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Abstract: Under acidic conditions, monodisperse micron sized mesoporous silica which had an about 1.4 um
diameter, was synthesized by hydrothermal method using F127 (EOsPO70EO106) as template and tetraetho-
xysilane (TEOS) as silica source. The surface area and pore volume were determined by nitrogen adsorption
method, and the diameter of the mesoporous silica was obtained by field-emission scanning electron
microscopy. Then the mesoporous silica was used firstly as a carrier for the immobilization of f-galactosidase
from aspergillus oryzae, under the optimum conditions, the enzyme activity and the activity yield were 355.29
U/g and 63.11%, separately. Meanwhile, the fundamental properties of the immobilized enzyme, such as the
influences of temperature and pH, were assayed and valuable results were obtained.
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1. INTRODUCTION

Since the discovery of M41S materials in 1992 [1, 2], the synthesis of mesoporous silica with
controlled nanostructures and macroscopic morphologies has received great attention. For example,
much attention has been paid to the synthesis of well-defined mesoporous silica spheres since spheres
are very promising for applications in chromatography, catalysis, cosmetics, and photonic crystals [3-
9]. It is noted that monodisperse mesoporous silica spheres had been prepared by various synthetic
routes, however, there were only few reports on the solution synthesis of monodisperse mesoporous
silica spheres with micrometer-sized diameters [10].

In our work, the micrometer-sized mesoporous silica spheres were synthesized by hydrothermal
method. After being tested in spheres diameter, specific surface area and pore volume, the mesoporous
silica obtained above were activated by glutaraldehyde and then used firstly to immob- ilize B-
galactosidase from aspergillus oryzae. Under the optimum conditions, the enzyme activity and the
activity yield were determined. Meanwhile, the basic properties of the immobilized enzyme including
pH stability, thermal stability and the operational stability were also tested.

2. MATERIALS AND METHODS

2.1.Reagents and Apparatus

Apparatus: Magnetic Hotplate-Stirrer with timer (MS-H-Pro"), Vacuum Desiccator (DZ-6020),
Ultraviolet Visible Spectrophotometer (T6 New Century), Water Constant Temperature Oscillator
(SHA-B), and Transmission Electron Microscope (Tecnai G2 F20 S-TWIN) were applied in our
research.

Reagents: Triblock poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) copolymer
Pluronic F127 (M,=12600, EO;o,PO7EO106, Sigma-Aldrich Co. Ltd.), p-galactosidase (From
aspergillus oryzae, Sigma-Aldrich Co. Ltd.), O-nitrophenyl-f-D-galactopyranoside (ONPG, >99.0%,
Bio Basic Inc.), TEOS (98.0%, Aladdin Inc.), Sodium Cyanoborohydride (95.0%, Shanghai Macklin
Biochemical Co. Ltd.), (3-Aminopropyl) triethoxysilane (99.0%, Shanghai Macklin Biochemical Co
Ltd.), other reagents used are all analytical.

2.2.Synthesis of Micron Sized Mesoporous Silica

Firstly, the micron mesoporous silica microspheres were synthesized by hydrothermal method. After
0.5000 g of triblock copolymer F127 and 1.2500 g of KCI were dissolved in 30.0 mL of 3.0 mol/L
HCI under magnetic stirring. After 30 min, 2.4 mL of TEOS was added at room temperature. After
magnetic stirring for 24 h, the mixture obtained was transferred into a Teflon-lined steel Parr
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autoclave and heated at 100 °C for 24 h. The white precipitate was got by filtration, dried and calcined
at 550 °C for 6 h to remove the templates.

Secondly, the amino-mesoporous silica was synthesized. 5.0000 g mesoporous silica was put into the
solution mixed with 100.0 mL toluene and 7.5 mL aminopropyl triethoxysilane, the mixture was
refluxed with constant stirring at 110 °C for 12 h under the protection of nitrogen. Then, amino
mesoporous silica was obtained by filtration, washed with toluene and acetone thoroughly, and dried
12 h at 80 °C vacuum, then put in a desiccator to be used in the next step.

Finally, with 2.0 mL 25 % glutaraldehyde and 8.0 mL diethanolamine being mixed together and
stirred 30 min at 20 °C, 1.0000 g amino mesoporous silica obtained above was added [11], the
precipitate was obtained with constant stirring for 4 h at 30 °C, after being washed completely with
distilled water, it was put into 0.1 mol/L HCI solution. The aldehyde mesoporous silica was obtained
after 30 min with stirring. After being washed with distilled water and dried at 60 °C, it was stored to
be used next.

2.3.Immobilization of B-galactosidase

0.0500 g of the activated carrier was put into the enzyme solution (pH 5.0, concentration: 4.0 mg/mL,
0.5 mL), and then the reaction was carried out in the Water Constant Temperature Oscillator at 35 °C
for 4 h. After that, the immobilized enzyme was filtered and washed with distilled water to wash the
excess of B-galactosidase.

2.4. Activity Assays of p-galactosidase

Free enzyme and immobilized enzyme were determined according to the references [12], using ONPG
(1.5 mg/mL) as the substrate. For the free enzyme activity, the free enzyme (0.1 mL) was added to the
phosphate buffer (0.1 mol/L, pH 5.0, 0.9 mL). The reaction was started by adding ONPG (1.5 mg/mL,
0.2 mL). After exactly 15 min of incubation at 55 °C, the reaction was stopped by adding of Na,CO;
solution (1.0 mol/L, 2.0 mL), and the amount of ONPG was measured directly at 405 nm. For the
immobilized enzyme activity, the immobilized enzyme (0.0500 g) was soaked in of the phosphate
buffer (0.1 mol/L, pH 5.0, 1.0 mL). The reaction was carried out and analyzed as above. All activity
measurement experiments were carried out three times. One unit (1U) of B-galactosidase activity was
defined as the amount of enzyme that released 1 umol ONPG in 1 minute at 55 °C.

2.5. Operational Stability

The operational stability of the immobilized enzyme was determined according to the following
procedures. Five copies of the immobilized enzyme (0.0500 g) was taken and soaked in phosphate
buffer (pH 5.0, 1.5 mL), respectively. After constant temperature in water bath at 55 °C for 2 min,
ONPG (1.5 mg/mL, 0.2 mL) was added to the mixture, and then the reactive mixture was analyzed as
above. Afterward, the solid was filtered and washed thoroughly with distilled water and the above
experiment was repeated under the same conditions.

3. RESULT AND DISCUSSION
3.1. Discussion about the Mesoporous Silica Particles
3.1.1. Morphology of Mesoporous Silica Particles

Surface structure of the silica particles were characterized by Scanning electron microscopy (SEM)
and the result was illustrated in Fig.1. The photographs showed that the mesoporous silica particle had
an about 1.4 um diameter and a rough porous surface structure, which would be very suitable for the
immobilization of enzymes due to the increasing in the surface area.

Figl. SEM photograph of the mesoporous silica particle.
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3.1.2. Surface Area and Pore Size of Mesoporous Silica Particle

It was shown in Fig.2a that the nitrogen adsorption-desorption linear isotherms of the mesoporous
silica obtained from Quantachrome Instruments version 3.01 was basically of type IV having H2
hysteresis loop [13], which confirmed the presence of disordered mesopores.

Meanwhile, the pore size distribution was also determined by density functional theory (DFT) method
and the results were listed in Fig.2b, and it could be seen that a peek appeared when the pore width
was about 6 nm, which means the mainly existing pore size of the synthetic mesopores silica was
about 6 nm in diameter.
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Fig2a. Nitrogen adsorption - desorption linear isotherms of mesoporous materials at 77K.
In addition, the pore size distribution was also determined by DFT method and the results were listed

in Fig.2b, and it could be seen that a peek appeared when the pore width was about 6 nm, which
means the mainly existing pore size of the synthetic mesopores silica was about 6 nm in diameter.

Meanwhile, the pore size distribution was also determined by DFT method and the results were listed
in Fig.2b, and it could be seen that a peek appeared when the pore width was about 6 nm, which
means the mainly existing pore size of the synthetic mesopores silica was about 6 nm in diameter.
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Fig2b. Pore size distribution of synthetic mesoporous materials by DFT method at 77K.

According to Multi-Point BET Plot Fig.2c, the BET surface area was calculated by Quantachrome
Instruments Version 3.01 according to the following formula:

1 1 +C—1£
m(p,/ p-1) mMeaC V,.C p,

) 1)

Therein, m was the total mass of the adsorbed gas per gram carrier at adsorption equilibrium when
the gas pressure was p, Mwota wWas the total mass of the adsorbed gas per gram carrier when its
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surface was fully covered by a single molecular layer, p, was the saturated vapor pressure of
nitrogen at 77 K, C was adsorption coefficient.

According to Fig.2c and Equation (1), Mwtar could be determined and its value was brought into the
following formula,

S = 6.023x10% %5 @)

Therein, § was the cross-sectional area nitrogen and its value was 1.62x10™° m? at 77 K.

The specific surface area of the carrier Ssp obtained according to Equation (2) was 646 m”/g.
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Fig2c. Multi-Point BET Plot of mesoporous materials at 77K.
3.1.3. Fourier Transform Infrared Spectroscopy

Two kinds of carriers including the pure mesoporous silica carrier (curve B) and that which had been
used to immobilize enzyme (curve A) were analyzed by fourier transform infrared (FTIR), and the
results were shown in Fig.3. It could be seen from Fig.3 that a typical 1550 cm™ observation peek was
observed in the curve A, which directly showed that B-galactosidase had been fixed on the
mesoporous particles.
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Fig3. FTIR spectra of as-prepared SiO, spheres, and samples after immobilized enzyme. (A: the immobilized
enzyme, B: the pure silica carrier)

3.2.Enzyme Activity and the Activity Yield

Under the optimum conditions, p-galactosidase from aspergillus oryzae was immobilized on the
micron sized mesoporous silica obtained, the enzyme activity and the activity yield determined were
355.29 /g dry carrier and 63.11% respectively, those data provided foundation for further study of
the mesoporous carrier to immobilize enzyme.
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3.3. Properties of the Immobilized p-galactosidase
3.3.1. Optimum Temperature and Thermostability

The enzyme activities were determined with ONPG as substrate at various temperatures (40-65 °C) at
pH 5.0 for 15 min, the results showed that the optimum temperature of free enzyme and the
immobilized were both 55 °C.

The thermal stability of the two kinds of enzyme was measured respectively at 50 °C and 60 °C. After
8h at 50 °C, the remaining activity of the free enzyme was 48.78% and the immobilized enzyme was
50.63%. After 80 min at 60 °C, the residual activity of the former was 17.43% and the latter was
20.15%. So the residual activity of the immobilized enzyme was slightly better than the free enzyme,
whether in the 50 °C or 60 °C.

3.3.2. Optimum pH and pH Stability

The enzyme activities were tested at 55 °C for 5 min in various pH ranging from 3.0 to 8.0, the
experimental data indicated that both enzymes attained their maximum activities in pH 6.0.

The pH stability of the enzymes was also determined by changing pH of the phosphate buffer. The
results discovered that the free enzyme was very stable in the pH range of 3.0-8.0, while that of the
immobilized enzyme were 3.0-7.0. When pH > 7.0, the activity of the latter decreased greatly, this
might be caused by the characteristics of the silica carrier.

3.4.Operational Stability

The experiment was repeated 5 times by using the procedures mentioned above with the same
immobilized enzyme at the same initial concentration of ONPG. The results got in Fig.4 showed that
there is no obvious decrease for activity of immobilized enzyme after being used five times, which
means that almost no enzyme fell off from the mesoporous silica, so the immobilized enzyme had a
good operational stability.
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Fig4. Operation stability of immobilized f-galactosidase
4. CONCLUSION

In this paper, monodisperse micron sized mesoporous silica was synthesized by hydrothermal method
with F127 (EO106PO70EQ1¢6) as the template and tetraethoxysilane as silica source. Scanning electron
microscopy (SEM) micrographs showed that the diameter of the silica material obtained was about
1.4 um, and a rough porous surface structure was also found. Nitrogen adsorption-desorption isotherm
revealed that disordered mesopores existed, surface area which was about 640 m?/g and a pore size
which was about 6.0 nm were also determined. During the immobilization, FTIR analysis revealed
directly that the enzyme had been fixed on the mesoporous particles. Under the optimum conditions,
the enzyme activity and the activity yield determined were 355.29 U/g and 63.11% respectively.

Kinetic data determined from the immobilized enzyme was as follows: the optimal temperature and
pH was 55 °C and 5.0, separately, and the activity was very stable when pH ranged from 3.0 to 7.0,
the thermal stability of the immobilized was slightly better than that of the free enzyme. Operational
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stability showed that almost no enzyme fell off after being used five times again. Considering all the
facts described above, the micron sized mesoporous silica, which has a great specific surface area, is
valuable to immobilize enzyme and needs to be further studied.
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