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RESEARCH

Esters biotransformation by immobilized interfacial esterases
from the Caribbean Sea anemone Stichodactyla helianthus

ABSTRACT
An immobilized biocatalyst (ShIE-Octyl) was obtained by interfacial adsorption on Octyl-Sepharose CL 4B support of all interfacial esterases from the aqueous extract of the sea anemone Stichodactyla helianthus. ShIE-Octyl,
synthesized by this simple method, contains semipurified interfacial esterases, including the isotoxins StI and StII.
The immobilized esterases are maximally stable at pH 7.0 for p-nitrophenylacetate hydrolysis (determined spectrophotometrically at 348 nm) during 6 days, although immobilization does not enhance the stability of the soluble
enzymes toward pH. In contrast, immobilization appreciably increases the stability toward temperature and organic
solvents. ShIE-Octyl shows 90 % residual activity after 6 days at 30 °C, and maintains at least 85 % initial activity
in presence of 10 % methanol or acetonitrile. The immobilized derivative catalyzes the hydrolysis of the pharmacologically relevant esters: naproxen methyl ester, 2-oxyranylmethyl acetate (OMAc), methyl-prostaglandin A2 and
ethyl-2-hydroxy-4-phenyl butanoate (HPBEt) (determined by RP-HPLC or HPTLC) with 95-100 % conversion in 6240
min, and tolerates 20 % organic solvents. The immobilized biocatalyst is selective for esters with simple alcoholic
and complex acid structures, but showing the infrequent ability to hydrolyze esters with heteroatomic or aromatic
alcoholic substituents, such as phenylethyl butyrate and 7-aminocephalosporanic acid. ShIE-Octyl is S-stereoselective
in the bioconversion of chiral HPBEt and OMAc, and R-stereoselective in the hydrolysis of naproxen methyl ester
in presence of 10 % methanol or acetonitrile. The selectivity by (S)-OMAc is favored at low temperature (4 °C) and
buffer ionic strength (10 mM sodium phosphate). The enantioselectivities toward naproxen methyl ester and OMAc
are unusual; then are particularly relevant.
Keywords: enantioselective hydrolysis, enzymatic bioconversion, interfacial adsorption, marine invertebrates,
sticholysins
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RESUMEN
Biotransformación de ésteres por esterasas interfaciales inmovilizadas a partir de la anémona marina
Stichodactyla helianthus. Se obtuvo un biocatalizador inmovilizado (ShIE-Octyl), mediante la adsorción interfacial
en el soporte Octyl-Sepharose CL 4B de todas las esterasas interfaciales del extracto acuoso de la anémona marina
Stichodactyla helianthus. El ShIE-Octyl sintetizado mediante este método simple contiene esterasas interfaciales
semipurificadas, incluidas las isotoxinas StI y StII. Las esterasas inmovilizadas tienen estabilidad máxima a pH 7.0
para la hidrólisis de p-nitrofenil acetato (determinada espectrofotométricamente a 348 nm) durante 6 días, 90 %
de la actividad residual a 30 ºC posteriormente, y conservan el 85 % de la actividad inicial en presencia de metanol
o acetonitrilo 10 %. La inmovilización no incrementa la estabilidad de las enzimas solubles frente al pH y sí frente
a la temperatura y los solventes orgánicos. El biocatalizador hidroliza los ésteres farmacológicamente relevantes:
éster metílico del naproxeno, acetato de 2-oxiranilmetilo (OMAc), metil-prostaglandina A2 y 2-hidroxi-4-fenilbutirato de etilo (HPBEt), determinada mediante RP-HPLC o HPTLC, con 95-100 % de conversión en 6240 min, y
tolera solventes orgánicos al 20 %. La enantioselectividad frente a los dos primeros es inusual y particularmente
relevante. Además, es selectivo por ésteres con estructuras ácidas complejas y alcohólicas simples, aunque hidroliza aquellos con sustituyentes alcohólicos aromáticos o heteroatómicos, como el butirato de feniletilo y el ácido
7-aminocefalosporánico. Es S-estéreoselectivo en la bioconversión de HPBEt y OMAc quirales, y R-estéreoselectivo
en la hidrólisis del éster metílico del naproxeno en presencia de metanol o acetonitrilo 10 %. La selectividad por
(S)-OMAc se favorece a baja temperatura (4 °C) y fuerza iónica del tampón fosfato de sodio (10 mM).
Palabras clave: adsorción interfacial, bioconversión enzimática, hidrólisis enantioselectiva, invertebrados marinos,
sticholisinas
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Introduction
Interfacial esterases, as lipases, are enzymes that require lipid/water interfaces to develop maximal catalytic activity (an effect called interfacial activation)
[1]. These proteins are widely spread in nature, can
catalyze distinct reactions, such as ester hydrolysis,
esterification and transesterification [2], and show
variable and complex substrate selectivities, including
stereoselectivity [3]. They have been extensively used
on bioconversion processes and racemic mixtures resolution in the food, detergent, chemical, agrochemical, pharmaceutical and fine chemistry industries [4].
Many drugs, herbicides and pesticides are commercialized as racemic mixtures, where one enantiomer prevails as biologically active whereas the other
is inactive, toxic or antagonistic [5]. Due to strict pharmaceutical regulations, there is a growing demand of
economically feasible methods to synthesize pure enantiomers [6]. This has been performed by stereoselective
crystallization [7], chemical asymmetric synthesis [8],
and preparative chiral chromatography [9]. Since these
procedures are time-consuming or expensive, optimized
biocatalytic processes, including those that use interfacial esterases, have emerged as a popular option [10].
In this sense, enzyme immobilization is advantageous
for industrial applications, since it allows the biocatalyst recovery, avoids product contamination, and can
increase enzyme stability [11, 12]. On the basis of interfacial activation, interfacial esterases can be selectively
immobilized on hydrophobic solid supports at low ionic
strength (a methodology called interfacial adsorption)
[13, 14].
Considering the enzyme properties, those from marine invertebrates (or microorganisms associated with
them) show unusual substrate specificities and molecular properties, making of them good candidates
for biotechnological applications [15-19]. Previously,
we described the immobilization by interfacial adsorption on Octyl-Sepharose CL 4B support of interfacial
esterases from the aqueous whole extract of the Caribbean Sea anemone Stichodactyla helianthus [20]. Two
of the immobilized enzymes were Sticholysins I and II
(StI and StII), 19 kDa-isotoxins with esterase activity
[20, 21]. The derived immobilized biocatalyst, named
ShIE-Octyl, has kinetic characteristics toward p-nitrophenylacetate (p-NPA), suggesting its potential use on
enzymatic biotransformation [20]. In this work is characterized the stereoselective application of ShIE-Octyl
on ester hydrolysis, using relevant pharmacological
active principles. The obtained conversion percentages
(C) and enantiomeric ratios (E), as well as the stability
properties, suggest the possibility of further optimization of this biocatalyst for its use on large scale production processes.

Materials and methods
Materials
Octyl-Sepharose CL 4B support was purchased from
Sigma Chemical (St. Louis, USA). Phenylethyl butyrate (BPEt), ethyl-2-hydroxy-4-phenyl butanoate (HPBEt) and 2-oxyranylmethyl acetate (glycidol acetate,
OMAc) were kindly supplied by Instituto de Catálisis, CSIC, Madrid, Spain. 7-aminocephalosporanic
acid (7-ACA), methyl-prostaglandin A2 (Me-PGA2)

and methyl-6-metoxy-α-methyl-2-naphtalen-acetate
(naproxen methyl ester) were supplied by Centro
de Química Farmacéutica, Havana, Cuba. Plates (5
× 7.5 cm) precoated with silica gel F254 for High
Performance Thin Layer Chromatography (HPTLC),
LiChrosorb C-4 column (125 × 4 mm) and solvents
for Reverse-Phase High Performance Liquid Chromatography (RP-HPLC) were obtained from Merck
(Darmstadt, Germany). All aqueous solutions were
prepared with deionized water (Milli-Q quality). All
other reagents and organic solvents (Sigma Chemical,
St. Louis, USA) were analytical grade and used without further purification.
Preparation of S. helianthus extract and protein immobilization
Collection of the sea anemone S. helianthus, preparation of the aqueous whole protein extract, and protein
immobilization by interfacial adsorption on OctylSepharose CL 4B support, were performed as described [20]. Briefly, the protein extract was diluted
(1:10 v/v) with 10 mM sodium phosphate buffer, pH
7.0, incubated with the support during 5 h, at 4 °C and
constant stirring, filtrated and washed with the same
buffer. Protein and activity loads during immobilization were 0.54 mg protein and 8 esterase activity units
(U; toward p-NPA), respectively, per milliliter of support.
Protein electrophoresis
Protein samples (10 mL soluble and immobilized
extract) were analyzed by standard 15 % sodium
dodecylsulfate polyacrylamide gel electrophoresis
(SDS-PAGE) [22], under reducing conditions, and
visualized by Coomassie blue staining. The following molecular weight markers were used: bovine serum albumin (66 kDa), egg albumin (45 kDa), trypsinogen (24 kDa), lactoglobulin (18.4 kDa), lisozyme
(14.3 kDa) and aprotinin (6.5 kDa).
Esterase activity assay
Esterase activity toward p-NPA substrate was assayed
as described [20]. Briefly, p-NPA-hydrolyzing activity
was assessed by continuous and spectrophotometric
measurement of the p-nitrophenol releasing at a wavelength of 348 nm (ε348 nm of 5150 M-1 cm-1 [23]),
during 10 min. Automatic determinations (Spekol,
Germany) were performed under magnetic stirring,
at 30 °C, in a 1 cm cuvette. The composition of the
reaction mixtures were the following: 0.01 mg/mL final protein concentration for soluble extract or 1:182
dilution for the immobilized derivative, 1.185 mM pNPA, 40 mM CaCl2, 25 mM Tris-HCl buffer, pH 8.0.
U is defined as the amount of enzyme that hydrolyzes
1 mmol of substrate per minute under the assays conditions.
Study of esterases stability
For the assessment of stability toward pH, soluble
(8 U/mL) and immobilized (12.7 U/mg protein) extracts were preincubated in sealed flasks for 2 h at
25 °C in various buffers (25 mM): sodium acetate pH
4.0 and 5.0, sodium phosphate pH 6.0 and 7.0, TrisHCl pH 8.0, sodium bicarbonate pH 9.0, 10.0 and 11.0.
Aliquots were taken at 0, 5, 10, 15, 30, 60 and 120 min,
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and esterase activity was measured as was described
above. Additionally, the immobilized extract was preincubated for 6 days at pH 7.0, and esterase activity
was determined at 0, 1, 2, 4, 5, 10, 24, 48, 72, 96,
120 and 144 h (6 days). The results are presented as
residual activity percentages (mean for 3 replicates),
taking as 100 % the activities measured without preincubation. The stability study toward temperature was
similar to that above described, but preincubation was
performed at pH 7.0 and 10, 20, 25, 30, 40, 50, 60 or
70 °C. The additional 6 days-preincubation of the immobilized extract was performed at pH 7.0 and 30 °C.
The stability study toward organic solvents was similar to those above described, but preincubation was
performed at pH 7.0, 30 °C and in presence of different organic solvents: 10 % (v/v) methanol, acetonitrile
and dimethyl sulfoxide (DMSO), 20 % (v/v) acetone
and ethanol. Preincubation with sodium phosphate pH
7.0 (with no solvent) was done as a control. The additional 6 days-preincubation of the immobilized extract
was performed at pH 7.0 and 30 °C, and all solvents
were tested.

1.5 mL/min for HPBEt and OMAc, and 1.2 mL/min
for naproxen methyl ester. Elution was monitored at
215 nm by diode array detection for BPEt and OMAc,
or 254 nm for HPBEt and naproxen methyl ester. Data
were captured and analyzed using the computer-based
technology Biocrom v3.1 (Center of Genetic Engineering and Biotechnology, Havana, Cuba).

Esters bioconversion assay
The hydrolysis of esters by ShIE-Octyl (12.7 U/mg
protein) was assayed by mixing 1 mL (0.7 g) immobilized derivative with 4 mL of different substrate solutions (25 mM sodium phosphate pH 7.0): 5.09 mM
HPBEt at 25 °C, 5.05 mM BPEt at 25 °C, 1.77 mM
naproxen methyl ester at 30 °C in presence of 10 %
(v/v) acetonitrile or methanol, 4.32 mM OMAc at
25 °C, 258 mM Me-PGA2 at 30 °C in presence of
20 % (v/v) acetone or ethanol, and 612 mM 7-ACA at
30 °C. The chiral substrates (HPBEt, naproxen methyl
ester and OMAc) were racemic mixtures (equivalent
amounts of the S and R isomers; the mixture was denoted as (R,S)), and the reaction temperatures depend
on the solubility of each compound. The reaction mixtures (in triplicates) were stirred during 6240 min (~4
days), and filtered aliquots (to exclude the agarose
pearls) were taken each 12 h for RP-HPLC or HPTLC
analysis. Negative controls of hydrolysis or adsorption
of the compounds by the Sepharose CL 4B support
were also assayed.

Bioconversion parameters
C values were calculated by comparing the areas
under the ester peaks (resulting from RP-HPLC and
HPTLC analyses) at different reaction times with the
initial area. The conversion rates (vconv) were calculated according to the equation:

Enantioselectivity assay
The enantioselectivity of ShIE-Octyl (12.7 U/mg protein) was assayed as is described above for the hydrolysis of esters, but using (R,S)- and (R)-HPBEt,
(S)- and (R)-naproxen methyl ester, and (S)- and (R)OMAc as substrates. The reactions with OMAc were
performed at 25 °C (25 mM buffer) and 4 °C (10, 25
and 200 mM buffer).
Analysis of ester hydrolysis by RP-HPLC
The hydrolysis of BPEt, HPBEt, OMAc, and naproxen
methyl ester by ShIE-Octyl was monitored applying the
reaction mixture aliquots on a LiChrosorb C-4 column
(125 × 4 mm) for RP-HPLC [24]. The mobile phases for isocratic elutions were the followings (10 mM
sodium phosphate buffer, pH 3.0): acetonitrile/buffer
(60:40 v/v) for BPEt, acetonitrile/buffer (55:45 v/v) for
HPBEt, acetonitrile/buffer (90:10 v/v) for OMAc, acetonitrile/water/acetic acid (50:49:1 v/v/v) for naproxen
methyl ester. The flow rates were 2.0 mL/min for BPEt,

Analysis of ester hydrolysis by HPTLC
The aliquots from the reactions of hydrolysis of
7-ACA and Me-PGA2 were analyzed by HPTLC
[25]. Samples were applied onto the precoated silica
gel F254 plates, using the CAMAG Linomat IV applicator. Mobile phases were n-butanol/acetic acid/
water (3:1:1 v/v/v) and ethyl acetate/isooctane/acetic
acid/water (9:5:2:10 v/v/v/v), respectively. Runs were
quantified at 254 nm using the densitometer CAMAG
TLC Scanner III (Muttenz, Switzerland). The technique was calibrated with known concentrations of
both esters. The data were analyzed using the software winCATS Chromatography Manager, supplied
by the manufacturer.

vconv=

([S]0 × VT × C / 100)
tf V

× dil

Biocat

where:
[S]0: Initial substrate concentration in the assay
(mM).
VT: Total assay volume (5 mL).
tf: Final time of the assay (6240 min).
VBiocat: Total volume of immobilized biocatalyst
used in the assay (1 mL).
dil: Sample dilution.
For the chiral ester compounds (naproxen methyl
ester, HPBEt and OMAc), E values were calculated as
follows. When both pure isomers were available (for
naproxen methyl ester and OMAc) E were calculated
according to the equations:
E(R/S)=

vconv(R)
vconv(S)

or

E(S/R)=

vconv(S)
vconv(R)

where:
E(R/S): E of the R isomer over the S form.
vconv(R): vconv of the R isomer.
vconv(S): vconv of the S isomer.
E(S/R): E of the S isomer over the R form.
When the racemic mixture and the pure R isomer
were available (for HPBEt) E was calculated according to the equation:
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E(S/R)=

vconv(R,S) – 1/2vconv(R)
1/2vconv(R)

where: vconv(R,S): vconv of the racemic mixture.
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Statistical analyses
Normal distribution and homogeneity of variances for
the data were verified. Comparison of the means was
performed by the Student’s t test. All these analyses
were done using Statistica software (version 8.0; StatSoft Inc., available at: http://www.statsoft.com) with
default parameters.

Results and discussion
Obtainment of ShIE-Octyl
As was previously corroborated [20], immobilization
of the whole extract of S. helianthus by interfacial adsorption on the support Octyl-Sepharose CL 4B appreciably diminishes its protein heterogeneity (Figure
1). An immunoblotting with an antiserum anti-StII
demonstrated that the most abundant proteins in the
immobilized extract are StI and StII, which co-migrate in the same 19 kDa protein band [20, 21] (Figure 1). In addition, an esterase specific zymography
with the substrate β-naphtylcaprilate showed that the
immobilized extract contains, at least, a high molecular weight lipase [20] (> 30 kDa [26]). Other protein
bands are unknown (Figure 1), although the presence
of other esterases in ShIE-Octyl, non-detected in the
zymography [20], should not be discarded. As was
already demonstrated [20], all interfacial esterases
from the protein extract (45 % of the total proteins)
were immobilized, although ShIE-Octyl contains other non-esterase proteins, which may be bound to the
octyl-covered surface by non-specific van der Waals
interactions. Nevertheless, the simple, economical
and selective immobilization procedure used here was
useful not only to obtain an active biocatalyst, able
to hydrolyze ester bonds (12.7 U/mg protein vs. pNPA), but also to semipurify the interfacial esterases
MWM
(kDA)
66.0
45.0

Soluble
extract

ShIEOctyl
High
molecular
weight
lipase
(> 30 kDa)

24.0

18.4

StI and StII

14.3
6.5

Figure 1. Protein heterogeneity of ShIE-Octyl, an immobilized
biocatalyst obtained by interfacial adsorption on Octyl-Sepharose CL 4B support of interfacial esterases from the S. helianthus aqueous whole extract. SDS-PAGE (15 % acrylamide;
reducing conditions; Coomasie staining) showing the soluble
extract and the immobilized biocatalyst (10 mL). Molecular
weight markers (MWM): bovine serum albumin (66 kDa), egg
albumin (45 kDa), trypsinogen (24 kDa), lactoglobulin (18.4
kDa), lisozyme (14.3 kDa) and aprotinin (6.5 kDa).

of S. helianthus aqueous whole extract (Figure 1). A
similar result was obtained with commercial preparations of lipases [27]. Such semipurification effect by
interfacial adsorption of interfacial esterases from a
heterogeneous extract was previously reported for the
lipases of Penicillium simplissicimum using the octyl
agarose support [28].
Porous materials, such as the Octyl-Sepharose CL
4B, have been extensivelly used for enzyme immobilization [29]. Those supports are suitable for the full
dispersal of protein molecules over their internal surfaces, preventing enzyme inactivation by contact with
external hydrophobic interfaces. Different enzymes
have been immobilized on porous supports by noncovalent atachments [11, 14, 30, 31]. For example,
formaldehyde dehydrogenase was immobilized onto
mesoporous zirconia material by electrostatic interactions [31]. Such binding was strong enough to retain
about 80 % of the initial activity after 7 reaction cycles (operational stability). On the other hand, physical adsorption of lipases on different supports, with
significant activiy retention and reusability, has been
reported too [32-36]. As was defined by Barbosa et al.
[14], if the enzyme-support interactions are enough
to maintain the enzyme immobilized during use (like
ShIE-Octyl [20]), such system can be considered as
an immobilized biocatalyst.
Stability of ShIE-Octyl
Immobilization is probable the most useful strategy to
improve enzyme stability [12, 14, 37, 38]. Stabilization is associated with several factors. Immobilization
may: i) induce some degree of rigidity in the enzyme
(mainly after multipoint covalent attachment), preserving the native conformation; ii) prevent dissociation of the subunits of multimeric enzymes; iii) avoid
aggregation, autolysis and proteolysis by proteases
(in the case of protein extracts); iv) prevent enzyme
contact with external hydrophobic interfaces, such as
air bubbles or water/organic solvent interfaces (for
porous supports); and v) generate a more suitable environment for catalysis, regarding the soluble enzyme
[39, 40]. To verify a potential use of ShIE-Octyl in
biotransformation processes we investigated the stability of the biocatalyst p-NPA-hydrolyzing activity
(12.7 U/mg protein) toward pH, temperature, and organic solvents, comparing with the esterase activity of
the soluble extract (8 U/mL).
As shown in Figure 2A-C, the immobilization did
not exert a noticeable influence on stability of these
enzymes toward pH, as the behaviors of soluble and
immobilized extracts were similar until at least 2 h. In
both cases, the highest activities (as a tendency) were
achieved by preincubation at pH 7.0 (90 and 94 %
residual activities for soluble extract and ShIE-Octyl,
respectively), and stability was lower at the most extreme analyzed pHs (4.0, 5.0, 10.0 and 11.0). However, the residual activities were always maintained
above 60 %. The stability of ShIE-Octyl at pH 7.0
was further studied enlarging the preincubation time
to 6 days (144 h), which is more near to the real conditions in biotransformation processes. At this time, the
immobilized derivative retained 90 % of the initial activity, and significant differences between 0 and 144 h
were not detected (Figure 2D).
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Figure 2. Stability of S. helianthus esterase activity toward p-NPA at pH 8.0 and 30 °C, after preincubation at different pH and 25 ºC.
Esterase activity was measured as residual activity (mean ± standard deviation; n = 3), considering the initial activity as 100 %.
A) S. helianthus aqueous whole extract (8 U/mL) preincubated at pH 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0 or 11.0, for 120 min, at
25 ºC. B) Stability of ShIE-Octyl (12.7 U/mg protein) esterase activity, preincubated at 25 ºC for 120 min. C) Comparison between the stabilities of esterases in the soluble extract and ShIE-Octyl at different pH after 120 min preincubation. D) Stability of
ShIE-Octyl esterase activity for up to 6 days (144 h), preincubated at pH 7.0. Means comparison was performed by the Student’s
t test, using Statistica software (version 8.0; StatSoft Inc., available at http://www.statsoft.com) with default parameters. Nonsignificant differences were observed (p < 0.05) between the esterase activities in the soluble extract and ShIE-Octyl for each
pH (C), and among all values (D).

Other authors have reported an improvement of
enzymes stability toward pH after immobilization
[41, 42]. A multimeric β-galactosidase from Lactobacillus plantarum was stabilized by multipoint and
multisubunit covalent attachment on glyoxyl-agarose
[42]. The immobilized preparation was very stable in
the pH range from 5 to 9, showing 10 % more activity than the soluble enzyme after incubation for 2 h
at pH 10. An extracellular a-amylase from Bacillus
acidocaldarius was significantly stabilized toward
pH when was immobilized on glass beads (covalent binding) or cation exchange resin (ionic binding) [41]. Covalent immobilization of an Aspergillus
aculeatus tannase on gelatin increased the pH range
at which the enzyme retained at least 80 % residual
activity (pH 4.5-8.0) as compared with free tannase
(pH 5.0-6.0) [43]. It is relevant to notice that all these
reports are related with purified enzymes, and not
with heterogeneous extracts. It is possible that esterases present in the soluble extract of S. helianthus are
stabilized against pH changes by some extract components, being the effect of immobilization negligible
at this respect.

Additionally, the thermal stability of the esterases present in ShIE-Octyl was studied, maintaining
pH at 7.0. For both samples, 25 °C was the highest
temperature at which the esterase activity was not
affected until 2 h preincubation (Figure 3A-C). In
contrast to the result obtained in the pH study (Figure 2), the immobilization appreciably protected the
esterase activity against the loss of stability caused
by temperature in the 30-50 °C range (Figure 3C).
Whereas the thermal stability of the esterases present
in the soluble extract was very low, with the residual
activity being reduced by 45 % after preincubation
for 2 h at 30 °C, the immobilized enzymes exhibited
91 % residual activity in these conditions, and retained 50 % activity at 40 °C. Moreover, the incubation of ShIE-Octyl at 30 °C for 6 days (144 h) only
diminished the esterase activity by 10 %, without
significant differences regarding the initial activity
(Figure 3D). As the soluble and immobilized extracts
differ in their esterase composition [20], another explanation for the increase of stability caused by the
immobilization is the selective adsorption of intrinsically more thermostable enzymes.
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Figure 3. Stability of S. helianthus esterase activity toward p-NPA at pH 8.0 and 30 °C, after preincubation at different temperatures and pH 7.0. Esterase activity was measured as residual activity (mean ± standard deviation; n = 3), considering the
initial activity as 100 %. A) S. helianthus aqueous whole extract (8.0 U/mL) preincubated at 10, 20, 25, 30, 40, 50, 60 or 70 ºC,
for 120 min, at pH 7.0. B) Stability of ShIE-Octyl (12.7 U/mg protein) esterase activity, preincubated at the given temperatures
and pH 7.0 for 120 min. C) Comparison between the stabilities of esterases in the soluble extract and ShIE-Octyl at different
temperatures after 120 min preincubation. D) Stability of ShIE-Octyl esterase activity for up to 6 days (144 h), preincubated at
30 ºC. Means comparison was performed by the Student’s t test, using Statistica software (version 8.0; StatSoft Inc., available
at http://www.statsoft.com) with default parameters. Non-significant differences were observed (p < 0.05) between the esterase
activities in the soluble extract and ShIE-Octyl for 10, 20, 25 and 70 ºC (C), and among all values in (D). *, **, *** significant,
very significant and highly significant differences at p < 0.05, p < 0.01 or p < 0.001, respectively.

Thermal stability of immobilized enzymes is well
documented [31, 41, 42, 44-46]. The β-galactosidase
from L. plantarum, immobilized by multipoint covalent attachment on glyoxyl-agarose support, was
6-fold more stable than the soluble enzyme at 50 °C
and pH 7.0 after 6 h [42]. Immobilization of formaldehyde dehydrogenase onto mesoporous zirconia
material increased the denaturation temperature from
51.8 °C, for the soluble enzyme, to 78.9 °C, for the
immobilized ones [31]. An organophosphate degrading enzyme, covalently immobilized on highly porous
nonwoven polyester fabrics, was stable over 3 h at
55 °C [46]. In contrast, the soluble enzyme lost more
than 60 % of its activity in the same conditions. Thermal stability of glucose-6-phosphate dehydrogenase,
immobilized on silanized surfaces through coupling
agents (cross-linkers) and incubated 1 h at 30 °C,
augmented when the size of the enzyme aggregates
increased [45]. The results of that work suggest that
aggregation may enhance the thermostability of the
multimeric enzyme, probably through a compaction
of the tertiary structure of the monomers, but also by
stabilizing the quaternary structure by the assembly

of the different subunits. The activity of glucose oxidase, covalently immobilized on a polyamide film,
was nearly 30 % higher than the activity of the free
enzyme after incubation at 40, 50 and 60 °C for 5 h
[44]. In another example, covalent or ionic immobilization protected a B. acidocaldarius a-amylase
from heat inactivation [41]. The half-life times at 60
°C were 83 and 61 min, respectively, against 47 min
for the free enzyme. Thermal stabilization of lipases
due to their immobilization by interfacial adsorption
has been also reported [28]. That is the case of a lipase from Bacillus thermocatenulatus adsorbed on
Octadecyl-Sepabeads [47], and a lipase fraction from
P. simplissicimum immobilized on octyl agarose [28].
Although 30 °C was not the best temperature for
stability in the 2 h-study (Figure 3A-C), it was selected to perform the followings experiments, as it is
suitable for biotransformation processes due to substrates/products solubility and conversion rate issues
[48]. The esterase activity in the S. helianthus soluble
extract was sensitive to all tested organic solvents, being methanol the most tolerated, with the retention of
63 % activity after 2 h incubation (Figure 4A and C).
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Figure 4. Stability of S. helianthus esterase activity toward p-NPA at pH 8.0 and 30 °C, after preincubation with different organic solvents at pH 7.0 and 30 ºC. Esterase
activity was expressed as residual activity (mean ± standard deviation; n = 3), considering the initial activity as 100 %. A) S. helianthus aqueous whole extract (8.0 U/
mL) preincubated with different organic solvents, for 120 min, at pH 7.0 and 30 ºC. B) Stability of ShIE-Octyl (12.7 U/mg protein) esterase activity, preincubated with
the given organic solvents at pH 7.0 and 30 ºC for 120 min. C) Comparison between the stabilities of esterases in the soluble extract and ShIE-Octyl, in presence of
different organic solvents, at pH 7.0 and 30 ºC after 120 min preincubation. D) Stability of ShIE-Octyl esterase activity for up to 6 days (144 h), preincubated at 30 ºC.
E) Comparison between the ShIE-Octyl esterase activities at start and after 6 days (144 h) of preincubation with the given organic solvents at pH 7.0 and 30 ºC. Means
comparison was performed by the Student’s t test, using Statistica software (version 8.0; StatSoft Inc., available at: http://www.statsoft.com) with default parameters.
Non-significant differences were observed (p < 0.05) between the esterase activities in the soluble extract and ShIE-Octyl preincubated with buffer (C), and in ShIE-Octyl
preincubated 0 and 144 h with buffer, 10 % acetonitrile or 10 % methanol (E) **, *** very significant and highly significant differences at p < 0.01 or p < 0.001, respectively.

On the contrary, the esterase stability in presence of
organic solvents was dramatically enhanced by the
immobilization (Figure 4A-C). The residual activities
after 2 h toward DMSO, acetonitrile, ethanol, methanol and acetone were improved from 8 to 71 %, 43
to 90 %, 21 to 56 %, 63 to 96 %, and 32 to 50 %,
respectively, with significant differences in all cases
(Figure 4C). The maximal stability of the enzymes
present in ShIE-Octyl was reached with methanol and
acetonitrile, showing in both cases more than 90 or 85
% residual activities after 2 h or 6 days (144 h) of incubation, respectively, without significant differences
regarding the initial activities (Figure 4D and E). Notably, the residual activities were higher than 50 % in
all tested organic solvents after 6 days of incubation.
It has been reported that immobilization may improve greatly the enzymatic activity in organic solvents [29]. For example, a lipase from Pseudomonas sp., adsorbed on amberlite XAD-7, maintained
100 % activity after 30 h of incubation in n-hexane,
heptanes or isooctane [49]. Nevertheless, free lipase
showed too low or no activity in those conditions. In

another study, the activity of Candida rugosa lipase,
covalently immobilized on ultrafiltration hollow fiber
membranes, was improved significantly in the organic
medium (heptane) [50]. A lipase from B. thermocatenulatus, immobilized on Octadecyl-Sepabeads by
interfacial adsorption, was considerably stabilized in
presence of 30 % dioxane [47].
In summary, the stability data suggest that ShIEOctyl has properties that may be useful for the use
of the biocatalyst in the biotransformation of esters.
In addition, the strategy used in this work to simultaneously semipurify, immobilize, and stabilize the
interfacial esterases from S. helianthus, represents a
contribution to the knowledge in the field of enzyme
technology [14].
Bioconversion of ester compounds
by ShIE-Octyl
To investigate the potential application of ShIE-Octyl
on bioconversion processes, the immobilized biocatalyst was tested on the hydrolysis of the pharmacologically relevant esters: HPBEt, BPEt, naproxen methyl
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Enantioselectivity of ShIE-Octyl toward chiral
esters
Enzymes generally present high specificities for their
natural substrates, but not toward non-natural ones.
Among the kinds of substrate selectivities, several enzymes show stereoselectivity, which may be improved
by immobilization (including physical adsorption).
This effect may be due to the distortion of the protein
molecule as a consequence of the interaction with the
support, or due to the generation of a particular microenvironment around the enzyme, provided by the
physical properties of the support [14, 29, 39]. Such

Table 1. Bioconversion of different esters catalyzed by ShIE-Octyl (12.7 U/mg protein)
Compounda

Chemical structureb

O

acid
acid

(R,S) phenylethyl butyrate
(BPEt; 5.05 mM)

C (%)d

Buffere

25

95

Buffer

25

38

Buffer
+ Acetonitrile
(10 % v/v)

30

100

Buffer
+ Methanol
(10 % v/v)

30

100

Buffer

25

100

30

100

30

100

30

68

CH3
O

alcohol
acid
H3C

CH3

O

O

CH3

alcohol

O

(R,S) 2-oxyranylmethyl acetate
(OMAc; 4.32 mM)

O

alcohol
O

O

acid

acid

Methyl-prostaglandin A2
(Me-PGA2; 258 mM)

COOCH3

alcohol

HO

H2N

7-aminocephalosporanic acid
(7-ACA; 612 mM)

T (ºC)c

O

(R,S) ethyl-2-hydroxy-4-phenyl
butanoate (HPBEt; 5.09 mM)

(R,S) naproxen methyl ester
(1.77 mM)

Reaction medium

alcohol

OH

O

ester, OMAc, Me-PGA2 and 7-ACA [51-53]. Since the
atoms involved in a carboxyl ester bond cannot act as
hydrogen-bond donors, ester compounds are more hydrophobic than their respective alcohols and carboxylic acids. Then, the presence of organic solvents in
the reaction media to dissolve some compounds was
necessary. Total or very high conversions at 6240 min
(about 4 days) were achieved for naproxen methyl ester, OMAc, Me-PGA2 and HPBEt (Table 1). Furthermore, the interfacial esterases present in ShIE-Octyl
tolerate organic solvents, at least until 20 %, without
impairment of their bioconversion ability. Such tolerance is a desired characteristic in order to a potential
application of the biocatalyst in the obtainment of relevant products [54].
The obtainment of the lowest C toward the ester
compounds with the highest chemical complexity in
their alcohol components (7-ACA and BPEt; table 1)
suggests that immobilized S. helianthus interfacial
esterases show a certain preference for esters with
simple alcoholic substituents. On the contrary, complex and large acid parts yield high C. Our data suggest that these structural characteristics are critical for
ShIE-Octyl activity. The results obtained for C with
7-ACA and BPEt (68 and 38 %, respectively; table
1) are important too, considering the small amount
of commercial enzymes able to hydrolyze esters with
heteroatomic condensed rings or aromatic groups in
their alcohol substituents [55]. The ability of ShIEOctyl to catalyze the deacetylation of 7-ACA and the
hydrolysis of the PGA2 methyl ester is relevant for
obtaining semi-synthetic cephalosporins and more potent prostaglandins [11, 56].
A number of biotechnological products with dissimilar applications have been obtained using immobilized enzymes [11]. A biocatalyst obtained by multipoint covalent immobilization of a β-galactosidase
from L. plantarum on glyoxyl-agarose, allowed produce high yields of prebiotic oligosaccharides (3035 %) from the hydrolysis and transglycosylation of
lactose and lactulose [42]. An organophosphate degrading enzyme, immobilized on polyester textiles,
is useful in environmental remediation of organophosphate compounds [46]. Other works have been
focused on interfacial esterases. For instance, a membrane bioreactor based on an immobilized lipase allowed obtaining 95 % esterification degree during the
synthesis of 2-ethylhexyl palmitate [57]. Moreover, a
lipase from thermophilic Bacillus sp., adsorbed and
cross-linked on HP-20 beads, was found suitable for
the esterification of oleic acid and methanol to methyl
oleate in hexane [58].

O
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O

alcohol

Buffer
+ Acetone
(20 % v/v)
Buffer
+ Ethanol
(20 % v/v)

S

O

Buffer

O

N
OH

O

acid

a
Racemic mixtures of chiral compounds are denoted as (R,S).
b

Structures of ester substrates are shown. Hydrolyzed carboxiester bonds are represented by dashed lines.
Alcohol and acid parts of the substrates are signaled.
c
Reaction temperature.
d
Conversion percentage at 6240 min.
e
25 mM sodium phosphate, pH 7.0.

strategies have been previously employed to modulate
the enantiopreference of lipases [53, 59, 60]. Since directed vs. random immobilization is a powerful tool
to optimize the catalytic properties of enzymes [14,
29], and the interfacial esterases in ShIE-Octyl were
immobilized in an oriented form by interfacial adsorption [20], we anticipated the obtainment of interesting
enantioselectivities toward ester substrates. This is relevant, since the development of novel procedures to
obtain chiral compounds remains as a major challenge
in biotechnology.
The S isomer of naproxen, an extensively used
non-steroidal anti-inflammatory drug, is 28-fold
more active than the R enantiomer. Therefore, the
production of optically pure (S)-naproxen is a major research area [53]. Interestingly, the hydrolytic
activity of ShIE-Octyl toward naproxen methyl ester
is stereoselective for the R isomer (Table 2). The importance of this result is indicated by the prevalence
of S-stereoselectivity for most lipase-based biocatalysts used in naproxen methyl ester hydrolysis [61].
Biocatalysis in non-aqueous media has received
growing attention due to it increases the solubility
of hydrophobic substrates, aids processes which are
thermodynamically unfavorable in water (e.g., ester
synthesis), and facilitates enzyme and products recovery [62]. It is also known that organic solvents
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can affect the stereoselectivity of lipases [63]. In this
sense, the R-stereoselectivity of ShIE-Octyl toward
naproxen methyl ester is higher in presence of 10 %
acetonitrile than 10 % methanol (Table 2). Sahin et
al. [53] reported the hydrolysis of racemic naproxen
methyl ester in a water/isooctane biphasic system by
encapsulated C. rugosa lipase.
Additionally, HPBEt derivatives constitute essential intermediates in the synthesis of inhibitors for
angiotensin converting enzyme, which is involved in
heart diseases [64]. ShIE-Octyl is slightly S-stereoselective in the hydrolysis of HPBEt (Table 2), result
that is qualitatively similar to other reports on HPBEt
bioconversion [27, 51]. Nevertheless, reaction conditions, such as biocatalyst load, temperature, pH and
substrate concentration, should be further investigated
in order to increase the enantioselectivity of ShIEOctyl for HPBEt hydrolysis.
Glycidyl esters, as OMAc, are main intermediaries in the synthesis of various reagents for the pharmaceutical industry [10]. ShIE-Octyl is selective for
the OMAc S isomer, and this enantioselectivity was
increased in some extent when the temperature was
diminished from 25 to 4 °C in 25 mM sodium phosphate pH 7.0 (Table 2). This result is consistent with
the increment of E(R/S) from 5.2 to 9.3 observed for
immobilized lipases from porcine pancreas when
temperature was shifted from 25 to 4 °C [10]. Buffer
molarity influences too the stereoselectivity of ShIEOctyl by OMAc, as the highest E(S/R) (2.67) at 4 °C
was obtained at the lowest buffer concentration tested
(10 mM). This influence of the ionic strength over the
enantioselectivity of lipases has been previously documented [65]. The S-stereoselectivity of ShIE-Octyl
by OMAc hydrolysis is an attractive characteristic,
because most reported glycidol acetate esterases are
selective for the R enantiomer. In this direction, commercial lipases from Candida antarctica and Mucor
miehei are R-stereoselective, exhibiting E values of
2.9 and 2.7, respectively, for the hydrolysis of glycidyl
esters [52]. In agreement with our results, it has been
reported that a lipase from Rhizopus oryzae, immobilized on Octyl-agarose, showed an E(S/R) of 2 with
a 25 % enantiomeric excess (calculated at 50 % C)
toward the structurally related substrate glycidyl butyrate at pH 7.0 and 25 °C [66].
Other authors have reported the enantioselective
properties of various immobilized lipases/esterases
[59, 60, 67-69]. For example, lipase B from C. antarctica, immobilized by hydrophobic interactions on octyl agarose, hydrolyzed racemic 2-O-butyryl-2-phenylacetic acid with 95 % enantiomeric excess (R) [59].
The same substrate was resolved with the opposite
enantioselectivity (E(S/R) 85; > 95 % enantiomeric
56. Jústiz OH, Fernández-Lafuente R, Guisán
JM, Negri P, Pagani G, Pregnolato M, et al. Onepot chemoenzymatic synthesis of 3’-functionalized cephalosporines (cefazolin) by three
consecutive biotransformations in fully aqueous
medium. J Org Chem. 1997;62(26):9099-106.
57. Tan T, Chen B, Ye H. Enzymatic synthesis of
2-ethylhexyl palmitate by lipase immobilized
on fabric membranes in the batch reactor.
Biochem Eng J 2006;29(1-2):41-5.
58. Nawani N, Singh R, Kaur J. Immobilization
and stability studies of a lipase from thermo-

Table 2. Enantioselectivity of ShIE-Octyl for the hydrolysis of chiral esters
Compound Reaction medium T (ºC)a E(S/R)b E(R/S)c
HPBEtd
Naproxen
methyl ester

OMAcf

25 mM Buffere
25 mM Buffer
+ Acetonitrile
(10 % v/v)

25

1.55

–

30

–

8.32

25 mM Buffer
+ Methanol
(10 % v/v)

30

–

5.27

25 mM Buffer

25

1.25

–

10 mM Buffer

4

2.67

–

25 mM Buffer

4

1.75

–

200 mM Buffer

4

1.22

–

a
Reaction temperature.
b
Enantiomeric ratio of the S isomer over the R form.
c
Enantimoeric ratio of the R isomer over the S form.
d
Ethyl-2-hydroxy-4-phenyl butanoate.
e
Sodium phosphate, pH 7.0.
f

2-oxyranylmethyl acetate.

excess at 10-20 % C) by a C. rugosa lipase immobilized on octyl agarose [67]. An encapsulated lipase
from C. rugosa showed higher C and E than the free
enzyme [60]. The esterase of Klebsiella oxytoca, immobilized on Eupergit C 250 L, was enantioselective
for the hydrolysis of (R,S)-ethyl mandelate [69]. A
membrane bioreactor based on lipase B from C. antarctica was used for the enantioseparation of (R,S)ketoprofen [68].

Conclusions
This is the first report concerning the utilization of
immobilized interfacial esterases of S. helianthus
for biotransformation processes. The stability, bioconversion and enantioselectivity data suggest the
possibility of using ShIE-Octyl for catalytic processes based on thermodynamically or kinetically
controlled reactions [70]. Further work should be
directed to evaluate on biotransformation different
interfacial esterases fractions from S. helianthus extract, in order to improve the functional properties of
the biocatalyst.
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