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Abstract A recombinant esterase from Lactobacillus plantarum was immobilized on
hydrophobic support polypropylene Accurel MP1000 by adsorption. Adsorption efficiency
was 83%, and the immobilized protein was 12.4 mg/g of support. Esterase activity was
determined using p-nitrophenyl butyrate as substrate, and highest activities were observed
at 50 °C for immobilized enzyme and 30 °C for free enzyme extract. Concerning thermal
stability, after enzyme incubation at 80 °C for 30 min, immobilized and free enzyme
retained 91% and 56% of initial activity, respectively. Immobilized enzyme presented lower
Vmax and higher Km than free enzyme. Protein was not released from the support, and
esterase activity increased after 3 cycles of reuse.
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Introduction

Enzyme immobilization is an important technique which ensures recycling of the
biocatalyst, permits easy product separation, and improves performance of the enzyme
[1–3]. Kinetic behavior of immobilized enzyme is different from free enzyme due to
conformational changes, steric, partition, microenvironmental and diffusion effects.
Commonly used immobilization methods include simple adsorption of the enzyme to the
surface of a solid support, covalent binding of the enzyme to a solid support, encapsulation,
and entrapment. Adsorption is the most commonly used method because of its simplicity
[2, 4]. Adsorption of a protein onto a solid surface is a widely used method and porous
polypropylene Accurel has been used to immobilize different hydrolases [1, 5–7].
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Esterases belong to the general class of carboxylic ester hydrolases (EC 3.1.1). They are
serine hydrolases capable of synthesizing or hydrolyzing esters depending on the
physicochemical conditions. Esterases can be used in media containing low water content,
where they catalyze reactions such as esterification or transesterification. These reactions
led to several potential applications as synthesis of flavor esters for food industry [8] and
wine industry [9], the resolution of racemic mixtures by transesterification, or enantiose-
lective hydrolysis of esters for obtaining optically pure compounds [10].

Esterase enzymes of lactic acid bacteria represent a diverse group of enzymes that may
have multiple activities depending on the substrate available and on the environment in
which the enzyme is operating [9]. Lactobacillus plantarum is a well-known lactic acid
bacteria being often associated with meat and dairy fermented products [11]. Information
about lactic acid bacteria as a source of useful enzymes is scarce, especially concerning
esterases from Lactobacillus spp. Reports describing cloning, expression, and characterization
of six esterases from lactic acid bacteria have been published, EstA (AF157601) from
Lactococcus lactis subsp. lactis (B1014), EstB (AF494421) and EstC (AF506279) from
Lactobacillus casei LILI, EstI (AY251019) from L. casei CL96, EstA (AF136284)
from Lactobacillus helveticus CNRZ32, and EstLpl (AL935263) from L. plantarum
ATCC8014 [9, 12–16].

Recently, an esterase from L. plantarum was cloned, purified by immobilized metal-ion
affinity chromatography, and characterized [16]. It presented an apparent molecular mass of
about 38 kDa, optimal catalytic activity at pH 6.0 and 40 °C, and preference for substrates
containing short-chain fatty acids. The aim of the present study was to immobilize the
recombinant esterase from L. plantarum [16] on polypropylene Accurel MP1000. Catalytic
activities of the immobilized and free enzymes were compared, and thermal stability and
reuse of the immobilized enzyme were tested.

Material and Methods

Bacterial Strain, Plasmid, Support, and Chemicals

Escherichia coli strain BL21 (DE3) pLysS containing the plasmid pET14b-Est_Lpl [16]
was used for protein expression of L. plantarum esterase. The p-nitrophenyl butyrate
(pNPC4), isopropyl-L-thio-β-D-galactopyranoside (IPTG), phenylmethylsulfonyl fluoride
(PMSF), and other chemicals were purchased from Sigma. The support used for enzyme
immobilization was microporous polypropylene (Accurel MP1000) supplied for Accurel®
Systems.

Recombinant L. plantarum Esterase

E. coli BL21 (DE3) pLysS harboring the pET14b-Est_Lpl vector were inoculated in 10 mL
LB broth supplemented with 100 μg/ml ampicillin and 50 μg/ml chloramphenicol.
Overnight cultures were transferred to 250 ml of the same medium and cultivated at 37 °C
until OD600 of 0.8. IPTG was added to a final concentration of 1 mmol/l, incubated at 15 °C
for 18 h. Cells were harvested by centrifugation (3,000×g, 15 min, 4 °C), and pellet was
kept at −20 °C. Pellet was resuspended in 2 mL of 50 mM phosphate buffer pH 8.0
containing 40 μg/ml of PMSF, disrupted by gentle sonication (7 cycles, 20 s) on ice, and
centrifuged (10,000×g, 20 min, 4 °C) twice in order to obtain the esterase extract. Extract
containing the recombinant esterase was filtered on Millipore 0.22 μm and kept at 4 °C
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until immobilization. Protein concentration was determined using a Bio-Rad protein assay
kit with bovine serum albumin as standard.

Esterase Immobilization onto Polypropylene

Recombinant esterase from L. plantarum was immobilized on Accurel MP1000 by
adsorption. One hundred milligrams of Accurel was placed in 250 μl of ethanol. Esterase
extract was diluted in 3 ml phosphate buffer (24 mM, pH 7.0) to final protein concentration
of 1 mg/ml, added to 100 mg of support previously treated with ethanol, incubated at 24 °C
for 18 h under agitation (120 rpm), and then filtered and washed with water at 4 °C. After
incubation at 30 °C for 6 h, dried immobilized esterase was kept at 4 °C until enzyme
activity assay. Aliquots from initial and final solutions were collected, and protein content
and enzyme activity were quantified in order to determine immobilization yield.

Esterase Activity

A stock solution of 100mmol/l of p-nitrophenyl butyrate (pNPC4) was prepared in isopropanol
and mixed with 50 mM phosphate buffer (pH 6.0) in order to obtain the reaction buffer
containing 1 mmol/l pNPC4. To initiate the reaction, 30 mg of support containing the
immobilized esterase was mixed with 3 ml of reaction buffer at 40 °C for 30 min under
agitation (100 rpm). In order to stop the reaction, 750 μl of 100 mmol/l Na2CO3 was added
[8], and immobilized enzyme was separated by centrifugation (9.3×g, 5 min, 24 °C). Enzyme
activity was determined by quantification of p-nitrophenol at 348 nm in spectrophotometer
(HITACHI U2910). Blanks consisted of the reaction buffer containing the Accurel support
processed under the same conditions. Molar extinction coefficient for p-nitrophenol was
experimentally determined as 5,487.25 M−1cm−1. In order to investigate temperature effect,
enzyme activities of free and immobilized enzyme were carried out at 30, 40, 50, and 60 °C as
described above.

Kinetic Parameters

Esterase activity was measured as a function of different concentrations (0.1, 0.2, 0.3, 0.4,
0.5, 1, 2, and 3 mM) of pNPC4. Michaelis–Menten substrate affinity constant (Km),
maximum velocity (Vmax), and the turnover number (kcat) were calculated using GraphPad
Prism 5.01 software.

Thermal Stability

Thermal stability was performed by incubating 30 mg of support containing immobilized
enzyme in 1 ml of 50 mM phosphate buffer, pH 6.0, for 10, 20, 30, and 60 min. After
incubation, 1.85 ml of 50 mM phosphate buffer, pH 6.0, were added, and solution was
incubated at 40 °C for 10 min. For enzyme activity, 150 μl of 20 mM pNPC4 were added,
and activity assay was carried out as described above.

Operational Stability

Efficiency reusing of immobilized enzyme was determined as described above using 50 mg
of support containing immobilized esterase and 5 ml of reaction buffer. After enzymatic
assay, immobilized esterase was collected by filtration and washed with ultrapure water in
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order to remove reactants from activity assay. Then, support containing immobilized
enzyme was resuspended in fresh reaction buffer in order to start a new run. A total of six
runs were carried out for testing operational stability of immobilized esterase.

Desorption Assay

A desorption assay was performed in order to detect protein desorption from support. In
this way, 30 mg of support containing immobilized esterase were incubated in 2 ml of
50 mM phosphate buffer, pH 6.0, at 40 °C on a shaker (100 rpm). Aliquots were collected
every 30 min, and protein content was determined using a Bio-Rad protein assay kit with
bovine serum albumin as standard.

Results and Discussion

L. plantarum recombinant esterase was previously cloned, sequenced, and expressed in E. coli
BL21 (DE3) pLysS harboring the plasmid pET14b-Est_Lpl [16]. The same E. coli strain was
used for expression of L. plantarum recombinant esterase in order to immobilize the enzyme.
Transformed cells were grown in the presence of IPTG 1 mM for 18 h at 15 °C. After
centrifugation, cell pellet was resuspended in phosphate buffer and disrupted by sonication.
Obtained supernatant was centrifuged twice and filtered. Soluble esterase extract was then
immobilized onto polypropylene Accurel MP1000. Immobilization was carried out by
adsorption, which usually causes a slight decrease of enzyme activity. Immobilization in
polypropylene Accurel MP1000 was successfully performed, immobilization efficiency was of
83±4% (based on esterase activity), and amount of adsorbed enzyme was of 12.4±5.4 mg/g of
support. This result is higher than previously reported, a lipase extract from Geobacillus
thermoleovarans immobilized in polypropylene resulted in 8.7 mg/g of adsorbed protein per
support [7], and a lipase from Candida rugosa immobilized in polypropylene resulted in
8.1 mg/g of adsorbed protein per support [17]. A recombinant thermostable esterase (Pf2001)
from Pyrococcus furiosus immobilized in polypropylene Accurel MP-1000 resulted in
35.5 mg/g of adsorbed protein per support [6]. According to Almeida et al. (2008), there is a
large variation of results depending on the adsorption system, where enzyme characteristics,
support superficial area, and particle and pore size seem to play an important role in the
adsorption process.
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Fig. 1 Effect of temperature on free and immobilized L. plantarum esterases. Enzyme activity was measured
using pNPC4 at pH 6.0. Results are mean±SE of four replications
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Fig. 2 Thermal stability of free and immobilized L. plantarum esterases. Enzyme activity was measured
using pNPC4 at pH 6.0 and 40 °C after incubation at 80 °C for 10, 20, 30, and 60 min. Results are mean±SE
of four replications

Fig. 3 Michaelis–Menten plots of a immobilized esterase and b free esterase. Kinetic data were measured
using pNPC4 as substrate in 50 mM phosphate buffer pH 6.0 at 40 °C. Inset graphs show the Lineweaver–
Burk plot of the transformed data. Results are mean±SD of four replications
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Effect of Temperature on Activity and Stability of Free and Immobilized Enzyme

Effect of temperature on hydrolysis activity of free and immobilized enzyme was evaluated at
30, 40, 50, and 60 °C (Fig. 1). Free enzyme presented 100% activity at 30 °C and 33%, 13%
and 6% activity at 40, 50, and 60 °C, respectively. Immobilized enzyme presented 100%
activity at 50 °C and 40–50% activity at 30, 40, and 60 °C. It has been observed that
immobilized enzyme showed a similar temperature behavior as already reported by other
authors [18, 19]. Esterase activity of free and immobilized esterase extract were evaluated at
40 °C, once both presented 35% of highest activity at 40 °C. Other authors have shown that
immobilized enzyme activity is higher than free enzyme activity at temperatures above 40 °C
[18–22]. Recombinant esterase from L. plantarum purified by immobilized metal affinity
chromatography presented highest hydrolysis activity for pNPC4 at 40 °C [16]. Otherwise,
free recombinant L. plantarum esterase extract used in this study presented highest activity at
30 °C (Fig. 1).

An important parameter has been thermal stability, largely investigated for industrial
applications. The thermal stability was determined by the incubation of free and
immobilized enzyme extracts at 80 °C for different time intervals. After the incubation at
40 °C for 10 min, esterase activity was measured at 40 °C (Fig. 2). After 30 min of
incubation, immobilized enzyme presented higher residual activity (91%) than free enzyme
(56%). This result was in agreement with other studies in which immobilized enzyme in
hydrophobic supports presented higher thermal stability than free enzyme [2, 7, 23].
Immobilization could promote a restriction on the protein conformational motility, and it
could cause high rigidity in enzyme structure, the prevention of unfolding and loss of
catalytic activity [2, 7, 23]. The immobilization by adsorption seems to play an important
role in the stabilization of the enzyme structure and resistance to denaturation [2].

Table 1 Kinetic parameters of immobilized and free L. plantarum recombinant esterases.

Enzyme Specific
activity (Umg−1)

Vmax

(nmolmin−1mg−1)
Km (mM) kcat (s

−1) kcat/Km

(s−1mM−1)

Immobilized 1.8±0.3 4.0±0.6 1.39±0.48 2.61×10−3 1.87×10−3

Free enzyme 215.1±7.6 333.1±15.1 0.59±0.07 2.16×10−1 3.65×10−1

Results are mean±SD of four independent experiments
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Fig. 4 Operational stability of immobilized L. plantarum esterase. Enzyme activity was measured using
pNPC4 at pH 6.0 and 40 °C. Results are mean±SE of four replications
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Kinetic Parameters of Free and Immobilized Enzyme

Kinetic constants were determined using different concentrations of substrate pNPC4 (Fig. 3).
Vmax, Km, kcat, and kcat/Km values were obtained from Michaelis–Menten plot, and the values
for immobilized enzyme refer to milligram protein bound to the polymer (Table 1). Vmax was
lower for immobilized enzyme. After immobilization process, a decrease in reaction velocity is
usually observed, as reported by other authors [19, 24, 25]. Km value of immobilized enzyme
was lower than value found for free enzyme, evidencing a decrease in substrate enzyme affinity
after immobilization process (Table 1). Turnover number, kcat, gives the number of substrate
molecules converted in product by the active site for second, and ratio kcat/Km relates catalytic
efficiency and substrate affinity. Evaluation of these parameters showed that immobilized
enzyme presented values lower than those found for free enzyme. The low value found for kcat/
Km of immobilized enzyme is related to its low catalytic efficiency. The advantage of the
immobilized enzyme is the reutilization; otherwise, the free enzyme could not be reused.

Operational Stability of Immobilized Enzyme

Desorption assay was carried out in order to determine the loss of immobilized protein
during hydrolysis reaction; until the third cycle, there was no loss of protein content,
determined by Bradford method. Chemical nature of the support, immobilization process,
and operational conditions strongly influence on the number of cycles for immobilized
enzyme re-using. One of the main disadvantages of immobilization by adsorption is that
enzyme presents loss of stability when reused, mainly in aqueous media [7]. In the present
study, reutilization assay of the immobilized enzyme showed an atypical result until third
cycle due to an increasing in enzyme activity (Fig. 4). However, for fourth to sixth cycles, a
typical decreasing in catalytic activity was observed. Such decreasing is usually observed
and was reported by other authors [7, 25–27].

Conclusion

Efficiency of adsorption process of recombinant esterase from L. plantarum in microporous
polypropylene Accurel MP1000 was 83%. Immobilized enzyme presented highest activity at
50 °C. Immobilized recombinant esterase from L. plantarum presented thermal stability,
retaining 91% of its activity after incubation at 80 °C for 30 min, and after 3 cycles of reuse, no
protein desorption was detected. Moreover, immobilized enzyme remained active after 6 cycles
of reuse. It is the first report describing the immobilization of a lactic acid bacteria esterase.
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