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The inactivation of lipases caused by organic solvents, high temperature, extremely acidic and alkaline requires a high stability. In this work, a
novel one-pot synthesis for the lipase immobilisation on silica nanoparticles was reported. The optimal amounts of (3-ammonia propyl)
triethoxysilane (APTES) and ammonia were studied. The apparent Km value of the immobilised Candida rugosa lipase (CRL) was lower
than that of free enzyme, showing affinity of the immobilised CRL to its substrate had increased. The results of stability test showed that
the immobilised lipase was more stable than free enzyme at different temperatures and pH values. In particular, the immobilised CRL kept
96% activity at 90°C, while the free enzyme only remained 75% activity. Immobilised lipase had high catalytic efficiency, enhanced
stability and recyclable usability compared to free enzymes, because of the cross-linking between the protein and the rigid carrier.
Therefore, the immobilised method would be beneficial to improving the activity and stability of enzyme universally.
1. Introduction: Lipase (triacylglycerol acylhydrolase, EC 3.1.1.3)
catalyses a wide range of bioconversions, including hydrolysis,
esterification, transesterification, and aminolysis. Lipases are
employed in many applications, including pharmaceutical agents,
agricultural chemicals, perfumes and leather processing, as
well as in the paper and detergent industries [1–5]. However, the
inactivation of lipases caused by organic solvents, high temperature,
extremely acidic and alkaline often becomes a problem. Therefore,
stable lipases in the catalytic reactions are required [6–8]. Compared
with free enzyme, the immobilised enzyme performs much better
pH or temperature stability, more easy removal from the reaction
mixture, higher rapid reaction rate [9–11].

To enhance stability and lifetime of lipases, various new
materials and technologies have been used for immobilisation
[12–16]. However, finding more practical and effective carriers
and better methods to immobilise lipases has attracted many rele-
vant researchers. Recently, much research has focused on using
nanostructured materials for immobilisation [11]. The nanostruc-
tured materials are very special, which are ideal carriers for the
enzyme, that can offer many advantages, such as large
surface-to-volume ratio, high surface activity, and strong adsorption
ability [10, 17]. Silica nanoparticles are typical representatives of
nanostructured materials, and it can provide reactive groups on
the surface after surface modification [18]. In comparison with
the adsorption methods used in previous studies, multipoint cova-
lent binding is more durable, stable under harsh microenviron-
ments, and potentially provides higher loading efficiencies and
better enzyme activity [19–23]. In previously reported researches,
enzymes can be immobilised onto the pre-made silica nanoparticles
modified by (3-aminopropyl) trimethoxysilane (APTES). The
amino group of APTES reacted with the carboxyl groups on the
surface of enzymes [24–26].

In this Letter, a facile route for lipases immobilisation on silica
nanoparticles by a one-pot traditional reversible microemulsion
tetraethylorthosilicate (TEOS) hydrolysis method under mild con-
ditions was reported. Compared to a common method of enzyme
immobilisation using nanoparticles as a support, our method was
more simple and effective. Due to the long processes, multifarious
operations, enzyme inactivation and suboptimal immobilised
enzyme concentration result in a low enzyme activity in the
common method [27]. The optimal conditions of immobilisation
were studied. The enzyme activity, pH and thermo stability of
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immobilised lipases were also investigated. The results revealed
that the immobilised lipases showed high catalytic efficiency,
enhanced stability and recyclable usability. The one-pot reversible
microemulsion TEOS hydrolysis method was promising for
enzyme immobilisation.

2. Materials and methods
2.1. Materials: Candida rugosa lipase (CRL) (EC 3.1.1.3), TEOS,
APTES and Triton X-100 were purchased from Sigma-Aldrich,
USA. EDC·HCl and NHS were obtained from GL Biochem
(Shanghai) Ltd. P-nitrophenyl palmitate (p-NPP) was obtained
from Aladdin, Shanghai, China. Cyclohexane, n-hexanol, acetone
and ammonia solution were obtained from HEOWNS Company,
Tianjin, China. Bovine serum albumin (BSA) was purchased
from Biotopped, China.

2.2. Immobilisation of CRL by a one-pot method: CRL was immo-
bilised by a one-pot traditional reversible microemulsion method.
CRL aqueous solution (20 mg/ml, 0.5 ml), cyclohexane (7.5 ml),
n-hexanol (1.6 ml) and Triton X-100 (1.8 ml) were mixed together
and stirred about 30 min to prepare a water-in-oil microemulsion.
Then 40 mg EDC·HCl and 50 mg NHS were dissolved in 0.5 ml
deionised water with shaking repeatedly. Then the solution was
mixed with the former water-in-oil microemulsion system
and stirred for another 30 min. Then APTES (6 μl) was added
and stirred for another 8 h. Then 100 μl TEOS was added to the
water-in-oil microemulsion. For initiating hydrolysis and poly-
condensation, 100 μl of 25% ammonia was added and stirred for
15 h. Immobilised CRL nanoparticles were obtained by adding
20 ml acetone and centrifuging 30 min at 5000 rpm for precipitat-
ing silica nanoparticles. Then the nanoparticles were washed with
deionised water and ethanol three times, respectively, to remove
unreacted enzyme. The loading amount of enzyme protein was
measured by the traditional Bradford method [28].

Scanning electron microscope (SEM, HITACHI, S4700) and
transmission electron microscopy (TEM, HITACHI, H-800) were
used to study the morphology of the immobilised CRL nanoparti-
cles. For SEM, a drop of the suspension of the prepared sample
was added to a cover glass pieces and dried at room temperature.
For TEM, the sample was prepared by pipetting a drop of the
aqueous solution of the samples onto a 230 mesh holy carbon
copper grid and drying on a filter paper. Fourier transform infrared
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Fig. 2 Influences on the catalytic activity of immobilised enzymes
a APTES concentration
b Ammonia concentration
CRL activities were measured as follows: Experiments were carried out at
room temperature in phosphoric acid buffer solution (25mM, pH 7.4,
3ml), p-nitrophenyl acetate (100mM, 50 µl), and immobilised CRL
(100 µg/ml, 50 µl)
(FTIR) spectra were obtained by using an FTIR spectrophotometer,
Nicolet1, 70SX (Hitachi, Tokyo, Japan).

2.3. Enzyme activities assay: According to the reported method,
free and immobilised CRL activities were determined by using
p-nitrophenyl acetate as the substrate. The activity assay was
carried out at room temperature in phosphoric acid buffer solution
(25 mM, pH 7.4, 3 ml), p-nitrophenyl acetate (100 mM, 50 μl),
and free CRL or immobilised CRL (100 μg/ml, 50 μl). The
absorbance at 410 nm after 5 min was performed on a Shimadzu
UV-2450 (Kyoto, Japan) UV–visible spectrophotometer using
quartz cuvettes [29]. One unit of enzymatic activity was defined
as the amount of enzyme producing 1 µmol of p-nitrophenol
in 1 min. The kinetic parameters, Km and Kcat were determined
for free and immobilised lipase using solutions of p-NPP at the
following concentrations: 0.1, 0.2, 0.4, 0.8, 1.2, 1.5 mM.

2.4. Study the immobilised enzyme in different concentration of
APTES and ammonia: During preparing the immobilised
enzymes by the one-pot method, we changed the volume of
APTES (from 0 to 10 µl). For the study of ammonia, we changed
the volume of ammonia, 50, 100, 150 µl, respectively. The activity
assay of immobilised enzymes was measured by the aforemen-
tioned method to find the best condition for immobilisation.

2.5. Enzyme stability test: For stability test at different pH values,
the suspension of the immobilised enzyme was added to 1 ml of
various pH solutions for 4 h. Then the residual overall enzymatic
activity was measured by recording the absorbance at 410 nm. To
test the stability at different temperatures, the suspensions of the
immobilised enzyme were incubated at 30–90°C for 30 min. The
activity was determined by using p-nitrophenyl acetate as the
substrate. The absorbance was immediately recorded at 410 nm
after 5 min. For all these assays, free CRL at the same protein
concentrations were also treated and analysed using the same
procedure.

3. Results and discussion: In this research, we chose CRL as the
guest for encapsulation, which is one of the typical lipases. The
immobilised CRL nanoparticles were synthesised by a one-pot trad-
itional reversible microemulsion TEOS hydrolysis method. The
procedure of the immobilisation of CRL was shown in Fig. 1.
The CRL aqueous solution was added to the organic phase to
form a reversible microemulsion. Then, we added EDC, NHS and
APTES into the water-in-oil microemulsion simultaneously,
which was easier than common crosslinking process. EDC and
NHS introduced ‘zero length’ amide cross-links between carboxylic
groups from CRL and amino groups from APTES [30]. Finally,
TEOS hydrolysis in the microemulsion formed immobilised CRL
nanoparticles. The silanol groups on the silica surface play an im-
portant role in the surface modification process, which are the react-
ive sites for APTES [31–34].
The bioactivity of enzymes would be mostly maintained because

the modification by the EDC/NHS method was usually in a mild
condition [10]. However, a molecular CRL could be modified by
several molecules of silanes when adding different amounts of
Fig. 1 Synthesis of immobilised CRL nanoparticles by one-pot processes
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APTES into the reaction system. It was found that the catalytic ac-
tivities of immobilised CRL increased with the increase of amounts
of APTES modification. According to the results in Fig. 2a, it was
found that the relative activity of immobilised CRL attained
maximum when the concentration (v/v) of APTES was 5 × 10−4.
It is the optimal content of silane modification in the immobilisation
system. Because in that condition, the covalent binding to insoluble
silica nanoparticles could provide a much more efficient enzyme re-
tention with materials with open structures that present minimal
mass transfer resistance to substrates [10]. Nevertheless, if the con-
centration of APTES was too high, more APTES was used to
modify on the surface of CRL. The relative activity would decrease
caused by the decrease of the active sites of enzymes. The influence
of ammonia addition on immobilisation and catalytic activity of
CRL was also investigated (Fig. 2b). The result showed that the
amount of ammonia had little effect on catalytic activities of immo-
bilised CRL. However, when the concentration of ammonia was too
high, high alkaline led to low catalytic activities.

To further confirm immobilisation of the enzyme by silica nano-
particles, the immobilised CRL nanoparticles, silica nanoparticles
and free CRL were analysed by FTIR. For free CRL, two
obvious IR absorption bands centred at 1645 and 1552 cm−1 are
observed (curve (1) of Fig. 3), ascribed to the typical amide I and
II absorption bands, respectively [10]. Furthermore, the typical
amide I and II absorption bands could also be found in the IR spec-
trum of immobilised CRL nanoparticles (curve (3) of Fig. 3). The
peaks at 800 cm−1 can be attributed to the Si–O stretching
Fig. 3 FTIR spectra of native CRL (1), silica nanoparticles (2) and immo-
bilised CRL nanoparticles (3)
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Fig. 4 Morphology images of immobilised CRL nanoparticles
a SEM image
b TEM image

Fig. 5 The stabilities of immobilised CRL nanoparticles and free CRL
a pH stability and
b Thermo-stability
The activity assay was carried out in phosphoric acid buffer solution
(25mM, pH 7.4, 3ml) by using pnitrophenyl acetate (100mM, 50 µl) as
the substrate
vibrations (curves (2) and (3) of Fig. 3) [35]. Thus, it could be con-

firmed that CRL was successfully immobilised into silica
nanoparticles.

To characterise the size and morphology of the immobilised
enzyme nanoparticles, we performed SEM (Fig. 4a) and TEM
(Fig. 4b). It indicated that the formed silica nanoparticles containing
modified CRL have the uniform morphology, which are micro-
spheres. The images showed that the average diameter of the immo-
bilised CRL nanoparticles was ∼80 nm. From the TEM image, it
is evident that the carrier has highly porous structures, which can
immobilise lots of enzymes.

Kinetic parameters (Km and Vmax) of free and immobilised CRL
were determined by measuring initial rates of the hydrolysis
of p-NPP in pH 7.4 PBS at 37°C at 410 nm [29]. The activities
of free and immobilised CRL in various concentrations of the
substrate were plotted in the form of Lineweaver–Burk plots. The
Lineweaver–Burk equation could be written as

1

v
= Km

Vmax

1

S⌊ ⌋
( )

+ 1

Vmax
(1)

where [S] is the concentration of substrate and V and Vmax represent
the initial and maximum rates of reactions, respectively. Km is the
Michaelis–Menten constant (the substrate concentration when the
rate is half of Vmax) [36]. The Km and Vmax values of free and immo-
bilised CRL were calculated from the intercepts on x- and y-axis,
respectively (Table 1). In this Letter, the Km values for free CRL
and CRL immobilised onto silica nanoparticles were determined
to be 2.8325 and 2.7395 mmol/l, respectively, clearly showing
that the immobilisation on silica nanoparticles increase the
enzyme–substrate affinity. The increase in the affinity of the CRL
to its substrate was probably caused by structural changes in the
enzyme introduced by the immobilisation procedure [33]. The
Kcat value of the immobilised CRL were 17.36 s−1, which was a
little lower than that of free CRL. Because of immobilisation, diffu-
sion of enzymes reduced, causing a decrease in enzyme Vmax [29].

The pH stability of free and immobilised CRL was examined at
six different pH values. The result of Fig. 5a shows that the immo-
bilised CRL exhibited higher activity than that of the free enzyme in
all extreme pH values. It means that the pH ability of immobilised
enzyme was enhanced, due to the protecting effect of the nano-
particles in acidic and alkaline conditions. For thermal stability
experiment, free and immobilised CRL were investigated in the
different temperatures (from 30 to 90°C) for 30 min. The immobi-
lised CRL retained the better relative activity, compared with that of
free enzyme (Fig. 5b). Especially at 90°C, the immobilised CRL
Table 1 Kinetic parameters of free and immobilised CRL

Vmax, μmol/min Kmax, mmol/l Kcat, 1/s

free 0.0306 2.8325 18.972
immobilised 0.028 2.7395 17.36
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kept 96% activity, while the free enzyme only remained 75% activ-
ity. It indicated that the immobilised CRL showed a high thermo-
stability. Therefore, the enzyme stability could be improved by
the microemulsion against various environmental factors, because
the cross-linking between the protein and the rigid carrier has a
big effect on the properties of enzyme [10].
4. Conclusions: In this Letter, we reported a novel one-pot
method for immobilisation of enzymes. CRL was immobilised
into silica nanoparticles successfully and formed uniform micro-
spheres. Kinetic constants indicated the affinity of the immobilised
enzyme for the substrate increased, because of the structural
changes in the enzyme introduced by the immobilisation procedure.
The results showed that the immobilised CRL was more stable than
free enzyme in different temperatures and pH values. In particular,
the immobilised CRL nanoparticles showed a high thermo-stability,
which could still remain 96% activity at 90°C, due to the cross-
linking between the protein and the rigid carrier had a big effect
on these properties. This method would also mostly reduce the
diffusion and decomposition of the intermediates. These results
point to the significant potential for the reuse of CRL when
immobilised onto the silica nanoparticles. Furthermore, the pro-
posed protocol is expected to find wide applications in the immobil-
isation of other biomacromolecules. It can universally be beneficial
to improving the activity and stability of enzymes.
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