purified enzyme 
solution. The esterase retained 65% of its original 
activity in the presence of methanol or ethanol, whereas 
a stronger inhibition (64% and 82%) was observed in the 
presence of isopropanol and acetonitrile, respectively. 
These results are consistent with the literature. 

Thermoacidophilic archaeon esterase activities in the 
presence of some organic solvents were reported by Kim 
and Lee [16]. According to this study, esterase had a 
very high resistance against ethanol. While this enzyme 
has 40% relative activity against acetonitrile, enzyme 
activity was almost completely inhibited by methanol 
and isopropanol. Kluyveromyces marxionus CBS 15532 
esterase had 82% and 76% residual activities in the 
presence of methanol and ethanol, respectively [36]. 

Figure 4. pH and temperature stability profiles of the purified esterase. (A) The pH stability profile of the purified esterase. The enzyme was 
incubated in various buffers with a pH range from 4.0 to 9.0 for 3 days at 4°C. The reaction mixture contained the enzyme and pNPB substrate 
were assayed by standard assay conditions, and the residual activity was calculated. (B) Thermostability of purified esterase. After 1, 4, 24, 48 
and 72 h of incubation at different temperatures, the residual activities were measured by standard assay conditions. Control with non-incubated 
enzyme was used to determine the 100% activity value.
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Effect of some metal ions on the enzyme ac-
tivity
In the presence of all assayed metal ions at 1mM 
concentration, it was shown that the purified enzyme 
retained >70% of its original activity. However, Mn2+, 
Co2+ and Ca2+ at 10 mM concentration reduced original 
esterase activity more than 40%.  T. terreum [37],   C. 
pepo [30] and B. subtilis RRL 1789 [38] esterases were 
inhibited by Mn2+. Similar inhibitory effects of Co2+ on 
the activity of different esterases have been confirmed by 
several authors [19,37]. In the presence of Ca2+, esterases 
from rice bran [20] and S. thermophilus [39] was slightly 
inhibited, whereas an esterase from salt-tolerant Bacillus 
[17] was strongly inhibited. The addition of 10 mM Zn2+ 
and Cu2+ to the reaction mixture almost completely 
inhibited the enzyme activity (Table 2). Similar results 
have been reported for the esterases Cucurbita pepo 
[30] whereas the esterases from deep sea metagenomic 
library [19] and Acinetobacter baumannii BD5 [40] lost 
their activity more than 55% in the presence of Zn2+ and 
Cu2+ at 10 mM concentration. 
In conclusion, this study describes the successful 
purificaion and characterization of an esterase from 
thermophilic Geobacillus sp. TF17. This enzyme is 
characterized in terms of pH and temperature optima, 
thermal- and pH-stability and kinetic parameters. 

Biochemical characterization revealed several properties 
of Geobacillus sp. TF17 esterase and suggested that the 
enzyme may be used in the suitable biotechnological 
applications.
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