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Selective and oriented immobilization of (phospho)
lipases from the Caribbean Sea anemone Stichodactyla 
helianthus (Ellis, 1768) by interfacial adsorption
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RESUMEN. Las lipasas inmovilizadas por adsorción interfacial a soportes hidrofóbicos constituyen sistemas enzimáticos 
con potencialidades comprobadas para diversas aplicaciones como la bioconversión. Por otro lado, las enzimas de inver-
tebrados marinos muestran especificidades de sustrato poco usuales, que las convierten en blancos atractivos para el 
desarrollo de biocatalizadores inmovilizados. En este trabajo se describe la inmovilización por adsorción interfacial al 
soporte Octyl-Sepharose CL 4B de dos (fosfo)lipasas: las Sticholysinas I y II, y una actividad esterasa de alto peso molecu-
lar, a partir del extracto total de la anémona del mar Caribe Stichodactyla helianthus. La inmovilización fue selectiva para 
las lipasas, que mostraron actividad esterolítica frente a p-nitrofenilacetato, β-naftilcaprilato y tributirina. Esta actividad 
esterolítica de las Sticholysinas frente a sustratos no fosfolípidos no había sido informada con anterioridad. La actividad 
enzimática específica máxima aparente frente a p-nitrofenilacetato fue menor en los derivados inmovilizados que en las 
muestras solubles. La inmovilización resultó además orientada, ya que aumentó la afinidad aparente por el sustrato, lo que 
indica una mayor accesibilidad a los centros activos. El 68 % de las (fosfo)lipasas inmovilizadas conservaron la actividad 
hidrolítica frente a la tributirina. Estas enzimas requieren el ion Ca2+ para hidrolizar p-nitrofenilacetato y se inhibieron 
a concentraciones de p-nitrofenilacetato mayores que 1,185 mmol/L. Concentraciones de Ca2+ iguales a 40 mmol/L elimi-
naron la inhibición por exceso de sustrato en el extracto inmovilizado. Estas características cinéticas sugieren un posible 
uso de los biocatalizadores obtenidos en bioconversión enzimática.

ABSTRACT. Immobilized lipases by interfacial adsorption on hydrophobic supports are enzymatic systems which show 
confirmed potentialities for diverse applications such as bioconversion. On the other hand, enzymes from marine inver-
tebrates show unusual substrate specificities, which make them promising targets for the development of immobilized 
biocatalysts. In this work, the authors describe the immobilization, by interfacial adsorption on Octyl-Sepharose CL 4B 
support, of two (phospho)lipases: Sticholysins I and II, and a high molecular weight esterase activity from the whole 
extract of the Caribbean Sea anemone Stichodactyla helianthus. Immobilization was selective for lipases, which showed 
esterolytic activity towards p-nitrophenylacetate, β-naphtylcaprilate and tributyrin. This esterolytic activity of the Sticho-
lysins towards non-phospholipid substrates had not been previously reported. The apparent maximal specific enzymatic 
activity towards p-nitrophenylacetate was lower in the immobilized derivatives than in soluble samples. Immobilization 
was also oriented, since it increased the apparent affinity by substrate, which indicates a higher accessibility to the active 
sites. 68 % of immobilized (phospho)lipases preserved tributyrin-hydrolyzing activity. These enzymes require Ca2+ ion 
to hydrolyze p-nitrophenylacetate and were inhibited by p-nitrophenylacetate concentrations higher than 1.185 mmol/L. 
Ca2+ concentrations of 40 mmol/L overcame the substrate-excess inhibition from immobilized extract. These kinetic 
characteristics suggest the potential use of the obtained biocatalysts on enzymatic bioconversion.

INTRODUCTION
Many successful industrial applications of lipases are 

based on immobilized forms of these enzymes.1-3 The 
typical interfacial activation phenomenon4 is techno-
logically handled to selectively adsorb lipases on solid 
hydrophobic supports which resemble interfaces formed 
by natural substrates. This interfacial adsorption, which 
is produced at low ionic strength for very hydrophilic 
proteins, is not simply a result of hydrophobic interac-
tions5 and produces biocatalysts which show strongly 
adsorbed and highly active enzymes.6 This methodology 
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is simple, does not require expensive or toxic reagents, 
can retain or increase specific activity, can raise stereo-
selectivity and in several cases allows reusing the sup-
port, due to the occurrence of reversible interactions 
under some conditions.7

Marine invertebrates are a potential and relatively 
few explored source of lipases.8 Therefore, interfacial 
adsorption-based biocatalysts derived from these or-
ganisms have certain probability of show unusual and 
helpful substrate specificities for industrial applications 
such as bioconversion. Phospholipase and lipase activi-
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ties have been reported in the whole extract of S. helian-
thus.8,9  The authors previously purified and enzymati-
cally characterized two isotoxins with haemolytic and 
phospholipase A2 (PLA2) activities: Sticholysins I and II 
(StI and StII, respectively)10 by affinity chromatography 
from this extract.11 The purposes of the current study 
were to obtain Sticholysins-derived immobilized bio-
catalysts and to carry out their kinetic characterization 
in light of their potential application on bioconversion.

MATERIALS AND METHODS

Preparation of the extract of S. helianthus (Cnidaria; 
Anthozoa; Actinaria; Stichodactylidae) and phospho-
lipase A-affinity chromatography

Whole animals, collected by apnea dive at the coast 
of Havana City, were homogenized in distilled water  
[1 : 2 (w/v) 4 °C].12 Extracts were centrifuged twice during 
1 h at 15 000 g and 4 °C. Supernatants were diafiltrated 
with 50 mmol/L Tris-HCl, 40 mmol/L CaCl2, pH 7.5 buf-
fer [1 : 1000 (v/v) 4 °C] using an Amicon ultrafiltration 
device (Millipore, Billerica, MA, USA) equipped with a 
membrane of cut-off 0.5 kDa. The whole extracts were 
kept at -20 oC until use.

The PLA-affinity matrix was obtained by the follow-
ing procedure: Sepharose CL 4B (Sigma-Aldrich, St. 
Louis, MO, USA) was activated with glycidol (1,2-epoxy-
3-propanol, Sigma-Aldrich, St. Louis, MO, USA) and oxi-
dized with sodium peryodate as previously described.13 
The glioxyl-sepharose CL 4B was aminated with ethyl-
enediamine (Merck & Co., Inc., Whitehouse Station, NJ, 
USA) according to Fernández-Lafuente et al.,14 to obtain 
the monoaminoethyl-N-aminoethyl (MANA)-Sepharose 
CL 4B matrix. Phosphatidylcholine, purified from egg 
yolk (ePC) as described by Singleton et al.,15 was oxidized 
with sodium peryodate according to Shimojo et al.16 and 
immobilized to MANA-Sepharose CL 4B using 1-ethyl 
-3-(dimethylaminopropyl)carbodiimide (Sigma-Aldrich, 
St. Louis, MO, USA).17 The matrix was validated with 
commercial Crotalus durrisus terrificus PLA2 (Sigma-
Aldrich, St. Louis, MO, USA).

Whole extract of S. helianthus (42 mg of protein) 
was applied onto the ePC-MANA-Sepharose CL 4B 
column (1.5 cm x 5 cm), previously equilibrated with 
binding buffer (50 mmol/L Tris-HCl, 40 mmol/L CaCl2, 
pH 7.5) at 15.6 cm/h linear flow. As many secreted PLA2 
require Ca2+ to interact with phospholipid substrate, 
buffer binding contains CaCl2. The column was ex-
haustively washed with binding buffer and elution was 
carried out with 50 mmol/L Tris-HCl, 40 mmol/L eth-
ylen-diaminetetraacetic-acid (EDTA) buffer (pH 7.5) 
at 17.6 cm/h flow. Fractions of 3.5 mL were monitored 
at 280 nm. Eluted fractions were diafiltrated as above 
mentioned with 50 mmol/L Tris-HCl buffer, pH 7.5  
[1 : 1000 (v/v)] to remove EDTA. Protein concentration18 

and enzymatic activity towards p-nitrophenylacetate 
(p-NPA; Sigma-Aldrich, St. Louis, MO, USA; see below) 
were determined in each fraction.

Protein immobilization by interfacial adsorption

Protein immobilization was performed according to 
Bastida et al.6 Briefly: enzymatic samples were diluted 
[1 : 10 (v/v)] with 0.01 mol/L sodium phosphate buffer, pH 
7.0, incubated with the Octyl-Sepharose CL 4B support 
(Sigma-Aldrich, St. Louis, MO, USA) during 5 h, at 4 °C and 
constant stirring, filtrated and washed with the immobiliza-
tion buffer (0.01 mol/L sodium phosphate, pH 7.0). Protein 
loads during immobilization [protein (mg of protein  
/ mL of support) were the following: 0.54 mg (extract) and 

3.64 mg (affinity peak). Activity loads [enzymatic activity 
units (U)/ mL of support] were: 8 U (both samples with 
p-NPA), 15.80 U [extract with tributyrin (Merck & Co., 
Inc., Whitehouse Station, NJ, USA)] and 16.91 U (affinity 
peak with tributyrin).

The immobilization control parameters used and 
their respective mathematical equations are listed 
below. Protein concentration assays were performed 
according to Bradford.18 Enzymatic determinations are 
described below.

Differential protein immobilization grade (immobi-
lized total protein (mg of immobilized total protein / mL 
of support).19 

diff. IG (prot.) = (mg of initial total protein / mL 
of support) – (∑ mg of initial total protein (foltrates 
+ washes) / mL of support).

Differential immobilization grade (total units of im-
mobilized enzymatic activity / mL of support).19

diff. IG = (initial total U / mL of support)  
– (∑ total U (filtrates + washes) / mL of support).

Direct immobilization grade (total units of immobi-
lized enzymatic activity / mL of support).19

direct IG = total U / support mL.
Immobilization percentage. Fraction of the initial 

enzymatic activity that is immobilized (differential 
method).6,7

I (%) = [(diff. IG ⋅ mL of support)/initial total U] ⋅ 100
Functional activity retention percentage. Fraction of 

the initial enzymatic activity that is immobilized (direct 
method).19

FAR (%) = [(direct IG ⋅ mL of support)/initial total 
U] ⋅ 100

Over-expression of the enzymatic activity (hyperac-
tivation) caused by immobilization.6,7

Hyperactivation = direct IG/diff. IG

Protein electrophoresis, immunoblotting and ester-
ases-specific zimography

Protein samples (20 µg) were analyzed by poly-
acrylamide gel electrophoresis (PAGE), under reduc-
ing conditions with 15 % acrylamide and using sodium 
dodecylsulphate (SDS). Coomassie Brilliant Blue R-250 
was used for staining.20 SDS-PAGE-resolved proteins 
were transferred to a nitrocellulose membrane (Mil-
lipore, Billerica, MA, USA) and developed with a rabbit 
polyclonal antiserum anti-StII (1 : 200 dilution)21 followed 
by an anti-rabbit secondary antibody conjugated to 
horseradish peroxidase (1 : 10 000 dilution, Amersham-
Pharmacia Biotech Inc., Piscataway, NJ, USA). The 
presence of Sticholysins was detected with 0.02 mmol/L 
diaminebencidine (Sigma-Aldrich, St. Louis, MO, USA) 
and 0.015 % hydrogen peroxide diluted in phosphate-
buffered solution. The esterase-specific zimography was 
performed according to Hunter and Markeat.22 Briefly: 
the electrophoresis gel, resultant of a SDS-PAGE under 
non-reducing conditions, was washed with 20 % Triton 
X-100, and the reaction was developed by incubating 
with 500 µL of 200 mmol/L β-naphtylcaprilate (Sigma-
Aldrich, St. Louis, MO, USA) and 500 µL of 100 mmol/L 
Fast Blue RR (both in dimethylsulphoxide) in 100 mL of 
100 mmol/L sodium phosphate buffer, pH 7.0, overnight, 
at 25 ºC and darkness.

Kinetic assays 

Kinetic assays were performed according to 
Sabuquillo et al.5 with modifications. p-NPA-hydrolyzing 
activity was assessed by continuous and spectrophoto-
metric measurement of the p-nitrophenol releasing at 



Revista CENIC Ciencias Biológicas, Vol. 43, No. 1, pp. 3-8, enero-abril, 2012.

5

a wavelength of 348 nm [ε348 nm = 5150 (mol/L)-1 cm-1].23 
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 enzymatic samples or 1 : 182 dilutions for immo-
bilized derivatives, 1.185 mmol/L p-NPA and 40 mmol/L 
CaCl2 for evaluation of immobilization, 0 - 5.13 mmol/L 
p-NPA and 0 or 40 mmol/L CaCl2 for kinetic characteriza-
tion, 25 mmol/L Tris-HCl buffer, pH 8.0. 

Tributyrin-hydrolyzing activity was assessed by the 
pH-stat method.5 Automatic determinations (Mettler-
Toledo DL-21, Mettler-Toledo, Inc., Columbus, OH, USA) 
were performed under magnetic stirring at 30 °C, pH 
8.0 and using 0.01 mmol/L NaOH as titrating solution. 
Tributyrin was emulsified with 3 % arabic gum (Sigma-
Aldrich, St. Louis, MO, USA) and 10 mmol/L Tris-HCl, 
40 mmol/L CaCl2 buffer (pH 8.0) by mixing 10 min and 
sonicating 15 min in an ultrasonic bath (BRANSON 1200, 
Branson Ultrasonics Corporation, Danbury, CT, USA). 
Reactions were initiated by adding sample of 0.01 mg/mL 
final protein concentration to the reaction mixture. One 
unit of enzymatic activity was defined as the amount of 
enzyme releasing 1 µmoL of p-nitrophenol or butyric acid 
per minute under the assay conditions. The results were 
expressed as specific activity (U/mg of total protein) as 
the mean of three parallel assays.

RESULTS AND DISCUSSION

Immobilization

Immobilization of the whole extract of S. helianthus 
by interfacial adsorption on the support Octyl-Sepharose 
CL 4B leaded to a decreasing in the heterogeneity of this 
sample (Fig. 1a). The most abundant component of the 
immobilized extract and the only resolved band of the 
immobilized affinity peak matched with the molecular 
weight (~ 19 kDa) of the isophospholipases previously 
purified by affinity chromatography.11 Immunoblotting 
(Fig. 1b) confirmed that the immobilized 19 kDa-proteins 
are StI, StII or most probably both, which present im-
munochemical identity.21 Adsorption of the isoenzymes 
on the interface provided by Octyl-Sepharose produced 
an enzymatically active biocatalyst, able to hydrolyze 
ester substrates (Fig. 1c). The extract of the anemone 
also contains, at least, a high molecular weight lipase 
which was not purified by PLA-affinity chromatography 
and, in consequence, it is absent in the immobilized 
affinity peak (Fig. 1c). Since Sticholysins are immobi-
lized by interfacial adsorption, a lipase-selective im-
mobilization method,5-7 and they are able to hydrolyze 

phospholipids,11 like phospholipases, and the general 
ester substrate β-naphtylcaprilate (Fig. 1c), the authors 
use the functional ambiguous term “(phospho)lipase” 
for these isotoxins.

This is the first report about the immobilization of 
the Stycholysins by interfacial adsorption. The high 
affinity of StI/StII by hydrophobic interfaces is an ex-
pected result. These isotoxins belong to a known group 
of sea anemones cytolytic polypeptides which insert 
spontaneously into membranes and promote cell lysis.24 
Interaction of StI and StII with cellular membranes to 
develop their biological function is required;25 therefore 
they are interfacial proteins.26

Only 44 % of protein load from the heterogeneous 
extract was immobilized (Table 1). This is due to the 
presence of non-interfacial or non-hydrophobic com-
ponents rather than a protein load excess, since the 
load of the affinity peak is 6.8 times higher and 100 % 
of protein immobilization was achieved. In contrast to 
the extract, the affinity peak only contains (phospho)
lipases;11 Figure 1 (a and b). The diff. IG (prot.) reached 
for the affinity peak is in agreement with the capacity of 
the Octyl-Sepharose CL 4B commercial support: 3-5 mg 
of an 18 kDa-protein by mL of gel.

Evaluation of the immobilization with the esterases-
general substrate p-NPA showed the presence of esterases 
which are not lipases in the S. helianthus extract (38 % I, 
Table 1). Although the soluble extract only showed in 
the β-naphtylcaprilate-zimography the same two bands 
which were appreciated in the immobilized derivative 
(Fig. 1c), the presence of other esterases in both samples 
should not be discarded. Thus, the existence of other 
lipases in the immobilized extract or other lipases or 
esterases in the soluble extract, which cannot hydrolyze 
β-naphtylcaprilate in the polyacrilamide environment or 
do not renaturalize properly after of the Triton treatment, 
it is entirely possible.

The selectivity of interfacial adsorption for lipases 
was confirmed by the immobilization of all p-NPA-
hydrolyzing enzymes from the homogeneous affinity 
peak and all tributyrinase activity from both protein 
samples (Table 1). Because tributyrin is a short-chain 
triacylgliceride, it is not a fully true lipase substrate. 
However, its hydrophobicity makes it a widely-used 
lipase substrate, and its little size allows the direct 
evaluation and characterization of the immobilized de-
rivatives. This differential behaviour between esterase 
and lipase activities during interfacial adsorption has 
already been described by other authors. For example, 
octyl-sepharose-immobilization of a Rhizopus niveus 
lipase showed a 20 % of residual activity towards the 

Fig. 1.  a) Reducing SDS-15 % PAGE with Coomasie staining. b) Immunoblotting with a polyclonal antiserum anti-StII. c) Esterases-
specific zimography with β-naphtylcaprilate. Lanes 1. Soluble extract. Lanes 2. Immobilized extract. Lanes 3. Soluble affinity 
peak. Lanes 4. Immobilized affinity peak. Lanes 5. StI. Lanes 6. StII. Dotted circle: high molecular weight lipase.
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ester substrate: p-nitrophenyl-propionate, and a 100 % 
I with the lipase substrate: olive oil.5 Using of interfacial 
adsorption method to selectively immobilize lipases 
from complex mixtures had already been applied to dif-
ferent biological samples with dissimilar purposes,5-7,27,28 
but this is the first report for proteins from S. helianthus.

Direct evaluation of the immobilized catalytic activ-
ity showed the highest values of FAR using tributyrin. 
This result is not only due to the selectivity of the im-
mobilization method by lipases, since 100 % of esterase 
activity from affinity peak was immobilized with a very 
low percentage of FAR (Table 1). It is possible a substrate 
partition effect29 that might produce an accumulation of 
hydrophobic tributyrin at the octyl-water interface, or 
a higher ability of the immobilized (phospho)lipases to 
hydrolyze tributyrin than p-NPA, as showed the highest 
FAR % and hyperactivation obtained for the affinity peak 
using tributyrin (Table 1). This result is in agreement 
with the documented capability of the physical adsorp-
tion methods to retain the functional activity in a high 
proportion.30 The immobilized high molecular weight 
lipase seems to be a higher ability to hydrolyze p-NPA 
than tributyrin, as showed a hyperactivation near of 50 % 
for the extract towards p-NPA, in spite of the modest I %. 
Although it is known the ability of (phospho)lipases to 
catalyze the hydrolysis of p-NPA,31 the esterolytic activity 
of the Sticholysins towards non-phospholipid substrates 
had not been previously reported (Fig. 1c; Table 1).

Kinetic characterization

The diminishing of the apparent maximal specific en-
zymatic activity (app.max. spEA) towards p-NPA in the S. he-
lianthus extract in presence of 40 mmol/L CaCl2 (optimum 
concentration for the PLA2 activity of the Sticholysins,11 
Fig. 2a, Table 2) may be due to the existence of esterase 
activity in the heterogeneous extract that is inhibited by 
the ion. Since the Sticholysins absolutely require Ca2+ to 
hydrolyze p-NPA, the substrate-excess inhibition effect 
showed by the immobilized extract in absence of CaCl2 may 
be due to the esterase activity of the high molecular weight 
lipase (Figures 1c and 2b). The soluble extract showed a 
Michaelis’s classical kinetic, reflecting the masking of 
the substrate inhibitory effect by the contribution of non-
interfacial esterases (Table 1; Fig. 2a).

Even though the adsorption techniques produce 
bioreactors which show high retentions of the catalytic 
activity,30 this principle only is completely valid for pure 
enzymes. Immobilization of heterogeneous extracts 
using selective methods for specific enzymatic frac-
tions produces more pure systems with a correlation of 
catalytic constants that is different to that the soluble 
material. In addition of the protein-support interactions, 

this fact influences on the overall enzymatic activity. The 
diminishing of the app.max. spEA of the extract caused 
by immobilization (Figure 2 (a and b), Table 2) reflects 
the mentioned disparity between the group of esterase 
present in the soluble extract and the group of enzymes 
that were immobilized from this sample. 

It has been proposed that the active site of lipases 
stay buried in aqueous solution, avoiding substrate 
access. As a result, lipases are inactive in this state. 
In contrast, lipid-water interfaces provided by natural 
substrates stabilize the active conformation of lipases, 
in which the active site is accessible to the substrates. 
This means that the native structure of lipases is a dy-
namic arrangement as a consequence of the equilibrium 
between the “closed” structure, which prevails in homo-
geneous environments, and the “open” structure, which 
is stabilized at lipid-water interfaces. Hence, in presence 
of a lipid-water interface the equilibrium is displaced to 
the “open” structure and the affinity of lipases by their 
substrates increases.32

Solid hydrophobic supports, as Octyl-Sepharose 
CL 4B, resemble interfaces formed by natural sub-
strates of lipases. Therefore, the interfacial environ-
ment provided by octyl groups of Octyl-Sepharose in 
aqueous media could cause the same effect on lipases 
that the natural lipid-water interfaces. In this fashion, 
interfacial adsorption could involve regions at protein 
surface distinct to the active site entrance, could produce 
a “freezing” of the enzyme structure in its “open” form32 
and, consequently, increases the apparent affinity of 
immobilized enzymes by their substrates, regarding the 
soluble molecules.5 On the other hand, interfacial ad-
sorption is not an affinity adsorption. The latter involves 
the active site and produces inactive immobilized de-
rivatives, since the active site is occupied by a substrate 
analog.7 According to this, the increasing of the apparent 
affinity towards p-NPA by the esterases from the extract, 
caused by immobilization (Fig. 2, Table 2), suggests that 
the interfacial adsorption of these enzymes on Octyl-
Sepharose CL 4B support is an oriented process. In 
other words, during interfacial adsorption lipases might 
be immobilized by a region which does not involve the 
active site entrance and in a fashion that generates an 
active site more accessible for the substrates.5

The role of Ca2+ as cofactor of the p-NPA-hydrolyzing 
activity and the phospholipase activity11 showed by the 
Sticholyisins, are in agreement with some reports in the 
PLA2 topic.33 The substrate-excess inhibition observed 
in the affinity peak (Fig. 2c), in contrast of the inhibition 
showed by the immobilized extract in absence of calcium 
(Fig. 2b), it is related to enzymes that need the ion for ac-
tivity. Therefore, the Ca2+-dependent elimination of the 

Table 1. Interfacial adsorption of the whole extract of S. helianthus and the affinity peak on Octyl-Sepharose CL 4B support

Protein 
sample

diff. IG (prot.) 
(mg prot. / mL supp.) Substrate

diff. IG 
(U / mL supp.)

direct IG 
(U / mL supp.)

I 
(%)

FAR 
(%) Hyper-activation

Extract  0.24 ± 0.03
p-NPA

3.04 ± 0.44   1.40 ± 0.09 38 17.5 0.46

Affinity  3.64 ± 0.36 7.94 ± 0.46   0.36 ± 0.04 99.3 4.5 0.05

Extract  0.24 ± 0.03
tributyrin

15.80 ± 1.62   4.35 ± 0.47 100 27.5 0.28

Affinity  3.64 ± 0.36 16.91 ± 1.5 11.46 ± 1.18 100 67.8 0.68

diff. IG (prot.)  Differential protein immobilization grade.   diff. IG  Differential immobilization grade.   direct IG  Direct 
immobilization grade.    I  Immobilization (%).    FAR  Functional activity retention (%).    Protein loads (mg of protein / mL of 
support): 0.54 (extract) and 3.64 (affinity peak). Activity loads (U / mL of support): 8 (both samples with p-NPA), 15.80 (extract 
with tributyrin) and 16.91 (affinity peak with tributyrin).
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Fig. 2. Michaelis-Menten’s curves with p-NPA. Initial velocity values were expressed as specific enzymatic activities (specific EA). 
a) Soluble and b) immobilized S. helianthus extract. c) Soluble and d) immobilized affinity peak. Fitting to rectangular hyperbolas 
was made with an appropriate software. For fitting in samples that showed the substrate-excess inhibition effect, only the first 
5 (b and d) or 7 (c) points were taken. Error bars indicate standard deviation of the mean for three independent measurements.

Table 2. Values of app.max. spEA and apparent KM (app. KM) for soluble and immobilized protein samples, in 
absence and presence of CaCl2.

Protein samples
                0 mmol/L CaCl2       40 mmol/L CaCl2

app.max. spEA 
(U/mg)

app. KM 
(mmol/L)

app.max. spEA
(U/mg)

app. KM 
(mmol/L)

Extract
Soluble 134.6 ± 12.5 0.8 ± 0.2 77.8 ± 15.0 3.6 ± 1.2

Immobilized 9.5 ± 1.0 0.3 ± 0.1 49.0 ± 3.4 1.2 ± 0.2

Affinity
Soluble      – – 0.8 ± 0.1 2.0 ± 0.5

Immobilized – – 0.033 ± 0.002 0.4 ± 0.1

Maximal velocity values were expressed as app.max. spEA.

substrate-excess inhibition in the immobilized extract 
was due to the direct influence of the cation upon the 
esterase activity of the high molecular weight lipase or 
another not-visualized Ca2+-sensible esterase activity.

The diminishing of the app.max. spEA of the affinity 
peak caused by immobilization (Figures 2c and d, Table 2) 
was in agreement with the low FAR % and hyperactiva-
tion values of this sample using p-NPA (Table 1). As it is 
expected, taking into account the result corresponding to 

the immobilized extract and the report from Sabuquillo 
et al.,5 immobilization of Sticholysins by interfacial ad-
sorption increased affinity by the substrate (Figures 2c 
and d, Table 2).

CONCLUSIONS

Immobilization of Sticholysin I and II, as compo-
nents of the heterogeneous extract of S. helianthus or 
together in the more pure affinity peak, by interfacial 
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adsorption on Octyl-Sepharose CL 4B support, produced 
enzymatically active biocatalysts, able to hydrolyze 
non-phospholipid ester substrates. This immobilization 
was selective for lipases, among other esterases, and 
oriented, since it increased affinity by p-NPA, indicating 
active sites more accessible for substrates. On the other 
hand, Sticholysins require Ca2+ to hydrolyze p-NPA. The 
kinetic characterization performed in this work indicates 
the potential use of these bioreactors on bioconversion 
of different active principles.

ACKNOWLEDGEMENTS

The authors wish to thank INFORMATICA ddmm, 
Bergamo, Italy and CYTED (ENZNUT network 
108RT0346), for kindly provided financial support to A. 
del Monte, and thanks to Havana University, Cuba and 
ICP-CSIC, Madrid, Spain for scientific grants. 

BIBLIOGRAPHIC REFERENCES
  1.	Chang C, Chen JH, Chang C-mJ, Wu TT, Shieh CJ. Optimi-

zation of lipase-catalyzed biodiesel by isopropanolysis in 
a continuous packed-bed reactor using response surface 
methodology. New Biotechnol. 2009; October 26(3/4):187-92.

  2.	De Souza ROMA, Antunes OAC, Kroutil W, Kappe CO. Ki-
netic resolution of rac-1-phenylethanol with immobilized 
lipases: a critical comparison of microwave and conventional 
heating protocols. J Org Chem. 2009;74:6157-62.

  3.	Richetti A, Leite SGF, Antunes OAC, de Souza ALF, Lerin 
LA, Dallago RM, et al. Optimization of 2-ethylhexyl palmitate 
production using Lipozyme RM IM as catalyst in a solvent-
free system. Appl Biochem Biotechnol. 2010;160:2498-508.

  4.	Shu Z, Duan M, Yang J, Xu L, Yan Y. Aspergillus niger lipase: 
Heterologous expression in Pichia pastoris, molecular mod-
eling prediction and the importance of the hinge domains 
at both sides of the lid domain to interfacial activation. 
Biotechnol Prog. 2009;25(2):409-16.

  5.	Sabuquillo P, Reina J, Fernández-Lorente G, Guisán JM, 
Fernández-Lafuente R. Interfacial affinity chromatography 
of lipases: separation of different fractions by selective 
adsorption on supports activated with hydrophobic groups. 
Biochim Biophys Acta. 1998;1388:337-48.

  6.	Bastida A, Sabuquillo P, Armisen P, Fernández-Lafuente 
R, Huguet J, Guisán JM. A single step purification, im-
mobilization and hyperactivation of lipases via interfacial 
adsorption on strongly hydrophobic supports. Biotechnol 
Bioeng. 1998;58(5):486-93.

  7.	Fernández-Lafuente R, Armisén P, Sabuquillo P, Fernádez-
Lorente G, Guisán JM. Immobilization of lipases by se-
lective adsorption on hydrophobic supports. Chem Phys 
Lipids. 1998;93(1-2):185-97.

  8.	Del Monte-Martínez A, González J, Romero l, Aragón C, 
Vega F, Nolasco H, et al. Extraction systems for isolating 
esterases having interfacial adsorption. Revista Colombiana 
de Biotecnología. 2009;XI(1):7-16.

  9.	Chávez MA, Wong L, Gómez T. Identificación de actividad 
fosfolipásica en una toxina de la anémona Stichodactyla 
helianthus.  Scientia. 1988;1:76-9.

10.	Lanio ME, Morera V, Álvarez C, Tejuca M, Gómez T, Pazos 
F, et al. Purification and characterization of two hemolysins 
from Stichodactyla helianthus. Toxicon. 2001;39:187-94.

11.	Del Monte-Marínez A, Cutiño-Avila B. In: Sandoval G. (Ed.). Li-
pases and Phospholipases: Methods and Protocols. Methods in 
Molecular Biology. Vol 861, Chapter 21 Rational design of immo-
bilized lipases and phospholipases. Springer Science+Business 
Media, LLC 2012: 2012. DOI: 10.1007/978-1-61779-600-5_21.

12.	Gómez T, Romero L, Wong L, Barral A, Martínez JR, Mas R, 
et al. Aislamiento y purificación parcial de dos toxinas y un 
inhibidor de proteasas de la anémona marina Stichodactyla 
helianthus. Rev Cub Invest Bioméd. 1986;5(1):117.

13.	Guisán JM. Aldehyde-agarose gels as activated supports for 
immobilization-stabilization of enzymes. Enzyme Microb 
Tech. 1988;10:375-82.

14.	Fernández-Lafuente R, Rosell CM, Rodríguez V, Santane C, 
Soler G, Bastida A, et al. Preparation of activated supports 

containing low pK amino groups. A new tool for protein 
immobilization via the carboxyl coupling method. Enzyme 
Microb Tech. 1993;15(7):546-50

15.	Singleton WS, Gray ML, White JL. Chromatographically 
homogeneous lecithin from egg phospholipids. J Am Oil 
Chem Soc. 1965;42:53-6.

16.	Shimojo T, Abe M, Ohta M. A method for determination of 
saturated phosphatidylcholine. J Lipid Res. 1974;15(5):525-7.

17.	Natori Y, Karasawa K, Arai H, Tamori-Natori Y, Nojima S. 
Partial purification and properties of phospholipase A2 from 
rat liver mitochondria. J Biochem. 1983;93(2):631-7.

18.	Bradford MM. A rapid and sensitive method for the 
quantification of microgram quantities of protein utiliz-
ing the principle of protein-dye binding. Anal Biochem. 
1976;86:248-54.

19.	Taylor RF. Protein immobilization. Fundamentals and ap-
plications. New York: Marcel Dekker; 1991.

20.	Laemmli UK. Cleavage of structural proteins during 
the assembly of the head of bacteriophage T4. Nature. 
1970;227(5259):680-5.

21.	Pico MC, Basulto A, del Monte A, Hidalgo A, Lanio ME, Ál-
varez C, et al. Cross-reactivity and inhibition of haemolysis 
by polyclonal antibodies raised against St II, a cytolysin 
from the sea anemone Stichodactyla helianthus. Toxicon. 
2004;43:167-71.

22.	Hunter R, Market C. Histochemical demonstration of en-
zymes separated by starch gel. Science. 1957;125:1294-7.

23.	Baker JE, Fabrick JA, Zhu KY. Characterization of ester-
ases in malathion-resistant and susceptible strains of the 
pteromalid parasitoid Anisopteromalus calandrae. Insect 
Biochem Molec. 1998;28:1039-50.

24.	Anderluh G, Maček P. Cytolytic peptides and protein tox-
ins from sea anemones (Anthozoa: Actiniaria). Toxicon. 
2002;40:111-24.

25.	De los Ríos V, Mancheño JM, Lanio ME, Oñaderra M, 
Gavilanes JG. Mechanism of leakage induced on lipid model 
membranes by the hemolytic protein sticholysin II from 
the sea anemone Stichodactyla helianthus. Eur J Biochem. 
1998;252:284-9.

26.	Álvarez C, Dalla-Serra M, Potrich C, Bernhart I, Tejuca M, 
Martínez D, et al. Effects of lipid composition on membrane 
permeabilization by Sticholysin I and II, two cytolysins 
of the sea anemone Stichodactyla helianthus. Biophys J. 
2001;80:2761-74.

27.	Palomo JM, Segura RL, Fernández-Lorente G, Pernas MM, 
Rúa ML, Guisán JM, et al. Purification, immobilization and 
stabilization of a lipase from Bacillus thermocatenulatus by 
interfacial adsorption on hydrophobic supports. Biotechnol 
Prog. 2004;20(2):630-5.

28.	Cunha AG, Fernández-Lorente G, Gutarra MLE, Bevilaqua 
JV, Almeida RV, Paiva LMC, et al. Separation and immobili-
zation of lipase from Penicillium simplicissimum by selec-
tive adsorption on hydrophobic supports. Appl Biochem 
Biotechnol. 2009;156:563-75.

29.	Cunha AG, Fernández-Lorente G, Bevilaqua JV, Destain J, 
Paiva LMC, Freire DMG, et al. Immobilization of Yarrowia 
lipolytica lipase - a comparison of stability of physical 
adsorption and covalent attachment techniques. Appl Bio-
chem Biotechnol. 2008;146:49–56.

30.	Salah RB, Ghamghui H, Miled N, Mejdoub H, Gar-
gouri Y. Production of butyl acetate ester by lipase 
from novel strain of Rhizopus oryzae. J Biosci Bioeng. 
2007;103(4):368-72.

31.	Fernández L, Beerthuyzen MM, Brown J, Siezen RJ, Cool-
bear T, Holland R, et al. Cloning, characterization, controlled 
overexpression, and inactivation of the major tributyrin 
esterase gene of Lactococcus lactis. Appl Environ Microb. 
2000;66(4):1360-8.

32.	Hanefeld U, Gardossi L, Magner E. Understanding enzyme 
immobilization. Chem Soc Rev. 2009;38:453-68.

33.	Sekar K, Yogavel M, Kanaujia SP, Sharma A, Velmurugan 
D, Poi MJ, et al. Suggestive evidence for the involvement 
of the second calcium and surface loop in interfacial 
binding: monoclinic and trigonal crystal structures of 
a quadruple mutant of phospholipase A2. Acta Cryst. 
2006;D62:717-24.


